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I7le BONPEKH KJIaCCMYECKOMY MOAXOJYy MaTeMaTHdeckass MoJenb JeMidepa HMeeT
MPOU3BOJIHBIE JPOOHOTrO Mopsaka. V3-3a He JIOKaIbHOCTH, 3JleCh ONpeJesieHne ApOOHON
MPOM3BOJHON OT HENPEPHIBHOTO BapHaHTa BIEPBBIC MEPEXOAUT K AMCKPETHOM MOAEIH
KOJeOaTeNbHON CHCTEMBI W OIMCHIBACTCSA JABMIKEHHE KIACCHUECKMM  Pa3HOCTHBIM
ypaBHeHHEM. C NOMOIIBIO 3TOHW TUCKPETHONH MOJENIH HPUBOAWUTCS aNrOpUTM (Ha OCHOBE
CTaTHCTHYECKHX JAHHBIX) ONPEIEICHNUS MOPSIKA JKUAKOTOo AeMIdepa.
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1. Bsenenne.

Kak wu3BecTHO, JPOOHBIC IPOM3BOAHBIC UTPAIOT BXKHYIO POJb IIPH
pelIeHNH MHOTHX TPHKJIAIHBIX 33/a4, Kak TpH J00bMe HepTH IITaHTo-
HACOCHBIMH  YCTAHOBKaMHu [32], HaMATH oIIpesieNIeHNe MeTasuia
[2], MHOTHX KONEOATENBPHBIX ~ CHUCTEM  BHYTpH  Kuukoctw [17-22]m np.
Bxopsmue nmapaMeTpbl B 9THX NPAaKTHYECKUX 3a1adax KpoMe HOpsaKa IpoOHOM
npousBogHo# [3,4,16-22,27], 0OBIYHO 3aMa0TCS HEKEHEPAMH, a OIpEAEIeHHUE
nopsaKa mpenacraBiseT TpyaHocTH [26]. IlosTomy mpemaraeTcsi HaxOXICHHUE
4yepe3 CTaTUCTUYECKHX IaHHBIX KoHe4yHbIX ycnoBuu [8,10] ¢ wmcmonp3oBaHmeM
MeToJla HaMMEHbIIMX KBaaparoB [26]. Tam ke, HAXOXKICHUE MOpsIKa IPOOHOI
NPOU3BOJHON CBOAMTCS K PEIICHUIO CIIOXKHBIX, CYIIECTBEHHO HEIHMHEHHBIX
anreOpanvyecKuxX YpaBHEHHH, a BBIYMCICHUS KOHEYHBIX 3HAueHHH (a3oBoii
KOOPJMHATHI HE MOJYUHATCS 00LIeMy 3aKOHY pa3HOCTHBIX ypaBHeHui [12]. Takas
HEOPAMHAPHOCTH HE MO3BOJISET JlaJiee PACCMOTPETh 3aa4H BBIOOpA MPOTPaMMHBIX
JBWKEHUI U ynpaBnenuii [9,24,31], mocTpoeHre COOTBETCTBYIOIINX ONTHMATBHBIX
perymsitopos [5-7,9,11-15,28 Ju . 1.
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B nmanHO# pabore paccMaTpuBaeTcs KojeOaTelbHAs CUCTEMa C JKUIKUMHU
nemndepamu. M3-3a TOoro, 4ro NBWKEHHE B 33aJaHHOM HHTEpBAJE BPEMEHH
ommchIBaeTcs TO AudepeHnrambHbIM, TO KOHEYHO-PA3HOCTHBIM YpPaBHEHHEM,
TpeOyercs muckperusuposarh [1,31] 3amannoro auddepeHansHOr0 ypaBHEHUS
C IpOOHBIMU TPOM3BOAHBIMU. Takas MUCKpeTH3alus HE MO3BOJISET MPEACTABUTh
HOJTy4CHHBIC KOHEYHO-PA3HOCTHBIC COOTHOIICHHS B KJIACCHYECKMM Buae [7].
[ToaToMy HYXHO TIPEACTABUTH TMOJYYCHHBIC AMCKPETH3AI[MHM TaK, 4YTOOBI jaee
MOXHO OBUIO OBl pemaTh 3a7aqy ONpeesieHUs MopsaKa IPOOHON MPOU3BOTHOM,
CTaBUTh 3a7aud OMNPEACICHHMS MPOTPAMMHBIX TPACKTOPHA M BO3MYILECHUH
KO3 GHUIMEHTOB COOTBETCTBYIOIIETO PEryIsATOpa.

