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Estimations of the best M-term approximations of functions
in the Lorentz space with constructive methods

This paper considers the Lorentz space of periodic functions of many variables with the anisotropic norm, of
functional Nikol’skii-Besov’s class and of the best M-term approximation of function. We have established
sufficient conditions for the function to belong to one of the Lorentz spaces in another. We obtain upper
and lower bounds for the best M-member approximations of functions from the Nikol’skii-Besow class in
the anisotropic Lorentz space To prove the upper bound, we used a new constructive method developed by
V.N. Temlyakov.
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Introduction

Let Z = (21, ...,xp,) € R™, I™ =[0,27)" and numbers 6}, ¢;'€ [1,+00), j = 1,...,m. Let L2§ (I™) denotes
the space of Lebesgue measurable functions f () defined on R™ with the period 27 with respect to each variable
such that the quantity

27 o 4 2m 9, 01 Z% 8:::1 —
Hf”;;’é = / to" |: .. [/ (f*17~.-,*m (tl7 ...,tm)) tl‘?l dt1:| .. :| dtom, )
0 0

is finite, where f*1*m (t1,...,ty,) is a non-increasing rearrangement of the function |f (Z)| in each variable z;,
whereas the other variables are fixed [1].
In case when the ¢y = ... = ¢,, = 01 = ... = 0,,, = q, the space of Lorentz L; 5 (I™) coincides with the space

of Lebesgue L, (I™) with the norm (|2, Ch. I, item 1.1)

2m 2m
Il fllg = {/0 /0 |f(x1,...,xm)qd:c1...dmm1

Let ng (I"™) be theset of all functions f € ng (I"™) such that

1
q

2w

/f(f)dxj:O, Wi=1,..,m.

0

For any function f € Ly (I™) = L (I™), let

Z az (f) e!tnm

ez

be function’s Fourier series with respect to the multiple trigonometric system {e“ﬁ*ﬂ}zm, where Z™ is the set
of points in R™ with integer coordinates.
Suppose

HD= Y an(f) e,

nep(s)
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m

where (7, ) = Z yjx;, s; = 1,2,... and

§)={k=(ki,...km) €Z™: 297" <|kj| <2%,j=1,..,m}.

For a number sequence, we will write {az};cpm € lp if

1
Pm oy

P2

00 0o P1 Pm—1
|{am}sezm = Z [ Z an|p1] < 400,

N =—00 ni=-—00

Pm

where p = (p1,...,pm), 1 <p; <400, j=1,2,...,m

The spaces STH and STGB of functions with the dominating mixed derivative were introduced by
S.M. Nikol’skii [3] and T.I. Amanov ([4] ChI, item 17). The spaces SpH, S; 4B are called Nikolski-Besov’s
space, or, sometimes, Nikolski-Besov-Amanov’s space.

P.1. Lizorkin and S. M. Nikol’skii [5] investigated a decomposition of elements of the space S;,GB . We will
use their definition.

Let 7 = (r1,...,Tm), 75 > 0,7 = 1,...,m, 1 < p,0 < 4o00. Suppose S;’HB is the space all of functions

fe L* 5 (I™) such that

2 2 0
k 9
lsg,o=|[ [ 1AER@IE -2 o <

le

where Ai:“f(a_c) = Afm(Afllf(:f)) is the mixed difference of order k with step ¢ = (t1,...,t,,) and k; > rj,
j=1..m
In [5], it is given that the function f € S;,QB can be decomposed into Fourier series in the following form

5= (e
nezm ™ i, #0

Moreover, it is known (see [5]) that || f|

s74p iSa norm and
P

=

s, 5 = > 25755 (f)l

sezm

provided 1 < p < +00, 1 < < 40.

o

Therefore, in the anisotropi¢ Lorentz space L; g (I"™), we will consider an analogous space. Suppose Sf

denotes the space.of all functions f € L;E(I ™) such that

s, o= |[{2szg) | <o
P, ’ sez =

where p = (p1,+-,0m), 0 = (01, ,0m), T = (T1,...,Tm), 1 <pj < o0, 1 <; <o00o,1<7; <400, 7 >0,
j1=14...m
In this space, let’s consider the unit ball (with keeping the notation)

£l

7o — % - _ &7 18- *_
SposB {fepr "ilflyr H{2 152 (55},

For a fixed vector ¥ = (y1,...,Ym), 7 >0, j=1,...,m, set

QL= Upyenp®), T(Q)) = {t@) = Y bre'™7},
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Estimations of the best M-term approximations...

