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AHHOTauunA
Ha npumepe O3C Benapycu paccMaTpuBaeTCA BO3MOXKHOCTb MCMNO/b30BaHNA 6POMUCTO-NINTUEBbIX ab-
COPO6LMOHHBIX TENN0BbIX HACOCOB A1 6NIOKMPOBAHWS pacCesHUA TenN0BOA 3HePrum ¢ LUPKYNALUOHHO BOZON
1 BOJOI OXNa>KAEHNSA reHepaTopa 1 Macna CMcTeMbl CMas3KMu.

Annotation
Thepossibility ofusage ofAbsorption Heat Pump worked on LiBrsolution to avoid the lube oil, generator radiation and
circulating water heat dissipation is considered in this article by the example ofthe United Energy System ofBelarus.
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BeegeHue
MepeBog Ha napora3osyto TexHonoruo T3L, cornacHo umc-
crnefioBaHMsM PocCUIACKOl akageMun Hayk 6onee adek-
TUBEH, YeM Mepexof K naporasoBblM KOHZEHCALMOHHbIM
anektpocTaHumam (K3C) [1], v ero cnefyeT oCyLLeCTBAATb
B nepsyo oyepedb. OfHaKO ycoBepLUeHcTBOBaHWe T3L, ¢ no-
MOLLbHO0 ra3oTyp6uHHbIX (I'TY) BbiICOKOTEMMNEPATYPHbIX Had-
CTPOeK TpebyeT 60/bLIMX KanBNOXEHWIA, MpW 3TOM NpuB/e-
YeHue nHeectopa ans K3C B ycnosusax benapycu okasanocb
MEHee C/IOXKHOW 3afjaveid, YTO 1 OMpPeSenuIo oTcTaBaHme
mMogepHumsaumm TIL, oT nepexofa K naporasosbiv K3C.
CerogHa B O3C benapycu BBOAATCA Naporasosble
KOHAEeHCaLMOoHHble 6/10KU C yAenbHbIM PacXxofoM TO-
nnuea (YPT) Ha BbIpaboTKy 3/IEKTPO3IHEPIUN Ha YPOBHE
220 r/(kBT-4), 4TO CONOCTABMMO C €ro BE/IMYMHOIA y Napo-
Typ6uHHbIX T3L, pecnybnmkn. YkazaHHOe 06CTOATENILCTBO
BMECTE C U3MEHEHWEM CUTYaLMW Ha PbIHKe 3Hepropecyp-
COB 060CTpUNO NPo6/EMY NOBbILLIEHUS 3(HEKTUBHOCTU
napoTyp6uHHbIX TOLL 1 onpegennno Heo6Xo4MMOCTb
MOBbIWEHUSA UX 3PPEKTUBHOCTU C MOMOLLBIO MeHee 3a-
TPaTHbIX MPOEKTOB. K COOTBETCTBYIOL MM PELUEHUAM, YTO
BMOJIHE MOHATHO, NPeabABNseTCA TpeboBaHWe Mo coxpa-
HEHUIO MX aKTyanbHOCTU MpU NOCMefyloLWem nepesose
T3L Ha napora3oByto TexHONOrMio. K Taknum peLleHnsam
MOXHO OTHECTM W UHTerpauuio B coctas TILL TennoBbIx
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aKKyMynsaTopoB [2], a TakXKe VHble HOBOBBEAEHWS, HANpu-
Mep nepeBog Typ6oreHepaTopoB Ha paboTy C YXyALEHHbIM
BaKyymMOM. BmecTe ¢ TeM nocnegHee CBS3aHO C HEOOXO-
OUMOCTbH M3MEHEHWU A KOHCTPYKLMM NapoTypB6UHHON
YCTaHOBKM: BCTPauBaHue B KOHAEHCATOP CETEBOr0 NyyKa,
MoAudmKaLma nocnefHMX cTyneHeid TypbuHsbl. U 1o n gpy-
roe, Kak n cama paboTa Typb0yCTaHOBKM C YXYALLIEHHbIM
BaKyyMOM, He BCerja npvemsnemMbl no TeM UK MHbIM NpK-
YnHaM. B 3TUX yCnoBusx anbTepHATUBHLIM PELLUEHNEM
Nepexoay Ha yXyALeHHbIVi BaKyyM MOXET 6biTb npume-
HeHne abCcopOLMOHHBIX BPOMUCTONMTUEBBIX TEMIOBbLIX
HacocoB (ABTH). C ux nomoLLbto obecrieynsaetca bonee
3(h(heKTUBHO peLLeHne TO Xe 3a4a4mn 610K1poBaHNA pac-
CesiHWS TEMNJIOBOW SHEPIvM C LMPKYISLMOHHO BOAOW, Npy
3TOM He TpebyeTcs KaKnX-nnbo n3MeHeHnn KOHCTPYKLMM
Typ60yCTaHOBKM.

