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Crroco6 OCpe,II;HeHIffi ypaBHeHMM

rM,IJ;pO,II;MHaMMKMM5I paCqeTa ,II;BIDKeHIffi

pa60QMX Cpe,II;B XOJIO,II;M.JIbHbIXCMCTeMaX
Jr-p mexH.HayK, npop. B.C.BAIiAKHH, iJ-p meXH. HayK, npop. B.<I>.llIIIPIIKOB

MOCK08CKUUzocyiJapcm8eHHblu yHu8epcumem npUKJlaiJHou 6uomexHoAozUU

One of the methods of averaging the hydrodynamics equations and their
completing is considered in case when the initial functions are wellbehaved
on coordinates and time.

IIPH rrpoeKTHpOBaHHH Termo06MeHHbIX arrrrapaTOB H Tpy-

60rrpOBo.n;OB XOJlO.n;HJlbHbIX CHCTeM O.n;HHM H3 OCHOBHbIX

paC'leTOB RBJlReTCR rH.n;pO,IumaMH'leCKHH paC'leT .n;BH:lKe-

HHjJ pa60'lHX cpe.n;. B OCHOBy rH.n;po.n;HHaMH'leCKoro pac-

'leTa rrOJlO:lKeHbI ypaBHeHHjJ HaBbe-CTOKca, C rrOMOmblO

KOTOPbIX orrHCbIBaeTCR .n;BH:lKeHHe HCCJle.n;yeMoH cpe.n;bI.

IIpH peIIIeHHH TaKHX ypaBHeHHH .n;a:lKeB rrpOCTeHIIIHX CJlY-

'lUX CTaJIKHBalOTCR co 3Ha'lHTeJlbHbIMH MaTeMaTH'leCKH-

MH Tpy.n;HocnMH. O.n;HaKO BO MHorHX rrpaKTH'leCKHX 3a-

.n;a'lax "Y:lKHO rronyqHTb JlHIIIb ocpe.n;HeHHbIe xapaKTepHC-

THKH rro HeKOTOpoMY CTaTHCTH'leCKOMY «aHcaM6JIIO» rH.n;-

po.n;HHaMH'lecKOro rrOJlR. IIpe.n;CTaBJlRR HCxo.n;HbIe rH.n;po-

.n;HHaMH'leCKHe 3J1eMeHTbI KaK OCpe.n;HeHHbIe BeJlH'lHHbI, Ha

KOTopbIe HaKJIa.n;hIBaIOTCRHX B03MYmeHHR, MHorHe HCCJle-

.n;omrreJlH rrhITaJIHCb 3aMKuyTh HCXO.n;uylO CHCTeMY ypaB-

HeHHii OTHOCHTeJlhHOOCpe.n;HeHHhIXBeJluqHH rrocpe.n;CTBOM

PaJJluqHhIX rHrrOTe3. OCHOBHhIMH MO:lKHO C'lHTaTb rHrro-

Te3Y IIpaH.n;TJIjf 0 rrOCTORHCTBe rryTH CMemeHHR [1] H rH-

rroTe3Y KOJlMoropoBa-06yxoBa [2] 06 O.n;HOpO.n;HOCTHH

H30Tp0rrHOCTH MeJlKOMaCIIITa6Horo crreKTpa TYP6yJleHTHO-

CTH. Ha OCHOBe3THX rHrrOTe3 6bIJIO rrOCTpoeHO MHoro rro-

JlY3MrrHpH'leCKHX Mo.n;eJleH.Ka:lK.n;u TaKU Mo.n;eJlhHermoxo

orrHCbIBaeT paJBHTHe H rrpOI~ecc TYp6yJleHTHoro .n;BH:lKeHHjJ

pa60'leH cpe.n;bI HJlH ero BbIpO)l(,ll;eHHe TOJlbKO .n;IDI KOHK-

peTHbIX 3a.n;a'l B orrpe.n;eJleHHOM HHTepBaJIe H3MeHeHHR

'lHCeJl PeHHOJlh.n;ca H 3aBHCHT OT rrapaMeTpOB pa60'leH

cpe.n;bI. BbffiBJIeHHe rrYTH rrepexo.n;a OT O.n;HOHMaTeMaTH-

qeCKOH Mo.n;eJlH K .n;pyroH rrpe.n;CTaBJljfeTCR rrp06J1eMaTH'l-

HhIM.

