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ON CONVERGENCE TO A LIGHT MAPPING IN METRIC SPACES

We investigate mappings satisfying the inverse Poletsky inequality in a domain of a metric space. We
have proved that the uniform limit of a family of such mappings is a light mapping in the closure of a
domain. By Reshetnyak theorem, quasiregular mappings of a domain of the Euclidean space are open
and discrete. For more general classes of mappings, statements of a similar plan are also known. In
particular, this is true for mappings with finite distortion (Manfredi, Villamor). The limit mapping
of a sequence of quasiregular mappings is also a quasiregular mapping, or a constant. Therefore,
the openness and discreteness preserve under the convergence of quasiregular mappings. The similar
problem in more general classes of mappings is much more complicated, as is the problem of the
discreteness in the closure of a domain. Vuorinen proved that closed quasiregular mappings are light in
the closure of a domain under certain conditions to its boundary. Under some stronger conditions these
mappings are even discrete in the closure. Cristea, Sevost’yanov and Skvortsov studied the problem
of lightness and discreteness of mappings with the inverse Poletsky inequality. Such inequalities, in
particular, hold for quasiregular mappings with a finite multiplicity. Martio, Ryazanov, Srebro, and
Yakubov proved the inverse of Poletsky’s inequality for mappings with finite length distortion for the
conformal modulus. Salimov and Sevost’yanov extended the indicated result to an arbitrary order
p = 1. Sevost’yanov proved the lightness of mappings with the inverse of Poletsky’s inequality at the
inner points of a domain provided that the corresponding majorant in this inequality satisfies the Lehto-
Dini condition. Later, this result was extended to the boundary of a uniformly convergent sequence
of such mappings. The author of this manuscript, together with Sevost’yanov, recently obtained the
lightness of a limit mapping with respect to the closure of a domain in the Euclidean space. In this
manuscript, a similar result is obtained in metric space. In particular, we have proved that if a sequence
of open, discrete, and closed mappings with the inverse Poletsky inequality converge in the closure of
a domain, and the majorant in this inequality has a finite mean oscillation, then the corresponding
limit mapping has a continuous boundary extension that is light in the closure.
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1. Introduction.

Everywhere below, (X, d, ) and (X', d’, u’) are metric spaces with metrics d and
d’, endowed with locally finite Borel measures ;1 and p/, and finite Hausdorff dimensions
a > 2 and o’ > 2, respectively. In what follows, a domain D in X is an open
path connected set in X. Definitions related to Ahlfors regularity and Poincare (1;p)-
inequality may be found, for example, in [1, Section 7.22]. Let yo € X/, 0 < r; <1y < 00
and

Alyo,r,m2) ={y € X' :r <d'(y,y0) <72}, (1)
B(yo,r) ={y € X' :d'(y,y0) <r},Swo,r) ={y € X' :d'(y,y0) =1}

Given sets F, F C X' and a domain D C X’ denote by I'(E, F, D) the family of all
paths 7 : [a,b] — X’ such that y(a) € E,v(b) € F and v(t) € D for t € [a,b]. Given
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a domain D C X, a mapping f : D — X' is an arbitrary continuous transformation

x> f(x).Let f: D — X' let yp € f(D)and let 0 <r; <re <dyg= sup d'(y,y0).
yef(D)

Now, we denote by I'f(yo,r1,r2) the family of all paths v in D such that f(y) €

'(S(yo,71), S(y0,72), A(yo, r1,72)). Recall, for a given continuous path v : [a,b] = X
in a metric space (X, d), that its length is the supremum of the sums

over all partitions a = tp < t1 < ... < tx = b of the interval [a,b]. The path 7 is
called rectifiable if its length is finite. Given a family of paths I' in X, a Borel function
p: X —[0,00] is called admissible for T', abbr. p € admT, if

/pds}l

~

for all (locally rectifiable) v € I'. Given p > 1, the p-modulus of the family T" is the
number

M) = nt [ g du(o).

