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UHTETPALIUSI TPOLIECCA TEIIJIOOEMEHA
COJIHEUHOHN YCTAHOBKH

CeauxoB 10.A., kaHa. TexH. HayK., npodeccop, Konapenko B.A., kana. TexH. HayK., mpogeccop,
HauuoHaabHbIH TeXHHYECKMII YHUBEPCUTET
«XapbKOBCKHI MOJMTEXHUYECKUIl HHCTUTYT», I. XapbKOB

Annomayusn. Eeponetickue cmpanbi 0eMOHCIPUPYIOM BbICOKUE B03MOICHOCTU NPOCMO20 NPeodpa306anHus
COTHEYHOU DHEP2UL 8 MENTOBYI0 IHEPSUIO, KOMOPAUsL MOICEM YCHEWHO UCNONb3068AMbC AL /il 0OeCnedeHust pasiu-
YH020 POOA MEXHOLO2UHECKUX, OMONUMENbHbIX U OblMOoGbIX nompebnocmetl. Kpome moeo, 6600 @ skcniyama-
YUIO CONHEUHBIX YCAHOBOK VIYYULAENT IKOLOSUHECKYIO CUMYayulo pationa nompeobienuss meniosol sHepeuu 3d
cuem CHUICEHUsT 00BEMO8 GbLOPOCOE 3ASPSZHSIOUWUX 6EUJeCE, K KOMOPbIM OMHOCAMC NPOOYKMbL C2OPAHUSL
OP2aHUYECK020 MONIUBA, UCNOLb3YEMO20 O/ HPOU3600CMEA MenI06oN dHepaul. B nacmoswee epemst 6 1001cHbIx
PpaiioHax YKpaumsl yoice UCHONb3YIOMCS CONHEUHble YCMAHOGKU OISl 20PAUe20 80O0O0CHAOICEHUSI U OMONJICHUS.
OoHako, 6HeOpeHUue HOBLIX IHEPLeMUUECKUX U IKOHOMUYECKU BbICOOHBIX YCMAHOBOK UOem MEONeHHbIMU MmeM-
namu, 4mo 0ObICHAEMCs. O080IbHO GbICOKUMU CHIOUMOCHHBIMU NOKA3AMENSIMU, KAK OMEYeCMEEeHHbIX, MaK U
3apybedcHbix yemanogox. Takum o6pazom, Ha Haul 6327150, A6ISLEMCsL AKMYALIbHOU KOHYENYUsi CO30aHUsL HOBbIX
COTHEYHBIX YCMAHOBOK, HAUbOee NPUBTIEKAMENbHbIX 051 NOMEHYUATbHO20 nompebumens. Peanuzayus dannot
KOHYENYUU 603MONCHA NPU MAKOM 8APUAHME UCNOTHEHUSL COTHEUHbIX YCMAHOBOK, KO20d 3ampambl Ha 8bipabo-
MKy Men060l IHEPSUU C NOMOUBIO IMUX YCHAHOBOK OYOYM HUJICE YPOBHS CYMMAPHBIX 3AmMpam Ha NONYYeHUe
Menoeoll IHepeuu MPAOUYUOHHBIMU CHOCOOAMU (8 YACMHOCMU, 8 KOMENbHBIX YycmaHnoskax). OOHospeMmeHHo ¢
9MUM, CPOK OKYRAEMOCTU COTHEUHbIX YCMAHOBOK O0IJICEH DblMb COUSMEPUM C 2APAHMULIHBIM CPOKOM UX IKCT-
ayamayuu. /s GbINOIHEHUS. NOCMAGLEHHBIX YCIOGUN NPEOCMABISEMCs YelecO0OPA3HbIM PA3pabomKa maxKux
KOHCMPYKYULL COTHEYHBIX KOLEKMOPO8, KOMOPbLe NO360ANIU Obl MUHUMUUPOSAMb 3aMPAMbL HA UX U320MOGTIe-
HUe, MOHMAdiC U 00CIYICUBAHUE. DMO MOdcem 00CMU2AMbCsl 3a CHem UCNOb308AHUSL OeUEBbIX OMeyecn8eH-
HbIX MAMEPUATO8, GbINYCK KOMOPLIX 2APAHMUPOSAH 6 OOCIMAMOYHbIX 00beMAX HA NPOMSNCEHUU ONUMENLHO20
cpoxa. Paspabomka, usecomosnenue u 6HeopeHue 08YXKOHMYPHbIX COTHEUHbIX YCMAHOBOK NO360IUNO KPY2l020-
OUYHO IKCHIYAMUPOBAMb COTHEUHBII KOJUIEKIMOP, HO KANUMAIbHble U IKCHIYAMAYUOHHbLE 3amMpambl Npu JMoMm
ObLIU  HA MAKOM YPOBHe, YmO OJi NOAHOU OKYNAeMOCMU CONHEYHOU YCMAHOBKU MO2NI0 NOHAO0OUmbCs 6oiee
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nAMU lem, MaK Kax COAHeyHble KOEKMopa U3eomasnueaiiucy us memaiia. B pamkax cghopmynuposannoii 3a-
oauu Hamu 6bLL pa3paboman U U320MOBNEH CONHEUHbIU KOIEKMOP U3 NOAUIMULEHOBOU NIEHKU.

