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NMpoekTyBaHHA CUCTEMU BUTICHAKOYOI BEHTUNALIT B My3eMHUX NPUMILLEeHHAX
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Anomayis. B my3einux npumiujenuax, wo po3smawiosani 8 OyOiiax nam AmKax apxXimexmypu 6adCIusum NUMAHHAM €
3a6e3neyents HOPMAMUGHUX NAPAMEmpIie NOSIMPAHO20 Cepedosuuia ma cnocio opeanizayii nogimpooOMiHy V UCMABKOBUX
ma excno3uyiunux 3anax. B maxkux 6y0ienax HEMONICIUGO NPOBOOUMU NOSIMPONPOEOOU, MOMY BUKOPUCTIOBYIOMbCS ICHYIOYT
KaHanu 6i0 KAMIHIB, ma NPUPOOHUX GUMSNCHUX KaHanig. B cmammi 0ye poszenamymuii Hayionanvuuii yewmp HapooHoi
xkynomypu "Myseti leana Tonuapa”. Ilicns ananizy apximekmypHux KpecieHb My3elo OY10 6UOPAHO GUMICHAIOUY CUCMEMY
GeHMUAAYIT O1A opeaHizayii nosimpooominy. Y eumicuarouull eeHmuaayii nio Oiclo NIOUOMHOI Cuau Npo8ooUmMbCs
PO3WAPYBAHHS NOGIMPSA NO 8UCOMI NPUMILYEHHS, 3A80AKU YOMY AKICNb NOBIMPS 8 30Hi 00CIY208Y8AHHA 8UUje, HIC 8 cUuCmemMax
nepemiutysanvHoi 6eHmunAyii. 06 3abe3neyumu HeoOXiOHUIl MIKPOKIIMAm 3anponoHO8aHO 084 eapiawmu opeaHizayii
nogimpoobminy. ¥V pamkax UKOHAHHA NOCMABLEHO20 3a60aHHs O)Y10 NPOBeOeHO cepilo HamypHUX O0oCaiodiceHb napamempis
NoGIMpAHO20 CcepedosuUwa y NPUMILeHHT MY3el0 3 MaAKuMU Napamempamil: cepeoHs memnepamypa noeimps 6 npuminjerui
3Haxoounacs 6 mexcax tw= 20 °C, 8ionocna gonozicms cmanosuia gw: = 55-60 % 6 excnosuyitinux 3anax. Po3pobka npoexmy
cucmemu opMy8anHHs MIKpOKIIMamy my3eis, ski posmiujeni ¢ 6YOIensax nam smkax icmopii ma Kyiemypu, nompeoye
IHOUBIOYANbHO20 NIOX00Y MA GUKOHAHHA KOMNILEKCY HAMYPHUX, eKCHePUMEHMANbHUX | MeopemuyHux 00CaiodceHb npoyecie
dopmysants memnepamypHo-80102iCHO20 PEXHCUMIE Y OCHOGHUX NPUMIWEHHAX My3elo. [Jlia 00CHiOdCeH s nOGImpooOMiLy ma
nepemikants NOGIMpsl Midic 3a1aMu CMEOPEHO MPUBUMIDHY MOOETb, MA 3MO0eTbOBAHUL PYX NOGIMPA Y 080X 8aApiaHmMax Ois
npuminjenv Ne40, 47 ma 48 3 ypaxyeannam GUKOHAHUX HAMYPHUX OOCTIONHCEHb MA MAMEMAMUYHO20 MOOTIO8AHHS 8APIAHNIE
opeaHizayii nosimpooominy 010 3anPoNOHOB8AHULL NPOEKM MOOEPHI3aYii cucmem 8eHMuUIAYIL ma KOHOUYIOHYBAHHS NOBIMPSL. .

Kurouosi crnosa: HamypHi 0ocniodcenHs, 30epedceHHss nam smox, my3etl, MIKpoKIimMam, eumicHsaoua

BEHMUTIAYIA.

TexHousoriuni Hopmu i BuMOru. IneanbHuUMU
yMOBaMU ISl 30€pekeHHs eKCIIOHATIB € MiITpH-
MKa €TMHOTO TEMIIEpaTypHO-BOJIOTICHOTO PEKUMY
B 3aJIaX 1 CXOBHILAX MY3€IO.

3riiHo 3 TEXHOJIOTTYHUMHU HOPMaMHU:

*  MOXIMBE KOJIMBAHHS TEMIIEPaTypu BiJ
16 °C B3umMKy 10 24 °C BiiTKy (HalOLIbII Kpala
temneparypa: 18-22 °C);

. BIJIHOCHY BOJIOTICTH IOBITPS HEOOXIJIHO
MiATPUMYBATH B Mexax 55 % £5 % .

daxiBii ramy3i peKOMEHIYIOTh BCTAaHOBHTH B
MPUMIIIEHHIX 30epiraHHs KapTHH CHCTEMY aBTO-
MaTHYHOTO II1JI0JO00BOTO 1 I[IIOPIYHOTO KOHTPO-
JIIOBaHHS MapaMeTpiB MOBITPS, sIKA 3HAYHO TOJIET-
IINTH PETYISIII0 TEMIIePaTypHO-BOJIOTICHOTO pe-
KIMY.

Jyis 30epiraHHs KapTUH MiIXOAATh MPELU3iiHi
KOHJTUITIOHEPH, 1110 BiAPI3HAIOTHCS BUCOKOIO TOUHI-
CTIO KOHTPOJIIO 1 yNpaBiiHHA TEMIIEeparypolo i BO-
JIOTICTIO, HAIIMHICTIO B €KCILTyaTallil i TOBHOO CY-
MICHICTIO 3 CHCTEMaMHU YNPAaBIiHHS MiKpOKIiMa-
ToM [1- 8]

Po3pisiumo npuMmiliieHHs: My3€r0 Ha Taki Kare-
ropii:

- JIOTIOMI>KHI TIPUMIIIEHHS], JIe BiACYTHI KO-
JIEKIIT - B TAKUX MPUMIIIEHHSIX CUCTEMY BEHTHIIS-
1ii Ta KOHIUI[IOHYBaHHS MOBITPs mepeadadaroTh,
SK JUI 3BUYaiHUX [IUBUIBHHUX;

- BHCTaBKOBI Ta €KCIO3MIUKHI 3ajH, 1€ MiC-
TATHCS KOJEKIIii, i € HEOOMEXKEHHUI ITOCTYI BiIBi-
JlyBa4iB - HEOOXiZgHE OOCIyroBYBaHHS OKPEMOIO
CHCTEMOIO BEHTHIISIIIT;

- (hoHmOCXOBHIIA, 1€ MICTATHCS KOJIEKIIii, 1
NPUCYTHIM 0OMEKEHHI TOCTYII BiJ[BiyBayiB - He-
00XiT1HE TaK0oK 00CITyTOBYBaHHS TAKUX IPUMIIIICHb
OKPEMOIO CHCTEMOIO BEHTWIALII, HE TOB'SI3aHOI 3
THIIMMH CUCTEMaMH.

IIapameTpu MiKpokjIiMaTy B pi3HHX npHUMi-
HIeHHAX MY3el0. /laHi mapaMeTpy BU3HAYAIOTHCS B
3aJIe)KHOCTI Bijl BIACTHBOCTEH MaTepiaiy, 3 SKOTO
BUTOTOBJICHA KOJIEKILis:

*  TIrpOCKOIMIYHI BIACTHUBOCTI (TKaHMHA, Je-
peBo, MIKipa, MiHepau, marip);

*  (i3uKo-XiMivHi (MeTal, CKIIO, KiHOMarepi-
anu, Gotorpadiuni);

*  XiMIYHHMM CKJIaJOM MarepiajiB (opraHiune
ue 3'efHaHHA a00 HeopraHiuHe, KU TN (apou
MIPUCYTHIH HA KapTHHI).

[ToTpiOHO TaKoX BpaxoBYBaTH, 110 MOXKYTh BU-
HUKaTy KOHQIIIKTHI YMOBH 30epeXeHHS I Pi3HUX
TUIIB MarepianiB Konekmii. Jeski marepianu He
JIOTIyCKa€eThesl 30epiraty pa3oM. Hampukiam, He
MOXHa 30epiraTi nanepoBi TBOpH 1 poTomarepianu
pa3oM, Tak SK Hamip BUAUISE rasu, SKi HaJaloTh
pyHHIBHHI BIUTUB Ha (pOoTOMATEPiaIIH.

B apxiBax, nabopartopisx XojomHoro 30epi-
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TaHHS TOBUHHA M1ITPUMYBATHCS TEMIeparypa Io-
BiTps 10-14 °C, BimHOCHA BOJOTICThH MOBITPs 30-
50 %. Y mpuMimenHsax 30epiraHHs eKCIIOHATIB 3
MeTaly, Al BUKJIIOYEHHs KOpo3ii, BiTHOCHA BOJIO-
TiCTh MOBITPS HE TOBUHHA repeBuIyBaru 30 %.

[IBuakicTh OBITPS (PYXJIMBICTH) B My3E€HHUX
MPUMIlIEHHIX TOBUHHA 3HaX0MUTHCS B Mexax 0,1-
0,3 M/c, BUAKICTH 00TyBaHHS BiIKPUTO PO3TAILIO-
BaHUX EKCIIOHATIB (KapTHH 1 IHIINX YyTIUBUX IO
€po3ii TOBEpXOHb) MOTOKOM MPHUIUIMBHAX CTPyMe-
HiB He MoBHHHA nepeBuiyBatu 0,2 M/c.

Butparu moBiTpsi, 0c00JMBOCTI MOBITP00O-
MiHy. BuTpara mpuUIUIMBHOTO TOBITPS B TPHUMIi-
LICHHSX MY3€l0 [IPU HasBHOCTI KOJIEKIIH CIIij BH-
3HAUaTH PO3PaXyHKOM BiAMOBITHO A0 MPHHHATOL
CXEMHU OpTraHi3allii MOBITPOOOMIHY 1 TUTIOM PO3ITO-
ninpHUKa TOBiTps. Ciill BpaXxoByBaTH TEILIONOCTY-
IJICHUS 1 BOJIOTOHAIXOIKCHHS BiJ1 JitoneH (BiaABiMy-
BadiB Ta My3eHHUX MPAI[iBHUKIB), TETUIONOCTYTIJIE-
HUS Bl COHAYHOI pajiallii, B TOMY YHCII PO3CISTHOT
COHSTYHOT pajialii yepes JixTapi HpUPOJHOTO OCBi-
TIICHHS, TETUIOTIOCTYIJICHHS BiJl IITYYHOTO OCBIT-
JICHHS, B TOMY YHCIIi 1 TiICBIYyBaHHSI.

B excnio3umiifHuX 3anax Cuiji MpUHMaTH Moy
MiAJIOTH, IO TPUMaJac Ha ONHY JIOJUHY: MAaKCH-
MaJIbHE 3HAYEHHs - 7,4 M%, cepe/iHe 3HAYEHHs - 5,6
M2, MiHIMaJIbHE 3HaueHHS - 3,7 M°. 3arajabHui BU-
Tpara MPUTUIMBHOTO MOBITPsI B IPUMIIIEHH] EKCIIO-
3WIii TOBUHEH OyTH JOCTaTHIN, MO0 3a0e3neuuTH
BIJICYTHICTh 3aCTifHIX 30H HAaBKOJIO €KCIIOHATIB, B
TOM e Yac He JOMYCKAEThCS HANIPABIIATH PUTOY-
HYyI0 CTpyMiHb Ha HUX. KpaTHiCcTh MOBITPOOOMIHY
MMOBMHHA OyTH He MeHIe 6-8.

VY npuUMILIEHHSIX CXOBUIIL CJIijl pUAMAaTH MOBi-
TPOOOMIH HE MEHIIE JIBOX-TPUPA30BOIO 3 METOIO
3a0e3Me4YeHHsT TapHOI MHPKYISMii 1 Tepeminry-
BaHHS TIOBITPSI.

Y naGoparopisix pectaBpaliii cxema opraHizarii
MOBITPOOOMiHY ITOBUHHA BHOMPATHUCS 3 YpaxyBaH-
HSIM IIUTBHOCTI PEYOBHH, SKi BUKOPHCTOBYIOTHCS
npu pecraBpanii. Bumoram 110 iHTep'epiB My3eii-
HUX MPUMIIEHb HAWOUIBII BIIMOBIAAF0Th HIUTHHHI
MTOBITPOPO3MOIiITBEHUAKH.

J1J1s1 HAOYHOCTI PO3IVISTHEMO EKCITO3UIIIiHI TPU-
MIIIEHHS Y TIOPIiBHSHHI 3 NPUMILICHHAMHU (DOHIIIB
(1HIIOIO BEJMKOI0 YaCTHHOK MY3EHHOIO KOMILIE-
KCY), IIO BiJPi3HAIOTHCS BiJ] HUX MPU3HAYECHHSM 1
¢yukmisiMu. Came 1i BIAMIHHOCTI 1 BU3Ha4alOTh
0co01MBOCTI (pOopMyBaHHS MiKPOKIIIMary B €KCIO-
3uiii Ta (POHTOCXOBHIII.

HaiiOinpmuii BIUIMB Ha yMOBH 30epiraHHs B
EKCITO3UIIMHUX MPUMIIIEHHSIX HAJAr0Th iX apxiTe-
KTYpPHI 0COONHMBOCTI 200 0COONMBOCTI MPOEKTY-
BaHHs. L{i 0cOOIMBOCTI BU3HAYAIOTHCS HEOOXIIHI-
CTIO 3a0e3MedeHHs JOCTyIy i mepeOyBaHHS BijIBi-

nyBauiB y 3anax. [lpusnauenns goHnis He mepen-
0agae MPUCYTHOCTI BEJIMKUX MEPEMIIIaOTECS Mac
moneit. Tomy MiKpoKITiMaT B HUX Y TIPOJTOBXK AOOH
MOYKHa BB)KaTH MEHII MiHJIUBUM.

QDOHOBI MPUMIIIEHHS MOXYTh OyTH HaBITH Oi-
JBIIIE 32 KyOaTyporo, ajne BOHHU 3a3BHUaii 3alTOBHEHI
YHCJICHHUMH CTelaxaMu, madamu, crerialbHIM
obnagHaHHsM. Bcee 1ie mepemrkomxkae HeoOXiaHil
OUPKYIALIi TTOBITPSI, CTIPUsiE YTBOPEHHIO 3acCTiii-
HUX 30H, 4OTO, SIK IPaBUJIO, HE CIIOCTEPIraeThCs B
EKCITO3UIINHUX 3aJIaX, A€ HagBHICTL Oe3ii4l BiaK-
PUTHX T Yac BiABiIyBaHHS OBEpel 1 BIKOHHHX
MPOPi3iB IPHU3BOIUTH 10 TOTO, IO MBUAKICTE I0-
BITPSIHOTO TIOTOKY MOXE TIEPEBHIIYBaTU IPUHHATY
Hopmy 0,1 m/c. HiBemoe HeBeIMKi KOJMBAHHS Te-
MITEpaTypH i BOJIOTOCTI BUTBHHUH CTPYM TOBITPS
MiX 3aJIaMH.

[puHuuNy BATICHAKWYOI BeHTHIsALii. [ToBiT-
PSHI TIOTOKH B BEHTHIILOBAHOMY MPUMIIIEHHI MO-
JKHA PO3IUIATH Ha JBA THIIM: MIOTOKHU IIPH MepeMi-
HIyBaJIbHIM BEHTWIIALIT 1 TOTOKH MIPU BUTICHSIFOYHH
BeHTWIsAMIL. [Ipy BUKOpUCTaHHI TepeMilryBaIbHOT
BEHTHWJISILIT MOBITPS MOAAETHCS TAKUM YMHOM, IO
MOBHICTIO 3MIIIIYETHCS 3 IOBITPAM B IIPUMIIIEHHI 1
KOHICHTpALlisl 3a0pYIHIOIOYMX PEYOBHH OJHAKOBA
10 BCbOMY 00'eMy. Y BUTICHSIFOUMI BEHTUIIAMIT TTi]]
€0 TAKOMHOI CHIM TPOBOIUTHCA PO3IIApY-
BaHHS TOBITPSI 110 BHUCOTI NMPHUMIIICHHS, 3aBISKH
YoMy SKICTh TOBITPS B 30HI OOCIYrOBYBaHHS
BHIIIE, HDK B CHCTEMaX IepeMilIyBaIbHOI BEHTHJIS-
ii.

[IpoTsirom GaratbOX pOKiB BUTICHSIOYA BEHTH-
TSIt BUKOPUCTOBYBAJacs B BUPOOHUYNX OyHiBIIIX
3 BEJIMKUMH TEIUIOBUMH HaBaHTaXeHHsAMHU. [loun-
Haro4u 3 cepenuHu 80-X poKiB, ii cTany IIMPOKO 3a-
CTOCOBYBaTH 1 B HEBHPOOHWYMX OyIiBISAX, 0COO-
nuBo B CKaHAMHABCHKUX KpaiHax. B ocranHi poku
IHTEpeC JI0 BUTICHSAIOUOT BEHTHIIALLIT IT1IBUIITUBCS B
YChOMY CBITi, TOMY III0 BOHA Ja€ MOXJIMBICTb ITiJI-
BHUIIIUTH K TEMIIEpaTypHy e(eKTUBHICTh, TaK i
e(heKTUBHICTh BeHTWIALII. B 0CHOBI gaHOr0 THITY
BEHTWISAMII JIOKUTH PI3HUI HIUTBHOCTI TOBITPS,
3aBISKH YOMY TIOBITPS B TPUMIIICHHI PO3MiNs-
€THCSl HA JIBI 30HU: BEPXHIO 3a0py/IHEHY 1 HIDKHIO
yucty 308U (puc. 1.). Lle 3abe3nedyeTncs mpUIin-
BOM 3 HHM3bKOIO LIBHJIKICTIO XOJIOAHOTO MOBITPS B
HWDKHIO 30HY 1 BHJAJICHHSAM TOBITPS 3 BEPXHBOI
30HU. BijibHa KOHBEKIIIS Bij pKepel Teria 3a0e3-
Meyy€e BepTUKAIbHE NEPEMILLICHHS MOBITPS B MPH-
MilIeHHi. SIKIo [pkepena KOHBEKTUBHOTO TerJia B
MPUMIIIEHHI OJHOYACHO € JDKepenaMu 3a0pya-
HEHHSI, KOHBEKTHBHI TIOTOKH TIEPEMIlalOTh Terlie
3a0py/AHEHe TOBITPA Y BepxHIO 30HY. CriBBigHO-
IICHHS! BUTPATH MOBITPSl B KOHBEKTUBHUX MOTOKAX
1 BUTpATH NPUILTUBHOTO MOBITPsI BU3HAYAE BUCOTY
MexXi ABoX 30H. CyMa BUTpAT NOBITPsI B BUCXI1THUX
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(HarpiTHX) KOHBEKTHBHUX IOTOKax Ha OOpaHOMY
PiBHI MiHyC CyMa BUTpAT MOBITPSA B HU3X1AHUX (XO-
JIOJHVX) KOHBEKTHBHHX ITOTOKaX Ha TOMY K PiBHI
JOPIBHIOE BUTPATi NPUILTUBHOTO MOBITPsI B IPUMi-
meHHi. Takum 9uHOM, 301TBITICHHS BUTPATH TIPHIT-
JINBHOTO TIOBITPS TP HE3MIHHIM BUTpaTi B KOHBE-
KTUBHHX ITOTOKAaX BUKJIMKA€ 3MIILCHHS KOPAOHY
MiX 30HaAMU BTOpY, a 3HIKEHHS — BHU3 [4].

besmnig sBUIT B BEHTHIHOBAHUX IMPUMIIICHHSX,
TaKWX SIK BEpTUKAIBHUN TEMIIEpaTypPHHUHA TPATi€HT,
PiBHI MIBUIKOCTI B pO3IIAapOBaHOMY MOTOLI, PiBHI
po3mapyBaHHs 1 €(eKTHBHICTh BEHTHUIALII MO-
XKyTb OyTn ommcani ynuciom Apximena. Lle umncno
BHUPaXXa€ BiJTHONICHHS MK MiAHOMHOI CHJIOK i
cuIIo10 iHepii. 3a3BHuail BOHO BU3HAYAETHCS SIK:

A=ApgL/(p972), (1)

ne Ap - pi3HHIA TIUTBHOCTI XOJOMHOTO i TEIUIOTO
MOBITPs, KI/M3; g - MPHUCKOPEHHS BUIBHOTO Ma-
ninag, g = 9,81 m/c2; L - xapakTepHUii po3Mip, M;
P - WIIBHICTH TOBITPS, KI/M*; V - INBHUAKICTH MOBI-
Tpsi, M/C.

L
| SN ——.1 :'>
& \/ —‘\\\.r,-;* -
1 & A -

Puc. 1. Cxema NMoBITPSHHUX MOTOKIB B MPUMIIICHH]
3 BUTICHSIOUOIO BEHTIIIAIIIETO.

Uucno Apximena Moxke OyTH BHpakeHO Oara-
ThMa CIIOCO0aMU: BU3HAYCHHSIM Pi3HHUIII ILTBHOCTI
Yepe3 Pi3HUITI0 TeMIieparyp i iH. Alle OCHOBHE I10-
JIOKEHHST 3aJIUIIAETHLCS HE3MIHHMM; OlIbIle 3Ha-
YeHHS YKcia ApXiMeza o3HaYa€e JOMIHyBaHHS ITij1-
HOMHHX CHJI; MEHILIC 3HAYECHHS - IOMiHYBaHHS CHIT
iHepii (00yMOBICHUX MIBHIKICTIO TTOBITPS).

[Tpu HasIBHOCTI B MPHUMINICHH] TeMIIEpaTypHOi
cTparudikamii HanpuKJIaA B NPUMILLEHH] 3 BHUTIC-
HSIOUOI0 BEHTWISILIEI0, cTpaTh(iKallisl BIUIMBAE HA
XapaKTePUCTHUKH KOHBEKTUBHHX ITOTOKIB, PyIIiii-
HOIO CHJIOIO SIKMX € PI3HMIIS IIIJILHOCTI (TeMIepa-
Typ) TIOTOKY 1 HaBKOJHMIIHBOTO MoBiTps. [lpu 3me-
HIICHHI Ii€1 Pi3HUIN MOTOKH PO3MAIar0ThCs 1 MO-
MIMPIOIOTHCS 110 MPUMIIIEHHIO B TOPU30HTAIBHIN
rionivHi (puc. 2).

KOHBEKTHBHEIN

g KOHBEKTMBHW
} norox 3

narok 1

| Konsex- =
| THEHEIA
| noTox 2

Hm ToKa 2 /\
=

Hll{-rm‘;: eHIR \J -

Puc. 2 Cxema moutipeHHs MOBITPSHUX MOTOKIB B IPHMi-
[IEHHI 3 BUTICHSIIOUOI BEHTUJIALIIEIO.

