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IIpocTrpancTBa JLyryH/ 12Ky ¥ IIPOEKTUBHO — MHAYKTUBHO 3aMKHYThIE
dyukTOopbl B Kateropuu 1'ych.

Arwmnos II1.A., 2KypaeB T.®D.
Nucruryr maremaruku AHPY3, TTITY, Tamkent, Y30ekucraH.
e-mail:sh__ayupov@mail.ru, tursunzhuraev@mail.ru

B jaHHON 3aMeTKe paccMaTpuBaerTcs mpocTpancrBa Jlyryuiuxku [1| u mpoekTusmo-
UHJIyKTUBHO 3aMKHYThIe (DYHKTOPHI [2| B Kareropuu 1T'ych— TUXOHOBCKUX MPOCTPAHCTB U
HEIPEPBIBHBIX OTOOpaxkenwuit B ceds. VccienyloTes reoMeTpudeckne U TOIOJIOTHYECKUE
cBoficTBa mpocTpaHcTB JlyryH/KM Tpu BO3JEHCTBUE HU HUX 3STUX (QYHKTOPOB B
paccMaTpuBacMORl KaTETOPUM.

Hannast pabora siBISeTCs TPOJOJIKEeHneM paboThl [3-4] 11si KOHKPETHBIX MPOEKTHBHO
~MHJIYKTUBHO 3aMKHYTBIX (DyHKTOPOB U mipocTpancTB Jyrynku u Mumoruna.

Hamu mostyvens! ciieyromnine

Teopema 1. IIpoekTuBHO —MHIYKTUBHO 3aMKHYTbie (DyHKTOPBI F' B Kareropuu 1'ych
coxpaHgeT R— KOMITaKTHBIE IPOCTPAHCTBA.

Teopema 2. [IpoekTuBHO- WHIYKTHBHO 3aMKHYTbie (DYHKTOPBI B Kareropuu 1'ych
coxpangeT npoctpancTs Jlyrymmkn nu Mumoruna.

Teopema 3. JlokanbHo BbIyK/ble TOAMGYHKTOPL F' dyHKTOpa P, BEpOATHOCTHBIX
Mep ¢ < n HOCUTEIIMU coxpaHsdeT npoctpancTB yryumku u Munoruna.

JImreparypa

1. 2Kypaes T.®@. IIpocrpancrBa yrynzxu n abCcoOTIOTHBIE SKCTEH30PbI B KATETOPUHU
Tych. Bmorens Uncturyra Matemaruku, 2019, Ne5, crp.22-27.

2. Zhuraev T.F. On paracompact spaces, projectively inductively closed functors, and
dimension Mathematica AETERNA, 2015,V-5, Nel, pp.175-189.

3. Arorio II1LA., ZKypaes T.®. O mpoeKTUBHO NH/IyKTUBHO 3aMKHYTHIX TOA(DYHKTOPax
dyukTopa P BeposdTHOCTHBIX Mep. Te3ucwl 0Kaa10B KoHdepeniun [Ipobiiembr
COBpPEMEHHOI TomnoJyioruu u ee npuioxkenus, Tamkent, 2017, ¢. 13-15.

4. Arwomnos II.A., ZKypaes T.®. AbGcosmoTHbIE 3KCTEH30pHI Ha Karteropuu 1'ych n
npocrpancTtBa Jlyrymnmku. Tesucer jpokiaanoB koudepenmun IIpobiaembr CoBpemeHHOI
TONOJIOTUN U ee puoxkenus, Tamkent, 2018, ¢.7-8.

Description of isometries of F-spaces Log-integrable functions

Abdullaev R.Z., Chilin V.I.
Tashkent University of Information Technologies, Tashkent, Republic of Uzbekistan
e-mail:arustambay Qyandex.com
National University of Uzbekistan, Tashkent, Republic of Uzbekistan
e-mail: vliadimirchil@gmazil.com

Let (2, A, 1) be a measure space with finite measure p, and let Lo(€2, 1) be the algebra
of equivalence classes of real valued measurable functions on (€2, A, ). Following to [1],
we consider in Lo(€, p) the subalgebra Liog (2, 1) = {f € Lo(, 1) = [ log(1+ | f|)dp <
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+00} of log-integrable measurable functions, and for each f € Liog(€2, 1), we set || fliog =
Jo log(1+1f])dp. A non-negative function || - [|iog : Liog(£2, ) — [0, 00) is a F-norm on the
linear space Liog (€2, 1t), ant a set Li,g(€2, 1) is a complete metric topological vector space
with respect to the metric p(f,g) = ||f — gllg (see, for example, [2]).

The following Proposition establishes the "disjointness" property for linear isometries
U : Liog(2, 1) = Liog (2, p1).

Proposition 1. Let U : Liog(§2, 1) = Liog(2, 1) be a linear isometry. Then for any
f, 9 € Liog(Q, ) such that f-g=0 the equality U(f)-U(g) =0 tis true.

Using Proposition 1 we get the following full description of linear isometries U :
Llog(Q7 ﬂ) - Llog(Qa ,u)

Teopema 1. Let U be a linear isometry in F-space Liog(S), ). Then there exists an
injective o-additive homomorphism ® : Lo(Q, ) — Lo(, 1) such that U(f) = U(xaq) -
O(f) for each f € Liog(S2, ). In addition, |U(xa)| =-1+2- %, where A\(®(xa)) =

u(xa), A€ A and % is the Radon-Nikodym derivative of measure A\ with respect to
the measure . (here x4 is the characteristic function of a set A).
The following Corollary refines Theorem 1 for surjective linear isometries.

Corollary 1. Let U : Ljy(Q2, 1) = Liog(£2, 1) be a surjective linear isometry. Then
there exists an isomorphism ® : Lo(Q, ) — Lo(Q, ) such that U(f) = U(xa) - ©(f)
for each f € Liog(S2, 1), in particular, ® (Lo, (2, 1)) = Liog (€2, 1t).

Let now v be a finite measure on o-algebra A such that v(A) = 0 <= p(A) = 0, that
is, the measures p and v are equivalent. In this case, Ly(£2, u) = Lo(2,v).

Using Corollary 1, we have the following criterion for isometric of the F-spaces
LZOQ(Q, ,U,) and Llog(Q, I/).

Teopema 2. The F-spaces Loy (€2, ) and Lig (2, v) are isometric if and only if there
exists a measure preserving isomorphism ¢ : (2, A, n) — (Q, A, v).

References
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Isomorphisms and isometries of F-spaces of log-integrable measurable
functions

Abdullaev R.Z, Madaminov B.A.
e-mail: arustambay@yandex.com, aabekzod@mail.ru

Let V =V, = V, be a complete Boolean algebra, ;1 and v be finite equivalent measures
on V. The main purpose of this paper is to prove the absence of surjective isometries from
Liog(V,,) onto Ljg(V,) in the case when measures p and v are equivalent [1] . Also studied
the relationship between isometric and isomorphic algebras L;,(V,,) and L,y (V).

Let h = g_/l: be the Radon-Nikodym derivative of measure v with respect to the measure
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1 and let
L(V,) = {f € Lo(V) : |Ifll, = Q/mwmi<mh
Q
Ly(V.) = {f € Lo(¥.) : [|f], = Q/Uﬂwﬁ=(/hWﬂ%m;<a$

If o # v then u({h # 1} > 0, where 1(w) = 1 (p-almost everywhere). In this case the
map U : L,(V,) = L,(V,), defined by the following equality

U(f)=h"rf, f€Ly(V,),

is the non trivial surjective isometry from L,(V,) onto L,(V,) [2].
Bellow we show that this statement is not true for F-spaces Ljog(V,) and Ljog(V,,).
Let © unit element in V [3], then

Lig(V,) = {f € Lo(V) - / log(1+ |f]) dv < +o0} =

Q

— {7 € Lo(9): [ h-log((1+ 1) dp < +00} =

={f€%60i/byﬂ+¢mﬂdu<+mh

and

1o = [ tog(1 -4 171) d = [ 1og(1+ 1£1)") d

Q Q
Teopema 1. Let V be a complete homogeneous Boolean algebra, p and v be finite
J h(z)dp
equivalent measures on V. If Qu(—ﬂ) = 1 if and only if, then L;,,(V,) is isometric to

Lig(V,).

Then from Theorem 1 we obtain.

Teopema 2. Let V be a complete homogeneous algebra, 1 and v be finite equivalent
measures on V, and h = . Then

dp
(1)  Liog(V,) and L, (V,) are isometric;
CCIa
(ZZ) W = 1, Vi € N,
Jrt

(ZZZ) QVT = 1 VZ < N where h~ 1 —
(iv) v(Q) = pu(2),Vi e N;

(v) there is a measure-preserving automorphism « from V, onto V,.
Let V be a complete homogeneous Boolean algebra, y and v are equivalent measures
onV, h= Z—Z. We introduce the following notation:

dz/7

J h(Q)du

- by C1(h) we denote the fulfillment of the conditions £

o b

Y



Abdurasulov K, Bosimova M. 13

- by Cy(h) we denote the fulfillment of the conditions h u ™! are bounded.

Then from Theorem 1 and ([4], Theorem 2) we obtain.

Teopema 3. Let V be a complete homogeneous Boolean algebra, ;1 and v be finite
equivalent measures on V. Then the following statements hold:

(1) Liog(V,) and Liog(V,) are isometric and Liog(V,) and Liwg(V,) are isomorphic if
and only if the conditions C(h) and Cy(h) are satisfied.

(1) Liog(V ) and Lyog(V,) are isometric and Ly, (V) and Ljog(V,) are non isomorphic
if and only if the condition C;(h) is satisfied, but Cy(h) is not satisfied.

(119) Liog(V ) and Liog(V,) are non isometric and Liog (V) and Ly (V) are isomorphic
if and only if the condition C;(h) is not satisfied, but Cy(h) is satisfied.

(1v) Liog(V ) 1 Liog(V,) are non isometric and Lo (V) and Lo (V,) are non isomor-
phic if and only if the conditions Cy(h) and Cy(h) are not satisfied.
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Linear integrable deformation of some solvable Lie algebras

Abdurasulov K, Bosimova M.
Institute of Mathematics Academy of Science of Uzbekistan, Tashkent
National University of Uzbekistan, Tashkent

Classical deformation theory of associative and Lie algebras began in Gerstenhaber [1]
and Nijenhuis-Richardson [2] in the 1960s. They studied the one-parameter deformations
and established the connection between the cohomology and infinitesimal deformations
of Lie algebra. After these works formal deformation theory was generalized in different
categories. In fact, in the last fifty years, the deformation theory has played an important
role in algebraic geometry. The main goal is the classification of families of geometric
object when the classifying space (the so called moduli space) is a reasonable geometric
space. In particular, each point of our moduli space corresponds to one geometric object
(class of isomorphism). The theory of deformations is one of the most effective approaches
in the investigation of solvable and nilpotent Lie algebras.

Definition 1. A Lie algebra L over K is a vector space together with a bilinear map,

[~ —]:LxL—1L
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satisfying the following two identities:
[z, 2] =0,

[iL‘, [y,Z]] + [y7 [va“ + [27 [.Z',y“ =0,
for all z,y, 2z € L.

Bilinear maps ¢ : L x L — L and f : L x L — L is called second cocycles and
coboundaries, respectively if it is satisfied the following conditions:

[z, 0(y, 2)] + [y, o(2, 2)] + [z, 0(z, )] + (2, [y, 2]) + (Y, [2,2]) + @(2, [z,9]) = 0

o(r,y) = —p(y, )
and

f(z,y) = [d(z),y] + [z,d(y)] — d([z,y]), for some linear map d: L — L.

The set of second cocycles and the second coboundaries are denoted by Z?(L, L) and
| € B%(L, L), respectively. It should be noted that B*(L,L) C Z*(L, L) and the quotient
space H*(L,L) = ZL*(L,L)/B*(L, L) is called the second group cohomology of L.

A deformation of a Lie algebra L is a one-parameter family L; of Lie algebras with the
bracket

fe = po + to1 + t20a + ..,
where ; are 2-cochains, i.e., elements of Hom(L ® L,L) = C*(L,L) and p; €
ZL*(L,L),¢; ¢ BL*(L,L)
Consider following 10-dimensional Lie algebra:

le1, e0] = €4, [e1,e3] = e, [ea, €3] = eg,
leq, €3] = €7, es,e1] = —er,
Lig:{ e, m] =e1, [eq,z1] =es, [es,x1] =65, [er,11] = er,
le2, m2] = €2, [eq, 2] = €4,  [es, 2] = €6, [e7, 2] = e7,
\ les, w3] = e3, [es,x3] =e5,  [es, 23] = €6, [e7, T3] = ex,

In the following proposition we calculate the second group cohomology of the algebra
L.

Proposition 1. dimH?(Lyy, L1p) = 1 and the following cocycle form a basis of the
second group cohomology:
{ p(es, e3) = —eq,

p(ez, e5) = er,
Now consider a deformation of the algebra L.
Proposition 2. A linear integrable deformation of L;y consist the following algebras:

7

[e1, €2] = €4 [e1,e3] =e5, [e2,e3] = eq,
ley, €3] = ( tier, le1,es] =e7, [ea,e5] = ter,

Rip(t) : { len,m1] = e leq, 21] = eq, [es,z1] = €5, [er, 21] = eq,
€2, 23] = €5 e4, 0] = eu, [eq,72] = €6, [e7,m2] = e,
les, 3] = e3 les, 3] = €5, [es, x3] =eq, [er,x3] = er,
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Outer derivations of some Lie algebras

Abdurasulov K.K., Gaybullayev R.K.
Institute of Mathematics, Uzbekistan Academy of Sciences,
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: abdurasulov0505@mail.ru, r_gaybullaev@mail.ru

This thesis is devoted to determine outer derivations of Lie algebras with dimension
of the complementary space being less than the number of generator elements of the
nilradical.

Definition 1. A vector space with a bilinear bracket (G, [—, —]) over a field F is called
a Lie algebra if for any z,y, z € G the following conditions hold:
1. [z,y] = —[y,x] (antisymmetry),
2. [z, ]y, 2]] + [y, [z, 2]] + [z, [x,y]] = 0 (Jacobi identity).
For a given Lie algebra (G, [—, —]) the lower central and the derived series are defined

recursively as follows:
G'=G, G"' = [G*. G, k> 1, Gl =@, gt =g gl s > 1.

Definition 2. Algebra G is said to be solvable (respectively, nilpotent) if there exists
m € N (respectively, s € N) such that GI™ =0 (G* = 0).

The maximal nilpotent ideal of an algebra is called a nilradical.

Definition 3. A linear map d: G — G of a Lie algebra (G, [—, —]) is said to be a
derivation if for all z,y € G, the following condition holds:

d([x, y]) = [d(z),y] + [z, d(y)].

The set of all derivations of G is denoted by Der(G). The set Der(G) is a Lie algebra
with respect to the commutator.

For a given element x of a Lie algebra GG, the right multiplication operator ad,: G — G,
defined by ad,(y) = [y, z],y € G is a derivation. These derivations are said to be inner
derivations.

Set

Npaz = {N|N — nilpotent Lie algebra, R = N+Q, where dimQ = dimN/N?}.

Theorem 1. Let R = N, +Q be a solvable Lie algebras and dimQ = s, dimN/N? =
k, s < k. Then there exists d € DerR \ InnerR.

References
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Local derivations of 4-dimensional solvable Leibniz algebras, which nilradical
is a Lie algebra

Alimbetova F.
National University of Uzbekistan, Tashkent.
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The notions of local derivations were first introdused in 1990 by R.V.Kadison [1] .
In [2] Sh.A.Ayupov and K.K.Kudaybergenov have proved that every local derivation on
semi-simple Lie algebras is a derivation and gave examples of nilpotent finite-dimensional
Lie algebras with local derivations which are not derivations. Local derivations of some
solvable Lie algebras investigated in [3].

Leibniz algebras were introduced by Loday in [4] as a non-antisymmetric version of Lie
algebras. In [5| Local derivation of Leibniz algebras are investigated and it is proved that all
local derivations on a finite-dimensional complex simple Leibniz algebra are automatically
derivations. Moreover, it is shown that nilpotent Leibniz algebras as a rule admit local
derivations which are not derivations. In this work we investigate local derivations of some
4-dimensional solvable Leibniz algebras.

Definition 1. A Leibniz algebra over K is a vector space £ equipped with a bilinear
map, called bracket,

[—,—]: LXxL—=L
satisfying the Leibniz identity:

[:C7 [y7ZH = Hx>y]7z] - [[x,z],y],
for all z,y,z € L.

For a given Leibniz algebra (£, [—, —]) the sequences of two-sided ideals defined recur-

sively as follows:
LY=L, =k L] k> 1,
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£ = £ gl = (g gl 6 > 1.

are said to be the lower central and the derived series of L, respectively.

Definition 2. A Leibniz algebra £ is said to be nilpotent (respectively, solvable), if
there exists n € N (m € N) such that £ = 0 (respectively, L™ = 0). The minimal number
n (respectively, m) with such property is said to be the index of nilpotency (respectively,
of solvability) of the algebra L.

Definition 3. The maximal nilpotent ideal of a Leibniz algebra is said to be the
nilradical of the algebra.

Definition 4. A linear map d : £ — L of a Leibniz algebra (£, [—, —]) is said to be a
derivation if for all z,y € £ the following condition holds:

d([z,y]) = [d(x),y] + [z, d(y)].

Definition 5. A linear operator A is called a local derivation if for any x € L, there
exists a derivation d, : £ — £ such that A(z) = d,(x).

In [6] the classification of 4-dimensional solvable Leibniz algebras is given In this work
we consider 4-dimensional solvable Leibniz algebras nilradical is a 3 dimensional Lie al-
gebra . It is known that there are three 4-dimensional solvable Leibniz algebra, whose
nilradical is Lie algebra:

51(7) : [61,62] = €3, [62761] = —é€g, [elaf] = €1, [62790] = €2,

[63,93] = (1 +7)es, [35761] = —éi, [33762] = —7€2, [55, 63] = —(1 + 7)63;
£2 : [ela 62] = €3, [62761] = —e€s3, [617$] [6271:] = —é€g,

[ZL’,Gl] = —€1, [:EaeQ] = €9, [wi
Ls: [61, 62] = €3, [62761] = —és, [elax] = ey + eo, [62;$] = €3,

[63"1‘] - 2637 [fE,Bl] = —€1 — €9, [fE,e ] = —€9g, [l’, 63] - _263'

Proposition: Algebras £,(7), L2, L3 admit local derivations which are not derivations.
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Lie derivations on the algebras of endomorphisms in Kaplansky-Hilbert
modules
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Let V be complete Boolean algebra with the unity 1 and let () be a Stone compact
corresponding to V. Denote by C(Q) a commutative algebra of all continuous functions
f:Q — [—o00,+00], taking the values +00 only on nowhere dense sets in @) (see, for
example, |2, Section 1.4.2]). Let A be an algebra C\,,(Q) or Coo(Q) @ i- Cr(Q), 12 = —1.

Let (X, (-|-)) be the Kaplansky-Hilbert .A-module with A-valued inner product (:|-)
and with norm ||z||x = +/(z|z), € X (see, for example, [1]). A set £ C X is called
the orthonormal basis in X, if (z]y) =0, x # y and (z|z) =1 for all x,y € &, and
the equality (x|z) =0 for all z € £ and a fixed z € X implies z = 0. The Kaplansky-
Hilbert module (X, (-|-)) is called A\-homogeneous if X has the orthonormal basis € such
that card &€ = A. We say that the Kaplansky-Hilbert module (X, (-|-)) is an essentially
infinite-dimensional, if for every nonzero e € V the Kaplansky-Hilbert module e - X
over the algebra e - A is not n-homogeneous for any positive integer n.

A linear operator T': X — X is called an endomorphism in X, if there exists 0 < f €
A, such that ||Tz||x < f-||z|x for all x € X. The A-module of all endomorphisms in
X is denoted by B(X). It is clear that B(X) is an algebra over field R (respectively, C)
in the case A = Co(Q) (respectively, 4 = Co(Q) ® i+ Coro(Q)).

A linear operator D : B(X) — B(X) is called (an associative) derivation if D(T'S) =
D(T)S+TD(S) forall T,S € B(X). Every element T' € B(X) defines a derivation Dy
on B(X) given by Dr(S) =TS — ST = [T,S5], S € B(X). Such derivation Dr is called
the inner derivation.

A linear operator L : B(X) — B(X) is called the Lie derivation, if L ([T,S]) =
[L(T), S]+ [T, L(S)] forall T,S € B(X). It is clear that every an associative derivation
in B(X) is a Lie derivation.

The following Theorem establishes a connection between associative and Lie derivations
on B(X).

Teopema 1. Let (X, (-|-)) be the Kaplansky-Hilbert A-module and let B(X) be an
algebra of all endomorphisms in X. Then

(7). If X is an essentially infinite-dimensional module, then every Lie derivation L :
B(X) — B(X) is associative derivation and has the form L = Dy, for some Ty, € B(X);

(12). If X is not an essentially infinite-dimensional module, then there are Lie differ-
entiations on B(X), which are not associative derivations.
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Weak continuity of Skew-Hermitian operators in symmetric normed ideals
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Let (#, (-,-)) be a non-dimension separable complex Hilbert space, and let B(H) (re-
spectively, IC(H), F(H)) be the algebra of all bounded, (respectively, compact, finite-
dimensional) operators acting in H. It is well known that if Z is a proper two-sided ideal
in B(H) then F(H) C Z C K(H). An ideal Z in B(#H) is said symmetric normed ideal
if Z has Banach norm || - ||z such that ||zzy|z < ||#]|eo||ylleo]|2]|z for all x,y € B(H) and
z € I, where || - || is an operator norm, in addition, ||z||z = ||z||« for every x with rank
one.

Put C; = {z € B(H) : Tr(|z]) < oo}, where Tr(-) standard trace on B(#). For any
symmetric normed ideal Z define associated ideal Z* = {z € B(H) | xy € C, for ally € T}.
It is known ([1]), that Z* is a symmetric normed ideal in B(H) with respect to the
norm ||z||zx = sup{Tr(|zy|), |ly]lz < 1}. For every y € Z* we define linear functional
fy(z) == Tr(zy), x € Z. It is known that f, € Z* for every y € Z*, where Z* is a Banach
adjoint for Banach space (Z, ||-||z) ([1]). Since F(H) C Z* then the weak topology o(Z,Z*)
is Hausdorff topology. It is clear that the weak topology o(Z,Z*) is weaker than the weak
topology o(Z,Z*).

A bounded linear operator T" acting on Banach space (X, ||-||x) is called skew-Hermitian
if Re(f(T(x))) =0 for every f € X* and = € X such that f(z) = || f|lx-||z|x.

If Z is a symmetric normed ideal and Z" = {x € Z : x = z*}, then (Z",] - ||7) is
a real Banach space. The following Theorem establishes the o(Z,Z*)-continuity of the
skew-Hermitian operators.

Theorem 1. Let (Z, ||-||z) be a symmetric normed ideal, let Z = Z**, and let T: Z" —
T" be a skew-Hermitian operator. Then T is a o(Z,Z*)-continuous operator.

Using Theorem 1 we get the following description of all surjective linear isometries
from Z" onto Z" in the case Z = Z** (cf. |2, Theorem 5.1]).

Theorem 2. Let (Z,|| - ||z) be a symmetric normed ideal, let Z = Z** and let
T#Cy={x€B(H): Tr(Jx]*) < oo}. If V:I" — I"is a surjective linear isometry then
there exists unitary or anti-unitary operator u on H such that V' has the following form
V(z) = uru*, x € I" or in the form V(x) = —uzu* z € I".
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Some notes on lifts in symplectic geometry
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Let (M,w) be a symplectic manifold with almost complex structure ¢. If the 2—form
w satisfies the purity condition w(pX,Y) = w(X, ¢Y), then the triple (M, w, ¢) is called

A—manifold. Let now C' be a complex algebra and w be a complex tensor field of type

(0,2) on holomorphic (analytic) complex manifold X, (C). Then the real model of & is a
pure tensor field w. The ¢,—operator applied to a pure tensor field w is defined by |?|

(0pw)(X,Y1,Y2) = (pX)(w(Y1,Y2)) — X(w(pY1,Y2)) + w((Ly,p) X, Y2)
(Y1, (Ly, ) X),

where ¢ w is a tensor field of type (0,3), Lx is the Lie derivation with respect to X. Let on

M be given the integrable almost complex structure ¢. For complex tensor field w of type
(0,2) on X, (C) to be C—holomorphic tensor field it is necessary and sufficient that ¢, w =
0 (see |?] p.57). Let now M be a manifold with non-integrable almost complex structure .
In this case, when ¢, w = 0, w is said to be almost holomorphic. If the symplectic 2—form
w of A—manifold (M,w, J) satisfies the almost holomorphicity condition ¢ w = 0, then it
is called an almost holomorphic symplectic 2—form. We call A—manifold admitting such
a 2—form an almost holomorphic A—manifold.

The complete lift “pry; of ¢ to tangent bundle is completely determined by
Corn(©X) =% (o(X))7ra. In an analogous way, the complete lift “@7- s of o to cotangent
bundle is completely determined by o7 (“X) = (0(X))rear +7(Lxp). We have

Theorem. Let (M, w, J) be asymplectic A—manifold and w# : T*M — T M be a mu-
sical isomorphism between cotangent and tangent bundles. If the symplectic A—manifold
is an almost holomorphic (¢,w = 0), then the complete lift “@ry/ is a transform of “pry,
by w#, i.e. (W#)*Cory = .
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Conditions of the G-equivalence of m-tuples for the group G = SO(¢) in the
two-dimensional bilinear-metric space with the form v (a,b) = a1b; + 2a2b, over
the field of rational numbers
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The two-dimensional vector space over the field of rational numbers @ denote by Q2.
For a = (a1, as),b = (by,by) € Q% we put ¥(a,b) = a1by + 2asbs. A mapping T : Q* — Q?
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will be called t-orthogonal if (T (a)),T(b)) = v (a,b) for all a,b € Q*. Denote by O(z))
the group of all 1-orthogonal transformations of Q2. It is proved that every F' € O(1)) is
linear. Denote by SO(v)) the set {A € O(¢) : det(A) = 1}. It is a subgroup of O(2)).

Definition 1. Let N be the set of all natural numbers and m € N. An well ordered
set u = (ug, ug, ... Uy), where u; € Q* V5 =1,2,...,m, will be called an m-tuple in Q.
The set of all m-tuples denote by (Q?)™.

Definition 2. Two m-tuples u = (uy,us,...uy,) and v = (vy,v,...0,) are called
SO(v)-equivalent if there exists H € SO(%) such that v; = Hu;,Vj = 1,2,...,m. This

. SO
equivalence denoted by u ) v.

Definition 3. A function f : Q* — Q is called SO()-invariant on Q? if f(Ha) =
f(a),Ya € Q*,VH € SO(%).

Let a = (ay,a2),b = (by,by) € Q*. The following functions 1 (a,b) = a1b; + 2asby and
[ab] = a1by — asby are SO(y)-invariant functions.

Put 6 = (0,0) € Q% Denote by 0,, the m-tuple u = (uy, us, . . ., uy,) € (Q?)™ such that
u; = 6,Y5 =1,2,...,m. Define the function D : (Q*)™ — N as follows: put D(0,,) = 0.
Let u = (uy,ua, ..., uy) € (Q*)™ be such that u # 6,,. In this case, we put D(u) = k,
where k € N,k < m, such that u; =60,Vj =1,...k —1 and u;, # 6. The function D(u) is

also an SO(v)-invariant function. In the case k = m, u 52 b if and only if D(u) = D(v)
and ¥ (ug, uk) = Y(vk, vk).

Theorem. Let u = (uy, us, ..., Up),v = (Vi,V2,...,v,) € (@Q*)™ be m-tuples in Q?
such that D(u) = k, where 1 <k < m.

(7). Assume that u 52 4. Then the following equalities hold
D(u) = D(v);
w(’lj/k,uj‘> :w(vk,vj),Vj :ku-'-7m; (1)
[ugu;] = [vpv;] Vi =k+1,...,m.

(17). Conversely, assume that equalities Eq.(1) hold. Then there exists the unique matrix
F € SO(v) such that v; = Fu;,Vj = 1,...,m. It has the following form

Y(up,vr)  —2[ugvg]
F={ ") e |-

)
w(“k»uk) w(Uk,Uk)

Second order vector-differential operations

Aslonov J.O.
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: jasurbek05Q@mail.Tu

It is known that if a certain coordinate system is defined in the three-dimensional
Euclidean space, then the dependence of the field on the points of space is expressed by
the functions of three arguments. Nevertheless, coordinate systems play a subordinate role
when working with fields: they serve as a basis for studying the spatial properties of fields
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in the language of functional dependencies using formulas and equations. Therefore, when
describing fields, the main focus is on studying the invariant (independent of coordinate
systems) properties of fields. Such as level surfaces, integral curves, orbits of families of
vector fields, gradient of scalar fields, divergence and rotor of vector fields. The paper
presents the basics of the theory of scalar and vector fields, and discusses the methods
of their analytical and geometric description, as well as the application of some physical
laws.

Proposition 1. Any integral curve (vector line) of a potential vector field X = gradu
is the intersection of two surfaces of second order.

Definition. A scalar field depending only on the distance of the point to the origin, is
called spherical.

Proposition 2. The gradient vector field of a spherical scalar field is a potential field.

Corollary. Coulomb field X = & - I (C' = const) is a potential field.

Proposition 3. If X is a vector field of a spherical scalar field, then it is solenoidal in
any region that does not contain the origin.

Proposition 4. If X is a vector field of a spherical scalar field, then it is irrotational.

Let M be a smooth connected Riemannian manifold of dimension n and a smooth
vector field X is given on the manifold M.

Definition. A vector field X on M is called a Killing vector field, if the one-parameter
group of local transformations generated by the field X consists of isometries of the
manyfold [5].

Proposition 5. The Killing vector field in three-dimensional Euclidean space is a
solenoidal vector field.
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2-local derivation on generalized Witt algebras
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The notions of 2-local derivations and 2-local automorphisms on algebras were intro-
duced in 1997 by Semrl [8]. The main problems concerning the above notions are to find
conditions on the underlying algebra under which every 2-local derivation (respectively,
2-local automorphism) on this algebra automatically becomes a derivation (respectively,
automorphism), and also to present examples of algebras with 2-local derivations (respec-
tively, 2-local automorphism) that are not derivations (respectively, not automorphism).
In the present paper we consider such problem in the framework of Lie algebras. Let £
be a Lie algebra. A derivation on a Lie algebra L is a linear map D : £ — L which
satisfies the Leibniz law, that is, D([z,y]) = [D(z),y] + [z, D(y)] for all z,y € L. A map
A : L — L (not linear in general) is called a 2-local derivation if for every x,y € L,
there exists a derivation D, , : £ — L (depending on z,y) such that A(x) = D, ,(z) and
A(y) = D, ,(y). The notion of 2-local automorphism is defined in a similar way. These
problems have been solved in the finite dimensional case by Ayupov, Kudaybergenov and
Rakhimov in [2] where they proved that every 2-local derivation on a finite-dimensional
semi-simple Lie algebra over an algebraically closed field of characteristic zero is a deriva-
tion, and every finite-dimensional nilpotent Lie algebra with dimension larger than two
admits a 2-local derivation which is not a derivation. Further in [1] it was proved that
every 2-local automorphism on a finite-dimensional semi-simple Lie algebra £ over an
algebraically closed field of characteristic zero is an automorphism. Similar results con-
cerning 2-local derivations and automorphisms on simple Leibniz algebras were obtained
in [3]. Recently, in [4] the authors studied 2-local derivations of infinite-dimensional Lie
algebras over a field of characteristic zero and proved that all 2-local derivations of the
Witt algebra as well as of the positive Witt algebra and the classical one-sided Witt
algebra are (global) derivations.

In the present paper, we consider the above problem for a larger class of infinite dimen-
sional Lie algebras. Namely, we prove that each 2-local derivation on a simple generalized
Witt algebra over an algebraically closed field of characteristic zero is a derivation. The
proof of the main result is based on the following properties of the considered Witt alge-
bras.

e these algebras are finitely generated;
e maximal Cartan subalgebras are finite-dimensional.

Our proof is essentially different from the proof in the finite-dimensional semisimple Lie
algebra. In the finite dimensional case one of the main ingredient of the proof was so-
called non-degenerate Killing form. In the infinite-dimensional case the existence of non-
degenerate Killing form on Lie algebras is not true in general. Moreover, in the paper [9] it
is proved that any invariant symmetric bilinear form on simple generalized Jacobson-Witt
algebras vanishes.
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Generalized Witt algebras, over a field I of characteristic 0, were defined by Kawamoto
in [7]. In [5] Dokovit and Zhao gave another equivalent definition of generalized Witt
algebras.

Let us consider the tensor product

W:]F,A®FT:span]F{tJ®8:JGA,@ET}.

The element of W is also denoted as ¢/ ® 9 := /9. Now, if a given map (9, J) — 9(J) :
T ® A — F is F-linear in the first variable and additive in the second variable, then the
bracket

[t‘]al,tKag} = tJ+K (81([()82 — 82(J)81) s J, K e .A, 61, 82 S T, (2)

defines an infinite dimensional Lie algebra on the tensor product W. The Lie algebra W
with the Lie multiplication (2) is called a generalized Witt algebra over the vector space
T graded by the abelian group A (see [5])

If A is the additive group of Z"™ with n > 0, then the group algebra F.A is isomorphic to
the Laurent polynomial algebra F[t5, ..., t*!] over F. For an n-tuple J = (ji, ..., j,) € Z"
we write t/ = tJ' - .- ti». Let T be the linear span T' = @ F0; of the operators 9; = tia—t. If

i=1 i
the map (0, J) — 9(J) : T®A — F satisfies 0;(J) = j; then the corresponding generalized
Witt algebra W = W,(F) can be identified with the Lie algebra Ders (F[ti, ..., tZ!]) of
derivations of the Laurent polynomial algebra F[ti',... ] over F, consisting of the
Laurent polynomial vector fields

. )
J.- — . T“ :tjl'__t]n_’
’U)( 77') w(]h )] 7’) 1 n 8tz
where (t1,...,t,) € F™ are the canonical coordinates in F". A Lie algebra which is isomor-
phic to the Lie algebra W"(IF) of Laurent polynomial vector fields is called Witt algebra
over the vector space F". The Lie algebra W,,(F) has a basis {w(a,i) : a € Z",i € I}
such that the multiplication rule (2) can be rewritten as

[w(a,i),w(b,j)] = ajw(a+b,i) — bw(a+b,j), (3)

where ¢,7 € [ and a = (a;), b = (b;) € Z" (see [7]). It is known [6, Theorem 2| (see also
[5, Proposition 3.3|) that any derivation on the Witt algebra W, (FF) is inner.

The following theorem is the main result of this note.

Theorem 1. Any 2-local derivation A on W,,(F) is a derivation.
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Consider a dynamical system
a=f(z),z€ R d>2. (4)

It is known that, w-limit set 2 of a fixed trajectory of (1), passing through some initial
point is always closed invariant set and if it is bounded, than it is non-empty connected
compact set [1]. The structure of §2 was investigated first [2| and in details in [3] for the
case of d = 2.

We study topological properties of unbounded w-limit sets. It is proved that if the
w-limit set €2 is not connected, then each its component is unbounded, that clarifies
the well-known property confirming that if the w-limit set is not connected then it is
unbounded. It is also established that the family of connectivity components of the w-
limit set of a planar analytic system can be finite or countable while non-analytic systems
may admit the w-limit set with continuum family of components. Examples of an analytic
system possessing w-limit set with infinite number of components and a polynomial system
where the w-limit set has exactly IV connectivity components are constructed. Although
many results on the subject have been founded, many problems stay open.

1. May an analytic system have more than a countable number of connectivity com-
ponents in the space R, d > 37

2. It is known that an w set of a trajectorie of quadratic systems is always connected
and that of cubic systems may have at most 2 a connectivity components. What is the
minimum degree of a polynomial system with the w set consisting of three connectivity
components? How many connectivity components may quatric systems have?

3. Does there exist a function L(n) such that the w-limit set of trajectory for any
polynomial system of a degree n has at most L(n) connectivity components?
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Symmetric spaces of measurable functions, associated with symmetric
sequence spaces

Azizov A.N.
National University of Uzbekistan, Tashkent, Republic of Uzbekistan
e-mail: azizov.07T@mail.ru

Let ((0,00),v) be the measure space with a o-finite Lebesgue measure v, and let £,
be the algebra of equivalence classes of almost everywhere finite real valued measurable
functions f on ((0,00),v), such that v{|f] > A(f)} < oo for some A(f) > 0.If f € L,,
then a non-increasing rearrangement of f is defined as f*(t) = inf{A > 0: v{|f| > A} <
t}, t>0, [1, Ch.II, §2]). A non-zero linear subspace £ C £, with a Banach norm || - ||¢
is called a symmetric space on (0,00) if conditions f € £, g € £, and g*(t) < f*(t) V
> 0, imply that g € £ and glls < [/l [1, Ch. L, §4]).

Let N be the set of natural numbers, let 2V be the o-algebra of all subsets of N, and
let 41 be a o-finite measure on 2N such that u({n}) = 1 for all n € N. It is clear that

Lo(N,p) =l and L4(N,p) = I;. For any {£,}5°, € lo weset £ = inf  sup|&,],
card(F)<n ng¢F

where F' is a finite subset in N. A non-zero linear subspace X C [, with a Banach norm
|| - ||x is called symmetric sequence space if conditions {&,}°°, € X, {n,}>°, € I, and
nt <& forall n €N imply that {n,} € X and |[{n.}|x < |[{&}|x [2, Vol. II, Ch. 2]).

Let E(0,00) be a symmetric space on (0,00), and let F(N) = {z = {£,}7°, € [ :

x*(t) = Zl & Xn-1n)(t) € E(0,00), t >0}, ||z]ea) = [|[2*(t)| p0,00); * € E(N), where

Xa is a characteristic function of a set A. It is clear that (E(N), || - ||gav)) is a symmetric
sequence space. Naturally, we have the following question:

(@Q). Let (X,| -|lx) be an arbitrary symmetric sequence space. Is there a symmetric
space E(0,00) on (0,00) such that the equalities X = E(N) and |- ||x = - ||ga are
true ?

The following Theorem gives a positive answer to the question (Q).

Theorem 1. If (X, ||-||x) is a symmetric sequence space, then there exists a symmetric
space E(0,00) on (0,00) such that X = E(N), |- |lx = || - ||z
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Geometry multiverse

Taras Banakh
Institute of Mathematics
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We shall discuss the interplay between various structures on metric spaces (topolo-
gy, uniformity, coarse structure, bornology), and the respective compactifications (Stone-
Cech, Samuel, Higson). Using coarse structures, induced by group actions, we shall charac-
terize compact Hausdorff spaces which are homeomorphic to the Higson compactification
or the Higson corona of a finitary coarse space.

On n-power-associative two-dimensional algebras

Bekbaev U.
Department of Natural and Mathematical Sciences, TTPU, Tashkent, Uzbekistan
e-mail: uralbekbaev@gmail.com

One of the classes of algebras with quite weak associativity condition is the class of
power-associative algebras. An algebra A is said to be a power- associative algebra if its
every subalgebra generated by a single element is an associative algebra. One can weaken
this condition by fixing some positive integer n > 3 and consider n-power-associative
algebras, that is algebras where "u""is well defined for any element u. It means that
n times product of any element does not depend on the order of the multiplication,
for example, 3-power-associativity of an algebra A means that v?>u = wu? is true for
any u € A. The description of two-dimensional power-associative algebras over the field
of complex and real numbers has been given in [1|. When every quadratic and cubic
polynomial over the underlying field F has a root in it or F = R-the field of real numbers
the corresponding result can be found in [2]|, where a description of 3-power-associative
algebras is given as well. These results have been obtained relying on [3,4,5,6,7,8].

Our main result says the following. Let F' be any field such that every quadratic and
cubic polynomial over it has a root in it or F = R.

Theorem In two-dimensional case every n-power-associative algebra over F, where
n > 4, is power-associative.

In connection with this Theorem it is natural to ask the following two interesting
questions about finite dimensional algebras over an algebraically closed field F.

Question 1. Is it true that at any natural m > 3 there exists a positive integer p(m)
such that if n > p(m) then every n-power-associative m-dimensional algebra is power
associative?
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Let A(m) stand for the set of all m-dimensional algebras, PA(m)-be the set of all
m-dimensional power associative algebras and PAj .)(m) be the set of all m-dimensional
algebras which are n-power-associative at any n > [.

Question 2. Does the tower PApo)(m) C PApoy(m) C PApgs)(m) C
PApo)(m) C ... stabilize? If "Yes"will PA(m) be its stabilized term?

The questions are formulated for m > 3 case as far as at m = 2 the answers to these
questions are positive due to the Theorem.
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A complete system of invariants of m-tuples for the group SO(2, P) in the
two-dimensional bilinear-metric space with the form x,y;, — 225y over the
field of rational numbers

Gayrat Beshimov, Erkin Rahmonov
National University of Uzbekistan, 100174 Tashkent, Uzbekistan

Let P be the field of rational numbers and P? be the 2-dimensional vector space
over P and z = (z1,%2),y = (y1,92) € P?. Consider the following bilinear form on P?:
o(z,y) = x1y1 — 279%2. Denote by O(ip) the group of all mappings F' : P? — P? such that
o(F(z)), F(y)) = ¢(z,y) for all x,y € P2 Tt is easy to see that every F' € O(¢p) is linear.
Put SO(¢) = {C € O(yp) : det(C) = 1}. SO(y) is a subgroup of O(y).

Let N be the set of all natural numbers and m € N,m > 1. Put N,, =
{je N1 <j<m}.

Definition 1. A mapping u : N,, — P? will be called an m-tuple in P2. Denote it in
the following form w = (uy, ug, ... Uy,).

Definition 2. Two m-tuples u = (uy, us, . .. uy) and v = (vy, V9, ... v,y,) in P?is called
SO(¢)-equivalent if there exists g € SO(p) such that v; = gu;,Vj € N,,. In this case, we

. SO(¢)
write u ~ v
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Definition 3. A function f : P? — P is called SO(p)-invariant on P? if f(gz) =
f(z),Vo € P? Vg € SO(yp).
Let x = (z1,22),y = (y1,y2) € P?. The following functions p(z,y) = z1y; — 272y» and

[zy] = z1y2 — 22y1 are SO(p)-invariant functions. It is easy to see that x ) y if and
only if (z,z) = ¢(y,y).
Theorem. Let m > 1 and u = (uy,us, ..., Upy),v = (v1, V2, ...,0,) be m-tuples in P?

such that u; # 0,v, # 0.

(7). Assume that u OC" 4. Then the following equalities hold
gO(Ul,Uj)ZQO(Ul,Uj),Vj:L...,m; (5)
[ul,uj] = [Ul,?]j} ,VJ = 2, oo, M.

(7). Conversely, assume that equalities Fq.(1) hold. Then there exists the unique matrix
F € SO(2,R) such that v; = Fu;,Vj = 1,...,m. This unique matrix F' has the

following form
p(ur,v1)  2[urvi]
F= ( il S ) -

w(ut,ul)  p(ui,u1)

Uniform space and its hyperspace

Beshimov R.B., Safarova D.T.
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: rbeshimov@mail.ru, safarova.dilnora87@mail.Tu

In [1] V.V.Fedorchuk showed that the functor P, of 7- additive probability measures
does not preserve completeness of uniform spaces. In [2| Chi-Keung Ng showed that a
uniform structures U comes from a pseudo uniform metric that takes values in a totally
ordered set if and if U admits a totally ordered base. In this paper, we study some
topological properties of uniformly space and its hyperspace.

Let X be a nonempty set, and o and § the coverings of the set X. It is said that
« is inscribed in the cover of f, if for any A € « there exists B € [, such that
A C B, and write @ > (. Let a be the cover of the set X and Y C X. The set
aY) =U{Aeca: ANY # 0} is called the star set with respect to the covering «.
If Y = {z}, then write « (z) instead of «({x}). Next, put a® = {a(z): z € X},
o ={a(A): A€ a}. They say that a cover « is star inscribed in 5 if a® > . If o* > 3,
then they say that « is strongly star inscribed in f.

Definition 1. [3]. Let X be a nonempty set. A family U of coverings of a set X is
called uniformity on X if the following conditions are satisfied:

(P1) If @ € U and « is inscribed in some cover § of the set X, then 5 € U.

(P2) For any oy € U, as € U there exists a € U, which is inscribed in oy and as.

(P3) For any « € U, there exists § € U strongly star inscribed in «.

(P4) For any z, y of a pair of different points of X, there exists a € U such that no
element of v contains both x and y.
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A pair (X, U) consisting of a set X, satisfying conditions (P1) - (P4) is called uniformity
on X, and a pair (X, U) is called a uniform space.

Let (X, U) be a uniform space and exp X the set of all nonempty closed subsets
of the space (X, 7y). For each o € U, put P(a) = {(¢/): o Ca}, where (/) =
{FeexpX: FCUd} and FNA#( for each A € o.

Remark 1. [3]. Let exp,. X be the set of all nonempty compact subsets of the uniform
space (X, U). For each a € U, put K (o) = {(¢/) : o/ C « and’ — finite} . Note that
K («) is the cover of the set exp, X.

Theorem 1. A uniform space (X, U) is precompact if and only if the uniform space
(exp, X, exp, U) is precompact.

Theorem 2. Let a uniform space (X, U) be uniformly locally compact. Then the
uniform space (exp, X, exp, U) is uniformly locally compact.
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Separation axioms of space of the permutation degree

Beshimov R.B.,Zhuraev R.M.
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: rmjurayev@mail.ru

Let X™ be the nth power of a compact X. The permutation group 5,, of all permuta-
tions, acts on the nth power X" as permutation of coordinates. The set of all orbits of
this action with quotient topology we denote by SP™X. Consider as a factor mapping

7 X" = SPUX

put the point x = (x1, 2, ..., z,) € X" to the point orbit of this point. Thus, points of the
space SP"X are finite subsets (equivalence classes) of the product X™. Thus two points
x = (x1,T2, .., Tn), ¥y = (Y1, Y2, .-, Yn) € X", are considered to be equivalent if there is a
permutation o € S, such that y; = x,(; for all i = 1,2,...,n. The space SP"X is called
the n-permutation degree of a space X.

Definition 1. Let & be a family of subsets of a space X. Then < is called k-network
[8], if for every compact subset K of X and an arbitrary open set U, containing K in X
there is a finite subfamily &’ C & such that K C |JQ’ C U. Recall that a space X is an
N-space if X has a o-locally finite k-network.

Definition 2. A set X is called IIX-space if for every n € N product X" is an R-space.
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Theorem 1. Let topological space X be a [IX-space. Then the space SP".X is N-space.

Theorem 2. A topological space X is T;, if and only if the space SP"X is T; upu
i=1,2,3,3%
(bt )
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The compactification with respect to the strongly delta normal base

Chekeev A.A., Kasymova T.J., Abdiev A.A.
Balasagyn Kyrgyz National University
e-mail: asyl.ch.top@mail.ru

The next spaces under name totally normal spaces were introduced by A.D. Alexan-
droff [2].

Definition 1.[2,5|. A cozero-field on the set X is a family &7 of subset of X satisfying
(1)0, X € of; (2) is closed under finite intersection and countable union; (3)If A, B € &
with (X \ A) N (X \ B) = 0, then there are disjoint C, D € & with X \ A C C and
X\ B C D;(4)If A € o7, then there are {A, }neny C &7 with X \ A = Nyendy.

An Alezandroff space, or A-space is a pair (X, o), where &7 is a cozero-field on X.
The sets on &7 are cozero-sets of (X, .o7) and the complements Z,, = {X \ A: A € &}
are called zero-sets.

An A-map, or coz-map f : (X, o) — (Y, %) between A-spaces is a mapping with
f_l(%) C o (Ol" f_l(Z%) C Z,Qy).

Denote by A a category, whose objects are A-spaces and morphisms are A-maps.
Objects (X, /) and (Y, %) of a category A are called &7-homeomorphic (or coz-
homeomorphic), if there exists bijective A-mapping f : (X, o) — (Y, %) such that
inverse mapping ' : (Y, %) — (X, ) is A-mapping. A morphish set will generally
be abbreviated A(X,Y), and for A(X,R) we write just A(X), where R is the real line
with the ordinary topology and the unique cozero-field on R consists of all open sets of R.
Elements of A(X) are A-functions, A*(X) will denote a set of all bounded A-functions.

In general, given f : X — R, the cozero-set is cozf = {x € X : f(x) # 0} and the
zero-set is Z(f) ={x € X : f(x) =0} = X \ cozf. For V. C R¥, cozV = {cosf : f € V}
and Z(V) = {Z(f) : f € V}. We note some properties of A(X) proved in [2| and there
are in [5].

Proposition 1.[1,5] If (X, .o/) is an A-space, A(X) is a uniformly closed inversion-
closed vector lattice and ring, and A*(X) is a uniformly closed cbq vector lattice and
ring.

A(X) (A*(X)) is a uniformly closed iff a sequence { f,, }nen € A(X) ({fn}nen C A*(X))
is uniformly converging to the function f, then f € A(X) (f € A*(X)). A(X) is inversion-
closed iff f € A(X) and Z(f) = 0, then 1/f € A(X). A*(X) is closed under bounded
quotients (cbq), if f,g € A*(X), Z(g9) =0, f/g bounded imply f/g € A*(X).



32 Chekeev A.A., Kasymova T.J., Abdiev A.A.

Proposition 2.[2|. If & satisfies to Definition 1. items (1),(2),(3) then whenever
A, B € o have (X \ A)N (X \ B) = 0, then there is f : X — R with f71(0) € &«
for each open O in R and f(X \ A) = {0}, f(X \ B) = {1}.

Corollary|[2|. If (X, .o/) is an A-space, then &7 = coz A(X).

Definition 2.[2]. An A-space (X, .o/) is called T}-space, if for any two distinct point
x,y of X if there exists Z € Z,, such that x € Z and y ¢ Z. The A-space (X, o) is totally
reqular, if it is, firstly, a Tj-space, and secondly, for every F' € Z, and a point = ¢ F
there exists a A-function f : (X, %) — I = [0,1] such that f(F) = {0} and f(z) = {1}.

Totally regular A-spaces and their A-mappings form a subcategory of the category
A denoted by ATych. For any Tychonoff space X the set cozC(X) (cozC*(X)) forms a
cozero-field, where C'(X)(C*(X)) is the set of all (bounded) continuous functions on X [4].
Hence, a pair (X, cozC(X)) forms totally regular A-space. Every continuous mapping
f: X =Y is Amapping f : (X, c0zC(X)) — (Y, cozC(Y)). Therefore a category Tych
of Tychonoff spaces is a complete subcategory of ATych.

A strongly delta normal base was introduced by Alo-Shapiro [3] and this concept is
closely connected with totally regular spaces.

Proposition 3. Let (X, .2/) be an A-space. Then it is an A-space iff Z, = {X \ A :
A € o/} is a strongly delta normal base.

For an A-space (X, /) the Wallman-Shanin compactification [1] w(X, Z) is a compact
A-space [2]. From [7] it follows the traces on X of all zero-sets of the compactum w(X, Z)
is a (-like compactification [6]. Assume X = w(X, Z). It has the properties: X is a
compact A-space; X is a dense A-subspace; each A-map of X to a compact A-space has
a unique A-extension over SX.

We note that all finite coverings of .7 form a base of the precompact uniformity u, on
X and BX is the completion of X with respect to the uniformity w,.

The Wallman-Shanin realcompactification v(X, Z) [3, 1] is a realcompact .A-space [8].
Assume vX = v(X, Z). It has the properties: v.X is a realcompact A-space; X is a dense
A-subspace; each A-map of X to a realcompact A-space has a unique A-extension over
vX. Hence v : X — v.X is an epi-reflection in the category A.

We note that all countable coverings of & form a base of some uniformity u, on X
and vX is the completion of X with respect to the uniformity u,,. And also all A-function
of A(X) generate the uniformity u. on X and vX is the completion of X with respect to
the uniformity wu..

In this talk the complete characterizations of Wallman-Shanin S-like compactification
and Wallman-Shanin realcompactification will be presented, these are an extension on
the category ATych of the characterizations of the Stone-Cech compactification and the
Hewitt-Nachbin-Shirota realcompactification in the category Tych.
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Uniformities on the free topological groups
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In this talk the investigations of various properties of the natural uniform structures
(left, right, two-sided) on the topological and free topological groups will be presented.
In particular, let F'(X) be a free algebraic group of the set X of a uniform space uX.
Then F(X) equipped by the strongest group topology such that its left uniformity wu,
(hence, the right uniformity u, too) induces the uniformity v on X is the free topological
group of the uniform space uX in sense of Nakayama [2]. And the free algebraic group
F(X) equipped by the strongest group topology such that its two-sided uniformity u;
induces the uniformity u on X is the free topological group of the uniform space uX in
sense of Nummela [3]. For the free Abelian algebraic group A(X) concepts of the free
topological group of a uniform space in sense Nakayama and Nummela coincide. We will
denote the free Abelian topological group of the uniform space uX by A(uX). Let Y
be a subspace of Tychonoff space X and v,u be uniformities on Y and X respectively.
Then the uniform space vY is called uniformly P(P*)-embedded into uX, if every (bound-
ed) uniformly continuous pseudometric on vY can be extended to (bounded) uniformly
continuous pseudometric on uX.

Theorem 1. The uniform space vY is uniformly P*-embedded into the uniform space
uX if and only if the free Abelian topological group A(vY') is topologically isomorphic
embedded into the free Abelian topological group A(uX).

Evidently that Tychonoff space Y is P(P*)-embedded into Tychonoff space X if and
only if uy = ux|y, where uyx,uy are universal uniformities on X and Y, respectively.
Then it takes place

Corollary 1.(Tkacenko [1]). Tychonoff space Y is P*-embedded into Tychonoff space
X if and only if the free Abelian topological group A(Y') is topologically isomorphic
embedded into the free Abelian topological group A(X).

Theorem 2. Let Y is dense in X. The uniform space vY is uniformly P-embedded
into the uniform space uX if and only if the free Abelian topological group A(vY’) is
topologically isomorphic embedded into the free Abelian topological group A(uX).

Corollary 2. Let Y is dense in X. Tychonoff space Y is P-embedded into Tychonoff
space X if and only if the free Abelian topological group A(Y) is topologically isomorphic
embedded into the free Abelian topological group A(X).

And also the investigations of natural uniformities (left, right, two-sided) on the free
topological groups will be presented.
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Description of positive isometries on Lorentz spaces
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Let (€2, 1) be a measure space with o-finite measure p, and let Lo(€2) be the algebra
of equivalence classes of real valued measurable functions on (€2, ). It is well known
the following description of a positive isometries acting in the classical L, spaces
L,(Q), 1 <p<oo (see for example [1, Ch.3, § 3.2, Theorem 3.2.5|).

Theorem 1. If U : L,(Q) — L,(52), p# 2, is a positive linear isometry, then there
exists nonsingular isomorphism 7 : Q — €, such that u(A) > 0 = u(r(A4)) > 0, and
(Uf)(w) = h(w)f(r(w), f € L), we Q, where h = (%)p and % is the
Radon-Nikodym derivation of the measure p o 7=! with respect to the measure .

In this note we give a description of all positive isometries acting on Lorentz spaces.

Linear map J : Ly(2) — Lo(f2) is called a homomorphism if J(f -g) = J(f) - J(g)
for all f,g € Lo(€2). Each homomorphism is obviously a positive linear map, that is,
J(f)>0forall0 < f e Ly(€2). A homomorphism J : Ly(2) — L,(2) is called a normal
if J(f) 1 () for any 0< fo 1 f, fu, f € Lo(Q).

If f € Ly(€2) then non-increasing permutation f* : (0,00) — (0,00) of function f is
defined by the following equality f*(¢) = inf{\A > 0: u({|f| > A\}) <t}, t > 0.

Let 1 be a concave function on [0, 00) such that ¢(0) =0, t(¢t) >0 for all ¢ > 0 and

oo

i 0(0) = +o0 Denoted by Au() = {/ € La() = [flls = [ /*(0)d(t) < o} the

0
Lorentz space of measurable functions on (2, x) [2, Ch. 2, § 2.5].

The following theorem establishes "disjointness" property for positive linear isometries
in Lorentz space.

Theorem 2. If U : Ay(2) = Ay(Q?) s a positive linear isometry, f,g € Ny(Q),
and f-g=0 then U(f)-U(g) =0.

Using Theorem 2 we get the following description of all positive linear isometries acting
in Lorentz space.

Theorem 3. Let U : Ay(Q2) — Ay () be a positive linear isometry. Then there ezist a
measurable function 0 < h € Lo(Q2) and normal homomorphism J : Ly(2) — Lo(Q2) such
that U(f) =h- J(f) forall fe Ay(S2).

Remark. If a measure p is finite, i.e. u(2) < oo, then 1 € Ay(Q2), where 1 is a
function equal to unity p-almost everywhere. In this case, the function h € Ly(92) from
Theorem 2 coincides with the function U(1), i.e. U(f) = U(1) - J(f) for all f e Ay(Q).
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Bloom-Hanson ergodic theorem in C,(Q)-Hilbert-Kaplansky modules
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Let @ be a Stone compact corresponding to complete Boolean algebra and let C(Q)
be a commutative algebra with the unity 1 of all continuous functions f : QQ — [—o0, +00],
taking the values 0o only on nowhere dense sets in Q). Let C, (Q, C) = Co(Q)® i-Coo (Q)
be the complexification of the algebra C..(Q), where i = —1. Denote by A the algebra
Cx(Q) or Coo(Q, C).

Let X be an A-module with algebraic operations z + y and az, x,y € X, a € A.
The map (-|) : X x X — A is called an A-valued inner product, if for all z,y,z € X
and a € A the following equalities hold: (i). (z|z) > 0 and (z|z) = 0 & x = 0; (i1).

(zly) = (ylo); (id0). {oxly) = afely); (). (& +ylz) = (z]2) + (yl2).

Setting ||z|| = /(x|z), * € X, and using the variant of Cauchy-Bunyakovsky inequal-
ity [(z|y)| < ||z - |ly||, we get that ||x| is an A-norm on an A-module X. If (X, -]) is a
Banach A-module, then (X, (:|-)) is called a Kaplansky-Hilbert .A-module.

We say that a sequence {z,} C (X, (:|-)) weakly (strongly) converges to xy € X if
(xn|y) — (xoly) for any y € X (respectively, ||z, — zo| — 0).

A linear operator 7' : X — X is called A-bounded if there exists 0 < f € A, such that
|Tx|| < fllz|| for all z € X. Let B(X) be an .A-module of all linear .A-bounded operators
from X into X. It is known that |T||px) = sup {||Tz| : ||z]| < 1}, T € B(X), is an
A-valued norm on B(X) and (B(X),|| - ||s(x)) is a Banach A-module.

Let (Q,F, u) be a finite measure space and let 7 be a p-preserving transformation in
(Q,F,pn). fUf(w) = f(7(w)) is an unitary operator in a Hilbetr space Lo(S2, F, 1), then
a well known Blum-Hanson theorem [2] asserts that {% S Uk f )} strongly converges
in the Lo(92, F, p) for all strictly increasing sequences ky < k1 < ... of positive integers
and all f € Lo(Q, F,p) if and only if 7 is a strongly mixing transformation, that is
li_r}n p(T™(A) N B) — u(A) - u(B) for all A, B € F. In |1, Theorem 1.2] a version of the
%hjom—Hanson theorem is proved for any linear contraction in a complex Hilbert space.
Bellow we give a variant of the Blum-Hanson theorem for all contractions 7" € B(X) in
the case of Kaplansky-Hilbert A-module X.

Theorem 1. Let (X, (:|-)) be a Kaplansky-Hilbert A-module, let T € B(X) and let
|T||px) < 1. Then for any x in X, T"x — xo weakly if and only if + Zf\;l Triz — x
strongly for all strictly increasing sequences {k;}32, of positive integers.
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Equivalence of curves in Pseudo-Galilean geometry
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Let R™ be an n-dimension linear space over the field of real numbers R, and let G be
a subgroup in the group GL(n,R) of all invertible linear transformations in R"™. Curves
a, f C R"™ are called G-equivalent, if g(«) = [ for some g € G. In this note we give the
criterion for equivalence of curves with respect to the action of Pseudo-Galilean group
['O(n,p) (the definition of group I'O(n, p) see in [1]).

Path in R™ is a vector function Z(t) = {z; (t) ?:1 : (0,1) — R™ such that the coordinate
functions x;(t) are C*- differentiable j =1,...,n. The r-th derivative of a path #(t) =

{z;(t)}}=, is a vector-function 7 "(t) = {:1:§ ?:1, where :vg-r)(t) is the r-th derivative
of the coordinate function zj(t), j=1,...,n,r = 1,2,.... We say that a path Z(¢) is

Ly -reqular if det M, _1(Z(t)) # 0 for all ¢ € (0, 1), where M,,_1(Z(t)) is a n x n-matrix
<x§.")(t)>, i=0,1,...,n=2 j=2,....n, ) = ;).

Let Z(t) be a Galilean path that is, 1:1 ( ) # 0 forallt € (0,1). In this case there exists
a finite integral lz(c,d) f |x (t)|dt > 0 for all 0 < c < d < 1. We say that a path

Z(t) has the type (L1), if lf(O,d) = lim.0lz(c,d) < o0, lz(c,1) = limg; lz(c,d) < 00
(respectively, (L2), if 1z(0,d) < oo, lz(c,1) = 400) (respectively, (L3), if [z(0,d) =
+00, lz(c,1) < oo (respectively, (L4), if Iz (0 d) = 400, lz(c,1) = +00). Set I(Z) =
(A(Z), B(Z)) C R, where A(Z) = 0, B(Z f L(7M(t))dt if a path Z(t) has type
(L1) (respectively, A( ¥) =0, B(Z) = +oo 1f x( ) has type (L2)) (respectively, A(¥) =
—o00, B(Z) = 0, if Z(t) has type (L3)) (respectively, A(Z) = —oo, B(¥) = +oo, if Z(t)
has type (L4)).

Let pz : (0,1) — I(Z) be a function such that pz(t fo |£L‘11) )|ds if a path
Z(t) has type (L1) or (L2) (respectlvely, pz(t) = —ft (1) s)|ds, if Z(t) has type (L3))
(respectively, pz(t) = fat, 12V (s)|ds, for some a; € (0,1), if Z(t) has type (L4)). Let
qz(s) : I(Z) — (0,1) be an inverse function of the function pz.

Teopema 1. Let v and 8 be an oriented curves, generated by a Iy, -reqular Galileo paths
Z and g, let (s) = T(qz(s)), s € I(Z), and 0(r) = §(qz(r)), r € I(§). Then curves v and
B are TO(n, p)-equivalent, p € {1,....,n — 1}, if and only if I(Z¥) = 1(y), v1(t) = Fuy(¢)

and
p n p n

S @)= > @P )2 =" 1) = Y ()

i=2 i=p+1 i=2 i=p+1

for allt € I(Z) and k =0,1,...,n — 2.
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The Fokas’ method for inverse control problem for heat equation on simple
metric graph
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Consider simple metric graph I" with three finite bonds connected on the point O. The
point O called to be a vertex of the graph. We label the bonds of the graph as B;,j = 1, 3.
Define coordinate z; on the bond B; for j = 1,3 corresponding it to the intervals (0, L;).
At each bond the vertex point O has a coordinate 0. Further we will use x instead of z;.

We consider the equations of heat dissipation in each bond of the given graph

VO, 1) =VD(w,) + [V (), j=T,3 (6)

with initial conditions

V(2,00 =V (2), 2€B;,j=1,3 (7)

and boundary conditions ' .
VO(2,t)],r, =0, j=1,3. (8)

Moreover, we need to define the following gluing conditions for connectivity of the
graph

3
VO0,1) =V®(0,1) = V®(0,1), ) 57V9(0,1) = 0. 9)
j=1

The last conditions usually called continuity and flux conservation (Kirchhoff) condi-
tions on branching point of the graphs.

We suppose, that initial data are smooth enough functions and they satisfies the con-
ditions (57)-(58).

Our task is to find the functions {V @ (x,t), f¥)(z), j = 1,3} that satisfy the equation
(55), the conditions (56)-(58) and additional conditionV®(z, T) = V¥ (z), j = 1,3.

The solution of this inverse problem found by unified transformation (Fokas) method
[1-3].
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A metric on the space of idempotent probability measures on metrisable
space

Eshqobilova D. T.
Termez State University
e-mail: dilrabotermez@moail.ru

Let X be a compact Hausdorff space (= a compact), C(X) be the algebra of continuous
functions on X with usual algebraic operations. On C(X) operations @ and ® we will
determine by rules ¢ @ ¢ = max{p, ¥} and ¢ ©® ¥ = ¢ + ¥ where p, ¥ € C(X).

A functional p : C(X) — R is called an idempotent probability measure on X if
it satisfies the following properties: (i) u(Ax) = A for any A € R (norm aziom); (ii)
pA© ) =AO u(p) for any A € R and ¢ € C(X) (homogeneity aziom); (iii) p(e &) =
() @ p(y) for any ¢, v € C(X) (additivity axiom). The number p(p) is called the
Maslov’s integral corresponding to u. The set of all idempotent probability measure on
X we denoted by I(X). We have I(X) C REX). Consider I(X) with induced from R“¥)
topology. The sets of the look (u; @1, ..., wr; €) ={v e I(X): |v(g:) — ple)| <e, i=
1, ..., k} form a base of neighborhoods of an idempotent probability measure p € I(X)
concerning to this topology. Here @1, ..., o € C(X) and ¢ > 0. It is well known that for
any compact X the space I(X) is also a compact. Let f: X — Y be a continuous map of
compacts. Then the equality I(f)(u)(p) = pu(eo f), n € I(X), ¢ € C(Y), defines a map
I(f) : I(X) — I(Y) which is continuous. For an idempotent probability measure p € I(X)
we define its support: suppu = ([{F C X : F is a closed subset of X and p € I(F)}.

For a Tychonoff space X we put I5(X) = {p € I(X) : suppp C X}, where fX is the
Stone-ICech compactification of X.

Consider a metrisable space (X, p). We introduce a function p;: I3(X) x Ig(X) - R
defined as following

pr(p, p2) = inf{sup{p(z, y) : (2, y) € supp&} : [p(mi)(§) = piy i =1,2}.  (10)

Here m;: X? — X are the projection onto i-th factor.
Theorem 1. The function p; defined by (1) is a metric on I3(X) which is an extension
of the metric p.
Theorem 2. The metric p; generates the point-wise convergence topology on I5(X).
Proposition 1. diam(/3(X), pr) = diam(X, p).
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Fixed points and coincidences in ordered sets
and game theory

Fomenko T.N.
Lomonosov Moscow State University
e-mail: tn-fomenko@Qyandex.ru

The report is based on joint papers [1,2] by the author and D.A. Podoprikhin.

Let (X, <x) and (Y, <y) be ordered sets. In 1984, J. W. Walker introduced the notion
of the homotopy of isotone mappings of ordered sets, which is a natural extension of
topological homotopy on finite sets. In [1], we extended this notion by abandoning the
isotonicity condition and gave the following definition.

Definition 1. Two mappings f, g : X — Y are said to be order homotopic if there exists
a finite sequence of mappings hg, h1,...,h, : X — Y such that f = hy < hihs...h, = g,
where h; < h; means that h;(x) =<y h;(x) for all z € X. It is easily seen that the order
homotopy is an equivalence relation.

In the category of topological spaces and continuous mappings, there are known results
on the preservation of the fixed-point existence property of a mapping (the coincidence-
point existence property of a pair of mappings) by homotopies. Theorems on the preser-
vation of the fixed point (coincidence) existence property for single-valued mappings by
some order homotopies are presented in [1]. Here we introduce the notion of a multivalued
order homotopy of mappings of ordered sets and consider similar problems for multivalued
mappings.

As it is known, the game theory studies mathematical models of conflict situations. In
the case of a two-person game, let XY be sets of feasible strategies for players I and II,
respectively. The game rules for players I and II can be described as multivalued mappings
A:Y = Xand B: X =Y, where A(y) C X, B(z) C Y are subsets consisting of the best
answers of Players [,II to strategies y and = of the correspondent opponent, respectively.

Definition 2. A pair of strategies (¢, o) is said to be equilibrium iff xy € A(yo) and
Yo € B(xp), i.e. the point (zg,yo) is a fixed point of the multivalued mapping P = A x B :
X XY — X xY, where P(x,y) = (A x B)(x,y) := A(y) x B(x).

Usually, the classical Kakutani fixed point theorem or some its generalizations are ap-
plied to the existence problem of an equilibrium pair of strategies. In the report, this
problem is considered from the viewpoint of the fixed point theory for multivalued map-
pings of ordered sets. We assume that the set X, Y of strategies are ordered, describe the
corresponding order on the product X x Y, and apply our fixed point theorems.

With the help of our multivalued homotopy results, one can get statements on the
preservation of the equilibrium strategies existence property by some finite sequences of
changes of the game function, in the case of the antagonistic game with two players.
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On statistical convergences of sequences of closed sets in metric spaces
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Extended concepts of limits of sequences of points to sequences of sets have been in-
troduced by Painleve in 1902 in his lectures on analysis at the University of Paris under
the names of upper and lower limits of sets; set convergence was defined as the equality
of these two limits. They were then popularized by Kuratowski in [16] and thus, often
called Kuratowski lower and upper limits of sequences of sets. Kuratowski convergence,
along with other convergence notions of sequences of sets like convergence in the Haus-
dorff metric, under the name Hausdorff convergence, and Wijsman convergence [28,29], a
variation of Hausdorff convergence suitable for work with unbounded sets, have rekindled
the interest for ever-expanding applications to optimization problems, random sets, eco-
nomics, and other topics. The books by Aubin and Frankowska [3|, Beer [5], Rockafellar
and Wets [21] along with the survey articles of Sonntag and Zlalinescu [24] and Lucchetti
and Torre [18], Salinetti and Wets [23], reflect this shift in emphasis.

The concept of convergence of a sequence of real numbers has been extended to sta-
tistical convergence of sequences and studied it in detail (see for example [6-10], [12-15],
[20]). Nuray and Rhoades in [19] introduced and studied statistical analogues for con-
vergences of sequences of sets followed by Talo et.al. in [26]. Specifically, in [19] authors
studied Hausdorff and Wijsman statistical convergence and in [26] authors investigated
properties of statistical inner and outer limits and examined the relationship between
Kuratowski statistical convergence and Hausdorff statistical convergence.

In this talk, we do further investigations on the statistical inner and outer limits of
sequences of closed sets in metric spaces, which were introduced in [19] and [26] and
generalize the conventional Painleve-Kuratowski inner and outer limits. Also, we provide
criteria for checking statistical Wijsman and Hausdorff set convergences and we examine
the relationship between Kuratowski and Wijsman statistical convergence. A closer look
on the concept of statistical Cauchyness, with respect to the Hausdorff “extended” metric
h, completes this research.
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Products and sequences
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By the classical Hewitt — Marczewsky — Pondiczery theorem the Tychonoff product of
2“ many separable spaces is separable.

