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Poszenanymo b6acamosumipni Heninitini e8oMOYiliHI PIBHAHHA O0pPY2020
NOpAOKY, 015 AKUX 3HAUOEHO MAKCUMATIbHI aneeOpu IH8apIianmHOCHI.

Knrwouoei cnoea: esontoyiiini pieHanHs, CUCMEMU BUSHAYATbHUX DiG-
HAHb, MAKCUMANbHI aneeOpu IHEaApIiaHmMHOCMI, NepemeopeHHs eK8i6aleHm-
HOCMI.

Beryn. ['pynosi BnacTuBoCTI AudepeHiaJbHUX PiBHAHB 3 YaCTHHHU-
MH TIOX1THUMH CYTTEBO BIUIMBAIOTh HA PO3B’s3aHHS 3a/a4i X 1HTETpyBaHHS.
I'pynoBomMy anamizy audepeHuialbHUX piBHAHb NPUCBSUEHA I[iJIa HU3KA PO-
0iT (mmB., Hanpukiaa, poootu I1. Oneepa - P. Xepenepo [1], P. Birrmiipa,
A.T'. Hikitina [2], P.M. Yepniru [3], P.3. XXnanosa - B.I. Jlarna [4, 5, 6] Ta
1H.), ajne Woro ocHoBu Oyio 3aknaneHo mie C. Jli [7, 8], JI.B. OBcsaaHiKOBUM
[9, 10, 11]. BaxxnuBuMHU Ta aKTyaJIbHUMH 3aJjauaMu SKiCHOT Teopil nudepe-
HIIAJIbHUX PIBHSIHB Ta MaTeMaTU4HOI (i3UKU € TpsiMa Ta oOepHEeHa 3aaadi
rpynoBoi kinacudikanii gudepeHnianbHuX PiBHAHDb 3 YACTUHHUMU TTOX1THH-
M. PO3B’s13aHHIO TakWX 3a7a4 1 MPUCBSIYECHA Halla poOoTa.
PosrnsiHeMo kiac HeNniHIHHUX TudepeHIiaTbHIX PiBHAHb 3 YaCTHHHU-
MH MTOX1THUMH JAPYTOTO MOPSIIKY BUTIISIILY
Au=F(u,uy), (1)

ne x=(xy,X), Xe€R", uy=0u/ox,, A —oneparop Jlarnaca, u =u(x),
F —rmanki gyHkii.

[e#i xmac eBONMIOIIMHUX PIBHAHDb MICTUTH SIK YACTUHHI BUTIAJAKU B1IOMI
piBHSHHA MaTeMaTu4Hoi (i3uku. [lo piBHSAHB 3 kiacy (1) mpUBOAATH pi3HI
¢bi3u4HI 337241, HAMPUKIIAJI, 3a7a49i OMKCY MPOIIECIB TEIUIO- Ta MacOOOMIHY,
MEXaHIKM CYLUIBHOTO CEepeloBHUINa, Teopii (uIbTpalii, pocTy HOIMyJALii,
Gbi3uKu MOpS UL OTHCY PO3IMOALTY KOJMBAaHb TEMIIEpaTypHU Ta COJOHOCTI
Mopsi B TMOuHY Tommo. KpimM TOro ui piBHSHHS B YaCTUHHOMY BMIAJKY €
MOTEHIIaJTbHUMU 0araTOBUMIPHUMH PIBHAHHIMU IU]y3ii 3 po3B's3aHOIO 3a-
Jauero TpymnoBoi kinacugikauii [10, 12, 13, 14].

