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Anomayis. Y eemmunayiiHil npakmuyi 3HAX00AMb WUPOKe 3ACMOCYEAHHS NOGIMPAHO-CMPYMUHHI 020POOJCEHHS, SKD
BUKOPUCMOBYIOMbCS OISl 8IOOKPEMICHH 30HU 31 CHPUAMAUSUMU NApaMempamu 6i0 30HU 3 MEHW CAPUSMAUBUMU
napamempamu nogimpsaHozo cepedosuwa. Haltuacmiwe 3acmocogyroms nogimpano-cmpymMutHi 020pO0*CEHHA Y UPOOHUUUX
npuminjennsx. Ilosimpsana niocka cmpymuHa 6i00KpeMAIOE 0HCepeno WKIOAUBUX BUOLIEHb 8i0 NOBIMPAHO20 Cepedosud
NPUMIWEHHSA, A TNAKOHC MPAHCIOPINYE WKIOIUBOCMI, WO NOMPANULU 8 NOGIMPAHUL HOMIK 00 MiCYs IXHbO20 6]10671108aHHA. 3a
MAKUM NPUHYUNOM BIAUMOBYIOMbCA PISHOMAHIMHI akmugoeami micyesi giocmoxmysaui. Hapasi eenuxozo nowtupenns 07
BUPIWEHHSL 3A60AHb AEPOOUHAMIKU GeHMUNAYIL, 30Kpema OJisi PO3PAXYHKY CMPYMUHHUX meuiti | meuill noonusy cmokie,
po3pobaero uucenvhi memoou CFD mooenosanns (Computational Fluid Dynamics — o6uucmiosanvra ciopomexamika). Memoio
€ GU3HAUEHHSI OCHOBHUX KIIbKICHUX CRHIGBIOHOWEHb O GAAUMYEAHHS NOSIMPSIHO-CIMPYMUHHOL 020pOXHCT HAO 03EPKAIOM
PIOUHU, WO NPAYIOE 8 PEACUMI 2DAHUYHORO0 BNOGNIOBANHS 3a donomo2oto memody CFD moodenosanns. Pozensidaemucs 06 ’'emua
3a0aua npo 83aEMO0iI0 NPUNTUSHUX CIIPYMUH, WO BUXO0AMb 13 8V3bKUX WINUHHUX OMEOPI8 Y HANPAMKY 0OUH NPOmMuU 0OHO20
Ma WITUHHUX CIMOKI8 Ni0 NPUNAUeHUMU Hacaokamu. Pospaxynkoea obnacms meuii 06medcyemuvcs nogepxHero 03epKana piouHu
¥V 6aHHi, 6OpMamu 8aHHU 1l YMOGHUMU MeNCaMU HAO 8anHOI. Bukopucmosyeanaca cmanoapmua k-e-mooenv mypoynenmuux
meuiil. Tlpu yvomy 66axcanocs, wo mypoyieHmHicms NOPOOHCYEMbCA NPUNTUSHUMY CIPYMUHAMY U 3A8UXPEHHAMU HA KYAX
meepoux cminok. 308HIWHI NOMOKU NOGIMPSI, W0 NIOMIKAIOMb 00 CIPYMUH i 00 OME0PY 6CMOKMYSAHHS HA BLIbHUX MEHCAX
obnacmi pospaxyuxy, npuimanucs He mypoynizosanumu. OmMpuUMano nois po3nooiny memnepamypu ma weuoKocmi
NOGIMPSAHUX NOMOKIE Ol eKPAHYS8AHHA 03epKana 6aHHu. Taxodic ymouHeHo cnig8iOHOWEeHHs GUMPAM NPUNIUBHO20 NOGIMpPs
ma nosimpst, Wo 8IOCMOKMYEMbCsl, 05 HAUOLIbUL eEeKMUBHO20 10GTIOAHHS WKIONUGOCELL.

Knrwouosi cnosa: 6opmosuil 6i0cMOKMY8ay, O0B0PIGHESUN GIOCMOKMY8ad, PO3NOOLL KOHYEHMpayii,

Komn ’romepHe MOOENIOBAHHSL.

Beryn. Y BeHTWIALIAHIN NPaKTUII 3HAXOAATh
HIMPOKE 3aCTOCYBAHHS MOBITPSHO-CTPYMUHHI OTO-
POXi, SIKi BUKOPUCTOBYIOTHCS JIJISl BiJOKPEMIICHHS
30HU 31 CHOPHUATIVBUMH TapaMeTpamMy Bil 30HU 3
MEHIII CIPUATIMBUMHU IapaMeTpaMu MHOBITPSHOTO
cepenoBuia. TakuM TPHUKIAIOM € Pi3HOMaHITHI
BapiaHTH TOBITPSHO-TEIJIOBUX 3aBic, MO 3aXHIIa-
IOTh BHYTPIIIHE CEPEHAOBUIINE NPUMIIICHHS BiJl
BILTMBY 30BHIIIHBOT'O XOJIOAHOTO MOBITPS B XOJIO/-
HUH MepioJ] pOKy Ta MiABUIIYIOTh TEMIIEPaTypy TO-
BITpSI B 30HI IPOPi3iB BOPIT i ABepeii [1].

Hatiuacriie 3acTOCOBYIOTH TMOBITPSHO-CTPY-
MUHHI OTOPOPKEHHS Y BUPOOHUYHX MTPUMIIIEHHSX.
[loBiTpsiHA TJIOCKAa CTPyMHUHA BiJOKPEMITIOE JDKE-
pelo MKiIMBUX BHUJIUICHB BiJI MOBITPSIHOTO cepe-
JIOBHIIA TIPUMIIICHHS, a TAKOX TPAHCIIOPTYE TIKij-
JIMBOCTI, IO MMOTPAIIIN B IOBITPSHUM MOTIK, 10 Mi-
CISl TXHBOT'O BJIOBJIFOBAHHS. 3a TaKUM IPUHIUIIOM
yJIalTOBaHI Pi3HOMAaHITHI aKTUBOBaHI MICIICBI Bij-
cMokTyBaui [1].

AKTyaJIbHICTh A0CTiMKeHHsl. BHyTpimiHe 1mo-
BITpsIHE CEpPEOBHIIA IIEeXiB, 00JaHAHUX ITPOMHC-
JIOBUMH BaHHAMU 31 IIKiIJIMBUMHA PEYOBUHAMH, 3a-
OpynHeHe mapamu 1ux pedoBuH. Lle moripmrye 310-
POB’s Ta Mparie3AaTHICTh JIF0IeH, OLIKOIXKYE Oro-
pOIKYyBanbHI KOHCTPYKIIii Tommo. Tomy edekTrBHE

BJIOBJIFOBAHHS TIapiB MIKiIJIMBUX PEUYOBHH BiJl BaHH
€ aKTyaJbHOIO 33Jauelo, SKa BUPIIIYEThCS B NaHIH
po0ori.

OcranHi gocaimzkeHHs Ta myOuaikamii. s
BJIOBJIFOBAHHS IIKIJUIMBUX TapiB, 10 BUIUIAIOTHCS
BiJl BaHH, BUKOPHCTOBYIOTh OOPTOBI BiJICMOKTYBai.
Cepen BapiaHTIB aKTUBOBAaHMX OOPTOBHX BiJJCMOK-
TyBa4iB Hal4YacTillle 3yCTPIYarOThCS PO3TAlIOBaHI
Ha OJIHIH OCI MPUIUIMBHUHN HACAJIOK 1 ITUIMHHUH CTIK
Haj a3epkaioM piguau. OHAK, SKIIO MPOMHCIOBA
BaHHA BUKOPUCTOBYETHCS Il 0OpPOOKH BEIHMKOTa-
OapuTHUX BUPOOIB 1, BiANOBIAHO, Ma€ 3HAYHI PO3-
Mipu (0is 3 M), TpaauLiiHi 3acO0M i KOHCTPYKTH-
BHI pilleHHs 11 BUJAJICHHS ILIKiUIMBOCTEH € HEJ0-
CTaTHBO €)EKTHBHUMH.

B ocHOBI MeTomy pO3paxyHKy aKTHBOBAaHHX
BIJICMOKTYBaYiB JIGKUTh aHATITHYHE JTOCIIiHKCHHS
B3a€EMOJII1 TUIOCKMX CTPYMHH 1 IMUIMHHUX CTOKIB,
10 BUKOPUCTOBYE CIIOC0 HAKIIaaHHs IOTOKIB 1 Oa-
3YETHCS HA METOJi IHTErpalbHUX CIiBBIAHOILCHD
[1]. Sk mpaBwI0, PO3TISAAAIOTH B3AEMOJIIIO CTPYMHH
1 CTOKIB MpH IXHBOMY pO3TalllyBaHHI Ha OJHIN oci
JTAJIEKO BiJl OY/Ib-SIKUX OOMEKYBAJLHUX IIOBEPXOHb.

3 MeTo10 30ibIIeHHS €PEKTUBHOCTI pOOOTH 00-
PTOBUX BIJICMOKTYBauiB Oiist 0OyaHaHH 31 3HAY-
HUMH BiKPUTHUMH TOBEPXHAMH (3aBLUIMPILKU 10
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10 M) TokcH4HOi piAMHU HaMu Oy 3aIpPOIOHO-
BaHI JIBOPIBHEBI IMHAMIYHI OTOPOKEHHS, SKi IO~
BUHHI NPAKTHYHO YCYHYTH HaJIXOIUKECHHS TOKCHY-
HUX PEYOBHH JI0 HABKOJIHIIHBOTO TOBITPSHOTO Ce-
penoBumia [2]. KOHCTpYKTHBHO BOHH BHKOPHCTO-
BYIOTBCSl TAKUM YMHOM. B370BX ABOX NMPOTHIIEK-
HUX OOPTIB BaHHY BCTAHOBIIIOKOTHCS IIIIMHHI BifIC-
MOKTyBaui. Hax HUMU pO3MIIIyIOTbCS TPUILTUBHI
TOPU30HTAJIBHI TUIOCKI MaTpyOku. /[BopiBHEBE IIe-
PEKPUTTSI 1O3BOJISE€ 3HAYHO 3MEHIINTH LIBUAKICTH
MOBITPsI B IOBEPXHEBOMY IIapi MOPIBHSHO 3 aKTHU-
BOBaHUMH BijicMOKTyBadamu. lIpu B3aemonii 3 mi-
HIMaJTbHOIO MIBHUAKICTIO TATCKOOIMHIX aCUMETPHY-
HUX TUIOCKMX CTPYMHUH CTBOPIOETHCS AWHAMiuHE
OTOPOKEHHS IJIS BCMOKTYBaHHS 3a0pyJHEHOTO
TIOBITPS 3 YTBOPEHOTO BHYTPIIIHBEOTO 00’ €MY.

Hapaszi BenMKoro momupeHHs Ajsl BUPILICHHS
3aBJlaHb aCPOJAMHAMIKM BEHTHJIAII, 30KpeMa s
PO3paxyHKy CTPYMHHHUX TeYiid 1 Tewidl moOmm3y
CTOKiB, po3pobneHi uncenbHi Metonu CFD mome-
moBanns (Computational Fluid Dynamics — oGurc-
JOBaJibHA TigpoMexaHika) [3-7 Ta iH.].

®opmyaroBaHHs wineii crarti. Metoro ganoi
po0OOTH € BU3HAYCHHS OCHOBHUX KUIBKICHHX CITiB-
BiJTHOIICHB AJIS BJIAIITYBaHHS MOBITPSIHO-CTPYMUH-
HOT OTOpOXi HaJ I3EPKAJIOM PiWHH, IO TPAITIOE B
PEXUMI TPaHUYHOTO BIIOBIIOBAHHA 32 JIOTIOMOTOIO
Metony CFD MozentoBaHHS.

Marepianau Ta MeToau. Y maHiii poOOTi po3Tiis-
JAETHCA TUTOCKA (JIBOBUMIpHA) 3a/1a4a IMpo B3a€EMO-
IO TIPUILTUBHUX CTPYMHH, 110 BUXOJSTH 13 BY3b-
KHX ILUTMHHUX OTBOPIB Y HAIPSIMKY OJHMH IPOTH OJI-
HOTO, Ta IIUIMHHUX CTOKIB ITiJ] HACAJIKaMH IPHII-
nuBy. Po3paxyHkoBa 00iacTh Teuil 0OMEKYEThCS
MOBEPXHEI0 JI3epKajia PiUHM Yy BaHHI, OOpraMu
BaHHU 1 YMOBHUMU MekaMu (puc. 1).

Po3zpaxynku BukxonyBanucs metonom CFD mns
BaHHU 3aBHIMPIIKU £ = 1,2 M. 3 1BOX OOKiB BaHHU
BJIAIITOBaHI aKTHBOBaHI OBITPSHO-CTPYMHUHHI OTO-

[PUILTIBHA
TITUTITHA

POIKEHHS Ha BCIO JIOBXKUHY BaHHU. Bucora mpur-
TUBHUX IIiTuH Oyma 3amada ds = 0,01 M, mo xapak-
TEPHO JJIsl TAKUX MPUCTPOTB 1 TO3BOJISIE PO3MIISAIATH
IUTOCKI TIPHUIUIMBHI CTPYMUHH SIK CTPYMUHH-IKE-
pena. BimeraHp Bim m3epkalia piIMHH IO OCi CHC-
TEMHU CTPYMHH-CTOKIB HE 3MIHIOBAJIACS
(d1 = 0,09 m). Bigcranp Mix OCSIMHU TPUTUIUBHHX 1
BIJICMOKTYBQJIbHUX IIUTMH 3MIiHIOBajdach y LIHUPO-
kux Mexax (dz = 0,05...0,7 m). Pa3om 3 miero Biac-
TaHHIO BIONOBIAHO 3MiHIOBajacs BHCOTa OOpPTIB
BaHHH.

[Ipu BUKOHAHHI YHCETHHUX PO3PAXYHKIB IIBHUI-
KICTh BUTIKaHHS NMPHUILTUBHOI CTPYMHHH BapiroBa-
Jack y Mexax v; = 3...15 m/c. Y cBolo uepry, mBu-
IOKICTb ~ BCMOKTYBaHHS  Oyra B Mexax
v2 =1,5...5 M/c. Takuii fiama3oH periaMeHTyBaBCs
0OMEKEHHSIM IIBUAKOCTI ITOTOKY TOBITPS [UIsl yHU-
KHEHHS BiZIpUBY YacTOK Ta 3MEHIIIEHHS TEIIOMACO-
00OMiHy Ha TIOBEPXHi PiTUHH.

Js po3B’si3aHHS 3a/1a91 3HAXOAUIIACS TaKa MiHi-
MaJIbHa BEJIMYMHA IIBUAKOCTI, 32 SKOI criocTepira-
€THCS MIOBHE BIIOBJIIOBAHHSI IIKIITTMBOCTEH 3 MOBEP-
XHi pifuHU BaHHA. MiHIMabHINA BeJTHMYWHI IITBUIKO-
CT1 BCMOKTYBaHHSI [IPH 3aJlaHii IIUPUHI CTOKY BiJ-
TMIOBi/Iae MiHIMaJIbHA BUTpATa MOBITPS, 10 BUAAJISA-
€ThCSI CTOKOM. Taka BUTpara MOBITps 3abe3mnedye
MIOBHE BJIOBJIIOBAaHHS 3a0pylHEHb, IO MOTpAIIs-
I0Th /IO MOBITPSIHO-CTPYMHUHHOTO €KpaHa i, B TOU ¥kKe
Yac € HalOIIbIl BUTINHOIO 32 EKCILTyaTalliitHUMHA
BUTpPATaMH.

[Ipo noBHe abo HEemoOBHE BIOBIIOBAHHS 3a0pyIl-
HEHb MOXKHA 3pOOUTH BUCHOBOK 3 KAPTHHU Teyil M0~
ONU3y UIUIMHHOTO CTOKY, IO MOMAETHCS y BUIIISIL
JiHiK Teuii (puc 2).

[Ipu moBHOMY TEPEKPHUTTI MOBEPXHI MPHUILIHB-
HUMU CTPYMHHAMH BCi JiHIi Tedii 3aMHUKaIOTHCS Ha
OTBOpaxX BCMOKTYBaHHsA. YacTKOBO BiJOyBaeThCs
MiICMOKTYBaHHS TIOBITPS 3 HaBKOJIMIIHBOTO cepe-
JIOBHIIIA.

v N
d,

/ v

dy HIi]II{HHI'[I"‘x /

CTIK

/r QHU B

\ / 6opTa
BAHHII

R S
TI3epPKATIo
PpUIHHI

Puc.1 Po3paxyHkoBa cxema MOBITPSITHO-CTPYMHHHOTO OTOPOIKEHHS BIZIKPUTOI IIOBEPXHI BETUKOPO3MIpHHUX BaHH
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JlocTaTHRO HE3HAUYHO 3MIHWUTH CIIiBBiTHOLIEHHS
IIBUIKOCTI IPUTUTABY 1 BCMOKTYBaHHS B OiK OCTaH-
HBOTO (Y po3paxyHKax mpuonm3ao Ha 3-5 %), 1 gac-
THHA NiHii Tewii Oyge HTH 10 MpoCTOpy 3a IIiIH-
HaMM BCMOKTYBAaHHSI, 1110 CB1TYNTh IIPO HEMIOBHE €K-
paHyBaHHS OBEPXHI PiTUHM.

TakuMm unHOM, TIpW 3aJaHiil reoMeTpuyHii ¢o-
pMi 1 po3mipax BaHHHM BapilOBaHHSM CIiBBiIHO-
LICHHS MIBUJKOCT] IPUILIUBY i BIZIICMOKTYBaHHS, a
TaKoXK, 3MIHEHHSM BIACTaHI MiX TPHUILUINBHAMH 1
BiJICMOKTYBQJIbHUMH IIIJIMHAMUA MOXHA TifiOparu
pPEeXHMH, IO BiANOBIJATUMYTH MOBHOMY BIIOBITIO-
BaHHIO MIKIIUTMBOCTEH TIpH MiHIMaIbHIA BHTpATI
MOBITPSI IPUIUIUBY I BiICMOKTYBaHHS.

[Ipu BUKOHAHHI YHCENBHUX PO3pPaxyHKIB 3aja-
Bajucs MexXi oOmacTi Tewii: HEMPOHWKHI TBEpIi
MEXi — IIe MOBEpPXHS JA3epKayia piguHd, OopTa
BaHHM, 30BHIIIHS TOBEPXHS LIUIMH MPUIUIABY 1
CTOKY; pO3paxyHKOBa 001acTb — NPAMOKYTHUH Ia-
panenemninen, o OXOILTIOE 30Hy OCHOBHOI Tedii.

Ha BinbHUX MekaX THCK MpUHAMAaBCs PIBHUM at-
MochepHOMY, a JIiHii Tedii CPsIMOBaHUMH TIEpIICH-
JUKYJSIPHO IMM MeXaM. Y IUIOIIMHI NPUILTUBHOTO
Ta BCMOKTYBaJbHOTO OTBOPIB 3a/1aBajMCs, BiJAIO-
BiJHO, 3HAYEHHS IIBUAKOCTI Vi 1 V2, M/c. HaBkomu-
IIHE Ta MPUIUIMBHE MOBITPS Mae TEMIEPATypy
T=293 K.

BukopucroByBanacs cTraHAapTHa k-€ MOJeINb
TypOyneHTHOCTi. BBaxkanocs, mo TypOyneHTHICTh
MOTOKIB TOPOIDKYETHCSI NPUIUIMBHUMU CTPyMU-
HaMH¥ 1 3aBUXPEHHSIMH Ha KyTaX TBEPAMX CTiHOK, a
30BHIIIIHI TOTOKH MTOBITPS, IO MiATIKAIOTH IO CTPY-
MHUH 1 10 OTBOPY BCMOKTYBaHHsI Ha BUIBHUX MEXax
o0JacTi po3paxyHKy, He TypOyJ1i30BaHi.

i mpoBeieHHsT YMCETBHOTO PO3B’SI3aHHS BCS
o0acTh Teuil MoKpUBaIacs pO3paxyHKOBOI CITKOIO.
[TotiM y X011i BUKOHaHHS O0YHCIIEHh TOYAaTKOBA Ci-
TKa apoOunacs. [Ipu npomy HalOibIIe APOOTICHHS
MIPOBOMIIOCS B 30HAX HAHOUTBIIMX 3MiH IIBUKOCTI
Tedii. B ocepeakax po3paxyHKOBOI CITKH BUpINTyBa-
Jlacsi CHCTeMa piBHSIHb TYpOYJIEHTHOTO pyXy 1 He-
PO3pUBHOCTI. Po3B’s13aHHSI BUKOHYBAJIOCH iTEpalliii-
HUM MeTojqoM. HeB’si3km iTepamiiHOTO MpoIecy
JUISL BCIX KOHTPOJIbOBAaHUX MapaMeTPiB pO3paxyHKy
(KOMITOHEHTH IIBUIKOCTI, HEPO3PUBHICTH IOTOKY,
XapaKTEepUCTHKH TYpOyIeHTHOCTI Teuii & Ta €) BcTa-
HoBmoBaaucs BeanunHowo 0,0001.

301HICTh PE3YABTATIB PO3PAXyHKY B XOIIi IPO0-
JICHHS PO3PaxyHKOBOI CITKM MOXKHA Oa4uTH 3 TUHA-
MIK{ 3MiHM XapakTepHoi BeanuuHH. Lliero Bemmuu-
HOIO MMpHUUAMAIIacs MOB3JIOBKHS CKIIAJI0Ba IIBHKO-
CTi MOTOKY B TOHIli, PO3TAIIOBAaHIA HA PiBHI BepXy
BCMOKTYBaJIbHOI IIIMHU 1 Ha Binctani 0,1 M Bifg

Hel. TouHiCTh PO3paxyHKy BBaXKanacsi JOCATHYTOIO,
SKIIO TTOB3IOBXKHS KOMIOHEHTA IMIBUAKOCTI B PO3-
PaxyHKOBI¥ TOUIlI B XO/i TOAPiOHEHHS CITKH HE 3Mi-
HIoBasacs OutkI Hixk Ha 0,5 % CBOTO MonepeIHLOro
3HAYEHHS, a KapTWHA TIOTOKIB Y BAIVISL JIiHIN Tedii
3aJIMILIAETHCS CTA0IIBHOIO.

[Ipu HeBenuKii BincTaHi MiXK OCSIMH MPUILIHB-
HUX 1 BigcMOKTyBambHUX IniuH (Big 0,01 mo
0,55 M) pUIIMBHI CTPYMUHH HE BCTUTAIOTH €Kpa-
HyBaTH TIOBEPXHIO DIAWHHU, a Bigpa3y BCMOKTY-
FOTBCHL.

JInst CTBOPEHHS! TPAHWYHOTO PEXHUMY BIIOBIIO-
BaHHS HEOOXIOHO 30UJIBIIUTHA BiICTAHb MIXK OCSIMHU
MPUIUITMBHUX OTBOPIB 1 OTBOPIB BiICMOKTYBaHHS
(Big 0,67 mo 0,75 M) npu 30epeKEeHHI CIiBBITHO-
IICHHS [IBHIKOCTI MPUIUIMBY W BiICMOKTYBaHHS.
[lpu Takomy pilIeHHI CTPYMWHH PO3BHBAIOTHCS
NPaKTUYHO B HAIPSIMKY TXHHOTO BHITYCKY 1 BiIXU-
JSFOTHCS B HAIIPSIMKY IO TOYOK BCMOKTYBAaHHS BiJl-
HOCHO IMITyIIBCY, SIKOTO BOHH OTPUMAJIH

Pe3ynbTaTn nociaigxkensb. XapakTepHi KApTHHU
MIOTOKIB Y PEXUMI TPAaHIMYHOTO BIOBIIOBAaHHS MiHi-
MaJIbHUMH BUTpaTaMy Y CTOKY MOBITPS NPEICTaB-
JieHi Ha puc. 2-7.

Maca HmIKiJJIMBUX BUKHAIB 3 BAHHH OLIHIOCTHCS
3a TIOTOKOM TeMIIepaTypH, SKOMY BiJllIOBilae 3Ha-
yenHs iHTerpany, m>-K/c, Big 1o6yTKy

X2
G =f v At dx,

X1

JIe 3HAYCHHS MTOB3I0BKHIX KOOPJIUHAT X1 1 X2, M, 00-
MEXYIOTb AIJISIHKH BEPXHBOTO 3pi3y BaHHHU, HA IKHX
3HAUEHHS BEPTHKAJIBHOI IBUAKOCTI V, M/C, TO3UTHU-
BHi. Came MTO3MTHBHI 3HAYEHHS IIBUIKOCTI v, M/C,
BH3HAYAKOTh TOTIK IIKI[UIMBHX TMapiB 3a Mexi
BaHHH.

BukoHaHi po3paxyHKH MOKa3yOTh, IO MPH (ik-
COBaHIM NMIBUAKOCTI BIJICMOKTYBaHHS Veuo = 1,5 M/C
¥ BapilOBaHHI HIBUAKOCTI MPUIUIMBHOTO TMOBITPS
Vipun = 0...15 M/c Maca MIKiIMBUX BUKUIIB Ta TeTl-
JIOBUI MOTIK OyayTh HaliMEHIIUMU
(G =0,498 m*-K/c) 3a yMOBHU BHIaJIcHHs 3a0py/IHE-
HOTO TOBITPS 31 MIBHAKICTIO Ve = 1,5 M/c 1 mpu
IIBUJIKOCTI MPUILTUBHOT CTPYMUHH Vipun = 11 M/cC.

TakuM YMHOM, TIpE/ICTABICHHI Marepial, OTpH-
MaHHM{ Ha OCHOBI YHCEIBHOTO JTOCIIKEHHS, CKJIa-
JIa€ OCHOBY OLJIBIII TOYHOTO METOLY PO3PaXyHKY TO-
IiOHUX MpUCTPOiB. BiH 103B0IIsIE O1BII TOBHO Bpa-
XOBYBaTH OCOOJIMBOCTI B3a€EMOJIi IJIOCKHX CTPY-
MUH 31 UUIMHHUMHU CTOKaMHM IMPH IXHBOMY PO3Ta-
IIyBaHHI TOOIU3Y JI3epKaJia PiJIMHU Y BaHHI.
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Puc. 2. ITone mBUIKOCTI HaZ BAHHOIO MPH
BiJICTaHI MiXk IIITHHAMH MIPUTOKY 1 BUIAICHHS 3= 0,7 M 3a
YMOB BUJIAJICHHsI 3a0pyXHEHOTO MOBITPS Veuo = 1,5 M/c 1
BIZICYTHOCTI NIPUIUIMBHOI CTPYMHHH Vypun = 0

Temperature (C)
24.074 28.155 32.236

Puc. 3. [Tone Temneparypu HaJ BAHHOIO IIPH
BiJICTaHI MiXk LIUTHHAMH MIPUTOKY 1 BunaneHHs d>=0,7 M 3a
YMOB BHIAJICHHS 3a0PYIHEHOTO TOBITPS Veuo = 1,5 M/C 1
BiZICYyTHOCTI IPUITMBHOI CTPYMHUHH Vipun = 0

=<

Velocity (m/5)
z X 0.000125849 2.1848 4.3696 6.5543 8.7390 10.924

Puc. 4. Tlose MIBUAKOCTI HaJl BAHHOIO TIPH
BiICTaHI M) IITMHAMHU NIPUIUTUBY i Bujanenns ds=0,7 M 3a
YMOB BHaJICHHs 3a0pyTHEHOT0 HOBITPS Veuo = 1,5 M/C i
BiZICYTHOCTI IPUILTHBHOL CTPYMUHH Vipun = 11 M/C

BucHoBku. MoneroBaHHs MiITBEPIUIO edeK-
THUBHY POOOTY MPUILIMBHO-BUTSHKHHUX JBOPIBHEBUX
OOpTOBUX BiJICMOKTYBA4iB JUISI BEIHKOPO3MIpPHUX
MIPOMUCIIOBUX BaHH. Lle 103BOIIsIE MPaKTHYHO TOB-
HICTIO JIIKBITyBaTH HAJAXOMKSHHSI K1 JIMBOCTEH J10

Puc. 5. Ilone Temneparypu HaJi BAHHOIO IIPH
BIJICTaH1 MIX LIUTHHAMH IIPUTOKY 1 BunaneHus d>=0,7 M 3a
YMOB BHUIAJICHHS 3a0pyAHEHOTO0 MOBITPA Veuo = 1,5 M/C 1
BIZICYTHOCTI IIPUIIMBHOI CTPYMUHH Vipun = 11 M/c

W - \ yg{ocmr im/s)

4.158 & 544 5,930

Puc. 6. [Tone mBUIKOCTI HaZ BaHHOIO MPH
BiJICTaHI MiX LIITMHAMH MIPUTOKY 1 BUnaneHas d>=0,7 M 3a
YMOB BHIAJICHHS 3a0pyAHEHOTO MOBITPS Veuo = 1,5 M/c 1
BIZICYTHOCTI NPUIUTUBHOI CTPYMHHH Vipun = 7 M/C

Puc. 7. Ilone Temneparypu HaJl BAHHOIO ITPU
Bi/ICTaHi MXK LIITMHAMU MPUILTUBY # BunaneHHs d>=0,7 M 3a
YMOB BHJAJICHHS 3a0pyIHEHOT0 HOBITPS Veuo = 1,5 M/C i
BIICYTHOCTI NPUIIIMBHOT CTPYMUHH Vipun = 7 M/C

po6ouoi 30HM. Y pe3yabTaTi OTpUMaHi KilbKiCHI Xa-
PaKTEpUCTUKH, IO OB’ S3YIOTh MapaMeTpH ILIOC-
KHX TPUTUIMBHUX CTPYMUH 1 IIUTMHHAX CTOKIB Y pe-
UM TPAaHUYHOT'O YJIOBIIIOBAaHHS.
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UccnepoBaHue ABYyXYypOBHEBOro BO34YLHO-CTPYWHOMO OorpaxneHus
OTKPbITOM NOBEPXHOCTU KPYNHOPa3MepPHbIX MPOMbILUSIEHHbIX BaHH

B. IN. Kop6yT !, C. I". PuiGayos ?

1.1, npod. KueBCKuii HAMOHAIBHBIN YHUBEPCUTET CTPOMTENLCTBA M apXUTEKTYPHI, . Kues, Ykpauna, predsedatel@emw.kiev.ua,
ORCID: 0000-0002-0831-2477

2 ac. KueBckuii HAMOHANBHBINA YHUBEPCUTET CTPOUTENBLCTBA U APXUTEKTYPEL, I. Kues, Ykpauna, 9599770@i.ua

Annomayus. B 6enmunsyuOHHOU NPAKMUKE HAX0O0SIM WUPOKOe NPUMEHEHUE B030VULHO-CMPYIHbLE 02PAICOEHUs], KOMOpble UC-
NOL3YIOMCsi OlisL OMOELeHUsL 30HbL ¢ ONA2ONPUSMHBIMU RAPAMEMPAMU OM 30HbL C MeHee ONa2ONPUSMHbIMU NAPAMempami
6030ywHOl cpedbl. Yawe 6ce2o NpUMeHsom 6030YUHO-CIMPYIHbIE 02PAICOCHUsL 8 POU3B00CBEHHbIX NoMeujeHusx. Bosdyui-
Hast NIOCKAsL cCmpyst OMOeJsient UCHOYHUK 8PEOHbIX blOEIeHUL 0N 6030YULHOT CPedbl NOMEUeHUsL, 4 MAKIICe MPAHCROPMUPYem
6pedHocmu, nonasuiue 8 6030YUHbLI NOMOK, K Mecnty ux ynagausanus. Ilo makomy npunyuny pabomaem MHO20 PA3HOGUOHO-
cmetl aKmusuposantvix mecmuvix omcocog. Celinac 601vuloe pacnpocmpanenue 0as peueHuss 3a0ay aspoOUHAMUKY 6EHIMU-
JAYUU, 8 YACMHOCMU OISl pACUEMA CIMPYUHBIX MedeHUll U MmeYyeHUull 601U3U CMOK08, NOTyuUuLU yucienuvie memoovt CED mode-
nuposanus (Computational Fluid Dynamics). L]envio signsiemcs onpedenenue 0CHOBHbIX KOIUYECBEHHbIX COOMHOWEHU 05l
YCmpoucmea 6030YULHO-CMPYIUHO20 0ZPAACOEHUsl HAO 3ePKATIOM HCUOKOCU, pAbOmMaouwe2o 8 pexicume npeoeibHo20 Yiasiu-
eanus ¢ nomowwto memooa CFD mooenuposanus. Paccmampusaemesi 066émMHas 3a0aua 0 83aumo0eicmeuu npumoyHslx
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cmpyl, 8bIX00AWUX U3 V3KUX UjeNeblX OMEEPCmull 8 HanpasieHuy opye npomue opyea u ujeresvix Cmokos nood Hacaokamu
npumoka. Pacuémmuas obnacme meueHus 02panutueaemcs no8epXHOCmbIO 3epKaid 800bl 6 6aHHe, 6OPMAMU BAHHBL U YCII06-
HBLMU 2panuyamu Hao éannou. Mcnonvsosanace cmanoapmuasn k-e-mooenv mypoynenmuoix nomoxos. Cuumanocs, umo myp-
OYNIeHMHOCIb NOPOACOAEMCS NPUMOYHIMU CIMPYAMU U 3A6UXPEHUAMU HA Y2Nax MeEpObiX CMEHOK, d 6HeulHUe NOMOKY Noo-
mekatowe20 8030yxXa K CIMpysam U K OMeepCmuio 6Cacbléanus He mypoynusuposanul. [lonyuenvt nois pacnpedenenus memnepa-
Mypbl U CKOPOCMU B030YULHBIX NOMOKOE 0I5 SIKPAHUPOBAHUS 3epKAaNa 6aHHbl. TaKce YMouHeHO cOOMHOWEHUEe PAcX0008 NPU-
MOYHO20 U OMCACHIBAEMO20 8030yXa 0Jisk Hauboiee IhPeKkmusH020 YIaeIueaHus. 6PeOHOCHell.

Kurouesvie crnosa: 6opmosoii omcoc, 08yXyposHesblii omcoc, pacnpedeienue KOHYeHmpayuu, KOMNbio-
mepHoe MOOenupogaHue.

UDC 697.92

Investigation of Two-Level Air-Jet Fencing of Open Surface of Large-Sized
Industrial Baths

V. P. Korbut!, S. G. Rybachov?

ISc.D, professor. National University of Construction and Architecture, City Kiev, Ukraine, predsedatel @emw.kiev.ua, ORCID: 0000-
0002-0831-2477

2 assistant Kyiv National University of Civil Engineering and Architecture, Kyiv, Ukraine, 9599770@ji.ua

In ventilation practice, air-jet fences are widely used, which are used to separate a zone with favourable parameters from a
zone with less favourable air parameters. Most often, air-jet fences are used in industrial premises. An air flat jet separates
the source of harmful emissions from the air in the room, and conveys the hazards that get into the air stream to the point of
their capture. According to this principle, there are many different types of activated local suction. Numerical methods of CFD
modelling (Computational Fluid Dynamics) have now become widespread for solving the problems of aerodynamics of venti-

lation, in particular, for the calculation of jet flows and flows around drains. The aim is to determine the basic quantitative

relationships for the air-jet fencing device above the liquid mirror operating in the limit-capture mode, using the CFD simula-

tion method. We consider a volumetric problem of the interaction of supply jets from narrow slot holes in the direction opposite
to each other and the drain slots under the inlet ones. The calculated flow area is limited by the surface of the water mirror in

the bath, the sides of the bath and the conditional boundaries above the bath. The standard k-¢ model of turbulence was used.