Ha ocHOBe BhINIEyKa3aHHOTO TIPUBOMASTCA CTAalllOHAPHBIE KOHEYHO-
pasHocTHBIe ypaBHeHusi, rae (i+1) takr 3aBucur or i m 0 TaktoB. Takoe
MPEJICTABIICHUE TI03BOJISIET HAa OCHOBE 3aJaHHBIX CTAaTHCTUYECKMX JIAHHBIX
KOHEYHBIX COCTOSIHUH (Pa30BOTO BEKTOpa MPHUBECTU COOTHOIIEHUE, TTO3BOJISFOIIEE
HAUTH CTENeHb JPOOHBIX MPOU3BOIHBIX, 3aBUCSIINX OT K P, fr -

PesynpraTthl MITIOCTPHPYETCS KOHEYHBIM TPUMEPOM, T/I€ HAXOAUTCS TOPSIIOK
JIPOOHON TPOM3BOJIHOM, TAKIKE MOJICIUPYETCS IBMKCHUE KOJICOATEIbHBIX CUCTEM
W J1ajiee MPUBOUTCS CPAaBHECHHUE.

2. JIuckpeTHast MOJeJdb CHCTEMbI

Maremarndeckass Mojaenb jaeMidepa onuckiBaeTcs AnddepeHIraIbHbIM
ypaBHEHUEM IPOOHOr0 HOpsIIKa:

y"(x) +aD%y(x) + by(x) = f(x), x>0, a€(1,2) Q)
C HaYaJbHBIM YCIOBUEM
{ y(0)=0 @)
y'(0) = y10

rIe a, b 3ajiaHHbIe BEMIECTBEHHbBIC OCTOSIHHBIC Yrcia, f(X) — BellecTBECHHAs
HenpepbiBHas Gyukuus, a € (1,2) . ITo onpenenenuto Pumana-JInyBuuis uMeeM:

x(x t)

_+)2—a
D%y(x) = DD*" 13'(") =DD [j y(t)dt = —sz y(t)d,; ()Ez t)a’)l =

-0 [y L, - fy '<t>(" o ae| = 0? [y’ 0 S 2t

@2-a) 2-a)! @2-a)!

VYuureiBas, uto (2 —a) > 0u y(0) = 0, Toraa auddepeHiupyss UHTErpan OauH
pas, IoTy4YrM:
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e t) , O
DUy(x) =D fy y' () S5 dt = =D f"y O de" o =
(x—t)*~ X (x t) x(- a)
—D[ "(t) Z-a)! |t 0~ f () ] Y10 G=an a),
AN €
+o v O T dt ®

IpeoGpasyem y(x) ciaeayromum o6pazoM

y() = [y @©de +y(0) = [ dt [ [, y" @dr +y' (0)] = f; dt [y y" (¥)dz +
+Y10X = foxyu(‘f)d'f frx dt + y10x = fox(x — 1) y"(@dt + y1ox =

JyG=6) y"(@©dt + y10x @

IToncrasmnss (3) u (4) B (1), umeeMm

X

1-a  Nl-a
Y'G) + a0 G + Oj YOS e+ j (= 0y (O de

+ by1ox = f(x),
WITH e

y'(0) + [ Ko(x — 0)y" (D) dt = F(x) x>0, (5)
e

(x— t)
K(x—t)—a( +b(x—t) (6)
FGO = f() - [adm+ x|y )
Teneps, 3amensist X uepes x,, y''(x) = W’ fox K,(x —t)y"(t)dt =
h Y P28 Ko (a0, — 2) 222201k - B (x) = F(x,,) = F,

h?2
13 (5) MOMyYnM CIIeTyIOIIee Pa3HOCTHOE YPaBHCHHE

n
Ynt+z — 2Yns1 TV Vi+2 — 2YVi+1 T Vi
n+ h2n+ n+tha(xn_xk) + h2+

HJIN KE

=Fn

(xn_xk)(l_a)

