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I'IonyquM Ca ycnoBud, rapaHtupaiiy CbllecTsyBaHe W €QUHCTBEHOCT Ha PELUEHWETO Ha eduH Knac (t)yHKLI,VIOHaJ'IHM ypaBHeHUs. Pe3ynTaTbT e NpuioXeH KbM
YpaBHeHUATa Ha paBHOBECUE Ha NapanenHo-nocneaoBarenHa enekTpuyecka sepura, Cbabpxatlia pe3aucTUBHN eNleMEHTH.

BBLBEAEHME

HenuHeithute Bepurn 1 npubopu Hamupat  LIMPOKO
NPUNOXeHWe B eNeKTPOTEXHUKaTa,  PapMOTEXHUKATa,
aBToMaTukarta u ap. obnactu. Pabotara Ha ronsm 6poit MHoro
BaXHW YCTPOMCTBA € OCHOBAHA Ha CBOWCTBA W SABMEHWS,
MPUCHLUM CamMO Ha HENWHEAHUTE Bepurn. fBneHusTa B
HEMNVHeNHUTe YCTPOWCTBA Ca MHOMO CHIOXKHM W 3a pasnuka oT
NIMHENHWUTE 3a TAX OTCLCTBAT OOLLM MEeToaw 3a aHanu3. [lopu
3a Bepurs, CbAbpXalwy Ccamo €OuH BWA  ENEMEHTH
(PE3UCTMBHM, WHOYKTMBHM W  KanauuTUBHKM), HSMa 0bWwm
metogu. KaTto npaBwno, BCSKa KOHKPETHA 3ajaya Ha
HenvHelHa Bepura, MOXe Aa Ce pelasa C nomowTa Ha
pasnuyHu meTogu. TyK Lie pasrnefame HenuHenH! Bepuru ¢
PE3NCTUBHU €NeMeHTH, YunTo ¥ - 1 XapakTepucTuku ca ot
nonuHomeH Tun [1], [2]. C npuHUMna 3a HenogBkHa ToYKa ce
nokasea CblUeCTBYBaHE W EOWHCTBEHOCT Ha OrpaHWyeHo
PELLEHWE Ha NOMYYEHOTO (DYHKLIMOHAMHO YpaBHEHNE.
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Queypa 1
3a Hai-npoctata napanenHo-nocrefoBaTenHa Bepura,
3axpaHeHa OT U3TOYHUK Ha TOK g (¢), npefcTaseHa Ha dur.1

(8. [1]), e NpueTO BTOPUAT KIOH Aa Obae NNHEEH, a MbPBUST
W TPETUAT — HEMMHenHW. [padbT Ha Bepurata (dur.2) uva 4
krnoHa (pebpa) n 3 Bb3ena (CbeauHeHWs), kato OposT Ha
He3aBUCUMUTE CbEAMHEHNS € 2 W BposT Ha HesaBucUMUTE
KOHTYpU € cblo 2. 3a nomnyyaBaHe Ha Hes3aBUCUMUTE
YpaBHEHWUSI Ha CbeOMHEHWsITa, CBbp3BallM NPOMEHNNBUTE
KNMOHM Ha BepuraTa, € u3bpaH AbpBOBUAEH rpad, NpeacTaBeH
Ha cur. 3, 32 KOWTO e OTYETEH BUOLT Ha ENeMeHTUTe W
cdopmata Ha 3ajaBaHe Ha  XapaKTepUCTUKWTE  Ha
pe3nCTUBHUTE enemMeHTU (M3TOYHMKBT Ha TOK M pebpo 3,
NPELCTaBEHN C NMPEKLCHATMW JIMHWM, Ca KIOHW HA CbeAMHEHME,
pebpo 2 — KIoH Ha AbpBOTO, @ pebpo 1, CLOTBETCTBALO Ha

HennHeeH enemeHT - HedoCTurall KnoH Ha ,El,'prOTO). EpOHT
Ha NPOMEHNUBUTE B YpaBHEHUATA HA CbeOUHEHUATA € PaBeH
Ha yoBOEHUA 6p017| Ha pe6paTa, KaTo eaHa OT Te3N BENUYNHU

(TOKBT Ha M3TOYHMKA) € faaeHa yHKLMS (Ha BpemeTo) Zy(?) .