It was assumed that the supply jets and vortices at the corners of the solid walls generate turbulence. The external flows of the
flowing air to the jets do not take part in the turbulence generation. Fields of distribution of temperature and velocity of air
streams for shielding the bath mirror are obtained. The ratio of supply air and air, which is sucked away, for the most efficient
collection of harmful substances, is also specified.

Keywords: board suction, two-level suction, concentration distribution, temperature distribution, com-
puter simulation.

Haniiinmma no penakiii / Received 26.03.2018
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YOK 697.91
Po3paxyHKOBi napamMeTpu oxonoaxyBanbHOro nepiogy B YKpaiHi

O. M. MoGapeLp '

1

K.T.H., Tpod. KuiBchkuii HaioHaNbHUI yHIBepcUTET OymiBHUITBA i apXiTekTypH, M. KuiB, Ykpaina, apl_knuba@ukr.net,

ORCID:0000-0003-1905-

Anomayis. 3 memoio 3a6e3neuents NOGHOMU NOYAMKOBUX OAHUX NPU NPOEKMYBAHHI cucmem 6eHMUIAYIL, KOHOUYIOHYGAHHS
nosimps il nosepxHec020 0X0N00JICeHHA npuminjeny ma Oydicens 3 nesnaunumu (00 10 Bm/m?) mennonadxodocenusmu
BUBHAUEHO B8010208MICII AMMOCPHEPHO20 NOGIMPA 8 TUNHI 015l 0OnacHux micm Ykpainu Ha niocmasi ananimuunoi obpodKu
HOPMAMUBHUX OAHUX KIIMAMUUHUX napamempis. Busnaueno 3HA4eHHs 6010206MICHy, XAPaKmMepHux memnepamyp, Oamu
NOYAMKY Ma 3aKIHYEHH Nepiody OXON0ONCEHHS CYKYNHO 3 THUUMU HOPMATMUBHUMU KIIMAMUYHUMU NAPAMEMPAMU 32I0HO 3
JICTY-H B B.1.1-27:2010. Bonu moocyms Oymu 6uxopucmati O NPOEKmy8anHs ma OYIHKU MICIYHO20, CE30HH020 mad
PDIUHO20 eHepeOCnodiCUBANHs cucmemamy 3a06e3nedents MIKpOKIIMamy npumiujenb, CRPOUjeHHs MemOOUKU PO3PAXYHKY
EHeP2OCNONCUBAHHS HA NOMPEOU OXONOO0IHCEHHS MA KOHOUYLoHY6anHsa nogimps 32iono 3 JJCTY b A.2.2-12:2015. [Ipedcmasneni
damu noYamKy ma 3aKiH4eHHs: nepiody OXON00NCEHH S, AHALOLIYHO 00 Oam NOYAMKY U 3aKIHUEeHHs. ONAIBAIbHO20 nepiody. Lfi
damu 003801smb 3abe3neuumu NIAHOGICMb NI020MOGKU THXHCEHepHUX cucmem 0yoieenb 00 iXxHbol ce30HHOI excniyamayii
mowo. Ha niocmasi 3anponoHo8anoi memnepamypHo-200UHHOI XApaKmepucmuku nepiooy OXON0OHNCEHHS HABOOUMbCSL
8i0N0BIOHUL petimune 001ACHUX YeHmpie YKpainu, AKull Modce Xapakmepusygamu o0cse eumpam Ha NOmpeodu 0X0N00HCEeHHs
npuminjens i 6yoieenv. Ompumani mabauuui 0aHi peKOMeHOYIOMbCs 00 WUPOKO20 BXHCUMKY 68 NPAKMUYL NPOEKMY8aHHA ma

excniyamayii cucmem 3a0e3nedeHHs MiKpoKiimamy

Kniouosi cnosa: napamempu 306HiuiHb020 NOGIMPsl, OXON00ACYBATLHULL NEPIOO, penpe3eHmamueHi
damu, cepeOHs memnepamypa, cepeoriil 010208MiCHI.

Beryn. BrpoBamkenHs B Ykpaini eBporeiich-
KHX HOPM B 00JTaCTi IPOEKTYBaHHS Ta eHeproedek-
THUBHOI eKCIUTyaTalii ilKeHepHUX CUCTEM 3abes3re-
YeHHS MIKpOKJIiMaTy OyniBeib MOTpeOye HasIBHOCTI
BIJIMOBITHUX KITIMATUYHAX XapaKTEPUCTHK TEpio-
JIIB OMNAaJICHHS Ta OXOJNOMmKeHHS. L[i JaHHI MICTATH
CepeIHLOCTATHCTHYHI ab0 penpe3eHTaTHBHI Mapa-
METPH, SIKUMH € JaTH NIOYaTKy Ta 3aKiHYEHHS 3a3Ha-
YeHHX MepioliB, IXHS TOINWHHA Ta MICSYHA TPUBA-
JCTh, CepelHhO-CE30HHA Ta PO3paxyHKOBa TEMIIe-
patypa, eHTaJbIIis, a0COIOTHA BOJIOTICTh 30BHIIII-
HBOTO TOBITPS ONATIOBAJIEHOIO Ta OXOJIOIKYBaJIb-
HOTO IEPiOJiB.

IcropuuHo ckmanocs Tak, M0 B PajsHCHKI Ta
MTOCT-PaJITHCHKI YacH BC1 HOPMATHBHI JJOKYMEHTH B
VYkpaiHi 3 Oyz1iBesbHOT KINIMAaTOJIOT1] Ta HOPMYBaHHS
KiiMatHuHUX cucteM [1-3] 'y ngocratHii  Mipi
XapakTepu3yBalyl JIMIIE ONAJIOBANbHUI mepion, i
TO JIMIIE AJISl TPOEKTYBaHHS CUCTEM OIIaJICHHSI.

AKTyaJabHicTh g0caigxenns. Ha moMeHT Ha-
MUCaHHS J]aHO1 CTaTTi B YMHHUX B YKpaiHi HOpMa-
TUBHUX JOKyMEHTax [2, 3, 4] He HaBeIeHO HEOOXi-
HOT KIJIBKOCTI MapaMeTpiB (MiHIMaIbHO — JBa), IO
JIO3BOJIMIIM O BH3HAUUTH TIOJIOKEHHS XapaKTEepHOI
TOYKH 30BHILIHBOTO MOBiTPs Ha I-d — miarpami ans
PO3paxyHKiB CUCTEM BEHTWISILI1, KOHAWLIOHYBaHHS
MOBITPSL  Ta pajialiiHO-IOBEPXHEBOTO  OXOJIO-
JokeHHs. PazoMm 3 ThM, HaBeneHi B Tabnwumi 24 [2]
JlaHi PO CEpPEIHbOMICAYHY BiIHOCHY BOJIOTICTS i ii
N000BY aMIUTITYAy HallaloTh MOXJIMBICTh BH3HA-
YHUTHU CEPETHbOMICSIHE 3HAYCHHS BOJIOTOBMICTY ar-
MOC(EpHOro MoBiTPsI B JIMMHI (HaibKapKiuil po3-
PaxyHKOBHH MicCsLb POKY).

3 ypaxyBaHHSM TOTO, III0 BOJIOTOBMICT HOBITPS
d, T/Kr, Ha BiAMIiHY BiJl BiTHOCHO{ BoyIorocTi ¢, %, €
ORI CTAJNIOI0 BEJIMYMHOIO 1 Maiike He 3aJIe)KUTh
BiJl JOOOBUX KOJMBAaHb TEMIIEPATYPH, OTPUMAHE ce-
PeAHBOMICSIYHE 3HAYEHHS BOJIOTOBMICTY MOXKHA
NPUIHATH SK PO3PaXyHKOBE ISl BU3HAYCHHS Mapa-
METpIB 30BHINIHBOTO TOBITPS NpPU NPOEKTYBaHHI
CHCTEM BEHTWIALIT, OXOJO/DKSHHS Ta KOHIUIIOHY-
BaHHs ToBiTps. Lle M03BONUTH pazoMm 3 BiIMOBIiA-
HOIO PO3PaxyHKOBOK) TEMIIEPATYPOIO 30BHIIITHHOTO
TIOBITPSI JIJIs1 MPOCKTYBAHHS BEHTUJIAIIIT Ta KOHIMIII-
OHYBaHHsI TIOBiTps Bu3HauaTH Ha [-d miarpami xapa-
KTEpHI TOYKH JUTS TPOBEJICHHS Tpado-aHaTI THIHNX
oOuHCIIeHb Ta MOOY/IOBH MPOIECiB 00POOKH TOBi-
TpSI.

Ha mincraei qanux tabmuis A3 ta A6 [4] crae
TaKOK MOKJIIBAM BU3HAYEHHS JIaTH TI0YATKy Ta 3a-
KiHYEHHS TIEPioly OXOJOIKEHHS IPU JOTPUMaHi 3a-
rajgbHOI TOAWHHOT TPUBAJIOCTI MEPIOy, a TAKOXK PO-
3paxyBaTd CEepeNiHI0 TeMIleparypy, MiCSYHy Ta JI0-
0OBy TpHUBAIICTh mepioAy oxonomkeHHs. [lepeii-
YeHi nmapaMeTpH HeoOXiIHi AJsl BU3HAUEHHS eHep-
TOCTIO)KMBaHHS CHUCTEMaMH KOH/IUI[IOHyBaHHS TIOBi-
TPsI T MAHEITLHOTO OXOJIO/KCHHS TIPH OLIHII eHep-
retnuHoi edeKTHUBHOCTI OyxiBensb 3rigHo 3 [4]. ¥V
MOAANBIIOMY 1€ J03BOJHUTH 3alPOIOHYBATH CIIPO-
IICHI EeKCIPEeC-METOJMKH JUIi TEXHIKO-€KOHOMiY-
HOTO TIOPIBHSHHS OOJaHAHHS Ta CHUCTEM OXOJIO-
JDKEHHS B )KUTIIOBUX, OQICHUX Ta 1HIIMX IPOMAJICh-
Kux OymiBnsx 3 HesHaunumu (10 10 Br/m?) BHyTpi-
IIHIMU HaJIXO/KSHHSMH TETUIOTH.

OcranHi jpocaimkenHss Tta myOaikanii. Ilo-
HATTS TEpioAy OXOJODKEHHS 3’SBUIIOCS JIUILE B
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m.3.33 IBH B.2.5-67:2013 [3] i € TakuM, 11O HE A0-
3BOJISIE BU3HAYUTH XapaKTEpHI MapaMeTpH Hepiomy.
Tomy B m.15.3.4 Ta gomatky A JACTY b A.2.2-
12:2015 [4] Oynmm HajgaHi yTOYHIOBaJbHE BH3HA-
YeHHSI MTePioAy OXOJIOPKEHHS Ta OJATKOBI KiliMa-
THYHI XapakTepucTuku. OqHaK BOHU HE € JOCTar-
HIMHU JUISI BU3HAUEHHS KOOPAMHAT TOYKH 30BHIII-
HBOTO MOBITps Ha [-d —nmiarpami.

Ha manuit MOMEHT 3TigHO 3 YNHHUMH HOPMATH-
BHHMH TTOJIOKCHHSIMH IIIOZO0 MEPiOAY OXOJIOKEHHS
npu 3a0e3MeueHHi CaHiTapHO-TIri€HIYHUX HOPM Ha
ONTUMAFHOMY DiBHI B NPUMIIICHHAX OyiBenb 3
HE3HAaYHWMH, SK TMPaBWiIo, NOOyTOBUMHU (10
10 Br/M?) TemnoHaaXxoKEHHAMH, CIIifl BiIHOCHTH
nepiof POKy B TOAMHAX 3 TEMIEPaTypolo 30BHII-
HbOTO TIOBiTps MoHax Oc= 21 °C. IIpu pomy Tem-
nepaTypa BHYTPIIIHBOTO MOBITPS B IIMX MPHUMIIIICH-
HsX Oyae JocsiraTh BEpXHBbOI MEXi TeMIeparypH
MIPH ONTHUMAIIEHOMY PiBHI YMOB 3a0€31e4eHHS MiK-
poxutiMaTy — Ha piBHI 26 °C.

VY rabmuni goxatky A.3 Tta A.6 [4] Boepiie Ha-
BEJICHO IOTOAWHHY 3MiHY TEeMIIepaTypu 30BHIII-
HBOTO TIOBITPSI 32 PENpPe3eHTATUBHUMU (XapaKTep-
HUX) AHAMH MICSIIB Ta PO3PaxXyHKOBY TOIUHHY
TPHUBAJICTh Tepiofy oxono/mkeHHsa. [Ipuiimemo
TIPUITYIIEHHS, IO PETPE3eHTATHBHI JTHI MiCAIISA 3HA-
XOIAThesl B Horo cepenuni (15 uncna). Toni inTep-
MOJISLI€I0 32 TaOMHIIEI0 TTOTOJMHHOT 3MiHH TeMIIe-
parypu 30BHIMHKOTO TOBITPSA A.3 [4] MOXHA BH-
3HAYHUTH XapaKkTepHY 3MiHY JAEHHOI TeMIlepaTrypu B
MepioJ] OXOJIOPKEHHS.

®opmyaoBaHHA wiseil crarri. Y npaHii po-
00Ti Oyna mocTaBieHa 3aa4a OIMUCY 3arporoHOBa-
HOTO aBTOPOM BapiaHTy BU3HAUCHHS OCHOBHUX Ia-
paMeTpiB 30BHINIHLOTO MOBITPSI Ta HABSICHHS TXHIX
PO3paxyHKOBHX 3HAYEHb IS IIPOSKTYyBaHHS KiliMa-
THYHHUX CHCTEM Yy TEpioJ OXOJOKEHHS Ta OpraHi-
3allii IXHbOT MOJATBINOT eKCILTyaTallii, a came: Mics-
YHOI TPUBAIOCTI L¢, MiC, TIepiofy OXOJIOMKESHHS,
JaTH ITOYATKy Ta 3aKiHYEHHS epioy, CepeTHbOT Te-
MITEpaTypH Tepiony oxoomkenus 0. ¢ , °C, Ta ce-
PEIAHBOMICSIYHOTO BOJIOTOBMICTY B JIUIHI d 7, T/KT.
Pa3oM 3 THM IOLUIBHO TAKOXK BU3HAYUTH KIJIBKICTH
rpaayco-rofuH mnepiomy oxonomkenus 70, °C-rom,
110 32 aHAJIOTIEFO 10 OTIATFOBATILHOTO ITEPi0/ly MOXKE
XapaKTepu3yBaTH BiAMOBIIHUIA PEUTHUHT OOJIACHUX
LEHTPiB YKpaiHH.

OcHoBHa yactuHa. Ha migcrasi KiIiMaTHYHHAX
nanux, HaBeaenux y JACTY b A.2.2-12:2015, npo-
MMOHYETHCS 32 HIKYE ONMUCAHOK METOAMKOIO BH3HA-
YUTH HACTYITHI MapaMeTpH, 10 B MOBHIH Mipi Oy-
IyTh XapaKTepPU3yBaTH MEPioNl OXOJOMKEHHS s
MPUMIILIEHb 3 HE3HAYHUMHM TEIUIOHAIXO/KCHHIMHU:
v/ KiIBKIiCTh FOMH Ha PENPE3EHTATUBHY 100y IS

KOXXHOT'O MicAlLsl, roj/n06a, KoJu TeMIiepaTrypa

30BHIIIHBOTO MOBiTPs mepesuinye 21 °C — Bu-
3HAYaEMO 1HTEPITOJIAIIEIO 3a TaHUMHU Ta0lr. A.3
[TOTOJMHHOI TEMIepaTypHu 30BHIITHHOTO MOBi-
TPS PENPE3CHTATUBHOIO JHS Micsls [4];
KUTBKICTB, i6/Mic, 0 y MicAlli 3 TeMIepary-
pOr0 30BHIMTHLOTO MOBITPs ToHaxR 21 °C — Bu-
3HAYAEMO 32 YMOBH 30€peXeHHS HOPMaTUBHOI
TOIMHHOT TPHUBAJIOCTI TEPIOLY OXOJIOIKEHHS,
sIKa HABOZUTRCS y Tabmwi A.6 [4];

YaCTKY MICSIIIB TETUIOTO TEPioAy POKY, IO Ha-
JISKUTH TIEPiOAy OXOJIOKEHHs, 3 JOOOBOIO Ta
TOIMHHOIO 023010 BU3HAYEHHS — BU3HAYAEMO 32
BiMTOBIAHUMU (HOPMYIIAMHU:

fC,m :DC,m/Dm, (1)

ne Dcm — KUTBKICTB 0 Y MiCSIIi 72 3 TIOTOIMH-
HOIO TEMIIEPaTypOIO 30BHIIIHBOTO MOBITPS, IO
[IEPEBUIILyE€ TIOYATKOBY TeMIIeparypy Mepiomy
OXOJIOJDKCHHS JUISI PO3PaxyHKOBOTO IPHUMi-
mieHHs (21 °C — mias npuMileHp 0e3 3HaYHUX
TEIJIOHAIXOKEHb); [, — 3arajbHa KUJIBKICTh
Ii6 y micsi m. 3rigao 3 popmymnoro (75) [4] mi-
CsiYHA TPUBATICTH TEPIOAY OXONOMKEHHS L,
MiC, BU3HAYAETHCA K CyMa YaCTOK MICSIIIB, IO
MTOBHICTIO 200 YaCTKOBO HAJIXKATh JI0 TEPiofy.
Otpumanuil mapameTp Lc BUKOPHUCTOBYETHCS
IpY OLIHII eHepreTHYHoi eheKTUBHOCTI Oy/Ii-
BeJb Ui 3HAYHOI KUIBKOCTI MPUMIIIEHb (30H,
OyaiBesib) 13 HE3HAYHUMM TEIUIOHAIXO/DKCH-
HSMU;

penpe3eHTaTUBHI JaTH TIOYaTKy Ta 3aBEePIICHHS
IIepioy OXOJOKEHHS — BU3HAYAEMO 1HTEPITO-
JsIiero 3a qaHumu Taon. A.3 [4] npu dikcarii
penpe3eHTaTUBHOI JaTh Micsis 15 uncna;
CEepeqHI0  TeMmIleparypy TMepiomy  OXoJjo-
JokeHHs1, °C, — BU3HaYaeMO SIK CEPEIHBO 1HTET-
pajbHE 3HAUEHHS CTOSIHHS TEMIIepaTypH, IO
niepesuinye 21 °C 3a qaauvu tabn. A.3 [4]:

0'cc = ([ 0eedt)/(t, — 1), 2

ne 0., — moToyHa Temreparypa 30BHIIIHBOIO
MOBITPsI B MOMEHT Hacy f, rofl, 3rigHo Tadi. A.3
[4], °C; t; Ta t; — wac, TOq, BIATIOBIAHO, MIOYATKY
Ta 3aKiHYCHHS Nepiofy OXOJOMKECHHS MpOTS-
roMm a00u (00O0BHIA IHTEPBAII 3 TEMIIEPATYPOIO
30BHINIHBOTO TMOBITPS, IO MEPEBUIIYE T10YAT-
KOBY TeMIIepaTypy Mepiojy OXOJIOMKSHHS IS
po3paxyakoBoro mpumimennas (21 °C — mis
MpUMIIeHb 0e3 3HAYHUX TETUIOHAIXO/KEHBD).

PO3PaxyHKOBUH BOJIOTOBMICT, I/KI, 30BHIIII-
HBOTO TOBITPS JIs TPOEKTYBAHHS KIIIMAaTHIHUX
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CHCTEM B TEIUIMH Nepiof pOKY Ta Mepio 0X0J0-
JUKCHHS — BU3HAUYA€MO Ha MmicTaBi [3] sk cepe-
THiI BOJIOTOBMICT Y JIUIIHI 32 BiJJOMOIO 3aJIeK-

HICTIO:
doe=dy; =622 —
e, — WUe7 — 100B_, ° (3)
Pey H

JI€ Qe y — CEPENHS BiTHOCHA BOJIOTIiCTh Yy JIH-
mHi, %, B — Oapomerpuunuii THCK, lla;
Ppy; — mapriiansHU THCK HacH4eHOI mapw, [1a.
v TOOMHO-TEMIIEPATYPHY XapaKTEPUCTUKY IIEpi-
OJTy OXOJIOJIXKEHHSI JIJIs1 O0JIACHUX LIEHTPIB YKpa-
fHM — 0oOuMCIIOEMO 3a (OPMYIIOI0, aHAJIOTIU-
HOIO 70 BHW3HAYEHHA KUIBKOCTI Tpamyco-mid
OTIATIOBAILHOTO ce30Hy, °C-Tox:

79 = (9 'e,c - e'e,c)'Tc. (4)
Ha mincTaBi MOpiBHAHHS 3HAY€Hb TPajyco-To-
IuH OyB BU3HAUEHUI PEHUTHHT OCHOBHHX MICT YK-
paiHu, SIKUH MOXKE XapaKTepU3yBaTh CTYIIHb «CIie-
KOTHOCTI» KIIMaTHYHHX YMOB Y PErioHi Ta piBeHb
BHUTpPATH €HEPrii Ha OXOJIIOKEHHS 00’ €KTIB.

Onucani OCHOBHI TeMIIEpaTypHO-4acoOBi mapa-
METPH, IO XapaKTePHU3YIOTh MEPioJ] OXONOMKEHHS
NPUMIIIEHb 3 HE3HAYHUMHU TEIUIOHAIXOMKCHHIMHU
Ui OONacHUX IEHTPiB YKpaiHW, HaBeOeHI B
Tadm. 1.

VY BuUINaJIKy MPHCYTHOCTI SBHUX TEIUIOHAIXO-
JUKEHB BiJ 1HCOMALIT, TEXHOJIOTTYHOro 00J1aHAHHS,
3HAYHOI IIUILHOCTI JIFOZEH, TOIO, MEPEBUIICHHS
BEpXHBOT Mexi Temrieparypu B 26 °C Oyae mocsr-
HYTO TIpW OUIBII HU3BKIH TemmepaTypi 30BHIlI-
HbOTO TIoBiTps HiXk 21 °C. Lle mpu3BoANUTE 10 3011h-
LICHHS] TPUBAJIOCTI Ta 3MiHW JIaT TIOYATKy W 3aKiH-
YEHHS NepioAy OXOJIOKEHHS Ta 1HIIMX XapakTep-
HUX A7 nepiofy mapaMeTpiB. Y mepiioMy HaOmu-
JKEHI JUIS [TUX TPUMIIICHB 1 Oy/TiBEJb 30BHIIIHIO Te-
MIIEPATYPY, 110 XapaKTePU3Y€ MOYATOK 1 3aKIHUCHHS
Nepioy OXOJIODKEHHs, MOJKHA BU3HAYUTHU 3a (Hop-
MYJIOFO

6C,<D = eint,max - 2@),/ (Htr,ac{i + HV,udj), (5)

ne 0co— po3paxyHKOBa 30BHIITHS TEMIEpaTypa mo-
YaTKy Ta 3aKiHYE€HHS MePioAy OXOJIOMKEHHS TPHMi-
meHb (30HU, OyiBNi) 3 HASIBHUMH TEILIOHAIXO-
TokeHHsIMH, °C; 2D; — cyMapHe 3HaYeHHS TeIUIOHA-
IXODKeHb N0 TpuMimieHb (30HH, Oymiemi), BT;
Qint,max — MaKCUMaJIbHE PO3PAXyHKOBE 3HAUCHHS Te-
MITEpPaTypy BHYTPIIIHBOTO TMOBITPS 33 ONTHUMAJb-
HUX YMOB 3a0e3mnedeHHs Mikpokiimary [3, [14], °C;
Hy.uqj = Hrix — TpaHCMICiiTHA XapaKTepUCTHKA TIPH-
MilIeHHs (30HH, OymiBii), IO OXOJIOJKY€EThCS (3a-
rajxbHAN KOe(]IieHT TeTIONepeHOCy TPAHCMICI€I0)
[4, m.8.2.1.1; 5, m.6.3.2.1]), B1/°C; Hyeuqj— BeHTH-
JsIiiiHA XapaKTepUCTHKA NpUMIiIeHHs (30HH, Oyli-
BJi), IO OXOJOIKYETHCS (3arajibHUK Koe(ilieHT
TeionepeHocy BeHTwALiew0) [4, 1m.9.2.1.1]),
Bt/°C.

Cuij BIAMITHTH, 1110 33 HASBHOCTI TIILKY HE3HA-
YHUX TEIIOHAAXOmKeHb (10 10 B1/M?) 3HaucHHS
TEMIIepaTypH IMOYaTKy Mepiofy OXONOKEHHS 3a
dhopmyroro (5) Oyme B MekaX HOPMATHBHOTO 3Ha-
gerHs (21°C):

9c,@=26—(1014)/(]‘]madj‘f‘HV,adj)z2l =0c. (6)
BucHoBku. 3anpornoHoBaHi  pe3yibTaTH
AaHANTHYHUX  JIOCH/DKEHb  MOXYTh  OyTH
BUKOPHCTaHI IS MIPOEKTYBAHHS CHCTEM
BEHTWIAMII, KOHIWI[IOHYBaHHS  TOBITpA  Ta
MIOBEPXHEBOTO OXOJIOKEHHS, BU3HAYCHHS
EHEProCIIOKUBAHHSA  CHUCTEM  KOHJIMIIOHYBaHHS

MIOBITPS Ta MAHEJIHFHOTO OXOJIO/KEHHS TP OIIiHII
eHepreTnyHOi e(heKTHBHOCTI 00’€kTiB. Bu3HaueHi
pENpe3CHTATUBHI JIaTH TI0YaTKy Ta 3aKiHYCHHS
NEPIOAY OXOJIOMKEHHS JO3BOJISATH 3a0e3MeYUTH

IUIAHOBICTh  IMJTOTOBKM Ta  OOCIYyrOBYBaHHS
BIJINIOBITHUX 1HKCHEPHUX CHUCTEM.
I[lepcneKTHBH  MOAAJNBIIAX  TOCTiIKEHb.

BuknaseHuii anroputM BH3HAYCHHS MNapameTpiB
MEePioly OXOJIO/PKEHHS MOXE OYTH 3aCTOCOBAaHUIA
JUISL PO3PaxyHKIB MapaMeTpiB O0XOJIOKYBaIbHUX

repiofiB JUTA 00’€exTiB 13 3HAYHUMHA
TEIUIOHAIXO/DKCHHSAMHU  Ta  PO3POOKH  IHIIMX
METOIUK.
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Tabnuys 1.
Penpe3eHTaTHBHI IapaMeTpH NePiofy 0X0JI0[KeHHsI B YKpaiHi
Micto | Penpesenta- | Tem- | Ne | Ce- | Cepe- Temmieparypa 30BHim- | Bonoro-
TUBHI 1aTh | mepa- | y |pena-| aus | TpuBamicTs mepi- | HbOTO MOBITPA AJISt pO3- | BMICT y
MOYaTKy Ta | Typ- | peli- | HA |BiIHO-| OAY OXOJO/KEH- | PaXyHKY MIKpOKITIMATH- | JIUITHI
3aKiHYEHHS | HO-TO- | THH- | TEM- | CHa HA gHuX cucteM [2], °C | (BeHTH-
nepiogy |JIMHHa| Ty | Ie- | BOJIO- | HOp- | JO- | Mi- |HaibKapkima | Haibkap- | JIALis,
Xapak- pa- | rictb | mMa- | 6o- | cau- | go0Oa 3a0e3- | Kima 1m’si- | KOHIH-
Tepuc- Typa | mepio- | TMB- | Ba, | Ha | MEYEHICTIO | TUAEHKA | MIOHY-
THKA nepi-| Ay Ha | mi6 | Lc, 0,95 0., | 3abe3me- | BaHHA
nepio- ony | 9ec, | [4], Mic | (KOHAHMIO- | YEHICTIO | TOBI-
ny 19, 0%c,| % | Tc HyBaHHs o- | 0,99 0. | Tps)
°C-ron °C roa BITpsL, OXO- |(BEHTHISA- | de,7, T/KT
JIO/I>KEHHS) 11is)

1 2 3 4 5 6 7 8 9 10 11 12 13
Binnumsg | 0206|3108 | 1416 | 6 |23,3| 55 | 614 | 81 |2,64 27 23 10,3
Huinmpo | 1305|1409 | 3712 | 20 |24,2| 46 |1156| 124 | 4,05 30 26 10,3
Jonenpk | 18.05[10.09| 2288 | 13 233 | 46 |1008] 115 |3.,75 30 26 9,9
XKuromup| 01.06 [03.09| 1338 | 5 [234| 56 | 552 | 78 |2,54 27 23 10,1
ii{“"p”‘" 0305|1709 | 4419 | 23 |24,5| 47 [1277| 127 | 4,14 30 26 10,9
IBano-
dpan- 03.06 (0209 1552 | 9 [242| 59 |484 | 68 [221 27 22 10,3
KIBCBK
Kuis 2505|2908 | 1285 | 4 |22,7| 54 | 740 | 84 |2,74 28 23 10,2
Kpomms- | 140511209 | 1587 | 10 |22,6| 45 | 992 | 121 |3,95 29 25 10,1
HHUIBKU
Jlyrancek | 08.05 | 17.09 | 5458 | 25 |254| 43 |1254| 128 | 4,18 30 26 10,4
Jlyupk 03.06 (2908 | 1478 | 8 |23,8| 57 |526| 78 |2,54 27 23 10,2
JIsBiB 1106|2508 ] 2008 | 11 [26,5]| 60 | 368 | 75 |2,44 27 23 9,9
?;IHK"“' 1105 (2009 | 3879 | 21 |23,9| 45 |1342] 125 | 4,08 30 25 10,5
Opneca 01.06 | 1409 | 4031 | 22 |24,7| 57 |1075| 88 |2,87 29 25 11,1
IMTonraBa | 17.05[07.09| 3106 | 19 [244| 49 |[909 | 91 [2,97 29 25 10,2
PiBHe 0506|2708 | 1172 | 3 |23,5| 58 |474| 73 |2,38 27 23 10,2
Cvde- 1190512100 2953 | 18 23,5 48 |1205| 126 | 4,12 28 25 10,7
POTTiJIE
Cymu 2205|3108 | 2637 | 15 |24,5| 53 | 744 | 87 |2,84 28 24 10,4
ng;‘o' 0806|2608 | 411 | 1 |22,0| 57 |423| 71 [231 26 22 9,8
Yxropon | 1405|1409 | 2761 | 16 |24,1| 52 | 877 | 95 | 3,10 30 27 10,2
XapkiB | 16.05[0509| 2815 | 17 [24,0| 47 | 924 | 91 [2,97 29 25 10,3
Xepcon | 10.05[20.09| 4571 | 24 [24,5| 44 [1304] 126 | 4,11 30 26 10,5
XMerb- o1 06(3008| 639 | 2 |222| 57 |518| 75 |2.44 27 22 10,3
HHUIBKUH
Yepkacu | 16.05|08.09 | 2461 | 14 |23,8| 50 | 888 | 92 | 3,00 28 24 10,5
Yepnipmi | 0106|3108 | 1434 | 7 |232| 57 | 650 | 83 |2,71 27 24 10,4
Yepniris | 2505 |31.08 | 2240 | 12 |242| 53 | 698 | 85 |2,77 27 23 10,2
Snta 130413009 | 7955 | 26 |26,1 | 59 |[1550| 142 | 4,64 31 26 11,1
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ORCID: 0000-0003-1905-9283

Annomayus. [{ns obecnedenust NOIHOMbL UCXOOHBIX OAHHBIX NPU NPOCSKMUPOBAHUL CUCTNEM SEHMUNAYUY, KOHOUYUOHUPOBAHUS
6030yXa U NOBEPXHOCHIHOZ20 OXAANCOEHUS NOMeweHutl u 30anuti ¢ HesHawumensuvimu (0o 10 Bm/M?) mennonocmynnenumu
66110 onpedeneHo 8razocooepicanie 8030yxa 6 uloie 05 0ONACMHbIX 20p0008 YKpauHvl HA OCHOBAHUU AHATUMUYECKOT
06pabomku cyujecmsylowux HOpMamuHsIX OAHHbIX KIUMAMUYecKux napamempos. Ilonyuennvle 3Havenust 61a20C00epuCcanus,
XapakmepuuIx memnepamyp, 0amol HA4aid U OKOHYAHUs NepUoOd OXAANCOeHUs. 8 COYEMAHUU C OPYeUMU KAUMAMUYECKUMU
napamempamu coanacio JCTY—-H B.1.1-27:2010 mozym 6vimb ucnonv3o8amst 0/ NPOEKMUPOSAHUSL U OYEHKU MECIUHO2O,
CE30HHO20 U 20008020 MENIONOMpPeONe sl 8 CUCIEMAX 00ecneyeHus: MUKPOKIUMAMA NOMeweHull, YRpouweHus: Memooux
pacuema nompebnenus 3Hepeuu 01 OXAAHCOeHUs U KOHOUYUOHUposauus 6030yxa coeracho JJCTY b A. 2.2-12:2015.
Ilpeonoocennvie damvl HAYanA U OKOHYAHU NEPUOOA OXAAHCOEHUs, NOOOOHO 0amam OMONUMENbHO20 Nepuood, NO3601AM
obecneyums NIAHOBOCHb NOO2OMOBKU UHICCHEPHBIX CUCMEM 30aHUll K UX Ce30HHOU dKkcnayamayuu, u m.n. Ha ocnosanuu
npeonazaemMol memMnepamypHo-4acog8oll XapaKxmepucmuKy nepuood OXaaicoeHus NPUSOOUMCs. COOMBEMCMEYIOWULL PelimuHe
061aCMHbIX YeHMPO8 YKpauHbvl, KOMOPbLL MOJNCEM 0XAPAKMepu308ams 066EMbl pacxo008 HA HYICObL CUCEM OXTAANCOCHUS.
nomewenut u 30anuti. Ilonyuennvie mabnuunvle OaHHble PEKOMEHOYIOMCS OISl WUPOKO2O NPUMEHEHUs 6 NpaKmuke
NPOEKMUPOBANUS U IKCHIYAMAYUY CuUcmem 06ecneyeHuss MUKPOKIUMAama

Knrouesvie cnosa: napamempol HAPY#CHO20 8030YXA, NEPUOO OXIANHCOEHUS, penpe3eHmamuHsle 0amol,
CpeOHsis memMnepamypa, cpedHee 81a20C00epIiICanuUe.
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UDC 697.91

Calculation Parameters for Cooling Period in Ukraine

O. Liubarets'
I PhD, associate professor. Kyiv National University of Construction and Architecture, Kyiv, Ukraine, apl_knuba@ukr.net
ORCID: 0000-0003-1905-9283

Abstract. To ensure the completeness of the original data when designing ventilation systems, air conditioning systems and
surface cooling in buildings with minor (up to 10 w/m?) heat gains, air moisture content was determined in July for regional
cities of Ukraine based on analytical processing the existing regulatory data of climatic parameters. Moisture values,
characteristic temperatures start and finish dates for cooling period in conjunction with other climate parameters, according
to DSTU-N B V.1.1-27:2010, can be used to design and assess monthly, seasonal and annual heat consumption for
microclimate providing systems in rooms, simplify the calculation methods of energy consumption for cooling and air-
conditioning systems according to DSTU B A.2.2-12:2015. The proposed dates for the beginning and the end of cooling period,
like dates of heating period, will ensure on time preparation of engineering systems of buildings to their seasonal operation
etc. Based on the proposed temperature-time characteristics of cooling period, there is a corresponding rating of Ukrainian
regional cities, which can describe the amount of expenses on the cooling system of the premises and buildings. Obtained table
data is recommended for wide use in practice of design and maintenance of microclimate providing systems

Keywords: external air parameters, cooling period, representative date, average temperature, average
moisture content.