Yn+z = 2Vn+1— Yu — h kS5 [ a = T bl - xk)] V42 = 2Yk41 +
P

70+ {fy = |22 4 b 0} ®)

Otnensist (8) 71 9€THOTO M HEUETHOTO MHACKCA, IMEEM:
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(Xzn—2—xp)*~

Yon = 2Yan-1— Yan—2 — hXheo’ [ ﬁ + b(xzn—2 — xk)] Yik+2 T

( - ) ( ne2— )105
#2n TP [0 S Gy = )] i — h ER? [ S

+b(x2n—2_xk)] Vi + h? {on—Z _[ xz(rll Za)_, + +bxy,- 2]}’10} :

(xzn—1—%p)*~

Yon+1 = 2Y2n — Yan-1 — h X heo” [ ﬁ + b(xzn-1 — xk)] Yik+2 T

( o ) ( ne1— )l(x
+2h T35 |a xz(ll_—;"!+ b(an—1 = %) Vi — hZF2G%[a e —

+b (X2n-1 — xk)] Vi + h? {on—l - [ % + bxan- 1]}’10} ,
I

Yon = {2 —h [a(xzn_z(:f*)l_a +b(x2n—2 — x2n—3)] J’Zn—l} + {_1 -

(Xap-2—%Xzp-a)1 "% (Xon—2=%2n-3)"""
—h [a—2 2(1_20()!4 + b(xyp_p — xZn_4)] + 2h [q—2R-2 —2n=s 2(1_2)!3 +

( n-2— )1_“
+b(xan—2 _x2n—3)]}3’2n 2 — RERES° %4' +b(x2n-2 —

( n—-2— )
_xk)] Vi+z + 2R TR%s 4[ % + b(xZn—z—xk)] Vi+1 —

( n—2" ) n— 1@
—h Xi%° [ % + b(x2n-2 — xk)] Vi + h? {on—z - [axz(l__za)! +

+bx2n—2] }’10} ) ©)

+

Yon+1 = {2 —h [a% + b(x2p-1 — xZn—Z)] }’Zn} + {_1 -

(Xap-1—%2p-3)1 "% (Xon—1—%2n—2)"""
—h [a# + b(xgp_q — xZn_3)] + 2h [q 22222 1(1_2)!2 +

( n-1— )1—(1
+b(x2n-1 _x2n—2)]}3’2n 1~ h X% % +b(x2n-1 —

( n—-1— )
_xk)] Vi+2 + 2R TR%53 [ % + b(xZn—1—xk)] Vi+1 —

2n— 2 (an—1—x1)"" _ 2 _ Xan-1'"%
—h 3752 [a S b (g g — 20| i+ 1P {fonoy — [0T 2+
+bx2n—1] }’10} (10)

YuuteBas (9) B (10), momryamnm:

YVon+1 = {2 h[ Gonoa “Xan-g) % xzr;,Z)l + b(x2p-1 — xZn—Z)]} {{2 -

—h am+b(x2n 2 — Xon-— 3)]}3’211 1+{_1_

(1-a)!
( n—2"A2n-— )1 ( n n )
—h[a%+b(x2n ) — X 4)]+2h[ %4_
( n—-2"" )
+b(xan—2 _x2n—3)]}3’2n 2 —hYF%° e D (f_;c; +b(x2n-2 _xk)])’k+2 +
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( o )1 ( nez— )1—05
+2h 325 4[ xz(12——§)k!+b(xZn z—xk)]ykﬂ‘ h¥iZo 3[ xu——gJ“

+b(xon_p — xk)] yi+h? {on—z - [ Xz(z Za)_, + bxyp_ 2] 3’10}} + {_1 _

1-a
h[ (x2n-1 x2n 3)'” + b(Xpp_q — x2n—3)] +h [a (X2n-1=%X2n—2) +

—a)! (1-a)!
( n—-1— )1—01
+b(x2n—1 - xm—z)]})’m 1 hzzn a2 (11 :3(' + b(xon_1 — xk)]yk+2 +
oan—3[  (an-1—xx)""% (Xan—1=x )"
+2h Y320 [ e (11_0[)! + b(xz2n-1 _xk)] Vk+1 —th [ e (11 ) +