HarypHi nocaimkeHHs. Y paMKax BUKOHAHHS
ITOCTABJICHOTO 3aBJaHHA OyJ0 MPOBEICHO CEPiro
HATYpPHHUX JIOCII/PKEHb MapaMeTpiB TOBITPSIHOTO
CepeOBHINA Y IPUMIIIICHHI MY3€t0

Jis mpoBefieHHs BUMIpiB OymiBITIO My3ero Oyina
YMOBHO DPO3/JICHO Ha XapaKTEepHI 30HH, 00YMOB-
7eHi 00’ €eMHO-TUIaHYBaJIbHUMHU —OCOOIHBOCTSIMHU
iHTEp €PY

VY KoXHi# 30HI OyJI0 BUALIEHO TOYKH 3aMipiB
(puc. 3). Ilapamerpn BU3HA4anKCAd HA TPHOX PiB-
Hax 3a BucoToro (1,5 M, 2,0 mta 2,5 M). Ha MmoMeHT
JIOCITIIPKEHHS TOBITPSI B IPUMIIIIEHH] TeMITeparypa
BiZTHOCHA BOJIOTICTh Ta OApOMETPUYHUI THCK 30B-
HIOTHROTO TOBITPs cKiamaB text=12,7 °C; ¢=ext
61% B=760 MM

VY mpotieci HaTypHUX AOCIiIKEHb BUMIPSIIHCS

* Temrieparypa nositps, °C;

* BITHOCHA BOJIOT'iCTh, %0,

* HIBHJIKICTH PYXY, M/C;

Cepennst Temreparypa MOBITPsI B MPUMILICHH]
3HaxXoIMIacs B Mexax ty,= 20 °C, a BiZHOCHA BO-
JIOTICTh CTAaHOBHIIA Qw, = 55-60 % B eKcro3uIlii-
HUX 3aJ1aX.

Po3pobxka mpoekty cuctemu (HOpMyBaHHS MiK-
poximiMary My3eiB, SKi po3MilleHi B OymiBIIAX
nam’siITKax icTopii Ta KyJabTypH, MoTpedye iHIMBI-
IYaJbHOTO MiJXOAy Ta BUKOHAHHS KOMIUIEKCY Ha-
TYPHUX, €KCIIEPUMEHTAIBHHUX 1 TEOPETUUHHX JI0C-
JiDKeHb TponeciB (GOPMYBaHHS TeMIIEpPaTypHO-
BOJIOTICHOTO PEXHMIB y OCHOBHUX MPUMIIIEHHIX
My3ero. [lapaMeTpu MOBITPSIHOTO CTaHy B XOJIOA-
HUH 1epioa poKy MiATPUMYIOTHCS CUCTEMOIO OIla-
JICHHSI 32 PaxXyHOK KOHBEKTOPIB, BCTAHOBJICHUX Y
1ijp103i. [1oBiTPOOOMIH 3/iHCHIOETHCS 32 PaXyHOK
HEOPraHi30BaHOI MOBITPONPOHUKHOCTI iH(iIBTpa-
il Ta MepiouIHOTO MPOBITPIOBAaHHS. TakHid CIio-
10 IPU3BOANTE JI0 YTBOPEHHS 3aCTIHHUX 30H 3 HU-
3bKOI0 LUPKYJISLIEIO TOBITPS 1 MOTIPIICHHS CTaHy
MIKpOKJIIMaTy B My3€HHOMY MpUMIiIIEHH1

[pu po3poO11i peKOHCTPYKIIiT CHCTEM BEHTHIIS-
1ii Ta KOHAULIOHYBaHHS JOLIBHO BHUKOPHUCTOBY-
BaTH iCHYIOYl KaHaJIM B CTiHAX MEPIIOTO MOBEPXY,
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PO3MICTUTH MPHUILTMBHO-BUTSKHY YCTAHOBKY 3 pe-
KyTIepali€ro TEIIOTH 30BHI MPUMIIIICHHS Y BHYTPi-
NIHBOMY JIBOPI MY3€0, 10 Niepeadadae OunIIeHHs,
3BOJIOXKCHHSI, OaKTepioNoriuHy oOpoOKy B 3ajax
(50, 51, 52, 53).

Jlis mocikeHHsT OBITPOOOMIHY Ta TepeTi-
KaHHsI IOBITPS MIXK 3aJlaMH CTBOPEHO TPUBUMIipHY
mozens [Tpumimens Ne40, 47 ta 48 (puc. 4) Tpu-
BUMIpHA MOJIe]Th CTBOPECHA 3 HA/IAHUX IJIAHIB CITiB-
POOITHUKAMK MY3€0 Ta KOHTPOJIEHOTO 0COOUCTOTO
BUMIpIOBaHHS T€OMETPHUYHHX PO3MIPIB YCiX OrOpo-
JOKYIOUUX KOHTPYKIIIN Ta jaetanei iHTep'epa.

MopentoBaHHs pyXy HOBITPS B NPHUMIIICHHAX

e m—

@

MY3€I0 POBOJMIIOCH Y ABOX BapiaHTaX PO3MOALTY
MOBITPS B 3aJICKHOCTI BiJI MPHUHHATHX KOHCTPYKTH-
BHUX pillleHb TO/1adi Ta BUJAJICHHS MOBITPS B/3
MPUMIIICHHS:

BapianT 1: mogada Ta BHOAJEHHS MOBITPS 3a
JIOTIOMOTOI0 ICHYIOUHMX PEIIITOK B CTiHI Ta JOJAAT-
KOBHX TOBITPONPOBOIB Y NpUMIILIEHHI 3 MiHiMa-
JBHUM BTPYYaHHSM JI0 apXiTEKTypHO-IUIaHYBaJIb-
HUX pilieHs OyniBmi (puc. 5).

BapianT 2: nonaua Ta BUJANICHHS MOBITPS 3a
JOTIOMOTOIO T1TBKH ICHYIOUMX KaHaNiB Ta CTBOPEH-
HSIM HAJUTMIITKOBOTO THCKY JIJIsl IEPETIKAHHS MOBi-
Tps 3 OTHOTO MPHUMIIIEHHS B iHIIIE (pHC. 6).

7 3

Qy/

&

480

4560

®

Puc. 3 [30Tepmu B m1aHi My3ero Ha BiIMITII 2 M BiJI IiJIOTH

Puc. 4 Monenb as1st ZOCIIKSHHS OBITPOOOMIHY Ta MepeTiKaHHs MOBITpst Mk 3ayamMu Ne40,47 ta 48.
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23.00
22.580
22.00
21.50
21.00
20.50
20.00
19.50
19.00
18.50
13.00
17.50
17.00
16.50
16.00

Temnepatypa Tekydan cpena) [*C]

Temneparypa H=1.5 M 2anHELs
Temneparypa H=2.0 M 2anueksa
Temnepatypa H=2.5 M: 2anuera

Puc. 5 Po3nozin TeMreparypu HoBitps B mpuMiteHHsx Ne40, 47 ta 48 3a BapiantoM 1 Ha Bucoti 2,0 M Bij miuioru.

23.00
22.50
2200
21.50
21.00
20.50
20.00
19.50
19.00
18.50
18.00
17.50
17.00
16.50
16.00

TemMnepatypa (Tekydan cpena) [C]

Temnepatypa H=1.5 m: 2anveka
Temnepatypa H=2.0 M 2anveka
Temnepatypa H=2.5 m: 2anveka

Puc. 6 Po3monin remneparypu noBiTps B npuMitieHHsX Ne4(, 47 ta 48 3a BapiaHToM 2 Ha BUCOTI 2,0 M BiJ| MiJJIOTH.
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BucnHoBku. Ha ocHOBi OTpuMaHuX TaHUX Mate- MEHII PiBHOMIpHHH PO3MOIiT TEMIIEpaTypH Ta Bif-
MaTHYHOTO MOJICTIOBAHHS PO3MOILITY TOBITPS B HOcHOI BoyorocTi. OmHaK, MaHWH BapiaHT BIMarae
MPUMIIIEHH] 32 JBOMa BapiaHTaMH Ta Ha OCHOBI HaWMEHIINX YTPY4YaHb y apXiTeKTypHO-TLIaHyBa-
HaTypHHX TOCIiIKEHb MOKEMO 3pOOHUTH HACTYIIHI JIbHI PillIEHHs ICHYIOYMX MPHUMILICHb Ta OyaiBii B
BHCHOBKH: mioMy. A 30epekeHHsS IHTep'epy Ta eKCTep’ epy

1. Bapiaar 1 — kpamiiii BapiaHT pO3MOILTY TIPUMIIIIEHHST — TIEPIIOYeproBa Milb MPH PEKOHC-
MOBITPSHUX MOTOKIB y MPHUMILICHHI, HiX Bapiant TPYKUii, BIOCKOHAJECHH] Ta MOKpaIleHH] BHYTpPill-
2, ajpKe 3a JOMOMOTOI0 MOJICTIOBaHHS MO)KHA Ha- HiX KJIIMAaTHYHUX YMOB JJISl 3HAXOMKCHHS JIFOACH
OYHO ITOOAYNTH PI3HUITIO B IKOCTI ITOBITPS: TEMIIE- JUTSL JAHOTO TUITY IpUMITeHb. J{7s peamizarmii mox-
parypu Ta BigHOCHOi BojorocTi. Ilpu Bubopi na- paIIeHHs YMOB MIKPOKJIIMaTy B MPHUMIIIEHHIX 3a
HOTO BapiaHTy MU OTPUMYEMO PIBHOMIpHHIA pO3- Bapiantom 2 Oyne A0CTaTHbO CTBOPUTH JEKiIbKa
MTOJILJT TEMITEpPaTypH Ta BiIHOCHOI BOJIOTOCTI B IPH- OTBOPIB IS TIEPETIKAHHS ITOBITPS 3 OMHOTO ITPUMi-
MIIIIEHHI, IO BiIITOBiga€ HOpMaM Ta CTaHAapTaM [IEHHS B 1HIIIE Ta IEPEHECTH BICOTY BUTKHUX pe-
IS 30€peKeHHsT My3€HHHUX €KCIIOHATIB MPOTATOM LITOK AJis1 OUTBII PIBHOMIPHOTO PO3MOALTY IOBI-
OLTBILIOTO Yacy Ta THMYACOBOMY HAaXOKEHHIO JIFO- TpAL.
neil (BiaBimyBauiB My3e€r0) y BEIHKiH KIIBKOCTI: 3. Bapianr, oOpanuii ans peanizamii gaHOTO
MPOBENCHHS EKCKYpCiii y My3ei Ta NpOBEIeHHS NPOEKTy PEKOHCTPYKIii € Bapiant 2, mo Bignosi-
Mpe3eHTAalliif HOBUX KOJIEKI[I Ta CeMiHapiB y MpH- Jae yciM HOpMaMm Ta CTaHAapTaM MIKpOKIIiMaTy
MimieHHi Ne4§. JUTSE 30epeKeHHST KOJEKITiH Ta MPH IIbOMY BHMArae

2.  MopemoBanHs 3a Bapiantom 2 moxkasye HaWMEHIIOTO BTPydYaHHS A0 IHTEp'epy mpuMi-
HaM OiIbII XaOTUYHI PyXH MOBITPs MPU HECTAIIIO- HICHHS Ta TeperlanyBaHb PO3MIIIEHHS My3eHHUX
HapHOMY 3HAXOIDKCHHI IIIONeH B MPHUMIMIEHHI Ta €KCIIOHATIB
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Design of displacement ventilation system in museum premises

V. Vakhula'
! Assistant professor. Kyiv National University of Construction and Architecture, Kyiv, Ukraine, v.vahula@gmail.com,
ORCID:0000-0001-7973-6421

Abstract. In museum premises located in buildings of architectural monuments, an important issue is the provision of regulatory
parameters of the air environment and the method of organizing air exchange in exhibition and exposition halls. In such
buildings, it is impossible to conduct air ducts, therefore existing ducts from fireplaces and natural exhaust ducts are used. The
National Center of Folk Culture "Ivan Honchar Museum" was considered in the article. After analyzing the architectural
drawings of the museum, a displacement ventilation system was chosen to organize air exchange. In displacement ventilation,
under the action of lifting force, the air is stratified along the height of the room, due to which the air quality in the service
area is higher than in mixing ventilation systems. to ensure the necessary microclimate, two options for the organization of air
exchange are proposed. As part of the task, a series of field studies of the parameters of the air environment in the museum
premises were conducted with the following parameters: the average air temperature in the premises was within twz= 20 °C,
the relative humidity was pwz = 55-60% in the exhibition halls. The development of the project of the microclimate formation
system of museums, which are located in buildings of historical and cultural monuments, requires an individual approach and
the implementation of a complex of natural, experimental and theoretical studies of the processes of forming temperature and
humidity regimes in the main premises of the museum. A three-dimensional model was created for the study of air exchange
and air flow between halls, and air movement was simulated in two variants for rooms No. 40, 47 and 48. Taking into account
the field studies and mathematical modeling of air exchange organization options, a project for the modernization of ventilation
and air conditioning systems was proposed.

Keywords: Natural research, Preservation of monuments, museum, microclimate, displacement
ventilation.
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YK 662.767.2

YOoockoHaneHHA maTeMaTu4HOI mogerni edheKTUBHOCTI BUAOOyBaHHA
3BanuLiHOro rasy

O. B. bepesiok', M. C. llemelues?
1. T.H., toi., mpod. Binunupkuil HarlioHanbHuii TexHiuHMl yHiBepeuTeT, M. Binuuis, Ykpaina, berezyukoleg@i.ua,

2

www.oberezuk.vk.vntu.edu.ua, ORCID:0000-0002-2747-2978
K.T.H., 10l. BiHHUIbKU# HalllOHATbHHUI TeXHIYHM yHIBepcuTeT, M. Binnuus, Ykpaina, mlemeshev@i.ua,
www.lemeshev.vk.vntu.edu.ua, ORCID:0000-0002-6083-0378

Anomayis. B micysx 3aXopoHeHHs meepoux noOymosux 6i0xo0ie Ymeopoemuvcs 36aNUHUL 243, OCHOBHOIO CKIAO080I0 K020
€ meman. 3a cmynenem 3a80aHHS WKOOU OOBKILIIO MEMAH 88ANCACMBCA OPY2UM HAUWKIONUBIUUM NAPHUKOBUM 2A30M, WO
suxuoacmoca ¢ ammocgepy 3emni. Tomy yOockoHaneHHA 3anencHOCMI egheKmusHoCmi 8UO00YBAHHA 38ATUWHOZ0 2a3Y Bi0
OCHOGHUX napamempieé 6niugy 3 Memolo 30iNblenHs NOWUPEHOCMI GUKOPUCMAHHA NOHOGIIOBAHUX Odcepel enepeii,
3a0waddicents GUKONHUX EeHeP2OHOCIi8 Ma OOHOYACHO20 3MEHUWIeHHs [HMEHCUBHOCMI 3a0pYOHeHH HABKONUUWHLOZO
cepeoosuwa € aKmyanbHol HAYKO8O-mexHiuHo1o 3a0aueio. Memoro docniodtcents € yOOCKOHANEHHA MAMeMamuiHoi mooeni
NPOCHO3YEAHHA  eheKMUEHOCI 8UO0OYBAHHA 36ANUWHO20 2a3Y 3 MEMmOol0 30LIbWEHHS NOWUPEHOCMI BUKOPUCAHHSL
NOHOBNIOBAHUX OXHCepell eHepeil, 3A0UJA0NCEHH GUKONHUX EHEeP2OHOCII8 Ma O0OHOYACHO20 3MEHUIEHHS [HMEHCUSHOCHI
3a0pYOHEH s HABKOIUWHBLO20 cepedosuwd. Bukopucmano memoo pomamabdenvHo20 YEHMPAlbHO20 KOMIOZUYITIHO2O
NIAHYBAHHA OPY2020 NOPAOKY. OMpumano YOOCKOHANEHY MAMeMaAmUuiHy MOOelb NPOSHO3Y8AHHA eheKmMUEHOCMI 8UO0OYBAHHS
36ANUWHO20 2a3Y 8 PISHUX KpaiHax, AKa, HA 6iOMiHY 6i0 0a3080i, 3abe3neuye OinbuLy 30idCcHICMb 3 PAKMUUHUMU OAHUMU,
Micmums cymmeso MeHuty KiibKicms Koeghiyienmis. Bcmanoeneno, wo 3a kpumepiem Diwepa cinomesy npo adexeammicins
ompumanoi peepecilinoi modeni modcHa eadxcamu npasunvrorw 3 95 %-10 docmosipricmio. Koegiyicum xopenayii cknas
0,99992, wo ceiduumes npo GUCOKy O00CMOGIPHICMb 00epcanux pesyibmamie. Ompumana YOOCKOHANEHA peepeciiia
3ANeXHCHICIb MOdICce OYMU BUKOPUCIAHA 3 MEMOIO 30INbULEHHS NOWUPEHOCTT 6UKOPUCANHS NOHOBII08AHUX 0Jicepen eHepail,
3a0WA0NHCEHHA BUKONHUX eHEPOHOCTiE Ma O0OHOYACHO20 3MEHWIeHHA [HMEHCUSHOCMI 3a0PYOHEHHS HABKONUUWHBLO2O
cepedosuwya.

Knrouosi cnosa: sionosnosane 0dcepeno enepeii, 36aiuyHuil 2a3, eQexmuHicms 6udoOYeanHs,
Mamemamuune MOOEN08AHHS, NIAHYBAHHS eKCNepUMennmy, 6azamopakmopHa 3anexicHicmy, akmop

BNIIUBY.

Beryn. 3rifgHo n1aHuX, HaBeACHUX B poOOTi [1]
y CBiTi ekcIutyaryeThes 481 cuctema 30upaHHs 3Ba-
yumHoro raszy (3I0), sikuii yTBOPIOETBCA B MiCISAX
3axOpOHEHHsI TBepaux nodyrosux Biaxonis (TIIB).
3aranpHuil BUIOOYTOK LMX CHCTEM CTaHOBUTD
5,15 mupa. M rasy Ha pik. 3 Hux 175 ycTaHOBOK Mi-
cTaThes B Kpainax €C, 264 — B Amepuni (244 — B
CIIA), mo 4 — B ABcTpaiii ta A3ii, 2 — B Adpwuili.
Ane mume Onusbko 25-50 % 3i6panoro 31T 3Haxo-
IUTH KOMEpI[iifHe BUKOPUCTAHHS, pelTa CHallto-
eTbesi y (akenax. [obanpha emicist 3I° B arMoc-
¢epy € BaxIJIMBUM (paKTOPOM 3MiHHU KITiMary 3eMJIi.
T'onosHor cxitagoBoro 37 € meraH, eMicig SIKOTO 3
Tepuropiii 3axoponenns TIIB ckmamae Big 1,5 no
70 maH. T/pik [2, 3]. Ilpu yTunizanii metany 3 ycix
nonironiB TIIB B CILA #oro KiJIbKiCTb CTaHOBH-
tUMe 5 % BiJ] 3aralibHOTO CIIOKUBAHHS IPHPOTHOTO
ra3y B CIIIA a6o 1 % Bix 3arajgpbHOTO CHOKMBAaHHS
eHeproHociis [1]. 3a cTynenem 3aBaaHHs IKOAX J0-
BKIJUTIO METaH BBKAETHCS JPYTHUM TTiCIsI BYIJICKH-
CJIOTO Ta3y HANIIKIUIMBIIINM MApPHUKOBUM Ta3oM i
cTaHOBHTH 18 % Bix 3arajgbHOT KiBKOCTI MApHUKO-
BHX Ta3iB, M0 BUKHIAIOTHCS B arMocdepy 3emii.

MertaH 3a BETMYMHOIO MOTEHIIiaTy TT00aTBFHOTO 10~
TEIUTiHHA PUOMM3HO y 21 pa3 HeOe3nmevHimmil 3a
BYIVICKHCIIMH Tas3.

AKTyaJbHicTh AociimxenHsi. HeoOxigHicTh
00Ky BaJIOBOi eMicii MeTaHy Ha JJaHWii Yac BU3HA-
YaeThCsI 30KpeMa THM, IO 1Iel ra3 € CKJIaZo0BOIO Ya-
CTHHOIO HaIiOHAJILHOT KBOTH PEYOBHUH, 11O BILIMBA-
I0Th Ha MApHUKOBUH €(peKT Ta 3MiHy O30HOBOTO
miapy IUtaHeTH. ToMy YOOCKOHAJIEHHS 3aJI€KHOCTI
e(eKTHBHOCTI BUJOOYBaHHS 3BAIMIIHOTO Ta3y Bij
OCHOBHHMX IIapaMeTpiB BIUIMBY 3 METOH 301Ib-
LICHHS MOLIMPEHOCTI BUKOPHUCTAHHS ITOHOBIIOBA-
HUX JKepeJl eHeprii, 3a011aPKeHHS BUKOITHUX €He-
ProHOCIiB Ta OJHOYACHOTO 3MEHIICHHS IHTCHCHB-
HOCTI 3a0pyAHEHHSI HABKOJMIITHHOTO CEPEAOBHILA €
aKTyaJIbHOIO HayKOBO-TEXHIUHOIO 3aa4elo.

OcTaHHi gocaimkeHns ta myoJikamii. B po-
0otax [4-6] HaBeneHO ckIIa I Ta (Pi3MKO-XiMiuHi BIIa-
CTHBOCTI 0iora3sy, 110 yTBOPIOETHCS B MICISIX 3aX0-
pouenns TIIB. B crarri [ 7] ony6nikoBaHo ckiaj 6i-
orasy, OTPUMaHOTO TIPY aHaepOOHOMY PO3KIIaIaHHI
TIIB nmnst pi3HUX CHIBBIJHOIIEHb KOMITO3HUIIIHIX
cymimeii TTIB-komnocT Ta ixHbO1 BiAHOCHOT BOJIO-
TOCTI.

[lepcnexTrBu Ta 10CBiA BUAOOYBaHHs Oiorasy B

12



BeHnmunsuis, oceimneHHss ma menoaa3oriocmadaHHs. Bun. 44, 2023

Micnsx 3axopoHensst TTIB geranbHoO onucaHo B po-
6orax [8-10], a B crartsix [11, 12] posmstayTi 0CO-
OmuBocCTi #oro yTBopeHHs. BupoOmenuii 6ioras
30Upa€eThCs 32 JIOMIOMOTOIO BiJMOBIAHOTO TEXHIY-
HOTO OOJagHaHHA 1 a00 cHadioeThCs Oe3moceper-
HBO Ha OmouHiit Termmoesexrponentpaii (TELT) mus
eJIEKTPO- 1 TerIonocTauaHdg abo 30aradyeTbes 10
OiomeraHy (ouHIIEHOTO Oiorasy) i mogaeThes B ic-
HYI04y Ta30TPaHCIIOPTHY MEpEexy ab0 MOXKEe BUKO-
PHUCTOBYBAaTHCS SIK TaJIbHE B aBTOMOOUIAX Ha MPH-
pomHoMy Tasi. 3acTocyBaHHs 6iora3y y AeLeHTpali-
30BaHOMY €HEProIIOCTAauyaHHI CIPHSIE CKOPOUYEHHIO
IMIIOPTY €HEProHOCI{B Ta MiABUINEHHIO HAAIHHOCTI
SHeproroCcTauaHHs, 30KpeMa, y CIIIbChbKii MiCIIeBO-
cti. CyTTeBOIO mepeBaroto BUpoOHUITBa Oiorasy €
BUKOPHUCTaHHS MOHOBJIIOBaHUX [DKEpeN eHeprii, B
tomy umcii TTIB, Buxin Giorasy 3 opraniuHoi ¢pa-
KIIii SKUX B cepeHboMy ckinanae 123 Hv?/t cy6er-
pary. Hlupoxwuii i MOCTIHO AOCTYIMHUN CIIEKTpP Op-
TaHIYHUX PEUYOBHH YMOXKIIMBITIOE TIOCTIiiHE 1 O6e31me-
pEpBHE BUPOOHHUIITBO Oiorazy i CIpHUSIE CKOHOMIi
BHUKOITHUX eHeproHocii [ 13]. HmwxkHs TemmoTBopHa
3[IaTHICTH 3BAJIMIHOTO 0iorasy CTaHOBUTH 16-18
M]Ix/Hwm? [14]. ABropamu po6otu [15] po3rsiHyTO
METOJM BHUKOPHCTaHHS OloMacH JjIsi BUPOOHMIITBA
TerioBoi eneprii. B po6oti [16] onmcano ¢asu po-
sknaganus TIIB, 80 % sikux € aHaepoOHHMMU, a Ta-
KOXX BH3HA4EHO (DaKTOpH, IO BILIMBAIOTH Ha IPO-
1ec 6iomecTpyKiii BiIXOIiB.

