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MpeacTaBneHa Kadepoi
Tennora3ocHabXeHus ¥ BeHTUNALMN Moctynuna 9.09.2004

YOK 621.311.22

OLEHKA 39 PEKTUBHOCTU T3L,
BE3 PASOENEHNA PACXOAA TOIMJIMBA MO BUAAM MNMPOAY KUNU

JokTopa TexH. Hayk, npodeccopa MNUP A. 3., KYHTbILL B. B.

ApXaHrefbCKuii rocyapcTBEHHbI TEXHUYECKNIA YHUBEPCUTET,
Benopycckuii rocyapcTBeHHbIA TeXHONOTMYeCKNiA yHBEPCUTET

Bnarogaps paunoHanbHOW 3HEPreTUYECKON MONNTUKE, YUUTbIBAIOLWEN Kn-
maTuyeckve ycnosus Poccum, pons T3L, cpefn reHepupyroLwmx MOLLHOCTEN
TEenoBbIX 3NeKTpocTaHuuii npesbiwaeT 30 %. B 1990 r. KOMOMHMpPOBaH-
HOe MPOW3BOACTBO TEMJIOTbl W 3M1EKTPO3HEPTUM 0BEeCneynBasio 3KOHOMMIO
A5 MAH T Y. T., nnn 12 % o6Lero NoTpedneHms TONIMBa BCEMU 3N1eKTPOCTaHL M-
amn MuHaHepro Poccuiickori ®egepaumm [1].
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MpY PbIHOYHBIX YCMOBUSAX XO35MCTBOBaHWS B PoccUM HaMeTunach TeHAeH-
LMs OTKasa psga notpebuteneld o1 npogykumm T3LL. Bbi3BaHa OHa BEIMYUHOW
TapuoB Ha TEna0TY U 3NEKTPOIHEPTMI0, UCUMUCNEHHONM COrlacHO oduumab-
HbIM METOAMYECKUM YKa3aHUSM.

Bce anpobupoBaHHbIe METOLUKN BbIYUCNEHNS TapU(OB 6blv OCHOBaHbI Ha
YCNOBHOM pasfene o6Lero pacxoga TOM/MBA, TEXHONOrMYeCKoro obopynosa-
HMS 1 NMPON3BOACTBEHHbIX 3aTPaT Ha OTMYLLEHHYIO TENIOTY U 3/1EKTPO3IHEPT MIO.
HecMOTps Ha CNOXHOCTb U TPYA0EMKOCTb BbIYUCIEHWIA, HU OLWH U3 3TUX METO-
[0B ((hr3MYeCKMiA, aKCepreTUYecKunii, KOMNpPoMUcCHbIi OPIP3C) He no3sonun
Ha OCHOBE pacCyMTaHHON ce6ecToOMMOCTY CPOPMUPOBATL Tapubl, rapaHTUpy-
toLLMe NPOU3BOAUTENIO COBIT MPOAYKLMMN B YCIOBUAX KOHKYPEHLNN.

TepmoanHaMunyeckuii aHanm3 npeobpasoBaHua TennoTbl Ha TIALL [2] noka-
3a/, a 3KCepreTmyeckme pacuyeTbl NOATBEPAWUNM [3], YTO NpU OAMHAKOBbLIX
HayasbHbIX NapaMeTpax napa Ha TAL, 1 KAC ath(heKTMBHOCTb BbIPabOTKM 3NeK-
TPO3HEPruy MpakTUYecKU OAMHaKoBa. M9 TennopukaunmoHHbIX Typbore-
HepaTopoB T-250-240, MMT-140/165 W KOHAeHCaUMOHHOW TypboyCTaHOBKU
K-300-240 vypgenbHble pacxofbl YC/MOBHOrO Tomamea coctasnaot  320...
...325 r/(kBT-u), a pa3nmume 06ycnoBneHo pasHuuein B KN4 typouH.

