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B cratbe BbinonHeH aHanus SHEProOd(PPEKTUBHBIX PELUEHWI CUCTEM ropsYero
BopocHabxenus (FBC) ans sganuii r. MuHcka, obecneurBalowmx 3HaYUTENLHOS
CHIWKEHIE SHEPIi 1O CPaBHEHHIO C CYLECTBYIOLMM YpOBHEM. B kayecTee Tex-
HUYECKIX CPSACTB, NOSBOMSIOWINX UCMIONBLIOBATE COMHEUHYIO SHEPTUIO 1 BTOPUY-
HbIE VCTOYHWKN TEeNNOTkl, PaccMaTpUBAIOTCA CHUCTEMBI C YTUAU3ALMENH TenmoTs!
“CEPbIX» CTOMHLIX BOA, COMHEUHBIE KONMEKTOPLI, (hOTOSNEKTPUHEcKUE npeobpa-
30BaTeny, TENNOBbIE HACOCHI.

Alanu3 nokasbiBaeT, YTO SKOHOMUYECKM 3hPEKTUBHO NpUMEHEHUe YyTUnn3a-
TOPOB TeMn/ioThl CTOUHLIX BOJ, NPEMMYLLECTBO KOTOPLIX N0 CPABHEHMIO C CUCTEMO
COMHEUYHDBIX KONNEKTOPOE — B KPYFMOTOANYHOM UCHONL30BaHMK. BTOpO BapuaHT —
KOMOMHaUMR YTURN3aTOPa TENNOThbl CTOYHBIX BOJ, U COMHEYHOro Konnexktopa —
YBENUYMBAST JKOHOMWIO JHEPrUW, OfHAKO PACTYT W KanuTasbHble 3arparhi.
TpeTtuii BapuaHT obBecneunBaeT nonHoe nokpelTe 3artpat TennoTtsl Ha IBC.
Crnepyet obpatvth BHUMAHWE Ha TO, YTO 3aTpaTtbi B NepBbiX ABYX BapuaHTax
Brm3kM kK HEOGXOANMBIM, B TO BPEMSst KaK MOKasaTENy B TPETLEM BapuaHTe MOryT
CYLLECTBEHHO NPeBbIluaTL HOPMATUBHbIE BaHHBIE.

MpuseaeH ananuTuueckuit matepuan Benopyccknx 1N BbETHaAMCKMX ucche-
AosaTenen, KOTOpble NPUHUMANM aKkTUBHOE yyacTue 8 peanusaumv coBMecT-
HOTO Benopyccko-BbeTHAMCKOro npoekTa «Vicnons3oBaHue BO306HOBNACMBIX
WCTOYHWKOB BHEpPrMn B (HUBUKO-MaTeMaTUuUeCKkol MOAENN TEenroBoro pexu-
Ma 3HEepProadhheKTMBHOrO XuMoro apanus» (kog npoekta VAST. HTQT. Bela-
rus. 03/2012-2013).

Krtouesnie criosa: sHeproachtekTuaHbIe 3AaHKS, UCTOMHUKN 3Hepruu, co-
NPOTMBNEHNE TensonepeaaYe orpaxaaioLmx KOHCTPYKLI, VHXEHEPHO-TEXHWYE-
ckoe obopynosanue.

Win. 6. Tabn. 9. Bubnvorp.: 21 Hass.
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ON PROBLEM IN DEVELOPMENT
OF HOUSE BUILDING CONSTRUCTION
WITH MINIMUM POWER RESOURCES CONSUMPTION

KHROUSTALEV B. M.", PILIPENKO V. M.”, DANILEVSKY L. N.%,
NGUYEN THUY NGA?Y

?Belarusian National Technical University,
? Institute of Housing — NIPTIS named dfier Ataev S. S.,
9 Institute of Energy Science, Vietnam Academy of Science and Technology

The paper presents an analysis of several variants of energy-efficient solu-
tions for hot water supply systems in Minsk buildings that ensure significant reduc-
tion of energy for hot water supply in comparison with the existing level. The dif-
ferent systems have been considered as technical facilities for usage of solar
energy and secondary heat sources and which are based on heat recovery of
“grey” waste water, solar collector, photoelectric transducer, heat pump.

Comparative analysis of the considered variants shows economic efficiency of
waste water heat utilizers. An advantage of such system is in its all-year round
usage in comparison with a solar collector. The second variant that is a combina-
tion of waste water heat utilizer and a solar collector that increases energy saving
but it requires the increase of capital expenses. The third variani completely
covers expenses of heat energy which is necessary for hot water supply. i is neces-
sary to attract attention fo the fact that expenses in the first iwo variants are close
to the required ones but values of the third variant may significantly exceed the
reliable level. _

The paper contains analytical material of Belarusian and Vietnamese reseaichers
who were actively involved in implementation of the joint Belarusian-Vietnamese
project “Usage of Renewable Power Sources in Physical-Mathematical Model
of Heat Regime of Energy-Efficient House” (Project code: VAST. HTQT. Be-
larus. 03/2012-2013).

Keyweords: energy-efficient buildings, renewable and recurrent power sour-
ces, heat transfer resistance of enclosure structures, engineering and technical
equipment.

Fig. 6. Tab. 9. Ref.: 21 fitles.

Bpenensie. OKOHOMHYECKHUE 3aTPaThl Ha OTOIUICHUE U ropsyee BoXocHabMe-
HHe B HEKOTOPBIX CTpanax gocturaiot 35 % ot obuero obsema sHepromnorpet-
neHvs. Pesynprarsl uccnenosaHuil, o0ecreuMBAIOIMX CHIDKEHHE 3HEProio-
TpebOrenys KUNHUIMHOTO (POHAA, — MPOSKTh! TaK HA3bIBAEMBIX MACCHBHBIX JKHIIBIX
JIOMOB, SHepronoTpebierye Ha OTOIICHHe KOTOPBIX He NpeBblmaeT 15 KBTu/M
B rof (3anamHas Espora), sHeprosdheKTHBHbIX KUIBIX NOMOB € 3Hepronorpebie-
HMeM Ha OToIzeHue He Gomee 30 kBTu/M* B rox (Tepmanms, Benapycs) u ap.

B Pecrry6nuxe Benapych pe3ynsraroM uccnenoBaHus B obnacty sHEprocte-
PEXEHUs OTaruBaeMbIX OOBEKTOB SABIAETCH CO3[aHWE SHEeProcOeperaroiiux
CHCTEM >KH3HeoOecleueHus 3/aHul, MPOEKTOB JHEProd((exTHBHBIX KHIBIX
JOMOB, CHUCTEM TEIUIOBOM MOIEpHU3alMK 3JaHMH, KOMIUIEKCa HOPMaTHWBHO-
TEXHMYECKUX JOKYMEHTOB W Np. IIpy 3TOM CTalWOHAPHEIM POCT MOTpeGIeHus
M CTOMMOCTH SHepropecypcoB TpeOyeT IOHCKa pPELISHHS B CO3JaHMU KH-
JBIX HOMOB, IIMPOKO HCHOJIB3YIOIMX VIS DHEProcHaOXKeHMs CHCTEM XH3He-
obecmeucHus BO30OHOB/ISEMBbIE M BO3OOHOBJISIOLIHECS HCTOYHMKH SHEpruu
(conneuynoli u sHepruu rpyHra, 6uomaccs! u np.). B 3ToM HampaBleHHH aKTHB-
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Ho paboraror yuensle Bemapycu, 'epmanmn (MIHCTHTYT NaccuMBHOrO JoMa,
r. Japmwranr, Facturyr IOM —~ sHepretuteckue cucteMsl, Hayuno-Hccieno-
BaTeJbCKHUI UHCTHTYT MOA3EMHOIO CTPOUTENLCTBA M Npokaanku Tpy6 — FITR),
Brernama (HayuHbli 3HEpTeTHYECKMH MHCTHTYT BpeTHAMCKOMN akafeMuy HayK

. ¥ TexHojoryit), Apcrpu (bupma RETIC) u npyrux cTpaH, pesysTaThl HCCIie-

NOBaHAH KOTOPHIX OMyONHMKOBAHB! B OTEYECTBEHHOM M 3apy0e)cHOl HTepaTy-
pe [1-11].