We consider the problem of the existence in the Tychonoff product of 2 many separable
spaces a dense countable subset (), which contains no nontrivial convergent in the product
sequences, and therefore is the sequentially closed subset of the product .

We prove the following.

Theorem. In the product of 2* many of separable not single point T;-spaces {Z, :
a € 2¥} there is a countable set ), which contains no nontrivial convergent in the product
sequences.

This theorem implies that the countable dense set, which contains no nontrivial con-
vergent sequences exists:

in I?°, where I is closed unit interval (W.H. Priestley, [1]);

in D?", where D is the two-point discrete space (P.Simon, [2]);

in Z?°, where Z is a separable not single point T3- space (A.Gryzlov, [3]);

in the product of 2¥ many separable not single point Ty-spaces (A.Gryzlov, [4]).
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Pursuit-evasion game on the prism and pyramid in the space R® .
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It is given a l-skeleton graph M = {Mp, M¥} in Euclidian space R?, where Mp is
prism and M? is pyramid with k angles. In the game, the points Py, P, ..., P, and Q
are moving along the graph M with velocities not greater than p. One may assume that
p = 1 and the length of all edges of the graph M is 1. The points Py, P, ..., P, are referred
as pursuers; the set of points Py, Ps, ..., P, denoted by P. The point @) is an evading
player. At the initial time ¢ = 0 the points have positions P(0) and Q(0). If each of
players choose a certain control method, then the points move along some trajectories
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P(t),Q(t). The control methods must ensure the phase constraint P (t), Q(t) € M for all
t>0,k=1,2 ...,n. A pair of such control methods forms a single game. We say that the
player P wins in a game if Py(t) = Q(t) for some k = 1,2,...,n and ¢ > 0. The player Q)
wins in a game if Py(t) # Q(¢) for all k =1,2,...,n and t > 0 [1-2].

Obviously, if n is large enough then the group of pursuers can win in the game. The
least value of n that n pursuers win, will be denoted by N(M).

Theorem 1. N(Mp) = M(M?”) = 2.
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On spaces continuously containing topological groups

Iliadis S.D.
Moscow State University (M.V. Lomonosov)
e-mail: s.d.iliadis@gmail.com

It is well-known the open problem (see |?]) concerning the existence of universal elements
in the class of all topological groups of weight less than or equal to a fixed uncountable
cardinal. In [?], as an alternative of universal topological groups, we intoduce the notion
of a space continuously containing a given collection of topological groups. Below, we give
the definition of these spaces.

Definition. Given an indexed collection G of topological groups, let ) be a topological
space, and let h§, G € G, be a topological embedding of G into Q. We say that @ is

a continuosly containing space for G with respect to the collection {hg : G € G} if the
following conditions are satisfied:
(a) For any points x,y € G € G and each neighbourhood U of hg(xy) in @, there

exist neighbourhoods V' and W in @ of hg(x) and hg(y), respectively, such that, for any
points 2’,y' € G' € G such that hg (z/) € V and h$ (y') € W, we have h§ (z'y) € U;
(b) For any € G € G and each neighbourhood U of hZ(z™") in Q there exists a
neighbourhood V' of h&(x) in @ such that, for each 2’ € G’ € G for which hg/ (') eV,
we have h§ ((2/)™!) € U;
(c) U{hg(G) : G e G} =Q.
Definition. We say that a topological space @) is continuously containing for an indexed

collection G of topological groups if, for each G € G, there exists a topological embedding
hg of X into @) such that the space () is continuously containing space for G with respect

to the collection {A& : G € G}.

In my talk, we shall concern the following aspects of spaces, continuously containing
topological groups.
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(1) We show the existence of universal elements in classes of spaces, continuously
containing topological groups.

(2) We define the notion of an action of a space, continuously containing topological
groups, on a topological space and consider some embedding theorems.
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On the monad Iy

Ishmetov A. Ya.
Tashkent Institute of Architecture and Civil Engineering
e-mail:ishmetov _azadbek@mail.ru

For a compact Hausdorff space (abbr. compact) X on the algebra C'(X) of continuous
functions on X with usual algebraic operations we will determine new operations & and
® by rules ¢ @ ¢ = max{p, ¥} and p ® Y = ¢ + ¢, where ¢, ¥ € C(X). A functional
pu: C(X) — R is said to be an idempotent probability measure on X if it satisfies the
following properties (1) u(Ax) = A for all A € R, where Ay — constant function; (2)
A ©p) =AOpu(p) for all A € R and ¢ € C(X); (3) ple @ 1) = u(p) ® p(v) for all ¢,
Y € C(X). A set of all idempotent probability measures on X we denote by I(X). We
consider I(X) as subspace of REX),

For given compacts X, Y and continuous map f: X — Y by a formula I(f)(u)(¢) =
w(o f) it determines a map I(f): I(X) — I(Y) which is continuous. So, the construction
I puts to each compact a compact and to each map a map, i. e. it is a functor. Moreover
I is a normal functor. Therefore for each idempotent probability measure p € I(X)
one may determine its support: suppy = [ {A CX: A=A, pe [(A)}. For a positive
integer n and a compact X we define a set [,(X) = {p € I(X): [suppp| < n}. Put

I,(X) = U I.(X). Idempotent probability measure u € I,(X) is called an idempotent
n=1

probability measure with finite support.

We determine a subfunctor Iy of the functor I of idempotent probability measures. For
a given compact X a set I;(X) consists of idempotent probability measures with finite
support such that if the support of a measure p consists from n points z1, xo, ..., x,,, then
just one of these points’ max-plus-barycenter mass is equal to zero, all of the other masses
are not greater than —In (n 4 1). By definition

I(X) ={p=® 1\ ® 0, € 1,(X): the equality \; = 0 holds for only unique
index ig and \; < —In(n+1) for all i € {1,....n}\ {ig}}.
This functor is interesting in the fact that it is a functor with the finite support, and

has not finite degree. The functor I;: Comp — Comp is a normal subfunctor of a functor
I idempotent probability measures. The following theorem is the main result of the note.
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Theorem 1. The triple I; = (If; ¢; n) forms a monad in the category Comp.
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Dimension of finite approximation for metrizable functors

Ivanov A.V.
Institute of Applied Mathematical Research
of Karelian Research Centre Russian Academy of Sciences.
e-mail: alvlivanov@krc.karelia.ru

Let F be a seminormal metrizable functor, (X, p) a metric compact, pr a functorial
extension of the metric p to F(X) and F,(X) is the subspace F(X) consisting of points £
whose support supp(§) contains no more than n elements (n € wy). For each £ € F(X) and
a real number € > 0 we set N(§,¢) = min{n : pr(&, F, (X)) < e} (N(&, ¢) is well defined
since (U, e, Fn(X) is everywhere dense in F(X)). For any point § ¢ (¢, Fn(X) the
number N (, €) increases unlimitedly when e — 0. The rate of this increase is characterized
by

which we call the dimension of finite approximation of the point £ (if the specified limit
does not exist, we consider the upper or lower limit and get the upper dimz(¢) or the
lower dim ~(£) dimensions of finite approximation).

If we take the exponential functor exp with the Hausdorff metric as F, then dimz(A)
coincides with the box dimension dimpg A for any A € exp(X). For the probability functor
P metrized by the Kantorovich-Rubinstein metric, the dimension of finite approximation
dimp(u) coincides with the quantization dimension of the measure p € P(X). Thus, we
are talking about a functorial generalization of classical concepts.

For the superextension functor A, the dimension of finite approximation was studied in
[1]. For all the functors listed above and for any ¢ € F(X), the following inequality holds:

dimz(¢) < dimp(supp(§)). (1)

For functors A and exp the following theorem on intermediate values of the dimension
dimg is proved: for any infinite metric compact (X, p) and any non-negative real number
b < dimpX there exists £ € F(X) such that dimz(¢) = b. Moreover, for the functor \ we
may additionally require that supp(§) = X.
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The obtained results allow us to formulate a number of natural questions, including:
1) whether inequality (1) is true for any metrizable seminormal functor, 2) whether the
intermediate value theorem for the functor P holds, and others. In connection with this
problems, it is of interest to find general conditions for the metrizability of seminormal
(normal) functors (currently, the properties of metrizability are established only for spe-
cific functors).
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On uniformly distributed probability measures on metric compacts

Ivanov A.V.
Institute of Applied Mathematical Research
of Karelian Research Centre Russian Academy of Sciences.
e-mail: alvlivanov@krc.karelia.ru

The following question is considered: on which metric compacts does a uniformly dis-
tributed probability measure exist? This question is related to the problem of determining
the uniformly distributed probability measure on a metric compactum. The proposed ap-
proach is based on the idea of approximating the desired measure by uniformly distributed
measures with finite supports where these supports must be «uniformly distributed» on
the compact (X, p) in the geometric sense.

Definition 1. The sequence p,, = Zfﬁl iéxi, n € N of uniformly distributed probabil-
ity measures with finite supports supp(u,) = A, = {1, ..., 2y, } will be called admissible
if k, = min{m : py(X,exp,, X) < 1/n} and py(A,, X) < 1/n (pg is the Hausdorff metric
on exp X). We say that the metric compact (X, p) is stable if any admissible sequence
has a limit. If a compact is stable, then all its admissible sequences converge to one mea-
sure, which we denote by p%. If supp(u'%) = X, then we call the measure p% uniformly
distributed on X and say that the metric compact (X, p) admits uniformly distributed
measure.

Example 1. If the compact (X, p) has only one nonisolated point a, then X is stable,
and p% = d,.

Example 2. There exists a metric compact with only two nonisolated points that is
not stable.

Example 3. The standard Cantor perfect set II lying on the segment [0, 1] admits a
uniformly distributed measure.

Example 4. There exist the metrics p;, po compatible with the topology on the Cantor
perfect set II such that (II, p;) is not stable and (I, po) is stable, but does not admit a
uniformly distributed measure.

The following theorem shows that Definition 1 is consistent with the classical notions
of a uniformly distributed probability measure.
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Theorem 1. A bounded canonically closed Jordan measurable subset X of (R",p)
with metric p defined by the formula p(z,y) = max{|z; — y;| : i = 1,...,n}, admits a
uniformly distributed measure, and p% = ﬁ(M x), where u is a Lebesgue measure in
R".

Proposition 1. If an infinite compact (X, p) admits a uniformly distributed measure,
then X has no isolated points.

Theorem 2. If X admits a uniformly distributed measure, then for any closed subset
F C X with non-empty interior the following equalities hold:

dimzF = dimz X, dimpF = dimpX.

Thus, the compacta which admit a uniformly distributed measure are dimensionally
homogeneous in the sense of box-dimension dimp.

On polynomial operators corresponding to graphs

Jamilov U.U., Mukhitdinov R.T.
V.I. Romanovskiy Institute of Mathematics, e-mail:jamilovu@yandex.ru
Bukhara branch of Tashkent institute of irrigation and agricultural
mechanization engineers, e-mail:muzitdinov-ramazon@rambler.ru

Denote S := {x = (z1,29,...) 1 2; > 0,> ;> x; = 1}. Clearly, S- is the closed convex
hull of vectors of the form e = (0,0,...,1,0,0,...), where the unite is the i—th position,
and precisely these vectors are the extreme elements of S[2|. For a natural d > 2 we define
an operator V' : § — S as follows

V()k=> > Powy - Ty, k=12 (11)

=1 ig=1

where the coefficients P, ...;, , satisfy
() Piigh >0, (i) > Piogu=1 forall iy, g ke{l,2,...}. (12
k=1

An operator V defined in this above way is called a infinity dimensional polynomial
stochastic operator (IPSO) of degree d.

Let G = (A, L)— be a graph without multiple edges, where A— is the set of vertices
which is at most a countable set, L— is the set of edges of the graph G. Enumerate the
vertices of the graph G by elements of £ = {0,1,2,...}. {A;}, i=0,1,...,n, is the set
of connected components of the graph, where n > 1. Suppose that A = Ay U A, where
Ay = {2°}, that is, the connected component Ay consists from single point and A; is the
Cayley tree of order d — 2, d > 3. We denote (iy,...,iq) if the vertices{iy,... i} is a
“star” of the tree, i.e. x = i; and S(x) = {ia,...,iq} , and by )iy, ..., ig( we denote non
stars. The coefficients of heredity we define as the following:

1, if >i1,...,id<, k=0, i1,...,14 € E;

]3i1---id,k: 0, if >?:1,...,id<, ]{7750, il,...,’idEE; (13)
>0, if <i1,...,id>, i1,...,0q € E;
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Definition 1. For any fixed graph G, IPSO degree d satisfying conditions (11),(12) and
(13) is called the polynomial stochastic operator corresponding to the graph (PSOCG).
Theorem 1. i) Any PSOCG has a unique fixed point (1,0,...) and for any x(¥ € S, the
trajectory of PSOCG tends to this fixed point exponentially rapidly;

ii) The function p(x) = > x4 ---2;, is a Lyapunov function for a PSOCG.
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7-1I-completeness and hyperspace

Jumaev D. L.
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For a collection w = {O, : a € A} of subsets of a topological Ti-space X and M C X
we put Uw = U{O, : a € A}; [w] = [w]x = {[Oa]x : a € A}. For a cardinal number
T > Ny a cover A of the spaces X is said to be a 7-cover, if the power of \ is not greater
then 7. For a space X, its some subspace W and a point x € X \ W they say that an open
cover \ of the space W pricks out the point z in X if ¢ U[A]x. A space X is said to be
T-11-complete if for every point x € f X \ X there exists an open 7-cover w of X which
pricks out the point x in 5 X. A closed subset of a 7-II-complete space is 7-II-complete.

By exp X we denote a set of all nonempty closed subsets of a topological T}-space X.
A family of sets of the view O(Uy, ..., U,) = {F € exp X : F C U U, FNU; #
g, ..., FNU, # @} forms a base of a topology on exp X, where Uy, ..., U, are open
nonempty sets in X. This topology is called the Vietoris topology. A space exp X equipped
with the Vietoris topology is called hyperspace of X.

For a compact X its hyperspace exp X is also a compact. Let f: X — Y be a contin-
uous map of compacts, F' € exp X. We put (exp f)(F) = f(F).

For a Tychonoff space X we put

expg X ={F €exp fX: FC X}

It is clear, that expg X C exp X. Consider the set expg X as a subspace of the space
exp X. For a Tychonoff spaces X the space expg X is also a Tychonoff space with respect
to the induced topology.

For a continuous map f: X — Y of Tychonoff spaces we put exp, f = (exp 8f)|
where Sf: 8 X — (Y is the Stone-Céch compactification of f.

In this work we announce the following result.

Theorem 1. For a Tychonoff space X its hyperspace expg X is 7-II-complete iff X is
7-II-complete.

expg X 7
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The second cohomology group of noncommutative Jordan algebra of level
one

Jumaniyozov D.E.
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: jumaniyozovdostond0Q@Qgmail.com

Given an n-dimensional vector space V, the set Hom(V Q) V,V) is a vector space of
dimension n3. This space has a structure of the affine variety C™*. Indeed, let us fix a basis
€1, €s, ..., e, of V. Then any u € Hom(V Q) V,V) is determined by n? structure constants
c;; € Csuch that p(e; @e;) = 31—, ¢ jex. A subset of Hom(V @V, V) is Zariski-closed
if it can be defined by a set of polynomial equations in the variables cﬁ j(l <1,5,k <n).

Let Alg,, be the set of algebras of dimension n, known as a subset of the affine variety
Hom(V Q@ V,V). The general linear group GL(V) acts on Alg,, by conjugations:

(g% m) (=@ y) = glulg™ (@) R g™ 1))

forz,y € V, p e Alg, C Hom(VQV,V) and g € GL(V). Thus, Alg,, is decomposed into
g € GL(V)-orbits that correspond to the isomorphism classes of algebras. It is clear that if
a subvariety of Hom(V Q) V, V') is specified by an identity or identities like commutativity,
skew-symmetricity, nilpotency, etc. then it is invariant under the action *x. The closures
of orbits under this action play a crucial role in the description of irreducible components
of a variety of algebras.

Definition 1. An algebra A is said to degenerate an algebra pu, if Orb(u) lies in the
Zariski closure of Orb(\). We denote this by A — p.

The degeneration A — p is called a direct degeneration if there is no chain of non-trivial
degeneration of the form: A — v — p.

Definition 2 [1]. A level of an algebra A is the maximum length of chain of direct
degenerations, which, of course ends with the algebra a(the algebra with zero multiplica-
tion). We denote the level of an algebra A by lev, ().

Definition 3. An algebra J is called noncommutative Jordan algebra if

(zy)z = 2(yz),
(2*y)z = 2°(y).
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For some examples of the descriptions of varieties of Jordan algebras by means of the
degeneration graphs we refer to the papers |2, 3] and others.

Let J be a noncommutative Jordan algebra and Z2(J,J) be the space of the bilinear
maps h: J X J — J such that

Wy, z) + h(z,y)r = zh(y, ) + h(z, yz)
(h(a,a)b)a + h(a* b)a + h(a®b,a) = a*h(b,a) + h(a?, ba) + h(a,a)(ba).
If o :J — Jis a linear mapping and B%*(J,J) be the space of the bilinear maps
du : 3 — J given by
dp(a, b) = p(a)b + ap(b) — p(ab),

p(a
then it lies in Z%(J,J). The quotient space of Z2(J,J) by the space B%(J,J) is called the
second cohomology group of J and denoted by H 2( ,J). Usually the space Z2(J,J) is
called 2-cocycle and B%(J,J) is called 2-coboundary.
Definition 4. A noncommutative Jordan algebra J is called cohomologically rigid if

H?*(3,3) =0.
Consider n-dimensional noncommutative Jordan algebra v,(a) with following multi-
plication table:

vp(a) s erep = e, ere;=ae;, eer=(1—a)e, 2<i<n.

In [4] it is shown that the algebra v, («) is algebra of level one.
It is well known that dim B?(J,J) = n? — dim Der(J), where Der(J) is all derivations
of algebra J. Since dim(Der(v,(a))) = n* — n we have dim B?(v,(a), v,(a)) = n.

2
—2
Lemma 5. dim Z?(v;(a), v;(a)) = n(n 5 nt 3).
—1)?
Theorem 6. dim H?(v;(a), v;(a)) = %
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Complete systems of SO(2, R)-invariants of mappings of a fixed set to the
two-dimensional Euclidean space

Djavvat Khadjiev, Gayrat Beshimov
National University of Uzbekistan, UzAS Institute of mathematics, 10017/ Tashkent,
Uzbekistan

Let E5 be the two-dimensional Euclidean space and R be the field of real numbers.
Denote by (a,b) the scalar product a;b; 4 agby of vectors a = (a1, az2),b = (b1, bs) € Fs.
Let O(2, R) be the group of all orthogonal transformations of Fs. It is known that every
F € O(2,R) is linear. Denote by SO(2, R) the set {F' € O(2,R) : det(F)=1}. It is a
subgroup of O(2, R). Let T be a nonempty set.

Definition 1. A mapping v : T — E5 will be called a T-path in Fy and denote it in
the following form ~(¢).

Definition 2. Two T-paths 7(t) and 7(t) in E; are called SO(2, R)-equivalent if there
exists F' € SO(2, R) such that n(t) = F(y(t)),vt € T. This equlvalence denoted by

SO(2,R)

y(t) T~ ().

Definition 3. A function h : Ey — R is called SO(2, R)-invariant on FE, if h(Fa) =
h(a),Va € Ey,VF € SO(2, R).

Let a = (ay,a2),b = (b1,by) € Ey. The following functions (a,b) = (a1by + asbs) and
[ab] = a1by — asby are SO(2, R)-invariant functions on Es.

Theorem. Let t, € T. Assume that T-paths v(¢) and 7n(t) in E, such that v(¢y) # 0
and n(ty) # 0.

O(2,R)

(4). Assume that v(t) “°C™ (). Then

(2.1). in the case T' = {ty}, the following equality holds
(v(to), v (to)) = (n(to), n(to)) - (14)
(.2). in the case T # {to}, the following equalities hold

{ (v(to), (1)) = (n(to)
[ '

v(to) v(t)] = [n(to) n

(t)), vt € T;

).Vt € T,t # o (15)

(7). Conversely, assume that in the cases (i.1) and (i.2) the equalities Eq.(1) and Eq.(2)
hold respectively. Then there exists the unique matrix F© € SO(2, R) such that
n(t) = F(v(t)),Vt € T. Here F has the following form

((to)m(to))  —[v(to) n(to)
r- (T TR )

(to)¥(to))  (v(to)¥(to))
Similar results have obtained also for the group O(2, R) and other fundamental groups
of the Eclidean space F.

QQ«Q

)



52 Khakimov O.N.

Chaotic behavior of the P-adic Potts-Bethe mapping

Khakimov O.N.
Institute of Mathematics, Tashkent
e-mail: hakimovo@mail.ru

The present paper is a continuation of [1], where we have started to investigate chaotic
behavior of the Potts-Bethe mapping over the p-adic field (Q,). Note that the mapping
is governed by

Or+q—1 >k7 1)

r+0+4q—2

st = (

where k,¢q € N and |# — 1|, < 1. In [1] we have considered the case when ¢ is not divisible
by p, i.e. |¢|, = 1. In that setting, under some conditions we were able to prove that fy ,x
is conjugate to the full shift on symbols. In the current paper, we are going to study the
same Potts-Bethe mapping when ¢ is divisible by p, i.e. |¢|, < 1.

It is easy to notice that the function (1) is defined on @, \ {z(*}, where 2(>) = 2—q—6.
For the sake of convenience, we write Dom(fp ) = Q, \ {z(®J}. Let us denote

Poioor = | foum (@),
n=1

On can see that the set P, () is at most countable, and could be empty for some k, q
and 6. Let 2(*) be a fixed point of an analytic function f and let A = - f(z(?)). The
fixed point 2 is called attractive if 0 < ||, < 1, indifferent if |\|, = 1, and repelling if
|Al, > 1. For an attractive point z(%) of the function f, its basin of attraction is defined

by
Az ={z € Q,: lim f*(z) = 2@},
n—oo

where f" = fo fo---of.

The main result of the present paper is given in the following theorem.

Theorem. Let p > 3, k > 2, |¢|, < 1, | — 1|, < 1 and z{ = 1. Then the dynamical
structure of the system (Q,, fo ) is described as follows:
(A) If |k|, < |g + 6 — 1|, then Fiz(fy ) = {z}} and A(z§) = Dom(foqk)-
(B) Assume that |k|, > |¢+ 6 — 1|, and |6 — 1|, < |¢*|,- Then there exists a non empty
set Jy, .. € Dom(foqr) \ Prw) which is invariant with respect to fp 4 and

A(l’é) = Dom(f97q7k) \ (Pz(‘x’) U st,q,k) .

Moreover, if &), is the GCF (greatest common factor) of k£ and p—1, then the followings
hold:
(B1) if k, = 1 then there exists x, € Fix(fpqr) such that x, # 25 and Jy, , = {2.};
(B2) if k, > 2 then (Jy, ., fo.qk | |p) is topologically conjugate to the full shift dynamics
of k, symbols.
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On linear homeomorphism of spaces of continuous functions on Hattori
spaces

Khmyleva T., Sukhacheva E.
Faculty of Mechanics and Mathematics, Tomsk State University
e-mail: tex2150@yandex.ru, sirius9113@Qmail.ru

The symbol S is the Sorgenfrey line (also known as the “arrow or the “left arrow*
space), that is, the set of real numbers with the topology generated by the base {(a, ] :
a,b € Rya < b}. Let A C R. The symbol H(A) denotes the topological space in which
the base of neighbourhoods of the point x is defined as follows:

B, ={(x —¢e,z]: ¢ >0}, ifx e R\ 4;

B, ={(x—e,x+¢): >0}, ifx € A

The space H(A) is called the Hattori space and was defined in work Y. Hattori'. In
particular, if A = (), then H(A) =S, if A =R, then H(A) =R.

The question of the homeomorphic classification of the spaces H(A), H(B) and S
was considered in works V.A. Chatyrko, Y. Hattori 2, J. Kulesza 3, A. Bouziad and
E. Sukhacheva®. In our talk, we will consider the question of the existence of a linear
homeomorphism between the spaces of continuous real-valued functions C,(H(A)) and
Co(H(B)) for different subsets of the real line A and B.

On max-plus-Milutin spaces

Kholturaev Kh. F.
Tashkent Institute of Irrigation and Agricultural Mechanization Engineers
e-mail: xolsaid_ 81@mail.ru

We recall some concepts from [1], and modify them for the max-plus case if necessary.
Let X and Y be compact spaces, f: X — Y be amap, f°: C(Y) — C(X) be the induced
operator defined by equality f°(¢) = pof, ¢ € C(Y'). We say that an operator u: C'(X) —
C(Y) is a max-plus-linear operator provided u(a ©® ¢ ® F O ) = a © u(p) B S © u()
for every pair of functions ¢, ¥ € C(X), where —c0 < a, f < 0, a ® f = 0. A max-
plus-linear operator u: C(X) — C(Y) is max-plus-regular provided ||u|| = sup{||u(p)] :

IHattori Y. Order and topological structures of posets of the formal balls on metric spaces / Memoirs of the Faculty of
Science and Engineering Shimane University. Series B. Mathematical Science. — 2010. — Vol. 43. — P. 13-26.

2Chatyrko V.A., Hattori Y. A poset of topologies on tne set of real numbers // Commentationes Mathematicae Univer-
sitatis Carolinae. — 2013. — 54(2). — P. 189-196.

3Kulesza J. Results on spaces between the Sorgenfrey and usual topologies on R //Topology and its Applications. —
2017. — T. 231. — P. 266-275.

4Bouziad A., Sukhacheva E. On Hattori spaces //Commentationes Mathematicae Universitatis Carolinae. — 2017. — 2.
— P. 213-223. DOI 10.14712/1213-7243.2015.199.
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peC(X), el <1} =1and u(lx) = 1y. A max-plus-linear operator u: C(X) — C(Y)
is said to be a max-plus-linear exave for f provided f° o wu is the identity on f°(C(Y))
or equivalently f®ow o f° = f°. A max-plus-reqular erave is a max-plus-linear exave
which is a regular operator. If f is a homeomorphic embedding, then a max-plus-linear
exave (max-plus-regular exave) for f is called max-plus-linear extension operator (max-
plus-reqular extension operator). If f is a surjective map, then a max-plus-linear exave
(max-plus-regular exave) for f is called max-plus-linear averaging operator (max-plus-
reqular averaging operator).

Remind, in category theory a monomorphism (an epimorphism) is a left-cancellative
(respectively, right-cancellative) morphism, that is, a morphism f: Z — X (respectively,
f: X — Y) such that, for each pair of morphisms ¢, g2: Y — Z the following implication
holds fogi=fogs=gi=gs  (respectively, g1of=gr0f = g1 =gs).

If u is an exave for f: X — Y and y € f(X), then for every function ¢ € C(Y') we
have (uo f°)(¢)(y) = ¢(y).

Proposition 1[2]. Let f: X — Y be a map. A max-plus-regular operator u: C(X) —
C(Y) is a max-plus-regular extension (respectively, averaging) operator if and only if
feou=idex) (respectively, uo f° =idegyy).

An epimorphism f: X — Y is said to be a max-plus- Milutin epimorphism provided it
permits a max-plus-regular averaging operator. A compact space X is a max-plus- Milutin
space if there exists a max-plus-Milutin epimorphism f: D™ — X [1]|. Every compactum
is a Milutin space [3]. We propose a max-plus version of this result.

Theorem 1. Every compactum is a max-plus-Milutin space.
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Generalized a-subharmonic functions.
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This paper is devoted to the analytical theory the real part of the solution of the
well-known Beltrami equation

8_]_‘ — A(2) of =

0z 0z
directly related to quasiconformal mappings. Regarding function A (z), generally assumed,
what is it measurable and |A (z)] < C' < 1 almost everywhere in the domain D C C. In
literatures, solutions to equation (1) are called A— analytic functions usually.

0, (16)
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In the case when A(z) is anti-analytic in D i.e. A € O(D) then the real part of A—
analytic functions satisfies the following equality:

swm o]

0 1 ou
t5; L_|A|2 [(1+|A|) 2A8 H—O. (17)

Definition 1.[4,5] Twice differentiable function u € C*(G), u : G — R called A-
harmonic in G, if it satisfies differential equation (2) in G . The class of A-harmonic
functions in the domain D is denoted by ha (D).

Theorem 1.[4,5] If the function w -A- is harmonic in the set L(z,R) =
{£€D:|Y(zE)| <R} CD,then for any r < R the value and in the center the bound-
ary of the lemniscate is equal to the integral by measure dy = |d¢ + A(€)d€| divided by
27tr its values on the boundary of the lemniscate L(z,r):

we) =g f (e |d+ A (18)
[P (2,8)|=r
where ¢(2,§) =& —z+ [ A(r)dr
7(2:6)

Definition 2. A function u : D — [—00;00) is called A-subharmonic in the domain D
if it satisfies the following two conditions:
1) u(z) upper semicontinuous, i.e. Vzo € D the following inequality holds:

lim u(w) < u(2)

w—z

(It follows that the function is bounded above on any compact subset of the domain
D);

2) for each point Vzy € D there exists a number r(zy) > 0 such that for all r < r(z)
the inequality holds

1 _
ue) <5 ()]st A
[4(&,20)[=r
The class of A-subharmonic functions in the domain D is denoted by sh (D). In what
follows, for convenience, we also include the trivial function u = —oo in shy (D).

We will consider the convex region of D.
Lemma: For the function u € C?(D), the following equality holds:

1 _
U(Z> = U(ZO> + w [DAf‘Z:ZOID (Z(), ) + DAf’Z Zo (ZQ, ):| +
Dy = 2O | o s+ [ D3 - 2RO G,
+ z=2z0 z=z0 +

2(1 - [A(20)P)°
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2
oA
where r = |1 (20, 2)|.
Theorem 2. The function u € C?(D) is A-subharmonic if and only if A 4u|,0.
Theorem 3. (analogue of the decomposition Riesz ). For any function u € sha (D) ,
not identically equal —oo , in the domain D there exists a Borel measure v such that for
an any domain Dy CC D equality holds

u(z) = %/ln [ (w, 2)| dv(w) + h(2),Vz € Dy

Dy

¥ (20, 2)° + 0 (%) , ¥z € L(z0,7) (19)

2=20

where h € ha (Dy).
Theorem 4. If the distribution Aju: F(D) — R is positive in D, i.e.

Aqu(p) = u(Aap)0, YV € F(D) N {0},

then v is identifies with a A-subharmonic function in D:
1 _
Jg € sha (D) ulp) =g(9) = 5 [ 9(2)p(:)dz nd2 Vo € F (D)
D

where F'(D) = {¢ € C*(D) : suppp CC D}.
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On subgroups of the group representation of Cayley tree

Kucharov R.R., Haydarov F.H.
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There are urgent open problems of group theory which arise in studying of problems of
natural sciences such as physics, mechanics, biology and so on. For instance, configuration
of a physical system is defined on the set of vertices of tree can be considered as a function
defined on the set of vertices of the tree (see [1], 2], [3]). We can study periodic and weakly
periodic Gibbs measures corresponding to an arbitrary subgroup of finite index of group
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presentation of Cayley tree. Now we consider the invariance property for subgroups of the
group presentations of Cayley tree.

Let G be a free product of £ + 1 cyclic groups of the second order with generators
ai, as, ...ax1, respectively. we study the invariance property for above defined subgroups
of the group Gy.

Let (A1, Ay) be a partition of the set Ni\Ag, 0 < |Ag] < k — 1, where N, =
{1,2,3,...,k + 1}. Put m; be a minimal element of A;, j € {1,2}. Then we consider
the function ua, 4, : {a1,az,...,ax11} — {€,a1...,ap41} given by

€, if T = Qa;, ZENk\(AlLJAQ)
U’A1A2(x) = . . . —
Um;, if v =a; i€ A;, j=1,2.

Let (A1, Ay) be a partition of the set N\ Ay, 0 < |Ag| <k — 1. Then z € I 4, (Gy) if
and only if the number I(u4, 4,(x)) is divisible by 2s 4 1. For any element = of Gy, one
denote by | z if it satisfies the following condition: 7! | z € {a; | i € N.}. The set of
all direct successors of x is defined by this formula S(z) = {y € Gy | | y = z}.

Now we introduce an equivalence relation on Gy. Namely, elements x and y are called
equivalent (z ~ y) if it satisfies this condition: (ua, 4, (y)) ™ (s, 4,(2)) is divided by 2s+1.

Let Ky be a subgroup of Gy and Gy/Ky, = {Ko, K1, Ko, ..., Kos}, where K;,i €
{0,1,...,2s} are cosets.

For i € {1,2,...,2s} we denote

Si(x) = S(x) Uiz}, ailr) = [Si(2) N K|, Q(x) = (g0(2), q1(2), 2(2), -, gas (7)),
and
0:(Ko) = qile) = {j : a; € Ki}|, Q(K) = (90(Ko), s gu-1(Kp))-
Theorem 1. Let K, € 3% 4, (Gr),|A;] = 1,5 € {1,2}. For any = € G, there exists a
permutation 7, of the coordinates of the vector Q(Ky) such that m,Q(Ky) = Q(z).
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Local automorphisms simple Leibniz algebras
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An algebra (L, [-,-]) over a field T is called a Leibniz algebra if it satisfies the property
[z, [y, 2]] = [[z, ], 2] = [[z, 2], y] for all 2,y € L,
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which is called Leibniz identity.

For a Leibniz algebra L, a subspace generated by squares of its elements
Z = span{[z,z]:x € L} due to Leibniz identity becomes an ideal, and the quotient
Gr = L/7 is a Lie algebra called liezation of £. Moreover, [£,Z] = 0. In general, [Z, L] # 0.
Since we are interested in Leibniz algebras which are not Lie algebras, we will always as-
sume that Z # 0.

A Leibniz algebra L is called simple if its liezation is a simple Lie algebra and the ideal
7 is a simple ideal. Equivalently, £ is simple iff Z is the only non-trivial ideal of L.

Theorem 1. Let L be a non-Lie simple Leibniz algebra. Then a linear mapping A :
L — L is a local automorphism if and only if A is an automorphism.
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About a solvable Leibniz algebra

Malikov N.N.
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Definition 1. A vector space with a bilinear bracket (L, [—, —]) over a field F is called
a Leibniz algebra if for any x,y, 2 € L the Leibniz identity

[[xay]az] = [‘Ta [ya Z]] - [ya [x,z]].

Let L' be the algebra which is isomorphic to a naturally graded Leibniz algebra and
be its multiplication table in the following case|2|:

[ei,e1] = €1, 1<i<n-23,
[en—la 61] = €n,

[61, en,l] = /\(En7 A € (C

Where ey,. .., e, is a basis of the algebra L'*. We consider classification of the algebra
R = L' + Q with dimQ = 1. Let = be a basis of Q.
Proposition 1. Any derivation of Leibniz algebra L'* has the following form:

n n—2
d(el) = Z €4,y d(62> = 20&1,162 + Z 14—164 + (1 + )\)al,n_len,
i=1 =3

n—2
d(ez) = ial,lei —+ E a1 ,5—i+1€5, 3 S 1 S n — 2,
j=i+1
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d(ep—1) = Z Qg i€, d(en) = agp_3€n_o+ (on_1+ a11)eén.

i=n—3

Theorem 1. Let R be a solvable Leibniz algebra whose nilradical is L**. Then there
exists a basis {ej,...,e,,z} of the algebra R such that the multiplication table of R with
respect to this basis has the following form:

e e1] =eir1, 1<i<n—3, [e,_1,6e1] =e€n, [e1,en-1] = Aey,
x, e = —ey, le,x]=1ie;, 1<i<n-—2,

= Qg p_26n—2+ N1, [en,z] = (1 4+ ey,

=2t Newr, NEC, ANA0, NAL AN#En—2,
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The functional tightness of the space of probability measures of finite support
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Let X be a compact space. By C'(X) denote the set of all continuous maps ¢ : X — R
with the usual sup-norm ||¢|| = sup{|¢(z)| : z € X}. A continuous functional p : C'(X) —
R is called a measure on the compact X. A measure is positive (notation p0), if ()0
for any ¢0. A measure is normed, if ||u|| = 1. A positive normed measure is called a
probability measure. A space consisting of all probability measures, denote by P(X). A
neighborhood base at a point u € P(X) consists of all the sets in the form

O, 1, 02, - i €) = {v € P(X) : |u(p:) —v(p)| <e,i=1,2,...k}

where 1, pa, ..., op € C(X) and & > 0.
A support supp(u) of a measure p € C(X) is the smallest closed subset F' C X such
that u(F) = p(X). For a compact X and a natural number n put [1]

Bu(X) = {p € P(X) : |supp(p)| < n}.

Definition 1.1.]2] Let  be an infinite cardinal, X and Y topological spaces. A function
¢ : X — Y is said to be k-continuous if for every subspace A of X such that |A| < k, the
restriction ¢|4 is continuous.

A function ¢ : X — Y is said to be strictly k-continuous if for every subspace A of X
such that |A| < k, the restriction of ¢ to A coincides with the restriction to A of some
continuous function f: X — Y.

Definition 1.2. [2] The functional tightness of a space X is
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to(X)=min{x: £ is an infinite cardinal and every k-continuous real-valued function on X
is continuous}.
Theorem 1.1. For any compact space X we have to(X) = to(P,(X)).
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Deformation space of cubic parabolic Newton maps

Khudoyor Mamayusupov

National Research University Higher School of Economics, Faculty of Mathematics,
Usacheva 6, Moscow, Russia
e-mail: kmamayusupov@hse.ru

1. Introduction. Consider the family F of cubic rational functions with superat-
tracting fixed points at 0 and oo and a parabolic fixed point at 1, and we study them
as dynamical systems on the Riemann sphere C. We call them cubic parabolic New-
ton maps as they are obtain (Moobius conjugate) by applying the Newton’s method to
p(2)e?®) for a quadratic p with distinct roots and a linear ¢. Every map in F has the

z+a—1 . .

form f.(z) = z2m for a € C\ {0}, thus the family F is a one-complex param-
eter family. These maps have 4 critical points, the two of which are fixed and the third
converges to 1 under the iterates of f,. The last critical point can have a free dynamics
and is called a free critical point. We consider parameters a € C \ {0} such that the free
critical point of f, belongs to basins of attracting cycles or the parabolic basin of 1, and
call stable such an f,. Stable parameters form an open set in the a—parameter plane and
the connected components are called stable components. For the main parabolic stable
component H charactered by functions f, for which the free critical point belongs to the
immediate basin of 1, we consider quasiconformal conjugacy classes-the deformation space
of f, in H and show that if there is no critical orbit relation then any two such maps
are globally conjugate and belong to the single conjugacy class. If there is a critical orbit
relation for f, then the deformation space of f, consists of the single f,.

2. Results. The moduli space of F is double covered by the a—parameter plane C\{0},
with an orbifold structure with a singular boundary locus {0, 00}, both points are of an
elliptic type.

Denote Bs the model space consisting of cubic parabolic Blaschke products B such
that B(1) = 1, B'(1) = 1, B"(1) = 0, and with critical point at 0. Every such a
Blaschke product has a normal form B(z) = B,(z* - By(z)) for b € D, where a =

(1) (3(1-b)+b(1-b))
(1) (—6+3b+8b—3]b[2—b2(3-b) )
b € D (real 2 dimensional) and the dependence is real analytic. In particular, the other crit-

ical point w of a Blaschke product is given by w = ﬁ (3 + 1] = /(3 + [b]2)2 — 16]b|2>
depending real analytically on b € D. The location of the critical point w also parametrizes

. The model space Bs is parametrized by a complex number
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B3, which is complex analytic. Let M = M(B3) denote the moduli space of B3 consisting
of conformal conjugacy classes of maps in Bs.

For every cubic Newton map f, € H corresponds a conformal class in the moduli space
M, and thus H can be identified with M, which is a topological open disk.

Theorem 1. The moduli space M of the model space Bs is an orbifold D/T"; a topo-
logical open disk, with an elliptic point of order 2 at the origin and a group action is by
I'={id, z — —z%:i} for z € D. The action is conjugate to the action by z — —z, the
group Zs.

Theorem 2. The main parabolic stable component H is simply connected with its
unique center. The quasiconformal conjugacy classes of maps in H are of two types: type-
I, a single class, which is topologically an infinitely punctured disk, and its punctures are
of type-II. The set of type-II quasiconformal conjugacy classes is in one-to-one correspon-
dence with the set of all cubic postcritically non-minimal Newton maps. Moreover, the
boundary 0H is a Jordan curve.

The main result in summary is the following.

Theorem 3. Every stable component of the parameter plane of F is an open topo-
logical 2-cell with its unique center that is a cubic postcritically minimal Newton map.
There exists a bijective function from the space of Haoissinsky equivalent classes of centers
(hyperbolic posteritically finite maps) of hyperbolic components of the space of standard
cubic Newton maps of cubic polynomials to the centers of stable components of this space
of parabolic cubic Newton maps. This bijection preserves the dynamics on the correspond-
ing Julia sets and is obtained by the parabolic surgery.

The psuedo weight and the m-weight of Hattori spaces

Meyliev Sh., Mukhamadiev F.
National University of Uzbekistan named after Mirzo Ulugbek

Let us recall that the Sorgenfrey line (R, 75) is the set R of real numbers with the lower
limit topology 7s (the family of all half-open intervals [a, ), where a < b, is a base of the
topology on R). The space (R, ) is an important example of topological spaces [1].

In [2] Hattori introduced a family G = {7(A) : A C R} of topologies on R such that
7(R) = 7 (the Euclidean topology on R) and 7()) = 75. The topology 7(A) on R is
defined as follows.

(1) For each x € A, {(z — ¢,x + €) : € > 0} is the neighborhood base at z, and
(2) for each z € R\ A, {[z,z +¢€) : € > 0} is the neighborhood base at x.

It is easy to see that for any A, B C R we have A D B iff 7(A) C 7(B). In particular,
e C 7(A) C 15 for each A C R.

The spaces (R, 7(A)), A C R, possess several nice topological properties (see [3]). In
this note we will call the spaces (R, 7(A)), A C R, Hattori spaces.

f C 7(X) is a pseudo base of X if for every p € X we have {p} = {B € 8 :p € B}.
Clearly X has a pseudo base if and only if X € Tj;. Thus in the following definition
X € Ty. Yw(X) is called the pseudo weight of X.

Yw(X) = min{|B| : 8 is a pseudo base of X} + Ny.
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B C 7(X)\{0} is said to be a 7- base of X is for every nonempty open set G there is
a B e with B CG.

7(X) = min{|B| : B is a 7 base of X} + N,.

7(X) is called the 7 weight of X [4].
Proposition.For any subset A C R we have
2) m(R,7(A)) = No.
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The psuedo weight and the m-weight of ¢, —superkernel topological spaces
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National University of Uzbekistan named after Mirzo Ulugbek
e-mail: farhod8717@mail.ru

A system £ = {F, : a € A} of closed subsets of a space X is called linked if any two
elements from £ intersect. Any linked system can be extended to a maximal linked system
(MLS), but this extension is, as a rule, not unique [1].

Proposition. [1|. A linked system & of a space X is a MLS iff it possesses the following
completeness property:

if a closed set A C X intersects with any element form &, then A € €.

Denote by AX the set of all MLS of the space X. For a closed set A C X, put
At ={celX:Ae¢}.
For an open set U C X, set
O(U)={£ € AX : thereis an F € ¢ such that F C U}.

The family of subsets in the form of O(U) covers the set AX (O (X) = AX), that’s
why it forms an open subbase of the topology on AX. The set AX equipped with this
topology is called the superextension of X.

Definition. Let X be an infinity 7i-space, ¢ be a cardinal function and 7 be an
arbitrary cardinal number. We call an o, - superkernel of a topological space X the space

NMX ={{e X JF e o(F)<T}.

p C 7(X) is a pseudo base of X if for every p € X we have {p} = {B € 5 : p € B}.
Clearly X has a pseudo base if and only if X € Ti. Thus in the following definition
X € Ti. pw(X) is called the pseudo weight of X.
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Yw(X) = min{|B| : 8 is a pseudo base of X} + Ng.

B C 7(X)\{0} is said to be a 7- base of X is for every nonempty open set G there is
a B e p with B C G.

m(X) = min{|B| : § is a - base of X} + N,.

7(X) is called the 7- weight of X [2].
Theorem. Let X be an infinity 7Tj-space and ¢ = d, 7 = Xy. Then:
1) pw(ALX) = puw(X);
2) m(M\¢X) = 7n(X).
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Systems of matrix differential equations for SO(n,p, C) - equivalent surfaces
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Let O(n,p,C) be a pseudo-orthogonal subgroup in group GL(n,C), i.e. O(n,p,C) =
{9 € GL(n,C) : gTe,g = €,}, where ¢, = ( el j=1 is m x n-matrix such that ej; = 1
ifi=1,.,p, e, = —-1ifi=p+1,.,n {; = 0if i # j, where p € 1,...,n— 1.
By SO(n,p,C) = {g € O(n,p,C) : det(g) = 1} we denote a special pseudo- orthogonal

subgroup of GL(n,C). Consider the following system of matrix differential equations

X{(s.1) = X(s,)A(5,1) "
X, (s,t) = X(s,t)B(s,1),
where X (s,t) is the unknown n x n matrix, A(s,t), B(s,t) are given fixed n X n matrices,
s,t€(0,1) .

Solution X (s,t) of system (1) is called nondegenerate if det(X(s,t)) # 0 for all
s,t € (0,1). Two solutions Xy(s,t) and X;i(s,t) are called SO(n,p,C)-equivalent, if
Xo(s,t) = gXi(s,t) for some g € SO(n,p, C). Together with system (1) we also consider
XT(s,t)e, X (s,t) = C(s,1)

det(X (s, 1)) = d(s, t) where C(s,t) = CT(s,t)

the following system of equations {

and c;;(s,t), d(s,t) are C*-differentiable functions, d(s,t) # 0 for all s,¢ € (0, 1).
Theorem 1. Let nondegenerate matrices A(s,t), B(s,t), C(s,t) satlsﬁes the following
0 0 0 - 0 aln s,t)
conditions: (7). A(s,t) = 1 0 0 0 a 5775) ). A,+BA = B,+ AB;
0 0 o .- A (S, 1)
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(i11). Cy = ATCH+CA; (iv). Oy = BTC+CB; (v). d, = apnd; (vi). d; = (b1 +bog+...+bpy ) d;
(vii). d*(s,t) = det(C(s,t)). Then the system of equations

X, =XA
X, =XB
XTe,X =C
det(X) =d

(2)

has a nondegenerate solution. In addition, the solution of system (2) is unique with respect
action of the group SO(n,p, C).

For each surface ?(3, t) = (z;(s,1))}j=, we consider nxn matrix MS(Y) = (xx;...ajgnfl))
and put M. (7) = (z.a”..2"), M.(Z) = (:c;a:gt:cgz)_lt) The surface 7 (s, t) is called

regular if det(M,(Z (s,t))) # 0 for all s,t € (0,1).

Theorem 2. Let the conditions of Theorem 1 be satisfied. Then

(¢). For any nondegenerate solution X (s,t) = (245(s,t))f;=; of a system (2) there exists
a regular surface 7 (s, 1), s,t € (0,1) such that M,(@(s,t)) = X(s,t) for all s,t € (0,1);

(7). There exists a unique regular surface 7(5, t) up to SO(n,p,C)-equivalence such
that the matrix M, (7 (s,t)) is a nondegenerate solution of system (2).

On new classes of two-dimensional chains of evolution algebras

Murodov Sh.N.
Bukhara state medical institute named after Abu Ali ibn Sino
e-mail: murodovs@yandex.ru

In the 1920s and 1930s a new object - general genetic algebra was introduced to math-
ematics, which was the product of interactions between Mendelian genetics and mathe-
matics. There exist several classes of non-associative algebras (baric, evolution, stochastic,
etc.), whose investigation has provided a number of significant contributions to theoretical
population genetics. Such classes have been defined different times by several authors, and
all algebras belonging to these classes are generally called “genetic”.

In the present day, Non-Mendelian genetics is a basic language of molecular geneti-
cists. Naturally, the question arises: what new subject non-Mendelian genetics offers to
mathematics? What mathematics offers to understanding of non-Mendelian genetics? The
systematic formulation of reproduction in non-Mendelian genetics as multiplication in al-
gebras was introduced in |7] and called as “evolution algebras”. These are algebras in which
the multiplication tables are motivated by evolution laws of genetics.

The foundation of evolution algebra theory and applications in non-Mendelian genetics
and Markov chains are developed by Tian in [6]. Evolution algebras associated to function
spaces defined by graphs, state spaces, and Gibbs measures are studied in [4].

A notion of chain of evolution algebras was introduced in [1|, where the sequence of
matrices of structural constants of the chain of evolution algebras satisfies an analogue of
the Chapman-Kolmogorov equation.

In [2,3] we studied the classification dynamics of known two-dimensional chains of
evolution algebras constructed in [5] and showed that known chains of evolution algebras
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never contain evolution algebra isomorphic to F, in any time s,t. In this paper we will
construct CEAs, which will contain the algebra E, for some period of time.
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On the group of diffeomorphisms of foliated manifolds

A.Narmanov
National University of Uzbekistan, Tashkent, Uzbekistan

The set Dif f(M) of all diffeomorphisms of manifold M onto itself is the group related
to composition and inverse mapping. The diffeomorphism groups of smooth manifolds
are of great importance in differential geometry and in analysis. The fundamental works
in this area are the studies of V.I. Arnold, H. Omori,A. M. Lukatsky [?],[?], [?], [?].
Intensive development of the theory of groups of diffeomorphisms began after the work of
V.1I. Arnold , in which it was shown that the motions of an ideal incompressible fluid are
geodesic on a group of diffeomorphisms that preserve volume element.

When M is a finite dimensional manifold in 1939 was proven that the group of isome-
tries I(M) of riemannian manifold M is Lie group [?].

H. Omori defined the differential structure on group of diffeomorphisms compact man-
ifold which is weaker than that structure of Lie group in the classical sense. This dif-
ferentiable structure is called ILH (inverse limit of Hilbert) Lie group. H. Omori showed
that ILH - Lie group of diffeomorphisms acting on compact manifold transitively and
primitively can only be the following: the whole group of diffeomorphisms, the group of
diffeomorphisms preserving the volume element, the group of symplectic diffeomorphisms,
the group of contact diffeomorphisms. The questions of finite generation of diffeomorphism
groups and curvature properties of ILH - Lie groups of diffeomorphisms are investigated
by A. M. Lukatsky [?],[?].

In this paper we investigate some subgroups of the group Dif fr(M). It is known that
the group Dif f(M)is topological group in compact open topology.
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We will denote by (M, F) manifold M with k— dimensional foliation ' on M. Let L(p)
be a leaf of the foliation I’ passing through point the p, T,,F'— the tangent space to the
the leaf L(p) at p. We get subbundle (smooth distribution) TF = {T,F' : p € M} of the
tangent bundle T'M of the manifold M.

Let us denote by V(M), V(F) the set of smooth sections of bundles T'M, T'F' respec-
tively.

Definition-2. If for the some C"— diffeomorphism ¢ : M — M the image ¢(L,) of
any leaf L, of foliation F'is a leaf of foliation F, we say that the f is C"— diffeomorphism
of foliated manifold and write as f: (M, F) — (M, F).

Example 1.Let M = R?*(x,y)— Euclidean plane with the Cartesian coordinates
(z,y). Leaves L, of foliation F are given by the equations 2? — y = a = const. Then the
plan diffeomorphism ¢ : R? — R? determined by the formula

o(r,y) = (z,y + Af(z,y))

is diffeomorphism of foliated plane (R?, F), for every A € R, such that A\ # 1, where
f(z,y) = 2* —y. It sends a leaf L, to L_y),. It is easy to check that in fact ¢ : R* — R?
is an isometry of foliated plane (R?, F).

Recall a vector field X is called a foliated field if for every vector field Y, tangent to
F, Lie brocket [X,Y] also is tangent to F. It is known that flow of every foliated field
consists of diffeomorphisms of foliated manifold (M, F).

Let’s denote as Dif fr(M)— the set of all C" diffeomorphisms of foliated manifold
(M, F), where r > 0. The group Dif fr(M) is subgroup of Dif f(M) and therefore it is
topological group in compact open topology.

Theorem-1. Let (M, F) is foliated manifold where M is a smooth connected finite-
dimensional manifold. Then the group Dif fr(M) is a closed subgroup of Dif f(M) in
compact open topology.

The closedness of the set Dif fr(M) allows us to state the following corollary [[?],p.30].

Corollary. Factor space Diff(M)/Dif fr(M) is regular homogeneous topological
space.

We will introduce some topology on the group Dif fr(M), which depends on foliation
I and coincides with compact open topology when F' is n- dimensional foliation.

Let {K,} be a family of all compact sets where each K, is a subset of some leaf of
foliation F' and let {Uz}— family of all open sets on M. We consider for each pair K
and Ug set of all mappings f € G(M), for which f(K,) C Ug. This set of mappings we
denote through [K,,Us| ={f : M — M|f(K)) C Ug}.

It isn’t difficult to show that every possible finite intersections of sets of the form
(K, Us] forms a base for some topology. This topology we call foliated compact open
topology or in brief F'— compact open topology.

Let M be a smooth connected finite-dimensional Riemannian manifold.

Definition-3. An isometry ¢ : M — M is called an isometry of foliated manifold
(M, F)) if it is diffeomorphism of foliated manifold (M, F'),

Let us recall that vector field X on riemannian manifold (M, g) is called Killing field
if its flow consists of isometries of Riemannian manifold (M, g), that is Lxg = 0, where g
is riemannian metric, Lxg denotes Lie derivative of the metric g with respect to X. If X
is foliated Killing vector field, it’s flow consists of isometries of foliated manifold (M, F)).

We will denote by Isor(M) the set of all C"— isometries of foliated manifold (M, F),
where 7 > 0. We have that Isop(M) = Dif fr(M) () Iso(M).
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Theorem-2. Let (M, F) is foliated manifold where M is a smooth connected finite-
dimensional complete Riemannian manifold. Then the group Isor(M) is a topological
group with F'— compact open topology.

Let’s denote as Dif f%(M) set of all C" diffeomorphisms g € Dif fr(M) of foliated
manifold (M, F), such that ¢g(L,) = L, for every L, leaf of foliation F. Flow of every
tangent vector field consists of diffeomorphisms of foliated manifold (M, F'), which belong
to the group Dif f2(M). It can be proven following theorem.

Theorem-3 . Let (M, F)- foliated manifold where M — is a smooth, connected and
finite-dimensional manifold. Then the group Dif f%(M) is a topological group with F—
compact open topology.

Theorem-4 . Let all leaves of foliated manifold (M, F') are closed subsets of M. Then
the group Dif f2(M) is closed subset of Dif fr(M) in F'— compact open topology.

It is known that limit of isometries is an isometry.By using this fact and arguments of
theorem-1 it is not difficult to prove following theorem.

Theorem-5 .Let (M, F) is foliated manifold where M is a smooth connected finite-
dimensional complete Riemannian manifold. Then the group Isop(M) is closed subset of
Dif fr(M) in F— compact open topology.
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A description of the group of all form-preserving transformations of the
two-dimensional bilinear-metric space with the form z,y; — 225y, over the
field of rational numbers

Erkin Rahmonov, Djavvat KHADJIEV
National University of Uzbekistan, 100174 Tashkent, Uzbekistan

Let P? be the 2-dimensional vector space over the field P of rational numbers and
r = (x1,22),y = (y1,y2) € P2 Consider on P? the following bilinear form ¢(z,y) =
T1y1—2T2ys. A linear mapping F' : P? — P? will be called ¢-orthogonal if o(F(z), F(y)) =
o(z,y) for all z,y € P?. Denote by O(2, P) the group of all p-orthogonal transformations
of P2
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Proposition.. Every p-orthogonal transformation of P? is linear.

Let C' € O(2,P). Then det(C') = 1 or det(C) = —1. Denote by SO(2, P) the set
{C € 0(2,P):det(C) = 1}. SO(2,P) is a subgroup of O(2,P). Put W = |lwy|; ,_; 5.
where wi; = 1wy = wy = 0,wype = —1. The equality O(2,P) = SO(2,P) U
{CW | C € SO(2, P)} holds, where CW is the multiplication of matrices C' and W.

T 20 ) Denote
T2 T
by SV (P) the set of all matrices V' (xy,x3) such that det(V (z1,xs)) = 2% — 223 = 1.
Theorem 1.. The equality SO(2, P) = SV(P) holds.
A description of the set SV(P) as follows Theorem?2..

For x = (x1,13) € P?, denote by V(z;, x5) the matrix of the form (

(1) . There is not exists an element z = (x1,23) € P? such that x; = 0 and V (1, z2) €
SV (P). There exist only two elements (1, z2) € P? such that zo = 0 and V (xy, 13) €
SV(P). They are (1,0) and (—1,0).

(2) . Assume that z = (z1,79) € P? such that x5 # 0 and V (21, z5) € SV(P). Then the
following equalities

24 k? 2k

EEEER ) (20)

xy
hold for some k € P, where k # 0. Conversely, assume that & is an arbitrary nonzero
element of P and z = (1, 73) € P? such that x; and zy have the form Fq.(1). Then
V(z) € SV(P).

Theorems 1, 2 and the equality O(2, P) = SO(2, P) U{CW | C € SO(2,P)} imply a
description of the group O(2, P).

Geometry of orbits of conformal vector fields

Rajabov E.O.
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: rajabov_2019Qbk.ru

Let M — be a smooth Riemannian manifold of dimension n with the metric tensor g,
and D is the family of smooth vector fields defined on the manifold M. The family D can
contain a finite and infinite number of smooth vector fields.

Let X € D is a smooth vector field on the manifold M. For a point p € M, by
t — X*(p) we denote integral curve of the vector field X passing through the point p for
t = 0. The map t — X'(p) is defined in certain region I(p), which, in general, depends
not only on the field X, but also on the starting point p. Further, in formulas of the form
X*(p) we assume that t € I(p).

Definition 1. The orbit L(p) of the family D vector fields passing through the point
p from M, is defined as the set of points ¢ from M for which there are real numbers
t1,1ts, ..., tx and the vector fields Xy, X, ..., X} from D (where k is an arbitrary positive
integer) such that

¢ = X (G (X (D)) (21)
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If D consists of one vector field X, the orbit is a integral curve (one-dimensional
manifold) of vector field X.

It is known that the partition of a manifold into orbits is a singular foliation [3]. If the
dimensions of all the orbits are the same, then this partition is a regular foliation.

In this paper, we study the geometry of the orbits of some conformal vector fields. It
is said that a vector field X on M is conformal if Lxg = og, where ¢ is a function on M,
Lxg— is the Lie derivative. It is known that a vector field X on M is conformal if and
only if the local one-parameter group of local transformations generated by the vector
field X, consists of conformal transformations.

The geometry of conformal vector fields has been the subject of numerous studies [1],
21, [4].

D = {X;, X5} be a family of smooth vector fields in R?, where
Xy ={z,y, 2}, (22)

Xo ={—y+azx,z+ ay,az}, (23)

a— is a real number.

We study the geometry of the orbits of these vector fields.

Theorem 1. The orbits of the family of D vector fields generate a singular foliation
whose leaves are surfaces of zero curvature.

Theorem 2. The orbits of the family D vector fields on the manifold M generate a
two-dimensional foliation whose leaves are surfaces of zero curvature.
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On the properties of the solution of filtration system coupled via nonlinear
boundary flux
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In this thesis, we studied the qualitative properties of solutions of the following doubly
degenerate parabolic equations

(1)

Y

u =V (|Vu|p1*2Vu) . (z,t) € RY (0, +00),
v =V (|Vv|p272VU) . (z,t) € RY (0,400

~—
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ox1

2
—|Vo? 222 (0,1) = u® (0,t), t>0, 2)

{ — Va2 (0,4) = 07 (0,8), t >0,
o0z

u(z,0) =ug (), v(z,0)=1vy(zx), z€RY, (3)

where RY = {(z1,2') |2’ € RY " 21 >0} p; > 2, ¢; > 0 (i=1,2), up and vy (z) are
nonnegative continuous functions with compact support in Rf .

Nonlinear parabolic equations (1) appear in population dynamics, chemical reactions,
heat transfer, polytrophic filtration and so on. In particular, system (1) may be used to
describe the densities of two biological populations during a migration, the thickness of
two kinds of chemical reactants in a chemical reaction, or the temperatures of two kinds
of porous materials during a propagation.

The problems on blow-up and global existence conditions, blow-up rates to nonlinear
systems have been intensively studied (see [2-4| and references therein). In particular, the
critical Fujita exponents and the critical global exponents are very interesting for various
physical and chemical nonlinear problems [1].

This work is devoted to the study of the conditions of global solvability and unsolvabil-
ity of solutions of problem (1)-(1) in slowly diffusion case, to obtain the principal term of

compactly supported global solutions of problem (1)-(3).
4(p1—1)(p2—1)
pip2

Theorem 1. If ¢q1qo <
(1)-(3) is global in time.

, then every nonnegative solution of the system
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Derivation of Witt algebra
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Infinite-dimensional case is more complicated even in Lie algebra structures. The most
simple infinite-dimensional structure are Witt and Virasoro algebras. Complex Witt al-
gebra was first considered by E. Cartan [1| in 1909. This algebra is an example of an
infinite-dimensional simple Lie algebra. Recall that Virasoro algebra was introduced due
to Witt algebra. In fact, the Virasoro algebra is the one-dimensional central extension of
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the Witt algebra. In the work [2] the infinite-dimensional Lie algebras and their represen-
tations are studied.

In this work we depict a derivation of algebra Wj.

Let A = Clz,27!] be the algebra of Laurent polynomials in one variable. The Lie
algebra of derivations

Der(A) = span{f(z ) d :f€Clz, 27}

is called Witt algebra and denoted by W. Obv1ously, the basis of W can be chosen as
{e; | j € Z}, where e; = —z1 4
Then the table of multlphcatlons of W in this basis have the following form:

[62‘, €j] = (Z — j)€i+j7 Z,j € Z
We also consider the infinite-dimensional positive part W of the Witt algebra. The

positive Witt algebra 17 is an infinite-dimensional Lie algebra which has the basis {e; :

e;=—2"14L e N} and the multiplication rule

W1 . [€i7€j] - (Z _j)€i+j7 ZJ] €N.

Definition 1. A linear map d: L — L of a Leibniz algebra (L, [-,-]) is said to be a
derivation if for all z,y € L the following condition holds:

d(lx, y]) = [d(z), y] + [z, d(y)].

The set of all derivations of L is denoted by Der(L). The set Der(L) is a Lie algebra
with respect to the commutator.

For a given element x of a Leibniz algebra L, the right multiplication operator
R.: L — L, defined by R,(y) = [y,z],y € L is a derivation. In fact, Leibniz alge-
bras are characterized by this property regarding right multiplication operators. (Recall
that left Leibniz algebras are characterized by the same property with left multiplication
operators.) As in the Lie case, these kinds of derivations are said to be inner derivations.

The first, we compute derivation of the algebra Wj.

Proposition 1. Any derivation of the algebra W; has the following form:

—k—-1
d(ex) = koner + (k — 1) Bsen1 + (2 — k)agersz + Z 2

—9 Q€51 k—1,

where k£ > 1.

Proof. Since the algebra W; has two generators (they are {ej,es}) and a derivation d
is completely described by d(e;) and d(e3). Since an infinite dimensional vector space has
a Hamel basis, each element of the algebra W, can be written by a linearly combination
of finite number of basis elements

Let
p q
e1) =Y e, dle) =) Bey,.
s=1 t=1

Without loss of generality one can assume that

d(er) = Z ae;, d(e) = Zﬁjeja t = max{p, q}.
j=1



72 Rassadin A E

Let us prove the following equality:

t

d(ek) = koqek + (/{3 — 1)636k+1 —|— (2 — k)a36k+2 —|— Z

=4

1—k—1

iCivk_1,k > 3. 1
i 9 Ai€Citk—1,F = ()

We shall prove this equality by induction. For £ = 3 we have
t t
d(es) = d([ez, e1]) = [d(e2), e1] + [e2,der)] = > (i = 1)Bieir1 + Y (2 — i)aeipa.
i=1 =1
Let us assume that the equality (1) is true for all values less or equal to k. The proof for
k + 1 completes the following chain of equalities:

(k —1)d(ex+1) = d([ex, e1]) = [d(ex), e1] + [ex, d(e1) = k(k — 1)onex1 + k(k — 1)Psepro+

—k—1

t
? .
(2= k) (k + Doseres + Y — (it k= 2aiei + (k= Darepa + (k= 3)agerst
=4

t

t .
Z . t—Fk—2
(]C—Z)Oziei_;'_k = (/{3— ]_)((k‘—f—]_)O[l€k+1+k636k+2+(1—k5)0436k+3+ E Z‘——Qaie“_k).
i=4 =4

Proposotion is proved.
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Fenchel and Fary-Milnor Inequalities in Analysis of One-Dimensional
Hamiltonian Systems

Rassadin A.E.
Laboratory of infinite-dimensional analysis and mathematical physics
Lomonosov Moscow State University

Let one consider the following Hamiltonian system:

2
Hiz,p) = 5 + Ula). (24)
Closed phase trajectory 7y, : H(z,p) = h of system (1) can be mapped from its phase
plane (z,p) on sphere of unit radius S? C R3 by means of stereographic projection II :
Yo — Fh.
Under this mapping image 'y, of curve 7, remains both closed and unknotted hence
combining the Fenchel inequality and the Fary-Milnor inequality (see [1| and references

there in) one can obtain the next inequality:

27r<]{ kds <4, (25)
I
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where k is curvature of 'y, and ds is element of length of its arc.

It is obvious that this inequality gives additional information about system (1).

Further it is clear that stereographic projection is not unique way to map curve v, C R?
into space R?® without knottedness resulting in validity of inequality (2). For instance one
can do it as follows: B

II: (z,p) = (z,p, &), (26)

where in accordance with Hamiltonian (1) & = —U'(z).

In the report presented derivation of inequality (2) in the framework of mapping (3) is
compared with the same procedure using stereographic projection on the basis of system
(1) with potential well U(z) = 2*/4 corresponding to the degenerate Duffing equation.

The author was supported by the Russian Foundation for Basic Research (project no. 18-08-01356-a).
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Gibbs measures of Soft-Core Widom-Rowlinson model on Cayley trees

Rozikov U.A.
Institute of Mathematics, Tashkent, Uzbekistan.
e-mail: rozikovu@yandex.ru

The Cayley tree I'* = (V, L) of order k > 1 is an infinite tree, i.e., a graph without
cycles, such that exactly k 4+ 1 edges originate from each vertex. Here V is the set of
vertices and L the set of edges. Two vertices x and y are called nearest neighbors if there
exists an edge [ € L connecting them. We will use the notation [ = (z, y).

The distance d(z,y) on the Cayley tree is the number of edges of the shortest path
from x to y.

For a fixed 2° € V| called the root, we set

W, ={z eV|dz,2°) =n}, V,= U Wiy, Lp={{z,y):x,y € V,}.
m=0

The configuration space is given by Q := {—1,0,1}". We denote elements of Q by w,
o, etc. Thus a configuration is a function w : i € V — w; € {—1,0, 1}.

Denote by €24 the set of all configurations on the set A C V.

The Hamiltonian for the Soft-Core Widom-Rowlinson model (SCWRM) of the config-
uration set Qy. . is given by

Hiw)=J 3 1(ww=-1) - In(}) Yo

(1,j)ELn 5 i€VR

where 8 = % and 7" > 0 is the temperature. The parameter J € R is repulsion or

attraction between particles and A > 0 is an activity. See [1] for theory of Gibbs measures
on Cayley trees.

The talk will be devoted to results of [2]:
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e For k = 2,3 the ferromagnetic (J > 0) model has either one or three splitting
Gibbs measures (tree-automorphism invariant Gibbs measures (TISGM) which are
tree-indexed Markov chains).

e In parameter space the exact form of the critical curves A\, (k, J, §) of non-uniqueness
of Gibbs measure.

e For higher values of k an explicit sufficient bound ensuring non-uniqueness is given.

e For the antiferromagnetic model (J < 0) two critical curves A ;(k,0), i = 1,2
are explicitly given, and proved that on these curves there are exactly two TISGMs;
between these curves there are exactly three TISGMs; otherwise there exists a unique
TISGM.
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The limit behavior of the discrete-time Leslie Predator-Prey model

Rozikov.U.A., Shoyimardonov S.K.
V.I. Romanovskiy Institute of mathematics
e-mail: rozikovu@yandex.ru
Tashkent University of Information Technologies named after Muhammad al-Khwarizmi
e-mail: shoyimardonov@inboz.ru

The Leslie’s prey-predator model in continuous time is considered in work [1]. In ecology
and mathematical biology the relationship between predators and their prey has large
research area and they are interesting with their importance.

At time moment ¢ > 0 consider the following model:

{i—f z(a —bxr — cy) (27)
Y

i =yld—a).

Where % and % - the rate of change in the number of preys and predators, ¢ - the
intensity of eating the prey x by the predator y, a- the intensity of the natural increase
in the preys population, all parameters are positive. We consider a model of discrete time

process of Leslie’s prey-predator model (53), which has the following form

Ja2W =z(a—1-bx—cy) (28)
y M =y(d—1—al).

where (z,y) € R ={(u,v) € R*:u> 0,0 >0} anda>1,b>0,c¢>0,d>1,a > 0.
Definition 1.The set M is called an invariant with respect to operator V if V(M) C
M.
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Proposition 1. The following sets are invariant with respect to the operator V:
(1) My = {(z,y) € RA|0 <z < 5%,y =0}

(2) My ={(z,y) e R?: 0 <z < 2l o<y < D)
Theorem 1. Let (z(?,y(©) € M, be an initial point which is not fixed points and let

1 <d<2. Then

(1) If 4 < a < 24 V6 ~ 4.4494 then the trajectory V" asymptotically (as n — co) has
period two;

(ii) If 2 + v/6 < a < 4.543 then V" asymptotically has period four;

(iii) If 4.544 < a < 4.564 then V™ asymptotically has period eight;

(iv) If @ > 3 + /5 then V has chaotic dynamics (see [2] for definitions).
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On a piecewise-continuous dynamical system

Rozikov U.A., Usmonov J.B.
Institute of Mathematics named after V.I. Romanovski
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Let f be a function f: X — X. For xz € X denote by f™(z) the n-fold composition of
f with itself (i.e. n time iteration of f to z):

f'(@) = JU (@) ).
—_—

n times

Definition 1.[1] For arbitrary given xo € X and f : X — X the discrete-time dynam-
ical system (also called forward orbit or trajectory of xo) is the sequence of points

xo, 71 = f(w0), 22 = f*(20), w3 = f(20), ... (29)

Definition 2. A point x € X is called a fized point for f : X — X if f(x) = x.
The point x is a periodic point of period p if fP(x) = x. The least positive p for which
fP(x) = x is called the prime period of x.