Hapiiinna no pemakuii / Received 18.02.2018
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YK 621.4

Anroputm BU3Ha4YeHHA BaroBux koediLieHTiB NoOKanbHUX KpUTEpPIiB npum
npoBeAeHHI NOPiBHANBLHOrO aHanily BapiaHTiB KoreHepauiMHMX YCTaHOBOK

E. I. OMutpoyeHkosa'

K. T.H., no11., KuiBchkuii HanioHansHuil yHiBepcuTeT OyniBHuITBA 1 apxiTekrypy, M. Kuis, Vkpaina, elladmitrochenkova@gmail.com,

Anomayis. 3nowenicmeb 0cHO8HUX POHOIE YKpaincbKoi mennoeoi enepeemuku docse 835...90 %, uwjo npuzeo0ums 0o no2ipuierts
enexkmponocmauanus. Biooaneni paiionu ompumyoms enekmpoeHepeiio 3a 2papikom, SUKOHYEMbCA BIAN08e BUMKHEHHS.
cnooicusauig. Tomy éce binbuie ysazu npudinacmvcsa Marit enepeemuyi 3 00HOUACHUM BUPOOTLEHHAM MENI060T Mma eleKMPUYHOT
enepeii (koeenepayii). Ilpu po3pobyi ma peanizayii npoexmis Kocenepayii 6axiCIUGUM € RPASUTLHUL GUOLD MEXHONOSTUHUX cXeM,
NEPEUHHO20 OBUSYHA MA THUWUX MEeXHIYHUX piuleHb. [ Yb02o 8UKOPUCINOBYEMbCA Ne6HULL HADID NOKASHUKIE ehekmusHOCmi
pobomu KozeHepayitiHux YCmaHo8oK. 3 KilbKoX 8apianmie CXeMHUx piuieHsb euoip 30ilCHIOEMbCA HA OCHOBI NOPIGHATLHO20
auanizy yux noxasuuxie. OOHi€0 3 Moxcaugocmelt 30iliCHeHHs NOPIGHANLHO20 AHANI3Y 8APIAHMIE KO2EHEPAYIUHUX cUCmeM €

KpUMepianoHO-napamempuynuil  nioxio 3 YpaxyeaHHAM Npiopumemis 3aMOBHUKA WOOO MeXHIUHOI,

CKOHOMIYHOI,

EeKCIyamayitiHol ma ekonio2iuHol egpexmuernocmi. 3 memoio ubopy 8apianmy yCmaHoeKu 3anponoHO8AHO GUKOPUCOBY8AMU
6ac06i Koepiyienmu, AKi GUHAYAIOMb BNAUE KOJICHO20 OKPEMO20 KpUmepiio Ha 3azanvhuti niocymok. Hasedena memoouxa
PO3DAXYHKY HYUCETbHUX 3HAYEHb 8A208UX KOeDiyieHmie T0KANbHUX KpUMEPII8 Y NOGHOMY MA YACMKOBO PAHICUPYBAHOMY PAOAX
3 BUKOPUCIAHHAM Memo9y CNAOHOT apugmemuunoi npoepecii. BUKonano nopigHsHHs pe3yibmamis npu UKOPUCTAHHI NOGHO20
Ma Yacmro80 PAaHICUPY8aH020 padie. Bukopucmanus kpumepiie 3 00HAK08010 8adxcIUBICMIO Oae Oinbuie 8apianmis 0.a

auanizy, moomo 3abesneyye OiibULy SHYUKICMb MEmooy.

Knrouoei cnoea: xocenepayiiina ycmanogxa, 10KanibHuti Kpumepiil, 6a208uil koeghiyienm, apugpmemuuna

npoepecis, paHiCy8anHs.

Beryn. CroroiHi KUTIOBO-KOMYHAIBHE TOCIIO-
napcTBo croxuBae 10 30 % ycboro pidHoro oocsry
MAJMBHO-CHEPIETUYHUX pecypciB  Ykpainu. [lo
OCTaHHBOTO YaCy B HaIllid KpaiHi TETIOTA Ta eJeK-
TPUYHA EHEpTisi BHPOOJSUIUCH a00 pPO3AIIbHO Ha
koHjeHcaninnux enekrpocraniisnx (KEC) i B kore-
neHAX, a0o Ha TeruoenekrponeHTpamsx (TEL) y
napoTypOiHHOMY 1HKIIi. PiBeHb 3HOIIEHOCTI OCHO-
BHUX (DOHIIIB yKPATHCHKOT TEMJIOBOT €HEPreTUKH J0-
car 85...90 %. Ipaktuuno Bci 6sioku TELL Bimmnpa-
mroBaiiu cBid mpoektHuil pecypc (100 Tuc. roauH)
[1]. V 3B’s3Ky 3 IIUM TPaaUIliiiHI LIEHTpaIi30BaHi
CHCTEMH TEIUIO- W eNEeKTPONOCTaYaHHs BXKE HE B
3M031 3a0e3meuyBaTH PO3PAXyHKOBE TEIUIOBE Ta
CJIEKTPUYHE HABAHTAKEHHS BEJIMKOI KiJIBKOCTI CIO-
sxuBauiB. OCOOJUBO BiJ] I[LOI'O CTPAXKIAIOTH BijIa-
JIeH] paiioHH, JIe CUTYyaIlis 3 eHepro3ade3neYeHHsIM
KPUTHYHA: €JIEKTPOCHEPTi€I0 HAceNeH] IyHKTH 3a-
0e3neuyrThCs 3a rpadikoM, CIIOCTEPIraeThCs «Bisi-
JIOBE» BUMKHEHHS CII0)KHBAYiB.

AKTyaJbHiCTh AoCTizKeHHs. B ocTaHHI poku
CIIOCTEPIra€eThesl TMHAMIYHAN PO3BUTOK MaJol eHe-
PTeTHKH 3 KOMOIHOBAaHMM BHPOOHHUIITBOM TETLIOTH
Ta eNeKTPUIHOI eHeprii (KoreHeparii) Ha 06a3i icHy-
I0YMX ONATIOBAJILHUX Ta MPOMHUCIOBO-OMAIIOBAIIb-
HUX KOTEIbHb. 3 YACOM II¢ CTAa€ AIbTEPHATHBOIO
LIEHTpai3alii eHepronocradyans ado ii JOmoBHEH-
HSIM, SIK€ MiABHINYE €(QEKTHBHICTh 1 HAIIHHICTDH
CXEM TeIUIO- Ta EJIEKTPOTNIOCTa4aHHsl 00’ €KTIB Pi3-
HOTO CIIPSIMYBaHHS.

[ToniOHa aArTHAMiKa pO3BUTKY CHCTEM JEIICHTpa-
J130BaHOTO TEIUIO- T €IEKTPONIOCTaYaHHsI 00yMOB-
JIeHa HACTYITHUMHU (haKTopaMu: 301IbIIEHHSM Tapu-
(hiB Ha emeKTpOoeHeprito, CTapiHHIM OOJaJHAHHS
KOTEJIbHb Ta EJIEeKTPOCTAHI[Ii, BHCOKHM piBHEM
BTpAaT EJIeKTPHYHOT eHEeprii Ta TeMIOTH i1 9ac Tpa-
HCIIOPTYBaHHS JI0 CIIOXHMBa4da, HEOOXITHICTIO TijI-
BHIIIEHHSI PiBHA HAJIMHOCTI eHepro3ade3levyeHHs
CTHOXHMBaYiB 1 KoeillieHTa BUKOPUCTAHHS TEIJIOTH
MaJINBa, K OJHOTO 3 HAMOILII BaXKTHBUX MOKA3HH-
KiB €()EKTUBHOCTI pOOOTH CUCTEMH.

[IpaBoBi, €KOHOMIYHI Ta OpraHi3alliiiHi 3acajiu,
SIK1 TIOB’s13aHi 3 BUPOOHHUIITBOM, ITEPEIadueto, PO3II0-
IJIOM 1 HOCTaYaHHSAM TEIJIOTH Ta €JIEKTPUYHO] eHe-
prii Bix xorenepauiitaux ycranoBok (KI'Y) BuzHa-
yae 3akoH Ykpainu «[Ipo koMOiHOBaHE BUPOOHHUII-
TBO TEIIOBOI Ta €JEKTPUYHOI eHeprii (KoreHepa-
if0) Ta BUKOPHUCTAHHS CIAJHOTO €HEPromOTeHIIi-
amy» [2].

OcranHi gocainkeHHs Ta myoJikanii. AHami3
BITYM3HSHOTO JOCBiAy peaizauii NpOeKTiB M0N0
BITPOBAKEHHS KOT€HEPAI[ITHUX CHEPTrOCUCTEM CBi-
JUHTH PO HASBHICTh MEBHUX MPOOIEeM, OB’ I3aHIX
3 EKOHOMIYHMMH Ta TEXHIYHUMH aCIIEKTAMHU.

[pu po3poOui Ta peanizarii MPOEKTIB KOreHepa-
1ii BAXKJIMBUM € NMPABUIBHUHN BHOIp TEXHOIOTIYHHUX
CXEM, IEPBUHHOTO IBUT'YHA Ta IHIINX TEXHIYHUX Pi-
mieHb. [ 1poro BUKOPUCTOBY€ETHCS IIEBHUHA HaOIp
MOKa3HHKIB €()EKTHBHOCTI pOOOTH KOTCHEpaIiHHUX
yctaHoBok [3, 4]. Takox y po0oTi [S] mist 11s0ro
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MPOTIOHYETHCSI BUKOPUCTOBYBATH KPUTEPiabHO-TIa-
paMEeTpUYHHAN MiAXiA 3 ypaxyBaHHIM IPIOPHUTETIB
3aMOBHUKAa B TE€XHIUHIH, EKOHOMIUHIiH, eKcIITyaTa-
LifHIHA Ta eKoNoriuHii epeKTHBHOCTI KOoreHepamii-
HOi cucteMu. HeBupimeHnM NpH IbOMY 3aJIUIIa-
€TBCSI TIMTAHHS TOTO, SIKUM YMHOM BPAaXOBYETHCS
MPiOpUTET 3aMOBHKKA MPH BH3HAYEHHI TOTO 4H iH-
moro Kpurepiro edextuBaocti podotu KI'V.

OcHoBHa yacTuHa. Haii0inbpIn BaXJIMBUMU Xa-
paktepuctukamu KI'Y, 3a skuMu MOXHa IPOBOAUTH
KOMIUIEKCHE TIOPiBHSHHS aJbTepPHATHBHUX BapiaH-
TiB, €:

e TEXHIYHI;

e EKOHOMIYHI;

® eKCIUTyaTamiiHi;
®  CKOJIOTIYHI.

KoxkHa 3 3a3HaueHHX XapaKTEPUCTHK Yy CBOIU
CTPYKTYpl Mae psn 0e3po3MipHUX KpHTEpiiB, 3a
SIKUMH 3/TIHCHIOETHCS OIIHIOBaHHS POOOTH KOHKpe-
THO{ YCTAaHOBKH. SIK TeXHIYHI KpUTEPii BU3HAYEHI:

e KpUTEPiil eJIeKTPUIHOI MOTYKHOCTI K§™%;

e KpuTepiil TemnoBoi notyxHocti K5™;

® KpuTepili CIiBBiTHOIICHHS €JIEKTPUYHOI TOTY-
JKHOCTI Ta KUIBKOCTI TEIUIOTH, SKa YTHIi3y-

€ThCS Kg ex.

® KpWTEpil BIUIMBY TEMIIEPAaTypH 30BHIIIHBOTO
TIOBITPS Ha EEKTPUUHY TIOTYKHICTh Ky(3);

e KpuTepill BIUIUBY TEMIIEPATYPH 30BHIIIHBOTO

MOBITPSI Ha TEMJIOBY MOTY>KHICTh YCTaHOBKH
TeX .
Q(t)

® KpUTEpli 3aJEKHOCTI eneKTquﬂoro KK/ Bix

CJIICKTPUYHOI'O HABAHTAKCHHA K® (N);

e Kpurepiit 3anexxHocTi enekrpuanoro KK/ Bin
. : ex
TeMIIepaTypH 30BHIIIHBOTO MOBITPs Ki(7, 5"

TakuM YUHOM, 3arajbHUNA TEXHIYHUH KPUTEPiH €
CYMOIO OKPEMO B3STHX KPHUTEPIiB:

KTEX — KTeX Kéex + ngX +

+Knio + Koo + Kniwy + (D

T](text)
JIONUIbHUM € BU3HAYCHHS BIUIMBY KOXKHOTO
OKpEMOro KpHUTepito Ha 3arayibHy cymy. /s nporo
MOXYTh OyTH BUKOPHCTaHi BaroBi KoegillieHTH o,
i=1...7. Toni piBusiuas (1) HaOyne BUIIISTY:

KTeX - a KTeX KTeX + a3 gex +

Tex Tex Tex TeX.
+(X4K + (Xst + a6KN(t) + (X7Kn(text). (2)
s BupimieHHA NOXiOHOT 3aa4i MOXYTb OyTH
BUKOPHCTaHI HACTYIHI MeToaH [3]:
® KJIACUYHUI METOJl TAPHOTO MOPIBHSHHS;

e METOJ MapHOTo MOPIBHSIHHS HA OCHOBI (pikco-

BaHOI IlepeBary;

MeTOI apu(PpMETHIHOI ITPOTPecii;

METOJl TEOMETPHYHOI IIpOTpecii;

METOI TTOCITIIOBHOTO TIOPiBHSHHS KPHUTEPIiB;

MeTOI 0a30BOTO KPHUTEPITO.
VY naHoMy BUMAAKy Ul BU3HAYEHHS YUCEIIBHUX
3HaU€Hb BarOBUX KPUTEPIiB IPONOHYETHCS BUKOPU-
CTOBYBaTu MeToA apudMeTndHoi mporpecii. Skimo
po3msgata K" K iHTeTpaJIbHUA KPUTEPiH, TO BCi
CKJIaJ0B1, SIKI BXOASTH J0 MOTr0 BH3HAYEHHS, € JIO-
KaJbHUMH KpUTEPisIMH. Y CBOIO YEpTy, KOKHUIMA J0-
KaJbHUH KpPHUTEpi Mae CBill PIBEHb BaXKJIMBOCTI,
SIKUA PO3PAaXOBY€ETHCSI HA OCHOBI KJIACHYHOIO Me-
TOJy MMAPHOTO MOpiBHSHHSA [6]. Jani 3aificHI0EThCS
pamKyBaHHs KPUTEPiiB BiIHOCHO PiBHS IXHBOT BaXK-
muBocTi. Ha mpaktumi mMae Miciie sk MOBHHM, TaK i
YaCTKOBUH MOPSIOK PaH)KyBaHHS JIOKaJIbHUX KpPU-
TepiiB, 3a SKOr0 MOYKJIMBA HASBHICTH KPUTEPIiB, sIKi
MaloTh OJHAKOBHH piBeHb BaXiuBOCTI. [lopsimox
paHXyBaHHs € OCHOBOIO IS pO3paxyHKy iXHiX Ba-
roBUX KoedilieHTiB [7].

VY naHiii cTaTTi pO3ISAHYTI IBI METOTUKHY BU3HA-
YeHHsI YMCEIhHUX 3HA4eHb BaroBUX KOe(iIli€HTIB:
IIPY [IOBHOMY Ta IIPH YaCTKOBOMY TTOPSAKAX PaHXKy-
BaHHA. [Ipy MOBHOMY MOPSIIKY paH)KyBaHHS, KOJIH
BIJICYTHI OJTHAKOBI 32 CBO€IO BaYXJIUBICTIO KPUTEDI,
CIpaBeUIMBUM € HACTYITHUI BUpa3:

KTeX > Ké‘ex. > ngx

TeX.

> Kniy > Ko@) > Kn(v) > KnGegrr 3
a IIPH YaCTKOBOMY TMOPS/IKY PAH)KYBAHHSL:
K™ > Ko™ > K¢ >
> Knio) = Kooy > Kntn) = KnGeawr (4

Cri miaKpeciauTy, M0 BUOIp KPUTEPIiB OfHA-
KOBOI B&JKJIMBOCTI € TPEPOraTHBOIO 3aMOBHHUKA 1 BU-
pas (4) Moke 3MiHIOBaTHCS 3aJIEKHO BiJl KOHKPETHOT
cuTyalii Ta 00paHuX NPiOPUTETIB.

[lpu Bu3HaueHHI BaroBux KoeQil[iEHTIB TOB-
HOTO PaHXUPYBAHOTO DALY KpUTEPiiB BUKOPHCTO-
BY€TbCS HACTYITHE PiBHSIHHS:

a,=2Mn—-i+ 1)/(n(n + 1)), %)

Jie 71 — KUIbKICTh KPUTEPiiB y TOBHOMY PaHXHPYBa-
HOMY PSIJii; | — HOMEp KPUTEPII0 B HHOMY.

Y nanomy Bumagky n=7, a i=1..
o =0,25, ap=0,21, a3=0,18, au = 0,14, a5 =

.7. Toni
0,11,
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o6 = 0,07, a7 = 0,04. Cyma oTpuMaHHUX 3HAYEHb Ba-
rOBHUX KOCQIIi€HTIB TOPIBHIOE OIMHHUIIL.

Ha puc.1 HaBenena miarpama pamKyBaHHS TeX-
HIYHUX KPHUTEPIiB MPU MMOBHOMY TOPSAAKY PAHXKY-
BaHHS y BIJICOTKax.

Tex
KN

Tex
Ko

Tex
N(t)

TeX

Q®
Puc.1. PamxyBaHHSA TEXHIYHUX KPUTEPIiB 3a 3HATYILICTIO
TIPY HOBHOMY TIOPSIJIKY PaHKyBaHHS

Kpwurepii, siki MatOTh OHAKOBHH CTYITiHb BaXK-
JIUBOCTI, Ha3WBAIOThCA 3B’s3aHUMU. [ po3paxy-
HKY BaroBHUX KPHTEpiiB YaCTKOBO PaHXHPYBAHOTO
Py BUKOPHCTOBYETHCS HACTYITHUM aITOPHTM:

e Bechb Halip psALy KpUTEpiiB po30MBAEThCA Ha
TPYIH BRXXIUBOCTI, SIKi MAlOTh OTHAKOBI BaroBi
KOeQIIiEHTH;

e BaroBi KOeQilliEHTH KPUTEPIiB IPyN BasKIHBO-
CTi € WIeHaMH cnaiHo1 apu(hMETUUHOT Iporpe-
cii 3 kpokoM Aa.

[Ipu po3paxyHKy BaroBux KOeQilli€HTiB 4acT-
KOBO PaHXXHPYBAHOTO Psily TOBUHHA BUKOHYBATHUCS
HACTYIIHA YMOBa!

(6)

n I o) —
i=1Q& = Zj:lnjaj =1,
MPUYIOMY:

Jnj=n, (7)
e 1 — KUIBKICTh JIOKAJIBHHUX KPHUTEPIiB Yy IOPiB-
HSIHHI;, @ — KUTBKICTB TPYI BaXKJIMBOCTI B YaCTKOBO
pamKHUPyBaHOMY PsIZli KPUTEPIiB; i — HOMEp KpHUTe-
pilo B paH>KUpyBaHOMY PsiJii; j — HOMEp TPYIH BaXK-
JUBOCTI KPUTEPIiB; 0; — BATOBUI KOe(IIiEHT i — IO
KPUTEPIIO;  — BaroBH KOEQIIE€HT 3B’S3aHOTO
KPHUTEPIIO B CKJIai j-0i TPYyIH; 71; — YUCIIO 3B’ SI3aHUX
KPUTEPIiB y CKIaJI j-01 IpyNy Ba)KJIIMBOCTI B 4acT-
KOBO PaH)XUPYBAHOMY PsiJIi KPUTEPIiB.

BaroBuii koedimieHT 3B’S3aHOTO KPUTEPItO,
SIKMH BXOISITH /10 CKJIAAY j-Oi TPpyNu BaXKJIMBOCTI, Y
YaCTKOBO PaHXUPYBAHOMY PsiJIi KPUTEPIiB BU3HAYA-
€THCS 3 HACTYIHOTO PiBHAHHS:

A = Ap + (g _j)Aou (8)

[Ticna migcranoBku BUpasy (8) mo piBHsSHHA (6) i
MPOBEACHHSA DALY IIEPETBOPEHb 3 YpaxXyBaHHIM
ymoBH (7) piBHAHHS HaOyBae HACTYITHOTO BHUIVISIAY:

noy, + Z?:lnj(g _j)Aoc =1 )

Pien» mepeBarm BaroBoro koedirieHTa Hai-

O1ITBII BaXKJIMBOT'O KPUTEPiIO OPIBHAHO 3 HAHMEHII
BKJTUBUM KPUTEPiEM

o

y=-*

(10)
PiBastHES (9) PO3B’A3yETHCS MUIAXOM 33/1aBaHHS
YKCeJIbHUX 3HAYCHb 1, 1), g Ta Ay 3 HACTYITHUM BU-
3HAYCHHAM 0.
Bignosiguo go [6]:

B =1/(BE2 43 g - D), (D)
a, =(g—1A/(y— 1. (12)

IIpu BHKOpHCTaHHI HaBENEHOI METOIUKH MJIS
3HaXOPKEHHS BaroBux Koe(ilieHTiB KpUTEpiiB, gKi
BXOJISITh J0 PiBHSIHHS (2), BBAXKAETHCS, IO BATOBUIA
xoedinient kpurepito K, () nepepuiiye parouii
TeX.

Ntext) Y Tpu
pasu. OTxe, y AaHoMy BUNaAKy Y = 3. [Hmii uinenn
piBHsHHS (11) MaroTh HACTyNHI 3HaYeHHS: 1 =7,
g=>5.

3a pieastHEAM (11) A.=0,04. IlizcraBisemo
OTpUMaHH pe3ynbrat Ao piBHsHHS (10) 1 oTpuMa-
eMo 06.7=0,08. 3 BUKOpUCTaHHSIM piBHSIHHSA (§) po3-
PaxXOBYIOThCS BCi 3HAYEHHS BaroBUX KOE(QII[iEHTIB:
os5=0,12,03=0,16, 0,= 0,2, a; = 0,24. Cyma Baro-
BUX KOC(QII€HTIB BCiX KPHUTEPIiiB JOPIBHIOE ONH-
HUII.

Ha puc. 2 HaBegeHO paHXyBaHHS TEXHIYHHMX
KpUTEPIiB 3a 3HAUYIICTIO y BifcoTKax. [lopiBH:IIB-
HUI aHali3 pe3ylbTaTiB po3paxyHKy BaroBHX Koe-
¢iLieHTiB TEXHIYHUX KpUTEPiiB poOOTH KoreHepa-
IHHUX YCTaHOBOK, PO3PaxXOBaHUX 3a JIBOMAa METO-
JlaMH, HaBeJaeHo B Taom. 1.

PesynbraTi nokasyoTh MEBHY Pi3HULIIO MiX UH-
CEeJIbHUMHM 3HAaYEHHSIMH BiJIMOBITHIX KPUTEPIiB, sIKa
HaOyBa€e CBOr0O MaKCHMMAJILHOTO 3HAUYEHHS B OCTaH-
HBOTO MMOKa3HuKa. [lpu iHmoMy po3moaini kKpure-
piiB 3 OIHAKOBOIO BayKJIMBICTIO OTPUMAEMO OiJIbILe
BapiaHTIB ISl aHAITI3Y 1, IK PE3YJBTaT, OiIbIIY KiJlb-
KICTh 3Ha4€Hb 3arajibHOTO TEXHIYHOTO KPUTEPIO.

KOCQIIIEHT JCB’SITOT0 KPUTEPIIO
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Puc. 2. PamxyBaHHS TEXHIYHUX KPUTEPIiB 32 3HATYILIICTIO IPU
YaCTKOBOMY IOPS/IKY PaH)KYBaHHS

Tabnuys 1.

BucHoBku. PamxyBaHHS TOKaJIbHUX TEXHIYHUX
KpHTEpiiB, sAKI CKIANAIOTh €IUHUN 1HTETpaIbHUI
KpUTEpil, MOke OyTH BUKOPUCTAHE IS TTOPIBHSIIb-
HOI OIIIHKM aJbTEepPHATUBHHMX BapiaHTiB KOTeHepa-
HIHHUX YCTaHOBOK 1 MONAJiBIIOTO BUOOPY Haiikpa-
moro 3 HuXx. /Ui BU3HAYEHHS YMCEIbHUX 3HAYCHb
BaroBHUX KOe(]ili€HTIB JTOKAILHUX KPUTEPIiB 3ampo-
MMOHOBAaHWI METOA crasHoi apuMeTHYHOI porpe-
cii, sikuii 0a3yeThCs Ha MPUHIIUIAX OLIHKH Tepe-
Barv KpUTEPiiB i B3a€MO3B’A3KYy MMOKAa3HHUKIB iXHBOI
Ba)XJTUBOCTI BiJHOCHO onuH omHoro. [Ipu mpomy
MOJKJIMBO BUKOPHCTOBYBaTH MOBHHUH Ta 4aCTKOBHM
mopsAnoK pamkyBaHHs. OcraHHil 3a6e3neuye Oi-
JbllIe BapiaHTiB JJisl NOPIBHAHHS, TOOTO Hamae Oi-

Barogi koedinienTn 10KxaIbHUX KPUTEPIiB NPH NOPAIKAX

paH:KyBaHHs: nosHOMYy (Ne 1) i yacTkoBoMy (Ne 2) JRIIE THYIKOCTI mponecy Bubopy Halikpammoro pi-

[IeHHs. 3amporoHOBaHA METOIUKA MOXKEe OyTH BH-
Nej on | oo | 03] 4| 05 | G5 | O KOpHCTaHa TPH aHaNi3i OyIb-SIKHX KPHUTEpialbHHUX
1 ]0,25(0,21(0,18] 0,14 0,11| 0,07]0,04 MOKA3HHUKIB €(PEKTUBHOCTI POOOTH TEXHIYHUX CHC-
2 10,24 0,20| 0,16 0,12] 0,12] 0,08]0,08 TEM.
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Anroputm onpepaeneHnsa BeCoBbIX KO3h(pMLUMEHTOB NoKanbHbIX KpUTepues
npu npoBefeHUN CPpaBHUTENbHOrO aHanM3a BapMaHTOB KOreHepaLMOHHbIX
yCTaHOBOK

3. W. OmutpoyeHkosa’

1

K.T.H., ou. KueBckuii HalMOHAIBHBIN YHUBEPCUTET CTPOUTENBCTBA U apXUTEKTYPHIL, I. Kues, Ykpanna,
elladmitrochenkova@gmail.com

Annomayus. M3Hoc 0CHOBHBIX ()OHO06 YKpAUHCKOU menniogoil snepeemuxu docmue 85...90 %, umo npueodum K yxXyouieHuio
anexmpocHabrcenus. Omoanénnvie pailonsbl NOIYYAION dNEKMPOIHEPSUIO NO 2PAPUKY, BbINOTHAEMCA BeePHOE OMKIIOUEHUE
nompebdumeneti. Ilosmomy 6cé bonvie GHUMAHUA YOeNaemcs MANOl IHepeemuKe ¢ 0OHOBPEMEHHOU 8bIpaOOMKOL Mena0601l U
aneKmpuieckoli snepeuu (koeemepayuu). Ilpu paspabomke u pearusayuy NPOeKmMO8 KOSEHEPAYUU BAHCHLIM AGIAENCS
npasUIbHbIL  8b100D MEXHONOSUHECKUX CXeM, NePBUYHO20 Osucamensi U Opyeux MmeXHuYeckux peuieHuu. /s smoeo
Ucnonv3yemes onpeodenéHHblll Habop noxazamenei dgexkmusHocmu pabomsl KO2EHEPAYUOHHBIX YCMAHOBOK. Buvibop
6APUAHMOE CXEMHBIX PeUeHUll OCYWeCmBIAemcs No Pe3yilbMamam CPASHUMENbHO20 anaiuza smux nokasameneti. OOHou u3
603MOJICHOCIIEN NPOBEOEHUSI CPASHUMENBHO20 AHATU3A BAPUAHMOE KOSEHEPAYUOHHBIX CUCIEM ABNAEMCS KPUMepPUaibHO-
napamempuueckuii nooxo0 ¢ yY4émom NpUOPUMEMO8 3aKa34uKa 6 MexHUUecKou, SKOHOMUUECKOU, IKCHIYAMAayuOHHOU U
aKonozuyecko sppexmusrnocmu. C yenvio e2o nposedeHus npeonazaemcs UCnOIb3068amb 6eco8ble KO Guyuenmol, KOMmopbsie
Onpeoensiiom uaHUEe Kanc0020 0MOeNbHo20 Kpumepus Ha odwuil pesyismam. Ilpueedena memoouxa pacuéma 4ucieHHvix
3HAUEHULl BECOBLIX KOIPPUYUEHNMOB TOKANLHBIX KPUMEPUES 8 NOTHOM U YACIUYHO PAHHCUPOBAHHOM PAOAX C UCNONb308AHUEM
Memoda ybviearowell apugpmemuyeckol npoepeccuu. BulnoiHeHO cpasHenue pe3yibmamos npu UCHONb308AHUU HOTHO20 U
YACMUYHO PAHIHCUPOBAHHO20 pA00s. Hlcnonb30eanue Kpumepues ¢ 0OHAKOBOU 8AMCHOCHIbIO 0aém 60abule 8APUAHMOS Os
ananuza, mo ecmv obecneuugaem 60ILULYIO 2UOKOCHb MEMOOa.

Kniouesvie cnosa: KoeenepayuonHas yYCmaHo6Ka, NOKANbHGIL Kpumepuil, 6ecogoll Koagguyuenm,
apugmemuueckas npoepeccusi, PAHICUpoBanue.

UDC 621.4

Algorithm for Determining the Weight Coefficients of Local Criteria for
Comparative Analysis of Several Options of Cogeneration Plants

E.Dmitrochenkova'

IPhD, Associate Professor. Kiev National University of Construction and Architecture, Kyiv, Ukraine, elladmitrochenkova@gmail.com

Abstract. Wear of the basic facilities of Ukrainian thermal energy reached 85...90 %, which leads to a deterioration of
electricity supply. Distant areas receive electricity on schedule; harp switching off consumers is performed. Therefore, more
attention is paid to small power generation with simultaneous generation of thermal and electric energy (cogeneration). When
designing and implementing cogeneration projects, it is important to choose the right technology system, primary motors, and
other technical solutions. For this purpose, a certain set of performance indicators of cogeneration plants is used. Selection of
options of schematic solutions is carried out based on the results of a comparative analysis of these indicators. One of the
possibilities for comparative analysis between several options of cogeneration systems is a criterial-parametric approach
taking into account the customer's priorities in technical, economic, operational and environmental efficiency. For carrying
out the selection, it is proposed to use weight coefficients, which determine the influence of each separate criterion on the total.
The technique for calculating the numerical values of the weight coefficients of local criteria in full and partially ranked series
is presented using the method of decreasing arithmetric progression. Comparison of the results is performed using the full and
partially ranked series. The use of criterias with the same importance gives more options for analysis, so, provides greater
flexibility of the method.

Keywords: cogeneration unit, local criterion, weighting coefficient, arithmetic progression, ranking
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EkcnepumeHTanbHi AOCRNiMKEeHHA OCYLUEeHHA NOBITPSA 3 BAKOPUCTAHHAM
CUHTETUYHUX HaNiBNPOHUKHMX MeMOpaH B cucTeMax KOHAULiOHYBaHHS
noBiTpA

0. B. 3agosiHHuin', KO. M. €EBOOKMMEHKO?,

1

K.T.H., 1ou. KuiBchkuii HallioHANBHIN YHiBepcHTeT OyJiBHULTBA 1 apxiTekTypH, M. KuiB, Ykpaina, Alvasil21@Gmail.com

2acnipant. KuiBchkuii HallioHaIbHIN yHiBEpCUTET OYIiBHULTBA 1 apXiTekTypH, M. KuiB, Ykpaina, bonnesante9 1 @gmail.com

Anomayis. 30epicanhs CIbCHKO2OCHOOAPCLKOT NPOOYKYIl 8 peclaMeHmMOBaHux YMOo8ax nom pebye yinopiuHoeo ma
Yin000606020 NIOMPUMAHHS NAPAMEmpie NOBIMPAHO20 cepedosulya — memnepamypu ma 6iOHOCHOI 801020CMi — ) NEGHUX
dianaszonax, sKi 6CIMAHOBNIOIOMbCS MEXHON0TUHUM Pe2iamMenmom OJid KOJHCHO20 6udy maxoi npodykyii. [na niompumanns
8I0HOCHOI o1020CMi cucmemu KOHOUYIOHYBAHHA NOGIMPsL 0ONAOHYIOMb CEKYIAMU OCYIEHHA. Y npoyeci ocyuleHHs 8 cucmemax
KOHOUYIOHYBAHHS NOGIMPS 8UMPAYAEMbCA HAUOIIbUA KINbKICMb eHepeli NOPIBHAHO 3 THWUMU CMadiamu oOpodKu nogimpsl.
Cyuachi 0ocnioscentss 8 061acmi MEeXHONOSIMHO20 KOHOUYIOHYSAHHS NOGIMPs. HANPAGIeHI HA NIO8UWEHHs eheKmUGHOCmI
nepebiey npoyecie 00poOKu NOGIMPsL 3 00HOUACHUM 3MEHUMEHHAM eHeP20GUMPAam. B 0CMaHHIX 00CIOMHCEHHAX 3aCMOCO8YIOMb
6 OCHOBHOMY A0COPOYITIHI NPoYyect OCYUeHHs, SAKI He SMEHULYIOMb PAOUKANbHO eHepeosumpamu. Hanienponukni membpanu ne
HABYNU WUPOKO20 3ACMOCYEAHHSA 8 CUCIEMAX MEXHON02IYHO20 KOHOUYIOHYBAHHS NOSIMPS, Ajle MAIOMb PeanbHy NepCReKmusy
3a6e3neuumu eHepeoowaoHe OCYUEHHA 8 CUCTNEMAX KOHOUYIOHYBAHHS NOGIMPS NOPIGHAHO 3 MPAOUYIIHUMU KOHOEHCAYTUHUM
ma aocopoyitinum cnocobamu. Bonu 003601510mb Kpim 3HUdICEHHA SumMpamu enepzii Ha OCyuleHHs NOGIMps YHUKHYMU
He2amueHo20 A8ULa 00Mep3aHH MenI00OMIHHUKA. Y 0aHill pobomi HagedeHO pe3yibmamu eKCnepUMEeHMAIbHUX O0CAIOHNCEHD
WOOO OYIHKU MONCTUBOCMI 3ACMOCYBAHHA HANIBNPOHUKHUX MeMOpaH 01 OCYUIeHHs NO8impsa CKAady 01 30epieanHs
cinbcbkoeocnooapcvkoi npodykyii. Haeedeno pesynomamu eKcnepumMeHmanbHux OOCHIONCEHb 3MEHULEHHST 80T0208MICMY 6
cexyii MemMOpanHHO20 OCYUIEeHHs, HABEOEeHA eKCNePUMEHMANbHA 3ANelCHICIb NPOOYKMUGHOCHI OCYWIEHHS 6I0 NUMOMO20
NOGIMPAHO20 HASAHMANCEHHA Ha Membpany. Ompumani pe3yniomamu 0aromb MONCIUGICIb NPAKMUYHO20 3ACMOCYBAHHSL
MeMOPAHHO20 OCYUIeHHs NPU NOCIiO06HI bazamocmynenesiti 0Opooyi NOGIMpPsL 8 cucmemax KOHOUYIOHYBAHHS 3 UeP2y8AHHAM
CmMaoiii 0X0N00XHCEHHA MA MEMOPAHHUM OCYULEHHS NOBIMPSL.

