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MaTeMaTlflIeCKOe MO,n;eJIHpOBaHHe rrpouecca

MaCJIOOT,n;eJIeHHHOT XJIa)l;areHTa
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MOCK08CKUU zocyiJapcm8eHHblu yHu8epcumem npUluzaiJHou 6uomeXHOAOZUU

A mathematical model for the process of oil separation and calculations on
it are considered and this allows to determine the oil concentration in the
pre-determined time period in the pre-determined point of the oil separator
and thus to evaluate the efficiency of work of the filter.

IlpH 3KcIIJIYaTaLUiH XOJIOAIDIbHbIXCHCTeM3HaqHTeJIbHbIM

pe3epBoM 3Heproc6epe:>KeHIDI jlBJUleTCjI YMeHblIIeHHe 3a-

MaCJIHBaHIDI nOBepXHocTH Tenno06MeHHbIx 3JIeMeHTOB H

Tpy60npoBo.n.oB. B qaCTHOCTH, 3aMaCJIHBaHHe Tenno06-

MeHHoH nOBepXHocTH KOH,lI.eHCaTOpanpHBo.n.HT K yBeJIH-

qeHHIO TeMneparypbI KOH.n.eHcaQHH(noBbIlIIeHHe TeMne-

parypbI KOH,lI.eHCaQHHHa 1°C BbI3bIBaeT yBeJImeHHe y.n.eJIb-

Horo pacxo.n.a 3JIeKTp03HeprHH npHMepHo Ha 2 - 2,5 %),
Tenno06MeHHoH nOBepXHocTH npH60pa OXJIa:>K,lI.eHIDI- K

nOHH:>KeHHIOTeMneparypbI KHneHIDI (cHH:>KeHHeTeMnepa-

rypbI KHneHHjI Ha 1°C YBeJIHqHBaeT y.n.eJIbHbIH pacxo.n.

3JIeKTp03HeprHH npHMepHo Ha 4 %). B Tpy60npoBo.n.ax xo-

JIO.n.HJIbHbIXCHCTeM, HanpHMep, pacnpe.n.eJIHTeJIbHbIX xo-

JIO.n.HJIbHHKOBCKanJIHBaeTCjI 3HaqHTeJIbHOe KOJIHqeCTBO

MaCJIa, yxy.n.lIIalO~ero QHPKYJIjlQHIO XJIa.n.areHTa 3a CqeT

nOBbIlIIeHHoro na.n.eHIDI .n.aBJIeHIDIB Tpy60npoBo.n.ax, npH-

Bo.n.jI~ero K yBeJImeHHIO 3HeprOnoTpe6JIeHIDI HaCOCHbIX

cxeM.

IlpHMeHjleMbIe, HanpHMep, MeXaHHqeCKHe MaCJIOOT.n.e-

JIHTeJIH BHHTOBbIX MaCJI03anOJIHeHHbIX KOMnpeccopoB no-

3BOJIjlIOT3HaqHTeJIbHO CHH3HTb KOHQeHTpaQHIO MaCJIjlHbIX

BKJIlOqeHHH B XJIa.n.areHTe, npH TIOM OHa YMeHblIIaeTCjI no

Mepe npOXO)l(,lI.eHIDI qepe3 <pHJIbTp MaCJIOOT.n.eJIHTeJIjI.

HIDKe paCCMaTpHBalOTCjI MaTeMarnqeCKajl Mo.n.eJIbnpo-

Qecca MaCJIOOT.n.eJIeHHjIC yqeTOM MacconepeHoca H ee

pelIIeHHe, qTO n03BOJUleT onpe.n.eJIjlTh KOHQeHTpaQHIO Mac-

JIa B 3a.n.aHHbIH MOMeHT BpeMeHH H B 3a.n.aHHoH TOqKe

MaCJIOOT.n.eJIHTeJUIH, CJIe.n.OBaTeJIbHO,OQeHHBaTb 3<p<peK-

THBHOCTb pa60TbI <pHJIbTPOB BcnOMOraTeJIbHoro anna-

paTa.
Mo.n.eJIb MaCJIOOT.n.eJIeHHjI OT xJIa.n.areHTa C yqeTOM

MacconepeHoca HMeeT CJIe.n.YIO~HH BH.n.:

de de d2e-+u-=v-, (1)
dT. dx dx2

r.n.e c - KOHI.~eHTpaQHjI MaCJI5lHbIX BKJIlOqeHHH B nOTOKe

XJIa.n.areHTa;

v - K03<P<PHQHeHT.n.H<p<pY3HH;

u - CKOpOCTbH3MeHeHHjI KOHQeHTpaQHH.