HenecoobpasHoCTs NPOBEIEHHS COBMECTHBIX MCCIIEAOBAHUH ¢ BBETHAMCKH-
MH CIISLHAJIMCTAMU BBITEKAET W3 BO3MOXKHOCTH HCIIONB30BaHMsA GElopyCCKAMHE
HapTHepaM¥l PE3y/IbTATOB WCC/IEA0BAHMM, BBINONIHEHHBIX BBETHAMCKMMH Yue-
HeIMM B obzactu 6uosHepreTrky. [IpeACTABUTENM BLETHAMCKAX HAYYHBIX KPY-
TOB NIPOSIBIJIM MHTEPEC K MCIIOJB30BAHHIO PE3Y/IBTATOB MCC/IEHAOBaHUN B 06Ja-
CTHM CHIDKEHWS JKCIUTyaTalliOHHBIX 3aTpaT SHEPTHH Ha OTOIVIEHHE W ropsadyee
BoJocHabKenre B KHNBIX 3maHusX. HecMOTps Ha pasimuuue KIMMATHYECKHX
YCTIOBYH, 3afava CHWXKCHHS SKCIUTYaTAUHOHHBIX 3aTPAaT TEIUIOTH DPelaeTcs
B HaIlIX CTPaHaX [0 eauHOMY cueHapuro. Hampymep, eciu [/ KIIMMaTHUeCKHX
ycnosrH Besrapycy yBesnueHue COMpOTHBIICHHS TEIIONepeaade Orpakiatonyx
KOHCTPYKIHH 3AaHMM HeOOXOAMMO AN CHWKEHHs TPAHCMHMCCHOHHBIX TEILIO-
BBIX IOTEPh U3 TNOMCLUCHHH B OTOMMTENbHBIN NMEPHOL, TO BO BreTHame — s
CHIDKEHHS TEIUIOBOTO NOTOKa W3 OKpY»Karoliel cpensl B 3qaHue. B ycioBHAX
Pecrybinxu benapych cuctema NPHHYIUTEIbHOM BEHTHIALMU C peKynepaLyeit
TeIUIOThl BEHTH/IAIMOHHBIX BHIOPOCOB HEOOXOMMMA IUisi yMEHBLICHHS MOTEeph
TEIUIOTHI € yAAIAeMBIM BO3LYXOM, a BO BpeTHaMe OHa MOXET PELIHTH 3aHady
CHIDKCHHS 3aTPaT SHEPrHH JUIi ()yHKUMOHHUPOBAHUS CHCTEMbI TIPH KOHIWILIHO-
HUpPOBaHUM B 3aHuM. IIpoGiembl yMeHBIIEHUS 3aTPAT TEIUIOTH IS TOPSUEro
BOZOCHaGIKEHH S HHITBIX 3MaHHUH OJUHAKOBB! [T O6EMX CTpaH.

Hinest 9KOHOMUHU SHEPrUM MpH SKCIITyaTALMK 3AAHUMN NOMYJIsPHA ¥ peansy-
erca BO BceM Mmupe. IlocTpoens! 3KCIepUMEHTaNbHbIE 3AaHUS C HY/IEBbIM IO-
Tpebnennem sHepruy (Null-Energie) [1-3] 1 faxe ¢ ee nonoxuTeIbHbIM 6anan-
coM (Plus-Energie), sHepreruueckye CHCTEMBI KOTOPBIX 6€3 HCIONB30BAHHUS
FICKOTIa6MBIX BHJIOB TOINIMBA TMPOM3BOAST GOJIBINE 3HEPrHH, 4eM NOTpebis-
f0T [4-8]. Onnaxo sKOHOMHYECKOe 06OCHOBaHME CTPOMTEILCTBA TaKHX 34aHMU
TpeCyeT OSKCIEPAMEHTANEHEIX, AHATHTHYECKMX M HATYPHBIX OOCIIeNOBaHHIA.
Tensto npoexror Null-Energie wnu Plus-Energie spanust siisercs, cKopee, Jie-
MOHCTPallisA COBPEMEHHBIX TEXHHYECKMX BO3MOXKHOCTEM CTPOMTENHCTBA, HEM
TIEPEXOM K X MaCCOBOMY CTPOMTENLCTRY.

s HacTOSIIEH CTAThY — MOCTAHOBKA 3aa4u M paspaboTKa KOHIENTYallb-
HBIX TEXHUYECKHX PeIlieHHM M0 CHHXKEHHIO PacXola TensioThl MpH SKCIULyaTa-
LMH JKUTBIX 3JAHKH C YUeTOM MOJTyYeHHBIX COBMECTHBIX PE3YJIbTATOB HCCIEHO-
BaHMH y4eHsIx Benapycn n BreTHama npyu BHINONHEHUM npoekTa «Mcmons30Ba-
HHE BO30OHOB/IAEMBIX HCTOUHHKOB SHEPTHH B (PU3UKO-MATEMaTHUIECKON MOLEIH

TCIVINBOI'O PEXKMMa 2HEPr Oad)d)eKTHBHOFO JKHJIOTO 3aaHusIY.

Oneprodpdextusnsie 3xanus. B 1970-1980 rr., rozs! nepsoro sHepreTH-
YE€CKOro KpH3HCa, B 3araHOM MUpe OBUTM CAe/iaHbl HaYaslbHbIe LIArkH B HAMPaB-
JICHAM OKOHOMHHM TeIUIOTHI IIPU 3SKCIUIyaTallMM SKHJIBIX 34aHuM, KOTOpbIe
B HaCTOAIIEe BPEMs HAa3BIBAIOTCS dHEProdP(eKTHBHBIMU. BRIGOp TeXHHYECKUX
POLUCHMH TIPH HMX CTPOMUTENIbCTBE — MHOIO(AKTOPHBIM aCHEKT, a B IOHSITHY
«HEProoGHEeKTHRHOCTE» OTCYTCTBYET TepMOAMHAMUUYECKHH ananus. O6BeKTsl
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paccMaTpHBalli Ha MHOTOUYMCJIEHHBIX NPHUMEPaxX PEISHHMH ¢ HCIIOJIb30BaHHEM
IbTEPHATHBHBIX HCTOYHHMKOB SHEPTUM. COJIHEYHOM, BETpa, IeOTepMAaIbHOM.
INonumanue HEOOXOOMMOCTH CHCTEMHOrO IOJX0/a K NPOSKTHPOBAHUIO 3IaHMii
C TpeNesbHO HU3KHM YPOBHEM TEIUIOBBIX HOTEph OBUIO MPOAEMOHCTPHPOBAHO
B coBMecTHOM mnpoekte «llaccuBHpI nom». OcHoBHOM mueel mpoekra GpLIO
CTPOMTENILCTBO 3[aHKM, B KOTOPBIX CHCTEMa OTOTUICHHS MOTJIa OBI BBINOIHATH
BCTIOMOTaTebHy0 (GYHKIMIO, CMOCOOCTBYIOMIYIO MacCOBOMY CTPOUTENIbCTBY
3jaHuil ykasaHHOro Tuma B 3amamHoii Espone. HemoctaTkoM maeosoruu
NACCHBHBIX 3[aHMM SBJISETCA HEKOTOPHIH NOTMaTH3M, OTHOCSIIMICSI K YPOBHIO
TemocHabkenus 3nanus (15 xBru/M® B TOf), HE YYHTHBAIOMEMY 0COGEHHO-
CTU apXMTEKTYPHO-00BEMHO-TUIAHHPOBOYHBIX DPEIUCHHN 3[aHus, 3KOHOMHYE~
CKHe YCHOBHS, KIMMaTHYIECKHE M COLMANbHbIE OCOOEHHOCTH PEerHOHOB CTPOHU-
TEeNBCTBA. _

B [12] nexnapupyercs CHCTOMHEIH NOAXOH K MPOSKTHPOBAHMIO M CTPOH-
TENBCTEY 5HeProdhdeKTUBHEIX 37aHUi, OJHAKO 3AHME HE PacCMaTPHBAETCS
KaK pasBUBAIOMIUNCS OPraku3M, YBA3aHHbIH ¢ OOIINM pasBUTHEM SHeproathder-
TUBHBIX TEXHOJOIHH. B TO ke Bpems B MHTEHCHBHO Pa3sBUBAIOLISMCS TEXHOMO-
THYECKOM M¥pe SHeproadeKTUBHOE 3aHYe Helb31 PacCMaTpHBaTh Kak CTa-
THHHYO CHCTEMY BHE OOIIMX TeRJCSHUMH PasBHTHS 3HEPreTHKH U 3Heprosdhex-
TUBHBIX TEXHOJIOTHI.

3aTpathi SHEPrUH Ha SKCIUTYaTAIVIO 30AHHS B TeYeHNE CPOKa eT0 (DYHKIHC
HUpPOBaHUS E, KBT-4, MOXXHO 3aIUCaTh B CICAYIOMEM BE/IE:

-

N Iv_l'l N

o ry

ﬂ'_Sor Zrn(JIAT;1—Jén)_L ZTn mn |>
n=i

m=3 n=k,

rae N — npoNoeIDKHTEABHOCTS (YHKIHOHUPOBAHUS; M — KOJHUECTBO IHEProd-
(PeKTHBHEIX TEXHONOTHH B 3XAHHH; 7 — HOMED TOJa; /7 — HOMEp TeXHOJOTHHL,
kn — FioMep TEPBOTO TOMIA BBENEHNS TEXHONOTHY; Sy; — OTATUIABASMAN TIOMIAD
3MRHIA, M’ T, ~ JUIUTENBHOCTH OTONUTENBHOTO HEPHONA B A-M Ce30HE, U
Ji — ofmmit ypenpueni kospdumpent Ttemonepenaun 3pamms, Br/(w*°K);
Jon = yZieTBbHAS MOIHOCTE BHYTPEHHUX UCTOYHHUKOB TEILIOTH B 3aHNH, KBT/M?;
Jon — YAENbHAS MOIIHOCTH SHEPro3(Q(EKTUBHEIX TEXHONOTHH 7~ TeXHONOrHY
B n-M ropy, kBt/M* AT, — cpenmas pasHOCTb TeMIEpaTyp BO3NyXa BHYTpPU
M CHapy» 3[atus B i-M rony, °C.