+b(xon-1 — xk)] Yi+h? {on—1 - [a% + ben—l] )’10} ,

Tlocne rpynnupoBKA MPUMET CIAETYIOIIANA BU;

( n—1-"42n— )1—0{
Yon+1 = {4 — 2h |qT2mmiT2n2 + b(xzp—1 — x2n—2)] -

(1-a)!
_ 1-a _ 1-a
—2h a(x2n—2(1fi1;!—3) + b(xppp — x2n—3)] + K2 a(xZn—tlfer;!—z) +
1 ( n—2-"A2n-— )1—0{
+b(xzn—1 — xZn—Z)_ a2 2(19_62)!3 + b(xzp—p — x2n—3)] -1-
— 1-a _ 1-a
—h a(xZn—1(1fZS!—3) + b2y g — x2n—3)] + 2h a(xzn—1(1f2an)!—z) +
] (X2n—1=X2n—2)' "%
+b(xn—1 — x2n—z)_}YZn—1 + {—2 +h [a : 1(1_2()! e+
] _ 1-a
+b(xXzn—1 — xZn—Z)_ — 2h|a (xzn_z(lfzog!_‘}) + b(xzp-2 — x2n—4)] +
2 (X2n—1—X2n—2)1"* (Xon—2=X2n_s)'™*
+h” |a (1-a)! +b(zn—1 _xzn‘z)] [a (1-a)! +
] (Xz2n—2=X2n-3)" "%
+b(Xzn—2 — xZn—4)_ + 4|a=2 2(1_2)!3 + b(xzn—2 — xZn—B)] -
o2 [, (an-1—%an-2)' "% _ (x2n-2=%an-3)' "%
2h%|a (1-a)! + b(zn—1 xz”‘z)] [a (1-a)! +

_ 1-a
+b((x2n_2 - x2n—3))] yZn—Z} —h {2 —h|a (xZn—l(le;!—z) +
o \1-a
+b(Xzn—1 — Xon- z)]} e [a% + b(xan—2 — xk)] Yi+2 T

(tan1-%2n >
+2h{2—h[ o C o+ b(gyq —

(Xon—2—x)t "%
_xZn—Z)]} ino4 [a% + b(xn—p — xk)] Vik+1 — h{Z -
(x2n— 1_x2n 2)1” 2 3 (xon—2—xp)1 7%
_h[ ey +b(x2n 1~ Xop— 2)]} % a—(l—a)! +

+ b(xzn—2 — xk)] Yi +h? {2 — h|a%e 1(;23!2) + b(xzn-1 —
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_xZn—Z)]} {fzn—z - [a% + ben—Z] }’10} -
hZZ" o M + b(xpn—1 — xk)] Yi+2 T

(1-a)!
(tomo1~x1)1~
+2h ZZn 3 % + b(xZn—l - xk)] Vk+1 —
( n—-1— )1-0{
—pYy2ns2 [ % + b(xpn-1 — xk)] Vi + h? {fzn—1 -
_[ Xon-1~ — 1! = + ben 1] ylo} (11)

Takum o6pa30M MOJTy4aeM CJEIYIONIYI0 CHCTEMY Pa3HOCTHBIX YPaBHEHHMN:

_ (Xzn—2=X2n-3)""%
Yon = {2 —h [azl_zl_—fx; +b(xap—2 — x2n—3)]}}’2n—1 + {_1_1‘1_
—h [a (X2n-2—X2n-4) + b(xZn—Z _ x2n—4)] +2h [a (X2n-2—X2n-3) +

(1-a)! (1-a)!
( n-2— )l—a
+b(xan—2 _x2n—3)]}3’2n 2 — RERES° %4' b(xzn—2 —
( n-2— )
_xk)] Yirz + 2R X35 4[ % +b (xzn- Z_xk)] Vier1 —

A i 3[ %+ +b(Xyp_2 xk)]yk+h {on 2 [ Z(rll—za)_'a-}_
+bX2n—2] 3’10}

( n—2"""42n— )1—01
Yon+1 = {3 - Zh[ = 2(12)!3 —+ b(xp—p — x2n—3)] -
h[ (x2n- 1 x2n 3)t” + b( ] 2 [ (en—1=%2n—2)'"*
- — Xon-1—Xzn-3)| + h* |a—"=—"—— 1