MO:>KHO CqHTaTb, qTO B Hal.faJIbHbIH MOMeHT BpeMeHH

MaCJIjlHbIH <pHJIbTP MaCJIOOT.n.eJIHTeJIjIqHCT, T.e.

npH 't = 0 e(x,O) = O. (2)
Ilpe.n.noJIo:>KHM, qTO nOTOK MaCJIa H XJIa.n.areHTa nocry-

naeT K MaCJIjlHOMY <PHJIbTPYC nOCTOjlHHOH KOHQeHTpaQH-

eH, Tor.n.a Ha Bxo.n.e B <pHJIbTPMaCJIOOT.n.eJIHTeJIjIBbInOJIHjI-

eTCjI cJIe.n.ylO~ee yCJIOBHe:

npH x = 0 e(O,'t) = co. (3)
Ha BbIxo.n.e H3 <pHJIbTpa MaCJIOOT.n.eJIHTeJIjInpHMeM, qTO

XJIa.n.areHT He co.n.ep:>KHTMaCJIjlHbIX BKJIlOqeHHH:

ae
npHX=/ ax =0, (4)

r.n.e /- ra6apHTHbIH pa3Mep <pHJIbTpa MaCJIOOT.n.eJIHTeJIjI

no Xo.n.y .n.BH:>KeHIDIMaCJIjlHbIX BKJIlOqeHHH.

3a.n.aqy (1) - (4) npHBe.n.eM K 6e3pa3MepHOMY BH.n.y.,lVIjI

TIoro nOJIO:>KHM:

x=/x, 't='to~, c=eoe, (5)
r.n.e X, ~, e - npHBe.n.eHHbIe BeJIHqHHbI.

Yl.fHTbIBag COOTHOlIIeHHjI (5), nyTeM HeCJIO:>KHbIXnpe-

06pa30BaHHH nonyqaeM:

ae u ae vo'to a2e
-+----=----in l/'to (]X 12 (]X2'

npH X = 0 e (O/t) = 1,

- lac 0npHx= -=ax '
npH~=O e(x,O) = 1.
BeJIHqHHbI I, 'to MO:>KHOnpHHjlTb B KaqeCTBe xapaKTep-

HbIX. Tor.n.a OTHOlIIeHHe //'to HMeeT CMbICJI xapaKTepHOH

CKOpOCTHnOTOKa.

0603HaqHM u/(l/'to) = E. OqeBH.n.HO, qTO E ~ 1, H MO:>KHO

CqHTaTb E «MaJIbIM» napaMeTpoM. ,D;aJIee ,lI.JIjI y.n.06cTBa

.n.aJIbHeHIIIHX onHcaHHH OnyCTHM qepry Ha.n.<PYHKQIDIMHH

nepeMeHHbIMH B ypaBHeHIDIX (6) - (7). 0603HaqHM TaK:>Ke

'Y= v'tol f2 .
B pe3YJIbTaTe 3a.n.aqa (6) - (7) npHMeT BH.n.:

ae ae a2e
-+£-=y-,aT. ax ax2



npH x = 0 c(O;!) = I;

dC
npHx=/ - = 0; (9)dX
npH'! = 0 c(x,O) = I.
PerneHHe 3a~aIIH (8) - (9) npe~cTaBHM B BMe peryJUlp-

