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GREEN'S FUNCTIONS OF SOME BOUNDARY VALUE PROBLEMS
FOR BYHARMONIC OPERATORS
AND THEIR CORRECT CONSTRICTIONS

Abstract. In this paper, a constructive method is given for constructing the Green function of the Dirichlet
problem for a biharmonic equation in a multidimensional ball.

The need to study boundary value problems for elliptic equations is dictated by numerous practical applications
in the theoretical study of the processes of hydrodynamics, electrostatics, mechanics, thermal conductivity, elasticity
theory, and quantum physics. The distributions of the potential of the electrostatic field are described using the
Poisson equation. When studying the vibrations of thin plates of small deflections, biharmonic equations arise.

There are various ways to construct the Green Function of the Dirichlet problem for the Poisson equation. For
many types of domains, it is constructed explicitly. And for the Neumann problem in multidimensional domains, the
construction of the Green function is an open problem. For the ball, the Green function of the internal and external
Neumann problem is constructed explicitly only for the two-dimensional and three-dimensional cases.

Finding general correct boundary value problems for differential equations is always an urgent problem. The
abstract theory of operator contraction and expansion originates from the work of John von Neumann, in which a
method for constructing self-adjoint extensions of a symmetric operator was described and a theory of extension of
symmetric operators with finite defect indices was developed in detail. Many problems for partial differential
equations lead to operators with infinite defect indices.

In the early 80s of the last century, M.O. Otelbaev and his students built an abstract theory that allows us to
describe all correct constrictions of a certain maximum operator and separately - all correct extensions of a certain
minimum operator, independently of each other, in terms of the inverse operator.

In this paper, the correct boundary value problems for the biharmonic operator are described using the Green's
function.

Key words: biharmonic equations, Dirichlet problem, biharmonic operator, domain of operator definition,
correct problems, correct operator constrictions.

1. Introduction. The distributions of the potential of the electrostatic field are described using the
Poisson equation. When studying the vibrations of thin plates of small deflections, biharmonic equations
arise [1,2].

There are various ways to construct the Green Function of the Dirichlet problem for the Poisson
equation. For many types of domains, it is constructed explicitly. And for the Neumann problem in
multidimensional domains, the construction of the Green function is an open problem. For the ball, the
Green function of the internal and external Neumann problem is constructed explicitly only for the two-
dimensional and three-dimensional cases. In the general case, for a multidimensional ball, the explicit
form of the Green function of the Neumann and Robin problems for the Poisson equation is constructed
recently in [3,4].
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Note that recently there has been renewed interest in the explicit construction of Green's functions for
classical problems. In [5-7], the Green function of the Dirichlet problem for a polyharmonic equation in a
multidimensional ball is constructed explicitly. In [8], the Green harmonic functions of the Dirichlet,
Neumann, and Robin problems are used to construct the Green functions of the biharmonic Dirichlet,
Neumann, and Robin problems in a two-dimensional circle. Similar results in the class of inhomogeneous
biharmonic and triharmonic functions in the sector were obtained in [9-12]. Note also that the construction
of explicit Green functions of the Robin problem in a circle, when the parameter in the boundary condition
is equal to one, is devoted to the work [13,14]. The results of these studies are based on the classical
theory of integral representations for analytic, harmonic, and polyharmonic functions on the plane.

The solvability of various boundary value problems for a biharmonic equation in a multidimensional
sphere is studied in [15-18].

The abstract theory of operator contraction and expansion originates from the work of John von
Neumann [19], in which a method for constructing self-adjoint extensions of a symmetric operator was
described and a theory of extension of symmetric operators with finite defect indices was developed in
detail. Many problems for partial differential equations lead to operators with infinite defect indices.

M.I. Vishik [20, 21] considered extensions of the minimal operator, rejecting its symmetry, and
described the areas of definition of the extension that have certain solvability properties. M.I. Vishik
applied his results to the study of general boundary value problems for general elliptic differential
equations of the second order. Then A.V. Bitsadze and A.A. Samarsky [22] found a correct problem that is
not contained among the problems described by M.I. Vishik. This type of problem for ordinary differential
equations was studied by A.A. Desin [23].

In the early 80s of the last century, M.O. Otelbaev and his students [24-26] constructed an abstract
theory that allows us to describe all correct constrictions of a certain maximum operator and separately -
all correct extensions of a certain minimum operator, independently of each other, in terms of the inverse
operator. This theory was extended to the case of Banach spaces [27].

