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VIIK 517.9
H. M. IITo6axk (YKropoacbKuii HaIl. YH-T)

JOCJIII2>KEHHS HEJITHIMHUX KPAVMTOBUX 3AJTAY TUITY
KOIIII-HIKOJIETTI 3A HACTNUHOKX 3MIHHUMNX

We obtain some results concerning the investigation of non-linear boundary value problems with
boundary conditions of Cauchy-Nicoletti type on some of variables. We show that it is useful to
reduce the given boundary value problem, using an appropriate substitution, to a parametrized two-
point boundary value problem containing some unknown parameters in the boundary conditions.
To study the transformed parametrized problem, we use a method which is based upon special
types of successive approximations constructed in an analytic form. The parametrized problem
should be investigated together with certain so-called determining equations, which have algebraic
or transcendental form.

OrpumaHi pe3yabTaT, SKi CTOCYIOTbCS NOCTIIKeHHs HEeTIHINHUX KPaloBUX 33789 3 YMOBAMU TUITY
Kormi-HikoserTi 3a yactunoio 3minanx. O6rpyHToBaH0 eheKTHUBHICTD 3BEIeHHS BAXITHOI 331341, 33
JOTIOMOTOI0 BiAMOBIIHOI 3aMiHU, /10 MapaMeTPU30BaHOl JIBOTOYKOBOI KpaiioBOl 3a71a4i 3 HEBiIOMH-
MH TIapaMeTpaMu y KpaioBux yMmoBax. g BuBueHHA MOTUMIKOBAHOI 33703 BUKOPUCTOBYETHCA
MEeTOI, IO TPYHTYETHCA Ha, TIOCJIJOBHUX AMPOKCHUMAIIIAX CIEMiaJbHOrNO BUTISIIY, CKOHCTPYitoBa-
HUX y anajituasiit popumi. [TapamerpusoBana 3a1a4a JOCTIIKYETHCA PA3OM 3 BiANOBITHUME, TaK
3BAHMMU, BU3HAYAJIHLHUME aJredpalaaumMu, abo TPAHCIECHICHTHUMY PiBHIHHAMA.

1. Beryn. PoGota npucBsgdeHa BHKJIaJIEHHIO OHOTO CIIOCOOY JIOC/Ii/IzKeHHS Oa-
raToTOYKOBUX HEMIHINHUX KpailoBUX 3a7a4d 3 ymoBamu tuny Komri-HikomerTi 3a ga-
CTHHOIO 3MIHHHX. 3a JOIMOMOIOI0 IIeBHOI 3aMiHM, BUXiIHA 3aa9a 3BOAUTHCA 10 CiM’T
HapaMeTpU30BaHUX 3a/1a4 yKe 3 JIBOTOYKOBUMU yMOBaMU, Ky HOTPIOHO PO3IJIsaTh
pa3oM 3 JIeTKUM BU3HAYAJIBLHUM ajaredpaidHuM ado TPAHCIEHIEHTHUM DIBHSIHHSIM.

BukopucroByoun Moaudikaniio dncesbHo-aHATITHIHOrO MeToay [1], Gyayorses
HOCJTIIOBHI aIIPOKCUMAIll pO3B’43KY, MOBOIUTHLCA IX piBHOMipHA 301KHICTH 0 TO-
YHOTO PO3B’SI3KYy BUXITHOI 3a1a4i.

2. IlocranoBka 3amadi Ta i1 3BeJeHHs 10 JABOTOYKOBOI 3aaa4i 3 mapamMme-
TPOM Yy KpaiioBux ymoBax. Po3risiiaemo cucremy HesiHifiHuX AudepeHIiaibHuX
PIBHSIHB

dx(t)
0 _ pe) )

3 Kpaitopumu ymoBamu tuny Komri-HikoeTTi 3a 9acTuHO0O 3MiHHAX

Tg (tl) = Ts0, S = 1, 2p,

—p—1
Z i (tp+j) = dp-l-lv AS {1,272,}7 (2)
j=

1
Lp+14+m (T) = dp+1+m7 m=12.n— (p + 1)7

k

e dynknia f : [0,T7] x D — R" ¢ nenepepsuowo, muoxuua ) — 3aMKHEHa Ta
obmerkena 00macTb B R", ¢ =0 <1y < ... <1, <tlpp1 < ... <t <t =T.

