57 MporpaMHui KOMNAEKC AN peanisanil MeTony ineHTugikani mone [ [w] B3

Mporos aan
M aTpLuA kostiuienTis G [Eponicecka 36apastra Hoera =1
1A7aET. OO0M3E, 00230dE o
08324, 0ATIZE. 061454 - [ro2 = |
MZFEAT DOOETSA: 101712248
0.07ETI0743; 0093993797 -
OA3S7TAOS72. 0043221188
0043144153 00532761687
0/0B0B844147 0074594505
D0EFIESI05: 0082603915
=l 0107702409; 0124843511
00744253358: 00910731502
ONG3TOEGF7S. 01028403725
MaparsTn 0051 ISEEES, 0093483035
D0B237EES3; 01011834627
0.0000Z2: 00000 084303106 0103777574
DO0FITEIESE: 0095973304
0053E93511; 0073416089
0127939894 0157013425 =1
Mogene
W[k 12117357 #5eh [ J[-OL O3 2k ]+ 1230453k +{ILOON032: 00000S] =1 k+1]
w2(k+1)=[-0,932411 (K] +0.871 25%2[k)+ 0,61 454*+3(k}+[0.000032; 0.00005]U=x2(k+1)
w3(k+1)=-0,22547 )1 (k}+0.0061 54°2(k}+1.01122458%3(K]+[0.000032; 0,00005]U=x3(k-+1]
MepepryTica |

Pucynok 11 - ®opma BuBOY 11eHTH(IKOBAHUX TTApaMETPiB MOJEII

V. BucHoBKH

1. Bnepmie mocraBieHa Ta po3B’si3aHa 3ajaya iAeHTUQIKAIi] IHTEpBaJIbHOI MOJENI
JTUHAMIKH KOHIICHTpAITli ITKIIJTUBUX BUKHUIIB.

2. Pe3ynmbTaT MOJETIOBAHHS MOKA3aJIM, IO TOYHICTH MOJETIOBAHHS KOHIICHTpAIIil
IIKIIJTMBUX BHUKHU/IIB 3HAXOAWTHCS B MeXax Bapiallii pealbHUX 3HA4eHb, IO MIATBEPIKYE
e(eKTUBHICTh JIOCHIIPKyBAaHOTO METOAY MapaMeTpu4Hoi ineHTH(ikamii iHTEpBaILHUX
JTUHAMIYHUX MOJIEJICH Ta IPOTrPaMHOTO 3a0€3MeUeHHs, PO3pPO0ICHOT0 IJIs HOTO peaizartii.
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JIvgiscokuil Oeporcasnuii azpapHutl yHigepcumem

JIBOCTOPOHHI METO/IA PO3B’SI3YBAHHS HEJTHIHHUX
JAAPEPEHIIAJIBHUX PIBHSAHD

Buseoeno o6ocmoponni po3paxynkoei opmyau nepuiozo ma 0pyeoeo nopsioKy mo4Hocmi po3e a3aHms
3a0aui Kowi 01 36uuaiinux ougepenyianvhux pieHans. OOHA 3 HUX 0A€ BEPXHE, a OPYea — HUNCHE HADIUNCEHHS
00 MmouHo20 po3e’a3ky. Hasedeno gpynkyii cmitikocmi 3anponono8anux 4uciosux memoois.

J. Luchko, R. Pelekh

TWO-SIDE METHODS FOR THE SOLUTION NONLINEAR
DIFFERENTIAL EQUATIONS

The two-side formulas of the first and second order of accuracy for the solution of Cauchy problem for
ordinary differential equations are constructed. One of them gives upper approximation and the other lower one
of exact solution. Their stability functions are found.
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barato mpuknagHuUX 3amad, 30KpeMa po3paxyHOK HampyXeHO-I1e(hOpPMOBAHOTO CTaHY
TOHKOCTIHHHUX €JICMEHTIB KOHCTPYKIIM (CTEp)KHIB, IUIACTHH, OOOJIOHOK), Yy 3araJlbHOMY
BUMAJIKY 3BOJATHCS JI0 pO3B’SI3aHHS HENIHIHHUX CHCTeM JAu(depeHLialbHUX pPiBHSIHb.
[Topsimok cuctemu audepeHIliaIbHuX PIBHSHD 3aJICKUTHh BiJ BUOpaHOi Mojmeni. 3a MEBHUX
YMOB HAaBaHTa)KEHHS a00 MPUITYIICHb aHy CHUCTEMY MOXHA 3BECTH JI0 CUCTEMH 3BHUYANHHX
nudepeHIiaTbHUX PIBHAHD MEPIIOTO TOPSIKY:

y':f(x,y), y(xo):yo’ xe[xwxo"'l’]a (1)

ne y(x) — MIACHUM m — KOMIIOHEHTHUH BEKTOp, / — MiiiCHa BEKTOpHA (DYHKIIIS 3aJIEKHOT Ta
HE3AJICKHOT 3MIHHHUX, TPUUYOMY TNPHUIYCKAEThCSA, 10 (YHKLIA [ BOJNOJAIE HEOOXiTHOIO IS
BUKJIAZOK TJIAIKICTIO.