This paper is devoted to the construction of the Green Function of the Dirichlet problem for a
biharmonic equation in a multidimensional ball and to the description of correct boundary value problems
for the biharmonic operator.

Green's function of the Dirichlet, Neumann, and Robin problem for the Poisson equation in a
multidimensional unit ball

In the 7 -dimensional ball Q= {x: (X,%55...,X,) ER" :‘x‘ < r}, we consider the Dirichlet problem
for the biharmonic equation

Au(x) = f(x),xeQ, 1)
ou(x)
on

X

u(x)=@,(x), =@,(x), x€0Q. (2)

The classical solution u(x) € C*(Q) N C'(Q) of the Dirichlet problem (1), (2) exists, is unique,
and is represented by the Green's function G4’n (x,y) in the following form [1]

u(x) =[Gy, o) Sy + [ {86 G (5 3) 8,00 (1) = Gy, (%, 9) - aj A, 9, (y)}sy +

ny

¥
0 0
J.aQ|:anyAyG4,n (xa J’) %! (J’) - A)/(;él,rz (xay) ' %(ol (y)}dSy > €)
where —— is the outer normal to the boundary of 0€2 .

Gny

The Green function of the Dirichlet problem (1), (2) is determined from the following theorem.

— g =——
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Theorem 1. a) If n is odd or n is fair and n >4, then the Green function of the Dirichlet problem

(1), (2) is representable as
2-n ) )
Yo [1 - ][1 - ] 4)

G4’n (X, _)7 _ |X 4—n
=|x— y| -
Y bl

where are j _ F(% B 2)F(% —2)

4—n
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e 8n7z"/2r(%)
b) In the case of n =2 and n =4, function G, , (x, y) has the form
: 2 2
A | [ YL [ A m(l_y j(l J
42 ‘ r r
__
VY
- 2 2
G4,4<x,% S ISR T | SR 4 S O i iy O
4,4 r y‘ r ‘y‘ r r
1
Ty

In the future, for convenience, we will only consider the cases #n -odd or n -fair and n > 4.

Lemma 1. [2] a) In the case of 7 -odd or # -fair and #n >4 the function

4-n
€4, (X, ) =d,,[x ~ ]
is the fundamental solution of equation (1);
b) [6,7] Functions
4—n 2-n
[ Y | du )" |y
0 N/
g4,n(x9y):d4,n; 'x__zr > g4,n(an’)=_ 2 _ __2r ®)
" b
are biharmonic functions, i.e. satisfy the homogeneous biharmonic equation
Azxgin(x,y) =0,xeQ, k=0,1.
It is easy to show that the functions
2
2
pof =X =X =2 =V () =
b
2\ NE
[1—Z J [1—— }"2222()6,)/):22 (6)
r r
satisfies the identity
XY =-7"x,yeQ. (7)
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Proof of Theorem 1. a) Using equality (7) and decomposition of function f(x)=(1-x)*,0<x<1,
we decompose the fundamental solution &, , (X, ) into a series

4-n

2) 2
£, (X, )= X =7 .(1_5_2J =y*" - (2_§)Y2—n22 +

o0 (_l)k
+
2
Moving the two terms to the left side of the equality, we get the desired Green's function in the
following form

G'4,n (X, y) = Gin (X, y) = G:jn (X,y),

where are
G2, (x,y) = d4{ iy, (42n) - }
G ( 1) 1 ﬁ ﬁ 2 ﬁ k 2-n-2k 72k
an(X,3)= Z 1-2)2)2---kY Zw.
27 2 2
Because
2 ¥ 2
(Xz—yz) =-7’ :—rz[l—l J[l—— J =0,
xe0Q,yeQ) x€0Q,yeQ) 7 7
xe€0Q,yeQ)
2
z’ o, & =0
x€0Q),yeQ)
X 1xedQ,yeQ)

it is easy to show that function an (x,») satisfies the boundary condition

o0
=0 8G4’n(x,y) -0
xedQ, yeQ ’ on, ’
x€0Q,yeQ

Gy, (x,y)

According to Lemma 1 and Representation Gf ,(x,y) we have

A2G4’2 (x,y)= AZGi2 (x,y)=0(x—y),x,y Q.