Consider the dynamical system generated by the function f,, : [0,1] — [0,1] defined
by

— 1.
ot =0 = { ) 1EE o

where by the symmetry of parameters we can assume that a,b € [0, 1].
It is clear that, the function is a piecewise-continuous, that’s, it is discontinuous at the
point z = 3 when (a,b) # (0,0) and, is smooth at each semi interval.
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Proposition 1. Let A= (1 — % 1+ 9] pe subset of [0,1]. Then f(A) = A.
Lemma 1. For any x € [0,1] \ A there exists no(x) € N, such that f*@(z) € A.
Theorem 1. The dynamical system generated by the function (30) has 2-periodic points

if and only if the parameters a, b satisfy the following conditions

ae(o,l),b<1“ (31)

—a

Theorem 2. If f has a periodic point then the point is a repelling.
Proposition 2. If the dynamical system generated by the function (30) satisfies the

condition
4a

0,1 <b<
ae(?]’ a’_ _4—CL2

(32)

then the dynamical system has no odd periodic points.
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On some properties of alternating measure functors

Yu. V. Sadovnichy

Functors U, e = 8, R, 7 of the unit ball of alternating Borel measure are investigated. It
is shown that these functors satisfy only three of the seven properties of normality, inherent
in functors probability measure. Namely, these functors are almost continuous, preserve
maps with dense images and intersections of closed subsets normal space. In addition, for
an infinite discrete space X space U¢(X) does not satisfy the first axiom of countability
and does not even spaces are Frechet-Uryson. It follows that the U : Tych — Tych
functors do not preserve topological embeddings, the weight of topological spaces and
their metrizability. Also, these functors do not retain perfect mappings (even spaces with
counting base). It is worth noting that in the category Comp compact spaces functor
U = UP = UR = U7 has all the properties of a normal functor except properties for
saving an empty set, point, and preimages.
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The psuedo weight and the m-weight of space of the permutation degree

Sadullaev A., Mukhamadiev F.
National University of Uzbekistan named after Mirzo Ulugbek

A permutation group X is the group of all permutations (i.e. one-one and onto
mappings X — X). A permutation group of a set X is usually denoted by S(X). If
X ={1,2,...,n}, S(X) is denoted by S,, as well.

Let X™ be the n-th power of a compact X. The permutation group S, of all per-
mutations, acts on the n-th power X" as permutation of coordinates. The set of all
orbits of this action with quotient topology we denote by SP"X. Thus, points of the
space SP"X are finite subsets (equivalence classes) of the product X™. Thus two points
(x1, 22, ... xn), (Y1, Y2, - -, Yn) € X™ are considered to be equivalent if there is a permu-
tation o € S, such that y; = x,(;). The space SP"X is called the n-permutation degree
of a spaces X [1|. Equivalence relations by which we obtained spaces SP™X and exp, X,
is called the symmetric and hypersymmetric equivalence relations, respectively. Any sym-
metrically equivalent points X" are hypersymmetrically equivalent. But inverse is not
correct. So, for x # y points (z,z,y), (z,y,y) € X? are hypersimmetrically equivalent,
but not symmetrically equivalent.

The concept of a permutation degree has generalizations. Let G be any subgroup of the
group S,. Then it also acts on X™ as group of permutations of coordinates. Consequently,
it generates a G-symmetric equivalence relation on X". The quotient space of the product
X" under the G-symmetric equivalence relation, is called G-permutation degree of the
space X and is denoted by SPZX. An operation SPf is also the covariant functor in the
category of compacts and is said to be a functor of G-permutation degree. If G = S,, then
SPE = SP". If the group G consists only of unique element then SPZX = X". Moreover,
if G; C G4 for subgroups G, G5 of the permutation group .S,, then we get a sequence of
the factorization of functors:

X" — SPg, — SPE, — SP" — exp,,.

Theorem. Let X be an infinite compact Ti-space, n positive integer and G C G5 for
subgroups G1,Go of the permutation group S,. Then

1) Yw (X™) =w (SPE X) =yw (SPEX) = Yw (SP"X) = Yw (S,);

2)m(X") =7 (SPEX)=m(SPg,X) =n(SP"X) =m(Sy).
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Invariants of m-tuples for the group of all linear similarities in the
two-dimensional bilinear-metric space with the form x,y;, — 5x2y> over the
field of rational numbers

Sevara SAFAROVA, Djavvat KHADJIEV
National University of Uzbekistan, 100174 Tashkent, Uzbekistan

Let Q2 be the two-dimensional vector space over the field @ of rational numbers.
For a = (a1,as),b = (by,b2) € Q2 we put o(a,b) = a;b; — basby. Then o(z,y) is a
bilinear form on Q? and (Q?, o) is a two-dimensional bilinear-metric space over Q. Denote
Z; 5aa12 ) Put LSim(o,Q) = {M,la € Q* a # 0}. The
set LSim(o,Q) is a group with respect to the multiplication of matrices. The group
LSim(o,@Q) is an analog of the group of all linear similarities in the two-dimensional
Euclidean space (see [?] below).

Let N be the set of all natural numbers and m € N. Put N,, = {k € N|1 <k < m}.
A mapping u : N,, — Q? will be called m-tuple in Q2. Denote it in the following form
u = (ug,us,...uy), where u; € Q*Vj € N,,. Two m-tuples u = (uy,us,...uy,) and
v = (v1,V2,...0y,) are called LSim(o, Q))-equivalent if there exists H € LSim(o, Q) such

that v; = Hu;,Vj € N,,. This equivalence denoted by u Lsim{z, Q))

A function f : Q* — @Q is called LSim(o,Q)-invariant on Q? 1f f(Ha) = f(a),Va €
Q* VH € LSim(c,Q). The functions o(a,b) = a;b; — basby and [ab] = a1by — ash; are
LSim(o, Q)-invariant functions. Let u,v € Q?. In the case u = 0,v # 0, they are not
LSim(o,Q))-equivalent. In the case u # 0,v # 0, they are LSim(o,Q))-equivalent. In
the case u = 0,v = 0, they are LSim(o, Q))-equivalent.

Theorem. Let u = (uy,ug, ..., Uy),v = (V1,02,...,0,) be two m-tuples in @ such
that uy; # 0,v; # 0.

by M, the following matrix

LSim(o,Q)

(7). Assume that u v. Then the following equalities hold

o(u1,u1) U(U1 v1) 33
bl el g N s, .

o(u1,u1) o(vi,v1)”?

{ o) = ooy V1 € Nonod >

(77). Conversely, assume that equalities Eq.(1) hold. Then there exists the unique matrix
H e LSim(o, Q) such that v; = Hu;,Vj € Np,.

References

[1]. Djavvat Khadjiev, Idris eOren, eOmer Peksen, Global invariants of paths and
curves for the group of all linear similarities in the two-dimensional Fuclidean space,
International Journal of Geometric Methods in Modern Physics, Vol. 15, No. 6 (2018)
1850092 (28 pages).



Safarov U. 79

Circle maps with non-flat critical point

Safarov U.
Turin polytechnic university in Tashkent
e-mail: safarovua@mail.ru

Let T be an orientation preserving homeomorphism of the circle S* = R'/Z! with lift
f: R' — R!, which is continuous, strictly increasing and fulfills f(z + 1) = f(x) + 1,
Vo € R. The circle homeomorphism T is then defined by Tz = f(z) (mod1), z € S'.
An important characteristic of circle homeomorphism is rotation number defined by

Poincaré [1] as
pr = lim /")

n—o0 n

The purpose of this paper is to study certain rigidity questions concerning critical circle
mappings. Yoccoz’s classical theorem [2] states, that an analytic critical circle homeomor-
phism 7" with irrational rotation number p = pr is topologically conjugate to a rigid
rotation T, that is, there exists a homeomorphism ¢ of the circle with T'= ™' o T, 0 ¢.

Here then arises naturally the problem of regularity of the conjugasy between two
critical circle maps with identical irrational rotation number. The regularity of conjugacy
between two critical circle homeomorphisms with identical irrational rotation number
studied in detail by J. Yoccoz [2], E. de Faria and W. de Melo [3], K. Khanin and A.
Teplinskii [4], A. Avila [5], D. Khmelev and M. Yampolskii [6].

Let us now define the maps which are the main object of study in the present paper.
We start with the notion of non-flat critical point.

Definition 1. The point x.,. € S* is called non-flat critical point of a homeomorphism
T with order d € R, d > 1, if for a some §— neighborhood Us(z..), the homeomorphism
T can be written as Tx = ¢(z)|¢(2)|* + Tz, where ¢ is a C* local diffeomorphism with
P(wer) = 0.

Our main result is the following

Theorem 1. Let Ty and Ty be C*, k > 2 critical circle homeomorphisms with the same
wrrational rotation number. Suppose that order at the critical points of Ty and Ty do not
coincide. Then they are singular conjugate to each other.

(mod1).
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A pursuit problem in the Pontryagin example
with Gronwall type constraint

Samatov B.T.!, Soyibboev U.B.?
L2 Namangan State University
e-mail: samatovbH7@inbox.ru; u.soyibboev@Qyandex.com

In this paper, we study the pursuit problem for the Pontryagin example when Gronwall
type constraint imposed on control functions of players. Here the new sufficient solvability
conditions for pursuer will be proposed.

Let P and E objects with opposite aim be given in the space R™ and their movements
based on the following differential equations and initial conditions

¢
P:i—ai=u, x,—kro=0, |[ut)]?<p*+ 2l/ u(s)|* ds, (34)
0

t
E:j—ay=v p—kypo=0, o) <o?+2 / fo(s) [ ds, (35)
0

where x,y,u,v € R", n2; a,k #0, l # a; p, 0, | > 0; x and y are the locations of pursuer
P and evader E correspondingly; x(0) = zo, y(0) = yo are the initial locations of the
objects respectively at ¢t = 0 and it is assumed that xg # yo; 1 = £(0), y; = y(0) are the
initial velocity of the objects correspondingly at ¢ = 0.

Theorem. Let 6 = 0 — p and one of the following conditions holds, that is,

1.0<0, a€(—o00,0)U(0,1), k=10/|z|(l —a);

2.0<0, ac(l,l4+6/|z|l), k€ (0/|z0]|(l —a), 5(l+ a)/|z0|l(l —a));

3.0=0, a<0, k<a;

4.0=0, a>0, k<DO.

Then a guaranteed pursuit time will be as follows:

(
%m(l (M—Q) it ae (=00, 0)U(0,1), k=0d/|z|l-a),

a 5
0 <0,
71! in(1-49), if a>0,k<0,6=0
or a<0, k<a, 6=0,
pre. Ael+ B=e™, if ae(l,14d/|2]l), 0 <O,

k€ (8/]z0l(l = a), 0(I + a)/[2|l(l — a))

) B — Utlzoll(a—k))(—a) .
o—|z0|k(l—a) ? (6—|z0|k(l—a))

\

where A = p.r.e. — a positive root of the equation.
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Automorphism groups of dense subgroups of R”

Vitalij A. Chatyrko and Dmitri B. Shakhmatov
Linkoping University, Sweden and Ehime University, Japan

The symbol GL(V') denotes the group of linear bijective maps of a vector space V' with
the composition of maps as its group operation. When V' is a topological vector space, we
use the symbol HGL(V') to denote the subgroup of GL(V') consisting of continuous maps
o € GL(V) whose inverse ¢! is also continuous; that is, HGL(V) is the group of linear
bijections of V' which are simultaneously homeomorphisms of V' onto itself.

Let X be a subspace of a topological vector space V. We denote by ®(X) = {¢ €
HGL(V) : ¢(X) = X} the subgroup of HGL(V) consisting of all ¢ that map X onto
itself, or equivalently, of all maps ¢ € HGL(V') whose restriction |y : X — X to X is a
homeomorphism of X onto itself. The restriction map ry : ®(X) — Homeo(X) defined by
rx(p) = ¢|x for ¢ € ®(X) is a group homomorphism from ®(X) to the group Homeo(X)
of homeomorphisms of X onto itself.

Let G be a topological group. We call a map f : G — G an automorphism of G
provided that f is simultaneously an isomorphism (of the group G onto itself) and a
homeomorphism (of the topological space G onto itself). The symbol Aut(G) denotes the
group of all automorphisms of G with the composition of maps as its group operation.

A topological vector space V' is complete if its additive group (V, +) is Raikov complete.

Theorem. Let G be a dense subgroup (of the additive group (V,+)) of a complete
vector space V' over the field R of real numbers. Then the map rg : ®(G) — Aut(G) is an
isomorphism between the subgroup ®(G) of the group HGL(V) and the automorphism
group Aut(G) of G. In particular, ®(G) is an isomorphic copy of Aut(G) in HGL(V).

In this talk we consider two general problems inspired by this theorem.

Problem 1.Given a dense subgroup G (of the additive group (V,+)) of a complete
vector space V over the field R of real numbers, “calculate” the automorphism group
Aut(G) of G, or equivalently, the subgroup ®(G) of HGL(V).

The second problem is a converse problem to Problem .

Problem 2. Given a complete vector space V' over R and a subgroup H of the group
HGL(V), can one find a dense subgroup G (of the additive group (V,+)) of V such that
®(G) = H? In other words, which subgroups of HGL(V') are naturally isomorphic to the
automorphism group Aut(G) of some dense subgroup G of V7

We make a substantial progress on these two problems in the finite-dimensional case
when V' = R” for some positive integer n. In this case, all linear maps from V' to itself
are automatically continuous, so the equality HGL(V) = GL(V) holds, and GL(V) is
isomorphic to the general linear group GL(n,R) of non-degenerated (n x n)-matrices
with real coefficients. Therefore, ®(G) can be viewed as a subgroup of the matrix group
GL(n,R), and the inverse map r;' : Aut(G) — ®(G) C GL(V) = GL(n,R) of rg can
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be viewed as a faithful representation of the automorphism group Aut(G) in the matrix
group GL(n,R).

We prove that |Aut(G)| < |G| for every dense subgroup G' of R™, yet this inequality
may fail for a dense subgroup G of R“.

It turns out that even the one-dimensional case V' = R is rather complicated, with
Problems and having interesting and non-trivial connections with number theory. Note
that GL(1,R) is isomorphic to the multiplicative group (R*,:) of the ring R of real
numbers. (Here R* =R\ {0}.)

As an example of our result related to Problem , we prove that, for an integer number
n2, the subgroup SL*(n,R) = {A € GL(n,R) : detA = +1} of GL(n,R) = HGL(R")
cannot be realized as ®(G) for any dense subgroup G of R”".

The psuedo weight and the m-weight of the space Nemytskii plane

Shakhobiddinova Z., Kurakbaev Sh., Eshtemirova SH.
National University of Uzbekistan named after Mirzo Ulugbek

p C 7(X) is a pseudo base of X if for every p € X we have {p} = {B € §: p € B}.
Clearly X has a pseudo base if and only if X € Tj. Thus in the following definition
X € Th. Yyw(X) is called the pseudo weight of X.

Yw(X) = min{|B| : 8 is a pseudo base of X} + Ng.

p C 7(X)\{0} is said to be a 7- base of X is for every nonempty open set G there is
a B e fwith B CG.

7(X) = min{|B| : § is a m- base of X} + N,.

7(X) is called the 7- weight of X [1].

Let L = {(z,y) € R* : y > 0} be the upper half plane and let M be the line y = 0.
For z € M and € > 0, let W (z,¢) denote the set of points inside the circle in L of radius
e which is tangent to M at z. Set W;(z) = W(z, 1) U{z} for i € N. If z € L/M, then we
take W;(2) to be the set of all points in L which lie inside the circle of radius % with center
at the point z, i € N. The set B = {W;(2) : z € L,i € N} is a base of a topology on L.
The set L together with this topology is called the Nemytskii plane. It is easy to check
that L is a regular Hausdorff space. The subset M is closed in the Nemytskii plane, M is
discrete as a subspace of L. At the same time, the topology induced on P = L/M by the
Nemytskii plane is the same as its topology as a subspace of R? with the usual topology.
Thus, the Nemytskii plane is a union of two metrizable subspaces M and P, one of which
is open and the other closed. However, the Nemytskii plane itself is not metrisable [2].

Let 75 and 77 denote the usual (Euclidian) topology of R? and the topology of the
Nemytskii plane L, respectively.

For an point (x,y) € R? set O.(z) = {y € R* : |x — y| < g,& > 0}. The family of
subsets in the form of O.(z) is a base (R?, 7g).

Definition. Let A be a subset of the set L. We define the topology 7(A) on the set
R? as follows:

1) For each (z,y) € A, {O.(z) : € > 0} is the neighborhood base at (x,y);
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2) For each (z,y) € R%/A, {W;(z) : z € L,i € N} is the neighborhood base at (z,y).
Proposition. For any subset A C L we have

1) Ypw(R? 7(A)) = No;

2) m(R?*, 7(A)) = Ry.
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Second order differential invariants of submersions

Sharipov X.F.
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: sh_xurshid@yahoo.com

Consider a conformal vector field in three-dimensional Euclidean space:

X 0 0 0
- o0xy t 019 0x3

Consider the submersion ¢ : R® — R, p(x1, 29, 73) = f(21,72) — x3. Find the second-
order differential invariants of this submersion (invariants of level surface) with respect to
conformal transformations generated by the flow of a vector field (1).

The directions in the tangent plane where the curvature takes its maximum and min-
imum values are always perpendicular, if k; does not equal ks, and are called principal
directions.

Theorem 1. Under the transformations generated by the flow of the vector field (1),
the principal directions of the level surfaces of the submersion are transferred to the
principal directions.

+ x3 (36)

Theorem 2. The ratio ]Z—; of principal curvatures of level surface of a submersion is
second-order differential invariant of the group of conformal transformations generated by
the flow of a vector field (1).

Theorem 3. Under conformal transformations generated by the flow of the vector
field (1), the asymptotic direction of the level surfaces of the submersion is transferred to
the asymptotic direction .
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Integral in Non-Stantard Calculus

Shchepin E. V.
Mathematical Institute, 119991, Gubkina 8, Moscow
e-mail: scepin mi.ras.su

According to Leibniz the integral is "the sum of infinite number of infinitesimals". One
presents a construction of differential and integral for non-standard calculus adequate to
the Leibniz vision. This construction gives an integral equivalent to the Lebesgue-Stieltjes
one.

Characteristically nilpotent Leibniz algebras

Shermatova Z.Kh.
Institute of Mathematics named after V.I. Romanouvski
e-mail: ladyzarin@yahoo.com

In 1955, Jacobson [1] proved that every Lie algebra over a field of characteristic zero
admitting a non-singular derivation is nilpotent. The problem whether the inverse of
this statement is correct remained open until an example of an 8-dimensional nilpotent
Lie algebra all of whose derivations are nilpotent was constructed in [2]. They called
such type of algebras characteristically nilpotent Lie algebras. If all derivations of an
algebra are nilpotent (inner derivations are nilpotent, as well), then by Engel’s theorem we
conclude that a characteristically nilpotent Lie algebra is nilpotent. The inverse statement
is not true, because there exist nilpotent Lie algebras admitting non-nilpotent derivations.
Therefore, the subset of characteristically nilpotent Lie algebras is strictly embedded into
the set of nilpotent Lie algebras.

The notion of Leibniz algebra has been introduced in [3]| as a non-antisymmetric gen-
eralization of Lie algebras. An analogue of Jacobson’s theorem was proved for Leibniz
algebras [4]. Moreover, it is shown that similarly to the case of Lie algebras for Leibniz
algebras the inverse of Jacobson’s statement does not hold. In [5], analogously as for Lie
algebras, the notion of characteristically nilpotent Leibniz algebra was defined and some
families of characteristically nilpotent filiform Leibniz algebras were found.

Definition 1. A nilpotent Leibniz algebra is called characteristically nilpotent if all its
derivations are nilpotent.

The class of characteristically nilpotent Leibniz algebras is a subclass of the nilpotent
Leibniz algebras.

Lemma 1. If L is characteristically nilpotent Leibniz algebra, then (1) the center of L
is contained in [L, L]; (2) L? # 0.
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Theorem 1. Let L be a Leibniz algebra which is a direct sum of ideals L;(i = 1,2, ...,r).
Then L is characteristically nilpotent if and only if the L; are characteristically nilpotent
algebras.

Remark 1. If L is a nilpotent Leibniz algebra such that D(L)L C [L, L], then L is
also characteristically nilpotent.
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An Potential Solvable Lie Algebra with Potential Nilpotent Lie Ideal

Solijanova G.O.
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: gulhayo.solijonova@mail.ru

Let’s give some notions for infinite dimensional Lie algebras which they have only
countable number of basis elements.

Definition 1. A Lie algebra L is called a potential solvable, if (2, L =o.

Definition 2. An algebra L is said to be a potentially nilpotent algebra if

N, L =0 [1].

Definition 3. Let d;, d>, ..., d,, be derivations of an infinite dimensional Lie algebra L
over a field F. The derivations d;, do, ..., d,, are said to be potential nil-independent deriva-
tions if ayd; + asds + ... + a,,d, is not potential nilpotent for any scalars aq, as, ..., a, €
F. In other words, dy,ds,...,d, are called potential nil-independent derivations when
N2, (ardy + andy + ... + apd,)' = 0 is suitable if and only if a1 = ay = ... = a,, = 0.

Let’s determine some properties of an potential nilpotent Lie algebra W; which its
multiplication table is given by the following table |2, example 1.4]:

Wi e, ej] = (i — j)eirj, where 4,7 = 1,2, ...

and {ej, es, ...} are basis elements of the algebra W;.

Lemma 1. Let R be an potential solvable Lie algebra whose maximal by including
potential nilpotent ideal is W7 and () be a complementary vector space to W;. Then we
have N2, Im R # 0 for every z € Q.

Theorem 1. Let W, be an potential solvable Lie algebra whose maximal by including
potential nilpotent ideal is W;. Then there is a basis {eg, €1, €a, ...} of the algebra W} such
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that the multiplication table of W, with respect to the basis has the following form:
WO : { [e’i76j] = (Z _j)e’i-‘rju Zu] Z 07

It is proved by determining the derivations, checking Jacobi identity and using prop-
erties of potentially solvable Lie algebras.
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On a new metric on the space of probability measures

Tagaymuratov A. O.
Chirchik State Pedagogical Institute, Chirchik, Uzbekistan
e-mail: abror.t93@mail.ru

On a new metric on the space of probability measures
Let X be a compactum. Fix a metric on X. The algebra of all continuous maps on X
we denote by C'(X). Note that a non-negative linear functional pu: C(X) — R is said to
be a probability measure on X, if p(1x) = 1. A set of all probability measures we denote
as P(X). The set P(X) equippes with point-wise convergence topology. The sets of the
view
(5 01, - oy €) ={v € P(X) : |ulgs) —v(pi)| <e,i=1,... k}

form a base of the topology, u € P(X), ¢, € C(X), i =1,...,k, e > 0. P(X) is a
compact Housdorff space with respect to the point-wise convergence topology. Moreover,
P(X) is a compactum iff X is so.

In [1] it was mentioned a metric p; on P(X), which is an extension of the given metric
on X. Suppose p is a metric on X. The metric p; defines as following: p;(p1, p2) =
inf{p(\) : X € P(X?), P(m;) = w;i, i = 1, 2}, py, pe € P(X). Here m;: X? — X is the
projection on the i-th factor. It is well-known that p; generates on P(X) the point-wise
convergence topology, and extends the given metric p on X.

In [2] authors suggested a metric pz on the space of all monetary risk measures. In the
present paper we show that the restriction pz|p(x)xp(x) of the metric introduced in [2] is
a metric on P(X) as well. Besides, we show that the inequality p;(u1, p2) < pz(p1, po)
holds, g1, 2 € P(X). This new metric on P(X) we define by the rule

PZ(M1> ,u2) = inf{sup{p(x, y) : (33', y) € Supp)‘} t A€ p<X2)7 P(T(l)()\) = i, L= 17 2}7
p, p2 € P(X) (37
Note that similarly metric it was considered in [3].

The results of our work are the following statements.
Theorem 1. A function pz: P(X) x P(X) — R, defined by (1) is a metric on P(X).
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Proposition 1. p; extends the metric p, i. e. pz|xxx = p-

Theorem 2. py; generates a point-wise convergence topology on P(X).
Proposition 2. diam(P(X), pz) = diam(X, p).

Proposition 3. We have p; < pz.
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Structure of essential spectra and discrete spectrum of the energy operator
of five-electron systems in the Hubbard model. fourth doublet state

Tashpulatov S.M.
Institute of Nuclear Physics of Academy of Sciences of Republik of Uzbekistan
e-mail: sadullatashpulatov@yandex.com, toshpul@mail.rutoshpul @inp.uz

We consider the energy operator of five-electron systems in the Hubbard model and
describe the structure of essential spectrum and discrete spectrum of the system in the
fourth doublet state. The Hamiltonian of the chosen model has the form

H = AX:anmam7 + B Z amvamﬂw + UzamTamTamﬂm,i

m,y m,T,y

Here, A is the electron energy at a lattice site, B is the transfer integral between
neighboring sites (we assume that B > 0 for convenience), 7 = +e;, j = 1,2, ..., v, where
e; are unit mutually orthogonal vectors, which means that summation is taken over the
nearest neighbors, U is the parameter of the on-site Coulomb interaction of two electrons,
v is the spin index,y =71 or v =J, and af{m and a,,. are the respective electron creation

and annihilation operators at a site m € Z". Let 41::Ifl2 denote the operator of forth
doublet state of five-electron systems and W and m and M are the positive numbers
Theorem 1. Let v = 3, and U < 0. a). ]fU<—— m < 2I/V, 07’U<—— m > W

then the essential spectrum of the operator 4H 12 s exactly the union of seven segments

and the dzscrete spectrum of operator 4Hf/2 consists of no more one point.

b). If — < U< —W, m > 2VV then the essential spectrum of operator 4Hf/2 18 the
union offour segments and the discrete spectrum of operator 4H1/2 15 empty.
c). If — QB <U< -2, m< 2VV, then the essential spectrum of operator 4Hf/2 15 the

union of two segments and the discrete spectrum of operator 4Hd/2 18 empty.
d). If -2 <U <0, and m > 2VV, or — S U<0, m< gVV, then the essential
spectrum of the operator H1/2 15 the single segment and the discrete spectrum of operator

4Hf/2 is empty.
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Theorem 2. Let v =3, and U > 0. a). If U > 38 M > 2W, or U > 28 M < 2W,

then the essential spectrum of the operator 4Hd/2 8 exactly the union of seven segments

and the discrete spectrum of operator 4Hf/2 consists of no more one point.
b). If 57 2B < U < 3B , M > 2VV then the essential spectrum of operator 4Hf/2 s the
union of four segments and the discrete spectrum of operator 4H1/2 s empty.

c). If 57 3B < U < %, M < 2W then the essential spectrum of operator H1/2 1s the

union of two segments and the discrete spectrum of operator 4H1/2 s empty.
d). If0o<U< 2B , and M > 2VV, or0 < U < 3B, and M < %W, then the essential

spectrum of the operator 4H1/2 1s the single segment and the discrete spectrum of operator

4Hf/2 15 empty.

The linear peridinamic model in elasticity theory

Yuldasheva A.V.
MYV.Lomonosov Moscow State University Tashkent Branch
e-mail: yuasv86@mail.ru

We consider a peridynamic continuum model of periodic structure which involves the
integration over the displacement field ([1,2]). A linearized peridynamic model can be
described by the following integro-differential equation:

2
gﬁ a——l—/ny (x,t) —u(y,t)|dy = f(z,t), x € D,t >0, (38)

where D = [—m, 71]", with 1n1t1al values
u(z,0) = @(z), u(z,0) = ¥(z). (39)

Here u : Dx[0,T] — R™ is the unknown function, the kernel K is an n x n matrix-function
with domain D x D, : D — R™ and ¢ : D — R™ are initial data, and f : D x [0,7] — R"
is the external force ([1]).

We suppose that n > 2.

We consider the kernel

where the function P(z) is periodic and for x € D has the form

P(z) = f%?xuxu,

where function y € C*°(R) satisfies for some fixed p,0 < p < 7/2, the following conditions:

1, for r < p,
x(r) =
0, for r>2p,

and 0 < x(r) <1 for r € R.
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Statistical metric spaces

Zaitov A. A.
Tashkent Institute of Architecture and Civil Engineering
e-mail: adilbek  zaitov@mail.ru

A statistical metric space (SM space) [1] is an ordered pair (S, F') where S is a non-
null set and F' is a mapping from S x S into the set of distribution functions (that is,
real-valued functions of a real variable which are everywhere defined, non decreasing,
left-continuous and have infimum 0 and supremum 1).

The distribution function F(p, q) associated with a pair of points p and ¢ in S is
denoted by F,,. Moreover, F,,(x) represents the probability that the “distance” between
p and ¢ is less than z.

The functions F),, are assumed to satisfy the following:

(SM —1) F,y(xz) =1 for all x > 0 if and only if p = q.
(SM — II) F 4(0)=0.

(SM —I11) F = Fyp.

(SM —1V) If F o) =1and F,,(y) =1, then F,,(z +y) = 1.

The tail [2] of »q, denoted by G, is defined by Gp4(x) =1 — F,,(x) for all x € R.

Let (S, F') be a statistical metric space. Then the Menger inequality is,

(SM — IVm) F,.(z + y)T(F,q(z), F;,(y)) holds for all points p, ¢, 7 € S and for all
numbers x, y0 where 7" is a 2-place function on the unit square satisfying:

(T )O<T(a b) <1 for all a, b, c € [0,1].

(T'—11I) T(c, d)T(a, b) if ca, db (monotonicity) for all a, b, ¢, d € [0, 1].

(T'—11I) T(a, b) = T(b, a) (commutativity) for all a, b € [0, 1].

(T —1V) T(1, 1) = 1.

(I'=V)T(a, 1) >0 for all a > 0.

An ordlnary metric space is a statistical metric space such that for each pair of points
p, ¢ there exists a number d(p, ¢)0 with the property that F,,(z) = 0 if z < d(p, ¢), and
Fpq(z) = 1if zd(p, q).

Statistical metric spaces are considered with g-topologies [3].

The author could not find answers to the following questions of natural interest

Problem 1. Is the product of statistical metric spaces a statistical metric space?

Problem 2. Is the continuous image (preimage) statistical metric spaces a statistical
metric space?
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Orobpakenus Ilyankape /jiss HEKOTOPBIX KPUTUIECKUX OTOOPa>KeHUil
OKPY2KPOCTHU

Aobayxakumon C.X.
Havyuonanrvroti Ynusepcumem Ysbexucmana
e-mail: asaidahmat@mail.ru

B nacrosimeit paGore Mbl n3ydaeM KpPUTHYECKHE TOMEOMOP(MU3MBI OKPY?KHOCTH.
Cnenyss paborsl Octiyuga u jap. (em.[3]) onpemesum  npocrpancrso mwap  (€,7)
KPUTHYECKUX roMeoMopdusMoB mpamoit R . JIs kazk1oro n > 1 olpeie/iiM MHOXKECTBO
X | cocrosimee u3 nap (£,7) aHAJIUTUIECKUX, CTPOTO BO3PACTAIOIIUX TOMEOMOP(MU3MOB
upsMoit R | yI0BIETBOPAIOMINX CJICIYIONIUM YCIOBUSM:

(@) 0 < £(0 ) < L) £0) = A0) + 1;(0) €M) = AEO)); (d) £[H0) <
0,..£" I (7(0) <

() €M (7H(0)) > < ) £(0)=¢"(0)

(9) (€07)"(0) = (708" (0). i i

U3 yemosuit (a), (b) u (¢) Berrekaer, uro 7(0)) < £(n(0)) < £(0)). B ciygae n = 1
YCJIOBHSI (d)AI/I (e) omyckarorcs.

0,7 (0) =7"(0) = 0,€"(0) # 0,7 (0) # 0;

IIycrs (£,7) € X. Bamernm, 4ro yciaosus (a), (b) u (¢) mO3BOJSAIOT TOCTPOUTH
romeomopdusm okpyzxuocru [17(0),£(0)) :

Teqo = {

Teneps onpesiesiim peHOPMIPYIIIOBOe 1peodpazoBanne R : X — X no dopmyire:

b

)

(x), ecu x € [ﬁ(O/)\, 0),
(x), ectm x € [0,£(0))

3

R.(€,7) = (@€ V(f(a"2)), €D (H(E(a ),
e a = a(€,7) = (€7 V(7(0)) — €M (7(0)) " < 1.

O603Ha‘{I/IM qepes X IIOJIMHOZKECTBO X¢er CcocTodInnee M3 TaKuxX IIa n qTO
k ) ;
qUCJIO BpallleHUA [1]

,O(E, n) =p=lki, ko, k1, ko, ...] = r\ﬁz\\ﬁﬁ\/m

PenopmrpymnnoBoe npeobpasosanue R, B moaMuozkecTBe X (p) UMeeT eJInHCTBEHHYIO
runepboIMIecKy10 HeHOBIKHYIO TouKy (€,7) (em. 2], [3], ).
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Bpemena mepBoro BosBpallieHus ¢, = ¢n(p),n > 1 , , yJIOBJIETBOPAIOT PA3HOCTHOMY
ypaBHEHUIO

Gon+1 = k1@2n + Qn-1, Qon = k2Gon—1 + Gon—2, @0 =1, ¢1 = k1, qo = k1ks + 1.

Orobpaxkenusi T n > 1, wHaspBalorcss orobOpaxkenusmu Ilyamkape win
oToOparkKeHusIMKU TIepBoro Bo3BpartneHus. Cieyiomas TeopeMa MOKa3bIBAeT IOBEJICHIE
orobpaxkennii T®m wu TerT®n-1 g penopMrpymnmosoit okpecrroctu [1(0), E (0))
KpuTHieckoit Touku xo = 0 . Terepb cpopMyampyemM OCHOBHOI pe3y/IbTaT HAIeil padOTHI.

Teopema 1. /laa xaotcdozo n > 1 umerom mecmo caedyroujue coomHoOUEHUA:

~

T2 (") = a (), x € [n(0),0).

~

Tenten=t(a7r) = a7"(z), € [0,£(0)).

2de o0 = qy(ug.
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O peakToOp B NCEBJOXKU>KEHHOM CJIO€

AbnypaxumoB A.
Tawxenmcerkut aprumexmypHo cmpoumesvroili uncmumym, Yabexucman,
e-mail: abduraximovl943Qmail.Tu

[Iposesiennoe uccesoBaHue MO MPOMEXKYTOIHBIM ducjiaaM llekse mokaszasio,aTo mpu
Pa3HbIX 3HAYCHUAX IIapaMETPOB 3aJda49U IIPOJOJIbHOEC IIepeMENInBalHie B U30TEPMUICCKOM
peakKTope € OAHOPOJHBLIM IICEAOOXKHN2KEHHbBIM CJIOEM MO2KET KaK YyBe/JIn1uBaTb, TaK U
YMEHbIIUTDL CTEIIEHb IIpeBPalllcHUd. yKa3&HHbIe nccjIe10BaHA 6bIJH/I OCHOBaHBbI Ha
0/1HO(A3HOI MO peaKTopa.

1 d*C, dCh
e " + f(C1) — A(Cy — Cy) (1)
dC
_UQd_iL‘Z =A (01 — 02) (2)

ITocronoBka 3amauu. Jlas cucmemvr ypasrenuds (1)u (2) epanuunvie ycaosus
oNpedessomes anas02uHo Yycaosuam Jlankeepmea 6 cayvae peaxmopa ¢ npodosvbHvIM
NepeMeULUEaAHUEM:

mpux =0, C, = Cy %%+01:Cf;

npu x = 1, %:0.
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rae FPe-uamcio Ilexne, x-gona obbema 1ysbipeif, Cf-KOHIEHTpaIldsd CMeCH Ha BXOJe
peakTopa.

Bymum cunrarh, 9TO CKOPOCTH XUMUYECKON peakIuu B IJIOTHOH ¢daze Mmaja, T.e.
f(Cy) = ef(Ch)(cnabas xumudeckas peakius,e < 1 ).

Perenne 3amaun (1) u (4) 11 KOHIEHTPAIMN PEAreHTOB HA BBIXOJE M3 PEaKTOpa C
TOYHOCTBIO JI0 YJIEHOB BTOPOI'O IOPSIIKA MAaJIOCTH.

31ech obo3HaveHnst IpUHIMaeTcst Kak Bpabore [1]. B kadecTBe nmpumepa paccMoTpeHa,
aBTOKaTaJIUTUYIEeCKasl peakiusl B ILIOTHOH dasze. Hambosbmmii mHTEpEC mIpeicTaBiisieT
Uccye0BaHNe BJIUSHUS TPOJIOJIBHOIO IepeMeIUBaHNs Ha CTeleHb IpeBpaliennsa da3
B peakTope B CJIydyaum KOIJ[a KOHIIEHTPAllUs ILIOTHOW a3l B HMCXOMHON CMecu
OJIM3KKM K. 3aBHCUMOCTL CTEIleHU IIPEBPAIEeHUs] peareHTa KakK B IUIOTHOW, Tak W B
pasbasyiennoit daze or umcia llekse paccuamraHHOro 10 MapamMeTpam ILIOTHOHN has3bl
oKa3ajioch He MOHOTOHHO. I[losiyueHHBIE pE3y/IBTATHI MO3BOJIMIA BbIIEIUTH 00J1ACTU
U3MEHEHUsI apaMeTpoB 00enx (a3 B KOTOPBIX MPOJIOJIBHOE MEPEMEITNBAHNE OKA3bIBACT
pas/IndHOe BJIMSHNE Ha CTENEeHb IIpeBpalleHus pearenta. Haiiien mHTEpBa M3MEHEHUSI
K03 duImeHTa MpoI0abHOTO IEPEMEITMBAHNS, B KOTOPOM 00€CTIeTMBAETCsT OIITUMATHLHBII
peXKuM PabOThl XUMUIECKOTO PEAKTOPa C HEOJHOPOIHBIM KHITATIIAM CJIOEM.

JINTEPATYPA

[1]. Tynano FO.IL., A6aypaxumos A.A., xymanuszos K.A. O6 ogmmoit mojenu
XUMHUYECKOTO DEeakTopa € HEOJHOPOJIHBIM IceBookuKeHubiM cjioem // TOXT, 1989,

T.XXII, Ne6. - C.772-781.

Paspemumsbie anrebps! JleitbHuiia ¢ abeseBbIM HUJIbPATUKAIIOM

A pgames 2K. K.
Hremumym Mamemamuru umeny B.H. Pomanoscrozo
e-mail: adashevjq@mail.ru

Aurebpnr  JleitOuuma ObLim BBeJeHbI B Hadajge 90-X TOIOB IPOILIONO CTOJIETHS
dpanmnysckum  marematukom — 2K.-JI.JIogme kKak  anredphl,  XapaKTepU3yIOINIUecs
ToxkaectBoM Jleitbauma. Asrebpor Jleitbauma sBisiiorest  obobmenusiMu  anredbp Jlu,
U II09TOMY MHOT'HE CBOMCTBA, CIIpaBeIuBbIe Jijid ajredp JIu, mpojokaioTes Ha ciydait
ayireop Jleiibnura.

N3 knaccudeckoit Teopun anredp JIum m3BecTHO, YTO MPOU3BOJIbHAS KOHEYHOMEPHAS
asrebpa JIu Haj moeM XapaKTepUCTUKU HYJIb Pa3jaraercs B IMOIYIPIMYIO CYyMMY
MaKCAMAaJbHOTO Pa3perImMoro ujaeaia W ee MOoJynpocToil momaarebpor. VccmepoBanne
pa3permMbIx ajaredp ¢ HUJIbPAIUKAJIAMEI CIEIUAIbHBIX TUIIOB CBI3aHO C Pa3JIUYHBIMU
MojeaaMu  pu3uku. TakuM 00pa3oM, aHaAJOTHYHO cJiydaio ajaredpol Jlu, uzydenue
paspermmMbIx ajredp JleiOHuia ¢ 3alaHHBIMA HUJIbPAINKAJIAMEI SBJIAETCA aKTyaJ bHOMN
3a1a4€ei.

B 1945 roxy A.M.MaubiieB mokaszaj, 9To paspemnmMas ajiarebpa JIu ompemesrsiercs
OJIHOBHAYHO ee HuIbpajukajgoMm. lamee, B 1963 romy ["M.Mybapsak3saHnoB paspadboraJ
METOJI TOCTPOEHUsI pa3peruMbix ajaredbp JIu ¢ MOMOIbI0 HUJIbPAJIUKAIa U HUAIb-
He3aBUCUMBIX JuddepeHnupoBannii HuIbpagukaia. Merogom Mybapsik3siHoBa, B
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paborax [3,4] GbLIM MOTyUIEHBI ONUCAHUS HEKOTOPBIX KJIACCOB paspermuMbix aarebp Jlu.
Onucanuio paspenumbix ajaredp Jleftbnuiia ¢ HEKOTOPHIMU 3a8/IJAHHBIMUA HUJIbPATKATIAME
HOCBsIIeHbl paboTet |1,2].

B namnoit pabore Mbl wmcciefyeMm pasperumbie aareOpnr Jleitbuuia ¢ abeseBbIM
HIJIbPA/INKAJIOM.

s ipon3BosibHO# asireOpbr JleitOnuta L orpeaesinM psijbl:

tW=p [kl = [L[k],L[k]]; L'=1L, LF'=[Lk LY.

Omnpepenenne 1. Anrebpa Jleiibuuna L nassiBaetcs paspewumots (Huabnomenmmot),
e cymectyer s € N takoe, uro LIl = 0 (L* = 0). Munumaisnoe 4nciio, obJiagamomee
TAKUM CBOHCTBOM, HA3BIBAETCS UHOEKCOM PA3PEWUMOCTNY (HUADTOMEHMHOCTIU) aIrebphI
L.

MakcnMaIbHbIl  HUJIBIOTEeHTHBIN  (paspemumblii) wuiean anrebpsr Jleiibuuma L
HA3bIBAETCS HIILPAJUKAIOM (PajInKAIOM ).

Onpenenenue 2. Jluneitnoe otobpaxkenue d w3 L B cebd Ha3bIBaeTcs
dugppepenyuposaruem, eciu Jjist JTIOObIX T,y € L BBIIOJIHAETCS TOXKICCTBO:

d([z,y]) = [d(z),y] + [z, d(y)].

Hunbnorentnas anredpa Jleitbnniia naspiBaeTcs XapaKTepUCTUIECKH HUJIBIIOTEHTHOI],
ecsu Bce ee nuddepeHmpoBanns HUJIbIIOTEHTHBDI.

Tenepb OIIpeJe/INM IIOHATHE HNJIb-HE3aBUCUMOCTU OTO6pa}KeHI/IH.

Jluneitabie orobparkenus fi, ..., fr HA3BIBAIOTCI HUAbL-HE3AGUCUMBLMU, €CITT

arfi +aafo+ .+ o fi

HE HUJIBIIOTECHTHO IIPpU BCEX 3HAYCHUAX (;, KPOMEC HYJIA.

Huddepennuposanns sujga R, (y) = [y, x| HaA3BIBAIOTCS SHYMPEHHUMU.

[Iycte R - pazpemumada anrebpa Jleiibauia, ciaegoBarenbuo, R MOXKHO 3alucaThb
KaK CYMMY BEKTOPHBIX mpoctpaHctB R = N + @), e N— muabpagukan B R u () -
JTOTIOJTHSIOIIIEe BEKTOPHOE MTPOCTPAHCTRO.

IIpensioxkenune 1.|2| Ilycrs R - paspemnmmas anrebpa JleiiGuuna. Torga pasmeprocTs
() He IpeBBIIaeT MaKCUMAJIHLHOIO YNC/Ia HUIb-HE3aBUCUMBIX Aud depennupoBanmii V.

NsBecrHo, 4Yro paspemmMasi He HUJILIIOTEeHTHas aJjrebpa Jleilbuuia wmmeer
XapaKTEPUCTUYICCKH HE HUJIBbIIOTEHTHBIN HUJIbPaJdUuKa.l.

Ob6osnaunM dYepe3 a,, — n-MepHble abejeBbl aareOpol. st paspermmMbix aaredop
JlelibHUIA ¢ HUIBPAIMKAIOM A, U PA3MEPHOCTBHIO JIOTOJIHSIONIETO TPOCTPAHCTBA PABHOMN
S, MbI ByJIeM UCIIOJIb30BaTh obo3HaueHne R(ay,, s).

Jlajiee MBI paccCMOTPUM pas3pelniuMbie aaredpsl Jleiidnuma ¢ n-MepHbIMU abe/IeBbIMU
HIJTbPaINKATAMHA.

Teopema 1. Ilycts R(ay,,s) - paspemnmas anrebpa Jleiibuuma ¢ abeseBbiM
HIJIbPAINKAJIOM &y, ¥ Pa3MEPHOCTD JIOIOJIHSIONIETO IIPOCTPAHCTBO K HUJIbPAINKAJIy PABHO
s. Torma cymecrByer 6asuc R(ay, ), Takoil 94To BCe onepaTopbl Rmak, 1 <i < s MOXKHO

[IPEJICTABUTL OJHOBPEMEHHO B BUJIE KOPAHOBOIN (DOPMBI.

[Ilyctrb L - asrebpa Jleitbauma w3  wmacca R(ap,s). Bosbmem  6asmc
{e1,€9,...,€n,21,2Z2,...,xs} w3 L Takoit, 4ro {ej,es,...,e,} sBasercs 6a3ucom
HWIbpaWMKaIa 8, U {T1,T2,...,Ts} sBIAETCs  0A3MCOM  JIONOJHUTETBHOTO

BEKTOPHOTO TmpocTpaHcTBa (). I3BecTHO, €TO oOllepaToOpbl MPaBOrO  YMHOMKEHUS
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Ap — ap ABJIAIOTCA HUNJIb-HE3aBUCUMbIMUI

R:c1|an ) sz\ana s 7R$5|an
b depeHIMpPOBaHISIME U CYIIeCTBYeT basuc {ej, s, . .., €, } B a, TAKOi, 9TO OMepaTophI
Reyl, »Rayl, 5> Ra,), WMEIOT JKOPJAHOBBI HOPMAJBHbIE (DOPMBI, OJJHOBPEMEHHO.
n n n
N3 sToro MbI mmeeM:
[ehxi] = )\gﬂjet + )\%’t+1€t+17 I1<t<n- 17 1 S 1 < S,
[en, Ti] = A, e 1<i<s,

i i
rjie Aj ;-COOCTBEHHbIE 3HAYEHUsI OIIEPaTOpPa sz‘lak u A, €10, 1}
Jlemma 1. Ilycrs A,y = 1 gy mexoroporo t. Torma Ay, = Ajyy ;g J1s BCeX i.

[TycTn {)\gz)l,/\g)?, . ,)\g,)n} - cOOCTBEHHBIE 3HAYEHHWA ONEPATOPOB, COOTBETCTBYIOIINX
R$i|a , 1< <s.
Pacemorpum  BekTOpBI o = ()\gz)l,)\g)g, . ,)\S)n) (1 < i < s) n -MepHOroO

BekTopHoro npocrpancrea C". Tlockonmbky Der(a,) = M,(C) u HuIb-He3aBHCHMbIE
b depeHITPOBaHUSIME  ABJISTIOTCS Rman, 1 < ¢ < 5. MakcumayibHOE HYHCJIO HUJTb-
HE3aBUCHMbBIX BEKTOPOB cpelin oy, 1 < ¢ < s paBHO n. DTO O3HAYAET, YTO MaKCHMAaJIbHAs
Pa3MEpPHOCTD JIOTOJTHSIONIEr0 MPOCTPAHCTBA PaBHA N, T.e. § < N.
Teopema 2. [lycts R(ay, s) - paspemumas anrebpa Jleinbuuna. Torma nmeer mecro
CJIeJIYIONIee COOTHOIICHUE:
n—s>m,

rje M - 9TO YUCIIO T, TaKoe, 9T A}, = 1 JyIst HEKOTOPOIO i.
Caexncrsue 1. [lycrs R(ay,n)-paspenmmas anrebpa Jleitbrura. Torma omepaTtopsr
RMB , 1 <14 < n umeror ciemytomnue (GOPMBbI:

Rzi|an = dlag{Jl()‘Zl)v ‘]1(>‘22)7 SRR Jl(A;)L I<i<mn,

rjge MaTpuia Jk()\i) ABJIACTCH  2KOPJIAHOBEIM OJI0KOM TIOpsIKa k, COOTBETCTBYIOIIUM
COOCTBCHHOMY 3HAUEHHUIO \j.
CaencrBue 2. Ilycrs R(a,,n — 1) - paspemmnmas anrebpa Jleiibauma. Torma
omeparopbl Ry, , 1 <4 <n—1nmetor oxay u3 creayomux (Gopu:
dzag{Jl()‘ll)a J1<)‘;)7 T J1<)‘:L)} win dzag{‘b()‘zl)’ J1<)‘;)7 R J1<)‘Z )}7

n—1

rJie MaTpuia Jk()\i) ABJISIETCS  ZKOP/IAHOBBIM O0J10KOM TIOpsKa k, COOTBETCTBYIOIIUM
COOCTBCHHOMY 3HAYEHUIO Aj.

Teopema 3. B anrebpe R(ay, s) cymecryer 6asuc {1, ..., T €1,...,e,} 13 R(ay, s)
TaKOM, 4TO JICHCTBUA OLEepaTOPOB IIPABbIX YMHOXKEHU Rman, 1 <1 < 5 Ha 3yeMeHTax
{e1,, €1y, -, €1, } U3 Ay BBIPAIKAIOTCS CIIEYIOMAM 06pPaA30M:

Rmi|an (eti) = ey, + O iey41, 1<i< S,

R:):j|an (eti) = ai7j€ti+17 1 S { ?é] S S,
e 1 <t <ty <--- <ty <n.
CaencrBue 3. B anrebpe R(a,,n) cymecrsyer 6asuc {i,...,T,,€1,...,€,} TAKOI,
9TO JIEHCTBUS ONEpaToOpoB NPaBLIX yMHOKEHUH R, , 1 < i < n Ha a, BbIpaKaloTCs

CJIEJIYIOIIUM 0OPa30M:
Rai, (€i) =€, 1<i<mn,
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rJIe OTCYTCTBYIOIIUE JeHCTBAS PABHDBI HYJIIO.
Caencrsue 4. B anrebpe R(a,, n—1) cymecrsyer 6asuc {x1, ..., Ty, €1, .., €, } TAKOI,
9TO JIefiCTBIS OTIePaTOPOB MPaBbIX yMuOKeHuit Ry, , 1 <4 <n—1 Ha a, BeIparKaioTcs
n
CJICJTYIOIIUM 0Opa30M:

L Ry, (e:) =€, Ry, (en) = aien, 1<i<n—1,

2. Rxﬂan(el) = e1 + aqeq, Rman(eQ) = ey, in‘an(e]-> = yeo, Rwi\an(eiﬂ) =
eir1, 2<i<n-—1and (ag,0,...,a,_1)# (0,0,...,0),

e OTCYTCTBYIOIINE JICUCTBUA PABHBLI HYJIIO.
JIuteparypa
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CaoiicTBa mnostysimHeitHoro audpepeHnnaIbHOTO ypaBHEHUsI BTOPOTrO IOPSIKAa

Anmaii M.
ERY um. JI.H. lymunesa, Hyp-Cyaman, Kazaxcman
e-mail: saiajan@yandex.kz

Ilycts p,v € R, > 0,

#(y OP 2 (1)) + aty(0)Py(t) = 0, > 0, 1)
/ammww—MﬂmmmszWeﬁimaﬂ 2)

0

(2) HEPaABEHCTBO ABJIACTCA HeO6XO,HI/IMbIM 1 JOCTATOYHBLIM YCJIOBHEM 6€CCOHpH}K€HHOCTI/I

yPaBHEHIT (1) Ha HHTEpBAJe (0,00). Iycte pu < p — 1, morma Ve > 0,
1

ft(l Pt < oo, ftl Plrdt = oo, o Teopeme A [1] W (0, 00) :I/f/m (0,00) =

{ f e Wko0,00) =0}.
Torna u3 (2)

o0 [e.e]

/?WﬁWﬁza/ﬂmwMMmmzo 3)

0 0
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1
Homoxkum y'(t) = f(t),y(0) =0 = y(t) = [ f(s)ds. oxcrasiss B (3), Hosydum
0

(e 9]

/t /f Yds| dt < — /t“|f( )|Pdt. (4)
0
00 t p 0o
Teueps pacemorpum nepasercrso Xapau [ €7 | [ f(s)ds| dt < C [ | f(¢)[Pdt. mycrs
Y=H =D . ’ ’ ’
Toryia T [ f(s)ds t“dt <C f t*| f(t)|[Pdt (5) no Teopeme Xapau 2| nanmenbias
0

koHcTanTa C' = ( ) Mpu p < 1—p,v = pp—p (4) HEPABEHCTBO BBIMIOJIHSIETCS, TOTJIA

p—p—1

P p
U TOJIBKO TOTIJIa, KOIJIa E > <p_z _1> , TO €CTh, €CJIN BBIOJHAETCI (@ < (p _Z_1> . Ecim

p
a > (%) , TO He BbInosHAETCs (4)=(3)=>(2).

P
[Tostomy a < <]‘%*1> unupu vy = i — p, it < 1 — p B BBIIOJHSAETCS HEPABEHCTBO

(2), orcionma ypasrenue (1) 6ecconpsizkenno Ha unrtepsase (0, 00), u Torga ypasuenue (1)
OyleT HeOCIU/LISTTOPHBIM.

P
Ecmu, npu a > (%), v = pw—p pu < 1 —p, ro ypaBuenume (1)

oyaer ocnmuigTopubiM. Ilpm jobom o > (0 1o HepaBeHCTBY Xap/u HEPaBEHCTBO
0o t p

1 P
I3 ff(s)ds’ thdt < (p_#_l
a a

p

(pfz 71> . ITpu Beinosnennn yeaosus (6) ypasuenue (1) s aro6oro a > 0, Ha uHTEpBaJse
(@, 00) cONpszKEHHO, a 3T0 3HaUUT 4To ypasHerue (1) ocruuisropro. OTCOna BHITEKAET,
YTO TIPH BbIIOIHEHUN ycyioBus (6), ypasaenne (1) ocrmuisTopHo.

P
) Jt#1f(t)[Pdt BeIIONHSIETCS ¢ HAMMEHbIIEH KOHCTAHTOM
a

Crmcok mmrepaTypbl

[1]. A.Kalybay, D. Karatayeva, An extended discrete weighted Hardy inequality in
the difference form // AIP Conference Proceedings. - 2017. - V. 1880, 030012. - doi:
http://dx.doi.org/110.1063/1.5000611

O nzera-pyukiiuu Pumana, ee TOIIOJIOrHYeCKNX CBOMCTBAX U 0OOOIIEHUIX

I'. AmankenaueBa, M. B. /loaromnoJsios
Tawrenmexutl 2ocydapecmeernoili nedazozuveckuts ynusepcumem umernu Huzamu
443011, Camapa, ysr. Axademuxa Ilasrosa, 1.
e-mail: mikhaildolgopolov68@gmail.com

PaccmarpuBaercs n3era-dyuknus Pumana, ee aHaJIUTUYECKHE W TOINOJOTMYECKHE
cBOiiCTBa, O0JACTH €e MpPHUMEHEHHsl. XOPOIIO HU3BECTHO, YTO PsiJi IMPOCTBIX YHUCET
OeckoHeUeH M TI0Ka He IIPeJICTaB/IeHa ODOCHOBaHHAS 3aKOHOMEDPHOCTD, OIMCHIBAIOIIAS
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pacmpejiesieHnsi MPOCTBIX YhCe] cpeju HaTypasbHbix. Ho Puman obHapy:Kwmia, d9To
KOJIMYECTBO IIPOCTHIX UHCE/ HE IPEBOCXOMANNX & — (PYHKIUS PACHPEIe/IEHIA TPOCTHIX
YUCesl — BBIpaXKaeTcs depe3 paclpejie/ieHns HEeTPUBHUAJIBHBIX HYyJel 13eTa-yHKIINN.
[Ipu stom dyHKIMS OnpeeasdeTcs Ha KOMILUIEKCHON 1tockoctu. OHa MOXKeT ObITh
npejacTaB/JICHa B BUAE pdlda, B BHUIE beHKLLI/IOHaJIbHOFO YpaBHEHUA, a TaKzKe ABHbBIM
BhIpakeHneM. VIHTepecHBIM IIpeICTaBISIeTCsI OICaHne TeOMETPUIEeCKoe 13eTa~-PyHKIIH,
B TOM 4HuCJIE€, TaK Ha3bIBaeMO KpHTI/IquKOﬁ JIMHUN. ACI/IMHTOTI/IquKOe pa3JjiozKenue nMmeeT
MAPOKUNA CIIEKTP MPUJIOZKCHUMN.

Jzera-pynkius Pumana u ee 0000IeHUsT WUrpaioT BaKHYIO POJIb HE TOJBKO
B AHAJUTUYIECKOW TEOPUU HUHCEJ, a HMEIOT TaKyKe IPUIOKEHUS B TEOPETUIECKOi
dusuke. [osocsl GyHKINMT ONPeaesIsSIOT IEPEHOPMUPOBKY B MOJIE/ISAX KBAHTOBON Teopun
nojisi. B pabore paccMOTpeHBI J0Ka3aTe/bCTBA PsAjia Pa3Io:KeHUN € HMCIOJIb30BAHUEM
,ZLSeTa—beHKLH/H/I PI/IMaHa. OHpe,ZLe.HeHbI IpeacTaB/JICHUA Ha IHIPpUMEpPax TOIIOJIOI'MYECKUX
HOBEPXHOCTENA.

O BHyTpeHHeﬁ reomMeTpmun 1oBEepxXHOCTU B TanuaeeBom IIPOCTPAaHCTBE

AprukbaeB A.
Tawkenmerkuts UHCUMYM UHAHCEHEPOS AHCENEIHOOOPOIHCHO20 MPAHCIOPG
e-mail: aartykbaev@mail.ru

BuyTpenneit reomMeTpueiil TOBEPXHOCTH CIYUTAIOTCS T€ CBOMCTBA MOBEPXHOCTH, KOTOPHIE
HE MEHSIOTCA IPU u3rnbaHum moBepxHocTH. <«l3rubanme» cBgA3aHbI C HATJIAIHBIM
IIpe/ICTaBJICHUEM O ITOBEPXHOCTU KaK I'MOKOM, HO HEPACTSKUMON 1 HECXKIMAEMOI TIJIEHKE.

Tak kak rajmieeBa IIPOCTPAHCTBa HaJCTpaumBaeTcs Ha ad@OUHHOM IIpocTpaHcTBe Az
MHOI'H€ TeOMETPUUECKHE BEeJUUIUHBI OYIyT OJMHAKOBBIMU C E€BKJ/IMIOBOI TIeoMeTpHeil.
Ho BBIPOKIEHHOCTH METPUKH TaJjiijieeBa IIPOCTPAHCTBA TPedyeT HOBOI'O IOJX0Ja K
BHYTPEHHE reOMETPUN ITIOBEPXHOCTH.

Ussectro (1|, 9To mupm wu3rmbGaHUM MOBEPXHOCTH B €BKJIMJIOBOM IIPOCTPAHCTBE
BHYTPEHHAS TI'€OMETPHsS IIOBEPXHOCTH coXpaHsieTcsd. Bce reomerpudeckne BeJIMIHHBI
IIOBEPXHOCTHU CBsI3aHHBIE C €e IMepBOi KBaJIPATUIHON (DOPMOI OTHOCUTCS K BHYTpPEHHE
reOMETPUM IMOBEPXHOCTU. BHYTpeHHsI TreoMeTpHs ITOBEPXHOCTH JOCTATOYHO OO0raTo,
IIO9TOMY Ha €e OCHOBe IosAB/IdgeTcsd « PuManoBa reomeTpusi» B KOTOPO M3ydYeHa CBOWCTBA
HOBEPXHOCTENA C JIAHHOW METPUKOIL.

B TpexmepHOM citydae B JeKapTOBOii cucTeMe KoopauHaT Oryz MOXKHO pacCMaTPUBATD
cruennprKy BHYTPEHHEl reoMeTpuu IMOBEPXHOCTU B KJacce HmoBepxHocTeil F' ¢ Kpaem u
OJIHOBHATHOMI IIPOEKINEl B OJIHOCBA3HYIO 00/1acTh [ Ha KOOpAuHATHOI 1mockoct Oxy.

Crenytoree mpeobpa3oBaHme

r=x+a

y = fi(x) + ycosp — zsingp + b
2= fo(x) +ysing+ zcosd+b

npu pou3BoJbHBIX JuddepentmpyeMbix fi(z) u fo(z) coxpaHser Bce MHBAPUAHTHI,
cBs3aHHbIe ¢ MeTpukoi. OYeBHIHO, STUM Ipeobpa3oBanmueM Ipsamas y = z = () MOXKHO
COBMECTHUTDL CO BCAKOI KPUBOIl 7, KOTOpas He uMeeT OOJIbIIEe OJTHONW TOYKU MepecedeHue ¢
OCOOBIMU TIJIOCKOCTSIMU TTPOCTPAHCTBA.

~
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Haxe wimaccuueckas rteopema A.B.Iloropesosa [2]|, o memsrubaemoctu cdepbl B
€BKJIMI0OBOM IIPOCTPAHCTBE, HE COXPAHAETCH B TAJIMIEEBOM ITPOCTPAHCTBE.

B eBkJ/In10BOM IIpOCTpAHCTBE TEOPHS BHYTPEHHEH NreOMETPHUH BBITYKJIBIX TTIOBEPXHOCTEIH
nocrpoena B Monorpadun A.Jl.Anekcanmposa [1|. OmpesenieHa BHYTpeHHSsT METPHKA
BBIIYKJION IMOBEPXHOCTHU, U3yUeHa CBOMCTBA MHOTOIPDAHHUKOB CBA3AHHDLIX C BHYTPEHHE
reomeTrpueiil. Bes Teopus ocHOBaHa €BKJIMJIOBOMY PACCTOSHUIO MEXKTy TOTKAMU.

XoTsl Bce reoMeTpuieckne 00beKThI, CBI3aHHBIE C BBITYKJ/ION IMTOBEPXHOCTHIO TaINIeeBa,
IIPOCTPAHCTBA, OJIMHAKOBBLI C €BKJIMJIOBOIM reoMeTpueil, HO TO, YTO CBI3aHO U3MEPEHHEM
PACCTOSTHUI CYIIIECTBEHHO OTJIMYAETCSA. IJTO CBA3AHO C BBIPOXKJIEHHOCTHIO PACCTOSHUU
MezKJLy TOIKaMU TasIiieeBa IpoCTpaHCTBa [3].

[TosToMy KpaTdaiiiiasg B raJuaeeBOM ITPOCTPAHCTBE OIPEJIEISIeTCs 110 UHOMY.

Onpenenenue. Kpamuatiwas mexncdy 06Yms moukamu HaG NOGEPTHOCU - NYMb
COEQUNANOULAA DaHMHbLE MOYKY UMEIOWAA HAUMEHDWYIO Y204 NOBOPOMA.

Teopema 1. Ha noseprrocmu, ne umerouseti 0coboti onoprot naockocmu, dee movku,
He Aedcausue Ha 00HOT 0coboTl naockocmu coeduHUMDL Kpamyatiued.

AHAJIOrMYHO  €BKJIMJIOBOMY  IPOCTPAHCTBY  Ha  IIOBEPXHOCTH  OIIPEeJIsAeTCs
TPEYToJIbHUK, KaK KpaTJdallliie COeIMHSIONIINE TPH TOYKN ITOBEPXHOCTH.

Teopema 2. Cymma HYMPEHHUT Y2A08 MPEY2OALHUKG HG SLINYKAOT NOBEPTHOCTU
NOAOAHCUMENDHE.

Teopembl  JokasbiBaiorcs  MerogoMm AL JI Amekcanaposa [1], rme wucnosnbsyercs
ITOCJIE/IOBATE/THHOCTD BBITYKJIBIX MHOT'OTPAHHUKOB, CTPEMAIIEHCS BBITYKJIONH TOBEPXHOCTH.

JIuteparypa

[1] A.Jd.Anexcanapos, BHyTpeHHsIsT reoMeTpust BBITYKJIBIX TTOBepxHOCTEH. — MockBa-
Jleamurpaa: OI'3 Tocrexmsmar, 1948.

[2] A.B.Iloropesos, Buemnssi reomerpusi BBINYKJbIX MoBepxHocTeil. — Mocksa:
«Hayka», 1969.

[3] A.Apreix6aes, [I./1.CokosoB. T'eomerpust B 1eI0OM B IUIOCKOM MPOCTPAHCTBE —
Bpemenu, T.: @an, 1991.

O IIpuMeHeHne pelnieHud ypaBHEHHUe MOH)Ka-AMl'Iepa B 9KOHOMUKE

AptukbaeB A., Ucmonsaos ITI.111.
Tawxkenmekuth UHCMUMYM UHHCEHEPOS HCENEZHODODONHCHO20 MPAHCIOPNG
Hayuonanrvroti Ynusepcumem Ysbexucmana
e-mail: aartykbaev@mail.ru, Ismoilovsh94@mail.ru

B pab6ote [1] u3ydena cymiecTBOBaHRe W €IMHCTBEHHOCTD PeIlleHnN ypaBHeHne Monzka-
Awmrmiepa B Kitacce romoronmaecknx (yukimit. Jlokazana ciemyromas Teopema.

Jlemma. Kaxgas smHeiiHO omHOpOHAsA (YHKINA, YIOBIETBOPSET OJHOPOIHOE
ypasaenrne Momnxka-Amiepa.

Teopema. Ilycrs F— dyukimus ¢ F @ F(z,y), A(fi;) = 0 a h(z,y) ognopoguas
dbyunus. Torna f = F(h(z,y))— ymosiaerBopsier ogHOpoHOoe ypaBaerne Monzxka- Amiepa
det(fi;) = 0 Torma u TOJIBKO TOI/a KOLJA:

1) Buyrpennast dyukias h uveer suj (ax + by)d 1jis HEKOTOPBIX KOHCTAHT @, b wjn
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2) C TOYHOCTBIIO JI0 KOHCTAHTBI f(Z,y) sBJIAETCS JIMHEHHO OJJHOPOHON DyHKIHE.

HOJIyLIeHHbIe pe3yﬂbTaTbI HpI/IMeHeHbI JJIA peLHeHI/IfI 3aJa4911 SKOHOMUKMU. KOFﬂa
TOBapbl, KOTOPBIE IOJHOCTLIO B3aMMO3aMEHAEMBI, OHH MOTIYT OBITb XapaKTepHBLIMU
OIICHUBAETC KaK TOBApbl, MMEIONME MTOCTOSHHYIO HOPMY 3aMelleHns. MaTreMaTudecKn,
IPOM3BOJCTBeHHAA (PYHKIUS ABJISCTCA UIealbHON 3aMEeHOM, eCJIM OHA MMeeT BUJL;

n

f(x) = Zai%

=1

JUIS  HEKOTOPBIX HEHYJEBBIX KOHCTAaHT ai, G2, ... a,. Jajgee 310 QdyHKIUA
OTOZKJIECTBJISETCS C IPADUKOM

G(f):(xla L5 - +vs Ty f)

KOTOpasi MPeJICTABJISIeT KOJUIECTO IIPOLYKIIUH.

OTcrona MHOrHME BasKHHE CBOMCTBA NPHU3BOJACTBEHHUX (DYHKIMIT B SKOHOMHUKE,
HHTEPIPETUPYETCS B TEPMUHAX M€OMETPUU.

Caencreue. Hakoner s npoussogmeit dbyukmun f(z,y) = F(h(x,y))— nokasaHo,
YTO OHO ABJISETCA FOMOTOIIMYECKON IIPOM3BOAHOM (DYHKIMEH TOr/Ia 1 TOJILKO TOTIA KOTIA!

1)f(z,y) - muueiino ogHapoHO NN

2)F(u) - crporo Bozpacratomasi GyHkiws, u h(x,y) uieajibHas 3aMeHA.

JIuteparypa

[1]. Bang-Yen Chen, Solutions to homogeneous Monge-Ampere equations of homo-
thetic functions and their applications to production model in economics//Journal of
Mathematical Analysis and Applications. (2014) - 223-229 p.

[2]. ApreikbaeB A., BoccraHoBieHIe BBITYKJ/IBIX TIOBEPXHOCTEN 110 BHEITHEH KPUBU3HE
B rajmseeBoM npocrpancTse/ /Maremarndeckuii c6opauk, 1982.

[3]. A.Apreikbaes, [I./1.CokosoB. I'eomerpust B IeJIOM B ILIOCKOM IIPOCTPAHCTBE -
Bpemenu, T.: @an, 1991.

[4].  A.Apruxb6aes II.Wcmownsos, JIBOHCTBEHHBIE —MOBEPXHOCTU — M30TPOIHOTO
npocrpaHcTBa/ /«Maremarnka, MexaHuka Ba HH(MOPMATHKA (GAHIAPUHUHT DUBOXKUIA
UCTEJIO/JIN  eIJIAPDHUHT YPHU» WIMUN-aMaauil ceMuHap Tte3ucyaap Tymiamu. Y3MY,
TormkenT-2018.

KommnakTHas OTKPbITad TOIIOJIOTHU:A

AToeBa Myxabbar
Havyuonanrvrodi ynusepcumem Yabexucmana umenu Mupszo Yayebexa
e-mails: atoyevamuhabbat99Q@Qgmail.com

CeMmeiicTBO A\ HEIyCTHIX MTOJIMHOKECTB TOIIOJIOTTIECKOTO MPOCTPAHCTBA X Ha3BIBAETCSI
T-CeThIO, €CJIN JJIsd JII0OOr0 HEIyCTOrO OTKPBITOTO MojMHOXkKecTBa U mpocTpancTBa X
HafijileTcss JIeMeHT ceMmeiicTBa A , Jexkamuit B MHOKecTBe U . Byrnem paccmarpuBaTh
KOMIIAKTHBIN 7 -C€TH, T. €. T -CEeTH, JIEMEHThI KOTOPBIX-KOMIIAKTHBIE MHOXKECTBA.
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[Iycte X u Y — tonosorudeckue npocrpancrsa. iag FF C X u V C Y oboznaunm
OF,V)={g:9€C(X,Y),g(F)CV}.

Jtg ™ -ceT A TOIOJIOIUYECKOro mpocTpaHcTBa X obo3HaduM By ceMeiicTBO Bcex
muO)kecTB Buga O(X,Y) | rme F' € A, V - npousBoJbHOE OTKPBITOE IIOJMHOYKECTBA
Y . O6osznauum C)(X,Y) Tomojornyeckoe MpoOCTPAHCTBA, TOYKH KOTOPOTO - 3JIEMEHTHI
muoxkectBa C'(X,Y) | a cemeiictBo B) npedasy TOMOJIOIHN.

