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YAK 517.518

CHARACTERIZATION OF 7 -INDEPENDENT SETS OF < 3n
POINTS IN R

A. Malinyan

Russian-Armenian (Slavonic) University
e-mail: argishti.malinyan@gmail.com

Abstract. All 7 -independent sets of < 37 points in R? are characterized
in paper [4]. In this paper we characterize all 7 -independent sets of

< 3n points in R,

The results remain true also in the case of C* .
Keywords: Fundamental polynomial, independent point set.

1. Introduction, characterizations of independent point sets
Let us start with some notations. Denote
X=(x,%,...%,;), a=(a,0,,..,a,),

—a _

% % —
XC=x xS, lalFa o, +tay.

Denote also by H: = Hn (Rd)the space of polynomials in d variables of total
degree not exceeding #:

I ={p<f) = a,%".a, eRX eR"}-
la|<n

In the case d =2 we denote briefly [T =TT .
We have that
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N:=N!=dim[]! = (n;d} :
Let us fix a set of points:
X;= {377,593 R’}
The problem of finding a polynomial p € HZ satisfying the conditions
p(x)=c, i=12,..,s, (1.1)

is called interpolation problem and denoted briefly by (Hd X S) .

n?

The polynomial p is called a data interpolating or just interpolating polynomial.
" . . d . .

Definition 1.1. The interpolation problem (Hn ,X Y) is called solvable, if for
any set of values {c1 »CyyeniCy } there exists a polynomial p € Hj satisfying the condi-
tions (1.1).

We call a polynomial p € HZ fundamental, or 72-fundamental, for the point
A=X, €X, anddenoteitby p, = p, = pZ,X masif

p(x)=0,, i=L2,..,s5,

Where O is the Kronecker symbol.

Evidently a polynomial (from HZ ) vanishing at all points but A4 is a constant

times a fundamental polynomial. Sometimes it is convenient for us to call such poly-
nomials fundamental too.

Definition 1.2. 4 set X is called Hj -independent, or briefly N -independent, if all

its fundamental polynomials pz S Hj Ae X, exist.

Since the fundamental polynomials are linearly independent we get that the fol-
lowing is a necessary condition for 7 -independence:

s<N.

In the case of independence we have the following Lagrange formula for a
polynomial satisfying interpolating conditions (1.1):

N *
pP= Z GD;-
i-1

Next we bring the first characterization of # -independence:
Proposition 1.3. 4 set X is n-independent in R’ if and only if the interpola-
tion problem (Hj , X ) is solvable.
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Indeed, one side here follows from the Lagrange formula and another side fol-
lows from the fact that the fundamental polynomials are solutions of particular inter-
polation problems.

Now let us discuss the poisedness.

Definition 1.4. A set X ¢ Is called Hi -poised, or briefly n-poised, if for any

. . . d ...
set of values {cl,cz,...,cs} there exists a unique polynomial p € Hn satisfying the

conditions (1.1).
Evidently the following is a necessary condition for the poisedness:

s=N.
Denote by p‘x the restriction of pon X . By using an elementary fact of Lin-
ear Algebra we get
Proposition 1.5. The interpolation problem (Hj X y ) is not poised if and only if

Pell’ p#0, p(x)=0,i=12,..,N.
Or, in other words, the interpolation problem (Hi,X N) is not poised if and

only if there is an algebraic curve of degree < 7 passing through all the points of X N
The following two propositions characterize n-independent sets as subsets of 72-
poised sets (see [2], Lemma 2.1).

Proposition 1.6. Any 7 -independent set X ,with § < N can be enlarged to an

N -poised set.

Next we bring the characterization of 7 -independence of X ¢ in terms of linear

independence of some S vectors in R".
The Vandermonde matrix ¥V, (X,) for the point set X, = {X'}_, and [1¢ is
the following determinant:

1 1 1\n I\n-1 _1 1 \n
(1] (X)), ()L, s ()"

2 2 2 2yn—1_2 24n

V(X = Lo e Xy ()", (06)" X5 e (X))

N o : o

s K S\ syn—1_.s

Lx! X () ()" X5, ()"

Thus V,,(X) is ans X N -determinant.

Obviously we have that the interpolation problem (H:,X N) is nm-poised if

and only if detV,(X,)#0.



6 Characterization of n-independent sets of <3n points ...

Proposition 1.7. 4 set X is n-independent if and only if the set of N -vectors
corresponding to X is linearly independent.

Indeed, let X =X - The existence of all fundamental polynomials means that

the linear hull of the column vectors of the Vandermonde matrix ¥ (X ) contains the

vectors (1,0,...,0),(0,1,0,...,0),...,(0,...,0,1) € R’.Therefore the rows of the

matrix are linearly independent.

2. Independence of sets of <7+ 1and <2n+1 points

Later we will use the following known results.

Theorem 2.1 (Severi, see [3] Theorem 8). Any set of < n+lpoints in R is
N -independent.

Proposition 2.2 (see [1] Proposition 1). Any set of < 2n + 1 points in R isn-
independent if and only if no n+ 2 of them are collinear. Moreover in the case of in-

dependence each point has a fundamental polynomial which is product of lines.
Now we get readily the following corollary:

Corollary 2.3. The following statements hold true for lines:
i) Any set of <7+ 1 points situated on a line is 77 -independent.
ii) Any set of > 1+ 2 points situated on a line is 7 -dependent.

Theorem 2.4 (see [3] Theorem 6). The problem (H];,X) is solvable, with all
the points of X belonging to an m - dimensional (1<m<k) linear subspace L, if
and only if the problem (I1"', X)) is solvable.

Let X ={x“}", and Y = {y(i)}‘;l.

Remark 2.5 (see [3] Remark 7 ii)). If the problem (IL",X)is solvable, with
{x(i)}le all belonging to an m - dimensional (1< m < d) linear subspace L, then so

is the problem (HZ,Y), where the projection of v on Lis x?, i=1,...,s.

Remark 2.6 (see [5] Remark 1.7 iii)). The set X is n-independent if and only
if the set TX is n-independent, where T is a nonsingular linear transformation.

In this section we use the same letter, say p, to denote a polynomial p e IT,
and the curve for which p(x, ) =0 is an equation. More precisely, suppose p € IT  is

a polynomial without multiple factors. Then the curve of degree< n with an equation

p(x,y)=0
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we call also p . The lines, conics, cubics and the corresponding polynomials we denote
by a, B,y , respectively. By conic or cubic we mean algebraic curves of degree 2 and
3, respectively.

Theorem 2.7 (see [4] Theorem 5.3). Suppose that a set of points X is given

with #X <3nin R*. Then we have that X is n - dependent if and only if one of the
following statements holds:
i) There are n+ 2 collinear points in X ,

ii) There are 2n+2 points of X belonging to a conic f€11,,

iii) #X =3n and there is a cubic y €ll, and a curve o €ll, such that
yNo=X.

For next definition we need the following notations:

Suppose L is a hyperplane in R?, @ is a vector in R which is not parallel to
L, and A is a point in R’ . Denote by /=1 4. the line passing through 4 with a

direction vector a .

Definition 2.8. We call A’ , a point from L , the projection of 4 with direction
ainL,if A'=I1,NL.

Corollary 2.9. Suppose that a set of points X is given in R Lisa hyper-
plane in R’ , ais a vector in R which is not parallel to L. If the problem
I’, x 1) is solvable then so is the problem (HZ,X ), where X, ,are the projec-

tions of the points of X along the directionaon L .
Proof. Suppose, without loss of generality, that L is given by an equation
x, =0.Let a=(a,a,,...,a,) From conditions we have that a, # 0. Let us denote

the set of projections of points of X on L by X, . Consider the following linear

transformation x' = Tx, where T is the following matrix:
(1 0 ... al/ad\

. 01 - al/a,

0 1

It is easily seen, that 7' is nonsingular, 7L = L and projections of our points
from R’ in (x/,x,,..,x)) coordinates on L coincide with projections in
(X,,%,,...,X,) coordinates on L along a. We have that the problem (I1¢,X La)is
solvable. Now according to Remark 2.6 the problem (HZ,X ;) is solvable too. Finally
according to Remark 2.5 the problem (Hj ,X) is solvable which finishes the proof.
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3. Independence of <37 points in R’

In this section by a plane in R’ we mean a two-dimensional plane.
In this section we will prove our main result.

Theorem 3.1. Suppose that a set of points X is given with #X <3nin R°.
Then we have that X is n - dependent if and only if one of the following statements
holds:

i) There are n+ 2 collinear points in X ,

ii) There are 2n+2 points of X belonging to a conic 5 €11, in a plane,

iii) #.X =3n and there is a cubic y €11, and a curve o €11 in a plane such
that y Mo =X .

Let us first prove the followingthree lemmas.

Lemma 3.2. Suppose that a set of 3n,n>2, points X is given in R and

Ae X . Suppose also that
1) X is not coplanar and there are3n—1 coplanar points in X ,
2) There are no n+ 2 collinear points in X one of which is A,

3) There are no 2n+ 2 coplanar points of X belonging to a conic one of
which is A.

Then there is a fundamental polynomial p; = pZ’X,n,d for the point Ain X .
Proof. Let us find a fundamental polynomial pz’ xna- Let us denote by L the

plane which contains 3n—1 points from X , by A, the point from X which is not

belonging to L .First assume that A ¢ L . It is easily seen that a hyperplane which is
containing plane L and does not pass point 4 will be a fundamental polynomial for
the point 4. Now assume, that 4 € L . In view of condition 1) and Theorem 2.7 a set

of 3n—1 coplanar points X, = X \{4,} is n-independent. Without loss of generality
assume that the plane L is coincident with {x, =0;i=3,4,...,d}. Let us denote a
fundamental polynomial for point 4 in X, by p:’ Xono (x,,x,) . Let us denote also the
projection of point of A in the plane L by 4, . First assume that pz’ Xon2 (4,)=0,
i.e., A, is lying on the curve given by a fundamental polynomial of point of 4. In
this case we have that pZ’X’n’d (X, X500y X)) = p:,Xl,n,Z(‘xl’XZ) is a fundamental poly-
nomial of point of 4in X . Now assume, that pZ’XI n (4,)#0,ie., A, isnot lying

on the curve given by a fundamental polynomial of point of A4 . In this case we can
find a direction a and apply a linear transformation discussed in Corollary 2.9, such

that pz, X2 (A')=0, where A' is the projection of the point 4 by the direction @ . In
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this case we have that pz’aX’n,d (X, X500 X)) = pZ’X] 22(X;,x,) is a fundamental poly-
nomial of the point of Ain X', where X' = (X \{4})U{4'}.