HOro aCHMnTOTHIIecKoropjl~a:
<Xl

C= ICif:;.
i=O

nO~CTaBHMpa3JIO)KeHHe(10) B COOTHOrneHMjI(8) H (9).
Tor~a ~JIjI onpe~eJIeHHjI K03<p<PHUHeHToBcj Tpe6yeTcjI
pernHTb CJIe~IOI.l(YIO 3~aqy:

dCo d2CO

(}r = Y dX2 ;

CoCO;!)= I; ; Ix=. = 0; co(x,O) = O.

dC; = y d
2
C; _ dC;_1 .

d't dX2 dX'

dC-Icj(O,'t) = 0, ~ x=l = 0; c;(x,O) = O. (14)

,lVIji HaXO~eHMjI K03<P<PHQHeHTaCononyIIHJIH O~HOPOk
Hoe ~H<p<pepeHUHaJIbHOeypaBHeHHe (II) CHYJIeBbIMHHa-
IIaJIbHbIMH rpaHHIIHbIM YCJIOBMjlMH(12). OCTaJIbHbleKO-
3<P<PHUHeHTbIc;onpe~eJIjlIOTCjI H3perneHMjI 3a~aIIH (13)-
(14), KOTOP~ npe~CTaBJIjleT co6oH: Heo~Hopo~Hoe ~H<p-
<pepeHUHaJIbHOeypaBHeHHe (13) TaK)KeC HYJIeBbIMHHa-
IIaJIbHbIMHH rpaHHIIHbIMH YCJIOBMjlMH(14). PaccMoTpHM
OT~eJIbHOperneHHe YKa3aHHbIX3~aII.

PerneHHe nepBoH 3~aIIH HaH~eMCnOMOl.l(blOnpeo6pa-
30BaHHjIJIannaca, KOTopoeB ~aHHOMcnyIIae HMeeT BH~

~
Co (x, p) = fe-PI Co (x, 't)d't,

o
3~eCb IIepTa CBepxy 03HaIIaeT o6pa3 <PYHIUUfHco(x;!).
nO~cTaBHB(15) B COOTHOrneHHjI(II) H (12) H npO~eJIaB

HeCJIO)KHblenpe06pa30BaHMjI, nOJIYIIHM:

Co" - Pc = 0; (16)
y

Ide
co(O,p) =-; - =0,

p dx x=l

me ~Ba rnTpHXa H~ CO03HaIIalOT npOH3BO~HYIO.
PerneHHe ypaBHeHHjI (16) npe~CTaBHMB BH~e

Co = C
01

eK,x + CO2eK,x , (18)

r~e K( H K2 - KOpHHxapaKTepHcruIIecKoro ypaBHeHMjI
K2 - ply = 0, (19)
KOTopble paBHbI K, 2 = ±-Vp!y. (l9a)
npOH3BOJIbHblenocToaHHble c01 HCO2onpe~eJIHM H3rpa-

HHIIHbIXyCJIOBHH(17):

{

COI + CO2 = ~;

K K,l K K,I_O
Ic01e + 2c02e -.

H3cHcTeMblypaBHeHHH(20)Haxo~HM:

1 K eKi
C =__ 2 .

01 P K1eK,1 + K
2

eK,l '

1 K eK,1
C

O2
= _ 2 (22)

P K eK,1 -K eK,1
J 2

C yIIeToM KopHeH (19a) xapaKTepHCTHIIecKoro ypaBHe-
HHjI Bblp~eHMjI ,WIjI COIH C023anHrneM B BH~e

Tor~a perneHHe (18) npHMeT BM

__ 1 e-~ ~x 1 e~ -~x

Co - 2p Ch[J~r + 2p Ch( ~r '

HCnOJIb3Yjl Ta6JIHUbI o6paTHblx npe06pa30BaHHH JIan-
JIaca [5], HaH~eM Bblp~eHHe,WIjI OpHrHHaJIa.B pa3Mep-
HOMBH~e 3TOBblp~eHHe HMeeTBH~

2 ~ (-lY [ 1t ]
Co (x,'t) =1--I---cos (n+I)-(l-x) x

1t n=O (n + 0,5) I

xexp[ -in +0,5)' ;: VtJ (26)

TaKHM o6pa30M, COOTHorneHHe (26) npe~CTaBJIjleT
C060H HyJIeBOe npH6JIH)KeHHe peryJIjlpHOrO perneHHjI
(10).

