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O pelwleHUU HaYvyanbHO-KpaeBbIX 3a4a4y ANnA napabonnyeckoro ypaBHeHUsA
B Knaccax [IJuHu

N.B. Kensikora, M.®. Yepenona

MeToa MOTEHIMAIOB — OJMH M3 KJIACCHUYCCKUX METOJOB PEHICHUS HaYalbHO-KPACBBIX 3ajau JUIsS MapaboMYecKuX ypaBHCHHUU U
cucteM. ETo OCHOBY COCTaBIISIET MCCIIEIOBAHHE TIIAIKOCTH MapadOIMUECKUX MOTCHIMAIOB B PAa3IHYHBIX (D)YHKIMOHAIBHBIX IMPO-
CTpPaHCTBAX, a TAK)Ke M3YyUCHHUE Pa3peIinMOCTH COOTBETCTBYIOIIMX MHTEIPAIbHBIX YPaBHEHUI U CHUCTEM, K KOTOPBIM CBOJATCS IO-
craBieHHble 3a7aud. OH M03BOJISET HAXOJUTh KOHCTPYKTHUBHBIA BUJ PELICHUH HayaJbHO-KPAEBBIX 3a/1a4 U HENOCPEJCTBEHHO HC-
CJIe/10BaTh MIAJKOCTh PEHICHUH.

Hacrosmas paboTa mpomomKaeT cepuio padboT Mo MOCTPOCHUIO TEOPUU PA3PEHIMMOCTH MapaboIMueCcKiX HauallbHO-KPAaeBbIX 3a1au
B 00J1aCTIX ¢ HEIMIaJAKUMH 110 BpEMEHHON MEPEeMEHHON OOKOBBIMU I'PaHULIAMHU.

PaccmoTpensl nepBast 1 BTopasi Ha4albHO-KpaeBble 3a/1a4y C HYJIEBbIM HauyallbHBIM YCIOBUEM JUIsl OJJHOMEPHOTO 110 MPOCTPAHCTBEH-
HOIl mepeMeHHO paBHOMEPHO Mapadonuyeckoro ypasHeHus. [Ipeamnomnaraercs, 4To K03 HULIHUEHTH ypaBHEHUS OTPAHUYCHBI H PaB-
HOMEPHO HETPEPBIBHBI C MOJIYJIEM HEIPEPBIBHOCTHU, YOBICTBOPSIOMINAM IBaX/1bl ycioBuio uHu. OCOOCHHOCTh pabOThl COCTOUT B
TOM, YTO TIpaBasi 4YacTh YPaBHEHHUS MOKET PacTH K O€CKOHEYHOCTH OINpeIeTICHHBIM 00pa3oM MpH MpHONIKEHUH K TIPSMOI 3a1aHus
Ha4YaJIbHBIX JAHHBIX. YCTAHOBJICHA Pa3pelIMMOCTh (B KJIACCUYECKOM CMBICIIE) JAaHHBIX 3aja4 B MOJyOrpaHUYCHHON KPUBOJIUHEHHON
007acTH Ha TIOCKOCTH C HETNaJKol OOKOBOH rpaHuIei u3 kinacca Juau—I énpaepa, nomyckamoel, B 4aCTHOCTH, «KIIOBBI». Pe-
LIEHHE TOCTPOCHO B BUAE CyMMBbI INIOCKOTO MapabonyecKoro NOTeHIMaaa U MOTeHLHaja IPOCTOrO CII0s, SIAPOM KOTOPBIX SBISETCS
(yHIaMeHTaIbHOE pelIcHuEe ypaBHEeHUs. VcclenoBana raaKoCTh PEIICHUS YKa3aHHbBIX 3a1a4 B kiaccax Juan—I énpaepa u moiy-
YEeHBl COOTBETCTBYIOIINE OLEHKN KOPPEKTHOCTH, XapaKTepU3YyIOIINE MOBEACHUE PEIIeHUH U UX MPOCTPAHCTBEHHON MPOU3BOAHOMN
MEPBOrO TMOpPsAKa B 3aMbIKaHUK o0nacTh. [loydeHHbIe pe3yIbTaThl MOXKHO HCIIOJIB30BATh JIJISl U3YYCHHS MPOIECCOB TEIUIO- U Mac-
comepeHoca.

