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Let TM be the tangent bundle over an almost anti-paraHermitian man-
ifold endowed with Berger type deformed Sasaki metric gpg. In this paper,
first, we obtain the Levi-Civita connection of this metric and study geodesics
on T'M. Secondly, we construct some almost anti-paraHermitian structures
on T'M and search conditions for these structures to be anti-paraKéhler and
quasi-anti-paraKahler. Finally, we present certain Riemannian curvature
properties of (T'M, ggg).
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1. Introduction

Let M be an n-dimensional Riemannian manifold with a Riemannian metric
g and T'M be its tangent bundle. By means of natural lifts of the Riemannian
metric g, from the Riemannian manifold (M, g) to its tangent bundle 7'M, one can
induce new (pseudo) Riemannian metrics with interesting geometric properties.
The well-known example of such metrics is the Sasaki metric. This metric was
constructed on the tangent bundle TM of the Riemannian manifold (M, g) by
S. Sasaki in [18]. However, in most cases the study of some geometric properties
of the tangent bundle endowed with this metric led to the flatness of the base
manifold. O. Kowalski [11] has shown that it is never locally symmetric unless
the base metric is locally flat. E. Musso and F. Tricerri [15] have generalized this
fact: they have shown that it has constant scalar curvature if and only if the base
metric is flat. The different deformations of the Sasaki metric were defined and
studied by some authors (see [7—10,14,19]). In [19], A. Yampolsky introduced a
fiber-wise deformation of the Sasaki metric on slashed and unit tangent bundles
over a Kéahler manifold based on the Berger deformation of metric on a unit
sphere and studied geodesics of this metric.

Let M be a 2k-dimensional Riemannian manifold with a Riemannian metric
g. An almost paracomplex manifold is an almost product manifold (Myg, ),
©? = id, such that the two eigenbundles T+ M and T~ M associated to the two
eigenvalues +1 and —1 of ¢, respectively, have the same rank. The integrability

© Murat Altunbas, Ramazan Simsek, and Aydin Gezer, 2019


https://doi.org/10.15407/mag15.04.435

436 Murat Altunbas, Ramazan Simsek, and Aydin Gezer

of an almost paracomplex structure is equivalent to the vanishing of the Nijenhuis
tensor: Ny(X,Y) = [0X, Y] — p[pX,Y] — ¢[X, Y] + [X,Y]. A paracomplex
structure is an integrable almost paracomplex structure. Let (Mg, p) be an
almost paracomplex manifold. A Riemannian metric g is said to be an anti-
paraHermitian metric if

9(pX,Y) = g(X,Y)

or, equivalently,
9(eX,Y) =g(X,pY) (purity condition)

for any vector fields X, Y on Myy. If (Mg, ) is an almost paracomplex manifold
with an anti-paraHermitian metric g, then the triple (Mo, ¢, g) is said to be an
almost anti-paraHermitian manifold. Moreover, (Masyg, p,g) is said to be anti-
paraKéahler if ¢ is parallel with respect to the Levi-Civita connection VY of g.
As is well known, the anti-paraK&hler condition (V9¢ = 0) is equivalent to
paraholomorphicity of the anti-paraHermitian metric g, that is, ®,g = 0, where
®,, is the Tachibana operator [17].

In this paper, we construct a new metric, will be called a Berger type deformed
Sasaki metric, on the tangent bundle over an anti-paraKahler manifold. The
paper can be considered as a contribution to studying a special new metrics on
the tangent bundle constructed from the base metric and the almost paracomplex
structure on an almost anti-paraHermitian manifold. The considered metric is
far from being a subclass of the so-called g—natural metrics which were fully
characterized by M.T.K. Abbassi and M. Sarih [1-3]. The paper aims to study
the tangent bundle T'M with Berger type deformed Sasaki metric over an almost
anti-paraHermitian manifold.

Through the paper, manifolds, tensor fields and connections are always as-
sumed to be differentiable of class C>° and the so-called “Einstein’s summation”
will be used everywhere.