VY naHiit poOOTiI po3B’sKEMO 3ajady rpynoBoi Kiacupikaiii HeIiHii-
HUX 0araToBUMIpHHUX PiBHSIHb JAPYTOro MOpsaKy. 3a3HauuMo, 110 Y podoTax
[15, 16] oOepHEeHA 3amaua CUMETPIHHOT KiTacudikarii po3risHyTa MOBHICTIO
JUIS 3arajlbHUX OJJHOBUMIPHUX PIBHSHB Ta CHUCTEM JOBUIBHOIO MOPSAIKY Ta
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JUT BUILJICHOTO MIAKIAcy KOHPOPMHO iHBAapiaHTHX PIBHSHB MPOBEJCHO I10-
BHY T'pyIoBY kiacudikamito. ¥ pobotax [17, 18] mu po3B’s3anu 3aaady 1o-
BHOI IpymnoBoi Kiacudikaiii HeJTiHIHHUX OJXHOBUMIPHHUX PiBHSHB JOBLIBHO-
ro HOPSZAKY 1 111 KOH(OPMHO 1HBapiaHTHUX PIBHSAHB, 110 BOJIOAIIOTH Ha-
WIIMPUIMMHU CUMETPIHUMHU BJIACTUBOCTSIMU [TPOBEN PEAYKIIIO.

Cucrema BU3HAYaJbHUX PiBHAHb Ta OCHOBHA ajiredpa iHBapiaHT-
HocTi. Po3riissHemMo kimac eBosomiitHuX piBHSHL BUrsiay (1). Bukopucro-
BYIOUM KJIacM4Hi pe3ysbTaTtu Jli mono nudepeHIialbHIX 1HBapiaHTIB TPyl
MIEPETBOPEHb, JOBEACMO HACTYITHE TBEPIKCHHSI.

Teopema 1. Ocnosnoro ancebpoio knacy pisuans (1) € ancedpa:

AP =(8,0,,J = x,0, —x,0;). 2)

Tyripmami a=1,n, b=1,n, n — KiIpKiCTb MPOCTOPOBUX 3MIHHHX.

Josenenns. Hexait S=Au—F(u,uy), ne Au=20o,u,,, a=1,2,.n,
b=1,2,.n. Tlomiemo iH(IHITE3UMAJLHUM  OIEpaTopoM Ha S

XS =0, ab?] - F,n- F”o 077 .Iigcrasusmm B XS Binnosigui nepuii Ta Apyri

MIPOJOBXKEHHS, MICI Nepexoay Ha MHOTOBMJ Ta PO3IIEIUICHHS BiJHOCHO
CTapUINX MOXIJHUX, OTPUMAEMO PIBHSIHHS:

0 _ 0 _ a _ a b _ 1_ £2 _ _ gn
é:a _Oafu _09514 _Oagb +§a _O’Q;tb’é:l _4:2 _"'_é:n . (3)
Posmieruientss XS BIZHOCHO CTEMEHIB MEPIIUX MOXITHHX 3a MPOCTO-
POBUMH 3MIHHUMHU 33]a€:

0 1
T = 0, 21y =AE" + &G By = 0.7+ 1o (0, = )My = (17, = 260)F + A7,
Burmamox Fu0 = const MW HE PO3TIAAaEMO, 00 BiH € BKE BUBUCHHM
(muB.[9, 10, 19]). Tomy TYyT i mami BBa)XaeMo Fu0 # const . OCTaTOYHO, BU-

3Ha4aJIbHA CUCTCMaA piBHSIHB Ma€ BUTTIAA:
0 0 = b
& =¢), &1 = £1 @), & + & = 26,61, 2a, = AL, 5)
1= alwo, D +b(xo, ), 1F, + [ +ug (1, = E)IF, = (1, =28)F +An. (6)

OcHoBHa anredpa 1HBapiaHTHOCTI KJacy piBHSAHB (1) ommcyeTbes ome-
paTtopaMu, KOOPAMHATH SIKHX 3310BOJIbHIIOTh HACTYITHI PIBHSHHS:

¢ =0,6=0,8+¢5=0,A¢ =0,7=0. (7)
Posp’sskom (7)€  Qymkuii &0 =dy, & =Cyx, +d,, e
C,p = —Cp,.dy,d, — NOBLIBHI CTa, 110 JOBOAUTH TBEPKEHHS TeopeMH 1.

