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MoxapHan u npoMbiwnesHan 6eaonacHocms (MexHuyeckue Hayku)

VK 622 82: 614. 842 )
MPOLECCHI MUMPONU3A U FOPEHWUA TBEPAOOIO TONNUBA
Kosaanunk B.M., Kogaasimnn B.B., a.1.n., npogeccop
JinBoBcKnit rocyxapeToenslii yunpepenTeT 6e300acHOCTH KI3NEACATCALIOCTI
c-mail: kovalyshyn.v@gmail.com

Honyueno ananumuugexoe pewenue 3a0aui NUPORN3A U 20PeHLLs MGEPO020 INORTNEA KaK
nepexod ceAsannozo yziepoda 8 ceobodnoe 2azoolpasioe cocmosue ¢ nocredyroueit e2o
Quepehysuedi uz nop u mpeujint OGYZRUGHICHCA MACCH it © OQNbICIINHIAL NEPCAeHIlGaNntieal ¢
GOIOVXON H XUMUYECKILMU PEARIUAMIL

The analytical solution of the problem of pyrolysis and solid fuel combustion as transition
of carbide carbon in firee gaseous state with subsequent diffusion of interstices and intrinsic
fractures of char mass and with further agitating with air and chemical reactions is achieved.

{TToctynuna s pepakupio 18 mona 2014 r.)

Beegenne. MareMaTiieckoe MOZENNPOBaHHE OUAra ropeHHs MPH PasNUUHLIX MOXKapax B
NOMeELUEHHAX HAH KAHANAX BLINOAHAETCS € MOMOLLBIO ABYX OCHOBHBIX noaxonos [1]:

- 6e3 yueTa XHMHHECKHX PeaKLiiii i TepMOra3oHHaMHUECKHX YCNoBRi B 061aCTH FOpeHNs;

- C pacCMOTPEHHA Camoii MOACIH FOPEHMS.

B Mopensx ropeHus, Kak npaBuio, NpeanonaraloT, YTO XHMHUYECKHE PeaKUMH NIPOHCXOMAT
MrHOBeHHO. TT03TOMY CKOpOCTh rOpeHis ONpelenseTcs TenaoMacco0OMEHHBIMH MPOLECCAMH,
T. €. CKOPOCTAMH AOCTABKH B 30HY FTOPEHUsI FOPIOUEro U OKHC/INTENA.

Takin ofpazom, He YAENAETCS AOCTATOUHOIO BHHMaHUs CAMOMY TIPOLIECCY ropeHHs, Koraa
MPOHCXOANT MHPOAU3 MPH BBICOKOIH TEMMNEPATYPE H MEPEX0A B TBEPAOM Teje yriepoaa M3 cps-
3aHHOro B cBoGoaHOE COCToAHNE ¢ mochedyioweii ero audipysueii B nopax u TpeuHax, nocne
UEro MPOMCXOAAT XHMHHUECKHE PEaKLMH Yrepoaa ¢ KHCJIOPOAOM.

Tax, npu pazorpene yyacTka kaGeNbHOIT MPOAYKUMII IO BLICOKHX TEMINICPATYP FopIovwii mare-
pHan nofAaeTes NHPOAK3y, H 06pasylomuecs ropiotkHe ra3bl CropaloT C BEIAENCHIEM Tenna, HacTb
KOTOPOro MAET Ha Pa3Orpes H AaAbHEIiLIii NHPOTN3 NPUAETAIOIX CAOEB KabeNbHOIT MPOAYKLHH.

Jlns onucanus npouecca pa3BHTH I 3aTyXanus noxapa s pabote [2] npusenena aMnupy-
uecKast 3aBUCHMOCTL MHTCHCHBHOCTH MCTOMHNKA TENNOBLIAENEHHS B 30HE FOPEHN, KOTOpas Bbl-
pakaeT OTHOCHTEALHYIO MHTEHCUBHOCTL BLI'OPAHIUA TBCPAOTO MATEPHAla C MOMEHT2 BO3H{KHO-
BEHUA M PA3BUTHA NOXapa npH ero perynuposaunyn sentunsuueii (NPB) nnu npu peryanposa-
Huu noskaphoii narpyskoit (ITPH), To ecTs Bo Beex cnyuasx. OpHako NPEANOKEHHAS 3aBUCH-
MOCTb He OTPakKaET NPOLEccoB Nuponnsa u aAndihyain 06pasyloHxcs ra3os H MOXKET BbITb HC-
NoNb30BaHa TOMLKO B Y3KOM AHANA3OHE SIMITHPHUECKHX AAHHBIX.