PaccMoTpHM O.n;HHH3 crroc060B ocpe.n;HeHHjJ ypaBHeHHH

rH.n;po.n;HHaMHKH H HX 3aMbIKaHHR B cJlY'lae, Kor.n;a HCXO.n;-

HbIe <PYHKQHHRBJlRIOTCRperyJlRpHbIMH rro Koop.n;HHaTaM H

BpeMeHH.

3arrHIIIeM HCXO.n;HylO cHcTeMy ypaBHeHHH HaBbe-CTO-

Kca, B KOTOpOH .n;JlR rrpOCTOTbI .n;aJIbHeHIIIHx paCCMOTpe-

OU. ou ,uj 0<1>
-' +_J-=--+CT.T+V~U.; (1)
or oXj oxj' ,

oUj = O. (2)oX
j

,

oT + oujT =_(y -y)u +AD.T· (3):) a a 3 'ur xj

r.n;e Ya - Y - cyxoa.n;Ha6aTH'leCKHH rpa.n;HeHT;

II>= RT., p~:); cr, =(0,0, £}
V H A - K03<p<pHQHeHTbI KHHeMaTH'leCKOH BR3KOCTH H Terr-

JlOrrpOBo.n;HOCTH COOTBeTCTBeHHO;

R - raJOBaR rrOCTORHHaR;

u1 = U, u2 = V; u3 = W - KOMrrOHeHThI BeKTOpa CKOpO-

CTH;

T - OTKJlOHeHHe TeMrreparypbI OT ee CTaH.n;apTHoro

pacrrpe.n;eJleHHjJ rro BbICOTe 1{z);
Tcp - cpe.n;HjJR TeMrreparypa aTMoc<pePhI; _

p' - OTKJlOHeHHe .n;aBJleHHR OT CTaH.n;apTHoro p(z);
g- yCKopeHHe cB060.n;HOro rra.n;eHHR.

IIpe.n;cTaBHM Bce rH.n;po.n;HHaMH'leCKHe rrOJlR B BH.n;e

Uj =uj +u;; <1>=<1>+<1>'; T=T+T', (4)
('lepTO'lKaMH 0603HaqeHbI ocpe.n;HeHHbIe 3Ha'leHHR).

BBe.n;eM ocpe.n;HeHHylO <pyHKQHIO:

- Ifh =- h(r+ro,x+xo)drdx;
Vv

V(r,x) = 24rl11213; X = (Xj,X2,X3),

r.n;e 1: H 1;- MaCIIITa6bI ocpe.n;HeHHR rro BpeMeHH H KOOp.n;H-

HaTaM.

Ocpe.n;HRR ypaBHeHHR (l) - (3) B COOTBeTCTBHH C (5),



r)J;e l;x;x
j

= -( U jU j - Uj U j ) - TeH30p TYP6yJIeHTHbIX Hanpg-

)f(eHHH PeHHOJIb)J;Ca;

~ T =-1,u.T-u.T)
'Xj } I·

BBe)J;eM CJIe)J;ylOmHe 0603HaQeHHjf:

a a {I, eCJIH n - qeTHOe,
,l{T =-;,l{j =-; A(n)=or OXi 0, eCJIH n - HeqeTHoe.

IloKa)f(eM, qro eCJIH U/- peryJIgpHbIe «PYHKQHHno KOOp-

)J;HHaTaM H BpeMeHH, TO TeH30p Hanpg)f(eHHH )J;JIjfocpe)J;-

HeHHbIX )J;BH)f(eHHH6y)J;eTTaKHM:

m· I k· J A(lj +I)
xCpfC';'Fp~-mj1(Ij+l

j
+1{

x A(mj +mj -Ij -Ij) A(kj+kj) x
(mj+mj -Ij -Ij +1) (kj +kj +1)

x A(Pi + Pj -mj -mj -kj -Ij)

(Pi + Pj -mi -mj -ki -kj +1)

A(l)A(I) A(mi -1)A(mj -Ij)
--------------x

(li + 1)(lj + 1) (mi -Ii + I)(mj -Ij + I)