YkasaHHble ABTH BbinyckaroTcs B rOTOBO YA06HOM
N8 MOHTaXa W 3KCnayatauuy KOHCTPYKLMU, MONyyu-
BLUel Ha3BaHMe unnnepa. OHU JONYCKalOT OLHOBPEMEH-
HOe MCNO/Mb30BaHWE U B POSIN XONOAMIbHBLIX MaLLUH,
obecneymBaroLLnX OTAYCK XO/I04HOI BOAbI NO Temnepa-
TYpHOMY rpadguky 7/12 °C, 4To Heo6Xx04MMO, Hanpumep,
Ha T3L, npu eé nepeBofe Ha paboTy C ra3oTypoMHHON
HafCTPOMKON ANA OXNaX4eHUA BO3AYyXa, NOCTYNarLero
B Komnpeccop 'TY. B pe3ynbTtare 4ocTUraeTca npaktu-
YeCKN HemnpepbiBHOE MCMONb30BaHNE abcopOLMOHHOM
YCTaHOBKW B TeyeHue Bcero roga. NHterpaums ABTH,
K NpumMepy, B TENIOBYHO CxeMy TypboreHepaTopa MT-60
obecneynBaeT rogoByt CUCTEMHYHO 3KOHOMUIO NPUPOA-
Horo rasa 6onee 5,5 TbiC. T Y.T., U NpU 3TOM LOCTUraeTcs
BbINOMIHEHWE TPebyeMbIX 3KOHOMUYECKUX OFPaHNYeHNIA:
NpOCTOV CPOK BO3BpaTa MHBECTULLMIA B TeUeHUe A0 2 neT
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C MOMEHTa BBOAA B 3KCM/yaTalut, COOTBETCTBYHOLME
3HAYEHUs AMHAMWYECKOr0 CPOKa BO3BpaTa UHBECTULNIA,
BHYTPEHHE CTaBKM LOXOLHOCTU W Ap.

MNpobnema KOHAEHCAaLMOHHOIo Nponycka napa
TensonKauMoHHbIX TypboreHepaTopos
TexHUYeCK MMHUMAabHBbIVA MPOMYCK Napa B KOHAEHCATop
Typ6oreHepatopoB TUMOB «[M», «T», «[T» 1 CBA3aHHBIN
C HUM Mepepacxof TONAMBa, KOTOPbI paHee He Bbi3blBan
BOMPOCOB, CErofiHA Hernpremnem. Hanpumep, 414 yxe yno-
MUHaBLLMXCS Hanbosee pacnpocTpaHéHHbIX TypboreHepa-
TOpOB MT-60 1 UX MOANMPUKALMIA MUHMMAJTBHBIA NPONYCK
Mapa B KOHAEHCATOP OrpaHunyeH BeMYMHOK 12 T/4. Ans
Hava/bHbIX napameTpos napa 13 MIla c yyétom BKnaga
pereHepaTMBHbLIX OTOGOPOB Ha 3TOM NPOMNYycKe napa B KOH-
[leHCaTop MOLLLHOCTb reHepaLun 3N1eKTPoaHeprum Typbo-
reHepatopa MT-60-130 coctasnset 4,3 MBT. PaccesaHue
TEMN/I0BOW 3HEPrMU € UMPKYSLMOHHOR Bogoi (LB), oT-
BOASALLEI Tenn0Ty npouecca KoHgeHcauun 12 T/u napa
npn gaeneHun 4 klMa, — 6,3 Mkan/y. YPT Ha BbIpaboTKy
3/1EKTPO3HEPIMN Ha YKa3aHHOM NMOTOKE napa oLeHnBaeTCs
BenunHol 0,42 Kr/(kBT-u), 4To Ha «0,2 Kr 60/blUe Bbl-
TECHSEMOW reHepaLymn 3N1eKTPOIHEPT UM Ha NaporasosbiX
KOHAEHCaLWOHHbIX 6110Kax. C yuéTom 5 %noTepb 3/1eKTpo-
3Hepr1n Ha [0CTaBKY eé K MPOMbILL/IEHHbIM Harpy3kam
T3, atoT nokasatesnb ans K3C paseH 0,24 kr/kBT u. MNpwn
rofI0Boi HapaboTke TypboreHepaTopa 7,5 ThiC. YacoB nepe-
Or TOM/IMBa COCTaBAAeT « 6 TbIC. T .T., B Ba/l0Te — 60-
nee 1,5 mH. USD. B cBs3n ¢ 06wmm Konnyectsom T3L,
B CTpaHe (36 efuHUL) CTAHOBUTCA OYEBMAHONM aKTyab-
HOCTb 38341 MO YCTPAHEHWUIO TaKOro HepauuMoHabHOro
1Crosb30BaHnA Tonavea. B nprBeéHHbIX pacyétax B Ka-
yecTBe 3amblkaroLlein TOC NpuHMMaeTCs NaporasoBblil
610K ¢ abCONMOTHLIM 3nekTpuyeckum KM 54 % Boeibop
00yC/oB/IEH TEM, YTO (CY4ETOM CTPYKTYPbl NOTPe6AeHUs
B CTpaHe TEern0BOA W 3MEKTPUYECKOW 3HEPTMU, a Takxe
M3MeHeHUI B CTPYKTYpe reHepaLm yKkasaHHbIX 3Hepromno-
TOKOB MOC/1e BHEAPEHNSA HA NapoTypOUHHbLIX T3L, BbICO-
KOoTemnepaTypHbIX HaACcTpoek) ¢ BBofomM ASC B cocTase
reHepupyroLwmMx MmoLHocTein O3C benapycu He ocTaéTcs
Harpyskn ons napoTypouHHbx KOC, ncnons3yemoix ce-
rofHs B Ka4eCTBEe 3aMblKatoLLMX MOLLHOCTEN [3].

