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PA3PABOTKA H HCC/IEAOBAHHE MATEMATHYECKOH
MOE/IH TITPOLIECCA PYAOHU3ME/IBYEHHA

PaspabotaHa matematHyeckas Mode/nb INpollecca pYAOH3Me/IbYeHHs] H ero pelleHHIO,
KOTOpOe MOXeT ObITh HCIO/IB30BaHO /S OLIHKH BbIXOAa IMpPOAYKTa HeobXOAHMOro
kaacca. [lpuBoauTcst aHa/M3 IUTEpPaTypsbl, @ TakkKe pacCMOTPEeHbl Pas/iHyHble MYTH aB-
TOMaTH3aLlMM TIpollecca H3MesbueHHus. Kpome Toro, npeasoxeH BapHaHT pelleHUs
YpaBHeHHA Auchpy3uH, MpHeM/IeMblif Ha NMpaKTHKe /18 CO34aHHUs Ha ero OCHOBe Mare-
MaTHYeCKO¥ MoJe/H npoLiecca pyaAou3Me/IbYeHHH.

KmroueBnle c/10Ba: pyaa MaTeMaTHdecKas MoJesb pyAoroAroTOBKa YpaBHeHHe AUPDY-
3UH.

O [HUMH M3 Hauboriee 3HEpProeMKUx U TPYAOEMKHX IPOLIECCOB B TEXHO-
OTUU TIPOM3BOACTBA AMCIICPCHBIX MaTepuasioB SIB/AIOTCA OlepaLvr
COKpallleHUs1 KPYITHOCTH KYCKOBOTO MaTepuasna, 3aTpaThl Ha 3T [POLIECChl 3aHU-
MaioT 30—50 % B cebectorMocTi ropHo-oOoratutesnbHoro nepenena. CoBo-
KYIMHOCTb TMPOLIECCOB 0OPabOTKU pyabl PasHOOOPa3HBIMK MEeTOAaMU /s To1yde-
HUS TPAHY/IOMETPHUECKOr0 M BElIeCTBEHHOTO COCTAaBOB, OllpedessieMbix Tpebo-
BaHHUAMU TIOCACAYIONINX MepeaesioB W/I¥ HOPMaTUBAMK Ha TOTOBYIO MPOAYKLIMIO
Ha3bIBaeTCs MPOLIECCOM PYAOIOAroTOBKU. Kak npaBu/io Ha KoMOMHaTax I10 Iie-
pepaboTKe pya LIBETHBIX KM UepHBIX MeTa//IOB, B XWMHUECKOM ITPOM3BOACTBE
MAaHHBIN 3Tal MpealecTBYeT 3Tany oboralleH s pya.

HccnenoBanus nokasbiBaioT [1], uto MakcuMaribHast 3pdeKTUBHOCTh U3B/ICUEHUS
I10/1Ie3HOTO KOMITOHEHTa IMpy OOOoralleHny pya AOCTHUraeTcsl MpH KPYIMHOCTH 4acTh
0,074 mm.

Kak BruaHO u3 puc. 1 sTarn pyaorioaroToBKU COCTOUT K3 HECKO/IBKUX TTPOLIECCOB:

1. I'lpottecc apobnenus pyasl. K apobreHuio 0OTHOCATCS MeXaHU4YecKre Mmpoliec-
Chl, TIOCPEACTBOM KOTOPHIX I0OBITast B PYAHUKE TMOpoaa pasbUBaeTcs 10 PasMepoB,
MOAXOAANNX A/ Ja/IbHEMIIero MaMe/lbueHus IoCPeACTBOM pa3MasibiBaHUsA. YCTport-
CTBa, KOTOpbie PasbUBalOT AOGHITOE B PYAHUKE ChIPbe, OTHOCHATCS K IMepPBUYHBIM
ApOOW/IKaM; APOOU/IKH IEKOBOrO M KOHYCHOTO TUIIOB Cpear HUX SBASAIOTCS OCHOB-
HBIMH.