X

Should admI' be empty, we set M,(I') = co. A family of paths I'; in X is said to be
minorized by a family of paths I's in X, abbr. I'y > I'o, if, for every path v € I'y, there
is a path 72 € I'y such that 7 is a restriction of ;. In this case, M,(I'1) < My(I'2)
(see [2, Theorem 1]). Let @ : X' — [0, 00] be a Lebesgue measurable function such that
Q(y) =0 fory € X'\ D. Assume that D and X' have a finite Hausdorfl dimensions o
and a’ > 1, respectively, and f: D — X'. We consider the inequality

Ma(T(yo, 11,72)) < / Q) -1 (d' (v, w0)) dpt' (1) 2)
J

where 7 : (r1,72) — [0, 00] is arbitrary nonnegative Lebesgue measurable function such
that

/n(r)dr >1. (3)

Let X and X' be metric spaces. A mapping f : X — X' is discrete if f~!(y) is
discrete for all y € X’ and f is open if f maps open sets onto open sets in X'. A
mapping f : G — X' is closed in G C X if f(A) is closed in f(G) whenever A closed
in G. A mapping f : X — Y is called light if each connected component {f ~'(y)}
degenerates to a point for any y € Y.

A domain D C X is called locally connected at the point xq, if for any neighborhood
U of the point zg there is a neighborhood V' C U of the same point such that V N D
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On convergence to a light mapping in metric spaces

is connected. The domain D is called locally connected on 0D, if this domain is such
at each point of its boundary. The boundary of a domain D is called weakly flat at the
point xg, if for every number P > 0 and for every neighborhood U of this point there
is a neighborhood V' of point g such that M (I'(E, F, D)) > P for arbitrary continua
FE and F satisfying conditions FNOU # @ # FNOV and ENOU # & # ENJV. The
boundary of a domain D is called weakly flat if it is such at each point of its boundary.
Let G be a domain in (X,d, u). Following [3, Sec. 13.4], we say that a locally
integrable in X function ¢ : G — R has a finite mean oscillation at xo € G, write

p € FMO(xg), if
Tm 1

Ty o [ el =%l duo) < oc.

G(z0,e)

_ 1 . . .

where @, = m(}(qf : o(x) du(z) is the integral average of the function ¢ over
0,

the set G(xg,e) = B(xo,e) NG = {x € X : d(z,z9) < €} N G. We say that a space

(X, d, p) is upper a-regular at a point xo € X if there is a constant C' > 0 such that

w(B(xo,r)) < Cre

for the balls B(xg,r) centered at xy € X with all radii r < r( for some ¢y > 0. We also
say that a space (X, d, ) is upper a-regular if the above condition holds at every point
xg € X.

Theorem 1. Let (X, d,pu) and (X', d’, ") be metric spaces with metrics d and d’,
endowed with locally finite Borel measures p and p', the measure p is doubling, X' is
upper o' -reqular, and let D and D' be domains in X and X', having finite Hausdorff
dimensions a > 2 and o’ > 2, respectively. Assume that, the following conditions hold:

1) D is a locally connected space which is a-reqular by Ahlfors and supports (1; «)-
Poincare inequality, while D is a compactum in X;

2) D' is a compactum in X';

3) D has a weakly flat boundary;

4) Q € FMO(D');

5) D' is locally path connected on D’.

Let f,, m=1,2,..., be a sequence of open, discrete and closed mappings of D onto
D’ that converge uniformly in D to some (not identically constant) mapping f : D —
D' and satisfy the relation (2)-(3) at each point yo € D’. Then f is light and closed in
D; moreover, f has a continuous extension f: D — D', f(D) = D’ and f is light in
D, as well.

2. The main Lemmas. Proof of Theorem 1.
The following statement can be found in [3, Lemma 13.2].

PROPOSITION 1. Let G be a domain in upper a-regular metric space (X,d,p) at
a > 2. Assume that zp € G and Q : G — [0, o0] belongs to FMO(xg). If

1
w(G N B(xg,2r)) <7v- logo‘*2 o w(G N B(xg, 1))
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for some 9 > 0 and every r € (0,7¢), then

/ Q(x) - Y (d(z,x0)) du(z) = o(1%(e, g9)) , e—0,

e<d(z,x0)<eo

I(g,e0) := ?Ow(t) dt and ¥(t) == L

- tlog % '
13
The following result holds (see [4, Proposition 4.7]).