A(k)A(k .)x I J X
(ki + I)(kj + I)

x A(Pi-mi-k)A(Pj-mj-k) }ffff~ x
(Pi -mi -ki +1)(Pj -mj -kj +1) n=On,=On,=OnJ=oO 2""

xf3~nJ3;"2f3;n, [(r,aT)2n+li (l1,a1)2"I+m
i-
l
i X

X(l2,a2)2"2+k; (l3,a3)2n,+Pi-mi-ki ]U
i

X

xf f f f ~""f3;n/3;n2f3;n, [(r,l{T)2n+lj (l1,l{I)zn,+mrlj X
n=O ",=0...,=0 n,=0

~l 1
r)J;e f3; =1, f3~n.= L ,f3~m' k=O,I,2,3.

m=o(2(nk-m)+I).
,[(mI )J;OKaJaTeJIbCTBa COOTHOllIeHHg (7) npe)J;cTaBHM ui

B BH)J;e CTeneHHoro pg)J;a B TOqKe ('to,xo):

ui(r' + ro'x' + xo) =

=t~(r,aT + X;,al + X;,a2 + X;,a3Yuj(ro'xo) =
n=O n.

00 1 n m n-m
= ~ - ~~~CmCI Ck XLJ ,LJLJLJ n m n-m

n=O n 'm=O 1=0 k=O

X[ Cr',aT)1 (X;,al)m-I (X;,aZ)k X
X (X;,a3y-m-k ]uj(ro,xo), (8)

r)J;ex = Xo + x'.
IlpHMeHHM K ui onepaQHIO ocpe)J;HeHHjf (5). IlocJIe HH-

TerpHpoBaHHjf nonyqHM:

.=~~~~~cmclck A(1) X
u, LJ ,LJLJLJ n m n-m (1 1)

n=O n 'm=O 1=0 k=O +
A(m -1) A(k) A(n - m - k)x-------------x

(m -1 +1) (k +1) (n - m - k +1)

x[ (r,aTi (ll,al )m-I (l2,a2)k (l3,a3y-m-k Juj( ro,xo) =
~ ~ ~ ~[(r TT )2Pi (1 TT )2P,=LLLL I-h IMI X

Pi =0 p,=Op2=Op3=O(2Pi + I)! (2PI + I)!

(l ,l{ )2P2 (l,a )ZP3 ]
X 2 2 3 3 U (r x) - L(u )

(2pz +1)!(2P3 +I)! j 0' 0 - j'

- ~ ~ 1
uu.=~~-x

I} LJL.J , ,
n=O n,=O n .nl .

A(l+II) A(m+~ -I-II) A(k+kl)x-----------------x
(ll+ II+ 1) (m + ~ -1 -II + 1) (k + kl + 1)

X A(n+~ -m-ml-k-kl) X

(n+n1 -m-~ -k-k1 +1)



x[ (r)fT)' (ll)fl )m-I (lz)fZ)k (l3)f3t-m-k JX

XU
i

[( r)fT)" (ll)fl )m,-I, x (lz)fZ)kl (l3)f3tl-m,-k, JUr(l 0)

ITpe,llCTaBHM TaK:lKe B BH,lle CTeneHHOrO pH,lla H BTOPOH

qJIeH B BbIpa)l(eHHH ,llJIH TYp6yJIeHTHbIX HanpH:lKeHHH PeH-

HOJIb,llCa(7):
_ ~ 00 1
UjUj = LL-,-IX

n=O ",=0 n .nl .

A(i) A(m -i) A(k)x-------·---x
(l + l)(m -i + 1) (k + 1)

A(n-m-k) A(il) A(~ -Ii)x-----------x
(n - m - k + 1) (il + 1) (~ -Ii + 1)

A(kl) A(nl - ml - kl)x----------x
(kl +1) (~-~ -kl +1)

x[ (r)fT)1 (ll)flt-I (lz)fZ)k (l3)f3y-m-k JUj X

X[ (r)fT)I, (ll)fl)m,-I, (lz)fZ)kl (l3)f3)",-m,-kl Ju r (11)

BblqHTaH H3 (10) BbIpa:lKeHHe (11), nOJIyqHM npe,llCTaB-

JIeHHe ,!lJIHHanpH:lKeHHH PeHHOJIb,llCa B BH,lle CJIe.uyIOInero

CTeneHHoro pH,lla:

_ __ 00 00 1
]: =u.u. -u.u· = ~~-x':>xixj I J I J L..J L..J I I

n=O ",=0 n .nl •

{
A(i + 1)xem, ell ekl I Xn, m, n,-m, (l + i

l
+1)

