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[o Binoma aBTOpIB

[IlanoBHI aBTOpPH CTaTe HAYKOBO-TEXHIYHOTO
30ipHUKa “BeHTWIALISA, OCBITJIIGHHS Ta TEIUIOTa-
30MIOCTaYaHHS .

ITounnaemo myOmikariiro crareit 3a Marepiana-
MH MDKHapOIHOI HAyKOBO-TIPAaKTUYIHOI KoOH(pe-
peHtii “bByniBenpHa Ta MyHIIMITaTbHA TETIOTEXHI-
Ka”, mpucBsdeHoi 60-piudio Kadenpu TeIIoTexHi-
k1 KuiBChKOTO HAIlIOHATBHOTO YHIBEPCHTETY OY/Ii-
BHHUIITBA 1 apXiTEKTypH.

3BepTaeMoO yBary Ha HEYyXWIbHE JOTPHUMAaHHSI
Bumor no pykonmciB, pO3MIlIEHHX Ha CaiTi
http://library.knuba.edu.ua/node/78 .

Kinbkicte ciiB aHoTtamii Mae OyTH CYBOpPO
100...250 ykpaiHCHKOIO 1 POCIMCHKOI0 MOBaMHU Ta
ue merire 1800 3HaKIB aHITTIHCHKOI0 MOBOIO, SIKIIIO
CTAaTTs HalWcaHa YKpaiHChKOIWO abo PpOCIHCHKOIO
MOBOIO. SIKIIO CTAaTTs HamMcaHa aHTJiHCBKOIO, TO
KUTbKiCTh CJIiB  aHorarii mae Oytu 100...250
AHITIACHKOI0 1 POCIHCHKOI0O MOBaMH Ta HE MEHIIIE
1800 3HaKiB yKpaiHCHKOIO MOBOIO.

PucyHku MaroTh 4iTKO YUTATHUCS MICIJISI BHECEH-
HS 10 TekcTy. Po3mip mpudTy Ha pucyHKax micis
BHECEHHsI 70 Tekcty mae Oyt 9..12 mt. Tpeba
YHHMKATH CBITIMX KOJBOPIB Ha Jiarpamax i rpadi-

Kax, 0COOJIMBO JKOBTOTO Ta CBITIIO-CipOTO.

Information for the Authors

Dear authors of articles of the Scientific and
Technical Collection “Ventyliatsiia, Osvitlennia ta
Teplohazopostachannia” (“Ventilation, Illumina-
tion and Heat and Gas Supply”).

We begin publication of articles by the materi-
als of the international scientific and practical con-
ference "Construction and municipal heat engin-
eering", dedicated to the 60-th anniversary of the
Department of Heat Engineering of the Kiev Na-
tional University of Construction and Architecture.

Pay attention to the strict adherence to the Re-
quirements for manuscripts, placed on the site
http://library.knuba.edu.ua/node/78 .

The number of words of the annotation should
be strictly 100...250 in Ukrainian and Russian lan-
guages and at least 1800 characters in English, if
the article is written in Ukrainian or Russian. If the
article is written in English, then the number of an-
notation words should be 100...250 in English and
Russian, and at least 1800 in Ukrainian.

Figures should be clearly read after insertion
into the text. The size of the font on the figures
after making the text should be 9...12 pt. Avoid
light colours on charts, especially yellow and light

grey.




3aeop seHTUNALIT «BenT-Cepeic» — egWHWA YKPaiHCbKWA 33B0M i3 BUPOBHWLUTEBa NOBHO-
ro cnexKTpy eKonoridyHoro o6nagHaHHA oNA BEHTUNALUIT Ta KOHOWLUIOHYBAHHA NOBITPSA, AKWA
6ye sacHoBaHuid B 2008 poui. BxognTe B rpyny koMnaHid «tAEROSTAR GROUP»,

3 2012 poky NpoAyKLWiA KOMNaHiT aKTMBHO EKCNOPTYETLCA B 6iNblU AK YOTUPHAAUATE KpaiH

cBiTY. 3a pokW cBOET QiANLHOCTI NOTYXHOCTI 3aBoAy 3pocnu is 360 M2 nnowi BMPOBHMYMX
npumMiweHs go 10 680 M. MpoayKuia koMnaHii cepTudikoBaHa y BignoBigHoOCTI i3 MiMHa-
POAHWM CTaHOAAPTOM CUCTEMM MEHEQMMEHTY AKkocTi — IS0 2001:2015.

MNpotarom 10 pokie ronoBHUM NPiOPUTETOM OiANbBHOCTI KOMNAHIT € NigBUWEHHA eHeproe-
theKTMBHOCTI CNOpYQ Ta CTBOPEHHA EKOKMIMaTy Ha 06'eKTax pi3HOro NPU3HaYeHHA.

Ginewe 3 000 T MeTany 3a pik;

443 410 M* noBiTponoBOAIB 3a piK;

1 854 BeHTUNAUIRHI arperatv 3a pik;
400+ poBo4mx Micub.

«BeuT-Cepsic» B untpax:

«BeHnT-Cepeic» cborogHi — Ue NPoBIAHWIA rpaBelb Ha YKPaiHCBKOMY PUHKY BEHTUNAWIMHOIO
o6nagHaHHA, AKWIA Ge3anepepBHO BNPOBaAMYE IHHOBAWIT ¥ BCi BWPOBHMYI NPOLUECH, 3anycKae
HOBI BMPOBHUYI NiHITTa pO3WKPIOE BUPOBHWYI NOTYHHOCTI.

3pocTaHHA NOTPES BITYWSHAHOMO PUHKY, 8 TakOw BIOKPWUTTA HOBWX PWMHKIB 36yTy KpaiH EC
CTanu NpUYMHaMKW AN 3anycky nepwoi B Ykpaiui nikii iz eMpo6HULTEa TENNOOEMIHHOIO 06-
NnagHaHHA 3aranbHONPOMUCNOBOro NPM3HAYeHHA Ha 6a3i iTaniiCbKMX TEXHONOrIT Ta yeTaTKy-
BaHHA.

TennooBMiHHKMKK TOB «BenT-Cepeic» — pesynsTaT TPMBANMX MiMHApoOoHWX HayKoso-gocnig-
HWX Ta O0CNIOHO-KOHCTRPYKTOPCEKKMX POBIT B chepi TeNNooBMiHY Ta ABNAKNTL COB0K anapaTw,
AKi NpM3aHadeHi ana nigirpisy (oxonomyeHHs) NOBITPA V:

- BEHTMNAUIMHWX ycTaHoBKax: GlobalStar, SkyStar, PoolStar, TopStar, CrossStar;

- KAHaNbHWX CMCTEMaX BEHTUNAUIT - Tennoo6MiHHUKK cepii AQ/EV-CO (thpeoHoBsi/BoasHi).

Oco6nuBocTi:

@ Bucoruii koediuieHT Tennosianavi;

@ [na BoaAHWX TENNOOBMIHHWKIE MaKCHUManbHWA poBoYMida TMck — 20 aTM., ona thpeoHoBMX -
40 atMm.;

® KomnakTHa Ta yHiBEDCANbHA KOHCTDYKLIS;

@ Wupokwia TMNOPO3MIpHKIA paa;

® MoxnmeicTe po6oTW i3 arpecMBHMMK CEPEO0BULLAMM;

® lHauBigyanbHWIA PO3PAXYHOK TEMMOOBMIHHKUKA i3 BHYTPIWHIM 06'€MOM CTAHOAPTHOMO
HOMEHKNaTYpHOro paay oo 125 n Ha ocHoBI iTaniAcbkal NporpamMK Nigsopy.

III UNILAB Coils

Haibinbw TodHe nNporpaMHe 3abesnedeHHa  ANnA  NPOEKTYBaHHA | HanawTyBaHHA
TENNOOBMIHHKWKIB i3 peBpMCcTOKd PoBOY0I NoBepxHew. Mae pos3wMpeHwWid apxie 3 Binbl AK

50-Tu BapiaHTiB reoMeTpii Ta MQ03BONRE NpPW 3MiHI NonpaBoyvHMX KoediuieHTie reomeTpil
OTPMMAaTK Pe3ynbLTaTW PO3paxyHKiB, AKI BIANOBIAaTL eKCNEpUMEHTANbHWUM OaHWM, OTPMMaHKUM
WNAXoM nabopaTopHux BumMipie. €awHa B EC nporpama nigbopy, fKka aganTtoBaHa Ao
ctaHpgaptie AHRI i EUROVENT Ta zab6ezneqye HaaTOoYHI OaHi NOTYXHOCTI TENNOOGMIHHWKIB

Ta NapiHHA TUCKY.



ANHIMIHIEBI NAMEM

i3 BHYTPIWHIMW HACIYKAMI, AKI PO3TAWOBAHI B
WaxmMaTHOMY NopAaky. Kpok nameni cradoenTe 2,5 MM,
et : : 3asOAKkK CneuianeHOMY anOMiHIEBROMY CNNasy, TOB-
TEMA0OGHIHHWKA BUrOTOBNRETECA |3 wiHo K 0,12 MM, NRACTHHK TENNOOEMIHHKMKE MaKTE

crani ToswmHow 0,65 mm; 0,9 MM i ineantHy NNACTUYHICTL Ta MexaHiuki BNACTUBOCTI.
2,0 MM, Wwo sateaneyye HEOBXIgHWRA

piBeHb MILWHOCTI KOHCTRYKWIT. Takom
MOMMUBUN BADIAHT BMIOTOBNEHHA i3
HEpasioyol cTani ToewmHoK 0,9 MM
i 1.5 M,

Kopnyc 3axvwae Gnok namengi i
3a0e3anNevye KPINNeHHA Tennoob-
MiHHKMKA,

TPYEKH
BucokoedekTHEHI TENNOOBMIHHI
MiOHI TpyBKKM [kpaiHa-BMpOBHWK -
Mpeuis), niaMeTpoM 9,52 MM Ta
TOBWMWHOKETIHKK - 0,27 MM/
rennonoein o33 MM, XiMIYNHWA CKNaQ AKMX
- aanobirae NoABI MIKPOTRIWKWH B
npoueci BMpoGHWLUTEE, a
crneuianeHe posMilleHHa
A03BONAE 36INBWWTK
NPOOYKTUBHICTE Ha Matp
KBaOpaTHWE NNoWi NoBepXHI.

MigHi TpyBKM nNpuM3Hadvedi gns
POBOTH AK ONA HarpiBaHHA, Tak
i ONA OXONOAMEHHA NOBITRA NPM
nepeMilieHHi  BoaM, PO3YMHY
[eymiw HzQ i eTvnedy/nponined
rnikonw) Ta dpeony [REOTC i
R&10A).

g >

KONEKTOP

BUIMOTOBNSRETLCA i3 CYUINBHWUK MIOHWX YK CTaNbHUX TpyE Ta
aafeaneyye 2'E0HAHHA NEPBMHHOMD KOHTYPa 3 0BNagHaHHAM
aa QoNoMOrow Nnanky [ons hpeoHoerx TeNNooBMiHHKMKIB] Ta
pigbiu [ONA BOARHWE TENNOOBMIHHWKIE].

NpuHUKUN poBoTK:

MNepena4ya TENNA B TENNOOGMIHHKKAX NaMeneHoro TMNY «BenT-Cepeicy 3QIACHINETECA WNAXOM HAOXO0OMWEHHA NOBi-
TPA 00 MiIMTPYEHOro NPoOCTORY, A8 BOHD NIQIrpigacTecA [0X0N0MMYETRCA] 00 NEBHOI TEMNEPATYR M.

BHyTpIWHIA TENNOHOCIA NOCTYNAE v BXIAHWA KONEKTOP, 08 BiAGYBEAETHCA pPOINOAIN TENNOHOGCIA MO MigHMX
TpyBKax | oxonogwedHs [Harpie] 4w BWnNapoByeaHHA [KOHOEHCAUIA], NPOMWOBWKM KOHTYD TennoosmMiHHWKE,
TEMNNOHOCHA HAAX0AWTE A0 BUXIAHOD KONEKTOPE | NOTIM ¥ MEDENY.
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YOK 628.511

MexaHi3m ynoBneHHs1 nuny B Tpyb6ax BeHTypi Ta horo moaentoBaHHs 3a

MMOBIPHICHUM MeTO4OM

B. B. fdosraniok', I. O. MedTeBa?

'K.T.H., mpod. KuiBchkuil HauioHansHuil yHiBepcHTeT Oy IiBHUITBA i apXiTekTypu, M. Kuis, Ykpaina, 2280170@ukr.net

ORCID: 0000-0002-4836-5354

*acn. KuiBchKuil Hal[ioHANBHUI yHiIBEpCHUTET Oy NiBHUITBA i apXiTekTypu, M. Kuis, Ykpaina, ir.kachan14@gmail.com

Anomayisa. Busnauenns ma onmumizayis napamempis 2i0poOUHAMIMHUX § MACOOOMIHHUX NPOYECi8 83AEMOOii 2a30NUTI08020
NOMOKY ma 3poutysanvhoi piounu 6 mpybax Bemypi € susnauanvuum 015 3a0e3neuenus 6uUcoxoi 3a2anvHoi eghexmugrnocmi
OyULeHHs 2a3i8 8I0 nuiy 6 ckpybepax. Y cmammi onucaui npoyecu, wjo 8i06ysamvca nio yac ouuwents eazy 6io nuny d
mpy6i Benmypi. 3anpononosano demanizyeamu npoyecu 63aEM00ii NUTUHOK 3 PIOUHOIO 8 KOJCHOMY eJleMEHMI 3a 008HCUHOIO
mpybou Benmypi, a maxodc y nogsimpogoodi 3a Helo, akyeHmyouu yeazy Ha HauOitbwl 3Ha4Hux ii OLAHKAX, 3a OONOMO2010
UMOBIPHICHO20 MemOOy MOONIOBANHS MACOOOMIHHUX NPOYECi8; pO32ia0amu OuPy3op AK Micye NPOOOBIHCEHH S YI06II08AHHS
nuny. Haeedeno ¢hopmyny 0ns po3paxyuky epekmueHoCmi G106MI06AHHS NULY 6 OuQy3opi, wo RiO8UWYE MOYHICMb
po3paxynkie 3azanvioi egexmusnocmi nunoenoeienus y ckpybepax Bemwmypi. fxwo npuiinamu Oougysop micyem
NPO006IICeHHs 3YCMPIYl, YMPUMANHA MA 3aXONJIeHHs NUAUHOK NO 6Cill 1020 008JICUHI, Ye 00360AUMb 6PAXYEAMU BENUKY
KLIbKICMb napamempis npoyecy 6 KOXCHOMY eiemenmi mpyou Bewmypi, oyinumu ix enaug ma 3aeanvHy eghexmuenicmo
NUN0GN06IeHHS, ONMUMIZY6amuy Hauditbwl 3HAUYWI NOKAZHUKY, 3HU3UMU Onip mpyou Benmypi, 3aowadumu eumpamy piounu
i 3MEHWUMU 3a2abHI eKCHIYAmayiini 6Umpamu Ha NUIOOYULYEHHSL.

Kmouogi crosa: ouuwenns 2azis, mpyoa Benmypi, kpanis, nUiunKa, 2a30piourHull NOmik,
UMOGIpHiCMb NOOTT, egheKMUBHICMb NUTOBILOBTICHHSL.

Beryn. TpyOu Bentypi, mjo mmpoko BUKOPH-
CTOBYIOTBCS JJIs MOKPOT'O OUMILEHHS ra3iB BiJ MH-
Jy, € IPOCTUMH 32 KOHCTPYKIII€I0 Ta €KCIUTyaTalli-
€10, MIBUIKICHUIMHU Ta BUCOKOE(QEKTUBHUMH TIpH-
ctposmu. [lpomec  mwiIoodMIieHHS B HHUX
3aCHOBAaHUM Ha KOHTAKTi MWINHOK Ta Kpamneiab po3-
MWICHOI PiAMHW 3 HACTYIMHWUM 30UTBIICHHSM Ta
VIIOBIIOBAaHHAM KOHTJIOMEPATIB  «KParuIs-MHIU-
HKa». 3a TakuM, Ha NEpIINH MOTNsAh, NPOCTHM
MOSICHEHHSIM, CTOSThL OaraTocTaaiiiHi Ta Oara-
TOpa30Bi TOBTOPHI (i3WyHI TPOIECH B3aEMOMIl
Kparenb Ta MUIMHOK MpH 1X pyci Kpi3b KoH(DY30p,
ropyoBuHy Ta qudy3op Tpyou Benrypi.

AKTyaJbHICTh AocaiazKkeHHs1. Po3yMinHS pori
KOJKHOTO KOHCTPYKTHBHOTO E€JIEMEHTY Ta Crpoda
OMHCY TPOIECiB, M0 B HHUX BIJOYBAIOTHCH, €
aKTyaJbHOIO Ta CKJIAQAHOIO 3aJayero, 10 He Mae
OJIHO3HAYHOTO BHUPIIIICHHS.

BukopucranHs WMOBIPHICHOTO TMiAXOIy JIO
ONMTHMI3alii MmapamMeTpiB MPOILECIiB Ta PEXHUMIB y
eJleMeHTax TpyOu BeHTypi MO3BOJUTH OIIHHUTH
CTYHiHb XHBOTO BIUIUBY Ha 3araibHy e(eKTH-
BHICTb IWJIOBJIOBJICHHS, BHU3HAUYUTH KOHCTPYKTH-
BHI XapaKTEPUCTHKH Ta PO3MIPH.

Bimomi emmipuuHi MeTOJM poO3paxyHKy ede-
KTUBHOCTI TpyO BeHTypi He 103BOJISIOTH Y MOBHIH
Mipi 1 KOMIUIEKCHO BpaxyBaTu 0aratoakTOpHICTh
MPOIIEeCy YJIOBIIOBAaHHS MWIMHOK Y €IUHIN Gopmy-
mi eexTUBHOCTI oumieHHs [1, 2]. CriagHicTh Ta
TPYJAOMICTKICTh MaTeMaTHYHUX PO3PaXyHKIB, IO
OMHCYIOTh TapaMmeTpu (pakuiiHoi e(eKTHBHOCTI

MTAJIOBIIOBJIIOBAYIB, 3a3BMYal, ITOB’sA3aHI 3 HEOOXi-
OHICTIO BHKOHAHHS PO3PaxyHKIB y JEKilbKa
eTariB, U0 MPU3BOANUTE O HETOYHOCTEH Ta MOMHU-
JoK. MosxauBocTi  (DI3MYHOTO  MOCTIOBAaHHS
pobodoro mporuecy B Tpybax Benrypi Ta ckpyOe-
pax, IO CTOSTh 3a HHUMH, BEJIbMH OOMEKEHHUH
yepe3 Te, IO NPU JOCHI[HKEHHI y IIHPOKOMY
JiamazoHi 3MiHU MapaMeTpiB OAHOYACHE BUKOHAH-
HS pIBHOCTEH OCHOBHUX KPHUTEPIiB MONIOHOCTI HE €
MOXJIUBHUM.

Y 3B’SA3Ky 3 BHIICBUKIAJACHUMH HEIOTIKAMHU
NPOMOHYETHCS BUKOPUCTATH HMOBIPHICHUH MiAXiz
IO ONUCY MpOLeCy BJIOBIIOBaHHS B CKpyOepax
Benrtypi. Lle#t meTox 103BONMHUTH 00paTH Ta Bpaxy-
BaTH HaWOIIbII BIUIMBOBI MMapaMeTpH Ta PO3podu-
TH MaTeMaTHYHY MOJEJb BH3HAUYEHHS e(eKTH-
BHOCTI Ta ONTHMIi3allil mapaMeTpiB MHIO0YHIIICHHS
B TpyOax Benrypi.

@opMyJIIOBaHHA ITiJIeH cTaTTi. Merta cTarTi —
3allpONIOHYBaTH  MOXJIMBICTb ~ BUKOPHCTaHHSA
HMOBIPHICHOTO TIAXOAY O OMHCY IMPOIECY YIIo-
BIIOBaHHS B TpyOax BeHTypi, mo m03BOJIHUTH
oOpaTH Ta BpaxyBaTd HaHOIIBII  BIUIMBOBI
napamMeTpH, a TaKoX pPO3POOHTH MaTeMaTHYHY
MOJIe/Ib BU3HAYCHHS €()EKTUBHOCTI Ta OMTHUMI3ALlil
napameTpiB MUIOOYHIICHHS.

OcHoBHa yactuHa. Bwukopucranas T1py0o
Bentypi s iHTeHcH(iKalii MOKpOro mwuio-
BJIOBJICHHSI 3YMOBJICHO PI3HOMAHITTSIM (DaKTOpiB,
OCHOBHHMH 3 SIKHX € MOXJIUBICTb JOCSATaHHS BH-
COKO1 3arajbHOi €(PEKTHBHOCTI IHIOOYHINCHHS,
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VJIOBIIOBaHHS JAPIOHOMMCIIEPCHOTO THITY, BHCOKA
IIBUJIKICTH MPOIIECIB, MO BiAOYBAIOTHCS, MPOCTOTA
KOHCTPYKIIii, 3py4YHICTH OOCIYroByBaHHS TOIIO.
EQexTuBHICTD yIIOBIIIOBaHHS YaCTHHOK y CKpyOepi
BenTypi 611611010 MipOI0 BU3HAYAETHCS Pe3yJIbTa-
TOM B3a€MOJI{ Kparnenb 3 YaCTUHKaMH ITUITY.

[TocmimoBHe 3’emuanus (puc.l) mpsmMoi TUTTHKH
TpyOU Ta AINSHOK, IO 3BYXKYETHCS Ta PO3IIUPIOE-
ThCs (KOH(Y30p, TOpIIOBHHA, TU(Y30p), Ja€ MOXK-
JMBICTh BIUIMBAaTH Ha 3alMJICHUN ra3 Ta 3poIly-
BaJIbHY PIAVHY, IHTEHCU(IKyBaTH KOHTAKTH THIIN-
HOK Ta Kpanenb. Koxxauii enemeHT Tpyou Benrtypi
BUKOHY€ NEBHY YaCTHHY 3arajJlbHOrO IpoLeCy MH-
JIOBJIOBJICHHS.

YV xoH]y30pi BiI0YBa€ETHCS MEPETBOPEHHS T0-
TEHIIAIbHOT €Heprii THCKY ra30BOTO MOTOKY B Ki-
HETUYHY CHEPrilo0 pyXy. 3a paxyHOK IIOCTYIOBOi
3MIHH Tiepepidy 3a JOBXHHOIO TOTIK rasy Je-
(hopMyeThCsi, HOro MIBUAKICTH 301IBLIYETHCS, Bif-
OyBaeThCs TIEpexi/ B TaMiHAPHOTO PEXUMY Tedii
o TypOyJeHTHOTO, a Tpo(dib MBHUAKOCTI II0-
CTYNOBO BHPIBHIOETBCSI 1O PIBHOMIPHO pO3-
noninenoro. CrienianbHO MiiOpaHuil KyT 3BYKEH-
HS KOH(Y30pa JO3BOJISE 3aI00ITTH YTBOPEHHIO BU-
XpOBOi 30HM TIPH BXOJAI B TOPJIOBHHY Ta
MiHIMI3yBaTH BTpaTH THUCKy Ha zaedopmauii mo-
ToKy. OCHOBHI BUTpaTH eHeprii B KOH(Y30Bi
MOB’s13aH1 TOJIOBHUM YHHOM 3 BUTPATaMH Ha TEPTSI.

b
D1

==

Puc.1 . Cxpy6ep 3 TpyOoro BeHTypi: a — mpuHIHMIIOBa CXeMa;
0 — 3MiHa podiTIo MWBUAKOCTEH 3a JOBKUHOIO TPYOH:
1 — xoH(Yy30p; 2 — ropioBuHa; 3 — 1udy3op; 4 — popcyHka;
5 — KpareBnoBioBay; W, — 3MiHa MIBUAKOCTI PiUHH, M/C;
W. — 3MiHa MIBUIKOCTI Ta3y, M/c

Ha Bxomi m0 mpsmMoi AUISTHKH TpyOW — ropio-
BUHY — IOTIK PyXa€ThCS 3 MAKCUMAaJIbHOIO ILIBU/IKI-
CTIO TypOYJEHTHOIO TEYi€l0, a TPAMI€HT THUCKY
JOCsiTa€ MaKCUMAIlbHOTO 3HaueHHA. Y audysopi
npyu piBHOMIpHOMY 30iJbIICHHI Iepepidy Biaoy-
Ba€ThCSI MEPETBOPEHHS KIHETHYHOI €HepTii MOTOKY
y TOTeHMilHY, 301IbIIEHHS] CTATHYHOTO THCKY Ta
3HMKCHHS IIBUJIKOCTI TIOTOKY, M/C, IO 3HAuCHb,
OJIM3BKMX JI0 WIBHIKOCTI Ha BXOJi B TpyOy
Bentypi. Ilpodins mBumkocti B mudysopi me-
(hOpMY€ETBECST 3 BUPAKEHUM MaKCUMyMOM OJIFDKYE
JI0 OCl Ta MOMITHHM 3HIKEHHSM 10 CTIHOK. J[ms
MiATPUMAHHA MiHIMAILHUX BUTpPAT EHEpPrii KyT
posmmpenHs audy3opa Mae OyTH TakuM, 00 M-
TpuMyBajacs Oe3Bi[pUBHA Tedis TOTOKY IPH BU-
XO/Ii 3 TOPJIOBHHH.

Sk BimOMO, OYHINEHHS Ta3iB Bil NIy B
ckpyOepax Benrtypi 3acHOBaHO Ha TOMEpPEIHIH
KOAaryJyisiiii MMIOBUX YaCTUHOK Ta Kpareib 3pOIry-
BaJIbHOI PiAWHU, 110 TIOJAETHCS 0 TpyOn BeHTypi.
[cHyrOTH pi3HI TOYKH 30py Ha ONTHMATbLHUN
crnoci6 yBeJeHHs 3pOIyBajIbHOT PiANHH.

SIKmo npuiHATH 32 OCHOBY MOAEJIb HPOLECY
OCaDKEHHS, 3alporoHoBaHy B [3], To s mocs-
THEHHA PIBHOMIPHOI TYCTHHHM 3POIICHHS PLANHY
JIOLUTFHO TIJIBOJAUTH JI0 KOH(Y30pa Ha AEIKOMY
BiJlIaJICHH] BiJl TOPJIOBHHHU.

IIpu pyci raziB y KoH]y30pi MPUCKOPEHHS,
IO JOCSTAEThCS 3a PaxyHOK TPaJi€eHTy THUCKY,
BUSIBIISIETHCA OUTHIIUM HIXK TIPUCKOPEHHSI Kparleib
y KOH(]Y30pi y CHiBBIAHOIICHHI T'YCTHHH PIAWHUA 1
rasy p,/ p.~ 10°. Benuka pi3HuISA MK MIBHAKICTIO
rasiB Ta piIMHH AO3BOJIIE PO3TIISLIATH MPOLEC SIK
¢bimpTpamiro rasiB, MO MiUBITal0Th OYHIINEHHIO,
Kpi3b 00’eMHHUI npiOHO3epHUCTHH (INbTp, 3e-
PHaMHU SIKOTO € KpalUIMHKWA BOJH. J{MCTIEepCHICTDH
Kparenpb miJl yac pyxy KoH(y30poM Oe3nepepBHO
301TBITY€ETHCS 32 PaXyHOK MOAPiOHEHHS, IO IPH-
3BOJUTH 10 301JbIIEHHS MOBEPXHI KOHTAKTY MIXK
3aMUJICHAMH Ta3aMH Ta PiIUHOIO.

Y BUMaAKy BUKOpPHCTAaHHS (POPCYHKH, IO PO3-
TaloBaHa a0 KoH(y30pa, A€ UIBHIKICTh Tra3y
3HAYHO MEHIA, a MOYaTKOBa MIBUIKICTH Kparesb
pimuHN OiibIIa, Kparul pPiIWHA CTHKAIOTHCA 3i
CTIHKaMH KOH(QYy30pa, IO MPHU3BOAUTH MO IIO-
IpiOHEeHHS Kpameib i PiBHOMIpHOMY IEPEKPUTTIO
niepepizy Tpyou Bentypi. 3 Touku 30py Teopii Ki-
HeMaTH4YHOi Koaryismii [4] Haibimpmma edexTu-
BHICTh OCQ/KEHHSI HACTYIA€ IpPH BHUCOKUX Bif-
HOCHUX IIBUJKOCTAX MK MWIMHKAMH B Trasi i
KparuisiMd piUHHA, PO3MWICHOI B MOTiK. Makcu-
MajJbHa PI3HUI [IBUAKOCTI JOCATAETHCA MPH
BBEJICHHI 3pOlIyBaHHs Oe3mocepeqHbo mepes ado
B caMiii ropioBuHi Tpyou Bentypi. [lig miero Bu-
COKOIIBUAKICHOTO TIOTOKY Ta3y Kparuli piuHH Ii/T-
JAIOTHCS IOBTOPHOMY MOJIPiOHEHHIO (pHC. 2).
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Mexy CTIMKOCTI Kparuli MO)KHA BH3HAYaTH 3a
3HauYeHHSIM KpuTepito Bebepa, mo xapakrepusye
CIBBiTHOIICHHS 1HEPIIIHHUX CHJI Ta30BOTO MOTOKY
JIO CHJT TOBEPXHEBOTO HATATY:

We = p,w.Sd./20,c, 1)

IIe G - Koeh(PUIliEHT MOBEPXHEBOTO HATATY Piav-
HH, H/M; p. - TYCTUHA rasy, KI/M°; W, — IIBUJIKICTh
ra3y BiIHOCHO Kparuii, M/c; d, - aiameTp mepBicHOL
Kparii, M.

IIpu We > W, Kparuis BTpadae CTIHKICTH Ta
MOYHMHAE JPIOHUTHCS, a BIUIMB Ha KPAIUTIO TIOTYX-
HUX IMIYJbCIB THUCKY Ta IIBUAKOCTI NPHU3BOIHUTH
o BUOyxoBoro mojpioHeHHs (puc. 2). Ha Bxoxi y
TOPJIOBHHY, KOJIA BIJIHOCHA IIBUJIKICTh Ta3zy 1
kpamuti gocsrae 100 mM/c 1 Oinbline, 3HaueHHS W,
norpamisie B gianason 10° < W,, <10°, mo xa-
paKTepu3ye peXHM Iii Ta30BOr0 TOTOKY Ha
KpaimJiro, 3a SIKOro BiOyBaeTbcs BHOYXOBE IIO-
IpiOHeHHs nepBicHUX (micns GopcyHKH) Kpameib
Ha Oe3mid qpidHux [5].
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Puc. 2. BubyxoBe monpiOHEHHS Kparuli ra30BUM IMOTOKOM

EdexTuBHICTD 3aXOIUIEHHS TyKe APIOHUX MH-
JUHOK B TpyOi BeHTypi 3pocTae 3 pocToM HIBHI-
KOCTI Ta3iB y TOPJIOBHHI, 3MEHIICHHIM PO3MIPY
Kpamnenb 1 30UIBIIEHHAM ITMTOMOTO 3pOIIEHHS.
OnTuMalibHE CHIBBIAHOIIEHHS MK IIBUAKICTIO Tra-
3B y ropioBHHI TpyOM 1 3HAYEHHSIM MHTOMOTO
3pOIIEHHS CHEU(ITHO I KOKHOTO MUITY 1 3aie-
JKUTh BiJl HOro JucrepcHoro ckmany. Tak, mpu
VIIOBIIIOBAaHHI NWJIMHOK, PO3MIpU SKHX MEHIIE
0,1 MKM, BenMKe 3HA4YeHHS HaOyBa€ TPHUBAIICTh
KOHTAaKTy 3allMJICHUX Ta3iB 3 MOBEPXHEI0 JTUCIIEp-
TOBaHOI PiIWHU. 3TiHO 3 JOCIIUKCHHAMHU [6],

3aXOIJICHHA YaCTWHOK KpaIrIsiMHU BiOyBaeThCS He
TIIBKH B caMili TOPJIOBUHI, ajie TpuBae i B audy-
30pi, Ha BiJICTaHi Bifl TOPIOBUHM, IO MEPEBUIILYE
10-kpatHuit JiaMeTp OCTaHHBOI.

Y nudy3opi MWBHAKICTH Kpameib MOYHMHAE
NEepEeBUILYBaTH MBHUAKICTh Ta3zy. Kparm Haszmora-
HSFOTH 1 BJIOBIIOIOTH BiJIbHI MTOPOIIMHKH, CTHKAIO-
TBCS 1 37MBAIOTHCS 3 OUTBII JPIOHUMHU KparUIsIMH,
AKI BXE YTPUMYIOTh NWIMHKU. BinOyBaeThcs
30UTBIIEHHS KpaIeahb 3 YJIOBICHHMH YacTKaMH 0
pO3MipiB, 3a SKUX BOHH JIETKO MOXYTh OyTH
BUBEJICH] 3 IOTOKY B iHEPLIITHOMY KparjieBJIOBIIO-
Bayi.

KpiMm BUIIEBUKIAACHUX 1 OMUCAHUX IPOIICCIB
B3a€MOIl NUJIMHOK 3 KpaIUIIMH, OCA/KEHHsS dYa-
CTHHOK 3 MOTOKY BiZI0yBAa€ThCS 1 HA TOHKY ILTIBKY
3MOYEHHX IOBEPXOHb KOH(Y30pa, TOPJIOBHUHH 1
mudys3opa [7]. TypOyneHTHHUH pexuM pyxy i
TypOyneHTHi mynbcauii B Tpy0i BeHTypi € Baxmu-
BUM (aKkTOpoM iHTeHCH(IKaIlii MMHIOBIOBIIOBAH-
. [lIBuaKicTe mymibcarii 3 HaONMKEHHSM 1O
CTIHKH 3pOCTa€ 1 MOYMHAE CMafaTh Ha Ay>Ke Mamii
BijcTaHi Bix Hei. ToMy, He3BaKalO4YW Ha IMOBHE
3aXOIUICHHSI YaCTUHOK TYpOYJCHTHHM TIOTOKOM B
[EHTPAIbHIA YaCTHHI, TOOIHU3y CTIHOK Ha HUX MO-
JKyTh BIUIMBaTA 3HAYHI IHEPIHiHHI CWIH, IO
COPUSIOTH IXHBOMY OcapkeHHI0. OpHak yepes
CKJIQJIHICTh MOJICJIIOBAHHS W OMKUCY IHEPLIKHOTO
0CaPKEHHSI YaCTHHOK Ha CTIHKax 3 TypOyJeHTHOTO
MOTOKY, 3pY4YHI 1O 3aCTOCYBaHHS PO3PaXyHKOBI
3aJIe)KHOCTI BiJICYTHI.

Skmo 3acrocyBaTH  HMOBIPHICHHMI — METOJ
MOJICTFOBaHHSI MacOOOMiHHUX TporeciB [8, 9], To
IIe JO3BOJINTH JETANi3yBaTH MPOIECH B3aEMOJIIi
MAJIMHOK 3 PIIUHOI0 B KOKHOMY €JIEMEHTI TpyOu
Bentypi, akueHTyloun yBary Ha HalOIbII
3HAYHUX Ha KOHKPETHIH JiISHIIL.

Hanpuknan, audysop ciix posrisuaTte, sK i
TOPJIOBHHY, MICIIeM IIPOJOBXKEHHS 3yCTpidi, 3i-
TKHEHHS, YTPUMaHHA Ta 3aXOIUICHHS MHJIMHOK
KpamysIMUA y BCi HOro IOBKHHI, aje NpH 3HMXKE-
Hill MIBUIKOCTI, 301BIIEHOMY Yaci KOHTaKTiB Ya-
CTHHOK, 3HIKCHHI CTymeHs TypOyJi3auii MoToKy, 3
ypaxyBaHHSM IUTIBKOBOTO PEKUMY Tedii piIMHN Ha
cTiHkax. EQeKTUBHICTh MHJIOBIIOBIIOBAaHHA OyIe
3aJie’KaTH BiJ JOBXHUHU An(y30pa i KyTa iioro pos-
KPHUTTS. SIKIIO po3minuTu Iudy30p 3a ITOBKUHOIO
Ha YMOBHI JUISTHKH, TO 3arajibHa e()eKTHBHICTH
PO3paxoBYEThCS IUIIXOM JOJaBaHHS e(eKTH-
BHOCTI Ha KOXHIiH AUTEHMLI 32 (opMyJIoL0:

n
Eme:z ri 2

i=1

2
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e 71 — KUIbKICTh €JIeMEHTapHUX AUISTHOK audy- BucHoBKH. SIK10 npuiiHATH IUQY30p MicleM
30pa 3 Pi3HUM MEepepi3oM Ta MBUAKICTIO MOTOKY; MIPOJOBKEHHS 3yCTPivi, yTPUMaHHS Ta 3aXOIJICHHS
i — IOTOYHUU HOMEp IUISHKH; 7; — IMOBIpHICTB MAIAHOK 32 BCI€I0 HOTO JOBXKHUHOIO, 1€ TO3BOJIUTH
VIIOBITIOBAHHS MIAJTY Ha JISTHIII. BpaxyBaTH BEJIHMKY KiIBKICTh MapaMeTpiB MpoIecy
3a mudys3opoM y 3BHUUAHOMY TpPyOOTPOBOII B KOXHOMY eJeMeHTI TpyOou BeHTypi, oiiHuTH
MOJJIMBE TIOJANbBIINE BIIOBITIOBAHHS MMHJIMHOK ixHill BIUIMB Ha 3aralibHy €(EeKTHBHICTH IHJIO-
KpaIusiMu, SIKIIO 1€ BJIOBIIOBAaHHS HE BimOysocs B BJIOBJIEHHSI, ONTHMIi3yBaTh HaHOUIBII 3HAYYII
mudysopi. Moro Tex MoxkHA BpaxyBaTH sK MOKAa3HUKW, 3HU3UTH omip Tpyou BeHntypi,
monmatkoBy n+ 1 nminsHKy Big nmudysopa g0 3a0MIaIUTH BUTPATy PIIMHU 1 3MEHIIUTH 3arajibHi
KpaIuIeBJIOBIIOBAYA. eKCIUTyaTalliiHI BUTPATH Ha MHIO0YHUIIIEHHSI.
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YOK 628.511

MexaHu3m ynaBnuvBaHuA Nbiyin B pr6ax BeHTypu n ero mogenupoBaHue no
BepPOATHOCTHOMY MeToAyY

B.B.Josraniok', N. A. MNedTesa?®

'n.17.1., npo¢. KueBckuii HallMOHANBHbIA YHHUBEPCUTET CTPOUTENLCTBA U APXUTEKTYPH, T. Kues, Ykpaunna, tgsiv@ukr.net
“acr. KueBCKuii HAIMOHANBHBIH yHUBEPCUTET CTPOUTENLCTBA U APXUTEKTYPH, T. Kues, Ykpauna, ir.kachan|4@gmail.com

Annomayus. OnpedenieHue u ONMUMU3AYUS NAPAMEMPOS 2UOPOOUHAMUYECKUX U MACCOOOMEHHBIX NPOYECCcOs 63aumooeli-
CMBUSL 2A30NbLIEB020 NOMOKA U OPOCUMENbHOU 600bl 6 mpybax Bemypu asnaemca onpedenaiouum 0s. 0becneyenus 8bico-
Kot 0bwetl dpexmusnocmu ONUCKU 2306 OM NbLIU 6 CKpyObepax. B cmamve onucanvt npoyeccyl, npoucxoosuue 60 epe -
M5 ouucmKu 2asa om nuliu 8 mpyoe Benmypu. IIpeonoxceno oemanusuposanms npoyeccsl 83aumo0eicmaust NolIuHOK ¢ HCUo-
KOCMbIO 8 KANCOOM dlieMenme no onune mpyovl Benmypu, a makoice 6 6030yx0600e 3a Hell, AKYeHMUPYs 6HUMaHUue Ha Hau-
bonee 3HAUUMENbHBIX €€ YYACMKAX, ¢ NOMOWbIO 8EPOIMHOCIMHO20 Memodd MOOEIUPOBAHUSL MACCOOOMEHHBIX NPOYECCO8;
paccmampugams oupysop kak mecmo npooondicenus yragiusanus nvliu Ilpusedena gpopmyna o0asa pacuéma s¢pghexmueno-
cmu yIaenueanus nuliu 6 oug@ysope, umo nogviuiaem mMo4HOCMb PAciémos odwel 3hexmueHocmu nolieyiasiueanus 8
ckpybbepax Benmypu. Ecnu npunams ouggysop mecmom npoooadiceHus 6cmpeyu, YOepiucanus u yeneueHus noliuHOK no
6cell e2o Onume, IMO NO3E0NUM YUechb OONbUOe KOTULECME0 Napamempos npoyecca 6 Kaxcoom snemenme mpyovi Benmy-
DU, OYeHUmb ux GuUAHUE HA 0OWYI0 IPPOEKMUBHOCTb NLINEYIAIUSAHUS, ONMUMUIUPOBAMb HaubOoIee 3HAYUMble NOKA3ame-
AU, CHU3UMb conpomuenenue mpybvl Benmypu, cokoHoMums pacxoo #cuOKoCmu u YMeHbUUms 06ujue SKCHiyamayuoHHbie
Pacxo0bl Ha NBLICOYUCIIKY.

Kutouegwvle cnosa: ouucmka 2azo8, mpyba Benmypu, xanis, noliunKa, 2a30#Cu0KOCMHbLL NOMOK, 3¢)-
exmusrHocmo nuLIEYIABIUBAHUSL.
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The Mechanism of Dust Trapping in Venturi Pipes and its Simulation by the
Probabilistic Method

V. Dovgalyuk’, |. Pefteva?
'PhD, professor. Kyiv National University of Construction and Architecture, Kyiv, Ukraine, tgsiv@ukr.net
?Post-graduate student.' Kyiv National University of Construction and Architecture, Kyiv, Ukraine, ir.kachanl4@gmail.com

Abstract. Venturi pipes, widely used for wet cleaning of dust gases, are simple in design and operation, high-speed and high-
performance devices. The process of dust cleaning in them is based on the contact of dust and droplets of the spray liquid
with the subsequent increase and capture of "droplet-speck” conglomerates. For this, at first glance, a simple explanation,
there are multistage and repeated physical processes of the interaction of droplets and dust when moving through the con-
duit, the neck and the diffuser of the Venturi pipe. Determination and optimization of parameters of hydrodynamic and mass-
exchange processes of interaction of the gas-dust flow and irrigation fluid in the Veturi pipes is crucial for ensuring high
overall efficiency of cleaning gases from dust in scrubbers. The article describes the processes that occur when cleaning gas
from dust in the Venturi pipe. It is proposed to elaborate the processes of interaction of the dust with the liquid in each ele -
ment along the length of the Venturi pipe, as well as in the air pipe behind it, focusing on the most significant sections of it,
using the probabilistic method of mass transfer processes simulation, consider the diffuser as a place for the continuation of
dust capture The formula for calculating the efficiency of dust capture in a diffuser is presented, which increases the accu-
racy of calculations of the total efficiency of dust extraction in the Venturi scrubbers. If the diffuser receives a place for the
continuation of the meeting, the holding and moving of the specks throughout its length, this will allow for taking into ac-
count the large number of process parameters in each element of the Venturi pipe, assess their impact on the overall effi-
ciency of dust extraction, optimize the most significant parameters, reduce the resistance of the Venturi pipe, save liquid flow
and reduce overall operating costs for dust removal.
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AHani3 Ta po3paxyHKu ekcepreTuyHoro KoediuieHTa KOPpUCHOI Ail LWWUBUAKICHUX
BOAO-BOASAHUX TENSIOOOMiHHUKIB ANA rapsiyoro BoAonocTayaHHs

O. M. lonuwes', B. I. OeHbry6?, B. A. KoHoBaniok®
JITH npod. KpuBopizpkuii HallioHa bHUH yHiBepcuTeT, M. Kpuswmii Pir, Ykpaina, amgolyshevtvv(@gmail.com

KTH , oul. KpuBopi3pkuii HallioHAIEHUN YHiBepcHuTeT, M. Kpusnii Pir, Ykpaina, vitdengub@gmail.com

’k.T.H., o1, KuiBchkuil HaliOHATBHUH yHIBEPCUTET Oy IiBHUITBA i apXiTekTypH, M. Kuis, Ykpaina, viktoria.konovalyuk@gmail.com

Anomayia. Po3pobnena memoouka po3paxynky excepeemuunozo koegiyicnma xopucnoi 0ii (EKKJ]) ax ona oxpemux
eleMeHmie menio0OMIHHUX anapamie, max i 01a eciei KoHcmpykyii. Ha ocHo8i 6i00Mux meniomexHiuHux 0auux 6UKOHAHI
pospaxyuku EKKJ] oonocmynenesux i osocmynenegux mennooominnuxie. Bcmanoseneno, wjo EKKJ] oonocmynenesux
meniooominHuKie Koausaemvcs ¢ medcax 0,74...0,77, a osocmyneneeux — 0,84...0,86 i npaxmuuno He 3anedxcamv 6i0
KOHCMpPYKYii ma cnocoby npucoHanHs 00 mpybonposodie mennosoi mepesci. Bmpama excepeii y wuokicHux
MenniooOMinHUKax 3 Qi3uyHOl MOYKU 30pY NOACHIOEMbCA 3MIHOIO memMnepamypu (RUmomolo MenioEMHICMIO) npu
Meni00OMIHI | 8i06€0eHHI HASPIBANLHUX NOMOKIE 30 MEJNCI CUCmeMU 2apa4o20 eooonocmauants. Iliosuwenns 3nauenns
EKKJ[ moocnugo 3a paxyHox 30inbuenns KitbKocmi cekyiti meniooOMiny, ane 3 npakmuyHoi moyKku 30py 60HO HeOOYinbHe i
6inbut 2nubOKe 0XON00ICEHHA HASPIBATLHO20 MENTOHOCIA MOICE GUKTUKAMU NOPYULEHHA MEMNEPANYPHO20 PeNHCUMY CUCTEM
onanenns. Ilepexio 0o zpynogux i iHOUGIOyanbHUX CucmeM MENIONOCMAYANHL OOMEdNCYE 3aCmOCy6ants WEUOKICHUX
MennoobMIHHUKIE 01 2apAu020 6000nocmayanHs. Ixue suxopucmauns OoyintoHe 6 MENIOBUX MEpPelcax 3 NOMyHCHUMU
Ooicepenamu mennomu, Hanpuxiao 6i0 TEL] abo npomucnogo-onantoeanvhoi komenvui. /[na eghekmueno2o GUKOPUCMAaHHsL
mennogoi ewepeii 8 npoyeci NiO20MOBKU 2apsAY020 B00ONOCMAYANHA OANCAHO BUKOPUCHOBYBAMU MENT00OMIHHUKU-

3MIWY8ayi Mmeniosux nomoxie.

Knrwouosi  cnosa:  excepeemuunuil
Menio00MIHHUKU-3MIULY8A Y.