—a)! (1-a)!
(Xan—2=%zn-3)""

b(xzn—1 — _xZn—Z)] s + b(xpp—p — x2n—3)]}y2n—1 +
- 1-a _ 1-a
{_2 — —on|aSEnzXena) Ty ey —xZn_4)] + 4p [ FanzXan-) 0

(1-a)! (1-a)!
(xan-1—%an-2)""%
+b(x2n_2 - xZn_3)] + hZ a# +
(Xan-2=¥2n-4)""%
+b(x2n—1—x2n—2)] [azz(l_—fl)!d' + b(xzp-2 — xZn—4)] -
( n—1-"4A2n— )1—01 ( n—2-"A2n— )1—01
—2h? [a% + b(xZn—l—XZn—z)] a% + b((XZn—z -

_ 1-a
_xZn—3))] —h [a% + b(xzp-1 — x2n—4)] +

+2h [CIM‘FMXM 1~ Xon- 3)]}3’2n 2= h{Z -

(1-a)!
(Xpn-1—Xap_2)1 7% 2n 5 (an—2—x1)' "¢
—h a%*‘b(xm 1~ X2n- 2)]} el (;_a)! +
Xon—1—X2n
b(xyn—2 — _xk)] Yi+2 t 2h{2 h[ —( o 2),2) + b(x2p-1 —

(x2n )!
_xZn—Z)]} 1%104 a% + b(xZn—Z - xk)] Yik+1— h {2 -
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(Xzn—z—xp)* ™"

( n-1-"42n— )1 -
_h [awﬂ_b(xzn 1 xzn 2)]} Zn 3 a (1_a)!

1-a)!
+b(xp- Z_xk)]yk —- h 3% 5[ (xzn(ll—;c;) +b(xap—1 — xk)] Vi+2 T
+2h Y% 4[ (xzn(ll_;z)k,) + b(x2n-1 xk)]yk+1 —hTi%s [ (xzn(ll;;;)la‘*'
+b(xp- 1_xk)]}’k + h? {on—l - [a xz(rll T, bxon- 1] 3’10} + h? {2 -
—h[ Gnor—tan-g) 8 xzr;[z) + b(xZn—1_x2n—2)]}{f2n—2 - [axz(rll__i)‘!“ +
+bx2n—2] }’10} (12)

IIpumem ciemyromue 0003HAYCHUS

W, = (3’0>’ W, = ()’2)’ w, = ()’4>’
V1 V3 Vs

— [ Yon- — Yon— — y
Wz = (0), War= (), Wa=(2m)

Torma ypaBaenuu (9) u (11) nmpeacTaBuM B BUIE CICTYIONINX CHCTEM YpaBHCHUH
A" V@, nh) A% Y(a,n,h)

Wa = (n-1) (n-1) W1+
As; “(a,n,h) A (a,n, h)

A(k)(a' n, h) A (a n, h) fn1(a,n, h,yy)
n-2 ni\* 't 1 y1
= <A(k)(a n, h) A(k)(a n, h) Wi + (fnZ(a' n, h! }’1)) . (13)

3mech
- ( n—2-"A2n— )1—01
Aﬁ 1)(0»’, nh)=1—h [a% + b(x2p—2 — x2n—4)] +
(X2n—2=%X2n—3)""*
+2h [a(l_—a)! + b(x3p_p — x2n—3)]' (14)
- ( n—2-"A2n— )1—01
Agrzl 1)(0»’, nh)=2-h [a% + b(xzn—2 — x2n—3)]v (15)
_ 1-a
ALV (an, h) = =2 - 2h [a CBE 4y, — 2y )|
(an-z=Xan-3)"7% _ _ [ g Gan-1=¥en-a)7¢
+4h [a (1-a)! + b(xZn—Z x2n—3)] h|a (1-a)! +
(X2n-1—%zn—3)1"%
+b(xzn—1 — xZn—4)] + 2h|a (1-a)! + b(xznq — x2n—3)] +
(X2n-1=%X2n— )i« (Xan—2—Xan— e
+h? [a% + b(xon-1 — xZn—Z)] { a% + +b(xzn_p —
( n—2"-"42n— )1—01
_xZn—4)] -2 [a Sanoz Fanzi 2(12()!3 + b(xpp—p — _xZn—3)]} ) (16)
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AT (@, h) =3 - zh[ M + b(xan-y = Xan-3)] -

