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Consider a general polynomial of degree n with variable coefficients. It is known that the Newton polytope
of its discriminant is combinatorially equivalent to an (n— 1)-dimensional cube. We show that two facets
of this Newton polytope are prisms, and that truncations of the discriminant with respect to facets factor
into discriminants of polynomials of smaller degree.
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We consider a general polynomial of degree n

fly)=ao+ay + ...+ axy" (1)

By its discriminant we call an irreducible polynomial A(ag,aq,...,a,) with integer coefficients
that vanishes if and only if the polynomial (1) has multiple roots. The purpose of this article is
to refine some classical results on the structure of facets of the Newton polytope of the discrim-
inant A, as well as to study factorization of truncations of the discriminant with respect to the
facets. The knowledge of this structure is important in the study of a general algebraic function
y = y(a) of roots of the polynomial (1) ( [1,2]).

1. The Newton polytope for the classical discriminant

Recall that the Newton polytope N'(A) of the polynomial A(ayg, ..., ay) is the convex hull in
R"™*1 of exponents k = (kg, k1, ... k,) of all monomials participating in A.

Note that the Newton polytope of the polynomial (1) is the segment [0,n] C R. The fol-
lowing theorem shows that each vertex of the Newton polytope N (A) of the discriminant of f
corresponds to an appropriate triangulation (i.e. a partition into segments) of the segment [0, n].
Each partition is given by a set of integer points

0=1p <11 <...<i5<lg41 =N.

It is clear that such a set is identified by a subset I C {1,2,...,n — 1} of the type I = {i; <
ip < ...<is}, 0 < s <n—1. The number of all such subsets equals 2”71, since we include in
the list the empty set too, which corresponds to s = 0.

Theorem 1 ( [3], p. 412). The Newton polytope N'(A) of the discriminant A is combinatorially
equivalent to an (n—1)-dimensional cube; its 2"~ vertices are in a bijective correspondence with
all possible subsets

Ic{1,2,...,n—1}.
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The vertex vr corresponding to subset I = {i; < iy < ... <is} has the coordinates
ko =11 —ig—1, kp =t0541 — 15— 1 (2)
kiq = iq+1 — iq—l fOT ’iq € I,
ki=0 for i ¢ IU{0,n}.
Let ly = ig+1 —iq (0 < ¢ < s). Then the monomial

a¥l = a60*1a1_1+loal_2+l1 qletle—1gla—1

11 12 AR A n

is in A with the coefficient

S

lq(lq—l)
e, = [0 1 (3)

q=0

Let us illustrate the theorem by an example of a cubic polynomial
f(y) = ao + a1y + az2y® + asy’.
Its discriminant is
A = —27a2a3 — 4a3az — 4apal + alas + 18agaiazas.
In this case there are 4 subsets I C {1, 2}:
Iy=92, I ={1}, LL={2}, I3={1,2}.
The corresponding monomials are the following
—27a2a3, —4atas, —4apal, ata3.

As for the monomial 18agajasas, it corresponds to an interior integer point (1,1,1,1) € AM(A),
and the theorem says nothing about it.
Further on we consider (1) with a9 = a, = 1, i.e. a reduced polynomial

frea(y) =1+ a1y +...+an_1y" " +y" (4)

The Newton polytope of the discriminant of this polynomial lies in R®~! (the coordinates ko and
ky, in the expression (2) are missing). The discriminant of the polynomial (4) we call a reduced
discriminant. For example, for a cubic equation the reduced discriminant equals

A =27 + 443 + 4a3 — 18ayaz — atal.
The paper [4] gives the inequalities defining the Newton polytope N (A) for the discriminant of
the polynomial (4). There are 2 - (n — 1) such inequalities:

n—1
ty >0, Y min(j,k)[n — max(j,k)t; <nk(n—k), k=12...,n-1 (5)
j=1

Thus, the Newton polytope of the reduced discriminant of a cubic equation is given by the system
of inequalities
t120, t220, 2t +12<6, t1+2t2<6

(see Fig. 1).
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(0.3)

(0,0) (3.,0)
Fig. 1. The Newton polytope of the reduced discriminant of a cubic equation

2. The prism facets of the Newton polytope N (A)

Recall that we consider a reduced discriminant A. Further on it will be convenient for us to
denote the facets in (5) that are not in the coordinate hyperplanes as

g =S teN(A): i min(j, k)[n — max(j, k)]t; = nk(n — k) » , (6)

k=1,2,...,n—1.