Beryn. Bracnmigok BIDIMBY eKOHOMIYHHX,
TEeXHIYHUX 1 comiagpHUX (akTopiB y OiIbIIOCTI
MicT YKpaiHH BUHHKIM CYTT€BI mpoOiemu i3
3a0€3IIeUEeHHsAM CII0KHMBAYiB SIKICHMM TEIUIOIO-
CTAaYaHHSIM 1 TEHTPATI30BAaHUM TapsiauM BOJOIIO-
ctadaHHsAM. [lepClieKTHBHMMHU HamnpsMKaMd BU-
XOJly 13 CKIIQJHOI CHUTyallii MOXYTh OyTH SIK Bij-
MOBa BiJl TEIJIOBUX MepeX OaraTokiIoMeTpoBOi
NPOTSHKHOCTI, HAOJMKEHHS JpKepeia TeIUIOTH 0
CMOKMBAYa MUIAXOM JIEIEHTpali3amii TerIoBUX
KOTelleHb, BBEJEHHS B EKCIUTyaTallil0 TPYIMOBUX
a00 OYIMHKOBHUX KOTEJCHb, TaK 1 KOMIUICKCHA Te-
PMOMOJICpHI3allisl ICHYIOUMX CHCTEM IICHTpalli-
30BaHOI0 TEIUIONOCTAYaHHS.

AKTyaJbHiCTh HAoCHiIKeHHsA. IS BETMKUAX
MICT Yepe3 iICTOTHY KOHIICHTPAIiF0 HACEICHHS CH-
CTeMa IEHTPAi30BaHOTO TEIUIOTIOCTAYaHHS 1 Tapsi-
Yoro BOJOIIOCTAYaHHSA 3aJUIIA€ThCS HaHOLIBII
posmoBciopkeHo0. ToMy mpoOiiemMa eQeKTUBHOT
po0OTH SK B IJIOMY CHUCTEMH TEILUIONOCTavaHHS,
TaK 1 OKpEeMHX eJEeMEHTIB CHCTEeMH IIeHTpalli-
30BaHOTO BOJOIOCTA4YaHHS B YMOBax iCTOTHOTO
JIOPOKIAHHS EHEepProHOCIiB € 0CO0JINBO
aKTyaJIbHOIO.

Y 3B’A3Ky 3 UM BHHHKAE€ HEOOXiTHICTH
MIPOBEJICHHS aHAaJi3y JOIIBHOCTI BUKOPUCTAHHS
ICHYFOUMX IIBHJIKICHUX TCIJIOOOMIHHUKIB IS ITiJ[-
TOTOBKH Taps4oi BOAM I TOTpeOd HACEIICHHS.
Koedimierr xopucHOi Ail BCiX THMIB BOJO-BOIS-

Koeiyienm

KopucHoi  0ii, mennooOminHi  anapamu,

HUX Ta BOAO-TIAPOBHX TEIUIOOOMIHHHKIB 3a Oasa-
HCOM BUKOPUCTAHHSM IiJIBEJICHOI Ta BUTPA4YCHOI
TEIJIOTH HaONIWKaeTbes A0 oguHuui. [Ipu mpomy
HE BPaXxOBYETHCA YaCTKA TEIUIOTH, IO BiABOJIUTHCS
3 amapaTiB TemtooOMiHy. lle sBHIE MOXIIHBO
JOCHIUTH 32 JOTIOMOTOI0 €KCEPreTUYHOro Koedi-
nieHTa kopucHoi mii. [IpoBeneHi mocmimkeHHs J10-
3BOJISIFOTH BHOpAaTH 1 pPEKOMEHIyBaTH HAHOUTBII
E€KOHOMIUHI amapatd TeIrooOMiHy IS Tapsyoro
BOJIONIOCTaYaHHS.

OcranHi gocaigxeHHss Ta  myOJikamii.
TeopeTnuHi THUTAaHHS TEPETBOPEHHS EHEprii TiJ
Yyac 3J[IHCHEHHS MPOIECIB, MOB’SI3aHUX 3 BUKOPH-
CTaHHSAM TEIUIOTH, BUKJIAZAEHI B HaBYaJIbHIM JIiTE-
patypi 3 TtepmomumHamiku [1...3]. OcHOBHi
peKoMeHaMii 010 MPOEKTYBaHHS CHCTEM TEILIO-
MOCTa4YaHHs 3arayibHOBimoMmi [4...7]. Hdocmimxeri
EHEepreTHYHi OCHOBH TpaHC(hOpMaIli TemIoTH Wi
MPOIECIB  OXOJOMKEHHS Ta  po3poOsieHuit
EKCepreTUYHUIN METOJ TePMOIUHAMIYHOTO aHaJi3y
pobotu imxenepHux cucreM [8...10]. Po3pobneni
METOJMKA  PO3PaxyHKiB  C€HEpPreTHYHol  Ta
eKCepreTHUHOi e(EeKTUBHOCTI CHCTEM Tapsadoro
BOJIONIOCTAaYaHHS 1 KOHIWI[IOHYBaHHS TIOBITPS
[11..13]. ¥ Toif xe dYac mpuh BUBYCHHI i
NPOCKTYBaHHI  IIBUAKICHUX  TEIJIOOOMIHHHUKIB
OCHOBHA yBara IpHJiJieHa po3paxyHKaM TerIoo0-
MiHY 3a BiZICYTHOCTi IXHBOI €KCEPTeTUIHOI OIIHKH
4, 7].
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@®opMyJIOBaHHA Wijel crarTi. Meroro
poOOTH € OILlIHKa Mpane3laTHOCTI BOJO-BOASHHUX
MIBUIKICHUX TEIUIOOOMIHHUKIB Y CHCTeMax Taps-
YOT0 BOJONOCTAYaHHS 3 TOYKHU 30PY TEPMOJHHAMI-
KM Ta OIiHKA iXHBOI €KCepreTUIHOi e()eKTHBHOCTI
(KKA).

Jlst TocsATHEHHS METH JTOCHIIKEHb HEOOX1THO
BUPILIMTH HACTYIIHI 3a7adi:

1) crBoputu METOJTUKY PO3paxyHKy
ekceprerranoro KK (EKK]) sk mis oxpemux
€JIEMEHTIB KOHCTPYKIII BOJO-BOASHHUX TEILUI000-
MIHHUKIB, TaK i JJIsl TEIUIOOOMIHHOI YCTaHOBKH B
uijgomy;

2) mpoBectn HeoOximHi po3paxyHku EKKJ]
BiJIOMHX IIBHJIKICHUX TCTJIOOOMIHHUKIB 3 BUKOPH-
CTaHHAM TETUIOTEXHIYHUX XapaKTEPUCTHUK;

3) mpoBecTH aHali3 pe3yIbTATIB JOCIiIKEHHS
1 c(OpMYJTIOBATH HAYKOBO-TTPAKTUYHI BUCHOBKHU.

OcHoBHa yactuHa. [Ipane3naTHicTh TepMOIU-
HamiuanX cuctem (TC), mo BHUKOPUCTOBYIOTHCS
B TEIUIOBHX MAIlIMHAX 1 TEIDIOOOMIHHUX araparax,
XapaKTePU3YEThCS EKCEPreTUYHUM KOe(illiEHTOM
xopucHoi nii (EKKI) — #.. Best Temnora, kBT, mo
Hagxoauth 1m0 THC, po3momiiseThess HACTYITHUM
YUHOM: OJTHA 13 CKIIAJIOBUX — €KCeprisa e, KBT, BU-
KOHY€ KOPHCHY POOOTY, IpyTa CKIaJ0Ba — aHEepTisd
a, kBT, 6e3 KOpUCTI BUTpada€eThCs MPH TEII000-
MiHI 3 HABKOJIMIIHIM cepeoBullieM. J[pyruii 3aKoH
TepMouHaMiku 3 BukopuctanusM EKKJ] mae Ha-
CTYITHUH BUTIISI

e
eta’

n.= (1)

Y TemnooOMIHHMX amaparax eKCeprier e,
kBT, € Temora, 10 HAAXOAUTh 3 OUTBII TapSYUM
TeIIoHoCcieM e = (O, kBT Ta amepris a, kBT, mo
Ma€ Micle B TEIIOOOMIHHUKY, PO3PaxOBYETHCS
3rigHO 3 Teopemoto ['roi-Crogonu [1, 2]:

I 1

——|, KBT.
T, T],KT

anTO (2)

Jie g — TeIioBa NOTYXHicTh, KBT; Ty — Temmneparty-
pa HaBKOJIHMIIHBOTO cepenoBuia, K; 771 7> — 3Ha-
YeHHS TEMIIEPATyp, PH AKUX BiIOYBAETHCS TEILIO-
oowmin (7, > T»), K.

BuknagenHss martepiany Ta pe3yJbTaTH.
[TimroroBka raps4oi BOAW B CIEIiaTi30BaHUX Te-
TUTOBUX ITYHKTaX TEIIOBOI MEPEXi MOXKeE 3I1HCHIO-
BaTUCH Yy IIBUIKICHUX TEIUIOOOMiHHHMKaX. 3a
CBOEIO KOHCTPYKIII€I0 BOHU MOXYTh OyTH po30ipHi
41 Hepo30ipHi, KOKYXOTpyOHI a0 IIacTUHYACTI,
OITHO- a00 JBOCTYIIEHEBI 3a KINBKICTIO CTYIEHIB
migirpiBy Boau [5, 6, 8]. IlIBuakicHi TermooOMiH-

HUKH JIO TPYOOIPOBOJIIB BOJSHOI TeIJIOMEpeKi
NpUENHYIOTECS: 1) mapaneiabHo 10 CUCTEMH omaje-
HHS (OJIHOCTYNEHEBHI TETUTIOOOMIHHUK); 2) mapa-
JIETBHO-TIOCTIZIOBHO IO CHUCTEMH OIajieHHs (IBO-
CTYIICHEBUH TEIUIOOOMIHHUK); 3) MOCIIOBHO [0
CHUCTEMH OTaJeHHs (IBOCTYIIEHEBHI TEILIOOOMIiH-
HUK); 4) B HEONATIOBAILHUH MEpioJ] [BOCTYIICHEBI
TEIUIOOOMIHHUKHU 3 CHCTEMOIO OOB’SI3KH IEPIIOTO
Ta JIpYyroro CTyNEHs MiAIrpiBy MEpeBOIATHCS Ha
OJTHOCTYTICHEBHH MiIrpiB 3 O€3MocepeHiM PUeE-
HaHHIM JI0 TPYOOITPOBO/IIB TEILUIOBOI MEpEeXKi.

[Ipu npoextyBaHHi 1 eKcIulyaTtarmii MIBHIKi-
CHHUX TEIUIOOOMiHHHMKIB HEOOXiZHO BpaxoBYBaTH
PSA TEIUIOBHX 1 TEXHIKO-€KOHOMIYHMX BHMOT. J[0
TETJIOBUX BUMOT BIJJHOCSATBH: 1) TEMJOBY MOTYX-
HICTh TOTOKIB Tapsyoro TEIUIOHOCIS Ta MOTOKY
miAroToBiIeHoi rapA4doi BoauM  (BOHHM  MaroTh
OJTHAKOBI 3HAa4YeHHs); 2) IUIONII TEIUIOOOMIHY MiX
NMOTOKaMHU TEIUIOHOCIiB  B3a€MOIOB’SI3aHI  MiX
co00f0 1 BU3HAYAIOTHCS KOHCTPYKIIEIO TEILUI000-
MiHHHKA; 3) IJIOMII TEIIO0OMIHY MaroTh OyTH Ta-
KAMH, 100 TeMIepaTrypa OXOJOMKEHOTO TeIlIo-
HOCIS, 110 HAAXOJUTh y TMEPIINHA CTYIiHb MiIiTrpiBy
XOJIOMHOI BOAOMPOBIAHOT BOAM ab0 y 3BOPOTHIH
TpyOOIIPOBiJl TEIUIOBOI Mepexi, He MopylryBaja
rpagik peryaioBaHHS PEXUMY POOOTH TeEmIOBOL
Mepexi. Jlo TeXHiKO-eKOHOMIYHHUX BHUMOT Hale-
JKaTh KalliTalbHi BHTpaTH (BapTiCTh KOHCTPYKIIi
TEIIOOOMIHHHMKA 3aJICKHO Bij THITY Ta IUIOIII Te-
TI000MiHY), eKCIUTyaTaliiHi BHUTpaTH (BapTiCTh
PEMOHTHHX POOIT, BTpaTH eJCKTPOCHEepTii Ha
MOJOJIaHHS OTMOpPY PYXY MOTOKIB TEIUIOHOCIIB TO-
110).

3 [OTpUMaHHSIM  BUILIEBKa3aHUX  BUMOT
HOPMATHBHUMH aKTaMHU pO3poOiieHl ¥ 3akpimieHi
METOAMKU PO3PaxyHKy Ta MPOEKTYBaHHs IIBUAKI-
CHUX TEIUIOOOMIHHUKIB JJIS MiATOTOBKH Tapsiduoro
Bojonioctauanus [4, 7]. Ha ocHOBI IuX METOAMK y
HaBUYANBHIN JiTeparypi HaBeleHI MPUKIaId po3-
paxyHKiB pi3HHX THITIB TETUIOOOMIHHHKIB [5, 6].
BuxinHi Ta KiHIIEBI JaHi IUX pO3PaxXyHKIB BUKOPH-
CTaHO aBTOpaMu AaHol ctatTi st oriHku EKKJI
TETI000MiHHHKIB.

Meroauka BuszHaueHHs EKKJl mBuakicHHX
TEIJIOOOMIHHUKIB TIATOTOBKHA Tapsdoi BOIU 3
BOJIOTIPOBIZHOT moJisirae B HacTymHoMy. KinbkicTb
Terwmotd (), sKa MiABOAUTECS 3 MEPEKEBOIO
BOJIOI0, JOPIBHIOE KITBKOCTI TEIJIOTH, BUTPAYCHOL
Ha TiAIrpiB BOAOMpOBiAHOI Boau. ToMy BBaxkae-
ThCS, IO €KCepris ans TeriooOMiHHWKa e = (O,
kBT. Aje uepe3 HEOAHOPIAHICTH TEMIEpaTypH IO-
TOKIB TEIJIOHOCITB 1 3MiHY KOC(II[IEHTIB TEILJIOBI -
Jadi B CTYNEHSAX TEIUIOOOMIHHUKA MpPUCYTHS Ta-
KOX aHepris (a), KBT.
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Amneprisi (a.) B CTyHeHAX TEIIOOOMIHY st
MOTOKIB MEpEXeBOI BOAM PO3PAXOBYETHCA 32
¢dhopmyoro:

azi: qi TOi

1
7. T 3)

eli

ne i= 1, 2 — cryneni Termooominy; 7., — TemMmepa-
Typa MEpeXeBOI BOAM, ULIO0 BXOAWTH B I-THH
cryninb, K; T.,; — Temneparypa MepexeBoi BOIM,
10 BUXOAMTH 3 LBOTO X cryneHs, K; g; — remiosa
MOTY>KHICTB 1-TOTO cTynens, kBt; 7y — Temmepa-
Typa BOJOMPOBIAHOI BOIM, IO BXOAWTh B i-THH
CTyTIiHb Tiairpiy, K.

ITicns pospaxyHKy aHeprid (a.) i (a.) ans
MEepUIor0 1 JAPYroro CTymeHs, IXHi BiJNOBIgHI
EKK (#c21) 1 (#.:2) pO3pax0OBYIOThCS 3a 3arajibHOO
¢dopmymoro (1). PesynpratHe 3HadeHHS (#..) VI
IIOTOKY MEpeXeBOoi BOAM PO3PAXOBYETHCS Ha
OCHOBI 3aJIeKHOCTI:

0

M= .
Q+a<’1 +a32

(4)

Orminka 3HaYeHb aHeprii, KBT, (@) 1 (a.) A
TEmI000MiHy B MEpUIOMY Ta APYTOMY CTYIEHSX
NP MiAIrpiBi BOAONPOBITHOI BOAM 3iHCHIOBaIaCs
3a popmymnamu, ananorigaumu (3) Ta (4). Y mux
dbopmynax 3HadeHHs 7., 7., 3aMiHIOBaJIUCh Ha
TemnepatypH Ty, — BUXOLY BOAOMIPOBITHOI BOAM 3i
CTyNeHs MiAirpiBy Ta Ha 3Ha4eHHS T, — BXOIY
BOJIOTIPOBIHOT BoaM 31 cTymeHs. st BogonpoBi-
HOi BOJM 3a 3HaueHHs 1, TpuiiManacs
TeMIepaTypa BUXOy MEPEKEBOT BOJH 31 CTYIICHS.

[Ticns po3paxyHKy 3HAYEHbB dy; 1 dy2 PE3YNbTa-
tHe 3HadeHHs EKKJ] #. anms motoky BomompoBif-
HOi BOJIM po3paxoByBaiocs 3a (GopMmysoro, aHaio-
TiYHOIO 3anexHocTi (4). Ha ocHOBIi paHime o04n-
CIIEHWX 3HAYeHb aHeprii 4. 1 a. po3paxoByBaBCS
exceprernunuii KK/ (EKK/]) Bchoro TemnooOMiH-
HUKA!

n= 0

O+a, +a,+a, +a,

)

V 1abi. 1 HaBeneHl BUXiAHI AaHl JUI IIBUJIKI-
CHHX TEIUIOOOMIHHMKIB, II[0 B3STI 13 BIOMUX JIiTE-
paTypHHX JKepen [6, 7], a came, OJHOCTYIIEHEBI
Ta JBOCTYIIEHEBI KOXYXOTpPYOHi 1 TUTacTHHYACTI
TETUIOOOMIHHUKHY, 1110 TPUEIHAHI 32 MapalieNIbHOIO,
MOCIIZIOBHOIO Ta JIBOCTYIIEHEBOIO CXEMOIO JI0 CH-
CTEMH OITaJICHHS.

3a pe3yibTaTaMu PO3paxyHKiB, MPOBEICHUX 3a
¢dopmynamu (3) i (4) u1g pi3HUX CTYIIEHIB TEIUIO-
00MiHy Ta Pi3HHX 32 TEMIIEPATyPHUM MOTEHITIAIOM
TEIUIOHOCIIB (MepekeBa Ta BOAOIPOBITHA BOAA),
OTpUMaHi 3HAYCHHS aHEPTid d., dv, d., dx 1 BiJI-
noBigHi iM EKK/] (Tadm. 2).

AHai3 OTpUMaHHX JaHUX JIO3BOJIAE€ BUSBHUTH
nactynHe. EKKJ] nBoctyneHeBux Terio0OMiHHU-
KiB BUIIIMMH, HI) OIHOCTyNeHeBUX (7. =~ 0,85 mpotu
n.~0,77), 60 B TepmUX  3aCTOCOBAHUU
MOTIEPeTHINA TIAIrpiB BOJOMPOBITHOI BOIH Mepe-
JKEBUM TEIUIOHOCIEM IIICHS CUCTEMH OTIAJICHHSI.
Jis mBOCTYNEHEBUX TEIJIOOOMIHHUKIB 3HAYCHHS
EKKJI mpakThyHO HE 3aJeKHUTh BiJl CXEMH MIPHUEN-
HAaHHA 1O CUCTEMHU OIAJIeHHd 1 Bijg IXHBOI KOH-
CTPYKIii (KOXyXoTpyOHiI Ta miactuH4Yacti). o
CTOCY€ETBCS CTYIIEHIB TEIUIOOOMiHY, TO JIpyTi
cryneni Matote Oinbmuit  EKKJ[ wHix mepimi,
OCKUTBKM B HHUX TEIUIOOOMiH BiIOYBa€ThCS IpH
OLTBPIIMX TIepernaaax TeMIIepaTypH, HiXK y MepIInx
CTYTICHSIX.

VY uinomy, 3 iHXKEHEPHOI TOYKU 30Dy, TEILIO-
texuiyand KK/ MBHAKICHUX TEIIOOOMIHHHKIB
HaOJIMKAETHCS 10 OJUHUII, TOMY IIIO BCS TETUIOTA
MEpEeKEeBOi BOJW JOPIBHIOE HEOOXIMHINH TEIUIOTI
JUTSL TIATOTOBKH Taps4yoi BOAHM 3 BOAOIPOBIIHOI.
ATne 3 TOYKH 30py TEPMOJUHAMIKH €KCepPreTHIHUI
KK]I Ha 16...23 % MeHImii Bif| iZIcabHOTO 3HAUe-
HHs 100 %. Taki 3HaUeHHS MOSCHIOIOTHCS APYTHM
3aKOHOM TEPMOJMHAMIKH I HEOOOPOTHUX IIPO-
IIECiB, 16 BTPAYaEThCA YaCTUHA €KCeprii y BUTIISAAIL
aHeprii. AJie aHepris, 110 BTpaueHa B TEIIOOOMIH-
HUX anapaTtaX, He BBOKAETHCS BTPAUCHOIO JUIS TE-
IJIOBOI Mepexi, 00 BOHA TIOBEPTAETHCS EKCEPTiEr0
JIO0 JKepena TEIUIOTH 1 IUPKYJII0E B 3aKPUTHX Te-
TUTOBUX Mepexax. Y 3B’SI3Ky 3 IIUM HE Mae€ MoTpe-
Ou 3MiHIOBaTH PEKOMEHIOBAHUI 1H)KEHEPHHUMHU
po3paxyHKaMu TapaMeTpud KOHCTPYKLIN IITBHIKI-
CHUX TEIUIOOOMIHHUKIB 1 J[JOBEIEHHA B HUX
3Ha4YeHb aHEPTii A0 HyJI.

BucHoBku. Exceprisi mOTOKy MepexeBoi
BOJIM JIOPIBHIOE €KCeprii MOTOKY BOJOMPOBIIHOT
BOJIM, 10 BUKOPUCTOBYETHCS JIJISl MiJITOTOBKU Tra-
ps4oi BOOM B IIBHAKICHUX TEIUIOOOMiIHHHKAX.
Exceprermunuii KKJI mBocTymeHeBHX TEILI000-
MIHHUKIB BUIIUN Hi)K OJHOCTYIIEHEBUX 1 MPaKTH-
YHO HE 3aJCKUTh Bl CXEMHU TpPHEIHAHHS JIBO-
CTYTIEHEBUX TEIUIOOOMIHHHKIB 7O TPyOOIPOBO/IB
teroBoi Mepexi. Ilinumenns 3Hauenns EKKJ]]
MOJKJIMBO 32 PaxXyHOK 301JIIIEHHS TUION] TEII000-
MiHYy, [0 TIpU3BeJIe A0 HAJIUIIKOBOI rabapuUTHOCTI
KOHCTPYKIIi# Ta iX TOpOoKYaHHS.
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Tabruys 1
Buxinni nani remneparypu Mepe:xeBoi 7. Ta BogonpoBiaHoi 7,; BOAM CTyNeHiB Ten1000MiHHHKIB
Nes/m | [loTyxHicTs TeruiooOMiHHMKa, | Temmneparypa TEIIOHOCITB TemmepaTypa TEIIOHOCIIB
(ymoBHa kBT B crynedi 1, K B cryneHi 2, K
Ha3Ba MepekeBOi | BOAOMPOBIIHOI | MEpeKeBOi | BOIOMPOBIA-
TEIUIO- | 3arajbHa, | CTYMEHsS | CTYICHSA BOAM BOH BOJIH HO1 BOJU
00OMiIH- 0 1,9 2,q> BXiA | BHXiA | BXiA | BHXIA | BXiA | BUX1g | BX1d | BHXIZ
HHKa) T, T, T T T T, T T
1 300 - 300 — - - — 343 | 303 | 278 333
2 192 — 192 — - - — 343 | 298 | 278 333
3 400 230 170 315 296 | 278 310 |343 | 310 | 310 333
4 300 132 168 326 297 | 278 310 |343 | 326 | 310 333
5 4570 2770 1800 328 310 | 275 310 |353 | 328 | 310 333
1 — - 278 303
2 Temmeparypa HaBKOJIHUITHEOTO — — 288 315
3 cepeosima, T, K 278 296 310 315
4 > 278 303 302 310
5 275 290 310 328

[Ipumitka. ITig ymMoBHOIO Ha3Boro 1 Ta 2 HaBeAEHI OJHOCTYIEHEBI KOXKYXOTPYOHI TEIUNIOOOMIHHMKH, IO NMPUEAHAHI 0 CHCTEMU
OTIaJICHHS 32 MapalIeIbHOI0 CXEMOK. Y MyHKTaX 3...5 — Tem100OMiHHUKN JBOCTYICHEBI, KOKYXOTPYOHi, 32 BUHATKOM TEIUIOOOMIH -
HUKA 5, SKAH Ma€ IJIaCTHHYACTI €JIEMEHTH B CHCTEMi TEIUIOOOMiHY. TEIUIOOOMIHHMKA 3 Ta 5 10 TpyOONpPOBOAIB TEIIOBOI MEpexi
HPHEHAHI 32 TTapaJieIbHO-TI0CIIIIOBHOIO CXEMOI0, a TEINIOOOMIHHUK 4 — 3a IIOCIIOBHOIO CXEMOIO BiJHOCHO CUCTEMH OIAaJICHHS

Tabauys 2
Po3paxyHkoBi 3HaueHHs eKcepriii, aHepriii Ta ekcepreTuunnx KK/l mBuaKicHUX Ten1000MiHHUKIB
Excepris Tennosoro . . . . Excepreruunuii
ool noToxy, kBT Crynisb | TeruiooOMiny Cryninp | TerumooOMiny KKJI
(};M o- MepexeBOi BOJIOTIPOBII- MepexeBoi BOJIOTIPOBII-
BHA crv- | cry- BOJH HOi BOIH BOJHU HOi BOJH Te-
M Y CTy- | CTy- | mio-
Ha3Ba | 3ara- | TEHS | TEHA
remo- | moHa 1 5 aHe- aHe- aHe- aHe- TIeHsd | eHst | 00-
obMin-| e = Q’ o T B > | pris | EKKO | pris | EKK] | pris | EKK] | pris | EKKO | 1, 2, | min-
de= = =
— — aj, 7]2/ Axl, 7]xl dz2, 7]22 ax2, 77)(2 ’71 ’72 HHKa
HHKa) 1 4 kBT kBT kBt kBt 4
1 300 — 300 — — — — 33 0,90 | 54 | 0,85 - 10,77 10,77
2 192 — 192 — — — — 39 1 088 | 451087 | — ]0,78]0,78
3 400 | 230 | 170 | 13,8 | 0,94 [253| 090 [13.8] 0,94 |11,9] 0,94 | 0,85 0,87 | 0,86
4 300 | 132 | 168 | 10,6 | 0,96 [20,0]| 090 | 85 | 094 |11,8] 0,93 | 0,81 0,89 | 0,85
5 4570 [ 2770 | 1800 | 304,7 | 0,90 | 332 | 0,89 [ 12,6| 091 |126] 0,93 |0,81|0,88] 0,84

IIpumitka. YMOBHI Ha3BM TEIIIOOOMIHHUKIB JHB. TabI. 1

BukopucTaHHS MIBUIKICHUX TEIUIOOOMiHHU-
KiB JIJIs1 320€3MeUCHHS [ISHTPaIi30BaHOTO rapsiuoro
BOJIOTIOCTAYaHH AOLIJIBHO B TEIUIOBUX MEpEexkax 3
HAJIJTUIIKOBHM BUTOTOBJICHHSM TerioTH Big TEIL]
Ta 3 NPOMHUCIOBO-ONATIOBAILHUMHU KOTEIbHUMH.
st eeKTHBHOTO BUKOPUCTAHHSI TEIUIOBOI €Heprii
B TIPOIIECi IMATOTOBKH Tapsdoro BOAOIIOCTAYaHHS
O0a)kaHO  BHKOPHUCTOBYBAaTH  TEIIOOOMIHHUKH-
3MilIyBadi TEIUIOBUX TMOTOKiB, B SIKUX aHEpris
CKJIaJJOBUX IIOTOKIB TPaHC(HOPMYETHCS B EKCEPTilO

MOTOKY Tapsivoi BOAM, a JJs IHIMBIAyaJIbHUX
KBapTUP — ENEKTPUYHI BOJIOHATpiBadi.

IlepcnekTHBH NOAAJBIIMX AOCHiIKeHb. Bu-
KOPUCTaHHS METOIY IOCHi/PKEHb SIBHIL TEII000-
MiHy 3a gomomoror ekceprermuHoro KKJ[ mo-
3BOJIATH OKPIM i1H)KEHEPHOI OLIHKH e()eKTHBHOCTI
TEIJIO00MIHY OUTBIT TIMOOKO BHUBYWTH 3a3HAYCHI
TIPOIECH 1 BUKOPHUCTATH Pe3yIbTaTH IOCIiIKEHb B
IHKEHEepHIH MpaKTUIi.
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AHanus n pac4yeTbl akcepreTuyeckoro K[ ckopoCTHbIX BOAO-BOAAHbBIX
Tenso0o06MeHHUKOB ANs rapsiyero BoaocHabXxeHus

A. M. lonbiwes’, B. W. OeHbry6?, B. A. KoHoBantok®

'1.7.1., npo¢. KpuBopocKuil TEXHMYECKUii yHUBepcuTeT, I. Kpusoii Por, Ykpauna, amgolyshevtvv@gmail.com
’K.T.H., 0L, KpuBOpOsKCKHUii TEXHHMUECKUH yHUBEpCHTET, T. Kpupoii Por, Ykpauna, vitdengub@gmail.com

’K.T.H., o11.. KreBCKuii HAllMOHATBHEIY YHUBEPCUTET CTPOUTENBCTBA M APXUTEKTYPHI, Viktoria.konovalyuk@gmail.com

Annomayusa. Paspabomana memoouxa pacuéma sxcepeemuiecko2o kodgpguyuenma noaesnozo oevicmeusn (IKII), kax ons
OMOENbHBIX INEMEHIMOE MeENI00OMEHHBIX ANNAPANOos, Max u O écell KoHcmpykyuu. Ha ocHose uzgecmuvix menjiomexnuue-
CKUX OaHHbIX 8binoanenbl pacuémul IKIII] oOnocmynenyameix u 08yXCmyneH4amulx menio0OMeHHUKO8. Ycmanoeneno, umo
OKII]] oonocmynenuamoix meniooomenHuxog koneoremcs 6 npeoenax 0,74...0,77, a ogyxcmynenuamvix — 0,84...0,86 u
NPAKMUYecKy He 3a8uUcum om KOHCMPYKYUu u cnocoba nookmovenus k mpyoonposodam mennogoii cemu. Ilomeps sxcepeuu
6 CKOPOCIHbIX MeNI000MEHHUKAX C PUIUYECKOU MOUKU 3PeHUs 00BACHACMCA USMEHeHueM memnepamyp (YOerbHo menio-
E€MKOCIbIO) NpU MeniooOMeHe U OmeedeHUlU HASPeBameIbHbIX NONMOKO8 3a NPedeibl CUCIEMbl 20PAYe20 8000CHAOMCEHUSL.
Tosvuuenue snavenun KT/ 603M0HCHO 3a CUEM YBENUUEHUA KOTUUECMEA CEKYUL MeNni1000MeHd, HO C NPAKMUYECKOU Moy -
KU 3DEHUsL IMO HeyenecooopasHo u boiee 2nyboKoe OXAaANCOeHUe HAZPeBaAMeNbHO20 MENIOHOCUMEINs MOJCEem BbI3bI6AMb HA -
Pyuienue memMnepamypHo20 pexcuma cucmem omonnenus. Ilepexod k epynnogoim u uHOUBUOYALbHbIM CUCEMAM MENio-
CHAabIICeHUA O2panUYUsaem npuMeHenue CKOPOCMHbIX Meni000MeHHUKO8 05l 20pAie20 6000CHabIcenus. Hx ucnonv3osanue
YenecoobpasHo 6 MenioGblX CEeMAX ¢ MOWHbIMU UCIOYHUKAMY menaombl, Hanpumep om TOL] unu npomvluinenno-omonu-
menbHoll komenvHou. [Jns d¢hhpekmusrHo2o Ucnonb308anUs Menio6ol IHepeUL 6 npoyecce NOO2OMOBKU 20pAYe20 8000CHAD -
JHCeHUs. PEKOMEHOYEMCS UCHONb306aNb MENI00OMEHHUKU-CMECUMeN Menio8blX HOMOKOS.

Kniouesvie cnosa: oxcepeemuueckuu KIIJ[, mennoobmennvie annapamol, MmMenio0OMeHHUKU-
cmecumenu

UDC 697.34(0.75):621.1.016.7

Analysis And Calculations Of Exergy Efficiency Of Speed Water-Water Heat Exchangers For
Heat-Water Supply

O. Holyshev', V. Denhub?, V. Konovaliuk®

'Sc.D, professor. Kryvyi Rih National University, Kryvyi Rih, Ukraine, amgolyshevtvv@gmail.com
PhD, associate professor. Kryvyi Rih National University, Kryvyi Rih, Ukraine, vitdengub@gmail.com
’PhD, associate professor. National University of Construction and Architecture, Kyiv, Ukraine. viktoria.konovalyuk@gmail.com

Abstract. Exergy efficiency is the most precise and correct characteristic of effectiveness of thermodynamic systems. A pro -
cedure for calculating the exergy efficiency (EE) for both individual elements of heat exchangers and for the whole structure
has been developed. On the basis of known thermal engineering data, single-stage and two-stage heat exchangers are calcu-
lated. It is established that the exergy efficiency of single-stage heat exchangers changes within the limits of 0.74...0.77, and
the two-stage ones — 0.84 ...0.86 and practically do not depend on the design and method of connection to the pipelines of the
heating network. The loss of exergy in high-speed heat exchangers from the physical point of view can be explained by the

change in temperature (specific heat capacity) during heat exchange and removal of heating flows outside the hot water sup -
ply system. An increase in the exergy efficiency value is possible due to an increase in the number of heat exchange sections,

but from a practical point of view it is not practical and a deeper cooling of the heat-carrier can cause a violation of the tem -
perature mode of the heating systems. The transition to group and individual heat supply systems limits the use of high-speed
heat exchangers for hot water supply and their use is advisable in heat networks with powerful sources of heat generation,

for example from a combined heat and power plant or an industrial heating boiler house. For the effective use of thermal en -
ergy in the preparation of hot water supply it is desirable to use heat exchangers-mixers of heat flows, which transforms an-
ergy of flows to the exergy of hot water. For the individual hot water supply, the electrical boilers are more efficient. Using
the exergy method for heat and mass exchange systems by exergy efficiency makes possible not only the engineering estima-
tion of effectiveness of heat exchange but more detailed research of the processes.

Keywords: exergy efficiency, heat exchangers, heat exchangers-mixers.
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HdocnigxeHHA pyHKUIT TepMiYHOI CKNaaoBoOi eKCepreTUYHOro MoTOKy
BOJIOroro NoBiTPA B KOHAULIIOHOBAHOMY MPUMILLEeHHi

O. B. 3apgosHHun'

'K.T.H., nou. KuiBchkuii HallioHaIbHUI yHiBepcuTeT OyAiBHMITBA i apxiTekTypy, M. Kuis, Ykpaina, zadoiannyi.ov@knuba.edu.ua.

ORCID: 0000-0001-6781-9756

Anomayis. Iloznubnenuil excepeemuunuil ananiz npoyecieé y cucmemax KOHOUYIOHYB8AHHA NOSIMPsA 0036018€ KOPEKMHO
OYiHUMU 8Mpamu Mma 0ecmpyKyilo KOMHCHOI CKIAO080I eKcepeemuyno2o NOmoKy 601102020 Nosimps. Jocnioxcents nogeoinKu
Qyukyii mepmiunoi ck1A006801 eKxcepeemuuHo20 NOMOKY OOYITbHO NPOGOOUMU OKPEMO 6I0 IHWUX CKAA008UX 3 MEMmOoio
OMpUMAanHA i 8a20MOCMI 8 3A2ANbHUX eKCEPeeMUYHUX GMpamax ma Xapakxmepy NOBeOiHKU 8 MeHCax 6eHMUIbOSAHO20
npumingenns. Jfughepenyirogants mepmiyHoi ckiaoogoi excepeemuuHoi QoyHKYii no apeymenmy — memnepamypi npumilyerHs
— 0ae Genuyuny WEUOKOCHI 2eHepayii eHmponii noGimpsaH020 NOMOKY, KA € XapakmepHum U KOPEeKMHUM HOKAZHUKOM
eHep2oouaoHoCmi 8IONOBIOHO20 CXeMHO20 piuteHHs nogimpooominy. Inmeepysanns yiei Qpynxyii dae eenuuuny decmpyxkyii
NOMOKY MEPMIYHOI CKAA0060i ekcepeil eeHmuiayilino2o nosimps. Bona noxasye uucenvhe 3HaueHHs OecmpyKyii &
NPUMILYEHHT 8 Medcax 3HAUeHb NPUNIUGHOT meMnepamypu ma UKUOHOI, d 3HAK 6KA3YE HA HANPAMOK 0eCmpyKYii 8iOHOCHO
peepenmnoi (306HiwNb0l po3paxynkoeoi) memnepamypu. TIopieHAHNHSA OCHOGHUX 6EHMUNAYIUHUX NPOYeCci6 ma CXEeMHUX
piienv po3nodineHHs Noeimps 6 NPUMIWeHHI 3a BeIUYUHOI0 OeCmpPYKYii O0ae KOpeKmHY Ui OOHO3HAYHY OYIHKY iX
eHepeoowjaorHocmi. Beauuuna oecmpykyii mepmiunoi ck1a0o8oi nomoxy excepeii 6eHMUIAYIIHO20 NOGIMPs. € XAPAKMEPHOIO
0J11 BUBHAUEHHSL eKCeP2eMUYHOT eqpeKmMusHOCmI NOGIMpPOOOMIHY.

Kmouogi cnosa: excepeemuunuii  nomix

CKAA00801

Beryn. ExkcepretwuHuii aHani3 CHCTEM Ta
€JIEMEHTIB CTBOPEHHSI MIKPOKJIIMATy B MpPUMIILEH-
HSX J1a€ MOXJIMBICTh OTPUMATH KOPEKTHI YHCEbHI
MOKAa3HUKU e()EKTUBHOCTI EHEPrOCIIOKUBAHHA Ha
OCHOBIi OIIIHKM TEPMOJMHAMIYHOI HE3BOPOTHOCTI
NPOLIECiB HArpiBaHHS, OXOJOMKECHHS, OCYIICHHS K
3BOJIOKEHHS TMOBITpst. BkazaHi cucremMu moMiHy-
I0Tb y CIOXHMBAaHHI BCIX BHJIIB €Heprii B
TPOMAaJCBKHX Ta JKUTIOBHX OyniBisx. JlepkaBHi
HOPMH PETJIAMEHTYIOTh OIIHIOBATH €(PEKTHUBHICTH
iXHBOTO EHEPrOCTIOKUBAHHSA dYepe3 KOePiIlieHT
KopucHOI fii [1], aHaIOTOM SKOTO € eKCepreTHYHa
e(eKTHBHICT, a00 eKCepreTHUHui KoedilieHT
KopucHoi aii [2].

AKTyaJbHicTh AocaimkenHst. CyTHICTh MPo-
OJyileMu, 10 AOCIHTIIKYETHCSI, TIOJIATAE Y BiICYTHOCTI
B YKkpaiHi TapMOHI30BaHOTO METOIOJIOTIYHOTO
3a0e3MeUeHHsT 3 OIIHKM TOKa3HWKIB CHEeprooiuia-
OHOCTI BKazaHoro obOnanHanHsi. Ha ceoroani
TUIBKM TIOYHMHA€ BIPOBAPKYBATUCH CHEPreTHYHA
ceptudikamist (TmacmopTu3sailis) OymiBenb, sSka 3a
NpU3HAUYEHHSIM Tepeadadae OLiHKY €HepreTHYHOi
epexTHBHOCTI OyHiBIl B IIJIOMY 32 TOKAa3HUKOM
MUTOMOTO PIYHOTO €HEeprocroXKuBaHHS [3], MmO €
MO3UTUBHHUM, aje He BpaxoBye e(eKTUBHICTh
CHOXMBaHHs eHeprii Ak OyAMHKOM, Tak 1 OKpeMH-
MH HOTO BIiANOBIZHMMHU CHCTEMaMH, iX €JIEMEH-
TaMU 1 PUIIJaMHU.

TpanuiiiiHi CUCTEeMHU KOHJUIIOHYBaHHS TMOBI-
tpst (CKII) MaroTh HU3BKHMI eKcepreTHIHmi Koedi-
miear wopuchoi mii (EKKA) — 1% [4] i

BEHMUNAYINH020 NOGIMPS, aHANi3 QYHKYIT mepmiunoi

CMOKHMBAIOTh HAWOUIBIY 4YacTKy BCIX BHIIB
eHeprii B OyniBnsax [5]. Y 3a3nHaveHiii poOoTi [4]
EKCepreTUYHUM aHasi3 MPOBEACHO 3a KIACHYHOIO
METO/IOJIOTIEI0, KA HE JO3BOJISIE TOBHOIO MipOIO
OIIIHUTHU ¥ CKOPUTYBATH NPOIIEC B OiK IiIBUIICHHS
e(eKTUBHOCTI CHOXXUBaHHsS eHeprii. TexHomorii
OTIaJIeHHSI, BEHTWISAIII Ta KOHAWUIIOHYBaHHS IOBi-
TPA € IPUKIAAHAMH, TOMY iX MOTPiOHO JOCIIIKY -
BaTH MOTJIMOJIEHO 3 YpaxyBaHHSM IM MPUTaMaHHUX
ocobnmBoctel [6]. byno mokazaHo, MO 3aBISIKH
MOTTTUOJICHOMY €KCEePreTHYHOMY aHallizy MOXKHa
BU3HAUUTH H 00paxyBaTH IECTPYKLIIO KOXKHOI
CKJIaJi0BOI eKceprii MOBITpS B €JIEMEHTaxX CUCTEM
KOH/IMLIOHYBaHHS TOBITPS 1 B MPHUMIMIEHH] TOIIO
[7]. Icnye Oarato cxeMHHX pillleHb PO3MOJILTY
MOBITPA B NPUMILICHHAX, KOXKHE 3 SIKUX Ma€ CBOI
He3alepeyHi MepeBaru 3a Pi3sHUMHU IMOKa3HUKaMU,
KpiM €HEeproBUTPAT Y pO3yMiHHI €()EeKTUBHOTO BH-
KOPUCTaHHs €Heprii MOTOKY MOBITPsl BiAMOBITHO
0 TpU3HAYEHHSA. Y maHid poOoTi 3polbiieHa
cnpoba  JOCHIKEHHS LBOrO0 IHUTAHHSA IIJIIXOM
aHaJi3y eKcepreTHyHoi (yHKIii MOTOKY BOJOTOTrO
MOBITPS MIPU MOBITPOOOMiHI B IPUMIIICHHI.
OcTtanHi mociaiTkeHHsi Ta myoJaikamii. Y
poboTax mOa0 JOCTIMKEHHS CHCTEM KOHIHIIIOHY-
BaHHS IMOBITPSl 3 BUKOPUCTAHHSM EKCEPreTUYHOTO
aHaJIi3y NOJaHO B OCHOBHOMY IOKa3HUKHU e€(heKTH-
BHOCTI B I[IJIOMY TIEBHOT'O CXEMHOI'O PIIIEHHS CHU-
cTeMn 0e3 ypaxyBaHHs OKpeMHUX (YHKIIOHATEHUX
€JIEMEHTIB Ta CKIIQJIOBUX ekceprii mositps [8]. VY
poOoti [4], HampuKkiam, po3paxyHKH EKCepreTh-
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YHOT e(eKTHBHOCTI IEHTPaJIbHUX CHCTEM KOHJH-
LIOHYBaHHS TOBITPS NPOBEOCHO AJsl PI3HUX CXe-
MHHX DIILICHb 3 BUKOPUCTAHHSIM METOAOJIOTI], SKa
NpUTaMaHHa CHEPreTHYHUM YCTAaHOBKaM 1 He
BpaxoOBy€e CKJIQJIOBUX eKceprii moBiTpsa. byio
MIOKa3aHO, II0 BpPaxyBaHHS BCiX CKJIaJOBUX IIPH
MOTJTHOICHOMY EeKCEepPreTHYHOMY aHalli3i CHCTEM
KOHJUIIIOHYBaHHS TOBITPsl Aa€ MEBHI mepeBaru —
JO3BOJIIE BHUSBUTH W OOYMCIUTH AECTPYKLii Ta
EKKJl cucrem KOHIWITIOHYBaHHS TIOBITpsS Ta ii
€JIeMEHTIB 3a KO)KHUM 3 HuX [7]. Lle crocyerbes i
NpUMIIIEHHS, 10 OOCIyrOBYETHCS CHCTEMOIO, SIK
CKJIaJ0By (YHKLIOHAJIBHOTO €JIEMEHTa CHCTEMH.
[ToBiTpOOOMIH y PUMIIIEHH] — TEPMOJMHAMIYHHIH
npoIIec, y SKOMY BiOyBa€ThCsI TEIIO- Ta Macoo0-
MiH, Y pe3yibTaTi 4Oro 3MIiHIOIOTHCS TEPMOJIH-
HaMi4HI TOTeHIiann pobodoro Tina — moBiTps. Ha
npoliec MOBITPOOOMiHY B MPHUMILICHH] BIJIMBAIOThH
0araTo YUHHUKIB, KOXKEH 3 SIKUX JUIsl IEBHOTO BUAY
mporecy Moke OyT qoMiHaHTHUM. Buan exceprii,
SIKI MalOTh MICIIE Y BEHTHJILOBAHOMY ITPUMIIICHHI,
pi3HOMaHITHI: TepMiuHa pazialiiiHa, XiMiuHa, Te-
pMivHa BiJ KOHBEKIIHHHX mxkepen Tomio [8]. 3a
pe3yibTaTaMd OOYHUCIICHHS 3HAYCHb EKCepreTH-
YHHUX MOTOKIB Y MPHUMIIIEHHI MOXHa 3pOOHUTH BHU-
CHOBKHM, IO NIPH PO3pPaxyHKy MOBITPOOOMiHY 3
MiHIMaIBHUMHU BUTpaTaMH e€Heprii moTpiOHO
BpPaxOBYBaTH KOXKHY 13 CKJIAZIOBUX €KCEPril BEHTH-
JSIIHHOTO MOTOKY. JlecTpyKiisi TepMivHOI CKIao-
BOI BEHTWIALIWHOTO TOBITPS Mae€ MicIe y BCiX
BEHTWIAIIHHUX TIpoIlecaX, o TOBOPUTH PO 11 J0-
MiHaHTHY BaroMicTh IpH aHali3i. ¥ 3B’S3KY 3 UM
iCHye HeBHUpillleHa 3ajJada BHU3HAYEHHs OCOOIH-
BOCTEH 11 TOBEMIHKY Y BEHTWIAIIIHHOMY IIPOIIECi.