m
Ym(ﬁan): 32(817"'78771)62:'}:28]-’7]-2”
j=1

Let X,Y be spaces with the norm of 27-periodic functions of several variables. For a function f € X the
following quantity is called the best M-term approximation of f [6-8]:

M
— inf . b (k) z)
eM(f)X ];:(ljr)l,b]‘ Hf Zl ;€ ||X7
=
where {kU )}jle is a system of vectors k() = (kzy ), ey k’%)) with integer coordinates and b; are arbitrary numbers.
For a given class F, let

em(F)x =supep(f)x-
feF

In the case X = Lo, the quantity eps(f)r, for a function of one variable was introduced by S.B. Stechkin [6] and
it was used in a criteria for an absolute convergence of Fourier series by complete orthonormal systems. Order
estimations of the quantity e/ (F)x were investigated by R.S. Ismagilov [7], B.Ye. Mayorov [8] (for X = L,,
one-dimensional case), E.S. Belinskii [9-11] (multi-dimensional case in the case Y/ = L,(I™), X = L,(I™),
F = W}), V.N. Temlyakov [12] (in the case Y = L,(I™),F = H}), A.S: Romanyuk [13, 14], R. De Vore and
R.A. Devore [15], V.N. Temlyakov [16] ( in the case Y = L,(I™), F = B} 5), Dinh Dung [17]. We should note
that B.S. Kashin [18] established an estimation of the quantity éps(f)x in the case X = Lo by orthonormal
systems. The latest results in this direction can be found in [19-21].

In particular, the following theorem is well known.

Theorem 1 (A.S. Romanyuk [13]). Let 7 = (ri,..,rm)y O0< 711 = . =1, < 71 < oo < Ty,
1<p<2<g<+oo,and 1 <0 < +o0.

1) If ry >  then

ext (S5.0B), = M~ (""353) (log M)

2)If%—%<r1<%,then

@ 0w (n-pegr)

en (SpeB), = M43 (1og M)

3) Ifr = %, then
1

ent (87,0B8), = M™% (log” M),

where a; = max{a,0}, 1 + bi, =1.

Here log M is'the logarithm with the base 2 of M > 0.

V.N. Temlyakov [22-24] developed a constructive method of estimation of the M — term best approximations
of functions-of the Nikol’skii-Besov’s class S;,TB in the space Ly(I™) in the case 1 < p < ¢ < oo. This method
is based on greedy algorithms.

The main goal of the present paper is to find the exact order of the best M-term approximation of a function
in the /class S; 57%3 in the Lorentz spaces with anisotropic norm in the case 1 < p; < ¢; <2, j=1,...,m, and
in the case 1 < p; <2< g <00,j=1,...,m, to give a constructive proof for an upper bound for the quantity
€N (S;’é)-f—B) qAé.

Let us denote by C(p, q,r,y) positive quantities which depend on the parameters in the parentheses, which
are, in general, are distinct in distinct formulas. A (y) =< B (y) means that there are positive C, Cy such that
Cr-A(y) <B(y) <Ca- A(y).
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S.1. Auziliary results

To prove the main results, we need the following auxiliary results.
Lemma 1 [25]. Suppose a € (0, +00) and ¥ = (71, ...y Ym )s y = ('y;, ...,%’n) ,0=(01,....,0,), 0; € [1,+00),

j: L.,m,1 =7 = =T < Yot < < Y, 1 :’Y_; =% ] =1,..,7 and 1 :7; < 7]7]2 v+1,...,m
Then the following relation holds

g B
l9

[

Remark. For the case ; = ... = 0,,, Lemma 1 was proved by V.N. Temlyakov [12]. In‘what follows we
denote by X,.(n)(5) the characterlstlc function of the set »(n) = {5 = (s1,...,5m) €ZT : (5,4, = n}.
Lemma 2 (|25], Lemma 2.3 and [26], Lemma 4). Let 7 = (71,..., 7y ), 1 < 7; < 400, and j =1, ...,m. Then
the following relation holds
1

o

=n=>"7, nelN.