Knrouoei cnosa: konouyionysanmsa nogimpsi; HaniGNPOHUKHA MEMOPAnA, OCYULeHHS NOGIMpA,;

NPOHUKHICTHD NAPI8 80102U; RUMOMA NPOOYKMUBHICINb OCYULEHHSL.

IlocTanoBka nmpodsemu. 30epiraHHsl HaCiHHSA
rapOy3y, KalyCcTH, peucy, peAbKH, OpyKBH, Oypsika
Ta 1HIIOI CUTLCHKOTOCTIOAAPCHKOI MPOMYKIIl B per-
JJAMEHTOBAaHHUX YMOBaXx MoTpedye MiATPUMAHHS a-
pameTpiB MOBITPSHOTO CEPEAOBUINA - TEMIIEPATYPH
noBiTps B Mexkax 10...12 °C ta BiJHOCHOI BoJIOTO-
cti He Bumie 60 % [1]. [ns BUKOHAHHS 3a3HAYEHUX
BUMOT CHUCTEMH KOHIHMIIIOHYBaHHS MOBITPS 00Jaj1-
HYIOTB CEKI[isIMH OXOJIO/PKEHHS Ta OCYIICHHS TOBi-
TpA.

Tpanuuiitno B CKII 3acToCOBYIOTH IEpEeBaKHO
CHoCOOM KOHICHCAIIHHOIO Ta aAcopOIiHHOIO OCy-
meHHs oBiTps [2]. s 3araJbHOBXKUBAHOTO KOH-
JeHCcalitHOro crocoly OCyIIeHHS XapaKTepHi 3Ha-
YHI BUTpAaTH EHEPTii JUIs TIePEOXOJIO/PKEHHS TTOBi-
Tpsl HWOKYE TOYKH POCH M HACTYITHOTO HarpiBaHHS
10 mapameTpiB npuiuiuBy. Kpim Toro, mpu nepeoxo-
nomxkenHi Hwk4e 5 °C BinOyBaeTbcs oOMep3aHHS
MMOBEPXHI TEII000MiHHOTO amapary [3], 1 cucrema
(YHKIII0€ B IHUKIIYHOMY PEXHMi 3 MEPiOTUIHUM
BilTaBaHHAM TeriooOMiHHuKa. CopOIliitHmii crio-
ci0 ocylIeHHs BUMarae 3HauHUX BUTpAT €Heprii Ha
perenepaiiito copoenty. Tomy po3poOka 01kl eHe-
proeekTUBHUX CIOCOOIB OCYLIEHHS IJIsi CHCTEM
KOH/IWIIIOHYBAaHHSI TIOBITPSI € BaXKIUBOIO 3a]1a4ct0

IUIsl 3MEHILEHHsI CIIOXKMBAaHHS eHeprii Ha 3abe3me-
YEeHHS MIKpOKJIIMATYy.

AKTyadbHicTh Aochimkenns. [lani mocni-
JDKEHHSI IPOBOSTHCA BiATIOBIIHO /10 3aKOHOAABYHX
aktiB: [locraHoBu BepxoBHoi Pamun Vikpainu
Ne75/94-BP Bin 1.07.94 p. wo 3aTBepania “3akoH
VYkpainu npo eneprozoepexxenss’, [locranosu Ka-
oinery MinictpiB Ykpainu Nel48 Big 5.02.97 p.
“ITpo KOMILIEKCHY JIep)KaBHY IpoTrpamMy eHepro3oe-
pexeHHs1 YKpaiHn™.

Ocranni gocaimkeHns Ta myoaikauii. Ha i-d-
niarpami (puc. 1) HaBeaeHO 30HY [ 1] MOTPiOHUX Ma-
pamerpiB moBiTpst (JiHis 1-2-3-4) ans 30epiranHs
CLIBCBKOTOCTIONAPCHKOT MPOAYKII Ta Mpouec KoH-
JEHCAI[ITHOTO ~ OCYIICHHS TOBITpS  (BLAPI30K
B-0-0’-in. HeoOxigHa TeMiieparypa HOBITPS MiCIis
cekuii ocymenHs craHoButh 2 °C. Y Takomy pe-
XKHUMi CHCT€Ma TNpallo€ HECTaOIbHO 3 Mepioguy-
HUM BiJITaBaHHSIM TEIJIOOOMIHHHUKA, 1110 HE CIIPUSE
CTaOlNBbHOCTI MIATPUMKH 33JaHUX MApaMETPiB MiK-
pokitimary.

JlaHoro HEIOJIKy IM030aBJeHI CHCTEMH OCY-
IICHHS TIOBITPS HA OCHOBI COPOCHTHHUX TEXHOJIOTIH
(mpouec ext-A Ha puc.1)
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Puc. 1. I-d — niarpama Bo10TOTO MOBITPA 13 IIpOIIECaMu 0Opo-
OKM [u1s1 30epiranHi CiIbCHKOTOCIOAAPCHKOT MPOTYKIIii

Y HUX 3IIHCHIOETHCS OCYIICHHS 0€3 KOHICHCAIlIi,
MPOTe BOHHM MOTPeOYyIOTh OINBIINX EHEPrOBUTPAT
TIPH CyXOMY OXOJIOJKEHHI (Tporec A-3) Ta mpu pe-
reHepailii aacopOeHTy. Jlo Bka3aHUX HEOJIKIB CIIiJ
JTOTYYUTH HEOOXIAHICTh JONATKOBUX TUIONI MTPHMi-
IICHB JIJISI OCHOBHOTO 00 THAHHSI, 1110 Pa30M CTPH-
My€ IIUPOKE 3aCTOCYBaHHS JaHOTO METOAY OCY-
IICHHS MTOBITPSI.

VY poboti [4] HaBeneHO crocid OaraTocTamiii-
Horo ocyienHs noBiTps B CKII i3 3acTocyBaHHAM
ajcopOuii. BiH Mae meBHI mepeBaru MOPIBHSIHO i3
BKa3aHUMHU 1I0]10 eHeproButpar. [IpoTe 1eit crocio
HECYTTEBO 3MEHINye NOoTpeOy B €Heprii, OCKUTbKU
3aJIMIaE CTa il eperpiBy i mepeoxonoKeHHs i Ta-
KOX TOTPeOYIOTh BiNOBITHUX JOAATKOBHX TLIOII
(puc.2).

VY TeXHONOTIYHHX MpOoIlecax OCYIICHHs CTUCHE-
HOTO TIOBITPSI 3aCTOCOBYIOTH CHUCTEMH MeMOpaH-
HOTO PO3/IUICHHS IMOBITPS Ta BOASHUX MapiB [2], sKi
Ha BIAMIHY BiJ BHIICHABEICHUX HE MOTPEOYIOThH
CYTTEBUX IEperajiiB TEMIEpaTypH, ajie 3 I1HIIOTO
00Ky MOTpeOYIOTh JOCTaTHHO BEJMKHX IEPEnajiB
TrckiB. KpiMm Toro, ik 3a3Ha4aroTh aBTOPU BKa3aHOL
po0OTH, aHi MPOLECH MOTPEOYIOTh 3HAYHOTO YII0-
CKOHAJICHHs Marepiajly MeMOpaH 3amjisi 30171b-
LIEHHS MPOIMYCKHOI CPOMOXHOCTI.

3aciyroBye yBaru 3aCTOCYBaHHs HaITiBIIPOHUK-
HUX MeMOpaH y OymiBenbHINM ramy3i Juis 3amo0i-
TaHHs KOHJEHCAIlii BOASHUX NapiB Y TaXOBOMY IPO-
CTOpI miJ HoKpiBiuero [5].

- — ——(Dext-A-3
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Puc.2. I-d-nairpama nporieciB 6ararocTaaiifHOTro ancopo-
niitHoro ocymrenss mnositps B CKII:

1 — omHOCTaMiiiHE amcopOIiiiHe OCYIIEHHS MOBITPs 6€3 more-
PEIHBOTO OXOJOMKEHHS; 2 — OMHOCTaiiiHe ancopOmiifHe ocy-
LICHHS MOBITPS 3 MOIMIEPEIHIM OXOJIOIKEHHIM; 3 — IBOCTa-
IiifHe ancopOIiiiHe OCYIIEHHS NOBITPS 0e3 MOoNepeIHbOro
OXOJIOMKEHS; 4 — ABOCTaiiHE afcopOuiliHe OCYIICHHS MOBi-

TP 3 TIOTIEPETHIM OXOJIODKCHHSIM.

Po3pobnieHi creniaabHO 1)1 BKa3aHOi METH Ha-
MiBIPOHUKHI MEMOpaHu JOCTaTHBO €(PEKTUBHO — 3
npoaykrtuBHicTio 1oHan 1300 xr/(no6. m? ITa)
NPOITYCKAIOTh Kpi3b ceGe BOASHI Mapu i3 MoAalib-
MM BUAAJICHHSM Ha30BHI [6]. [lo nporecy He 3a-
Jy4aroTh J0AaTKOBOI eHeprii. BiH 3mificHIOETHCS 3a-
BISIKA CYKYITHOCTI KamuISIpHUX €(eKTiB Ta mepe-
najay napuialbHUX THCKIB BOJSHOI apu. 3 HaBee-
HOTO BUIUIMBAE JIOCTATHHO MpPHUBAOIMBA MOXKIIHU-
BICTb 3aCTOCYBAaHHS HAIlIBIPOHUKHUX MEMOpaH JUIs
ocymeHns nositpst B CKIL.

Y pobori [7] npencTaBiieHa MOPIBHSAJIbHA SKCe-
preTUYHa OIliHKA Pi3HUX CITOCO0IB OCYIICHHS MOBI-
TPSL 13 BUKOPUCTAHHSM TOTOKOBHX EKCEPreTHYHHX
JiarpaM, Ha SIKHX CIIOCTEPIraloThCs XapaKTepHi s
KOHJICHCAIITHOTO CIOCO0y OCYyIIeHHS 3Ha4yHi ITi-
KOB1 CTPHOKY MMUTOMO{ €KCeprii MOBITPs B IIpoIiecax
NepEOXOJIOKEeHHS (OCYIIEHHS) i JOTpiBaHHS MOBi-
Tpsi. Y poboti [4] ekcepreTHUHMA aHaNi3 ascopo-
LiHHOTO cIIoCco0y OCYIIEHHS TAaKOXK MOKA3ye 3HA4YHI
BTpaTH eKCeprii Ha pereHeparito ajcopoeHTy i 0Xo-
JIOMKEHHS HOTO MICTs pereHepartii.

Ocy1eHHs MOBITPsI 32 JOIMOMOTOI0 HaliBIIPO-
HUKHUX (CEJIeKTUBHUX) MeMOpaH, a TaKoX 0coOnu-
BOCTI MPOTIKAHHS TaKOTO IMPOIECY JETaJbHO PO3r-
JsiHYTI B podorax [8, 9]. B podorax [10, 11] npen-
CTaBJICHI METOIM PETYIIOBAaHHS BOJOTOCTI MOBITPS
13 3aCTOCYBaHHSIM MEMOpaHHUX TEXHOJIOTIH Ta nep-
CTIIEKTHBU 3aCTOCYBaHHS MEMOpaH JUIsi OCYIICHHS
noBiTps. B manux poboTax migKpeciroeThesl npu-
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Ba0JIMBICTh HABEIECHOTO CIOCOOY OCYIIICHHS 3a-
BISKA TPOTIKAHHIO IHOTO IPOIECY 130TEPMIidHO,
10 He MOTpedye TETIOBOi eHeprii, a00 XOJOoxy.

®opmynawBaHHs migei crarri. [limmo crarti
€ eKCIIepUMEHTAIbHE TiATBEPIHKCHHS] MOMIIHBOCTI
ocymenus moBiTpsa B CKII i3 3acrocyBaHHsM celre-
KTUBHHX MeMOpaH. O0'€KTOM 3aCTOCYBaHHS JaHOTO
cnoco0y BuOpano CKII ckianiB 30epiraHHs CllIbCh-
KOTOCTIONAPCHKOT MPOAYKIIi 3TiTHO 3 TeXHIYHUMU
YyMOBaMH Ha TIPOEKT KOHAWMIIIOHYBAaHHS MOBITPS
ckiany 30epiranss rapOy30BOTO HACiHHSI.

OcHoBHa yacTuHa. Cxemue pimenas CKII ps
BKa3aHOTO 00'€KTy IPUHHATO KOMOIHOBaHMM, 13 3a-
noOiraHHsIM 30HA MOKJIIMBOTO OOMEp3aHHS TeIlI00-
OMiHHOTrO amapaty (npouec "ext-B-0-3" na puc. 1).
[Ipouec ckaamaeTbes 3 CyXOro OXOJMOMXKEHHS "ext-
B", KoHIEHCAIIITHOrO OXOJIOMKCHHS 1 MEpPIOol CTy-
nieHi ocymenHs "B-O" ta octaTouHOi i30TepMiYHOT
ctyneni ocymenssa "O-3" B MeMOpaHHIN TKaHWHI.
MiniManpHO HEOOXifHEe i30TepMidyHE OCYIICHHS
cTaHoBHUTh Ad = 2,8 I/KL.

[Iponiec mepeHeceHHs] PEUOBHHU Kpi3hb MEM-
OpaHy ONHICYETHCS TEOPI€I0 HEPIBHOBAXKHOI TEPMO-
muHaMik| [12], me #ioro BiTHOCATH A0 (PeHOMEHOITO-
TYHUX TIOHATH 1 OMUCYIOTH TEPMIHOM «IIPOHHK-
HeHHs». Llell TepMiH OXOILII0E Oararo MexaHi3MiB
MIEPCHECCHHSI PEYOBHHH, BUKIMKAHUX PI3HUMHU 3
MPUPONOI0 PYIIIHHUMH CHJIAMHU 1 32 TMPUCYTHOCTI
TPaJi€HTIB PiI3HUX MOTEHINIaNiB: KOHIEHTpaLii ma-
PiB BOJIOTH, MapIliallbHUX THCKIB BOJIOTH, HAJIUIII-
KOBHX THCKiB 3 000X 00KiB MeMOpaH#H TOIIO.

Jnst Bu3HaueHHsT (peHOMEHOJOTIYHOT MPOHHK-
HOCTI 3aITUCYEThCS 3aralibHe PiBHIHHS 1S Koe]ii-
€HTa MTPOHUKHOCTI MEeMOpaHH, Kr/c:

G=0,-F-(R-R)/l. (1)

ne G — macoBa BHTpara IOTOKY piAMHH, KI/C;
F — monia noBepxui Mmemopanu, m?;, O, — IPOHUK-
HicTh MeMOpanu, kr/(c'm'[1a); Pi, P, — pi3HUIIS TH-
CKiB, CTBOpEHHX 3 000X OokiB MmemOpanm, [la;
[/ — ToBIIMHA MEMOpaHH, M.

MexaHi3M NepeHEeCeHHs] PEYOBHHU KPi3b MEM-
Opany omucyroTh 3akoHoM [lapci [9]. PymmiiiHoro
CHJIOIO TIPOLIECY 3T1IHO 3 PIBHAHHSIM JUIA PinbTpamii
PiAMHY € Tpai€HT THUCKY, CTBOPEHUH 3 000X OOKiB
MeMOpaHu. 3araibHa IPOHUKHICTh PEYOBUHU B JIa-
HUX PIBHSHHSX BU3HAYAE€THCS PI3HHULECIO THUCKY pe-
YOBUHH 3 060X 6OKiB MeMOpaHHu, M>:

_2PyQ-p-L

_<p%_p§).1: ’ 2)

ne Q — ob'eMHa BUTpara piauHu, M°/c; F — 1wiomma

noBepxHi Gpinprpaii, Mm% Py i P> — THCK, CTBOPEHHMI
3 000x OokiB memOpanu, Ila; p — nuHamiyHa B's13-
KicTh piguan, [1a-c; L — ToBOTMHA MEeMOpanu, M; Py
— armocepHuit Tuck, [la

Pipastaas (1) € 3pydHUM UIS PO3YMIHHS TIPO-
ecy BiIOKpEMIJIEHHS BOJIOTH, SIKIIO HE BIaBaTHCS
JI0 peaJbHOr0 MEXaHi3My MEpEeHECeHHsI PEYOBHHH,
SIKUM MICTHTh €(eKTH MPOHUKHEHHS PEUOBHHHU B
MIPUMEKOBHX IMapax i B TOBIII caMoi MeMOpaHHU
[12]. 3araipHa IpOHUKHICTD PEIOBUHHU HE € TTOCTIH-
HOIO XapaKTEPUCTHKOK MEMOpaHH i 3aJIe)KUTh BiJl
yMOB miporiecy. Pozpaxynku 3a 3anexHictio (1) mo-
3BOJIMJIM OTPUMATH OPIEHTOBHI 3HAYCHHS HEOOXiI-
Hoi myomi QimpTpamii A1 IPOEKTyBaHHS eKCIlepu-
MEHTaJILHOTO 00J1aJJHaHHS! CTOCOBHO ITPOHUKHEHHS
TEOPETHUYHO HEOOXiTHOI KiTbKOCTI BOJOTH (G KI/TOM
(puc. 1), TpagieHTy HAJJHMIIKOBOTO THCKY 3 000X
0okiB MeMOpaHu Ta (HaKTHYHOI MPOHUKHOCTI, sKa
3aJIeXKUTH BiJl THITy 0OpaHoi MeMOpaH# [6].

J1s mocmiKeHHS IPOLIeCy OCYIISHHS MOBITPS
B J1a0OpaTOpHil yCTaHOBII 3 MEMOPAaHHOIO TKaHH-
HOIO Oyna CKJIaJieHa HAcTyIHa MareMaThdHa Mo-
Jeib. Po3misiHyTo cranuii pyX NOTOKY BOJIOIOrO MO-
BITpA Kpi3b €JIEeMEHTApHY IUIOIIMHY MONEPEeYHOro
niepepisy B3A0BXK dx, M (puc. 3), MeMOpPaHHOTO MO-
ITyJsT OCYIIEHHS MOBITps. 3MeHIeHHs Bonoru -dG,
KI'/C, IPSIMO TIPOTIOPIIiifHE Tepenaay TUCKY Ha MeM-
Opani (P1— P-), I1a, Ta mpOHUKHOCTI, BiAHECEHOI 10
oy MmemOpanu, Q,r, kr/(c'M*Tla), npu cramomy
nmiameTpi pykasa d, M, [12, 13]. Maewmo, kr/(c'm):

-dG=r-d-Q,. -(P —P)dx. (3)

~J

U

Puc. 3.Cxema MeMOpaHHOTO MOJTYIIS
1-xaMepa po3pimKeHHs; 2-pyKaB 3 MeMOpaHHOT TKaHUHU; 3-
BXIJl BOJIOTOTO TOBITPsI; 4- BUXi OCYIICHOTO TIOBITPS;

IarerpyBanHs piBHsAHHS (3) Ja€ 3aJICKHICTD IS
BH3HAYEHHSI 3MEHILIEHHS TIOTOKY BOJIOTH IpHU pyci
MOBITPSI B3/IOBXK MEMOPaHHOTO MOJYJIS, KI/C:

—-G=r-d-Q, - (F—B)x+C. (4)

JlJisl eKcriepuMEeHTABHOTO JTOCIIKSHHS 3ara-
JbHOT MPOHMKHOCTI 00paHOi MeMOpanu Qyr,
kr/(c'M*Tla) po3polieHa JOCHiHA YCTaHOBKA

(puc. 4).
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N

Puc. 4 Cxema excriepuMeHTaIbHOI yCTaHOBKU:
1 i 4-BXOW MOBITPSHOTO MOTOKY; 2 - OXOJIOMKYBaY; 3 — pEeTyIOBAIBHINA APOCENb-KIIaNaH; 5 — MapOBUil 3BOJIOXKYBad MOBITPsI; 6,13 —
pazianbHU BEHTWISATOP 3 YACTOTHUM IIEPETBOPIOBaYEM; 6 — NATYHK TEMIIEpATypH Ta BOJIOTOCTI MOBITPs B IpUMILIeHH]; 7 — mudpo-
BUii tudeperuiansanii Manomerp IMI[-01M 3 TpyGkoro ITito; 8,11 — KaHANBEHUI TaTYUK TEMIEPaTypH Ta BiTHOCHOI BOJIOTOCTI IO-
BITps1; 9 — MeMOpaHHUIT MOIYTTb OCyIIeHHs MOBITPs; 10 — maT4uK TUCKY; 12 — BUXiJ OCYIIEHOTO MOTOKY HOBITPs; 14 — BUXix HOBIT-
PSIHOTO MOTOKY Ta IepMeary; 15-1aTdauk TeMnepaTypH Ta BiTHOCHOT BOJIOTOCTI HOBITPsI B IPUMIIEHHI

Jia perymroBaHHS TemIiepaTypd W BOJOTOCTI
MOBITPSL 10 cXeMH OyJIO JIOMYyYeHO OXOJIOMXKYBay Ta
3BOJIOXKYBa4 MOBITPst. MeMOpaHa 3aKpinjieHa TaKuM
YIHOM, M0 pOo3/Aiisie 00’€M KaMepH Ha JIBi 130J1b0-
BaHI OJIHA BiJl OJIHOT YaCTHHHU. 3BOJIOXKECHE TOBITPS
MojIaBajiocss Ha MeMOpaHHY CEKIIiI0 OCYIICHHS, a B
MIPOCTOPI Mi>K MEMOPAHOIO Ta CTIHKAMU KaMepH I10-
CTITHO MiATPUMYBAJIOCS PO3PiIPKEHHS, 3HAYCHHS
SIKOTO KOHTPOJIFOBAJIOCS IU(DPOBUM MIKPOMaHOMET-
pom. [Ipritagom [t BUMIpIOBaHHS TEMIEPAaTypH Ta
BOJIOTOCTI MOBITpPsI (PiKCYBaJIMCS 3HAUEHHS BiIIOBI-
JHUX [apaMeTpiB Ha BXOJI Ta HAa BUXOMI 3 CEKIIil
OCYILICHHS TIOBITPSI

[Toma moBepxHi MeMOpaHH B E€KCIIEPUMEHTa-
JILHIA YCTAHOBIII po3paxoBaHa 3a (Gopmyiow (2).
[lepemnan TUCKY Ha MeMOpaHi JIJIsl yMOB IIPOBEICHHS
EKCIIEPUMEHTAIILHOTO JTOCIIIKEHHSI MPOHUKHOCTI
MeMmOpanu craHoBuB 250 [1a. 3HaueHHS TPOHUKHO-
CTI MeMOpaHH| Ui pO3paxyHKy ii miomr mnpuiiMa-
nocs 1,5-107 xr/(c-m-I1a) [6].

3HaueHHs] BUTpATd IMOTOKY IOBITPSl BapiroBa-
n0ck y mianasoni Bix 0 mo 400 m/rox, mo Bigmosi-
JIAJI0 TUTOMOMY TOBITPSTHOMY HaBaHTAXKCHHIO JIJISI
KOXHOI cepii ekcnepumenTiB 9,8; 19,6; 39,2; 78,4;
156,9 m*/(M*ron) BigmosigHo. Y Xomi excriepuMe-
HTY 3a JIOTIOMOTOIO CEKIliii 0OpOoOKH TMOBITPS IITY-
YHO CTBOPIOBAJIMCS Ta MiATPUMYBAJIUCh YMOBH I10-
YaTKOBUX IapaMeTpiB MOBITpA (Temmeparypa Ta
BIIHOCHA BOJIOTICTH) IEpes] MOoAa4Yer0 MOBITPS J0

CeKIlii MeMOPaHHOTO OCYIIIeHHS, a TaKOX KOHTpPO-
JIFOBAJIMCSI 3HAYEHHSI TapaMeTpiB MOBITPS Micis ce-
KIIii MEMOpaHHOTO OCYIIIEHHS. 3a 3HaYE€HHSIMHU T10-
YaTKOBHX Ta KiHIEBUX MapaMeTpiB MOBITPS 3 i-d-/i-
arpaMu po3paxoByBayiacs 3MiHa BOJIOTOBMICTY B
poreci 00poOICHHS MOBITPSI.

Ha puc. 5 nmogana anpokcuMoBaHa 3aJ€XKHICTh
3MiHH BOJIOTOBMICTY TIOBITpSl BiJi TUTOMOTO 3Ha-
YEeHHSI MOBITPSHOTO IOTOKY Ha IOBEPXHIO MEM-
OpaHU IIpH CTAIOMY TIepernaay TUCKY Ha MeMOpaHi
AP =2501la. Jn yMOB €KCIIEpUMEHTY ONTUMa-
JIbHE 3HaYeHHs cTaHoBWiIO 89 wm*/(rom'm?). Ilpm
I[bOMY 3MEHIIIEHHS BOJIOroBMIcTY Ad criocrepira-
nock y mexax 1,1...1,2 r/kr.

Ha puc. 6 npencrariieHo 3ajI€KHICTh 3HAYCHHS
MIPOHUKHOCTI BiJl KIJIBKOCTI BOJIOTH, [0 TIPOXOIUThH
Kpi3b MEMOpaHy.

OTpuMaHHI eKCIIepUMEHTAIIbHI JaHHI JT03BOJIS-
F0Th PO3paxyBaTH (pakTHUHE 3HAYCHHs KoedilieHTa
MIPOHUKHOCTI MeMOpaHu Ta po3paxyBaTH (HaKTHIHE
3HaUEHHS 3MEHILIECHHS BOJIOTH B NIOTOLI MOBITPs. 3a
pe3yibpTaTaMu PO3paxyHKiB moOyaoBaHa rpadidHa
3aJIEKHICTHh 3MEHIIEHHS KiJILKOCTI BOJIOTH B IIOTOLI
MOBITPs, 0 OOpPOONSETHCS, B MEMOPaHHOMY MO-
nyni (puc. 7). Takok Ha puc. 7 HaBEeIEHO TEOPETHU-
YHEe 3MEHIICHHS BOJIOTH B MOBITPI MPH IMPOXO-
JOKEHHI I0TO B37I0BXK MOJYJIS 32 3ICXKHICTIO (4).
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Puc. 6. ExcriepiMeHTabHA 3aJI€XKHICTh TPOHUKHOCTI BiJl KITBKOCTI BOJIOTH 110 MPOXOAUTH Yyepe3 MeMOpaHy

BucnoBku. OtpumaHni pe3yiabTartd MaTUMYTh
MPaKTUYHE 3aCTOCYBAaHHS IIPH MTOCIiI0BHIH Oararo-
CTymNeHeBili oOpoOIli TOBITPS OXOJOMKEHHSIM Ta
MeMOpaHHUM  OCYyIIeHHAM. EkcrnepuMeHTanbHi
JIaHHI JI03BOJISIIOTH 3pOOUTH BUCHOBOK, IO HAIIBII-
poHMKHa MeMOpaHa MOXKE 3aCTOCOBYBATHCS IS
OCYILICHHS B CHCTEMAax KOHJMI[IOHYBaHHS MOBITPS
JUISl YHUKHEHHSI MOYKJIMBOTO 0OMEp3aHHs TEI1000-
MiHHHMKA 32 HU3bKOI TEMIEpPaTypH OXOJIOMKCHHS.

Haiibinbme 3HaueHHs1 ocyuieHHs: Ad B ekcriepumMe-
HTi ctaHoBwio 1,1...1,2 r/kr. CyTTeBY po30iKHICTh
eKCIIePUMEHTAJIbHUX TA TEOPETUYHMX JaHUX, HaBe-
JICHUX Ha pUC. 7, MOKHA ITOSICHUTH BPaxyBaHHSM He
BCIX KaNUISIpHUX Ta 1HIHX eeKTiB Ha MeMOpaHi,
110 MOB’53aHO 3 OpakoM HEOOXiIHUX XapaKTepuc-
TUK MeMOpanu. OnTuMalibHe TOBITPSHE HABAHTA-
JKCHHS HA MeMOpaHy JIJIsl YMOB €KCIIEPUMEHTY CKJIa-
nae 80 m*/(rom-m?).
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Puc. 7. 3MeHIIIEHHS BOJIOTOBMICTY HOBITPSTHOTO ITOTOKY 110 JOBXHHI MEMOPaHHOTO MOIYJIS TIPH
006po01Ii MOBITPS B CeKIii MEMOpaHHOTO OCYNIEHHs (CYLIbHA JiHIS — TEOPETHYHA 3aIeXKHICTh §.(4);
MyHKTHPHA JIiHiS — aTpOKCHUMOBaHI eKCIIepHUMEHTANbHI 1aHi)

IlepcniekTUBH MOAAJBIIMX A0CTiTKeHb. [1o-
JaIbIIi JOCHIPKEHHS OynyTh HarpapJeHi Ha Po3-
pOOIIEHHST KOHCTPYKITT 11 KOPUCHOT MOJIENi OCy-

[IyBa4a MOBITPS 3 BUKOPUCTAHHSAM HaIliBIPOHUK-
HUX MEMOpaH Ta YTOYHEHHIO 1 MOTTHOICHHIO TEo-
PETUYHHX TOJOXKEHb.
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YAK 697.94

JKcnepuMeHTanbHble UCCnefoBaHUA OCYLLEHUA Bo3AyXa C UCNONb30BaHNEM
CUHTETUYECKUX NoNynpoHULaeMbIix MeMbpaH B cuctemMax
KOHOAULUOHMPOBaHUA Bo3ayXa

A. B. 3agosHHbin', FO. M. EBOOKMMEHKO?
'k.T.H., mou. KueBcknii HaMOHANBHBIN YHHBEPCHTET CTPOMTENBCTBA M aPXUTEKTYpHI, T. Kues, Ykpanna, alvasil2 1 @gmail.com
2 acnupanTt KueBckuil HAMOHAIBHBIA YHUBEPCUTET CTPOMTENBCTBA U APXUTEKTYPEL, T. Kues, Ykpauna, bonnesante9 1 @gmail.com

Annomayusa. Xpanenue cenbcKoXo3aucmeeHHOl nPOOYKYUU 6 PelamMeHmupo8aHHblX YCI08UAX mpedyem Kpy2io200uiHo2o u
KPY2noCcymouHo20 NOOOEPHCAHUS. NAPAMEMPO8 BO30YULHOU CPeobl - MeMNepamypvl U OMHOCUMENbHOU BIANCHOCMU - 6
ONPeOenéHHbIX OUANA30HAX, KOMOpble YCMAHAGIUBAIOMCA MEXHONOSUHECKUM De2AMEHMOM O KAHC0020 6udd MmAaKou
npooykyuu. [na noooepaicanus OmHOCUMENbHOU 8LANCHOCU CUCHeMbl KOHOUYUOHUPOBAHUS 8030yXa 000PYOVIOM CeKyuaMU
ocyuienus. B npoyecce ocyutenus 8 CUCmemax KOHOUYUOHUPOBAHUS 8030YXA PACXOOyemcs 60bUloe KOTUYECMBO IHEP2UU no
cpasuenuio ¢ opyeumu cmaouamu obpabomxu 6030yxa. Coepemennvie UCCIE008aANHUSL 6 OONACMU MEXHON0SUYECKO20
KOHOUYUOHUPOBAHUSL B030YXA HANPABTIEHbL HA NOSbIUUEHUE IPPEeKMUBHOCMU NPOMEKAHUA NPOYecco8 0OpabomKu 8030yXa ¢
00HOBDEMEHHBIM YMEHbULEHUEM DdHep203ampam. B nocneonux uccie0o8anusx npumeHsom 6 OCHOSHOM a0COpOYUOHHbIE
npoyeccyl OCyulenUs:, Komopbvle He YMeHbUaIon paouKkaibho sampamul snepeuu. Ilonynponuyaemvie Mmemopansl He NOYHULU
WUPOKO20 NPUMEHEHUS. 8 CUCEMAX MEeXHOL02UYECKO20 KOHOUYUOHUPOBAHUS 8030YXA, HO UMEIOM DealbHyi0 NePCneKmusy
obecneyums 3HepeodPPekmuHoe ocyuweHus 8 CUCmeMax KOHOUYUOHUPOBAHUS B030YXA NO CPAGHEHUID ¢ MPAOUYUOHHBLMU
KOHOEHCAYUOHHBIM U a0copOyuontbim memooamu. OHu nO3601510M KPOME CHUICEHUS. pACX00ad dHepeuu Ha OCYWKY 8030YXd
uzbedcamv He2amugHO20 sGNeHUs O0nedeHenus MmenioooMeHHuKka. B oOannoil pabome npugedenvl pesyivmamol
IKCHEPUMEHMATILHBIX UCCTIE008ANUT NO OYeHKe 603MONCHOCIU NPUMEHEHUS. NOTYNPOHUYAEMBIX MEMOPAH € Yenblo OCYUeHUs
6030yXa CKAA0A ONA XPAHEHUs. CeNbCKOXO3AUCMEeHHOU npodykyuu. [Ipusedenvt pe3yrbmamel IKCHEPUMEHMATLHBIX
UCCIe008aAHUTl  YMEHbUEHUS  81A20CO0EPHCAHUA 6 CeKYUU MEMOPAHHO20 OCYWEHUs, NpU8edeHa dKCNepUMEHMAanbHasl
3A8UCUMOCTIL NPOU3BOOUNMENLHOCIIU OCYULEHUS OM YOeNbHOU 6030VIMHOU HaspysKu Ha membpany. [Tonyuennvie pesyiomanoi
0aiom 603MOMHCHOCMb NPAKMUYECKO20 NPUMEHEHUS MEMOPAHHO20 OCYWeHUs Npu NOCIe008AMENbHOU MHOOCHYNEeHYamou
obpabomke 6030yXa 8 CUCMEMAX KOHOUYUOHUPOBAHUS B030YXA C YepeOOSaHueM Cmaouil OXIANCOeHUs U MeMOPAHHO20
ocyulenus 6030yxa.
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Kniouesvie cnosa: konouyuonuposanus 6030yxa; NOAYNPOHUYAEMAS MeMOPAHa; OCYWeHUus 6030yXa;
NPOHUYAEMOCHb NAPO8 8l1A2U; YOETbHASL NPOU3BOOUMENbHOCHIL OCYUIEHUS.

