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ENHANCEMENT OF HEAT SUPPLY

HELIOPANELS FOR THE PRODUCTION OF THERMAL ENERGY
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Anomayin:Cmamms npucssiyena npoonemi niogueH s MenioHA0X00ICeHH sl 2eNIONAReN, Wo Npayioe 0
supobenns mennogoi enepeii. Taxi npucmpoi Modcymos 6UKOPUCMOBYBAMUCS O5i OMPUMAHHSA 2apAY0L 800U mda
Y cucmemax onanenHs «menia nionozay. o nepesaz maxkux cucmem mpeba gionecmu ix nosHy asmoHOMHICMb,
HAOItiHICMb, NPOCMOMY KOHCMPYKYTi, mpusaiuil mepmin ciyscou ma in. OOnak poboma cenionaueni noGHiCmMIO
3aneAcUms 8i0 KiIbKOCMi eqheKmusHo 3aC8OEHOI Hel0 Menn08oi enepeii COHYsL, KA, Y CBOI0 Uepey, 3anelHCUmb K
6i0 KOHCMPYKYii ma enacmusocmeti mamepianie naweni, max i 8i0 KilbKOCMI CHPAMOBAHO20 COHAUHO2O
BUNPOMIHIOBAHHS, WO BUZHAUAECIBCS 2e02PAPIUHUM POIMAULYBAHHIM NAHENL, NepiodoM POKY, uacom 000U ma
260MEMPIEI0 83AEMHO20 POSMIWEHHS NAOWUHY NAHENT | HANPSIMOM NAJIHHA HA Hei COHAUHO20 NPOMEHSL.

Bpaxysanus ounamixu Kyma nadinHs cOHAUHO20 NPOMEHs HA 2eNlIONAHeNb 00380JIAE CYMMEBO Nioguwumu it
Menno3ac60cHHs ma 30i1buumu mpueaﬂicmb COHAYHO20 0np0MiHeHHﬂ, a omoice, — nokpawgumu eHepecemulmny
eexmugHicmy  arbMePHAMUBHO20 0dicepend Mmeniogoi eHepeii, ujo 0coOIU80 AKMYAIbHO NPU POIMIUJEHHI
naweni y NiGHIUHIL Ma YEeHMPAIbHIll 4ACTUHAX KpaiHu, AKI 8IOHOCAMb 00 4emeepmoi 30HU 3 HAUMEHWUM
cepeOnbopiuHuM COHsHUM 8unpominiosantam 0o 1000 kBm-200/m®.

Abstract: Currently acute problem of energy due to the constant growth of tariffs for energy: water,
electricity and heat. The situation was reinforced by the lack of sufficient amount of domestic reserves of natural
gas, coal and other minerals — energy sources which used in traditional energetics. Therefore, the growing
demand for energy in its various forms significantly accelerates the introduction of devices and systems that
operate from alternative and renewable sources. This area is developing very actively, but as with all things
new, these devices still have a relatively iow efficiency.

The article deals with the problem of increase efficiency of solar battery, working to receive of heat energy.
These devices can be used for hot water and heating in a "warm floor" systems. The advantages of such systems
are full autonomy, reliability, simplicity of design, long life and so on. The action of solar battery depends on
solar heat, which effectively completely absorbed by panel. It is depends on the design and properties panels,
and on the number of directional solar radiation and it is determined by geographical location of panel, season,
time of day and geometry relative placement between panel plane and the direction of fall sunlight.

Taking into account the dynamics of the angle of incidence of sunlight on solar battery to significantly increase
its heat absorption and increase the time of the solar radiation, and thus — to improve the energy efficiency of an
alternative source of heat. It is especially important when placing panels in the northern and central parts of the
country what belongs to the fourth zone with the lowest average annual solar radiation up to 1000 KW-h/m?.

The use of a turning mechanism by analogy with solar panels working for the generation of electric energy,
will allow in dynamic mode during the day to maintain a normal or close to its angle of incidence of sunlight. This
will help to maximize the heat production efficiency of solar energy and increase the output power of the solar
station. However, the use of a turning mechanism will make it impossible to install solar panels on the sloping roofs
of buildings, as can be seen now. Such systems will require free horizontal areas, a strong foundation and
additional pay of money, but the growth of heat energy production in the remote time will allow to return part of
money by the introduction of this energy efficient measure.

Keywords: solar panel, solar energy, energy efficiency, alternative energy source, heat supply system, solar
radiation, panel orientation, heat transfer.