O6osnaunm wepes \; = {|F| < X; : F—kommakr B X }

Teopema.. I[Tlycts X, Y npocrpanctsa co cuernoit 6azoii. Torga |Cy, (X, V)| < Ny .

Crmcok jureparypbl

B.B.®enopuyk, B.B.@unumnmos. «Obmas Tomosorusi. OCHOBHBIE KOHCTPYKIUH», 2014.

O cTpyKType MHOX>KecTBa cyomepcuii

BaiitypaeB A.M., AunaeB H.V.
Tawrernm, Hayuornaronovli ynusepcumem Ysbexucmana
TACU

e-mail: abayturaev@mail.ru, nuriddin.annayev. 91 @mail.ru

B stom pabore msydaercd BBeJleHHE B MHOXKECTBO OTOOparKeHuilt MHOrooopasus M B
N romnosoruio. [Togydeno pesysibrar, 9TO MHOXKECTBO CYOMepPCHii, SIBJIAETCS OTKPBITHIM
MHOYKECTBOM B TOIIOJIOTMYECKOE ITPOCTPAHCTBE, TOJIYYAIOIIeecs IIPH BBEIEHUN TOIIOJIOIUH.

MHuoxectBo Beex C-ruagrux orobpazkenuit f : M — N obozuadum gepes C" (M, N),
rne M, N - rnagkne maOrooopasust kiaacca C7. Ilpeamonoxknum, aro r =0, 1,2, ...

Canabast Torosiorusi (C” -KOMIIaKTHO-OTKpbITast Torosorus) B C" (M, N) nopoxaercs
MHOXKECTBAMU, OIPEJIEISIEMbIMU CJIE/IYIONIUM 00PA30M.

[Iycrs f € C"(M,N) u nycrs (p,U), (¢,V) - kaprsr Mmuoroobpasuit M, N Ilycrs,
nasee, K C U - KOMIIaKTHOe MHOXKeCTBO, Takoe, uro f(K) C V nycrs, 0 < € < oo.

[IpedasucHyo OKpecTHOCTh

R(f; (@, U), (4, V), K, €) (1)

c1aboit TOTIOJIOTHY OIIpeIesIsIeTCst Kak MHOXKecTBO Takux C” -orobpaxkenwnii g : M — N
uro g(K) C V u piua mobbix z € o(K),k=0,...,r

ID* (W fo™") (@) — D (g™ ") (@) < e

9TO0 03HAYAET, YTO JIOKAJIbHBIE IIPECTABIEHUS OTOOpazKeHuil f, g BMecTe ¢ UX I€PBBIMU
T IIPOU3BOJHBIMU DPa3/IMYalOTCA He Oojiee, 4eM Ha & B KaKJOil TOYKe KOMIIAKTHOI'O
MHOXKecTBa K.

Cnabast Tonosorust B C" (M, N) nopoxaercs MuoxkecrBamu (1); sTum onpeessercs
tonosiornaeckoe npocrpauctso Cf, (M, N) . OKpecTHOCTHIO TOYKH f 110 OTHOIIEHHIO K
STOI TONOJIOTUH ABJISETCS, TAKIM 00pPa30M, BCSKOE MHOXKECTBO, CoJleprKalliee IepeceucHre
KOHEYHOT'O YnCJia MHOXKeCTB THra (1).

IIpocrpancrBo Cf, (M, N) obiagaer mIOTHYIO METPUKY ¥ CUYETHYIO 6a3y, B CIydae
KoMIakTHoro M oHO JoKainbHO craruBaeMo. OjHako ecanm M He KOMIAKTHO, TO
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ciabast TOIOJIOTHMs HEJOCTATOYHO XOPOIIO KOHTPOJUPYET IOBEIeHHe OTOOpayKeHMi Ha
beckoneunoctr. g Toit meam Gojee IIOAXOAUT CHJIbHAd TOLOJOrUdA. DBasa 3Toit
TOIOJIOTMH COCTOUT U3 MHOXKECTB cJieiyiomero Tumna. 1lycts @ = {¢;, U; }ica - JIOKaIbHO
KOHEYHOe MHOXKecTBO KapT Mmuoroobopasus M, K = {K;},ca - ceMeiicTBO KOMIAKTHBIX
noaMHO)KecTB MHOrooOpasusts M ¢ K; C U,V = {1, Vi}ica - cemeiictBO Kapt
muOro06pasus N u & = {&;}ica - CEMEHCTBO MOJOKUTENBbHBIX dnces. Kemn otobpazkeHue
f € C"(M,N) uepeojur kaxkiaoe K; B V; Mbl ompenenseM CHIbHYIO Oa3uCHYIO
OKPECTHOCTD

N(f; @, U, K,¢) (2)

KakK MHOKecTBO Takux C7 -orobpaxkenuii g : M — N uro s kaxzaoro i € A, g(K;) C 'V,
u s iobbix T € ¢;(K;),k=0,...,r

ID* (i f o) () — DX (g ) (@)l| < e

Cutbras ronostorust B C"(M, N') HOpOXKIaeTCS MHOKECTBAMH (2); STUM OLPEIeIISAeTCs
toroJiorndeckoe npocrpanctso CG(M, N) .

Onpenenenune. /luddepennupyemoe orobpaxkenune f : M™ — N™ kmacca C" panr
KOTOPOTO B KaxKj10it Touke u3 M™ pasen m HasbiBaeTcs C"-cyOMepcueii.

Teopema. MmuoxecTBo  cyOMepcuil — dBIsi€TCsT  OTKPBITBIM  IIOJIMHOYKECTBOM
upocrpancTBa CG(M, N) npu 1 < ¢ < 0.

JIuteparypa

[1]. Bakenbman .41, Bepuep A.A., Kantop B.E. Beenenue B nuddepennuanbuyio
reomerpuio "B miesom". - M.: Hayka, 1973 r.

[2]. Tamypa U. Tonosorus cioennii. - Mocksa, "Mup 1979 r.

[3]. Xupm M. duddepenrmansaas romoorust. -Mocksa, "Mup 1979 r.

exp,X - MPOCTPAHCTBA U CS -CETh

Bemumosa /1.P., Ymaposa V.V¥., Bemumona II1.X.
Byzxapcrui 2ocydapcmeennvitl yrusepcumem
e-mail: diloromxonl1608@mail.ru

B pabGore gokasbiBaercsd, dUTO ¢S -CeThb OECKOHEYHOrO IIPOCTPAHCTBA, €ro
IUIIEPIPOCTPAHCTBA U CUMMETPHUYECKas CTeIIeHb PaBHBL PacCMOTpUM ypaBHEHHE

Onpepenenne 1. CemeiicrBo R = {M; : s € S} MOAMHOXKECTB TOIMOJOIHIECKOTO
mpocTpaHcTBa X Ha3bIBAETCs CEThIO IMPOCTPaHCTBa X , €C/Iu I KaxKI0i Touku r € X
U Kaxkaoit okpecrnoctu U Toukm x, Hajimerca Takoe s € S , uro x € M, € U . Ecim
R cocTonT TOJBLKO M3 OTKPBITBHIX MHOXKECTB, TO R Ha3blBaeTca 6a30il TOIIOJIOrMYeCKOro
npocrpanctea X [1,2].

Onpenenenne 2. Ilyctes R - cemeiictBo mommuoxkects mnpocrpancrBa X u 7(X)
tonosiorust Ha X . CemeiicTBO R Ha3BIBAETCS €S -CETHIO B TOUKe T € X, €CJIU JIJI BCSKOM
nocjieioBaresibHocTu {2, } exopsineiicst K rouke x € U, tiae U € 7(X) cymecrBytor m € N
u P € R rakue, aro {z}U{{z,} :n >m} C P C U . Tononoruveckoe T} -IpOCTPAHCTBO
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X Has3bIBaeTCs ¢S-CeThIo, ecim X uUMeeT cs-ceThb B Kaxkjioi Touke . [lycts X OGeckonednoe
T}-TIpOCTPAHCTBO. CS-CETh TOMOJIOTUYECKOe MpocTpaHcTBa X obosHaudaercss depes cs(X)
13].

Teopema. Ilycts X Geckoneuanoe Ty —mpocrpancrso. Torma cs(X) = es(exp,X).

JINTEPATYPA

[1]. Dureapkunr P. O6mas ronosorus. Mocksa: Mup, 1986.-752 c.

[2]. ®emopuyk B.B., ®uwmmnos B.B. O6mas romnosorus. OcHOBHBIE KOHCTPYKIIUHL.
Mocksa: Maremarnka, kubepuerrka,// 1989.-332 c.

[3]. Li, Zhaowen; Lin, Fucai; Liu, Chuan. Networks on free topological groups. Topology
and its applications//180, 186-198 (2015).

ToroJsiornyeckoe MpoOCTPAHCTBO C KOHEYHOI TOIIOJIOTHEl

Benmmosa .P., dznonoB 1.3.
Byzxapckut 2ocydapecmeennnds yrusepcumem, Havyuonarvroul yrusepcumem
Yabexucmarna umernu Mupso Yayebexa
e-mail: diloromzon160885@mail.Tu

[Tycts X - Geckoneunoe muoxkectBo u 7, = {U C X : X\U kouneuno wim U = @}
. YesoBuMCcs Ha3bIBaTh T, KOHedHON Tomnosorneii Ha X. B pabore [1| nokasamo, 9to 7y
ronosiorust Ha X, (X, 7;) ectb T} - npocrpanctso u (X, 7;) KOMIAKTHO U cenapabesbHo.
B mnarmeit pabore Mbl MpHUBEJIEM HEKOTOPbIE CBOWCTBA MPOCTPAHCTBO (X, Tk) ¢ KOHEYHOI
TOIIOJIOTUEH.

MuoxkectBo A C X HaswbiBaercst Bcrofy mwiotebiM B X, ecin [A] = X. IlnoraocTs
npocTpancTBa X ONpeJieisieTcss KaK HaWMeHbIee KapjuHaJbHOe qucyo Bujga |A| |
e A - BCIOAY IUIOTHOE IOJMHOYKECTBO MPOCTPAHCTBA X. DTO KaPAMHAJILHOE UHCIIO
obozuavaercs d(X). Eciu d(X) < Ng, T0 roBopsT, 9T0 mpocTpancTBo X cernapabesibHo.
Tomostormaeckoe mpoctpanctBo X  HasbBaercs ciaabo cenapabebHbIM, ecid B X
cymecTByer 7 - 6a3a, pacHaQioIasicss Ha CYETHOE YHCJIO IEHTPUPOBAHHBIX CHCTEM
OTKPBITHIX MHOXKecTB. CemefictBo B(x) okpecTHOCTEl TOYKH = Ha3bIBaeTCs 0a30it
TOIIOJIOTUIECKOTO TTpocTpaHcTBa X B TOUYKE T, €CJIU I JIIOOOH OKpecTHOCTH V' TOYKH
x cymectByer Takoil snmement U € B(x), wro x € U C V. Xapakrep [2| Toukn
X B TOIOJIOTHYECKOM TPOCTpaHCTBe X €CTh HaWMeHbIlee KapAWHAIbHOE YHCIO BUIA
|B(x)|, rme B(z) - 6aza X B TouKe z; 9T0 KapAnHaJbHOe YuCcI0 obozHadaercs x(z, X).
Xapakrep [1| romosornueckoro mpocrpacTBa X ecTh TOYHAs BEPXHsid T'DaHb BCEX
KapauHAJIbHBIX dncen x(x, X) mig z € X; 910 KapAuHAJbHOE YUCJI0 0003HAYAETCS
X(X). Ecm x(X) < Ny, T0o roBopsT, 9TO mIpOCTpaHCTBO X YJIOBJIETBOPSIET IIE€PBOIl
akcrome cuerHoctu. Ilcesmoxapakrep [1] 77 - mpocTpaHCTBa B TOYKE & OIPEIEISACTCA
KaK HANMEHDIINHA KapAuHasi |A|, rge A - ceMefiCcTBO OTKDBITBIX B X MHOXKECTB TAKOE,
qro [(JA = {z}; 10T Kapaunan oboznadaercsa depes ¥(x, X ). Ilcesnoxapakrep [1] 17 -
npocTpancTBa X OIpesessieTcst Kak CylpeMyM Beex KapauHaios ¢(x, X ), tae z € X; 9Tor
KapjuHas oboszHadaercs depes Y (X). dcuo, aro ¥(z, X) < x(x, X) u (X)) < x(X) as
kazkjioro T4 - mpocrpancrsa X u sioboro x € X. Ecau X - komnaxkr, To (x, X) = x(z, X)
st Beex € X u (X)) = x(X).
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Teopema. Ilycts X Geckoneunoe muoxkectBo u 7, = {U C X : X\U koneuHo wjmn
U = 0} ectsb Tononorng na npocrpancrse X . Tormga

1) (X, 1) cnabo cemapabesbHO U yaoBjaeTBopsier yejosuio Cycinna,

2) Xapakrep u ncesgoxapakrep npocrparctsa (X, 1) ectb X (X, 1) = (X, 1) = | X].

Crmcok jureparypbl

[1]. Penopuyk B.B., @ummnmos B.B. O6mas tomosiorus. OcHOBHBIE KOHCTPYKIIUH,
Mockga, 2014.

[2]. Apxanresnbckuit A.B., Tlonomapes B.M. OcuoBbl 06Imeii Tomojorun B 3ajadax u
ynpaxknenuax. Mocksa: Hayka. 1974. - 424 c.

MmuoromepHnaga rpynna /l>keHHUHTCa

Borareiit C.A.
Mocxosckuil 2ocydapcmeennniti yrusepcumem umenu M. B. Jlomonocosa
e-mail: bogatyi@inbox.ru

B 1954 romy Jenninigs BBen B mupokoe wusydenume rpymnny J(k) dopmanbrbx
cTeNeHHbIX psiyioB f(x) = o + aex? + azz® + ... ¢ KosbduImenTaMu B KOMMYTATUBHOM
KOJIbIlE v, € k, — B KadecTBe oleparuy pacCMaTpUBaETCs KOMIIO3uIus. B ciydae moJis
k = Z, rpyuna J(Z,) obragaer CBOMCTBOM YHHBEPCAJLHOCTH IO BJIOYKEHUIO CUETHBIX
p-rpynn u HaszbpiBaerca Horrunreiimckoit rpynmoit. [na kosen Z, Zo w Zp, p > 3
(Torosiormueckue) KOMMYTATOPBI rpytn JIzKeHHHHTCa CyIecTBeHHO oTmdatores [1].

B okmame paccmarpuBaeTcss MHOTOMEPHBIH —aHajor rpymnnbl  JIkKeHHWHTCa u
HOKA3bIBAETCSA, UYTO 3aJada ONUCAHUs (TOMOJOIMIECKOr0) KOMMYTATOPa HPUBOJUT K
OTBETY HECKOJILKO MHOMY, Y€M B OJJHOMEPHOM CJIydae.

Theorem 1. Kommyraropom ogaomepnoit rpynubt Jxxenuunrca J(Zg) siBisiercst
[OJINPYIIA BCEX TAKUX PAJIOB, 9TO o = a3 = 0 U vy = 5 = vy

Theorem 2. Kommyraropom n-mepuoit rpynnbt Ixxenuunrca J,(Zs) npu n > 2
SIBJISIETCs TIOJITPYIIIA BCeX TakKuX (OpMasbHBIX oTobpaxkenuit F' @ (Zo)" — (Za)",
oTobpakeHue cjBura Kotopbix F' — Id Haumnaerca ¢ MoHOMOB creneHu > 4, T.e. 4YTO

[1] Bogataya S.I., Bogatyi S.A. Series of commutants of the Jennings group J(Z,).
Topology and Appl. 2014. 169. 136-147.

Nuaekc npous3BoJIbLHOrO BelecTBeHHOro mojadakropa W*-ajnredpsol

Bouaraes X.X.
Tawrenmekut uHCMUMYM UHHCEHEPOS HCENEZHODOPOAHCHO20 MPAHCTLOPMA
e-mail: bkhabibzhan2020@Qmail.ru

[Ilyctrb H - xoMmIutekcHoe ruibbeproBo mpoctpancrBo, B(H)- anrebpa Beex

OrpaHUYEHHBIX JIMHEHHBIX omeparopos, geiictByiomux B H. Cnabo sammyras *-

nogasrebpa M C B(H) ¢ eqununeit 1 nassiBaercs W*-aazebpoti. Muoxecrso M’ = {x €
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B(H) : xy = yx, Yy € M} nasbiBaercst kommymarmom *-anrebpbr M. Bemecrsennas
*-nomanrebpa R C B(H) uaspiBaerca sewecmeennots W*-aneebpot, ecim ona caabo
samkayTa 1 RN iR = {0}.

s BekTopa £ € H paccMOTPUM CJIE/IYIONHE TPOEKTOPHL:

ee : H— RIE, e’ng—>R_§, fg:H—>M’§Hf€’:H—>M_§.
Yr1BepxkKaenue. Ilapabie koncranter Heiimana-Mrooppesa s anredp R u M

COBITQJIAOT:
7(fe) _ lee)
Al
[IPUYEM 9TO IHUCJIO HE 3aBHCHT OT BeKTopa & u obosnadaercsd dimg(H,) = dimy (H).
Onpepenenune 1. Ilycts R — KoHeuHBI BelecTBeHHBbI dakTop mw () C R —
nogdakrop. Mndexcom @ B R maswiBaerca ucio dimg(L?(R)), koTopoe oboznadaeTcs
Kak [R: Q).
Teopema 1. Uuumekc BemecTBeHHOTO —IMOAdaKTOpa COBIAJAeT C  HHIEKCOM
obepThIBaloOIIero mo/adaxkropa:
dimg(L*(R)) = dimg1ig(L*(R+iR)), Te. [R:Q]=[R+iR:Q+iQ)].

Teopema 2. IIycts R — KoHeuHbI BenlecTBeHHbIN (hakTop u () — noadakTop R. Torma

[R:Q] € {4(3082% : g >3 U[4, +o0].

Onpenenenne 2. [lycte R — 0-KOHEUHBII BeIeCTBEHHBIN (akTop U mycTh () C R —
noiakTop. [ooxkurepaoe uHeitHoe orobparkenne E : R — () Ha3bIBAETCS YCAOSHbIM
02tCUdaHUEM, €CITH BBITTOJTHSIOTCS CJIEYIOIINE YCIOBUS:

(i) £(T) =1

(i) B(E(x)y) = E(2)E(y) = E@E(y));

(iii) E(z)*E(z) < E(xz*z), Vz,y € R.

[Iycts £ : R — () - nopmajbHoe yciaosnoe oxkumanme. IIpogmomkenme E ma W*-
anrebpy M = R+iR mbr obo3naunm kak F (cum. [4, Teopema 1]). Tak kak orobpaxkenue E
SIBJISIETCST onepaTopHo 3HAYHBIM BECOM, TO I10 CJIEJACTBUIO 1 éMy COOTBETCTBYET HEKOTOPOE

orobpaxkenne E~1 € P(Q', R'). Tlo jjoKa3aTe/ibCTBY TeopeMbl 4 HeTPY/IHO 3aK/II0YUTh, UTO
——1

E = E-L. Kpome Toro, st MoOBIX YHETAPHBIX 37eMeHTOB 1 € R' 1 v € M’ nmeem
uE N (T)u* (u][u*) E7N(T) (40)
vE (I =F (vlv)) =F (1) (41)

[lo ompeneremmo mveem  E(I) = FE(I) = 1. Oamako, B obmeM ciydae,

E_l(][) = E~(1) # 1. B cuny (3) u (4) smement F_l(][) = E~Y(1) npuna/ijieskuT nenTpy

anre6psr. Tak Kak TeHTphl anre6p R w M Tpusnanbhel, To saement £ (1) = E71(1)
ckasistpro Kparen 1, T.e. E71(T) = M (BosMoxkHO 1 A = +00).

Onpeaenenne 3. CrajasgpHOe YHCIO A\ Ha3bIBAETCS WHIEKCOM BEIECTBEHHOIO
nofadaxTopa () ma BemectBenHoM dakrope R u obosnavaercs [R @ Q] nwm [(M,«a) :
(N, a)].

Teopema 3. Ilyctb R — 0-KOHEYHBIN BelecTBEHHBIH (akTop m myctb () C R —
noadakrop. Torna [R: Q] = [R+ iR : Q +iQ).
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CaencrBue. [lycts R — o-KoHeuHbIH BerecTBeHHBIH hakTop u () C R — nojadakTop.
Torna [R : Q] = 4cos?(m/q) (¢ > 3) wmm [R: Q] > 4.

PaBHoMepHbIe CTPYKTYPbI 1 XbIOUTOBCKHNE PACHIPEHUS

Bopyb6aes A.A., Hama3zosa I'.O.
Hnemumym mamemamuru HAH Kvipewscrot Pecnybauxu
e-mail: fiztech-07@mail.ru, guliza n@mail.ru

AbcTrpakT. B pabore paccMarpuBaioTCs paBHOMEPHBIE aHAJIONM BEIEeCTBEHHO
[IOJTHBIX PACIINPEHUN TUXOHOBCKUX ITPOCTPAHCTB IIOCPEICTBOM PABHOMEPHBIX CTPYKTYP.
Kitacc BelecTBEHHO IOJHBIX IIPOCTPAHCTB ABJISIETCA OJHUM N3 OCHOBHBIX KJIACCOB
TOTOJIOTUIECKUX [TPOCTPAHCTB.

Teopema /[Ijis1 kaxK1oro pasHOMepHOro npocrpancTBa (X, U) cyiecTByer poOBHO OJTHO
(¢ TOYHOCTBIO JI0 PABHOMEPHOIO TOMEOMOP(MU3MA) PABHOMEDPHO BEIECTBEHHO IOJIHOE
upocrpancTBo (Vy X, Vi) obiagamomumu CIe/ [y oniMi CBOCTBAMMT:

1. CymiectByer paBHOMepHO romeomopduoe Biaoxenue i : (X, Up) — (Vu X, Vy) s
koroporo (Vy X, Vy) siBagercs monojiHenneM paBaoMepHoro npoctpanctsa (X, Up), rie
Up-makcumasibHasg (DyHKITMOHAIbHAA PABHOMEPHOCTD, cojiepKanuxcsa B U.

2. Kakosa 6bl HE OblL1a paBHOMepHO HenpepbiBHast dyukiwsa f @ (X, U) — (R, Er),
Haiijiercss pasHoMepHo Henpepbisias dynkius [ (VuX,Vy) — (R, Eg) makas, uro
foi=f.

[Ipocrpancrsa (Vy X, Vi) yaI0BIETBOPSIET TaKZKe YCIOBUIO:

3. st KaxKJI0ro paBHOMEpHO HempepbiBHOrO orobpaxkenus [ : (X, U) — (Y, 9N)
pasrOMepHOro npocrpancTsa (X, U) B NPOM3BOJIBHOE PABHOMEPHO BEIECTBEHHO MOJHOE
npocrpasncrso (Y, 9M) maiigercs pasromeproe orobpaxkernne [ : (Vo X, Vy) — (Y, M) |
Taxoe, 4to foi = f.

ITpumep. Ilycts R-TmpocTpaHCTBO JIEHCTBUTEIbHBIX unces. depe3 Ei — obo3HavunM
€CTECTBEHHYIO PaBHOMEPHOCTH IpocTpaHcTBa R, Ep—MaKCUMaJbHYIO (PYHKIIMOHAILHYIO
paBHOMepHOCTH Ha R, a Takxke dYepes FEp - MaKCHMaIbHYIO MPEIKOMIIAKTHYIO
paBHOMepHOCTH Ha R, comepxkamuxca B Fr. Torma Ep # Er u Er # Ep. Ileppoe
HEPABEHCTBO CJIE/IyeT, U3-TOro, 9TO Fp—HemoJiHas PaBHOMEPHOCTH, & Fpr— IOJTHAS
PaBHOMEPHOCTh. BTOpoe HepaBeHCTBO cleJyeT wu3-Toro, uro dymnkmus f(r) = z?
HelpepbiBHA Ha [, HO He siBJIseTCsi paBHOMepHO HenpepbiBHO#T Ha (R, ER). Tlosromy
CyIIeCTBYeT paBHOMEpPHOE MOKpbhITHEe @ € Fi Takoe, 910 f “la € FEr, HO 110 TTOCTPOEHUIO
Er nokpoitue f~'a € Ep. lostomy Er # Ep pasaomepnbie npocrpanctsa (R, Er) u
(R, E'g) sIBISIFOTCSI PABHOMEPHO BEIECTBEHHO KOMIIAKTHBIMU IpocTpancTBamu, a (R, ER)
- He SABJISETCS PABHOMEPHO BENIECTBEHHO KOMITAKTHBIM.

JIuteparypa.
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4. Anapuna JI.LB. XblonToBcKMe pacmupeHnsi OJM30CTHBIX ¢ PaBHOMEPHBIX
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KaTeroprIe MeTOodbl B paBHOMepHOﬁ TOIIOJIOTUHA

Bopyb6aeB A.A.
Hnemumym mamemamuru HAH Kvipewscrot Pecnybauxu
e-mail: fiztech-07@Qmail.ru

B gnokiazne wa xareroputo Unif(Y,)) obobimatorcest u3BecTHble (haKTOPU3AINOHHbIE
teopembl C.Mapemmnda, dyHamerTa bHbIe pesynbrarkl b.A. Ilaceiakosa, A.B. 3apenya
00 yHUBepCcaJbHOM KOMIIAKTE Beca T U Pa3MEepHOCTH n, pe3yiabrarbl B.Kyibibl, a Takxke
cuekTpasibHasg TeopeMa E.B. Illenuna n apyrue.

[Iycts (Y, V)-1pousBosibHOE pPABHOMEPHOE IIPOCTPAHCTBO. PaccMOTPUM KaTeropuro
Unif(Y,V), obbeKkTaMu KOTOPOIi SIBJIAIOTCSI PABHOMEPHO HENPEPbIBHBIE OTOOParKeHUsI
f+ (X,U,Uy) — (Y,V) upoussosbHOro pasHOMepHOro npocrpaxcrsa (X,U) Ha
¢dbukcuposanHoe pasHOMepHoe mpocrpanctso (Y,V), rae U;-bukcupoBannas 6a3a
orobpaxernnst f. Mopdusmamu u3 obvexra f : (X,U,Us) — (Y,V) B 00bexT ¢ :
(Z,m,Mm,) — (Y,V) asusiorca rtakue (mpesmosoraemble "ma') orobpazkenust b
(X, U,Uf) — (Z,;,90,), qaro, Bo-mepBbIX, orobpaxkenwe h : (X,Ur) — (Z,9M,)
IICeBJIOIIABHOMEPHOTO HpocTpancTBa (X, Uy) B 1iceB1opaBHOMEPHOE IpocTpatcTBo (Z, M)
SIBJISIETCSI PABHOMEDHO HEIPEPBIBHBIM U,BO-BTOPBIX, f = ¢ - h.

Teopema 1. (Pakropusanuonnas reopema). [lycts h : f — g—mopdusm kareropuu
Unif(Y,V). Torma cymectBytor Takoit o6beKT ¢ u Takue Mopdusmbl hy @ f — o u
hy : ¢ — g kareropun Unif(Y, V), uaro:

1) dimp < dimf, w(p) < w(g),l(p) < U(g)
2) h - hg . hl.

Teopema 2.(Cuexrpasbnag Teopema). llyers S = {f,, h2, M} u T = {g,, P®, M}~
T—CHEKTPbI, a f U g - UX mpejeibl coorBercTBenHo B kKareropuu Unif(Y,V), npudyem
w(f) >7>Nguw(g) > 7. Torma g kaxaoit mapbl MopdusmMoB ¢ : f —gu: f—g
kareropun Unif(Y,V) muoxkectBa A = {a € M : cymecTByor Takue MOPMU3IMBL @, :
fao = 9a 1 Ua: go — fa, 910 @q - hg = Py - 1 1y - P, = hg -1} KOHDUHATIBHO U 3aMKHYTO
BM,rne h,: f — f, u P, : ¢ = g,—CKBO3HBIE TTPOEKIINN.

JImreparypa.

1. Bopybaes A.A. PaBaomepnas Tomnosiorus. bumkek, Vzgareascreo "Wmmm"2013.
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q)yHKTOp €IMHNYIHOT'O IIIapa IIPOCTPpaHCTBa 3HaKOIlepeMeHHbIX Mep C
KOHEYHBLIM HOCHUTEJIEM M OECKOHEYHOII CTeleHbIO

Bozapos duamypon ¥YpasoBud
Kapwunckutl unotcenepro-aKoHomMuteckuts uHcmumym
e-mail: d.bozorov@inbox.ru

[Tycrs X — koMmakTHOE XaycopdoBo IPOCTPAHCTBO (st KpaTKoCTH, KOMIAKT), B (X))
— bopeJieBckas o-ajrebpa Ha X, T. €. HAUMeHbIIast o-ajaredpa, MopoKIeHHAsT CeMeiiCTBOM
(X)) Bcex oTKpbITHIX HmojMHOXKeCTB X . BopesieBckoit (3nakonepemenHoit) mepoii Ha X
HasbiBaeTcs [1| mpousBosibHAS CYETHO-3 U TUBHAS (DYHKIIUS

p:B(X) — R

MHuozkecTBO Beex GopeseBckux Mep Ha X obosHadaercs depes M (X).

Hng kommakra X uepes U(X) obo3HauaeTcs MOIPOCTPAHCTBO (€AMHUYHBIH 1ap)
upoctpanctBa M (X)), cocrosimee u3 Bcex Mep p HOpMBL ||| < 1. s xkommakta X
gepe3 U(X) — rakxke kommakt. st kommakra X u Harypasbaoro dncia n gepe3 Uy, (X)
obozratdmnM mojmuoKecTBO U (X)), cocrosiiee u3 Bcex Mep fi, JJist KOTOPBIX |suppu| < n.
[omoxkum U,(X) = UW{U,(X);n = 1,2, ...}. g x € X dgepes3 §, ob6o3HAYIAIOT MeEPY

n n
Hupaka. Mzsectro, aro Uy(X) = > aidy, @ D |ay] < 1}. OupenenuMm  ciaeayromee
i=1 i=1

MHOZKECTBO

Ui(X) = {,u = Zazﬁxi € U,(X): cymecrsyer ig € {1,...,n} rakoii, aro
i=1

IR S p—
Q| - >1——-7:".
ol I ntl

Teopema 1. Koncrpykmua Uy omnpemensder dbynkrop Up: Comp —  Comp,
KOTODBIi 00J/1a/1aeT BCEMU CBONCTBAMH HOPMAJIHLHOTO (DYHKTOPA B KATETOPUN KOMITAKTHBIX
[IPOCTPAHCTB, 33 UCKJIIOUEHUEM COXPaHEHUs IIyCTOrO MHOXKECTBa, TOYKH U ITPO0OPA30B.

®yukrop Us orimaaercs or GyHKTOPOB, pacCMOTPEHHBIX B paborax [2], [3].

Teopema 2. [yis1 mpon3BoILHOTO KOMITakTa X KOMIIAKT X He ABJIAETCA PETPAKTOM
kommakTa Us(X).

Teopema 3. [Ia nponssosbrnoro kommakra X mmeer mecro Sh(X) # Sh(Us(X)).
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O HEKOTOPbIX CBOIiCTBax YaCTHUYHO YHnopsAaAao4YeHHbIX JIMHEMHbBIX am‘e6p

T. Bynrakos
Jicuszaxcroe nedazozuveckoe urncmumym
e-mail:

CuauaJja, mpuBesieM HekoTopble cBoiicTBa Ileppona-Ppobennyca it O€CKOHETHBIX
MaTPHIIL.

C1. Omnpenesenue. ['oBopst,aro eeKMHIOBO 0-TI0JIHAST YACTUYIHO YIIOPSIOUCHHAS
JrHeiHas airebpa obsasaer coiicrBom [leppona-®pobennyca ( PF-cBoiictoM),ecimu jist
Kazk1oro sjeMenta xr € A, x0 cymecrByer Takoe jeidcTBUTENIbHOE dmcio A > 0 4ro
snement (A — x) obparumoit u (A — z) 0.

C2.0mpepesienne. Yactudno yropsaodeHHasi JuHeiiHas ajrebpa A Ha3bIBaeTCs
JleieKnHI0BO# 0-TI0JIHOM, €CJIU OHA YJIOBJIETBOPSET CJIC/IYIONIEMY YCJIOBHIO: Ha TOTO, UTO
T, € A, 0< ... <uzy <y crremyer cymecrBoBanue inf x,

C3.0mpepenienne. Heorpunareabublil sjeMeHT © € A Ha3blBaeTCsd IOPSIKOBOI
eJIMHUIEH, ecu JJisi HEKOTOPOro & € A cyIiecTByeT Takoe JACHCTBUTEIHLHOE HHCIIO (o,
910 .U < ¢ < Q.U

C4. Yacruanoit ynopsjodeHHas JiMHelHas ajrebpa sBJsgeTcs Takxke bBaHaxoBoit
asrebpoit, Takoii, aro monoxkuTeabHbll Konyc K = {x : x € A, 20} aBisiercst 3aMKHYTBIM
KOHYCOM OTHOCHUTEJIBHO CXOJMMOCTH IO HOPME.

Tenepn paccMoTpuM HEKOTOPBIE [IPUMEDHI, YJIOBJICTBOPSIOIINE yCJIOBUS
BBINIECKA3aHHBIX CBOICTB:

IIpumepl

[Iycth A simneiinas ajirebpa Beex n X n-MaTPHIL ¢ JefCTBUTEILHBIMA 3JIEMEHTaMU, TI1e
n-PUKCHPOBAHHOE MOJIOKUTEIBHOE Iestoe ducio. Ecm x,y € A, rne x = [\ u y = [Bi;],
IyCcTh Torja & < Yy O3HaJaeT, 9To \;; < [3;; JJId BceX MHIEKCOB 4,7 = 1,2, ...

Takum obpaszom A sIBJIsieTCsl 9aCTUYHO YIIOPSIOYEHHON JTMHEHHON aJrebpoii, KoTopast
VJIOBJIETBOPSIET BCE BBIIE yKa3aHHbIE YCJIOBUA. ECn MbI ONpe/e/iuM U KakK MaTpUILy,
B KOTOPOI BCe 3JIEMEHTHI PABHBI JeHCTBUTEILHOMY duciay 1, Torga marpuna u jaas A
SIBJISIETCSI TIOPSIJIKOBOI equHuIedl, cienoBarebuo A ymosnerBopsier yemosuu C3. VemoBust
C2 TakiKe yJIOBJIETBOPSIETCS; 9TO €CTh HEIOCPE/ICTBEHHOE CJIEJICTBHE CBONCTBA BITOJIHE
YIOPSIZIOUEHHOCTH  JIefiCTBUTENILHBIX JIHCIOBBIX cucTeM. Hcmosb3yst Teopemy 6[1], mbl
BUJIIM 9T0 A HOJIKHO yIoBJeTBOpATH yeyoBuio Cl.

IIpumep2

[Tycts A MHOKECTBO BeeX OECKOHETHBIX BEIIECTBEHHBIX MATPHIL [\;;], Tne ¢ = 1,2, ..., 00

o0
Takue, 910 sup{ Y |\j| i =1,2,...,00} < o0.
j=1

Ecmm z,y € A, tne © = [\;j] n y = [B;;] Torna x < y osmavaer, aro \;; < [;; 1s Beex
WHJEKCOB 7,7 = 1,2, ..., 00.

Taxum obOpazoM, ¢BJFETCd YACTHIHO YHOPAJIOYEHHON JIMHEHOM aareOpoil, KoTopasd
VJIOBJIETBOPSIET BCe yCJIOBUs JaHHbIe, KaK n B puMepel, ycmosus C2 ynoB/IeTBOPSIETCS.

Opnako yemoBus (C3  He  y/IOBJIETBOpPsieTCS. ODTO cjeayeT u3 Toro ¢dakra,
YTO He CYIIECTBYeT CXOJAMNNCT OeCKOHETHON IOCIeI0BATETbHOCTHA MOJOKUTETbHBIX
JeficTBUTEIbHBIX YHCETI, 00JaJafoIneil TeM CBOMCTBOM, UTO KarK/asl W3 CXOMISIIUXCS
OECKOHEYHBIX TI0CJIE/IOBATE/ILHOCTEN HEOTPUIIATE/ILHBIX JEHCTBUTEIBHBIX YHUCET MOXKET
OBITH JIOMUHUPOBAHKE HEKOTOPHIM KPATHBIM 9TONH OECKOHEYHOM TOC/IeI0BATETHLHOCTHIO.
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o
Teneps, ecm miasa mexkoroporo x € A, tne x = [Nj], |lz]] = sup{d_ |Ni;.| : i =
j=1

1,2,...} morma A saasiercs nefictBurenbHoil Banaxosoit anrebpoit. Bugno, uro yemosus
C4 ynoBerBopsieTcs.

U3 Beime ckazannoro u u3 reopeM (5) u (6) ([1],[2]) mbr Mmoxem 3akmounTs, 9o A
yaosjerBopsier ycsosuii Cl.
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O06ob6mieHHas JIOKAJIU3allusi JIJisi KPaTHbIX psijioB Pypbe

ByBaes K.T.
Havuonarvrwii yrnusepcumem Yabexucmara umenu Mupsdo Yayebera
e-mail:-buvayev@mail.ru

PaccmorpuMm KpaTubIil TpUronoMmerpudeckuii psiji Pypobe

> fae™ (1)

ncZN

dyukmun f € LZ(TN ). 31ech ZN- MHOMXKECTBO BCEX BEKTOPOB C II€JIOYNCJICHHBIMH

kommonentamu, & € RN, nz =ny +ng+ - +ny, TV = {z € RN : —7 < z; < 7},

fo=2m)™" [ f(z)e"*dz-ancna, naspiBaemble koapdunuenramu Pyppe Gynxiun f.
TN

Il mo6oro oHopo Horo s/unTudeckoro nojunoMa A(€) = >0 ané”, € € RN (re.
laf=m

A(€) > 0 mpu € # 0) ¢ nocrosgHHEBIME KO3GbMUIMEHTAMEI MOYKHO COIOCTABUTH YACTUIHYIO
cymmy psiza (1) mo dopmyite

Sif(@) =Y fae™, (2)

A(n)<A

e o = (Q1,Q9,...,Qy) - MYJBTHHHJIEKC, o] = a1 + ag + -+ + ay. lanee Gynemb
npejosiorath, 4ro Muoxkectso {€ € RN : A(€) < 1} aBigercsa cTporo BbILyKJbIM (T.e.
muoxkectBo {€ € RN : A(€) = 1} umeer HenyJeBble TJIaBHbIe KDUBU3HBI BO BCEX TOUKAX).
B uacruocru, eciin A(E) = |€[%, o S\f(x) coBnamaer ¢ o6BIYHOI MAPOBOil YaCTUUHOI
CYMMOTY.

lleap mamHON pPaBOTHI - HCCETETOBATH CXOAUMOCTH TOUYTH BCIOJY STHUX YACTHIHBIX
cymMM. OJIHIM 3 IIEPBBIX BOIMPOCOB, BO3HUKAIOIIIX [IPU MCCICIOBAHNN CXOJAUMOCTH TOUTH
Bcioy (m.B.) cymM (2)- 9TO BOIPOC O CIPaBeIIMBOCTU runoresnl Jlysmna: BepHO JiH,
4ro uyacTHuHble cyMMbl (2) pajga (1) moboit dbynkmuu f € Lo(TV) cxomdarea m.B. Ha
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TN? Nnade rosaps, pacipocrpanserca ju Teopema Kapisecona Ha N- KpaTHBIE PsIbI
Dypbe mpu cymmvupoBanun 1o (2)7 OTBeT Ha TOT BOIPOC JO HACTOAIIEIO MOMEHTa He
u3BecteH. VM3BectHo, oaHako, uro TeopeMa Xanta Ha N - kparneie (N > 1) psibl,
cymMMEpyeMble 110 (2), He pactipocTpansiercs. lcropudyecku mporpece B pelieHns TunoTe3bl
JIysuHa ObLI JOCTUTHYT IIyTeM PacCMOTpPEHHs OoJiee IPOCThIX 1mpodsaem. OIHOI U3 TaKux
6oJ1ee MPOCTHIX MPODJIEM SIBJISETCS MCCJIEJOBAHUE T1.B. CXOAMMOCTH YaCTHIHBIX CyMM (2)
na TV /suppf.

B.A.-Wnbun [1] mepBbiM BBes TOHsITHE OOOOIIEHHOIO MPUHIIUAINA JIOKAJIU3AINN JIJIsT
[IPOM3BOJILHBIX PAa3JIOKeHUiT 110 cobcTBeHHbIM (byHKIuaM. Crenys Nibuny, Mbl TOBapuUM,
4T0 0GOOIIECHHBI TpUHIKUI JIoKau3anun Sy crupaseiuso B Ly(RY), eciu jsa mo6oit
byukmun f € L,(RY) pasenctso

lim,\_woS,\f(x) =0 (3)

BbInojiHgerca 1.8, Ha T /suppf.
OCHOBHBIM Pe3yJIbTATOM JIAHHOW PAOOTHI SIBJISIETCS CJIEIYIOIIEe YTBEPK/IeHNUE.
Teopema. Ilycts f € Ly(RY) u f = 0 na orkpwitom obsacreio @ C TV. Torma
paBeHCTBO (3) BBIMOJIHSIETCS MOYTH BCIOLy Ha ().
Coyryer OTMETHTD, 9TO B [2] 9TOT pe3ysbTar J0Ka3aH JJIs [aPOBbIX YaCTHYHBIX CYMM

psizios (1).
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O BBIYUCJIMMOCTH AJITOPUTMUYECKUX ITPEJICTABJIECHUII HEKOTOPHIX TUIOB
abCTpaKTHBIX MoO/ieJieil JaHHBIX B HUXKHUX KJIACCAaX MepPapXuu
Kanmann—MocToBCKOro

Hanaxxanos P.H., Kapumosa H.P.

Havuonarvrwi ynusepcumem Yabexucmana, Toawxenm, Y3zbexucman
Tawrenmerut UHCMuUmMym UHHCEHEPOB HCEAE3HO0D0POIHCH020 mpancnopma, Tawkernm,
Ysbexucman
e-mail: dadajonovrn@mail.ru, nodirakarimova@bk.ru

C Heomnpe/ie/IIeMbIMU MOHATUSIMI MOXKHO O3HAKOMUThCS B [1,2,3].

ABcTpakTHON MOJIESIBIO JIAHHBIX HA3BIBAETCS IMPOU3BOJILHOE MHZKECTBO BMECTE C
(bUKCHPOBaHHO} CHCTEMON Ollepalii U OTHOINECHUI 3aJaHHBIX Ha HeM (curHartypoii). B
TEOPETUYCCKON MHOMOPMATUKE OJHON U3 KJIIOYEBBIX ABJIAETCA IpodJieMa aJIeKBATHOTO
ONMCAaHUA MOJIETM JAHHBIX W €e0e 3aJ[aHud TOCPEJICTBOM IOIXOSIIET0 CceMelcTBa
aaroput™MoB. C 9TO# TOYKHU 3pEHUS MUJICATbHBIMU OMUCAHUSME SIBJISIIOTCS BBIYACTUMBIC
npejcTaBIeHnsd. byaeM mpejroararh, 9To 3a/aBaeMble HAMU MOJIEN JIAHHBIX BKIIOYAIOT
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B ce0s HATYPAJIbHBIE YHUC/Ia BMECTE C €CTECTBEHHBIM TOPSAIKOM < U (DYHKIIHEH CJie/0BaHIsA
s(n) =n+ 1.

YyTh BbIlle BBIYUCAUMBIX IpejcTaBienunit B wuepapxun Kimaum—MocToBckoro
PACIIOJIOXKEHBl HEraTWBHBIE U IIO3UTUBHBIE mpejcTaBieaus. Ob6o3nadum depes )
BBEJICHHYIO BbIIe Mojesab (w;0,s, <), rje w — MHOXKECTBO HATYDPAJbHBIX quces, 0 —
obo3Hadenne IUCIa Hy/lb, S — PEHEePAToOp HATypaabHBIX uncel (s(n) = n+ 1) n < —
€CTeCTBEHHOE YIIOPsIIOUEeHNEe HATYPAIbHOTO Psijia.

OueBHIHO, YTO BCSIKOE IMO3UTHBHOE MpeJcTaBienHne Mogean (w;0,s) sBIsgeTcs
BBIYUCUMBIM.  V3BecTHO — TakxKe, dYTO 9Ta  MOJEIL  00JiajaeT  HEraTUBHBIMU
HEBBIYMCJIUMBIME  TipejicTaBienuamu  ([5]). B reopermueckoit uubopmaruke 1o
peann3anrMoHHON  IMOJHOTOH  HEKOTOPOW  «CTaHJapTHOH»  MOJead  IPOrpaMMHON
crernmUKaAINU TOHUMAETCS €/IMHCTBEHHOCTh IO3UTUBHOIO MIPEJICTABICHIS STOM MO,
T.€. BBIYUC/IMMAsi U30MOP(PHOCTb BCEX MO3UTUBHBIX IIPEJICTABICHUN YIIOMIHYTON MOJIe/IN
([4]). C sroit Toukm 3peHus, K NpUMepy, CTaHIApPTHas Mojesab apudmerukn [leano
HEe SIBJISIETCS PEAU3IUOHHO IIOJTHOW OTHOCHUTEHHO €0€ HEraTHBHBIX IIPEJ/ICTABICHUII,
ITOCKOJIBKY MMEEeTCsI KAK MIUHUMYM JIBa HETUBHBIX ITPE/ICTABJIEHUsT — OOBITHOE BBITHCIMOE
U HETraTUBHOE HEBBIYUCINMOE.

[IycTs abcTpakTHast MOJe/Ib JaHHBIX () sBjsgeTcd oboramenuem ).

Teopema 1. Bcakoe nozumueHnoe U He2aGMUEHOE NPEICMABAEHUE GOCTPAKMHOT
modeau dannnr 2 8uMUCAUMO U A0004 Napa Maxur nPedcmasAeHUl BuIUUCAUMO
u30MOopPHa.

Takum 0Opa3oM, BBEJCHHE €CTECTBEHHOIO IOPsJIKA HATYyPAJIbHBIX YHUCET B MOJE/h
JIAHHBIX KapIUHAJIBHO MEHSIET KJIACC €0e aJITOPUTMUIECKUX IIPE/ICTABICHUI.

3ameyanue. B TeopermyeckoM MpPOrpaMMUPOBAHWE OJHOW U3 KJIIOYEBBIX 3889
sgBJIsieTcd  1pobjieMa  eIMHCTBEHHOCTH (M @EKTUBHONW  peaju3aiiud  abCTPaKTHOI
MOJIETH JIAHHBIX, T.€. BBIYUCJIUMON M30MOPMHOCTH PA3IUIHBIX DPEJU3AINNl HEKOTOPO
CTaHIAPTHOM MoJIesn Jijist 3a4aHHoi crierudukaruu. [Tox sbdekTuBHBIM pecTaBIeHIeM
MOJIeJIn OOBIYHO MOHUMAaeTCs Mmo3uTuBHOE. (OJIHAKO, HEraTUBHBIE IIPEJICTABIEHUS OO
HECYT HE MEHee BaXXHYI0 CEeMAHTHYECKYI0 WH(MOPMAIUIO O CBOWCTBAX CTaHIAPTHON
Moziesin crerduKayn (060CHOBaHUS 9TOTO Te3uca CM. B [6]), HOITOMY IpeICTaBIseTCst
11eJIeCO00PA3HbIM  PACCMATPUBATHL B KAYECTBE IIPEJICTAB/ICHUN MOJEIN JAHHBIX €€
AJITOPUTMUYIECKUE TIPEJICTABICHUST U B JPYyIMX HUKHUX KJaccax wmepapxun KiamHnm—
Mocrosckoro. OHUM U3 YTOYHEHUH TAKOTO TIOIX0/1a SIBJISIETCS PACCMOTPEHNE B KaIeCTBE
AJTOPUTMUYECKHUX TPEJICTABICHNN He TOJIBKO MO3UTUBHDLIX, HO U HETATHBHBIX. B paMKax
TAKOrO MOJX0JIa CTaHJIapTHast Mojeiab apudmeruku [leano (Tem 6Gosee, apudmernkn
[IpecOGyprepa) He sIBJIsleTCsl peaJU3aIllMOHHO MOJHONH. TeM He MeHee, ¢ TOYKH 3peHMUst
peaIM3aIMOHHON OJTHOTHI, TPU J00ABJIEHUN €CTECTBEHHOIO IMOPSJIKA, PeaTu3allioOHHas
HOJTHOTA (OTHOCHTEIHLHO KaK TO3UTHUBHBIX, TAK U HEraTUBHBIX IPEJCTABJICHUIT) HMeeT
MeCTO.
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MeTrpu3zaiuga npocTpaHcTBa cjabo agJUTUBHBIX COXPAHSIONINX MOPSI0K
OTHOPOJHBIX (PYHKIITMOHAJIOB

JI>xkab6apoB I'.®., 2Kab6opoB M.M.
Ty um. Husamu
e-mail: gayrat_77@bk.ru

Hacrosmias pabora HOCBsIeHa H3y9eHUIO IPOCTPAHCTBA CJIa00 aJTUTHBHBIX, COXPa-
HAIONUX IIOPSAI0K, HOPMUPOBAHHBIX U OJHOPOJIHBIX (DYHKIMOHAJIOB Ha METPHIECKOM
KoMmakTe. [lj1st Merpraeckoro KommakTa X, IprBo M (GOPMYJIY BBIUUCICHUS METPUKH HA
POCTPAHCTBE €J1a00 AJINTUBHBIX COXPAHSIONINI MOPSIIOK OTHOPOJHBIX (DYHKIHOHAIOB
S(X).

[Iycrs X — kommakTHOe TmpocTpancTBo. Uepes C(X) 0o6o3HAUNM TPOCTPAHTCBO BCEX
BeIECTBEHHO-3HAYHDBIX HENpPepPbIBHBIX (GyHkmuu ¢ : X — R ¢ moroyednbiMu ajredpa-
MYECKUMU ONEPAIlsiME U SUP-HOPMOii, T.e., ¢ HHOpMOI |p| = max{|¢(x)| : = € X}.
Jst kazkyoro ¢ € R uepe3 ¢y 0003HAYMM HOCTOSHHYIO (DYHKIIUIO, ONPEJICICHHYIO KaK
cx(x) =c, v € X. Illycrs ¢, ¢ € C(X). Hepasencrso ¢ < 1) o3uaqaer, aro ¢(z) < ¢(x)
npu Bcex * € X.

Oyukimonan v : C(X) — R nasbiBaercsa [1]:

(1) cmabo agmurusnbM, ecau v(p + cx) = V(@) + cv(lx) musa Beex ¢ € C(X) u ¢ € R;
(2) coxpaHsIFOIUM TIOPSAJIOK, ecn Jyist Beex ¢, 1 € C'(X) uz ¢ < @ caenyer, uro v(p) <
v(¥);
(3) mopmupoBanHbIM, ecaun v(1x) = 1;
(4) moOKUTETHHO-0OTHOPOIHBIM, ecan V(typ) = tv(p) maa Beex ¢, € C(X),t € R, t > 0;
(5) omHOpOAHBIM, ecau v(ty) = tv(p) ms Beex ¢, € C(X),t € R;
(6) momyammuTuBHBIM, ecan V(g + 1) < v(p) + v(¢) ms Beex ¢, € C(X).
st Kazk10ro KomnakTa X I0JI0KIM
V(X) = H [min ¢, max .
peC(X)

st Besikoro orobpazkenusi f 1 X — Y uepes V(f) obosnaunm orobpazkenue u3 V(X) B
V(Y') onpejesennoe o npaBuiy

V(IHW)(e) =v(pof), veV(X), ¢ e CX)

st komirakTa X 0003HATHM:
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e O(X) — MHOXKeCTBO BceX cJgabo aJINTUBHBIX, COXPAHSIOMUN MOPSIIOK WU
HOpMUPOBaHHBIX (yHKIMoHATOB Ha C'(X);

e OH(X) — MHOXKECTBO BCEX IMOJIOKUTEIHHO-0HOPOAHBIX yHKnnoramos u3 O(X);
e S(X) — MHOXKeCTBO BCex OFHOPOMHBIX (byHKIoHATOB 13 O(X);
e OS(X) — MHOXKECTBO BCeX HOJIyaIuTUBHLIX (yukimonanos nuz OH(X);

e P(X) — MHOXKeCTBO BCEX MOJIOXKHUTEJIbHBIX, HOPMHDOBAHHBIX U JIMHEHHBIX
dbyuxrmmonanos Ha C(X).

MOTPHM = KaK IOJIIIPOCTPAHCTBO TPOCTPAHCTB
Paccemo F(X) (F O,0H,S,08, P) kak HOJIIPOCTPAHCTBO IIPOCTPAHCTBA
V(X), cHabGxeHHOE C TOIOJIOTHEH MOTOYEYHON CXOAMMOCTH, B YaCTHOCTH, 0a3y
okpecrocreil pynknmonasna v € F(X), obpasyorT MHOXKeCTBa BUJIA

<V; P1, P2, " 7901678) :{VIE‘F(X) : ‘I/<§01)_V<901)‘ <g, iEL_k},

re € > 0, ¢; € C(X), i € 1,k, k € N. Jlina xaxoro kommnaxTa X mpocrpanctso F(X)
SIBJISIETCS BBITYKJIBIM KOMITAKTOM.

[Iycts X n Y — kommakTel u f : X — Y — "HenpepbiBHOe oToOpazkenne. OTobpazkenne
F(f) : F(X) = F(Y), tne F = O,0H, S, 08, P, oupenensercsa kak cyxenne V (f) Ha
F(X).

®yukrop O Buepsbie 6bL1 pacemorpen T. Pagymom [1], dyrkrop S 6but BBesen B.
Basosbi 2], a dyuxropst OH u OS 6blin usydenst B [3| u [4], coorBercremnto.

[Iycrs (X, p) — Merpudecknii kommaxT. [Tostoxknm

Lip(X) ={¢: X =R |3k >0, |[p(z) — p(y)| < kp(z,y), Y2,y € X}

Lip, (X) ={¢: X = R, |o(z) — o(y)| < p(z,y), Va,y € X}.
Omupenermm metpuky Kanroposmaa—Py6ummreiina na OH(X) o npasmry

por(p,v) = sup{|(p — v)(¢)| : ¢ € Lipy(X)}, p,v € OH(X). (42)
Hna f,g € C(X) nonoxum (f & g)(z,y) = f(x) + g(y), x,y € X. Torma f & g €
C(X x X).
[ycrs f @ g < h @ q. Torna
i (f) + p2(g) < p(h) + pa(q), (43)

rae i1, e € O(X).
Heiicreurensuo, f(x) + g(y) < h(z) + q(y) upu Beex z,y € X. Orciona f(x) — h(z) <
q(y) — g(y). Cnenosaresbho

inf (f(x) — h(z)) < sup(q(y) — g(y)).

xeX yeX
D10 o3HavYaeT, YTO Hafijgercd ducyo ¢ € R Takoe, 4To
f—h<ex<qg—gy.

Orciona
pa(f) + p2(g) < pa(h+cex) + pa(q — cx) = pa(h) + pa(q)-
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Ompejennm merpuky Kanroposuda-Pybunmreiina pg na S(X) Kak cy?KeHne MeTPUKH
por na S(X), re.,

ps(p,v) =supf|(p —v)(¢)| : ¢ € Lip;(X)}, p,v € S(X).

Teopema. Jlns wmerpuku Kanroposuua—Pybunmreiina na S(X) wumeer mecro
paBEHCTBO

ps(p, p2) = sup {pa (f) + palg) : f S g < p}, pa, 2 € S(X).
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IIpumep He TpuaHryaupyemoro auddepeHIupoBaHuA aJaredopbl
auddepeHInaIbHbBIX MHOTOYJIEHOB paHra 2

HyiicenrasimeBa B.A., Haypa3zbekoBa A.C.
Espasutickuti navuonasvriut ynusepcumem um. JI.H. lymuiresa
Hyp-Cyaman, 010008, Kasaxcman
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B 1968 romy P. Penmwrep [l1] okazan, dro  JIOKAJBHO-HUJIBIOTEHTHBIE
nuddepeHIupoBanus ajaredpbl MHOIOYWJIEHOB paHra 2 HaJl IOJIEM XapaKTEePUCTUKU
HOJIb SIBJISIEOTCS  TPUAHTYJIUPYEMbIMU. AHAJIOr 9TOr0 pesysbraTa Jiisi  CBOOOIHBIX
anrebp Ilyaccona Obl1 jgokazan B pabore [?]. Pacemorpum muddepennuposanne O
arebpbl MHOTOYWIEHOB k[x,y,z| HaJ TOJIeM HyJIeBOil XapakKTePHCTHKH, OIPeJeeHHOe
npasmioM O : x — 2y, y — z, 2z +— 0. Torma w = y? — T2 TPUHAIIEIKHAT
sipy gucbdepennmpoBanna 0 u jguddepenmupopanne D = w0 ABISETCA JTOKAJIBHO-
HuIbIOTeHTHBIM. X. Bacc |?| nokasan He tpuanrymupyemoctsb auddepeHImpoBanis
D = wo.

HuddepennupoBanne [ HEMOCPEJICTBEHHO JaeT IMPUMEDP HE TPHUAHTYIHPYEMOIO
quddepeniupoBanust  aaredbpel  auddepeHnuaibHbIX  MHOrowieHos  k{x,y,z} ¢
MHOKECTBOM KOMMYTHDPYIoNux guddepenimposanuit A = {51, d2,..., 0y}

g ceoboubix anredp HoBukosa panra 3 Ha/i mojieM HyJIeBOi XapaKTEPUCTUKH TaKKe
OBLII TIOCTPOEH MPUMEDP HE TPUAHTYJIUPYEMOro uddepeHInpoBanns, KOTOPBIN sIBJIS€TCS
anasiorom juddepentuposanust D [?].

[Iycrs k — mpoussosibhoe uddepenimaibioe mose xapakrepuctuku 0 u A = k{x, y}
— aarebpa juddepeHImaIbHbIX MHOTOY/IEHOB OT JIBYX IMEPEMEHHBIX &,y HaJl IMojeM k ¢
MHOKeCTBOM KOMMyTupytonwmx jauddepeniuposanuit A = {01, 0s,..., 0, }.
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Hamu moctpoen mnpumep He Tpuanrygupyemoro mauddepeHnnpoBanus aaredpbl
i depeHImaIbHbIX MHOTOYIEHOB paHra 2 HaJl TOJIEM XapaKTEPUCTUKU HOJIb B CJIydae
m > 2.

Theorem. [lycts A = k{z,y} — anrebpa muddepeHnuaabHbIX MHOIOWICHOB OT
JIBYX TIEPEMEHHBIX T,y C MHOYXKECTBOM KOMMYTHUpPYMOMUX guddepennupoBannii A =
{61,...,0,} Ham mosem Kk HyJgeBOW XapakTepucTHKH, W myctb m > 2. Torma
nuddeperimpoBanue

Dy = w*9, + w‘sl@y,

01 _

e w ==z Y%, anrebpnr A = k{z,y} He aBIgeTca TPHAHTYIUPYEMBIM.
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DTOT TE3UC IMOCBIIICH M3YUCHUIO 331291 YIPABICHUS I'PAHUYHBIMU YCIOBUSIMU JIJIst
nuddepeHInabHbIX yPaBHEHWH JIPOOHOTO IMOPsJIKa. 3ajada COCTOUT B YIIPaBJICHUU
[IPOIIECCOM B CTEpyKHE, OJMH U3 KOHIIOB KOTOPOIO IOJJIEP:KUBAETCS TPH 3aaHHBIX
YCJIOBUSAX, & BTOPO#l - mpu HyseBoit (gpyukmuu. Meroanl perenus guddepeHma babIx
YPaBHEHMIT IeJI0r0 M JAPOOHOTO IMOPSIKOB, YAOBIETBOPSIONINX KPAEBBIM W HAYAJIHHBIM
YCJIOBHSAM, MOXKHO HaiiTi B Kuurax [1], [2], [3].

[Iycte m - nosoxkutebHoe 1es10e qncio u m — 1 < a < m. /Ipobnoe nmpoussosHoe
Pumana-/TuyBuiiis nmopsijika o onpejiesisgercs e yonmmM obpazom (em.|3]):

dm

Def(t) := yr (I f()], t>0, (1)
I'Zie MHTerpaJl .
PPt = ﬁ/o (t— )L f(r)dr, £ >0, B> 0, @)

Ha3bIBAETCA JPOOHBIM HHTerpasoM Pumana - Jlnysuina nopaaka 8 u [°0f(t) := f(t).
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[Iycrs 0 < o < 1, w myerh yHKIws u(x,t) sBsieTcsl pereHneM ypaBHeHUs JIPOGHOTO
HOPSIKA,
Dfu = a*uy, + f(z,t), 0 <2 <1, t >0, (3)

YJIOBJIETBOPAIOIIEE TPAHUYHBIM YCIOBUSAM
w(0,t) = pu(t), u(l,t) =0, t >0, (4)
1(0) =0, |p(t)| < M n HAYATBHBIM YCIOBHUIM

u(z,0) = p(x), 0 <z <, (5)

rie ¢(x) - 3ananaas GyHknus, M - MOJ0KUTETHHOE THCIIO.
Bamaga. [lycrs 3agana nocrostunas B > 0 . Haiftu rpannanoe yciosue p(t) takoe,
qTo pemterne 3a1a49u (3) - (5) yJI0BIETBOPSAIO PABEHCTBY

/l u(w,t)de = B (6)

Teopema. [Ijist Toro, uro 6l perenue 3axa4u (3) - (5) yaosierBopsio yciaosuio (6),
JIOCTATOYIHO, 4TO Obl dbyHKImMs (i(f) YIOBIETBOPSIA CIIEAYIONEMY YPABHEHUIO

rie

7_‘_ o
A, = .
nT kz:% ak+5 =0

OrmeTHM, 9TO B caydae o = 1, 3a/a9a yIPABICHHs [IPOIECCOM TEIIO0OMEHa N3y IeHa,
B paborax axkajgemuka [11.0. Ammmvosa (cM. [4] - [8]) u B HeogrOpOIHOM Citydae - B paboTax

19] - [11].
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KaHTOpOBbI MHO2>KeCTBa C MHOI'OMEepHbIMU IITPpOEKINAMMU

®poaknnra O./1.

JI. AHTyaH mocTpom/I KaHTOPOBO MHOYKECTBO Ha IIJIOCKOCTH, BCE ITPOEKITUH KOTOPOIO
TaKue Ke, KaK y HPaBUJIBHOIO IecTuyroibHuka |2, 9, p.272; fig.2, p.273|. K. Bopcyk
ommcas; KaHTOPOBO MHOKecTBO B RN, Impoekimsa KOTOporo ma, JioOyI0 T'HMIEPILIIOCKOCTD
copepxkut (N —1)-MepHblii map, skBUBajIeHTHO, uMeeT pazmeprocThb (N —1) [4]. Tx. Ko66
puUBeJ IPUMeP KaHTOPOBa MHOXKeCTBa B R, MpoeKIms KOTOPOro Ha, J06YIo 2-IIJI0CKOCTh
omroMepHa [5], u cdopmyrpoBas 00IIy0 POGJIEMY: CYIIECTBYET JIH, JIJIs 3a/IaHHBIX
qucen N > m > k > 0, Takoe KaHTOPOBO MHOKecTBo B R, 4To ero mpoexmms Ha
JII00YI0 M-ILJIOCKOCTh UMeeT pasMepHocTsb k 7 [l caydaeB k = m—1um = N — 1 takue
MHOKECTBa IIOCTPOeHB! B paborax [6] u [3] coorBercTBento.

Koncrpyxkims Kob6a mocrarodno cioxkHasg. B mokmage OymeT moKa3aHo, YTO 03Kepesibe
Awnryana [1, 78, p. 91-92| MoKeT CJIy?KHUTh JPYTUM IIPUMEPOM KAHTOPOBa MHOXKecTBa B R,
BCE MPOEKIINNA KOTOPOTO OJHOMEDHBI, KPOME TOT0, CBA3HBI. MBI MMOKA3bIBAEM, ITO BCSIKOE
KaHTOPOBO MHOzKecTBO B RY mocpenacTsoM Majoif m3oronmn mpocTpancTsa RY moxker
OBITH CABMHYTO HA TaKOe MHOXKECTBO, IIPOEKINs KOTOPOro Ha jiobyo (N — 1)-1710CKOCTh
(N — 2)-mepna. Ilogpo6Hoe n30KeHNe STUX PE3YJILTATOB aBTOPa JIAHO B cTaThe [7).

Jlastee, OKa3bIBaETCSI, 9ITO KAHTOPOBBI MHOXKECTBA € MHOTOMEPHBIMHU ITPOEKIIHSIMM
ABJIIOTCA “UCKJIOUUTEIbHBIMEI B ciefrytomeM cumbicte. 1lyers C(RY) — npocrpanctso
BCEX KAHTOPOBLIX MHOXKecTB B RV, cmabxkenmoe Merpukoit Xaycmopda. 3BectHo, UTo
C(RY) amnsercst npocTpaHcTBoM Bspa. Mbl jl0KasbiBaeM, YTO MMeeTCss TaKoe ILJIOTHOe
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Gs-mmoxkectBo P C C(RY), uro nyist Besgkoro X € P 1 BCAKOTO HEHyJIeBOTO JIMHEHHOro
nogmpocrpanctsa L C RY mpoexmusa X ma L sBsgeTcs KaHTOPOBBIM MHOMKECTBOM.
Heramu cm. B pabore [8]. Do gaer vacTtuunblii orBerT Ha Jjpyroii Bonpoc KobG6a,
HOCTABJICHHBI B cTarbe [5].

Pabora seinostena npu dbunancooii mopepxkke POOU (poekt 19-01-00169).
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CBOGO,Z[HI:)IG abeJjieBbI n-mmepuogmuvdeCKue TOIIOJIOIrnvYeCKHue Ir'pyIiiibl

T'enze JI.B.

[Iycts n > 2 — Hekoropoe HarypaJibHoe umcio. ['pynmy G ¢ eaunwuieit e Oyuem
Ha3bIBATH N-nepuoduveckot, ecian " = e g Kaxaoro g € G.

[Iycts n > 2 — purcupoBanHOEe HATYPAJIBHOE YUCJIO U X — ITPOU3BOIHLHOE MHOKECTBO.
C'60600n01 abenesoti n-nepuodueckoti epynnoti, noposicdenroti mrostcecmeom X , Oyjiem
Ha3bIBATh NPAMYIO CyMMy ceMeiicrBa rpynn {Z%},.cx, rue rpynna Z° uzomopdua Z,
(aJUTUTUBHON TPYIIIE KJIACCOB BBIYETOB 110 MOJIYJIIO M) I KaxKJoro r € X. DJeMeHThl
9TOI T'PYIIBI MOXKHO IIPEICTABIATH cebe Tak: 3TO (popMajbHbIe KOHEUYHBbIE JIMHEHHbIE
KOMOUHAIIUKN (V11 + Qoo + . . . + QT JIEMEHTOB MHOXKeCTBa X ¢ KoddduimeHraMu o; €
Zp, IPAYEM JIBE TaKHe JUHeiHble KOMOMHAIINKM PaBHBI TOTIa U TOJBKO TOIA, KOT/Ia OHM
OTJINYIAIOTCsI, caMoe OoJIbIee, MOPSIAKOM ciaraeMbiX. CrIozKeHne JTUMHEHHBIX KOMOMHAITIIA
POBOIUTCS  (POPMABHO, IIYTEM CJIOYKEHUsT KOI(PMUIIMEHTOB IIPU OJUHAKOBBIX X; U
NIPUBEJIEHUS UX 110 MOJLYJIIO 7.

(8060001 abesesoti n-nepuoduneckoti monosozudeckol 2pynnot npocmpancmea X
(B cmbicie Mapkosa), maspiBaeTcss Tonosormueckas rpymma AM(X), obmanaomas
CJCIYIONUMU CBOUCTBAMU:

1. anre6pamdeckn AM(X) apngerca cobommoil abeneBoii n-mepHoIuYecKoil TPyYIIIOi,
MTOPOXK IEHHON MHOYKECTBOM X ;



A. B. Iypckas, M. B. Jloazonoaos, T. @. 2Kypaes, B. A. Maxeesa 119

2. X romeomopduo 3amxuyToMy nospoctpancrey B A (X);

3. ectu G — mpousBoJibHas abejieBa n-NMepuoudecKas TOMOJOIMYecKasl I'pyIna U
f: X — G - venpepbIBHOE 0OTOOParKeH#e, TO f MOKHO MPOJIOJZKUTD JI0 HEIPEPLIBHOTO
romomopduama, f: AM(X) = G.

Hekoropnie cpoiictsa rpymmn A (X)  amajormamsl cOOTBETCTBYIONMM  CBONCTBAM
cBOOOTHBIX abesieBbix Tonosormdeckux rpymin A(X ). Cpean 9THX CBOHCTB — HEKOTOPbIE
COOTHOIIIEHUS MEYKIY KapJAWHAJIbHBIMA WHBApUAHTAMH IIPOCTPAHCTBA X W TPYIIIHI
APN(X), ommcanmme Tomomormn rpymmsi AM(X) nma xommakTHOTO mpocTpamcTa X,
cBoifcTBa KoMIakToB, jexammux B AM(X), ceass mexkay pasmeprocThio mpocTpancTBa
X u rpymst AM(X) u ap. B Toxke Bpems HeKoTopble CBOfiCTBa CBOOOMHBIX abEIeBBIX
n-nepuommaeckux ronojormdeckux rpymn A (X) moryT cymecTenno ormimyaThes or
CBOIiCTB cBOOOIHBIX abesieBbix Tonosorundeckux rpyin A(X). Hanpumep, y srux rpymm
pasjimgaeTcs TOIMOJornvdecKas u3oMopdHas Kiaccudukainuss B TOM cjiaydae, kKormga X
— 9TO HaYAJIBHBIH OTPE30K opammasos. Ilo apyromy seayr ceba rpymmsr AM(X) u
o orHomennio K P-pediekcuBroctu (abeseBa Tomojorndeckas rpymmna G Ha3bIBAETCs
P-pedrekcuBroit, ecau ecrecTBeHHBI romMoMopdusM rpymmbl (G BO BTOPYIO TPYIITY
xapakTepoB G** sgBjgercs TonosoruueckuM uzomopdusmom). Tak ke W3BECTHO, UTO
rpynna A(X) TuxoHOBCKOTO mpocTpancTBa X COAEPAKHT JII0OYI0 KOHEYHYIO cTeneHb X *
B Ka4vecTBe 3aMKHYTOr'O IOIIPOCTPAHCTBA. DTO YTBEPXKJEHUE HEBEPHO JJIsi CBOOOIHBIX
abeJIeBBbIX N-MEPUOIUICCKUX TOMOJIOTMIECKUX TPYIIIL.