ProproSITION 2. Let X be a @Q-Ahlfors regular metric measure space that supports
(1; p)-Poincaré inequality for some p > 1 such that @ — 1 < p < Q. Then there exists
a constant M > 0 having the property that, for x € X, R > 0 and continua E and F
in B(x, R),
1 min{d(F),d(F)}
M RI+p—Q
Some another versions of the following lemma may be found in [5, Lemma 1], cf. |6,
Lemma 3.1], [7, Lemma 4.4].

Lemma 1. Let (X, d,u) and (X', d’, pn’) be metric spaces with metrics d and d’,
endowed with locally finite Borel measures p and u', the measure u is doubling, X' is
o' upper regular, and let D and D’ be domains in X and X', having finite Hausdorff
dimensions a > 2 and o’ > 2, respectively. Assume that, the conditions 1)-2) from
Theorem 1 hold. Suppose that, for each yo € D’ there exists €y = eo(yo) > 0 and a
Lebesgue measurable function v : (0,e9) — [0, 00] such that

M, (I(E,F, X)) >

1(5,50)::/¢(t)dt<oo Vee (0,e0), I(g,60) >0 as e—0, (4)

and

/ Q) - 2 (d"(y,90)) i’ (z) = o(I°' (e, 20)) (5)
)

A(Yo,€,€0

as e — 0, where A(yo, €, €0) s defined in (1). Suppose that f,, m =1,2,..., a sequence
of mappings of D onto D’ that converge uniformly in D to some (not identically
constant) mapping f : D — D' and satisfy the relation (2)-(3) at each point yo € D'.
Let Cj, j =1,2,..., be an arbitrary sequence of continua in D such that d(Cj) > 6 >0
for some 6 > 0 and all j € N. Then there exists 61 > 0 such that d'(f(C;)) = 61 > 0
for all j € N.

Proof. Suppose the opposite. Now, we may find an increasing sequence of numbers
Jk, k=1,2,..., such that d'(f(Cj,)) — 0 as k — oo. Since by the assumption 2) D’ is
a compactum in X', we may assume that d'(f(Cj,),yo) — 0 as k — oo, where yo € D’
is some point. By [8, Lemma 1] f is either a light, or a constant mapping. Since by
assumption f is not constant, f is light. Therefore, there exists a point 25 € D such
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On convergence to a light mapping in metric spaces

that f(zo) # yo. Since f is a continuous mapping and D is locally compact and locally
connected, we can find a continuum F' such that zg € Int F' and

FcD,  f(F)NByoe1) =7, (6)

where €1 > gg and ¢q is a number from (4)-(5). Let I'y, := I'(F, Cj,, D). Now, we show
that there exists a neighborhood V of yg such that

E)NV =9, j=12.... (7)

Let us assume the opposite. Then there exist sequences ¢, € N and z,, € F, m =
1,2,..., such that f;  (x,) — yo as m — oo. By the triangle inequality

d'(f(zm),y0) < d'(f(xm): fir (@m)) + A" (fir(2m), y0) = 0 (8)

as m — 0o, because d'(f(zm), fi,,(xm)) = 0 as m — oo by the uniform convergence
of fm, to f in D. The relation (8) contradicts (6), which proves (7). Reducing the
number g9 > 0 from the condition of the lemma as necessary, we may consider that the
neighborhood V in (7) is such that B(yg, o) C V.

Since by the assumption 1) D is a compactum, D is bounded. Now, there is 2o € D
and Ry > 0 such that D C B(z, Rp). Now, by Proposition 2,

1 minfd(C,). d(F)}
M R

for all k& € N and some d2 > 0. We prove that for each [ € N there exists a number
k = k; such that

M, (Ty)

=02 >0 (9)

[i(Cy) € Blyo, 1/1), k= k. (10)
Suppose the opposite. Then there exists Iy € N such that

fjkm<Cjkm)m(X/\B(yO71/ZO)> # (11)
for some increasing sequence of numbers k,,, m = 1,2,.... In this case, there is a

sequence 2z, € fj, (Cj, )N (X'\ B(yo,1/lo)), m € N. Let 2, = fj, (Tm), Tm € Cj,
m=1,2,.... Since d'(f(C},),y0) = 0 as k — oo, we have that

d'(f(C;