C TOuKH 3peHHs YpOBHS HCIIOIB3YEMOTO HIDKEHEPHOr0 OGOpYZOBaHHS
1 CHIDKEHHS TEINIOBBIX IOTEDH, SHEProdh(HEKTHBHOE 3[aHHE — 3TO Pa3BHBAIO-
Ineecs 3MaHKe, IHEPreTHYSCKHe XapaKTePHCTHUKY KOTOPOrO YIydIHaroTcs IO
MEpe MOAKTOIEHUS HOBOrO MHXXEHEpPHOTO 060pyHOBaHMs (C PasBATHEM 3Hep-
ro3(Q(GEKTHBHEIX TEXHOJIOTUI), OCTABASCH ONTHMAIBHBIMA MO COOTHOIIGHHIO
3aTparT ¢ MONy4aeMoii SKOHOMEEH SHepruu B TIEPHOJ] SKCIUTYaTaIWH, TO €CTh 9TO
OTKPBITA SHEPreTHIecKas CHCTEMA C ONTUMaIbHBIM ISl CYHIECTBYIOIIMX TeX-
HAKO-SKOHOMUIECKUX YC/IOBHI YPOBHEM MOTpeONeHNs TEIUIOT Py SKCILTya-
TallH ¥ BO3MOXKHOCTHIO [JaJIbHEHIEro CHWKEHHsS 3TOr0 ypOBHs MyTEM TNOJ-
KIFOUCHMSA HOBBIX SHEPro3(eKTHBHBIX Momysei [13].

Tennosoli Gananc B 3pauunx. [IpH PacCMOTPEHUH TETUIOBBIX IIOTEPS 3713~
Hul OBBITHO HE Pas/eNAIOT BO3BPAINACMbIE U 5e3B03BPATHBIC IOTEPH TEIUIOTHI,
YUMTBIBAS, YTO HEKOTOPBIS IOTSPX B 3AHMHM MOXHO PerfiaMeHTHpPOBATh M IIO-
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HOBOMY IOJOWTH K ONTHMH3ALMH CONPOTHBIICHHS TeIvIonepeiadye Orpakaaio-
IUX KOHCTPYKLuM 3manui. BosBpamaeMsIMu SBisioTCS NOTEPH TETNOTHE C BhI-
TDKHBIM BO3/LYXOM M KaHATHZALIMOHHBIMHM CTOKaMH M3 3naHuii. Vicronpzopanue
BEICOKOO(D(PEKTUBHBIX TEMIOOOMEHHHKOE M BEICOKas TePMETHYHOCTh TIOMeIie-
Hul MoryT obecrieunts 100 % BO3BpATA TEMIOTE! BBITSKHOLO Bosayxa. [Ipume-
HEHHE TeTUIOO6OMEHHHUKOB TO3BOJIAET TAKKE YaCTHYHO BO3BPATHTE TEIUIOTY M3
KaHaNU3alMOHHBIX U JIMBHEBBIX CTOKOB. Cliesiyer monarars, HEBO3BPaTUMBIMH
ABJIIOTCH TPAHCMHUCCHOHHBIE TOTEPH TETUIOTHI Yepe3 OrpakHarOIlye KOHCTPYK-~
LIHH 3aHUH. )

XapaxkTepHCTAKE MHHAMAILHOFO YpoBHS MOTPeO/IEHNA TEemIOThI.
Temnozoii Ganarc B nponecce skcruryaTanuu dbopmupyercs ¢ yuerom KiuMaTu-
HECKUX YCIIOBUH, BIMAIOIMX HA YPOBEHB TEILUIORBIX TIOTEPB, COLHAILHO-Ypba-
HHUCTCKMX YCJIOBHMH, MOLYHOCTH TEIUIOBBIX BEIIETCHH B 3MAHHH U CTPYKTYPEI
KHJIOTO (POHNa, OTPENEIITOLMX KOMIAKTHOCTD 3MAHKH Kak pe3yJiBTaT CTPOH-
TEJIBHOTO MPONECca U CITyYaliHbIX BO3LEHCTBHI JKHIBILOB Ha IapaMeTpsl MHK-
POKIHMATa KBAPTHP. OTH BO3NEHCTBHS CKAshIBAIOTCS KAK HAa BETHYHHE Teli-
JIONOTEPE  3NAHMS, TaK H IEPepacTIpeACHsiOT TEMIOBYIO Harpysky Mexumy
OTASIBHBIMU KBAapTHpaMu. Benmviuuny cpenHel ynensHOM MOLIHOCTH TerLIONo-
Tepb 3haHuA ¢, BT/M?, ¢ yueToM cryuaitusix Bosmelicreuii JKHJIBLIOB MOYKHO 3a-
NMCATh B CIIEAYIOIIEM BUAE:

Z;Cp—"zz-ur 4 8, N5R,,
g=——"\cpv_S + 1N
S B ; R 2 R

ot m n=l ™m
1 = < 1 6Rmn q
BH
+ g—ZTn CanSm + ZSnm B B2 - S »
of n=l m=1 Rm n ya

rae Sor, Sy, Spw — OTamTHBaeMas IIomane n-# KeapTupsl (M2), mlofua,ub
/=X OTPAAIOIKX KOHCTPYKIKH B 3NAHUE U B 7-# KBapTHpe (M%) ¢ NPUBEICH-
HBIM COTIPOTHBIICHHEM Temonepesaye, pasHeM R,, (M*-°C/BT); Vep — CpPEeOHHUNI
obseM Bo3myx006MeHa B 3nanuy, M*/(MP-c); T, — ciyuaiiHas BenuumHa, paBHas
OTKJIOHSHHIO 3HAYCHUS TeMIICPATypBI B #2-/ KBAPTHPE OT CPEHETO M0 3AHUI0
sHaveHus, °C; v, ~ ciyyaifHas BeMYMHA, paBHAT OTKIOHSHUIO 3HAYCHHS BO3MTY-
Xoo0MeHa B 7-ii KBapTHpe OT CpeSHEro N0 3HAHHIO 3HaYeHus, M*/(m*-c);
OR,y — crydaiiHas BeNWUMHA, PaBHAS OTKIOHEHHIO 3HAYCHHUS CONPOTUBJICHHUS
TeILIonepenaye #1-ro OTPajcIeHNs B 1-i KBAPTHPE OT CPEIHErO MO 3AHMIO 3Ha-
uenust, M*°C/Bt; N, M — xonudecTso KBAapTHp B 30aHUHU M TUIOB OTPaX<JAIOMIHX
KOHCTPYKIMH COOTBETCTBEHHO; ¢,y — MOLUHOCTD BHYTPEHHHX HCTOYHHKOB Terl-
JIOTEL, NPUXOAAAICS HA ORHOTO yenoseka, Br/uen.; S, — cpemmsa yIOelbHas
3aCeNICHHOCTH 34aHuil, M%/ue)r.

Hepseiit unen cymmbr nokassiBaeT cpefee 3HauCHHE MOIHOCTH YAEIbHbIX
TCIVIOBBIX NOTEPh 3A2HUS B TEYSHHE OTOMUTENEHOTO CE30Ha, BTOpPOH — ciiyuaii-
HYyIO COCTaBJIAIOLLYIO, OO0YCIOBICHHYIO OTKIOHEHUAMU TeMIIepaTypsl ¥ BO3MY-
X000MeHa B KBapTHPAX OT CPSIHETO 3HAUCHHS.

Bennunna cpeniHexeampatiuroro oTKIoHeHHS YECIbHOH MOIIHOCTH Ter-
JIONOTEPD 3/iaHUH OT CPEIHETO 3HAYEeHKS paBHa
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TAe G, Oy — CPEAHEKBAIPATHYHOE OTKJIOHEHHE TeMIIEpaTypEl U YAeIEHOTO BO3-
Ryxoo0MeHa B KBapTHpax OT cpefHero 3madenms, °C M M%/(M?-C) COOTBETCT-
BEHHO.

ITockonbKy HOTEpH TETUIOTH! NPpH BEHTWISAUHM MOXHO YTHIH3HPOBAT, HC-
TONIB3YA BHICOKOI((EKTHUBHEIE TEMNIOOGMEHHUKH, CONPOTHBICHHS Temionepe-
Aade OrpaifarOMMX KOHCTPYKIWMM 3[aHMA MOKHO NPHHHMATH WCXOAS W3 pa-
BEHCTBA CPE/IHAX 3@ OTOMMTEJIBHBIH CE30H TPAHCMUCCHOHHbIX TEIUIOBBIX MOTEPh
B 3MaHHK CyMMapHOMY 3HAY€HHUIO DHEPTHH BHYTPEHHUX MCTOYHHKOB TETUIOTHI
1 TIOTOKOB MPAMOH U pacCesHHOH CONHEYHOM panuanym.

HopmaTuBHbfe 3HAueHHS COMPOTHBNEGHMS TeIUIONepenate OrpaKIAIOUIIX
KOHCTPYKLMH Pa3HEIX CTPaH MpeACTaBieHk] B Tabu. 1, 2.

Tabruya 1

HopmarupHeie TpeGoBaHAS K CONPOTHBISHHIO Tenjonepeaaye
OTPANAJICIENX KOHCTPY KUK 34aHuil B cTpanax EC [i4]

, Benr- |Pymsl-| Ja- | Hopse- |®unngs-
Crpana Opanuus Tepmanus Cnogenus put | mmn || s pom.
Ton npu-
HATHS Tpe- :
GoBauui 2005 2009 2008/2010| 2006 | 2006 {2006| 2007 2012
Tur 3xa- B pLo— Obme-
HIT CTBEHHOC - - - - - -

Koop@uiment conporusnenus teronepeaate, mv>-°C/Bt

Crena 2,22 2,86/2,00" 3,57 [2,22] 1,49 [2,50] 455 7,00
Kposms  [3,57 (2,94) o 2,86/2,00'| 500 |4,00]3,45[4,00] 556 | 11,00
Oxno 0,38 T T0,53/0,34T 0,77 | 0,62 | 0,56 0,50] 0,63 1,00
Tlon 2,78 (2,50)° 2,86/2,00'| 333 |4,00 [ 4,55 [333] 556 | 11,00

I[Jm TCMIIEPATYPBl BHYTPEHHET0 BO3/lyXa COOTBETCTREHHO Gosiee 19 °C / menee 19 °C.
J.IJm METAANYECKHX KPR,
? Jnst HOMOB HAZ MOABANBHEIM TIOMENICHHEM.