UDC 697.94

Experimental Studies of Air Dehumidification Using Synthetic Semipermeable
Membranes in Air Conditioning Systems

0. Zadoyannii', Yu. Evdokimenko?
IPhD, associate professor. National University of Construction and Architecture, City Kiev, Ukraine, Alvasil21@Gmail.com
2 Post-graduate student. Kyiv National University of Civil Engineering and Architecture, Kyiv, Ukraine, bonnesante91@gmail.com

Annotation. Storage of agricultural products in regulated conditions requires year-round and round-the-clock maintenance of
the air environment parameters - temperature and relative humidity - in certain ranges, which are established by the
technological regulations for each type of such products. To maintain relative humidity, air conditioning systems are equipped
with dehumidification sections. During dehumidification, air conditioning systems consume a large amount of energy compared
to other air treatment stages. Modern research in the field of technological air conditioning is aimed at increasing the efficiency
of air treatment processes with simultaneous reduction of energy costs. In recent studies, mainly adsorption drying processes
are used, which do not reduce radically the energy expenditure. Semipermeable membranes have not been widely used in air
conditioning systems, but have a realistic prospect of providing energy-efficient dehumidification in air conditioning systems
compared to traditional condensation and adsorption methods. They allow, in addition, reducing the energy consumption for
air-drying, avoiding the negative phenomenon of icing of the heat exchanger. In this paper, we present the results of
experimental studies to evaluate the feasibility of using semipermeable membranes for drying air in a storage warehouse for
agricultural products. The results of experimental studies of moisture content reduction in the membrane dehumidification
section are presented, the experimental dependence of drainage performance on the specific air load on the membrane is given.
The obtained results allow the practical application of membrane dehumidification in the successive multistage treatment of
air in air conditioning systems with alternating cooling and membrane drying of air.

Keywords: air conditioning; semipermeable membrane; dehumidification of air; moisture vapour
permeability; specific drainage capacity.
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OuiHka ecbeKTUBHOCTI cepegoBuLla OyaiBenb WoA40 BNAMBY Ha NIOAUHY 3a
KiflbKOMa napameTpamMu Ha OCHOBiI TOYKOBOIO YMCII€HHA

B. O. €ropyeHkos "
k. T.H., no1., KuiBchkuii HanionansHuil yHiBepcuTeT GyniBHuITBA i apxiTekTypu, M. Kuis, Vkpaina, egval@ukr.net,
ORCID:000-0003-2910-0331

Anomayisi. 32i0HO 3 3AKOHOM ONMUMYMY 8 €KON02LE, KOJCHUL (hakmop mae 6iOnosionuli 0ianazon (30Ha ONMUMYMY), Y AKOMY
JHOOUHA NOYYBAEMbC KOMPOpMHO. HKWO 3HaAYeHHs Gakmopy uxo0simb NO3d MedCi Yb020 Oiandazony, mo Op2aHizm
npuenivyemuca. Ipu popmysanni cepedosuwya 8 6y0iensax 8axciueo, wod sHaueHHs aKmopie MaKCUMAIbHO HAOAUNCATUCA 00
30nu onmumymy. Tomy memoro danoi pobomu € po3podoKa KOMILEKCHOT OYIHKU PIHOMAHIMHUX (YaKmopis, sKi 6NIuUearms Ha
aroouny. Kpumepiem oyinku 6 0aniti pobomi nputinamo npodykmuseHicms npayi. Kpusi sminu npooykmusHocmi npayi 6i0 mozo
Yy [HWO020 (HAKmMopy ONUCY8ANUCS MOYKOGUMU DiHAHHAMU. [[ns npakmuunol peanizayii nputimanucsi mpu Gaxmopu:
memnepamypa, 6i0HOCHA B0N02ICIb NOGIMPsL 6 NPUMIWEHHT, d MAKONC KYMO6a 8UCOMA c8imnoeoeo eekmopy. Kpusi sminu
NPOOYKMUSHOCMI npayi 8i0 yux ¢paxmopie HaHOCUNUCA Ha 00UH epagik. B3oosoic oci abcyuc siokaiadanucs 3HayeHHs pakmopie
¥y uacmkax 8i0 Kom@opmHux 3Havens. Lle 0ano 3moey susnayumu Koegiyicumu enaugy ¢paxmopie 00un i0HOCHO 00Ho20. /4
KOMNAEKCHOI OYiHKU (popMYyBanacs mouko8a MHOMCUHA NOBEPXOHb PO3PAXYHKOBUX A00 SUMIDAHUX 3HAYEHb. 3 BUKOPUCTHAHHAM
Gopmynu Koegiyienma eapiayii 6u3HAUANOCA CEPEOHE BIOXUNEHHS 6i0 KOMPOPMHO2O 3HAUEHHS 3a KOXCHUM paxmopom. Ha
3a6EpUIeHHsl, BUZHAYANIOCS CEPEOHbO3BANCCHE 3HAYEHHS GIOXUNIEHHs 3a 8CIMA OYIMIOBAHUMU DAKMOPAMU 3 VPAXYE8AHHAM
Koegiyicumie enauey. Hatikpawim piwennsam cepedosuwya 6 6yoieni 6yoe me, y KoMy CepeOHbO38ANCCHUL Kpumepitl OYiHKU

Habysae MiHIMAILHO20 3HAYEHHS.

Kniouosi cnosa: 3akon onmumymy, KOMNAEKCHA OYIHKA, NPOOYKMUGBHICMb NPAayi, MOUKO8e YUCIeHH S,
Koeghiyienmu 6n1U8Y, KOMPOPMHI 3HAUEHHS.

IlocranoBka mpoGieMu i Tl akTyaJabHiCTBb. CTOCOBHO KOHKPETHOTO (pakTopy cepenopuia. Pea-
JronnHa TIOCTIHHO 3HAXOAMTHCS IIiJ| BIUIMBOM Pi3- KIIisl JIFOJICBKOTO OPTaHi3My € aHAJIOTI9HOK PO3IJIsi-
HOMaHITHUX (aKTOpPiB: TeMIIEpaTypa, CBITIO, pai- HYTiH. SIKI0 3HAUYEHHS TOTO YH iHIIOTO MapaMeTpy
arfisi, 3ByK Ta iH. Jlis nux (axkTopiB € pi3HOILIaHO- 3HAXOMATHCA B 30HI ONTHMYMY, TO IO MEpIIIe, Y JIF0-
BOIO Ta HEOHAKOBOIO. J[11s1 3a0e3neueHHs MaKCHMa- JMHUA TapHE CaMOIOYYTTs, MO JPYre, MPOIyKTHB-
JILHOT TMPaIe3IaTHOCTI JIFOMUHHU Ta SKOCTI 11 BiAmo- HICTh Tpalli 3HaXOAUThCS HAa BUCOKOMY piBHI. lle
YUHKY HEOOXIJIHO BM3HAYUTH KOMOIHAIlT 3a3Haye- HiATBEPIKYETHCS HU3KOIO JTOCHIDKEeHD [2-6]. | Ha-
HUX TapaMmeTpiB A JOCATHEHHS KOM(OpPTHOTO BITaKW, TIPH BUXOJli 13 I[BOTO Jiara3oHy MHOTipIry-
CTaHy JIIoMUHHU. TOMY aKTyaabHHUM € 3aBJaHHS CTBO- €TBCS CAMOTIOUYTTS, 3HUKYETHCS MPOMYKTHBHICTh
PEHHSI METO/IIB BU3HAYCHHS ONTHMAIBHOT KOMOiHa- npari, HBHIIIE 3’ IBISETHCS BTOMA TOLIO.
1ii mapaMeTpiB cepesOBHIA MPUMIIIEHb 321 3a- Onnak, Ha JIOJUHY MOXYTh JISITH BiApazy
OesnedeHHs: KOM(OPTHOTO CTaHy JIFOIMHY 3 ypaxy- JeKibKa PI3HOPIAHUX 3a CBOEH (HI3MUHOIO
BaHHAM 1i pisionoriunmx norped. CYTTIO (DaKTOpiB, 5IKI B TOMY a00 1HIIOMY CTy-

OcranHi gocaizKeHHs Ta myosikamii. 3rigHo
3 3aKOHOM OIITUMYMY B eKkoJorii [1], koxxeH (akrop
Mae BiANOBIAHUH Jiama3oH, Y SIKOMY OpraHi3M Io-
yyBae cede komdpoptHo (puc.l). Llei#t mianazoH Ha-
3MBAETHCS 30HOIO ONTHUMYMY. 3MiHa BETMUUHH (ak-
TOpY SIK B OJIMH, TaK i B iHIIUI OiK MPU3BOTUTH 10

MPUTHIYEHHS opraHi3my. | uum OinbIe BigXUICHHS HATTS 1HIIOTO, 1 HAaBMaKU. Tomy nocrae nuTaHHs
BiJl 30HU ONITHMYMY, TUM OLIbIIIE OpraHi3M MpPHUTHi- NpH IPOSKTYBAHHI CEPE/IOBHINA, SIK HPAaBHIBHO
qyeTbcsl. MakcuMalbHI Ta MiHIMajbHI 3HAYEHHS 3pOOUTH KOMILICKCHY OLIHKY BIUIMBOBHX (paKTopiB.
(baxTopy, SIKi IEPEHOCATHCSI OPraHi3MOM — 1€ KpH- Ile BupinIyBaoCs B OCHOBHOMY 3a JIOIIOMOTOKO iH-
THUYHI TOYKH, 32 MEXKaMH SKAX ICHYBaHHS BXXE He- Tyiuil paxiBiuis. ¥ po6orti [5] Oyxa cripoda ouiHuTH
MOYTHBE. HU3KY (DaKTOPIB, aJie 11e BUPIIIEHO 3 HEBEIUKOIO TO-
Me3Ki BUTPHUBAIOCTI MK KpUTHYHUMH TOYKAMHU YHICTIO 1 JIMIIIE JUIS CBITIIOBUX (aKTOPIB, SIKI BILIH-
HA3UBAIOTh EKOJIOTIYHOIO BAJICHTHICTIO )KUBUX iCTOT BAIOTh Ha IPOJYKTHBHICTH 30POBOI MpaLl.

32

IeHl MalOTh BIUIUB HA MPOAYKTHBHICTH MIpalli:
TEeMIIEpaTypa, OCBITJIEHICTb, 3BYKOBE I10JI€, B1JI-
HOCHa BOJIOTICTh MOBITps Ta iH. Lli daxropu
BIUIMBAIOTh HE OJHAKOBO. BijbIl TOro, 3MiHa
OJHOTO (pakTOpy MOXKe BIUIMBATH Ha CIIPHIA-
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30Ha €KOJIOrIYHOT TONePAaHTHOCTI

Cy6onTrManbHa 30Ha

Peakuist opraHizmy
ITecumym

Huxus KpUTHYHA TOYKa

Ontumym

Cy0GonTumalbHa 30Ha

Iecumym
BepxHs KpHTHYHA TOUKA

)

Puc. 1. Cxema nii ¢akTopiB cepeOBHINA HA )KUBI OpraHi3MU

@opmyaOBaHHs 1ijieil craTTi. Metoro naHoi
poboTH € po3podka METOy KOMIUICKCHOI OIlIHKU
PI3HOPITHUX 32 CBOEIO (PI3UIHOIO CYTTIO €KOJIOTIU-
HUX (paKTOpiB, O BILIMBAIOTH HA JIFOANUHY, AJIS TIO-
KpalleHHs 11 310pOoB’s 1 30epeKeHHs TPOAYKTUBHO-
CTi TIpalll Ha BUCOKOMY piBHi mpu opMyBaHHI KO-
M(}OPTHOTO CepeTOBHIIA B TPUMIIICHHSX 3 BUKOPH-
CTaHHSIM TOYKOBOTO YHCIICHHSI.

OcHoBHa YacThHA. SIKIIO NPUMHATH MPOIYK-
TUBHICTh Tpalli OCHOBHHUM KpPHUTEPI€EM OIIHKA
BITMBY Ha CTaH JIFOJWHU TOTO YH iHIIOTO (haKTopy,
TO HayKOBI JIOCIIPKEHHS HAJaJId JOCTATHINA 00CsT
pe3yNbTaTiB BUBUEHHS BILTMBY Pi3HOMaHITHHX (a-
KTOPIB Ha Ie¥ KpUTEPIi.

Tak K. [Janienc [2] nociimKyBaB BIUIMB TEMIIC-
parypu Ha TPOAYKTHUBHICTH pO3YMOBOi Tmparii
(puc. 2 a). B [3] mpexacrasieHi JaHi Mpo BIUIMB Bij-
HOCHOT BOJIOTOCTI TOBITpPsI MpuMitieHHs (puc. 2 0),
a B [5] mocnipKyBaBcs BIUIMB XapaKTEPUCTUK OCBI-
TieHHs (puc. 2 B).

Jist OLIHKM BUKOPHUCTAEMO TEMIIEparypy, Bia-
HOCHY BOJIOTICTb i, HAIIPUKJIaJl, KyTOBY BUCOTY CBi-

1. %
00
100

90 n, n,
&0 oy 95 100
70 %0

95
50 85
50 80 90
40 75

85
| 0
515 65 80
10 60 75

20 40 60 80

0 §)

a 1015 20 25 30 354.C 0, % B

%

TJIOBOTO BEKTOpPY (KpuBa 3, puc. 2B), sika Ma€ Haii-
OUIBIINK BIUIMB CEPEe]l CBITJIOTEXHIYHUX (haKTOPIB.
i dbakropu, six BUAHO 3 TpadikiB, MarOTh pizHY (i-
3WYHY OCHOBY, Pi3Hi OJMHUIII BUMIPIOBaHHS 1 pi3-
HUW BIUIMB HAa JIOJIUHY.

{06 3aificHUTH KOMIUIEKCHY OLIHKY, Tpeba
3HaWTH ciibHI pucH. [1o mepmre, Bei mi GpakTopw mi-
IKOPSIIOTBCS 3aKOHY ontuMyMy. 1o npyre, Bci BOHH
MaroTh MAaKCUMYMH B TOYIIl HAHOLIBII TPUEMHOTO
(KOoM(OPTHOTO) CIIPUIAHATTS JIFOAUHOO TaHOTO (ha-
ktopy. Lli pucu i Oyzemo BpaxoByBaTH IpH PO3PO-
011l METOy OIlIHKH.

SIKII0 CyMICTUTH BCi KpUBI Ha OJIHY ITO3HAYKY
oci abcrwc, ska BigmoBinae KoM(pOPTHOMY CTaHy
JIFOJIMHM, a MacInTad I11i€l 0ci BUOpaTH He B a0COITIO-
THHUX OJJUHHIISX, @ BIIHOCHO /IO KOM(QOPTHOIO 3Ha-
4yeHHsI (BEpXHIN IHIEKC «K»), TO OTPUMAEMO Kap-
TUHY, 32 JOIIOMOTO0 SIKOT MOXKHA TTOPIBHIOBATH 11i
nokasHuku (puc.3). Sk Oauumo, mepma ¥ Tpers
KpuBi (puc. 2 a, B) MaroTh GopMy ellirnica, a Apyra
kpuBa (puc. 2 0) mae ¢popmy napabou.

Y TOYKOBOMY YHUCIIeHHI [7] 1l KpUBI MalOTh Ha-
CTYITHI PiBHSIHHSA:

/

n5

35 55

45

Puc.2. I'padiku BrimBy pi3HHX (akToOpiB Ha MPOIYKTHBHICTD Tparl 1), %:
a — TeMIepaTypH ts, °C; 6 — BITHOCHOT BOJIOTOCTI @, %; B — KyTOBa BHCOTA CBITJIOBOTO BeKTOpY 0, °
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-0,5(5(11,5) 15(23)  +0,515(34,5)
-0,59%25)  ¢¥(50) +0,5¢%(75)
-0,5 6%(22,5) ©6%(45) +0,5 6%(67.5)
Puc. 3. I'padiku BBy pi3HUX (akTOpiB HA
MIPOIYKTHBHICTb Mpalli y BiJHOCHUX OJUHULISX:
CYILJIbHA JiHIS — TeMIepaTypu;
ITyHKTUP — BiTHOCHOI BOJIOTOCTI;
IITPHX-TTyHKTUP — KyTOBOI BUCOTH CBITJIOBOI'O BEKTOPY

(l—u)(l—Zu)
T A=2u) +2u(l-u)

u(2u—l)
(1=2u)* +2u(l—u)
2u(1—u) ]
=20y +2u(l—u)’ (1)
M,=A1(1—u)(1-2u)+
+4Cu(l-u)+Buu-1); )
B (1—u)(1-2u)
O (1=2u)? + 2u(l—u)
+B u(2u—1)
> (1-2u)? +2u(1—u)
N 2u(l—u)
2 (1=2u)? +2u(l—u) 3)

ne M, M,, My — IOTOYHI TOYKH HA BIATIOBIIHHUX
KpUBUX; U — IApaMeTp PiBHSIHb, SIKHII BU3HAYAE TPU
KpHBI Ta 3MIHIOETHCS BiJ HYJISI IO OJMHUIIL:

u==kll 4)
k — mopsagxkoBuH HOMEpP TOYKM CKaHyBaHHS,
k=0,1,2,...,1; [ — KUIbKICTh NPUHHATHX TOYOK
CKaHyBaHHS, 3aJIC)KUTH BiJl IPUHHATOI TOYHOCTI.
PiBusinns (1-3) BKa3yroTh Ha 3aJIEKHICTH MPO-
IOYKTUBHOCTI Ipaui BiJ Temneparypi ¢, °C, BigHoc-
Hoi BoJstorocTi ¢, %, 1 KyTOBOT BUCOTH CBITIIOBOTO

BekTopy 6. [lepie piBusHHA B cumrekci ABC (xa-
paKTepHI TOYKH, SKi 33Jal0ThCS 13 eKCTIIepUMEHTa-
TpHUX 200 pO3pPaxyHKOBUX JMaHWUX), HACTYITHE PiB-
HsHHA (2) B cumiuiekci 41B1C1, 1 ocTaHHE PiBHSHHS
(3) B cumrmnexci A2B8:C.

I3 puc. 3 BUIHO HE OJHO3HAYHICTH BIUIUBY (hak-
TOpiB Ta pi3Hy ixHIO 3Ha4ymIicTb. HaitOinbimii
BIUIMB i3 TPHOX HaBeJCHHUX (PAKTOPIB Mae TeMIiepa-
Typa, HAaMEHIIHA — KyTOBa BUCOTa CBITIIOBOTO Be-
kropy. KoedimieHTn BIIMBY BiIHOCHO TeMIiepa-
TYPH TOBITPSI B IPUMIILICHHI:

Koo = My/M; =
Aol (1=20 ACK 1=+ Breu2u—1),
A(l—u)(1=2u)+ Bu(2u—1)+2Cu(1—u)
Ko = Mo/M, =
- Akgy(l-u)(1-2u)+Brguu—1+2Crp a(l—u)
A —u)(1—2u)+ Bu(2u — 1)+ 2Cu(1—u)
qg=(1-2u)*+2u(l — u); 5)

JIe Ky — KOSQIIIEHT BIUIMBY BIJIHOCHOI BOJIOTOCTI
MOBITPSI CTOCOBHO HOTO TEeMIepaTrypu; Ko — T€ K
came, KyTOBOT BUCOTH CBITJIOBOT'O BEKTOPY; Kpa, Ky,
Kpcs Koas Koe TA Koo — KOSQIIIEHTH BIUIMBY B XapaKTe-
PHUX TOYKaX BiAMOBITHUX KPUBUX:

Kpa=A1/ A, ..., ke =Ci/C. (6)

Pesynwrartu peanizarii orpuMaHux piBHSAHB (1-6)
y cepenonuiie MathCAD HaBeziena Ha puc. 4.

Y OUTBIIOCTI TOYOK MPUMIILIEHHS 3HAYSHHS TOTO
YH IHIIOTO MapameTrpa Oyae BiIpi3HATHCS BiJ] KOM-
(doptHOrO. 3a/1a4a CHELIATICTIB IOJIATaE B TOMY,
o0 Tpu MPOEKTyBaHHI OymiBIi B KOXKHIHA TOYII
MIPUMIIIEHHS 111 BiIXICHHs OyJTd MiHIMAJIbEHUMU.

Take 3aBgaHHS MOXKE BHPIIIyBaTHCS J[BOMA
nsixamu. [lepmmit — B abcomorHoMy masi. [Tif-
PaxoBYETbCS CyMa BIIXWJIEHb BiJ KOM(OPTHOTO
3HAUEHHA y BCiX Toukax. Jpyruil muisix — BigHOC-
Huii. CriouaTKy 3HAXOAMTHCS HAWKpAIlliid BapiaHT
abo mepmuM [UIAXoM, abo eKCIepUMEHTAIbHUM
IUIAXOM (€TaJOHHUM BapiaHT), a MOTIM 3IiHCHIO-
€THCsI TOPIBHSIHHS BCIX BapiaHTIB BiJIHOCHO €TAJIOH-
HOTO.

s BU3HAuUEHHS OLIHHOTO MOKAa3HHKA 32 KOX-
HUM TapaMeTpoM MOXKHa BUKOpUCTaTH (opmymy
koedimieHTa Bapiallii, sika BAKOPHCTOBYEThCS B Ma-
TEMaTHYHOI CTaTUCTHULII.
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Puc.4. Kpusi koedinieHTiB BILTUBY Ha TPOIYKTUBHICTH MPAIli

[epmmit msax. GopmyeTbcss MHOXKHHA pO3pa-
XYHKOBUX TOYOK METOJOM TOYKOBOT'O UHCIIEHHS [§]

3

[(D

lij

-D,)/D,T

1

v m-n

m,
»J

—_

> (D, -D,)/ DT
i,j=1

C,, = ;

? “\/Wl'n

m,n

Z [(DNg/ - DK) / Dx ]2

i,j=1

’ \/Wl‘l’l

(7

ne Dyij — TOYUKOBa MHOKMHA TIOBEPXHI pO3paxyHKO-
BUX/BUMIPSIHAX 3HAU€Hb OLIHIOBAHOTO Iapamerpa
nanoro (akropy (puc.5); D« — koMmpopTHE (HOPMO-
BaHE) 3HAYEHHsI OI[IHFOBAHOTO MapaMmeTpa JaHOTO
¢baxTopy; i, j, m, n — NOPSIKOBUI HOMEP Ta KiJib-
KiCTh pPO3paxyHKOBHUX TOUOK B 000X HaIpsIMKax;

N — KUIBKICTb OLIHIOBaHUX ()aKTOpiB. Y LIbOMY BH-
naaKy KoMpopTHUM Oyzie OJJHE 3HAUCHHS, CBOE JUIS
KO)KHOTO TMapamMeTpa B MeXax AaHOTO MPUMIIIEHHS
Y BUIVISIIII TOPU30HTAIBHO PO3TAIIOBAHOI IUIOIMHH
3 TOYKaMH CKaHyBaHHS, sIKi MalOTh OIHAKOBY KOOp-
JHATY Z.

Hpyruii nusix. [lpumyctumo, 1o € mpumi-
[IEHHSI, BapiaHTH CepPeIOBUIIA SIKOTO TpeDda OIiHATH
BIJTHOCHO IHIIOTO €TaJOHHOTO TPHUMIIICHHS, Y
SIKOTO THIIMI XapakTep 3MiH OI[IHIOBaHUX (haKTOPiB
(puc.6). [ligpaxoBy€eTbCsT KpUTEPiil OLIHKH 32 KOXK-
HuM (paktopom Cyp 32 HACTYTHUMHU (HOPMYIaMu:

1

c, =\/m2((01ij -D,)/D,,) /«/m-n;

i.j=1

m,n

Cyy = [ 2Dy, -D,) /DT [Nomw-n;

i,j=1

chz\/” [(DNij—Daij)/Duy.]z/\/m.n, (8)

I

35



Bernmunsuis, oceimneHHss ma mernoaasornocmadaHHs. Bun. 24, 2018

3Ha4YCHb

[Mnowmna kompopruoro

3Ha4YCHHsA MapaMeTpa

Puc.5. Tlpukinazn moBepxHi po3paxyHKOBHX 3HaYeHb

T T Tt ) S
D, 5 ﬂoaep'xHi 3HA4CHb MapamMeTpa D
OLIHIOBAHHX BapiaHTiB

Dm\ Dy

D7
ﬁ

Ds;

v\ Yy Y & i \__mn

\/Hone PO3paxyHKOBHX IToBepxHa 3Ha4EHD napameTpa\

TOUOK if (1m=n)

€TAIOHHOI0 BapiaHTa

Puc.6. [loBepxHi TOUKOBHX MHOKHH 3HAYECHB ITApaMeTpiB (B po3pisi OyxiBii),
SIKi OL[IHIOIOTBCS (PO3PaxyHKOBUX Dyjj) 31 3HAYSHHSIMH €TAIOHHOTO BapiaHTy Doi.

ne D,;j — ToukoBa MHOXKHMHA TIOBEPXHI PO3PaxyHKO-
BUX/BUMIPSIHAX 3HAa4eHb Mapamerpa JaHOoro (ax-
TOpY €TaJIOHHOTO BapiaHTY.

SIKIIo oIiHKa 3M1HCHIOETLCS 3a NEKUIBKOMa Ba-
pianTamu pimeHb OymiBIi, cepes AKX € 1 eTaloH-
HUH, TOOTO HAHOIIBII TOCKOHAIHI 32 paHille mpo-
BEJICHUMH JOCHIDKEHHSIMU a00 po3paxyHKaMmu, TO
KOOpZIMHATH TOYOK CKaHYBaHHSA (pO3paxyHKOBHX
TOYOK) BCiX BapiaHTIB MIOBHHHI 30iratucs.

PosrnsiHemMo  kBazpar pi3HMLI, HampHKIam,
(Dnij— Doi)*. Y TOYKOBOMY YHCIIEHH] 3 BAKOPUCTaH-
HSM METPHYHOro oreparopa [9] us pizauns Oyme
BU3HAYATHCS HACTYIIHUM YHHOM:

ZZ?D, ZZ(DI _Do)2 = |D|Do|2;

Dy

:Z(Dz - Do)2 = |D2Do|2 5

D,D,

:Z(DN _D0)2 :|DND0|2 >

2 DO
DNDN

©
a00 B KOOPAMHATHOMY BHIJISII:
2
|DD0| =(x, —Xp, )2 +(p — Vb, )2 +
+(zp — 2z, )% (10)

Tyt Dn, D, — IOTOYHI TOYKH CKaHYyBaHHs po3pa-
XYHKOBHX 1 €TaJIOHHHX IIOBEpXOHb, SIKi OIUCY-
IOTBCS HACTYHNHHMH PIiBHSHHSAMH B CHMIUIEKCI
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ABCFQ B 4YOTHpPHBHMIpHOMY MpOCTOpi (Hampu-
KJaJ, TPH KOOPIMHATH IMPOCTOPY 1 OJIHA KOOPIH-
HaTa Jacy):

D, = Ap(u,v, w,t) + Bq(u,v, w,t) +
+Cr(u,v, w,t) + Fs(u,v, w,t) +

+Of (u,v,w,1) (11)

3a OTpUMaHUMH 3aJEKHOCTSIMA MOXKHA TIOPiB-
HATH oOmmBa BapianTh (Tabmn. 1). IlimcraBmsemo
OoTpHUMaHi KoopanHaTH 110 piBHAHHA (10) 1 pe3ynbsrar
1o piBastHHS (8). OTprMyeMO 3Ha4€HHs OLIHHOTO
MOKa3HMKA 32 KOYKHUM BITMBOBUM (PaKTOPOM cepe-
JOBUIIA.

HanpukiHiii BH3HAYaEThCS CEPEIHBO3BAKECHUMN
KpUTEpii OLIHKM, SKUH MiJpaXxOBYEThCS OISl BCiX
BapiaHTIB pimeHs Oy[iBenb, IO PO3TISAAIOTHCS
MIPH TTPOEKTYBaHHI:

ikp -Cl, ikp -C2,
Cl="——; C2,=22—;
2k, 2k,
p=1 p=1
4
ka 'CNp

CN, ==,
2k

p=l

(12)

ne N, — HoOMep BapiaHTa pileHHS OyaiBii;
CN, — 3HaYeHHS OIIHHOTO MOKAa3HUKA 32 KOKHUM
IapaMeTpoM CepeloBHIa; k, — KoedimieHTH, sKi
BpaxoBYIOTh CTYIiHb BIUIMBY KOXKHOTO MapaMeTpa;
& — KUTBKICTh TTapaMeTpiB, 3a AKUMH 3TIHCHIOETHCS
OLIIHKA.

VY pesynbTati mpuiiMaeThCs TOH BapiaHT OyAiBii,
y SIKOTO CepeAHbO3BaKEHUN KpuTepiit ominku CN,
Ha0yBa€e MiHIMaJIbHOTO 3HAYEHHS, OCKIIBKU Cepe-
JTHE BiIXWJICHHS BiJl KOM(POPTHOTO (HOPMATHBHOTO)
a00 eTaJIOHHOTO 3HAYEHHSI MiHIMaJIbHE.

BucnoBku. Po3po0ieHMit MeToa KOMIUIEKCHOT
OIIIHKK BHYTPIIIHBOTO CepeAoBUINa B OYIiBIAX
o0 JMii PI3HOMAHITHUX EKOJOTIYHUX (aKTOPiB
n03BoJsie GopMyBaTH epEeKTHBHE CEPEAOBHILE TPH
MiHIMaJTbHHUX BUTpATax €Heprii i KOIITiB, 110 i IBH-
HIUTh PiBEHb eHeproeeKTHBHOCTI OyniBens. Pe-
3yJIBTATH JIOCIIIPKEHb 11i€1 poOOTH TOBEACHO 0 PO-
3pOOKH aITrOpUTMY.

IlepcnekTUBH NOAANBIINX JOCTIIAKEHb. Y TI0-
JAIBIINX JIOCTIKEHHSAX OyIyTh pO3pOOIATHUCS
nporpaMu (GopMyBaHHS €PEKTUBHUX CEPEIOBHIIL
Y pe3ynpTari IXHROTO BHKOPHUCTOBYBaHHS Oyre
3HMKCHO PIBEHb CHEPrOCIIOKUBAHHS Oy/1iBEb.

Tabruys 1

PiBHsIHHS 1J151 NOPiBHSAAHHS BapiaHTIiB

BapiaHT, sKuii OIliHIOETBCS

ETanonnwii Bapiadt

Xpiy =Xyt X gy + Xy i + X8+ lefl;
Yoig =YaPr Y Ve + Yerli T VeiSi +yQ1f1§

Zpiyy = Zab T Zpqy 2ot ZpS T+ ZQlfl;

Xpoij = X2 Pyt XpaGy + Xeo¥y + XSy + xQ2f2§
Vo2 = Va2 P2 T Vp2ldo + YVeola + VS + yQ2f2§

Zpoij S ZaaPy T ZpaQs T 2oty t ZpyS, + ZQ2fz;

Xpnig = Xan Pyt XpnGn T Xenty + XpySy +xQNfN;
Yoni =YanPn t Vendn T VenTn + VenSy +yQNfN;

Zpnig = ZanPn T Zpndn T Zentv T ZenSy T ZQNfN;

'xDoij = onpa + xBaqo + xCoro + xFoso + anf;);
yDo{/' :onpo +yBoqo +yC0ro +yFoS0 +yQof;);

ZDoij = ZAopo +ZBoqo +ZCor0 +ZF0S0 +ZQof;)'

ITpumiTKa. XA1, XB1, XCl, XFI... XAo, XBo, XCo... - KOOPJUHATH OMOPHUX BEPIINH CUMIUICKCIB BiAMOBIIHIX MTOBEPXOHD, AKi 3a1at0ThCS,
BUXOJSTYH 3 PO3paxyHKiB a00 BUMIPIOBAHb; P1, g1, F'1, S1, fi Po, Go, Fo, So, fo — GYHKIIT MapaMeTpiB NpH BiANOBITHMX KOOPIHHATAX, SKi

3aJIC)KaThb Bill THUITY IIOBEPXOHbD.
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OueHka adphpeKTUBHOCTU cpeabl 34aHUN NO BIUSIHUIO HA YenoBeKa HECKOJSb-
KMX NnapamMeTpoOB Ha OCHOBE TO4Y€4YHOIro UCHYUCTIEHUA

B. A EropLIeHKOB1

K. T.H., no11., KueBckuii HAIMOHABHBIN YHUBEPCUTET CTPOUTENLCTBA U ApXUTEKTYPHI, I. Kues, Ykpauna, egval@ukr.net,
ORCID:000-0003-2910-0331

Annomayua. Coanacno 3aKoHy ONMUMYMA 8 IKOA02UU, KAHCObLLL aKmop umeem onpeoenénuvlil Ouandason (30Ha onmu-
MyMa), 8 KOMOPOM Yenogek uyscmeyen cebs komgpopmuo. Eciu snauenus ghakmopa 6bixo0sam u3 3moco Ouana3ona, OpeaHu3m
yenemaemcsi. [lpu popmuposanuu cpeovl 6 30aHUsX 8aHCHO, YMOObl 3HAYEHUS PAKMOPO8 8 MAKCUMATbHOU CIEeNneHU npubu-
Jrcanuch K 30ne onmumyma. Ilosmomy yenvio oannoti pabomul s6asiemcs pazpabomra KOMIAEKCHOU OYeHKU 0eticmeylouux Ha
yenoeexa pasHopooHsix hakmopos. B kauecmee kpumepusi oyeHKu 6 OaHHOU pabome NPUHAMA NPOU3E00UMENbHOCb MPYOd.
Kpusvie uzmenenust npouszgo0umenbHocmu mpyoa om mo2o wiu UH020 haxmopa ORUCIEAIUCs MOYCYHLIMU YpagHeHusiMu. J[is
NPAKMUYECKoll peaiu3ayuu NPUHUMALOC, Mpu aKmopa: memnepamypa u 61axiCHOCMb 6030YXd 8 NOMEWEeHUU, d MaKdice ye-
7108451 8bICOMA C8eM0B8020 gekmopd. Kpuevie uzmenenust npouzgoo0umeibHoCmu mpyoa om mux (pakmopos coBMewanucs Ha
00un epagux. Ilo ocu abcyucc omrnadbléaIucy 3HAYEHUs PaAKMopos 6 O0NX eOUHUY OM KOMPOPMHBIX 3HAYeHUl. Dmo 0ano
603MOJICHOCb ONPedenumsb KO3p@uyuenmol 61UAHUSL PAKMOPO8 Opye OMHOCUMENbHO Opyea. [ KOMNIEKCHOU OYeHKU (hop-
MUPOBANIOCH MOYEUHOE MHOICECNBO NOBEPXHOCHEU PACHEMHBIX UAU U3MEPEeHHbIX 3HaueHull. Mcnonw3ysa gopmyny kosg@uyu-
enma eapuayuu, onpeoeisiocb cpeoHee OMKIOHEHUe Om KOMMOPMHO20 3HaAYeHUs. No Kadicoomy ¢akmopy. B s3asepuienuu
ONpeoesoch CPeOHeE36eUleHHOe 3HAUeHUe OMKIOHEHUsl N0 6CEM OYEHUBACMbIM (PaKmopam ¢ y4émom Kod3gduyuenmos -
anus. Haunyuwee pewenue cpedvl 6 30anuu 6yoem mo, 8 KOmopom cCpeoHe838euleH bl Kpumepuill NpUHUMaem MUHUMAIbHOe
3HAueHue.

