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OB YCTOMYMUBOCTU B CUCTEMAX
C UMIIYJIbCHBIM BO3JENCTBUEM

PaccmarpuBaercs 3amada 06 yCTORYUBOCTH HYJIEBOIO DEIIEHHUs] HEJIUHEHHON CHCTeMbl OOBIKHOBEHHBIX
udPepeHIIAIBHBIX YPABHEHNN C UMITYJIbCHBIM BO3JIEACTBUEM B (PUKCUPOBAHHBIE MOMEHTBI BPEMEHU.
IIpeamonaraercsi, 9To cucTeMa JIMHEHHOTO MPUOINZKEHUsT YCTONYINBA, HO HEe 00ECIIEUNBAET YCTOMIMBOCTH
nostHoM cucrembl. Ha ocrHoBe mpsimoro meroma JIsamyHoBa mosy<ueHbl JOCTATOYHBIE YCIOBUST ACUMIITOTH-
YeCKOW yCTONYMBOCTH M HEYCTOWYMBOCTU HYJIEBOTO DPEIIeHWs HeJMHeHo cucrembl. [IpuBenen wuiiro-
CTPATUBHBIA TIPUMED.

Karouesvie caosa: duddepernyuanvroie YpasHEHUS C UMNYADCHDBIM 8030€TCEUEM, ACUMNMOMUKECKAA
YCmouuusocmy, Heycmouwusocms, npamot memod Jlanynosa.

1. BBeagenue. Cucrema 0ObIKHOBEHHBIX (D DEpPEHITNABHBIX YPABHEHUI C HMITYIIbC-
HBIM BO3JefICTBIEM ONUCHIBAET MOBEIEHNE SBOJIOIMOHHOIO MPOIECCa ¢ KOHETHOMEPHBIM
BEKTOPOM COCTOSIHUsI, KOTOPBII B HEKOTOPbIE MOMEHTHI BPEMEHU PE3KO M3MEHSETCS TaK,
YTO MOXKHO CUATATH 9TO U3MEHEHHEe MIHOBEHHDLIM. PeaslbHbIMU IpUMEpaMy TaKuX sBJIe-
HUM ABJISIOTCS MEXaHUYECKUE YAAPbl, JIEKTPUIEeCKUEe UMIYJIbChl U T.1. [lepBbie uroru
Pa3BUTUS MATEMATUYECKON TEOPUU CUCTEM C UMITYJILCHBIM BO3J/IEHCTBHEM H3JIO2KEHBI B
monorpaduun A. M. Camoiterko u H. A. Ilepecrioka [1]. K Hacrosiimemy Bpemenu 31o Ha-
upasJienue B Teopun JuddepeHnuanbHbIX ypaBHeHH 0CHOBATeIbHO pa3paborano [2—6].

OHUM U3 BayKHEHIIMX BOIPOCOB IPH aHaJm3e J100oro mauddepeHnnaaibHoro ypas-
HEHUsI, sIBJISIeTCs IIpobJieMa YCTONIMBOCTH PEIIeHNi, pACCMOTPEHHAsT YK€ B [IEPBO IMy0-
JIMKAIUK 110 cucTeMaM ¢ uMmiryiabcamu |7]. C mpuK/IajHOil TOUKYM 3peHHs] BAKHO UMETh
3¢ HEeKTUBHBIE HHCTPYMEHTHI JJIsl HCCJIe0BaHUs YCTORINBOCT KOHKPETHBIX YpaBHEHUI.
OO61enprusHaHo, 9T0 UMEHHO TAKUM MHCTPYMEHTOM SABJIsIeTCs MeTo 1 (pyHKIui JIssmyHo-
Ba [8]. Pasnuunble acrekTbl pasBuTHs MPsIMOrO MeToja JISIyHOBa Ui CUCTEM C HMM-
yJIbCHBIM BO3JIEHCTBHEM paccMaTpuBarorTcs B paborax [1-19).