Agtopu crarTi [17] HaBOIATH CTATUCTHYHI JTaHi
mono norenniany 3I° y pizHUX KpaiHax cBity. B po-
6oti [18] HaBeneHO MareMarHuYHy MOJEIh MTPOTHO-
3yBaHHS NMUTOMOTo 00'emy BunoOyBanusa 3I, a B
crarti [19] omyOnikoBaHa MareMaTHuYHa MOJEIb
MpoTHO3yBaHHs nuToMoro noreHmiany 3I, Ha oc-
HOBI SIKUX OTPUMaHO 3aJIeKHICTh €(PEeKTHBHOCTI BH-
noOysanHs 31 Bin OCHOBHHX NapaMeTpiB BIUIMBY
[20]:

n
|:25,357+7,399 t—
Kp
G = 0,2007 BRIT Lo6d >
n
461,2-319,3| 01275 .
S n,
BBIT BBIT
-30,95 +0,00127 2 _
n, S, M,
0,2007 BBIT 1964 >
+2284]PJ]175°'°7+0,03603[ "j [ ] -
Kp n,
—7,95%1Pﬂﬂ+32,]@1Pﬂﬂ+
» n,
0,2007 : 1964 -
—749,1[2’“} ]P]]H5°'°7—0,5987(BBH ] e ——
L n,
a4 n ’
+3,089-10 S—“ -100%
s (1)

0,4014 3,928
+ 58739(;” ) +2,706-10° [@] +35251PITIT ™
n

Kp "

ne n/Sy, — TycToTa HaceleHHs, OciO/Kkm%;
BBIlI/n, — BBII Ha ayury nacenenus, tuc. $/oci6;
IPJIII — iHOeKC PO3BUTKY JIOACHKOTO TOTEHITIATY
(IP/IIT=0...1); n, — KiNBbKICTh HaceJCHHS KpaiHwu,
0ci6; Sy, — TUIOIIA TEPUTOPIT Kpainu, KM>,

Ha namry mymky, 3anexHicts (1) € 3aHanTo rpo-
MI3JIKOIO 1, KpiM TOTO, BOHA HE MOYKE KOPEKTHO TIPO-
THO3yBaTu e(eKTUBHICTh BU0OyBanHs 31 mis Ta-
KHX KpaiH, K YKpaiHa, OCKUIBKH OTpHMaHa 3a Ja-
HUMH JIUIIE JUII BUCOKOPO3BUHYTHX KpaiH, a TOMY
BHUMArae yaoCKOHaJICHHS.

®opmyaoBaHHsa nijei crarri. Lins crarTi —
YAOCKOHAJIEHHS] MareMaTHYHOI MOZENi IPOTHO3Y-
BaHHsS €(QEKTHBHOCTI BHIOOYBaHHS 3BaJIMIHOTO
rasy 3 MeTO1o 301IbLICHHS MOIINPEHOCTI BUKOPHC-
TaHHS [OHOBJIOBAaHMUX [DKEpeN €Heprii, 3aora-
JDKEHHST BUKOITHMX €HEPTrOHOCIIB Ta OJHOYACHOTO
3MEHIIIEHHS IHTEHCUBHOCTI 3a0pyJHEHHS HaBKOJIU-
LIHBOT'O CEPEAOBUILA.

OcHoBHa yactuna. Cepen mapaMmerpiB, sIKi
BIUIMBAIOTh Ha eeKTUBHICTh BUA0OYyBaHH: 3I y pi-
3HUX KpalHax, pO3MIAAaiiCh Taki: TycToTa Hace-
JICHHS KpaiHM, BeMYMHA BaJOBOTO BHYTPIIIHHOTO
npoaykty (BBII) Ha gyury HaceneHHs, iHAEKC PO3-
BUTKY JIIOACHKOTO MOTEHIIIaNy, 3HAaUeHHS SIKUX Ha-
BeneHo B Ta0m. 1. Ha BiamiHy Bing abconrOTHHX Ta-
pameTpiB, BiIHOCHI TO3BOJIAIOTH MOPIBHIOBATH Kpa-
{HM 3 PI3HUMHU PIBHAMH PO3BUTKY EKOHOMIKH Ta
JOJICHKOTO TIOTEHINIaNy, KITBKICTIO HAceleHHs Ta
IUIOIAMH TEPUTOPIi.

3rigHo gaHux Tabi. 1 METOJOM IUIaHYBaHHS
exkcriepuMeHTy [21] BUKOpPHCTOByKOUH poTarade-
JIbHE LIEHTPalbHE KOMIO3HUIiIHE MIaHyBaHHS ApY-
roro MopsAKy BUAY 2° 3a 10MOMOTOK pO3pOOIeHOT
koM 'torepHoi nporpamu "PlanExp", sika 3axumiena
CBiIOLITBOM PO PEECTPALil0 aBTOPCHKOTO MpaBa Ha
TBip [22] i meranpHO omucana B poboti [23] oTpu-
MaHO KBaJIpaTH4YHE PiBHAHHS perpecii 3 edekramu
B3aeMoii 1-ro MopsaKy, K€ ONUCY€E yIOCKOHAJICHY
3aJIeKHICTh eekTBHOCTI BUnoOyBanHs 31" B pis-
HUX KpaiHax BiJl OCHOBHUX ITapaMeTpiB BILIUBY i ITi-
CIIsl BiIKMJaHHSI HE3HAUUMHX (DAKTOPIB Ta €PEKTiB
B3a€MOJIi BUDIIAA€ TAKUM YHHOM

nH nH

&y = 2,461 +682,4IPJIIT -2,577

Kp Kp
BBII
n

H

IPJIIT —

BBIT
n

H

2
—-5,936 IPJIIT + 0,06965( ] —-533,55.%.  (2)

Bcranosneno, mo 3a xpurepiem ®@imepa rino-
TE3y NPO aJeKBATHICTh OTPUMAHOT perpeciiHoi Mo-
neni (2) MoKHA BBOKATH IPABUIILHOO 3 95 %-10 110-
croBipHicTIO. Ilpn npomy koediuieHT Kopemsii
cknaB R =0,99992, mo cBiMYUTH IPO BHCOKY J0OC-
TOBIPHICTh OJIEPIKAHHUX PE3YIBTATIB.
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Busineno, mo 3a kpurepiem CteiofneHTa Hailbi-
neIIe Ha e(eKTUBHICTh BUI0OyBaHHA 31 B pi3HUX
KpaiHaxX, cepell JOCHIHKeHUX (aKTOPiB BILIUBY,
BIUIMBA€ 1HAEKC PO3BHUTKY JIOICHKOTO MOTEHIAYy,
HaliMeH1ue — BBII Ha nymy HaceneHHs.

Ha puc. 1 mokazano moBepxHi BIATYKiB HiJIbO-

Bo1 ¢yHKii — eexruBHOCTI BunoOyBanus 31" B pi-
3HHUX KpaiHax Ta ix TBOMIpHIi IIepepi3H B IIONTHHAX
MapaMeTpiB BIUIUBY, SIKi JO3BOJISIOTH HATJISIIHO Bi-
I00pa3uTH OTPUMaHy 3aJICXKHICTh (2) Ta XapakTep
OJTHOYACHOTO BIUIMBY NEKUTPKOX (DaKTOpIB Ha IIi-
JHOBY (PYHKIIITO.

Tabruys 1

O0’emu piuHoro BuI00yBaHHs, piuHi noTenuiaau, epexrusHicts Bugo0yBanus 3I' Ta paxropu BniMBy Ha HuUX [2, 17]

) ) @DakTopy BILIUBY
O6'em BunoOy- | Ilorenmian | EdextuBHiCTH T BBII |

Kpaina BaHHs 31, 3T, BHI00YBaHHS yerora Ha- Ha JyIy 1HACKC pO3BH-

P T N CeJICHHSI, | HACENCHHS, |TKY JIFOJICHKOTO
MJIH. M/piK | MITH. M°/piK 31, % . ; .

0ci0/km $ Tuc. NOTEeHIIaTy
CLIA 500 13000 3,85 31 46,954 0,95
BennkoOpuTaHis 200 2520 7,94 247 46,432 0,942
Hinepnanau 50 560 8,93 394 51,657 0,958
Dpantis 40 874 4,58 114 45,858 0,955
ITamis 35 1040 3,37 199.,4 39,565 0,945
JlaHist 5 105 4,76 126,4 34,7 0,952
Vkpaina 18,65 400 4,66 76 7,532 0,786
104 €30 % &sr, %

n_ ocio BBIT  muc.S

) D) 5

n,

ocio

\\\’ﬁi}‘f«m ‘
%/ “»l l <L0.95
n;, ocio IPJIIT
v 2 2
. S, KM

I‘!""“: ‘,"‘l’
I

‘\\\ ity

.‘Afi’l’“}‘eq'

)
b

\\\ ‘« I

)
WV i \
l“" hﬂ;‘i? -’*',A.t Y
oA AN T
\“B@f‘t‘?‘:" AL 0.9

BBII

muc.$

n ocio

B H
Puc. 1. [ToBepxHi BiATyKiB HiTb0BOT PYHKIIT — €EKTHBHOCTI
BUIOOYBaHHS €31 Ta X JIBOMIPHI ITepepi3H B IIIOIIMHAX T1apa-
METpIiB BILTHBY:
a — nu/Sp-BBIInu, 6 — nu/Skp-IPJIII, 8 — BBII/ny-1PJITT

[opiBHsiHHSA (DaKTHUHUX Ta TEOPETUUHHUX Aa-
HUX, OTPUMAaHHX 3a JIOMOMOororo 6a30B0i (1) Ta ymo-
CKOHaJICHOT (2) MaTeMaTU4HUX Mojeliel, e(heKTUB-
HocTi Bu1oOyBaHHs 31 B pi3sHUX KpaiHax, paH)KoBa-
HUX B MOPSAKY CIIQJaHHsS, HAaBEJEHO Ha pHC. 2, 3
SIKOTO BHIHO, 1[0 TEOPETHYHI e()eKTUBHOCTI BHI0-
OysanHs 31" B pi3HMX KpaiHax, po3paxoBaHi 3a J0-
MIOMOTOIO perpeciiHoi Mozenti (2), HeCyTTEBO Biapi-
3HSFOThCS BiJ (PaKTUUHUX JaHuX (Tadm. 1), mo miji-
TBEPJPKY€E BH3HAYEHY paHillle BHCOKY JOCTOBIp-
HICTH OTpHUMaHOi 3anexxHocti. Kpim Toro, Ha Bin-
MiHy Biji 0a30B01 MareMaTndHOi Mozei (1), yaocko-
HaJleHa MaremaThyHa mojenb (2) 3abesmeuye Oi-
Ty 30DKHICTD 3 (DaKTUYHUMH JTAaHUMH, MICTHTh
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CYTTE€BO MEHIIIy KUIBKICTh KOe(illi€HTiB, JO3BOJISIE
MOMIMPUTH PE3YIBTaTH IPOTHO3YBAHHS Ha TaKi Kpa-

BIUIMBAIOTh TaKi (JaKTOPH: TYCTOTa HaceJIeHHS Kpa-
{HM, BeMYMHA BaJIOBOTO BHYTPIIIHBOIO MPOAYKTY

HH, K YKpaiHa. Ha AyIly HACEJICHHS, 1HAEKC PO3BHUTKY JIIOICHKOIO
noreHuiany. [Ipu npomy, HalOinbme HA eeKTHUB-

. , . . . o HiCTh BHI0OYBaHHS 3BAUIITHOTO Ta3y B Pi3HUX Kpa-
. %M iHax, cepen JOCTIHKEHNX (DaKTOPiB BIUIUBY, BIUIU-
Hhepra e Ba€ iHIEKC PO3BHUTKY JIKOJICHKOTO MOTEHIiay, Hail-
meHie — BBII Ha nymy HaceneHHs.

OTpuMaHO YIOCKOHAJIEHYy MaTeMarudyHy Mo-
JIeNb MPOTHO3YBaHHA €()EeKTUBHOCTI BHIOOYBaHHS
3BaJIMIIIHOTO a3y B Pi3HUX KpaiHax, sKa, Ha BIAMIHY
Bix 06a30Boi, 3abe3meuye OibITy 301KHICTE 3 (hak-
1577 TUYHUMH JaHUMH, MICTHTh CYTTE€BO MEHUIY KiJib-

Dpanria 4,550

J4485 KicTh KOeQili€HTIB, JO3BOJISE MOIIUPUTH PE3YIib-

I * S0 TaTH MPOTHO3YBaHHS Ha TaKi KpaiHu, sk YKpaiHa, i
|

B PaKTHIHO
e MosKke OyTH BUKOPHCTaHA HAYKOBLAMHU Ta OPraHaMU

) 336 .
i E,gi 3 | YIIPABIIiHHSL KOMYHAJIBHOTO TOCTIONAPCTBA 3 METOKO

Puc. 2. TlopiBHAHHS (haKTHYHUX Ta TEOPETUIHUX JAHUX edeK- 301IBIICHHS TOIHP CHOCT1 BUKOPHCTAHHS MOHOB-
THBHOCTI BUIOOYBaHHs 3BAIIMIIHOTO Ta3y B Pi3HUX KpaiHax, JIFOBAHUX JIXKCPEJT CHEPT1, 3a01MA/KCHHS BUKOITHMX
OTpPUMaHHX 3a JOIOMOTO00 06a30Boi (1) Ta ynockoHaneHoi (2) €HEProHOCIIB Ta OTHOYACHOTO 3MEHIIECHHS IHTEHCH-

MAaTeMaTHIHUX MOJIEICi BHOCTI 3a0pyAHCHHS HABKOJIMIITHBOTO CEPEAOBHUIIIA.
[To6ymoBaHO MOBEpXHi BIATYKIB iTHOBOT PyHKITIT —
e(heKTUBHOCTI BU0OYBaHHS 3BAIMIITHOTO ra3y B pi-
3HUX KpaiHax Ta iX JBOMipHi mepepi3u B IUIOIMHAX
rapameTpiB BIUIUBY, SIKi JO3BOJISIFOTh HAIJISTHO Bi-
IOOpa3UTH OTPHIMaHy 3aJIe)KHICTh Ta XapakTep Of-
HOYACHOTO BIUTUBY JCKIIBKOX (PAKTOPIB HA LIILOBY
GdyHKIIITO.

IlepcnekTUBH NOJAJBIINX AOCHIIKeHb. Bu-
3HAUEHHS 3aJIEKHOCTI TETJIOTBOPHOI 34aTHOCTI 3Ba-
JIMIIHOTO Ta3y BiJl (pakTopiB BIUIMBY BUMArae mpo-
BEACHHS MOJAJIBIINX JOCTIKEHb.

EdexTrpnicTs BHI0GyBanHA 3T %

0 TeopeTHTHO Y0 CKOHATeHA
O Teopemirio Gasosa

OTxe, oTpuMaHa YJOCKOHAJIEHa perpeciiiHa
MOZIENTb MIPOTHO3YBaHHS €(EKTUBHOCTI BUA00Y-
BaHH# 3] B pi3HHX KpaiHax (2) Moxke OyTH BUKOPH-
CTaHa 3 METOIO 301JIBIIICHHS TOMIUPEHOCTI BUKOPH-
CTaHHsI TOHOBJIIOBAHMX JDKEPEN eHeprii, 3aolma-
JDKCHHSI BUKOITHUX €HEProHOCIIB Ta OXHOYAaCHOTO
3MEHIIICHHS IHTEHCUBHOCTI 3a0py/THEHHS HaBKOJIH-
IIHBOTO CEPEeIOBUIIIA.

BucnoBku. BcranosneHo, 1m0 Ha eeKTHBHICTH
BUI00YBaHHs 3BAJIHIHOTO Ta3y B Pi3HUX KpaiHax
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Abstract. Landfill gas, the main component of which is methane, is formed in places where municipal solid waste is buried.
According to the degree of damage to the environment, methane is considered the second most harmful greenhouse gas emitted
into the Earth's atmosphere. Therefore, improving the dependence of the efficiency of land(fill gas extraction on the main impact
parameters in order to increase the prevalence of the use of renewable energy sources, save fossil energy sources and
simultaneously reduce the intensity of environmental pollution is an urgent scientific and technical task. The purpose of the
study is to improve the mathematical model of predicting the efficiency of landfill gas extraction with the aim of increasing the
use of renewable energy sources, saving fossil energy sources and simultaneously reducing the intensity of environmental
pollution. The research was carried out by second-order experimental design using the Box-Wilson method using a rotatable
central composite design using the developed software, which is protected by a copyright certificate. An improved mathematical
model for forecasting the efficiency of landfill gas extraction in different countries was obtained, which, unlike the basic model,
provides greater convergence with actual data, contains a significantly smaller number of coefficients. It was established that,
according to Fisher's test, the hypothesis about the adequacy of the obtained regression model can be considered correct with
95 % confidence. The correlation coefficient was 0.99992, which indicates the high reliability of the obtained results. The
resulting improved regression dependence can be used to increase the prevalence of renewable energy sources, save fossil
energy sources, and simultaneously reduce the intensity of environmental pollution. The response surfaces of the target function
- the efficiency of landfill gas extraction in different countries and their two-dimensional cross-sections in the planes of
influence parameters are constructed, which allow you to visually display the obtained dependence and the nature of the
simultaneous influence of several factors on the target function.

Keywords: renewable energy source, landfill gas, extraction efficiency, mathematical modelling,
experiment planning, multifactor dependence, influence factor.
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3abe3ne4vyeHHA pekomeHaoBaHoi BOO3 sikocTi noBiTpA B ochicHMX
NPUMILLEHHAX 3 iICHYHYOK CUCTEMOID BEHTUNAUII

N. I. MakapeHrko', O. B. Mpuitmak?

lacm., KuiBcbkuii HalliOHANBHUH yHiIBEpCUTET OyliBHUITBA i apxitexTypu, M. Kuis, Ykpaina, 2222555 @ukr.net.

2n.1.1., npod. Kuischkuil HanionanbHuii yHiBepcutet OyaiBHuITBA i apxiTekTypy, M. Kuis, Vkpaina, 02opriymak@gmail.com,
ORCID:0000-0002-3081-6057

Anomayis. B ymosax 3pocmaroyoeo inmepecy 00 O4uuerHs No8imps 6 NPUMILEeHHAX ma nocunenis pexomenoayiti BOO3 wooo
KOHYeHmpayin 36adicenux 4acmox 6 nosimpi (ne nosunna nepesuwgysamu 5 mxep/m>) € neobxionicme cmeopumu 3po3ymini
npaeuna O poOIMIUeHHs: OYUCHO20 0ONAOHAHHS HA CUCMEMAX GeHmunayii ma Konouyionysanus. Lle cmocyemvcs He nuwie
00 ’€Kmig, o MinbKu NPOEKMYyIOMbCsl, d U 8ce eKCHIYaAMOBanHUx 00 '€kmie 3 YyHKYIOHYI0U0I0 cucmemoro senmunayii. Aoice
came HA MaxKux 06’ ’cKmax € 0OMedCceHi MOHCIUBOCHIT BMPYUAHHS 6 POOOMY He ule THHCEHEPHUX cucmeM, a Ui ekChiyamayii
camoi b6yoieni nio uac pemonmy. Llinamu docnidscenna 6yn0 ompumanus OGHUX Wo0o eekmusHocmi ouuLyeHHs Nogimps
3a0aHoMy 00 e€mi npu HAAGHIN Kpamuocmi NOIMpooOMiHYy QYHKYIOHYIOUOI npuniusHo-eumsaxicnoi cucmemu. Okpemum
3a60auHAM 0OY1a NepesipKa 3aA6NeHUX SUPOOHUKOM OAHUX U000 nepenady Mmuckié Ha 80y0068aHOMY KAHAAbHOMY (Dinbmpi
HEPA. Haiieghexmueniuum cnocob6om ouuwyerHs nosimpsi 6 NpUMiyeHHsX 610 3a0pYOHUKIE 66adiCAEMbCs 1020 YCYHEHHS 610
Micyb nocmitino2o nepedysanns nooetl. Bukopucmosyiouu 3a2aibH000MIHHY CUCTEMY 6EHMULAYIT YKOMNIEKMOBARY CYHACHUM
QinbmpysanoHum 0ONAOHAHHAM MOICHA OOCASIU 3HAYHUX Pe3YIbIMAmie 8 NOKpawerni akocmi nogimps. B oanomy eunaoky
PO32NA0AEMbCST BEHMUNAYIUHA cucmema 8 oQicHit 6y0ieni 6 yenmpi micma , Ky 0y10 061A0HAHO 00OAMKOBUM KAHATbHUM
Ginompom 3 ginempysanvroro kacemoro kiacy MERV16 (abo HEPA 11). Taxa modeprizayis cucmemu 8enmuiayii 3a nie poxy
pobomu 003801UNA IMEHWUMU 3A0PYOHEHHA YacmuHKamu & Oianasowi posmipie 0,3 — 10 mxm 6 nogimpsaHomy cepedosuuyi
ogpicnux npumiwens na 70...76 % npu nesnaunii kpammocmi 3 OOMPUMAHHAM HOPM MIHIMATLHO20 3HAYEHHS NOGIMPOOOMIHY
OO0 KINbKOCMI CINHCO20 NOBIMPSL NO CAHIMAPHITI HOpMI MA 00360MULU YHUKHYMU 3HAYHUX KANTMATbHUX 8KIA0EeHb HA PEMOHM
IHOICEHEePHUX MepeXc ma 6mpam w000 HeMONCIUGOCIE eKCnyamayii Oyoieni Ha Yac peMonnty.

Kouosi cnosa: kpamuicme nogimpoooMiny, (inbmpyeanHs nogimps, O4uweHHs nosimps, Qirtemp

HEPA.

Beryn. Bumoru 10 SIKOCTI OBITpS, IPH OpraHi-
3amii CHCTEM BEHTWIIALI, MOCTYNoBO HalOyBalOTh
PHUC «CTaHIAPTHOTO MAKEeTY» I CTBOPSHHS Oe3Ie-
YHOT'O MOBITPSIHOTO CEPEIOBUINA B YMOBAX INIIBHOT
3a0y/I0OBH T'yCTOHACEICHUX MICT.

[TobaxkaHHs IIO/T0 SIKOCTi OBITPS HAAXOASTH HE
JIMIIIE BiJl 3aMOBHUKIB UM MTPOEKTYBAILHUKIB HOBHX
OyziBenb, a i BiJ MEIIKaHI[IB BKe 30y/IOBaHUX Ta
¢yHKIiOHYrOuMX OyniBens. He nuBnsumnce Ha f0-
CTaTHbO HEBEJIUKUI YaCOBUI MPOMiIXKOK PO3BUTKY
MUTaHHS «IKOCTI MOBITPs» B YKpaiHi, «reorpadis»
3aCTOCYBaHHS IIMX BUMOT HE OOMEKEHa MiCTaMu:
MEIIKaHII KOTeKHUX 3a0y/I0B 32 MEXaMU MicTa,
TaKk caMmo MepeiMaroThCsl SKICTIO TIOBITPS B CBOIX
OCeIlsX, SIK 1 MEIIKaHI BeMKHUX 1HIyCTpiaTbHUX
MICT.