B kauecTBe J0Ka3aTeabCTBA UCCICIOBaHA TIaJKOCTh B pocTpancTBe Juau—I €npaepa miockoro napadoanveckoro MmoTeHnuana ¢
HEOTPAaHMYCHHOH MJIOTHOCTBIO Kiacca JMHM B KPUBOJIMHEWHOH 00JacTH ¢ HErMaaKoi 00KoBO# rpanunei. [lomydeHHbIi pesyabrar
MOJKET OBITh UCTIOJb30BAH MPHU PEIICHUHU JAPYTUX HAYAIbHO-KPACBBIX 3a/a4 JJIsi HEOJHOPOJHOTO MapaboInueCKiX YPaBHCHUS.

Kuiouesvle cnosa: napaboindeckoe ypaBHEHHE, HAYaJIbHO-KPAEBbIE 33/1a4H1, KIIACCHYECKOE PELICHHE, METO]] HOTCHIIMAIIOB, MOLYJIb HEIpe-
PBIBHOCTH.

Jlna yumuposanus: Xensikoa 1.B., Uepenosa M.®. O perieHnn HayaabHO-KpAeBbIX 331a4 JJisi apaboIMYecKoro ypaBHEHUs B Kilaccax
Junn // Bectauk MOU. 2022. Ne 5. C. 145—149. DOI: 10.24160/1993-6982-2022-5-145-149.

On Solving Initial Boundary Value Problems for a Parabolic Equation
in Dini Classes

I.V. Zhenyakova, M.F. Cherepova

The method of potentials is one of the classical methods for solving initial boundary value problems for parabolic equations and systems.
The method is based on studying the smoothness of parabolic potentials in various functional spaces and studying the solvability of the
corresponding integral equations and systems to which the problems are reduced. This method allows one to find a constructive form of
solutions to initial-boundary value problems and directly investigate the smoothness of solutions.
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This article continues a series of works on constructing the solvability theory of parabolic initial boundary value problems in domains
with nonsmooth lateral boundaries in the time variable. The article considers the first and second initial boundary value problems with
zero initial condition for a uniformly parabolic equation that is one-dimensional in the spatial variable. It is assumed that the equation
coefficients are bounded and uniformly continuous with a modulus of continuity satisfying twice the Dini condition. The specific feature
of the study is that the right side of the equation can grow to infinity in a certain way when approaching the initial data assignment line.
The solvability (in the classical sense) of these problems is established in a semi-bounded curvilinear domain in a plane with a nonsmooth
lateral boundary from the Dini-Holder class, admitting, in particular, so-called "beaks". The solution is constructed as a sum of the plane
parabolic potential and the single layer potential, the kernel of which is the fundamental solution of the equation. The smoothness of the
solution of these problems in the Dini-Holder classes is investigated, and the corresponding correctness estimates are obtained. These
estimates characterize the behavior of solutions and their first-order spatial derivative in the closure of the domain. The results obtained can
be used to study heat and mass transfer processes.

For the proof, the smoothness in the Dini-Holder space of a plane parabolic potential with an unlimited density of the Dini class in a
curvilinear domain with a nonsmooth lateral boundary is investigated. The obtained result can be used in solving other initial boundary

value problems for an inhomogeneous parabolic equation.

Key words: parabolic equation, initial boundary value problems, regular solution, method of potentials, modulus of continuity.
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BBenenue

PaccmoTpeHs! epBasi 1 BTopasi HadaJlbHO-KpaeBbIe 3a-
Jla4yu ¢ HYJICBBIM Ha4YaJIbHBIM YCJIOBUEM JIsI OAHOMEPHO-
TO TI0 TTPOCTPAHCTBEHHON MEPEMEHHOU MapabondecKoro
ypaBHeHUS ¢ JIMHU-HENMPEPHIBHBIMU KOA(PPHUINCHTAMH.
[Ipennomaraercs, 9T0 TpaBasi 4acTh f ypaBHCHUS MOXKET
pacti K OECKOHEUHOCTH ONpE/IEICHHBIM 00pa3oM IpH
MPUOTMKEHUH K TMPSIMOW 3aJlaHusl HayallbHBIX JaHHBIX.
YcTaHOBNIEHA Pa3pelIMMOCTh (B KJIACCHYECKOM CMBICIIE)
9THX 3a7a4 B IMOJYyOTPAHUYEHHOW OOIACTH C HETJIAQJKOH
00koBOIT TpanHuIiel n3 kinacca Junn-I énpaepa. Mccnemno-
BaHa TJIAJKOCTh PEIIeHHs 3a1ad B kinaccax Juau—I épe-
pa ¥ MOJIyYeHbI COOTBETCTBYIOIIIE OLIEHKH KOPPEKTHOCTH.