[Ipunyckaemo, mo dyaximia [ 3a710BobHIE YMOBY JIinmmmmis, To0To 3Ha1eThC
TaKa craJa MaTpuiigd K 3 HeBiaZ eMHUMEI KOMIOHEHTaMH {kl-j}zjzl, 110 IIPHU JOBLILHUX
{u,v} C D mae micue HepiBHICTH

[f(tu) = f(t,0)| < Kfu—wv]. (3)
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168 H. M. HIOBAK

Ty, i BCcrou B OAIGHUX CIIIBBIIHOIIEHHSIX HaAa M, 3HaKku <, >, |-|, max, min
PO3yMi€MO MOKOMITOHEHTHO.

Ob6MeRIMOCS PO3IISIOM KJacy KpaiioBux 3agad surisay (1), (2), mas skux
MakcuMasbHe BiacHe 3Hadenns r(K) marpuri K 3 ymosn Jlinmmung (3) 3a10BOIbHSIE
HEPIBHICTH 0

r(K) < o (4)

BBenemo nacTynHi mo3HavdeHHS.

Ilozmawenns 1. fxwo dynwkuia 8 : D x I — RY, npuwomy I C RPL ma
z € R™, modi uepes By(z,3(z,\)) nosnauumo mmorcuny

Br(z,8(z,A) :={x € R" : |x — z| < ((2,\) daa eciz \ € I}.

IMosuavenus: 2. dxwo mmuoocuna D C R™ ma pynruia f: [0,T] x D — R

modi,
1
) == t,x)— i t . 5
o) = | e f(ta) = iy f(n) 5)
KpaitoBi ymoBH (2) MOKeMO TIpeICTABUTH B MATPHIHO-BEKTOPHOMY BHTJISII
k—p—1
Az (0)+ > Bai(tyyy) +Crz (T) =d, i € {1,..,n}, (6)

Jj=1

(B 0 L 0, i A _
e A = (0 0)’ B = {ba}, il € {1,.,n}, ba = {1,z‘zl - G

( 8 % . ) . By, En_(pr1) —1e p- 1an — (p+ 1)-Bumipni opgunuani marpui,
n—(p+1)

ta BeKTOp d = col (T10, ..., Tpo, Apt1, dps2, -y dp).

Tyt HEOOXiHO 3ayBazKUTH, 10 MATPHUII B KpailoBuX ymoBax (6) € BUPOIKEHN-
mu. Ileit pakT cyTTEBO YCKIAIHIOE 3aCTOCYBAHHA BiIOMUX YHCETbHO-aHATITHIHIX
asiropuT™iB 10 gocsikenns ganol sagaqi (1), (6) [1-3].

OueBuIHO, BiJ 6araToTOYKOBUX KPaitoBUX yMOB (6) MOKeMO mepeiiTu JBOTOUKO-
BHX

Ax(0) + C1x(T') = col (x10, ..y Tpo, 0, dpia, ...y dp) . (7)
st roro, mo6 obiiitu BupojzKeHicrs Marpuii C, BBEJIEMO HACTYIHY HapaMe-

Tpu3anio. 3aMiHUMO 3HaYeHHs P + 1 KOMIIOHeHTH po3B’s13Ky 3aja4i (1), (6) y Touri
T mapameTpamMu Ai, Ag, ..., Apy1 -

M=x1(T), Xa=22(T), ..., Apy1=2xp11(T). (8)

Bynp sika dyHKIisg @, 1 sxol cinpaseiusi crissignomenns (7), (8), oueBu/Ho,
33JI0BOJIBHITUME PIBHICTH

Az(0) 4+ Cz(T) = d(N), (9)

ae A = col (A1, Ag,...; A\pp1), C = E,— n—BuMIpHA OJUHUYHA MATPHUI, TIPHIOMY
det C' #£ 0,
d ()\) = col (.’L‘lo + >\17 <oey Tpo + )\p, )\erl, dp+27 ceey dn) .

Taxkum ansOM, posrisiaruMemo 3agady (1), (9), B skiit gBoToYKOBa KpaiioBa
ymoBa (9) micturh HeBimomuii (p + 1)-BumipHuii BekTOp-tapamerp A.
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SayBakeuusda 1. Muoocuna po3e’askie urionoi Heainitinoi 6a2amomoukosoi
kpatiosol sadawi muny Kowi-Hikosemmi sa wacmunoto sminnuz (1), (2) cnienadae
3 MHONCUHOW MUL P36 A3Ki6 deomoukosoi kpatiosoi sadaui (1), (9), axi sadososw-
nAms dodamrosy ymosy (8).