@Dopmya0BaHHS Wijdel crarTi. PesyapraTom
JOCITIDKEHb CHCTEM KOHIWILIOHYBaHHS IOBITPS
METO/IaMH €KCEPreTHYHOTO aHali3y € BU3HAYCHHS
TIEpII 3a BCE BITHOCHOI ¥ aOCOJIOTHOI eKcepreTH-
9HOT e(DeKTHMBHOCTI MPOIIECiB, aOCOMOTHHUX 1 Bif-
HOCHHX 3Ha4YeHb AECTPYKLIi ekceprii B enemMeHTax
1 cucremi B 1inmomy. B ocraHHiX poboTtax 0
BKa3aHOTO JIOJIAI0Th TaKWi MOKAa3HUK SIK IIBH-
KicTh TeHepamii eHTpomii TEeBHOro MpOIeCy,
eneMenTy, cucteMu Tomo [9]. Lle# moka3Huk Bin-
MOBITHO IO Teopii MiHIMI3aIlli reHeparii eHTporii
Anpiana bexana [10] € cyTTeBuM, 1 iioro motpi-
OHO po3rsiZaTH pa3oM i3 BHIIE3a3HAYCHUMH.
Mertoto naHoi poOOTH € AOCHTIMKEHHS TEPMidHOI
CKJIaIOBOi eKceprii BEHTWIALIKHOTO TOBITPA B
MIPUMIIIEHHI 3 BU3HAYECHHSM ¥ aHAlli30M BKa3aHUX
MOKA3HUKIB. Pe3ynpTaT AOCHiAKeHb HaBEIEHO
JUTSl OCHOBHHMX BEHTWIIAIIIMHUX TPOIECIB JIA Te-
IUIOTO U XOJIOMHOTO PO3PaxyHKOBHUX TEPioJiB
POKY.

OcHOBHA YacTHHA. BeHTwsmiiiHe MOBITPS B
NpUMIIIEHH] 3MIHIOE€ CBill TEpMOAMHAMIYHHUHA IO-

TEHIIiaJl BIAMOBITHO JO MPOIECiB, OCHOBHUMH 3
SAKHX Ta XapaKTePHUMH I aHAIII3y € acCUMUIALIs
TEIJIO- ¥ BOJIOTOHAJJIMUIKIB y TEIJIMA Ta XOJO-
JTHHI pO3paxyHKOBI IEPiOJIH Ta MOBITPSIHE OMaJICH-
Hs. Ekceprernuna (yHKIis TEpMi4HOI CKIIaJ0BOI
MOTOKY TTOBITPsI Ma€ BUTIIAL [2]

int __ ~int ext int
Ea,h_Ga Ta \Cp4d.a+da cp,W,V)X
int int
a a
X|———1=In e ||| kJ[x/c. (1)

a a

int

ne G — MacoBHii TIOTIK BEHTWIALIIHOTO MOBITPS,

a

kr/c; T." — 30BHIIIHS PO3paxyHKOBA TeMIIEpaTypa
noBiTps, K; ¢, 4, — 1300apHa TEINIOEMHICTD CYXOTO
nositps, kJk/(kr'K); d.'— Bonmoroemict BHYTpi-
IIHBOTO TOBITPSI, KI/KT; Cp v —

R . . int
MHICTh HapiB Bojoru, kJx/(kr'K); T,
3HAUYEHHS TEMIIEPaTypH IOTOKY BEHTWIAIIMHOTO
noBiTps, K.

int
3a npunyuienns, wo ¢, , +d.c

i300apHa Terioe-
— IUTHHHE

pow,v e
int
p,a,m?

TETIOEMHICTh BOJIOTOT'O HoBITPA €
kx/(xrK), 1 € cranoro BelMYMHOI B MeEkKax
3MiHU MapaMeTpiB TOBITPsS B MNPHUMILICHHI, IH-

dbepenian QyHkmii £ ;"’ » KJIK/C, 32 BHYTPILIIHBOIO

int

temneparyporo 1., K, cranoButnme

a

in aEi:tl
(Eafh) = 67”;::

int int

int ext a a
0|G, T, Cpouml o~ 1—In T
a a

6 Tinl

a

T@Xf
=Gilc 1——=

r“p.am T |
a

I/ (cK). )

Otpumana GyHKLIs 32 PO3MIPHICTIO € IBUAKI-
CTIO TeHepamii eHrtpomii [9], BimHeceHa [0
TEeMIepaTypH TMOTOKY MOBITPS 1 XapaKTepHU3ye BHY-
TpPIIIHI BTPaTH BiJ HE3BOPOTHOCTI BEHTHIAIINHO-
ro Tporecy, SKi BUKIMKaHI JAMCUMAINEI eHeprii
HOBITPAHOrO MOTOKY. DYHKLIA HE Ma€ JOKAIBHUX
EKCTPEMYyMIB, 3MIHIOE 3HAK 3aJIe)KHO BiJ CITIBBiJ-
HoweHHs Temneparyp T<'/T". Bona mnopiBHIOE
Hymo mpu T°/T L”t:l, 0 B IPaKTHI KOHIH-
IOHYBaHHS 3yCTPIYa€ThCS B OOMEXKCHUX BHIAL-
Kax. Ilpm acuMIinAIi TETUIOTH B XOJIOZHHH poO3-
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paxyHKoBHii mepion poky T¢"/T"'<1, a B Termmii
TIT™>1. Tlpu T<'/T<1 3mauenns QyHKuii
E;nyth
— HaBIAKH — Bix €eMHUM. Big’eMHe 3Ha4YeHHS CIIO-
CTEpIiraeThCs TpPH 3MEHINEHHI  €KCEPTreTHIHOTO
MOTEHINIAly B TIpoIleci moBiTpooOMiHy. Tak, mpu
MOBITPOOOMIiHI B TEIUIMH PO3pPaxyHKOBHH Mepiox
(puc. 1, mpomine 1-2) mTOBITPS 3 TeMIIEPaTYpOIO
MPUIUIHBY t,s (T. 1 mporecy) B3MIHIOETBCS 10
TEMIEepaTypu BHUKHIHOTO TOBITPA f4, (T. 2 mpo-
necy).  CniBBiIHOLIEHHS Temmeparyp —
textAs > tlAs > tinAs-

' Gysie 3aBxau ponaTHuM, a mpu T/ T7'> 1

It

>
| f
Puc. 1. I-d-miarpama i3 300paX€HHSIM OCHOBHHUX MPOIIECIB
MOBITPOOOMIHY B TIPUMIlCHHI. [HIEKCH: in — IPUTLTHBHE;
ext — 30BHILIHE; / — BUTSDKHE; § — TSIUTHI MepioJ;
W — XOJIOIHMH Mepiof; ¢ — TeMIepaTypa;
1-2; 3-5; 4-5 — mpouecu.

TepmiuHa ckitamoBa e€Kceprii MOBITPS 3MEH-
IIY€ETHCSA 1, BIATIOBITHO, 3MEHIITYETHCS HOTO €KCep-
TeTUYHUH TMOTeHWiakd, II0 OOYMOBIIIOE 3HAaK
“MiHyC” IecTpyKLil eKCepreTHYHOro MOTOKY Bif-
MOBITHOTO BEHTHIALIMHOTO IIPOIIECY.

VY BHUMNAJKY MOBITPSIHOTO OTAJIICHHS JJISI XOJIO-
JTHOTO PO3PaxyHKOBOTO TMepiony (mpomiHe 4-5)
TIPH CHIBBiTHOMICHHI TEMIEPATYD  finw > Lisw > Lot
eKCepreTUYHUI MOTIK CcIpsAMOBaHWU B OiK 30BHi-
HIHBOI TeMIepaTypH, Mo 00yYMOBIIIOE 3MEHILICHHS
HOT0 eKCepreTHYHOTO MOTEHIlANy 1 XapaKTepu3ye-
ThbCS BiJ’eMHMM 3HadeHHSIM (yHKIi (2). [lo3uTH-
BHe 3HaueHHs (yHKOii (2) cmoctepiraerscs y
BEHTWISIIIHHOMY TpOLEci MpH acuMuIALii HaaIH-
IIKiB TEIUIOTH W BOJOTH B XOJIOJHUH pO3paxy-
HKOBUI mepiox (mpominpb 3-5). Ilpu cmiBBigHO-
LICHH] TEMIIEPATYD fw > finw > lex.w EKCEPIETUUHUH
MOTEHIial TEePMIYHOT CKIAJ0BOI 301IBIIYETHCS,
10 MiATBEPKYETHCS 3HAKOM “ILIIOC” pe3yJIbTaTy.

IaTerpyBanns Bupasy (2) B Mekax 3HA4YeHb
TEMIepaTypH NMPHUILIMBHOTO 7' Ta BUTSDKHOTO
T! nosiTps nae 3anexHICT VIS KUTBKICHOT OIHKH
JECTPYKIIT TEPMIYHOI CKIAOBOI €KCEpreTUIHOTO
MOTOKY TIOBITPS Yy BEHTWIALIMHOMY TIPOIECi B
MPUMIIICHHI

T¢

[

TU

Ez:th) ’dT;m:Dim _

ah™

. T
; a
=GJe 3)

a “p,a,m

int  ext int
r"—"InT,

a

e Dzi"h —  JIECTPYKIisI TEPMIYHOI CKJIaJI0BO1
eKceprii moBiTp4.

3a  oTpuUMaHOIO 3ICIKHICTIO MOXKHA
obpaxoByBartu npupict "+", abo BTpaTy "-" TepMi-

YHOI CKJIQJI0BOi eKceprii, ToOTO — AECTPYyKILilo,

D", sKa 3a3BMYail BU3HAYAETBCS 3 EKCEPreTUIHO-

ro Gamancy [9].

Pesynpratn oOumcnens (tabn. 1) miast mpo-
IIeCiB, 0 Ha puC. 1, HABEACHI B MUTOMUX Ta abco-
JIOTHUX OJUHHIAX. PO3paxyHKH TpPOBENEHO LIS
KOHKPETHHX PO3PaXyHKOBHX YMOB CHCTEM KOHIH-
[IOHYBaHHS TOBITPS MPUMIIIEHHS TPOMaJCHKOTO
xapuyBaHHsl B Kue€Bi mpu 3HaueHHI MOBITPSIHOTO
noroky G''=5,17 xr/c.

Pesynpratn po3paxyHKiB NMOKa3ylOTb CYTTEBY
BiIMiHHICTh YHCENILHUX 3HAY€Hb Ta 3HAKY VI Pi-
3HUX BEHTWIAILIWHUX MPOLECIB, 10 CBIAYUTH MPO
iXHIO 1HQOPMATHBHICTH 1 € KOPEKTHOIO €HEpPreTH-
YHOI0 XapaKTepUCTHUKOI. Bin’emHe 3HaveHHS
BEIMYMHHU JIECTPYKLII XapaKTepusye HampsiMOK
EKCepreTUYHOr0 MOTOKY TOBITPSI — JECTPYKLis Ha
3MEHIIEHHS, — a TO3UTUBHE, HABIaKU, Ha 301jbIIe-
HHsI €KCEPreTUYHOTO IOTEHIIaTy.

BenuunHa necTpykiii TepMiYHOI CKIIagoBOi
eKkceprii BEHTWISILIHHOTO MOTOKY B MeXKaxX HpUMi-
IICHHS, sSKa BU3HAYAE€THCS SIK PI3HUL 3HAYECHB
eKceprii TNPUIUIMBHOTO ¥ BUTSIKHOTO TIOBITPS
AE" = E;”Jh—Ef;’h| Ta 3a popmyioro (3), € Bak-
JUBUM TTOKa3HUKOM €HEPTOBHTPAT MOBITPOOOMiH-
HUX MpoleciB. BoHa KopekTHa ¥ OJHO3HAYHO Xa-
paKkTepu3y€e EHEpProBUTpaTH MpH MOBITPOOOMiHI
BiJIIIOBITHOTO TOTOKY BEHTWIALIKHOTO TOBITPSI.
Kpim TOro, BoHa € CKIaJ0BOIO EKCEPreTUYHOIO
OamancoBoro piBHsAHHs [2]. BaxkmuBo, mo i€
XapaKTePUCTUKOI0 3pYyYHO KOPHUCTYBATUCS TIPH
MOPIBHSAHHI PI3HUX CXEMHHX pIllIeHb MOBITPOPO3-
noaineHdsa. OcTaHHE MTOJ0KEHHS BUTIKAE 13 3aJI€XK-
HOCTI eKcepreTH4Ho1 (DYyHKIIIT BiJl CIIiBBiTHOLIICHHS
temreparyp, K, npurmnusaoro 7' ZY, , Ta BUTSHKHOTO

¢ .
T, , moBITpsL.
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BucHoBkHu. Pesynprarom maHoro IopoOKy €
OTPUMaHHS BaXKJIMBUX XapaKTEPUCTHK IEpeTBOpE-
HHSl TEPMIYHOI CKJIaI0OBOi €KCepreTHYHOi (YHKIIii
BEHTHJIALIIMHOTO TMOBITPS B MPOIECI MOBITPOOO-
MiHy B puMiieHHi. OTpuMaHa 3aiexHicTh (2) g0-
3BOJISIE BH3HAYUTH HIBUKICTh TeHeparii eHTpomil
MOBITPSHOTO TIOTOKY, IO € KOPUCHHUM ISl TOCTi-
JTHHULBKOT Ta 1HKEHEPHOT MPAKTUKH NPU EHEepreTH -
YHId OWIHII ¥ MOpiBHSAHHI BEHTHILIHHUX MpO-
meciB. [aTerpyBanHs AudepeHIianry eKCepreTHIHO
¢yHKIIT 32 TeMIepaTypor0 BHYTPIIIHBOTO TOBITPA
B3JIOBX CTpyMUHU (3) Ja€ MOXIMBICTH OTPUMATH
KOPEKTHI KUIBbKICHI 3HAa4YeHHS ACCTPYKLil TepMmi-

9HOI CKJIaJ0BOi B TMpoIieci MOBITPOOOMiHY, SKa €
OCHOBHUM EKCEPreTHYHHM ITOKa3HUKOM TMpOIIECy.
Kpim Toro, B pe3ynbraTax JOCTiIKEHHS OTPHUMAaHO
MOMXJIMBICTh aQHAJITUYHO BHU3HAYATU HAMPSIMOK
EKCEePreTUYHOr0 TOTOKY TMOBITPS 3aBISKUA HOTO

3HAKy.
IlepcneKTHBH MOAAJBIIUX HOCTIIKeHb., Y
NOJANbIIOMY IUIAHYEThCS MPOBECTH  IMOJIOHI

JIOCTIDKEHHS  XIMIYHOT CKJIaJIOBOI €KCEPreTHYHO-
T'0 TIOTOKY TIOBITpSI, SIKa JISI BEHTHJIAIIIITHOTO TIOBi-
Tpsl TIpeZCTaBlIieHa KOHIIEHTPAIIIMU TapiB BOJIOTH
Ta JIBOOKUCY BYTJICIIO.

Tabauys 1.

PesyabTaTn o6unciieHb JUIsl mpoueciB, M0 Ha puc. 1 B NUTOMUX Ta a0COTIOTHHX OJUHHMISAX

JlecTpykirist TepMIigHOT CKIIaTOBOT
Po3paxyHKOBHif Temneparypa nositps, K eKceprii MOTOKY HOBITPS y
TepioJ poKy Ta BEHTHIALIHHOMY TIPOIIECi
BCHTHJIALINHUH 30BHIIIHBOTO, | IPUTUTMBHOTO,| BUKHTHOTO, | TUTOME 3HAUEHHS, | €KCePTeTUIHOTO
npomuec T T T KJIK/KT HOTOKY,
k/Ix/c
Temnuii nepiog,
ACHMLTALLiA TeTLIOTH 303 291 297 - 0,183 -0,947
H BOJIOTH ’ ’
(e=3,94 xJIx/r.B.)
XonoHuit nepio ,
ACHMLIILLiA TeTLIOTH 251 293 299 0,842 4,356
H BOJIOTH ’ ’
(e=2,88 xJIx/T.B.)
XomonHuit nepiof,
HOBITPAHE OTIATICHHA 3 251 297 291 - 0,877 -4,536
ACUMIJISIIIEI0 BOJIOTH
(e=1,1 x/Ix/r.B.)
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UccnepoBaHue QyHKLUMM TepMUYECKOW COCTaBIAKOLWEN 3IKCepreTuyeckoro
NOTOKa BMAXXHOro Bo3gyxa B KOHAMLUWOHUPYEMOM MOMeLLEeHUM
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Annomayus. Yenybnennvlii sxcepeemuueckuil aHanu3 npoyeccos 8 CUCMeMax KOHOUYUOHUPOBAHUS 8030YXd NO3BOISEM KOP-
PEKMHO OYeHUms nomepu 1 OeCHpYKYUIo Kaxicooll cOCMagiAuen KCepeemuyecko20 nomoKa 61axcHo2o 6030yxa. Hccne-
006aHUe NOBEOEHUs. PYHKYUU MEPMULECKOU COCMABIAIOWeN IKCePeemuiecko20 NOMoKad YenecooopasHo nposoounts
OMOENbHO OM OPY2UX COCMABNAIOUUX C YeNbIO NOTYHEeHUA €€ BeCOMOCU 6 ODWUX IKCEPLEMUYECKUX NOMEPAX U Xapakmepa
no6eOeHUs 8 Npedelax 8eHMuaupyemo2o nomewjenus. Jupgepenyuposanie mepmuyecko cocmagisioujeil sIKcepeemuye-
CKOU (DYHKYUU NO apeyMeHny — memnepanmype nomeweHus — 0aém enudury CKOpOCmu 2eHepayuu SHMponuu 8030YuHo20
nOmMoKa, KOMopas AGNAEMCs XapaKmepHoliM U KOPPEeKMHbIM HOKA3amenem dHepeochepediceHuss COOMBEemcmeayue2o cxem-
HO20 peulenust 6030yxo06mena. HMumezpuposanue smoii Qyukyuu 0aém @enuduny 0ecmpykyuu nomoka mepmuyecKo co-
cmasnaowell IKcepeuY BeHMUNAYUOHHO20 8030YXa. DMA 8eNUYUHA NOKA3bIBAEN YUCTEHHOe 3HaYeHue 0eCmpPYKyuu 6 nome-
WeHuu 8 npeoenax 3HaveHull NPUMoYHOL U 6LIMANICHOL MeMnepamyp, d 3HAK YKa3vléaem Ha Hanpaesienue 0ecmpyKyuu om-
HOCUumenbHo peghepenmnoll (enewneli pacuémuoii) memnepamypul. CpagHeHue OCHOBHBIX 6CHMUNAYUOHHBIX NPOYECCO8 U
CXeMHbIX peuwieHull pacnpedeienis 6030yXda 6 NoMeweHuyu no enudune 0ecmpyKyuu 0aém KOppeKmuylo u OOHOSHAUHYIO
OYEHKY UX dHepeochepedcenus. Beauuuna oecmpykyuu mepmMuieckoll coCmasianueli NOmoKa IKCepeuu 6eHMUIAYUOHHO20
6030yXa eCmb XapakmepHou 0J1a onpeodeseHus IKcepeemudeckoll dgpexmusnocmu 8030yxooomena.

Knouesvie cnosa: excepeemuyeckuii.  NOMOK — GeHMUIAYUOHHO20 B6030YXd, AHAIU3 DYHKYUU
mepmuyeckou cocmasusaoujell
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Investigation of The Function of the Thermal Component of the Exergy Flow
of Moist Air in an Air-Conditioned Room
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Abstract. The exergy analysis of the systems and elements of microclimate creation in the premises enables to obtain correct
numerical indices of energy efficiency on the basis of evaluation of the thermodynamic irreversibility of the processes of
heating, cooling, drainage and humidification of air. These systems dominate the consumption of all types of energy in public
and residential buildings. An in-depth exergy analysis of processes in air-conditioning systems allows us to correctly
evaluate the loss and destruction of each component of the exergy flow of moist air. The study of the behavior of the function
of the thermal component of the exergent flow should be carried out separately from other components in order to obtain its
weight in the general exergent losses and the nature of behavior within the ventilated space. Differentiation of the thermal
component of the exergent function by the argument — the room temperature — gives the magnitude of the rate of entropy
generation of air flow, which is a characteristic and correct indicator of energy efficiency of the corresponding scheme of air
exchange. Integration of this function gives the magnitude of the destruction of the flow of the thermal component of the
exergy of the ventilation air. It shows the numerical value of the destruction in the room within the limits of the fuel
temperature and the discharge, and the sign indicates the direction of destruction relative to the reference (external)
temperature. Comparison of the basic ventilation processes and the circuit-based solutions of air distribution in the room by
the magnitude of the destruction gives a correct and unambiguous estimate of their energy efficiency. The magnitude of the
destruction of the thermal component of the exergy flow of ventilation air is characteristic of determining the exergic
efficiency of air exchange.

Keywords: exergy flow of ventilation air, analysis of the function of the thermal component.
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YOK 697.432.7

CnanoBaHHSA HU3LKOCOPTHOIO TBEpAOro nanvMea B TensioreHeparopax
CUCTEeM aBTOHOMHOIO i AeLeHTPani3oBaHoOro TensonocTavyaHHs

M. M. CeHuyk'

'K.T.H., mou., KuiBchkuii HallioHaIbHMil yHiBepcuTeT OyNiBHUUTBA i apxiTekTypy, M. Kuis, Ykpaina, smp_21@ukr.net.

Anomayis. Obrpynmoeano 0OYinbHiCMb SUKOPUCMAHHI 8 MENI02eHepamopax KOMYHANLHOI eHepeemuKy meepoo2o naiuea
Pi3HOI AKOCMI: 8i0 AKICHO20 MANO30IbHO20 00 HUSLKOCOPMHO20, AKEe XapaKmepusyemuvcs UCOKOI0 B0102iCMIO T 301bHICTIO.
Ilpoananizosano neeamusnuil 6naUG Micniy 60102u i 301U @ NANUGI HA [HMEHCUBHICMb NPOYecy Cnamio8anHs, PO32IAHYMO
WIIAXYU 1020 3HUNCEHHS 3A80AKU Op2aHizayii npoyecy 20pinHa 3a0aNacmoB8aHUX 2a3i6 npu HU3LKUX HAOIUWKAX NOSIMPs ma
3acmocy8anti MexauiyHux 3acodieé w000 pYUHYBAHHA 301bHOI 0OOIOHKU YACMUHOK 8 30Hi BUSOPAHMA KOKCY NAUEA.
Biomiueno, wo eKoHOMIUHICIb GUKOPUCMAHHA RNAIUGA PI3HOT AKOcmi 6 3HAuMill MIpi 3aiedxcums  6i0  6ubopy
KOHCMPYKMUBHOT CXeMU MONKOB020 NPUCMPOIO, AKA 3a0e3neyye opeanizayiio npoyecy 2opinHs HAuOLibw NPUIHAMHY 05
cnaniosanoz2o nanusa. Hageoeno KoHCmMpyKmueHi cxemu monKogux npUcmpois 0iia Cnanio8anHs HU3bKOCOPMHO20 NAIUBA SK
3 BUCOKUM 8MICHIOM B07102U | HUZLKOIO 30bHICIMIO, MAK I GUCOKUM 6MICIMOM 60102U i 301u. Onucano KOHCMpYKyilo Komaa 3
PYU4HOI0 OO HANIBMEXAHIYHOI MONKOMW, Y AKill 3a80aKU 2IUOOKOMY NepeMilly8aHHIO 2a3ié NipoNizHo20 npoyecy 8 NAIUeHill
waxmi 3 KUCHEM 8MOPUHHO20 NOBIMPS 00CALAEMbCA CNANIOBAHHI 80102020 NAUBA 3 HUSLKUMU KOepiyicHmamu HAOTUWKY
nosimps. 30iliCHeHO aHANI3 CRANIOBAHHA 30JIbHO20 60102020 NANUBA 8 ONUCAHIL KOHCMPYKYIl MeXaHiuHoi monku, sKa
MICIMUmMb NATUEHY WAXMY, KOIOCHUKOBY peuimKy, Mexauiuni 3acobu Ona nepemiujeHHs i WIYPYBAHHA wiapy Nanued, uo
20pumv, ma cucmemy noGIMPsAHO20 MPAKMY NePEUHHO20 I 6MOPUHHO20 NOGIMPA.

Kniouosi  cnosa: mnuzvkocopmue meepOe nAIU60, Menio2eHepamop, Komej, MONKA pYyHa,
HANiGMeXaHiuHa Ma MEeXAHIYHA, KOHCMPYKMUBHA CXeMd MONK08020 NPUCMPOI0, NANUBHA WAXMA,

KOJIOCHUKO8a pemim;ca.

Beryn. YV xoMyHanbHIA eHepreTuli YKpaiHu B
OCTaHHI POKH 3pOCTAa€ YacTKa TBEPIOrO MalliBa B
NaJMBHOMY OajaHCi ¥ 3aCTOCYBaHHs BITYHM3HSHOI
KOTEJIbHOI TEXHIKM Y BHPOOHHWITBI TEIUIOBOI
€Hepril MpH CHalOBaHHI PI3HUX BUIIB TBEPIOTO
nanusa [1, 2]. B ocHOBHOMY TBEpIOTAIMBHI TOTI-
KOBi IPUCTPOi KOTJIB MPU3HAUCHI I CHATIOBAH-
HSl BHUCOKOSIKICHOTO MajuBa (3 MaJMMHU BEJIHYU-
HaMH BOJIOTOCTI 1 30IbHOCTI), 30KpeMa, CITaIioBaH-
HS B PETOPTHUX TOIKAaX MaJMBHUX TPaHyJ YU OpH-
KETiB, BUCOKAa BapTiCTh BUPOOHMIITBA SKUX CYTTE-
BO BIUIMBA€ Ha 301IbIIIEHHS 3arallbHOi BapTOCTI Te-
IJIOBOI €HEprii IS CIIOKWBAYiB. SHUKCHHS ITHX
3aTpaT MOXKHA JIOCATTH IIIJIIXOM BHUKOPUCTaHHS
MajgrBa HIKYOI SKOCTi, Tak 3BaHOTO HU-
3bKOCOPTHOTO — 3 TIIBUIIICHUM BMiCTOM BOJIOTH i
3omu. Take manuBo 37e0iMbIIOrO €  pi3HO-
(GpakiiiiHuM 1 BIJIHOCUTBCS JO MICIICBUX BHJIIB
majuBa: JepeBHHA (IpoBa, JACPEBHI BiAXOMW Ji-
CO3aroTiBeIbHUX Ta  JAepeBOOOpOOHWMX  Tij-
MIPUEMCTB), BIIXOIH CLTBCBKOTOCIIOIAPCHKOT
npoMucioBocTi, Topd [3-5]). Pazom 3 Tum, ede-
KTUBHE CIAJIOBaHHS HHM3bKOCOPTHOTO MajMBa
JTOCSTAETHCS OUIBIIT 3aTPATHUMHU TEXHOJIOTISIMHU.

AKTyaJbHiCTH JochaigkeHHss. Bubip pa-
[[IOHAJIbHOI CXEMH TIPOIeCy CIIATIOBaHHS Ta Bif-
MOBITHUX KOHCTPYKTHBHUX PIlIEHh TOMKOBOTO
MPHUCTPOIO TIOJ0 3a0e3neueHHsS e(PEKTHBHOTO BU-
KOPHUCTaHHS HU3BKOCOPTHOTO TAJMBA 33 MPHIAHSAT-
HOI CKJIATHOCTI KOHCTPYKIIi1 TBEPJOMAIHMBHUX KO-

TJIB, a BiJIMOBIHO, IXHBOI BapTOCTi, € BaXKIIUBUM
3aBJAHHAM U1 YKpaiHH.

OcTtanHi  gocaimxeHHs Ta  myOJikamii.
Haiibinpin  mommpeHe CHallloBaHHS — TBEPJOTO
najgBa B KOTJIAX MaJioi TEIJIONpPOAYKTHBHOCTI
3MIACHIOETHCS B CTAJIOMY IIapi Yyepe3 HeBEIHNKi BU-
TpaTH Ha MiArOTOBKY MaiWBa Ta MPOCTOTY B
oOciyroByBanHi [6, 7]. Ha Buxoxi 3 mapy, mo
TOpUTH, CKJIAN, TEeMIlepaTypa Ta KiJIbKICTh Ta3iB
CYTTEBO 3aJIe)XKUTh BiJ TOBLIMHH IIapy, PO3MIpy
yacToK manuBa 1 BosorocTi. IlpomykTtu ropiHHS,
10 BHUXOIATH 3 KOKCOBOi 30HHM, HACHUYIOTHCS
MpoAyKTaMu Tasuikamii i CynriHHA, TemrepaTypa
ix 3HMKyeThcs 1 Moke ctaHoButd Menmie 300 °C.
Ilpu mpomy roprovi rasu — BOAEHb, BYIJICBOAH,

OKCHIM ByTJemi — 3abanacToBaHi iHEpTHUMH
CKJIQJIOBUMH — MapaMy BOJM, BYTJICKUCIIUM Ta30oM
tomo (puc. 1).

IIBUaKICTP TOMMPEHHSI TMONyM’ss B 3HAYHIN
Mipi 3aJIeKATh BiJl BMICTY IHEPTHHUX PEYOBHH 1
MOYaTKOBOI TeMrepaTypu cymimi. s cnamoBaH-
H 3alamacToBaHMX Tra3iB 3 3a0e3MEUCHHSIM
HOPMATHBHHX €KOJIOTIYHUX MOKA3HHUKIB HEOOX1THA
BHCOKa TeMIlepaTypa rasiB Ha BHXOJI 3 MIapy, pi-
BHOMIpHE  PO3NOIUICHHS 1  IMepeMillyBaHHS
BTOPWHHOTO TOBITPS B HAIIAPOBIN 30HI 3 ra3amu.
Lle mo3BoJIsie 3HU3UTH 3aralibHUM HAIJTUIIOK JYT-
THOBOTO TOBITPA 1 MiABUIIUTH SKICTh CHATIOBAHHS
BOJIOTOT'O TIaJIMBA.
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Puc.1. Crpykrypa 1mapy TBepA0ro najvsa, 1o ropurhb

3a  aHami3oM  3aJEKHOCTI  aaiabaTu4HOL
TeMIIepaTypy TOpiHHA [8] BiJ BOJOroCTi MpH pi-
3HUX KoedillieHTaX HaJUIUIIKY TOBITPs (pHUC. 2)
MpH TPaHWYHIA TeMIepaTypi MpoIecy TOpiHHA
omu3pko 1000 °C nmomycTMMa BOJIOTICTH CHAJIIO-
BaHOro najiusa npu o = 2,0 cranoButs 40 %, a npu
o= 1,2 6muspko 60 %. ToOTO, 3abe3meueHHs mpo-
TiKaHHS TPOIIECY TOPIHHS B TOIKAaX TPHU HU3BKHX
KoedilieHTax HaJJIMIIKY MOBITPS Ja€ MOXKIIHBICTH
CHaJIIOBaTH MaJIMBO 3 BUCOKOIO BOJIOTICTIO.

5,
2000 12
000 k\%
20 20 40 60  Whx%

Puc. 2. 3anexHicTs gormyctumoi Bostorocti Wy, %, nepeBuHn
110 CHIAFOETRCS, Bil HAUTMIIKY MOBITPS 0 Ta aaiabaTuaHOl
TeMIepaTypu ropiHHs £, °C

JpyruM Ba)JIMBUM (aKTOPOM, MIO CYTTEBO
BIUIMBA€ Ha IHTCHCHBHICTh MPOLECY CHAJTIOBaHHS
HU3BKOCOPTHOTO NajIMBa, € MiJBUILCHA 30JIbHICTb.
BigomMo 3 HayKOBHX MOCHIJKEHB, IO 30JBHICTH
MaJI0 BIUIMBA€ HAa BUXIiJ Ta TOPIHHS JIETKUX pe-
YOBWH, & Bi[YyTHHUH BIUIMB BMICTy 30]Id B ITajHBi
Ha cTalil TOpiHHA KOKCOBHX YAaCTHHOK I1ajHBa.
30KkpeMa, 3HW)KEHHsSI IHTCHCHUBHOCTI TOPIHHS 30-
JHHUX YaCTUHOK IMAJIMBA 3 YMICTOM 30JIH 3aJICKUTh
BiJl BEIMYMH OTIOPiB, SKi MOXYTb 3HAYHO 3MIiHIO-
BaTHCS B TPOIIECI BUTOPAHHS: ITiIBOJY OKHCIIIOBA-
Yya 10 30BHIIIHBOI MOBEPXHI pearyBaHHA, TUQy3ii
Horo Kpi3pb 30JpHHUNA IIap Ta XIMIYHOI peakiii B3ae-
MOJi1 KHCHIO 3 ByTJielieM. Bu3HagabHOIO € MIBHI-
KicTh TUQY3ii KUCHIO Kpi3b 30JbHUH Imap, sKa

3MEHINYEThCS 3 HAPOIIyBAHHSM TOBIIMHHU IIApy
30JI0 MPOTATOM TMPOLECY TOPIHHS YaCTHHKH.
OpHUM 13 MPAKTUYHUX LUISXiB 3HW)KEHHS HETaTH-
BHOTO BIUIMBY 30JIGHOCTI Ha IPOLIEC TOPIHHS € Me-
XaHIYHUH Ccroci0 — UIypyBaHHS IIapy ManuBa, 1o
TOPHTH, HA KOJIOCHUKOBIH pemriTi (puc. 3).

Pa3zoMm 3 THM, HapoILIyBaHH] YaCTOTH LIypyBaH-
HSl MacuBy NaJMBAa, IO FOPHUTh, 3HIKYE EKOHOMI-
YHICTh CHAIIOBAaHHS, PU3BOAUTH 10 MEXaHIYHOTO
NoJpiOHEHHS] YaCTWHOK Ta 301JBIICHHS MNpPOBay
Kpi3b KOJOCHHKOBY pemnTky. EQexTuBHICTH mpo-
Hecy CHalioBaHHS MOMKHA JIOCATTH TPH 3acTO-
CyBaHHI 3ac00iB BIUIUBY Ha IHTEHCHBHICTb TOPiHHS
3 ypaxyBaHHSM BUJy NalliBa, BiAMIHHOCTI HOTO
€JIEMEHTAPHOr0 CKJIaay, y TOMY YHCII 1O BMICTY i
BJIACTUBOCTI 30JI Ta BMICTY BOJIOTH.

®opmyJI0BaHHA Hijei craTTi. Meroro pobo-
TH € OOIpYHTYBaHHS BUOODPY palmioHAIBHOI CXEeMHU
e(eKTHBHOTO  CHAIIOBaHHS  HHU3BKOCOPTHOTO
TBEPJOrO MajKBa Pi3HOI SAKOCTI B ONANIOBAJIBHUX
KOTJIaX CHCTEM aBTOHOMHOTO 1 JCIICHTPaTi30BaHO-
rO TEIUIOTIOCTaYaHHs, MpH AKii 3a0e3nedyeThes
JOCSITHEHHS €KOHOMIYHHX 1 €KOJIOT1YHHUX MTOKa3HH-
KiB iX poOOTH.

OcHoBHA yacTHHA. Ha iIHTEHCUBHICTH MpoIIeCy
CTaJIIOBaHHSI TBEPJOTO MaJlMBa B MIapi BILIMBAIOTh
OaraTo ¢akTopiB: CTPYKTypa IIapy, po3Mip 4acTu-
HOK maiuBa, (popcyBaHHS AYTTHOBOIO MOBITPS,
TEeMIIepaTypHi YMOBH KaMepH 3TOPSHHS, BOJIOTICTh
1 30JBHICTh MAJIMBa, BIACTHUBOCTI 30714, BUXIJ JIe-
TKUX PEYOBHH TOIIO. Y il poOOTI pO3TIATAIOTHCS
CXeMH Oprasizamii Iporecy TOpIiHHA TBEPAOTO
najyBa, pealizoBaHi B TOMKOBHX MPUCTPOSAX KO-
TNiB, BUOIp SKMX OOYMOBIIOETHCS B MEPLIY Yepry
BOJIOTICTIO Ta 30JBHICTIO CHANIOBAHOTO TajMBa.
CxutafHiCTh KOHCTPYKIii KOTJA 3 TONMKOBUM IIpH-
CTPOEM 3aJICKHUTH BiJ CITiBBIHOIICHHS BEINYHH
BMICTY BOJIOTH i 301 B ITaJINBI.
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Puc. 3. 3aexHiCTh MBUIKOCTI TOPIHHS 30JIbHOTO MAJIUBA
BiJl IHTCHCHBHOCTI IIypyBaHHS Iapy:

BYTi/LIA 13 301bHICTIO A” = 14,3 %: 1 — mpoTsirom gocminy;
3 — 3a mepioj iIHTEHCUBHOTO TOPiHHS,

BYT1/LIA 13 301bHICTIO A” = 25,5 %: 2 — poTsiroM Jociiny;
4 — 3a epio]] iIHTCHCUBHOTO TOPiHHS

EdexruBHICTh CHaiiOBaHHSA IaJiiBa 3 HEBHU-
COKOIO 30IIBHICTIO 10 5...8 % aine miABUIIEHOO
BostoricTio 10 40-50 % Mo»Ha JOCSIITH B KOTJIax 3
TBEPAONAIIMBHUMHU TOIKAMHU BiIHOCHO HECKJIAaIHOI
KOHCTpPYKIii, sika 3a0e3nedye iHTEHCHUBHE MifCy-
IIyBaHHS NaJMBa Ta CTBOPEHHS HEOOXiIHUX YMOB
JUIS HaOiHHOTO 3aiiMaHHSA Ta TOpiHHS 3abaja-
CTOBaHMX rasiB. Tak, B omajtoBalIbHUX KOTJIax A0
300 kBT mns cnanroBaHHS NEPEBHUX BiIXOMIB Ta
KyCKOBOTO Topdy (pHc. 4) mporecy CyIIiHHS Ta Ti-
podizy manuBa peayizoBaHi y BEpTHKAIbHIN Temo-
130J1b0BaHIN IAXTi, B HIKHINA 30HI SIKOI Ha BCii
IUIOIII BUXITHOTO Mepepidy 3 Liapy KOHCTPYKTH-
BHUMU 3aco0amMu 3a0€3MeuyeThCs IepeMilryBaHHS
3a0anacToBaHUX Ta3iB 3 BTOPHUHHUM IOBITPSIM,
YTBOPEHHSI CTPYMHUH CYyMIllli, HACHYEHHX KHCHEM,
Ta TOPiHHA iX y QyTepoBaHiil KaMepi 3ropsHHS.

Koren, po3polOiieHnii aBTOpaMH, MICTUTh
KaMepy-IIaxTy MaluBHY 3 JIOKOM JJisl 3aBaHTaxKe-
HHsI TTAJIMBA Ta BIKHOM Y HIDKHIN 30HI I BUXOIY
MPOYKTIB 3TOPSIHHS, KOJIOCHHUKOBY PEIIITKY, 30-
JMHHUK, KaMepy 3TOpSHHS, KOHBCKTHBHUI IaKeT,
MOBITPSHI TpPaKTH INEPBHHHOrO (MiJ KOJOCHH-
KOBOIO PEIIITKOI0) Ta BTOPHMHHOIO TIOBITPS 3
corutamu. [Ipu criantoBaHHI Mano30JbHHUX MAIUB 3
MaJIUM yMiCTOM JIPiOHUX YaCcTOK KOJIOCHHKOBA pe-
IIiTKa MOXe OyTH oOajHaHa HEPYXOMHMH KOJIO-
cHukamu. llpm cnamroBaHHI 30JpHMX NajUB Ta
MaJIMB 3 BEJIMKHM BMICTOM JPiOHHUX YacTOK psill KO-
JIOCHUKIB 00JIaHY€ThCSI PUBOJOM JJISl IIypyBaH-
HS, a psAI KOJOCHUKIB, PO3TAIOBAHUX OJMXKYE IO
HEepefHiX ABEPUAT — IPUBOAOM A HOBOPOTY 3
METOIO CKHJAaHHS B 30JIbHUK 30JU Ta IUIAKY.

Puc. 4. Koren 11 cniajitoBaHHs APOB, KYCKOBOI'O
Topdy Ta BiIXOAIB JepeBUHU
1 — manuBHa maxra; 2 — peritka; 3 — kamepa 3ropsiHHs; 4 —
KOHBEKTHBHI ITOBEPXHSI; 5 — 3MillyBay ra30MoBITPSIHOI CyMiIi

IlepBuHHE TIOBITPS TOMAETHCS TiJ KOJOCHH-
KOBY peIUIiTKy, NPOXOJHTh IIap PpO3IEYEHOTO
KOKCY (KHUCHEBY 30HY), J€ KHCEHb CIIpHE
BUTOPAHHIO BYIJIELIO 3 YTBOPEHHSIM BYTJICKHCIIOTO
ra3y, sIKMi y BiJIHOBJIIOBaJIbHINA 30HI 3a BIICYT-
HOCTI KHCHIO BCTYIIA€ B PEAKII0 3 YTBOPEHHSM
OKCHIY ByInem. Bucokoremneparyphi rasu mo-
CTYTIAIOTh YAaCTKOBO Ha BUXI[ i3 MIapy, a YaCTKOBO
MiHIMAIOTBCSL BrOpY LIAXTOIO, IO CIIPHSE MipoOi-
3y HajiBa 3 BUAUICHHSM JETKUX pedoBrH. Crairo-
BaHHS BOJIOTOTO IajlMBa AOCATAE€THCS ITHMOOKUM
TIepeMilTyBaHHsAM ra3iB Ha BUXOJI 3 IIapy MaJnBa,
IO TOPUTH, 3 KUCHEM BTOPHHHOIO MOBIiTps. Pi-
BHOMIPHICTh IU(Y3IHHUX MPOLECIB MO BCHOMY
nepepizy (A3epkairy TOpiHHS) Ha BXOJI JI0 BUCOKO-
TEeMIIepaTypHoi (QyTepoBaHOI KaMepH 3rOopsHHS
OTPUMYETHCS 3aBISKU MPOQUIBHUM HacaakaMm pi-
BHOMIpHOI BUTpaTH Ha COIUIAX BTOPUHHOIO IOBi-
Tpsa. Ilpomyktu rasudikamii KOKCOBOi 30HHM 1
MPOAYKTH MipOJIi3y NajlMBa B KaMepi MajauBHIN BU-
XOIATh B KaMepy 3TOPSHHS Kpi3b IPOPI3U MiX
npodiTbHIMH HacagKkaM{ Ha COIIaX BTOPHHHOTO
MOBITPA, 32 KyTHUKaMH SIKHX CTBOPIOETHCSI 30HA
BiJJpMBaHHS [TIOTOKY — BUXPOBA 30HA 3 IOHIKEHUM
THCKOM. Ha rpaHmii 11i€i 30HH CTBOPIOIOTHCS
ONTUMAJIbHI TEMIepaTypHi Ta KOHIICHTpAIliiHI
YMOBH MiANAIIOBaHHS TOPIOYMX Ta3iB IEPBHHHOL
CYMIIIIi Ta CBI’KOTO BTOPUHHOTO IOBITPs Ta ii ropi-
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HHSI TIPH HU3BKUX HAJUTMIIKaX TOBITps. Take aBO-
CTafiiiHe CHaMIOBaHHs, 3aCHOBaHE HA HOBUX TEXHi-
yHUX pimeHHsx [9], 3abesmedye edeKTHBHE
CHaJIIOBaHHSI BOJIOTOTO IajMBa 3 E€KOJOT1YHHUMHU
MOKAa3HUKaMH Ha PiBHI Cy4YacHHMX HOPMaTHBHHX
BUMOT, L0 MiATBEPAKEHO IOCIITHULIBKUMH BH-
MpoOyBaHHSAMH KOTJIA.

Jnst crairoBaHHS BOJOTOTO 30JIBHOTO TMalUBa
3aCTOCOBYIOTH aBTOPCHKI TOMKOBI MPHUCTPOi OiiIbII
CKIIaTHOI KOHCTPYKINii, SAKI MICTITh MEXaHiuHI
3aco0M JIJIsl NIypyBaHHS MIapy MaJlMBa, 10 TOPHUTh.
3 HaBeIEHOTO BHIIIE, CMIATIOBAHHS HU3bKOCOPTHOT'O
NajuBa 3 BUCOKMM BMICTOM BOJIOTH 1 30JIM MOXHa
JMOCATTH TIPU TPAIUIIMHAX CXEeMax opraHizamii
npotiecy i3 3abe3neueHHsM TOpiHHS CyMilli ra3iB 3
MOBITPSM NPH HEBUCOKMX BEJIMUMHAX HOTO HAIJIH-
IIKy Ta MEXaHi4HOi Iii Ha BHUTOpPaHHSI KOKCOBOTO
3aJIMIIKY 3 METOIO 3HIKEHHS BIUIUBY BMICTY 30JIH
i Bosoru. Taka cxema peasli3oBaHa B KOHCTPYKIIii
MEXaHIYHOTO TOIIKOBOTO IPHUCTPOIO, IO MICTUTH
BEPTUKAJLHY MAJUBHY MIAXTY i3 3aTHCKHOIO PETIli-
TKOIO, IITOBXad sl TIEPEMILLICHHS Iapy MajuBa,
JONANIIOBANBHY KOJOCHUKOBY PEIIITKY 3 TIpH-
CTPOSIMU JIJIsl LIYPYBaHHS KOKCOBOTO IHapy, IO

TOpUTh, BHUXPOBY TOIKOBY KaMmepy, MOBITpsHI
TPaKTH TEPBUHHOTO 1 BTOPHUHHOTO MOBITPA
(puc. 5).

Puc. 5. MexanizoBaHuii KOTe IJIs CIIAIFOBAHHS

HU3bKOCOPTHOTO TBEPJIOTO MaIKBa:
| — waxTa nanuBHA, 2 — KOJIOCHUKOBA pEIIiTKa, 3 — Kamepa
3TOPsHHSA, 4 — IUTYH)KEp, 5 — CEKTOPHMIA IITOBXA,

6 — DyTTHOBHH KaHAJ EPBUHHOTO MOBITPS, 7 — IyTTHOBHIA Ka-
HaJI BTOPUHHOTO MOBITPS

VYV maxTi IpoTIiKarOTh MPOIECH CYLIIHHS CHPO-
rO MajuBa, TEPMOJi3y 3 BUXOAOM JETKUX PEYOBUH
Kpi3b MpOpi3W B 3aTHCKHIA PEWIiTHi B TOIKOBY
KaMmepy, MiANaTIOBaHHS Ta TOPIHHSA B HIDKHINA da-
ctuHi. Ha mouaTky momairoBaqbHOI PEIIiTKH Bif-
OyBaeThCsl IHTEHCHBHE TOPIHHS KOKCOBUX YaCTH-
HOK 3 BHXOJIOM BHCOKOTEMIIEPATypHHUX NPOILYKTiB
B TONIKOBY KaMepy, siKi 3a0e3neuyoTh HaJiiiHe 3a-

HMaHHS Ta BUTOPSHHS JICTKUX DPEYOBUH IEpeMi-
[IaHUX B CTPYMHHAX BTOPUHHOTO OBITPSI.

[Ipu nmepemirienHi mapy, 0 TOPHUTH, MiJ JI€H0
HITOBXa4a MO JIOBXKHHI PEIIiTKH KOKCOBHH 3alu-
HIOK BHUTOpS€ B 30HI MEXaHIYHOTO IIypyBaHHS
apy, iIHTEHCUBHICTP SIKOTO 3aJIEKUTH BiJl BETHYH -
HH 30JIbHOCTI, @ BOTHUILIEBI 3aJIMIIKH BUIAJISAIOTH B
3ononpuiiMad. st miATpUMaHHS HU3BKOTO Koedi-
[i€HTa HAIJIUILIKY MOBITPS B TOMKOBOMY IIPOCTOPI
Ta TIOBHOTH TOPIHHS IYTTHOBE TOBITPS TIEpEpO3-
MONIISIETCS  Oe3MOocepeHO0 B IIaXTy, MO30HHO
M KOJOCHUKOBY JOMAIOBANbHY PELITKY, B
COIUTa BTOPUHHOT'O IYTTS BHHU3Y 1 3BEpXy 3aTHCK-
HOI PEUIiTKH Ta comuia BUXpoBoi kamepu. CTpymu-
HaMHM TIEPBHHHOTO 1 BTOPHHHOTO TIOBITPs 3a0e3re-
YY€ThCS aepoJWHAMIiKa Ta30MOBITPSAHUX MOTOKIB Y
TOTIKOBI Kamepi, MpH SKiii HAWOLIBIT MOBHO BiJl-
OyBaeThCsl TEpEMIllyBaHHs, IiIMATIOBAHHS Ta
BUTOPSIHHSI TIPOJYKTIB razudikamii Ta HEMOBHOTO
TOpiHHA, a TaKOoX JApiOHWX YACTHHOK IIaJINBa,
BUHECEHHUX 3 Iapy, 3a JIOBXHHU AONAIIOBAIBHOI
PELIITKH HE MEHIE TTMOMHU BUXPOBOT KAMEPH.

