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BIIMAHUE TEXHOJNOIMMMYECKUX NAPAMETPOB HA BPEMA
HATPEBA BbICOKOTEMMEPATYPHOI'O MNEKA

Buinonnen peepeccuonnulii ananus akmopos, Komopule 61UsIOM HA BPEMsL HAZPEBa 8blCOKOMEMNEPAnYpPHO20 NeKd.
Onpedenena gopma c6sa3u MeHcOy HANOIHAEMOCMbIO eMKOCMU U PACXO0OM YUPKYIUpYyloue2o nexka, a makxoice
8pemenem Hacpesda. Pexomenoosano ucnonvzosamue OAHHBIX NApaAMEmpos 6 Kauecmee YNpaiaiowux QyHKyul
npoyecca Hazpesa 8blCOKOMEMNEPAMYPHO20 NeKd NPpU pa3spabomke dHep2ocOepecaruux pexcumos.

Knrwouesvie cnoga: gvlcoxomemnepamypHulii nex, YUPKYIAYUOHHDLIL HAZpes, pe3epeyap XPAHEHUs, 6bIHOCHOU
nooozpesamens, YUCAEHHOE MOOETUPOSAHUE.

BBenenmne. BricokoTemriepaTypHBIH TEK HCIOJIB3YeTCS B KAYECTBE CBS3YIOIICTO BEIIECTBA IMPH IIPOU3BOJICTBE
AJIEKTPOJOB. BaskHBIM (paKTOPOM, BIHUSIONIMM HA 3KCILTYaTAIIMOHHBIC CBOWCTBA AJIEKTPOIOB, SBISCTCS KAUYECTBO IEKa,
KOTOPOE 3aBHUCHUT HE TOJIBKO OT TEXHOJOTHH €ro MOJYYCHHUS, HO U OT peKUMOB Harpesa[l]. 3amavyell kauecTBEHHOTO
HarpeBa TeKa SBISAETCS AOCTIDKCHHWE OJHOPOTHOCTH ITIeKa IPH MHHHMAIBHOM BpEMEHH HarpeBa. B mporecce
SKCIUTyaTallill CHCTEMBl HarpeBa BBICOKOTEMIEpPAaTypHOTO IIeKa, Ha €ro BpeMs HarpeBa BIHSIOT CIEAYIOIIHE
TEXHOJIOTHYECKHE (haKTOPHI: HAMTOMHAEMOCTb pe3epByapa XpaHEHHs, TeMIepaTypa IeKa Ha BBIXOJE U3 IOJOTPEBATEIS,
pacxo NUPKYIUPYIOUIETO MeKa.

IMoctanoBka 3agaum. Cucrema HarpeBa IeKa TPEACTABIAECT COOOH CIIOKHBIH KOMILIEKC TPYOOIIPOBOJIOB,
000pyIOBaHUS M COOPYKECHUH, MOTPEOIMIOMNN 3HAYUTENFHYI0 YacTh SHEPreTHYECKUX PECYPCOB COOCTBEHHBIX HYXKI
NpeANpUsTAS B TpoOLEcce OKCIUTyaTaluu. OTOT (akT HE IO3BOJISAET MPOBECTH (HU3MYECKUIl DKCIIEPUMEHT Ha
nercTByomeM o0opyaoBaHuu. [103TOMy i U3y4eHUs] BO3SMOXKHOCTH MCIIOJIb30BAHUS ITUPKYJISIIMOHHOTO HArpeBa s
NIEKOBBIX X03511CTB ObLIa CO31aHa MaTeMaTHuecKas MOJIeIb HarpeBa reKa B pe3epByapax OoJIbIIOi BMECTHUTENEHOCTH.

BBumy Ttoro, 4ro mek MOTpeONseTCS HEPaBHOMEPHO, TO HAIMOIHACMOCTh pe3epByapa H3MCHSACTCS, TaKKe
M3MEHSCTCS PacXo]] IUPKYJIUPYIOIIEro IeKa W TeMIleparypa IeKa Ha BBIXOJIE M3 BBIHOCHOTO mojporpeBares. J{is
pa3paboTKu SHEProcOeperarorX PEXKHMMOB HEOOXOTUMO IMPOAHATH3UPOBATh  BIUSHUE BCEX BBIMICTIPHBEICHHBIX
(hakTOpOB Ha BpeMs HarpeBa BHICOKOTEMITEPAaTypHOTO TIeKa.

