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CUMETPINHI BJ/IACTNBOCTI CUCTEMU PIBHAHD
PEAKIII-KOHBEKIII-/ITNN®Y 311

3 TOYHICTIO 10 HETIEPEPBHUX TIEPETBOPEHD EKBIBAJEHTHOCTI BCTAHOB/IEHO BUTJISIT HEJTIHIHIX CH-
CTeM PeaKINi-KOHBeKII-udy3il, iHBapianTHuUX BigHOCHO aarebpu Lasimes. Jis onep:ranmx cucreM
JOCIIYKEHO MOYKJIUBOCTI poarupents aarebpu Lasises omepaTopaMn MacimTabHUX Ta MTPOEKTHB-

HHUX [1e€peTBOPEHb.

The appearance of a Galilean algebra and it’s extensions, in respect to which the system of
nonlinear reaction-convection-diffusion equations can be invariant, is investigated. The kind of
nonlinearities, with which this system is invariant in respect to that algebra is determined to

within continuous equivalence transformations.

IIpu ommel Pi3HUX SBUIN OPUPOSH  Ya-
CTO TIPUXOJSITH JIO MAaTEMATUIHUX MOojiejell y
BUIJISIAI CUCTeM Ju(epeHIiaJbHIX PiBHSIHD.
bBinpmicTs Takux cucTeM, SIK IPABUIIO, MiCTSTh
OJIHY UM KIJbKa JOBLIBHUX (DYHKINH 1 ToMy
BOHM YTBOPIOIOTH TEBHI KJIaCH cHCTeM jmde-
pPeHIlaJIbHUX PIBHAHL. AKTyaJbHOIO € 3aJa-
“a BIIOOPY 3 HEeSKOrO KJIACY CUCTEM THUX, sKi
HAUOIIBINT TOYHO OMUCYIOTH MPOIECH, IO JI0-
cmimKyoThCst. OCKITbKN OLIBITICTE OCHOBHUX
(PIBUIHUX TPOIECIB 38I0BOJIBHSIIOTE TPUHITALL
BigHocHocTi lasimes un [lyankape-Enmretfina,
TO 1 PIBHSHHS, $IKi 1X OIMMCYIOTH, TOBUHHI Ta-
KOK OyTH iHBapiaHTHI BigHOCHO ajrebpu ['ai-
stest am ajrebpu [lyarkape. Tomy Bumora inBa-
pilaHTHOCTI MU epEHIlaJIbHUX PIBHSIHD BiIHO-
CHO Ti€l YW 1HITIOT TPYIH IIePETBOPEHL, HAB-
HICTH IMHUPOKOI CUMETPil PIBHAHHS MOXKeE CJTy-
JKATH KPUTEPieM BiabOPyY HOro B SIKOCTI Ma-
TEMATHYIHOI MOJIE/I OIMCY KOHKPETHOTO (hi3u-
YHOTO MpOoIecy. Y 3B’SI3KY 3 IIMM aKTyaJIbHOO
€ 3aJiava: 1o 3aJ1aHiil IPYII ePpeTBOPEHb TO-
ByyBaTH MaTeMATHIHY MOJIE/b (CUCTEMY DiB-
HSIHB ), 10 BOJIOJII€ 3a3HAYCHOI0 CUMETPIE0.

B maniit poboTi HamMu PO3B’sI3aHO TaKy 3a1a-
qy JI7IsT CUCTEMH HEJTIHIMHWX PIBHAHL PeaxIlii-
KOHBEKIT -1y 31T

Up = 01 [F(U)UL] + G(U)Uy + H(U),

ILGU<Z;>:H(U)< >,

(1)

h'(U)
h*(U)
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_ (U fBU)
F(U) - < f21(U) f22(U) >7
gt (u) g"(U)

G(U) - <g21(U) g22(U)

>, u® = u*(xo, 1)

— moBlabHI Tanxi dyakii, Uy = g—go, Uy, =
g—gl, | = 8%1, Tp — YacoBa, r1 — IPOCTOPOBA
3MIHHI.

B kuaci cucrem (1) mictarbest cuctemu, siki
IMUPOKO 3aCTOCOBYIOTHCST B TEOPIT TIPOIIECIB Te-
mroMacoreperocy, mudysii, OMUCyIOTh €BOJTIO-
M0 TEMTIEPATYPU Ta T'YCTUHU Y TEPMOSIIEPHI
wra3Mi, i (izuanai Ta OloxiMidHI TIpoIecH.
Aute cumerpiiini BaacTUBOCTI 1i€l cucreMu 3a-
JIMIIAIOTHCST HE JTOC/ILRKEHUMU B IIOBHIM Mipi.
[ToBuy rpynoBy Kiacudixariro HeIHITHIX CH-
crem kyacy (1) moci He MPOBEJIEHO.

