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KHWPHUII (10KTOPJIMK qUCCEPTANMACH AHHOTALMSCH)

Juccepranuss MaB3YyCHMHHUHI J0J3ap0juru Ba 3apypustu. Kaxonaa
OYryHIM KyHJa KU3FUH PUBOXIIAHAETTAH TEJMO’HEPreTUKa WyHAIHUIIUIa MYyXUM
GU3UK - TEXHUK MyamMMoJIapJiaH OupH SHTM MaTepuallapHU KyEll 3JIeMEHTHUTra
TaTOMK KWIMII HMMKOHUSTIAPUHU aHUKJIAIl Ba Y30K MIJIAIl MYJJaTUra ofra,
ap30HIUTA OWiaH (QapKJIaHyBUM, Xap XWI HKIMMHHA [IApOUTIapra MOCTAIIUII
UMKOHUSTH MaBxXyJa OYnAraH (GOTORIEKTPUK Y3rapTUPTHUIApHU UIIA0 YHKUIIIAH
uoopar. Uly wHykTam HazapaaH OuUpUKTUpWITaH (OTOMCCUKINK SHEPrus
TH3UMJIAPA COXACHHUHT PHBOXKH HWCTUKOOJUTM WYHAIUNUIApAaH Owpu OYimb
XUCOOJIaHa M.

DOTO’NEKTPUK Y3rapTUPTUWIAPAA WCCUKINK aXpaIUIU OuilaH OOFIHMK Ba
KymuMua KyE€ll HYpJIAHWIIN CIEKTPUHM KaMmpad OJUIIHM TabMUHIAII OpPKAJIU
ANIEKTP DSHEPIrUsCHM HIUIA0 UYHUKApUIIHKA MabiIyM Japaxkajaa OIIUIIWHU
TA@bMUHJIOBUM OUPHUKTUPWITAH (DOTORIEKTPUK Ba TEPMOIICKTPUK THU3UMIIAPUHU
UINUIad YUKapUIIra MamJIaKaTUMU3 OJUMJIApU TOMOHHJIAH alloXHjia IbTHOOP
KapaTwirad. by coxajga Meramn Ba mojiuMep TpyOKajap acocuaard cyB Oujal
COBUTWJIAJIUTAH KOHCTPYKLHMS EpAamMHuaa XapopaTHU MaCaTUPUII HWMKOHHHH
OepyBUM OUPHUKTUPWITaH (POTOUCCUKIMK KYpPWIMACHHHM SIPATHI, IIYHUHTIECK
COBUTYBYM DJEMEHT — KOHCTPYKIUSCH Epaamuaa (BEHTWIATOP, HWCCUKIIMK
KOJUIEKTOpU OuiaH) QOTOANEKTpUK OaTapes MnapaMeTpiaapuHd MabiyMm Oup
napaxaza THUKJIAIl, 3aMOHABHM Tanabiapra aBoO OepyBUM KOHCTPYKLHMsIIAp
unuiad yukuin 6opacuaa ce3wIapiii HaTHKaaapra SpUIIHIMOKIA.

bupuktupuiaran (GOTOAIEKTPUK Ba TEPMOAJICKTPUK THIUMIIAPUHHU HIILIA0
yyuKyIga OyTJIOBYM KUCMJapHH MyBad@akuariu capanad TaHiaad oJuil,
IIYHUHTZIEK KY€l SJeMEHTU Xy (PTIUTHAA SJCKTP DHEPTUACUHU WIUTA0 YMKAPHII
doitmanmu um kKo>GOUIMEHTHHH OIIMPHUIIT MYXUM axaMmusT kacO »TMmokna. by
O0opazga MCCUK WKJIUM NIAPOUTHAArd MUHTaKajlapaa OoIlKa KypuiMmaiap Ouiad
KPUCTAUI KPEMHUW acocujaru OUPUKTUPWITAH (POTOIIEKTPUK KypUIMaAHH
apatuil, (QOTOINEKTPUK OaTapesHWHT OpKa Io3acu OwiiaH Xap XWwil o3aja
TyTaIITUPUIAAUTaH “Oydep” UCCUKIMK KaOysl KUITHY acocuaaru (OTOUCCUKIHK
KypWJIMAacHHUHT Tal€piall TEXHOJOTHSCUHM HWIUIA0 YHMKHII, (OTOMCCUKIUK
Oatapesd  2JEKTPOPU3UK  Ba  HUCCUKIMK  TEXHUKABUH  HapameTpiapyHU
ONTUMAJUIMTUHA TabMHUHIAII, XyAy[jdap YYyH HWKJIAM [IAPOWTHTA 3KaBOO
OepaauraH COBUTHII YCKyHacura odra (OTODJIEKTpUK OaTrapesCuHM HIIIa0
YUKapuIl MyxXuM xucoOnanamu. FOkopuga KenTHpWiIraH HWIMHAK-TaAKUKOTIAp
HyHanmumuaa Oaxapwia€TraH WIMHMA — M3JIAHULUIAp MAasKyp AUCCEpTalus
MaB3yCUHUHT J0M3apOIUTUHU U30XJIA/IH.

V36exncron PecnyGmukacu Ipesmpentunnar 2013 imn 1 maprtaarn
[IK-4512-con “Mykobun 3HEeprusi MaHOATAPUHU STHA/Ia PUBOKIIAHTUPHII Yopa -
tagoupnapu Tyrpucuga’tu ®@apmonu Ba 2015 #imn 5 maiimarm [1K-2343-con
“2015-2019 #unnapaa MKTUMOME cOXa Ba MKTHCOIUET TapMOKJIapuaa SHEPrHs
cappUHM KHUCKapTUPHIL, HSHEPTUATEKAMKOP TEXHOJOTUAJIAPHA TAaTOMK ATHII
qyopanapu nactypu tyrpucuma’tu Kapopu xamma maskyp ¢aonusiTra TeTHUIUIN



Oomka MebEPUN-XYKYKUN XyxokaTiapia OedruiaHraH BasudanmapHu amanira
OLIMpUIITa yily auccepTanus TaAKUKOTH MyalsiH Japakaia Xu3MaT KUJIaau.

TagkuKoTHUHT pecny0auka GaH Ba TEXHOJOTMSAJIAPU PABOKJIAHMIIM-
HUHI YCTYBOP HyHaJuNLIapura OOFJIMKJIUIrU. Maskyp TaIKUKOT pecryOiuka
dan Ba TexHoJOrHsUIap puBOXIaHUIIMHUHT [V. “KaifTa TuUKIaHyBYM SHEprus
MaHOQJIapUHU  MNUIATUII  YCYJUIApUHM  PUBOKIIAHTUPHUIN, OOIIKAa  WIFOP
TEXHOJIOTHUsJIap Ba (DOTOHMKA, HAHOTEXHOJOTHSJIAP ACOCHAArd Kypuiamaiap Ba
TEXHOJIOTHSUIAPHU SIPaTUIL’ YCTYBOp MYHAIUIIN AOoUpacuia Oa>kapuiraH.

Juccepranus MaB3ycH OYyHn4Ya XOPHAKHIA WIMHA-TaAIKUKOT/Iap mapxu.1

Xap XUl KOHCTPYKUHUSIM OUPUKTUPHITaH (OTOUCCUKIUK KypHIMaiap
[apaMeTpJapUHU YPraHUIl Ba KOHCTPYKLHMS HMIUIAHMAJapura ouj Myammosapra
WYHANTUPWITAH WIMHN HW3JIAHUIUIAD JKaXOHHUHI €TAaKYd WIMUN MapKasJiapu,
WHCTUTYT Ba OJIMH TabIMM Myaccacanapu, xywrtanan, Photovoltaic Special
Research Centre, University of New South Wales Sidney, (Australia),
Massachusetts Technological Instituty (USA), Dept. of Mechanical and Aerospace
Engineering, university of Roma (ltaly), Energy Research Centre (Netherlands),
City University of Hong Kong (China), Departament of Mechanical and Materials
Engineering, Queen’s University (Canada), Brno University of Technology (Czech
Republic), Kumnuiok Xy»KaJIUTHHA SJACKTPIAMITHPUIL YMYMPOCCHS HIMHMA-
TagKUKOT HHCTUTYTU (Poccust) ommub GopunmmMokia.

Kpuctain kpeMHUiin KyE€m 3JIeMEHTIapu acocujia  (POTOIJIEKTPUK
OaTtapesiHu OoIlIKa Kypuiamaiap OuiaH OMPUKTUPUILTA OUJlT MyaMMOJIap F03acuaH
KaxOHJa 0JIMO OOpWIIraH TaAKUKOTIAp HaTHXKacuaa KaTop, *KyMiaJaH, Kyluaaru
WIMUANM HaTwkanap onuHraH: JKaHyOuid KyTOja sKcIUTyaTalldsi BaKTHAa OJATUN
urapoutaa (300 K) ynapuunr camapagopmuru 23,5% 6ymnca, —33 C ma (239 K) 6y
HaTwka 25,9% ra ommpyBunm KypwiMa wnnuiad uyumkuiarad (CugHel); HKKH
abcopOepnu  porouccukiuk Oatapesuiapu (DPUbB) wuccukauk camapaaopiiuru
IOKOpHY KYpcaTKHura STajiuru aHukjianran (MaccadyceTc TeXHOJIOTUSI HHCTUTYTH);
MoJIMMEp Marepuajiap acocuua (POTOAIEKTPUK OaTapessHU COBUTHIN YCYJIapH
niiad ynkuiarad (BpHO TEXHOJNOTHS YHHUBEPCHUTETH); SJIEKTPOMArHUT KOMKOKHU
KyJUlalll OpKaldu HWCCHUKJIWK TallyBUMHU YJIYOBIM Y3aTHUII Ba OYHMK KOHTYPJIHU
doTouccukMK Oatapes acocuiaru KyIiMma TeHepamusuii KyE€r KypUIMacHHUHT
TEXHOJIOTHK cXeMacH uiutad unkuiarad (Kumwiox Xy »KaauruHu 37eKTpIIaTHPHUI
YMyMpOCCHsI HIIMHIA-TaIKUKOT HHCTUTYTH).

Byryuru KkyHaa wucTebMoONMWIap Tajad Japakacuaard —KpeMHUNIH
doTorMeKTpUK Oarapes acocuaard OMPUKTUPWITAH SHEPTETUK KypUJIMaJIapHUHT
KOHCTPYKIUSUIAPUHU  sIpaTHUILl OyilMda KaTop, >XKymulaJlaH, KyWHJlard YCTYBOD
HyHanmumiapaa TaAKUKOTIap oau0 OOpMIMOKAA: KypWJIMaHUHT (oinanaHul
CaMapaJOpJINTUHA  OUIMPUII YYYH aKCIAaHTUPYBYM YCKyHAJIapHHW KYyJUIall;
HUcOaTaH ap30H MatepuauiapjaH (oWJaNaHWI;, KypUIMaHUHT DOJIEKTp Ba
WCCUKJIMK  TEXHHUKAaBHM  MapamMeTpIapUuHA  ONTUMAJUIAIITUPHUII;  COBUTHIL

! Muccepranus mMaB3ycu 6yiimua xankapo wiMuii-Tagkukotiap mapxu: Annual Report. UNSW Photovoltaic Special
Research Centre, University of New South Wales // Sidney, Australia;. www.elsevier.com/locate/apenergy / XK.
Applied Energy. 2009-2014; www.elsevier.com/locate/solener/. XK. Solar Energy, 2002-2006; Energy and buildings,
2006; XK. Texnuka B cenbckoM xostiicte. 2013; Ba Gomrka MmanGanap acocuza Oakapuiras.
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MoOcCJIaMaJapyuHU KaTTa KyBBaTIu (POTOANEKTPUK CTAHIMSIIAPTa KOPHUI STUIIL.

MyaMMOHMHI YPraHWITaHJIUK Japakacu. OOTOMCCUKINK KypUIMaHUHT
Xap XWl KOHCTPYKIUSJIApU IMapaMeTpiIapuHd WIMHUN-HA3apuil HYKTau HazapJlaH
ypranuiira HyHaITUPWITaH WIMHA-TaIKUKOTIap Xopwkiuk oaumiap T.T.Chow,
H.P.Garg, R.K.Agarwal, S.A.Kalogirou, Y.Tripanagnostopoulos, B.Sandnes,
J.A.Rekstad  kabumap  TOMOHUZAH  VpraHuira. S.A.Kalogirou  Ba
Y.Tripanagnostopoulosnap Oupramukna TepMocuPOH xKapaCHHIA HWIUIANIUTaH
MaxOypuil IUPKYIALUS pexxuMuIaH poitaananud GOTOMCCUKINK KypUIMAaCHHIHT
napaMeTpIapUHA TAKUK STUIITaH. Yiap (OTOAIEKTPUK MOy THHHT PC-Si Ba a-Si
TypJlapy acocujard (POTOUCCHUKIMK KypPWIMAJAPHUHT 12 XWja BapuaHTH M
PEXUMIIAPUHUA MOJEIUIAIITUPUII OPKAJIU TAJIKUK KAJIUII F03aCHJaH yuTa [axap/a
WIMUN W3naHunuiap oaud Oopumnu. Hatwkana a-Si acocuparu (POTOMCCHKIMK
OartapesdcH TaHHapXM KaM XapaxaTid, XapoparOapiouuu kadu Oup KaHya
a(3aJUIMKIIapra 3ra SKaHJIUTY aHUKJIaHIH.

PecnyOnukamuzga  MCCUK — MKIUMM  IIAapouTiapuia  (POTOMCCHKIHMK
OaTapesiCHHUHI FOKOpU CaMapaJopiiiKKa 3ra Oyiuiiura OaFulUIaHTaH HIMHMN-
TaAKUKOTIIAPHU M.Mup3abaes, M.H.TypcyHoB, P.A.MyMuHOB,
A KOMWJIOBIapHUHI WJIMHUM HIIIApUaa Ky3aTUIl MyMKHH. DByHnaH Tamkapu
(OTOUCCUKIMK KypWJIMaJapUHUHT MapaMeTpiapuHU Ha3apuil Ba 3KCHEPUMEHTA
TaJIKMK ATHUII 103acujaH KeHr MuKEcau mapxjapHu P.P.Ase3os, XK.C.AxaroBnap
TOMOHH/IaH OJIUO OOPUITaH UIMUK-TAAKUKOT UIUTAPUIA XaM Ky3aTUII MyMKHUH.

Cyurru Wunnapaa ojJumiiap Ba UNUIA0 4YMKApyBYM  MyTaxaccucliap
TOMOHMJIaH OWPUKTUPUITAH Yy3rapTUpruuiap EpaamMuaa TymaérraH KyeEem
HypJaHUIIMAAH TYJIUK Ba caMapaid (oNJanaHuIl MYMKUHJIUTH —XakKuJa
TakJudaap KUpUTWIMOKAA. ByHaal y3rapTupruy MKk, y4 €K YHIAH OPTUK Oup
XWI QUMK TypJard KypwiMajJapHU Yy3ura OUpUKTHUpHUO, xap Oupu Ky€m
CIIEKTPMHUHI y3Ura XOC KUCMHMHHM Yy3raptupaaud. MacamaH, KacKaaiuu Ky€ml
ANEMEHTH €KU (POTOAIEKTPUK Oarapessap €Ku (PU3UK MOXHUSATUTA Kypa dSHEPTUSHU
y3rapTUpyBYM UKKU YCKyHa: (DOTORJEKTPUK Ba UCCUKIHMK. KYMUuanK moTeHmuan
UMKOHMSTIa dra HMCTEbMOJYWIAD KyE€Il DSHEpreTukacura OWPUKTUPWITaH
y3rapTupruuiiap OpKaldd OSHEprus oiuura MyBadakUSITId — KUPHUIIUILIAIH.
bupuktupuiran (HoOTOMCCUKIUK Ba (DOTO-TEpMOINIEKTpreHepanus KypuiMaiapu
épramMua Ky€ml HypJaHUIIMHU 3JEKTP Ba HCCHUKJIMK HEPrUsCUra Y3rapTHUPHIL
MyaMMOJIapu ~ HUCCHK  MKJIMM  IIapouTHja OollKa  KypuiaMajnap  OuiaH
TaKKOCJIaHraHga  (MacanaH, cTaHaapT  (OTOdJEKTpUK  Oarapess,  Ky€ul
KOJUIEKTOpJapy Ba OolLIKaliap) TYIMK YpraHwiMmarad. Yon 3TWIraH WIMUN UILIAp
KYIMYWIMK X0JUIapAa MyaMMOHUHT (akaT Ha3apHil )KUXaTIapuHu Kampal OJIraH.

Kyém »s1eMeHTHHH TEpMODJIEMEHT OuilaH OWUPUKTUPHIN  XaKUJaru
ooutanruy o M.C.Comunckuit Ba FO.H.ManeBckuiinap TOMOHUIaH KUPUTUIITaH
sau. Myammudnap nabopaTopus mapouTuaa OyHIal KypruiMaJapHUHT OMp KaHda
KOHCTPYKUMSIJIAPUHU TaJKUK STUIAH. AMMO OYIYHIM KyHra Kajgap amaiui
KUXATIaH TEPMODJIEKTPHUK OaTapessIiapHUHT ONTUMaN yiadamiapuaa Goinamu i
K03 (UIIMEHTH Ba IOKOPH KyBBAT OJUII, IIYHUHTJEK, TAOUUI KyE€Il MIapouTHIA
OyTyH TH3UMJAaH IOKOPH KyBBaT OJIMII HYKTau HazapuiaH (HOTO-TEPMOIIEMEHT
rapameTpJIapuHu ONTUMAIIIAIITHPULI MyaMMOJIapy XaJl 3THJIMACIaH KOJIMOK/A.



JuccepTanus MAaB3YCMHMHI JUcCepTalMsa OaKapwiraH WJIMUIi-
TAAKUKOT Myaccacacu WIMHMA-TaAKUKOT WIUIapU OWJaH OOFJIHUKJIMIHU.
Huccepranust TankukoTH du3nMka-TeXHUKA UHCTUTYTH WIMHU-TAJKUKOT HILJIapU
pexxacuHuHT A4—DA—-0-26793 “TyFpu Ba 3UUIAIITAPUITAH KY€l HypJIAaHUIIIHA Ba
COBUTHII THU3UMHUTA dra (POTOTEPMOIJIEMEHTIAp aCOCHAArd OUPUKTUPUIITAH
SHEpreTHK KypuiManu spatuin’” (2012-2014), “V36exucron—Kopes — 2012 MK—
47/2012 gnonuxa acocuaa “Kumuiok axoiucu y4yH Kyuma (OTOIIEKTPUK
TabMUHOT MaHOAM UIIaHMacH Ba yHU Tailépnam’” (2013-2015), U3-DA-0-11738
WHHOBAIIMOH JIoinxa acocuaaru “YopBaumiuk (epMacu OOBEKTIAPUHHU SHEPTHUS
OusaH TabMHUHJIAII YIyH (OTOIIEKTPUK, (POTOMCCUKINK Ba OHOTa3 KypuiIMallapH
acocugard aBTOHOM KyN (QYHKUIUSUIM KOMIUIEKCHHM SIpaTUII XaMmJa UIra
TYIIAPUIT MaB3yJapHaard AaBiar JacTypy JOMHXadapH Joupacuia Oakapuira.

TagKUKOTHHHI MaKcagu TYFpU Ba aAKCIAHTHPWITAH KyE€Il HYypIaHWIIN
y4yH ONTUMal MapaMmerpiapra odra OViraH HCCUK UKIUM [IapouTIapura
MYIDKaJUTaHTaH (OTOAJIEKTPUK Oarapesi acocuga OUPUKTUPWITAH DSHEPTEeTUK
KypwWIMaJlapHU UIILIA0 YUKUIIIaH noopar.

TaagkukoTHUHT Basudaapu:

V36eKNCTOH HMKIMM IIAPOMTHIa MOC KeIaJWIaH COBHTHII MOCIAMAIH
(bOTORIEKTPUK OaTapesIapHUHT TAKPUOA HAMYHACUHM UITA0 YUKHUIIL

dboTouCCUKITNK OaTapesich MCCUKIMK HII PEKUMIAPUHU MOJECIUIAIITHPHIILL
OpKanu KypuJiMa WITUHUHT HMCCUKJIWK TEXHUKABUM MapaMeTpiapyuHU aHHUKJIAIl
METOIMKACHHU UILIA0 YUKHUIII,

UKJIMMHUA Ba 3KCIUTyaTallMOH OMUJUIAp TabCUPUHHM XHUCOOra oJiIraH XO0Jaa
dboTodNIeKTpUK Oatapes camapaJopjiaurd y3rapuiid Oyinda MOHUTOPHUHT OJUO

oopui;
(GOoTORNEKTpUK OaTapessHMHI OpKa lo3ach OWjiaH Xap Xujl o3aja
OupukTupuiaguran  “Oydepnan”’  HUCCHUKIMK  KaOyn  Kwirnd  Taiéprarn

TEXHOJIOTMSICUHU MITA0 YMKMILL;

doTorniekTpuK OaTtapestHUHI KyBBaTHMHM 1,5 MapTa OLIMPHIN Y4yH YHUHT
OJI F03aCUHHUHI €H TOMOHJIAapUAa aKCIAaHTHUPYBUM yCKyHajapHU (pediexTopiap)
Taiépiaill Ba KOHCTPYKITUSI BApUAHTIAPUHU UIILIA0 YUKHIIL,

dotoTepMonniekTprenepanus  xamaa — (QOTOUCCHUKIMK  KypuiMallapH
caMapaJIOpJIMTUHYA OLIMPHUII BAPUAHTIIAPUHUA KUJUPUII Ba SHEPrUsl WYKOTHUIILIIAPU
COXaCHHU aHUKJIAILL;

dboToTepMmoaiekTpreHepanys Ba (GOTOUCCUKINK KypHJIMAJAPUHUHT KyuMa
Ba CTAlIMOHAP BapUaHTIapU TakpuOa HaMyHACWHU Tai€pnail, TaOMUN IIapoUTIA
AKCIUTyaTallMOH MapaMeTpJIapuHu YpraHull,

COBYTHIII ~ MocjamMacura d3ra  (GOTOIJIEKTpUK  Oarapess  acocujaru
OMPUKTUPWITAH KYPWIMAQJIAPHUHT Xap XWJI BapuaHTIapuiad (oiganaHuiiga
KUECHIM TEXHUK UKTUCOIUN TaX AT 0JIUO OOpHIII.

TagKUKOTHUHT 00beKTH OUPUKTUPWITAH (POTOIIEKTPUK KypHiIMaiap,
IIYHUHTZIEK Xap XWJI COBUTUII Mocjamacura sra (OTOMCCHUKIUK Ba (orto -
TEPMORJIEKTPreHepalus KypuiMaiapuaad noopar.

TanKuKOTHUHT mnpeaMeTH (POTOMCCUKIIMK OaTapesiCHHUHT HCCHKIHMK
MOJIETH, IIYHUHTJEK (POTOINEKTPUK OaTapessHUHT SHEPTeTUK MapaMeTpiiapura xap
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XWI WUKIAMUA  ommmmap (Ky€mr paaWanusch, XaBO XapopaTH, XaBOHHUHT
YaHTJIAHTaHJIMTY, HAMJIMK, IaMOJI TE€3JIUTH Ba OOIIKalap) TabCUPUHU YpraHUIIIaH
noopar.

TaakukoTHUHT ycysiapu. TaakukoT kapa€HuIa MOJIEUIAIITHPHIIL,
YaHTJIAHUII JlapaKaCUHHM aHUKJIAIl, COBYTHII Ba (DOTODIEKTPUK OaTapestHUHT
BOJIbTaMIEp, (POTOAIEKTPUK, UCCUKIUK Ba ONTUK XAPAKTEPUCTUKAIAPUHU TATKUK
ATUII YCYJIJIapH KYJIJIaHUJITaH.

TaaKMKOTHUHT WIMMI SSHIWINTH KyiHuaaruiapaan noopar:

dotosnexkTpuk Oartapesan Kyémra HucbOaTaH omepaTuB  paBUIIIA
OpHEHTAINS KWIMIITHUHT UHTEPQENC yCynu Takmu} KUIUHTaH,

UCCHUK HWKJIUM [IApOUTIApUra  MOCIAINTUPHWITAH  KymuM4Ya  KyEmr
DIIEMEHTIapu OwWiaH TabMUHJIAHTaH (OTOIEKTPUK OaTapes KOHCTPYKLIUICH
WNuIad YUKUJITaH,

boTORNEKTpUK  OaTapesHUHT  XapopaT JIWHAMUKACUHU  Y3TapUIIMHU
anukiamra wuMkoH OepyBuum Solid Works Flow Simulation pactypuna
(GOTOUCCUKIIMK ~ KYPUIIMACMHUHT HCCHUKJIMK MOJEIM WIUIA0 YMKWITaH Ba
(GOTOUCCUKIIMK OaTapesiCl XapopaTura CyB OKHUMH TE3JUTH TabCUpU OaxoJIaHTaH,
doToUCCUKIIMK OaTapesiCMHUHT HII  XapopaT PEXUMUHUHT OapKapOpIUTHHU
TA@bMUHJIOBYM COBUTYBYM TpyOKajap ydyH MaTepuasiap Typd Ba YJIapHHUHT
METaUI-TUCT ~ acocuaard (MCCHUKJIMK IOTYBYM  Marepuan) abcopOepHHUHT
KOHCTPYKITUS JIEMCHTHTa OOFIMKIIUTH aHUKJTaHTaH;

WK 00p sKcrepuMeHTan (OTOdEKTPUK OaTapest Yadamiapura MyTaHOCHO
aKCIIAHTUPYBUM PE(IICKTOPIAPHUHAT KYJUIAHWIMIIA KyEII HYpPJIaHUIIN OKUAM
3UWIMrMHA 1,6 MapTa Ba MOC paBHIIIa KyEl djieMeHTIapu KyBBatuHU 18% ra,
TepmoOaTtapesima dca 47% optumwmra onaud  kenarad.  TepMoO3JeKTpUK
OaTapesyapHUHT KYJUIAHWIMIIM ~ XUCOOMra Ky€ll SJIEMEHTUHHUHI XapopaTH
nmacaluIyM HaTHXKacuaa KyE€ll dJIeMEHTIApUHUHT caMmapajopiauru 2% ra OpTUIIN
aAHUKJIAHTaH;

103aCM  TO3a Ba 4YaHIVIAHTaH (OTOANEKTPUK Oarapesga doiganu Uil
kodhPUIMEHTH HUCOMI Y3rapuIllMHN aHUKJIAIra UMKOH OepyBYH (DOTORIEKTPUK
OaTapes ¥03aCHHUHT YaHTJIaHUII JapakaCUHHU aHUKJIAIll YCYJIU TaKIu( STUITaH;

OOITKapUIauraH COBYTHIII MOCJIaMacura sra (OTOAIEKTPUK KypHiiMa
unutad  YWUKWITaH, WKKATa aiHaH yxmam  (QOTOoIeKTpUuK  OaTapesHUHT
AKCIUTyaTallMOH XapaKTepUCTUKAIApUTa MaXKOYpHil XaBO COBYTHIIIHHHT TabCHPH
ypranwiaran xamaa (OTO3JIEKTpUK Oarapesi KyBBaTUHHUHT COBUTYBUM XaBO OKUM
TE3JIUTUTA YU3HKIN OOFJIMKJINTH aHUKJIaHTaH,

dboTouccukIMK Oarapesich 3JEeKTpUK KyBBaTUHU 38% ra y3rapTupyBuu
noJuMep TpyOKamap acocuaa COBYTHII MoOciaMacura dra  (OTOMCCUKIUK
KYPWIMACHHHUHT STHTY BapUAHTH UIILIA0 YHKUJITaH.

TaaKMKOTHUHT aMaJIuii HATUKAJAPH Kyiuaaruiapaan nuoopar:

WCCUK WKJIUM IAPOUTIApHUra MOCHIAIMTUPHITAH (POTOIIEKTPUK Oarapes Ba
doiinanaHuin camMapaJopIUTHHA OLIUPHUII YUYH (OTOMCCHUKIMK Ba MaKOypHii
XaBO COBHUTHIII yCKyHAcHUTa 3ra (OTOIICKTPUK KypHiIMa UIIIa0 YNKHUITaH;

aKKyMyJsTOp Oarapescuja 3apsianl TOKWHWHT KYTapWUIHIIA XHUCOOWTa
3apsAanl BAaKTUHUHT KECKMH KaMmalummra oju0 KemamuraH (OTOIIEKTPHUK
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OaTapes xapOpaTHHU TYIITUPHII YCYJUTAPU TaKIU(] STUTAH,

Ky€Il 3JIEMEHTH MapamMeTpJIapUHM aHWK yidanl Ba Ky€lll HypJIaHUIIMHUHT
onTUMaJ Tymuil OypyaruHM aHWKjIam ydyH Visual Basicma mactyp wumiiab
YUKWITaH Ba y acocuga (POTOANEKTpUK  OarapesjapHUHT  OpUEHTAlUs
*apaCHUaru onTuMall OypyaruiHi aHUKJIOBUM KypHJIMa sIpaTUiITraH;

aTMocepa EruHIapu Tabcupuaa (POTORIEKTpUK Oarapes KomjiamMa IIHINa
I03aCUHUHT YaHIJIAHMIII Japa’ka ME3OHJIapUHU aHUKJIAIl YCYJId Huiad YUKUJITaH;

TagKUKOT HATHXKAJTAPUHUHI MIHOHYWIWJIMIMA. TagKukKoT xapaéHuaa
KYJUIAaHWITaH 3aMOHAaBHil €EHAAIIYB Ba YCyJUlap, Ha3apuid MabIyMOTJIApPHHUHT
OJIMHTaH TaXpuOa HaTWXKaJapu OWJIaH MOC KEJUIIH, Y3BHH OUPIIMK, 3aMOHABHMA
VI4OB anmapaTypajapuHd KyJUlall, I[IYHUHTAEK, YJIYOB HATHXKAIAPUHHUHT
TaKpOpPHil KaliTa UIIUIAHTAaHIUTY OUJIaH U30XJIaHTaH.

TaagKuKoT HATHKAJTAPUHUHT WIMHUI Ba aMaJIiMid aXaMHUSITH.

TaaKUKOT HATIWKaJApUHUHT WIMUKA  axaMUATH IOyHAAakd, GOTO —
TEPMOAJIEKTPUK  AJIEMEHTIapAa KyE€ll SHEPrusiCMHU DJIEKTP SHEprusicura
allTaHTUpUINAAru kapaCHiiap TYFpUCHAArd OWIMMIIAPHU YyKYpJIAlITHPUINTa
UMKOH Oepaiu.

