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IACHUBHI COHSITYHI CUCTEMU ONNAJIEHHSI JIJIS1 YMOB TPUBAJIOI
XMAPHOI IOT0OJ I

Kuiscokuii nayionanvnuti ynisepcumem 0yoisHuymea i apximekmypu, Yxpaina

IMocranoBka mpobaemu. [Ipobrema pecypcozOepekeHHSI € aKTyaJIbHOIO Ha
ChOTOAHI Il YKpaiHW, K 1 /Ui yChOoro CBITY. BoHa moB’s3aHa 3 OOMEXEHICTIO
E€HepropecypciB, €KOHOMIYHMMHU MpoOiaeMaMH 1 1i HaWBaKIIMBIIIUM €KOJOTTYHHM
ACIIEKTOM.

VY Hamiil kpaiHi CIIOCTEPIraeThCs BUCOKUN DPIBEHb €HEPIrOCIOXHBAHHS IPHU
HU3BKOMY pIBHI MPOMHUCIOBOCTI. CHCTEMU OMNAJCHHS € OJHUM 13 OCHOBHHUX
CIOKMBAUIB €HEpPrii. 3MEHIICHHS EHEProCMNOKUBAHHSA IMOBHUHHO WTH MUISIXOM
paliOHAIbHOTO BUKOPUCTaHHS BTOPUHHHUX 1 MOHOBIIOBaHMX Jkepesn. OgHuMm 13
HaWOLIBII PO3MOBCIOPKEHUX MOTYKHUX MOHOBIIOBAHUX €HEPropecypciB € COHSYHA
eHeprig. Aje Ha OUIBIIOCTI Teputopii YKpaiHU (KpiM IMIBACHHHX PETIOHIB) Y
XOJIOJIHUM MEP10J] POKY CHOCTEPITaeThCs TpUBaJIa XMapHa 1Mmoro/ia.

AHaNi3 octaHHix gocjirkenb i myOgikamii. Ha croromni pospoOieHa i
BIIPOBA/PKEHA  BEJIMKA  KUIBKICTh  BUCOKOC(EKTHUBHUX  CHUCTEM  COHSYHOIO
Teronocradanns [1-5]. IxuiM HemomikoM € BHcOka co0IBapTICTh 1 TOJIOBXKCHUI
TEPMiH OKYITHOCTI 3a TaKUX MOTOJHUX YMOB.

[Ipu TpuBamiii KITBKOCTI XMapHUX [HIB Yy XOJOJHHMHA TEpiod POKY
BUKOPUCTOBYETHCSI CE30HHA aKyMyJisilisi TeIuioTd. OCHOBHOIO MPOOJIEMOIO € 3HAuHI
po3Mipu (00’€MHM) HaBITh TBEPAOTUIBHUX aKyMYJSTOPIB, sKI 3aiiMaroTh 00 €M,
PIBHHI KUIBKOM KIMHATaM.