Janublii 1oK1a,1 Gy1eT nocsdiien o630py pesy/ibraros, Kacaormmxcs rpymn AM(X) u
CPABHEHMIO 9THX CBOICTB co coiicTBamu rpymn A(X).

Uccnenosanue noreHiuaga Xurrca paciiupeHuii CTaHIapPTHOU MOJeJn C
HapylieHneM CP-mHBapmaHTHOCTU METO/IaMi TONOJIOTUH, T€OMETPUH U
Teopuu KaTtacTpod

A.B. I'ypckas, M. B. HoaromnoJsos, T. ®. 2Kypaen, B. A. MakeeBa
Camapcruti 2ocydapemeernvit mexrnuveckuts ynusepcumem, Camapckutd yrnusepcumen,
4483011, Camapa, ya. Axademura Ilasrosa
Tawrenmexuti 2ocydapemeennoili nedazozuveckut ynusepcumem umenu Huzamu
e-mail: mikhaildolgopolov68@gmail.com

PaccmarpuBaercss pa3BuTHe ¥ UCHOJIB30BAHUE METOJIOB TEOPUU KaTacTpod B
[IPUJIOYKEHUU K TeMIIepaTypPHOl 9BOIONNH 3(PPHEKTUBHBIX ITOTEHIINAIOB THIIA IOTEHITHAJIA,
Xurrca ¢ pacimpeHHbIM JABYX/IyOJIETHBIM CEKTOPOM U JIONOJTHUTEIbHBIMU CHHIJICTHBIMUI
nosisiMu. POHOBBIE TIOJIS SIBJISTIOTCS IEPEMEHHBIMUA COCTOSIHUST CUCTEMBI, a IIPOCTPAHCTBO
IapaMeTpPOB COJEPXKUT yIIPaBJISIONIHe napamMmeTpbl. B morenruasie Xurrca B paclinpeHusix
CTaHJIAPTHON MOJIe/IN TPU PACCMOTPEHHMHU BBIJE/JIEHHBIX HalpaBjeHUl (POHOBBIX IOJIeit
BO3HHUKAIOT OU(dypKalMOHHBIE MHOYKECTBA, BJI0Ib KOTOPBIX 9BOJIIOIUMOHUDPYET CTaOWIbHBII
MUHAMYM ((bHSHLIeCKoe COCTOHHHe) B XOJIe CBOEM KOCMOJIOIMYECKOI 3Bostonnu. Kaxk mbIit
Habop paccMaTpPUBAETCA 10 OTJICTBHOCTA B PaMKaxX TEOPUN YCTOWIMBOCTU M KaTacTPOd
[?, 7, ?]. Ilpu kpuTuveckoii Temmeparype OTEHIUAT IPUBOUTCA METOAMU HEJTMHEHHBIX
npeobpazoBanuii K cymMMe (DYHKIMH KaTacTpodbl ¥ MOPCOBCKOro cejyia. Cenaparpuchbt
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CTPOSATCA B IPOCTPAHCTBE TAPAMETPOB HCCIEyeMbIX Mojeseit. [IpoBojuTes BerauceHme
9BOJIIOIUHU YIPABJISIONINX [TAPAMETPOB METOJIAMU KOHEYHOTEMIIEPATYPHO TEOPUN IOJI.
UccnenoBanne cucreMbl YCIOBUN JIJId SKCTPEMAJILHBIX ITOBEPXHOCTEN ITPOBOJIUTCS €
ucmoJib3oBanueM 0OasucoB ['pedbuepa. [l wmiutiocTparuu  pe3ysibTaToB PACCMOTPEHBI
BO3MOXKHOCTU BU3YAJM3AIUU I[TOBEPXHOCTEHl MUHUMyMa U CelapaTpuC IPHU [TOMOIII
METO/IOB IIaKeTa aHaJInuTH4IecKoi cucreMbl Mathematica.

OrmernMm, 49TO TOJydeHHe OndypKAIMOHHBIX HAOOpoB s moteHrma o MCCM
n HMCCM gBagercs MaTeMaTHIeCKUM IIOJIXOJIOM JIJIsT HUCCJICIOBAHUS  CTPYKTYDPbI
U 9BOJIOIUU TOTEHIHAJA, [PU BAPbUPOBAHUU YIPABJISIONNX IapaMeTpoB A, k u
MHOT000pa3us CenapaTpuc, OIMPeIeIIoNnX 6a3uchl (PU3MIECKUX COCTOTHUN B MUHUMYME
[?]. Dro nosBosisier anasmM3UpoOBaTH MposiBIeHus Hapymenus CP-unBapuanrnoctu |7, 7| B
CKAJISIPHOM CEKTOPE, C sIBHBIM U CIIOHTAHHBIM HAPYIIEHUsIMU B 00I1eM nojioxkerun O [?].
MeToabl  mOIydeHHS — SKCTPEMAJIbHBIX — ITOBEPXHOCTEH  MHOIOIIapaMeTPUIECKOTO
9 HEKTUBHOIO TMOTEHIMA A TTO3BOJIST BKJIIOYATH YCJIOBUS CYIIECTBOBAHUS TJI0OATHEHOTO
U JIOKAJIBHOIO MHUHUMYMOB B KpuTepun OOOCHOBAHHOCTU MPUMEHEHUsI MOJeseil ¢
PACIIUPEHHBIM CEKTOPOM XWHITCa. [aKKe PacCMaTpPUBAIOTCS KPUBU3HA W KPYydIeHNE
5deKTUBHOrO MOTEHIHAaa, ¢ UCIoJb3oBaHueM auddepeHimanbabix 1-it u 2-it popm
JIJTsI TIOBEPXHOCTEN 9eTBEPTOro MOPsi/IKa.
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HeKOTOpre JaCTHbI€e CJlyYau O606I_U;eHHOI71 KPHUBHU3HbBI IIOBEPXHOCTHA

N6oaynmaesa H.M.
Hasoutickuti I'ocydapemeernnii Iledazoeuveckutd uncmumym
e-mail: nafisa.28.02.1991@mail.ru

B pabore [1] npenozkeno ogus 13 cnocoboB 0600IEHNsT TIOHTHsT BHEITHENH KPUBI3HBI
MTOBEPXHOCTHU. BHEINHAS KpUBU3HA, ABJIAETCS ILIOMAJIBIO ee chepruIecKoro 0ToOparKeHus.

Onpenenenne 1. IloBepxnocth ¢  Ha3biBaeTCss 3BE3JHO  PACIOJIOZKEHHDBIM
OTHOCHUTEJILHO cephl S, ecun 000l JIyd BBIXOAAIIEH U3 HAYaI0 KOOPAUHAT IIePEeCeKaeT
® He OoJiee YeM Ha OJIHON TOUKE.

[Iycts ® 3Be3/1HO paciosioKeHHasi MOBEPXHOCTh OTHOCUTETbHO cdepnl S. Torma Jy,
BBIXO/ISIINI U3 1eHTpa cdepbl U mepecekarorias S B Touke X TepecekaeT MoBepxXHOCTh P
B Touke X (P) nim me nepecekaer. Touky X () - nasoBem mpoekimeit Toukn X € S Ha
noBepxHocTH @ | ecyit OHO CyIIeCTBYeT.

Onpepnenenne 2. Eciau touka X € S — cdepuueckoe orobpazkenue rouku M (g, yo)
orHoCHTEILHO ToBepxHocTH F') 1o Touky X (®P) - mHazoBem 00OOIIEHHBIM OTOOPAYKEHIEM
touku M (xg,yp) oTHOCHTEIHHO TOBepXHOCTH F' Ha mOBepXHOCTDL P.

[Iycts M* — HekoTOpOE MHOXKECTBO TOYeK Ha S. Torja meHTpaJibHas MPOEKIIUT STOr0
MHOKecTBa Ha ® obpasyer muoxkecrso M .

ITycrs M MHOMXKecTBO B obstactu D, Tie onpejieieHa mosepxuocts F u M MHOXKeCTBO
TOYEeK Ha IoBepXHocTu [ mpoekimeir koroporo siiasierca M C D. Paccmorpum Todkn
M € F upoexuueit M € D, obosnaunm uepes M+t 0606mmeHnyI0 0TOOpazKeHe TOUKHI
M C F. Korna touka M mensercs Ha MHOXKecTBe M C D, ero 0600IIeHHOe 0TOOPasKeHIe
COCTaBJIACT, B OOIMIMM CIydae, HeKOTopoe MHoxKecTBo M T C ®. Muoxkecrso M ™ Hazosem
00001IeHHBIM OTOOpazkeHneMm MHoxKecTBa M C D, oTHOCHTEbHO TOBepxHOCTH F Ha
roBepxaocTu P .

Omnpenenenne 3. ILiomans muoxkecrso M™T C @ maszoBeM 00OOIICHHOI BHeIIHeit
KPUBU3HON MHO)KecTBa M OTHOCHUTEIHLHO MOBEPXHOCTH F' 1 0603HAYIMM Kak

wF(M) = S@(MJF)
Teopema 1. HopmasibHOe 0TOOparKeHne MOBEPXHOCTHU [2| ABJISETCST ACTHBIM CJIyIaeM
0000IIIeHHONT KPUBU3HBI, KOTJIa TOBEPXHOCTH P - dABJIsTeTcs KacaTeJbHON ILJIOCKOCTBIO.
Teopema 2. Bremninsisi KpuBH3Ha BBITYKJIOH MOBEPXHOCTH raJjiujeeBa (M30TPOITHOTO)
IIPOCTPAHCTBa, 3TO O00O0OIIEeHHAs KpUBHU3HA, KOIJA IOBepXHOCTH P -  muausIp
HAIPAaBJ/IAIONINI KOTOPOro OOJIBbINAA OKPYKHOCTD CHEpPhI.
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KpaeBas 3aaua jisd ypaBHeHUs Napadosio-runepboIndecKoro Tumna ¢
ornteparopom Pumana-JInyBusiasa

Ucnomo B.U., Abaynnaes O.K.
Havuonarvrnoi Ynusepcumem Yabexucmana um. M. Vayebexa, 2. Tawrenm
e-mail: islomovbozor@yandex.ru, abddullaev.otabek-1995@yandex.com

Paccmorpum ypasHenue

0= { Dg,ugr — Dgyu, y >0, (1)
Upg — Uyy, Y >0

B obmactu 2 = QT UQ  UAB |, e Q7 = {(z,y):0<z <1, O0<y<l1},aQ -

obacTs orpanmuenns xapakrepuctukamu AC u BC ypasmemna (1) m orpeskom AB,

-1 < a <0, -1 < B <0, D:(x)— oneparop uaTerpo-muddepeHnnpoBanus

Pumana-JTuysmiig npobroro mopsiika c [1].

Onpenenenns. PeryisprbiM periernem ypapraenust (1) Oymem moHUMAaTh (byHKIAIO
u(x,y) us xmacca y'toPu € C(O), u, € C(Q), ytreb(yltePu), € C(QT U AB),
ueC(Q7)NC?(Q7), ynosnersopsioutyto ypasternto (1) B QF UQ~.

Bamaga. Haiitu B obmactu (2 peryiasproe pemenne u(x,y) ypashenus(1),
YJIOBJIETBOPSIIOIIEE Y CJIOBHSIM

U(O,y):(,po(y), u(lvy):(pl(y)a Ogyglv

d
e [2/2; —x/2] = a(x)u(z,0) + b(x)uy(x,0) + c(z), 0<z <1
T
Ha uaTepBajie AB BBIIOIHSIOTCS YCIOBHsI CONPSAZKEHUS
: 1+a—p . : 1+a—B [, 1+a—p I
Jim " u(e, y) = lm u(e,y), lm oyt [y u(e, )], = lim u(ey),

e po(y), v1(y), a(x), b(z), c(x) - 3amanable JOCTATOUHO IIaJKKIe (OYHKITIH.
Bamerum, 9To aHasor 3aja4du Tpukomu st ypasHernus (1) B ciyuaae a = 0, [ > 0,
a(z) = b(z) = 0 usyuena B padore [2].
CrupasejuimBa cieayomas
Teopema. Eciit BBIIOIHEHB! YCIOBHS

1+a— T+a— A
Yy Poo(y), ¥ Poq(y) € C(QT),
a@), be), @) eC0,1]nC0,1),
TO HOCTaBﬂeHHOﬁ 3aJ1a91 mMeeT e,HI/IHCTBeHHOe perﬂHpHoe peHIeHI/Ie.
E,ILI/IHCTBGHHOCTB peHleHI/IH HOCTaBﬂeHHOﬁ Saﬂ,a‘{H ,HOKa3BIBaeTCH C IIOMOIIIBIO HpI/IHHI/IHa

IKCTpEMYMa JIJIA Hapa6OJH/I‘{€CKI/IX n FI/IHep6OHI/I‘{€CKI/IX ypaBHeHHﬁ, a CyIIeCTBOBaHUA -
METO0M MHTEI'PaJIbHBIX ypaBHeHHfI.
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O cymmecTBOoBaHue perneHue ypaBHeHnss MomKa-AmMnepa BHyTpu cdepbl
M30TPOITHOTO IIPOCTPAHCTBA

Ncvonnos II.I11.
Havuonarvrwi Yrnusepcumem Ysabexucmana
e-mail: Ismoilovsh94@mail.ru

PaccMOTpUM B M30TPOIHOM IIpocTpancTBe R3 — uzorpornmyio cdepy S 3a1aHimyio
ypaBHEHIEeM
Loy, 9
zZ== +y7).
5@ +y7)
[Iycts 2 = H miockocTh mnepecekaer u3orpornyio cdepy S 1mo okpyxuaoctu L.

O6o3uaunm gepe3 W (L) BbIyKJble TIOBEPXHOCTH, ¢ KpaeM L ¥ cojiepKalieiicss BHYTpH
cdepst S, BeimykaocTeio Ban3 (z < 0). Ilpennomoxkum L' - mpoeknust L Ha 1I10CKOCTH
Oxy u npou3BOJBHYIO TOUKY (Zg,Yyo) € Dy u obozuadum D'— obracte D /(zg,y0) = D'
Pacemorpum Touky A(xg, yo, 20) —npudem 0 < zo < H.

Teopema. Eciu B obmactu D' - 3anana bywknusa w(M), M € D' uw M € D',
orpaHuveHa, To B Kjacce w(M) cyiecTByer BbIIyKJIas IIOBEPXHOCTh [, ¢ MUHUMYMOM B
touke A(zo, Yo, 20)-

JToKa3aTe/IbcTBO TEOPEMBbI CBSI3aHO € MPOCTPAHCTBOM [R5 U CJIeyeT U3 TeopeMmbl 7,
KoTOpas Jana B pabore [2].

JIuteparypa
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Amnajsior reopembl XapHaxa B KJjacce A-rapMoHMYecKux QPyHKIIUNI

2Kab66opoB H.M., Xypcanos II1.4.
Havuonarvroi Ynusepcumem Ysabexucmana

[leabto panuOl paboThl siBjsiercs uccyegoBanne A (z) — rapMoHuuecKux (yHKIMHE B
kiacce A (z) —anasurudeckux (GyHKIUI B paccMaTpuBaeMON OJHOCBSI3HOM BBILYKJIOH
obsiactu. B Heil jokasbiBaercs aHajaor TeopeMbl Xaphaka i A (z) — rapMOHHYECKHX
dyHKIHIA.

Ypasuenune benbrpamu
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fz(2) = A(2) [ (2), (55)

UMeEeT  HEIOCPEJCTBEHHOE OTHOIIEHWEe K  KBAa3UKOH(MOPMHBIM  OTOOPaKEHUSIM.
Orrocuresnbro yHknuu A (z), B 00IeM cirydae HpeanosaraeTcs, 9T0 OHa U3MepuMa,
u |A(z)] < C < 1 nourn Bciony B paccmarpuBaemoii obsmactu D C C. B smreparype
periernst  ypaBHenus (55) mpuHATO TOBOPUTH A—anasumuueckumu  HYHKUUAMU
(A (z) —anarumuveckumu pyrnkyuamu) [1-6].

Kak m B kjaccudeckoMm ciydae, Teopus A (z) —rapMoHudeckne QYHKIUA IBYX
[IEPEMEHHBIX BaXKHA KaK C TEOPETUIECKON, TaK W C MPUKJIATHON TOUYKU 3PEHUSI.

[Iycts, D C C— omHOCBA3HASA BBITYyKJIasd 00J1aCTh.

Teopema 1 (cm.[7]). deticmsumenvhnas wacmv A-anasumuveckots gynkuyuu f €
0A(Q), 2de G C D, ydosaemsopsaem 6 obaacmu G ypasheruio

2 | [+ 14P)% — 242 | + 2 [ L [(1+ 1422 - 242 | = 0. (55).

Omnpenenenne 1. (em.[7]). Jeaocow dugdpepenvyupyemasn dynxuyus v € C*(G), u :
G — R, nasweaemca A(z)—eapmonuueckot 6 obaacmu G, ecau 6cody 6 G
ydosaemeopsem duddepenyuarvromy ypasreruro (55).

Knace A—rapmonmuecknx B obnactu G dyukimit obosnadaercs Kak hy (G) . Takum
obpasoM, jeficTBUTEIbHAS YacTh, a 3HAYNT W MHUMasg dYacTh A—aHaJuTHIecKoi
dyuxiuuf € O4(G) apusiercst A—rapmonudeckumu GyHKimsaMu B obiactu G. OyHKIHO
U NPUHATO HA3BIBATH 20PMOHUMECKYU CONPANCEHHOT ¢ Pynryueld u. Jasa oJIHOCBA3HBIX
obJiacreil BepHO 1 0OpaTHOE

Teopema 2 (cm.[7]). Ecau dynryua u(z) € ha(G), 2de G—odnoceasnan obaacmo,
mo cywecmeyem [ € O4(G): u= Ref.

B  teopun A—anamurtuueckux wu A—rapMoHndeckux (GYHKIHI ~ eCTEeCTBEHHO
paccMaTpuBaeTcs cyeryromnas 3aaada Jupuxire:

3adana ozpanuvennas obaacmv G C D u wma epanuue OG 3adana HenpepuieHas
Pynryus ¢ (€). Tpebyemes natimu A-zapmonuveckyto 6 obaacmu G, HENPEPBIGHYIO HA
samvkanuu G dyncywo u(z) € ha (G)NC (G) : uloc = ¢.

Teopema 3 (IIpuniun skcrpemyma): Ecau u € hy(D) 6 obnacmu D docmuzaem
c60€20 aKcmpemyma, mozda u = const.

Caexncrsue 1: [lyemov u € ha(D) u das a € D

M (r):= sup u(z), m(r):= inf wu(z).
z€L(a,r) z€L(a,r)

Tozda pyrxyuall (r) na unmepsane (0;19) monomonno eozpacmaem, o gyrryua m (1)
monomonno yoweaem. 3decv L(a,rg) C D.

IIpennoxenust 1. 3adaua /upuzse dan A (z) —eapmonuveckols dynryuu umeem
eduUHCMBENHOE PEUEHUE.

Teopema 4(cm.[6]). Ecau gynxyus u A (2) —eapmonuuna 6 aemnuckame L(z, R) CC
D mo das mobozo r < R, 3nauenue 6 uenmpe AeMHUCKAMbL PAGHO CPEOHEMY €€ 3HAUCHUIO
na semnuckame L(z,T):

1 _
u(z) = 2mir? Jf\w(z,g)\gr u(§)dp 27rz7‘2 jjh/}(z{ )<r 1 — |A(©)] ) de 1 dg

2de dy = (1 — \A(f)\z) dé N démepa na aemmuckame.
Ilpennoxkenue 2. Caedyroujue ymeepocienus sK6UBANEHMHDL
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1.
2.

3.

u < hA<D),

s 06020 z € D u L(z,r) CC D swnoansemces caedyrouiee pageHcmeso

!
270 |y (g2 | =r

u (€) [dg + A (€) de

s 06020 z € D u L(z,r) CC D eunoanaemea caedyrouiee pageHcmeo

1
wlx) =15 ﬂlw(é,z)lgru (&) du.

Teopema 5 (Amnamor Teopema Xapuaka). Monomonno ybwearousan
nocaedosamenvrnocms A (z) —eapmonuveckur dynryui u; € ha(D) aubo pasromepro
(enympu D) crodumca x —00, AUOO PABHOMEPHO — CTOOUMCA K  HEKOMOPOT
A (z) —eapmonuneckoti u € ha(D) dynryuu.

1.
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O roMoTOoIIMNYEeCKHU ILJIOTHBIX IIOAIIPOCTPAaHCTBAaX IIPOCTPaHCTBa
BEPOATHOCTHBIX MeEp oIllpeade/IeHHbIX O0EeCKOHEYHbIX KOMIIaKTax.

T.®.2Kypaes, (TTIIY), ®.Ucmarymnaes, (Cyn/1Y).
e-mail:tursunzhuraev@mail.ru

UssectHo, uro jis soboro Kommakta X noanpocrpancTBo P, (X) mpocrpaHcTBa
P(X) Bcrony mwiorho B P(X). s 6eckoneunoro kommakrta X mpocrpanctso P, (X)
BBIITYKJIO, JIOKAJIBHO BBIIIYKJIO U 0—KOMIIAKTO. DTO 03HAYAET, YTO HpocTpanctso P, (X)
apasierca AR npoctpancTBoM. C Apyroit ¢TOPOHBI, JJisd JI000r0 GECKOHETHOIO KOMIIAKTA
X mpocrpancts o — Z— mHOoxkecTBO B P(X)|[1].

Teopema. /[lna Oeckoneunoro komiakta X u Jioboro n € N HOpOCTPaHCTBO
P(X)\P,(X) romoronnueckn mwrorno BP(X).

JlokazarenbcTBo. Kak MBI OTMETW/IM, 4YTO I OECKOHEYHOTO KOMIakKTa X
npocrpancTBo P(X) romeomopduo rusbbeproBomy Kyoy (). C npyroii cropon, st n € N
noanpocrpancTBo P, (X) ectb Z—wmuoxkectso B P(X)

Uckomyto romoronuio h(u,t) : P(X) x [0,1] — P(X) crpoum dbopmyiioii mosaras

M t) = (1 — )+ ot
rae, po € P(X)\P,(X) npoussoibHas dukcupoBanHas Mepa. s onpeesieHHOCTH J1jist
fo MOZKHO B34Th JIDOOIO Mepy cocpeiodeHnas B (n+ 1) Toukax. T.e. (g = M0z, +mMaly, +
n+1
riem; >0u Y m;=1
i=1

Ecm t =0, moh(p,0) = (1 = 0)p +0- pig = pp € P(X) me. h(p,0) = idp(x)

Ecmm t > 0, rorma h(p,t) = (1 —t)p+1t- py € P(X)\Po(X) tak xax supph(p,t)
cocrout Gosee yem (n + 1) Touek. re. h(u,t)EP,(X), ecim t > 0. D10 03HAUAET, UTO
h(uo, (0,1]) € P(X)\P,(X). Teopema soka3zano.

U3 9101t TEOPEMBI U U3 OIPEJIEICHNS TOMOTOINIECKH IPEHEOPEKUMBIX |2] TpocTpaHcTB
nMeeM

Caexncrsue. s moboro n € N u 6eckonednoro kommakra X mpocrpanctsa P, (X)
roMoTonuIecKy npenebpexxknmo B P(X).

T mn(sxn + mn+15xn+1
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Bagaua lesutepcreara AJisi HArPY>KEHHOTO YPaBHEHUS
napaboJIo-runepooIMIecKOro TUIla

>xxypaeB ®.M.
Byxapcxuii 2ocydapecmeeruti yrusepcumem, Byxapa, Ysbexucman

Kpaesbie zagaun tuna z3ajgadn Tpuxkomu u lessiepcreita Jjisi BBIPOXKIAIOIIETOCS
HaIPy?>KEHHOI'0 YpaBHEHHS CMEIIAHHOI'O THIIA BTOPOTO  IOPSJIKa  HUCCIEI0BA-JINCH
cpasauTesibio Majio. Ormerum  paborer B.M.Kasuesa [1], B.Mcmomosa u @./Ixxypaesa
[2]. Ylexoms u3 sT0T0, HaCTOAIIAs PAOOTA OCBSIIIEHA TIOCTAHOBKE U UCC/IEOBAHUIO AHAJIOT
zagaqn [esepcereara Ayl HArPYKEHHOTO YpaBHEHHS 11apab0/I0-TUIEePOOJINIECKOTO TUIIa,
BBIPOK/IAIOIIE-TOCH BHYTpHU 0OJIACTH.

Paccmorpum ypaBhnenue

O_{umc_‘x’puy_ﬂju(xa())a y>07
Ugy — <_y)m Uyy + Hj2U (ZE’, 0) , Y < 07

rie m, p, [tj, [j+2 - JIOOBIE J1eCTBUTE/IbHBIE YUC/IT, IPHIEM

m<0, p>0, p; >0, pi2<0, (j=12). (25)
Snecb u qastee x >0 upun j=1, v <0 upm j=2.

[lycte D - KoHeuHasi OJ[HOCBsi3Hasi 00JIACTb IJIOCKOCTU IepeMeHHbIX (X,1),
orpannden-uas upu y > 0 orpeskavu A B, B1 By, ByAs, AsA; npambix ¢ =1, y = 1,
r = —1, y =0 coorBercTBeHHO, a TTpn Yy < () XapaKTepUCTUKAMU

A,C 2 (=1, oc SRR LS S,
. _ 3 — : _ _ 2 —
11.£L’+2_m( y) ) 1:T 2_m( y) )
A,C 2 -1, ocC 2 R
202 10— o——(-y) 7 =-1, 2ivto——(-y) ? =

ypasuerns (1;), soxomsmunyu u3 touek Aq(1,0), Ax(—1,0), O(0,0).

13 npomssosbrOit ToukN F;(x9,0) (0 < |z9| < 1) mpoBeeM XapaKTepHCTUKI

2 2-m 2 2-m
EiNj: o+ 5——(=y) 7 =m0, EjM;: o~ 5——(=y) 7 =2

ypasrenus (1;) (7 =1,2).

Bsenem cirenyromue obosuavuenus: Di = Dyy U Doy U I3,

B obnmactu D nas ypasuenust (1;) uccseryeM cetyionasi 3a1ada:

Bamaun G. Tpebyercs wmaiitn dynknumo u(x,y), 06JATAONIYIO CIIEYONIMUI
CBOMICTBaMU:

1) u (LC, y) eC (E) N Ci’; (DH U D21) N 02 (Dlg U DQQ);

2) u(x,y) aBugerca pemterneM ypasHerus (1;) B obmactsax Dj; u Djo (j = 1,2);

3) uy, € C(Dy1UD,) upudem wu, (x,y) MOXKeT 00parmaThCsi OECKOHETHOCTD IIOPSIOK
menbie 1 — 203 mpu |x| — 0, u || = x9, a npu |x| — 1, orpanudena;

4) wu, € C(Ds3) Ha JIUHUN BBIPOXKICHUS 3 BBIOIHSIETCS YCIOBUS CKICHBAHUSA

xlig}oux ($7 y) = mgn_loux ([L’, y) 5 (07 y) € I?n (3)
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5) u(x,y) yIOBIETBOPSET KPAEBBIM yCIOBUSIM

ulap =¢i(y), 0<y<l, (45)

Zo

Ulon, =5 (@), ol e [0, 3] (5,)

Zo +1
u’Eij =g (@), |z]€ [l‘o, 5 } )

rae ¢; (y), ¥ (x), g;(x), (j=1,2) - 3amaunse dyuxunu, upudem ¥ (0) = 1)(0),
¢; (y) € C(I5) NC (I3), (75)

;(z) € C1 <|x| e [0; %]) nes <|x| c (o; %)) : (8))

g,(z) € C" (|x| € [xo; xo; 1]) e (|x| € (xo; 9”0; 1)> , (9,)

3iech 20 = —=, ipuiem

1
0<p< 3 (10)
Teopema. Ecim somosmenst yerosus (25), (7;), (8;), (9;), (10), To B obmactu D

perrenne 3a7a4u (G CyIIEeCTBYeT U €IMHCTBEHHO.
JIUTEPATYPA
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O C-Biio2keHHOCTH MOAIpocTpaHCcTB 7)p (X) B KommakTax F(X).

K.P.2KyBonos, (TUNNMCX), Epkynos P.(TTIIVY), B.2K. Oaumos,

(CyndY).
e-mail: Qamariddin.j@mail.ru

Hamomuuwm, uro Y C X aBagerca C'— Bioxkenuem B X | ecjin BcAKas HelpEpbIBHAS
BellecTBeHHast (PYHKIMS ONpeie/ieHHast Ha Y, IPOJI0JIZKAeTCs 10 HellPepbIBHON (hyHKIIN
na X [1].

B sroit 3ameTke JT0Ka3aHO CJIeIyIOIIast

Teopema. I[lycts F' : Comp — Comp Hopmaibhblil dyHKTOp niepeBojgrieiit AR (M)
npocrpanctBa B AR (M) npocrpancrso. Torna np  C'— Bioxeno B F' (X)) miaa moboro
X € Comp.
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Zloxaszameavcmeo. Ilyctre X € Comp, B cuiy HenpepbiBHOCTH (yHKTOpa F
Comp — Comp. Komnakr np(X) Broxkeno B F (X). Paccmorpum HenmpepbIBHYIO
dbyuxmmo f @ X — R- geiicrBurenbias upsmasi. Orobpaxkenne F (f) @ F(X) — F(R)
Toxke HempepbiBHO. Tak Kak F' coxpansier AR (M) mpocTpaHCTB, [0 9TOMY CYIIECTBYET
perpakius ¥ : F(R) — R. VcKOMBIME HENPEPLIBHBIME TIPOJIOJIZKEHUSIME  ABJIAIOTCH
kommosuun orobpaxkenns F (f) u perpaxmum 1. te. f = rRo F(f) : F(X) — R.

Teopema jmokazama

JIuteparypa
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O moJstHOTE paBHOMEPHBIX ITPOCTPAHCTB

Kaneros B.9., Kanerona /1.9.

Kuipevizckutl nayuonasvhoild ynusepcumem um. K. Baaacazvima, 2. Buwkex
(Kwpevizcman), XHanar-Abadcruti 2ocydapemeennuii yrnusepcumem, 2. Xananr-Abad
(Kvipevizeman)
e-mail: bekbolot _kanetov@Qmail.ru

[lonsTHe MMOJHOTHI PaBHOMEPHBIX IPOCTPAHCTB SBJISAETCHA OJIHUM W3 BaXKHEHITIX
CBOMCTB TEOPUU PABHOMEPHBIX ITPOCTPAHCTB. KaK M3BECTHO B «IIPUPOIE» BCTPEUAIOTCH
CBOICTBa PABHOMEPHBIX IIPOCTPAHCTB O0Jiee «TOHKHE» HEeXKeJIU IOJIHOTa-3To H-mosHora
pPaBHOMEDHBIX IPOCTPAHCTB. B Hactosieir pabore HCCAEAyIOTCA WHIEKC IOJTHOTHI
PABHOMEPHBIX ITPOCTPAHCTB.

Pasromepnoe mpocrpanctso (X,U) HasbBaeTcs U-TOJTHBIM, €CJIM BCAKUI (DUILTD
Komm nmeromuii 6a3y moraoctu < g cxojauresd. Puiabtp F HazwiBaercs H-buiabrpom
Kormn, ecim o N F # @ g moboro o € H (1], [2].

[Iycrs (X,U) - paBHoMepHOe npoctpancTso u H C U. PaBHOMepHOE MPOCTPAHCTBO
(X,U) naswiBaercss H — p-nonabiv, ecin Begkuit H-unsrp Komun F umeroruit 6a3y
MoIHOCTH < ji UMEET II0 KpaiiHeil Mepe OJIHy TOYKY HpUKOcHOBeHus.H — Ny-1moJimbie
[IPOCTPAHCTBA HA3BIBAIOTCS H-CEeKBEHITMAIBHO TOJTHBIMU.

[Iycrs (X,U) - paBHOMepHOe MpocTpaHCTBO. HamMenblliee KapjuHAJIbHOE YUCIO T
HA3BIBAETCSI MHIIEKCOM [(~TTOJIHOTHI paBHOMepHOro npoctpancTsa (X, U), eciiu cymecTByeT
takas cucrema H C U, aro |H| =7 u (X,U) asnsgerca H — p-1oaHbiM.

Nnnexe p-moanoTs paBHOMepHOTro mpocrpanctsa (X, U) obosnataercs depes ic,(U),
a MHJIEKC CEKBEHIMAJIBHON MOJHOTHI paBHOMepHOro mpocrpancTsa (X, U) obosnadaeTcs
qepes icy, (U).

PaBuomeproe mnpocrpancrBo  (X,U) HasbBaeTcsi DPABHOMEDHO JIOKAJIBHO  [i-
KOMIIAKTHBIM, €CJIM CYIIEeCTBYeT paBHOMEpHOe IOKpbhiTHe « € U, cocrosdinee u3
[-KOMITAKTHBIX ITOJIMHOXKECTB. PaBHOMEPHO JIOKAJIBLHO N)-KOMIAKTHBIE ITPOCTPAHCTBA
Ha3bIBAIOTCSI PABHOMEPHO JIOKAJIBHO CIETHO KOMIIAKTHBIMHU.

Teopema 1. Teopema 1. [dng pasromepnoro mpocrpanctsa (X,U) cieryoniie
YCJIOBUS PABHOCUJIBHBI:
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)ic,(U) = 1;

2)(X,U) - paBHOMEDHO JIOKATBHO [i-KOMIIAKTHO.

Caencreue 1. Jlns pasaomeproro mupocrpancrea (X,U) cieiyonye ycaoBust
PABHOCU/ILHBIL:

iy, (U) = 1

2)(X,U) - paBHOMEPHO JIOKATBHO CIETHO KOMIIAKTHO.
JIntepartypsbl.
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O6 oaHOIT TpobJIEMe Teopur AJITOPUTMUYECKUX IpeICTaBJIeHUI
YHUBEPCAJIbHBIX KOHI'PYIHII-IIPOCTHIX aJIiredop

Kacsimos H.X., XomxkamyparToBa . A.
Hayuonanrvrod yrnusepcumem Yabexucmana, Tawxenm, Yabexucmar
e-mail: nadim59@mail.ru, indiraazatovna@mail.ru

Co BceMu HeolpejiesisieMbIMU OHSITUSIMI MOYKHO O3HAKOMHUTbCs B paborax P.Coapa
[1], FO.JI.Epmosa u C.C.I'onuaposa [2,3], A.JI.Masnbuesa [4].

Kak o0bruno, Bciogy ompejenennas (GYHKIUsA, JeHCTBYIONAd U3 MHOXKECTBaA
HATYDPAIBHBIX YUCEJ W B W HA3BIBACTCS BBIYMCINMON, €CJIH CYIIECTBYCT BBIYHCIIAIONINI
ee asropurm ([1]). IMommuOo)kecTBO o C W HA3BIBAETCHA BBIYUCIUMBIM  (BBIYHCIUMO
[EPEUUCTUMBIM, KOIIEPEUHUCIUMbIM ), €CJIH €I0 XapaKTePUCTHIeCKast (PYHKIHsT BHIYUCIIMA
(v ecTh 06s18CTH BHAUEHUIT TTOIXOISATIEH BEIYUCIUMON (DYHKIUI, (v ABJISETCs JOTIOJTHEHUEM
BBIYHCJIIMO [IEPEUUCIIMMOIO MHOYKECTBA,).

[Tycrs (A; X)) — yuuBepcasbhas aarebpa sddekTuBHOil curaarypbl %. OTobpazkenue
V W3 MHOXKECTBa HATypPaJbHBIX dncesl w Ha A HasbBaeTCs HyMeparmei ajaredpel A,
€CJIN CYIIECTBYET BBIYUCIMMOE CeMEHCTBO F' BBIUMCINMBIX (DYHKIMIA, [IPEICTaBIISIONIX
Y-onepaiuu ajaredbpbl A B HymMepanuu v, T.e. Jyis BCAKOH Y-orepain o € X anrebpbl A
HaiijieTcs Takas BerancanMas dyukmnusg f € F aro ovr = v fT.

Hywmeparus v anrebpbl A Ha3bIBaeTCA BBIUYNCAUMOlL (IIO3UTUBHOMN, HETATHUBHOIT), ecyin
ee siipo (T.e. orHomenne skBuBasentHoctu Ker v = {{(x,y)|lvx = vy}) BbUHCIIMO
(BBIYHCJIMMO [IEPEUHNCIINMO, KOTIEPEUHCIIUMO).

[TycThb 1) — SKBUBAJEHTHOCTH Ha w. [lojaMHOKecTBO (v C W HA3BIBAETCS 7)-3aMKHYTBIM,
ecn z € a ANx =y (mod n) = y € , T.e. ecin (v SIBJIsIETCsT O0bEMHEHNEM TOIXOISATINX
7-KJIACCOB; 7)-3aMKHYTOE MHOKECTBO HA3BIBACTCS 1)-KOHEUHBIM  (7)-OCCKOHCUHBIM, 1)-
KOOECKOHEUHBIM), €CJIH OHO sBJISeTCs OObEJAMHEHHEM KOHEYHOIO UHCJIA 1)-KJIaCcCOB
(6ECKOHETHOrO, COOTBETCTBEHHO KOOECKOHETHOIO MHOZKECTBA 7)-KJIACCOB).

Hywmepaiust v anrebpbl A Ha3blBaeTCst OTIEJIUMON (BBIYUCIUMO OTJIEJUMOI ), ecsin
JUTsL BCAKOM Taphl 9mCesI, PasiudHbiX 1o Momymo Ker v, maigerca Ker v-3aMKHyTOE
BBIYHCJIIMO TIEPEINCINMOE (BBIUHCINMOE) MHOKECTBO, COJEPIKAINEe B TOYHOCTH OJIHO U3
9TUX YHCEJ.
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OueBHIHO, YTO COBOKYIIHOCTH BBIUUC/IMMO IEPEYUCTUMbIX (BBIYUCIUMBIX) Ker v-
3aMHYTBIX MHOXKECTB ofOpasyer 6a3y eCTeCTBeHHON HepedncauMoil  (BBIYUCIUMOIA)
TOIIOJIOTUH.

B pabore [5] mana ciemyrormas cTpYyKTYpHasi XapaKTepU3alus BEIYUCIIMO OTIEIIMO
HYMEpPOBaHHBIX aJireOp, MOIUepKUBAONIasi NCKIIOINTETLHYIO POJIb HETATUBHBIX aJredp ¢
TOYKHN 3PEHUsT BBIYUCIUMO OTIETUMBIX: HyMEpPOBaHHAs ajaredpa BBIYUCIUMO OTIETIMA
TOrJIa U TOJILKO TOrJa, KOIJIa OHA AallllPOKCUMUDYETCs HeraTUBHBIMU ajrebpamu (o
AIIIPOKCUMHUPYEMOCTBIO [TOHUMAETCsl HaJMdnue ceMeficTBa pasesdionmux MOpQU3MOB,
em. FO.JL.LEpmos [2]). U3 sroit xapakrepuszanuu BbiTeKaeT (hakT HEraTUBHOCTH BCIKOM
BBIYKC/IUMO OTJEJIMMO HYyMEpPOBaHHOI ajirebpbl ¢ apTUHOBOW PEINeTKOH KOHIPYIHIMI
(manee, nys kparkocru, — APK-airebpsr).

Ussectno ([6]), aro nymepoBanmas aaredpa OTAeMMa TOTIA U TOJIBKO TOT/Ia, KOT/[a OHa
anmpokcuMupyeTcst 3(bhEeKTUBHO OTeuMbIMU aredpaMut (3(hEKTUBHYIO OTIETNMOCTh
cM. Takke B HO.JI.Epmios [2]).

Orcroia  ciieyer, 49To BesgKast orjenumast uymepaims APK-ajrebpor  sBisiercs
9 HEKTUBHO OTHEIMMOl, T.e. AJTOPUTMUYECKAS CJIOXKHOCTH sJIpa TAaKOW HyMeparun
3aBEJIOMO HE BBIXOJIUT 3a paMkh Kjacca [13-muoxkects. C JIpyroii CTOPOHBI, CYIIECTBYIOT
OTeMMbIe (JlaKe BBIYUCIMMO OTJEIUMbIC) HYMEDOBaHHbIE ajreOpbl ¢ HEeTEePOBBIMU
pelreTkaMy KOHI'PYIHIIUM, aJrOPUTMUIECKHE CJIOXKHOCTH $JIEP KOTOPBIX IMPEBOCXOJISIT
JIIOOYI0 HaIepe 1 3aJaHHyIO.

Takum 06pazoM, aJropuTMUYECKUE CJIOXKHOCTH SIJIEP OTJAEJIUMbIX, HO HE HEraTHBHDBIX
uymepanuit APK-anrebp (eciim OHE  CyIIECTBYIOT), MOIYT HAXOJIUThCS TOJIBKO B
OTHOCUTEJILHO Y3KOM Juarnaszone Mexk 1y Herarusubivu (I19-) u I19-nymepanusamu.

[Ipu 3TOM, XOTSI TOCTPOUTH MPUMEP OTIAEJUMOIl, HO HE HEraTUBHOI aJreOph
He TpeJcTaBisieT TpyJda (TPpUBHAJILHBII Opumep — ajrebpa IyCTOW CHUTHATYDHI,
AJTOPUTMHUYECKN peau3yeMasl CBA3HBIM JIBOETOYMEM, B KOTOPOM OJIMH SJIEMEHT
[PEJICTABIEH BBIYMCAUMO II€PEYUCTUMBIM  HEBBIYMCIUMBIM MHOXKECTBOM, a BTOPOI
— €ro JIONOJIHEHWEM), BCe W3BeCTHble mHpuMepbl 1j-orTinenunmbix nHymeparmii  APK-
anredp OKa3bIBAJIMCh HEraTUBHBIME, YTO IHPUBEJIO K BO3HUKHOBEHUIO IIPEIIOIOKEHUSI
o meratuHoCTH Tj-oTAermmMmbrx HyMmepanumii APK-anre6p ([6]). Hanpuwmep, mpocreiimieit
oeckoneunoit Ti-otmemmmoit APK-anrebpoit siBiisiercst ayirebpa mpeiiecrBoBanuss P =
(w;p), tme p(n + 1) = n,p(0) = 0 (3amernm, uTo Besikasi T1-OTJe/MMast HyMeparust
KOHEYHOil aaredpbl BBIYMC/IUMA, T.e, B YaCTHOCTH, HeraTWBHA). HeraruBHbIMEU TakiKe
SBJISIOTCS JIIOObIe OT/emMble HyMepanun mosteii ([7]).

Jlerko mokazarb, YTO BCAKas Th-oTiaesmMas Hymepalus aiaredpbl P sBisiercs
HeraTUBHOM.

YHuuBepcaibHasi ajrebpa Ha3bIBAETCA KOHTDYIHI-IIPOCTON, €CJM OHA He UMeer
HETPUBUAJIBHBIX KOHIPYsHIW. Hampumep, s Tpylm 5TO PaBHOCHIBHO OTCYTCTBUIO
HETPUBHAIBHBIX HOPMAJIBHBIX MOIPYIII, I KOJIEI| — UJeaoB U T.II.

B reopuu yHUBEpPCAIBHBIX aaredp MPOCThbie aaredpbl UIPAIOT POJIb OCHOBOIIO/IAIAIOIIIX
“aTOMHBIX EJIUHUI] C TOYKH 3PEHUS CTPYKTYPHOI TEOPHH 3TUX 00BHEeKTOB. TOUHO Tak
JKe, POJIb TPOCTBIX OTJEJMMO HYMEPOBAHHBIX aJrebp ¢ TOYKU 3PEHHs CTPYKTYPHOI
TEOPUN OTIEJIMMBIX AJTOPUTMUYECKHUX IPEJICTaBICHI YHUBEPCAIBHBIX aaredp TPY/IHO
[IEPEOIeHNTh. B  4YacTHOCTH, Takue IpeJCTaBIeHns] BayKHbI HE TOJBKO B TEOPUU
aJTOPUTMOB, HO M B paMKax mporpamvbl Computer Science, ¢BsI3aHHON ¢ abOCTpaKTHBIMI
TUMIAMU JAHHBIX U AJTOPUTMUIECKUM 3aJ[aHUEM CJIOXKHBIX CHCTEM B MHTEJLJIEKTYAJIbHbBIX
cuCTeMAax.
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B [8] anoncuposan pesyibrar o cyriecrBoBanuu Ti-orienumo HymepoanHoi APK-
aJiredpbl, He dBJsONeiics HeraTusHoil. Bosiee Toro, okazasoch, 4TO Jaxke ajrebpa
P umeer takyio nymeparuio. OJHAKO HPUHIUIUAILHBIA BOIPOC O CYIIECTBOBAHUU
KOHI'PYSHII-ITPOCTBIX ajredp ¢ yKa3aHHBIM CBOMCTBOM OCTAETCS OTKPBITHIM.

C yderoM BBIIIECKA3AHHOTO CHOPMYJIUPYEM AKTYaJbHYIO U BAXKHEUIIYIO, ¢ TOYKHU
3peHUs CTPYKTYPHON TeOpUM OTJICJUMBIX IIPEJCTABICHUI YHUBEPCAJIbHBIX aJjreop,
poodJIEMY:

CymiectByer sm Ti-0T/ie/IMO  HyMepOBaHHAsi POCTas ajredpa, He sBJIAIONAICT
HEraTUBHOM?
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HekoppekTHast kpaeBas 3a/1ada A audpepeHImajabHOTO YyPaBHEHU
BTOPOIO MOPSAIKA C OHON JIMHUE BBIPOXKIEHUS

Xaxxkmues U.
Typunckuti nosumexrnuveckut yrusepcumem 6 2. Tawkenme, Yabexucman
e-mail: h.ikrom@mail.ru

B nmammoit pabore m3ydeHa HadaJIbHO-KpaeBOil 3agaunm st guddepeHnnaabHOro
ypaBHeHI/IfI B 9aCTHBIX ITPOU3BOJAHBLIX BTOPOI'O IIOPsAJKa CMECIIaHHOI'O THIIA. ypaBHeHI/IH
BBIDOXKJIECHHOI'O THIIa HWJIM CMEIIaHHOI'O TUIla C O,ZLHOI';'I NI HECKOJIbKUMUN JIMHUAMUN
U3MeHeHUs ObLIM OOBEKTOM WH3ydeHHsl MHOIHX aBTopoB (cM. [l| u ykazaHHyO Tam
6ubsmorpadmuio). Pacemorpum auddepenimaibioe ypaBHeHne

gt (2,y, 1) + 8gnt gy (T, y, ) + uyy(z,y,1) =0 (1)
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Bobmactn Q={-1<zx<1,2#40,0<y<1,0<t<T, T < oo}

ITocranoBka 3amaun. Haiitu pyHKIMIO SBJIAIONLYIOCA Ha IPOCTPAHCTBE §) pereHueM
ypasrenus (1) u Takyio, 9TO JIJIs Hee BBIIOJHAIOTCA CJIELYIONHE YCIOBHSL:
Ha4vaJIbHbIE

u(z,y,0) = ¢(z,y), u(z,y,0) = ¢(z,y), (2)
IpaHUIHbIE
u(—1,y,t) =u(l,y,t) =0, (3)
u(z,0,t) = u(z,1,t) =0,
a TaKzKe YCJIOBHUdA CKJICHBAHKE
w(=0,y,t) = u(+0,y,t), u(—0,y,t) = uy(+0,y,1). (4)

Uccnenyemas 3amada (1) - (4) oTHOCHTBCS K KJIACCY HEKOPPEKTHO MOCTABJIEHHBIX
3a/1a9 MaTeMaTUIecKoi (PU3MKM, a UMEHHO B JIAHHON 3ajade OTCYTCTBYET HEIpepbIBHAs
3aBUCHUMOCTH PEIIeHrsT OT HavaJbHBIX JIaHHbIX. HekoppekTHasi 3ajiada sl MOJI00HDBIX
ypaBHeHHil ObLIN paccMOTpeHbI B paborax [2], [3].

[Ipm mocrpoenum pemnienusi B BHJAE CYMMBI psjia  UCHOJIL3YEeTCA IOJHOTA B
npocTpaHcTBe L, OPTOrOHAJBHO COIPSXKEHHOW € CHCTEeMOI COOCTBEHHBIX (DYHKITUI
COOTBETCTBYIOMEH 3ajaun. JloKazaHbl TeOpeMbl O €JIUHCTBCHHOCTU pEIIeHUs WU
€ro YCJIOBHOW YCTOWYMBOCTU Ha MHOXKECTBE KOPPEKTHOCTH. [Ipm jgokazarebcTse
€JIMHCTBEHHOCTH ¥ YCJIOBHON YCTOWYMBOCTU HCIIOJIb3YETCsS allPUOpPHAasi OIEHKa, KOTOopasi
oJiydeHa 110 MeTojly Jiorapudpmudeckoit BbiykJjoctu. [locTpoeno mnpub/imKkeHHOE
peleHne MeTOJIOM PeryJIsipU3alliu.
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Ycii0Busi Hee IMHCTBEHHOCTHN cJIabo nmepuoanmyeckux Mep I'mboca misa
HC-monenn
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[Iycts 7F— nepeso Ksmm mopsyika k > 1, T.e. Geckonednoe jiepeso. VI3BecTHO, 4TO
¢ MoxkHO TIpescTaBuTh Kak Gp— cBOOGOAHOE mpousseieHne k + 1 IUKINYECKIX TIPYII
BTOPOrO TOpsJKa. PaccMoTpum Mojiesib, rje cnul npuHuMaer 3uadenus u3 ¢ = {0, 1}
u o € ®V— xondburypanusa. Tamuasronnan Hard-Core (HC) momenu onpesensercs 1o
dopmyie

H(o) = JZa(x), oce, JeR.

zeV
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[Mousitne mepnl ['nb6ca BBOJMTCA CcraHjapTHBIM ob6pasom (cm.Hanpumep, [1]-[2]).
Ussectho (3], uro kaxkmoii mepe ['mbb6ea st HC-momenn na jepese Ko MoxKHO
COTIOCTABJIATH COBOKYITHOCTD BEJINYIMH 2 = {2, T € G}, yIOBJICTBOPSIONIIX

2y = H (1+Xz,)7,

y€S(x)

rie A = e/ > 0— napamerp un S(x)— MHOKECTBO HPAMBIX OTOMKOB.

[Iycrs Gy./ G = {Hy, ..., H.} dakrop rpymmna, rje G HOPMAILHDIH Je/ITeTh HHIeKCa
r>1. ~

Onpenenenne 1. CoBokynHocTh Beawdnd z = {z,,@ € Gy} HasbBaercsa G-
HEPHOJIICCKON, €CTN 2y = 2 Ad Vo € G,y € @k

Gk—HepI/IOﬂI/IquKI/Ie COBOKYITHOCTU HA3BIBaIOTCA TPaHC/IAIMOHHO-UHBaAPUaHTHBIMU.

s moboro @ € Gy, muoxectso {y € Gy : (x,y)}\S(x) nMeeT e IMHCTBEHHBIIN JIEMEHT,
KOTOPOT'0 0OO3HAYNM depe3 .

Onpenenenne 2. COBOKYNHOCTb BeJIWYIUH 2z = {2,,T € Gy} HasbiBaeTCs @k—(:ﬂa6o
HEePHOIICCKON, eC 2, = z;; pu x € H;, xy € H; ana Va € Gy,

Onpegesienne 3. Mepa p HasbBaeTcs @k—(cna6o) HEepUOJUICCKOl, €eCJIM  OHA
COOTBETCTBYET ék-(C.Ha60) HEPHOJANIECKON COBOKYITHOCTH BEJIUIUH Z.

Bameuanme. B [4] npu HEKOTODPBIX yCJIOBUSAX JIOKA3aHA €JIMHCTBEHHOCTH CJ1abo
nepuojinueckux Mep ['mb6ca Ha unBapuanTHOM MHOMKecTBe Iy = {(21,29,27,28) € R :
21 = 28, 2o = 27}

[IycTn
k—3+VEk?—6k+1
st = st (k) = T = () = (5 1)
CupaseinBa CJIe/Iyomas TeopPeMa.
Teopema. Ilpu k£ > 6, ¢ = 1 u X € (A (k),A\"(k)) ma HC-momenu B

caydae HOPMAJILHOTO JICJUTE sl WHJEKCAa YeThbIpe CYIIeCTBYIOT HE MeHee TpeX cjiabo
nepuoguvdeckux Mep ['mbbca, COOTBETCTBYIONINX COBOKYIHOCTU Besimaud u3 [4. [Ipm aTom
OJIHA U3 HUX SABJIAETCHA TPAHCIANMOHHO-UHBAPUAHTHOMN, JIpyrue cjaad0 MepUOINIeCKUMI
(He mepuonnvyecknmu) Mepamu ['ub6ea.
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DKCTEHT TUIIEPIIPOCTPAaHCTBa CXO,D;HIHeﬁCH 1101, HOCJ'Ie,HOBaTeJILHOCTeI';I

Kobunaos T.A.
Havuonanrvrwud ynusepcumem Yabexucmana umenu Mupsdo Yayebexa

B pabore wuccienyercs [4] 9KCTEHT  IUNEPIPOCTPAHCTBA — CXOJAIIEHC O
[IOCJIEIOBATEILHOCTEHN MMPOCTPAHCTBA exP, X .

ITIyctp X - Tontosmornydeckoe T} - mpoctpancTBo. MHOXKECTBO BCeX HEMYCTHIX 3aMKHYTHIX
[IOJIMHOKECTB TOMOJIOIMYeCKOro mpocrpancTsa X oboznadum erpX. CemeiicTBO Bcex
MHOXKECTB BHUJIA

O(Uy,Us, ... Up) = {F : F € expX,F C | JU,,F(\U; # @i = 1,2,....,n}
i=1

rine Uy, Us,...,U, - HemycTble OTKPBITBIE TOIMHOYKECTBa MPOCTPAHCTBA X, TOPOXKIaeT
TOTIOJIOTUIO Ha MHOXKecTBe expX. DTa TOIMOJOIWs Ha3bIBaeTcs TomnoJorneii Buetopuca.
MuoxectBo expX ¢ Tomosiorueii Bueropmca HasbIBaeTCd — AKCIIOHEHIIHAJILHBIM
[IPOCTPAHCTBOM HJIM THIIEPIPOCTPAHCTBOM IIPOCTpaHCTBa X .

[Iycts X - Tomosormdeckoe T -mpoctpancTBo. Obo3HAUNM 4depe3 exrp, X MHOXKECTBO
BCEX HEIYCTBHIX 3aMKHYTBIX TIOJIMHOXKECTB IIPOCTPAHCTBA X MOIIHOCTH, HE IIPEBOCXOJIATICH
KapJIMHAJIBHOIO uucia n, T.e. exp, X = {F € exp,X : |F| < n}. Honoxkum exp,X =
U{exp, X : n = 1,2,...}, exp. X = {F € expX : F—KOMIAKTHOE HOIMHOKECTBOX }.
dAcno, uro erp,X C exp,X C exp.X C expX miga JoOOTO TOMOJOTTIECKOTO
npocTpaHcTBa X.

[Iycts TOmosIOTMYecKoe MpocTpancTBO X HE UMeeT M30JUPOBAHHBIX Touek. /Jlid
npocrpancTBo X u jis yi060it Toukn x € X depes S.(X, x) 0bo3HAUNM MHOKECTBO BCEX
{S € Sx :lim S = z} u onpegesmm muokectso Lx = {y € X : S.(X,x) # @}. fdcuo, aro
MHOKeCTBO S.(X, z) C exp. X C expX .

Hanmenwbinee kapaunaabHOE €HCIO m > Ny Takoe, 4YTO KaxKJi0e 3aMKHYTOe
MIOJIMHOYKECTBO IIPOCTPAHCTBA X, COCTOMAIIEE TOHKO M3 U30JMPOBAHHBIX TOYEK, UMMET
MOIIHOCTB< M, Ha3bIBaeTCs 9KCTeHTOM (extent) mpocrpancra X u obosnaqdaercs e(X).

Teopema . [Tycrs Tonosornaeckoe mpocrpanctBo X umeer cueTHyo 6a3y u S.(X) # @.
Torma e(X) = e(S.(X,x)) .

Caencrsue . [Tycre R™,n € N eBkiuigoso npocrpanctBo. Torma e(R") = e(S.(R")) =
NO.
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Hopmanbubie GyHKTOPBI 1 00001IIeHUsT HOPMAJIbHOCTH

Kom6apos A.I1. (Poccus)

[Iycte F — HopMajibHBI (QYHKTOP cTerneHu 3, JAEHCTBYIONUN B KaTEropuu
KOMIIAKTOB U WX HeNpepbIBHBIX oToOpakeHuit. B.B.Demopuyk jokazaj, UTO KOMIIAKT
X wmerpusyem, ecau kommakT F(X) maciaemctsenno nopmasien. Teopema Pemopuyka
siBJIseTCsl 0DODOIIEHNeM KJIaCCUYeCKOi TeopeMbl KaTeTroBa 0 MeTpH3yeMOCTH KOMIIAKTa,
Kyb KOTOpPOro HacJjeJCTBEHHO HOpMaJieH. Takyke XOPOINO U3BECTHLI: Teopema Jobama
0 TOM, 4TO ecyu runepapocrpancTBo exp(X) B romnosioruu Bberopuca HacseICTBEHHO
HOpMaJIbHO, TO X MeTpU3yeMbIii KOMIIAKT; M TeopeMa Belndko O KOMIIAKTHOCTHU
[IPOCTPAHCTBA, TUIEPIPOCTPAHCTBO KOTOPOI'O HOPMAaJIBHO.

B coobmiennn paccMaTpuBaioTcs pas3/imdHble 0000IIeHNsT HOPMAJIbHOCTH, TaKhe Kak
d-vopmasbrocTh (J.Mack), D-mopmanbrocts (H.Brandenburg), mceBmoHOpMaIbHOCTE
(C.Proctor), cnabasi mopmasbHOocTh (A.B.ApxaHresnbckuil) m jgpyrue cpoiicTBa THIA
HOPMAaJIbHOCTH. B CBSI3M ¢ 9TUM MPUBOISITCS 0OOOIIEHUST 1 aHAJIOTH [T€PEINCIEHHBIX BBITIE
TEOpeM.

O B3auMOCBHA3AX Me2XK/J1y reoMeTpuamMmn nceB,uoccbep B €BKJINJOBOM M
IICeBAJO0EBKJ/INJOBOM IIPOCTPaHCTBax

Kocrun A.B.
Kasancxuti gedepanrvonnii ynusepcumem, Eaabyoccrut uncmumym

B pabore paccmarpuBaeTcst CBOMCTBa pa3/IMIHbIX aHAJIOIOB IiceBaocdepnl benbrpamu-
MwunuHra B TPOEXMEPHOM IICEBJIOEBKJIMIOBOM IpocTpaHcTBe. Ha HEKOTOpBIX M3 HUX
WHJIyIIUPYeTCs] TeOMEeTPHs ITOCTOSTHHOM OTPHIATE]bHON KPUBU3HBI C IOJOYKUTETHHO
OIIPEJIEJIOEHHON METPHUKOI, Ha JPYyIMX METPUKON IICeBIOEBKJINJIOBA ITPOCTPAHCTBA
UHIyIUpyeTcss WHAeUHUTHAS MeTPHUKa IIOCTOSIHHOW KPUBU3HBI, TO €CTh MeTPHUKa
ujreasibHON obs1acTu tockocTu Jlobadesckoro. 'eomeTpust ujeaibHON 001ACTH IIJIOCKOCTU
JlobavueBCKOTO JIBOMCTBEHHA TeOMeTpUU COOCTBEHHON 00JIaCTH B TOM CMBICJIE, YTO
YOIy MeXKJy HpsSMbIMUA COOCTBEHHONl 0O0JIaCTH COOTBETCTBYET PACCTOSHUE MEXKLy
TOYKAMU HeaJbHON O00JIACTH, & PACCTOSHUIO MEXKIY TOYKaMu COOCTBEHHON ob/acTu
COOTBETCTBYET yTOJI MEXKIY SJUIMITUYECKUMU MPIMBIMHA UJeaJbHON 00JIACTH IJIOCKOCTH
Jlobauesckoro. Hekoropbie anajorn 1o JIBOWCTBEHHOCTHA €CTh U BO BHEIIHEN reOMeTpHI
nceBsiochepsr  Benbrpamu-Mungunra m ee TICEBIOEBKJIMJIOBLIX aHAJOroB. Mmuorue
CBOIICTBA, KAaCAIOIIMECS BHEIIHEHl reoMeTpuu IceBIocdepbl U €0e IICEeBI0EBKJINJIOBBIX
aHaJIOroB sBJIstioTcs obrmummu |?], |?].
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O60011eHNs 3a/]a49W O TEHU B THIIEPOOJIMYECKOM IIPOCTPAHCTBE

Koctun A.B., Koctruna H.H.
Kasanckuii gedeparvruti ynusepcumem, FEaabyosrccrkud uncmumym

B pabore paccmarpuBaercd 3ajiada O TEHM B HpocTpaHcTBe JlobadeBckoro u
eoe 0000IeHUsI. DTy 3aJady MOXKHO pacCMarpuBaTh KaK 3aJady O HaXOXKJICHIN
YCJIOBHI, 00DECIEYUBAIONINX MPUHAJJIEZKHOCTH TOYEK OOOOIIOEHHO BBIYKJION 000JIOUKE
ceMeficTBa IMApPOB Pa3HbIX THUIOB B rumnepbomdeckoMm mpoctpanctse. [lupoknit crekTp
3aJlad  TAKOTO THIA B EBKJIUJIOBOM IIPOCTPAHCTBE, a TakKyKe B KOMILIEKCHOM U
TUIEPKOMILIEKCHOM TIpocTpaHcTBax pacemarpuBasics FO.B. SenmmackuM 1 ero Kosieramu
[7]-|?]. IlepBonauanbhast mocTanoBKa 3ajaun npunayiexur . Xynaiibepranosy [?] :

KaKOE MUHUMANLHOE YUCAO NONAPHO HE NEPECEKANOULULCA UWAPOE C UEHMPAMU H
(n — 1)-mepnoti cdhepe n-mepnozo e6KAudO6a NPOCMPAHCMEA U PAOUYCA MEHDULERO, HEM
paduyc chepvl, docmamouro s moz2o, 4mobv, 410064 NPAMASA, NPOTOOAULLA YEPE3
uenmp cepol, nepecexana Toms 6vt 00UH U3 IMUT WAPOS.

FO.B. 3Besunckuit pacmmpui MoCTaHOBKY 3ajadu. Kpome HpuHaIEKHOCTH TOYKHU 1-
BBIIIYKJION 000JIOUKE CeMeiicTBa IMIAPOB MPEJJIOKIT U3ydaTh YCJIOBUS TPUHAJJIEKHOCTU
TOYEK mM-BBIMYKJIOM W M-TIOJIYBBIIYKJIONH O0OJIOUKE CeMeHCcTBa IMapoB U MHOYKECTB
C HEIYCTOl BHYTPEHHOCTBHIO (HEOOXOIUMBIE OIPEJIE/IEHUs] UMEIOTCA B IUTHPOBAHHBIX
paborax). Ps 3agaa Takoro tuna B mpocrpaHcTse JIo6adueBCKOro paccMOTPEH B CTATHE
[?]. B pabBore Gyayr ommcanbl Kak oOIue ¢ €BKJINJOBBIMH, Tak ¥ creruduiecKue,
XapaKTepHbIE TOJILKO JIJIg TUIEPOOJIMIECKOrO IIPOCTPAHCBA, YCJIOBHUS IPUHAJICZKHOCTH
TO4YEK 00OOIOEHHO BBITYKJ/IBIM 000JIOUKAM CEMEHCTB MapoB.
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[Iycts Q C RY — mpoussosbHas orpanmdeHnas 06JacTh ¢ IVIAJKON rpanumeii 9€) €
C* u nycrb q(z) — meorpunareabHas byHKIus 3 Kiaacca Lo(2). Ipeamosmoxkum, aro
dbyukust ¢(x) yaoBaeTBopsier CJeyoneMy YCJIOBHIO:

: 21, 12-N\ _ >
i sup / gy — | 0, N>3 (1)

ly—=z|<h

O6oznaunm 1epes L(xz, D) oneparop Ipemunrepa L(x, D) = —A + ¢(x) ¢ obractbio
onpegenennss Cg°(Q). Ilycrs omepatop H OXHO W3 CaMOCOUDSZKEHHBIX PACIINPEHMUIT
oneparopa L ¢ guckperabiM ciiekTpoM. CoracHo Teopeme @puipruxca, TaKoe paciinpeHne
Bcerga cymectByeT. Ilycts Ay < Ay < ... < A, < ... coOCTBeHHBIE 3HAYEHUST U
U1, U, ..., Up,... COOTBETCTBYIOINIHE cOOCTBEeHHBbIE (byHKINM oneparopa H 1. e Hu,(x) =
Anty (z) U3BecTHO, uTO cucrema cobctBenHbX dbyakimit {u,(z)} oneparopa Hobpasyer
OPTOHOPMUPOBAHHYIO CHCTEMY B mpocTpaHcTBe Lo(§2).

Cortacuo criekTpaJsbHOi Teopeme /[2x. ¢pon Heiimana, camoconpsizkeHHbIi oneparop H
[peJICTaB/IsSIeTCsl B BUJIE

oo
H= / \dE},
0
e E)\ — COOTBETCTBYIOIICE PaA3JIOZKECHHUEC €IUHHIIBI. B COOTBETCTBUU C TeopeMoﬁ

JI.opjiunra, mpoekTopbl )\ SIBISIOTCI MHTErPaJIbHBIMU OllepaTOPaAMU:

Erflx) = / O, 5, \) (1) dy,

riae ©(z,y, \) — ciekrpasibHas GyHKus oneparopa H.

Oynknuio f(x) GyleM Ha3BIBATH KyCOYHO-IJIAJIKOMN, €C/I OHa O0OPAIAeTCsl B HYJIb BHE
HekoTopoii mogobaactu G obsactu 2 ¢ KOMIAKTHON Iiajkoil rpanuneii S = 0G C (),
paBHOMEpPHO HempepbiBHa B (G U MMeeT paBHOMEDPHO HelpepbiBHbIE B (G IIPOM3BOIHBIE JI0
nopsizika [, | > 2. Takum obpazom, S cOAEPKUT MHOZKECTBO BCEX TOUEK Pa3pbiBa (DyHKIUN
f(x) u MoxKeT COBIACTDL C HUM.

s siroboro s > 0 BBegeM cpegaue Pucca crieKTpaJibHBIX pas3/IOKeHU

B3 f(x) =) <1 — %)sfnun(w)

An <A

Teopema. Ilycrs dyukius ¢(x) yaosiaersopsier yeaosuto (1) u mycrs  f(x)
KyCcO4YHO-T/IaiKas (byHKIMs B TpexMepHoii obactu 2. Torjga Ha KaxKI0M KOMIAKTHOM

noJMHOXKecTBe obsiacTu riajkoctu f(z) cpenrne Pucca criekrpajibHOro passoxkenust f(x)
N -3

paBHOMEPHO OrpaHUYeHbl, a cpejaue Pucca nopsjika s >

f(@).

PaBHOMEPHO CXOJINTCS K
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JlokazaTe/bcTBa TEOPEMBI IIPOBOJATCS MeToiaMu paspadoranubivMu B.A. VnpunbiM n
HI.A. Asmnmvosbim (e [1-3]) Ha ocHoBe OpPMYJIBI CPEJIHEro 3HAYEHUs JJIs COOCTBEHHBIX

dyHKIHIA.
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O B3amMocBsa3U (PYHKTOPOB €MKOCTE U MOJIOKUTEJIbHO-OJHOPO/THBIX
dyHkIIMOHATIOB

Kypb6anos X. X.
Axademus Boopyorcennoixr Cun Pecnybauru Yabexucman
e-mail: ghamid_ 83@mail.ru

EmkocTbio Ha KomnakTe X HasbiBaercd (1, 2| dyuknus c: exp X U{@} — [0, 1], qs
KOTOPOM BBIIOJIHAIOTCST cJtetytornue Tpu coiicrsa: 1) ¢(@) = 0, ¢(X) = 1; 2) ecsin F' C G,
o ¢(F) < (G),rme F, G € exp XU{@}; 3) ecsu ¢(F') < a, TO CyIECTBYET TAKOE OTKPHITOE
MHO)KecTBO U D F', 9ro ajs Kaxkjaoro 3amkHyToro U C F' BBINOJHEHO HEPABEHCTBO

c(F) < a. Kaxoit emroctu ¢ coorsercrByet unrerpas Hloke I, na Cy (X)), onpeeneHnbrit
“+oo

paserctsoM [.(p) = [(x)de(z) = of c{r € X : plx) > t})dt, ¢ € C(X). Ina

IIPOU3BOJIbHOM HenpepbiBHON dyHKINN ¢ Ha X nHTerpas [lloke onpeensercsa dopmyioit

L(9) = [ pla)icla) = [ olfi € X o(a) 2 it — [ (1= clfi € X2 o(a) 2 ehha

Unrerpan Iloke I, obmamaer cremyromumu msaTbio cBoiictamu: (1) I.(p) > 0 ms
kaxoit ¢ € Cp(X); (2) I(ayx) = a ma kaxgoro a € Ry; (3) L(ky) = kI.(p) ana
npousBosbHbIX @ € Cp(X) u k € Ry (4) L(p +¢) = 1.(p) + I.(¢) ana nupousBosbHOi
napsl ¢, € C4(X) rakoit, aro (p(z1) — p(2)) (Y (1) — ¥ (z2)) > 0 npu Beex 1, T2 € X;
(5) I(p) < I.(v) mna xaxmoit mapsl ¢, ¢ € Cy(X), Takoit, uro ¢ < . U3 cBoiicrs
(1) — (5) Berekaer, uto I.(p + ax) = I.(p) + a mig Beex p € CL(X) u a € Ry.
Kaxnpiit dyukrmmonan i: C(X) — R co coiicrBamu (1) — (5) siBjsieTcst uHTErpajaom
[loke st eMHCTBEHHON eMKocTH ¢ Ha X, onpejenaenHoii pasenctsoM ¢(F') = inf{i(p) :
v € Cy(X), pxr > xr}. MHOXKeCTBO Beex eMKocTeil Ha KommakTe X 0003HAYAIOT depe3
M(X). OroxaecTBiisisi KaxkKIyl0 eMKOCTh ¢ ¢ cooTBeTcTByomuM uaTerpasom [lloke I,
MOZKHO cuuTaTh, 9to M(X) C RE+X) Hamemmm M (X) Tomomoruei, wHIyMpPOBAHHOM
u3 RC+(X), T. €. TOIOJIOTHEll MOTOYeYHOH cxoauMocTu. B JaHHON 3aMeTKe aHOHCHPYEM
CJIEJIYIOIINE PE3YJILTATHL.
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IIpennoxxenne 1. Jlna Begkoro kommakta X mpocrpanctBo M (X) emkocreit
Ha X saBigercs mnoanpocrpancTBoM KommakTta OH(X) MOI0KATETbHO-0THOPOIHBIX
dyHKIIMOHAIOB.

