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YK 697.9

TEPMOONHAMWYECKOE OBOCHOBAHME YTUTN3ALIMWU TENNOTLI AbIMOBbLIX TA30B
B KOHAEHCAUNOHHbIX TEN/TOYTUTN3ATOPAX
HA NMPUMEPE KOTE/IbHOM «5-M MOJIK» I'. BATEBCKA

T.W. Koponésa, B.A. 3agpamaes
MONOLKNIA rocydapCTBEHHbIM yHMBEpCcUTeT, benapych
email: kafedratgsv@mail.ru

C yenbro yMeHbWeHUA Mena08020 U XUMUYECKO20 302PA3HEHUA amMMOcgepsl, G Makice
peweHua npobnem 3sHepaopecypcocbepereHus npu 3KCNAyamayuu KomesbHbIX YyCMAHOB80K
npedsnaeaemca npumMeHeHuUe 8 Mpakmax yxo0Auux ObIMOBbIX 20308 KOHOEHCAUUOHHbIX menso-
ymusau3amopos pekynepamugHo20 mund, 8 KOmMopbiX NOAE3HO UCNO/b3YemcAa ABHAA U CKPbIMaA
mensoma ObIMOBbIX 20308, G MAKHE YAa8/UBAOMCA NPOOYKMbI C2OPAHUA monausa. [lpoaHanu-
3UpOBaHLI MepMoOuUHamu4Yeckue napamempsi pabomel delicmsyrowe2o ymusau3amopa men-
710Mbl Ha KomesnbHoOU «5-0 nosk» 6 2. Bumebcke u npedsnoxeH 8apuaHmM onmumu3ayuu e20
pabomei.

Kntoyessie cno8a: mensoma; ymunu3ayus, KoHOeHcauusa, menaonepedaya; nomepu 0as-
/1eHUA; yCcr108HOe Monsuso.

THERMODYNAMIC SUBSTANTIATION OF SMOKE GASES HEAT RECOVERY
IN CONDENSATIONAL HEAT-UTILIZERS LOCATED AT THE BOILER PLANT
"Sth REGIMENT" IN VITEBSK TOWN

T. Karaliova, V. Zafatayeu
Polotsk State University, Belarus
email: kafedratgsv@mail.ru

In order to reduce the thermal and chemical pollution of the atmosphere, as well as to solve
the problems of energy and resource saving in boiler plants, it is proposed to use recuperative heat
recovery heat-utilizers in the flue gas outlets, in which the explicit and latent heat of flue gases is
used and the combustion products of the fuel are trapped out. Thermodynamic parameters of the
operating heat-utilizer located at the boiler plant "5th regiment" in Vitebsk have been analyzed
and a variant of its optimization has been offered.

Keywords: heat; recycling; heat exchanger; condensation; heat transfer; pressure loss;
nominal fuel.

BBeaeHue. HecoBeplIEHCTBO TEXHONOTMM MCMOb30BAHUA TOMIMBHO-IHEPreTUYECKUX pe-
cypcoB (aanee — T9P) B KOMMYHaibHOM chepe HeraTMBHbIM 0OPa30M CKa3blBAETCA Ha SKOHOMMU-
YEeCKOM Pa3BUTUWM CTPaHbl, MNOBbIWAET 3HEProéMKOCTb BBI1, CHWKAeT KOHKYpPEeHTOCNOCOHBHOCTb
NPOAYKLUMM 1 ycayr. [pn 3TOM ANA KOMNEHCaUMM HeobpaTUMbIX NOTEPb B TEXHONOTMYECKMX NPO-
LLeccax BO3HMKaeT HeobXx0AMMOCTb yBennyeHuna notpebaeHmns TIP, 4To Bbi3biBaeT pocT cebecTom-
MOCTW BbIPpabOTKM TENNIOBOM M 3NEKTPUUECKON IHEPTUN, yBENMYEHWE BbIODPOCOB NAPHUKOBBIX ra-
308, MPMBOAMT K TEMIOBOMY M XMMMYECKOMY 3arpsa3HeHnto aTmocdepbl. OxnaxaeHune yxoasLmx
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ObIMOBbIX ra30B, U COOTBETCTBEHHO MNOJI€3HOE UCMOJIb30BaHWE NX TEMOBOro NOTEHUMaNa B CyLLe-
CTBYHOLLMX TEXHONOTMAX BbIPabOTKM TEMN0BOM U 3NEKTPUYECKON SHEPTMM NO3BONAET CHU3UTD Ce-
6ecToMMOCTb BbipabOoTKM IHEPTNM, NOBbLICUTL TeNN0BYO 3hdEKTMBHOCTL NpoLLEeccoB nNpeobpaszo-
BaHWA 3HEPrnM N 0CcNabuTb aHTPOMNOreHHOe BO34eNCTBME Ha aTmocdepy.

