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B Npon3BoacTree BOAOYIroJibHOro Tornyinea

BBepgeHune

CxuraHue yrna B popme BogoyronbHoro Tonnvea (BYT) obnapaet
PAAOM SKOHOMUYECKMX, SKONOIMUYECKMX U SKCMITyaTaLMOHHBbIX Npe-
MMYLLIECTB MO CPABHEHWIO C MblIEBUAHBIM U, 0COBEHHO, CTOEBBIM
oKuraHvem. BYT 6bi10 MacwtabHO anpobrpoBaHO Ha MHOXeCTBe
SHepreTnyeckrx o6beKToB B Mupe [1-7] 1 B HacTosLLee BpeMsa Mac-
COBO 1CNosib3yeTcA, npexae Bcero B Knutae.

MpumeHeHne BYT no3sondaeT yBennuntb 3pPeKTMBHOCTb CKMra-
HWA YrNAa, yTUIN3UPOBaTb YrofbHble LWaambl, yMEHbLWWTb B3PbIBO-
0ONacHOCTb TOHKOAMCNEPCHOW YrofibHOW NbUIM Ha SHEPreTUYECKNX
KOTNaX, CHU3UTb KONMYECTBO BbIGPOCOB B aTMOCHEPY OKCMAOB a30Ta
1 oKcnaos cepbl [1,3,4].

MupoBon onbIT ncnonb3oBaHua BYT ype3BblyaiHO WNPOK 1
BKJ/lOYAEeT B cebs 3HAUNTENbHbIN MPAKTUYECKNIA U HAYyUHbIN BKNag,
ANOHCKMX uccnegosatenen [1,2,3], onbiT npurotoBneHns BYT B Kutae
COBMECTHbIM ANOHO-KMUTaNCK1M npeanpuatiem Japan COM Co. Ltd
N ero fanbHenwy TPaHCNOPTUPOBKY MOPCKUMIY TaHKepaMu SO
3NeKTpoCcTaHUumM komnaHum Joban Joint Thermal Power (Hakoco,
AnoHus) (3Hepro6nok 600 MBT3, fo 500 Tbic. TB roa) [2,3]. B paboTax
[1,3,4] noKa3aHo, YTO HaUnyyLIne TEXHUYECKUE U SKONormyeckme
XapaKTepUCTUKM KOTIOB AOCTUMAIOTCA MPY COBMECTHOM CXKMUFaHmA
MblIEBUAHOrO YA U BOJOYIONbHOM cycneH3un ¢ gonen BYT ot 30
110 80 % (B 3aBUCMOCTU OT peXxunma paboTbl) B TennoBomM 6anaHce
KoTnoB. Ha razomasyTHbIX KOTNax Takxe Haubonee s3¢pdeKTnBHO
nona BYT moxeTt coctaBnATb oT 25 % A0 NOSHOro 3amellleHnA ras3a
(ma3yTa), Npu 3ToM MakcMmanbHasa gona BYT onpepensetca 30nb-
HOCTbIO MCXOAHOIO YA U HannyMem COOTBETCTBYIOLUX CUCTEM
30/10ynaBVBaHuA.

Cambliin ycrewHblA B Poccuy onbiT cOCTOAN B TPAHCMOPTUPOBKE
BYT u3 r. benoBo 1 ero cxuranum Ha Hoocnbupckom T3L-5 [5,6].

WccneposaHua PennState University nogTsepaunu skonorunyec-
Kyto 3peKTUBHOCTL BYT, OTMETUB CHUXEHME BbIGPOCOB OKCMAOB
cepbl 1 a30Ta, Npryem cogepxaHue okcmaa azota (NOx) ymeHbLmn-
JIOCb He TONIbKO 6narofaps MeHbLUel TemnepaType ropeHus, Ho 1
Ha 25,6 % B pe3ynbTaTe BOCCTAaHOBUTENbHOIO XapaKTepa peakuui,
BO3HMKalOLWWX B npouecce cxuraHma BYT [4].