[Ipn mpomy mij Yac crnamioBaHHS MaJWBa 3a
HaBEJIEHOI CXEMH TMPOTIKAIOTh TaKi IPOIECHU:
3aCMOKTYBAaHHS Ha CTPYMEHI MOBITPA 3 HIDKHIX
colleJ1 BUCOKOTEMIIEpaTypHHX Tra3iB 3 JAOMajio-
BaJIbHOI PEIIiTKY i CyMilli MPOAYKTiB Trazuikarii
3 MIaXTH 3 MOBITPSM BiJl BEPXHIX COIEI; BUTOPSH-
HSl Ha CTPYMEHSIX MPOAYKTIB rasudikanii; yaapsH-
HS CTPYMEHIB Ta3iB B CKJICMIHHSA 3 YTBOPEHHSIM
3BOPOTHOI'O OITYyCKHOI'O IOTOKY B3[OBX 3aTHCKHOI
PELIITKH; T[oJladya CBIXKOTO TOBITPS BEPXHIMH
COIUTAaMH JUIi CTBOPEHHsSI TOPIOYOi CyMimmi 3
npomyktamu rasudikartii. Takuit TpucTamiiHMIA
croci06 opraHizamii criaTOBaHHS, SKUH 0a3yeThcs
Ha HOBHX TexHIYHMX pimeHHsx [10], 3a0be3neuye
CHAJIIOBaHHS BOJIOTOTO  30JbHOTO ManuBa 3
€KOHOMIYHMMH 1 €KOJIOTIYHUMH TOKa3HUKaMH Ha
piBHI cyyacHMX HOpMaTHBHHX Bumor [11, 12], mo
MiATBEPKEHO JOCIITHUIIBKUME BUTIPOOYBaHHIMHU
MEXaHi30BaHOTO KOTJA.

BucnoBku. EdextiBHe BUKOpUCTAHHS BiTYH-
3HSHOTO JICHIEBOTO HHU3BKOCOPTHOTO TBEPIOTO
najgBa B TEIUIOTEHEpAaTopax  KOMYHaJIbHOI
SHEPTeTHKH 3HIDKYE 3arajbHy BapTIiCTh BUPOOIICH-
HS TEIUIOBOi €Heprii 3a YMOBH palioHaJbHOTO 3a-
CTOCYBaHHsI TOIIKOBOTO oOJiaiHaHHs. BpaxoByioun
YCKIIQAHCHHS TEXHOJIOTI1 CITaIIOBaHHSI, a BiIOBI-
HO 301MBLICHHS BapTOCTi, 31 3HIKEHHSIM SKOCTI
najuBa, BUKOHaHE OOIPYHTYBaHHs IO BUOOpY pa-
[[IOHAJIFHOI CXEMU OpraHi3allii mpouecy i Haiu-
Ba 3 PI3HUM BMICTOM BOJIOTH 30JIU Ja€ MOXKJIUBICTh
mifidpaTH TOMKOBI MPUCTPOi 3a CKIAJHICTIO KOH-
CTPYKIIii IPUAHATHI I CTIAFOBaHHS ITaJTiBa Bif-
HOBIHOT SIKOCTI 13 3a0€3MEeUeHHAM EKOHOMIYHUX 1
€KOJIOT1YHMX HOPMATHBHUX MOKA3HHUKIB.

28



Bernmunsuyis, oceimneHHsi ma merinioea3oriocmadaHHs. Bun. 25, 2018

Jlitepatypa

1. Eneprernuna crpateris VYkpainm Ha mepion 1m0 2035 poky “besneka, eHeproeeKTHBHICTD,
KOHKypeHTocpoMokHicTh”. — UunHi Big 18.08.2017. — Kuis: Kabiner MinicrpiB Ykpaiuu, 2017. — 73 c.

2. [ManuBHO-eHepreTHyHi pecypcu Ykpainu. Cratuctuunuii 30ipauk. — JlepxkaBuuit Komiter cratuctuku Ykpainu.
— Kuis, 2009 p. — 444 c.

3. Cenuyk M. II. Topd sk manmBo B KomyHanbHIH eHepretuni / M. I1. Ceruyk, O. C. Capuenko, B. M. Cikau //
BenTumAmis, OCBITICHHA Ta TEIJIOra30MOCTadyaHHs : Hayk.-TexH. 30. / KuiBChbKuil HamiOHaNBPHUHA YHIBEPCHUTET
OyniBHHUITBA 1 apXiTekTypH. — 2012. — Bum. 16. — c. 48-52.

4. Cenuyk M. Il. MexaHi30BaHE CIIATIOBaHHsS TBEPAOro MajMBa B MajlorabapuTHUX Teruioreneparopax / M. Il
Cenuyk // BeHTHIIAIIIsI, OCBITJICHHS Ta TEIIOTra30MOCTayaHHsl | HayK.-TexH. 30. / KuiBCbkuil HalllOHAJIBHUI YHIBEPCUTET
OyniBHHULTBA 1 apXiTekTypu. — 2014, — Bum. 17. — c. §9-93.

5. Senchuk M. P. Simulation of Solid-Fuel Hybrid Combustion / M. P.Senchuk, A. V. Barkovskyi // Benrusis,
OCBITJIEHHSI Ta TEIUIOra3onocTayaHHs : HayK.-TexH. 30. / KuiBcbkuil HalioOHanbHUWH YHIBepCUTET OYHIBHUIITBA 1
apxitekrypu. —2017. — Bum. 21. —c. 11-17.

6. OCHOBHI MPAaKTUYECKOI TEOpHU ropeHus: yaeOHoe mocodue s By3oB / B. B. [Tomepanues, K. M. Apedres, /.
Bb. Axmenos u ap.; nog pen. B. B Ilomepannesa. — Jlennnrpan: Oueproatomusaar, 1986. —312 c.

7. Xamansaa . M. Teopusi TOMOYHBIX IPOIECCOB: ydeOHOe mocobme st By3oB / J[.M.X3mamsH. — MockBa:
Oneproaromusar, 1990. — 332 c.

8. MaxkapoB A. C. CyuacHe eHepro30epiraroue o0aaIHaHHS sl omatroBaibHUX KoTeneHb / A. C. Makapos, M. I1.
Cenuyk // ByaiBenbHi MaTepiaiu, BUpoOu Ta canitapHa TexHika. — 2000. — Ne 15. —c. 121-124.

9. ITat. 50214 A VYkpaina F24B1/02. Koren ans cnajiroBaHHs APOB, KyCKOBOrO TOpdy Ta BiIXOIIB JepeBUHH /
MaxapoB A. C., Ceruyk M. I1., Hesctpyesa I'. M.; JlepkaBHHIA HayKOBO-IOCTITHUHA 1HCTUTYT CaHITApHOI TEXHIKH i
obnagHanHs OyaiBens Ta criopy; 3asBi. 23.11.2001; omy6uik. 15.10.2002, Brom. Ne10 —2 c.

10. Iat. 37359A VYxkpaina, MIIK 6 F 23 L1/00, F 23 B 1/12. Tonka ajis criaJlfOBaHHS TOBTOITOYMCHEBHX IMAHB /
A. C. Maxkapos, M. II. Cenuyk. — Ne 98031638; omyOmik. 15.05.2001 6ron. Ne 4. —2 c.

11. TOCT 30735-2001. KoTnel oTonuTenbHble BOJOTpelHbIE TerionpousBoauTenbHocTeo or 0,1 1o 4 MBT. —
Bgenen ¢ 2003-01-01. — Mocksa: UTTK M3parenscTBo ctanaaptos, 2001. — 30 c.

12. IBH B.2.5-77:2014. Kotenbhi. — Yunni Big 2015-01-01. — Kuis: Ykpapx0Oyaindopm, 2014. — 65 c.

References

1. Enerhetychna stratehiia Ukrainy na period do 2035 roku “Bezpeka, enerhoefektyvnist, konkurentospromozhnist.”
Kabinet Ministriv Ukrainy, 2017.

2. Palyvno-enerhetychni resursy Ukrainy. Statystychnyi zbirnyk. Derzhavnyi Komitet statystyky Ukrainy, 2009.

3. Senchuk M. P., Savchenko O. S., Sikach V. M. “Torf yak palyvo v komunalnii enerhetytsi” / Ventyliatsiia, os-
vitlennia ta teplohazopostachannia: Naukovo-tekhnichnyi zbirnyk, Iss. 16, Kyiv National University of Construction
and Architecture, 2012, pp. 48-52.

4, Senchuk M. P. “Mekhanizovane spaliuvannia tverdoho palyva v malohabarytnykh teploheneratorakh.” Ventyliat-
siia, osvitlennia ta teplohazopostachannia: Naukovo-tekhnichnyi zbirnyk, Iss. 17, Kyiv National University of Con-
struction and Architecture, 2014, pp. 89-93.

5. Senchuk M. P., Barkovskyi A. V. “Simulation of Solid-Fuel Hybrid Combustion A. V.” Ventyliatsiia, osvitlennia
ta teplohazopostachannia: Naukovo-tekhnichnyi zbirnyk, Iss. 21, Kyiv National University of Construction and Archi-
tecture, 2017, pp. 11-17.

6. Pomerantsev V. V., Arefev K. M., Akhmedov D. B. i dr. Osnovy prakticheskoi teorii goreniia. Energoatommiz-
dat, 1986.

7. Khzmalian D. M. Teoriia topochnykh protsessov. Energoatommizdat, 1990.

8. Makarov A. S., Senchuk M. P. “Suchasne enerhozberihaiuche obladnannia dlia opaliuvalnykh kotelen.”
Budivelni materialy, vyroby ta sanitarna tekhnika, no. 15, 2000, pp. 121-124.

9. Makarov A. S., Senchuk M. P. Nevstrueva G. M. “Kotel dlia spaliuvannia drov, kuskovoho torfu ta vidkhodiv
derevyny.” Patent of Ukraine 50214 A. 15 october 2002.

10. Makarov A. S., Senchuk M. P. “Topka dlia spaliuvannia dovgopolumenevykh palyv.” Patent of Ukraine
37359A. 15 may 2001.

11. Kotly otopitelnye vodogreinye teploproizvoditelnostiu ot 0,1 do 4 MVt. GOCT 30735-2001, IPK Izdatelstvo
standartov, 2001.

12. Kotelni. DBN V.2.5-77:2014, Ukrarkhbudinform, 2014.

29



Bernmunsuyis, oceimneHHsi ma merinioea3oriocmadaHHs. Bun. 25, 2018

YOK 697.432.7

CXunraHue HU3KOCOPTHOIro TBEpPAOro TONSIMBa B TensioreHepaTopax CUCTeM
aBTOHOMHOIO U AeLeHTPanu3yrLero TensiocHabxeHus

M. M. CeHuyk'

'K.T.H., 1011, KHeBCKuii HAMOHANBHBINA YHUBEPCHTET CTPOUTENLCTBA U APXUTEKTYPHI, T. Kues, Ykpaunna, smp_21@ukr.net

Annomayus. O60cHo8ana YenecooGpPA3HOCIb UCRONb308AHUSL 6 MENIO2EHEPAMOPAX KOMMYHALLHOU IHEPLeMmUK MEEPO020
MONIUBA PAZIUYHO20 KAYECMEA: OM KAYeCMBEHHO20 MAL030IbHO20 K HU3KOCOPMHOMY, KOMOPOe XAPAKmMepusyemcs 6blco-
KOU BIANCHOCBIO U 30I6HOCIbIO. [IPOAHATUSUPOBAHO HE2AMUBHOE GIUAHUE COOEPIHCUMO20 GIAU U 307bl 6 MONIUBE HA UH -
MEHCUBHOCMb NPOYECCA CHCULAHUSL, PACCMOMPEHbL NYMU €20 CHUJICeHUsL Olla200apsi OP2aHU3AYUU Npoyecca 20penus 3a0an-
JACMUPOBAHHBIX 24306 NPU HUKUX UZOLIMKAX 6030YXA U NPUMEHEHUU MEXAHUYECKUX CPeOCME NO PA3PYULCHUIO 30AbHOU 000 -
JIOUKU YaACmuy 8 30He 8bl2opanus Kokca moniueda. Ommeueno, unmo 3KOHOMUYHOCHb UCHONb306AHUS MONAUBA PAZHO20 KAYe-
CMBa 6 3HAUUMENbHOU CIMeNneHU 3d8UCUM OM 8bl00PA KOHCMPYKMUGHOU CXeMbl MONOYHO20 YCMPOUCmea, Komopas obecne-
yugaem op2anu3ayuI0 npoyecca 20penust nauboiee npuemiemylo 0is cacuzaemo2o monauea. Ipusedenvl KOHCmpyKmugHoie
CXeMbl MONOYHBIX YCMPOUCME OISl CHCULAHUSL HUSKOCOPIMHO20 MONIUEA KAK C 8bICOKUM COOEPHCAHUCM BIAU U HUZKOU 301b -
HOCMbIO MAK U BbICOKUM cOOepicanuem eiaeu u 30avl. Onucana KOHCMpPYKYUs KOMAA ¢ PYHHOU UL NOTYMEXAHUYECKOL
MONKOU, 6 KOMopou 6ra2odaps 21yboKOMY NePeMeUUSAHUI0 24308 NUPOIUSHO20 NPOYECCd 6 MONIUBHOU WAXME C KUCIOPO -
00M 8MOPUUHO20 6030YXA OOCMULAEMCS CHCULAHUE GNANCHO20 MONIUBA C HUBKUMU KOdpuyuenmamu uzdbimra 6030yxd.
Ocywecmenén ananus Cocuanlisi 301bH020 GANCHO20 MONAUBA 8 ONUCAHHOL KOHCMPYKYUU MEXAHUYECKOl MONKU, KOMopast
COOepIHCUm MONIUBHYIO WAXNTY, KOJOCHUKOBYIO PEUEMKY, MexaHudeckue cpedcmea Oiis NepemMetyenuss U uypoeanus 20psi-
we20 Cosi MONAUBA U CUCIEMY 8030YULHO20 MPAKMA NEPEUYHO20 U BMOPULHO20 8030VXd.

Knrouegvle cnosa: nuskocopmmoe meépooe mMoONIUBO, MENI02eHepamop, KOMEL MONKd pyyHas,
NONYMEXaHU4ecKds U MexaHuyecKkas, KOHCIMPYKMUBHAs cxema MOono4yHo20 YCmpoucmea, moniueHas
waxma, KOIOCHUKOBAs peuémia

UDK 697.432.7

Combustion of Low Grade Solid-Fuel of Autonomous and Decentralized Heat
Supply System in a Heat Generator

M. P. Senchuk’
'PhD, associate professor. Kyiv National University of Construction and Architecture, Kyiv, Ukraine, smp_21@ukr.net

Introduction. The expediency of using a municipal energy of solid fuel of different quality in heat generators: from high-
grade low-ash to low-grade, which is characterized by high humidity and ash content is explained. The negative influence of
moisture content and ash content on fuel on the intensity of the process of its combustion is analyzed, ways of reducing it are

considered due to the organization of the process of getting lost gas at low air surpluses and the use of mechanical means
during destruction of the asocial shell of particles in the burning zone of fuel coke. It is noted that the economy of using a

fuel of different quality depends to a large extent on a choice of the constructive scheme of the furnace, which provides the

most suitable organization of combustion process for combusted fuel. The constructive schemes of furnaces for combustion of
low grade fuel with high moisture and low ash content and high moisture and ash content are presented. The construction of
a heating boiler with a manual or semi-mechanical furnace is described, in which, due to the deep mixing of gases of the py-
rolysis process in a fuel stack with oxygen secondary air, the combustion of moisture firel with normative ecological parame-
ters is achieved. An analysis of the combustion of ash and moisture fuel in the described construction of a mechanical fur-
nace, which comprises a fuel stack, a grating, mechanical means for moving and scratching the burning fuel layer, and a
system of air tract of primary and secondary air is done. Taking into account the complication of combustion technology and
consequently increasing the cost, with a decrease in the quality of fuel, the rationale for choosing a rational scheme for or -
ganizing the process for fuel with different moisture content of the ash makes it possible to select the furnace devices accord-
ing to the complexity of the design suitable for combustion of fuel of the appropriate quality with the provision of economic

and environmental normative indicators.

Keywords: low grade solid-fuel, heat generator, heating boiler, manual furnace, semi-mechanical and
mechanical, constructive scheme of the furnace, fuel stack, grate.
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Anomayisi. Baxciueum HANPIMKOM €HeP2030ePedCeH s € GUKOPUCTAHHS eHEP20eheKMUBHUX CUCIEM MenI0nOCMAYaHH.
Takumu cucmemamu € cucmemu 3 MENIOBUMU HACOCAMU OJi YMunizayii HUZLKONOMEHYIaNIbHOI MenIomuy 6epXHIX wapis
3eMHOI KOpU. AKMYAnbHOIO HAYKOBOIW 300auel0 € PO3GUMOK KOHCHMPYKYIL MEniogux HACoCie Ol NIOGUWEHHS iX
eexmusrocmi. Po3nogcrooicens Habyeams meniogi HacoCU Ha OCHOBI BEPMUKALHUX PYHMOBUX MENI00OMIHHUKIG, NPU
YbOMY NEPCHEKMUBHUM € GUKOHAHHS YUX MENnI00OMIHHUKIG Y Uil OYOI8eIbHUX NATb, MAK 36AHUX, eHEP2EMUUHUX NATb.
Ipu npoexmysanni MenIosuUx HACOCI8 HA OCHOBI eHEP2EMUYHUX NAIb HAO3GUHATIHO BANCIUGUM € RUMAHHS IX 63AEMOBNAUBY,
OCKIbKU KOHCMPYKMUG I Hecyud 30amuicmo 6CMAHOGNIOE Ne6Hi 2panuyi posHecenHs Qynoamenmuux namb. B cmammi
PO32NAHYMI CUCTEMU MENTONOCIAYAHHS 3 2DYHIMOBUM MENI0GUM HACOCOM, Y K020 K GUNAPHUK GUKOPUCTAHO 0VOIGenbHI
@yHoamenmui nani, max 36amui, eHepeemuyni naui. Ilpoananizoeano GI0OMI O0CHIONCEHHS WOO00  KOHCIMPYKMUGHUX
0cobuBoOCmell eHepeemuUUHUX NAb MA iX 6NIUE HA eHepeemuyHi NOKA3HUKU MENI08UX HACOCis. BcmarnosneHo, wo HatimeHw
0ocnioxncenolo obnacmio 6 Oauill cepi SA6IAEMbCs MEMOOUKA THHCCHEPHO20 PO3PAXYHKY EHePemudHux naib, a came
63ACMHULL BNIUE EHEPLeMUYHUX NALb OOHA HA OOHY, MOOMO MIHIMAIBGHO OONYCMUMY GIOCMAHbL MINC (YHOAMEHNMHUMU
eHepemuMHUMU RATSAMU. [T MACOBO20 BNPOBAONCEHHS eHEPLEMUYHUX NAlb 8 HOBOMY OVOIBHUYMET HeO0OXIOHA KOpeKmHa

HayKo80 0bepyHmosana Memoouxa eubopy onmuMaibHo20 KOHCMPYKMUBY QyHOAMEHMHUX eHepeemUYHUX Nalb.

Knouosi cnosa: enepeemuuna nana, epyHmosuli meniosuili HACOC, 2e0MeEPMANbHA eHepais,

eHepeemuyna epexmueHicims

Beryn. BaxxmBum HanpsMKoM eHeproedekTu- HHSIM pOOOTH €HEepreTHYHHX Majb 3aiimMaBcs Oino-
BHOCTI € BUKOPHCTaHHS CHEProe(eKTUBHUX CH- pycbkuii cneriarict C. DinatoB
CTEM TEIUIONOCTayaHHs. TakuMU CUCTEMAaMHU € CH- 3 BUPOOHMYMX KOMIIAHIM BEIWKUH BHECOK Y
CTeMH 3 TEIUIOBUMH HacocaMu JUIA yTWi3awii HH- PO3BHUTOK TeOTEpMalIbHOI E€HEPreTHKH Ha OCHOBI
3bKONOTEHINIAIEHOI ~ TEIUIOTH  BEPXHIX  IIapiB SHEPTeTUYHUX Iallb 3MIMCHIOE (DIHChKA KOMIIAHis
3eMHOI KOpH. AKTYallbHOIO HAayKOBOIO 3aJlaucio € Uponor.
PO3BUTOK KOHCTPYKIIiH TETUTOBMX HACOCIB JUISI TiJI- @opMmya0BaHHA Widedl crarTti.  AHami3
BUIIEHHs iXHbOI edexTuBHOCTI. Ha pasi, posmo- BIUIMBY KOHCTPYKTUBHHUX OCOOJIMBOCTEH €HEpreTH-
BCIOJKCHHSI Ha0yBafOTh TEIJIOBI HACOCH HA OCHOBI YHHX NAJb Ha X TeIIOBY e(heKTHBHICTb.
BEPTUKAIGHUX IPYHTOBUX TEIUIOOOMiHHUKIB. [Tpn OcnoBHa uyactuna. EHepreTnyHa nans — 1e
IbOMY MEPCHEKTHBHUM € BUKOHAHHS LMX TEIUIO- OyxiBenbHa (pyHIAMEHTHA Mais i3 3aMOHOJIIYEHH-
OOMIHHUKIB y BUTISAAI OyIiBENbHUX TMalb, TaK MU BCEpEIMHI TOJIETHICHOBUMHU TPYyOONpPOBO-
3BaHUX, CHEPTCTUUHUX T1aJlb. JaMH, [I0 B CBOIO YEPr'y € BUITAPHUKOM TEILJIOBOTO

AKTyaJabHicTh gociaimkennsi. EdextuBre 3a- Hacoca (puc. 1). Takum yuHOM, M Yac 3BUYAMHUX
CTOCYBaHHS €Heproe()eKTUBHUX TEXHOJOTIH B OyniBenbHUX pOOIT Bigpa3y MOHTYIOTHCS BEpPTH-
VYkpaini morpedye KOMIUIEKCHOTO paIioHaIHHOTO KallbHI ~ CBEPUIOBHHHI  KOJICKTOPH  TEIUIOBOTO
migxony. Tak, yJamTyBaHHS TEIUIOHACOCHOTO Hacoca. [IpoekTyBaHHSI cHCTEM TeMJIONOCTavyaHHs
oOnagHaHHs HAa OCHOBI CHEPreTMYHHMX INajb J0- Ha OCHOBI TEMJIOBUX HACOCIB 3 BEPTHKAJIHLHUM
3BOJISIE 320IAIUTH Ha CTHOPYKEHI BEPTHKAIBHUX ITPYHTOBHM  TEIUIOOOMIHHHUKOM Yy  BHUTJIAMI
KOJIEKTODIB. EHEePreTHYHHNX Malbh MOTPEe0y€e YITKOTO PO3YMIHHS

OcranHi gocaimxenns Ta myoJikamii. J{oci- TOBIIWHY, JJOBKWHH TaJi, KiIbKOCTI 1 miamerpa U-
JOKEHHSI BEPTUKAIBHUX IPYHTOBUX TETLIOOOMIHHU- noiOHNX TpPyOOK, TEIIOBOi MOTYKHOCTI MeTpa
KiB — PO3MOBCIO/)KEHAa TeMa HAayYKOBHX PO3POOOK. MOTOHHOTO MaJi Ta BiICTaHI MiX BiTKaMH.
3okpemMa, HalOLIBII MIMOOKI TOCTIIKECHHS IPOBO- OpHi€r0 3 TOJIOBHUX XapaKTEPUCTUK €HEpreTH-
nmate y CLHA T. Awmic, X. bpanmns, I1. JI. beopn- YHHUX TAJTh € KUTBKICTH 1 giamMeTp TpyO y BUKOpH-
Be66 Ta iH. Bimomi poGOTH IOI0 MOJEITIOBAHHS CTaHiil KoHCTpyKuii. IXHiii BIUIMB Ha eHepreTHUHy
BEPTUKAIBHUX IPpyHTOBHX KosekTopiB O. Kopaaca e(eKTHBHICTH YITKO BUIHO 3 Tpadika Ha puc. 2 [1],
i €. HixipipoBuya. Takox, KOHKPETHO MOJEIIOBA- Ta Tabm. 1.
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Puc. 1. TennoBuii HacOC Ha OCHOBI €HEPIeTHYHUX IMAJIb:
1 — KoHJEHCATOP; 2 — XOJI0JJ0AreHT; 3 — KOMITPECOop;
4 — BUMapHHK; 5 — MIPOMIXKHHIA TEIIOHOCIH;
6 — eHepreTuyHa nans (BUMAPHUK);
7 — TEpMOPETYIIOI0UUI BEHTUIIb.
Tabnuys 1
KiabkicTs i giamerp Tpy6 y KOHCTpyKIii

Kinexkicts U-

Honi6HuX Tpy6 Tunopo3mip Tpy6, MM

1 25x2,3; 32x3,0; 40%3,7; 50%x4,6; 63%5,8
2 25%2,3; 32x3,0; 40x3,7; 50%4,6
3 25%2,3; 32x3,0; 40x3,7
4 25x%2,3; 32x3,0; 40%3,7
3,85
I 4
3,80 -
3
3,75
2
3,70 -
B 1
3,65 -
3!60 1 | 1 | 1 1 1 | 1 |
20 30 40 50 60 70
D, mm

Puc. 2. 3miHa cepeHBOTO KOE(illiEHTa IEPETBOPEHHS Bij
niamerpa Tpy0: 0-25x2,3, A-32x3,0, 0-40x3,7, e-50x4,6,
A-63x5,8. udpu nmoxazyrots kinbkicts U-nopioHUX TpyO

[okazano 3MiHy KoedillieHTa MEepeTBOPEHHS B
3aJIe)KHOCTI BiJ] 30BHIIIHBOTO JiaMeTpa TpyOoK Te-
mI000MiHHMKA. TOYKM Ha KpHUBHIX BiIITOBITAIOThH
KOHKPETHOMY 30BHIIIIHBOMY JliaMeTpy TPYO BepTH-
KaJbHOTO I'PYHTOBOTO TEIUIOOOMiHHMKA y Tab. 1.
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[TopiBHSHO 3 OnHI€E TPyOOK AiaMeTpPOM
25%3 MM, KOC(QII[IEHT TEPETBOPEHHS KOJICKTOpa 3
yotupma U-momiGHMMH  TpyOamMu  JiaMeTpoMm
40x3,7mm Oimpmmit Ha 5 % [1]. Ilomambime
30UIBIIEHHS] KUTBKOCTI TpyO MOXE MPHUBECTH 10
O1UTBIIOTO POCTY EHEPTETUYHUX MTOKA3HHUKIB TEILIO-
BOT'O HAcoCy, II0 MOYKHA OILIHUTH 3a JOHMOMOTOIO
YHUCENPHOTO  MOJENIOBaHHA. /[ BH3HA4YEHHA
ONITUMAJIBLHOT KUIBKOCTI 1 po3MipiB TpyO HEoOXinHO
BPaxOBYBaTH BapTiCTh TPYO, X0JIOI0ar€HTa TOLIO.

VY [2] po3rngHyTO BIUIMB HAa POOOTY TEIJIO-
HACOCHOTO OONaJHaHHS KpOoKy ykianku U-moi-
6noi TpyOku. 3 wMmakcumansHuUM (puc. 3a) i
MiHiMabHO (pHC. 30) MOXIIMBUM KPOKOM S, MM,
iXHBOTO PO3MIIIIEHHS B €HEPreTHUHil mami. AHali3
pe3yJIbTaTiB TPOBOJUBCS 100 3MIHM MMOTOYHHMX
3Ha4YeHb TEIUIONPOAYKTUBHOCTI O, BT, i Koedirie-

HTAa TIEPETBOPEHHA (¢  Big  0e3po3MipHHUX
napameTpiB
S = (S - smin) / (Smax - Smin)- (1)

Puc. 3. I'pann4Hi BUNa KK po3TallyBaHHs TPYO B
CHEepPreTHYHIN mai.

Pesynbratu Ha puc. 4 MOKa3ylOTh 3pOCTaHHS
TeronponykTuBHocTi O, BT, 1 koediuieHTa nepe-
TBOPEHHS () 3 POCTOM KPOKY §, MM, KiJIBKOCTi TpYO,
[0 TOSICHIOETHCA 30UIBIIEHHAM IUION( TEIUIO00-
MiHY 1 3HIKEHHSIM TOBILMHH IIapy 3all0BHIOBAYA, a
BiIMOBiTHO, 1 omopy Termomnepenadi. CymapHwmid
MakcUMallbHUH  e(dekT  30UIbIIeHHS  TeIulo-
NPOOYKTUBHOCTI Ta KoedillieHTa NepeTBOPEHHS
CTaHOBHUTH, BiANOBiAHO, 6 1 2 % TOpPIBHIHO 3
0a30BUM BapiaHTOM. Y TIOPIBHSHHI 3 TPYHTOBUM
TEII000MIHHHMKOM 3 ofHier0 U-momioHoi TpyOoro 3
MiHIMaJbHAM KPOKOM 1 JiameTpoM edekT 30ibIie-
HHS nocsrae, Bignosimao, 9 1 4 %. Y [2] mocmi-
JUKEHO  BIUIMB HAa  e(QEKTHBHICTh  CHCTEMH
TEMIIEpaTypyu JDKepela TemIoTH (TpaHTy) Ha
MOBEPXHI CBEpUIOBUHU  #,,°C. OTpuMaHo, IO
3HWKeHHs Temreparypu Big 8§ mo 0 °C mpotsrom
OMAJIIOBAJIBLHOTO MEPioAy MPU3BOAUTH JIO MAiHHS
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tertonponykTuBHOCTI 30 % 1 xoedimienTta mepe-
tBOopeHHs1 10 10 %. Lls ocoOmuBicTh 00yMOBICHA
BiOOPOM aKyMyllbOBaHOTO Tersla B IPYHTI i
NOBMHHA BPAaXOBYBaTUCS NPH MPOEKTYBaHHI U
JOCHIJKEHH] PO3IISIHYTHX CUCTEM. 3 ypaxyBaHHIM
poro (akropa JOCTIKEHO BILIMB TEILIONPOBIJI-
HOCTI 3allOBHIOBa4Ya CBEP/UIOBUHU A, Ha JIOBKHUHY
TpyOu B Kojekrtopi. llpm 1bOMYy BH3HAYaIACS
JOBXXHMHA BEPTHKAJIBHOTO KoJiekTopa H 3 HeoOXxi-
JTHUM 3aI1acoM TeTutoBoi notyxHocTi 30 %.

UL LB LN

(TR ST TS PRI PR R
Q0 02 04 06 08 10
5

Puc. 4. Brmus Bincrani Mix TpyOKkamu Ta iXHBOTO AiameTpa
Ha TEIUIONPOAYKTUBHICTh 1 KOe(illieHT NepeTBOPEHHS

PosrstayTO 1B BUNanKu. Y MepHioMy BHUIIAI-
Ky sIK 3allOBHIOBAaY BUKOPHCTOBYETHCS MOLTUPEHUI
Marepia 3 TeIIonpoBiaHIicTIO A, = 2,3 Br/(M'K). ¥
JIPyTOMY BHITaJKy BBAYKAETHCA, IO BHKOPHUCTOBYE-
ThCS 3aITOBHIOBAY HAa OCHOBI PaHIIIe BHUTSITHYTOTO
npu OypiHHI TPyHTY, i WOTO TETJIONpPOBIAHICTD,
B1/(mK), BignoBigae cepeanili TEIIONPOBIAHOCTI
npwiernoro IpyHTY (A;=A) 3 BIACTHBOCTIMH
A= 1,8 Br/(Mm'K), a=0,76-10° m*/c Ta
A =04 Br/(m’K), a=0,28-10° m%/c.

Pesynberatu mpencraeneHi Ha puc. 5 y BUNISAII
3aJeXXHOCT1 Oe3po3MipHOTO TapameTpa A:

AH = (1 —(H/ Hy)) - 100%, )

ne H — noBkWHA, M, BEPTUKAJIBHOTO IPYHTOBOTO
TEIUIOOOMIHHMKA, IO BIiJIIOBIJA€ 3allOBHIOBAYY 3
TEIIONMPOBITHICTIO, KA TOPIBHIOE TEILIOMPOBII-
HOCTI TpyHTY; Hy - JTOBXKHMHA TEINIOOOMIHHUKA, M,
IO BiJAMOBiZa€ 3alOBHIOBAaYY 3 IMiJBUIICHOI Te-
TUTONIPOBIAHICTIO.

BugHo, 110 3acTOCyBaHHS ~ BHCOKOTEILIO-
MIPOBITHOTO 3allOBHIOBAYa Uil IPYHTOBUX TEILIO-
OOMIHHUKIB 3 4OTUpMa TPyOaMH MPU3BOIUIO [0
JI0 HE3HAYHOTO 3HIDKCHHS JOBKUHM Ha 1-4 %. Jlims
[[LOTO BWITAJKy 3aMICTh JOPOTMX BHCOKOTEILIO-
MPOBITHUX  HANOBHIOBAYiB  MOXHA  BHKOPH-
CTOBYBAaTH HAIlOBHIOBAaYi HA OCHOBI TPYHTY, BHUTS-
THYTOTO i 9ac OypiHHS.
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16
14 B . = 1.8 Br/(mK);
12 [1»=04 Bry(mK).

© 10

A,

SR ROV

o 1

Puc. 5. BitHOCHE 3HMKCHHS JOBXXMHU BEPTUKAIBHOTO
IPYHTOBOT'O TEJIOOOMIHHHKA 32 PaXyHOK 301/IbIICHHS
TEIJIONPOBITHOCTI 3aII0BHIOBaYa

[Ipy mpoekTyBaHHI TEIUIOBUX HAcOCIB Ha
OCHOBI €HEpreTMYHHUX Majb HaA3BHUYAHHO BaKIIH-
BUM € IIUTAHHS IX B3a€MOBIUIMBY, OCKUIBKH KOH-
CTPYKTUB 1 Hecyda 3[JaTHICTb BCTAHOBJIOE ITEBHi
rpaHuli po3HeCeHHs (yHAaMEHTHUX Naib. Y [3]
HaBEIEHO JaHi IMIONO 3aJIe)KHOCTI MK JllaMEeTpOM
U-noaiOHuxX TpyOOK TEIIOOOMIHHHMKA Ta BiICTaH-
HIO MK CBEPUIOBHHAMM.

Ha ocHOBi MaTeMaTHYHOr0 MOJEIOBaHHS JYXKe
HEBPIBHOBaXXEHOI TiJPOTEPMOAMHAMIYHOI CHCTEMH
OyJ10 BCTaHOBIICHO, IO BificTaHb B (puc. 6) ctaHo-
Buth 50 D. ToOTro mpu craHmapTHOMY miaMeTpi
TpyO, IO 3aKNIATAIOThCS Y BEPTHUKAJbHI IPYHTOBI
TerI000OMiHHUKH (20 MM), MiHIMAJIBHO JIOMTyCTUMA
BiJICTAaHh MK ()YHJAMCHTHUMH IMaJIsIMU Ma€ CTa-
HOBUTH 4 M. Taki JaHi JOCUTb TOYHO KOPEIIOIOThH 3
pEKOMEHIaIli MU HaJaHUMH B [6].

TH
DTp ( - - )
I | I
| I I
| I I
o O
B
I A I

Puc. 6. Cxema po3mimieHHs GyHIaMEHTHHX Tajlb

VY cBOIO uepry, sIK BUAHO 3 PO3MVIIHYTHX pe-
3yIBTaTiB JOCTiIKeHb, omHa U-momidHa TpyOka
niamerpoM 20 MM He € HaiOinbII eeKTUBHUM pi-
HICHHSIM KOHCTPYKLil BEPTHUKAJIBHUX IPYHTOBUX
TEII00OMIHHUKIB. ToMy 3ayieXxHICTh, HaBeleHa B
[3], € yacTKOBUM BHIIaJIKOM 1 HE MOXE pO3IIO-
BCIOZPKYBaTHCSI Ha BCl BUMAAKU. TakoX 3HAUYHHUH
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BILIMB Ma€ TETJIONPOBITHICTH 3aIIOBHIOBAaYa TEILIO- OCHOBa (PYHKILIOHAJIBHOI 3aJIe)KHOCTI BIZICTaHI MIX
O0OMIHHHKa Ta TPYHTY B SIKOMY HOTO PO3TAIIOBaHO. EHepreTHYHNMH  (QYHIAMEHTHHUMH TasiIMA  Ta
[MuTanHs po3TallyBaHHS EHEPreTHYHHUX Najb HaOOpOM 3MIHHHMX MapaMeTpiB BEPTUKAIBLHOTO
notpedye Ol TIMOOKOTO JOCHIKEHHS BiJl- TPYHTOBOTO TETJIOOOMiHHHKA
HOCHO BEJIMKOI KITBKOCTI (DaKTOpIB i Mae MaTH Ha- IlepcneKTMBU NMOAAJBIIUX A0CTiAxKeHb. Ba-
CTYIHHI BUIIIAL; JIIMBUM ~ HalmpssMOM  HAyKOBUX  JOCIHIiKEHb,
OB’ S13aHUX 3 EHEPIeTHYHUMHU NaJISIMH, € PO3poOKa
A =1 (D, 1, Xopy Msan, H, 5), 3) KOPEKTHOI METOIMKHA TPOCKTYBaHHS CHCTEM Te-
TUIONIOCTa4aHHs Ha OCHOBI TEIUIOBUX HACOCIB 3 Ta-
ne A — BigCTaHb MDK CBEpIUIOBHHAMH, M; kuM oOmagHaHHsIM. [lomanbmmii po3BUTOK TEILIO-
D,, — niamerp U-momiOHUX TpYyOOK, M; 1 — Ki- BUX HACOCIB Ha OCHOBI EHEPreTHYHUX Majb
apKicte U-nogiOHMX TPYOOK; A, — TEIUIONPOBI- 3YMOBJIOETECSI CKIIAQAHICTIO TPOEKTYBAHHS TaKHX
HicTh TpyHTY, BT/(M'K); A5y — TEIIONIPOBIIHICTH cucreM. HeoOximHe  mmOOKe  JOCIIIKEHHS
3amoB-HIOBa4Ya Temnoobminanka, Bt / (M°K); rapaMeTpiB eHepreTHYHUX (QyHIaMEHTHHUX Tallb Ta
H — rmubuHa KOPUCHOT YaCTHHHU TEIIO0OMIHHHKA; iXHIM BIUIMB Ha TPOEKTHI mapameTpu OymiBii Ta
s — Kpok ykiaaku U-noaioHoi TpyOku. CHCTEMH TEIUIONIOCTA4YaHHs, 30KpeMa, Hecydy
BucHoBku. Y po6oTi pO3TISIHYTO KOH- 3MaTHICTh (PYHAAMEHTY, TEIUIONPOIYKTHBHICTS,
CTPYKTHBHI Ta €HEPTeTUYHI IMapaMeTpH eHEepPTeTH- MIHIMaJIBHO JOMYCTHMY BiJICTaHh MiXK HaJIIMH TO-
YHUX Tajb. 30KpeMa, PO3TIISHYTI OCHOBHI poboui 1I10.
napameTpu: KibKicTh U-nogiOHMX TpyOOK B KOH- Mopaxu. Benuka mnoaska BUCIOBIIOETHCS
CTPYKIIii Taji; miameTp TpyOOK; KPOK MiX TpyoO- kommaHii «W&H Engineering» 3a momomMory B
KaMH¥; TEIJIONPOBIAHICTh 3allOBHIOBAYA Tajb; Bij- CIIOPYPKCHHI BHIPOOYBAJIHLHOTO CTEHIA TEILIOBO-
ctanp Mix nansmu. [IpoananizoBano Bimzomi 3ane- ro HAacocy 3 BEpTHKAJbHUM IPYHTOBHM TeEIJI000-
JKHOCT1 BIUIMBY Pi3HOMAHITHHUX MNapaMmeTpiB maii MiHHHKOM Iipu Kadenpi terorexHiku KHYBA Ta
Ha eHEepPTreTUYHY €(PEeKTHBHICTH TEIJIOBOTO HAcocCa, TUTIIHI KOHCYJbTALlli 3 MHUTaHb TEMJIOHACOCHOTO
IO TMpaIioe Ha OCHOBI BUIIAPHHKA BUKOHAHOTO 3 oOagHaHHS.
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Annomayusa. Bascnvim nanpasnenuem nogviuieHus S3Hepeodp @ ekmugHoCmu A61aemes UCHONb308aAHUEe IHEPLOIPPeKMUBHbIX
cucmem mennocHabxcenus. Takumu cucmemamu AGIAIOMCA CUCTEMbL C  MENN08bIMU HACOCAMU ONid  YMUIU3AYUU
HU3KONOMEHYUANILHOL  MeNiombl BePXHUX CNOEG 3eMHOU KOpbl. AKMyanvHou HAYYHOU 3a0auell A6Aemcs pazeumue
KOHCIMPYKYUl MENIOBbIX HACOCO8 OJid NOBblueHUs. ux dgghexkmusnocmu. Pacnpocmpanenue noxyuaiom mennosvle Hacocsl
Ha OCHOGe 6EPMUKANbHBIX 2PYHIMOBbIX Meni000MeHHUKo8. IIpu >mom nepcnekmuGHbIM AGNAEMCs GbINOIHEHUe dMux
Menio0oMeHHUKO8 8 8Ude CHPOUMENbHbIX C8All, MAK HA3bIBAEMYIX, dHepeemuyeckux ceail. IIpu npoexmuposanuu menyiogsix
HACOCO8 HA OCHOBE JHEP2eMUYecKUX C6all UPe3BbIYaUHO 6AXCHLIM SBIAEMCA GONPOC UX B3AUMOBNUAHUSA, NOCKONbKY
KOHCMPYKMUS U HeCcywjas. cnocoOHOCMb yCMaHagiusaen OnpeoenéHHbvle panuybl pasHecenus @QyHoameHmuuix ceau. B
cmamve  paccMOmMpeHsvl CUCHeMbl MeNI0CHAOIICeHUs ¢ SPYHMOBbIM MeNi08biM HACOCOM, Y KOMOpo20 6 Kauecmee
uchapumens UCHOIL306AHO — CIMPOUMENbHbIE — (DYHOAMEHMHble —C6al, MAK HA3bleaemble, dHepemuiecKue  Ceau.
TIpoananuzuposansi uzeecmuvie UCCIE00BAHUAL NO KOHCIMPYKMUBHBIX 0COOEHHOCHEN YHePeMUYeCcKUx ceati U ux 6lusHue Ha
9HepeemuyecKue NoKasamenu mMenioevblx HACOCO8. YCMAaHO8NEHO, Ymo HauMeHee UCCIe008aHHON 00aacmbio 6 OaHHOU chepe
ABNAEMCA MEMOOUKA UHIHCEHEPHO20 DACYEMA dHEePeMmUieckux ceall, a UMEHHO 83AUMHOe GNUAHUE DHePeemUuecKux ceail
opye Ha Opyea, Mo ecmb MUHUMATLHO OONYCMUMOe PACCMOsHUE MeHCOY PYHOAMEHMHbIMU dHepeemuieckumu ceasamu. [ns
Macco8o20 6HeOpeHUs dHepLemuyeckux ceali 8 HO8OM CMPOUMENbCmee HeoOX0OUMO KOppeKmHas HAYYHO 0OOCHOBAHHAS
Memoouxa 6b100pa ONMUMATLHO20 KOHCIPYKMUBA (PYHOAMEHMHBIX IHEPLEMULECKUX CEAlL.

Kniouesvie cnosa: smepeemuueckas ceas, epyHmo8ol Menjiogoll HACOC, 2e0MePMANbHAS dHep2us,
SHepeemuueckas 3 pexmusHocmo
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Abstract. An important area of energy conservation is the use of energy efficient heat supply systems. Such systems are
systems with heat pumps to utilize the low-potential heat of the upper layers of the earth's crust. The urgent scientific task is
the development of designs of heat pumps to increase their efficiency. The distribution of heat pumps is acquired on the basis
of vertical ground heat exchangers, with the promising implementation of these heat exchangers in the form of building piles,
so-called power piles. The issue of their interaction is very important when designing heat pumps based on power piles, since
the structural and bearing capacity establishes certain boundaries for the separation of foundation piles. Research of
vertical soil heat exchangers is a popular theme of scientific developments, in particular, the most profound studies are
conducted in the USA. Also, Belarusian specialists are specifically involved in the modelling of energy piles. Finnish
companies make a major contribution to the development of geothermal energy based on power piles. The article deals with
the systems of heat supply with a soil heat pump, which used as a evaporator building foundation piles, so-called power
piles. The robots have constructively developed energy parameters of energy fingers. Considered basic working parameters:
the number of U-piping tubes in the design of the piles; tube diameter, crock between piles; heat supply of the piles; distance
between piles. Well-known studies on the design features of power piles and their impact on the energy performance of heat
pumps are analysed. It was established that the least investigated area in this field is the method of engineering calculations
of energy piles, namely, the mutual influence of energy piles one by one, that is, the minimum allowable distance between the
foundation energy piles. For the mass implementation of power piles in the new construction, a scientifically sound method
of selecting the optimal structure of the foundation energy piles is necessary.

Keywords: energy pile, soil heat pump, geothermal energy, energy efficiency.
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Anomauyis.