2. I'polecc npeaBapUTenbHOTO U3MebUeHWsl pyabl MpeACcTaBaseT coOoM npea-
BapUTe/bHBIN 3Tarl [MO/IYYeHUsT MaTepraia HeobxoauMon KpyrmHOCcTH. OGhIUHO MPo-
M3BOAMTCS B BOAHOM Cpe/e MOoCPeACTBOM MalllMH, B KOTOPBIX TOpoaa M3Me/lbiaeTcs
[Py TIOMOIIM Ta/IbKK, OBPasyIollercss U3 TBePAbIX KYCKOB PYAbl W/IKM BMEIIAlollei
[OPOIBI.

3. Ipotiecc usMenbueHrsl pyabl NPeACTaBAseT COOOM KOHEUHBIN 3Tarl COKpallle-
HUS KPYITHOCTH KYCKOBOTrO MaTepuaria. Kak npaBr/Io, UaMennbueHre Ha 3TOM CTaauu
MMPOM3BOAMTCS B BOAHOM Cpesie MOCPeACTBOM MalllMH, B KOTOPBIX [TOPOaa U3Me/ibya-
eTcs MPY MOMOIIM YYT'YHHBIX WM CTA/bHBIX WApoB. B pesynbraTe npouvcxoaut o6-
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Pewkn kpynHoro

Pyna ynHocTsio Mpouece Pya kpynHocTsio Mpouecc
10-100mm | M3MENbYEHHA pyabl 0,074 M- 5 PYAbI | MoTosit npomykr

—Bam |

Mpouecc
Apobnenus pyast

Pyza kpyreocro | WSMENbUEHUS pyabl

’
:
L%

Puc. 1. CtpykTypa npoueccos 3Tana pyaornoaroToBKH

pasoBaHye MYy/bIIEl C TOBBIMIEHHBIM COACPKaHWUEM YaCTHIl K/acca KPYIIHOCTH —
0,074 mm (nopsaka 70-80 % ot obiieit Macchl My/bIIbl).

4. Ipouecc KaaccuyKalMy pyasl HEOOXOAWM A/s IPHUTOTOB/ICHMS MaTepHasia
orpe/ieNleHHOM pPa3MepHOCTH, TIOCTYIIalolero Ha oboratienuve. [Ipu 3Ttom B pesybTa-
Te Mpoliecca BbifenseTcs KpyrnHas (ppakivs Myablibl, KOTOpas BO3BpalllaeTcs Ha
IoV3MerIbueHye.

C nosuLmy yrpapieHuss Haubo/ee BaXkHBIMU 1 C/IOXKHBIMU SIB/ISIIOTCA HeIlpephiB-
Hble MPOLIeCCH WaMenbyeHUsi pyabl. CroKHOCTb YIIPaB/ICHMs 3aK/II0UaeTCs B TOM,
YTO ONTHUMA/IBHBIM PEXUM HaXOAUTCH B HEIMOCPeACTBEeHHOM O/M30CTH OT Npeserna
YCTOMUMBOCTH, YTO C YUETOM 3HAUMTe/IbHbIX TPaHCIIOPTHBIX 3arlasAblBaHUi ellle
Gorbllie OCIOKHSACT 3a1a4y ero oIS PKAHM.

[ns aHanuza mpoliecca HeOBXOAMM BBIOOP (PUMKO-MaTeMaTHUeCKOM Mo/esnH,
MO3BO/IAIONIEHM YCTAHOBUTh CBSI3b MEXKAY IMapaMeTpaMu Tpoliecca. B autepatype,
MOCBAMEHHON pyaoroaroToske [3, 4, 5], npeanaraetcs psa Mozeneit a71s ONyMCcaHUst
IpoLiecca W3MenbUeHUsl pyabl, TakKMe Kak Mo/e/lb WICANBHOIO MNepeMellMBaHus,
MO/THOTO BBITECHEHUS M siueeuHasl MO/e/b, KOTOpas MOXKeT IPeaCTaB/IAaTh KOMOUHa-
1Mo TepBbiX ABYX. CyllleCTBeHHbIM HEeOCTaTKOM 3THX MOAXOA0B [D] sBAsieTcs He-
BO3MOXKHOCTb OINMCATh AB/ICHYE TepeMellMBaHus (0OpaTHOrO ABMKEHHs) MaTepyasa
B GapabaHe MenbHULIBI, A7 PelleHrs 3TOM MPOB/IeMbl MOXKHO MPHUMEHUTh MO/e/b,
OCHOBAHHYIO Ha OIMMCaHMM [IpoLiecca W3MerbUeHHsl TP MOMOIIM YpaBHeHHs Andy-
dysun. B sTOl Modenu mnepeMelmMpBaHre MaTepHasa B IIOTOKE (B HallpaB/eHHH
MBVKEHHsl) OMMChIBAETCH BbIpaxkeHreM, popMa/lbHO COOTBETCTBYIONIMM 3aKOHY MO-
nerynsipHou andpdpysmr Puka [4]. [To aHanorvu ¢ KO3 PULIMEHTOM MOICKY/ISPHOM
nridpdysun B 3akoHe PrKa cTereHb MPOAOIBHOTO MepeMenivBaHysa B audpdy3uoH-
HOM MOZenMy XapakTeprsyeTcs KO3((HUILIMEHTOM IIPOAO/IBHOrO TepeMelnBaHus
D, . TlpumeHnutessHO K mpolieccaM M3MelbieHHsl 3TOT KO3 (PULIMeHT orpesenseT