[Tpu po3B’s3yBaHHI qudepeHIiaTbHIX PiBHAHb BAXINBO, 00 OCHOBHI BJIACTUBOCTI
pO3B’s13Ky n00pe BiOOpakaauch HAOMMKECHUMH MeToAamMH. Y TPHUKJIAJAHIA MaTeMaTuIll
IIMPOKOT'0 3aCTOCYBaHHSA HAaOYyIH APOOOBO-palliOHaNbHI HAONMKEHHS, SKI IPU BiIMOBIIHUX
yMOBax JalOTh BHCOKY HIBHUIKICTh 301KHOCTI aJTOPUTMIB, JABOCTOPOHHI 1 MOHOTOHHI
HaOJIIDKEHHs, MaloTh CIabKy YyTJIMBICTH 10 MOXHOOK 3a0KpYIJIeHb, BIpHO BiOOpakaroTh
OCHOBHI BJIaCTUBOCTI PO3B’SI3KIB JOCIKYBaHUX 3a1ad [1-3].

VY nauiit pobOTI NMPOMOHYIOTHCS JBOCTOPOHHI YHCIIOBI METOJIM PO3B’sI3yBaHHs 3ajaui
(1). He oOMexyroun 3arajibHOCTi, OyZAeMO 3HAXOAUTH HAOIMKEeH1 po3B’si3ku 3amadi (1) y
CKaJIIIPHOMY BHUIIQ/IKY, OCKUJIbKM Ha CUCTEMH PiBHSHB BOHU MEPEHOCATHCS MOKOMIIOHEHTHO.

XapakTepHOIO OCOOJMBICTIO TaKMX aJTOPUTMIB € Te, IO MPH TNEBHUX 3HAYCHHSIX
BIJIMIOBITHUX TapaMeTpiB MOXHA OTPUMATHU K HOBI, TaK 1 TpaJuLiiiHi OJHOKPOKOBI METOAU
po3B’s3anHs 3aaa4i (1).

3anpornoHoBaHi OOYMCIIOBAIbHI CXEMH [AlOTh MOXJIMBICTb Ha KOXHOMY KpOILIi
OTPUMYBATH HE TUTLKH HAOIMKEHUN PO3B’ 30K, ajie 1 OIIHKY MOXUOKH pe3yybTaTy.

Li n1BocTOpOHHI Qopmynn OyAyIOThCS Tak, 100 JOKaJIbHI MOXUOKU CXEMH B KOXKHIN
BY3JIOBIH TOYII MaJIM BUTJISI;

V(%)= v, = Oh"KE(f )+ O(h""),,
ne y(x,.,) 1 y,, - BIANOBIAHO TOYHUN 1 HAOMMOKEHUH po3B’s30k 3amaui (1), A- Kpok

IHTEerpyBaHHsl, F(f) — neskuil tudepeHiabHui onepaTop, oouuciaenuit B rouui (x,,y,), K —

KOHCTaHTAa, p — MOPSAAO0K TOYHOCTI, @ - IMapaMeTp JBOCTOPOHHOCTI.

3a jomoMorow mapamerpiB () 1 s Jocsraercss JBOCTOPOHHICTH i HEOOXiJHa TOYHICTH Ha BCHOMY
IHTEpBaJIl IHTETPYBaHHSI.

3ayBaxuMo, 110 y 3alPONOHOBAaHMX OOYHMCIIOBATBHUX (hopMyiax Oe3 107aTKOBUX
3BEpTaHb JI0 MPaBOi YaCTUHU AUGEPEHINIaTLHOTO PIBHSIHHS MOXKHA OI[IHUTH 3Ha4YeHHS F(f),
10 BUT1IHO BIJPI3HSE i CXEMH BiJl TPATUIIIHHUX ABOCTOPOHHIX anroputmis [4, 6, 7].

