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We classify the symmetry properties of the (1 + 2)-dimensional reaction —convection — diffusion equation
depending on the values of the nonlinearities in this equation. We use the Lie symmetry for the construction
of invariant ansatzs, reduction, and finding exact solutions of this equation.

IpoknacudikoBaHo cuMeTpiiiHi BracTUBOCTI (1 + 2)-BUMipHOTO PiBHSIHHS peaKIlii — KOHBeKLii — nudysii
3aJI€3KHO Bill 3HaUYeHb HEJIIHIMHOCTE, SIKI BXOOATh Y Iie piBHAHHS. JIITBCbKY CMMETPII0 BUKOPUCTAHO ISt
MoOyIOBY iIHBapiaHTHUX aH3alliB, PeIYKIIil Ta 3HAXOMXKEHHS TOUYHUX PO3B’SI3KiB JAHOTO PiBHSHHSL.

Beryn. JocaimkeHHs piBHSIHb nudy3ii Ta pi3HUX iXHIX Momu@ikalliii i3 JOTaTKOBHMU WiIeHa-
MH, IO BiAITOBimarOTh peakili abo KOHBEKIIII, € aKTyaJIbHOIO 3aJayelo MaTeMaTU4HOI (Pi3uKu,
OCKIJIBKH 111 PIBHSIHHS YaCTO BUKOPHUCTOBYIOTH SIK MaTeMaTH4YHI MOIeJIi pi3HOMaHITHUX IIpOIle-
CiB y IIpUPONI Ta CYcIUIbCTBI. Momeni nudysii yacto GOpMyJIIOIOThECS B TEpMiHaX HeEJIHIMHAX
nrdepeHITiaIbHIX PiBHSIHb, SIKi, SIK IPaBIJIO, He € iIHTerPOBHIMH Ta He MOXYTh OyTH JIiHEapr30-
BaHMMU, TOMY CUMETPIiHI METONU, 3aBISIKUA CBOIll YHIBEPCAJIbHOCTI, € BaXKJIMBUMU IIJisl IXHHOTO
TOCITi I>KeHHSI.

OnHi€0 3 OCHOBHUX 3alay KJIACUMYHOI'O T'PYIIOBOTO aHaMI3y OudepeHlialbHUX PIBHIHB €
3aJa4a 3HAXOMKEeHHS Halmmpinoi (MaKCHMalbHOI) TPYMM CUMETpIi, Ky HOIycKae mudepeH-
ImiaJbHe PIBHSHHS, 1 HE MEHII BaKJIMBOIO € 3ajaua rpyIoBoi Kiaacudikamii mudepeHIriaIbHIX
piBHSIHB, 3armouatkoBaHa C. JIi. Y ¢Boix poboTax BiH 3miIICHMB IpyHoBY KilacH(piKaIlifo JIIHIHIX
(1 + 1)-BuMipHMX PIiBHSIHb IPYToro mopsiaky napaboniyHoro tumy [1]. CydacHy MOCTaHOBKY
3amadi rpymoBoi Kinacudikamii 3aivicaus JI. B. OBcsHHIKOB, kMl y po6oTi [2] Boepiie mposiB
MOBHY TPyNoBY Kiacudikaiito HeniHiitHOTO (1 + 1)-BuUMipHOTO piBHSAHHS AUDY3ii

up = Oz (D(u)ug). (1)
Y noganbnx DOCII IXKEHHIX CUMETPIMHMX BJIACTUBOCTEN 00’ €KTOM PO3TJISNY CTaId y3arajJbHeH-
Hg piBHsIHHA (1). Tak, 30kpeMa, Kinacudikailito piBHSIHHS
Ut + Ugy = Oz (k(u)uy)

poBoOIMB ¥y cBoix mocaimkenuax B. JI. Katkos [3].
Y pobori [4] B. A. THunHiH DOCIITUB CUMETPilO Ta 3HAUIIIOB TOYHI PO3B’I3KW PIBHSIHHS

ug = h(u)ugy.
IloBHY TpynoBy Kiacudikallifo piBHSIHHS TEILIOIIPOBITHOCTI 3 IXXepeaoM (CTOKOM), SIKEe BH-
KOPUCTOBYETHCS IIJISI MOIEJIFOBAHHS 010JIOTTYHUX 1 PI3MKO-XiMIYHUX IIPOLIECIB
Ut = am(D(u)ua:) + g(u)7
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Ta foro ysarajbHeHb Ha IBOBMMIpHMI 1 TPUBUMIPHUI BUMAanKu nposeiau B. A. JlopooHiluH,
I. B. Kuazesa, C. P. Csupiuescekuii y poborax [5, 6]. 3ayBaxkumo, 110 11e 06yi10 3pobieHo
3HavHO Tmi3Hime po6otu JI. B. OBcgaHHiIKOBA, OCKUTLKM TIOB’SI3aHO 31 CKJIAIHICTIO peai3amii
anroputMmy JIi mIst po3B’sI3aHHS TaKMX 3a7ay y BUIMANKY, KOJIU PiBHSHHSI MICTATH IBi Ta Oi/IbIle
noBinbHI GyHKLii. [TpomoBxkuau po6oty B iboMy HanpsaMKy A. OpoH, @. Pozeno [7], C. M. FOHTr,
K. Bepb6ypr, Il. basee [8] Ta M. I1. EnBapnc [9], aKi mociimXyBaJau CUMETpIiiHI BJIACTHUBOCTI
piBHSIHB TUDY31i — KOHBEKIIT
up = O (D(u)ug) + f(u)uy.

Barommii BHecOK y riboMy HanpsiMKy 3pobwn 1. IT1. Axartos, P. K. I'a3izos i H. X. I6parimoB.
Y pobori [10] BoHM nTpokaacudiKyBav CUMETPiiiHI BJaCTUBOCTI PiBHSIHHS

up = G(Ug ) Ugy.

P. O. IlommoBuu 1 H. M. IBanoBa B po6oti [11] mpoBenu moBHY I'pyHnoBy Kiiach@ikalliro Ta
TOCTi VIV TIepeTBOPEHHS €KBiBaJIEHTHOCTI PIBHSIHD BUTJISITY

f(@)ur = (g(x)a(uw)ug)z + b(u)ug.

A. M. Cawmoiinenko Ta B. 1. Jlarno [12, 13], B. I. Jlarno, C. B. Cmivak i B. I. Ctorniii [14],
P. 3. XKmanos [15, 16], a Takox I1. bacapa6-T'opsart [15] y 3a3HaueHnX pobOTax MpOBEIN TIOBHY
IpyIoBY KiacubiKallilo HailOiIbII 3arajbHIX KBa3UIIHIMHNX PiBHSIHB €BOJIIOLIHOTIO THILY

up = F(t, z,u, ug)Uze + G(t, 2, u, uy).