HocrimKkenno cuMeTpiltHIX BJIACTUBOCTEN
TAKOTO KJIACY CHCTEM TPHUIIJISLIO yBary darato
aBTopiB. lIpu pizHux BUNIsIIAX CTAJIOl MATPHU-
ui gudysil F = A ta G = 0 onepxaau Baro-
Mi pesyiabratu B.l. @ymma ta P.M. Yepnira
19]-[11], A.T. Hixiria [22|-[25], A.I. HikiTiz Ta
P. Biarmup [26], [27], P.M. Yepnira Ta [Ix.
Kinr [13]-[16]. Ilpu F' = FE, H = 0 cumerpiiini
BJIacTUBOCTI cucremu (1) BUBYamCh B poborax
[1], [6], [17] a mpu noBiapEUX MaTpursx i H
ta G = 0 raJiyseiBechbKa IHBapiaHTHICTh CHCTEMU
(1) mocnimxena B poboTi [5].

Hobpe Bimomo, 1m0 TiHIHA ccTeMa PIBHSIHD
Jchy3ii

UO — AUH, (2)
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e A—craja marpuis, iHBapiaHTHA BIJIHOCHO
agrebpu Lastiess 3 6a3uCHUME MeHEPATOPAME

AG(1,1) =< 0y = 22,0, = 22

Oxg? 1= Oxq

G:$Oal+lelaQ17>7 (3>

Ta 11 PO3MIUPEHDL OllepaToOPaMy MaCIITaOHUX

D = 2x00y + 2101 + Qs (4)

Ta IIPOEKTUBHUX IIEPETBOPEHDL
2 33%
II = 2500 + xox101 + ?Ql + 20Q3, (5)

1e Q. = n®(w)dy, n®(u) — nesxi samami Gyn-
KIIT, sIKi 3aJ/1exKaTh Bl BALISAY MaTpuil A.

Kowmyrariifiai cIriBBiIHOIIEHHST MiK OTIepa-
topamu (3)—(5) MaTh BUNIST

[80781] — O) [607G] — 817
[817G] - Qh [817Q1] - O)
[807D] - 2607 [alyD] - al)
[G7D] - _G7 [Ql;D] =0.

00, 11] = D, [0, 11] = G,
(G, 10] = 0,[Qy,11] = 0, [D, 1] = 211.

[807 Ql] - O)
[G7 Ql] = 0.
(6)

(7)

(8)

Aurebpa AG4(1, 1) oneparopis (3)—(5) € onHo-
BUMIPHOIO IIPOEKITIEI OAaraToBUMIPHOT ajarebpu

AGQ(l, TL)I

I I
80 — 8_10785” — Dra? Jab — $aab - vaaa;

Ga - l’oaa + ZCan, Ql)
D = 2200y + 2,0, + Qs

—92

X
II = x%@o -+ 1’01’181 -+ 7@1 + l’oQg. (11)

(9)

(10)

B cBiit vac B.I. Oymuy 3anpornonysas aJ-
re6py oneparopis (9) Haszsaru ajrebpoto [a-
aisest 1 mosuadat AG(1,n), aarebpy (9), (10)
— posmmpenoto ajarebporo Lamiess AG(1,n),
anrebpy (9), (10), (11) — y3araabHEHO aJre-
6poro laminest AGo(1,n). Le nos’sizano 3 Tum,
mo oneparopu G, MOPOIZKYIOTH TEPETBOPEHHST
laminest vacoBol Ta MPOCTOPOBUX 3MIHHUX

’

/
Ty = To, T, = Lo + Vo, Vg — const.  (12)

3 ajrebpaldHol TOYKK 30py aaredbpy BHU3HA-
YaIOThL HE IIEPETBOPEHHSI, IKi BOHA IIOPOJIIKYE,
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a KOMYTAIlliHI CIIBBIIHOIIEHHST MiXK Oa3MCHU-
MH DeHEpaTOPaMH JAHO! aJaredpu.

Komyrarifiai cIriBBiIHOINIEHHST MiK OTIepa-
topamu ajarebpu (3) marorh Burisiy (6).

Taxwum amrOM, anrebporo Laminess AG(1, 1)
OyIeMo Ha3UBATH OIHY 3 peasizaliil doTupu-
BUMIDHOI JHiHIftHOI anrebpu mudepeHIiaabHIX
oneparopis 1-ro mopsuiky ( Xy, Xo, X3, X4),
JJIs1 IKO1 BUKOHYIOTHCSI HACTYTIHI KOMYTaITifiHi
CIIIBBITHOIITEHHST:

(X1, Xo] =0, [X1, Xa] = Xo, [Xy, X4] =0,
[Xo, X3] = Xy, [X3, Xy] = 0,[ Xy, Xy] = 0.
(13)
[TocTaBumo 3amady: JOCTITATH , IPU SIKAX
meminiftnocTsx f9, g% h* cucrema (1) imBapi-
aHTHA BiaHOCHO ajrebpu [asimest Ta 11 posm-
petb. llpu npomy asrebporo Laminest AG(1, 1)
OyIeMo Ha3UBATH OIHY 3 peasizaliil 9oTupu-
BUMIDHOI JiiHIftHOI anrebpu mudepeHIiaabHIX
OTIepaToPiB, M KOl BUKOHYIOTHCS KOMYTa-
mitiHi crigsigHomenHs (13).