Jlist moOymoBH TBOCTOPOHHIX MeTOAIB TUly PyHre-KyTra pizHHX MOpPSAKIB TOYHOCTI
IIyKaeMO HaOMMKEeHUH po3B’s30K 3a1a4i (1) y BUTIISAAI TaHIIOTOBOTO Ipody [3, 5]:

K= @)

e
k-1 d
Dn = di 0 + £
i0 I+ dy.,
I+, N dy,,
©I1+d,,
Bupasu s d,, y Bunanaky k +1= ﬁ (k= ]_ l=0_,3) MAaroTh BUTTIS:
i o ) -
dy,=1,4d,,= _zdl;m,o =14, 3)

m=1 n
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d
d"nl == dv+1’0 = ] 3 d d,u+1 1 dﬂ,l’ /J = ]:2;
d,,=d,, :hZam,k, q=k+1,

q
ki:f(xn+aih’ yn+h218ykj)’ QIZZﬂy’ yn¢0
J=1 J=1

Tyt h - xpok interpyBanns (h=x,,, —x,, n=0,12,..), a,, @, f; - napamMeTpH.
Jns OTpUMaHHS JBOCTOPOHHIX OOYHMCIIOBAIBHUX (OPMYN MEpUIIOro MOPSAKY
TOYHOCTI po3ristHeMo popmynu (2), (3) ipu k=2, =0 1 k=1, I=1:
[2.0] _ Y P[z,o]

yn+ - = ’ (4)
: 1 +d1,0 + dz,() Q[z,o]

ne d,, :_hkl/yn ,dyy = {hzkf _yn(aZIk +a22k2)h}/y,f i

(1] _ Y
yn+1 d“) ’ (5)

1+

1+d,,

hk12 —-J (a21k1 + azzkz)
I b k = b y
y”kI 1 f(xn yn)

k, = f(xn +a,h, y, + B, hk, )
Po3BunyBum k, B psag Teisiopa 1 poBiBIIM BIANOBIAHI 00YMCIIEHHS, 3HAMIEMO:

Q[z,o] = {yn2 - h(]"' a, +a, )ynf+

0 0
+h’ fz_azzazynl_azzﬂzzynf J h3a22yn 0(2 J;
ox oy ox

d1,1 =

+ 2a2ﬂ21f o f

0 1 o’
? fj gh4a22yn(a§ g{"’-;a;ﬂy x

o' f : af 0 f
< et T30S ]+0(h )}

O0unCIMO PiI3HUITIO

1 0
(% )Q[M] ~ R0 = —hfy,(ay +a,)+h’y; Kg_azzafja_ijL
] a 82 ]
+(E_azzﬂ21jfaj;} Ry, f* (a21+a22)+h3{yj{ax_];(g—azzagzj+
0 0 1, (0
+2fax8];(6 A, 2ﬂ21j +f° ayf(_ 22/821j:| 6 f(a—];*'

9 1 3 y
ff] f|:a£(2+ 22 2j+f §(2+a22ﬂ21j:|+f }J’_O(h)

[pupirsiBinm 10 Hys Koediuient npu /1, 10610 a,, +a,, = (), oTpuMaEemMo

2.2 0 0
( "*1)Q[20] B =h"y, {(é_azzazjai (_ 22ﬂ21j f}"‘o(h )

L] =y, —hfy, +h{f2 _azzyn(az g + 5 afj} ( )

ac
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L. Hexait «, # f,,, a,a, =5

1
IoxnaBmm @ = 3 a,,[3,,, OTPUMAEMO CUCTEMY

a, +a, =0
o 1
a =—
222
2
1
——a,p, =0
225721 )
2
PO3B’SI30K KO Ma€ BUTJISL;
1 1
a, == s Ay = ) ,621:(]—260)052,
2a, 2a,
1€ &, — JOBUIbHE BIIMIHHE BiJ HYJISl YUCIIO.
. 1 ..
2. Hexait «, # f,,, a,,, =5 Toni 3 piBHAHB
—_— — ] —
a, +ta, =0, ay,p, —E: S Tant, =0
3HAUIIEMO
1 1-2w 1
a, =—a,, P = y Ay = ;e #0, o |
2a,, 2a, 2
. 1
3. Hexait «, = f,,. Ilo3HaunBmm o= E—a 2,0,, OJEPKUMO CHUCTEMY 3 JIBOX
PIBHSIHB
a, +a,, =0
—a,a, =0,
3 SIKO1 3HAUJIEMO
1-2w
ay =0y, ay = By =ay, (6)
2a,