.D:aJIeeHaH:~eMnOCJIe~IOI.l(He npH6JIH)KeHMjI,T.e. ~JI5I
i ~ I. ,lVI5I3Toro Heo6xo~HMO pernHTb 3a~aqy (13) - (14).
CxeMa nOJIyIIeHH5IperneHH5I aHaJIOrHIIHa cxeMe nOJIyIIe-
HH5IHYJIeBoronpH6JIH)KeHH5I.

,lVI5InpOH3BOJIbHOrOi-ro npH6JIH)KeHH5I(i ~ I) HCnOJIb-
3yeM TaK)Ke npe~CTaBJIeHHe (15). Tor~a ~JIjI o6pa3a c;
nonyl.fHM



-" p - -'
Cj --Cj = Cj_1;

Y
Cj(O,p) = 0; c:(l, p) = O.
3,ll,eCh KaK H BhllIle, lIlTpHX 03HaqaeT npOH3BO,ll,HYIO no

nepeMeHHOH x.
PelIleHHe 3a,ll,aqH (27) - (28) npe,ll,CTaBHM B BH,ll,e:

C; (x, p) = C;. (x)eK,X + C;z (x)eKzX, (29)
r,ll,eK1 H K2 - KOpHHxapaKTepHCTHqeCKoro ypaBHeHIDI (19).

I1cnOJIh3yH MeTO,ll,BapHal\HH nOCTOHHHhlX [1], 3anHlIleM

cHcTeMy ypaBHeHHH ,ll,JIHonpe,ll,eJIeHHH K03<P<PHl\HeHTOB

Cil H C12:

{
C;l eK,x+ c;zeKzx= 0;

, K K,x , K K1x_ -1 (30)
Cil Ie +ciZ ze -CH"

113 pelIleHHH CHCTeMhl (30) HaXO,ll,HM:

- -K,x - -Kzx, ci_Je , c. Ie
c. =---" c· = ,- "
,I K _ K' .z K - K '

I Z I Z

I1HTerpHpyH paBeHcTBa (31), nonyqHM BhlpIDKeHIDI ,ll,JIJI

K03<P<PHl\HeHTOBCil H CI2:

)VIJI onpe,ll,eJIeHIDI nOCTOJlHHhIX HHTerpHpOBaHIDI C~ H

c~zHCnOJIh3yeM KpaeBhle yCJIOBHJI (28). B pe3YJIhTaTe no-

nyqHM CHCTeMYypaBHeHHH:

YqHThIBaJl, qTO

K1 = K = {jJiY H K2 = -K = -fPFr,
BhlpIDKeHIDI,ll,JIJI c~ H c~znpHMYT BH,ll,:

IJ0-1 "chk(l- ~}1~
co __ 0 _
il-

2Kchk
IJ0-1 .chk(1- ~}1~

° °Ci2 =--------
2Kchk

Ilo,ll,cTaBHB c~ H C~2H3 (36) B (32), a 3aTeM H B COOTHO-

lIleHHe (29), pelIleHHe 3a,ll,aqH (27) - (28) 3anHlIleM B BH,ll,e:

Kx x -Kx x

- ( ) - e f-- -K'~d:l' e J-- -K'~d:l'
cj x,p - 2K cj_Ie ':>- 2K cj_1e ':>-

o 0
1 I

JC;_."chk(l-~)d~ JC;-l ·chk(l-~)d~
o ~+o ~Kx=0n

2Kchk 2Kchk

= ~ xfe' "shk(1- :1')_ shkx IJe' . chk(1- :I')d:l'"K 0 .-1 ':> Kchk 0 .-1 ':> ':>