KiroudoBsi cioBa: renionaHenL, COHsIYHAa CHCPI'CTHUKA, CHepFO@(I)eKTI/IBHiCTB, AJIBTCPHATUBHE JIZKEPCIIO
SHEeprii, cCrcTeMa TEIUTOTIOCTaYaHH s, COHsIIHA paiallisl, Opi€HTAIlis MaHeli, TeIUIOHA X0 KCHHSI.
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BinmbImicTh TemocTaHINi MpamooTh A BUPOOICHHS eNeKTPUIHOI eHeprii, ogHak eHeprito COHIT MOXHA
BHUKOPHCTOBYBAaTH 1 JJsl BUPOOJEHHS TEIJIOBOi eHepril. Y NbOMYy BHIAJKy HpPOMEHEBA CHEpris iHae Ha
HarpiBaHHsl TEIUIOHOCIS, IO IMPKYJIOE Yy KaHajlax TaHel, a OTPUMaHe Telo aKyMYJIO€TbCs Y
TEII0i30Jb0BaHOMY  Oari-akymyisitopi. KuUTbKICTh CHIPUHHATOI TMaHEUII0 TEIUIOBOI €Heprii 3aleXuTh Bij
OaratboX (akTOpiB: KOHCTPYKIII Ta BJIACTUBOCTEH MarepiailiB MaHesl, KUIBKOCTI CIIPSIMOBAHOTO COHSYHOTO
BUIPOMIHIOBAHHSI, [II0 BU3HAYAEThCS reorpadivHUM pO3TALIYBaHHSIM ITaHENl, MepioJloM POKY, YyacoMm Jo0u Ta
TEOMETPIEI0 B3AEMHOTO PO3MIILIEHHS TUIOLIMHYU NaHeli 1 HalpsMOM MaJliHHs Ha Hel COHSYHOro npomens. SIKmo
JUISL COHSYHUX TIaHEJIeH, 10 MPauIoIOTh Ul BUPOOJIECHHS EIEeKTPUYHOI eHeprii, Bke po3poOJeHO crewialbHi
MEXaHI3MH, SKi O03BOJISIOTH MoBepTaTy ii 3a COHIlEM, TO TelionaHelNi, 0 MpaIoTh ISl BUPOOJIEHHS Terlia,
BCTaHOBJIIOIOTH CTAI[lOHAPHO 3 OPIEHTALIE0 Ha IMiBJAEHb Ta KYTOM IIaHei J0 Topu3oHTy Onmsbko 40° [1 —5].
Taxuif miAXix 3MEHIIye MOYaTKOBI KamMmiTalbHI BUTPATH TaK CKOPOUYYE TEPMIH MOHTAXY, OJHAK MPHU3BOAUTH 10
CYTTEBOTO 3MEHIIEHHS e(eKTHBHOCTI TEIUIO3aCBOEHHS TeTiONaHeNl 4epe3 He KOPEKTHUH KYT MaJiHHS MIPOMEHIB
Ha TUIOMIMHY IaHe, a TAKOXK BIUIMBAE HA CKOPOYCHHS TPUBAJIOCTI KOHTAKTY COHSYHOTO IPOMIHHS 3 TaHEIUTIO.
OTxe, CTATTs IPUCBSYCHA aKTYaIbHOMY ITUTAHHIO Ta JI03BOJISE OIIIHUTH BTpaueHuil e()eKT BiJl HE BUKOPUCTAHHS
MOBOPOTHUX MEXaHI3MIB Yy TeNiONaHeNns X, IO MpAIIoI0Th Ui BUPOOJCHHS TeIUla Ha MPHKIami iX
TEpUTOPiaIbHOTO po3MileHHs Y M. CyMH.

KinpkicTh COHSYHOT €Heprii, 10 HaJIXOIUTh Ha TOPHU30HTAIBHY MOBEPXHIO 3eMJTi, Ay)Ke 3aJIeKHUTh Bill
LIMPOTH MicLIeBOCTI (IuB. puc. 1). BimHOEHHs cepeTHhOMICIYHUX HAIXOPKEHb COHSYHOI pajiamii y YepBHi i
rpy/Hi 31 301IBIICHHSM IUPOTH 3pOCTAE, 1 Ha MpPoTi 50° nH. 11, BoHO npubau3Ho Aopiskioe 13. Ille Ginbie
BIJPI3HAETHCS HAIXO/DKCHHS COHSIYHOT eHeprii y HalCTIpUATIIMBIIINI | HAHHECTIPUATIMBUM AHI POKY, IPH LILOMY
BITHOIICHHS Eay 1 Enin MOke mocsiratu 50. Lli maHi ¢Biq4aTh Mpo BEIUKI 3MIHU MPOTATOM POKY KITBKOCTI
HAJIXOJDKEHHS COHSYHOI €HepTii, a 0TXKe, 1 PO MOiI0HI 3MiHHU TEIUIOIPOYKTHBHOCTI TeliocucTeMu [§].