Queypa
20uzypa 3
YpaBHeHusiTa Ha paBHOBECHE Ha TOKOBETE BbB Bb3nuTe 1 1
2 (no HomepaTa Ha KNMOHMUTE Ha [bpBOTO) Ca
“igtipti3=0,1,-1i3= 0, ypaBHeHUsTa Ha paBHOBECHE
Ha HanpexeHusta B koHTypute 0 u 3 (N0 HomepaTta Ha
KNOHATE ~ HA  CbeduHeHue)  ca “ugtu =0,

~uptuy,tuz =0, OT ypaBHEHMSTA Ha CbeaMHEHMsTa
credBa, 4Ye HanpexeHWeTo Ha M3TOYHMKA € paBHO Ha
HanpexeHUeTo Ha MbpBMS €NeMeHT, a TOKbT Ha BTOpMSA
eNeMeHT € paBeH Ha TOKAa Ha TPeTWUs enemeHT, T.e.
uqy = uy,i, = i3, Taka nonyyaBame cucTemata OT ypaBHeH!s!

1

2 _ . .3

up = (Ar + Ay)iz + Ayl

i\ = A 1 (21 3)i3 + Ayl
1

uz_Azlz A1u3+i3:i0

_A' +A‘3 1

us = A3 T Al . ) 3

- U + A212 + A3l3 + A4l3 =0 (1)

ntiz=ip
. . 3 _
iz:i3 ‘M1+ A213+A3l3+ A4l3—0
- 1
ul-MO AA+A'+A'3§+'—'
Uy = Uy + U3 i[(Ap+ Ay)iz + Agi 1P + 132 d

PeluaBaHeTo Ha Tasu cuctema Moxe fa Ce cBefe [0
pellaBaHe Ha €QHO HESMHEHO (byHKLI,VIOHaJ'IHO ypaBHEHME 3a
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HAKOS OT HewsBecTHUTe (yHkumu. Cnem  NOAXOLAALUM
npeobpa3soBaHns (BX.[1]) ce nonyyaBa ypaBHEHNETO
1

i3(1) = ig(t)~ A[(Ay + A3)iz (1) + A4,~§(t)]§, 2

kbaeto i,(t) e papeHa dyHkums, a I;(f) e HewssecTHaTa
yHKums. [acHata cTpaHa Ha (2) nopaxga onepatop @,
KOiTO MoXe Aa Gbie AehnHUpaH Mo CEAHNS HAuMH:
1
. . . 3 2.
(@i)(t) = ig(t)- A[(Ay + A)i(t)+ Agi™ (1)]3
Heka C[0,® )e npocTpaHCTBOTO Ha OrpaHuyeHnTe

HenpekbcHaTh yHkuum BbpXy wHTepeanal0,% ). To ce
MpeBpblia B METPUYHO MPOCTPAHCTBO, ako Ce BbBede
pasCTosiHME (MEeTpuKa) Mexay BCeKM OBa HEroBW eneMeHTa
(GhyHKLMM) MO CNEAHUS HAYMH;
pG.0)= sup |i(t)- ()|
00, )

3a fga npunoxuM Teopemata 3a HenoABWXHA TOYKa Ha
cBuBawWy u3obpaxenus [3], TpabBa ga Hamepum yacTHaTa
npou3BogHa NO I Ha AsdcHaTa cTpaHa Ha (2), T.e. Ha
(yHKUMATa

N . 313
f(l,l)— lo(l)' Al[(A2 t A3)l+ A4l ]3
W ba s oueHum oTrope. Thil kaTo
2

J A 3 ,
% -?1[(A2+ )it Agi’] 3(dyt A3+ 34,40%)=

A4y + A3+ 3441°) ®)

2 b
. 313

[(dy+ A3)it Agi”]
TO TpsAbBa Oa Hamepum koHcTaHTa M > 0, TakaBa ue
of
i
i(t)0 C[0,» ) . Twit kaTo i hurypupa B 3HameHaTens Ha (3),
TO B Cryyas Ha MPOMEHNMB TOK 3HAMeHaTensT MOXe Aa ce
aHynMpa 3a HAKOM CTOMHOCTW Ha ¢ W ToraBa TakaBa KOHCTaHTa
M He cbluectByBa. Tasu TpyLHOCT MOXE Aa Ce npeoponee
Hal-necHo, kaTto cuctemarta (1) ce paspely CrnpsMo HsKoe
OPYro HeW3BECTHO, Hanpumep i . ToBa cTaBa No CheaHus

l'3

L
3
A

M 3 Beako t0[0,0) u Beaka  pyHKUMS

HaYMH: OT MbPBOTO YpaBHeHue Ha (1) uspassisame U, =

3amectBaHe C TO3M M3pa3 W u3pasuTe 3a U, MUy (0T

BTOPOTO U TPETOTO ypaBHeHWe Ha (1)) B nNocCneaHoTO
ypaBHeHWe Ha (1) 1 nonyyaeame

i _ . . 3

—3— Azlz + A3l3 + A4l3 .