H {X%(n) (5) }§ez(n) )

Theorem 2 [27]. Let p = (p1,-sPm), T = (q1, -y qm), T = $7’1,-~-,Tm), 0 = (01, 4,0m), T = (7'1,...,17'm),

1§pj<2<qj’j:1""’m’1§0j’7—j<+Oo’0<rl+q71_p71:"':r’/+q%_p‘ly<r”+1+m_py+1 <
<yt ql — pi.
1) Ifry > p%_,j =1,..,m, (ri— p%)é < (r; — p%_)q%,j =v+1..,m, then
_ 1 (e ad)+ 3 (3-2)
41 2)T2 277
o (50.8) 0 g YD),
2) If i — =< < j,ﬁj <7,j=1,.,m, (r— p%)qi s = p%)q%,j =v+1,..,m, then
v 4 (g o) a(n=3) 5o+ S0
M (Sﬁ@fB)q,é =M o P/ (log M) i=2 0 a=2 T
1 1.
I Lv<p,r = o5 =1,..,pand 77> E,j:u+l,...,m, then
u
ST-_B) =M% (lo M)J;%
Ma77 )50 &

Theorem 8 [25|. Let p = (pis-s0m), G = (q1, s @m), 0D = (0%1),...,0%)), 62 = (0?),...,97(5)) and
1<p; <gq; <+oo, LZ Gj(.l),G](-Q) <400, j=1,.m. If fe L,9(1>(Im) and the quantity

0(2) 9(2) 1

\ 5m 03 (L 5107 (L - L . 9?)@?7” popd 3
o) &8 S L[5 2 (16l ) |

Sy =1 s1=1

is finite, then f € LZ;§<2> (I™) and
||f||:;_’07(2) S O(pa Q79) : U(f)

S. 2. Estimates of the best M —term approximations of functions
Theorem 4. Let1 < q; <2<p; <400, 1<8;,\j <+4o0,j=1,..m. If fe L;G—(Im), then
92 Om 1

715> Clat.pm){ 3 oo L[S0 22 G (16nlys) "] 7]}

Sm=1 s1=1
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Estimations of the best M-term approximations...

Proof. Firstly, we will prove the theorem for the case p; = /\5.1) =2, j=1,..m. Then

[105(F)N5 5 = 16s(F)ll2, s € ZT.

By the conditions of the theorem f € L(’;,a—(lm), 1 <gj,0; < +o0, j =1,...,m. Therefore [1]

Ifll;5> sup f(@)g(z)dz, (1)
hgl*, ,<vJI™
q’,6
Where g/ = (qllv 7(1;n)’ 9_/ = (0/17 79;71)7 % + % = 17 % + ei/ = ]-7 j = ]-7 7m
; J

From the inequality (1), we have

Ifll;5= sup Z/mcig(f,z‘:)zsg(g,f)da?. 2)

lgll* _, <1 gecgm
a0’ = SELY

Since by the assumption of the theorem 1 < ¢; < 2,5 = 1,...,m, we have 2/ < q;- < o9, j =1, ...ym. Therefore,
by Theorem 3 for p; = 9§1) =2, j=1,...m, we obtain

m

lgllz, 5 < Co |4 TT 2
j=1

si(3—-r)
G [losh) 5 - (3)

3 am
SELy Ly

Let’s introduce the following notation

. e si(5=)
Upa =9 €Ly Co| | IT2 " & 105l <1
Jj=1 sezr I
Then it follows from the inequality (3) that the set:U,, 5 is a subset of the unit ball of the the space L, g (™).
Therefore, the formula (2) implies that
A5 > sup > [ 6x(f,2)ds(g, 7)da. (4)
QEUql‘é/ geZT Iim
Ifg e L(*j,,g/(lm), such that ||ds(g){l; < bs, 5 € Z7 and
T osi(3-2)
[1z2 = <1,
=1 sezt |y,
then from inequality (4) we obtain
I£l552 Cowp 3 swp [ su(f. 59,2 (5)
{bs} sezy l6s(o)llg<bs L™
Now let’s prove that the following inequality holds
sup 05(f, 2)0s(g, T)dx = [|05(f)ll; bs (6)

65 (a) o <bs < I™

for each 5 € Z'. So consider the function
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where
ag(90) = 10s(F)ll5 " ag(f)bs.

Then [|05(g)||, < bs, 5 € Z7. Hence, by the Perseval’s equality, we have

sup [ 0s(f.7)0s(g,7)dz > / 5:(f,2)84(g0, 2)di =

165 llg<bs JI™

= [16s(f)llz " bs D> ag(f) = 165(f)llz s,

kep(s)

which proves the formula (6).
Next, it follows from formulas (5) and (6) that

1117 5> Csup Y bs [185(f)]l, - (7)
{bs} sezy
Suppose
agwt—j (f)éj =
> 0 (1 0 1 1 7 eej o
R OE Sl G M) SE G TN 2 K R
s;=1 s1=1
where gmfj = (Sj+17...,8m), éj = (91, ...,Gj), j = 17...7m — 1.
Consider the following sequence
o
9;71 m
s;(L—1)
bs = H2 =) 1641l [ (o5, (Ha,) 4% x
sezp |, 7=
x 1650113~ 1H2’(2 e
for 5 € Z*. Then
T si(3—)
H2 2 q; bg =1
=1 -
J sezr I
and
m % L
> bsl16s(H)ll, = H ) 16(£),
sezy =1 sezr ||,
Therefore, from the inequality (7), we get
(8)

