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PO NEPIOANYHI PO3B’SI3KH HEJIHIMHUX ABTOHOMHUX
AUOEPEHLIATBHUX CUCTEM Y KPUTUYHOMY BUITATIKY

I. 1. Kopous

YKropoj. Hatl. yH-T
Ykpaina, 88000, Yxropoa, By ITigripHa. 46

We suggest a new numerical-analytical algorithm for studying periodic solutions of nonlinear autonomous
systems of ordinaary differential equations in the critical case.

IIpedaoxcer HOBbLL WUCACHHO-GHAAUMUMECKUE AN20PUMM UCCACO0BAHUS NEPUOOUHECKUX peuienuli He-
AUHelHbIX ABMOHOMHBLX CUCTEM OObIKHOBEHHBIX OUPDEPCHUUANbHBIX ypasHeHuil 6 Kpumu4ecKkom
cayyae.
IlaHy poGOTY MPUCBSUEHO AOCITIPKEHHIO ICHYBAHHS NepiogMIHUX PO3B'SI3KIB HEJIIHIAHOT aBTO~
HOMHOI cucTeMy gudepeHIianbHIX PiBHAHE 3 BUILICHOKO JIHIHHOK YaCTUHOO
(_lg:_ = Jr+g(x), =z,9€R", (1)
dt
y BUIIAJIKY, KOJIM BCi pO3B’83KH BiNIOBiHOT J1iHIHHOT nudpepeHIliaIbHOT CUCTEMU MaKOTh 1Es KH{
cnisibHuil nepion 77, a mepioji po3B’s3Ky HeNiHIHOT cueTemMy a00 36iraeTbest 3 T', 460 GM3bKUMA
10 HHOTO. AHAJOTIUHI IUTAHHS PO3ITBIAINCA Y GaraThox poborax (us., Hanpukiaj, |1 -5]).
[HCTPYMCHTOM J[OCIIJIKCHHSL € mopdikaltist TUCCIbHO-AHAIITHYHOTO MCTONY [6, 7]. ocobmu-
BICTB SKOT NOJSITAE B TOMY, 10 OOMEXKEHHS Ha MATPULLIO JIinILMLst CTOCYHOTHCsS HE BCi€T IpaBol
yaCTHHH, & JMlIe HeniniizocTi g(z).

1. T-nepiouani po38’si3KA HEMHITHOL CHCTEMI. Po3ristHEMO HENMHINHY aBTOHOMHY CHCTC-
My 3BAYAHHAX AM(PCPCHIIANLHAX PIBHAHD (1), y sxiit J — (n X n)-BUMipHA JliiCHA cTajla Ma-
TPULS, TaKa, 1o BiIOBij(HA JiHIARA ONHOPIjHA CUCTEMA

dz

—(F — ke (2)

Ma€ n HeTpUBiaIbHAX PO3B’A3KIB ICPIONY T = 211/v. ByaeMo BoCciKyBaTH TN TAHHST icHyBaH-
Hs Ta HAGIHXKCHO! NOOYIOBH NCPiOTIIHIEX po3p’s3kiB cucremu (1), mepiof AKAX 30iraeThes
3 nepiojiom 7' po3B’a3KiB BiMOBIIHOT MiHiiHOT cucTemu (2). 3po3yMmino, 1O BIACHI 3HAYCHHS
MaTpulli J IOPiBHIOIOTH HYJIIO ab0 € CyTO YsIBHIMM. OcKiJIbKY TaKy MAaTPUIIO EPETBOPEHHSIM
NOJLOHOCTI 3aBXKIM MOXKHA 3BECTH 10 KAHOHIUHOT KOCOCHMETPHYHOI MATPHIL, TO 6€3 OOMEIKEH-
15 3araJbHOCTI MOXKEMO BBAXaTH, 11O

e 0 1 0 v =
.]—cilao{<“’/] 0)""’<~1/q 0),0....,(]}. Vi U. 3)

IMpunyckaemo, o B oGnacriz € D C R, D = {z | 0<r <]zl <R}, |zl =

BHIKOHYIOTBHCH TaKi YMOBH:
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74 I. L. KOPOJb

A) dyHKIis g(x) € BUBHAYEHOIO, HENEPEPBHOIO i 33j{0BOJILHSE YMOBH oOMexeHocTi i Jlin-
LML 3 HEBig eMHuMHM ctanumu M i K -

lo@)ll < M, g (@) —g(«")| < Kll«'—2"|; 4)