4
OT netoto ypaBHeHue Ha (1) wumame iy = i,, a oT

YeTBBPTOTO NoMyyaBame I = i, =~ I, v Torasa
AN I I
g~ ip)" - A Agiy

(ig-1h) _ . . 30,
—3 - A212 + A312 t A412 ] 12 = 3
4 (At A3)Aj
nOCﬂeﬂ,HOTO YpaBHEHME MOXeE [ia Ce 3anuile BbB BiAa

[ig () - 3id (6)i(e) + 3ig (1)i* (1) -
. (@)

i0=——
(Ay + A3) A4

- (14 A} 4P (0]

kato Bmecto I,(¢) muwem i(f) HanomHame, ye 4; (i
=1,2,3,4) ca U3BECTHN KOHCTaHTW, a I, (t) e napeHa cyHkLMS
(Ha n3To4HMKa Ha TOK). OT dmanyeckn crobpakeHus Moxe aa
ce npeanonara, ye A>0, A>0 u |i0(t)| < fo, KbAeTo l_O e

enHa ropHa rpaHuua Ha iy (t) npu ¢ 2 0.

OCHOBEH PE3YNTAT

PellenneTo Ha ypaBHeHue (4) Wwe Hamepum ¢ NOMOLLTa Ha
npuHLMna Ha baHax 3a HeMmoABWXHa TOYKa B MPOCTPAHCTBOTO

C[0,% ) . 3a uenTa pasrnexmgame MHOXECTBOTO

M = {i()0 C[0,0):]i(0)| € Io} 0 C[O,®),
Kbaeto I>0 € HAKakBa KOHCTaHTa. TOBa € eCTeCTBEHO
orpaHiyeHme, Thit KaTo TOKOBETE B eHa Bepura He Mmorar aa
6baaT GeskpaitHo ronemu. LLle npeanonarame, ve 7 = iy .

[sacHaTa cTpaHa Ha (4) nopaxga onepatop T, KOUTO MOXeE
Aa Obae gedrHupaH No CRegHUs HauH:

(Ti)1) = ~[ig (6) - 3ig (0)i(e) + 3ig (1)i° () -
At A3) 4
- (It 4 4)P ()],
Hait-Hanpep Lie nokaxem, ye onepatopbT I u300passea
MHOXecTBoTO M B cebe cu. C gpyrv gymu, ako yHKumsTa
iOIM ,ron (T))OM 1e. T:M- M.
HauctnHa, oT pgeduHuumsta Ha T e  sicHoue
(Ti)(»)0 10, ) . NMecHo ce BKaa, Ye

(7o)<

————[ig * 3iddy * 3ipl] +
3
|42+ A3]4;
s s (e adan
' ‘1+ A1A4‘[O]: R B
3
|45 + 43)4;
M aKo
(74 ‘1+ A13A4‘)IS
— <y, (5)
|4y + 43]4i
o [T Ly, Tt ka0 |4+ Al4 >0, To
HepaBeHCTBOTO (5) Moxe fja ce npeobpasysa BbB BUAA
(74 ‘1+ A13A4‘)18 < Lol t A3 47 T

Lo[(7+ ‘1+ A13A4‘)I§ -4y + 43471 0

3
Iof7+ ‘1+ Af/h‘ﬁ@[& - MES (6)
p 7 A4l

Ho IOE7 + ‘1 + A13A4‘ﬁ> 0 . CnenosaTtenHo HepaBeHCTBO

(6) e B cuna npu
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|4y ¢ 45|47
7+ ‘1+ A13A4‘ '

W Taka, ako e wu3mbnHeHo (7), onepatopbT T
YOOBMETBOPSIBA YCIIOBNETO |(T i)(t)|S 1y 3a BCAKa GyHKLMSA
i(t)0 M | 1.e. onepatopbT T 1306pa3siBa MHOXECTBOTO M