Iflzs>C Hz“z W 116501l

sezr Iy
m, then, by applying the inequality of different metrics for trigonometric

Next, if 2 < p; < 00, j=1,..,
polynomials [28, 29|, we obtain from the estimate (8) the following

18 Becrnuk Kaparanmauickoro yHuBepcuTeTa



Estimations of the best M-term approximations...

171l = C |4 T2 % % 105
=1

§€ZT l5

for 1 <g; <2<p; <oo, 1<6; A <oo, j=1,..,m. The theorem has been proved.
Suppose y4 = max{0,y}.

Theorem 5. Let D = (p1,..sPm), @ = (@1, sqm), T = (T1,.,7m), 1 < p;j < ¢; < 2,7 =1..,m,
1< 9(1 0 (2) - +00,1 < 75 < +00,0 < rl—i—qil—pil = _rl,—i-——— < TV+1+qV+1 p,1+1 = .. :Tm_‘_ﬁ_p%n'

1. If 9§ <75,j=1,...,m, then

1

em (Sféu)fB)a)w) =M (rai-3r) (log M)

1 1 z 1 1
(u—l)(n—HJrH)JrEQ <—9§_2) —T—j>.
D,

2. If9§2):...:953):0>T=7'1:...:Tm, then
RS WA T A Y
(570(1> ) GSM (T1+ >(10gy IM)(l pitarte 7 4
_ 2 ;_
3.1t <6,7,j=1,..,m, then

~ @-D(red+4 )+ i<<—
7 ri++ B ¢ j=2
enr (Sﬁ,gme)mz) > on (- >(logM) j

Ak
N———

was proved in [30]. Let us consider

Proof. The upper bound estimation of the quantity ey, (S; é(”fB)q -

the lower bound.
For a number M € N choose a natural number n such that M =< 2"n™~! and 2"n™~! > 4M.
Consider the function

ﬁmg
a2

Z HZ_SJ(TJ‘H_ -) Ei

(5,7)=nj=1 kep(s)

fo (if') n

Then, by Lemma 2,

TSI

Ir

m *

) 41l 7
S =27 2<s,r>H2 i(ritl=5-) Z oi(R.2)
j=1

kep(s)

IN

el
>

’ (5,7)=nll]_

<Cnp =27 o(s.7) H g sirit1= 7) ﬁ 281‘(1*ﬁ) _
j=1

(8,m)=nll,_

Thus, the function fo € ST 560 7 _B.

Let Q7 be an arbltrary collection in M of m-dimensional vectors {I;;(l), o kM )} with integer coordinates.
For every vector 5 , that satisfies the condition (3,5) = n , we consider the set Qu; N p(3). Then, according to
the choice of the number n, the set S of vectors 5 such that (5,%) = n and [Q N p(5)] < 3|p(5)| contains at
least half of all vectors 5 such that (5,7%) = n. Hence |S| < n™~!.
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Let T(Z) be an arbitrary polynomial with a collection of harmonics from Qp;. Then, by Theorem 4, for
pj =X =2, j=1,...,m, we get

m

* Sj(lfi)
1fo =TIz e = C|I 11272 %7 165 (fo = D, >
j=1 c
(s, 7)=n l5(2)
m 1_
>0 T12°% % J6stfo — ), >
j=1 ses l§(2)
- Tf: = - s;(2—-L1) e —sj(rj+1—-L) e 5j
>Cn =27 HQJ 27 H2 AR H27 >
J=1 g=t i=1 sesll )
s e -r i !
j=2 TJ —(r +**;T)<51"/> _ j=2 TJ (r + -
S I e W AR P

lge2)

Applying the Holder’s inequality (- e + 9(;), =1, j=1,...,m) andlemma 4 , we have

S1=3 1< sl (U]l <

ses

m

< IHheslly g [ mmal, < 0 {1 iesll, -
a2’
Since |S| =< n™~!, we obtain
_ 2,3 e
W <o el
Hence .
1
Z, g
= c||{1}565||lé(2).
Therefore,

||f0 b THq 7@ > CQ—(H—&-i—ﬁ)nJ‘:z 9‘72

for any polynomial T'(Z) with a“collection of harmonics from Qj;. Hence

_ i( (1)7%
enr (SI 6] ;B) () > ot e iz o
’ q,

D,
(r1+ ) (m71)<r1*ﬁ+i)+§2<ﬁ7%>
>CM a1 (log M) =2\ 6§ . )

Since ¥ < m, then we obtain the lower bound estimation from (9). The theorem has been proved.