Lemma 3.3. Suppose that a set of 6 points X, is given in Rd. Suppose also
that

4) X, is not coplanar,

5) There are no 4 collinear points in X,,.

Then X, is two independent.

Proof.Here we will discuss three cases.
Case 1. There are 5 points in X, belonging to a (two-dimensional) plane de-

noted by L . Let us find a fundamental polynomial pz for the point 4 € X|. First as-
sume that 4 = 4, is the point in X, outside of L , i.e., A ¢ L . In this case for funda-

mental polynomial we take a hyperplane which contains the plane L and does not
pass through the point 4. Now assume 4 € L .According to Proposition2.2 the five
points of X, = X, (1L are2 -independent in L if no four of them are collinear and for

any point the fundamental polynomial is a product of 2 lines. Let us denote by /, and
[, the components of fundamental polynomial of the point 4 for the set X, . Denote
also by L, the plane, which is passing through the line /; and point 4, and by L,a
plane which is passing through /, and is different from L . Itis clear that A ¢ L, UL,.
Now it is easily seen that we can choose pz =HH,, where H, and H, are hyper-
planes which contain planes L, , L, , respectively, and do not pass through point 4.
Case 2. There are 4 points in X, belonging to a plane denoted by L . Suppose,
in view of case 1, that the remaining two points are outside of L . Let us construct a
fundamental polynomial p, for the point A € X,. First assume that A=A & L. Let us
denote by A, the other point outside of L . Denote also by H, a hyperplane which is

passing through point A4, , but not point 4. Then it is clear, that pz =HH , , where

H is a hyperplane which contains plane L and is not passing through point 4. Now
suppose that 4 € L~ According to Proposition 2.2 the four points are 2 -independent

in L if they are not collinear. Also for any point the fundamental polynomial is a
product of 2 lines. Let us denote by /, and /, the components of this fundamental

polynomial. Denote by L. the plane passing through point A and line /,, i=12.
Now it is easily seen that we can choose p: =H H,, where H, is a hyperplane which

contains the plane L, and does not pass through point 4.
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Case 3. There are no 4 coplanar points in X . Let us construct a fundamental
polynomial p, for the point 4 € X,. Denote by L, the plane passing through the tree
remaining points. It is clear, that A € L, . Denote by L, a plane passing through other

two points and not passing through 4. Now it is easily seen that we can
choose p; =H H,, where H, is a hyperplane which contains the plane L, and does
not pass through point 4 .

Lemma 3.4.Suppose that a set of 37,7>2, points X is given in R’ and

A e X . Suppose also that
6) X is not coplanar and moreover there are no 3n—1 coplanar points in X ,
7) There are no n+ 2 collinear points in X one of which is A,

8) There are no 2n+ 2 coplanar points of X belonging to a conic one of
which is A.

Then there is a fundamental polynomial p), :p:,X,n,d for the point Ain X .

Proof. Here we will apply induction by 7. The case n =2 is proved in Lemma
3.3. Now assume that the statement holds for the case n —1, we will prove it for 7.

Here we will discuss five cases.

Case 1. There are two lines passing through the point 4 and 7 other points

from X each.Let us denote these lines by /, and /,. In view of condition 6) there is a
point B which is not in the plane containing the lines /,/,. Let us denote by L the
plane passing through the point B and two points 4,7 =1,2, where 4, is a point from
[, different from A .It is clear that 4 ¢ L . Let us show that a set of 3(n—1) points
X, =X\{B,4,,A,} satisfies either the statements of the Lemma for case n—1 or
Lemma 3.2. In view of 6) X, is not coplanar, therefore either the condition 1) or 6) is
satisfied in the case of n—1. Next let us show, that X, satisfies the condition 7)
(which coincides with condition 2)) in the case of n—1, ie., there are no
(n—=1)+2=n+1 collinear points in X, one of which is A .Indeed, the lines /,,/, are
passing through#n points one of which is 4.The number of remaining points is
(Bn—=3)—(2n—1)=n—2 Finally let us show, that X, satisfies the condition 8)
(which coincides with condition 3)) in the case of n—1, ie., there are no
2(n—1)+2=2n points belonging to a conic one of which is A .Indeed, the conic
with the components /, and /,contains (n—1)+(n—1)+1=2n—1 points one of

which is A4 .On the other hand a conic passing through remaining #—2 points can
pass also at most 4 points one of which is A .Thus, by the induction hypothesis, there

exists a fundamental polynomial p:’ ¥, n-1,4 fOT point Ain X, . Now it is easily seen
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* * . . .
that we can choose p, v, ; = Py x, 11 ,H , where H is a hyperplane which contains

the plane L and does not pass through point 4.
Case 2. There is a line / passing through the point 4 and 7 other points from
X and there is a conic [ passing through point 4 and 2n—1 other points from X .

In view of condition 6) we can assume that / and [ are not contained in the same
plane. Let us denote by B the point from / different from 4 by A, A, the points
from [ different from A. Let us denote also by L the plane passing through points
B,A,A,. 1t is clear that A¢ L. Let us show that a set of 3(n—1) points
X, =X \{B,A,,A4,} satisfies either the statements of the Lemma for case n—1 or
Lemma 3.2. It is clear that X, is not coplanar, therefore either the condition 1) or 6) is
satisfied in the case of 7 —1.Next let us show, that X satisfies the same condition 7)
(which coincides with condition 2)), i.e., there are no (n—1)+2=n+1 collinear
points in X, one of which is 4. Indeed, the line / contains 7 points from X, one of
which is A4, and the remaining points are belonging to the conic /. Finally let us
show, that X, satisfies the condition 8) (which coincides with condition 3)) in the
case of n—1, i.e., there are no 2(n—1)+2=2n points belonging to a conic one of
which is 4. Indeed, the conic £ contains at most 2n —2 points on of which is A4.
And the remaining points are belonging to the line /. Thus, by the induction hypothe-
sis, there exists a fundamental polynomial pz’ X, n-14 fOT point A in X,. Now it is

. * * .
casily seen that we can choose p, v, ;= P,y .14, Where H is a hyperplane

which contains the plane L and does not pass through point 4.
Case 3. There is an irreducible conic fpassing through the point 4 and 2n—1

or 2n other points from X . Let us denote by L the plane containing the conic . In
view of condition 6) there is a point which is not belonging in L . Let us denote this
point by B. Let us denote also by 4, 4, the points from S different from A and by
L, the plane passing through points B, 4, A, . It is clear that 4 ¢ L. Let us show that
a set of 3(n—1) points X, =X \{B, 4, 4,} satisfies either the statements of the
Lemma for case n—1 or Lemma 3.2. It is clear that X, is not coplanar, therefore ei-
ther the condition 1) or 6) is satisfied in the case of n—1.Next let us show, that X

satisfies the same condition 7) (which coincides with condition 2)), i.e., there are no
(n—=1)+2=n+1 collinear points in X, one of which is 4. Indeed, if the n—2or

n—1 remaining number of pointsare not in the plane L, they can be collinear with
A which is not contradict to condition 7). In the other hand, in view of 6), the maxi-
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mum number of remaining points which are lying in L is n—2. In this case the line
passing through remaining points and A can pass also at most one point from /

which is not contradicts to condition 7) too. Finally let us show, that X, satisfies the

condition 8) (which coincides with condition 3)) in the case of #n—1, i.e., there are no
2(n—1)+2 =2n points belonging to a conic one of which is 4. Indeed, the conic [
contains at most 2n—1 points on of which is A4 .The number of remaining points is
(3n—3)—(2n—1)=n—2 Thus, by the induction hypothesis, there exists a funda-

mental polynomial p:j X, el for point Ain X,. Now it is easily seen that we can

choose p:ﬂ Xond = p:’ x, 140 » where H is a hyperplane which contains the plane Z,

and does not pass through point 4.

Case 4. There is a line / passing through the point 4 and 7 other points from
X . In views of casel and case 2 other points are not lying on a conic and there is no
line passing through point 4 and n other points from. Let us denote by 4, the point

from / different from A. Let us denote also by A, and A, the points from X such
that the plane L containing the points 4, 4,, 4, does not pass the point 4 .Let us
show that a set of 3(n—1) points X, := X' \{A4,, 4,, A,} satisfies either the statements
of the Lemma for case #—1 or Lemma 3.2. It is clear that X, is not coplanar, there-
fore either the condition 1) or 6) is satisfied in the case of n—1.Next let us show,
that X, satisfies the same condition 7) (which coincides with condition 2)), i.e., there
areno (n—1)+2=n+1 collinear points in X, one of which is 4. Indeed, the line /

contains 7 points one of which is A4 and there is no line passing through the point 4
and more then# points from X, . Finally let us show, that X, satisfies the condition

8) (which coincides with condition 3)) in the case of n—1, i.e., there are no
2(n—1)+2 =2n points belonging to a conic one of which is A . Indeed, there isno
conic containing 2n points one of which is A which is in the same plane with the
line /. And the other number of remining points is (32 —3)—n—2n—3. Thus, by the

induction hypothesis, there exists a fundamental polynomial pz’ X, n-14 for point Ain

. . . * * .
X, . Now it is easily seen that we can choose p, , , , = pA,XI’n_LdH , where H is a

hyperplane which contains the plane L and does not pass through point A .