We shall call a polytope G of dimension d a d-prism, if it is a Minkowski sum of a (d — 1)-
dimensional polytope and a segment. This (d — 1)-dimensional polytope and its translate we call
the prism’s bases.

Theorem 2. The facets go and g,_o of the Newton polytope N'(A) of the reduced discriminant A
are (n — 2)-prisms.

To prove Theorem 2 we need two lemmas. Recall that according to Theorem 1 each vertex
vr = v;, ... ;. of the Newton polytope N (A) of the reduced discriminant of the polynomial (4) is
written down as follows

il i2 i3 isfl is
(O,...,22,...,13—21,...,24—12,...,13—zs_g,...,n—zs_l,...,O) (7)

(there are zeroes on vacant places).

Lemma 1. Each vertex vr = v;, i, i. of the Newton polytope N'(A) belongs to all s facets gy,
k=i1,...,is of the list (6) and doesn’t lie in any remaining n — 1 — s facets of this list.

Proof of Lemma 1. First we show that the vertex v;, _; lies in the facets g, with k& =
i1,...,1s. According to (6), if it belongs to g;,, p = 1,2,...,s then

(n—ip) Y ivti, +ip > (n—iy)ti, =n(n —ip)ip, (8)

v=p+1

where t;, are nonzero coordinates of v;, . ;., which in accordance with (7) can be written down
as ti, =iy,41 —ly—1, v =1,2,...,5, with ip = 0,4541 = n.

P
Transform both sums in the left hand side of the equality (8). The first sum »_ 4, (iy41—%,—-1)
v=1

S
equals ipipt1. As for the second sum Y (n —4,)(iy+1 — %v—1), here all the terms except four
v=p+1
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of them vanish, and as a result we get

S
Z (n =) (fy41 — Gy—1) = —Nip — Nipt1 + dpipt1 + n? = ip(ipr1 —n) +n(n —ipp1) =
v=p+1

=(n- ip)(n - ip+1)~

Then for the left hand side of (8) we have

p s
(n —ip) Z ivti, +1p Z (n—iv)ti, = (n = ip)ipipr1 + ip(n —ip)(n — ipy1) = n(n —ip)ip,
v=1 v=p+1

i.e. the required equality (8).

Further on, for an arbitrary partition of the segment [0, n] by i1, ..., is we prove the following
fact. If ¢’ ¢ {i1,...,4s} then the vertex v;, . ;, doesn’t lie in the facet g;. Let i’ lie between i,
and 4,41, then we need to prove that

S

p
(=) ivti, +i" Y (n—iy)ti, #ni'(n—i'),
v=1

v=p+1
that is that if ¢/ does not coincide with the points 41,...,is of the segment partition, then the
function
p s
h(i') = (n =) iy(ippr — i)+ Y (n—iy)(iys1 — iy—1) — ni'(n — ')
v=1 v=p+1

does not vanish. It is not hard to see that h(i') = 0 for ¢/ =4, and ¢ = ip4+1. Indeed, using the
equalities proved in this lemma

p p
D ivti, =Y i (iver — 1) = dpips,
v=1 v=1
S S
Z (n—iy)ti, = Z (n =) (lpr1 —du—1) = (n —ip)(n — dpt1),
v=p+1 v=p+1

we get
h(i') = (n — i)ipip1 + 7' (n —ip)(n — ipy1) —ni'(n —i').
Then for h(i,) we have

h(ip) = (n —ip)ipip+1 +ip(n —ip)(n — ipt1) — nip(n —ip) =

=ip(n —ip)(ip+1 + 1 —ipy1 —n) = 0.

Similarly, we get h(ip4+1) = 0.
Since h is a polynomial of degree two in i’, we conclude that

B(i") = n(i — i) (i — ipi).