OcHoBHa rpyna nepeTBopeHb
€KBiBaJIGHTHOCTI

BakymBe 3HaveHHsT OpU JOCIIIYKEHH] CH-
MeTPIMHUX BJAACTHBOCTEN BiIIrPAIOTh IEPETBO-
penHs1 ekBiBasieHTHOCTI. BOHU 1103BOJISIIOTE TTO-
IIJIMTU KJIAC CHUCTEM HA HeeKBIBaJEHTH1 IIijI-
KJIacu. BumimuBIimm B KOXKHOMY ITiJIKJIaci Ka-
HOHIYHUN TPEICTABHUK, JTOCTATHLO JIOCHIIATH
TITBKK MOr0 CHMETPiliHI BIACTUBOCTI, & MOTIM
TOTITUPUTH OJIEPYKaH] Pe3yIbTaTH Ha BCl CHCTe-
MU JIAHOTO TT1JIKJACY.

Hocmiaumo TpyIly HemepepBHUX MEPETBO-
DeHb €KBIBAJEHTHOCTI cucTeMH DiBHsiHB (1),
3aCTOCYBABIIN METOJ, 3aIIPOIIOHOBAHUM B PO-
borax [3], [12].

Jlema 1. ['pynorw menepepsnuxr nepemeo-
pens exsieasenmmnocmi cucmemu (1) e zpyna,
KOOPAUHAU THPIHEMESIMAABHOZO ONEPATOPA

E = 5“(1’0, Iy, U)aﬂ + na($07 Ty, U)aua+
+Cab(l’o, X1, U, F, G, H)afab+
+Uab($o,l’1, U, F, G, H)agab+
+Xa($07 xy, U) F) Ga H)aha
(14)

AK01 3adaromues GopmysamU

SO: 880$0+d0,€1 :881$1+gl’0+d1, (15)
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0" = o’ + fa, (16)

Cab — (2%1 o %O)fab + aachb o O[cbfac’
O.ab — (%1 o %O)gab + aachb_

—epg* + dav g,

@ — —e0h® + agh?,

X pr—

(17)
de e, dy, g, Qa, Ba 2PYnost napamMempu,
ILL p—
=0;1,a,b,c=1;2.

3ayBaykuMo, 110 BCl MOMABIN MIPKyBaHHSI
HPOBEIEHO 3 TOUHICTIO 10 IIEPETBOPEHL €KBiBa-
JIEHTHOCTI

/ /
Xy = gy + by, r; = a1y + cxp + by,

/ 1
ut = Vabub + 6&7 ( 8>

Je Gy, by, ¢, Yab, 0 — nmoBlnbmHi cram, pe{0,1},
a,be{1,2}, saxi summsaoTs 3 dopmyn (15),

(16).

OcunoBHa anrebpa iHBapiaHTHOCTI.
Cucrema BU3HAYAJIbHUX PiBHSIHD.

Oznagenns 1. Ocnosnoto aazebporo -
sapianmuocmi cucmemu (1) nazsemo anzebpy,
BIOHOCHO AKOL Jana CUCMEMa THBAPLAHINHA NPU
dosinvruxr nearwiinocmazx I, G, H.

Teopema 1  Ocnosnoto anzebporo 1Heapi-
anmmocmi cucmemu (1) € arzebpa

Ao —<< 80,81 > . (19)

JoBeseHHsT TeOpeME TTPOBOJUMO Ha OCHO-
Bl amropurmy JIi (nme., wmanpukmam, [4]).
[Ipu 1bOMY OJIEPIKUMO CHCTEMY BU3HAYA b~
HUX DIBHSIHB JIJIsI 3HAXOJYKEHHSI KOODJIMHAT
iH]IHITE3UMAIBHOTO oleparopa Ta (PyHKITH

fab) gab) ha:

1S (6 = 260 o — e =,
ncgﬁcb+ (& — g™ + nzbg”f — Qﬁcgc +
05 (fae + Zf) + 277fubfac — &S+ 0wy = 0,

n°hle + E9hY — ndehe + by f40 + nbg*® — ng = 0,

(20)

Sur = Gue =& =0, (21)

F et + “Nipa = 0. (22)

dxmo cucremy (20)-(22) posmenuTu Mo J0-

BlIbHIX DyHKIIAX [ Ta iX MOXiTHIX, TO o1ep-
JKUMO, 1110

50:d07€1:d1777:0' (23>
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[rdiriTesnMmaIpHUNI OTEpaTOP 3 KOOPIMHATA-
Mu (23) mopompkye aarebpy (19).

