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MaTtemaTtuyeckasa mogenb LwapoBon 6apabaHHON MenbHULbI
Ans aHanu3a paboTbl cenapartopa Nbinuv

Lysanos C.W., a-p TexH. Hayk, Muxees IN.I"., BepeHuH A.A., Actawos H.C., nHxeHepbl

lMpeacraBneHo onucaHue MaTtemMaTM4yecKorm Mogesnv nbiflIeCUcTeMbl C BeHTVIﬂVIpyeMOVI LIJapOBOVI 6apa6aH-
HOM MenbHULEN U cenapaTtopoMm nbinn. [ina yCKopeHUs cyeTa caenaHbl AONYyLEeHUs: 6apa6aH MelnbHUUbl pac-
cMaTpuBaeTCa Kak filueka uaeanbHOro BbITECHEHUs, CKOpPOCTb nepemMeLlleHuUsa pa3marnbiBaeMoro martepuana

npsAMo nponopuuoHaryibHa CKOpPOCTU BEHTUNUpyrowlero rasa.

Knroyesnle crnosa: wapoBasd Gapa6aHHaﬂ MenbHULUa, cenapaTtop nbin, MateMaTuydeckada Mmoaenb, napamMmeTpbl MOEHTU-

dukauun.

Mathematical model of ball pulverizer mill for analysis of pulverized coal
separator operation

Shuvalov S.1., doctor of science, Mikheyev P.G., Verenin A.A., Astashov N.S., engineers

The mathematical model of the pulverized coal system with a ventilated ball pulverizer mill and a pulver-
ized coal separator is described. There are the assumptions made for prompt calculation: the mill drum is con-
sidered as an ideal displacement component, the milled material displacement rate is directly proportional to
ventilating gas rate. The method for determination of model identification parameters as per the results of ex-
periments at the maximum capacity of pulverized coal system is represented.

Keywords: the ball drum mill, separator of dust, mathematical model, parameters to identifications.

OpHum 13 Hambonee OOCTYMNHbLIX CNOCOOOB Mo-
BbILLUEHUSA 3KOHOMWYHOCTM pPaboTbl MbIIECUCTEM
SIBNSETCA MOAEPHMU3ALUMA KOHCTPYKUMM cenapaTopa
Mbifv, HanpaeBfeHHas Ha yBenuyeHune adpdekTus-
HOCTW pasfdeneHus Unu COOTBETCTBYHOLLENO M3Me-
HEeHVs aManasoHa rpaHuubl pasgenexud. Ons no-
ucka ONTMMarbHOro BapuvaHTa MOAepHM3auuun He-
06X0OUM  MHCTPYMEHT, MO3BOMSIOWMIA  OLEHUTb
BO3MOXHOCTM M NOCNEACTBUS peanunsaLmmn Kaxxgoro
M3 BapuaHTOB. B kauecTBe Takoro WHCTPYMeHTa
Hanbonee npurogHa MaremaTuyeckasi MOAENb,
afeKBaTHO OMuChbiBalLlasi NpoTeKalowme B Mbine-
cucTeMe rnpouecchl pasMora, nepeHoca marepua-
na Bponb 6apabaHa M knaccudmkaumm MernbHUY-
HOro npogykta B cenapartope. [NpegHasHavyeHnem
3TON MOAEeNn SABMSIETCA aHanu3 BIUSHUSA TOJbKO
Tex hakTopoB, KOTOPbIE MOTYT ObITb U3MEHEHBI NP
BbIOOpe BapuaHTa mogepHu3saumn. [losTomy Tonb-
KO Takve akTopbl AOMKHbI BXOAWTb B MOAENb B
KayecTBe YNpaBnsilOWMX MapamMeTpoB, a oOcTalb-
Hble (pakTopbl, KOTOpble B obLemM criyyae Takke
CYLLIeCTBEHHO BIMSIIOT Ha NpPOLEeCcChl B Mblfiecucre-
M€, HO MpW MOLEPHM3ALUN OCTaOTCA HEN3MEHHbI-
MW, MOFYT He paccmaTpuBaTbCH, HO WX BIUSHUE
OOJIMKHO ObITb OTPaXXeHO COOTBETCTBYHOLLMM BbIOO-
poM MapameTpoB WAeHTUdMKauMm maTemartmde-
CKOM Mopaenu.