C. B. Cmivax i B. I. Crorniii [17, 18] omep:Kaiau MaKCHMaJibHI TpyIId II€PETBOPEHb 1 MO-
OymoyBanM HesKi KJIaCH TOYHHX PO3B’SI3KiB ISl omHOBUMIipHOro piBHSHHSI Pokepa—IliaHka 3
TOBUTBHUMU TOCTaTHBO TIankuMu GyHKismu A(t, z), B(t,z):

ou 0 1 0%
— = ——A(t,2)u] + === [B(t, z)ul. 2
S = — LA o)) + 5 5 Bt )] @

Y poborax [19—-22] 3 TOYHICTIO IO MEPETBOPEHDb €KBIBAJEHTHOCTI MPOBENEHO BUYEPITHUIA
aHati3 cuMeTpiit JIi HeiHIAHOTO piBHSIHHA peakKllii — KOHBEKIIil — mudy3ii

y BUTIAJIKY ONHIET TPOCTOPOBOI 3MIHHOI. JlesIKi Ki1ach TOYHUX po3B’SI3KiB IIHOTO PIBHSIHHS ITO0Y-
moBaHo B poborax A. ®@. bapannmnka, T. A. bapannuka, 1. 1. FOpuka [23, 24].

TakuM YMHOM, IPOTATOM OCTaHHIX POKiB 6araTo yBaru MpHIUISIIOCS JOCIIKEHHIO KJ1aCHd-
HMX CUMETpIil PiBHIHHS peakilii — KOHBeKIIii — nudy3ii, OCKUIBKM PiBHIHHS IILOTO KJIacy 3aiiMa-
FOTh BaroMe MicClle cepel pIBHIHb MaTeMaTUYHOI (PI3UKU.

PosrisiHemo (1 + 2)-BuMipHe piBHSIHHS peakiiii — KOHBEKIIi1 — nudy3ii

up = 0, (fO(w)ug) + f4(u)ug + h(u), 3)

ne u = u(zo, r1,T2), To — YacoBa 3MiHHa, 1, To — MPOCTOPoBi 3minHHi, fO(u), f(u), h(u) —
TOBUTBHI TankKi GyHKIIT, KoedimieHTn orudy3ii, KOHBEKIIi Ta peakIii BIIMOBiTHO, iHIEeKC 0Oi-
19 YHKIIT BHM3Y O3Hayvae OudepeHIiloBaHHd 3a BiIIOBITHOIO 3MIHHOIO; I iHIeKcaMU, SIKi
TIOBTOPIOIOThCS, IOTPIOHO PO3YMITH MinCyMOBYBaHHS, a € {1,2}.
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PiBustaHA (3) BUKOPHUCTOBYETHCS IJISI OIKCY Pi3HMX (i3MYHMX IIPOIIECiB, 30KpeMa MpOoLeciB
TEIUIONPOBITHOCTI, OUdy3ii Ta KOHBeKLii (muB., Hampukiaan, [25—28]). BoHO 3acTOCOBYEThCS
IIJTSI MOIETIOBAHHS PyXy YaCTWMHOK, eHeprii a00 iHmmX Gi3sMIHNX BeJIMIMH y TIeBHI# GI3WUHIN ch-
cremi. Tak, Momudikaiii piBHSIHHES (3) BUKOPUCTOBYIOThLCS IJISI MOIEIIOBAHHS IIEPEHOCY eHepril
B 1ma3mi [29, 30], po3momiyly po34mnHiB y TPYHTI, pyXy PiIVH Y TIOPUCTOMY CEPEIOBUIIII, IIPO-
IeCiB XeMOTaKCHCy Ta IHIIMX Pi3myHuX 1 6i0xiMiuHMX IIponeciB. [Ipy KOHKpeTHMX 3HAUSHHSIX
Heniniiinocreit f0(u), f@(u), h(u) piBHsAHHS (3) BUKOPUCTOBYETLCS IUIS OMKCY TIEPEHOCY KHC-
HIO B KPOBOHOCHIM CHCTeMi, MOIEIIOBaHHS POCTY TPOMOY B IPHCTIHKOBOMY moTtomi. OoHUAM i3
3aCTOCYBaHb JAHOTO PIBHSIHHS TaKOX € ITOCHIIKEHHS IPOLIECIB PO3IIOBCIOMKEHHS PEYOBUHU,
sKa 3a0pymHroe Bomoiimu [25]. I'imponmHaMiyHa HECTIMKICTh, 10 BUHUKAE MOOIM3Y MOBEPXHI
PO3IIONLTY ABOX PiIVH, SIK1 He 3MIIIYIOThCS, 1 OIUCYEThCS PiBHAHHSM (3), 3yCTpi4aeThesl B TAKUX
rajyssx, K HadTonepepobKa, IIporecy TOPiHHS, cerapalis pyn i T. i. PiBasaHa (3) Mae mmpoke
3aCTOCYBaHHS TaKoX y Oiomorii [31, 32], ximii [33, 34] Ta iHIIMX raxy3sx Hayku [35—42].

ITocTaBuMoO 3amavy npoKjaacuGpIKyBaTH CUMETPINHI BIACTUBOCTI piBHSIHHA (3) 3aJIeXKHO Bil
3HaYeHb HEeHIMHOCTeH, IKi BXOOITh B IIe PIBHSHHS, Ta 3aCTOCYBATH 3HAWIEHI CUMETpii s
MoOYIOBYM TOYHMX PO3B’SI3KIB TaHOTO PiBHSIHHS.

2. 1. CucreMa BU3HAYAJIbHUX PiBHAHDL. OCHOBHA ajredpa iHBapiaHTHOCTI.

OsHaueHnsi. OcHogHOMW anzebporo ineapianmHuocmi pieHsiHus (3) Haseemo aneebpy, 6IOHOCHO AKOT
OaHe pieHAHHSA iHeapianmHe npu 08inbHUX eueasdax Heainitinocmeii O, 2, h.

CrpaBenjiuBe Take TBEPISKEHHS.

Teopema 1. OcrogHoro aneebpoio insapianmuocmi pieHsnus (3) € aneebpa

0 0 0
<80 8370 ) 81 8%1 ’ 82 af]?Q > ( )

ZloBenenns. IndiHiTe3MMaNbHII OllepaTop ajareOpu iHBapiaHTHOCTI piBHSHHS (3) Oymemo
3HAXONWUTH y BUTJISIII
X =& (z,u)0, + n(x,u)0y, )

ne x = (rg,r1,22), p="0,2, &#, n — mykani GyHKIii.