Ecnu npaBas 4actb f ypaBHEHHs OrpaHHYEHa, TO pas-
PEIIMMOCTh YKa3aHHBIX 3a1a4 mojaydeHa B [1] mpu Oosee
CHJIbHBIX YCJIOBHSIX HA XapakTep IIaJKocTh Kodpdurm-
€HTOB YpaBHEHHS, OOKOBO TPaHUIIBI 00TACTH M (PyHKITHIA
n3 TpaHWYHEIX ycnmouid. Ecmu f = 0, To pe3ynbTarsl pa-
60THI crenyroT u3 [2, 3]. B cioydae, korma JaHHBIE 3THUX
3ajla4 NMpHHAUIeXKaT pocTpaHcTBaM [ €nbrepa u f pacter
K OCCKOHEYHOCTH CTEIEeHHBIM 0Opa3oM mpu ¢t — +0, pas-
pEemMMOCTb 3a/1a4 1 OLICHKHU pellieHnui B kinaccax ['énpriepa
YCTaHOBIICHHI B [4].

B monoce D = {(x, £)eRx(0, 7)}, R — BemecTBeHHAs
npsimast, 0 < 7< oo, 3aJjaH JIMHEHHBIM paBHOMEPHO Hapa-
OosTMUeCKHid orieparop

Lu=0u-a, (x,t)@iu +ay (x,1)0u+ay(x,1)u,

rie 0, = 0/0t; 02 = 0*/0x*; Ox = 0/0x.

[peamnonoxum, 4yto KodQduIEeHTs oneparopa L —
BEIECTBEHHbIE (DYHKINH, YAOBICTBOPSIOIINE YCIOBHAM:!

a) a,(x, f) = 8,> 0 mus Hekoroporo §, > 0 u BCex
(x, 7) € D;

0) Gynkuun a (x, 1), k=0, 1, 2, orpaHUYEHbI B D;

B) |ak (x-i—Ax,t +At)—a, (x,l)| <o, (|Ax| +|At|l/2 );
(x+Ax,t+At), (x,t)eD, k=0, 1, 2,

rac (00— MOAYJIb HEIPCPBIBHOCTH, YAOBJICTBOPAOIINU YC-
JIOBUSIM!
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B0 ()= [y oy (£)8 de<r0, 250, (L)

1 11 Hekotoporo g, € (0, 1) dynxmms o (z)z 0, z> 0, nod-
TH yOBIBAeT.

OYHKIUIO V(z) HA3BIBAIOT MOYTH YOBIBAIOIICH, €CIIU
JUIsT HeKOTopor mocTosiHHOM C > () BBIMONHSETCS Hepa-
BEHCTBO W(z,) < CW(z,) mpm z, = z,. Cnenys [5], Momymem
HeNpepbIBHOCTH Ha30BeM (PyHKIHO :[0, +o0) — R, ynos-
netBopsronyto yeiaosusam: o(0) =0, ® — HempepsIBHA, HE
yObIBaeT u nonyajauTueHa Ha [0, +o0), T. e.

o(z+z,)<o(z)+0(z,),0< 2,2, <+o.

Monynb HEMPEPHIBHOCTUA  YAOBIETBOPSIET YCIOBHUIO
JmHau, ecmm

6(z) = [o(&)e de<+o0, 20,

OTMETHM, YTO €CIIU (® — MOJYJIb HENPEPHIBHOCTH, TO
® — TaKXKe MOIyJb HempepbiBHOCTH. Ycmosue (1.1) 03-
HaYaeT, YTO MOJYNb HEMPEPHIBHOCTH (O, YAOBIETBOPSET
ycnoBuro [{unu.

W3BectHO (cM. [6]), 4TO mpH yCIOBUSIX a) — B) Cy-
IeCTBYeT (QpyHIaMEHTAIbHOE PellIeHNE

I'(x,5€,1), (x,z;&,r)eﬁxﬁﬂ{t > 1)

ypaBHeHust Lu = 0.