[Tombop momxomsimeit pyuknuu JIamyHoBa 4acTO OKa3LIBAETCA UPE3BBIYANHO TPY/I-
HbIM JejoM. [TosroMy akTyasbHa 3a1a4a IOMCKa YCJIOBUI yCTONINBOCTH, PACIIMPAIOIIIX
KJIACC BCIOMOTATEIbHBIX (DYHKIUN U, TEM CaMbIM, OOJIEIYaioOnnX MOI00p TaKuX (DyHK-
umit. B Hacrosmeit pabore mpeaosKeHbl HOBbIE JOCTATOYHBIE YCJIOBHS YCTOWINBOCTH HY-
JIEBOT'O PEIIeHU A HEeJIMHEHTHOI CUCTEMBI C I/IMHyJIbCHbH\l BOSILGI'?,ICTBI/IGM B (bI/IKCI/IpOBaHHbIe
MOMEHTBI BpeMenu. Pa3BuBaercs: npuMeHeHHbIH B paborax |18, 19| moaxos, KoTopslii co-
Jeraer HpsiMoit MeTos JIsiyHoBa 1 njen Meroja yepeaenust [20-22]. Teopemsbr 06 ycroii-
9uBOCTH (POPMYJIUPYIOTCS B TEPMUHAX PA3PBIBHBIX MYHKINM JIsImyHOBa, JOMYCKAIOIIIX
Pa3pBIBBI IEPBOO POJIa [0 BPEMEHU B MOMEHTBI UMITYJIbCHBIX Bo3AeiicTuil. [IpuBonurcs
[IpuMep IPUMEHEHUsI HOBBIX PE3yIbTaTOB.

2. IlocranoBKa 3agadm. PaccMoTpuM cucreMy OOBIKHOBEHHBIX I depeHIina b
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HbIX ypaBHeHI/Iﬁ C UMITYJIbCHBIM BOS,HefICTBHeM B CbI/IKCI/IpOBaHHbIe MOMEHTBI BpEMCHHA

Il.,‘:f(t,l‘), t#Tky

A$|t:7_k = Ji(x), (1)

rex € R", 0 < 7 < 79 < ...— MOMEHTBI UMIIYJIbCHOI'O BO3JEHCTBUS, Tpt1 — Tk >
0 >0, Az|,_, = x(rx +0) — x(7x — 0) — ckavok pemenns x(t) B MOMEHT T, k =
1,2,.... Cucrema umeer nynesoe pemenne: f(t,0) = Ji(0) = 0. [Ipeanosaraercs, 1ro

perenust cucreMsl (1) menpepsiBHBI cieBa, T.e. z(t) = x(t —0), dyuxmun f(¢,x) u Ji(x)
YIOBJIETBOPSAIOT YCIOBUIO JInnmmuia B HeKOTopoii okpecTHocTH Hysist D C R™ paBHOMEpHO
moteR, ={tcR:t>0}uk=1,2,.... Kak oberano, x(t;tg, 2°) obosnagaer penrenue
sagaan Ko mis cucrenmsr (1) ¢ magambnbiv yenoreM (tg) = z0.

O6o3znaunm uepes B, C R™ orkpbIThIil m1ap pajuyca r ¢ IeHTpoM B Hys1e, B, = {|z| <
r}. 3aeck u gasee | - | — Hopma B R™.

Hynesoe pemenne cucremsr (1) nazosem

— yemotinusoim, ecau Jyist 1obbix € > 0 u tg > 0 nHaiigercs 0(g,ty) > 0 Takoe, 4ro
mtst moboro a0 € By x(t; to,mo) € B. npu Bcex t > tp;

— PaGHOMEPHO YCmotinuesim, ecn s moboro € > 0 Haitzercsa § > 0 Takoe, 9TO /I
mobbIx tg > 0 u 2 € By x(t; tg, 2°) € B. upu Bcex t > to;

— PAGHOMEPHO NPUMAZUCAIOULUM, €CIIN JJIT HeKoToporo 1 > 0 u mia moboro € > 0
Haitzierest o () > 0 Takoe, uro st mobbix to > 0 u 2° € B, x(t;tg,2°) € B. npu Beex
t >t +o(e);

— PAGHOMEPHO ACUMNIMOMUYECKU YCMOTUGHLM, €CITE OHO ABJISIETCS PABHOMEPHO YCTOMH-
YUBLIM ¥ PABHOMEPHO MPUTATUBAIOIINM.

Pemenne, He sBsomeecs yCTONYNBBIM, HA3BIBACTCS HEYCMOTUHMUGHIM.

