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Possibilities of raise efficiency by SPP of tankers at burning WFE at usage of the
petroresiduals and decrease of corrosion activity of gases are considered.

1. AHayu3 cocTOsTHUSA MPO0GJIeMbl

CXXUTaHHE TSDKEIBIX OCTATOYHBIX  TOIUIMB
MPUBOIUT K HHTCHCU(UKAIIUH MTPOIIECCOB KOPPO3UH
W 3arps3HEHUS B KOTJAX, K CHIDKCHUIO TEXHHUKO-
9KOHOMHUECKUX Mokazatenel COY, K yBeIUYEHUIO
SMHUCCHHU BPEIHBIX BEIIECTB B OKPYKAIOIIYIO CPEemdy.
I[TosTomy Oonpmoe 3HaueHHE MPHOOPETAIOT
MEpONPUSATHS, HalpaBJCHHbIE OJHOBPEMEHHO Ha
CHIDKCHHE OMHCCHU BPEOHBIX BEIISCTB W Ha
MOBBIMICHIE 3KOHOMUYHOCTH C)KHUTAHHUS TOIUIMB B
COVY 3a cyer ymydllleHHS IPOLECCOB TOPEHUS,
KOTOpBIE TIPUBOJAT K CHIDKEHHIO TOKCHYHOCTH
OBIMOBBIX Ta30B JO YPOBHS COBPEMEHHBIX
TpeOOBaHUiT OXpaHbI OKpYKaromieH cpest [1, 2].

[Ipn cenmapaumu TomMB M Macen oOpasyercs
3HAYUTEIbHOE KOJNWYECTBO OTXOIOB: M3 TOIUIMBA
BMECTE C BOAOM M MEXaHHMYECKUMH IPUMECIMH
ynansiercst 10 3 % roproueil BBICOKOMOJIEKYISPHOU
YacTH TOIUIMBA, YTO CHIDKACT HKOHOMHYHOCTD
sHepreTndeckord ycraHoBku [3, 4]. OcobeHHO
0oJIbIIIOEe KOJINYECTBO HE(TEOCTATKOB 00pa3yercs B
pe3yiIbTaTe SKCIUTyaTallill TAaHKEPOB B CBS3H C
NEPUOAMYECKOM MOMKOM TIpy30BBIX TaHKOB. B
Cpe/IHEM JI0JIS1 OTMBITBIX HE(PTEOCTaTKOB COCTABIISIET
mo 0,5 % xomudecTBa TMEpPEeBE3CHHBIX HEQTEpo-
IykToB. Ce0eCTOMMOCTh TOIUIMBA, MTOJTyYaeMOTO W3
TaKOTrO ChIPbS, 3HAYMTEILHO BBIIE, YeM IIPH €ro
VTWIN3allMd HEMOCPEICTBEHHO HAa CaMOM CyJHE
[4, 5]. C oTux mMO3UIMHA HSKOHOMHYECKH IIeJIe-
coo0pa3HO HCHOJb30BaHWE He(PTEOCTaTKOB B

Ka4yeCTBE BTOPHUYHBIX TOIUIMBHO-3HEPIeTHYECKUX
pecypcos (BTOP).

O0paboTka OOBOIHEHHBIX HE(TEOCTATKOB C
UCIIOJIB30BAHUEM  CIIELMAIBHBIX TEXHHUYECKHUX
CPEACTB TIO3BOJSIET IOJIy4aTh  BOJOTOIUIMBHBIE
smynbenu (BTD), cxxuranme KOTOPHIX BO3MOXKHO B
moOOM KoTie ¢ coaepkanneM Boabl a0 30...67 %
[3, 6, 7, 8, 9]. dnsa cxuranus HE)TCOCTATKOB U
Mycopa MOXET OBITh HCIIONBb30BaHA  TOIKA
BCIIOMOTATEJIBHOTO  KOTJa, KakK IPUHATO B
KOHCTpyKuuu Kkorna Tuma AQ-10 (Isemms) [4].
Kunkue HedreocTaTKMm Tepex  mojavyeld  Ha
pPOTaLMOHHYIO (POPCYHKY TOMOTEHHM3HPYETCS B
LUUPKYJSIIMOHHOM KOHType. ONBIT 3KCIUTyaTaluu
korioB Ttuma AQ-10 (mo pmaHHBEIM  upMBI)
CBHUJICTENBCTBYET O TOM, 4TO Oyiarojaps yTHian3alun
TEIUIOTHl TIPH CXKUTAaHHHM OTXOJOB SKOHOMHUTCS 1O
30 % KOTEenpbHOrO TOIUIMBA, a 3aTPAThl HA YCTAHOBKY
KOTJIa ¥ CHCTEMBI ITOJTOTOBKH OTXOAOB OKYIIAIOTCS
3a 3 roxa [6]. [Ipu 3TOM HEOOXOAMMO OTMETUThH, YTO
KITI xotrna wHaxoautrcs Ha YypoBHe 84 %.
JlonmycTumMoe copepkaHue BOABI B He(TeocTaTKax
50 %.