B 6apabaHe wapoBon MenbHULbI OOHOBPEMEH-
HO MpoMCXoQdAT NpoLecchl pa3mona martepuana u
nepeHoca ero Bgosb 6apabaHa. [ucnepcHbin co-
CTaB MEeNbHUYHOIO MPOAyKTa Ha Bbixode u3 Gapa-
OaHa, BblpaXkaeMblll YacTo Yepe3 KPUBYHO MOSHbIX
octatkoB R;(8), 3aBUCUT OT KOHCTPYKTUBHbIX Nnapa-
meTpoB 6apabaHa (gnuHbl Lg, gnametpa Dg, cko-
POCTW BpaLLEHUsi Ng U B NPEeAEnbHbIX pexumax oT

anameTpa BbIXogHOro natpybka Dg.;), pexvuma
paboTbl MenbHULbBI (CTENEHM LUAPOBOW 3arpy3ku
Yy, pacxoga mM3Mernb4aemoro maTtepuana 4epes
GapabaH B; 1 pacxoga Bo3dyxa wunu rasa vepes’
b6apabaH Q) M XxapakTepuCTMK MOCTynawLero B
b6apabaH maTtepuana (gucnepcHoro coctaBsa R(d)
M NPOYHOCTM MaTepuana, oLeHMBaeMON Mo MeTo-
anke BTU koadduumeHToM pasmonocnocobHo-
CTH Kpo).

M3 BapabaHa MenbHUYHBIN NPOAYKT MOCTynaeT
B cenapartop, rge M3 Hero BblgensieTcs rotoBasd
Mbifb B KonuyectBe Bz ¢ gucnepcHbIM COCTaBoM
R53(8) 1 6onee kpynHbIN BO3BpAaT B kKonnvecTtee B, ¢
aMcnepcHbiM coctaBoM R,(8). MoToBas Mbiib Bbl-
HOCMTCS U3 cenapaTopa BEHTUNMPYHOLLMM areHTOM
n nocrne obecnbiNMBaHWA B LUMKIOHE ocedaeT B
NpoMeXyTo4YHOM OyHKepe nbinu, a BO3BpaT Ha-
NpaBrnsieTca Ha BXO4 MembHWLbI, IOe CMeLLnBaeT-
CA C MCXOOHbIM MaTepwuarnom, MoCTynawwmmM B
MenbHULY B Konudectse B, C AUCNEPCHbIM cocTa-
BOM Ry(8). MacconoToku u gucnepcHble COCTaBbl
NPOOYKTOB pasfderneHnst 3aBUCAT OT OUCMEPCHOro
cocTasa MenbHWYHOro npogykra R1(8), addekTms-
HOCTW npouecca pasfeneHns U rpaHulbl 8y, Mo
KOTOPOW NpOM3BOANTCA pas3geneHne MenbHUYHOro
npogykta. AdPEKTMBHOCTb NpoLiecca pasgeneHus
B OCHOBHOM SIBIISIETCA XapaKTEPUCTMKON KOHCTPYK-
UMM cenapaTopa M MOXEeT paccMaTpuBaTbCs Kak
KOHCTPYKTMBHbIN napameTp. B Tom cnyyae, ecnm
cenapatop obnagaet yCTPOWCTBOM AN U3MEHe-
HWS TpaHVLbl pasgeneHns, BenuuuHa oy, OoSkHa
paccmaTpmBaTbCA Kak peXXUMHbIN napameTp. Ecnn
TaKOro YCTPOWCTBa HET, TO rpaHuua pasgeneHus
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npeacTaBnseT CcoOON KOHCTPYKTMBHBIA NapaMmeTp
cenaparopa.

Mpun BbIBOPE BapmaHTa MogepHU3aLmmn noinecu-
CTeMbl NpeanonaraeTcs, YTO OUCNEPCHbIN COoCTaB
yrns Ro(8) n npoyHoCcTHasa xapaktepuctuka Ky, He
nameHaTca. Tawkke He npegnonaraetcs 3ameHa
MenbHUUBI. [103TOMY COXpPaHAITCA €€ KOHCTPYK-
TUBHbIe napameTpsbl Lg, Dg, Ng U Dpar.

Mpu BbIGOPE Mano3aTpaTHbIX MEPONPUATUI ANs
MOZEepHM3auun MbIIECUCTEMbI MO OTHOLUEHUIO K
MenbHUUE A0MYCTUMbI MU U3MEHEHUS pexnma
ee paboTbl, @ UMEHHO, CTENEHN LLIApOBON 3arpy3Kku
Y W BENWYUHBI BeHTUNsUuKn 6apabaHa Q. Pacxon
MaTtepuana vyepes MenbHuUy B; 1 ero gucnepcHbIn
coctaB R(8) 3aBucaT oT coBMecTHOM paboThl
MernbHULBI N cenapaTtopa U He MOryT BbICTynaTtb B
KayecTBe ynpasnsawwmux ¢aktopoB. KM3meHeHue
pacxoga B; npovcxoguT npy N3aMeHeHuu npousBo-
OUTENbHOCTU NUTaHus By u rpaHuubl pasgenenuns
cenaparopa Jy.

BmecTe ¢ Tem paccmaTpmBaeTCsi BO3MOXHOCTb
WU3MEHEHUS KOHCTPYKUMM cenapartopa, Mno3ToMy
3(pPeKTUBHOCTL pasfeneHns u rpaHnYHbIN pasmep
cenapaTopa OOMMKHbl BXOAUTb B MaTteMaTuyecKyro
MoZernb B KaYecTBe ynpasnsiowmx pakTopos.