[Tokazkemo, 10 mapameTpu3oBaHa KpaitoBa 3amada (1), (9) moxke GyTn goci-
JIZKeHa, BUKOPUCTOBYIOUM BIJNOBI/IHY MO/IMDIKAIIIO YUCETbHO-AHAJITHIHOTO METO-
7y, SIKH TPYHTYEThCST Ha TTOCIIIOBHUX HaOJMKeHHAX [1].

3. PiBHOMipHa 30i>KHICTh mOCHAiI0BHUX anpokcumariiiit. llpumycrumo, 1mo
muoxkuna Dg = {z € D : Bi(z,6(2,))) C D}, ne byukuia 8 : D x I — R” 3aramna
piBHICTIO

T
Bz, A) = 50p(f) +[d(}) = (A + E) | (10)
Ta MHOKHHa | C RPFL,
Ii={X=col(A, Aa, e, Apy1) € RPTY col (A1, Agy ooy Apy A1, dpia, oy d) € D}

€ HEIIOPO2KHbOIO:

Dy # 0. (11)

Buznaunmo muoxkuny U C R"™P nacTymHuM YuHOM:
n—p .
U= {col (U1, Uz, ooy Up—p) € R"7P 2 col (210, X205 -5 Tpo, Ut, U, ooy Up—p) € Dﬂ} )

Posriigremo moctioBHiCTh (byHKITiiH

Tt u, A) ==z + /f(s,:vm_l(s,u,/\))ds—
0

T

t t
_?/f(s,xml(s,u, N)ds + 7 [d() = (A+ E)z] (12)
0
aem = 1,23, zo(t,u,\) = col(x10, T20, ..., Tpo, U1, U, .o, Up—p) =: 2 € D, u €

U, XN €I, t e 0,T] Jlerko mepekoHaTHCs, MO Opu BCix m > 1 Ta BCiX 3HAYEH-
Hax mapamerpis u € U, X € [ cupasemiuBa piBHICTD T, (0,u, \) = z, a TakoXK
T (T, u, A) = d(N\) — Az, Tobro, Bel dyukIii, 3amani dopmymnow (12), 3a10B0IbHS-
I0Th JIBOTOYKOBY yMOBY (9).

Hacrynni TBep/izKeHHs BKa3ylOTh YMOBH, JOCTATHI JijIs PIBHOMIPHOI 30iKHOCTI
PeKypeHTHOI mocaimoBHOCTI (yHKMiil (12), Ta BCTaHOBIIOIOTEL 3B’s30K 11 rpaHumi 3
MHOZKHHOIO po3B’s13KiB 3ama4 (1), (2) ta (1), (9).

Teopema 1. IIpunycmumo, wo daa nenepepsnoi dynruii f: [0,7] x D — R"
suronyemvea ymosa Jlinwuua (3) 3 mampuuero K, das axoi cnpasedaiusa wepie-
nicmw (4), a maxooic mae micuye ymosa (11). Todi:

1) nocaidosricms (12) npu m — 400 36izaemoca pisnomipno sa t € [0,T] 6
obnacmi (t,u, \) € [0,T] x U x I

2) epanuuna Pynryis

o (tu, N) = lim 2, (¢ u, \) (13)

m—-+00
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170 H. M. HIOBAK

nocaidosrocmi (12) npu ecix u € U, X € I € edunum po3e’a3kom iHmezpasvrozo
DISHAHHA

T
t t
—z+/fsx ))ds — /f ds+T[d()\)—(A+E)z], t €10,7],
0
(14)
abo, w0 me came, € COUNUM PO3B A3KOM THME2PO-OUPEPEHUIANDHOZ0 DIGHANIA
dz(t
W) _ fit.2(0)) + A, ), (15)
de
1 . 1
AN =~ [ Jo su s + LA~ (A B), (16)
axull 3adosoavrac Kpatiosi ymosu (9) ma nowamrosy ymosy r*(0,u,\) = z =
col (210, 20, -y Tpo, Uty ooy Un—p) A uw € U, X € I;
3) daa scixz (t,u,\) € [0,T] x U x I cnpasedausa oyinka
|z (t, u, A) — T (0, N)| <
20
<Tt(1-7) Q@E- QN BNQ Kl ~ (A+ E):ll, (17

de mampuua ) = %K.