Taking into account the fact that ¢’ is not a point of the partition, i.e. i’ # 4,,7 # i,11, we see
that h(i") # 0. O
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Lemma 2. Let i',i" be two different integer points of the segment [0,n] that are not in
{i1,...,is}. Then in R"~1 the following vector equalities hold:

. -/ -7,
Vir Uit i1 = Uiy, ig,i' Vig,is,il iy bs <0 <105

-/ -/ 3
ViUt it = Vit iy i Ui i iy ies 0 <L < s

Proof of Lemma 2. Calculate the coordinates of vertices in the equalities:

v 11
i K e
_ o — i !
vy = (0,...,n,...70>7 Vi g = (0,...71 7...,n—z,...,O),

i1 i Ts—1 i

-~ — L —
Vig,ig i = (O,...,ZQ,...,zg—zl,...,zs—zs_g,...,n—zs,...,O),
iy ia is—1 i’ i’
Vig,oigyiti? = (0,000 00,000,083 — 91,00y 0 — Tg—2,...,8 —ig,...,n—13/,...,0

(there are zeroes on vacant places). Hence

7 =
Vit 10 — Vit = Uiy, ig,i 3" — Vig,. il = (O, ey Ny — 7O).
Similarly,
-/ -1/
? —~
— — 1 ;!
Vit ot = Vgrr = Vi i1 Gy iy — Vitt iy = (0, R ,---,0>.
Thus, the lemma is proved. O

Now we can turn to the proof of Theorem 2.

Proof of Theorem 2. First, we prove the theorem for the facet go. According to Lemma 1, it
contains all vertices of the polytope N'(A) of the type v._ o . (i.e. corresponding to partitions of
[0, n] having the point 2 in the defining set of integer points) and only of this type. Let us show
that these points constitute a prism. In order to do this we divide all the mentioned partitions
into two groups. The first group includes all the partitions which do not employ the point 1,
the vertices of N'(A) corresponding to them are of the type vg, ; the second group includes all
partitions employing the point 1, the corresponding vertices of N'(A) are of the type vy o .

Show that vertices of each group lie in two parallel planes of dimension n — 3. Namely, the

vertices of the first group lie in the plane given by
t1:0, (n—2)t2—|—(n—3)t3—|——|—1tn,1:n(n—2) (9)

The coordinates of the vertices vy . can be written down as (7) with ¢; = 2. Substituting these
coordinates into the left hand side of the second equation of (9) we get

S S

Z(n - iu)(iv+1 - Z-u—l) == Zn(iu—i-l - il/—l - il/il/—‘rl + iy—liu) =

v=1 v=1

= nis + m's+1 — TLiO - nil — is’is+1 + ioil = n(n — 2)

Here we take into account that isy; = n, o = 0, i1 = 2. Thus the second equality in (9) holds.
Now, according to Lemma 2, each vertex of N(A) corresponding to a partition from the
second group, i.e. each point of the form vy 2,, ..., s = 0,...,n — 3, is a translate of the
point vg ;... ;. corresponding to a partition from the first group by the vector (2,—1,0,...,0).
It follows from here that two faces, one formed by the points of the form vy 2 ;,,.. ;, and another

s
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formed by the points v, ..., s =0,...,n — 3, are conguent. Also, it is clear that the other
edges of the facet are parallel. So, for the facet g the theorem is proved.

The bases are parallel, and the base formed by the vertices of N'(A) of the type vy 2, passes
through the point v12 . n,—1 = (2,...,2) of the polytope, from these facts it follows that the
equation of this base is

t1 =2, (n—?)tg+(n—3)t3+...—|—1-tn_1:(n—l)(n—?).

Similar arguments are applicable to the facet g,,—2, whose each point looks like v ,_2 .. For
this facet each vertex of N'(A) of the form v;, ;. n—2n-1, $ =0,...,n — 3, belonging to one
of the prism’s bases is a translate by the vector (0,...,—1,2) of a point of the form v;,, _;, n—2,
belonging to another base. Herewith, the equations of the bases of the prism g, _o are

th1=0, 1t; +20+ ...+ (n — Q)tn_g = n(n — 2),

tn,1 = 2, 1t1 —+ 2t2 + ...+ (’fL — Q)tn,Q = (n — 1)(n — 2)
The theorem is proved. |

3. Factorability of the discriminant’s truncations A‘gk

A discriminant truncation with respect to a facet g of the Newton polytope N (A) is the
polynomial A|gk consisting of all monomials A with exponents from g;. The main observation of

this section is the following statement about discriminants of polynomials of degree not greater
than 6.

Theorem 3. Forn=2,3,4,5,6 the truncation A"‘gk of the reduced discriminant is a product(up
to a monomial factor) Ap(1,a1,...,ak)An—k(1,an_1,...,ar) of the discriminants of polynomials
of degrees k and n — k.