I€ &, — BIIMIHHE BiJ] HYJIS YUCIIO.
@ymnkis criikocTi [8] popmynu (4) npu 3HaAUSHHIX apamMeTpiB 3 (6) Mae BUTIIAL;

Sjeoi(2h)= 1 o<,
[2,0] ] , 2
1-h +(2+a)j(/1h)
a TOJIOBHUU YJIEH MMOXUOKU
FEVof Ly r D2 - o’ Df = ok, k) i, |y = |
ox oy 5

TOOTO i1 OLIHKKA TOJOBHOIO 4WieHa IOXuoku F [20] pe MOTPIOHO POOWTH J0JIaTKOB1
obuuncneHHs mpaBoi YacTUHU nudepeHianbHoro piBHSHHS (1), ockinbku F [20] BUPAXKAETHCS
yepes BKe 3HalIeHl 3HaUeHHsA k, 1 k,.

Posrassremo dhopmyny (5):

168



MATEMATUYHE MOLEJIIOBAHHSA. MATEMATUKA. ®ISUKA

y;[aﬁ-é] - & k =
h—L
_ Vn
I+ hk12 - (a21k1 +ayk, )yn
ynkl
Y [(]_aZI )kz _a22k2]+hk12 =y + uth
(] —ay )k1 —ayk, ! Q[1,1]

P[1,1] = hkzz: Q[1,1] = (1 —ay )kz —ayk,.
BpaxoByrouu, 110

Oun= (I_azz —ay )f_hazz (0‘2 g + 5.,/ 2{]

1, ’f f ,0°f
2h azz(az PYE +2a 2:821f j
A [0S e 83f 2 O s 3OS
6h agz(az o +3a2ﬂ21f8x28y zﬂzzf oy =7 ]-I—O(h )

OTPUMAEMO

J’( n+1) y;[irj] :{ h(aZI +a,, )f+h2{[i(]—a21 _azz)_azzaz }fg‘F
2 ox
+ [é(l —ay; azz) azzﬁﬂ}fz af} +h {[6 (1 a; — 04y )_

o’ f @, 262_f
—dy 2}]( [6(1 az; = azz) Ay — /621} 2f +

ox’ 2 Ox0y

1 B | :0°f 1 f gx
4{6(1 a;— azz) ay 2}]( 6(1 a;— a”{@x fayj

3 -iole Loms g Lorg o]

IToknapmwu a,, +a,, =0, maemo

L1 1 g 20 ?
R ={{(2_a22a2jf 8]): ( 22ﬂ21jf ])j +0(h )}/Q[“]’

0 0 2
Oy =/ —hay, (0[2 a_é + ﬂ21féj + O(h )

. 1
Jlerko 6aywTH, WO, MOKIABIIA «, = f3,, 1 NO3HAUYUBIIN ——a,,0, =@, 3HAYCHHS

KOE(ILIEHTIB a,,, d,,, &,, [3,, BU3Ha4at0Thcs hopMynamu (6).

[ToOymyemMo HBOCTOPOHHI OOYMCITIOBANIBHI (DOPMYIH APYroro MOPSIAKY TOYHOCTI.

Posrasnemo dopmynu (2) — (3) npu k=3, [ = 0. [loknaBmmu

i—1
,By ]23 a, =1, a,=a,;,=a,,=0,

Jj=1

0JICP)KMMO HACTYIIHI BUpa3H i KoediuieHTis npu A' (i = E)
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hf'y,f : Ay —Qy —dz —dz; — A
h’y’ -Df : 1
e E - (azz +a;, )az —d30;
hzyjfz : (a21 + azz)_a31 —d;; —dss
Wy -Df: a a;
-~ (azz +a;, )_2 —ds; —
6 2 2 7
Wyl f-Df: 1
v - Df 2“220‘2_E(azz+a22+a31+a32+a33+1)_
- (azz +a;, )0!2 — A0
%) 1
h3y,f l -Df : ——ag B,
oy 6
hjyn ‘f3 ; 2(‘121 +a22)'
ITo3znaunmo
1 o al 1
g - (azz t+as, )72 —ds; 73 =, g —aufa, =,

i mpupiBHAEMO 10 HYIIS BCi pernTa KoedirienTy npu crenensx /i, h° i h’. Toxi 3 piBHAHB

a, +a,,+a; +a;,+a; =0,
ay +ay —ay —a; —ay; =0,
2(“21 +a22):0
CIiaye, Mo a,, +a,, =0, a;, +a,,+a;; =0 1, BpaxoByIOUH L€, 3 pIBHAHb

1
3 - (azz +a;, )az —azo; =0,

1
2aya, _E_(azz t+as )az —aga; =0
OTPUMAEMO
— ] —
a,,a, _E’ a,,a,+aga; =0.