JUiss TEeXHIYHO Ta EKOHOMIYHO OOIPYHTOBAaHOTO BHKOPHUCTAHHS COHSYHOI
eHeprii Ha OUIbLIOCTI TepUTOpli YKpaiHW NPOMOHYEMO KOMOIHAIII0 CUCTEM
MACUBHOT'O BUKOPHUCTAHHS COHSYHOI €Heprii 3 akKTUBHUMHU cuctemamu [6-7] abo 3
OMaJCHHSIM Ha BUYEPIHUX eHepropecypcax. BuUKoOpuCTaHHS TaCHMBHUX CHCTEM
MOKPUBA€E BCIO MOTPeOy B TEIJIOTI B COHSYHY IOTOJY, 3MEHIIYE MOTPIOHUN pO3MIp
aKyMYJISITOPIB Ta 3a011a/HKy€ BUUYEPITHI EHEPrOpecypcu. AJie OCHOBHOIO MPOOJIEMOIO
OUTBIIOCTI KOHCTPYKIIIM MACUBHUX COHSIYHMX CHUCTEM € 3HI)KCHUW TEPMIYHHUI OIip.
TakuM YMHOM IIiJT Yac TPUBAJIOI XMapHOI MOTOAM BTPAUAETHCS OLIbINE €HEPrii, HiXK
320IaKYETHCSL TTPOTATOM COHSIYHUX JHIB. BuHHKae moTpeda po3poOKH COHSIYHUX
CUCTEM 3 MOKPAIICHUMU TETUIO3aXUCHUMH W CBITJIOMPOIYCKHIUMH BIACTHBOCTSIMH 1 31
3HIDKEHOI0 COO1BaPTICTIO, 1[0 3HAYHO CKOPOUYE TEPMiH OKYITHOCTI Ta HEMPOYKTHUBHI
BTpaTH eHeprii. B ymMoBax TpuBaaoi XMapHO1 NOroAW TEPMIYHUNA OMIp TEIUIONEpeaayl
MIACUBHMX COHSYHHUX CHCTEM Ma€ BIANOBIIATH TEPMIYHOMY ONOpPY TeIUIoNepeaayi
TEIUI03aXUCHOI 00070HKKM OyauHKy. Cucremu, 3amnponoHoBaHi y [1-5], MaroTh
JOJATKOBUN TOBITPSHUN MPOIIAPOK 330BHI  HEMPO30PUX  OTOPOKYBAITBHUX
KOHCTPYKIUIH, BIJIOKPEMJIEHUH BiJl 30BHIIIHBOIO MOBITPS CKJIOM a00 CKJIOMAKETOM.
CoHue HarpiBa€ 30BHIIIHIO TIOBEPXHIO OrOPOKYBAaJIbHOI KOHCTPYKIii. SIKII0
OrOpOJDKYBaJIbHA KOHCTPYKIIISI MaTUME BHCOKHMI oOmip Tervlonepeaadi, TO 0
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OpUMILIEHHS  MOTpamuTh JIMIIE Majla 4dYacThHa abcopOoBaHOi  TEIUIOTH.
AJIBTEpHATUBOIO IIPOTIOHY€THCS 30LIBLIINTH 1 (0)114% CBITJIONPO30PHX
OrOpOJUKYBAJIBHUX ~ KOHCTPYKIIH 1 BHKOPHUCTOBYBAaTM BHYTPIIIHI  IOBEPXHI
OPUMILIEHb SIK TEIJI0-CBITIIOBUM abcopOep. Y TakoMy BUMNAAKY MiJABUIIEHA 1HCOJSLIIS
B MPUMILIEHHI POOUTh HEMOXKJIMBHM BUKOPUCTAaHHS [JUCIUIEIB Ta TEJIEBI30PIB,
CTBOPIOE TICUXOJIOTIYHUM TUCKOMGMOPT HE3aXUIEHOCTI 1 MIABUIILYE TEIJIOBTPATH T
4ac TPUBAIOI XMAPHOI1 ITOTOJIHU.

@opMyJIIOBaHHS IJIed Ta 3aBAaHHA cTaTTi. /{1 yMOB TpuBajioi XMapHO1
MOTOJI HEOOX1AHO PO3POOJISITH TTACUBHI COHSYHI OMAOBAJIbHI CUCTEMH, 10 MAIOTh
CBITJIOTPO30PY TEIUIO3aXUCHY KOHCTPYKINIO MIABUIICHOTO TEPMIYHOTO OMOpY Ta
BHYTDIIIHIO HEMpPO30pY KOHCTPYKIIIO 3HIKEHOrO TEPMIYHOTO OmOpy. IxHiit
3araJlbHUM  Omip TeIulonepenadi IMOBHMHEH BUIMOBIAATH TEPMIYHOMY  OIIOPY
HEMPO30pUX KOHCTPYKI[IN TEII03aXUCHOI 000J0HKHM OyiBil. MeToro 1aHoi poOoTH €
aHAJIITUYHE BU3HAYEHHS €(QEKTUBHOCTI 3alPONOHOBAHMX AKTHUBHUX Ta MaCHBHHUX
CUCTEM COHSIYHOI'O TEIJIONOCTaYaHHS.