B cebe cu.
Cera Le nokaxem, 4e onepatopbT 7 € CBMBALL,

HawctuHa, Hexa i(.),i(.)0 M ca gge MPOW3BONHM DYHKLWN.
Toraea
(OREGE

1 12|

< W |+ 310 2[0|

i(o)+ 3‘1+ A13A4‘13|i(t)- i<

9+ 3
<

3
1+A1A4‘ )
¢ ———— I (i.d)

|A2+A3|A1

Tbl kaTo AsicHaTa CTpaHa Ha NOCAEeAHOTO HEPaBEHCTBO He
3aBuCu OT ¢, TO 3aKnovaBame, Ye

3(3 + ‘1 + Al A4‘)
|4, + 3|A1
AKO HanoXuM yCrioBneTo
3(3+ ‘1+ A13A4‘)
b T2
0 )

0(Ti,Ti)< 130 Gy 1).

|4, + A3|A13
T.€. aKO

|4y + 43] 47
3(3+ ‘1+ A13A4‘)
T onepatopbT 7' € CBUBALL M

33+ ‘1+ A13A4‘) )

k= 2.

|4+ 5|4}
CpasHsiBaitku (7) u (8), BegHara ce Buxaa, Ye
3 3
|4y + 43| 4i ) |4y + 43| 4i
33+ ‘1+ A13A4‘) 7+ ‘1+ A13A4‘ !

T.e. Ko e U3MbIHEeHO ycnosue (8), To e B cuna u ycrnosue (7).
W Taka ycnosusTa Ha Teopemata Ha baHax 3a HenopBwkHa
Touka [3] ca yooBMeTBOPEHM W CbIMACHO Hes CbLUEeCTByBa

eauHcTBeHa dyHkuua i * (2)0 M | 3a kosto (T7*)(r) = i*(2),
T.e. CbLLUECTBYBA EANHCTBEHO PELLEHWE Ha ypaBHEHUETO (4).
BebluHocT gokasaxme cnegHata

TEOPEMA. Heka A4; (i=1,2,3,4) ca N3BECTHI KOHCTaHTH,
kato A4; > 0, Ay > 0 u cpyHkumsTa ig(7):[0,8) - (- ,@)
e orpaHiyeHa, T.e. |i0(t)|S Iy, xboeto Ip e KOHCTaHTa,
KOSITO Y[OBNETBOPSIBA HepaBeHCTBaTa

45 + A43) 47
33+ ‘1+ A13A4‘) '

0</p <

Toraa ypaBHeHueTo (4) uMa eaWHCTBEHO peLLeHue
i*(1)0 C[0,»), 32 koeto  [i*(®)|< Iy npm 20,
PelueHneTo e paBHOMepHa rpaHuLa Ha peguuarta ot
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nocniefosatentn npubnukerns (i (1)}, kato

* 1
P iy ——p ", i)

" ©
2" k2

{00 o) O0[s Iye  mpousaonmo

136paHo HayamnHo NPUBNUKeHKe, a

33+ ‘1+ A13A4‘) )

KbETo

|4y + 45|47 v
[PUMEP. Axo nsbepem 4 = 1,4, = 5,43 = % Ay = %
T0
3
|4y + 45|4; 2
Iy < 3 = " =
33+ ‘1+ 4; A4‘) 33+ [+ ‘)
4 :
\/7:,/2710“05 L
56
n ypaBHeHme (4) pobvea Bupa
i(t)= —[10 - 310 @)i(t)+ 310(t)l - l (t)] (10)

a Bpbakata mexay iV (¢) u i )(t) ce fjaBa ¢ (hopmynaTa

. 2. 2 ns s 5.

00 i 300 300 @ - 10O
3a HavanHo npubnkenne nsbupame i(?(7) = 0. Torasa

2
i) = 713 (¢) . 3a BTOPOTO NpMBNIKEHME NONYyYaBame

RIOE %{z’é(r)- 3ig 0V 1)+ 3ip OV ()] - %[i“)(r)f}:

124 106

\lll\)

OIS —lo 5 () =i ()~ —ig(0)]

PascTosiHMeTo Mexay i(l)(t) 7 i(o)(f) €

P =

23
—i5()- 0
70()

0 0
supl 0 [00) 2 213,
0 g 7

OueHkata (9) pobusa Braa

(" 1y —L i)

RSlge

1560
Toraea

3
1402 1

1 1 2.5 0510 . 8
(i R
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-1 0022102
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3
* (2) 1 23 4H14H5~41_
i,i < —=Ig< —[—0" =z —.—=
P ) 251779 519517 518
56
1 -2
= —20,01=10"2,
102
33 3
2 5 10560201402 1 05602 1
i) B R (e Ll R N B, S
o7 WDSITOSI 2805108
2312172
1560
: ﬂ: 0,005= 5.10"3
204451
U T.H.