PelwleHve 3agaun nogaBneHns paccessHUs TeNI0BOM
SHEPrUM C LMPKYIALNOHHOW BOAON C MOMOLLbHO
nepesoga Typ6oreHepaTopos Ha paboTy
CYXyALEHHbIM BaKyyMOM

[JaBneHve B KoHAeHcaTope Typ6uHbl nNpu paboTe Ha
yXyALeHHoM BakyyMe (YB) yBennuusaetcs fo 0,06 MIa,
a MOLLIHOCTb FeHepaLuy 3f1eKTPO3IHepruy Ha paccMartpu-

BaemMoM pacxofe 12 T/4 napa B KOHLEHcaTop cocTaBnset
3,4 MBT. Mpun 3TOM 13 TennoprKaLNoHHOro oT6opa Bbl-
TecHseTCa nap B KO/MYeCTBe, COOTBETCTBYIOLEM MOTO-
Ky TennoBoi aHeprun 6,3 Mkan/u (7,2 MBT). Y genbHas
BblpaboTka T-0TOOpa paccMaTprBaeMoro TypboreHepa-
TOpa C Y4éTOM BK/aja NOTOKOB pereHepauum cocTasns-
eT « 516 KBT-u/['Kan, 4To NO3BONAET ONPeSeNUTb CHUKEHNE
MOLLHOCTY reHepaLumn 31eKTpoaHeprum fo 3,2 MBT Ha
nponycke napa B T-0T60p B CBA3M C MEPEXOAOM K PeXu-
My YB. Takum 06pa3om, Npu MEPEX0fe K yXyALeHHOMY
BakyyMy B KoHgeHcartope INT-60 B CBA3N CO CHUMKEHU-
eM MowHoCTK reHepauun T3OL, nepepaérea Ha KOC fo
4,3-(3,4-3,2)= 4,1 MBT. Co0TBeTCTBYIOLLAA YacoBas
CUCTEMHasA 3KOHOMMWA TON/MBA OLEHNBAETCA BENNUMNHON
0,79 Ty. T./4 ¥ COCTOUT U3 CNEAYIOLLMX CllaraeMblX B CpaB-
HEHWUW CO LUTATHBIM PEXKUMOM, UMEIOLLMX MECTO B CBA3MN C:
< BbITECHEHMEM FeHepaLun Ha NoTOoKe napa B KOHAEeH-
catop v nepegayeii eé Ha KOC MTY:
4,3+(0,42 - 0,24) =0,77 T/y;
¢ BbLITECHEHWEM reHepaLumn Ha NOTOKe napa B T-0T60p
n nepegaveii eé Ha KOC Mry:
3,2+(0,17 - 0,24) = -0,22 T/u;
¢ reHepauueii B pexkume YB Ha NOTOKe napa B KOH-
feHcatop ¢ YPT, paBHbIM 164 r/(kBT u), KoTOpas
OLEHMBAETCA B
3,4-(0,24 0,164) =0,25 T/u.

OueBngHO, 4TO Npu nepesofe TypboreHeparopa Ha
paboTy C yXyALIeHHbIM B i4yyMOM FOA0BOE YKC/IO YacoB
ero paboTbl, onpeAenstoLLee B TOM HACE CUCTEMHYHO 3KO-
HOMMIO TOM/INBA, 3aBUCUT OT KOHKPETHbIX YC/TOBUIA 30HbI
TennocHabXxeHus 1 coctasa TALL. BTom cnyuyae, Korga OHO
Oy[eT paBHO paHee yKa3aHHbIM 7,5 TbIC. HacOB, CUCTEMHaA
rofioBas 3KOHOMMA TOM/MBA COCTABUT 5,9 ThiC. TY.T.

ABCOpPOLMOHHBIY TENNOBOW HaAcocC

AGCOPOLMOHHBIA TENOBOW HAaCOC —YCTPOWCTBO HemMpe-
PbIBHOTO AeCTBMA, NpeAHa3HaYeHHoe 415 nepefayu Tenno-
BOI 3HEpPruM 0T UCTOUHMKA C 60/1ee HU3KOI TemnepaTypoii
K ICTOYHUKY C 60/1ee BbICOKOI TemnepaTypoit. s KoMneH-
caumm Nofo6HOr0 HeecTECTBEHHOIO Nepexoda TemnsoBoi
3Hepruu Tpebyetca Ha npueod ABTH 3atpatuTh Tenso-
BYt0 3Hepruto (T3). A6COPOLMOHHbIE YCTaHOBKM 06paTHOrO
LMKMa YCTYNatoT N0 3HEPreTUHYeCKMM XapakTepucTnKam
NapoOKOMMNPECCUOHHBLIM MaLIMHAM, HO €C/ NOCNEAHUM ANs
paboTbl TpebyeTca 3HEPreTMUECKM 1 IKOHOMMYECKM Bosee
LIeHHas MexXaHu14ecKas s3Heprus, To nepeble MOTYT UCMNOJb-
30BaTh [ELlEBYIO TerMa0BYH 3HEPrMi0 0T60POB NapoBbIX
TYP6UH, YTUAN3ALMOHHbIX KOT/I0B 3HEPTMMN BbIX/IOMHbIX
ra3oB ra3oBblIX ABUraTenel BHyTPEeHHEro cropaHus, BTOpuY-
HbIX 3HEPropecypcoB. ATO 06CTOATENLCTBO U ONpesenseT
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KoHgeHcartop

Puc. 1. NpuHumnuanbHasa cxema npocTeliwei abcopbLUMOHHO yCT a-
HOBKMW o6paTHOro yukna (¢, —cooTBETCTBEHHO NOABOAMMASR
TennoTaBreHepaToOpe OT rPelLlero TenI0HOCU TN UB ucnapuTene

oT oxnaxpaemoro TennoHocuTens; QY —cooTseTCcTBEHHO

nogBoAMMas TennoTa BKOHAeHcaToOpe nabcopbepe KHarpesaemomy
TennoHocMTen)

Anst ABTH HuLLy, KOTOPYHO OHY B 6/vDKaiiLLee BpeMst 3aiiMyT
B Pa3/IMYHbIX TEXHOOM MYECKMX CUCTEMAX.