3obparkenns ajgreopu Iasines.
Iasapianrhicts cucremu (1) BigmocHo
anredpu lasnises.

Sualimemo 300paxkennst ajaredbpu asmiest
(13), BimHOCHO siKOT MOXKe GyTw iHBapiaHTHA
cucrema (1).

Cucrema (22) € niHIHHOW0 OTHOPIIHO0 a-
rebpalyHoI0 CUCTEMOIO PIBHSIHE BlIHOCHO Moy e
[ostoBHUI BU3HAYHHUK JTAHOI CUCTEMH MAa€ BU-
DJISI T

A = (fll T f22)(f11f22 o f12f21)-

Ockinpku MaTpuilst F ckaagaerbest 3 koedi-
mienTiB audysii, To BusHauHuk (24) BiaMiHHWIIH
Big nyst. lle osmauae, mo cucrema (22) mae
JIUIIE TPUBIATBLHUHA PO3B 's30K

(24)

Wi = 0. (25)

Taxum yrHOM, BpaxoBytoun pisHstHHs (21),
(25), IPUXOIMMO JI0 BUCHOBKY, 110 HAWOIIBII
3arajJbHUM BUTJIS), ONIEPATOPIB iHBAPiaHTHOCTI
cucremu (1) HACTYIHUT

X,’ = Az(l’o)ao + Bi(l’o,l’1)81+

+[a** (o, m1)u’ + 57 (w0, 21)]Oe (26)

e A B ' 3% — nopinbHi Taagki Gymxmii
BiAmoBimHEX aprymenTis, ¢ — 1,4, a,b — 1, 2.
Tax sik cucrema (1) iHBapiaHTHA BIJHOCHO
asrebpu Ag, TO B SIKOCTI JIBOX OIEpaTopiB aJ-
re6pu AG(1, 1) BizbMemo oneparopu Jy, 0.
Ockimbku [0y, 01] = 0, To 3 ymos (13) BH-
IIMBAIOTH HACTYIIHI MOXKJIUBOCTI!

a) (0o,0h) = (X1,X2), 6) (0h,0) =
(X1, Xy),

B) (,01) = (X3, Xy), 1) (00,01) =
(X27X4).

PosrisiHemo xkoxeH BHITATOK OKPEMO.
a) (0o,01) = (X1, X2). B poxi oneparopis
X3, X4 BizbMEMO JTOBUIBHI OIEPATOPU BUTJISITY

(26).

Xg — A3(x0)80 + B3($0,$1)81+
+a®® (20, 1)Ul + 32 (20, 21)|Oye,
X4 — A4($0)80 + B4($0,ZC1)81+
a2 (2o, 1)l + B (20, 21)|Oye,

(27)
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e AS) A4) 33,34, OZSab’ a4ab)/@3a/@4a . ,ZLOBiJIbHi
raaaxi (pyHKINT BIAMOBIIHUX apryMeHTIB, sKi
i JUIATai0Th BU3HAUeHHIO 3a dhopmytamu (13).
3 xomyranitftaux ymos [Xi, Xy = 0 Ta
[ X2, X4] = 0 omepxyemo, 1o
A4 — 617B4 — 627a4ab - O[clbbwaém - clm
(28)
Je ¢y, Co, k. Bl — noBinbui crami. Tak sk -
HiliHa KOMOIHAITISI OTIEPATOPIB AIredPH € TAKOXK
orepaTopoM 3 JaHol ajarebpu, TO, HE BTpada-
09U JIOBIJIBHOCTI, MOXKHA& BBaXKaTH, IO €] =
Co = 0.
Orxe,

X4 = Ql = (Oéclbbub + ﬂ;)@ua (29)

3 komyTaniitaux crissigaomens [ X, X3 = Xo
1 [XQ,Xg] = X4 Mae€MO

AS — Cg,BS = o+ Cq,
3ab __ 1 2 3a __
a’? = a1+ ag, 87 =

clbiUl + /35207 (30>

JIe C3, Cq, 2, 32 — noBisbHi cTasti. Anasoriuno,
K 1y BUMAJIKY orepaTopa X4, He BTpada0dn
3araJbHOCTI, MOYKHA BBaxaTn ¢z = ¢4 = 0. O1-

XKe,

X3 = 2001 + 1101 + Q2, (31)

e
QQ — (Oéibub + ﬂg)aua

I3 ymoBu [ X3, X4] = 0 maemo

(@1, Q2] = 0.