OcHoBHa 4yacTMHA. 3anpoIlOHOBAHI  CBITJIONPO30Pl  OrOPOJIKYBaIbHI
KOHCTPYKIlIi 3 BHCOKMMH TEIJIO3aXHCHUMHU BIIACTUBOCTSIMH I TIACHBHHUX Ta
AKTUBHUX COHSYHHUX CHUCTEeM. J1Jis MAaCUBHUX CHCTEM CBITJIONMPO30pa KOHCTPYKIIisI Ma€e
TEPMIYHUMA OMip, CYMIpHUHN 3 OMOPOM 30BHIIIHBOI CTIHU. Taka KOHCTPYKIliS Oyne y
CBOiM TOBIII NOTJIMHATH TIEBHY YaCTHUHY CBITJIOBOI €HEprii 1 mepeTrBoproBaTd il Ha
terioty. L{g Teruiora Oyae nepenaBaTucs 4aCTKOBO JI0 TEIUIO-CBITIOBOTO abcopOepa
1 9aCTKOBO — JI0 HAaBKOJIMIITHBOTO TTOBITPS.

s po3poOKM MaTeMaTUYHOI MOJIENi MPOIECIB TEII000OMIHY 3aCTOCOBaHI
mudepeHIliiHl PIBHSHHA TEIUIOOOMIHY JUIsl TOBIII CBITJIONPO30pOi KOHCTPYKIIII,
PIBHSIHHS TIOTJIMHAHHS CBITJIa B HAIIBIPO30POMY Marepiaji CTIHKM Ta 3MillaHi
TPaHUYHI YMOBH JIPYTOro Ta TPETHOTO POAY HA MOBEPXHAX CTIHKH.

PozrisiHemo nepenavy TEIIOTH KPi3b OAHOPIAHY NPO30PY CTIHKY 3aBTOBIIKU O
3 KOE(]IIIEHTOM TEIUIONPOBITHOCTI A 1 MOTIMHAHHA CBiT/Ia k, 3 TeMIepaTrypamu
MOBEPXOHB 7.7 1 1,,. Ha o/HIi 13 ii MOBEPXOHB 3a1aH1 TPAHUYHI YMOBH JIPYTOr0 PO1y Yy
BULJISIAIL ¢, = cOnSt, KPIM LIbOTO Ha MOBEPXHSAX 3a7aHl Koe(IilieHTH TEIJIOBIAAaYl o =
Oexy 1 0 = @, Ta TEMIEpPATypUu CEpeloBUI #; 1 f,, TOOTO TPAaHUYHI YMOBHU TPETHOTO
pony (Puc. 1).

Taka 3a1aua 3BOIUTHCS 10 3HAXOHKEHHS PO3MOIJICHHS TEMIIEPATYPH B CTIHII
1 Temneparypu Ha i noBepxHi. OCKUJIbKY TETUIOBUM PEKUM € CTalllOHAPHUM, MOKHA
3amucaT TaKe PIBHSHHSA:

q.= (tcl'tc2) "}/ 6; qc.= &> (tc2 - tpil)Z) .
(1)

3 piBHsAHHSA (1) BUILUIMBAE, IO MPU 3aIaAHOMY 3HAYEHHI ¢,

to=t+tq./az; to=t+q.(1/a,+ o/4).
(2)
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£ = const

ext — [t

q. -9 i
ext e [ Puc. 1. Cxema nepenaui

e o | ___x TEIUIOTH Yepe3 IUIOCKY CTiHKY
-3 KOJIEKTOpa

3anucyeMo BUXIJHI PIBHSHHS TEIUIONPOBIIHOCTI Ta PIBHSAHHSA IOTJIMHAHHS 3
ypaxyBaHHSAM CTalllOHAPHOCTI Ta OJAHOMIPHOCTI 3aJadl 3 ypaxyBaHHSIM BHYTPILIHIX
Kepen TewiotH ¢, = dI / dx =(q-q.y) * k * e ™ Bix normuHaHHs cBiTia
inTencusnictio I = I, » ™

0 =Dt/dr = aV’t + q/(c,op) = M(c,p) *d’ \/dX’ + (q-qex)*k *¢ ™) /(c,op),
a0o Micys NEPETBOPEHbD:

