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Hageoena memoouxa ma npukiaou enepeemuynoi ma excepeemuyHoi egexmusHocmi cucmem
eapa4ozo eooonocmadanusa. Ilposedenuti Ha OCHO8I po3pooOneHoi MemoouKu mepmoOUHAMIUHULL
aHaniz niomeepous pe3yivbmamu NonepeoHix 00CNiOdHCeHb i NoKaA3as, Wo 6 3anponoHOBAHUX
cucmemax oocaeacmucs niosuwerus enepeemuunozo KK/ y 3,5...9 pasie, excepeemuunozo KK/{
ona npomucnosux nionpuememe — y 3..6 pasis, a excepeemuunoco KKJ[ ons ocumnoso-
KomyHanbHoz2o cekmopy — 6 4...20 pasie. Ocobnugo egexmusnumu € iHOUBIOYAIbHI XOIOOUTLHO-
MEenIoHACOCHI cucmemu, sKi 3abesneuyroms 30inbuents enepeemuunoco KK/ y 20...60 pasis,
excepeemuunozo — 6 6...60.

Knouosi cnosa: eHepeoegbeKmu@Hicmb cucmem eapAadoco eoaonocmaanHﬂ,
eKcepeemuirna egbexmueuicmb cucmem eapsaioco B8000NOCMAYAHHSL.

Beryn. Cucremu raps4oro BoAOIOCTa4aHHs € OXHUMH 3 HaiOUTBIINX CIIOXKHBA-
uiB eHeprii. IXHs cymapHa TemaoBa TOTYKHICTH CTAHOBUTH OH3bko 10 % Bim 3ara-
JILHOT TOTY>KHOCTI CHUCTEM EHEpPrOCIIOKUBAaHHS YKpaiHW. Y TOH e Jac Cy4acHi cu-
CTEMHU Taps4oro BOAOIOCTAYaHHS, SK NMPOMHUCIOBUX MiINPUEMCTB, TaK 1 JKUTIOBO-
KOMYHAQJIBHOTO CEKTOpPY, BIJI3BHAYAIOTHCS IyXKE HU3BKHMH TEPMIYHUMH 1 0COOJIHBO
excepreTnuHMU Koedinientamu kopucHoi mii (KKJ/I). Take craHoBuIle BUKIHKaHE
HU3BKUM TeMnepaTypHuM piBaeM (37...95 °C) mporieciB i Kyke MaJIor0 YaCTKOK KOPH-
CHO BUKOPHUCTAHOI TETJIOBOI €HEePTii BiJl BUTPAYEeHOI HA PUTOTYBAHHS Taps9I0i BOJIH.

OcTanni gociaimkenns: Ta nyoJikanii. CroxuBanus rapsuoi Boau [1-10] mae
HECTaOUIbHUI XapakTep HpOTATOM NOOH, MPUYOMY BUTPAaTH BOAM MO TOAWHAX Bif-
PI3HAIOTBCSA B IMICTh 1 Oinbime pasiB. lle mpu3BOmUTH M0 HECTAOLTBHOI pPOOOTH
BOZOIIIITpiBavYiB 1 MepexX, AKi 32 TAaKUX YMOB TIOBHHHI PO3PaXOBYBATHCS HAa MaKCH-
MaJlbHy BUTpary. s migBUIEHHS CTaOlIbHOCTI pOOOTH TaKUX CHUCTEM i1 3MEHIICHHS
MOTYXXHOCTI TPYOOTIPOBOIB 1 00JagHaHHSI Ha HUX MDK HarpiBadaMu i CHOXHMBauamu
BOJIM BCTAHOBJIIOIOTH TOOOBI OaKU-aKyMYyJIATOPH.