OCHOBHbIMU CcAepXUBaOLWMMN paKTOpPaMN MacCOBOTFO BHeA-
peHus BYT B Poccuum 6bina HM3Kas CTOMMOCTb OCHOBHOTO 3Hep-
roHocutena — rasa [7] n KpaliHe He3ppeKTMBHaAA TeXHONOrnA
npounssofcTea BYT, xapakTepusylowanaca BbICOKUMU SHepro-
3aTpaTaMy, MHOTOCTaAUNHOCTbIO, HEOOXOAMMOCTbIO NUCMOMb-
30BaHNA JOPOTrOCTOALMX peareHToB-CTabnunmsaTopoB. Takxe
OCHOBHOW aKLUeHT npu BHegpeHun BYT genanca Ha ucnonb3o-
BaHUWN BOJOYrONIbHOW CyCneH3nn ANA TPaHCNOPTUPOBKM YA,
XOTA OCHOBHbIE NPEVMYLLECTBA OTHOCATCA K 0611acTV XpaHeHus
1 cxknranma BYT [1-8].
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B naHHoOIW cTaTbe paccmaTpriBaeTcA COBMECTHast paspaborka OO0
«Amanbtea-Cepsucy» (r. MockBa, fanee — AmanbsTea) 1 MalLMHOCTPO-
utenbHoro npefnpuatus «TEXMNPUBOP» (r. LeknHo, Tynbckas o6n.),
No3BONAIOLWAA CYLLECTBEHHO CHU3UTb SHEpreTnyeckne 1 MaTepu-
anbHble 3aTpaTbl Ha NPoK3BOACTBO BYT ¢ ofHOBPEMEHHbBIM yyuy-
LIEHUEM KaK TEXHONOMMYECKNX TaK U SKCIUTyaTaLMOHHbIX KauecTB
nonyyaemMoro npofykKTa.

CyuiecTByioLe pelleHna

Bbicokune aHepro3atpaTtbl Ha npurotoBneHue BYT no Tpagmum-
OHHOW CXeMe NPOU3BOACTBa OOBACHAITCA NPEXAe BCEro TeM, UTo
OCHOBHbIM CNOCOHOM MEXaHNYECKOTO ANCNePrnpoBaHmMA Yrna Kak
B Poccuu, Tak 1 BOo Bcem Mupe ABNAETCA MOKPbI NOMOS BO Bpalya-
IOLNXCS LWAPOBbIX, CTEPXKHEBbLIX MAN BUOPALMOHHBIX MeIbHMLAX
[9,10,10]. B cuny ocobeHHOCTel MeXaHUYeCKNX NPOLLeCCoB NomMona
B MeNbHULaX pa3gaB/vBaloLLe-NCTpatoLLEero AeNCcTBUA, Henocpeac-
TBEHHO Ha n3menbyeHune Tpatntca ot 2 oo 20 % Bcen noaBefeHHON
sHepruu [10]. Mo nmetowmmca NpakTUYEeCKUM JaHHbIM, SHepro3art-
paTbl Ha MOKPbI NOMON B BUOPOMENbHMLLAX COCTABAAOT HE MeHee
55kBT-u Ha 1 T npopykTa [8,9].

Cepbe3HbIM HELOCTAaTKOM BMOPaLMOHHBIX MeNIbHUL, TaKXe ABNA-
eTCA KpanHe HeOAHOPOAHbIN 3epHOBOW COCTaB NPOAYKTa MOMoNa,
KOTOpPbIN COAEPXUT U Nepen3meNibyeHHble YacTULbl, 1, HaNPOTUB,
CNULIKOM KpYrHble 3epHa. [o3ToMy B TPaAULIMOHHBIX TEXHONOIU-
yeckmx cxemax npomnssoactsa BYT B ocHOBHOM ncnonb3yeTca 3a-
MKHYTbIN LMK MOMONA, Koraa nonyyeHHas CycneH3mna nogsepraeTca
cenaprpoBaHuio C MOCeAYOLWMM AOMOJSIOM BblAeNEHHbIX KPYMHbIX
3epeH. Bce 3T0 B COBOKYNHOCTY € HEOBXOAUMOCTbIO o6aBKM nnac-
TGUKATOPOB YCNIOKHAET TEXHONOMMUYECKMI NPOLecc U yBeimunsaeTt
cebecTonmocTb BYT.