Ilpeonazaemcsa 08YXKOHMYPHAS CONHEUHASl YCMAHOBKA OJisl 20psue20 6000CHAOIICEHUSl U OMONIEHUS, Y KO-
MOpoUl CONHeUHble KOLIeKMOopd U320mOosieHbl U3 noausmuieHogou nienku. Taxaa ycmanoexka paspabomaua,
U320MOBNEHA U 3aNYUeHa 8 IKCIIYAMAYUIO 8 0OHOM T0HCHOM pecuone Yikpaunvl. Ha ycmanoseke OblLiu noayueHvl
IKCNepuUMeHmanbHbie pe3yibmamsl pabomol YCMAHOBKU 8 PASHLIX pexcumMax 6 mevenue cooa. Ilocie obpabomxu
IMUX OAHHBIX ObLIU NOTYYEHbl 0000WarOwUe 3A8UCUMOCTNI. NIOMHOCMU MENI08020 NOMOKA OM MeMnepamypbl
menioHocumens 8 KOJLleKmope, 8pemeHy pabomvl YCMAHOBKU 8 MedeHUue C8emoso2o OHs U pacxo0d MenioHo-
cumens; Kodpuyuenma nonezHo2o Oelicmsus om NIOMHOCMU MeNnio8020 NOMOKA, MAKCUMANbHO20 KOIDhu-
Yuenma none3no2o Oeticmsus Om MAKCUMATbHOU NIOMHOCMU MENI08020 NOMOKA, KOAUYeCmsea meniomsl npu
KOHBEKYUU OM CKOPOCMU HAMEKAHUS 8emMP06020 Nomoxa om 1 0o 6 M/c Ha BHEWHIOI0 NOBEPXHOCMb COHEUHO20
KOIIeKMopa. 3a8UcUMOCU NOLYYenbl npu pasibix obwvemnbix pacxodax N om 0,5 0o 3,0 m%/u mennonocumens.
MaxkcumanvHas nospewiHocms NPO8eOeHHbIX pacyemos e npegviuiaem 5 %.

KoaroueBble cjioBa: MHTErpalysi, COJHEYHbIE YCTaHOBKHU, JIBYX KOHTYpPHBIE yCTaHOBKH, BO30OHOBIIsiIEMbIE
HUCTOYHUKHU SHEPTUH, COTHEUHBIN KOJUIEKTOP.

INTEGRATION OF HEATTRANSFER PROCESS
IN SUN INSTALLATION

Selikhov Yu.A., PhD in Tech.Sci., professor, Kotsarenko V.A., PhD in Tech.Sci., professor
National Technical University “Kharkov Polytechnic Institute”, Kharkov, Ukraine

Abstract. European countries demonstrate high opportunities for simple conversion of solar energy into
thermal energy, which can be successfully used to provide various types of technological, heating and domestic
needs. In addition, the commissioning of salt plants improves the ecological situation in the area of consumption
of thermal energy by reducing emissions of polluting substances, which include combustion products of organic
fuel used for the production of thermal energy. At present, solar installations for hot water supply and heating
are already used in the southern regions of Ukraine. However, the introduction of new energy and economically
advantageous plants is proceeding slowly, which is explained by rather high cost indices, both domestic and
foreign installations.Thus, in our opinion, the concept of creating new solar installations that are most attractive
to a potential consumer is relevant. Implementation of this concept is possible with such an option of solar in-
stallations, when the cost of generating thermal energy using these facilities will be lower than the total cost of
obtaining thermal energy by traditional methods (in particular, in boiler plants). However, with this, the pay-
back period of solar installations should be commensurate with the warranty period of their operation. To fulfill
the set conditions it is advisable to develop such designs of solar collectors that would allow to minimize the
costs of their manufacture, installation and maintenance. This can be achieved through the use of cheap domes-
tic materials, the release of which is guaranteed in sufficient quantities over a long period. The development,
production and implementation of dual-circuit solar installations allowed the solar collector to be operated
year-round, but the capital and operating costs were at such a level that it would take more than five years to
fully pay for the solar installation, since the solar collectors were made of metal. Within the framework of the
formulated task, we developed and manufactured a solar collector made of polyethylene film. A double-circuit
solar installation is proposed for hot water supply and heating, in which the solar collectors are made of poly-
ethylene film. Such an installation is designed, manufactured and commissioned in one southern region of
Ukraine. Experimental results of the installation in different modes during the year were obtained at the plant.
After processing of these data, generalizing dependencies were obtained: the heat flux density from the coolant
temperature in the collector, the operating time of the installation during the daylight and the flow of the cool-
ant; coefficient of efficiency from the density of heat flow; the maximum efficiency from the maximum heat flux
density; the amount of heat in convection from the rate of leakage of the wind flow from 1 to 6 m / s on the outer
surface of the solar collector. Dependencies were obtained at different volumetric flows V from 0.5t0 3.0 m3/ h
of the heat carrier. The maximum error in the calculations does not exceed 5%.

Keywords: integration, solar installations, two circuit installations, renewable energy sources, solar collec-
tor.