OnHuM 3 TOJIOBHHM NUIAXIB MiABUINICHHS TEPMOIMHAMIYHOI €()EeKTUBHOCTI CH-
CTEM Tapsg4yoro BOJIOIIOCTAYAHHS € BUKOPUCTaHHS HU3bKOTEMIIEPATYPHOTO MOTEHLIATY
ckuaHoi rapsiuoi Bogu. HaBeneHi po3paxyHKH MOKa3ylOTh, 1110 BUKOPUCTAHHS BTOPHH-
Horo eHepropecypcy (BEP) — ckuaHoi BoaM, — J03BOJISE MiJBUIIMTH CHEPTETHUHUIN
KK/ cucrem mo 40...50 %. TemnooOMinHe 00JagHAHHS 3aiiMae€ BayKJIMBE MiCIE B CH-
cTeMax raps4oro BopornocTadaHHs. HeoOXigHicTh HOro yAoCKOHAJIEHHS HE BHKIIMKAE
cyMHiBiB. OCHOBHI BHMOTH 10 HOBHX PIIICHh — CHEProe(eKTHUBHICTh, 3HIKCHHS
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METaJIOMICTKOCTI ¥ Ta0apUTHUX PO3MIpiB TETNIOOOMIHHUKIB, MiABUIIEHHS HAIIHHOCTI
Ta KOM(POPTHOCTI CHCTEM TapsiI0T0 BOJOIIOCTAYaHHS.
@opmyaoBaHHs Wijeid crarri. MeTroro poOOTH € OIliHKa eHEepreTHYHOI Ta
eKCepPreTHYHO1 e()eKTUBHOCTI CUCTEM LIEHTPAIBHOTO rapsu0ro BOJONOCTAYaHHS.
Exceprernyna e(eKTHBHICTH iCHYIOUMX CHCTEM LEHTPAJBLHOIO rapsiioro
BO/IONIOCTAYAHHA 00’€KTIB KHUTIOBO-KOMYHAJILHOTO ceKkTopa. Ekcepris Tteruiotn
CIIaJIIOBaHHSA TajuBa (Tasy):

Ex,=a Q,(1 —(T,/ Tn)), xJIx, (1)

JIe a - KiIbKICTh MaaMBa, H. M°, y pasi ra3oBoro namusa (Kr, y pasi TBepaoro abo piako-
ro mamua); (,° — HWKYa TEIUIOTBOPHA 34aTHicTh mamuBa, KJDK/H. M° (kJK/KT);
T, — TemIiepaTypa 30BHILIHBOTO cepepoBuia, K; 71 — TemnepaTypa crajatoBaHHS Halu-
Ba, K.

Bukonaemo anHami3z exceprerndHoi €(EeKTHBHOCTI CHUCTEM Tapsdoro BOIOIIO-
CTauaHHS 3 BHKOPUCTAHHSAM Y DOJII TAJIMBAa TMPUPOAHOTO Ta3y 3 (3UMOBHU Tmepiof
t,=—22°C) Q,f = 35589,5 xJlx/u.m’, p = 0,664 r/u.m’, T; = 1073,15 K.

Bepemo T, =251,15 K, pobounii tuck mapu 1,3 MIla, remneparypa HacuueHoi
mapu 77 =464,15 K, temmeparypa KOHACHCATy, IO TIOBEPTAETHCS MO KOTIIA,
T,=353,15K. Toni Ha 1 H. M® razy maemo Q = O,°.

Excepriro TemIoTH criagroBaHHS ITaJiBa BU3HAYAEMO 3a (POPMYIIOt0

Ex,=35589,5(1 — (251,15/ 1073,15)) = 27260 kJIx. )

Jamni ckamaeMo eHepreTHIHUN OalaHC KOTia (TaporeHepaTopa):

=01+ +05+ 0, 3)

e () — KINBKICTh TEIUIOBOi €Heprii, 10 BUKOPUCTAaHA A OfAep)KaHHS mapu, KIDK;
(> — KUIBKICTh TEIUIOTH, IO BTPadeHa 3a paxXyHOK HETOBHOTH 3TOpaHHs razy (mpH-
rimaemo 0,03 a), kJx; Qs — KUIBKICTh TEIUIOTH, IO BTPAYeHa 3 BUKHUIHUMH Ta3aMu
(mpuitmaemo 0,05), xkJk; Os — KITBKICTh TEIJIOTH, 110 BTpavyeHa 4Yepe3 IMOBEPXHi KOTiia
(mpuitmaemo 0,01 a), x/Ix. Tobro Q) = 0,91 O,*=0,91-35589,5 = 32386 /] x.

