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AHHoOTanusa. AKmMya/1bHOCMb VCC/IeJIOBaHUSA 3aKJ/II0YAeTC B HEOOX0AUMOCTH yBeJuueHus: 3pHEeKTUBHOCTH COJIHEYHBIX MO-
nyneit o 15-20 % 3a cuéT oxJIaXKAEeHHUs UX TIOBEPXHOCTH, KOTOPasi B BeCEHHe-JIeTHee BpeMs roJia Coco6Ha HarpeBaThbCs J10
Temnepatypsl 70 °C. C6op Tensa ¢ poTOIEKTPUIECKUX MOJYJIEH ABJAETCA [JONOJHUTEIBHONH BO3MOXHOCTBIO aKKyMYJIMPO-
BaTh TEIJIO U HCIOJIb30BATDb €ro J/Isl COGCTBEHHBIX HYJ, B 0COGEHHOCTH JJIs U30JIMPOBAHHBIX 3HEProcUcTeM. B cTaTbe pac-
CMaTPUBAIOTCS CIIOCOGBI 3aKPBITOr0 OXJ/IAXK/EHHS C HOMOILbI0 TPYGOK U3 MeJi1, MeTa/LJIOIVIACTHKA U HepXKaBelollel crau. Bee
M3MepeHHs TPOU3BOAMIINCE B JIeTHEee BpeMs IoJja Ha pealbHOM, AefCTBYIOIEeN COJIHEYHOU 3/IeKTPOCTAHL MK, PACIOJIOXKEHHON
B pectt. Kpbivm, . KappepHoe. IJeas. [lyTeM 3KcniepuMeHTa ONPeJeIUTb U BBIABUTb HauboJiee 3QPeKTUBHYIO CUCTEMY OXJIaXK/Ae-
HUs GOTO3IEKTPUIECKUX Moy ied. Memodbl. MeTo/1bl SMIMPHUUECKOTO UCCIe[l0BaHUSA. B akcriepuMenTe J/11 U3MepeHUH TeM-
nepaTypel U BJQKHOCTH OKPYKaloOIero BO3Jyxa, TeMIEepaTyphl XJaZareHTa Ha BXOJe U BBIXOJe HCIOJIb30BaINCh JATYUKHY,
nojk/o4YeHHble K cucteMe Arduino UNO, aHHbIe perncTpupoBainch B Tabuie Excel. [list KpenyieHHsT CUCTEMBI OXJTKA,EHUS
ucnosb3yeTcs Kiaed-repmeTuk Soudal FIX ALL. Pe3ys1emamui u 86180061, I1o1y4eHb! BoJIbTaMIIepHble XapaKTEPUCTHUKH, TEM-
nepaTyphl XJ1aJlareHTa Ha BXO/le U Ha BbIXOJle, TEMIIePATypPbl OBEPXHOCTH POTO3JIEKTPUYECKOT0 MOJYJIS; HAUGOIbLIYIO 3¢-
beKTHBHOCTb OXJIaX/|eHUA COJTHEYHOT0 MOAYJIsl I0Ka3aJsa CUCTeMa OX/IaXKAeHHs, BbIIOJHEHHas U3 TPy6 HeprkaBelolliel cTasy,
KOTOpasi [T03BOJINJIa CHU3UTb B HEKOTOPBIX TOUKaX TeMIIepaTypy MoAyJs ¢ 66 fo 38 °C, uTo yBesnunio 3¢pPeKTUBHOCTb $OTO-
3JIEKTpUYecKoro MoAyJi Ha 3,5 % OTHOCUTe/JbHO HOMMHAJIbHOM MOILIHOCTH. Harperast »XMAKOCTb OT HOTO3JIEKTPUYECKOTO
MO/IyJIsl OCTBLIA JI0 IePBOHAYAIbHbIX 3HAYeHUH TeMIlepaTyphl 6/1arofapst yCTaHOBJAEHHOMY PailaToOpy OXJIKAEeHUs /Jis BO3-
MOXXHOCTH [TOBTOPHOTO MCII0/Ib30BAHHS )KUKOCTH B KOHTYPE OXJIAXK/I€HHsI COJTHEYHOTO MOAYJIS.
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Abstract. Relevance. The need to increase the efficiency of solar modules to 15-20% by cooling their surface, which in spring
and summer is able to heat up to 70°C. Heat collection from photovoltaic modules is an additional opportunity to accumulate
heat and use it for their own needs, especially for isolated power systems. The article discusses methods of closed cooling
using tubes made of copper, metal plastic and stainless steel. All measurements were carried out in summer at a real,
operating solar power plant located in the Crimea village of Karyernoe. Aim. To experimentally determine and identify the
effect of the most efficient cooling system for photovoltaic modules. Methods. Methods of empirical research. In the
experiment, sensors connected to the Arduino UNO system were used to measure the temperature and humidity of the
ambient air, the temperature of the refrigerant at the inlet and outlet, and the data were recorded in an Excel table. Soudal
FIX ALL adhesive sealant is used to fix the cooling system. Results and conclusions. The authors have obtained volt-ampere
characteristics, refrigerant inlet and outlet temperatures, photovoltaic modules surface temperatures. The cooling system
made of stainless steel pipes showed the greatest cooling efficiency of the solar module, which allowed reducing the module
temperature from 66 to 38°C at some points. This increased the efficiency of photoelectric module by 3.5% relative to the
rated power. The heated liquid from the photoelectric module has cooled down to its original temperature values, thanks to
the installed cooling radiator, for the possibility of reuse of the liquid in the solar panel cooling circuit.

Keywords: cooling of photovoltaic modules, solar panels, cooling system, Arduino UNO, heating of photovoltaic modules
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BBegeHue
Hcnonb3oBaHue CONHEYHOM SHEPIUU  SBISETCS

9KOJIOTUYECKH YHCTHIM BHIOM 3Heprui [1]. Mcnonb3o- +
BaHHWE COJIHEYHBIX TaHeled g mpeoOpa3oBaHuUs 5
SHEPTUU COJIHLA B AJIEKTPUUYECKYIO SHEPTHIO SBISETCS
HEOTHEMIIEMOH YacThIO pabOTHI CONHEYHON JIIEKTPO-

craniuy. OHAaKO BO BpeMs KCIUTyaTalliy COJTHEYHBIX

naHesiell Ha TOBEPXHOCTH MOJIYJIEH B MEPHUO/I BHICOKHX
TEMIIepaTyp BO3HUKAeT W30BITOK TeIia, KOTOPBIN ‘

HEOOXOIMMO OTBOIHUTE OT CbOToaneKTqueCKOrO Mo- Puc. 1. Touku «hot spot» Ha auyegoli cmopoHe ®IM

aynst (POM), B IpOTHBHOM Cilydae BBICOKAs TEMICPA-  Ejg 1. “Hot spot” points on the front side of the solar panel
Typa MOMYJS MOXET NpHUBECTH K HeddekTuBHOMY

WCTIONE30BAHMIO COJNTHEYHBIX TMAHENeH W Jerpamarun
COJTHEYHBIX 3JIEeMEHTOB [1].