ITocranoBka IlpOﬁ.IIeMbI. HTEeHCHUBHOE HCIIOJIB30BAaHHUE TPaAUIUOHHBIX HCTOYHHUKOB DHEPIrUu B MHUPE
MPUBCJIIO K NOABJICHUIO pAJid SKOJIOTHUICCKUX HpO6J‘IeM, HaunboJiee OCTPBIMH U3 KOTOPBIX ABJIAIOTCA: YBEJIMYCHUC
BI)I6p0COB B aTMOC(l)epy YIJICKUCIJIOro rada 1 YMEHbIICHHUE TOJIMIMHBI O30HOBOI'O CJIOA. CGFOIIHSI, Korja pacTter
CTOMMOCTb TPAAUIIMOHHBIX MCTOYHUKOB SHEPIruu, a 3aracbl UX HUCUCPIIBIBAIOTCA, NEPBOOUYCPECAHBIM BOIIPOCOM
ABIACTCA UCIIOJIB30BAHNUE AJIBTCPHATUBHBIX WJIW HETPAAUIIUOHHBIX UCTOYHUKOB DHCPIUM, TAKMX KaK COJTHCYHAA,
BETPOBasi, TeoTepMalibHasA, OnodHeprus u poTocuHTe3. Hanbosiee MOITHBIM HCTOYHUKOM DHEPTHH IJIS YEJIOBeE-
gyecTBa sABIsieTcss CoHile, 00JIbIIas aKTUBHOCTh KOTOPOTO OYIET COXPAHATHCA €Ille 10 MEHbIeH Mepe 3-4 MuI-
nmuapa net. KolndecTBO CONTHEYHOW YHEpPTHH, KOTOopas MomnagaeT Ha 3eMiro, moutd B 15000 pa3 mpeBbimmaer
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MOTPEOHOCTH HACEJICHUs] Halllel IUIaHeThl, OJHAKO JIMIIL HE3HAYUTENIbHAsl €€ 4acTb MCIIOJb3YeTCsl Ha XO3SIHUCT-
BEHHBIE HYXbl. CaMbIM MPOCTHIM M 3 PEKTUBHBIM CIIOCOOOM HCIOJIb30BaHust SHeprun CoHIA SBIISETCS TIPEB-
palieHue ee B TEIJIOBYIO SHEPTHUIO B COJHEYHBIX KoJUIeKTopax. Ha nmanHoe BpeMs pa3padOTaHO M MCIOJIB3YeTCs
3HAYNUTEIHHOE KOJIMYECTBO COJHEYHBIX KOJJIEKTOPOB Pa3HBIX KOHCTPYKLHUH, YTO OTIMYACT MX IO TEXHHKO-
9KOHOMHYECKNM ToKa3atensM. [logasmsroniee OOMBITMHCTBO COTHEYHBIX KOIIEKTOPOB N3TOTOBIISIIOTCS B (hopMme
IUIOCKUX KOHCTPYKIWH, TUIOIIA b OBEPXHOCTH KOTOPBIX SBIISIETCS OMPEACIAIOMNM (PaKTOPOM B OLEHKE KOIH-
YyecTBa Kak IaJIafoliel Ha Hee COIHEYHOH 3HEpIHuH, Tak U 3(P()EeKTHBHOCTH MPEBPAIICHNUS €€ B TEIIOBYIO SHEP-
ruto [1]. [ToaToMy, pa3BUTHE M COBEPIICHCTBOBAHNE HETPAAUIMOHHBIX CIOCOOOB IOyYCHHMS TEIUIOBOI 3HEP-
THH, BHEJPEHUE COTHEYHBIX YCTAHOBOK ISl OTYyUCHHMS TETNIOBOH HU3KONOTECHINAIBLHON 3HEPTUH, KOTOPask Uc-
MOJIB3YETCS ISl TOPSYEro BOJAOCHAOXKEHUsI U OTOILICHUsI OOBEKTOB Pa3JIMUuHOr0 HAa3HAYCHUS, a TaKKe yydiie-
HHE 9KOJOTUYECKOH 00CTaHOBKM PErnoHa, B KOTOPOM HMCIOJIB3YIOTCSI COIHEUHbBIE YCTAaHOBKH, — SIBIISTIOTCS aKTY-
IBHBIMHU 33/1a49aMH.

AHAJIN3 MOCIeTHUX HccaeqoBaHMil 1 myOoankanuii. CoIHEUHbIE KOJUIEKTOPA U3TOTABIMBAIOTCS U3 Pa3iiv-
YHBIX MaTepHaJIoB: OOBIYHBIN YEPHBII MeTall, HepKaBeollas CTallb, ATIOMUHUN, MEIb U ITOJMMEPHBIE MaTepu-
ansl [2, 3], KoTopBle, Kak MPaBUJIO, IpeJHA3HAYCHBI /11 KOHKPETHBIX T'eJIHOTEXHUUYECKUX YCTAHOBOK M OTIHYa-
I0TCS 110 TEXHOJIOTHYECKHUM, SKCIUTyaTallMOHHBIM U TEXHHKO-3KOHOMHYECKMM mapameTrpaMm. Hamu Obin mpose-
JICH aHall3 pabOThl CYIIECTBYIONINX COJHEYHBIX YCTAHOBOK M OBLTH BBIABICHBI MX HepocTaTku. OHM ObLIH yd-
TEHBI NIPH pa3pabOTKe HOBOH KOHCTPYKIHH COTHEYHON yCTAHOBKH. XOTSI MPHHIMIT PAOOTHI COTHEYHBIX KOJUIEK-
TOPOB IIPOCTOH, Pa3pabOTaHO OTPOMHOE KOJIMYECTBO Pa3HBIX KOHCTPYKIMH COJHEYHBIX KOJUIEKTOPOB M3 Pa3HO-
TO METaJIa, 2 B TEXHWYECKOH JMTepaType NPUBEICHO MHOTO 3KCHEPHMEHTAIBHBIX HCCIICI0BAHUH pabOThI cOJI-
HEUYHBIX KOJUJIEKTOPOB, U3TOTOBIEHHBIX M3 PAa3HBIX METAJJIOB, B Pa3HBIX PETHOHAX C pa3HOW CONHEYHOM aKTHB-
HOCTh0. OJTHaKO 0000IIAIOIINX 3aBUCUMOCTEH, YTO OMKCHIBAIOT B3aMMOCBSI3b OCHOBHBIX ITapamMeTpoB 3P ¢eKTu-
BHOCTH COJIHEYHBIX YCTaHOBOK JJIsI KOJUIEKTOPOB, M3TOTOBJICHHBIX M3 IOJMMEPHBIX MaTEPHATIOB: 3aBUCHMOCTb
IUTIOTHOCTH TEIUIOBOTO MOTOKA OT TEMIIEpaTyphl TEMJIOHOCUTENS U BPEMEHHU CYyTOK pabOThl COJTHEYHOI yCTaHOB-
KU TIPH pa3HbIX Pacxojax TEIJIOHOCHTENs; 3aBUCUMOCTh Kod(duiuenTa nonezHoro aevicteus (KI1J[) ot mmot-
HOCTH TEIUIOBOTO MOTOKA MPH Pa3HBIX pacxoJiaX TEINIOHOCHUTENS B KOJJIEKTOPE; 3aBUCUMOCTh MaKCHMAJIbHOTO
K03((HUINEeHTA MOJIE3HOT0 ASHCTBUSA OT MaKCHMAJIbHOHM IUIOTHOCTH TEIUIOBOTO MOTOKA MPH PA3HBIX Pacxojax
TETJIOHOCHTEJIS,, MBI HE BCTpEUalH.