TaAKUKOTHUHT aMalluii axaMusTH IIyHJaH HOOpaTKu, HUCCUK HKJIUM
miapouTiapura xaBo0 OepaguraH OUPUKTUPWITAH SHEPIeTHK KypUIMAIAPHUHT
Xap XWI KOHCTPYKUMSJIApUHU  Ta€pnamga OupUKTUpWITaH Ky€m  Ba
(OTOUCCUKIIMK KypUIMAJIapUHU APATUII YCYJIApU KYJUTaHUIUIITN MyMKHH.
TagKMKOT HATHXKAJTAPUHUHI KOPUNl KUJIMHUILIMN. V36ekucTon PecniyOnukacu
[Mpesupentununr 2013 #iun 22 asryctmaru [1dD-4556-con dapmonn Ounan
«Kpemuuitnu (QoroaitmantTupruuiap acocuigaru Ky€ml HYpJIaHUIIMHH OeBOCUTa
AJIEKTp DHEprusira aujaHTUPYBYM XO3UPTU 3aMOH THU3UMIIAPH HIIUIAHMACUHU
SpaTUIll Ba yJIapHU HILIA0 YUKUIID) aMalivil TaJKUKOTH Y4yH (aH Ba TeXHUKa
coxacumaru JlaBmar MykodoTH OwmiiaH TakaupiaHnrad. WiMuii HaTHKaHUHT
aManuérra SKOpUid KWIMHUIIM WMCCUK HWKJIUM IIAPOUTUra MOCJIAIITUPUIITAH
KymumMya KyE€mr dSJeMeHTIapu OwujiaH TabMUHJIAHTaH (OTOINEKTPUK Oarapes
KOHCTPYKIUSICK Ba (POTOMCCUKIMK Oarapesich JJIeKTpUK KyBBaTMHU 38% ra
OIMPYBYM TMOJUMEp TpyOKajmap acocuja COBUTHIN  MOcCJamacura ora
(bOTOUCCUKIIMK KYPWIMACHHUHT SITHTM BapyWaHTH WNUIA0 YUKWITaH OYnuo, KyHHUTa
1,5 kBt KyBBaT/IM 251eKTp dHEprusicu Ba 150 a1uTp cyBHM MCUTHO Oepuil xucobura
EKWIFU peCypClIapuHU TEXKalll UMKOHWHU Oepra.

TagKuKOT HATHKAJTAPUHUHT anpodaumsicu. TaakukoT HaTHxkamapu 19 ta
XaJKapo Ba pecnyOiiMka: koHGepeHuusuIapuaa, sxymianaat: «DyH1aMeHTaaIbHbIE U
npukiaanbie Borpocsl @uaukuy (Tamkent, 2010); «PecnybivkaHCKONW Hay4HO-
NPAKTUYECKONH KOH(PEPEHIIMM MOJOJAbIX YYEHBIX TMOCBSIIEHHON 70-1eTHro
Axanemun Hayk PVY3» (Tamkent, 2013); «ISES Solar World Congress» (Mexico,
2013); «International Workshop on Convergence of Physical and material
Engineering» (Chiang Mai University, Thailand, 2013); «Kartuk sxucmiap
¢usukacn» (Octona, 2014); «SpuMyTKa3rudian MHUKPO Ba HAHOCTPYKTypasiapia
onTtuk Ba (QoTodneKkTpuk xoaucaiap» (Paprona, 2014); «Mykobun sHeprus
MaHOanapunan QouganaHumHUHT  goi3apd myammonapu» (Kapmmu, 2014);
«ArpocaHoaT KOMIUIEKCH COXaJlapuja JJICKTp SHEpTusicuaan (povgaaaHUITHIHT
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camapagopauruHu omupui myammonapu» (Tomkent, 2015); «uuabd ynkapui
KOPXOHAJAPUHUHT  DHEPrUsl  TEKAMKOPJIMK Ba  OSHEPIHs  caMapajopiuK
MyaMMOJIapUHU €UHUIIla MHHOBAIMOH TEXHOJOTHsUIApHUHT axamuatn» (Kapiiwy,
2016) map3ynapugard xajkapo HIMHH — amannid KoH(pEepeHIHsIapaa Mabpysa
KYpUHUIIKIA OaéH STUITaH XaMJla anpoOanusan YTKa3uiraH.

TaakuKOT HATHKAJAPUHUHT YbJIOH KHJIMHUIIM. [[uccepTanus mMaB3ycu
6yiinua kaMp 33 Ta WIMHI MII YOI OTHITaH, INyJapiaH Y30eKHCTOH
PecniyOnukacu Onuii aTTecTanusi KOMUCCUSCUHUHT TOKTOPIUK AMCCEepTalUsiIapu
aCcOCHI HATH>XKaJapUHU YOI ATUII TABCUS dTWJIraH Hampiapaa 12 ta makosna Hamp
sTwirad, 1 ra goiinanu monenra Ba 1 Ta caHOaT HaMyHacura NaTeHT OJIMHIAH.

JluccepTallUsIHUHT XaKMH Ba Ty3uwaummu. /{uccepranusa xupwuil, Oemita
000, xyynoca Ba ¢oiganaHWiIral agaduériap pymxaru Ba uioBajapjaH uOopar.
Juccepranus xaxmu 188 OeTHU TalTKKUII ATA/IH.
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JTUCCEPTALMSIHUHT ACOCHUI MASMYHH

Kupum xucmyaa VTKa3wiraH TaIKUKOTJIIAPHUHT — J0J3apOiudru  Ba
3apypusATH AacoCJaHraH, TaJKUKOTHHHT Makcaad Ba Basudanapu, OOBEKT Ba
npeaMeTiiapu  TaBcuuianraH, — pecnmyOnwka  (paH  Ba  TEXHOJOTHUIAPU
PUBOXJIAHUIIMHUHT  YCTYBOp  WYHaIMIUIAPUIa  MOCIMIM  KypCaTWITaH,
TAQIKAUKOTHUHT WIMHUI SHTUJIUTY Ba aMaluil HaTwkaidapu Oa¢H 3TWITaH, OJMHTaH
HAaTWKJIAPHUHT WIMHA Ba aMaluid axaMusITH o4u0d OepwiraH, TaJaKUKOT
HATWKaJIApUHU aMAJIMETTa AKOPHUM KM, HAIIp STUJITaH UIUIAP Ba IUCCEPTALIMS
TY3WINIIH OYiuYa MabIyMOTIap KEATHUPUIITAH.

JuccepTallUsIHUHT «JHEPrusiHd TEPMOIEKTPUK Y3rapTUpPrudjap Ba
KY€ 3JIeMEeHT/Iapu Oyir4a HIIAHMAJAPHUHT 3aMOHABHI X0JIATH TAXJIWIH)
ne6 HomiaHraH OupuHun OoOujma Kyém osnemeHTiapuHunr (KD) acocuit
XapakTepucTHKagapu Ba p-n yrunum KD ontuman wum  kapaéHd y4yH
Marepuaiiapra tainadnap, GoTtoBoiabTauk 3(PQPEeKT Hazapusicu KHCKaua MyxokKama
KwinHrad. KD camapagopiuruiu kamaitupuiira oiubd KelyBud 0ab3u oMUsUIiap
KypuO yukuiarad. Ep mapournapuma Kyuiami  ydyH — OMPHKTUPHITAH
(doToTEpMOIJIEKTpreHepannsi Ba (POTOMCCUKIMK KypWIMAJIApUHU SAPATULTHUHT
TE€XHOJIOTUK, KOHCTPYKTUB Ba CTPYKTYpPaBUH )KMXaTJIapHu aHUKJIAHTaH.

@DOTOUCCUKIUK KYpPWIMAaCHHMHI MapKETUHI  XOJaTH, (OTORIEKTPUK
Oarapesin (®DOB) COBUTHINHUHT TypiaH YCYJ/UIapW TaxJWI KHJIMHTaH Ba
ypranwirad, myHuHraek, ®Ob Ba KD camapanopiuruHu omupuil Hyiapu
AHUKJIaHTaH.

Ncenk wkauM  mapouTiapuaa  doHgamaHWiIragaa KpUCTal KpEeMHUIH
acocugaru ®Ob acocuii mapaMeTpiIapUHUHT KaMalMIIM XO03Upra Kajap erapiiu
napaxana ypranwimarad. [y 6ouc mnmuii-texHuk amgabuérnapaa 6aéH STUITaH
HATWKaJIap TaxJIWJI KUJWHUO, XyJocallap YMKApWJTaH Ba IIIy acocla KeNrycH
TaJKUKOTIAPHUHT acOCUi Bazudanapu xamaa Makcayiapy IaKUIAaHTUPUIITaH.

Huccepranussnuar  «bUpUKTHPWITran  JHepreTuk  (GoTO0dJIEKTPHK,
dporonccukmmk Ba PTII') KypwiamManapuHu Tailépaam TEXHOJOTHSCH Ba
KOHCTPYKIMSUIADUHUA HMILIA0 YUKUID» 7e0 HOMIIAHTaH HWKKMHYM OoOuja
Kpuctamul KpeMHuid acocuaaru ®Ob Tal€pialtHUHT TEXHOJOTMK OOCKMWIapu Ba
ylapra KyhWunaguraH acocuil Tanabmap OaéH otunraH. bapya TexHOJIOTHK
xapacunap  “Ousuka-Kyémr” HNHNUYb  ®Ousuka-TeXHHMKAa  MHCTUTYTHUHHHT
“SpumyTkazruunm  Ky€mr dneMeHTNIapu’ — J1abopaTopusich Taxpuba HILiad
YUKAPUIII [IEXK]1a aMaJIra OIIUPUIITaH.

PecniyOnukamMu3HuHT Oapya Xyayajgapu IIapouTIapura MOCTIAIITUPUITaH
®DOb Taiépant TeXHOJIOTHSACH KalTa UIIa0d YMKuiIrad. TaHma0 oJIMHTraH KUMEBUH
unuioB Oepumn opkanu KOHU Kucmiapra OYJIMI TEXHOJIOTHSICH KEJITUPHUIITaH.
Talépnanran KO kucmnapu opkanu kam KyeBBaTin ®Ob (1,4 Br, 1,64 Br, 1,24
BT) Taliépnanran Ba ylapHUHT KUECUIM (DOTORNEKTPUK MapaMeTpiiapu YpraHuira.
Mob6un tenedonmap, HOYyTOyK KaOuW KaM KyBBaT Tajia0 H3TaJuraH >SHEprus
UCTEBMOYMWIAPUHUHT 3JEKTP TAbMUHOTH YUYH KY€l 3apsij| KypuiaManapy UIiao
YUKAILIM Ba Y36eKUCTOH 6030pH YdyH TaKiIH( STUIraH.
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Manmmii Makcazyiapa dJEKTp DHEPrUsCM Ba HCCUK CyB OJIMII y4YyH
(GOTOUCCUKIIMK KYPUJIMACUHUHT MIPUHIIUITHAT CXEMACH MIIUTA0 YMKUJITaH.

CoButuill MociaMmalid Ba Ky€ll HypJIaHUIIUHU pedaekTopiapra sra Oup
Vkau  Oupuktupuiaran  OTIOI  KypuiamacuHu  TaUEpiIallHUHT  TEXHOJOTHUK
OOCKUWIapu HILIA0 YUKWIraH. YOy OUPUKTHPUITAH KypUIMAJTapHUHT yuTa
BapUaAHTH SIPaTHIITaH:

dototepmoysraprupruy (PTY-1);

doroTepmonitekTpuk reaepatop (PTI-1);

oupukTupuirad ¢pororepmodniekrprerepanus (PTIIY) kypunmacw.

OTOI' kypuiMacunu Tanépnam yayH Qovganu um kodpduuumenta 15,4%
OYynTaH MOMUKPUCTAUT KpeMHUH acocuaaru 18 ta ketma-ket ynanran KOnan ®Ob
taiépnanau. KD reomerpuk yauamiapy Ba KAIMHJIUTH MOC paBuiaa 52x156x0,2
MM HH TalIKWI 3TAU.

OObau naMuHanus KwiMira kKagap (OTOdIEKTPUK MOJIYJIHUHT OpKa
TOMOHHMIa TEPMOIJIEKTpUK Oatapesnapuu (Th) OupukTHpUIl Y4yH OJIJIUHIAH
MVIDKaluIaHran skou (1-pacm) xocun kwmmHau. Tepmoanektpuk renepatop OUK
N:~6% BoJIbTaAMIIEp XapaKTePUCTUKACUHU TYIaupuin kodddunuentu &, ~0,25 Ba
ymuamnapu 40x40x2,5 MM KBajpaT IIaKJIWra sra OyJIraH YH CakKu3Ta KeTMa-KeT
ymanran Thb acocuga xommyranmusi KuwiuHrad. Xap Oup Tb p-n Typ
VTKa3yBUAHJIMKKAa 3ra BUCMYT Teulyp Oupukmacu acocugaru 127 Ta
TEPMOZJIEMEHTIAPIaH TAIUKWJI TOMNraH. TepMO3JIEeMEHTIaApHUHI HWII XapopaTu
JTUara3oHu 0-180° C HM TamKWI sraau. Bucmyrt-temnyp acocuaaru
TEPMORJIEMEHTIAD MacT XapopaTii TEPMOSJEKTPUK MaTepuajiap Trypyxura
MaHncyoaup. bupuxktupuiran O@TOI KypuiamacuHUHT (OTOIIEKTPUK OaTapes
KHCMHa pedieKTopiap XUcoOUra XapopaTHHHT Makcuman kypcatkmun 150°C
APUIIUIIN MYMKHH, 1Ty cababiu BUCMYT TeJTyp acocunard Th Tanmamn yigapHUHT
Xapopar Juara3zoHu UHTEPBAJINra aCOCIaHTaH.
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1-pacm. DTwienBuHuaanerar (IBA) 2-pacM. ®IBHUHT OpKa H03aCH TOMOHH/IA
KaTaamMura ThbHu OMpuKTHPHIN YUYH K0 Th axoitrammm xoa1aTH

®DBHUHr opKa TOMOHH fo3acH —60 man 180" C xapoparraua camapaiy
WCCUKJINK KOHTAaKTMHUM TabMHHJIAM OJIQJUTaH HCCUKJIHWK YTKa3yBUM KPEMHUN-
opranuk mnacta KIIT-8 opkamu Tbuunr “unccux” TOMOHM (2-pacMm) OwuiaH
oupuktupmiagy. THBHUHT “COBYK” TOMOHM Y4yH COBUTHII MOCJIamacH KyHuaaru
yCcyJaa Tau€piaHau: UCCUKIUK TAllyBUYM YUYH SICCH TYFpU TYPTOypUaKiu KyBYp
y4 KaTop mapajuien xoiaa oup-oupuaan 115 mm macodana xoinamanu. by yrpu
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TYpTOYpUaKJIA KyBYPJIAPHUHT FOKOPHY Ba MACT yWIapH TYFpH TYpPTOypUYaKiIn KeCUM
X0JlaTua NepreHIMKYJIISP PaBUILIA )KOUIAIITaH OJITUTA KaHAITa OMPUKTUPUIIAITH.

TOI'HMHT OpKa TOMOHH }03aCHra YpPHATWITaH COBUTHUII MOCJIAMACUHUHT
CXEMAaTUK KYPUHHUILIN 3-pacMJa KeITHUpWIraH. VCCHKIMK HM30JISIHMOH MaTepuall
cudarua KaoiauH nmaxrazaH (4-pacm) QoiganaHuim.

| 100 My

115 MM 115 Mu
M

227 mm
w

|._.| . 420 wmt

3-paCM. ™I YYYH COBUTHII 1- xa0oJIMH MOMUK TIaxTa; 2 — MHUC - KOHCTaHTaH
MOCIAMACH CXEeMACH acocuJaru TepMoxydriukiap; 3 - COBUTYBUH
KOJUIEKTOP

4 - pacM. MccuKINK H30JSIHMOH MaTepHAaJl
BA COBUTHII MOCJIAMACHHHUHT 7KOMJIAIIN I
TapTHON

5-pacMm. bupukrupuiaran @TIAI' kypuiama

CyHrpa KypuJIMaHUHT OpKAa TOMOHH aJTIOMUHHUI KONKOK €pJaMuia €nuiaam.
Kypunmanunr roxopuga caHa® VyTWwiraH XamMma MEXaHU3MIIapu TYpPTOypdak
MIAKITUAATd SIXJIAT KOHCTPYKIMSIHU TaIIKUI 3TUO KyTapuO TyTHO Typaauran Oup
VKM  KOHCTpyKuusira YypHatwianau (5-pacm). Tasau koHcTpykius Kyé€mau
OTEpaTUB Ky3aTUIl YyYyH HWKKH XWI TEKUCIHKAA (TOPH30HTAI Ba BEPTHKAJ
XoJiaTAa) OypUIUIl MEXaHU3MUTA Jra.

JucceprauussHUHT “BUpUKTHPUITaH POTOMCCHKINK KYPHJIMAJTAPUHUHT
HII PeXKUMJIAPHHM MojJeiamTupum’ 1e0 HowmilaHraH yuuHuud 000u Solid
Works Flow Simulation (SWFS) nmactypu O6yiinua taxknud xunuaran OUb
KOHCTPYKIUSCUHUHT HCCHUKJIMK >Kapa€HIapMHU TAJIKUK OSTUIITa OarvIUIaHTaH.
SWFS karTuk Ba CylOK MyXuTiap, yjaap ypracuja »HHEprus ajlMalliHYBU
HCCUKJIMK Y3aTHUIIHU MOJE/UIalITUpUINTra UMKOH Oepaau. bupukrtupuinran ®Ub
Y4yH NPUHLHNHAI cxeMacu 6-pacmia tacsupianrad. @b xapopaTura MCCUKIUK
YTKa3yBYaHIIMK Ba CyB OKMMH TE€3JUTU TabcupuHU Oaxonam yuyH CAD mogen
unuTad YUKUJITaH.
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Cyroxmknapaa uccukiauk y3arum (1)  dopmynagaH aHWKIaHAAWTaH
UCCUKJIMK OKMMM OYMHYa HCCHUKJIMK YTKAa3yBUAHJIIMK TEHIJIAMacH acocHja
TaBcU(IaHA U

pe_af, o) o
or Oy, oy

! (1)

by epna e=cT,— comumrtupma wdku sHeprus, ([DK/KT); p — CYIOKIHK
3UYJINTH, (Kr/M3); C — HWCCUKJHUK CHUFHUMHU, (I[)K/KrOC); Ai — MCCHKIUK
VyTkazyBuaniuk (Bt/m °0); Yi — KAIMHIUK (M); Qp — XaXXM OUpJIMruja OTUIraH
HCCHKIMK KyBBaTH, (BT/M°).

®Ub nmaru xap Oup KaTJaMHHMHI HCCHKJIUK Ba onTuk xoccamapu SWFS
JacTypu €plaMujia KypWIMaHUHT HMCCHUKJIUK PEKUMIIAPUHU MOJICUIAIITUPHINIA

dolinanaHuIraH.

1 — kopmyc; 2 — ToOnaHran muma (KaIWHIATH 5 MM);
= = =———=3—2 3 - repmerux Marepuan; 4 — KD; 5 — amoMunuii et
1 o ——— ———— 5 (kamuumarn 0,3 mm); 6 — «Oypama crmpan Haitday

5 Waknupark TpyOKa; 7 — akcIaHTtupyBud ¢oinbra; 8 —
~6 HCCHMKJIMK M30JILMOH MaTepual; 9 — opKa KOIKOK.

6 - pacm. Bupukrupuiaran ®UbauHr
NPUHIUANHAAT CXeMACH

OUb wucCHMKIMK pPEeKUMUHUHT Mojenu wumad gukwiad. [laddod
KaTiaamiap (IIMIna Ba TEPMETHK KaTJIamiiap) yU4yH UCCUKJIMK OajJaHCU TEHIJIaMacH
KyWHJaru KypuHuIra ara:

U
P 1 P (Te = Ty ) = —2=+ | F +1 F .7

p glass r.glass * glass 82’ glassptr.cov. p glass ~tr.cov. (2)

KD yuyH OanaHc TeHIJ1IaMacH:

T

al .sheet.l) (3)

k oU k
cell _ cell al .sheet
7’-tr.cov. I p l:glass + I I:glass (Tglass.z _Tcell.l) - a + gceIITtr.cov. I p l:glass + AI I:glass ( celll

cell al .sheet

CyB OKMMH Ba aJIFOMHHMI JIUCT YUYH:

k oU
1.sheet _ I.sheet v

Ala S glass ( cell.1 _Tal.sheet.l) - 5 e + me (Tin _Tout ) + hr.sheet Fgla.ss (Tal.sheet.z _Tbet.sh.iso.) 4
al .sheet 2 ( )

Hccukimk u301UMsACH Ba aJlFOMUHUM JIUCT YPTACUIATU XaBO KATJIAMU YUYYyH:
k. ou
N st P (Tt oot = Thetsniso, ) F 22 P (To =T ) = —22 0 Fo (T =T
r.sheet = glass ( al.sheet.2 bet.shJso.) Alisol glass ( a bet.sh.lso) 81 r,isol.” glass ( bet.sh.iso. a) (5)

Uccuknuk @YK udonacu Kyinaari KypuHUIITra 3ra:
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_ me (Tout _Tin)
- F

glass

Te

| 6)

p

2012 iun 24 maigard cyTka JaBOMHra OOFJIMK paBHINAA aTpod-MyXUT

XapopaTty Ba KyE€Il HYPJIAHUIIN OKWMH 3WYJIMTHHU YIIYall HATHKaJIapu 7-pacMa

KeJITUPUJITAaH Ba MOJCUIAIITHPpUII Y4uyH (oinananuiarad. 8-pacmma OUB

XapopaTy, HUCCHUKJIMK KOJUIEKTOPM KHUPHWII Ba YUKHUII KUCMUJIArd CYBHHUHT
XapOpaTUHHU MOJEIIAIITUPUII HATHUKAJIapy TACBUPJIAHTaH.

1000 T T T T T T T T 36 80
950 L 78 3
900 1 V.-’.ll - D:r:‘\n 34 70
8501 -~ 0 . L 32 85
r’g 800 | T o Y \'w'n_ _ 5 0
§ 2 750 .’., DDD/DD DD\QQD . 30 9 < 55
£ 9 70 o d 0 L2s & 8 s0
= = 650 d oy " g > as
= o / hY \ Log © =
S = 600 P ] 2. B
= ¢ | - S 2
2 ; 550 d 4 ‘\_ L2a < = 35
T % 500 0o pd bony = .,
22 450 - d Y b 22 o
22 \ = 2 1
M © :22' b L 20 20
300 ! J J J J T T i T 18 * 0 500 1000 1800 2000
08:24 09:36 10:48 12:00 13:12 14:24 15:36 16:48 18:00 Bpen (<)
Bakr (coar:mun) pe
= 8-pacm. Bakr gaBomu 11*° xaun 13*° raua
7-pacm. Kyém nypaanumu okum 3udsauru (1) "
Ba aTPOGh-MYXHT XapopaTHHUHT (2) BAKTTA (Ryém HYPJIaHHUIH OKUM 3HLTHTHHHHT
GOFJ'[I/IK X0J11a y3rapnmn MaKCUMaJ KHUUMaTtra 3pl/lmraﬂwla) CyB

XaPOPAaTHHUHT KOJLUIEKTOPHUHT
kupuul (1), ynkum KucMuaaru (2),
®UBb xapopar (3)

O9-pacmga ®Ub wum xkapaéHWHU ~ MOJCJUIAIITUPHUIN  HATWXalapu
TacBUpJaHTaH. Xyjoca KWIMO IIyHU aWTUIl MYyMKHUHKH, abcopOep TpyOkacu
cudaruga Typau (MUC, alOMHHHUI, TEMUP) MaTepHaliapaaH QoiiianaHuiIrasaa
XxaM cyB oKUMUHMHT noumMuii Te3nuru (0,004 xr/c) na ®Ub xapopaTtu y3rapmaiiiu.

Komnexkropaa cyB oxumuHuHT Te3nuru (0,0011 kr/c) kamadtupuiarasga
OUDb xapopatn KyTapuigu. 9-pacMia Typiau CyB OKMMH TE3JIMKIApHUIa Ba CYB
yrrkasuimaranga OUBb  xapopaTMHMHr  BakTra OOFJIMKIMIMHM — XHCOOJAII
HaTWXalapy KeJITUPUIITaH.

68 - Adaca —a— (0,004 kr/c 68 As —a— (0,004 Krlc

f AL

és ] AA‘ A *— 00011 kr/c 66 AA‘ A *—0,0011 xr/c
A AL S ?’B YTKa3uJIMarad Ak A +(‘?/B yTKa3uIMaraH
64 e N on4T/Ia 64 o~ %,  Xomtaa
A Aha A ° Ada

C 62 & ..”o". AA_ C 62 o oo, A*

< 601 < 60 £ X A

5 s8 g s8 £t e, A

s 581 s Y o~ e, A

& 56 & 58 g ) 5

e 2 J.' p waa, A

< 54 4 < 54 [ %\

™ " J \A

o
N
e
&
-

P
® o
T S —
B =
-
o
y’

5
o

* \
\. \
..A
T T 3 T T T T T T T T T T T T T
08:24 09:36 10:48 12:00 13:12 14:24 15:36 16:48 18:00 08:24 09:36 10:48 12:00 13:12 14:24 15:36 16:48 18:00
Bakr (coar:MuH) Bakr (coar:muH)

a) MHC TpyOKazaa 6) amomuHuil TpyOKasa

16



—a— (0,004 kr/c
*—0,0011 kr/c
- CyB XTK&&M JIMaraH

Adada
Ak A

~ 64 A A,

e A

e § N
08:24 09:36 10:48 12:00 13:12 14:24 15:36 16:48 18:00
Bakr (coar:MuH)
B) TeMup TpyOKana
9-pacm. Xap X1 cyB OKUMJIapH
Te3nukaapu yayH @Ub xapoparuHuHr
BaKTra 0OFJIMKJIUTH

Komnekropna cyB yTkazwimaras
xonataa ®Ub xapopartu 70°C ra eTaju.
Mopemnamtupuin HaTuKanapyu acocuaa
alTUIl MyMKUHKH, TpyOKaJlap y4yH Xap
XWJI MaTepuaiapHU TaHjiall OapKapop
pexumaa OUb xapopatura Tabcup

kwimangu. QOUbHuMHr wm  pexumun
abcopOep KOHCTPYKIUSICH DJIEMEHTH
(amroMuHME  7UCT) Ta  OOFIMKJIWTH
AHUKJIAHIU.

KYH AdaBOMHKJIa CYB OKHMMH TC3JIMKJIAPUHUHI KOJUICKTOP YHMKHII KHCMHIAaru

CyB Xxapoparura OOFJUKIWUTH V3rapulllk YpraHujjau.

10-pacmaan  KypuHUO

TypI/I6,ZIHKI/I, KOJUICKTOP YMKUII KUCMHUAAT'M CYBHHHI' XapOpaTu KYH JaBOMHI4 CYB

OKHMMUHHUHI' TC3JIMI'I'a y3BI/If/'I 6OFJIHK.

CyB OKUMHUHHMHT UCCUKJIMK KyBBaTH Kyhuaaru udoaaaad aHUKJIAH]IN:

MCAt
AT

P=

(7)

By epia m, ¢ — CyBHHMHI Maccacu Ba COJMINTUPMA UCCUKIMK curumu; AT —
KOJUIEKTOPHUHT KMPHII Ba YMKUII KUCMUJAru xapopatiap ¢apku; xapopar AT ra
y3rapuill JaBOMUAard Az BaKT UHTEPBAIU.

40

. ,.-M

36

34 ]

32 f
¥
i

—=—0.0038Kr/C
+—0.0016 KI/C
—&—0.0011 Kr/cC

30

Xapopart (°C)

28 ! *
26 | *

2] """""'M"""\._-‘

22 4

20

T T T T
1236 1424 16112 18:.00

Bakr (coar:MHH)

f T
09:00 10:48

10-pacm. Muc TpyOKAHUHT YHKHULI
KHCMH/IArd CyB XapOpPaTHHUHT BaKTra
OOFJIMKJIMTH

90

—=—0.0038 KI'/C
+—0.0016 KI/C
—a—0.0011 KI/C

o]
o
1

Hcceuknuk Kyssatu (BT)
o ~
o o

50

T T T T T v T
09:00 10:48 12:36 14:24 16:12 18:00

Bakr (coat:MuH)
11-pacm. Muc TpyOKAHUHT YUKW
KHCMH/JIA CyB OKHMH HCCHKJIHMK
KYBBAaTHHHUHI BaKTra 0OFJIMKJINIHU

Kypunu6® TypuOAMKH, UCCUKIUK KyBBAaTH KOJUIEKTOPJAa KUPHILI Ba YUKHUII

KHCMHJIaT CYBHUHT Xapopatiapu ¢apkura Ba cyB capdura TYFpu IpornopIroHal,
myHuHr yayH (11-pacm) cyB okumu te3nuru 0,0011 kr/c MCCUKIMK KyBBAaTH YYyH
IOKOpH Kypcatkuu OYiau6 xucoOnanaau. bynnai mapoutna ®Ub snexktpodusux
napaMmeTpiapyd  ONTHUMAUIMTUHU  16-pacMja  KeITHPUITaH  AKCIEPUMEHT
HATWXKaJIapy TaCAUKIANN.

17



bupukTupunaran TeNIMOTEXHUK KypWIMAJapHHU JIOMUXAJallla YJIAPHUHT
AKCIUTyaTalusl BaKTUAArd XapopaTiapura KOHBEKTUB UCCUKIIMK AJIMAIIMHYBUHUHT
TabCUPUHU, SHHU UKJIUMUM MIAPTIAPHU XaM XUCOOTa OJIUII 3apyp.

®Ob 1o03a cuprtura Ttymaérran Ky€ml BSHEprusick OokuM OamaHcu Qs
(akcmaHUIIHK XMCOOra oJiraH XOJja) KOHBEKTHB HMCCHUKJIMK anMalunHyBu Q. Ba
XyCYCHI UCCUKJIMK HYpJIAaHUIIN OKUMIIapu Q, NMFUHANCUTA TEHT.

Q=Q +Q (8)
Q =o(s+ ‘92)(T4 _To4) (9)
Qc - za(T _TO) (10)

A
Q =@-n)-[@-RA)-E()dA  (11)
A

by epna T, — atpod-myxut xapopatu (XaBo), €1 — IIUIIAHUHT HYp TapKaTHIL
KOOWIMATH, € — OBA MarepuamHUHT Hyp TapKatuil KoownmusatH, ¢ — Credan—
bonbuman poumuiicm, o — HMCCHUKIMK Yy3aTHIl Ko3pduuueHtu, A — Ky€um
HYPJIaHUIIMHUHT TYJIKUH y3yHiaurd; R(A) — 103a akCIaHWIIMHUHT CHEKTpal
k03 dunmentn, E(A) — Kyém HypJaHUITUHUHT OKAM 3UWINTH.

Hccnkuk y3atuin Ko3ppuuueHTy yuyH udoaa Kynnaara KYpUHHILTa 3ra:

PRLTE

Nu :0,032(\/ l] | (13)

(12)

14

by epna Nu — Hyccenbt kputepusicu (CoOHM); | — XxapakTepiu y3yHIHK; Y, V —
MCCUKJIMK YTKa3yBYaHIMK KOA(D(PUIIMEHTH Ba XaBOHUHI KHHEMATUK EMUIIKOKJINUTH;
V — XaBOHUHT XapaKaT Te3JIUTH.