Knioueswie cnosa: 3axon onmumyma, KOMnjieKCHasl oyerKda, ﬂpOMS’GO()Mﬂ’l@]leOCmb mpy()a, moyvey-
Hoe ucduciiernue, K03¢¢M14M€Hn’lbl GIUAHUA, KOMd)Opmele 3HA4YeHUsl

UDC 504.064.2:004.925.8

Estimation of the Efficiency of Building Environment Using Influence of Sev-
eral Parameters on People, Based on the Point Calculus

V. O. Yehorchenkov'
'Ph. D., Assistants professor, Kyiv National University of Construction and Architecture, Kyiv, Ukraine, egval@ukr.net,
ORCID:000-0003-2910-0331

Abstract. According to the law of optimum in ecology, each factor has a certain range (the optimum zone), in which a person
feels comfort. If the factor values come out of this range, the body is depressed. When designing environment in buildings, it is
important that the values of the factors should be as closer as possible to the optimum zone. Therefore, the goal of this paper
is developing a comprehensive estimation of the various factors acting on humans. Labour productivity is accepted in this
paper as the estimation criterion. The curves of changes in labour productivity from one or another factor were described by
point equations. For practical implementation, three factors were taken: temperature and relative humidity of the air in the
room, as well as angular height of the light vector. The curves of changes in labour productivity from these factors were com-
bined into one graph. The values of factors in fractions of units from comfort values were plotted along the abscissa axis. This
made it possible to determine coefficient of influence of factors relative to each other. For complex estimation, a point set of
surfaces of calculated or measured values was formed. Using the formula for coefficient of variation, the average deviation
from the comfortable value for each factor was determined. Finally, the average weighted deviation was determined for all the
factors being evaluated, taking into account the coefficients of influence. The best solution of the environment in the building
corresponds to the minimum of the weighted average criterion.

Keywords: law of optimum, comprehensive estimation, labour productivity, point calculation, coefficient
of influence, comfortable value
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Annomayusa. B cospemennoii sxoHomuneckol cumyayuy 8 Ykpaure sKCHayamayus cucmem meniocHab1ceHus 6e0émcs npu
noHUdICeHHOU memnepamype cemesoil 800bl. Tlogviutennuiti memnepamypnuiti epagux 95/70°C uz-3a gvicokoii cmoumocmu
monauea asnaemcs Heyenecooopasuvim. Onvim makux cmpan kak HJanusa, Tepmanus, Quunanous, Llseeyus u [oinanous c
PA3BUMbBIM YEeHMPATUZ0E8AHHBIM MENLOCHAONCEHUEM YKAZBIBAECM HA HEOOXOOUMOCHb NEPEOOUEePEOH020 000PYO0B8AHUS UHOU-
8UQYANLHO20 Menno602o nyHkma (UTII) 30anus cucmemoil asmomamuiecko2o pe2yiupo8anus, Nocie 4e2o 8blNOIHAEmcs ne-
Pexo0 Ha MexHONO2UI0 ¢ NOHUMCEHHLIM meMnepamypHbim epaguxom. Ilodmomy mooeprusayua cucmem menioCHabICeHus
Ykpaunvl, nanpasnennas na npumenenue NOHUICEHHO20 MEMNEPAMYPHO20 epaduka, nompebyem nepexooa Ha 3aKpulimbvle
He3a8uUCUMble CUCTEMbl OMONTIEHUS, HA KAYeCMBEHHO-KONUYECMEEHHOe Pe2yiuposanue U Ha asmomamusayuto cucmem UTIT
nompebumenei. B nacmosuyeil pabome npuseoenvl pe3yiibmambl YUCIEHHO20 UCCTE008AHUA BIUAHUS KOHCMPYKMUSHBIX U pe-
JHCUMHBIX NAPAMEMPO8 MENN0B0 Cemil Ha 8b160P ONMUMATLHOU MEMNEPANypbl U PACX00d Cemesoli 00bl CUCMEMbl YeHMPa-
auzoeannozo mennocuabocenuss (CLT). Onpedeneno cywecmsennoe enusanue omonumensvrol xapaxmepucmuxu k-F, Bm/K,
30anua Ha napamemput CL[T, onpedenenvi gpakmuueckue 3Hauerus k'F HeKOMOPLIX HCUNBIX OOMOE NO OAHHBIM HANMYPHLIX
uccnedosanuii. Ilonyuennvle paxmuueckue Oanuvle HUHMCe pACUEMHBIX 3HaueHull k-F, umo mpebyem nosviueHHoOU memnepa-
mypbl menioHocumens 6 nooawoujem mpyoonposode. CrHudicerue memMnepamyproz2o pagura nompedyem CHUMCeHUs IHep2o-
nompeonenus 6 HCUNLIX OOMAX U AOMUHUCTIPAMUBHBIX 30AHUSAX.

Krioueswvie cnosa: mennosas cemeoy, NOHUMNCEHHBILL meMnepamyprlﬁ zpaqbuK, YUCIeHHOE UCCIe008aHle.

BBenenue. Pazputue 1ieHTpaaInu30BaHHOTO TEI-
nocHaOxenus B crpanax EC unér no myru, mo3so-
JIAIOIIEM HKCIIONB30BaTh €ro npeumyiiectsa [1, 2,
3]. Temnodwkanus obOecrieunBacT MHUHHMATHHBIN
pacxoi TOIUIMBA HAa MPOM3BOJCTBO TEIUIOBOW U
ANEKTpUIecKol SHepruu. KpymHbie HCTOYHUKH 0O-
Jiee TOATOTOBJIECHBI K MCIONb30BAHUIO HU3KOKAJO-
PUIHBIX COPTOB TOIUIMBA. MIX 3KOHOMHMUYHEE OCHa-
CTHTB Ta3004YUCTHBIMU YCTAHOBKAMH U 00CCIICUNTh
Ha HUX MPOBEJEHUE IKOJIOTMUECKUX MEPOIPUSITHIL.
CoBMECTHOE HCMONb30BAaHUE PA3IUUYHBIX UCTOYHU-
KOB TETTOTHI AJIs TapaJuIeIbHOM paboThl Ha eTUHBIE
TEIUIOBBIE CETH 00ECIeUunBaET MOBHIIIEHUE UX KO-
HomuuHOcTH. CoBMecTHas paboTa WCTOYHUKOB
MTO3BOJISIET IEPEUTH OT KAYECTBEHHOTO PETYIHPOBA-
HUS OTIyCKa TEIUIOTHI K KadyeCTBEHHO-KOJINYe-
CTBEHHOMY U KOJMYECTBEHHOMY PETYIUPOBAHUIO C
MIEPEMEHHBIM PacXO0M TEIJIOHOCHUTETS, 9TO obec-
MIEYHMBAET COKPAIEHHE TEIJIOBBIX MOTEPh M YIyd-
LIEHHBIM TUAPABIMYECKUN pexuM cuctembl. llep-
CIIEKTUBHBIM TEXHUYECKUM PEUICHUEM SBISACTCA
MOHM)KEHNE MAKCUMAJIbHOW TEeMIIepaTypbl CETEBOU
Bonbl. CHIDKEHME TeMITEpaTyphl MO/IaBaeMON ceTe-
Boil Boxel Ha 1 °C yBennuMBaeT BBIPAOOTKY dJIEK-
Tprueckoit snepruu Ha TOI nHa 0,1-0,3 %. Ilpm
3TOM MOTepHW TerioThl moHmwkatoTcs Ha 0,3 %. B

HacToslIee BpeMsl TEXHUYECKHUE BO3MOXXHOCTH T10-
TpeOuTeneld MO3BOJSIOT JOCTHYD JOCTATOYHO HU3-
KOW Temrmeparypbl 0OpaTHOH ceTeBOW BOIBL. JTO
MIO3BOJIICT YBEIMYMTS [I€penal TeMIepaTypbl Hoza-
I01IETO (2, °C) 1 006paTHOTrO (%6, °C) TEMIOHOCH-
TeNsl y motpedutenst At = t,, — tup, K, a Takxke 1o-
HU3UTH PAcXo]l TEIJIOHOCUTENIS] HE YBEJIMUMBAas A1a-
METp TPyOOITPOBOIOB TeTIOBOM ceTH. [loHmKkeHHast
TEMIIepaTypa CeTeBOM BOABI IO3BOJISIET MPUMEHSTh
IUTACTUKOBBIE TEIUIOM30JIMPOBAaHHbIE TPYOBI, YTO
o0ecreurBaeT MOBBILIEHNE UX HAAEKHOCTH.

B HacTosiiee BpeMsi B yCIOBUSIX MOJICpPHU3AIINT
CHCTEM LEHTPAJIN30BaHHOIO TEMJIOCHAOKEHHUS C
LEJIBIO TTOBBIIEHUS MX SHEPro3(HeKTUBHOCTH OCY-
HIECTBISIETCS BHEIPEHUE KOJIMYECTBEHHOTO Dery-
nvpoBanusi. ONBIT BHEAPCHUS TOKA3bIBAET, 4YTO
npuBenénHble 3aTpaThl Ha 40-50 % MeHbIe, yeM
MIPH Ka4eCTBEHHOM perynupoBanuu. CoBMeIlIeHUE
Ka4eCTBEHHOTO0 ¥ KOJMYECTBEHHOTO PETYIHpPOBa-
HUS IO3BOJISIET CHU3UTH TEIUIONOTPEOIeHUE B Iiepe-
XOJIHBIE MEPHOJIbI OTONUTENBHOTO ce30Ha 10 50 %
[2].

CocTtosiHue npodJaeMsbl. V3MeHeHe Harpy3KH
B TEIUIOBOM CETH — OTKJIIOUYEHHE HEKOTOPBIX IPO-
MBIIIUIEHHBIX TPEANIPUSATHIA, TIEpeXo]l Ha JIelleHTpa-
JM30BaHHOE TEIMJIOCHAOXKEHHE TMoTpeduTene —
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MPUBOJUT K W3MEHEHHUIO THAPABIMYECKUX PEXKU-
MOB CHCTEMbI LIEHTPAIN30BAHHOIO TEMJIOCHaOXe-
HUS TIpY Ka4eCTBEHHOM peryiauposaHuu. Bo mHo-
THX TOposiax YKpauHbl ¢ HeJblo SKOHOMUH MPUPO.I-
HOTO Ta3a CHCTEMbI LIEHTPAJIbHOIO TemIoCHadxe-
HUSI 9KCIUTyaTUPYIOTCS ¢ IOHIKEHHBIMU IIapaMeT-
pamu TemmeparypHoro rpaduka. [Ipu sTom B cu-
CTeMe LUPKYJINPYET 3aBBILICHHOE KOJIMYECTBO Tell-
JIOHOCHUTEIS. DTO SBIIAETCS TMO0 HapyIIeHHeM HOP-
MaTUBHBIX [1aPaMETPOB, MO0 CBSI3aHO C MOBBIILIE-
HUEM SHEPreTHYeCKOd M IKOHOMUYECKOW 3(dek-
THBHOCTH [ 1, 4, 5, 6]. MepompusaTus, BEITIOTHICMEIC
IIPU PEKOHCTPYKIMHU 3AaHUM U MOAEPHU3ALUM CHU-
CTeM OTOIUICHHUs, 00ECIIEUNBAIOT CHM)KEHHE HE00-
XOJMMOM TEIIOBOH MOIIHOCTH CHCTEMBI TEIIO-
cHaOxenus [6, 7, 8]. Ho skcruTyaTarus cucteM 1eH-
Tpanu3oBanHoro teruocHatxkenus: (CLT) c 3aBbI-
IICHHBIM PacXOAOM TEIUIOHOCHTENS W HelocTa-
TOYHO 3()()EeKTUBHBIMY CHCTEMaMHU aBTOMAaTH3AIUN
MPUBOIMT K «II€PETOnaM» B XKHJIBIX JOMax U aAMU-
HUCTPATUBHBIX 3MaHUSIX, a TaKKe 3HAUUTEIHHBIM
norepsM TerwioTel. [lo3ToMy mpu MoaepHH3aLUH
CUT neobxommMo 0OOCHOBaHHE TEMITEPATYPHOTO
rpaduka JUIS KaxJI0H CHUCTEMbI TEIUIOCHAOKEHUS
[3,9,10, 11, 12].

IIpu cymecTtByomIeil cUCTEME OTOIICHUS 3/1a-
Huit 1 rpaduke 95/70 °C obecrieunBaeTcst pa3HOCTb
TeMIeparypsl At = t,, —tsp = 20 K npu 3HaueHun
TETJIOTEXHUYECKON XapaKTepUCTUKH 000pyaoBa-
HHS CHCTEMBI oToruieHus 3aanus, BT/K, k-F=const.
[lpu yBenuyeHWu pacxofa TEINIOHOCHUTENS U TPH
MOCTOSIHHOM TEIUIOBOW Harpyske moTpeOuTess re-
penan temneparypbl Af, K, nonmxaercs. Ilpu no-
HWKEHUH TEIUIOBOW MOIIHOCTH CHUCTEMBI OTOILIE-
HUS TOTpeOuTENs HeOOXOMUMO TIOHU3UTh TEMIIEpa-
TYpy NOBEPXHOCTH OTONUTENBHBIX NMPHUOOPOB MU
YBEIUYUTh 3HaYE€HHUE k'F, IPONOPIHOHAIIEHO CHH-
3uB nepenas temneparypsl Az, K. Pacxop remnono-
CUTENs IIPU 3TOM yBenuuuBaerca. B [5] ykas3biBa-
ercs yto 3ameHa rpaguka 150/70°C na 95/70°C
MPUBOJNT K YBEIWYCHHUIO PACXOla TETUIOHOCUTEIS
B TPH pa3a U 3aTpaT Ha TPAHCIIOPTUPOBKY TEIIOHO-
CHUTEJSI IOYTH B MATH pa3. ITO yKa3bIBaeT Ha Helle-
Neco00pa3HOCTh  UCIIONIb30BaHUSI  TIOHMKEHHOTO
TemiieparypHoro rpaduka. Ilepeurcium dakropsl,
BJIMAIOLINE Ha BBHIOOP ONTHMAIBHONW TEMIIEPaTyphl
TEIUIOHOCHUTEJISL: PAacXol] TEIUIOHOCHUTEINS; 3aTpaThl
Ha TPaAHCIOPT; MPOITYCKHAs CIOCOOHOCTh TpPyOO-
MPOBOZIOB (AMAMETP); TEIUIOBBIE OTEPH (TOMILIMHA
W MaTepual TEIUIOM30JISILIHN); «IIEPETOIBD» 31aHUH
P MOJIOKHUTENEHON TeMIepaType Hapy>KHOTO BO3-
IyXa U3-3a CPe3KH Tpaduka TEMIEpaTyphbl CETEBON
BOJIbI IPU HAJIMYWHU CUCTEM TOpSYero BoJocHabxe-
Hus y norpedureneit. [Ipu monepamsamym CLT u
W3MEHEHUH 30HbI ¥ KOH(HUTYpalul CHCTEMBI Tell-
JOCHAOXKEHUs, PEKOHCTPYKIIMU M aBTOMAaTH3aLUuU

BO3HHMKAET HEOOXOOMMOCTh OOOCHOBaHHS TEILIO-
BOTO rpaduka ormycka TerioTs [21].

Pesynsratst [10, 13] yka3siBaroT Ha HEOOXOAH-
MOCTb KOPPEKTUPOBKH TEMIIEPATYPhI CETEBOH BOABI
B 3aBHCHMOCTH OT TEIJIOBOM Harpys3KH, TemIlepa-
TYpBbI HAPY’KHOTO BO3[lyXa, BPEMEHH CYTOK, T.€. CO-
30aHMS JUHAMUYECKUX TeMIepaTypHbBIX rpauKoB.
TemneparypHble TpaQuKH JOIHKHBI COCTaBIISATHCS
naanBuAyansHo s kaxkaod CLT, n tompko mpu
3TOM HaOJIOAeTCsl CUCTEMHAasl SKOHOMHMS pacxona
toruuBa. B [11] yka3bIiBaeTcsl, YTO HOHMKEHUE TEM-
IepaTypbl CETEBON BOIBI IIOCIE CHCTEMBI OTOILIE-
HHUS, 3apOeKTHPOBaHHON Ha Tpaduk 95/70 °C, He
peasibHO 0e3 TeXHHYECKOH MonepHu3anud u (u-
HAHCOBBIX 3aTpar. CHIKEHUE TeMIlepaTypbl Ipsi-
MOH CETeBOM BOJbI IPU OIHOBPEMEHHOM YyBEJINYE-
HUH e€ pacxojia CTaji0 BO3MOXKHBIM BCJIE/ICTBHE 3HA-
YUTENBHOTO CHIKEHHS TETUIOBOM HArpy3Kd HCTOY-
HUKOB W TEIUIOBBIX Maructpanei. B [14] mpuse-
ICHbl JAaHHBIC HATypHBIX HCIBITAHUM PEXKHMOB
CUT (r. Bure0ck). BoInoaHeHO CpaBHEHUE SHEPTO-
3aTpaT MpU Pa3IM4YHBIX TEMIIEPAaTypHBIX Ipadukax
OTIYCKa TEMJIOTHl B MEKOTONMHUTEIbHBIA IEPUO.
YcTaHOBJIEHO, YTO SHEPronoTPeOicHHE CHUKASTCS
npu pexxume TermocHabxkenus 75/55°C no ueH-
TPaJbHOTO WM WHAWBUAYAJIBHOTO TEILUIOBOIO
nyHkTa. OnbIT BHEAPEHUs KOJIWYECTBEHHOTO pPery-
JMPOBaHMSI TIOKA3bIBAET, YTO MPUBEAEHHBIE 3aTPAThI
Ha 40-50 % MmeHblIe, 4eM IPU KaY€CTBEHHOM pPery-
JMPOBAHUH.

TexHn4Yeckne BO3MOXKHOCTH IOTpeOUTesen
MO3BOJIIIOT UMETh JOCTaTOYHO HM3KYIO TeMmIlepa-
Typy OOpaTHOI ceTeBOil BOXBI, YTO MO3BOJISIET CO-
XPaHWUTh WM JIaXKe YBEIUYUTH Tepernaj] TeMIepa-
typel  Atf, K. Tak, TemmeparypHbslli Tpaduk
130/70 °C moxer ObITb 3aMeHEH Ha Tpaduk
100/40 °C mpu ToM xe pacxone ceTeBod Bombl [3].
B pabore [15] npuBeneHsl pe3yabraTbl ONTHMHU3A-
UMM TapaMEeTPOB IMOHMXEHHOTO TEMIEpaTypHOro
rpaduka Opu ONTUMH3ALMHU 3aTPaT Ha TPAHCIOPT
TEIJIOHOCHUTENS. [IOHM)KEHHBI TeMIlepaTypHbIi
rpaduK BO3MOXCEH 3a CU€T CHWKEHHS MOITHOCTH
CHCTEM BEHTWILMM MOMEIIEHUHA NMpPU PacuETHOM
pacxome cereBoit Bombl [16]. ITokazaHo, 9TO BO3-
MOXXHO CHW)KEHHME TEMIIEpaTypbl NPSMON CETEBOM
Boabl oT 150 °C go 115 °C 3a cuér cHMXeHUsd 00-
1ield TEeIIOBOM MOLIHOCTH CUCTEMBI OTOIUICHHS J10
0,706 OT MPOEKTHOTO 3HAYCHHUSI.

@dakTophl, BIUIIONIME HA BBHIOOp TeMIeparyp-
HOTO rpaduka: TemIieparypa Hapy»XKHOTO BO3AyXa,
MIPOITyCKHasi ~ CIIOCOOHOCTh  TEIJIOBBIX  CETEeH,
Harpy3ka Ha Topsiaee BopocHaOxkenwe (I'BC),
Harpyska Ha BEHTHJLILMIO, Harpy3Ka Ha OTOIUICHHE:
MOTEPH Yepe3 OrpaxIaroliie KOHCTPYKIIMU U Kpart-
HOCTBH Bo3yxoobmeHa [7, 8, 25]. HopmatusHsIe 110-
KyMEHTBI, BIUSIOIIME Ha BHIOOP TEMIEpaTypHOIo
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rpaduxa: JbH B.2.2-15:2015, ICTY b EN 12831,
JIBH B.2.5-39:2008, JBH B.2.5-67:2013,
JCTY B EN 15251:2011, ACTY b EN ISO 7730.

KparnocTh BO3/IyX000MEHa COIJIaCHO
JABbH B.2.5 - 67:2013 B Ykpaune cocrasiser 0,5.
Hsa cpaBaenns: B CILIA — 0,35; I'epmanun — 0,5;
Anrnmuu — 0,4; eeunu — 0,2. HopmatuBHOE CHU-
JKEHHE KPAaTHOCTH BO3yx000MeHa B 2,4 pasza obec-
MEYNBA€T  CHIDKEHHE  IPOEKTHOM  TEIUIOBOM
Harpy3ku Ha 30-35 % [4] u mo3BosieT 060CHOBATh
3aMeHy TemneparypHoro rpaguka 150/70 °C Ha
115/70 °C. B laawnn, unnsaaun, [IBernn n Hop-
BETHH pean3yeTcsl TeMIIepaTypHBIH rpaduk B miep-
BuyHOM KoHType 120 °C/(50-70 °C) [17-20]. Mex-
JyHapOJHBIC CTAaHAAPTHl CHUCTEM IICHTPATU30BaH-
HOTO TeTIOCHAOKeH M ipruBeeHk! B Tadm. 1. [pe-
nebl 3O GEKTUBHOCTH MCIIONB30BaHMSI TEXHOJIOTUN
MOHIKEHHOTO TEeMIIepaTypHOro rpaduka IpHBe-
JIeHbI B TA0II. 2.

Tabruya 1
CrangapTtsl TeMnepaTypbl TelioHocuTe s (PUHIAHUS)
KoHTyp cH- Hogrie 3manust | Ctapeie 3manus
CTEMBI TCILIO- Oror- Oror-
CHAOWEHHSA | jeppe IBC JleHue IBC
nmepBuunbnid | 115/45| 70/25 |115/65| 70/25
BropuuHbiii | 70/40 | 55/10 | 80/60 | 55/10
Tabnuya 2

TemmnepaTypHbIe rpadgpHKH cHcTeM HEHTPAJIN30BAHHOTO
TeruiocHaoxkeHus (Fosianaust)

Temneparypa, °C, B
Ha3ssanue crcTembl TPyGOIPOBOLE
TEIUIOCHAOKEHUS
psiMOM | 0OpaTHOM
BricokoreMmneparypHoe 90 70
CpenneremneparypHoe 55 35-40
HuzkoremmneparypHoe 45 25-35
CBepXHHU3KOTEMIIEpaTypHOe 35 25

MeTonuka uccjenoBanus. Beibop onrumans-
HOTO Pacxofa TEIUIOHOCHUTEINS 3aBUCUT OT ANaMeTpa
TpyOOIpOBO/A, TOJNILMHBI K CBOWCTB TEIJIOBOM H30-
JISAUH, a TaKKe TEMIepaTypbl CeTeBOM BOIBI [22].
[loaTomy mpm ompeneneHNH TeMIIEpaTyphl TETUIO-
HOCHTEJIS1 HEOOXOIMMO YUUTHIBATh IIOTEPH SHEPTUH
MIpH TPAHCIIOPTE U TEIUIOBBIE TIOTEPU B OKPYKarO-
LIyI0 cpefy. OJEKTPUYEcKas: MOILIHOCTh HAcOCOB
omnpeznensercsa no popmyse [23], Br/m:

Py = ApsaQ/, (1)

e Ap — oTepu AaBlIeHUS Ha METP TpyOOIpoBoa,
ITa/m, O — 06BEMHEIN PAacXo/ TEMIOHOCUTENS, M /C;
n — KIIJI HacocHOM yCTaHOBKH.

®dopmyiy (1) MoxHO 3anucarh B Buze, B/Mm:

Py = 086K, G/ (namon*p?D3°),  (2)
rae K, — SKBUBAJIEHTHAS [IEPOXOBATOCTh, M, BHYT-
peHHeld moBepxHOCTH Tpybomposoma (0,5 Mm);
G, — MacCOBBI PAcXoJ]l TEIUIOHOCHUTENS, Kr/d,
N« U My — KIIJ[ Hacoca u anexTpoaBUraresss cooT-
BETCTBCHHO, MPUHATHIE paBHBIMH 0,6; p — IIIOT-
HOCTb TEILIOHOCHTENS, KIr/M>; Dy — BHYTPEHHUM
muamerp TpyOompoBona, M. CymMMa Ko3(phUITHCH-
TOB MECTHBIX COTIPOTHBICHNH TTpuHsTa 0,1.

[orepu TemoTsl (NMHEHHAS MIOTHOCTH TEll-
JIOBOTO MOTOKa), BT/M, onipenensirorcst mo gpopmyiie:

q = T[(tnp - toxp)/Rl (3)
TTIE foxp — TEMIIEPATYPA OKPYIKAIOIIETO BO3AYyXa, °C;
R; — nuHelHOE TEPMHUYECKOE COMPOTUBICHUE TETI-
JIOU30JMPOBAaHHOTO TpyOoIpoBoaa, M K/BT:

Rl = 1n(DH3/DTp)/(2){I/I3);

Aus — KOB(DGUITUSHT TETUIONPOBOIHOCTH TEILION30-
msiimu, B1/(m-K): A = 0,05 Br/(m-K) — mst meno-
MOJINypeTaHa.

CymmapHble yIenbHble OTEPH SHEPTUHU NPH
HEM30TEPMHYCCKOM TPAHCIOPTE CETEBOM BOJBI
ompenenstoTcs mo Gopmyne, Br/m:

Py=PF,+q “)
MaccoBblif  pacxom TEIJIOHOCHUTENsS, KI/C,
onpeaensercs o Gopmyie:
QHOT
2C, \ty, — tyy, — 8L
D p BH K. F
e Quom — KOIMYECTBO TEIJIOTHI, MOTPEOIsIEMOE

3maHueM (WM 30aHuSAMH), BT; f, — BHYTpEHHSA
Temneparypa nomemeHui, °C; ¢, — TemIoéMKOCTh
terutoHocurens, Jx/(kr K).

KonuiecTBo TEIIOTHL, TOTpeOIIsieMoe 3aHIeM,
omnpeaensuiachk no Gopmysie:

Quor = Gmcp : (tnp - tob’p)- (6)

TeroTexHU4ecKass XapaKTepPUCTHUKA 3IaHUS
paccunTsiBanack o gopmyie [15]:
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QHOT
oo F = tnp + to6p ' (7)
2 — lgn

3arpaThl Ha TPAHCIOPT TEIUIOTHI OMpPEeIs-
JIUCH C YI€TOM Tapu(OB HA AIEKTPOIHEPTHUIO U TETI-
JIOTYy,  KOTOpPBICE  TPHHATHI,  COOTBETCTBEHHO,
C,, = 1,883 rpu/(xBt-9) u C, = 1,06 rpu/(xBt-9).
VnensHble 3atpathl, 10 rpa/(M-4):

Zy = P,,C,,+ q,Cq — min. ()

Pemenne ypaBueHus (8) BBIIOIHEHO C TPUMeE-
HEHUEM MaTeMaTHYeCKOTO IJIAHNPOBAHUS SKCIIEPH-
MEHTa B 3aBHUCHMOCTH OT JHAMETPa U TOJIHHEI
TEIUIOBOW M30JIAINN TpyOompoBoaa. B pesymberare
OTIpeNeNsIach TeMIIeparypa TEIUIOHOCHUTENS B TIO-
JAIoIIeM B 00paTHOM TpyOOIpPOBOJIE, a TAKKE pac-
XOJI TETJIOHOCHUTEIISI P MUHUMAIIBHBIX YIIEIBHBIX
MOTEPSIX SHEPTUH [Tl PA3INIHBIX 3HAYSHUH TeMITe-
patypsl Hapy>KHOTO Bo3ayXa (. XapbKoB).

AHaJaM3 pe3yJbTATOB.

B pabote npuBeieHBI pe3ynbsTaThl MOAETHUPOBA-
HUSl CHCTEMBI TEIUIOCHAOKEHWS, MPOJIOKEHHOW B
MOA3EMHOM KaHaje. [yOuHa 3aJ10)KeHUsT KaHala —
1 M; monepeunoe ceuenue kanana — 0,25 m?. Koag-
(DMIIUEHT TeTUIONMPOBOJHOCTH CTEHOK KaHajia MpH-
uat 1,3 Br/(m-K). Onpeneneno cyiiecTBeHHOE BIIU-
SIHUE TEIUIOTEXHUYECKOW XapaKTepPHCTHKH Ha 3Ha-
YeHHs TEMIIEPaTyphl CETEBOI BOIBI B MOJaBAEMOM
TpybonpoBoje. B Tabin. 3 npuBeneHsl JaHHBIE pac-
4yéTa Mpu pa3nyHbIX 3HaueHusx K-F. Terortexuu-
YECKYH0 XapaKTePUCTUKY 3MaHUI U KOJIMYECTBO TI0-
TpeOIsieMOl TETUIOTHI OTPEAEIISIIH TaK Ke TIPH TIPO-
BEJICHUH HATYpHBIX U3MepeHuil (Tabi. 4).

VaenbHBIN pacxo/l TEIUIOBOW YHEPTUM HA OTOI-
JIEHUE 3IaHHUI ONpeAenseTcsa coracHo [25] u non-
EH ObITh MEHBIIIE HOPMHUPOBAHHOT'O 3HAYEHUSI, KO-
TOPOE OMPEACISIETCS ISl Pa3IUYHBIX TUTIOB JKUIIBIX
1 O0IIIECTBEHHBIX 3aHMiA. B 3aBHCHMOCTH OT ATax-
HOCTH 3[]aHW W TEeMIIepaTypHOW 30HBI, 3HAYCHUE

gx"*® m3mensiercs ot 104 10 56 (xB1-u)/m?. Hopma-
THBHBIE 3HaYCHUS ¢ B | epMaHU COCTABISIOT 96-
40 kBTt u/(M?-Ton). ITo sHepreTrueckoil >3GPeKTrB-
HOCTH 3JIaHUS KJIACCU(DUITUPYIOTCS COIJIACHO OT-
KJIOHEHHIO B MIPOMEHTAX ¢ OT Enax.

BrnusiHre KOHCTPYKTHBHBIX NTApaMeTPOB TPyOO-
MIPOBO/IOB HCCIIEAOBAIOCH C MPUMEHEHHEM METOaa
MaTeMaTHYECKOTO TUIAHUPOBAHUS 3KCIICPUMCHTA.
[Tnan u MaTpuIa BEIYUCIUTENLHOTO SKCIIEPUMEHTA
npuBeAeHsl B Tabmmmax 5 w 6. lloBepxHOCTH
twp = f(Dmp, Ous) IOKA3aHA HA pUC. 1.

B pesymprare 0O0paOOTKM JaHHBIX BBIYUCIIH-
TEJILHOTO 3KCIIEPUMEHTA TIOTyYEHbI YpaBHEHUS pe-
rpeccun. TemnepaTypa TEIUIOHOCHUTENSI B TIO/A0-
mieM TpyOoIpoBoIe OpeAessieTcs o popMye:

(toy = to + oo tyap;

! t, = 48.198 — 3.318X; +
+0.213X, — 0.133X, X,;

ltl}p = —1.28+0.079 - X,.

®)

Temmneparypa TenaoHOCHTENS B 0OpaTHOM Tpy-
0O0IPOBOIE OTpeeNsIeTcs o GopMyIie:

— 4+0 1 .
toﬁp - t06p + t06p ' tHap'

tg&p = 39.145 + 2.57X; — 0.155X, + ©)
+0.08X,X,;
l2,, = —1.051 = 0.073 - X,.

Pesynwrate! onpenenenus pac4€THON TeMIepa-
TYpBl CE€TEeBOM BOABI B 3aBUCHMOCTH OT TeMIIepa-
TypBI HAPYKHOTO BO3AyXa MPEACTABIEHBI HA pUC. 2.
Pe3ynbraThl BEIUMCIATENBHOTO SKCIIEPUMEHTA MTPH-
Be/leHBI B Ta0M. 7. HarypHble u3MepeHust S3HepreTu-
YECKUX XapaKTEPUCTHK KUIIBIX JOMOB (T. XapbKOB),
BbINONIHEHHI B 2015-2016 romax. Pe3ynbprarsl moka-
3aJld, YTO WX 3HAUEHUS MPEBBIIIAIOT HOPMAaTHUBHBIC
(tabn. 8), pexomenayemsie JIBH B.2.6 —31:20006,
Ha 35...75.3%.

Tabruya 3.
Bansinue TenJIoTEXHHYECKOH XapaKTepUCTHKH 060py1oBaHus cucteMbl otoienus K-F, B1/K,
HA TeMIePaTypy TEeNJI0HOCH T

Ne | K-F, kB1/K | t,, °C | togp, °C | G, xv/c | Ap,la/m | P,,, Bt/M | q, Br/m | Po,+ g1, Br/M

1 8 91,5 73,5 6,6 114,5 1,265 38,65 39,9

2 10 79,0 61,0 6,6 114,5 1,265 33,37 34,63

3 12 70,6 52,7 6,6 114,5 1,265 29,80 31,11

4 14 64,7 46,7 6,6 114,5 1,265 27,30 28,60

5 16 60,2 42,3 6,6 114,5 1,265 25,45 26,71

6 18 56,8 38,8 6,6 114,5 1,265 24,0 25,24

*Hapy»KHbI{ U BHYTPEHHUI TMaMeTp TpyOOIPOBO/Ia, COOCTBETCTBEHHO, Digp = 108 MM U Dy = 100 MM; TONIIMHA TEIIOBOM H30-
JSIIMKM U3 TIeHOMoMnyperana Ou: = 60 MM; TerioBasi MOIIHOCTh 0ObekTa otoruieHust 500 kBT, Temneparypa BHYTpPEHHEro BO3IyXa
20°C, Temnepatypa HapyxHoro Bo3ayxa 0°C, pa3HuLa TeMieparypsl mpsiMoii u odparHoit Boasl 18°C, ckopocts Boss! 0,84 m/c.
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Tabnuya 4.
JlaHHbIe HATYPHBIX HCHBITAHUIN OTONUTEIbHON CHCTEMBbI KUJIBIX 31aHMii (1. XapbKoB, ¢eBpajb 2017 r.)
Anpec )Kuioro 1oma I. XapbKoB T. 3MHUeEB
yi. JoctoeBckoro,
XapakTepucTHKa 21 yn. Brammesas, 1

DTa)XHOCTh 9 9
KommgecTBo KBapTHp 84 108 (21 oTk)
OramnBaeMas IIOIAb, M 4013,26 4465,60
TemnoBas Harpyska, ['kan/gac 0,4197 0,3501
Cpennsis TeMnepaTtypa HapyHoOro Bo3ayxa, °C -3,8 -3,5
Temnepatypa tertonocutes, °C t,/tosp 66/46 49/39
Pacxo TEMIIOHOCUTENS, M 5210,26 5537,83
TemnoBast MOIITHOCTH, KBT 162,37 94,11
V nenpHas TEIUIOBask MOLTHOCTh, BT/M? 4,05 21,1
IToTpebnenne TemoBoit sHeprum, ['Kan 130,76 74,124
XapakTepucTHKa oTonuTenbHOH cuctemsl, K-F, kBT/K | 5,8 4,0

Tabnuya 5.