TeopeTuueckas 1ElIb KUCCIEJOBAHUN: ONPEAEIUTH
OCHOBHBIC (DaKTOPBI, BIHSIONINE HA HarpeB (GoTodIIek-
TPUUYECKOH MaHeIn.

IIpakTyueckass LeIb HCCIENOBAaHUM: IKCIEPUMEH-
TaJbHBIM IyTEM ONPEACITUTh Hanbosee 3PpPEKTHBHYIO
3aKPBITYIO CHCTEMY OXJIKACHUS COJNHEUHBIX MaHelen
B ¢. Kapsepnoe, pecni. Kpbim.

>

Puc. 2. Ilocaedcmsus noxcapa Ha modyae GSB e c. Mumsie-
®5M BO BpeMs IKCITyaTallMd HCIBITHIBAET BIIMS- p YV
P yatan 80, n-08 Kpuim, 06.07.2023

HHE OKpYKatOlleif CPELL. ITO MOTYT OBITH BETPOBBIE, Fig. 2. Consequences of a fire on the GSB module in
JOXKACBbIC U CHCTOBBIC HAIrpy3KH, a TaK)K€ HArpeB (1)0- Mityaevo, Crimea, 06.07.2023

ToaneMmeHToB [1]. HarpeB conmHeuHoW maHenu MpHUBO-

JIAT K YMEHBIICHHIO BBIIABAEMON 3JIEKTPUUYECKON

MOINHOCTH, 4€PE3 ONPCIACICHHOE BPEMA SKCILTyaTallii IIpu HarpeBe COJHEYHOTO MOAYJIS €TO HOMUHAJIbHAS
Harpes MOXET IIPUBECTH K NCTpalalii UK paspyllie-  spexTprueckas MOIIHOCTh yMeHbIIaeTcs. Ha pwuc. 3
HUIO  poTrosnexTpuyeckux seek. Jerpagauus OOM MpeJicTaBlIeHa BoJbTaMIlepHas xapakrepuctuka (BAX)
CcriocobHa NPUBECTH K BO3HMKHOBEHWIO TOYeK «hot  ®OM momenu Jinko Solar JK-190-P54, cmoxemupo-
spot» (puc. 1) u B OyaymieM K pHCKY BOSHHKHOBEHHS  papmas B IporpaMMHOM Komiiekce PVSYS. Ha mpes-
noxapa (puc. 2) [1]. CTaBJICHHBIX Tpadukax BHIHO, YTO NPU YBEITHUCHUU
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TEMIIepPaTyphl CHIKACTCS KOA(DPHUIUESHT 3arOTHESHUS,
cJenoBaTeNbHO, YMEHbBIIAETCS BblAaBaeMasi JJIEKTPH-
yecKast MOITHOCTH [1].

PV module: Generic, Poly 190 Wp 54 cells - (m] X

Close  Print Export Format Help

PV module: Generic, Poly 190 Wp 54 cells

Curent (4]
-
T
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——— Cells temp. = 70 °C, Pmpp = 15855 W
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Puc. 3. Bosbm-amnepHasi XapakmepucmuKkad CO/HEYHOU
naHenu Jinko Solar JKM-190-P54 cmodeauposaHHas
e PVSYST

Fig. 3. Volt-ampere characteristic (VAC) of the Jinko Solar

JKT-190-P54 solar panel modeled in PVSYST

OCHOBHAsE TpPUYMHA YMEHBIICHHS BbIIABACMOM
AIEKTPUUECKONH MOITHOCTH Tpu HarpeBe ®OM 3akiio-
9gaeTcsi B (PU3UIECKIX OCHOBAX IPHPOJBI MOIYIPOBOI-
HUKa [2]. B momynpoBogHUKAX C HOBBIIICHUEM TEMIIE-
patypsl HarpeBa INPOUCXOIHUT YyCHIICHHE KoieOaHHi
ATOMOB OTHOCHTEIFHO TIOJOXKEHHUsST paBHOBecHs [2].
Jst MHOTHX TIPOBOJHHKOB B OOJIACTH TEMIIEpaTyp
MHOTO MeHBIIMX TeMmmepatyp J[ebas (Temmeparypa,
MPY KOTOPOH BO30YXTAIOTCA BCE MOJBI KOJICOAHHIA B
JTAHHOM TBEPAOM Teje) TeMIepaTypHas 3aBUCHMOCTb
MU PUHBL SaHpeHIGHHOﬁ 30HBI OIMUCBHIBACTCSA SMIIUPHUIC-
CKHM COOTHOIIIeHHueM Buja (1):

5, =07 2,

rae Ey(0) — mmpuHa 3anpemieHHol 30HbI (KOHIICHTPAIIHS
COOCTBEHHBIX HOCHTEJIECH 3apsyia, COOCTBEHHAs IPOBO-
JIMMOCTbH TOJTYTIPOBOJIHIKA, HAWMEHBIIIAS YacTOTa CBETa,
Py KOTOPOH HAaYMHACTCS COOCTBEHHOE IIOTJIONICHHE
MOTYTIPOBOAHIKA (COMPOBOXKIACTCSI 0Opa3OBaHHUEM Iap
HEPAaBHOBECHBIX HOCHTENICH 3apsiia JJIEKTPOH—IbIPKA U
BO3HHMKHOBEHHEM (POTONPOBOAMMOCTH Gy) mpu 0 K; o
[} — KOHCTaHTHI, 3HAYCHHS KOTOPHIX MPHBEICHBI B
[2. Tabn. 11.2]; T — Temmepatypa Harpesa [2].

[pu Temmeparypax, MHOTO OOJBIINX TEMIICPATYPHI
JlebGasi, 3aBUCHMOCTH IIHUPHHBI 3aIMPEHICHHON 30HBI
CTaHOBUTCS JINHEWHOH (2):

E,(T)=E,(0)—aT. 2

B kauecTBe ypaBHEHHS, ONMMCHIBAONIETO (POTOIIIEK-
TPHYECKHH DIIEMEHT, TIPUBEIEHBI (POPMYIIBI, KOTOPEIE
MOKa3bIBAIOT TEMIIEPATYPHYIO 3aBHCHMOCTH (pOTOdIIE-
menra (3):

P=R1+5-AT), ®)

rae Py — snektpuueckas MOIHOCTh @OM mpu Temre-
patype 25 °C, Bt; B — TemnepaTypHbIii KO3 HUITHSHT
MoIHOCTH, 1/°C; AT — MOBBIIICHHE TEMITEPATyphI Po-
toanieMenta, °C [3].