3actocyBaBmm mo pisHSHHA (3) anmroputMm C. JIi (mms., Hanpukian, [43, 44]) omepskuMo
CHCTEMy BU3HAYaJILHUX PiBHSHB BiHOCHO HenmiHiliHOcTel f°, f?, h Ta KoopmuHaT &, 1 ore-
patopa (5):

& = €0 = M =0, (6)

&§=6, &§+&=0, ()

nf® = (26 — &) f°, (8)

nf* = (&1 = €)dab + Efea] f* — 200 f” — 2(aqu + ba) f = &, 9)
nh = (a — €)h — (Aau+ Ab) fO — (aqu + ba) f* + agu + bo, (10

e (Ogp) = <(1) (1)) — cumBon Kponekepa, (e45) = <(1) _01> — aHTUCUMETPUYHUI TEH30P;

IKIo GYHKIIIS 3a71€KUTh JWIIE Bil omHIel 3MiHHOI, TO Kpallka HaJ Helo o3Hadae nudepeHIlio-
BaHHS 3a JAHOIO 3MIHHOIO.
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I Toro mo6 3HAWTH OCHOBHY alrebpy iHBapiaHTHOCTI piBHSHHS (3), IIPUITyCKaEMO, IO
f°, f* h — nosinbHi rmanki ¢ynkuii. e nae MoxausicTh “pozuenuti’” cuctemy (8)—(10)
3a UMY GYHKISIMA Ta iXHIMA IOXITHUMH. Y pe3ybTaTi PO3YEILIEHHS ONEepP>KUMO CUCTEMY
BM3HAYaJIbHUX PiBHSAHB BiTHOCHO PYHKIIIN ¥ 1 n:

y=¢& =0, n=0. (11)
3araabHUM po3B’sa3koM crcteMu (11) € pyHkmii

fH=cu, n=0, (12)

ne ¢, — noBuIbHI cTai. Oneparop (5) 3 dynkuiamu (12) nopomxye anrebpy (4).

Teopemy 1 moBemeHo.

3. IlepeTrBopenns exBiBaseHTHOCTI piBHAHHSA (3). OcKinbKy piBHSHHES (3) MICTUTH JOBLIbHI
dyukuii f°, f¢, h, BOHO omUCye AesIKUii Kjac piBHIHb. [Ipy HOCTiAKEeHH] CUMEeTPiiiHUX BIaCTH-
BOCT€l IIEBHOTO KJIacCy PiBHSIHb BasKJIMBe 3HAYEHHST Ma€ pO3IJIS IePeTBOPEHDb eKBiBaJIEHTHOCTI
JIAHOTO KJIacy. 3a JOIIOMOTIOI0 IepeTBOpeHb €KBIBAJIEHTHOCTI Kjac AudepeHIialbHIX PiBHIHb
MOXXHA TOIIJIUTH Ha HEeeKBIBaJEHTHI IIOKJIACH, BUIUIMBINM IIPYA IbOMY B KOKHOMY 3 ITiIKJIa-
CiB KaHOHIUHI piBHIHHS. J[OCTaTHLO HOCTITWTH TITBKM KAHOHIYHI MPENCTaBHUKM 3 KOKHOTO
MiaKJIacy, o6 3poOUTH BUCHOBOK IIPO CUMETPIiiHI BIACTUBOCTI BCiX pIBHSIHB TaHOTO KJIAcCy.

3HalimeMo TTepeTBOPEHHST €KBIBaJICHTHOCTI piBHIHHS (3), K1 6yIeMO BUKOPHMCTOBYBATH TIPH
IIpOBeAeHHI NOBHOI TPYNOBOI KiaacudiKamii IIboro piBHSIHHSL.

Teopema 2. MakcumanbHoro 2pynoo HenepeperHux nepemeopers ekeieanleHmHocmi pieHsnHs (3)
€ epyna nepemaeopeHs, Cynepnosuyis AKUxX Mae euenso

th = oy + mo,
7 = e (ab cOS Oz + €4p Sin b2)xp + qazo + Mg,
o = elu +m,

(13)
fO' — 6291—90f0
[ =% [691 (8qp COS O3 + €qp sin B) f — Qa] )
h/ — ee—eoh’

de qq, 0o, 04, 0, mg, my, M — 008IAbHI 2pYNOGI NApaAMempl.
TeopeMa 2 MOBOOUTHCS 3a TOIIOMOI'OIO METOMY, 3alIPOIIOHOBAHOTO B poboTax [14, 45].
OKpiM HenepepBHUX, KJIac piBHSIHG (3) Ma€ 1iie i JOJAaTKOBI IIepETBOPEHHS €KBIBaJIEHTHOCTI.
IMocTaBuMO 3amauy 3HAMTH BC1 MOXKJIMBI HEBUPOIKEH] JIOKAIbHI IIEPETBOPEHHS BUTJISIY

yOZG‘('T?u)’ Ya :ba(],"u)’ U}:C(SC,U), (14)
SIK1 3BOISITH TOBUJIbHE PIBHAHHS Kjiacy (3) 1o piBHSHHS TOTO 3K KJIacy:
Aw = FO(w)wo + F*(w)w, + H(w), (15)

ne xr = (:UO? xy, .’,12‘2), U = u(x), w = w(y07 Y1, yQ)v FO = Fo(w)v F* = Fa(w)v H = H(’LU) -
IOB1JIBHI TJIaOK1 QYHKIIII.
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Teopema 3. byov-sike pisnsinus (3) 3600umobcs 00 pieHsinHs (15) 3a donomozor HeaupoouceHoi
A0KaAbHOT nidcmanosku (14) modi i minvku mooi, Koau ni0CMAaHo8Ka mMae 8u2iso

Yo = a(:UO)a Ya = ba(:E)v v = OL(ZE)U + B(l‘)v (16)

npuvomy gynxyii a, b, o, B, f°, ¢, h, FO, F* H 3adogoavraroms ymosu

ac(bibs — byb) # 0, (17)
b2 =0, (18)
byby = b2b2, (19)
baba f°(u) = aF°(v), (20)
2 . 2
— = by (owt+ By) O (u) = Zanby £ () = 0f + 05 f*(u)+ = aF"(v), @1

agu -+ o — | >aaaqu + ) — (Bau+ B6)| °(u)+

2 (gt Ba) qu + 5a) () — (oau + o) f*() +ah(u) =aH (). (22)

JHoBeneHHs TeopeMU 3 MPOBOAUTLCS 0€3MOcepenHbOIO TiacTaHoBKo (14) y piBHsHHS (3) Ta
TIOPIBHSIHHSIM OTPUMAHOTO PiBHSIHHSA 3 piBHIHHSIM (15).

4. Heo0OxigHi yMoBH po3mHpeHHsI 0OCHOBHOI aire0pu inBapianTHocTi piBHsanns (3). 3ayBaxku-
MO, 10 Yy BUManKy f® = 0 (BiOCYTHICTh KOHBEKTHBHUX IONAHKIB) pe3yabTaTH Kiacudikalii
piBHsHHA (3) HaBemeHo B po6oTax [2, 5]. Tomy Hamani Mu 6ymeMo BBaxatw, o |f1| + |f2| # 0.