Cpasn
HBIX ITOKA
30aHuii B
OTPaKLA0
MTOMEILEHE
AHAJIOTHYE
KOHCTPYKI
Br110 651 ¢
BOTO CTpOI
Terionepe
HBIX KJIMM;
COTIPOTHEI
HBIMH 3aTp
OHHPOBAHY
YYET COBOK
HS HHOIIL

Orrrami
HHH [I€HOT
Ipusenent
TUMAaJIBHbBIx
HU3MEHEHUs
3HAYCHMH (¢
YHTH COMPC
MONBEM [AO
LIPOTHBIICH]
YCTaHOBUR ,

Paccyur
AN 3aHul
COTIPOTHBIIE
HpenCTaBie
JICHUH Orp:
TPaHCMHCCH
JIGHU# " co
38CENEHHOC]
HMCTOYHUKOB

Tpanemu
List

QIE, xBra/v? |
Hononuurenst

IIMX KOHCT
fr— L

Rerews M2K/BT

Tabnuya 2
Hopmarnshrie TpeGoBanus K COMPOTUBJIEHHIO Tenuionepeaayue
OTPAKAAIOWMX KOHCTPYKNMIL 3aanmii B cTpanax CHI [14]
Poccus, Kazaxcran,
Capasa 4000 rpaxycocyTtok 4000 rpaxycocyTok s
Ton npunsitus 2012 2012 2006
Koadduument conporupnenns Temonepenaye, M>-°C/Bt

Crena 2,8 3,2 3,30
Kposns 3,7 5,0 5,35
OxHo 0,5 0,6 0,75
TlepexpriTye Han HeoTammuBae-

MBIMH OXBANIaMU 3,7 2,5 3,75
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eJILHOTO BO3-
5) COOTBETCT-

3MPOBATH, HC-
5§ Teronepe-
[cXoIs U3 pa-
JIOBBIX TOTEPh
AKOB TEIUIOTHI

YA IAFOLIIX

Tabauya 1

Jopae- |OuBIAH-
Tus s
2007 2012
4,55 7,00
5,56 11,00
0,63 1,00
5,56 11,00

menee 19 °C.
Tabruya 2
pauqe
14}
yToK VKpamij

\

\

2006 4]

5,35

0,75

.
330 |
|

3,75

CpaBHUTEIBHBIH aHAIH3 3HAuCHNMH, TIPUBE/ICHHBIX B 1260, 1, 2, ¥ HOpMATHB-
HBIX TIOKa3aTesieli COMpOTHBICHNA TerpioNepeaie OrpaKAtoNHX KOHCTPYKIIpiA
aanuii B BenapycH CBUIETEIBCTEYET O TOM, YTO TPaKTHHEcKH 1A BCeX THIIOB
OrpasKIAtOLIHX KOHCTPYKIMH, 32 HCIIOUCHNEM TiepeKpBITHI Hajl MOABAIBHEIM
[lOMEILCHHEM, COPOTHBJIEHHE TEUIONepe/ate p pecny6uke GOIbIIE HIH PaBHO
ANANOrMHHOMY 3HAYCHIMIO. 3HAYCHHC COTPOTHBJICHHUS TEIUIONepe/aie OKOHHBIX
KOHCTPYKIU# NPEBHIIACT AHAJIOTHHEHOE Ui BCEX CTpaH, nekmotad OUHIAHAYEO.
Bauio Ob1 OLIHOKOH BE:OUPATH COMpPOTHBJICHHE TETUIONEPeiatie V15 3aHUA Macco-
BOTO CTPOMTENBCTBA METOZIOM aHaJIOTHH ¢ cocenumMer cTpaHaMy. COnpOTHBIICHHC
Ternioniepeaue HODKHO GBITH 6113KAM ONTHMANBHOMY 3HaUSHMIO JId KOHKpET-
HEIX KITMMATAYECKHX H OKOHOMMYECKUX yemosuit. i ONMTHMANBHOIO 3HAYCHUA
CONPOTHENICHHA TeIUionepenate pasHOCTH MEXIY JIOTIOHHATEBHBIMY KAIATajlb-
HBIMH 3aTPATAMY H IKOHOMMUCH SHEPriHl B TeueHHe TIPONOJDKUTEILHOCTA byHKIH-
OHHPOBAHYIS CHCTEMBI YTCILICHIA vpEAMabEa [15]. Boree TOUHOE 3HAMCHIC nact
yueT COBOKYIIHOTO HOXO/a C y4eToM NMPOTHO3a CTaBKH peduHaHCHPOBAHIS, YPOB-
Hst FHQIALHM 1 POCTa CTOMMOCTH SHEpPTOHOCHTEIEH [10].

OnTEMANEHOE 3HAYEHHE CONMPOTHBICHHA reruionepeaave Mpy UCMoIp30Ba-
auM menonoaucTHponia (mpu YIPOLIEHHOM pacueTe) COCTaBILICT 7,5 M- K/BT.
TIpyBeNCHHEIC B 12671, 1 3HayeHvs B HACTOSMICS BPEMA CYIECTBEHHO HIDKE OIt-
TyMaTBHEX. OHE GbUTH GIH3KH K OITHMATHHBIM 3HAYEHHSM TIPH [OArOTOBKE
samenenma K gokymenty [16] B 2009 r. Cornacuo CpaBHUTE/IBHOMY aHATHU3Y
apAveHHi COMPOTHUBIICHHS TEMIonepeaate, s TepByIO OUEpenp CIeAYeT YBeIH-
YWTH COTPOTHBIICHHE TEIUIONEPCIAtc TepeKpEITHs Hajl HEOTAIIHBACMbIM noz-
ronbeM o 3Hauenuit 6,0-7,5 MEK/BT. [l skaiibIX SAaHUH 1esieco00pasHo Co-
[POTHBNEHHE TETIONEpeate yBeMuMBATh B 3aBHCAMOCTA OT 3TAXHOCTY,
yCTaHOBUB VLA anaHmi 1-3-ro sTKeH ero 3HAUCHNC, paBHOe ONTHMAJILHOMY.

PacCUNTAHHBIE 3HAUEHMS YAC/IBHBIX TPABCMHCCHOHHBIX TEIIOBBIX noTeph
IS 3[@aHui pasiHYHOM STAXHOCTH © y4ETOM CYMECTBYIOMHIX TpeGoBaHui K
COTPOTUBIICHUIO TEIUIONEPEAatie [16] m wikMaTH4ECKHX yenoeu#i . MuHcka
npenctasienst B TablL. 3. 31ech K& TIPUBE/EHBI JAHHbIC O HeoOXOAMMOM yTeTl-
EeHMHE  OTPaKHArOIIHX KOHCTpYKIW# 37auul, oBecneunBalomeM paBeHCTBO
TPAHCMMCCHOHHBIX TEIUIOBBIX [IOTeph CyMMe 3HEPTHM BHYTPOHHMX TEIIOBbIAe-
ewii B conmeusol sHeprad. [l OJHOSTAKHOTO 3HAHNSA, yIUTBIBAd MaJIyto
3aCeJICHHOCTD, 3HaUeHNE Cpe/Hel 33 OTOTMTE/BHBII CE30H IHEPT AN BHY TPCHHUX
HCTOUYHYKOB TETUIOTH IPUHMAMASTCS PaBHEIM 22 KB1-w/M” B FOIL.