AkoHomuKn TonnmBa T3LL o6s3aHa 06paTMMOl TpaHchopMauun TennoThl
CBEXero napa B TENJIOTY HW3KOro NOTeHLMana ¢ NOMOLLbIO TYPOUH 1 3N1eKTpo-
reHepaTopoB Mpv NOMYTHON BbIpabOTKe 31eKTPoaHeprumn [4]. OTHOWeHWe OT-
NyLIeHHOM noTpebuTento Q, 1 3aTpayeHHol Q, TennoTbl NpeAcTaBnseT coboi
KO3(h(hMUMEHT TpaHChopmaLum

e ToTy

Qs 1_T0/TB

roe Te, Ty, To — TEMMNEPATYpPa HaCbILLEHWNSA CBEXero napa, napa v3 otéopa Typ-
61HbI, Napa B KOHAeHcaTope, K.

TakvM 06pa3oM, TeNNOPUKALNOHHBIA LUK PeHKMHA CNY)KUT NOHU3NUTE Tb-
HbIM TEPMOTPaHC(HOPMaTOPOM, KOTOPbIN AEACTBYET 3a CHET UCTOYHMKA TENIOTbI
BbICOKOr0O MOTEHLMaNa M COBepLUAeT Npyu 3TOM NonesHyto paboty. MNpu fasne-
HUK cBeXero napa 13 Mla Ha T3L, koaghmumeHTb! TpaHchopmaLumy TennoTsl
coctasndaoT [4] 1,43 — ona napa “3 NpPon3BOLCTBEHHOIO 0T6Opa C LaB/IEHVEM
1,3 MMNa n 2,43 — gna napa U3 oTonuTeNbHOro otéopa ¢ gasneHvem 0,12 Ma,
a [AeNCTBUTENbHbIE YAeNbHble PacXofbl YCNOBHOrO TOM/MBa Ha BblpaboTKy
3NEeKTPO3HEPT UM, Napa B NPOM3BOACTBEHHOM M OTOMUTE/IbLHOM 0TOOpaXx, BblUnC-
NEeHHble MO0 TepMOAMHaMUYecKoin MeToauke [4], COOTBETCTBEHHO paBHbI
356 r/(kBT-u); 0,0273 1 0,016 r/kx (T. e. 80 n 47 % (pU3NYECKOTO 3KBUBA/IEH-
Ta Tena0Tbl YC/I0BHOMO TOM/NBA).

KombuHnpoBaHHY0 ycTaHOBKY TOL| MOXHO paccMaTpuBaTb Kak reHeparop
3KCepruu, KoTopas OTryCcKaeTcA NoTpebuTeniM NMoTOKaMn pas/iMyHbIX 3HEpro-
HOcuTenel: napa, ropsyein Bofbl U 3NeKTPOHOB. MoA06OHbLIN NoaXos No3BonseT
npeAenbHO YNpOCTUTL OLEHKY 3PEKTUBHOCTH YCTAHOBOK C KOMOVMHMPOBAHHOM
BbIPabOTKOW ¥ BbISBUTL MX MPEMMYLLECTBA MO CPAaBHEHMIO C YCTaHOBKaMK, MC-
NO/b3YHOLLMMW UHbIE TEXHONOTMYECKINE CXEMbI U TEPMOLMHAMUYECKME LNKTb.

JKcepreTyeckas MOLLHOCTb Ten0UKaLMOHHbIX YCTAHOBOK 3aMeTHO rMpe-
BbILLAET MX HOMUHa/bHYIO 3/1EKTPUYECKYHD MOLHOCTb. OHA MOXET ObITb Bbl-
yncneHa Kak OTHOLLEeHMe pacxofa CBeXero napa K yAenbHOMY pacxogy napa
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npy BbIpabOTKE 3/1EKTPOIHEPTNM B KOHAEHCAUMOHHOM pexumMe. B HoMmu-
Ha/IbHOM peXxume paboTbl 3KCepreTnyeckas MOLHOCTb AnA Typ6oarperatoB
T-100-130 coctasngetr 124 MBrT, MMT-50-130/13 - 81 MBT, P-25-90/31 -
80 MBT.