M3 atoro crnepyet, 4YTO MaTemMaTtuyeckas Mo-
Jenb, npefHasHavYeHHasa aAng aHanvsa BO3MOXHbIX
ManosaTpaTHbIX BapuaHTOB MOAepHM3auuun nbine-
CUCTEMBI, B KOHEYHOM UTOre JOSPKHa AaTb onuca-
HWe 3aBMCMMOCTHU

R3(8) =f (BO,Q,\yw,Sap, KOHCIMPYKUUST cenapamopa). 1)

Mpu 3TOM NapameTpbl naeHTUdMKauMm matemaTtm-
YeCKoW MOAEeNM OOMKHbl YYUTbIBATb pearibHO Cy-
LiecTBytoLme BeNUUMHbI Lg, Dg, Ng, Dpars Knos Ro(8).

Mpu cTaumMoHapHOM pexume paboTbl Nbliecu-
CTeMbl AOMKHbl BbIMONHATLCA GanaHcoBble COOT-
HOLLEHMS:

R(5)= BoRo (8) +ByR, (3) -
Bl

B, =B, +Bs, 4)

Ri(8)=Rs(8)p+R,(1-9), (5)

raoe ¢ — MosHbIN BIHOC cenapaTopa:

_ B,

P=z- (6)
Bl

Onsa 3ambikaHus cuctema (2)—(5) gorkHa ObiTb [o-
MoSfIHEHa COOTHOLLEHUSIMW, OMpPeAensWUMM Npo-
Leccbl pasmona matepuana B 6apabaHe mMenbHWUPbI
1 NpoLecchl pasaenieHns B cenapartope:

R (8)=,(R(8).BLQuw,); (7)

=1 (Rl(B),Bap,KOHcmpyKuu;q cenapamopa).  (8)

[na onucaHus npouecca pa3moria BOCMOSb3y-
eMCsi MOAENbI0 KUHETUKN U3MESbYEHMUS!, WUCNOMb-
3ylOLEN CEeNeKTUBHYID W  pacnpefenuTenbHyo
dyHKunn namenbyenns [1]. CenektuBHasa yHKUMSA
S(8) onpedensieT WMHTEHCUMBHOCTb paspyLUeHuUs

YyacTuy, pasMepa & B eauHNLY BPeMEHU Ui B Te-
YeHne OAHOro UMKMa HarpyxeHnws. Pacnpegenu-
TenbHas dyHkumsa B(3,6) cooTBeTcTByeT Jone
MPOAYKTOB paspyLUeHWsl YacTuL, HavasnbHOro pas-
Mepa 8, OKasaBLUMXCS NOCre pa3pyLLeHUsl Mefnbye
pa3vepa £. YpaBHEHUE KUHETUKU U3MerbYeHUs
nMeeT Bug

R(8.t)
@: E[s(g)B(&,S)dR(&,t) 9)
T _ syt Ts(@@f(@t)da-
(10)

3necb R(5,t) — KpvBasi MOMHbIX OCTATKOB MaTe-
pvana B MOMEHT BpemeHu t (MHTerpanbHas xa-
pakTepucTMka pgucrnepcHoro coctasa); f(6,t) —
NNOTHOCTb pacnpefeneHns 4actul No pasMmepam
(amddepeHumanbHaa xapakTepucTuka aucnepc-
HOro cocTtaBa). OTW BENUYMHBLI CBSA3aHbl COOTHO-
LIEHUSIMMN

6max
R(8)=100 [ f(g)de , (11)
S
_ 1 dr(3)
(8)= 100 ds (12)

30€eCb Omax — MakCMMarnbHbI pasMep 4acTul, B
cmecu.

KpuBasi MomHbIX OCTATKOB M MITOTHOCTb pac-
npedenexHns 4Yactuy, no pasMepaMm B KayecTBe
XapakKTepUCTUK AWCMEPCHOrO0 COoCTaBa pPaBHO-
npaBHbl U MOSMIHOCTBIO OMNPEeAensoT coaepxaHue
yactuy, nwboro pasmepa B NONMAUCNEPCHOWN
cMmecu. Ha npakTvke 4acTto AMCMEPCHbIN COCTaB
onpefensiT CUTOBbIM METOAOM U pes3ynbTaThbl
pacceBa NpeacTaBnsloT B BUAE MOSHbLIX OCTATKOB
Ha KOHTPONbHbLIX cuTax. [ns pacyeToB yaoOHee
nosnib3oBatbCca AnddepeHLmanbHON XapakTepu-
CTUKOM, NO3TOMY B MaTematunyeckon mogenu Oy-
AeM ucnonb3oBaTb MMOTHOCTb pacnpeaeneHns
yacTuy, a MorlyYyeHHble pesynbTaTbl NpeacTaB-
NATb B MOMHbIX OCTaTKax.