PesyastaTrhl po6oThl. {15 00pabOTKHM pe3yNbTaTOB YHCICHHOTO MOJEIHAPOBAHUS HCIONB30BAICS METOJ
IUIAHAPOBAHMS SKCIIEPUMEHTA ¢ siapoM 2° [2]. Yipasisommmu GpakTopamu sBISOTCS: X; — HAIONHIEMOCTh EMKOCTH,
T; X, — TemIepaTypa IeKa Ha Bbxoje u3 mojorpesareis, °C; X; — pacxol meKa B HUPKYJIUPYIOMIEM KOHTYpeE, KI/C.
3aBUCUMOI TIEPEMEHHOH Y SBIsIETCS BpeMs Harpena IekKa, .

YpoBHU BapbupoBaHus (HAKTOPOB MpuBeAcHbl B Taba. 1. JlanHble mis 0OpaOOTKHM IOJYYCHBI IMyTEM
YHCJIEHHOTO MOJIEIMPOBAHUS TEINIOOOMEHAa B eMKOCTH IPH LHUPKYJISILUOHHOM criocobe Harpesa.

Tabmuma 1 - YcnoBus mIaHUPOBaHUS HKCTIEPUMEHTa

DakTopbl YpOBHU BapbUPOBAHUS Wurepsaisl
HarypanbHblii Buz KonupoBanHsIit -1 0 +1 BapbUPOBaHUs
BUJL
Harmonasemocts émMKoCTH, T X| 50 3 650 300
00
Temneparypa neka Ha BBIXOJE U3 Xp 190 2 210 10
nogorpesareis, °C 00
Pacxon neka Ha UPKYJISILIHIO , KT/C X3 5 1 15 5
0

Heo6xomumo ompeaenuth, Kakue U3 (PaKTOPOB: HATOIHICMOCTh EMKOCTH, TEMIIEpaTypa MeKa Ha BBIXOJC U3
MMOJOTPEBATEIS WIIH PACXOJI IIUPKYJIHPYIOMETo MeKa (X;, X, X3 COOTBETCTBCHHO) B HAMOOJIBIIICH CTEIICHU BIUSIOT Ha
BpeMs HarpeBa meka ().

Marpuma MaTeMaTHIecKOro IIaHNPOBaHMS YKCIIEpUMEHTA TIpuBecHa B Tab. 2. JlaHHBIE BBIXOJHOTO MapameTpa
y IUTsl TaOJTHUIEl TOJYYEHBI IO Pe3yJbTaTaM MAaTEMAaTHYECKOTO MOJEIUPOBAHUSA TEMIIEPATYPHOTO OIS B €MKOCTH
C BBICOKOTEMIIEpATyPHBIM IIEKOM.

Cratuctudeckas 06paboTka pe3yiabTaToB IKCIEPUMEHTOB U (POPMHUPOBAHHE MATEMATUIECKON MOJENN BKIIOYACT
HaxOXJeHHE KOA(P(QHIMEHTOB B YpPaBHEHHHM pErpeccH, IPOBEPKY HMX 3HAYMMOCTH M aJE€KBATHOCTH MOJIEJIH.
OnpenenuMm ko3GOUIMEHTH YpaBHEHHUs perpeccud mo ¢GopmyrnaMm, u3jIoxkeHHbIM B [2]. Bce paccumraHHBIC
K03(h(GHULNEHTH! YpaBHEHHUS CBEAEHBI B Ta0II. 3.
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Tabnuua 2 —Martpuna nosHogpakTopHoro skcriepumenta (k=3)