Since d’(f(Cj, ), v0) = efi(ICI’f d’(y,yo) and f(Cj, ) is a compact set, it follows that
YT ik,
d’(f(Cjkm),yo) = d'(Ym, y0), where y,, € f(Cj,,.). Then (12) implies that y, — o
as m — oo. Since by the assumption d’(f(Cj,)) = sup d'(y,z) = 0 as k — oo,
y,ZEf(Cjk)
we have that d’(ym, f(zm)) < d'(f(Cj, ) — 0 as m — oo. Then by the triangle
inequality and the above proof, we have that:

d'(zm,y0) = d'(fj,,,, (¥m), %0) <
< d'(fii,, (@m), f(@m)) + d"(f(@m), ym) + d'(Ym,90) =0, m—o00,  (13)

),y0) = 0 as m — 00. (12)
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because d’'(fj, (xm), f(zm)) < supd’(fj, (), f(x)) = 0 as m — oo by the uniform
zeD

convergence of f; to f as j — oo; the last two terms in (13) also tend to zero by the
construction and proving above. The relation (13) implies that z,, — yo as m — oo,
which contradicts the definition of z,,. Now, (11) fails, which proves (10).

From (10) it follows that

fjkl (Cjkl) C B(yo, 1/1) (14)
where k;, | = 1,2,..., may be chosen the increasing sequence of numbers. Using the
renumbering in (14), if required, we may consider ji, k =1,2,..., instead of ji,. Now,

Furthermore, let kg € N be such that B(yo,1/k) C B(yo,£0) for all k > ko. Let us to
show that

Fi () > T(S(yo, 1/k), S(yo,£0), Ayo, 1/k; €0)) - (16)
Indeed, let 5 € f;, (I'j,). Then 4(t) = f;, (v(t)), where y € I';,, v : [0, 1] — D, y(0) € F,

(1) € Cj,. By the relation (7) we have that f;, (v(0)) € f(F) € X'\ B(vo,¢0),
moreover, by the relation (15) we obtain that f;, (v(1)) € f;.(Cj.) C B(yo,€0). There-
fore, | f;, (7(t))|NB(yo,€0) # @ # | fj, (7(t))IN(X '\ B(yo,€0))- By [9, Theorem 1.1.5.46],
there exists 0 < t; < 1 such that f;, (v(t1)) € S(yo,€0)- Let 71 := 7y, 1. We may
assume that f;, (v(t)) € B(yo,€0) for all t > t;. Reasoning similarly, we obtain a
point ta € (t1,1] such that f;, (v(t2)) € S(vo, 1/k). Let y2 := 7y, 1,]- We may assume
that fj, (v(t)) & B(yo, 1/k) for all t € [t1,t2]. Now, fj,(12) is a subpath of the path
fi(v) = 7, which belongs to I'(S(yo, 1/k), S(vo,€0), A(yo, 1/k,€0)). The relation (16)
is established.
From (16) it follows that

L, > Ffjk (yo,1/k,e0) (17)
Let
= { OOk, e (k).
g 0, t¢&(1/k, =),
€0 €0
where I(1/k,e0) = [ 1(t)dt. Observe that [ ng(t)dt = 1. Then, by the relations (5)
1k 1k

and (17), taking into account the definition of the mapping f;, in (2), we obtain that
Ma(T},) < Ma(Ty, (y0, 1/k,0)) <

1 :
< ——mMmM b (! / .
S (1 /K, 20) / Qy) - 9* (d'(y,90)) du’(y) = 0 as k= o0
A(yo,1/k,e0)

The latter contradicts with (9). The obtained contradiction proves the lemma. [J
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On convergence to a light mapping in metric spaces

The following lemma generalizes Corollary 4.5 in [7] to the case of maps with
unbounded characteristic, cf. [5, Lemma 2| and Lemma 3.2 in [6].