Case 5.There is no line passing through the point A and other n points from
X and there is no conic passing through the point 4 and other >2n—1 points from
X Let us denote by L the plane which pass the point 4 and contains maximum
number of points from X . It is clear that L contains <3n—2 points from X .Let us

denote by A, A, the points from L such that A4, A4, A, are not coplanar. Let us de-
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note also by A, any point from X such that the plane L, passing through the points
A, 4,, 4, such that L, does not pass the point A .Let us show that a set of 3(n—1)
points X, =X \{4,,4,,4,} satisfies either the statements of the Lemma for case
n—1 or Lemma 3.2. It is clear that X, is not coplanar, therefore either the condition
1) or 6) is satisfied in the case of 7 —1 Next it is clear, that X, satisfies the same con-
dition 7) (which coincides with condition 2)), i.e., there are no (n—1)+2=n+1 col-
linear points in X, one of which is 4. Finally it is clear, that X satisfies the condi-
tion 8) (which coincides with condition 3)) in the case of n—1, i.e., there are no
2(n—1)+2=2n points belonging to a conic one of which is 4. Thus, by the induc-

tion hypothesis, there exists a fundamental polynomial p:’ X -ld for point Ain X .

.. . * * .
Now it is easily seen that we can choose p v, s = Dy x. 148 , where H is a hyper-

plane which contains the plane L and does not pass through point 4.

From Lemma 3.2, 3.3 and 3.4 we get readily the following

Corollary 3.5.Suppose that a set of <3n points X is given in R’ Suppose
also that

9) X is not coplanar,

10) There are no n+ 2 collinear points in X ,

11) There are no 2n+ 2 coplanar points of X belonging to a conic.

Then X is n -independent in R” .

Proof. First assume that #X <3n. In this case we can construct
X' =XU{P,..,x"Y;i=3n—#X by easily adding a sufficient number of points
up to 3n such that the statements 10) and 11) stay true for X' too. In view of condi-
tion 9) X' is not coplanar yet. Now without loss of generality assume that # X =3n.
The case n=1 is obvious, since any three not collinear points in Rare 1-
independent. Next if # =2 then 2 -independence of 6 points follows from Lemma
3.3. Now let us discuss two cases. First assume that there is a point such that other
3n—1 points are coplanar. According to Lemma 3.2 X is 7 -independent in R’ . Now
assume that any subset of 3n—1 points of X is not coplanar. In this case according
to Lemma 3.4 X is 7 -independent in R?.
Now we are in a position to formulate our basic result.

Theorem 3.1. Suppose that a set of points X is given with #X <3n in R°.
Then we have that X is n - dependent if and only if one of the following statements
holds:

i) There are n+ 2 collinear points in X ,

ii) There are 2n+2 points of X belonging to a conic S €11, in a plane,



14 Characterization of n-independent sets of <3n points ...

iii) #X =3nand there is a cubic y €11, and a curve o €1l in a plane such
that y Vo =X .

Proof. The inverse implication follows readily from Theorems 2.4 and 2.7. Let
us prove the right implication. First assume that X is contained in a plane. Then from
Theorem 2.7 we have that one of i), ii), iii) conditions holds. Now let us assume

that X is not coplanar. In this case according to Corollary 3.5 one of the conditions 1),
1)) holds. Thus the right implication is proved too.
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n-ULUUl < 3n YESELP AUQUNRESNRLLELP ALNRRUSCARUL
R -NpU

U. Uwhiyut

n-Uljuwju <3nYtnbph puqUnipniubbpp R* -nud punipwugpjws ku
[4]-nud: Uju woiwwnwipnid dkup punipwgpnid Gup pnnp 72 -wiwj < 3n
Ytwnbknph puqunipnitubpp R’ -nud:

Pnnp wpyniuputpp £hon Eu bwb C ¢

XAPAKTEPUCTUKA MHOYECTB 7-HE3ABUCHUMBIX < 31
TOYEK B R’

A. MaJuHsaH

2
Bce 7 -HezaBHCHMBIE MHOKecTBa < 37 Todek B R” oxapakTepu3oBaHbl B
pabote [4]. B maHHOW cTaThe MBI XapaKTepU3yeM BCe H -HE3aBUCHMBIC MHOXKECTBA

d
<3n touexk BR" .

d
Bce o1 pesynbrarsl ocTaroTes npaBuibHbiMA 1B C° .
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O HEKOTOPBIX CBOMCTBAX T'MIORJIJIMIITUYECKHUX
OTHOCHUTEJIBHO I'PYHIIIbI HEPEMEHHBIX MHOI'OYJIEHA

B.H. Maprapsmn, C.P. Aiipanersin

Poccuticko-Apmancxuii (Cnasanckutl) ynusepcumem
e-mail: vachagan.margaryan@yahoo.com, sofia31337@mail.ru

AnHoTanusi. B paboTe nccieayroTcsi HEKOTOpbIe CBOMCTBA MHOTOWICHOB,
TUMOJUIMITUYECKAX OTHOCUTENBHO TpYNIbl MNepeMeHHbIX. Ilomydyena
CBSI3b MEXJY YaCTUYHO I'MIIONLIMITHYECKUM M THHOAUIMITUYECKUMHU OT-
HOCUTENBHO TPYINIbl NEPEMEHHBIX MHOTOWIECHOB, a TAaKXe UCCIIEIOBaHbI
CBOMCTBA XapaKTEPHUCTHIECKUX MHOIOTPAHHUKOB JAHHBIX MHOTOWJICHOB.

KiroueBble cJioBa: THUIIO3JIJIMIITUYHOCTD, qacTU4YHasd
THUIIO3JIJIMIITUYHOCTD, THIIODJIJTMIITUYHOCTH OTHOCHUTCIIBHO TPYIIIIBI
NIEPEMCHHBIX.

§1. OcHoBHBbIE 0003HAYEHUS U ONIPeleJIeHUs
[Iyctp N — MHOECTBO HaTypaJIbHBIX YHUCET, N, =N U{O} ,
N; MHOKeCTBO 1 -MEpPHBIX MYJIBTHHHJEKCOB, T.C. TOYEK
a= (al,...,an),aj eN, j=1,...,n, R" —n-MepHOE BEIIECTBEHHOE 3BKIINI0BO
MIPOCTPAHCTBO TOYEK
£=(£.6008), C=RxRi(i*=-1), Rl ={£ €R".£,20,j=1,....n| "
R = {§ eR".&,....¢ ;tO}. Hma &,neR", k,reN,1<k<n,1<r<n,
teR,1eR’ wu «aeN, o00603HauNM (5,77) =&+ ... +E 1,
En=(&m,nlyom,)s €=(&,08)s € =G nnl) €=(E, ),

E(r)=(& vl sl )s [E]=(E+a )7, (), £ =
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(3 a a,
a|=a1+...+an,a!=a1!...an! u D =D"...D]", rne

=En.. &,
D, =8i§ j=1...,n.
J

Ecnu xnacc TUMOSIIUMNTAYECKUX MHOTOWICHOB JOCTATOYHO XOPOIIO H3Y4YeH
(perymisipHBIi MHOTOYICH THUIOIJUIMITHYEH TOTAA W TOJNBKO TOTJa, KOTAAa €ro
XapaKTEepPUCTUIECKHIA MHOTOTPAaHHUK BIIOJTHE IPABHMIIBHBIN), TO KIACC YAaCTHUYHO TH-
MORJUTUNTUYECKUX U  TUIMORUIMNTHUYECKUX OTHOCUTENBHO TPYHIBl TEPEMEHHBIX
MHOTOWICHOB HE COBCEM H3YUCH.

Ienwro HACTOSIIEH paOOTHI ABISIETCS HAXOXKIACHHEC HEOOXOMUMBIX YCIOBUN IS
XapaKTEPUCTUIECKOTO MHOTOTPAaHHHWKA JTaHHOTO MHOTOWICHA, YTOOBI OH SIBIISJICS
YAaCTUYHO THUIMODUIMITUYECKUM WM TUMOUIMITUYECKUM OTHOCHUTEIBHO TPYIIIbI
MIEPEMEHHBIX.

ITycrs,

P(&)=P(&,...¢)=Da,&"

a, €C MHOrOWwIeH, TIJe CyMMa paclOCTpPaHseTCs II0 KOHEYHOMY Habopy
(P)E{a, aeN/,a, ;tO}.
B nameneitmem 6ynem cuntats, uto D\ P-...-D P#0.

XapakTepucTHUeCKUM MHOTOTPaHHUKOM (X. M.) Habopa (P), muorouneHa P

v v n v

Ha3BIBAETCS MHUHMMAILHBIA BBIMyKiIbli Muororpanauk R(P) C R, comepxammii
MHOKECTBO (P)U{O} )

Muororpannnk R(P) C R nasbiBaeTcst NpaBUIbHBIM (BIIOJIHE TPABHILHBIM),

€CJIM KOMITOHEHTHI BCEX BHEIIHHX (OTHOCHTENBHO SR ) HOpMmaseit (n—l) -MEpHBIX

HCKOOPANHATHBIX rpaHefI ‘ﬁ HEOTpHULIATCIIbHbBI (HOJ'IO)KI/ITCJ'IBHI)I).

Jlnst X. M. %(P) na6opa (P)c N; uepes R’ (P) , A(SR(P)) , A" (9‘{ (P)) u
(39‘{(])) 0003HAYNM:
R (P) — MHOYKECTBO BEPIIMH MHOTOIPaHHUKA %(P), A(‘ﬁ (P)) — MHOXECTBO
CIIMHUYHBIX, BHEIHUX (OTHOCUTEIHHO %(P)) HOpMasen (n — 1) -MEPHBIX

HEKOOPMHATHBIX IpaHeil %(P) ,
N (R(P)={2eA(R(P) 2>0 (2RINK;)].

R (P)={v eR(P), 34 cA(R(P)) (v.2)=d(A)}.
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rae d(A) = Eﬂgl();)(v,/l).

Ipans ' muororpannuka R C R HasbiBaeTcs IMIaBHOM, €CIM CYLIECTBYET
(BHEWHsIsT) HOpManb A OTOM  IpaHM, I KOTOPOM TIPH  HEKOTOPOM
1< 7 < .
Ji1<j<n 4,>0.

OnpeneneHue 1 (cm. [1]  ompeneneHue 11.1.2).  MHorouieH

P =P e Ha3bIBACTCA THUIIOJIIIMIITUYCCKUM, CCIM I JIF000T0
1° >On

0#a eNj npu|[é] >0 (£ eR") D*P(&)/P(E)—>0.

