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M.I. Cepos, C.B. Cmivak, B.I. Crorniii, I.B. Paccoxa

TPYIIOBA KJTACU®IKAIIA HEJATHIMHUX PIBHAHb KOJMOTI'OPIBCHBKOI'O THUITY

We consider Kolmogorov nonlinear equations with an arbitrary function. The group-theoretical method is one of the
methods for solving partial differential problem. Using this method, we integrate equations with a non-trivial
symmetry group. Therefore, group classification is high priority. Specifically, we conduct the group classification of
Kolmogorov nonlinear equations. Using obtained continuous equivalence transformations, we present nonequivalent
subclasses of these equations. We calculate maximum invariance algebras for all these subclasses. By employing the
obtained subalgebras of invariance algebras for some nonlinear equations, symmetry is reduced to equations with a
smaller number of independent variables. The reduced equations are integrated and exact solutions of the correspond-

ing nonlinear equations are obtained.
Beryn

HeniHiiiHi piBHSHHS KOJMOTOPiBCHKOTO TUITY

Uy — Uy, —uUldy, = f(u)a (1)
ne

2
3_1;1 uy = 3_59 uxx :g-)c_L;af(u) -
JIOBiJIbHA MIaakKa (yHKIisI, TpaIlisiloThcsl B Oara-
ThOX 3agayax (PiHaHCOBOI MaTeMaTHWKM i B Teopil
mudysiiiHux npouecis [1, 2].

IMTomupeHUM MeETOAOM pO3B’SI3yBaHHS HeJli-
HiliHUX AubepeHUiaIbHUX PiBHSIHb 3 YACTUHHUMMU
noxinHumu € meton Jli, B OCHOBY SIKOTO MOKJIaje-
Ho npuHuun cumetpii. C.JIi mepiumM 3acTOCyBaB
areOpy iHBapiaHTHOCTI AudepeHLiaIbHOTO piB-
HSIHHS JUISI CUMETPIMHOI peayKilii Ta 3HaXOMKCHHS
Moro ToYHUX po3B’si3KiB. OCKiIbKA TEOPETUKO-TPY-
MOBi METOOM JAOTh 3MOIY iHTerpyBaTu IUdepeH-
LiaJIbHiI PiBHSIHHS, SIKi MalOTbh HETPUBIaJbHi Ipynu
iHBapiaHTHOCTi, TO aKTyaJlbHOIO € 3aJaya IOBHOI
rpyroBoi kiacudikauii nudepeHIiaTbHOIO PiBHSIH-
HS 3 JOBiIBLHOIO (PYHKIIIE€IO, SIKa JAa€ 3MOry i3 3a-
JIaHOTO KJlacy PiBHSIHb BUIUIMTU Ti, 11O MAalOTh
LIMPOKiI CUMETPiiiHI BJIaCTUBOCTI.

InTepec nmo rpynoBoi kiacudikalii piBHSHb
CIIOCTEPITa€ThCS BXKE MOHA. IT’ITAECIT POKiB, ITic-
1 Toro sk JI.B. OBcsiHHIKOB y cratTi [3] chopmy-
JIIOBaB Cy4yacHY TOCTAHOBKY 3ajayi IpyMoBOi KJacu-
dikalil nudepeHialbHUX PiBHSHb, 3aPONOHYBAB
MeTOJ il po3B’sI3aHHS i 3AIHCHUB TI'PyNOBY KJacu-
dikalilo HeJliHiIHHOro PiBHSHHS TEIUIONPOBiTHOCTI.
JleTanpHUI OIJIsIA ITyOJIiKaliid i3 IpyIloBOI KJIach-
dikawii gudepeHLialbHUX PiBHSIHL CTAaHOM Ha ce-
peauHy 90-x pp. XX cT. HaBeeHO B AOBITHUKY [4].
I'pynoBy knacugikailiro €BOMIOLIAHUX PiBHSIHb Y
MPOCTOpax BUIIOL PO3MIPHOCTI, HiXK Y JTBOBUMipHO-
My MPOCTOpi—yYaci, po3rjasgHyTo B npaugx [S—11].

u=u(t,x,y), u, =

ITocTanoBka 3anaui

MeTol0 cTati €: 3HAlTU HeIlepepBHI MNEPETBO-
PEHHSI €KBiBaJIEHTHOCTI HEJiHIMHUX PiBHSHb KOJI-
MOTOPiBCbKOTO TUMy (1); BUALIUTU HEEKBiBAJICHT-
Hi MiAKJIacu LIMX PiBHSIHb; BUKOHATU T'PYMOBY KJja-
cugikaliio piBHSIHb, BUKOPUCTOBYIOUM OESIKi ITifl-
anredbpu ajqredpu iHBapiaHTHOCTI OMHOTO i3 M-
KJIaCiB IOCIIXKEHUX PiBHSHb, 3pOOUTU CUMETpIili-
HY pPeayKllilo i moOyayBaTy TOYHI PO3B’SI3KU.