Tabnuya 3
TpaHCMHCCHOHHHe TenJiopblie NOTEPH u HeoGxoxuKMOoe JJ.OHOJIHHTGJIBHOG yTenneHue
ndast 3aanuit r. MuBCKa NpH TemmnepaType Bo3fyxa B nomemennsix 21 °C

3panue

Q@ Q (>3 (2] (>3

Tlokasarenb 2 £ g g g g

8l Bl B | 8| 58| B

=] &= > 4 i &

= o« o ) o o

=3 -0 B I I R

[ Qpps kBT B TOR T05.0 | 463 | 44,0 | 41,7 | 406 | 394
L[OHOJIHHTCIIBHOG y'renneaﬂe OFpaJ{(,IlaIO'

LUX lcoac'rpyxcunﬁ,% 192,7 | 22,0 15,9 9,8 6,7 3,7
| Repess M-K/BT o4 | 39 | 37 | 35 | 34 | 33
| Ry M K/BT 54 | 22 | 21 | 20 | 19 | 1,9
‘Rmﬂ, -K/BT 176 | 73 | 10 | 66 | 64 | 62
{ R M K/BT 20 | 12 | 12 | 11 | 1,0 | 190




VuuThIBas OKA3aTeNH, IPHBEACHHbIe B Tab/1. 3, MOXHO CAENAaTh BBIBOJ, UTO
IUTs 30aHUH CpefHel U IOBBIICHHOH 3TAXKHOCTH CONPOTHBJICHHUE TETIONCpeaa-
Ye OrpakOAIOLIMX KOHCTPYKIMH, obecreunBaroniee paBeHCTBO CpeAHeronoBon
SHEPTHY TPAHCMUCCHOHHBIX TEIUIOBBIX MOTEPs CyMMapHOMY 3HAUCHHIO 6biTO-
BBIX TEIUIOBBIACNEHHH M MOCTYIUIEHHMIO B 3[aHME CONTHEYHOM SHEPTHH, HIDKE
OITUMAJIFHOTO 3HAYEHHs M BIOJNHE MOXKET OBITh MPUHATO B KaueCTBE HOpMa-
TiBHOro. HeoOXoAuMO OTMETHTH, YTO 3KOHOMHIO TEIUVIOTHI Ha OTOIUICHHE
M BEHTHJIALAIO 31aHUM CpeIHel ¥ HOBBIIIEHHOM 3TaXKHOCTH CJIEAYeT IIEPEHECTH
B 06J1ACTH COBEPIIEHCTBOBAHMS MHXKEHEPHOro 000pyX0BaHKS, YTIIM3AUNH TeIl-
JIOTHI BEHTHISALHOHHBIX BLIGPOCOB H3 OTAIUIHBAEMBIX 0OBEKTOB. B TO e BpeM:
aBTOMATH3alMs CUCTEM BO3MyX000MeHa JaeT BO3MOXKHOCTh SKOHOMMH SHEPrHH
3a CYeT YIpaBJICH¥ TePMOJWHAMHYECKUMY TIapaMeTpaMy, PEeXHMaMu CHCTeM
B 3aBMCHMOCTH OT KJIHMATHYECKHX XapaKTepuCTHK M BpeMeHH cytok. Hampu-
mep, min pabotatomumx Gomee 70 4 B Helento, KOrHa JKUTEH HAXOAATCA
BHE 3[aHMsI, MOXHO OTPAaHHMYMTH BO3TyXxoobMeHn mo 50 % OT HOPMATHBHOTO.
Tpyi TaKOM YNpaBJICHHH TIOTEPH C BO3AYXOOOMEHOM B 3/1aHUH, 0G0PYHOBaHHOM
yIpaBuseMol NPUTOYHO-BBITDKHON BEHTWINLMEH C peKkyrnepauueil Terno-
THI BBITAIKHOTO BO3MyXa, npu oddexrusHocTy cucrembt 80 % cocraBsT
8,29 kB1-u/M’ 32 OTONUTENBHEIH CE30H.

AHanus NpUBEASHHBIX MU(P MOKA3BIBACT, YTO 3HAYEHUE Ryep MONKHO YBEIIH-
YUTE, UCIIONB3YH MPUHIMIT PABEHCTBA TEIUIOBBIX NOTEPh 3[4AHMA UYepe3 KPOBJIIO
¥ IEpeKpLITHE TePBOro STaXKa, NMPUHEMAd TeMIepaTypy BO3IyXa B TOTNONBE
5 °C. B nauHOM CiTyuae CONPOTHBIEHWE TEIUIONepefaue 3TUX OrpaXICHMH
GyneT paBHO 3Ha9eHHAM, IPEICTABICHHBIM B TabIL. 4.

Tabruya 4
Pexomenayembie 3HAYEHNS CONPOTHBASHEHI Tenronepenaye
3nanue
IHoxazarems Onuo- | 4-stak- | S5-atax- | 6-orax- | 7-atax- | 9-stax- | 12-sTax-
ITAXHOE| Hoe HOC HOE HOS HOE HOE
Ryeps M*K/Bt 12,9 5.4 5l 48 4,7 4,6 4,4
Rioxpy M-K/BT 17,6 73 7,0 6,6 6,4 6,2 6,0

Bapmanrsl smeprospdexrasabix pewmieHu#l CHCTEM TOpAYEre BOKO-
epabxenns 3qauuil. B cospeMenHbIX 3MaHMAX Pecrybnuxy benapych 3aTpatsi
TETUIOTH! Ha NIPUroTORNIECHHE ropsyell BOXBI IPEBBILIAIOT aHAJIOTHIHBIE, UCIIONb-
3yeMbie IS OTOTUICHHMS 3MaHUH. 3a CHUET yCTaHOBKW HHIAWBHAYAIBHBIX CHETYH-
KOB rops4eil BOHpl 3HAUCHMe NOTpeOsIeRus TEIVIOTHl Ha OTOIUICHHE 3JaHHil
3a nocsienuue 20 JieT yMEeHBIIWIOCh B TPH pasa, a 3aTpaThl TEIUIOThl B CHUCTE-
max I'BC — Ha 30 %. D10 rooput 0 HeobxonumocTu Goliee CyHIECTBEHHOM
SKOHOMMY SHEPTHH B Pa3BUTHUH SHEProd(h(EeKTHUBHEIX CHCTEM rOpAHEro BOJIO-
cHaO>XeHHsL.

PaccMOTpuM  padEBie  BapuaHThl SHeprodd(EeKTHBHBIX pEIICHWUH CHC-
teM I'BC png spamuit r. Muncka, ofecrieumBarompX 3HAYUTENBHOS CHIDKCHHE
SHEpr¥M Ha ropsuee BONOCHAOKEHWE IO CPAaBHEHMIO C CYLIECTBYIOLIMM yPOBHEM.
B kadecTBe BTOPUYHBIX M AJIBTEPHATHBHBIX HCTOYHHMKOB TEIUIOTHI MPEANIONAracTcs
VICTOJIBb30BaHME TEIUIOBOM SHEPriH CTOYHBIX BOX M conxma [13]. B xavectse Tex-
HUYECKHX CPEeJICTB, 00ECIeUMBAIOIIMX UCTIONB30BaHIE CONHEUHON DHEPIUH, U BTO-
PHMHBIX HCTOYHHMKOB TEIUIOTHI MOTYT OBITh IIPHMEHEHb! CIIeIyOLIHe:

© CHCTEMBI YTUIH3AIMH TETUIOTHI CEPBIX)» CTOYHBIX BOA;

* COJIHEUHBIH KOJUISKTOP;
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1aTh BBIBOZ, YTO
© Teruionepesa-
CpefHeronoBoH
ja4eHuIo GBITO-
SHEPrUH, HIDKE
a4ecTBe HOpMa-
Ha OTOIUIEHHE
IyeT ICPEHECTH
THIM3ALMHA Tell-
B TO ke BpeMs
HOMMHM SHEPTHH
KFIMaMH CHCTEM
cyrok. Hampu-
€/l HaXOHATCS
HOPMaTHBHOTO.
>6opynoBaHHOM
panpeii Temio-
0 % cocraear

» MOXKHO yBEIH-
1 Yepe3 KPOBJIO
/%3 B TIOATIONEE
WX OrpaXKIeHMHA

Tabruya 4
ue

9-stax- | 12-aT2X-
HOE Hoe
4.6 4,4
6,2 6,0

opfuero BOAO-
2apych 3aTPaThI
[WYHbBIe, UCIOJIb-
/anpHBIX CUETUH-
JNIEHHE 3AaHHH
3[UIOTHI B CHUCTE-
e CyIIeCTBEHHON
ropsiiero BOJO-

pelieHui CHC-

JIBHOE CHIDKEHHE
YIOLIHM YPOBHEM.
1 TIPeITIONAraeTCs
. B xayecTBe TEX-
i1 oHepruM, ¥ BTO-
(e:

o (POTOBNEKTPUHECKHE IPEOOPasOBaTENL;

e TEIUIOBBIE HACOCHL.

Tt yTHITH3ALMY TETUIOTHL «CEPBIX» CTOUHBIX BOJ| C/IGAYET BLIACTHTE HHOU-
BHIyaTBHYIO CHCTEMY CJIMBa OT JPYTHX CTOKOB (13 KyXOHb U Tyaneros). Takoe
pas/iesieHHe CTOKOB TMO3BO/SET YMEHBIIMTH KAIHTAILHBIC M TeKyI1e 3aTPAThl
Ha CHCTEMY OHYMCTKH CMECH CTOKOB [14]. Honsa obbema ropsa4el BOMIBI B «Ce-
pBIX» CTOKax mpuHEMaeTcs 60 % oT OOWIEro pacxofa ropsyed BOJBI, TEM-

cep

IepaTypa «Cephix» CTOKOB I, Ha BXOJE B CHCTeMy yTWIHM3ALMM — 35 9.

Ha BBIXOZE U3 YTHAM3ATOPa TEMNEPATypa CTOKOB B 3aBUCHMOCTH OT BPEMEHH
rona msmensiercst ot 10 no 27 °C, uto sBNSETCS HOCTATOYHBIM TEMIICPATypHbIM
HOTEHIHAIOM Uil AanbHelined yTAIU3allK TEIUIOTEl CTOHHBIX BOJ. Cuctema
YTHIH320EH TEINIOTE CTOKOB OGECNeunBacT MEPBYIO CTYNCHb Harpesa BOJO-
[POBORHOM BOIEL

ConuevHblif KONIEKTOP, YCTaHABIMBAEMbI Ha KPBILIE 3aHUH IIpeuMylie-
CTEGHHO B I0'KHOM HAIpaBJIeHHY, NPEJHASHAYCH JJI [Ipe0bpasoBaHisa SHEPrii
COJIHEYHOFO M3TydeHys B TemioTy. IlpecOpasoBaHHasn B TEIUIOTY SHEPrUsA CON-
HEYHOTO K3JIyHeHH s HCTONIE3YETCs BO BTOPO# CTYTEHY Harpesa BOZOMPOBOIHON
BOJIBI, T/ie Kod(hguumueHT mpeobpasoBaHus 3HEPTHU COJHEHIHOTO H3TYHCHHA
£ TenoByi0 Koy B COTHEUHOM KOJIIEKTOPE I0CTUIACT 65 % [17].