Toukn ®dakTopbl BrixogHoi napametp
IIaHa X X5 X; y
1 1 1 1 10,5
2 1 -1 1 16,7

3 -1 1 1 0,9

4 -1 -1 1 1,2

5 1 1 -1 24

6 1 -1 -1 24

7 -1 1 -1 1,7

8 -1 -1 -1 1,7

Tabmuna 3 — Onpeznencane K03()(HUIEHTOB YPAaBHEHHS PETPECCHH
CB0OOIHBII .
YJICH ypaBHEHUS Koopuumentsi s MMHCHHBIX HIICHOB KoaddpunmeHTsl napHbIX B3aUMOJEHCTBUI
perpeccr YpaBHEHUI
by b; ot
1.313 1.313 1.313 1.313 1.313 1.313
2.088 -2.088 2.088 -2.088 2.088 -2.088
-0.113 0.113 0.113 -0.113 -0.113 0.113
-0.150 -0.150 0.150 0.150 -0.150 -0.150
10.088 3.000 3.000 -3.000 3.000 -3.000 -3.000
3.000 -3.000 -3.000 -3.000 -3.000 3.000
-0.213 0.213 -0.213 -0.213 0.213 -0.213
-0.213 -0.213 -0.213 0.213 0.213 0.213
b,=8.713 b,=-0.813 b;=-2.763 b,=-0.738 | b;;=-2.438 b,;=-0.813

YpaBHEHHE PETPECCHHU C YUETOM ITOJyYEHHBIX KO3 PHUIHEHTOB OyAeT NUMETh BUA:
y=10,09 +8,713 - x;, - 0,813 - x, — 2,763 - x3 — 0,738 - x; - x, —2,438 - x; - x5 — 0,813 - x, - x5

YuuTheiBas BEPOATHOCTHBIA XapaKTep PErPECCHOHHBIX YPABHEHUH, CIEAYET IPOBECTH HUX CTATUCTUUYECKUM
aHaJIM3, OCHOBHOW LEJIBI0 KOTOPOIO SIBJISIOTCS OLIEHKAa 3HAYMMOCTH KO3 (QHUINEHTOB ypaBHEHHWH W IpOBEpKa
aZIeKBaTHOCTH ypaBHeHUH. OLEHUM 3HAYMMOCTh KOA((QHUIIEHTOB YpaBHEHNUS PErPecchy 10 t -kputeprio CThIo/IEHTa.
IlpuauMaeM npu ypoBHe 3HauuMocTh 0,1 m gmcae crenened ceobonsl 8 f()) =N TabauuHOe 3HAYCHHE t-
kpurepus Creronenta ¢, = 1,75 [3].

Ipu t,<t, ko3pdunueHT sABIsAETCSI HE3HAYUMBIM H MOXET OBITH OTOpomeH 0e3 mepecdyera OCTAIbHBIX.
3HAYUMBIMH SIBJISIOTCS KOIPPHUIUEHTHI by, by, 1 bs.

ITosTOMy ypaBHEHHE perpeccuy IpUMeT BUJ:

y= b0+b1 ‘X1 +b3 X3.

Jln1st mpoBepku aieKBaTHOCTH MTOJIy4EHHOTO YPaBHEHUs PErPEeCCUH OIpeeseM AUCIIEPCUIO aeKBaTHOCTH.

Tabnuunele 3HaueHus kpurepus Pumepa FT HaX0AUM € y4eTOM JOBEPHUTEIBHONW BEPOSTHOCTH U YHCIIA CTETICHEH
cBOOOIBI. B TemioBeIX mpoleccax IOBepUTENbHAs BEPOSTHOCTH MOKET ObITh mpuHsTa 90%. Umcino creneHeit
cBOOOIDI f,, AN JMHEHHBIX U HENOJHBIX KBAAPATUYHBIX YPABHEHUH f,.= N —m=8-3 =5 TabnuuHoe 3HaueHne

kputepus Oumepa F, = 3,84. a pacuernoe 3nauenne kpurepus Oumepa F,=2.9. YpaBHeHne cunraercs aieKBaTHBIM
JUISl IPUHATOrO YPOBHS JOBEPUTEIBHON BEPOSITHOCTH, eciu Fp<F..