B momoce D BbIenuM MOIyOTrpaHUYEHHYIO 00JacTh
Q= {(x,))eD:x>g(#)} c HermaaKo, BooOIIIE TOBOPSI, OOKO-
Boit rpanuneii T = {(x, f)e Q:x = g(¢)}. Pynxuus g ynos-
JIETBOPSIET YCIOBHIO

g (r+an)-g(r)] < K |ad o jar )
1.2
1,t+Ate[0,T], K >0, (12

i€ ®, — MOAYIb HENPEPHIBHOCTH, YIOBIETBOPSIOIMI
ycnosuto Jlurw, u mis Hekoroporo g € (0, 1) dynxmus
®,(2)z 71, z> 0, mo4TH yOBIBAET.

MATEMATUKA 1 MEXAHUKA
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B oGiactu Q paccMoTpuM 33j/1a4y MOKCKa KilacCcH4ec-
KOT'O PEIICHUS YPaBHEHUS

Lu=fBQ, (1.3)
YIOBJIETBOPSIOLIEI0 Ha4yaJIbHOMY YCIOBHIO
u(x, 0) =0 mpu x > g(0) (1.4)
Y OJTHOMY M3 I'PAaHUYHBIX YCIOBHIA
u(g(®), n=w(), 1 € [0, T], (1.5)
WM
ou(g(), 1) =0(1), 1 € [0,T]. (1.6)

Omnpenenum cuenyromue GyHKIIMOHAIBHBIC TPOCTPaH-
ctBa. Uepes C[O,T] 0003HAYMM TIPOCTPAHCTBO HENPEPHIB-
0
HeIX (yHknui @:[0, TT—-R, mnsg xotopex ¢(0) = 0, mpu
0
orom {07 = maxol
ITycTs ©© — MOIyIb HENIPEPHIBHOCTH, YIOBIETBOPSIO-
LUHI YCIOBHIO:

1t Hexotoporo € € (0,1)
¢byHKIUA ©(2)z 4, z > 0, moutn yosiBaer.  (1.7)

IpoctpanctBom H*[0, 7], 0 < T < +oo, HA30BEM TIPO-
CTPaHCTBO HeNpephIBHBIX QyHKIui ¢: [0, 7] — R, ams xo-
TOPBIX KOHEYHA BEIMINHA

0.1 - [o(t+a1)—o(r)
Jos (0. TI" = maxo(0)]+ sup o)
OG6o3HaUNM IO-IO’ [0,T]= {(p e H*[0,T]:9(0) = 0}.

3ameuanue 1. [ mroboif mempepsiBHOW Ha [0, T
(GyHKIMH (@ CyNIECTBYeT MOIYJIb HEIPEPHIBHOCTH
®, ymoBiIeTBOpstomui ycioButo (1.7) wm Takoi, dTO

"(p : [O,T]"m < +oo (eM. [7]). dpyrumu ciioBamu, POCTpaH-

ctBa H°[0, T u C[0, T menipepsiBHBIX Ha [0, 7 dyHKIHII C
Hop™moii [|:[0, T||° oTIryaroTest TOTBKO HOPMaMHU.

1
Yepes H2"” [0,T | 0603HaunM npocTpancTBo GyHKimii
0
yeC [0, T ], JUISL KOTOPBIX KOHEYHA BEJIMYMHA
0

1 At)—\y(z)|
0,7 PR [0, T 0 |\V(Z+—
b0 =0T e’ ool

Uepes H'°(Q) 0003HaYUM NPOCTPAHCTBO (HyHKIIMIA
u:Q) —R, HenpepbIBHBIX U OrpPaHUYCHHBIX B {2 BMECTe C
TPOU3BOJHOM O U, IUTST KOTOPBIX KOHEYHA BETMYMHA

||u;Q||1’OJ = sup|u(x,t)| + sup|6xu(x,t)| +
Q Q
|u(x,t+At)—u(x,t)|
Sl(lzp 1/2 1/2
" oo )
Ou(x+Ax,t+At)—0 u(x,t
el )-Cuu(x)
o of|ax+|ad"?)

MATEMATUKA N MEXAHUKA

[Ton 3HaueHusiMM (YHKOMHA W MX TPOU3BOAHBIX Ha
rpanuie oonactu 2 MOHNMaeM UX NpeesIbHbIC 3HAUYCHHS
«m3HYTpH» Q.