Conjecture. The statement of Theorem 8 seems to be valid for any degree n.

Before we begin to prove Theorem 3, remark that Ay = 1 since Ag(1,aq) is the discriminant
of the polynomial f(y) = a;y + 1. Therefore the statement of Theorem 3 for n = 2, 3 is trivial.
So, we consider only the cases when n =4, 5, 6. We begin our proof for facets that are prisms.
3.1. Truncations of the discriminant with respect to prism facets

In this section we study truncations of the reduced discriminant with respect to facets g and
Jn_2, which according to Theorem 2 are prisms.
Consider a reduced polynomial of degree 4:

frea(y) =1+ a1y + a2y® + azy® + y*.

In this case prisms g2 and g,,_» coincide, therefore only one of the facets of N'(A) is a 2-prism,
i.e. a parallelogram. According to (6) the facet gs is given by

3ty + 2y + 13 < 12,
t1 + 2ty +t3 =8,
t1 + 2ty + 3t3 < 12

in the positive orthant. Integer solutions of this system are the four points

Vg = (05470)7 V12 = (27370)7 V123 = (25272)7 V23 = (07372)a
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which are the vertices of the parallelogram. Using formula (3) we compute the truncation
A|92 = 16a3 — 4a%a3 + ala3a3 — 4a3a?.
It turns out that it factors into

A|g2 = a3(4ay — a)(4ay — a?), (10)

where binomial factors are discriminants of quadratic polynomials
a2y2 +asy+1 and a2y2 + a1y + 1.
For n = 5 the polynomial (4) takes the form

frea(y) = 1+ a1y + azy® + asy® + asy® +v°. (11)

In this case according to Theorem 2 the facets go and g3 are 3-prisms. The facet g3 is defined by
the system

4t1 + 3to + 2t5 + t4 < 20,
3ty + 6to + 4t + 2t4 < 30,
2ty + 4ts + 6t5 + 3ts = 30,
t1 + 2t + 3ts + 4t4 < 20.

Calculations show that a solution of this system which defines the truncation A|93 of the dis-
criminant of (11) consists of the following 10 points

V3 = (0, 0, 5, 0), V13 = (3, O, 4, O), Vo3 = (0, 3, 3, O), V123 = (2, 2, 3, 0),
V34 = (07 07 47 2)3 V134 = (37 07 3a 2)) V234 = (07 37 2a 2)7 V1234 = (27 27 27 2)
(1,1,4,0), (1,1,3,2).
As we see, the first five points lie on the prism’s base in the hyperplane ¢4 = 0, and the rest of

these points lie on the base in the hyperplane t4 = 2.
The expression for A|g3 is

A}‘ = 108a3 + 16a1a3 + 16a2a3 4a%a§a§ — 27a3a4 4ai’a§ai 4aga§ai+
+a2a3a3a? — 72a1a2a3 + 18ayaq0a3a’.
It turns out that this truncation also factors:
A| = ai(4asz — a?)(27a3 + 4ataz + 4a3 — ata3 — 18ajazaz3). (12)

Note that the factor 4as — aZ in this expression is the discriminant As.3 4(as, a4) of a quadratic
polynomial fa.3 4(y) = asy® + aqy + 1 and the last factor is the discriminant Ag.321(a1,az,as)
of a cubic polynomial

f33,21(y) = azy® + aoy® + a1y + 1.

Consider now the polynomial (4) for n = 6:

frea(y) = 1+ a1y + a2y® + asy® + asy” + asy® + y°. (13)

—432 —



Evgeny N. Mikhalkin, Avgust K. Tsikh On the Structure of the Classical Discriminant

Compute A’g4. According to (6) the integer points of N'(A) that belong to g4 are defined by

the following conditions
oty 4 4to + 3tz + 2t4 + t5 < 30,

4t1 + 8ty + 6t + 4ty + 2t5 < 48,
3ty + 6ty 4 9t3 + 6t4 + 3t5 < 54,
2t + 4t + 6ts + 8ty + 4t5 = 48,
ty + 2ty + 3t3 + 4ty + 5t5 < 30.