Toni KiJbKiCTh TapH 71,, 10 OTPHMAaHa B KOTJI 3a PaXyHOK CIamoBaHHs 1 H. M°
rasy, CTAaHOBHUTh

ma =091 0,5/ (h" — h), k, “4)

ne h" ta h. — entampmii HacuyeHoi mapu npu p = 1,3 Mlla Ta xoHmeHcary mpu
T = 353,15K, xJIx/xkr.

m, =0,91-32386/(2787,5 —334,9) = 13,2 kr.
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Jaii po3paxoByeMo 3MiHM €KCeprii NaJMBa i TEIUIOHOCIS B KOTIII.
Brpara exceprii nanmusa (AEx,) CTAHOBHUTH:

11, =AEx, = To (Q/T1) — (Q/T2)) = To O (UT1) — (1/T>)) =
=251,15 - 35589,5 ((1/464,15)— (1/1073,15)) = 10928 x/Ix. %)

[IpupicT exkceprii TEMIIOHOCIS, 1110 HATPIBAETHCS B KOTII:

AExmn = (Heux - st) - To(Seux - Sex) = mn[(h "— hx) - To (S "— SK)] =

=13,2[(2787,5 —334,9) — 251,15 (6,495 — 1,070)] = 14389 /I x. (6)
CymapHHuii IpupicT eKceprii B KOTJIi:

1. = AEx,m — AEx, = 14389 — 10928 = 3461 x/Ix. (7)
HactynHum J1aHIFOTOM y CHCTEMi LIEHTPaJIi30BaHOTO rapsuoro BOAOIOCTAYaHHS
€ IApOBOJSHUN ITOBEPXHEBUH TEINIOOOMIHHMK, y SIKOMY CYXOH0 HACHYEHOIO Napolo 3
tuckoM p = 1,3 MIla HarpiBaeThCsl BOJa TCEIUIOBUX MEPEX 3 TEMIICPaTypor B
nofaBanbHid Marictpani 7, =403,15K, a y 3BopotHiii T, = 343,15 K. Temnepatypa

koHmencary — 353,15 K. ToOto, MU HEXTyeEMO BTpaTaMH TEIIOTH TPyOOIpoBOmaMHU
Mapo-KOH/IGHCATHOTO KOHTYPA.

CknazmaeMo TEIUIOBUI OanaHC MapoOBOASHOTO TEIUIOOOMiIHHUKA BiTHOCHO TEIJIO-
HOCIs, 110 TPi€, 1 1[0 HArpiBa€ThCs:

Q=my, (h" = ho) = my (o, — hrs). 8)
OTtxe,
Mg = my (" — h)/(hs— hre) = 13,2(2787,5 — 334,9)/(546,3 —293,2) = 128 xr.  (9)
BTtparu exceprii mapu (TEIIOHOCIS, IO TPi€) Y MapOBOISTHOMY MiTirpiBadi;

AEXum =mu[(h—h) — T, (s — s)] =
=13,2[(2787,5 — 334,9) — 251,15(6,495 — 1,07)] = 14389 /I k. (10)

[Ipupict ekceprii Boau, 1110 TPIETHCS:

AEX@I = mel[(th - hT33) - To(sTn — ST )] =
= 128[(546,3 — 293,2) — 251,15(1,638 — 0,954)] = 10405 xJI. (11)
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3aranpHi BTpaTH €KCeprii B HapOBOSHOMY TEILIOOOMIHHHKY:
II,. = AEx,, — AEx, = 14389 — 10405 = 3984 xJIx. (12)

TeruoBa MOTYKHICTH MApOBOASHOIO MiAirpiBada AOPIBHIOE KiIBKOCTI TEILIOBOT
€Heprii, 0 BUKOPHCTaHa AJIs oAepkaHHs napu — 32386 xJx.

Jaii paxyemo BTpaTH €Kceprii Ha BOJOBOASHOMY TEIUIOOOMIHHUKY UIsSl HAarpiBy
BonomnposigHoi Bogu Big 10 °C (283,15 K) mo mopmatuaux 60 °C (333,15 K), mig yac
3minryBaHHs rapss4aoi Bogu (60 °C) 3 xomoaaOI0 BogonposigHoto Bozgoko (10 °C) mepen
CIIOKMBAaHHAM 3 METOI0 OJIEpKaHHA TeMieparypu crooxuBuoi Boau 37 °C
(T.,= 310,15 K), y npoueci oxonompxeHHs: Boau 10 32 °C (Tuwe = 305,15 K) B mporeci
CITO’KMBAHHSA 1, HAPEIIITI, 3 BiAMPaIlbOBAHOIO BOJOIO.