I six110 Ha erani MpoekTyBaHHs (TIPH HASBHOCTI
YITKOrO TEXHIYHOTO 3aBIaHHS Ta 1HIIKUX BUMOT) J10-
CTaTHLO MPOCTO TEPENOAYUTH BCTAHOBIICHHS, SIK
HEOOXITHOTO OOJIAAHAHHS JIJIsl OUMIICHHS MOBITPS,
TaK 1, CKOperyBary mig0ip BEHTWIALIHHOTO 00aI-
HaHHS 30TVIs1y Ha 3a0e3MedeHHs] KOPEKTHOI po0oTH
¢inpTpaniiinoro obnagHaHHA (Hampukian, miadip
BEHTUJIATOPA 3 ypaxyBaHHSM THCKY, SIKUH Oyme
CTBODPIOBAaTH (UIBTPYBAJIbHUI €IEMEHT), a TaKOX
3a3/1ajeriap y3roAuTH PO3MIICHHS JaHOTO O0Maji-
HaHHS Ta Mepea0aYnTH 3PYIHHN JOCTYI JO HHOTO

JUIsl TIOCTIHHOTO TUIAHOBOTO cepBicy. To B ymMoBax
(byHKIiOHYr0U0i OymiBii, B OUIBIIOCTI BUTAAKIB, €
JOCTaTHRO OOMEXKEHI MOMKJIMBOCTI BTPy4YaTucsl B
po0OTY BXKE ICHYIOUHX CUCTEM, O€3 BHECEHHS 3HAY-
HUX 3MiH iX KOHCTPYKTHBHOI OyJOBH, HACIIiJIKOM
SIKMX MOXKYTh OyTH 3MiHH HE JIMIIE CUCTEMHU BEHTH-
JIALIT, @ HANPUKJIIAA, 1 CUCTEMH €JIEKTPOIOCTaYaHHS
YK BOJIOTIOCTAYAHHS Ta KaHATi3allii.

OCHOBHOIO BUMOTOIO € OTPUMaHHS MOXKJIHBOCTI
BIJICJTIIKOBYBaHHsI Ta BIUIMBY Ha HapaMeTpU BHYT-
PIIIHBOTO TOBITPSHOIO CEPEOBHINA B IIPUMIIICH-
HAX 3 ICHYIOUMMH IH)KEHEpHUMH Mepexamu 0e3
3HAUHHUX KaMiTalbHUX BKIAJICHb, HE TUTBKU HA MO-
JICPHI3AIIIO [TUX 1HKEHEPHUX MEPEXK, a 1, KaIliTalb-
HUX BKJIQJICHb B PEMOHT BCi€l Oy/iBIi, Taki sK, BH-
JIJICHHS. HOBHMX TEXHIYHHUX MPUMIIICHb JUIS PO3Mi-
IIEHHS JOJATKOBOI KJIIMAaTHYHOI TEXHIKH, KA O Ha-
Jlajia 3MOTy KOHTPOJIFOBATH HEOOX1IHI TOKAa3HUKH.

[lepenik 3acTOCyBaHb, IKi MO)KHa BUKOPUCTATH
JUIL pIlICHHS TIOCTaBJIICHUX IUTaHb, 3aJIeKUThH
JIUIIE Bijl BIACHUX MOOa)KaHb 3aMOBHHKA (HAIPH-
KJ1aJ1, ToOakaHHs MPUOpaTH 3arax TIOTIOHY Y4 3HH-
3WTH KOHIEHTPAIliIO0 aJepreHiB BiJ| JIOMAITHIX TBa-
PHH ) Ta BUXIJHAMH MapaMeTpamMH 30BHIITHBOTO Ta
BHYTPIIIHBOTO MOBITPSHOTO CEPEAOBUILA.

B meromuunux pekomenpamis LleHTpy 3 KOHT-
poimo Ta mnpodisakTuku 3axBoproBaHb y CIIA
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(CDC) naBenena «mipamina iH(eKUiHHOTO KOHT-
POITIOY, IO BKJIIOYAE B ceOe MeToau OOpOTHOH 3 TI0-
BITpsSiHUM 3abpynHioBadeM, TakuMm ssk COVID-19,
BiJl HAMOIBII €PEKTUBHHUX, a CaMe YCYHCHHsS 3a-
OpynHeHHs (abo maroreHy), iH)KeHEPHHUNA KOHTPOIb
(po3mizeHHS JTIONEH Ta MaTOreHiB), aaMiHICTPaTHB-
HUI KOHTPOJB (IHCTPYKTaX JIOCH) Ta IepCOHabHI
3ac00M 3aXUCTY (BUKOPUCTAHHS MaCOK, XaJlaTiB, py-
KaBUYOK TOIIIO).

OpnauM 3 HalleEKTUBHIIINM CIIOCOOIB BBaXka-
€TBCSl YCYHEHHSI TATOreHy BiI MiCIb HOCTIHHOTO
nepeOyBaHHs rofei. Tox, IKHM YHHOM MOXKHA 3a-
0e3MeYuTH 110 yMOBY ?

Haiikpamii pe3ynbTaTty 1o BIOBIIOBaHHIO 3 TO-
BITpSI YaCTOK pi3HMX (hpaKmii MoKa3ajl pelHpKy-
nsaninHi arperarn 3 HEPA-dinsrpamu [1], [2], [3],
[4]. BukopucTtanHsi HOPTaTUBHUX IMOBITPOOYHIILY-
BauiB 3 pinerpamu HEPA, no3Bosise BUpinIUTH mu-
TaHHS:

1) TUMYACOBOI PEIMPKYJISILIs TOBITPS B MPH-

MilIeHHsAX O€3 3arajJbHOOOMIHHOI BEHTH-
Tl (HapwKIIaj, i 9ac pEMOHTY 3ara-
JTHEHOOOMIHHOT CHCTEMH BEHTHUIALIII);

2) OAAaTKOBOI CHUCTEMH PEHUPKYJIALIl MOBi-
Tpst 3 GLIBTpALi€lo MOBITPSL, JUIs1 CTBOPECHHS
HEOOXiHOI KpaTHOCTI MOBITPOOOMIHY B
NPUMIIIEHHSIX;

3) 3abe3nedeHHs MiIBHIICHOI €()EeKTHBHOCTI
OYHIIIEHHS TIOBITPSI.

Ane ne obmagHaHHS HE 33J0BOJBHSE BHUMOTH
010 HOPMATHUBHOI CaHITApHOT KUJILKOCTI CBIXKOTO
noBiTps. Tox, B MpUMIIIEHHAX 3 MMOCTIHHUM Tiepe-
OyBaHHSM JIFOZIe HEOOXiTHO OpraHi3yBaTH 3arallb-
HOOOMIHHY BEHTHJISIIIIO 3 PO3paxyHKy Ha caHiTa-
pHY HOPMY CBIXKOTO MOBITPsI JUIsI AMXAHHS JIIO/IEH B
MO€AHAHHI 3 BKA3aHUMH OYMCHUMH CUCTEMaMH.

AKTyaJbHicTh AocaimxkenHs. Jlannm moci-
JDKEHHAM 3JIICHEHO crpoOy BWU3HAYECHHS BIUIMBY
BHCOKOE(DEeKTUBHUX (iIBTPIB TBEPAUX YACTUHOK HA
SIKICTh TIOBITPS B OY/iBIIi, 3CTOCOBYIOUH B JAHOMY
BUTIAJIKY (UIBTPYBAJIBbHI €IEMEHTH BCTAHOBJICH] Ha
MPUTUTMBHOMY TIOBITPOBO/II ICHYIOUOI CHCTEMH BEH-
TSI odicHOI OyiBii. JloCiINTH BIUIHB BUCOKO-
e(eKTHBHOTO (QUIBTPY Ha aepoIWHAMIYHI IOKa3-
HUKWA CHCTEMH BEHTHJIALIT Ta IMiABHUIICHHS 11 eHep-
TOCTIO’KUBaHHS.

Ocranni nociaizxenHs Ta nyoaikauii. B 6inb-
IIOCTI, PUIBTPU JJI CUCTEM BEHTHIISILIT Ta KOHJIH-
LIOHYBaHHS HE BUAAJSIIOTH 3 MOBITPSI BCl YAaCTKU.
Hagite HEPA-¢insTpu knacy H11-H13 ne 3arpu-
MYOTh YaCTKH MEHIII 3 MKM, JIO IKHX BXOJISTH 1 Mi-
Kpoopranismu. Ha edekruBHicTh ¢inbTparii mopir-
POOUYMCHUKOM BIUTUBAIOTH SIK HOTO KOHCTPYKIIS,
TaK i migoip cekimii QinpTparii Ta yMOBH BUKOPHC-
TaHHsI MOBITPOOYMCHHUKA BUXOASYH 3 (i3UYHUX I1a-
paMeTpiB OTOUYIOYOTO HOBITPSHOTO CEPEOBHUINA T

(i3MYHOrO pO3TallyBaHHS 3TiAHO T€OMETPUYHUX
rapaMeTpiB IPUMIIIECHb, SKi BiH 00CITyTOBYIOTHCSI.

B nocnimxeni Cao Ta iH. [5] mpoBeaeHO MOPiB-
HSTHHSI CUCTEM JUTsl OYMIICHHS TIOBITPS B IPUMILLIEH]
06’emoM 185,5 M*, a came: IPUILTMBHA YCTAHOBKA 3
dhimeTpoM MERV 15 (edhekTuBHICTH OUHIIICHHS Ya-
crok 0,3-1,0 Mxm 10 94 %) norysxwictio 500 m*/ro-
nuny (0,142 M*/c) MOXKe 3MEHIINTH KUTBKICTh Yac-
THHOK y TIpuMimeHHi Ha 56,5 % 3a mepmri 15 xBu-
TUH poOoTH; (HaHKOWI 3 TMOBITPSIHUM (ITETPOM
MERV 13 (edekruBHicTh ouutmieHHs 4dacTok 0,3-
1,0mxm mo 75 %) moryxaictio 1274,4 M3/FO,Z[I/IHy
(0,354 M*/c) MOYe 3MEHIINTH KiIbKiCTh YaCTHHOK Y
npumMimienHi Ha 75,1 % 3a nepuri 15 xBuinH poboTu
Ta TMepeHocHWi mnoBiTpoouncHUK Tunmy Oreck
Airlnstinct (momems AIR108) ocHameHni BUCOKOE-
(eKTUBHUM QiNBTPOM TBEPAMX YACTHHOK MOBITPS
HEPA (edexrtuBHicTh oummieHHss dacTok 0,3-
1,0mxM 10 99,97 %) KOHIIEHTpAILlist YACTHHOK MOXKE
oytn 3menmeHa Ha 41,8 %, 59,0 %, 79,7 %190,0 %
JUIS CLIEHApiiB 3 OMHIUM OYMCHHKOM, IBOMa OUYHCHH-
KaMH, YOTUPMa OYMCHHKAMH Ta IIiCTbMa OYHCHU-
KaMmy BiamoBigHo. lle mocmikeHHS MOKasye, M0
HaBITh SKIIO KIMHATa HE MA€ CUCTEMU PUILUTMBHOT
BEHTWISANIi a00 BHYTPIIIHBOTO OJOKY KOHIHIIIO-
Hepa 3 CUCTeMOIO (DinmbTparlii, KOHIIEHTpaIlilo Jac-
THUHOK y TIPUMIIIICHHI BCE OJTHO MOYKHA JIOCUTH IIIBH-
JIKO 3MEHIIUTH, PO3MICTUBIIH JOCTATHIO KUIbKICTh
MIEPEeHOCHUX TOBITPOOYUCHHUKIB 3  (inmbTpaMu
HEPA.

Pesynbsratu pobortu Jones Ta iH. [6] BUABWIIM,
o 3aMiHa ¢ineTpiB 3 MERV 8 Ha MERV 14 a6o 15
MaJjo OUTBIINI BIUIMB HA 3HW)KEHHS piBHSI PM2.5 y
MPUMIIIEHHI, HXK PEeryJII0BaHHs KPaTHOCTI 30BHIlII-
HBOTO TOBITPs. Y Wil poboTi BuMipsiim PM2.5 y
MIPUMIIIEHH] Oe3nepepBHO MPOTATOM OHOTO POKY B
37 MiChKMX KOMEpPUIHHWUX odicax 3 MeXaHIYHOIO
a6o 3Mimanow BeHTussaiero B Kurai, Inaii, Benu-
koOputanii Ta CLUA. ¥V npomy anamisi Qinsrpu
MERV 13-14 i ¢insrpu MERV 15+ 3menmm
BMmicT PM2,5 y npumitienni va 30,9 % 139,4 % Bin-
MOB1THO TOpiBHsAHO 3 pinerpamu MERV 7-12, Toni
SIK BIDTMB MIBHJIKOCTI TOBITPOOOMiHY (KpaTHICTh
3pocna 3 1,0 rox! o 2,4 ron! no 5,4 rox™!) xonupa-
mack Bix 13,6 % 1o 30,0 %.

Hns odpicaux OyxiBens B 3BiTi Ne23 ECA (€B-
porielickka criibHa Jist moa0 «MiChbKOTO TOBITPA,
BHYTpIIIHBOTO CEpENIOBHINA Ta BIUIMBY Ha IIO-
IuHYy») [7] NpoNOHYIOTH PiBeHb BEHTHJISLI, KN
MiATPUMYETHCS Ha piBHI Ta Buiue 10 j1/c Ha TroquHy
(36 M*/romuny), K Takuid, 10 B CEPEAHBOMY MPH3-
Bejie /IO 3HAYHOTO 3MEHIIICHHS Y MEIIKaHI[IB CHMII-
TOMIB «XBOpOOU OyiBIIi» 1 MOKpAIEHHS IKOCTI IO~
BiTpst. NS iHXKeHepa-TpOEKTYBaIbHUKA PEKOMEH-
JYIOTh BUKOPUCTOBYBATH BUTPATY CBIXKOTO MOBITPS
B 0(piCHOMY NPHUMILICHH] Ha JIOAUHY 3 PO3PaXyHKY
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qv = 12,5 1/c na monuny (45 M*/ronuny), Ko He-
Ma€e MOXIIMBOCTI BUMIPIOBATH JaHiI KOHIIEHTpAIil
CO; B mpuMIIIEHHSX.

o y3romxkyethes 3 ganumu nonatky X, JIbH
B.2.5-67:2013 «OmnajeHHs, BEHTHIALISA Ta KOHIH-
[IOHYBaHHS MIPH 3aCTOCYBaHHI MIHIMAIbHUX PO3-
paxyHKoBHX Koedilientis — 40 M*/ronuny Ha Jro-
JIMHY.

Tosk, BUXOZISTYH 3 YCHOTO HABEJICHOTO BHIIE, MO-
JKHa 3pOOUTH BHUCHOBOK, II0 HEOOXiTHOI YMOBOIO
CTBOPEHHS SIKOCT1 MOBITPS B MPUMILICHHSX € TTOE-
HaHHS BH3HAYEHOI KIIBKOCTI CBIXKOTO TMOBITPSA, SIK
CaHITapHOI HOPMHM /IS TUXaHHS, Ta 3aCTOCYBAHHSI
¢inerpiB kmacy HEPA (a6o MERV) nns edekrus-
HOTO OYHMIICHHS MOBITPS B CUCTEMaX BEHTUIIALLI.

@opmynawBaHHA wijed crarti. BuBdeHHs
BILUTUBY BHCOKOC(EKTHBHOTrO (UIBTPY Ha IOKa3-
HUKH SKOCTI MOBITPS B 0iCHUX TPUMIILICHHSX, TIPH
PO3MIIIEHH] HOTO Ha MEPEeXi MPUTLTMBHUX TTOBITPO-
BOIiB iCHYFOYOI CHICTEMH BEHTWJISIII B yMOBaX MOC-
TIMHOT eKCILTyaTallii i€l CHCTEMHU.

Po3msimaBcss kaHanbHMH OYMINYyBad TOBITPS
IQAIr Perfect 16 [8]. OxpeMum 3aBHaHHSIM € TIepe-
BipKa Iepenany THCKiB Ha (QijbTpi pu poOOTI MpH-
TUTMBHO-BUTSKHOTO arperary B yMOBax Mpallioio-
90ro 00’ €KTY.

OcHoBHa YacTHHA.

Bumipu npoBoaAMIKCS Ha IEPIIOMY ITOBEpCi OY-
IiBTI 3a aapecoro Iioma ApceHanbHa B M. KuiB B
O(iCHUX IPUMIIIEHHSX: KaGiHETIB mIomero 49,3 M
ta 51,1 M?%; penenuii momero 40,5 M2, Tann mpumi-
LIEHHS, HE O3S, AAINCS, TaK SIK BOHU HEe 00CIIyro-
BYIOTBCSI CHCTEMOIO NPHUIUIMBHO-BUTSKHOI BEHTHU-
JIALii, sika Oyne oOsaIToBaHa BHUCOKOC()EKTHUBHUM
¢ineTpoM. Bucora npumimenss 3,0 m.

B npuMinieHHsAX BCTaHOBJIEHA NPHUILTUBHO-BH-
TsOKHA ~ CHCTEMa  BEHTWIAMII  TOTYKHICTIO
1000 M*/ronuHy 3 pO3paxyHKOBHM BiJIbHUM THCKOM
(ua mepexy nositpoozis) 300 I1a. {ns ounieHHs
30BHIIIHBOTO MOBITPS Ha MPUIUIMBHIN cekuii ycTa-
HOBKH Ta JUJIsl OYMIICHHS BUTSDKHOTO TIOBITPS 3 IPHU-
MII[CHb BCTaHOBJIEH] QiibTpH Kiaacy — G4.

st BUMIpIOBaHHS 1aHUX BHKOPHCTOBYBAJIHCS
TaKi npuIagu:

- mardwk nepernany Tucky SPS-G-2KO;

- anemometp ET-965;

- jmardmk yacTuHOK Particle Scan Lite, IQAur.

Serial nr.:2005.30837. Flow 0,025 cfm.

Ha npurnuimBHOMY MOBITPOBOI 1O PYXY MOBITPS
MicJIsl TPUILUTUBHO-BUTSDKHOI YCTAHOBKH 3MOHTO-
BaHO KaHaJbHUH OYHIITyBad HOBITPS
IQAIr Perfect 16. l"abaputom IxBx /],
54x54x64 cm. Baroto 27 kr. 3asBrneHi BUpPOOHHUKOM
napaMeTpH ouMIeHHs: >95 % ansg gactok 0,3 MKM
1 >75 % nnsa wacturok 0,03 MxMm 1 Ginbire. ITnorra

¢insrpyrouoro marepiany B nepepizi — 16 m?. Miui-
MaJbpHH ToKa3HHUK edexTuBHOCTI — MERV 16 (Bin-
noBigHUK TUTy Qimepy kimacy HEPA H11).

BumiproBannsi mposomwiucs 20 mucromazaa
2021 poky npu BHyTpimHi#i Temmeparypi +21,2 °C,
BIIHOCHIH BosIOrocTi B mpuMinieHHi 32 % mnpu BBi-
MKHEHI CUCTEMi BEHTHIIALT O YCTAaHOBKH (hiJib-
Tpy (ms1 oTpuMaHHS BUXigHOI iH(OpMaii moao
CTaHy IHJKEHEpHUX CHCTEM Ta YHCTOTH IOBITPS B
npuMimeHHsax) Ta 13 motoro 2023 poky mpu BHYT-
pimHii Temneparypi +21,5 °C, BimHOCHIH BOIOTO-
CTi B mpuMilieHHi 28 % 3 Iil0u010 CHCTEMOIO BEH-
twsiii (puc.1) 3 ¢imerpom Perfect 16 (cucrema
npopoOwia Oinbllie TIBPOKY Micis TmepeoOa-
Hanus). [lepex 3amipamu 13.02.23 Oyno npoBeneHo
cepBicHe oOcmyroByBaHHS 1 Bci (imerpu (puc. 2)
OyJ11 3aMiHEHI Ha HOBI.

- |

Puc.1. Boynosauuii dinsrp Perfect 16 B icHyrouy cucremy mo-

BITPOINPOBO/IIB NPUIUINBHO-BUTSDKHOI CUCTEMH 3 MiJ’ €JTHAHUM
JaTauKoM nepenaxy THcky SPS-G-2KO.

| A
Puc.2. Bpynuuii GpinsTp (TepMiH BUKOpHCTaHHS |
yuctuii pinsrp G4.

Micslb) Ta

Pesynbratin HaTypHUX BUMIpiB KiJBKOCTI MOBi-
TP, IO HAJIXOJIUTh JI0 MPUMIIIEHB Bif J1iF0401 BEH-
TSI B OPIBHAHHI 3 HEOOXITHOIO KIJIBKICTIO I10-
BITps 3riHO HOPM BKa3aHo B TaOm. 1. Okpemo, B
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Tabn. 1 BKa3zaHO MiHIMaJIbHI 3HAYEHHS MOBITPOOO-
MIiHY U SIKICHOTO OYHINEHHS MPHUMIIIEHb 3T1THO
pEKOMEHIAIIIN JJIsT BCTAHOBJICHHS BUCOKOE(EKTHB-
HUX GinbTpiB. K BUIHO 3 HOPIBHAHHS, MOBITPOOO-
MiH B TIPUMIIICHHSIX HE JOCATAE PEKOMEHIOBAHOI
MiHIMaJIBHOI KpaTHOCTI 2...6. HasiBHA KpaTHICTH B
npumimeHHsx Big 0,7 go 1,5 kpar. Ane HaBiTb npH
TaKdX 3HAYEHHSAX KPaTHOCTI MOBITPOOOMIiHY,
(iTBTp BCTAaHOBICHWH Ha CHCTEMY BEHTHJIAIII 3a
6 MicAIIB JO3BOJHMB 3MEHIINTH KiJIBKICTh 3a0pya-
HIOBa4iB B puMiteHHsx Ha 70..76 % (puc.3).

[IpoBenenwnii aHaji3 AKOCTI MOBITPS Ha 3a0pya-
HEHHS 3BaKeHMMH yacTkaMu 10 0,3 MKM 1 Oljblie
IO Ta MiCJI MOJICPHIi3allii 3BeJIcHO B Ta0. 2.

JlaHni momo nepenany TUCKIB A0 Ta Micis (iib-
TPY NP poOOTI BEHTHISIIIHOT CHCTEMH TIePEBipsi-
JMCh OKpeMo. B ananoriB mepemnaja THCKY Ha QilIbT-
pax HEPA Bix 150 I1a (mouarkosuii) no 450 Ila (ki-
HIICBHI ).

oa.Ha m3

300000

150000

100000

50000

PELENUIA KABIHET Ne24 KABIHET Ne7

m20.11.21 @13.02.23

Puc.3.Iloka3HUKY OYMINEHHS HOBITPS B IPUMILICHHI 3
20.11.21 mo 13.02.23 10 Ta micis MOIEpHI3aIliil CHCTeMH BEH-
il ginerpom Perfect 16 ID-2225 3 MERV16.

Tabnuys 1.

IloBiTpsiHuii 6ananc 1J1sl NPUMILLEHD 3 IPUILIMBHO-BUTSIKHOIO BEHTHJISILIEIO 3
BOynosanuM (pinsTpom Perfect 16 1D-2225 3 dinbrpyBansnoo Bkiaaakorw MERV16.