)I
_ 1-a
—h [a (x2n- 1(1f2r;!3) + b(xZn—l _ x2n—3)] + h2 [a (xzn—l(lfz;z) +
( n—2-"A2n— )1—(1
+b(x2n-1 — x2n—2)] [axzz(lf—i)!g +b(x2n-2 =
~%on-3)| (17)
k ( n—2" - )l—a
ALY (@ n h) = —h{|aZm=EEE— 4 by — xok-)| -
(X2n-2—%2k-1) (Xon—z2—%20)*
—2[a Gt iy, — x|+ [@ 8RS (g, —
—x)|}, k=Tn=2 (18)
( n—z— )1—0!
AR @n,h) = —h[aCEZE— 4+ b, —x0)], (19)
k ( n—2" - )l—a
Agz)(“' n,h) = —h{ axzz(lf—ik)!l + b(xan—2 — x2k—1)] -
(Xan—2=%20)" "% (X2n—2=%X2p+1)* ™%
_2 [a# + b(x2n_2 - ka)] + [a% + b(x2n_2 -
—xpean)|} e =T =2 (20)
(0) ( n—2" )1—(1 ( n—2" )1(1
Asy (a,n,h) = Zh{[a—x2 (12_;)0! + b(xXpp—o — xo)] [ X2 (12 ;c)ll +
+b(x2n_2—x1)]} , (21)
() _ _ (X2n-1—%2n-2)""% _
Ay (a,n,h) = h{Z h [?—(1_0{)! + b(x3p_1 1
(n—_ _)—a (n—_ _)—a
_xZn—Z)]} {[a_xz z(lfik)!z —+ b(xzp—p — x2k—2)] -2 [a Tan-2Tak=1, 2(1f213!1 +
+b(xon_z — ka—l)] + a% + b(xn_z — x2k)]} -
( n-1— - )1_a ( n-1— _ )1—(1
—h{[a = 1(12(1;!2 + b(xpp—1 — x2k—2)] —2 a2 1(116:()!1 +
( n—1- )1—01 1T . 9
+b(x2n-1 — ka—l)] + a% +b(x2p-1 — x2k)]}' k=1n-2 (22)
_ 1-a
AR (@n,h) = —h {2 - h[eF2ttmd — 4 p(y, -
( n—2" )1 ( n )1—01
_xZn—Z)]} a—xz (12_:3)! + b(x2n—2 xo)] h[ ZanatFo, (11 Z; +
+b(on-1 — %) (23)
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(24)

— 1-a
A(k)(oc n,h) = — {2 - h[a(xzn_l(+’;2)+ b(xyp—1 —
( n—2"— — )1 ( n )l—a
_x2n—2)]} {[a_xz 2(13’;!1 —+ b(Xzn—2 — Xak- 1)] _2[ Lenop okl (21 );Z)I,( +
( n—2"— )
+b(xzn—2 — ka)] + [ % + b(xzn- 2_x2k+1)]} -
( n—1— — )1 ( n—1" )l—a
—h{[a & 1(1f2k)!1_+b(x2n 1~ X2k— 1)] 2[ TenoaRak (; Zz)lf +
(x2n )?*
+b(xap—1 — ka)] + + a% +b(xap—q —
_x2k+1)]}, k=1n-2
_ 1-a
Ag? (a,n,h) = h{Z —h [a —(in—tlfz;z) + b(xyp_q —
( n—-2"_ )1—01 ( n—2" )1—01
—Xon- 2)]}{ [a = (12 x)o. + b(x2n—2 —xo)]}— T2 (12 Z; +

)1—a

+b(x2n 2 x1)]+2h[ M_{_ b(xZn 1 xO)] _h[ (2n—1—%1 +

)l

(1-a)!