[To nmanneiM [5] B HoBopoccuiickom Mopckom
MIApOXO/CTBE pa3padOTaHa CIeNUabHAS TEXHOJO-
TMYeCKas CHCTeMa YTWIM3alUM He(TeOoCTaTKOB,
KOTOpasl MpeJycMaTpUBaeT NPUMEHEHUE THIPOIUHA-
MHYECKOM H XHMHUYecKoil o0paboTkm HedTe-
OCTaTKOB C MOMOIIBIO CYAOBOTO TOMOTEHH3AaTOpa

(puc. 1).
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Puc. 1. CxeMa cHCTEMBI (l)OpMHpOBaHHﬂ 3anmacoB TOIJIMBA NJIst BK NP NPUMEHCHUU CHCTEMBbI
00padoTKu He(pTEOCTATKOB

Pe3ynpTaThl NPOBENECHHBIX  WCHBITAHUA 10
CXKWTAaHUIO TOMOTCHHM3MPOBAaHHBIX TOIUIMBHBIX
cmeceir B Buime BTO B kxommax tuma KBI-34K
(rankepsl THHa “Codus”) MOKa3bIBAIOT, YTO HX
TOpPEHHE TPOUCXOAWT TaK XK€, KaKk M TOpPEHHE
KOTEJNBHBIX TOIUIMB, Harapbl CTaHOBATCS Oouee
PHIXJIBIMH M MeHee aOpa3suUBHBIMH, Ca’KUCTBIC
OCTaTKW HE CIHNAIOTCS, HHU3KOTEMIIEpaTypHas
CEepHHCTasT KOppO3Ws He HalOiomaeTcs, Omaromapst
BBE/ICHHUIO CIICIMANBHBIX IPUCATO0K, CHHXEHHIO
COJIECOJICP’KaHMSI BOJBI, HENPEPHIBHOMY KOHTPOJIIO
TEMIIEPaTyphl BCIBIIIKA. JKOHOMUYECKHE IPEUMY-
IIECTBA TAKOT'O CIIOCO0a OYEBUIHBI: B KXKIBIA pelic,
MOCJIE  KOTOPOTO IPOBOAWTCA MOMKa TI'PY30BBIX
TaHKOB, TaHKep npuHuUMaeT Ha 100...150 T MeHbIIe
ToIUIMBa (C Y4YETOM MOCIEAYIOUIeH YTHIM3ALUH
OTMBITBIX HE(TEOCTaTKOB) W 3a CYET JTOrO
npuaumaer Ha 100...150 T Gompire rpy3a. AHamm3
koHCcTpyKiuii BK TankepoB [9] mokasbiBaer, uTo B
OCHOBHOM IIPUMEHSIOTCS KOTJIBI C E€CTECTBEHHOM
nupkysauued, KIIJ KoTopbsIx HaXOQUTCSI HA YPOBHE
80...85 %, Tak Kak OHU HMEIOT TOJBKO
napoo6paszyromyto nosepxHocts (I[10) u naxe mnpu
YCTAaHOBKE HEOOJNBIIMX TA30BBIX BO3IyXOMOIO-
rpesareneit (I'BII) wu3-3a HM3KOTemmepaTypHOH
xopposun (HTK) KIIJ ynaercst moBbicuts 10 88 %
(mammpumep, xorten Ttunma KB-2). TexHnueckne
XapaKTepUCTUKN IOTpebuTeNell mapa cyaHa
OIPEAEISIOT TapaMeTpbl BBIPa0AaTHIBAEMOTO KOT-
JaMu Tapa, 3HA4YCHUS KOTOPBIX 3aBHCAT (KaK M
MapONPOU3BOAUTENBHOCTD D) OT HA3HAYCHUS Cy[HA.
Bce oTM  daxkToppl M TpUBENM K MOSBICHHIO
Oompmoro pasHooOpasus koHCTpykunuii BK  (mo
naHHbeM [9] 6ostee 50 mapok). HecMoTpst Ha HU3KHE
nokazarenu Oe3omacHocTH, B KadectBe BK
NPUMEHSIOT TaKke OTrHEeTpyOHbBIe, OTHETpyOHO-
BonoTpyOHBIe KOTIEL, KII/[ KOTOpRIX HaxogwTcs Ha
ypoBHe 80...84 %. KoOHCTpyKIMSI 3THX KOTJIOB

OTHOCHTEJIFHO JIETKO MOXXET OBITh IpUCIOcoOiIeHa
U1t 00e3BpeKuBaHusA HepTeoTXomoB M Mycopa. Ha
TaHKepax maponpousBoautensHocte BK  moxer
Jocturath Oonpimux —3HadeHuit (mo 50 T1/4). Ilo
IaHHBIM [9] nmampHeiimree paszButHe MOIHBIX BK
tuna KB wuaer no mnNpHHIMONAIBHO HOBOMY
HaMpaBJIECHUIO B KOMIIOHOBKE IOBEPXHOCTU Harpena
C TOPHU3OHTAIBHBIM JABIDKCHHEM Ta30B  I0J
MapOBOASHBIM KOJUIEKTOpoM (KOTiIbl THma KB-5),
YTO MO3BOJIHUT YBEIMYMTH HX CKOPOCTb M CHHU3UTh
yIeNbHBIE MAacCOBbIE M TabapHUTHBIC ITOKa3aTeln
KOTJIOB.