IMo3ToMy paceMOTPHM MOCAEA0BATENRHO MPOLECC MHPONI3A H FOPEHHS TBEPAOro TOIHEA.
Bo3HHKHOBEHHE MUIAMEHHOTO FOPEHHS HAUKHAETCA OT 3AKICAHKA, NpeacTaBasiowero coboii Ta-
Koif NpoLece, NpH KOTOPOM MPOMCXOANT BhIiCTpas 3K30TepMUYECKas peakuis, BLI3bIBAA W3MEHe-
HUs B rOpIOYEM MaTeprane, NPHUBOAALUME K PE3KOMY MOBLILICHHIO B HEM TEMMEPaTypbl NO cpas-
HEHIIO C TeMnepaTypoil oxpysxalomeii cpeapl. Paznnualor Asa XapakTepHelX Bila BO3HHKHOBE-
HHUA MPOLIECCA FOPEHHs: 1) BBIHYAEHHOE 3AKHIaHWE C NMOMOLLLIO HEKOTOPOTO HCTOUHMKA, TAKO-
ro, KaK dMeKTpHUECKas HCKpa WK MOCTOpolHee Maams; 2) caMoBOCIUIAMEHEHHE, NPH KOTOpPOM
H3HYTPH MPOHCXOAHT HATPEB TBEPAOTO BELECTBA B PE3YNLTATE XUMHUECKHX PEAKUMH.

BoNbLIMHCTIO OKAPOB CBA3AHO C TOPEHIEM TBEP/ILIX MATEPHANOB, XOTA BO MHOMHX ClyYa-
AX TOPAT M WHAKHE W razoodpasueie BewecTsa. OAHAKO TEPMUH «TOPIOHEE BELIECTBO» HCMOAb-
3yeTcs B WIMPOKOM CMbicie AnA 0603Ha4EHNs BCETO TOrO, UTO FOPHT, HE3ABHCHMO OT €ro arpe-
TaTHOrQ COCTOAHUA.

MHoroofpasiie TOpIOUNX BELECTB OUEHL BENIMKO M BKMoUaeT B cebs Kak npocTekumme ra-
3006pasHLle YFICBOAOPOAL, TaK W TBepAble BewecTsa ¢ Gonblioil oTHOCHTENLHON MAccOH
CNOIKHOI XHMUUECKOR CTpYKTYypoit. Bee 3T BewecTsa, nepeiina B razoofpasHoe COCTOSHHE M
pearupys ¢ KHCIOPOZOM B Bo3yXe, 06pasyioT NPOAYKTh FOPEHHA H BLIIEAAIOT TETNO B mpoLiccee
OKHCNEHNS.

.
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O6paioBanie NaMenH CBA3AHO ¢ ra3006pasHLIM COCTONHHEM BELLECTBA, NO3TOMY FOPEHHIO
TBEPABIX BELIECTB NPEALWECTBYET NPOLECC XHMHYECKOrO PAsNOKEHHs BELECTBA MK NHPOIW3A.
Tax kak Ang nuponusa TpeByerca 3HaUHTENLHO OONbLIE HEPrUH, HeM ANS MPOCTOro HenapeHus,
TO TEMMEpaTypa FOPAIMX TBEPABIX MATEPHANOB MO AaHHLIM [3] AOKHA COCTABNATL HE MEHEe
400 °C.

CocTaB NeTyynx BeilleCTB, BCTYMAIOWMX B XHMHUECKYIO PEAKI{HIO € KHCAOPOIOM, OUEHD
cnoeH. [1pH TEPMHUYECKOM paz/lomEHHH HEKOTOpas, & TO M 3HAUYWTENbHAA YacTb BELICCTBA NPH
Harpese oBpasyeT 06yrNeHHYIO MACCY W TEM CaMBIM MELUAET MOCTYNACHHIO B Mams ofpasyloe-
rocsi ropiovero raza.  °

Pa3fuualoT ABa peskiMa ropeHns: ropiouee BEWIECTBO 0fpasyeT OAHOPOAHYIO CMECh C BO3-
AYXOM, M TopIoUee NepBOHAUaNLHO pasieneHo ¢ Bo3ayxom {3]. Bropoil pexxum kak pas u coOT-
BETCTBYET TBEPAOMY MaTephany. B 3ToM cnyuae ckopocTh ropeHHs paBHa CKOpOCTH ROCTynIe-
HHUA JIETYUHX BEWECTB, 0Gpa3yioWuXcs NPH MUPONH3E, U HENOCPEACTBEHHO CBA3AHA C HHTEHCHB-
HOCTBIO TENNooOMeHa MeXAY MIAMEHEM H FOPICUHM.