COOTHOlIleHHe (37) MO)l(HO paccMarpHBaTh KaK peKYP-

peHTHhIH npol\ecc nonyqeHHJI cj H 3aTeM opHrHHana. O,ll,-

HaKO BO MHorHX cnyqaJIX,ll,JIJI HH)I(eHepHhIx paCqeTOB npo-

l\eCCOB <pHJIhrpal\HH ,ll,OCTaTOqHOOrpaHHqHThCSI nepBhIM

npH6JIH)I(eHHeM. C 3TOHl\eJIhIO npeo6pa3yeM npaBYIO qaCTh

ypaBHeHIDI (27) C yqeTOM (25):

_'( ) __ Kshk(x-l)
Co x,p - .

p chk
,Z:(anee B COOTHOlIleHHH (37) nOJIO)I(HM i = 1 H HCnOJIh3y-

eM (38):

....:.( ) 1 XIshk(~-1) hk( ):"\A):c. x,p=-- ----s x-..,,)U..,,+
• Po chk .

+ shkx f shk(~ -1) chk(1-~)d~,
pchk 0 chk

_ ( ) _ 1 IXchk(1-x)-chk(1 +x- 2S) ~c. x,p --- ----------u..,,+
• Po 2chk

+ shkx f sh2k(1- s)~.-
pchk ° 2chk

I1cnOJIh3ySl Ta6JIHl\hI npe06pa30BaHHJI JIanJIaca, HaH,ll,eM



0PHrHHaJIhI <PYHKlI.HHCoH C, no HX 06pa3aM, KOTophle npe,n-

CTaBJIeHhI BhIpIDKeHHRMH (25) H (40). OPHrHHaJIhI 3anH-

rneM B pa3MepHOH <popMe:

co(x,'t) = cO fo(x,'t) H C, (x,'t) = cO II (x,'t), (41)
r,ne:

2 <Xl (IY [ 7t(x I)].!o(x,'t)=I--I - cos (n+O,5) - x
7t n=O (n+O,5) 1

xexp[ -(n+0,5)' ~:v ,1
J,,(x,'t) = <Pl(X''t) + <pz{x,'t) + <P3(X''t);

<PI (x,'t) = ~{I- ~ f -(-_I)_n_cos[(n + 0,5)~(l- X)]x
2 1tn=o(n+0,5) 1

xex{ -(n+O,5)' ~:v,]};
(j>2 (x,'r) = .!- S{l- ~ f -(-_l)_n_cos[{n +0, 5) _1t{_I_+_x-_2_~_)]x

20 1tn=0{n+0,5) I

X exp[- (n +0,5)' ~:v,]}~;
( ) 1 tfe xl(2/) d Ife [ (l-~)II ]dJ:

<P3x,'t=21 I. 112 'to' I. (_ )112..,;(42)
o l1tV'to 0 l1tV 't 'to

r,ne 'to - BpeMeHHoe cMemeHHe;

V _.!. ~
81-=(-iro) 2 L(-IY exp[-i1t(V-O,5+n)2ro-'].

ro n=~

YnpocTHM pR,n Bhlpa)l(eHHH, BXO,nRmHXB (42). ):VIR 3TO-

ro B BhlpIDKeHHH B <pz npOHHTerpHpyeM CJIaraeMhle, CO-

,nep)l(amHe ~:

fcos[(n +0,5) 1t(1 +~- 2~)}~ =

= I_
2
-
1t
sin[(n+0,5)_1t(_I_+_~_-._2~_)I'X]=

(n+0,5)-1 0

= __ l_-{sin [(n + 0, 5) _1t(_1+_X_)]_
2(n +0, 5)1t I

-sin[ (n + 0,5)T(l- X)]} = (43)

= I {2COS(n+0,5)1tSin(n+0,5) 1tX}=
2(n +0, 5)1t I

= I {2.0'COS(n+0,5) 1tX}=0.
2(n+0,5)1t I

C yqeTOM (43) COOTHorneHHe MR <pz npHMeT BH,n

q>,(x, ,) =~ex{-(n+O,5)' ;: nJ (44)

AHaJIOrHqHO ynpocTHM BhIpa)l(eHHe ,nJIR <PYHKlI.HH<P3'
C 3TOH lI.eJIhlO HaH,neM 3HaqeHHe HHTerpana, BXO,nRmero