OcHoBHa ajre0pa iHBapiaHTHOCTI

Buznauumo ocHOBHY airedpy iHBapiaHTHOCTI
piBHsIHB (1), TOOTO 3HalieMO MakCUMalbHY ajireo-
py iHBapiaHTHOCTi piBHSHHS (1) TIpu OOBiIbHIM
¢yHKLii f.

Teopema 1. MakcumaibHOIO ajlredporo iHBa-
piaHTHOCTi piBHSIHb (1) mpu NOBIBHIN rnaakii
dyHkii f € anredpa

Apr = <ataaxaay>’ (2)
) d d
d, =—,0, =—,09, =—.
He 9 =5 ax’ % T oy

HoBeneHnHd. JIyg moBemeHHS TEOPEeMU BU-
KopucraeMo anroputm Jli [12, 13].

3 ymosu X(Lu)|;,_o=0, ne X — mpomos-
KEeHHd iH(diHiTe3MMaIbHOrO orepaTopa
X =82t x,y,u)d, +E1(t, X, y,u)d , +
+&2(t,x,y,u)d, + N (t,X,y,u)d,,
—uuy, — f(u),

OIEPXKYEMO CHCTEMY BU3HAYaJbHUX PIiBHSHb IS
BM3HAYCHHS KOOpAMHAT oreparopa X Ta (yHK-
it f:

Lu=u,-u,,
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el =g) =gl =gl =gl =gl =82 =

=80 =My =Ny = 0; 3

gy =2¢}, (4)

n=(& -28)u-¢;f, (5)
nf=m, =280 -nyu+n, N (6)

3 piBHsAHB (3)—(5) BUILIMBAE, 11O
g0 =8%n); &' =&l (x); &2 = &(1,»);
n=o(,yu+p@y), (7)
a cucreMa (4)—(6) HaOyBa€ BUTIISANY

0=2El; a=€2-2El; B=-E2, (®)

(au+PB)f = (@—=28L)f — o, u? + (o, =B, )u+P,.
Ockinbku yHKIig f [0BiAbHA, TO po3lle-

MUBIIN PiBHAHHA cuctemu (6) 3a f i f omepxu-
MO TaKi piBHOCTI:

au+PB=0;00-2EL =0,
O(yl'l2 _(at _By)u_Bt =0.

BpaxysaBuiu ot ¢dakrt, 1o o, He 3ajexaTb
BiI 3MiHHOI u, 3 (9) BumuMBae, mo o =p=0 i

®)

g\ =0; Toni 3 cucremu (8) maemo
8l =¢7=¢£5=0,
3BiIKH
g =cp; &l=cy; &2 =c3 M=0,

Ie ¢;,¢y,C3 — NOBLUIbHI AiMCHI CTali.
Onepatop X 3 koopauHatamu (10) mopon-

Xye anreopy (2).
TeopeMy moBemeHO.

(10)

OcHoBHA Tpyna nepeTBOpeHb eKBiBAJEHTHOCTI

Hns mochmimXeHHST CUMETPiiHUX BIACTUBOC-
Teil TIeBHOro KJjacy piBHSIHb BaXXKJIMBO 3HATU Tiepe-
TBOPEHHSI €KBiBAJIECHTHOCTI LBOTO KJIacy, TOOTO
TaKi TepPeTBOpPEHHS 3MiHHUX, $Ki TepeBOISTh
Oyab-sike piBHSHHS 3 Kiacy (1) B mesike iHILE piB-
HSIHHSI 3 LIbOTO CaMOro KJjacy. 3a JOMOMOrolo Te-
pETBOPEHb €KBiBAJIECHTHOCTI KJjiaCc PiBHSHb MOXKHa