3ayBaxkeHHsi. /. Busnauanvua cucmema (5)-(6) oonoznauno 3adae 6u-
27110 onepamopa iHEApPIiaHMHOCMI 3a0aAH020 KIACY PIBHAHb, A came: SAKWO
pisnanns 3 kaacy (1) € insapianmnum 8ionocHo onepamopa X , mo yeii one-
pamop noguHeH Mamu 8u2iso.
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X = £(x0)0 +£" ()0, +[alo, D+ (. )P, ®)
2. Po3g’azku cucmemu (5)-(6) oaroms noguy epyno8y kiacugikayiro pi-
eHAHHA (1) 8i0HOCHO 6uenady ¢hyukyii F .
3. Aneebpa (2) € npamoio cymoio onepamopa 3cygy no uacy 0, ma af-
eeopu Eexnioa AE(n).

IleperBopennsi ekBiBajieHTHOCTI. Binomo, mo rpymnoBuii anami3 of-
HOTO PIBHSHHS BUSBIBIETHCS TPYIIOBHM aHAJII30M IIJIOTO KJIACy PiBHSHB, SIKI
OTPUMYIOTHCSI 3 JAHOTO PIBHSHHS JOKAJIBLHOI 3aMIHOIO 3MIHHHX 1 MaroTh
13oMopdHi rpymu cumetpii [9, 11]. Tomy 3HaiIeMo JOKaIbHI IEPETBOPECHHS
€KBIBaJICHTHOCTI Ki1acy piBHSHB (1).

Teopema 2. Makcumanvroio nokanvroio epynoro G moukosux nepe-

MBOPEHb eKBI8ANIeHMHOCMI KAAcy egoNtoyitnux pisHanv Au = F(u,uy) €
2pyna, AKa nopoOoACYEMbCsL ONEPAMOpPOM

E =(Cyx, +d,)0, +(C,x, + 5 x, +d, )0, +(Cu+C,)0, +(C, - 2x)Fo,,
oe C,, d,, C,=-C,, x,d,, C, C,—0osinbni cmani.

JloBeneHHs. 3 yMOBH iHBapiaHTHOCTI piBHSHHSA (1) mpH 10MaTKOBUX
yMOBax F“o =0, F,=0 Bimmocro omepatopa E=¢°9,+¢ 8, +10, +

+ {0, , ONEPKYEMO CHCTEMY BHU3HAYaJIbHUX DPIBHSIHb BIJIHOCHO HEBIIOMHX
- £0
(byHKHIH § ’ga ’77’4/:
0_ £0 _ _ _ b _
é:a _é:u _Oﬂéjg _éj _Oﬂé:ba-i_é:a _05

M= Oty =0, =0, = (7, = 26)F.

3aranbHUM poO3B’s3koM cucteMu (9) € dyHKIi, M0 OJHO3HAYHO BH-

3HAa4Yal0Th KOOpAMHATH iH(piHITe3uManbHOTO omnepatopa E . Teopemy noBe-
JICHO.

3ayBaxkeHnHsi. /. I pyna nepemeopensb eK8i8aieHMHOCMI 0AHO20 KIACY

PIBHSHbL CKIA0AEMbCA 13 3CY8Y NO X,,, 3CY8Y NO U , NOBOPOMIE NO NPOCHOPO-

©)

UM 3MIHHUM, DO3MARIE NO X, posmazy no u ma posmsey no F . Ile osua-

yae, wo 36 ’s3na komnowenma oounuyi 6 G 3a0a€mvcsi nepemeopeHHAMU
eKBIBANIEHMHOCMI

o,

X0 —>e SXO +90,
(7 .