Lemma 2. Let (X, d,u) and (X', d’, ') be metric spaces with metrics d and d’,
endowed with locally finite Borel measures p and p', the measure p is doubling, X' is
upper o’-reqular, and let D and D' be domains in X and X', having finite Hausdorff
dimensions o > 2 and o' > 2, respectively. Assume that, the conditions 1)-3), 5) of
Theorem 1 hold. Suppose that, for each yo € D’ there exists ¢g = eo(yo) > 0 and a
Lebesgue measurable function ¢ : (0,e9) — [0, 00] such that the relations (4)-(5) hold,
where A(yo, €,€0) is defined in (1). Let fr,, m = 1,2,..., be a sequence of open, discrete
and closed mappings of D onto D' that converge uniformly in D to some mapping
f: D — X' satisfying the relations (2)-(3) at each point yo € D'. If Q € L*(D’),
then the mapping f is light and closed in D, moreover, f has a continuous extension
f:D— D', f(D)= D’ and f is light with respect to D.

Proof. By [8, Lemma 1] f is light in D. By [10, Theorem 1.1], every fp,, m =1,2,...,
has a continuous extension f,,, : D — D’ to D such that f,,,(D) = D’.

I. Let us show that there exists 9}52 f(x) for every xy € dD. Indeed, by the triangle

0

inequality d'(f(z), f(z0)) < d'(f(2), fm(x)) + d'(fm(2), fm(20)) + d'(fm(20), f(20)).
In this inequality, the first and third terms tend to zero due to the uniform convergence
of fu, in D. Therefore, for any £ > 0 there is a number M = M(e) such that

2¢e

d'(f(2), f(w0)) < 5 +d'(fin(2), fn(20)) (18)

for m > M(e). For m = M(e), fm has a continuous extension to zp. Thus, there is
d = d(e,z0) > 0 such that d'(far(x), far(xo)) < e/3 for 0 < |x —xzo| < d. Then, by (18),
d'(f(z), f(xo)) < & for the same 4.

II. Let us show that f is a closed set in D. Let E be closed in D. We must show
that f(F) is closed in D’. Let z,, m = 1,2,..., be a sequence in f(FE) is such that
Zm — 20 € D’ as m — oo. Let us show that 29 € f(FE). Since z,, € f(FE), there
exists x,, € F such that f(z,,) = zm, m = 1,2,.... Due to the compactness of
D, we may assume that the sequence x,, converges to some zo € D as m — oo. If
xg € D, then zo € E, consequently, f(zg) = z9 € E by the continuity of f in D,
as required. Let us show that the case o € 9D is impossible. Indeed, since f,, has a
continuous extension to zg, there is a sequence w,, € D, w,, — xg as m — oo, such
that d'( fm(wm), fm(20)) < 1. Then by the triangle inequality

@' (0), (00) < ' (00), i 10) + ') () + ' (F ), ) <
< ! (o), fom)) + ' (F(m). f(0) 50, om0, (19

because f,, converges to f uniformly in D, and f is continuous at xy by the proving
above. Observe that, fn,(z9) € 0D for m € N (see [11, Proposition 2.1, cf. |7,
Theorem 3.3]). Now, by the closeness of the boundary D, we have: f(zg) € 9D’. Then
by the continuity of f in D we have that f(x;,) = 2m — 20 and f(xg) = 29 € OD’.
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This contradicts the choice of zp € E C D’. Finally, f(F) is closed in D', because in
the case xg € D is considered, and the case xg € 0D is impossible.

ITI. Let us show that f(0D) C dD’. Let xy € D. We must prove that f(x¢) € dD’.
Since f,, has a continuous extension to xg, there is a sequence w,, € D, w,, — o as
m — oo, such that d’(fn(wm), fim(z0)) < L. Repeating the reasoning in (19) and
follow, we come to the conclusion f(zo) € dD’, which should have been established.

IV. Let us show that f(D) = D’. Obviously, f(D) C D’. Let us show that D’ C
f(D). Indeed, let yo € D', then either yo € D', or yo € dD'. a) If yo € D’, then
yo = fj(z;), x; € D. Due to the compactness of D, we may assume that z; — o,

j — 00, kg € D. By the continuity of f in D we have that f(zo) = lim f(z;). However,
j—o0

by the uniform convergence of f; to f we have: d'(f;(z;), f(z;)) = d'(yo, f(xj)) — 0,
j — oo. Then yo = f(xp). Since by the proving above f(0D) C dD’, we have that
xo € D. Thus, yo = f(z0), xo € D. b) Finally, let yo € dD’. Then there is a sequence
yr € D’ such that yp = f(zx) = yo as k — oo and x; € D. Due to the compactness
of D we may assume that z; — g, where zg € D. Then f(x¢) = yo € f(D). Thus,
D’ c f(D).