Mpeanaraemble peweHnaA

000 «Amanbrea-CepBrUC» COBMECTHO C MALLIMHOCTPOUTENTbHBIM
npegnpuatnem «TEXMPUBOP» pa3paboTaHa opurrHanbHas TeXHO-
Norna NPUroToBNeHUA BOAOYrONIbHOrO TOMJIMBA Ha OCHOBE MMApPO-
yAapHOW yCTaHOBKM MoKporo nomona (FYYMN) (puc. 1).

MomonbHbIM arperatom ['YYMI1 aBnAaeTca gesmHTerpatop MOKporo
nomona (M) «cTOPU3OHT MK-BA» °. KoHcTpykuma AMIM «TOPU30OHT
MK-BA» °3anaTteHToBaHa ([MaTeHT Ha nonesHyto mogenb N2 72155).
[nanpurotosnenna BYT 8 IMIN npon3seaeHa mogepH13auus ysna
NponopLMOHanbHOM MNOoAaYM Yrna 1 Bofibl B MOMOJIbHYIO Kamepy
arperata. [IMI1 ocHalleH go3aTopamu yrisa 1 BOAbl HEMPePbIBHOMO
[eNCTBMA, PaCTBOPOHACOCOM Bblauu MPoAyKTa noMona 1 yCTpowic-
TBOM BEHTUIIALMM NPrYEeMHOro GyHKepa.
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Puc. 1. CmpykmypHas cxema u 8HewHuUli 8ud 2udpoyodpHoU ycmaHosku Mokpoz2o nomona (MYYMI1)

MpuHuymn pencreua NYYMN

M3BecTHO, UTO paspylueHne TBephoro Tena NPONCXOANT B TOM
cny4ae, ecnm KONM4ecTso NOABEAEHHON SHePrmm JOCTaTOuHO AnA
NPeoAoNeHNa CUN BHYTPEHHEro CUenfieHna B M3MeNlbyaeMoM Ma-
Teprane. Ho NTOMUMO KOAMYeCTBa SHEPIUN HE MeHbLLEe 3Ha4YeHne
nmeeT 1 cnocob ee NPUNOXeHNA K 06BEKTY paspyLUeHus.

Mpn mexaHnyeckom gmMcneprmpoBaHUn TBEpAble Tena MoryT
nofsepraTbcA JeCTBUIO CKMMAIOLWMX CUI KaK C ABYX CTOPOH (CTa-
TUYeCKoe pasfaBfivBaHNe — UCTUpPaHKE), Tak U C OJHOW CTOPOHbI
(cBob60AHBIN yaap). OCHOBHble BUAbI MUHEPANbHOFO CbIpbA, B TOM
yncne 1 yronb, ABAATCA XPYNKMMU MaTepranamu, NX NPOYHOCTb Ha
CKaTume 06bluHO B 6-12 pa3 NpPeBOCXOAUT MPOYHOCTb Ha pacTsKeHme
1 n3rmb. NMo3ToMy C TOUKM 3peHUs pPaLoHaNbHOro NCMONb30Ba-
HWA NoABEefAEeHHOW dHeprumn, ANA paspylleHna Taknx Matepranos
LenecoobpasHel MCnosb3oBaTh HbICTPLIN yAap, a He MeaneHHoe
coxkaTtume [10,11]. B TO e Bpems BpaLlaloLwmecs WwapoBsble, BUbpauu-
OHHbIe MeNIbHULIbI, KaBUTATOPbI C X 3bPeKTOM BHYTPeHHel cenapa-
Lnn peannsyioT UMeHHO NOMON NCTUPaHUEM, COMPOBOXAAIOLLMIACA
60NbLWMM PacXofoM SHEPruu, HarpeBoM, BbICOKMM abpas3vBHbIM
M3Hocom mentowmx ten [12,12].