i Tpaexmapis

[ oouz04m

Puc. 1. Cxema ynaBanoro pyxy Conus no Puc. 2. KyTn, fiki BU3HAYAKOTD N0JIOKEHHSI TOYKH A Ha
He0oCXHITy 3eMHili MOBepXHi BiTHOCHO COHSTYHUX NPOMEHIB

Jutst po3paxyHKy HasBHOI KiJIBKOCTI COHSIYHOT €HEpTii, 0 HAJAXOAUTh Ha MIOXKITY MOBEPXHIO, HEOOXiTHO
3HATH KYTH MAIIHHSA COHIYHUX MIPOMCHIB Ha IMOXUITY i TOPU30HTAIBHY MIOBEPXHIO ¥ TAHOMY MICIIi.
ITonosxeHHs AesIKOi TOYKU 4 Ha 3eMHIl MOBEPXHI BiTHOCHO COHSIYHUX MPOMCHIB y JaHHI MOMEHT 4acy
BHU3HAYAETHCS TPhOMA OCHOBHHMH KyTaMU: IIUPOTOKO MICIls PO3TANIYBAaHHS TOUKH () , TOJUHHUM KYTOM ()

ta cxunennam Connsg O (puc. 1). Pa3oM 3 TphboMa OCHOBHMMHM KyTaMH @, @ Ta O Yy PO3paxyHKax

COHSAYHOI pajianii BUKOPUCTOBYIOTh TaK0OXK 3€HITHUH KyT Z, KyT BUcoTH & 1a3umyT a Con (puc. 2) [7].

Cxunenns COHIIS y TOBUIBHUN J€Hb POKY BU3HAYAETHCS 32 GOPMYIIOI0:

— 5-2345sin[ 3602841 ) L)
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ge N — nopaaKoBUil HOMEp AHS, BifpaxoBaHuil Bix 1 cidHs.
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Jist po3paxyHKiB BeTHIuHy N OepyTh SK MOPSIKOBHIA HOMEP CEPEIHBOTO PO3PAXYHKOBOTO JTHS MICSIIS
POKYy.

KyT naniHHs COHAYHHUX IPOMEHIB Ha JIOBIILHO OPi€HTOBAHY MOBEPXHIO, [0 MA€ a3UMYT @, 1 KyT

HaxWIy 10 TOPU30HTY [ , BUSHAYAETHCSA 33 (OPMYIIONO:

cosi =sin ﬂ[cosé(sin pcosa, cosw+sina, sin)—sin 5005(pcosan]+
+c0s B[cos 5 cospcos w+sin Ssin g, )

Jie () — MUpOoTa MIiCIIeBOCTI; 0 — cxmtennst COHIUE, @ — TOIMHHHI kyT CoHIIsl.

A3uUMYT BepTHKaIbHOI TOBEPXHI &, B TOMY BUTAJKY, SKIIO BOHA OPiEHTOBAHA HA IiBJEHB, JOPiBHIOE
0°, ma 3axing 90°, Ha cxig -90°, Ha miBHig 180°.

CepeHbOMICSTYHA JICHHA CyMapHa KUTBKICTh COHSYHOT €HEPTil, 0 HaIXOIUTh Ha MOXHUIY TOBEPXHIO

COHSIYHOTI'O KOJ'IeKTOpa, BU3HAYAE€ETHCA 3a (bOpMynOIOZ
— E =RE, (3)

ne E — cepenHpoMicsiyHa JeHHa cyMapHa KiJIbKiCTh COHSAYHOI €HEpril, 10 HAAXOIUTh HA TOPU30HTATIbHY
MOBEPXHIO, Mﬂofc/(M2~ao6a); R — BimHOIIICHHS CepeIHBOMICIYHUX ACHHUX KITBKOCTEH COHAYHOT paiarii,
110 HAJIXOJIUTh HA TIOXMITY 1 TOPU30HTAILHY TIOBEPXHI.