ConocTaBneHune xapaktepuctuk TAL, n KSC npy 041HAKOBOW 3neKTpuye-
CKOM MOLLHOCTM 3aBeflOMO HemnpaBOMeEPHO. Ecnn cpaBHUTL yAenbHble Kanuta-
nosnoxeHns B TOL, n KOC no akcepreTnyeckon MOLLHOCTU UM pacxomy CBe-
YKEro napa B HOMWHa/IbHOM peXxume paboTbl 3HeProyCTaHOBOK, TO OKaXeTcs,
4TO NPOMbILLNIEHHO-0TONMTENbHbIE TAL, He ycTynatoT K3C 60/bLUON 3neKTpu-
YECKOIN MOLLHOCTM MO TaKOMY MOKa3aTento, Kak KanutasioBNOXEHNS. Y aeNbHble
3aTpartbl Ha coopy>keHne T3Ll, OTHeCEeHHbIe K ee Maponpou3BOAMTENILHOCTY MO
CBeXemy napy, coctasnaioT [5]: 27...33 py6/(kr/4) — AnS NPOMBbILLIEHHO-
otonutenbHon T3OL, 6e3 BOLOrpeliHbIX KOT/IOB U 3N1EKTPUYECKON MOLLHOCTbHIO
160...220 MBT; 32...38 py6/(Kr/4) — ¢ BOAOrpeiHbIMM KOT/1aMW 1 3/1eKTpuYe-
ckoin MowHocTbio 320...770 MBT; 39...50 py6/(kr/4) — Ana OTONUTENbHbIX
T3L, 300...1000 MBT ¢ BOLOrpeiHbIMU KOT/IaMK U KO3((ULMEHTOM Tennodu-
kauum 0,5. Y aenbHble 3atpartbl Ha coopyxkeHne K3C 1000...3200 MBT cocTas-
nstoT 40...38 py6/(Kr/4v) B LeHax 1982 .

KombuHnpoBaHHas BbipaboTka B TypboyctaHoBke T-100-130 npu Koagdu-
LneHTe Tennogukaumm 0,5 faeT aKOHOMUIO Tonamea 40 25 % no cpaBHEHUIO C
pa3fenbHON BbIpabOTKOM TenioThbl B BOAOTPEMHbIX KOTNaX U 3NEKTPO3HEPrun —
B TypboycTtaHoBke K-100-130. MoBbiweHne KoagduumeHTa Tentopmkaumm go 1
Mpy MCMo/b30BaHUN Ha oTonuTenbHo T3LL TypboyctaHoBok [MT-50-130/7
no3B0/MMNA Obl JOCTUYL MaKCUMaIbHOM 3KOHOMMM TonAvBa Ao 32,5 %.

MpviBeeHHbIe [aHHbIe MOKa3blBAOT, YTO MPOMbILLIIEHHO-OTONWTENbHASA
T3L, cpegHei MOLLHOCTM 6e3 BOAOTPeViHbIX KOT/IOB — HE TO/IbKO CaMblii 3KOHO-
MWYHbIN, HO U CaMblli [eLUeBbIA reHepaTop aKCeprum. B HOBbIX 3KOHOMUYECKNX
YCNOBUAX 1 MPW AOPOrOM OPraHNYecKoM TOMJIMBe 6bl10 Obl NMOME3HO BEPHYTLCH
K BOMpocy 06 onTuManbHOW BennynHe KoaddmumeHTa Tennogukauymmn TIL,.

[ns OueHKM CcoBeplUeHCTBa KOMOMHMPOBaHHOro npouecca T3LL aBToOpbI
npeg/iaratoT 0TKasaTbCa OT [efleHns pacXofoB ToMnAmea, 060pyLoBaHNA U MPo-
M3BOACTBEHHBIX 3aTpaT Mo BUAAaM NPOAYKLMW, NMOCKO/bKY C TEXHO0MMYECKOM
TOUKW 3PEHNS HEPreTUYecKne KOT/bl, MapoBble TYPOWHBI, 3N1eKTPOreHepaTopsbl
N TpaHCopMaTopbl ABMAIOTCA TaKUMM XKe aTpubyTtamun 411 BblpabOTKM HU3KO-
NOTeHLUMaNbHOW TeNNOTbI, KaK CETeBble HACOChI M CeTEBbIE NOLOrpeBaTE/N.

OnpegennTb yAenbHble pacxofdbl YCMOBHOrO TOM/MBA M CeGECTOMMOCTYU
MPOAYKLMM MOXHO MCXOLA U3 CaMbIX O6LMX TepMOLMHAMUYECKMX MpPeacTas-
NeHuii 6e3 NpUBNEYEHNS LONOMHUTENbHLIX YCNOBUI U CheunanbHbIX NOHATUNR,
TaKMX Kak 3KCeprus unm Koap@uUUUEHT LLeHHOCTM TENIOTbI.