MONITUTA Ha HEeKBiBaJIeHTHI MiAKJIacHU, BUIiIIAB-
1M NpY LIbOMY B KOXHOMY 3 TiJKJaciB MO OAHO-
My MOpPEICTAaBHUKY 3 HAWUMPOCTIIIMM BUIJISIOM piB-
HSIHHSI, SIKi Ha3MBalOTbCS KAHOHIYHMMM PIiBHSIH-
HaMu. Tomi JOCUTH OOCHIAUTU TUIBKM KaHOHIYHI
MpeICTaBHUKHM 3 KOXHOIrO Migkiacy, 1od 3poouTu
BUCHOBOK IIpO CHUMETpiliHI BJACTMBOCTI BCiX piB-
HSHBb MIEBHOTO KJIacy.

HocniguMo rpyry HernepepBHUX MEPEeTBOPEHb
eKBiBaJIeHTHOCTI piBHSAHbL (1), 3acTocyBaBlIM Me-
TOJ, 3alpOIIOHOBaHU y mpawsx [12, 13].

Teopema 2. I'pymoio HemepepBHMX II€PETBO-
peHb €KBIiBaJIEHTHOCTI piBHAHb (1) € rpyma, ska
3aIa€ThCS TIEPETBOPEHHSIMU

=a1x+a3; y =a4t+asy+a6;

- a
(asu—ay); f=—1,
a

11

X
_ 1
w=-3

1
ne a;(i=1,...,6) mOBiNbHI HmilicHi cTai, 10 3a10-
BOJIBHAIOTH YMOBY a; > 0, as > 0.

3aysaxcenns. [lepeTBopeHHsI, OTpUMaHi B T€O-
peMi 2, € TiIbKU TPYyMNol HeINepepBHUX MEpPeTBO-
peHb eKkBiBaJieHTHOCTi. Hamani urpo rpyny Oymemo
Ha3MBaTU OCHOBHOIO I'PYIOI0 NEpeTBOPEHb €KBiBa-
JIEHTHOCTI, a BCi iHIII TIEpEeTBOPEHHSI €KBiBaJCHT-
HOCTi, SIKi He BXOHSTb A0 L€l rpynu, OymeMo Ha-
3MBaTU J0JATKOBUMM.

Heo0xigni yMoBH po3mmMpeHHs] OCHOBHOI ajred-
pu iHBapiaHTHOCTI

Hocnigumo, 3a SKWMX 3HayeHb QYHKIT f

MOXKJIMBI PO3LIMPEHHS OCHOBHOI ajireOpu iHBapiaH-
THOCTI.

Teopema 3. fxuio anredpa iHBapiaHTHOCTI pi-
BHSIHHS (1) wmwMpiua mopiBHSHO 3 airedporo (2),
TO (pyHKIsT f(#) 3 TOYHICTIO IO MEPETBOPEHbL OC-

HOBHOI Ipynu ekBiBaJieHTHOCTi (11) mae omuH i3
TaKuX BUTJISIIIB:

1) 0;

2) eu™;

3) eu? +v;
4) ee",

12)

ne e =+1,y=+1, m — noBiJbHa cTaja.

HoBemeHHs. fK moka3aHo B Teopemi 1,
piBHsIHHA (1) iHBapiaHTHI BiZHOCHO orepaTropa X
Tomi i Tineku Tomi, komu ¢yukuii £°,ENE2 n, f €
PO3B’sI3KaMM CUCTeMHU BU3HAYaJIbHUX PiBHSIHB (3)—
(6) abo 3 ypaxyBaHHSIM (7) cuctemu (8).
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Hng mocimimkeHHS cucTeMM (8) 3aCTOCYEMO
MEeTOJ, BUKOpUCTaHUi y mpausx [14, 15]. Ockinb-
KA QyHKIiST f He 3aJeXXUTh Bil 3MiHHUX 1, X, ),

TO 3 OCTAHHBOTO PiBHSIHHS cUCTeMHU (8) MaeEMO
o=kio; B=kyp; o028\ =k30;
1 2 x =K3 (13)
oy, =—ks@; o, =B, =—kso; B, =keo;

ne ¢ =o(t,x,y); k;(i=1,...,6) — DOBIbHI cTami.
Toni ocranHe piBHSIHHS cucTtemu (8) MaTume
BUIJISIIT

(ki + k) f = ksf +kgu? +ksu+kg.  (14)

PosrisiHeMo BCi MOXJIMBI HeeKBiBaJIEeHTHI BU-
naaku (3 TOYHICTIO IO TMEePEeTBOPEHb €KBiBAJICHT-
HOCTI) piBHSIHHA (14).