[na usamenbyeHMA MUHEPaNbHOrO CbipbA B Ae3MHTerpatope
MOKPOFo NomMorsia Ucnonb3yetca cBoboaHbIN yaap. Yactuubl yrns,
CTaNKMBAACh C yAapHbIMY 351eMeHTaM1 KOP3UH-POTOPOB NosyyaloT
MOLLHble pa3HOHanpaB/ieHHble yAapbl, MIHTEHCVBHOCTb KOTOPbIX yBe-
NIMYMBAETCA MO Mepe NPOABUKEHMA MaTepmana K BbIXOAy Kamepbl
nomona. Boga B peanunsyemom cnocobe namenbyeHus ABAAETCA He
TONbKO NPOBOAHNKOM KMHETUYECKOW SHeprnm ygapa, AOCTaBnAsA ero
B Me/byalLumne TPeLMHKM YacTunL, YA, HO TakxKe B MOSIHOM COOTBETC-
TBUM C 3bdekToM M. A. PebrHaepa CHMXKaeT NPOYHOCTb TBEPAOrO
Terna, obreryas ero paspyLueHue.

bonbwas pasmonbHaa mowHocTb Ml ygauHo gononHAeTcA n
BbICOKOW M36MpaTenbHOCTbIO N3MenbyeHus. MoCKoNbKy sHeprua

yAapa nponopuuoHanbHa Macce YacTulbl YA U KBagpaTty ee
ckopocTy (E=mv2/2), o AOCTUXKEHMIO YacTULLaMK ONnpedeneHHbIX
pa3smepoB ux fanbHelwee n3menbyeHne npekpalyaetca. Takum
o6pasom, 'YYMI no3sonseT nonyyaTb BOAOYrONbHYIO CYCreH3no
Tpebyemoro rpaHyIoMeTPNYECKOro COCTaBa C MUHVIManbHbIM CO-
AeprkaHneMm nepensmenbyeHHbIX YacTuL, U MOSTHbIM OTCYTCTBUEM
KPYMHbIX 3ePEH B OTKPLITOM LiUKJie nomona 6e3 ncnonb3oBaHuaA
cenapaTopoB.

OcHoBHble NapameTpbl paboTbl 'YYMIT, Takue, Kak rpaHyniomMeTpu-
YeCKMI COCTaB, BNaXKHOCTb BYT, nerko perynupyotca HacTporKon Ao-
3aTOPOB KOMMOHEHTOB 11 060POTaM KOP3VH-POTOPOB AE3MHTErPaTo-
pa. [inA n3meHeHVA COAepKaHA B CYCMeH3nM YacTUL, onpeaeneHHoro
Krnacca KpynHOCTW AOCTaTOYHO CHU3WUTb, WKW, HaNPOTUB, YBENNUUTb
CKOPOCTb BpaLleHVA KOP3MH-POTOPOB Ae3MHTerpaTopa.

TexHnueckue xapakrepuctnkmn N'YYMn

Taknm 06pa3zom, sHeprosaTpaTbl Ha NpuroToBneHne BYT coctaBu-
nn 9,8kBT-4 Ha 1 T M3 NpeaBapuUTenbHO ApobneHoro yrnsa (pasmep
3epeH 12 Mmm), uto Honee Uem B NATb Pa3 HYXKe, YeM NPU UCMOSb30-
BaHUU BubpomenbHuubl BM-400. MNpu 3TomM rpaHcocTaB nonyyvae-
MOrO BOJOYrONIbHOMO TOMJIMBa MOXET OMepPaTUBHO N3MEHATLCA B
3aBUCMMOCTU OT TPeBOBaHUI K CKMFaHMIO, XPaHEHMIO 1 TPaHCNop-
TpoBke BYT.

[lnA sKcnepuMeHTOB MCNonb30oBasca 6ypblit yrons Mapku b2 KaHc-
Ko-AumHcKoro 6acceiiHa (MectopoxaeHne HazapoBckoe, 3011bHOCTb
Ad=89%). MonyyeHHas cycneH3uns coxpaHana CTabnnbHOCTb Ha NPo-
TAXKEHUN 5 cyT. 6e3 npumeHeHWsA ONONHNUTENbHbIX 406aBOK-CTabu-
NN3aTOPOB, NEepeMELLNBAHUA N KOPPEKLMM FPaHCOCTaBa (puc. 2).