B coBpemennsix CDY ¢ 1Ou3elbHBIMHU
YCTaHOBKaMH{ MPUMEHSIOT [IBE CHCTEMBI yTHIIN3aLuN
TETUIOTHI BBIXJIONHBIX Ta30B. B cuctemax ¢ 0ObI9HOM
yTHIM3alMed TEeIUIOThl 9acTo  IPUMEHSITCA
yrunuzanuonnsle KoTisl (YK), mmeromme TONbKO
mapoo6Opa3zyromyo noBepxHocts (I10), B xotopoii
reHepupyercs o0OblyHO map JaeiueHuem  0,4...
0,7 MIla. B atoMm cnyuae Temmneparypa rasos 3a YK
Beicokass (Ha ypoHe 190 °C). Temmoyruiu-
3anuonHble KOHTYpH! (TYK) rmy0Ooxoit yrunuzaium,
paboraronie Ha XOJOBOM pEXHME, 00eCHeUHBAIOT
sKoHOMHUIO 4...6 % pacxona TommBa. B ycraHOBKax
¢ YTI' ob6biyno npumensiercss YK npsiMoyrosbHoit
(opMBI, UMEIOLIMI Haponeperpesarens, napooodpa-
3YIONIYI0 TIOBEPXHOCTh W O3KOHOMai3ep, BKIIIO-
YEHHBIH B KOHTYp LMPKYISIUIMM. BkitoueHue
JKOHOMal3epa B KOHTYp LHPKYISALUU  JaeT
BO3MOXKHOCTh OOECIICUUTh TEMIEpaTypy BOABI Ha
Bxoge B Hero Ha ypoBHe 120...140 °C mnsa
npenotepamienus HTK, uyro ompenenser Ttemme-
paTypy BBEIXJIONMHBIX Ta30B 3a YK Ha yposHe 160 °C
U OTpaHWYMBaeT TMyOMHY yrwim3amuu. Bcee Gonee
IIMPOKOE BHEAPEHHE B CYNOBYIO JHEPTeTHKY
BBICOKOOKOHOMUYHBIX JIBC npuUBOIUT K CHUXKEHHIO
TEMIIEpaTyphl BBIXJIONMHBIX ra3oB. IloBbleHHE TEM-
nepaTypsl MUTaTeIbHOM BobI epea YK npuBoIuT K
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pocty D [0 ONpemeleHHOTO YpOBHS, HO
YMEHBIIAIOTCA pa3Mepsl 3KOHOMaif3epa, 4YTO NpH
(UKCUPOBAHHOW TeMIIepaType BOJbI Ha BBIXOJC U3
HETO W POCTE TEMIIepaTypbl BOABI Ha BXOJAC B
SKOHOMaW3ep CHIKAeT TIyOMHY YTHIN3AIHH
BBIXJIONIHBIX Ta30B. B 3ToM ciydae skxoHOMaiizep
MPaKTHICCKH wucYe3aeT. YTOOBl MOBBICHTH MApo-
mpou3BoauTeNbHOCT YK 1enmecooOpas3Ho ycraHo-
BUTh BMecTO »JKoHOMai3zepa IIO ¢ HU3KUMHU
mapaMeTpaMy, HUXHUA YpPOBEHb KOTOPEIX,
OTpeNeISIIOIUN  TIyOMHY  YTWIH3alM{, TaKkKe
OTpaHHYCHBl HEOOXOJUMOCTBIO MPEAOTBPALICHUS
HTK.