+b(on-1 — x1)) (25)
Fus @b y) = 1 {fanos = [ 22250 4 bxa o), (26)
Fra (@, y1) = B {fans = [0 2255 4 b | yio) + 12 {z _
(Xan—1=X2n-2)'"% Xan—2'~
—h|a -a)! + b(xX2p-1 — Xon- 2)]}{f2n 2 —[ W*‘
+bx2n—2]}’10 } (27)
Tenepb npenmnomnaras, 4To
Ak h) A¥ h
W, = (e A ) ey (28)
Az1(a,n h) Az (a,n,h)
Fn — (fnl) (29)
fn2
To u3 (13) momy4mm:
W = ZkZo WiWi + F,, n=1 . (30)

3. Ipusenenue (30) K CTAHIAPTHOMY BHIY:

Wl = "IJ()WO + F]_
WZ = "I’I]_Wl + l‘poVVO + FZ
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Wy =W W, + W, W, + WoW, + F3 = W, W, + W, (oW, + F)+W W, + F5 =
=W,W, + (W1 + Wo)Wy + (W1F; + F5)

W, = YWz + W, W, + P W, + YWy + F, = P3W5 + W, (P, (W W, + Fp) +
+W, W, + F)+ W, (YW, + Fy) + YW, + F, = YsWs + (W, ¥, + VL0, +
+¥P, ¥, + Y)Wy + (V¥ +WY)F, +W,F, + F,

Wop= WnaWpq+ ({ ;cl;%21si1<iz<~--<iksn—2 H;'c:1 lpikJrl_j} Yo + Lp0) Wy +
+ (TR Brciy<iperipen-z [l Wiy Fiy ) + P, nz2, (31

Taxum, 06pazom ypaBHeHHE KonebaTensHON cucTeMsl (1) ¢ sxuakuit nemmndepom u
HavalbHBIM  yciaoBueM (2) B omimmume ot [18], mmckpermsmpoBaHO uepes
KJIacCH4YecKue pasHocTHbIe ypaBHenus (31) [19].

[ BBIYMCIICHUS] KOOPAUHAT 00BEKTa Y; MPEIOKEeHa CIECTYIOLIHA allrOPUTM.

Aaroputm
1. ®opmupyroTcs mapameTpsl KojaebaTeIbHOM CHCTEMBI @, M, a, b, f, V1 U3
1. ().

2. 3amaercs mar auckperusaims h uarepsaia (xg, ) ¢ IOMOIIBIO TOYEK
x; = th + x,.
3. ®@opMHUPYIOTCS TTApAMETPBI MATPHIHBIX KOIPDHUIHEHTOB ,
AlP(,j = 1,2k = 0,n— 1) w3 popmyn (14)-(25).
4. Bsraucnsiercs f; = f(x;) uu3 (26), (27) u onpenensiercs fp1, fno-
®opmupyrores Matpuisl Wy (k = 0,n — 1) u3 (28) u E, u3 (29).

o

6. Bruucnsercs

Z 2. ﬂm,

=11<i41<ip<<igsn-2 j=
— n-—2
Yo, = ( =% Yty <iy<orcinzn—2z [f=1 Wiy Fil) : (32)
7. JIBmxkeHHe 00BbEKTa B TOYKAX X, BBIYUCISIIOTCS ¢ hopmyiioi (n = 2)

Wy = Wi Whoq + OnWo + Wo)Wo + Ynil + (33)
¥ OTIPEIENISETCS KOOPIMHATA OOBEKTa Yy,

4. OnTuMaNbHbIi BHIOOP IATa JTUCKPETU3ALMHU U CPABHEHHE € KJIACCHYeCKUM
pe3yJabTaToM
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ITockONIBKY HaxXOXJIEHHWE JY; 3aBHCHUT OT BbIOOpa N, TpHBeneM  cliiexyromuii
anroput™ 1y ero Haxoxaenus. Ilycts 3amaercs h;(j = 1,2,...) u obo3Haunm
COOTBETCTBYIOIIEE PEIIEHUE V. PaccMoTpum cremyroutyro pasHoCTh s hj u
i = 5'%|ynj — Ynj-| (34)

OtmerumM, 4to mpu BeiOope h; u3 (34) li;+1 <l; mpouecc BbrumCIEHMH
TPOJIOJDKAETCA UHAYE, T.€. IpU  [j,4 > [; Ipo1ecC BBIYMCIIEHNE OCTAHABIIUBAETCS.