[na 4McneHHoro pelleHust pasgenym Herpe-
PbIBHbIN AManasoH M3MEHEHMSI pa3MepoB 4YacTul
[Bmin» Omax] HA N KIACCOB C (PUKCMPOBAHHBIMU Pa3-
mMepam vactuy §; (1 = 1, 2, ..., n, n+1), rae 81 = Smax,
Sn+1 = Omin. BYAEM cUMTATB, YTO BHYTPM i-ro Knacca
HaxoAsTCa YacTULbl TONbKO OAHOMO pasmepa
O + 841

>

B aTom cny4ae ypaBHEHWE KMHETUKM pa3morna
npuHUMaeT BUg,

£(5,t+at)=[1-S(5 )at]f (5.t)+

i-1
+AL D" S (3 )by f (S t).
k=1
PacueT npouecca pasmorna rno 3ToMy ypasHe-
HMO TpebyeT naeHTndukaumm yHKUNA nsMenb-
YeHus. lNMpoBeaeHHble paHee wuccnegosaHus [2]

5= (13)

(14)

© MOYBIMO «MBaHOBCKMI rocyAapCTBEHHbIN SHepreTU4ecknin yHuBepcuTeT umenn B.U. NlennHa»



© «BecTHuk UIF3Y» Bbin. 3 2009T.

rokasanu, 4To npu AOCTaTOMHOM 3HEprornoABoOAe
NPOMCXOAUT XPYMKOe paspyLleHue 4actuy C pas-
HOMEpPHbIM pacnpegeneHnem nNpogykToB paspyLue-
HWS NO pasmepaM. OTO COOTBETCTBYET NMHENHOMY
pacnpegeneHunto, Kotopoe Ans dmyin = 0 MoxeT 6bITb
npeacTaBneHo 3aBUCUMOCTbBIO

B(£,6)= g (15)
M3 aToro cnenyert

B(&8) 1 (16)
B g

KoadhduumeHTtbl by B BbipaxeHun (14), cooT-
BETCTBYIOLLME MacCOBOW [One OCKONkos, obpaso-
BaBLUMXCS NPV paspyLUeHUn YacTuupl k-ro knacca u
nepeLueaLwmnx B i-n knacc, 6yayT paBHbI

8, —8;
bki: |6 |+1'
k+1

Haunbonee 4acto cenekTMBHYKO YHKLMIO ar-
NPOKCUMUPYIOT CTENEHHON 3aBUCUMOCTLIO
S(3)=ad?, (18)
roe napameTpbl o 1M B nogbupatoTcs Takum obpa-
30M, 4YTOObI GbINO 0becnedeHo Hauny4lwee corna-
COBaHME MeXOy PacyeTHbIMU U 3KCMEPUMEHTAlb-
HbIMW XapaKTepuCcTUKaMn AMCMEPCHOr0 CocTaBa
n3mernbyaemoro matepuana. pu sTomM napameTtp
oL ONpefensieT NHTEHCUBHOCTb U3MENbYeHNs BCEN
Maccbl MaTepuana, a B 3agaeT COOTHOLIEHME B
WHTEHCMBHOCTU U3MESbYEHUST YacTul pasfnnyHon
KpynHoctu. B obwem crnyyae aTu napameTpbl 3a-
BMCAT OT NPOYHOCTM pa3MarnbiBaeMoro Matepuana,
TMNopasMepa MenbHULbI, CTEMEHM LApOBON 3a-
rpy3kn 1 KonmMdecTBa MaTepuarna, HaxogsLerocs B
bapabaHe. [InA KOHKPETHON MENbHULbBI U KOHKPET-
HOro MaTepuana napameTpbl MOLENU CTaHOBSITCSA
3aBMCMMbIMU TOSbKO OT 3arpy3ku 6apabaHa wapa-
MW 1 MaTepuanom.

Mpy rccnenoBaHUM KUHETUKA MU3MESbYEHUST aH-
TpauuTa 1 HeTSHOrO KoKca B flabopaTopHOW Lwapo-
BOM MernbHUUE [2] ObINo 0TMEYEHO, YTO AN KaXKaoro
nccnefoBaHHOMO MaTepuana B npeaenax M3MeHeHus
CTEMNeHn 3anofIHEHNSI MEXLLApPOBOro MpOCTpaHCTBa
pasmanbiBaemMbiM MaTepuanom u = 0,7-5 napameTtp
o NponopLMoHaneH BenMUYnHe U B ctenenn —0,6 He-
3aBMCUMO OT BEMUYMHBI CTEMEHWU LUAPOBOW 3arpy3kut
yu. [pn u < 0,7 3HaveHne o ctabunusmpyertcs. lMo-
3TOMY BRMsiHWE 3arpy3ku OapabaHa wapamu n pas-
MarblBaeMbIM MaTepuarioM MOXHO y4ecTb BBeAEHU-
em B (hopmyny cenekTMBHOM (PYHKLMN KOSPDULMEH-
Ta k,:

K :{l 24

o _
u 0,6

(17)

npuu<0,7,
(19)

npuu=0,7.