V. It remains to show that f is light in D’. Let us assume the opposite, namely,
let there exist a point yo € 9D’ such that f~!(yg) D Ko, where Kg C D is some
nondegenerate continuum. Since f is light in D, we may assume that Ko C 0D.

Since D is a compactum in X and f is continuous in D, it is uniformly continuous
in D. In this case, for each j € N there exists §; < 1/j such that

d'(f(z), f(z0)) =d'(f(x),90) <1/j Va,m0€ D, d'(z,x0) <, & <1/5. (20)

Given j € N, weset Bj := |J B(o,6;), j € N. Since the set B; is a neighborhood of
roEKo
the continuum Ky, by [8, Lemma 2(IIT)], cf. [12, Lemma 2.2|, there exists a neighborhood

U; of the set Kq such that U; C Bj and the set U; N D is path connected. Since K is a
compactum, there are 29, wy € Ky such that d’(Ky) = d’(z9,wp). From this it follows
that, there are z; € U;ND and w; € U;ND such that z; — zp and w; — wp as j — o0.
We may assume that

d’(zj,wj) > dl(K())/Q VvV jeN. (21)
Since the set U; N D is path connected, the points z; and w; may be joined by some
path v, |v;| C U; N D. Let Cj := |vj].

Note that d'(f(Cj)) — 0 as j — oo. Indeed, since f(C}) is a continuum in X',
there exist points y;,y/ € f(Cj) such that d'(f(Cj)) = d'(y;,y;). Then there exist
zj,r; € Cj such that y; = f(x;) and y; = f(x]), while the points x; and x/ belong
to U; C Bj. This means that there exist 7 and a7, € Ky such that ; € B(«],d;) and
xj € B(ac%, d;). In such case, by the relation (20) and taking into account the triangle
inequality, we obtain that

d'(£(Cy) = d'(yj,y)) = d'(f(x), f(z]))) < d'(f(=j), f(@])+
<+d'(f(2]), f(2) +d'(f(2)), f(x]) <2/j >0 as j—oo. (22)
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It follows from the relation (21) that the continua Cj, j = 1,2, ..., satisfy the conditions
of Lemma 1. By this lemma d’(f(C;)) > 61 > 0 for all j € N and some §; > 0, which
contradicts (22). The obtained contradiction disproves that f is not light in D. The
lemma is proved. [

Proof of Theorem 1 follows directly from Lemma 2 and Proposition 1. O
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Baunepiit Taproucskuii

ITpo pesiki oniHKu HEKOH(MOPMHOIO MOAYJIS CiMeil KpUBUX.

Hocnimxkeni BimoOparkeHHs, siKi 330BOJIBHIOTH 00epHeHY HepiBHicTh Tumy Ilosteribkoro B ob6sacTi
MeTPHUYHOTO TpocTopy. JoBeneno, mo piBHOMIpHa rpaHuis ciM’i TAKUX BiTOOpaYKeHb € HYJIbBUMIDHIM
BimoOpaxkenusaM y 3amukanHl obsacti. lo6pe BimoMo, mo kKBasiperyaspHi BigoOpazkeHHs: 00JacTi eB-
KJIIJOBOT'O IIPOCTOPY € BIAKPUTHMU Ta JUCKPETHUMH 3 OIVIANy Ha BiOIOBimHWI pe3ynbTaT Pemermaka.
Jnga 6ibin 3arajbHUX KJIaciB BLIOOPaXKeHb TaKOXK BIIOMI TBepIRKeHH# MOIOHOTO IUIaHy. 30Kpema,
e € BipEMM i BimoGpakenb 31 ckimgenanM criotBoperraM (Mardpesni, Bitamop). I'panmaam Bi-
00pakeHHIM HOC/ILIOBHOCTI KBa31peryIsapHUX BiMOOpaKeHb € TAKOXK KBa3iperysspHe BiagoOpaxKeHHs,
abo crasa. OTxke, mpu 301KHOCTI KBa3iperyssipHux BimoOpareHb BiIKPUTICTH Ta AUCKPETHICTH 30epi-
rarorbca. AHAJIOrI9HE IUTaHHSA B OlIbII 3arajbHUX K/IaCaX BigoOpazKeHb 3HAYHO CKJIaJHIIIEe, TAaK CaMo,
JK 1 IIMTAHHS 100 AUCKPETHOCTI y 3aMuKaHHi ob6acti. Byopinen moBiB, mo 3aMKHEH] KBa3peryssipHi
BiIOOparKeHHs € HyJIbBUMIDHUMH y 3aMUKAHHI 06/1aCTi 32 MEBHUX yYMOB HA iT Mexy. 3a meskux Oiibir