O6oznaunm vepes K «kiace XaHa» — MHOXKECTBO BCEX HEIPEPBIBHBIX CTPOrO BO3-
pacrarormux dyuknuit a: Ry — Ry, a(0) = 0, u BBemeM B paccMOTpeHHE MHOXKECTBO

(o]
T = U (Tk, Tkt1). Hrobbl He 06CyK1aTh BO3MOXKHBIE [IATOJIOTUH, OY/J€M CYUTATb, YTO
MOMeI{CITIiI UMITYJIbCHOTO BO3JIEHCTBUS T) PACIpeeeHbl 0ojiee Wi MeHee PaBHOMEPHO, a

nmenno, nyctb 0 < 01 < 741 — T < 6o, I HEKOTOPBIX TOJIOXKUTETBHBIX TOCTOSHHBIX
01 < 0-.
B nasibHeiinem cyIecTBeHHYIO POJIb UTPAeT Auneapusayus cucteMbl (1) B Hyste

Y= A(t)yv t 7& Tk
Ay’t:Tk = Bk’ya

rae | f(t,y) — A(t)y| = o(lyl), |Jk(y) — Bry|
k=1,2,....

[Iycrb ¢: [a,b] — R™ — KycouHo-HenpepbIBHAs Ha oTpe3ke [a,b] C R dyHkiwms, nmve-
foTas Ha HeM He 6osiee KOHETHOTO YMC/Ia Pa3PBIBOB Nepsoro poa. Obosnatmm [[¢l|jq 5 =
sup{|p(t)|,t € [a,b]} mHopmy B pocrpancree K C([a,b]) Bcex Takux dyHKIuii.

Ucnonb3yst temmy ['poHyoILIA, MOXKHO TIOJIYYUTH OIEHKY POCTa HOPMBI PEIIEeHUs CU-
crempl (1) Ha TPOM3BOIBHOM KOHETHOM OTpesKe [to, to +1]: |x(t; tg, 2°)| < |2°|Const, Tie

(2)

o(Jy|) mpu |y| — 0 paBHOMepHO 10 t > 0 1
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Const 3aBUCUT TOJBKO OT JUIMHBI HpoMexkyTka 1. ONeHKY HOPMBI Pa3HOCTH PeIleHUi
cucreM (1) u (2) Ha orpeske [to, to+7'] MOKHO MOy YUTH IPHU HOMOIIU TeopeMbl 2.5 u3 |1,
crp. 19| (reopema 4 B [5, cTp. 25]):

[e(tt0.2%) — o(t: 10,29 < 2 — Yllgoapsry = ol2"]) wpn |2 0. (3)

0

IIpu 3TOM OlleHKa paBHOMEPHA OTHOCUTEJHHO tg > 0 1 2 u3 3a/JaHHON OKPECTHOCTHU HYJId

U 3aBUCHUT TOJBKO OT BEJTUIUHBI 1.

3. TeopeMbI 06 aCUMIITOTUYECKON YCTOWYMBOCTH U HEYCTOMUYNBOCTH. BBejiem
B paccMmorpenne MuokectBa G =Ry X Du G=7 x D.

Bynewm roopurs, uro dbysakius V: G — R, V: (t,x) — V (¢, z), npuHaIeKuT Kiac-
cy V1, ecan

1) dbyuxnus V' nenpepbiBao auddepeHnupyeMa Ha MHOKeCTBE G;

2) nyist Besikoro x u3 Du k=1,2, ...

lim V(t,z) =V (g, x)

t—1—0

U CylLIeCTBYyeT KOHEUYHBIN I1pe/iel

lim Vt,z) =V(rp +0,2).
sz | 0H) = VA 0,2)

Ucnonb3yst onenky (3) u moj1xo/1, n3ioxeHHblii B paborax [18, 19|, moxxHO 060CcHOBATH
CJIeJIYIONIHE JIOCTATOUYHbIE YCJIOBHS ACUMIITOTUIECKON YCTONIMBOCTH ¥ HEYCTOWIUBOCTU
JJIsl CUCTEMBI C UMITYJIbCHBIM BO3elicTBueM Bua (1).

Teopema 1. IIpednonosicum, wmo daa nexomopozo 0 < h 6 obaacmu G, = Rx B, C
G cywecmsyrom pynryuu V € Vi u @: G, — R maxue, wmo:

(i) a(|z|) < V(t,z) <b(|z|) daa nexomopwx a,b € K;
(i) V " < O(t,x) daa (t,x) € Gp;

(iii) cywecmesyrom nocmosnnvie d > 1 uw M > 0 maxue,wmo
|B(t,z)| < M|z|¢, |®(t,2") — &, 2")| < Mrit|z’ — 2
onn (t,2'), (t,2") € T x B, npu scaxom r € (0,h);
(iv) cywecmeyrom nocmosmwe Ty > 0 u &g > 0 maxue,wmo das ecex (ty,2°) us Gy,

npu At > Ty
to+AL

/ D(t, y(t;tg, ")) dt < —do|z|At,
tO

2de y(t;tg, 2°) — pewenue auneapusavuu (2);
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(v) Vitg,x + Ji(x)) = V(t, ) <0, k=1,2,...