Due to the uniqueness of the solution of the Dirichlet problem for the biharmonic equation, the Green
function of the problem (1), (2) is (4):

G4’n(x’y)=d4’n[X4n —Y4 n (42 l’l) YZ nZ :|

3. Correct constrictions and extensions of differential operators

In the early 80s of the last century, M. O. Otelbaev and his students [24-26] constructed an abstract
theory that allows us to describe all correct constrictions of a certain maximum operator and separately -
all correct extensions of a certain minimum operator, independently of each other, in terms of the inverse
operator. Moreover, this theory was extended to the case of Banach spaces and it was possible to partially
abandon the linearity of operators. Moreover, M. O. Otelbaev shows that the Bitsadze-Samarsky problem
[22] is a correct narrowing of the corresponding maximal operator. We give a brief summary of this theory
in the case of Hilbert spaces.

Let the Hilbert space H be a linear operator L with a domain of definition D(L) and a domain of

value R(L) . The kernel of operator L is the set KerL = { feD(L):Lf = 0}.

— |§ ——
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Definition 1. A linear closed operator L in a Hilbert space H is called maximal if 3 R(i) =H and
Kerl # {O}
Definition 2. A linear closed operator L, in a Hilbert space H is called minimal if R(L,)# H and

there is a bounded inverse operator ' by R(L,).

Definition 3. A linear closed operator L in a Hilbert space H is called correct if there is a bounded

inverse operator L' defined on all H .
Definition 4. Operator L is called a contraction of operator L, and operator L, is called an

extension of operator L, and briefly write L < L, if

DD(L) € D(Ly),

2Q)Lf =L f,Vf eD(L).

Definition 5. The correct operator L in the Hilbert space H is called the correct contraction of the
maximum operator L (the correct extension of the minimum operator Lyif L c L (L, <L).

Definition 6. A correct operator L in a Hilbert space H is called a boundary-correct extension if L
is both a correct contraction of the maximum operator L and a correct extension of the minimum operator
Ly,ie, Ly,cLc L.

Theorem 2 [24,25]. Let L be a maximal linear operator in a Hilbert space H,L — a known correct

narrowing of operator L and K -an arbitrary linear operator bounded in / that satisfies the following
condition

R(K) < KerL. (8)
Then the operator L, defined by the formula
L f=L"f+Kf NfeH, (9)

is the inverse of some correct narrowing of L, of the maximal operator L,ie. L, < L.

Conversely, if L, is some correct narrowing of the maximal operator L , then there exists a linear
operator K, bounded in / that satisfies condition (8), such that the equality holds

L'f=L"f+K f,Vf eH.

As arule, it is difficult to describe the kernel of the maximal operator. Therefore, often the following
Theorem 3 is more effective than Theorem 2.

Theorem 3 [26]. Let L be the maximal operator, L¢ be the known correct constriction of 7 ,and K

be the continuous operator acting from H to D(i) be the domain of the definition of operator L. Then
operator L;(l , defined by the formula
L) f = L;lf +(E- L;IL)Kf (10)
is the inverse of some correct narrowing L, i. e. L x C L.
Conversely, any correct narrowing of operator L is represented as (10).

This theory will then be applied to the biharmonic operator.

4. Correct boundary value problems for a biharmonic operator in a multidimensional ball

In this paragraph ()= {x eR" :|x| < r}. On the set D(L)= W, (Q), we define the maximum
operator L by the formula Lu= Azxu(x),‘v’u € D(ﬁ)

By definition, R(L) = L,(€)), and Ker(L) # {O} is not trivial.
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In the previous section, we proved that the Dirichlet boundary value problem for the biharmonic
equation

ou(x)
on

X 10Q

Lyu={u: Azxu(x) = f(x),xe Q,u(x)‘(3Q =0, =0}

has a unique solution of u#(x) and it is represented as

L' f =u(x) = [ GP,(x.0)f(0)dy, (1)
where Gf L(x,y) = G4,n (x,y) is the Green function of the Dirichlet problem from (4). Thus, operator
L, is invertible.

Further, based on the representation of the solution (11) of the Dirichlet problem, we give other
correct boundary value problems for the inhomogeneous biharmonic equation. To do this, we apply
Theorem 3 to describe the correct constrictions of the maximal operator L.

Lemma 2. Using the explicit form of the Green function of the Dirichlet problem (4), for the

biharmonic equation (1) and for any /(x) € W24 (€Y), the representation is valid

g 0 0
(E —L¢1L)h(x) = J‘aﬂ{any Gy, (%, ) A h(y)—Gy, (an’)'%Ayh(J’)}dSy +
+ iA G,, (x,y)-h(y)—A G, ( )-ih( ) (12)
0 al’ly y4.n XY y y=4.n XY al’ly V)

Lemma 3. The Green function of the Dirichlet problem on the boundary of the domain has the
following properties:

0Cs, 0,A.G 0 94,6, S(x—y)
=0, i =0, =0, : = X — y .
4,n xe y 4,n xe xeoQ)
@ 8}1 X lxeoQ o 8” y xedQ
0°G 0°A G oA G
4.n =0, y T 4.n _ 0, y T d.n _ —5()(' _ y) W
on.on,| onon, | on, | reo

The following statement is true, which allows us to describe the domain of the definition of the
maximum operator L in terms of the Green's function G, , (x, ).