I. ky=1,k,=0. Tomi =0 i kg=0.

Hexait k; =m#1, toni i3 cucremu (13) BU-
TMBae, o k4 = ks =0, 1 piBHaHHA (14) MaTume
BUIJISIT

uf =mf,
PO3B’sI3KaMU SIKOro OyayTh (pyHKIIii

J=num, 15)

e A; — IOBiUIbHA cTana. BukopucroByroum rnepe-

TBOpeHHSs1 ekBiBajeHTHOCTI (11) mist piBHsIHB (1) 3
¢ynkuismMu (15), oTpumMaeMo TeplIMA Ta APYTUid
Bumnanku (12) 1iei TeopeMu.

Axmo k5 =1, 3 ypaxyBaHHAIM pO3B’SI3KiB CH-

cremu (13) BurummBae, 1o ks =0, i po3B’A3yl0un
piBHSIHHS uf = f + ku?, otpumaemo f = kyu’ +
+Au, A, — IOBiIBbHa cTaja. BuKopucTOByHOUM

MEPETBOPEHHS €KBiBAJIEHTHOCTI IS BiAIIOBIIHUX
piBHsIHB (1), oTpuMaeMo (yHKIIi, SIKi BigloBiga-
I0Th TpeThbOMY BUNaaky (12).

II. £, =0,k, =1. ¥ upoMy BUIAIKy i3 CHUC-
temu (13) otpumaemo k4, =0 i piBHAHHA (14) M1

¢yHKIIT f Mae BUTIAI

f=lkyf +ksu+ k. (16)

Axwmo ks =0, Toni i3 cucremu (13) ks =0 i
MaeMoO pO3B’SI30K f = kgu+A; (A; — [OBiUIbHA

craja). 3a IOMOMOIOI0 IMEePEeTBOPEHb €KBiBAJICHT-
Hocti (11) yHKIST f 3BOOMTBCS IO APYrOro BU-

naaky (12).
Axmo ks #0, Toni i3 cucremu (13) ks = kg =

=0 i piBusHHa (16) Habyme Burmsimy f = ks f,

3Bimku  f = Ae®¥. BUKOPHMCTOBYIOYM IIEPETBO-
peHHsI €KBiBaJIECHTHOCTi, OTpUMAeEMO (YHKILIO f,

sKa HaBeleHa B YeTBepToMy BuUIanky (12) miei Teo-
PEMH.
TeopeMy moBemeHO.

JlomaTkoBi mepeTBOpEeHHS €KBIBAJEHTHOCTI

Knac piBHssHb (1) Ma€e i 1omaTKoOBi MepeTBO-
PEHHS €KBiBAJIEHTHOCTI, SIKi HE BXOISTh JO OCHOB-
HOI TpyNy €KBiBaJIEHTHOCTi. BUKOpPUCTOBYIOUM iX,
MOXHa JEILIO0 CIOPOCTUTU BUIJISL PiBHSIHb, OIEp-
JKaHUX y TeopeMi 3.

PosrnsiHeMO piBHSIHHS 3 [pPYroro BUIAIKY
TeopeMu 3 mpu m=0:

U, — Uy, —Ul, =¢€. 17)

y

IlepeTBOpEHHS BUTISLY

— _ _ 12 _
t:t;x:x;y:y+87;u:u—£t,

sIKe € y3arajbHEHHsIM TepeTBopeHHs (2.21) B [14],
3BOAUTH PiBHSIHHA (17) MO piBHSIHHS

Up —Uz —Ulzy = 0.
AuCKpeTHUM TIepeTBOPEHHSIM

(18)

piBusnHa (1) 3 dynkuicro f(u) Burnamy -—u?;

t=HX=Xy=-y,u=—u

—u? +y Moxe OyTM 3BeleHE N0 PiBHSHHA 3 Ipa-

2: 4?2 +y BignosigHo.