Tozda nyaesoe pewerue ypasrerus (1) pasHOMEPHO ACUMNMOMUNECKU YCMOTUMUBO.

Obaacmuio noaostcumenvrocmu dyukiun V: G — R, V(t,0) = 0, HazoBem MHOXKe-
creo {V > 0} = {(t,x) € G: V(¢t,z) > 0}. Byznem rosopurs, uro obiacts {V > 0}
NPUMBLKAEM K HYAI0, €CTTH TP BCTKOM t > 0 U CKOJIb YTOIHO MajoM p > (0 MHOKECTBO
{V>0}; ={x € D: V(t,z) > 0} umeer orkpsiToe nepeceuenue co cbepoii {|z| = p}.

JocraTo4nble ycI0BHsT HEYCTONYNBOCTH HYJIEBOTO pelliennst ypaBHeHust (1) MbI TaKkKe
6yzeM bOpMyIMpPOBATh B TEPMUHAX CBOWCTB PA3PBIBHON BCIIOMOraTesbHON (GyHKIUH V'
u3 KJjacca V.

Teopema 2. IIycmov cyuecmsyrom nocmoawnwvie T > 0, h > 0 u dynxyuu V € Vy,
®: [1,00) X By, — R, b € K maxue, wmo:

(i) gpynryus V obaadaem npumvikarowet x vyt obaacmoio nosostcumenvrocmu {V >

0} uV(t,x) <b(|z|) 6 obaacmu {V > 0};

(i) V " (t,z) > ®(t,x) 6 obracmu T X Bp;

(iii) cywecmeyrom nocmosnnvie d > 1 uw M > 0 maxue,wmo
[B(t,2)| < Mlal?, |(ta') — B(t,2")] < Mr* [ — 2"
onn (t,2'), (t,2") € T x B, npu scaxom r € (0,h);

(iv) cywecmeyrom nocmosmmvie Ty > 0 u &g > 0 maxue,umo daa ecex (ty, 2°) us obaa-
cmu noaoorcumenvrocmu {V > 0} npu At > T

to+AL
/ B(t, y(tstg,a°)) dt > So|a AL,

t()
2de y(t;tg, 2°) — pewenue suneapusavuu (2);
() Vi + Jol@)) = Vi(ma) 0, k=1,2,...

Tozda nyaesoe pewenue cucmemsv, (1) neyemotiuuso.
4. VccienoBanue yCTOMYNBOCTU B OJTHOM KPUTHUYECKOM cJiiydae. PaccMorpum
CUCTEMY YPaBHEHUU BTOPOTO IOPSIIKA

@1 = Av1 + P30T} + pazive + prazial + posrs,

iy = Azg + Posa] + Proxiza + Por2123 + Paoxs, t# Th,
x1 (1 +0) = 21(73) exp(—ab),

xo(Tp + 0) = xo(7x) exp(—ab), k=1,2,...,

(4)

rme A = a+i0 € C, a, 8 € R, koapbunnenTs! p3g, p21, P12, Po3 — KOMILJIEKCHBIE II0-
CTOSIHHBIC, 9ePTa HaJ[ CUMBOJIOM O3HAYACT KOMILICKCHOE compsikenme, 7, = k6, 6 > 0.
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Hpe,HHOJIaFaGTCH, YTO pacCcMaTpuBaceMasd CUCTEMa dKBUBaJICHTHa HeKOTOpOfI BelleCTBCH-
HOII cucTeMe u IIepeMeHHbIe 1 U 9 KOMIIJIEKCHO COIIPAZKEHDI.
CucremMa, JTUHEHAHOTO HpI/I6JH/I}KeHI/I}I nmMeeT BHUI

Y1 = Ay,

2 = Ay,

Y1(7 + 0) = y1(7x) exp(—ab),

y2(m6 + 0) = yo (1) exp(—ab), k=1,2,...

(5)

U SBJISETCH YCTOWYMBOM, HO HE aCUMIOTOTHYIECKH. Takum 0O6pa3soM, MOXKHO CKA3aTh, 9TO
B cucreMe (4) HABJIIONAETCST KPUTHIECKUI Cirydaii Teopun yCcToNInBOCTH.