Hanpsokenune Ha GoTO3IeMEHTE U3MEHSIETCS TI0 J10-
rapu(QpMUIECKOMY 3aKOHY, 3aBUCHT OT TEMIIEPaTyphl U
OTIpeessieTCs coriacHo dopmyie (4):

I, — I
Uy, =X nle e g @)

q Iy

rne Ucs — HampspDKeHHE Ha COJHEYHOM JJIeMeHTe, B;
k=1,380649-10" 3 JIx/K — nocrossuaas bonsumana; 7 —
TeMmmeparypa OKpYXarouei cpensl, K;
0=1,60217662" 10 ¥ Kn — 3aps ekTpoHa; lg, — dhoTo-
TOK, A; |y — TOK COTHEUHOro 21eMeHTa, A; Iy — anog-
HBIN TOK, A.

Kpome TermmooOMeHa ¢ OKpY>KaroIlnM BO3LYXOM H
HArpeThIX KOHCTPYKIHUH COJHEYHAs MaHeJIbh HarpeBa-
eTcs u3-3a HH(ppakpacHOro nimydeHus (puc. 4), nana-
romero Ha ®BM, KOTOpBIN He MpeodpaszyeTcs B dIICK-
TPODHEPTHIO M HArpeBacT ITOBEPXHOCTH CONHEYHOTO
monyns [S]. Ha puc. 4 nu3o0paskeH CEKTp COJIHEYHOTO
m3TydeHus [6], KOTOPBI COCTOUT W3 BUIUMOTO CBETA
¥ UH(PaKpacCHOTO M3TydeHH [S].

25
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CneKTPanbHan OCBELIEHHOCTb, BT/M2/HMm

uHpakpacHoe usnyyeHune

0.0
200 600 800 1000 1200 1400 1600 1800 2000

ANVMHA BONHBI, HM

Puc. 4. Cnekmp cosHevHO20 cgema, 2eHepupyowull 3aek-
Mpo3sHep2ulo 8 CONMHeYHbIX MOAYAsIX [6]
Fig. 4. Sunlight spectrum generating electricity in solar

modules [6]

B Texnuueckux xapakrtepuctukax ®OM 3HaueHHS
O BBIJAaBaeMOM D3JEKTPUYECKOH MOILIHOCTH YKa3aHbI
npu m3mepenusx tuma STC (Standard Test Conditions,
CTaHAAPTHBIE TECTOBBIC YCIIOBHUS), KOT/Ia TeMIeparypa
OKpyxaroleil cpeasl cocrasiser 25 °C, a ocBelleH-
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HocTh — 1000 Br/M?. B a6, 1 MIpeJICTaBIIEHbl Xapak-
tepuctuku ®OM npu STC. PeanbHas TemmepaTypa
HarpeBa WM OXJIAKICHUS COTHEYHOTO MOIYIS MOXKET
kosiebathest B mpezenax ot — 40 no +70 °C B 3aBucH-
MOCTH OT BPEMEHH T0Jla ¥ MECTOITIOJIOKEHHUS COJTHEY-
HBIX MOJYJIEH.

PeanbHble m3MepeHuss Temmeparypsl U BBIAABaEMOMN
SIIEKTPUYECKOH MOIIHOCTH COJHEYHBIX MOJYJIEH MPOBO-
mumch Ha 1-Be Kpeim B c. Kapeeprnoe 26.07.2023—
27.07.2023 u 01.08.2023. Temmeparypa MomyJeH BO
BpeMs UX Harpesa gocturana 67—71 °C, a anextpuueckas
MOIIIHOCTh COJIHEYHOH ITaHeJH, COIJIaCHO TeMIlepaTyp-
HOMY Kod(huImeHTy, cHmkanack Ha 17-23 % (tabm. 1).
Tax, snexrpudeckas MomHocts OOM mapku JKM-230-
P60 npu 3navenusix STC cocrasmsier 230 Bt, npu Harpe-
Be Moayist o 71 °C u ocBemenHoctd E=1000 B1/M° BEI-
JaBaeMasi dJIeKTpuueckas MomHocTh POM B Touke
MaKCHUMaJIbHOM MOIIIHOCTH cocTaBiisiia 177 Br.

+109L

Puc. 5. HHdpakpacHblli cCHUMOK Hazpe8a CONHEUYHO020 MO-
dyss JKM-230-P60
Fig. 5. Infrared image of the heating of the solar module
JKM-230-P60
Ta6auya 1. Xapakmepucmuku ®IM JKM-230-P60
Table 1. Characteristics of the solar panel JKM-230-P60
XapaKTepuCTUKHU [TapamMeTphbl
Specifications Parameters
MakcuMasbHas MolHocTb npu STC, Pmax 230 Br/W
Maximum power at STC
MakcruMa/ibHOe HanpshkeHue, V
Maximum voltage, V 27,9B/V
MaK.cnmaanbm TOK, | 8,23 A/A
Maximum current, I
Hanpsoxenune xosocroro xoaa, Voc
No-load voltage, Voc 35B/V
Tok KOPOTKOT0 3aMbIKaHHU, Isc
Short circuit current, Is 9,01 A/A
MakcuMasibHOe HanpskeHHe B cucteMe DC, V
Maximum voltage in the DC system, V 1000B/V
['abapuThl 1650x992x40
Dimensions MM/mm
MakcuMasbHBIH TOK II0CJIE{0BATENBHOTO
YCTPOWCTBA 3aIUTHI OT NEPETPY3KHU 110 TOKY
. . 15 A/A
Maximum current of the serial overcurrent
protection device
TeMnepaTypHbIH K03 PUIIMEHT MOLHOCTH
(TKM), 1/°C -0,4
Temperature power factor (TPF), 1/°C
Kosin4yecTBO CO/THEUHBIX 3JIEMEHTOB, COE/IU-
HEHHBIX [10CJIe/l0BaTeJbHO, LIT. 60
Number of solar cells connected in series, pcs

B 3aBucuMocTH OT BHa Teruonepenayn (Termiore-
penava, TEIIONPOBOMHOCTh, KOHBEKIIHS, W3Iy4YCHHE
[7]) cymecTBYIOT pasiMyHbIE CIIOCOOBI OXJIAKICHHS
COJIHEUHBIX MofyJieit [8—21]:
® ©CTCCTBEHHOE OXJIXKICHHUE (C MOMOIIBIO OXJIAXKIe-
HUS TEMIIEPaTyphl OKPYKAIOIIET0 BO3AyXa, JOXKI,
BETPa U T. 1.);

MPUHYIUTENbHAS TUPKYISIHS BO3IYXa;

HCTIONB30BaHNE pedep OXIIaKICHIS;

OTKPBITOE KHUIKOCTHOE OXJIAXKICHHE;

OXJIOKJICHAE C MOMOIIBI0 TEPMOIIEKTPHICCKUX

MOJIyJIei;

e ONTUYECKOE OXJIAXKICHUE (C UCIIOIB30BAHUEM IIPH3-
MAaTUYECKUX KOHIICHTPATOPOB CONHEYHOW JHEPTUU
JUTS paccesTHust MTHPPaKpacHOTO U3IydeHust) [6];

e  OXJIQXKJICHHE C IIOMOIIBIO TelIs;

®  3aKPBITOE JKUAKOCTHOE OXJIKICHUE.
st Hambollee ONTMMAILHOTO CIIOCO0a OXJIaKIe-

HUSL BBIOpAH 3aKPBITHIH CHOCOO HUJIKOCTHOTO OXJa-

JKJICHHUS MOJYJIEH, TOCKOJIBKY KPOME OXJIAXKICHUS MO-

IyJe TaHHBIA croco0 MO3BOJISET OTOUPATh JTOTIOTHHU-

TenpHoe Terio oT @OM U UCIoNIb30BaTh €ro i coo-

CTBEHHBIX HYX]I.