V.N. Temlyakov [22, 23| developed a constructive method of estimation of the best M — term approximations
functions from Nikol’skii-Besov’s classes S;’TB in the space Lq(I™) in the case 1 < p < 2 < g < oco. Let us
recall some notations.

Let 7 = (r1,...,7m), 7, > 0,7 =1,...,m,and | € NN {0} = Ny. Let » = r; and for a function f € L,(I"™)
suppose

flf('f): Z 5§(fa'f)a felm;

5:rl<(5,F)<r(l+1)

icla= 3 ()

5:rl<(5,7)<r(1+1) kep(s)

20 Becrnuk Kaparanmauackoro yHuBepcuTeTa



Estimations of the best M-term approximations...

V.N. Temlyakov [22] considered the class

Wgab {f € L](Im) Hfl,f‘”A < 2—lal(y_1)b}7

where a > 0,b > 0.
Lemma 3 [22]. Let 2 < p < 400 and a > 0,b > 0. Then there exists a constructive method based on the
greedy algorithms which leads to the following estimation

M (W5%), < CM3 (log M) i),

Theorem 6. Let1<pj<2<q<+oo, 1 <6; < oo, 1<Tj <oo, 7=1,...m, O0<r{i=..=01,<
<rys1 < o Sy, 1> —1 and ” = Jl',j =1,...,v and ” < ,j =v+1,...,m. Then the following relation
holds

(=D(r=F)+ 3 .
enl(S5 5 B)g =< n” 2770 (logm) =

Tj - 1
—1° j -
Proof Let fesr 060 7 ,B By the condition of the theorem 1 < p; < 2,. 7 ='1,...,m, then there exists a

number pgy such that 1 <pj <po <2, j=1,...,m. Therefore, by applying the Holder’s 1nequality (p% + pi, =1)
0

and the Hausdorf-Young’s Theorem [31; 211], we get

Ilfirlla < Z H 9(si=D35g < Z lag(f ‘po) <

srl<(s,7)y<r(l+1) j=1 kep(3)

D SR § 4 20 (10)

5:rl<(5,7)<r(l4+1) j=1

’
where T, =

o \"“

Now, since p; < po, Jj = 1,...,m, then by applying the inequality of different metrics for trigonometric
polynomials (see [28, 29])and the Holder’s inequality, we obtain from (10) the following

m

[ firlla < C > 1z 5 |155(f )55 <
ri<(s,r)<r(l+1) j=1
T o5 ()
<c {27 a5 } 9% (35 773 . 11
- H ” ( )“ \J rl<(5,7) <r(+1) ||, U 7 ( )
i=1 <5,/ <r(+1) ],
) ’ Ty <=L
Suppose v; = :—i, v = Tiii, j =1,...,m. Then, by the assumption of the theorem, 1 = = ... =7, <
< Yog1 < oo < vy and 'y; =7;, j=1,..,v,v; = fy;-, j=v+1,....,m. Then using Lemma 1 we have

m

H 251‘(;%].*7”.7’) <
i=t r<(E R <r+D||;
1
< H{Q(T1,,11)<§;’Y'>} < C«Q*I(Tl ﬁ)ljzzzz ™ , (12)
(5,)>1 1

where L =1-1L1, j=1,..
T T

Next it follows from the 1nequahtles (11) and (12) that

<

1
7
J

Ifirlla < C27H 3012
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for any function f € S;,é(n,fB in the case r; > p%. Thus, the function f € S;ml)jB belongs to the class WZ»a,b

in the

in the

1
’

T
J

v
casea=r; —+ and b= ﬁ > =. Hence, by Lemma 3, we have
j=2

p1

i 7,a,b —(r+1-1) (u—1)(r7ﬁ)+§2i
en(Sﬁ’gu)ﬁ_B)q < Cen(WA’ ’ )q < Cn 27 1 (logn) =

case 1 <p; <2< g< 400, 1<0;<00, 1<7;<00, j=1,....,m, r1>p%.ltprovestheupper

bound estimation.
Now let’s consider the lower bound estimation. Since 2 < ¢ < oo, then ||fll2 < C| fllq, F€ LU™).
Therefore