KoedimieHT nepepaxyHKy KUIbKOCTI COHSIUHOT €HEeprii 3 TOPU30HTAIBHOI TIOBEPXHI Ha MOXHITY
MOBEPXHIO COHSYHOTO KOJIEKTOpA 3 MiBIICHHOIO OPIEHTALIIEI0 JOPIBHIOE CYyMI TPhOX CKJIaJJOBUX, SIKi
BIIMOBIAIOTH MPSIMOMY, PO3CISTHOMY Ta BiJIoOpa)KEHOMY COHAYHOMY BHUIIPOMIHIOBAHHIO:

E E -
. R-[1-5e Rn+_pl+cos,ﬁ+pl cos/i', (4)
E E 2 2

ne E, — cepeHboMicsyHa JIeHHa KUIbKICTh PO3CIHOIO COHSYHOTO BUIPOMIHIOBAHHS, KE HA/XO/UTH Ha
TOPH3OHTANBHY TIOBepXHIO, M/Jorcl(M*-0064a); E, /E - cepennpoMicsHa IEHHA 4aCTKa PO3CIAHOTO

COHSYHOIO BUIIPOMiHIOBaHHS; R — cepenHboMicsuHuil KoeillieHT nepepaxyHKy OPSIMOTO COHSYHOIO

n

BUIPOMIHIOBaHHSI 3 TOPH30HTAIBHOI HA IOXHITY TIOBEPXHIO; [/ — KYT HaXHITy TIOBEPXHi COHSIIHOTO KOJICKTOpa
JI0 TOPU30HTY; £ — Koe(ilieHT Biaa3epkaieHHs (ab0e/10) HOBEpXHi 3eMili Ta OTOYYIOUUX TUT, SIKMH K
TPaBWIIO OEPYTh TakuM, Mo AopiBHIOE 0,7 st 3umu Ta 0,2 1St J1iTa; y BECHSHI Ta OCIHHI MICSIII TIeH
KoedimieHT 6epyTh TakuM, 10 aopiBHoe 0,45.

Bemnunnu E | ta E GepyTs 3 10BiAKOBOI JiTepatypy, Hanpukiaz, [9].

CepeHBOMICSYHHN KOE]IIEHT TIepepaxyHKy MPsIMOTO COHSIYHOTO BUIIPOMIHIOBAHHSI 3 TOPU30HTAIBHOI Ha
MOXHJTY TTIOBEPXHIO 3 MiBJAEHHOIO OPIEHTALIIEI0 3HAXO/STh 3 BUPA3y

cos(p— p)cosssinm, , +la)” sin(p—p)siné
_ R = ~ 180 ~ . (5)

COSCOSSSiN@. +—— . sin@sins
¢ T

TopuaHMA KyT 3ax01y (cxoxy) CoHIIS Isl TOPU30HTAILHOT TTOBEPXHI
— @, =arccos(—tgptgd) . (6)

Sk roguHHM KyT 3ax0y COHI JUIsl TTOXWIIOT TOBEPXHI 3 MiBJEHHOIO OPi€HTAIi€l0 OepyTh MEHIIY 3 JIBOX
BEJIMUMH: @, a00 BEIMYUHY @, , PO3paxoBaHy 3a (HOpMyIIOL0:

H
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_ w,, =arccos| —tg(p—B)tgs |- ™)

3 METOI0 BHSBJICHHS BIUIMBY IOBEPTAaHHS TeIIONaHeNl 3a HalpsiMaMH TOPHU30HTY, BBEJIEMO KOe(illieHT
TETIOHAIXO/PKEHHS T'eTionaHei, sSIKUii JO3BOJIUTh KiJIbKICHO OIIIHUTH 3pOCTaHHS TETJIOHAXO/PKEHHS TaHeli 3a
paxyHOK ii MOBOPOTY Ha KyT @ BIJIHOCHO MiBJIHS:

ka) = E(U ' (8)
szO

ne E, — cepenHpoMicsiuHa JIeHHA CyMapHa KiJIbKICTh COHSYHOI €HEprii, 10 HaJXOAUTh Ha MOBEPHEHY Ha

JeAKUi KyT asuMyTy @ [aHelb [pM ONTUMAaJIbHOMY KyTi Haxuwiy J Mol (m*-006a); E,_
cepelHbOMICSYHA JICHHa CyMapHa KIUIbKICTh COHSYHOI €Heprii, 10 HaJXOAWTh Ha IIBJCHHO OPIEHTOBaHY (
MIDorcl (M*-0064a).