[Mynaait kuamb, KyE€m HYPIAHUIIMHUHT CIEKTpajl Auana3oHuja IIHIla
IOTMai/IY, IUIIAHUHT HYP CHUHAMPHII KYPCATKUYH N JOUMUH KatTtanuk 0ymuo (11)
udoaaHu KyMuaaru KypuHHUIIIa €31 MyMKHH:

A
Q =(-n)-7- [ E(A)dA (14)
A

by epna EpyrnukHM YTKazum KodpPUIMEHTH T MuMIaaa KaiTta-kailta
aKCJIaHMIIIAPHU XUCOOTa OJIraH X0Jj/1a KyHuaara KypyuHUIIra ara:

2n

n?+1

r= (15)
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[Iuma ygyyH Hyp cuHAUpHUII Kypcatkuwiapu ~1,48—1,53, €pyriuk yTkazum
kod(ppunmeHTuHUHT ypraya kuiiMatu 1~0,92. AM1,5D monenu yuyH A;=0,4 MKM,
A2 = 2,55 MKM oOpanukaa uHTerpai Kkuimatu 961,0 Br/Mm°.

Arap ymuamcu3 ysrapysunnn X =T /T, xupurcak, yuna (8) tenrmamanu (9—
15) xucobra onubd Kyiugaru KypuHumiga €3uil MyMKHH:

< 4 2 3X—(l+ Qs+205T04
(& +&,)0T, (& +&,)0T,

}:o (16)

Acoc Kuaub OJIMHTaH MabJIyMOTIIap: MIMIIAHUHT HYP TapKATHII KOOWIHSTH
€1=0,937, xpemumiina DBA T1UIeHKaHUHT HYp TapKaTtuil KoOwmusaTu ¢&,=0,72
tepmopaguomerp TPM éppmammpma ymyaHrad, y, V HHUHI KAWMaTJIApU WIMHUN
MabJIyMOTHOMAJAaH OJINHIaH.

Xap xui atpod-myxuT xapopatiapuiaa (16) tearnamanusar N=16% KD yuyn
eunmu 12-pacmaa KenTupuirad. 13-pacM1a KOHBEKTUB UCCUKIIMK aIMaIIMHYBU Q.
Ba XyCYCHUU MCCUKJIUK HYpPJIAHUIIM OKUMJIApUHUHT Q, aTpo(-MyXuUT XapopaTu Ba
1aMoJI Te3NMKIIapyura OOFJIMK X0J1a OJIMHIaH HaTWXKallap Kyhuaaruya:

700 ¢
~_ 600}
=
g ? 500
g E 400
=3 =
2, 5
;g £ 300F
a0} 2 g
Z 200}
30 1
100
20 > 7 A 5 70 2 4 6 8 10
Iamou Tesmuru (M/c) LWamon Teanurn, m/s
1-20°C;2-30°C; 3 - 40°C; 4 - 50 °C; 1,4 -30°C; 2,5 -40°C; 3,6 - 50 °C.
12-pacm. ®Ib xapopaTuHUHT aTPO(- 13-pacm. ®Ibjaa xycycuii KOHBEKTHB
MYXHMT XapopaTH Ba IIAMOJ Te3JIUrUra HCCHKJIUK anmammuysu (1, 2, 3) Ba
0OFJIMK X0J11a Y3rapuilu HCCUKJIUK HYypJaHummHuHr (4, S, 6)

aTpod-MyXuT XapopaTH Ba MIaMOJ
Te3JIUTUra 00FJIMK X012 Y3rapuiu

arap atpod-myxut xapopatu 30 C max kuuuk 6yica, @b xapopaTu mamon
TE3JIMTUTA Ky4Ju OOFIUK OYynanu: mamodt Te3nmuru 1m/c gan 10m/c omranaa yHUHT
xapopatu ~40% rada kamasiay;

atpod-myxur xapopatu 30 C gan omramma DB xapoparn mamon
TE3NMrura Kyucusz Oofnuk Ba OyHna DOb camapanu wunuiamm y4yH YHU
COBUTHUIIIHUHT OOIIKAa yCYyJIJIapH 3apyp;

IaMoJ Te3Iuru 2 M/c naH kuuuk Oynranna ®Ob KOHBEKTHB, IIYHUHTCK,
paZnalroH UCCUKIIMK aIMallliHyBH XUCOOUTa COBUIIM;

IamMoJ TE3NMUru 2 M/C JaH KaTTa Oynranna KOHBEKTUB HCCHUKIIHK
aJIMalIMHYBH PaJIMalliOH UCCUKJIMK aJIMAIllMHYBUAAH YCTYH Oynaau.
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JuccepranvsiHUHr  “BUPUKTHPHIITAH JHEPreTHK KYPHJIMAJIAPHUHT
napaMerpJIapuHu TAAKUK ITHII Ba YJIAPHUHT doixamannn
caMapajopJIMIMHU OMpHUIN” 1e0 HOMJIAHTaH TYPTHUHYM O00MIa HKCIEPUMEHT
HaTwkanapu kenrupwirad. @ObHu Kyémra HucOaTaH OpUEHTAMs KWJIMIIHUHT
OJLINI yCynu Takiaug KuiauHrad. by ycynnu texmmpuin Ba @Ob HUHT opueHTanus
KWJIUII BakTUAA ONTUMan OypyakjapvHU aHUKJIAIl Y4YyH KBaJpaT LIaKJJar
IUTaCTUHKAra TyFpu Oypuyak OCTH1a MaXKaMJIaHT'aH BEPTUKAJ Ba TOPU30HTAI YIIUOB
yu3Fruuiapuaal uoopat 3KcrepuMeHTan kuxo3 (14-pacm) tai€pnanau. K3 1o03a
cUpTUTa Ky€ll HypJIaHUIIMHUHT TYIIHMII OypuaruHu aHukiam yayH Visual Basicna
JacTyp SpaTHIIU, YHUHT uHTepdeiicu 15-pacmaa kenTupuiras.

B Pacuer yria nagenus Conmua. =[5 [BR]

TAWKEHT: Wlupota 41.26465 rpan. ‘

uac MUH

BpeMa uzmep. m o] i

Uacosod yron -15

Hata wamep. E m
CknoHeHue -12.12
WupoTa 41.26465

¥Yron HaknoHa ’07
AIUMYT ’07
Yron nanenus 56,13

Bouuc aurs 3anuck B wain ‘

o >0 Braon, ‘

14-pacm. ®u3MKa-TeXHUKA HHCTUTYTH 15-pacm. Kyém HypiaaHumm Tymmin
KY€ MOJTMTOHU/AA IKCIIEPUMEHTAJI Oyp4YaruHy aHMKJIAII Y4yH JACTyp
JKMXO3HMHI CHHOB/IAH Y THIIH uHTepdeiicu

(v

Hactyp €pmamMupga  XMCOONaHraH  Ba  JKCHEPUMEHTaN  YIIYaHTaH
OypyakiIapHUHI KHWMaT/apy YHYa Karra Oynmaran ymuamuiapaa (~1+3%)
¢dapknanagu. OJnMHraH HaTWKajlap acocujaa Xyjoca KWIMII MYMKHHKH,
OypyYakiIapHUHT TaKJIU(} KWIMHIAaH YCYJIU I0OKOPU aHUKJIMKHU TabMHUHIIAWIH.

Nccuk  wWKIMM  [IapouTiiapuaa
OMPUKTUPUIITAH OUK acocui
napametpiapuan  (OUK, nHomuuan
KyBBaT, HWCCUKJIHK KOJUIEKTOPHUHHUHT 171
YHYMOPJIUTU Ba oomikanap)
OLIMPUIITHUHT MUMKOHHUATIIAPU TATKHK
KWIMHIA. OJEeKTp Ba  HCCHUKJIUK
OUKHUHAT KOJUJIEKTOP YUKUILI
KHUCMUJAru CcyB Xapopatura (16-
pacm) Oornmukaury ypranwnau. Kucka B4 02
TyTalmyB TOKH |, Ba HOMHUHAN Uuwaary cys xapopatu (°C)
KYBBATHUHI P HUHI HypJIaHUIIU OKUM 16-pacm. ®UB 3J1eKTp Ba HCCHKJIMK
SUYJINTHUTA E, OOFJIMKJIMTUHUAT CaMapajopJIMrdHUHT KOJUIEKTOP YHMKHII
umsun rpaduru (17-pacm) xocus KHCMHU/IaTH CYBHHHT XapoOpaTHUra
KWIMHAM  (Koppensiuus  Kodpdu- Gormmicara
ueHTr~1).

18 T T T T

16

15

Onextp ®UK (%)
MU® NHIHOOY]

14
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bupuktupunran OTII
KypuiaMacu OyWu4a CHHOB HILIapH

136

1% “Ouzuka—Kyém” HWNYB ®dusuka-

{128 TEXHHKA  HMHCTUTYTHHHHT  Ky€Il

| MOJIUTOHUIA (13§ oopuan.

¥ DKkcnepuMeHT HaTmxkamapu 18-19-

1 pacmiapia  TacBHpiaHradH. 18-

116 pacmaa AKCIIAaHTUPYBYHU

———————— 112 pg(lmeKTopnap KYJUIaHWITaH — Ba
KyJulaHwiMaran  xojaraa  ®Ob

2
Eo, Bt/™m

103aCUJarTl  XapOpaTHUHT  aTpod-

17-pacm. ®UB KyBBaTH P (W) Ba Kucka
MyXHUT  Xapopatura OOFJIUKJIUTU

TyTalIyB TOKHHHHT I, (®) Ky€m Hypanumm
OKHMM 3HYINIHIa JCepUMenTAl GoFaukanry ~ KypcaTwirad.  1-orpu  4n3vKIaH
MabJIYMKH, aTpod-MyXUT XapopaTu
21" C na pe(bneKToleap kyutanunrannga ®Obpan  doipananum xapaéHuna
YH/Iara xapopar 103 C ra erazu, pedrekropnapian QoiaaTaHuIMaraHia Xapopar
(1 -orpu umsuk) 69 C ra TeHr OYIami.2-3rPH YU3HKIA aTPOd-MyXHUT Xapopatu 33
C 6ymaranga peduexropnap Maexymmruga ODbmarm xapopar 115 C ra
KYTApUIHIIN KYpCaTWIraH. 3-3rpH 4M3MK 3ca aTpod-Myxut xapopatu 39 C ra
kyrapuiranga ®IBgaru KD xapopartu peduexropiapaan doiigananmiranaa 126
C ra eranu, pedrekropiapaa hoiizataHmIMarasaa (3 - Srpy 9u3KK) 6y KHiiMaT
82,4 C um Tamkun >tan. OB Ba TB ypracumaru xapopatiap ¢apku 15 C man
OIIMACIHTH aHUKIaHIH. ATpod-Myxut xapopatu (t°,) 25 C man kyTapuiranga
IIaMoJI TE3JTUTH Ce3uIMac aapaxania (2 m/c gad kam) Oyiras.
18-pacmaa TomKeHT IIapouTHa OYMK XaBoda KyH maBomuga DTOI
KypWIMacH KyBBaTMHUHT Y3rapWilyd I03acHJaH DKCIEPUMEHTAl MablyMOTIIap
kentupwirad. [llamon Te3nuru Ba aTpod-MyXHUT XapopaTtu Moc paBuiiga 3,3 M/C
Ba 390 C nHm Ttamkmn orod. Hartwkaga akcIaHTHpyBUM — pediektopap
KYJmaHunumura kagap Oup coar gaBomuga OTOIT KypuaMacMHUHT KU3UILA
XycoOura caJiT Iopull KydjJaHum kamaiiau (19-pacm), 6unodapun, UK Ba Kys-

130 4 29 4

i 3 2
115 4 27 4 Gg A R
110 26 ¢ . °
105 2
£ 100 ] 25
< o5 ! 24
= P -
E 90+ =
§_ 85 ] @8 23
S 804 «{‘/‘ 8 22
X 754 . 3 c_e
% 704 - 214
S 657 7‘. 20 -
60 ,0'1-
55 19 1
]
l6 18 20 22 24 26 28 30 32 34 36 38 40 1000 1045 1180 1215 1300 1415 1500
Atpodp myxut xapopari ('C) t (coaT:MuH.)
18-pacm. ®Ib xapopaTHHHUHI 19-pacm. ®TIT" kypuamacuga ®Ib
peduexTopaapaan gpoiaananuiaranaa (1, 2, KYBBATHHHUHI CYTKAHUHT éPYF KUCMU
3) Ba ¢doiinananuamaranaa (1, 2, 3) arpog- AABOMHIA IKCIIEPUMEHTAJ OOFJINKJINTH

MYXHUT XapopaTura 0OFJIMKJINTU
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BAT CAJIT IOPUII KyWIAHUIIMIA MOC XOJIa YM3UKIN Kamanau. KyBBaT HyKOTHINAIIN
Oy BakTna 19,6% HU TAIIKWII ST/IH.

AkcrnantupyBuM pediiektopaap Kyuianwirasga ®3bna KyBBaTHUHT KECKUH
kyTapunuiy (16,9 man 27,5 Bt raya, 2-3rpu YM3MK) Ky3aTWIIH, KyE HYpJIaHUIIN
OKUM 3UWIMTHHUHT KaTTa MHUKIOpU 3ca KD KOHTaKT TYpJapHUHT TabMHUHJIALIN
xucobura (GOTOTOKHUHT optuiura cabad oynnu. Cyur KD xapopaTu acta-cexkuH
kyTapwininn okubatuga U.,, Ba BOJIbTaMIIEp XapaKTEPUCTUKACUHH TYIAUPHUIIT
koapunmentn (FF) xamaitumm pyit Oepau, 0y sca OOBHUHT yuKMIl KyBBaTH
Kamaiumura (2—3-3rpu 9u3uKiIap COXach) OJau0 Kenau.YUuHYH cOXaaa COBHTHII
TU3UMUHUHT KYJUTAHWIWIIN XUCOOWTa TEPMOAJICKTpUK OaTtapest opkanmu KDOmaru
VCCUKJIMKHUHT OUp KUCMHU TapKajaiu.

by xapaén ®Ob KyBBaTMHUHI OpPTHILMra OJMO KEIyBUM CANT HOPHIII
KyuiaHumHuHr 8,42 B nan 9,6 B raua kaiiTa TUKJIaHMIIM OpKajld OUp BakTIa
conup Oynmagu. bupuktupwiran OTII KypwiMmacuaa  akCIaHTUPYBUYHU
pednexropiapaan ¢oinananuiarasaa .ekTp KysBatu 40% ra kytapuiiu.

20-pacmmpa Tb «kyBBatu AT xapopar dapkura OOFIUKIUTHHUHT
AKCIIEPUMEHTANl TAJKUKOT HATIKaJapy KEITHPUITaH. ATpPOod-MyXUT Xapopatu
t°,.~39 C, xapopar dapku 50 C ra tenr 6ymranuga Th kysBatu ~580 MBT Hu
TAIIKWJ ATUILN aHUKJIAH]TH.

I'paduxnapnan  xypumr myMmkuHkd, TbHuHr ‘“coByK” Ba “UccuK’
TOMOHJIapUAAru Xapopar (apkiapu KuilMaTiapy OpTUINA OWjlaH HKOuiad
YuKapuiIa€TraH KyBBaT OpPTUIIM  Ky3aTWJAgu, Ky€ll HYpPJAHUIIM OKUM
3UYJIMTUHUHT opTUlH 3ca (21-pacm) Th KyBBatH, “HCcCHK’ TOMOHHM XapopaTH Ba
OTII' KypuJIIMACUHUHT YMKUII KYBBaTUHUHT XaM KyTapuiMilura cabad Oynaau.
Bucmyt temnyp acocumaru TOI' uccukimk—3.10.K. HUHT XapopaT (apku AT ra
OOFIMKJIUTY aHUKJIAH]IH.
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20-pacm. Xapopar dapku AT (C) ramoc  21-pacm. @35 (1) Ba TB KyBBaTHHHHT (2)
xos1a Th kyBBaTtunuHr (MBT) y3rapumm KY€II HYpJIaHUIIM OKUM 3HYJIMTHIa
OOFJIMKJIUTH

Hasapuii xucobmap WyHH KypcaTaumky, atpod-myxuT xapopatd 217 C
oynranna pedaeKTOpIApHUHT KYJUIAHWIUIIA KY€l HYpJAHUIIN OKUM 3UYJIUTHHU
1,6 mapra Ba moc pasumina K2na ¢oiipananum camapanopiuru 18%, Thuunr
KyBBatH 3ca 47,0% ra kytapunau. TOI' kymnanuwnumm Hatuxacuaa sca KOHUHT
XxapopaTt mnacaiin0, yHUHr camapaaopiurud 2% ra kyTapuwigu. TepMolsJIeKTpuk
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reHepaTOpHUHT KyBBaTH 47% Ta KyTapummmm HaTmwkacuaa KD xapopatn 90 C
TaH 70°C ra kamaiiau. Kapanaérran xapopatr uHTepBaInga UCCUKINK—).10.K. ATra
YU3UKJIM OOFNUK, KyunaHum rpaaueHTtu ~0,068 B/rpan. bupukrtupuiran OTIT
kypuwimMacuna TOI' ymymuii 1o3acu @Ob opka r03acuHUHT 1/5 KUCMUHU TalIKWI
stamu. Arap atpod-myxut xapopatu 40 C man rokopu Oymranma ®IB opka
ToMoHU TYUK Th 6mnan xornanca, ®ObauHT ymMmyMmuii KyBBaTura Hucoaran Thaa
10% rada KyBBaT OJIUII MyMKHH.

Uik 6op ®Ob ro3acu 4aHTIAHTAHJIMK JTapaKaCHU aHUKJIAII YCYJIA TaKIA}
st Ba @YKHuUHr HUCOM y3rapumy Taakuk Kuimaad. 80+110 kyH naBommuaa
TallKapuaa  KOJJUPWITaH  IIUIIa  IUJIACTUHKAHUHT  EPYFIMK  YTKa3HII
KO3 PUIMEeHTHHN Yrdann MeToAuKacu KaiTa unriaHau. PoToriacTHHKAJIApHUHT
epyriuk yTkazuim koddduimentiapu Lambda EZ 150 cnexrpodoromerpaa (22-
pacm) Vmuyanau. [uma mnactuHka ro3anapuHUHT YyaHrianumm ®Obga OUKHu
50% raya xkamaiTupuiy aHukJaaHad. 80 KyH JaBOMH/IA TalIKAPHUIA KOJIUPUITAH
muma CcUpTh o3acu To3ananMaca POb kyBBatm 50% raua kamaluium
MYMKUAHIUTH Ky3aTwiad. Kapmm maxpu mapoutuaa (23-pacm) OObauHr
BoJIbTammep Xxapakrtepuctukacura (BAX) arMmocdepa uyaHTIIaHUIIKM TabCUPHU
Yyprauwiau Ba 4 oi gaBomuaa arMmochepagaru yanrianramink @3B KyBBaTHHU
37,6% xaMalTUPHUIIIN aHUKJIAH/IH.
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22-pacm. To3a poTonjiacTHHKA-HUHT 23-pacm. Kpemuuii acocugaru @b BAX ra
EPYFIIHK YTKa3HII CHIEKTPJIapH aTMocdepa YaHIIAHHIIHHUHT TAbCUPH

(pakamcu3) Ba Tamkapuaa 80 kyn (1), 110
KYH (2) 1aBoMHMIaru HATHKAJIAPHU

DOKCHEpUMEHT HaTwxkaigapura Kypa (OTOIIEKTPUK MOAYT FO3aCHHHUHT
YaHIJIAaHUIIM, acOCaH, VWi MaBcymiiapura (€FMHIAp MHUKIOpHWIa) Ba Mamiakar
xyaymnapuaa @Ob sxoinammi xoaaTura OOFIMK SKaH.

Kopakannorucran PecmyOmmkacu 06-xaBo mapoutuaa ®Ob um pexxumura
UKJIUMHAA  (AaKTOPJIAPHUHT TAabCUPHU YPTaHWIIW Ba KUII MaBCyMHJa OyIyTiu
xaBoja (y3nmykcus oynyt, ~280 Bt/m°) KYHJIMK TYTUIaHAETraH 3apsg Mukaopu 11,6
A-coar, ouuk XaBojaa (790 BT/MZ) aca 42,7 A-coaTHU TaIIKWUJ ITUIIU KYypcaTuo
VTN,

OOBbHUHT QoinaianuIn BaKTHIATH XapaKTepUCTUKaIapura MaxxOypuii XaBo
COBUTHILIHMHT TabCUPH YypraHuiraHia BeHTWISATOpJaapHUHr POb kopmycu €H
TOMOHHMJAH Kypa OpKa JE€BOpPHUIA >KOWIAIIYBH CaMapaMpoK H3KaHiurv, OOb
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KYBBAaTHHUHT XaBO OKHMMH TE3JUTHIa YHU3UKIW OOFIMKIIUTH AaHWKJIAHIH. XaBO
COBUTHUIII MOCJIIAMACHUHHUHT KyH JaBOMHUIAru DJIEKTP DHEPTUSICHHU HMCTEHMOI
KWIMIIard yaymud peduektopiapra sra  (QOTOAIEKTPUK KypuiMa YMyMUN
KyBBaTUHUHT 8% wuHU Tamkuil >Tau. ®ObHM XaBo OKMMH OWJIaH COBUTHUII
xucooura ®UK 2,5% ra kyTapuaniim aHUKJIaHIH.

[Tonumep TpyOkanapu acocupard coButHil mociiamacura sra OUK sHru
KOHCTpYKIUsiiapu unwiad yukwinu. GUbB snekTpuk KyBBaTUHH MabliyM Japakaja
ommpuiira oaud kenaguran ®Ob opka 1o03acu OunaH KOJUIEKTOP KHUCMUHUHT
TyTamrrupuml MaiioHu ~50% rava oprrupwiau. bynna ®OMbHuHT opka ro3acu
Mainonu 0,24 M TaIlKuII STaIu.

OV BHUHAT KOJUIEKTOP KUCMU TTapajuies >KOUJIaIraH MmojuMep TpyoKamapaaHn
nbopar OYnaMO, MKKUTA TMOJUIPONUICH TpyOKacura MEpHEeHIUKYISp Xo0JaTaa
OupuKaaurad KoHCTpykuusiaaH uodopar. KominekTropHuHr OyHIall KOHCTPYKIUSICH
aHbaHABUU METaJUT KOHCTPYKIMSACUTAa HUCOATaH KUYMK Ba3H Ba ap30H HapXra ara
Oynau.

®OUb acocuil mapaMeTpIapUHUHT Xapoparra OOFIUKIWTUHU TAJKUK ITHIII
HaTIKanapura kypa ®UB umr xapopatu 74 C ra opruum 6uman (24-pacM) cant
IOpUII Ky4JIAHUIIIM MOHOTOH XoJifia ~14,6% ra xaMmaiiid, KUCKa TyTallyB TOKA Oup
03 kyTapuiay, s5ektp GUK sca 6up coat naBomua ~30% ra kamaiau.
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24-pacm. ®UB s1extp ®UK (1) Ba opka 25-pacm. @B canr ropuum
TOMOHHHHHT XapopaTH (2) cyTKa KyH KYYJIAHHIIMHUHT CyTKAHMHT KYH
1ABOMIIA GOFIHITHIH IABOMHTa GOFIMKJINIH

CyB cakymaHagurad OakjaaH MCCHKJIMK KOJJIEKTOPUIa COBYK CYB yJIaHTaHAa
OUb acocuil mapaMeTpJIApUHUHI TUKJIAHUIIW Ky3aTUJIAIU. Vgam HaTIKaJIapu
(24, 25-pacmiap) mHIyHH KYpCaTAWKH, HOauMep TpyOkamap acocuga POb Hu
coButui xucooura snextp UK ~13,5% ra, cant ropum kywiaaumm 3ca ~8,3%
ra Kaita TUKJIaHIu. 26-pacMIaH KYpUIll MyMKWHKH, ICCUKIUK KOJIJICKTOPU YUKHIII
KUCMHJA CYB XapOPaTUHUHT 32°C IaH 39 Cra kyTrapuwinmun Hatvkacuga Olbna
Hucouit ®UK Oup 03 kamasiiu, CyBHUHT OyHIaH OPTHUK Japakaaa KA3HUIIA HUCOUN
®UK xamaitnmmra o6 xemagu. PUB komtextopuaa ~45 C xapoparrada MCCHK
CyB OJIMII DOJEKTP DOHEPTHSICH  aAKKyMYJSIUAS  TH3UMHIA  aKKyMYJISTOP
OaTapesCUHUHT 3apsjiall )KapaHu TYXTaTMaCIUId aHUKJIaH !,
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L C xapopatu >50 C HM TaLIKKII STIH.

26-pacm. ®UB Hucouii PUK (1) Ba caiar opuin
KYWIAHHIIHHHHT (2) KOJUIEKTOP YMKH LI
KHCMUIATU CYB XapopaTura 0oFJIMKJIUTH

JuccepTallUsiHUHT «XAaJIK XYKAJUTUHUHT TYPJH COXajJapuaa sipaTWiraH
(GoTodIEKTPUK KYPWIMAJIAPHUHT KY/UIAHWJIMIIW» 7e0 HOMJIAHTaH OCIIWHYU
Oobuma  V36eKucTOH Xyayau — 00-XaBo  mapouTiiapuga  POTOIIEKTPUK
KypUJIMaJIapHUHT UIIUTaHMaJIAPUHU KOPUM STHUIITAa KapaTHUITaH.

Kunuiok XyayajiapuHUHT J1ajia MAWNOHIapUIa KUIIUIOK aX0oJUCUTra Mauliui
KyJainuk sipatuin Makcaauaa kyuma ®OK unwad yukwinu. bynna trenesuzopnap,
KyuMa MYy3JIaTKA4jIap, Kyl IOHTJapUHU OJIMII anmnapaTiapy, ajJjoka TAbMUHOTH Ba
HOYTOYyKJIapHH yinaml, OuHonapuu Eputuin yuyH ®OOKnan Qoiigananum ky3aa
TYTHIJIH.

3aMOHaBUI IOKOpPH camapaiud CyB Hacoclapuaan (Qoigananud dYykyp
KyJIyKjapjaaH CyB KyTapuil TuzuMmuaa 2,24 kBt-coatr KyBBaraaru aBToHoM POC
KYJUJIalll UMKOHUATIApPU KypcaTuiau. HaCOCHUHI CyTKallUK CyB KYTapuIl Xa)XMU
50-60 m° Hi Tamkin T, Ju3es arperatiapuaan (GpoiianaHuIra HICOaTaH CyB
KyTapulll KypwiManapuaad (oujamaHuil Jesipjd MKKH MapTa ap30H Hapxja
XamJia caMapaliy SKaHJIUTH aHUKJIAHTH.

MapkaznalmTupuirad  3JIeKTp  SHEPrusiCHAaH  Y30KJa  JKoitamiraH
OOBEKTIApPHU JJICKTP PHEPTUsICM OWjlaH IIOMIMIMHY CypaTAa TabMUHJIANI YYyH
aBTOHOM XapakatyaH Kkyn ¢GyHkuusuid (otosnektpuk crtanius (AXKDIC)
Taxpuba HamyHacu  Tal€pianau Ba  unuiad  uyumkwigu.  Wnk 6op
pecnyOIUKaMU3HUHT arpap CeKTopiapuia KyIyK Ba MarucTpal KaHaJiapaaH
VHyMIOpIHrH 6-8 M>/coar OymraH CcyB HacocnapuiaH  (oHTasaHmMI,
AKCIUTyaTalusl Uil PEKUMUTa PUOSl KWITaH XoJjaa KyHura 3—4 coaT naiBaHyIall
arperaTJiapuHy TabMUHIIAI MaKcaauaa (porjamanuin UMKOHUSITIIAPU SIPATHIIIH.

HoabHaHaBuii HMccUKXOHaAa EpUTYBUM Ba KU3JAUPYBUU KUXO03JIAp BJIEKTP
TabMUHOTH yuyH @OC HM KyJlall HUMKOHUSTIApU TAAKUK  STHIIU.
QdoiinananunaéTran  MaTepHAIIAPDHUHT HUCOATaH ap30HJMTH  Ba  DHEPTUs
TEeKAMKOPJIUTUTAa Kypa abHAaHABUM HWCCUKXOHara HucOataH QapKiaHyBUd
MCCUKXOHAHUHT STHT'U KOHCTPYKIMS TYpU TakIu( KUITUHIH.

OOKnan ¢oiiianaHUIIHUHT MaKcaara MyBOQUKIUTUHA TEXHUK-UKTUCOIUN
KUXAT/IaH acocjall Macaiajapyd MyXUM WIMHH-TEXHUK MyamMMoJIapAaH caHala/Iu.
[y makcaana Kyiiuaaru OUPUKTUPUITAH (POTOINEKTPUK KypUIMAJApHUHT Y3apo
KMECUH  MKTUCOMWMNM Taxymu  Oaxapwirad: craaapt ODOOK, HCCHUKIMK
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KoJutekTopura 3ra O@OK, TepMOANEKTpUK y3rapTupruuiap OujaH TabMHUHJIAHTAH
OOK, coButui Mmociamanu Ba pedaexropan OIK.

Spatunran  @OKHUHT MKTHUCOAMN caMapaJoOpiurd aHUKJIaHIUu. XaBo
COBUTHIII MOCJIaMald Ba aKCIaHTUPYBUM pedriekropiapra sra xamaa 170 Br
cranaapt @OOKpmap Takkocinanranma Oy KypuiMaimapHuHTr  cod  Qoiiga
KYPCAaTKUWIAPU Y3TAPUILN KYpCATUIIH, MaXCyJIOTHU peanu3aius KUJIUIl XaXMHu,
AKCIUTyaTalusl XapakaTlapuHU XUcoOjall Y4YyyH yCyl Takiug KUIMH]IU.
Ukrtucomuii TaxJWi HaTWXKAJIApUTa Kypa XaBO COBUTHII MOCIAMaJIA  Ba
akciantupyBun pedaexropiapra sra ®OK 170 Bt crangapr ®OKgan ¥3
XapaxaTJIapyuHU Te3 KOIUIaly OuiiaH GpapKiaHaIm.