2. Lifts to tangent bundles

Let M be an n-dimensional Riemannian manifold with a Riemannian metric
g and T'M be its tangent bundle denoted by m# : TM — M. A system of
local coordinates (U,z") in M induces on TM a system of local coordinates
(7r*1 (U),x% 2" = ul> ,i=mn+i=mn+1,...,2n, where (u') is the Cartesian

coordinates in each tangent space TpM at P € M with respect to the natural

base {% P}, P being an arbitrary point in U whose coordinates are (?).
Given a vector field X = X* azi on M, the vertical lift VX and the horizontal

lift X of X are given, with respect to the induced coordinates, by

VX = X0, X =X'9; — T X" 0;,

where 0; = 621, o= B‘Zi and Fék are the coefficients of the Levi-Civita connection

V of g [20].
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In particular, we have the vertical spray Yu and the horizontal spray “u on
TM defined by

Vu=utV(9;) = u'ds, Hu=u'(9;) = u'o;.

Va is also called the canonical or Liouville vector field on TM.

Now, let r be the norm of a vector u € T M. Then, for any smooth function
f of R to R, we have

HX () =0, VX (F(r?) =2/ ()g(X, ),
and we get
Ax(r?)y =0, VX(r?) =29(X,u).

Let X, Y and Z be any vector fields on M. Then we have [3],

X (9(Y,u) = g (VxY),u),
YX(9(Y,u)) = g(X,Y),
X V(g(Y,2)) = X (9(Y,2)),
VX Y(g(Y, 2)) = 0.

The bracket operation of vertical and horizontal vector fields is given by the
formulas [5,20]:
(X, 1y] =X, Y] = V(R(X, Y ),
X, VY] =V(VxY),
VX,YY] =0 (2.1)
for all vector fields X and Y on M, where R is the Riemannian curvature tensor

of g defined by
R(X,Y)=[Vx,Vy] = Vixy]

3. The Levi-Civita connection of the Berger type deformed
Sasaki metric on the tangent bundle

In the following, let (Mo, ¢, g) be an almost anti-paraHermitian manifold and
TM be its tangent bundle. A fiber-wise Berger type deformation of the Sasaki
metric on T'M is defined by

9BS (HX? HY) = g(Xv Y)7

gBs (VX7 HY) = Sg (HX7 VY) = 07

gps (VX,"Y) = g(X,Y) + 6%9(X, pu)g (Y, pu) (3.1)
for all vector fields X,Y on My, where 0 is some constant [19]. The metric is

said to be a Berger type deformed Sasaki metric. A direct consequence of usual
calculations using the Koszul formula gives the following result.
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Proposition 3.1. Let (M, ¢, g) be an anti-paraKdhler manifold and T M
be its tangent bundle. The Levi-Civita connection of the Berger type deformed
Sasaki metric ggs on T M satisfies the following properties:

() VY =H (VyY) - %V(R(X,Y)u),

(i) Viy"Y = %H(R(u, Y)X) + "(VxY),

~ 1
(iif) VY = §H(R(u, X)Y),

§ \%4
1+52ag(X, ©Y)" (pu),

where V 1is the Levi-Civita connection, R is its Riemannian curvature tensor and
a = g(u,u) (for complex version, see [19]).

(iv) Vvy"Y =

If we denote the horizontal and vertical projections by H and V), respectively,
then we can state the followings:

(i) The vertical distribution VT'M is totally geodesic in TTM if HVvy"Y = 0;
(ii) The horizontal distribution HTM is totally geodesic in TTM if YWy 7Y =
0 for all vector fields X,Y on M.
Hence, we can state the following result.
Proposition 3.2. Let (May,p,g) be an anti-paraKdhler manifold and T M

be its tangent bundle equipped with the Berger type deformed Sasaki metric gps.
Then

(i) The vertical distribution VT M 1is totally geodesic in TTM ;

(ii) The horizontal distribution HT M is totally geodesic in TTM if and only if
(M2k7 3079) is ﬂat'

Proof. The results come immediately from (i) and (iv) of Proposition 3.1. [

Next, we shall state some relations between the geodesics of (T'M, gpg) and
those of the anti-paraK&hler manifold (May, ¢, g). The following lemma will be
useful later.

Lemma 3.3 ([21]). Let (M, g) be a Riemannian manifold and x : I — M be
acurve on M. IfC:t el — C(1) = (x(t),u(t)) € TM is a curve in TM such
that u(t) € TpyM (i.e., u(t) is a vector field along z(t)), then

O(t) = i+ V(V,u).

Let (Magk, ¢, g) be an anti-paraKéahler manifold, TM be its tangent bundle
equipped with the metric gpg, and C(t) = (x(t),u(t)) be a curve on T'M such
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that u(t) is a vector field along x(t). Direct computations with using Proposition
3.1 and Lemma 3.3 give

. \4 52
VeC ="{Vii + R(u, Viu)i} + {V Viu +1 T 5o ———9(¢e(Viu), Viu)gpu} .