DaKTOPbI NJIAHA IBYX()AKTOPHOI0 IKCIIEPHMEHTA

Haspanwue ¢akxropa KonoBoe o6o3naueHme YpoBHU dakTopa
-1 0 +1
Hwnametp tpy6omnposona D,,,, MM Xi 100 200 300
TomNmMHA U3OIALHH, Oy, MM X> 40 55 70
Bobixox — Temneparypa Temnonocurens, °C Y — — —
Tabruya 6.
ManI/Illa IVIAHUPOBAHUS JKCIIEPUMEHTA
Ne onbiTa Xi X2 Y;
1 + - Y
2 - + Y,
3 + + Y;
4 - - Y,
5 + 0 Y5
6 - 0 Y
7 0 + Y,
8 0 0 Y5
9 0 - Yo
86|
82
thp
oC 25 -
74|
-l
100

140
180
Dy, mm 220

256 :

300 70

58

Puc. 1. IToBepxHOCTS tnp= f(Dip, dus), °C

52

Ous, MM
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GpaTHOW BoAbl, rpag.C

TEMNEQATY PRI NPAMOA U 0

I I
e =300 M 13=T0 MM NpAMaR
D=300 mm 1a=70 mm obpatHan
mmmmm O=300 pMm w3=40 mm npaman
——— D=300 mm na=40 mm oSpatHas
e D=100 mm 3=70 M npAMan [
D=100 mm w3=70 mMm obpatHan
=cmimem O=100 mn wa=40 v npAaMas
D=100 mm w3=40 mm obpatHas

-25 -15

-10

-2 0 5

TEMNEpaTypa HapywHoro Bo3gyxa,rpan.C

Puc. 2. 3aBUCUMOCTB TeMIepaTyphl TEITIOHOCHUTENSI OT TEMIIepaTyphl Hapy)XKHOTO Bo3ayXa (Qmax = 600 kBt; K*F = 12 kB1/K):
1 —d=100 mm, 6=70 mm (ipsimast Boza); 2 — d=100 MM, 6=40 mm (mipsimast Boza); 3 — d=300 mm, 6=70 MM (TipsiMas Boza);
4 — d=300 mm, 6=40 mm (Ipsimast Boga); 5 — d=300 mm, 6=40 MM (oOpatHas Boma); 6 — d=300 mm, 6=70 MM (oOpaTHas Boza);
7 — d=100 mmM, 6=40 MM (oOparHas Boxa); 8 — d=100 mm, 6=70 MM (oOpaTHas Bona)

Takum 00pa3oMm, NpPUMEHEHHE MOHUKEHHOTO
TEMIIepaTypHOro rpaduka B CUCTEMaXx TeMIOCHa0-
KEHUS MOTPeOyeT CHUIKEHHSI DHEPTONIOTPEOICHNUS B
KWIIBIX JIOMax M aJMUHHCTPATUBHBIX 37aHusAX. Ha
puc. 3 ToKa3aHa 3aBUCUMOCTb TEMIIEPATYPhI TEILIO-
HOCHTENS OT TEMJIOBON HArPYy3KHU.

BeiBoabl. OmnpenieneHo CymecTBEHHOE BIIHA-
HUE OTONUTENbHOH Xapakrepuctuku K-F, BT/K,
3nanus Ha napametpsl CLIT, onpenenens! paktuye-
ckve 3HadyeHHs K-F' HEKOTOpBIX MXWIBIX JOMOB.
YcraHOBIEHO, YTO (haKTUIECKUE TAaHHBIC HIDKE pac-
YETHBIX 3HAYCHUH, YTO TpeOyeT MOBBILICHHON TeM-
nepaTypbl TEIIOHOCUTENS B IOJAIONIEM TpyOorpo-
Boze. Pe3ymbTarhl BBIYHCIMTENHHOTO JKCIIEPH-
MEHTa MO3BOJIWJIA ONIPEIEIIUTh PallMOHAJIbHBIE KOH-
CTpYKTHBHBIE M pexuMHble napamerpsl CLT mpu
Pa3TMYHBIX 3HAYEHHUAX TEeMIIepaTypbl TETIOHOCH-
Tensi. Pe3ynbTaThl YMCIEHHOTO MCCIIETOBAHUS T10-
Ka3bIBAIOT, YTO TapaMeTphl TEMJIOBOM CETH NpHU
MaKCUMaJIbHOM TETUIOBOW HAarpy3ke U TemMIepaType
Hapy>KHOTO Bo3ayxa MmuHyc 25 °C cremyromme:

TeMIepaTypa CeTEeBOM BOJBI B MOAAIOIIEM TPYyOO-
npoeoae paBHa 76,7 °C; pacxol TEIUIOHOCUTENS
5,7 kr/c, ckopocth 0,73 M/c, ynebHbIe TOTEPH IaB-
nenust 85,3 Ila/M, yjaenbHbIE TIOTEPU BIEKTpUYE-
CKOW MOIIHOCTH Ha TPAHCIOPT TEIUIOHOCHTEINS
0,81 B1/™M, ynenbHbIe TerioBbie moTepu 33,8 B1/m.
PasHocTh TemMmepaTypsl B IPSIMOM ¥ OOpaTHOM TPY-
oompoBoaax uzMensiercs ot 26 °C go 30 °C. Ilpu
HW3MEHEeHUH Tapua Ha SIEKTPOIHEPTHIO U TEILUIOTY
3HA4YE€HHUE TEMIIEPATypPhI IPSIMOM BOJBI U MaCCOBBII
pacxoj Taxxe u3MeHsitores. [ Ipu noHu>keHHoM Ten-
nosoit Harpyske (Q = 0,8 Quox) 3a CUET CHUKEHMS
KpaTHOCTHU BO3ayxoo0MeHa 110 0,5 B cucTemMax BeH-
TWISIIIAW 3[aHUH, 9TO MPUOIMKAETCA K YCIOBUAM
skcrutyataiuu CLT crpan EC (%4, = 40 °C). Tewm-
nepaTypa TEIUIOHOCHUTEIIS B MOJAI0IIEeM TpyOompo-
Bojie paBHa 72 °C, a B obpatHoM 51,6 °C. IIpu cHuU-
JKEHUH TeryIoBOM Harpy3ku Ha 40 % Ttemmepatyp-
HBII Tpaduk noHmwkaetcs o 60/42,5 °C.
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Tabruya 7.

JlaHHbIe BBIYHCINTEILHOT0 JKCIIEPUMEHTA MPH TeMIlepaType HapyKHOT0 BO3AYXA fuqp, °C, HAPY’KHOM H BHYTPEHHEM
AuamMeTpe TPyOGONpoBoAa, MM, COOTBETCTBEHHO Dygp M Din

Howmep tuap, Dy, Dyyap, Ous, taps Lotps Gm, w, Ap, P, qi,
OIIBITA °C MM MM MM °C °C kr/c | mM/c | Ila/m | Br/m | Bt/™m
1 -25 300 308 70 75,0 69,7 28,5 [ 040| 6,6 | 0,31 | 664
2 -20 300 308 70 69,0 64,1 27,1 (038 | 6,0 | 0,27 | 59,1
3 -15 300 308 70 63,0 58,5 25,5 [ 036| 53 | 023 | 51,8
4 -10 300 308 70 57,0 52,8 239 (034 | 46 | 0,18 | 445
5 -5 300 308 70 51,0 472 22,1 [{031] 40 | 0,15 | 37,2
6 0 300 308 70 45,0 41,6 20,1 [ 028 | 3,3 | 0,11 | 29,8
7 5 300 308 70 38,9 36,1 17,8 [ 025| 2,6 | 0,08 | 22,5
8 -25 300 308 40 74,8 70,0 31,1 (0441 7,9 | 0,41 | 94,3
9 -20 300 308 40 68,8 64,3 29,5 (042 17,1 0,35 | 83,9
10 -15 300 308 40 62,8 58,6 278 1039| 6,3 | 0,29 | 73,5
11 -10 300 308 40 56,8 53,0 26,0 {037 | 55 | 0,24 | 63,2
12 -5 300 308 40 50,8 47.4 24,1 (034 | 4,7 | 0,19 | 52,8
13 0 300 308 40 44,8 41,8 21,9 ({031 | 39 | 0,14 | 423
14 5 300 308 40 38,8 36,2 194 | 0,27 | 3,1 0,10 | 31,9
15 -25 100 108 70 85,8 60,8 6,0 [0,76 | 929 | 0,92 | 36,9
16 -20 100 108 70 79,2 55,8 57 10,72 | 84,2 | 0,80 | 33,0
17 -15 100 108 70 72,5 50,8 54 1068 | 753 | 0,67 | 29,1
18 -10 100 108 70 65,7 459 5,0 0,64 66,3 | 0,56 | 25,2
19 -5 100 108 70 58,8 41,1 47 10,60 | 57,1 | 0,45 | 21,2
20 0 100 108 70 51,9 36,3 43 10,54 | 47,7 | 0,34 | 17,2
21 5 100 108 70 44,8 31,7 38 1049 | 38,0 | 0,24 | 13,2
22 -25 100 108 40 84,8 61,6 6,5 [0,821]108,6 | 1,17 | 50,8
23 -20 100 108 40 78,2 56,5 6,1 |0,78 | 984 1,0 | 454
24 -15 100 108 40 71,5 51,5 58 10,74 | 88,0 | 0,85 | 40,0
25 -10 100 108 40 64,8 46,5 55 10,69 | 77,4 | 0,70 | 34,6
26 -5 100 108 40 58,1 41,6 5,1 10,64 | 66,6 | 0,56 | 29,2
27 0 100 108 40 51,2 36,8 46 10,59 | 55,6 | 0,43 | 23,7
28 5 100 108 40 44,2 32,1 41 10,52 | 44,2 | 0,30 | 18,1
Tabnuya 8. 90
BHCPFCTH‘ICCKHG XAPAKTEPUCTUKHU KUJIBIX TOMOB O
°. 80
8 % Q=-20%
knacc B
Drak- Hopwma- Paicru- é 3 0
OramuBa- YeCcKHe g =
HOCTB JKH- THBHEIE o Z60
mbix go- | VIO e, | o 55
aab M B/l HUS, 58 _ |
MoB K kBr/m? z £50
=
5 3087 89 117 2
9 7869 73 112,7 T
16 3656 73 128 B, 3. Tonmearma oo sty

TEIIOBOM Harpyske

48



Bernmunsuis, oceimneHHss ma mernoaasornocmadaHHs. Bun. 24, 2018

Jlnteparypa

1. Bacok b. I. TlepcnexTnBu po3BHUTKY cepH Teruto3ade3neueHHs HacelneHnx myHkTiB Yipainu / b.I. bacok, O.M.
Henoaiino // EneproedexTiBHICTh B OyIIBHULTBI Ta apXiTEKTypi: HayK.-TeXH. 30. / KHiBChbKMii HalliOHAILHUN YHIBEpCH-
TeT OyniBHULTBA 1 apXiTekTtypu. —2017. — Bun. 9. —c. 31-37.

2. lllapanos B.U. PerynupoBanue 3arpy3ku cucreM teriocHadxenus / B.J. Hlapanos, I1.B. Poros. — Mocksa: 13-
narenbcTBO HoBoctu Temnocuabxkenus, 2007. — 164 c.

3. CrennukoB B. A. MeTosbl KOMIUIEKCHOTO MPeoOpa3oBaHusl CUCTEM LIEHTPAIHN30BAaHHOTO TEIUIOCHA0XKEHUS B HO-
BBIX SKOHOMHYECKHX YCJIOBHAX: aBTOpedepar Iuc. ... TokTopa Texundeckux Hayk: 05.14.01 / B. A. Crennukos; Cudup-
ckoe otnenenne Poccniickoit akanemnn Hayk, IHCTUTYT cucteM 3HepreTukd uM. JI. A. MenenTreBa. — Upkytck, 2002. —
50c.

4. Cadpsaan A. C. AHanu3 TeMneparypHoro rpaduka paboThl TEIUIOBBIX ceTeil I. KueBa 1 mpeanokeHus 1Mo ero o1-
tummarmn / XX VI mixkaaponsa koHpepentis «[Ipobaemu exomnorii i excrimyarartii 00’ ekTiB eHepreTuku». 20 mo 24 Be-
pecus 2016 p. B M. Oneca: gonoBink. — Pexum nocrtyna: http://engecology.com/konferencii/konferenci%D1%97-2016/

5. Hopomenko XK. @. O nenecooOpa3HOCTH UCTIONB30BAHNS OHIDKEHHOTO rpaduka podots LICT MyHHIHATIATEHBIX
cucreM TemocHadkeHus [Dnexrponusiii pecypce] / K. @. Jopomenko, I'. U. Koanbuyk, M. /1. [Toranos // Indopmartiiini
TEXHOJIOTI]: HayKa, TeXHiKa, TEXHOJIOT'isl, OCBITa, 310pOB’si: Te3u nonoBifnei XXV MikKHapoaHOT HAYKOBO-TIPAKTHYHOT KOH-
¢epenuii MicroCAD-2017, 17-19 tpasust 2017 p.: y 4 4. U.III. — Xapkis: HTY XIIH, 2017. c. 23. — Pexxum pocrtyna:
http://pim.net.ua/arch _f/tez mic 17 IL.pdf

6. ITapacouka C. O. [/lo nuTanHs TemneparypHux rpadikiB BiIIMYCKY TEIUIOBOI eHepril TpaJuLiiHUMK CHCTEeMaMHU
HUT [Enexrponnsiit pecypc] / C. O. Ilapacouxa // III1 HBI| «Temnokommiekr». Pexum pnocryma: http://www.
tecom.com.ua/work/publications/75/tempgraf.pds.

7. Kysmmnuos 1O. . OcHoBHI 00ecnieuenus mukpoximmara 3gaaunii / F0. S. Kysmunaos, O. [I. Camapun. — Mockaa:
WsnmarensctBo «ACB», 2012. — 200 c.

8. Camapun O. [I. Temmopusnka. IHeprocoepexkenne. JueprodpdexruBHocTs / O. . Camapus. — Mocksa: Uzna-
TeabcTBO «ACBY, 2011. —297 c.

9. lllapamnos B. . TexHonorun odecriedyeHus MMKOBOM Harpy3ku cucteM TerocHadxkenus / B. U. lllapanos, M. E.
OpsioB. — Mocksa: M3narensctBo "HoBoctu TemnocHabxkenus", 2006. — 208 c.

10. Cennnn B. A. OntuMu3zanus napaMmeTpoB TEMIIEpaTypHOro rpaduka OTIIyCKa TEIUIOTHl B TEIUIO(QHUKAIIMOHHBIX
cucremax / B. A. Cennun, A. B. Cennnn, M. JI. bornanosuy // MI3BecTust BRICIIMX Y4€OHBIX 3aBEACHUM U YHEPTETUUECKUX
o0benmHenuit CHI™ - DHepreTuka: Hay4YHO-TEXHHYECKUN U IIPOU3BOACTBEHHBIH xKypHal. — 2009. — Ne 4. — ¢. 55-62.

11. Sxornes, b. B. IToBbiieHue 3¢ GheKTUBHOCTH CHCTEM TEIUIOGHUKAIIMY U TEIUIOCHAOKEHUS: aBTOped. IHC. ... A-pa
TexH. Hayk: 05.14.14 / B. B. flxoBnes; koi. aBT. benmopycckuii HaMOHANBHBIH TEXHUIECKHI YHUBEPCHUTET. — MUHCK, 2004.
—40c.

12. Mamnas 3. M. TenmocraOxenune ot TeruioBbIX cereit TOLL 1 (pOTOPHBIX) KOTEIBFHBIX C ONTUMH3AIINEH TapaMeTpOB
/2. M. Manas. — Caparos: [lomutexamdeckuit Uucturyt, 1983. — 48 c.

13. Cennun B. A. Teopus u mpakTHKa CO3IaHUs aBTOMaTH3UPOBAHHBIX CHCTEM YIpaBJICHHS TEIUIOCHAOXKEHHEM /
B. A. Cequnn. — Munck: BHTY, 2005. — 136 c.

14. YepkoBckuii H. M. Ontummuzaiys TemrnepaTypHoro rpaduka OTIycka Tersia B MeXOTONUTEeNbHbIN nepuon / H.
M. YepkoBckuii // Dueprust u MenemxmeHT. — 2002, — Ne2. —¢. 10-14.

15. ITangepos B. U, T'ageit O. ®@. O6 onTUMaIsHOM yHPaBISHUH TEMIIEPATypOl TEIIIOHOCUTENIS B TEIUIOBBIX CETAX
/ B. W. Tlaudepos, O. ®. I'aseii // Bectauk OYpI'Y, cep. KoMmnbroTepHbIC TEXHOIOTHH, YITPABICHUE, PATHOIICKTPOHHKA.
—2014. — Ne4. — 1. 14. —c. 65-70

16. ITerpymenkos B. A. O6ocHOBaHME TOHMKEHHOTO TEMIIEPATYPHOTO IrpadiKa peryITUpOBaHNs EHTPATIbHBIX CH-
crem TerutocHaOxkernns / B. A. Tlerpymenkos // HoBoctu temocHaGxerus. — 2015. — Ne 8 (180). — . 30-37.

17. Kpomua A. DddextuBHOE TemToCHAOKEeHHE: JaTCKUI OnBIT [ DnekTpoHHsIA pecype] / A. Kponun / DHeproPuI-
HOK. — 2005. — Ne 4. — Pexxum nocryna: http://www.e m.ru/er/2005 04/22708/

18. Iexka Koypu. LlenrpanuzoBanHoe temnocHabxkenne B Gunisananu / [lexka Koypu / Undopm. Brox. TITIB XX®.
—1998. — Neo5.

19. T'amo E. I'. O HexoTOpsIX crioco6ax MoBHIIEHHS 3((HEeKTUBHOCTH TEIUIOCHAOKEHHS: PETYINPOBAaHUE 1 aBTOHOM-
Hoe otorieHue / E. T Tamo, B. I1. KoxxeBuukoB // HoBocTu TemocHabxenus. — 2007. — Ne2, —c¢. 17-22.

20. Loppenhien J.K. Temperature Optimization — Horning Dictrict Heatind Company has achieved remarkable re-
sults / J.K. Loppenhien, P. Jensen // Holtcool. — 2008. — Nel. — pp. 14-15.

21. NaBeiioB A.H. AHanm3 npakTHKH OIPUMEHEHUS TOHMKEHHBIX TEMIIEPaTyPHBIX IpaMKOB B TEIIOCHAOKEHUH B
3apy0e)KHBIX CTpPaHaX M OLEHKa IEPCHEKTUB MCIOJIb30BaHHS B CUCTEMaX TEIIOCHAMKEHMS!, BKIFOYAIOIUX UCTOUHHKU
KOMOMHHMPOBaHHOH BEIPaOOTKH IIEKTPHUYECKON M TETUIOBOM SHEPTHH, PEKMMOB C TOHM)KEHHBIMHU TEMIIEPaTypHBIMHU Ipa-
(bMKaM¥ B IIEJIAX MOBBIIEHHS SHEPro3(HEKTUBHOCTH M KauyecTBa MPEIOCTaBISIEMbIX YCIYT 1O TeIIocHa0keHnto: OTuer
HUP [Dnexrponnstii pecype] / A.H. aBeinoB. — Mocksa. — 2014. — 170 c. — Pexxum nocrymy:
http://gokurce.ru/tinybrowser/files/doc/metodika-o-ponizhenii-temperatury.docx

22. Karanosnu b. M. PaBHOBecHOE TepMOAMHAMUYECKOE MOJIEITMPOBAaHNE IMCCUIIATUBHBIX MaKPOCKOIIMYECKHUX CH-
crem / b. M. Karanosuu, A. B. Keiiko. — Upkyrck: UCOM CO PAH, 2007. - 76 c.

49



Bernmunsuis, oceimneHHss ma mernoaasornocmadaHHs. Bun. 24, 2018

23. Cokornos E. {. Teruodukanus u Terokie cetu: yueOnuk st BY30s / E. 5. Cokonos. — Mocksa: uzn-so MOU,
2001.-472 c.

24. Barua H. 1. CucremMpl BEHTHIISAINH JKIIBIX TTOMEIEHI MHOTOKBapTUPHEIX noMoB / H. W. Barun, T. B. Camo-
wrsic. — CanxtllerepOypr, 2004. — 66 c.

25. JBH B.2.6-31-2016. Temosa i3omsmis Oyaisens. — Yuani Big 01.04.2017. — Kuis: YikpapxOynin-popm, 2017. —
35c.

References

1. Basok B. I., Nedbailo O. M. “Perspektyvy rozvytku sfery teplozabezpechennia naselenykh punktiv v Ukraini.”
Energoyefektivnist v budivnytstvi ta arkhitekturi, no. 9, 2017, pp. 31-37.

2. Sharapov V. 1., Rotov P .V. Regulirovanie zagruzki sistem teplosnabzheniia, 1zdatelstvo Novosti teplosnabzhe-
niya, 2007.

3. Stennikov V. A. Metody kompleksnogo preobrazovaniya sistem tsentralizovannogo teplosnabzheniya v
novykh ekonomicheskikh usloviyakh. Diss. abstract. The L.A.Melentiev Institute of Energy Systems, 2002.

4. Safiants A. S. “Analiz temperaturnogo grafika raboty teplovykh setei g. Kieva i predlozheniia po ego opti-
mizatsii.” XXVI mizhnarodna konferentsiia « Problemy ekolohii i ekspluatatsii obektiv enerhetyky», 20 - 24 veresnia 2016,
m. Odesa: dopovid, http://engecology.com/konferencii/konferenci%D1%97-2016/

5. Doroshenko Zh.F., Kovalchuk G. L., Potapov M. D. “Okazaniye uslug po vnedreniyu i vnedreniyu mikrosk-
hem.” Informatyvni tekhnolohii: nauka, tekhnika, tekhnolohiia, osvita, zdorobia: tezy dopovidei XXV mizhnarodnoi nau-
kovo-praktychnoi konferentsii MicroCAD-2017, 17-19 travnia 2017, vol. I11. pp. 23,
http://pim.net.ua/arch _f/tez mic 17 IL.pdf

6. Parasochka S.O. “Do pytannya temperaturnykh grafikiv vidpusku teplovoi energii tradytsiinymy systemamy
TST” PP NVTS «Teplokomplekt», http: // www. tecom.com.ua/Work/publications/75/tempgraf.pds.

7. Kuvshinov Yu.Ya., Samarin O. D. Osnovy obespecheniia mikroklimata zdanii. 1zdatelstvo «ASV», 2012.

8. Samarin O. D. Teplofizika. Energosberezhenie. Energoeffektivnost. 1zdatelstvo «ASV», 2011.

9. Sharapov V. L., Orlov M. E. Tekhnologii obespecheniia pikovoi nagruzki sistem teplosnabzheniia. 1zdatelstvo
"Novosti teplosnabzheniia”, 2006.

10. Sednin V. A., Sednin A. V., Bogdanovich M. L. “Optimizatsiya parametrov temperaturnogo grafika otpuska
teploty v teplofikatsionnykh sistemakh.” Izvestiia vysshikh uchebnykh zavedenii i energeticheskikh obedinenii SNG En-
ergetika, Ne 4, 2009.

11. Yakovlev B. V. Povysheniye effektivnosti sistem teplofikatsii i teplosnabzheniya: Diss. abstract. Belarusian
National Technical University, 2004.

12. Malaya E. M. Teplosnabzhenie ot teplovykh setey TETS i (rotornykh) kotelnykh s optimizatsiei. Politekhnich-
eskii Institut, 1983.

13. Sednin V. A. Teoriya i praktika sozdaniya avtomatizirovannykh sistem upravieniya teplosnabzheniyem.
BNTU, 2005.

14. Cherkovskiy N. M. “Optimizatsiya temperaturnogo grafika otpuska tepla v mezhotopitel'nyy period.”
Energiya i menedzhment, No.2, 2002.

15. Panferov V. 1., Gavei O. F. “Ob optimalnom upravlenii temperaturoi teplonositelia v teplovykh setiakh.”
Vestnik YUUrGU, ser. Kompiuternye tekhnologii, upravlenie, radioelektronika, vol. 14, no. 4, 2014, pp. 65 —70.

16. Petrushchenkov V. A. “Obosnovanie ponizhennogo temperaturnogo grafika regulirovaniia tsentralnykh si-
stem teplosnabzheniia.” Novosti teplosnabzheniya, no. 6 (180), 2015.

17. Krolin A. “Effektivnoe teplosnabzheniye: datskii opyt.” Energorynok, no. 4, 2005,
http: //www.e m.ru/er/2005 04/22708/.

18. Pekka Kouri. “Tsentralizovannoe teplosnabzhenie v Finlyandii.” Inform. Byul. PPV ZHF, no. 5, 1998.

19. Gasho Ye. G., Kozhevnikov V. P. “O nekotorykh sposobakh povysheniia effektivnosti teplosnabzheniia:
regulirovaniie i avtonomnoe otoplenie.” Novosti teplosnabzheniia, no. 2, 2007.

20. Loppenhien J.K., Jensen P. “ Temperature Optimization — Horning Dictrict Heatind Company has achieved
remarkable results.” Holtcool, no. 1, 2008.

21. Davydov A. N. “Analiz praktiki primeneniia ponizhennykh temperaturnykh grafikov v teplosnabzhenii v
zarubezhnykh stranakh i otsenka perspektiv ispolzovaniia v sistemakh teplosnabzheniia, vkliuchaiushchikh istochniki
kombinirovannoi vyrabotki elektricheskoi i teplovoi energii, rezhimov s ponizhennymi temperaturnymi grafikami v
tseliakx povysheniia energoeftektivnosti i kachestva predostavliaemykh uslug po teplosnabzheniiu”,
http://gokurce.ru/tinybrowser/files/doc/metodika-o-ponizhenii-temperatury.docx

22. Kaganovich B. M., Keiko A. V., Shamanskii V. A. Ravnovesnoe termodinamicheskoe modelirovanie dissi-
pativaykh makroskopicheskikh system. ISEM SO RAN, 2007.

23. Sokolov E.Ya. Teplofikatsiia i teplovye seti. 1zdatelstvo MEI, 1999.

24. Vagin N. 1., Samoplias T. V. Sistemy ventilyatsii zhilykh pomeshcheniy mnogokvartirnykh domov. Sankt-
Peterburg, 2004.

25. Teplova isoliatsiia budivel. DBN V.2.6-31:2016, Ukrarhbudinform, 2016.

50



Bernmunsuis, oceimneHHss ma mernoaasornocmadaHHs. Bun. 24, 2018

YK 697.34

MapameTpu TennoBoi Mepexi Npu 3HMKEHOMY TeMnepaTypHoMmy rpadiky

I. O. Pempko!, A. O. Penpko?, O. B. INpuiimax®, H. I'. Jlann6epr*

k. TH., mou. XapkiBChbKuii HalioHaNbHMI yHiBepcUTET Michkoro rocmomapcrsa iM. O.M. bBekeroBa, M. Xapkis, Vkpaina,
germes_s2006@ukr.net , ORCID:0000-0002-9863-4487

2n.1.1., npod. XapKiBChbKUI HAI[lOHANLHUN yHIBEpCHTET OYIiBHUIITBA Ta apXiTeKTypH, M. Xapkis, Ykpaina, andrey.ua-mail@ukr.net
ORCID: 0000-0003-2331-7273

3n.1.1., npod. Kuischkuii HaioHaIbHMIt YHiBEPCHTET OYIiBHMIITBA Ta apXiTekTypH, M. Kuis, Ykpaina, 02opriymak@gmail.com
4K.T.H., 01 XapKiBCbKUI HALliOHAJILHUI YHIBEPCUTET OYIiBHMIITBA Ta apXiTeKTypH, M. XapkiB, Ykpaina, natan.lanzberg@gmail.com

Anomayis. Y cyuachiil exonomiynit cumyayii ¢ Ykpaiui excniyamayis cucmem menionoCmaiaiHis nposooUumvCsi i3 HU3bKOKH
memnepamypoio mepedxncesoi 6oou. Iliosuwenuii memnepamypnuii epagix 95/70°C uepes eucoxky eapmicme naiusa €
HeooyinoHum. /loceio maxux kpain sax [ania, Hiveuuuna, Dinnanoia, Lllseyia ma 'oniandia 3 po3eunenum yeHmpanizoeaHum
MenIonoCMadyauHAM 8KA3Y€ HA HEOOXIOHICb NePUI0Yep208020 00IAOHAHHA IHOUBIOYaIbHO20 mennosozo nyHkmy (ITI1) 6ydieni
CUCMEMOIO ABMOMAMUYHO20 Pe2yTI08aHHs, NICIIA 4020 BUKOHYEMbCA Nepexio Ha MEeXHON02II0 31 3HUICEHUM MeMNepanypHuUm
epagpixom. Tomy molepuizayia cucmem menionocmavauua Yxpainu, CnpamoeaHa HaA 3acmMOCY8AHHI  3HUICEHO20
memnepamypnozo epagika, nompebye nepexooy Ha 3aKpumi He3anedlcHi CUCmeMuy ONAIeHHsl, Ha AKICHO-KITbKICHe pe2yio8anHs
ma asmomamu3zayiro cucmem ITII cnoocueauis. Y dawiii pobomi HaAGeOEHI Pe3yIbMAMU YUCENbHO20 OOCTIONCEHHS GNIUBY
KOHCIPYKIMUBHUX | PEHCUMHUX NAPAMEmpie meniogoi Mepexci Ha 6ubip onmumaibHoi memnepamypu i 6Umpamu Mepexce6oi
600u cucmemu yeumpanizoearnozo mennonocmavanns (CLT). Busnaveno icmomuuil 6niug onanioeaibHoi Xapakmepucmuxy
k'E, Bm / K, 6yoieni na napamempu CLT. Busnauenni ¢paxmuuni sHauenus k-F Oesaxux scumaosux 6yOuHKie 3a OaHumu
HamypHux oocnioxcenb. Ompumani gaxmuuni Oaui HudCue pO3paAxXyHKo8ux 3HaueHv k'F, wo eumazcae nioguuyeHoi
memnepamypu menyioHoCisi 8 NOOABANLHOMY MPYOONPOBOOL. 3HUICEHHA MeMnepamypHozo 2pagiika UMazac 3HUICCHHS
EHeP2OCNONCUBAHHS 8 HCUMIOBUX OYOUHKAX T AOMIHICMPAMUSHUX OYOi6ax.

Kniouoei crnosa: mennosa mepesica, 3uudiceHuii memnepamypuuil epagix, uucenvhe 00CHONCEHHS.
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Abstract. In the current Ukrainian economic situation, operation of heat supply systems is under low temperature of the heating-
system water. The higher temperature chart of 95/70°C is inexpedient because of high cost of fuel. The experience of such
countries as Denmark, Germany, Finland, Sweden, and Holland with developed centralized heat supply proves the necessity
of priority equipment of local heat distribution and metering stations (HDMS) of the building with an automatic control system.
After that, the technology with a reduced temperature chart should be applied. Therefore, the modernization of heat supply
systems in Ukraine aimed to applying the reduced temperature chart will require the transition to closed independent heating
systems, to qualitative and quantitative regulation, to automation of HDMS consumers. In the paper, the results of the numerical
study of the constructive and operating parameters of influence of a heat supply network on the selection of the optimum
temperature and the flow of the heating-system water in a district heating system (DHS) are considered. The significant
influence of the heating characteristic k-F [W /K] of a building on the parameters of the DHS has been determined, the actual
values of k'F of some residential buildings have been determined according to field studies. The obtained actual data is lower
than the calculated values of k'F, which requires increased temperature of the heat carrier in the supply pipeline. Reducing the
temperature chart will require a reduction in energy consumption in residential and administrative buildings.

Keywords: heat supply, lower temperature chart, numerical study
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BCTaHOBJIEHHI eHeproowaaHnx BiKOH

I. C. PatywHsik!, A. M. OuepeTHuia?, O. KO. MaTepuHcbka®

k. T.H., npod). BinHuIbKuil HALiOHANLHUI TexHIUHMM yHiBepcuTeT, M. Binnuus, Ykpaina, ratusnakg@gmail.com

23aMiCHHK I'OJIOBHOTO JJUPEKTOPa KoHtepHy "Tlomimus"
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Anomayis. Tennogizitinum obcmedicenHam ¢pacadie Hcumaosux OYOUHKIE, NOOYO0SAHUX 3 OOMPUMAHHAM CYUACHUX
BIMYUSHAHUX HOPMAMUBHUX BUMO2 U000 MEPMIYHO20 ONOPY 020POOICYEANbHUX KOHCMPYKYIl, BCMAHOBNEHO HAAGHICMb
CYMmeESUX Meniogmpam y §y31ax NPUMUKAHHI 6IKOHHUX PAM 00 CIIHOBUX 020POO0IHCYBANLHUX KOHCMPYKYILL, W0 C8I0UUMb NPO
HeBIONOBIOHICMb 3HAYEHb HOPMOGAHUM BUMO2AM MepMiuHo2o onopy. [epocasna nonimuka y cgepi 3abe3neyenhs
eHepeemUUHOl  eheKMUSHOCMI 6NPOBAOIICYE Peaniz3ayilo 8 IHCUMIL0B0-KOMYHANLHOMY 20CNOOApCmEi BUCOKOEHEKMUSHUX
MexHono2ill npu G1AUWMy6eanHi ymenienus gacadie 6yOuHKi@ 3 Mmoo 3MeHueHHs CRONCUBAHHS eHeP2OHOCII8 HA ONANeHHsA 8
XONOOHUIl nepiod pokKy. BnposeadcenHs eHepeo30epesxcHux 3axo0ié 0038018€ 30iNbWUUMU MEPMIYHULL ONIp 308HIUHIX
020p00HCYBATILHUX KOHCMPYKYI. 3acmocysants iHHOBAYIIHUX eHepeOOWaAOHUX KOHCMPYKMUBHUX 8Y31i8 NPUMUKAHHS GIKOH
npu OyOisHUYmMeEi 003601UMb NIOBUWUMU eHeP2OePEKMUBHICMb OA2amMON08epXO8UX HCUMA0B8UX OYOUHKIE Ma 3MeHuUmu
SUMPAMU KOWMIE HA ONIAMY CRONCUMUX eHEePSOHOCII8 Ha ONAleHHs 8 XONOOHULL Nepiod POKY, a MAKOMHC SHUSUMU 3ampamu Ha
KOHOUYIOHYBAHHS NOGIMPSL 8 Menaull nepiod poxy. Tepmomooeprizayisi 6IKOH 6 ICHYIOUUX OYOUHKAX NPAKMUYHO He nepedbauae
apximeKmypHo-KOHCMPYKMUGHUX PiuieHb U000 3MEHUIeHHS MEeniosmpam y 6y31ax NPUMUKAHHA GIKOHHUX, AK NPASUILO
MemanonIacmukogux, pam 00 306HIUHIX 020POOACYBANbHUX KOHCMPYKYill. Teopemuuno oOIPYHMOBAHA MONCIUBICMY
niosuwerHs enepeooujaonocmi 0yoieenv WLIAXOM MepMOMOOepHIi3ayii 8y31a NPUMUKAHHA GIKHA 00 CMIHU 308HIUHBOT
020P00HCYBATLHOI KOHCIMPYKYIT, WO € 30HOI0 MENIONPOBIOHUX 8KIIOUEHb. 3 Memoio nidguwyeHHs eHepeoeekmusHocmi Oyoieii,
3anponoHOBano cnociéb mepmomooepHizayii iKOH, ULIAXOM YOOCKOHANEHHS apXimeKmypHO-KOHCMPYKMUBHO20 BUKOHAHHA
8Y311a NPUMUKAHHS BIKOHHUX PAM 00 306HIUHIX CIIH 020P0ONCYBATLHUX KOHCTNPYKYTH.

Knrouosi cnoea: e@ixonni pamu,

6Y30]1 NPUMUKAHHAL,

eHepeoephekmusHicmsb,  020pPO0AHCYBATLHA

KOHCMPYKYIsl, Menio8mpamu, mepmivHutl onip, mepmozpama.