X, —~>e 6(Xa COS&S_xb Sln98)+9a, (10)
& .

x, = e ©(x,sinbs +x, cos )+ 6,

o, 6.-26
u—elu+6,,F—>e’l OF.
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2. Kpim nenepepenux nepemeopensv exsisanenmuocmi (10), xknac pis-
HaHb (1) makooic donyckae HacmynHi OUCKpemHi nepemeopeHHs eKeiea-
JEeHMHOCMI:

Xo —> X9, X, > —X,, u—>u, F—->-F,
Xg = Xg, X, > X, u—>-u, F—>-F,

3. [na okpemux piusans euensody (1) echexkmuenumu € 0ooamrosi nepe-

MBOPEHHA eK8I8ANEHMHOCHIL:
AX 1 Ak 1 -2.x
u—>e %, xypo>—e %0 ma u—->u-Ayx,, xg—>-—e 00,
Aok Ao

4. Bci nawi nooanvuti MipKy8auHs 6y0emo 8UKIA0amu 3 mouHicmio 00
BKA3AHUX GUUe HenepepeHUX, OUCKPEemHUX ma 000amKo8uUx nepemeopeHd
€K8I6A/ICHMHOCMIL.

MakcumanbHi aaredpu iHBapianTHocTi. Po3risiHeMo piBHSHHS, 110

Hajexath 10 kiacy (1) 1 MaroTh BUTIISA:
n+2

Au=¢€"f(uy), n=2 ma Au=uﬁf(u—0), n#2.
u

Posrnsinemo 3agauy: 3HaliTH MakcuMalibH1 anredpu iHBapianTHOCTI (MAI)
IuX piBHSAHb. PO3B’A30K 1€l 3a1adi MOBHICTIO OINUCYETHCS 3arajbHUM
PO3B’sI3KOM BH3HauaidbHOI cucteMu (5)-(6). OnHUMU 3 pIBHSHb BU3HaYallb-
Hoi cuctemu (5)-(6) € piBasiHHs KiniHra, a sk BiIoMO 1X pO3B’SI3KU 3aliekKaTh
BiJ 3HaueHHS n. Ilpu n #2 po3p’sa3ku piBHAHHA KimiHra MarooTh BUTIISAA

&= Q% +24%x, +kx,+(C, —C,, )x, +d,, a ipu n=2 po3p’s3Kamu pi-
BHsHHs Kininra € pynkuii £ =&9(X) Taki, mo &, +§5 = 25ab§11 , A& =0.
Tyr 1 jmam o

. — cumBoil Kponekepa. Tomy rpynoBy Kiacuikarlito
MIPOBEAEMO B 3aJIC)KHOCTI BiJl 3HAYCHD MTapaMeTpa 71 .

Teopema 5. V eunaoky n+#2 ocnosnoro aneebpoio ineapianmuocmi

Kaacy 6a2amosumipHux pieHsHb
n+2

Au =uﬁf(”7°) (11)

€ anredpa
bas _ _ _ — =2
A" =(0y,0,,J 4 =x,0, —x,0p, D=2x,0,+(2—-nuo,, K, =2x,D-x"0,).
Teopema 6. 3 mounicmio 0o nepemeopenv 3 G° 0na knacy pieusns (11) npu
n#2 ICHye nuwe n'amv 8UNAOKi8 pO3UWUPEHHI MAKCUMANbhoi 6 cenci JIi
aneebpu iHeapiaHMHOCMI (HUMCYe HABEOEHO HeeKBIBANeHMHI DIGHAHHA 3
yvoeo knacy ma ix MAI):
Yo ni2 %
- -2 . —/ 4b — 2n .
Au= et um2: 4 ={(4'",0 =er"ud,);
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2 2- nt2,

Au = 20k yn2 . 4y = (AP0, = xyBy + S kud,), K -

u

e 2+
Au=Aul=2: Ay =AM, 05 = x)0) + ”uau,Q = B(¥)3,);

n+2 0 n+2

Au= A0 4 myfun=2: 4, =", 0, =" 0y —mud,)), k#

» _
m#0, k=0;

n+2
Au= A(uy +mu)"2 :
Admx

_™o B
As = (A0, 05 =e 2 (8 —mud,),0" =e  OB(F)3,).
Tyt i gani f — noBinbHA TIagKa GYHKINS CBOIX apryMeHTiB, [(X) —

JIOBiIbHA TJaaKa (QYHKILS, M0 3a00BOJbHs€E piBHAHHS AF =0, 1, m#0,
k #0 — crai.