MiHiMallbHH ITOBIT-
pooOMmiH st eheKTHB-
, [ToBiTpOOOMIH MPU MEXaHIYHIN BEHTHIIS- HOTO OYHIIEHHS MTOBi-
O0'em s 3/ (bl-
Howmep | Ilpusnaduenns | mpumi- HT, MYTORHHY pa 3a HIO HZMO}:OKE "
n/m MPUMIILICHHS | IIEHHS, TPy Ql 61r eriec
3
M Kpar- | Kpart- KinbkicTb
NPUILIUB | BUKWJ | HICTH, | HICTh, MOBITPS,
roa?t romt M3/romuny
X . HOPMATUBHUH 120 120
Nel Penernis 154 F—— 110 90 0,7 2...6 308...924
KabGiner au- HOPMAaTUBHUM 180 180
Ne4 peKTopa 138 F— 201 197 15 2...6 276...828
. KabGiner qu- HOPMaTUBHUIM 180 180
Neo7 peKTopa 194 F—— 209 515 11 2...6 388...1164

* (npu min.40m3/200uny na 1 npayrorouoeo, a 6 kabinemax oupexmopa npu min.180m3/200uny) 3eiono Jooamxy X, ABH /[FH

B.2.5-67:2013.

Tabnuys 2.

IMoxa3Huku ouneHHs noBiTpsa B npumimenHi 3 20.11.21 no 13.02.23 10 Ta micas moaepHizauiii cucreMu BeHTHISALIT (i-
abTpoM Perfect 16 ID-2225 3 ginsTpyBansHolo BkIaakorw MERV16.

AHauni3 sKocTi MoBi- | AHaumi3 sikocTi o- | PiBeHb 3HIKEHHS 3a0pyTHEHHS MTOBITPS
TTpu3HaueHHs Tps BITpS B 33IaHOMY 00’ €Mi IPUMIIIIEHHS
IIPUMIlIeHHS Hara 20.11.2021 Hara 13.02.2023 13.02.2023
OITMHHIH B M° OIMHHIH B M° %
Penernmis 286599 67827 76,3
KabGiner N4 62904 18339 70,8
Ka6iner No7 51049 12267 76,0
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BupoOHnuk 3asBi1si€ iepenaj TUCKY Ha (QiIbTpiB IKy npu kparHocti 0,7...1,5 B odicHuX npuMimieH-
B 44 I1a npu 2040 M>/9ac Ipu MIBUAKOCTI MOBITPS B HSX TIPH TOCTiiHIN poOoTi cucTeMH 3 (BiTbTpaIli€ro
niepepisi GimsTpy 2,5 M/c. IcHyro9a cuctema BeHTH- 3a MiB POKYy MOXKHA JOCATTH 3MEHIICHHS 3a0pya-
nauii pospaxosana Ha 1000 M*/9ac, WMBUAKICTH T10- HEHHS YaCTHHOK B Jiana3oHi po3mipis 0,3 — 10 Mxm
BITps B mepepisi QinbTpy cxiragae ommspko 1,0 m/c. B IIOBiTpsiHOMY cepenosuiti Ha 70-76 %. Ilpu qomy,
3amipy TPOBOAMINCS IATYMKOM MEpenany THCKY HU3BKHUI TIOKa3HUK Tepemnay Tucky B 23 [la mo3Bo-
SPS-G-2KO. Ipu Temneparypi moBiTps B MOBITPO- JIUB BCTaHOBJICHHS (QiNBTPY B CUCTEMY, HE CIIPUYH-
Bomi 17,4 °C...17,8 °C. Bosoricte 3amipsiHa He HUBIIIY 3HAYHUX 3MiH B KOHCTPYKIIii caMOi CUCTeMHU
Oyna. Tuck mo ¢imerpy ckmaB 220 Ila. Ilicma — BEHTWJIALI{, 110, y CBOIO 4epry, He BIUIMHYJIO Ha
197 I1a. Takum YrHOM TIeperian Ha QUTBETPI CKIIATae 1HIT iHKEHEPHI CHCTEMHU.
23 IMa. 1o BixmoBigae 3asBICHUM JaHUM BUPOO- IMepcnekTUBM MoOAAJBIINX A0C/iAxKeHb. He-
HuKa. Ile mo3BonmiIo0 BUKOpHUCTATH Iiek (iasTpa Ha 00XiTHI TONaIbIII JOCTIKEHHS B (PYHKIIOHYIOUHX
icHyTO4ill ccTeMi BEHTWIIAMIT , 6€3 3MiHN TOTYXHO- 0o(iCHIX TMPUMIMIEHHAX 3 BiJCIITKOBYBaHHAM MO-
CTi BeHTHJIsATOpa (1100 KOMIIEHCYBaTh CTBOPEHUM MeHTy 301NbLICHHS KOHLEHTpamlii 3a0pyIHIOBaviB
(GITBTPOM THCK B CHCTEMi), Ta MOJIEpHi3amii cuc- Ta MOXKJIMBOCTI pearyBaHHsS CUCTEMH BEHTHJISLIL: B
TEMH eNIeKTPOIIOCTaYaHHA, Ha i € JHAHHS BEHTH- yaci BiJCTIIKOBYBaTH 3MiHU KOHIEHTpAIlil 3a0py/-
JsITOpa O1IBIIOT OTYKHOCTI. HIOBAYiB MpH poOOTi cCHCTEMH JJIsl aHallizy 3MiHH

BucnoBku. BeranosneHo, mo cucrema BEHTH- MOBITPSHOTO CEpEelOBHINA Ta pearyBaHHsA Ha IIi
JALIT TIoae TOCTaTHBO TMOBITPS 3TiMHO ICHYFOYHMX 3MiHH (BMUKaHHS-BUMHUKAHHS BEHTHIIAII], 3aMiHa
HOPM , ajie IbOTO HEJAOCTaTHhO MO0 OpraHizyBaTu (bineTpiB, 3MiHA KUTHKOCTI MOBITPSI IO MPUMIIIEH-
HEOOXiHy KUTBKICTh 3MiHU 00’€MiB MOBITPS B TO- Hs1X). BuzHaueHHs 3aJIe:KHOCTI OYHIICHHS B PiIBTpi
TUHY JJ1s1 3a0€3NedeHHs OUYMIIeHHS TTOBITPSI. HEPA Big 3MiHu Temnieparypu, BOJIOTOCTI Ta IIBU/I-

[Ipu icHyrouoMy cTaHi pPeMOHTHHX pOOIT Ha KOCT1 pyXy TOBITpsI B Tiepepi3i GiIBTpy B HAIINX
00’€KTi (TOTOBa KOHCTPYKIIiS CTENI 3 MiHIMAJIbHUM KJIIMAaTHYHUX YMOBaX.
JOCTYIIOM) € 0OMeKeHa MOYIIMBICTh BHECEHHS 3MiH Monsixku. PoGOTY BUKOHAHO 32 CIIPHUSIHHS BUPO-
B CHCTEMYy BEHTWIALIi. AJle Tpr BUKOHAHHI HaBiTh Ormuux Ta amaparaux moryxHocteir TOB "ICK
UX 3MiH MIKpOKJIIMAT MPUMILICHHS MOXKHA ITPHBE- AKCOH" B 0c06i Iropa Kninaroka Ta KOHCYIbTaTH-
cTH 10 0a)KaHOTO CTaHy YHCTOTH. B maHOMY BuIIa- BHoroO cynpoony Ceprist [Tenaenn.
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ENSURING NORMAL AIR QUALITY IN OFFICE PREMISES WITH THE
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Abstract. In the conditions of growing interest in indoor air cleaning and strengthening WHO recommendations regarding the
concentration of suspended particles in the air (should not exceed 5 ug/m?), there is a need to create clear rules for placing
cleaning equipment on ventilation and air conditioning systems. This applies not only to objects that are just being designed,
but also to already operated objects with a functioning ventilation system. After all, it is precisely at such objects that there are
limited opportunities to intervene in the work of not only engineering systems, but also the operation of the building itself
during repairs. The goals of the study were to obtain data on the efficiency of air purification in a given volume with the
available air exchange rate of a functioning supply-exhaust system. A separate task was to check the data declared by the
manufacturer regarding the pressure drop on the built-in HERA channel filter: The most effective way to clean indoor air from
pollutants is considered to be its removal from places of permanent residence of people. Using a general exchange ventilation
system equipped with modern filtering equipment, you can achieve significant results in improving air quality. In this case, the
ventilation system in an office building in the city center is considered, which was equipped with an additional channel filter
with a MERV16 (or HEPA 11) class filter cassette. This modernization of the ventilation system in half a year of operation
made it possible to reduce pollution with particles in the size range of 0.3-10 microns in the air environment of office premises
by 70...76 % with an insignificant multiplicity in compliance with the norms of the minimum value of air exchange in terms of
the amount of fresh air according to the sanitary norm and allowed to avoid significant capital investments for the repair of
engineering networks and losses due to the impossibility of operating the building during the repair. The conclusions of the
study need to be checked in office premises with an existing ventilation system when recording a gradual decrease in the
concentration of pollutants in the premises during the operation of the system in order to determine the optimal multiplicity to
achieve the specified air quality when using filters.

Keywords: air exchange rate, air filtration, air purification, HEPA filter.
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Oco0smBocTi ekcruryaTanii iHkeHepHHUX cucTeM OyldiBeJib i/l Yac BOEHHOIO CTAHY
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Anomauia. Pyiinyeanns inoicenepHux cucmem 6yoigenv i cnopyo, nepioOudHi nikogi HA8AHMANCEHHS, WO YMEOPIOIMbCS Ni0
uac 60€HHUX Oill, ICMOMHO GNAUBAIOMb HA cmabiibHicmb pobomu yux cucmem. HeoOXiowicmb GuKoHysamu pemMOHmHI i
HANA200ICY6ANbHI POOOMU 6 A8APINHOMY DeXCUMI 8 HAUKOPOMULULL MEPMIH He 3a8XHCOU Y3200ACYEMBCA 3 YUHHUMU BUMOAMU 3
0XOPOHU npayi, AKI pO3POONANUCA ONA YMO8 eKCNIyamayii iHJHCeHepHUux mepedxc 6 Muphuil yac. Bpaxosyiouu nassuuil i
8I0MeEpMIHOBAHUL 6NIUE NOUKOONCEHb HA pPOOOMY IHICEHEPHUX CUCMeM € HeoOXIOHICmb 6paxysamu HAA6Hi YMO8U 8
HOPMAMUBHUX OOKYMEHMAX, AKI 8 ROOANLULOMY MONCYMb OYMuU 8UKOPUCTAHHI npu hopc madcoprux obcmasunax. Ipu sudyxax
Nno0IU3Y 2A30NPOBOIJI6 YMEOPIOEMbCA OUHAMIYHI KONUBAHHSA, NOOIOHI 00 pobim no 3a6usantio nais npu OyoieHuymei. B maxomy
sunaoxky «llpasuna 6Gesnexu cucmem 2a30NOCMAYAHHAY BUMALAIOMb 30IICHIO6AMU NEPEGIPKY MIYHOCMI CMUKI@ no 6cCill
dosorcuni enaugy nuroc 20 m. Yacmo nowkooxicents 2a3onposoody 6i0 ubyxy npuszgoounts 00 U020 3MIWEHHs N0 6EPMUKAL U
eopuzonmani. Tomy eunuxae HeoOXiOHICMb nepesipsamu QizudHUM MEMOOOM KOHMPOIIO HAUOIUNCYT 610 MICYsL NOULKOOICEHHS.
36apni cmuku. IIpu euasnenni depexmy y cmukax HeoOxiono 00606 A3K060 nepegipamu i HaCMynHuil Cmuk 2a3onpoeody. Kpiu
HACKPIZHUX NOWKOONCEHb ICHYE GIPOSIOHICMb NOWKOONCEHb MINbKU 130aYiiuH020 nokpumms. Tax sk @izuuno oensHymu
niO3eMHULl 2A30NPOGI0 HEMONMCIUBO, HEOOXIOHO BUKOPUCMOBYSAMU NPULAOHUL MeMOO BUABTIEHHA MAKUX NOUKOONCEHD.
Heobxiono npogooumu nozauepzose npuiadoge 0OCMexHceHHs, Ha Ni0Cmagi AK020 BU3HAUAIOMbCA OLIAHKU, AKI nompebyioms
0ooamxoeoi izonayii. Ilosunna 30ilicH06amucs nepegipka i 000amKo8a 2epmemu3ayis THIHCEHePHUX 6800i8 i GUNYCKi6
niozemMHux KomyHikayit. B Oyoienax nosunen 30iliCHI08aMUCA KOHMPOTb MIKPOKOHYEHMPayill YaoH020 2a3y ma KOHMpOIb

008UOYX0BUX KOHYESHMPAYIL MEMAH).

Knrouosi cnosa: eazonocmauanms, ouMosUOAieH s, 2a30Hebe3neuni pooomu, KOMNLEKCHE NPUIA008e

06cmedicen s, peMOHm 2a30npPoBo0Y.

Beryn. Icnytoui peanii, siki crBopuiucs B Ykpa-
iHi 0cobmuBo micist 24 mrororo 2022 poky, 3HAYHO
YCKIQAHWIM EKCIUTyaTalilo iHXXEHEPHUX MEpeK,
HacaMIlepe/l CUCTEM EJIEKTPO-, Ta30- 1 TEIIoNnocTa-
YaHHS Ta BHYTPIITHbOOYAMHKOBUX 1HKEHEPHHUX CH-
creM. HectaGinbHicTh mmofaui eHeprii, pyiHyBaHHS
CJIEMEHTIB IHKCHEPHUX CHCTEM, MOIIKOKEHHS 130-
JSIIHHAX TIOKPHUTTIB MPHU3BOIUTH 0 BUHUKHEHHS
aBapifHUX CHUTYyallild, yCKIIAAHEHb B pOOOTi MPOMHU-
CJIOBHIX HIIMTPUEMCTB 1 3HIXKCHHI KOM(OPTHOCTI I1e-
peOyBaHHS B Oy/iBIIsIX.

AKTyaJbHicTh AocaimkenHs. [[ns 3abesme-
YeHHS (PYHKIIOHYBaHHS EKOHOMIKH Ta KOM(GOPTHHIX
YMOB KHTTEJISUTBHOCTI HACENEHHS, Ta30po3Io-
TUTBHI CUCTEMH TIOBHMHHI 3a0e3revuyBaru HalidHy i
Oe3nepebiiiHy Tojavy ra3y i B yMOBaX BOEHHOTO
crany. B pe3ynbrari o0CcTpiliB BiI0yBa€eThCs pyHHY-
BaHHSI JUISHOK Ta30MPOBOIB, IO MPHU3BOIUTH HE
TIIBKH 70 MPUIWHEHHS Ta301I0CTadyaHHsl, ajie i /10
3arpo3u yTBOPEHHsS BUOYXY UM TIOXKEKI.

OcTanHi gocaimkeHns ta nmyoaikanii. YnHaae
3aKOHOJABCTBO PETVIAMEHTYE MPOBEACHHS Ta30He-
Oe3nevyHux poOiT Ha ra30MpPOBOAAX JIMIIEC B MUPHUH
yac. [lopsiiok BUKOHaHHs poOIT 3 3a0e3MeYeHHAM
BHMOT OXOPOHHU Tiparli nependadaerbes B [ 1,2, 4, 51.

Kpim Toro Ha KoXXHOMY HiIIPUEMCTBI 3 Ta30M0-
cTa4aHHs po3poOJieH] IHCTPYKIIii 3 OXOPOHU TIparli

MIPU BUKOHAHHI TakuX poOiT, BUPOOHMYI Ta Toca-
IoBi iHCTpyYKIIii Tomo. L1i HopmaTuBu mijx gac aii Bo-
€HHOTO CTaHy HE 3aBX/U akTyaibHi. [IuTaHHs MOT-
pebye moompaltoBaHHS.

@opmyawBaHHA UiJeil crarti. MeToro mocii-
JOKEHHS € aHAITI3 TEXHIYHOTO CTaHy iH)KEHEPHUX CH-
CTEM, XapaKTepPHUX IOIIKO/DKCHb Ta PyHHYBaHb Ta
HaJIaHHS TPOIO3UIIiH /It 3a0e3MeUeHH s HaliiiHOTO
EHEePronoCcTavyaHHsl.

OcnoBHa yactuna. ['a30Bi Mepexi Ykpainu B
OCHOBHOMY TIOOY/lIOBaHI B MHHYJIOMY CTOpivHi,
BOHH 3a0€3MeuyloTh TPETHHY MOTPeOU KpaiHu B
€Heprii i ABIAI0THCS 00’ €KTaMU IiIBUIIICHOT HeOe3-
nieku. PoOOTH, 1OB’s13aHi 3 OIVISA0OM, YMCTKOO, Pe-
MOHTOM Ta30MpPOBOMIB 1 TEXHOJOTiYHOTO OO0Jaj-
HaHHS [IPH MTPOBEACHHI SKUX MOXIIVBE BUIIJICHHS B
po0oYy 30HY IIKIIMBUX MapiB 1 ra3iB, sIKi MOXYThb
BHM3BaTH 3aropaHHs Ta MIKIJUIMBUN BIUIMB Ha JIIO-
JUHY Ha3WBAIOThCA razoHeOesneynnmu. [Ipu mpo-
BEJICHHI TaKuX poOiT iCHY€e HMOBIPHICTh YTBOPEHHSI
BHOYXy Ta IOXkeXi. B yMmoBax ekcrutyarariii iH)KeHe-
PHUX MEpeX B MUPHUH 4Yac 3aBJIKA BUKOHAHHIO
IUIAHOBAaHUX Ta MOTOYHHUX poOit (puc. 1) 3abe3me-
Yy€eThCS HEOOXITHUN PiBEHb OS3MEUYHOCTI Ta HaiH-
HOCTI pOOOTH ra30BUX CHUCTEM.

Jns uporo ckiagaroThest Tpadikd 00CIyroBy-
BaHHS Ta PEMOHTY CUCTEM, SIKi BpaXOBYIOTh BUMOTH
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HOPMAaTHBHUX JOKYMEHTIB, BUMOTH IAacIOPTIB 3a-
BOJIIB-BUT'OTOBJIIOBAYiB 0OJagHAHHS,
CTaHy MEpPeX, iX BiKy TOIIO.

TEXHIYHOTO

Puc. 1. O6¢cTexxeHHs ra3onpoBoIiB

3a nepiii Tpu MicALi poCiiiCbKOro BTOPTHEHHS B
VYkpaiHi 3HUILIEHO OiIbIIe 5 THC. KM ra30pO3MOIiIb-
HUX Mepex (puc. 5, 6), Ta 3pyliHOBaHO 6 THC M? Oy-
niBenb (puc. 2, 3).

. s - 4 ey 3
Puc. 3. PyitHyBaHHS ra3uikoBaHIX
0araTornoBepxoBux OymiBesb

Uepes 0oiioBi i Oys0 BIAKIIOYEHO 1 IMOIIKO-
mxeHo 1074 raszopo3noaiibHux Ta 2739 madoBux
rasoperynstopuux nyHkriB. daxiBui Omepartopis
I'PM BigHoBMIM po6oTy 390 ra3opo3noAiibHUX Ta
929 magoBHUX MyHKTIB.

Tinpku 3a mepur miBTOpa MIcCSLi BOEHHUX Iid

OTpUMAaNX MOUIKOKeHHS HacTynHi 00 ekt I'TC
VYkpainu: Tpu MaricTpaibHi ra30mMpOBOAH, JIBi Ta30-
PO3MOAIIBHI CTaHIIi1, 3yTMHEHO COPOK BiCiM razo-
PETYISITOPHUX CTaHLIA Ta YOTUPU KOMIIPECOPHi
CTaHLi 3aXOIUIEHO OKyIIaHTaMH.

Kpim toro, Oiipmre 300 THCSY TOMOTOCTIOAAPCTB
3aMIIMINCH O0e3 rasomnocrtadanns [10].

B cwity HeoOXigHOCTI MOCTIHHOTO OTPUMAaHHS
eHeprii ra30Bi Mepexi MalTh CTaOUIFHO TMpAaIfo-
BaTH B T.4. 1 ]l 9aC BOEHHOTO CTaHy. B 1eit mepion
3HAUHO 3pPOCTa€ KWMOBIPHICTh MOLIKODKEHHS YH
ypakeHHsI 00’ €KTIB KPUTUIHOI iHPPACTPYKTYpH, B
T.4. Ta30B01 (puc. 4, 5), a 0TKe pa3oM 3 BiICyTHICTIO
CTaOUIBHOTO ra30MOCTa4aHHs 3pOCTaE 3arpo3a BU-
Oyxy un noxexi. [ligBuiytoTsCs piBeHb HEOE3MEeKH
IUIsL JIIOZIeH, SIKi mepeOyBaroTh OONIN3Y.

ra30npoBOILY

Jliroue 3aKOHOJABCTBO pEMIAMEHTY€E TPOBE-
JICHHS ra3oHe0e3NeYHux poOIT Ha Ta30mpoBOJax
JITIe B MUPHUH Yac. BkazanuMu poOoTamMu MaroTh
MPaBO KEPYBATH Ta iX BUKOHYBATU JIUIIIEC BHCOKOK-
Basti(hikoBaHi (haxiBIii AKI MPOMIILIN MEIOIJISI, HaB-
YaHHs T4 3/1aJ1M ICIIUTH 3 MUTaHb OXOPOHM Mparii. 3
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Yrciaa 1HKEHEPHO-TEXHIYHUX MpaliBHUKIB Ha3Ha-
YalOThCSl BIANOBIJAJBHI 32 TEXHIYHUI cTaH

00’ €KTIB Ta30M0CTa4aHHs Ta Ta30CTIOKUBAHHSI.

B ymoBax peaniii choroneHHst B Ykpaini iH(ppa-
CTPYKTypa 4YacTo 3a3HA€ IMOUIKOJDKEHb Ta PyHHY-
BaHb. Lle cTocyeThcsl TakoXK 1 Mi3eMHUX Ta301po-
Bo1iB (puc 6, 7).

g
X <o | /¥ e
Puc. 6. Po3korka MomKopKEHOTO Ta30IPOBOLY

Puc. 7. PEMOHT MOMIKOPKEHOTO Ta30MPOBOLY

I'azonebe3neuni podoTH HEOOXiTHO BUKOHYBATH
y CBITIIHI Yac 100w, a MpH JIiKBiIamii HacIiIKiB aBa-
piiiHOi cuTyanii — 1ij01000B0. 3MiCHEHHS PEeMO-
HTY, €JIEKTPOra303BapiOBaHHs Ta Pi3aHHs ra3onpo-
BOJIiB HEOOXiJHO MIPOBOINTH ITiJl HA/UTHIITKOBUM TH-
ckoM 40-150 malla. (. 7.30 [2]).

J103BOIISIETBCST HA TIONIKO/DKEHY JIIJISTHKY Ta3oll-
POBOY JUTSI TAMYACOBOTO TIPUIUHEHHS BUTOKY ra3y
Haknagatu Mydrty abo xomyT. Lle 3abe3neunts ycy-
HEHHS BUTOKY 1 HEOOX1AHUI PiBEHb FEPMETHYHOCTI.
[Ipore moOTPiOHO 3a0€3MEUUTH IIOACHHUN OIS
uporo 3’eqaanus (1.27 [2]).

[NomkomkeHi AUITHKYA Ta30IPOBOIB, KaBEPHHU
mouHOI0 moHay 30 % BiJ TOBIIMHU TPyOU HEOO-
X1IHO PEMOHTYBATH LIISIXOM BUPi3aHHS 1e(EKTHUX
TIJISTHOK 1 BBAPIOBAaHHS KOTYIIIOK JIOBKWHOFO, 11O Bi-
NIIOBiIae jgiamMeTpy TpyOHW, ajie HE MEHIIE HIK
200 mm (puc. 8).