Marepuajbl 1 METOABI UCCJIEJOBAHUS

ConHeuHbIe MaHeNH IS SKCIEPUMEHTAIBHBIX HC-
CIICIOBAaHMN YCTAHOBJICHBHI HA METAUIMYECKHUX IIO-
JEPKUBAIOIINX KOHCTPYKIUAX [9] mox yrimom 25 rpa-
JIyCOB OTHOCHUTEIBHO 3€MJIM COIJIACHO HIMPOTE MECTO-
moioxkeHust conHeynou anekrpoctannuu (CIC). COC
pacnonoxena B ¢. KapbepHoe pecm. Kpbmm. CornacHo
cnpaBoYHbIM JaHHBIM [4] B IOro-3anamHom paiioHe
KpbiMa mpoAoKUTENFHOCTh COTHEYHOTO HW3TY4eHUS
cocrasirszeT 2400 yacos B roj.

OneMeHTHas 0a3a HKCIEPUMEHTAIBHONW YCTaHOBKH
3aKpBITON CUCTEMBI OXJIAXJICHUSI COJTHEYHBIX MaHenen
(3COCII) m306paxeHa Ha puc. 6.

B xadecTBe CHCTEMBI MPUHYIUTEIEHOTO OXJIaXIIe-
Hust ®OM HCONB3YIOTCS TPYOKH IUtsi 0TOOpa Teruia.
s cpaBHEHWs W HaxoxjaeHus Hawbomnee 3ddekTrs-
HOTO MaTepuayia BbIOpaHBI TPYObl M3 HepKaBerolen
CTalli, YIOKEHHBbIE 3MECBUKOM M MapauleiIbHON CH-
cTeMOd TpyO, MeaHass TpyOKa W METaJUIOIUIACTHK,
VIOXCHHBIC B 3MEEeBHK. JlaHHBIE MaTepHaibl BEIOpaHEI
KaK HauOoJee TerIonpoBoaHbIe (Tabm. 2).

B Tabn. 2 ykazaHBl XapakTEpHCTHUKH MAaTepUalIOB
TpyO mist oxnaxaenuss ®OM. Ha puc. 7 mokasaH crio-
co0 KperieHns cucteM Tpyo k GOM.

Jis obecriedeHHs HAJEKHOTO KOHTaKTa W JIOCTa-
TOYHOTO TEII0OOOMEHA WCIIONBh30BaH KIICH-TePMETHK
Soudal. [Ipuunna BEIOOpa Kies-repmerrka Soudal 3a-
KITIOYaeTCsl B HAHOOJbIIIeH TEIUIONPOBOJHOCTH U ajre-
3UM, TaK KAaK JBYXKOMITOHEHTHBIN SHMOKCUIHBIA KIIEH
o0ecreunBaeT HEAOCTATOUHO HAJEKHBIH KOHTAKT Ma-
Tepuana 3meeBuka U OOM. XapakTepuUCTHKU Kies-
repmeruka Soudal npencrapnens! B [22].
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Puc. 6.

[& RTINS

IKcnepumMeHmMaabHAask YCMAHOBKA 0151 UBMeEpeHUsl Xapakmepucmuk Hazpemotl U 0xAaxcoaemoli cOAHeYHOl naHeau:

a) DIM JKM-230-P60; 6) ycmpolicmeo 045 usmepeHusi BAX; 8) ameesuk 0415 oxaaxcoeHus; 2) 6ak 0413 xaadazeHma 8
naeHke; 0) paduamop 045 oxaaxcdeHus sxcudkocmu; e) HcmoyHuk nocmosiHHozo moka (HIIT) u cucmema 045 usmepe-
Hull; ) nepcoHabHblll komnstomep (1K) 015 usamepeHnull; 3) cucmema wiaaH208 U dam4ukos memnepamypbl

Fig. 6.

Experimental installation for measuring the characteristics of a heated and cooled solar panel: a) FEM JKM-230-P60;

6) device for measuring VAC; 8) cooling coil; 2) refrigerant tank in film; d) radiator for liquid cooling; e) Direct current
source (DCS) and a system for measuring; sc) personal computer (PC) for measurements; 3) hose and temperature
sensor system

Ta6auya 2. Xapakmepucmuku mMamepua.noe
oxaaxcoeHus PIM

mpy6  0as

Table 2. Characteristics of pipes for cooling photoelectric
module
HapyxHnpii | TonmuHa Kospguuuent
TeMJONPOBOAHOCTH,
JMaMeTp, | CTeHKH, Br/(mK)
Marepuan MM MM Coefficient of
Material Outer Wall
. . thermal
diameter, | thickness, .
mm mm conductivity,
W/(mK)
Tpy6a MeTaJ/LI0N1a-
CTHKOBast
d=16 MM
V1620.100
I'OCT 32415-2013 16 2 0,43
Metal-plastic pipe
d=16 mm
V1620.100
GOST 32415-2013
Tpy6a roppupoBaH-
Hasi U3 Hep»KaBelo-
el craau
d=15 MM
TIM SS304 25A
I'OCT 5949-2018 15 3 17
Corrugated stainless
steel pipe
d=15 mm
TIM SS304 25A
GOST 5949-2018
Tpy6a MeHas
d=6 MM Mapka M1¢
I'OCT 11383-2016 6 08 305

Copper pipe
d=6 mm grade M1f
GOST 11383-2016

Fig. 7.
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Cnocobbl KpenseHus cucmem oxaaxcdeHus k PIM:
a) 3meesuk u3 medHol mpy6ku; 6) 3meeguK u3 Me-
massionaacmukogoll mpyoku; 8) 3meesuk Uz mpy6-
KU Hepicasewuell cmaau; 2) napainenbHass Cu-
cmema mpy6 u3 Hepcaserowel cmaau

Methods of fastening cooling systems to the FEM:
a) coil made of copper tube; b) coil made of metal-
plastic tube; c) coil made of stainless steel tube;
d) parallel system of stainless steel pipes



M3Bectns ToMCKOro nosiMTeXHU4eCcKoro yHuBepcuteta. UH>KMHUPUHT reopecypcoB. 2024. T. 335. Ne 10. C. 226-237
CoporuH A.C., XamuToB P.H., XKepe6uoB C.H. dxcnepuMeHTaIbHOE CpaBHEHHE CHUCTEM 3aKPBITOr'0 OXJIKIAEHHUS ...

ala 6/b

Puc. 8. a) paduamop om momo6soka; 6) KoHdeHcamop om
X0/100unbHUKA pasmepom 520x1000
Fig. 8. a) radiator from the tillerblock; b) condenser from

the refrigerator with dimensions of 520x1000

Ta6auya 3. Xapakmepucmuku paduamopa 190N om mo-

Has TIyOWHA BBIOpaHA I WCKIIOYEHUS TIIyOOKOTO
MPOTPEBa BEPXHETO CJIOS TOYBBI OT BO3IEHCTBUS Mpsi-
MBIX coiHeuHbIX nydeir CHull 3.02.01-87.