BukopucroBytoun ¢opmymu (1), (3) — (7), s KOXHOTO Micsiisi poKy OyJo BHKOHAaHO PO3PaxyHKH
cepeTHbOMICSYHOI (pakTH4HOI J000BOI CyMapHOi KUIBKOCTI COHSYHOI €Hepril 3ajeXHO BiJ KyTa HaxHiLy
remionaneni . Pe3ynpraTi po3paxyHKiB HaBeJeHI Ha puc. 3.

® =0°) manens npu onTUMANBLHOMY KYTi 1 Haxuny /3

ont

— - 1
g —— ool
e e ek e+ o opewn
- {rE  —— - e
o o . ) e e T| sk
e L M
_———— e — —— LY
— s P e e CRpRon.
——— ol e [EILNTH
. sORTIM

— o — Moronay

———— — — — Iprvacs,

Puc. 3. BnuiuB KyTa HaxXuJ1y rejiionasesti 10 TOPH3OHTY

Sk 6aunmo 3 puc. 3 A KOKHOTO MICSIIsl ICHYE BJIACHMH ONTUMAJbHUI KyT HaXWly TeliolaHell, SKUH
3MIHIOETBCS Bl fopy = 5° U 9E€PBHSI 10 for, = 75° mnst ciubs. OTxke, pOOMMO BHCHOBOK, IO JJIsI KOXXHOTO
MiCsISl TIPOTSIrOM POKY HEOOXiZIHO BCTAHOBIIIOBATH BJIACHWH KyT HaxWily TellioNaHeni, SIKMH 3MEHIIYeThCs
HaBECHI Ta 3pOCTae BOCCHU.

KinpkicHa 3aeXHICTh KyTa S Ta BiANOBITHHN HOMY MakCHMyM BHUIIPOMIHIOBAHOI COHSYHOI eHeprii Juis
50°47' mH. 111, Mo BiAIOBiAa€e MUPOTI po3MinieHHs M. CyMH, IPOTIATOM POKY MOJaHi Ha puc. 4.

3 METOI0 OIHIOBaHHS BiIHOCHOI BEJIMYMHHU TEIUIOHAIXO/KEHHS TejliolaHelli 32 paXyHOK HOro moBepTaHHs
JI0 TOPHU30HTY BiIHOCHO PEKOMEHIOBaHOTO 3Ha4YeHHs [ = 40°, Bukopucroyrouu dhopmyau (1), (3) — (7), Oymno
BUKOHAHO IMOPIBHSUIbHI PO3PAaXyHKH, Pe3yIbTaTH SKUX HAaBEJeHI Ha pHC. 5.

Sk BUAHO 3 pHC. 5, HAHOUIbIIE MOKpAIIEHHS TEIIOHAAXO/DKEHHS TellionaHeli 3a paxyHOK 3MiHH HOTO
Opi€HTALiT 10 TOPU30HTY CHOCTEPIraeThesl y HAWXOJIOAHIIINI Ta HANTETUTIIIHIA MicsL POKY.

EdekTuBHICTh TENIOHAIXOPKEHHSI T'eJIiONaHeNi 3aJeKUTh BiJl KyTa, YTBOPEHOTO HANpPSIMOM COHSYHOTO
MIPOMEHsSI Ta HOpMauli, sIka BHMXOJAWTH 3 IUIOIIMHM reiionaneini. llefl KyT npu po3paxyHKax OLIHIOIOTH 3a
¢dopmynoro (2). HalfonTumanbHIIIMKH KyT MAAiHHS COHSYHUX IPOMEHIB Oyne KONM I HampsM{ TIOBHICTIO
CHIBIaIyTh, TOOTO KOJIH KYyT i=0° , 1110 BiJI[TOBIIa€ 3HAYCHHIO cosi=1.
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Puc. 4. OnTuMajabHUI KyT HAXWJIY rejlionaHesnti 10 Puc. 5. BitHocHe 3pocTaHHS TeMJIOHATXO/IKEHHS
TOPHU30HTY Sy, TA MAKCHMYMH BHIIPOMiHIOBAHOL rejiionaHesi NpoTAroM poKy 3a paxyHoOK Horo
COHSTYHOI eHepril Epx 11a M. Cymu NMOBEPTAHHSA 0 TOPH3OHTY HA ONTUMAJIBHUI KYT Sy,