Hosedernsa. Jloseaemo, mo npu 3pob/IeHUX HPUILYIIEHHSAX HOCTi1oBHIcTh (12)
€ pyHJaMEHTAJIHLHOIO 1, SK HAC/IIJ0K, PIBHOMIPHO 3012KHOIO TOCJIiI0BHICTIO ¥ Bana-
xoBomy mpocropi C ([0, 7], R") i3 3amano0 crangapTHow HOpMOW. CloYaTky 10-
Kazkemo, 1o 1npu (u, \) € U x [ 3navenns Bcix dynkuiit (12) mictarses 8 D. s
KOKHOI HemepepBHol dyHKIH f : [0,7] — R™ mae micie omiuka (IuB., HATID. JeMa

3.13 3] )

¢ T
1 1
- = ds| dr| < —aq(t t) — mi t
[ 150 = 7 [ #61ds| dr| < Janto) [ max 7(0) — min s0)].
0 0
meai(t):=2t(1-=%), |u@) <%, telo,1].

Tomy, npu m = 0 i3 (12), BuminBae, mo s gosinbuux (¢, u, A) € [0,7] x U x [

’xl (tauv )‘> - Z’ < Oél(t)éD(f) + 51(27 )‘) < ﬁ<z> )‘)7 (18)

ae f1(z,A) == |d(N) — (A+ E)z|. dk macainok, suxoasaun 3 (18), maemo, mo xq (t, u, \) €
D, nnga posinbaux (t,u,A) € [0,7] x U X I. BUKOPHCTOBYIOUH METOJ[ MATeMAaTH-
9HOT 1H/LyKIIiT, HeBazKKO noKazaru, mo Bei Gynknil (12) nasexars muoxkuni D, npu
m=1,2..,te[0,T,ueU, Nel.

Mipkytoun mo anasorii 3 jgoBeaeHHsM Teopemu 1 i3 [4], MmokHa mokazaru, 1o
npu Bcix m > 1,5 >0wu (t,u,\) € [0,7] x U x I

j—1
| (8 0, A) = 2 (£, 0, )| < ﬁal( ™! QZQ Sp(f) + KD QBi(z,N)
1=0

(19)
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+oo
Ockinbku, B cuay HepiBHOCTI (4), liT Q=01 Q <(E-Q) ", i3 (19)
m—too i=0

OYEBHUJIHO, 110 nocifoBHicTh (12) dyngamenTanbia B piBHOMipHii Merpuii. Cupsi-
moBytoun B (19) j — +00, orpumyemo, 110 piBHoMipaa rpanuis (13) mocaimzoBHocTi
(12) 3amoBosbuse HepiBuicTs (17). Ilepexomsun g0 rpanuni npu m — +0o B (12),
orpumyemo, 1mo bynknig (13) 3amoBoabuse piBaanus (14) abo (15).

Bpaxosytoun re, mo bYHKIHL T, (¢, u, A) mocaigoBHocTi (12) 3a10BOIBHAIOTH JBO-
TOYKOBI KpaitoBi ymoBu (9) npu JOBLIBHUX 3HAYEHHSIX AapaMeTpiB, rpaHnvHa QyH-
Kiist ©*(f,u, \) Takox Oyme 3a70BOJBHATH 1 yMOBH, a Takox z*(0,u,\) = z =
col (210, 20, s Tpos Uty vvy Up—p)-

4. IcuyBaunga po3B’a3kiB. [lapamerpusoBany kpaiioBy 3amaqy (1), (9) Mmoxkua
iHTepIpeTyBaTu K CiM’I0 MOYATKOBUX 3a/a4 31 30ypeHor0 MpaBoo JacTHHOI. Po3-
ristHeMo 3aja4dy Kol

dx(t)
dt

= f(tx@®) +p, t€[0,T], (20)

z(0) = z, (21)

Jie BEKTOP mapaMerpiB p npuiimae 3HadeHHs y Bianosiguiit muoxkuui. Cupasejinse
HACTYITHE TBEPJZKEHHS.

Teopema 2. IIpunycmumo, w0 8uKoHy0OMbCA 8¢t Ymosu meopemu 1. Kpim mo-
20, (t,u,\) € [0,T] x U x I ma p € R™. Todi daa mozo, w06 desruli pose’sasox
3adai Kowi (20), (21) sadosoavhsas makoosc deomoukosi ymosu (9), neobridno ma
docmammvo, w6 napamemp 6 (20) 6ys sadanui pienicmio

B = A(ua )‘)7 (22)

de sidobpascenns A : U X I — R™ — dynruyia, eusnauena gopmyaoro (16).