BxazaHi po3paxyHKH IMPOBOIUMO JIJIS JBOX BapiaHTIB:

1) mapanenbHOTO (OO CHUCTEMH OMAaJCHHS) NPUEJHAHHS CUCTEMH Tapsadoro
BOJIONIOCTAYaHHs 10 TEINIOBHX MEPEK;

2) 3MIIIaHOTO JBOCTYIIEHEBOTO MTPHETHAHHS.

Brpartn exceprii Ha BOJOBOASHOMY TeIJIOOOMIHHUKY [JIsl HArpiBy BOJO-
nposignoi Boau Binx 10 °C (283,15 K) no 60 °C (333,15 K). TeruioBa moTy>KHICTb
BOJIOBOZSHOTO TMiJirpiBada 3a yMOBH BiJICyTHOCTI BTpaT TEIJIOBOI €HEprii mapoBOAs-
HUM 1 BOJIOBOJSTHUM TEIIOOOMIHHMKAMU Ta TPYOOIIPOBOIAMHU:

Qs—a = Qw = Ql = 32386 KJI)K (13)

Kinpkicte rapsuoi Bomu m,; = 128 kr; Temmeparypa BOAM, IO Tpie,
T’ =403,15K (130 °C), T"..=343,15K (70 °C), Temneparypa Boau, L0 HarpiBae-
Thest 1" = 283,15 K (10 °C), 7" = 333,15 K (60 °C).

[Ticist ckaamaHHs TEIUIOBOIO OallaHCy TEIJIOOOMIHHUKA 3HAXOAWMO KiJIbKICTh
BOJIH, 1110 HATrPiBAETHCA:

Mgz = Mgy (N1 — M)/ (B rrgue— Mrrex) = 128 (546,3-293,2)/(251,3-42,3) = 155 kr.  (14)
Btpatn exceprii Bomu, mo Tpie, BimmoBimae ¢opmymi (11) 1 mopiBHIOE
AEx,; = 10405 x/]x.

[pupict exceprii Boau, 10 HATPiBAETHCS:

AE)ng = ms2[(h T”eux_hT”sx) - To(ST”sux_ST”ex)] =
= 155[(251,3 — 42,3) — 251,15(0,8303 — 0,1511)] = 5953 KJI. (15)

3aranpHi BTpaTH eKceprii y BOAOBOJITHOMY TETNIOOOMIHHUKY:

11, = AEx, — AEx,» = 10405 — 5953 = 4452 kJTx. (16)
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JHani 3HaxoAMMO BTpaTH €Kceprii Mpu 3MillyBaHHI 3 Tapa4oi BOIM 3 HOpMATH-
BHOIO Temmepatyporo 60 °C (333,15 K) 3 BoAompoBiZHOIO BOJOI0 3 TEMIIEPaTypOIO
10°C (283,15 K) Oesmocepennpo mepen cruoxuBaHHAM. CepemHs HOpMaTHBHA
TeMIepaTrypa BOIM TMiCii 3MILIyBaHHS Nepel CHOKMBaHHAM CTaHOBHTH 37 °C

(310,15 K).
CkragaeMo TETUIOBHI OajlaHC TpoIlecy 3MINTyBaHHS TPH HEBIAOMIN wacTii
BOJIOTIPOBITHOT BOAM X Ta raps4oi Bomu (1 — x):

hT”eux(l _x) +hT”3xx = thn- (17)
3 piBHstaHA (17)
X = (hraw — hren) | (M — hre) = (251,3 = 155,1) / (251,3 — 42,3) = 0,46. (18)
KinekicTs 3MilIaHoi BOAHW CTAHOBUTH
Mg =mg/ (1 —x)=155/(1 - 0,46) =287 xr. (19)
KinbKicTh BOJOTIPOBITHOT BOJU: M = Mg — My = 287 — 155 = 132 k.,
Brpara exceprii npu cnoxuBanni rapsiuoi Boau (kopucHa). CepenHe nasiin-
HSI TEMIIEpaTypH MU CIIOKKWBaHHI rapsaoi Boxu cranoBuTh 5 K (Big 2 K g0 8 K), TobT0
Bozaa oxonmomkyerhes Big 37 °C (310,15 K) mo 32 °C (305,15 K), a Trck Bomu magae no