st moBeIIeHUsT naponpou3BoauTeabHOoCcTH YK
HEKOTOpbIe (DUPMBI  TPESAJIOKHIN  yMCHBIIICHHE
MUHUMAJIBHON Pa3HOCTH TEMIEpaTyp MEKAY ra3amu
u pabounm Ttenmom ¢ 30 °C mo 12...20 °C, a B
otmenbHBIX cinydasx u g0 5 °C [10]. Bosnumkia
notpeOHOCTh B YK, MPHUTOHBIX TS UCIIONB30BAHUS
ra3oB TOHIDKCHHOW TemmepaTypbl. I[IpeniokeHsl
KOMIUIEKCHBIE CHCTEMBl YTHJIM3aIH{ TEIUIOTH C
npumeHenneM YK ¢ JaBymMs u  gaxke Tpems
CTYNeHsMH JaBlicHWA. B Hacrosiee Bpems II0
maaaeiM - 3A0  “IHHUMM®” [10] Ha cymax
ycraHaBnuBaioTcst YK, BelpaOGaTbIBaromue map st
TEIUIO(UKAIIMOHHBIX TieNied  (IOJOrpeB  TOILTUBA,
OTOIUICHHWE, TOAOTpeB BOABl M T.I.). Ilapompoms-
BOJWTENHHOCTh 3aBUCHT TakXKe OT BEITUYHUHBI
kpaTHOCTH IWpKyIsimuu K, (¢ ymenbireHumem K
MaponpoOU3BOAUTENBHOCTE  pacTeT). IlosTomy
MPEJCTaBIsIET HHTEPEC MNpPEeIOKEHHE O CO3JIaHHU
npsimotouHoro YK B cocraBe ra3onapoTypOMHHOM
ycranoBku (ITITY) [11]. Bompmme wmacca u
rabaputsl 3HeproodopymoBanus ee TYK obOycmos-
JICHBl HAIWYHEM KOTJIA, cemapaTopa H IUPKYIs-
OUOHHOTO Hacoca. [Ipy JKeCTKUX OTpaHHYCHHSAX IO
Maccora0apuTHBIM ~ XapaKTePUCTHKaM  KOTEIbHOU
YCTAaHOBKM MOJXET OKa3aThCs —IEIeCO00pa3HBIM
mepexol OT MHOTOKPaTHOW TNPUHYIUTEIHHOU
mupkymanun - (MIIL) x  9#@cTO TPAMOTOYHOMY
NPUHIUIY LHUpKyaauuu: u3 coctaa TYK
HCKITFOYAIOTCS MUPKYJSIMOHHBIN Hacoc, cemapaTop
1 COOTBETCTBYIOLIME MarucTpaiu ¢ apmaTypoi. s
MPSIMOTOYHOTO KOTJIa TaKKe HEOOXOIUMBI CIie-
LUaJbHbIE MEPOINPUATHS IO 3alllUTe €ro BOJSHOTO
skoHoMaifzepa ot HTK, ckopocTs KOTOpoH MoOKeT
coctapnate 0,25 r/(M*xu) u Gonee [12]. TToaromy
HEOOXOJMM TIOBEPXHOCTHBIA  MOJOTpPEBATEIb,
BKIIFOYCHHBIA 110 BOJE€ B HAINOPHYI) MAarucTpalb
MUTAaTeNbHOrO Hacoca. Temmeparypa BOABI 3a
HoJIorpeBaTesieM MOXKeT paBHATbCs 355...360 K, uto
Mo MHEHHIO [12] ¢ y4eToM OTHOCHTEIIEHO BBICOKOTO
KadyecTBa TOIUIMBAa, wucnoybdyemoro B [TITY
(comepxanme ceper < 0,15...0,20 %), mocratouHO
JUISL HaJIeXKHOM 3a1uThl sKoHoMam3epa ot HTK.

Hcnonp30BaHWE  BOJOTOIUIMBHBIX  OMYIbCHH
(BTD) mpuBiekaeTr BHUMaHUE HCCieIOBaTeNled H
9KCIUTyaTallMOHHUKOB MPOCTOTONH KOHCTPYKTHUBHOTO
opopMIICHHSA, a TakXe BO3MOXHOCTBHIO OJHOBpE-
MEHHOTO pEUIeHHs psiAa 3aJad — HKOHOMHYHOCTH
JIBC, ymeHbIeHHs1 HarapooOpa3oBaHUs, JBIMHOCTH

U TOKCHYHOCTH OTpabOTaBIIMX Ta30B, CHIDKCHUS
ypoBHs myma [3, 5, 6, 7, 8]. B xome skcmepu-
MEHTAJIBHBIX HCCIeNOBaHUN [6] yCTaHOBIIEHO, UTO
nob6asnenne kK TommuBy 5...10 % Bompl yckopsieT
mporecc cropanus B 5...6 pa3. Bo Bpewms
MIPOBEJICHUS UCTIBITAHUN TTIABHBIX CYJOBBIX JTU3EJeH
6JIKPH 74/160-3 ontumanbHOE BOAOCOAEPIKAHHUE
BTD, mpuroraBnmuBaemoii Ha 0a3ze 3apyOeKHBIX
mazytoB [FO-40, IFO-180, mnoammepxuBajioch B
npegenax 17...25 %, pacxon TomnauBa IpU 3TOM
camkaics Ha 12...15 %. Ilpm mnposeneHun
UCTIBITAHUE pa0doThI Au3enb-reHeparopa 6UH 25/34
Ha CTeHJE [U3EJEeCTPOUTEIBbHOIO0 3aBoja B
ITepBomaiicke Bomoconep:xanne BTD mocturamo
50 % [6]. AHanu3 uCHIBITAaHUN, TIPOBEJCHHBIX HA 25
JIBUTATEIAX PA3IMYHON KOHCTPYKIMH C HCIIOJb-
30BaHMEM KaK JM3EIBHOTO, TaK M TSDKENBIX COPTOB
TOIUINB, TMOKa3al [5], 9To B OONBUIMHCTBE CIydaeB
MaKCUMallbHasi 3KOHOMUS TOILIHBA JOCTUTACTCS TPU
KoHIeHTparuu Bogsl B BTD, cocraBmsromeir 10...
20 %. MakcumanbHas BETUYMHA S KOHOMUH TOTIIIMBA
4,2 % HmOCTUTHYTa MpPH KOHIIEHTpAIlMK BOJBI B
torumee 18 %. CHmkenue Harapo Ha getansax LTI
M Ta30BBIXJIOMHOM Tpakre coctaBmwio 43  %.
Harapootnoxenuss cranmu 0oyiee  pPBIXIIBIMH,
MOPUCTBIMUA U Jierde yhaiasieMbiMu. CylecTBEHHO
CHM3WJIACh JBIMHOCTH BBIXJIONA. OTO MO3BOJHIIO
YBEIUYUTh Iepuo Mexay Motourctkamu ¢ 4000 o
7000 4. Temmneparypa oTpabOTaBIIMX Ta30B
CHHU3WJIACh TPOMOPIIMOHATBHO YBEIHYCHUIO KOH-
neHTpauuu Boasl B BTD 3a cuer pacxona TemiaoThl
Ha UCMapeHUe BOJIBL.