OcHOBHas 4acTb. B KoTenbHoM «5-i1 nonk» r. Butebcka ycTaHOBAEHbI ABa KOT/oarperata
TMna KB-PM-2,5, paboTtatolmx Ha wene. [a30BbiM TPAKT KaXKA0ro KoT/aoarperata OCHalWEéH KoH-
OEeHCAUMOHHbBIM TENNOYTUAN3ATOPOM TK pekynepaTMBHOro Tmna. YTnuamnsauma TennoTbl AbIMOBbIX
ra3oB MPOMCXOAMT B PEKYNEepaTUBHOM KOXYyXOTpyOHOM TennoobmeHHMKe, yCTaHOBAEHHOM Bep-
TUKaNbHO. JbIMOCOChI NOAAKT AbIMOBbIE ra3bl B TPyOHOE NPOCTPaHCTBO Tena00O6MeHHMKOB Mo
CXEME «CBEepPXy-BHM3», a B MEXTPYOHOM NPOCTPaAHCTBE NPOXOAMT NOAOrPeBaEMan ceTeBas BoAa.

KoHaeHcauMoHHble TenoyTuaM3aTopsbl TNa TK BbinyckatoTca ButebekMm Ao4epHUM YHU-
TapHbIM KOMMYHa/IbHbIM MPOW3BOACTBEHHbLIM NPEANPUATMEM KOTE/bHbIX M TEnN0BbIX CeTen
BMKuTC.

BbiNnONHEHO CpaBHeHMe NapaMeTpoB paboTbl TenaoyTuamnsaTopa (aanee — TY) cornacHo
peXmMmHom KapTte koTna KB-PM-2,5 n napameTpos, NO/ly4EHHbIM PACYETHLIM NMYyTEM.

Mpoun3senéH TeN10BOM U TMAPaBANYECKMI pacdéT TY. XapakTepHon 30HOM (MHTEePBaIOM)
TY AaBnAaeTcA MMKPOTENNOOOMEHHMK, OrPaHUYEHHbIN ABYMA CETMEHTHBIMK NeperopoaKamu. Tem-
nepaTypbl TENAOHOCUTENEN yCpeaHEHbl MO XapaKTepHbIM 30HaM. KoadduumMeHTbl TENN00TAAYM,
Tenaonepenavn ycpeaHeHbl B 30Hax H6e3 BbiNafeHnA KOHAeHcaTa M B 30HaX C BbiNaJeHMeM KOH-
OEeHCcaTa U3 NOTOKA AbIMOBbIX Fa30B. ASpoaMHaMUYECKOe U TMAPaBIMYECKOe CONPOTMUBAEHME pac-
CYMTAHO ANA TY B LeOM.