B ponwn pabouero Tena B ABTH ucnonb3ytoTcs pacT-
BOPbI (B paccmMaTpyvBaemMoM Ciy4ae BOAa — OGPOMUCTbIN
NATWIA), B KOTOPbIX KOHLEHTPALIMS KOMIMOHEHTOB pas/inyHa
LN KMAKOA 1 napoBoii a3. KoHueHTpauus KOMNOHEHTOB
HE MOXEeT OT/IMYaTbCs OT BE/IMYMHBI, COOTBETCTBYIOLLEN
YPaBHEHWIO PaBHOBECMS PacTBOPa, YTO AenaeT BO3MOX-
HbIM KOHAeHcauuo (abcopbumio) XonogHoro napa 6onee
ropsyyM XWAKNUM pacTBOPOM [0 BblpaBHUBAHMS KOHLIEH-
Tpauwuii B COOTBETCTBUM C YKa3aHHbIM YPaBHEHUEM.

B npocteiiwem cnyvae ABTH npeacTasnsieT coboli
coyeTaHue YeTbIpEx TenI006MEeHHNKOB, Pa3MeLLEHHbIX
B O4HOM MHTErpMpoBaHHOM Kopnyce. VX akcnayataums
3HEpreTMYECKOMY MEPCOHaNy 3HAKOMa W He CO34aéT npo-
6nem (puc. 1). [iBa Tenno006MeHHUKa (reHepaTop U KOH-
[leHcaTtop) paboTatoT npu 60/1ee BbICOKOM [aBieHUn U nUx
HasHa4yeHne — MOAYYNUTb NPAKTUYECKN B YACTOM BuUAe
NerKoKUMALLYH XUAKOCTb, B AaHHOM cnyyae —Bogy. [1ea
Lpyrux TennoobMeHHuUKa (McnapuTens n abcopbep) pabo-
TaloT MpU NOHVXEHHOM AaBneHnm. VX 3agayein ssnsetcs
0TBOJ TEMJ/IOBOW 3HEPrMM OT UCTOUHMKA U MpeBpaLleHune
MONYYEHHOrO napa B KOMMOHEHT XWAKOro pacTeopa.
B xofe onucaHHbIX NpeBpalleHunii oT abcopbepa u KOH-
JeHcaTtopa 0TBOAMUTCS TenjoTa COOTBETCTBYIOLMUX MPO-
LieccoB copbunu 1 KOHAeHcauuu, KoTopas nepegaércs
HarpeBaemMOMy TeM/0HOCUTESIO, HanpyMep CETEBOW BOje.
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TpebyeTcs NMLWb UCKNHOYNTL NEPEXos TeMnepartyp xnaja-
reHTa yepes rpaHuyHble 3HaYeHUSA, He JONYCTUMbIE OJ1S
pacTsopa BoAbl B GPOMUCTOM JINTUN, KaK MPU XPaHeHUH,
TaK ¥ B npoLecce aKcnyaraumu. ViHaye rosops, MMeroTcs
npegesnbHble 3HAYEHMA TemMnepaTyp NOTOKOB Tenjo00TAa-
owero (YTUAn3npyemoro) v TensoBoCnprUHUMALOLLErO,
Npu KOTOpbIX BO3MOXHa paboTa ABTH. Cxema peansHOro
ABTH HecKo/bKO CNOXHEe, YTO CBA3aHO C pereHepaumen,
MOBbILLIAILLIEN SHEPTETUYECKYHO 3DDEKTUBHOCTb YCTAaHOB-
KW, U3-3a Yero HecKosIbKO YBe/IMYMBAEeTCA YMCno Tenso-
06MEHHWKOB 1 CNOXHOCTb CXEMbl.

ApdekTBHOCTE ABTH BO MHOIOM 3aBUCUT OT TEM-
MepaTypHOro A1arnasoHa, B KOTOPOM OH 3KCM/yaTupyeTcs:
Yem yXKe NnocnefHuid, TeM Bbllle 3HepreTUyeckme Moka-
3arenin ycTaHoBKWU. Kpome 3T0ro, MMeroTca npefesibHble
3HayeHWs TemnepaTyp MOTOKOB Tenj00TAAIOWEro (YyTu-
NIN3UPYEMOTO) 1 TENSIOBOCNPUHMMAIOLLETO, NMPU KOTOPbIX
BO3MOXHa pabota ABTH.