Puc. 8. BBaproBaHHs KOTYIIKH B ITiJ3¢MHHH Tra30IpOBiz

YacTo MOMIKOMKEHHS Ta30MPOBOLY Bif BHOYXY
CYIIPOBOJIKYIOTHCS OJTHOYACHO 1 TX 3MILIICHHSIM I10
BepTUKali 1 ropu3oHTtani. ToMy BUHHKae HEOOXil-
HICTB BIIKPHBATH 1 IEPEBIpATH (HI3MIHUM METOOM
KOHTPOJTIO HAWOIMXKYi 3 000X OOKIB Bif MICISl ITOTII-
KOJKeHHsI 3BapHi cTukd. [Ipy BusiBNeHHI eeKTy y
CTHKaxX TIEpPEeBIPSETHCS HACTYNHUI CTHUK Ta3oIpo-
Bony (1. 1.28 [2]).

[epen mowyaTkoM MPOBECHHST PEMOHTHHX POOIT
Ha CTaJIEBUX ITiJI3¢MHUX Ta30MPOBOaX, OB’ I3aHUX
13 pO3’€qHAHHSAM Tra30IlpOBOLY, 3 METOI0 3amo0i-
TaHHsS ICKPOyTBOpPEHHS, HEOOXiMHO BUMKHYTH 3a-
cOOM eJIEeKTPOXIM3aXUCTy 1 BCTAHOBUTH Ha PO3’€ll-
HYBJIBHHX JAUTSHKaX Ta30MpOBOAY IIyHTYBaJbHI
MepeMuykd 3 Kabemo. ADO TPOBOMUTH POOOTH
TUIBKHU TICJIS TPOLYyBaHHSI ra30MPOBOIY MOBITPSIM.

Sk npaBwIIO, IMiI36MHUI Fa30IIPOBI/I MTiCIs BUOY-
XiB Bi3yaJbHO OIVIIHYTH HEMOXIJIMBO 1 TOMY € BH-
COKa IMOBIPHICTB III0 caMa cTajieBa Tpyba He 3a-
3HaJa pyHHYBaHb, a MOLIKO/PKEHHS OTPUMAJIO JIUIIE
i30/sifHE TOKPUTTS Tra30npoBoOAy. Y BHUIAAKY He
YCYHEHHSI HOLIKOKEeHHSI IOKPHUTTSI CTaJIEeBUH ra3o-
MPOBiJ 3a3HaBaTHME 1HTEHCHBHOT KOpO3ii, 10 Mpu-
BEZI€ 10 BUTOKY I'a3y Ta BUXOY Ia30IPOBOY 3 JIaLy.
Tomy motpioHO poBecTH mo3adeprose KIIO i Bu-
KOPHCTOBYBaTH HOTO pe3ylbTaTaMH NpW TUIaHY-
BaHHI 1 BUKOHAHHI pEMOHTHHUX poOiT (puc. 9, 10).

JuHamiuHi HaBaHTaXEHHS, L0 YTBOPIOIOTHCS
BiJl BUOYXiB CHAPSIB MOXKHA MPUOIM3HO TOPIBHATH
3 HAaBaHTQKCHHSIMH, IO YTBOPIOIOTHCS MPU BUKO-
HaHHI po0iT 1o 3a0uBanHHIO Nayk (WnyHTIB). Kepy-
rounch 1. 1.34 [2] Taki poOOTH JOITYyCKAETHCS MPO-
BOJMTH Ha BiicTaHi He Ommkye Hixk 30 M Bix rason-
poBOAy 1 Tmiciis X 3aKiHYSHHS BCI BIIAKPHUTI 3BapHi
CTHKH CTaJIeBOTO ra30lpoBOAY HEOOXiTHO MepeBi-
pATH GI3MYHUMH METOJaMH KOHTpoJIt0. Tak sk da-
KTHYHI JWHAMIYHI HaBaHTa)XCHHS BiJ BHOYXOBOT
XBWJII MOKYTh TIEPEBUILYBaTH BHIIE3ralaHi HaBaH-
Ta)XeHHSI, TO NIePeBipKa repMETHYHOCTI CTHKIB IIpH-
JIaJIOBUMHU METOIaMHu HaOyBae 111¢ OLIbIIY aKTyaslb-
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HicTb. CTHKH HEOOXiIHO MEpEeBipATH 1O BCii JOB-
*uHI BHOYXiB muttoc 20 M BiJl KpailHBOTO.

e e )
Puc. 10. [Ipunagae oOCTeXEHHS CTaHy
MiA3€MHUX Ta30TPOBOIIB

JIOIIBHO MOIIKOMKEHI JUISHKH CTajJeBOrO Tra-
30IIPOBO/TY 3aMIHIOBATH TOTICTUICHOBUM BUKOPHC-
TOBYIOYH IEPEXOIU «IOJIieTHIICH-CTab» (puc. 11).
[Ipu uboMy HeoOXigHO 3a0e3NeYUTH EBHUN MOTe-
HIllaJ Ha CTaJeBUX MiJ3eMHUX IIJISHKaX ra3onpo-
BOLY.

PeMOHT MOIIKOKEHUX 3BAPHUX 3’ €THAHD 1 Me-
XaHIYHUX TIOIIKO/KCHD IMOJIETUIICHOBUX Ta30Ipo-
BOJIIB MPOBOIUTHCS IIIXOM BHPI3aHHS JeHEKTHUX
TIJISTHOK 1 BBApPIOBaHHS IOJIIETHUIIEHOBHX KOTYIIOK
nowkuHOI He MeHme 500 MM. 3’eTHAHHS BUKOHY-
€ThCS 32 JIOTIOMOTOI0 TEPMOPE3UCTOPHOTO 3BapIO-

BaHHs. Y BHUIAJIKy BUSBJICHHS HEIIUILHOCTEH Yy TIe-
pexozi moJieTHeH-cTadh HOTo BUPI3ar0Th 1 3aMiHs-
IOTb HOBUM. SIKICTh BIJHOBJIEHOTO 3’€IHAHHS BH-
3HAYAETHCS TEPEBIPKOI0 TEPMETUYHOCTI TPUIIAJIO0-
BUMH METOJJAMH, MUJIBHOIO €MYJIbCI€I0 Ta MHEBMa-
TUYHUM BUTIPOOYBAHHSIM.

Puc. 11. [lepexonu «moieTUICH —CTaIb

PetenpHOT yBaru nmorpedye repMeTH3allisi iHxKe-
HEpHUX BBOJIB Bij] razonpoHukHeHHsA. Kpim Mepe-
JKHOTO Ta3y B IPYHTI MOxe OyTH ra3 0ioiorigHoro
MOXO/KEHHS Bijl OpOIiHHA O10JIOTIYHUX MarepiaiiB
Ta «0onoTHUH Ta3». [Ipu BUABICHHI O3HAK 3ara3o-
BAaHOCTI CKJIQJIHO 3pa3y BU3HAYMTH TUI razy. OqHo-
3Ha4YHy iH(OpMAIlI0 PO THUI Tazy MOXKe HaJaTh
JIIE Creliai3oBaHa J1abopaTopis MPOBIBIIM aHa-
Ji3 Ta3y B BiJICOTKOBOMY BimHOIIEHHI. JleTanpHmid
OIHC JiarHOCTYBaHHs BUTOKIB Ta3y MPOBENCHUN B
pobori [3].

Sk nmpaBmilO, MEpPEXKHUM Ia3 MOBUHEH MAru HE
mente 90 % metany, 10 3 % nponany, g0 7 % Oy-
Tany, 10 6 % BymIekucioro rasy, 10 1 % KucHto, 10
20 mMr/m> cipkoBOIHIO TOIIO. B iHIIMX rasax Bimco-
TOK METaHy 3HAYHO HIKYHUH, 301IbLIY€EThCS A0S Ci-
PKOBOJHIO 1 ByIJeKucioro razy. Onmcani rasu mne-
pETIKaIOuM B3I0BXK TPACHU IMIJI3EMHHUX TPYOOITPOBO-
IiB, Yepe3 IIUIMHYU, TYHElli TOIO0 MOXYTh MOTparl-
JSTH B OyIiBIII.

B cuny BkazaHWX NMPHYKMH 3HAYHY yBary mMoTpi-
OHO TIPUALISITY TepMeTH3aIlii BBOJIIB 1 BUIYCKiB iH-
KEHEPHUX MiI3eMHUX KOMyHikauii (puc. 12, 13).

Lle mpoBOANTE BIACHUK 3 OQOPMIICHHSAM aKTy 1€
3a3HAYa€THCA CTaH Mepex. B vac BittHM npu 00CTpi-
Jlax TEPUTOPid, MEpeX TPyOOIPOBO/IiB IMOBIPHICTh
BUTOKY PI3HOTO POIy Ta3iB 3pOCTa€, a repMeTHY-
HICTb IHKCHEPHHUX BBOJIB 1 BUITYCKIB 3MEHIIIYETHCS.
ITocTae muTaHHS AOJATKOBOTO KOHTPOIIO BMICTY
rasy.

VY nirounx OymiBeabHHX HOpMax (1. 9.49; 9.56
[1]) mependayaeThecsi KOHTPOIb MIKPOKOHIICHTPALIiH
yagaoro razy (0,005 06’emuux BigcotkiB CO) Ta
KOHTPOJIb JIOBUOYXOBHX KOHIIGHTpALid rasy Luis-
XOM BCTAHOBJICHHS CHTHAJII3aTOPIB y MifBasiax, Te-
XHIYHUX TAMUJUISX, a 32 BiJICYTHOCTI MiBajiB Ta
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TEXHIYHUX MiAMIUIb — B IIOKOJIBHHUX Ta MEPIITUX T0-
Bepxax. PekoMeHTyeThCsI 3aCTOCOBYBATH CXEMY KO-
HTPOJIIO KOHIIEHTpAIIii Ta3y, HaBe[eHy Ha puc. 14.

curHanisatop
3arasoBaHocTi

cnoxueau

i o

ras’oBuii knana 3 @

PYyYHUM B3BEAEHHAM

=

| Sem—

rasosuin $inbTp

Puc. 14. Cxema KOHTPOJTIO KOHIIEHTPAIIii ra3y

Bigmosignao mo m. 5.10 [2] BnacHuK OyziBenb Bi-
JIIIOBIJIa€ 32 YTPUMAaHHS B HAJIGXKHOMY CTaHi BBOJIB
MiJ3eMHUX KOMYHIKaIlil B MiJ{Baiax OyIUHKIB, a Ta-
KOX MICIlb TEPETHHIB T'a30IPOBOJAMH EIIEMEHTIB
OyZIMHKIB.

YMOBH I TEXHIYHOTO 0OCITyrOByBaHHS 3a0e3-
revye BIacHUK OymiBenb. HecnipaBHe razose o0na-
JHAHHS BIJIKIFOYA€THCS 3 BCTAHOBJICHHSM 3ariy-
1IOK Ta 0(hOPMIICHHAM BiAMOBITHOTO aKTy MpecTa-
BHUKOM €KCILIyaTamiiHol opranizaii. Ilicis mpo-
BEICHHS KalliTaJbHOTO PEMOHTY, K 1 IPHU 3aceeHH1
ra3udikoBaHuX OyIMHKIB, MpPAaLiBHUK Ta30pO3I0-
JIJIBHOTO MiAMPHEMCTBA MPOBOAUTE THCTPYKTAX i3
0e3MeyHOl eKCIUTyaTallil ra30BOro 00JiaJHaHHs Bila-
CHHKIB OyTMHKIB.

[IpoknagaHHs Ta30MPOBOIB BCEPEAUHI OyIUH-
KiB 1 criopyn Mae Oytu BimkputuM. Ha 1ieit gac mo-
3BOJISIETHCS TIPHXOBAHE MPOKJIAJaHHS Ia30IPOBO/IIB
(XpiM Tra30mpoBOIB CKPAIJICHOTO BYIJICBOIHEBOTO
ra3y) BcepeauHi OyIMHKIB yCiX MPU3HAYECHD Y MaX-
Tax abo KaHajax CTiH, [0 3aKPUBAIOTHCS IITUTAMH,
SIK1 JIETKO 3HIMAIOTHCS T MalOTh OTBOPH.

[Tpu OGyniBHUITBI BHYTPILIHIX ra30MPOBOIIB BU-
KOPUCTOBYIOTH CTaneBi Tpyou. Ha meit wac momyc-
Ka€ThCSl BUKOPUCTAHHS TPYO 13 Mifi (3TiAHO 3 BUMO-
ramu JICTY-H b B.5.5-42), mo 3’€nHyIOTBCS Mixk
co0o0r0, a TakoX 3 (DITHHTaMH METOJOM 3Baplio-
BaHHS, TBEPJIOTO KaIIIPHOTO MasHHSA ad0 MeXaHi-
YHOTO MPeCyBaHHSI.

[Ipu npoxomkeHHI BUOyXOBUX XBWJIb BilOyBa-
€THCS 3HAYHE AMHAMiYHE HABAHTA)KEHHS Ha Mif3e-
MHI Ta30MpoBOAH, IO MPU3BOAHTH 0 YTBOPEHHS
MPUXOBAHUX TMOUIKODKEHb SIK CaMoi TPyOH, Tak i
130JIAMIHHOTO TIOKPUTTS, SIKi O2)KaHO MaTH MOIIH-
BiCTh BH3HAuaTH HepyiHIBHUM MeTomoM. HeoOxi-
JTHO 1103a4€PTOBO MPOBOAUTH KOHTPOJIb CTaHy ra3o0-
MPOBOIB TPHIAJOBUM METOIOM HA: TepMETHY-
HICTb, KOHTAKT 3 3€MJIEIO 1 CTaH 130JAL[IHHOIO II0K-
PHTTSL.

VY [2] 3a3Ha4eHo, 110 y OyAMHKaX, K1 001aiHaH1
MpUiIaJaMy anaparaMu 3 BiJBOZAOM IPOAYKTIB 3ro-
paHHS B TUMOXOMHU, 3a00POHSETHCS BIAIITYBaHHS
BUTSDKHOI BEHTWIIALIT 3 INTYYHUM CIIOHYKaHHSIM.

B mpomeci TpuBamoi TeXHIYHOI eKCIUTyaTarlii
KHUTIOBUX OYIMHKIB y OJIOKax TUMOBHUX Ta BEHTH-
JSIIMHUX KaHAIB Y TIEPECTIHKaX, sIKi BiITOPOIKY-
IOTh JMMOBI KaHAJIM O/IMH BiJl OAHOTO YTBOPIOIOTHCS
MIKPOTPILIMHY, IO MOPYLIyE TePMETHYHICTh 1 BiZIO-
KpEMIICHICTh AUMOXO/TY, TOOTO TUMOBH KaHAJ CTAE
HewibHuM. ITi yac BKIIOUEHHS MEXaHIYHUX BUTSI-
KOK He BiZ0yBaeThCs NPOLEC MPUPOIHBOI BUTSIKKH,
MIPOXOIUTH IPOLEC MIEPETOKIB MPOAYKTIB 3TOPSHHSI
Yyepe3 YTBOPEHI HEUIUILHOCT] Y CyMIKHI TUMOXOIU
Ta BEHTWIALINHI KaHaJIM, B PEe3yJbTaTi 4Oro yTBO-
PIOETBCS «3BOPOTHS TAray. [Ipu BukmroueHii Mexa-
HIYHIH BUTSXKIN BiJl CJIEKTPOXKHUBICHHS 13 3MIHOIO
HaNpSIMKY BITPY BEHTHJISTOP MOXKE MPAIIOBATH HE
Ha BUTSKKY, a Ha IIPUIUIUB, B PE3YJBTaTi YOTO MPo-
IyKTH 3TOPSHHA MOXYTh IOTPAHUTH Yy TpHUMI-
IIEHHS.

Ha BeHTWISIIiHHMX KaHamax CiiJi BCTAHOBIIIO-
BaTH TUTbKY BEHTWIALIIHI PELIITKH.

HopMmaibHOIO TATOI0 TUMOXOIY BBa)Ka€THCS Mi-
HIMaJbHE PO3PIKEHHS B JUMOXOJi, BCTAHOBJICHE
JIep’)KaBHUMH CTaHJapTaMH Ha MPWIAJIHN 1 arapar,
SIK1 TIKITFOUEH] 10 AMMOXO.y, ajie He Menie 2 [la.
[leperipka i MPOYHUIICHHS JUMOBUX 1 BEHTHIISIIIM-
HUX KaHaJiB KOMyHaJIbHO-TIOOYTOBHX 00’ €KTIB, KU~
TJIOBUX Ta IPOMAJICBKUX OYIUHKIB O0(OPMIISIOTHCS
akToM. JIMMOBI 1 BEHTWIALIIHHI KaHAJIM Ha TOPUIIAX
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OyIWHKIB, a IPH CyMILLEHIN MOKPIBIi - HA OTOJIOB-
Kax, MOBUHHI OyTH mMoOiNeHi 1 mpoHyMepoBaHi ¢ap-
00f0 BIATOBIAHO 10 HOMEpiB kKBapTup. Ilicias kox-
HOTO PEMOHTY TUMOXOAY MiAJISTal0Th I03a4eproBiit
TIepeBipIl 1 mpounIeHHt0. Bkazani podotu mpoBo-
IIUTH CIIEITiai3oBaHa OpraHi3allisl.

3armpoBaKeHHs Ha PUHKY IPUPOTHOTO ra3y Yk-
paiHu po3paxyHKY 3a CIIOKUTUI YU IEpENAHUN a3
B CHEPTeTUYHMUX ONUHMLIX A€ 3MOT'Y OLIbII TOYHO
BH3HAYATH HAaBaHTAXXCHHS HA Ta30B1 MEPEXKi, i a01-
paru giametp TpyO Ta oOnagHaHHS | TPOBOAUTH PO-
3paxyHKH 3a peajbHO Hamadi nociyru. [Ipu Buko-
HaHHI TiIPaBIIYHAX PO3PAXYHKIB PEKOMEHIIYEThCS
BU3HAYaTH MOTPiOHI JiaMeTpu ra3onpoBOAiB BUKO-
PHUCTOBYIOYHM 3HA4YE€HHS! BUIIOT TEIUIOTH 3TOPSHHS
rasy.

BucnoBku. Cra0iNbHICTE Ta30MOCTa4aHHS B

YMOBax BOEHHOTO CTaHy 3aJISKUTh BiJl OIIEpaTUBHO-
cTi Ta kBamidikalii mpamiBHUKIB, 110 00CITYTOBYIOTh
ra3oBi Mepexi. PakTHIHI YMOBHU €KCILTyaTamii Mo-
KYTh ICTOTHO BiJpPI3HATHCS BiI THX, WO OyIH
MIPUHHATI T 9ac po3p0oOKH HOPMATUBHUX JOKyMe-
HTIB, sKi 1 3apa3 YMHHI.

Hapasi € HeoOXximHiCTh BpaxyBaHHS HasBHHX
BIUIMBIB 1 peaniil B HOpMaTHUBax, OHOBIIIOIOUI Ta J0-
noBHIOIOYH 1X. Hampukian, notpeOye KopuryBaHHS
icHyroue OOMe)KeHHSI TMPOBEACHHS Tra3oHeOe3Ied-
HUX POOOTHU TUTBKM Y CBITIHH yac nobu m. 7.13 [2].
Taxox HEOOXiTHO BUBUMTH BILTUB BUOYXOBOT XBHJI
Ha CTaH IiI36MHHUX IHXCHEPHUX MEPEX, B TOMY UH-
citi razonpoBoiB. OcobnrBe akTyanbHICTh Ma€ TO-
Tpeba AeTanbHOTO BUBYCHHS Ta pO3pOOKH peKoMe-
HJAI 10 MPOBEACHHIO BiJIHOBIIOBAIFHUX POOIT
Ha MOIIKO/KCHUX T'a30TPOBOAX.
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Abstract. The destruction of engineering systems of buildings and structures, periodic peak loads in the mode of their work,
which are formed during hostilities, significantly affect the stability of the operation of these systems. The need to perform
repair and debugging work in the emergency mode is not always consistent with the current labor protection requirements,
which were developed for the conditions of operation of engineering networks in peacetime. Given the existing and delayed
impact of damage to the operation of engineering systems, it is necessary to take into account the existing conditions in the
normative documents, which can be used in the future in major circumstances. Explosions near gas pipelines generate dynamic
vibrations similar to pile driving during construction. In this case, the "Safety Rules for Gas Supply Systems" require inspection
of welded joints along the entire length of the damage plus 20m. Often, damage to a gas pipeline caused by an explosion leads
to its displacement vertically and horizontally. Therefore, it becomes necessary to check the welded joints closest to the place
of damage by a physical control method. If a defect is detected in the joints, it is necessary to check the next joint of the gas
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pipeline. In addition to through damage, there is a possibility of damage to only the insulating layer. Since it is physically
impossible to check an underground gas pipeline, it is necessary to use an instrumental method to detect such damage. Not
eliminated insulation damage will lead to intensive corrosion of the steel gas pipeline, and subsequently to the gas leakage.
Therefore, it is necessary to conduct an extraordinary instrumental examination, on the basis of which areas that need
additional isolation are determined. An inspection and additional sealing of engineering inputs and outputs of underground
utilities should be carried out. The buildings should be monitored for the presence of micro-concentrations of carbon monoxide
and control of pre-explosion concentrations of methane.

Keywords: gas supply, smoke removal, gas hazardous work, comprehensive instrumental examination,
gas pipeline repair.
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Abstract. At present, the volume of world energy consumption is continuously and rapidly increasing, which is a consequence
of the industrialization process, population growth, increase in energy costs for the extraction of natural resources, eftc.
Therefore, the importance of solving the problem of energy efficiency is of paramount importance for modern civilization. In
this work, there is an analysis of international experience of energy efficient construction. The main directions of energy-
efficient development are highlighted. It'’s shown that the classical method of heat loss calculations wrongly takes into account
the wind effect. The more correct one is required. At the same time, it is worth applying linguistic variables and fuzzy logic,
which adequately describe states that are described by verbal statements, and not by numerical values. In conclusion, the most
emerging tasks for our Republic are selected: optimal placement of the building on the general plan of the city, incl. maintaining
the distance between buildings under the construction and urban-planning regulations; proper heat insulation of the building
envelope by the orientation of facades and depending on the climatic parameters of the outside air, air-tightening of building
avoiding in- and exfiltration, maximum possible automation of engineering systems up to integration from smart house to smart
city level; modernization and optimization of the operation of engineering systems; maximum use of renewable and secondary
(such as exhaust air) energy sources, rejection of the classical calculation method of heat loss estimation, which takes into
account the effect of wind speed, and to develop a new methodology.

Keywords: energy efficiency, building envelope, heating, ventilation, air-conditioning, energy demand.

Introduction. Today, in almost all countries of construction of new buildings and the

the world, including our republic, the problem of
saving thermal energy in the construction industry
has led to the emergence of various energy-
efficiency programs and technologies. In the
development and implementation of two such
programs "Energy Saving in Buildings and Social
Systems" and "Solar Heat and Cooling", the leading
role belongs to the International Energy Agency
(IEA). In 1995, the IEA disseminated the best
practices in the design, construction and monitoring
of buildings with low thermal energy consumption
in 13 countries. That activity was established under
the Target XIII sub-program [1]. The average design
value of thermal energy consumption in these
buildings is below 50 kWh/m2, which is less than
1/3 of the average thermal energy consumption of
traditional buildings. Figure 1 shows the annual
consumption of thermal energy of the buildings of
the subprogram "Task XIII".