B pe3ynbpTaTi MaeMo HaCTYIHY CUCTEMY aJIreOpaidHUX PiBHSHD:

a, +a,, =0, a;;+a;,+a; =0,
— 1 —
aa, _E: as,a, +azo; =0, (8)
1 ( ol ol )i
2 3
——\dy +a32)__a33_:a)1) ——agza,p;, = o,
6 2 2 6

B npoMy Bunaaky
RBI _ {}ﬁyi(a)Isz + o, Zfo] + 0(h4)} Qs
v
ne

1
Oy =, = hfi + hzy,,(fz —Ey,,ij+ o)

Cucrema (8) mae Tpu MHOXKHHH po3B’si3kiB. [lepia 3 HuX:
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1 1 2-3a,-12w,
a21:_2 » Ay = » A3 = ,
a, 2a, b6a,a,
Ja, -2+ 12w, _2-3a,- 12w,

as, ass

- 6“2(0‘3_0‘2) , - 60‘3(053_052) )
a; (0!3—052)(]—60)2)

= , = —" , =, — .
ﬂZI 2 ﬂ32 az (2—30!2—]20)1) ﬂ_?l 3 ﬂ32

1€ a,, o; — napaMeTpu, 110 3a{0BOJIbHSIOTH CITIBB1IHOLIEHHS

1 Toxl

a, -a3(a3 —az)(2—3a2 —]20)1)7& 0;

0
FB = D*f + w, I py.
oy
3anumemo BUpas3u i KoedillieHTiB a,,, a;, ﬂij (a =1 ) y BUIAJKY SKIIO

)

l. o, =0,=0; 2. 0,#20, 0, =0, 3. w,=0,0,#0.
1. W,=0,=0:
1 0
0 0 0 0 1 1
a, a, 0 0 2a, 2a,
a, a, B, By 0 2-3a;,-120 120-2+3a, 2-3a,-12w
ba,a, 6“2(0‘3 - 0!2) 6a; (a3 - 052)
i :(1_66‘))0‘3(“3_0‘2)‘
Y a,(2-3a,-120)
2. w,#0,0,=0:
1 0
0 0 0 0 1 1
% a, 0 0 2a, 2a,
; a,—pB, B, 0 2-3a,-120, 3oa,-2+120w, 2-3a,-12,
o ba,a; 6a,(a,-a,) 6ala,-a,)
o o, -«
Bsy=—" 22 a,a,(a—a,) (2-3a, - 120,)#0.
a, 2-3a,-12w,
3. w,=0,0,#0:
1 0 0
0 1 1 0
a, 2a, 2a,
a,- B, [ 2-3a, Ja, -2 2-3a,
ba,a; 60‘2(053_(12) 60‘3(053_(12)
a; (a;—a,\I-6w
B 2—3'( : 2)( 2), (a3—a2)-a2-a3(2—3a2)¢0.

a, 2-3a,
Jpyre ciMelCTBO KOE(]IL1€HTIB BU3HAYAETHCA 3 YMOB O, = :

5 1-6
a, =a, 25(1—6601), By =0, B :4(1—6—0)602)a)
1 )33

3 3
H6w,-1) 7 4(l-60,)

a;, =0, a;, =—a;;, 1€ a;; — 1OBUIbHE BIIMIHHE B1J] HYJIs 4UCIIO.

By=a,= By, a,=1, a, =

(10)
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B 3anexxHocTi Bil @, 1 @, MaeMo

A. W, =0,=0
0
1 0
% L L
052—L - 2, 2a,
da;; 44 0 —a; ay
2
a2:§(1—6a)), 1-60#0
B. w, %0, w,=0
0 0 I 0 0
a, 0 3 3 3
o, -B, B 4(1-6w,) 4(1-60,)
0 —ds; as;s
a2:§(1—6a)1), B, = ! 1-6w, 0,

4a,,(1-60,)

a,; — NOBLIbHUI BIIMIHHUI BiJl HYJIsl HapaMeTp.