A(m+~ -i-Ii) A(k +kl)x------------x
(m + ~ -i-Ii + 1) (k + kl + 1)

A(n+n -m-m -k-k)X I I 1_

(n+~ -m-~ -k-kl +1)

_ A(l) A(1) A(m -i) A(~ -il) x
(l + 1) (il + 1) (m -i + 1) (~ -Ii + 1)

x A(k) A(kt) A(n-m-k) x
(k + 1) (kl + l)(n - m - k + 1)

x A(~ -~ -kl) } [(r)fTY (ll)f,)m-I x
(~-~ -kl +1)

x(lz)fz)k (l3)f)n-m-k JU
j
x

X[(r)fT)'1 (ll)fl)m,-I'(lz)fz)k, (l3)f3tl-m,-k\ JUr (12)

HaH,lleM 06paTHoe oT06pa:lKeHHe U
j
= L-I(U). ,nJIH 3TO-

ro CHOBa npe,llCTaBHM uj B BH,lle CTeneHHoro pH,lla no KO-

Op,llHHaTaM H BpeMeHH B TOqKe ('to'xo):

~ 1 , n "')ui('r,x) = LJ,(-r ,l(T) uj(-r0,X01 +xl'x02 +~,X03 +x, ; (13)
n=O n.

UJ-r0,XnI'XnZ'4l3) = :t~(X;,l(3)"'UJ-rO'X01'XOZ'X03)' (16)
",=0 r!:l'

CHOBa npOBe,lleM onepaQHIO OCpe,llHeHHH Ha,ll BbIpa:lKe-

HHHMH (13) - (16):

- ~ 1 Z -X,X2X, -X,"2X,

uj = LJ---(-r)fT) nUj = LT(Ui );
n=O(2n+l)!

-XIX2X, -"2'" -x,
r,lle u

j
,u

j
,u

j
- OCpe,llHeHHbIe CKOpOCTH COOTBeT-

CTBeHHO no 't,xt'xr
,nanee nOKa:lKeM, qTO eCJIH ,llJIH JII060ro k BbmOJIHHeTCH

paBeHcTBo

12k(x) = La2nfz(n+k) (x) = L(f), ao = 1,
n=O

TO cYIneCTByeT 06paTHbIH oneparop L-I:

fzp(X) = L13znlz(n+p) (X),
n=O

m-I

r,lle 130 = 1, 13zm= - Laz(m-i)13zj'
i=O

,nJIH nO,llTBep:lK,lleHHH ,llaHHOrO paBeHCTBa 3anHIIIeM BbI-

pa:lKeHHe (21) npH k =P H k =p + 1:

f2p = Izp - Laznf2(n+p) =
n=1

= 130I Zp - aZfZ(p+l) - LaZnfz(n+p);
n=2



~
f2(P+l) = 72(P+l) - L a2nf2(n+p+l) .

n=1

f2p = f30f2P -a2f2(p+I) + L.(a2a2(n-l) -a2n)f2(n+p) =
n=2

I ~

= Lf32qf2(q+p) + L(-f32a2(n-l) -f3oa2n)f2(n+p)' (25)
q=O n=2

r,ne 132 = - 130 (Xl"

Ilo HH,nYKQHH IIpe,nIIOJIO:>KHM, tITO BepHO paBeHCTBO

f2p = f{32q 72(p+q) + t (-fa2(n-m){32m lf2(n+p) =
q=O n=N+I m=O J:

~ N

- L La2(n-m){32mf2(n+p)'
n=N+2m=O

Ilo aHaJIOrHH C (23) IIpe,nCTaBHM Bblpa:>KeHHe (21) ):{lliI

k = N + 1 + P H 3aTeM 1I0,nCTaBHM B (26). B pe3YJIbTaTe

1I0JIytIHM CJIe,nyIOIQee COOTHOllIeHHe:

N _ N _

f2p = L{32qf 2(p+q)- La2(N+I-m){32mf 2(N+l+p)+
q=O m=O

N N

+La2(N+I-m){32m L a2(n-N-I)f2(n+p)-
m=O n=N+2

~ N

- L L a2(n-m){32mf2(n+p) =
n=N+2m=O

N

r,ne {3N+l= - La2(N+1-i){32i .
i=O

TaKHM 06pa30M, IIpHBe,neHHble Bblpa:>KeHHjI (21) - (22)
,nOCTOBepHbI. IlocJIe 3Toro paCCMOTpHM COOTHOllIeHHe (7).
,l(JIjI BbIjICHeHHjI ero ,nocToBepHocTH, HCIIOJIb3YjI Bblpa:>Ke-

HHe (22), HaH,neM 06paTHbIe OlIepaTopbI £;,1, r;.1, r;1, 41,:

~;"3= tf5zn/ll,l(I)2n,~/1X,-'J =L;I(~/lx,x,);
"1=0

-x, _ ~f32 (1 TT )2"2 -.x,x, _ rl(-.X2X,).
U, - L.J 2"2 2~ 2 U, - -'-'2 U, ,

"2=0

- ~ f33 (1 TT )2,., - x, _ £-1 (- X,)
Ui - L.J 2n, 3~3 Ui - 3 Ui .

",=0
OTCIO,na 1I0JIytIHM

Ui = L;t(l~/(L;I(L~l(~,»» =

x[(1:/{,}"o (It/J,}''t(IAz)Z''2 X (lA3)Z"3 J~i' (32)

. n-l 1 .
r,ne f3in. =!-----{3,im' j = 0,1,2,3; no = n.

) m=0(2(nj-m)+I)

Ilo,ncTaBHB (32) B <pOpMyJIbI ,nJIjI TYp6yJIeHTHOro HalIpjI-

:>KeHHjI(12), 1I0JIytIHM HCKOMoe Bblpa:>KeHHe (7).
CJIe,noBaTeJIbHO, eCJIH Ii = const HJIH, BO BCjIKOM cJIytIae,

l;= li(Z) (H3BeCTHbIe 3MIIHpHtIeCKHe lIapaMeTpbI), TO CHC-

TeMa ypaBHeHHH ,nJIjI ocpe,nHeHHbIX rH,npo,nHHaMHtIeCKHX

Mo,neJIeH (6) <pOPMaJIbHO 3aMbIKaeTCjI BbIpa:>KeHHeM ,nJIjI

ryp6yJIeHTHbIX HanpjI:>KeHHH (7).
,l(aJIee lIyCTb Ii = I;<'t,x) H rH,npo,nHHaMHtIeCKHe 1I0JIjI H

MaCllITa6bI ocpe,nHeHHjI TaKOBbI, tITO IIpH6JIH:>KeHHO BbI-

IIOJIHjIIOTCjI COOTHOllIeHHjf:

af af af af--=-; -=-,
aXk aXk aT aT

TOr,na Bblpa:>KeHHe (7) OCTaeTCjI B CHJIe.

B lIepBoM CJIytIae Ii HMeIOT CMbICJI MaCllITa60B ocpe,n-

HeHHjf rH):{po,nHHaMHtIeCKHX 1I0JIeH. IlpH pellIeHHH KOHKpeT-

HbIX 3a,natI MeTo,nOM KOHetIHbIX pa3HOCTeH BeJIHtIHHbI Ii
,nOJI)l(HbI 6bITb "PO"OPQHOHaJIbHbI llIary IIO BpeMeHH H IIPO-

CTpaHCTBeHHbIM Koop,nHHaTaM. B 3KCIIepHMeHTax OHH

IIpe,nCTaBJIjIIOT C060H ocpe,nHeHHjI C BbI6paHHbIM MaCIlI-

Ta60M HJIH ,nOJI)l(HbI 6bITb "PO"OPQHOHaJIbHbI «eCTeCTBeH-

HOMy» MacllITa6y ocpe,nHeHHjI H3MepHTeJIbHOH anliapaTY-

pbI. ECJIH Ii = I;<'t,x), TO Ii 03HatIaeT IIpOH,neHHbIH lIyTb. B
3TOM CJIytIae Ii IIpe,nCTaBJIjIeT C060H lIapaMeTpbI HCCJIe-

,nyeMoro jIBJIeHHjI, C 1I0MOIQbIO KOTOPbIX MO:>KHO«HacTpa-

HBaTb» rH,npo,nHHaMHtIecKyIO Mo,neJIb 1I0,n HCCJIe,nyeMoe

jIBJIeHHe.