[poBenennsie wuccnenoBanus [13, 14] moka-
3BIBAIOT, 4YTO Ckuraame BTD ¢ W' o 30 %
o0ecrieunBaeT BO3MOXKHOCTh OJHOBPEMEHHO PEIIaTh
3a/1a4d 3aIUTHl OKpYXKaromel cpeasl (yMEHbIIaeTCs
TOKCHYHOCTH  JBIMOBBIX Ta30B), IIOBBIIICHUS
HAJICKHOCTH PabOTHl KOTJIOB (CHHIKAIOTCS KOPPO-
3WOHHBIC CBOWCTBA IBIMOBBIX Ta30B), 0OeCHCUCHHS
MaKCHUMAaJIbHO BO3MOKHOTO YHEProcOepekeHus Mpu
CXKUTaHUU TSDKEJIBIX OCTAaTOYHBIX TOIUIMB (IIpeJio-
CTaBisieTCsl  BO3MOXHOCTh  yBenauueHus  KIIJ]
WCTIONIb30BaHMSI SHEPTUH YXOSIIUX T'a30B).

2. [TocTaHOBKA, LIeJIM U 32/1a4H UCCIE0BAHMS

3a cuUeT WCHONBE30BaHHA HE(PTCOCTATKOB U
MPOAYKTOB Cemapamuyl W (UIBTPaldd TOIUINBA
rnaBHbIX asurateneit (I'/[), yro Hamu npennaraercs
JIOTIONTHUTEIBHO BKJIIOYUTh B cucrteMy (puc. 1),
MPEIOCTABISACTCS BO3MOXKHOCTh TIO-HOBOMY (hOPMH-
poBate BTOP, uro moBnuseT Ha BETMYMHY 3alacoB
TOIUIMBA JJI1 BCIIOMOTaTeNbHBIX KOTJIOB. C LEIbIO
OIICHKM W3MEHEHHWs 3amacoB TorwmBa it BK mpu
ucnons3oBanun BTD Heobxommmo  yuecTs
BO3MOXXHOCTh YBEJIMYEHUS SKOHOMHUHM TOIUIMBA B
camoMm BK u gyt BK ¢ yueTom yTriMzauuu TemioThl
BBIXJIOMHBIX Ta3oB /IBC Ha cygHe B XOJOBBIX
pexumax npu coxuranun BTO. [ns moctmxeHwus
MOCTAaBIICHHON TIeMM OBUT  BBIIOJHEH — aHAIN3
TEXHUKO-DKOHOMHUYECKHX  XapakTepuctuk COY
TaHKEpOB Ipy30BMecTUMOCThIO oT 30000 1o
140000 u* (TTaBHBIX JABUTaTENeH, BCIIOMOraTeIbHbIX
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KOTJIOB), BBINOJHEHBl pAacyeThl  TEIUIOYTWIN3a-
IIMOHHBIX KOHTYPOB DPa3IMYHBIX TUIOB (OXHOTO H
JIBYX JaBJICHHM) IpU TEMIIEPAaTYpHBIX Hamopax 3a
napooOpa3zyromuxcst mosepxuocreit 20 °C, a Taxxe
10 °C B COOTBETCTBUHU C IOCICAHUMH JIUTEPATyp-
HBIMU JaHHBIMH [10].

3. Pe3yabTaThl MCCiIeJ0BAHUI

PesynbraTe 00pabOTKH CTaTHCTHYECKUX TAHHBIX
MOKa3bIBAIOT, YTO HA CPEJAHETOHHAKHBIX M KPYITHBIX
TaHKepax 4YacoBble pacxoisl TommBa Ha [J] u
BcrioMoraTtenbHbiX KoTioB (BK) mo 3HadeHmsaM
6muzku. Tak kak ocHoBHas Harpy3ka Ha BK
HaOMoaeTcss Ha OTHENBHBIX pEKUMax paboTHI
TaHKepa (IIOJOTPEB TIpy3a, MOKMKAa TaHKOB), TO
pacxompl TomnmBa Ha pedic mia [JI u BK
pasnuyarotes npubnmsuTensHo Ha 50 % (puc. 2).