€n(5;g<1> ﬁ—B)q 2 Cen(Sgéu)fB)?-

Now, by letting 0; = ¢ =2, j = 1,...,m, in Theorem 5, we get

Hence

T -4 (r=D(r+i-E)+ X (3-2).
en(S%,é(l)jB)z ZCH_(H_% Pll)(logn) 1= i

T 1L (V—l)(r+l—$)+i(l_%
Bn( ;,é(l),fB)q Z C’n_(T"ré pll)(logn) 2 & 2 5 >

(=)= A )+ 3
> C’n_(“'%_ﬁ)(logn) b=

J

.

It proves the theorem.
Remark. Note that the upper bound estimation in the case p; = 6; = p, j = 1,...,m, in Theorem 6 was
proved by V.N. Temlyakov [22] using the constructive method.

In
in the

[32] obtained the exact estimation of the best M — term approximations of Nikol’skii’s and Besov’s classes
Lebesgue space with the mixed norm.

This work was supported by the Ministry-of Education and Science of Republic Kazakhstan (Grant
No. 5129/GF4). Of this research was written when the author was staying at the Centre de Recerca Mathematica,
within the Research Program on Constructive Approzimation and Harmonic Analysis.
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. Axpimes

JlopeHn keHicTiriHae pYHKIUATIAPALIH €H »KaKcbl M -Mmy1ieri
KYBIKTayJapbhlH KOHCTPYKTHUBTI d/icTeEpMeH OaraJjiay

MakaJstasia KenaifHbIMaJIbI IePUOATHI (DYHKIUAIAPABIH, apajac HopMasibl Jlopenrr keHicriri, Hukonbckmii-
BecoBThiH GDyHKIMOHAIIBIK, KIACHl XKoHe (DYHKITUSHBIH €H YKaKChl M -MyTie KybIKTaybl KaPACTBIPBLIIbL
Conpaii-ak 6ip Jlopenn kenicririnaeri pyHKIMAHBIH, 6ACKACBIHAA *KATYBIHBIH >KETKLIKTI MapThl Taraii-
pIHgaFaH. Hukosbckuit-BecoB KiachblHIarbl (hyHKIUSIAPIALIH €H YKAKChl M-MyIIei »KybIKTayIapblHbIH
JKOFapBIJIaH *KoHEe TOMEHHEH Oarajayiaphl ajabiaran. 2Korapeiman 6aratayast gosenney yimiua B.H: Temms=
KOB KYPFaH »KaHa KOHCTPYKTHUBTIK 9J1iC KOJIJIAHBLIIbI.

Kiam cesdep: Jlopenn, Hukonbckuit-Becos kitacel, M-TepMuHIEpIiH €H YKAKChI KAKTaphl, XKYBIKTayJIap,
JKEeTKLIKTI maprrap, 6arajay.

I'. Akuiien

Onenkn Hamaydmmnx M -4jIeHHBbIX TPUOJIM2KeHmid pyHKITi
B nmpoctpaHcTBe JlopeHIa KOHCTPYKTUBHBIMEA: METOaMU’

B crarse paccmorpensr npoctpancTBo JlopeHra nepuoandeckux (OyHKIUNA MHOPUX TEPEMEHHBIX C aHU30-
TPOMHON HOPMOIT; (DYHKITMOHAIbHEBIN Kinacc Hukombckoro-BecoBa u Hamty4mee M-wmeHHOEe pUOIMZKEHTE
dyHKIMU. YCTAHOBJIEHBI JJOCTATOYHBIE YCJIOBUsI MPUHAJIEXKHOCTH, (DYHKIUN U3 OJIHOIO IIPOCTPAHCTBA, J1o-
penna B apyroe. [loydeHnl OleHKN CBEpXy W CHU3Y HAWIydmuX M-9IeHHBIX NpUOIUZKEeHud (DYHKIUN 13
kiacca Hukombckoro-Becosa. st moka3aTebcTBa OMEHKNA CBEPXY MCIOJIB30BAH HOBBIM KOHCTPYKTHUBHBIN
meron, paspaboranubiit B.H. TemisskoBbiM.

Kmoueswvie crosa: Jlopenrn, knacc Hukombckoro-becosa, jydmue annpokcumaruu M-tepMoB, npubiinke-
HUE, JIOCTATOYHbIE YCJIOBHS, OLEHKA.
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