BayBaxkeHnHd 2. [3 meopemu 1 6uniu6ae, wo npu 6KA3GHUT GUUE YMOGAT 0N
sciz anauens napamempis (u, A) € U X I icnye epanuuna dynryis (13) pexypenmmoi
nocaidosnocmi (12), i, ax nacaidox, eidobpascenna (16) susnauaemoca 00no03HawHO.

Hosedenns. Jlocmammicmo. Hexait B (20) p = A(u,\), q1e u i A — gedki
sazani Bekropu 3 U i [ Bianosigno, a A — dyukiist, Busnadena dopmynow (16).
Briguo i3 3ayBaxenusm 2, Bupas A(u,\) mae 3mict npu Beix (u,\) € U x . 3
Teopemu | BUILIMBAE, IO UPU 3aJaHuX ¥ i A piBHOMipHa rpanuns (13) BignosigHol
nocaigosuocrti (12) € exunnm po3s’s3kom gBoroukosol 3a1a4i (1), (9). La bynkuis
3aJ10BOJIbHSE 1 TouaTkoBy yMoBYy =*(0,u, A) = z, TO6TO BOHA € PO3B’'sA3KOM 3ajadi
Komri (20), (21) npu 3amanomy dbopmyriono (22) 3Ha4eHH] napameTpa fi.

Heobxionwicmsy., Hexait w € U, A € I i i € R" — J0OBIIbHEM YMHOM 3a/IaHi
Bekropu, 1 T : [0, 7] — R™ — posp’a3ok 3azaui Komi (21) jyist piBHsiHHs

2(t) = f(t,=(t) +p,  te[0T], (23)

IPY 3a/IaHOMY 3HAYEHHI A, SKUil 38/I0BOJILHAE TBOTOUKOBY KpaitoBy ymony (9). [Tpu-
IYCTUMO, IO 3HARIETHCH JIesKe 1HINe 3HAYEHHS (i, UPH SIKOMY JESKHHA PO3B A30K T
sazadi (21) agist piBHSIHHS

ZE’(t) = f(t,.l’(t)) + 1, te [07 T]? (24)
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33/I0BOJIbHSIE ABOTOUKOBY yMoBy (9). 3 (21), (23) i (24) oueBnano, mo dbyuknil T i
T 3aJ10BOJIbHAIOTH IHTerpasbHi PIBHAHHI

t
o)==+ [ fls.as)ds+pt, te0.T) (25)
0
i
z(t —z—l—/f ,x(s))ds + [it, t €10,7], (26)
Bianosigno. [pu t =T 3 (25), (26) BunmBae, 1o

T

=

_ () -2 — /O F(s,7(s))ds (27)

AT —z—/f 3 (s (28)

DyHKIIis T, 33 TPUIYIIEHHSIM, 33I0BOJIbHSIE TBOTOYKOBY YMOBY (9),

T

=i
Il

Az(0) + Cz(T) = d(N),

i ymoBy Komi Z(0) = z, 3Bijku BUILIMBAE PIBHICTD

7k maciok, 3 (27) i (28) BumiuBae, mo

uz%{ﬂM—Az—z—ATﬂ&d$M4 (29)

i = % [d()\) Az /OTf(s,i(s))ds] . (30)

Buocstuu (29) 1 (30) siguosinno B (25) 1 (26), orpumaemo, o st koxkuoro t € [0, 7

() = 2 + /Ot £(s,2(s))ds + % {d()\) Az -z /OT £(s, z@))ds] (31)

f:(t):er/otf(s,:T:(s))der%[d( z—z—/f (s ] (32)

Haranaemo, mo 1yt v € U, a A € I. OrKe, aHAJOTIYHO JI0 JIOBEJICHHSA Teopemu 1,
BUXOJISIUN 3 BUDJISTY piBHSHB (31), (32) i o3HauenHs MHOKUHU Dg, MOXKHA TTOKA3aTH,
1o BCi 3HaveHHst PYHKIIA T 1 T MicTThCs B MHOXKUHI D:

z([0,T))uz([0,T]) C D. (33)
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3 (31) i (32) oueBuaHO, 11O

z(t) — x(1) =/O [f(s,2(s)) — f(s,2(s))] ds—

-+ [ v

i Tomy, BignosigHo g0 cuisBignomenns (33) i ymosu Jlinmung (3), dyskiis

Sl

(s)) = f(s,2(s))ds, €0, T],

r(t) = lz(t) —z@),  te[0,T],

3aJI0BOJIbHSE 1HTETpaIbHy HEPiBHICTH

r(t) < K Uotr(s)ds+%/0Tr(s)ds] Kai(t) max r(s), t€ab.  (34)

s€la,b]