MakcumansHoOe Ko/nM4ecTBo aHeprum (skceprum) W, KK, KOTOpoe MOXeT
ObITb MNONYYEHO NPU CXXUraHUM B Kr TONAMBa B 3HEPTeTUYECKMX KOT/Iax, orpe-
fensetca obwmm K4 T3L, no BbipaboTKe 3/1€KTPO3HEPrum N, B KOHAEHcaUW-
OHHOM pexkume (nnm xe KM K3C ¢ Temu xe, uto n TOL, HavanbHbIMK napa-
MeTpamMm napa)

W = n,BQ;, 2)
roe QP — TennoTa cropaHus Tonamea.

Pacxof Tonnmea Ha TOL, cBA3aH C OTNYCKOM 3/1eKTpo3Heprun W,, KBT:u,
BbIpaboTKOW NPOM3BOACTBEHHOMO napa D, T, n ropsyei Bogbl Q,, KK, TONMB-
HOW XapaKTepuUCTMKOIN NapoTyp6UHHOW yCTaHOBKM [4], Kr
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B = bW, + byD;, + beQo. 3)

YaenbHble pacxofbl Tonnmea b,, by, b, Npy nnaHuposaHun paéoTtsbl T3L, Mo-
ryT 6bITb ONpefeneHbl U3 TEPMOAMHAMMUYECKOrO pacyeTa. Y[enbHblil pacxop
YC/I0BHOIO TOMN/MBA Ha BbIPAbOTKY 3/71EKTPO3Heprum, Kr/(KBT-y)

o __ 0123

3_—.
3I'IK3Tp3 R3i33M

(4)

3[ecb 3,315, 3r, 3, 35, — KM/ naposoro Kotsa, Tpy60npoBojoB, naeasb-

nK! >~ Tp?
HOro UMKna PeHKUHa, BHYTpeHHWA KM uukna, 3neKTpoMexaHUyYecKunii Typ6o-
reHeparopa.

Y[enbHbliA pacxof, YCNI0BHOTO TOMMBA Ha BbIPabOTKY TEXHONOMMYECKOro
napa AasneHvem 1,3 Mlla B npov3BOACTBEHHOM OTOOpE, Kr/T

143
I'L|'|3I'|K3Tpcl'l ,

b, = (%)
rae c, — NapoBoM 3KBUBA/IEHT TEM/IOTI.

Y [enbHbli pacxof YCNOBHOIo TONMBA Ha BbIpaboTKy napa fasneHuem 0,12
Ma B oTonuTeIbHOM 0T60pPE, Kr/IKan:

143
LUT3 I'IK3Tp ,

rae W, W, — KoamuLmMeHTbl TpaHCHopMaLIMmn TENOTbI.

Mpy aHanM3e paboTbl AENCTBYHOLLEN YCTAHOBKM 3KCMN/yaTaluMoHHbIE Yaerb-
Hble PacXo/bl TONAMBA MOTYT ObITb MOMYYeHbI MO OTYETHBIM [aHHbLIM O paboTe
TOLL B TpexX xapakTepHbIX pexxvmax paboTbl MyTeM peLleHns CUCTEMbI U3 Tpex
ypaBHeHwui (3).

Mpwn 3TOM yAenbHbI pacxogd ycnosHoro tonnvea b v obwwii KNA n, ces-

3aHbl N3BECTHbIM COOTHOLLUEHWNEM, KI/(KBT-u)

b

T

(6)

0123
Ny

by’ = (")

BanaHc aHeprmm KOM6UHMPOBAHHOW YCTaHOBKM cornacHo (2) u (3) npumet
BUA, KK
W =n,QF (bW, + bDy + boQo) = E, + Ej, + E,, (8)

roe Es, En, Eo — 3HEProeMKocTb (3KCeprus) NoTOKOB 3HEProHOCUTENEN, OTMy-
LLEEHHbIX C LUXH 1 KO/INekTopoB T3L,.