Mepy CMellleH s YaCTULl Pas/TUMYHON AUCTIEPCHOCTU OTHOCUTE/IbHO APYr Apyra B oce-
BOM HallpaB/IeHHH.

Mogenb, ocHOBaHHasg Ha MNpHHLMIIE AUQY3UM, TO3BOISET Hanbonee TOUYHO
OIMCaTh IPOLIECC U3MerbueHHsi, OObearHAsA B cebe MperMyIlecTBa MOoAen Uaeasb-
HOT'O BBITECHEHHS W MOZe/y TO/MHOrO NepeMellBaHtsa, OHa TMO3BO/SAET OIMMCATh Ta-
KUe fIB/IeHWs] KaK 3aCTOMHbIe 30HBI M OOpaTHOE IepeMellBaHye B Tene HU3Me/Ibul-
TeNbHOTO arperara [5].

[nasi Toro 4toGbl MOMYYUTh MaTeMaTUYEeCKYIO MOo/e/lb IMpoLiecca H3Me/lbueHHs,
Mpe/ICTaBUM Me/bHHILY B BH/Ie CTPYKTYPhI TIOTOKOB (CM. puc. 2).

YpaBHeHre coxpaHeHHs MacChl CUCTEMEI, [Ipe/CTaB/IeHHOM Ha prc. 2, 6yaeT Bbl-
I57eTh CIeAYIONINM 06Pa3oM:
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Puc. 2. Moaens crpyktypsr moro- Puc. 3. MarepuanpHbiii 6anaHc Ha
KOB Me/bHHYHOTO arperara c o6- KOHLAaX H3Me/IbYHTe/IbHOrO arpera-
paTHbIM nepeMelllHBaHHeM: V — CKo- Ta: a—y [eBOro Kpas arperara, 6-y
pOCTb ABWMKeHHs Macchl (M/c), W — un- mnpaBoro kpas arperata: Cp — KOHLeH-
TEHCUBHOCTb TMOoZaYu Macchl (1/M), C — Tpals BelllecTBa K/iacca KPYIHOCTH -
KOHLIeHTpaLMsa BellectBa Kraacca kpyn- 0,074 mm, B 3arpyske merbHuibl, Cy —
Hoctu -0,074 mMm (r/1), D; — KoaddpyLm- KOHLIHTpaLMs BellleCTBa K/acca KPYIHO-
eHT OBPaTHOro nepeMenyBaHus (M“/c) ctr -0,074mM, Ha BbIXOZIE U3 arrapara

wax % - VWC+D,WE(C +§ij—
ot ox

oX

oC oC
oX ox

—VW(C-%——AX _DWE (1)

[ocne npeobpasoBanys ¥ nepexona K npeaeny npu Ax — 0, noayumM ypaBHe-
HUe:

oC o°C _oC
—=D—-v—.
ot 194 ox
YparHenve (2) npencrtaBnsieT coboOM OCHOBHOE YpaBHEHHE paspabaThbiBaeMoit
MaTeMaTHYeCKOM MO/Ie/u MpoLiecca U3Me/TbueHUs.