W Taka, kbM ypasHeHue (10) MOxe fa ce Npunoxm
[oKasaHaTa OT Hac TeopemMa U PEeLUEHUETO (TO € eanHCTBEHO!)
fa Ce Hamepu MO ONUCaHUs no-fope MeTod  Ha
nocrnegoBarenHuTe npubnxenns. Mpu ToBa nomyduxme, ye

Olle MbpBOTO U BTOPOTO I'IpVIGJ'IVI)KEHVIe rapaHTuMpaT BUCOKa
TOYHOCT Ha HaMepeHOTO peLLEeHue.
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Sufficient conditions for existence and uniqueness of a bounded solution of a class of functional equations are obtained. The result is applied to the equilibrium

equation of a parallel-consecutive nonlinear circuit with resistive elements.

INTRODUCTION

The nonlinear circuits and devices have many applications in
the electric technique, radio technique, automatics and other
fields of science and practice. The work of many important
mechanisms is based on properties and phenomena inherent
only to nonlinear circuits. The phenomena in the nonlinear
devices are very complicated and different from the linear ones
and not to be available usual methods for their analysis. Even
for circuits, consisting of one type of elements (resistive,
inductive and capacitive) usual methods can not found. As a
rule, any concrete problem for a nonlinear circuit can be solved
by different methods. Here we consider nonlinear circuits with
resistive elements, whose 7 - characteristics are of
polynomial type. Using the Banach fixed point principle for
contraction mapping we prove an existence and uniqueness of
a bounded solution of the obtained functional equation.

7 ? 7

4(t) 7 g

Tyl

Figure 1

For the simplest parallel in series nonlinear circuit provided
by current source iy(f), presented on fig.1 (see [1]), it is
assumed the second branch to be linear and the first and the
third ones- nonlinear. The graph of the circuit (fig.2) has 4
branches and 3 knots (junctions), so that the number of the
independent junctions is 2 and the number of the independent
contours is 2, too. To obtain independent equations for the
junctions, connecting the variable branches of the circuit, it is
used a graph in the form of a tree, presented on fig.3. It is
reported the kind of the elements and the way of definition of
the resistive elements characteristics. (The current spring and
the third branch, presented by noncontinuos lines, are junction
branches, the second branch - branch of the tree and the first
branch, corresponding to the nonlinear element — the lacking
branch of the tree. The number of the variables into the
equations of the junctions is equal to the double number of the
branches. One of these quantities (the current source) is a

given function of (the time) 7,(Z) .

Figure
2Figure 3

The equilibrium equations of the currents in the first and the
second knots (on the number of tree branches) are
-yt it ;= 0,0, - i, = 0. The equilibrium equations
of the voltages in the null and the third contours (on the
number of the junction branches) are -uy* u; =0,

-uptuytus =0, From the equations of the junctions it

follows the source voltage is equal to voltage of the first
element and the current of the second element is equal to the

current of the third element, i.e. u, = u,,I, = I;. So we

obtain the system

1
2 . .3
uy = (A + Az)iz + Ayi
i\ = A 1 (21 3)i3 + Ayl
1
u2_A212 A1u3+i3=i0
= Agiy + Al !
us = A3l3 T A4l ) ) 3
- Lll + A212 + A3l3 + 1‘1413 - O (1)

it i3 = i
. . 3
l'2 = i3 - U + A213 + A3l3 + 14413 = O
_ 1
up = U . 3.3, .
Uy = Uy + U3 A(Ay + Ay)iz + Agi 1 + i3 =

The solving of this system can be reduced to the solving of a
single nonlinear functional equation for one of the unknown
functions. After proper transformations (see.[1]) we get the
equation

1

i3(1) = ig(t) = A[(Ay + A3)iz () + A4,vj(t)]§, 2)

where iy(?)is a given function, and #3(¢) is an unknown
function. The right hand side of (2) generates an operator @ ,
acting on some function space which can be defined as
follows:

1

(@0)) = ig(1) - Al(Ay + A3)i0) + Ay (D)
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Let us denote by C[0,% ) the space of bounded continuous

functions on the interval [0,© ) . This space becomes a metric
one, if we introduce a distance (a metric) between any two its
elements (functions) in the following way:
pG.i)= sup [ie)- i(t)|