[Npu TemnepaType HarpesaeMoro notoka 55 °C, yto co-
OTBETCTBYET TeMnepaType 06paTHOW CeTeBOW BOAbI B Me-
XXOTONWUTESbHBIN Neprog, nogava LMpKyIaLMOHHOM BOAbI
Ha yTunm3auuio ocyLLecTBNseTcs no rpauky 17/22 °C
(naBneHue B KoHAeHcaTtope — 4 KIMa). Harpes ceTeBoii
BOAblI B 3TOM c/yyae obecrneynBaeTca 40 TemnepaTypsbl
64 °C. B oTonuTeNbHbIA Nepuog, Korga TemnepaTypa 06-
paTHoli CeTeBOIN BOAbI MOXET focTuraTs 70 °C, Temnepa-
Typa LMPKYSLUMOHHON Boabl cocTaBuT 49/45 °C, yemy
COOTBETCTBYeT faBneHue B KoHgeHcatope 15 klMa. Ce-
TeBas Bofa Harpesaetca fo 79 °C. MNpu Temneparypax
CeTeBOW BOAbl, HAXOAALMXCA B YKa3aHHOM [AManasoHe,
npoyme XapakTepUCTUKM MOTOKOB MOXHO OMpefennTb
NMHERHOIW MHTepnonauuein. na cpefgHeid TemnepaTypbl
oTonuTensHoOro nepuoga -0,7 °C TemnepaTtypa 06paTHON
ceTeBOW BOAbl paBHa 47 °C, n Tpebyemoe gna ABTH pa-
B/IEHME B KOHAeHcaTope cocTaBuT 4 KlMa. PaccmaTtpusas
CUTyaLMIO C U3MEHEHMEM NapamMeTPOB NMOTOKOB B TeYeHe
roga, MOXHO CAenaTb BblBOA, YTO B NEPBOM NpUOMKe-
HuK yctaHoBka ABTH o6ecneuunt nojnep>xaHue fasne-
HWA B KOHZEHCATOpe B TeYeHWe BCero nepuoga paboTsl
Ha ypoBHe 4 klMa. JasneHvie rpetoLLero napa 4aa npnsoja
ABTH He gomKHO 6bITb HKe 0,4 MIMa, 4TO MOXET 6bITb
obecneyeHo 0T6OPOM Mapa M3 pereHepaTMBHOrO 0T60-
pa Ne 4 Typ6uHbl MT-60. OTONUTENbHBIA KO3IPHULMEHT
ABTH B yKasaHHbIX Cly4yasax COCTaBNsAET BENNYMHY 1,7.

CywHOCTb cnocoba 1 oLeHKa aHeprocbeperaroLiero
athhekTa

B TennoBoi cxeme Typ6oreHepaTopa CyLlecTBYHOT He-
CKOJIbKO TenaoBblIX MOTOKOB, paccenBaemblX B OKpY-
Xatowen cpepe. Ha npumepe Typ6oreHepatopa MT-60
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TaKOBbIMW ABNAIOTCA: YXKE YNOMUHABLUMMCA MOTOK 0XNa-
»aeHuna LIB mowHocTteo 7,3 MBT, NOTOKM CUCTEM OXx/1a-
XIEHWS reHepaTopa U Macfia CyMMapHOi MOLLHOCTbIO
0,47 MBT. NepeumncieHHble TEMN0BbIE MOTOKW, MOLLHOCTb
KoTopbIX cocTasnseT 7,8 MBT, HanpaBnsatoTca B ABTH
C UMPKYNALMOHHON BOAOI, B KOTOPOM OHa OXNaXKAaeTcs
Ha»4 °C (puc. 2). Ana npusoga ABTH notpebnsetcsa Te-
Mn/oTa npoLecca KoHAeHcaumu napa, noTpebHoCcTb B KOTO-
poii onpefenseTca 0TonuTeNbHbIM KoaguueHTom ABTH,
M B 3TOM Ciy4yae Be/MYMHA TEMNOBON Harpysku, onpe-
Jensioweii notpebneHne napa, coctasnset 40,2 I'Dx/u
(9,6 Mkan/u). CeTeBOW BOAe NepefaéTcsa NMOTOK TEMIOBOM
3Heprum mowHocTbio 18,9 MBT, Harpesas eé Ha 10,2 °C.

B pesynbTaTe paccMaTpuBaeMoro WUCMoJib30BaHNA

ABTH npu coxpaHeHnn Tennosoi Harpyskm T3LL ne-
pepacrnpefienseTcs reHepauus 3MeKTPOIHEPTUM MEXIY
MCTOYHMKAMUN CUCTEMBI, N B HalleM NPUMepPe UMeeT Me-
CTO YMeHbLUeHVe reHepaummn Ha T3L, Ha 4,7 MBT ¢ YPT
0,42 kr/(KBT-4), 4TO 06YCNOBMIEHO CNEAYIOLLMM:

« YMEHbLLAeTCA Harpy3ka Ha Ten10PuKaLMOHHbIA OT-
60p Ha BenmunHy 15,9 Nkan/y, B CBA3N C YEM CHUXa-
eTCA MOLLHOCTb reHepauun Ha 8,2 MBT (yaenbHas
BblpaboTka T-oT60pa — 516 KBT-4/l'Kan);

(h BO3pacTaeT Harpyska pereHepatmsHoro otéopa Ne4
Ha BennuuHy 9,6 M'kan/u, Tpebyemyro A4ns npmBoga
ABTH, 4T0 yBenMunBaeT MOLLHOCTb FeHepauun Ha
3,5 MBT (ygenbHas BblpaboTKa pereHepaTUBHOIO
oT6opa Ne4 — 362 kBT-u/lkan).

Cy4éTOM yKa3aHHOr0 YMeHbLLIEHNA MOLLHOCTMN MOTOKA

reHepauuun anekTposHeprun Ha 4,7 MBT npu coxpaHe-
HUM OTNYCKAeMOMi TENI0BOW 3HEPTMM CHUXXEHME F0L0BO-

ro pacxofa tonnusa T3OL, B Hallem cny4yae cOCTaBUT [0
11,9 TbiC. TY.T.