nopiBHSAHO 3 f = 40°
BHKOPHCTOBYIOUH 3a3HaueHi BuIIe hOopMyiTH OyB BUKOHAHHiI BAapiaHTHHI PO3paxyHOK Bemuuuan COSI s
KOYKHOTO MICSIIS POKY Ta 4acy J0oOH, MOYMHAIOYM 31 CXOJy COHIS, JO HOTO 3aX0jay JUlsi OTPUMAaHUX BHIIE
ONTHMAJIBPHUX 3HAYEHb KyTa HAaXWiIy HaHem f,;,. KyT THoBOpoTy @ BapiaHTHO oOmpaBcsi i3 Iiama3oHy
we [—1800;1800] . Hpuuomy kyr @=0° pinnosinas cnpsmyBaHHIO MaHemi Ha miBfeHb, a kytn @ =-90° — na
exig, @=90° — ma 3axin.
VY pesynbTati poO3paxyHKY, BHKOpPHCTOBYHOYH (opMmynay (2), Oylno OTpHUMaHO MaKCHMajbHI 3HAYCHHS
koedimienta COSI TpoTATOM J0GH IS yCiX MicsIiB POKy (puc. 6).
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Puc. 6. MakcumaJibHi 3HaueHHs KoedimienTa COS| Puc. 7. llopiBHsiIbHMI BILIMB KyTa
NMPOTATOM )_106" IS ycix MiCﬂlliB poOKy MmOBOPOTY rejomane 1 BITHOCHO CTOPIH

TOPU3O0HTY [JIsl Pi3HUX Mip poKy

Ax GaumMo 3 puc. 6, HalKpamie CHIBIAIiHHA HANPSMKY COHSYHMX IPOMEHIB Ta HOpMasi TeiomaHesi
CIIOCTEPIraeThCst B3UMKY. 1le MOKHA MOSICHUTH HU3bKUM cXHIeHHM COHIISl Ta KOPOTKOIO TPUBAJICTIO CBITJIOBOTO
JTHSI.

Ha puc. 7 Mo>keMo criocTepirati TMHaMIiKy 3MiHH KyTa TOBOPOTY T'eNliONaHeNi BiJTHOCHO CTOPiH TOPU3OHTY
IUTSL Pi3HEX ITip POKY: IIOBEPTaHHA TeiOMaHeli IIPOTATOM 100U CUMETPUYHE BITHOCHO MOy THS KOJH IS BCIX
Tip POKY T'ellioNaHeNb CIIPSIMOBYETECS Ha MiBACHb. Hal01TbIIa MIBUAKICT MOBEPTAHHS TeIi0ONaHeNl, TOOTO
3MiHa KyTa @ MPOTSITOM JOOH CIIOCTEPITA€ThCs Yy JIITHI MICSIIi, 2 HAMEHIIIa — B3UMKY.
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Puc. 8. 30i/ib1IeHHSA TENMJIOHAXO/I’KEHHS 32 PAXYHOK Puc. 9. 3mina cepegHboMicsiYHOrO KoedilieHTa
NMOBOPOTY NMaHeJIi BiTHOCHO CTOPiH TOPU30HTY TEeNJIOHAIXO0/I’KEHHS rejrionaneni mpu i
MPOTSATOM 100M /IJIsl BCiX MicsiniB poKky TMOBOPOTi BiTHOCHO CTOPiH rOPU30HTY 3a
MicsIsiMHu

AHani3youn pe3yibTaTd po3paxyHKiB KoedilieHTa TeIIOHaIXO0/pKeHHs Ky, sIKI moka3aHi Ha puc. 8 Ta 9,
MOJKEMO 3pOOUTH BHUCHOBKH, IO HAWOUIBIIE 3POCTaHHS TEIUIOHAAXO/HKECHHS BiJ MOBOPOTY MaHENl BiIHOCHO
CTOpIH TOPU30HTY (10 4,5 pa3iB) CIIOCTEpIraeThCsl BPaHIl Ta BBEYEPi OCOOMMBO y JITHI Micsui Ta HaiOLIbII
e(peKTUBHHUM € BUKOPUCTAHHS OBOPOTY ITaHENI BITHOCHO CTOPiH TOPU30HTY Oy/ie HABECHI Ta BOCEHH.