Hean cratbu. B nanHoit pabote aBropaMu mpejyiaraeTcest pa3paboTaHHas, H3TOTOBJICHHAS U 3allyleHHas B
9KCIUTYaTaIMIO IByXKOHTYpHAas COJIHEUHAsl YCTaHOBKA B OJJHOM 0’KHOM PErnoHe YKpauHbL. B pesyibrare sKc-
IUTyaTalliyl yCTAaHOBKM HAMM OBUIH TOJTy4eHBI 3KCIICpUMEHTAIbHbBIE PE3yJIbTaThl paO0Thl YCTAHOBKH B Pa3iIHy-
HBIX peXnNMax. Y CTAaHOBKA MPEACTaBIICHA HA PHCYHKeE 1.
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Puc. 1. lIpyHnunnagabHas TeXHOJOTHYECKasi cXeMa ABYXKOHTYPHOM COJIHEYHOH YyCTAHOBKH VISl OTO-
ienns nomemenuii CK — conneunslii konexkrop; BA1, BA2 — 6aku-akkymyastopsr; H1, H2, H3, H4 —
IHMPKYJIANHOHHBbIe Hacochl; BP — BenTHiIb perysmmposounsiii; B31+B334 — senTnin 3anopusle; K — kamno-
pudep; B — Bentuasarop; T — Temyioo6MenHblii annapar; XBO — annapar xumBoaoouncrku; 1, 3, 6, 7 —
XO0JIO/THBII TeMI0HOCUTEIb; 2 — anTH(pu3; 4,8 — Bo3ayX; 5 - comHeuHoe U3IyyeHue.

CrnemaeM ommcaHHe BapHaHTOB paObOTHI HOBOW TEXHOJIOTHYECKOH CXEMBI, KOTOpas MpeacTaBieHa Ha puc.l.
ConHeyHasi yCTaHOBKA MOXKET paboTaTh Kak CE30HHO, Tak M KpyrioronndHo. Ce3onnas paborta. [To mepBomy
BapHaHTy aHTU(PHU3 U3 MEPBOTO KOHTYypa TermnoooMenHuka T depe3 BeHTHIM 3anopHble B37, B36 n B35 mup-
KyJSIIMOHHBIM HacocoM H1 momaercs B comHeunsiidn koyuiekTop CK, rie oH HarpeBaeTcs A0 HEOOXOIUMOM TEM-
MepaTypbl ¥ 0OpaTHO MOCTYIIAET B TIEPBBIA KOHTYp TermioooMeHHnKa T. HarpeTslii aHTH(PHU3 OTIAeT CBOE TETLIO
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BO BTOPOM KOHTYpe TeIuiooOMeHHUKa T TeruioHocuTeN o (BoJe), MOJA0MIeMyCsl IUPKYIISIIMOHHBIM HacocoM H2
yepe3 BeHTW1H 3anopHble B33, B34 u B38 u3 6aka-akkymynsaropa A1 B TemioooMennuk T u nanee nocrynaer
oOpaTHO B TeriooOMeHHUK T. B TpeTbeM BapuaHTe XOJIOJHBIA TEINIOHOCUTENb U3 CETEBOrO TpyOOIpoBoja ye-
pe3 BeHTIIB 3amopHBI B31 momaercss B anmmapaTr XuMBOIoO4YHCTKH XBO, TIe TEIIOHOCHUTENb OYHIIASTCS OT
MHOTHX COJIH W J1aiee 4epe3 BEHTHIIb 3aN0pHEIH B32 1 BeHTHIs peryiaupoBouHslii BP nocTynaer n HanoiHseT
6ak-akkymyisaTop bBAl. B BeiOpanHOM Hamu Oake-aKKyMyJIsATOpE HMPOUCXOANT HAKOIUICHHE W TPSAMOE aKKyMy-
JMPOBaHKE TEIUIA, MOCKOJIBKY aKKyMyJIHPYIOMIEH M TEINIOOOMEHHOH SIBIISIETCS OJHA M Ta XKe cpepa. B cmydae
aBapUHHON CHTYaIlM €CTh BO3MOXHOCTD BBIITYCTUTH TEIUNIOHOCHUTENb B KaHAJIU3AIMIO Y€pe3 BEHTHIIb 3alIOPHBIA
B312.

Jns  xpyrnmoroguyHoit pabGoTel. B dyeTBepToM BapHaHTe TEIUIOHOCHTENb (ropsdas Bojga) W3 Oaka-
akkymyistopa BA1 depe3 BenTunu 3anopusie B39 u B310 nupxymsiuuonasiM Hacocom H3 nmonaercs B xanopu-
¢ep K n nanee yepes Bentnib 3anopHsiit B311 o6patHo B 6ak-akkymyisitop BA1. B nmsitom BapuaHTe X0JI0THBIH
BO3AYX M3 INPUTOYHON BEHTUISIMU 4epe3 BeHTHu 3anopHele B320 u B317 BentmisatopoMm B uepes BeHTUIB
3anopuelii B318 nonaetcs B kanopudep K, rae HarpeBaercs ropsiuei BOgo# M yepe3 BEHTHIb 3anopHbeiid B319
mojaercs A HarpeBa nomemieHus. Korga Heo6XoauMo HarpeTs TEMJIOHOCUTENh 10 0ojiee BBICOKOW TeMmepa-
TypHI B pa0OTY BKJIIOYACTCS IIECTOW BapHAHT.