Ucnonr3oBarne BTD Bo BcmoMmorareibHBIX
KOTJax MpPEAOCTaBIIsIET BO3MOXKHOCTh ITOBBICHUTH
KIIO na 1...4 % upu ysenuuennu W' o 10...15 %
3a CUET YIy4IICHHs KadecTBa TOPEHUS BCIIEICTBHE
“MHKpOB3pBIBOB”  Kamenek dmynbcuu [9].  Ho
HaJIe’KHOCTh PabOTHl HU3KOTEMIIEPATYPHBIX MTOBEpPX-
Hocrel HarpeBa u3-3a HTK wmensiercs mano. Kak
MOKa3aly HaM uccienoBanus [12] Tompko mpH
YBEITMYEHUH COAEPKaHMs BOABI B aMyibcuu 10 30 %
ckopocts HTK cHmxkaercs B 00acTu “KHCIOTHOTO
nuka” mpu Temmneparypax crerku 100...115 °C mo
npuemiieMoro ypoBHs 0,2 MM/ToJ, a pOCT CKOPOCTH
KOPPO3MH BBIIIE ATOTO YPOBHS HAuMHACTCS IIPH
Temneparypax creHkd Boime 70...80 °C, dro
MO3BOJISIET CHMU3UTh TEMIIEPATypy YXOMSAIUX U3
koTna rasoB Jy 10 90...110 °C. Takoe CHIDKeHHE
Jyx TmpemocTaBiaseT BO3MOKHOCTH NOBBICHTH KIIJI
BCIIOMOTATEIbHBIX KOTJIOB, @ TaKkKe TIIyOMHY
yruiuzauud  BeixsonHeix razoB JABC u I'T.
[IpoBeneHHBIE clieNMANbHBIE pPACYETHl ITOKa3alH
(cMm. puc. 2), 9yTo TpU OOECHEUECHUU MPEeAeITbLHOM
YTWIN3AIMU TEIIOTH Ta30B (TIPH HMCHOJIB30BaHUH
INPSMOTOYHOH CXEMBl B KOHTYpPaxX BBICOKOTO H
HU3KOTO JAaBJICHUH, JKOHOMail3epa s KOHTYPOB
IIpU TeMIIEpaTypHBIX Hamopax B KOHTypax At; u At,
Ha yposHe 10 °C) mpu cHmxenun 3y, mo 90 °C
naponpousBoauTenbHocTs YK 3-x  nmaBieHuid
(xpuBasg 1) MOXeT OBITH CYIIECTBEHHO IIOBBIIICHA:
OHAa CTAaHOBHUTCS TIIOYTH B 2 pas3a BbIIE IO
CPaBHEHHMIO C KOTJIOM |-ro maBieHus (KpuBas 2) IpH
Tex ke ycnoBuax (At = 10 °C u KpaTHOCTH
mupkyisiuun Ky, = 1). B aToMm cityyae npu cxxuranuu
BTD mnpenocraBnsieTcsi BO3MOXKHOCTH B XOJOBBIX
peXMMaxX TaHKEPOB O0eCIeuuTh OoJiee CYIIECTBEH-
HYI0 3KOHOMHIO TOIUIUBHBIX pecypcoB. B cmyudae
ucnons3oBanmst BTO B tonkax BK u HedTeocTatkoB
B kauectBe BTOP, ycranoBke YK 3-x maBnenmid, ¢
Y4ETOM JONOJHHUTEIbHONH 3KOHOMHMH TOIUIMBA NP
IOBIDKCHMH cyaHa B Oammacrte, korma BK  He
paboTtaeT, wncuezacT HEOOXOIUMOCTh B 3arace
torumBa Juii BK (puc. 2, 0). Pacnpenenenue
MapoBOW HArpy3Kd M COOTBETCTBEHHO pPAacXOJOB
TOTUIMBA IO peXUMaM padboThI (M CpeHIe 3HAYCHWS )
g TaHkepoB Tumna “‘Kamemna” mpencTaBieHBl Ha
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puc. 3. [Ipu mpoBeneHUN pacueToB OBUIO TPHHSATO
yACTbHOE 3HA4YCHHE MapONpPOMU3BOTUTEIBHOCTH
tormBa uis BK 0,0792 xr TomnuBa/kr mapa (npu
h =84 % u QS mazyra M100 37,2 MJDw/kr).
[IpomomxurensHOCTh petica 720 4 (15 cyTok), w3
KOTOpBIX 621 9 XONOBBIX PEXHMMOB, IPU KOTOPBIX
oCyllecTBIIAeTCsS. 9KOHOMHS TomnuBa Juisi  BK.
Pacuetsl nmaponpousBoautenbHoct YK npoBeeHbl
Ha OBM n1npu TemmepaTypHBIX Hamopax 3a
napooOpazyromieli nmosepxHocteio 20 °C n 10 °C.
AHanu3 apoBOW Harpy3ku IO peKHUMaM
MMOKa3bIBAET, YTO C MOMOINBI0 YTUIU3AIUU YIAAeTCs
MOJTHOCTBIO TIEPEKPHIBATH MOTPEOHOCTh B IMape B
XOIOBOM pexmMme B Oamimacte gaxe IIpH
ucnionb3oBanun YK 2-x npaBnenuit u YK 1-ro
nasnennst (K, = 1) npu At = 20 °C. Ilpu sTom Her
HeoOXomuMOCTH B Wucmonb3oBaHmn YK ¢ Oomee
riry0okoi yrunmsanueii. TakuM o0pazom, B TeUEHHE
246 dacoB XoJa B 3TOM pEXKHME MOXET OBITH
cokoHoMIIeHO 65,2 T TomnmuBa s BK, koropoe
MOJKET OBITh MCIIOJIB30BAHO MPH JPYTUX XOMOBBIX H
CTOSIHOYHBIX peXHMaX. B X0I0BOM pexume B Ipy3y
HeoOxomumo 218,17 1. B atom pexume YK 1-ro
nasneHus npu At = 20 °C macT BO3MOXKHOCTH
cokoHomuth 52,9 T1; YK 1-ro naBneHus mnpu
At = 10 °C - 60,52 1; YK 1-ro nmaBnenus (mpu
Ky, = 1) — 73,3 1. IIlpu ucnonp3oBannun YK 2-x
napnenuit (mpu At = 20 °C) — 85,6 1. Ecmm
obecrieuuTh TIyOoKyI0 yTHIM3anuio razos go 100 °
C myrem ycranoBkn YK 3-x maBmeHuif, TO
BO3MOXKHO  cdkoHomMuTh AB,™ = 1272 1.
CrneoBarenbpHO, TOTIa HEOOXOIUMO UMETh B 3aIace
st BK 218,2 — 127,2 = 91 T (mpu ucnonp30BaHUN
VYK 3-x nmaBnenuit) u 218,2 — 85,6 = 132,6 T (npu
ucnons3oBanny YK 2-x naBnenuii npu At =20 °C).