2
BYMT < R-rqK < l.1eq = ‘/TT

=T
3rigHo 3 [6, 7] T-nepioguuHait po3B’s30k cucreMy (1) OyaeMo LIYKaTH sIK CPAHALIO PEKY-
PEHTHOI MOCIIJOBHOCTI

t d
1
tmta(66) = 20(6,8) + [ /03 glan(5,6) = 7 [ €/ g(am(a,€))do b ds,
0 0

)
2o(t,) = M, m = {0} N,
Heo6xigHi Ta focraTHi yMOBH iCHYBaHHS T-NIEPiOTUIHOrO po3B 3Ky cucTeMH (1) MicTITh
HACTYIIHI JIEMH.

Jlema 1. Hexaii Heainitina asmonomHa Ougepenyianvra cucmema (1) mae T-nepioduurut
po3e’asok ¢(t) = p(t,£%). Tooi itoeo nouwamkosum aHa4vennam e p(0) = £*, 0e £* maxe, o

4
[ e atotaeas = o. (6)
0

JoBeieHHS BiIIOBITHOrO TBEPAXKEHHS Y BUIIAJKY JIIHIHHUX KPAaHOBUX YMOB 3arajlbHOrO BH-
sy MOKHA 3HAUTH B [4].

Jema 2. Hexaii ¢ = & i ¢pynkuia ¢(t) = @(t,£*) 3a0080abHArOMb anzebpaiune piBHAHHA
(6) i inmezpanvre piBHAHHA
t k T
z(t) = e’te + /e‘/(t‘”) g(x(s)) — ?/e"(s"")g(u:(a))da ds. (7)
0 G

Tooi (t), ©(0) = &%, e T-nepioOutHuUM pO38’A3KOM ABMOHOMHOI OUepeHIianbHOl cucme-
mu (1).

Hosegenns. Hexait yukuist ¢(t,£) € po3B’sIi3KOM iHTErpabHOTO piBHsHHS (7), TOJI

t T

p(t,8) = e”p(0)+ [ /¢ { (6,6 — 1 [ Iglpls,) p ds.
0 0

3 roro, mo & = &*ip(t) = ¢(t,£*) 3a00BONLHAIOTE PIBHSIHHS (6), BUIUIMBAE, (IO BUKOHY-

€ThCsl TOTOXHICTH
t

o(t) = e’tp(0) + / e/=9) £ (s, p(s))ds,
0
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PO NEPIOAWYHI PO3B’SI3KM HEJMIHIMHUX ABTOHOMHHUX IU®EPEHIIAJIBHUX CHCTEM... 75

TO6TO ¢(t) € T-nEepiopUIHIM PO3B’A3KOM cucTemu (1).

Jlemy noBefeHo.
Ha nicrasi nepisaocrti Komri — ByHSIKOBCLKOFO TS }I[OBIJI]:HOI HenepepBHOI BEKTOP-PyHKIil
f(t).t € [a,b] C [0, Tp], oTpEMYEMO HACTYIIHI OLIiHKA:

b

eTt=9) f(s)ds|| < Vb /”e' ) f(s) 2ds <

\
b
3 \/5\ /<6J(‘—s)f(s),eJ(‘—S)f(s)> ds < vVb—a

a

b
[lsPds @

IN

t 2
/c.l(t—s) f(S) =3 %/SJ(""”).)"(U)dU} ds
0

)

Kpiwm Toro, 3 pe3yneratis [7] MmaemMo
OB el T

ac

Gl %\/T =3

i) =1 "meN

Bepyuu 1o ysaru (4), (9), OIiHIOEMO BiIXHJICHHS [EPIIOTO HAOIMKCHHS:
lz1(t, &) — zo(t,€)[| =

5

i 743
/ R {g(%‘o (5,€))ds — = /6J(3")9(wo(0,€))d0}d-9
0 0
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76 L L. KOPOIIb

t T
<1 (1-2) Vi | [ Iotasto, 017 ds + /T = [ lstaots ) ast <
0 t
< ()M < M; (10)
Ockinsx ||zo(t, €)|| = [|€]|, TO, BuGHpatoyn NOBIILHY TOUKY € 3 obmacri

D0={§‘0<7‘+-]ﬂ <||§||§R—%1:}, By c D,

3 (10) 32 OpaBUIOM TPUKYTHHKA OIEPKYEMO HepiBHOCTI

lz1(t, €| < llz1(t, &) — zo(t, E)I + lzo(t, )l < B,
Izt € = llzo(t, Ol — llz1(t, &) — zo(t, )l 2 -

Takum aaEOM, 1 (¢, £) € D. Illnsxom iHyKIii MOXHA NEPEKOHATHCH, IIIO IMpH Bcixm € N

fom(t,6) — a0(t, ) < Mra(®) < 75

aorxke, r < ||lzm(t,€)|l £ R, iBci wIeHHA nocigosrocTi (5) Hanexats obnacti D.