B pesymbrari omepxyemo,
AG(1, 1) mae peanizariio

(32)

(33)

mo  anarebpa

AG(l, 1) =< 80,81,

G = 20001 + v1Q1 + Q2,01 >, (34)

Je orteparopu (Qq 1 Q2 387a10ThCsT (POPMYyIaMHA
(29), (32) Ta 3070BOIBHSIOTE yMOBY (33).
Posrasimemo  Bunazox  6)  (0p,01) =
(le X4) .
Anajiorigno, sk 1 y BUIAJKY a), B sIKOCTI
X5, X3 BI3bMEMO HACTYIIHI OIlEPATOPH

XQ — A2(x0)80 + B2($0,ZC1)81+
+Ha2® (2o, 21)ub + B2 (w0, 11)]Oye,
Xg — 03($0)80 + D3($0,$1)81+
‘|‘[’}/3ab(l’o, xl)ub + O'Sa(l’o, $1)]8ua,

(35)
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Hayxosuti sichurx Hepriseuvkozo nay.

e A2) B2, CS, DS, O[2ab)/82a’,>/3ab7 O.Sa - ,ZLOBiJIb—
HI (PYHKINT BiAIOBIIHAX apryMeHTIB, sIKi IIij-
JATA0Th yTOYHEeHHIO 3a dopmyaamu (13). 3
ymoB (X1, Xo| = 0 1a [Xo, Xy = 0 anasori-

YHO, sIK 1 Y BUIIAQJIKY &), OJE€PIKYEMO

A2:B2:07a2ab:aclbb7ﬂ2a: clm (36>
qe aly Bl - nosimbai cram. OTxe,
Xo = Q1 = (agu’ + B,)0us. (37)

3 komyTaniitaux coisigHOMEHD [ X1, X3] =
= Xy, [ X4, X3] = 0 3raxomumo

C?* = D? = 0,7*® = 2pal, +72, 3% = 208 +32,

(38)
ne V2, 52 — nosinbai crami. Orxe,
X3 = 20Q1 + Qa, (39)
pild
Q2 = (Yaptu” + 33)Our, (40)

3 komyTariinux crissigaomens [ X, X3 = Xy
OJIEPKYEMO

[Q1, Q2] = 01,

IO € HEMOKJIUBHM.

AHaJIONYHO JIOBOJIMTHCS, 110 BUIAJKYA B) 1
') TAKOXK HEMOKJIMBI.

BaysaxkuMo, 1o peasizarist aarebpu (13)
BUIATY (34) onepzxana i B poboti [28], e 3 To-
9HICTIO JIO JOBIIBHUX JIOKAJTHLHUX TIEPETBOPEHD
BCTAHOBJICHI HEEKBIBAJICHTHI peaJiizaliii aaredp
po3MipHOCTI 10 4-X BKJIFOYHO.

Y pobori [1] BcTaHOBIEHO, IO icHYE 6 Di-
3HUX 300paxkeHb oneparopa (1 Bursay (29),
HeEKBIBAJEHTHUX BIHOCHO TE€PeTBOPeHb (18).
A B pobori [6] moxkazaHo, IO 3 BpaxyBaHHSIM
(33) 1 3 TOUHICTIO JIO IEPETBOPEHD €KBiBAJIEH-
tHOCT] (18) MOXK/IMBI HACTYIIHI HEE€KBIBAJEHTHI
Habopu omeparopis (1, (Js:

Ql = 8u1,Q2 = kgauz + m2u28u1, (41)
Ql - klaul + m1u28u27
QQ = kgaul + m2u28uz, (42>
Q1 = k10 + 1Dy,
Q2 - k28u27 (43>
Q1 = kw0, + miu2d,e, (44)

QQ = kgulaul + m2U28u2,

yn-my. Mamemamuxa. 2012. — T. 2, Ne 2-3.



Q1 = kil + mu?d,,

QQ — kg[ + m2u28u1, (45>
Q1= kil + ko,
Q2 = myil + mal, (46)

e I = u'dp + u?de,J = w0, — u'd,e,
ki, ko, my1, my — mOBLIBHI cTasi, Taki, mob He
Oyno mepeTuHy MixXK BHmagkamu (41)-(46).

Takum 9uHOM, €IMHO MOXKJITUBOIO PeasTi3alii-
eto asnrebpu AG(1,1) mst cucremu (1) € anre-
6pa (34), ne onpearopu 1, ()2 MAIOTH BULJIsL
OJTHOTO 3 IIECTH BUIE HABEJIEHUX BUIIAJKIB.

Hamu suaiineno 13 HeekBIBAJIEHTHUX Bl IHO-
CHO TlepeTBOpeHb (18) BUIIAIB HesliHIHHOCTElH
F,G, H, upu sixkux cucrema (1) inBapianTHa
BiHOCHO asrebpu lamines (34), siki Mu He Ha-
BOJTUMO B CHJIY 1X TPOMI3JIKOCTI.

3obparkeHHs PO3MIMPEHOT ajaredpu
lanines. InBapiauTtnicrs cucremu (1)
BiHOCHO posinupenoi anredbpu lasnises.