MOXHO NpeanosioXknTb, YTO 3Ta 3aBMCMMOCTb
COXpaHAEeTCsA U B NMPOMbILLNIEHHbBIX MENbHMLAX.

BennumHa u onpegenseTcs cTeneHblo WapoBom
3arpysku y,, 1 konnyectsoM matepmana Ggs, Haxo-
pswerocss B 6apabaHe. B BeHTUnupyemon Mernb-
Huue BenuumHa Gg 3aBUCUT OT pacxoda martepuva-
na 4yepes 6apabaH B; 1 ckopocTu ABMXEHUA MaTe-
puwana sgonb 6apabaHa Wy, OgHumM 13 gocto-

WHCTB BEHTUIIMPYEMbIX MENbHUL, SABMASEeTCd TO,
YTO CKOPOCTb ABWXEHUSA YacTuy, Boonb bapabaHa
3aBUCUT OT BENWYUHbI BEHTUNAUMKM GapabaHa wu
pasmepa vyactuy. Menkne yactuubl nog Bo3gen-
CTBMEM ra3oBOro MOToka ObICTpee yCKOPSAKTCHA U
ObiCTpee nokuaalT pa3MoSibHOE MPOCTPAHCTBO,
He gonyckas nepeusmenbyeHus. bonee kpynHble
YacTuubl ABUralOTCa MeAfeHHee U NnoaBeprarTcs
bonee onuTenbHOMY pas3Mony Mpu NPOXOXAEHUU
b6apabaHa. Hannune B nbinecucteme cenaparto-
pa, BO3BpaLLaloLLero B MenbH1Ly 6onee KpynHble
YacTuubl Ha NOBTOPHbLIV AOMOJT, HECKOSbKO HMBE-
nupyet 3ToT 3adpdeKkT, TeM HE MeHee paBHOMEp-
HOCTb FOTOBOW MbifM B MenbHULAX ¢ bGonee uWH-
TEHCMBHOW BEHTUMSAUMEN, XapakTepudyemasi 3Ha-
yeHveM KkoaduLUMEHTA MONMMOUCNIEPCHOCTU B
ypaBHeHun Po3nHa-Pammnepa, HeCKONMbKO BhILLE,
Yyem B crabo BEHTUNNPYEMLIX WM HEBEHTWUNWU-
pyembIx MefbHMLax ¢ cenapartopamu nbinm [3].

OcHoBHOWN 3agaden paspabartbiBaemon maTe-
MaTUYECKOM MOAENN SBMASETCHA OLEHKa U CpaBHe-
HMEe BO3MOXHOCTEW KaKOoro u3 paccmartpuBae-
MbIX BapMaHTOB MOAepHuU3auun cenapatopa. Ans
aToro He TpebyeTcsi BbICOKOM TOYHOCTM pac4yeTa
NMpoLEeccoB B MerbHULE, U NO3TOMY [OMNYCTUMO
HeKoTopoe YNpoLLEHHOE NpeAcTaBreHne.

B kayecTtBe nepsoro ynpouleHus éygem cuu-
TaTb, YTO CKOPOCTb ABWXEHMSA YacTul BOoonb Oa-
pabaHa oguHakoBa Ansl BCEX YacTUL, HE3aBUCUMO
OT UX pa3mMepoB U MNOCTOsIHHA No AnvHe bapaba-
Ha. B atom cnyyae GapabaH menbHUUBI MOXET
paccMaTpvBaTbCA Kak syerika uaeanbHOro Bbl-
TecHeHus. Torga npouecc pa3mona nocTynato-
wen B bapabaH cMecn UCXOAHOrOo yrrs 1 BO3Bpa-
Ta M3 cenapaTopa MOXHO NpPeAcTaBuUTb B BuAe
MOPLMOHHOIO U3MESTbYEHMS B TEYEHNE BPEMEHU

L
tpasm = W—5 : (20)
Mam

[nsa 4MCneHHOro peLleHnst CUCTEMbI ypaBHe-
HWIA, OMMCbIBAKOLLMX MpOLecChbl pasmMora 1 nepe-
Hoca maTepuana B GapabaHe, HeobGXoOUMO Yka-
3aTb BEMMYUMHY At, OnMpefensitoLlylo MpPOSOIIKN-
TENbHOCTb OAHOrO LMKMNa HarpyxeHusl. BennumHa
At pormkHa BbITb HACTONBKO Manown, YTobbl MOXHO
ObIno ¢ Tpebyemor TOYHOCTBIO MPUHATb, YTO 3a
3TOT MEepuod MNPOUCXOAUT paspyLUeHVe TOSbKO
CYLLECTBYIOLLUX B Hayane 3aToro nepuoja yacrtu
N HEe NPOVCXOAWUT MOBTOPHOIO pPaspyLUeHUs WuX
OCKOJIKOB. B mepBomM npubnmxeHun BenuumnHa At
MOXeT ObITb MPUHATA paBHOW NMPOAOCIHKUTENBHO-
ctn obopadvBaemMoCcTV LlapomMaTepuanbHon 3a-
rpy3ku B bapabaHe.