B pexmme paszorpeBa rpy3a HEOOXOAWMO ISt
BcriomoratensHoro kotia 105,3 1. Ilpum ucmoss-
3oBanun YK 2-x naBnenuii skoHomurces 27,5 T, npu
ucroigp3oBann YK 3-x  maBmenmin — 40,85 T.
CnenosarensHo, mias BK HeoOXxoammo HMMETH B
3amace 105,3 27,5 = 7,8 1T (mpu YK 2-x
nmaienui); 105,3 — 40,85 = 64,45 1 (mpu YK 3-x
JIaBIICHUH ).

B pexume moitku tankoB g BK Heobxomumo
59,5 1 tommuBa. Ilpu wucnomp3oBanuun YK 2-x
naBiaeHui sxoHomutcst 17,4 1, YK 3-x nmaBnenunii —
25,85 1. CnemoBarensHo, jisa BK Heobxomumo
uMmeTh B 3amace: 59,5 — 17,4 = 42,1 1 (nmpu YK 2-x
nmaBieHui); 59,5 — 25,85 = 33,65 T (mpum YK 3-x

JIaBIICHUH).

TakuMm 00pa3oM, B XOJOBBIX PEKHUMAaX
HeoOxomuM 3amac TtorumBa gt BK:  mpm
ucnonp3oBanun YK  2-x  maBnenmi  132,6 +

77,8 + 42,1 = 252,5 1; npu ucnons3zoBanuu YK 3-x
manenni 91 + 64,45 + 33,65 = 189,1 T
CrenoBarenbHO, TpH HCMoNb30BaHuu BTD, dro
MO3BOJISIET O0ECHeuuTh OoJsiee TIIyOOKYIO YTHIIHU-
3aI[MI0 TEIUIOThI ra3oB, 3amac TomuimBa i1 BK
cHmKaercs Ha 252,5 - 189,1 = 63,4 1.
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Puc. 2. 3aBucumocthb pacxoaoB mapa B YK u TommmBa TAHKEPOB OT X I'PY30NIOABEMHOCTH
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Puc. 3. Pacnipenesienne pacxona TOILIMBA MO pesxuMaM padorel Tankepa “Kanemna” (t, = 720 1)

JIst CTOSTHOYHBIX PEXKUMOB HEOOXOIUM 3arac
TOIUTMBA: B CTOsIHKE Oe3 rpy3oBbix omeparuit (I'O)
6,0 T u B crosuke ¢ 'O 13,8 1. CinenoBarenbHO, C
Y4eTOM 5KOHOMHWH TOIUTMBA JJIs TOJTYYCHHUS TMapa B
BK HeoOxomumo: mpu wucmoip3oBannd YK 2-x
naeneHuit 252,5 + 6 + 13,8 = 2723 T1; npu
ucnonp3oBannn YK  3-x  maBnenmit  189,1 +
+6+13,8=208,9T.