Yepes C ?@(Q) 0003HaYNM BECOBOE MPOCTPAHCTBO HE-
NpepbIBHBIX QYHKIHH ©:Q2 — R, A KOTOPBIX KOHEYHA
BEJINYMHA

0 ' |u(x,t)|
|2y, = W af)

®ynkuuu u3 npocrpancrsa C ‘1’@(9) MOI'YT PacTd K
OECKOHEYHOCTH OTIpeIeIIEHHBIM 00pa3oM mipu ¢ — +0.

PaccMoTpuM  TepByI0  HayaJbHO-KPAaeBYIO  3ajady
(1.3) — (1.5). IIpenmonaoxuM, 9TO BHITOTHECHBI YCIOBHS:

1) fec, @ (1.8)

JUIS HEKOTOPOTO MOJIyJisl HENPEPBIBHOCTH ©, Y/IOBIETBO-
pAromiero ycinoButo JuHu;

2) U1 KakJ0H TOUKH (X, £)) € L2 CyIIECTBYIOT NOCTO-
sunbie C, B> 0, 3aBUCAIINE OT X U {, TAKKE, 9TO [T BCEX
ToueK (X, ), (x + Ax,t) € 2, yIOBIETBOPSIONIUX YCIOBUIM
e —x,| < B, |Ax| < B, |t — ¢,| < B, BBITIONHAETCSA HEPABEHCTBO

| (x+Ax,t) = £ (x.0)| < C (x5 ) o (Ax),  (1.9)

IJI€ G — MOZYJIb HENIPEPBIBHOCTH, YAOBIETBOPSIOLIUHI yC-
noButo Jluny;

1
3) ve Ig?“’w [0,7] (1.10)

JUISL HEKOTOPOTO MOJLYJIsi HELPEPBIBHOCTH ®,, YAOBICTBO-
PSIIOIIEro ycloBHio JIuHU.

Ceenem 3amaay (1.3) — (1.5) x 3agade a1 OTHOPOIHO-
ro ypaBHeHus. JIJis1 3TOTO BOCIIOIB3YEMCsI TUTIOCKUM T1apa-
0OTUYECKUM TIOTEHITHATIOM

t ~+00
Vf(x,t) = .[dr J‘ F(x,t;&,t)f(&,r)d&,(x,t) eQ, (1.11)
0 g(r)
rae ['(x, ; &, 1) — QyHIaMeHTanbHOE peleHne ypaBHeHUs
Lu = 0. Ecmu f'ynoBnerBopsiet ycnoBusM (1.8) u (1.9), To
norennuan (1.11) ynoBnerBopsier ypasuenuto (1.3) u Ha-
yajgpHOMY ycioButo (1.4). Torna s dysnkuum w = u — Vf
TOJTyYHM 337124y

Lw=038Q; w(x, 0) =0 mpu x > g(0);
w(g(n), ) = ¥(0); te[0, T1, (1.12)

e (1) = w(@) - V7(g(0), 0.

Jlemma 1. Ilycmo Ons koagpguyuenmos onepamopa L
BLINONHEHDL YCN08UA a) — 8) U Oid KPUsoll XL — yciosue
(1.2). Ilycme ®,— moOyne nenpepvignocmu makot, 4mo
ona nekomopozo € € (0,1) ¢ynxyus (D/.(Z)Z =, z > 0 noy-
mu yowvisaem. Toeda Vf — oepanuuennviii onepamop us
C ?@/(Q) 6 H'/(Q).

Jloka3aresbCTBO JIEMMbI aHAJIIOTHYHO J0Ka3aTelbCTBY
teopemsl 3.1 B [8].
U3 nemmer | wu ycmoBus (1.10) crmemyer, d9TO

1
Ye H ™ [0, T] U BBITIOJTHEHO HEPABEHCTBO
0

BectHuk M3OW. Ne 5. 2022
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1 ®, l+mw
peforli c{lrall, +pelorli |

e ©, = o+ o, IpHYeM ®, YIOBICTBOPSET YCIOBHIO
Junu. Yepes C 0003HAUMM TTOJIOKUTEIBHbIC TIOCTOSIHHBIE,
3apucsmye oT 6, 7, QyHKIMM g U KOI(QPUIMEHTOB OTle-
paropa L. 13 [2] BeITekaet, uto pemienueM 3anaydu (1.12)
SBJISIETCSI MOTEHIMAJ MTPOCTOTO CIIOST

w(x,1)=Up(x,1)= _t[l"(x,t;g(‘r),r)(p(‘r)dr, (x,1)e Q,

e miotHocts @ € C[0,7 | — eanncreennoe B C[0, T pe-
1IIeHKe MHTErPaIbHOTO ypaBHeHus Bonsrepps 1-ro poaa

jl"(g(t),t; g(1).1)o(r)dt="F(r), 1[0,T]. (1.14)

Lo, (A _ = ~ ~
Kpome Toro, we H* (Q), ®; = ® + @O, +®,, ¥ BbI-
TIOJTHEHA OlIeHKa

—+0
2 2

w0 <c|:fo.r]

Takum 00pa3oM, cripaBe/UIMBa ClIeyIolIas TeopeMa.