JuccepTallUsTHUHT WJI0BA KUCMHUAA KPUCTAIUIM KPEMHUIIN (HOTOIIEKTPUK
Oatapes acocuaaru OUPUKTUPUIITAH SHEPIreTHK KypUJIMaJlapHUHT
napamMeTpilapuHu  yiayamiia  XaTOJMKIApHU — XHcoOnaml — ycyJuiapu — Xamja
V36exucronna Qaomusat topuraérran  «Solar Energy Productsy MUK,
«Yceroprrazy MUX  kuumk kopxoHanmapuaan Ba  “‘Mupremup”  depmep
XY KaJquTrHu1aH Oepuiirad >KOpUil STUII aKTIapU KEITHPUIITaH.
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XVJOCA

“Kpucraimu KpEMHUUI (bOTORIEKTPUK Oatapesnapu acocuaaru
OMPUKTUPUIITAH HYHEPTETUK KypuiMalap”’MaB3ycuaru JOKTOPIIUK
aucceprauusuiapu Oyiimda onud OopuiiraH TagKUKOTIap HaTWXKacuaa KyWuaaru
Xyrnocanap TaKIuM 3TUJIINU:

1. Kenr nuanazonnu Ky€m HypJIaHHIIN CIEKTPUIAH camapanu (oiganaHuil
opka  (OTOKAOYIKUITHY  IO3QJIADUHUHT  KAacKaj KOWJIANTyBH  XHCOOWTa,
IIYHUHTJEK XYKaTuK IXTHUSKH YIyH (oWganmaHmIagurad CyBHH HCHTHIN yIyH
aXpana€TraH HCCUKIUKHUA WIUIATHII XUCOOWTa CHCTEMAaHHMHT (POTODIIEKTPHUK
KUCMH XapOpaTUHU TYLIUPUII 3Ba3ura Ky€ul KypuIMaJIApUHUHT TYFPU Ba Ky4uCHU3
aKCIAHTUPWIraH Ky€um HypiaHunuiapuga doigand um  KodQQUIMESHTHHH
OIIUPUIIITA SPUIIHAIIIN.

2. Kpucrann kpeMHUIN QOTOANEKTPUK OaTtapes acocuaaru OUPUKTUPUITaH
KypwIMaJlapHu Taiépiaml TEXHOJOTHSCHM HIIA0 YMKWJITAaH Ba YHHUHT acoCH[a
(bOTOUCCUKIINK, MOKOYpUl XaBO COBYTHIUIUA (DOTODEKTPUK KypHiIMasiap HIILIA0
YUKUII MyMKUAHITUTH KYPCATUIIIN.

3. Ky€m HypiapuHUHT Tyl OypuyaruHu xucooOsam yuyH Visual Basic na
JacTyp Ba ycyn wumad YHKWIraH, Xamaa yinap acocuja (OTOAIEKTPUK
OarapesutapHUHT OpUEHTAIMS ONTHUMAall Oypuakiiapu aHUK OYNTraH HKCIEepUMEHTaT
KypuiMasiap Tau€pianau.

4. DOTOHUCCHUKIMK OaTapeICUHMHI XapOpaThra CyB OKHUMHU TE3JIUTHHHHT
TabCUPUHU Oaxoiamr Ba (POTOdNEKTpHUK Oarapesiia XxapopaT TaKCUMIAHUITUHUHT
y3rapuiy JUHAMUKACHHM aHMKJamra uMKoH Oepaauran Solid Works Flow
Simulation gactypuaa QOTOMCCUKIUK OaTapesiCHHUHT MCCUKIUK MOJEIH UIIa0
YUKAIAM Ba KyBYypJiap YUyH TypJu MaTepuaulapHU KyJUiaml GapKapop pexumia
YHUHT WII XapopaTJIapUHU Y3rapTUPMACIUTH KypcaTWIIM Ba aKCHHYA Xapopar
pexuMu adbcopOep KOHCTPYKIIUACH AJIEMEHTH METajUl JIMCT aCOCHIArd MCCHKIINK
I0OTYBYU MaTepHalira OOFIUKIUTMHA KYPCATUIII MYMKHH.

5. Atpod-myxur xapoparu 21 C Gyaranma peduekTopiaap KyILTAHHIHLIN
HaTWXacuaa Ky€Eun HypJaHUIIMHAHT OKUM 3UYIUTH 1,6 MapTa, MOC paBHIIIa KyEnr
aJIeMEeHTIapua IeKTpuK KyBBaT 18% ra, repmobaTtapesna aca 47,0% ra optuiiu
aHWKJIaHIIM, XaMJa TEPMODJIEKTPHUK Oarapesuiap KYJJIaHWIWIIH XUCOOWTa KyEm
AIIEMEHTIAPUHUHT camapanopiauru 2% ra OUTUPUIT IMKOHH KYPCATUIIIH.

6. Wnk Oop Taknud KuIMHTaH yCcyl €paaMujia To3a Ba YaHr OocraH
doTornexTpuk Oarapesna Qoiinanu Uil Ko3PEPUUUEHTUHUHT HUCOUU Y3rapuiiu
MYMKHWHJIUTUHU KYPCATHUIII MyMKHH.

/. Wkxura aitHan yxmam (HOTOSIEKTPUK Oarapesuiapiaa MaxOypuil XaBo
coBuTulan (Qoiinananum xucooura (QOTOINEKTPUK OaTapesi KyBBAaTHHHHT
COBUTYBYH XaBO OKMMHU TE3JIUTUTA YN3UKIU OOFIHKIUTUHA aHUKJTAIl MyMKUHJIATH
KYpCaTWJITaH.

8. Ilomumep TpyOKamap acocuaard COBYTHII MOCIaMacHUHU (DOTOMCCUKIIUK
KyprJIMacHa KyJua XUCOOUra YHUHT 3JIEKTpUK KyBBaTHMHU 38% ra ommpwiira
MMKOH O€pyBYM BapUaHTH UIILIA0 YMKUIITaH.
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9. Unk Oop MCCHK MKJIMM PETHOHJIapW y4yH NailBaHAJIAIl arperarjapy Ba
KyAyKJIapJaH CcyB KyTtapunpia ¢GoipanaHuin, MapKa3JIallTUPWITaH —3JIEKTP
SHEPTUSCHIIaH Y30KJa >KOWJAITaH OOBEKTIApHU OJJIEKTP OJHEprusicu OwusiaH
HIOLIWJIMHY CypaTJa TabMMHJIANI YYYyH aBTOHOM XapakartdaH Kyn (QYHKIUSIH
(GOTORIEKTPUK CTAHIIMS HAMYHAJapH UILIA0 YUKHUIITaH.
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HAYYHBINA COBET IO NPUCYKJIEHUIO YYEHOMN CTENIEHU
JOKTOPA HAYK 14.07.2016.FM/T.12.01 TPU ®U3UKO-
TEXHUYECKOM UHCTUTYTE U CAMAPKAH/ICKOM

I'OCYJAPCTBEHHOM YHUBEPCUTETE

®U3NKO-TEXHUYECKHU UHCTUTYT

IOJIJOIIEB NCPOUJI ABPUEBUY

KOMBHUHHUPOBAHHBIE DOHEPI'OYCTAHOBKHU HA OCHOBE
®OTODJIEKTPUUECKUX BATAPEHA U3 KPUCTAJUIMUECKOI'O
KPEMHUA

05.05.06 — DHeproycTaHoBKH Ha OCHOBE BO300OHOBJIsSIEeMbIX BH0B SHEPTUH
(TeXHUYECKHE HAyKN)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIINA

Tamkent — 2016 roxg
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BBEJEHMUE (anHoTAaIHUsI AOKTOPCKO¥ TMCCEPTALHN)

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTH TeMbl auccepramum. B mupe Ha
cerogHss B OypHO pa3BUBAIOIIEMCS HANPABJICHUM TE€IMOAPHEPTETUKH OJHHUM U3
BAXHBIX (DU3UKO-TEXHUUECKUX MPOOIEM SIBISIETCS OINpPEACTICHUE BO3MOXKHOCTH
NPUMEHEHUS HOBBIX MAaTepuajoB U pa3paboTKa COJIHEYHBIX MpeoOpaszoBaresneit
OTIMYAIOIINXCS  JCHICBU3HOM, OONBIIMM  CPOKOM  CIYXOBI, a  TakKxKe
KOMMYHHKA0EIbHOCTBIO M BO3MOXKHOCTBIO  aJamTalliil K  Pa3IdnyHbIM
KIMMaTHYEeCKUM YCJIOBHSIM. B 3TOM acrmekre pa3BUTHE KOMOWHHUPOBAHHBIX
(OTOTEIIIOBBIX HHEPIETHUECKUX CHUCTEM SIBISIETCS OIHUM M3 MEPCHEKTUBHBIX
HaIlpaBJICHUM.

Pa3zpaboTke KOMOMHUPOBAHHBIX COJIHEYHBIX M TEPMODIIEKTPHUUECKUX CUCTEM
o0ecreunBaOIUX B ONPEACIEHHOW  CTENEHW  YBEIWYECHHE  BBIPAOOTKH
AJIEKTPOPHEPTUM 32 CYET UCIHOJIb30BAaHUS BBIACIAEMOr0 TEIUIa M OXBara
JIOTIOJTHUTEJIBHOTO CHEKTPa COJIHEYHOTO M3JIY4YCHHUs YYEHBIMU Halled CTpaHbl
oOparieHo ocoboe BHUMaHue. B 3Toit o6iactu no pa3paboTke KOMOMHUPOBAHHBIX
(OTO-TEPMOITEKTPUUECKUX YCTaHOBOK o0ecreunBaroInuX CHIKEHUE
TEMIEPAaTypbl C TIOMOIIbIO KOHCTPYKIMH Ha OCHOBE METAIMYECKUX U
MOJIMMEPHBIX TPyO, a Takke pa3paboTKe OXJIaKIAEMBIX BO3IYIIHBIM ITOTOKOM
KOHCTPYKUMH  (BEHTHWJIATOPOM,  TEIUIOBBIM  KOJUIGKTOPOM),  OTBEYAIOIINX
COBpEMEHHBIM TpeOOBaHUSM, COJHEUHBIX MpeoOpa3oBaTeieil  JTOCTUTHYTHI
OIIyTUMBIE PE3yNIbTATHI.

[Ipn pa3zpaboTke KOMOMHUPOBaHHBIX (OTOANEKTPUUECKUX 17}
TEPMODJIEKTPUIECKUX CUCTEM YAAUHBIA BHIOOP KOMIUIEKTYIOIINUX YaCTeH, a TaKkke
MOBbIIIIEHHE KOA(PUIIMEHTa TOJIE3HOTO JEUCTBUS B KOMOMHUPOBAHHBIX C
COJTHEYHBIM JJIEMEHTOM CHCTEMaxX HMMeeT BaKHOe 3HaueHue. B sToMm acmexte
CO3/1aHHE€ KOMOMHHMPOBAHHOM (POTORJIEKTPUUYECKOW YCTAaHOBKM HAa OCHOBE
KPUCTAJUIMYECKOTO KpPEMHHUSI B TMape C COJHEYHBIM JJIEMEHTOM, pa3paboTka
TEXHOJIOTUM  M3TOTOBJICHHUS  (DOTO-TEIJIOBOM  YCTaHOBKHM C  «OydepHBIM»
TETJIONPUEMHUKOM C Pa3IMYHOM IUIONIA/IbI0 KOHTAKTa C THUIBHOW MOBEPXHOCTH
b oTORIEKTPUIECKOM Oatapewu, ONTUMHU3ALUS EKTPODUUIECKUX |
TEIJIOTEXHUYECKUX  TapamMeTpoB  (OTO-TeryIoBoi Oarapem u  pa3paboTka
COOTBETCTBYIOIIEH (DOTOIIEKTPUUECKON OaTapen C YCTPONUCTBOM OXJIAXACHUS
OTBEUAIOIIEH KIMMAaTHYECKHM YCIOBUSM MECTHOCTH. HaydHble wHcclemoBaHus,
IIPOBOJMMEIE B BBIIIIE IPUBEICHHOM HalpaBleHUH, 00yCIIaBIUBAIOT aKTyaJbHOCTh
TEMBI JUCCEPTAIIIH.

HccnenoBanue, MpoOBOJAUMOE B JUCCEPTAIMOHHON padoTe B ONpeeeHHON
CTETICHH CIY)KUT pEIICHUI0 3a]ad, MpeIycMOTpeHHbIX [locTaHOBICHHIX
[Ipe3sunenta PecniyOnuku Y30ekuctan ot 1 maprta 2013 1. Ne VII-4512 «O mepax
Mo JajdbHEHIIEeMy pa3BUTHIO aJIbTEPHATUBHBIX HCTOYHHKOB DJHEPTUN», B
ITocranoBnernu ot 5 mas 2015 1. Ne VII-2343 «O Ilporpamme Mep Mo
COKpAIIIEHUIO HHEPrO€MKOCTH, BHEAPEHHUIO JHEProCOEPErammux TEXHOJOTUN B
OTpaciiaX SKOHOMHKH U comuanbHoi cdepe Ha 2015-2019 romaen», a Takke Ipyrux
HOPMAaTHBHO-TIPABOBBIX IOKYMEHTAX MPUHATHIX B TAaHHOU cdepe.
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CooTBeTcTBHE  HCCIE€J0OBAHMS  NPHOPUTETHBIM  HANPABJIEHUAM
pa3BUTHS HAYKM M TeXHOJOruii pecmyOaukm. VccienoBaHue BBIIIOJIHEHO B
COOTBETCTBHUM C NMPUOPUTETHBIMU HAIIPABICHUSIMU PA3BUTHUS HAYKU U TEXHOJIOTHI1
pecnyonmuku: V. «Pa3BuTHe METOJOB HCIOJIb30BAHUS  BO300HOBIISIEMBIX
UCTOYHUKOB DHEPIHM, CO3JaHHE TEXHOJOTHMM W YCTPOWCTB HAa OCHOBE
HAHOTEXHOJIOTUH, POTOHUKH U JPYTUX NMEPETOBBIX TEXHOJIOTUI.

OG30p 3apyGesKHBIX HAYYHBIX MCC/IEI0BAHMIA 10 TeMe AMCCEPTALMM .
HayuHble uccnenoBanus HalpaBieHHbIE TpoOIeMaM pa3padOTKU KOHCTPYKIHMM |
M3YUYCHUIO TTapaMEeTPOB KOMOMHUPOBAHHBIX (DOTOTEIIOBBIX YCTPONUCTB PA3TMIHON
KOHCTPYKIIMM TPOBOJATCS B BEIYIIMX MHPOBBIX HAYYHO-UCCIEAOBATEIBCKUX
[EHTpaX, MHCTUTYTaX U YHUBEPCUTETaX BEAYIIUX CTpaH, B TOM uucie Photovoltaic
Special Research Centre, University of New South Wales Sidney, (Australia),
Massachusetts Technological Instituty (USA), Dept. of Mechanical and Aerospace
Engineering, university of Roma (ltaly), Energy Research Centre (Netherlands),
City University of Hong Kong (China), Departament of Mechanical and Materials
Engineering, Queen’s University (Canada), Brno University of Technology (Czech
Republic), Bcepoccuiickom Hay4HO-HCCIEI0BATEIBCKOM HHCTHTYTE 3JCKTpUDU-
KallMM celibckoro xo3siicTa (Poccus).

B pesynbrare wuccienoBaHuW TPOBEJIECHHBIX B MHpPE MO MpodiiemMam
KOMOMHUPOBaHUS (OTOIIEKTPUUECKUX Oarapeil Ha OCHOBE KPUCTAIITUYECKOTO
KPEMHHUS C APYTUMHU YCTPOUCTBAMU TMOIYUYEHBI Psiji MPAKTUUECKUX PE3YIbTATOB, B
TOM quclie clenyroumue Hay4YHbIE pEe3yJbTaTHI: CIIECUAIIACTHI
®otoBonbranyeckoro  Ilentpa  CHUOHENCKOrO0  YHUBEPCUTETA  IPOBEIH
CPaBHUTEJILHBIC WCIBITAHUS KPEMHHUEBBIX COJIHEUHBIX DJIEMEHTOB B AHTapKTHU/IC.
Oxazanoch, 4yTo eciau s OObMHBIX ycnmoBuil skcmryaranuu (mpu 300 K) ux
s¢dexTrBHOCTD cocTaBimsiia 23,5%, to mpu -33° C (239 K) oHa MOBBICHIACH [0
25,9%, Tt.e. mpumepHo Ha 10%; To Qoro-TemioBas ycTaHOBKa € JABYMs
abcopbepamu  Obula  HWCCieOBaHAa MO  mporpamme  MaccadyceTcKoro
TE€XHOJIOTUYECKOTO MHCTUTYTA, M0 UTOTaM KOTOPOW OTMEUEH BBICOKOW TEIUIOBOU
KIIJI »aroi KOHCTpykKuuH; B BCEpOCCMHCKOM HAy4YHO-HCCIENOBATEIBCKOM
WHCTUTYTE dJieKkTpuduranmum cenbckoro xossiictBa (Poccust) paspaborana
TEXHOJIOTUYECKAasi CXEMa COJHEYHON KOT€HEpPalMOHHONW YCTAaHOBKM Ha OCHOBE
doTo-TernoBol OaTapen ¢ Pa3OMKHYTHIM KOHTYPOM U JIO3MPOBAHHOM IMOJavei
TETJIOHOCUTENIS C MPUMEHEHUEM DJIEKTPOMArHUTHOTO KJIallaHa U pelie-peryisiTopa;
B TEXHOJIOTUYECKOM YHHUBepcuTeTe BpHO pa3paboTaHbl METOJbI OXJIAXKIACHUS
doTO3IEKTpUUECKOI OaTaper Ha OCHOBE MOJIMMEPHOI0 MaTepHaa;

Ha cerogus 1o  co3daHUI0  KOHCTPYKIMM  KOMOWHHMPOBAHHBIX
SHEPreTUYECKUX YCTAHOBOK Ha OCHOBE KPEMHHUEBBIX (POTOIICKTPUUECKUX OaTapei
MIPOBOJISITCSL MCCIICOBAHUS B CICAYIONIUX MEPCIEKTUBHBIX HANPaBICHUSX, B TOM
yucjae: NPUMEHEHUIO  3€PKaJibHbIX  KOHIIEHTPAaTOPOB  JIA  YBEIMYECHUS

! 0030p MeXKIyHAPOIHBIX HAyYHBIX HCCIIEAOBAHMMI IO TEME OUCCEPTAlMK NpoBeieH Ha ocHoBe : Annual Report.
UNSW  Photovoltaic Special Research Centre, University of New South Wales // Sidney, Australia;.
www.elsevier.com/locate/apenergy / XK. Applied Energy. 2009-2014; www.elsevier.com/locate/solener/. K. Solar
Energy, 2002-2006; Energy and buildings, 2006; )K. Texuuka B cenbeckoM xostiictBe. 2013; 1 ip. HCTOYHUKOB.
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(O (PEKTUBHOCTH UCIIONB30BAHUS YCTAHOBOK; WCIIOJIb30BAHUIO CPABHUTEIHHO
JICMIEBBIX MAaTEepUajoB; ONTUMUZUIUU DJICKTPUUYECKUX U TEIUIOTEXHUYECKHX
napamMeTpoB  YCTAaHOBOK;  BHEAPEHUIO  OXJIAKIAIOIIMX  YCTPOMCTB  Ha
BBICOKOMOIIIHBIX (DOTORIEKTPUUECKUX CTAHIIUSX.

Crenenb W3y4eHHOCTH mpodiembl. Hayuneie paboter T.T.Chow, H.P.
Garg, R.K. Agarwal, S.A. Kalogirou, Y. Tripanagnostopoulos, B. Sandnes, J.A.
Rekstad u apyrux 3apyOeKHBIX yUYCHBIX HAIPaBJICHBI C HAYYHO-TCOPETUYCCKOM
TOYKH 3PCHUS HA U3YYCHHUE MAPaMETPOB PA3THMIHBIX KOHCTPYKIIHH (POTO-TETIIOBOM
ycranoBok. S.A. Kalogirou cosmectHo ¢ Y. Tripanagnostopoulos wccnemnoBaim
Oosee oAPOoOHO (HOTO-TEIIOBYIO YCTAHOBKY pPabOTArONIyI0 Ha TEPMOCH(DOHHOM
MPUHILINIE, C UCIOJb30BAHUEM PEXKHUMOB NPUHYAUTEIbHOW MUpKysiuu. Hx
MMMUTAIMOHHOE MOJCIUPOBAaHUE pacMaTpuBalio 12 pa3IUyYHBIX BapUAHTOB
YCTAaHOBOK C JABYMs THIaMHU (HOTOIICKTPUUYCCKUX MOAyJIeH PC-Si m a-Si B Tpex
ropoaax. [lo pe3yiabratam MOIyaH a-Si MMETH MPUMYIIECTBO BCIICACTBHE CBOUX
0oJiee HU3KUX HavaJIbHBIX 3aTparT.

B pabotax aBTopamu M. Mupzabaesa, M.H. Typcynona, P.A. MymuHoBa,
A. KommiioBa Obuta mokaszaHa BbicOKas 3QGeKTUBHOCTH (HOTO-TEIUIOBOM OaTapeu
[0 CPaBHEHHUIO CO CTaHAAPTHON (HOTOINEKTPUUYECKON OaTapeeid B YCIOBUSX
KAPKOTO KiuMarta. PacimmpeHHbId 0030p MO pa3IMYHBIX KOHCTPYKIUK (oTo-
TEIJIOBBIM YCTAaHOBKAM M TEOPETUYECKUX U IKCIEPUMEHTAIBHBIX PaboT ObLIN
npoBenieHsl ¢ P.P. ABe3oBbiM, JK.C. AXaTOBBIM U Ap.

B nocnennue roapl yueHble M pa3pabOTYUKHU NpejIaratoT Haubosee moJHO U
3¢ (PEKTUBHO HCIMONB30BaTh MAJAIOIIEE COJHEYHOE W3IYyYEHHUE C TMOMOUIBIO
KOMOMHUPOBaAHHBIX TpeoOpaszoBaTeseil. Takoil mpeoOpazoBaTeb OOBEAUHSET B
cebe nBa, Tpu WM 00Jiee YCTPOWCTB OJHOTO (PU3UYECKOTO THUIA, KAXKI0C M3
KOTOPBIX MpeoOpa3yeT CBOIO YacTh COJHEYHOro cnekrpa. Hampumep, kackagHbie
doTodIEKTpUUECKUE OaTaper WIM COJHEYHBbIC SJEMEHThl WM JBa Mpudopa
PA3HOPOJHBIX MO (GU3UYECKUM MPUHIIUIIAM TIPeoOpa30oBaHusl SHEPTUH, HATIPUMED,
(OTORIEKTPUYECKOM ¥ TEIUIOBOM. MHOTHE TOTSHIMAIbHO  BO3MOJKHBIC
MOTPEOUTENIM COJIHEYHOW HHEPreTUKH YyIayHO MPHUCIOCOOJNICHBI K MOJYYSHUIO
SHEPrUuu OT KOMOMHHMPOBAHHBIX TpeoOpaszoBareneil. [Ipobiemsl mpeobpa3zoBaHus
COJIHEUHOTO H3JIYYEHHS] B DJIEKTPUUECKYI0 U TEIUIOBYI0 SHEPrUU C TOMOIIbIO
KOMOWHUPOBAHHBIX  (POTO-TEIJIOBBIX U (HOTO-TEPMODIIEKTPOTCHEPUPYIOIIHX
YCTAHOBOK B YCJIOBHSIX JKapKOI'O KJIMMAaTa HEJOCTATOYHO M3YYEHBI 10 CPABHEHUIO
C JIpyTUMHU yCTaHOBKaMH (Hampumep, (porosnexkTpuueckue Oaraped, COJIHCUHbIC
KOJUICKTOPHI U Jip.). OnyOJIMKOBaHHbBIEC Pa0OThI B OOJIBITMHCTBE CIIy4aeB KacarTCs
TOJIBKO TEOPETUUYECKUX ACTIEKTOB IIPOOJIEMBI.

[lepBoHauanbHo  uaes COUETAaHUs  COJHEYHOro  BJEMEHTa  C
TepMossiemMeHTamMu Obuta mipeiokena M.C. Comunckum u FO.H. Manesckum. B
Ta00paTOPHBIX YCIOBUAX aBTOPHI MCCIEAOBAIM HECKOJBKO KOHCTPYKIIUN TaKUX
YCTPOUCTB. B 3TUX wuccleIoBaHUSAX MPAKTUYECKH HEPEIICHHBIMU OCTaBAJIUCh
3a71a4d MmoJiydeHuss MakcumanbHom MomHoctd u KIIJ[ Tepmosnexrpruueckon
Oataper NMpU WX ONTUMAJIBHBIX pa3Mepax, a TAKXKe ONTUMHU3AIMS TapaMeTpOB
dboTO-TepMOdTIEMEHTAa C TOYKUA 3PEHHS TMOJYYCHUS MaKCUMAaJIbHOW MOIIHOCTH
CHUCTEMBI B €CTECTBEHHBIX YCJIOBUSX COJIHEUHOT'O OCBEIICHUS.
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CBsi3b TeMbl JAUCCEPTALMH € HAYYHBIMH HCCJIEIOBAHUSMH HAYYHO-
HCCJIeI0BATEIbCKOM OPraHM3alMu, I/le BbINOJHEHA JUCCepTALMOHHAS
pabora. luccepranus BbimojdHEHA B DU3MKO-TEXHUYECKOM HMHCTUTYTE B
COOTBETCTBMM C IUIAHOM HAYYHO-UCCIIENOBATEIbCKUX pPA0OT MPUKIATHBIX
IIPOEKTOB B paMkax l'ocymapcTBeHHOW mporpammbl 1o Teme A4-DA-0-26793
«Co3nanue  KOMOMHHMpPOBAaHHOM  SHEPrOyCTAaHOBKM  HAa  OCHOBE  (hOTO-
TEPMODJIEMEHTOB W CHUCTEMbl OXJAXKICHHUS NPSIMOTO M KOHUEHTPUPOBAHHOTO
conHeuHoro m3nmydeHus» (2012-2014), mpoexra MK-47/2012 «Y36ekucran-Kopes
2012» «Pa3paboTka ® W3rOTOBIEHHWE TEPEHOCHOTO (DOTODIEKTPUUECKOTO
WUCTOYHUKA THUTaHUS JUIsA celibekoro xkutelisny (2013-2015) m MHHOBAIIMOHHOTO
npoekta U3-OA-0-11738 «Coznanne u BBOA B JACWCTBHE aBTOHOMHOTO MHOTO-
(GYHKIIMOHATBHOTO KOMIUIEKCAa Ha OCHOBE (POTORIEKTpUUECKOM, POTO-TEILIOBON U
Orora3zoBol YCTAaHOBOK JJIs1 00ecIedeHHs SJHEPTHel 0O0bEKTOB JKUBOTHOBOTYECKON
depmbr» (2013-2014).

LHeabo wuccaenoBanusi  sBISETCS  pa3paboTka  KOMOMHHPOBAHHBIX
HHEPreTUUECKUX YCTAaHOBOK Ha OCHOBE (DOTOANEKTpUUYECKUX Oarapeil ¢
ONTUMAJIbHBIMU TMapaMeTpaMu JUIg MPSIMOTO W OTPAKEHHOTO COJIHEYHOTO
U3ITyYeHUs] PETHA3HAYCHHBIX VISl YCIIOBUH KapKOro KiIuMaTa.

3aga4u MCCICAOBAHNS:

pa3paboTKa ONBITHBIX  00pa3ioB  (OTOINEKTPUUECKON  OaTapen ¢
YCTPONUCTBOM OXJIQXACHUS JJIs KIMMATHYECKUX YCIOBUM ¥Y30€KUCTaHa;

pa3paboTKka METOJWKH OINpEAENCHUS] TEIUIOTEXHUYECKUX TMapaMeTpoB
YCTAaHOBKH MOJICJTMPOBAHMUEM TEIUIOBBIX PEXHMOB PpaloThl  (HOTO-TETIOBOMA
OaTapeu;

MPOBEICHHUE MOHMTOPUHTA W3MEHEHHUs 3((PEKTUBHOCTH MpeoOpa3OBaHMS
bOTORNIEKTpUYECKOM OaTaped C Yy4eTOM BO3JICUCTBUS KIMMATHYECKUX U
AKCIUTyaTaIllMOHHBIX (PAKTOPOB;

pa3paboTKa TEXHOJIOTMU HW3TOTOBICHUS (POTO-TEIJIOBOW YCTAHOBKH C
«OydhepHbIM» TEIJIONMPUEMHUKOM C Pa3IMYHON TUIOMIAbI0 KOHTAaKTa C ThUIBHOW
MOBEPXHOCTH (POTOIIEKTPUUECKOM OaTapeu;

pa3zpaboTKa  KOHCTPYKLUMH  H3TOTOBJEHUS  OOKOBBIX  OTpPaKaroLIUX
KOHIIEHTPaTOpPOB (pedekTopoB) Ha dbpoHTaTBEHOMN MOBEPXHOCTH
boTOdIEKTpUUECKON OaTtapen sl yBEIMYEHUS MOITHOCTH (OTOIIEKTPUICCKOM
Oatapeu a0 1,5 pas;

ompexaeneHre obnacTeld MOTEph DHEPTHH, MOWCK BapUAaHTOB MOBBIIICHHUS
s¢ppexTuBHOCTH  QOTO-TEINIOBBIX U (OTO-TEPMOIIIEKTPOTCHEPUPYIOIINX
YCTaHOBOK;

U3TOTOBJICHHE OMBITHBIX OOPa3OB CTAallMOHAPHBIX M  TMEPEHOCHBIX
BapHAaHTOB (OTO-TEIUIOBBIX U (HOTO-TEPMORIICKTPOTEHEPUPYIOIMIUX YCTAHOBOK U
M3Yy4YEHUE IKCILTYyaTallMOHHBIX MTAPaMETPOB B €CTECTBEHHBIX YCIOBUSIX;

IPOBEJCHUE  CPaBHUTEIBHOTO  TEXHMKO-3KOHOMHYECKOTO  aHaju3a
pa3IMYHBIX BapHUAHTOB HCIOJB30BaHUS KOMOMHHPOBAHHBIX 3HEPrOyCTAaHOBOK HA
OCHOBE (POTORIEKTPUUECKON OaTapeu C yCTPOHCTBAMU OXJIAXKICHHUS.
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O0bexTOM UCCJIeIOBAHUS SIBJISTFOTCS KOMOWHUPOBaHHBIC
doTodNEKTpUUECKHE, a Takke (OTO-TEIUIOBble H  (DOTO-TEPMOIIIEKTPO-
TeHEPUPYIOITUE IHEPTrOYCTAHOBKH C PA3JIMYHBIMHU YCTPOMCTBAMU OXJIAXKICHHUS.

IIpeameTom Mcciea0BaHUsl SBISIOTCS TEIUIOBbIE MOJENIU (HOTO-TEIIIOBOM
OaTtaped, a TakKe pas3lIMyHbIE KIMMaThueckue (akTopbl (COMHEYHAs pajguaius,
TeMIlepaTypa BO3/1yXa, 3albUICHHOCTh BO3/1yXa, BIaKHOCTh, CKOPOCTh BETpPA U JIp.)
BIUSIIONINE Ha BBIXOJHBIE HHEPreTUYECKUE TMapaMmeTpbl (HOTOIIEKTPUUECKON
Oarapeu.

Metoabl ucciaenoBanus. B nuccepranrionHoi pabote ObLIH HCTIOIb30BAHbI
METObl MOJICTTUPOBAHMS TEIUIOBBIX MapaMeTpPOB, METOJbI OMPEACICHUS CTEIICHU
3arpsI3HEHHOCTH, METOJbl MCCIEAOBAaHUS BOJBT-aMICPHBIX, (POTOAIEKTPHUCCKUX,
TETJIOBBIX M ONITHYECKUX XapaKTEPUCTHUK.