[ycts 7hy1 < to < Tk, Haiimem pemrenme y(t;to,y°) samaum Komm mis smumea-
pusaruu (5) ¢ HauambubM yeaosueM y(tg) = y°. IIpu 9TOM MBI OrpaHHYHMCS TOJIBKO
BBIPAXKEHUEM JIJIsl IEPBOM MPOEKIUH Y1, T.K. BTOPas MPOEKIA OyAeT KOMILIEKCHO COIPs-
YKEHHOI.

Ipu tg <t < 7

y1(t) = yi exp[A(t — to)] u y1(7ke) = 9 exp[A(Tr, — t0)] = B

IMpur 73y <t < Thyg+1

y1(t) = gle % expA(t — o) 1 y1(Thot1) = T exp[(A — a)0] = e,

N Boobitie, jy1d Beakoro HaTypasbHoro k > kg upu 7, < t < Tp11 UMeeM paBEeHCTBA
yi(t) = el TR0 exp Nt — 7)) w g1 (7ppr) = Gre'FHRP, (6)

Benomorarenbiyo (DyHKINIO IIOCTPOMM Ha OCHOBE II€PBOrO HHTErpajia JIMHEHHOIO
upubsmkenus (5):

V(t,z) = x1xoexp[—2a(t — 1)] 1upm 7 <t < Toq.

Kak jierko mpoBeputsb, 91a (DyHKIHS TOJOKUTETBHO OIIPEJIEICHA, JIOIYCKAET DECKOHETHO
MaJIbIil BBICIIWIL TTpeJIesI, HelpephiBHO JudepeHimpyeMa B objact G U UMeeT 10 Bpe-
MEHU t pa3phIBBI IIEPBOTO POJIa B TOUKAaX t = Tk. ByjeM cunrarb. 9TO OHA HENpPEpPLIBHA
ciieBa. bosee Toro,

V(e + 0,2+ Ji(z)) = V(mg, x), (7)

nosromy V (¢, y(t;to,y°)) = V(to,y") upm Beex t > ty u sIBJIsIeTCS «HACTOSIINM» TIep-
BBIM HHTErpaJioM JimHeapusanuu (5), coXpaHsis MOCTOSTHHOE 3HAYEHHE BIIOJIb JTIOOO0N MH-
TerpabHOll KPUBOH JIMHEHHOI CHCTEMBI ¢ MMITYJIbCHBIM BO3IelicTBrHeM (5) j1azke B TOUKAX
paspbIiBa.

Ha yuactke 7 <t < Tgq1

V], o) = ewl-20t -] Y patag KO @t @)
|s|=3
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e 0 < s = (81,82) — MyJIBTUUHJIEKC, |$| = $1 + S2, K.C. — KOMILJIEKCHO COIIpSIZKEHHASs
9aCTh BBIPAYKEHMUSI.

[ycrs x(t) = x(t;tg, 2°) — pemrenne cucremsr (4). [IpuHuMas BO BHEMAaHIE TOXKIe-
ctBO (7), TIOJTyanM

V(t,z(t)) = V(to,z°) + /t Do(t, () dt =

to

= V(to,z°) +/

to

t t

Do(t, y(t)) di + / Bo(t, 2(t)) — Bo(t,y(1))] dr, (9)

to

e y(t) = y(t; to, 2°) — pemenne mumeapusamym (5). Unrterpan ot ®o(t, y(t)) mpeacrasum
B BUJI€ CyMMBbI

/ o (1, (1)) dt = JAR O Sl O | " B(t,y(e)) dr. (10)
t k=ko T

0 to & TN

Tk+1

OrneHuM UHTErpaJl OT OJIHOYJICHA,

Tk+1 1
/ yfl(t)y§2+ (t) exp[—2a(t — 11)] dt.

k

KiroueByto posb 37ech urpaer muoxureiab expli(k — ko)30] B Boipaxkenun st yi(t),
zaBucsiuit ot k. Jlerko npoBeputh, 9TO

/Tkﬂ Yt (t)ys> T (t) exp—2a(t — i)] dt = Cexpli(k — ko)(s1 — s2 — 1)59)],

Tk
e nocrosnuas C' ne 3aBucur ot k. Ilonoxkum v = (51 —s2 —1)56. Ilockonbky mpu v # 0

N

sup Z explikv] < oo,
N>ko k=ko

TO Ha 3HaK UHTEIr'paJia BJIUAET TOJIBKO OJHOYJIEH C MYJILTUNHIECKCOM, YI0BJIETBOPAIOITNIM
YCJIOBHIO
S§1 — S9 — 1=0.