C. w, =0, o, #0.
0 0
2 I 0
ER 33
2 4 4
E_ﬁj? ﬂ32 0 — a33 a33
By, = [-6w, , ay; # (0 —napamerp.
4a;,
Tpere ciMeiicTBO ONMUCYETHCS TAOIHIICIO:
0 0
2
z 0 1 0
3 3 3
6w,—1 1-06¢ 4 4
4a;;, 4a; —a; 0 ag

[TpogiBiM HEOOXiqHI 0OYHMCICHHS, 3HAMIEMO, O (YHKIIS CTIMKOCTI U BCIX TPHhOX
HaOoOpiB KOEedIIIEHTIB OJTHAKOBA:
1-2h+=(AhY —( - wj(zh)f
2 6
[To3nauuBmm y criBBigHOMEHHX (7)

(11)

1
2aya, _E(] ta, ta,ta;+ta;t+ag )_ (azz +a;, )0‘2 —dyut; =0

i MPUPIBHABIIM [0 HyIsA BCi peINTy KOe(ilieHTiB NpU cTenmeHsx A’ (i :],2,3), OTPUMAEMO

CHCTEMY PiBHSHB:
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a, +a,, =0, a;,+a;,+a;; =0,

2a,0,=1+o0, (a22 +a;, )a2 ‘a0 =

(12)
al al 1
(azz ta;, )72 tag; 73 = g: a;;faa, =

°\|N l\)|’\A

PO3B’SI30K K0T Ma€ BUTJISAI:

I+w I+w _2+3(a)a3—a2)
s Uy = s A3 =

2a, 2a, ba,o,

3a, —2—360(0(3 —az) 2-3a,

6“2(0‘3 —0!2) T 6“3(“3 —0!2)) (13)

Boy=a, Bi= .55 . By =as5= P

o, 2- 3

IPUIOMY

a, -aj(a3 —az)(2—3a2);t 0.

Jlokanbna noxn61<a Ma€ BUTIISL:

RU ={on’ v} of + 00 /0111, (14)
ne Opg =y, —hfy, Jrhz[(]+a)oz2 W, f’ —éijf}+O(h3), a QyHKIis cTiliKoCTI

1

1 +;(/1h)2 —(é— mj(zh)f (15)

IIpu a, = ar; 0OTpUMaEMO HACTYIIHUH PO3B 30K CUCTEMU

ay =-

as, =

S(h)=

3 3 3 3
a :_Z(]"'a))’ a; :Z(I"'a))’ as, :Za): a3, =——W—dg,
2 e i (16)

a, =0, =— =—,
2 3 3 IB ﬂ}l 3 4 a,, 1832 4033

. o . 2
A€ a;; — AOBUIbHE BIIIMIHHC B1J HYJISI YUCIIO, a IIPU &, = } pOBB’HSOK CHUCTEMU MAa€ BUTIIA

3 3 3
a; = _Z(]‘*' a)): a :Z(]‘*'a)): as = _Z_aﬁ’
3 2 2
a32:_zw: a2=§,0{3=0, ﬂ21:§: (17)
]
B = B, =——, a;; —napamerp (a33 # 0)-
4a33 4a,

[o3HauuBimy y chisBigHomenHsx (7) koediuientu ipu h’y” - £ i h'y f7 uepes w,

a BCI 1HII TPUPIBHABIIH JI0 HYJISI, OTPUMAEMO HACTYITHY CUCTEMY PIBHSHb:

_ (0] _ w
a, +a, _E’ a; taztaz;= _5:
a,a, = 3} a0, +azo; =0, (18)
1 1
2 2 _
(azz t+as, )az tago; = E} as; B0, = g

L5 cucTema TakoX Ma€ TpU CiMENCTBa pO3B’SI3KIB:
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1 1 1 o 2-3a,
a). ay =< O=——|, Gy =——, a4y =——+ )
2 a, 2a, 2 ba,aq,
a, :L, a, :i, (19)
60‘2(“3 _0‘2) 6a; (0‘3 _az)
[04 a,— o
By ===, By =a,—f,, B=a,
a, 2-3a,
(@ —a,)a, ;- (2-3a,)%0
o 3 3 w
0). a,, STy a5 4’ az = 5’
2
a;, =—dy, A, =0;=f, :E: (20)
2 1 1
=—- , a5 70
B, 3 4a, B N 33
20-3 3 w
B). a, = s Z: as, ——ay, a;, =0, a, , By =a,,
] ] (21)
a.=0, =——) =—— a.,, #0.
3 B, 4a,, Bs, 4a,, 33