ECJIH G - 06JIaCTb olIpe,neJIeHHjI HCKOMbIX <PYHKQHH H

Vc G, TO TeH30p HalIpjI:>KeHHH ~XiXj BbIpO)l():{aeTCjI Ha rpa-

HHQe. IlO3TOMy ,nJIjI pellIeHHjI KOHKpeTHbIx 3a,natI Tpe6y-

eTCjI CTOJIbKO KpaeBbIX (rpaHHtIHbIX) yCJIOBHH, CKOJIbKO HX

He06xo,nHMO IIpH 1I0CTaHOBKe 3a,natIH C HCIIOJIb30BaHHeM

ypaBHeHHH HaBbe-CTOKca.

IlpH 1I0CTaHOBKe HatIaJIbHOH 3a,natIH B03MO:>KHO3a,naHHe

,nByx BapHaHToB HatIaJIbHbIX yCJIOBHH:

1. IlpH HCCJIe,nOBaHHH HatIaJIbHOH CTa,nHH TYP6yJIeHTHO-

ro "poQecca ('t = 0) CJIe.nyeT HalIpjI:>KeHHe PeHHOJIb,nca

IIpHHjITb paBHbIM HyJIIO.



2. IIpH pa3BHToM Typ6yJIeHTHOM ,n;BH)I(eHHH cpe,n;hI

10= 't "# 0, n03TOMY B HaqaJIhHhIH MOMeHT BpeMeHH KpoMe

3a,n;aHHRnOJIeH u1' u2' THe06xo,n;HMO 3a,n;aBaTh nOJIR ~X;Xj H

~xl'
BWI,eJIHM B Bblpa)l(ennn O~)-qnenbl c nepBblMR R RiO-

phIMH npoH3Bo,n;HhIMH:

_~Z2Z2 a2~i 02~j k k
k 1, -------, 1"# 2' (33)

36' oXk, oXk, axk, axk,

ECJIH ocpe,n;HRTh HCKOMhIe <pyHKI.J;HHTOJIhKO no KOOp,n;H-

HaTe x)('t = II= 12 = 0) H comaCHO TeopHH IIpaH,n;TJIR 0

nYTH CMeII.J;eHHR[1] nOJIO)l(HTh u~- u;, TO,lI;JIRnJIOCKOna-

paJIJIeJIhHoro nOTOKa TYp6yJIeHTHOro ,n;BH)I(eHHRHanpR)I(e-

HHe ~x)X) npHMeT BH,n;

j: = '!'Z2( a~1)2[1+ ~Z2( a2~1)2/( a~1)2].
':>x)x) 3) aX:3 15) aX; a~

(_)2(-)21 aZul aUI
ECJIH 1+-I; -Z- / - «1,

15 ax) ax)

TO BhIpa)l(eHHe (29) COBna,n;aeTC <pOpMyJIOH IIpaH,n;TJIR ;:I,JIR

TYp6yJIeHTHhIx HanpX)I(eHHH PeHHOJIh,n;ca. ECJIH cJIe,n;yx

KapMaHy [2], nOJIO)l(HTh

I = a~1/aZ~1
3 X:I :12'

liX3 UX:3

TononyqHM

'r =.!. 2(I+X2).(a~I)4/(aZ~I)2
x,X) 3 X 15 aX3 axi'

r,n;e X - nOCTORHHaR KapMaHa.

BhIpa)l(eHHe (32) no <popMe COBna,n;aeT C nOJIy3MnHpH-

qeCKOH <pOpMyJIOHKapMaHa.

TaKHM 06paJOM, nOJIyqeHO ocpe,n;HeHHe HCXO,n;HOHCHC-

TeMhI ypaBHeHHH rH,n;po,n;HHaMHKH ,lI;JIXpaCqeTa ,n;BH)I(eHHR

pa60qHX cpe,n; B annapaTax H Tpy60npoBo,n;ax XOJIO,n;HJIh-

HhIX CHCTeM B npe,n;nOJIO)l(eHHH, qTO Bce rH,n;po,n;HHaMH-

qeCKHe xapaKTepHcTHKH RBJIRIOTCR peryJIXpHhIMH <PYHK-

I.J;HRMHKoop,n;HHaT H BpeMeHH, H nOKaJaHO 3aMhIKaHHe oc-

pe,n;HeHHoH CHCTeMbI ypaBHeHHH [3].
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