Ta6auya 4. Xapakmepucmuku KoHOeHcamopa om X0./10-

mob6saoka
Table 3. Characteristics of the 190N radiator from the
tillerblock
XapaKTepuCTHKA 3HavyeHUe
Characteristic Meaning
. . AnmoMuUHUR
Marepuan paguatopa/Radiator material Aluminum
Tun oxnaxxaeHusi/Type of cooling Boasinoe /Water
'aGapuTs! o any, AxI1I, MM 206x186

Dimensions along the bottom, LxW, mm

BoicoTa o6uasi, MM/ Total height, mm 195

3asMBHas rOpJIOBHHA, BHYTPEHHHUH U HapyX-

HBIH luaMeTp, MM 48/65
Filler neck, inner and outer diameter, mm
Bec HeTTO/6pYyTTO, I/Net/gross weight, g 2950/3205

Jia oxnaxIeHus: MUPKYIUPYIOUIeH KHUIKOCTH HC-
nonb3oBasica paauatop 190N ot mortoGnoka ITapma
MK-01-7.0 (puc. 8, a), TeXHHYECKHE XapaKTEPUCTHKU
MpEeICTaBIeHB B Ta0l. 3, W KOHICHCATOp OT XOIO-
JTWIBHON Kamepsl (puc. 8, 6), pa3Mepsl KOHJIEHCATOpa
npencTaBiieHsl B Ta0n. 4. KoHmeHcaTop OT XOJIOIUITb-
HOU KaMephI YIOXKEH B 3eMIIIO Ha TIyOuHy 25 cM, naH-

ala 6/b alc ’ 2/d

dusnbHUKa
Table 4. Characteristics of the condenser from the
refrigerator
XapaKTepucTHKa 3HayeHUe
Characteristic Meaning
TaGapuTtsl Ix/[xB, MM/Dimensions WxDxH, mm 520x1000x8
Marepwuas Tpy6ku/Tube material Mepb/Copper
HapyxHbI# fuaMeTp Tpy6KH, MM 6
Tube outer diameter, mm
ToJILMHA CTEHKHU TPYOKH, MM 2
Tube wall thickness, mm
ITpubopsl I SKCHIEPUMEHTAIBHBIX H3MEPEHUI

TIpEACTABIICHBI HA pUC. 9.

Ob0vem Oaka C TUPKYIHPYIOMIEH >KUIKOCTBIO —
100 . IlnacTukoBbIl Oak, BBIKpAIICHHBIA B YEPHBIN
[IBET, 3aKPBIBAJICSI OTPAKAIOMICH TIICHKOM MJIsT UCKITIO-
YeHUs HarpeBa. B kauecTBe xitajaredTa UCIOIb30BaHA
Boja (puc. 6, 2).

Taxke HEOOXOIUMO OTMETUTh HEKOTOpBIE JOMY-
MEHUS B DKCIIEPUMEHTE:

e 0T Hacoca A0 kaxaoro ®OM pa3Has AJMHA [UIaHTa
Ha BXO/JI M Ha BBIXOJ B TIpenieNiax AIuHbI cTona 20 M;

e 10 12:00 HarpeB COMHEYHBIX MOJYJEH MPOUCXOIHIT
HEpPaBHOMEPHO BBHIY BOCXOJa COJIHIIA M HarpeBa
KpailHell JIEBOI CTOPOHBI CTOJIa;

e B KaueCTBE HMCTOYHMKA HUTAHUS Ijg Hacoca 12 B
ucnoaszoBaycs UIIT;

e BCE JAaTYUMKH M3MEpPEHMH (IaTYUK TeMIepaTyphl
OKPYXKAIOIIEro BO3/IyXa M JAaTYUK BIAKHOCTH) IT0O-
Jy4yaliv JIaHHbie B TeHu o OM;

e TeMIeparypa pamdaTopa OT MOTOOJIOKa U KOHJCH-
caTopa OT XOJOIUIFHUKA N3MepPsIach B TCHU,

e ocBenieHHOCT DOM Ha NPOTHKEHUH IKCIIEPUMEH-
Ta MOCTOSHHO M3MEHsJIach BBUY PEajbHBIX YCIIO-
BHIA;

o/e e/f onc/g

IIpubopsl u damuuku 0415 usmepeHusl nokasameseil oxaaxcoeHus u Hazpega PIM: a) ungppaxpacnasa kamepa VIRTOR

VC328A 256x192; 6) npubop 041 usmepeHus coanevroli paduayuu TES 1333 SOLAR POWER METER; 8) ucmo4Huk no-
cmosHHo20 moka GOPHERT CPS-6011 0-60 V 0-11 A; 2) nupomemp Mestec IR02C; d) naama Arduino UNO; e) dam4uk
memnepamypbl u eaaxcHocmu DHT 11; xc) damyuuku memnepamyput D18B20

Fig. 9.

Devices and sensors for measuring cooling and heating parameters of FEM; a) infrared camera VIRTOR V(3284

256x192; b) device for measuring solar radiation TES 1333 SOLAR POWER METER; c) direct current source GOPHERT
CPS-6011 0-60 V 0-11 A; d) pyrometer Mestec IR02C; e) Arduino UNO board; f) DHT 11 temperature and humidity

sensor; g) D18B20 temperature sensors
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Bce ®OM mMenu OKUCIICHHS KOHTAKTOB B HIDKHEH
4acTHU MOJYJIS;

W3MEPEHHUE W PETUCTPAIHsl COJHEYHOH paguaiuu
MIPOU3BOAMIIUCH MEPICHIUKYIISPHO KaXKI0M MaHenn
B BEPXHEM MPABOM YTIIY;

Ha TEIUIOBU30pe caenanbl CHUMKH ®OM c Haunbo-
Jiee HarpeTbIMH U OXJIAKISHHBIMH y4acTKaMH
(pPOHTANBEHON ¥ THUIEHOW CTOPOHBL;

OOM 06e3 oxyaxIeHNsT HaXOAWJIach B KOHIE psla
(Ha 3amagHOM CTOpOHE). DTO O3HAYAET, UTO MAHEINH,
pacmlojoKEeHHbIE — 3alajgHee, HarpeBaloTcs  Ha
30 MHH TIO3KE IMaHEeNel, KOTOpBIC pPACIOJIOXKECHBI
BOCTOYHEE;

O3OM ocTaBalUCh B CTATUYHOM MIPOCTPAHCTBEHHOM
MOJIOKEHUH Ha MPOTSHKEHUN BCEX THEH M3MEPEHH;
momymn DOM, wucmomp3yemMble B IKCHEPUMEHTE,
UMEIOT JIeTPajalliio  AIEKTPUYECKOH MOIIHOCTH
okono 10-12 %, nockoneky npoussenensl B 2011 r.;

HIONA,
cerofiHa

Dasnexne,
MM PT. CT.