Bostee Toro, sTor pesysibrar obobimaeTcs Ha hyHKTOPUATLHBIN YPOBEHbD.

Teopema 1. ®ynkrop emkocreit M sapiasercs noadyHkTopoMm dyaKTOpa OH
[IOJIOYKUTETbHO-OTHOPOIHBIX (DYHKITMOHAJIOB.
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,Z[I/IHaMI/IKa HEKOTOPbIX KBaJAPAaTUIHbIX CTOXAaCTUYECKHUX OIIepaTopoB
BOJIBTEPPOBCKOI'O THUIIA

K.A .Kypranos,®.A.FOcynos.
Hayuonaavrod ynusepcumem Yabexucmana
e-mail: farrukhyusupovchambil@mail.ru

Ksaaparuanbrit CTOXACTUICCKUN oepaTop BOJITEPPOBCKOI'O THIA
(K.C.0.B.T),0lIpe/IeJIEHHBIIl B CHMILIEKCE

S6 = {.’L’ = (x17$27“-ax7> S R7 - Z O’Za:l = 1}

uMeer BUJL:
! m _ — ; —
Vi, =ap(14+ )0 akwi), k=1, mrne ag = —a, lag| < 1,k i =1,m (1).
K.c.o.s.1 V HasplBaeTcs pPeryjIsapHBIM, eciau Jyisg Jjioboro x € S™~! cymecrsyer

e/IMHCTBEHHAs HeNoJBUKHas Touka ¥ € S™7 1 (re.Vz* = x*)Takoe uro lim V'r =
T—00

x*,;one {V™x} tpaekropust TOUKN T = (X1, Lo, ..., Ty )-
K.c.0.B.T V HasBIBaeTCA 3ProedHbIM, €C/IH JIjId oboro x € S™~! cymecTByeT mpese
n—1
lim 1 S VFa.
z—o0 =0

PacemorpuMm K.c.0.B.T. BHjIA:

) = x1[1l — ajowe + a1373 + a4y
xh = xo[l + a1pxy — 933 + a4y
: [

1 — a1371 + ag3wa + azsxy

8

w
I
8

3

]
]
(2),
]
Ty = 24 1 — a1 — agaws — a34a:3]
rae ag; € [0, 1]

K.c.0.B.1 (2) mmeer kpome Bepiun Mq(1,0,0,0), M5(0,1,0,0), M5(0,0,1,0), My(0,0,0,1)
HenoABINKHYI0 Touky C(%3, 43 42 () rie A = aip + a13 + ags .
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TeopeMa 1l Ecmm z € intS® 10 X.C.0.B.T (3) HesprojuveH, T.e He CYIIECTBYET MPEIE
n k
lim, o & =D o VT
Carencraue. ECJII/I K.C.0.B.T UMeeT BUJI;:

/
Il = 561[1 — Q1272 + a13T3 + A14T4 —+ ...+ almxm}

/
Ty = ZEQ[l + a10r1 — 2373 + a9yxy + ... + agmxm}

V: (3)

Ty, = T [l — QG1m@1 — GomT2 — A3 T3 + .. + Am—1)mTm—1)

Jaxi € [0, 1] To HEsproauUeH.
IIyctpb K.c.0.B.T V mmeer BUI;

‘Tl = .Il[l — A12T2 + a13r3 — CL14.I4]

V- $2 = T3]l + a1271 — G373 + 2474
) ah = 23[l — aizry + agsws + agay]
o) = 241 + a14%1 — Q242 — A3473)]

rae ag; € [0, 1]

K.c.o.B.1 (4) kpome Beprua cumiuiekca My, My, M3, My vinMeer elné e HEmoBUKHbIE
rouxkn C(%2, 4 12 (), C’(‘E"ll 0, 24, Zﬁ) rjae Ay = a3 + 14 + asq

Teopema 2. K.c.o0.B.1 (4) Hesproauuen.
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The following theorem generalizes the theorem reported by the author at the confer-
ence: International Conference Set-Theoretic Topology and Topological Algebra in honor
of professor Alexander Arhangel’skii on his 80-th birthday [2].

In the theory of dimension, the concept of a network introduced by Professor
A. V. Arkhangelskii plays a large role as the properties of paracompact o-spaces [1].

Theorem. Let a space X is a Nagata space (i.e. stratifiable and

semimetrizable). Then the following conditions are equivalent:
a). dimX< n.
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b). IndX< n.
c). X={JX;, i=0,1,2,...n+1, where each set X; is G, and dimX;<0,
for i=1,2,..n+1.

d). the space X is a <(n + 1)-to-one image of a zero-dimensional Nagata space under a
perfect map.

All methods and results necessary to prove the theorem are contained in [3].

From Theorem (d) we have:

Corollary. Every Nagata space has a o-closure-preserving S-network.
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O romoTronmYecky MJIOTHBIX MOJIIPOCTPAHCTBAX MPOCTPAHCTBA BCEX
BEPOATHOCTHBIX Mep C KOHEYHbIMU HOCUTEJIIMMU.

M.M.Magupumos, (TTIIY), M.M. Bapakaes, (TTIIY), ¥.M.CanakysoB
(TTILVY).
e-mail:murod.barakayev. 1958@mail.Tu

B nannoit 3amerke s dynkropa P u ero noadyukropos P, u P, [1] B kareropun
KOMIIAKTOB M HEIPEPLIBHBIX 0TOOpazKeHuil B cedsd, JOKa3bIBACTCH:

Teopema. /[lns moboro OGeckoneunoro kommakta X u g Jjoboro n € N
nomupocrpanctso P, (X)\ P,(X) romoronmiaeckn miotao B B, (X)

Zloxaszameavcmeo. Ilycts X 6eckoHednblit KomnaxT u n € N. VIcKOMy0 roOMOTOIIHIIO
h(u,t) : Py(X) x [0,1] — P,(X) crpoum mosaras

Mit) = (1 — D+t o
rJie fip IPOU3BOJIbHAsT Mepa u3 MHOXKeCTBa P,y o(X)\P,i1(X) €. g € Pyio(X)\Pri1(X)

n+2
fo = M10q; + M0z, + ... + Myg20s, ., Zml =1 m; >0
i=1

Ecm t = 0, Torga h(p,0) = (1 = 0)p + 0 - po = p Bnasur, h(p,0) = idp,(x)

Ecau t > 0, rorma h(u,t) = (1 —t)u+1t- puo€ P, (X) Tax kax |sup ph(p,t)|n+ 1. S3uaunt
qutst soboro t € (0, 1] mepa h(p,t) npuragrexur nognpocrpanctsy P, (X)\P,(X). Yro
1 TPeOOBAJINCH JT0KA3aTh.

N3 sroit TeopeMbl BbITEKAET

CaencrBue 1. Jlnsg soboro n € N u j060ro OeCKOHEIHOrO KOMIakTa X
nozupocrpancTBo P, (X) romoronmaeckn npenebpexumo B P, (X).

B pabore 2] umeercs creyronas
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IIpensoxenune [2] Homnycrum X ectb AN R npocrpancrBo Y C X roMoTonmyeckn
WIOTHO B X.

Torma Y ectb AN R npocTpaHCTBO.

U3 sToro mpemjiozkenue [2| u TeOpeMbl BHITEKAET.

CnencrBue 2. ljns Joboro OeckoHedHOro Kommakta X u Jioboro n € N
noupocrpancrsa P(X)\ P, (X), asisgerca AN R npocTpaHCTBOM.

CiieioBaTe/lbHO, B CHJIY BBIIYKJIOCTH 3THX IOJNPOCTPAHCTB OHU  SABJISIFOTCS
craruBaeMbiMu AR mpoctpamcrBamu. T.e. Jas goboro n € N um  060ro
6eckoneunoro kommakta X mpocrpancta P(X)\P,(X) u P,(X)\P,(X) asaserca AR
npocrpancrBamu. C apyroii croponsr umeer mecto P, (X)\P,(X) C P(X)\P,.(X)

JIuteparypa
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Kpurepuu naropurapmMoHudHOCTH M — rapMoHMYECKuX (pyHKIUA

MaapaxumoB P.M., Omonos O.N.
Havuonanrvrwt Yrnusepcumem Ysbexucmana
Quauvan TUHUMCX ¢ Kapwu, Kapwu, Y3bexucman
e-mail: 8368.qar.mill13@mail.ru

[Tycrs D—dukcuposannasg obtacts B C*. Xoporo uzsectno uro, dbyuxuus v € C2 (D)
HA3bIBAETCs TapMOHUYIECKOH (cybrapmonndeckoii) B obmact D C C", ecin OHA BCIOZLY B
D ynosnerBopsier ypasHeruto Jlamraca

"L %
Au=0 (Au0), Au:4z .

OyHKINSA % HA3BIBAETCA N—TapMOHUYECKON, €CIM U—TrapMOHHYECKas 110 KayKIOMY
HepeMeHHoOMy B OoTAeabHoCTH. PYHKINA U JOTZKHA YI0BACTBOPATL N ypaBHEHHAM Aju =
0 (j=1,..,n).

Ona u € C?(D) nasbiBaeTcs IJIIOPUTapMOHUYECKOil B D, eciu OHa yJIOBJIETBOPSAET
nuddepeHImaIbHbIM YPaBHEHUSIM

Pu
aziﬁéj N

0 (i,j=1,..,n).

B Besiem nousitust M —rapMOHIUYECKON (DYHKITUH.
Omnpepesnienne 1. [lycrs B—epunuunbtii map B C. @Oynkiusa v € C? (B) nasbiBaercs

M —rapmonnaeckoii (M —cybrapmonmieckoit) B B, eciim Au = 0 (Au0), tae Au = (1 —
2 n = 82u o
2[")(Au =430, zizjm) MHBapHaHTHBIN Jamacuad B B (em. [1] cTp. 54-66).
Kak m3BecTHO, OJJHOBPEMEHHO, FapMOHIYECKas U ILTIOPUCYOrapMOHIIecKast (yHKIHs
ABJISIETCA [LTIOPUTAPMOHIIECKOI.
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Y. Pymun B pabore [3| mosmyuwms coemyionmii pesyiabrar: ecan QyHKIms u(2)
rapmMoHnveckag u M — rapmonudeckas B B, 1o u (z) miopurapMoHvueckas B B.

P. Magpaxumos u M. Bamcosa B pabore [4]| mokazamum, uro: ecin byHKImusa u (z)
rapMoHndeckast u M — cybrapmonudeckas B B, 1o u (z) mmopurapMoHvueckas B B.
OCHOBHBIM PE3YJIBTATOM JAHHON PabOThI SABJISETCS CJICILYIONIA:

Teopema 1. Ilycte B—egunuunbiii map B C" u u (2) yJAOBIETBOPSIET CJIEYIONM
YCIIOBHSIM:

1. Oyuxnus u (z) cybrapmonndeckas B B;

2. Oyukuus u (z) M—rapMonnveckasi B B.

Torna u (z) mmopurapmonntveckas B B.

Bomnpoc. {snsercs em cybrapmonndeckas u M — cybrapmonundeckasi B B, dpyHKIus
u (z) WIOpHCy6rapMOHIIECKOT.

OTBer Ha STOT BOIPOC OTPUIATEJLHBIN, KaK IMOKA3bIBACT CJIEJAYIONUI IpUMep
MTOJTTHOM A

u(z) = 2121 + 2929 — 2323, z€BC Cg.
Iockombky Au = 4 > 0 u Au = 4(1 — |2°)(1 — u) > 0, 5o u(2) He sBIsETCH
wopucyorapmorndeckoii B B, uto u(0,0, z3) = — |23|" He aBisiercss cybrapMOHUIECKOI

BBﬂ{leo, 2220}
s momukpyra U™ C C™ nmeeT MeCTO aHAJIOTUIHO OIpejie/IeHIe.

Onpegenenne 2. [Iycts U"—epunuunbiii nojukpyr B C". @Oynxkmua u € C? (UM)
naspiBaercs M —rapyommdeckoii (M —cy6rapmonndeckoit) B8 U”, ecmn Au = 0 (Au0),

rie Au=2%" (1— |zi|2)2 afjgzi uHBapuaHTHbI tamtacuan B U™ (em.[2], cTp.24-25).
Ecin dbysxmusa u(z) sasiaserca n—rapmonudeckoir B U, 1o wu(z) saBiserca M—
rapmonndeckoii B U™. Takum obpasom, dynkius C? sipjisiercs n—rapMonndeckoii B U™,
ecau TOJBKO U TOJMbKO Au; = 0 g1a Bcex j = 1,...,n. Teneps MBI mpuBesieM mpumep
dbyukmun, yrosaersopsioiteii Aynu = 0, HO He SIBIISIOMENCS 7—TapMOHIIECKOil B U™,

Hnga ze U, w e T, nycrb

Py = LB

1= 2w)?

oboznaunm sypo [lyaccona B U.
Kak mbr yBujnm, s ukcuposannoit w € T, o > 0

AP® (z,w) = 2a (a — 1) P* (z,w)
ITycts a; = A; + 3 Oyzer @ = 1,2. To

~ 1 ]_ 1
AZ'PMJFE (zi,wi) =2 ()\22 — Z_l) P)\i+§ (zi,wi) .

Takum 06pasoM, ectn F (21, 25) = PMT2 (21, wy) PA2T2 (29, ws),

. 1
AUQF(zlaZQ) =2 ()\% + )\g - 5) F(ZlazZ) :
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1
2
Ap2F (z1,20) = 0. Ecaim Ay u Ay He paBHbI %, byukiusa F(z1,29) He sBasgercs
2—rapmonuveckoii B U2,

Teopema 2. [Tycrs U? C C? u dbynxuus u (z) yJI0BIETBOPAET CJIeLYIONIM YCIOBUSAM:

CuesioBaTesibHo, Ji  JIIOOOTO  Ap, Ay, yjoBjeTBopstomero A2 + A2 TO

1. dbynknus u(z) rapmonudeckas B U?;

2. dynkuus u(z) M—rapmonnueckas B UZ.
Torna u(z) 2—rapmonndeckasa B U2,
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K 3apaye nmpeciienoBanus B JIMHEUHBIX An(pdepeHInaIbHBIX UTpax

Mamagaaunes H.A.
Havyuonanvrudi ynusepcumem Yabexucmana, Tawxenm, Yabexucmanr
e-mail: M_numana59@mail.ru

Annorarnusi. B jannoit pabore m3ydenbl nuddepeHnaibHas Urpa Mpecie0BaHus,
ONMCHIBAaEMas  CHUCTEMOI  JIMHEWHBIX  auddepeHnnaabHO-Pa3HOCTHBIX  YpaBHEHUI
HEATpaJbLHOTO THIIA MPU I€OMETPUIECKUMH OrPAHUYEHUSIMU Ha YIPaBJIEHHs HUIPOKOB.
[Ipennaraerca mocTaTodHOE YCJIOBUE HA HapaMeTpPhl IpoIecca Jjisi 3aBEPIIeHUsT UTPHI 3a
olpe/iesieHHOe KOHeYHOe BpeMst. JlanHasi pabora mpuMbIKaeT K UccaeoBanuaM [2,3].

1.ITocrtanoBka 3aga4um. B npocrpancrse R™ paccmarpuBaercs auddepennnaabHas
Urpa Ipec/ieI0BaHus OIUChIBaeMasl CUCTEMON JTUHEHHBIX 1 depeHITnaIbHO-PA3HOCTHBIX
ypaBHeHHI HedTpasbHOro Tuna [1]:

A(t) = Zm:Aiz(t —h) + Zm:Biz(t — hy) — Cu(t) + Du(t), t >0, (1)

e z(t) € R"n > 1;A,(i = 1,2,--- ,m),B; (i = 1,2,---,m),C,D — mocrosiHHbIE
KBaJIpaTHBIE MAaTPUIIBl, pa3sMepHOCTH KOTOpbiX (n X n), (n X n), (n X p),(n x q),
coorBercTBeHHO; 0 = hg < hy < -+ < h,, — Koucrtautel, u € P C RP, v € () C
R4, — ynpasisitornue BekTopbl. P u () — KoMmakThl. BekTopom u(t) pacnopsizkaercst
JIOTOHSTIOIINTT OOBEKT, BEKTOPOM ¥(t) pacropsizkaercst yoeraronmii 00beKT.
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[TpousBosibHble u3Mepumble byskimun v = u(t),v = v(t),0 < t < oo,
VJIOBJIETBOPSIOINIE OrpaHUYeHusIM BUJIa uw € P, v € () HazoBeM Jonycmumbmuy
YNPABAEHUAMY TTPECIIEIYIONIETO U yOEralolero urpoKoB, COOTBETCTBEHHO.

B mpocrpancrse R" BbljeseHOo TepMuUHAIbLHOE MHOXKECTBO B Bujle Iuiauniapa M =
My + My, tne My — nuHeiiHOe MOAIIPOCTPAHCTBO mpocrpancTsa R™, M; — BbITyKJ/I0€
KOMIIAKTHOE TOJIMHOXKECTBO TOJIIpocTpancTsa L, riae L — opToroHajbHOE JIONOJTHEHUE
K mojmnpocrpanctey My B R™ ( me. My @ L = R" ). HauaapHbIM [OJOKEHUEM 15T
npecienoBanust (1) sBisiercst n — MepHasi abCONIOTHO HempepbiBHAsT DyHKIW (1),
ompejieieHHast Ha oTpeske [—hy,, 0].

[IpeciieioBae HAYMHAETCS U3 HAYAJIBHOIO TOJOXKeHUs (-) ©  cunTaercs
3aKOHYEHHBIM B MOMeHT Bpemenu t = t[p(-)], kKorma daszoBas Touka z(t) BHepBbLIe
nonasaer na Muozkectso M : z(t) € M. lenns yberaomnero nrpoka COCTOMT B TOM, YTOOBI
110 BO3MOYKHOCTU OTTSHYTH OKOHYAHUE UI'PHI.

Yepes K(t),—oco0 < t < 7, — 0003HAUUM MATPUIHYIO (BYHKIHIO, 00/IaIAI0MLyTO
caenytomumu  coiicteamu [1;3]: a) K(t) = 0,¢t < 0, 0 — HyJeBas MmaTpuia
nopsinka n; b) K(0) = E,, tne E, — eauHndHas maTpulia HOpsijika n; B) (QyHKIHs

S Aiz(t — hi) menpepsisaa na C[0, 7]; v) K (¢) npm ¢ > 0 y10BIeTBOPAET MATPUIHOMY
nddepeHImaIbHOMY yPaBHEHUIO

K(t) = Zm: AK(t— hy) + Zm: B;K(t — h;). (2)

CyIecTBoBaHUe U eIMHCTBEHHOCTh MaTpudHoi dyukuuu K (t), —oo < t < 7, yjoBJer-
BOPSAIOINIEH YCJIOBUAM &)—T) MOI'YT OBITh JIOKA3aHbI OOBITHOM METOJIOM TIOC/IEI0BATETHLHOIO
HHTErPUPOBAHUs ypaBHEHHUs (2).

[Iycrs momycrumvble yupasienns u = u(t), v = v(t), Beibpansl #Ha orpeske [0, 7], 7 > 0,
Torja Jid pentenns z(t) ypasuenus (1) npn nadaabroM yeaosuu z(t) = p(t), —hy, <t <
0, nMmeercs crefyroiiee pejicTapienne |1;3]

m m 0

2(1) = — Z K(r — hi)Aip(0) + Z / K(1 —t — hy) Bi[Aip(t) + Bigp(t)]dt—

i=1 1=1 Zhy

T

- / K(r —t)[Cu(t) - Do)t

Onpepnenenne. Bynem rosoputh, 9to B urpe (1) m3 HavaabHOrO MOJIOKeHUST ©(-)
BO3MOXKHO 3aBepinenne npecyenoBanns 3a spemsa T = T(p(+)),0 < T < +oo, ecin
cymecrByer dyukmus u(t,v), 0 <t < +oo, v € R?, u(t,v) € RP, uto mist mpou3BoJILHOIT
cymmmpyemoii ¢ kBajparom byuknun v(t), 0 < ¢ < +oo, v(t) € R?, yrosiersopsiorieit
HepaBeHCTBY ||V(+)||1y00,400) < 0, bynkmma u(t) = u(t,v(t)), 0 < t < 4o0, aBisgercs
byHKIHME ¢ CyMMHPYEMBIM KBaJIPATOM, YJIOBJICTBOPseT HepaBeHCTBY ||u(-)||r,0,400) < P
u tpaekropus z(t), 0 < t < +oo, ypaBHeHus (1) ¢ y9eToM HAYAIBHOTO YCJIOBHS
z(t) = @(t), —hy, < t < 0, g0 momenTa T momajaeT Ha TEPMUHAILHOE MHOXKECTBO M
npu mekotopom t = t* € [0, T, T.e. yaosiaersopsier BKaouenuio z(t*) € M. Tlpu srom s
[OCTPOEHNs YIPABJISIONIEro BeKTopa u(t) B KaXK/blii MOMEHT BPEMEHU t HUCIOJIb3YIOTCs
byukunn z(s), t — hy, < s <t, v(s), 0 <s <t.
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[enbio Hacrosimeil paboThI ABJISETCS MOJyYeHHe HEKOTOPBIX JIOCTATOYHBIX YCIOBDI
[IPU BBIOJIHEHUH KOTOPBIX VIS JIAHHOTO HAYAIBHOIO TOJIOXKEHUs! ¢(+), U3 KOTOPBIX B UI'DEe
(1) rapanTupyeTcst BOSMOXKHOCTU 3aBepIleHue TIPEeCIe0BaHns 38 KoHeaHoe BpeMst 1.

2. O6o3HaYMM 4Yepe3 T — MaTPHILy OIepaTOpa OPTOrOHAJILHOIO IPOEKTUPOBAHUS U3

n J— . J— .
R"ua L,avepes X xY ={z:2+Y C X} = Uer(X—y)) reOMeTPUIECKYIO PA3HOCTD
(pasnoctb Munkosckoro) maoxkects X u Y, X C R" Y C R" [2].

[Iycrs F(t) : L — L, t € [0, 7] — kBajpaTHas MaTpuiia pasmepaocts v, v = dim L, 1o-
JIYHEIPEPbIBHAs CBEPXY, 3aBucsIas or t 1 My(T) BBIIYKJIOE KOMIIAKTHOE TIOJMHOXKECTBO
HOAIIPOCTPAHCTBA L, OIIpeie/IeHHOE CJICAYIOMNM 06pa3oM

muﬂzﬂﬁifpg_Fu—w%K@—wDQw

0

e B, — equHnYHas MaTpPHIA ITOPsIKA V.
[Iycrs M(t), 0 < t < T, — IPOU3BOJIILHOE U3MEPUMOE 3aMKHYTO3HATHOE MHOTO3HATHOE

orobpazkenue, ynosiaersopsiomee yeaosuo [ M(t)dt C My(t) [3].
0

Bsenewm ciremytoree MHOKECTBO
@Mﬂmﬂ:<Mﬁ—ﬂ+wKﬁ—ﬂOﬂiFh—ﬂmKh—ﬂDQ

IIpennonoxkenue 1. Cywecmeyrom mampuya F(t) u mnozosnaqmoe omobpasicenue
M), 0 < t < 7, makue, wmo dasn ecexr t € [0,7] menycmo, mmosicecmsa

My(7), W(M(t),1).

Benem MHOXKecTBO
W (r) :/&(M(t),t)dt, 0<t<T, W)= M. (3)
0

Badukcupyem HEKOTOpOE HavYa/bHOE HoJIozkeHre ¢(-). BBejem B paccMoTpenue ciiejry-
IOIILYIO BEKTOP — (DYHKITHIO

m m 0

Elr, ()] = - Z K (1 — hi)Aip(0) + Z / K(1 —t = hq) Bi[Aip(t) + Bip(t)]dt — f1(7),

i=1 =1,

rae fi(r) € W(r). B coorBercTBum ¢ ompejesieHneM HWHTerpasa (3) CyIIecTByeT

u3MepuMblii 1o Bopesto cymmupyembrit cesekrop w(t) € l/l\J(M (1),t), 0 < t < 7, TaKoii,
T

aTo mmeer Mecto pasenctso fi(7) = [w(r — t)dt, sabukcupyem ero. Torga BexTop —
0

dbyurims [, ¢()] nmeer BuI

0

o)) = =3 K(r—h) Ap(0)+ / K (r—t—h) Bl Asp(t)+ Bio ()| di— / D(r—t)dt.

i=1 =1,
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Jlerko mokasarb, 4TO eCJIM JIjisl HEKOTOPOIo MoJIoxkKuTebHoro 7 dbyukiwms &[T, ()] = 0,
TO 33/1a4a MPECIeJIOBAHNS Pa3pelmMa K MOMEHTY 7. B masibHeiimem mpejnoaraeTcs, 9ro
&[r, p(+)] # 0 ps Beex 7 > 0. Tlosoxkum

N — 5[7—’ 90()] - .

Hamee, onpenenum qucioByto dbyHKImO \(¢(-), 7,t,v) cremnytomum obpasom [3]:

Mﬂ%ﬂum:wm{AEOJm@wﬂe[M@—w+wKu—wcp—

—Fu—wwKu—wDu—w@—@}

obozuauuMm depe3 \(p(-), 7,t) = inf{A(¢(-), 7, t,v) : v E Q}.
IIpeanosioxkenne 2. Jlaa nauanivnozo noaosicenus o(+) cywecmeyem wucio T =
T1(p(+)) > 0 maxoe, ¥mo GLINOAHENO HEPABEHCTNEO

T1

!ﬂmw@ﬂé/Mwmﬁ@ﬁ.

0

Teopema. Ecau evnoanenvs ycaosus npednoaoocenut 1 w 2, mo 6 uepe (1) us
3040411020 HAYANLHOZ0 NOAOAHCEHUA P(+) BOZMONCHO 3a6EPULENUE NPECACIOBAHUS 30, BPEMA

T =m7(p().
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Onucanme pa3pemuMbix ajaredop JleiibHuia ¢ HUJIbpPaaANKaIOM NMEIOMInii
XapaKTEePUCTUIECKUIl ITOCJIEIOBATETHOCTD (M1, Ms)

Mamagaaues VY. X.
Hayuonanrvruti Ynusepcumem Ysbexucmana
e-mail: mamadaliyevuktamjon@mail.ru

B pmannoit pabore omnmcanbl ajarebpbr Jleiibnuia ¢ HUIBPAIUKAJIOM , UMEIOILYIO
XapaKTEePUCTHIECKYTO TTOCIIE0BATETHLHOCTE (1M1, My).

Jlnst onpejiesienuii u 1peBApUTEIbHBIX PE3YJILTATOB Mbl CCbliaeMmces Ha |1, 2].

[Tycrs L - HuibnoTenTHas anrebpa Jleitonuna u mycrs € L\ L. JI1s HUIBIIOTEHTHOTO
oreparopa IMpaBOro YMHOMKEHHsI R, PacCMOTPUM yOBIBAIOILYIO IOCJIEI0BATEHBHOCTE
C(z) = (mq,...,mg), COCTOSIIYIO U3 Pa3MepPOB YKOPJAHOBBIX KJIETOK orneparopa R,. Ha
MHOZKECTBE TaKUX I[10CJIE0BATEILHOCTEN OIPEIeIUM JIEKCUKOrPahUIeCKUil OPSII0K.
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Omnpenenenne 1. IlociaemoBarebHOCTD

C(L)= max C(x)
2eI\[L,L)
Ha3BIBACTCH TAPAKMEPUCTIUNECKOT, NOCAI08AMEAHOCMBIO AnreOpbl L.

Pacemorpum  Hmibniorenthyio  anredpy  JleiiOnuna N ¢ XapaKTepHCTHYECKO
nocstenosaressHocteio C(N) = (my,mae),m; > mo > 1 u ¢ Tabiuieit ymHoKenuei
UMEIOIIHA CJIeyIOIUI BUJL:

e, e1] = €1, 1<i<my—1,
[fiex] = fix1, 1<i<my—1,

rae {€1, ..y mys f1,- -+, fm, } 0a3uc anrebpnr N.

IIpengyoxxenne 1. Besakoe nuddepennuposanue ajaredpsl N uMeeT BUJL

mi ma2
d(e;) =ioq 1€, + E o1 j—i+1€5 + E agj—it1fi, 1 <i <mg,

Jj=i+1 Jj=t

mi
d(ez) = 2.041’161' + E al,j—i+16j; mo + 1 S 7 S my,

=i+l
mi ma2
d(fi) = Z Brj-iv1ej + ((i = Darg + Ban) fi + Z Baj—iv1fin 1 <1< mo.
Jj=mi—mao+i j=i+1

[Iycte R - pazpemumas ajarebpa Jleiibnuia, ciaegoBarenbuo, R MOXKHO 3alucaTb
KaK CYMMY BEKTOPHBIX mpocrpanctB R = N + ), tme N— nuabpajmkan B R u @ -
JIOTIOJTHSAIONIEE BEKTOPHOE IIPOCTPAHCTBO.

IIpensioxkenune 2.|2| [lycts R - paspenmmas anrebpa Jleiibuuna. Torma pasmeprocts
() He TPEeBBINTaeT MAKCUMAJIHLHOIO YNC/Ia HUIb-HEe3aBUCUMBIX aud depennupoBanuii V.

N3  npenjoxkennss 1  MOXKHO  yCTAHOBUTH, HYTO  YHUCJIO  HUJIb-HE3aBUCUMBIX
nuddepeHupoBannii paBeH 2.

g paspemmMmbix  anaredp Jleitbnuna ¢ Huabpagukajgom N U pa3MepPHOCTHIO
JIOTIOJTHAIOIIErO [TPOCTPAHCTBA PABHOI S, MbI OyjieM UCHOJIb30BaTh 0003Hadenne R(N, s).

Jlajtee npuBeieM OIHUCAHKIE pas3peruMbix aaredp Jleitbauia ¢ Huabpaaukaaom N.

Teopema 1. IlpoussoibHas anrebpa cemeiicrea R(N,1) wmsomopdna ommoil u3
CJIeJIYIONINX CeMeNCTB aareop:
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((eier] = €1, 1<i<mi—1, [fi,el] = fiyr, 1<i<my—1,

[
[ezax] Z€z+ Z 062] z+1f]7 1§Z§m27
Jj=i+1
lei, x] = ie;, mo+1<i<my,
my
fi,2] = > Br,i€; + Boaf1,
Rl : = m%n—mg—l—l
1
[fi,z] = Yoo Bijmivie; + (=14 Bon)fi, 2 <i<my,
Jj=mi—ma+i
mo—1
[x,eﬂ = —ey, [maf] = - Z a2,i+1fia €CJIn 52,1 # 1 —ma,
mo—1 B
[z, 2] = = > asir1fi + domofime, ecmu By = 1 —my.
{ —
([es,eq] = €i+17 1<i<mi—1, [fi,el] = fiz1, I1<i<my—1,
[617 ] Z 051] z+1ej + Z 042,] 1+1f]7 1 S l S ma,
j= z+1 Jj=t
R2 : < [ei,x] = Z Qa1,5—i+1€5, mo + 1 < 7 < mq,
=i+l
mi ma .
[fi,x] = > Brj—ivie; + fi+ Do Boj—ivif;, 1< <mo,
Jj=mi—ma+i j=i+1
[z, 2] = 01m, €m, -

\

Teopema 2. Ilpoussosbnasi anrebpa cemeiicrBa R(N,2) uzomopdHa cieayoreit
ayreope:

e e1] = ey, 1<i<mi—1, [fi,er] = fiza, 1<i<my—1,
[fi,l’g] = fi7 1 S { S ma, [1‘1,61] = —€1.
JIuteparypa

[1]. Loday J.-L. Une version non commutative des algebres de Lie: les algebres de
Leibniz. Enseign. Math., vol. 39, 1993, 269-293.
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3a,z[aqa JIeB 1 4YeJIOBEK B IIPpUCYTCTBUU IIPEIIATCTBA

Mamaros M.IIL.!, Syunynos A.0.%, Sconos I.9.3
L2 Havyuonanvnwiti yrueepcumem Ysbexucmana, Tawxenm, Ysbexucman
3 Tawxenmexuti Tocydapemeennwii mexnuyeckuti ynusepcumem, Tawxenm,
Yabexucman
e-mail: mamatovmsh@mail.ru, zizu.zunnunov@gmail.com, eganberdi-esonov@mail.ru

B nammoit 3ameTke paccMmarpuBaeTcd 3ajada JleB m  YesoBek, T.e. 3aj1aua
npecjie/ioBatusi-yoeransg OJIHOIO  YIIPABISIEMOTO O00bEeKTa Ty - YEJOBEK JIPYTHUM
yIpaBJisieMbIM 00HEKTOM 1 - JIeB B KomIakTHoM Muozxkectse K C R? (1). ITycth aBuzkenue
TOY€K Tg, 1 OIIUCBIBACTCA YpPaBHCHUAMU

Ty = ug, &1 =u1, [Juoll <1, [Jw]| <1, (1)

U - YIPABJIAIOIIII TApaMeTP yOeralolero, Uy - yIPaB/IAIONIIii IapaMeTp IPEeCIeLyIONero
HI'POKA.

Urpa (1) cumraercs 3aBepIICHHOI, ec/u, I HEKOTOPOro 3apaHee 3aJaHHoro [ > 0
Beinosineno yenosue ||2o(1) — 21(T)|| < I B moment Bpemenn T

Teopema 1. [Ipeanonoxum, uro na kpyre Ky, = {(z,2%) : (z')2+(2*)? < r?, r > o},
paccMmarpuBaercs 3ajada npeciaegoBanus - yoeranus (1). Torma urpa sasepimaercs 3a

e
0 = ([

l - il\”
+1>Z+2 i:EI 7“2—(1) +7r s
4(r=10)

rae n = [—} + 1, [m] - nesnast gacThb yucaa m.

I
Teopema 2. IIpejno/iouM, 9ro Ha 1iockoctu R? B kBajgpare Ky, = {(x!,2?) : 0 <
! <r, 0 <22 <r, r> o0}, paccMaTpuBaercs 3ajada IpecieioBanus - yoeranus (1).
Torma Urpa 3aBepIIaeTcs 3a BpeMs

Tiw(l) = ([4(2+_l)] + 1) £+ {@} o + 4r.

[Iycrb a1 = v/2r cTOpOHA BIHCAHHOTO, & 4y = 27 CTOPOHA OLNCAHHOIO KBaJIpaTa KPyTa
K.

Teopema 3. IlpeanonoxuM, 4To Ha miaockocTu R? na Kpyre Kj,., paccMaTpuBaeTcs
3aj1a4a npecienobanus - yoeranus (1). Torma ma T'(1) mmeer MecTo OreHKH

([4(“5[‘”] + 1) Ly [—4(*/5[‘”} V2r 4+ 2v/2r
2

4(2r—1) l 4(2r—1)
; ]—1—1)1—1—[ . }27“—1—47“
5 .

< Tre(1) < <[

Teopema 4. IlpemmonoKnM, WTO Ha IIJIOCKOCTH R? B BBITYKJIOrO KOMITAKTHOTO
MHOX)KecTBa K paccMarpuBaercsl 3ajada npeciejioBanns - yberanus (1). Torma urpa
3aBEPIIAETCS 38 BpPEMS

= ([H0] ) [0 50
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rie d guamerp MHOXKeCTB K.

Onpenenenns 1. Ilycrs K xommaxTHOe noMuoxkectso R? u ¢ € R? - npamoii Tora,
2 = K N ( na3piBaeTcs cedenneM MHOXKecTBa, K .

OHpeﬂeﬂeHHﬂ 2. KOIVIHaKTHOG MHOZKECTBO K Ha3bIBaCTCdA  BBIITYKJIBIM 110
HAIIPABJICHUIO BEKTOpa e€{) OTHOCUTEHHO cedeHus (), ecjm s JIOOBIX JBYX TOUYEK
x,y € K u3 upgamoil 7 nmapaJsuiesbHOl e, MPOXo/dIneil yepe3 JitoOoil TOYKN MHOYXKECTBaA
2 u moboro A € [0,1] Touxka Az + (1 — \)y TakKe IPUHAICKAT MHOKECTBY K .

. Teopema 5. IIpeamosoxKmM, 9To Ha MIOCKOCTH R? B KOMIAKTHOM MHOMKecTBe K
BBIIIYKJIBIM 10 HAIIPABJIEHUIO BEKTOPa €€S) OTHOCUTEIHLHO cedeHus ), paccMaTpUBACTCS
3aj1a4a npecienosanust - yoeranus (1). Torma urpa 3asepiaercst 3a spems T'(1).

JINTEPATYPA
1. Littlewood J.E. A mathematician’s miscellany/London: Methuen, 1953.

OO0 uHTEerpMpoBaHUM OJHOTO HATPY>KEHHOT'O yYpaBHeHUs KopTeBera-je dppusa
B KJIacce mepmoandeckKux yHKITII

Matrakyoos M.M., 2Kymaunuézona I'.X., XacanoB T.I.
Vpeenuckutl 2ocydapcmeennnd yrnusepcumem, Ysbexucman, 2.Ypeeny
e-mail: mm2210410@Qmail.ru

B pabore [1] uccrenopano ypasuenne Kopresera-ge ®pusa (Kn®) ¢ HarpykeHHBIM
YIEHOM B KJjacce mnepuojgudeckux GyHkimii. B jrannoit pabore m3ydaercs ciejyroniee
Harpy>keHHOe ypaBHEHNe

@t = qlo=0 * (qosz — 69qz), € R, t>0 (44)

C Ha4daJIbHBIM YCJIOBUEM

Q(xvt)ltzo = qo(x), (45)
rae qo(z) € C3(R) sajannas jeiicTBUTe/IbHAA T-Tepuoaudeckas dyHkius. Tpebyercs
Haiitu neficteurenbayo Gynkimio ¢(z,t), KoTopasg T-IEepUOJNYECKast 110 IePEeMEeHHON T

q(x +m t) =q(x,t), x€R, t>0 (46)
1 YJIOBJICTBOPSET YCJOBUAM TJIAKOCTH:
q(z,t) € C2(t > 0)NCLHE > 0)NC(t > 0). (47)

Teopema. Ilycrs g(x,t) pemenne 3anaun (1)-(4). Torma rpanuist ciiekrpa A, n = 0,
CJIEJIYIOIIErO OllepaTopa

Lir,tyy=—y" +qlx+7t)y=XNy, z€R

He 3aBHUCAT OT ITlapaMeTpoB 7 u ¢, a CIeKTpajbHble Hapamerpoel &,(7,t), n > 1
VJIOBJIETBOPSIOT aHAJIOTy CHCTeMbl ypaBHeHuil /lybpoBuna:

€,

5 = 2(=1)"0u(7,0)a(0,1)[2¢(7,1) + 4Eu]ha(€), m > 1,
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rje 3Hak 0,(7,t) = +1 MeHsiercsd Ha NPOTHBONOJIOXKHBIA MIPU KayKJIOM CTOJKHOBEHHN
TOYKHM C TPaHUIaMU CBoell JakyHbl &,(T,t). Kpome TOro, BBITOJHAIOTCS CJIELyTOITIe
HaYyaJIbHbIE YCJIOBUS:

&n(T, t)’t:O = £2<7)7 on(T, t)‘t:O = 02(7)7 n

rie £9(7), 0%(7) m > 1 - cuexTpasibuble napaMerpbl onepaTopa LITypma-JIuysumis c

kod(durerToM qo(x + 7).
CaenacrBue 1. Dta Teopema BMecTe ¢ (pOPMYJIOi TIEPBOIO CJiejia

1

WV

?

Q(T, t) =X\ + Z ()\2k71 + Ao — 2£k(7-7 t))

k=1

Jaer MeTos perenns 3agaqan (1)-(4).

CaencrBue 2. lcnonbsys pesyibrarbl paboThl 2| BBIBOJAMM, 9TO €Cjid HadajbHasI
dbyukus go(x) gBsieTcs neficTBUTEIBHON aHAIUTUYIeCKON QyHKImeil, To pemenue q(z,t)
TaKKe SBJISIETCS JIEHCTBUTEIBHON aHAJIMTUIECKON (DYHKIIHNEl 10 X .

Caencrue 3. B cuiy reopembl paborsl [3|, eciim qucio 7/n gBAFETCS HEPUOJIOM
HaYaJIbHON (DYHKIMU o), TO ITO UUCJIO T /N SBJISIETCS TIEPUOJIOM U Jijist pernerust ¢z, t)
[0 TIepeMeHHON x. 371ech N 2> 2 HaTypaJIbHOE THCIIO.
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O uwmciieHHOM pelleHnr OOpaTHBIX 3aaa4 AJs ypaBHEHUsI CMENIaHHOTO
napaboJIo-runepooJIMT4eCcKOro TUIIA: OJHOMEPHBIN ciydait

Mepaxkosa II1.B., Azumosa /1.0., XacanoBa X.X.
Byxapcruii 2ocydapemeennoiti yrusepcumem
e-mail: shsaripova@mail.ru

B nammnoit pabore jaercd MeTOJ| I HYUCJEHHOI'O pellleHue oOpaTHON 3ajadu
[OCTABJIEHHON JIJIsT  YPaBHEHH: CMEIIAHHOTO 1apabosIo-TuiepOoIniecKoro THIIa B
OJIHOMEPHOM cJjIydae. PaccMOTpuM ypaBHEHUE CMENIaHHOTO MapadoJIo-THIEPOOINIeCKOTO
TUIIa

Up — Uy = f(t)g(t), ecomt >0
Lu = (1)
Ut — Uggy = f<t>g(t)7 ecym t <0

B mpsiMOyroJibHO# obsactn D = {(z,t);0 < x < I, —t; < t < t3}, t; u ty -3a/1aHHbIE
HOJIOKUTE/IbHBIC Yuc/a. JlJIst 3Toro ypaBHeHHsl MOXKHO IIOCTABUTE CJISLYIONIYIO 3a/1ady:
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ITocranoBka obparHoit 3amaum: Haiitu B obimacru D dyukumu w(z,t) u f(x)
VJIOBJIETBOPSIIOIIHE YCJIOBHSIM:

u(z,t) € C(D)NC'(D)NC2H(DL U{t =t:}) N (D_ U {t = —t,}) (2)
fx) € C(0,1) (3)

Lu = f(t)g(t), (x,t) € D U D_ (4)

w(0,t) = u(l,t), —ty <t <ty (5)

u(z, —ty) = Y(x), 0 <z <, (6)

u(z,ty) = p(z), 0 <z <, (7)

e ¢(z) n ¢(x) - 3amanabie gocrarouno riaajakue dysxmum,p(0) = ¢(l) = 0, ¥(0) =
()=0.D,=DNt>0,D_=DnNt<0.
Pemrenne 3Toit 3aga4m uieM B Bujie OECKOHEYHOI'O psijia;

u(z,t) = Z uk(t)smﬂTkx,

rie sz'n’erx - cobctBennble pyukmuu 3agaqau [Hrypma-/InyBuinsg s 3a1anHoit 3a/1a49u.
[Tomo6ubIM 06paszom pasnoxkuM dbyskiwn f(z), ¢(x) u () B pag Pypbe 10 cOOGCTBEHHBIM

pyHKITHSM.

flz) = Z frsinmkz,
k=1

o(r) = Z prsinTke,
k=1

W(x) = i Ursinmkz,
k=1

[TogcraBisist, 9T 3HaYeHWs B 3aJJaHHYIO 3ajady W HUCIOJB3ys YCIOBHUS CKJIEHKH,
COCTaBUM CHUCTEMY aJiredpandecKnX ypaBHEHHII OTHOCHTENIbHO KOodhduimentor Pypbe.
Pemast cucremy MoxKHO HailTh permreHusi oOpaTHON 3ajadu. st IUCIEHHOrO penreHust
9TOM 3aJa4l COCTABUM COIPSIXKEHHYIO 3aJady U Jajiee HUCIOJIb3yeM METO]I Pa3HOCTHBIX
cxeM. K Hacrosgmemy BpeMeHn HanbOoJ1ee MOJTHbIE PE3YIbTATHI IOJIYIeHbI 110 HCCJIEI0BAHUIO
NpsIMBIX 3aJ@d JIJId YpaBHEHUI CMEIIaHHOrO THIIa, HO paboTa CBA3aHHBIE C ITOUCKOM
pereHund O6paTHbIX 3aa4 JJId YpaBHEHUA CMEIIaHHOI'O THUIla IIPaKTUYIECKU Ma.Jlo.

JIuteparypa

1.1. Hypmue [.K., Mepaxona III.B. O pemenun obpaTHbx 3aja4d Jjisd ypaBHEHUs
CMEITaHHOTO 11apadoJI0-ruepOoIMIecKOro THIIa: OJHOMEPHbI caydait. Buxoro davlat uni-
versiteti ilmiy axboroti, 2/2015.
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I‘eo,z[e31/1quK1/1e OT06pa}KeHI/IH Ha Puyun niockue IIPOCTPAaHCTBa

Mukem 1., I'marepaeiitnep U., I'yceBa H..
Yuusepcumem um. Hanraurozo, Oromoyy, Texnuueckuti ynusepcumem Bpro, Yexuas,
Mocxkosckutl nedazozuveckuti 2ocydapcmeernovi yrusepcumem, Poccus
e-mail: josef.mikes@Qupol.cz, hinterleitner.i@fce.vutbr.cz, ngus12@mail.ru

NznoxkuM HEKOTOpPbIE PE3YJIbTATHI, MOCBAINIEHHBIE T'€0/IE3NUECKUM OTOOPAKEHUSIM
N-MepHbIX (IICEBJI0-) PUMAHOBBIX HpoCTpaHCcTB V, Ha Pudum mrockme mpocTpaHcTBa
«B TeJIOM». PU44n 1m10cKre mpocTpaHCTBa XapaKTepU3yIOTCd HyJIeBbIM TeH30poM Puayn u
SIBJISTFOTCS CHIEIUAJIBHBIMU TTPOCTPAaHCTBaMU JiiHiTelina. O01mme BOpoChl reoIe3MIeCKuX
orobpazkeHuii (IICeBI0-) PUMAHOBBIX IPOCTPAHCTB U3JI0XKEHbI, Hanpumep, B [1,2].

[eonesuaeckne orobparkeHns MPOCTPAHCTB DifHITeitHa Havdag  nsydanb A.3. Ilerpos,
cv. [1]. B 1978r. 1. Muxem [oKasag 3aMKHYyTOCTbH IIPOCTDAHCTB ifHImITeHHA
OTHOCHUTEJILHO HETPUBUAJIBHBIX I'e0jie3ndecKuX orobpazkenuit. B 1982r. mma n = 4
JIOKA3aHO, YTO HETPUBUAILHO I'e0JIe3MIECKN COOTBETCTBYIOIIIE IPOCTPAHCTBA DiTHIITETHA
UMEIOT TOCTOsAHHYI0 KpuBusny. CdopMmyaupoBaHHbIE Pe3yJbTaThl UMEIOT TJI00aJIbHOEe
sHadeHne. 1o ajgementapuo Bbitekaer ([deTypk, Kakman) w3 cymecrBoBammst
B IPOCTPAHCTBE OHHINTENHHA AHAJUTUIECKOW CHUCTEMbI KoOpJuHAT. Merpuku Bcex
[IPOCTPAHCTB DUHINTEHA, IOMYCKAIOIMNX Teode3uIecKne OTOOparkKeHusl, HailJeHbl B
pabore @opmesuibl 1 Mukera. Beirre ynomsiHyThIe pe3ysibraThl coobrmatores B [2].

Hauwnnas ¢ pabor Koyrtn u Axbap-3aj3 9T 33,1491 U3y9IaJNCh «B IIETOM».

[Ipe/moaraeM, 4To paccMaTpubaeMoe (IceB0-) puMaHoBo mpocrpancrsoV, € C1
C METPUKOW ¢ CBsi3HOE W OHO JiOO 06e3 rpanurpl Jjubo ero rpanuna 0V, (modrn)
Jlummmunosckast. [lycts mpoctpancTso V,, jomyckaer reojesmdeckoe oTobpakeHue f
na Puaunm mmockoe (TiceBsio-) puMaHOBO HpocTpanHcTBO V. VMeoT MecTo ciieytomiue
TEOPEMBIL.

Teopema 1. Ecau uepesz mouky xg € V,, 6 komopol ckrarapnas kpueudna R
PABHA HYAI0, NPOTOOUM 8 N ANUHETHO HE3ABUCUMBLE HANPABAECHUAL NOAHBLE 2E00€3UHECKUE
AUHUL Y, O IMO 0MOobpascenue ABAAEMCA APOUHHDLM.

Teopema 2. Ecau ckanapras xpususna R npocmpancmea V,, ne nyaesan, mo wa V,
He CYWecmsyom noinsie 2eodeauseckue aunuu, oan komopux R - g(y,%) > 0, a makorce
He cyuwecmeyom zeodesuneckue AUHUY Y, das komopuxr R-g(y,5) < 0 u f(v) aseasemes
NoAHOTU.

Teopema 3. Ecau uepes mouky xo € V,, 6 Komopotli ne 6ce CEKUUOHHDIE KPUBUIHDL
pasHovl meatcdy coboti, nporodum 6 N AUHETHO HE3ABUCUMDIT HANPABACHUAL MNOAHDLE
uzomponnuvie 2eodesuneckue AURUY Y, 0aa Komopux g(§,%) = 0, mo amo omobpasicerue
ABAAENCA APHUHHDIM.
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TeOpeMbI CTabMJIBLHOCTH JJI51 cJIoOeHUIt

HapwmanoB A., Kaunnazaposa I', Iusipos bB.
Hayuonanrvroti Ynusepcumem Ysbexucmana

[Iycte M - Tirajikoe CBA3HOE PUMAHOBO MHOTr0OOpas3me pPasMepHOCTH N ¢ PUMAaHOBOIA
merpukoii g, V(M) - MHOXKeCTBO TJIQJKUX BEKTOPHBIX MOJIell, onpejeeHHbix Ha M.
[nmagkocTs OyzmeT o3HAYATH TVIAIKOCTh Kiacca C'°°, KaK OTMEYEHO BO BBEJICHUM.

Onpenenenne-1. Ciioenne F' Ha3bIBaeTCS PUMAHOBBIM, €CJTH KayKIasd Teo/Ie3ndecKast,
OopTOroHajibHasE B HEKOTOPOM CBOEil TOUKe K CJIOI0 CJIoeHHs [, ocTaeTcss OpTOrOHAJIbLHOMN
KO BCeM cJiofgM F' BO Bcex CBOMX TOYKAaX.

Perysisipable puMaHOBbBI CjloeHUsT BBejieHbl Peitaxaprom B [?| u u3ydasuch MHOrUMU
aBTOpaMu, B 4acTHOCTH B paborax [?],[?].

[Iycts w- 3BamkayTas mguddeperimaibias ¢opMa crTermeHrn 1 Ha KOMAIKTHOM
muOroobpasun M. M3BecTHo, YTO CyIIeCTByeT Takas pUMaHOBa MeTpukKa ¢ Ha M, 4To
cioenne F, mOpoxKIeHHOe W, SIBJISIeTCS PUMAHOBBIM 110 OTHOIIEHUIO K PUMAHOBON MeTpUKe
g. Hampumep, i ofpoMeproro cioenus F Ha asymepnoMm Tope 172, oIpeeseHHOro
3aMKHyTOI hopMoit w = widp; + wydp,, CylecTByeT pUMaHOBa MeTpuKa § Ha 172, 110
OTHOIIICHUIO K KOTOPOil cyioenne F' sBjasgeTcsd pUMaHOBBIM.

Caenytoras TeopeMa 0 cTabUIBHOCTA KOMIIAKTHOI'O CJiod Jlokazana 2K.Pubom B 1944
roxy [?].

Teopewma-1. IIyctb L- KOMIIakTHBIN cjoii ciioenus F'. Ecyi rpyrmima rojonoMun cJjios
L xonHevHa, TO JijIsd KasKJIOI'O OTKPBITOI'O MHOXKECTBa V', cojiepzKariero L, cyliecTByeT
OTKPBITOE MHBapHAaHTHOE MHOXKecTBO Vi Takoe, uro L C Vi, C V, Kaxplit cjoit u3 Vy—
KOMITAKT U MMeeT KOHETHYIO I'PYIILY T'OJJOHOMUMN.

B 1976 roay na mexynapojHoii KoHdepenrnuu B Puo-je-2Kaneiipo 'ekTopom ObLI
IIOCTaBJIEH BOIIPOC O BO3MOXKHOCTH 0000IIeHHusI TeopeMbl Puba Ha HEKOMIIAKTHBIE CJIOU
[?].

B 1977 romny sanonckuit matemaruk 1./ Haba moctpouns nmpumMep, KOTOPbIH TOKA3bIBAET,
YTO KOTJIa KOPa3sMepPHOCTHh CJIOCHHUs OoJibllie eauHuIlbl, To TeopeMa 2K.Puba nenb3s
0600IUTH [T HEKOMIIAKTHBIX cOOCTBeHHBIX cjioeB |?]|. Takum obpasom, Bompoc Lekropa
00 0606menun TeopeMbl Puba na HeKOMIAKTHBIE CJION HYXKHO PAacCMOTPETH TOJIHLKO I
CJIOEHU# KOPa3MEPHOCTU OIUH.

Crenytorast TeopeMa IBIsieTCsT 0000IIEHNEeM TeOPEMbI JIj1sT PUMAHOBBIX CJIOCHMUIA.

Teopema-2. Ilyctp F' gBigercd PUMAHOBBIM CJIOCHHEM KOPa3MEPHOCTH OJUH Ha
[OJIHOM puMaHoBOM MHOroobpasuu (M, g),L -komnakTabli cjioi. Torma st Kazkioro
OTKPBITOT'O MHOXKecTBa V', cojepxkaiiero L, CylmecTByeT OTKpbITas WHBapUAHTHAs
okpectHocTh U ciosg F' Takast, uro L C U C V, n U cocTonT n3 KOMIAKTHBIX CJIOEB,

nuddeomopdubIx L.
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I/IHBapI/IaHTHbIe penieHus JByMEPHOIro ypaBHEHUA TeIlJIOITPOBOAHOCTHU

HapmanoB Otabek AbGaurannapoBud
HUI] UKT npu TVYUT, Vsbexucman 2. Tawrenm
e-mail: otabek.narmanov@mail.ru

[Iycts HaM mano mpuddepeHimaabHoe ypaBHEHUE TTOPSIKa

Az, u™) =0 (48)

1,2
LUy ud)

ot n mesasucumbx T = (x! 22 ... 2") u ¢ 3aBUCHMBIX TIepeMeHHBIX U = (u
cojiepzKaliee MpOU3BOIHBIE OT U 10 X JI0 TOPSIKa M.

Onpenenenune. ['pynma G mpeobpaszoBaHuii, jeficTByiomas Ha MHOXKecTBe M
MIPOCTPAHCTBA HE3aBUCUMBIX U 3aBUCUMBIX IT€PEMEHHDIX T MDEPEHITNATLHOTO YPaBHEHMS
HasbIBaeTcsl Ipytnoit cumMmerpuii ypasaerust (0.1) , ecu jyist Kazxkaoro perenns u = f(x)
ypasuenus (0.1) u 111 ¢ € G Takoro, 9To onpeiesieHo go f, To dyHKnug 4 = go f, Takxke
SIBJII€TCS PellleHueM ypaBHEHUS .

Jl1s ypaBHEHUs! TEILIONPOBOIHOCTH Uy = Uy, I'PYIIIIA CIBUTOB
(x,t,u) = (x 4+ as,t + bs,u),s € R (49)

SIBJISIETCsl  TPYIIION CHUMMETDHi, TIOCKOJBKY ecian GyHkuug u = f(z) sBisercs
perterneM, 10 yuknua u = f(r — as,t — bs) TakkKe sIBJIsIeTCs] PENIeHNeM ypPaBHEHsT
TEIIOITPOBOTHOCTH.

O/tHUM U3 IIPENMYTIECTB 3HAHUS IPYIIIBI CUMMETPHil JinddepeHInajibHbIX YpaBHEHMH
COCTOUT B TOM, YTO €CJM HAM W3BeCTHO perienue u = f(), TO B COOTBETCTBUU C
ompejiesieHneM U = ¢ o f TOxKe peleHue Jjisg JI000ro 3jieMenta ¢ rpynmbl (G, Tak UTO
y HAC €CTb BO3MOXKHOCTH IIOCTPOUTDL IIEJI0€ CEMEMCTBO PEIIeHUil, Mo/iBepras U3BECTHOE
pertienre JefiCTBUIO BCEBOBMOXKHBIX 3JIEMEHTOB I'DYIIIIEL.

MeTo/ibl TPYIIIOBOTO aHAIU3a IMUPOKO UCIOIB3YIOTCS JIJIs UCCAe0BAHUS YPABHEHUI
B YaCTHBIX ITPOU3BOJHBIX U JJIsi WHTEIPUPOBAHUsT OOBIKHOBEHHBIX JIu(HepeHImaabHbIX
ypasuenuit B paborax [1],[2],[3] paccmarpuBaercs  BOmpochl  MHTErpHpOBaHUEe
OOBIKHOBEHHBIX T depeHImaabHbIX ypaBHEHUI U JUHEHHBIX UM depeHITuaIbHbIX
YPaBHEHMII B 4YaCTHBIX MPOU3BOJHBIX, HA OCHOBE W3BECTHBIX WHQMUHUTE3NMATIbHBIX
CUMMETPUM.

Haxox enuio rpymn cummverpuit iuddepeHuaibHbiX yPaBHEHU U UX TPUMEHEHUSIM
JUIs MCCJIEOBAHUI HOCBSIIEHbI MHOIOYHC/IeHHbIe uccirenosanus [1],[2],[3]. B pabore [2]
pa3paboTaH BBIMUC/IUTEIHLHBII METO/I, IBHO OIPE/IE/ISIONIUI TOJIHYIO TPYIILY CUMMETPHUil
IPOU3BOJILHOTO i DepeHInaTIbHONO yPABHEHUST B YaCTHBIX IIPOU3BOIHBIX. B pabore (3|
paccMaTpUBAIOTCS BOIIPOCHI IPYIIIIOBOI Kitaccudukanuu JuddepeHnnaabHbIX YpaBHEHI I
n ux pemennii. JlafoTca TpuMephl NpPUMEHEHUs] TEXHUKH TI'PYNIIOBOTO aHaJW3a K
KOHKDEeTHbIM —cucreMaM Juddepernuanbubix  ypaBaenuii. B pabore [1| waiigena
asirebpa JIn nHOUHUTEZUMATBHBIX 00PA3YIONIMX TPYIIBl CUMMETPUN IS JIBYMEPHOTO
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U TPEXMEDPHOIO ypaBHeHusi Tertonposognoctu. Ausrebpa Jlu wuHbDUHETEINMATBHBIX
00pa3yIomux IPYNIbl CUMMETDPHUil JJIsi OJIHOMEPHOIO YDPABHEHUSI TEIIOIPOBOIHOCTH
UCI0JIb30BaHa B pabore [5].

PaccmoTpuM jiIByMepHOE ypaBHEHUE TEIIONPOBOIHOCTH

w = Z 70,k 8$Z>+Q< u) (50)

rie u = wu(xy,x9,t) > 0 — rtemmeparyprast dyukius, ki(u) > 0, Q(u)
dbyukIwn or Temeparypbl u. Oynkims (Q(u) OMUCHIBAET IPOIECC TEIIOBBIIEIEHNs, €CJIN
Q(u) > 0 u nporecc rermonorionenus, ecan Q(u) < 0. VcenenoBanus MOKa3bIBAIOT,
KO03(durenTsl  TerIonpoBogHocTH  ki(u), k2(u) B JIOCTATOYHO IMUPOKOM JIHATIA30HE
U3MEHEHUsI [IapaMeTPOB MOXKET ObITh OIKMCAH CTEHeHHOH (BYHKIMEH TeMIepaTryphbl, T. €.
nmeer B k(u) = u’.

Pacemorpum cay4ait ki(u) = ko(u) = u, Q(u) = u. B srom ciayuae ypasuenue (1)
uMeeT CJIeAYIomuil BUI;

up = uAu + (Vu)?® +u (51)

roe Au = + gi — oneparop Jlamnaca,Vu = { 2% o 1 —rpajueHT QYHKIWUA U.

’81‘2
Kak mokasamo B pabore [l] cremyromme BeKTOpHBIE ~IIOJA  SIBJISIOTCS

HHGUHATE3NMATBHBIMEA 00PA3YIONIMHU TPYIIIBI CHMMETpHil /1 ypaBHenust (1.2):

0 0 0 0 0

Xi=x1— 4+ 29— +2u—, Xy = exp + exp(—t)u—. 52

8 I 81’2 8u’ ( )E% ( ) 8u ( )

D10 o03HAYAET, YTO IIOTOKM 3TUX BEKTOPHBLIX IOJEH IOPOXKIAIOT —I'PYIILY

peobpa3oBaHmil IPOCTPAHCTBA TI€PEMEHHBIX (f, X1, T2, %), KOTOPbBIE MEPEBOJSAT PEIeHsT

ypaBuenus (4) B pereHus.

Teopema HWHEaAPUAHMHBMU DEWEHUAMY YPASHEHUS (4), OMHOCUMENLHO 2PYNNbL

npeobpaszosarull, NOPOHCOEHHHT BEKMOPHBLMU NOAAMU (J) Aéasomes GyHKUUL

t
e
u(t, ry, x9) = C’QE[C’lx‘f + 231y — 6C 2202 — xy23 + Cy2d)V?, (53)
2de C1,Cy — npoussosvHbvle NOCMOAHHDLE.
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[Iyctrb D C C" crporo mcepposbiykiasg T.e. D = {p(z) < 0}, rme p(z)
JIBAKJIBI [JIQJIKAs, CTPOrO IIIOPUCYOrapMoOHnYIecKasi (byHKIS B HEKOTOPOil OKPECTHOCTU
sambikarnsa D [1]. K € D KoMmIakTHoe MHOXKecTBO M t)(z) HEKOTOpas HelpephiBHas,
cTporo orpuriaresbuag yHknus na D.

Onpenenenune. Paccmorpum Kitace dbyHKImin

UK, D, ) = {u(z) € psh(D) : u(2)|x < ¥, u(2)|p < o}

u nojoxkuM w(z, K, D,¢) = sup{u(z) : u(z) € U(K,D,)}. Torma perynspusarms
w*(z,K,D,v) Ha3bpiBaeTcsi -IIIIOPUCYOrapMOHUYECKON Mepoil Kommakra K
OTHOCUTEJILHO obJtacT D.

Onpepenenne.|2|Touka 2’ € K HasbiBaercd TI00abHO -PEryJsipHON TOYKOIL
komnakTa K, ecmu w*(2°, K, D,v) = (2°). Komnakr K mHasbBaeTcs JOKAJILHO -
PeryJspHbIM (MJIE TIPOCTO 1)-peryiapubiM) B Touke 2° € K, ecim aug moboro 7 > 0
bynkmus w* (2, K N B(2%,7), D,v) = 1(2°). Komnakr K nasbiBaeTcst Y-peryispHbIM
KOMIIAKTOM, €CJIM OH )-peryJyigpeH B JII000i cBoeil TouKe.

WY-1TIopucyorapMoHmYecKas Mepa JIM00 HUT/Ie paBHA HYJIIO, TUOO TOXKJIECTBEHHO PaBHA
myo. w*(z, K, D,1) = 0 Torga u TobpKo Torya, korja E miopunosisproe B D.

OrmernM, uto w*(z, K, D,—1) coBnagaer ¢ P-Mepoil TeopHH ILUIIOPHIIOTEHIHAIA,
re. w*(z,K,D,—1) = w*(z,K,D). Oyuknusa w*(z, K, D,v) ymnosierBopsier MHOIMM
ceoiicteaM  dyukuun  w*(z, K, D). Useectno uro, Touka 2z’ € K HaswiBaeTcs
ITIIOpUperyJsipHoil Toukoit kKomnakra K, ecim w* (2%, K, D) = —1.

Samerum, 4T0 I Ja00oro Komiakra K C C" umeer MecTo HEpaBEHCTBO

0

—m}%nl/z(z) cw'(z, K, D) <w*(z,K,D, ) < —IIl;(LX@/)(Z) ~w*(z, K, D) (1)

Vreepxaenne. Touka z° € K apisercs JOKAJLHO 1)-PETyIAPHOil TOIJIA U TOJIBLKO
TOIJI&, KOTJIa OHA SABJISIETCS JIOKAJIBHO ILTIOPUPErYIIPHOM TOYKON KoMItakTa K .
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YcioBus cyniecTBoBaHUsSI COOCTBEHHBIX 3HAUEHMIT
MOJIEKYJIIPHO-PE30HAHCTHON MO/IeJId C TPEXMEPHBIM BO3MYII€HUEM

Hewbmarona III.B., PacynoB T.X.
Byxapcxuii 2ocydapemesernoiti yrusepcumem

s kaxoro dukcuposannoro h > 0 uepes TY obosmauum d - mepubliit Ky6
(—; 7|4 cooTBeTCTBYIOMUM OTOKIeCTBIICHIEM IPOTUBOLOJIOKHBIX I'paneil. VI3 cTpoenne
muozxkectBo T4 cieyer, uro s moboro B C RY cymecrsyer h = h(B) > 0 Takoe, 4To
B C TY, re. }IL% T¢ = RY. Ilycrs Hy := C - omHOMepHOE KOMILIEKCHOE IIPOCTPAHCTBO,

Hy := Lo(TY) - runbeproBa mpocTPaHCTEO KBaPATHIHO- HHTETPUPYEMBIX (KOMILIEKCHO-
sHauHbIX) byHKIuit, onpejienenubix na TS u H := Ho & H,.

Paccmorpum MoltekyisipHO-pe3oHaHCHON Moyenb Ay, geficTBytomuit B ruiboepToBOM
npocTpancTBe H Kak OllepaTopHasi MaTPHUI

_ Aw Ao
A, ._( e AH)

C MaTpu4HbIME 3jieMenTamMu A;; .= H; — H;, 1,7 =0,1:

Ao fo = —¢cfo, Aorfr = Ml/ v(t) fr(t)dt,

d
Th

(Anf)p) = (== + 0 A) ~ paele) [ 0RO
T}
3/ech e-TIOJI0KUTEIBHOE YUCIIO, i1, [y > O-mapamerpsl B3anmogeiictsus, v(-), ¢(-) u
w(+) BemecTBenHo-3HauHble HenpepbiBHble Gynknun na T¢. Ouesujgno, uTo TPH THX
HPEIIIOI0KEHUAX orepaTop Aj, orpannyen u caMocoupszkeén B H.
[Tycts my, := min w(p). C 1esbio uceieioBanusi COGCTBEHHbBIX 3HAUEHUIT oreparopa Ay,

peTh
2
[
g w(t) —my,

IIPEJITOJI0XKUM, ITO My > 0 u
[Iycrs supp{v(-)} HOocuress dyurimm v(-), a mes(2) - mepa Jlebera wuamepumoro

MHOXKECTBa (2 C T% u
2
p(t)dt
pa(h) = / e
Td w(t) —my

Teopema. Ilycts mes(supp{v(-)} Nsupp{x(-)}) = 0.
a) Ecim g > pS(h), To puis moboro p11 > 0 onepatop Aj, umeet jaBa (¢ y4eTOM KPaTHOCTH )

COOCTBEHHBIX 3HAYCHHN, JIEZKAIIUX JI€BeE —& + My,;
6) Ecmm 0 < pg < pd(h), To myast moboro py > 0 onepatop Aj; MMeeT UMEET OJIHO IPOCTOE
COOCTBEHHOE 3HAYEHNe, JIeXKAllee JIeBee —¢e + My,.

3ameuanwue. Eciu maTerpas
/ p*(t)dt
1a w(t) —my
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PaCXOUTCsA, TO TPU BCEX (i1, iy > (O omeparop A; mMmeeT JaBa COOCTBEHHBIX 3HAYEHUSI,
JIeXKalluX JIeBee —& -+ Mmy,.

ITpusMI KOMIAKTHOCTHU JJisd A-rapMOHNYECKNX (PYHKIUNA MPU CJIydae
A = const

Homozoa X.M., IIlogmonoBa @.3.
Havuonarvroi Ynusepcumem Yabexucmana

Pabora nocpsiieHa aHaJUTHIECKONR TEOPUU PeIleHrs XOPOIIO M3BECTHOIO YPABHEHMUSI
Bensrpamn

£+ (2) = A(2) f. (2), (55)

UMEIOIEe HENOCPEACTBEHHOE OTHOIIEHHE K KBA3UKOH(MOPMHDBIM OTOOPAZKEHUSIM.
Ornocuresibio ynknuu A (z), B obIeM cjydae HpPejosaraeTcs, 9To OHa U3MEpUMa,
u |A(z)] < C < 1 mourn Bciomy B pacemarpuBaemoii obsactu D C C. B ymreparype
periernst ypaBHenusi (55) MPHHATO TOBOPUTH A—anarumuueckumu @ynkyuamu (cM.
[1,2]). B ciyuae, xorma A(z)-antnanammrudeckag 8 D te. A € O(D).

[Iycrs A—antnanammruaeckas, 0A = 0, B obmact D C C u takas, uro |[A (2)] < C <

1, Vz e D. Ilonoxum

Jd 0 = 0 0
DA—&-A(Z)%, DA—£_A(Z)$
Torga cormacuo (55) kinacce anasmrudeckux gyukiwmit f (2) € O4 (D) xapakTepusyercst
teM, uto Daf (2) = 0. Tak Kaxk anTHaHaIUTHYeCKass (DYHKIUA ABJIAETCA GECKOHEUHO
rinagroit u O (D) C C™ (D).
IIycrs D C C—sbinykias obmacts 1 G C D—uponsBosibHast 10100/1aCTh, ¢ KyCOTHO
rajkoi rpanuneit 0G.
Omnpegnenenne 1. Cemeiictso bynxmuit { fo (2)},ep € Oa (G) 3a7aHHBIX B HEKOTOPOIT
obnactu  (F,HA3BIBAETCSI PABHOMEPHO oOrpaHuydeHHbiM BHyTpu (G, ecian Jyid JI0O0M
komnakre K CC G cymecrsyer nocrosiaaas M = M (K) Takast, 9ro

[fa (2)] < M

qutst Beex z € K moBeex f(2) € {fa (2)}

Teopema 1. Ecim Cemeiicteo dynkumit {f, (2)},cp C Oa(G), paBHOMEpHO
orpannyeno suyrpun G, To u cemeiicteo npoussouunx { f, (z)} Taxske pasromepmo
orpanuvexuo Buytpu G.