OueBuaHo, uTo a5 YpaBHeHUs (1) A0MKHBI ObITH 3a7aHBl OHO Hada/bHOE U /Ba
rpaHUYHBIX YC/IO0BUsS. B KauecTBe Haya/lbHOrO YC/IOBUS 3aalvM MPOMU/Ib KOHLICH-
TpaLMii 110 arrapary B HauabHbiil MoMeHT BpeMern: C(0,x)=C,(x) npu t=0.

['paHUUHBIA YC/IOBUS 3a/alKM HCXOAs M3 YC/IOBHsS MaTepuasibHOro 6GasiaHca Ha
KOHLIax anmnapara (puc. 3).

PaccMoTpuM n1eBbIE KOHell arnrapaTa, B KOTOPBIN MOCTYIaeT pyaa ¢ HeKOTOPOi
cpeaHeit ckopocthio v (puc. 3, a). CyMMa [IOTOKOB MMOAXOASINIMX K TpaHMULIe,
[0MXKHa GbITh paBHa MOTOKY BellleCTBa, OTXOAANICrO OT IPAHMLIBI, TAKUM 00pa3oM,
[7151 7IeBOV IPaHHLIbI [O/IYYaeM:

V(CO—C)+D,%§=0- (1)

YuyurteiBas TO, UTO Me/IbHHILIa AB/IAETCA allllapaTOM KOHEUYHOM A/TMHHBI, MOZKHO
peario/IoKMUTb 4ToO C= CK , C YUEeTOM 3TOro rpaHrMYHOE YC/IOBHE Y TIPaBOro Kpasd

anrapara:
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dc _
dx

[nas yrpoleHusl ypaBHeHHH ¥ HaXOXKAeHHs MNepeaaTodHoM (pYHKIIMK Mpoliecca
M3MeribueHuisi, BBesileM Oe3pasMepHble NepeMeHHbIe:

0. 2)

X
Z=—, (3)
1
t
0== ) (4)
t
rae | — anvHa MenbHULBI, T — BpeMsi, B KOTOpPOe pacCMaTpHBaeTCs YacCTHlia, X
— KOOpZMHaTa, B KOTOPOM HaxOAWTCA paccMaTprBaeMas 4yacTulla, ¢ — cpeaHee
BpeMs HaXOXKAEHUs BCeX UacCTHLL B Me/IbHHLIC.
[Tocrie noacTaHOBKY BBeIeHHBIX KO3 (OHLIMEHTOR B YpaBHEHUe (2), Monydaem:
vl 6C vl C 8°C )

+ 2
D, 6 D, oz oz
MHozxuTennb (vl)/D, npeacTapngeT coboi 6espasmepHoe uucno [lekne (Pe), c

Y4eToM 3TOro YpaBHeHHe (7) OyaeT BhIr/fgAeTh CeayioniM o6pa3om
oC oC _o*C

Pe— + Pe— - (6)
00 0z oz
['pannunbie ycaosus (3) u (4) Takxke nprBeneM K Ge3pasMepHoi hopme
1 dC
C,-C)+——=0 =0
( 0 )+ Pe dz npH 2 @
£ =0 mpu z=1 (8)
dz

[MonyunM mepenaTodHyio PYHKLINIO AMY3MOHHON Modeny Ipoliecca U3Mellb-
YyeHwus, /715 3TOro MPUMEHUM IpeobpasoBaHye [lariaca K ypaBHeHUIo (8), B pesyrib-
TaTe yero Mo/y4uM /IMHEeHHoe oaHopoaHoe arddepeHLranbHoe YpaBHeH e BTOPO-
ro ropsaka
d*C dC
> —Pe——
dz dz

[Ipumensis npeobpazosanue /lariaca K rpanndHbiM yenosuam (9) u (10), nony-
yuM crieayiolee

1 dC

PepC=0 9)