From the relation above we get the following theorem.

Theorem 3.4. Let (Mo, v, g) be an anti-paraKdhler manifold, TM be its
tangent bundle equipped with the Berger type deformed Sasaki metric ggg, and
C(t) = (z(t),u(t)) be a curve on TM such that u(t) is a vector field along x(t).
Then C' is a geodesic on T M if and only if

Vj;i‘ = —R(’LL, Vzu):n,

(52
(0(Viu), Viu)pu.

ViVt = =159

A curve C(t) = (x(t),u(t)) on TM is said to be a horizontal lift of the curve
x(t) on M if and only if V u = 0. Thus, we have

Corollary 3.5. Let (Mag, @, g) be an anti-paraKdhler manifold, TM be its
tangent bundle equipped with the Berger type deformed Sasaki metric ggs, and
C(t) = (z(t),u(t)) be the horizontal lift of the curve x(t). Then C(t) is a geodesic
on (T'M, gps) if and only if x(t) is a geodesic on (Mag, @, g).

If 2(t) is a curve on M, then the curve C(t) = (z(t),(t)) is called a natural
lift of the curve z(t). The following last result ends this section.

Corollary 3.6. Let (Mag, ¢, g) be an anti-paraKdhler manifold and TM be
its tangent bundle equipped with the Berger type deformed Sasaki metric gps. The
natural lift C(t) = (z(t),2(t)) of any geodesic x(t) is a geodesic on (T M, gps).

4. Some almost paracomplex structures with anti-paraHermi-
tian metrics on the tangent bundle

An_almost paracomplex structure on T'M satisfying the purity condition:
9Bs(PX,Y) = gps(X,3Y) for all vector fields X,Y on TM is defined by

| 1
(HX) VX - E (1 + m) 9(X, pu) V(‘Pu)’
7 ("X) =X — (1 +/1+ a52> 9(X, ou) H(pu). (4.1)

Thus, we have the following result.

Theorem 4.1. Let (Mo, ¢, g) be an almost anti-paraHermitian manifold and
TM be its tangent bundle equipped with the Berger type deformed Sasaki metric
gBs and the paracomplex structure ¢ defined by (4.1). The triple (TM, 9, gps)
s an almost anti-paraHermitian manifold.
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We know that the integrability of ¢ is equivalent to the vanishing of the
Nijenhuis tensor Nz. The Nijenhuis tensor of ¢ is given by
N3(X.Y) = [X.¥] - ¢[pX,Y] - 3[X. 5] + [6X.5Y],
where X , Y are vector fields on TM. Tt follows that
Np (VX,1) = [ Y] = g [P Y] = G X 8T+ 37X 61
_ [GHZa &HW] _3 [HZ’ @HW} _ [@sz Hyy) 4 [Hy, HW]
=Nz ("z."w) .
Ny (VX HW) = [VX HEW) - ¢ [@VX, Bw] - G [VX, @) + [V X, gHW ]
= [¢72.7W] ~ 5 [12,"W] ~ 3 [#'2,5"W] + [z, "]
=& (N5 ("z,"w)) |

where VX = g7, VY = $"W. So we can write the following lemma.

Lemma 4.2. The almost paracomplex structure ¢ defined by (4.1) is in-

tegrable if and only if Nﬂ; (HX, HY) = 0 for all vector fields X,Y (for almost
complex version, see [10]).

By direct computations, we have

Nz (X, 1Y) = B {(9(X, ou) V(oY) — (9(Y, ou) V(¢ X)}
+ 8" {g(X, u)g(Y, ou) — g(Y,u)g(X, pu)} V(pu)
+ B8{g(VxY,pu) — g(Vy X, pu)} V(pu)
+ (B8'g(u, pu) + 82){g(X, pu)g(

Y, u)
- g(Y, gou)g(X, u)} V(@u) - V(R(Xa Y)U)v

where 3 = 1(1 4 ﬁ) Here we use the following formulae:

[Vou, VY] = =V(0Y), "Xg(Y,pu) = 9(VxY,u), V(pu)(B) = 28'g(pu, u).
The almost paracomplex structure ¢ defined by (4.1) is integrable if and only if