BOIO YACTUMHOIO U
JocTaTHi yMOBHM PO3LIMPEHHSI OCHOBHOI aJireo-
pu iHBapiaHTHOCTI

VY teopemi 3 chopMyabOBaHO Jivilie HEOOXiAHI
YMOBM PO3IIMPEHHS OCHOBHOI aJlreOpu iHBapiaHT-
HocTi piBHsAHB (1). HaBememo mocTaTHi ymMOBH ii
PO3LIMPEHHST Ta BiAIMOBiAHI MaKCUMaJlbHi aaredopu
iHBapiaHTHOCTI.

Teopema 4. /I Toro mo0d MakcuMaibHa aj-
rebpa iHBapiaHTHOCTi piBHsIHHS (1) Oysia 1mMpLIoIO
MopiBHSHO 3 ajirebpoto (2), HeoOXimHO i mocrar-
HbO, 100 piBHSIHHS (1) Majo onMH i3 HeekBiBa-
JIEHTHUX BiIHOCHO TiepeTBopeHb (11) BuUIIAmIB,
3alMcaHuX y Meplliil KonoHLi Tadauii. Bignosia-
Hi MakcMMaJlbHi ajredpu iHBapiaHTHOCTI HaBee-
HO B JpYTill KOJOHLI LIi€i TaOaULIi.
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Tabauysa. T1oBHa rpynosa kinacudikaiist piBHIHb (1)

Burmsan MaxkcumasnbHa ajaredpa
bynkuii f(u) iHBapiaHTHOCTI
0 AP 19, -9,
219, +x0, +2y8y, yay +uo,
eu APT yd, +ud
egt(ay -¢€d,)
u? AP 219, + x0, —2ud,;
e*Y(ay - ud,); e’y(tay —(tu+1)o,
u?+1 AP
e’y(—sintay +(cost +usint)d,);
e V(-cos 10, = (sint - ucost)d,)
u? -1 AP
e’y(—shtay + (cht + usht)d,);
e V(- chto,, + (sht + ucht)d )
eu™ m=#0;1;2| A™;
210, +xax+%y8y - mz_luau
ge AP
210, + x0, +2(y +1)9, - 29,

Ipumimka. AP" = (9,,0,,0,), e=%L

CumerTpiiini peaykuii i TouHi po3B’a3Ku

OaHuM i3 3aCTOCyBaHb CUMETPIAHUX BIACTH-
BoCTell audepeHUialbHUX PiBHSIHb 3 YACTUHHUMU
MOXiZTHMMHU € CUMETpiliHA peayKllisl piBHSHD i3 He-
TPUBIAJIbHOIO CUMETPIEIO 0 PiBHSIHb i3 MEHILON
KiJIbKICTIO HE3aJeXHUX 3MiHHMX.

PosmisiHeMO BUKOpPUCTaHHS OIepaTopiB ajireo-
py iHBapiaHTHOCTI IJISI CUMETPIHOI pemyKilii Ta
noOyI0BU TOYHMX PO3B’SI3KiB piBHSAHbL BUIIAAy (1)
Ha npukJiani piBHsaHHS (1) npu f(u)=0:

U~y —uuy, =0. (19)

Sk ButumBae 3 teopeMu 4, anredbpa iHBapiaHT-
HocTi piBHsIHHA (19) € 1ecTUBUMIpHOIO ajaredporo
JIi 3 6a3MCHMMM oIepaTopaMu:

dy; Oy; 0y G=1d,-09,;
D, =2t9,+xd,+2yd,; D, =yd, +ud,.

ys

PosrnstHeMo omeparop

3, +9,. (20)

Buxonsun 3 moBHOro HabOpy iHBapiaHTIB Ore-
paropa (20)
IL=t; I=y-x; I3=u,
LIYKAEMO iHBapiaHTHUI PO3B’SI30K Yy BUIJISAL
Uu=0(0,0,); o =1; W, =y-—X. (21)

[Mincrapnstoun (21) y BuxigHe piBHsIHHS (19),
OTpUMAa€EMO BimoMme piBHSIHHS broprepca:

(p(Dl - (pw2w2 - (p(p(ﬂz =0.