04,3042 ¢75 =135 TbIC. T y.T. — CHWXeHWE, CBA-
3aHHOe C YCTPaHEHWEM TeHepaLymn 3M1IEKTPOSHEPrm
CcYPT 420 r/(kBT-4) Ha npornycke napa B KOHAeHCaTop;

® 4,3+(0,17 - 0,136) 7,5 = 1,1 TbIC. T Y.T. — CHUXEHMUE,
CBfi3aHHOE C Mepefjayeii reHepauum 3N1eKTPO3HEP-
rMn OT NOTOKa TennogpukalMoHHoro otéopa ¢ YPT
170 r/(kBT-4) NOTOKY B KOHZEHCATOP, C OXNaXAeHNEM
UMPKYNALMOHHOA Boabl B ABTH, 4To COOTBETCTBYET
YPT 136 r/(kBT-u);

3,2+(0,17 - 0,283) «7,5 =-2,7 ThIC. T Y.T. —YyBeNU-
YeHMe, CBA3AHHOE C Nepejayein reHepalum anekTpo-
3HEprnmM oT NoToKa TennoPuKaLuuoHHOro oTbopa
¢ YPT 170 r/(kBT 4) NOTOKY B pereHepaTuBHbIiA 0T-
60p Ned ¢ YPT 283 r/(kBT-u).

BwmecTe ¢ Tem rofosas cMCTeMHas 3KOHOMUSA TOM/MBa

B HalLleM C/nyyae COCTaBUT 0 5,5 ThiC. T Y.T.

MpvBeAéHHbIE pe3ybTaThbl LOMOHAKOTCA MNOACHAIOLLM-

MM CXEMaMM Pa3HbIX PeXXMMOB PaboTbl pacCMaTprBaeMOoro
TypboreHepaTopa Ha puc. 3-5.

A6CcopbLMOHHbIE TEM/IOBLIE HAcOChI B cxeme T3L|

Lns conpskeHns ABTH ¢ Typ6oreHepatopom MT-60
MOXHO UCMONb30BaTb Kak [Ba Yujepa MeHbLUero, Tak
M 0guH 6onbluero TunopasmMepa. bonee rmbkum npeacra-
BNAETCA BapuaHT ¢ gsyma AbTH. [ina nx npmsoga moryt
MCMoMb30BaTbCA Pas/inyHbie TEMNOHOCUTENN: Map, BOAA,
[bIMOBbIE rasbl, TONIMBO. B fjaHHOM Ccnyyae 3To nap fas/e-
Huem He meHee 0,4 MIa. B BapnaHTe C ByMS yCTaHOBKa-
MM, KpOME BCero npoyero, obecrneynBaeTcs eguHoobpasve

® p,=4«xMNa;0,,= 121/4;
N,, = 42MBr;0= 63 lkan/u
Konnekrtop napa 130at

0.= 2MT/M

m67-1500i74'1,-2TC
p,= 53ara; D,= 16,7 1/u; N*, = 3,2 MBT

6, =19007/u:l, = 55*C
=19007/4;T"= 47'C
=1600T1/4;1,= 47'C

0p = 4Tkan/y 1\,*1900r'—|
®6,, =300T/u;t = 47°C

0"= 19Tkan/y t«.=«C
Puc. 3. OCHOBHble NOTOKW TENN0BO CXeMbl OAHOTO U3 BapMaHT OB

pa6oThbl BMEXOTONUTENbLHbLIA Nepnog Typb6oreHepaTopa NT-60-130/13
npu uHTerpauun seé cocras AbTH
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Puc. 4. OCHOBHbIE NOT OKN TEeN0BOl CXeMbl CPeAHEN0 PeXnma oTonnTeNb-
HOro nepuopga A5 04HOT0 U3 BapMaHTOB ucnonb3osaHuna NT-60-130/13
npu nHTerpaumn B escocrTas ABTH

® p,= 15kMa; = 127/
N =3,9MBT;a= 6,2lkan/u 0= 0.2 Mkanly
Konnekrtop napa 130 ar r
D.= 299t/4 H S 0= 02Tkan/y
N =51,4 MBT
LtaTHas
ri NT-60 rpagupHa
Q, =15 lkan/y
p.=12ara;
0,=63T/4 ABTH
H,,= 17MBr
0=32,9Tkanfy 1500174, 1. - 4rc
<
CeTepiin G,.= 1600T/4;t,, = 79-C
(Virep 67, = 26007;u:1,, = 70°C 1
G~ = 4200 7/y; ® G , = 4200T/4:t", = 70'C
L=IWC
0,7= 135 Mkan/u ® Pp=10ara
«aep @~ = 75 Mkanty 0| = 1437/
| = 210Tkan;u = 27,4 MBT
res Q= 75Mkanly

G,=4200T/4:1,.= 120'C

Puc. 5. OCHOBHble NOT OKM T ennoBoii CXeMbl MAKCMManbHOTO pexnmMa
0T ONUTEe/IbHOTO Nepnoja AN 0JHOI0 U3 BAPWAaHT OB NCNONb30BaHNN
MNT-60-130/13 npu nHTerpaynun Beé coctas ABTH

Puc. 6. BnnsiHne cTaBKN ANCKOHTMPOBAHUA Ha 3KOHOMUYeCKMe nokasaT enu
npu peanunsaumnu 30 % 371eKTPO3IHEPTUN HACESTIEHUID