[0,0)

To apply the fixed point theorem for contraction mappings [3],
we must find the partial derivative in i of the right hand side of
(2), i.e. of the function

1

F(60)= ig(t)- Al(dy + A3)i+ A4i°]3

and to estimate it from above. Since
2

aa—{: - ?[(Aﬁ Ay)it A4i3]-§(A2+ A3t 3,441'2):
_ A4yt Ayt 34,i%) 3)
: 2,

[(4y + Ap)it Ay ]3

we must find a constant M > 0, such that <M forany

t0[0,9) and any function i(¢)0 C[0,» ). Since i is in the
nominator of (3), and in the case of alternative current the
nominator can nullify for some ¢ then such constant M does
not exist. This difficulty can overcome easily, when solve the
system (1) in relation to another variable, for instance i, in the

following way. From the first equation of (1) we express

i3

u :A—'3 and replace with this expression and the
1
expressions for u, and u3 (from the second and third

equation of (1)) into the last equation of (1) and obtain
3
% = Agiy + Agiyt Ayi3.
4
From the fifth equation of (1) we have i3 = i», and from the
fourth one we get #; = iy~ iy . Then
AN C 3 3,03
- - i) - 44
(i ;2) - iyt dyiyt 430 iy (- 1) - 4 3412
4 (At 43)4
We can write the last equation in the form
1

i(t) = ————[i5 (1) 3ig (1)i0) + 31y (1% (1) -

(4 + 43)4 4)
- (14 47 4,)i ().
Here we wrote #(?) instead of i»(¢) . We recall 4; (i =1,2,3,4)
are known constants, and iy(#) is a given function (of the
current source). From physical considerations we can assume
4> 0,4,> 0 and |i0(t)|5 i, where i, is an upper bound

of ip(¥) and £2 0.

MAIN RESULT

By the Banach fixed point principle for contraction mapping
we prove an existence and uniqueness of a bounded solution
of the obtained functional equation.

For this purpose we consider the set

M = {i(@)0 Cl0,0):[i(e) < Io} 0 C[O,2),

where 1,>0 is an arbitrary constant. This is a natural restriction
since the currents in a circuit can not be the infinite. Further we
suppose I = ig .

The right hand side of (4) generates an operator 7, that can
be defined as follows:

(Ti)(t) = ————[i3 (1) 33 (i(0) + 3ig(0)i*(1) -

A+ Az3) A4
- (1+ 47 43)P (0)].
Firstly we prove the operator 7' maps the set M into itself,
ei. If the functon ()0 M, then (TD)()0 M or
T:M > M
Really by the definition of 7" it is clear (7D)(t)U C[0, )
Itis easy to see that

|(Ti)(t)| <

Slig + 3ig 1o + 3iglg +
|43+ 43|44
RN (AN ER AT
+ ‘“ 4 A4‘10]: —
|42 + 43]4;
and if
Y
—————< 1y (5)
|42 + A3|4;
then |(7i)(®)| € 1o . Since |4, + 43|47 > 0, we can transform
the inequality (5) in the form

(7+ ‘1+ A13A4‘)18 < Ioldy + 5|47 0

Lol(7+ ‘1+ A13A4‘)I§ -4y + 45| 471€ 00

3
oo s Lo 94,

] 7+‘1+A13A4‘H- - ©

But IOE7+ ‘1+ A13A4‘E> 0. Hence the inequality (6) is
fulfilled for

|4y + 45|47
7+ ‘1+ A13A4‘ '
So if the inequality (7) holds the operator 7' satisfies the

condition |(Ti)(®)| < Iy for arbitrary function i()0 M | ie.

the operator 7 maps the set M into itself.
Now we prove the operator T is contractive.