It follows from the equations for the prisms’ bases obtained in the previous section that for the
level t5 the values 0, 1,2 are possible. For the base in t5 = 0 we get the system:

ty = 3,

t3 4+ 2ty = 8,

to + 2t3 + 3ty > 15,

t1 4 2ty + 3ty + 4ty = 24,

the solution of which are 16 points from Z‘;O, and 8 of them are vertices
v1234 = (2,2,2,3,0), vezs = (0,3,2,3,0), v134 = (3,0,3,3,0),
v34 = (0,0,4,3,0), vi2a = (2,3,0,4,0), vaqa = (0,4,0,4,0),
v14 = (4,0,0,5,0), v4 = (0,0,0,6,0).
The remaining 8 points
(1,1,3,3,0) (3,1,1,4,0), (1,2,1,4,0), (2,0,2,4,0), (0,1,2,4,0),

(2,1,0,5,0), (0,2,0,5,0),(1,0,1,5,0)

are not vertices but correspond to some monomials of the discriminant of the equation under
consideration.

For t5 = 1 for each integer solution of (14) from Z‘;O there is no corresponding monomial
participating in the discriminant of the polynomial of degree 6. As for the plane t; = 2, here
we use the fact that each point of this base is a translate from the base in t5 = 0 by the vector
(0,0,0,—1,2). As a result we get the following points in the remaining base (in t5 = 2):

V12345 = (2 2a 2) 27 2) V2345 = (07 3a 27 27 2)7 V1345 = (37 07 3a 27 2)7

vsas = (0,0,4,2,2), vi245 = (2,3,0,3,2), vags = (0,4,0,3,2),
v15 = (4,0,0,4,2), vg5 = (0,0,0,5,2);
(1,1,3,2,2) (3,1,1,3,2), (1,2,1,3,2), (2,0,2,3,2),
(0,1,2,3,2), (2,1,0,4,2), (0,2,0,4,2) ,(1,0,1,4,2).

Then for A’g4 we get the following representation:
A| —(4a%d3a3a3 — 16a3a2a3 — 16a3a3as — 108a3a3 — 16ata3a] + 64asa)—

—108atal + 1024a$) + (72a1a0a3a3 + T2a3azaza; — 320a,a3aza] — 24a%aZal+
+576aza3a; + 576atazal — 512a3a] — 768a1azal) — ai ((—ajajaiai+

+4a3aia? + 4adadal + 27a3a3 + 4aiadal — 16a3as + 27aja] — 256a3)+
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+(—18a1aza3a? — 18aasasa’ + 80aia3azal + 6a3a3al — 144asa3al—
—144afasaj + 128a3a] + 192a1a3a})),

which admits a factorization

| = —a3(a? — 4ay)(6a3aiay + 27ata? — 18a3azazay + 80aja3azas — 144ataqsa’+

+4adal — 18aja0a3 4 192a1a3a3 — 25603 — a’aias — 16a5a4+

+128a3a? + 27aj3 + 4a2aday — 144asa3ay + 4aia3).

In the obtained product the factor ag — 4ay is the discriminant Asy 5(aq,as5) of a quadratic
polynomial
foa5(y) = asy® + asy + 1,

and the last factor is the discriminant Ay.4 3.2 1(a1, a2, a3, aq) of a polynomial of degree 4:

fra321(Y) = asy® + asy® + aoy® + a1y + 1.

Then for A’g4 we get the following representation:
A|g4 = aj Ao s(aq,a5) Asaz01(ar, a2, a3, aq).

3.2. Truncations of the discriminant with respect to the remaining
facets

Now we turn again to the polynomial (11) of degree 5. Consider the truncation A| of its

discriminant with respect to the remaining facets gy, i.e. g1 and g4. The facet g, is given by the
system
4ty 4 3to + 2t3 + t4 < 20,

3t1 + 6ta + 4t5 + 2t4 < 30,

<
2t + 4ty + 6t3 + 3ty < 30,
t1 + 2ty + 3tz + 4t4 = 20.