Onpenenenne 2. CemeiicrBo dyukimii { f, (2)},3a1aHHbIX B HEKOTOPOii 00IaCTH
(G,Ha3BIBAETCS PABHOCTEIIEHHO HEIIPEPBLIBHBIM BHYTpH (7, ectu 111t Jitoboro € > (0 u J1r060ro
muO)ecTBa K CC G maiigercsa 6 = § (¢, K) > 0 Takoe, 9410

If (") = f (&)l <e

s V2" 2 € K rakux, aro |2 — 2| < § ,uVf € {fa.}.
Teopema 2. Eciun Cemeiictso dynxmuit {fo (2)},cn € Oa(G), pasHOMEpHO
orpanudeHo BHyTpu GG, TO OHA U PABHOCTEIIEHHO HElPepbIBHO BHYyTpH G.
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Omnpenenenne 3.Cemeiicrso  dynkmmit  {fo (2)},cp €  Oa(G), HazpBaercs
HOPMAJIBHBIM, eci Jjioboe ero mojcemeiicTso {fa (2)}aep,» Ao C A, comepxut
paBHOMEpHO cxofdmasica BuyTpu G noxanociegosarensuocts { f; (2)} C {fa (%)}
1 (2) = 1(2), j— oo

Teopema 3 (Momnresnn)[4 |. JlokaabHo paBHOMEPHO OIDANHYEHHOE CEMEHCTBO
A—anaymruiaecknx byukmuit  {fo (2)},e4 € Oa (G) obpasyer HOpMaIBHOE CEMEHCTBO.
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MakcuMaJibHble THbEKTHUBHbBbIE BellecTBeHHble CBoOiCcTBa MHbEKTUBHOCTH U
SePHOCTHU [AJis BelleCTBeHHbIX W *-1momajireopbl TEH30PHBIX ITPOU3BEIeHU
BelecTBeHHbIX W *-ajireop

H. 3. Myzaddap, M. B. Hoaronoson
Tawxenmexutl 20cydapecmeennviti nedazozuneckuts yrusepcumem umernu Husamu
4438011, Camapa, ya. Axademuxa Ilasrosa, 1.
e-mail: nurillaev_muzaffar@mail.ru

[Iycts B(H) — anrebpa Bcex OrpaHHYEHHBIX OMEPATOPOB JICHCTBYIONINX B KOMILJIEKCHOM
rwibbeproBoM mpocrpancree H u myers R C B(H) — BemecrBennas W*-
asreOpa. Hamomumm, uro BemectBennas W*-ajirebpa R Ha3biBaeTCd MHHEKTUBHOM, €CJI
cymecrsyer P: B(H) — R — npoekius Takas, 910 ||P||=1u P(1) =1 [?].

[Iycte P, R — BemectBennbie W*-anrebpol. BemectBennas W*-nomanreopa () C R
Ha3bIBAETCA MaKCHUMAJIbHON MHBEKTUBHON B R, ecim oHa MHbEKTUBHA W MaKCHMAaJbHA,
T. €. He CYIIECTBYET JIPYToil UHbEeKTUBHOI BemecTBennoit W*-nomanredbpsr R, comepzKarieit

0.
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dcno, uro ecm () — MakcuMaJjibHash WHbEKTUBHasi BelllecTBeHHas W *-mojaaredpa
R, torma () sBisercs MUHUMAJbHOW WHDBEKTUBHON BemlecTBeHHON W *-airebpoii,
cozlepxkareit anredpy R/, tioe ), R’ — komMmyTanThl anredbpbl (Q u R, cOOTBETCTBEHHO.
[TosTomy j1st J11000I TaKOit AJIredPhI BCET 1A CYIIECTBYET KAK MaKCUMaJ IbHas UHHEKTUBHAS
BemectBennag W*-nojmanrebpa, Tak 1 MUHUMAJIbHOE HHbeKTUBHOEe W *-pacimpenue.

Jlemma 1. Ilycrs R — MuHUMAaJIbHOE MHBEKTHBHOE BeliecTBeHHOe W *-pacimmpenne
BerecTBeHHON W*-aareOpnl () 1 ycTh p, ¢ — HEHYJIEBbIe TIeHTPAJIbHBIE IPOEKTOPHI B K.
Ecmn cymecrByer *-msomopbusm ¢: R, — R, ¢ ¢(pr) = qx, Yo € @, Torma p = q u
¢(py) = py, Yy € R.

Hanomunm, uro BemectBennas W *-airedpa Ha3bIBaeTCAd amomMu4eckoli, eCIi KazKIbIi
HEHYJIEBOI IPOEKTOP aaredpbl MaskOpUpYeT HEHYJIeBOI MUHUMAJIbHBIH IIPOEKTOP (aToM),
T. €. TOJT KaKJIbIM HEHYJIEBBIM IIPOEKTOPOM UMEETCS ATOM.

OCHOBHOM pe3yJIbTATOM PabOT SABJISIETCS CJEAYIOIIas TeopeMa.

Teopewma 2. [Iycts R — BerecrBennast W*-anaredpa u () — MakcuMma/ibHas THHEKTUBHAST
BemecTBenHas W*-nomanrebpa R; (i = 1, 2). Ecim Ry — cemapabesibHa u 1eHTp () —
aroMudeckuii, Torma Q1 @@y ABIACTCA MAKCUMAJIBHBIM NHHLEKTUBHBIM B R QRy.
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O reomerpun 'aMMIBTOHOBBIX CUMMETPUIi

ITapmonos X.®., Kusmmuos O.IT1.

Paccmorpum  cucrtemy  OOBIKHOBEHHBIX — JinpdepeHIMaj bHbIX — YPaBHEHWI B
raMuJIbTOHOBOI (popme
dx
dt
rae H(x,t)— ramumiabronnan, a J(x)— CTpyKTypHas MaTpuiia, 3aJaioias CKOOKY
[Iyaccona.
Ha mockocTy 1aMUIBTOHOBBIM BEKTOPHBIM IOJIEM, COOTBETCT-BYIOMIUM (DYHKITUN
H(z,t) = %(ﬁ + %) umeer Bug vy = —y% + xa%. CoOTBeTCTBYIOIAA TaMUILTOHOBA,
cucreMa auddepeHnnaJIbHbIX YpaBHEHUIH

{120 2)

y =z

J(x)VH (z,t) (1)

Onpenenenne. Oynkius P(x,t) HA3BIBAETCA IEPBBIM HHTErPAJIOM cucTeMsl (1), eciu
Jut pertennst x(t) mmeer mecto P(x(t),t) = const ps Beex t.

Hnst cucremsr (2) dynxmusa H(z,t) = 1(2® + y?) ABISETCH NEPBBIM HHTETPAJIOM.
[lepBble wmHTErpaJibl JIETKO OIUCHIBAIOTCS € IMOMOIbI0 ckoOKu Ilyaccoma. I3Bectna
caemytomast Teopema |1, crp.494 | o mepBbIX HHTErpajax CHCTEMBbI

Teopema 1. Oyuxiust P(x,t) sBisieTcs IepBbIM HHTEIPAJIOM FAMUJIBTOHOBO CHCTEMBI
(1), ecom u TOIBLKO ecJin

?
o+ {PH} =0 (3)
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JUIst Beex x,t . B wacrHocTn, He 3aBucdias or BpeMenu GyHKIWs P(x) sABiIsieTcst MepBbIM
HHTErPaJOM B TOM M TOJIBKO B TOM cirydae, eciu Beroay {P, H} = 0.

U3 310it TEOpEMBI BBITEKAET CJIE/LYIOIIEE CJIE/ICTBUE.

Teopema 2. Ilycrs cucrema (1) me 3aBucur or ¢, V,— raMIJIbTOHOBa CUMMETDHS, [JI€
dbyukiws P nesasucut ot t. Torma st kaxkoro perennst X (t) cucremsl (1) nmeer Mecto
P(z(t)) = at + b s Beex t, vae a, b- MOCTOSTHHBIL.

HokazareabcTBo. Eciu dpynkiusa P saBiageTcd IepBbIM HHTETPAJIOM,TO OYEBUJIHO,YTO
Torna auist kaxkoro perernst X (t) cucrembr (1) umeer mecro P(x(t)) = b = const ajs
Beex t. C nmpyroit cToponsl, V), — BEKTOpHOE II0JIe ABJIAETCH TaMIJIBTOHOBOM CUMMETpHEi,
ToIbKO Torda, xorma o + {P,H} = C(t) sBusercs orvedennoii gynxuueil. Tak kak
dbyuknusg P uesasucur or t, Mbl umeeM {P,H} = C(t) = a sBisiercst TOCTOSHHOI
dbynxmueit. I[lonoxum G = f(f {P,H}dt = at + b . Buoab pemenus cucrempr (1) mmeer

mecto 29 = {G, H} = a. Teneps MoxkeM npoBeputs, uto dynkuus Py = P — G apisercs

ot
HEPBBIM MHTETPAJIOM: % = {PRy, H} = a.Takum obpazom, st Kaxkjgoro pemenuns X ()

cucremsl (1) mmeer mecro P(x(t)) = at + b = const s Beex t.
JINTEPATVYPA.

1.0sBep II. [Ipunoxkenus rpyun Jlu k guddepennuanbabiv ypasuenusy. M.: Hayka,
1989, 644 ctp. 2.Yurrekep E.T. Anammruueckas muaamuka. M-JI,['maBHas penaxims
TEXHUKO-TeOpeTUIecKoii mureparypbl. 1937, 644 crp. 3. A.M.Ilepesromos. MaTerpupyembre
CUCTEMBI KJIaccu4ueckoir Mexanuku u anaredpsr M.: Hayka, 1990,237 ctp.

MHuorokpaTtHasi IOMMKa B PEeKYPPEHTHbIX auddepeHuaibHbIX Urpax

ITerpos H.H., ConoBneBa H.A.
Yomypmexut ynusepcumem, Poccus, Hotcesck
e-mail: kma3@list.ru, solov_na@mail.ru

B npocrpancree R¥(k2) paccmarpusaercs auddepennuanbias urpa I'(n,m) n +m
JiI: n apecaeaoBareneit Py, ..., P, u m yberaiomux Fy, ..., E,,, onicsiBaeMas cucTeMoit

BHJIA
Zij = A(t)zzj + U; — 'Uj, Ui,’Uj c ‘/, Zij(tg) = Z?j,
e 25, ui, v; € RF, V' — crporo Buimykibiit kommnakT R*, A(t) — nenpepbishas na [to, 00)
maTpudHas GyHKnus mopsaaka k. 3mece u manee i € [ = {1,....n},j€ J={1,...,m}.
Cunraem, uro z; ¢ M;;, rie M;; — 3a[JaHHbIE BBITYK/IbE KOMIAKTHL.
Beenem cieyroniue obo3nadenusi. P(t) — dbyHiameHTaibHas MATPUIIA CUCTEMbI W(t) =
A(t)w(t), w(ty) = E, IntX, coX — cOOTBETCTBEHHO BHYTPEHHOCTH, BIMyK/Iasg 060J0UKa,

MHOXKecTBa, X,
)\(hij,’U) = sup{)\O . —)\(hl] — Mz) N (V — U) 7& @},

Q) = {G1,...,u) : i, € K,p = 1,...,l}, upm 3T0M 4y,...,I, IOIAPHO
pasmunbl, TAe K — KOHEYHOE MOJAMHOMKECTBO MHOXKECTBA HATYPATBHBIX —HHUCEI.
[Tpeamonaraercsa, 49To yberamomme MCIOAL3YIOT MPOTPAMMHBIC CTPATEIMU, KAKIbIi
npecsieI0BaTeNlb JJOBUT He boJiee omHoro yberarormero. Llenas nmpecienosaTesieil — noiiMaTh
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3a/[aHHOe IHCI0 (¢) yOeraomunx, mpuaeM KaxK/10ro yoeraromero HeoOXouMo moiMaTh He
MeHee, YeM 3aJIaHHBIM 4YUCJIOM (1) mpeciemoBareseil. [losydeHsl 1ocTaTOYHbIE YCIOBUS
MHOTOKPATHOW TMOUMKW 33/IAHHOIO YUC/Ia yOeraommx.
IIpeamnonoxkenme 1. DynjpamentaibHag MmaTpuiia P dABIgeTcS PEKYPPEHTHOH TI0
By6oBy dyHKIHEIl, a ee IPON3BOHAST PABHOMEDHO OIPaHIYeHa Ha [tg, 00).
IIpeanosioxkenne 2. Jljist kaxkoro s € {0, ..., g—1} BbIIOJIHEHO CJIe/IyIOIIEE YCIOBHE:
Juist jioboro muoxkecrsa N C I, |N| = n — sr naiigerca muoxkecrso M C J, |M| = q — s,

910 0 =min max minA(z%,,v) > 0 a4 Beex 3 € M.
n(B) VeV AEQn (r) a€A (Zap:v) . b

Teopema 1. ITycmv ewinoaneno npednoaoscenue 1 u min max min A(z2,,v) > 0.
veV AeQ;(r) a€A

Tozda 6 uepe I'(n, 1) npoucrodum r—kpammuas nouMKa.

Teopema 2. [lycmv evnoanerv. npednoaosicenus 1, 2. Toeda 6 wuepe I'(n,m)
NPOUCTOOUM T-Kpammas noumka ne menee q Yoe2aroujul.

Teopema 3. Ilycmv A(t) = 0 daa scex tty u swnosneno npednososicernue 2. Tozda 6
uepe I'(n, m) npoucrodum r-Kpamnas noumka e menee q Yyoe2aruyur.

Teopema 4. [Tycmv svinoareno npednososcerue 1, V. — cmpozo 6binykavil Komnaxm
¢ 2nadkoll eparnuuets u das kancdozo s € {0,...,q — 1} swnoaneno caedyrouee ycaosue:
dns mobozo mnosicecmea N C 1,|N| = n—sr natidemes muoorcecmeo M C J, | M| = q—s,

umo 0 € N Intco{z)s — Mag, o0 € A} dna 6cex f € M. Toeda 6 uepe I'(n,m)
AeQpn (n—r+1)
NPoOUCTOOUM T-KPammas NOuMKa e MeHee ¢ Yoe2aroujul.
Pa6ora Beinosinena npu dbunancooii noaep:kke PODU (nmpoekr 18-51-415005).
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Metoa, aucKpeTu3arumu 00JIaCTU CJI0XKHOI KOHMUTYparun

ITosatroB A.M., UkpamoB A.M., Ilysmaros C.H.
Havuonarvrovd Ynusepcumem Ysbexucmana, Tawxenwm, Pecnybaurxa Y3bexucman
e-mail: asad3@yandex.com

B craTbe pazpaboTan MeTO I IOCTPOEHUsT KOHEIHO-3JIEMEHTHOI CeTKU 00JIaCTH CJI0ZKHOM
koH(purypamun. lokazareabcTBO KOPPEKTHOCTH METO/a OCHOBBIBAETCS Ha CJIEIYIONINX
paccyKJIcHUAAX.

Omnpenenenne 1. Tomosorust MOAeIN CI0XKHON 00JIACTH IIPEJICTABIIAETCS TPEXMEPHOIM
00J1aCTbIO, KOTOpasd SBJIAETCA CHCTEMON COEIMHEHHBIX MEXKJIy €000l 00beMHBIX
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3JIEMEHTOB, OIPAHUYEHHBIX I[IOBEPXHOCTAMU, IIEPECEKAIOIMUMUCA B Y3JIOBBIX TOYKAX;
FPAHUYHbIE TIOBEPXHOCTH U JIMHUM, KAK U KaXKJblil OObEMHBIN 3JI€MEHT, MOT'YT UMEeTh
HEKOTOPOE YMCJI0 BHYTPEHHUX Y3JIOB; IIOBEPXHOCTU MOTYT II€PECEKATBhCA TOJIBLKO BIOJIb
I'PaAHUYHBIX JIMHUA.

Onpenenenune 2. KoHedHO-3/IeMEHTHOE TIpeCTaB/IeHNe KOHMUTYypAIu 00/1acTh
OIKCBIBAETCS AUCKPETHBIM MHOXKeCTBOM §) = {n, m, K, M}, rjie n — 9ucsio y3710B KOHEUHO-
9JIEMEHTHOM CETKH; M — KOJMIEeCTBO KOHEYHBIX 3JIEMEHTOB; K — MHOXKECTBO KOOD/IMHAT
y3J10B; M — MHOXKECTBO HOMEPOB y3JIOB 110 KOHETHBIM IJICMEHTAM.

Kpurepwnii. VciioBueM coBlajieHusl TPAHUYIHBIX Y3JI0B JBYX MHOXKecTB (21 m (o
ABJIIETCS COOTHOIIIEHNE

2 -zl <o & yi—yl<e & la-zl<e

rje
— (%, yi,21), (1 =1,2,...,n1) € K; — MHOXKECTBO KOODJIMHAT Y3JI0B ()1;
—(x5,v5,%25), (J =1,2,...,n9) € Ky — MHO’KECTBO KOODJAUHAT y3JI0B {lo;
— ¢ > 0 — 10cTaTOYHO MaJIoe YUCJIO.
Teopema. Eciu npu obbemunennn muONKectB Q1 = {nig,mq, K1, M} u Qy =

{ng, ma, K3, My} BBINOTHSIOTCS yCIOBHsI TOMOJIOTHH MOJIETH CJIOXKHON 00JIACTH, TO
m=m;+mg, N=mn+nN2—gq,

M=MUM, K=K UK},

e

— n — obIee 9UCI0 y3JI0B;

— m — obIree Inca0 KOHEIHBIX 9JIEMEHTOB;

- q = ||K1 N Ky|| — 4ncino ys3/ioB, paciosioKeHHBIX Ha I'DAaHUIE O0beJINHEHUs
1o/100/1acTelt;

— Ky n Ky — MHOXKeCTBa KOOPJIMHAT y3JI0B;

— Kl — MHOXKeCTBO KOODJMHAT Y3JIOB MHOXKecTBa (lp, 0e3 ydera COBIIAJIAIOININX
IPAHUYHBIX Y3JI0B MHOXKeCTBa K]

— MY, — MHOYXKeCTBO ITepEeHyMEpPOBAHHBIX y3/I0B MHOXKECTBa (5.

Ha ocroBe 3T0TO MeTO/18 paspaboTaHbl BEIYUCIUTEILHBIE aJITOPUTMBI:
— (bopMHUPOBaHUST KOHEYHO-JIEMEHTHON CETKM 9JIeMEHTAPHBIX 110100/ IacTeil;
— "cmuBanus "otob61acTelr;
— OlIpe/ieJIeHsT HadaJIbHOTO (PpOHTA;
— VIOPSIIOYEHUsST HOMEPOB Y3JI0B.

JImreparypa
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Qosimov O.Yu. 167

O reomMeTpun CUHTYJIAPHBIX CJIOEHUIT

Qosimov O.Yu.
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: o kasimov84@inbox.ru

B »s1oit pabore wu3ydaercss TeOMETPHUIO CHUHIY/ISPHOIO CJIOCHUS, IOPOXKJIEHHOTO
opbruTaMu IJIaIKUX BEKTOPHBIX IOJIEH.

IIycts M — 1itajikoe puMaHOBO MHOI0OOpa3ne Pa3MePHOCTH N ¢ METPUYIECKIM TEH30POM
g, D -cemeiicTBO TVIaJIKNX BEKTOPHBIX TOJIEl 3aaHHbIX Ha MHOroobpasun M. CemeiicTBO
D MoxkKeT cojiepKaTh KOHEYHOE M OECKOHEYHOE YHC/I0 TVIAJIKUX BEKTOPHBIX IOJIEH.

Definition 1. Op6ura L(z) cemeiicrBa D BEKTOPHBIX MOJ€ll, MPOXOJAIIAsl depes3
TOUKYy = u3 M, ompejesigercd Kak MHOXKECTBO TaKUX To4deK y u3 M, Jjig KOTOPBIX
CYIIECTBYIOT JIeCTBUTE/IbHBIE YHUCIa b1, 1y, ..., U BeKTOpHbIE TIOAd X1, Xo, ..., X u3 D
(rze k pom3BOJIbLHOE HATYPAJIBHOE YHCJIO0) TAKHEe, YTO

y = X (0 (L (X7 (2))-) (54)

fcHo, aTo opbura siBJIsIeTCs MIaIKON KpuBOil (0JIHOMEPHBIM MHOrOOOpasueMm ), ecan D
COCTOHUT U3 OJTHOIO BEKTOPHOTO TIOJIA.

B osroit pabore u3ydaercss TeOMETPHUIO CHHIYJSIDHOTO CJIOEHHs, MOPOXKJIEHHOTO
opbUTaMu IJIaKUX BEKTOPHBIX TOJIEH.

Definition 2 Pas6uenune F wmuoroobpasus M wHa cjoif Ha3bIBAETCA TJIAJIKHIM
(CT-xjlacca) CHHUYJISIDHBIM CJIOGHUEM(CJIOEHHEM € OCODEHHOCTSIMU), €CJIM BBIIOJTHEHBI
CJIE Iy FOIINE YCIIOBUSI:

D kaxkmoit Touke x € M cymecrByer C"—kapra (1, U), comepzaiias TOUKY &
takas, ato Y(U) = V; x Vs, rae Vi-okpecTHOCTD Hadasta B RF, Va-okpecTHOCTh Hauama B
R" % k-pa3sMepHOCTD €101, IPOXOJAIIETO Yepe3 TOUKY

1) (2) = (0:0);

1) g kaxgoro cinog L takaro LU # &, umeer mecro LU = ¢~ 1(V; x 1), toe
l={veV,:y7(0,v) € L}.

[Tycrs D = {X,Y} cemeiicTBO TIaJIKuX BEKTOPHBIX T0J1€li B 3, re
X ={-y2;01,Y = {0; 29}

Theorem 1.0pOuthbl cemeiicTBa BEKTOPHBIX IMojeil [ MOpPOXKIAIOT CHHIYJISIPHOE
CJIOEHUE, CUHI'YJIAPHBIM CJIOEM KOTOPOT'O dABJIAeTCA TOYKA, & PEryldpHbIe CJION KOTOPOI'o
KOHYC C yJaJEeHHOU BEPIIMHOU B HaYaje KOOPAUHAT, OJHOIOJIOCTHBLIA W JIBYIIOJIOCTHBIN
TUIepOOJION/IbI.
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O HepaBeHCTBaX /IJII MOMEHTOB BETBAIINXCS CJIyYallHBIX ITPOIIECCOB C
uMMuUrpaluein

Kynparos X.9., TomkyioB X.A.

Iycre {&gi, k,i > 1} u {ex, k > 1}-1Be HE3aBHCHMBIE COBOKYIHOCTH HE3aBUCHMBIX,
HEOTPHUIATE/LHBIX, HIPUHUMAIONIUX IeIble 3HAaYeHnsd M OJUHAKOBO PpacIpeleeHHbIX
CJIyJafHBIX BeJIMYUH. PAcCMOTPUM BETBAIIUICA IPOIECC ¢ UMMUrparmedi (cm, Harpumep,
[1]) Xk, k > 0 onpesiesieHHY 0 CIYIONUMU PEKYPPEHTHBIMU COOTHOIITEHUSIMU:

Xn—l

Xo=10 Xo=) &uj+en
j=1

e 7)— HEKOTOpas HeOoTpUIlaTe/bHas, NPUHUMAIOINAA Iejible 3HAYEeHUdA CIydaiinas
BCJIMYIHA, HE3ABUCAIIAsL OT CEMECTBO CirydaiiHbX Besnant {&y ;, e, k, 1 > 1}.
Ob6osznauum depes Fp — o— aaredpy, IHMOPOXKJIECHHYIO CJAyYaHBIMU BeJIUIUHAME
Xo, X1, ..., Xi. B nanpueiimm 3uax F(£|F,) Oymer 06003HAUYATE YCIOBHOE MATEMATHIECKOE
OXKUIAHNE CIy4IaiiHON BeJIUINHBI £ OTHOCUTEIBHO aaredpbl J,.
Bsenem ciremyromme 0003HAUEHUSI:

m = E 1, 6)p:E|§1,1—m|p
)\:Eé'l, 5p:E|81—)\‘p
v=FEn

Hamu mostyaensr cire iy toriue OneHKn Jijisi MOMEHTOB OTKJIOHEHUE OT yYCJIOBHOTO CPETHETO.
Teopema. Ilycte m < oo, A < 0o,v < oo . Torma syt oboro 0 < p < 1 uMeer MecTo
HEPABEHCTBO

1. eciu m # 1, To

B|X, — B(X | Fa 1) < 0,(m" v +

2. ecitu m =1, To
E|\X, — E(X,|Fo1)]P < 0,(v+nA) + 9,

JIuteparypa
1. Athreya K.B., Ney P.E. Branching processes, Springer - Verlag, Berlin. 1972.287p.
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O romeomMopdHOCTU MOANMPOCTPAHCTB IIPOCTPAHCTBA BEPOSATHOCTHBIX MeEpP B
KOMITAKTHBIX IIPOCTPAHCTB.

A .X.Paxmarymnaes, (TUUVNMCX), B.I'. Hazapos, (I'yadV).
e-mail:Olimboy56@gmail.com

B namnoit 3amerke mas dynkropa Pr[l| B Kareropum KOMIAKTOB U HEIPEPBIBHBIX
oTobparkeHuit B cebsi, TOKA3BIBACTCS CJIELYIONIas

Teopema /[Ina xommakroB X u Y mpocrpancrsa Py (X) u Pr(Y) romeomopdus
coorBercTBeHHO BHe MHOXKecTB 6 (X) m d(Y) Torma m tosbko Torma, Korga o (X) n
0 (Y) romeomopdust rie § (X) u d (Y) npocrpancrsa Bcex Mep upaka coOTBETCTBEHHO
KOMIAKTHBIX X 1 Y.

Hoxazameavcmeo. Ilycte X u Y takme kommakTel, urto P (X)\0(X)
romeomopdust Py (Y)\d (Y).re. Pr(X)\0(X) = Pr(Y)\d(Y). Yepes h obosnadum
sror romeomopbusm.re. h : Pp(X)\6(X) — Pr(Y)\0(Y). Teueps ycranoBum
romeomopdusm A’ §(X) — 6(Y). Useecrno, uro miag moboro §, € 6 (X)

poobpas (r])f )_1 (04) comepKuT TOUKY O,. Lomeomopdusm h orTobGparkaeT MHOKECTBO

(rjf)fl (0;) \6; ma mexkoropoe muoxkectso B, C Pr(Y)\6(Y). D10 muoxecrso B,

COBIAJAET C MHOKECTBOM (I} ) dy) \0, miast mexkoroporo 9, € 6 (Y).re. cymecrByer
y € Y rakoe, uto B, = (rf) (0 )\(5 B nrore Touky 6, € § (X) craBum B cooTBETCBHE
Touke 0, € 0(Y ).T.e. W (0;) = 0, B cummy menpepeBHOCTH OTOGpakenmii 7, ry u

HEIPEPBIBHOCTH ToMeoMopdu3Ma h JIerko IpoBepsieTcst HENPEPBIBHOCTH OTOOpasKeHMUst
h' 6 (X)— 0(Y). Obparnoe yrBepK/ienne oueBmHO. Teopema jgoKazana.

JIuteparypa

[1]. ®enopuyk B.B. BepositHocTHbIE Mepbl B Tonojioruu Yenex.Mar.Hayk, 1991, T.46,
BoII. 1, ¢.41-80

H ,—nepuoanyeckue ocHOBHbIe cocTossHUuA Ajsa mozaeaun Ilorrc-SOS Ha gepese
Kamu

PacynoBa M.A.
Hamanezancxuii 'ocydapemeennviil ynusepcumem
e-mail: m_rasulova a@rambler.ru

[ycrs 7% = (V, L), k > 1 ectp jepeBo Kou nopsaka k, rjae V — MHOXKECTBO BEpINNH,
L— wmmoxectso pebep 7F. M3Bectno, uro 7% moxkno mpejacrasuth kKak Gp— cBobojHOE
npousBejicHre k + 1 MUKJIMTeCKUX TPy BTOPOro mopsaka(ce.|1]).

Mpbl paccmarpuBaeM MOJEIU, Ve CIMH IIPUHUMAET 3HadeHus u3 MHoxectsa ® =
{0,1,2}. Torna xoudurypanus o Ha V onpesensercs kak Gyakuus ¢ € V — o(x) € P.

Omnpenemmmm G —nepuoudeckyio  kouduryparuio (), KoTOpasg — sBJISETCS
HHBApUAHTHOI OTHOCHTEILHO HoArpymnel G C Gy, KOHEYHOrO HHJEeKca, T.e. o(yx) = o(x)
ang mobbix € G,y € Gj. Kondwurypammsa, koropasg dBideTcs HHBAPUAHTHON
OTHOCHUTEJILHO BCEX IIEPEXO0JIOB, HA3bIBACTCS TPAHC/IAIMOHHO-UHBAPUAHTHOI.
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lavunbronnan mogesn Ilorre-SOS nmeer Bug

H(o)=J Y lo(@)=o@)l+Jp D dotwpotn) (1)

(zy)EL (x,y)EL

rie J, J, € R— KOHCTaHTBI He PaBHBI HYJIIO.

[Iycts M — MHOXKECTBO €JIMHUYHBIX IAapOB ¢ BepimHaMmu B V. Mbl Ha30BeM cyKeHme
kouduryparuu o Ha mape b € M orpanndennoit kouduryparmeit o,. Opeaesmm SHEPTU0
KOH(pUTryparum o, Ha b cJieIyomnmmM oopasoM:

Ulon) = 507 3 loe) = o)l + Ty 3 Sotwroty). )

(@,y): (@,y):
z,y€edb z,y€edb

Jlemma. Jlaa waorcdoti Kongduaypayuu pp Mol umeem
Ulpp) €{Uin:i=0,1,2, .., k+1,n=0,....k+1—i},

ede

Ui,n:g(ls+1+n—z‘)+%z’. (3)

Onpenenenune. Kouduryparus ¢ Ha3bIBAETCS OCHOBHBIM  COCTOSHUEM  JIJIst
raMuabToHnaHa H, ecim

U(pp) =min{lU,;, :1=0,1,2,..,k+1,n=0,..,k+1—i}

s oboro b € M.
O6oznaunm C;,, = {¢p : U(pp) = Uin} 1

Aen=1{(J,J,) € R? : Uy =min{U;,, i =0,1,2, ... k + 1,n=0,....k+1—i}}. (4)
C nomorpio (4) HaifijieM CIIe/yIome MHOKECTBA:
Ao ={(J, Jp) € R?: Jy=J >0}, Apr ={(J,Jp) € R*: J, =2J,J <0}.

IMycrs A C{L,2,....k+1}. Ha = {2 € Gy : 3.y wj(x) — werno}, rie w;(x)— 1ucio a;
B cjioBe T. H — siBIsieTcst HODMAJIHBIM JIeJTUTeIeM UHIEKca 2.

Teopema. I[Iycmv k > 2. Jas modesu Ilommce-SOS cnpasedausv. caedyrousue
ymeepocoenus:
1) ma mmoorcecmee Ago cywecmeyrom 4k wmyros Ha—nepuoduueckozo 0c1o61o2o
COCMOAHUA, KOMOPYIE HE  ABAAIOMCA Gf)—nepuodu%cmumu U MPAHCAAUUOHHO-
UHBAPUAHMHDLMU;
2) na mmooicecmee Agy cywecmeyrom 2k wmykos Ha—nepuoduueckozo ocro6rozo
COCMOANUSA, KOMOPBIE HE  ACAAIOMCA G,(f)—nepuodu%ecmumu U MPAHCAAUUOHHO-
UHBAPUAHIHDLMAL.

JINTEPATYPA
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O pekyppeHTHBIX NPOEKTUBHO EBKJ/INI0BBIX MPOCTPAHCTBAX

Cabbikanos A.A., Mukem 1., ITemxka II.
Kupeuscrkut nHayuonasvhol yrusepcumem, Ywusepcumem um. Ianrauxozo, Oromoyy,
e-mail: Almazbek. Asanovich@mail.ru, Josef.Mikes@upol.cz, Patrik_Peska@seznam.cz

Hacrosias 3ameTka 1mocBsiiieHa BOIPOCY O CYIIECTBOBAHUU N-MEPHBIX PEKYPPEHTHBIX
[IPOEKTUBHO €BKJIMIOBBIX ITPOCTPAHCTB.

[IpocrpancrBo  adduuHOl  CBA3HOCTH €O  CBA3HOCTBIO V. Ha3bIBACTCH
CUMMEMPUYECKUM, — PEKYPPEHMHOIM U NOAYCUMMEMPUYECKUM, €CJIN  €ro  TEH30D
KPUBU3HBI [, COOTBETCTBEHHO, YJ/OBJIETBOPSET cjaeaylomuM ycaoBuam VR = 0,
VR =¢-Ru RoR = 0. ['eomerpus 3TUX MpOCTPAHCTB UI'PAET BaKHYIO POJIb B TEOPUHU
PUMAHOBBIX MHOI0OOpasnii u uxX ODOOIIEHUSIX, & TaKyKe MPUJIOKEHUN B TeOPEeTUIECKOi
dusuke. l'eomesmueckue u roaoMopHO-IIPOEKTUBHBIE OTOOpaXKEHUsT STUX ITPOCTPAHCTB
HCCJIeIOBAJINCH MHOTUME aBTOpaMu, cM. [1].

Kowmmionentsr adpuHHON CBAZHOCTH NMPOEKTHUBHOTO €BKJIMIOBA IPOCTPAHCTBA MMEIOT
B MPOEKTUBHON CHUCTEMEe KOOPJWHAT X CJIEIYIONIyo (hopMy: F?j = 0Mp; + 5?%, rie ;
— Hekoropble GyHKIUU. [1g sKBruadOUHHBIX PEKYPPEHTHBIX MPOCKTUBHO E€BKJIMJIOBBIX
npocTpancTs chOpMyIUPOBaHbl pe3yabrarhl B [2]|. s nesksuadGUHHBIX MMeeT MecTo

Teopema. B npoussosbhom HENOAYCUMMEMPULECKOM DEKYPPEHMHOM NPOEKMUGHO-
eskAudosom npocmparcmee A, 6vinosHAEMCA 00HA U3 CUCTEM YCAOBU

Yij = s, M5 = 5 (3%j +1/3 90]')7 Pij = Pi (3%j —2/3 903‘)7
UAU
Yij = mipi, M5 = (3%j + (CL - 1) %‘), Pij = Vi (3%j —a SOj)>
a; = (6a—4)%l—bg0“
b, = (6a2 —10a 4+ 90 + 4) »;+
@i {6(a—2/3)>—5/3b—"T7(1/18+b) - (a —2/3) +8(a —2/3)*+
ala—2/3)- f(ba™?—2a"? —2/3 a7 '/?)},

2de s, Y; — HEKOMOPBLIE HEKOANUHEAPHDLE BEKMOPHBIE NOAA, G, b — Hexomopvie dynruyuu u
f — nexomopas Jupdeperuupyemas GYHKUUA YKA3AHHO20 AP2YMEHMA, 3ANAMOT <, » —
0003HaMAEM KOGAPUAHMNYIO NPOU3COONYI0 U i; = V5 — Pi);.

YKa3zaHHbIe BbIIIe CcHUCTEMBbI UM @EepeHnaJIbHbIX YPaBHEHUN B KOBAPUAHTHBLIX
[IPOM3BO/IHBIX BIIOJIHE MHTETPUPYEMBI B IIpOcTpaHcTBe A,,.

References
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VYcioBue CG,ZLTIOOGpaBHOCTI/I IUKJINYEeCKNX HOBerHOCTeﬁ

Cadapos T.H.
Tepmescruti T'ocydapemeernuii Ynusepcumem
e-mail: aartykbaev@mail.ru

B pabore [1] mano kmaccudukanms TOYEK TOBEPXHOCTH TajdjieeBa MIPOCTPAHCTBA,
e TOYKU PEryJIIpHON IIOBEPXHOCTU Pa3/e/IfgioTCd Ha 4YeTbIpe THlla, SJIAITUYCCKUE,
rUIepooIMIecKe, MUKJINIeCKre U apadbo/InIecKue.

[ToBepxHnocT BCe TOYKHU, KOTOPOrO THIEPOOJIUYECKHE HA3BIBAIOTCHA CEJIJIOBBIMU, a
TaKzKe [IOBEPXHOCTEH, BCe TOYKU KOTOPLIX IUKJIMYECKUE HA3bIBAIOTCH IIUKJINICCKUMMU.

TaxzKe MeTOJIOM HAJOKEHHOI'O IIPOCTPAHCTBA IOJydeHa (OpMy/Ia CBA3BIBAIONIAS
€BKJIUJIOBY TIOJIHON KPUBU3HBI K MIOBEPXHOCTU C TaJUICEBOI TOJTHOW KPUBU3HOM K .

A
= A K

e A, A - IHCKPUMWHAHTBI IEPBBIX KBAIPATHIHBIX (DOPM.

B eBxiymmoBoM mpocTpaHcTBe KiaccuUKAIUs TOYEK ITOBEPXHOCTH, COOTBETCTBYET
CO 3HAKOM TMOJTHOM KpuBU3HBI. [loaTOMy Takoe ke COOTBETCTBHE MOXKHO IIPOBECTH B
rajinjaeeBoM IIPOCTPAHCTBE.

Ho neno obcrour mo mHOMY, KOIjia TOYKA IOBEPXHOCTH TajujeeBa ITPOCTPAHCTBA
IIUKJINYEeCKasd. HOTOMy 9TO B HUKJ/IMYECKHUX TOYKaX HEBO3MOXKHO OIIPEAC/IATH IIOJIHYIO
KPUBU3HY ITOBEPXHOCTH.

WccenenoBanne reoMeTpun NUKJIMIECKNAX ITIOBEPXHOCTEN rasimyieeBa MPOCTPAHCTBA JIAJI0
CJIEJLYIOIINHA pe3ysibTar.

Teopema. [{ukimmyeckue MOBEPXHOCTH SIBISIOTCS CEIJIOBBIMU MTOBEPXHOCTSIMMU.

Panee B pabote [2|m0Ka3aH0, 9TO MUKIMIECKIE TOBEPXHOCTH JTHHEHHBIC TIOBEPXHOCTH.

Kg
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Tormosiornyeckasi CTpyKTypa BpEMEHU BCEJIEHHOU COOBITHIT M1 MHOXKECTBAa
JOCTUKUMOCTH

Caurona C.C.
Havuonarvroi Ynusepcumem Ysbexucmana

Bpewmsi, Ha JlaHHBIIT MOMEHT SIBJISETCSI OCHOBHBIM ITapaMEeTPOM BO BCEJIEHHOI COOBITHUIA.
N 510 Ke BpeMsd, OHO paccMaTPUBAJIOCh KaK HEKHUil OJHOMEPHBIN IIPIMOJIMHERHBII
napamerp. lIplTasgch BHUKHYTH B TEOPHUIO CTPYH KBAHTOBOW (DU3WKHU, s MPUILIA K
CTICJTYIONIEMY 3aKJI0UEHUIO: BpeMs He OJHOMEPHO, He JHuHEHHO, W TeM OoJiee, He
npsiMosinaeitHo. CBoeil MHOIMOMEpPHOH CTPYKTYpOil BpeMsl 3alloJIHAET ITPOCTPAHCTBO
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COOBITHI, N KazK/las €ro COCTABJISIONIAs BJIEUET WM HJET C TeM HJIM HHBIM COOBITHEM
BO BCEJIEHHOI B KBAHTOBOM (pusmke.

IIpocTpancTBo-BpeMst WM COOBITHE, CO CBOMM MOMEHTOM CBEPIIEHHSA HMEIOT
HOPA3UTEIBHYIO CTPYKTYPY, KOTOPYIO MOYKHO OIIMCATH C HCHOJIb30BAHUEM DAa3JIHIHBIX
CBOWCTB TOIOJIOTMYIECKUAX IIPOCTPAHCTB.

Urak, NpeANosIoKUM, €TO COOBITHE 9TO HEKOE KOMIIAKTHOE TOHOJOIHIECKOe
IpOCTpaHCTBO. [Tl HecsieIoBaHus 9TOr0 POCTPAHCTBO, MBI H3yUNM €r0 COCTABJISIONIIE,
T.e. COOBITHSI, IIPUBE/IIIIE K JaHHOMY. Bojiee TodHee MBI paccMaTpuBaeM, ero 3aMKHY ThIe
noamuo)KecTBa. OHE 00pa3yoT T.H. crielieHnyio cucremy (cum. [8]). Cuemniennas cucrema
HOPOXKJIaeT MAKCUMAJbHYIO CIIEIUICHHYIO CHCTEMY, & BCE CIEIJIEHHbIE CHCTEMbI JIAHHOTO
TOIHOJIOTMYECKOr0 IIPOCTPAHCTBA 00Pa3yIOT CyNeppacIIPeHHe STOrO TOHOJIOIHIECKOrO
upocrpancTsa. Cylieppaciimpenue, 9T0 BCe BAPUAHTHI COOBITUIT TaK NI HHAYE CBS3aHHbIE
C 3aJaHHBIM COOBITHEM. A CBepIIEHHbIe COOBITHA B 9TOM CJIydae BBIPAXKAIOTCH tdepe3
HOJIHYIO CIEIVICHHYIO CHCTEMY 3aJ[AHHOIO TOIOJIOMMYIECKOTO MpocTpaHcTBa (eM. [8]).

Jst  nasbHeiinero mccsieloBaHnsl pUMEHHM pe3yiabrarbl u3 pador [1]-|7]. Hos
9TOTO, JIOIYCTUM, 9TO MBI HAXOJMMCS B HEKOHl HMCXOJHON TOUKE HMPOCTPAHCTBA COOBITHI
(mpesmosaraeTcs, 9TO JAHHOE MPOCTPAHCTBO HMEET HEOOXOJAMMYIO MaTeMaTHIeCKyTo
CTPYKTYDY) ¥ JeJiaeM BBIOOD, T.e. JOIyCKAeM KaKHe-TO H3MEHEHUsI, KOTOPBIE MOXKHO
BBIDA3UTh BEKTOPHBIMU mossiMi. Cpejii HUX HMEIOTCs TaK Ha3blBA€Mble BEKTODHBIE
nost Kwwmuara  (em. [1]-[7]). VimMenHO oOHEU sBiIsIIOTCST OOBEKTOM  HEZKECJIETYFOIIUX
uccyenoanmii. Tpaexkropuu (cm. (1], [2], [4]) samanubix BekTOPHBIX TIOJIEl, 910 "My TH" 11O
KOTOPDOMY MBI HJEM, CjejiaB BbIOOD. BceBO3MOKHDBIE TPAeKTOPHU HCXOJIHOH TOUKH,
06pa3yoT Tak Ha3bIBaeMyIo OpOHTY 3TOil Toukn. Ecim dbunanibnas ToUKa IPUHAIEKAT
opbure, TO MBI jocTuraeM Iejan. OUeBHHO, UTO B 9TOM CJIydae BpeMsl MOXKET OBITh
moboe. C JApyroit CTOPOHBI, B MOMX HCCJICIOBAHUAX BBIIEICHBI TAKKE TaK HA3BIBACMBIC
muoxkecTBa T-gocrmxumocru (eM. [7]), T.e. HeKHe IIOAMHOYKECTBA OPOHUTLI C 3aaHHBIM
"mpomerkytkom'"Bpemenu. U omsiTth, eciin (puHabHAS TOYKA €CTh TOYKA MHOXKeCTBa -
JIOCTHKUMOCTH, TO MBI JocTuraeM "mesn"B 3agannoe "Bpems".

Ot/esibHOE HCCIIeIoBaHIe MHOXKECTB T-0CTHKUMOCTH TIOKA3aJ10, 9TO B HEKOTOPBIX
CIIy9asiX MHOXKECTBO T-IOCTHKIMOCTH COBIAIACT CO Beeil opouToii. 7]
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Kpususuna muoroo6pasuu SO(3)

Camapbaena . A.
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: Saparbaevadilya@gmail. com

Pacemorpum rpynmy SO(3). B kacaresnbnoii mnpocrpanctee TrpSO(3) cymiecrByer
Oasucuble BeKTOpHBIE 1O X1, Xo, X3. DTu 6a3ucbl OpTOHOPMUPOBAHbI U CKOOKa JIu
6a3uCHBIX 3JeMeHTOB onpejensiercsa Tadbmuneit [ X, Xo] = X3, [Xo, X3] = Xy ,[X5, Xi] =
X,. UzsectHo, uTo uueiinblit usomopdusm mexiay TpSO(3) u R? asngercs nusomerpueii.
Pacemorpum Tpéxmepnyio cdepy pajmyca 2 €O CTaHJIapTHBIM PUMaHOBBIM METPHUKOI.
BekTopsr X1, Xo, X3 B crangapTHoil MeTpuke cepbl S? 06pasyioT opTOHOPMHEPOBAHHBII
6aszuc B TpS® n Kax JIeBOMHBApHAHTHBIE 110JIs OPTOHOPMHUPOBAHHLIN Gazuc jyjis Jr060it
toukn S®. CkansgpHoe npoussejenne < X,Y >|p= Aipn + Aaplo + Az Jutst so6oro
X,Y € TyS? rakoe, 4To

X = MX1+XXo + A3X3,Y = i Xy + e Xo + 3 X3,

BBejieM HOBYIO MeTPUKY < .,. > Ha S? crejyiomum o6pasoM

1
< XY >= 5/\1,u1 + Aopia + Azpiz

Pazauna mex 1y MeTpukoit < .,. > U CTaHJAPTHON METPUKOIl 3aK/II0YaeTCd B TOM,9TO
Kazk/i0e KacaTeJbHOe MPOCTPaHCcTBO "cxkumaercs "B HampaB/ieHUn BeKTOpa X;.

Paccmorpun rpymmy JIm G = S? X R ¢ MeTpHKOi IpsSMOTO HPOU3BeleHus cephl I
npsAMOil. DTa MeTpuka siBjsieTcs OnmHBapuanTHoit. Anredpa JIu rpymnmnsr G nosrygaercs
u3 anre6ps! JIn rpymmnr S? nyTém caoxenns X, X, X3 KacaTeannoit K R eauHIIHOro
BekTopa Xy, g koroporo [X,, Xy = 0 aus Bcex ¢. Ionydenuniii 6asuc sipjsiercst
OPTOHOPMUPOBAHHHBIM.

B aroit pabore yiydieH pe3yJbTaT KOTOPBIA ObLI mojydueH B pabore [4]. A mmenuo
JIOKA3aHO CJIEJIYIONIas

Theorem. Mnoroo6pasue G = S3 x R apgercs MHOTOOOPa3HeM HOJIOXKUTEILHOM I
OTPaAHUYEHHONW KPUBU3HBI K, 1 % <K< %.
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O6 ozmHoit rpyne audpdeomopdU3MOB CJIOEHBIX MHOT0O00Opa3uii

IHTapunoB AuBap>koH CoJsinmeBud
Havuonanrvrwud ynusepcumem Yabexucmana umenu Mupsdo Yayebexa
e-mail: asharipov@inbox.ru

Muoxkecrso  Dif f" (M) Becex muddeomopdusmos MHOrooOpasust Ha  cebst
SIBJIFETCS  TPYIION  OTHOCHTEIHHO  KOMIIO3UIMU ¥ OOpaTHOrO  OTOOparKeHUs.
['pynna muddeomopduzMoB  IVIaJIKHX MHOIO0OOpaswuii MMeeT BayKHOE 3Ha4YeHHe B
nuddepeHimaabHOil TeoMeTpun U B aHajuze. VHTeHcHBHOE pa3BUTHE TEOPHH T'PYIIIBI
s deomopdusmoB Hauaoch ¢ paborsl B.M. Aprosbia [?].

Korma M gpisiercss mHOTOOOpasmeM KoHedHO# pasmepHocTu B 1939 rojay mgokazaHo
rpynma uzomerpuii I(M) pumanoBo muoroobpasus M ssisiercs rpymmoii Jlu [?].

B nmamnoit pabore paccMarpuBaeM CJI0€HOE MHOIOOOpas3me ¢ HEKOTOPBIM CJIOEHHEM U
ncc/IelyeM HEKOTOPYIO TOArPYIITY TPYIIIbL 1ruddeoMopdu3MoB CJI0€HOIO0 MHOTO0Opa3us.
NsBectno, 4gro rpyima  guddeoMopdu3MoB  SIBJISETCS  TOIMOJOTHIECKON TPYIIIOi B
KOMITAKTHO- OTKPBITON Tomojioruu. B ciydae, Korjga MHOroodpasme KOMIAKTHO ITOT
dakr mokazano B pabore |[[?], crp. 270]. st mponsBOIBHOIO MHOIOOGpasus KOHETHOM
pasMepHOCTH 5TOT (akKT JoKa3aHo B pabotre [?].

O6oznaunm uepes Dif fr(M)— muoxkectBo Beex C"— muddeoMopdusMOB CJIOEHOTO
muoroobpasus (M, F'), tae r0. I'pynna Dif fp(M) asaserca noxrpynmoit Dif f (M) u
OHO SIBJISIETCS TOIOJIOTHIECKON T'PYIIIOH B KOMIIAKTHO-OTKPBITON TOIOJIOTUM.

Teopema 1. Ilycte (M, F) cioenoe wmuoroobpasme, riae M riaajkoe CBS3HOE
MHOroo6pasue ¢ KoHeIHOH pasMepHocTbio. Torma rpymma Dif fr(M) sBisiercs 3aMKHYTOM
noarpymnnoii rpymimst Dif f(M) B KOMITaKTHO-OTKPBITO# TOIIOJIOI TN,

Teneps paccmoTpuM HeKOTOPYIO Torosioruto Ha rpymie Dif fr(M), Koropas 3aBucut
oT cjioeHusT F U COBIIaJIaeT ¢ KOMIIAKTHO-OTKPBITON Tomojiorneii, Korja F - saBjseTcs
n- MepHbIM cjioeHueM |[?]. DTy TONOJOrMI0 HA3BIBAJIM CJIOEHO KOMIIAKTHO-OTKPBITOMN
TOIOJIOTHEH WJIM KOPOTKO ['— KOMIIAKTHO-OTKPBITOI TOIIOJIOTHE].

Onpenenenune. M3somerpus ¢ : M — M HasbiBaeTcsd U30MeTpHel CJIOEHOTO
muoroobpasus (M, F'), ecin ono siBisiercs auddeoMopdu3MoM CJI0HOT0 MHOI000paswst
(M, F).

O6o3unaunm gepes [sop (M) muO)KecTBO Beex C"—U30MeTPHii CJIOEHOIO MHOTOOOPA3ust
(M, F), vae r0. Umeer mecro Isop (M) = Dif fr(M) () Iso(M).

Teopema 2. Ilycmv (M,F) - aaadkoe c6a3H0E NMOANOE  CAOEHOE  DUMAHOBO
MHO2000pasue  Kowewnol — paszmepwocmu.  Tozda  epynna  Isop (M)  asasemca
monoaozuyveckols 2pynnot ¢ F'—xomnaxmmno- omxpwuimot monosozued.
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O reose3uydecKux JIMHUN CJIOEHBIX MHOTrOOOpa3uii

Tapunos A.C., OmnomoBa X.T.
Hayuonanrvrol yrnusepcumem Yabexucmana umenu Mupso Yayebexa
e-mail: asharipov@Qinbox.ru

Teopusi cioenuil - pasjiesl reoMeTpUu, BO3HUKIIMI Ha CTBIKe auddepeHmajIbHbIX
ypasHenuit u guddepennuanbaoil reomerpu, auddepennnanbHoil Tonosorun. Merokom
TEOPHU CJIOCHHI cuuTalorcs ocuoponojaramomue paborst C.Ehresmann|l| u G.Reeb|2]
cepeinHbl XX CTOJICTHSI.

Jlabueiinee pa3BUTHE T€OMETPUUIECKON TEOPUH CJIOCHUI, N3YYalOIeil CBOICTBA CJIOEB,
CBsI3aHO MpezKJie Beero ¢ n3BectHbiMu paboramu B.Reinhart|3], A.Haefliger[4], Wolak R.[5]
u C.IT.Hosukogal6].

Onpenenenune. Kpusas v Ha r1ajkoM MHOroobpasun M Ha3bIBACTCA T'eOJe3UICCKON,
ec/m KacaTesbHoe Bekroproe nose T, (1) napasiensno saoub y, T.e. Vr, T (t) = 0.

IIpumep. Ilycrs ms Bekropaoro mos X € V(M) Bemosneno yenosue Vx X = 0, 1o
KazkJlasl MHTerpaJibHas KpuBasd 7y 1ojisd X ecTh reojie3ndeckas CBA3HOCTU. B camoM Jieste
Xoy=4=7D, tak uro D n X gBISIOTCS Y-CBA3AHHBIMH, NMeeM

0= (VxX)oy=Vp(Xovy)=Vpy

B coBpemenHoit reomeTpum OJHUM U3 OCHOBHBIX 3aJlad ABJISETCS WCCJICIOBAHUS
IIpejiesia TeOIM3NIeCKNX JINHUH, T.e. eCJIU TeoJle3ndecKre CXOIATCI K HEKOTOPOH KPHUBOIi,
TO 3Ta MOCJeHAS ABJSETCS JIU T'e01e3MIEeCKOI.

B pa6ore C.Xesracona |7| oka3anbl 3aMedaresibHble TEOPEMbI O T€0Ie3MIECKUX JIMHUI.
B wacTHoCTH, MM JIOKa3aHO, YTO MPEJIEN Te0/Ie3NIeCKUX JIMHUI PUMaHOBAa MHOTO00ODa3Us
sIBJIsieTCs reojie3ndecKkoil. B ciydae ciioeHbIX MHOrooOpasmii 9Ta 3ajada OCJIOXKHAETCS
TEeM, YTO IeOJIe3MYECKas JIMHUS CJIOCHOTO MHOTOOOpa3us JIEXKUT Ha CJI0€ U SIBJISETCS
reo0JIe3UIECKOl OTHOCUTEILHO MH/YITUPOBAHHON PUMAHOBONW METPUKU CJIOS.

IIycrs m : TM — TF - oproronasbnast npoekrusi, V (M), V(F),V(H) - MHO)KeCTBO
rmagkmx cesennii paceoennit TM, TF, HF coorsercrsento. [lomoxnm VY = T(V)xY
Jutst BeKTOpHBIX moteit X € V(M), Y € V(F), tae V - cBasuocts Jlesu - Yeswura,
omnpejiesieHHast pUMaHOBOil MeTpukoit g Ha M. I3BecTHO, 9TO VxY SBIISeTCs CBS3HOCTDIO
na T'F', nmpudeMm ee cyKeHHe Ha KaxK/blii cjoil L, COBHaJaeT C CBA3HOCTBIO Ha L,
ompeiesIIeMoil MHTyITMPOBAHHON pUMAHOBOI MeTpukoil Ha L, u3 M.

Teopema. Ilycts (M, F) ciioeHoe mOJHOE PUMAHOBO MHOroobpasue. [iajkast
napaMeTpu3oBaHHas KpuBas [ : (a,b) — M, nexarmas Ha cioe L, cioenus I sBisiercst
reomesuveckoi Ha L, (MH;LyquOBaHHoﬁ PUMaHOBOM MeTpI/IKI/I) TOTJIA U TOJIBKO TOI/IA,

Korja Vpu = 0.

JIuteparypa.
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O GecKOHEYHO MaJIbIX 3KBHAPHAJbHBIX JdedopMaliusax IIOBEePXHOCTU

[Ilepky3uen M.
Tawrernmerxutd GuHAHCOEBIT UHCTIUMYM,
e-mail: aartykbaev@mail.ru

PaccmoTpuM 11pon3Bo/ibHYI0 OECKOHETHO MAJIYIO J1eOpMAIINI0 TPUK/IbI HEIIPEPBIBHO
muddepeniupyemoii moBepxHoctn & = Z(u, v) ¢ BEKTOpoM cmerrenus €t(u, v), rae € — 0:

it = Z(u,v) + et(u, v) (55)

[Torpebyem, 4ToObI TpU 3TON JgedopManuid HE U3SMEHSJICA JEMEHT ILJIOIIAJIH
IMOBEPXHOCTU C TOYHOCTBIO 1-To mopsjka oTrHocutenabno € — 0. Takyo jpedopmariiio
Ha30BeM 2K6UAPUAALHOTU. JIJIsg 9TOro HEOOXOAMMO M JIOCTATOYHO, UTOOBI OBLIM PaBHBI
¢ YKa3aHHON TOYHOCTHIO JUCKPUMUHAHTHI ITEPBBIX KBaJIPATUIHBIX (POPM IIOBEPXHOCTEIH
Z(u,v) n &*(u,v). B nampHeiinmem Mpr Oy/ieM 1peHebperaTh BeJMYUHAMI BTOPOTO 1 GoJiee
BBICOKOT'O TIOPSIJIKA MaJIOCTH OTHOCUTETHHO € — (.

Naeem

[ZLZ)]" = [TuT)" + 22 [TuZ) - ([Zulo] + [tuZs]) -
CnenoBareibHO, JUIsT  TOTO, 9TOOBI  j1edhopMaIiust (55) OblIa  SKBUAPHUAJILHOI,
HQO6XO,ZLI/IMO " ,HOCT&TO‘{HO, r{TO6I:>I BBITIIOJIHAJIOCH yCJIOBI/Ie

Teneps 3amnumieMm GOPMATBLHO PA3IOKEHUS ST t., u t, 1o BEKTOPaM T,,T, U 1, T1ae 1

- €IUHUYHBINA BEKTOP HOPMAaJX HOBEPXHOCTHU:

—

t, = aZy — BT, + \i
ty = YTy — 0Z, + pum.
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U3 ycnosus (56) BeITEKaeT, 9TO (v = §, TOTJA TTOJLY TUM:

g (57)

ty, = aZy — BT, + A\
t, = VT, — T, + umn.

Tax kaK t,, = ty,, TO HOayIuM Tpu AuddepeHnnaaIbHbIX YPABHEHUsI, CBI3bIBAIOIIIX
[SITh HEU3BECTHBIX (DYyHKIUH o, 5,7, A, 14

Oy — Yy — VFh + 2041%2 - 51%2 = M?\é:?f - /\FENG__%]y
o ~ B AT + 2Th, — B, = b ATy (58

BN —2aM +~yL = Ny — fy.

3ajiaBasi IPOM3BOJIBHBIM 00Pa30M (DYHKIIUU A\ U (i, TTOJIYIUM HEOTHOPOIHYIO CHCTEMY
nuddepeHImabHbIX yPaBHEHNT OTHOCUTEIHLHO HEW3BECTHBIX (hyHKIHUi o, ,v. Ecim
oI KUTh A = 0, ¢t = 0 TO TOJIyIUM OJHOPOJIHYIO CHCTEMY yDaBHEHWUIA, COBITQJIAIONTYIO
¢ TOIl crCTeMOI, KOTOpasi ONpeIe/iseT BEKTOp BpalieHus 4(u, v) HEKOTOPOro GeCKOHEUHO
MaJIoro M3rubaHus JAHHON TTOBEPXHOCTH:

Yu = afu - ﬁfv
{ Yo = Vfu — o, (59)

Pacemorpum Ba permenust cucteMbl (58) Ipu OJHUX U TeX Ke (DYHKIHAX AL

ai, 617 T, )\7“
a2, 527 V2, )‘7 22

Pasnoctu ag — avy, P — P1, 72 — Y1 JAIOT perieHne 3Toi OTHOPOIHON CHCTEMBI U CTAJIO
OBITH, 9TO PeIleHne OIPE/IEISIeT BEKTOP BpaIleHs OECKOHETHO MAJIOT0 N3TUOAHUS TOW JKe
HOBEPXHOCTH, TipudeM B hopmysiax (59) ciieyer moaokurh a« = ag—avy, = fo—P1, 7=
Y27 -
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O kpuBM3He-KpPYyYEHUN ITPOCTPAHCTBA CO CBA3HOCThI0O Kaprana

IlleBuenko FO.U., Ckporaiiosa E.B.

Pacemorpum (r+n)-MepHOe TPOCTPAHCTBO KapTaHOBOM CBA3HOCTH (4, , OIIPEJIEITEMOE
CTPYKTYPHBIMHI YPaBHEHUAMMA

dw' = 205,07 Aw® + Khw! A WP, (60)

dw® = Cg‘vwﬁ ANw? + QCg‘iwﬁ Aw' + KGw’ A W, (61)

re o,.. = 1,r74,... = r+1,r+n; K(ijk) = O,K(ajk) = 0 C]’:a,ngCg‘i — YacThb
nocrogunpix Clp(I,... = 1,7 +n) rpynnst Jlu G,.,, conepxameii noarpynmy H,

(Cls = 0). IHocrosmmbie Cfp yaoBIeTBOPIOT TOXKIecTBaM SAK0GH C§{KCgM} =
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0. Kosdpduruentor K ]Ik 00pa3yoT O00bEKT KPUBUBHBI-KPYUEHUs, COJIEPKAIIII O0OBbEKT
KpYy4eHUsd KJ’,C [Ipocrpanctio C, ., saBisieTcs riaaBHbIM paccioerneM H,.(M,,) ¢ n-mepHoit
bazoit M,, u Tunoebim cioem H,. Ecin Beimosnsercs yeaosue peaykrusaocrn Cg; = 0, To
paccyioerne H,(M,) craHOBATCS TIPOCTPAHCTBOM C IVIABHOM CBSI3HOCTHIO.

Buernue ypasuenus (1, 2) npocrpancrsa C,.,, HO3BOJSIOT HaiiTu guddbepeHinaabHbie
CpaBHEHUs JIJId KOMIIOHEHT 00beKkTa KpuBU3HBI-KpydeHus. IIpoauddepennupyem
CTpYKTypHbIe ypaBHeHus (1, 2) BHEITHIM 00pa30M, 3aTeM UCIOJIb3YEeM COOTBETCTBYIOIINE
qacTu TOXkJIecTB Skobu. PaspemnnMm mnosydennble KyOWYHbIE YPABHEHUS 110 JIEMMeE
JlanreBa, YTO JacT KBaJpATUYHbIE YpaBHEHUs U YCJIOBUS  IOJIyT'OJJOHOMHOCTH.
K xBajpaTtudnbiM  ypaBHeHHAM IpuMeHUM JeMMmy Kaprana, wnHaiijgem 1daddoBb
ypaBHEHWs, KOTOpbIE MPoaJbTepHUpyeM. BOCIo/ib30BaBIINCh AaHTUCUMMETPHEH 00beKTa
KPUBU3HBI-KPYYEHN ¥ YCIOBUSIMHU ITOJYTOJOHOMHOCTH, 3alldIlleM pe3yJabTaT B BUJIE
i depeHInaIbHBIX CPABHEHNII 10 MOJY/TIO 6a3HCHBIX hopM w':

AK;.k + 4Ci[j0,§jﬁwﬂ =~ ((modw'), (62)

ey a 171, B B Ha ~

rie A — Ten3opHbIit ud bepeHnuaabHbIi OepaTop.

Teopema. OObeKT KpUBU3HBI-KpydeHust K ]Ik MPOCTPAHCTBA CO CBA3HOCTBHIO Kaprana
Crin, OUPEIETAEMOrO CTPYKTYpPHBIME ypaBHeHusiMu (1, 2), sBJisieTcsi KBa3UTEH30pPOM,
KOMIIOHEHTBI ~ KOTOPOIO  yJOBJIeTBOPsitorT  uddepeHimanibubiM - cpaBHerusiM — (3,4).

I i
Kpasurensop K COJEPXKHUT KBA3UTEH30D KpydeHus K7 .

CrnencrBue. Kpazurenzop KpUBHU3HBI-KpydeHus K JIk CTaHeT TEH30pOM IpHU
BBIIIOJIHEHUH YCJIOBUI TEH30PHOCTHU Cé[ jCI’fh = 0, mpuvem JiJIsT TEH30PHOCTU KBa3UTEH30Pa

Kpy4eHusd K;k JOCTaTOYHO YCJIOBUM C’é[jclfh = 0. B wacrtnoctu, ecim BBIIOIHAETCS
yCJIOBUE DPEIyKTHUBHOCTH, TO KBa3uTeH30p K JIk ABJIAETCA TEH30POM, COLEPKallM
i
nozrensop K.
3ameuaHme. B 1mpocrpancrse ImpoekTuBHOI  cBAsHOcTH  Kaprama  yciosue
PEJlyKTUBHOCTH HE BBIIOJIHACTCA, T.€. OHO He ¢BJIAeTCdA IPOCTPAHCTBOM C IJIaBHOI
CBA3HOCTBIO, HO 00JIaJacT TEH30POM KPUBU3HBI-KDYUEHHd. OHAUUT, JJId HETO

BBITIOJIHAIOTCH yCJIOBUA TEH30PHOCTH.

O BHyTpeHHell reomeTpun nmoBepxHocTu l'ajsmiieeBa mpocTpaHcTBa

Cobupon 2K.A.
Hasoutickut T'ocydapemeennviti Iledazozuveckutd urncmumym
e-mail: aartykbaev@mail.ru

BprO)K,Z[eHHOCTb METPpUKHN TaJidjie€Ba IIPOCTPaHCTBa IMOPO2KAACT BbIPO2KACHHYIO
METPpHUKHN Ha ITIOBEPXHOCTU B R%’

B pabore [l] ¢ momoIpi0 KPUBBIX ONPAHUYIEHHOIO I[OBOPOTA OIIPEJEJICH AHAJIOD
«KpaTJaiiliieit» Ha IIOBEPXHOCTHU TraJjinjieeBa IIpOCTpaHCTBa. KpaTuaiiiasi raJimieeBa
IIPOCTpaHCTBa, 00JIalaeT CBOMCTBAMU KpaTdaiilieil eBKInI0Ba IPOCTPAHCTBA.

BuyTpennss reomeTpus MOBEPXHOCTHU CYIIECTBEHHO 3aBUCUAT OT BHYTPEHHEH IeOMETPUN
€0 KacaTeJIbHON IIJIOCKOCTH.
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KacarenbHas 11I10CKOCTH ITOBEPXHOCTHU B R?l) ABJIAETCA TaJINJICeBON IIJIOCKOCTBIO.
Jlemma. [Ipoeknus reoe3nveckoro TpeyroabHIKa Ha TOBepxXHOCTH [ € Ré , ABJIFETCSI
TPEYTrOJbHUKOM Ha KacaTeJIbHON ILTIOCKOCTH.
I[Iycte ABC TpeyroibHUK TaJIijeeBoil 1jiockoctw, F € RLY Torma Juts yrioB
) 3
TPEYroJbHUKA CIIPaBeInBO paBeHcTBo /B = /A + Z/C, rine /B - uaMepsieTcss BHEITHIM
obpaszoMm. Ecinu BHyTpenHuit yros cantath £ B, TO 1Oy InM

LA+ (—=4B)+4C =0

TO €CTh CyMMa BHYTPEHHHUX YIJVIOB TPEYrOJbHUKA Ha TaJuIeeBOU IIJIOCKOCTU paBHA
HYJIIO.

Teopema. Cymma 6HYMPEHHUT Y2A08 MPEY20NLHUKG MG CE0A080T MOBEPTHOCMU
2AAUNCEBA NPOCMPAHCTMEE OMPUUATEADHO.
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IToBepxHocTHu, onpejessiembie cuMmBoJiaMu Kpucroddens

CynranoB B.M.
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e-mail: bek_4747Qbk.ru

B pabore [1| TayccoBa KpuBm3HA MOBEPXHOCTH B CIENHATIBHBIX KOOD/MHATAX
BBIYUCIIETCS 10 (hOpMYIIE:

LN-M*> 1 (Fu—%Ev) 1 VG
¢ VG\ VG ), VG dw

F,—1E
Bripaxkenne % Ha3bIBaeTcs J1epeKTOM KPUBU3HBI ITIOBEPXHOCTHU

K —

1
D(u,v) =F, — §Ev = Tyu * To-

riae

F =9,y + 2u2y E:y12¢+22

Torna D(u,v) = Tyy - Ty = |Tuul| « |To] cos @, |7 = VG(u,v), tae ¢ - yroa mex iy
BEKTOPAMH Ty, U T, Ha 0COOOM mIockocTH [2].

Snavenns jedeKTa KPUBU3HBI CBSI3aHBI ¢ BBIOOPOM KOODMHATHOW JIUHUU U = COnst,
H0I60POM CUCTEMBI KPUBOJMHEHHBIX KOOPJINHAT MOKHO j100uthest D(u, v) = 0.

Paccmorpum B R} ypaBHEHHE TIOBEPXHOCTH B BEKTOpPHOI dhopme [1]:

— - —
T="(u,v) =ui +y(u,v)j +z(u,v)k

Onpepenenne 1. Nnrepsan [a, b] - HasoBeMm mupuHoii mosepxuocru F' B Tamuieesom
IIPOCTPAHCTRE.
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Onpenenenue 2. I[losynsoMeTpudHbIMUA TTOBEPXHOCTSIMU HA30BEM ITOBEPXHOCTH,
KOTODBbIE UMEIOT PaBHbBIE HIMPUHBI.

Onpenenenne 3. Ilonyusomerpudnbie moBepxHoctu F; u  F, Ha3bIBaOTCA
U30METPUYHON, ecu:

Gi(u,v) = Ga(u,v).

Omnpenenenne 4. Nsomerpuunble mnoBepxHoctu F); um F, Ha3bIBaOTCs BIIOJIHE
U30METPUYHBIM, €CJIU:

Dl(“) U) = D2(ua U)‘
Ecim D(u,v) = 0, Torma FayccoBa KpuBu3Ha onpeesiercs 1no dhopmyiie
1 O’/ G(u,v)  GZ(u,v) — 2Gu(u, v)G(u,v)
G(u,v) du? B 4G2(u, v) '

Jlemma. Ecmun ganer cumsonst  Kpucrobdens 1%, T3, to G(u,v) pemenus
nuddepeHImaabHOro ypaBHeHusd

I, = g&gfﬁﬁ;

F%2 = %
[Tycts Fy n F, perynagpuble HOTyN30MeTPHYHbIE TIOBEPXHOCTH.
Teopema. [losepxnocTu ¢ pasubiMu Kodddunuentamu ['2,, ['2, - ©30MeTpUYHbIe.
CnencrBue u3 Teopembl. [losepxuocru ¢ pasubimu 35, T3, D(u,v) - Bnoame

U30METPUYHEI.
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Orpaan4eHHOCTh ¥ KOMIIAKTHOCTh OJHOTO KJlacCa MAaTPUYHBIX ONEePATOPOB C
HepeMeHHbIMU IIpe/ieJlaMyU CyMMUPOBAHUSA

TemupxanoBa A.M.
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[Iycts 1 < p,q < o0, 117 + z% =1 wm {u;}2, , {v;}2, -BecoBble MOCIEIOBATEILHOCTH,
TO €CTb HeOoTpulaTeJIbHbIE II0C/IEJOBATE/IbHOCTHU ,ZLteICTBI/ITeﬂbHI)IX quceJI. HYCTB lpv -
[POCTPAHCTBO MOCJIEI0BATEIBHOCTEN JieficTBuTebHbIX dncen f = {f;}2,, a1 KOTOpbIX

=1
KOHE€YIHa HOpMa

0 D
1fllpo = Z |fivil”] <oo, 1<p<oo
=1
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PaccMorpuM MaTpudHbIN omiepaTop

B(n)

(A= ankfrnl (1)

k=a(n)

u3 Ly, B lgu, TA€ (an)- MaTpuia omnepaTopa A ¢ HCOTPHIATEIBHBIME JIEMEHTAMA Ay, 0,
YJIOBJIETBOPSIONINE JUCKPeTHOMY 00obmennoMy yesosuio Ofinaposa: cyrmectsyer d0,
HeoTpuIaTe/IbHasl MaTPUIla C 3JIeMeHTaMu by, ; 1 HEOTPHUIATeIbHAs I0C/IeI0BATE/ILHOCTD
{w; }22,, uro

1
E(bn,kwm + ak,m) S Qp,m S 5(bn,kwm + ak,m) (2)

mpu 1 < k < n,a(n) < m < B(k); tne a(n), f(n) - mocae0BATETIBHOCTH HATYPATBHBIX
qUCeJI, YAOBJIETBOPSIONINE CJIELYIONTIM YCIOBISM:
(i) a(n) u B(n) crporo BO3pacTaroT;
(i1) (1) = B(1) = 1 n a(n) < §(n), n2
Ilpu a, = 1 omeparop (1) aBisgercsa onepaTopoM Xapn ¢ HEPEMEHHBIMHE IIPe/IeIaMu
CJIE/TYIOIIETO BUJIA
B(n)

Z Jis nl,

OrPaHIYEHHOCTH KOTOPOrO u3 Iy, B ly,, uccrenoBana B paborax (1], [2] npu pasmmdmbix
3HAYEHUAX [TapaMETPOB MPOCTPAHCTBA.