Beryn. Peanizaris nep>kaBHOT MONITUKH B YK-
paiHi OI0 MmiABUIICHHS eHeproe(eKTHBHOCTI Oy-
JiBeNb nepeadavyae TePMOMOICPHI3AIIIF0 30BHIIIHIX
OTOPODKYBAJILHUX KOHCTPYKIIH 3 METOI MpHUBeE-
JIEHHsI TXHBOI EHEPreTHYHOI e(PEeKTHUBHOCTI IO HOP-
MatuBHUX BuUMOT [1, 2]. Ha omayieHHS XHUTIOBUX
OynuHKIB B YKpaiHi MOPIYHO BUTPAYAETHCS MOHA
70 MITH. T yMOBHOTO TIaJIMBA, 10 Maike BTPUYI I1e-
PEBHILYE CIIOKUBAHHSA B KpaiHax €Bporeiicbkoro
Coro3y. [yis1 3MEHIICHHS! HAJIMIPHOTO CIIOYKHBaHHS
B iICHYIOUHX Ta HOBO30Yy/IOBaHUX OY/IiBIISX yJIamTo-
BYIOTh TEIIOI30JISIIII0 30BHINIHIX OTOPOKYBAIh-
HUX KOHCTPYKLiii [3, 4]. OnHak, mopyuieHHs piBHO-
MIpPHOCTI TerJionepeaadi Kpi3b OrOpO/DKYBaIIbHI
KOHCTPYKILIi B 30HaX TEIJIONPOBIIHMX BKIIOUEHD €
MPUYMHOIO 3HWKEHHSI TeMIlepaTypd Ha MOBEpXHi
KOHCTPYKIIii, IO CHPUSE MOTiPIUICHHIO CaHITapHO-
ririeHivHOrO peXuMy npuMminieHs [5, 6, 7]. Hopma-
TUBHUMH JOKYMEHTaMH He repea0adeHo Ai€BUX Te-
XHIYHUX PIIICHb MO0 3MEHIIIEHHS TEIJIOBTPAT Ye-
pe3 TepMiuHI HEOTHOPIJHOCTI 30BHIIIHIX OTOPO-
JDKYBaJIbHUX KOHCTPYKIIiH Oy/1iBenb.

AKTyaJIbHICTh AOCTiAKeHb. TeruonpoBiaHi
BKITIOUEHHS € TMPUYMHOI0 HEPIBHOMIPHOCTI TEILIo-
nepeaadi Kpi3b OropoKyBaiibHI KOHCTpyKHii. Lle

MIPU3BOIUTH /10 3HIKEHHSI TEMIIEPATYPH OTOPOIXKY-
BallbHUX KOHCTPYKIIIA BCepPEeNHI TPUMILIIEHHSI, [0
CTBOPIOE YMOBH JUJIsI TTOSIBU KOHJIeHcaTy. Kpim Toro,
IpY eKcIuTyaralii Oy/miBenb JOMAaTKOBI TETIOBTPATH
MiABUILYIOTh BUTPATH KOIUTIB Ha OMajeHHs. ToMmy
BUSIBIICHHS [UISIXiB 3MEHIICHHS HETaTHBHOTO
BIUIMBY TETUIONPOBIIHAX BKJIIOYEHBb MPU EKCILTya-
Tarii OyniBenb moTpedye BiJMOBITHOTO OOIPYHTY-
BaHHSI JOLIJIBHOCTI TA apXiTeKTYPHO-KOHCTPYKTHUB-
HOI MOXKJIMBOCTI T€PMOMOJIEPHi3alii TerIonpoBiI-
HUX BY3J1iB IPUMUKaHHS MPH BIAIMITYBaHHI TETJIOi-
30JI51Li1 OrOpOAKYBaIbHUX KOHCTPYKLIH.

Ocranni gocaigxkenns ta myoéaikauii. Joci-
JOKEHHSIM T IBUIIEHHS eHeproe(eKTHBHOCTI Oyu-
HKIB 32 PaxyHOK YyTEIUIEHHS BY3JiB NMPUMHUKAHHSI
zaitmanmuce O. M. Kysbpmenko [8], H. A. T'onosue-
HKoO, [1. I. ®apenrok [10], M. B. CaBunpkwuii [11], K.
b. Hdixapes [11] Ta inmmi.

KoHcTpykTHBHE BUKOHAHHS By3j1a MPUMHUKAHHS
BIKOHHOI paMH JIO OTOpPOJKYBajbHOT KOHCTPYKIIil
MPHU3BOJIUTH JI0 TIOSIBH MMIJBHINECHUX TETUIOBTPAT
MpUMiIIeHHs. 3armo0irTH MM HeoJIiKaM MOXKITHBO
[UISIXOM  TEPMOMOJIEpHi3allii apXiTeKTypHO-KOHC-
TPYKTHBHOTO BUKOHAHHSI By3J1a IPUMHUKAHHS BIKOH-
HOTO OJIOKY.

dopmymnroBaHHs Linel crarti. MeToto poOoTH €
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SKCIICPUMEHTAIbHE Ta TEOPETHYHE OOTPYHTYBAaHHS
HEOOX1THOCTI 3MEHINICHHSI HETaTUBHOTO BILTUBY Te-
TUTOTIPOBITHUX BKITFOUYEHB Ta PO3POOIICHHS apXiTeK-
TYPHO-KOHCTPYKTHUBHHUX PIllICHb IIOJI0 TEPMOMOJIC-
PpHi3allii TETUIONPOBITHUX 30H ITPH BIAIITYBAHHI BY-
3712 MPUMUKAHHS BIKOH.

OcHoBHa yactuHa. JlocmimkeHHsIMY [8] BUSB-
JICHO HEJIOJIIKM PO3TOBCIOKEHOT TEXHOJIOTIT BIIaIll-
TyBaHHSI YTEIJICHHS 30BHINIHIX OTOPOKYBAIBLHUX
KOHCTPYKIIii OyaiBenb. ICHy 041 TeXHOJIOTii Termoi-
30J1A1Li1 He B IOBHiH Mipi 3a0€3Me4yI0Th 3MEHIICHHS
TEIUIOBTPAT y 30HAX TEIUIONPOBITHUX BKIIOYCHB,
SIKAMH € BY3JTH TIEPEKPHUTTS OCTAHHBOTO TIOBEPXY Ta
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MiBATBHUX TPUMIIICHb, OaJIKOHHA IUINTA, TUINTA
MIEPEKPUTTS Ta BCTAHOBJICHHS BiKOH.

3a pesynbTaraMu TEIJIOBI3iHHOTO OOCTEeKEHHS
0araTtormoBepXxoBuX OyAMHKiB, MOOyJOBaHHX Yy
M. Binanni konneprom "Togiyuit” 3 A0TpUMaHHSIM
HOPMaTHUBHUX BHUMOT II[O/I0 TEPMIYHOTO OMOPY 30B-
HIIIHIX CTiH, BUSIBJICHO HASBHICTBH BY3JIiB OKPEMHX
€JIEMEHTIB KOHCTPYKIUiH, 10 MOTPeOyIOTh apXiTeK-
TYPHO-KOHCTPYKTHBHOTO BIOCKOHAJICHHS 3 METOIO
3MEHIICHHs TEIUIOBTPAT y 30HAX TEIUIOMPOBITHUX
BKJTIOUEHb (pHc. ). TakuMu 30HaMU € By3/11 IPUMHU-
KaHHS BIKOH JI0 30BHIITHIX CTIH OTOPOKYBaTbHHX
KOHCTPYKIIiH.

Puc. 1. Tepmorpamu Ta CBITJIMHH 30BHIIIHIX (aca/iB KUTIOBOro OyAUHKY B M. BiHHUIIS
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BiamoBigHO 10 TEOPETUYHHX MOCIHIHKEHb [7],
JUTST TBOMIPHOTO TEMIIEPATYpPHOTO TIONS YKOCY Bi-
KOHHOTO TPOpPi3y B 30BHIIIHIM OTOpOIKyBaJIbHIN
KOHCTPYKIIii OyITiBIIi, OITip TEIIonepe/adi 3aJIe)KUTh
BiZl hakTOpy DOPMH fyix, IKUF BU3HAYAIOTD IS TITH-
pUHH y ABa KaniOpu (3a OquH KaliOp MPUHHATO TO-
BUIMHY OTOPOIKYBaJbHOI KOHCTPYKILii). BigHOCHA
HA/AJIMIIKOBA TEMIIEPATypa KyTa YKocy 0. 3aJeXuTh
BiJl BITHOCHOTO OIOPY TeTuTonepenadi 3allOBHEHHS
BIKOHHOTO TIPOCTODY:

T,—T S/ A
e — I o _ ,
" T(;_T3 f R() (1)

ne Te, T; — BIATIOBiTHO, BHYTPINTHS Ta 30BHIIIHS Te-
MIIepaTypa OrOpPOPKYBaJIbHOI ~KOHCTpykmii, K;
Ty — TeMriepaTypa i30TepMH TEMIIEPATYPHOTO OIS
BHYTPIIIHBOI Ta 30BHIIMTHKOI YACTHHU OTOPOIKYBa-
JIbHOT KOHCTPYKIIii, fiIKa 30iraeThCsi 3 BICCIO 3aIlOB-
HEHHS BiKOHHOTO TipocTopy, K; 6, — momoBuHa ToOB-
IIMHA BIKOHHOI pamMu, M; 05 — BIICTaHb BiJ BHYTpi-
ITHKOI TTOBEPXHI OTOPOKYBATbHOT KOHCTPYKIIIT 3a-
BTOBIIKH O, 10 OCi 3alTOBHEHHSI BIKOHHOTO TPOC-
TOpY, M; A — TEIUIONPOBIJHICT, MaTepially oropo-
JOKYBaNbHOI  KOHCTpPYKMii  OymiBmi, Bt/(MK);
Ro— omip Temyonepenayi YaCTHHU OTOPOKYBaJlb-
HOT KOHCTpYKii 10 i30Tepmu To, M> K/BT. Anani3
thopmymu (1) cBiTIHTB, IO MiABUIIATH EHEPTOOIIA-
THICTH OYAiBEIIb MOXKIIMBO IIITXOM TEPMOMO/ICPHi-
3allii By3Jia MPUMHUKAHHS BIKOH JIO TIPOPi3iB Oropo-
JDKYBaJIbHUX KOHCTPYKLIH, a caMme 3a paxyHOK BJO-
CKOHAJIEHHS! KOHCTPYKTUBHOT'O BHUKOHAHHS BY3JIa

npuMuKkaHas. Ha puc. 2 mpeactaBieHo KOHCTPYK-
THBHE BUKOHAHHS BY3/1a NMPHUMHKAHHS BIKOHHOTO
O5oKy 0Oe3 yTemieHHS Ta ICHYIOUOTO BHAY yTel-
nenHs. HenomnikoM icHyro4oro cnoco0y yTeryieHHs
30BHIIIHIX CTIH € Te, IO BiH HE 3a0e3Meuye 3MEH-
IIEHHS TEIUIOBTPAT Y BYy3JIaX NMPHUMHUKAHHS BIKOH-
HUX OJIOKiB 330BHi (acany OyauHky. Bin He n03BO-
Jsi€ CTBOPHUTH JOCTaTHHOTO 30BHIMIHBOTO YTeI-
JICHHS] Ta Ma€ JOCUTH BY3bKi (DYHKIIIOHATEHI MOX-
JUBOCTI IMOJO IMiJABHINCHHA €HEeProe(eKTUBHOCTI
Oy/iBII 32 paXyHOK 3MEHIIICHHS TEIUIOBTPAT.

1 igBUIIEHHST TEPMIYHOTO OIMOPY BiKHA 3a-
MIPOTIOHOBAHO HOBY KOHCTPYKTHUBHY CXEMY TeIlIOi-
30JIALIT TPU MOHTX1 BIKOHHOTO OJIOKY. APXITEKTY-
PHO-KOHCTPYKTUBHE pillIeHHS By3Jla MPUMHKAHHS
BIKOHHOTO OJIOKY JI0 OTOPOKYBAJIBHOT KOHCTPYK-
1ii mpeacTaBiieHo Ha puc.3. Take po3MilllCHHS yTe-
IUTIOBAYiB 32 PaXyHOK 30UTBIIIEHHS OTOPY TEIUIoNe-
penadi J03BOJISIE i ABUIUTH TEPMIYHHIA OITip By371a
MIPUMHKAHHS Ta TEMIIEpaTypy BCEpEenvHI IMPHMi-
HICHHS, 1110 3a1100irae yTBOPEHHIO KOHACHCATY B Mi-
CIli TPUMUKaHHS BIKOHHOTO OJOKY JI0 30BHINIHBOT
CTIiHM OTOPOIKYBaJbHOI KOHCTpPYKIii OymiBimi. s
NOPIBHSIHHS JaHUX apXiTEeKTypHO-KOHCTPYKTHBHUX
pilieHb MPUMHUKAHHS BIKOHHOT paMU 10 30BHIIITHBOT
CTIHM OTOPOIKYBaJbHOI KOHCTPYKIIii, pO3paxyeMo
TepMiuHu omip 3a hopmysoro [10]:

R=%(8,/\,), ©)

e 8; — TOBIIMHA IIapy eJIeMEHTa OrOPOIKYBaIBHOL
KOHCTPYKIIIi By3/la MPUMUKAHHS BIKOHHOTO OJIOKY
IO CTiHH, M; A; — TETUIOTIPOBIIHICTh MaTepially Oro-
POIDKYBaNBbHOT KOHCTPYKIiT Oymieii, B1/(m K).

7 2 =
10 8 8
50
A S
—*
3
® O 2
7
2 / L 2
B77/
. 380(510) 110 5 380(510) 110 5 380(510) . 110

Puc. 2. ApXiTeKTypHO-KOHCTPYKTHBHE BUKOHAHHS BY3Jla IPUMHUKAHHS BIKOHHOTO OJIOKY JI0 OTOpPOKYBaIbHOI KOHCTPYKIIIT:
a— 0e3 yreruieHHs; 0, B — PO3MOBCIO/PKEHUI CIIOCIO yTETUICHHS:
1 - kyefioBa Cyminl JJ1st MPUKIICIOBAHHS IUTUT TeIUIoi3ousiii i obnamHanus 3axucHoro mapy Ceresit C T8S, 2 - nekopaTiBHa IITyKa-
typka Ceresit C T35, 3 - apMoBaHa CKJIOCiTKa JIyrocTiiika, 4 - yTerioBau MiHepajbHa Bata, 5 - repmetuk Ceresit, 6 - miHa Oy/iiBe-
JbHA, 7 - eNIEMEHT KpPIIIeHHsI BIKOHHOTO ONOKy, 8 - 31uB, 9 - ykic, 10 -migBiKoHHS.
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Puc. 3. ApXiTeKTypHO-KOHCTPYKTUBHE BUKOHAHHS BY3J1a MPUMHUKAHHS BIKOHHOTO OJIOKY 10 OTOPOKYBAJIbHOT KOHCTPYKIIIi:
1 - BiKOHHHH OJIOK, 2 - 30BHIIIHSA CTiHA, 3 - TEIIOI30AIIfHO-03100JTFOBAIbHA CHCTEMA 30BHIIIHIX CTiH, 4 - TEIUIOI30JIAIIHA CyMiIlT
"TerutoBep", 5 - apMyBaibHa CiTKa, 6 - IEKOPaTUBHUH (QiHIIHUIK map, 7 - CAHIPUK, 8 - IMITOCT.

Pesynbrati BU3Ha4EHHS OMOPiB BUKOHAHHS BY-
311iB MPUMHUKAHHS BIKOHHOT paMu JI0 OTOPO/XKYyBa-
JEHOT KOHCTPYKIIi (prc. 2) HaBeaeHo B Taom. 1.

3anponoHoBaHMi crocid yTEruIeHHs] TPUMH-
KaHHS BIKOHHOTO OJIOKY Ta BUKOPHUCTaHHS CKJIOIIA-
KETiB 3 EHeproolaIHIMH MTUOKaMH JO3BOJISIE TTijI-
BUIIUTH eHeproedekTuBHicTh OymuHKy. Lle cyt-
TEBO 3a0IA/KYE EHEPrOPeCypCcH B CHCTEMaXx Ora-
JIEHHS Ta KOHAMIIOHEpaX MPU CTBOPEHHI KOMQOop-
THHUX YMOB MEIIKAHIISIM.

BripoBa/pkeHHST 1HHOBAILlIMHUX EHEPrOOMIA-
HUX KOHCTPYKTHUBHHX BY3IiB IPUMHKaHHS JI03BO-
JUTH TIIBUIIATH eHeproedeKTHBHiCTh Oararorio-
BEPXOBHX JKUTJIOBUX OYIWHKIB Ta 3MEHIIUTH 3a-
TpaTu KOIITIB HAa OIUIATy CHOXKUTHX CHEProHOCIiB
Ha OTIAJICHHS B XOJIOJHUH TIEPioJ] POKY Ta eJIEKTPO-
SHEpTil0 Ha KOHAWLIOHYBaHHS MOBITPSI.

BucHoBku. [Tpu TepmoMosepHizallii BikoH, 3a-
3BHYaii, HE mepeadayaroThbesl apXiTEeKTypHO-KOHC-
TPYKTHBHUX pillIeHb HION0 3MEHIIEHHS TETJIOBT-
part y By3JjiaX IpUMHKaHHS BIKOHHHX paM JI0 30BHi-
IIHIX CTIHOBUX OTOPO/DKYBaJbHUX KOHCTPYKIIIM.

Le He cnpusic AOTPUMAaHHIO YHHHUX BHMOT IOJI0
3HA4Y€Hb TEPMIYHOTO Oomopy. ExciepuMenTansHi Ta
TEOPETHYHI JTOCHIPKeHHS CBiMUYaTh Mpo HEOoOXii-
HICTb YJIOCKOHAJIEHHS KOHCTPYKTMBHOTO BHKO-
HaHHS BY3JIiB IPUMHKAHHS BIKOHHUX paM 70 30B-
HINTHIX CTIHOBUX OTOPOJDKYBAIBHUX KOHCTPYKIIIi.
BripoBajpkeHHST  3ampONOHOBaHUX 1HHOBALIHHUX
EHEeProoIaJHUX  apPXiTEKTYPHO-KOHCTPYKTHBHUX
pillieHh BUKOHAHHS BY3JIiB MPUMHUKAHHS BIKOHHHAX
pam J03BOJIUTH MiABUINUTH €HEProeeKTUBHICTH
KUTIOBUX OYJMHKIB 32 paXyHOK 3MEHIIIEHHS Terl-
JIOBTpAaT B 30HAX TEIUIONPOBIIHUX BKIIOUEHb MPU
TEPMOMOJIEpHi3allil BikOH.

IepcnekTHBY MOAAJBIIMX J0CTiTxKeHb. He-
00XiJTHO EKCIEPUMEHTAJILHO JOCIANTH 30HHU, JIe
CIIOCTEPITaloThCsl OUTBIN TEIUIOBTPAaTH Ta BUKO-
HaTH TEOpPEeTUYHE OOIPYHTYBaHHS TEXHOJOTTYHUX
PpillieHb peati3aliii 3arporoOHOBAHOI0 CIIOCO0Y Tep-
MOMoJIepHi3alii g miABUIIEHHS €(QEeKTUBHOCTI
BUKOHAHHS By3Ja MPUMHUKaHHS BIKOHHOTO OJIOKY
JI0 30BHIIITHIX OTOPO/KYBATBHUX KOHCTPYKIIIH.
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Tabauys 1
KoHCTpYKTHBHI XapaKTepHCTHKH Ta 3HAYEHHSI TEPMIYHOI0 ONOPY BY3Jia NPUMHKAHHS BikKHA
J10 OTOPO/IKYBAJTBLHHX KOHCTPYKIIii
Croci6 Ta marepianu ToBmuHa mapy TemnonpoBigHICTE Tepmiuamit
By3J1a IPUMUKAHHS MaTepiany, M matepiany, Br/m K | omip, M’K/Bt

1. be3 yremnenus

- mina Gy/iBenbHa 01=0,02 2=0,04 0,5

- TEpMETHK 0,=0,01 2=0,9
2. Icnyrounii cnocid yTerieHHs

- miHa OyiBenbHA 61=0,02 2=0,04

- YTEIUIIOBAY; IUIMTH MiHEPAJIOBaTHI 6>=0,03 2=0,05 L1

-nekopatuBHa mTykaTypka Ceresit 04=0,01 2=0,21
3. 3anpornoHoBaHMH CTIOCIO yTETIeHHS

-riHa Oy IiBesbHa 01=0,02 2=0,04 20

-TeII0130- JisAliiHa cymitn "TeroBep 0,=0,1 2=0,07 ’

- GiHimHWI ap 04=0,01 2=0,14
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YOK 69.03

TepMoMogepHU3aLuusi TENNIONPOBOAHLIX BKNOYEHUN Y3NOB NPUMbIKAHUA NpU
yCTaHOBKe 3Heprocbeperarowmx oKoH

I. C. PatywHsik!, A. M. OuepeTHbiii?, O. FO. MatepuHckas?®

'K.T.H., Tpo¢. BUHHHIIKHMIT HAIIMOHABHBIM TEXHMIECKUH YHUBEPCHTET, I. BurHunna, Ykpauna, ratusnakg@gmail.com
2 3aMeCTUTENb TIABHOTO TUPEKTopa KoHuepHa "Tlogomne"

3acnupanT, BUHHULIKMIT HALMOHAILHBIN TEXHMYECKUH YHUBEPCUTET, T. BunHuIa, YKpanHa, oksana27 1 8@ukr.net.

Aunnomayus. TennogusuoHHviM 06c1e008anUEM PACAO08 HCUTBIX OOMOB, NOCHPOEHHBIX C COOMIO0EHUEM COBPEMEHHBIX Omede-
CMBEHHbIX HOPMAMUGHBIX MPebOBAHULL K MEPMUYECKOMY CONPOMUGILEHUIO 02PANCOAIOUUX KOHCIPYKYULL, YCMAHOGLEHO HAU-
yue CyuecmeeHtbIX Menionomeps 8 y3ax NPUMbIKAHUSL OKOHHBIX PAM K CIEHOBbLM 02PANCOAIOUSUM KOHCIPYKYUSIM. MO CEU-
demenbemeyem 0 HecOOMEemcmaun 3HAYeHUIl HOPMUPOBAHHLIM MPebo8aHUusM mepmuyecko2o conpomugienus.. Tocydap-
CMEeHHAs. NONUMuUKA 8 cihepe obecneueHuss IHeP2eMuUYecKoll IPHeKMUsHOCMU BHeOpsiem Pealu3ayulo 8 HCUTUUHO-KOMMY-
HAIbHOM XO3UCMEE GbLCOKOIPDHEKMUBHBIX MEXHONOSUL NPU YCMPOUCMEe YMenieHus pacados 30anull ¢ Yeiblo YMeHbULeHUs
nompednenus dHep2OHOCUmenell Ha OMONIeHUe 8 XOLOOHbIL Nepuod 200a. Buedpenue snepeocbepezarouyux meponpusimuil nos-
80I5IEM NOBLLCUMb MEPMUUECKOE CONPOMUBTLEHUE HAPYHCHBIX 02PANCOAIOUUX KOHCMPYKYuUll. BHeopeHue uHHO8AYUOHHbIX SHep-
20chepe2aiowyux KOHCMPYKMUGHBIX V3108 NPUMBIKAHUL OKOH NO3GOIUM NOBLICUMb IHEP2OIPPEKMUBHOCHID MHO20IMANCHBIX
JUCUTIBIX OOMOG U YMEHBULUMb 3aMPansl CPeOCmE HA ONIAnty NOMpPeOiEHHbIX IHEPZOHOCUMEILell Ha OMONJIeHUe 8 XON0OHbLIL
nepuoo 2004, a maxdice CHUUMb 3ampambvl HA KOHOUYUOHUPOBAHUE 8030YXa 6 mEnvlil nepuod 2oda. Tepmomoodepruzayus
OKOH 8 Cyuecmayiomux 0OMax 00bIYHO He NPedyCMAmpueaen apxXumeKknypHO-KOHCMPYKMUBHbIX PeUEeHUll 0 YMEHbULEHUIO
Menionomepb 8 y3ax NPUMbIKAHUSL OKOHHBIX, KAK NPABULO MEMANIONIACIUKOBbIX, PAM K HAPYICHLIM 02PAANCOAIOUUM KOH-
cmpykyusm. Teopemuuecku 060CHOBAHA BO3MOICHOCHTb NOBLIULEHUSL IHEP2OIPPeKmuUsHoCmuU 30aHuUll RYMEM MepMomMoOepHU-
3ayuu y31a NPUMbIKAHUSL OKHA K CIeHe HAPYICHOU 02padicoaroujetl KOHCMpYKYyuul, KOMopasi SIGIsLemcst 30HOU Menionpo8OOHbIX
exarouenuil. C yenvio nosviueHus IHeP20dpHexmuenocmu 30anus NPeosiodicer CROCo6 MepMoMOOePHUZAYUY OKOH RYMEM CO-
6EPUICHCMBOBAHUSL APXUMEKNTYPHO-KOHCMPYKIMUBHO20 UCNOIHEHUs. Y31Ad NPUMBIKAHUSL OKOHHBIX PAM K HAPYICHLIM CMEHaM
02PadNCcOAIOUWUX KOHCIPYKYUIL.

Knroueswvie cnosa: okornmvie pamel, y3eil nPpuUMbIKaAHUAL, 3H€p2034)d)€Kmu6HOCWIb, OZPClDfC()ClIOM/;aﬂ KOH-
CMPYKYUs, menjionomepu, mepmudeckKkoe conpomueienue, mepmocpamma.
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UDC 69.03

Thermomodernization of Heat Conductive Inclusions of Adjoining at
Installation of Energy Efficient Windows

G. S. Ratushnyak', A. M Ocheretnyi?, O. Yu. Materynska?

'Ph.D, professor. Vinnytsia National Technical University, Vinnytsia, Ukraine, ratusnakg@gmail.com
2 Deputy General Director of Concern «Podillia»

3 Postgraduate, Vinnitsa National Technical University, Vinnitsa, Ukraine, oksana2718@ukr.net.

Abstract. The presence of significant heat loss at adjoining of windows to wall-mounted enclosures is established by thermal
imaging of facades of residential buildings. This indicates the non-conformity of those values with the standardized require-
ments of thermal resistance. The state policy for ensuring energy efficiency introduces the implementation in housing and
communal services of highly efficient technologies in the process of thermal insulation of building facades with the aim of
reducing energy consumption for heating in cold season. The introduction of energy-saving measures makes it possible to
increase the thermal resistance of external enclosing structures. The introduction of innovative energy-saving structural junc-
tions of windows will increase the energy efficiency of multi-storey residential buildings, reduce the cost for energy consumption
for heating in cold season and decrease consumption for air conditioning in hot season. Thermomodernization of windows in
existing houses practically does not provide architectural and constructive solutions to reduce heat losses in the junctions of
window, usually metal-plastic, and frames to external enclosing structures. Theoretically, the possibility of increasing the en-
ergy efficiency of buildings by thermomodernization of the junction of the window to the wall of the external enclosing structure,
which is the zone of heat-conducting inclusions, is justified. In order to increase the energy efficiency of the building, a method
for thermo-modernization of windows is proposed by improving the architectural and structural design of the junction of win-
dow frames to the outer walls of enclosing structures.

Keywords: window-frame, junction, energy efficiency, building envelopment, heat losses, thermal
resistance, thermogram.
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MN'ypTOK HOHUX rigpaBnikiB-aepoAanHaMiKiB

Kadenpa TteruorasonocrayanHs i BEHTHIALIT
KuiBcpKkoro HalioHaaBHOTO yHIBEpPCUTETY OyniBHU-
LTBA 1 apXITEKTypH 3apOILIy€E YUHIB LIKiIT JOTYydH-
THCS JI0 HAYKOBOI JISUTBHOCTI HAIIIOTO TYPTKA IOHUX
rizpaemikiB-aeponnHamikiB. Ha Hamiii naboparop-
Hill 0a3i MOJKHA BUKOHYBAaTH €KCIIEPUMEHTH 3 aepo-
JUHAMIKH BEHTWIALIWNHUX CHCTEM, MPUMILIEHb Ta
00TiKaHHS BITPOM 00’ €KTIB, TOCII/PKYBATH TiApaB-
J4HI PEXUMH CYJaCHUX CHUCTEM OIIAJICHHs, BU3HA-
9aTH e(pEeKTUBHICTh BUKOPUCTAHHS TEIUIOTH BUTSIK-
HOTO TIOBITpsI Ta 0araro iHIIOTO.

VY rpyani 2017 poky pa3oM 3 JBOMa yYHIMH 3a-
raJbHOOCBITHBOI IKOJIK OyJI0 POBEIEHO EKCIIepH-
MEHTAaJIbHI JOCIIJIKSHHS BITPOBOTO HaBaHTAKECHHS
BiJI €JIGKTPOKAOEII0 Ha OIMOPH JIiHIN eJleKTporepe-
Jad Mpy Pi3HIA MWBUAKOCTI 00TiKaHHS BiTpoM. Ke-
PyBaB IOCIIKCHHSIMHU aCUCTCHT Kadeapu Teriora-
3omocTavanHs 1 BeHTHsAii B. P. Baxyia.

Y4HI 03HAWOMIITUCS 3 TEXHIKOIO Oe3IeKH B ae-
poanHamiuHiil 1aboparopii, Oy10BOIO aeponuHaMi-
YHOT TPyOH, MPUHITUIIAMH JIOCITI/PKEHHS 00TiKaHHS

BITPOBHMM IOTOKOM 00’ €KTIB Ta MIPUHIIMIIAMH 00pO-
OKH pe3yNbTaTiB JOCIiIKEHb.

ExcriepumeHTa pHa MOIEIb CKIIAIa1acs 3 JJBOX
JMHAMOMETPIB, 3aKpilUIEHMX Ha IITaTUBaX, MIiX
ssKUMHU Oynio HatsirHyTo ApiT. LIBHAKICTH MOBITPs
BH3HAYaJIacs 3a oKa3aMy MikpoMaHoMeTpa (creri-
QJIHOTO MPWJIANY JUIS BUMIPIOBAHHS MajluX Iepe-
MaJIiB THCKY), IPUETHAHOTO JI0 KOJIEKTOPA aepojiu-
HamiuHoi TpyOu. Ilicisi BBIMKHEHHSI BEHTHJISTOpA
aepoArHaMiuHOi TPyOH 1 BCTAHOBJICHHS IBUKOCTI,
3a MOKa3aMH JMHAMOMETpa BH3HAYAIIUCS HaBaHTa-
KEHHsI Ha OMOPH. YUHI OTPUMAIN BXKJIMBUHA JUIs
CBOTO PO3BUTKY IEPIINIT TOCBII Ta00OpATOPHUX ae-
POIMHAMIYHUX JOCIIIKEHb.

st ydqacTi B TYpTKy 3BepraiiTecs Ha kKadenpy
TEIIOra3onocTayanHs i BeHTHsnii KuiBcbkoro Ha-
[IOHAJBHOTO YHIBEPCUTETY OY/[IBHHIITBA 1 apXiTeK-
TypH 3a TejehOoHaMu:

(044)245-48-33;

(044)241-54-11.
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HaykoBe Buianus

BEHTHWJIALIA, OCBITJIEHHA TA
TEIIJIOTA3OINOCTAYAHHA

HAYKOBO-TEXHIYHWH 35IPHUK

Bunyck 24

Busznanuii BAK Vkpainu sik HaykoBe (paxoBe BuAaHHS YKpaiHU, B SIKOMY MOXYTb
nyOiKyBaTUCS pe3yJIbTaTH JAUCEPTALIMHUX POOIT HA 3M00yTTA CTYNEHIB JIOKTOpa 1
kaHauaara Hayk (Hakas MinictepctBa ocBiTH 1 Hayku Ykpainu Ne 515 Bix
16.05.2016 p.)

30ipHUK «BeHTumsis, OCBITJAEHHS Ta TEIJIOTa30MOCTa4aHHs» MPECTaBICHUN Ha
caiti  http://www.nbuv.gov.ua  HamioHanbHOi  Oi0mioreku HAH  Vkpainu
iMm. B.I. Bepnaacskoro Ta Ha caiTi KHYBA science.knuba.edu.ua
( http://science.knuba.edu.ua/index.php?id=43 ).

[igmacano oo apyky 30.04.2018. dopmar 60x84 1/8
Hpyx odcernuii. [lanmip opcernuii. [apuiTypa Times New Roman.
YMoB. ipyk. apk. 6,75. 00i. Bua. apk. 7,25.
Haxmnan 1000 npum. 3amoBnennst Ne 161117

Hanpyxosano B TOB “Bunasnuntso “lOcton”
01034, m. Kuis, Byn. O. ['onuapa, 36-a 1: (044) 360-22-66, www.yuston.com.ua
CBiZIOLITBO MPO BHECEHHsI Cy0 €KTa BUAABHUYOI CIIPAaBH [0 JISPIKaBHOTO PEECTPY BHIABLIB, BUTOTOBIIIOBAYiB
1 pO3MOBCIOMKYBaUiB BUAABHUYOT poayKuil cepist gk Ne 797 Big 09.09.2015 p.

60



GleH Vel

HAMIBXOPCTKI MJIACTUKOBI NOBITPOMPOBOAN
ONEKCIBEHT — FHYYKE PILLEHHA
ANA BALLOro sYaAUHKY

Cuctema dnekciBeHT 3aCcTOCOBYETLCA Y MOEAHAHHI
3 NPUMNIMBHO-BUTSXKHUMW YCTaHOBKaMMU.
MpunnnBHO-BUTSXXHA yCTaHOBKa Bignosigae 3a
nepeMilleHHs Ta OYULLEHHSA BEHTUAALINHOIO NOBITPSA,
a TakoX 3a nepepgavdy Tenna Bif BUTAXXHOro NoBiTps
npunaneHoMy. Cuctema BeHtc dnekciBeHT
npuaHaveHa ons NpaBUNbHOro posnoginy
BEHTUNALINHOro NOBITPSA MiXK KiMHaTamu.

BeHTUnsAUiNHa ycTaHoBKa 3

peKynepaTtopoM BCTAHOBMEHA Ha CTiHi Y

nigeanbHOMY NpUMILLEHHI. KoneKTopu, KaHanu Ta naeHyMmu
3MOHTOBaHI Y AiepeB’aHoMy nepekpuTTi. MpunnneHe NoBiTps NoaaeTbes Kpisb

nigoroBi peLiTk y cnanbHiin Ta BiTanbHi. BUTSDKHE NOBITPSA BUAANAETLCA KPi3b aHeMocTaTn
Ha CTeni Ha KyXHi, y BaHHii Ta nigsani. KyxoHHa BUTS)KKA TakoX NigK/Io4eHa A0 BEHTUNALINHOT
ycTaHoBKM. [MoBiTPA NepeMilyeTbcs MK KIMHaTaMu Kpi3b OBepHi peLuiTku.

& VENTS

MosiTponposop

k Konekrop Mnexym
®nekciBenr

nignorosuit CTEeNnboBUA
3 pOUJiTKOK) 3 aHeMmocTaTom

MpunnmeHo- MosiTponposog BeHTUAsLiAHWIA
BUTSIXHA isonboBaHun KOBNaK
ycTaHoBKa IzoBeHT

www.vents.ua



CBITOBUU NIAEP

CEPEJ1 BEHTUNALINHKUX PILLEHb
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