M3 mogenun nopuUMOHHOrO M3MEenbYeHusi crie-
ayeT, 4to noctynawwas B GapabaH cmecb uC-
XOAHOro mMartepuana u Bo3BpaTa KpYMHbIX YacTuy,
n3 cenapartopa 3a BpeMs npoxoga Baonb bHapa-
6aHa nogBepraeTcs

t

asm
Npasm = pA'[ (21)
HarpyxeHuam.
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MapameTp u paccunTbiBaeTCcs No oopmyre

u= SMam - 4Bl , (22)

SMw pfuac Hac 2
m 1- puem PmamWV mamV wDs

w

rge nnowagb ceYveHuna HenogBUXXHOIo 6apa6aHa,
3aHATad matepuanom, paBHa
S — Bl .
mam Hac !

mam™V mam
nnowaab cevYyeHusa MeXLapoBOro MnpoCcTpaHCTBa
paBHa

(23)

- prac
S = Z 1- tljt::m D6V - (24)
w

|_|pI/I HaCbIMHOW MNOTHOCTU D,pOGﬂEHbIX YyacTtumy,

yrna ph —1150 k2 / M®, HaCbINHOW W WCTUHHOM

MAOTHOCTM MEMOWMX  LWAPOB  COOTBETCTBEHHO
phac — 4900 k2 I M3, pUe™ =7800 ke | M cTeneHb
3aMONTHEHNS MEXLIAPOBOTro NMPOCTPAHCTBA paBHa

B (25)
WMam\VwD6

KonunyecTtBo matepuana, akkyMyJIMPOBaHHOMO B
6apabaHe, coctasut
Ge = SmamLGPZZ%' (26)

CkopocTb BpalleHunss bapabaHa ng, 0ObLIYHO Bbi-
paxxaemasi B 06/MvH, n anameTp 6apabaHa onpe-
OEensiioT PexXuM ABMXEHUS LapoB W pasmarbiBae-
MOro martepuana B nonepevyHomMm cedeHum 6apabda-
Ha. bonee NoOnHOW XxapaKTepPUCTUKON SBMSIETCA OT-
HOCUTEIbHasi CKOPOCTb BpaLLEHUst

P6 =—, (27)
Kp

roe Kputudeckass CKOpOCTb BpalleHust onpegens-
€TCS W3 YCIOBWUSi PaBEHCTBA B BEPXHEN TOYKe
BHYTpeHHEN cTeHkn GapabaHa LeHTpoGexHon cu-
bl U CUIbI TAXKECTU:

30 [2g 423

nKp T D6 \/@

OTeyecTBEHHbIE U 3apybexHble MenbHULbI pa-
f6oTaloT NpM OTHOCWUTENBbHOW YacToTe BpaLLEeHUs
bapabana ¢s = 0,72-0,8. Tpn Takon cCKOpOCTU
BpalLeHMs B MOMEepPeYHOM CeYEHMM MOXHO Bble-
nnTb YeTbipe obnacTtu [3] (CM. PUCYHOK).

MepByto 06nacTb COCTaBMSAT ABUXYLLMECS
NOTHBLIM CITOEM MO KPYrOBbIM TPAEKTOPUSM LUApPbI
W pasmanbiBaembli maTepuan. BHewHun paguyc
obrnacTtu paBeH paguycy bapabaHa Rs, BHYTPEHHMWI
pagunyc R, 3aBMCUT OT 06bemMa LapoB 1 Matepua-
na B 6apabaHe 1 OT OTHOCUTENbHOW YacToThl Bpa-
weHus bapabaHa @g. BTopas obnactb orpaHmyeHa
TpaekTopsiMn NageHns Ter, OTOPBaBLUUXCS C Kpy-
rOBbIX TPAEKTOPUN C BHELLUHErO U BHYTPEHHEro pa-
anycoB nepsor obnactu. TpeTbs obnacTtb 3aHMMa-
€T NMPOCTPaHCTBO MEexAy NepBon n BTOpon obnac-
TAMKW, a yeTBepTas orpaHuyeHa paguycom bapa-
fbaHa n TpaekTopuew Ten, OTOpPBaBLUMXCA OT pa-
anyca bapabaHa. MeTtoguka pacyeTa nnowlanew
3Tux obnacten npvBedeHa B [4], a BnusHWe pe-

u=0,00311

(28)