26

YTpoM

BnaxmocTe

’
207 Aono 753 62%
+20°,.429° @
AHEM <t
t3ge.s320  -OI foo 752 46%
P
BEYEPOM el
+25°,431° -0 Acwo 750 58%
b
HOYBIO .
+18°..423° - Rowo 749 T7%
ala
vionsa, Oasnexne, Bnaxciocts
CEerofiHs MM PT. CT.
f“Pg:‘ +29° (). ManocoSnasro 748 56%
fage.a310 4 Do 748 51%
ie;;fo :27° €. Hebonbwoi noxap 748 74%
.
HOMBIO
sz ] e 747 8%
YO-uHgexc 2, HU3KMIA MarHuTHOE None  CroKoWHoe
o/b
aBrycra, Daesnexue, BnaHOCTs
cerogHs MM PT. CT.
‘ﬂlpgor +28° £ OBrasnoc nposcremamm 753 68%
T;QMD +31° ¢ J OBNa4HO € NPOACHEHUAMM 753 43%
i?;fmiSO" CJ OBna4Ho € NPOACHEHMAMKM 752 56%
HO4BIO
19,423 e 753 82%
Y®-uHAeKe 7, BbICOKWI MarnuTHOR none  cnokoiiHoe
6/c

oxnaxaenne ®OM 3aHUMAET YacTh IIOMAAN MO-
nyast (oxoso 40—50 % ot oOeii iomaan GIM);
JUTSL KODPEKTHOCTH U TOYHOCTH JAHHBIX M3MEpPEHUH
BAX conHeuHBIX IaHelleli HeoOXoAuMa MUHU-
MaJlbHas OCBEIIEHHOCTh Moyt E=650 Br/M.

Pe3ysibTaThl HCC/IeJOBaHUA

3amepsl mpomsBoxmiuck 26.07.2023, 27.07.2023,
01.08.2023 ¢ 10:00-13:20 mo MockoBCKOMY BpeMEHHU
kaxaple 10 MuH 10 1 mocie oxJaxaeHus. [Iporuos mo-
ro/ibl ONTy4eH Ha caiite Sunekc noroaa (puc. 10). Cno-
COOBI MIPOTHO3MPOBAHUS MTOTOBI IJISI COTHEYHBIX JJICK-
TPOCTAHIIHMI MTPEACTABICHBI B HCTOYHHUKAX [22—25].

Wzmepenus 26.07.23 mpous3BOAUIUCE C 3aKPHITOH
TBUIBHON cTOpoHOW DPOM ¢ MOMOIIBI0 OTpaskaroei
ieHKH ¥ ¢anepsl (puc. 11). Jng maHHOTO criocoba
TPyOKH C XJIaJareHTOM 3aKpBhIBAIHUCh OTpaKaromien
mieHkord TommuHod 3 MM (puc. 11, A) u danepoit
TOJIIIMHOM 6 MM 110 Beel miomanu ®OM (puc. 11, B).

Berep, m/c OwywaeTca kak

29410 +27°

3,9 v 03 +33°

CreTosoi fems st
0522 144S9MmM g
3,1 v103 +29°
‘ Mepsas 4eTeepTs

1,8 # 8 +21°

Berep, M/c OwyaeTcs Kak

44vc +25°

o

/

36>3 +31°

CeeTosoM geHb

0523 1445Tmm a0

(

3840 +26°

Pactywas nyxa

57410 +17°

Betep, m/c OuywiaeTcs Kak

2,2 +CB +27°

2,6 43 +34°

CeeToBoii geHs

. 3
05:29 14udSmum o0iqg

(

3140 +29°
PacTywas nyHa

+22°

Puc. 10. IIpozHo3 no2odsl 045 h-o8a Kpwim, c. KapvepHoe: a) 26.07.2023; 6) 27.07.2023; 8) 01.08.2023
Fig. 10. Weather forecast for the Crimea, village of Karyernoe: a) 26.07.2023; b) 27.07.2023; c) 01.08.2023
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b/B

Puc. 11. A) ompadxcaowas njaeHka MOAWUHOU 3 MM Ha
mblabHoll cmopoHe PIM; B) ¢paHepa Ha mulabHOU
cmopoxe PIM moawjuHoti 6 Mm

Fig. 11. A) 3 mm thick reflective film on the back of the FEM;
B) 6 mm thick plywood on the back of the FEM

Bo Bpems wu3MepeHMil IaHHBIC 3alHCHIBAIUCH B
tabmuny Excel. M3mepeHus mpoBoguiHCch 10 OXJia-
KaeHus u yepe3 10 MUHYT Tociie Hero.

26.07.2023 nmpoBeneHb! U3MEPEHUs] CUCTEMBI OXJIa-
XKJICHUS, KOTOpasl 3aKpBITa C MOMOIIBIO (paHephl U OT-
paxaromieit meHku (puc. 11). JlanHas cucrema mocie
n3MepeHnii mokasana HarpeB ®OM, KOTopsIid IpeBoOC-
xoqu1 HarpeB @OM 6e3 oxuaxaeHus (3TaTOHHBINA MO-
IyJdb u3MepeHui). UToObl MOJYYHTh OXJIaKIArOIIAN
ekt 27.07.2023 npHHATO pelIeHHWE OTKPHITH CH-
CTEMy U WCIOJb30BaTh LUPKYIAIMIO JKUIKOCTH B
TpyOKax 0e3 GaHepsl U OTPAKAOIICH ITIICHKH.

U3 rpaduka (puc. 12) BumHo, uTo Hanbonee Onm3-
KOIl cucteMoii 1o TemmepaTrype K 3TajoHHomy OOM
0e3 OXJIaK/IEHHs ABIISIETCS] CUCTEMa C MEIHOM TpyOKoH
W HepKaBeroniel TpyOkoi. OCBEIIEHHOCTh BO BpeMs
m3mepennii 13:25 cocrasisia 70 Br/M°, Torza Kak
OCBEIEHHOCTh JIJIsI CUCTEMBI U3 HEpIKaBEIOILEeH CTaIn
B 12:30 cocraBuma 820 Br/m%.