1-C+—"=2-0 =0 10
" Pe & npu z =0, (10)
£=O npu z=1. (11)
dz

Harinem pemenve ypaBHenust (11) oTHOCHTE/bHO HMCKOMOM, MpeoGpa3oBaHHOM
no /lannacy konuentpatmn C ( p), pelasi COOTBETCTBYIOIIEE XapaKTepPUCTHUECKOe
ypaBHEeHHe, C YJ4eTOM IPaHMYHBIX YcrioBuM [2]. B pesynbrarte rnonyyaeM HMCKOMYIO
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repeaaTouHyio (PYHKLIMIO, OIMHCHIBAIOIIYIO MPOLIeCC MoMyYeHus: ppakLniy TpeGyeMo-
ro Kaacca KpYIMHOCTH:

4 /Pe;llp eP%
e
W(p)= PR T (12)
/Pe+4p+1 R g Per /Pe+4p_1 o 4 Per
Pe Pe

Kak BuaHO 13 ypaBHeHus (14) OCHOBHBIM MapaMeTpoM Mo/ery SB/ASETCS YHC/IO
[lekne, koTopoe onpeaenseTcs Kak (VI)/DI, HEeH3BEeCTHbIMU B 3TOM YpaBHEHHU

AB/IAIOTCA MPOAO/AbHAsA CKOPOCTh ABKKEHHUs MOTOKa vV U KoadpdpulMeHT anddy-
3uu D,, nna mx ornpesneneHUs BOCIO/b3YeMCH JaHHBIMU 3KCTMepHMeHTa Hal Merlb-

nuueit MIILL 5084, ycTaHOBAEHHOM Ha 30/10TOU3B/ICKATeMbHOM habpUKe ropHO-
MOBBIBAIOIIETO U TepepabaThiBaloIero npeanpusTtis Ha Gase pya OnuMnvanvH-
CKOrO MeCTOpoOxaeHusi. XapakTtepuctiku MernbHuLbsl MIILL 5084 npeacrasieHsb!
B Tabm. 1.

Llenbio skcriepriMeHTa GBZIO YCTAHOBHTH OTK/IMK M3MeTBYAIOIero arperara Ha
CTYIMeHYaToe BXOHOe BO3AeNCTBHe. BxomHoe Bo3znercTBHe ObI/IO peasvs3oBaHO Me-
TOAOM CTYIEHYaToro (C TOUKK 3peHHs MHePLIMOHHOCTH Ipollecca) M3MeHeHHs HH-
TEHCHMBHOCTH MOAa4/ MMUTaHUs Me/TbHULIBI.

CxeMa YCTaHOBKM, Hazll KOTOPOM IMPOBOAW/ICH SKCTIEPUMEHT, Ipe/CTaB/leHa Ha
pucyHke 4. McxoaHas pyaa ¢ Kapbepa IMofaeTcs B MHEKOo3yoUaTyio ApoBGH/IKY 1103.5
(1-2). HerabaputHble KycKM pyabl KpyrHOCThIO +900MM pasbusatotcst GyTroGoem
1nos.2, Ha penietke no3.1(1-2). /IpobnenHas pyaa nMo HakIOHHOMY KoHBeiiepy (ra-
CTMHYATOMY IuTaTermo) 1o3.6 (1-2) TpaHcnopTHpyercs B OyHKepa A03UPOBKH ApOs-
neHow pyabl B MenbHULY 1103.7 (1-4) 1 06pasyeT Haa HUMH KOHYC APO6GIeHON pybl
Mmaccoit 2000 — 2500 xr.

[pobneHas pyaa u3 ABYX OYHKepOB (103.7) ¢ MoMoIblo BUGpOIHMTaTeel 1os.
8(1-2) nomaetcs Ha MEHTOUHBIM KOHBelep 1103.9 U nosvpyercs B MenbHULY. [lns
obecrieyeHnst YCAOBUI SKCIIeprMeHTa Mpy TMoMolu Bubpornurarteneit 11os.8 (1,2)
Obl/la YBe/IMyeHa roaava pyabl Ha KOHBerep 1103.9, CKopoCTb KOTOPOTo TaKXKe Obl-
N1la YBe/lMdeHa TakuM 0Opas3oM, UTOObI Harpyska Ha KOHBekep OCTazlaCh HeM3MEHHOIM.