These projects are pilot ones, and the
technologies, and indicators proposed by them for
the thermal energy consumption should be
guidelines for the subsequent development of new
building codes and programs for the thermal
protection of external enclosing structures and the
design of engineering systems, as well as for the

reconstruction of old ones.

Based on the above-mentioned pilot projects
for our republic, it is necessary to create a unified
design methodology for the thermal protection of
building envelopes and modernization of
engineering systems, to consider the possibility of
using mechanical ventilation instead of natural
ventilation for modern multi-story residential
buildings with external enclosing structures with
increased thermal efficiency. The methodology will
be valid in the building codes and regulations of
many European countries.

Relevance of research. At present, the volume
of world energy consumption is continuously and
rapidly increasing, which is a consequence of the
industrialization process, population growth,
increase in energy costs for the extraction of natural
resources, etc., as a result, available oil and gas
reserves around the world are rapidly depleting. The
predicted reserves of oil and gas in the world are
small, and the growth of their direct combustion in
the future will be limited due to the pollution of the
natural environment by emissions of gases and ash
during their combustion. Therefore, the importance
of solving the problem of energy conservation is of
paramount importance for modern civilization
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Figure 1. Annual heat energy consumption of buildings, built under the subprogram "Task XIII", kWh/m2: AT — Austria;

BE — Belgium; CA1 — Canada-1; CA2 — Canada-2; DK — Denmark; NL — Netherland; FI — Finland; DE1 — Germany-1;
DE2 — Germany-2; JP — Japan; SE — Sweden; CH — Switzerland; US1 — the United States of America-1;
US2 — the United States of America-2

Recent studies and publications. The study
and generalization of foreign experience in the field
of energy efficiency in the construction industry
show that the reduction of energy consumption for
engineering systems of buildings for various
purposes [2-14] is considered by the governments
of many countries as the most important national
economic issue and new legislative and regulatory
documents, long-term programs are being
developed, research and design projects are being
carried out. work, programs of full or partial
transition to renewable energy sources in the
construction industry are being discussed.

When designing residential and administrative
buildings, urban planners, architects, and energy
and communication systems engineers should work
together as a team, and the following main measures
should be taken as energy-saving measures:

o the choice of the shape, size, and orientation

[15-19] of the building and its rooms;

o the distance between buildings [20];

e the combination and placement of the
building on the general urban plan [20];

e optimizing the wind effect on the buildings
[20];

e increasing the overall thermal resistance to
heat transfer of building envelopment [21-22]
including heat insulation [13,22-28],
reducing the area and using energy-efficient
glazing [28-30], decreasing thermal bridges
[31] etc.;

air-tightening of buildings to avoid

uncontrolled air exchange and give full

control to ventilation and air-conditioning

systems [32-33]

increasing the thermal capacity of opaque

envelopment parts incl. using phase change

materials to raise the thermal stability to

outdoor temperature oscillations [34-35];

optimising solar radiation gains [36-38];

use of ventilated windows to reduce heat gain

from solar radiation in summer and reduce

heat loss in winter [39];

using renewable energy [40-45] incl.

absorption of solar radiation by the envelope

and special indoor elements for heating [46];

using green structures that connect building

structures with living plants to increase the
thermal resistance of the envelope, perform
passive air-conditioning and control solar
radiation gains and solar heating of the

envelope [47-61];

increasing the efficiency of engineering

systems, inter alia:

o correct selection of heating system type
[62], heat transfer method [63-66], heat
carrier temperature  [66-67], proper
balancing of all hydronic systems [68] etc.;

> more efficient air distribution in ventilation
and air conditioning [69-72];

o energy-efficient air handling/make-up [73-
77];
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e proper automation of engineering systems up
to centralised control of all of them at the
level from the smart house to the smart city
[68, 78-80].

In world design practice [60,61,81-87], two
methods are used to determine the energy demands
on heating, ventilation, and air conditioning
systems. The first method is the calculation of
stationary external and internal climatic parameters
or stationary internal and unsteady external ones
without simulation of the inertia. This method is
approximate, which makes it quite easy to perform
multivariate calculations and, as a rule, gives
overestimated (sometimes underestimated) results
for thermal loads. The second method is the
calculation of non-stationary internal and external
climatic parameters, taking into account the thermal
engineering and heat storage characteristics of the
external enclosing structures, usually using special
software [81-87].

Purposes of the article. Based on the literature
analysis, it’s necessary to highlight the main tasks
and directions to raise the energy efficiency in our
Republic, which can be used for many other
countries.

Main part. Our studies have shown that
conventional methods for analysing and modelling
the operation of heating, ventilation and air
conditioning systems according to a special
program and based on accurate processing of
numerical data are essentially unable to cover the
enormous complexity of real processes because it is
practically impossible to take into account all the
factors and parameters that affect the consumption
of thermal energy. This corresponds to significant
deviations between different building energy
simulation software [82]. This circumstance leads to
the fact that to obtain a real picture of the operation
of indoor microclimate systems, it is necessary to
abandon the traditional requirements for
measurement accuracy, which were necessary for
the mathematical analysis of well-defined heat
consumption curves.

One of the problems in calculating heat losses is
taking into account the wind effect. The “classical”
method [88] requires using the indoor heat transfer
coefficient 8.7 W/(m2-K) for internal wall surfaces
(the air is close to still at the significant distance)
and 23 W/(m2-K) for external ones (what average
wind speed was accepted?). Most methods of post-
soviet countries inherited the classical one. Is it
suitable for each region — the question should be
investigated. The second problem is correction
factors  for winds. Nowadays, they are dependent
on wind speed and repetitiveness at the facade
orientation. But in urban areas, the wind changes

speed and direction according to the alignment of
buildings, which can be easily observed by difficult
to calculate. Future development can fully change
wind movement. The Building Norms provide
design wind speed at a height of 10 meters from
ground level. It’s not acceptable for either modern
high-rise buildings or one-two stories individual
residential houses. Thus, the corrections [ are
wrong and cause invalid results. To correctly
calculate and estimate heat losses, we need a new
method corresponding to the regional climate
peculiarities and wind protection of buildings.

It is assumed that to regulate the consumption of
thermal energy and control the entire climate
system, it is advisable to use the concept of a
linguistic variable, introduced by L. Zadeh [89-91].
Such linguistic variables make it possible to more
accurately determine and adequately reflect the
approximate verbal description of these systems in
the case when there is no exact mathematical
deterministic description. At the same time, it
should be taken into account that, according to the
same author, many fuzzy modes described
linguistically are often no less informative than an
exact description.

Organized air exchange, heat recovery and
recirculation in microclimate systems are the main
factors to energy-efficiently ensure clean air and
human comfort in the premises. The quality and
reliability of the operation of these systems
determine the living or working comfortable
conditions for occupants, the safety and durability
of the building envelope, ensuring social ecology
and reducing the consumption of thermal energy.
With the development of scientific and
technological progress, a person has more and more
opportunities to increase the level of comfort and
safety in buildings. The advent of information
technology has opened up vast horizons for this
direction in the construction industry.

Now in modern construction, it is possible to
automate all life support processes associated with
microclimate systems. Automation and control of
the operation of building engineering systems make
it possible to significantly save thermal energy
provided for engineering and communication
systems. This is due to the optimization and
synchronization of the operation of all these systems
separately and their more efficient joint work. For
example, synchronization of the operation of
heating, ventilation and air conditioning systems
can significantly reduce the consumption of thermal
energy to maintain optimal indoor air parameters
regardless of external climatic changes, increase the
period of uninterrupted operation of engineering
systems, and reduce the cost of maintenance and
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operation of equipment [92].

The task of microclimate systems is mainly that
in the room for each person, taking into account his
individual needs, it is necessary to create
comfortable parameters of indoor air. In addition,
when designing these systems, it is necessary to
provide that, if necessary, the neutralization of
permanent external climatic disturbances will be
required.

One of the widely used measures to waste a
large amount of heat energy is natural ventilation.
Such systems are often present in new construction
despite the results of calculations [93]. To achieve
4% of efficiency (less than the last steam
locomotives), it’s necessary to build a 1km
skyscraper. The modernisation of such a system
replacing exhaust grills with fans stabilises it but
additionally squanders electricity. For newly built
multi-story residential buildings, it is necessary to
design mechanical supply and exhaust ventilation
with heat recovery and individual control following
the needs of each person. In many European
countries (Norway, Germany, Finland, etc.), in new
construction, it is mandatory to design mechanical
exhaust ventilation with heat recovery from the
exhaust air for heating or cooling the supply air. As
an alternative, it’s possible to modernise natural
ventilation by installing a fan and a heat pump [94]
at the top of the duct to redirect the heat energy for
other purposes, for example, hot water and heating.

The design of a mechanical ventilation system
and at the same time a combination of supply and
exhaust mechanical systems with natural ventilation
requires comparative calculations. It is necessary to
improve the quality of the ventilation system and,
accordingly, the internal air, to reduce the frequency
of air exchange in residential premises to reduce the
consumption of thermal energy.

The above requirements apply to all types of
newly built or reconstructed residential and public
buildings. It is known that internal heat generation
in residential buildings usually does not exceed
10 W/m2. At the same time, our studies show that
artificial cooling is practically not required for the
climate of some regions of the Republic of
Azerbaijan [95].

Numerical calculations show that with an
average annual specific heat load on a heating
system from 10 to 15 kW-h/m2, the difference in the
total cost of heat energy for building heating
systems without thermal protection and with
thermal protection is minimal (the results of the
studies refer only to newly built residential
buildings).

Over the past decades, due to the changing
requirements of investors, the increased needs of

potential customers, as well as the relevance of
energy-saving issues, the rising cost of thermal
energy and the increasing costs required for the
operation of buildings, as well as heating,
ventilation and air conditioning systems used in
modern multifunctional public and residential
buildings have been significantly modified. The
current state of the environment, indoor air quality
and the growing need to create intelligent buildings
have influenced the modernization and application

of modermn information technologies in
microclimate systems.
In modern multifunctional buildings, the

climatic parameters of the indoor air of certain
rooms can be different, which is associated with the
individual needs of people, production technology,
etc. Therefore, the heat loads on the air-conditioning
systems in individual rooms may not coincide either
in time or in magnitude.

When designing ventilation and air conditioning
systems, it is necessary to be guided by the fact that
for the choice of technical solutions, the main
criterion should be to ensure an environmentally
friendly air regime within economically feasible
limits with minimum consumption of thermal

energy.
It is known that the growth of the population,
respectively, will cause an increase in the

consumption of thermal energy throughout the
world, the consequence of which is an increase in
harmful emissions into the atmosphere, since, until
2040, fossil fuels will be used up to 77 % according
to US Energy Information Administration [96]. The
pace of transition to alternative renewable energy
sources is not very high.

It is known that a significant share of the
produced thermal energy is spent on the needs of
engineering systems of buildings and structures.
According to our calculations, this share is about
50 % of all energy produced. The result corresponds
to the European Union data [97]. This share must be
reduced not by reducing the living standard of the
people in these buildings, but, on the contrary, by
increasing the comfort level not by increasing, but
by rising the efficiency of thermal energy
consumption.

Conclusions. Summarizing the above, it can
conclude that to improve the energy efficiency of
modern buildings, it is necessary to perform the
following priority tasks:

e optimal placement of the building on the
general plan of the city, incl. maintaining the
distance between buildings under the
construction and urban-planning regulations;

e proper heat insulation of the building
envelope by the orientation of facades and
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depending on the climatic parameters of the operation of engineering systems;

outside air; e maximum use of renewable and secondary
e air-tightening of building avoiding in- and (such as exhaust air) energy sources;

exfiltration; e rejection of the classical calculation method
® maximum possible automation of of heat loss estimation, which takes into

engineering systems up to integration from account the effect of wind speed, and to

smart house to smart city level; develop a new methodology.

e modernization and optimization of the
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2

Anomayis. Ha oanuti uac o6cse c6imogozo eHepeoCnodicusanis 0esnepepsHo i CMpIMKO 3pOCMAE BHACAIOOK Npoyecy
iHOycmpianizayii, 3pOCMAHHA YUCETbHOCMI HACENeHHs, NIOBUUCHHSI CHEPSeMUYHUX GUMPAm HA 6UO0OYMOK NPUPOOHUX
pecypcie mowjo. Ak HACIOOK, HAAGHT 3aNACU HaGmMU Ma 2a3y 8 YCbOMY C8Imi WEUOKO sucHadxcylomucsa. IIpoenoszosani 3anacu
Hagmu i 2azy y c8imi HeenuKi, i 3pOCMAHHS IX NPAMO20 CHANIOBAHHS 8 MALOYMHLOMY OyOe oOMexNceHuM uepe3 3a0pYOHEeHH s
008KILIA GUKUOAMU 2a316 1 301U NpU IXHbOMY cnaatoéanti. Tomy easxcaugicms supiuieHHs npobiemu eHepeoeheKmusHOCmi Mae
nepuiouepeoge 3HayeHHs 01 CYHacHOi yusinizayii. Y pobomi nposedeno amaniz cgimogozo 00ceidy eHepeoedheKkmueHo2o
6yoisnuymea. Bucgeimneno ochosni nanpamku enepoeghekmugrno2o posgumxky. Ilokazano, wo K1acuyna memoouxa po3paxymxy
Menyioempam HenpasuibHo epaxogye oiio gimpy. Ilompibua binvu npasunbHa MemoouKa GUKOHAHHA Yb020 po3paxyHky. Ilpu
YbOMY 6aAPMO 3ACMOCOBYBAMU NIHSGICMUYHT 3MIHHI MA HeuimKy 102IKY, KA A0eK6AMHO ONUCYE CMAHU, AKI ONUCYIOMbCS
6epOANHUMY BUCTOBTIOBAHHAMU, A He YUcIosuMu 3Havennamu. Ha sasepuwienns eudineno Haubinbu akmyanvui Ons Hauiol
Pecnybnixu 3a60anns: onmumanshe posmiwyenns 3a0y006uU Ha 2eHEPANLHOMY NAAHI MiCma, 30KpeMa, OOMPUMAHHS 8i0CMAHI
Midic Oydignamu 3a 6yOieenbHUMU 1 MICMOOYOIBHUMU HOPMAMU, NPABUTLHA MENJIOI30MAYIA 020PO0ACYEATbHUX KOHCMPYKYIL 3
opienmayieio pacadis i 3a1ex4CHO 8i0 KIIMAMUYHUX NAPAMEMPI6 306HIUHbO20 NOSIMPS, cepmemudHicmy 0y0i6eni, wo 3anodicac
iH- ma excginempayii; MAKCUMATLHO MONCIUBA ABMOMAMUZAYIA THHCEHEPHUX cucmeM 00 inmezpayii 6i0 pieHs PO3YMHO2O
0YOUHKY 00 PpIBHA pPO3YMHO20 Micma; MOOepHi3ayis ma Onmumizayis poOOmu [HICEHEPHUX Ccucmem; MAKCUMATbHE
BUKOPUCMAHHS 8IOHOBTIOBAHUX | 6MOPUHHUX (HANPUKLAO, BUMANCHO20 NOGIMPs) Odcepen eHepeii; 8i0Moea 8i0 KAACUYHO20
DO3PAXYHKOB020 MEMOOY OYiHIOBAKHS MENL0BMPAN, WO BPAXOBYE BNIUE UWBUOKOCIMI 6iMpPY, Ma pO3POONeHHs HOB020 MEMOOY.

Kniouogi cnosa: enepeoeghexmusnicmo, 020po0IiCy8aNbHI KOHCMPYKYIi, ONANEHHs, GeHMUIAYIA,
KOHOUYIOHY8AHHS NOGIMPSL, eHepeonompeda.
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Abstract. When determining the amount of thermal energy required for the functioning of the hot water supply system for any
building, the question of choosing a heating method arises. It is especially relevant to accurately predict the capacity of the hot
water supply system for facilities with pronounced uneven hot water consumption. In this research, a comparative analysis of
methods for determining the maximum design flow rate of hot water was performed, which plays an important role in the
selection of equipment for heating water in the flow mode. On the example of the main building of KNUCA, the problem of
determining the total design hot water flow rate for buildings characterized by an uneven mode of water consumption is
revealed. Monitoring of the actual mode of water consumption of the main building of KNUCA was carried out, as a result of
which the real total hot water flow rate during the working day of the university was determined.

Keywords: hot water supply, heat load of the DHW system, simultaneous use of faucets, design hot water

flow rate, uneven water consumption.

Introduction. A centralized hot water supply, as
one of the components of general centralized heat
supply systems, is experiencing a major crisis in
Ukraine. The demand for this service from the pop-
ulation is significantly decreasing. Heat supply or-
ganizations are constantly looking for ways to sta-
bilize the situation. Among these ways, two direc-
tions can be distinguished. The first direction in-
cludes the rejection of central heat supply station
(CHSS) and, accordingly, four-pipe systems or the
replacement of steel pipes of the hot water supply
circuit with polyethylene ones where it is still diffi-
cult to refuse from CHSS and the comprehensive
use of non-traditional and renewable heat sources,
including solar systems and systems with heat
pumps. The second direction is directly associated
with the need to accumulate heat, which increases
the cost of equipment. The solution to this problem
lies in reducing the cost of equipment by optimizing
its capacity and optimizing hot water consumption.
In particular, this applies to some public buildings
and especially to educational buildings, which
forces us to turn to the study of this problem.

Relevance of research. In recent years, the vol-
ume of central heat supply services in Ukraine has
been constantly decreasing [1]. At the same time,
the decrease in the volume of hot water supply ser-
vices in relation to centralized heating and ventila-
tion is more intense [2]. This leads to the deregula-
tion of existing central heat supply systems and, as
a result, to energy overruns. Optimizing the con-
sumption of hot water without changing the condi-
tions of its consumption will help stabilize the
above negative processes.

Recent studies and publications. The problem
of improving the accuracy of predicting hot water
consumption in heat supply facilities with sharp un-
even water consumption has not been paid attention
to in researches of recent years. Studies have been
conducted in the areas of improving the reliability
of hot water supply systems in large cities [3] and
the use of solar energy to cover the needs of hot wa-
ter supply [4], including buildings of higher educa-
tion institutions [5, 6]. A detailed study of the cur-
rent state of centralized hot water supply systems is
presented in the monograph [7]. In this work, much
attention is paid to forecasting the consumption of
hot water, but by residential buildings, both apart-
ment buildings and cottages It is not possible to use
the methods of calculation forecasting given in this
paper for buildings with sharp fluctuations in hot
water consumption.

In paper [3], the positive experience of deaera-
tion of water for hot water supply was analyzed,
which leads to a significant reduction in accidents
in four-pipe heat supply systems and an extension
of the service life of hot water supply pipes. The pa-
per presents numerical indicators that show a de-
crease in the volume of centralized hot water con-
sumption in the city of Zaporizhzhia in recent years.

Paper [4] is devoted to the use of high-tempera-
ture heat carriers in solar hot water systems. It is
shown that the use of a heat carrier with a tempera-
ture of up to 300°C can solve the problem of stag-
nation of solar systems and extend the service life to
10 months in the latitudes of Ukraine, as well as sig-
nificantly reduce the solar field area and the volume
of the heat accumulator. However, in this paper, the
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object of analysis is residential buildings.

Papers [8, 9, 10] are devoted to improving the
efficiency of circuit solutions for solar hot water
supply systems and do not highlight the problem of
predicting the heat load, which affects the choice of
equipment.

Paper [11] is devoted to the narrowly focused
topic of using solar energy for hot water supply in
individual housing construction. The article de-
scribes the choice of economic schemes of solar sys-
tems and the possibility of obtaining solar energy in
different regions of Ukraine.

Paper [12] is devoted to determining the effi-
ciency of solar hot water systems. In addition to an
attempt to optimize the solar field area depending
on the solar energy potential by region, the paper
shows the positive impact of the introduction of so-
lar hot water systems on reducing anthropogenic
pressure on the environment.

Paper [6] analyzes the results of modeling the
possible use of a solar system to provide hot water
to a complex of university buildings in the city of
Mykolaiv. To select the equipment in terms of pre-
dicting, the methodology for calculating water con-
sumption in accordance with SNIP «Normy potre-
bleniya vody potrebitelyami», was adopted, which
brings some inaccuracies due to vagueness in the
formulation of some points of the regulatory docu-
ment.

Paper [5] is devoted to modeling the operating
modes and, to some extent, the choice of equipment
for solar hot water supply systems at a university. In
particular, the authors present an algorithm for mod-
eling the operation of a solar system with an accu-
mulator tank and the results of calculations. How-
ever, the initial data on the system load for modeling
were taken without justification and even explana-
tion.

Main part. When determining the amount of
thermal energy required for the functioning of the
hot water supply system for any building, the ques-
tion of choosing a heating method arises. It is espe-
cially relevant to accurately predict the capacity of
the hot water supply system for facilities with pro-
nounced uneven hot water consumption. The largest
consumption irregularities should be expected from
educational buildings. For this reason, the KNUCA
main building was taken for further analysis. Taking
into account that there are no showers or bathrooms
in the main building of the university, the only con-
sumers of hot water are washbasins. The highest
water consumption occurs during short periods of
time (breaks) and very little or no water consump-
tion after classes and on weekends. The approxi-
mate chart of water consumption during the univer-
sity working day is shown in fig. 1.

max

avg

Level of hot water
consumption

O ANMNMTOOMNMNOOOIO—ANM O
A A A

Time of the day, h

Fig. 1. Approximate chart of water consumption mode
of the university:
min — during the classes; avg — during the usual break;
max — during the long break.

The graph shows that the building's water con-
sumption pattern is uneven, with short-term peaks
with maximum and average consumption and long-
term periods with minimum and zero water con-
sumption.

There are two main ways to prepare hot water:
in a storage tank with coil and in a flow-through heat
exchanger [7].

Water heating in a storage tank with coil re-
quires significantly less capacity from the heat
source compared to a flow-through heat exchanger,
as it involves the accumulation of hot water to cover
the peaks of water consumption. It should be under-
stood that the power of the heat source has a direct
impact on its cost and the cost of related equipment.
In addition, the selection of a heat source of exces-
sive power will lead to additional heat losses caused
by excessive heating during transient periods. For
this reason, the method of heating water in a capac-
itive heat exchanger is advisable to use in cases
where the instantaneous heat load of the hot water
supply system significantly exceeds the load of the
heating system. Also, this method is well suited for
buildings where water consumption mode is charac-
terized by short periods of high and medium water
consumption and long periods of low or no water
consumption. In this mode, the water will be heated
during periods of minimal or no water consumption.
That is, this method is advisable to use for buildings
with a fixed work schedule, without people being
constantly present outside of working hours. How-
ever, the absence of constant water consumption
with insufficient automation will lead to additional
heat losses, as the accumulated hot water will grad-
ually cool. This method is not able to provide the set
water temperature during long period of water con-
sumption, and therefore is not suitable for buildings
characterized by such a mode of hot water consump-
tion.

A hot water supply system that is heated in a
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flow-through heat exchanger has a much smaller
volume, which means it has less inertia and less heat
loss. Due to the rapid heating of water, this method
is suitable for buildings with both constant and un-
even water consumption. However, it requires a sig-
nificantly higher heat exchanger capacity and there-
fore a significantly higher heat source capacity due
to the need to quickly heat the required amount of
water. Therefore, it is usually not advisable to use it
in cases where the instantaneous heat load of the
heating system is much lower than the load of the
hot water supply system. In addition, such equip-
ment requires the installation of an intermediate
buffer tank (intermediate heat accumulator), which
will accumulate a certain amount of heat necessary
to ensure the operation of the flow heat exchanger
until the heat source is started during the non-heat-
ing period. It should be noted that there is no need
for a large buffer volume, since the response time of
the heat source (startup time and reaching the rated
mode) is usually about 5 minutes [13].