ByzieM cuNTaTh, YTO MACCOBBIA PACXOM NMPOAYKTOB NHPONH3a, oBpasylomuxes 1pu TepMu-
4ECKOM pasoiKeHHH, CBA3aH CO CKOPOCTBIO ero 06pasoBanus

di
dr , M

rae 7 — pacxof npoayKTOB NUPONN3a, Kr/c; ki — KOHCTaHTa CKOPOCTH PEaKLUHHN NpH MUPO.H3e, l/c.

<k [

Pewienuem ypasnenns (1) npu HauaneHom ycnosuu f(0) = fy aBasercsl KCNOHEHUMaNbHAS
32BHCUMOCTL BHAA

I =1, exp( —k,r)’ )
rae fyp — HauansHblil pacxe/, NPORYKTOB MUPONN3A, KI/C.

MocTynneHiie NPOAYKTOB ropeHus B [IOTOK BO3AYXa CBA3AHO € €r0 andpy3ned u ABHIKEHH-
€M B 110pax Y TpeulHHax ypaBHEHHEM:
dm
—=—k,(m-1)
=k, , 3)

rie m —~ MaccoBbiii pacXoA razo00pasHLIX MPOAYKTOB MHPONH3A, NOCTYNAIOWHX B NIOTOK BO3AYXa,
Kkr/c; ks — koadpuupenT razoobMeHa MeKy NOTOKOM BO3JyXa W CTEHKAMU NOP H TPELLHH TBEP-
aoro Matepuana, l/c.

Mozcrapnas dyuxwo (2) B ypasHenue (3), HAX0AUM €0 pellieHHE B BHAE
k:’ ‘IU .
m(r) = —[exp(—k,7) - exp(—k.7)] 4
k, =k,
Tpu xoappuutentax razoofMeHa M CKOPOCTH peakUMy NpH NHPONH3E NPUMEPHO PABHBIX
apyr apyry: ki = ks, Bmeeto dopmynsi (4), nonyuum
m(r) =l rexp( —kv) (5)
MockonbKy MO MEpE BHIFOPAHHS MaTEpHasa NPOMCXOAMT MepeMellicHUe ovara nokapa, Ha-
NpUMEp, BAONDL Kakoro-HnGy b KaHana, yuTeM TOT (hakTop [4] u npenctaum (popmyny (6) B BuAe
m = 1k, (r-x/w)exp[ -k (r—x/w)] , (6)
rae X — PACCTOSHME OT MECTA BO3HMKHOBEHMSA NOXAPA B KAHAAE, M; W — CKOPOCTH NEpeMellienHs
ouara noxapa, m/c.

dopmyna (6) BepHa npH T > XA 1 loMikHa 06palliaTbes HY b MPH T < x/w. [Insa aBToMaTH-
yeckoro y4era 3toro dakropa npeobpasyem dopmyny (6} k puay

mo= 051k [(r—x/w)+|r—x/wllexpl —k (r-x/w)] (7
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Ha puc. | npeacraBaeHbl KpHBBIE Pa3BUTUA U IEpEMELLEHHS 04ara ropeHus BAC/bL KaHana.
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kﬂ.‘
Pucynok 1 — KpuiBbie passiTis it DepeMeIlieltns ouara ropeiitst BAoaL Kanaia

Cacapnast mimnst — Ky x/w =1, Tonasn Juuns = kx/w =2, wrpnx-mmm - kx/w=3)

Kak BuaHo, noxa (hpoHT Noxkapa He AOCTHI ONPEAEREHHOMO PacCTOSIHHA OT MECTa BO3HHK-
HOBEHHA MOXapa, 34ech OTCYTCTBYET ropeHue. 3ateM B MECTe pacnofoxeHus ipouta ropexus
npoucxoAuT GypHoe pa3BUTHE NHPOAH3a W BbIACNCHHE ero razoobpa3bix NMPOAYKTOB C Janb-
Hel MM yracaHHEM MpoLECCa B TEHEHHE ONpEAENEHHOTO BpEMEHH,

Ha puc. 2 npuseaeHs! KpHBLIE pacnipeieneHns BRONb KAHANA 30HbI FTOPEHHA B pazNnuHbIe
MOMEHTbI BPEMEHH.

AHanuz nonyueHHLIX pe3ynLTaToB (pHC. 2) NOKA3bIBAET, UTO BlAYAJIE 30HA OPEHUS UMEET
MaKCHMYM B MECTE BO3IHMKHOBEHMS (kT = 1), 3aTeM MaKCUMYM CMELIAETCs H B MECTE BO3HUKHO-
BEHHA M0XKapa HHTEHCHBHOCTL FOPEHHA MEHbLUE, YEM B TOUKE MaKcHMyMa (k1T = 2), noche uero B
3TOM MECTE NPOHCXOIUT J0TropaHue TBepAoro MaTepuana (kKit > 4).