Ta6auya 5. [Ipumep daHHbIX no Hazpesy u oxaaxcdeHuro PIM 26.07.2023 ¢ 10:00 do 12:20

Table 5. Example of data on FEM heating and cooling on 26.07.2023 from 10:00 to 12:20
Bpewms u3meperinit 10:00 [10:10 {10:20 [10:30 |10:50 | 11:00 [11:10{11:20 ! 12:10 | 12:20
Measurement time
D3M 6e3 oxsaxaenusi/Photovoltaic module without cooling
Temnepatypa okp. Bo3ayxa, t1, C°
Ambient air temperature t1, C° 29 29 29 30 30 30 32 32 31 31 31 31
BiaxxHocTh OKp. Bo3ayxa, R1, %
Humidity of the ambient air, R1, % 56 53 53 52 50 50 45 44 48 46 48 47
2
Conneuna paguauus, Br/m 510 | 560 | 670 | 640 | 680 | 750 | 740 | 770 | 770 | 830 | 850 | 870
Solar radiation, W/m?
®3IM c oxnaxxkaeHueM/Photovoltaic module with coolin;

Ha?q.anbﬂaﬂ TeMIepaTypa Bojpl, t0, C° (mupomMeTp) 30 24 24 30 26 27 27 28 28 28 28 28
Initial water temperature, t0, C° (pyrometer)
Temnepatypa akocTH Ha Bxoze t2, C 29 | 25 | 25 | 25 | 26 | 26 |27 | 28 | 26 | 27 | 29 | 28
Inlet liquid temperature t2, C°
TemnepaTypa *KHAKOCTH Ha BbixoJe t3, C°
Outlet liquid temperature t3, C° 27 25 27 26 27 27 29 29 31 31 50 38
TemnepaTypa *KHAKOCTH 1ocse paguatopa t4, C°
Liquid temperature after the radiator is t4, C° 25 24 24 24 25 26 27 27 27 27 28 28
Temnepatypa paguartopa (semn), Maxce 26 | 24 | 26 | 24 | 26 | 27 | 29 |30 |38 | 36 |31 | 35
Radiator temperature (ground), max

o 100

o

:

(=)

(&)

E 0

& 10:10 10:20 10:35 10:45 12:10 12:20 12:30 12:40 13:15 13:25

Bpewms

= OOM 0€e3 OXIaKICHUS
Kontyp HepkaBeromas cranb Tpyoka (3MeeBUK)

== KOHTYp HEPKABEIOIIAsl CTAIb TPyOKa (KOJUIEKTOP)

=== KOHTYp MeIHAs TPYOKa (3MEECBHK)

KonTtyp mMerammomnactik Tpyoka (3MeeBUK)

Puc. 12. I'paguk moyek MUHUMAAbHOU memnepamypbl Hazpesa GpoHmasHol nogepxHocmu PIM 6e3 ucnoab308aHus PaHe-

pbl u ompaxcaroweti naenku, 27.07.2023

Fig. 12. Graph of points of minimum heating temperature of the front surface of the PV-panel without plywood and reflective

film, 27.07.2023
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Bpewms

=== OOM 06e3 oxJTaxKIACHUS
=== KOHTYP HEPKABCIOIIAs CTAIb TPYOKa (KOJIICKTOP)

Puc. 13. I'pagpuk mouek MUHUMAABLHOLU memnepamypbsl
Hazpesa PpoHmanwvHoli nosepxHocmu PIM c uc-
Nno/1b308aHUEM CUCMEMbl 0XAAXCOeHUs1 U3 mpy6ok
u3 Hepxcaseroujeti cmaau, 01.08.2023

Graph of the points of the minimum heating
temperature of the front surface of the photovoltaic
module using a cooling system made of stainless
steel tubes, 01.08.2023

Fig. 13.

[TosTomy 01.08.23 BBHAY MacMypHOH MOTOJBI TIPO-
BEICHBI JOIONHUTEIbHBIE H3MEPEHUS ISl CHUCTEMBI
OXJIXJICHUS U3 HEpKaBeIollel CTaIM C MapauleIbHON
cuctemoit Tpy6 (puc. 13).

Iociie Bcex U3MepeHNii N0J1y4YeHbl

cjeAylomye pe3yabTaThl

1. HauGonpmias pa3HOCTh TeMmepaTyp (MeXAy Mak-
CUMaJbHOW W MHUHHMAIBLHOW TeMIlepaTypor) Ha
¢ponrtansHolt moBepxHOCcTH DOM momydeHa 3a
CUeT Mpuieranus TpyOku u3 Meau cocrasmia 16 °C
(41 u 57 °C), puc. 14.

+s67¢

Puc. 14. HHppakpacHbllli cHUMOK PPOHMAALHOU NOBEPXHO-
cmu co/IHeYHOU haHeau C oxAaxcoeHueM u3 MeoHoll
mpy6ku

Fig. 14. Infrared image of the front surface of the solar panel
with cooling from a copper tube

Onnako 1Ooclie  TONOJMHUTENBHBIX — W3MEpPEHUH
01.08.2023 u nmobGaenenust kies-repmeruka Soudal
Pa3HOCTh TEMIIepaTyp AJs HEepIKaBEIOIeH TPYOKH co-
craBmia 28 °C (38 u 66 °C), puc. 15.

Fes.7€

Puc. 15. HugpakpacHwlii cHumok gpoHmaabHoll yacmu co-
He4HOU naHeau oMKpbIMOU cucmeMmbl OXAAHCOeHUs
¢ nomMowblo Hepicageowel napaineabHol cucme-
Motl mpy6

Infrared image of the front of the solar panel of an
open cooling system using a stainless parallel pipe
system

Fig. 15.

2. Tlocne momonHMTENBEHBIX W3Mepenuit 01.08.23 B
12:25 rpa¢ux 3aBUCHMOCTH 3JEKTPUUYECKO MoII-
HOCTH OT HAaIpsDKEHMS COTHEYHOW MaHeIH ¢ Iapaji-
JIENBHON CHCTEMOM OXJIaKACHUS TPYO B CpaBHEHUH
¢ rpaKOM 3aBHCHMOCTH DJIEKTPUYECKOI MOIIHO-
CTH OT HAalpsDKEHUs COJIHEYHOW NaHenmu Oe3 oxia-
JKJICHHS [TOKa3aJl YBEINICHUE BHIIaBAeMOM MOIITHO-
cti Ha 3,5 % oT o011eii 31eKTpUIecKold MOIIIHOCTH
OOM, unu 8 BT, puc. 16 (0e3 yueta snexTpuye-
CKOM MOIIHOCTH HArpeToi >XHAKOCTA B KOHTYpE
OXJIQKICHNUSA).

200
180

0 T T T 1
0 10 20 30 40
U(B)

=#—P1 (U)- Xapakrepuctuka ®OM c oxnaxxaeHueM
=0—P2 (U)- Xapakrepuctuka ®OM 6e3 oxmaxaeHus

Puc. 16. I'paguk snekmpuueckoii mowHocmu PIM, 2de P1 -
asekmpuveckass MoujHocms ®IM ¢ oxaaxcdeHuem,
P2 - snekmpuueckas mowHocmb PIM 6e3 oxaa-
Jicderus, 01.08.23 6 12:25

Power characteristics of the FEM, where P1 is the
power of the FEM with cooling, P2 is the power of the
FEM without cooling, 01.08.23, 12:25

Fig. 16.