Bukopucronyoun (34) peKypeHTHO, OTPHMAEMO HEPIBHICTH

r(t) < KMo (t) m[a)g]'r’(s), t € la,bl,
s€la,
Jle M J0BLIbHE HaTypajbHe umcao, aias Beix ¢ 3 [0,7]) 1 k = 2,3,.... 3riguo 3
aemomo 2.4 3 [1], dynkuil ag(t) mag seix t € [0,7] i k = 1,2,... 3310BOJbHAIOTH
HepiBHICTh
10 37\ "
t) < —aq(t) | — .
) < goult) (55

Tomy 3 (24) BUILTUBAE, IO JIA KOKHOTO HATYPATLHOTO M

10 37 \"
r(t) < gKozl(t) (1—0K) mmax r(s), t € [a,bl.

CupsiMmoByto9r m B OcTaHHIil HepiBHOCTI 10 400 i BpaxoBywo4n ymMoBy (4), MOXKHA
3pobutu BucHoBOK, o 7 = 0 Ha [0, 7], To6r0 dyHKIl T i T cniBOagaoTh, i TOMY
i = . OTpuMaHe mpoTHPIYYs JOBOIUTD, O (1 = A(z, \) — €IuHe 3HAYEHHS TTapa-
MeTpa p y piasuni (20), mpu gkoMy po3s’s30k 3agaqi Kot (20), (21) 3a10BobHsIE
JIBOTOYKOBY yMOBY (9).

Hacrynne TBep/zKeHHsT MOKa3ye 3B’s130K DYHKIHT (13) 3 MHOKHHOI PO3B’S3KiB
JaBoTOYKOBOI 3a1a4i (1), (9) 3 mapamerpom A € I, a oTke i 3 po3B’a3kamu HGararo-
ToukoBoi 3aza4i (1), (2).

Teopema 3. IIpunycmumo, wo daa nenepepsnoi dynruii f: [0,T] x D — R"
suronyemoca ymosa Jlinwuuya (3), das axoi cnpasedausa nepienwicmo (4), a ma-
koot ymosa (11). Todi Pynrkuia x*(-,u*, ), akxa eusnauaemovcsa 6 meopemi 1, €
po3e’szkom deomouroeoi sadaui (1), (9), 3 sexkmopom napamempic N, modi i minv-
Ku modi, Koau napa sexmopruz napamempic (u*,\), de u* = col(uj,us, ..., uy_,),
A = col(A1, Az, ...s A\ptr1) 3a006046HAIOMY CNIEEIOHOUEHHA

Au, \) = —% / f(s,z"(s,u,\))ds + % [d(A\) — (A+ E)z] =0. (35)

0
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Qynruyia (13) e poss’saskom euridnoi bazamomoukosoi 3adaui (1), (2) modi i
miavky modi, koau (u*, \*), de \* = col(A], A3, ..., As.y), sadosoavnaiome cucmemy
(35), ma, xpim mozo,

k—p—1

> @ (g, A) = dppa, i € {1, n}. (36)

j=1

Hosedennsa. 91 sunmsae 3 goBeaenus reopemu 1, npu Beix (u, A) € U X I dyn-
Kiist 2*(-,u*, \) € po3s’ss3kom aBOTOUKOBOI 3amadi (15), (9). Pisusuns (15) cmis-
najgae 3 piBasHHAM (1) Tozi 1 TLMBKH TOMI, KO u* Ta A 3a0BOJIBHSIIOTH YMOBY
A(u*;\) = 0, T06T0 BUKOHYEThCs PiBHICTD (35). JIpyre TBep/zKeHHs T€OPEMH BH-
IJINBAE 13 3ayBasKeHH 1.

5. IlpakTuyHa peanizamig. [lpu npakruuniit peasizamii 3py4no 3adikcyBarn
nesikuii Homep ireparii m B (12) Ta BAKOPHCTOBYBATH Ty, (-, U, A) B AKOCTI HaOIMIKe-
HHs 10 HeBigomol yHKIil £*(+, u, A), icHyBaHHS KOl OOI'PYHTOBYETHCs B Teopemi 1.
I[Ipu mpomy, 3amicTh (35), (36) posragmaemo cucremy i3 n + 1 HaOIMKEHUX BH3HA-
YaJIbHUX PiBHAHD