3a gonomoroio (4), (9) OLiHAMO PI3HHINO CYCIAHIX WICHIB nocaigosrocTi (5):

Zme1(t,€) — zm(E, O =

fioren { (9(m(5,)) = glamo1(5,€)) ds —
0

=

g |
5 [ (glen(@.€) ~ glzn-1(:6) da}ds
0

t
o (1_%)\/2 / 0@ (5, 8)) — 9(@m—1(5,£))|Pds+
0
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[PO NEPIOAWYHI PO3B'A3KM HEMHIMHUX ABTOHOMHHX IH®EPEHHIAIBHUX CHCTEM... 79

T
4 2VT, | [ lo(m(s.€)) = o@mar(s,DIPds - <

cel(-5),

T
+ 2VT=E | [ lom(s,6) = oms(a, Ol (1)
t

ITm("' € —za=1ls {)szﬂ—

TaxuMm unHOM, 3 (10), (11) opepxyeMo

lza(t,€) — z1(t,€)|| <

T
<K (1——) / Io1(8,€) — mo(s, &) *ds + VT — F f le1(5,€) — zo(s, ) [Pds p<
t

T
ri(s)ds + ;,,—\/T—t /r% s)ds 3 < KMra(t) < gKMr(t).

t

- MeTonoM MaTEMATHYHO!L iHAYKIIil OTPEMYEMO OMIHKY

“m‘m—i—l(ta &) i $m(t, £)” S (QK)m'.A’[T‘l(t).,

a Tomy g Beix m € N, j > 1 Maemo

j—1
[Zm+5 (8:€) — m (& < E Zm+k+1 (t,€) — Tmk (€)1 <
k=0
j—l j—1
(@EK)™ M7 (t) < (gK)™Y (¢K)*Miri(t).  (12)
Ic=0 k=0

3 (12) i ymoBm B BumINMBaE, IO TOCTINOBHICTD (5) PiBHOMIPHO 36ira€Thest pH M. — 00 B
o6nacri (t,€) € R x Dg no rpanwyHOi dyHKuii 2*(¢, £). [lepexopsan 1o rpaHumi npu j — oo,
OJIEP>KYEMO OLIHKY

(qK i

I5*(8,6) = =m(: €)1 < T M1 (2) (13)

SIx rpannns T-nepioguyuux OYHKU{H 2, (t, §), hyHKuis z* (t,€) Takox € T-nepiogu4HOIO i
npu t = 0 HaGyBae moyaTkoBoro 3HavenHs z*(0,£) = zo. Ilepexonsan B (5) 10 rpaHuMi Npu
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78 L L KOPOJIb

m — oo, 6aUMMO, 1110 rpaHuyHa PyHKILs =*(t, §) € PO3B’SI3KOM iHTErPalbHOro pisusinns (7), a
TOMY, 3TIAHO 3 IeMami 1, 2, € T-nepiofUYHUM PO3B’I3KOM CHCTEMHU (1) Topi i TiNBKHU TOAL, KOJIH

A(€) = 0, (14)

ar -
ne AfE) = ‘[Or e 5g (x*(8,€)) ds. TakuM YMHOM, MOXEMO chopMyITIOBATH HACTYITHIM PE3YITh-

Taxr

Teopema 1. Hexati cucmema (1) 3adosonvusne ymosu A, B. Tooi:

1) nocaidosnicme gyHruyii m(t,§) euzandy (5) npum. — oo pieHOMIpHO 36izaembca 8i0-
nocro (t,€) € R x Dy 00 2panutHoi yHKUil z*(t,€) i npu 6cix HAMYPAALHUX TN CNPABOXKY-

romuca oyinku 36ixHocmi (13);

2) epanunna ¢ynxyia z*(t,§) e T-nepiooutroro no t i Haby8ae NO4aNMKOB8020 3HA4EHHS
z*(0,§) = &;

3) ynruis x*(t) = z*(t,£*) e T-nepioounum PO36’A3KOM CUCEMU OUepeHYIaNbHUX
pisHanb (1) mooi i miabKu modi, koau mouxa £ = £* € po36’A3KOM PIBHAHHA (14).