Tabnuia 1
Xapakrepucruku measauust MIIL 50784

Tun MenbHUUBI MIIILI 50*84

[nvHa GapabaHa, M 8,4
[uametp HGapabana, M 5,0
Harpyska no nuranuio, T/4ac 400-500
MaccoBas 107151 TBEpAOTO B C/IMBE Me/IbHHLIBL, % 68-72
KoadduiimeHT 3anonHeHns Me/IbHUL U3Me/Ibyaloliel Cpeioi, OTH. el. 0,4
MakcrMaribHBIN AYaMeTp 3arpyKaeMbiX MapoB, MM 80
MaccoBas nons krnacca -0.074 MM B noabyrapHOM MPOAYKTe He Hyxe, % 68-70
YaenbHbIN pacxos WapoB, Kr/T pyzbl 1,0
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APOBNEHHE

U3MENBYEHWUE

Boga obopotHas

141 il
ity
3-1 WMcxogHas

N pyaa
4-1
——

Opobnenan pyga

g |
> = 1 WamenbueHHbId
.= npoaykT

Puc. 1. Cxema pyaoH3Me/1bYHTe/IbHOH YCTAHOBKH.

B pesynbraTte yero obias MHTEHCHBHOCTD MOAauy PYyAbl B Me/bHHULY 6bla yBe-
muena ¢ 400 1/yac o 450 t/4ac. ['lpy 3ToM noaBepranvch U3MEPEHHIO CAeaYIO-
IIMe Be/IMUUHBI:

* MHTeHCcHBHOCTB NModauu pyasl B MenbHALY W, (T/yac);

* VIHTeHCHMBHOCTB IOTOKa PYybl Ha BbIXoAe U3 MesbHULIL W, (T/4);

¢ KoHueHTpaLwms JacTtuil Kraacca KpyrnHoct -0,074 mm Q (%).

['padvk M3MeHeHMs MHTEeHCHBHOCTU MWTaHKs Me/IbHULIbI IIPeCTaB/IeH Ha pUC. b.

Puc. 2. I'padpuk noaauyn pyasl B Me/IbHHLY
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Puc. 3. Boixoa ¢ppakuuu kpynHoctu 0,074 MM B rotoBOM NpoayKTe MeabHHULUbI

Ha puc. 6 npeacraBneH rpadpuk Beixoaa dppakimr KpyrHocty -0,074 MM B ro-
TOBOM NpoAYKTe MenbHULBL. Ha rpaduke: t; — BpeMsa BO3HHKHOBEHHA OTK/IMKa Ha

BO3£[€I>]CTBVI€, t2 — BpeMA BO3HHMKHOBEHHA YCTaHOBHBIICIOCA 3Ha4YEeHHA.

[ns onpeneneHys HeAOCTAIOMMX KO3(POHULIMEHTOB epeAaTOUuHON (PYHKLIMK Bbl-
BeleM YpaBHEHWs CBA3U MEXAY STUMM TapaMeTpaMM M MOMEHTHBIMM XapaKTepH-
CTUKaMU 3KCIIePUMEHTA/TbHOM KPHUBOM.

3anuiieM ypaBHeHHe avddys3roHHoM Moden (1) B cneayioeM Buze:

62C v oC 1 aC

2 T T 13
ox D, o D, ot (13)

CocraByM cxeMy MaTepuaZbHOro GaslaHca Ha 3arpy3ke M BbIXOZe Me/IbHHLIbI
(pvc.7), npy 3TOM MPeAroIoRUM YTO CTYIeHYaToe BO3ACMCTBHE MPOMCXOANUT B MO-
MeHT t =0, COOTBETCTBEHHO Be/MUMHA BO3EHMCTBUS MOMKeT ObIThb 3arlvcaHa Kak
W, -1(t), rne W, s10 BemMumHa Ha KOTOPYIO Obl/la YBeMyeHa MHT@HCUBHOCTD ITHTa-

HHA Me/TbHUILIbI.

b V[, + T, -1(1)]C V[ + T, - [(1)|C i
v[F,+ W, - (D] C,
. v[F + W, -(H]C,
-
le— D[, <7, -1 Y LA AT p—
.'[ 1 b ]E { 1 2 81'
0 a 6 l x