T
A %/fsxmsuA))ds+;[d(A)—(A+E)z]:O, (37)
0
k—p—1
Ti(tptjs Uy N) = dpy1, 1€ {1, ...,n}, (38)
j=1
3 AKHUX MIyKaeMo 3HadeHHs n + 1 mapaMerpiB u* & col(Umi, Uma, - - -y Ump—p), A =

COl()\ml, )\mg, ey )\m,erl)-

dxmo cucrema i3 n+ 1 pisusuns (37), (38) Mae isoboBanuit poss’s3ox (4, \) €
U x I, 7o npu BiANOBiAHUX npuiyIieHHsx 1| MozkHa g0BecTH PO3B A3HICTH i cucTeMn
(35), (36), TuM caMuM BCTAHOBHBIIIH iCHYBaHHs PO3B’sI3Ky BUXIJHOI KpaiioBol 3a1ad4i
(1), (2) Tuny Komi-HikoserTi 3a wactunoo 3minaux. [Ipu mpoMy byHKI0O

T (t) = 20 (-, 1, \) (39)

MOKHA PO3TISHYTH, K HAGTUKEHHs 70 OJHOrO i3 po3s’sa3kis 3amaqi (1), (2).

6. ITpuknaan 3amadi 3 kpaitoBumu ymoBamu tuny Kormri-HikomerTi 3a
9aCTUHOIO 3MiHHUX. Po3risineMo Hejiniiiny cucremy

T E ; =3 Et; o Et; + txs,

ah (t) =23 (t) — 2 (¢) + 21 — 1,

2l (1) = a4 (£) — 23 (1), (40)
2y (t) = a1 (t) — 23 (t) + tay () — 3,

(3 =1 w
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[Tpunycrumo, 1o 3a1ana KpaiioBa 3a/a4ua po3r/sIa€ThCst B 001aCTi

1 1 1 1
DZ%%J%%M%MJS?hﬂﬁgk@ﬁgﬁ@ﬁé}

KpaiioBi ymoBu (41) MOKHA peICTABUTH B MATPUIHO-BEKTOPHOMY BHIJIsIIL

1
Az (0)+ ) B (tary) + Chz (1) = d, (42)
=0
1000 0000 0000 %
qe A = <8688), B - (88?8), ¢ - (8888), = (0. Ouennano, mo
0000 0000 0001 i

Matpung C BHpOIZKeHa.

st Toro, mo6 obiiitu Bupo pkenictb Marpuii C, 3aMiHUMO 3HAYEHHSI TI€PIIO],
JIPyTOi Ta TPeThol KOMIIOHEHT PO3B’si3Ky Kpaifool 3amaqi (40), (42) B rouni T Bij-
MOBITHO apamMeTpamMu Aj, Ag, As:

21(T) =XM1, xo(T) = Ng, a3(T) = As. (43)

[Ipugomy, |)\1| < %7 |)‘2| < %7 |>\3| < %
Buxkopucrosyioun pisaocti (43), Kpaiiosi ymoBu (42) MOKHA [PEJCTABUTH Y Ha-
CTYITHOMY BUTJISII:

1
;LeA=< ),0:(8
0

o 1yt C' = E HeBUPO/ZKeHA MaTPHIIM.

BesnocepeHiMu 06IUCTIEHHIMI TIEPEKOHYEMOCs, 10 jiist 3amadi (40), (44), B
obstacti D Bukonytorbes ymosu (3), (4) ra (11) 3 marpuuero K ta Bexkropamu (3 (z, )
ta Op (f) Burasay

Az (0) + Cz (T) = d()) , (44)

1
0 2
§) d()\) = ( 13 ) , A = col(A1, Az, A3). BayBaszkumo,

4

[e]lelelo)]

0
0
0
0

[elele) oy
oo
oOoO—O
o—OO

0311 srl-b Al :

10 21 21 H

— 3 — 36 — 18
4

L3 10 s |1 9

Haii6inbuie BiacHe 3HadeHHs MaTpuii K 3a/0BOJIbHIE HEPIBHICTD Apmax (K) =
2.39 < ;—g, OpUIOMY, To = (%, 0, zs, 24).

TakuMm YuHOM JI0 JAHOI 3a7a4i MOXKHA 3aCTOCYBAaTH MOAUQIKAII0 YHCeThHO-
QHAJIITUYHOT CXeMU, PO3IJISAHYTY BUIIE 1 CKOHCTPYIOBATH I1OC/Ii/IOBHICTH HAOJIMZKEHUX
PO3B’SI3KIB.