I dat/dx’ + [q(1- k)] ko e™ =0.
(3)

ne a = M(c,*p) - KOoedILIEHT TEMIEpaTypOIPOBIIHOCTI, €, - TEIIOEMHICTb
Mmarepiany, p - rycruHa marepiany; ¢ = E, - Egysuma - KUIBKICTH TEIUIOTH, sKa
HaJIWIIIA BiJl COHIIS JIO TOBINI KOHCTPYKIi (rmodarkoBa); E, - KUIBKICTh CBITIOBO1
EHeprii, Mo MpoHIuIa Yepe3 OMHOPIIHY CTIHKY COHSYHOTO KOJCKTOPA; Egissuma -
KUIBKICTh CBITJIOBOI €HEprii, sika BIAOWIACH B1Jl MOBEPXHI COHSAYHOTO KOJIEKTOPA; §exr
kew * q - TemwoTra, sKa NOTJMHAETHCS HA 30BHINIHBOMY IIapi CTIHKH, 3
KOE(1LI1EHTOM MOTTTUHAHHS K,yy.
BBoMMO rpaHUYH1 YMOBH JAPYTOr0 Ta TPETHOrO poay (CKIaAHUI TEmI000MiH).
Jns omnomapoBoi crinku (Puc.1) BBoguMo Bick X, crnpsiMOBaHy B ii TOBILY O.
KinpkicTh TEmmoTH, sika MOTJIWHAETHCS Ha TrpaHulll (X = &), 3HAXOIUTHCS 4Yepe3
BIIMOBIAHUMN KOE(]illI€EHT MOTIUHAHHS k),

qdin = kext * (q - qext) e —kx.

(4)
Toni rpaHnYHI yMOBH:
Ipu X=0: o;(stx=-at) + kext * q = A® dp\t/dx| (=,
Hpu X=0: - ox(stuesysts) + ket * (q - Goxd ® € ™ =20 dst/dx|s—s. (5)

JIo BHYTpILIHBOTO MOBITPS MpUMINIEHHS a00 B TEIUIOHOCIA MOTparuisie Ta
KUIBKICTh TEIUIOTH, SIKa MEPEAAEThCs B1J HATPITOT CTIHKHU:

qxopucne = Lin [ At(x=6) - Atpi0] + [ (1 - km) .(1 - kf‘_xf ) *e _kxl .

(6)
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[linkpecneHy YacTMHY BHUpa3y BpaxOBYeEMO B TOMY BHIIJIKy, KOJIU abo
COHSIYHA CHCTEMA MA€ BHYTPIIIHIO CTIHKY TEMHOT'O KOJIbOPY a00 KOPILyC aKTHUBHOTO
COHSIYHOTO KOJIEKTOpa € TOBHICTIO IPO30pUM, a TEIUIOHOCIH Ma€e TEMHHUN KOJip.
Sk1o mMarepian KOJIEKTOpa MPO30PUid, TO 110 YACTUHY PIBHSAHHS MU HE BPAXOBY€EMO.

I'pomiznki pe3ynbTaTu po3B’si3aHHs piBHAHHS (1-6) He HaBeaeHl y maHid
poOoTi. J{s 3anpOonOHOBAaHMX NACUBHUX COHAYHUX CUCTEM PE3YJIbTaTH PO3PaXyHKIB
HaBEJICHI Ha puC. 2.

0.54 ; . . . . . .
052t i
05

g 0.43

0.46

Puc. 2. KKJ]
IIACUBHHUX COHSYHHUX
CHUCTEM II1IBUIIEHOT'O

TEPMIUHOTO ONOPY Gxopucue |
042

01 015 02 025 03 035 04 045 05 q6e3‘ypaxyBaHHﬂ BIIF6HTT’{
ToBLUHE, M 30BHIIIHBO1 TIOBCPXH1

0.44

EdexTuBHICTD TMAaCHMBHUX COHSYHUX CHUCTEM TIpH 3OUIBIICHHI TOBIIMHU
30BHIIIHBOI CBITJIONPOMYCKHOI CTIHKM 3HUXKYeTbcst 10 20 % Big cepeaHboro
3Ha4YCHHS. AJle MPU IOMY JIIHIAHO 3pocTae omip Terionepenadi. [lpu ToBIIMHI
0=0,2 M 3a pe3yibTaTaMu MOMEPEIHIX PI3UIHUX EKCIIEPUMEHTIB OITip Teruonepeaayi
BIJIMTOBI/Ia€ HOPMATUBHOMY OIOPY CTIH JJIsl TIEPIIOT TEMIEePaTypHOi 30HU YKpaiHu —
3,3 (3a IBH B.2.6-31:2006 31 3minoto Nel). [Ipu mocraTHii 4acTOTI COHSYHHUX JHIB
HEOOXITHO ONMTHUMI3YBaTH TEPMIYHUN Omip i 3a0€3MmedeHHs] MiHIMaIbHUX BUTpPAT
€HEeprii 3a ONaIoBAIbHUN MEPIOJ.