HayuyHasi HOBH3HA HCCJIeIOBAHMS 3aKITFOYACTCS B CIICTYIOIICM:

NpemyiokeHa  MHTepdeiicHass  METOJMKa  OINEpaTUBHONM  OpHUEHTAIMU
doTornexTpuueckoit 6arapeu no CoiHily;

pa3zpaboTraHa KOHCTPYKITUS (b oTOodNIeKTpUYECKOM Oarapeu
JIOTIOJTHUTEJIbHBIMA ~ COJTHEUHBIMU DJIEMEHTAMH  aJIallTUPOBAHHAS K YCIOBHUSM
KAPKOTO KIMMAaTa;

pazpabotaHa TeryioBass MojeNb (DOTO-TEIJIOBOM Oaraper Mo Mporpamme
Solid Works Flow Simulation, mo3Bosstomnas onpeaeinTh JHHAMUKY W3MEHEHHUS
TeMITepaTypbl (POTOIIEKTPUICCKON OaTapen M OIEHEHO BIMSHUE CKOPOCTH IMOTOKA
BOJABI Ha TeMIeparypy (oTO-TEIIOBOW Oaraper, ONMpeeeHbl THITHI MaTEPHAIIOB
JUISL  OXJIAXKJIAIMMX TpyOOK, oOecreunBarolue CTa0WIbHBIA TEeMIEepaTypHbIN
pexuM padboThl (POTO-TEmIOBOM OaTaper M HMX 3aBUCHUMOCTH OT KOHCTPYKLIHMH
aneMeHTa  abcopOepa  (TEIUIOMOIVIOMIAIONIETO  MaTepuajia) Ha  OCHOBE
METaJUTMYECKOTO JINCTA,;

BIIEPBbBIE IKCMEPUMEHTAIBHO TMOKa3aHO, YTO MPUMEHEHHE COpPa3MEPHOro K
dboTOodIEKTpUUECKOM OaTapen oTpaxkaromero pedekropa NpuBeio K yBEIMUCHUIO
MOTOKA COJIHEYHOTO W3JIy4eHuss B 1,6 pa3 U COOTBETCTBEHHO MOIIHOCTH
COJIHEUHOrO »djeMeHTa Ha 18%, a TepmosnekTtpuueckoi Oarapen Ha 47,0%.
D¢ heKTUBHOCTh MPEOOPa30BaHKSA COJTHEYHOTO 3JIEMEHTA 3a CUET IMPUMCHECHHS
TEPMODJIEKTPUYECKON  Oarapen yBenuumiach Ha 2%, wu3-3a  CHWIKEHUS
TEMIIepaTyphbl COTHEYHOTO YJIEMEHTA,;

MPEIOKEH METOJ OIPEACIICHUS CTEMEHW 3arps3HCHHOCTH TIOBEPXHOCTH
(OTORICKTPUIECKON OaTaper, KOTOPBIA IMO3BOJSET ONPEIACIHTh OTHOCHTEIIHEHOE
u3MeHeHue Kod(ppuiMeHTa TOJE3HOr0 JCHCTBUS YHUCTOM U 3arpsA3HCHHOU
MTOBEPXHOCTH (POTOIICKTPUICCKOMN OaTapew;

pazpaborana QoTodreKTpUUecKas YCTAaHOBKA C YIPABISIEMbIM YCTPOUCTBOM
OXJIQKJICHHSI, U3yYEHO BIIMSHUEC MPUHYAUTECIBHOTO BO3AYIITHOTO OXJIAXKICHUS Ha
AKCIUTyaTAI[AOHHBIC XAPAKTEPUCTHKU JBYX WJICHTUYHBIX (DOTOIIEKTPUUECKHIX
Oatapell M yCTaHOBJICHA JIMHEWHAs 3aBUCHMOCTh MOIIHOCTH (DOTODIEKTPUUECKOMN
OaTtaper OT CKOPOCTH TIOTOKA OXJIAXKIAIOIIETO BO3IyXa;

pazpaboTaHa HOBas  KOHCTPYKIUS  (POTO-TEIUIOBOM  YCTAHOBKH  C
OXJIQXKTAFOIIMM YCTPONUCTBOM Ha OCHOBE TIOJMMEPHBIX TPYOOK, KOTOPOE U3MEHSET
AIEKTPUYECKYI0 MOIITHOCTH (hOTO-TerIoBor OaTapen Ha 38%;
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IIpakTH4yeckue pe3yabTaThl HCCJIEI0BAHUSA 3aKIIOYAIOTCS B CIEIYIOLIEM:

pazpaborana (QorosnekTpuueckas Oarapess adanTHPOBAHHAS YCIOBHIM
KAPKOTO KiuMara W (HOTO-TEIUIOBbIE YCTAHOBKH, MMEIONIME OXJIaXKaIoIee
YCTPOMCTBO /JIs OBBIIIEHUS 3(PPEKTUBHOCTU UCTIOIB30BAHUS;

NPEMJIOKEHBl  METOAbl CHIDKCHHSI TeMIEepaTypbl  (POTOINEKTPUUECKOM
Oataped,  TO3BOJSIONIME  CYIIECTBEHHO  COKPAaTUTh  BpEeMs  3apsiKu
aKKyMYJISITOPHOM OaTapeu 3a cueT yBEJIMUYEHUS TOKA 3apsIKU aKKyMYJISITOPOB;

pa3paboTana nporpamma Ha Visual Basic mis onpeneneHuss onTHMaIbHOTO
yria NaJeHUus COJHEYHOTO U3JIyYEHHs M TOYHOIO M3MEPEHUs IapaMeTpoOB
COJIHEYHOro 3jeMeHTa. Co34aHO YCTPOMCTBO ISl ONPEAEIICHHS ONTUMaIbHBIX
YTJIOB OpUCHTAINH (POTOAIEKTPUUECKON OaTapeu.

pa3paboTaHa METOAMKA ONPEIEICHUs KpPUTEpPHUS CTEIEHU 3arpsA3HEHUs
MTOBEPXHOCTU TMOKPOBHOTO CTEKJA (DOTOIIEKTpUUYECKHX OaTapeil aTMoc(pepHbIMU
OCaJIKaMH.

JlOCTOBEPHOCTH pe3yJIbTATOB HccIe0BAHMA MOATBEPKIACTCS
COBMAJCHUEM TOJYYCHHBIX IKCIIEPUMEHTATBHBIX PE3YJIHTATOB C TEOPETUUECKUMU
JAHHBIMH, TPUMEHEHHBIMH COBPEMEHHBIMH IOJX0JaMU U METOJaMH B IIpoliecce
UCCJICIOBAHUS, BHYTPEHHUM €IMHCTBOM, HCIIOJIb30BAHUEM COBPEMEHHBIX
U3MEpPUTEIBHBIX ammaparyp, a TakKe HaJeKHBIM HEOJHOKPATHBIM METOJIOM
00paboTKH pe3yJbTaTOB U3MEPECHUIA.

HayuyHnasi m npakTuyeckasi 3HAYMMOCTb Pe3yJIbTATOB HCCJIeI0BAHMS.

HayuHast 3HauMMOCTb pE3yJlbTaTOB HCCIEIOBAaHUN  3aKIIIOYAETCS B
yrayOjeHnd 3HaHUM O (U3MYECKUX Mpoleccax Npoucxondamux B (oro -
TEPMODJIEKTPUUYECKUX DJIEMEHTax MpU NpeoOpa30BaHUU COJHEYHOW HHEPrUu B
ANEKTPUUECKYIO.

[IpakTryeckass 3HAUMMOCTb MCCIIEJOBAHUM COCTOUT B TOM, YTO METOHbI
CO371aHUsl KOMOWHUPOBAHHBIX COJHEYHBIX M (DOTO-TEIUIOBBIX YCTAHOBOK MOTYT
ObITb  TPUMEHEHbl  MPU  M3TOTOBJIEHWM  PA3IMYHBIX  KOHCTPYKIIHM
KOMOWHUPOBAHHBIX YHEPTETUUYECKUX YCTAHOBOK OTBEUAIOIIMX YCIOBUSM KAPKOTO
KJIMMara.

Buenpenue pesyabtatoB ucciaenoBanusi. [lo  VYkazy Ilpesunenta
PeciyOmuku V36ekucrtan ot 22 aBrycta 2013 roma NoVII-4556 Harpaxkiex
['ocynapcTBEeHHOM NMpeMHUEld MO HAyKEe W TEXHUKE 3a MPHUKIATHOE HCCIIEIOBAHUE
«Pa3paboTka W cO3/1aHHE€ COBPEMEHHBIX CHCTEM MPSMOTO MpeoOpa3OBAHMS
COJIHEYHOTO H3JIyYEHHsS] B DJIEKTPUYECKYIO DHEPrUI0 Ha OCHOBE KPEMHHUEBBIX
doTonpeoOpazoBareneit». B pe3ynbrare BHeApEHUS HAYYHOTO pe3ybTaTa co3/jaHa
KOHCTPYKIUSL  (hOTORJIEKTpUUECKOM ©OaTaper CHaOXXEeHHasi JOMOJHUTEIbHBIM
COJIHEYHBIM 3JIEMEHTOM AaJallTUPOBAHHBIM K YCIOBUSM JKapKOro KIMMara u
pa3paboTaH HOBOM KOHCTPYKLIHMH (OTO-TEIUIOBOIO YCTPOMCTBA HMEIOIAs
OXJIAKIAIONIee  MPUCIOCOOJCHHME  HAa  OCHOBE  TOJMMEPHBIX  TPYOOK
oOecrieunBaroIias yBeIu4eHUE dICKTPUIECKON MorHOoCTH Ha 38% U cokpaiieHue
3aTpaT Ha MpUOOpETeHHE TOIUTMBHBIX PECYPCOB 3@ CUET BBIPAOOTKU TEILIBIA BOJBI
150 1 u snekTpudeckoi sHepruu 1,5 kBT B 1eHb.

AnpoGanus pe3yJbTaTOB MCCICAOBAHUS. Pe3ynbTaThl AMCCEPTALMOHHOM
paboThl JOJ0XKEHBI U 00CYKIanuch Ha 19 MeXIyHapOAHBIX U PECITyOIMKAHCKUX:
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HAyYHO-TIPAKTUYECKUX KOHPEepeHmmsx Ha Temy. «DyHIaMEHTAIbHBIE U
npukiaaabie Borpochl Gusukuy (Tamkent, 2010); «PecrnybiukaHCKONH Hay4HO-
NPAKTUYECKON KOH(PEPEHIIMM MOJOJbIX YYEHBIX TIOCBSIIEHHON 70-1eTHio
Axanemun Hayk PVY3» (Tamkent, 2013); «ISES Solar World Congress» (Mexico,
2013); «International Workshop on Convergence of Physical and material
Engineering» (Chiang Mai University, Thailand, 2013); «®u3uka TBepa0ro Teia»
(Acrana. 2014); «Ontuyeckue W (OTODJICKTPUYCCKHE  SIBICHUS B
MOJIyTPOBOJHUKOBBIX MHUKPO — W HaHO cTpykrypax» (®eprana, 2014);
«AKTyanbHbIE POOJIEMBI UCIIOJIH30BAHUS aJIbTEPHATUBHBIX UICTOUHUKOB SHEPTUU
(Kapun, 2014); «IIpoGnembl moBbimieHUST 3(G(HEKTUBHOCTH HUCTIOIB30BAHUS
ANEKTPUYECKON DHEPrUM B  OTPACISIX  arpoNpOMBIIIIIEHHOTO — KOMILJIEKCa
(Tamxkent, 2015); «nuiad yukapuin KOPXOHAJIAPUHUHT SHEPTHUs TEKAMKOPIIUK Ba
SHEPrus caMapajiopJIuK MyaMMOJIapUHU CUMIIIa WHHOBAIIOH
TEeXHOJOTUsIIapHUHT axamuatny (Kapim, 2016)

Ony0/1MKOBAHHOCTDH Pe3yJbTATOB HCCAeN0BAHNH. OCHOBHBIE PE3YJIbTAThI
0 TeM€ JMCCEePTAIMOHHON PabOThl OMyOJMKOBaHbl B 33 HAYYHBIX TpyJaX, B TOM
gucie 12 HayyHbIX CTaThu OIYOJIMKOBaHbl PEKOMEHJOBAHHBIX Briciien
aTTeCTAllMOHHOM Komuccuer Pecnybmuku  V30ekucrtaH i myOJauKaIuu
OCHOBHBIX HAyUYHBIX PE3yJbTATOB JTOKTOPCKUX JUCCEPTAIlUA; TIONyUYEHbI 2 MaTeHTa
HAa TI0JIE3HYIO MO/JIEIh ¥ Ha MPOMBIIIJICHHYIO 00pa3ell.

Crpykrypa m 00bém auccepramum. CTpyKTypa COCTOMT U3 BBEICHHS,
MATH TJIaB, 3aKJIOYEHUS, CIHMCKAa HCIOJIb30BAHHOW JUTEpaTypbl U MPHUIOKECHUIM.
O0Bem nuccepraruu coctariseT 188 crpanuir.
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OCHOBHOE COIAEP KXAHME IMCCEPTALIMHU

Bo BBegeHum 0OOCHOBAaHBI aKTyaJlbHOCTh M BOCTPEOOBAHHOCTH TEMBI
JMICCepTAINK, OIpe/eieHa CBS3b HMCCICAOBAHWN C OCHOBHBIMH TPHOPHUTECTHBIMU
HAIpPABJICHUSIMU Pa3BUTHS HAYKU U TEXHOJOTUI B peciyOynKe, Mpou3BeaEH 0030p
MEXIYHAPOAHBIX HAYYHBIX HCCIECIOBAaHUM 1O TEeMe AUCCepTalld, TOKa3aHa
CTENEeHb M3YYEHHOCTH NpoOJieMbl, cHOpPMYIHpPOBAHBI LEb U 3a/1ayH, BBISIBICHBI
OOBEKT, MpEAMET U METOAbl HCCIEAOBAHUSA, U3JOKEHA HaydyHas HOBHU3HA
MCCIIeIOBaHMsI, 000CHOBaHA JOCTOBEPHOCTD MOTYYEHHBIX PE3yJIbTaTOB, PACKPHITA
UX TEOpeTHUYeCKas U MPaKTHUeCKass 3HAYUMOCTb, TIPUBE/ICHBI KPATKUE CBEACHUS O
BHEJPEHUU PE3yJbTATOB W ampoOaruu paboThl, a Takxke AaHa WHQopMarus o0
00BEME U CTPYKTYpE JUCCEPTAIHH.

[lepBass rnaBa JUCCEpTAllMOHHON  pabOThl  NOCBSIIEHA «AHAJIU3Y
COBPEMEHHOI0 COCTOSIHHSI Pa3padOTOK MO COJHEYHBbIM JJIEMEHTaM H
TePMO3JIEKTPUYECKUM Mpeodpa3oBaTeasaM 3JHeprum». KpaTko o00cCyxJIeHbI
Teopust (poroBosbTanueckoro dAddekra, TpeOoOBaHHA K MarepuaIaMm s
ONTUMAJbHOW pabOThl COJHEYHOI'O 3JEMEHTa € P-N-IEPEX0IOM U OCHOBHBIE
XapaKTePUCTHKU COJIHEYHBIX JJIEMEHTOB. PaccMOTpeHbl HEKOTOpBIE (PaKTOpHI,
NPUBOJSIINE K CHIKEHHIO J((PEKTUBHOCTH MpeoOpa3oBaHUsI COJHEYHOIO
AJIIEMEHTA. YCTAHOBIIEHBI TEXHOJIOTUYECKHE, KOHCTPYKTOPCKHE W CTPYKTYPHBIE

ACIICKThI CO3/IaHUS KOMOMHUPOBaHHOM ($hOTO-TETIOBOH, doTo-
TEPMOAJICKTPOTCHEPUPYIOINX YCTAHOBOK [IJIi TPUMEHEHUST UX B HA3EMHBIX
YCIIOBHUSIX.

M3yyensl © MNpoaHAIM3UPOBAHBI PA3IUYHBIC CIHOCOOBI  OXJIAKICHUS
dboTodNIeKTpUYECKO  Oaraped, MAapKETHHIOBOE COCTOSIHHE  (POTO-TErIoBoi
YCTaHOBKH, a TaKXK€ OINpPEACIICHbl Pa3IMYHbIe MyTH MOBBIMICHUS Y(H(PEKTUBHOCTH
npeoOpa3oBaHus COJTHEUHOTO AJIEMEHTa U (DOTORIEKTpUUIECKOM OaTapeu.

B pesynbrate aHanmm3za HAyYHO-TEXHUYECKOW JIMTEpaTyphl ObUT CIeiaH
BBIBOJ O HEIOCTATOYHOM W3YYEHHOCTH TPOOJIEMbl CHIDKEHUS OCHOBHBIX
napamMeTpoB (GOTOIIEKTPUICCKUX OaTapel Ha OCHOBE KPUCTAIUTMYECKOTO KPEMHUS
MIPU IKCIUTyaTalliyd B YCJIOBHUSAX JKAPKOTO KiIUMaTa U CHOPMYIHPOBAHBI IEIb U
OCHOBHBIC 33JIa4H TPEICTOSIINX UCCICTOBAHHM.

Bo Bropon rmaBe «Pa3pa0orka KOHCTPYKIHMM H  TEXHOJOIMH
M3rOTOBJIEHHSI KOMOMHHPOBAHHBIX JHEProyCTAHOBOK ((P)OTOIIEKTPUUECKHX,
doro-TemyIoBLIX H  (OTO-TEPMOIIEKTPOTEHEPUPYOIIIAX  YCTAHOBOK)»
U3JI0KEHBI TEXHOJOTHYCCKHE ATarbl U3TOTOBICHUS (HOTOIIEKTPUUICCKON Oarapen
Ha OCHOBE KPUCTAJUTMYECKOTO KPEMHHUSI 1 OCHOBHBIC TPEOOBAHUS, IPEABSBISICMbIC
M. Bce  TexHoIOrMYecKHMe  MPOIECChl  OCYIIECTBICHHI B OINBITHOM
MPOU3BOACTBEHHOM 1exe Jabopatopun «llomynmpoOBOAHUKOBEIE COJHEYHBIC
snemenTey OTU HITO «®Pusznka-Connne» AH PVYs.

OtpaboTana TEXHOJOTHS M3TOTOBIEHUSA (DOTORIEKTPUUECKON Oarapew,
aJIaITHPOBAHHOM K YCJIOBHSIM PETHOHOB PecyOInKu Y30eKUCTaH.

[IpuBOAMTCS TEXHOJOTHUSA pa3/iesIeHUs COJTHEYHOTO AJIEMEHTA Ha (hparMeHThI
u30UpaTeNbHbIM ~ XUMHUYECKUM  TpaBjieHueM. Ha oCHOBe HM3roTOBIEHHBIX
COJIHEYHBIX AJIEMEHTOB COOpaHbl MaJOMOIIHbIC (poTodaeKkTprueckue Ooarapeu (1,4
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Br, 1,64 Br, 1,24 BT) u u3y4eHbl UX CpPaBHHUTEIbHBIC (POTOIIEKTPUUECKHE
napameTpsl. Pa3pa®oTaHbl COJNHEUHbIE 3apsAHbIC YCTPOMCTBAa Ui MUTAHUSA
MOOWJIBHBIX TeNe(OHOB, HOYTOYKOB U JpPYTrUX MAaJOMOIIHBIX IOTpeduTenen
SHEPTUM U MPENIIOKEHBI Ul pPhIHKA ¥Y30€KHUCTaHa.
Pa3zpaGoTansl NpUHIUIIHANBHBIE CXEMBbl (HDOTO-TEMJIOBOM YCTAaHOBKH JIJIs
HOJYYEHHUS TETUIONW BOJIBI U DJIEKTPUYECKON SJHEPTUU B OBITOBBIX LIEIISIX.
PazpaboTaH  TEXHOJNOTHMYECKUW TMPOIECC H3TOTOBJIEHUS  OJHOOCHOM

KOMOWHUPOBAHHOM ($OTO-TepPMOIIEKTPOTCHEPUPYIOIEH YCTaHOBKH c
OTpaXaIUM  pedIECKTOPOM  COJIHEYHOTO U3MYYEHUS U OXJIAXAAIOIIUM
YCTPOWCTBOM.

bl co3manbl Tpu BapraHTa KOMOWHUPOBAHHBIX YCTAHOBOK:

¢doro-Tepmonpeodpazoparens (OTII-1);

doto-TepmodniekTpuaeckuii reaeparop (OTI-1);

KOMOMHUpoBaHHas (HoTo-TepMmodsiekTporenepupytomias (OPTII') ycraHoBKa.

Jnst wmsrotoBiieHus  (GOTO-TEPMOIIEKTPOTCHEPUPYIONIEH  YCTaHOBKHU
dboToanekTpuueckorr Oatapen coOpaHsl W3 18 mocaeaoBaTEIbHO COCIUHEHHBIX
COJIHEYHBIX DJJIEMEHTOB Ha OCHOBE MoOJUKpUcTaumueckoro kpemuus ¢ KIIJ]
15,4%. T'eomerpuyeckue pa3Mepbl W TOJIIMHA COJIHEYHOTO  AJIEMEHTa
COOTBETCTBEHHO cOCTaBIIAIN 52x156x0,2 MM.

Jlo namuHupoBaHus (POTOINEKTpPUUECKOW OaTapeu, C THUIBHOM CTOPOHBI
(OTORICKTPUIECKOTO MOMYJS TMPEABAPUTEIBHO CO3MaHAa  IUTOMIAAKA IS
NpHKJIeHBaHus TepMmodsiekTpuueckoit 6arapeu (Th) (Puc.l). TepmoanekTpruueckuii
reHeparop (TOI') koMMmyTupoBaH W3 BOCEMHAJUATH  MOCIEAOBATEIBHO
COCIMHECHHBIX TEPMODJICKTPUYECCKUX Oarapeill, wuMerommx ¢GopMy KBaapara,
pasmepamu 40x40x2,5 MM ¢ koaddumumentom 3amonaerus &, ~ 0,25 u 1,~6%.
Kaxnas tepmosnexktpudeckas OaTapest cOoCTOMT W3 127 TepMOdJIEMEHTOB Ha
OCHOBE COEMHEHHUS BUCMYT TeJUTypa MPOBOJUMOCTH P-N Tuna. Pabouunii quanazox
TeMIeparyp TepModiemMenTos cocrasmser 0+180°C.
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Puc.1. Mecrto nis npukiaensanust Tb  Puc.2. Pacnonoxenne Th Ha ThLIbHOM
HA CJIOM ITHWJIEHBMHMJIALETATA CTOpPOHe (POTOIIeKTPUIECKOil OaTapen

TepModneMEHTBI HAa OCHOBE BHCMYTa TEJUIypa OTHOCATCA K TpyImIe
HU3KOTEMIIEpaTypPHBIX MaTepUaoBs. B (boTO3NEKTpUUECKON 4acTu
KOMOMHHPOBAaHHOW  (DOTOTEPMOIIEKTPOrEHEPUPYIOLIEH yCTAaHOBKE 3a  CYET
OTP@XKAIOIINX KOHIIGHTPATOPOB TeMIepaTypa Moxer pocturayts ~150°C, mpum
ATOM BBIOOP TEPMODJIEKTPUUECKHUX OaTapeil Ha OCHOBE BUCMYTa TEJTypa OCHOBaHA
MHTEPBALy UX JMAaINla30Ha TEMIIEPaTyp.
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«["opstumit» crmam TEPMOAIIEKTPUUECKUX OaTapeil KOHTAKTUPYET C ThUILHOU
CTOpPOHO# (oTodIekTpuueckoii Oarapen (Puc.2) ¢ MOMOIIBIO TEIIOMPOBOISINEH
kpemHuitoprannueckoir mactel KIIT-8, koropas mpu temmeparypax ot -60 mo
+180°C oGecreunBacT S(h(MEKTHBHEIA TEIUIOBO KOHTAKT. OXIaXKIAIONICe
YCTPOMCTBO AJI «XOJOHOI» CIlau TEPMOIIEKTPUUECKUX OaTapeil U3roToBISIOCH
clenyromeM o0pa3oM: TpU psla MapaliebHBIX IJIOCKUX MPSIMOYTOJBHBIX TPYO
JUTSL XOJIOJIHOTO TEIJIOHOCHUTENIS paclojaraioTcsi Ha paccrosun 115 MM apyr ot
npyra. Bepxaue u HUKHUE KOHIIBI 3TUX TPSIMOYTOJIBHBIX TPYO MPHUCOSTUHSIIOTCS K
MIECTH KaHAJlaM TIEPIICHIUKYJSIPHO PACIOJIOKEHHBIX TpPyO MPSMOYTOJIBHOTO
CEUYCHMUSI.

Ha puc. 3 mnpuBemena cxema OXJIXHAIOMIETO YCTPOWCTBA, KOTOPOE
YCTAaHOBJICHO HAa TBHUIBHOH CTOPOHE TEPMOAJICKTPUUECKOro TeHeparopa. s
TETIOM3O0JISIIAYM HUCIIOJIh30Bajlachk KaonwHOoBass BaTa (puc. 4). TeutbHas CTOpOHA
YCTaHOBKH 3aKPhIBAIACh AIFOMUHUCBON KPBIIIKOH (pHC. 5).

100 mm

C =i

115 Mm 115 Mu
- -—

227 MM
[3%)

100 Mm o

|._..| 420 um |

Puc.3. Cxema OoXJIaKaamuero 1 - xaommHOBas BaTa; 2 - TEpMOIIApbl Ha
yCTPOﬁCTBa IS AT OCHOBE MEIb-KOHCTaHTaH; 3 -  OXJAKIAIOIIUHA
KOJIJIEKTOP;

Puc.4. Ilopsinok pacnoJioskeHust
OXJIAKIAI01IEer0 YCTPOHCcTBA 1
TEeMJI0M30ISIIHOHHOI0 MaTepHaJia

Puc.5. KomonnupoBanHasi poTo-TepM03JIeKTPOreHepupPYOIIast
yCTaHOBKA

[lepeuncnenHble BhIIE Y3716l YCTAHOBKHU CBEICHBI K €IMHON KOHCTPYKIIUHU B
BUJIE YETHIPEXYTOJIbHOW (HOPMBI, KOTOpas yCTaHABIMBAETCS Ha OIJHOOCHYIO
HECYIIYI0 KOHCTPYKIMIO. OmopHasi KOHCTPYKIIUS UMEET TTOBOPOTHBIE MEXaHU3MBbI
B JIBYX IJIOCKOCTSIX (TI0O TOPU3OHTAIN M BEPTUKAIH) ISl ONIEPATHBHOTO CIICKEHUS
o ConHiy.

Tpetbs rnaBa «MoaeaupoBaHue Pe;KMMOB PadOThl KOMOMHUPOBAHHBIX
(oTO-TEIIOBBLIX YCTAHOBOK» TIOCBSIICHA MCCIIEIOBAHUIO TETUIOBBIX MPOIECCOB
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¢doro-termnosoit 6arapen (PThH) npennaraemoil KOHCTPYKILINUU, PeaTU30BaHHON 1O
nporpamme  Solid Works Flow Simulation (SWFS). SWFS mno3Boiser
MOJIETIUPOBATh Mepe/lady Teria B TBEPBIX U KUIKUX Cpellax ¢ OOMEHOM SHepruen
Mex Ay HUMH. JJisT KOMOMHUPOBAHHOW (POTO-TEIIOBOM Oatapeu, MpUHIMIHATbHAS
cxeMa KoTopoi n3obpaxkeHa Ha puc.6. Pazpaborana CAD monens ycTaHOBKH JIJIst
OILICHKHU BJIMSIHUSI CKOPOCTH MOTOKA BOJIbI U KO3 (HUIIMEHTA TEIIONPOBOJHOCTH Ha
TeMIiepaTypy QoTo-TerioBoi 6aTapeu.

[lepemaya  Temma B JKUAKOCTSIX ~ ONKCHIBAGTCS  ypaBHEHHEM
TEIUIONPOBOAHOCTH, TJi€ TETJIOBOM MOTOK OTNpeaenseTcs no Gopmyie:

dpe 0 oT
or a;(,ﬂ a;(ij @ (1)

rne e=CT — ynenbHas BHYTPECHHSS BHGpFH}I (Ix/kT); p - IUIOTHOCTH
)KI/I):[KOCTI/I (xkr/Md); ¢ — Termmoemkoctb, (Jx/Kr’C); A — TEIUIONPOBOAHOCTH (BT/M
°C); yi — TommuHa (M); Qn — HOMIOIMICHHAS TEIUIOBAs MOIIHOCTb HA CIHHHILY
o6bema, (Br/n?).

TernnoBble, ONTUYECKUE CBOMCTBO KaXXJIOTO cliosi PoTo-TerioBor Oarapeu
WCITOJTH30BaHbI TIPU MOJCITMPOBAHUHN TEIIOBBIX PEKUMOB YCTAHOBKH C ITOMOIIIHIO
nporpamMmmbl SWFS.

1 — xopmyc; 2 — cTeKJIO KaJleHHOE (TOJIINHA
— 5MMm); 3 — repmetusupyomuil marepuai, 4 — CO;
5 — amomuHHEeBBIA JHCT (TonmuHa — 0,3MM); 6 —
TpyOka B QopMme «MeaHapa»; [ — OTpaKarolas
¢dosibra 8 — TEMIOU3OJALMOHHBIA Matepuan, 9 —
TBUIbHASI KPBIIIKA.

Puc. 6. [IpynuunuanbHas cxema
KOMOMHUPOBaHHOM (oTOo-Ten10B0M daTapen
Pazpaborana wmojenp TEIIOBOrO pexuma (OTO-TEIIOBOM  OaTapeu.
VYpaBHeHue TersioBoro OanaHca Uisl MPO3pAaYHbIX MOKPBHITUN (CTEKISSHHOTO U
repPMETHYCCKOTO CIIOEB) UMEET CIICIYIOLIUI BH/I:

aU ass
I F hr,glass Fglass (Ta Tglassl) ai + I F + I p Fglassz-tr cov. (2)

p glass glasslotr cov.