XMMHbIX NMapamMeTpoB Ha MX COOTHOLLUEHWEe MoKa-
3aHo B [5].
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Cxema OBWXeHUs LapoB M MaTtepuana B nornepevyHom ce-
yeHun 6GapabaHa MenbHUUbI: 1 — obnactb NOgbEMHOro
OBWXEHUSI MO KPYrOBbIM TPAEKTOPUSIM; 2 — pa3peXXeHHbIN
Crnou nagaoLwmx Wwapos 1 vyacTul,; 3, 4 — «4UCTbIe» KaHarbl

CymMmapHyto 3arpysky 6GapabaHa mentoowmmm
LwapamMu 1 pasmarnbiBaeMbiM MaTepuanom oygem
XapaKkTepusoBaTb CTEMNEHbI 3arnofIHEHUS cede-
HWsi bapabaHa v, COOTBETCTBYHIOLLEN [oNe ceve-
HWsi HenoABWXHOro 6apabaHa, 3aHATON LapomMa-
TepunanbHON Maccou.

Tak kak nsmenb4yaemble YacTuLbl MHOTO Mefb-
ye MenwWMX LWapoB, TO MOXHO MNPWHATb, YTO
YacTuubl MOTYT MOMHOCTBIO 3aHUMaTb MeXLapo-
BOe MpocTpaHcTBO. B 3TOM cnyyae crteneHb 3a-
nonHeHnss GapabaHa wapamuM n Martepuanom
paBHa

v, pu u<l,

prac prac
Wy = V| em FUI = || = (29)
Pw Puw

=y, (0,628+0,372u) nmpu u>1.

BeHTunupyowmn ras npoxoguT Kak no «4uc-
TbIM» KaHanam, Tak 1 Yepes Crion nagarowmx Lwa-
poB u yacTtuy. lNoTokn rasa pacnpenensitotcs no
KaHanam Takum obpasom, YToObl aspoaHamuye-
CKOE COMPOTMBIIEHNE «YUCTbIX» W 3amnblfIEHHOIO
kKaHanoB ObinnM oamHakoBbl [2, 6]. NepeHoc pas-
ManbiBaemMoro martepuana Bgonb 6apabaHa npo-
NCXOOUT NMOTOKOM ra3a, ABWXKYLLUMMCH Yepes Crow
nagatowmx yactuy. OgHako pacyeT pacnpegerne-
HWS ra3a No kaHanaMm WM nepeHoca YacTuy BOOIb
bapabaHa TpebyeT mHTerpupoBaHusa aunddeper-
LManbHOro ypaBHEHMST ABUXKEHMS YacTuLbl B CHO-
csLleM MnoToKe M yyeTa B3aMMOOENCTBUS 4acTuLy
pasnuMYHON KPYMHOCTU Mexay cobon. Takon nog-
X0[, K OMMCaHM1IO NpoLiecca nepeMeLLeHns YyacTuy,
Boonb GapabaHa cyllecTBEHHO 3aTpyaHSAeT pe-
WeHne 3adayn M yBenuMuMBaeT MNpPOLOIDKUTENb-
HOCTb BbIYMCITEHWN.

Tak kak pa3spabaTtbiBaemasi Mogenb He npeg-
HasHayeHa QAN MWCCnedoBaHWs MNpPOTEKaroLWmX
BHYTpn GapabaHa npoueccoB, a UCMNOosb3yeTcs B
cyrybo npakTudeckux uensx Ansg conocTaBrneHus
BapuaHTOB MoJepHM3aumMm, TO BHOCMM B MOZEIb
BTOpOEe ynpouieHue. Npumem, 4YTO CKOPOCTb ne-
pemeLlleHnst pa3MarnbiBaemMoro matepmana BAosb
GapabaHa ws nponopuuoHanbHa pacxogHOW CKo-
pPOCTU BEHTUNUPYIOLLEro rasa, OTHECEHHON K CyM-
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MapHOW Nowann «4UCTbIX» KaHanoB U nagatoLle-
ro crnod Sy:

Wg =k, =. (30)

KoadbdmumeHT k, siBnseTca napameTpoM naeH-
TudmKauum Moaenm.

lMpouecc pasgeneHus YacTuy Mo pasmepaM B
cenapartope nboN KOHCTPYKUMM MOJTHOCTbH Of-
pegensieTca KpUBOW pasferneHuns ¢s(d), 3HayYeHus
KOTOPOW COOTBETCTBYIOT BEPOSTHOCTU BbiAENEHMUs
YacTuL pasMepoMm S B U3 MESTbHUYHOIo NPoayKTa B
rotoBylo Mbifib. COOTBETCTBEHHO BEPOATHOCTL MO-
najaHus Takux 4acTuy B BO3BpaT cenapaTopa Cco-
ctaBngeT 1— @s(8). MNpw nnoTHocTM pacnpenene-
HWSI YacTuL NO pa3mepam B MENbHUYHOM NPOAYKTE
f1(8) nnNoTHoCTM pacnpedeneHns 3TUX YacTuy B
roToBOW Mbinn 1 BO3BpaTe OyayT COOTBETCTBEHHO
paBHbI

f(8) = M, (31)
f2(8)_ |:l—(p )J. (32)