DTOT 3amac TOIUITMBA MOXET OBITh KOMIICH-
CHPOBaH YaCTHYHO WM TOJHOCTHIO MPH HCIOJb-
3oBanmn BTOP, momydeHHBIMH IpH IOATOTOBKE
BMD u3 HedreocTaTKOB, 00pa3yIONIMXCS TPH MOMKE
TaHKOB, W MPOAYKTOB (UIBTpamMKd W Cemapanuu

torvimBa [JI. B Teuenwe peiica BO3MOXKHO
nonyuenue B Buae BTOP 237 1 TomnuBa. Takum
obpazoM, mnpu wucnoms3oBanuun BTD u mpum

ucnonp3oBanun YK 2-x mapnennit mpu At = 20 °C
HeoOxoauM 3amac TommmBa g BK B komuuectse
272 — 237 = 35 1. Ilpn ycranoBke YK 3-x
JABJIICHU C TIIyOOKOH YTHIIM3AIMeld BBIXIIOMHBIX
raszoB ['JI 7o 100 °C Hao60pOoT BO3MOKHA SKOHOMHUS
TOIUIMBA B KoJimdyecTBe 237 — 209 = 28 T.

Ha puc. 4 npuBeneH mpumep (HOpMHUpPOBAHUS
3aMacoB TOIUIMBA JJI BCIOMOTATENbHBIX KOTJIOB
TaHKepoB Tuna “Kamenmna”.
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Puc. 4. Bo3moxkHOCTH (hOPMUPOBAHMA 3aMACOB KOTEJAHHOI0 TOIJIMBA /151 TAaHKepoB TuNa “Kanenna”
(B T/peiic)
IIpoBeneHHble pacueThl TOKA3bIBAIOT, YTO B Boay c Temmeparypoit 70...80 °C (Gmaromaps

npejenax TOYHOCTH PacdyeToB MAPOBBIX HArpy3oK U
CTaTHCTHYECKOM 0OpabOTKM JMaHHBIX PaccMoT-
PEHHBIX TAaHKEPOB BO3MOXKHO JlaXKe OCTIDKEHHE
SKOHOMUHM TOILINBA IIPU Ucnonb3oBanuu BTO.

[pu mepexone Ha cxwranne BTD kpoMe ycTaHOBKH
crnietmanbHo npoekthpyembix BK u VK npenocrasnsercs
BO3MOXXHOCTb Ha  JEHCTBYIOUIUX  JU3EIbHBIX
YCTaHOBKaX O0ECHEYUTh OONBIIYI0 TIYyOWHY YTHIIH-
3alU IyTeM YCTAHOBKH JIONOJIHUTEIBHBIX MOBEPX-
HOCTEl HarpeBa SKOHOMaii3epa WM NOJOrpeBaTems
BOJIBI JUISI CHCTEM TOPSTIEro BOJOCHAOKEHMSI.

4. BoiBoABI
1. TloBeimenue KIIJ[ xotnoB mpu cxuranuu BTO

BO3MOJKHO U3-32 YJIYYLIEHUs Ka4yeCcTBa TOPEHUS U

CYIIECTBEHHOTO CHM)KEHHS CKOPOCTH KOPPO3UH

JO JOMyCTHMOTO YpOBHS IpH TeMIeparypax

merainia Beime 70...80 °C.

2. B cBs3M ¢ BO3MOXKHOCTBIO TIpH CkuraHuu BTD

HOJBOJIUTH K SKOHOMai3epy KOTJIa MUTATENbHYIO0

camxkennio HTK) pexomeHnmyercs HCHONb30-
BaHHEC B YTWIN3AIIOHHOM KOHTYpPE CXEM,
Mpe1yCcMaTpUBaIOIIUX MOJIBOJ BOABI U3 TEILUIOTO
SILMKa MPsIMO Ha BXOJ 3koHoMaiizepa YK. Dto
AT BO3MOXKHOCTH CHHU3UTh TEMIIEpaTypy
BBIXJIOITHBIX T'a30B Ha Beixoze u3 YK co 160 °C
g0 90...110 °C, ofecneunB yBeJIHYCHHUE
rryouHsl yrwmm3amua ¢ 35 mo 60...65 % B
3aBrCHMOCTH OT cymmapHoro a B JIBC wmu I'T/I.

3. BO3MOXHOCTL CHHKEHHS 9yx mo 90...110 °C
BCIEACTBHE CHIDKeHHS uHTeHcuBHOocTH HTK
N03BOJISIET cylecTBeHHO noBbicuTh KII/] Bcmomo-
raTtejibHbIX KOTIOB 1O 93 % 06e3 mpuMeHeHHs
CHCIHATBHBIX MEP O CHHXCHHIO HHU3KOTEMIIC-
paTypHOH KOPpO3WH, VYBEIWYHTHh TIyOMHY
yTHIM3alMK Ta30B moutd B 1,6 pasa, 4TO
00CCIICYNT JOMOTHUTEIBHYI0 3KOHOMHIO TOII-
JIMBA HA XOJIOBBIX PEKIMAaX CYIOB.
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