Cxema TennoobmeHa AbIMOBbIX Fa30B 1 CETEBOW BOAbI MOKa3aHa Ha puc. 1.
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PrcyHok 1. — Cxema Ten/s006meHa AbIMOBbIX ra30B M CETEBOM BOApI

ds, dy — COOTBETCTBEHHO BHYTPEHHMI WU HAPYHKHbIN ANameTp TPYOOK TeN1006MEHHMKA, MM;
51, 62 — COOTBETCTBEHHO TO/ILUMHA CTa/IbHOM CTEHKM TPYDbl U CaXKEBbLIX OT/IOKEHUN, MM;
t1, t2 — COOTBETCTBEHHO ONpeaenatoLLMe TemnepaTypbl AbIMOBbIX Fa308 U CETEBOM BOAbI,

taf — TeMnepaTypa Ha rpaHuLe pasaena «ra3 — KoHaeHcat», °C;
tw1, tw2 — COOTBETCTBEHHO TEMMEPATYPbl Ha BHYTPEHHEN M Ha HAPYXKHOM NOBEPXHOCTAX TPY-
6ok, °C.
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TennoBoM pacyéT TY 3aKkAYanca B HaXOXKAEHNUN KOHEYHbIX TeMNepaTyp AbIMOBbIX ra3oB
t1" n BoAbI 12" M CPaBHEHWM MX C TEMMNEPaATypPamm COMTAacHO AaHHbIX PEXMMHOM KapTbl KOTA0arpe-
raTta npu YeTblpéx BapuaHTax ero Harpysku. B xoae pacyéta MeToAoMm nocaenoBaTesbHbIX Npu-
banxkennn (1, 2, 4] onpepenannck Temnepatypbl taf, twi, twz2, @ TaKXKe MECTOMNOJIOKEHME UHTEpP-
Basla C Ha4a/I0M KOHAEeHCaLMW BOAAHOTO Napa 13 AbIMOBbIX ra30s.

B tabanue 1 npeactaBneHbl napameTpbl paboTbl KoTaoarperata ¢ TY, B3ATbIE U3 PEXMMHOM
KapTbl KOTAA, M NO/YYEHHble PACYETHbIM NYTEM. B AeicTBYIOLLEN YCTAHOBKE HA KOTENbHOW Npu-
MEHAETCA TENN00OMEHHMK C ANMHOM TPYD, paBHOM 7 M. ANA yNyYLIEHNA TEXHUKO-3KOHOMMUYECKNX
NnoKasaTesiel npolecca NpoM3BO/ACTBA TEMOBON IHEPTUM NPEANONKEHO YBENNYNUTL ANNHY TPYD
Ten1006MeHHNKa 40 9 M.

TemnepaTypbl t1" 1 t2", npeactasneHHble B Tabanue 1 ansa TY ¢ 7-MeTPOBbIM TEN00OMEH-
HWKOM, NOy4YeHbl MO UTOraM TEMJI0BOr0 Pac4éta ¢ OTKAOHeHMeM He bonee 0,3 °C OT AaHHbIX
PEXMMHOW KapTbl KOT0arperarta.

Tabnnua 1. — NapameTpbl paboTbl KOTN0ArperaTa ¢ TennoyTmuansaTopom (TY)

7-meTpoBbin TY 9-meTpoBbIN TY

Harpy3ska kotnoarperaTa 25% | 50% | 75% | 100% | 25% | 50% | 75% | 100%
Hawanbran Temneparypa AeiMOY | go o | 940 |106,0 [118,0 | 850 | 940 |106,0 |118,0
BbIX ra3os, °C
ROHeuHan TemMnepaTypa AbMOBbX 4w | ac o | 472 | 499 |537 |451 |46,6 |49,0 |51,5
rasos, °C
HasanoHan Temneparypa ceteson | 14 | 420 | 460 | 47,0 | 440 |440 |46,0 |47,0
BoAbl, °C
Roreuran Temnepatypa ceteso) | 49 | 504 | 542 |536 |507 |523 |564 | 550
BoAbl, °C
Pacxoz BOpI, M3/4 L, |38,40 |34,55 |30,04 |36,46 |38,40 |34,55 |30,04 |36,46

Ha pucyHKkax 2, 3 npeacTaBneHO cpaBHeHWe TemnepaTyp ti'' 1 ' ans aencrsytouen
YCTaHOBKM C 7-METPOBbIM TEN/I00OMEHHMKOM, 1 A4 NPeafaraeMoro yCTaHOBKM C 9-MeTPOBbIM
TEen1006MEeHHUKOM.