Ilpu 3HaueHHsX KoedilieHTiB a,,, @;, f;, WO BU3HaYal0Thes 3 hopmyn (19) — (21),

MaeMo
y(xn+1)' Os.0— B0 = wh’F, + ohF, + 0(h4 )’
ne
b Wy £ (1—0)- Ly DF b o)
Q[3,0]_yn ﬁ/n—'_ yn f w yn f + H
2 (22)
E :yjfz, F2 :ynf3:
a (QyHKIIIS CTIMKOCTI piBHA!
S(ah)= j I 23
1=+ (/Ih)z(z —a)j ~ (Y (23)
[ToGynyemo aBOCTOpPOHHI opMynu, BUKOpUCTOBYIouH (2), ) pu k=1, [ =2
Wi e ——,
RV (24)
1+ 4
I1+d,,
ae
2
o o; —y,0 0,0;,—0
dl,() :__1, d” 24) d1,2 :%)
yn yno-l O-I - yno-Z
(25)

O-V :h'iaw’ki’ V:]:2:3’ k] :f(‘xn’yn)’
i=1

k, = f(xn +a,h,y, + By hk, )’ ky = f(‘xn +azh,y, + B hk, + By hk, )

i—1 _
Hoknasum B, =0 nus i< j, atakox a,, =1, a,=a;=a,;=0, q, :Z,Bl.j (i:1,3),
j=1

a, +a, =0, a;, +a,,+a;; =0, oTpuMaEeMo
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MATEMATUYHE MOLEJIIOBAHHSA. MATEMATUKA. ®ISUKA

1
y(xn+1)'Q[1,2] - B, = h? Yn (Df) [ (a32 —day )az +Eas3a3 +
+(a22a2 )2 ]+ hzszf[é_(azz ta;, )0!2 —a32a3}+h3yanD2f><

] ] 2 0(2 2
x g[(asz +a22)a2 +a33a3]+3{(a32 _azz)az +da;; 5 }"'2‘122052‘1220!22 +

f (Df) { [(a32 —ay )0’2 + a33a3]+ ; a33,6’32a2}+

a; ) 1
+h3f2D2f{g_(azz +a32) 22 —ds; 5 }"‘h 1’ fo{6 a33ﬂ32a2}
+h f(Df) {__[(azz +a32)“2 +a33a3]+(a22a2) }+0(h4)
a; a; . .
[To3HauMBIIH g_(azz +a,, )= 22 —aj, 23 =, g—a33ﬂ32a2 =®, 1 npuUpiBHABIIN

1
. . 2 _ _
KOe(ILIEHTH NIPU /1~ 10 HYJIS, OTPUMAEMO a,,0, = > a,o, +a;a; =0.

Toni mictaneMo HACTYIHY CUCTEMY:
a, +a, =0, a;,+a;,+a; =0, a,a,+a;;o; =0,
a L1 —(a,, + )a a32 [0) ! B0, =0
a a,,+a -a = ——a = w,.
2% = 22 32 33 1’ 335732772 2
2'6 2 2 6
Sk BUIHO, IS CMCTEMa MOBHICTIO CITIBIATAE 3 CUCTEMOIO (8), 1 TOMY, K MapamMeTpu

a,, a1 MOYKHa B3SITH 3HaWeHI paHime Habopu kKoedilieHtiB 3 popmya (9) ado (10).

mi ° ij

llpy @, =®, =@ 1 BIANOBIIHUX 3HAYEHHAX a,, &, 1 f3; Qopmyna (24) mae DyHKIiIO

CTIMKOCTI:

St 1+(;—2wjﬂh

]
= o] < j (26)
1—(§+2wjﬂh+(;+2a}j(ﬂh) ( 12

[Tapu Qopmyin, mo BiAMOBIAIOTH ABOM 3HAYEHHSIM @, K1 BIAPIZHSAIOTHCS JIHIIE
3HAKOM, CKJIQJal0Th (HOPMYIIH JBOCTOPOHHLOTO METONY, OCKIJIBKU OJIHA 3 HHX Ja€ BEPXHE, a
Jpyra — HIDKHE HAOJIMKEHHS 0O TOYHOTO po3B’si3Ky 3amadi (1). 3a HalOmmKeHni po3B’sI30K
NpURMaEMO MiBCYMY JIBOCTOPOHHIX HAOIMKEHb.

MopaynpHuN XapakTep 3alpONOHOBAHMX METOJIB Ja€ MOXKJIMBICTH B KOXKHIM TOYII
IHTErpyBaHHs OTPUMATHU KiJIbKa HAOJIMKEHb 0 TOYHOTO PO3B’A3KY.