Basicnusoto 3adaueio acpapnozo cexmopa € 30inbuleHHs SUPOOHUYMBA, POULUPEHHS ACOPMUMEHMmY mda

nioBULeHHA AKOCMI 3eNeHUX KYIbmyp 8 3UMO8ULl MAa pPAHHbOBeCHAHUl nepioou. Piwennam oanoi 3adaui € axmuenuil
PO36UMOK menauyHux 2ocnooapcms. OOHA 3 OCHOGHUX NpoOieM MENAUYHUX 20CNOOApPCME € 3aHAOMO GUCOKI 3ampamu
mennosoi  eHepeii Ha NIOMPUMAHHS HeOOXIOHUX napamempie MIKpoxnimamy. Benuxi enepeozampamu o0yMosneHi
RIOMPUMKOIO BUCOKOI MeMnepamypu ma 601020CHi NOGImMps 6 ycboMy 00 ‘emi mennuyv. Bnpoeadscenns inswceneprux
mexnonoeil, AKi 3ab6e3nevamsv HeoOXIOHi Osl PO3GUMKY POCTUH ONMUMATLHI NApaMempu MiKpokiimamy 6e3nocepeonbo 6
30HAX poCmy, a 3a IXHIMU MeACAMU — MIHIMATLHO 0ONYCMUMI, 003601UN0 O 3HAUHO 3MEHWUMU eHep2o3ampamu 3 NIOMPUMKU
MIKpOKTiMamy nopieuaAHo 3 mpaouyiinumu cucmemamu. OOHUM i3 apianmie eupiwieHHs O0aHOi 3adaui € opeaHizayisn
[301b06AHUX MIKPO3OH 3 IHOHCEHePHUMU CUCeMaMu 3a0e3neyents MiKpoxnimamy. MiKpo3oHu 6UKOHYIOMbCs AK CMENdAdiCHI
Kamepu 31 CEIMAONPO3OPUM NeSKONIOUOMHUM 8epMUKATLHUM 020po0diceHHAM. Bynu npoeedeni docniocenns napamempie
MIKpOKIIMAmy 6 Kamepax Olsi GUPOWYBAHHS 3eleHux Kyabmyp. HocniodcenHs npoeoounucs 6 CheyianbHo po3pooneHii
Kamepi 6 pobouux yMoeax (HamypHi OOCHIOJNHCEeHHS) MenauunHo2o KombOinamy. Obiepie pobouoi 30HU 30TICHIOEAECA 34
00NOMO2010 NOBIMPAHO20 ONANEHHS, WIAXOM HUJICHbOI po3oaui Hazpimo2o i 360100iceHo2o nosimpsa. Illpu yvomy
nPOBOOUNUC OOCTIONCEHHA MEMNEPAMYPHO20 NOJiA, NOJA WEUOKOCMI | 3MIHU 801020CMI NOBIMPS 6 30Hi GUPOWYEAHHS
pociun i 6 3azanvHomy 00 ’emi Kymvmueayiunoi cnopyou. Ilposedeni 00cniodiceHHss 00360AUMU OOCUMb MOYHO YAGUMU
Qizuuny mooenv nowupeHHs NOGIMPAHUX CIMPYMUH | Nepesipumu aHANimuyHi pO3PAXYHKU WO000 6HYMPIWHBOI Mooeni
NOWUPEHHS CIMPYMUH, Nepesipumu OMpUMAHi 3HaUeHHs | NOpisHAMuY iX 3 meopemuyHuMu. 3a pe3yrbmamamu 00CHiOdNiCeHb
NPONOHYEMBCS THHCEHEPHA CUCmeMa, AKa 3a6e3neuums HeoOXiOHi a2pomexHOI0SIYHI 8UMO2U 00 NAPAMEMPIE MIKPOKLIMAMY
be3nocepednvo 6 yux Kamepax. Po3paxynku noxasyioms MONCIUSICIb 3HAUHO20 3HUICEHHS NUMOMUX €HEp2oGUmpam 3a
PAXYHOK NIOMPUMAHHS HeOOXIOHUX napamempis MilbKu 6 30HI 6ecemayii 3e/IeHux Kyavmyp.

Knrouosi cnosa: cucmema onanenns, napamempu MiKpoKIiMamy, Kamepa 8Upouy8anHs 3e1eHux

KY16myp.

Beryn. OpHi€ero 3 akTyanbHHX 3a[ad arpapHo-
TO CEKTOpa € 301IbIICHHS BUPOOHHUIITBA, PO3IIHPE-
HHSI aCOPTUMEHTY Ta IiJIBUILEHHS SKOCTI 3€JIEHUX
KyJbTyp y 3UMOBHI Ta paHHHOBECHSHUII Tepiou.
PimennssM naHoi 3ajayi € PO3BUTOK TEILUTUYHUX
rocnogapcTts. Ane  mpoOIeMol  TEIUIMYHUX
TOCHOAAPCTB € 3aHAATO BUCOKI 3aTPaTH TEILIOBOI
eHeprii Ha MATpUMaHHS HEOOXiTHUX MapaMeTpiB
MiKpOKJIIMaTYy.

Binomo, 1m0 TemmmM4HE TOCIONAPCTBO € IIyXkKe
SHEPrOBUTPATHUM: TaK, 3aJIKHO B BUAY Ta
Croco0y omajeHs MUTOMi TEIUIOBI BUTPATH MO-
KyTh ctanoButu 300..700 Br/M°. 1li BuTpatH B
3HaYHI Mipi OOYMOBJIEHI THM, M0 B YCHOMY
00’eMi TIATPUMYIOTBCSI BHCOKI TemIeparypa Ta
BOJIOTICTb TIOBITpS.

Pesynpratn BHMKOHAHMX paHille HayKOBHX
nmocimimkens [1, 2, 3] He BpaxoByBanmu Oaratoda-
KTOPHHI BIUIMB NapaMeTpiB MpPOLECiB i TOMy He
JTO3BOJISIIOTH HAJIMHO Ta B TMOBHOMY 00Cs3i 00-
TPYHTYBAaTH KOHCTPYKTHBHI i TEXHOJIOTI4HI piIre-
HHSI CHCTEM 3a0e3MeUeHHsT MIKPOKIIMaTy B 30HaX
BereTamnii pociauH.

OTxe, mocTaqo NUTAHHA MIOAO IPOBEACHHS
eKCIIepUMEHTAIIbHUX JOCHTIDKEHb 3 METOI pO3-
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POOKH CHCTEMH JIEIEHTPAIi30BaHOr0 3a0e3MeueH-
HSl MIKPOKJIIMaTy Ta YAOCKOHAJICHHS KOHCTPYKTH-
BHUX PILLIEHb 3MMOBHX TEIUIUILb LIS BUPOILLYBaHHS
3elIeHUX KYJIbTYp Ta PO3pOOKH I1H)KEHEPHUX CH-
cTeM, siki 3a0e3medyarh HEOoOXimHI AJS PO3BUTKY
POCIIMH MapaMeTpH MIKpOKIiMaTy Oe3nocepeaHbo
y 30Hax pocCTy, a 3a iXHIMHA MeKaMH — MiHIMaJIbHO
JTOTTY CTHMI.

AKTyasbHiCTh AochaimkeHHss. B ymoBax mo-
CTIMHOTO POCTY LiiH Ha €HEPrOHOCII MOCTAE MUTAH-
HSl 1IOJI0 BJJOCKOHAJICHHS! KOHCTPYKTUBHUX DilllcHb
KyJIbTUBALIHHAX CTIOPY/ 3 METOI0 CKOPOYCHHSI BH-
TPaT TEMJIOEHEPTOPECYpPCiB 1 3HMKEHHS IMUTOMHUX
BUTpPAT MaTepiaiiB, IiIBUIICHHS BPOXKAIiB 1 SIKOCTI
BUPOILEHOT MPOAYKIIii, 3aCTOCYBaHHS HOBHUX MpO-
TPECUBHUX TEXHOJIOTiH BUPOLTYBAaHHS MPOIYKIIii.

OcranHi gochimkenHsa Ta myOJikanii. Cu-
CTeMH OOIrpiBy ICHYIOUHMX BIiIJUICHb KYyJbTHBA-
uiitaux cropyn [2, 3, 8] mpaiiooTs Ha TiATpUMAaH-
HSl TEMIIepaTypH BHYTPIIIHBOTO MOBITPSI B YCHOMY
06’emi B Mexkax +20...+30°C, xoua poboua 30Ha,
TOOTO 30Ha Bererarii pocnuH, 3aiimae 10 10% Bin
3arajJpHOr0 00’eMy. 3acTOCYBaHHS 1HXCHEPHHUX
cucTeM 3a0e3MeueHHs] MiKpOKIIiMaTy TiJIbKK B 30HI
Bereranii JAacTh 3MOry 3a0e3Me4YuTH HEeOOXITHHIA
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TEMIIEPaTypHHUI PEKUM JIJIsI POCTY POCIHH, JOCS-
I'TH PiBHOMIPHOCTI PO3MOALUICHHSI TEMIIEpaTypu Ta
3HHM3UTH BUTPATH €HEPTOHOCIIB [2, 4, 10].

[Jana 3amava BUPIIIYETHCS LUIIXOM OpraHiza-
il 1307bOBaHMX MIKPO30H 3 1H)KGHEPHUMHU CH-
CTeMaMH CTBOPEHHS HEOOXiTHOTO MiKpPOKIIMATy Y
BHTJISIII CTENIAXKHUX Kamep 31 CBITIONMPO30PUM JIeT -
KOIII IHOMHUM BEPTUKAIBHUM OTOPOPKEHHSM.

@opmyaoBaHHs 1ijeil crarri. Pesyneratu
JIOCITI/PKEHb Ta 3allPONOHOBAHI TEXHIYHI PilllEHHS
IHKCHEPHUX CHCTEM KaMep JUIs BHPOIIYBaHHS
3eJIEHUX KYJIBTYpP 3 JICIICHTPATI30BaHUM 3a0e3Iede-
HHSIM MIKpPOKJIIMaTy JO3BOJIMTh OTPHUMATH BHCOKO-
SAKICHY TTPOMYKIIit0, SMEHIIIUTH TEPMiH BereTarii ta
3a0IaIMTH TEIJIOBY €HEPTilo 3a MepioJl BUPOIIyBa-
HHus Ha 30 %.

OcHoBHA YacTHMHA. AHAN3 PI3HUX CHCTEM
TIOBITPSHOTO OTIaJIeHHS KYJbTUBAIIHHUX CIIOPYA
[1...6] maB 3Mory 3pOOWTH BHCHOBKH, IO Haii-
0ipII epeKTUBHUM CIIOCOOOM OOITpiBY KyJIbTHBA-
MIHHAX CIIOPYZ € TIOBITPSHUU OOITPIB 3 HIKHIM
pPO3MOAUIOM HArpiTOro IMOBITPS, IO Ma€ TOBi-
TPO3BOJIOXKYBanbHUI npucTpiid. Lle#t cmocid 3a6e3-
nedye piBHOMipHE MiATPUMAaHHA 1 IIBUAKE pery-
JIIOBaHHS OCHOBHHX TapaMeTpiB MIKPOKJIIMaTy Te-
UMb, TOOTO BiTHOCHOT BOJIOTOCTI i TEMIIEpaTypH
TOBITPSI.

OCHOBHMMHM 331a4aMi  CKCIIEPHUMEHTAIbHUX
JIOCHIJDKEHD € TOCIIIKEHHS 1 BU3SHAUYEHHS TEeMIIe-
paTypHOro WO, MHOJS LIBHIKOCTEH Ta 3MiHH
BOJIOTOCTI MOBITPS B 30HI BUPOIIYBaHHS POCIIUH Ta
B 3arajJbHOMY 00’ €Mi KyJIbTHBAIIIITHOI CITOPYIH.

JocnimkeHHsa BUIIE BKa3aHUX MapaMeTpiB Te-
TUIOBOTO Ta BOJIOTICHOTO PEXHMIB Yy PO3p0oOIeHin

\

KaMepi MPOBOAWINCH Y BHPOOHWYHMX yMOBax Te-
IUTMYHOTO KOMOIHATY.

ExkcriepuMeHTalbHI  TOCIHIHKEHHST TIepeadayva-
U Ccepifo JOCHiNIB, TPOBENEHHUX Ha JOCHTITHIN
ycranoBii. lls mociinHa ycraHoBka (puc. 1) mae
0JIOK 3 CUCTEMOIO JICIICHTPaJIi30BaHOTO 3a0e3neue-
HHS MIKpOKJIiMary.

OO6irpiB pobodoro 006’eMy 3miMiCHIOBaBCS Ha-
TPITHUM MOBITPSIM. SIK TEMIOBiAAaBaTbHUIN €IeMEHT
11 BUKOPHUCTOBYBaBCS  TEIJIOCIEKTPOHArpiBay
(TEH) motyxuictio 1kBt, mnpuegHanuii g0
enekTpoMepexi 3 Hanpyrow 220 B yepes crTabimi-
3aTop Hampyru Ta J1IabOpaTOpHUH aBTOTpPAHC-
tdhopmatop (JIATP). Ilix wac ekcriepiMeHTATBHUX
nociipkeHs notykHicte TEHa 3MiHoBanmacst Bif
1 kBt mpu U=220B ngo 300 Bt npu U=67 B.
BumipioBaHHsT Hampyrd 1 CHIHM  €NEKTPUYHOTO
CTpyMy, a TaKOX BHMKOPHUCTaHOI MOTYXHOCTI,
3I1MCHIOBAINCS 32 AOIOMOIOI0 KOMIUIEKTY TpHIIa-
IOiB, PO3TAllOBaHUX Ha IYJbTI yOpaBIiHHI
(ammepmertp 8, BombTMETp 9, BatMeTp 12).

TepMoeneKTpoMeTpUInid MPUCTPIN CKIIaTaBCA
3 XpOMEJb-KOMEIbOBUX TepMmomnap 16, ckomy-
TOBaHUX Yepe3 CHCTEMY IaKETHOrO IepeMUKaya
17 3 motenmiomerpom I1I1-63, xirac ToanocTi 1.

TepMmonapu, npu3HAueHi A BUMIpIOBaHHS
TEMIIEPATypPHOT'0 PEXUMY MOJEINI, PO3MILIATUCS B
poOouiii 30HI CTBOpEHHS MIKPOKIIMAaTy KaMepH,
BIJIMOBIIHO 10 pO3paxyHKOBOi cxemu. [lpm BH-
3HAYEHHI KIIBKOCTI KOHTPOJBOBAaHHX TOYOK IIpPH-
WMarcs 10 yBaru pe3yibTaTH AOCIHIHKEHb 1HIINX
aBTOPiB, a TaKOX 3HAYEHHS TeMIEepPaTypHHUX
Tpafie€HTIB 1 HEOOXiHA TOYHICTH BUMIiPIOBaHb.

2

100x100.
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Puc.1. Cxema nociiHO{ yCTaHOBKH
1 — ropu3oHTaIbHA OTOPOPKYBAJIbHA KOHCTPYKIST, 2 — BUTSDKHU MOBITPOBIZ; 3 — BepTHKAIbHA OrOPOKYBaJIbHA KOHCTPYKIIIS
4 — npunIMBHUN NOBITPOBIixA; 5 — cyberpar; 6 — mubep; 7 — 0CbOBUI BEHTUIIATOD; § — ammepMeTp; 9 — BOIbTMETP;
10 — aBroTpancdopmatop JIATP; 11 — enexrponarpiBau TEH; 12 — BarmeTp; 13 — 3BonokyBay; 14 — crenax;
15 — cuctema xuBNeHHS Ta ONUBY; 16 — Tepmonapy; 17 — mepemMukad Tepmonap; 18 — MisliBOIBTMETD;
19 — pe3epByap cucremMu nouuBy; 20 — TpyOOIPOBIi /g O1a4i BOAW Y1 KUBHIBHOTO PO3UHHY
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Hupkysiiisc  TOBITpst  37iMcHIOBanacs — 3a
JIOTIOMOTOI0  OCHOBOTO BEHTHJISITOPa TPOJYKTH-
BHicTIO 300 M’/r0J1, MOTYXHIiCTH 1 YyacToTa 06epTa-
HHsI, SKOIO BIPOJOBX BHUKOHAHHA EKCIEpH-
MEHTANBHUX  JIOCTI/DKEHb  PeryJoBaluch Ja-
0OpaTOpHUM aBTOTpPaHCPOPMATOPOM Ha MYJbTI
YOpaBIiHHS.

MeTo10 MpOBEACHHS EKCIIEPUMEHTY OYJI0 TIij-
TPUMaHHS B 30HI POCTY 3€JIEHHX KYyJbTyp HEoOXi-
JTHHUX TapaMeTpiB MiKpokiimary. ToO0To, mpoTsarom
KO)KHOTO JIOCTIAy TeMmmepaTypa MiATpUMyBajacs
aBTOMATHYHOIO cucTeMoro. [Ipu 1poMy mepenan
TeMIIEpaTypH CTaHOBUB He Oinbiue 2 “C.

CucremMa peryjimoBaHHS  Mojadyi  IMOBITPS
cKilajanmacs 13 JpKepena crabinmizoBaHoi pery-
JHOBAHOI HANpYr# i nupoBoro BoasTMeETpa. st
BHU3HAYEHHS IBUKOCTI MOBITPS Y BHYTPIITHHOMY
00’eMi KaMepu 3aCTOCOBYBABCS TEPMOAHEMOMETP
“Testo 425”. BukopucTaHHs AaHOTO HpUiIaLy J10-
3BOJIMJIO KOHTPOJIIOBAaTH INPaBHIBHICTh 3HATHUX
3Ha4YeHb TEMIIEPATYP 3a JIONOMOIOK0 TepMOIIap.

3a IOTIOMOTOI0 PIBHSHHS TEIUIOBOTO OanaHcy
NpOBOAMIIACSA TEpeBipKa 3arajibHOi BUTPATH IOBi-
TPs HOBITPOPO3NOAITEHUKAMH.

[poBeneni pocmiHKeHHs Jalil 3MOTYy JOCTAaT-
HBO TOYHO MPEACTABUTH (i3UUHY MOJENb PO3IO-
BCIO/KCHHSI MOBITPSIHUX CTPYMHMH Ta IEPEBIpPUTH
AHATITHYHI PO3PAaXyHKH CTOCOBHO BHYTPIMIHBOI
MOJIEeNIi PO3MOBCIO/KEHHS CTPYMHH, TEPEBIPUTH
OTpHMaHi 3Ha4eHHS TEMIIepaTypu Ta MOPIBHATH 3
TEOPETUYHUMH. 3a  pe3ylbTaTaMH  EKCIIepH-
MEHTAIBHUX JaHWX Oynu moOynoBaHi Tpadiku
PO3IOIiTY OISt IBUAKOCTI (puc. 2, 3).

Temmeparypa MOBITpS B CepeauHi IOCITIIHOT
YCTaHOBKH PO3IMOAIISIIACS PIBHOMIPHO 3a BHUCO-
TOI, JNOBXHHOI Ta MHPHUHOI JOCHTIHKYBAHOTO
00’eMy. MakcumanbpHa TeMIlepaTypa croctepira-
nacst 01151 MPUIUTMBHUX O0TBOPIB. [1o Mipi HabmKe-
HHSI 10 BUTSDKHUX OTBOpPIB TeMIeparypa HOBITps
3HMKyBasacs. [Ipu 1bOMY pI3HHUIS CepelHbOI
TeMIlepaTypd B JOCHIKYBAaHOMY 00’eMi He-
3HayHa. [IpoBeieHI eKcrepUMEHTANIbHI JTOCIiKe-
HHS ~ TATBEPOWIM  TEOPETHYHI  PO3paxXyHKH:
TeMIlepaTypHE II0JIE€ PiIBHOMIpHE Y BCHOMY 00’ €Mi
Ta CTAHOBUTS 1, = 22 °C (puc. 4).

Orxe, oTpuMaHi pe3ylbTaTd BKa3ylOTb Ha
NPUHIMIIOBY MOJJIMBICTh BUKOPHCTAHHS 1HIXKe-
HEPHUX CHUCTEM JICICHTPaTi30BaHOTO 3a0e3neucH-
HSI MIKpOKJIIMATy JUIsi CTBOPEHHSI TETJIOBUX PEXKH-
MiB, HEOOXiTHUX JUIS BHPOIYBaHHS 3EIEHUX KY-
TBTYP.

Jliis mocaiipKeHHs BOJIOTOCTI TIOBITPst OyI10 3a-
CTOCOBaHO TCUXPOMETPHUYHHN METOJ| BUMIpIOBaH-
HS BiTHOCHOI BOJIOTOCTI TTOBITPS B 30HI POCTY Ta B
3aranbHOMY 00’ €Mi KyJIbTHBALIWHOI CITOPYIH.

Pesynpratn BUMIpIOBaHHS MiATBEPIMINA MOX-
JHUBICTP MIATPUMYBAaHHS HEOOXiHY BiZHOCHY
BOJIOTICTh Yy 30HI pocTy (¢ = 65...80%) He3ane)KHO
BiJl BiTHOCHOI BOJIOTOCTI B 3arajJibHOMy 00’eMi
criopyau. BoIOTOBMICT TOBITpS HE 3MIiHIOETHCH,
KOHJICHCAIIil He CIIOCTEPiraiocs.

VY 3aranpHOMY 00’€Mi CIIOpyad, JI¢ 3HAXOJHU-
Jacsi JOCHiJHA YCTaHOBKA, BUMIpIOBAJIACsA BiJi-
HOCHA BOJIOTICTh 32 JIONIOMOTOIO0 ICHXPOMETpPa
acmipariiitnoro Accmana. I[lonepenaro mpoBeneHi
BUMIpIOBaHHsI BKa3aJii Ha HEOOXiJHICTh BpaxyBaH-
HS TUHAMi4HOI MOXMOKU NP BUMipIOBaHH.

Mone weuakccTed npu T=285 K

“apa’

oz
B-o:
B o5
= <04
B =02
-0

Puc.2. Po3noin nosist mwBKaKocTi (npu 30BHiHiN Temneparypi 12°C)
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Puc. 3. Po3noain nosist mBKaAKoCTi (npu 30BHiwHIN Temneparypi 15 °C)
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MEHTaJIbHI JOCTIKEHHS JO3BOJISIIOTh BU3HAYUTH BOJIOTICTh HE BUXOMIIN 32 PAMKH HOPM TE€XHOJIOTi-
OCHOBHI MapaMeTpH MOBITPSHOTO CEPE/IOBUIIA, SIK YHOTO MPOEKTYBaHHs, BUMAJaHHS KOHJCHCATYy HE
B 30HI POCTy Tak i mo3a Hei. AHami3 eKchepu- CIIOCTEPIranoch.

MEHTAIFHUX  JOCTi/KEHh TI0Ka3aB, IO 3a- IlepcnekTHBH  MOJANBIINX  JOCTiAKEHbD.
MPOMOHOBaHa 1H)KEHEPHa CHUCTEMa MOXE IiITpH- BripoBakeHHsI iHKEHEPHUX CHUCTEM 3a0e3eueHHs
MyBaTH CTa0ilbHI Ta pIBHOMIPHI HOPMaTHBHI JELCHTPANI30BaHOTO MIKPOKJIIIMATy Ja€ 3MOTy
nmapaMeTpu MIKpPOKIIMaTy, TpPH IhOMY DPIi3HHUIIL YIOCKOHAUTH METOJl BHPOIYBAaHHS 3€lIEHUX KY-
CepeNHIX TeMITepaTyp Mo JAOCTIHKYBAHOMY 00’ €My JTBTYP 1 HU3LKOPOCTUX POCIIMH B CYJaCHHUX KYIJIBTH-
He niepeBuniyBana 1,5 °C. BonorosmicT i BiHOCHa BaIlifHUX CTIOpYy/Jax.
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UccnepoBaHus napaMeTpoB MUKPOKIIMMaTa B Kamepax Ans BbipalMBaHUA
3eneHbIX KynbTyp

H. B. YenypHas', M. A. Kupuuenko? , B. B. YenypHoi®

'k.T.H., non. KueBckuii HAIMOHATBHEI YHUBEPCUTET CTPOUTENHCTBA M APXUTEKTYPHL, T. Kues, Ykpauna, ChepurnayaNV @ukr.net,
ORCID: 0000-0001-8044-7563

’K.T.H., o1, KueBCKuii HalMOHANIbHBI YHUBEPCUTET CTPOUTENLCTBA U APXUTEKTYPEL, I. Kues, Ykpauna, m-kirichenko@ ukr.net,
ORCID: 0000-0002-3651-3153

Scr. npenoa. Kuesckuii HAMOHANBHBIN YHUBEPCUTET CTPOUTENLCTBA U APXUTEKTYPBI, I. Kues, Ykpauna, ChepurnoyVV@ ukr.net

Annomayusa. Baxcnoil 3a0aueti azpapnozo cexmopa Ansiemcs yseauuenue npousgoocmed, pacuiupenue accopmumenma u
noGbllleHIe Kauecmea 3eNéHblX KYIbmyp 6 3UMHULL U paHHeseceHHUll nepuoosl. Pewenuem Oannou 3adayu sensemcs
aKmuenoe pazeumue mMenauuHvlx xossaucme. OOHOU U3 OCHOBHBIX NPOOIEM MENIUYHBIX XO3AUCME ABNAIOMCA BbLCOKUE
3ampambl Menioeol dHepUY Ha NOOODePIHCatUue HeoOXOOUMbIX napamempos Mukpokiumama. bonvuioe snepeonompebnenue
006ycnosnenbl N000epIHCKOLl BbICOKOU MeMnepamypbl U GIAMCHOCMU 6030YXd 60 6ceM obveme menauy. Buedpenue
UHDJICEHEePHBIX MeXHONIo2Ull, KOmopvle obecneuam HeobOXoOouMmvle ONA PA3GUMUA PACMENUl ONMUMANbHble Napamempbl
MUKPOKIUMAMA HenocpeocmeeHno 8 30HAX pocma, a 3a UX npedeiamu - MUHUMATLHO OOnycmumsle, NO3601UNO Obl
3HAUUMENbHO YMEHbUUMb dHepeonompebieHue no noooepicke MUKPOKIUMAMA NO CPABHEHUI0 ¢ MPAOUYUOHHbIMU
cucmemamy. OOHUM U3 BAPUAHMOB peuieHUss OAHHOU 3a0ayu AGNAEMCS OP2AHUAYUA UOAUPOBAHHLIX MUKPO3OH C
UHDICEHEPHBIMU CUCTNEMAMU OISl CO30aHUS HEODX00UMO20 MUKPOKIUMAMA 8 8UOe CIMELNANCHBIX KaMep, ¢ NPO3PAUHbIM OJis
ceema, NE2KUM NOOBEMHBIM 6EPIMUKATILHIM 02padicOeHueM. buinu nposedenv uccie0osanus napamempos MUKpOKIUMama 6
Kamepax ONs 6bIpAWUEaHUs 3elénblx Kynbmyp. Mccnedosanus npogoounucs 6 cneyuanvHo paspabomanHou Kamepe 6
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pabouux ycnosusx (HamypHvle UCCIe008anus) menauuHo2o kKomounama. Obozpes pabouell 30HbL OCYWECMBIAICA C
HOMOWBIO 8030YUIHO20 OMONIEHUS, NYMEM HUMICHEN Pa30ayu HASPemozo U YEIaxCHEHH020 6030yxa. IIpu 3mom nposoounucs
UCCIe008aHUA MEMNEPAMYPHO20 NOJIA, NOJA CKOPOCMell U USMEHEHUs BAANCHOCIU 6030YXA 8 30He GbIDAUUBAHUSA PACTHEHUT
u 6 obwem o00véme KyIbMUBAYUOHHBIX COOpydcenus. I[Ipogedénnvle UCCIe0068aHUS NO360IUNU  OOCMAMOYHO MOYHO
npeocmasums  QU3UYECKYI0 MOOeNb  PACHPOCMPAHEHUs 6030YWIHBIX CMPYU U NPOBEPUMb AHATUMUYECKUE pPAcyémbl
OMHOCUMENLHO  GHYMPEHHEN MOOeNU PACHPOCMPAHEHUs CMpYl, NpOSepumb NOJYYeHHble 3HAYeHUs U CPAGHUMb C
meopemuieckumMy. 3a  pe3yIbmamamu UCCIeO08AHUN NPeONA2aemcs UHICEHEPHAs CUCmeMa, Komopas obecheuum
HeobX00uMble mexHoa02UYecKue mpebosanus K napamempam MUuKpOKIUMAmMa HenocpedCmeerHo 6 smux kamepax. Pacuémor
HOKA3bIBAIOM BO3MONCHOCMb 3HAYUMENbHO SKOHOMUMb HA IHEPLONOMPedIeHUU 3a CUeém NOOOepIHCAHUS HEOOXOOUMbIX
napamempos mojbKo 6 30He 8e2emayuul 3e1EHbIX KYIbmyp.

Kniouesvie crosa: cucmema omonnenus, napamempobl MUKPOKIUMAMA, KAMEPA 6bIPAUUBAHUS
3€AEHBIX KYAbMYP.

UDC 697:631.237
Research of Microclimate Parameters in Chambers for Growing Green Crops

N. Chepurna’, M. Kirichenko?, V. Chepurnoy?

'Ph.D, associate professor. Kyiv National University of Construction and Architecture, Kyiv, Ukraine, ChepurnayaNV @ukr.net,
ORCID: 0000-0001-8044-7563

*PhD, associate professor. Kyiv National University of Construction and Architecture, Kyiv, Ukraine, m-kirichenko@, ukr.net,
ORCID: 0000-0002-3651-3153

* Senior Lecturer. Kyiv National University of Construction and Architecture, Kyiv, Ukraine, ChepurnoyVV@ukr.net

Abstract. An important task of the agricultural sector is to increase production, expand the range and improve the quality of
green crops in the winter and early spring periods. The solution to this problem is the active development of greenhouses.
One of the main problems of greenhouses is the high cost of thermal energy to maintain the necessary parameters of the
microclimate. Large energy consumption due to the maintenance of high temperature and humidity throughout the volume of
greenhouses. The introduction of engineering technologies that will provide the optimal microclimate parameters necessary
for the development of plants directly in the growth zones, and beyond their limits - minimally acceptable, would
significantly reduce the energy consumption of the microclimate support compared to traditional systems. One of the
solutions to this problem is the organization of isolated microzones with engineering systems to create the necessary
microclimate in the form of shelving chambers, with a light-transparent, light-lifting vertical fencing. Microclimate
parameters were studied in chambers for growing green crops. The studies were conducted in a specially designed chamber
in the working conditions (field studies) of the greenhouse complex. The heating of the working area was carried out with the
help of air heating, by means of the lower distribution of heated and humidified air. At the same time, studies were carried
out on the temperature field, velocity field, and changes in air humidity in the zone of growing plants and in the total volume
of cultivation facilities. The conducted research allowed us to fairly accurately represent the physical model of the
propagation of air jets and check the analytical calculations regarding the internal model of the propagation of jets, verify
the values obtained and compare with the theoretical ones. For the results of research, an engineering system is proposed
that will provide the necessary technological requirements for the parameters of the microclimate directly in these chambers.
Calculations show the ability to significantly save on energy consumption by maintaining the necessary parameters only in
the vegetation zone of green crops

Keywords: heating system, microclimate parameters, green crop growing chamber.

Haniiimna no penakuii / Received 01.06.2018.
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YOK 536.2:620.9:502

HaTtypHi gocnimkeHHsA «oxonoaxXyBanbHOro ehekty» BepTUKarbHOro

o3erieHeHHsA OyAaiBenb

T. M. TkayeHko'

'k.6.H., mon. KuichKkuil HallioHanbHKI yHiBEpCUTET Oy iBHULTBA i apxiTekTypH, M. KuiB, Ykpaina, tkachenkoknuba@gmail.com ,

ORCID: 0000-0003-2105-5951

Anomayis. Mema pobomu nonseana y npogedenHi HamMypHuxX 00CTIONHCEHb «OXOI00XHCYBATLHO20 eeKmyy» 8ePMUKAIbHO20
o3enenennst Oyoigeib ma NOPIGHsIHHL OMPUMAHUX 3HAYEHb 3 «OXOA00ICYBANLHUM ehEeKmOM» POCIUHHO2O WAPY «3eNeHUX
nokpigenvy. IIpoeedeno Hamyphi OO0CHIONCEHHS. «OXOIOONCYBANLHO20 epeKmyy GepmUKAIbHO20 O3eNeHeHHs 3a60py 3
sunoepady ouxozo (Parthenocissus) na mepumopii Kuigcbkoeo HayionanbHo20 yHisepcumenty 6y0IGHUYmMea i apXimexmypu 6
menautl nepiod poky 8 uepsnsa 2018p. o 14:30 npu nepioduuniii nosei eimpy ma He3HauHiil 1020 weuoxocmi. Buxopucmanms
3a60py 3 NPAKMUYHO OOHAKOBOI) MEMNEPamypoio nogimpsi 3 060x OOKi6 00360SAEC YHUKHYMU 6NAUBY MENL0GUX NOMOKIE
npumingers. s 6UMIDIOBAHHS GUKOPUCIAHO MepMoMemp CKIAHull piounHuil 3 yinoto nodinku 0,1 °C. [[na minimizayii
6naugy paodiayitinoi meniomu Konba mepmomempa 6yia 3axuyeHa meniogiodUSHUM eKpanom 3 antoMiniesoi ghoaveu. Expan
Mas docmammuio 2AubUHy, wob eiobusamu padiayilini menaioei NOMoKU 8i0 COHAUHOI padiayii, HABKOIUWHIX npeomemie ma
cminu napkawy. Jlis UMIpIOGAHHs. MeMNepamypu nio pOCIUHHUM WAPOM MEePMOMEMp NPue sa3yeascs 00 cmebia pociun y
Micyi 1020 NPUPOOHO20 KPInAeHHs: 00 NAPKaHA. [[isi GUMIPIOGAHHS. MeMNepamypu nogimps mepmMomMemp mpumagcs 3306Hi
napkamy Ha eiocmani eumsieHymoi pyku 6i0 docnionuxa. CepeoHsi 3HAUEHHsT «OXOL0ONCYBANbHO20 eheKmy» CMAaHO8UmMb
1,23 K. Ompumanuti «0X010024Cy8aIbHULL eheKmy nepesunyye 1020 3HaueHHs 0k mpag sHo2o wiapy 3enenoi noxpisii (0,6...
0,9 K) na 0,5...0,6 K. Taxe nepesuwennss moodice 6ymu nog’sizame 3 0COOIUBOCMAMU MPAHCHIPAYii UHO2PAOY OUKO2O
(Parthenocissus) ma 0inbuioio niowero MUcmosol nIACMuHKU. Y nooaisuiomy nianyemscs nposecmu 00CIiONCeH sl Yy OeHb 3i
wmunem i 3a6e3neyumu nNOCMItHUL MexauiyHull 060Y8 00CMAMHbOI NAOWI NOBEPXHI NAPKAHA NPOMA2OM KIIbKOX 200UH 015

VHUKHEHHs. 6NIUGY MeNniogoi inepyii ma meniosux noOmoxKie 6300691 NAOWUHY NAPKAHA.

Kniouoei cnosa. oxonodacysanvruil egpexm, 6epmukanvre 03eieHeHHsl, 3e1eHa NOKpIss.

IloctanoBka mnpoOaemu. Cranmii PO3BUTOK
Cy4acHHUX MICT mependayae mepexil Ha anbTe-
pHATHBHI JpKepella eHeprii Ta eHeproeeKTHUBHI
TexHoJorii. OQHIE0 3 TAKUX TEXHOJIOTIN € «3€elIeH]
KOHCTPYKLii», Wi SKUMH MH PO3YMI€EMO apxi-
TEeKTypHO-OY/IiBETbHI €JIEMEHTH, TTOE€THAHI 3 )KUBHU-
MH POCITMHAMHU: TTOKpiBEIbHE O3eIIeHeHHs, (hacamHi
3eleHi  OJOKM,  BEpTHKaJbHE  O3€JICHEHHS,
EKOMapKOBKH, 3elieHI cxuinu. BoHu ekonoriuni 3a
paxyHOK CTBOPEHHS ITOMATKOBHX JIOKAJIBHHUX 010-
TeOIeHO031B, 30epeXeHHs Ta MOMOBHEHHA Oiopi-
3HOMAHITTS, CTBOPEHHS J0JaTKOBUX MOCTIB Mirpa-
mii gng Olotm B wmicro. LI KoHCTpyKuii
eHeproe()eKTUBHI 3aBASKH JOJATKOBIH TeIIO-
130JIS11i1, 3MEHIIIEHHIO XOJIOAUILHOI0 HABAHTAKEH-
Hi Ha KOHJUIIIOHYBaHHsS TOBITPA, 3aTiHEHHIO,
3MCHIIICHHIO HaBaHTAKEHHS Ha MIChKE JIOIIOBE
BOJIOBIJIBE/ICHHSI, MOJJIMBOCTI BTOPHUHHOTO BH-
KOPUCTaHHS CTIYHHMX BOJ[ HA MOJIUB Ta TEXHIYHI 110-
TpeOu.  «3emeHi KOHCTPYKIi» 3a0e3nedyioTh
COITIATbHO-EKOHOMIYHHAN PO3BUTOK YPOOIIECHO3IB
3aBIIIKH OOPOTHOI 3 TAPHUKOBUM e(heKToM, 30epe-
JKEHHIO 3eMEJIbHUX PECYPCiB, EKOJOTIUHIHN yTHIIi3a-
ii OynmiBens, 3MEHIIeHHIO piBHA mIymy. Lli TexHo-
JIOTIT € TOTY)XKHIM IMOTEHIIAIOM i 30epe:KeHHS
3I0pOB’Sl JIOAEH 3a PaxyHOK NPONYKYyBaHHS KH-
CHIO, CTBOPEHHSI pPEKpeallifHuX 1 MPOJOBOIBUNX
30H, TIOJIMIIEHHS SKOCTi MOBITPs (DITOHIMIAMH.
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Y  €BpomeMChKUX KpaiHaXx 3acTOCYBaHHS
«3€NIeHUX  KOHCTPYKUii» y OyIoiBHMLTBI €
00OB’SI3KOBUM Ta KOHTPOIIOETHCS Ha  PiBHI
3aKOHO/IaBCTBA.

YkpaiHa € nIep:kaBoro, JIe BiJICOTOK MiChKUX
xuteniB (68,9 %) npuBaOe HaA BiICOTKOM JKH-
TeniB citechkoi miceBocTi (31,1 %), ane He3Baxka-
I0YM Ha I, BBEICHHS «3€JICHUX KOHCTPYKIii» ra-
JIBMYETHCSI Yepe3 BiAICYTHICTH HOPMAaTHBHOI 0Oa3,
BITUM3HSHUX TEXHOJIOTIH Ta (QyHIaMEHTAITBHIX
HAayKOBO-TEXHIYHHX po3pobok. Tomy po3pobka
HAYKOBHX 3acall «3€JeHUX» eHeproeeKTHBHUX
TEXHOJIOT1H Ul YHpaBJIiHHS EKOJOTiyHOK Oe3-
NEeKo ypOolieHo3y B YKpaiHi € mepuio4eproBoro
Ta aKTyaJbHOIO MPOOIEMOIO.

AKTyaJbHICTh JOCTITZKeHHA. Y CEpPIHi I[bOT0
poKy ypsaa VYkpainu yxBanuB «CTparteriro HH-
3bKOBYTJIEBOJHOTO po3BUTKY 10 2050 poxy» [1],
fKa Iepeadaydae MOCTYNOBE CKOPOUCHHS BUKOPH-
CTaHHS BUKOIIHOTO IIAJIUBA Ta CTapT iHBECTYyBaHHS
y BITHOBIIOBAIBHI JoKepena eHeprii. Tomy momryk
Ta BIOPOBAHKECHHsI CHEProe()eKTUBHUX TEXHOJOTIH
€ TIPIOPUTETHUM 3aBJAHHAM U1 YKpaiHH.

Cxopouenns BukuAiB CO, € OCHOBHUM MeXa-
HI3MOM YTIOBUTBHEHHS 3MIHM KIIIMaTy. Y BUpIIIEH-
Hi JaHoi npoOJIeMu «3elieHi KOHCTPYKLID» MOXYTh
po3rIIAAaTUCS K MEepPCHEeKTUBHI TexHojorii. 3a
PaxyHOK «OXOJIOJDKYBaJIbHOTO €(eKTy» B Iepiof
OXOJIOJKCHHS BIJI0YBA€THCSA 3MEHIICHHS XOJIOH-
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JHHOTO HAaBAHTA)KEHHS HAa KOHJIMIIIOHYBAHHS TTOBI-
TP, 3aBISKA YOMY BIiIOYBa€TbCs  HEMpsiMe
3meHmeHHs Bukuais CO, Ha TELI.

OcranHi gociaimkenHss ta nyOuaikaumii. Te-
TUIOBI Ta €HEPreTUYHI BUTOAM BiJ] «3EJICHUX KOH-
CTPYKIIif» MOB’s3aHi 3 TXHIM «OXOJIOJKYBaJIbHIUM
eexToM». [Ipu IBOMY MTOPiBHIOIOTHCS
TeMIIEpaTypH HOBITPS Hax MIOBEPXHEIO
HEO3EJIeHEHUX  MOKpiBENb 3  TEeMIEPaTypolo
3eJIeHHX TOKpiBeJdb 3  POCIMHHUM  IIApPOM.
Temmeparypa Ham 3BHYAHHUMU TOKPIBISIMHU Y
Oararo pasiB Ouible, HiXK Haj 3ei1eHUMH. Ha min-
CTaBl TaKUX JOCHIIKEHb TIPYHTYEThCA MiAXin
«MICBKHH TEIUIOBUI OCTpiB», a TaKOXK «e(eKT
KOH/IMIIIOHYBaHHs». BBaxkaeThcs, 110 B JITHIMH
nepioN 3ejieHa MOKPIiBJIS MpPAaLIoe SK TMacHBHUN
oxoJnomKyBad. 3a naHnMu KemOpumkchkoro yHi-
BEPCHUTETY, BIITKY BiKPHTA ILION[A YOPHOTO AaXy
moxe pocsratu 80°C. IIpu mpomy ekBiBajeHTHa
TUIOIIA TiJ] 3eJICHUM JaxoM CTaHOBUTH Juie 27°C
[2]. Hocmimkxenns B Kanami (OtraBa) Takox
MPOJIEMOHCTPYBAIM 3HIDKCHHS TEeMIlepaTypu Ha
3eneHoMy aaxy. [Ipu Temmneparypi HaBKOJIMIIHBO-
ro cepenosuina 35°C, Temneparypa HEO3EJIEHEHO-
ro maxy npocsriaa 70°C, a Ha 3eneHi MOKpIBIi
TeMmreparypa 3anumanacs pisaoro 25°C [3.4].
[Ipodecop 'epHoT MiHKe BBaXkae, 10 O3€IICHEHHS
MTOKPiBEITh TIOPIBHIHO 31 3BHYAHUM MOKPiBETHHIM
MOKPUTTSIM Mae YuClieHHI mepeBaru [5]. Hampu-
KJaJl, TeMIepaTypa MOKpiBeNbHOI KOHCTPYKIIi i
CHCTEMOIO 3€JIEHOT0 1aXy IIPH TeMIIepaTypi HaBKO-
mumHBoro cepenoBuma 30°C, cranosmia 17,5°C.
[Tpu upomy ToBImIKHA cyOcTpary Oyna Bckoro 160
MM. Y ciyni npu minyc 14°C, temmeparypa min
pocauaENM 1apom craHoBuia 0°C [6]. Kpim Toro,
JIOJIATKOBY CHEProe(heKTUBHICTh Ja€ KOMOIHYBaH-
HS TEXHOJIOTi 3€JIeHOI MOKpPIiBII Ta COHSIYHOI
eHeprocuctemMu. Temmeparypa MOOyJiB  Ha
3€JIeHUX TOKPIBJISAX 3aBISKH BOJOTOCTI, SIKY BH-
JUISIFOTh POCJIMHU, 3HIKYEThCA 0 1wiroc 27°C,
3aBISJKH YOMY TelliOCUCTEMH HE IEPerpiBaroThCs.
Hnsa mopiBHAHHA: Ha OITYMHUX ITOKpIBISX
Temreparypa MoayJiB 3pocrae ao mitoc 40°C [7].
Amnaniz mitepatypHux mxepen [8-11] mokazas ay-
K€ BHCOKI 3HAYCHHS «OXOJOKYBAJIBHOTO ede-
KkTy» (10 7 K). Ane B poOoTax 4iTKO HE 3a3HaUEHO
NPUIUHU TaKOro 3HAYHOTO 3HUKEHHS
Temreparypu. Y IaHOMY BHIAAKy MH MOXXEMO
NPUIYCKATH, 10 «OXOJOKYBalbHUN edekT» BH-
KIIUKaHU# (i310JIOTTYHUM MPOIECOM Y POCIHHAX, a
came eBamoTpasciipamieto. [IpoBeneHi HaTypHi
JOCIIDKEHHS] HE MiATBEpAMIM LbOTO 3HAYCHHS
«oxono/uKyBanbHOTO edexTy» [12]. Takox Oymnu
3po0JieH]I HATYPHI AOCTiIKEHHSI TeMIlepaTypy Hal
YOPHOIO Ta OJINCKYYOI0 METAJIEBOIO IOBEPXHEIO
TP CTOSTHHI COHITS B 3€HITI Y 4epBHi B MicTi Kuesi
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3a sicHO1 morou. Pi3HUIA TemnepaTypu MK HUMH
29 °C. TakuM YHHOM, BIACTHBOCTI HEO3EIEHEHOI
MOBEPXHI BIUIMBAIOTH Ha PI3HUIIO TEMIIEpaTypH
O3EJICHEHOI Ta HEO3eJeHEeHOi TOBEpXHi Oijiblle,
HIX BJIACTUBOCTI POCIIMHHOTO mmapy. Buxomsum 3i
CKa3aHOTo, 3alpoONOHOBAHO i «OXOJIOJKYBaJlb-
HUM e(QEeKTOM» PO3YMITH PI3HHIIO TeMIepaTypu
MDXK 03€JICHEHOIO ITOBEPXHEIO MTOKPIBIIi 1 TTOBITPSIM:

Oex = eexz‘,act - Ae, °C (1)
1€ Oexruer — axkTUUHE 3HAUCHHS Temmeparypu, °C,
30BHIITHKOT'O TIOBITPS 32 IAHUMU KJIIMaTOJIOTIYHIX
HOPMATHBHHX JIOKYMEHTIB ab0 Temmeparypa Io-
ToKy, °C, B aeponuHamMivHiil Tpy6i; A, K — «oxo-
JIOIKyBaJbHUAHN ehexT.

Y pob6orti [13] HaBerEeHO METOAWKY JOCIHIKEH-
HS «OXOJIOKYBATBHOTO €(eKTy» B J1a00paTOpHHX
yMOBax B aepoAMHaMiuHiil TpyOi. 3a pe3ynbTaTamMmu
JIOCTiDKEHb  TI00yI0BaHO Tpadik 3aJIEKHOCTI
«OXOJIOKYyBaIbHOTO edexTy» A0, °C, Bim mBui-
KOCTi TOBITpsi v, M/c. OmHaK, JUIA PO3PaxyHKY
3a0MIaJUKCHHST EHEeprii Bill «OXOJOKYBAIBHOTO
edekTy» pe3yibTaTd MarTh OyTH TOJaHI y BU-
sl hopmyiu. Perpecis oTpuMaHuX pe3ysibTaTiB
32 METOJOM HAWMEHIIMX KBaJpaTiB sl BHCOTH
Tpasu 40 Ta 123 MM [1a€ HACTYITHE PiBHSHHS:

AB.... = (0,508 atan(v) + 0.543) x

x atan’(v) + 0.752 (2)

®opmysoBaHHs wineii crarTi. Mera po6oTH
— MPOBEACHHS HATYPHHUX IOCTIKEHb «OXOJIOIXKY-
BaIbHOTO €(eKTy» BEPTUKAIBHOTO O3€ICHCHHS
OyxmiBenb Ta TMOPIBHSHHS OTPUMAaHUX 3HAYCHb 3
«OXOIIOJKYBAJILHIM €(EKTOM» POCIMHHOTO LIapy
«3€JICHUX ITOKPIBENIbY.