Hocwnaﬁ B NOTOK'BO3YXa, NPOYKTh NHPOAH3a MTHOBCHHO BCTYNAIOT B XHMHYUCCKY!IO pe-
aKUMIO W BLIAEASIOT TENAO B eANHHUE 00bena B 3aBUCHMOCTH OT KOHLUEHTPALHH KHCIIOPOJA ¢ WH-
TEHCHUBHOCTHIO [3]

__mH_C
' 9=x vV oC,: &

rae ¥ — Ko3(MpHLUHEHT HEMONHOTH CrOpPaHHsA TOPIOHEro MaTepHana; He — TernnoTa cropaius nery-
yux sewects, KIHK/Kr; V'— 0bbeM 30HB TEPMHHECKOTO pazIoKeHHs, M”.

Cesixem 06benm 30HbLI TEPMHUUECKOTO pasnoieHus ¢ ee AnuHoii / 1 ¢ nnowaasio S nonepey-
HOro ceveHus kavana: V' = S/, a HauansHblif pacxon NPOAYKTOB NHPOAN3a NPHMEM PaBHLIM Ha-
YanbHOH CKOPOCTH by HX TMOCTYNJEHHS B MOTOK BO3AYXa, YMHOXKEHHOI Ha nnowans /= bl ropsa-

el nosepxuocti: Iy = velb. lMoacTtasnas dopmyny (7) B popmyity (8), nonyunm
= Mik, [(z —x/w)+|r — x/wllexp[—k (r — x/w)] ) 9)
28 C,

Ae vp — HauajibHAs MAccopas CKOPOCTs MOCTYMAEHHS MPOAYKTOB NUPOJH3A B MOTOK BO3AY-
Xa, Kr/(M~:c); b — LWHPHHA NOBEPXHOCTH TEPMHUHUECKOFO Pa3foiKeHHs, M.
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Pucynox 2 — Kpsineie pacnpeneneisiin BAoAL KAHANA 30161 FOPCHIIS B PA3JINMILIC MOMENTE BPCMCII
(aupuas pnna — kv =1, Tonkas aunna — 47 =2, wrpuxoesas mmwn — kir=4)

Beisoawt. Npeanoxennan dopmyna (9), B OTAHYME OT N3BECTHBIX MAHPHUECKUX M aHANH-
THUECKHX 3aBHCUMOCTEH, YUNTLIBAET, KaK MPOUECC Pa3sBHTUA FOPEHUS TBEPLOrO MaTeprana, Tak U
€ro BaIFOPAHHE € YUETOM NepeMeLLeHHS ToXapa.

AHamH3 33BHCHMOCTH NOKa3LIRAET, YTO ()POHT FOPEHNUS HAXOIMTCA HA PACCTOAHUM X = W
M CO BpeMeHEM NepeMelaeTcs BAONb KaHana. [opeHde B paznuyHbIX ceUeHHAX KaHana HauuHa-
€TCHA TEM NO3KE, YEM JanbLIE OTCTOWUT paccMaTpHBacMOE CEHEHHE OT MECTa BOSHHUKHOBEHHA NO-
Aapa. B To ske BpeMs nocreneHHo pexxHM ropeHns 6yAeT nepexoAHTh B PeKUM TNEHNS 0 Mepe
YMEHLLIEHHS NOCTYTINECHUS IPOAYKTOB MPOAN3a B MOTOK BO3AYXa.

JHUTEPATYPA

1. Tlyzau, C.B. MeToan! pacuera TemnomaccooGMeHa Npil Mo}ape B NOMELREHN I 11X NPHMEHEHIe Npil

peLLeH Il NpakTHYecKHX 3aaau noxapos3ipeiobesonacnoctn / C.B. [lyzau. — M.: Axanemus 'TIC

MUC Poccim, 2003, - 336 c.

Actaneuko, B.M. Tepmorazoanuamiika noxapos B nnometennsx/ B.M. Acranenko, 10.A. Kownapos,

H.C. Monuaacknii, A.H. lWesnakos // — M.: Crpofinznar, 1988, — 448 ¢,

3. Hpaifispefin [. Beeaeuite B nnnamiiky nokapos’ 2. Hpaiizaefin // — M.: Crpofiusaar, 1990. — 424 c.

4. Komanuumx, B.B. Matemariude MoJenioBaHHa po3BNTKY i racivns momeml pisHumi 3acofamp Ha
of'ektax 3uauHoi nporamuocti / B.B. Kosamuwun., — Knis, Haykosnii sicaux HZITB, 2013,
Ne 1 (27). - C. 153 - 160.

¢

L8]