B <P3'

fe
l
[ (l-~)/l ]d~ = 1 x

o i7tv('t-'to)/f .J7tv('t-'to)

xf (-1)" fexp[- (I + 21n - 2~)2l1~.
n=-<o 0 v('t-'to) J

It'
<P3(X, 't) = - f['to('t-'to)f:2 x

21tv 0

xf (-It eXP[-~(~-O,5+ n)2]x
n=~ V't 21 (46)

x f (-It fexp[- (l+2ln-2~)Z}E,d'to.
n=~ 0 v('t-'to)

TaKHM 06pa30M, HCXO)J,HaR3a,naqa (1) - (4) perneHa.

Teneph cJIe)J.yeTynpOCTHTh nonyqeHHhle <pOpMyJIhI.ACHM-

mOTHqeCKOe pa3JIO)l(eHHe (10) OrpaHHqHM ,nByMR nepBhI-

MH qneHaMH. B pe3YJIhTaTe 6y,neM HMeTh:

c(x,'t) "" co(x,'t) + £c,(x,'t) = c°[fo(x,'t) + EJ,,(X,'t)] =
3

= c°[fo(x,'t) + EI CPI; ].
;=1

C TOqHOCThlO, ,nOCTaTOqHOHMR HH)I(eHepHhlX BhIqHC-

JIeHHH, B pR,nax <PYHKlI.HHfo HJ" OrpaHHqHMCR ,nByMR nep-

BhIMH qJIeHaMH. Tor,na ,nJIR <PYHKlI.HH lo(x,'t), <Pl(X''t),

<pz{x,'t), <pix,'t) nonyqHM CJIe,nylOmHe BhlpIDKeHHR:

J; ( ) 1 4 [ 1t(x-/) 2 31t(x-/) _21~2vt] ~:vt
x't = -- cos----cos---·e e'

0' 1t 21 3 21 '

<p,(x,'t) = (x/2}fO(x,'t); .
1[2

X -vt
in (x 't) = _e4/2 •
't'2' 2 '

1
2 (x )2 [2 ( X )2 [2 ( X )2

X [e Vto 21-0,5 _ e Vto 2i~0,5 _ e vto 21-1,5 ]d't
O

X

1 (l-2V (3[-2V (l+2~)2

X f [e(t-to)V - e (t-to)v - e(t-to)V }d~.
o



YnpOCTHM BhIpa:>KeHHe ,I:(JUI<P3' .l{JUI noro npOBe,I:(eM

HeKOTophIe npe06pa30BaHIDI, a TaK:>KeHaH,I:(eM H OQeHHM

HHTerpanhI, BXO,I:(R~He B <P3'
CHaLJana paCCMOTpHM nOCJIe,I:(HHHHHTerpan H npeo6pa-

3yeM HHTerpaJI OT nepBoro CJIaraeMOro, T.e. HHTerpan

I (1-21;)2f e(Fto)V d~. C,I:(eJIaeMCJIe):(yIO~IO 3aMeHY nepeMeHHhIX:
o

(/ - 2~)/'-J('t - 'to)v = y, TOr,I:(anony'IHM

~ ~f e-y2 dy = ~~('t---'t-o)-v.f e-y2 dy,
-I, 0

me I) = I/-v-('t---'to-)v-.
AHanOrH'IHbIe npe06pa30BaHHR BhInOJIHHM C HHTerpa-

JIaMH OT BTOpOro H TPeTherO CJIaraeMhIX. Tor,I:(a nOCJIe-
,I:(HHHHHTerpan B COOTHOIlleHHH (48) MR <P3 npeo6pa3yeT-
CR CJIe):(yIO~HM 06pa30M: .

f (f-2~)2 (3f-2~)2 (f+2~)2

f [(t-to)V (t-to)v (t-to)v ]dJ: -e -e -e ,,-
o

I, ~ ~ 3/,

fe-y2dy+fe-y2dy- fe-y2dy- fe-y2dy=
o I, I, I,

r= - 3/, r="n f 2 f 2 "n= -- e-y dy- e-y dy = -+ A,
2 ~ ~ 2

~ 3/,

r,I:(eA=-fe-y2dy- fe-/dy. (50a)