Lemma 4. The domain of definition D(L) of the maximal operator L has the representation

D(L) = fuu(x) = [ Gy, (x,0)- f(¥)dy + Jm{&i Gy (5, A 1(1) = Gy (x,) 8jAJz(y) ds, +
Q

Y y

+ iAyG4,n (x,3)-h(y) = A,Gy , (%, ) aih(y)}dSy,Vf € L,(Q),Vhe W, ()}

b0
on ) ’

In particular, if

o O

yeoQ -
on,

OA h

=0,AH =0, —*
xe0Q) an

xeoQQ y

h

yedQd
then D(L) coincides with the scope of definition D(L 4) of operator L.

— () ———
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Now the question arises: how to describe the definition areas of other possible correct constrictions
of the maximum operator L?
Let K be an operator that matches each function f(x)e€ L,(Q) with a single function

h(x) €W, (Q), such that |Kf|, ., <C[f
D(K)={u(x)e D(L):h=Kf}.Onthe set D(K), we define the operator LA‘ =Ly

D(K)

, for the chosen operator K, we take the set

L, (Q)

From Theorem 3, it follows that LK is a correct narrowing of the maximal operator L. From

Theorem 3, we obtain the following statement describing the operator LK in terms of boundary
conditions.

Theorem 4. Let K be an arbitrary continuous operator acting from Lz (Q) to D(ﬁ) . Then the

inhomogeneous operator equation L KU = f is equivalent to the following boundary value.

Nu(x)= f(x),xeQ, (13)
ou O(Kf)
Yo =6l 3, | =7, 1
X | xeoQ) X IxedQd

Note 1. If the invertible operator is on all L,(€2), then the boundary conditions in (14) can be
written as

ou OK;
Ru‘xe@Q :R(Kf)‘xeaQ’ R on. = K : (15)

n
X /1 xeoQd X /lxeoQ

Therefore, to check the correctness of the boundary value problem, you need to try to convert the
boundary conditions to the form (15).

Note 2. If the linear operator L -is the correct contraction of the maximum, then passing to the
conjugates, we get the correct extensions of the minimum operator corresponding to the formally
conjugate. This also leads to a class of "loaded" equations.

Note 3. Note that in Theorem 3, K — nonlinear transformations can be taken as K .

Other applications of the results of M. Otelbaev in various sections of the theory of differential
equations can be found in [27,28].

B. JI. Komanos!, A. O. Baiiapsictanos?, M. JIaypenksisr’, C. O. Typbimoer?

'Maremaruka ’xoHe MaTeMaTHKAJIBIK MOJENIEY HHCTHTYTHI, AnMatel, Kasakcran;
2 JL.H. T'ymunes atbinaarsl BEypasus yirteik yHusepcureti, Hypcynran, Kasakcran;
134 AGaii areiaars! Kazak WITTHIK TIEIarOTHKAJIBIK YHUBEPCHUTETI, AnMaThl, KazakcTaH.

BUT' APMOHUKAJIBIK OITEPATOPJIAP YIITH KEWBIP INETTIK ECENTEP/IIH
I'PUH ®YHKIUAJAPDBI )KOHE OJIAPAbIH J¥PbIC TAPBITYJIAPBI

AnHoTanus. byr xyMmpicTa Kem enmieMpi mapaa OMrapMOHUKANBIK TeHAey ymiH upuxie ecebiHiy I'pun
(YHKUMSICBIH KYPYABIH THIM/II 9J1iCi KOPCETIIreH.

DJNIUNTHKAIBIK TEHJEYJIep YIIIH LIeTTIK ecenTepli 3epTTey KaXKeTTUIr THIpOIUHAMHKA, JJIeKTPOCTaTHKa,
MEXaHHKa, JKbUTYy OTKI3TIIITIK, CEPIIMALTIK TEOPUSCH], KBAHTTHIK (PU3MKa MPOLECTEPIH TEOPHUSUIBIK 3ePTTEY/E KOll-
TEreH MPaKTUKAIBIK KOCHIMIIAIapMEH THIFbI3 OaiIaHbICThI. DIEKTPOCTATHKAIBIK ©piCc MOTEHINAIIAPbIHBIH TapaTybl
[Tyaccon TteHueyiMeH, ai Kimnl HMUTIMAEpAIH KyKa TaKTaJapblHBIH TepOeNiCTEepiHiH Tapailybl OMrapMOHHKAJBIK
TEHJICYJIEPMEH CUITaTTaIaIbl.