Bukonannsi  exkcnepuMeHty. I[IpoBeneHo
HATYpHI IOCTIIKEHHS «OXOJOMKYBaJIbHOTO ede-
KTy» BEPTUKaJIbHOTO O3EJICHEHHs Ha TEepUTOPii
KuiBcpkoro HaIioHanbHOTO YHiBepcHUTETy Oymi-
BHUIITBA 1 apXiTeKTypu B TEIUIMH TeEpiox POKy 8
yepBHA 2018p. o 14:30. V neit neHs y maHomy
MICIIi BiTep 3’SIBJIABCS JIMIIE TEPIOJUIHO, a BUMI-
pIOBaHHS BHUKOHYBQJIMCS TPH HE3HAYHIH HIBH]-
KOCTi TOBiTps. [l YHUKHEHHS BIUIMBY TEILIO00-
MIHY MDK BHYTPIIIHIM TOBITPSAM MPUMIIIEHHS Ta
«TIPOIIApKOM TIOBITPSA T POCIMHHAM IIapoM
JOCHTIDKEHHsI MPOBEACHI Ha  BEPTUKAILHOMY
napkasi (puc. 1), 3 000X OOKiB IKOTO TeMIeparypa
MOBITPs oHaKoBa. [lapkan OyB o3elleHeHU BHHO-
rpamom aukuM (Parthenocissus).

Jns BUMIpIOBaHHS BHUKOPHCTAHO TEPMOMETP
CKIISTHUM piauHHUH 3 minoto nojiku 0,1 °C.
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s miHiMizalnii BIUIMBY paialiiiHOl TEIIOTH
Koyiba TepMoMeTrpa Oyla 3axHIICHa TEIUIOBIAOU-
BHUM €KpaHOM 3 amoMiHieBoi ¢onbru. Expan mas
JIOCTaTHIO TIHOWHY, 1100 BiOMBATH pamiariiiHi Te-
TUIOBI IOTOKU BiJI COHSYHOI pajiiaIlii, HABKOJIMIITHIX
NpPEAMETIB Ta CTiHU MapKaHy.

Jis BUMipIOBaHHS TeMIIEpaTypu T POCIHH-
HUM I1apoM (puc. 2) TEpMOMETp MPHUB’SI3yBaBCS 10
cTeba pOCIMH y MicIi HOTro MPUPOAHOTO KPiIUIeH-
HsI 710 TIApKaHa.

Puc. 1. BepTukansauii mapkaH 3 BAHOTPaay TUKOTO
(Parthenocissus)

TakuM 4YHHOM, TEPMOMETpP ONHWHSIBCA IIiJ
3€JICHUM JIUCTBSIHUM TIOKPHBOM, SIKHH 1 CTBOPIOE
«OXOIIOJKYBaJIbHUM e(eKkT». BumipioBaHHA BH-
KOHaHI y TPbOX TOYKaX IiJl POCIUHHHUM IIapOM.
Jlnss BUMIPIOBaHHS TEMIIEPATypy IOBITPS TEPMO-
METp TPUMAaBCs 330BHI MapKaHy Ha BiJCTaHi BUTS-
THYTOI PyKH BiJ fociigHuka (puc. 3).

Ilepen mowyaTtkoM 3HATTA ITIOKa3iB TEPMOMETP
BUTPUMYBABCS HE MEHIIIE 5 XBHJIMH JUI cTabifi3a-
uii oro mokasiB. Ilicis mporo moBTOpHO 3amu-
cyBaluCs 1 ycepenHIoBauCs Horo mokasu. [lokasu
He 3minroBanucs oineme uixk 0,1...0,2 °C.

Pesyneratn  BuMmiproBaHHs.  Pe3ynbratu
BUMIPIOBaHb Ta PO3PaxyHOK «OXOJIOJUKYBAJIBHOTO
edexTy» (Tabmn.) mokaszanu, 1o TeMIepaTypa moBi-
Tps Oinst mapkany cranoBuia 31,7 °C i mpakTU4HO
HE 3MiHIOBaJIacs IPOTATOM IOMNEPEaHIX TOIUH, 110
MIHIMI3y€ BILIUB TEIJIOBOI IHEPIIT MapKaHy.
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Temnmeparypa  mig  pPOCIMHHHM  IIapoM
craHoBmwia 0o =30,2...30,6 °C. Toxmi cepenne
3HAYEHHS «OXOJIOKYBaJIEHOTO edexTy»
cranoButh 1,23 K. OTpumaHuil  «OXOJIOIKY-

BAIBHUN €(eKT» MEepeBUIye HOro 3HAYCHHS IS
TpaB’sHOTrO mapy 3enenoi mokpiem (0,6...0,9 K)
Ha 0,5...0,6 K. Take mepeBumieHHS MOXe OyTH
MOB’s13aHE 3 OCOOJMMBOCTSAMH TpaHCITipaIlii BUHO-
rpany aukoro (Parthenocissus) Ta OUTBIIONO TUIO-
IICIO JIMCTOBOI ITACTHHKH.

Puc.2. Po3raiyBaHHs TepMOMETPA TSl BUMIPIOBaHHS
TEMIIEpaTypH IiJ{ POCIUHHUM IIapOM BEPTUKAIBHOTO
03€JIeHEHHS 3 BUHOTpaxy aukoro (Parthenocissus)

31 5%

Puc. 3. BumiproBaHHs TeMIepaTypu
BUHOTpanay aukoro (Parthenocissus)

BucnoBku. CepenHsi 3HAYEHHS «OXOJOMXKY-
BanbHOTO eexTy» cranosuts 1,23 K. Orpumanwuii
«OXOJIODKYBATBHUN €(eKT» TepeBulye Horo
3HA4YEHHs IJIs1 TPaB’SHOTO IIapy 3eJIeHOi MOKPiBIi
(0,6...0,9 K) na 0,5...0,6 K. Take nepeBuIlCHHS
MoOke OyTH MOB’si3aHe 3 OCOONMBOCTSIMH TPaHCHI-
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pauii BuHOrpamy aukoro (Parthenocissus) Ta IlepcneKTHBH MOAAJBIIUX AOCTIIKEHb, Y
O1TBIIIOIO TIIOMIEIO JINCTOBOI TIACTUHKH. HaTYpPHHUX YMOBaX MPaKTUIHO HEMOXKIIUBO JOCATTH
MOCTIHHOT ~ IIBUAKOCTI  BITPY, TOMYy  IIpoO-

Tabnuys aHaN3yBaTH BIUIMB IIBUAKOCTI TOBITpI Ha

PesyabTaTi JOCIIKEHHS OX0JIOMKYBAJILHOI0 eeKTy» «OXOJOKYBAIbHHHA e(DeKT» BH3HAYUTH MPAKTH-
Touka | Temmepatypa nositps, °C Oxonomxy- YHO HEMOXJIMBO. )i IbOT0 HEOOXiHO MPOBECTH
BaIbHUH ed- JOCTIDKEHHS Y IeHb 31 IITHJIeM 1 3a0€3MeYUTH 110-

i1 POCIIHH- HaBKOJIU- ekt AD. K
b

sM Tapom B, | HBOro 8. CTIHHUN MeXaHIYHUHA O0OIyB MOCTaTHBOI ILIOMTI

MOBEPXHI MapKaHa MPOTATOM KiTbKOX TOJMH ISt
1 30,2 31,7 1,5 YHUKHEHHSI BIUTMBY TEIUIOBOT iHEpIIii Ta TETIOBUX
2 30,5 31,7 12 MOTOKIB B3JIOBX IUIONIMHYU TapKaHa. Y MepCIeKTH-
Bl IUIAHY€ETHCS IPOBEACHHS MOAIOHMX TOCIIIKEHb.

3 30,6 31,7 L1 [ BUKOHAHHS JAOCHIKEHb B aepoAMHAMIiuHii
Cepenne 30,43 31,7 1,23 TpyOl HeoOXiZHa BeiMKa BHCOTa POOOYOi YaCTUHU
IUTSL PO3MIIEHHS MOJIeNi 3 AOCTaTHHO PO3BHHEHHU-
MU POCIIMHAMH.
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HatypHble nccnegoBaHua «oxnaxpgarouwero acpdekra» BepTUKanbLHOro
o3eneHeHusa 30aHun

T. M. TkayeHko'
'k.6.1., nou. Kuischkuil HalioHanbHuii yHiBepcuTeT OyAiBHULTBA 1 apXiTekTypH, M. Kuis, Ykpaina, tkachenkoknuba@gmail.com,
ORCID: 0000-0003-2105-5951

Annomayus. Llenv pabomwl 3akniovanace 6 npoBeOeHUU HAMYPHIX UCCLe008AHULl  «oXaadxcoarouezo >¢gekmar
6EPMUKANILHO20 03€NeHeHUsl 30aHULL U CPAGHEHUs] NOJYYEHHbIX 3HAYCHUL C «OXAANCOAIOUUM IPDEeKmom» pacmumenbHo20
cnost «3enéHpix Kpogenvy. IIposedenvt HamypHole UCCIe008aHUsL «OXAAANCOAIOUe20 IPhexmay 6epmuKaIbHO20 03eNeHeHUs
3abopa u3 eunozpada ouxoeo (Parthenocissus) na meppumopuu Kueeckozo Hayuonaibno2o ynugepcumema cmpoumenscmed
u apxumexkmypbvl ¢ ménviii nepuod 2ooa 8 urons 2018 2. ¢ 14.:30 npu nepuoduyeckom noseieHuy gempa u He3HA4UMenIbHoOU
e2o ckopocmu. Hcnonvzosanue 3a60pa ¢ npakmuiecku 0OUHAKOBOU MeMRepamypoil 8030yxa ¢ 0beux cmopoH NO360J5em
uzbedncamo GUSAHUSL MENLOBLIX NOMOKO8 noMeujeHull. [l usMeperust UCNOIb306aH MEPMOMEMP CMEKIAHHbLIL HCUOKOCHIHbIIL
¢ yenou Oenenusn 0,1 °C. [[na munumusayuu GIUsAHUSL PAOUAYUOHHOU MENI0Mbl KOAOa mepmMoMempa Oblid 3aujuyeHa
MEeNIoOMpPadXCaioWuM KPAHOM U3 ATOMUHUEBOU (homveu. DKpan umei O0CMAmouHylo 2nyoury, umobvl Ompajicame
PaouayuonHbie Menyiogbie NOMOKU OM COAHEYHOU Paouayull, OKpPYICaAouux npeomemos u cmemsl 3a6opa. /s usmepenus
memnepamypsl n00 pacmMumenbHbIM C10eM MePMOMEMp NPUBA3bIGAIC K CMebio pacmeHull 8 Mecme €20 eCmeCcmeeHH020
Kpenienust Kk 3abopy. Jlis usmepenus memnepamypoli 6030yXa MepMOMEmp YOepICUBAICs: 6He 3a00pa HA pPACCMOSHUU
ebimsaHymotl pyku om ucciedosamens. Cpeonee 3nauenue «oxaaxcoarouezo sgppexmay cocmasnsem 1,23 K. Ionyuennvlii
«oxnadicoarowuil d¢pghexmy npesviuiaem e2o 3navenue a1 mpaganozo caos 3enénoui kpoeau (0,6 ... 0,9 K) na 0,5 ... 0,6 K.
Taxoe npesvluenue modcem Oblmb C653aHO € OCODEHHOCMAMU MPAHChupayuu eunozpaoa ouxozo (Parthenocissus) u
bonvuell nIoWaovlo TUCMOBOU NAACMUHKU. B danvheliwem nianupyemcsi npoeecmu uccie008anust @ 0ehb CO WMuiem u
obecneyums NOCMOAHHBII MeXaHuyeckuli 000y8 00CMAamo4HOU naowadu no8epXHOCmu 3a60pa meueHue HeCKOIbKUX 4aco8
60 uzbesicanue GIUSAHUS MENL0GOU UHEPYUL U MENIOBbIX NOMOKO8 800.Ib NIOCKOCHU 3a60pa.

Kniouesvie crosa: oxnascoarowuii a¢pgpexm, epmukanvroe osenenenue, 3e1EHdas KposJis.
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Field Studies of the "Cooling Effect” of Vertical Greening of Buildings

T. Tkachenko'

'PhD., Associate Professor. Kyiv National University of Construction and Architecture, Kyiv, Ukraine, tkachenkoknuba@gmail.com,
ORCID: 0000-0003-2105-5951

Abstract. The aim of the work was to carry out field studies of the "cooling effect” of vertical greening of buildings and to
compare the results with the "cooling effect” of the vegetation layer of "green roofs". The field studies of the "cooling effect”
of vertical greening are carried out on a fence by wild grapes (Parthenocissus) at the territory of Kiev National University of
Construction and Architecture in warm period of year on June 8, 2018 at 14:30 with the periodic appearance of wind and its
insignificant speed were carried out. The use of the fence with practically the same air temperature on both sides avoids the
effect of the heat fluxes of the premises. The thermometer is a liquid glass thermometer with a 0.1 °C scale value. To
minimize the effect of radiation heat, the bulb of the thermometer was protected by a heat-reflecting screen made of
aluminum foil. The screen had enough depth to reflect radiation heat fluxes from solar radiation, surrounding objects and
the fence. To measure the temperature under the plant layer, the thermometer was attached to the plant stem in the place of
its natural attachment to the fence. To measure air temperature, the thermometer was held outside the fence at arm's length
from the researcher. The average value of the "cooling effect” is 1.23 K. The resulting "cooling effect” exceeds its value for
the grass layer of the green roof (0.6 ... 0.9 K) by 0.5 ... 0.6 K. This excess can be due to the peculiarities of transpiration of
the wild grapes (Parthenocissus) and the larger area of the leaf blade. In the future it is planned to conduct research on a
day with calm and ensure constant mechanical blowing of a sufficient surface area of the fence for several hours in order to
avoid the influence of thermal inertia and heat flows along the fence plane.

Keywords: cooling effect, vertical greening, green roof.

Hanitinura no pemakii / Received 20.06.2018
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OocnigxeHHs po60TU CUCTEMM OUYULLIEHHSA NOBITPA LieXy 6aBOBHAHUX

BUpooGiB

M. N. 3innd', O. 10. LLyBaesa-Heunnopyk®

'K.T.H., mpod. Bimokpemnennii cTpykTypHui miapo3ain «[HCTUTYT iHHOBaLiHOT 0CBiTH KHiBCHKOTO HAIlIOHAIBHOTO YHIBEPCHTETY

OyniBHMIITBA Ta apXiTekTypm», M. KuiB, Ykpaina, mpzinych@ukr.net

?BuKII. BinokpeMileHuil CTpYKTypHHUH Miaposain «[HCTUTyT iHHOBamiiHOT ocBiTH KHiBCHKOTO HALIOHATBLHOTO YHIBEPCHUTETY

OyniBHMITBA Ta apXiTeKTypw», M. KuiB, Ykpaina, shuvaeva @ukr.net

Anomayis. Bynu nposedeni docnioxcents icnyiouoi cucmemu acnipayii ma mexHoni02iuno2o 001A0OHAHHA, WO BUOAIAE NUL 3
nosimpsi yexy 06asosHaHUx 6upodis. Po3pobieHo HAYK080-00IPYHMOBAHUI mMa 6UCOKOehekmusHull cnocib i niobip
06NIAOHAHHA NPU PEKOHCMPYKYIL cucmemu acnipayii Ona 3HenuneHHs Nosimps 6 yexy OAB06HAHUX 6upobi8, NOKA3AHA
HeoOXIOHICMb 3aMiHU 00Na0HaHHA. JJo0CiOdCeH0 CKAad nogimps pobouoi 301U yexy 6asosHsHUX upoobis. [N 6UMIpIOGaHHs.
KOHYeHmpayii numy memoo 0y8 eubpanull 3 NONepeoHboe0 0CAONCeHHs. Y yboMy yexy GUMIDIOBAHHS OABO6HAHO20 NUNLY
30TCHI08AN0CA 30 OONOMO2010 acnupamopa mooeni 822. [[na eumipiogants oucnepcii 6agogHAH020 NUNLY HA pOOOYOMY Micyi
0ins mraybKoi Mawunu 0y10 638mo 0eKilbKa 3pasKie 3paskie nogimps. Buxonana poboma nokasana, wo ananiz npooiemu
OuUWEHHsL NOBIMpPA 8 cucmemi acnipayii yexy 0asoeHaHUX upobis, eracmusocmeil NULY [ 3ACMOCOBAHO20 OONAOHAHHSA
€8I0UUMb NPO AKMYAIbHICMb NPodIeMU eheKmusHo20 ouuwerHa nogimps. byno eupiuieno numants 3 ouuwents nosimps
WASAXOM peKOHCMPYKYIT icHyrouol cucmemu acnipayii i 3aminu Ha Oitvw egpexmusHe 0ONAOHAHHA O OYULEHHS NOBIMPS
yexy. TlopieHsanHs meopemuyHux i NPAKMUYHUX Pe3yTbMAamie NoKA3alo eeKmugHe 3acmocy8ants Qinbmpa 3 pecenepayieio
360pomHoI0 NPodyekoio. Obpanull Qinemp NOGHICMIO NOAUHAE BOJOKHUCMULL KOMNOHEHM OABO6HAHO20 MUY, I 11020
ehekmueHicmbs NPAKMUYHO He 3HUNICYEMbCS, KOMU 3MIHIOEMbCA MICI NUTY 8 NOSIMpPI Ma KOIU 3MIHIOEMbC NOSIMPSHULL

nomik.

Kniouosi cnosa. ouuwenns nogimps, cucmemu acnipayii, 6a808HsAHe GUPOOHUYMBO

Beryn. OcHOBHI TEXHOJIOTIYHI IPOIECH, IO
BiIOYBAIOTHECS TIPH BHPOOHUIITBI OABOBHSIHUX BH-
poGiB [1...4] i Ha aHaNOTiYHOMY BUPOOHHUITBI CY-
MPOBO/KYIOThCS TIOCWJICHUM BUJIUICHHSAM WY,
0 3HAYHO 3a0pyIHIOE BUPOOHUYE CEPEIOBHIIE, a
TaKOX YCKIIAMHIOE TIPOTIKAHHS TEXHOJOTIYHUX
NPOIIECiB 1 3HAYHO TOTIpIIye YMOBH NepeOyBaHHS
JIOJVHH B TaKOMY cepeoBulli. Bumoru no 3HaH-
HS TEXHOJIOTIT Ta iHdopMaIis mpo o0IaTHaHHSA, 10
BUKOPHCTOBYETHCS JIJIsi BUPOOHUIITBA OaBOBHSHUX
BAPOOIB — HE € OCHOBHMMHU. HeoOXiqHO CTBOPUTH
Oe3nedHi yMOBY Ha BUPOOHHMIITBI.

AKTyaJIbHiCTh AocCiigKeHHsl. TexHomoriuHI
npolecH, SKi BiOyBarOTbCs y 1LeXy OaBOBHSIHUX
BAPOOIB, CYNpPOBOIKYIOTHCS  IHTEHCHBHUM 1
3HAYHUM BHUAUICHHAM Ty, SKAW 3a0pyIHIOE
MOBITPA BHUPOOHMYOTO TPHUMILIEHHS, HOTipIIy€e
YMOBH TIpalli, SIKICTb IPOIYKIii, 110 BUPOOISAETHCS,
BUKITMKA€e TpodeciiiHi 3aXBOPIOBaHHS 1 HAHOCHUTH
CYTTEBUH COIIANIbHUM, CKOJOTIYHHH Ta EKOHOMi-
yHMIA 30UTOK [2, 4, 5]. Buaanenss nwny i 3anuiie-
HOTO TIOBITPSl BiJl TEXHOJOTIYHOTO OOJaTHAHHS
BiIOYBa€ThCS MICIICBUMH 1 IEHTPAJIbHUMHU CH-
cTeMamu acmipariiii. HaliBaxIuBIIIUM €JIEMEHTOM
CHUCTEeM acIiparlii Takoro BHUPOOHWIITBA, IO BH-
3Ha4Ya€ X MPOMYKTHBHICTH 1 eeKTUBHY poOOTYy €
nwioBIoBIoBaY. [InoBIOBIIOBaTIbHE O0JIAHAH-
Hs, II0 3aCTOCOBYETBCA Yy JAHOMY IIEXy € HENO-
CTaTHRO €(EKTHBHHUM, a OYHINCHE MOBITPS HE MO-
e OyTH BUKOPHCTAaHHM TMOBTOPHO i IMOBEPTATHCH
JI0 BUPOOHUYOTO MPHUMIIIEHHS 1[eXy 332 CaHITapHO
ririeHiyanMu HopMamH [6]. [IpoGnema minBuUIeH-
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H e(QEeKTUBHOCTI OYHINEHHS TIOBITPS B IIeXy
0aBOBHSHUX BHPOOIB, 3aJIUINAETHCS BaXKIMBOIO Ta
AKTYaIbHOIO.

OcTaHnHi pocaigxends Ta nyoaikaunii. Orsing
OCTaHHIX JOCIHIHKEHB Ta MyOIiKaIliid mokasas, IIo
Ha CHOTOHIIIHIN JIEHb iICHY€ BETWKAa KITbKICTh CY-
YacHOro 0OONagHaHHS AJIsl 3HEMWICHHS MOBITPS Ta
Horo e)eKTUBHOTO OYHMIIEHHs B CHCTEMax acmipa-
uii. bBymo BpaxoBaHO mepeBaru Ta HEJOJIKU Pi3HO-
ro THJIOBJIOBIIOBAJIBHOTO OOJIAZHAHHS, a TaKOX
0CcOOIMMBOCTI  (DiI3MKO-MEXaHIYHUX BIACTHBOCTEH
0aBoBHAHOTO Uy [2...5].

@opmyaOBaHHS Hijeil crarTi. MeToro gaHoi
pobotu € po3poOka HAyKOBO-OOIPYHTOBAHOTO BH-
cokoe(eKTUBHOTO crocoly i miadopy obmaa-HaHHS
JUIS 3HETWICHHS TOBITPS 1 PEKOHCTPYKINS CH-
CTeMH acripauii uexy 6aBOBHSHUX BUPOOIB.

OcHoBHa YyacTuHA. Y NaHill poOOTi mocimimke-
HHSI TIpoBOJMIMCS Ha 0a3i mexy OaBOBHSHHUX BH-
po0iB, M0 mpamroe y aABI 3MiHH (KOXXHa MO 8
roguH). Ilepepa mix 3miHamu — 1 romumHa. Y
JTAHOMY IIeXy 3HaXOAUTHCS 8 OJJHAKOBHX TKAI[bKUX
BepcrariB (puc. 1). BinbLIicTh TEXHONOTIYHUX MPO-
IIECIB, IO BiIOYBAIOThCS y 1I€Xy OABOBHSHUX BH-
po0iB 1 Ha aHAJIOTIYHOMY BHPOOHHITBI Cy-
MPOBO/KYIOTECA 1HTEHCHBHUM BHIIJICHHAM TIHITY
Pi3HUX PO3MIpiB, IO CUIIBHO 3a0pyIHIOE BUPOOHHU -
Ye CepedoBHILE, a TaKOX TEXHOJIOTiYHI CTaHKH,
CHJIPHO YCKIIQIHIOE TIPOTIKAHHS TEXHOJIOTITHHIX
MPOIECiB 1 3HAYHO TMOTIPIIYE YMOBH DPOOOTH
TEXHOJIOTIYHOTO OONaJHaHHS, a TaKoX YMOBH
nepeOyBaHHs JIIOAUHU B TAKOMY CEPEAOBHILI.
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binpmricTe TEXHOJOTIYHUX TPOIECiB, MO Bij-
OyBaroThcs y 1leXy OaBOBHSHHX BHPOOIB 1 Ha
aHaJIOTIYHOMY BHPOOHHUITBI CYNPOBOIKYIOTHCS
IHTCHCUBHUM BHIICHHSIM HHIIY PI3HUX PO3MIpiB,
II0 CHJIBHO 3a0pYAHIOE BUPOOHUYE CepeoBHIIE, a
TaKO)K TEXHOJIOTIYHE O0OJIaJHAHHS, YCKIIaIHIOE
NPOTiKaHHS TEXHOJIOTIYHHUX MPOLECIB 1 3HAYHO IO-
ripurye yMoBH poOOTH TEXHOJIOTIYHOTO OOJIagHAH-
HS, @ TaKO)X yMOBH TepeOyBaHHs JIIOJMHU B Ta-
KOMY cepefoBulli. IcHye mnpsimMuii 3B'SI30K MikK
IHTEHCHBHICTIO POOOTH O0ONaJHaHHS, BHPOOHU-
TBOM OaBOBHSHHX BHPOOIB Ta KiJIBKICTIO BUALIE-
HHS nuity. 3a3BUYail IpU NPOCKTYBaHHI HOBOI CH-
CTeMH acIipauii HoBiTps abo MpH PEeKOHCTPYKLIi
ICHYIOUO1 CHCTEMH UTd BEHTWISAIIIHOTO Ta MHIIO-
OYHMCHOTO OOJaJHAHHSA BIIBOAATHCA 3HAYHI BH-
pOOHMYI IO, IO YCKIAAHIOE POOOTY LEeXy NpH
HEBEJIUKUX HOro mouiax. Ajie HaBaXJIMBIINM €
3a0e3neyeHHs Oe3mneku MepeOyBaHHS JIIOJUHH Yy
BUPOOHUYOMY cepenoBuili [2, 5].

BaBoBHSHUN THI, IO 3 ABISIETHCSA IIiJ dac
poOoTH cTaHKIB T1exy OaBOBHSHHX BHpPOOIB,
CKJIaJaeThcsl 3 0araTb0X KOMIIOHEHTIB (BOJIOKHA,
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OakTepiii Ta IHIIMX OMIIMIKIB, SIKi 3MIITYIOTHCA 3
0aBOBHOIO P BUPOOHMIITBI HUTOK).

B mexy 06aBOBHSHUX BHPOOIB CIIOCTEPIraeThCs
3HAa4YHa 3alMJICHICTh TOBITps (IpH CyXOMy BH-
PpOOHUIITBI OaBOBHSAHUX BUPOOIB, IPU 3aBaHTAXKEH-
Hi BCiX TKalBKUX CTaHKIiB) Bix 8 mo 60 mr/m® (B
3aJIeKHOCTI BiJl IHTEHCUBHOCTI BUPOOHUIITBA).

HaiiGinpim 1mkigguBuM € OaBOBHSHHM ITHII,
pO3MIpoOM 10 5 MKM, Tak SK BiH MOXe TIIIMOOKO
MPOHMKATH [0 abBEOISPHUX KaHANIB JIeTeHb. Ta-
KOX HE MEHII IIKiUTHBUM € I po3MipoM 10 MKkM
1 OlyIbIIIe, IO 3aTPUMYEThCS Y OPOHXaxX Ta BEPXHIX
JUXAJIBHUX [UIIXaxX JIOAUHU.

baBoBHsIHUI T Mae creuuQiuHUA BIJIHUB:
TOKCHYHUH (KOJH THJI € PO3YUHHUM) 1 (iOporeH-
HUW (KOJW TWJT HEPO3UWHUH). Po3unHuuii v ay-
JKe IIBUIKO MOTPAIUISE 10 CUCTEMH KPOBOOOIry, a
HEPO3YMHHHUNA — MPOHHUKAE Yepe3 OpraH IUXaHHS
aX JIO JIETEHb 1 MOXKE BHKJIMKATH XBOPOOHU OpraHiB
JIUXaHHs. DaBOBHSHMM MU € BOJOKHUCTHUM, 3a
CBOEIO0 CTPYKTYPOIO 1 € HETOKCHYHMM, ajie 4yepe3
CBOIO TOHKY JTUCTIEPCHICTh MOe MaTh (hiOporeHHy
Iito.
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Ha mBumakicts ocimaHHs OaBOBHSHOTO MUY,
TOOTO MOJKJIMBICTh 3HAXOJUTUCS Yy 3aBHCIOMY
CTaHi, BIUIMBA€E IucHepcHicTh muiy. lle cmpuse
NPOHMKAaHHIO OABOBHSHOIO MUY Oe3mocepenHbo
JIO OpTraHiB JIUXaHHS.

KoHueHnTpaniro muity B MOBITPI MOMKIJIMBO BHU-
3HaYUTH JBOMa cHocodaMu: mepmuid — 3
nonepeonim ocaoddicenusm nuay (BaroBHH, pasio-
130TOITHUH, ONTUYHUH, 11" €30€IECKTPUYHUIA METOIH,
METO/, [0 OCHOBAaHUM Ha YIOBIIOBAaHHI MY
BOJIOI0, METOJ MEXaHIYHHMX BiOpariii, MeTomn,
3aCHOBaHMU Ha BUMIpIOBaHHI Mepernagy TUCKIB Ha
GbinpTpi); APpYrUil — He3 nonepeoHbO2o 0CaAOIHCEHHS.
nury (aKyCTWYHHMHA, ONTHYHHUM, eNeKTPHYHHIMA
meroan) [7].

st BUMiproBaHHS KOHICHTpalii nuity OyB BU-
Opanwuii mepmuii crioci6. B maHomy 1exy BUMIpro-
BaHHSI OaBOBHSHOIO NWIy HPOBOAWINCH 32
JIOTIOMOTOK0  acmiparopa  Mojeni 822, 110
MOKa3aHuil Ha puc. 2.

Pesynpratu BUMipIOBaHb JUCIEPCHOTO CKIIAAY
0aBOBHAHOTO MWy B TOBITPI JaHOTO IEXy
3aHeceHi A0 Tabm. 1.

Ha puc. 3 300paxeHo TKalbKUi BepcTaT LEexy
0aBOBHSHUX BHPOOIB Ta YEPBOHOI KPAIKOO

MOKa3aHa TOYKa 3a0opy mpob MoBIiTPs HA poOOUO-
MY MICIT.

Crymiap mKimBoi Ta HeOe3meyHoi Al
0aBOBHIHOTO MWJIy HA OPraHi3M JIIOJUHH 3aJIE€KHUTh
BiJ (pi3MKO-XIMIYHOTO CKJIQAy MUY, @ TAKOXK JTUC-
NEePCHOCTI YaCTWHOK MUy, iX (opmu, po3mipy,
KOHITCHTpAIil y TOBITpI Ta HAsIBHOCTI B HHX
Oakrepiii 1 MikpoopraHi3miB. byB BHUKOHaHUI
aHaJi3 cKiagy nuiy B poOouiil 30H1 11exy 6aBOBHS -
HUX BHpOOiB Oinst cravkiB (y mexy ix 8§ mt.).
CepenHi 3Ha4YeHHS pe3yNbTaTiB BUMIPIOBaHb JIHC-
MEPCHOTO CKJIaay TMOBITPpS PO00Y0i 30HH IEXy
0aBOBHJIHMX BUPOOIB HaBeneHi y Tabd. 2.

Bracnigok BuaiieHHs BEIMKOI KITBKOCTI TTHITY
B TIpollecax INpH BUPOOHUITBI OaBOBHSHUX BH-
poOiB TKaIbKi CTAHKK HEOOX1JIHO OCHAIIYBaTH CHU-
cTeMaMH 1 OOJaJHaHHAM AJSl BUIAJICHHS MUY 3
MIPUMIIIEHHS 1eXy, OYHIyBaTH TOBITPA 0 HEOO-
XIIHUX TEXHOJNOTIYHUX 1 CaHiTapHO-TIriEHIYHUX
HOpPM (TIMJIOBNOBIIOBAYl, MHJIO30IpHUKH, I1HIU-
BiIyaJTbHI CHCTEMH OYMIIEHHS TTOBITPS).

CepenHi 3Ha4eHHS 00’€MIB TIOBITpPS, IO HEOO-
XiJJHO OYMCTHUTH (BiJ OJJHOTO TKAIKOTO BEPCTATY)
nojaHo y tabmu. 3.
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Puc. 2. Acniparop (Monens 822):
1 — BXiZHA KOJIOAKA; 2 — 3a00DKHIK; 3 — IIOINIaBOK pOTaMeTpy; 4 — TymMOJiep BMUKAHHS 1 BUMHKAHHS acIlipaTopa;
5 — po3BaHTaXyBaJIbHUH KiamaH; 6, 7 — pOTaMeTPH [T BU3HAYCHHS 3aMUICHOCTI;
8, 9 — porameTpu I BU3HAUCHHs 3ara3oBaHocTi; 10 — pyuka BeHTHIIs poTameTpa; 11 — BXigHui mTynep

Tabauys 1.

Pe3yabTaTi BUMIpIOBaHb JUCIEPCHOIO CKJIaAy 0ABOBHSIHOIO MUY,
3Ba:KEHOr0 B NMOBITPi Lexy 0aBOBHSIHUX BUPOOIB (cepeHi 3HAYCHHS)

JucnepcHuii ckia)i 6aBOBHSHOTO MUY,
% Tpu po3Mipi YACTUHOK, MKM

Bwict iy, %
npiOHa ppakmig

1o 3,75 3,75-17,5

7,5-15,0

Gisme 15 (menmre 10 Mkm)

76,0 13,5

7,00 -
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3
1

Puc. 3. Tkaupkuii BepcTat Lexy OaBOBHSHHX BUPOOiB

Tabauys 2.

Pe3yabTaTi BUMipIOBaHb JUCHEPCHOIO CKJIAAY MOBITPS po6040i 30HM HeXy 0aBOBHSIHUX BUPOOIB
(cepenHi 3HAYEHHS)

HucniepcHicTs nuity, % Mpu po3Mipi YaCTHHOK, MKM. Micue 3a60py
; po0 MOBITPs
0-2 2-14 4-6 6-8 8 -10 | 6impmie 10
80,0 12,0 4,0 0,8 2,0 6,0 Tkaubkuii BepcTat
Tabauys 3 30BHIIIHBOTO CEPEIOBUINA a00 MOBEPTAETHCS IS

Butpatu noBiTps /s 001aAHAHHS LHeXy 0aBOBHSIHUX
BUPOOiB (cepeHi 3HaYEHHST)

Burtpara nositps, M*/rox Tuno oOmagHanHs

600-800

Txkaupkuii Bepcrar

Takum 9nHOM, BUPOOHMIITBO MPOIYKIIIT Y TIeXy
0aBOBHSIHHUX BHPOOIB CYNPOBOKYETHCS BH/ILICH-
HSIM 3HaYHUX 00’€MiB 3alMIIGHOTO TOBITPS i3 CH-
creM acmipartii. [1nn, Mo BUAiNMBCS € pi3HOMAHIT-
HUM, SK 32 MPUPOAHIM TaK i 3a JUCICPCHUM
cki1agoM. KpiM TeXHOOTIYHUX 1 €KOJOTIYHUX MPO-
OyreM, SIKi BUHHKIIH, JOJAIIOCHh MUTAHHS 3 TTOXKEXK-
HOT Oe3MeKy.

BaxxiuBUM €IEMEHTOM CHCTEMU acHipaiii €
MWIOBJIOBIIOBAY, B SIKOMY IOBITPS OYHUIIYETHCS
BiJI ATy TIepe]] BUKHUIOM 3 TPUMIIIEHHS [EeXy 0
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MOBTOPHOTO BUKOPUCTAHHSL.

Icayroua cucrema acmipariii 1iexy 0aBOBHSHUX
BAPOOIB miysirana pPeKOHCTPYKIi 3 METOro
iHTeHcHu(DiKallii mpoueciB, MO MPOBOIATLCS Y HbO-
My, TiIBUIIEHHS IOTYKHOCTI BHPOOHHUTBA,
3HIDKCHHSI €HeprocrokuBandsa. BinOymachk 3amina
oOnamnanas Oinbin  e)EeKTHBHUMH amapaTamu
OYMILICHHS TIOBITPA.

Hdns  oummenHs mnoBiTps OyB BuOpaHuil
NaTpoHHUN QUIBTP 3 PEreHepaliero 3BOPOTHOIO
MPOJIyBKOIO HA 3MiHY CTapOoMy (QiIBTPY pPyKaBHOTO
THITY.

[Ipu 3amini oOmagHaHHS e(PEeKTHBHICTH OUHIIIE-
HHI TIOBITPA 1IeXy OaBOBHSHUX BHPOOIB 3pocia Ha
40%. @inpTp 3 pereHepali€d  3BOPOTHOIO
MPOAYBKOIO TOKa3aB cebe IMijJ Jac eKCIuTyaTamii
cucteMn acmipamii edextuBHime Ha 35% Bix
pykaBHOTO QinbTpy, kUi OyB BHIYYEHUH 3 CHU-
cremu. HoBuil QinbTp mokazaB OuMILEHHS TOBITPS
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Bix mmty 6mm3bko 98,8%. Takoxk Oyna mpoBeneHa
MOBHA 3aMiHa MIOBITPOBO/IIB.

BucnoBku. Bukonana poboTa mokaszania, 1o
aHayi3 MpoOJeMH OYMWIIECHHS TOBITPS B CHUCTEMI
acmiparlii 1exy OaBOBHSHUX BHpPOOIB, BIIACTHU-
BOCTEH MUYy 1 3aCTOCOBAHOIrO OOJIaJIHAHHS CBiJl-
YUTh TPO AaKTYaJbHICTH MPOOIEMH OYHIIEHHS
TOBITPS 1 BUPIIICHHS MTUTaHb 3 OUUIICHHS TTOBITPS
HUISIXOM PEKOHCTPYKLIT iCHYIO4YO1 CHCTEMH actipa-
1ii Ta 3aMiHU CTaporo OONATHAHHS AJISI OUHIICHHS
BiJl 0aBOBHSHOTO MWy Ha HOBe. [Ipm mopiBHSIHHI
MOJUJIMBUX TEOPETUYHUX 1 TPAKTHYHHX Pe3yJibTa-
TiB OyB 3p0o0sieHnid BUOIp Ha KOPUCTH MAaTPOHHOTO
¢binpTpa 3 pereHepallicro 3BOPOTHOIO MPOTYBKOIO.
VY 3B’s3Ky i3 BiTHOCHOK HOBHM3HOIO (UIBTPIB, IO
peTeHepyIOThCS MPOAYBKOIO, OyTH BHKOHaHI €KC-
TIEPUMEHTANTbHI JIOCHIKeHHST TPOIEeciB QLIbTPY-
BaHHS Ta OYMINCHHS TOBITPS BiJ 0ABOBHSHOTO ITH-

ny. Bonu moxkazamu, mo QiIETp TOBHICTIO
BJIOBJIFO€ BOJIOKHUCTY CKJIaJI0By OAaBOBHSHOTO IH-
Jqy, @ TaKOX HOro e(eKTHBHICTb HE 3HMKYETHCS
CYTTEBO TIPY 3MiHI KOHIIEHTpAIIi] ATy y MOBITPi Ta
NP 3MiHI BUTPATH MOBITPA. SIK MMOKa3ain TeopeTH-
YHI Ta EKCICPUMEHTAIbHI JIOCHIDKCHHS, 3a-
CTOCyBaHHA  (QUIBTPY, IO  pPEreHepPYETHCS
MPOTyBKOIO, 3a0e3medye OiabIl BHUCOKY e(eKTH-
BHICTb OYMILEHHS MOBITPA LeXy BiJ muiy, i Bia-
MIOBiTHO 3MEHIIYE €Hepro3aTpaTH y MOPIBHAHHI i3
ToTiepeIHIM THIIOM (PiIIbTPY.

IlepcnieKTHBH MOAAJIBIIUX AOCTITKeHb., Y
NEPCHEKTUBI PO3BUTKY BUPOOHUITBO JAHOTO LIEXY
Oyzne po3ILMPIOBATHCh Ta BUKOPUCTOBYBaTUME Ta-
KOK INTYy4HE BOJIOKHO. [IpM mboMy IuTaHyeThCs
MPOBEJICHHS Ccepil BUMIPIOBaHb 1 JOCIIIKCHHS
e(heKTUBHOCTI MIPUIHATOTO OOJIaHAHHSI.
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Annomayus. Bvinu npogedenvl uUcciedosanus cywecmsyoweli cucmemsl acnupayui U mexHoI02U4ecko2o 060py008anus,
yoansem Nullb U3 6030yXa yexa XAonuamooOymagxcuvlx —uzleaui. Paspabomanvl  Hayuno  0060CHOSAHMBIL U
6bICOK0IhPexmueHbili cnocob u nodbop 0b6opPyO08anusi NPU PeKOHCMPYKYUU CUCMeMbl acnupayui O 06eCnblIuGaHUs
6030yXa 8 yexe XIAONYAMOOYMANCHBIX U30eaull, NOKA3AHA HeoOXo0umMocmy 3amensl obopyodosanus. Hccnedosan cocmag
6030yxa pabouell 30Hbl Yexa XA0NYaAmoOYMaXCHvlx uzoeautl. /s usmepeHuss KOHYenmpayuu nuliy memoo Obll 8bIOpaH U3
npeovioyujeco ocadicoeHus. B smom yexy uzmepenus Xionkoeou Nuliu OCYWeCmeisioct ¢ NOMOWbIO ACRUpamopa mooenu
822. Jlns usmepenust Oucnepcuu XionKogotl nuliu Ha pabodem mecme y mKAyKot MAwUuHbl Obl10 635M0 HECKOIbKO 00pa3y08
6030yxa. Ilpodenannas paboma nokaszana, 4mo aHanu3 NPoOOIEMbl OYUCHKU 6030YXd 8 CUCMeMe AChupayuu yexa
XAONYAMOOYMANCHBIX U0ENUL, CE0UCME NbLIU U NPUMEHAEMO20 000pPYO08AHUA CEUOemeNbCmayem 00 aKmyaibHOCmu
npobnemsl dpexmuenou ouucmky 6030yxa. bvin pewén eonpoc no ouucmxe 6030yxa Nymém peKOHCMPYKyuu
cywecmeyiowell Cucmemsl acnupayuu u 3amenvl Ha 6Oonee dhgexmusroe 060py0oanue O OUUCHKU 6030YXd Yexa.
Cpasnenue meopemuyeckux u npaKmuieckux pe3yibmanmos nokazano 3@hgexkmuenoe npumeHerue Guibmpa ¢ peceHepayueti
06pamuotl npodysKoro. BulbpanHblil Guibmp noIHOCMbI0 NOLIOWAEM 60J0KHUCMbIY KOMNOHEHN XJIONKOBO20 NbLIU, U €20
2¢hpexmusHOCmb NPAKMUYECKU He CHUNCAEMCsl, K020d MEHSemcs COOepilCaHue Nblii 8 8030yXe U Koe0d MeHsemcs
6030YUIHbIL NOMOK.

Kniouesovie cnosa. ouucmra 603()yxa, cucmembvl acnupayuu, Xjlonkoeoe np0u3eodcm60.

UDC 697.941

Studies of the Operation of the Air Cleaning System of the Cotton Products
Workshop

P. Zinuch', O. Shuvaeva-Nechiporuk?

'Ph.D, professor. Institute of innovative education of Kyiv National University of Construction and Architecture, Kiev, Ukraine,
mpzinych@ukr.net
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Abstract. At the study of the existing aspiration system and technological equipment removes dust from the air of the cotton

products shop. Development of a scientifically based and highly efficient method and selection of equipment for the
reconstruction of the aspiration system for dedusting air in the cotton goods workshop, equipment replacement, and air
composition studies for the cotton goods workshop. To measure the concentration of dust, the method was chosen from a pre-
deposition. In this workshop, the measurement of cotton dust was carried out using an aspirator of model 822. To measure

the dispersion of cotton dust, several samples of air samples were taken at the workplace near the weaving machine. The
existing system of aspiration of the shop of cotton products was reconstructed in order to intensify processes carried out in it,

increase production capacity, reduce energy consumption. Replacing the equipment with more efficient air purification

devices. The performed researches have shown that the analysis of the problem of air purification in the aspiration system of
the shop of cotton products, the properties of dust and applied equipment indicates the relevance of the problem of efficient
air purification. The issue of air purification was solved by the reconstruction of the existing aspiration system and the

replacement of more efficient equipment for air purification of the workshop. Comparison of theoretical and practical results
has shown the effective application of a filter with regenerative backflow. The selected filter completely absorbs the fibrous

component of cotton dust, and its efficiency does not decrease substantially when the dust concentration in the air changes

and when the air flow changes. In the future, the production of this workshop will be expanded and artificial fiber will be

used. In this case, it is planned to conduct a series of measurements and study the efficiency of the equipment adopted.

Keywords: air cleaning, aspiration systems, cotton production.

Hani#iuna no penakuii / Received 18.06.2018.
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Annomayus. B pamkax espounmezpayuu YKpauHa 6bINOIHAEM 2aAPMOHUAYUIO CEOUX CMPOUMENbHBIX HOPM C HOPMAMU
Eeponetickoeo Corosza. O0num u3 Haubonee 8aX*CHbIX ACNEKMO8 POPMUPOBAHUS GHYMPEHHEl cpedbl NOMeujeHUs AGNAEnCa
e2o ocsewénHocmy.  [Ipo6edén  amaauz NOMbCKUX — CHPOUMENbHbIX  HOPMAMUBHBIX ~ OOKYMEHMOS,  Pe2yaupyouux
oceewénnocmes nomewenus. Hopmul yuumvlearom cospementvie n00Xo0vl u 000py0osaHue Ons Hep2odphexmugrnoco
oceewenun nomewjenuti. IIpu 2mom 6adxsCHO MAKCUMATLHO UCNONL306AMb eCIMeCmBEeHHoe oceeluenue, He mpeodyloujee
O00ONOIHUMENbHOU SHepeuu 0N nonyyenus ceema. OcHOGHble MPeDOSAHUS, OMHOCAUUECA K OCEEUJEHHOCIU NOMeWeHUl,
npueedenvl 6 2NABHLIX NONLCKUX CIPOUMENbHbIX NPABUNAX, KACAIOWUXCS NPOEKMUPOSAHUU U dKCnayamayuy 30aunui. B
nocieoHue 8peMs, 8 CIpOUmenbHOM 3aKOHOOAMENbCMEE 66e0eHbl ObLIU  KAYeCMBEHHO HO8ble MPebosanUs OMHOCAUeecs K
9Hepeochepescenuio, YHumvleaiowue dHepeur0 Ha OMONJeHUe, BEHMUNAYUIO, OXIAdCOeHUue, nodozpes zopsayell 800bl, a
makaice dHepauio nompebnaemylo 30aHueM 8 3A8UCUMOCIU Om Ycaogull oceeujeHuss nomewenutl. Kpome mpebosanuil,
NOMEWEHHBIX 8 CIMPOUMENbHbIE NPABULAX U HOPMAX, MOICHO HAUMU PA3HO20 8UOA PEKOMEHOAYUU NO NPOeKmupoBaHUIo,
KOmopble OMHOCAMCA K BONPOCAM 3PPeKmusrnoco oceewjenuss u 3QGeKkmueHo20 pacxo008aHus Hepeu 6 30aHUAX.
TIpo6edénnbiii ananus no3eoisen y4ecms COEPEeMeHHble MPebOBaHUs K IHEP20IPHEKMUSHOMY OCBEUWEHUIO 8 YKPAUHCKUX
HOPMAX.

Kniouesvie cnosa: oceeuyerue nomeu;euuﬁ, mp€60661Huﬂ no ecmecmeerHHomy U UCKycCmeeHHomy

oceeueHulo, peKOMeﬁdauuu no npoeKmuposaruro oceeuierHusl, 3H€p20€6€p€9¥C€Hl/{€.