OueBKAHO, YTO TONIbKO KOPPEeKLMA rpaHcoCTaBa No3BOJINT NOBbI-
CUTb CTabUNbHOCTb He MeHee Yem Ao 30 cyT. 6e3 npuMeHeHus cTa-
6unusatopos [1], a npu perynapHoi peunpkynauum BYT B emkocTu
(pa3 B Hepento) — He MeHee HeCKONbKUX MecALieB.

Ucnbitanua F'YYMI noaTBepannu ero cnepyowne XxapakrepncTmku:

Mpown3BoauTenbHOCTD, Ky6. M/Y
[paHcocTaB BYT (90 % yactuu), MKm
BnaxHocTtb BYT, %

MoTpebnseman MOLWHOCTb, KBT
MpurotosneHne BYT, KBT-u

[lo3aTopbl yrns, KOHBenep 3arpy3Kku, KBt
[lo3aTop BoAbl 1 Hacoc Bbigaum BYT, KBT
Pasmepbl (6e3 nuTaTens), Mm

Bpems Bbixoaa Ha pa60qvu71 pPeXnm (oueHuBaemoe no BbIXoA4y CyCcneH3uun
3afaHHbIMA napameTpaMM), C

10 4,6 (paclmpsemo o 8,0), T.e. oK. 5,5 T/u
or 25
ot 30
48,5
38 (20+18)
4
54
22804190041750
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Puc. 2. [paHcocmas 6ypoeo yena b2 nocne usmenvyeHus 8 'YYMI1. XapakmepeH y3kuli 3epHo8oU

cocmas npodykma nomosia ¢ npeobsiadaHuem Yyacmuy pasmepamu 28 MKM

Mpenmyuwecresa rYYMI

TnapoynapHana yctaHoBKa Mokporo nomona (MYYMI) umeeT pag
npenmyLLecTs:

— I'YYMIT aBnAeTcA KOMNaKTHbIM YCTPONCTBOM PaMHOW KOHC-
TPYKUMK, He TpebyeT Hannuma dyHAAMeHTa, UTO CHUXKAeT 3aTpaThl
Ha CTPOUTENbHO-MOHTaXHble paboTbl U NO3BONAET peann3oBaTtb
NMHWIO NpuroToBaeHua BYT B MogynbHOM NCMONHEHNN;

— 3Hepro3aTpaTbl Ha npuroToBneHve BYT 6onee uem B 5 pas Huxke
TPaAMLMOHHBIX CMOCO60B NPUroTOBNIEHMA B BUOpOMENbHMLAX;

— OTCYTCTBYeT HeOOXOAUMOCTb NMPUMEHeHUsA cenapaTopoB U
3aMKHYTbIX CXeM nomona. /13 TexHONOormMyeckom cxembl UCKIIOUEHDI
NpOMeXXyTOUHble eMKOCTU, Cly»Kallue ana cbopa peumpkynaTa BYT,
6onblune 06bemMbl KOTOPOTO TaK XapaKTepHbI ANA KaBUTaLMOHHOW
TexHonorum [12];

— OTKPbITbIV LMK MOMOSIA, @ 3HAYMT OTCYTCTBME PELVPKYNALMK,
OOMONHUTENIbHO CHWMKAEeT 3aTpaTbl Ha nepekauky BYT, ynpouwaet
obcnyxmBaHve NMHWUM NPUFrOTOBAEHWSA, NO3BONAET CHU3UTDL LUTAT
obcnyxuBatoLLero nepcoHana;

— BbIXOA NPOAYKTa NOMOa HaunHaeTcA NpumepHo Yyepes 40-45
¢ nocne BknoyeHna NYYMIN B pabory;

— ['YYMI1 aBnAaeTca ycTponcTBOM npurotoBneHna BYT npuHum-
nMasbHO HOBOTO TMNA, SINLWEHHbIM HEOCTaTKOB NPeALLeCcTBYOLWMX
TEXHOJIOTMI: BbICOKMX SHEPro3aTparT, C/IOXKHOCTM TEXHONOMNYeCKon
CXeMbl, He0BXOAUMOCTV NPUMEHEHWA peareHToB.