3poOUTH BUCHOBKH LLION10 HAsIBHOCTI NEPIOIMUHIX PO3B’I3KIB CUCTEMU (1) mokHa i HE 3Ha-
Xojistun rpannuny pyHkuio *(t, §). Hacrynue TBepiKeHHs MICTUTb KOHCTPYKTHBHI JOCTATHI
YMOBH iCHYBaHHSI TIEPIOTMIHAX PO3B’SI3KIB, 1715 IEPEBIPKU SIKAX JOCHTH 3HATH JIAIIC HaOJIUKCHI
PO3B’SI3KH Ty, (t, &),

Teopema 2. Hexaui 0as cucmemu (1) cnpasdxyombcsa NPURYUEHHS A, B i, kpim mozo:

1) icuye onyxaa, 3amkHena obaacme Dy C Do maka, wio n U OCAKOMY (DIKCOBUHOMY HAIMY~
0

paabromy m 8 obaacmi Dy micmumsca eduta 0cobauea mo4ka £ = &y HEHYAb0BO20 IHOEKCY

givobpawenna A, (§) : Do — R™ : )

T

Xaslly= / e~ g (5. £))ds;

0

2) na 2panuui 0D, obaacmi Dy BUKOHYeEMbCA HepieHICMb

(qK)m-i—l
inf |A ~—~ __TM.
A e
Todi cucmena (1) mae T-nepioduunuil po3s’a3ok = r* (t) = z*(t,£") 3 nowamxosum

anavenHam (0) = €*,0e " € D1.
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Josexenns. Tlpu m > 13 (4), (8), (13) oTpuMyeEMO OLIHKH

T
186~ An@)l = | [ (o0 (5,) = o(zm(a,6)) ds]| <
0
-
< VT | [ llota*(5,€)) = lem(a, )IPds <
0
.
K)™n d ; K m+1
< KM fq_ CZK\/T / r2(s)ds < (%_)?{—TM.
0

[auni, sik i npu roBeeHHi Teopem 3.1 [8], BCTaHOBIIOEMO FOMOTONHICTH OB A(&)iAm(E),
1110 i 3aBEpIIYE OBEIEHHS TEOPEMH.

2. IloGynoBa po3s’s3KiB 3 nepiogamu, 6;m3pkuvu 10 T'. AKTyanbHAM € MHTAHHSA iCHYBaH-
HsT i HaGIMKeHOT NOGYOBY NEPIOANYHUX PO3B’sI3KiB HeniHikHOT cucTemu (1), nepiof Ty sKuUX
HE3HAYHO BifPI3HSETHCs! Bifl iepiony 7' po3B’sI3KiB BiNOBINHOT NinifHOT cuctemu (2). OcKinbku
T, meBigoMHit, To Gynemo urykartu #oro y surisigi 71 = (1 + )T, ne § — HEBITOMUY MAJIMHA
napameTp. 3 oISy Ha Te, mo (1) € aBTOHOMHOIO CHCTEMOIO, OJIHY 3 KOOPAMHAT &1, . . . , {n MO-
EMO B3SITH PiBHOIO Hyo [1, 2]. Bes o6MexeHHs 3aranbHOCTi noknaaemo &, = 0. Toui pis
noGyOBY PO3B’I3KY HediHiiHoi cucremu (1) Ham noTpiGHO 3HadiTu n HeBigomux: & € R”,
=l ... 5 d)

3a HOMOMOTOIO 3aMIiHH HE3AJIEKHOI 3MIHHOT
t= (14087 (15)

OJIEPXKYEMO 3aJ1a1y 3HAXOJKEHHS [IEPIOUYHOIO 3 BifoMuM (ikCoBaHUM nepioom 1" po3B’a3Ky
ABTOHOMHOI CUCTCMH

dx .
Z = Ja+f@0), f(e,8) = 9(2) +5(Jz + g(c)), (16)
IMONO SKOI MIPHITYCKAEMO, IO B obnacti t € R, z € D, || < dp BUKOHYeThCS yMOBA A i, KpiM
TOTO,
By) MsT < R—r,qKs < 1,06 Ms = M + 6o(M + ||J||R), K5 = K + do(K + ||7]).
3rijfiHO 3 BUKIAJECHAM BHULE, T-Nepiofuynuil po3s’130k cucremu (16) Gynemo miykatu sik
I'PAHHIIO PEKYPCHTHOI MOCIIJOBHOCTI