BucHoBku

[Ticns BUKOHAHHS PO3PaXyHKOBUX JOCITIHKCHB 32 IOTAHUMH YV POOOTI 3aIeKHOCTSIMH OyJI0 OTpUMaHO TaKi
OCHOBHI pe3yJIbTaTH:

1) A7t KOXKHOTO MiCsIIIs iCHYE BIACHUIT ONTHMAaIbHUM KYT HAXIILY TeiOMaHei, SIKHi 3MIiHFOEThCS Bix ff = 5°
JUTSL 9epBHsE 10 f = 75° nist ciuHs;

2) HaliOlIble MOKPAIICHHs TEIUIOHA/IXODKEHHs I'ejlionaHeNi 3a paXyHOK 3MiHM 1i opieHTauil JO TOpU30HTY
CIIOCTEPIraeThes y CIUHI Ta JIMIHI; HAMEHINHH BILIUB KyTa /5 CIIOCTEPIraeThesl y BECHSIHI Ta OCIHHI MiCsILI;

3) it BCIX Mip POKY, OKPIM 3MMH, MaKCUMAJBHHN TIOBOPOT TCITIONAHEN Yy TOAWHU CXOMy Ta 3aXOIy COHILI
niepesrrye 90°, TOOTO maHeTs He0OXiTHO TOBEPHYTH He TUIHKK Ha CXiJT TP CXOJIi COHIIA, ajie e i YaCTKOBO Ha ITiBHIY,

4) HaifOinpIIa MIBHIKICTH MMOBOPOTY TENiONMAHENi BITHOCHO CTOpPIiH TOPH30HTY CIIOCTEPITa€Thes y JITHI
MicsIi, HaliMEHIIIa — B3UMKY;

5) HafOITPIIUIT ePeKT Big BUKOPUCTAHHS IOBOPOTY MAaHENI BIJHOCHO CTOPIH TOPH3OHTY CIIOCTEPIraeThCs
HaBecHi Ta BoceHH (1o 1,78 pasm), BpaHi i yBedepi — 10 4,5 pasis;

6) 3aBAsSKU MOBOPOTY TeiOMaHelNi BIIHOCHO CTOPIH T'OPU3OHTY 30UIBIIYETbCS TPHUBATICTH 11 poOOTH: Y
Oepe3Hi, KBITHI, JMITHI, YEPBHI, CEpPITHI, BepecHi Ha 2 roAuHH (10 TOAMHI BBEYEpi Ta 3paHKy), a y TpaBHi Ha 4
TOJIMHY (I10 JIBI TOAWHHU MiJ] Yac CXOAY Ta 3aXO0y COHIIA).

OTKe, MOXKEMO 3pOOHTH 3arajlbHHH BHCHOBOK, IO 3 METOIO 301IbLICHHS 3arajbHOTO TEIUIOHAIXOKESHHS
rejionaHelli MpOTATOM POKY HEOOXIAHO JWHAMIYHO 3MIHIOBATH ii OpIEHTALI0 MHIISIXOM 3MIHM Haxwily Ta
MIOBOPOTY 32 CTOPOHAMH TOpu30HTY. HallOUIbInii eexT pocaraeTbes Ipu MOBOPOTI 32 CTOPOHAMHU T'OPH30HTY.

JlirepaTypa

1 Thermotech. Conneuynoe TemiocHabxeHne: Texauueckoe nocodue. [Texer] — Kuer: Thermotech
Vostok, 2011. — 26 c.
Vaillant. ITpoextupoBanne remuocuctem. [Tekcr] — Kues: Vaillant, 2008. — 35 c.

3 Viessmann. Kuura o «CouHiie». PykoBoICTBO 110 MPOEKTUPOBAHUIO CHCTEM COJIHEYHOTO
teriocHabxenus [Tekct]. — Kues: 3nato-I'pad, 2010. — 194 c.

4 Junkers. I'ennorepmortexnuka. Tetpans npoekrtanTta. [Texct] — Kues: IOnkepc, 2007. — 204 c.

5 Jpexcenb, P. CoopyxeHHe COIHEYHBIX KOJUIEKTOPOB JUIs Topsiyeit Boibl. [IpakTuueckoe pyKoBOACTBO
[Texcr] / P. dpekcens, P. 'amuconus. — Kues: WECF, 2010. — 28 c.

6 UYerownwukosa, JI. M. HerpaguiuoHHble BO30OHOBIIEMbIC HCTOYHUKH DHEPTUH: Y4eOHOe ocodue
[Texct] / JI. M. YUeromrnukoBa. — Yenstonuck: FOYpI'Y, 2010. — 69 c.