BcTaHoBMO HeoOXimHI yMOBM pPO3IIMPEHHST OCHOBHOI anrebpw iHBapiaHTHOCTI (1 + 2)-
BUMIPHOI'O PIBHSIHHS peakiii — KoHBeKIii — mudy3ii (3). To6To, BKaxkeMo BUIIISAI HEIIHITHOCTEM
f°, f% h, npu sKux piBHaHHA (3) Moxe OyTU iHBapiaHTHe BiZHOCHO ajare®pHu, HMIMPILOI, HixX
anrebpa (4).

Teopema 4. Jl1s moeo w06 pisHauns (3) 0onyckano posuuperus 0CHOGHOT anzebpu IHeapianm-
Hocmi (4), HeobxioHo, w06 Heainiiinocmi fO, f*, h, 3 mounicmio 00 nepemeopens exeieanreHmHoCi
(13) ma (16)—(22), maau euennd, nasedenuti y maba. 1.

Y 1abn. 1 Kgp(u) = dqpcOSpu + eqpsinpu, Ag, A3, A1, As, k, m, p — NOBLIBHI CTaI,
X2£0, s e {0,1}.

ZloBenenns. BuznauanbHy cucremy (8)—(10) 6ymeMo po3B’sI3yBaTH 3a JOIIOMOTOIO METOIY
BBEIEHHS CTPYKTYPHUX cTanux [46, 47]. Y gaHOMy BUITAIKY CTPYKTYPHI 3B’ SI3KM MalOTh BUTJIS

a=kip, b=kap, 24 —-& =kp, & —&=mp, & =py,
Qg = OgP, be = /BaSO7 561 = Yap, a— 58 = (2m + k1 — k)907 (23)
Aa=r1p, Ab=qp, ao=r2p, by=qp,

ae k, m, p, kq, qu, Ta, Qa, Ba, Yo — MOBUIBHI CTaI, IKi HA3BEMO CTPYKTYPHUMU KOHCTaHTaMH,
¢ = p(x) — noBinbHA raaaka GyHKIS.
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Ta6n. 1. Burmsan HeTiHIMHOCTEM, TIPU IKUX MOXKJIMBE PO3IIMPEHHS OCHOBHOI anre6pu
1HBapiaHTHOCTI piBHIHHA (3)

Nen/m | f© fe h YMoBU
1 et | Ape™ K gp(u) Age(Zm—s)u (m,p) # (0,0), m # s
2 e AU Age Y
3 e Ape K gp(u) Aze
4 uF | \pu™ K (Inw) Azu2m—h+l m # k, (m,p) # (0,0)
5 u® Ao Inu Agu~F+1 k+#0
6 uF | NpuF Ky (Inw) Aguftt k#0
7 1 Aol A3+ g
8 1 Ao Inu w(A3In? w4+ Mg Inu + As)

MMincraBusum ymosu (23) B cuctemy (8)—(10), 3aBusku moBinbHOCTI GyHKLIT p(x) omep-
SKMMO

(k1u + ko) fO = k f°,
(k1w + k2) fo = (mup + peap) ¥ — 200 f° — 2(aqu + Ba) f* — Ya, (24)
(k1u + k:g)h = (2m —k+k)h — (riu+ q1) f° — (qu + Ba) f* + rou + ¢o.

Cuctema (24) Ha3uBaeTbCs CTPYKTYpHOIO s GyHKUiin f9, 2, h.
Jl71s1 crIpolleHHS CTPYKTYPHOIL cucTeMu (24) 3aCTOCYEMO MePeTBOPEHHSI €KBIBaJICHTHOCTI BH-
LISy

xy =10, T =xq+ 020, W =u, fO=f fC=f"—0, K =h (25)

Ilepenucyioun cucteMy (24) B IITPUXOBAHUX 3MIHHUX Ta IMiACTaBjIsTI0oun B Hel popmynn (25),
OLEPKYEMO

(k1w + ko) fO = kf°,
(k1w + ko) fo = (mbap + peay) f* — 20 0 — 2(iqu + Ba) f* = T,
(k1w + k)b = (2m — k + k)b — (ru+ q1) f° — (a4 Bo) f* 4 Rou + Qo
e
Lo = [mbab + peab) Oy + Vas

RQ - eaaa + ro, QQ = aa/Ba + qo.

Sxkimo
m? +p? 0, (26)
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TO ImapamMeTpu 6, MoxHa Iimidbparu Tak, mob I'y, = 0. Tomy y Bumanky (26) 3 TOYHICTIO IO
repeTBopeHsb (25) MoXkHa BBaxkaTu ~y, = 0.

Po3p’s30k cucteMu (24) 3ajeXWTh Bil 3HaueHb CTalnx ki, ko, k. MaioTh Miclie I’SITh
HeeKBiBaJIEHTHUX BUITAMIKIB:

1) k1 =0, ko =0, k= 0;

2) k1 =0, ke #£0, k # 0;

3) k1#0, ko =0, k #£0;

4) k1 =0, ks #£0, k=0;

5) k1 #0, ke =0, k=0.

JloBemeHHs TIpoBeneMO Ha MIPUKIIal BUMTAOKY 2.

Hexait k1 = 0, ko # 0, k # 0 (He 3MEHIIYIOUYM 3araJbHOCTI, MOKHA BBaxkath ko = 1).
3 ymoBu (23) onepxkyemo, 1o a = 0, b = ¢, 1110, B CBOIO YepTy, HAKJIaJa€ YMOBU

g =1,=0

Ta
b=2 — &), mb=¢& — &), pb=¢&1, b= (27)
3 piBHsHB (27) Maemo
(2m — 1)&} = (m —1)&0. (28)

Basapim nudepenItiaabHi HACTIAKY piBHIHHSA (28) 3a 3MIHHUMHM =1 Ta T9 Ta BUKOPHUCTABIIN
(7), orpMaemo

m(2m — 1)b, = 0. (29)

IIpomnndepeHiitoBaBIn OCTaHHE PiBHAHHA (27) 3a 3MIHHUMMU I, Ta BUKOPMCTAaBIIM DPiB-
HicTb (29), omepxuMo

m(m —1)(2m — 1)by = 0. (30)
. . . 1
3 ymoB (29) ta (30) BumIMBalOTh Taki HeeKBiBaJIEHTHI BUTIAOKU: a) m # 0, 3 1;6) m =0;
1 .
B) m = 5; r) m = 1. Po3rissHEMO KOXKeH 13 HUX OKpPEMO.