MonHbIM BBIHOC cenapaTtopa M 3HadYeHusa nof-
HbIX OCTaTKOB FOTOBOW MbIIN M BO3BpaTta paccyu-
TbiBAOTCA MO crneayrowmnm dopmynam [7]:

6rT'la)(
0(3)= [ es()fu(e)de; (33)
5min
100 "
Rs(3) = 05 (&) (2)de; (34)
3
Ry ()= 200" j [1-05(8)]a(2) (35)

<Dopmynb| (4)—(6) n (31)—(35), cocraenswowme
MaTeMaTUYecKyld MOAeNnb pasfeneHust MOpOLLKO-
BOro MaTepuwana B cenapaTope, NpeacTaBnsioT
cobown GanaHcoBble COOTHOLUEHUS N NMO3TOMY BCeE-
raa BepHbl. TOYHOCTb OMMcaHMsA npouecca pasge-
NeHnst No matemMaTu4yeckorW Mogenu 3aBUCUT OT
TOro, HaCKOfMbKO yAayHO BbIOpaHO onucaHue Kpu-
BOW pasgeneHuns ¢s(o).

Ons annpokcumaumym  KpUBOW  pasfaeneHust
npeanoxeHo [JOoCTaTodHO Oonblioe KOnM4ecTBO
dopmyn. B [8] nokasaHo, uTto Haubornee 4vacto
Haunydlee COBMaJieHUe [AOMUCMEPCHbIX COCTaBOB
NPoAYKTOB pasfeneHuns, NonyyYeHHbIX pacyeToM no
(33)—(35), ¢ pesynbTatamMmy CUTOBOrO aHanu3a goc-
TUraeTcs Mpu MCNOMb30BaHWM OBYyxXnapameTpuye-
CKOW 3aBUCUMOCTU

95(8) = — (36)

1+i

dzp
30ecb rpaHnYHbIN pasmep pasgeneHns ., co-
OTBETCTBYET pa3mMepy 4acTuu, KOTOpble C OOuvHa-
KOBOW BEPOSATHOCTBIO BbIGENAIOTCA B [OTOBYIO
Nbifib U BO3BpaT, a napameTp ks onpegenset ad-
eKkTUBHOCTb pasgenenunsa: ¢opmyna (36) npum

ks = 0 cooTBeTcTBYeT MaeanbHOMY AEreHuIo,
Koraa yacTtuupbl nobbix pasMepoB MMEKT OOuHa-
KOBYIO BEPOATHOCTb NONACTb B FOTOBYIO MNbliflb UMK
B BO3BpaT, a Npu ks = — o — ngeanbHON Knaccu-
duKaummn, Korga BCe 4acTulbl Menbye &g, nona-
JaloT B rOTOBYHO Mbiflb, @ BCE YacTULbl KpynHee
dzp BbIAENAIOTCA B BO3BPAT.

MapameTp ks B OCHOBHOM 3aBMCUT OT KOHCT-
pyKUUK cenapatopa 1 OCTaeTca NpakTU4ecKn no-
CTOSIHHbIM B LUMPOKOM [AnanasoHe W3MeHeHUs
pexXuMHbIX napameTpoB. B aTon cBa3u napameTp
ks siBnsieTca xapakTepuCTUKOW KOHCTPYKUUWU ce-
napaTopa M MOXeT paccMaTpuBaTbCs KaK Heuns-
MEHSIEMbIA KOHCTPYKTMBHBLIA napameTp. [paHuu-
HbI pa3mep pasgeneHns 06bIMHO MOXET MEHSAThb-
CA B LUMPOKMX Mpederniax npu U3meHeHun nomno-
XKEHUS perynupylowmMx OpraHoB cenapartopa U
npeactaBnseT cobow pexxnMHbIN napameTp.

Ona  4yucneHHOro  peleHust  BblpaXeHus
(33)—(36) npeacrasnaOTCa B criegyolemM Buae:

n

Z 81| fl(sl,l)( i 6i+1); (37)

Rs(5;) 1202% By f1(51|)(5| 8is1); (38)
j=1

RZ (6i 100 - Z[l Ps 81| ]fl(sll) 8 8|+1) (39)

1
rae ¢5(8y)=——— - (40)

1+ Si

dzp
[na ucnonb3oBaHWs mMaTtemMaTudeckon mMoaenuv
npu aHanuse BapuvaHTOB MOAEPHM3aLUWN Mbiecu-
CTEMbl HEOOXOOMMO 3HaTb 3HAYEHMS NapameTpoB
naeHTndukaumm: Ko3apULIMEHTOB o 1 3 B Bblpaxe-
Hun (18), koadbdmumenTa kg B (30) M napameTpos

KpMBOWN pasfeneHusa cenaparopa ks u 5, B (36).
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