Taxum 00pa3oM, MOXKHO CHENIaTh BBIBOJ, YTO ITOJyYEHHOE ypaBHEHHE a/JIeKBaTHO, a 3HAYUT, OHO JOCTATOYHO
MIOJIHO OTpPa)XkaeT MCCIEAYEMYI0 3aBHCHMOCTh BPEMEHU HarpeBa OT HAIOJHIEMOCTH €MKOCTH M OT pacxoja
LUPKYJIUPYIOLIETO MeKa:

y=10,09 +8,713 - x; — 2,763 - x3

BeiBoapl. B pesymerare pacu€ra, WCXOAS W3 YpPaBHEHHS PETPECCHH, MOXKHO CHeNaTh CICAYIOMINN BBIBO:
HauOoJIbIlIee BIMSHNE HA BPEMs HArpeBa BBICOKOTEMIIEPATYPHOTO I€Ka OKA3bIBAIOT HAIMOJMHIEMOCTH €MKOCTH IIeKa,
MEHbBIIIee BIMSHUE OKA3hIBAaCT PAcXO] IMHUPKYIHPYIOMIETO TeKa. YBEIWYCHHE HAIMONHSIEMOCTH BEIET K YBEIMICHHUIO
BPEMEHHU HarpeBa IeKa B eMKOCTH, a YBEIHMUYCHHUE PACcX0a IUPKYIUPYIOIIETro eKa K ero COKPAICHHUIO.

[ToxyueHHOE perpecCHOHHOE YpaBHEHHE OIpEeisieT CBSA3b MEXIy TEXHOJOTHYECKHMMH IapaMeTpaMu H
BpPEMEHEM HarpeBa, 4TO MO3BOJUT B JaJbHEHIIEM HCHOJIB30BaTh JAHHBIE HapaMeTpPhl B KaueCTBE YIPaBISIOMINX
(GyHKIMI poliecca HarpeBa BHICOKOTEMIIEPATYPHOT'O MeKa ¢ [EeNbI0 pa3paboTKu IHEProcOeperaroiinx pexuMoB.
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BB TexHOJIOTiYHUX NapaMeTPiB Ha Yyac HATPiBY BHCOKOTeMIIePATYPHOro NeKy. BukonaHo perpeciiiauii anani3
YMHHMKIB, SIKI BIUIMBAIOTh HA 4Yac HArpiBy BHCOKOTEMIIEpaTypHOro Imeky. BusHaueno ¢opma 3B'SIBKY Mix
HAIIOBHIOBAHICTIO €MHOCTI 1 BUTPATOO IIMPKYJIIOI0YOTO MIEKy, a TAKOK 9YacOM HarpiBy. PeKoMeHIOBaHO BUKOPUCTAHHS
JJAHUX TapaMeTpiB B SIKOCTI Kepyrouux (QYHKIIH Ipolecy HarpiBy BHCOKOTEMIIEPATYpHOTO IE€Ky IpH PO3poOLi
EHEePro30epiratoynx pexKMMiB.

Knrouosi cnosa: sucokomemnepamypuuil nex, yupKyiAyiliHuil Hazpis, pe3epayap 30epicanns, 6UHOCHUIL nidizpisau,
yucenvHe MOOEIOBAHHA.
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Influence of Technological Parameters during Heating High Pitch. The work is aimed at improving the energy
efficiency of heating systems of high - temperature pitch at grafite electrodes producing plants. At was previously
shown that the of pitch depends not only on its producing technology but on the heating conditions as well, moreover
this affects the electrodes time living properties. In this regard the main pitch heating quality task is to archive its
homogeneity with minimal time. The process of high - temperature pitch heating working system shown that the
following technical factors influence on its heating time: the storage tank feeling; the pitch heating temperature at the
outlet; the outlay of the circulating pitch. Using multivariate experiment we got the linear dependence of the high -
pitch heating process. The number of experiments N is 8. The regression analysis of the factors influencing the high -
pitch heating was carried out. The processing of the performed experimental results and its mathematical model
adequacy. The type of connection between tank feeling and pitch circulating outlay as well, as heating time was
determined. The regression correlation between the parameters of optimization and variables factors in polynomial
form of the first order was calculated. The equation validity of the received regression was checked. It was shown that
the storage tank feeling affects on the heating time more that the pitch circulating outlay. The using of such parameters
may be recommended as the control functions in the process of high-temperature pitch heating for the time of energy —
serving mode.

Key words: high temperature pitch, circulating heating, storage tank, an external heater, the numerical simulation.
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