ITyaccon tenueyi ymin Jupuxne eceOinin ['puH QpyHKUMACHIH KYPYABIH SpTYPJi Tociiaepi 6ap. AynaHaapabiH
KONTEreH Typiepi YIIiH ol alKbeIH TypAe Kypburrad. Heiiman ece0i yimiH kxer emmemzi oOneictapna ['pua QyHK-
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LUSICBIH KYpy Macelneci Ka3ipri TaHja amblk MiHaeT Oounbin Tadbuiansl. [lap yurin HeliMaHHBIH iMIKi )KOHE CBHIPTKBI
eceOiniH ['pruH QyHKUMSCHI TEK €Ki eJIIeM/ Il XKaHe YIII eJIIIeM Il )KaFJjaiiap yiIiH aifKbIH TYp/e KypbUIFaH.

JuddepeHunanaplk TeHaeynep YUIIH JKalIbl AYpbIC IIEKapajblK ecentepii Taly opKallaH e3eKTi Macelne
6osbin TaObUTaABI. OmnepaTopiapblH TapbUIybl MEH KEHCHiHIH aOcTpakTiai Teopuschl JIxoH ¢on HeliMaHHBIH
JKYMBICBIHAH OacTay ajajbl, OHIA OJ CHMMETPHSUIBIK ONEpPATOPBIH ©3-031HE TYHIHICC KEHEHTYJepiH Kypy oici
CHUIATTAIFaH XOHE aKayAblH aKbIPJIbl MHIEKCTEpl 0ap CHMMETPHSUIBIK OIepaTopliapibl KeHEHTY TEOpPHSICHI erKe-
Terxeini xacanrad. JlepOec TybIHIBUIBI TU(depeHIHaNIBIK TeHIEYyJIepre apHalFaH KONTereH ecenTepi akayjapsl
IIEKCi3 MHEKCTI oTepaTopiiapra ajbll Kejlei.

OTtkeH rachIpabpiH 80-mIi JKbUTHApBIHBIH OackiHOa M. OTenbaeB >koHE OHBIH IIOKIPTTEPi aOCTPaKTii Teopwus
KypIsl. By TeopusHBIH KeMeriMeH Oenriii 0ip MakcHMalIbl ONepaTOPAbIH OapibIK AYPHIC TApBUTYBIH CHIIATTayFa
Oomamel, coHmai-aK Oenriti 6ip MHHUMAIABI ONIEpaTOPIBIH OAPIBIK TYPHIC KEHEIOIH CHITaTTayFa 00Ia bl

byn makana orneparopiappblH TapbUTybl MEH KEHEIOI TEOPUSCHI KbICKAIa CUITATTAIIFAH JKOHE OMIapMOHUKAIBIK
orepaTopIap YIIH THSHAKTHI HIEKapaJbIK eCenTepl CUMaTTayra apHaIFaH.

Tyiiin ce3mep: OurapMoHuKanslk TeHueynep, upuxie ecedi, OUrapMOHUKAIIBIK OIEPATOpP, OMEPaTOPIbIH
aHBIKTay aliMarbl, IYPHIC €CENTep, ONePaATOPbIH JYPHIC TAPBUIYHL.

B. JI. Komanos', A. O. Baiiapsictanos?, M. Jlaypenksisnr’, C. O. Typbimoer?

'MIHCTHTYT MaTeMaTHKH U MaTEMaTHIECKOTO MOJEIHpoBanus, Anmatel, Kazaxcram;
EBpasuiicKkuii HamMoHANbHEI yHEBepcuTeT uM. JL.H. I'ymunesa, Hypcynran, Kazaxcran;
1.3:4Ka3axckuii HAMOHAIBHBIN MEAroTMIECKHI yHUBEPCHTET uM. AGast, AnMarsl, Kasaxcran

OYHKIHUU I'PUHA HEKOTOPBIX KPAEBBIX 3ATAY
JJIA BUTAPMOHHMYECKHUX OIIEPATOPOB U UX KOPPEKTHBIE CYKEHUS

AnHotanusi. B nanno# pabote 1aH KOHCTPYKTHBHBIN crioco0 moctpoenust Gpynkuuu ['puna 3anaun Jupuxie
JUIsl ONTapMOHUYECKOTO YpaBHEHHS B MHOTOMEPHOM LIape.