1 atm. Toni BTpaTa ekceprii mpu COKUBaHHI:

ch = AExcn = M3 [(thn_thkw)) - To(STcn_STacuo )] =
=287 [(155,1 — 134,1) — 251,15 (0,531 — 0,413)] = 1126 kJT. (20)

BTtpara exceprii 31 ckugHOI0 BOIOIO (7,00 = 305,15 K):

chw) = AExc‘Ku() = M3 [(h Tct(u()_hT"&x) - TU(ST(‘n_S T"sx )] =
=287 [(134,1 —42,3) - 251,15 (0,413 —0,1511)] = 3864 k/]x. (21)

KoedimieHT excepreTndHOi €(heKTHBHOCTI CUCTEMHU:
Nex = AEXe, / AEx, = 1126 /27260 = 0,0413 a6o 4,13 %. (22)
st mitaeoro mepiomy (7, =293,15 K) amanoriuao 3a dopmynamu (1-22)
Ne = 1,27 %.

CYMa BTpar eKCGpFﬁ 3a CXEMOIO Irapsa4oro BOAOIMOCTa4YaHHS CTAHOBUTD:

=1L+ 11,+ oo+ I, + 1o+ T, = 10930 xJIx.
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Brpara exceprii manuBa cranoButh /1, = 10928 /. Takum urHOM, Cyma BTpar
EKCepTii 3a CXEMOIO TapsI0r0 BOIOTIOCTaYaHHS 30iraeThes 3 BTpaTaMU €KCEprii MmaanBa.

[TpuiimaeMo cepemHIO TeMIeparypy rapsuoi BOAM B MICISIX CIIOKHUBAHHS MiCHs
3MilryBaHHS £, =37 °C; cepeqHIO TeMIepaTypy BOAW MICHs CIOXUBaHHS f, = 32 °C;
CepeqHI0 TeMIIepaTypy BOJOIPOBITHOI BOIH fsp = 10 °C; cepenniil koedilieHT KopH-
CHOTO BHKOPHCTAHHS MOTEHIlaly Tapsdoi BOAM (TEIUIOBHTPATH TPYOOIPOBOIIB 10
3MimryBanHs) a = 0,85. Tepmiuanit KK/ muxiry

Tlt =a (hlz.c. _hle) / (hta.c. _hte,cep) =
=0,85 (154,92 — 133,98) / (154,92 — 41,87) = 0,157 a6o 15,7 %. (23)

TexHoJioriuHe Trapsiye BOJAONOCTAYAHHA TPOMMCJIOBHMX HNiANPHEMCTB.
Bignosinno 1o [2]

rlt =a (hT:.m. _thr(u()) / (hTe.m. _hTe)a (24)

ne hrom, Prexus, hre — €HTANBINI TEXHOJOTIYHOI, BiMMpPalbOBAHOI Ta BOJOMPOBIIHOL
Bozmu. KoeimieHT KOPUCHOTO BUKOPHCTAHHS MOTEHIlATy Taps4yoi BOAW MPUIMAETHCS
a=0,5...0,8.

BusHaunmo 1, Ha mpuknani (GaOpuKM BTOPUHHOTO TIOTIOHY, A€ L., = 65 °C;
touo = 55°C; t, = 10°C; a = 0,5. Toni 3a popmyoro (24)

n = 0,5 (272,16 — 230,29) / ( 272,16 — 41,87) = 0,091 a60 9,1 %.

/KUT/I0BO-KOMYHAILHUI CEKTOpP Ta He TEXHOJOriYyHe rapsiue BOAONO-
CTaYaHHS TNPOMHUCJIOBHX MiINPUEMCTB B YMOBAX BHKOPHCTAHHA BTOPMHHUX
eHepropecypciB rapsiuoi BOAM B NOBEPXHEBOMY TEIUIOOOMIHHHUKY [JIfl
NomnepeIHLOro HArpiBy BooNpoBigHoi Boau. [lpuitMmaemMo cepemHio TeMreparypy
raps;iaoi BOJM B MICHSX CIIOKMBaHHS TMichs 3MilnyBaHHs f.. =37 °C; cepenHio
TEeMIIepaTypy BOAM MiCIA TEIUIOOOMiHHHMKA i1 MONEepenHbOro HarpiBy fo =32 °C;
CEpEIHIO TeMITepaTypy BOIOMIPOBITHOI BOIM IMICIIs TEIUIOOOMIHHHKA ii ITOTIEpEeaHBOTO
HarpiBy ¢, = 27 °C; cepemHio TeMIiepaTypy BoAompoBiaHoi Boau 4, = 10 °C; cepemniii
Koe(illieHT KOPHCHOTO BHKOPHCTaHHsS TMOTeHWiady rapsyoi Bomu a=0,9 (npm
t.=42 °C).