BucHoBkH

l. JIist perioHiB 3 JOBrOTPUBAIOID XMAapHOIO IOTOJ0K 1 HEJOCTATHHOIO
KUIBKICTIO COHSYHUX [IHIB [IJI1 TIOBHOI[IHHOI'O IMaCHUBHOI'O ONaJeHHS OYy/iBelb
JOI[IJTbHA KOMO1HAIIlsl TACUBHOTO COHSIMHOTO OMAJICHHS Ta OMAaJCHHS Ha BUYEPITHUX
eHepropecypcax. lle mo3Bosisie 3aomaauTH BUYEPIHI EHEPropecypcH IiJl Yac
COHSIYHOI TOTO/IH.

2. CrBopeHa MareMaTH4Ha MOJIeTb TEIUIOMAaCOOOMIHHUX TMPOIECIB Y
MACUBHIN COHSYHIN cucTemi Tersonocradyans. [lokazano BUCOKY e(peKTUBHICTD TIPH
BHCOKOMY TEPMIYHOMY OMOpIi, IO BiJIMOBIJIa€ HOPMATUBHOMY OIOPY TeIUIonepeaadi
CTIH.

3. Jlist yMOB TpHUBajoi XMapHOi MOTOJAU CJIiJi BUKOPUCTOBYBATH IACHBHI
COHSIYHI CHCTEMHM BHMCOKOIO TEPMIYHOTO ONOPY SKUH JOCATAE ONOPY 30BHILIHBOI
HEIMPO30POi YACTUHU TEIJI03aXUCHOI 000JIOHKH OY/I1BEIIb.

4. Jlng  perioHiB 3 JOCTaTHBOIO YacTOTOK COHSYHHMX JIHIB  CJiJ
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ONTHMI3yBaTh TEPMIYHHMI OIIp NAaCUBHUX COHSYHHUX CHUCTEM, ISl 3a0e3[EeUEHHS
MIHIMQJIBHUX BUTPAT €HEPrii 32 ONaI0BaJIbHUN NEPIOI.

IlepcnekTHBY MOAANBIIUX AOCTIAKEeHb. [JIs1 yTOUHEHHS TaHO1
MaTEeMaTUYHOI MOJIeN1 MJIaHYETHCSI BUKOHAHHS Cepii eKCIEPUMEHTAIbHUX
JOCIIKEHb €()EKTUBHOCTI Ta TEPMIYHOTO OMOPY CUCTEM MACUBHOI'O COHAYHOTO
TeruionocradanHs. [InaHyeThcs mKUpoKe BOPOBAIKEHHS OTPUMAHUX CUCTEM Ha
OUTBIIOCTI TepUTOPIi YKpaiHu Ta 3a 11 MexaMu.
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AHHOTALMSA
JUIs yCIOBHI NIUTENbHBIX MAaCMypPHOM MHOrojabl HEOOXOJMMO HCIOJIb30BaTh
IIACCHBHBIE  COJIHEYHBIE CHUCTEMBI TEPMHYECKOE  CONPOTHUBIICHUS  KOTOPBIX
COOTBETCTBYIOT HECBETOINPO3PAYHON YaCTH TEIUIO3AMUTHON OO0OJIOUKU 3IaHUI.
[Ipensioxkena maTemMaTuyeckas MOJIEIb TEMIOOOMEHHBIX IMPOIECCOB B IMACCHUBHOM
coHeyHOU cucteme. [lokazaHa BbICOKas 3(PQPEKTUBHOCTh MACCUBHBIX COJHEYHBIX
CHUCTEM C BBICOKUM TEPMHUUYECKUM COITPOTUBIICHUEM.

Annotation
For the conditions of long cloudy weather it’s necessary to use a passive solar
system with thermal resistance which corresponds of non transparent part of heat-
protective shell of the building. A mathematical model of heat transfer in a passive
solar system is offered. The high efficiency of passive solar systems with high
thermal resistance is shown.
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