Ompenenenue 2 (cm. [1] ompenmenenmwe 11.1.4 wmm [2]). MuorouieH

P (f ) = P(( &bl )) Ha3bIBACTCS YACTHYHO TUTOJUTMITAYECKUM

OTHOCHTENBHO ¢ , €CIM BBINONHSACTCS OJHO W3 CIEAYIOMNX OSKBHBAJCHTHBIX
YCIIOBUM:

1. s mo6oro 0#a €Ny npu|§|—)00, xorma & E(§k+1,...,§n) ocraercs
orpanuuenHbiM D” P(ﬁ) / P(ﬁ) —0,

2. eciii MHOTO4JICH P MNpeaACTaBUTD B CICAYIOIIEM BU/C!:

Pe)= X (&) 2. (¢)

o NI

a). muorounen b (£) THIOAIMNTHYCH KAK MHOTOWICH 0T &

b)P. (f)/fg (E)—0 npu ‘5‘—) w (£'eR') s moboro
0#a eNj™.

Onpenenerne 3 (cM. [3]). Muorounen P(f)zP((fl,...,fn)) HA3BIBACTCS

TMIIOYJUIMIITHYECKAM ~ OTHOCHTENbHO &, ecmu i mobbix O#a €NJ wm
o0
s n
H0CJIEI0BATENEHOCTH {(f }  C R" npu s > 0
5=
()
Mtuorounen P HasbiBaetcs peryiaspabiM (cM. [4] wiu [5]), ecimu cyriecTByeT
nocrostaHast ¢ > 0 1 KoTOpOro

2

a eERO(P)

D“P(ﬁ) / P(f) — 0 kak Tonmbko

—> 00 mOpH §—> X0,

<o(|P(&)+1) veer.

B nanpHeliieM HaM MOHAaTO0UTCS CIISIYFONIUH JIETKO MPOBEPSAEMBII Pe3ybTaT:
3ameuanwme 1.1 (cm. [6], [5] u [4]).
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1) Ecam x. m. m(P) peryJsipHOr0 MHOTOWIeHa P BIONHE NMpaBWILHBIN, TO
MHOTOWICH P THITO3JUIMIITHYEH.

2) Ecimm mHOrouneH P THUNOANIMITHYEH, TO €ro X. M. iﬁ(P) BIIOJIHE
[IPaBUIbHBIN.

3) JIrobas (n - 1) -MepHas HEKOOpIMHATHAS rpaib X. M. R C R; rnapuas.

4) Ecimu X. M. %(P) nadopa (P)C N, BronHe npaBWibHBIH, TO €ro mobas

HEKOOpAWHATHAasA I'paHb I'JIaBHAasd.

§2. OcHoBHOI1 pe3yabTar

W3 onpenenenuit 1) — 3) HEMOCPEACTBEHHO CIEAYET:
Mpemnoxenne  2.1.  Ilycte, kneNuk<n. Ecimu  MHOrowieH

P (f ) = P((fl,. e, )) THIO3UIHITHYEH OTHOCHTENBHO & =(§1,. . -’ng) (gacTU4HO

THUIIOSJIIUIITUYCH OTHOCHUTCIIBHO 5 ), TO

1. ms moGoro j:1< j <k muorounexn

0,((£3€M=P(O, ...,0,£,.,0....,0,5)

THUIIO3JINTMIITUYCH OTHOCHUTCIIBHO é:]- (‘{aCTI/I‘IHO TUITIOSJINIMIITUYCH OTHOCHUTCIIBHO é:j ),

race 4:“ = (§k+17" ’gn)

2. ms mo6oro j:1< j <k mHOroune,
0,((£:£) =P(£.0.....£,.0.....0)
THIO/UTHIITHYCH OTHOCHTEIBHO ¢ (UACTHUHO THIIO3UIMITHYCH & ),
3. ec/iM MHOTOUIEH P THIOMIHNTHYEH OTHOCHTEIBHO &, TO OH YaCTHYHO

TUIIO3JITUIITUYCH OTHOCHUTCIIBHO é ,

4. qist moGoro & € R"™* muorounen
0,(&)=pr(&:&)
TUIOS/IIAITHYCH KaK MHOTOWIEH OT ¢ , CIEIOBATEIBHO (CM. MyHKT 2) 3aMEUaHHs

A k
1.1) %(Qéu)c R, sBnsfercs BNOJNHE NPaBHIBHBIM MHOTOTPAHHHUKOM, M IOITOMY

A(%((Qg,, )) — A" (Qg,,) npr seex & € R™F.
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Teopema 2.1. Ilycts, k,neNuk<n. Ecau MHOrouaex P(f) =

= P(((fl,...,fn)) = Z a,E®  YaCTHYHO THNODLIHNTHYEH —OTHOCHTENBHO &
a€(P)
=(&.....&,). 10
1. s 1060r0 ae(P), o z(al,...,ak) eN;, 0za =

= (akﬂ,...,an) eN/™*
a eR(0,)\R(Q,). e 0)(&)=P((&30)).
2. s moGoro &= (&8, €R™ R(0, ) =R(0,).
3. ecm mma A=(4,....4,) € A(R(P)) npn mexotopom j:1< <k

A; >0, 1o cymectyer nunexc /:k+1</<n, g koroporo 4, > 0.

JlokasarenbcTBO. JlokaxkeM yTBepkaeHue myHkta 1) Ilycth, HaoGOpoT, mpH
YCJIOBUH JIEMMbI Jisi HeKoToporo [ E(P), B 208 é%(@o)\aﬂ‘i(éo). B cuny

MyHKTa 4) npemioxkenus 2.1 cymiecTByer A eA* (%(QO )) C Rf U1 KOTOPOTO

(ﬂ',/f)Zulterglae(%o)(u',iv)zdgo(ﬂ,‘)>0. 2.1)

Myets, A(P)={a €(P),a’#0} u
d(ﬂ')zgﬁ)}g)(d,ﬂ')
Tax xax B € A(P), 1o B iy (2.1)
d(/l')zdéo (/1) 2.2)
fyew, an 7 €A(P)((y',4)=d(2)).B(P)={a cA(P).a’ ="} u
G(P)={a eB(P),(a,X)=d()} . Taxxax y €G(P), 10 G(P)#0.

k .
CrieoBatenbHO, CYIIECTBYET ToUKa d € R , 1ist koTopoii

> ayta” =¢ 20. (2.3)

a eG(P)

PaCCMOTpI/IM IMOBCACHUC OTHOIICHUA

DL P(€)! P(£)
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Ha MOCJIEI0BATENBHOCTH {g”}: cR", (£ =a-s*, (&Y =0 s=1,2....Tak xax
npu o €B (P)\G(P) B CHJIy ONpENENeHHH MHOXKecTB B (P) u G(P),
(a', l') <d (l) ,MHOX€ECTBO B (P) KOHEYHO, TO HpPH §—>00 U3 OIpeIeCHHI

0 ~ ' 1l
MOCJICIOBATEIILHOCTH { g”} |» MHOTOUIICHA O, u uucen d(/l ), d o (l) B CHIIY
§= 0

(2.3) ¢ HekoTOpOI OCTOSIHHOM ¢, > 0 HMMeem

D T (a..i",.)!(@')f)“' (€))7 e()-
SRR (I BTG B e << >)“'/Qo<<f'>g>z

a;/'a

Za y'a

aeG

) >
a eB(P)\G(P

ch-s( )(1+0( ))/cs( )

D10, B cmiIy HepaBeHCTBa (2.2), NMPOTHBOPEYHT YCIOBHIO JIEMMEBI, TaK Kak

() =0f  compammenon, a {(&) | > mn s (2 <A (3%(3,)))

s=1
ITony4yeHHoe npoTUBOpeUYNe NOKA3bIBAET CIPABEUINBOCT YTBEPXKICHUS IIyHKTa 1).
JlokaxkeM yTBepKICHHE ITyHKTA 2).

ITycTs IT(P) E{a' eNé,Ela" eNg_k a E(a',a“)e(P)} . Tak xak
( D
0.&)=Y { (Z a,( ) J(é) :

a' el (P)| a={a, a")e(P)

|

( N
D@ Tl Xl
EQ~0(§')+L§"( g')

; %
U B CiiIy IyHKTa 1) iemmsl uist mo6oro & € R”
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(Lé,,): a eH'(P), Z aa(f")a“ 0 CER(QO)\&R(QO),

a E(a‘,a") E(P),a"¢0

TO OTCIO/Ia HEMOCPEICTBEHHO MOyYaeM yTBEPXkKAECHUE IyHKTA 2).
HoxkaxeM yTBepxaeHue nmyHkra 3). [Ipeamonosxxum obpatHoe, 4TO MPU YCIOBUH

memMsl cymectByer A =(A4,...,4 €A) (%(P)) IJIS. KOTOPOTO TMPH HEKOTOPOM
J:1<j<k A,>0, 870 Bpems kax A :(ﬁ,k+1,...,/1n) <0.

[pencraBum MHOTOUIEH P B BUIE CyMMBI A -OJHOPOIHBIX MHOIOYJIEHOB
M

PO-3RE-Y 3 g

j=0a E(P), (a,i):dj

rne d,>...>d,,.
Tak kak A — BHemHss (otHOcUTeNBHO R(P)) HOpMamb K HEKOTOPOit (n— 1)-

MEpHOI HEKOODJMHATHOW TIpaHH, TO CYLIECTBYyeT MyibTHHHACKC [ €(F)) misa
kotoporo 3 #0.
[ycts A(F)) = {a E(R)),Ol“ > ,B} . Tak xak A(P) #J, 10 CcymecTByIOT

k —k
Toukn @ €R; u b €R;™" rakue, uro

a'l
a;ﬂaa.m b* " =c, #0. (2.4)

PaccMOTpHUM TI0Be/IeHHE OTHONIEHHUSL:
D P& P&)
Ha T0CJIE0BATENBHOCTH {53}; cR', (&) =a st (&Y —b-s* s=1,2.... B

cuny (2.4) mpu Bcex s =1,2.... umeem, 9ro

= Z a, '%aalb“uﬂ"s(”l’lv)Jr(“""ﬂ"”f) = 3sd0‘(ﬁ",/1") )
S “ (e =B

Tak Kak, ¢ HeKoTOpoii mocrosinHoi ¢, > 0 mpu Bcex s =1,2....