O6nacTy NnpuMeHeHnA

MocnepHne paspaboTkn Amanbrea, onbIT NprMeHeHus BYT B
Amepuke, AnoHun 1, ocobeHHo, B Kntae, No3BonseT yTBepKaaTh,
4TO B GONBLUMHCTBE C/lyyaeB LenecoobpasHee co3faBaTb 3anachl
yrnA cCTaHAAPTHBIM cnocobom, a npurotosneHune BYT ocylectBnaTb
6n>Ke K MOMEHTY ero npegrosiaraemMoro cxuranma. NogobHasa cxema
no3BosiAeT 136exaTb 3aTpaT Ha CreLyanbHble Mepbl MO NMOBbILIEHUIO
ctabunbHocTh BYT.

Ecnu e 3anac BYT Heobxoamm, TO, Kak NMOoKa3biBaeT onbIT AMasb-
Tea, ero XxpaHeHne MoXeT YCneLHO OCYLIeCTBAATbCA He MeHee Ye-
TbIpeX MecALEeB B CTaHAAPTHbIX eMKOCTAX 6e3 npumeHeHuA nnac-
Tndukatopos. MopaepxaHue ctabunbHocTn BYT ocylectenaertca
nepuiognyecknm (pas B Hegento) nepemeluriBaHemM BY T 06bluHbIMYA
Hacocamu. DHepro3aTtpaTbl Ha NoaAepKaHve B CTabunbHOM COCTo-
AHUM BYT 13 KameHHOro yrna Ha NpoTAXeHWW Tpex MecALeB Co-
CTaBnAaT He 6onee 12 KBT-u/T, UTO CyLECTBEHHO MEHbLUE 3aTpaT Ha
nob6asky nnactudmkatopos. MofobHas cxema moxeT 3¢ PeKTUBHO
MCnonb3oBaTbcA Ha 06bekTax KKX. A yunTbiBas HU3KYIO 30IbHOCTb
yrnen KaHcko-AumHCKOro 6acceiiHa, nx BbICOKYIO TEMIOTBOPHYHO
CNOCOGHOCTb U HU3KYIO TEeMMepaTypy BOCMNIaMEHEHNA, CKUraHue
BYT Ha napoBbIx 1 BOAOTPeNHbIX KOT/ax, MOXKHO pacCMaTpMBaTh Kak
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npeanpuATve, cneynanusnpyiolleeca Ha
BbINyCcKe 060pyaoBaHMA, NpefHa3HayeH-
HOro AnA NoMosia MMHepPasnbHOro Cbipbs,
obnagaet Bcemu npaBaMm Ha faHHoe 060-
pygosaHue. [pynna KomnaHum «<AManbTea» 3aHMaeTCA BHeAPEHNEM
BYT Ha 06beKTax SHepPreTUKK, 061agaeT cepmrei NaTeHTOB Ha TEXHO-
NOTN NPUrOTOBNEHNA N CKUraHUA BYT, ABNAeTcA aBTOPOM MHXKN-
HUPWHIOBbIX peLlleHnin no npumeHeHuio BYT. Cunamn «Amanbtea»
6b1710 NOCTPOEHO NepBoe B Poccui camocTonTeNIbHOe NPON3BOACTBO
BYT B MypmaHcKoi 06nactui, MOAEpHN3MpPOBaHa MyHMULMNaNbHasA
KoTenbHas.

«Amanbtea» n «TEXINIPUBOP» coBmecTHO npepgnaratot FYYMI ana
notpe6utenein, npu stom «TEXMPUBOP» anaeTcsa nponssoantenem
OCHOBHO1 YacTn obopynoBaHus, «<AmanbTea» onpeaensaet Heobxo-
AVMYI0 KOHOUrypaLuio, FOTOBUT MHXMHUPUHIOBOE peLleHune no
npurotosneHnto BYT, a Take ocyLlecTBnAeT NocTaBky AOMOMHU-
TenbHOro o6opyaoBaHUA.
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