1
a) m ?é 0, 5, 1.
3 ymoB (29) Ta (30) maemo b — const. Tomi B, = g, = 0. ¥ maHOMY BUIAIKy BUKOHYETHCSI
yMoBa (26), 3 sIKOi BUIIIUBAE, 110 vy, = 0.
Takum ymHOM, crucTeMa (24) Ma€e BUTJISL

FO=f fo=(mbu+pea)f’, b= (2m—1)h. (31)
3araipHUM po3B’I3KoM cucTeMH (31) € pyHKITii
O =Xoet,  f= Xpe™(Oap cOSPU + Egpsinpu), h = AgelZm—1u (32)

Ie Ao, A1, A2, A3 — IOBLUIBHI cTai. 3 TOYHICTIO O IepEeTBOPEHb eKBiBajeHTHOCTI (13) MOXKHa
BBaXKaTl Ao = 1.

OTxe, MU omep>kany BUITagok 1 3 Tabm. 1 mpm s = 1.

6) m =0.
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3 ymos (23) Mmaemo 3, = q, = 0. Tomi cucrema (24) Ma€e BUTIISI

=1 fo=peaf’ —va h=(2m-1)h. (33)

Po3p’s130k cuctemu (33) 3a51eXUTh Bid cTaol p.
61) p # 0 (3 ymoBu (26) v, = 0).
3araabHUM po3B’s13KoM crcTeMH (33) € pyHKIii

o=, fT = NKa(u), h=Xe ",

Ie \g, A, A2, A3 — IOBLUIBHI cTali. 3 TOYHICTIO IO IIepeTBOpeHb eKBiBajeHTHOCTI (13) MoXHa
BBaxkKaTl Ay = 1, mio moroBHIOE dopmynn (32) mpu m = 0.

62) p = 0.

3arajJbHUM pO3B’ SI3KOM cHCTeMHM (33) 3 TOYHICTIO IO IEepeTBOpPeHb eKBiBasieHTHOCTI (13)
OymyTb HEJTiHIHOCTI

fo=e" fr=Xu, h=Aze,

oe A1, A2, A3 — HOBiNbHI cTami. TobTo cripaBenivBuil BUMamoK 2 i3 Taoi. 1.

B) m = 5
AHaJI0r14yHO IO BUIIAIKY 61) OTPUMYEMO

fo=e*, fr= )\be%“(éab cospu + egpsinpu), h = As,

1
1II0 TOIOBHIOE opmyinu (32) mpu m = o

r) m =1 (3 ymoBu (26) v, = 0).
Toni cucrema (24) mae BUTTISA

fO=12  fo=(0w+pea)fts h=h+q. (34)

3arajJbHUM pO3B I3KOM cucTeMu (34) 3 TOUHICTIO IO ITepeTBOpeHb eKBiBajeHTHocTi (13) Ta
(16)—(22) 6ynyTh QyHKITIi

fO=ef fO = Ne Kop(u), h=Aze?,

Ie A1, A2, A3, Ay — HOBUIBHI cTajdi. OTXe, MaeEMO BUMNAIOK 3 3 TaoI. 1.

Bunanok 1 3 Taba. 1 mpu s = 0 oTpumyeThes y Bumanky 4) k1 =0, ko # 0,k = 0.

IHimi Bunankuy 3 Tab1. 1 TOBOOATHCSI aHAJIOTIUHO.

TeopeMy 4 moBeneHoO.

5. locTaTHi yMOBH pO3IIMpPEHHSI OCHOBHOI a1redpu iHBapiaHTHOCTI.

Teopema 5. 15 moeo w06 makcumanvhi areebpu iHeapiaumHocmi pieHaHHs (3) 6yau wupuwumu
nopieHsaHO 3 aneebporo (4), HeoOXiOHo [ docmamHbo, w06 pieHsHHA (3) Mano 00uH i3 HeeKsisaneHM-
HUX 8ioHocHo nepemeopens (13) ma (16)—(22) suensdie, sanucanux y opyeiil Koaonyi maba. 2.
Ilpu yvomy 6i0N0BIOHI MAKCUMANBHI An2eOpU THEAPIAHMHOCMI HABEOCHO 8 mpemili KOAOHUI 0aHOT
mabauyi.
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Ta6m. 2. I'pynoBa kinacudikarlis JOKaJTbHO HeeKBIBaJICHTHIX PiBHSIHD (3)

Neo PiBusannasS MAI YmMoBu
1 | up = 0g(e™uy)+ (8o, Oa, m#s
+ ™ K gy (1) ug + re2m—s)u (m—3s)D + Dy — pJ12> (m,p) # (0,0)
2 | up = 0g(e"uq) + Aquug +re (80, O,
D — Dy — 20Xa0a)
ug = Og(e"ug) + Npe" Kop(u)ug + re® (80,04, Do — pJi2) s=1
4 | ug = O(uFug) + M Ko (In w)ug+ (80, 0q, (m — k)D+ m # k,
+ry2mhtl +Do — pJi2) (m,p) # (0,0)
5 | ug = Oa(uFuy) + Inudgug + ru=kF1 <3o, O, k#0
kD — Dy — 9Aq0a)
6 | up = Oa(uFuy) + Nyu™Kap(Inu)u, (80, 0a, Do — pJr2) kE#0,p#0
+Tuk+1
7 | ug = Oa(uFug) + uFAgug + rubtl (80,04, Do) k #0,
A(k 4+ 1)r # X2
8 | uo = Oa(uFuy) + uFAqu, + 4(]:\_7_1)uk+1 (80, 0a, Do, Qa) k# —1;0
9 | ug = Au+ ulug £ u <80, Oa, ga>
10 | ug = Au + udlgug <30, Ou, D — Oy, g>
11 | up = Au~+ulnuduug + 7 <80,8Q,G>
12 | ug = Au+ NgInuu, Tulnu <80,8a,H>
13 | ug = Au+ 2Inudgue+ <80, Ou, Y>
+X2u(£In%u + q)

Y 1abi. 2 BBeneHO Takl MO3HAYEHHS:

Ji2 = 2901 — 2102, D = 22000 + 2,0q,
DU = 81‘080 — 8u, Do = k‘l‘oao - u@u,

Aa
H = ei:co (Aaaa + uau)v ga = eiaco (aa + ;\28u>7

G = 20\g04 — 81“ G = 20X\q0q — Uau;

) X220 X\g
Y — 6(1 Q)N zo )\acuam
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X?
_ o w L _ S
Qi=c¢ !()\acosw+)\a sinw)d, 30+ 1) coswu@u],
XQ
Q2 =e% (—)\[Jl_ cosw + )\a Sil’lu))aa - m Sinwuau 5
e k k
L L A e
w= 4(k+1))\m, w 4(1{:—1—1))\ z,

M= (=2, A\1) — BeKTODp, MEePIEHIMKY/SIPHUAI 10 BEKTOPA X, k, m, p, q, \1, Ao — HOOBUIbHI
cram, r € {—1,0,1}, s € {0,1}, X2 #£ 0.

loBenenns. I BCTaHOBJIEHHSI TOCTAaTHIX YMOB PO3IIMPEHHS OCHOBHOI ainreOpu iHBapiaHT-
HOCTI piBHSHHS (3) MOTPiOHO BUKOPHUCTATHU Pe3yIbTaTH TeOpeMH 4, TOOTO JOCIIAUTY CUMETPIiiiHi
BJIACTMBOCTI piBHSIHHA (3) IJ151 KOXXKHOI0 Habopy HeJiHifiHocTei 3 Tabo. 1.