D2 P (&)

cadty

Sc4sd’_(ﬂ ) j=1...M,

< [P(e)z s’ —est (1+0(0)

P(e)
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TO OTCIOZIA, C HEKOTOPOH MOCTOSHHON C5 > 0 mpu 10CTaToyHO OONBIIMX § HMeEeM,

4TOo
dy—(5".7") (1+0(1)) o
DL P& P(E)|> = e (11001
D2 P)/ PE) o) (1+0(1)
J1o B cuty mpennonoxenus A < 0 IPOTHBOPEUYUT YCIOBHIO JIEMMBI, TAK KAk
(5)5 —>® (gj =aj'S/1~" — 0, 4, >0) a {(f)é}: OrPaHUYEHO

. HonyquHoe MPOTUBOPCUUC NOKA3bIBACT CIPAaBCAJIUBOCTDH

((5) =b-s*,A <0

yTBep)kaeHus myHkTa 3). Teopema 2.1 nokasasa.
Teopema 2.2. Iycts n,k € Nuk < n . Eciiu MHOrO4IeH

P(&)=P((&n8,)) = Z)aaf“

ae(P

THITOMJIIHIITHYCH OTHOCHTENbHO & = (fl,...,é:k) , TO

1.  mmm moboro E(P),O!“ #0 a ei)‘{(QO)\@fR(QO) e
0i(¢)=r((£:0]).

2. m(Qg,,) =%(0,) V& eR™,

3. wis moboro ¢ > 0 cymiectByer nmocrosiaas 7' > 0 takast, 4To

P(&)2c.vEer", 5‘\2T, (2.5)

4. ecrm qust A GA(E}{(P)) npu Hekoropoii j:1< j<k A, >0, 10
A e (R(P)).
5. ecmm Ae A(ER (P)) HOpMalb TpaHM, Ui KOTOpPOH HeKoTopas

HEKOOp/AMHATHAsSI TPaHb R ( QO) — R" smsercs moarpansio, 0 1 € A* (9‘{ (P)) .

JokazaTenbCTBO. YTBEpKICHHE MYHKTOB 1)-2) HEMOCPEACTBEHHO CIEAYET W3
TeopeMsl 2.1 u myHkTa 3) npenioxenus 2.1.
Hokaxxem yTBepxaenue myHkTa 3). Ilyctb, Ha000OpOT, MpPU YCIOBHH JIEMMBI

o0
CYLIECTBYIOT  MOCIEN0BATENBHOCTh {gS} 1CR",
S=

\S
(5) ‘—)oo npy  S—>0 wu
IIOCTOsAHHAasA C1 > 0 TaKue, 4ToO

P(e)

<c¢,s=12,.... (2.6)
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Tak kak, cymecrsyer 0 #a € R’ (P), UL KOTOPOTO DaP(f) =a,-a!#0,
TO OTCIOJa IpH Beex S =1, 2, ... umeem, 4to
‘D“P(é“)/P(é“’) >

a“l-allc, >0.

( 5-)5‘
[Tony4yeHHoe poTUBOpEYNE JOKA3hIBAET CIPABEUINBOCT YTBEPKICHUS IIyHKTa 3).
HoxkaxeM yTBepxaeHue nyHkra 4). [Ipeamonoxxum obpatHoe, 4TO MPU yCIOBUH

OTO NPOTHBOPEYHUT YCIOBUIO JEMMBI, TaK Kak —> 00 @OpH S —>0,

JIEMMBI CYIIECTBYIOT A= (/11 yees ,/?,n) eA(iﬁ (P)) u HUHIEKCHI
SIS j<k1<I<n, j#] pma xoroperx A, >0 wm 4 <0. Tpencrasum

MHOrouIeH P B Buje cyMMbl A — OJHOPOIHBIX MHOTOYJIEHOB
M

LGB YACE W

j:an(P),(a,/l):dj
rne d,>...>d,,.
Ilycts,

m=maxa, u B(P)E{a VAN :m}.

adR)
Tak kak A GA(E}{(P)) , To oueBuaHO, uro m > 0. U3 ycnosus B(P) 0

n )
CIIE/IyeT, 4TO CYLIECTBYET Touka @ € Ry, anst kotopoii

> a, -m!a”V (I)=c,#0 (2.7)

aeB(P)
PaccmoTpum MOBEIEHUE ornowenus D" P (f ) /P (f) Ha
[TOCIIE0BATELHOCTH {fs =a-s’1}il CcR". Jna moboro s=12,... wu3

v N ©
onpeeNeHuii NOCIeN0BaTeNbHOCTH | & | ¥ MHOXKeCTBA B (P) B cuny (2.7) umeem,
§=

qTo

aeB

‘D;"PO (fs )‘ = a, ) g™ (l) gleA0)| _ ¢, s
(P)
Tak Kak ¢ HEKOTOpo# mocTosHHO#H ¢; > 0 mpu Beex s =1,2,...
ora(¢)
(¢

d;—m-J
=¢85 ,

dy

B

<¢-s



B.H. Mapaapsn, C.P. Alipanemsan 25

TO OTCIOJIa, TIPU JOCTATOYHO OOJIBIINX § € HEKOTOPOH MOCTOSHHOM ¢, > 0 umeem

DIP(E) st (i 0(1))|
P(§S) ? c Lg% ‘

3TO, B CWy IMPCAIOJIOKCHUA ﬁ“[ < 0, MMPOTUBOPCYUT YCJIOBUIO JICMMBI U

=c,-s " (1 + 0(1)) .

JI0Ka3bIBaCT CIPABEAINBOCTh YTBEPKICHHE MTYHKTA 4).
JokaxkeM yTBepkaeHue myHkra 5). Ilyete A= (/11,...,/1,1) eA(iR(P))

~ k
HOpMaJlb TPaHH IS KOTOPOTO HEKOTOpas HEKOOPAWHATHAs TpPaHb %(QO) cR
sBnsercs nmoarpanbo. Torma A =(ﬂl,...,/1k) SBJIACTCS (BHEIIHEH OTHOCHUTEIBHO

R ( QO)) HOPMAaJIbHO HEKOOPAWHATHOM rpaHW MHOTOTPaHHHKA R (QO) IMockonbky, B

cuty myHKTa 4) mpemnoxkenus 2.1 n myHkTa 4) 3amedanus 1.1 Bce HEKOOpIUHATHBIC

rpaHu %(QO) ABISIOTCA TJAaBHBIMM, TO cyinecTByer uuaekc j:1<j<k nnsa
KOTOPOTO ﬂj > 0. Torma, B cuity yke JokasaHHOro nmyHkta 4), 4 e A" (9‘{ (P)) TaK

KaKk A eA(%(P)). OTUM yTBEpXKJIEHHEM MYyHKTa 5) U TeM caMbIM Teopema 2.2

J0Ka3aHa.
Crnenctsue 2.1. I[Ipu ycnoBuu Teopemsr 2.2
1. inf{‘P(S) , & ER'H} —> 00 mpu ‘f‘ —> ®,

2. ecmu k =n—1, 1o wist modoro A =(4,,...,4,) eA(%(P)) 4;,>0.

Jloka3aTenbCTBO. YTBEpXkAEHHE IYHKTa 1) HEMOCPEACTBEHHO CIENyeT W3
myHKTa 3) gemma 2.2. YTBepKIeHHe NMyHKTa 2) HEMTOCPEACTBEHHO CIIEAYEeT U3 IyHKTa
4) nemMa 2.2 u myHkTa 3) 3amedanwus 1.1.
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ON SOME PROPERTIES OF HYPOELLIPTIC POLYNOMIALS WITH
RESPECT TO THE GROUP OF VARIABLES

V.N. Margaryan, S.R.Hayrapetyan

Abstract. In this paper some properties of hypoelliptic polynomials with re-
spect to group of variables are studies. A relation between the partially hypoelliptic
and hypoelliptic polynomials with respect to group of variables is obtained, and some
properties of characteristic polynomials of these polyhedra are investigated.

Keywords: hypoellipticity, partial hypoellipticity, hypoellipticity respect to
variables.

UDP vOhUR oNONUTULLEP LUUSUUUR ZPINELPNShY
RUQUULTUULEP NNT 2USUNkE3NPLLELP UUURL

9. L.Uupqupjui, U.0.Zujpuybnjut

Udthnthnud: Upjuwnwiipnid ntunidbwuppynid B dh junidp thnthnpuw-
Juuubph tjuundwdp hhynbihywunhy puquuunudubph npny hwnlnipmniiu-
utp: Unbndyuwsd k juy dwubwyh hhwynkhywhl b dh jonwdp hnthnpowljut-
ubph twwndwdp hhwynbhywnhl pwqwinudubph dhol, htsywbu twb
niuntdtmuhpyws bu nyjuy puquutnudutph pipugnphy puquuulniuubph
huwnlmpniuubkpp:

Zhdbwlwi puntp: hhynkhywuhly, dwutwlh hhynkhywnhl, dh junwdp
thnthnpowlwuubph tfundwdp hhwynkhuywnhl:
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YK 621.3

O TPAHCIIOPTHOM CEYEHHMH B BOPHOBCKOM IIPEJIEJIE
MAJIOYIJVIOBOI'O PACCEAHUA

JI.b. OBakumMaH

Hncmumym paouogpusuxu u snexkmponuxu HAH PA, Awmapax-2

AHHOTanusl. B KBaHTOBOW TEOPUU CTOJKHOBEHHH CYIICCTBYET OOIIas
TEeOpeMa, COTJIACHO KOTOpOH B OOPHOBCKOM TIpeeie MAalOyIJIOBOTO

paccesnmst (6, <<1, rne 6, — nudpakIMOHHbIH YTOJT) TPAHCIOPTHOE CeUe-
HHE O, HE 3aBUCHT OT MOCTOsHHOI [Inanka 7 . B HacTosiweii paGote Ha

MIPOCTOM TpUMepe TOKa3aHO, YTO NPH BBIIOIHEHHUH YCIOBHH TEOPEMBI
BEJIMYMHA G, MOXET HMETh CYIECTBEHHYIO 3aBUCHMOCTb OT /i .