There is a third method - a combined method
that combines the advantages of the first and second
methods [14]. The combined method involves in-
stalling both the accumulator tank and the high-
speed heat exchanger at the same time. That is, the
water will be heated in a flow-through heat ex-
changer and accumulated in the tank. In this case,
the flow-through heat exchanger can be of a smaller
capacity due to the ability to accumulate the neces-
sary amount of water to pass the peak water con-
sumption. At the same time, the system will be able
to provide a longer water extraction, because the
high-speed heat exchanger will constantly recharge
the tank with freshly heated water. Thus, such a sys-
tem will fulfill the needs of a building with both
constant and uneven water consumption. But the
cost of such a system will be much higher.

Any water heater must be selected in such a way
that it is able to provide the design hot water flow.
The method of calculating a water heater will differ
depending on the type of water heating method used
Since the flow-through method involves heating
water at the time of water extraction, it is important
to select such equipment with the maximum possi-
ble hot water flow rate so that the designed heat ex-
changer is able to heat this flow rate during peak
water consumption.

The design maximum flow rate consists of the
flow rates of individual faucets dispensers operating
simultaneously [7]:

(1)

H _ . H.
Qtot = qi "N

where gf, — maximum hot water flow rate by the
system, I/s; i’ — hot water flow rate by one faucet,
1/s; n — a number of faucets operating simultane-
ously, pcs.

Thus, the highest hot water flow rate will be at
the moment when water starts to flow out of all fau-
cets. The likelihood of such an outcome decreases
rapidly with the number of faucets, and the diffi-
culty of accurately determining the total flow rate
increases. The more faucets are provided in the hot
water supply system, the more important it is to take
into account the simultaneous use of them. Indeed,
if the estimated flow rate is too high, the capital
costs will be higher and the potential of the selected
equipment will never be used, while if the flow rate
is too low, the water heater will not be able to pro-
vide the DHW system with the required amount of
hot water.

The minimum power of the heat exchanger re-
quired to heat water in the flow mode can be deter-
mined by the formula [7]:

Aoy - - (t7 —t©)
3600

2)

Qpaw =

where Qpyw — minimum capacity of the heat ex-
changer required for heating the water in the flow
mode, kW; gf, — design hot water flow rate, taking
into account the simultaneous use of faucets, kg/h;
¢ —water specific heat, kJ/(kg-°C); t! —temperature
of hot water, °C; t¢ — temperature of cold water, °C.

The capacity of the heat exchanger is directly
dependent on the design hot water flow rate and the
temperature difference between hot and cold water.
And the heat exchanger capacity, in turn, determines
the heat exchange surface area, temperature, and
heat carrier flow rate.

The Ukrainian DBN V.2.5-64:2012 Vnutrishnii
vodoprovid i kanalizatsiia and the European DIN
1988 standards agree that the temperature of hot wa-
ter should be at least 55°C, and the temperature of
circulating water should be at least 50°C at any
point in the system. Moreover, the system should
ensure seasonal thermal disinfection at a tempera-
ture of at least 70°C. These requirements are put for-
ward to prevent the emergence of the Legionella
bacterium. The ability of the bacterium to reproduce
is maintained at temperatures from 15°C to 46°C,
when the temperature rises to 48°C and above, the
bacteria die [7].

When calculating and selecting the heat ex-
changer, the cold water temperature should be taken
for the winter period, that is, equal to 5°C. If the cold
water temperature is taken for the summer period,
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the temperature difference and therefore the deter-
mined capacity will be lower, thus the heat ex-
changer will not be able to heat the design amount
of water during the winter period [15].

The power of the heat exchanger depends di-
rectly on the maximum design flow rate, so it is very
important to choose a value so that during peak wa-
ter consumption each consumer receives the re-
quired amount of hot water at a given temperature.
To determine this cost, it is necessary to refer to reg-
ulatory documents and usually its value depends on
the purpose of the building, the number and type of
devices and the number of consumers. It should be
noted that for such facilities as higher education in-
stitutions, this hot water flow rate is very difficult to
determine due to the significant design number of
consumers and the large number of faucets.

The current DBN V.2.5-64:2012 Vnutrishnii
vodoprovid i kanalizatsiia states that the total calcu-
lated water flow per second should be taken from
the annexes depending on the design number of con-
sumers and the calculated average water flow per
day for one person or depending on the number of
faucets and the average flow rate of these devices
per hour. The design number of people in educa-
tional buildings is quite large and it is certain that a
significant part of them will not use water during the
day, and in general, taking into account the smallest
maximum average daily flow rate (150 l/day per 1
person) proposed in the applications, we can con-
clude that this method of determining the total sec-
ond flow rate is intended for residential buildings.
Therefore, when determining the total second flow
rate for educational buildings, it is necessary to start
from the number of faucets. According to the stand-
ard, the design average hourly hot water flow rate is
initially determined in accordance with the applica-
tion given in it. Then, taking into account the num-
ber of faucets and the average hot water flow rate
per hour, the maximum design hot water flow rate
is determined. The values of total hot water flow
rate indicated in the appendices of the standard al-
ready take into account the simultaneous use of fau-
cets, but the standard does not say anything about
the methodology used to determine the simultane-
ous use of faucets.

SNIP 2.04.01-85, which was in force before the
adoption of DBN V.2.5-64:2012, provides a meth-
odology for calculating the maximum flow rate, tak-
ing into account the simultaneous use of faucets, de-
pending on the design number of people, the num-
ber of devices and hot water flow rate per faucet and
the average hourly flow rate per person. These costs
are presented in the applications of the document,
but they are determined for higher education insti-

tutions with shower rooms, which introduces an er-
ror for educational institutions that do not have
them. According to the standard, the maximum cal-
culated flow rate can be determined by the formula:

ator =5-4{" - @ 3)
where gff, — maximum design hot water flow rate,
I/s; & — coefficient that is adopted according to the
applications of the standard, depending on the total
number of faucets N and the possibility of their
use P.

The possibility of using devices according to
SNIP 2.04.01-85 is calculated by the formula:

_ 9uru” U 4
~q"-N-3600 @
where qy,.,, — average hot water flow rate per hour
per person, 1/h, is accepted according to the applica-
tion of the standard; U — total number of consumers;
qu — hot water flow rate by one faucet, 1/s; N — total
number of faucets.

In order to calculate the maximum design flow
rate for simultaneous use of devices according to
DIN1988, the hot water flow rate of a single faucet
first needs to be determined. The value is taken ac-
cording to the applications of the standard. The
maximum design flow rate for administrative build-
ings with a total flow rate Y g < 20 I/s is deter-
mined by the formula:

alhe = 0,682- () a** 014 (5)

where qf, — maximum design hot water flow rate,
I/s; qf' — hot water flow rate by one faucet, I/s.

At the same time, the hot water flow rate of one
faucet specified in this standard is valid at hot water
temperatures t = 55°C and cold water t¢ = 15°C.
That is, they are valid only for the summer period.
For the winter period, they need to be recalculated.
To do this, it is necessary to determine the tempera-
ture of the mixed water using the formula:

Lottt qf
mix —
af' +qf

(6)

where t,,;, — temperature of mixed water, °C;
ql, qf — volumetric flow rate of hot and cold water
by one faucet, I/s; t7 — temperature of hot water, °C;
t¢ — temperature of cold water, °C.

Then, by solving the inverse task, substituting
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the temperature of cold water in winter and the re-
sulting mixed temperature into formula (6), the flow
rate of cold and hot water for the winter period is
found at the same total flow rate and mixed temper-
ature.

Another method for determining the maximum
design flow rate of hot water with a known number
of faucets is given in [7]. Since it is not economi-
cally practical to design a system for a level of water
consumption that will occur very rarely or not at all,
the total design flow rate can be determined by as-
suming how often it will be exceeded. The total sec-
ond consumption of hot water is determined based
on the number of faucets using the formula:

ql. = avN + bN (7)

where a and b — coefficients of approximating de-
pendencies; N — number of faucets ranging from 40
to 300.

The coefficients a and b given in [7] were cal-
culated for the curves of maximum second hot water
consumption with an assumed possibility of exceed-
ing, based on water consumption studies conducted
in 2001-2003 in Szczecin, Poland.

As aresult of calculating the total design hot wa-
ter flow rate for the main building of KNUCA from
four different sources, it was found that the obtained
values range from 1.03 to 2.66 /s, which means that
they are quite wide. To determine the methodology
that is closest to reality, we conducted observations
of the water consumption regime of the main build-
ing of KNUCA.

The maximum possible design hot water flow
rate depends on two factors: the average hot water
consumption by one device and the maximum num-
ber of devices that can operate simultaneously.

The most accurate method for measuring the
flow rate of each device is to use ultrasonic flowme-
ters of the inline type. In our case, there was no such
possibility, so to determine the flow rate of hot water
by one device, we had to resort to the volumetric
measurement method, and to reduce the measure-
ment error, the number of flow measurements by
each device was taken equal to ten, with subsequent
calculation of the root-mean-square measurement
error. It should be noted that when determining the
flow rate by one device using the volumetric
method, the flow rate of exactly the mixed water
was measured, and with the help of calculations for
determining the ratio of cold and hot water flow
rates, the flow rate of hot water by each device was
determined.

The studies described in [7] indicate that peo-

ple's preferences for a comfortable water tempera-
ture vary widely. On average, human hands perceive
water with a temperature of 33°C as "neutral", with
a temperature of 40°C — as "warm" and with a tem-
perature of 48°C — as "hot". Human heat perception
is almost linearly dependent on water temperature.
During the measurements, the temperature of the
mixed water was set at t,,;, = 37°C, because this
value is in the middle of the range from "neutral" to
"warm".

To measure the flow rate, 3 liters and 5 liters
measuring vessels, a thermometer, and a stopwatch
were used. At first, the temperature of cold and hot
water was measured separately using a thermometer
and the faucet was set to a position where the ther-
mometer immersed in the water jet showed a tem-
perature of 37°C. The measuring vessel was placed
in the washbasin so that the flow of water was di-
rected into the vessel. At the moment the faucet was
opened, the stopwatch started counting and ended
when the measuring vessel was filled to 3 or 5 liters
(due to the installation of some devices, it was im-
possible to measure everywhere with a 5-liter ves-
sel). In this way, measurements were made on the
7th, 4th, 3rd and 1st floors, 10 times in each WC and
with the faucets open at 50 % and 100 %. The meas-
urement results were averaged and the root-mean-
square measurement error was estimated for each
averaged value according to the method [16]. From
the obtained mixed water flow rates, the hot water
flow rates for each WC were determined using for-
mula (6), and the results are presented in a histo-
gram (fig. 2).
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=0,08
§ 0,06
20,04
T 0,02

I/s
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B The faucet is fully open @The faucet is 50% open

First floor

Fig. 2. Average hot water flow rate by one faucet in the main
building of the university

The histogram shows that due to the pressure
difference, the flow rate on the 1st floor is 60 %
higher than on the 7th floor. From the presented
range of flow rates, the value that is fair for the en-
tire system was taken - the average between floors.
It was also taken into account that there are no class-
rooms on the 7th floor, and therefore the WCs are
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used much less frequently there. Therefore, the con-
sumption of this floor was not taken into account in
the averaging.

As for the faucet openness, it was assumed that
most people open the faucet at least 50 % in order
to wash their hands faster, but not 100 % to avoid
splashing water droplets. Therefore, the hot water
flow rate was also averaged between 50 % and
100 % openness of the faucets. The average volu-
metric hot water flow rate by one device determined
by this method is g/’ = 0,086 U/s.

The total number of faucets installed in the WCs
of the university's main building is 62. The highest
consumption will occur when water starts pouring
out of all the faucets. Since the building has only
washbasins and the fact that people spend no more
than a minute washing their hands, the possibility of
this outcome is close to zero. It is possible to deter-
mine the actual number of faucets that can operate
simultaneously by using water consumption moni-
toring. The greatest accuracy of this monitoring can
be achieved by monitoring the water consumption
mode of a building during periods of the most active
use over a long period of time using ultrasonic flow
meters.

In our case, the hot water consumption is meas-
ured using tachometric volumetric meters that
measure the total volume of water flowing through
their cross-section, but they cannot accurately track
the peak instantaneous hot water flow rate needed
to determine the load of the instantaneously heated
DHW system. For this reason, it was necessary to
determine the maximum simultaneous use of fau-
cets by observing the use of faucets during the larg-
est periods of water consumption - breaks between
classes.

It can be stated with sufficient accuracy that the
main consumers of hot water in the main building
of KNUCA are students, so the maximum level of
water consumption will occur during breaks (fig. 1).
All observers monitored the time of opening and
closing the faucets and the degree of openness of the
faucets and recorded the data in tables. It should be
noted that the observers used the exact synchronized
time in Kyiv from the source [17] to record the
opening and closing times of the faucets. The results
of observations of the building's water consumption
mode during breaks are shown in fig. 3.

The graphs show that the longest water with-
drawal periods were during the second (long) and
third breaks. At the same time, the highest level of

water consumption occurred only during the long
break. At that moment, water was being drawn from
four faucets simultaneously, and its total duration
was only 20 seconds.

During the observations, it was found that in
most cases the faucets were opened between 50 %
and 100 %, as expected. In addition, the time spent
by consumers washing their hands averaged about
10 seconds, but in WCs with handwashing facilities,
the faucets were running slightly longer. Substitut-
ing the value of the average hot water flow rate per
device and the maximum recorded number of fau-
cets operating simultaneously in formula (1), the
maximum hot water consumption per working day
of the university was determined, it is 0,344 I/s.

The results of calculating the total second hot
water flow rate and the design heat load of the DHW
system in the flow heating mode for the main build-
ing of KNUCA, determined by different methods,
are presented in table 1. The number of simultane-
ously operating faucets in determining the total hot
water flow rate by different methods is shown in the
histogram in fig. 4.

Table 1.
A comparison of methods for determining the design hot
water flow rate

z S E | 2 =
Q >3 o
=2 ©o2 S <
ESl 20| 2
Methods g 8l 2|5
25| SE| EE
5<| 22| 8%
s 2 o= = 5
2 |58 |2
2 &% |8
DBN V.2.5-64:2012 - 1,06 220
SNIP 2.04.01-85 0,090 | 2,66 553
DIN1988 0,085 | 1,30 270
Approximating 0,1 % 1,15 239
dependence
with probability | 1,0 % - 1,03 214
of exceedance
[7] 10 % 0,88 182
Monitoring of the real
mode of hot water con- | 0,086 | 0,344 71
sumption
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General chart of water consumption of the main building of KNUCA during the first break (10:20 - 10:30)
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General chart of water consumption of the main building of KNUCA during the second break (11:50 - 12:00)
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General chart of water consumption of the main building of KNUCA during the third break (13:40 - 13:50)
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General chart of water consumption of the main building of KNUCA during the second break (12:10 -12:20)
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General chart of water consumption of the main building of KNUCA during the second break (12:00 -12:10)
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Duration of hot water consumption
General chart of water consumption of the main building of KNUCA during the fourth break (15:10 - 15:20)
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Fig. 3. Water consumption chart of the main building of KNUCA during breaks
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29/62

Percentage of the maximum hot
water flow rate

1 2 3 4 5 6 7
Fig. 4. The number of simultaneously operating faucets when
determining the hot water flow by different methods:

1 — DBN V.2.5-64:2012; 2 — SNIP 2.04.01-85; 3 — DIN1988; 4
— an approximating dependence with a possibility of exceed-
ing 0,1% [7]; 5 — with a possibility of exceeding 1% [7];

6 — with a possibility of exceeding 10% [7]; 7 — monitoring
the real mode of hot water consumption;

Conclusions. When determining the total hot
water flow rate g, for the main building of the uni-
versity according to the current DBN V.2.5-
64:2012, 12 out of 62 washbasins can operate sim-
ultaneously without reducing the temperature of hot
water. The document does not contain the design hot
water flow rate by one faucet g/ and does not de-
scribe the methodology for calculating the simulta-
neous use of devices. If we compare this flow rate
with those that are determined by the approximating
relationship according to [7], then the difference
will be only a few percent. Therefore, the possibility
of exceeding the consumption determined by DBN
V.2.5-64:2012 will also be less than 1 %. However,
it should be noted that the studies described in [7]
were conducted on residential apartment buildings,
so it cannot be argued that the calculated coeffi-
cients will be equally suitable for university build-
ings. Residential buildings are also characterized by
peaks in water consumption, even longer ones, but
the ratio of the number of consumers to the number
of faucets in them is significantly different, which
will directly affect the simultaneous use of faucets.

The DIN 1988 standards give the values of the
second flow rate by one device for the summer pe-
riod (at t¢=15°C), for the winter period (at
t¢ =5 °C) they must be recalculated. The flow rate
determined by the DIN1988 methodology is only
5 % higher than the flow rate according to the DBN
V.2.5-64:2012. However, it should be noted that due
to the absence of coefficients for educational build-
ings in the standard, the coefficients for administra-
tive buildings were used for the calculation. Unlike
the consumption mode of educational buildings, the

water consumption mode in administrative build-
ings is more uniform, so the values obtained by this
method cannot be considered more accurate.

In the methodology presented in SNIP 2.04.01-
85, the value of the total hot water flow rate directly
depends on the number of consumers and the design
hot water flow rate per person. The design hot water
flow rate per person presented in the document is
determined for higher education institutions with
shower rooms, and therefore it can be argued that it
is overestimated for educational institutions without
them. The need to specify the exact number of con-
sumers indicates that this method is oriented to-
wards calculating consumption for residential build-
ings. After all, when designing a DHW system for
residential buildings, the number of apartments is
known, and therefore the number of consumers who
are likely to use the installed faucets on a regular
basis is more accurate. For educational buildings, it
is much more difficult to determine the exact num-
ber of consumers. Due to the considerable difficulty
in calculating the exact number of consumers due to
the large total number of consumers and the unpre-
dictability of their visits to the WCs, an approximate
number of consumers was used for the calculation:
5000 people. As a result of the overestimated hot
water flow rate per person and the likely overesti-
mated number of consumers, the total design hot
water flow rate calculated according to SNIP
2.04.01-85 is 27 % higher than the hot water flow
rate determined according to DBN V.2.5-64:2012.
Therefore, the value obtained by this method cannot
be considered more accurate either.

The maximum possible hot water flow rate de-
termined as a result of monitoring under the actual
water consumption mode was almost 70 % less than
the hot water flow rate of the current DBN B.2.5-
64:2012. However, although this hot water flow rate
was determined directly at the facility, this does not
mean that this result is the most accurate, because at
the time of the observations, the education at the
university was in mixed form. Although the time
chosen for the monitoring was when most students
had practical classes at the university, a significant
number of them were taking lectures that were con-
ducted online. In addition, the time period for which
the observation was conducted is too short to draw
definitive conclusions.

At this stage, it is difficult to determine which
of the above methods should be used for higher ed-
ucation buildings. Since each of them has its draw-
backs. To solve this problem, it is necessary to study
the water consumption mode of educational build-
ings in more detail and over a longer period. To con-
duct this study, it is necessary to install ultrasonic
flow meters on hot and cold water pipelines and
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monitor the change in flow throughout the academic year. This will make it possible to correct the exist-
ing methods and de-termine the most accurate one.
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Anomayis. Ocmanni poku 6 Ykpaini nocmitino smeHuyemoscs 00csie HA0aHHA NOCIY2U YEeHMPAani308aHo20 menionoCmadanHs.
IIpu yvomy 3nudicenns obcazy HAOAHHA NOCTYU 2aPAY020 B000NOCMAYAHHS NO 8IOHOWEHHIO 00 YEHMPANi308aHO20 ONALEHHS
ma senmunayii 6i0byeacmucs 6inbut inmencugno. Lle npuzeooums 0o po3pe2ynio8ants iCHYIOUUX CUCIEM YEHMPALi308aHO20
MEeNnIONOCMauants i, K HACIiOOK — 00 nepesumpam enepeonociie. Qoun i3 wiaxie supiulenns yiei npobiemu aexicumos 6
NAOWUHI 3MeHWeR s 8apmOCcmi 00NAOHAHHA 34 PAXYHOK OLlblU MOYHO20 8UOOPY 1020 NOMYHCHOCHI. YMOUHEeHHs ICHYIOUUX
MEMOOUK 3 BUSHAYEHHS NOMYHCHOCTHI 0OIAOHAHHS MONCHA OOCALTU WISAXOM 8PAXYBAHHI 0COONUBOCTEL PEXCUMY 8000PO3OOPY
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cucmem, wo mModxHce 3HAYHOW Mipot0 8IOPISHAMUCA 8 3ANeHCHOCI 8i0 npusnayents 6y0ieni. Ocobauso akmyanrbHuM € moune
NPOCHO3YBAHHS NOMYICHOCMI CUCIEMU 2aPA14020 6000NOCMAYANHS OJis 00 €KMI6 3 CKPABO GUPAIICEHOIO HEPIGHOMIPHICMIO
CROJCUBAHHA 2apayoi 6oou. Lle cmocyemuvca desakux epomadcvkux Oyodisens ma 6y0igenb HABUANLHUX 3AKAA0I8, WO 3MYULYE
36EPHYMUCS 00 00CAIOMHCeHHs yiel npobnemu. B daniii pobomi na npuxnadi 6yoieni conognozo kopnycy KHYBA obrpynmosaro
npobnemy GUHAYEHHs 3a2albHOI eumpamu 2apsayoi 600u 011 0yoigenv, OISl SKUX XAPAKMEPHUN HEePIGHOMIDHUL DedCcum
600ocnoxcusants. Ilposedeno aunaniz MosiCaIUGUX cnocobig Hazpiey 600U ma 3anpPonoOHOBAHO MOU, WO € HAUOLIbUL QOYLTbHUM
ons Oyoisensb GUIUX HABYATLHUX 3aKAa0ie. [Ipedcmasneno nopieHAHHA MemOoOi8 3 6UHAUEHHS MAKCUMATLHOL PO3PAXYHKOBOT
sumpamu 2apsiyoi 600U, NPUUHAMUX 6 HOPMAMUGHUX OOKyMeHmax. Onucano HeOONKU KONMCHO20 3 ICHYIOYUX Memoois.
IIposedenuii monimopune 3a OitiCHUM PEHCUMOM B00OCHONXCUBAHHA 0Y0igni eonognozo kopnycy KHYBA, 6 pe3ynomami akozo
BUBHAYEHO PedibHy MAKCUMATIbHY UMPAMy 2apsauoi 600U npomsicom po6o4o2o Owus yHigepcumemy. Ta npogedeno nopigHsHs
OMPUMAHUX PE3YIbIMAMIE i3 PO3PAXYHKOGUMU SUMPAMAMU, GUSHAYEHUMU 3d OONOMO20I0 MEMOOUK NPUUHAMUX 6 KiIbKOX
HOPMAMUBHUX OOKYMEHMAX.

Kurwouosi crosa: eapsiue sooonocmauarnus, menioge Hasawmasicenus cucmemu I'BII, oonouacnicmo
BUKOPUCMAHHA 86000PO30IPHUX NPUNLADIE, 3a2albHA BUMPAMA 2apAy0i 600U, HEPIBHOMIPHICMb peXcumy
6000CHONCUBAHHSL.

Hapiitioma mo pemakii / Received 09.01.2023
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