Temnonocutenp vyepe3 BeHTUIM 3anopHbie B313 u B314 uupkynsaunonHsiM HacocoM H4 HampaBisieTcst B
Oak-akkymynsaTop BA2, rie HarpeBaeTcst >JIeKTpOHArpeBaTeIIMU 110 HEOOXOIMMO TeMIlepaTyphl U 1ajee dyepes
BEHTIUTB 3armopHerid B315 momaercs x moTpedurento (Ha OTOIUICHHE TIOMEIEHHH, Ha KyxHI0). O00poTHas BoJa
Yyepe3 BEHTWIb 3amopHbeIii B316 Bo3BpamaeTcs oOpatHO B Oak-akkymynsaTop BA1. Mel Takke 3aMEHIIN TIITOC-
KH€ MeTallIMYeCKue KOJUIEKTOpa Ha TMOKUe MONMMEpHbIe, IByXKOHTYpPHbBIE TEIUIOOOMEHHBIE anmnaparsl Ha CKO-
POCTHBIC MJIACTHHYATHIC aNapaThl.

PaccMmoTpennsiii conneunblid kojuiektop CK BBIMONHEH W3 MOJMAITUICHOBOW TJIEHKH YEPHOTO MaTOBOTO
nuBera [4] crienuanbHON KOHCTPYKIIMH, KOTOpas yJIOXeHa B TEIUIOM30JIMPOBAHHBIN CO BCEX CTOPOH MEHOMOJIU C-
TUpOJIOM ToNMHON 30 MM MeTarrueckuii kopmyc [5]. Tlnomans TenaoBOCIpUHUMAIOIIEH TTOBEPXHOCTH COJI-
HEYHOTO KOJJIeKTopa paBHa — 210 m? 1 cocront u3 21 cexuun. To ecTh, B 21 MeTaTHIECKOM KOPILyCE HAXOAUT-
cs1 21 cekuust THOKOTO MOJIMMEPHOT0 KOJIJIEKTOpa.

CBepxy KaKAbIi METAUIMYECKUH KOPITYC 3aKPBIT OKOHHBIM CTEKJIOM TOJIIMHON 4 MM H (UKCHPYETCS K KO-
pIIyCy C IIOMOIIBIO MPHKUMHBIX TUTAaHOK. VICTIBITAaHUS ITPOBOAMINCH TP Pa3HBIX OOBEMHBIX Pacxoax TEIUIOHO-
CHUTeIs, B KAYeCTBE KOTOPOTo MPUMEHsIach Bojia. KoHTpoibs n cOop nHpOpManuu o napaMeTpax TeINIOHOCUTEIIS
(pacxox, TeMmeparypa) OCYIIECTBIISIICS CUCTEMOI aBTOMAaTH3MPOBAHHOTO YIIPABJIEHHS COJIHEYHOH YCTaHOBKOM.
KoHCTpYKIMST COJHEYHOTrO KOJJIEKTOpa MO3BOJISET NMPOW3BOJUTH PEMOHT ITOCEKIMOHHO, HE OTKJIOYas BCEi
YCTaHOBKH. A B cy4ae 3aKyNOpHUBAaHHS MPOXOJHBIX CEUYCHUH KOJUIEKTOpa HAaKHIbIO, KOTopas oOpa3yeTcs B Ka-
HaJiax, T.K. TeMIeparypa TeruioHocuTesst noBbimaercst 10 90 “C, ceKims KOJUIEKTOpa OTKIII0YAeTCsl aBTOHOMHO,
OYMINAETCS U YCTAHABIIMBAETCS HA MPEKHEE MECTO MIIM 3aMEHIETCSI HOBBIM KOJIIEKTOPOM.

B nHacrosei ctaTbe TakKe pacCMaTPUBAETCS BONIPOC 00OOIIEHHS KCIIEPUMEHTAIBHBIX JTaHHBIX, TOTY4YeH-
HBIX JUUISI Pa3IMYHBIX MOCTOSIHHBIX PacxXo/0B TermmoHocuTens (V): ¢ Henpio MoTydeHus 3aBUCUMOCTE!: TIOTHOC-
TH TEMJIOBOTO MOTOKa (() OT TeMIepaTypsl TermaoHocuTens (t) B KOJUIEKTOpe U BpeMEHH pabOThl yCTAaHOBKU B
TeueHne ceeroBoro nHs ( 7); KIIJ (1) OT IIOTHOCTH TEILIOBOTO MOTOKA ((); MAKCHMAIIEHOTO

KII (M) OT MakCHMaabHOH IUIOTHOCTH TEIUIOBOTO MOTOKA; KOJHUYecTBa TEIUIOTH (Q), YHOCHMOrO BETPO-
BBIM MTOTOKOM C BHEIITHEH MOBEPXHOCTH CTEKIIA COTHEYHOTO KOJUICKTOPa OT CKOPOCTH BeTpoBOTO moToKa (V).