18 3uM Ne 1(70) sHBapb-gheBpanb 2013

abcopbunoHHoro obopyaposaHua T3LL: TennoBble HAacoCkI
M XONOAW/bHbIE MAlVHbI OKAa3bIBAOTCS B3aVMO3aMeHs-
eMbl, YTO MOXET ObITb MOME3HbIM NPU HagCcTpolike T3AL,
rasoTypbuHHbIMM YCTaHOBKaMU, Korga notpebyercs cra-
61NM3MpoBaTh MX NapameTpbl B NIETHWIA NEPUOA, OXNTaKas
BCaCbIBaeMblii KOMNpeccopoMm Bo3ayx [4]. PacnonoxeHne
ABTH BO3MOXHO Kak B KOHTEiHEPHOM BapuaHTe, Tak
1 B 3gaHnK. Bo Bcex cnyyasx Heo6xoaumo, 4Tobbl Temmne-
patypa B NnoMeLleHUn He onyckanacb Huxe 5 °C. besyc-
NOBHO, TpebyeTcs MHAMBUAYa/bHbLIA MOAX0L UCX0AS W3
KOMIMJ/IeKCa YCMNOBUIA KOHKPETHOM NJIOLAAKN: KOMMOHO-
BOYHbIX, FMAPaBINYECKUX U NP.

9KOHOMUYecKas oueHKa

C y4yéTOM CTOMMOCTU CTPOUTENIbHO-MOHTaXKHbIX paboT
¥ BCNomorare/ibHoro 060pyfoBaHus 41 peanusaluy pac-
CMaTpr1BaeMoro B NpMMepe BapnaHTa TpebyeTca nopsaaka
3 MmnH. USD. Ans T3L, npu rogoBoM yucne 4acos paboThbl
Typ6oreHepatopa 7,5 rbic. CPOK BO3BpaTa WHBECTULIWIA
¥ Npoymne nokasaTenn onpesenatoTca CHUXKeHeM noTpe-
61eHns NpUpPoAHOro rasa Ha 11,9 TbiC. T Y.T. NPY HEU3MEH-
HOIA TEM/I0BOWA HAarpy3Ke N CHXEHUM MOLLHOCTU FeHepaLimm
3M1EKTPO3HEPrn Ha 4,7 MBT. CpeaHeB3BeLLEHHbI Tapud
1 ce6ecTOMMOCTb 3/IEKTPO3HEPT UM Ha T 3L, COOTBETCTBEH-
HO paBHbI 88,5 1 51,4 USD/(MBt-4). Mpu cTOMMOCTY MpK-
pofHoro rasa 244 USD 3a 1T y.T. ro0BOVi 3KOHOMUYECKWIA
3hhekT obecneynBaeT NPOCTOW CPOK BO3BpaTa MHBECTU-
umin — 2,3 roga. AuHamnyeckuii CpoK OKynaemocTu npu
CTaBKe AuCKoHTUpoBaHus 20 %cocTasnseT 2,8 roga, BHy-
TPeHHAA HOpMa peHTabensHocTU —42 % (puc. 6).

Cnefyet OTMeTUTb, YTO AaHHbIE pUC. 6 NOAYYeHbI
4ns BapuaHTa, korga 39 % 3eKTpPo3Heprumn peanunsyertcs
HaceneHuo n 61 % — NPOMBbILLNEHHBIM NOTPeBUTENAM.
C yMeHbLUEHVEM [,0/N HaceNneHus B NOTPe6IeHN N 3N1eKTPo-
3HepPrun 3KOHOMUYECKME NoKasaTeny yxyaLwatoTcs, v npu
100-npoueHTHOW peanv3aLnm 31eKTPOIHEPT M MPOMbILL-
NeHHbIM NoTpebuTe. \am no Tapugy 113 USD/(MBt-4) nme-
€T MeCTO cUTyaums, NpeacTaBneHHas Ha puc. 7. MNpocToi
CPOK BO3BpaTa MHBECTULMIA yBennunBaeTcs 4o 4,9 ner.

[unHamunuecknii Cpok OKynaemocTu npu cTaBke Auc-
KOHTMpOoBaHMA 20 %BbIXOAMT 38 rOpu3oHT pacyéta 10 net
Y MNLWb NPW CTaBKe AUCKOHTMPOBaHNA 15 %Y. MeHbLUIaeTCs
[0 9,6 ner.

CuctemHas rogoBasi 3KOHOMMWS TOM/IMBA B pe3y/ibTaTe
peanunsaunmv NPoeKTa OLeHMBAEeTCA B 5,5 ThiC. TY.T. [pu aTom,
€CTeCTBEHHO, HEM3MeHHO NoTpeb/ieHVe TeNI0BOW 1 aneK-
TPUYECKOW 3Heprum. DKOHOMMWYECKWIA TOL0BOIN 3PDeKT
OT CUCTEMHOTIO CHVDKErrus noTpebieHns NpUpPoAHOro rasa
oueHmsaetca B «1,3 mnH. USD. lNpu npuseféHHbIX paHee
MPOYMX 3HAYEHNSAX apryMEHTOB MPOCTOI CPOK OKYNaemocTu
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Puc. 7. BnnsiHve CTaBKM LUCKOHTUPOBAHNA HA 3KOHOMUYECKME NOKa3aTenn
npupeanv3aunm Bceli 3NeKTPO3HEPT UM NPOMbILLNEHHBIM NOT Pe6UTensm

Puc. 8. BnnsiHne cTaBkKun 4UCKOHTUPOBaHNA Ha 3KOHOMUYECKMe noKasaTesnun
npv OLEHKE N0 CUCTEMHOMY ahhekTy

COCTaB/IseT 2,7 rofja, AMHaMUYECKM CPOK OKYNaemocTv npu
CTaBke AWCKOHTUpoBaHuA 20 % — 4,3 rofa, BHYTPeHHAA
HopMa peHTabensHocTM — 35 % (puc. 8).