BucHoBKkH. 3anmponoHOBaHO JBOCTOPOHHI (hopMynu po3B’s3aHHs 3amadi Komni as
3BHUYAiHUX JudepeHIiaTbHuX piBHAHB. Lli anropuTMu 103BOJSIOTE HAa KOKHOMY KpOIi
IHTETPYBaHHS OTPUMYBATH HE TIILKH BEPXHI Ta HWKHI HAOJIMIKEHHSI TOYHOTO PO3B’SI3KY, aje
i iHpopMariio Mpo BeIMYMHY FOJIOBHOTO YJICHA MOXUOKHU 0€3 101aTKOBUX O0YHCICHb MPaBoi
YaCTUHU BUXITHOTO AU(PEPECHITIATHHOTO PIBHSHHSL.
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Tepnoninbcokuii Oeporcasruil mexHiunuil ynisepcumem imeri leana Ilynros

MATEMATHUYHA MOJEJIb OCTUT'AHHA TUCKA ITICJIA
HAIIVTIABJIEHHSA HAT'PIBAJIBHOIO CUCTEMOIO IHAYKTOP,
TEILIOBUM TA EJJEKTPOMATHITHUH EKPAHU

Ompumano mamemamuyny mMooenb 018 GUSHAYEHHS MeMNepamypHo20 NOIs OCMULAHHA OUCKA NiCHs
11020 HanuasenenHs 3a 0ONOMO20I0 HAZPIBANbHOI cucmemu, AKA CKIAOAEMbCA 3 IHOYKMOpd, Meniogozo md
enexkmpomazHimnozo expanie (ITEE). 3anpononosano ¢popmynu 015 6usHauenHs memnepamypu OUCKa 6 npoyeci
OCMUAHHSA NICTI IHOYKYITIHO20 HANNAGNCHHS.

0.Shabliy, Ch.Pulka, M.Mykhailyshyn

MATHEMATICAL MODEL OF COOLING THE DISC AFTER
SURFACING BY MEANS OF HEATING SYSTEM INDUCTOR,
THERMAL AND ELECTROMAGNETIC SCREENS

The mathematical model to determine the thermal field of cooling the disc being surfaced by means of the
heating system consisting of inductor, thermal and electromagnetic screens (ITEMS) is obtained. The formula to
determine the disc temperature under cooling after the inductive surfacing is proposed.

B pobGorti [1] mpoBeneHi TeOpeTHYHI AOCHIHKEHHS 3 ONTHMi3alii KOHCTPYKTHBHHX
nmapamMeTpiB HarpiBaJIbHOI CHCTEMH, sKa CKJIQJa€TbCcsl 3 1HAYKTOpa, TEIUIOBOTO Ta
enektpomartitHoro ekpaniB (ITEE) [2], mo mo3Bosisie peani3yBaTH €HEProOUIaIHUN pexuM
HarpiBaHHs JUCKa [3] 3 METOI0 OJJHOYACHOTO HOr0 HAIUIABJICHHSI 1O BCi poOOUiil MOBEpXHI.
BaxJinBOIO TEXHOJIOTIYHOIO OTEPaLi€l0 MPHU 1HAYKIIMHOMY HAIUIaBJICHHI € OCTUTaHHS JHCKa
MicTsl HAIUTABJICHHS HAarpiBaJbHOIO CHCTEMOIO 13 3a0€3MEUeHHSIM B TOTOBOMY BHPOOi
HEOOXITHMX KOHCTPYKTUBHHUX PO3MIipiB.

Kepytoun crocobom ocTurands (MpUMYCOBE, BUIbHE) 1 WOTro TPHUBAIICTIO, MOXKHA
peryaoBaTH KOHCTPYKTHBHI po3Mipu (IPOTMHH) TOTOBUX NUCKIB. JlaHa poOoTa mpHcBsiueHa
TEOPETUYHOMY Ta EKCIEPUMEHTAIbHOMY IOCHIUKEHHIO IMPOLECY OCTUIaHHS AMCKA MICH
HAIUIaBJIEHHS NOPOIIKOBUM TBepAuM ciiaBoM [II-C1 (copmaiiT) Ha OCHOBHMI MeTaj CTajb
Cr.3.

[licns nmocsirHeHHsT HEOOXIJHOI TeMIepaTypu HaIJIaBICHHS JDKEpeso HarpiBaHHS
BUMHKAIOTh 1 IUCK BIJIbHO ocTuTae. Ha quck y 1iboMy BHMAJAKY Ji€ TUTHKHA TEIJIOBUH €KpaH,
SKUHA PO3MIIIEHHH Ol 30BHIMIHBOIO Kparo AUCKA » =7,, BLAHECEHOIO 10 LMIIHIPUYHOI

CUCTCMHU KOOpAUHAT.
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