I, I,

TIO,I:(CTaBHM(49) H (50) B <PYHKQHIO<P3 (x,'t). Tor,I:(a 6y-
,I:(eM HMeTh:

[
!-(~_O,5)2 li ~+O,5)2 fl~-l 5)2]

X eVto 21 _evto~21 _e~21' x

KaK CJIe,I:(yeTH3 npe,I:(CTaBJIeHHR (50a) BeJIH'IHHa A OKa-

3hIBaeT Hecy~ecTBeHHoe BJIHRHHe Ha <PYHKQHIO <P3 (x,'t).
Tor,I:(a, npeHe6peraR A H BBe,I:(R CJIe,I:(YIO~He nepeMeH-

HhIe:

QI = fl/v[x/(2l) - 0,5]2; Q2 = fllv[x/(2l) + 0,5]2;

Q3= f31v[x/(2l)-1,5]2, (51a)
noJI)"IHM:

<p/x,'t)= ~J i:-[e-~-e-~-e-~]d'to. (52)
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HaH,I:(eM nOCJIe,I:(HHeHHTerpanhI, T.e. HHTerpanhI BH,I:(a:

t 1 -~f r:;:-e tOdT.o' i= 1,2,3. (53)
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BBe,I:(eM nO,I:(CTaHoBKY Z = 1I-fta. Tor,I:(a HHTerpan (53)
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r,I:(eCneQHanhHaR <PYHKI.UUI<1>(x)HMeeT BH,I:(

2 xI _t2

<I>(x) = c e d't,
,,1t 0

HJIH ee pa3JIO:>KeHHeB pR,I:([1, 4]:

2 ~ x2n+\

<I>(x) = In 6(-1Y n!(2n+1) (57)

OrpaHH'IHBaRCh nepBhIM 'IJIeHOM pR,I:(a (,57), 6y,I:(eM

HMeTh

<1>(x)= (2/frr.) X. (58)

C yqeTOM (55) H (58) BhIpa:>KeHHe MR <PYHKQHH<P3 (x,'t)
npHMeTBH,I:(



rAe ai' a2' a3 onpeAeJUlIOTCR H3 CooTHollIeHHH (51 a).

IfTaK, OKOHlJaTeJIbHOAJIR npH6JIH)I(eHHbiX BhIqHCJIeHHH

pellIeHHe HCXOAHOH3aAaqH npeACTaBJIReTCR B BHAe:

3

c(x,'t) "" c°[fo(x,'t) + E L <PI; ],
;=1

rAe OCHOBHble3JIeMeHThI pellIeHHR C (x,'t) onpeAeJIRIOTCR

H3 CJIeA)'lOInHX COOTHOllIeHHH:

It ( ) 1 4[ 1t(x-/) 2 1t(x-/) _2/~' vt] -~',vt (61)x 1: = -- cos----cos--e e .
0' 1t 2/ 3 2/ '

<PI(x,'t) = (x/2}fO(x,'t), (62)
It'

X --Vt

en (x 't) = - e 4/' .
'f'2' 2 '

al = fl/v[x/(2l) - 0,5]2; a2 = fllv[x/(2l) + 0,5]2;
a3 = l3/v[x/(2l) - 1,5]2. (65)

I10 COOTHOllIeHHRM (60) H (61) - (65) MO)l(HO onpeAe-

JIHTb KOHIWHTpaU;HIO MaCJIRHbIX BKJIlOqeHHH B 3aAaHHoH

TOqKe H 3a,AaHHbIH MOMeHT BpeMeHH B npou;ecce OTAeJIe-

HHR MaCJIa OT XJIaAareHTa, T.e. 3epepeKTHBHOCTbpa60TbI

epHJIbTpOB MaCJIOOTAeJIHTeJIRC yqeTOM HX reOMeTpHlJeC-

KHX napaMeTpoB.
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