MprBefEHHbIE 3HepreTMYecKme N 3IKOHOMUYECKMe no-
Ka3aTe/iM yKasblBatoT Ha OT/IMYHYIO UHBECTULIMOHHYIO NpU-
B/IeKaTe/lbHOCTb NpoekTa Ang O3C cTpaHsbl.

BbiBOAbI

1 BIOKMpOBaHWe pacCcesHNs 3HepPrmn B TEMIOBLIX CXe-
max TOL, akTyanbHO. KOHCTPYKTMBHO Hambosee npocTo
3TO JOCTUraeTcs C NOMOLLbLI0 UHTerpaunn ABTH B Te-
nnosyto cxemy T3L,. IMpn 3TOM MMEKOT MECTO BbICOKME
TEXHUKO-3KOHOMMYECKMe NoKasaTenu, obecneumsaroLLme
WHBECTULMOHHYIO NPUB/IEKaTeIbHOCTb NPOeKTa.

2. CHWKeHVe NoTepb TEMI0BOI 3Heprum B cxemax T3L,
CMOMOLLBIO Nepexoga K paboTe Typ6oreHepaTopoB € yXyf-
LLIEHHbIM BaKyYMOM WK ¢ ucnosib3osaHnem ABTH paclun-
PAKOT BapuaHTbl peLleHns 3agadun. Bolbop onTuManbHOro
peLLeHns TpebyeT anddepeHLMpoBaHHOIO NOAX0AA NCXO-
[ U3 YC/OBUI KOHKPETHOM 30HbI TENN0CHa6XXeHNS 1 CO-
CTaBa 060pyA0BaHNA TEMNIOTEHEPUPYIOLLEr0 UCTOUYHMKA.

3. icnonb3oBaHne ABTH B cxemax T3L, CHuXaeT re-
Hepauuio 3N1eKTpoaHeprun Ha T3L, 3a CYET UcK4veHus
eeBbIpPabOTKM Ha MOTOKE Napa B KOHAEHCaTop, YTo, KpoMe
BCEro npoyero, obneryaeT NOKpbITUE rpagmka 3NeKTpo-
noTpe6/eHns B YaCT NMPOXOXAEHUA MUHUMYMOB Harpy-

30K O3C. NHTerpanbHoe U3MeHeHne reHepawmm ang Bcex
T3L, cTpaHbl oueHusaetca go 300 MBT.

4. NHuTerpauns abcopbLMOHHBIX TEMN0oBbIX HacOCOB
B TensoBble cxeMbl TAL, ¢ Lenblo 610KMpoBaHNA pacce-
SHWS TEN/I0BOW 3HEprny BoCTpeboBaHa U B TOM ClyYae,
€C/IN peann30BaH BapuaHT nepesoja TypboreHepaTopos
Ha paboTy C yXyALeHHbIM BaKYYMOM, NOCKOJIbKY C NOMO-
wpto ABTH obecneunBaeTcs BO3IMOXHOCTb YTUIM3ALUN
TENN0Tbl CUCTEM OXNAXKAEHUSA Mac/a, reHeparopa u np.

5. CHuxeHue Ha T3OL, reHepauumn 3neKTpoIHeprum Ha
4,7 MBT npun coxpaHeHW TeMI0BO Harpy3ku 1 0gHoBpe-
MEHHOM CHWKEeHWUW NoTpebeHns NpMpoAHOro rasa Hemo-
cpefcTBeHHO Ha TOL, Ha =12 ThIC. T Y.T. B FOZ ONpeAenstoT
3KOHOMMWYECKYHO Lienecoobpa3HoOCTb B 3aBUCUMOCTW OT
TapuoB Ha NPUPOLHbLIA ra3 N 3NEKTPOIHEPTUIO, CTaB-
KN peUHAHCUPOBAHUA U T. M. B KOHKPETHOM pErvoHe.
Bo Bcex cnyyasax o6ecneynBatoTCa BbICOKME 3HepreTuye-
CKMe 1 3KOHOMUYECKME NoKasaTem npoekTa.

6. iHBecTuLMK, TpebyeMble ANa peanunsaLlmm paccMa-
TPVBAEMOr0 NpPYMepa, OLLEHNBAIOTCSA BENMUYNHOW NopsiaKa
3 MmnH. USD. Okynaemoctb ABTH oTBeyaet cyLiecTsy-
OLLUM 3KOHOMUYECKUM OrpaHnYeHunaM Ans obecrnedeHuns
MNHBECTULMOHHOM L,e/1ec006pasHOCTU.

7. PaccMOTpeHHbI npumep npuBedéH ans Typb6ore-
Hepatopa MT-60-130 ¢ nponyckom napa B KOHAEHcaTop
12 /4 1 Harpy3koii ceTeBoi Bogp! 19 Mkan/y, KoTopas npu
HEeo6X0ANMOCTM MOXET ObITb YMeHbLIeHa A0 14 [kan/u.
Mpw yBennyeHnn TennoBOW Harpy3ku Heobxo4umo npu-
MeHWUTb 60nee MoLHble ABTH.

8. cnonb3oBaHme ABTH Lenecoobpa3Ho B Tenso-
TEXHUYECKUX cucTeMax, rae UMertoTca Npexae BCero Tenno-
Bble MOTOKM OT YCTAHOBOK KOMOGUHMPOBAHHO BbIpaboTKM
3Heprum, BTOPUYHbIE 3HEPropecypchl 1 np. L
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