Posmupumo anre6py Fasinest (13) oneparo-
POM MacCIITaDHUX TIEPETBOPEHB X 5, JJIST SIKOTO
BUKOHYIOTHCS HACTYITHI KOMYTAITIHHI CITiBBIJI-
HOTIIEHHS

[ X1, X5] = 2X4, [ Xy, X5] = X,

[ X35, X5] = — X3, [ X4, X5] = 0. (47)

BeranosumMo 306parkeHHsT PO3IIMPEHO]  aJIre-
6pu lamines sursiay (47), BITHOCHO SIKOT MO-
ke OyTu iHBapianTHa cucreMa (1).

3rizHo (26) MaeMo 3araJbHUR BUDJISLI OIe-
paropa MacCIITAOHUX EPETBOPEHD

X5 — A5(l’0)80 -+ B5($0,$1)81+

+[a®* (g, x1)u 4+ 850, ©1)]Oue, (48)

ne A®, B® o, 3% — noimbni Traaxi dymximii
BIJINOBI THUX apryMeHTiB, 1K1 MiJIISTal0Th BU-
3HAYEHHIO 3a J01moMoror dbopmyi (47).

3 komyramittaux ymos Xy, X5| = 2X; Ta
[ X2, X5] = X, omepixyemo, mo

A5 — 21’0,34 - X1,

bab __ .5 5a __ 25
a *O[aby/a - Ma»

(49)

ne aly, B2 — nosinbai cTai.
Orxe,

X5 = 22000 + 2101 + Q3, (50)

Hayxosuti sichux Yepriseuvrozo Hay. yH-my.
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_ (5 .b 5
qe Qs = (au’ + 32) 0.
3 KOMY TaITi MTHIX CIIIBBITHOIIIEHD

[X37X5] - —Xg Ta [X4,X5] = 0 maemo
[QDQS] =0, [Qz;@s] = —Qa.

Omneparop X5 nozuaunmo D.
Taxmm guHOM, posmmupena aarebpa lasmires
Jutst cucremu (1) Mae BUDIST

AG1(17 1) — <807817 G = :anl + lel + QZ;
Q1, D = 22000 + 2101 + Q3),

(51)

(52)
zie oieparopu (1, (2, (3 3210BOTBHSIOTE YMO-
Bu (33), (51). ¥V poboti [6] mokazaHo, 1110 3 TO-
YHICTIO JIO0 TIePeTBOPEHB ekBiBaseHTHOCT] (18)
icHy€e JecsiTh HeeKBiBaJeHTHUX HAaOOPIB oepa-
TopiB (1, (2, (Y3, 15T IKUX BUKOHYIOTHCST YMO-
Bu (51).

Hamu sHalimeno 8 HeekBIBAJEHTHUX BIIHO-
cHo neperBopenb (18) Burssinis cucremn (1),
IpU SIKUX BOHA 1HBapiaHTHA BIIHOCHO ajredbpu
(52), ase, sk 1 y BUIAJKY 1HBAPIAHTHOCTI BiJI-
HocHO ajrebpu lasines, B cuy rpomizmxocti
OJIEPKAHUX CHCTEM MU IX HE HABOIMMO.

3obpaxkents y3arajbHeHOl ajiredpu
lasines. IaBapianTricts cucremu (1)
BiJilHOCHO y3araJjibHeHol ajiredpu
lamisnes.

Posmupumo  anrebpy lamines: (52) mpoe-
KTUBHUM OIIEPATOPOM, JIJIsi SKOI'O BUKOHYIO-
ThCsT HACTYITHI KOMYTAITIIHI CITIBBITHOTITEHH ST

[X1;X6] — X5; [X2;X6] — Xs; [X37X6] — O;
[X4;X6] — O; [X5;X6] = 2Xs.

(53)
Ogepkany airebpy HA3BEMO y3araJIbHEHOO
aarebporo lasiness, a omeparop Xg — mpoe-

KTUBHUM OltepaTopoM 1 mozHaunmo iforo I1.
BeranosrmMo 306parkeHHsT y3araabHEHO! aJl-
rebpu lasimest, BimHOCHO siKOI MOXKe OyTH iH-
BapianTHa cucrema (1).
BrigHo (26) 3arambHA BUTJIST TPOEKTHB-
HOTO OITEPATOPA € HACTYIIHHM

X6 — A6(l’0)80 -+ B6($0,$1)81+

+[a% (o, x1)u’ 4+ (20, 1)]Oue, (54)

ne A% BS o, 3% — jopimemi Taanxi Gymxmii
BIJIOBITHUX apTyMeHTIB.
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3 xomyramittnux ymos [Xp, Xg] = X5 Ta
(X2, X6] = X3 omepxyemo, mo