"(R(X,Y)u) = B{(9(X, 0w)"(0Y) = (9(Y, pu) (9 X) }
+B'{9(X, w)g (Y. pu) — g(Y, u)g(X, ou)} (pu)
+ B{o(VxY,pu) — g(Vy X, pu)} V(ou)
+(BB'g(u, pu) + B2){g(X, pu)g(Y, u) (4.2)
—g(Y,pu)g(X, u)} " (o).
It is known that if the base manifold is anti-paraKé&hler, then the Riemannian cur-
vature tensor of the base manifold satisfies the equality R(¢X,Y )u = R(X, Y )u.
Then, according to (4.3), this identity is never satisfied. This shows that the al-

most paracomplex structure ¢ is never integrable and the structure (¢, gpg) on
the tangent bundle T'M is never anti-paraKahler. Hence, we get the result below.
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Corollary 4.3. Let (Mo, ¢, g) be an anti-paraKdahler manifold and TM be
its tangent bundle equipped with the Berger type deformed Sasaki metric gps and
the paracomplex structure ¢ defined by (4.1). The triple (TM, ¢, gps) can not be
an anti-paraKdhler manifold.

Let us consider the simplified almost paracomplex structure @1 on TM de-
fined by
a(x)="X, @ ("X)="X (4.4)

for all vector fields X,Y on M [4]. For purity condition, we put
A(jza }7) =dBSs (615(:7 }7) — gBSs (X7 &1}7)
for any vector fields X ,f/ on TM. For all vector fields X and 17, which are of
the form VX, VY or X, HY, we have
A(MXMY) = gs (01 (1X) 1Y) = gps ("X, 01 (TTY)) =0,
A(MX,YY) = gps (&1 ("X),VY) — gps ("X, 51 (Y))
= g9(X,Y) +6°g(X, pu)g(Y, pu) — (X, Y)
= 8% g(X, pu)g(Y, pu),
A(XVY) = gas (31 (). Y) — gns (VX 51 () = 0.

From above, if A()N( ,EN/) = 0, then 6 = 0. Hence we have the following
theorem.

Theorem 4.4. If the Berger type deformed Sasaki metric gps on the tangent
bundle over the anti-paraKdhler manifold (Msy, p, g) is anti-paraHermitian with
respect to the paracomplexr structure o1 defined by (4.4), then it reduces to the
Sasaki metric.

Now, consider another almost paracomplex structure @o on T'M defined by
72 ("X) =X, & (MX) = -'X (45)

for all vector fields X,Y on M [4]. From (3.1) and (4.5), it is easy to see that
the Berger type deformed Sasaki metric gpg is pure with respect to the almost
paracomplex structure @s.

We now analyze the paraholomorphy property of the Berger type deformed
Sasaki metric gpg with respect to the almost paracomplex structure @s. We
calculate

(D5,985)(X,Y, Z) = ($2X) (935(177 Z)) - X(QBS(@?,E))
+ gBS((L{/@z))N(, Z) + 9gBs (37, (LZ%))N()
for all vector fields X , 57, Z on TM. Then we yield

(q)[ﬁngS) (VX7 VK HZ) = 07
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(®z,985) ( VY’VZ)
(®z,985) (VX, 1Y,
®z,985) (VX 1Y,
(I)<P2935)(

(

( H VY,
((I)WQQBS) (H VY>
(

(®

VZ)
HZ)
H7) = 2ng R(X, Z)u),"Y),
VZ)
) =

®z,985) ("X, 1Y, "z
598s) ("X, 1Y, VZ) = 2ng MR(X,Y)u),"Z) (4.6)

which give the following result.

Theorem 4.5. Let (Msyg, p,g) be an anti-paraKdhler manifold and TM be
its tangent bundle equipped with the Berger type deformed Sasaki metric gps and
the paracomplex structure @y defined by (4.5). The triple (T M, o2, gps) is an
anti-paraKdahler manifold if and only if Msy, is flat.

Let (Mag, ¢, g) be a non-integrable almost paracomplex manifold with an
anti-paraHermitian metric. If % 9((Vxp)Y,Z) = 0, where o is the cyclic

) 7

sum by three arguments, then the triple (Mag, ¢, g) is a quasi-anti-paraKéahler
manifold (for complex version, see [13]). It is known that %, 9(Vxp)Y,Z) =

0 is equivalent to %, (®,9)(X,Y,Z) =0 [16]. By means of (4.6), we can easily
find

[

o (P5,085)(X,Y,2)=0
XY, Z

for all vector fields X , }7, Z on TM. Hence, we have the following theorem.