CxiamaeMo TepMOIMHAMIYHHNA OallaHC MPOIIeCy 3MINTyBaHHS Tapsdoi Ta BOJO-
MPOBIIHOT BOJM TIEpe/T CIIOKUBAHHSIM:

hlz(l _x) +hte X = hlz.c- (25)

3 piBHsIHHS (25)
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X = (e —hee) | (he — he) = (251,3 = 153,9) / (251,3 — 41,87) = 0,465. (26)

Posrmstremo 2 Bapiantu. I: £, = 60 °C; 1I: £, = 42 °C.

Jyis mepIioro BapiaHTa:

x=(251,3-153,9)/(251,3 - 41,87) = 0,465.

st mpyroro BapiaHTa:
x=(176,0—153,9)/(176,0 — 41,87) = 0,165.

HactynHum Kpokom ckiiaieMo TepMOJMHAMIUHUIA OajaHC U TeII000OMiHHUKA
MoIepeAHBOTO HarpiBy. /i mepioro Bapianra:

133,98 — hyeur = 0,535 (113,36 — 41,87),

3BIAKH Ayee= 95,73 kJIK/KT; te = 22,69 °C.

s apyroro BapiaHTa:
133,98 — hyoe = 0,844 (113,36 — 41,87),

3BIAKH A= 73,64 xJx/KT; t' = 17,50 °C.
Jlyis1 mepiioro Bapianta

nt =a (htz.c. _htck) / (htzc. _ht'ck) =
=0,85 (154,92 - 133,98) / (154,92 — 113,36) = 0,428 abo 42,8 %;

JUTSL APYTOTO BapiaHTa:

nz‘ =a (htz.c. _hta() / (htac. _ht’crc) =
=0,9 (154,92 — 133,98) / (154,92 — 113,36) = 0,453 a6o 45,3 %.

TexHoJsioriyHe rapsiyue BOJONOCTAYAHHS NPOMMCJIOBUX HiANPUEMCTB 3 BH-
KOPHCTAHHSIM BTOPHHHHMX e€HepPropecypciB CKHJAHOI rapsiuoi Boau y noBepxXHeBO-
MY TeIUI00OMiHHMKY AJIs MONepeHbLOr0 HArpiBy BoaonposiaHoi Boau. Ilpuiimae-
MO L., =65°C; t,.=55°C; t,=10°C; t',,, = 15°C; a=0,5; maca CKHMIHOI BOOH
cranoBuTh X = 0,8 Big Macu BOIH, IO TPIETHCS.

TepmoanHamivyHMI OanaHC TETIOOOMIHHHAKA TIOTIEPETHBOTO HArPiBY:
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hige—he = X (hioe—Nraw),
3BIOKH
g = hig + X (hioe— hva) = 41,87 + 0,8 (230,2 — 63,2) = 175,48 kJIx/kT, t"q = 41,8 °C.

Tomi

Tlt =a (hte.m. _hlcx) / (hte.m. _ht”eux) =
=0,5(272,16—230,9)/ (272,16 — 175,48) = 0,2165 a60 21,65 %.

7KUT/I0BO-KOMYHAJILHHI CEKTOP TAa He TEXHOJIOTiYHEe rapsiue BOAONOCTAYA-
HHSI MIPOMMCJIOBHUX MiAMPHEMCTB 3 BHUKOPHUCTAHHSAM BTOPHMHHHUX €Hepropecypcip
CKHJHOI Trapsidyoi BOAW 3 3aCTOCYBaHHSIM TeINIOBOro Hacoca. [lpuiiMaemo
t.e. =37 °C; t,. =32 °C; t'.c = 10 °C; £, = 10 °C; a = 0,85; xoedimieHT epeTBOPEHHS Te-
moBoro Hacoca W = 3...5. Toni

rlt =a lP (htacz _htCK) / (htz.cc _htg)-

MMpu ¥ =3 1, = 0,853 (154,92 -133,98) /(154,92 -41,87) = 0,472 a60 47,2 %.