YpenbHas 3HeproeMKocTb (yaenbHas 3KCeprus) noTOKOB 3HEProHOCUTeNel
Ha eUHMLY OTMYLLEHHO NPOAYKLMM COCTaBUT ANS:

« 3/1EKTPO3HEPrum, KK/ (KBT-4):

&, = Ey/W, = n,b, QF = 0,123 QP = 3600; (9)
« Mapa 13 NpPOM3BOACTBEHHOIO 0T60PA, KIK/T:
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en = Eo/Dn = N:b,Q." = e,by/b, = 3600b,/b,; (10)
e CETEBOW BOAbI, KIX/KIK:
eo = EolQo = ngbo QS = e3b0/b3 = 3600b0/b3. (11)

CebecToMMOCTb NPOM3BOACTBA 3HEPTUN (3Kceprnn) Ha T3IL, npu Heobxoau-
MbIX M 0OG0OCHOBaHHbIX COBCTBEHHbIX FOAOBbLIX M3AepXKKax npowssoamTens W
COCTaBuT, py6/KXK:

C=Wniw, (12)

npv 3TOM Ce6eCTOMMOCTb 3HEPrOHOCUTENEN, OTMYLLEHHbIX C LUWH U KOMIEKTO-
poB T3L, 6yaeT paBHa:

C, = Ce,, py6/(kBT1-4); C, = Ce, pyo/T; C, = Ce,, pyo/kx. (13)

Tapwud Ha Npon3BOACTBO 3HeprM Ha TIL, MOXeET ObITb YCTaHOBMEH aHa/0-
TMYHO ONpefeneHnto Ce6ecTOMMOCTY SHEPTUN.

Tapubl Ha npogykunio TOLL: anekTposHepruo T, py6/(kBT1-4); nap
T,, PY6/T; ropsuyto Bogy To, PY6/KIXK, Npr3BaHbl KOMMEHCUPOBATL CyMMapHbIe
roAoBble 3aTpaThbl MPOM3BOACTBA 3 M/OC NPMOLINL BNagensly npegnpusatus P,
pa3vep KOTOPO 060CHOBbLIBAETCS U YTBEPXKAaeTcs PernoHanbHoOW aHepreTunye-
CKO komuccrein. OBLLMIA JOX0Z OT peanu3aLmn NPOAYKLMM COCTaBUT

W, + T,W, + T, W, =3+ P. (14)

3apybexxkHblit onbIT MepMaHnn, ®paHumy, [JaHum, 0Te4eCTBEHHbIE UCCEedO0-
BaHWA [6] nokasanu, YTo HET HEOOGXOAMMOCTM YBA3bIBATL BEMIMUMHY TapUDOB C
ce6ecTOMMOCTLIO NPOAYKUMK. MonyyaTeny TennoTbl oT TALL, 415 KOTOPbIX OHa
1 Bblna COOPYXEHa, JOMKHbI COrNacuTbCA C TeM (PaKTOM, YTO Tapud Ha 3NeK-
TPO3HEPTUIO HE MOXET ObITb BbIlE €€ PbIHOYHOW LieHbl Ty puw. [1PW HAIMUMK
/IbTEPHATMBHBLIX M KOHKYPEHTHbIX UCTOYHWKOB Ha PbIHKE 3HEPronpov3BoauTe-
Neli C YY4eTOM [OMOHUTENbHBLIX YC/TOBWIA:

Ty < T pon (WM T < To pon); Tl To = CilCo (15)

onpefeneHne BeNMYnHbI TapuoB He NPeACTaBNSET TPYAHOCTY.

cnonb3oBaHve sKceprum Kak Mepbl LLEHHOCTW NPOU3BOACTBEHHOMO Napa He
BbI3blBaET BO3PXKEHWIA, €CIN MAP CAYXUT N8 MOMYHeHUs MeXaHUYecKoli pabo-
Tbl B MOJIOTE, MPECCe, Hacoce UM BO3A4yXoAyBKe. HO COMHeHUs BO3HMKAIOT fa-
Xe y cneynanncTtoB [7], ecnv nap NPUMEHSOT 41 Ten/10BbIX NPOV3BOACTBEH-
HbIX MPOLIECCOB (BYNKaHM3aLUWs, NOANUMepu3aLns, pekTudukaums, cylika, av-
ctunnsaums). Mpu 3TOM ynyckaeTcs M3 BMAY, 4YTO 4YacTb 3KCEPrMu napa
3aTpayMBaeTCs Ha NPeoAoNeHne TEPMUYECKNX COMPOTUB/IEHNIA TENTIO0OMEHY, a
OCTa/lbHast YaCTb — Ha COBepLUEHMEe PaboTbl B XMMUYECKOM UK (PU3NYECKOM
npoLecce, YBENMYEHNE XMMMYECKOro MOTeHUMana NpoaykTa TensioBoi obpa-
60TKM, coBepLUeHMs PaboTbl BbIXOAa W yBEIMYEHUs 06bema BTOPUYHOIO napa.
Mpwn HarpeBe 06paTHOW CeTEBOV BOAbI NOMyYeHHas 3KCEPrus fLenaeT ee CHOBa
NONE3HON, yny4las noTpebuTenbCKMe CBOMCTBA TeM 6GOMbLUE, YeM Bbille ee
TemnepaTypa.