KaroueBble ci10Ba: TPaHCIIOPTHOE CEYECHHE, MAJIOYTIIOBOE paccesHHE,
OOPHOBCKOE PUOIIKEHUE

M3 kBaHTOBOW TEOPUM HEPEISATUBUCTCKUX CTOJIKHOBEHMH H3BECTHO, 4YTO B
YCIIOBUSIX TPUMEHUMOCTA OOPHOBCKOTO TPUONMKEHHUS aMIUTHTYAa fB YIpPYroro

paccesnust B neHTpaiabHoM none [U(r) = U (r)] nmeer Bux [1]
fy==QmI W[ drU(r)j,(gr)r (1)
0

q(0)=2(mv/h)sin(€/2).
3mech M — Macca HaJETaloNMeH YacTHUIBI C KHHETHYECKOW »HEepruei
E=mv’/2,j, (x) =x""sinx, @ — yron paccesaus. ®opmyna (1) moka3bIBaeT, uTO
obicTphle yacTunbl (A << a, rae A ~7#/mv— nebpoiinesckas JIMHA BOIHBL, d —

XapaKTepHBI paalyC B3aWMOJCHCTBHUS) PACCEMBAIOTCS B OCHOBHOM BIIEpeld, B
Ipeenax y3Koro KoHyca ¢ yrioM pactsopa [1]
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0,~Ala<<l, (2)

MpHYeM KOHYC CY’KaeTcsl TI0 Mepe pOCTa CKOPOCTH CTOJKHOBEHHS V .
B kBazukmaccuueckoM mpezene (2), korga O0pHOBCKOE paccessHUEe MPOUCXOANUT
Ha MaJble YIJIbl, aCUMIITOTUYECKOE TIOBEICHHE NPU £ —> 00 TpaHCHOPTHOTO CEYeHHs,

op = [ (1-cosO)do =27 | (1-cosO)sin 6|1, ()] d6. 3)
0

JeTanbHO OOCYKAalnoCh C HCIIOJIB30BaHWEM (DYHAAMEHTAIBHBIX XapaKTePUCTUK
“xonyca paccesHus” B [1,2]. 3BecTHBIe cooOpakeHus [1], monararomue, 4To B CHILY

(2), >¢dexTuBHAs 00NaCTh MHTErpUpoBaHusA B (3) UMeeT pasmep mopsaka 6 ~ t9q,

. B
NO3BOJMIM Cclelarh OOIMi BBIBOJ O TOM, 4YTO BEIMYMHA O, 00paTHO
MIPOMOPIIMOHANbHA KBaApaTy dHeprud [1, 2]
B -2
o (E)cE", E—>o. (4)

OOwmue BBIKIAAKK, Oa3UpyoIMecs Ha dMKOHAIbHOM npubmmkeHnn (A << a,
|U0| << E, rne U, — xapakTepHasi >HEprusi B3aHMOJICHCTBHUI), MO3BOIHIN TAKKe

3aKTIOYUTH [2], 9TO make B OOpHOBCKOM (“‘@aHTHKIIACCHYECKOM ) TPHUOIHKCHIH
BBIP@XKEHHE JJIS1 TPAHCIIOPTHOTO CEUCHUs He coAepkuT /i . B manbHeiiieit padore [3]

3T0 3aKmOueHHe 0 HesasucumoctH O (E —> o) or h mnpuobpeno craryc obmieit
TEOpEMBI O MAaJOyriIoBoM paccesaun. ColepiKaHhe TeOpeMbl UILTIOCTPUPYETCS
opmynoii [2],

62 (E)= oS (E) ~ 62 (E) o< (' | E?), E— oo, )

rae Maiblii mapamerp HC(E)~|U0|/E <<1 wrpaer poib XapakTepHOIo yrJja

paccestHus TSt OBICTPBIX YaCTHIL (|U O| << F) B knaccuueckoii Mmexanuke [4]. JloBoabI

B JI0Ka3aTeJIbCTBO TOTO, YTO PE3yJbTaT OOPHOBCKOIO MPHUOIMKEHUS COBHANACT ¢
B c

kinaccnyeckuM (0, (E = ©) =0, (E — ©)[2,3]) wumerorcss Takke B HEHaBHO

oImyOITMKOBaHHOM 0030pe [5].

Hy>Ho cka3aTb, uTo ycinoBue (2) siBisieTcss HEOOXOUMBIM, HO, BOOOIIIE TOBOPS,
HEOCTATOYHBIM JJISI TOTO, YTOOBI Majble l9~¢9q OKa3aJuCh JIOMHHUPYIOIIUMHU B
TparcnoptHoM cedeHuu (3). Kommonenta ®dypbe OT pacceMBalOIIEro MOTEHIHaa
MOXET MMEeThb IPU ¢ —> 00 TaKHE CBOMCTBA, KOTOPHIE IMO3BOJST B3BEIIMBAIOIIEMY

daxropy 1—cosé axrusuposats B (3) mHpOpMAIMIO O paccesHHMM Hasan. llens
HACTOSIIIET0 KPATKOTO COOOINEHHS — MOKa3aTh Ha IPOCTOM MpUMepE, Kak MOCTOSIHHOM

[InaHka ygaercst ¢ MOMOIIBI0 ACHMITOTHKH f,(g) HPOHHKHYTH B CTPYKTYpY
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B .
o, (E — o) n, Takum 06pa3oM, HapyUIUTh Kak TeopeMy (5), Tak ¥ CKEIlIMHIoBOE

cooTHotieHue (4).
Bynewm cuurtath, 4TO BHINOJIHEHO YCIOBUE c1aboil CBSI3U

U,|<< E, =h* /8ma’,

U pacCCMOTPHM CBOHCTBAa OOPHOBCKOH aMIUIUTYIbl paCCESHU B MOJIE

Ur)=Uya/ry“exp(-r/a), 0<e<<I1. (6)
YuutsiBas Manocts & , u3 (1) u (6) Haxogum
arctg(qa)
= f,(0 , 7
1= 1O s (g T 7
rne  f;(0)=(-aU,/4E,) — He 3aBucsimas oT FE aMImuryga, OTBedaromas

paccesmmio Brepen (6 =0, g =0)'. IlomyueHHOe BEIpaXeHHE I f3(q) nmeer

HAarJISHBIA BUJ, XOPOUIO WJUTIOCTPUPYIOIIMNA aHU3O0TPOIHBINA XapaKTep paccesHUsl B
mpenene BBICOKUX 3Hepruit. JleticrBurensHo, w3 (7) m (2) cimemyer, 9TO CeUCHHUE
paccesnus Ha Gonbuie yrasl & ~1 Mano mo cpaBHEHMIO C CEUEHHMEM pacCEesTHHUS

2
BIIEPEN, |f3 (@ ~ 1)|2 /‘fB 0<0, )‘ ~ (9:(”8) << 1.OrmeruM eme, yTo0 B 06IACTH

OonbIIMX Hepenay uMIyabca GyHKims f,(g) yObIBaeT ¢ pocToM ¢ IO 3aKOHY

—(l+¢) -1
@ ocqg™™, al<<qgo . (3)
3anmoMHHMM, YTO YV aMIUTUTYABl pacCesHUs MMeeTCs JIMHHBIA “XBocT” (8), M

B .
NPHCTYNIUM TeNepb K BhIYMCIEHUIO O, . Jisa stoit neam nmoacrasum (7) B (3) u

nepeiizeM oT mHTErpupoBanus no € k wHTerpuposanmio 1mo b = aq(d). Tocne
OYECBH/IHBIX TIPEOOPa30BAHMN UMEEM

V4
o) =0,(U,/E) [db[b/(1+b)" Jarctg’b, (9)
0

2
rie O,=7da €CTh HE YTO WHOE, KaK TEOMETPUYECKOE CEUCHHe, a
_ 12 -1
y=(E/E)"~6, >>1.
HerpynHo yOeauThcs, 9TO I KOPpEeKTHOTo aHanmm3a (9) Xoa pacCyKIcHUH,
pasBuThlii B [2], CTAaHOBUTCS HEHaJAEXKHBIM. JlelicTBUTENbHO, B MHTerpaize mo b

I7aBHYIO poJb MrpaeT He obmacte b ~1<<y (60~ Qq <<1)?% a acummroTHuecKas

! JTroGombITHO, 4T0 Mexay 6. u kBanToBOI ammumTya0i f;(0) umeercs cBs3b ‘ fB(O)‘ la~0.(E)<<1.
? Ecni MOTIameo o6pesats uaTerpan (9) mpu b 5 1 << y(h),T0 ol NpHOBPETET, eCTECTBEHHO,
KIACCHYECKY0 CTPYKTYpy, O .(E)~ 0, (U“ / E) ~ a0 (E) [cm. Teopemy (5)].
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obnmacth 1<<b~y (t9q << @ ~1). Ipyrumu croBamu, OCHOBHON BKJIaj B O'IB,, (E)

JIAl0T UMEHHO T€ aMIUTUTY/bl, KOTOpble OTBETCTBEHHHI 3a paccesHue Hazaj. [loatomy
m3 (9) B KOHEYHOM CUETE TMOJydaeM BMECTO KJIACCHUECKOro pe3yibrara (5)
KBaHTOBBIN Pe3yJbTaT

ol (E)~d*(U,/ E,) (E,/ E)** <<d®, |U,|<<E,<<E. (10)
OtTcroa BHJHO, 4YTO Mapamerp &, xapaktepusyrommi mpoduns U(r) B

o o -2
ocHOBHOIT 30He B3ammogeiicteus [U(r) oc ™2, r/a <1], perymmpyer mosenchue

TPaHCHOPTHOI'O CEYEHHUS MO CIAEAYIOLIEMY CLIEHAPHUIO:
2(e-1)

ol(e,h,E) < E—>o. (11)

l+e 2

OIIGBI/II[HO, YTO 3TO CKEMIMHIOBOE COOTHOILCHUE CYHICCTBEHHO OTINYAacTCA OT
(4 u (5).