MoToseKTpiUeckye npeobpasosaTey NpeaHa3sHauCHbl Ad nipeobpazoBanus
SHEpTHY aNLTEPHATUBHOIO MCTOHHKKA TEMUIOTHI — SHEPTHH CONIHEUHOrO M3JyHe-
HEIs — B 3JEKTPUYECKYIO. DJIEKTPHYECTBO, BblpabaThiBacMoe ($OTONEKTPUUECKHMH
npeoGpasosaresLiMy, obecrieuBaeT paboTy KOMIPECCHOHHOTO TEIIOBOTO HAcoca.
Kosdempent npeoGpasoBaHyss SHEPrHH CONHEYHOIO H3MyHUCHHA B IJCKTPHIC-
CKYIO B (DOTOBNEKTPHHECKUX PeoOpasoBaTeiax NPUHIMACTCA 15 %.

TeInioBbic HACOCH MPELHA3HAUCHBI V1A YTUIN3ALAN HU3KOMOTEHIMAIBHON
TEMIOTHl «CEpBIX» CTOYHBIX BOJ MOC/E YTHIN3ATOPa TETUIOTE CTOWHBIX BOA H
SBIAIOTCA 66 YTHIIM3ATOPOM BTOPO#i cTynenu. PaboTa komrpeccopa ¥ HUpKyIi-
"-JOHHONO HACOCA TEIUIOHACOCHOM yCTAHOBKH 00ecneduBaeTes IIEKTPUYESCKON
sueprviel, BeIpaGaTeBaeMOl (OTOINICKTPUIECKIMHU npeobpazosatensimu. Tlpu-
MEpHO TPH YeTBEpTH HeOOXOMMMOHN IV Harpesa BOJOTIPOBOJHON BOJEBI TEILIO-
BOIf HACOC TONYYAeT M3 HM3KONOTEHIUAILHON TOIIOTH «CEPBIX) CTOHHBIX BOL,
IS OCTANBHON UeTBepTH eMy TpeSyeTcs B KaueCTBE JABIDKYIIeH SHEPIHH JIIeK-
TpUEecKri TOK (KOMIPECCHOHHBIE TETUIOBDIC uacocsl). TerioBoi Hacoc obec-
[eunBaeT BO3MOKHOCTh SKOHOMHOIO W 3KOJIOTHYECKH MafAIlero OTOINICHMS C
HCIIONB30BAHHEM TETUIOTHI OKPYIKAIOLIEeH CPEiBL.

Cpox OKynaeMOCTH HHBECTULMY B sHeprocOeperaioiye MeponpUaTHs 110
HCTIONB30BAHHMIO BTOPUYHBIX ¥ BO30OHOBIIEMBIX HCTOUHHKOB TEIUIOTHI 72 (s1eT)
onpeieAeTcs o Gopmye [13]

IH(A% 3o((1+ p) -l + p))}
AD

n = : ,
In| ——P1_
o+ p)

rne AD — rofoBol SKOHOMUUECKHH 3(PEKT MpUMEHEHHA 3Heproah GexTUBHON
TEXHOJIOTHM, 3¢ — KanwuTanbHbie 3aTpaTel, O — kod(PuLMeHT UHIALMY;
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D — TIPOLIEHTHAaA CTaBKa I10 KPeauTy B GaHKe; p; — MPOTHO3HBIA rOAOBOH pocT
CTOMMOCTH DHEprHH.

B CBOMX HCCITEZJOBAHMSX aBTOPHI PACCMATPUBAIN BAPHAHTHI SHEprodddex-
THBHBIX peluenuii cucreM I'BC mis pasnu4HbIX 31aHuH, KOrga:

a) YTHIH3ALMSA BTOPUYHBIX HCTOUHHMKOB TeIUIOTHI («CEpBIX» CTOYHEIX BOJ)
ofecrieyrBaeT ABE CTYIEHU NOATOTOBKY ropa4eli BoJsl;

6) yTHWIM3anMs BTOPMYHOTO WCTOYHHMKA TEIUIOTH (KCEpBIX» CTOUHBIX BOJ)
¥ NpeoOpasoBaHHe SHEPrHy CONHEYHOrO H3JYHYeHHs Ui MOJATOTOBKH ropsye
BOJIBI ¢ TIOMOIIBIO COJTHEYHOTO KOJUIEKTOpa 00eCIeYHBalOT TPH CTYNIEHH MOArO~
TOBKY rops4eii BOJBL,

B) YTHIM3AIKS BTOPUYHOTO HCTOYHHKA TEIUIOTHI («CEpBIX» CTOYHBIX BOM),
npeobpa3oBaHHde SHEPrHH COJHEYHOTO M3MydeHWs M TOATOTOBKH ropsved
BOJIBI C TIOMOIIBIO COJHEUHOTrO KOJUIEKTOpA H TENJIOHACOCHOM CHCTEMSBI, B CO-
CTAaB KOTOPOM BXOAAT ()OTO3NEKTpMHECKUE IMPeobGpasoBaTesiy, OOECICMUBAIOT
YeThIpe CTYNEHH [OATOTOBKY ropsdeii BOABL

Janupie BapuanTsl dHeprooddexTusHeix pemenuii cucremel IBC npen-
CTaBJieHs! B Tabn. 5.

Tabnuya §
SueprosddexruBrbie perierus cucremst FBC
'Hanvenosanue Bapuant
TEXHHYECKOTO CPELCTBA 2
YTHAU3ATOP TEINIOTH! CTOYHBIX BOA + + *
CorHeyHsI KONIEKTOP . + ¥ -
Tennogoit Hacoc + porodnexTpute- n +
cxuii mpeoOpasoBaTelib
Hpumeuanne: «+» — HaJH4YUE TEXHUHECKOrO CPENCTBA; «—» — OTCYTCTBHC TEXHUYECKOIO
cpencrTaa.

B xauyecTBe MCXOMHBIX XapaKTePUCTHK UL PaCUeTOR BApHAHTOB PUHUMAIII
CNIeAytoNYie JaHHble, COOTBETCTRYIONIME 31aHMIO B I'. MHuHCKe!

a) Oy = 179261 M]Ix: ron” — rogoBsle pacxojil TEIUIOTH! Ha ropsiuee BOAO-
cHabenne 3MaHus;

6) rozoBo¥ rpaduk M3MEHEHHS TEMIIEPaTyps! BOACIIPOBOAHOMN XOJOMHOH
BOJIbL, IPELCTABICHHEIN Ha pHC. 1;

20,
518 S
s /
§E16 7
5 214
g5 N\
s21 7 ~
< 3= 10 A
g2 ¢ /
[l = 7 N
28 6
g8 I AN
E o & \
552,,4/
E—-§G : ‘ ' . ' N
1 2 3 4 5 6 7 8 9 10 11 12
Mecsan roxa

- Puc. 1. CpenneMecsaqHas TEMIepaTypa BOJAONPOBOLHOM BOMB! 110 MeCALaM
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B) CpemHeM
1aM, NpuBeeE

CpennemecauHas cymmapHas
conHeyHas panuauus, MIhc

Puc.

Pesysnbratsi
YEHHS TapamMer

3atpars! TennoTh

Puc. 3
1 — cpenuem
2 —cpem

T'onogoit 06nem Te
CTOUHBIX BOJ

JHonst Bocnionusem:
BOLOCHA0KEHH(

T'onoBas sxoHOMMS

T'onoBoit foxox su

KanuraneHsie satp

Pesynprarst
YeHHs apaMeT]



JBOM pocT

yroaddex-
[HBIX BOJ)
(HBIX BO.)
4 rops4yeH
HH TIOArO-
HBEIX BOI),
1 ropsueH
MBI, B CO-
TEUUBAIOT

BC npen-

Tabnuya 5

CXHH4ECKOro

IPUHMMATIH

mgee BcOo-

XOJIOOHOH

am

B) CpPENHEMECSIUHbIe 3HAYeHUSA CYMMapHOH COJHEYHOH pamualuM Mo Mecs-
1aM, NpUBEJEHHbIe Ha PHC. 2.