OcCHOBaHHbIIi Ha 6anaHce aKCeprum TepMOAMHAMUYECKU MEeTO[, NO3BONSET
BbIUMCIUTbL MOKa3aTes KOMOUHUPOBAHHOW YCTaHOBKM TakXKe NpPOCTO, Kak 3TO
MMeeT MEecTO 4151 OTOMUTEIbHON KOTEMIbHON WM KOHAEHCALVMOHHOW 3M1eKTPO-
CTaHuMK.
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BblBOAbl

1. MNpefnoxkeHHasa TepMoAMHaMMYecKas METOAMKa pacyeTa YAeNbHbIX pac-
XO[J0B TennoTbl U cebecToMMOCTU NPOAYKLMN TILL MMeeT ACHbIN (hU3nNYecKuii
CMbIC/, OnupaeTca Ha obwuii KN no BblpaboTKe 3NeKTPOIHEPrUM B KOHAEH-
CaUMOHHOM pPEeXUMe W He TpebyeT KakuxX-Mbo 0CO6bIX [OMOMHUTENbHbLIX
YCNOBUIA.

2. TepMmoavHaMmyecKas MeTOAMKa NO3BO/AET OAMHAKOBO JIerkO Kak NporHo-
31MpoBaTh Nnokasatenn paboTbl TOL, Tak 1 onepaTVBHO ONPeAensaTb UX BeNNYU-
HY B MpoLecce aKcnayaraumm.

3. TepmoguHamunyeckass METOAMKA AOMYCKaeT CpaBHeHue 3(eKTVBHOCTM
9HEPrOMCTOYHMKOB C PasNINYHLIMU TEXHONOTMYECKUMU CXEMaMU M OCHOBAHHbIX
Ha pas/IMYHbIX TEPMOAMHAMUYECKUX LMKIaX (KOHAEHCALMOHHbBIX, TennopuKa-
LIMOHHBIX, NaporasoBbiX U ra30TypOUHHBIX) 3M1eKTPOCTaHLMI 6e3 [ONONHUTENb-
HOro NPUBEAEHUA NX K COMOCTaBMMOMY BUAY.
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NCCNEAOBAHVE MNMAOPAB/TMHECKUNX PEXXMOB
PABOTbI LMPKCUNCTEMbI T3L, BO/IXXCKOI O
ABTOMOBW/IbHOI' O 3SABOAA HA KOMIMBbIOTEPHOW MOAE/TN

KaHg. TexH. Hayk ANKOIT B. B., uix. BYXTUAPOB A. B.,
KaHj. TexH. Hayk, gou. KOBAJIEHKO A. T., acn. KOTOB B. B.,
[OKT. hns.-mat. HayK, npoth. KYAMHOB B. A.

Camapckuin rocyjapCTBeHHbIN TEXHUYECKNIA YHNBEPCUTET,
OAO «CamapasHepro»

AhheKTMBHOCTb PaboThbl LMPKCUCTEMbI MO PACXOAHLIM XapaKTepPUCTUMKaM
OLIEHMBAETCA €e TWAPaB/MYECKUM COBEPLUEHCTBOM, OT KOTOPOrO 3aBUCUT He
TONbKO MPOMYCKHasi CMOCOGHOCTb, HO 1 3KCM/yaTalMOHHbIE PACXOAbl U, B YacT-
HOCTU 3aTpaTbl 3MEKTPOIHEPTM Ha NepeKauky LMPKBOAbl. BOMbLIOE YKCNO
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