u
JloBeneHHs1 000X TEOpeM IMpoBeneMO OJHOYAacHO. Hexaii o=-"L.y
u

BUIAJKY 7 # 2 PO3B’A3KOM BH3HA4aIbHOI cucTeMu (5)-(6) € pyHKIIi:
éo = fo(xo )’ éa = _/laxz + 2/’I5éxa + ’Oca + (Cab - Cba )xb + da s 77 = a(X)u + b(x) 4
10 33JI0BOJILHSIOTH CUCTEMY:

(bo+ b)f—n+2f (a, wéo)f+(

=2,2-n), Aa=0, & =2]%+«.

Slkimo f — n0BinbHA QyHKIIs, TO Po3LWEILToYn 10 f, f oTpuMae-

2a+2(§1jf 0, Ab=0, 02

. o 0 - 1
MO, 30KpeMa, Taki BHU3HauanbHi piBHSAHHA &) =0, a=(2—n AX +E/< ,

PO3B’A3KOM SIKUX € (PyHKIUII, sIKi 3a/1a10Th 0a3uCHI reHepaTopu KOH(POPMHOI
anreOpH, 10 JOBOJIUTH TEOpEMY 5.

Onwumemo Bci MoxiuBi posmupeHHst MAIL CTpyKTypHi piBHSIHHS 17
MIEPIIIOTO Ta IPYTOTO PiBHSAHD cucTeMH (12) MarOTh BUTIIS

(ko +ky) f = ks f, (13)
ne ki, ky, ky — nesiki crani. B 3aneXHOCTI B CIIBB1IHONIEHb MK Koe(imi-
eHTaMu k; 3 TOYHICTIO 10 MEPETBOPeHb 3 G°  OTPUMYEMO Pi3Hi BHIJISIH

GbyHkuii f . 3a3HaUMMO, IO IPH BUIALOK f = CONSt MM HE PO3IIISAIAEMO.
[IpoananizyBaBimu CTPYKTYypy piBHSAHHSA (13), mprUXxoaAUMO 10 BUCHOB-

Ky, 110 MOXIMBI Taki cyTreBo pisHi Bumamku: f =&, f =(a)+m)k,
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nt2
f=(@+m)"2, ne k=

n+2

, m — JOBUIbHI cTami. JIJIS KOXKHOTO 3 SIKHX,
n—-2

BUKOPHCTOBYIOUH KJIACHYHI pe3yibTaTdl Jli Ta MpoBIBIIM CTAaHAAPTHI MaTe-
MaTH4YHI MIpKYBaHHS, OTPUMAEMO TEPIIUNA, IPYTHH, TPETii, YeTBEPTHI abo
I’ ITUH yHKTU Teopemu 6. TeopeMy 6 noBeeHO.

ChopmynroemMo pe3ynbTaTH TPYINOBOi Kiaacu(ikaiii AJis BUIAIKY
n=2.

Teopema 7. Heckinuenna aneebpa, Oa3zucui onepamopu 5KOiQ
NOPOOACYIOMbCS IHQhiHIme3uManbHUM onepamopom
xhas = dy0y +&9(X)0, —2511814 , a ¢yuxyii £ 3a006o0nbHAIOMb piGHAHHA

& +§5 = 2§ab§11, AEY =0, € ocnosnolo aneebpoio ineapianmuocmi xkuacy
(1+2)-sumipnux pigHsanb
_u
Au=e" f(uy). (14)

Tyt 1 nam f(uy) — JoBUIbHA I1aAKa QyHKLIS.