O/HOM M3 OCHOBHBIX XapaKTepUCTUK 3(PPEKTHBHOCTH PabOTHI COJIHEYHOTO KOJUIEKTOPA SIBISETCS U3MEHe-
HHE TUIOTHOCTH TEIJIOBOTO TOTOKA (() OT TeMmepaTypsl TermioHocuTens () B KOJUIEKTOpE W BPEeMEHH PalOTHI
YCTQHOBKM B TEYEHHE CBETOBOTO JHS ( 7) NMpU pasHbIX o00BeMHBIX pacxoaax (V) TeruoHocuTens, KOTopoe
MIpeACTaBICHO Ha puc. 2. HaMu ObUT BBHIMIOIHEH aHAJIN3 3KCIEPHUMEHTANBHBIX JaHHBIX IPH M3MEHEHUH IMOCTO-
ssHHOTO pacxona V Temionocutenst ot 0,5 mo 3,0 M/ (1-05;2-1;3-15;4-2;5-25; 6 — 3,0) u moay4eHst
obob6maronue 3aucumoctu Buga ( = f (t, 7) mpu V=const. Homepa B CKOOKax COOTBETCTBYIOT HOMEpaM Ha
KPHUBBIX pHC. 2.

Hamu ObuTH BBITIOJIHEHBI TETNIOTEXHUYECKUE pacyeThl IKCIIEPUMEHTAIBHBIX JAHHBIX IPH M3MEHEHUH pac-
xoma V termmonocutenst ot 0,5 10 3,0 M4 u monyuens obodmaromme 3aBucuMocT Buaa ( = f (t, 1) npu
V=const. [Ipn aHann3e 3KCIIEPUMEHTAIBHBIX JIAHHBIX C LEJIBIO TPEJICTABICHHS B aHAJTNTHIECKOM BHUJIE (QYHKIIH-
OHAJIHON 3aBUCHMOCTH, T. €. B IOA0Ope (OPMYIIbl, ONMCHIBAIOIIEH Pe3ysIbTaThl SKCIEPHUMEHTa, OBUTH HCIIOJb-
30BaHbI BO3MOXHOCTH HAJCTPOUKH cpenbl Excel (maker aHanu3a), a MIMEHHO perpecCHOHHbIH aHanus3 [6].

WHCTpYMEHTBI PEerpecCHOHHOTO aHaIM3a MO3BOJISIOT aHAJIM3UPOBATh OOJNBIINE COBOKYITHOCTH JIAHHBIX HE
TOJIBKO IS TIOJTyY€HHSI OCHOBHBIX CTaTUCTHYECKHX XapaKTEPHCTHUK M IIOCTPOCHHUSI COOTBETCTBYIOMIMX KPHBBIX
3aBHCHUMOCTH (JIMHUU PETPECCHH) AJIS BU3YalbHON OIIEHKH, HO M HAalTH ypaBHEHHE, KOTOpPOe HAWIYYIINM 00pa-
30M OTOOpa)KaeT MHOXKECTBO JAHHBIX, KOTOPbIE MAaTEMAaTHYECKH OMMCHIBAIOT BIMSIHHUCE Psiia HE3aBUCHMBIX IEpe-
MCHHBIX Ha O’KHIAEMBI pe3yibTar.
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Puc. 2. U3MeHeHHe IVIOTHOCTH TEIJIOBOIO IOTOKA.

Hmxe npuBeneHs! GpyHKIMOHABHBIC 3aBUCHMOCTH Biaa ( =f(t, 1) a1 mocTosHHBIX 3HAUCHHUH V.

q=0,010339-1,027805' -1,01145" (1)
q=0,02069-1,021806' -1,011405" (2)
q=0,026081-1,02701" -1,032366 ° (3)
q=0,041415.1,021796 -1,011428 " (4)
q=0,051707-1,027809" -1,011443 " (5)
q=0,06211.1,0278'-1,011416°  (6)

Eme ool xapakTepucTUKOH 3()(EeKTUBHOCTH PabOTHI COJIHEYHOTO KOJIEKTOpA SBIISETCS H3MEHEHUE KOd-
(bdunuenta NMoyie3HOro NeHCTBUS IPH M3MEHEHHWH IUIOTHOCTH TEIUIOBOTO IOTOKA, KOTOPOE MPEICTaBIeHO Ha
pucyHKe 3.

1+
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0.7 — LN NPy
06
n L A\
04 x x—
03 X7
0.2
0 T . T ,
0.0000 0.2000 0.4000 0.6000 0.8000

q, kW/m?

Puc. 3. U3menenne KOS(I)d)HHHeHTa MMOJIE3HOI'0 I[eﬁCTBHﬂ Npvu U3MCHCHUMU IVIOTHOCTH TENMJI0BOIo mo-
ToKa. mpu V (m%u) = const: 1-0,5; 2—-1; 3-1,5; 4-2; 5-2,5; 6 — 3,0.

Hamnu 6BIJ'I BBITNIOJIHEH aHAJIU3 SKCIICPUMCEHTAJIbHBIX NAHHBIX, NPEACTABJICHHBIX HAa PHUCYHKE 3, 1 MMOJTYYUCHBI
oboobmmaronue 3aBucumoctu Buaa n=f(q) npu V=const. Homepa B ckoOKax COOTBETCTBYIOT HOMEPaM Ha KPHBBIX
puc. 3.

Hwke mpuBeieHbl ypaBHeHUs, KOTOpbIe onuchiBatoT N=f(q) mpu V=const:
KIIJI(n) = 0,68 —1022q° +264,999> —21,4q R*=0,98 (1)
KIIJI(m) =1,3—255,049% +132,459% =21,39q R*=0,98 (2)
KIIZ{(m) = 2,04 —113,45¢° +88,28q° —21,4q R*=0,98 (3)
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KITJI(n) =2,72-63,83¢° + 66,229 —21,4q R*=0,98 (4
KII/I(n) =3,4—40,80° +52,9292 —21,38q¢ R*=0,98 (5)
KIIZI(m) = 2,95—19,72q° + 30,9497 —14,34q R*=0,95 (6),

e R?— ko3 GHIHeHT KOppesIuL.