HeobxoauMocTs mMcclnenoBaHWS KpaeBBIX 3adad Ui SJUIMNTHYECKHX ypPaBHEHWH TPOJAMKTOBAaHA C
MHOTOUYHCIICHHBIMA NPAKTHYECKUMH HPWIIOKECHUSIMHA TIPH TEOPETHYECKOM H3YUYCHHH MPOLECCOB I'MAPOIMHAMUKH,
JNIEKTPOCTATUKH, MEXaHWKH, TEIUIONPOBOJHOCTH, TEOPHM YNPYTrOCTH, KBaHTOBOW ¢m3uku. Pacmpenenenus
MOTEHIMANa 3JIEKTPOCTATHUECKOTO IONs ONMCBHIBAIOTCA C ToMolnpio ypaBHeHus Ilyaccona. Ilpu mccnenoBanun
KoJieOaHWI TOHKHX TUIACTUH MaJIbIX MPOTHOOB BO3HUKAIOT OUIApPMOHUIECKUE YPABHEHMS.

CyIIecTBYIOT pa3InyHble CIIOCOOBI MocTpoeHus ¢yHkuuu ['puna 3amaun dupuxne s ypasHenus Ilyaccona.
st MHOTMX BHJIOB 00JacTell OHa MOCTPOEHA B SIBHOM BHje. A Juisi 3ajayu HelimaHa B MHOTOMEpPHBIX 00JacTsX
noctpoeHue QyHkImu ['puna sBisiercss OTKphITOM 3amaderd. /s mapa ¢ynkuus ['puHa BHyTpeHHEW M BHELIHEH
3anaun Heiimana nmoctpoeHa B SBHOM BUJIE€ TOJIBKO /Ul ABYMEPHOM U TPEXMEPHOM CITydasiX.

Haxosxnenne oOmmMX KOPPEKTHBIX KpaeBbIX 3amad Juid JuQQepeHIHanbHbIX YpaBHEHUH Bcerja SBISIETCS
aKTyaJIbHOHM 3asaueil. AOCTpakTHasi TEOpHs CY>KEHHS M pacUIMpeHHsl OIepaTopoB OepeT cBoe Hadano ¢ paboThl
JIxoH ¢oH HeiimaH, B KoTOpO# OBLT ONMMCaH METO/] MOCTPOEHHSI CAMOCOTPSKEHHBIX PaclIipeHHH CHMMETPUIECKOTO
orepaTopa 1 noapoOHO pa3paboTaHa TEOPHs PaCHIMPEHUS] CHMMETPHIECKUX ONEPATOPOB ¢ KOHEUHBIMU MHAEKCAMHU
nedexra. Muorue 3amaun 11 quddepeHranbHbpIX ypaBHEHHH B YaCTHBIX MPOU3BOJHBIX IPUBOAAT K OIIEpaToOpaMm ¢
OECKOHEUHBIMH HHJEKCaMU Je(eKTa.

B nagane 80-x rogo mpouutoro cronetist M.O. OTenbaeBsIM U €ro y4eHHKaMH OblIa TOCTPOeHA a0CTpaKTHAS
TEOpHsi, KOTOPasi 03BOJISIET OMUCATh BCE KOPPEKTHBIE CYKEHHSI HEKOTOPOTO MAaKCHMMAJIBHOTO OIIEpaTopa U OTAEIBHO
- BC€ KOPPEKTHbIE PACIIMPEHUS HEKOTOPOTr0 MHUHHMAJIBHOIO ONEepaTopa, HE3aBUCHUMO APYT OT Apyra, B TEPMHHAX
00paTHOrO orneparopa.

B Hacrosimeii paboTe ¢ HOMOIIBIO TOCTPOEHHOTO (GyHKIMK ['prHA OmnMcaHbl KOPPEKTHBIE KpaeBble 3a1auu A
OUrapMOHHYECKOTO OIeparopa.

KiroueBble cjioBa: OMrapMOHMYECKHE ypaBHEHHMs, 3aj1ada Jlupuxiie, OurapMoHH4YecKuii omeparop, o0JacTh
OIpeseIeHUs ONepaTopa, KOPPEKTHBIE 3a7jaull, KOPPEKTHBIE Cy>KEHHsI OIepaTopa.
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