T T

= = ! = 1 ftgi 33
Bt 65) = ol &) + [ XTI [(Gn(o0),6) = 7 [ €1 Enlo &), 0o { o,
0 0

(17)
Tol%. b = GJT:I:(), o= {01, o a1, 0 T {O}UN.
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80 L 1. KOPOIIb

Hesaxkko IIEPEKOHATUCH, 1110 CIIpaBE/IJIMBUMHU € HaCTyr[Hi TBEPIKEHHS.

Jema 3. Hexatt Heairilina asmoHomHa Ougepenyiarvra cucmema (16) nae T-nepioouyru
poss’azox (1) = (1,£5). Todi icnye £ = (&7,...,&,_,,0%) make, w0

T
[ & (0,651,675 = 0 (18)
0

i p(7) nabysae nowamiosozo 3uavenns ¢(0) = (£5,...,&;_1,0).

Jema 4. Hexati &5 = & i pynxuin o(1) = @(71,&5) 3a0060abHaomp anzebpaiine pi6HAHHA
(18) i inmezpanvHe piBHAHHSA

T &
: - I - .
(1) = e'Tzo + / o flx(s),6) — f/ ?5=9) f(z(a), 8)do $ ds. (19)
0 0
Tooi ¢(1), ¢(0) = (&,...,&_1,0), e T-nepioduyrum po3s’azKom asmoHomHol Ougepenyi-

anvrot cucmemu (16).

Teopema 3. Hexait cucmema (16) 3adosoavrae ymosu A, By. Tooi:
1) nocaidosuicmb pyHkyil T,,(t,Es5) suzaaoy (17) npu m — oc pieHOMIpHO 36izaembcs
gionocHo (t,€5) € R x Ds, & = (xq,9),

Ds = Dy xIs, Dy = {z0|0 <7+ MT < ||zol| £ R— M;T}, Dy c R*™, Iy = [—bo,60],

00 2paruyHOl pyHruli 75 (7, £5) [ RPU BCIX HAMYPAALHUX T CRPABONCYIOMBCA OUIHKU 36IKHOCMI

-ﬁl-{‘f—‘?’—; Msr(7); (20)

13°(r,£6) = Enlr )l < T

2) epanuvna pynxyia (7, £5) e T-nepioduunoro no t i nabysae no4amrko8020 3HAYEHH
#*(0,&5) = (z0,0);

3) gpynryia (1) = T*(7,£5) e T-nepioouunum po3e’azKom cucmemit OupepeHyiatbHILx
pisnanb (1) mooi i minbku moodi, koau mouka § = &5 = (x(,0") € po3s’a3kom pieHAHHA

Z
/ e=T* f(3* (s, £5), 8)ds = 0.
J

Teopema 4. Hexati 0as cucmemu (16) cnpasoxcyromucs npunyuenns A, By i, kpim mozo:
1) icnye onykaa, 3amkHena obaacme D = Dy x Iy, Di C Dy, Iy C Is maka, wo npu
0esKOMY (PIKCOBAHOMY HAMYPANLHOMY T HAbAUNCeHE 8U3HaAUaAbHe pieHAHHA A, (E5) = 0, Oe

5
‘gm‘(g(s) T /e_.lsf(imy(sagd')a6)d39 Zm(éd) : Dd % Rn!
0
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PO MEPIOJAYHI PO3B’SI3KH HEJIIHIMHUX ABTOHOMHHMX AU®EPEHUIAJIBHUX CHCTEM... 81

mae 6 o6aacmi DY eunuil po3e’a3ok & = Esm HEHYNb0BOZ0 iHOeKcy;
2) na epanuyi D} o6aacmi D) 8uKonyembucs HepiHiCcmb

(QKJ)m+1

inf ok,

&5€0D]

e (55)‘ > T M;.

Todi cucmema (1) mae T-nepioduqnuti pose’asox x = z*(1) = z*(7,&*) 3 nowamrosum
anavennamn x(0) = af, «f € D}.

Bpaxosytoun 3aminy (15), ogepxyemo Ty = (1 + §*)T-nepioguunuil po3s’asok * (t) 3ana-
ui (1).