B 3akiioueHre OTMETHM, YTO MPH IPOMEKYTOUYHBIX dHeprusx £ ~ £ >> |U0

2

Korga GOpHOBCKOE —paccesHme — cTaHOBHTCA —msotpombiv (¥ ~6, ~1>>6.),

KBaHTOBOE CEUCHHE (10) npeoOpakaercs B
of ~a*(U, 1 E,)* ~|f,O) ~a*0*(E,). Ecm e E~E, ~[U,| (6, ~1~6.),10
O'IB, ~a’.
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SCULUMNNLCSUSPL USCYUOLE PNLC-ULUSNRLUSPL 8 UUL
£NCLP UUZUTULUSPL Y6NL2NRU

L. R. Znjuljhdjul

Pufunudubph pjwtnnwhtt nbunipjniunid gnynipinit nith dh phopbd,
nph hwdwdwjt thnpp-wtlnibwghtt gpdwtt Fnpth vwhdwbwihtt nhwypnid

(6'q <<1l, npunhq 67q -t phdpwlghuyh wblnmbt k) wpwbuwynpuwght
Yupdwspp [(75 ] Juqusd sk Mywulh hwunwwnnt 7 -hg: Unyb wpuwnwb-
pnid yunq ophuwlyny gnyg k mipyws, np phnpbdh wuydwbubph padupup-
dwb nypnid 0'5 - Jupnn k bujuiunpbt jujudws (huk) 7 -hg:

ON THE TRANSPORT CROSS SECTION IN THE BORN’S LIMIT OF
SMALL-ANGLE SCATTERING

L. B. Hovakimian

Abstract: According to a general theorem existing in the quantum theory of
collisions, in the Born’s limit of small-angle scattering (Hq << 1, where Hq is the dif-

fraction angle) the transport cross section O'fj is independent of the Planck’s constant

7 . Here we present a simple example to show that under the conditions of the theo-

rem O'f: may display an essential dependence on 7 .
Keywords: transport cross-section, small-angle scattering, Born approximation
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KJIACCHUYECKUE PEIIEHUS TPEXYACTUYHBIX MOJEJIEHA
KAJIOJIKEPO
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AHHoTammsi. MeTomoM  pa3feneHHs — INEPeMEHHBIX  IOCTPOEHEI
KJIaCCHMYECKUE  pEIIeHHs TpeXdyacTHUHbIX  Mojenei  Kaiomxepo,
acCcOLMUPOBaHHBIX ¢ anredopamu JIu A 2 u G 2.

KaroueBbie cinoBa: moxens Kamomkepo, anredpa JIu, Tpexwactnunas
MOJIEINb

BBenenne

Mogens Kamomxkepo [1] 3aHumaer ocoboe MecTO B JJIMHHOM Sy
HHTETPUPYEMBIX CUCTEM KJIACCHUYECKON MEXaHWKH, MTPEXkIE BCEro, U3-3a HEOOBIYHOTO
COYETAHHS IPOCTOTHI (HOPMYIIMPOBKH M UPE3BBIYAHHON CIOKHOCTH €€ HCCIICIOBAHMS.

OmHa 3aaeTcst O4eHb HpOCTO (bopMyanyeMHM TaMIJIbTOHHAHOM,

H = Z_+Z(—Tx—x 1P.x,f=0;, (1)

OYEBUAHBIM 00pa30M MHTEPIPETHPYEMbIM Kak cucTeMa N OJHOMEPHBIX YacTHII,
B3aUMOJICHCTBYIOIIMX IO 3aKOHY OOpaTHBIX KBagpaToB. Kaszamoch Obl, 3Ta cucrema
JoibkHA ObUTa OBITH MpeasiokeHa He B 1969 roxmy, a, mo KpaiiHed Mepe, Ha CTO JieT
paHbie, Bo BpeMeHa SkoOu. OpHako Oaxe NOKA3aTelNbCTBO €€ HHTEIPUPYEMOCTH
SIBIIICTCS. HCTPUBHAIBHOW  3amaducii, TpeOylomiell MpUMEHEHUS —CIeupuIecKoi
TeXHUKHU: MeToaa L-A mapsl 100 raMHIbTOHOBOW PEAYKIIUN MATPUIHON MEXaHUKH [2].
Uro e KacaeTcs HaxOXJEHHs PELICHHI COOTBETCTBYIOLIEW KBaHTOBOW CHCTEMBI, TO
371ech MIpUBJIEKaroTcs T.H. onepaTopsl [ankna [3]. IIpu atom monens Kanomxepo umeer
HIMPOKHUH CTIEKTP (PU3MYECKUX MPHIIOKEHHUH, MPOCTHPAIOLINNCS OT KBAHTOBOW TEOPHH
1o ¥ (PU3MKU YEepHBIX IbIP A0 (PU3MKU KOHIACHCHPOBAHHBIX cpexd (CM., Halpumep,
HenaBHMA 0030p [4]). EcTecTBeHHO, WTO CTONB CoOJepiKaTeNbHAs MOJIEIbh HE MOTja
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OCTaTbCA BHE TIOJISI 3pEHHUS CHEHWATNCTOB B 00NacTd MareMaTHYecKOd U
TeopeTnueckoil ¢u3uku. Tak, ObUIM TIpeIokeHbl 0000meHns moaenu Kamomxkepo,
CBa3aHHBIC C PA3MUYHBIMHU anreOpamu JIu [5], a Takke UX TpUTrOHOMETpUIeckue [6] u
CIIMHOBEIC [ 7] aHayOTH.

C onpyroii cropoHsl, crenu(UYHOCTH METOIOB HCCIECOOBAaHMS MOJIEIH
Kamomkepo oOycnoBuna ee H30JMPOBAaHHOCTH B UIMHHOM PSRy  MoOJenel
MHTETPUPYEMBIX CHUCTEM KIIACCHYEeCKOM M KBaHTOBOM MeXaHWKH. B pesynbrarte,
O0TpabOTaHHbIE B TEYEHHE MABYX CTOJETHH METOABl MOYTH HE MPUMEHSUINCH IpH
n3yueHnn Mojenu Kamomxepo. VckimodeHueM SBISIOTCS TPEXUAaCTUYHBIE MOJENU
Kanomkepo, nomyckaromue paszaeneHue nepeMeHHbIX. COOCTBEHHO, MMEHHO OHH
JeKATM B OCHOBE IMOHEpCKoW paboTel [1]. OmHako B TOCIEAHWE TOABI TpH
uccaenoBaHul Mozenu Kanomkepo crany npeanpuHUMATBHCS MOMBITKH NPUMEHEHHS
CTaHIApTHBIX METOJOB T'aMHJIBTOHOBOW MEXaHUKH W IuddepeHunansHoil reoMeTpun
[8-11]. Kak mpaBmiio, B KadecTBE 3aTpaBOYHOrO IMpHMepa Opanach TpexdacTHYHas
mognens Kamomxepo. B wacTHocTH, Ha ee mpumepe OblIa IPOJEMOHCTPHPOBAHA
3G QEeKTUBHOCT  HCIIOJIB30BAaHMS  IEPEMEHHbIX JeiicTBue-yrona. IlocpencrBom
MocJeqHUX ObUIA yCTAaHOBJIEHA KaHOHWYECKas 3KBUBaJeHTHOCTh A 2 u G_2 moxeneit
Kanomxepo, ux cynmepcuMMeTpuuHbIX pacupeHuil u T.4. [10]. Otmerum, 4to B
nocjegHee JAECATUIETHE AaKTUBHO JHUCKyTHpOBaici Bompoc (Mo KpaiiHeill Mepe,
JIOKaJIbHOM) 3KHMBaJeHTHOCTH Mojenedt Kanomkepo u cBoOomubix wacturl [12]:
HECMOTpSI Ha HaIMYMEe MHOXeCTBa (popMyIn MMOJOOHBIE YTBEPIKICHUS MPECTaBIISIIUCH
criopHBIMU. PaboTr! [8, 9] BHECH SICHOCTH B 3TOT BOIIPOC, IO KpaliHEH Mepe, IS IBYX-
W Tpex4yacTHUHOro ciydaeB. Kpome Ttoro, pabora [l11] mposicamina mpupomy
cynepunrerpupyemoctu  monenun  Kamomxepo [13].  OrmiaumuurensHOM — uepToit
OTMEUYEHHOTO LHWKJIa PaboT ABJIsETCA BBbIACNCHWE T.H. YIJIOBOM YacTH Mojemel
Kanmomxepo: Takoil MOAXOX NPMEHSICS paHee, B YAaCTHOCTH, IPU IMOCTPOCHUU
pPacUIMpPeHHBIX  CYNEPCHMMETPUYHBIX  pACIIMpEHHH  TPeX4YacTUUHBIX  Mojenei
Kamomxepo [14].

B mpencraBieHHol paboTe MBI clieAyeM METOAaM W HOAXOdaM YKa3aHHOH
cepur padoT. VIMeHHO myTeM pa3lieseHus IEPEMEHHBIX Mbl IOCTPOUM KJIACCHYECKHE
pemieHus TpexdacTU4HbIX Mojened Kanomxepo, acconmuupoBaHHblx ¢ A 2 u G 2
anre6pamu JIu, 1 IpuUBEIEM SBHBIA BUJ PEIICHUN YpaBHEHUN NBIKCHUS B UCXOJIHBIX
KoopauHartax. IIpenyokeHHbI MyTh NOCTPOCHMSI PELICHUM, CIEYOIUN 1yXy LUK
[8—11], mMoXxeT paccMaTpuBaThCcs KaK TMPUMEP NPUMCHEHHS OTMEUYCHHOTO BBIIIE
mddepeHInanbHO-reOMETPUUECKOr0 TOAX0A.

PaboTa oprannzoBaHa cieayommM 00pa3oMm.