JloBeneHHs IpoBemeMo Ha IpuKiIani Bunagky 6 3 Tabi. 1. [l gaHoro BUnagKy

fO=uk,  fo=AuFKg(nu), h=urtl, k#£0. (35)
[TincraBuBim dbyHKii (35) y cucteMy Bu3HadaJlbHUX piBHAHB (8) — (10), onep>kumo
b= Oa ka = 25% - €87 5(()1 = 05 ap = 07 (36)
)\ba(kKab + Kab) - [(5% - 58)5ab + E%Eab} )\chc = 2(k + 1)aaa (37)
As(ka + &7) = =M Kapa. (38)

PosB’a30k cucremu (36) —(38) 3ayexKuTh Bil 3HaAYEHb CTAJIOL p.
Sxmo p # 0, To 3 piBHAHB (36) —(38) onepkumo

b=0, a,=0, &=0, & =0 ¢ =pa, ka+&)=0. (39)
Y npoMy BUIIAIKy 3arajlbHUM pO3B’SI3KOM CHCTeMH piBHSHb (39), (6), (7) € pyHKIIii
&Y = keowo + do, £ = peoeapas + da, M= —cou. (40)

®opmynu (40) 3anaroTh MaKCUMabHy anrebpy iHBapiaHTHOCTI piBHSAHHS (3): (Do, g, Do —
— pJi2). TobTo cpaBenuBMii BUnanoK 6 3 tabi. 2.
SIkimo p = 0, To 3 piBHSIHB (36) — (38) oTprMaemo

b=¢& =0, (41)

ka =26} — &0, (“2)

2(k + 1)aq = —Xa& + A\g 7, (43)
(N2 = 4(k + 1)A3)Ef =0, (44)
&0 = 0. (45)

Po3p’ 30k cuctemu (41) —(45) 3amexXuTh Bil cTajaoi A\3. MOXIIMBI Taki HeeKBiBaJICHTHI BU-
MMaIKU:
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1) 4(k+1)Ag # X2;

2) 4(k+1)Ag = X2

PosrisgHeMo KOXXeH BUIMaI0K OKPEMO.

1) 4(k 4+ 1)As £ X2,

3araabHUM pO3B’I3KOM CUCTeMU PiBHSIHDL (41) —(45), (6), (7) 6ynyTh GyHKITIT

¢ = kegzo + do, €% =da, 1= cou. (46)

dopmynu (46) mopomKyoTh anredpy (Jy, Oy, Do = kx40, —ud, ), 1O CHIBMANA€E 3 BUTIATKOM 7
i3 Tabim. 2.

2) 4(k+1)As = 22 (3 TOYHICTIO IO IIePETBOPEHb €KBIBAJICHTHOCTI MOKHA BBaXKaTH A3 = 7).

3 (42) - (44) maemo

4(k +1 >
T et + et =0 @7
3araJbHUM pO3B’SI3KOM piBHSIHHS (47) Oyne QyHKIIisT
& = eP(w), (48)
e =1y(w) OBLJTbHA TMaaKa QYyHKLIS, w = —LXL* = —LX* Bpaxysas
i (7), 13 (48) onepxyeMo
& = ey, (49)
I3 cymicHocTi cuctemu (48), (49) BurummBae
U+ =0. (50)

3araabHUM po3B’g3KoM piBHSIHHA (50) 6yme
1) = ¢1 COsSwW + ca sinw,
Ie c¢1,co — IOBUIBHI cTami. Tomi

f% =e"(c1 cosw + e sinw),

(51
£ = e“(crsinw — ¢z cosw).
Bukopucrasmm dopmynu (7), oTpMaEMO TaKOK
£2 = e¥(—cy sinw + ¢z cosw),
(52)
£2 = €“(ci cosw + cpsinw).
3arajJbHUM PO3B’SI3KOM cUcTeMU piBHAHB (51), (52) € dyHKIii
4(k+1 - -
¢l = —(l{;;)ew()\é'cosw—l—)\Lé'sinw) +d, (53)
4(k+1 - >
€2 = —(k;\,_z)ew()\LECOSW — A@sinw) + da, (54)

me dqi, do — cTai IHTerpyBaHHSI.
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3arajpHUM PO3B’SI3KOM piBHSIHHS (45) Oyne dyHKITisT
€0 = keozo + dp. (55)
I3 (42) 3 ypaxyBaHasIM (55) OTprMaEMO

2
n= %ew(clcosw + cosinw) — ¢p) | u. (56)

®opmynu (50), (53), (55), (56) 3amaroTh TaKy MaKCUMaJIbHY aaredpy piBHSHHS (3):
(a()a 80,3 Qh Q27 DO = kxoao - U8u> )

TOOTO MAaEMO BUMAIOK 8 i3 Tab. 2.

Jrg iHmmx HaOopiB HeMTIHIAHOCTEM, HaBedeHNX y TeopeMi 4, MOBeIeHHS ITPOBOINUTLCS aHa-
JIOT1YHO.

TeopeMy 5 moBeneHo.

6. Touni po3s’sa3ku. [locTaBumo 3amauy moOynyBaTH TOYHI PO3B’SI3KM (1 + 2)-BUMipHOTO
PIBHSIHHS peakilii — KOHBeKIlii — nudy3ii (3).