Teopema 8. 3 mounicmio 0o nepemgopenv 3 G 0na kaacy (1+2)-
BUMIPpHUX Pi6HAHb (14) icHye mpu 6unadku po3uiupeHts MaKkCUMaibHoi 6 ce-
nci JIi aneebpu ineapianmuocmi (Hudicue Ha8e0eHO HeeKBIBANeHMHI PIGHAHHS
3 Yb020 KIACy ma ix iHQIHIme3UMAanbHi onepamopu, ki HOPoONCYIOMb MAK-

CUMANbHI aneebpu IHBAPIAHMHOCMI YUX DIBHAHD):
u+mu

Au=4e 9:
—ix 7lx 1 —ix
X, =(-mCie ™ 0 +dy)0y +&4(X)0, +[Cie ™ 0”+(Zﬂ1(7€)x0 + B, (X)e ™ ‘ —2§1l]au 5

Au= Aug + m)k e :

kC,

m m
K=o e 04 dy)ay + £ ()0, +[kGe ¥ 0 ~2410,;

Au=Jufe": Xy =(Cpxy+dy)d, +E*(%)0, +[kC, —2&10,.
Tyrm#0,k#0, A#0, C|, dy — n0BinbHI cTaNi, f;, [, — 1OBUIBHI
rinajaki GyHkuii Taki, mo AS =0, AB, =0.
JloBeieHHs1 000X TE€OpeM IpOBeieMO oJHO4YacHO. IlincTaBuBIIN y BH-

sHavanbHy cucremy (5)-(6) pyukuito F =e" f (1) Ta po3uienusmm no Bu-
pasam ue” Tta €', oTpuMaeMo BU3HAYANIbHI PiBHAHHSA:
&= (0" = &M@ + £ = 20,41
n = a(xy)u+b(xX),AE* =0,Ab=0, (15)
agf +af =0, (by +(a—&)o) f +bf =(a=2§) /.
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Slkmo f — noBinbHa QyHKIIsL, TO po3B’sizkoM (15) € dhyHkil §0 =d,,
E=E(X), n=-2& ta &% 3an0BONBHSMIOT PiBHAHHA &) +§ab = 25ab§11,

AE? =0, mo noBoaUTHL TEOpPEMY 7.

Jocnigumo ocranHi JBa piBHAHHS cucteMu (15) 3a crpykryporo. B 3a-
JEKHOCTI Bl CHIBBIJHOLIEHb MDK CTPYKTYPHHUMH KOe(illleHTaMHu 3
TOYHICTIO JI0 MIEPETBOPEHB €KBIBAJICHTHOCTI OTPUMYEMO Pi3HI BUTISAAN PyH-

n+2

o mu . .
kuih f . Acame: f=e 0, f=(y +m)k, Ie k# , m — JOBLIBHI CTa-

n—
m. 3asHaummo, 1mo: 1. Bumamox f =const MM He pO3MILIAEMO;

2. Bunagok f = (ug+ m)k pO30MBa€EThCS HA JIBa CYTTEBO Pi3HI MIIBUIAAKH:

m=0 Ta m=0. i KOXKHOTO 3 SKUX, IPOBIBIIM MIpKyBaHHS aHAJIOT1YH1
HaBEJICHUM BHWIIE, OTPUMYEMO JPYruid abo TpPeTil MyHKT Teopemu &.
Teopemy 8 noBezneHo.

BucHoBkHM. Y naHiii poO0OTI BUBYEHO KJIac €BOJIOIIMHUX 71 -BUMIPHUX
piBHSHB. [l GaraTOBUMIpHUX  €BOJIIOIIMHUX HETIHIMHUX  PIBHSHB
MIPOBEICHO TPYNOBY Kiacu@ikallis. 3anpornoHOBaHi PiBHSIHHSA MalOTh IIUPO-
Ki CUMETpIiifHI BJACTUBOCTI 1 TOMY MOXXYTh OyTH BUKOPHCTaHi B SIKOCTI Ma-
TEMAaTUYHUX MOJIENIEH I OMMCaHHS pealbHUX (iI3UMYHMX MPOIECiB. 3HAHHSA
MAI nanux piBHSHB Ja€ MOXKJIUBICTh 1X 1HTETpyBaHHS, J03BOJISIE TCHEPYBa-
TH HOBi pO3B’SI3KHU 3 BIZJOMHUX Ta iH.
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This thesis is devoted to investigation of symmetry properties of
nonlinear evolution equations. The group classification problem is solver for
nonlinear evolutionary equations.
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