3. Kpome yBenuyeHHS DIICGKTPHYECKOW MOITHOCTH
OOM 3a cU€T CHMKEHHUS TEMIIEPATyphl Ha TIOBEPX-
HOCTH COJIHEYHOM IaHEIHW IOJIYYE€HBl pPEe3yNbTaThl
M0 OXJAXKJEHUIO HArpeToil >KUIKOCTH B KOHTYpeE
UL OXJIXKICHHS TaHe . Tak, HauOombImyro d¢-
(EKTHBHOCTh OXJXKACHHUS SKAAKOCTH TIOKa3al
KOHJICHCATOP, 3aKOMaHHBIM moja 3emiro. HanGomb-
muit 3¢ dext nocturnyt 26.07.23 B 12:10 Ha 3Mmee-
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BHKE C KOHTYPOM U3 HepxaBeroleil cranu. Temre-

paTypa JKUAKOCTH Ha BBIXOJIE U3 MapaulelIbHON CH-

cteMbl TpyO coctaBmwia 50 °C, mocie OXJIaxaeHus

TeMIiepaTtypa BepHYyJach K BXOJHBIM 3HAYCHHSIM

28 °C. B cmywae morpenrHoCTH U3MEpPEHUN Ha Me-

tamiommactuke 26.07.23 B 12:30 momydena pazHu-

1a temmepatypsl B 9 rpagycos (Bxox 30 °C, BeIxoa

41 °C).

4. K oTpunarenbHBIM pe3yiabTaTaM i COJHEYHOU
MaHeH CIIEAyeT OTHECTH HArpeB 3aKpBITOTO THUIIA
OXJIXICHHUS (TI€ UCTIOJIb30Baach (haHepa U OTpa-
JKarolas IMJIeHKa), K MPUMepPy B 4achl MaKCHMallb-
HOUM comHe4yHOM akTUBHOCTH B 12:10 26.07.23 pa3-
HOCTh MaKCHMAIBHBIX TeMIeparyp (QpOoHTaIbHOM
MMOBEPXHOCTH CHUCTEMBI 0€3 OXJIAXKIEHHsS U C OXJa-
JKICHUEM 3aKpBhITOTO THIA COCTaBMIIa 16 TpamycoB
(71 u 55 °C).

Haubonee sddexTrBHON cuctemMoil oxiaxkaeHUs
SIBIISIETCSL CHCTEMA C TapaUIeIbHON CHCTEMOU TPYyO U3
HEPIKaBEIOIIeH CTalTi C OTKPBITBHIM THITOM (0e3 (aHepsl
W OTpa)karolllel MJIEHKH) C MPUMEHEHHUEM B KavecTBE
Kiest Matepraia Soudal ¢ oXJaxaaroIUM KOHTYPOM B
BHZe KOHICHCATOpA OT XOJOMWILHON YCTaHOBKH, pac-
MOJIOKEHHBIM 1O/ 3emiied. J[aHHasi cucTeMa MO3BOJIH-
J1a TOJTy4uTh 8 BT HONOTHUTENBHOMN 3JIEKTPOIHEPTUH U
IPUOTU3UTCS K 3HAUCHHUSM 3TAJIOHHOTO MOZYIIS, OCTY-
IUTh XUOKOCTE ¢ 50 mo 28 °C, CHU3UTH MaKCHUMaib-
HYIO TeMIlepaTypy (ppoHTanbHOI moBepxHOCTH POM C
66 mo 38 °C.

06cyxaeHue U 3aK/II0YeHUe
PesynbraThl SKCIEPHIMEHTOB U BBIBOJBI IO PadoTe

HOCSIT YacTHBIM XapakTep, OJHAKO OHU yKa3bIBalOT Ha

CITMCOK JIMTEPATYPBI

HaTpaBJicHHE MAJbHEHININX HCCIECJOBAHUNA O MOBHI-
mreHuto 3 dexruBHOCcTH padoTsl GII1 B HeOmaronpu-
SITHBIX YCJIOBUSIX OKCIUTyaTalldH IS W30JHPOBAaHHBIX
SHEPTrOCUCTEM.

OTBOA TEIJIOBOW YHEPTHU OT (HOTOITEKTPUICCKUX
MOZyJIEl OCYIIECTBISUICA C MOMOIIBIO 3aKPHITON CH-
CTEMBI JKHIKOCTHOTO OXJIKACHUS, PACIOJI0KEHHOTO
Ha OOpaTHOM CTOPOHE COJHEYHOIO MOJIYJsl, METOJOM
TerIooOMeHa.

B pesynbrare skcriepuMEHTABHBIX HCCIEeIOBAHUN
U3 4YeTHIPEX pa3IMYHBIX THUIIOB oOxiaxaeHus OPOM
YIAIOCh ONpeNeNuTh Hanbomee 3(h(HEeKTUBHBINA CcrIOCO0
0TOOpa Temia — C IOMOIIBI0 MapauIeNbHON CHCTEMBI
TpyO U3 HepxKaBerollel cTanu.

JaHHBIA THUN OXJIQXKICHHS IO3BOJII HE TOJBKO
VBEIIMYUTh BBIXOJHYIO 3JHEpreTHYecKyr 3hdekTus-
HOCTb COJIHeUHOTro Moayns Ha 3,3-3,6 % oT oOmiei
BbIIaBa€MON 3JIEKTPUUECKON MOITHOCTH, HO U C TO-
MOIIBIO XJIANareHTa, LUPKYIHPYIOMEro B TpyOKe,
0TOOpPAaTh M CAKKyMYIHUPOBATEH TEIUIOBYIO SHEPTHIO IS
COOCTBEHHBIX HYXJ B 0ake JH0OO OCTYAMTH KUAKOCTh
10 BXOJHBIX 3HaueHH# (¢ 50 mo 28 °C) ¢ momormibio
KOHJICHCATOpa OT XOJIOAWIBHOH Kamepbl. DPQPeKT oT
oxnaxaeHuss OOII, momydeHHBIH 3KCIIEpPUMEHTAIBHO,
“MeeT HeOOIbIIoe 3HAaUeHNe, OJHAKO IIPEBHIIACT 3Ha-
YEeHHsI TOTPENTHOCTH 3MepeHnuid mpuoopa BAX.

Cucrema OXJIaXKACHUS, BBITIOJHEHHAS B BHJIE 3MeEe-
BUKa U3 TPYO M3 HEprKaBEIOIIEH CTalli, B HEKOTOPBIX
TOYKaX (POTODIEKTPHUCSCKUX MOIYJICH CHHU3HIA TEMIIe-
patypy mMoxayinsa ¢ 66 no 28 °C. Kueii-repmerux Soudal
FIX all mo3BosmI OCyIIECTBUTE HAJEKHOE KpEIUICHHUE
KOHTYpa OXJIAXJCHUS W OO0CCICYUTh TEIJI000MEH C
00paTHOM MOBEPXHOCTHIO COJTHEYHOH MaHEIH.
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