Takux B BoIpazkenuu st Po(t, y(t)) Tosbko aBa:
P21yt (D)3 (1) exp[—2a(t — 7]

U CONpsKEeHHBbI eMy. IIpegcraBuM KOMILUIEKCHBIN KO3(DMUIMEHT po; B 9KCIOHEHIMAb-
HOii opMme, po1 = po1 expligo1], 1 mosyunmM, uro 3HaK mHTerpasa (10) onpemessiercs

BBIPAZKCHHEM
expl2ab] — 1
exp[2ab] — 1 o
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Orcrozia ciiejiyer, 4To XapakTep yCTONYMBOCTU HYJIEBOIO PellleHus cucTeMbl (4) He 3aBU-
cut or 3Hadennit o # 0, B i 6 > 0, HO opeIesIeTCsI HCKIIOIUTETbHO aPTYMEHTOM (o1
KOMILIIEKCHOrO KO3 dunuenta po1. Ha ocnoBanuu Teopem 1 u 2 3akaiodaeM, 4TO HYJIEBOE
pellieHre aCUMIITOTUYECKH YCTOWYUBO IIPHU COS (o1 < 0 U HEyCTOIYMBO 1pu cos po1 > 0.

5. 3akaroueHune. B craTbe 10JIyUeHbI JIOCTATOYHDIE YCIOBHUS PABHOMEPHON aCUMIITO-
TUYECKON yCTONYMBOCTHU HYJIEBOTI'O PENIEHNs HEJIMHERHON CUCTEMBI C UMITYJIbCHBIM BO3/I€i-
CcTBUEM B (DUKCHPOBAHHBIE MOMEHTHI BPEMEHU. YCJIOBUS yCTOWUNBOCTU (POPMYJIUPYIOTCS
B T€PMUHAX CBOWCTB Pa3pBIBHOI 110 BpeMeHU byHKIuM JIsyHOBa, KOTOpas JIOIMyCKaeT
HEMOHOTOHHOE U3MEHEHUE B0JIb PEIeHNsT UMIIY/ILCHOM CHCTEeMbI. TakuM 06pa3oM, cyIe-
CTBEHHO PACIIUPSIeTCs KJace nojxondamux dyukimil JIsnyrosa u objierdaercsi mocTpoe-
HUe Takux (PyHKIUH J1j19 KOHKPETHBIX cucTeM. B KadecTBe mpumepa MmojiydeHbl YCJIOBUSI
YCTOWYMBOCTU B OJTHOM KPUTUYECKOM CJIydae.
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0. V. Anashkin, O.V. Mit’ko

On stability in systems with impulse effect.

The problem of stability of the zero solution of a nonlinear system of ordinary differential equations with
impulse effect at fixed times is considered. It is assumed that the system of linear approximation is stable,
but does not provide the stability of the complete system. Sufficient conditions for asymptotic stability
and instability of the zero solution of nonlinear system are obtained by Lyapunov’s direct method. An

illustrative example is given.

Keywords: differential equations with impulse effect, asymptotic stability, instability, Lyapunov’s direct
method.

O. B. Anamikin, O. B. Mireko

ITpo criiikicTh y cucremax 3 iMITyJIbCHUM BIIJINBOM.

Posrnsimaerbes 3amaga mpo CTifiKicTh HYJIBOBOrO PO3B’sI3Ky HeMiHINHOI crcTemMu 3BUYAiiHUX qudepeH-
niaJIbHUX PIBHAHB 3 IMIIYJIBCHUM BIUIHBOM y ikcoBani MomenTu 4acy. Ilepenbadaerncs, mo cucrema
JIiHIHOrO HAOJIMXKEHHs CTiifiKa, ajie He 3abe3Iedye cTifikocTi moBHOI cucreMu. Ha ocHOBI mpsiMoro mero-
ny JlsmyHoBa OTpEMAaHO AOCTATHI YMOBH aCUMIITOTHYIHOI CTIfIKOCTI Ta HECTIHKOCTI HyJIBOBOTO PO3B’S3KY

HesiHiHOI cucremu. HaBeseHo imocTpaTuBHUN TTPUKIAT.

Karowosi caosa: Jdugepenuianvii PIGHAHHA 3 IMNYALCHUM BNAUBOM, ACUMNMOMUNHA CMITKICMD,

Hecmitkicms, npamut memod Jlanyrosa.
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