Kak BugHO, pu aHanmse kK03()(HUIUEHTOB KOPPEINSAIMN MOTPEITHOCTh pacyeToB He mpeBbimaeT 5 %. Cae-
JIaB aHAJM3 3aBUCHMOCTEH Ha PHUCYHKE 3, MBI IIOCTPOMIIM 3aBHCHMOCTh MAaKCHMaJIbHOTO KO3(dUINeHTa mojes-
HOTO JAEHCTBHUSI OT MaKCUMaJIbHOH IJIOTHOCTH TEIUIOBOTO MOTOKA IPH Pa3HbIX 00BEMHBIX pacxoaax TEIIOHOCH-
TeJIsl, KOTopasi IpeAcTaBlieHa Ha pUCYHKeE 4.

1 =
__-"'*
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D L
0 02 04 0.6 0.8
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Puc. 4. U3meHeHne MakcHMAJbLHOT0 KO3 puuMeHTa 10J1e3HOT0 JeiiCTBUA 0T MAKCUMAJIbHOM IUVIOTHO-
CTH TEIUIOBOT0 MOTOKA MPH Pa3HBIX 00beMHBIX pacxogax V ot 0,5 mo 3,0 M.

Kak BHIHO M3 pUCYHKA 4 3aBHCMMOCTh MaKCHMAJIBHOTO KO3(duinenTa nonesHoro aeicteus (1) OT MaKCH-
MaJIbHOH IUTOTHOCTH TETIOBOTO ITOTOKA () HOCHUT JIMHEHHBIH XapakTep U MOXET OBbITh NpE/CTaBIICHa yPaBHEHH-

em: KHI[(T]) =1,37-q+0,018 , ¢ kosdpummenTom Koppemsimi R?=0,99, 5T0 MOKA3BIBACT, YTO MOTPEIIHOCTH

pacueToB He mpesbimaer 1 %.
O0001eHHOE ypaBHEHHE KosinuecTBa TerioThl (Q, KBT), yHOCHMOro BETPOBBIM ITOTOKOM C BHEIIHEH MOBe-
PXHOCTH CTEKJIa COTHEYHOT'0 KOJUIEKTOPa OT CKOPOCTH BETPOBOro motoka (V, M/c) IpeCcTaBIeHO YpaBHCHUEM

Q =165,27-In(V) + 69, 445,

2
rre R"=0,99, 3To nmokasbIBaeT, 4YTO MOTPENIHOCTh pacyeToB He npeBbimaet 1 %.

BeiBoasl. 1. Pa3zpaborana, H3roToBIICHa M 3allylIeHa B AKCIUTyaTaI[MIO HOBasl COJIHEYHAs] YCTaHOBKA M3 HO-
BbIX MaTepuanoB. 2. [TomydeHbl 0000IIAIOIIME 3aBHCUMOCTH: TUIOTHOCTH TEIUIOBOTO MOTOKA OT TEMIEpaTyphI
TECIJIOHOCUTEIIA B KOJIJIEKTOPE, BPEMECHU pa60TI)I YCTaHOBKH B TCUECHUE CBETOBOTO AHA U pacxoJia TEIJIOHOCUTE-
ns1; Ko3(dunmenTa Mmojae3Horo ASHCTBUSA OT IJIOTHOCTH TEIUIOBOIO IMOTOKA; MaKCHUMaJbHOTO Ko3(dduuumenta
IIOJIE3HOT' O ﬂeﬁCTBHH OT MaKCUMaJbHOM ITUIOTHOCTH TEIJIOBOTO TOTOKA, KOJIMYECTBA TCIJIOTHI, YHOCUMOI'O BET-
POBBIM IIOTOKOM C BHEIITHEH MOBEPXHOCTH CTEKJIA COTHEYHOTO KOJIEKTOPA OT CKOPOCTH BETPOBOTO MOTOKA. 3a-
BHCHMOCTH TOJTydeHbI IIPH PasHBIX 00beMHBIX pacxogax V ot 0,5 10 3,0 M%/4 TemmonocuTens. MakcuManbHast
MOTPEIIHOCTh IPOBEJCHHBIX pacueToB He mpeBbiimaeT 5 %. 3. [IpoBeneHHBIC UCCICTOBaHHS TOKA3aIH, YTO JUIs
BCEX THIIOB TIOJMMEPHBIX MATEPHANOB [P PasHbIX 00beMHBIX pacxoax V ot 0,5 10 3,0 M%/4 TeruonocuTes
MOJKHO PACCYUTAThH: IUIOTHOCTH TEILIOBOTO IMOTOKA IO YCJIOBHUSIM TEINIOOOMEHA Ha BXOJE B KOJUICKTOP; MaKCH-
MAJTBHBIA KOA(PPHUIIMEHT MOJIE3HOTO ASHCTBHS 110 MAKCUMAaJIbHON TUIOTHOCTH TEILIOBOTO IMTOTOKA U PACXOAY TEl-
JIOHOCHTEIIS; KOJIMYECTBO TEIUIOTHI, KOTOPOE TEPSACTCS BO BpeMs pabOTHI COMHEYHOH ycTaHOBKU. 4. HarypHble
WCTBITAHUS MTOKA3aJIM, YTO KOJUICEKTOP M3 IMOJIMMEPHOTO MaTepHaia HanOoJee MOJHO MOTIOMAET TeIUI0 COMHEe Y-
HOTO M3JIYYEHUs, 3TO MPUBOJUT K HATPEBY TETUIOHOCUTENS 70 Oosee Bhicokux temmeparyp (90 °C) mo cpaBHe-
HUIO ¢ KOHCTPYKITUSIMU COJTHEUHBIX KOJJIEKTOPOB, M3TOTOBIEHHBIX M3 pa3HbIX MeTamuioB (63 °C). 5. [Ipumene-
HHE COJTHEYHBIX KOJJICKTOPOB U3 MOJUMEPHBIX MaTEpHUANIOB MO3BOJIET YMEHBIIUTh: CEOECTOMMOCTD MOIydac-
MOU TETIOBOM SHEPTHH; MATEPUATIOEMKOCTh COJTHEYHON YCTAHOBKH;, CPOK OKYIA€MOCTH COJTHEYHOM yCTaHOBKU;
YOPOCTUTH CXEMY €€ pabOTHI; YCOBEPIICHCTBOBATH JICHCTBYIOIINE COTHEYHBIC YCTAHOBKH.
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JOCJIKEHHS ITPOIECIB KOMIIOCTYBAHHSA XAPYOBOI
CKJIAJIOBOI TBEPJIUX MYHIIMITAJIBHUX BIAXO/IIB
3 BUKOPUCTAHHAM MIHEPAJIBHUX TOBABOK