TemirepaTypa J5IMOBBIX Ta30E HA BEIX0/e H3
TeIlLIOYTHOATopa, “C

26,0 53.7
540
52,0 299 /.—': 1,5
50,0
P 472 F_____...--" .0
48,0 4;’0 ﬁﬁﬁ
440 L
0% 25%, 50% 75% 100%

HArpy3xa KoTJaoarperaTta

—— - meTpoEREH T =l 9-meTpoenii T

PucyHoK 2. — TemnepaTypb! AbIMOBbIX ra3os t1'' Ha Bbixoge ns TY
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TemirepaTypa Eob1 HA BEIX0JE 3 TeILIOYTHIDaTopa, °C

58,0

56.0 - =

540 A 2 50
L

3,6
52.0 32.3

sy | 0.4
50,0 +_‘ =
48,0

0% 25% 50% 5% 100%

HaArpy3Ka KoTJoarperarta

—4—7-yeTpoerE T ——0-yerpoeed TV

PucyHok 3. — TemnepaTypbl ceTeBoi Bodpl t2" Ha Bbixoae n3 TY

Mo puc. 2 n 3 BUAHO, YTO B 9-MeTPOBOM TENN00OMEHHMUKE MO CPABHEHMIO C 7-METPOBbIM
MOXHO AONOAHUTENBbHO 0XNaAnTb rasbl 0,6-2,2 2C, a ceTeByH BOAY AOMNOAHUTEIbHO NOAOTPETL Ha
1,4-2,2 2C. C y4éTOM TOrO, 4YTO CeTeBanA BO/a COMNAaCHO PEXMMHOMN KapTe nogorpesaeTtca B TY Ha
4-6 °C, nononHuTenbHble 2 °C cBMAETENbCTBYIOT 00 YBENIMYEHUN TEMNNOBOW NPOU3BOANTENBHOCTH
TY Ha 30%.

Ha pucyHKke 4 npeacraBneHo UameHeHue KoadduumeHTa Tenionepenaym TY B 3aBUCUMO-
CTW OT PeXKMMa Harpy3KM KoTaoarperarta.

KopdmpienTt Termnonepegatwi, Br/(m2-°C)
s00 407
400 i\

200 \f 13
[
100 M

0% 25% 50% 5% 100%

HArpy3Ka KoTJoarperara

¥oathdIIHERT TEOIepegatH I0 CYEOMY [asy

= s dIIHERT TEIONEPELASH C VEETO M KOHT CHC A1

PucyHok 4. — KoadpduumeHT Tensonepesayn no nHTepsasam 6es BbinageHWa KoHAeHcaTa
M C BbINaAEHMEM KOHAEHcaTa B TpyBKax Tens1006MeHHWKa

KoadduumeHTbl Tenaonepesadm ans AeMCTBYOLWEN M AnA npeanaraemon yCTaHOBKM
MPW UX CPAaBHEHMM B COOTBETCTBYIOLLLEM PEXMME HArpy3KM KOT/I0arperaTa CyLLeCTBEHHO HE M3-
MEHSIOTCA, U MOTYT ObITb MPUHATLI NOCTOAHHLIMKU AN 7-METPOBOTO U 9-MeTPOBOro Tena006-
MeHHMKa. KoaddumuneHT Tennonepesaym Ana MHTepPBanos TY ¢ BbiNageHMeM KOoHAeHcaTa B 2,4-
6,3 2C bonblie, yem Ana UHTepBasoB 6e3 BbiNageHWA KoHAeHcaTa. [lpy MakcrMmanbHOM
HarpysKke KoT/aoarperata MHTEHCMBHOCTb Tenjonepeaavm cHukaetca B 1,6-3,6 pa3 oTHoCK-
TENbHO OCTa/IbHbIX PEXMMOB 3arpy3Ku.
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Ha pucyHKax 5, 6 npeAcTaBneHbl pesynbTaTbl M’MAPaBANYECKUX PACYETOB ra30BOro 1 BO-
OAHOro TpaKkToB TY.