Xo =11 = 2200 + 201101 + 10Q3+
22 (55)
tx1Q2 + F Q1 + Qu,
ne Qq — Ozibul”r ﬁ;‘, IPUYIOMY O‘ib) ﬂﬁ — JIOBlJIb-

HI cTaji.
3 {Hmmx KoMy TaIiffHux criBBigHOMERD (53)
MaeMO

[Ql) Q4] =0, [Q27 Q4] =0, [Q?n Q4] — 2@4
(56)
Taxum umHOM, y3arasbhaena ajredbpa [ai-
Jest Jist cucTeMu (1) Mae BUDJISL

AG2(17 1) — <807 al) G = :anl + lel + QZ;
Ql; = 22000 + 1101 + Qs,

— x080 + 1’01’181 -+ $0Q3+
+$1Q2 + 7@1 + Qu),

(57)
ne omeparopu (), (), Q3,4 3aT0BOJBHSIIOTH
ymosu (33), (51), (56).

Suatinemo Burysin HeminitHOCTEN I, G, H,
npu sikux cucrema (1) iHBapiaHTHa BiJHO-
cHO y3arajbHeHol ajredbpu [amimes. B pobo-
T [6] mokaszaHO, IO 3 TOYHICTIO JO IEpe-
TBODeHb eKBiBasleHTHOCTI (18) icHy€e THicTHAT-
II5ITh HEEKBIBAJEHTHUX HADOPIB OIepaTopiB
O, Q2,Qs3, Qy, IUTsT IKUX BUKOHYIOTHCSI KOMY-
raniitai coisigaomennst (33), (51), (56).

s koxKHOT cucrtemMu, iHBApPiaHTHO! BiTHO-
cHO poamupenoi aarebpu lastines:, 3a BUIJIsSI-
oM omeparopiB [ajizest Ta mijgaTaiii BCTAHO-
BUMO 300paykeHHsI MPOEKTUBHOIO OIEepPaTopa
(muB. [6]). Ozmepkani pe3yabTaTH MOXKHA I10-
JaTH y BUTJIST HACTYITHOI TEOPEMHU.

Teopema 2. Cucmema pisnans (1) inea-
pranmna 610MocHo yaazasvhenol anzebpu la-
aines (57) modi i miavku modi, Koau 6ona 3
MowHICTIO 00 MEPEMBOPEHDL EKBIBAAEHIMHOCTI
(18) mae odun 3 nacmynnux 6ueaAdie:

- A1 O
ol( L)
—u? m 1
H(0 s Yo (),
nputsomy Ql — 8u17 Q2 — 8u27Q3 - ()\11 +
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(58)

+m12)8u1 - u2au27 Q4 - O;

nu
Nou

1

2 >7
(59)

- O,Qg — —u18u1 -+

Ju] o

> Ut (60)

npuvomy Q1 = w20z, Qs
+%u28u2, Q4 — O

A 0
Vo =1 K 0 oo

n —ut 0
moru?  —(2Xa0 + 1u!
0
12, 2
()

npuvomy Ql - u2au27 Q2 - 1, Q?) -
—Ulaul + +()\22 + mgl)u28u2, Q4 — O,’

_% 0
UO — a1 0 1 Ul
2m1 1

U
—mimir  Miiz
+w2 w2 w U1+ (61)
—mimiz, . M2
mu

1
+w4< 2>,

npuvomy Q1 = uldp + maud,s, Q2 =0,Q3 =
— (I +miudye), Qs =0, w = Gty 1 7 0;

_1
Uo:81 |:< 02 _Ol >U1:|+
2

Nat

(o (62)
wl TL2U2 )
npuomy h = I, Qz = 0, Q4 = m_nzul@uz,
Qs = <__ + ) I —2u2042, ny # ny;
1 -1
_ 1
—2w mi1 +M21% *(“2 + 1)(M11 + maoy ;)
+6 ma] *(7+1)M21 ) U1+
+e—“’< CUSSCORT
Nou
(63)
npuuomy Q1 = I + U201, Q2 = 0, Q3 — —%I,

— Inu?;

Q4 =0, w—
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ky —ko
Up=0, | -1 Ur| +
0 1 P kg kl 1

1 2ul —— 1= 262

W 2k Kt — 2o mT 2k K - w
ter ( shy - 2uZmw ok R lw oy lmw Ur+

ﬁ)ﬂ)u 2
+ek2 ——> | s
— N Uu
(64)

npusomy Q1 = kil —kaJ, Q2 =0, Qs = —31,
Qi1=0,w=rFkInu?+ 2k1arctgz—i,

HU_ - (_u27u1)7 77—% — (m17m2)7 |?| — 17
ks £ 0.

Y dopmynax (58)—(64) A, Mab, Ma, ka,
Ne — JOBUIBHI cTas, a,be{l;2}.