OCHOBHbBIE TPEOOBAaHMA K OCBEIIEHHOCTH
NMOMeIeHN B MOJbCKUX NpaBuiax. B pamkax
EBPOMHTErpallii YKpaHHa BBIMOIHIET rapMOHH3a-
[IUIO CBOMX CTPOUTEIBHBIX HOPM ¢ HOpMamu EBpo-
neiickoro Coroza. OgHuM u3 Hanboliee BaXKHBIX
acrneKkToB (opMHUpOBaHUS BHYTPEHHEH cpelpbl Io-
MEILEHHS SIBJIACTCS OCBEIIEHHOCTh. (OcCBelleHue
TIOMEIIEHUH TTO/Ipa3/ieNsAeTCs] Ha €CTECTBEHHOE H
uckyccrBenHoe. [Ipu 3tom cosznmaBas pabouue Mme-
cTa, MecTa JUIsl Y4€0BI U APYTUX NEHCTBUN HEOOXO0-
JIUMO CTPOrO COOJII0aTh HOPMBI MCKYCCTBECHHOTO
OCBCILICHHUS, a TaKXKe [0 MEPEe BO3MOXKHOCTH H
Brja paboT obecneunTh ITHEBHOE ocBenleHue. [lo-
MEIIEHHS 7151 BHITIOJHEHUS Pa3HbIX BUIOB pabOTHI,
MOJPA3ICTISIOTCS Ha:

- IOMEIIEHUS JIJIsI TOCTOSTHHOM paboThI, B KOTOPHIX
BpEeMsT HAXOXKJICHHSI JIFOACH/COTPYTHUKOB COCTaB-
nsieT OoJee 4 Haca B CyTKH;

- TIOMEILEHUs JUIsl BpEMEHHOM paboThl, B KOTOPBIX
BpeMsI HaXOXKJCHUSI JIFOJICH/COTPYTHUKOB COCTaB-
JISIeT OT 2 110 4 9acOB B CYTKU;

- IOMECIICHUA, B KOTOPBIX HE BBIITOJIHACTCA pa60Ta,
HE TpeIHAa3HAYCHBI TSI HAXOXKICHUS IIOJCH/pa-
OOTHUKOB, WJIM B KOTOPBIX MOTYT OHH HaXOJUTCS
JI0 2 9acoOB B CYTKH M BBINOJIHAIOT paboTy, TpeOy-
FOI[YI0 KPAaTKOBPEMEHHOTO HAXOXIEHUS B J3THUX
MOMEINCHUSX, CBSI3aHHBIX HATMpUMEp, C TEXHHUYEC-
CKUM OOCIY>XHBaHUEM WM PEMOHTOM 0O0OpYyAOBa-
HUA, HC MPEAHA3HAUCHHBIC U1 HAXOXKACHUSA MU3-3a
TEXHOJIOTHYECKOTO IpoIiecca.
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3aKOH O CTPOHTEIHCTBE HAJIAraeT Ha MPOEKTH-
POBIIIMKA TaK Ha3bIBAEMOE «OMpEIeNIEHHE TUIOIa-
I BO3IEUCTBUA 00beKTay. [momans BO3IeiCcTBUS
00BEKTa — €T0 paiioH, 0003HAUYEHHBIN B HETIOCPE -
CTBCHHOW ONM30CTH OT 3JIaHHS, CO3JAIOIIUX pa3-
HOTO THUIIAa OTrpaHUYEHUs, CBA3aHHbIE C CaMHM
00BeKTOM M ero okpyxeHueM. [Ipu ananmse obna-
CTH BO3IEHCTBHS ClleAyeT OOpaTUTh BHUMaHUE Ha
JIBE TPYIIIBI (DaKTOPOB:

- BO3IeiicTBUE OOBEKTOB B pe3ysbTare ero (yHk-
Ui 1 TpeOOBaHMH, CBA3aHHBIX C MCMOJIB30BAaHUEM
00beKTa;

- BO3/ICHICTBUE O0BEKTA B PE3yNIbTaTe €r0 reOMeT-
pUdecKkoil opMbI, T. €. 3aTeHEHHE CaMoro M CO-
CEHUX 0OBEKTOB.

B crpoutensHBIX mpaBmwiax [1], B yacTHOCTH
TOBOPHTCS O TOM, YTO PACCTOSTHHE MEXTY 3TaHUEM
C TIOMETIEHUSIMH, TIpeIHa3HAYeHHBIMU JUIS JIIOJIEH,
U JAPYrMMH OOBEKTaMH JIOJDKHO 00ecreunBarh
€CTECTBEHHOE OCBELIEHHE JSTUX IOMEIIECHUH.
YcnoBre 3T0 CYUTAETCS BBIITOJIHEHHBIM, €CIIH:

1) mexy medamu yrina 60°, 0603Ha4eHHOTO B
TOPU30HTAIBHON IIOCKOCTH C BEPLIMHOMN, pacro-
JIO)XKEHHOW Ha BHYTPEHHEH MOBEPXHOCTH CTEHBI Ha
OCH OKHa 3aT€HSIEMOT0 MOMEUICHNS, He HaXOUTCA
Kakas TO 4YacThb NAHHOTO 3JaHHUA WIH JApPYrou
OOBEKT 3aTEHSIONIMI Ha PAcCCTOSHUHM HE MEHBIIe
4eMm:

a) BBICOTA 3aTCHEHUS - JIJISl 3aTEHSIONIMX 00BEKTOB
BBICOTOH 10 35 M,
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0) 35 M - mug 3aTeHAIOMHX OOBEKTOB BHICOTOM
6ombire 35 MeTpoB.

BricoTa 3aTeHSIONMX MPEMATCTBUH, yKa3aH-
HBIX BBIIIE, H3MEPSAETCS] OT YPOBHS HIDKHEH KpOM-
KM CaMbIX HWXXHHUX OKOH 3J[aHMd, JO CaMOM BBICO-
KO KPOMKH 3aTEHSIOMIEr0 OOBEKTa UM €TO YaCTH,
KOTOpasi 3aTeHseT AaHHBI 00bekT. JlomyckaeTcs
pa3MelIeHne 3aTeHSIONEro 00beKTa Ha PaccTos-
HuM He MeHee 10 MeTpoB OT OKHA 3aTEHSIEMOT0 10-
MEIEHHsI, B BUJE MayThl, TPYOBI, OAlllHU WK APy -
TOTO CTPOUTENBHOTO OOBEeKTa, 0e3 OrpaHUYEHUs
€ro BBICOTHI, HO IIPY YCIIOBHH YTO €T0 IMPHUHA, U3-
MEpEeHHas MapajuieNIbHO K TUIOCKOCTH OKHa, He Oy-
JIeT TpeBbaTh 3 M. PaccrosHus, yka3aHHbBIE
BBIIIIE, MOT'YT OBITh YMEHBILICHBI HE OoJiee yeM Ha
MOJIOBUHY NPH pa3MeIleHUH 37jaHus B IIEHTpe To-
pona.

Ilpn ynnoTHEHHOH 3acTpOMKE M COXpaHEHUU
paccTosHUSI MEXIy 3JaHUSIMHU Ha ypOBHE HE00XO-
JUMOTO MHHMMYMa 4YacTO OBIBa€T OUEHb CIIOKHO
BBITIOJTHATH TPEOOBaHUS MO OCBEMIEHHOCTH TIOME-
meHnit. Biusiiot Ha 310 ycnmoskHeHne GopMBI 31a-
HUH, m100bIe 3pKepsl U mepenomsl (dacama. Oco-
OCHHO MOJBEPKEHBI 3aTCHEHUIO OKHA PAaCIIOJIO-
’KEHHbIE BO3JIE BHYTPEHHUX YTJIOB 3JJaHUM.

2) BBINONHEHBI TPEOOBaHUS, KaCAIOIIUECS
oOecrniedeHus TIONaIaHus THEBHOTO CBETa B TIOME-
eHne, ¢ y4€ToM ero QyHKIuu, GOopMBI U pa3Mme-
pPOB M OOIIMMH TOJOXKEHUSIMUA O€30MacHOCTH H
OXpaHbI TpyZa. B yacTHOCTH, B MOMEIIEHUH TPE.-
HA3HAYEHHOM JUIS JIFOJEH, OTHOIICHWE TUIOIIAIH
OKHa, paCCUYMTAHHOMU IO KpasM MpO3pavyHON 4acTH
OKHa, K TIOBEPXHOCTH T10J1a TOJKHO OBITH HE MEHee
1:8, a B Apyrux MOMEIIEHUsX, IIe HET HEOOXOaH-
MOCTH B HCIIOJIb30BaHUH €CTECTBEHHOTO CBETA, HC-
X015 U3 PYHKITUH TIOMETIEHUS - He MeHee 1:12.

Tpebyercst Taxke 4TOOBI MPOAOKUTEILHOCTD
WHCOJISIINKA TIOMENICHHH, TpeaHa3HauYeHHBIX IS
JIeTel B ACIsIX, JETCKOM Cay M IIKOJE, 33 UCKITIO-
YeHHueM J1labopaTopuii: XUMHUYECKOH, (hU3ndecKon
1 XyJIO’)KECTBEHHOH, JOJDKHA COCTABIATH HE MEHee
3 gacoB B JHM paBHOACHCTBUA (21 MapTa u 23 ceH-
TAOpSI) B MPOMEKYTKE 4acOB 8.00-16.00, a KHUIIbIX
MIOMEUIEHUH B MPOMEXYTKE yacoB 7.00—17.00 [1].

[TomemenusimMu, MMperHa3HAYEHHBIMH JUIA TIPO-
KUBAHUA JTIOJIEH B KBapTHpE, SBIAIOTCA BCE KOM-
HaTbl (TOCTHHAS, JETCKasl, CHalbHI) U B 3THUX MO-
MEIEHHUSAX OTHOIICHHE TOBEPXHOCTH OKOH, NCUHUC-
JIIEMOE B CBETE paM, K TOBEPXHOCTH T10JIa TOJHKHO
cocTaBiATh He MeHee 1:8. KyxHs, BaHHas KOMHa-
Ta, MPUX0XKAsA - 3TO yXKe BCIIOMOTaTeIbHbIE TIOMe-
ImeHns. B COOTBETCTBHM C TIPaBHUJIAMH, TOJBKO
KyXHs JIOJDKHA TTOJIHOCTBIO YUHUTHIBATHCA M OTHO-
IIEHHE TTOBEPXHOCTH OKOH K MIOBEPXHOCTH I0JIa, B
3TOM cily4dae JOJDKHO cOCTaBiATh 1:12. OcTanbHble
MMOMENICHUST MOTYT OBITh 0e3 OKOH. BakHBIM B
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3TOM TpeOOBaHUU ABISAETCS TO, YTO MOBEPXHOCTH
OKHa HaJl0 YYUTHIBaTh B CBETE paM, a 3TO 00O3Ha-
YaeT, 4To (haKTHUECKasl MOBEPXHOCTh MPO3PAYHOU
YacTH OKHA 3aBUCUT OT KOHCTPYKLHMHU PaM.

B MHOrokoMHaTHOW KBapTHUpE JOMYCKaeTCs
orpaHHuYeHHE TPEOOBaHMUS, YKa3aHHOTO BBIIIE, MO
KpaitHeli Mepe, K ojHOM komHate. Ilpu stom B
IJIOTHOM 3aCTpOMKE B LIEHTPE ropo/jia J0MyCcKaeTcs
OrpaHHuYeHHE HEOOXOIUMOH MPOIOJKUTENEHOCTH
MHCOJAIMH 10 1,5 yaca, a B OTHOLIEHUH OAHOKOM-
HAaTHOM KBapTHUPBHI, B TAKOH K€ 3aCTpOMKE HE ompe-
JIeNgeTcs He0OX0IMMON TPOAOKUTETFHOCTH HH-
COJISILIMY.

Jonyckaercs HCHONb30BaHUE HCKITIOYUTEIBHO
MCKYCCTBEHHOT'O OCBEIICHHS B IOMEIICHUAX MPe.-
Ha3HAYCHHBIX JIJIS JIIOACH, €CIIU:

a) HET HEeoOXOOUMOCTH B HCIIOJIb30BAHUH
JHEBHOI'O CBETA WJIM HE HY)XEH OH II0 TEXHOJIOTH-
YECKUM YCIIOBUSIM,

0) oTO0 00ycnoBiIeHO (yHKIHEH MOMeEIIeHHS
HaXOJUBILETOCS B ITOJ36MHOM YacTH 3/laHHS WIH B
YacTH, KOTOpas JIMIIEHAa BO3MOXKHOCTH IOCTYILIE-
HUS THEBHOTO CBETA.

B ciyuae, xorma mnomeleHue, YIOMSHYTOE
BBIIIIE, TPEeTHA3HAYAETCS JJIS TIOCTOSTHHON paboTHI,
UCXOJISl M3 YCIIOBHI O€30MacHOCTH U 3/I0POBbS Ha
palote, U1 UCIONB30BAHUS TOJNBKO HCKYCCTBEH-
HOT'O OCBELICHHUS, B TOM YHCIE 3JIEKTPUYECKOTO,
HEOOXOMMO TOJyYUTh pa3pelieHne COOTBETCTBY-
IOILIEN TOCYJIapCTBEHHOM BOEBOJCKON CaHUTapHOU
MHCTIEKIINH, IPU COIJIACOBAaHMU C COOTBETCTBYIO-
ied Tpy10BOM pallOHHOM MHCIIEKIHUEH.

[omermienus, mpenrHa3HaYeHHBIE IS IPEOBIBA-
HUSI JIIOAEH, a Takxke JUIs OOLIero MepeMeleHuUs
(Kopuaopsl) TOMKHBI UIMETh MCKYCCTBEHHOE OCBE-
IICHWEe, COOTBETCTBEHHO, B 3aBHUCHUMOCTH OT IO-
TpeOHOCTEH nonb3oBareiel. MckyccTBeHHOE ocBe-
IIEHUE ITOMEIIECHUs, MPEeIHAa3HAYeHHOro IJsl IO-
CTOSTHHOTO NpeOBbIBaHMS JIFONEH, JOKHO obecre-
YUBaTh COOTBETCTBYIOILIUE YCIIOBHUS AJISI BO3MOXK-
HOCTH MHCIIOJb30BaHUsI BCeH €€ MOBEPXHOCTH.
OcBelieHne HCKYCCTBEHHBIM CBETOM COCIAMHEH-
HBIX TMOMEILIEHHH, MpeAHa3HaYeHHbIX IJIS MOCTO-
SIHHOTO MpeObIBaHUs JIO/EH, a Takke ISl 00IIero
NBIDKEHUS (KOPUIOPHI) HE TOJDKHO CO37IaBaTh pas-
JUYMA B WHTEHCHBHOCTH CBETA, BBI3BIBAIOIINX
Ype3MEpHOE OCJICIUIEHNE MPH TEPEXOAE MEXAY
3THMH NTOMELICHUSIMH.

ITocTymieHue conHua Ha JETCKOM IIOLIAIKE
JIOJDKHO COCTaBIISTh HE MeHee 4 4acoB, B JHU PaB-
HoneHCTBHs (21 Mapra u 21 ceHTs0ps) B mpome-
)kyTKe BpeMeHu 10.00-16.00. B nentpe ropoaa no-
MycKaeTcs OrpaHUYeHUe WHCOJISIIUY 10 YPOBHS He
MeHee 2 4acoB.

Heckonpko apyrue TpeOOBaHUS KacarOIIUECS
OCBEIICHIS, MOXXHO HalTH B OOIINX IMpaBmiiax 0e3-
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OmMacHOCTH W TWrueHsl Tpyna [2]. TpeOyercs B
HUX, B YACTHOCTH, YTOOBI B pab0YUX IMOMEIICHUIX
00ecneunTh eCTECTBEHHOE OCBEIICHUE, a €CITU 3TO
HEBO3MOXKHO WJIM HEIeNIeco00pa3HO M3-3a TEXHO-
JIOTHH TIPOM3BOJCTBA, HA HCIOJIB30BAHUE HCKIIIO-
YUTEIIFHO MCKYCCTBEHHOTO OCBEIICHUS padoToia-
TeNb OJDKEH TMOIYYUTh COTIIACHE COOTBETCTBYIO-
IIeT0 TOCYJapCTBEHHOTO BOEBOICKOTO CAHUTAPHO-
0 HMHCIEKTOpa II0 COTJIaCOBaHUIO C PalOHHBIM
MHCTIEKTOpOM Tpyaa. EcrecTBeHHOE OCBelieHue Ha
OTJICNTBHBIX PA0OYHNX MECTaX JOJKHO COOTBETCTBO-
BaTh BHJy BBHINOJHSAEMBIX paboT M TpeOyeMoil mx
TOYHOCTH, & TaKXe JIOJDKHO COOTBETCTBOBATH TpE-
OoBaHusM, ycraHoBlneHHBIM B [lomsckux Hopwmax.
BHe 3aBUCHMMOCTH OT €CTECTBEHHOTO OCBELICHUS B
pabouux MOMEIICHUSIX HEOO0XOIUMO O00ECIeUnuTh
ANIEKTPUYECKOE OCBEIICHHE C MapaMeTpaMu OTBe-
garomuMu TpedoBanusaM [loasckux Hopm. Coot-
HOUIEHUE CPEIHMX 3HAYEHUU OCBEIIEHHOCTU B
CMEKHBIX TIOMEIEHUAX HE AOJDKHO OBITH OOJblIe,
yeM S:1. IIpu BbIXOA€ M3 MOMEIIEHUH, B KOTOPBIX
U3 TEXHOJIOTUYECKUX COOOPa)KCHUI BBITIOIHAETCS
pabota B TemHOTe (Hampumep, GoronadopaTopus),
JIOJDKHBI TIPETyCMaTpUBATLCS yCIOBHS, 00ece -
BAIONINE MMOCTENICHHYIO aIallTalnI0 3pECHUSL.

B nomemenusx 1 Ha pabounx MecTax, B KOTO-
pPBIX B Cilyd4ae OTKIIFOUEHHsSI OCBEIICHUS MOXET
BO3HUKHYTH OMACHOCTH JUIS JKU3HU WJIH 370POBBS
COTPYJTHUKOB, HEOOXOIUMO OOCCIICUUTh aBapuii-
HOE OCBEILICHHUE, COOTBETCTBYIOIINE TPEOOBAHMSIM,
YCTaHOBJIEHHBIM B OT/AEIBHBIX TOJOXKeHHIX [1ob-
ckux Hopm.

OO0opynoBaHue Ui OCBEUICHHS Pa0O4YMX I0-
MEIEHUH B KOPHIOPax JOJKHO OBITH MOJ00paHO
Y BBITIOJTHEHO TaK, YTOOBI HE CO3/[aBaTh OMACHOCTU
TPaBMbI y COTPYAHUKOB IPH WCIIOJNBb30BaHHUM JIaH-
HOTO TUTIA OCBEIICHUS.

OxkHa, cBeTOBBbIC TPYOBI U 3eHUTHBIE (DOHAPH B
paboumx IMOMEIICHUSIX C TOBBIIIEHHOH BIIa)XKHO-
CTBIO BO3JlyXa, JIOJKHBI OBITh U3TOTOBJICHBI TAKHM
oOpa3oM, dYTOOBI TMPENOTBPATHTH OOpa3OBaHUE
KOHJICHCATa BOJITHOTO ITapa Ha WX MOBEpXHOCTH. B
ciy4ae o0pa3oBaHus OOWJIBHOTO KOHJICHCATA Ha UX
MOBEPXHOCTH M BO3MOXKHOCTH ITaJCHUSl Kalleslb
BOJBI Ha pabouee MecTa, HEOOXOAMMO YCTaHOBUTH
Xeno0a WM JIpyTue yCTPOCTBa, OTBOJISIIUE BOTY
C OKOH, CBETOBBIX TpyO M 3€HUTHBIX (OHapei.
Crekna B OKHax W 3€HUTHBIX (DOHAPSX JOJKHBI
OBITh YUCTBIMH M JIOJDKHBI MPOIYCKaTh JOCTa-
TOYHOE KOJH4YecTBO cBera. HeoOxomumo obecre-
YUTh YJOOHBIA U O€30TMACHBIA JOCTYI IJISI MBIThS
OKOH M CBeTOBHIX (oHapei. OkHa U cBeTOBHBIE (O-
HapH JOJDKHBI OBITH 000PYA0BaHBl COOTBETCTBYIO-
HIMMHU yCTPOMCTBAMH, OTPAHHYMBAIOIIUMH YpE3-
MEpHOE TOTaJaHre COTHEYHBIX JIy4el Ha paboune
Mecta. OkHa U cBeTOBBIE (hOHAPH, NIPEAHAZHAUCH-
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HBIC IS TPOBETPUBAHMS TIOMEIIECHUH, IOJKHBI
MMETh YCTPOWCTBA, IMO3BOJISIONINE OTKPHIBATH X
JeTKo M 0e30MacHO C YPOBHA IMOJIa M (PUKCAIHIO
OTKpBIBaeMBIX YacTel B HYKHOM TOJOKCHHU.

HopmatuBHble TpedoBanusi. Hopma PN-EN
12464-1:2012 [3] ompenensieT KaueCTBEHHBIE Tpe-
OoBaHHMSI W KOJIMYCCTBCHHBIE ITOKA3aTeIH, Kacaro-
IIUECs OCBEIICHUS TOMEIICHUH W pabounx MecT
BHYTpH 371aHuil. Ota Hopma conmepxut Takxke pe-
KOMEH/IAIlUH, HEOOXOIUMBIC TPH MTPOSKTUPOBAHUH
OCBEIICHMS, KaK HaIPUMEP, pacipeeicHue sipKo-
CTH, OCBEHIEHHOCTh, O0BbEINHEHHBIN ITOKa-3aTEIh
JUucKoM@opTa, HAPaBICHHOE OCBELICHHE, MepIia-
HHUE CBETOBOTO IMOTOKA U CTPOOOCKOMUIECKHIA d-
¢exT, uHIeKc mBeronepenayn, kodGGuIreHT oo-
CIIy)KMBaHUS M DHEPreTUYCCKHE COOOpaKeHUs.
OnmcaHpl TakKe BOIPOCHI, CBSI3aHHBIE C OCBEIIE-
HUEeM pabounx mecT. O4eHb BaXXHBIM H3MEHEHHEM,
KOTOPBIE BBEJICHO OBUIO B HOBBIM HOpMAaTuUB [3] sB-
JseTCS HEOOXOMUMOCTh 0oyiee TOYHOrO ydéra
©CTECTBEHHOTO OCBEIICHUS M 3HAYCHUS THEBHOTO
CBETa B CO3/IaHWU YCJIIOBHH OCBEIICHHUS IOMEIIIE-
Huil. HezaBucuMo OT TOTO, KaKuM 00pa3oM ocyIie-
CTBJISIETCS. OCBEIIIEHUE TOMEIICHUs, C MOMOIIBIO
HMCKYCCTBEHHOTO, ©CTECTBEHHOTO CBETa WMIU KOM-
OMHHMPOBAHHBIM CIIOCOOOM, TPeOOBAHMS K OCBEIIE-
HUIO OCTAalOTCS Te Ke. PacrpeneneHne CBETOBOTO
TOTOKA SIBJISIETCS OJTHUM U3 OCHOBHBIX T1apaMETPOB
XapaKTEPU3YIOIIUX CBETOBYIO CPEAy IMOMEIICHHUS.
[NonmyueHune cOaaHCUPOBAHHOTO paCIpeACICHHS
CBETOBOTO TIOTOKa B HWHTEphepe TpedyeT yuera
BIIUSIHUAS CBETOBOTO ITIOTOKA BCEX €Tr0 IOBEPXHO-
creil. PacnpeneneHus CBETOBOTO TOTOKa HAAO
OTIPEICTIATH C YUETOM Kak Ko3(duimeHTa orpake-
HUS TaK ¥ OCBEMICHHOCTH Ha BCEX MOBEPXHOCTSIX.
PexoMeHn0BaHHBIC BEIMYMHBI KO3 (UIIUEHTA OT-
pakeHUs JUIsi OCHOBHBIX MTOBEPXHOCTEW MHTEphepa
CIIeyFOIIHE:

- 1oTo/0K - 0T 0,6 10 0,9;

- crensl - ot 0,5 10 0,8 ;

- o1 - ot 0,2 1o 0,4;

- OonpIIME TTOBEPXHOCTH, HApUMeEp, MeOeb,
MaIlIuHEL U T. 1. - oT 0,2 10 0,7.

3HaueHUs OCBEUIEHHOCTH, YKa3aHHbIE B HOPME,
SIBJISTFOTCST DKCIUTYaTaIlMOHHBIMA 3HAYCHUSMH WH-
TEHCHUBHOCTSIX OCBCIICHHS B IpeaesiaX IOJIS BbI-
MOJIHAEMOIO 3aJaHus Ha IJIOCKOCTH, KOTOpask MO-
JKEeT OBITh TOPU3OHTAIBHOMN, BEPTHUKAIBHON WU
HakJIOHHOW. CpemHssi MHTCHCUBHOCTHh OCBEIICHUS
JUTSE TFOOOH BBITIOJTHAEMOM 3a]auu HE JOJDKHA OBITh
HIUKE, YeM 3HadeHue, puBenéHHoe B HopMe. Tpe-
OoBaHHUS K OCBEHMIEHHOCTH HAJO BHITIOJHUTHL HeE3a-
BHCHMO OT BO3pPAacTa M COCTOSIHUSI OCBETUTEIHHBIX
YCTaHOBOK.

PexomMeHnyemble YPOBHH OCBEUIEHHOCTH:
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e creHa Em >501x mpu HEOIHOPOIAHOCTH OCBE-
menus Uo > 0,10,

e mortoniok Em >301Xx mpu HEOOHOPOAHOCTH
oceemenns Uo > 0,10.

PexoMeH1yeMble ypOBHU OCBEIIEHHOCTH B 3aKpPbI-
TBIX MECTaX TaKUX MOMEUICHUH, KaK, HalpuMep:
O0(UCHI, TEKITMOHHBIC 3B, OOJIHLHUITEI H XOJIIBI,
KOPUAOPBI, JIECTHHUIBI — CTEHBI W IIOTOJOK
JIOJDKHBI OBITH OOJIEE CBETIIBIE:

* creHa Em > 75 1x , npu HEOAHOPOIHOCTH OCBE-
menust Uo > 0,10,

e moronmok Em > 501x, mpu HEOIXHOPOIHOCTH

ocsenienns Uo > 0,10.

B HOBOM HOpMaTMBe W3MEHEHBI HE TOJBKO
JMana3oHbl TPEOOBAHMIA, a TaKXKe TMOMEIIEHBI CO-
BETHI M0 TOJ00PY COOTBETCTBYIOIIUX 3KCILTyaTa-
[IMOHHBIX 3HAYECHHH OCBEIIEHHOCTH Ha 3THX IO-
BepxHOCTsAX. CyIlecTBeHHAs pa3HHIA MEXIy CTa-
PBIM M HOBBIM CTaHJapTOM CBsI3aHa C TPeOOBAHMS-
MU YPOBHSI U pacnpeieIeHus] OCBEIIEHHOCTHU B TO-
MeIIeHNH. OTH TpeOOBaHUS KAacaroTCS HE TOJIBKO
TTOJISI BBITIOJTHSIEMOTO 3a/IaHUs, a TaKXKe HETOoCpe-
CTBEHHOT'O OKPYXCHUSI, KOTOpPOE pa3lejeHO Ha
Onu3nexaniee U OTHANEHHBIE - TAK HA3bIBACMBIH,

¢oH.

B cnydae paboumx MecT, KOTOPBIX pasMep

Y/VJTH TI0JI€ 3aJaHKs HEU3BECTHEL:

* BCs IOBEPXHOCTh PACCMAaTPHUBAETCS KaK TOJe 3a-
JaHus;

* BCS TMOBEPXHOCTh NMPH HEOJIHOPOJHOCTH OCBE-
menust (Uo >0,4), a ypoBEeHb OCBEIIEHHOCTH
OTIPEICIISACTCS MPOCKTUPOBITHKOM OCBEIIICHHS.

B HOpmaTHmBe yTOYHEHBI TOHSTHS, B YaCTHO-

CTH, TIOJIC BBITTOJIHEHUS 3PUTENBHOTO 3a1aHus (task

area) U 0O0JIaCTh HEMOCPEJACTBEHHO BOKPYT ITOJIS

BBIMIONTHEHUsT 3amaHus (immediate surrounding

area) — OIpENeNsIeTCs] KaK I0JI0Ca, OKPYIKaroIast

00JacTh BBHITIOJHEHUS 3aJlaHWs, B TPEeNax IoJIs
3peHus 0e3 ykazaHHs pa3mepoB oOmactu. Ho mo
paHee CYIICCTBYIOIIMM IIPaBUJIaM MOXHO IIPHU-

HATh, YTO OHA O0pa3yeT MOJIOCY IIUPUHOU HE Me-

Hee 0,5 M. BBeaeHO OIMOJHUTENHLHOE TOHATHE

«obnacte/mone pona» (background area) - obmactp

INIMPUHON HE MEHee 3 M, HeMOCPEACTBEHHO COMNpPU-

Kacaromiasicsi ¢ 00J1aCThI0 OKPYIKAIOIICH IOJIC BBI-

noytHeHus 3afanus (puc. 1). B Tabmume 1 ykazansl

TpeOOBaHMUS K OCBEMIEHHOCTH IJISl 3THX OOyacteit

u3 puc. 1. M30pannbie TpeOOBaHUS IO OCBEIIEHHO-

CTH [IOMEILEHNN ITOMEIIEHEI B Ta0II. 2.

|+ | none BeINOAHEHKA
3308HKA

17

nong EJ'IMSJ'IEPHBLLI,EE
OHOAC NOAA 3303HKWA

Ep: /
min 0,5m
Eop  y.>0,40
Emim:lp=1.’3 Etp nE_l
£
Uoz0,10 E

none JankHEro NAaHa

OT NoAA 3843HWA - GOH

Puc. 1. Cxema pa3MerieHus OISl BEITOTHEHUS,
NoJTs ONM3MIEXAIEro OKOJIO MO 3aJaHHs M MOJIS JAJbHETO TJIaHa OT MOJs 3aJaHust — (oHa

Tabnuya 1.

Besi YHHBI ¢ HHTEHCMBHOCTHIO OCBELIEHHS B M0J1€ BLINOJIHEHHUS 3aaHus,
B 10J1e 0JIM3/1eKaleM K MOJII0 3aJaHUsI U B 0JIe JAJIbHEro MJjaHa oT noJis 3aganus - pona [3]

HMHTEeHCHUBHOCTD MHTEHCHBHOCTD OCBELICHHUS MHTEHCHUBHOCTD OCBEIICHHS
oceetieHus (E,.) B (En bp) OIS OIHM3IIKAIIETO K (E 4») IO AATIBHETO IIJIaHA OT
T0JIe 3a/IaHUs, JIK TIOJTIO 33J[aHUs, JIK 1oJis1 3a1aHusi — OH, JIK
>750 500 150
500 300 100
300 200 75
200 150 75
150 E,, - B mone 3aganus 50
100 E, ,. B Ione 3aanus 30
<50 E,, - B mone 3aganus 20
mpu U,>0,7/0,6 /0,4 mpu U,> 0,4 mpu U,> 0,1
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Tabnuya 2.

H36panHble TPeGOBAHNS 0 OCBEILIEHUIO /151 HEKOTOPbBIX
IIKOJIBLHBIX U AIMUHUCTPATUBHBIX MOMeleHuii [3]

Em UGRL max Uo, min Ra min
Bun 3nanus, noMernenys, 3aaHus CrietmabHbie TpeGoBanus
WM JeSITeTbHOCTh
JIK - - -
Kaccsr 300 19 0.60 Qo | PEKOMEHIyeTes ynpasie-
HHUE OCBEIICHUEM
Knaccer anst oOyueHus Beuepom u 500 19 0.70 o | Pexomenayercs ynpasie-
B3POCITBIX HUE OCBEIICHUEM
Jocku u€pHsie, 3en€Hble U Oembie WCKITIOYEHNE OTPasKeHUI
CBETa; Ha YUUTENS JI0JIKEeH
500 19 0,70 80 MajgaTh BEPTUKATBHBIN
CBET, C COOTBETCTBYIOLIEH
WHTEHCHUBHOCTHEIO (EV)
Mactepckue B XyJ105KeCTBEHHBIX 750 19 0.70 90 TCP = 5000K < 6500K
IITKOJIaX
DKCIO3HIMOHHBIE CTOJIBI 750 19 0,70 90
SI3bIKOBBIC JTAOOpATOPUH 300 19 0,60 80
X0JIBI BXOJTHBIE 200 22 0,40 80
CToJIOBBIC 200 22 0,40 80
Kopunopsl 100 28 0,40 40
CopTupoBKa, KOMUPOBAHUE 300 19 0,40 30 pa6oq1/1ve Mecto ¢ DSE
(YCTpOMCTBO C MOHUTOPOM
ITucanue, nucaHue Ha MalIMHKE, 500 19 0,60 R0
YTeHHE, 00paboTKa JaHHBIX
UYepuenue 750 16 0,70 80
Mecta paboThI ¢ HCTIOIB30BAHUEM 500 19 0.60 R0 pa6oq1/1ve mecto ¢ DSE
CAD (YCTpoiicTBO C MOHHTOPOM
KongepeHn-3anbl u 3ambl 47151 Ipo- 500 19 0.60 Qo | PeKOMEHIyeTcs ynpasiie-
BEJICHHSI BCTped HUE OCBEIICHUEM
MecTa peructpanyu 300 22 0,60 80
ApPXHUBBI 200 25 0,40 80

Taxum obpaszom, HopMaTuB [3] oOpariaeT BHU-
MaHHe HE TOJBKO Ha OCBEUICHHWE IOJS BBIMOJHE-
HUS CaMOTO 3pHUTEIBHOTO 3aJaHud, HO W Ha
OCTaJbHOE MPOCTPAHCTBO, B KOTOPOM HaXOAATCA H
paboratoT mronu. O NPaBUILHOM OCBELICHUH BHY-
TPEHHETO IMPOCTPAHCTBA CBUAETENBCTBYET JIOCTHU-
JKEHUE PEKOMEHAYEMOM CpeIHEN BEJIMYUHBI U Of-
HOpPOJHOCTH LWJIMHIPUYECKONW  OCBEIEHHOCTH.
CooTBeTCTBYIOILIEE 3HAYEHUS] 3TUX IApPaMEeTPOB
00ecreYnBaloT XOPOLIYIO 3pPUTEIBHYIO CBSI3b H
NPaBUIBHYIO HMIOCHTUHUKALWIO OOBEKTOB B MpO-
ctpaHcTBe. OcBellleHue NPOCTPAaHCTBA B MHTEphe-
pe UMeeT MpsAMYIO CBSI3b ¢ MOACITUPOBAHIEM OCBE-
IIEHUs, 110 KOTOPOH TO MpoOiIeMe HOpMa COAep-
JKUT TOYHBIE YKa3aHUs.

MogenupoBaHue JOJIKHO paccMaTpUBaThCS
KaK OIpPeNIeIEHHOE COCTOSIHUE PAaBHOBECHS MEXIY
HaIpaBICHHBIM U PACCESIHHBIM CBETOM. B HopMma-
TUB BBEJIEH MapaMeTp, NMOJ Ha3BaHUEM I10Ka3aTels
MOJIEJIMPOBAHHUS, ONPENENIIEMbIi KaK OTHOILIEHHE
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HWINHAPUYIECKON K TOPU30HTAIBHOW OCBELIEHHO-
CTH.

OcnerI€HHOCTD - 3TO OIIYIIEHUE CO3/1aBaeMoe
SAPKAMH y9aCTKaMHU B TIpefeliaX MOJsl 3peHHs, Ta-
KAMHU KaK OCBEMIEHHBIE TTOBEPXHOCTH, YACTH CBE-
TUJIBHUKOB, OKOH W/WJIH 3€HUTHBIX (DOHAPEH.

OcnennéHHoCTh HaJ0 OTPaHMYUBATh, TAK YTO-
Obl m30erath OMMOOK, YCTANIOCTH M HECUACTHBIX
ciaydaeB. OObeTMHEHHBIN TTOKAa3aTeNb OCICTUICHNUS,
muckompopra UGR - Unified Glare Rating, e
JOJDKEH MPEBBIIATH HOPMAaTHBHBIX 3HAUCHUNA. DTH
3HadYeHUs 00pasyroT psn BeawuamH: 10, 13, 16, 19,
22,25, 28.

OcsgelieHne JOJHKHO 00eclieunBaTh €CTECTBEH-
HYIO IBETOIEepenady 4YeJIOBEYECKOW KOXKH, OKPY-
JKAFOIUX TIPEJIMETOB U TIOBEPXHOCTEH /st obecre-
YeHUs! KoM(pOpTa U XOPOIIET0 CAMOYYBCTBHSI.

WHpnekc nBeronepenayy - Moka3areib OIIyIIe-
HUs 1uBeta Ra. J[nsg aToi menm mpuMeHseTcs 00-
Uil 00OBEKTUBHBIN IOKa3aTeNlb OTAAYM LIBETA UC-
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TOYHUKOM cBeTa. JlaMIlbl € WHAEKCOM HIXKE
Ra = 80 He MOJDKHBI UCIOJIB30BATHCI B IIOMEIEHU -
AX, TA€ MPOAOJLKUTEIEHOE BpeMsi padoTaroT WM
HaXOIATCS JTFOIH.

CeTka Tovek A pacyéra OCBeIIEHHOCTH.
Hopwma [3] ycranaBnuBaeT moipo0HbIe pEKOMEH 1A~
UM OTHOCUTEIBHO CO3JaHUs CETKH TOYEK, HC-
MOJIB3YEMBIX I paCYETa U KOHTPOJISI OCBEIMIEHHO-
cti. CTporo omnpenensercss MaKCUMaJIbHOE paccTo-
STHAE MEXly TOUKaMH, a TAKK€ OTHOILIEHUE JITHHBI
K IIMpUHE sTueiiku ceTku (Tabi. 3). Sueiiku ceTkn
JIOJDKHBI OBITH 110 (hopMe OM3KO# KBajapary, B KO-
TOPOM OTHOIIEHHWE JUIMHBI K IIMPUHE HAXOAMUTCS B
nuanaszone 0,5 u 2, a MakCUMaJIbHBII pa3mep He
MIPEBbIIIAET 3HAYCHUS:

p= 0,2 -5 loglOd’

rae: p < 10 M, p — MaKCUMaIbHBINA pa3Mep AYeHKu
CEeTKH, d — IJIMHA TIOJIs, KOT/1a OTHOLLEHHUE JJTMHBI
K OIMPUHE MEHBIIIE 2; €CII 3TO YCIOBHE HE BBITION-
HEHO, Torja d — 3TO pa3Mep KOPOTKOI CTOPOHBI.

KonnvecTBO TOYeK ¢ ATMHHOW CTOPOHBI - 3TO
OKpYIJIEHHOE YHCIIO TMOJy4YaeMoe IIpU JeJICHUH
d/p.

TpeboBanus [3] uckiOUarOT U3 0071aCTH pac-
4€TOB MOJYMETPOBYIO TIOJIOCY BJIOJB CTEH, 33 HC-
KITIOYCHUEM CHTYaIlid, B KOTOPOW XOTS OBI 4acTh
00NacTH 3pUTENFHOTO 3alaHHs BBINOJHACTCS B
9TOH ToJoCe, T. €. KOra MecTo paboThl HAXOIUTCS
B TIpeJieax 3TOH MOJIOCH. AHAJIOTHYHBIM 00pa3oM
OTIpeIeTISIeTCS KOTMYECTBO M PACIIONIOKEHHE TOUEK
Ha CTEHAaX U MOTOJIKE.

OcBellleHHe BHYTPEHHEr0 NPOCTPAHCTBA.
Kpome cozpganus onpenenéHHbIX YCIOBUM OCBellle-
HUS TIOJISl 3PUTENFHOTO 3a/IaHKs HAJI0 00eCIeunTh
OCBELICHUE MPOCTPAHCTBA, B KOTOPOM HAaXOIATCS
oM. JTO HEOOXOIUMO sl BO3MOXKHOCTH BOC-
npusTas GopMbl 00BEKTOB, UX (AKTYPHI, a TaKKe

9ETKOTO SPUTCIIBHOI'O0 KOHTAKTa MCXKIY JIOJAbMHU,
HaxoJAIMIMMHUCA B ITIOMCHICHNU. Ot yCJI0BUA OITU-
CBIBa€T TMapaMeTp — CpemHss UWIHHIpUYeCcKas
OCBENIEHHOCTE.

Xopomasl 3pUTCIIbHAsA KOMMYHUKaIWA U UICH-
tu(uUKalus 00bEKTOB B MHTEphEpe TPeOyeT COOT-
BETCTBYIOIIETO OCBEIICHUS IMPOCTPAHCTBA, TAe Ha-
XOATCs JTIOAU. Takoe COCTOSHHUE MOYKHO JIOCTHYB,
oOecrnieunBasi HEOOXOIUMBIN YPOBEHb CpeIHEH 1U-
JUHIPUYECKON OCBEIEHHOCTH (pHC. 2).

Puc. 2. I'paduyeckast WILTFOCTPAIHS ONPEICICHUS IAIAH-
JIPUUYECKOM OCBEIEHHOCTH [6]

PexomennyeMblii MUHUMAaNbHBIA YPOBEHb LIH-
JIMHIPHUYECKON OCBEIEHHOCTH £z NOJDKEH COCTaB-
18Th Ez > 50 K Ipu HEOJHOPOJHOCTH OCBEIIEHUS
Uo > 0,10.

Jlns mroaedt B cUISTYEM TTOJ0KEHUM BBIYHCIIS -
ercs (u3MepsieTcsi) OCBEIIEHHOCTh Ha BBICOTE
1,2 M, a 114 crosmux Jojek — 1,6 M. B 30Hax, rue
OYCHb BAKHYIO POJh UTPACT XOPOIIasi 3pUTCILHAS
CBsI3b, OCOOCHHO B O(MICHBIX MMOMEIICHHSIX, MECTaX
BCTpeY M 00y4YeHHs, JOKEH OBITh 00ecIieueH ypo-
BeHb Fz > 150 1Kk mpu HEOAHOPOJHOCTH OCBEIlIE-
uus Uo > 0,10.

OcgellieHne UHTEPhEpa HE JOHKHO JaBaTh Pe3-
KHE TEHH M HE JODKHO OBITH CIUIITKOM pacCesH-
HBIM. ObecrieunBaeTCs 3TO TPHU TOTYISHUH OIITH-
MaJIBHOTO OaylaHCa MEXIy PACCESIHHBIM W HalpaB-
JICHHBIM CBETOM. PexkoMeHIyeTcss 4TOOBl COOTHO-
HIEHUE MEXAY LWINHApPUYEeCKOd FEz W Tropu-
30HTAILHON FE/ WHTEHCHUBHOCTBIO OCBEIIEHHUSI B
Touke umeno 3HayeHue mexay 0,30 u 0,60.

Tabruya 3.

ITapamMeTpbl 1 KOJNYECTBO PACYETHBIX TOYEK /LIl OLEHKH YCJIOBHIi 0CBEIEHHOCTH
B 110J1€ 3pUTEJBHOrO0 32JaHUsI U €€ OKPECTHOCTH

JnmvrHa moss, MakcuMalibHOE pacTosiHUE MuHuManbHOE KOJIMYECTBO PACUETHBIX
d,M MEXAY TOUYKaMH, p, M WJIH KOHTPOJBHBIX TOYEK, IIIT.
0,40 0,15 (0,10) 34
0,60 0,20 (0,14) 3(4)

1,00 0,20 5
2,00 0,30 6 (7)
5,00 0,60 8
10,00 1,00 10
25,00 2,00 12 (13)
50,00 3,00 16 (17)
100,00 5,00 20
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B HOpMe MOgYEepKHYT acCHeKT HCIIOIB30BAHUS
JTHEBHOTO CBETa JJIsi OCBEIEHHS Pa0OYMX MECT.
CBsI3aHO 3TO C HEKOTOPHIM TOTEHIIMAJIOM DKOHO-
MHUU B TOTPEOJIEHUH 3JIEKTPOIHEPTHH, Onaromaps
WCIIOJIb30BaHMIO JHEBHOTO cBeTa. CBET 3TOT Xa-
pakTepusyeTcs OONBIIOH M3MEHYHBOCTHIO YPOBHS
WHTEHCUBHOCTH OCBEIIEHUS, CIIEKTPAILHOTO CO-
CTaBa, 3aBHUCALINX OT BPEMEHHU CYTOK W TIOTOJTHBIX
ycioBuil. CBET CyIIECTBEHHO BIMSET Ha MOJENHU-
pOBaHHE OCBEIIEHUS BHYTPU IOMELIECHUH M SB-
JISITCS YIPABIISIONINM JJIEMEHTOM B CHCTEMaXxX HH-
TEJUIEKTyaJIbHOTO OCBEIIeHus. B HOpMe BBEICHBI
HEKOTOpbIe TpeOOBaHUs, Kacarolluecs OrpaHhye-
HUSl JUara3oHa [BETOBOH TEMIEPaTyphl KakK JUIs
3JIEKTPUYECKOTO OCBEUIECHHS TaK U JTHEBHOTO.

B nHacrosiee Bpemsi cTano MOYTH CTaHAAPTOM,
0COOCHHO B OOIIECTBEHHBIX 3JIaHUSX, MPOEKTHUPO-
BaHHE CHUCTEM OCBEIICHHUS C CHCTEMaMH YIIpaBiie-
HUS, YYUTHIBAIOUIUMHM HM3MEHYHUBOCTH JIHEBHOTO
cBeta. CHUCTEMBl MHTEIEKTYaJIbHOTO OCBELIEHUS
WCTIONB3YIOT JUTSI TOCTHIKEHUS TEXHUYIECKOTO POo-
rpecca B 00JacTH 3JIEKTPOHHUKH W TEpeavd JIaH-
HBIX, YBETUUYMBas (YHKIMOHAJIBHOCTh YCTaHOBKH
n xoMmpopTt mnomnb3oBareneid. OmHAKO, OCHOBHBIM
KpUTepUEM HX BbIOOpa ODKHA OBITH BO3MOXK-
HOCTh TIOJIy4E€HHUS 3HAYUTEIHHOTO COEpexeHHs
SHEPTHH W YIYYIIEHHS DSKOJOTHYECKHX ITOKa3a-
Tene. YU€T 3TUX KayecTB JOIHKEH KOMIIEHCHUPO-
BaTh OOJBIIYI0 CTOMMOCTh TaKHX PEIICeHUH U T0-
Jy4yeHHE OTAAaYM BJIOXEHHBIX JOTOJIHUTEIBHBIX
CPEJICTB B paIliOHAIBHBIE CPOKH.

Ecnu nHTEmeKTyanpHOe OCBEIICHNE 3alpOoeK-
TUPOBAHO C HCIIONB30BaHUEM CBeTOAMOA0B LED,
TO MOXHO TOJyYUTb OYEHb BBICOKYIO 3((EeKTHB-
HOCTb, JOMTOTHUTENHHO 3a CUET CHIDKEHHS TOTped-
JICHUS 3JIeKTpo3HEpru. CBETHIFHUKN MOTYT OBITh
OCHAIIIEHBI Pa3IMYHOr0 poJia AATYNKAMHU, pearupy-
IONMMH  TEKYyIIylo cuTyanuto. CucremMa MOXKET
OBITh OCHAIllEHA JUCTAHLIMOHHBIM YIpPaBICHUEM, a
TaKKe JaTYNKaMH U CYETUMKAMH, OOJIeryaroluMu
o0cCiTyXKMBaHHE U SKCILTYaTaIlI0 BCEH CUCTEMBI.