Takum 00pa3oM MOXKHO TOOABHUTH B BBIIIE MPUBEICHHBIN aJITOPUTM CJICTYIOTITHI
miar.

8. Ecmus (34) lj4q <l; ycnoBue ynoBIeTBOPSETCS TO BEIYMCICHUS

IIPpOa0JDKACTCA, NHAYC IIPOIECC BEIYMCICHUA OCTaHABIIMBACTCA.

Ternepp MokaxeM, 4To NMPU « =1 TOJYYCHHBIH pe3yinbTaT u3 (GOPMYJIbI
(30) comamaer ¢ knmaccudeckum. JledictButensno u3 (30) mpu a=1 i Y,
MOJTyYUM
Y,, =(2—ah—-bh*)y, , —(l—ah)y, , +h(a+2bhn-bh)y, -
—h(a + 2bhn - 2bh)y, + h?[ fon, —(@+D0X, ,) Y]

KOTOpPBI TpH N =1 NpUMET BUI

Y, =2y, =Y, +h°[f, —(@+bx))y,] - (35)

BoszBpamasice k ucxogHoil mocraHoBke 3amaun (1), (2) mpu  a=1 mocnue
JMCKpeTH3aLun Ditepa, IMeeT BH]

Yoio T (ah - 2)yn+1 + (bhz —ah +1)yn = hz fn :

IIpu n=0 umeem
y, +(@h—2)y, + (bh* —ah +1)y, =h*f, . (36)

Takum obpazom noayueHHbie (35), (36) 3TO OAHO W TOXKE. AHATOTHYHO MOXKHO
JI0Ka3aTh COBIA/ICHHE CICAYIOIINX YPaBHEHHH.

3aknawuenne B naHHOW paboTe BHEpBBIC IMOKA3bIBACTCS, UYTO AMCKPETHU3AIUSL
3amaun (1), (2) mpuBomurcs k Buamy (30), KOTOpHIA sBIsIETCS OOOOIICHUEM
KJIACCHYECKOTro ciaydas npu «=1. [IpuBomuTcs onTUMH3alMs BbIOOpa Irara
JIUCKPETU3allMM M TOKa3bIBaeTCs MNpH «a =1 COBMajeHHE pe3yJbTaToB C
KJIACCHYECKUMHU CITydasiMU.

ABTOpHI BBIp2XAIOT OnaromapHOCTh akamemMuky D.A. AnmeBy 3a MOCTaHOBKY
3a/1a4yy, OKa3aHHYI0 IIOMOINb M IIEHHBIC COBETHI IPU MCCICAOBAaHUM pPabOT u
peKOMEHIaIuH 10 0(hOPMIICHHIO CTAThH.
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DISCRETIZATION METHOD ON MOVEMENT EQUATION OF THE
OSCILLATING SYSTEM WITH LIQUID DUMPERS
N.A.Alievi, N.I.Velieval?, K.G.Gasimova?, A.F.Resulzade®

!Applied Mathematic Institute, BSU, Baku, Azerbaijan
2 Azerbaijan Pedagogical Universitet, Baku, Azerbaijan

224



AJIVEB H.A., BEJIMEBA H.U. ... METOJI JUCKPETU3ALIUN YPABHEHUIA...

3 Azerbaijan Technical Universitet, Baku, Azerbaijan
e-mail: nailavi@rambler.ru, resulzadeaynur@gmail.com

Abstract. We consider oscillatory systems inside a Newtonian fluid, where, contrary to
the classical approach, the mathematical model of the damper has a fractional
derivative. Owing to non-locality, the definition of the fractional derivative here from
the continuous variant first passes to the discrete model of the oscillatory system and
describes the motion of the classical difference equations. Using this discrete model, an
algorithm is derived (based on statistical data) to determine the order of the liquid
damper.

Key words: oscillatory system, liquid damper, discrete model, fractional derivative,
statistical data, least squares method.

AMS Subject Classification: 49J15, 49J35.
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