In fact let us suppose i(.),i()0 M be arbitrary functions.
Then
(WOREGE
1

¢ ————312ie)- i)+ 30g 200 licr)- i o)+ 3‘1+ £4 ‘121'0)- IR
|A2+A3|A13 o| | 0 0| | 140| |
9+3‘1+ A13A4‘

¢ ———— 130D
|A2+ A3|A13



Since the right hand side of the last inequality does not depend
on ¢, we conclude

33+ ‘1+ A A4‘) I <
IOp(z i).
|4y + 43] 47

If we suppose 14
= ‘/— = 2,7.107" = 0,5,
P 51

3(3 + ‘1 + Al A4‘)
VRV g <1, 51
|4y + 434 - %
i.e. if
and the equation (4) takes the form

® )= %[ié(r)— 3BOI0+ 3000 - 2201 (10

The relation between i(V(r)and i (¢)is given by the

|4, + 45|47
3(3+ ‘1+ A13A4‘)

o (Ti,Ti) <

|4y + 4] 47

Lp< |21 BE
33+ ‘1+ A13A4‘)

then it follows the operator 7 is contractive with a constant

36+ 1+ 44 formula
14 ) 2. PN s 5.
=15 002 Z 4o 35 010+ 30V @) - JHVOr
|4y + 434 o o .
Comparing (7) and (8), we immediately see Forinitial we take i*™/ (¢) = 0 and obtain
2
|4+ 5|4} |4+ 45| 4] 0! =7i3 ).
<
3 N E

33+ ‘“ 4 A4‘) T+ ‘1“ 4 A4‘ Then the second approximation is
i.e. condition (7) holds on condition that (8) is fulfilled. i(2)(,) - E{,-g(t)_ 3i§(t)i(l) (t)+ 3i0(t)[i(1)(t)]2 - E[i(l)(,)f} E

So the conditions of the Banach fixed point theorem [3] are 7 4
satisfied and according to it there exists a unique function g ()[ i _l (t) 12 4 410 10 6 5(0)].
i*()0 M, such that (T7*)(®) = i*(7), ie. there exists a 7 0

Unique solution of the equation (4) ) The distance between l(l)(t) and l(o)(f) is
As a matter of fact, we proved the following

THEOREM. Let 4; (i=1234) be known constants and oD, i) =
A1 > 0,4, > 0, Let the function ip(?) :[0,0) - (-©,@) be
bounded, i.e. |i0(t)| < Iy, where/y is a constant satisfying

2 4
—i5()- 0
70()

0 0
sup[] :t0[0,0)0= 218
0 07

The estimate (9) takes the form

the inequalities 0G",iM)< ;np(i(l),i(o))
3 n
Lo | At Al 2L
0< o A 0560
33+ ‘1+ A A4‘)
Then
Then there exists a unique solution i* ()0 C[0,® ) of 4 3
equation (4) such that |i* (r)| € Iy for £2 0. L EHZ 1
*
The solution is a uniform limit of the sequence of consecutive p( ,i(]))< —10 AuL T 8 -
approximations {i")(#)} and 1H51H2 7H51H2 7Hﬂ 2
* 1. 0560 1560
p(l*:l(n))S —np(l(l)al(O)) (9) 1
0y ’ = = 0,02=2.1072,
27k V51.56
where ¥ (#)0 C[O,w):‘i(o)(t)‘ﬁ Iy is an arbitrary initial 2 4014 ; 41
o)) -
approximation and ( )< 52 51 7 0 51 ESI@ 51'8
33+ ‘1+ A13A4‘) 56
- 2
" Ay ¢ |} o - L 2001=102
ot Az 102
Example. Letus choose 4, = 1, 4, = 5,45 = - %,A4 = %

Then



3 3 3
0y L2 LRSERIg 1 gt |
3770 80510 0510 287510 8
221

0561

3
2

J56
2044/51

and so on.

= 0,005= 5.1073

In such a way we can apply the above theorem to equation
(10) and find the solution (it is only one!) by the step by step
method. Some more we obtain a high exactitude of the solution
with the first and the second approximations.

Recommended for publication by Department of
Mine Automation, Faculty of Mining Electromechanics

REFERENCES

Mathanov P. N. Principles of the analysis of electrical circuits.
Nonlinear circuits. “Vishaia shkola”, Moscow, 1977 (in
Rusiian).

Bessonov L. A. Nonlinear electrical circuits HenuneinHue
anekTpudeckve Lenn. “Vishaia shkola”, Moscow, 1977 (in
Rusiian).

Kollatz L. Functional analysis and numerical
Mir, Moscow, 1969 (in Rusiian).

mathematics.



	Васил Г. Ангелов		         Дафинка Ц. Ангелова              Любомир П. Георгиев
	ЛИТЕРАТУРА
	Vasil Angelov		         	Dafinka Angelova	         	Ljubomir Georgiev

	    The estimate (9) takes the form
	.
	   Then
	REFERENCES
	Recommended for publication by Department of 