Cumraercs, 4T0 NMPUMEHEHHE CHCTEM HWHTEI-
JeKkTyanbHoro ocsemieHuss LED mo3Bossier noiry-
YUTh COKPATUTH MOTPEOJICHHE dIIEKTPOIHEPTUU 00-
nee 80 % [6] IO OTHOIIEHUIO K TPAAUIIMOHHBIM CH-
CTeMaM C MPUMEHSEMBIM CBETHJIHLHUKOB W JIIOMH-
HECLIEHTHBIX JIaMIl 6€3 3JIEMEHTOB yIPABICHHUS.

CornacHo pexoMeHAauusM [7] CTEKIONaKeThl
OKOH pa3MeMIEHHBIX Ha CEBEPHOM (acajie JOKHBI
uMeTh KodppuIreHT Tpancmuccuu ceeta (LT), mo
kpaiineit mepe 75 %. Ilo cooOpaskeHusIM, CBSI3aH-
HBIX C HEOOXOAMMOCTHIO I(PPEKTUBHOTO HCIOIh-
30BaHUSl €CTECTBEHHOI'O CBETa, pPEKOMEHAyeTcs
4yT0OBl TNTyOMHA TOMEIICHHH, PaCIOIOXKEHHBIX C
BOCTOYHOM, F0KHOM M 3amagHON CTOPOHBI, HE Mpe-
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BbImana 5,5 M. A rimyOnHa moMemeHui, pacmono-
JKEHHBIX C CEBEPHOH CTOPOHBI, HE NIOJDKHA OBITH
oompme  3,5M. KoaddumueHT uncnons3oBaHUS
nmHeBHOTO cBera - Daylight ®aktop - HE Moxer
ObITH MeHbIIIe, yeM 1,5%. C Touku 3peHwus IJHEpro-
cOepexeHns: peKOMEHAYeTCsl, YTOObI I0KHBINA (a-
cax comepxan He MeHee 40% mpo3padHbIX Tpe-
rpam, CeBepHBIN - He Oombmre, YeM 25%, ocTaib-
HBIE - He Oonee uem 30%.

CornacHo pekomenpanusm (tadm. 4) [1] B 00-
HIECTBCHHBIX 3JIAHHAX, 3HAUCHHE YACTbHON MoIl-
HOCTH OCBEILEHHSI HE MOXKET MPEBBIIATEH OIpee-
JICHHBIM JONYCTHUMBIX BEIMYHMH. B cooTBeTCTBUM C
pacniopsokeHueM [8] moTpebiieHne SHEPTUH Ha Hy-
JKJIBI OCBELICHUS CIIElyeT ONpeAeisiTh Ha OCHOBE
HopMmbl PN-EN 15193. HaubGonee BaxkHBIM Tiapa-
METPOM, KOTOPBIH CIEdyeT paccuuTarth, SIBISETCS
Tak HazbiBaeMblil YUuciopoii [lokazatens DHepruu
OcBemennst LENI - Lighting Energy Numeric-
(hakTop, KOTOPHIN BeIpaXxkaeTcst popMyIon:

LENI =W/ A;, xBru/ (M ron),

rae: W — mojHoe romoBoe MOTpeOJIeHuE SHEPTHH
3MaHHEM Ha OCBEILICHME IOMEIIEHuH, KBT 1 / rox,
A; — 1oJje moJia OCBeIaeMbIX ITIOMEIICHUM 30aHus,
M. Tpu sTOM

W= WL + WP.
Ortcropa:
LEN[: (WL + Wp) /AL,

rae: W, — rogoBas BEIMYMHA SHEPTHH, TOTpeOIIsie-
MO Ha OCBEIIEHHE, HEOOXOIMMOM JIS BBIMOJIHE-
HUs QyHKIWA ¥ 1esiell OCBEIICHUS 30aHs, TO €CTh
3TO OCHOBHOE OCBeleHHE, Wp — BelWYMHaA I0l0-
BOI JIOITOJTHUTENLHOW YHEPTUH, HEOOXOIMMOHN ISt
aBapHIfHOTO OCBEIICHHS, DHEPTHH I o0ecrede-
HUS PeKUMa OKUIAHUSI OCBEIIECHUS, [ YIIpaBJie-
HHMS OCBCIICHHMEM B 3JaHHH, JOIOJIHUTEIIHHOM
SHEPTHH MOTPEOIIIEMON ISl 3apsIIKA aKKyMYJISITO-
POB JUIsl aBapUIHOTO OCBEIIEHHUS, a TaKXKe IS pa-
0OThl aBTOMATHKH, KOI'JJda OCHOBHOE OCBCIICHHE
BBIKJIIOYCHO.

st onpenenenust 3JHEPreTUUeCKO XapakTepu-
CTHUKH 3MIaHUS HAJAO0 PACcCUYUTATh TOJOBOE MOTPEO-
JICHUE KOHEYHOM 3HEPruu, JIsl BCTPOCHHOT'O OCBE-
menus Oy, o GhopmyIe:

O =LENI A, , xBru/rox.

IlpoBenéHHbI aHaNMM3 TO3BOJISET Y4YECTh
cOBpeMeHHbIE TpeOOBaHUS K PHEProd(HeKTHBHO-
MY OCBEIICHHIO B YKPAUHCKHUX HOPMaX.
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YOK 628.987

AHani3 NnoNnbCbKNX HOPMAaTUBIB, L0 CTOCYOTbLCA OCBITNEHOCTi NPUMILLEHb i TX
3B'A3KY 3 eHepro3oepexeHHAM

Yima Agam’

'nokTop imkenep, YeHCTOXOBChKa MoiTexHika, UeHcToxosa, [Tonbma, aujmasS5@wp.pl

Anomayis. B pamkax espoinmezpayii Yxpainu 6ukoHye eapmorizayito ceoix 6ydisenvHux Hopm 3 Hopmamu €eponelicbkoeo
Coro3y. Oonum 3 HauOinbWE BANCTUBUX ACNEKMIE (POPMYBAHHA SHYMPIUHBLO20 CepedosUuya NPUMIleHHs € 1020 ocsimie-
Hicmb. [Iposedeno ananiz nonbcokux Oy0i8enbHUX HOPMAMUBHUX OOKYMEHMIB, WO Pe2yatolomb OCEIimaeHicnb NPUMILYEeHHS.
Hopmu epaxogyioms cyuachi nioxoou ma oonaonanus Ons enepeoeheKmueHo20 oceimients npuminjens. IIpu ybomy eaxtciu -
60 MAKCUMATILHO BUKOPUCIMOBYBAMU NPUPOOHE OCEIMNEHHA, SIKe He nompebye 000amKoeoi enep2ii 01 OMpUMAnHs c8imaa.
OcHogHi 6uMo2U, WO CMABIAMBCA 00 OCGIMIEHOCMI NPUMILYEHb, HABEOeHT 8 20106HUX NOLCLKUX OYOi6ebHUX NPABUNAX, WO
CMOCYIOMbCsL NPOEKMYBAaHHs | ekcnayamayii 6ydigens. B ocmanni uac, 6 6yodisenbHoMy 3aKOHO0ABCMEI 86e0eHi OYau AKICHO
HOGI 8UMO2U BIOHOCUMBCSL 00 eHep2036epedcents, WO 6PAX08YIoMb eHepilo Ha ONANeHHs, BEHMUNAYIIO, OXON00HCEHHS, Nii-
2pis 2apsuoi 800U, a MAKOINC eHePeito CROJNCUBAHY OYOIGIEI0 6 3ANeHCHOCE 810 YMO8 0cgimuenHs npumiujerv. Kpiv eumoe,
nomiwjenux @ 6yoisenbHi NPAsUNAx i HOPMAX, MOJICHA 3HAUMU PI3HO20 8UOY PEKOMEHOAYil 3 NPOeKMYBAHHS, AKI 8IOHOCAMbCS
00 NUMAHb eheKmuHo20 0C8IMaeHH s | epeKmusHo20 sumpadanns enepeii 6 oyoienax. Ilposedenuii ananiz 003601¢ 6paxy-
6amu cy4acHi 6UMozu 00 eHepeoeheKmueHo20 OCEIMIeHHs 8 YKPAIHCOKUX HOPMAX.

Kurouosi cnosa: ocsimnenns npuminyenv, 6umozu w000 NPUPOOHO2O [ WMYYHO2O OCBINIeHH,
peKoMeHOayii 3 NPOeKmy8aHHA OCBIMIEHHS, eHepe030epPeHCeHHs.
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UDC 628.987

An Analysis of Polish Standards Concerning the Lighting of Premises and
their Connection with Energy Saving

Ujma Adam’
'PhD of Engineering. Czestochowa University of Technology, Czestochowa, Poland, aujma55@wp.pl.

Abstract. As part of European integration, Ukraine performs the harmonization of its building norms with those of the
European Union. One of the most important aspects of the formation of the internal environment of the room is its illumina -
tion. The analysis of the Polish building regulatory documents regulating the illumination of the room. The standards take
into account modern approaches and equipment for energy-efficient lighting of premises such as LED illumination and auto-
mation of natural and artificial illumination. It is important to maximize the use of natural illumination, which does not re-
quire additional energy to produce light. The basic requirements relating to the illumination of the premises are given in the
main Polish building regulations regarding the design and operation of buildings. In recent times, the construction norms in-
troduced qualitatively new requirements relating to energy saving, taking into account the energy spent on heating, ventila -
tion, cooling, heating of hot water, as well as the energy consumed by the building, depending on the lighting conditions of
the premises. In addition to the requirements placed in building rules and regulations, you can find different types of design
recommendations that relate to the issues of efficient lighting and efficient use of energy in buildings. The analysis allows to

take into account modern requirements for energy-efficient lighting in the Ukrainian standards.

Keywords: room lighting, requirements for natural and artificial lighting, recommendations for

lighting design, energy saving.

Hapiimma no pemakuii / Received 18.06.2018
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YOK 697.341

KoHuenTyanbHi NONOXeHHA NepcrneKkTMBHOro nnaHyBaHHA B cdepi

ueHTpanisoBaHoro TennonoctavyaHHA

€. €. HikiTin'

'.T.H., IPOBiAHUI HayKOBHii criBpoGiTHHK, IHcTUTYT rasy HAH Ykpainn, M. Kuis, Ykpaina, nikitin_ee@ukr.net

Anomayis. Biosnauaemvcs HeoOXIOHICMb B00CKOHANEHHS OEPAHCAGHOI NOMIMUKU 6 chepi NepCneKmueHo20 NiaAHYEaAHHS
MOOepHi3ayii ma po3eumKy Cucmem YeHmpanizoeano2o menionocmavanus. Haeedeno nocunamms Ha YKpainceki ma
eeponeiicoki  OoKymenmu. Posensanymo 0co6nueocmi nepenekmueHo20 NIAAHY8AHHA MOOEPHI3ayil ICHYIouUX cucmem
MENnIONOCMauanis 6 YKpaini: HeoOXIOHICMb 3aLYYeHHs 3HAYHUX (DIHAHCOBUX pecypcis, wjo nepesuuyioms 0100xcemu

PO36UMKY HACENeHUX NYHKMI6,

akmyanvbHicms  3a80anHA  B0OCKOHANICHHA HAYKOGO-MemOOUdHOi 6a3u nianHyeanHs

Mooepuizayii icnytouux cucmem. Copmynbo8ano OCHOBHI KOHYENMYAanbHi NONOJUCEHHS NePCHeKMUBHO20 NIAHYS8AHHA:

BUOLNICHHS  30H ueHmpanzéoeaHozo menjionocmadydaHHia ma

ix Ooeeompueane 3aKpinieHHs, MAKCUMATLHO NOBHE

BUKOPUCMAHHS Nepesae YeHmMpaniz08an020 MenionoCmayants, KOMNIEKCHULL niOXi0 00 MOOepHizayii menniosux ojiceper,
Mepedic | 6y0igenb, GAHCUBAHHI 3aX00I8 WO0O00 HEeOONYWeHHS (PPAeMeHmapHo0 MooepHizayii; baeamogapianmuuil nioxio 0o
NAGHYBAHHS HA NIOCMABL 3iCMAGNCHHS YibOBUX NOKAZHUKIG, CUCMEMHU NiOXi0 00 (popmyeaHHs NepeniKy NOmeHyiuHux
NPOEKMi8 HA OCHOSI AHANIZY NOMOYHO20 CMAHY CUCMEM | NOMEHYIANy MICyesux ma 6IOHOBNI08ANIbHUX O0dcepel eHepeil;
PO327A0 CAMOOKYNHUX MA IHGOPACMPYKMYPHUX NPOEKMi8 3 YPAXY8AHHAM He0OXIOHOCMI 3a0e3neyeHHs NPUHAMHUX

QiHanco8ux NOKAZHUKIG KOMNIEKCY YUX HPOEKmis,

npiopumemuicms npoekmie mepmomooepHizayii  6ydisenv 3

VPAxXyB8aHHAM CUHEeP2emUYHO20 eexmy; oyiHKa eghekmusHocmi ma 3a0e3nedenHs MexXHiYHUX YMO8 inmespayii meniosux
Mepeoic 0113 3a0e3neueHtsi 00CMYNY He3ANeHCHUX 8UPOOHUKIE menn06oi enepeii. Cmucio 8UKIa0eH0 Memoooa02ito po3pooKu
00620CMPOKOBUX NNAHIE HA OCHOBI NOCNIO0BHO20 NOEMANHO20 GUDIUMEHHS B3AEMON06'A3AHUX 3060aHb. (YOPMYEAHHS
YITbOBUX NOKA3HUKIB, 30Ip GUXIOHUX OQHUX, AHANI3 NOKA3HUKIE NOMOYHO20 CMAHY CUCMEM; aHANI3 NOMEHYiany
BIOHOGNIOBANLHUX MA MiCYyesux Odcepen enepeii; (popmyseants nomeHyitiHux npoeKmie MoOepHizayii ma po3gumky cucmem

menjonocmadantsi,  6paxyeaHHs eKO0NI02IUHUX

obmedncenn;

6UOIp  pexoMeH008ano2o  eapianmy;  Odemanizayis

PEKOMEHO08AHO20 8APIAHMY, BKIIOYAIOYU NPOBEOCHHS AHANIZY HA YYMIUBICIb MA AHATI3Y 83A€MO0ii npoekmis. Buknadeni
KOHYenmyanvHi noiodiCeHHs 3HAUMIU C80€ 8i000padicents 8 npoekmi Ho8oi Memoouku po3podKu cxem menionoCcmadanis,

niocomognenoio 3a niompumxu npoexmy USAID MEP.

Knrouosi  cnosa:
MenionoCmadanis.

Nl1aHy6aHHsl

Beryn. CucteMu 1eHTpaNi30BaHOTO TETIONO-
cragaras (CL[T) maceneHMX WyHKTIB YKpaiHU
¢i3n4HO, MOpaNbHO 3acTapiii 1 MOTpPeOyITh
JOKOpiHHOi MognepHizanii. Hesnauna ¢parmen-
TapHa MOJEPHI3aIlisl CHCTEM TEIUIONOCTavYaHHs,
sKa TIPOBOJUTHCS B JaHWH 4Yac, TNOJISIrac B
OCHOBHOMY B 3aMiHi aBapiiiHHX AUISTHOK TPy0O-
MIPOBOJIIB, & TaKOX B 3aMiHi abo MozepHizalii ra-
30BUX BOJOTPIHMX KOTIIB. Y TOM k€ yac B Kpai-
Hax €C akTUBHO PO3BHBAIOTHCS eHEProeeKkTUBHI
CHUCTEMH TeIUIoNocTadyanHsa. Biamosimao mo [1]
eHeproeeKTUBHE IICHTPATI30BaHE TEILUIONOCTaYa-
HHS a00 OXOJIOJKCHHS BHKOPHCTOBYE MiHIMyM
50 % BigHoBmMIOBaNBbHOI eHeprii, 50 % Biampa-
npoBaHOTrO Teruia, 75 % Terua KoreHepamii abo
50 % cyKymHOCTI TaKOi €Heprii Ta Tera.

HepxaBHa moJiTHKa B cdepi LEeHTpali30BaHO-
ro TeIJIONOCTayaHHS MOBUHHA OyTH CIpSMOBaHa
Ha peai3amifo MuX Ta pPsAIy IHIAX [UTEOBUX
noka3HukiB. OJIHAK, ICHYyIO4e 3aKOHOJIABCTBO [2] i
METOJMYHI peKoMeH il [3] He MICTATh MUThOBHUX
THEHHS.

AKTyaJdbHICTh J0CHiIZKeHHA. Y 3B'SI3KYy 3 BU-
LICBUKIAJEHUM PO3BUTOK  METONOJIOril  mep-
CIIEKTHBHOTO IUIaHYBaHHSI B cdepi IeHTpaTi-

nepcneKkmueroco
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pPO36UMKY cucmem ueumpaﬂia’oeaﬂoeo

30BaHOT'O TEIUIOIOCTAYaHHS € aKTyaJbHUM 3aBa-
HHSIM JIEP>KaBHOI'O MaclITaly.

Octanni fgocuimkenHss Ta  myOJikanii.
€BponelichbKuil MIaH PO3BUTKY LEHTPAIi30BAHOTO
terutonocrayanus (Heat Roadmap Europe 1) Bu-
KJIaaeHo B [4], mpoTe, BiH HE Ma€ ITUPEKTHBHOTO
CTaTycy, a HOCUTb XapakTep aBTOPUTETHOTO
€BPOMEHCHKOr0 JOCHITHULBKOr0 mpoekty. u-
PEKTHBHUMHU JOKYMEHTAaMH, IO CTOCYIOThCSI B TO-
My 4Hcai ¥ cheprd HEeHTpaTi30BaHOTO TEIIONo-
cradanHs, € [5, 6, 7]. Crparerii po3BHUTKYy Ta
METOZAOJIOTISl IUIAHYBAaHHSA LEHTPAJIi30BaHOIO Te-
IJIONIOCTAYaHHSI B OKPEMHUX €BPOIEHCHKUX KpaiHax
BUKIJIAZICHI Y BIAMOBIJHUX JOKyYMEHTax Ha-
IiOHATBHOTO PiBHA [ ... 14].

®@opmyaoBaHHA Wijei crarTi. HeoOximHO
BUKOPUCTOBYBAaTH MDKHApOIHHHA JOCBIX 1 B TOH
e yac OpaTu 10 yBard HalioHaJIbHI OCOOIMBOCTI
Ta peatii, SIKi TOJATAIOTh Y TAKOMY:

- MOJICpHI3allisi CUCTEM IIEHTPAII30BAaHOTO Te-
IUIOTNIOCTaYaHHsI BHMAarae 3ajydeHHS 3HAYHHX
(hiHAaHCOBUX peCypCiB, AKi 3HAYHO MEPEBEPIIYIOTh
Or0JKETH PO3BUTKY HACEJICHUX MYHKTIB;

- mpobiemMa MoJepHi3alil iICHyIOUHX CHUCTEM
TEIUIOTIOCTaYaHH JCIIO BiIPI3HAETHCS BIiT IIPO-
0JieMH CTBOpPEHHS HOBHX CHCTeM. B To#l wac sk
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TeopeTnyHa 0a3a TeIIoNOoCTavYaHHs, pO3po0IcHa B
30-80 pokax MHMHYJIOTO CTONITTS, HaIllJIecHA B
OCHOBHOMY Ha MTPOEKTYBAHHS Ta CTBOPEHHS HOBHX
CHUCTEM.

[lepma oOcraBuHA BHUCYBa€ Ha TEPIIC MiCIe
TEXHIKO-€KOHOMIYHi Ta ()iHAHCOBI acHEeKTH BUPI-
IIEHHS TPOOIEMH.

Hpyra oOcraBuHa [03BOJIIE TOBOPUTH TIPO
HEOOXiZHICTh  PO3BUTKY  HAayKOBO-METOIMYHOI
0a3u TeIIoNoCTavYaHHs, HAIIJICHOT Ha MOJIepHi3a-
mito CHT, BEUKOpHCTOBYIOUM MpH IBOMY BCE T€,
110 OyJi0 HampaibOBaHO B MEPIOJ IMPOSKTYBAHHS,
CTBOpEHHS 1 eKCIuTyaTamii mux cuctem (Tadm.).

OcHoBHa 4yacTuHa. OCHOBHI KOHIENTYaJIbHI
MIOJIOKEHHSI PO3POOKH JOBIOCTPOKOBUX ILIAHIB
MmojepHizauii Ta po3sutky CLT momsrarmoTts B Ta-
KOMY:

- YiTKEe BHIIJICHHS 30H IICHTPATi30BaHOTO Te-
IUIONIOCTAYaHHsI Ta IX 3aKpilJICHHS Ha JOBrO-
CTPOKOBY IEPCHEKTHBY BiAMOBITHUMHU MicTOOYIi-
BHUMH JIOKyMEHTaMH;

- MakCHMAaJIbHO MTOBHE BUKOPUCTAHHS MepeBar
[EHTPATI30BAHOTO TEIUIOMOCTAYaHHs B IOPiBHSH-
Hi 3 IHIOIUMH BHJAMHU TCIUIONOCTAYaHHA: CIIJIbHE
BHUPOOJIEHHS TETJIOBOI Ta €JEKTPUIHOI €Heprii, BU-
KOPUCTaHHS MYHIUUNAJIbHAX EHEPreTHYHHX 1
MaTepialbHUX BiIXOJiB, BKIIOYAIOYH TBEPIi
moOyTOBI  BiXOAW, BWUKOPHUCTaHHS BiJHOBIIO-
BaJIbHMX JPKEPEJT €HEepril Ta MICIICBUX BUIIB MaJH-
Ba, 1000BE Ta CE30HHE aKyMYJIIOBaHHS TEIJIOBOI
EHeprii;

- KOMIUTEKCHMM WiAXiI 10 MOJepHi3allii Te-
IUIOBUX JUKEPEJI, TEIUIOBUX MEPEX 1 MPUETHAHUX
o HUX OyniBenb. BykuBaHHS 3aX0JiB 10O HEA-
OIYIICHHS MIPOBEICHHS (b parMeHTapHOI
MOJIepHI3arlii;

— mpoOiieMa MOJIEpHi3alii CUCTEM LEHTpPai-
30BaHOTO TEIUIONMOCTAYaHHA € PI3HOBapiaHTHOIO.
3icTaBieHHs JACKUIBKOX BapiaHTIB Ha IiJICTaBl
c(hopMyJILOBAaHUX IUTHOBUX TTOKA3HHKIB;

— CHCTEMHHWH IiIXiJl 10 BUPOOIEHHS TIEpeiKy
MOTEHIIIHHUX TpoekTiB MoxaepHizamii CLT nHa
OCHOBI aHaJIi3y MMOKAa3HMKIB iX MOTOYHOTO CTaHy Ta
MOTEHIIATy MiCIIEBUX Ta BiTHOBIIOBAJIbHHX I1aJIH-
BHO-CHEPTETUIHHUX PECYPCIB;

— TIOMIJT TIPOEKTIB HA CaMOOKYyMIHI Ta iH(ppa-
CTPYKTYpPHI 3  ypaxXyBaHHAM  3a0e3IeYeHHS
NPUHAHATHUX (iHAHCOBUX MOKAa3HUKIB KOMIUIEKCY
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IIUX TPOEKTIB B paMKaX PEKOMEHJOBAHOTO Bapi-
aHTy;

— omiHka e(eKTUBHOCTI Ta 3a0e3meueHHs
TEXHIYHUX YMOB IHTETpallii TEIUIOBUX MEPEX IS
3a0e3MeUYeHHsT JOCTYIy HE3aJeKHUX BHPOOHHKIB
TEIIOBOI CHEeprii.

Mertomonorist po3poOKH TOBrOCTPOKOBHUX ITjIa-
HiB TIepea0dadac MoeTamae BUPIICHAS TaKUX B3a€-
MOTIOB'SI3aHUX 3aBIaHb!

- (opMyBaHHS IIBOBUX TOKa3HHKIB. [liaro-
TOBKA TEXHIYHOTO 3aBJIaHHS;

- 30ip BUXITHUX JaHUX;

- aHaJi3 MOKa3HUKIB CTAaHY CUCTEMH TeIJIONO-
CTayaHHS;

- aHaJli3 TOTEHINady BIJHOBJIIOBAJILHUX Ta
MICIIEBUX JDKEPEIT CHEPTii,

- (hopmyBaHHS MOTEHII HHIX MIPOEKTIB
MOJIEpHi3aIlii Ta PO3BUTKY CHCTEM TEIIONOCTava-
HHS;

- BpaxyBaHHS EKOJOTIYHHX OOMEKEHb;

- BUOIp PEKOMEHIOBAHOTO BapiaHTy CHCTEMH
TEIUIONIOCTAYaHHSI;

- JeTanpHa po3poOKa PEKOMEHIOBAHOTO Bapi-
aHTYy, BKIIIOYAIOYH TIPOBEACHHS aHaJi3y Ha YyTIH-
BiCTh (piHAHCOBUX MOKA3HHKIB JI0 3MiHH (pakTOpiB,
IO BIUTMBAOTh.

Po3poOka OBrocTpoKOBOTO TUTAHY 3IIHCHIOE-
TBCS 3 BUKOPHUCTAaHHIM TaKUX IHCTPYMEHTIB:

- TEXHIKO-€KOHOMIYHUX MOJIENEH, 1110
BCTaHOBJIIOIOTH B3a€MO3B'SI30K MiX (pakTopamu,
10 BIUIMBAIOTh, MMOKA3HUKAMHU €HEPTeTUYHOI ede-
KTHBHOCTI 1 (DiHAHCOBUMH ITOKA3HUKAMHU;

- MOZeJi MPOTHO3YBaHHA 3MiHM (aKTOpiB, 10
BIUIMBAIOTh, Ha JOBIOCTPOKOBY IEPCHEKTHBY:
MIOTIMT Ha TEIUIOBY €HEPriio, IiHy Ha eHeproHOoCI,
YHHHE 3aKOHOJIABCTBO;

- TeoiH(OpMAIITHIX CUCTEM 3 MOIYJISIMU JJIst
LIEHTPaTI30BaHOTO TEIUIONOCTAYaHHS;

- CHCTEM EHEpPreTHYHOTO MEHEKMEHTY B
cdepi HEeHTPaTi30BaHOTO TEIIONOCTaYaHHS;

- OeHUMapKiHTYy.

BucHoBku. Buxitaneni Buiie KOHIENTYalTbHI
MOJIOKCHHSI BHECEHI B MPOEKT HOBOi Metonuku
PO3pOOKH CXeM TeIIoNoCTayaHHs, fKa Miaro-
TOBJIEHA CHUTBHO (axiBmsmMu MiHperioHOyay Ta
KoHCynbTaHTaMu Tpoekty USAID «MyHninm-
najkHa eHepreTudHa pedopma B Ykpaini» (http://

www.merp.org.ua/index.php?lang=uk).


http://www.merp.org.ua/index.php?lang=uk
http://www.merp.org.ua/index.php?lang=uk
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Tabnuys

Oco6auBocTi po3podku mianiB moaepuizauii CLT

HoBi cucteMu TEIIONnoCTaYaHHs

ICHYIOIIi CUCTCEMHU TCILIONOCTAYaHHA

Bincytnicte peampHoi CLT 1 MoxiauBocTi
HAaTypHUX BHUMIpIOBaHb. BincyTHicTs ¢axTnanoi
0a3u s OPIBHSAHHS. XapaKTCPUCTHKH ITiIKITFOUe-
HuX 00'ekTiB (OyIiBesb) YITKO BU3HAYCHI.

Hassuicts peanpHoi CLT Ta MOXIMBOCTI HaTypHHUX
BUMIpIOBaHb, i HASBHICTh CTATUCTUYHHUX JaHUX. Hass-
HICTh (akTHUHOI 0a3u JJs MOPIBHSIHHS BapiaHTiB. Xa-
PaKTEepUCTHKH MiAKIIOYEHUX 00'€KTiB (OyIiBeNb) YiTKO
HE BH3HAYCHI Ta MiIJITAIOTh YTOUHCHHIO.

MoOXHBICTh YB'A3KM HA €Talli INpPOEKTYBaHHsS Xa-
PaKTepUCTHK PI3HUX B3a€EMOIOB’s3aHUX iH(Dpa-
CTPYKTYPHHX CHUCTEM (apXiTeKTYpHO-IJIaHyBaJbHI
piIICHHS, TEIJIOTa30BOI0-CIICKTPOIIOCTAYaHH).

Heo6xinHicTh npoBeneHHs moaepHizanii CLIT 3 ypaxy-
BaHHSM OOMEXEHb 3 OOKY B3a€MOTIOB'S3aHUX iH(pa-
CTPYKTYPHHX CUCTEM.

Hemae anbrepHaTHBU CTBOPEHHIO Tiei abo0 iHIION
CHUCTEMH TETIONOCTAYaHHS.

€ MOXIHUBICTh BHUKOPHUCTAHHS ICHYIOUOi CHCTEMH Te-
ionoctadands. HeoOximHICTh MpOTrHO3yBaHHS HACIi-

KiB BIJICTPOYKH MOJICPHi3aIlii.
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YOK 697.341

KoHuenTyanbHble NONOXeHUA NepcnekTUBHOro NiaHMpoBaHuA B ccepe
LleHTPann3oBaHHOro TensI0CHabXeHus

E. E. HuknuTmH'
'"1.T.H., Beaymuii Hay4HbIM coTpyaauk, UucTHTyT rasa HAH Ykpaunsl, r. Kues, Ykpauna, nikitin_ee@ukr.net

Annomayus. Ommeuaemcsi HEOOXOOUMOCMb COBEPULEHCIMBOBANUSI 20CYOAPCMEEHHOU NOIUMUKU 6 Chepe NepCneKmusHO20
NAGHUPOBAHUS MOOEPHU3AYUU U DA3GUMUSL CUCTNEM YEeHMPAIU308aHHO20 meniochadcenus. I[lpusedenvl ccoliku Ha
VKpauHcKue u egponeiickue O0oKymenmol. Paccmompenvl 0co6eHHOCmU NEPCneKmusHo20 NIaHUPOSAHUs MOOEPHUIAYUY
cywjecmsyiowux cucmem mMeniocHabcenuss 6 Ykpaune: He0OX00UMOCMb NPUGIEYeHUsT 3HAYUMENbHbIX (UHAHCOBLIX
Pecypcos, npesocxo0suux O100icemvl PA3eUumusl HACENEHHbIX NYHKMOG;, AKMYAIbHOCMb 3A0a4l COBEPUEHCMBOBAHUS
HAYYHO-Memoouyeckoll 0asvl NAAHUpO8aHus ModepHusayuu cywecmsyiowux cucmem. Chopmyruposanvl OCHOSHbIe
KOHYEnmyaibHble NONONCEHUS. NEPCREKMUBHO20 NAAHUPOBAHUSL: 6bIOCNCHUE 30H YEHMPATU308AHHO20 MENTIOCHAONCEHUs U
UX  O0N208PEMEHHOe  3aKpenieHue;, MAKCUMATbHO — NOJHOe  UCHONb306AHUE  NPEeUMYWEeCms  YeHMPAatu308aHHO20
MEeNI0CHAOIHCEH U, KOMNIEKCHBIL N00X00 K MOOEpHU3AYUU Meniogblx UCTOYHUKO8, cemell U 30aHull; npuuamue mep K
HeOoonywjeHuio  (ppacmenmapHoli.  MOOEPHUZAYUY,  MHOL08APUAHMHBIL  NOOX00 K NIAAHUPOBAHUIO HA  OCHOBAHUU
conocmagnenusi yenegvlx nokazamenell; CUCMEMHbIN N00X00 K (opMUposanuio nepeurs nOMmeHYUAIbHbX NPOeKmos Hd
OCHOBE AHANU3A MEKYuje2c0 COCMOSHUSL CUCTEM U NOMEHYUANd MECMHbIX U 60300HOGNSAEMbIX UCMOYHUKOS IHEPIUU;
paccmomperue camooKynaemvlx U UHGPACMpyKmypHuIX BPOEKMO8 ¢ Y4enom HeoOXooumocmu obecneueHus: npuemiemblx
Qunancospix noxazameineti KOMWIEKCA 9MUX NPOEKMO8;, NPUOPUMEMHOCHb NPOEKNO8 MePpMOMOOEPHUZAYUL 30AHULL C
VUemoM CUHep2emuyeckoz2o ¢@gexma; oyeHka ghgexmusHocmu u obecneueHue MexXHUUecKux YCao8uil UHmMepayuu
meniosvlx cemeil 015 0becneveHus: OOCMYNAa He3a8UCUMbBIX Npouzsooumeneil meniogou sHepeuu. Kpamxo uznoowcena
Memooonocusi  paspabomku  00N206PEMEHHbIX  NIAHO8 HA  OCHOBE  NOCAE008AMENbHO20  NOIMANHO2O — PEueHus.
63AUMOCBA3ANHBIX 3a0ad: (opmuposanue yenegvlx nokazameietl;, cOop UCXOOHbIX OAHHBIX, AHANU3 NOKA3AMeNel MeKyuezo
COCMOSIHUSL  CUCMEM, AHAU3 NOMEHYUANd B0300HOGISEMbIX U MECHMHbIX UCMOYHUKO8 dHepeuu, Gopmuposanue
NOMEHYUATIbHBIX NPOEKMO8 MOOEPHU3AYUY U PA3GUMUsL CUCIEM MENIOCHAOIICeHUs., Y4em IKOI0ZUYECKUX O02PAHUYEHU,
6b100p PEKOMEHOOBAHHO20 6APUAHMA, O0eMATU3AYUsL PEKOMEHOOBAHHO20 GAPUAHMA, 6KIIOYAs. NPOGeOeHUe AHATU3Ad Ha
YYECMEUMENLHOCHb U AHAIU3A 83AUMOOCUCMEUs. NPOeKmos. H3no0dicentbie KOHYEnmyaibhble NOI0NCEHUS HAULIU C8Oe

ompadicenue 6 npoexme Ho80U Memoduku paspabomku cxem mMenIOCHAbICEeHUs NOOZOMOGIEHHOU Npu NoOOepiCKe
npoexma USAID MEP

Kniouesvie cnosa: niavupoeanue nepcneKkmuerHozo paseumus  cucmem  YeHmpaiu3zo6anHHoco
MenioCcHabICeHus.
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UDC 697.341

Conceptual Provisions for Long-Term Planning in the Field of District
Heating

E. Nikitin'
'Sc.D, Leading research officer, Institute of Gas, the National Academy of Science of Ukraine, Kyiv, Ukraine, nikitin_ee@ukr.net

1t is necessary to improve the state policy in the sphere of long-term planning of modernization and development of district
heating systems. There are links to Ukrainian and European documents. Features of long-term planning of modernization of
existing heat supply systems in Ukraine are considered: the need to attract significant financial resources that exceed the
budgets for the development of settlements; the urgency of the task of improving the scientific and methodological basis for
planning the modernization of existing systems. The main conceptual provisions of long-term planning are formulated: the
allocation of district heating zones and their long-term fixation; maximally use of district heating benefits; integrated
approach to the modernization of heat sources, networks and buildings; taking measures to prevent fragmentary
modernization; a multivariate approach to planning based on the comparison of targets; a systematic approach to the
formation of potential projects list based on an analysis of the current state of the systems and the potential of local and
renewable energy sources; consideration of self-supporting and infrastructure projects, taking into account the need to
ensure acceptable financial indicators of the complex of these projects; priority of projects for thermal modernization of
buildings, taking into account the synergistic effect; assessment of efficiency and provision of technical conditions for the
integration of heat networks to provide access to independent producers of thermal energy. The methodology for developing
long-term plans is briefly described on the basis of a consistent step-by-step solution of interrelated tasks: the formation of
target indicators; collection of source data; the analysis of indicators of the systems current state; analysis of the potential
of renewable and local energy sources, formation of potential projects for modernization and development of heat supply
systems, environmental constraints accounting; choice of recommended option; detailed of the recommended option,
including sensitivity analysis and projects interaction analysis. The presented conceptual provisions are reflected in the
draft of the new Methodology of the development of heat supply schemes, prepared with the USAID project MER support.

Keywords: planning for the prospective development of district heating systems.

Hapiitma no pemakuii / Received 30.05.2018
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Ho 50 — piyus TBOpUOi po6oTn B KHYBA npocecopa O. M. CknsapeHka

VYV 2018 p. Bunosuunocs 80 pokiB Bia aHs
HapopkeHHs Ta 50 pOKiB TUTiTHOT TBOPYOI ITparri
Ha Kadeapi TErIora3onocTayanHs i BEHTHIIALI
KuiBcpKOro HalioHaJILHOTO YHIBEPCHUTETY Oyai-
BHUIITBA 1 apxiTeKTypu mnpodecopy, BeTepaHy
KHVYBA Onery Muxaiinosuay CKISpEHKY.

Cxuigperko Oser MuxaiioBud HapoIuBCS
y 1938 poui. ¥ 1957 poui 3akinuuB KuiBcbkuid
OyaiBenbHUE TexHIKyM. 3 1957 o 1959 p. Cay-
KUB y JaBax PanmsHcbkoi apmii. ¥V 1965 poui
3akiHunB KuiBchknii iH)XXeHEPHO-OY1iBeTHHIHA
IHCTUTYT, MiCIS YOTO TUTITHO IPAIfOBaB Ha BH-
POOHUIITBI CTApIIUM IH)KEHEPOM, HAYaIbHIUKOM
JUTBHUII TTYCKO-HaJIaroKyBajJbHOTO yIpaBIliH-
HA Tpecta «lIpomTexmonTax — 2». 3 1967 poky
PO3M0YaB CBOIO IisIbHICTD Yy KUiBChKOMY iHMKE-
HEPHO-0Yy1iBEJIbHOMY 1HCTUTYTI CIOYAaTKy acH-
CTEHTOM KadeApu TerrIora3onocTavyaHHs i
BEHTWIALIT Ta acmipanToM. Y 1973 pomi 3axu-
CTHB KaHIWAATCHKY AWCEpTalil0 MiJl KepiBHH-
LTBOM BHJATHOTO BYEHOTO, JOKTOPa TEXHIYHUX
HayK, Ipodecopa, 3aCHOBHUKA HAYKOBOT HIKOJIN
kadeapu bopuca MukuroBuya JloGaesa. [Ipa-
I[}OBaB 3aBigyBayeM MpoOIeMHOl J1laboparopii
mpu Kadenapi, 3 1975 poky — cTapiiumM BHKIIaja-
yeM, a 3 1980 poky — nmoueHrom kadempu. Y
2016 pori 06iitHAB Tocay mpodecopa.

Hanpsim HaykoBOi HisSUTBHOCTI — TEOpist 1 MpaKTUKa CHAIIOBAHHS Ta3y B ONATIOBANBHUX MpHIazax Ta

arperatrax MaJioi Ta CepeHbOI MOTY>KHOCTI.

ABtop moHan 120 HAyKOBMX Ta METOJMYHHX Mpallb, cepell SKUX BiOMHUI B YKpaini migpydHuk “Ta-

3onoctadanHs” (2012), sxkuid € mepmmM y Hamiil KpaiHi 3 miel JUCUUIUTIHK, HaBYaNbHI MOCIOHMKH Ta 16

BuHaxomiB. Ilporsrom Oaratbox pokiB (3 1991) € BHUKOHaBIEM KOMIDICKCHUX HAyKOBO-TCXHITHHUX

Jep)KaBHUX TMPOrpaM CTBOPEHHsI CHCTEM 1 OOJaJHaHHS EKOJIOTIYHO Oe3NeYHUX, EHEProeKOJOTTYHHX

KoMIUIeKCiB B YkpaiHi. [IpoTsrom 45 pokiB — BinnosinansHuid Ha axyabTeTi 1 Kadenpi 3a HAYKOBY poOOTy

CTYJIEHTIB, IKi OTPUMYBaJI HAWBHUIII HATOPOIU Ha BCEYKPATHCHKUX Ta 3apyOiKHUX ONIMITIafax.

[No6axxaemo Onery MuxaioBudy MiIJHOTO 3J0POB’sl, IUIiAHOI TBOPYOI Mpalli Ha HUBI HAYKH Ta BHUKJIA-

JaHHA.
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HaykoBe Bumanus

BEHTHUJIALIA, OCBITJAEHHA TA
TEIIJIOT'ASOINIOCTAYAHHA

HAYKOBO-TEXHIYHUH 3BIPHMK

Bunyck 25

Busnanuit BAK Ykpainu sik HaykoBe (paxoBe BUAAHHS YKpaiHHU, B IKOMY MOXKYTh
nyOJIiKyBaTHCS Pe3yibTaTH JUCEPTAIIMHUX POOIT Ha 3100YTTA CTYIMEHIB JIOKTOpA 1
kannugata Hayk (Hakaz MinictepctBa ocBith 1 Hayku Ykpainum Ne 515 Bix
16.05.2016 p.)

30ipHUK «BeHTHsALisA, OCBITIEHHS Ta TEIJIOTa30MOCTAaYaHHS» MNPEICTaBICHUN Ha
caiti  http://www.nbuv.gov.ua HamioHanpHoi  0i0mioreku HAH  Vkpainu
im. B.I. Bepnancbkoro Ta Ha caiTi KHYBA library.knuba.edu.ua
( http://library.knuba.edu.ua/node/78 ).

[Tiarmacano 1o apyky 26.06.2018. ®opmar 60x84 1/8
Hpyx odcernuii. [lamip opcernuit. ['apritypa Times New Roman.
YMOB. IpyK. apk. 6,75. o6 Buz. apk. 7,25.
Tupax 100 npum. 3amosnenns Ne 161117

Hanpykosano B TOB “Bunasauntso “lOcton”
01034, M. KuiB, Byx. O. I'oruapa, 36-a 1: (044) 360-22-66, www.yuston.com.ua
CBiZIOLTBO PO BHECEHHS Cy0’€KTa BUAABHUYOI CIIPABH JI0 ICPIKABHOIO PEECTPY BHIABIIIB, BATOTOBIIIOBAYIB
1 pO3IOBCIOKYBaUiB BUAABHUYOT poayKii cepis ak Ne 797 Bix 09.09.2015 p.

73



PILLEHHA ANA NPUMILLEHb 13 BACEWHOM

PoolStar/PoolStar Compact [Ana No6yTOBMX NPUMILLEHb) — YCTAHOEKK
npuMaHadesi Ana ocyweHHs | BEHMTHMAALIT NOBITPA B NPUMIlLEHHAX 3
IHTEHCUMBHKMM BMOINEHHAM BonOrv. BUpoBnawTECA B piaHMx
Moandikayiax, ToMy ifgansHo NIOX00ATE ONA 32CTOCYBAHHA B BacelHax
ycix TUNiB | akBanapkax.

Oco6nueocTi:

Hane piweHHA 3an06irag BUHMKHEHHID @ Yctawoekw PoolStar Ta PoolStar Compact

KOHABHCATY, KOpoaii, usini i rpubxa,
NERELIKOOMAE DYHRHYBAHHIO HECYYMX CNOpYA;

MogeifiHa eHeproeexTHEHICTE 232683N8YYETBCA .
CNiNEHOW POGOTOK NNACTMHYaCTOro
perynepaTopa i TeNNOBOro HAHOCY,;

DﬁﬂaﬂHaHi KOMMONEKTOM EETDHETH.HH, AKa HMOME
i3 NerkicTi iHTErPYBATUCE B EOMHY CHCTEMY
ynpasniHHA Ta AucneTyepnsauii o6'exta [BMS).

Momnueo apbyeaHHA B By Ab-AKKMIA KONIp
nanitpu RAL.

Bei sHyTpiWwHI Nadeni BUroToBNEHHI i3
BHMCOKOAKICHOT hapBoBaHOl CTani gnA arpecuBHUK

CEpPENOBMLL

o)

@ HomnaktHwii guaaiid;

@ Bucoka excnnyaTtauiiiva 6eanexa;

PILLEHHA A8 YUCTUX NPUMILLLIEHD

HEPA BOX - cneuiansHi 6oKcH 0na iNsTpiE BUCOKOMD KNacy 04MCTHM
[HEPA). 3acTocoByiOTLCA B MegMYHIN, MIKpOeneKTROHHINA, BionoriyHii,
thapMaueBTUYHIRA Ta iHWKX, YYTAKWBKX 00 AKOCTI NOBITRRA, ranyaei
npoMUcnoeocTi.

Oco6nuMBocTi:

. BUCOKWIA piBEHb rEQMETHYHOCTI, 3aBAAKKW
U-nogiGHoMy yLinbHEHHKD Npodineg, Wo cnpuse
feanepepeHiiA posoTi;

'.' BigcyTHICTE NigMiwyBaHHA HediNeTROBAHOO
noeiTpA.

PILLEHHA ONA NOBYTOBOro CErMEHTY

SlimStar - yHiBepcaneHa NPUNNMBHO-BUTAMHE YCTAHOBKA B 3pYYHOMY,
KOMMNakTHOMY KOpNyci 3 pexkynepauie Tenna oo 93%, Wo sHayHo
nigevUye eHEpProeeTUEHICTE.

MipxoouTe 008 NPUMILLEHE 3 MaNOK NNOWEeK By0b-AKOro NPUaHAYeHHS.
BuKOPMCTOBYETLCA AK ANA Harpiey NoOBITPA B XONOOHY NOPY POKY, TakK i
ONA Horo oBpoBKK Ta oX0N0MEHHA B MapKnii nepiog.

OcoBnueoCTi:

KOMMNAKTHWA QU3aiH KOPNYCY NaE MOKNUBICTE
MOHTYBATH YCTAHOBKY HABITE B CAMWX MaNEHBKHX
NAUMILLEHHAX BYOb-AKOMD NPUIHaYeHHA: BYOMH-
KK, KBAPTHPK, Kae, CANoHW, MancTepHI, WKonK,
anMiHGyaiBni;

HOHCTPYKWIA YCTAHOBKKM aganHoBaHa [ns
NigMKKYEHHA PISHOMEHITHUX MOoOWdika Uil
KOMMANEKTYIONOro 0BNaaHaHHRA;

BMKOPMWCTAHHA EHEPro3Bepiraymx TEXHONOrR,
fIKI AaMEHIWYIOTE BTRaTKH Tenna Ha 80%: nnacTuH-
YacTi pekynepatTopu 3 KK no 93%.

IHTErpOBaHA ABTOMATHKA A03BONAE YNPABNATH
FACNIHKEMKM 3 CEPBONPUBOLAMK, DIBHEM
ZBONOMEHHA NAPOI | IHWMMKA Q0CTYNHM MK
hyHKLIAMM;

npwW HEOBXIAQHOCTI BiNbLLW FrAMBOKOrD CTYNEHA
OMMILEHHA NOBITPA [YMETI, AMTAYI NpMMILLEHHR) &
MOMNMBICTE YCTAHOBKK hiNbTPIB pizHMX KNacis.




EHEPr OE®EKTUBHI PILLEHHA
JU1A 06’ EKTIB PI3HOT0 MPU3HAYEHHA

www.aerostar-vent.com

06 EKTW HAYKW, KYNIbTYPH | [103BINIA .
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