PosristHeMo 1151 IpUKIany piBHSIHHA 3 I1. 8 Ta0uI. 2:

X2
uy = g (uPuy) + uPNgug + ———uFt k£ —1;0. (57)
4(k+1)

Cepen piBHSHD 13 HEHYJIHOBMM KOHBEKTHBHHMM IONAHKOM Ile¢ PiBHSHHS Ma€ HaWIIUPIIMIA KJ1ac
cuMeTpii. loro MakcuMasbHa airebpa iHBapiaHTHOCTI 3a1A€ThCSI OMEePaTOPaMu

(Oo, O1, G2, Do, Q1, Q). (58)

Buxopurcraemo cuMmeTpiliHi BIaCTUBOCTI piBHIHHS (57) mj1s1 ToOYIOBY iHBapiaHTHHX aH3aIliB,
penyKIli Ta 3HaXOIXKEHHS MOTO TOYHHUX PO3B’ A3KiB.
BukopucTaBiim 3aMiny

7]&/\? Ty — T i A\ — @ i )\—ﬁf—>aj u—u (59)
16(k +1)2""° 4k +1) T Ak + 1) . ’
rnepenmeMo 10 PiBHSIHHSA
1 1
Uy = 8a(ukua) + 4]{: + uFuy + 4%2/”1. (60)

Ilepmii yotnpy omeparopu aiarebpu (58) y HOBUX 3MIHHMX MaTHMYTh TOH K€ BUTIJISIH, 3Mi-
HATHCS Julle ()1 Ta (2. BoHn HaOynyTh BUTTISITY

_ . 2
Qr=e ™ (cos L9071 — sinxody — z COS Toudy, |,

2
Qo =e ™t <sin T901 + cos x909 — z sin arguau).
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IIpoBenemo penykmiro piBHIHHS (60) D0 PiBHSIHHSA 3 MEHIIIOI KiITBKICTIO 3MiHHIX, BUKOPH-
CTOBYIOUM Haili3araJIbHIIINN BUTJIAH OllepaTopa 1HBapiaHTHOCTI

X = dp0y + do0q + coDo + c1Q1 + 2Q2. (61)

OnuH 3 ans3anis (ouB., Hanpukian, [48]), oTpuMaHuil 3a JOIMOMOrow omeparopa (61) mpu
yMOBI ¢y = dy = d; = 0, Ma€ BUTISL,

u= e p(xo,w), W= i(x2)e™ +me, (62)

ne z = z(xg) = ¢1 cos T + co sin xo. JlaHmit aH3an penykye piBHSIHHSA (60) 10 nudepeHIiaaTbHOTO
PIBHSIHHS
o = (4mw + Z%)0u (P ¢u) + 4me ..

IIpunyctupim, o m = 0, IpUAIeMO I0 PiBHIHHS

o = Z20u (" ). (63)
Bukopucrasimm 3amMiHy
Ty — 81—2560, w—=w, p—p (64)
OIeP>KMMO PIBHSIHHS
0o = 0u("00). (65)

Teopema 6 [2]. Maxcumanvrorw aneebporo ineapianmuocmi pieHsaHus (05) ¢ aneebpa
1)

<80, 0., D = 2x¢0y + wi,,, Dy = kxgOy — g08<p>,

akuwo k # —%;
2)
(00, Oy Do = 42000 + 3¢90y, D1 = 2wy, — 300y, K = w?d,, — 3wpd,), (66)
4
AKwo k = —3

Buxopucraemo niiBCbKy CUMETPiIO piBHSIHHA (65) mig moOymoBy iHBapiaHTHUX aH3alliB, pe-
IYKIIii Ta 3HaXOMKEeHHS MOro TOYHMX po3B’s13KiB (muB. [47]).

. . 4
Hapenemo Burisig HeeKBiBaJeHTHUX aH3alll1B, 10 OOCP2KYIOTHCA Yy BUIIAIKY k 75 — .

3
e=1v(y), y=w+prp; (67)
=120 Y(y), y=uw+plnwg; (68)
o= e ERY(y), Y= Pou; (69)
_142p
o=z, " Y(y), y=aw, (70)

ne p — HoBinbHA cTana (p # 0), sIKa BUpaXkaeThbCsl uepe3 craii ¢y, c1, dy, di.
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s 3HaXOmKeHHsI HeBImOMMX (PYHKIIH 1) HeoOXimHO omep>kKaHi BUIIE IHBAapiaHTHI aH3aIM
MiICTaBUTH Y piBHAHHA (63). B pe3ynbTaTi OTpMMaEMO BiIIIOBITHO TaKi penyKOBaHI piBHSHHS:

Ay (W*y) — poy =0, (71)
8y(1/}kwy) — py — %1/} =0,

0,(64y) — Pyt + S =0,
2 1
0y y) = Py + = = 0.

YacTMHHUMU O3B’ sI3KaMM peayKoBaHOro piBHSHHS (71) € pyHKIii

¥ =(pky+ o)k, k#0; (72)

W = — tanh? (gy—i-c), k:—%; (73)

% = tan? (§y+c), k:—%; (74)

tanh ! (ﬁ) + tan ™! (w%) = —gy +e, k= —Z, (75)

Ile ¢ — IOBLIbHA cTasa, GyHKIIi tanh ! (zﬁ) itan™! (Tﬁ) — obepHeHi 10 tanh (wi) i tan (zﬁ)
BiIIOBiTHO.
BuxopucroByroun anzaii (67) Ta po3s’s3ku (72) — (75), 3HaX0IMMO pO3B’sI3KU piBHSIHHS (57):

1
k

_ Xz _ koo ok 5z pREENED
— e 204D |phi(— 1 I r£= A% k0,
u=e [p Z(4(k+1) Z)e +16(k+1)2x0+c , #
- 1= . 2E2%2 1
u = —e ¥ tanh? [12)2(—4/\L:E')6411)‘“ + 2 08 xo+c|, k= —3
- 22272 1
u = e tan? g,é(— )\L:i’)e_%m +EC xo+c|, k=-—2,
2 8 2
= =, 3. . 2—‘2)\2 3
tanh ™! (e%/\xu%) + tan71<e%)‘“ui> = —Bz(—f/\J‘j:')e*%)‘m e xo+ce, k=-—-—
2 4 2 4
. . .. 4
MakcuMaibHOIO anredporo iHBapiaHTHOCTI piBHHHSA (65) mpu k = —— € anre6pa (66). He

BIIAIOYNCH Y JeTalli, HaBeIeMO BUIJISII HeeKBiBaJICHTHNX aH3alliB, BimMiHHMX Bix (67) — (70), saKi
OIlEPKYIOThCSI B pe3y/IbTaTi

o= w7 2(y), re{-1,0,1},
(76)

tanhflw—i—pxo, r=—1,
)1
y= — + pxo, r=u,
w

tan~! w + pxo, r=1;
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3
o =ux ]wz + r\*%w(y), re{-1,0,1},
(77)

tanh 'w+plnzy, r=—1,
)1
Yy=9 — +plnxg, r =0,
w
tan w4 plnxg, =1,
ne p — NoBiIbHA cTaja (p # 0), dKa BUpakaeThcs uepe3 cTaji ¢y, ¢1, c2, dy, di.