VYpaBHeHue 6anaHca AJ1sl COJIHEUHBIX 3JIEMEHTOB,;

T cell

tr.cov.” p glass I

ou k
_Tcell.l) = 8:” + gceIITtr cov. I p Fglass Alal stee Fglass ( celll aI sheet. l) (3)

glass ( glass.2

cell al .sheet

I[JI?I AJIIOMUHHEBOIO JINCTA U BOASAHOI'O IIOTOKA,

k oU

al .sheet — al .sheet +mC (T -T

AI _T 82’ out ) hr.sheet Fglass (TaIAsheetAZ _TbetAsh.iso.) (4)

glass ( cell.1 al.sheetAl)

al.sheet
I[J'I}I BO3AYHIHOI'O CJI0A MCXKAY aJIlOMUHUCBBIM JIMCTOM U TeHHOI/ISOJISII_II/ICI\/'I;

k, ou.,,
_Tbet.sh,iso. ) + AIISOI glass (Ta _Tbet.sh,iso) = ﬁ.bet. + hr,isoI.FgIass (

isol

T

bet.sh.iso. _Ta) (5)
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Tepmudeckuit K03 HUIMEHT MTOJIE3HOTO ACUCTBUS UMEET CISAYIOIINN BHI;

me (TOut —Tin)
- (©)

p' glass

The

Pe3ynpTaThl W3MepeHUN IUIOTHOCTH TMPSIMOTO TMOTOKAa  COJHEYHOTO
U3ITyYEHUSI U TEeMIEpaTyphbl OKpPYXKAIOMIEH Cpellbl OT BPEMEHH CYTOK 3a 24 mas
2012 r. npuBeneHbl HA PUC. 7 ¥ UCIOJIb30BAINCH IIpU MojienupoBanuu. Ha puc. 8
U300paKeHbl pe3ysbTaThl MojaenupoBanus Temneparypsl DTh, temmneparypsl
BO/IbI HA BXOJI€ U BBIXOJIE TEIJIOBOTO KOJUJIEKTOPA.
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@) 15 T T T 1
200 18 ~ Q 500 1000 1500 2000
08:24 09:36 10:48 12:00 13:12 14:24 15:36 16:48 18:00 BpeM;1 (C)
Bpewms (vac:muH. )
Puc. 7. U3MeHeHNe IVIOTHOCTH NOTOKA Puc. 8.TemnepaTtypa Boas! npu Bxoze (1)
COJIHEUHOTro u3JjydeHusi (1) m TeMnepaTypbl ¥ BbIX0/€ KoJUIEKTOpa (2), TeMmnepaTypa B
OKpY:Karouieii cpean! (2) oT BpeMeHH ®TH (3) B mpomecce Mo TUPOBAHNS OT

11% hi (1) 13%0 4, (Ipu 1OCTUIKEHUH
MAaKCHMAJbLHOT0 3HAYEHHUS IJIOTHOCTH
NMOTOKA COJTHEYHOT0 U3JIyUYeHHUs )

Pesynbratel MogenupoBanusa TemtoBoro mponecca OTh nmpencraBnensl Ha
puc. 9. MoXHO cienaTh BBIBOJ, YTO MPU HMCHOJIb30BAaHUM Pa3HbIX MaTEepUaIOB
TpyOku abcopbOepa (Menb, amOMUHUN, Kene3o) Temneparypa OTb npu
MMOCTOSTHHOU CKOpocTH moToka BojibI (0,004 kxr/c) He n3Mensercs. C yMeHbIeHneM
ckopoctu moToka Boabl (0,0011 «kr/c) B komiektope Ttemmeparypa DTh
noBeImaercs. Ha puc. 9 nzo0pakensl pacueTHbie 3aBUCUMOCTH Temrepatypbl OTh
OT BPEMEHH, MIPU Pa3HBIX CKOPOCTSIX MOTOKA BOJIbI M Oe3 mporyckaHus BoAbl. [1pu
OTCYTCTBHH BOJIBI B KOIUIekTope, Temnepatypa ®TB nocturaer 70°C.

Pe3ynpTaTel MOJEAMPOBAHHS MPU CTAUMOHAPHOM PEXHME IO3BOJIAET
cenaTh BBIBOA O TOM, YTO HCIOJb30BAaHME Pa3HbIX MaTepUaANoOB AJisi TPyOOK He
BJIMSIET HA TemmneparypHbie pexumbl padotel @Th. Temneparyphsiil pexum OTh
3aBHUCHUT OT KOHCTPYKIIMH dJieMeHTa abcopOepa (aJTtoMUHUEBOTO JINCTA).
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Bpewms (1ac:muH) Bpems (vac )
a) B METHOM TpyOKe 0) B aIIOMHUHUEBOMN TPyOKe
70 -
68 AdadA —=— (0,004 Kr/c
66 o ——0,0011 kr/c
ask —a—0e3 nporycKaHus
64 BOJIbI
—~
CU 62 4 sse®e
N / \
« 60+
=
Z 58
8,56
)
E 54 -
O 52
[_.4
50
48
46

08!24 09:36 10?48 12:00 13?12 14:24 15:36 16:48 18:100'
Bpewmst (qac:MuH)
B) B JKEJIE3HOH TPpyOKe
Puc.9. 3aBucumocts Temneparypol ®TH ot BpemeHu 1151 pa3HbIX CKOpOCTeil MOTOKA

BOJbI

bbpu10 M3yuyeHO M3MEHEHHE TEMIIEpaTypbl BOAbI HA BBIXOAE KOJUJIEKTOpA B
3aBUCHUMOCTH OT CKOPOCTH MOTOKa BOJABI B IHEBHOE BpeMs. Kak BugHO u3 puc.10
TEeMIIEpaTypa BOJBI Ha BBIXOJE KOJUIEKTOPA 3aBUCUT OT CKOPOCTHM IOTOKA BOJBI B
JHEBHOE BpEMSI.

90 -
40
38 MM‘MA ._.;: Aol —=—0.0038 Kl‘;C
i —=—0.0038KT/C - b *—0.0016 KI/C
36 A ““m‘ —e—0.0016 KT/C A 80 ’.-‘;:,4 5,. —a—0.0011Kr/C
- # Ay —4—0.0011 Kr/C g .(‘3' oA
O 34 /‘ N = O
< \ 3
5 32 '3 eenottete, s e
& ‘\ .....00‘” Oo..“... A‘ § 70
£ 304 Ir " 1 3
(=% b = [}
o 28+ ., =
g [ . 2 J
S 264 - S 60 i
~ .
1 o
22 a I
] 50 L , . : .
20 + T T N T - 09:00 10:48 12:36 14:24 16:12 18:00
09:00 10:48 12:36 1424 16112 18:00 Bpems (4ac:Mun)
Bpemst (qac:MuH)
Puc.10. 3aBucumocTs TeMIepaTypbl BOAbI Puc.11. 3aBucHUMOCTD TEN10BOM
Ha BBIX0A€ U3 Me[[HOﬁ prﬁKH oT BpeMeHl/I MOIIHOCTH IMOTOKA BO/JbI HA BbBIXO0/1€

MeIHOHM TPYOBbI OT BpeMeHH!

TernoBast MOIIIHOCTH ITOTOKA BOAbI P OIIPCACIICHA U3 BbIPAXKCHUA!

_ mcAt (7)
At

P
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rge M, ¢ — macca W YyJelbHasg TEIIOEMKOCTh BOJAbI; At — pasHOCTH
TeMIIepaTyp BOAbI HA BXOJI€ M BBIXOJAE KOJUIEKTOpPA; A7 — MHTEpPBaJ BPEMEHH, B
TEUEHUE KOTOPOIo TEMIIEpATypa U3MEHMUIIACh Ha Al.

BuaHo, 4To TerioBas MOIHOCTh MPSAMO POHOPIIMOHATIBHA PACXOAy BOABI U
Pa3HOCTH TeMIIepaTyp BOJIbI IIPH BXOJI€ U BBIXOJE KOJUIEKTOpa, MmodTomy (puc.11)
pu ckopocT notoka Bojsl 0,0011 kr/c 3HaUeHUE TEMJIOBOM MOIITHOCTH BBICOKOE.

[Ipn Takux ycnoBusx a3yekTpoduzndeckue mapametpsl OTH ocraroTcs
ONTUMAJILHBIMU, YTO COTJIACYETCSI SKCIIEPUMEHTAIBHBIMU PE3YyJIbTaTaMU, KOTOPHIE
MOKa3aHbl Ha puc. 16.

[Ipu npoeKkTUpoBaHMKM KOMOWHHMPOBAHHBIX TE€IMOTEXHUYECKUX YCTAaHOBOK
HEOOXOJIUMO y4YMTHIBaTh BJIMSHUE Ha UX TEMIEpaTypy KOHBEKTHUBHOIO
TemooOMeHa, T.€. KIUMAaTHYECKUX YCIOBUM, B KOTOPBIX OHU OyayT
AKCILTyaTUPOBATHCS.

baanc moToka conmHeuHol sHeprun Qg (C yueToM OTpa)keHus ), Mmajaromien
Ha IIOBEPXHOCTh (DOTOAICKTPUUSCKOM Oarapen, paBHa CyMMe IIOTOKOB
COOCTBEHHOI'O TETUIOBOTO M3NydeHHUs: Q, 1 KOHBEKTUBHOTO TerioooMeHa Q..

Q=Q +Q 8)

Q =0(g+&)T*-T7) (9)

Q= 2a(T -T,) (10)

Q.= (1—n)-T(1— R(A))-E(2)dA (1)
%

rae T, — Temmeparypa OKpY’Karolieu cpenbl (Bo3ayxa), € — CTENEeHb YEPHOTHI
CTEeKJIa, € — cTeneHb 4yepHoThl DBA, o — noctosiHHas Credana-bonbsimana, o —
K03(pPHUIIMEHT TEIUIOOTAaYH, A — JUIMHA BOJHBI COJIHEYHOTO M3nyudeHus; R(A) —
CHCKTPAJIbHBIA KO3()PHUIIMEHT OTpaXKeHHs MOBEpXHOCTH, E(A) — MIIOTHOCTH TIOTOKA
COJIHEYHOTO M3TyUYeHUS.

Bripaxkenue nist korhumreHTa TerooTIaql UMEET BU;

Nu -
a=—"" (12
I 0,8
Nu :0,032(v —j (13)
1%
Nu — xpurepmii (umcio) Hyccembra; | — xapakrtepHas miumHa; v, vV —

KOA(DPUITMEHT TETUIONPOBOJHOCTH U KHHEMAaTHYeCKash BA3KOCTh BO3IyXa; V —
CKOpPOCTbh JBWKEHHS BO3lyxa. Tak Kak B CIEKTPaJIbHOM JUANA30HE COJHEYHOIO
M3JIYyYEHHUs CTEKJIO HE MOTJIONIAET, a BEJIMYMHA MMOKa3aTelis MPEJIOMIICHHs CTeKa N
noctosiHa, To (11) MoxHO 3amucarh B BHJIE:
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A
Q =(-n)-7- [E(1)d2 (14)
A

ri€ BbIpakeHUe Mg KodhduiMeHTa TMpOMmyCcKaHUss T C  Y4YETOM
MHOTOKPATHBIX OTPAXXEHUM B CTEKJIC UMEET BU/I;

2n
n®+1

(15)

Jns crekosi, mokaszaTenas mpeiaomiieHus: kotopeix ~ 1.48 — 1.53, cpennee
3HayeHue Kordduimenta nponyckanus T ~ 0,92. [{na monenmu AM1,5D u A= 0,4
MKM, A, = 2,55 MKM BeIndiHa HHTErpata pasxa 961,0 Br/v.

Ecnu BBecTH Ge3pasmepHylo mepeMennyio X =T/T;, to (8) ¢ yuetom (9-
15) MOXHO 3amucaTh B BUJIC yPaBHCHHUS:

. 2o N QS + 20{TO

_ ~0
o (& + gz)O'Tos (& + 82)0T04 (16)

HcxoiHbIe TaHHBIE: CTETIEHb YEPHOTHI cTekia €5 = 0,937, creneHb YepHOTHI
IJICHKA JTUJICHBUHWIIAIETaTa Ha KpeMHUU & = 0,72 wm3MepeHa C TOMOIIBIO
tepmopanromerpa TPM, 3HaueHus y, v 3aMMCTBOBaHbI U3 CIIPABOYHUKA.

Pemenne ypaBHenus (16) mist conmHeuHoro sjaemeHta 1 = 16% u pasHbIX
TEMIIEpATYp OKpyXKawomied cpenbl mnpuBeaeHo Ha puc. 12. Ha pwuc.13
MPEICTABIICHbl PE3yJIbTaThl PACUE€TOB 3aBUCUMOCTH TIOTOKOB COOCTBEHHOTO
TEIJIOBOTO M3ydeHus: Q; 1 KOHBEKTHBHOTO TeruiooOMeHa Q. OT CKOPOCTH BeTpa U
TEMIIEPATYPbI OKPYKAIOIIEH CPEbI.

80

70\.—
60 F 4
50F 3

40 2

TemnepaTtypa, t’
2
B [$2) [=2]
o o o
o o o
T

w
o
o

30F 1

TLnoTHOCTH MOIHOCTH, BT/M
N
o
S

20

[
o
o

2 4 6 8 10

CKOPOCTb BeTpa, m/s é All ElS ;3 llO
1- ZOOC; 2— 3OOC; 3- 400C; 4— 500C; CKOpOCThL BeTpa, m/s
1,4 -30°C; 2,5 -40°C; 3,6 — 50°C.
Puc. 12. U3meHeHnune Temneparypbl Puc.13. U3meHeHue co0CTBEHHOTO
(doTodrIekTpUUeCcKoii GaTapeu B KOHBEKTHBHOIO Tenjiooomena (1, 2, 3) u
32aBMCHMMOCTH OT CKOPOCTH BeTpPa U TeIJI0BOro usiy4enus (4, S, 6)
TeMIIepaTypbl OKpPY:KaloUel cpeabl (doTornexkTpuueckoii 6aTapeun B

3aBHCHMOCTH OT CKOPOCTH BeTpa H
TeMIlepaTypbl OKpY:Kalouieil cpeabl
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Y CTaHOBIGHO, YTO €CIIM TeMIIepaTypa okpykaromei cpenst mMenee 30°C,
Temreparypa (OTOAIEKTPUIECKOW OaTtaper CHUIIBHO 3aBHCHUT OT CKOPOCTH BETpA:
Ipu  yBEIWYCHHMH CKOpPOCTH Betpa ¢ IM/c mo 10m/c  Temmeparypa
dhoTtoanekTpudeckoit 6arapen ymenbimnaetrcs: ~40%;

— mpu Temmepatype okpyxatomeii cpemel Gomee 30 °C Temmeparypa
doTormekTpudecKoil OaTapen Ciabo 3aBUCUT OT CKOPOCTH BeTpa H JJis
s pexkTuBHON PabOTHl (HOTOICKTPUUECKONW OaTaper ee HeOOXOIUMO OXJIAKIATh
JIPYTUMHU METOJIaMH;

— TpU CKOpPOCTH BeTpa MeHee 2 M/c ¢oTornekTpuueckas Oartapes
OXJaXJAeTCsl Kak 3a CYeT KOHBEKTHMBHOIO, TaK M 3a CYET paJuallMOHHOTO
TEIJI000MEHA;

— TpH CKOpOCTH BeTpa Oonee 2 M/C KOHBEKTHUBHBIM TEII00OMEH
npeobJiaiaeT Ha/l pauallMOHHbBIM;

B derBeproii TyIaBe TNpPUBENCHBI  AKCIIEPUMEHTAIBHBIE  PE3YJbTAThI
«HUccnenoBannss mnapaMeTpoB KOMOMHHUPOBAHHBLIX 3JHEProyCTaAaHOBOK U
noBbIIeHUs1 JI(PPEeKTUBHOCTH UX HCHOJAb30BaHUA». [IpemnoxkeH crnocod
opueHTalMu (ortoanexrpuueckoi Oarapen no ConHiy. [[ns mpoBepku 3TOro
coco0a  M3TOTOBJIEHO  OJKCIEpUMEHTalibHOe  ycTporctBo  (Puc.  14),
MpeACTaBIsIoniee co00il KBaJpaTHYIO TUIACTHMHKY C YKPEIJIEHHBIMU Ha HEW ToJ
MPSIMBIM YTJIOM BEPTUKAJIBLHOW M TOPU30HTAIHLHOW M3MEPHUTEIHHBIMH JIMHEHKAMU
I OTIPEJICIICHNUs] ONITUMAJILHBIX YTJIOB OpUEHTAIMH (DOTOITEKTPUUECKUX OaTapei.

Coznana mporpamma Ha Visual BasiC nmis BBIYMCIACHHS YIJIa IMaJeHUS
COJTHEYHOTO M3Iy4YeHHUS Ha TOBEPXHOCTh COJHEYHOTO OJJIEMEHTa, WHTepderic
KOTOPOW MpHUBEIEH Ha puc. 15.

B% Pacuer yrna nagenms Connna. |2 )|5[5X]
TAWKEHT: Wupora 41,26465 rpan. |
wac rn
Bpems namep. m 0 =
sens  mec
CKnoHeHWe -13,12
WupoTa 41.26465
Yron naknona |0
A3UMYT 0
Yron nanexus 56,13
{ ] Januck B Pan.
™
e A |

Puc.14. U3mepuTe/IbHBIN CTOTHK Puc. 15. Unrepdeiic nporpamMmsl
Ha noaurone ®THU AH PY3. JJISA OIpeeIeHUs yrjia majieHus
COJIHEYHOI'0 M3J1y4YeHUS

3HaueHUe YIJOB, U3MEPEHHBIX M PACCUUTAHHBIX C MOMOUIBIO MPOrPAMMBI,
OTJIMYAIOTCA He3HAunTenbHO ~1+3%. Ha OCHOBaHMM MOJIyYEHHBIX PE3YyJbTAaTOB
MOXXHO  3aKJIOYUTh, YTO NPEIJIOKEHHAas METOAMKA H3MEpPEHHUs  YIJIOB
o0ecrneunBaeT BEICOKYHO TOUHOCTb.

HccnenoBanbl BO3MOXKHOCTH MOBBIIIEHHST OCHOBHBIX mnapametrpoB (KIIZ,
HOMHHAJIbHAS MOIIHOCTb, MPOU3BOJUTEILHOCTh TEIJIOBOTO KOJJIEKTOpa W Jp.)
KOMOMHHUPOBAHHOM (POTO-TEIJIOBONW YCTAHOBKH B YCIIOBHUSX JKapKOTO KIMMATA.
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4132
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qrooHanIa(pe sedgorno |,

Dnexrpuyeckas ¢ dekruBHOCTE (%)
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36 38 40 42 44 46 48 50 52 54 56 58 60 760 750 8(.)0 Séo

TemnepaTypa Bogb! Ha Bbixoge ('C) E; Buim®

Puc. 16. 3aBUCUMOCTH JIeKTPUIECKOI Puc. 17. JkcnepumeHTAIbHBbIE 3AaBUCUMOCTH

(1) u TennoBoii 3¢ppexTUBHOCTH (2) TOKA KOPOTKOTI0 3aMbIKaHus s (o) 1
®DTDb or Temneparypbl BOABI HA MomHocTH P (m) @®TH ot nuioTHOCTH MOTOKA
BBIX0/1€ COJIHEYHOT0 HU3JTy4eHHUsI

N3ydeHbl 3aBUCUMOCTH 3eKkTpruueckoit u TernoBoil KIT oT Temmnepatypsl
BOJbI Ha BBIXOJ€ Koiuiekrtopa (puc. 16). Dnexrpuueckuid KIIJ[ npu nsmeHnenun
TeMIepaTyphl Ha BhIXOfe KomrekTopa ot 56°C mo 40°C yeemmumaercs na 3%.
[Ipou3BoAUTENHHOCTh KOJUIEKTOpPAa IO BoAe cocTaBuia 14 1/4, cpemuss
TeMneparypa 42°C P TEMIIEPATYPE OKPYKAIOWIEH CPEIbI ~33°C. 3aBucumoctn
TOKa KOPOTKOTO 3aMbIkaHus |, ¥ BeIpabaTbiBaeMoil MomiHoctd P (puc. 17) ot
IJIOTHOCTH MOTOKA MaJIal0IIero COJTHEYHOro U3nyueHus E, SABISOTCS TUHEHHBIMU
(ko3¢ durmeHT koppensiuu ~ 1).

Ucnbitanust koMOuuupoBaHHoit OTOIT ycTaHOBKM NPOBOAMIMCH Ha
nonurone Puzuko-rexuuyeckoro nuetutyta HIIO «®usuka — Connue» AH PVs.
Pe3ynbTaTel ipeactaBiensl Ha puc. 18 u 19. Ha puc. 18 nokazaHa 3aBUCHMOCTb
TEMIIEpaTypbl TMOBEPXHOCTH (POTORIEKTpUUECKOW OaTapen OT TeMIepaTypbl
OKpY Xarolen cpenbl 6e3 U ¢ ucnoiab3oBanueM pediekropa. Ha kpuBoii 1 BumHO,
9TO TpU DIKCIUTyatanuu  (OTORNIEKTpUUeCKor Oarapen ¢ HUCIOJIb30BAaHUEM
oTpaxaromero pediexropa mpH Temmeparype okpyxatomieir cpemst  21°C,
TEMIIepaTypa COJIHEYHOTO 3JIEMEHTa B (DOTORJIEKTpUYECKOW OaTapen JOCTUraeT
103°C, Ge3 mpHMEHEHHS OTPAXKAIOMEro PedIeKTOpa TEMIIEpPATypa COTHEUHOTO
areMeHTa B otodniekTpuueckoit 6atapen nocturaet 69°C. Ha kpuBoii 2 mokazaHa
TEeMIIepaTypa COJHEYHOIO 3JIEMEHTa B (POTORIEKTPUUECKON OaTtapen Npu HaIUYUU
peduiextopa, rae Temieparypa mocruraer 115°C mpu Temmepatype okpysKaromei
cpemt 33°C. KpuBas 3 [OKa3bIBaeT, 9YTO MPH MOBBILUCHHH TEMIIEPATyPbI
okpyxkaromeii cpexsl 10 39°C, TeMmmepaTypa COJTHEYHOrO OIEMEHTA B
doTodTeKTpHIYeCKOil GaTaper IpH HCIonb30BaHnK peduextopa gocturaet 126°C,
a 6e3 mpuMeHeHns peduiextopa (kpuBas 3) 9To 3HaueHme cocrapisier 82,4°C.
Pasnocth Temmeparyp Mexay (OTOIICKTPUYECKONM ¥ TEPMOAJICKTPHUECKON
Gatapen cocraBmsuia He Gomee 15°C. Ipu TEMIIEPAType OKPYKAOILIEH Cpeasbl
(t%.) Goree 25°C, ckopocTh BeTpa He3HaumTenbHa — MeHee 2 m/c. Ha puc. 19
OpUBEACHBl AKCIIEPUMEHTANIbHbIE JIaHHbIE MW3MEHEeHHs MolqHocTH DTIT
YCTAaHOBKHU B T€UEHUE JHS NpHU ACHOU noroje B TaiikeHTe.
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Temneparypa okpysxatorueit cpejsl ((C)
t (Bpemst)
Puc.18. 3aBucumocTb TeMneparypbl Puc.19. DxcnepumeHTAIBHBbIE
(doTornexkTpuueckoii 6aTapen ¢ 3aBMCUMOCTH MomHOCTH DTIAI
peduexTopom (1, 2, 3) u 6e3 pediiekTopa YCTAHOBKH OT BPE€MEHHU CYTOK
(1,2, 3) or TeMnepaTypsl OKpY:Karouiei
cpeabl

CKOpOoCTh BE€Tpa M TEMIIEpATypa OKPYKAIOWIEH Cpeabl COOTBETCTBEHHO
cocrasmsutn 3,3m/c u 39°C. Kax ciexmyer u3 kpuoii 1 (puc. 19), 10 BKIIOYCHHS
peduiekTopa B TeueHHe OoJiee yaca HallpsDKEHHE XOJIOCTOTO XOfa MajlaeT 3a CYeT
HarpeBa @TOI' ycraHoBku, caenoBartenbHo, KIIJI u BbIXOAHAsT MOIIHOCTH
YMEHBUIAKOTCS JINHEWHO C HaNpPsDKEHHEM XoJoctoro xoxaa. Ilorepss momHocTH 3a
3T0 Bpems cocrtaBisuia 19,6%. Ilpu ucnonb3zoBaHuu pediieKTopa HTPOUCXOIAUT
ckauok morHoctH (0T 16,9 no 27,5 Bt, kpuBas 2) ¢poTosnexkrpudeckoit 6barapeu, a
00JbIlIME TIOTHOCTH IMOTOKA COJIHEYHOI'O M3JIY4YEHMs] MPUBOIAT K YBEIUUYEHUIO
(doTOoTOKAa TpU OOECNEYEHUH KOHTAKTHOM CETKOM COJIHEYHOrO 3JIeMeHTa cOopa
HOCHUTEJIEH TOKA.

3aTtem, BCIEACTBUE IMOCTENEHHOIO YBEIMYEHHSI TEMIIEpPaTyphbl COJHEYHOTO
aleMeHTa mpoucxoaar ymeHblieHne U,y ©  kodpduuueHta 3amnojHEHUs
BOJIbTAMIIEPHOW XapakTepUCTUKU FF, 4To mpUBOAUT K YMEHBIIEHHIO BBIXOAHOU
MOIITHOCTH (POoTORIIEKTpUYecKor Oatapen (ydacTku KpuBbix 2-3). Ha Tperhem
y4acTKEe MpPHU IOJKIOYEHUN CUCTEMBl OXJIAKIEHUS, 4acThb TEIUIa COJHEYHOTO
AJIEMEHTA PACCEUBACTCS UYepe3 TEPMOIJIEKTPUUECKYlO0 Oarapero. DTOT Mpoliecc
COTIPOBOXAAETCA BOCCTAHOBJICHHEM 3HAUEHUSI HAPSHKEHUS X0JI0CTOro xo/a ¢ 8,42
B nmo 9,6 B, 4To mpuBOAMT K BO3pPACTAaHUIO MOITHOCTH (DOTORIEKTPHUECKON
Oarapeu. B 1enom snekrpudeckas MOLUTHOCTh MPU UCIOJIB30BAaHUU OTPAKAIOIIErO
KOHIIeHTpaTopa Ha koMOuHupoBaHHo O TOI ycranoBke yBennunBanack Ha 40%.

Ha puc. 20 mpuBeneHbl pe3ynbTaTbl 3KCIEPUMEHTAIBHBIX HCCIEIOBAaHUM,
3aBUCUMOCTH MOIIHOCTH TEPMOXJIEKTPUYECKOIO TEeHeparopa OT pa3HOCTU
temmeparyp AT. VYcraHoieHo, uro mnpu pasHoctd Temmeparyp 50°C
HOMHMHAJIBbHOW MOIIIHOCTh TE€PMODJICKTPUUECKOIO0 TreHepaTopa cocrtasisiia ~580
MBT mpu Temreparype okpyskaromeii cpemsr 0, . ~39°C.

W3 rpadmkoB BUAHO, YTO C POCTOM Pa3HHUIIBI TEMIIEPATYPhl XOJOIHOTO U
ropsiuero crnaeB Th Habmonaercs pocT BbIpabaTbIBa€MON MOIIHOCTH, & C YBEJIH-
YEeHUEM IUIOTHOCTHM MOTOKAa (pUC. 21) CONMHEYHOrO W3JIy4eHHs MOBBIIIAIOTCA
BbIXOJHAs1 MOIHOCT DTII" ycTaHOBKHM, TeMIEpATypbl TOpSYEro cmas u
MourHocTh Th. Omnpenenensl TeMiepaTypHble 3aBUCUMOCTH TEPMO-3.1.C. OT
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pazHoctu Temneparyp AT TepMO3JIEKTpUUECKOTr0 reHepaTopa Ha OCHOBE

TeJypa.

©
=
A4 600

500
400 4
300
200 -

100 +

25

30

35

40

45

P (BT)

28

26

24

22

20

18

T
700

T
800

T T T T T T T 1
900 1000 1100 1200 1300 1400 1500 1600

E_ (Bt/ivr)

cu

BUCMYT

[ 650
[ 600
[ 550
[ 500
[ 450
[ 400
[ 350

300

(1gw) g

Puc. 20. Usmenenuns momuoctu TIAI
(MBT) ot pasnocru Temmeparyp AT (°C)

Puc. 21. 3aBucumocts MmomHocTH ®I6 (1),
TB (2) oT MIOTHOCTH MOTOKA COJTHEYHOI0
U3JTyYeHusI

Pacuetr mokaspiBaeT, 4TO MPUMEHEHUE OTPaXKaIoIIEer0 KOHIIEHTpaTopa Mpu
TEMIIEPATYPE OKPYKAIOIIEH Cpenbl 21°C NPUBEJII0O K VYBEJIWYECHUIO IIOTOKA
coiHeyHoro m3nydenus 1,6 pa3z u yBenmnueHuro momuoctd CO Ha 18%, a Th Ha
47,0%. DddexktuBHOCT, TpeoOpazoBanuss CO 33  cyeT NPUMEHEHUS
TEpMOJJIEKTpUUECKUX OaTtapeil yBenuumiach Ha 2% U3-3a  YMEHBIICHUSA
temneparypel. IIpu yBenmuenun momuoctu TOIT Ha 47%, Temmneparypa CO
YMEHbBIIAJIOCh OT 90°C mo 70°C. B VMHTEPBAJIC PAaCcCMaTPUBAEMBIX TEMIIEPATYP
TEepMO-3.7.C. TuHEeHHO 3aBUCHUT OT AT, a rpaguenT HanpsikeHus: coctasisier ~0,068

B/Tpa.
B  xomOunupoBanHoii @DTOI' ycraHoBke cyMMapHas  IUIONIA/b
TEPMODJIEKTPUYECKOTO  TreHepaTopa  cocTaBisieT  1/5  d9acTh  mjiomanau

doTosnexTpuueckoit Oarapen. Ecnum ThUIBHYIO CTOpPOHY (OTORIEKTPUUECKOM
OaTapen MOKPBITh MOJHOCThIO Th, MOXXHO yBenu4yuTh €€ MouHocTh 10 10% oT
oO1ell MOIIHOCTH (POTORIEKTPUUECKON OaTaper ImpH TeMIEpaType OKpyXKarolen
cpemsr Gonee 40°C.

BrepBbie TpeioKeH METOJ ONpeAeNieHUs] CTENeHW 3arpsi3HEHHOCTH
MIOBEPXHOCTH (POTOITEKTPUUECKUX OaTapell W WCCIEIOBAaHO OTHOCHTEIHHOE
u3menenne ee KIIJ[. Orpaborana wmeronuka wusMepeHus Ko3pduimeHTa
IIPOITYCKAHUS CTEKJSIHHOW IUIACTHHKM IOcCJe ee 3kcno3ununu B TedueHue 80+110
auerr. Ha cnekxtpodoromerpe Lambda EZ 150 Obutn m3mepenst (puc. 22)
ko2 PuIMeHTsl mporyckanus (POTOIIACTHHOK. Y CTAHOBJIEHO, YTO 3arpsi3HEHUE
crexisiHHOM TiacTuHKY ymenbimaeT KITJ[ ¢porosnextpuueckoit 6atapen Ha 50,0%.
Cnenan BBIBOA O TOM, 4TO 0€3 OYHCTKH TMOBEPXHOCTU cTekina yxe 3a 80 muei
AKCTIO3HUIINH MOIITHOCTH (POTORIEKTPUIECKOM OaTtapen ymeHsbImiachk Ob1 Ha ~50 %.
N3yueno BnusHHE 3arpsi3HeHHOCTH aTMmocdepsl Ha BAX (puc. 23) ®Db B
ycnoBusx ropoaa Kapum. OnpeneneHo, 4To 3arpsi3HEHHOCTb aTMoc(hepbl IPUBETIO
K YMEHBIIIEHHI0 MOITHOCTH (OTO3JIeKTpruueckoil 6batapeu Ha 37,6% B TeueHue 4
MECSIIEB.