1200,

800 //\ \

600 / \
400 // \\
200 L \‘\

/ N—,
O T T T T T T
1 2 3 4 5 6 78 9 10 i1 12

Mecau roga

—
[}
(=3
(=]

CpennemecayHas cyMmapHas
CONHEYHas paanauus, Ml

Puc. 2. CpegneMecsaHad CyMMapHast CONHCYHAS PATHALMs 110 MECALaM

PesynpTaTsi pacueTa BapHaHTa 1 NMPEACTAaBICHBI Ha pHC. 3, pacueTHbIE 3Ha-
YSHHNS [TapaMeTpoB — B Tabs. 6. '

25000 :
E MTx : |
8 20000 |
5 K e ~
~ P
E 5 15000 /
=
ey &9
£ g 10000 A =
£z 2
™ 5 sppo e N
g \‘"—'——-——-————-/' |
0 T T T T E -

1 2 3 4 5 6 7 8 9 10 11 12
Mecsw rona

Puc. 3. Tpaduxy TEIIIOBBIX XapakTePHCTHI HO MeCs{aM IUI BapyaHTa 1:
1 — cpeaneMecsyras NOTPEGHOCTE TEMUIOTH Ha ropsyee BOAOCHAGMEHHUE 10 MecalaM;
2 — cpenHeMecsyHas TEIIOTa, YTHIH3UPOBaHHAs YTHIN3ATOPOM CTOYHBIX BOJ

Tabruya 6
PesysbTatsl pacyeToB napamMeTpos BapuauTa 1
'Enunnna 3HaueHue
[Tapamerp Sl
H3MEPEHHUS napamerpa
T'onosoit 06%eM TEMIOTEI, YTHIN3HPOBAHHON YTHIU3ATOPOM
CTOUHBIX BOJ Mx 53167
Joxnst BocnoNHAEMOM NOTPEGHOCTH TEMIOTE! Ha ropadee
BOZOCHaOXeHHE 0,30
T'0/0Bas 5KOHOMMS YCIOBHOTO TOILIHBA TYy. T 2,27
Tonosott noxox sHEProcheperaomero MeponpUsTHs IO 273
KanurassHble 3aTpaThl IPH CPOKE OKYNAEMOCTY BOCEMB JIET JION. 3750

PesynpraTel pacuera BapuaHTa 2 DPEACTaBICHBI Ha puc. 4, pacUETHHIC 3Ha-
YEHHMA NapaMeTpos — B Tabm. 7.
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o 20000-e==] /
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z & 15000 <3
58 ® 4 /
I § £ 10000 p Tonosoit obn
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E & 5000 - BN Tonosas BbIf
o
2 2 /tg Cymmapuas
g 0 ‘// . : - : e, Konnuectso
1 2 3 4 5 6 7 & 9 10 11 12 BOM HAac(
Mecsu roxa B TEYEHHE
Puc. 4. T'pahyiku TENIOBBIX XapaKTEPUCTHK IO MECAIAM /UL BRDHAHTA 23 Cy ‘:Z‘TZFJ’:;M
1 — cpenHeMecs4Has HOTPEGHOCTD TEMIOTH! Ha ropayee BOZOCHa0XEHUE TT0 MECANAM; Tom Booms
2 — cpenHeMecsIHas TEII0Ta, yTUIN3HPOBAHHAs YTHIM3ATOPOM CTOMHBIX BOL; 5 zcng
3 — cpenHeMecTIHas TEIUIOTa, BEpabaTsiBacMast CONHEYHBIM KOJICKTOPOM; F-—-—ni)i
4 — BcrOMOTaTeNBHbIH rpadyK BHI60P2 IIOLALH CONHEYHOTO KOUIEKTOPa FMH;&
13 pacueTa MOJIHON KOMITEHCAIMH 3aTPaT FHEPIHY B UONE |1 OXOBOM 20>
KanuransHsl
Taénuya 7 Pesii:
Pe3y/ibTATLI PACUETOB NAPAMETPOE BAPUANTA 2 3y
HCHUA Nap:
Enuauna |  3HayeHHe
Tapamerp
H3MEpeHUs [apaMeTpa
I'onoBol 065€M TEIOTH, YTHIIM3UPOBAHHON YTHIIH3aTOPOM =
CTOYHBIX BOX M]Dx 53187 'é
Toznosas BbipaboTKa TEIVIOTE! CONHEUHLIM KOJUIEKTOPOM M]ix 44728 E
CyMmMapHas iowags COJHeYHOro KOJUIEKTopa M 12 ,i
Jona BocTionHseMoit noTpeOHOCTH TETUIOTEE Ha ropsies - 8
BoJIOCHaDKEBHE 0,55
Tonosas SKOHOMHSI YCIOBHOTO TOIUIHBA TY.T. 4,2
T'onoBo# 10X0R SHEProcOeperaloero Meponpus T A0 502
KanyranpHeie 3aTpaTsl IPH CPOKE OKYNaeMOCTH BOCEMB JIET O 6900
F
i 1 —cpe
PesysbTaThl pacyeTa BapHaHTa 3 TPEACTABIEHBl Ha PUC. 5, PacueTHbIe 3Ha- B B
YeHHs HapaMeTpos — B Tabi. 8. ;_ 3
200006z , / 2
(23
z M \'\/. ‘ e ;
5 & 15000
(=] :
E % E\E\ 5 ﬂb(// /n/m U
& & 10000 N ;
B & 2 3 ;
S o . . e
EE 5000 Aﬁ-,_k T T~ R Ton0Boit 065
& 2 E;ié g | CTOYHBIX B
[
o ; Komriectso 1
k-
01— : x\;g—ﬂ . : h nacoc + d
1 2 3 4 5 6 7 8 9 10 11 12 YEHHE TOL
Meca rona : |Cymmapras
BaTess
Puc. 5. T'paduky TEMIOBLIX XaPaKTEPUCTHK 110 MECTIAM JUIA BapuaHTa 3: W
1 ~ NOTPEBHOCTE TEMIOTH! Ha ropsvee BOAOCHaKEHHUE; 2 — TEIUIOTa, YTHIHSHPOBaHHAs Boao::o(;l !
yTHJIM3aTOPOM CTOYHBIX BOZ; 3 — TEMNOTa, BeipabaTsizaemasi CONHEUHBIM KOJIIEKTOPOM; -I—_——————”
4 — pecrioMoraTensHeIH rpaduk BeIGOpa MIIOIIANY CONHEYHOr0 KOJUICKTOPa; ‘ - DAODAS 0K
5 — TEMNoTa, BOCIOIHAEMAs CHCTEMOMR ,., " M
«TEeTUIoBOH Hacoc + goroanekrprueckuil npeobpasoBaTensy g : Kannransuse
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a2
Mecauam;
X BOL;
poM;

‘opa

Tabruya 7

3HaueHHe
fapameTpa

53167

44728
12

0,55
42
502
6900

CUYSTHBIC 3HA-

°|

lh

Si&

ra 3:
I3UPOBAHHAS
MINEKTOPOM;
{TOpa;

Tabruya 8

PesyabTaThi pacueroB IapamMeTpoB BapkaHTa 3

YeHWe rojia Mx 85685
1CymMmapHas miolans (oTOdNIEKTpHHecKoro mpeobpaso-

BaTens M 24,50
Jons BoconHseMoi MOTpeGHOCTH TEIUIOTE! Ha ropsyee

BOJNOCHa0MEeHHE ’ 0,77
T'010B2s SKOHOMUS! YCJIOBHOTO TOILIHBA . TY.T. 5,90
T'onoBoit 1ox0 SHEprocOeperaoIero MeponpusITHs i) 8 712
KanuransHble 3aTpaThl IPH CPOKE OKYIIAEMOCTH BOCEMB JIET JION, 9800

Enunnua 3HayeHue
tspancyp H3MEpEHHs napamerpa
Tonoso#t 06beM TEIUIOTHI, YTHIM3HPOBAHHON YTHIM3aTOPOM
CTOYHBIX BOJ M]x 53167
Tonosas BEIpaGoTKa TETIOTE! COMHETHBIM KOJLICKTOPOM Mk 44728
CyMMapuas IUIOLIa b COHEYHOT0 KOJLIEKTOpa M 12
KOMM4ecTBO TEMNOTHI, BOCIIONHSIEMOE CHCTEMOH «Terio-
Boif Hacoc + (oroanexrpuyeckuit npeobpaszoBareiby .
B TEYEH¥E rofa MIx 85685
CymmapHas miomans (oTodiekTpuyeckoro npeobpaso-
BaTens s 25
Hong BocnoyiHsAeMOW NOTPeGHOCTH TEMIOTHI Ha IopsadYes
BozoCcHab)eHNE 1,02
TonoBast 3XeHOMHUST YCIIOBHOTO TOILIMBA TY.T. 7,9
T'oz10BO# [oX0/1 SHEprocOeperatoero MepONpUATHs JIOJL, 942
KanuransHble 3aTpaThl IpU CPeKe OKYNasMOCTH BOGEMB JIET JIOJ. 13000

PesynbTaThl pacyeTa BapHaHTa 4 HPeCTABNEHBI HA PHC. 6, PACUETHBIC 3HA-
H4eHUus napamerpos — B Tabu. 9.
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1 2

Pyc. 6. T'padypiky TeIOBBIX XapaKTEPHUCTHUK N0 MecALaM Al BapHaHTa 4.
* 1 — cpeaHeMecsyHast MOTPEGHOCTS TETUIOTHE Ha ropsyee BOAOCHA0KEHHE N0 MecsAIaM;
2 — cpeaHeMecsyHas TeIUIOTa, YTHIM3UPOBAHHAsA YTHIN3aTOPOM CTOYHBIX BOX,
3 — rcioMorarenbHblH rpadyk BpIGOpa MIIOLIAKA CONMHEYHOIO KOJIIEKTOPa,;
4 — cpenHeMecsyHad TSIUIOTA, BOCIONHACMAs CHCTEMOH
«TETNIoBOH Hacoc + loTodexTpuieckuii Mpeobpa3oBaTeNs» M0 MeCIuaM

Tabruya 9
Pe3yabTaThl pacueToB NapaMeTpos BapuaHTa 4
Enununa 3uaveHue
ITapametp AHRHL
H3MEPEHHUS napameTpa