Calculations show that among integer solutions of this system only the following points are
exponents of monomials of the discriminant A

(13 ]‘7372)7 (33 ]‘7173)7 (2’25272)7 (3305372)7 (2703273)7 (]‘70’ 174)7
(03 17273)7 (2’ 17074)7 (0’35272)7 (2’35073)7 (172’ 173)7 (4703074)7
(0707075)’ (0a27074)7 (Oa47073)7 (0a05472)
The truncation of A with respect to g4 equals

2.2 2 3.3 2
A’g4 = 18ajazaja; + 18ajazazal + afa3a3al — 4ajaiai — 6aia3al — 192a1a3a4—|—

+144aza3a3 + 144alaza) — 4a3a3a? — 4ata3al — 80ayaiazal — 27ata] + 256a;—
—128a3aj + 16a3a3 — 27a3a4 = a4(18a1a2a3 + 18a3azazaq + a1a2a3 4a1a3
—6a1a3a4 — 192a1a3a4 + 144a2a3a4 + 144a1a2a4 4a2a3 4a1a2a4 — 80a1a2a3a4—
—27a1a4 + 256a4 — 128a2a4 + 16a2a4 — 27a3) = a4A4 a321(a1,a2,as,a4),

where Ay.432.1(a1, a2, as,aq) is the discriminant of a polynomial

fu12301) = asy® + azy® + asy® + ary + 1.
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It is known that this discriminant is irreducible [4]. Since A; =1, we can write as desired:
A|g4 = &2A4;4,3,2,1(a1,a2,a3,a4)A1;4(a4)-

At the end of the section we show factorability of V|g3 for the polynomial of degree 6. The
facet g3 is given by the system

5ty + 4ty + 3t + 24 + t5 < 30,
Aty + 8ty + 6ty + Aty + 2t5 < 48,
3t1 + 6to + Ot + 6t4 + 3t5 = 54,
2ty + Aty + 6ts + 8ty + 4t5 < 48,
t1 4 2t + 3t + 4tg + 5t5 < 30.

Its solution consists of 25 points

(1’1737370)’ (1717470’3)7 (27272’370)7 (272’37073)7 (073’3’171)7

0,3,2,2,2), (3,0,4,1,1), (3,0,3,2,2), (0,0,4,3,0), (0,0,5,0,3),
(0,3,4,0,0), (3,0,5,0,0), (2,2,3,1,1), (1,1,3,2,2), (0,0,5,1,1),
(0,0,4,2,2), (1,1,5,0,0), (2,2,4,0,0), (0,3,2,3,0), (0,3,3,0,3),
(3,0,3,3,0), (3,0,4,0,3), (0,0,6,0,0), (1,1,4,1,1), (2,2,2,2,2).

Accordingly, the truncation V’gg is

— 3.3 4.3 2.2 2 3
V|g3 = T2a1a2a3a3 + T2a1a0a3a3 + 4a’a3aial + 4aiasaial + 72a3a3asa5+

+4a3aiaia? — +T2a3a3a4a5 + dadadala? — 108aza; — 108a3ai — 108a3a3—
—108a%a3 — 18a%a3aiasas — 18ayazaiaia? + 486a5asas + 27asza5a2+
+486a1 azaj + 27ataza; — 16a3a3a’ — 16a3a3as — 16aSaial—
—16atazas — 729a5 — 324araza3asa5 — aja3ajaial.
Calculations show that this expression admits the following factorization

—a3(27a3 — 18aya0a3 — a?a3 + 4a3 + 4alas) x

x(27a3 — 18azaqas — 9aza? + 4a3 — 3asa? — al).

Thus, we get
2
V‘gs_ = —a3A332103345,

where Ag.391(a1,a2,a3), As345(as,aq,as5) are the discriminants of polynomials

fa3.21(y) = azy® + aoy® +ary + 1, f3345) = asy® + asy® + asy + 1.
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O cTpyKType KJacCUIeCKOro JUCKPUMWHAHTA

EBrenunit H. Muxankuu
Asryct K. Ilux

Paccmampueaemcn NOAUHOM CMENEHU N C NEPEMEHHDIMU, noa&ﬁuuueumamu‘ HSG@CmHO, Umo MmH020-
epaHHuUK Hvromona duc%’puJ\/LuuaHma maxoeo MHO204NEHQA nomﬁunamopHo IK6UBANEHMEH T — 1—M€pHO.M,y
7€y6y B cmamoe noxras3aro, 4mo dee 2unepezparHy, MHo202paHHUKa Hvromona asasomes npusmamu, a
Cpe3ru duc%pumuuanma HA eparu (ﬁtmmopuaymmc;z Ha ducnpumuuaﬁmm NOAUHOMOEB CMENEHU MEHD-
we n.

Karoueswie crosa: obuee anzebpauseckoe ypasnerue, OUCKPUMUHAGHT, MmHoz2o0epartux Hvlomona.
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