[lo pe3ynpTaTaM »SKCIEPUMEHTOB MOXHO CHENaTh BBIBOA O TOM, YTO
3arpsi3HEHHE MOBEPXHOCTU (POTOIEKTPUUECKOTO MOJYJIsl, B OCHOBHOM 3aBUCUT OT

49



100 E~800 Br/v’

%
~
h

= 80} 64

= 60 | <“
2 -4
= = 47
a0k - T g —m— Supaps
_—— = 34 —@— Meppanb
8 2 Mapt
] 20F 24 Anpenb
= —&— Mait
19 =~ [locne ouncTKH
0 L L L L J
400 600 800 1000 1200 0 T T T T T T T T T T |
ANMHA BONHBL, HM 00 25 50 75 100 125 150 17,5 20,0 225 250 275
Hanpsikenne (U ), B
Puc. 22. CiekTpbl IPONYCKAHUS YMCTOH Puc. 23. Biiusinne armoc(epHbIX
¢orormiacTuHku (0e3 HoMepa) U 3arpsisHeHnid Ha BAX KkpeMHHeBOro
(poronmnacTHHOK MOCJIEe IKCIMO3ULMH HA (dorornexkTpuueckoro 6atapen
miomanke B teuenue 80 aueii (1), 110
nuei (2)

BpEMEHU ro/ia (KOJIMYECTBO OCAJKOB) U MECTOPACTIONOKEHUS (DOTOIIEKTPUIECKUX
OaTapeli B peroHax Hallleil CTPaHBbI.

OnpeneneHbl  BIMAHMS  KIUMAaTHUYeCKHMX  (AKTOpoB  Ha  paboTy
doTodeKTpUUEeCcKOil Oarapen B ycioBusix pecrnyOnuku Kapakanmakcras.
BrisiBeHO, 4TO B 3UMHUN NIEPUOJ JTHEBHOE HAKAIJIMBAEMOE KOJIMYECTBO 3apsjia B
sicayto morogy (~790 Br/m®) cocraBmster 42,7 A4, B macMypHyH (CILIOIIHAs
o6nagroCTh, ~ 280 Br/M%) 11,6 A-u.

N3ydyeHo BAMsSHUE NPUHYIUTEIBHOTO BO3AYLIHOTO OXJXKIACHUS Ha
AKCIUTyaTallMOHHbBIE XapaKTEPUCTUKHU (DOTOIIEKTPUUECKON OaTapen. Y CTaHOBJIEHO,
YTO PACHOJIOKEHNE BEHTUJIITOPOB HA 3a/IHEH cTeHKe (DOTOIEKTpUIECKON OaTtapen
aBisieTcs:  O0onee 3(P(EKTUBHBIM, YEM pacloiOXKEHHWE Ha TOopLax Kopmyca
dboToanIekTpuUecKkol OaTaper. YCTaHOBJICHA JIMHEHHAs 3aBUCHMOCTh MOITHOCTH
(dhoTORIeKTpUUECKON OaTaper OT CKOPOCTH MOTOKa Bo3ayxa. Jlojs morpebnseMoi
AIEKTPUYECKON PHEPrur yCTPOWCTBOM BO3AYIIHOTO OXJaXJCHUS B TEUEHUE IHS
coctaBisier 8% OT oOmEeld MOMHOCTA (POTOAIEKTPUUECKOM YCTAaHOBKH C
OTpaXKaroIuM KOHLIEHTPAaTOPOM. BrisiBieno YBEJIIMYCHUE KIIJ
doTORIEKTpUIECKOM OaTapeu 3a CYET MOTOKA BO3MYIITHOTO OXJIaKAeHUs Ha 2,5 %.

Pa3pabGotansl HOBBIE KOHCTPYKIMH  (HOTO-TEIJIOBOM  yCTAaHOBKH  C
OXJIQXKJAIOIIMM YCTPOMCTBOM Ha OCHOBE TOJHUMEpPHBIX TpyoOok. Ilnomans
KOHTaKTa KOJUIEKTOPHOM YacTH C THUIBHOM MOBEPXHOCTHIO (DOTOIIEKTPUUECKON
Oatapeu yBenudeHa 10 ~50% ot miomaan 6arapeu, 4To MPUBEJIO K YBEIHMUYCHUIO
AIEKTPUUECKON MOITHOCTH (hOoTO-TeruioBoi OaTapen Ha 38%. ThulbHAs TIIOIMIAJb
doro-TermoBoii  Gatapen cocramsier 0,24 m°. KomrekropHas uacte doto-
TEIJIOBOM Oarapen TpeACTaBIsEeT COOOM KOHCTPYKIIMIO, COCTOSIIYIO U3
napajuieIbHO PACIIOIOKEHHBIX MOJUMEPHBIX TPYOOK, KOTOPHIE KPETSITCS K JBYM,
MEePIEHANKYJISIPHO  PACTOJIOKEHHBIM, TOJHUINPONMICHOBbIE TpyOkam. Taxkas
KOHCTPYKI[USI KOJUJIEKTOpa HMMEET MEHBIIMMA BEeC M HU3KYID CTOMMOCTH MO
CPaBHEHUIO C TPATUIIMOHHBIMUA METANIMYECKUMU KOHCTPYKIUSIMHU.
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T HccnenoBanue 3aBUCUMOCTH
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Puc.24. 3aBUCUMOCTH 3JIEKTPUYECKOT0
KIIJI (1) u TemnepaTypbl ThLIIbHOM
croponsl DTH (2) or Bpemenn cyTok

JEKTOPY HaOJI01aeTCsl BOCCTAHOBIIEHNE OCHOBHBIX napameTpoB O Th. Pe3ynbTaThl
u3MepeHui (puc. 24, 25) nokazanu, yto s1ekrpudeckuit KI1/] 3a cueT oxnaxaeHus
(doTO3NEKTpUUECKO OaTtaper MNOJUMEPHBIMA TPYOKaMH BOCCTAHABIHMBAJICA
~13,5%, nHanpsbkenue xonoctoro xona ~8,3%. 13 puc. 26 MOXKHO BUAETH, YTO IIPU
pOCTE TEMIIEPATYPHI BOJABI Ha BBIXOJAE TEILUIOBOI'O KOJUIEKTOpa OT 32°C mo 39°C
otHocuTeNbHbIE KII/[ ®Th yMeHbIIat0TCs HE3HAUYUTEIBHO, a J1aJie€ HAarpeB BObBI
NPUBOJUT K YMEHbIIEHUIO OTHOCUTENBbHBIX KII/] OTh.
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Bpemst (vac/MuH.)

Puc. L'c
25. 3aBHCHMMOCTB HANPSKEHHsI X0JI0CTOrO Puc. 26. 3aBucuMOCTb OTHOCHTEJILHOTO
xo1a @Th or BpemeHH CYyTOK KIIJI (1) n nanpsi;Kenus: X0J10CTOr0 X012
®TB (2) or TemnepaTypsl BOAbI Ha
BBIXO/1€

VY cTaHOBIEHO, UTO MOTYYEHUE ropsiueid BoJbl B KOJIEKTOpE (POTO-TEMIOBOM
Garapen ¢ Temmeparypoii m0 ~45°C He OCTAaHABIMBACT MPOLECC 3apSIKH
aKKyMYJIITOpPHOI OaTapeu B CUCTEME aKKyMYJIMPOBAHMSI JIEKTPUUECKONW SHEPTUH.
Temnepatypa BOAbI HAa  BXOAE  KOJUIEKTOpa  COCTaBJIsLIA 20+22°C.
[Ipou3BoauTENBHOCTD 1O Topsueit Boje ~6ia/4ac. CyTouHasi NpOU3BOAUTEILHOCTD
ropsueii  Bogel  DTBH  cocraBmsma 45  s/mens.  llpu  ymeHblnenuu
MIPOU3BOAUTEIILHOCTH BOJIBI J0 ~3J1/4ac, TeMIiepaTypa BOAbl JOCTUTAET >50°C.

[IsaTas rnaBa «IIpumeHeHHe CO3AaHHBIX (POTOIIEKTPUYECCKHX YCTAHOBOK
B PAa3HbIX OTPaciasiX HapPOJHOI0 XO3MCTBA» TMOCBAIICHA BHEIPEHUIO
pa3paboOTaHHBIX  (POTOINEKTPUUYECKUX YCTAHOBOK B  PA3IMUYHBIX pPETHOHAX
VY30ekucrana.
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Pazpaborana mepenocHass (oTodyIeKTpuUYecKas YCTaHOBKAa MJI CO3JIaHUS
KOM(DOPTHBIX YCJIOBHM OBITa CEIbCKUX J>KHUTENeH B HEOOYCTPOCHHBIX IOJIEBBIX
CTaHaX CeJIbCKUX peruoHoB. [IpemrycMoTpeHo ucnosnb3zoBaHue (HOTOIIEKTPUUECKON
YCTAaHOBKU [IJI1 OCBEUICHUSI MOMEUICHUM, MOAKIIOYEHUSI HOYTOYKOB M CpEIICTB
CBSI3U, YCTPOMCTB JIJIsl CTPUKKH OBEIl, IEPEHOCHBIX XOJIOIUILHUKOB, TEJIEBU30POB.

[loka3aHa BO3MOXHOCTb TNPUMEHEHUSI ABTOHOMHON (POTOIIEKTPUUECKOM
CTaHIIMM MONIHOCTHIO 2,24 kBT'uac B cucreMax MoabeMa BOJAbI W3 TIIYOOKHX
KOJIOALIEB Cc HCIIOJIb30BaHUEM COBPEMEHHBIX BBICOKO3(P()EKTUBHBIX
BOZOMOIBEMHBIX HacocoB. CyTouHas BBIpaGOTKAa BOABI cocTaBmsuza 50-60 .
Hcnonp30BaHne YCTAaHOBKH MOABEMa BOJbI OOXOAUTCS NPUMEPHO B JIBa pasa
JIEIIEBIIE, YEM UCIOJIb30BAaHUE TU3EIIbHBIX arperaTos.

Pa3paboTaH ¥ H3rOTOBJIIEH OMNBITHBIM 00pa3zeln aBTOHOMHOW MOOWJIBHOM
MHOTO(DYHKIIMOHAJIBHON (oTO3eKTpruueckoil ctanimun (AMM®IC) 3KCTpeHHOTrO
o0OecrieyeHus 3JEKTPOIHEprueii OOBEKTOB, YNAJICHHBIX OT LIEHTPAJIM30BAHHBIX
UCTOYHUKOB dHEpruu. BrmepBble mNoKa3aHbl BO3MOXXHOCTH HCIOJIb30BaHUs
AMM®3O3C B arpapHOM CEKTOpE pECyOJUMKH JUIsi T[OAbEMa BOJABI C
NPOM3BOAMTENLHOCTEIO 6-8 M/4, a TaKKe M3 MATHCTPATbHBIX KAHAIOB M
KOJIOJIIEB, JJisi oOecrieueHus: paboThl CBAPOUHOro arperara a0 3-4 4 B JieHb NpHU
COOJIOICHUHU MTPABUII €r0 HKCILTyaTal|H.

[TpoBeneHo uccnenoBaHuEe BO3MOXKHOCTU MPUMEHEHUS! (POTOIEKTPUIECKON
CTaHIIMU JUIS DJICKTPONMUTAHMSI OCBETUTENBHBIX W HarpeBaTEeNbHBIX MPHOOPOB,
HETPATUIIMOHHON Terumibl. [IpenmoxkeH HOBBIA THUI KOHCTPYKIIMHM TETUIUIIBI,
KOTOPBI OTIWYAETCA OT TPATUIIMOHHON TEIUIMIBI IO YHEProcOeperaromm
CBOWCTBaM M OTHOCUTEIBHOM AECHIEBU3HE UCIIOIB3YEMOI0 MaTEpUaa.

Borpoc  TEXHUKO-?KOHOMHYECKOTO  OOOCHOBaHUSI  LEIECOO0PA3HOCTH
MCIIOJIb30BaHUs (DOTOSIEKTPUUYECKOM YCTAaHOBKHM SIBISIETCA BaKHEWIIEH HayyHO-
TEXHUYECKOW  3amader. Jlng STOM  Lenu  BBINOJHEH  CPaBHUTEIIBHBIN
HSKOHOMHUYECKUH  aHalu3  KOMOMHMpPOBAHBIX  YCTAaHOBOK:  CTaHJAapTHOM
(OTORIEKTPUUECKON YCTAaHOBKH, (POTODIEKTPUUECKON YCTAaHOBKU C TEIUIOBBIM
KOJJIEKTOpaM,  (OTORJIEKTPUUYECKOM  YCTAHOBKM C  TEPMOIJIEKTPUUECKUM
npeodpazoBateneM, (POTOIIEKTPUUECKON YCTAHOBKU C YCTPONCTBOM BO3AYIIHOIO
OXJIXKICHUS ¥ pe(DICKTOPOM.

Omnpenenena skoHOMHUYECKass S(PPEKTUBHOCTH CO3JAHHBIX (POTOIIEKTPH-
YeCKUX YCTaHOBOK. lIpemmoxeHa MeToauka [UIsl pacueTa AKCIUTyaTal[MOHHBIX
U3JEpKEK, o0beMa pearn3anuy NPOAYKIIMH, YCTAaHOBJICHA NUHAMUKA W3MEHEHUS
YUCTOH MNPUOBUTM OT OJTHX YCTAaHOBOK IO CPaBHEHHIO CO CTaHAApTHOU
dboTorsIekTpudeckor ycTtaHoBKOM MoiHOocThi0 170 BT u doTodnekTpudeckoin
YCTaHOBKH C YCTPOWCTBOM BO3IYIIHOTO OXJaxAeHus u pedraexkropom. Ha
OCHOBAHHUH PEe3yJbTaTOB SKOHOMHUYECKOTO aHajin3a 0OOCHOBAH BBIBOJ O TOM, YTO
(doTosnekTpuuecKkas yCTaHOBKAa C pe(pIeKTOPOM M CHUCTEMOW BO3IYIIHOTO
OXJaXJeHUsl OoJjiee peHTaOelbHa, YeM CTaHgapTHas (OTOIICKTPUIECKas
YCTaHOBKA.

B npuiokeHHM JuccepTalMU  MPHUBEACHBI METOJMKA U pacuer
MOTPEIIHOCTe TPU H3MEPEHUH MapaMeTpOB KOMOMHHUPOBAHHBIX HSHEPro-
YCTAaHOBOK Ha OCHOBE (DOTORJIEKTPUYECKUX OaTapeil M3 KPUCTALIIMYECKOTO
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KpEMHUS, a TaKXKE€ aKThbl BHEJPEHHUS OT MaiblX npeanpuatuil Y3oekucrana OO0
«Yctioptrazy, OOO «Solar Energy Products» wu ¢epmepHoro xo3siicTpa
«Mupremupy.

3AK/IIOYEHUE

Ha ocHOBe nMpoBeAEHHBIX HCCIEIOBAHUM 110 TEME TOKTOPCKOM AUCCEPTALMH
Ha Temy «KoMOMHMpOBaHHBIE YHEPTOYCTAHOBKH HA OCHOBE (POTOAIEKTPUUECKUX
Oarapeil U3 KpUCTAUNINYECKOTO KPEMHUS» MPEACTABICHBI CIEAYIOIINE BHIBOIbI:

1. Hocturnyto yBenuuenue KIIJ] comHEUHBIX yCTAaHOBOK MpU MHPSIMOM U
c1ab0 KOHIIEHTPUPOBAHHOM COJIHEYHOM U3JIYYCHHMSIX 32 CUYET KacKaJIHOTO
pacnosoxeHus: (OTONPUEMHBIX MOBEPXHOCTEH, MPUBOIALMX K 3PPEKTUBHOMY
MCIIOJIb30BaHUI0 OoJiee MIMPOKOTO JUarna3oHa CIEKTpa COJHEYHOTO H3ITY4YCHHs, a
TaKKe Oyarojgapsi CHIDKEHUIO TeMIlepaTyphbl (POTODIEKTPHUUECKON YacTH 3a CYET
OTBOJa TeIIa JJIsl 000rpeBa BOJbI, UCTIOIB3yEMOTO JUISI HYK]T XO3SCTBA.

2. Ha ocHoBe pa3zpaboTaHHON TEXHOJOTHH HU3TOTOBJICHB KOMOMHUPOBAHHBIE
YCTaHOBKH (POTOIIEKTPHUECKUX OaTapeil u3 KpUCTALUTUIECKOTO KPEMHHUS U Ha WX
OCHOBE MIOKa3aHBI BO3MOKHOCTH POU3BOCTBA (b OTO-TEIIOBBIX,
(OTORTEKTPUIECKIX YCTAHOBOK C MPUHYIUTEIBHBIM BO3AYIIHBIM OXJIAXKICHHEM.

3. Pa3paborannas metoauka u nporpamma Ha Visual Basic nmpumenena st
BBIUMCJICHUS YIJIa TaJEHUSl COJIHEYHOTO HW3JIyUYEHHUs, Ha OCHOBE pEe3yJlbTaTOB
KOTOPOW M3rOTOBJIEHBI AKCIEPUMEHTAJIbHbIE YCTPOMCTBA IO ONPEICIICHUIO
ONTUMAJIbHBIX YIJIOB OPUEHTALMU (DOTOIIEKTPUUECKUX OaTapeu.

4. Pazpaborana CAD mopenb (poTOANEKTPUUECKON YCTAaHOBKHU B MIPOTPaMMe
Solid Works Flow Simulation mo3Bomstomias onpeaeanTh TUHAMUKY W3MEHEHHUS
Temneparypbl @b U OLIEHUTH BIMSHUE CKOPOCTH MOTOKA BOABI HA TEMIEPATYpPy
¢doTto-TemnnoBoi O6arapeu, TakKe MOKa3aHO, YTO MPUMEHEHUE Pa3HBIX MaTEPHUaJOB
Uisl TpyOOK HE BIMSAET Ha TeMIEepaTypHble PEXUMBI padbOThl (POTO-TEMIOBOM
OaTtaped U HaAmpoOTHB, 3aBUCUT OT KOHCTPYKIIMM DdJeMeHTa abcopOepa
(TEeTIOMOTIOMAOIIET0 MaTepraia) Ha OCHOBE METAJUIMYECKOTO JIUCTA.

5. 3a cuer mpuMeHEHHs OTpaxkaroliero pediaexkTopa MpH TemIepaType
okpyxaromeii cpeasl  21°C  mokasaHa BO3MOXKHOCTB YBEIMYCHHS IOTOKA
COJTHEYHOTO u3My4yeHuss B 1,6 pa3 M COOTBETCTBEHHO MOIIHOCTH COJHEYHBIX
anemeHToB Ha 18%, tepmoanexkTpuueckorr Gatapew Ha 47,0%, a Takke 3a cUer
MPUMEHEHUs  TEPMOAJICKTpHUECKoi  Oarapen  d(PGEKTUBHOCTh  COJIHEYHBIX
31eMEeHTOB Ha 2%.

6. BrepBele Ha OCHOBE MPEAJIOKEHHOTO METOAa IMOKa3aHa BO3MOXKHOCTh
OTHOCHUTEJILHOTO HW3MEHEHHUs KO3((HIMEeHTa MOJE3HOro ACUCTBUS YHCTOTO U
3arpsiI3HEHHOT0 (POTORIEKTPUUECKUX OaTapeil.

7. B nByX MAEHTUYHBIX (DOTOITEKTpUUECKUX OaTapesix ¢ MPUHYIUTEIBHBIM
BO3IYIIHBIM OXJKICHHEM I[IOKa3aHa BO3MOXKHOCTh JIMHEWHON 3aBUCHUMOCTH
(b oTORIEKTpUUECKOI OaTaper OT CKOPOCTH MOTOKA OXJIAXKAAIOUIEr0 BO3IyXa.

8. Pa3zpaboraHHass  KOHCTpyKUHUsA  (DOTO-TEIUIOBOM  YCTAHOBKH  C
OXJIQXK/IAIOIIMM YCTPOMCTBOM Ha OCHOBE IMOJMMEPHBIX TPYOOK MO3BOJISIOIIAS
YBEJIMUYUTD BJIEKTPUUYECKYIO MOIIIHOCTD (POTO-TeroBoil Oatapen Ha 38%.
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9. BmepBele i KapKUX KIUMATHUYECKUX PETHOHOB pa3paboTaH U
M3TOTOBJICH  ONBITHBIH ~ oOpasery  aBTOHOMHOW  MHOTO()YHKIIMOHAJIBHON
(OTOITEKTPUUECKON CTAaHIMM HSKCTPEHHOTO OOECTEeUeHHsI 3JIEKTPOIHEpruen
00BEKTOB, YIAJICHHBIX OT IIEHTPATU30BAHHBIX UCTOYHUKOB YHEPTUH, AJIS MOABEMA
BOJIBI U3 KOJIO/ILIEB U CBAPOYHOIO arperara.
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INTRODUCTION (annotation of doctoral dissertation)

Topicality and relevance of the theme of the dissertation. Nowadays, one
of the main physical and technical problems of fast developing helium power
engineering is identifying the opportunities of implementation of new materials of
solar cells and producing durable, cost effective and adaptable to different types of
climates photoelectrical converters. In this aspect, development of combined
photo-thermal power systems is considered one of the perspective fields.

Today, the scholars of our country are paying special attention to the
development of combined photoelectrical and thermos-electrical power systems that
provide to some extent increasing the production of electrical energy through the use
of the heat and coverage of additional spectrum of solar rays. In this area, tangible
results were achieved on the development of combined photo-thermoelectric plants
that provide temperature reduction using the constructions based on metal and plastic
pipes, as well as the development of cooled air flow constructions (fans, heating
collectors) corresponding to modern requirements of solar inverters.

A good choice of component parts, as well as an increase in efficiency of the
systems combined with solar cells are essential in the development of combined
photovoltaic and thermoelectric systems. In this aspect, the creation of combined
photovoltaic installations on the basis of crystalline silicon in a pair with a solar cell,
the development of manufacturing technigues of photo-thermal installations with a
“buffer” heat receiver with different contact areas on the back surface of the
photovoltaic battery, optimization of the electro-physical and thermal-technical
parameters of the photo-thermal panels and the development of corresponding
photovoltaic batteries with cooling device meeting the climatic conditions of the area
are necessary. The researches carried out in the above direction bring about the
relevance of the theme of the dissertation.

To some extent, this dissertation research serves to perform the tasks stipulated
in the Decree PD-4512 of the President of the Republic Uzbekistan “On measures for
further development of alternative energy sources” of 1 March 2013 and the Decree
PD-2343 “On measures for power consumption reduction, implementation of energy
saving technologies in industries of economy and social sphere in 2015-2019” of 5
May 2015, as well as other related normative and legal acts adopted in this sphere.

Relevance of the research to the priority areas of science and technology
development of the republic. This research was performed in accordance with the
priority areas of science and technology development of the Republic of
Uzbekistan IV. “Development of the methods of using renewable energy sources,
creation of technologies and devices based on nanotechnologies, photonics and
other advanced technologies”.

Review of international scientific researches on the subject of
dissertation®. Scientific researches aimed at the development and study of a
construction of combined photovoltaic-thermal (PV-T) installations with different

! Review of international scientific researches on the theme of the dissertation was carried out on a basis Annual Report. UNSW Photovoltaic
Special Research Centre, University of New South Wales // Sidney, Australia;. www.elsevier.com/locate/apenergy / K. Applied Energy.
2009-2014; www.elsevier.com/locate/solener/. JK. Solar Energy, 2002-2006; Energy and buildings, 2006; K. TexHuka B cebcKOM XO3siCTBE.
2013; and other sources.
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configurations are being carried out in the leading scientific research centres and
higher educational establishments of the world, including the Photovoltaic Special
Research Centre, University of New South Wales (Sidney, Australia),
Massachusetts Technological Institute (USA), Dept. of Mechanical and Aerospace
Engineering, University of Roma (Italy), Energy Research Centre (Netherlands),
City University of Hong Kong (China), Department of Mechanical and Materials
Engineering, Queen’s University (Canada), Brno University of Technology (Czech
Republic), the All-Russian Scientific Research Institute for Electrification of
Agriculture (Russia).

As a result of the researches carried out in the world on the problems of
combining photovoltaic batteries based on a crystalline silicon with other devices,
a number of practical results were obtained, including the following scientific
results: the specialists of Photovoltaic Centre of the University of Sydney
conducted a comparative test of silicon solar cells in Antarctica. It was found that
if at normal operating conditions (at 300 K) their efficiency was 23.5%, then at 33°
C (239 K) it increased to 25.9%, i.e. about by 10%; the photo-thermal plant with
two absorbers was studied under the program at Massachusetts Technological
Institute, as a results of which there was marked high thermal efficiency of this
construction; in the All-Russian Scientific Research Institute for Electrification of
Agriculture (Russia), a technological scheme of solar cogeneration unit was
developed based on a photo-thermal battery and an open-loop dispensing coolant
using a solenoid valve and relay control; in Brno University of Technology, the
methods of cooling the photovoltaic panels were developed on the basis of the
polymeric material;

At present, researches are being carried out on the creation of constructions
of combined power installations on the basis of silicon photovoltaic batteries in the
following promising areas, including: the use of mirrored concentrators to increase
the efficiency of the use of installations; the use of relatively cheap materials;
optimization of electrical and thermal parameters of installations; introduction of
cooling devices into high-power photovoltaic stations.

The degree of study of the problem. The researches have been carried out
on the scientific theories of different constructions of PV-T installations by foreign
scholars such as T.T. Chow, H.P. Grag, R.K. Agarwal, S.A. Kalogirou, Y.
Tripanagnostopoulos, B. Sandnes, J.A. Rekstad. S.A. Kalogirou and
Y.Tripanagnostopoulos have investigated the parameters of PV-T installations
using the forced circulation mode that works in thermo-siphon process. They
researched 12 types of PV-T installation modes on the basis of pc-Si and a-Si
types of PV-T modules. As a result, they found that a-Si based PV-T battery had
several preferences such as cheaper cost and resistance.

In their works, the authors M. Mirzabaev, M.N. Tursunov, R.A. Muminov
and A. Komilov showed high efficiency of the photo-thermal batteries compared
with standard photovoltaic batteries in hot climates. R.R. Avezov, J.S. Akhatov
and others broadly reviewed the different constructions of photo-thermal
Installations, and theoretical and experimental studies.
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In recent years, researchers and developers have offered to use fully and
efficiently the solar radiation by the combined transducers. Such transducers
combine two, three or more devices of the same physical type, each of which
converts a portion of the solar spectrum. For example, cascading photovoltaics or
solar cells or two units of heterogeneous physical principles of energy conversion,
such as photovoltaic and thermal. Many potential users of solar energy are ideally
suited to the production of energy from the combined converters. Problems of
converting solar radiation into electrical and thermal energy via combined photo-
thermal and photo-thermo-electro-generating installations in hot climates were
poorly studied compared to other installations (for example, photovoltaic batteries,
solar collectors, etc.). The published works in most cases concern only the
theoretical aspects of the problem.

Initially, the idea of combining the solar cell with thermocouples was
proposed by M.S. Sominsky and Y.N. Malevsky. Under laboratory conditions, the
authors investigated several constructions of such devices. In these studies,
remained practically unsolved the problems of obtaining maximum power and
efficiency of thermoelectric batteries at their optimum size, as well as the
optimization of the parameters of photo-thermopile in terms of getting the
maximum power of the system of sunlight under natural conditions.

Connection of the theme of dissertation with the scientific-research
works of the higher educational institution, where the dissertation was
conducted. The dissertation research was carried out in the Physical-Technical
Institute in line with the plan of research works of applied projects within the
framework of State programs on the themes A4-®A-0-26793 “Development of
combined energy installations based on a photo-thermocouples and cooling system
of direct and concentrated solar radiation” (2012-2014), MK-47/2012 “Uzbekistan-
Korea 20127, “Development and manufacturing of portable photovoltaic power for
rural communities” (2013-2015) and an innovative project N3-®A-0-11738
“Creation and implementation of autonomous multifunctional complex on the
basis of photovoltaic, photo-thermal and biogas installations for providing the
facilities of livestock farms with energy” (2013-2014).

The aim of research is developing combined power installations based on
photovoltaic batteries with the optimal settings for direct and indirect solar
radiation intended for hot climate conditions.

The tasks of the research:

development of prototypes of photovoltaic batteries with a cooling device
for the climatic conditions of Uzbekistan;

development of methods for determining the thermo-technical parameters of
installations by modeling the thermal modes of photo-thermal batteries;

monitoring the changes in the conversion efficiency of photovoltaic batteries
taking into account the impact of climatic and operational factors;

development of the technology of manufacturing photo-thermal installations
with a “buffer” heat receiver with different contact areas on the back surface of
photovoltaic batteries;
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development of the construction of manufacturing side reflecting
concentrators (reflectors) on the front surface of photovoltaic batteries for
increasing the lifetime of photovoltaic power batteries up to 1.5 times;

identifying the areas of energy loss, searching options to improve the
efficiency of photo-thermal and photo-thermo-electro-generating installations;

manufacturing the prototypes of stationary and portable options for photo-
thermal and photo-thermo-electro-generating installations and studying the
operational parameters at natural conditions;

conducting a comparative feasibility analysis of various options for the use
of combined power installations based on photovoltaic batteries with cooling
devices.

The object of the research were combined photovoltaic and photo-thermal
and photo-thermo-electro-generating installations with different cooling devices.

The subject of the research was a thermal model of photo-thermal
batteries, as well as various climatic factors (solar radiation, air temperature, air
dust, humidity, wind speed, etc.) affecting the energy output parameters of
photovoltaic batteries.

The methods of research. During the research such methods were used as
modeling the thermal parameters, determining the degree of contamination,
studying the current-voltage, photovoltaic, thermal and optical properties.

The scientific novelty of the research is as follows:

an interface method was proposed for operational orientation of photovoltaic
batteries in relation to the Sun;

a photovoltaic battery construction was developed with additional solar cells
adapted to hot climate conditions;

a thermal model of photo-thermal batteries was developed on the program
Solid Works Flow Simulation, allowing to determine the dynamics of change in
the photovoltaic battery temperature, and the effect of water flow rate on the
temperature of photo-thermal batteries was evaluated, the types of materials for the
cooling tubes, which provide a stable operating temperature of photo-thermal
batteries and their dependence on the construction of the absorber element (heat
absorbing material) through the metal sheet were defined;

for the first time it was experimentally shown that the use of the reflector
proportional to the surface of photovoltaic batteries leads to the increase of the
solar irradiance by 1.6 times and, respectively, the output of the solar cell by 18%
and thermoelectric batteries by 47%; the conversion efficiency of the solar cell
increased by 2% due to the reduction of the temperature of the solar cell through
the use of thermo-electric batteries;

a method for determining the degree of pollution of the surface of
photovoltaic panels was proposed, which allows to identify the relative change in
the efficiency of the clean and polluted surface of photovoltaic batteries;

a photovoltaic panel with a controlled cooling device was developed; the
effect of the charge air cooler on the performance of two identical photovoltaic
batteries was studied, as well as the linear relationship of photovoltaic battery
power with the cooling air flow rate was determined;
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a new construction of the photo-thermal system with a cooling device was
developed based on polymer tubes providing an increase in electric power by 38%.