IMoTepH JABIEEIA T0 TPAKTaM 7-MeTpPOEOT 0
TeILIoyTHEBaTopa, [Ta

G000 5005 4909 _— 151

ot 051 Ao | | po] | | s

4000

3000 1956 1841

2000 s 1513 07| ||

1000 g — 7
D 1 ~ 1 1 1

0% 25% 50% 5% 100%

HaArpy3kKa KoTJoarperarta

=—#—I0TEpH NaENEHHA B TpyGax (M0 cyxowy rasy), [la

TOTEPH JAEJTIEHAA E TPYOax ¢ yIETOM KOHT eHoarmkH, [1a

=—dr—oTepH FEBNEHEA B MERTPYOHOM OpOCTPaHCTEE, [1a

PucyHok 7. — MoTepu AasnaeHun no Tpaktam TY ¢ 7-MeTpoBbIM TENI00OMEHHMKOM

IMoTepH AABIEHHA 0 TPAKTaM 9-MeTpPOBOr 0o
TeILIoyTHIERAaTopa, ITa

5000 4928 4859 4657 4647
oo WEEw NN,

4000 o

3000 '~ 2] .______.—-ﬂi‘i’
2000 T‘“"

1000

: e i e s

0% 25% 50% Ta% 100%

HAIPYIKa KOT.JIoarperara

~—#— [0TEpPH NaBNEHHA B TpyHax ([0 CyZomy rasy), [la
TOTEPH NAENEHHA B Tpybhay ¢ VIETOM KOEeHoanm, [la

== I0TEPH DAETCHIA B MERTPYGHOM IpoCcTPalcTEE, [a

PucyHok 8. — MNoTepu AaBneHus no Tpaktam TY ¢ 9-MeTpoBbIM TENI00OMEHHMKOM

[ina 7-meTpoBoro Ten1006MeHHMKa NOTepPU AaBAEHUSA B MHTEPBANaX C BbiNaAeHNUEM KOH-
[eHcaTa Ux AbiIMoBbIX ra3os B 10-11 pa3 6onblie, Yem B MHTepPBaiax 6e3 BbiNaaeHWs KOHAeHCaTa,
AnA 9-MeTpoBOro TennoobmeHHNKa — B 8-9 pa3 bonblue. JoNOAHUTENbHbIE 2 M A/ NHbI TPYD Y
npeaaaraemoin yCTaHOBKM yBeanYaT NoTepu AaBAeHUs MO ra3oBoOMy TpakTy Ha 110-120 lMNa oTHo-
CUTENbHO AENCTBYIOLLEN YCTAaHOBKK. [oTepn AaBneHMA B MeXTPYOHOM npocTpaHcTBe 9-meTpo-
BOro TennoobMeHHMKa B 2,2 pa3a bonblie, Yem ANna 7-MeTpoBOro, Nockonbky cornacHo FOCT
15118-79, [3], [5] paccTosiHne Mexay CErMEHTHbIMM Neperopoakamm NPMHUMaEeTCa B 3aBUCUMO-
CTW OT AMameTpa Kopnyca TennoobmeHHuKa, AnameTpa TPy 1 Lara ux yCTaHOBKK B TpybHOM pe-
WETKe. B AeNCTBYIOWEN YCTAHOBKE PACCTOAHME MEXIY CErMEHTHbIMM Neperopoakamm A0MKHO
coctaBnATb 250 mm, a He 400 mm.
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Ha pucyHKe 9 nokasaHO M3MEHEeHWe TenoBOM MPOM3BOAUTENBHOCTU AEWUCTBYHOLLETO U
npeanaraemoro TY B 3aBUCMMOCTM OT PEsKMMa HarpysKu KoTnoarperara.

le]ﬂ'}Bl],U;l-ITEJ]]:HI]l:TB TeILIoy TIH.IT:aTopa, I'kamac

0,323
0,35
0 p.483 __,..-i-...__ 0,287
' 0. 5“_______..-."
0,25 = _f‘., 3 i
L]
0.2 - 02184 e il 242
: .._---T 0,216
991
D,15 a,.r?s T
0% 2505 0% 75% 100%