Theorem 4.6. Let (May, ,g) be an anti-paraKdihler manifold and TM be
its tangent bundle equipped with the Berger type deformed Sasaki metric gps and
the paracomplex structure ps defined by (4.5). The triple (TM, g2, gBs) is a
quasi-anti-paraKdahler manifold.

Let V be an arbitrary linear connection on M and S be the (1, 2)-tensor field
defined by

S(XY) = SUVry )X + F((VyF)X) = F(VxF)Y)),

where F' is an almost paracomplex (product) structure. By a straightforward
computation, one can easily prove that

V=v-5

is an almost paracomplex connection on M, i.e., VF = 0. Consider the almost
paracomplex structure @y defined by (4.5) and the Levi-Civita connection V given
by Proposition 3.1. Then we can construct any almost paracomplex connection
on T'M by

VY =ViV - §5(X,Y), (4.7)
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where

S(X.7) = 3 {(T,58) % + &B((V58)%) - &((V58)7)

Next, we compute

50X, 1) = 3 { (Vamy 821X + B(Vay 32)7X) — ol (Vi 52)1Y) )
= 3 {Fam @X) — 52Ty X) + Bl (Vi 321)

— BViy X)) = Go(Viuy @Y — 852€HXHY))}

= 2 { %) ~ BTy 'X) + Bo((Vry X)

— E2(Vay X)) = &2 (Vax ™) = B2(Vax ™)) §

{0720 = 31RO 00) = 19 ) - 1R X))

N |

F Ay X) + VRV X))~ H(9y X) + VRV, X))
= MxY) = 5 R )u) + H(TxY) = 5 ROV ) |

= 3V (R(X, Y ),

similarly,
SUX.Vy)=0, S(X,7Y)=-H(R(u,X)Y), §(HXYY>=§H<R(u,Y>X>.

Using the above formulae, from (4.7), we get the following theorem.

Theorem 4.7. Let (May, p,g) be an anti-paraKdhler manifold and TM be
its tangent bundle equipped with the Berger type deformed Sasaki metric gps
and the paracomplex structure @y defined by (4.5). Then the almost paracomplex
connection ¥V constructed by the Levi-Civita connection V is as follows:

(i) Vax"y =H(VxY),

(i) Vuy"Y =Y (VxY),

(iil) Vvy !y = gH(R(u,X)Y),

2
mg(Xa ©Y) V(SOU)

for all vector fields X,Y on M.

(lV) %VXVY =
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The torsion tensor T of the almost paracomplex connection V has the form:
T("X,"Y) = V(R(X, Y )u),
("X, "Y) = SH(R(u, X)Y),

TVX,"Y) =0,

i.e., the almost paracomplex connection V is symmetric if and only if the base
manifold Moy is flat. As is well-known, an almost paracomplex manifold has a
symmetric almost paracomplex connection if and only if the almost paracomplex
structure is integrable [6,12]. Hence, from Theorem 4.5 we have

Corollary 4.8. Let (Mo, ,g) be an anti-paraKdhler manifold and TM be
its tangent bundle equipped with the Berger type deformed Sasaki metric gps and
the paracomplez structure @y defined by (4.5). The manifold (TM, g2, gps) has a
symmetric almost paracomplex connection if and only if Msy is flat. In this case,
the Levi-Civita connection NV and the almost paracomplex connection V coincide
with each other.

5. The Riemannian curvature tensors

The Riemannian curvature tensor R is characterized by

R(XT)Z = [95.95]7 -V g 117

for all vector fields X, Y and Z on T'M. One can check the Riemannian curvature
tensor formula for the pairs X = #XV X, Y =Y,V Y and Z = # 2V Z. Using
the Proposition 3.1 and the Bianchi identities for R, standard calculations give

Theorem 5.1. Let (May, ¢, g) be an anti-paraKdahler manifold and T M be its
tangent bundle equipped with the Berger type deformed Sasaki metric gps. Then
the corresponding Riemannian curvature tensor R is given by

RO, Py)17Z = SV 2R (XY )
+H(R(X,Y)Z + %R(u, R(Z,Y)u)X
+ %R(u, R(X, Z)u)Y + %R(u, R(X,Y)u)Z),

RIX, "YWz =V(R(X,Y)Z + %R(R(u, 2)Y, X)u — iR(R(u, Z)X,Y)u)
+ S (VxR (w, 2)Y — (Vy R)(w, 2)X)

+ mg(@z R(X,Y)u)"(ou),
~ Vi 1
RIIX YY)z = <4R(R(u, Y)Z, X)u+ S R(X, Z)Y)
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2

mﬁ](‘ﬂya R(X, Z)u) V(‘Pu)y

+ (VxR Y)2) +

RX,VY)Vz = H<—;R(Y, Z)X — iR(u, Y)R(u, Z)X> :

RVX,"VV 7z =HR(X,Y)Z + %R(u, X)(R(u,Y)Z) — iR(u, Y)R(u, X)Z),
54

DVy Vy\V iy _

(Y, u)g(X,02) — g(X, u)g(Y,0Z)) ¥ (pu).