Kpycip I'.B., 1.1.H., npogecop, CargeeBa O.A., Yepuumona 0.0., acucrent, Magani M.M., K.T.H., AOLEHT,
I'apkoBu4 O.JI., K.0.H., AOLEHT
Onecbka HalliOHAIbHA aKa/leMisi XapuyoBHUX TexHoJoriii, M. Ogeca

Anomauin. Egpexmuene ynpasuints meepoumMu MyHIYyunaibHuMu 8ioxo00amu € nepulodepeo8uUM 3a80aHHAM )
chepi midicnapooHoi ma Hayionanbhol exonoeiunoi besnexu. B Vkpaini eono gaxmuuno eupiuyemocs uepes
30epieanns comeHb MUcay 8i0xXo0i8 Ha KepOBAHUX MA HEKEPOBAHUX 38ANUUAX MA NONICOHAX.

Ocxinvku 00 40% meepoux MyHiYyuUnanbHuUX 8idx00ié GIOHOCUMbCS 00 OP2AHIUHUX, WO JIe2KO PO3KIA0AI0M b-
cs (xapyosi 8i0x00u, 8i0X00uU PUHKI8, 00M0O20CH00APCME, MICOKUX 3eIeHUX 20CNO0APCME, MYHIYUNAIbHOL Mep e-
JHCI XAPUYBAHHS), GUILYHEHHS YIET Yyacmutu 8i0X00i6 31 36anUlY 34 PAXYHOK KOMNOCMYBAHHS CYMMEBO 3MEHUUNMD
HABAHMAIICEHHA HA (PAKMUYHO PO3MIUEHHT Ma NOMEHYIUHO 3aNIAHO8AHT 36AIUYA.

Aepobre KoMnocmysants € OOHIEI 3 HAUKPAWUX HAUOLIbUW OOCMYNHUX MEXHOI02il Ol IHMe2poBaHoi cuc-
memu YNpasiiHHi 8i0X00AMU 34 PAXYHOK MIHIMI3ayii aHMpPONO2eHHO20 6NIUGY HA O0BKLIA, 8iON0GIOHOCI HO-
BIMHIM GIMYUSHAHUM MA 3APYOINCHUM PO3POOKAM, eKOHOMINHOL Ma NPAKMUYHOL RPUUHAMHOCMI MEeXHOL02IT.

Memoro excnepumenmanbHo20 00CHIONCEHHS OYI0 BUBUEHHSA MONCIUBOCI NPUCKOPEHHS. Npoyecy KOMNOC-
MYBAHHS XAPU080i CKAA080T MEepOUX MyHIYUNAILHUX 8I0X00i8 3a PAXYHOK 8HECEHHS MIHEPATbHUX 000ABOK Ol
BNPOBAVIICEHHS 8 AKOCTT NPUPOOOOXOPOHHOI MEXHOI02IT HA 36AIUUAX.

Y ecmammi npedcmaeneno pesyromamu 00CrioNcenHs GNAUBY MIHEPANbHOI 000a6éKu Ha nepebic npoyecis
KOMROCMYBAHHS XAPHUOB0i CKAAO080T MBEPOUX MYHIYUNATLHUX 8I0X00I8 3 MEMOI0 1020 NPUCKOPEHHS 8 Me30(i-
JIBHOMY | MepMODITbHOMY MeMNEPAMYPHUX PeXCUMax 3 Keposanumu napamempamu. [na niosuwenns egpexmu-
6HOCMI NPOYecy KOMHOCMYBAHH Ma NOPIGHANHS 0COOaUBOCmel nepedicy npoyecie 8 AKOCMi MiKpoOIoI02iuHO20
IHOKYIsIMY 8UKOPUCIOBYSAU IPYHM, 8 IKOCMI MIHEPaIbHOI 000a6KU — POZYUHU MIHEPAIbHUX CONEl.

Tokaszano, wo miHepanbHUl KOMAIEKC NPUCKOPIOE NPOYEC KOMNOCMYBAHHS XAPH0B0I CKIA0080i meepoux
nobymogux 6ioxooie 6 2,2 pasu 3a mepmo@ineHozo pesxcumy i 6 1,4 paszu 3a me30QinbHux ymog npogedenHs npo-
yecy KOMNOCMYBAHHS, W0 C8IOYUMb NPO epeKMUGHICIb 11020 GUKOPUCIMAKHS 8 NPOYecax nepepooKu meepoux
MYHIYURAILHUX 8I0X00I8 3 MeMOI0 Ni0GUWEHHS. 3A2ANIbHO20 PIBHS eKON02IUHOL be3neKi.

Kiro4oBi c/ioBa: KOMIIOCTYBaHHS; BIJXOIH; CYMIII, 1[0 KOMIIOCTYEThCS; MiHEpaJibHA T00aBKa; Me30(iab-
HUH 1 TepMOQUIBHAN PEKUMHU KOMIIOCTYBaHHS
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