I 3HaXOmKeHHs HeBinoMuX GYHKIIIN ¢ omepsKaHi BUIIe aH3alM HeOOX1MHO MiICTaBUTH y
piBHSIHHA (65). Y pe3ynbTaTi OTPMMAEMO BiIITOBITHO TaKi peoyKOBaHI piBHSIHHS:

_4 1
Oy (V™ 31by) = piy + 3ry 73, (78)
_4 3 4 _1
8y(w 3%) :p¢y + ZZZ}S +3r |y s, (79)
3aranabHuil po3B’ 130K piBHAHHSA (78) ripy » = 0 Ma€ BUTJIAL,
1. 5~ 5+ & 2 1
3¢5 4+~ In - L _V/3tan! ( _11*>—C>—c_4 +c2), 1 #0,
1Y 5 (¢7%+C1)2 o3 (0 51 Ly +c2) 1 7#
Ta
3
4 —i
Y= <3py+0> , a=0.
OnwuH i3 po3B’A3KiB piBHAHHA (79) 1ipy » = —1 Mae BUTIIS @) = 47

Buxopucroyroun dopmynu (59), (62), (64), (76), (77), 3HaxonuMo po3B’ 13K1 piBHIHH (57):

1. ®2—c1®+ 2 2 1
37 o4+ -ln— L Btan ! (D - = =
¢ @t o (D +¢1)? Vatan V3 “

. 9 .
= c1_4p R e 4 1—p52)\2x0 + 02>,
_3
_3X7.-3/VL~ 4 X vl 3 2,272 :
u=e 2"272(A %) —gpe 2 (A az)—zpc AN xg+c , (80)

IIpoBenmemo miHeapu3ailliro piBHSIHHS (65) 3a yMoBU k = —2. 3aCTOCYEMO IO TAHOTO PiBHSIHHS
CYKYITHICTb JBOX IepeTBOPeHb (IUB., Hanpukiam, [47, 49]):

o = Xo, w=w, © = Uy,
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ne v = v(zg, w) — HOBa HeBimoMa QyHKIIis,
To=1t, w=w, V=2,

ne t, © — HOBi He3aJIexKHi 3MiHHI, w = w(t, r) — HOBa 3aJIe>KHa 3MiHHa.
Y pe3yabTati onepKUMO PiBHSIHHS

Wt = Weg -

Lle — niHiiiHe pIBHSIHHS TEIUIOMPOBITHOCTI. BimomMo 0e311i4 i1oro ToYHUX po3B’s3KiB. [ mpu-
KJady pO3TJISIHEMO JeKilbKa 3 HUX:

1
w=t+ 53:2, (81)
w=tx+ éx?’, (82)
w = Cgem%t—‘rmm: + C4em§t+m2z7 (83)
w = @’ =mttpr [c3 cos(2mpt + ma) + ¢4 sin(2mpt + ma)], (84)

Ie mi, mo, M, P, C3, C4 — JOBIJIbHI CTaJI.
BuxopucroByioun po3p’si3ku (81)—(84), 3HaxomuMo po3B’sI3KK piBHAHHS (57), 3ammcaHi B
SIBHOMY Ta TTapaMeTPUIHOMY BUTJISIII:

?

~1
TRy

3 (‘ihf)e—%xf = ea Wm0ty (g 1),
e

U (zg,7) = 036i
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1 - 1 -
Y (xo,T) = c3 cos <2mp52/\2x0 + m7'> + ¢4 8in <2mpé’2)\2xo + mT) ,

T — IOBUIBHUI ITapaMeTp.
OmnuH i3 aH3aIliB, 3a YMOBU ¢y = dg = do = 0 OTpHMaHUIA 3a TOIIOMOIOI0 oreparopa (61),
Ma€ BUTJIS
el + mz(x2)

u = % (22) (20, W), O 542 =0. (85)

Bin penykye pisHsHHs (60) no nudepeHiiaaIbHOro piBHSIHHS

k+2 1
(m? 4+ w8, (" ew) + 2 [—kwe, + ] = Z3¥0-

k2
[Ipumyckaroum, mo k = —2, IPUXOIUMO 10 PiBHSIHHSI

1
(W? +m®) (9 200w = =590 (86)

Po3p’s13k0M penykoBaHoro piBHsHHS (86) (muB. [50]) €

1

2¢3¢ 2 2 1

I{e! e — —tan 'Y 4 Cs, (87)
w2 4+ m?2 m m

e

v
dr
I(v :/ ,
®) / Ves —m2y2 — 2c3lny

c1, C2, €3, C4, C; — IOBLUIBHI CTaII.
BuxopucroByroun an3ar (85) Ta po3B’s130K (87), 3HaX0MMMO pO3B’ 130K piBHSIHHS (57):

2 —1Xz Lsr -
1 2272 e 2 +mz<—)\ )
c3C“N°xg + ¢ 2
I U 1 2 3 - 0 4 _ tan 1 : +C5
=, 17~ m
e M 4 29myz <—)\Lf> e 2N 232 m2 <—)\¢;E’>

OtpuMaHi po3B’sI3KK PiBHSIHHA (3) MOXHA BUBYUTHU 3 TOUYKU 30Py MOKIIMBOCTI IXHBOTO (i-
3UYHOTO 3acTocyBaHHs. Po3risgHemo ix Ha nipukimani po3s’s3ky (80). Heakko 6aumTu, 110 mpu
xg 00 u—0, x7 - 00 u— 0, anpu x2 — 0o u OOMEXKEHE 32 BUKIIIOUEHHSIM TOUYOK Ty = TN,
neJz.

Lle nae migcTaBu CTBEPIKYBATH, 110 JaHUIA PO3B’SI30K MOKe MaTH (pi3ruHe 3acTocyBaHHs. Ha
puc. 1 -3 HaBeneHo Tpadiky JaHOTO PO3B’I3KYy IPM 3HAYEHHSIX 3MIHHOI xo: g = 0,1, 29 = 0,3,
zo = 0,5 Ta oOMexXeHHsIX x1 € [1,2], x2 € [1,2].

OTpuMaHi po3B’sI3KH € ObaraTonapaMeTpUYHMMH ciM’sIMU po3B’s3KiB. Lle mae 3mory 3a gomo-
MOTOI0 BHOOpPY MapaMeTpiB 3aJ0BOJIbHATI KOHKPETHI IIOYaTKOBI Ta KpailoBi YMOBH.

TaknM 4MHOM, MU MPOKJIacU(iKyBaad CUMETPIMHI BIaCTUBOCTI piBHIHHA (3) 3a/1e3KHO BIJI
3HaYeHb HEJHINHOCTEH, SKi BXONITh y e PIBHSIHHS, a TaKOK BUKOPHMCTAINA MOTO CUMETpIii-
Hi BJIACTHBOCTI 111 HOOYIOBU IHBapiaHTHMX aH3alliB, PEOyKIlii Ta 3HAXOMKEHHS MOro TOUYHMX
pO3B’S3KIB.

ISSN 1562-3076. Heniniiini koausannus, 2019, m. 22, Ne 1



KJIACUDIKALIS CUMETPITHUX BJIACTUBOCTEN (1 4+ 2)-BUMIPHOIO PIBHSIHHSI PEAKIII ... 115

2

Puc. 3. T'padix dpyskuii u(zo = 0,5).
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