Now, we consider the sectional curvature K of (TM, gps), namely,

J(R(X,Y)Y,X)
(X, X)g(Y,Y) —§(X,Y)?

K(X,Y)=

for vector fields X ,17 on TM. With help of (3.1) and Theorem 5.1, standard
calculations give the following result.

Proposition 5.2. Let (May, v, g) be an anti-paraKdhler manifold and T M
be its tangent bundle equipped with the Berger type deformed Sasaki metric gps.
Then the corresponding sectional curvature K is given by

R ("X, ) = K(XY) = 2 | ROGY Jul?

> (Hy V- %H (UY)XH

KOXTY) = 15 Pl e+ (X )

(v vy T 00 s0eY) (X, 0g(Y: 0¥ (X, )

14 62(g(Y, pu)? + g(X, pu)?) ,

where K(X,Y') is the sectional curvature of the plane spanned by X andY, and
||I-|| denotes the norm of the vector with respect to the Riemannian metric g in a
point.

To compute the scalar curvature 7, we rewrite the sectional curvature K in
terms of orthonormal frame. Let the set {e;},.;,, be an orthonormal frame of
T,M, where e In this case, the set {F1,..., Fa,}(n = 2k), which is

L= IIUII
deﬁned as below, is an orthonomal frame of T{, ) T'M,
1
___H,. _ 1% _V C_ _
E; ="(e;), Ept1 = s (pe1), Epyr = "(vex), i=1,...,n, k=2,...n.
With respect to the orthonormal frame {Ej, ..., Ea,}, the sectional curvature is

expressed as follows:
~ 3
K(E;, Ej) = K(ei e5) — 4 |R(ei, e5)ul?,
K(E;, Ent1) =0,

|R(u, ey )e;|”

[?(EDE’I’H-]{:) = 4 )
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I?(EerlaEm—i-k) =Y,
K(Em+k7Em+l) = U

For the relationship between the scalar curvature 7 of (T'M, gpg) and the
scalar curvature r of (M, g), we have

Proposition 5.3. Let (Mo, ¢, g) be an anti-paraKdhler manifold and T M
be its tangent bundle equipped with the Berger type deformed Sasaki metric ggs.
Then the corresponding scalar curvature 7 is given by

n

r=1r— Z <4 |R(ei7 €j)U|2 + 5 |R(u7 @ej)ei’2> :

i,j=1
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Hocaim>xenns moao merpuku Cacaki, nedpopmMoBaHOl 3a
Tunom Beprke, B JOTUYHOMY poO3IiapyBaHHi

Murat Altunbas, Ramazan Simsek, and Aydin Gezer

Hexait TM 6yne fOTHYIHAM PO3IIAPYBAHHAM MajiizKe aHTH-TIAPa-epPMiTo-
BOI'O MHOI'OBHJLY, HaJlijieHOro merpukorn Cacaxki, 1edOpMOBAHOIO 3a THUIIOM
Bepxe gpg. ¥ miit poboTi Mu criogaTKy ofep:Kyemo 3B’s3HicTh JleBi-Husitu
i€l MEeTPUKHU Ta JTOCTiKyeMo reome3udni jiuil wa T'M. Iotim Mmu Oymyemo
MaiizKe aHTU-TIapa-epMiToBi cTykTypu Ha T M i 3HAXOANMO YMOBH, 38 STKUX ITi
CTPYKTYPHU € aHTU-IIapa-KeJEePOBUMH Ta KBas3i-aHTH-apa-kesepoBumu. Ha-
pernTi MU omucyeMo Jiesiki BiaactusocTi piManosol kpusuau (T'M, gpg).

Kirouosi cioBa: merpuka Cacaxki, medopmoBana 3a TuioM bepxke, mapa-
KOMILJIEKCHA CTPYKTYPAa, reofe3isd, JOTHIHE PO3IIAPYBAHHS.
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