SayBakeHHda. YacTUHHUM BUIAIKOM CH-
cremu (H9) € cmcrema DPIBHSIHb XEMOTAKCH-
cy, sika ommcye (DOPMYBAHHSI Ta ITOIMUPEHHST
XEeMOTAKCUCHUX Kijemns Ajyiepa Ta pizHi mpo-
IeCH CTPYKTYPOYTBODEHHsT B OaxTepiajbHUX
KOJIOHIsIX IpH iX B3aemomil. 11 cumerpiitui Bia-
cTUBOCTI BUBYeH] B pobori [7].

Axmio y cucremi (64) nepeiiru jno GyHKIHT
KOMILJIEKCHOI 3MIHHOI, TO OJIEPYKUMO y3arajib-
HeHHst piBHstHHS ['1H30ypra-Jlammay

Yo :_fgwn + [%(2k1kw*¢1—
=19 [2)1) + n*[ o [fe®]e*

e v — ub + w2, k,m,neC, , axke € ocHOB-
HUM HETHIMHUM PIBHSHHSIM (DI3UKH HEPIBHO-
BaKHUX CEPEIOBUIN 1 BUHUKAE IIPU OIIKUCI HU-
¢y3HOrO Xa0ca 1 IUCUIIATHBHUX CTPYKTYP B Ti-
JpoauHaMin, (pisuil JazepiB Ta XiMigHUN Ki-
Heruri [2], [18] Cumerpiitai BractuBocTi piB-
ustaast ['iu30ypra-Jlanmay 6e3 mepuBaTuBHOTO
wrena pudasmck Al HikitianMm B poboti [23].

Ilpu ky = 0 3 piBasiHEg (65) MOXKHA OJED-
KaTu y3arajbHeHHsT piBHsiHHs [llpeminrepa 3
JEPUBATHUBHOIO HEJTIHIHHICTIO

po = 511+ [a([)r + BlY)*e,
ne o, BeC.

PiBusianst (66) HaIeXKUTH 70 KJIaCy PIBHSIHb

iho = —5t11 + (A1 + Nafop[* 4 Aslo[*+
FAO01 [P0+ (A5 + As[Y[)On,

(65)

(66)

(67)
BUKOPUCTOBYIOTHCS  JIJIST  MOJIETIOBAHHS
XBHJILOBUX IIPOIIECIB B PI3HUX po3miiax (Hizu-

AKI1
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KH, TAKUX sIK HeJHIHA onTuka. 30KpeMa, BO-
HO OTIACY€E aJIbBEHOBCHKI XBUJI 3 KPYTOBOIO TO-
JISTPU3AITEI0 — MarHiTOT PO iHaMITH] XBUJTI
MO PO3MOBCIOKVIOTHCA B IIJ1a3Mi B MarfiTHO-
My mori [19-21] xeuni Crokca y pizmsi ckis-
JeHHOI TIMOWHM Ta 1H.

Cepen omepKaHUX HAMH CHCTEM, SIK Y-
CTHUHHI BUMAQJIKW, MICTSTHCS TaKOX HeJTIHIH-
Ha CHCTEMa PIBHSIHB KOHBEKIIi-mudy3il, cume-
TPiftHI BIACTHBOCTI sIKO1 Oy BUBYEHI B poHO-
Ti 6], cucremu piBHsiHB peakiiii-gudysil, mo
nocipKyBasmmucs y poborax P.M. Hepniru Ta
Hx. Kinra [13]-[16], A.I. Hixirina [22]-[25],
A.l". Hixirina ta P. Birammpa [26], [27].

[opsin 3 1M BeTanoBJEHO crucTeMy (H8),
sIKa He MOXKe OyTH oJlepKaHa 13 y3arajbHeHHsI
paHiIe BiJIOMUX CUCTEM, 1HBAPIaHTHUX BiTHO-
cuo ajrebpu [Mamiest.

Bucunosku

Orxe, B maniit poboTi 3 TOYHICTIO 1O Ire-
peTBopeHb exBiBaseHTHOCT (18) BCTAHOBIIEHO
BUIJIAT] cucTeM Kiaacy (1), sKi BOJOII0TE cruMe-
TPIMHUMU BJIACTUBOCTSIMU, XaPAKTEPHUMU JIIsT
PiBHSIHB, TTI0 OMHCYIOTH MPOIECH, TiIITOPS KO-
BaHi mpuHImMIy BigHocHOCTi [asimest. Cepen
HUX, K YaCTUHHI BUITAIKHA, MICTATHCS PIBHS-
uust [peniarepa, ['ias3dypra-Jlanmnay, cucrema
PIBHSIHB XeMoTakcucy Ta iHmi. OmepKaHi cu-
CTeMHU, B CHJIy CBOIX CHMETPIMHWX BJIACTHUBO-
creit, MOXYTh OyTH BUKOPUCTAH] IPU MOJIETFO-
BaHHI peajbHUX (PIZUIHUX IIPOIIECIB.
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