Teopema 1. Ilycmo 015 ko3ghpuyuenmos onepamopa
L svinonnenvt yciosus a) — 8) u 0 Kpugoll X — yciosue
(1.2). Tozoa ons ar0bwix Qyurkyuil f u y, yoosiemeopsio-
wux yenosusam (1.8) — (1.10), cywecmsyem xnaccuueckoe
pewenue 3adauu (1.3) — (1.5), npuuem u € H's (Q) u
BbINOTHEHA OYEHKA

3ameuanue 2. EIUHCTBEHHOCTh pCIICHHS 3a1a4d
(1.3) — (1.5) cnenyet u3 mpuHIKTA MakcuMyMa (cM. [9]).

3ameuanue 3. Kak mokazaHo BblllIe, PELICHUE 3a/1a4u
(1.3) — (1.5) mmeeT BUI CyMMBI IIOTEHITHAIOB

u(x, 1) =Vfix, t) + Uo(x, 1), (1.15)

HMWWSCHﬂQ&A%MQﬂ

e 0y =0+ 0+ 0, +0,

rae ¢ — equacTBeHHOE B C[0, 7 pemenne nHTerpaaIbHOTo
ypaBaenus (1.14).
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AHaNOrMYHO YCTAaHOBUM pa3peimnMocTs 3a1aun (1.3),
(1.4), (1.6). Ucnons3ys nemmy 1 u pesyasrarsl [3, 10], mo-
JYYHM CJEAYIOIIYI0 TEOpEMY.

Teopema 2. [Iycmb svinonnenst ycnosus a) — 6), (1.2).
Toz0a ons noboti gyuxyuu f Cfm/ (Q), yoosaemsopsio-

wetl ycnosuio (1.9), u moboii hynxkyuu § € H [0, T] cyupe-
0

cmgyem Kaaccuyeckoe pewerue 3adadu (1.3), (1.4), (1.6),

Bl
b

3ameuanue 4. EIWHCTBEHHOCTh pEIIEHUS 3aJa4d
(1.3), (1.4), (1.6) momyuena B [11].

3ameuanue 5. Pemenue 3amaun (1.3), (1.4), (1.6)
“MeeT BUJ CyMMbI moTeHIuanoB (1.15), rae mioTHOCTH
¢e (OT[O,T] — enuncTtBeHHoe B ([0, 7| pemieHne MHTe-

Los (&
npuuem u € H™™ (Q) U 8bINONHEHA OYeHKA

ol <c(lr:al;,, +[o.7]

TIe 05 = @) + @ + 0, + .

TpaJbHOTO ypaBHEHHS BonbTepps 2-ro poxa

—%az" (g(1).1)(r)+

rie O(1) = 0() — 0 Vfig(®), 1).

3ameuanne 6. B wactHoM ciydae, xorma ,(z) = z¢
k=0,1; o,=0,=0,=z20<0<l, yrBepkacHus Teopem
1 u 2 cnenytot u3 [4].

3akJjoueHne

YcraHoBieHa pa3pelIMMOCTb IIEPBOM U BTOPOM Ha-
4aJbHO-KPAEBBIX 33J/1au JUIsl OJHOMEPHOro napabdosnyec-
KOTO ypaBHEHUs ¢ [IMHU-HEeNpepbIBHBIMU KOd(duIeHTa-
MU B IOJyOTPaHHYEHHON 00JIACTH C HEIIaJKoH OOKOBOM
rpanunei u3 knacca Junu—I'€nbnepa npu ycioBuu, 4to
IIpaBasi 4aCTh YPAaBHEHMUS MOXET PacTH K OECKOHEUHOCTH
ompeneieHHbIM 00pa3oM npu ¢ — +0.

VccnenoBana IMagkoCTh pEHIEHHS 3a7ad B Kiaccax
Junn-T'€nbuepa.
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