Puc. 4. MatepuanpHpIii 6aaHC Ha KOHUAX H3Me/IbYHTE/IbHOTO arperara, NpH HaAHYHH
CTymeH4YaToro BO3AeHCTBHA: a — Y [IeBOTO Kpasi arperara, 6 — Y MpaBoro Kpast arperara
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B cootBercTtBUM € puc.7, a TakKe YUWTHIBas, UTO KOHLIEHTPALMS TpebyeMoro
K/acca KPYIMHOCTH BO BXO/sIeM MOTOKe KpaiHe Masa MO CpaBHEHHIO C Me/lbHUY-
HBIM TIPOAYKTOM, NMpu X = 0 ypaBHEHWs MaTepHa/IbHOro GaslaHca OyneT BhII/IAAeTb
CrleayioMM 06pasoM:

dC
D,—=vC. (14)

dx

[Tpn x =1 KoHueHTpauma C paBHa uckoMoi C , TaKMM 0OpasoM, YpaBHeHHe
MaTepHasbHOro Gasiarca MeeT BU:

dC dC

=0 > =0. 15
D, dx dx (15)

[Ipeo6pasyem ypaBHeHHe aMdpY3HOHHOM MOAENU, 715 Yero YMHOKUM obe yac-

TH Ha t u npouHTerprpyeM ot 0 10 «©, KpoMe TOro BBeseM 3aMeHY j tCdt=a, a

j taa—ct:dt jtdC =B., TakUM 06PA30OM MOMYUKM:
0 0
T, 0°C
Itaxz t——jt—dt_—jt—dt (16)
2
d_ _ v da _ _B (17)
dx* D, dx D,
[TpeoGpasyeM Takke rpaHHuHbIe ycaoBus, npyu x = 0 moayumm:
Djt—dt_ v[tCdt, nm o-Drde_g (18)
0 v dx
[pu x =1
do
& 19
dx (19

Harinem pertiervie ypaBHeHus (16), B pesynbTarte MoayurM C/ieayioliee BhipazkeHHue:

P, B. 5 D5 DB_PB B5c!, Dp

=——X-——" = —=. 20
* D,X D, ¢ v © v D, ve +v2 (20
[Mpu x =1 nonyunm:
B, B DB I 1 D
=—]-+—L-=B| ———+—~ 21
D, v Vv BD, v v @)
[tCdt
s 1 1.D (22)
B TCdt D v v
0
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Vcrioneays ypaBHeHve (24), a Takxke 3KCIIeprMeHTasbHble KprBbie (prc.5,6) orr-
penenM KoadHULIMEeHT obpaTHOM anddpysun D, , ans aToro ornpesnenvM B MHTep-

Basle t;, t, CYMMBHI ZCAt U ZtCAt, KOTOPBIMU MOKHO 3aMEeHUTb COOTBETCTBYIO-

e WMHTerpasibl. TakuMm obpasoM, dopMyria 718 HaxoxKAeHUs KoadpdulivieHTa 06-
paTHoM andpdyaun 6yaeT BhIrAAAeTh CAeAYIONIMM 06pa3oM:

tCAt
D,Z%—D,l+1—z—=0 (23)
v v ZCAt

D~ 11J1_4(1_M] (24)

> Cat

tCAt
Hcxons us rpadukoB (puc. 5, 6), onpeneneHo, uto z—

D CAt

BUBILASICH CKOPOCTh IOTOKa pyasl ~ 0,125 1/c, no nanHbeM Menbhuisr MIIL] 50784
(tabn.1) 1=8,4 ™M, noacraenssa AaHHBIE B YpaBHeHMe (26), a TakXKe YUUThIBasi, UTO

K03ppuLIeHT 0b6paTHON AMdpdY3HH He MOXKeT ObiTb OTPULIATE/IbHBIM, TTO/TYYaeM:

=15,59, a ycraHo-

D, =0,0625- [1 +4/29, 76} = 0,403 (25)
Onpenenum uncro [exne:
pe-Y _0.125-84 , (o (26)
D, 0,403

Tarum obpazoM, nepeaaToyHas PYHKLMA Me/IbHHUUHOrO arperaTa (14), mprmer
CreayIoMNN BUA:

14,551+1,54
W(p) L7 . (27)

(VI+154p +1) 7295 _((T5154p 1) 172505
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