3. Kpasininiiini aronomui cucremn. Po3risHeMO KBa3iJliHiiHy aBTOHOMHY CHCTEMY 3BH-
yaitHux audepeHiianbHuX PiBHSIHb

i = Jx + eg(z,€), (21)
dt
¢ £ — MaJIii JIOAaTHHA napaMeTp, € € [0,€0), €0 << 1,t € Rz,9 € R", J — crana (n X n)-
puMmipHa MaTpuns Burasay (3) i dyHKuis g(z, €) 3a0BOILHIE yMOBY A B obaacri (z,€) € D x
X [(), E()] 5

PosrasHeMo MATaHHEs icHyBagHs i HabmmkeHoi nobyou T = Th (€)-nepioHIHOrO PO3B’si3-
ky cucremn (21), Ti(e) = (1 + ea(e))T. Bukonyiou 3aMiHy HE3AJEKHOI 3MIHHOT ¢ = (1+
+eale))r, a(0) = o, a € Iy = [-@, @], NepexoAuMO 10 3324l 3HAXOJKEHHS NEPIOUUHOro
3 gijjoMuM hikcoBaHuM niepioom 1’ po3s’si3Ky ABTOHOMHOI CUCTEMHM

% = Jz + eh(z,€), h(z,e) = ale)Jz + (1+eale))g(z,e), (22)

sikuii ipu € = () MEPETBOPIOETLCA HA O[HH 3 T-nepionMuHAX po3B'si3KiB z(t) = ez, 0 =
= (&1,...,En-1,0), TOPOIXKYIOUOIL JUISk (22) niniitHOT OTHOPIAHOI CHCTEMH (2).

3 MeTow BilyKaHHs T-nepioIHYHOro PO3B'A3KY CUCTEMH (22) nobypyeMo PEKYpPEHTHY
[IOCIOBHICTH

T T
; : 1
Frms1(T, €ar €) = FolT, §0)+5/ e?7=9) L (T (8, EarE),E) — f/e‘/("_”)h(fm(o, £n,€),€)do pds,
0 0

To(T, €x,€) = €'Tw0,  €a = (€1, 6n-1,0), a=ale), m= {0} UN

3posymiro, mo B obiacti (7, z,a, ) € Rx D x I X [0, €0) TpH OCTATHLO MATIOMY £ MAIOTh
Micrie HepiBHOCTI

egM T < R —r, 60(1Ku il

ne My = aj|J||R+ (1 +com)M, Ko = allJ|| + (1 + go@) K, a TOMY TBEPIUKEHHS], aHaJOrivHi
teopemam 1 i 2, CIPaBRKYIOTHCs 1 AJIsl CUCTEMH (22), i mpy 1bOMY BiINOBiIHI OLIHKH MAIOTh
BUTJISIJL

(50(11{01)m

ff* ’ € - Tm ’ 3 € S £
I1Z* (7, €a €) m(T: €as€)|l Olﬂfqua
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82 L. L. KOPOJIb

(quKa)m+I
elg{;uHAm(fa)H _—_e(;qK—aTM“’

pe T* (T: € 5) — ’nligvnoo Tm (Tv s 5)’

X
Blea) = / (oo ehy)de,
0

T
An(és) = /e_J““'h(Tm(s,fms),e)ds, W iihde 2
0

Hacrynne TBepikeHHs 103B0I1sIE POOUTH BUCHOBKH PO iCHYBAHHSI NEPIOMUYHOrO PO3B’sI3-
Ky 3 aHaJi3y HaG/IMXEHOro BU3HAYaJbHOTO PIBHSIHHSI BXE Npa m = (.

Teopema 5. Hexaii cucmena (22) 3a0o6oavhse ymosy A i sidobpaxcerms

P
/c ”h (To(s,&a), €)ds
0

Mae e obnacmi D, C Dy, D), =" DI X I, Dy =Dy %L, Difc Dy, I'. 1, isbssoBany
ocobaugy mouky £, = &gy HEHYALOBOZO mbexcy.

Tooi icnye €1 maxe, wo npu ecix 0 < € < ¢ cucmema (21) mae Ty(e) = (1 + ea*(e))T-
nepioou4nuli po3e’a3ok, axuli npu ¢ = 0 nepemsopoemuvcs na T-nepioduunuti po3e’n30k
) = ' 2(0) =&, e D, nopoOHYOHOL NHILIHOI OOHOPIOHOL cucmemu. (2).

/loBegenns ananoriyte 1o oBefeHHs Teopemu 3 [7).
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