Mpu¥ =5 1, =0,855(154,92-133,98) /(154,92 -41,87) = 0,787 abo 78,7 %.

TexHoJ0riyHe rapsiye BOJAONOCTAYAHHS NMPOMMCIOBUX MiAMPUEMCTB 3 BHU-
KOPHUCTAHHSAM BTOPMHHHX €HEpPropecypciB CKUAHOI rapsiuoi BOAU 3 3aCTOCYBaH-
HSIM TeIuIoBOro Hacoca. [lpuiimaemo t., =60 °C; 1,.=155°C; t,=10°C; a=0,5;
Y =3.5 X=0,8. Tomi

nt =a \P (htz.m. _htcx) / (htz.m. _hte)o

pu ¥ =3 n, = 0,5-3 (272,16 -230,29)/ (272,16 —41,87) = 0,2725 a60 27,25 %.
Mpu ¥ =5 1, = 0,55 (272,16-230,29)/(272,16—41,87) = 0,454 a60 45,4 %.

AHaJOriYHUM YHHOM TpoOBeneHi po3paxyHku ekcepretuunux KK icHyroumx i
3aIPOMOHOBAHMX CHCTEM Tapsidoro BOIOMOCTadYaHHs. Pe3ynbraTé po3paxyHKiB 3BEJCHO
B Ta0II.

BucHoBkn. HaBenmena MeTomuMka JO3BOJSIE  IHXKEHEpaAM  PO3pPaxoBYBaTH
CHEePreTUYHi Ta eKCEPreTUYHI MOKA3HUKU PI3HMX CHUCTEM Tapsiuoro BOIOMOCTAYAHHS,
HEOOXiHI [T TPaKTHYHOTO 3aCTOCYBAaHHSI.
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Tabauys
Eneprerunusi i exceprernuyni KK/l pi3HuX cucTeM rapsiuoro BoonocTayaHHs
Ekceprernunuii
KK, %
Ne [prsHaverHs Texuiuni Tepmiuamit
CHUCTEMU 0COOIMBOCTI KK, %
3UMa JITO
CuicTeMH LEHTpaTi- Ienyroui Ge3
30BaHOI0 TapsiYoro BHKOPHUCTaHHA BEP 15 ,7 4, 13 1 ,27
BOJIONIOCTAYAHHs1 K- | BIIIPAIbOBAHOL BO/M
TIOBO-KOMYHATLHOTO | 3 BUKOPHCTaHHAM BEPT - 15 3 6 7| 1636 956 | 519.72
1 | cexropa i mpomucro- | BIATIPAIEOBAHOI BOIH T ’ ’ 7
BUX HIINPHEMCTB 32 | 3 BUKOpHcTaHHsM BEP Y=3
BiZICyTHOCTi HA HEX | Biznpanposanoi Bomt | 47,2-63,1 | 34.2-450 | 55-74
CHCTEMH N1apOo- 32 JIOTIOMOTOFO TETLIO- ¥Y=5
TOCTa4YaHHsI BOI'0 HACOCY 78,7-90,05 | 55,0-83,6 5,6-7,8
Icayroui 6e3
CHC_TGMH Bukopuctanus BEP 9,1 2,71 0,8
LEHTPAMB0BAHOTO | oy v opanioi oyt
TapAtoro BOKO- I3 o opncramsiv BEP
MOCTAYAHHS . . 21,65-39,8 | 9,05-21,4 3,2-5,2
2 BIIIPAIbOBaHOI BOIU
HHPOBidg;AISfBPI;ia 3 Buxoprcranssiv BEP Y=3
VpH BiZMIpaLboBaHoi Bomm | 27,25-45,6 | 24,0-33,0 | 3,5-5.3
HAsBHOCTI Ha HUX CH-
3a JIOIIOMOT OO TEIUIO- ¥Y=5
CTEM MapOTOCTAYAHHS
BOI'0 HACOCY 454-61,5 | 40,1-55,08 | 4,8-6,15
Icnyrodi 6e3
Bukopuctanus BEP 9,1-15,7 2,71-4,13 0,8-1,7
Cucremu BIINPAILOBAHOT BO/M
JELIEHTPaTi30BaHoro |3 BUKOPUCTAHHM BEP 21.65-60.7 | 9.05-25.6 3272
3 rapsaoro BI/INPAILOBAHOI BOJ ’ ’ ’ ’ 7
BOZONOCTaYaHHsA | 3 pukopricrandsm BEP Y=3
Bi/mpauboBanoi Bom | 27,25-63,1 | 34,2-450 | 3,5-7.2
32 JIOTTIOMOTOFO TETIIO- Y=35
BOIO HACOCY 454-905 | 57,0-75,0 | 4,45-8.3
ABTOHOMHA XOJIO- 3 BUKOPHCTaHHSIM V=3
JAIBHO- TEIUIO- XOJIOIWIEHO- 500%* | 45,0-58.0 | 6,2-13,5
4 | HacOCHA CHCTeMa ra- TCIUIOHACOCHOTO Y=5
prrioro arperaty 900* 68,0-90,0 | 6,8-14,7
BOJIONOCTAYAHHS