CUJIbHUX YMOB 3a3HaveHe BinoOpakeHHs € HaBiTh auckperaum y 3amwukanni. Kpicrea, CeBocTbsHOB
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Ta CKBOPIOB BUBYAIN IIPOOJIEMY HyJIBBUMIDHOCTI Ta JUCKPETHOCTI BiToOpakeHb 3 00EPHEHOIO HEpiB-
mictio [losenpkoro. Taki mepiBHOCTI, 30KpeMa, 3aI0BOIHHAIOTh YCiI CKIHYEHHOKPATHI KBa3iperysspHi
Bigobpaxkemnus. Maprio, Pa3amos, Cpebpo ta Axy6oB moBenu obepueny HepiBHicTh Ilosernpkoro mis
BimoOpakeHnp 31 CKIHYEHHNM CIIOTBOPEHHSIM [JOBXKWHU y BUIIAJKYy KOH(MOPMHOrO MOmyss. Brazamwmii
pesyasrar CamimoB Ta CeBOCTHSHOB DPO3MOBCIOAW/IN HA JOBIIBHMI MOPSAIOK MO/ CiMell KPUBHUX.
CeBOoCThSIHOBUM JIOBE/IEHO HYJIbBUMIPHICTD Bifobpazkennb 3 obeprenoro HepiBHicTio IToslenbkoro y BryT-
piIHIX TOYKaxX 00/I1aCTi 3a YMOBH, IO BiIMOBi/IHA MayKOPAHTA y Il HEPIBHOCTI 3aI0BOJIHHSIE YMOBY
Jlexro-/lini. Ilizmime 1eil pe3ynbrar Oys10 PO3LOBCIOMKEHO HA IPAHHUII0 PIBHOMIPHO 30ikKHOI I10C/Ii-
JOBHOCTI TakuxX BimoOpaxkeHb. ABTOPOM JaHOTO pykommcy pa3oM 3 CeBOCTbAHOBAM HEIIOAABHO 0yI10
OTPHUMAHO HYJbBUMIPHICTH FPAHUTHOTO BiMOOparKEHHs y 3aMUKAHHI 00/1aCTi €BKJIJOBOTO TPOCTOPY. Y
JAHOMY PYKOIIUCY AHAJOTIYHUN Pe3ysibTaT OTPUMAHMIA Y METPUYIHOMY IIPOCTOPi. 30KpeMa JOBEJIEHO,
IO SKIMO TTOC/IiJOBHICTD BIIKPUTHX, TUCKPETHUX Ta 3AMKHEHUX BIIOOpaKeHb 3 06€PHEHOIO HEPIBHICTIO
ITostenpkoro 36iraeTbed y 3aMuKaHHl 00/1aCTi, & Mar)KOpPAHTA y Iiili HEPIBHOCTI Ma€ CKiHYEHHE Cepesl-
HE KOJIMBAHHS, TO BiJIOBiHE TPaHWYHE BiOOpasKEHHsI MA€ HEIIepEPBHE MEYKOBE MPOIOBKEHHS, siKe €

HYJIbBUMIDHAM y 3aMUKAHHI.

Ka10o408i caoga: modysi cimell KPUSUT, HYAbBUMIDHI 650006PANCEHHA, MEMPUYHT NPOCTLODU.

Zhytomyr Ivan Franko State University Received 03.09.2025
w.targonsk@gmail.com

186