VY npaui [2] posrasiHyTo 3agady Kot misi piB-
HaHHA (1):
up—uye —uuy, =05 u(0,x,y) =g(x,y). (22)

Ao BuMaraTu, 100 pPO3B’SI3KM  PiBHSIH-
Ha (19) i dynkuigs g(x,y) Oyaud iHBapiaHTHUMU
BigHOCHO ormepaTtopa (20), To0TO g =g(w,), TO
po3B’s130K 3amaui Ko

Pu, ~Poy0, 9Py, =0,
0(0,0,) = g(w,),

SIKUI Mae BUDIAA (IMB., Hanpukiamg, [16])

0
o(wy,m;y) = 2a—lnG(w1,w2),
(4))

e
G(o,m;) =
exp (-8

| =
NEETo J;, 40,

NPUBOIUTH N0 po3B’s3KiB (21) 3amaui Ko (22).
IMoOynyeMo iHBapiaHTHMII PO3B’SI30K PiBHSH-
H4 (19), SKuWii BioIoBigae onepaTopaM

1 g
5 [e@dr|de,
0

9, +00y, 9, +G =0, +19, -9, a#0. (23)

Ha ocHoBi nmoBHOro Habopy iHBapiaHTIB ore-
paropiB (23)
X—oy

I, =t, I,=u-
! 2 of -1

LIIYKAEMO iHBapiaHTHUIA PO3B’SI30K Yy BUIJISIAL

u:x—ocy
of -1

+@(1).

3poOuUBIIM peAyKIIilo i PO3B’sI3aBIIU PEeayKO-
BaHE PIBHSIHHSI, OTPUMAEMO TaKWi iHBapiaHTHUMA
pO3B’I30K:
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_x-ay+c

, 24
of -1 (24)

IIle ¢ — JOBiTbHA CTaja.
V mpaui [2] po3rassHYyTO TOYHUI PO3B’SI30K
piBHsIHHSA (1):

Leit po3B’s130k MOXHa oTpumaTu 3 (24) mpu
¢ =0, o = 1 i3 BUKOPUCTAHHSIM IVCKPETHUX IIC-
petBopeHb (18).

Y Bumnaaky oriepaTopiB

d,+0y; 9y, +Pdy, B>0
MAa€EMO ITiICTAHOBKY
u=0(), o=Py+r-x,

sKa 3BOAWTbH PiBHSIHHS (19) 10 Takoro pemykoBa-
HOT'O PiBHSTHHS:
P—9+Bo¢ =0.

Posp’si3ytoun 1ie 3BMuaiiHe OudepeHLiaabHe
PIBHSIHHSI, OTPMMAa€EMO iHBapiaHTHI PO3B’SI3KM PiB-
HsIHHA (19) y BUIIsIII TPbOX MHOXKUWH:

2 1

u= +=;
BBy +1-x+¢) B

J-1-2c¢ -1-2¢ 1

U= Btg - B(By+t—x)+c1 +—,
§ 2 §

Iie ¢,c; — IOBLIBHI cTami 3a yMoBU 2¢f+1 < 0;
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=21+2cP 1-41+2cP

u= + ,
B(cle—\/l+2cﬁ(ﬁy+t—x) _ 1) B
2¢f+1>0,
ne c¢,c; — JOBiUTBbHI crami 3a ymoBu c¢;>0,
2cfp+1>0.
BucHoBKH

V wiit crarTi 3HAMAEHO HENEpepBHi IIEPETBO-
PEHHS €KBiBaJIEHTHOCTI KJIacy HeJIiHIMHUX PiBHSIHb
KOJIMOTOPiBCbKOTO TUITY i 3pO0JIEHO T'pyMNoBYy KJja-
cudikallito LIMX PiBHSIHb, Y pe3yjabTaTi KO BUMIi-
JIEHO BCi HEeKBiBaJIeHTHi TMigKJIacU piBHSHb, SIKi
MaloTh ajJredpy iHBapiaHTHOCTI IIMpILY, HiX OC-
HOBHa ajireOpa iHBapiaHTHOCTi piBHsSHb Kjacy (1).
Takox 3HaiAeHi OesKi JOJATKOBI II€PETBOPEHHS
€KBIBaJICHTHOCTI, $Ki HE€ BXOISITh JO OCHOBHOI
TPyNU  €KBiBaJEHTHOCTi. BUKOpPUCTOBYIOUM X,
BIAJIOCS CIIPOCTUTU BUIJISIA PiBHSIHb, OEP>KaHUX Y
TeopeMi 3. JIisT KiATbKOX KOHKPETHUX PiBHIHBL KJla-
cy (1), 3 BUKOPUCTAHHSIM JESIKWX Mimanredp Bil-
MOBiAHUX anredp iHBapiaHTHOCTI, 3pObJEHO iX CU-
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