Practical results of the research consist of the following:

we developed photovoltaic batteries adapted to hot climate conditions and
photo-thermal installations with a cooling device to improve the efficiency of use;

we suggested some methods for the reduction of the temperature of
photovoltaic batteries allowing to significantly shorten the battery charging time by
increasing the current for charging batteries;

we designed a program on Visual Basic for determining the optimum angle
of incidence of solar radiation and accurate measurement of the solar cell
parameters. We created a device for determining the optimum angle of
photovoltaic battery orientation.

we developed a method for determining the degree of pollution of the
surface of the cover glass of photovoltaic batteries with precipitations.

The reliability of the research results is confirmed by the coincidence of
the obtained experimental results with theoretical data, the application of modern
approaches and methods in the research process, consistent unity, the use of
modern measuring equipment, as well as reliable repeated methods of processing
the results of measurements.

Theoretical and practical significance of the research results. The
scientific significance of the research results is in that it helps to deepen the
knowledge about the physical processes occurring in photo-thermoelectric
elements in the conversion of solar energy into electrical energy.

The practical significance of the research lies in the fact that the methods of
creation of combined solar and photo-thermal systems can be used in the
manufacture of various constructions of combined power installations that are
suitable for hot climate conditions.

Implementation of the research results. For the practical research
“Development and creation of modern systems of direct conversion of solar
radiation into electrical energy based on silicon photovoltaic convertors” the author
of the dissertation was awarded the State Prize for Science and Technology by the
Decree PD-4556 of the President of the Republic of Uzbekistan of 22 August
2013. As a result of the introduction of the scientific results into practice, a new
option of the photo-thermal system with a cooling device was developed based on
polymer tubes providing a 38% increase in the electric power of photovoltaic
battery constructions and photo-thermal batteries, which are provided with
additional solar cells adapted to hot climatic conditions. It made it possible to
economize fuel resources by heating 150 liters of water using 1.5 kW electricity
per day.

Testing of the research results. The results of the dissertation were
reported and discussed at 19 international and republican scientific and practical
conferences on the themes: “Fundamental and applied problems of physics”
(Tashkent, 2010); “Republican scientific and practical conference of young
scientists dedicated to the 70th anniversary of the Academy of Sciences of the
Republic of Uzbekistan” (Tashkent, 2013); “ISES Solar World Congress”
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(Mexico, 2013); “International Workshop on Convergence of Physical and
Material Engineering” (Chiang Mai University, Thailand, 2013); “Solid State
Physics” (Astana, 2014); “Optical and photovoltaic phenomena in semiconductor
micro- and nanostructures” (Fergana, 2014); “Actual problems of the use of
alternative energy sources” (Karshi, 2014); “Problems of increasing the efficiency
of electrical energy consumption in sectors of agro-industrial complex” (Tashkent,
2015); “The importance of innovative technologies in solving the problems of
energy saving and energy efficiency of industrial enterprises” (Karshi, 2016).

Publication of the research results. On the main results of the theme of the
dissertation a total of 33 scientific works were published, of these, 12 scientific
articles in the journals recommended by the Supreme Attestation Commission of
the Republic of Uzbekistan for the publication of basic scientific results of doctoral
dissertations. The patent have been obtained for 1 useful model and 1 industrial
design.

The structure and volume of the dissertation. The dissertation is
presented on 188 pages consisting of an introduction, five chapters, a conclusion, a
list of used literature and appendices.
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THE MAIN CONTENT OF THE DISSERTATION

In the introduction, the topicality and relevance of the theme of the
dissertation were substantiated; its conformity to the priority directions of science
and technology development was shown; international researches on the topic of
the dissertation were reviewed; the degree of study of the problem was highlighted,;
the aims, tasks as well as the objects and subjects of the dissertation were
formulated; the scientific novelty was described; the reliability of the obtained
results was justified; the theoretical and practical importance was revealed; a
summary of the implementation and announcement of the research results and the
structure of the dissertation were given.

The first chapter of the dissertation is devoted to “Analyses of modern state
of developments of solar cells and thermo-electrical energy convertors”. The
theory of the photovoltaic effect, the material requirements for optimum
performance of the solar cell with the p-n junction and the main characteristics of
solar cells are briefly discussed. Certain factors that lead to a decrease in the
conversion efficiency of the solar cells are considered. Technology, design and
structural aspects of the creation of a combined PV-T, PV-TEG installations for
their using in terrestrial conditions are established.

The various methods of cooling the PV panels, the marketing state of the
PV-T system are studied and analysed, and also a variety of ways to improve the
conversion efficiency of the solar cell and photovoltaic batteries are identified.

The analysis of scientific literature concluded that the lack of knowledge of
the problem of reducing the main parameters of PV cells based on crystalline
silicon operating in hot climates, and the goal and major tasks of upcoming studies
are formulated.

In the second chapter, “Development of design and manufacturing
technology of combined energy installations (PV, PV-T and PV-TEG)”, the
technological stages of manufacture of photovoltaic cells based on crystalline
silicon and the basic requirements to them are stated. All technological processes
are carried out in an experimental production department of the Laboratory
“Semiconductor solar cells” at the Physical-Technical Institute, Scientific
Association “Physics-Sun” of the Academy of Sciences of Uzbekistan.

Photovoltaic battery production technology adapted to the conditions of the
regions of the Republic of Uzbekistan is perfected.

A separation technology of solar cells into fragments by the selective
chemical etching is described. On the basis of manufactured solar cells thin
photovoltaic batteries (1.4 W, 1.64 W, 1.24 W) are assembled and their
comparative photoelectric parameters are examined. Solar chargers for mobile
phone power supply, low-power laptops and other energy consumers were
developed and offered on the market of Uzbekistan.

Principal schemes of a PV-T system for hot water and electricity for
domestic purposes are developed.
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The technological process of manufacturing of uniaxial combined PV-TE
installation with a reflecting concentrator of solar radiation and a cooling device
have been developed. Three variants of the combined units have been developed:

photo-thermoconvertor (PTP-1);

photo-thermoelectrical-conversion generator (PTG-1);

combined photovoltaic-thermoelectric power generation (PV-TEG) system.

In order to manufacture a PV-TEG installation of PV panel, 18 solar cells on
the basis of polycrystalline silicon with the efficiency of 15.4% were connected in
series. The geometrical sizes and thickness of solar cells were 52x156x0.2 mm,
respectively.

Before lamination of PV module, a small area (Figure 1) was created on the
back side of the PV module in order to stick thermoelectric batteries (TB).
Thermoelectric generator (TEG) was commuted of 18 TBs connected in series
which are in square forms, the size of them 40x40x2.5 mm, and with occupancy
coefficients of &, ~ 0,25 and n,~6%. The TB contains 127 thermoelements based on
the tellurium bismuth with a conduction of p-n type. The operating temperature
range of the thermoelements is 0+180°C. Bismuth-tellurium based thermoelements
belong to the group of low temperature thermoelectrical materials. It is possible to
reach a maximum indicator 150 °C with the help of the reflectors in the battery part
of combined PV-TEG installation, that’s why choosing bismuth-tellurium based
TB depend on their interval temperature diapason. “Hot” junction of
thermoelectrical batteries contacts with the back side of photovoltaic batteries
(Figure 2) by a heat transfer organosilicon paste KPT-8, which at a range of
temperatures from -60 to +180°C supplies an effective thermal contact.
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Figure 1. A sticking place of TB on Figure 2. Placement of TB on the back
the layer of ethylenevinylacetate side of PV module

A cooling device for the “cold” junction of thermoelectrical batteries is
manufactured as follows: three rows of parallel flat rectangular pipes for a cold
coolant are spaced 115 mm apart from each other. The upper and lower ends of the
rectangular tubes are joined perpendicularly to six channels of perpendicularly
located tubes with a rectangular section.

Figure 3 shows a diagram of a cooling device, which is mounted on the rear
side of the thermoelectric generator. For the thermal insulation (Figure 4) kaolin
wool was used. The back side of the installation (Figure 5) was closed by an
aluminium lid. The above indicated components of the installation were reduced to
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a single design in the form of a quadrangular shape, which was mounted on a
uniaxial load-bearing structure.
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Figure 3. Diagram of a cooling device 1 - kaolin  wool; 2 - copper-constant based
for TEG thermocouple; 3 - cooling collector

Figure 4. The order for placement of the
cooling device and thermal insulation
material

Figure 5. Combined PV-TEG installation

The support structure has a pivot mechanism in two directions (horizontally
and vertically) for operational tracking for by the sun.

The third chapter titled “Simulation of operating modes of combined PV-
T installations” is devoted to the study of thermal processes in PV-T installation
of the proposed design carried out under the program Solid Works Flow
Simulation (SWFS). SWFS allows simulating heat transfer in solid and liquid
media with the exchange of energy between them. Figure 6 describes the
principal scheme of the manufactured design of combined PV-T installation.
CAD model of the installation was developed in order to assess the impact of
water flow rate and thermal conductivity on temperature of PV-T installation.

Heat transfer in liquids might be described by heat conduction equation,
where heat flow is defined on (1).

dpe o, aT
~_ Y|, 1
or "oy (l. o J+Qh 1)

where, e=ct, — specific international energy, (J/kg); ¢ — heat capacity, (J/kg °C); p -

fluid density, (kg/m?); 4 - thermal conductivity, (W/m °C); y;— thickness, (m); Qp
— energy absorption heat power in unit volume, (W/m?).
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Thermal and optical properties of every layer in PV-T battery is used in
simulating the thermal regimes of installations with the help of SWFS program.

1-frame; 2-tempered glass (with the width of 5 mm);
3-silicon sealant; 4-solar cells; 5-aliminimum sheet
(with the width of 0.3 mm); 6-tube in the form of
meader;  7-reflecting foil;  8-thermoinsulation
material; 9-back side.

Figure 6. Principal scheme of combined PV-T
installation

A thermal mode model of PV-T installation is developed. Thermal balance
equations have the following view:
for the transparent cover (glass and hermetic covers) of PV-T installatio:

E +h  F (T-T, )= o p | F
p  glass + r,glass glass( a glassl) - 82’ + p glassptr.cov. + p glassz-tr.cov. (2)
for solar cells:
k ou k
Il _ Il |.sheet
2-tr,cov, I nglass + Ar glass (Tglass.z _Tcell.l) - a . + gcellrtr.cov.l ngIass + Ala = Fglass (Tcell,l _Tal.sheet.l)
cell 4 al.sheet (3)

for an aluminium sheet and water flow:

ka shee aUa shee Y
ﬁ glass ( cell1 al.sheet.l) = ﬁ + me (Tin _Tout ) + hr.sheet Fglass (Tal.sheet.Z _Tbet.sh.iso.) (4)
for the air layer between the aluminium sheet and thermal insulation:
kiso aU air.be
hr.sheet Fglass (Tal.sheet.z _Tbet.sh.iso. ) + I glass (Ta _Tbet.sh.iso) = Tk” + hr,isol. Fglass (Tbet.sh.iso. _Ta) (5)

Al

isol
The thermal efficiency of PV-T installation may be defined by the following

equation:

~mC, (T,

out

F

glass

Tin)

(6)

The

IP

The results of measurements of direct solar radiation and ambient
temperature on the daytime for May 24, 2012 are shown in Figure 7 and used in
the simulation. Figure 8 shows simulation results of temperature PV-T installation,
the water temperature at the inlet and outlet of the thermal collector.
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Figure 8. Water temperature at inlet (1)
and outlet of the collector (2), the
temperature in PV-T (3) at the process
of simulation during the maximal values
of solar radiation between 11* and 13*

The results of the simulation of the thermal process in PV-T installation are
shown in Figure 9. It can be concluded that by using different materials in the
absorbing tube (copper, aluminium and steel) the temperature on PV module at a
constant flow rate (0,004 kg/s) does not change.

—=a8— 0.004 kg/s
—e—0.0011 kg/s
—A— wihtout h.e.

T T T T T T T T T
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a) copper tube
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—A— without h.e.

T T T T T T T T T
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Time (hour)

b) aluminum tube

By reduction in rate of water
flow (0,0011 kg/s), the temperature
on the PV module increases. Figure 9
shows the calculated dependence
temperature of the PV module on
time at different water flow rates and
without water circulation. In the
mode of without water flow, the
temperature of the PV module
reaches 70°C. The simulation results
lead to the conclusion that the use of
different materials for the tubes does
not affect the operating temperature
of PV module. Thus, the temperature
of PV module and PV-T depends on
the material of absorber plate.

Temperature dependence of water
flow at outlet of the collector of the
PV-T installation on water flow rates
was studied during the day. As it is

shown in Figure 10, the temperature of
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Figure 9. Temperature dependence of PV
on daytime at different water flow rates

water flow at outlet of the collector
strongly depends on the water flow
rate.

The thermal power of outlet water flow
is defined by the following equation:

p_ MCAt (7)
AT

where, m and ¢ — are mass and specific
heat capacity of water; AT — difference
of temperature of inlet and outlet water
flow in the collector of PV-T
installation; Az is time interval within
that AT taken place.

It can be seen that thermal power is directly proportional to the water flow

rate and water temperature difference at the inlet and the outlet in collector, and
therefore (Figure 11) at 0.0011 kg/s of water flow rate, the value of thermal power
Is high and is optimal for PV-T installation. Under such conditions, PV-T battery
electrical parameters are optimal, consistent experimental results, which are shown
in Figure 16.
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Figure 11. The dependence of thermal
power of water flow rate at the outlet on the
daytime

When designing the combined solar engineering installations, it is necessary
to take into account the influence of climatic conditions of places on their
operating temperature, i.e. where the installation will be operated.
Heat flow of solar radiation Qs (taking into account the reflected one),
incident on the surface of PV panel, is equal to the sum of heat flows by Q,
radiation and Q. convection.

Q=Q +Q

(8)




Q =O‘(81+82)(T4—T04) ©)

Q. =2a(T -Ty) (10)
Q, = (1—77)-}2(1— R(A))-E(1)dA (11)
A

T, —ambient temperature (air); & — glass emissivity; &, - emissivity of EVA;
o - Stefan-Boltzmann constant; « - heat transfer coefficient; A - the length of solar
radiation wave; R(A) - spectral refractive ratio of surface; E(A) - flux density of
solar radiation.

The expression for heat transfer coefficient has the following view:

PLTE

(12)

| 0,8
Nu =0,032| v — (13)
14

where, Nu - Nusselt’s number; | — characteristic length; y and v - coefficient
of heat conductivity and kinematic viscosity of air; v — air velocity. Since, the glass
cover does not absorb the solar radiation at its spectral range, and the magnitude of
refraction index of the glass n is constant, then (11) can be written as the
following:

A
Q=(-n-7-[E@dr  (a)
%

where, 7 is transmittance of the glass which takes into account multiple
reflections in the glass cover, and has the following expression:

2N
n®+1

£= (15)

The refraction index of glass ranges ~1.48+1.53, the average value of its
transmittance 7~0.92. For the model AM1.5D and A;= 0.4 um, A, = 2.55 pm, the
magnitude of the integral is 961.0 W/m®.

If it takes a dimensionless variable X=T/T,, then (8) taking into account
(9-15), it follows to write down the equation as well as the following:
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j:o (16)

The reference data: emissivity of glass €; = 0.937, emissivity of EVA film
on the silicon &, = 0.72, measured by a thermo-radiometer TPM, the values of v, v
were taken from the reference books.

The solution of the equation (16) for the solar cell with the efficiency of n =
16% and different ambient temperatures is given in Figure 12. Figure 13 presents
the results of calculations for the dependence of flows of radiative and convective
heat exchanges on the speed of wind, i.e. air velocity.

700 ¢

600 |

2

500 F

400

tempature, t°

300 F

Power density, W/m

40F 2
200

30F 1
100

4
5
6

20

2 4 5 3 10 2 4 6 8 10
Wind speed (m/s) wind speed, m/s

1,4 -30°C; 2,5 -40°C; 3,6 - 50°C.
1-20°C; 2 -30°C; 3 - 40°C; 4 - 50°C;

Figure 12. The dependence of photovoltaic Figure 13. Dependence of convective heat
battery temperature on the wind speed and exchange (1,2,3) and thermal radiation (4,5,6)
ambient temperature of photovoltaic batteries on the wind speed
and ambient temperature

It was found that if the ambient temperature is below 30°C, the temperature
of the photovoltaic battery is highly dependent on the wind speed:

- with increasing wind speeds from 1m/c to 10 m/c, photovoltaic battery
temperature drops about 40%;

- at ambient temperature over 30°C, photovoltaic battery temperature weakly
depends on the wind velocity, and for the effective operation of the photovoltaic
battery it is necessary to cool it;

- with the wind speed of less than 2 m/s, photovoltaic battery is cooled as
well due to convective and radiative heat transfer;

- with the wind speeds of more than 2 m/s, convective heat transfer
dominates over radiative one.

The fourth chapter titled “Researching the parameters of combined
power plants and improvement of their efficiency” presents the experimental
results. A method was proposed for the orientation of PV panel in relation to the
sun. To test this method, an experimental device (Figure 14) was manufactured,
which is a square plate with fixed on it at right angles to the vertical and horizontal
measuring scales for determining the optimal orientation angles of PV panels.
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Figure 14. Measur‘in‘(j desk on the test Figure 15. The interface of the
ground of the Physical-Technical Institute software for determining the
incident angles of solar radiation

Special software for determining the incident angles of solar radiation on the
surface of solar cells is developed on the basis of Visual Basic, whose interface is
presented in Figure 15. The magnitude of angles measured and calculated by the
software differs insignificantly only for ~1+3%. Based on the obtained results, one
can conclude that the proposed angle measuring method provides a high accuracy.

Possibilities to increase the main parameters (the efficiency, nominal power,
performance of thermal collector and etc.) of combined PV-T installation in the
conditions of hot climate were investigated. Dependence of electrical and thermal
efficiency on the outlet water temperature was studied (Figure 16). The electrical
efficiency increased by 3% while the outlet water temperature decreased from
56°C to 40°C.
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Figure 16. Dependence of electrical (1) and ~ F1gure 17. Experimental dependence of
thermal (2) efficiency of PV-T installation ~ short-circuit current I (#) and power P

on the outlet water temperature (w) of PV-T installation on the flux
density of solar radiation

The water flow rate was 14 litres per hour. Dependence of short-circuit
current I and produced power P (Figure 17) on the flux density of solar radiation
E, are linear (correlation ratio ~ 1).

Testing the combined PV-TEG installation has been carried out on the test
ground at the Physical-Technical Institute of Uzbekistan of the Academy of
Sciences. The results of testing are presented in Figure 18 and Figure 19. Figure 18
shows a temperature dependence of the surface of PV panels on the ambient
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temperature with and without application of the reflector. Curve 1 shows that
within exploitation of a PV module with a reflective concentrator at 21°C of
ambient temperature, the temperature of solar cells on the PV module reached
103°C, however, without application of a reflective concentrator, the temperature
of solar cells reached 69°C. Curve 2 shows that the temperature of solar cells with
the application of a reflective concentrator reached 115°C while ambient
temperature was 33°C. Curve 3 shows that when ambient temperature reached
39°C, the solar cells temperature increased up to 126°C, and in case of without
application of refractive concentrator, this value was 82.4°C. The temperature
difference between the PV and TEB was not more than 15°C. When ambient
temperature (t%.) exceeded 25°C, the wind speed was 2 m/s. Figure 19 presents
the experimental data on the dynamics of produced power by the PV-TEG
installation during a clear day in Tashkent. The wind speed and ambient
temperature were 3.3 m/s and 39°C, respectively. As it follows form Curve 1
(Figure 19), until the application of a reflecting concentrator, during one hour, the
open-circuit voltage felt due to heating up of PV-TEG installation, consequently,
the efficiency and output power decreased linearly with the open circuit voltage.
Loss of power during that period was 19.6%. When refractive concentrators were
attached, the power jump of PV panel was taken place (power increased from 16.9
to 27.5 W is seen in Curve 2), and the high flux density of solar radiation led to
photocurrent providing a contact net of solar cell of current courier collection.
Subsequently, as a result of progressive increasing of temperature of solar cell,
decreasing Uy, and occupancy coefficient of volt-ampere FF took place, which led
to the reduction in output power of PV panel (region of Curves 2-3). On the third
region, at connection of a cooling system, a part of heat from solar cells scattered
through TB. This process was accompanied by recovering of the value of the open-
circuit voltage from 8.42 to 9.6 V, which led to the rising in power of PV panel.
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On the whole, the electrical output power during the application of reflective
concentrators on combined PV-TEG installation increased by 40%.

Figure 20 shows the results of experimental investigations on the study of
the dependence of the output power of TEG on the difference of temperature AT. It
Is stated that if ambient temperature is t°, . ~39°C and the difference of temperature
is 50 °C, the nominal output power produced by TEG became ~580 mW.
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Figure 20. Dependence of the output power  Figure 21. Dependence of the output powers
(mW) produced by TEG on the produced PV panel (1) and TB (2) on the flux
temperature difference AT (°C) density of solar radiation

As it is seen from Figures 20 and 21, by rising of temperature difference of
cold and hot junctions in TB, a growth of the output power was observed, and by
increasing of the flux density of solar radiation (Figure 21), the produced output
power of PV-TE installation, as well as the temperature of hot junction of TB and
its output power increased.

Consequently, the temperature AT of thermoelectric generator on the basis
of bismuth tellurium was dependent. The calculation showed that the application of
a reflective concentrator led to an increase of flux density of solar radiation and,
respectively, the output power of solar cells by 18%, and of TB by 47%. The
conversion efficiency of solar energy in solar cells due to application of TEG
increased by 2% at 21°C of ambient temperature. By increasing the capacity by
47% TEG, solar cell temperature decreased from 90°C to 70°C. Within the
considered range of temperatures, thermal EMF linearly depended on AT, and the
voltage gradient was ~0,068 V/degr.

In the combined PV-TEG installation, the total area of TEG was 1/5 part of
the area of PV panel. If the back side of the PV panel is completely covered by TB,
it is possible to increase the efficiency of PV panel up to 10% of the total output
power of PV panel at over 40°C of ambient temperature.

For the first time, a determination method of a dusty level on surfaces of PV
panel by precipitations was proposed, and relative changes in the efficiency of PV
panel was investigated.

The method of measuring the plate glass transmittance after its exposure
during 80 + 110 days was worked out. By the Spectrophotometer Lambda EZ 150
(Figure 22) the transmittance of photographic plates was measured. It was
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established that the pollution of the glass plate reduced the efficiency of the
photovoltaic battery by 50.0%. It was concluded that the glass surface without any
treatment for 80 days of exposure to the photovoltaic battery capacity decreased
about by 50%. The effect of air pollution on the volt-ampere characteristics of PV
panels in the climatic condition of Karshi (Figure 23) determined that the air
pollution had led to a decrease in the capacity of photovoltaic panels to 37.6%
during 4 months.

According to the experimental results, it can be concluded that the pollution
of the surface of the PV module mainly depends on the season (precipitation) and
the location in the photovoltaic regions of our country.
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Figure 22. The transmission spectrum of  Figure 23. Influence of atmospheric pollution
pure photographic plate (without number)  on the volt-ampere characteristics of silicon
and photographic plate after the exposure PV panels

during 80 (1) and 110 (2) days

The influence of climatic factors on the operation of photovoltaic batteries in
the Republic of Karakalpakstan was determined. It was found out that dayly
accumulative amount of charging current (in clear weather, 790 W/m?) in winter
was 42.7 A-h, cloudy (overcast, ~280W/m?) 11.6 A-h.

The influence of the forced air cooling on the performance of PV panels was
studied. It was found out that the placement of the fans on the back side of PV
panel was more effective than the location at the ends of photovoltaic batteries. It
was observed that the output power dependence of photovoltaic batteries on the air
flow rate was linear. Daily energy consumption share of the cooling installation
was 8% in the total power of the photoelectrical installation that has reflectors. It
was investigated that the efficiency of PV batteries increased by 2.5% by cooling it
with air flow.

New designs of the PV-T system with a cooling device based on polymeric
tubes were developed. The contact area of the collecting part with the rear surface
of the photovoltaic battery increased by almost 50% of the area of the battery,
resulting in a significant increase in the peak electric output power of the PV-T
installation. The rear area of the PV-T panel was 0.24 m®. The collector area of the
PV-T installation was a structure consisting of parallel polymer tubes, which were
attached to the two perpendicularly disposed, polypropylene tubes. Such kind of a

74



construction of the collector is lighter in weight and lower in cost as compared

with

16

traditional metal structures.

The dependence of the main parameters of the PV-T panel on temperature
showed that with an increase in operating temperature of the photo-thermal battery
up to 74°C (Figure 24), the open circuit voltage monotonically decreased
approximately by 14.6%, the short-circuit current increased slightly and the
electrical efficiency of the system decreased almost by 30% within one hour. After
switching on the cold water from the reservoir to the heat collector, the recovery of
the basic parameters of the photo-thermal battery was observed.
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The measurement results (Figures
24 and 25) showed that the electrical
efficiency of photovoltaic battery by
cooling tubes polymer recovered and
became ~ 13.5%, and the open circuit
voltage increased by ~ 8.3%.

As it is seen in Figure 26, with an
increase in water temperature at the
outlet of the thermal collector from
32°C to 39°C, the relative efficiency of
PV-T panel decreased slightly, and
further heating up of outlet water led to
a decrease in the relative efficiency of
the PV-T panel.

It was determined that the production of hot water by using the thermal
collector of photo-thermal batteries at a temperature of up to 45°C does not stop
the process of charging a battery in the electric energy storage system.
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Figure 25. Dependence of open circuit
voltage of PV-T panel on daytime
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Figure 26. Dependence of relative efficiency (1)
and open circuit voltage (2) of PV-T on the
temperature of the outlet water

The inlet water temperature was 20+22°C. Hot water productivity was about
6 litres/hour. The daily thermal performance of the thermal collector part of PV-T
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installation was 45 litres per day. If the reduction in the volumetric flow rate of
water was up to 3 litres per hour, the outlet water temperature reached >50°C.

The fifth chapter titled “The use of the developed PV installations in
different sectors of the economy” is devoted to the implementation of developed
photovoltaic installations under climatic conditions in the regions of Uzbekistan.

A portable photovoltaic installation was created to make comfortable
conditions for people’s life in the rural areas with unequipped field camps. The
application of the developed PV systems is intended for lighting rooms, connecting
laptops and communications devices, shearing devices in farms, portable
refrigerators, televisions and etc.

The possibility of using autonomous PV installations with the capacity of
2.24 kW-h in water lifting systems from deep wells using modern high-
performance pumping systems was presented. The daily water production was 50-
60 m°. Using the installations in water lifts costs about two times cheaper than
diesel aggregate units.

A prototype of an autonomous mobile multifunction photovoltaic
installation (AMMPVP) was designed and manufactured. This system is intended
for use in emergency power supply in facilities, remote from centralized power
sources. For the first time, the possibility of using AMMPVT in the agricultural
sector of the country was exploited to lift water with the capacity of 6-8 m/h, as
well as to lift water from the main canals and wells, and operate the welding
machine up to 3-4 hours per day subjecting to the rules of its operation.

Investigations were conducted on the application possibility of PV
installations intended for power supply in lighting and heating equipment of non-
conventional greenhouses. A new design of greenhouse was proposed, which
differs from the traditional greenhouse with energy-saving properties and the
relative cheapness of the used materials.

The question of the feasibility study of using PV installations is a major
scientific and technical challenge. For this purpose, a comparative economic
analysis has been carried out on the combined units: standard PV installations,
photovoltaic installations with thermal collectors (PV-T), photovoltaic installations
with a thermoelectric converter (PV-TEG), photovoltaic installations with an air
cooling device and a reflective concentrator.

The economic efficiency of the developed PV installation was determined
through the method for the calculation of operating costs, the volume of sales, the
dynamics of changes in net profit from these facilities as compared with the
standard PV installations with power of 170 watts and PV installations with an air-
cooling device and a reflective concentrator. On the basis of results of the
economic analysis, it was found out that the PV installation with a reflective
concentrator and air cooling system is more cost-effective than standard PV
installations.

The appendix of the dissertation contains information about the methods
and calculations of measurement precisions of parameters of combined energy
installations based on the PV panels from crystalline silicon, as well as
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implementation of the developed systems in small enterprises of Uzbekistan,
including “Ustyurtgas” Ltd., “Solar Energy Products” Ltd. and “Mirtemir” farm.

CONCLUSION

On the basis of the conducted researches on theme of the doctoral
dissertation “Combined energy installations based on photoelectric batteries of
crystalline silicon”, the following conclusions are presented:

1. The ways were shown for achieving high efficiency in solar installations
at direct and weakly concentrated solar radiations caused by the cascade placement
of the photo-receiving surfaces, leading to the effective use of the solar spectrum
range, and by the reduction of the temperature of PV components and production
of hot water for the domestic needs.

2. Based on the developed technology, we made combined installations of
PV batteries of crystalline silicon and presented them to small businesses for
manufacturing photothermal PV installations having forced air cooling systems.

3. The developed method and program on Visual Basic were used to
compute the angle of incidence of solar radiation, the results of which were used
for manufacturing experimental devices to determine the optimal orientation angles
of PV batteries.

4. We developed a CAD model of PV installations in the program of Solid
Works Flow Simulation, which allowed to determine the changing dynamics in the
distribution of temperature of PV-T batteries and assess the influence of water flow
rate on the temperature of the PV-T system and it was revealed that the use of
different materials for the tubes does not change the temperature modes of PV-T
battery in the stationary regime, and on contrary the temperature conditions of PV-
T batteries depend on the design of the absorber element (heat absorbing material)
based on the metal sheet.

5. Through the application of a reflector at the ambient temperature of 21°C
we showed the possibility of increasing the solar irradiance 1.6 times, and
respectively, the solar cell output by 18%, and thermoelectric batteries by 47.0%.

6. For the first time, the recommended method allowed to determine the
relative changes in the efficiency of clean and dusted PV batteries.

7. The linear dependence of the power of photovoltaic batteries on cooling air
flow rate is achieved by using two identical photovoltaic cells with forced air cooling.

8. The developed design of the photo-thermal installation with a cooling
device based on polymer pipes has increased the electrical output of photo-thermal
batteries by 38%.

9. For the first time, we designed and manufactured for hot climatic regions
a prototype of an autonomous multi-functional photovoltaic plant providing
facilities remote from centralized sources of energy with emergency power for
lifting water from wells, and for welding units.
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