356

36ipnuk naykosux npaysb V1 MiscHapoOHoi HayKoeo-npakmuyHoi Kongepenyii
«Innosayiuni enepeomexnonociiy 4-8 eepecus 2017



Ooecbka HAYIOHATLHA AKAOEeMis XapYo8UX MexHoN02Il
MOJAEJIIIOBAHHSA EHEPTOTEXHOJIOI' T

7  Xapuenko, H. B. UnauBunyansHble conHeunble ycTanoBky [Teker] / H. B. Xapuenko. — M.:
OHeproaromusnart, 1991. — 208 c.: u.

8 Xapuenko, H. B. Cuctemsl renuotemiocHadx)enus U Metoquka ux pacuera [Teker] / H. B. Xapuenko,
B. A. Hukudopos. — Kues: 3nanue, 1987. — 240 c.

9  Cnpasounnk o xknumary CCCP. B 34-x Beim. / Bem. 10. Yipannckas CCP. Y. 1. Conreuynas
paamanys, paTuaMoHHbI OanaHnc u comHeunoe cusiane [Tekcr] / Tlox pen. B. . I'pumiko, JI. .
Muctopa. — JI.: T'uapomernonsnar, 1966. — 124 c.

YAK 621.44 + 621.577

METO/INYHI OCHOBH 3 OLIIHIOBAHHA
EHEPTOEKOHOMIYHOI EPEKTUBHOCTI CUCTEM
EHEPI'O3ABE3INEYEHHS 3 KOTEHEPAIIMHO-
TEINJVIOHACOCHUMU YCTAHOBKAMM TA HIKOBUMU
JTAKEPEJIAMMU TEIIVIOTHA

Ocranenko O. I1., kKaHa. TeXH. HAYK, JOLUEHT
Binnunbkuii HaioHaIbLHWH TeXHIYHUI yHIBepcuTeT, M. BiHHMI St

METHODICAL BASES OF EVALUATION OF THE ENERGY
ECONOMIC EFFICIENCY OF ENERGY SUPPLY SYSTEMS WITH
COGENERATION HEAT PUMP INSTALLATIONS AND PEAK

SOURCES OF HEAT
Ostapenko O. P., Cand. Tech. Sciences, Associate Professor
Vinnytsia National Technical University, Vinnytsia

Anomauin:3anponoHo8ano memoouyHi OCHO8U 3 OYIHIOBAHHI eHepP20eKOHOMIUHOI epekmuernocmi cucmem
enepeoszabesneuenns (CE) 3 roeenepayiuno-menionacochumu  yemanoskamu (KTHY)  pisnux  pisuis
nomyosicHocmi ma nikosumu Oxceperamu menaomu (II4T), 3 ypaxyeawHsm KOMNIEKCHO20 6NIUGY 3MIHHUX
peaicumie pooomu CE, nixosux dxcepen mennomu ¢ CE, Ojicepen npueoonoi enepeii KTHY, ma 3 ypaxysannam
empam enepzii npu 2eHepy6anHi, NOCMAYAHHI | NePemEOPEHHI eNeKMPUIHOI eHepeil.

Abstract: Methodical bases of evaluation of the energy economic efficiency of energy supply systems (ESS)
with cogeneration heat pump installations (CHPI) of different power levels and peak sources of heat (PSH) are
suggested, with taking into account the complex impact of variable operation modes of ESS, peak heat sources of
heat in ESS, sources of drive energy of CHPI, and taking into consideration the energy losses of the process of
generation, supply and transformation of electric energy. The suggested methodical bases, aimed at estimation
of energy economic efficiency of ESS with CHPI and PSH have a number of advantages: it takes into account the
energy efficiency and power levels of the elements of ESS; it takes into consideration the operation modes of
steam compressor HPI; it takes into consideration the energy efficiency of PSH and ESS and type of the energy,
consumed by them, with the account of energy losses of the process of generation, supply and transformation of
electric energy to PSH and ESS; it takes into account the energy efficiency of variable operation modes of ESS
with the change of load distribution between steam compressor CHPI and PSH in ESS; it enables to evaluate the
complex impact of variable operation modes of ESS, peak sources of heat of ESS, sources of drive energy of
steam compressor CHP1 with the account of energy losses in the process of generation, supply and conversion of
electric energy in CHPI and ESS; it allows to complex perform the energy economic efficiency evaluation of
great number of ESS with CHPI and PSH variants on conditions of variable operation modes; as a result of
complex approach to evaluation of ESS energy economic efficiency the most efficient and economic reasonable
PSH for certain type of ESS could be chosen; methodical fundamentals, suggested in the given paper, could be
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