HATPYIKA KOTJoarperara

—#—7-meTpoEei TV
== - meTpoERm TY
=fe= yCJI0EHAT TEIUIOMOE 0HTEMEHOCTE 10 SHTANEINH CVIIn [E30E

PucyHok 9. — Tennosaa Nnpon3BogMTeNbHOCTb TEMNOYTUAN3ATOPOB

TennoBasd NpPon3BOAUTENBHOCTb TY C 9-MeTpoBbIM TeNN00OMEHHUKOM Ha 21-34% Bblwwe,
yem ana TY ¢ 7-MeTpOBbIM TeNI00OMEHHUKOM. Kpome Toro, B pexxmme mMakCMmaabHOM Harpysku
KoTnoarperata TensioBo addeKkT OT KOHAEeHCAUMM B AEMUCTBYIOLLIEN YCTAHOBKE MWHMMANEH MO
NPUYNHE TOro, YTO NpoxoAdAlmMe B TPyOKax TenN00bMeHHMKa AbIMOBbIE ra3bl He YCNEeBatOT OX/1a-
ONTbCA 10 TEMMNEePaTypPbl TOYKM POCHI, M KOHAEHCALMA, C BbICOKOWN CTEMNEHbIO BEPOATHOCTM, MPOUC-
XOAMT NPU BbIXOAE ra3oB 13 TPYOHOro NPOCTPaHCTBA B PacLUMPSALOLLYOCS YacTb baka cbopa KoH-
AeHcaTta. HapawysaHue annHbl Tpyb Ten100O6MeHHMKA Ha 2 M MO3BOUT NONE3HO MCMNO/b30BaTb
TENNOTY KOHAEHCALUMM M B MaKCMMalbHOM PeXXMMe Harpysku KoTaoarperaTa.

COOTHOLIEHNE KONMYECTBA MHTEPBANOB TENI00OMEHHMKA C KOHAEHCaUMen BOAAHbIX Ma-
POB W MHTEPBaNOB He3 KOHAEHCAUMM ANA AEUCTBYOWEro 1 npeanaraemoro TY npeacTaBAeHo Ha
pucyHknx 10, 11.

20 |
15 7 9 »
10 12
& 10
0
25% E0% To% 100%

HArPpY3Ka KoTJaoarperara

O ¥y ecTE0 HHTEPEANOE G&2 KOEAEHCAIH B 7-MeTRoE0M T

O oD ECTE0 HHTEPEANOE © KOHEHCAIMeR B /-MeTpoeomM T

PucyHok 10. — PacnpeaeneHve MHTEPBAIOB C Pas/IMiHbIMK PeK1Mamu Tenso06meHa
B 3aBMCMMOCTM OT TEM/IOBOM Harpy3Ku KoT/oarperaTa B AeicTeytowem TY

Yem Bbillie TEN/I0BaA Harpyska KoT/ao0arperata, TeMm MeHblle A/1MHa KOHAEHCALUMOHHOM Ya-
CTU TensoobmeHHuKa B TY.
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HAI'PYIKa KOTJaoarperaTta

O xosmrecTED HHTEDEAIOE Ges EOONCHCAIMH B 9-METpDBDM I

0 xoJorecTED HHTEPBANOE C KOHAEHCAHER B 9-MeTpoBoM T

PucyHok 11. — PacnpeaeneHve MHTEPBAIOB C Pas/IMiHbIMK PeK1Mamu Tensio06meHa
B 3aBMCMMOCTM OT TEM/IOBOM Harpy3Ku KoT/oarperaTa B npeaaraemom TY

Ha pucyHKkax 12, 13 nokasaHa 3KOHOMMS TeMN0Tbl 1 3aTPaTbl Ha 3/1EKTPO3HEPTUIO ANA pa-
60Tbl TY B Bblpa*KeHWM YCIOBHOTO TOM/INBA.
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HAT'PY3IEKAQ KoTJoarperarta