* 3HaueHHsI CyMapHHX (OMaTIOBAIbHO-XOIOUIEHHX ) KOe(illi€HTiB IepeTBOPEHHS €HEepril
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YOK 697.1

PacuyéTbl aHepreTM4eCcKom 1 aKcepreTuyecKomn
achcpekTMBHOCTM cnCTEeM ropsiuero BogOCHabxeHus

3.C. MankuH', H.E. XXypaBckas?

'n.1.0., mpod., KueBcknii HANMOHATBHBINA YHUBEPCUTET CTPOUTENLCTBA U aDXUTEKTYpHI, . Knes, Ykpanna,
saodhar@gmail.com

?K.T.H., 101l., KHeBCKuii HalMOHAILHBINA YHUBEPCUTET CTPOUTENLCTBA U APXUTEKTYpHI, I. Kues, Ykpauna, nzhur@ua.fm

IIpusedena memoouka u npuMepvl  pACYEMO8  IHEPIEMUYECKOU U  IKCepeemuyecKou
agpexmusnocmu cucmem 2opsueo 600ocHabddcenus. IIposedénnvlii Ha ocnose paspabomantol
MEMOOUKY MePMOOUHAMUYECKULL AHATUZ NOOMEEPOUL Pe3YIbMmamyvl NPeoblOVIUX UCCTEe008aHUL U
noKasan, 4mo 6 NpeoylodCeHHbIX cCUcmemax 0ocmuzaemcs nosvluenue snepeemuyeckoeo KIIJ 6
3,5...9 pas, skcepeemuueckoco KIIJ] 0na npomviuinennvix npeonpusmui — ¢ 3..6 pas, a
akcepeemuueckoco KIIJ] ona owcunuwno-kommynanvuoeo cekmopa — 6 4..20 paz. Ocobenno
I hexmusHbIMU AGIAIOMCA UHOUBUOYATbHBIE XOJIOOUTbHO-MENIOHACOCHbIE CUCTEMbL, KOMOpble
obecneuusaiom ygenuuenue snepeemuueckoeo KIIJ[ 6 20...60 pas, sxcepeemuueckozo — 6 6...60.

Kniouesvle cnosa: snepeosgpghexmugnocms cucmem 2opsiue2o 8000CHAOICEHUS,
IKCepeemuyecKas 3PexmueHocmy CUcCmem 20psue20 86000CHADIHCEHUS.

UDC 697.1

Calculations of Energetic and Exergetic Efficiency of Hot
Water Systems

E. Malkin', N. Zhuravska?

'Sc.D, professor, Kyiv National University of Construction and Architecture, Kyiv, Ukraine, saodhar@gmail.com
?PhD, associate professor, National University of Construction and Architecture, Kyiv, Ukraine, nzhur@ua.fm

The paper shows the methodology and examples of calculations of energetic and exergetic
efficiency of hot water systems. Conducted on the basis of the developed method of thermodynamic
analysis the results of previous studies are confirmed and it is shown that the proposed system is
achieved by increasing the energy efficiency of 3.5 ... 9 times, energetic efficiency for industrial
enterprises - in 3 ... 6 times, and the energetic efficiency for housing sector - 4 ... 20 times.
Especially effective are individual refrigeration and heat pump systems that provide an increase in
energy efficiency of 20 ... 60 times, exergy efficiency - 6 ... 60.

Keywords: energy efficiency of hot water systems, exergy efficiency of hot water
systems.
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