B jamnoit pabore ycTaHABIMBAIOTCS KPUTEPUU OTPAHMYEHHOCTH W KOMITAKTHOCTH
MaTpHIHOrO oreparopa (1) u3 [y, B l,, mpu 1 < p < ¢ < .

ITosnoxxkum
L B(m) ﬁ
(F1)s = sup Z U bl Z wk Vk ’
“a(s))<m<s n—m k=a(s)

~l

B(m) v

(Fy)s = sup (Z uq> Z am ka :

B=1a(s))<m<s \ , 5, k=a(s)

Q=

Fy = SUP(Fl)s,FQ = SUP(F2)-
sEN SEN
Teopema 1. Ilycts 1 < p < ¢ < 00 ¥ 3JI€MEHTHI MATPHUIB! (G, k) YIAOBICTBOPSIOT
yeaosuio (2). Torma oneparop (1) orpanmden us l,, B g, TOrJa U TOJBKO TOIJA, KOIJA
F = max{F, F5} < oo, npu srom || Al|;, ,—i,., = F.
Teopema 2. Ilycts 1 < p < ¢ < 00 ¥ 3JI€MEHTHI MATPHUIBI (G, k) YIOBIETBOPSIOT
yeaosuio (2). Torma oneparop (1) KoMuakTen u3 I, B Iy, TOIa U TOJIBKO TOI/A, KO

lim (Fl)m =0
m—00

m—0o0
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rie
1 5
s 7 [ B(m) P
(Fl)m = sup Z U(TILb(r]Lm WZ V;p ’
m<s<a~H(B(m)) \ =, k=a(s)
1
(Fy) = sup > ol iV
m<s<a~l(B(m)) \ -, k=a(s)
Ormerum, uro F) = SUP(Fl)m>F2 = sup (F2)m
meN meN
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O HEKOTOPBbIX CBOIiCTBaxX MHOI'O3HAYHOI'O 0T06pa}KeHI/Iﬂ

TyxrtacunoB M.
Hayuonarvrud ynusepcumem Yabexucmana um. M. Yayebexa
e-mail: mumin51@mail.ru

B gamnoit  pabore  paccMaTpUBAIOTCS  MHOIO3HAYHBLIE — OTOOPasKeHUsl B
6ECKOHETHOMEPHOM IIPOCTPAHCTBE M WX HeKoTopele cpoiictBa |7, ?]|. Ilpm stom B
OTJIEJIHBIX CJIyYasX IIPUCYTCTBYIOT MOJIYTPYIIILI OIEPATOPOB, KOTOPbIE MOI'YT OBITH
HCIIOJIb30BaHbl IS perieHns JuddepeHaabHbIX yPaBHEHUI € pacipeie/eHHbIMA
napaMerpamu.

[Iycte H — rtuabbeproBo mpocTpaHcTBO. MHOTrO3HAYHBIM OTOOPaXKeHUeM OyJieM
naseiBarh Qynkmmo ' : [0, 7] — K(H), tme 7 — nosnoxurensroe unciao, K(H) —
CeMEeNCTBO BCEX BBIIMYKJ/IBIX 3aMKHYTHIX U OIPAHUYEHHBIX [IOJIMHOYKECTB IIpocTpancTsa H.

Ounpenesienne 1. Muorosnaunoe orobpaxkenne ['(t), 0 < ¢ < 7 nHasbBaercd
HOJIyHEIIPEPBIBHBIM CBePXy (MH.CB.) [moJyHenpepbiBHbIM cHU3Yy (mH. cH)| B TOUke to €
0, 7], ecam st smo6oro € > 0 cymectByer d > 0 Takoe, aro npu |t —to] < du 0 <t < 7,
HMeeT MECTO BKJIIOUEHHE

L(t) cT(to) +e 85, [I'(to) C I'(t) +€9],

riae S — eJUHUYHBL [Iap ¢ HEHTPOM B HyJe IpocTpaHcTsa H.

Mrmuorosnaanoe orobpazkenue I'(t), 0 < ¢ < 7 naspiBaeTcs IH. ¢B ( [IH. CH ) Ha OTPE3KeE
0, 7], ecim omo mi.cB. (mI.CH.) B KaxK/0ii Touke orpeska [0, 7).

MHuorosuaganoe orobpaxkenune ['(t), 0 < t < 7 mempepbiBHO B Touke ty € [0, 7], ecm
OHO, ¥ IIH.CB., U IH.CH. B TOYKe fg.

Henpepsisrocts Ha orpeske [0, 7] BBOIATCA aHATOIMYHBIM 00PA30M.
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[Tycrb B — HEKOTOPOE TIOIMHOKECTBO pocTpancTsa H; torja yepes (h, B) obosnadnm
MHO)KecTBO Beex wumces Buma (h, b), tne b € B, (h,b) — ckauspHoe Ipou3Be/eHIe
snemeHToB h u b nipoctpancrsa H.

Onpepnenenne 2. Muorozuaanoe orobpazxkenue ['(1) Ha3LIBAETCS CJLIH.CB. B TOYKe
to € [0, 7], ecom ms mobeix € > 0, h € H cymecrByer 6 > 0 Takoe, uro npu |t — to| < 0
u 0 <t <7 umeer mecro Britouenue (h, T'(t)) C (h, T'(ty)) + e(h, S).

AHAIOrI9IHO BBOJISTCS MOHATHUS CJLITH.CB., CJI.HEIP. B TOUKe 1 Ha oTpe3ke [0, 7]. Beegem

cJiejiyroriee o0o3HavIeHHE:

domI’ ={t e [0,7]:T(t) #0}.

Jlemma 1. Eciu I'y(t), T'2(t) nm.cs. ma orpeske [0, 7], To I'(t) = I'1(¢) NT'y(t) ca.mm.c.
Ha MHOXKecTBe doml'.

Onpenenenne 3. Qyuxims v : [0,7] — H HasbBaeTcs CJI.HEIPEPHIBHON, €CJIU JIsI
Kaxkjaoro h € H neiicrBurenbrosnadnast dyukius (h, v(t)) HempepbIBHA.

Onpenenenne 4. Oyuxmusa (), 0 < ¢t < 7, Ha3bIBAETCA OJHO3HATHON CJI.
HEIPEPBIBHON BETBBIO MHOIO3HAUYHOTrO otobpaxkenus ['(t), 0 <t <7, ecau:

1) v(t) ca. menpepsiBra na [0, 7]; 2) () € I'(t), 0 <t <.

Teopema 1. Ecomm I'(t), 0 < ¢ < 7 — HenpepbIBHOE BBIMTYKJIOE 3AMKHYTOE U OTDAHUIECH-
HOE MHOTI'O3HAYHOE OTOOpaskKeHue, TO CYIIECTBYET CJIHEIPEPhIBHAA OJHO3HAYHAS BETBb.

[Iycrs {®(t)}, 0 < t < 7 — CHUJIBHO HempepbIBHAS MOJYTPYIIIa OIEePATOPOB,
orobpazKkaronmx ruibbeproBo mpoctpanctBo H B cebs [?]. Herpyano mnokasarh, d9To
ecim R — BBINYK/I0OE 3aMKHYTOE M OTPDAHUYEHHOE IOJMHOMXKECTBO H, TO IIpU KarKJI0M
t € [0,7] mHO)KecTBO P (1) R TakkKe ABIAETCS BBIIYKJIBIM 3aMKHYTHIM U OMPAHUYEHHBIM
o MHOZKecTBOM npocrpanctsa H, t.e. ()R : [0, 7] — K(H).

Teopema 2. Eciu @(t), 0 <t <7 — cuIbHO HeNpepbiBHAS KOMIAKTHASI TIOJIyTPYIIIA,
To MHorosuaunoe orobpazkenue P(t)R, 0 < ¢t < 7, ryie R — BBIIYKJIOE 3aMKHYTOE U
OrpaHUYEHHOE TIOJIMHOYKECTBO IPOCTPaHCTBa H sABJIsieTcsl HenpepbiBHBIM Ha oTpe3ke [0, 7).

Onpepenenne 5. Uurerpajom or mHOro3Haunoro orobpaxenus ['(t), 0 < ¢t <

T, Ha3bIBaeTCs ciejylomee MHOXKecTBo: W = {fv(t)dt () el(t), 0<t < 7'} , TJIe
0

v(t), 0 < t < 7, bynknus nunrerpupyemas no Boxuepy [?], n obosnataerca uepes [ I'(t) dt.
0

Teopema 3. Ilyctb R — BBILYKJIOE 3aMKHYTOE U OrPAHUYEHHOE IIOJMHOMKECTBO
npocrpanctea H, {®(t)} — cunbHO HempepbiBHAs TOJMyrpyima. Torja UHTErpaj oT
MHOTO3Ha4HOro orobpazkenus O (t)R,

W= / O(t)Rdt

ABJIAETCHA BBIITYKJIBIM 3aMKHYTBIM U OI'DaHUY€HHBIM MHO2KECTBOM.

Hwxke mnpuBogmMoe wuccae0BAHUE TOCBAIICHO W3YYEHHIO CBONCTB O0bEINHEHUI
MHOI'O3HAUHBIX ~oToOpazkenuii. B paGore [?| wumeercs pesyabrar, OTHOCSIIUIICS
[epeceveHnsiM MHOTO3HAYHBIX OTOOPaKeHMil.

JlaHHBIN pe3yabTaT MOXKET OBITh HMCIIOJIB30BAH JIJIsT BBIICHEHUsI CTPYKTYPbI 00JIaCTH
JIOCTUKUMOCTH, MHOYKECTBA YIPABJISEMOCTH B yIpaB/geMbix cucremax |7, 7, 7.
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Tenepb, JaauM  ONpeAeIeHne IOJyHEHPEPLIBHOCTU CBEPXY JJId  MHOTO3HAYHDIX
orobpazkennii ' : [0,00) — 28" e 28" — BceBosMorkHBIe HelycThIe MOIMHOMKECTBA
npocrpancTBa R™, 1.e. 3uadenuem (1) sBJisieTcsi NPOU3BOJILHOE HEILYCTOE TIOJMHOKECTBO
npoctpancrsa R".

Onpenenenne 6. Muorosnaunoe orobpazkenume I' : [0,00) — 28" nasbisaerca
HOJIyHEIIPEPBIBHBIM CBepXy (IIH.CB) B TOYKe t = ty, ecju jjig Kaxjaoro € > 0 u Jis
kaxkgoro R > 0 cymecrByer takoe 0 > 0, aro u3 |t — to| < § caemyer

@ (0(t) (") Srlto), Tto) () Snlto) ) < e,

rae d(T'y, Ts) = min{r > 0 : Ty C 'y +S,}, T1, Iy — KOMIAKTHBIE MHOXKECTBA
B R", S, — 3aMKHyTbhIi map paamyca r0) ¢ IeHTpoM B Hyje npocrpancrtsa R", G —
3aMbIKaHne MHOXKecTBa G.

Teopema 4. Ilycrs muoroznagnoe orobpazkenue I' : [0, 00) — 28" samxnyTosnauno
(T.e. mHOX)eCTBO I'(f) 3aMKHYTO) M IIOJIYHEIIPEPBIBHO CBEPXY B KaxK0i Touke t € [0, 00).

Torma MHO>KECTBO
r=[Jr@
t0

ABJIAETCA I/I3MepI/IMbIM MHO2KECTBOM Rn
References

[1]. Bamakpumman A.B. IIpuxaadnoti gynrkyuonasonut anaaus. — M.:Hayka, — 1980. — 384 c.

[2]. TyxTracuros M. O HEKOTOPBIX CBOWCTBAX MHOTMO3HAYHBIX OTOOPAKEHUSIX B THILOEPTOBBIX IIPOCTPAHCTBAX //
Uszsecmus BY306 PYs. — Tamkent. — 2000. — Nel1,2. — C. 74 - 78.

[3]- Bapra I:x. Onmumanvhoe ynpasaerue dudpeperyuarohvimu U GYHKUUOHAADHOMU YPasHeRUAMU. — M.:
Hayxka, — 1977. — 624 c.

[4]. JIu 9.B, Mapkyc JI. Ocrosv. meopuu onmumanvhozo ynpasaenus. —M.: Hayka, — 1972. — 576 c.

[5]. Hapmanos A.¢. O 3aBHCHMOCTH MHOXKECTBA YIPABJISIEMOCTH OT IesieBoit Touku/ / Judidepeny. ypasrernus.
—1997. — T.33. — Ne10. — C.1334 - 1338.

Ilonnoe perenue 3asaum KOH(MPIUKTA C UHTETPAJIbHO-OTPAHNYEHHBIM U
WMILYJIbCHBIM yTpaBJIEHUEM [AJI OJHOTO KJjiacca JuddepeHnnarIbHbIX UT'P

Tyxracunos M.!, Xaiiurkymnos B. X.?
HY V3, Tawwenm, Ysbexucman'?
mumind1@mail.ru', b.hayitqulov@mail. ru?

B pab6ore [1] meron paspemaromux (GyHKINH HCIOIB30BAH JJisl PEIlleHus 3aadn
KoHQIUKTa B IUMdEpeHITnaIbHbIX UI'Pax Mpecae0BaHus ¢ UMITYJIbCHBIM YIIPpaBICHIEM
U yIOpaBJeHHeM C TeOMeTPUYEeCKUMH OrpaHMYeHHAMH. boJiee o0mas 3ajada ¢
UHTErpabHBIMU OMPAHUYEHUSIMU TPUBOJUTCS B [2].

B nmammoit pabore paccMOTpeH aJibTepHATHB PENIeHus 3aa9i KOHMJINKTa JIJId OTHOTO
KJ1acca JuddepeHnuajibHbIX UIP [IPEC/IeI0BAHNA.

PaccmarpuBaercs ynpapisieMblii 0ObEKT C JBUKEHUEM

Z=M+u—v, z€R", (1)
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rie A — JlefiCTBUTe/IbHOE MOJIOKHUTE/IbHOE 4YHncjao, 2z, u, v € R". TepmunagababIM
MHOXKeCTBOM it urpbl (1) siBaserca mavano koopmumar: M* = {0}. Torma M° =
M = {0}. Ilosromy L = R™, m— roxjecrBennbiii oneparop [2|. Tak kak A = A, rue
I — xBajpaTHasg MaTpuna HOpAAKa N X n, TO (yHJIaMeHTaIbHAas MaTPHUIA HMeET BUJ
eth = eI, Tlpemnonoxum, uro 7; = iA, i = 0,1,..., A — mepuos BpeMeHw.

JomycTuMbIME  yIIDaBJIEHHAMHI IIPECIeIOBATEIA ABJIAIOTCA U3MepuUMble (yHKINN
u(t), t > 0, ¢ UHTErPAIBHBIM OIPAHUYCHUEM

/ (@) d9 < o,
0

a YIIPaBJCHUU yOEraromiero UMeEIT UMITYJIbLCHBINA XapaKTep, KOTOpPhbIe 3aJIal0TCs B BHJIC
o0

v(t) = ZU¢5(25 — @A), tie §(t) — obobmennast dyukuus Jupaka, v; € V =08, 00, S —
i=0
eJIMHUYHBIA [Iap ¢ MEHTPOM B HyJjle mpocrpancTa R”™.

1 —e2XA 1 — e 2M\(t—kA)
Bsenem obosnavenuss F = —o E, = — o EA <t < (k+1)A,
t

u mycThb n(t) o3HAYAET MEIYIO YaCTh OTHOIICHHUS A

Onpenenenne 1. Bynem rosoputh, uro B urpe (1) MOXKHO 3aBEPIINTD TIPECIEIOBAHNE
u3 HadaabHOW TOUKM 29 € R™ 2y # 0 3a Bpems 7 = 7(xp), ecim CyIECTBYeT TaKOe
JIOIyCTUMOE yTipaBjieHue npecienosaress u(t), t € [0, 7], aro npu mobom BeIGOPE V; € V),
pemenue z(t), 0 < t < 7 ypasuenus (1), coorBercrByfommee ynpasaenusam u(t), v(t) =

(o]

Z v;0(t —iA), ynosaersopsier paserctBy: z(7) = 0. IIpu sToM st Beraucsienus u(t) na
i=0
unrepsasie [iA, (i + 1)A) BpeMeHU UCIOIB3YeTCs 3HAUEHUS 2o, Vi, @ = 0,1, ...
Onpenenenne 2. Byjgem roBoputh, uro B urpe (1) BO3MOXKHO yKJIOHEHHUs! OT BCTPEUH
¢ Toukoit () mpu ABMKEHWM W3 TOUKH 2y € R", zg # 0, ecjam CyIIecTByeT Takue v; €
V,i=0,1,..., 970 npu J060M JOIIyCTUMOM YIIpaB/aeHun npecienosaress u(t), t € [0, 00)
o

pererne z(t) ypasuenus (1), coorBercrByiomniee yupasienusm u(t), v(t) = sz‘(S(t -
i=0
iA), ynosiersopsier HepaBeHcTBY: 2(t) # 0, t0. IIpu sTom jyis BbIGOpa v; paspernaercs
HCII0JIb30BATH TOJIBKO Zp.
o o
Pacemorpum B3anmuO nckiovatoniuecs yeaopus: 1) £ < — 1) £ > —.

P

Vreepxkaenne 1. Eciu soimosneno yenosue 1), To uz smoboit rouxku 29, (20 # 0)
At

BO3MOYKHO YKJIOHEHHE OT BCTPEYIH ¢ TOUKOi 0 U cripaBeiiinBo HepaBeHCTBO |2(t)| > h(t)e,
rae h(t) > 0 upu ¢0.

M yemoua 11) E > 7 Oymem cuntarsb, ato $(n) = max O (k), rae
p <

D(k) = pEV1+ e P8 4 e 2D —g(1+ e e,

Yreepxkaenue 2. Eciu ©(n) > ||2||, To #3 TOUKHT 2) BO3MOKHO OCYIIECTBUTE HOUMKY.
Vreepxkaenue 3. Eciu ||z]|® (), To npu ABUKEHUN U3 TOYKH 2y MOKHO YKJIOHUTCS
OT BCTpedn ¢ TOYKOit (.



Typdues I1I.P. 187

[Ipu A > 0 3aj1aua KOHMIMKTA peIeHa.
Bameuanue 1. B pabore 2|, B ciyuait A = 0, 3a/1a9a OJHOCTBIO PEITIEHA.
3ameuanwue 2. [Ipu A < 0 cymecTByeT peleHne 3aJaqu [pecjieloBannsd U yoeranms.

Cricok aureparypbl
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11:1(2005), 212-224.

[2]. Tyxracumo M. Jluneitnas uddepenimaibtas urpa OpPeciaeOBaHus ¢
UMITYJIbCHBIMA M MHTErpaJbHO-OIPAHNYEHHBIMEI yIIpaBjieHusMu urpokos.// Tp.Ju-ra

marem. n Mexanuku YpO PAH. 22:3(2016), 273-282.

CeTb mpocTpaHCcTBa

Typanes I11.P.
Hayuonanrvroti Ynusepcumem Ysbexucmana
e-mail: turdiyev.shodmon@mail.ru

B pabore wuccienyercsa cerb npocrpanctso {S € S.(X) : limS = z} . Ilycte X -
TOITIOJIOTMTYIECKOE Tl -IIPOCTPAaHCTBO. MHO}KQCTBO BCEX HeHYCTbIX 3aMKHyTbIX IIOIMHOZKECTB
TONOJIOrHYecKoro pocrpancrsa X obosaaunm exp X . CeMeficTBO BceX MHOXKECTB BHJIA

O, Us,... .Uy =3 F: FeexpX,FC|JU;, FNU; #0,i=1.2,....n,

i=1

rine Uy, Us,...,U,- HemycTble OTKPBIThIE IIOJIMHOXKECTBA IPOCTPAHCTBA X, IMOPOXKJIAET
TOTIOJIOTUIO Ha MHOXKecTBe expX. DTa TOHOJIOTUs Ha3bIBaeTcd Tomnosoruneit Bueropuca.
MmuoxkecrBo expX ¢ Tomosiorueii Bueropmca Ha3bIBaeTCsd  SKCIOHEHITUAJIBHBIM
MIPOCTPAHCTBOM WJIM THIIEPIPOCTPAHCTBOM IPOCTpaHcTBa X .

[Iycts X- rmomosoruueckoe Ti-mipoctpanctso. Obo3nakdum uepes exrp, X MHOXKECTBO
BCEX HEIIYCTBIX 3aMKHYTBLIX OJIMHOXKECTB IIPOCTPAHCTBA MOIHOCTHU, HE IIPEBOCXOJIAIICH
KapIuHAIbLHOro dnciaa n r.e. exp,{F € expX : |F| < n}. Homoxumn exp, (J{exp, X : n =
1,2,...}, exp. X = {F € expX : F — X}. dcno, aro exp, X C exp,x C exp.X C expX.
JIJIsT JII00OTO TOIIOJIOTUYECKOrO IIPOCTPpaHCTBa X .

[Iycts Tomosiormveckoe mpocTpancTBo X He HMeeT H30JMPOBAHHBIX To4eK. [l
npoctpancTBo X 1 st Jii060it Toukn x € X depe3 S.(X, x) 0b03HAUNM MHOKECTBO BCEX
{S € S.(X) : limS = x} u oupenenum muozkectBo Ly = {y € X : So(X,z) # (0}. fcno,
910 MHO)KECTBO S.(X, ) C exp. X C expX.

CeMeiCTBO ¢ MHOXKECTB Ha3bIBaeTCs CeThbI0 B X (HWJIM CETHIO MPOCTPAHCTBO X ), €Cjm
KasKJI0€ OTKPBLITOE MHOXKECTBA, SIBJISIETCA 00bEJIEHUEM HEKOTOPOT'O CEMEHCTBO JIEMEHTOB
o. Ecm o-cetb B X 1 Bce 3JIeMEHTBI 0- OTKPBITbIE MHOYKECTBA, TO ¢ Ha3bIBAIOT 0a30ii
npocrpancTBa X ( mwin 6a30it Tonosornn, 3aaHH0N Ha X )

Teopema.. Ilycts R"- eBkimaoBo npocrpanctso. Torma nw(R") = nw(S.(R")).

JINTEPATYPA
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3a,uaqa BOCCTAHOBJIEHNA ITOBEPXHOCTHU OT I'IpOI/IBBe,ZleHHOI';I IIpoeKumumn
NCTOYHUKA

TypauneB Xanum XampoeBud, XaiintoBa XwujoJjia 'adpypoBHa
Byxapcxuii 2ocydapecmesernoiti yrusepcumem
e-mail: hturdiev@mail.ru, hayitova.hilola@mail.ru

AbcTpakT: B mansHoM cooOIIeHNN TPUBOIUTCS 3a/1a4a BOCCTAHOBJIEHHSI [IOBEPXHOCTH,
VCJIOBHSI YCTORYMBOCTH JIJIst 3a/1a91 U T€OPeMa eJMHCTBEHHOCTH.

ITocranoBka 3amaum: Ilycre mambl BekTOp a(), sexkaruii Ha 1mIockoctn T = 0,
Jyd omyckarormiicst Ha miockoctn OX;, a takxke yron « € [—m,0] Mexiy ockio xa = 0
u a(a) (10 HOJOKUTESILHOMY HAIIPABIEHUIO ¢ 0ChI0). IlycTh mMmeer MecTo it cucTeM
HaIlpaBJIeHHbIX IpsiMbIx {1} ciemytoree.

Host mobeix r = (ry, re) Hanpasienue {I&} Bekropa a(a) oaunaxkoBoe, st o € [—, 0]
npsivbie {[%} zanosmsior npocrpanctso R3) {I%} npoxomur vepes Touky (ri,79,0) mis
a € (—m,0) st @« = —7m u o = 0 npoxoaur Uepes ToUKy (71,72,0). Obo3HATNM Uepes3
{I.(8)} € {I*} mmoxkectBo Beex npambix Buga e 3 € [—m,0] u r € R nocrosumnoe
HCIIO.

PaccmorpuyM riaIKyio MOBEPXHOCTH BHJA MMANOYKH H, JeXkKallylo Ha MepecevdeHun
mrockoceTax o3 = 0w x € R3 : x5 > 0.

Teopema. [l m06bix o € A Ha mwiockoctn g = 0 naust guaun Py (H) u Lo (H), stn
JIMHUM He OIpejsiesieHbl Ha o € (g, o). Torma, cymecTByer He GoJiee 0OJJHOMN TOBEPXHOCTH
H Buja manoukn, npunajeskaiieit Kk kiaaccy C! KoTopblil, /11 HEKOTOPBIX MHOXKECTE
P,(H), L,(H) mOIHOCTBIO OXBATHIBACT IVIOCKOCTH TCHH.
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O Z -cBoiicTBax IIPOCTPAaHCTBa BEPOATHOCTHBIX MeEpP C KOHE€YHbIMHA
HOCHUTeJIAMU oIlpeadeJIEeHHbIX O0eCKOHEYHOM KOMIIaKTe.

3.0. TypcynoBa, (TTIIY), V.T. Paxa6os, (TTIIY).
e-mail:tu-zulya@mail.ru

B gannoit 3amerke st dbyukropos u P, u P, [1| , B Kareropuu KOMIAKToOB 1
HEIIPEPBIBHBIX 0TOOpaXKeHUil B cedsi, MMEET MECTO CJIeTyIONIAs:

Teopema. [l soboro OGeckoneunoro kommakta X u yig Jjroboro n € N
noxupocrpancTBo P,(X) ects Z— muoxkecTBO B P, (X)

Jloxazameavcmeo. [lyctsb X Geckoneunbiit KomnaxkT u n € N. g gwoboro € > 0
uckomyio orobpakenuio f. @ Py(X)\P,(X) — P,(X)N\P.(X)f(n) = (1 —e)p + epo
po € Pu(X)\Pu(X)

fo = M1dg, +Mmady, + ... + Mpi204,,,, SUp ppo = {xo, 1, .25}
[fe(w) = pl = (X = e)p+epo = pl = [ —ep +epo — p| = |po — pil - ¢
f(Pu(X)) N P(X) = 0 (f67Zde(X))<U

qutst Kaxkroro U € cov(P, (X))

Homnycrum U HEKOTOPOE CeMeiiCTBO OAMHOKECTB pocTpancTia X . [oBopuMm, uTo j1Be
orobpaxkenus f,g:Y — X U-— samknyro (mumewm (f, g(U, eciu pyst kKaxjgoro y € Y
nmeet Mecto f(y) # g(y) uU € U, f(y),g(y) € U. Hepes cov(X) obosnauaercs cemMeircTBo
BCEX OTKPBITHIX IMOKPBITHIH IIpocTpancTBa X .

Nuorga mCIoib3yeTcs CJIEAyIONee SKBUBAJIEHTHOE ONpPEIe/eHnst Z— MHOMXKECTB
npocrpanctBa  X. MuoxkecrBo A mpocrpancrBo X HazbiBaercsd  (CHIbHBIM) Z—
MHO?KECTBOM B X | ecsim A 3aMKHYTOTO U [T Kazkjaoro mokpbitus U € cov(X) mMeercs
orobpazkenne f : X — Y takoe. uro (f,idx) < U u f(X)N A = 0 (coorBercTBeHHO,
Clx f(A)N A =0). Buauur, P,(X) ectb Z— muoxecrso B P, (X). Teopema nokasaHo.

B pabore [2] mmeer cieyromnias

ITpennoxkenne. [lycrs A Tonosornvaecku mosHoe moaMmuozxkectso AN R nmpocrpaHcTBa

o, ¢]

X xoropoe sBisercas A = |J A, u A, ecrb Z— muoxkectBo B X. Torga A ectb Z—
n=1

MHO>KeCTBO B X .
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Amnajsior reopembr A.M.KbirmanoBa ajst A(z)-ananmurudeckux QyHKITX

XycenoB B.9.
Byzapcxuil 2ocydapemeernnuiil yrusepcumem
e-mail: husenovbehzod@mail.ru

[Iyctes nmana obmacts () C C. UsBectHo, eciin 2 = = + iy, TO % = % (a% + % : 8%) ,
o _1({o _1. 0 d 0 9
=3 %—7-8—y).HyCT'bDA:£—A(Z)'£, DA——,—A(Z)'&J_UIHCI)}IHKLLHH

|A(2)] < ¢ <1, c=const.
Onpenenenne 1.[4] Ecau g nuddepennupyemas dbyuxiws f(z) B obaacrs §

_ of of
D o
@=L a0
To Takasi dbyHkiys f(z) HasuBaercs pyHKImsA A (z)-aHaguTUUeckast U 0O603HATUM

nanogobue f € 04(Q), rue |A| < ¢ < 1,¢ = const, A(z)-aHTHaHAIUTHYECKAS: %—f = 0.

PagencrBo (1) nasubaercs ypaBHenust Bearpamu. Eciu B obimactb 2 @ Daf(z) =
% Az )af =0, To dbyukuusa f(z) nasupaercsa pyHKIus A (z)-aHTHAHATIATHIECKA.

B obmacrs Q wmuoxecrBa L(a;r) = S| (za)|=|z—a+ [ A(r)dr| < 7"}
v(z50)
HA3UBaeTCd JIEMHUCKATa, rae a € ,r > 0.

Onpepnenenne 2.[3] Ecin dynkius [ peryisipHasg u  OMpaHUYEHHAs B
nemuuckare L(a;r), To Oyukuug [ HasuBaeTcs OpUHAJJIeXKalleil K Kjaaccy Xap/au
HY (L (a;r),p € N, re. Bomonusiercs nepasencrsa 31 > 0, [ |f (2) |P|dz + A(z)dz| <

OL(a;r)
T,0<p<oo.
[Tpocrpancso Xapau HY npu 0 < p < oo - 1o kiace dbyHkimit B semunuckare L(a;r)
VIOBJIETBOPSIONINX CJICAYIOIEMY yCIOBUIO:

1 1
\f]Hp = sup (=—= / |f(2)|P|dz + A(2)dz])?» < oc.
O<R<r 2m RaL( )

Ecan dynknua f omaospemento f € Ou (L(a;r)) u f € HP (L(a;r)), p > 1, T0
obosnaunm f € HY(L(a;r)).

Onpepnesnenne 3.[2] Ilpocrpancrso L¥(L(a;r)) crpouTcss U3 MPOCTPAHCTBO
L>® (L(a;r), F, 1) namepumbix HyHKIHUIT, OPPAHUIEHHBIX TIOUTH BCIOJLY, OTOZKIECTBJIEHIEM
MezKTy co00it (DyHKIMI, pasauJalomuecs UL Ha MHOXKECTBe Mepbl Hy/Ib, U, TOJIOXKIB
10 OIIpe/IeJICHHIO:

|| flloo=ess sup | f(z)|=wvrai sup | f(z)],
z€L(a;r) z€L(a;r)

rie esssup win vraisup dyuxiwun f @ L(a;r) — C - 970 HIZKHsAS TpaHb MHOXKECTBA
Takux wucen ¢, 910 |f(z)| < ¢,z € L(a;r), ¢ = const nmoarn BCiomy.

O6osnaunm f € L2(D) — f € Os(L(a; R)) u f € L>*(L(a; R)).

I[Tycts HesBHOE Buimmoe otobparkenue w(() na aBromopdusmsl temuuckara L(a; R).
[Iycrb M - mHOXKecTBO T0JI0KUTEbHOM Mepbl Jlebera wa OL(a;r). Pacemorpum
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dbukcuposannyio b € L(a;r) u obpassl w(M) = M, muoxkecrBa M 1ipu aBroMopdusmax
nemuncKaTa w(().

HpeAHOHOX{HM a0 st Kaxkoro w(M) cyriecTByeT moc/ienoBaTe rbHOCT (DYHKITH
b = i € L (My) taxas, uro seaxoit f € Ha(L(a;r))

o
fy=tim o= [ rQeh©—2E28
oo i C—a+ [ A(r)dr

v(as)

[Tokazkem, caydato anasor reopembl A.M.Kbirmanosa A(z)-anamurudeckoil hyHKIum.

Eciu dynknns A(z) anTnanajuTudeckast B JJEMHUCKATE, TO BBINOJTHIIETCS CJIEYIONIEe
YTBEPKJICHUE.

Teopema. Ecun f € Ha(L(a;r)) n muoxecrBo M C JL(a;r) NOM0KUTETHHONR MEPDI
Jlebera, To ms moboit Toukn b € L(a;r). Bepra dhopmyia

d¢ + Ad¢
b lim — . (3
10 mlg;ozm/f WO = @
¥(b;€)
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O apobHoM mHTerpupoBaHuu tuiia Agamapa yHKIUE MHOTUX HepeMeHHbBIX

Axmmboe M.Y., Hap3ynaaenB ¥.X.
Havuonarvrmnt ynusepcumem Yabexucmana, Tawxenm, Ysbexucman
Camaprandexuti pusuan TYUT, Camaprand, Yabexucmar
e-mail: yahshiboev@rambler.ru

B nammoit pabore paccMaTpuBaeTcsi OIPAHMYEHHOCTb THIA AjjaMapoBCKOe JIPOOHOE
dx

UHTerpoBaHue QyHKIMHA MHOI'MX IIePEMEHHBIX B IIPOCTPaHCTBe Lj 5 (Ri, ?).

Beegennoe 7K. Aamapom jipobHoe naTerpond depeHnmpoBanne THia, (x%)a , —00 <

a < 00, ABJIAECTCA MHBapaMHTHBIMUA OTHOCHUTEJ/ILHO OII€EpaTOpa pPaCTA2KEHUA Hp f) (ZE) =
f(pz),p> 0,2 > 0.
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Umenno, BBegeM npoctpaicteo Lyy (R, ) 5= (p1, ., Pn), ¥ = (Vs eesTn) s 1 < pi <
00, v >0, 1 =1,2,...,n, byaxmmit f (331, ey Tp ), MIMEIOIUX KOHEUHYIO HOPMY

OO > . dxy e Pn dxn Pn
i, =4 [l 1@ o SR T <
D,y 0 0 1 .

Onpenenenne 1. JIna dynkumn ¢ (x), 3azamHoit Bo BceM oOKTante R} =
{r € R":x, >0,...,x, > 0}, uarerpas

(T2 ) (@ / /t~ (ln )1¢<xot>%,
(Je _ue)(z F / /t“ (m )_lgo(:cotl)%,

an—1
1 1 d
rne v € R, (In}) ( t—) (ln > I(a) = I'(ag)..I'(ap), % =
dtq dty, t _ t t t_ _1 Tn
T o = (x1t1, ..., Tpty), x O ! HA30BEM  CMEIIaHHBIMU
uHTerpasamMu JApoduoro nopsiaka « (o > 0, i ) THUIIA A;:LaMapa (cooTBETCTBEHHO

JIEBOCTOPOHHWMMU U IPABOCTOPOHHUMH ).
Teopema. IIycts v, € R, 1 <p; <oo, a; >0mp; € C,i=1,n.
a) Ecn Rep; > —g—j, ¥ > 0,i=1,n, To oneparop J¢ | & orpannien B Lj5 (R?r, df), u

175 e |, < CF () Il -

e G (17) =TT G () G o) = ()2 O (o) = (525)

b) Ecn Rep; > zf’ v < 0,4 = 1,n, To omepaTop J2 _, orpanmven B Lj s (Rﬁ, df), "

172l < ) el

rae Cyj( ) = Hz 1 O (Nza%)v Cp_i (i, %) = (uﬂii—%)ai O (i mi) = (“ii%)ai.

O HemapamMeTpuUvIeCcKOM OI€eHMBAHUE pachnpejieieHrne KOMIIOHEHThI CBEPTKM

Enarapos C. 2K.
Tawxenmexut aprumexmypHo-cmpoumesbrovil UCmuUmym
e-mail: syodgarov66@mail.ru

IIycty X, Y, Z—cnyuaiinble BeJIMYMHBI, 3aJlaHHbIe HA HEKOTOPOM BEPOSITHOCTHOM
npocrpaHcTse, npuieM X =Y + Z | Y u Z—He3aBUCUMbIC BEJIMIUHBI.

WNuTepecytoreil HAC SIBJISIETCS BEJIUYUHA Y, TOT/Ia KaK /4 MOXKHO pacCMaTpPUBATh KakK
ommbka m3Mepenuda Y. I[lo jgannbiv nabimogeHusaM Beu4duHbl X TpebyeTcsd OIEHUTh
(PYHKIUIO TIJIOTHOCTU PACIpee/ICHUsT BETUIHHBI Y .

[Ipenoxkum, YTO CciydaiiHas BeJIUYMHA 4 WMeeT HOPMaJbHOE PacIpe/ie/IeHIe
N(0,0?), npuuem 02 cunTaeTcd W3BECTHBLIM. 'Torja 3Ta 3ajada M3BECTHA Kak
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sayjaqa C. H. Bepumreitna [1], u oHo pemena B pabore [2]. B sroit pabore, mo
JIAHHBIM HAOJIIOJIEHUAM CJIydaiiHoil BemdauHbl X, MOCTPOEHA CTATUCTHIECKas OIECHKA
JUIS TIJIOTHOCTU paclpejie/ieHnsl CJIydailHoil BeJUduHbl Y W U3yYeHbl ee HEKOTOpbIe
CTATUCTUYCCKUE CBOCTBA.

PaccmoTrpum Teneps cireyrornyio 3a1ady, anagorndeckyio 3agady C. H. Bepumreiina.
[Ipemmonokum aro ciaydaiinas Bennanua Z umeet [lyacconoBckoe pactpesesenue II(N),
IpUYeM CYHTaeTCsd, 49To A—wu3BecTHO. Urtak, mycrb Xi, Xo, X3,..., X, —BbiOopka u3
N HE3aBUCUMBIX HAOJ/IOACHUN CJaydailHONH BeJMIUHBI X C IIOTHOCTBIO PAaCIpPeIeIeHUs
g(x), a ciyuaitnas BequunHa Y MMeeT ILUIOTHOCTH pacripejeserus f(y), KOTOPYIO HaM
HeobxouMo oreHuThb. [lo mpernosnoxkennio, ciaydaiinas Beumduna umeer IlyacconoBckoe
pacipejiesieHne ¢ M3BECTHBIM ITapaMeTPOM A.

B paborax [3,4] mupemioxkena HemapamMerpudeckasi —sijlepHas  OIEHKA  JIsI
IJIOTHOCTH PACIIPEJICJIEHUS CIyJallHON BeJIMYIWHBLI Y . YCTAHOB/EHA ACUMIITOTHKA €€
CPEJIHEKBA/IPATHYECKON OMMOKN U HaiiJleHO ONTHUMAaJbHOE 3HadeHue Kodhduimenra
"pasmbiTocTu"gapa.  JlokazsaHa —acHMIOTOTHYECKasi HOPMAJBHOCTH  IIPEII0KEHHOI
SITEPHON OTEHKM WM M3yUeHa aCUMIITOTHKA CPeIHero 3HadeHWs WHTerpaja OT KBaJIpaTa
OIIUOKN OIICHKU.
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(0]5) O,Z(HOﬁ 3aJilade C MHTerpajJjgbHbIMMU YyCJIOBUAMMN
AJIdd YpaBHEHUA I‘I/Il'Iep60.TII/I“IeCKOI‘O THUIIa

3ukupoB O. C., Paxmatos H. B.
Havyuoraavrol ynusepcumem Yabexucmana umenu Mupsdo Yayebexa, 2. Tawxernm
e-mail: zikirov@yandex.ru

Cwmernannable 3a/a491 JIJIs TUIEPOOJIMIECKIX YPaBHEHHIT BTOPOTO TOPs/IKa ¢ HEJIOKAJIb-
HBIME MHTErPaJIbHBIME YCJIOBUAME, OHU AKTUBHO U3ydatorcs (cm. Hanpumep [1]).

3a/1a9u ¢ UHTEIPAJILHBIME YCJIOBUSIME 00pa3yIOT OJIMH U3 KJIACCOB HEJIOKAJIBHBIX 3a/1a,
K HCCJIEJOBAHUIO KOTOPBIX IPUBOIAT MATEMATUICCKUE MOJIE/N PA3THIHBIX (DUUICCKUX
IIPOITECCOB.

Paccmorpum ypaBHeHre TUIIEPOOJTTIECCKOTO THIIA

Uy + (T, Y)uy + 0(z, y)uy + c(z,y)u = f(2,y), (1)

B npamoyrossaoit obmactn D = {(z,y) : 0 < & < [, 0 < y < h}, tae a(x,y), b(z,y),
c(x,y) u f(x,y) — u3BecTHBIE DYHKIUH.
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Hns ypasuenns (1) B obsact D u3ydaeM HEJIOKAJIbHYIO 3ajady B CJejyored
[OCTAHOBKE.

Bamaua. Haiitu perynspraoe B obsactu D perienwe u(z,y) ypasuenust (1),
HeIpepbIBHOE B D 1 yIIOBJICTBOPSAIONIEE YCIOBUSAM

u(z,0) = /Ka u(e,y)dy + ple), 0<w <L, )

u(0,y) = /Kz u(x y)dl’+/yp(yvn)U(lm)d?Hu(y), 0<y<h, (3)

sneck K(y), Ko(z), o(x), a(z), B(y), p(y,n) n p(y) — saramise dynximm.
B pabore jiokazanbl TEOpEMbI CYIIIECTBOBAHUS U €IMHCTBEHHOI'O PEryJIAPHOIO PEIEeHUA.

JlokazaTebCcTBa TEOpeM CYIIECTBOBAHMUS U €JUHCTBEHHOCTU PETYJISAPHBIX pPeIleHnit
IIPOBEJIEHBI METO/IOM MHTErPAIbHBIX ypaBHeHuil. VccieioBanne pa3penmMocTs B Kjiaccax
peryJdpHBIX pelleHuil NpUBOAUT K HU3YUYEHUIO CUCTEMbl HHTErpaJibHbIX ypaBHEHUI
BousibTeppnl BTOpOro poja.

JIUTEPATYPA

1. Iympkuna JI.C. 3amaum ¢ HEKJIACCUYECKUMU YCJIOBUSAMU JIJI TUIEPOOTUICCKIX
ypasuennit Camapa. Camapckuii yauepcutret. 2012. - 194 c.

O reomMeTpun puMaHOBbBI CY6MepCI/II/I Ha/Jd IIJIOCKNMMU MHOI‘OOGpaBI/IHMI/I

Soitnnos A.H.
National University of Uzbekistan named after Mirzo Ulugbek
e-mail: zoyid.azam.math@gmail.com

JIBoiicTBennoe monaTHe cyoMepcuu cOPMUPOBAIOCH OTHOCHTENILHO HEJIAaBHO, BO
BTOPOIT TIOJIOBUHE J[BA/IIIATOTO BeKa. ['eomeTpust cyOMepcru BIIepBbIe U3/I0XKEeHa B paboTax
[4], [5],[6]. Usyuenue reomerpum cybMmepcun, B HYACTHOCTH PHMAHOBBIX CyOMepcuu
0Ka3aJIOCh OY€Hb ILJIOJIOTBOPHBIM B CHJIy TOIO, YTO PHUMAHOBBI CYOMEpCHH HMEIOT
MIPUJIOZKEHUST BO BCEX pas3jie/iaX COBPEMEHHON PUMAHOBOM MeOMETPHH.

IIycts M~ ritajikoe cBsI3HOE PUMAHOBO MHOI0OOpasue pa3MepHOCTH N C PUMAaHOBOI
Mmerpukoii g. O6osnadnm depe3 V (M)~ MHOXKeECTBO BCeX IVIAJKUX BEKTOPHBIX TIOJIEI,
onpenenennbix Ha M, dwepes [X,Y] ckobky Jlu Bekrtopuweix mnoseit X,Y € V(M).
Ornocurenbro ckobkn Jlu muoxkectso V(M) aBisercs anrebpoit Jlu.

['majgkocTh B aHHON paboTe o3HaYaeT IJ1aJKOCTh Kiaacca (',

Onpenenenne 1. /luddepennupyemoe orobpazkenne m : M — B MakcuMajbHOIO
panra, rae B— rIajKoe pHEMAHOBO MHOrooOpasme pa3MEepHOCTH 1M, Ha3bIBACTCS
cyOMepcueit ipu n. > m.

ITo Teopeme o panre guddepeHnupyemMoit pyHKINHT JJId KazK 101 TOUKH p € B 10JIHbIII
npoobpas m!(p) aBisgercs momMHOorooGpazueM pasMepHocT k = n — m. Takum o6pazom
cyomepcus w : M — B nopoxjgaer cioenue F' pasmepHOcTH k = n — m Ha MHOT0O0Opa3nu
M, ciosiMu KOTOPOTO SBJAIOTCs TIoMuoroobpasus L, = w1 (p), p € B.

Onpenenenune 2. CybOmepcus m : M — B Ha3blBaeTCs PUMAHOBO, eciin ee
nuddepeniman dm coxpaHser JITUHY TOPU30HTAIBHBIX BEKTOPOB.
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Nzydyennio reomeTpum PUMAHOBBIX CyOMepCHil  IOCBSIIEHBI MHOIOYHCJIEHHBIE
uccaenoBanus ([4]- [7]), B uacrHoctm B pabore |[5| mosydensl dyHIaMeHTAIbHBIE
ypaBHEHUS PUMAHOBOI cyOMepCuii.

Teopewma. Ilycts 7 : M — B~ pumanoBa cybmepcusd. M~ puMaHoBO MHOTOOOpasue
U30METPUYHO €BKJIMJIOBOMY TipocTpaHcTBy R", B~ Tiajikoe CBA3HOE MHOIroobpasue
HYJIEBOIl CEKIIMOHHON KpuBU3HBLL. Torja puMaHoBo MHOrooopasme B HW30MeTpUYHO
€BKJIMJIOBOMY IpOCTpancTBy R™ .
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Davriy orbitalar orqali hosil bo’lgan qo’zg’almas va davriy orbitalar

Do’stova Sh., Beshimova D.
Buzoro Davlat Universitets

Bizga F' : R® — R™ uzluksiz funksiya berilgan bo’lsin. Quyidagi xususiy masalani

[
ko'ramiz: F'(z,y) = (fi(y), f2(x)), ya'ni { ;, B ;1&% bu yerda f; , f uzluksiz funksiyalar
= J2

va (—00,400) oraliqda aniglangan. F(z,y) = (fi(y), fo(z)) uzluksiz akslantirishda
(2°,4°) nuqtadan o’tuvchi trayektoriya deb quyida nuqtalarga aytiladi:
o T T e
00 = )y = Ra) g = R
F(z,y) = (fi(y), f2(z)) uzluksiz akslantirishda (z° 9°) nuqta qo’zg’almas nuqta

O D= hG0) - | -
deyiladi, agar B bo'lsa.F(xz,y) = (fi(y), fo(x)) uzluksiz akslantirishda

Yy’ = f2(330)
D= f) [ e = [
2%, y°) nuqtaning m davri deyiladi agar (2°,4°), { . ny { ny
(2, y°) q g Y gar (z°,y°) y(l) _ fQ(xO) y(z) _ fQ(x(l))
2® = fi(y®) 2™ = fi(y°)
Yy = fo(x®) 7 Y™ = fo(a)
Teorema 1. Faraz qilaylik, (x1,11) va (22, yo)nuqtalar F(z,y) = (fi(y), foa(z)) uzluk-
siz akslantirish uchun davri 2 ga teng davriy nuqtalar bo’lsin. U holda (x1,ys) va
(22, y1 )nuqtalar qo’zg’almas nuqtalar bo’ladi.

bo’lsa.
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Teorema 2. Agar F(z,y) = (fi(y), f2(z)) uzluksiz akslantirishning(zq,v1), (22,%2) va
(x3,y3) 3 ta qo’zg’almas nuqtasi mavjud bo’lsin. U holda shu nuqtalarning koordinatalar-
idan tuzilgan 6 ta ( (z1,y2),(%1,y3), (2,y1), (T2,93), (x3,71), (x3,y2) ) nuqtalar davri 2
ga teng bo’lgan davriy nuqtalar bo’ladi.
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Talabalarning matematik qobiliyatlarini geometrik masalalar yechish
yordamida rivojlantirish

Ibragimov Nodir
Termiz davlat universiteti tayanch doktoranti
e-mail:

Yurtimizda olib borilayotgan keng ko’lamli islohotlar, o’zgarish va yangilanish jaray-
onida mamlakatimiz ta’lim sohasida yosh avlodga ta’lim-tarbiya berish, ularni har ji-
hatdan barkamol, yuksak salohiyatli mustaqil fikrlay oladigan qilib voyaga yetkazishdek
magsadlarga xizmat qilmoqda. Aynigsa, yoshlarning bilimini mustahkamlash, iste’dodini
yuzaga chiqarishda turli o’qitish usullari borasidagi yangiliklar buning yorqin misolidir.
Bu jarayonlarda o’quvchilarning matematik qobiliyatlarini aniglash muammolari va ularni
rivojlantirish dolzarb vazifalardandir. Istedodli yoshlarni aniqlash va qo’llab-quvvatlash
orqali ta’lim-tarbiya sifatini yuksaltirish, o’qitishning inovatsion — pedagogik shakllari, za-
monaviy texnologiyalardan foydalanish asosida ta’limdagi samaradorlik va natijaviylikni
oshirishdek magsadlarni ko’zlashi bilan axamiyatlidir.

Ushbu mavzuda soha mutaxassislarining qator ishlari chop etilgan. Ularda
o’quvchilarning matematik qobiliyatlarini aniqlash va rivojlantirish muammolarining turli
aspektlari o’rganilgan [1-3].

Talabalarning matematik qobiliyatlarini rivojlantirish uchun aynan ularni rivojlantiru-
vchi komponentlardan masalaning formal tuzilishini idrok qila olish qobiliyatini
rivojlantirishda geometrik masalalarni yechishda qo’llash usuliga to’xtalib o’tamiz[4].

Masalaning formal tuzilishini idrok qila olish qobiliyati - masala shartidan uni
yechim uchun maksimal foydali bo’lgan axborotni ajratib olish qobiliyati. Idrok narsaning
yaxlit obrazi hisoblanadi. Narsalarning shaqli, katta kichikligi, rangini doimo bir xilda
idrok qilish amaliy jihatdan nihoyatda katta ahamiyatga egadir. Idrokning mazmuni kishi
oldiga qo’yilgan vazifa bilan ham uning faoliyati sabablari bilan ham belgilanadi. Idrok
qilishda analiz yordamida shu ayrim sezgilar idrokning reseptiv tomonini tashkil giladi.
Talabaning dars paytida matnni idrok qilishi ko’rish, eshitish idroklarni o’z ichiga oladi.

Fazoni idrok qilinishi kishining o’zini qurshab turgan muhitni chamalashining
mugqgarrar shartlaridandir. U ob’ektiv ravishda mavjud bo’lgan fazoning aksini ifoda
etadi va ob’ektlarning shakli, hajmi va o’zaro birgalikda joylashuvi, ular sathi, olisli-
gi va yo'nalishlarining idrok etilishini o’z ichiga oladi. Masalaning formal tuzilishini
idrok qila olish qobiliyatini rivojlantirishda ushbu ko’rinishdagi masalalarni qo’llash
magsadga muvofiqdir.
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Masala. Uchburchakka ichki chizilgan aylananing markazidan uchburchak tekisligiga
perpendikulyar to’g’ri chiziq o’tkazilgan. Bu to’g’ri chizigning har bir nuqtasi uchburchak
tomonlaridan baravar uzoqlikda turishini isbotlang.

Yechilishi. A, B,C - uchburchak tomonlarining aylanaga urinish nuqtalari, O — ay-
lananing markazi, S - perpendikulyardagi nuqta bo’lsin (1-rasm). S perpendikulyar
nuqtaning tanlanishi talabada fazoni idrok qilinish jarayonini i fodalaydi. OA radius
uchburchakning tomoniga perpendikulyar bo’lgani uchun uch perpendikulyar haqidagi
teoremaga ko'ra S A kesma shu tomonga tushirilgan perpendikulyardir, uning uzunligi esa
S nuqtadan uchburchakning tomonigacha bo’lgan masofadir. Pifagor teoremasiga ko’ra
SA =+VAO? + 05% = /r2 + OS2, bunda r - ichki chizilgan aylananing radiusi. Shunga
o’xshash quyidagilarni topamiz: SB = v/r? + 052, SC = v/r?2 + OS5?, ya'ni S nugtadan
uchburchak tomonlarigacha hamma masofalar teng.

Bu masala talabada fazoning formal tuzilishini idrok qila olish qobiliyatini rivojlanti-
radi.

Ushbu[4] masalalar to’plamidagi 2.2.6, 2.2.8, 2.2.17 - masalalardan talabalarning
fazoning formal tuzilishini idrok qila olish qobiliyatini rivojlantiruvchi yuqoridagidek
ko’rinishdagi masalalar sifatida foydalanish mumkin.

Adabiyotlar.
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Xorazmiy ishlarida noelementar matematika

Narmuratov N.K.
O zbekiston Milliy Universiteti, Toshkent, O’zbekiston
e-mail: narkulnarmuratov@mail.ru

Muhammad Muso al-Xorazmiyning ishlarida o‘nli pozision sanoq sistemasi va unda
arifmetik amallarni bajarish, algebra asosi va kvadrat tenglamani yechish algoritmi, ele-
mentar geometriya qoidalarini bayon qilinishi, dastlabki trigonometric jadvalni tuzish va
boshqga shu kabi elementar matematika masalalari ko‘rilgan.Ammo uning ishlarida noele-
mentar matematikani ba‘zi masalalarini ham ko‘rish mumkin. Ushbu ishda Xorazmiyning
aynan noelementar matematikasiga to‘xtalamiz.

Cheksizlik haqidagi savol Xorazmiyning bizgacha etib kelgan barcha matemik asarlari-
"Algoritmi Hind hisobi haqgida "Aljabr al muqobala hisobi haqida gisqacha kitob "Xo-
razmiy ziji"da ko‘tarilgan.

Ushbu risolalardan birinchisida cheksizlik quyidagicha qaralgan: "Men topdimki, deydi
Algorizmi, sonlardan atalishi mumkin bo‘lgan hamma narsa, yani birdan uyqori va 9
gacha hammasi, yani 9 bilan bir orasidagi barchasi|karralanadi|, yani bir ikkilanadi va ikki
bo‘ladi, o‘sha birning o‘zi uchlanadi va uch bo‘ladi va hokazo 9 gacha. So‘ngra bir o‘rniga
10 qo‘yiladi va 10 ikkilanadi va uchlanadi, bir bilan bo‘lgani kabi va uning ikkilanganidan
20 hosil bo‘ladi, uchlanganidan 30 va xuddi shuningdek to 90 gacha. So‘ngra bir o‘rniga
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100 keladi va u yerda ikkilanadi va uchlanadi, xuddi bir va 10 bilan bo‘lganidek va bundan
200, 300 va hokazo to 900 gacha. Keyin bir o‘rniga minglar qo‘yiladi va ikkilash, uchlash
bilan, biz aytganimizdek, shu yo‘sinda, 2 ming, 3 ming va hokazo cheksiz songacha hosil
bo‘ladi."[1,60-bet].

Arifmetik asardan oldin yozilgan "Aljabr al muqobala hisobi haqida qisqacha ki-
tob"nomli risolada esa yuqoridagi mulohaza quyidagicha ifodalangan: "Men barcha sonlar
birlardan tuzilishini va bir barcha sonlar tarkibiga kirishini topdim.Shuningdek, men bir-
dan tortib to o‘ngacha bo‘lgan barcha sonlarni biz birlar deb deb atashimizni bildim.
So‘ngra o‘nni, xuddi bir bilan qilingani kabi, ikki baravar, uch baravarlanadi, bundan
yigirma, o‘ttiz va hokazo, to to‘liq yuzga etguncha hosil bo‘ladi. So‘ngra bir va o'n bi-
lan bo‘lganidek, yuzni ikki baravarlanadi va uch baravarlanadi, to minggacha.So‘ngra
mingni shu yo‘sinda har bir birikmada to o‘rganilayotgan sonlar oxiriga etulganicha
qaytariladi."|[1,78-bet].

Ushbu keltirilgan ikki abzasning taqqoslab, ularni oxirgi so‘zlaridagi farqni sezish
mumkin.Oldin yozilgan algebraik asarda "...oxiriga etulganicha ... "deyilsa, keyin yozil-
gan arifmetik asarda esa "...cheksiz songacha. .. "deyilgan. Bu esa Xorazmiyning "chek-
sizlik"tushunchasiga uzoq o‘ylash natijasida kelgan deyishga asos bo‘ladi.

Xorazmiyning algebraik asarini "O‘lchash haqgidagi bob"ida yana "cheksizlik"va "lim-
itga o‘tish"bilan bog‘liq savol ko‘rilgan: "Har bir doira shundayki, diametr yarmining ay-
lana yarmigalko‘paytmasi| uning yuzasidir. Chunki burchaklari va tomonlari teng bo‘lgan
ko‘pburchak, uchburchak, kvadrat, beshburchak va hokazolar kabi shundayki, agar sen
uning perimetri yarmini uning ichiga chizilgan eng katta aylana diametrining yarmisi-
ga ko‘paytirsang, uning yuzasi hosil bo‘ladi."[1,103-104 betlar]. Bu yerda doira yuzasi
haqidagi tasdiq xulosasi muntazam ko‘pburchak yuzasi haqidagi tasdiqdan hosil qilingan
yani n-burchakning tomonlari soni cheksizlikka intilgandagi limit vaziyat sifatida talgin
qilingan.

Xorazmiy "Suratu-l-arz"asarida differensial hisobdagi egri chiziqlarni klassifikasiyalash,
"Quyosh soati tekisligida soatni yasash"asarida egri chizigni nuqta koordinatalari bo‘yich
vasash[2,137-140 betlar|, algebraic asarning "Vasiyatlar kitobi"[1,110-139 betlar|da Dio-
fant tenglamalarni natural sonlarda yechish kabi noelementar matematik masalalarni ham
ko‘rgan.
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Galiley tekisligida uchburchak yuzasidan hosil qilinadigan ba’zi xossalar

Quralov D.E.
O ’zbekiston Milliy Universitet:
e-mail: Dilshod _ Quralov@mail.ru

Galiley tekisligida uchburchakning yuzasi xuddi Yevklid tekisligidagi kabi aniqlanadi.
Tad'rif. Galiley tekisligida uchburchak yuzasi uning asos uzunligi bilan mos balandligi
ko’paytmasining yarmiga teng, ya'ni

1
S = §aha.

Shuningdek bu ta’rifda ixtiyoriy tomon va unga mos balandlik olinishi mumkin
ekanidan

1 1 1
S:§a-ha:§b-hb:§c-hc.

Ammo Galiley tekisligida tomon uzunligi va balandlik, shu tushunchalarning Evk-
lid geometriyasidagi ma’'nosidan butunlay farq qiladi. Bu farqni ushbu chizmada ko’rish
mumkin:

Ammo uchburchakning yuzasining uchburchak uchlari koordinatalariga nisbatan for-
mulasi Yevklid tekisligidagi formula bilan bir xil.

oy 1

S=—|mx y2 1
2

r3 ys 1

Determinantning birinchi yo’lini ikkinchisidan, ikkinchisini mos ravishda uchinchisidan
mos ravishda ayirib va ba’zi shakl almashtirishlar bajarsak:

I U1 1
S=glza—x1 ya—11 0 |=3[(x2—21)(ys —v2) — (w3 — 22) (o — 1)) =
3 — Ty Y3 —Y2 0O

= 5(13 — @) - | 22201

T3—o (Y3 — y2) — (y2 — ?/1)]

tenglamani hosil qilamiz. Bunda a = (x3 — x3) va h, = [g:g (y3 —y2) — (y2 — y1)

ekanidan, Galiley tekisligidagi uchburchak yuzasi formulasi kelib chiqadi.
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Noyevklid geometriyasida asosiy tushunchalar.

Xatamov I.M.
Jizzax davlat pedagogika instituti

Ma’lumki, geometriya fani asosiy tushunchalarni qabul qgilishdan boshlanadi. Yevklid
geometriyasida asosiy deb "nuqta "to’g’ri chiziq"va "tekislik"tushunchalari olingan va bu
tushunchalardan fanning boshlang’ich aksiomalarini gqanoatlantirishi talab etiladi. Dast-
labki aksiomalardan biri "Har qanday ikki nuqtadan fagat bitta to’g’ri chiziq o’tadi"degan
tushunchadir. Tekislikda noyevklid geometriyalar ham mavjud, ammo ularni tasavvur qil-
ish uchun biz asosan yevklid geometriyasi elementlaridan foydalanamiz. Masalan, elliptik
tekislikni uch o’lchovli fazodagi sfera yordamida talgin qgilishimiz mumkin. Bunda "nug-
ta"yarim sfera ustidagi nuqtalar, "to’g’ri chiziq"esa sferaning markazdan o’tgan tekislik
bilan kesimi bo’ladi. Bu kesim sfera ustidagi katta aylana yoyi bo’ladi. Demak, "nug-
ta "nuqgta "to’g’ri chiziq katta aylana yoyi, "tekislik sfera bo’lagi kabi tushunchalar uch
o’lchovli elliptik fazoning asosiy tushunchalari bo’ladi. Giperbolik fazoda asosiy tushun-
chalarning yevklid talginini ko’rish uchun ikki pallali giperboloidning bir pallasidan foy-
dalanish mumkin. [1|. Buning uchun asimptotik konus va giperboloid biror kordinatalar
sistemasida berilgan bo’lsin deb faraz qilamiz. Bunda kordinatalar boshi konusning uchida
bo’lsin. Konus uchidan giperboloidni kesuvchi tekisliklarni o’tkazamiz. Kesimda giperbola
hosil bo’ladi. Bu holda quyidagicha moslik o’rinli bo’ladi: "nuqta ikki pallali giperboloid
ustidagi nuqta, "to’g’ri chiziq giperboloidni tekislik bilan kesimida hosil bo’lgan giper-
bolaning bir pallasi, "tekislik ikki pallali giperboloidning bir pallasi.
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MAPJOH AFOBOBINY COBNPOB

Mapmon Aobosuta CobupoB-mIpodheccop, 3aCIyKEeHHbIH yauTe/b ¥ 30eKucTaHa, OJInH U3
[EPBBIX Y30EKCKUX MaTEMaTUKOB HOBOT'O BPEMEHU, BHECIINIT OOJIBINON BKJIA/l B PA3BUTHE
KaK MAaTEeMATUKH, TaK U ee IIPerojiaBaHue B Halllell peciryO/iKe. Y YeHblit pojuics 13 uioJist
1909 roma B ropojie CamapkaHi, B CEMbe PEMECIEHHUKA.

[Tocsie okomvanms mmkosbl B 1924 romy M.A. CobupoB Havasa CBOIO TPYJIOBYIO
JIesITeJIbHOCTD B KaUecTBe KOppeconaeHTa razeTsl ' Sapadman" CamMapKaHIcKoit 006/1acTn.

B 1929 rony on yesxkaer uz Camapkaniga B MockBy, /e Ha4aJI CBOIO yuedy B pabouem
dakyabrere, KOTOPBI B TO BpeMs ObLI MOJAIOTOBUTEIHHBIM (dakyibreToM MoCKOBCKOTO
locynapcrsennoro Yuusepcurera um. M. Jlomonocosa. Ilocse oamoro rojga ydeObl na
paboueMm dakyibTeTe, OH MOCTYINI HA MATEMATHICCKUN (DAKYIHTET TOI0 YHUBEPCUTETA.

B 1935 roamy M.A. Cobupos mnoctynun B actnupantypy MIY, rjge ero HaydIHBIM
pyKoBojiuTEIEM OBLI ITpodeccop, U3BecTHBIH reomerp, A lydHod.

B 1938 romy, Mapmon Amo0OBHY YCIENTHO BaIMATHI KaHIUJATCKYIO JTUCCEPTAIHIO.
B Ilenrpanbaoit Asum 510 ObLIa IIepBasg JIUCCEPTAIMOHHAs pPaboTa II0 T'E€OMETPUH,
KOTOPYIO 3alllUTHJI Hall cooTedecTBeHHUK. OHa Oblla MHBAPHMAHTHBIX XapaKTEPUCTUK
MapoBbIX KOHrpysHIwit. [locsie 3ammuTol quccepramym, yUIeHblii BEPHYJICS B POIHON TOPO/T
U HAYaJI CBOIO MEJArOTUYECKYIO JIeATe/IbHOCTD, OBbLI JOMEHTOM (PU3NKO-MATEMATUICCKOTO
dakynprera Y36ekckoro locyrapcrsennoro Yuusepcutera B Camapkawnje, 3aTeM ObLT
HA3HAYEH JIEKAHOM 9TOTO 2Ke (haKy/pTera.

Korna naganace Bropas mupoBas Boiina, ¥Y30ekckuii ['ocyiapcTBeHHBIN yHUBEpCHTET
6bL1 nepenmenoBal B Cpejneasnarckuii ocymaperBentbiii Yausepeurer (B HACTOsIIIEe
Bpemst Hanmonanbubiit Yuusepcurer Ysbekucrana). B nosope 1941 roma M. A. Cobupos
CTaJ JIEKAHOM MEXaHHKO-MaTEeMATHIeCKOTO (aKyabTeTa U 3aBeIyIONmM Kadeapoi
FeOMETPUH U TOIOJIOTHH.

Buarogapss M.A. CobupoBy MHOrMe TaJlaHTIUBBIE MOJIOAbIE MaTeMaTUKU ObLIN
HarpasieHbl B MOCKBY U JIpyrue KpyIHbIe HAYIHBIE IEHTPbI JI/IsT 00y I€HUsT U BBITIOTHEHUST
HAYIHO-UCCJIeI0BATETbCKAX PADOT.

Cpemn uumx A. Axmenos, A. A6mypaxmanos, I. H. lawobor, K. H. T'aroboma, A.
Aprukbaer, @. Axpapos, T. lcanoB n X. AGmypaxMaHOBa Jpyrue, KOTOPbIE CIUTAIOT
cBonM pykopogureem M. A. Cabuposa.

M. A. CabupoB 6oJibIlloe BHUMAHHE W MHOIO BPEMEHU VJEIsI Ha IyOJuKaIim
YUIeOHUKOB 1 y4eOHBIX mocobuii Ha y30eKCKOM si3bIKe. B coaBTOpcTBe € KOJLIEroit A.
FOcynoBbim on cozgan yuebnuk "Kypc muddepennuanibhoit reomerpun' st BBICIITHX
y4IeOHBIX 3aBe/IEHUil, KOTOPBI HA MPOTSKEHWH JOJTUX JeT ObLI €JIMHCTBEHHBIM
y4aeOHUKOM 110 JTuddepeHnmaabHoil TeOMEeTPUN Ha Y30EKCKOM SI3BIKE.

Bmecre ¢ koseramu on mepeBen I m I tom yuedbnumka [. M. @uxtenrosbia
" Iludppepennmanbaoe n nHTerpagbHoe ncauciaenne'n "Daemenrapruast reomerpus" /1. 1.
[Tepenenkuna.

Kuura "Meronbl nHadepTaTe/ibHON TreoMeTpUU U €€ IPUJIOXKEHUsl IIepeBejieHa U
JIOTIOJTHEeHA yipakHeHusiMu MapioHoM AoOoBIIeM, JI0JIM0e BPeMst MOCTY ?KIJIO OCHOBHBIM
y9IeOHBIM TIOCOOUEM JIJTs TIeJArOTUIeCKUX UHCTUTYTOB.

Taxxxe 3aciayxupator BHUMaHHA paborel M. CobupoBa B obmactu Y306eKCKOi
MaTeMaTHu4IecKoil TepMmuHOJOrnu. Ero mepBag paboTa B 3TOM HallpaBIeHUH ObLIa
omybsimkoBara B 1952 romy mox HazBanueMm "Pyccko-y30€KCKUil TepMUHOJIOTUYICCKUN
cioBapp". B 1970 rogy mznmana xkaura "Pyccko-y30eKcKuili MaTeMaTHIecKuil cJI0Baph B



202 Mapdon Arbosuy Cobupos

1973 romay "Pyccko-y36ekckuii ciioBaph 1o MatemaTuke' .

Mapon Aob60BrY - OBLT TAJAHTIUBBIM [1€JIANOTOM, JIO KOHIA YKU3HU IUTAJ JIEKITUH B
MeXaHUKO-MaTreMaTuieckoM pakysbrere HanmonaapHoro YHusepcurera ¥Y30eKucTaHa 1Mo
OCHOBHBIM KYPCAM I'€OMETPHH.

Kro ero 3maj, paborayj BMecTe, y9WJICs Y HEro, BCHOMHUHAIOT €ro KaK SHEPIHIHOrO
paboTHUKa, TpeboBaTeIbHOTO IIe/larora, JIOOUMOT0O OTIA U JAPYyTa.

C xkenoit OHAXOH asi OHU IPOXKUJIM CYACTIIMBYIO KU3Hb, BOCIUTAJN TPEX JeTell u
BHYKOB. B Ku3um o ObLIT 00agTeJIbHBIM Y€JI0BEKOM M HMMEJ XOPOIIee TyBCTBO IOMOPA.
Ha Bompoc: - "Kak MOXHO TpOXKHUTH JOJTYIO0 »KU3HL? OH oTBedas: "llpocto He HamI0
ymupatn!".

Cobupos Mapjon Aroboua ymep 15 wHosiOpst 1993 roma. B aToMm romy ero kosurerw,
Jipy3bst u 6m3Kue ormedasn 110eTne co jHs ero poxaenusi. Marematuku Y30eKucrana
Bceryia MOMHAT ero kKak Jjirobumoro " Toma'.