== aMeIEmie TELIOEDE SHepTEH 7-MeTPOERIM T, T 7.T./T0R

—— saMelleHHe TEIUIOEOH sHeprim 3-meTpoeeiM TY, T v.T./T0g

PucyHoK 12. — 3amelleHre Ten10BOM S3HEPTUN B BblPaXKeHWUM YCAOBHOIO TON/IMBA
33 CYET aKcnayaTaumm TY

PﬂCIDI[ MK TPOYHEePIHI I10 YCI0BEHOMY TOILDIBY,

T ¥.T./Tox

21,000
20,500 20)225 Hﬁ‘lﬂ'ﬂ—— 0,197
20,000 i ek

~
19,500 <] e +AH86
18,000 19,02 +0,00F
18,500 . |

0% 5% 50% TE% 100%
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=#—pacuol AMeKTPOSHEPTHE Ha IPOKadKy 7-MeTposoro TY, T ¥.T.T0g
=l pacxog ANMEKTPO3HEpPTHH Ha Ipokadry J-metpoeoro TY, T 7.7.0T0g

PucyHoK 13. — Pacxof, 3/1eKTPO3HEPTMM B BbIParKEHWM YCIOBHOTO TOM/IMBa
Ha paboty TY
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JKOHOMMA YCNOBHOrO TONNBA 33 CHET BKAKOYEHMA B ra30BbIN TPAKT TY € 9-MeTpoBbIM Ten-
NoOOMeHHNKOM Ha 21-34% Bbiwe, Yyem B TY C 7-MeTpoOBbIM TenN00OMeHHMKOM. [pn 3Tom
3aTpaTbl HA 3/IEKTPOIHEPTMIO MO YCNIOBHOMY TOMMBY AN NPOKAYMBaAHMA TENIOHOCUTENEeN Yepes
TY ¢ 9-meTpoBbIM TeNN00O6MEHHMKOM BO3pacTatoT Ha 1,1-2,5%. B uenom skoHOMMA YCNOBHOrO
TOMAMBA 33 CYET YTUAM3AUMM TENNOTbI NPEBbIWAET 3aTPaThl Ha 3neKkTpoaHepruio B 10,5-14,1 pas
ON5 NpeanaraeMon ycTaHoBKM, M B 7,9—11,4 pa3 ans AeNCTBYIOLLEN YCTAHOBKM.

Ha pucyHke 14 npeactaBfieHbl pe3yabTaTbhl pacyéTa aKOHOMMYECKoro adpdekxTa, nosyyae-
MOTO 33 CHET yBEANYEHUA ANMHbI TPYD Ten100ObMeHHMKa Ha 2 M.

IKOHOMITYE CKIET 1) PeK T 3a cI8T IMeHeHITA
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HaArpy3:kKa KoT.Joarperara

PucyHoK 14. — SkoHOMMYeCKUIA 3PdEKT 3a CHET 3aMeHb! gencTeytowero TY
Ha TY ¢ yBeNMYEeHHON AnnHoM Tpyb B TeN1006MeHHMKe

DKOHOMMYECKNI 3PdEKT 3a CYET 3amMeHbl AENCTBYIOLLEN YCTAHOBKN C 7-METPOBbIM TEMN/10-
0OMEHHMKOM Ha YCTaHOBKY C 9-MeTpOBbIM TENN00OMEHHUKOM A3eT NONOKUTENbHbIA SKOHOMMU-
yeckui addpexT. OQHAKO B MaAKCMMaIbHOM PEXMME Harpy3Ku KoTaoarperata atoT apdeKkT byaet
HUKe Ha 30%, YeM ANA OCTalbHbIX PEXMMOB PaboTbl KoTaoarperata. MeTanN0EMKOCTb KOHCTPYK-
UMW TEennoyTMAM3aTOpa 3a CYET YyBeAMYeHWUA AAWHbI Tpyb TennoobMeHHMKa yBenumumTcA
B 1,36 pasa, nnm npmumepHo Ha 800 Kr.
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