. Hle Ba*}KKO HetpeK*OHaTI/IClH, HjO Tor{}g&ﬁ PO3B’s130K 3a1aH01 KpaitoBoi 3aaa4i 7 (t) =
Tty o) =5 w3() =3, wi(t) = T

[Tobyyemo nabmuzkeni po3s’s3ku 3aaadi (40)—(41). dag mporo oGuncoemo Je-

sKi 3 DYHKIIH peKypeHTHOT nocaijoBHOCT] (12), BAKOPUCTOBYIOUH MAKET CHMBOJIb-

Hux obuucsaens Maple. ITokagzemo Hy/IBOBY iTepaliio TOTOXKHO PiBHOIO z, 2 € Dg.
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Toxi, nanpukaan, npu m = 2 3 (12) orpumaemo

B33 323 3 BNy Pz 3zt? t2 ozt tAE tzy 1Tt tAs 1
= T R S B A AL N N
T T T T R R S R R VIR NI

3 283\ 21325 t3XN2 283 N\325 322 2 t? 2
— + 3 3+ 3_ 3 <3 3 ]_+ 4
3 3 3 3 3 3 2 2

32 222t z4t+ t 2tA3 tzz AT tMdzz tN
8 3 2 24 3 3 3 3 2
Pzg PN mt® P P ot 1tz 1A

Tt
v LA NS
6 3 1 T8 T 12 T3 Tyttt

323 B3N 13 A3 ozt 2 21 tzy tAR Ot tA3 t)\
Tog = —————— —+—+ + T
6 3 3 3 4 4 2 12 3 6 3 2

quist Beix t € [0, 1], (22, 23) € Dg.
TyT i HUKYIe CHUMBOJIAMU To; TTO3HAYEH] BiIMOBITHO KOMIOHEHTH BEKTOPA Lo, =

1,2,3,4.

+ 23 7+

+1t A,

To3 =

0.7 0.4

t

Puc. 1. Ilepria Ta apyra KOMIOHEHTH TOYHOTO PO3B’si3Ky (J1iHist) Ta iX Apyre
HaOIMKEeHHs (IIYHKTHD).

0.50§0000001 0.25
0.500¢0000008
0.2
0.500¢0000006 -

0.500¢0000004 - oL 0.15+

0.500¢0000002 -
0.14

0.
0.49999999998 1 . 0.059

0.49999999996 -

Puc. 2. Tperst Ta yeTBepTa KOMIIOHEHTH TOYHOTO PO3B’s3Ky (J1iHist) Ta ix apyre
HaOJIMKEeHHs (IyHKTHD).
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Cucrema HaOIMKEHUX BH3HAYAIBHUX DiBHsHDL (37), (38) ass 3amadqi (40), (41)
IpH M = 2 MaTuMe PO3B’I3KH:

A1 = 0.7499999999, Xy = 0.4999999999, A3 = —0.5000000001,
24 = —0.7690328250 101, 23 = 0.5000000001.

[Tigcrapasioan obumcaeHl HaOIMKeH] 3HAYEHHST ITapaMeTPiB 2o, 23 1 A1, A2, A3 Y KOM-
IIOHEHTH JPYyTOi iTeparil, 3HaxoaumMo GyHKIio Bursiay (39) — apyre HaOJInKeHHsT
710 PO3B’s13Ky TPUTOUYKOBOI 3a1a4i (40), (41):

Za1 (1) = —0.1000000000 10~ £2 + 0.5000000000 + 0.2500000001 #2,

Tgo(t) = —0.1038451641 1072 2 + 0.5000000000 ¢,
To3(t) = 0.5000000000 10~ #* + 0.5000000001 — 0.2000000000 10~ ¢,
Toy(t) = —0.7690328250 10~ + 0.2500000000 #2.

Ak BujHO 3 pucyHkis 1-2, rpadikun HaOIMZKEHOTO PO3B’A3KY BKe Ha JIPYTiil iTe-
parii Jijig BCiX YOTUPHOX KOMIIOHEHT Maiizke MOBHICTIO CHIBHAJIAI0Th 3 rpadikamun
TOYHOIO PO3B’sI3Ky, a MoXubKu (BiIXuyieHHs Apyroi iTeparii BiJ TOYHOIO PO3B’si3-
Ky) He nepesumrytors 0.14 - 10719 0.1-107%,0.1-107°, 0.85 - 10~!!, Binnosinmo aya
MepIrol, APYyTrol, TPEeThol Ta YeTBEPTOl KOMIIOHEHT.
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