T'onoBoit 066eM TEMOTE], YTHIN3UPOBAHHOH YTHIIH3aTOPOM
CTOYHEIX BOJ Mk 53167
Komr4ecTBO TEINOTh], BOCTIONHAEMOE CUCTEMOH «TEIIOBOMH
Hacoc + foroasiexTpudeckuit npeobpasosarenb» B Te-
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TpencrasnenHbie A4 BapuanTa 3 BTOPUYHbIE M HETPaJHIMOHHEIC HCTOYHH-
KH TEIUTOTHl MOT'YT TOJTHOCTBIO YAOBJICTBOPUTE FOJIOBYIO noTpe6HOCTE TeIIOTE
Ha ropsee BogocHabxxeHye, 3Ha9UMOCTh KOKIOM U3 COCTABJIAIOIIMX UCTOYHM-~
Ka TeruIOoTH! GiM3Ka ApYr APYTY IO 3HadeHuio. B BapuaHTe 3 TemnoBO# HAcoC
WCTIONB3YET HE TOJNBKO TEIUIOTY HarpeBa ropsieil Bojibl, HO TAKke HH3KOOTeH-
LMANHHYIO TEIUIOTY «CEPhIX» CTOKOB, OXJIakKHas UX JI0 TeMIepaTyphl BOAOIPO-
BOIHOM BOIBI B 3uMHee BpeMs (oxomno 5 °C). 3HaveHHs KamHMTAIBHBIX 3aTpar
TIPH CPOKe OKYIIaeMOCTH BOCEMB JIET ONPEEILIIOT LIEHOBBIE OPHEHTHPEI oBopy-
[OBaHMs, 3aKJIaIBIBAEMOrO B SHeProdGexTHBHEIE MEPONPUATHS C MPUMCHEHH-
€M BTOPHMHBIX M HETPaIVLIMOHHBIX MCTOYHHKOB TEIUIOTEI TI0 MOICPHM3ALIH
aIMHEVICTPATHUBHBIX 3MaHAMN,

CpaBHUTENGHBIN aHAJIA3 PACCMOTPEHHBIX BAPHAHTOB ITOKA3BIBACT 6e3ycoB-
HYIO SKOHOMHYECKYIO d(Q(EeKTHBHOCTb HCIONB30BAHMS yTUIN3AaTOPA TEeTI0BOH
SHEPTMH CTOYHBIX BOJ. IIpeuMymecTBO 9TOH CHCTEMBI NIEPE] COMHEUHEIM KO-
JIEKTOPOM — B KPYTJIOFOAUMHOM HCIIONE30BaHMAH. BTOPO# BapHaHT — KombuHa-
Vs YTHIK3aTOPa TEIUIOTH! CTOUHBIX BOX U COMHEYHOTO KOJUIEKTOpA — yBCIMHUH-
BaeT SKOHOMHIO SHEPryH, ONHAKO PacTyT K KalMTAIBHBIC 3aTPAThL. Tpernit Ba-
puanT obecredypaeT NOJHOE INOKPHITHE 3aTpatr Temnosoii suepram Ha I'BC.
Cremyer oOpaTWTs BHHMaHHE Ha TO, YTO 3aTPaThl B NEPBRIX [ABYX BapHaHTax
6nU3KH K HeOGXOMMMBIM, B TO BpEeMsi Kak B BapHaHTax 3, 4 B MEepHOJ, SKCIULya-
TaM¥ OHHM MOTYT CYIIECTBSHHO NPEBBICHTH [OKA3aTeNM, MPEICTABICHHBIC
B Tabn. 6-9.

-

BEIB O bl

1. AHaii3 HCHONB30BAHMA SHEprod(G(hEeKTUBHEIX TEXHOJIOIUN NpPH TPOeK-
THPOBAHMY ¥ CTPOWTENBCTBE 3/aHMi ToKasan, 4To npobreMbl MPUMEHEHHA
TEXHUUECKUX CPEACTB ¥ Croco0CB CHIDKSHHS SKCIUTyaTalWOHHBIX 3aTpat
SHEpryH TpY SKCIUTyaTalyH JKUIBIX 3JaHuil B Pecniy6nuke benapych ¥ BO
BreTHame, HeCMOTPS Ha pasiuuye KIMMATHYECKHX YCNOBHH, HMEIOT ofuiue
3aKOHOMEPHOCTH.

2. TloTepy TEMIOTH IPH BO3MyX000MEHEe MOXKHO YTHIA3HPOBATh, HCTIONIB3Y S
TemioobMerHyky. CONPOTHRICHUS TEIUIONEpenaye OrpakHaromHX KOHCTPYK-
1Mt 37aHKHT MOYKHO IPHHHMATh, HCXOMS U3 PABEHCTBA CPeJHEro 3a OTONHTEIb-
HbIH CE30H 3HAYEHUS TPAHCMHUCCHOHHBIX TEIUIOBBIX JIOTEPb B HEM CyMMapHOMY
3HAYEHMIO SHEPIHM BHYTPEHHMX MCTOYHHKOB TEIUIOTHI B 3JaHMA M COJHEYHOH
SHEPrHY.

3. CpaBHUTE/NbHbIM aHATH3 HOTYHEHHBIX NAHHBIX C HOPMATHBHBIMH BETHYH-
HAMY CONPOTHBJIEHMA TeIUiONepesaye OrpaKTarolkX KOBCTPYKIpH 3IaHMH
B BenapycH MOKa3slBaeT, YTO IMPAKTHYECKU A BCEX HX THIIOB, 338 HCKIIO-
YeHHEM MePeKPHITHH HaX TOABAIBHBIMH TOMEIICHHIMH, STOT TOKa3aTenb B
pecryGnuke Oonblile WIH DaBeH HOPMATHUBHOMY. 3HAUEHHE COIPOTHBICHUA
TEenyIoNepeaaue OKOHHBIX KOHCTPYKLMH IPEBBIIAST HOPMATHBHOE IUIA BCEX
paccMaTpHBaeMbIX CTpaH, McKmoyas DUHIISHIMIO, YTO BO MHOTHX CITyvYasX He
COBNIANaeT CO 3HAYCHMAMHE CONPOTHBIICHHMS TEIUIONepeaaye Iyl 3HaHui Macco-
BOTO CTPOMTENECTBA METOAMH, HCTIONB3YSMBIMH B COCONHMX CTpaHaX.

4. CompoTHBJIeHHe TeIvioliepeaue JODKHO OBITh GIMBKMM K ONITHMAIEHO-
MY 3HAYEHHIO I KOHKDETHBIX KJIMMaTHHECKMX M SKOHOMHYECKHX YCIOBHIA.
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WOHHBIE HCTOYHH-
e0HOCTh TEIUIOTH!
SIOLUX HCTOYHHU-
i TEIJIOBOH HACOC
IOKE BH3KOMNOTEH-
paTypbl BOJOIPO-
HTAIHHBIX - 3aTPaT
pHEHTHPHI 060Dy~
Ui C IPUMEHEHH-
[0 MOIEPHU3ALNY

3pIBaeT OE3yC/IOB-
13aTOpa TEIOBOH
COJIHEYHBIM KOJI-
YMaHT — KoMOuHa-
KTOpa — YBEUUU-
patsl. Tperuit Ba-
sueprur Ha I'BC.
{ IByX BapHaHTax
TIepHON dKCIUTya-
TIpe/ICTaRIICHHBIE

[IOTAM TIpH TIPOEK-
eMbl MpHMEHEHUs
IIHOHHBIX 3aTpaT
¢ benapych U BO
{1, UmeroT obIue

pOBaTH, HCIOJB3YS
AIOLTHX KOHCTPYK-
‘ero 3a OTOTHTENb-
HEM CyMMAapHOMY
1HUHM ¥ COJTHEYHOM

ITHBHBIMM BEJIHYH-
ICTPYKIMH 3JaHHH
THITOB, 332 HCKJIIO-
ITOT TIOKa3aTenb B
i€ CONPOTHBJICHUA
ATHBHOE [ BCEX
{HOTHX CiTy4asx He
1 3maHui Macco-
. CTpaHaXx.

MM K ONTHMAaIbHO-
[MYECKHX YCJIOBHH.

B0 661 OMMOKOH BHIOHPATH VIS ONTHMAIBHOIO 3HAUCHHS CONPOTHUBIICHHA
TeIDIONepeaadye PasHOCTh MEX/y AONOJIHHMTE/IbHBIMM KaluTaibHBIMU 3aTpa-
TaMH U DKOHOMHMEH SHEPTHH NpH JUIUTEIBHOM 3KCIUTyaTalli CTPOMTE/IBHBIX
KOHCTPYKIHH.

5. WccnemoBanus, CBA3aHHBIE ¢ SKOHOMHEH TEIUIOTHI Ha OTOINICHHS M BEH-
THSALAIO 30aHMM cpeqHeidl M MOBBINICHHON 3TKHOCTH, CJICXYET NCPEHCCTH
B 00/7acTh COBEpUICHCTBOBAHMS WHXXCHEPHOrO TEXHHYCCKOro ofopynosa-
HYS 3HaHHl, B YaCTHOCTH BOIPOC SKOHOMHH TEIUIOTEI HA OTOINICHHC MOXKHO
pelaTh 3a CUeT NOJIHOH yTWIM3Al[HH TeTUIOThl BEHTHIILHOHHBIX BBIOpOCOB
U3 30aHHA.
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