Bo BTOpOM paszene Mbl A€TAIFHO OMHILIEM CIIOCO0 pa3fefieHHs MePeMEHHbIX B
TpexdacTuyHoi A_2 mozaenu Kamomxepo v mocTporM ee SBHbIE pEeIIeHusI.

B tpertbem pazgene Mbl, clieys METOJaM MPEeAbLAYIIEro paszeina, MOCTPOUM
sIBHBIC KiTaccnueckue pemrenns G2 moznenu Kamomkepo.



34 Knaccuueckue pewenus mpexuacmuynvix mooeneti Kanoocepo

1. TpexuacTnunasi A_2 moneanb Kasogxepo.

N-uactruHas Mmopmens Kamomkepo, 3amaBaemasi rammibToHuaHoMm (1), mumeer
OYEBHTHBIN HHTETPAJ IBMYKEHUS — ITOJIHBIA MOMEHT uMITyJbca. [locne ero uckimoueHus
IMyTeM Iepexoia K cucTeMe LieHTpa macc Mbl mpuxoauM K (N-1)-mepHoil cucteme,
mBectHo kKak A (N-1) paumonanmsHas wmoxenb Kamomkepo. B wactHOCTH,
JIByX4acTU4Hasi Mojienb Kanomkepo CBOAUTCS K TPUBUAIBHOW OJJHOYACTUUHON CUCTEME
W HE 3acCily’KUBaeT OTIAENFHOTO paccMOTpeHus. Takum o0pazoMm, MpOCTEHIINM
HETPUBHUAJBHBIM CITydaeM SIBIISIETCS TPEXYACTUYHBIA CIy4aid, SBHBIC pEIICHUS IS
KOTOpOTO CTpOATCS B HacrosmieM pasaene. Jns storo ciydas rammiabroHmad (1)
MIPUHUMAET BUJL

P+ P+ PP
)4 2 3 +gz 1 —+ 1 —+ 1 .
2 (x, —x,) (x, —x3) (x, —x3)

JIst MCKITIOYEHHs [IEHTpa MAacC COBEPINHM OpPTOTOHABHOE MPeodpa3zoBaHuUe
KOOpJIUHAT

H = )

1 1 !
Yo :E(xl + X, +x3), b :ﬁ(le X _xs), Ya :E(xz —x3), 3)

Y aHAJIOTUYHOE NMPeo0pa3oBaHue IS CONMPSKEHHBIX UM UMITYJIbCOB.

1 1 !
po=—[B+P+P), p=—=02P-P,-P), p,=—(P,-P). ©¢
NG J6 2
3TO Hp606pa30BaHI/Ie KaHOHHUYCCKOC, TaK 4YTO HOBBIC I/IMl'IyJ'ILCLI TaKXC
COTIPsDKEHBI KOOpAMHATAaM. B HOBBIX KOOpIMHATaX TaMUIBTOHHAH (2) IpUHUMAET BUJ

2 2 2 2
H=Poyype gl 4 ol e

2 a2 2 | 7 (\/g%_yz)z_'-(\/gyl_yz)z

Kak BuanM, OH paciienwics Ha JABE YacTH: JEHCTBUTEIBHO, NEPBBIN YIEH
OIUCBIBACT JBIKEHUE ILIEHTPA MACC CUCTEMBI U SBISETCS HHTETPANIOM ABUKCHUS.
OcraBiasicst yacTb OMUchIBacT 3P PEeKTUBHO ABYMEPHYIO CHCTEMY .

ITocne nepexoaa K K NOJISIPHBIM KOOpAUHATAM

y, =rsing, y, =rcose (6)

MoJIy4Yum

2 2 2 2
Py P P 98
H="240 40— — —. (7)
2 2 2r r--cos” 3¢
I/ITaK, MBI TOPUIUIA K pPa3ACICHUIO TEPECMCHHBIX B TpeX&CTI/I‘lHOﬁ MOJCIN
Kano;:picepo. Omna cBenach K JaCTULC HAa OKPYKHOCTH, 3a/:[aBaeM0171 raMuJabTOHHUAHOM




JI. Apycmamsan, I'. Baeyny 35

2

9
I(p(/,,q))= p2(p i 200(52 3p

2

()

Bocnonb3oBaBmuUCy, 3TUM TPEACTABICHUEM, MBI celdyac HaiijeM SBHbBIE
pelIeHust cuCcTeMbl Ha OKpYKHOCTH. C 3TOH LENbi0 3aQHUKCHPYyEeM IHEPTHUI0 MOJIENH
Kanomxepo ¢ MCKITFOUeHHBIM IIEHTPOM Macc

2
H-2o-g,
2
B PE3YJILTATE YETO MOy YUM
2 g
PR ) o
2 r

ScHo, uto | sBNISETCS WHTETpasioM ABIKEHHUS, TaK YTO NPUBEICHHOE BHIIIE
ypaBHEHHE OMUCHIBAET Y(PPEKTHBHO OJTHOMEPHYIO CUCTEMY. Y YUTHIBAs, YTO

* dr dE
r=—=w,Ej=——=p, 10
il (10)
MOy IUM
2
Ip,,
E:l(@j +(p+¢). (11)
2\ dt r
COOTBETCTBEHHO
1
t=| dr = rdr = [ (2B —21) 2 rdr =
20 Y \aE -2
2E——
r (12)
1 - N2Er -21
=— (26 —21) 2 d (2B —21) ===+ C,.
4E 2FE
B pe3ynpraTe Mbl HaliieM 3BOJIOLUIO pagUalbHON IEPEMEHHOMU T
2 2

2 _2E (t+C) ”,q:o, a3

E

Tenepp nepeizeM K HAXO0XKJIECHUIO 3BOJIOLUU YIVIOBOM mepeMeHHoH ¢ . U3

TaMUJIBTOHOBBIX ypaBHeHI/Iﬁ JABHXCHHSA UMECCM

* do oE p,
=L pE}=—"="2, 14
p=— {p,E} = (14)

4

OTcrozia HEMEIJICHHO TIOTydaeM
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2

do ? Og
I=rl—=| +V v — 15
: [dtj " ((/)) o ((0) 2 cos’ 3(0 (13)

BBens HOBBIN mapaMeTp BOJIIOLNH,
dr dV2E) \F
T = = = arct —Et|+C,, (16
jrz(t) jZEt2+1 \/—Il+(\/_Et) Va1 g[ I s> (16)
E

MBI IpUBeieM BhIpaxkeHue (15) k Buay

do
+V 17
2( de (o) (17)
OTcrozia MBI HalIeM r[p;[MLIM WHTETPUPOBAHUEM
do
T=
I 4/21 2V J. \2
21 -
L cos 3¢)J
18
( \ (18)
d(sin3 i
—lj (sm gp) - = ! arcsin —sm3q)2 +C,.
N 21 -9g

(21-9¢% —215in’ 3p ) 2

[IpunasaB Bo BHUMaHHE BhIpakeHue (16), MBI TTOTydIHM,

2
sin3¢ =,|1- 951 sin[3arctg(\/gEt] + co] (19)

COBepIHI/IB HCKOTOPBIC  TPUTOHOMCTPUUCCKUC HpeO6paSOBaHI/I${, MOXXHO
MPUBECTHU NOJYUCHHOC BBIPA’KCHUC K CIICAYIOLIEMY BUAY:

1_9g2 .a(3—a23) |
21 (1+052)5

@ (a ) _1 arcsin (20)

3,H€CI> MBI BBEJIH 0003HAYCHUE

a(t)= \/gEt : 1)

Wrak, MBI HaIIM 3BOJIIOLMIO YIJIOBOW TEPEMEHHOM ¢, W, TaKUM 00pazom,

MOJIHOCTBIO MNPOUHTECTPUPOBAIIA  YPABHCHHA OBUKCHUSA T’peX‘laCTI/I‘lHOﬁ MOACIN
KaJ]OI[)KepO. B HNCXOOHBIX JE€KAPTOBLIX KOOpAWHATAX OHA OIMMCBIBACTCA YPABHCHUAMUA
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) 22

B3 /2\/ﬁ. L Jngat)p—aZ(t)] L @
xz(t)—?x0+ 3 2Et +E'Sln garcsm 1- o -3

B _F, g+ L sinl Laresin \/I_ng'a(t)[.’)—aﬂ(t)} T

0 3 E 3 27 i 3

2. Tpexuactuunas G_2 mogeas Kasomkepo

B sTOM pasnene Mbl HaliieM pellieHus: ypaBHeHUH nBrkeHus it G2 Moaenu
Kanomxkepo [5], onucsiBaeMOl TaMIIIBTOHUAHOM

H= :E:““*‘:E:( .- /) +2

2
i<j i<, (x +X, —2xk)

(23)

Ora Momenb TakkKe TPAHCISAIUOHHO-WHBAPHAHTHA, W €€ TIOJHBIH MOMEHT
UMITyJbca SIBIISIETCS WHTErpasioM IBMKeHHs. COOTBETCTBEHHO, IOCJE IEpexoaa K
CHCTEMe IIEHTpa Macc, corjacHo dopmyiam (3-4), Mbl IPUIEM K ABYMEPHOH CHCTEME.
[lepeiing, B mocnenHel cucrteMe K MOJNAPHBIM KoopauHaTam (6), MBI NpencTaBUM
raMuiIbToHUaH (23) B BUIC

2 2 2 2 2
Hzp_0+p_r+p_¢+i g2 + f2 X
2 2 2 cos” 3¢ sin” 3¢

24

BBenem 0003HaueHMs
2

p g2 f2 pg
Ip o)=L +V(p)....... Vip)=9 ,E=H—-—7.(5
QM ¢) +V (o) (v) (am23¢_Fﬁn23¢J ) (25)

ScHo, uyTo | 3amaeT raMWJIBTOHMAaH HEKOTOPOM CHUCTEMBI Ha OKPYXKHOCTH, U
sBisgeTcss umHTerpagoM naswkeHus G 2 monmenmn Kamomxkepo, Ttorma xak E 3amaer
suepruto G2 monenu Kanomkepo B cucTeMe IEHTpa Macc:

l?zzfﬁi—ffdfilfg).
2 r?

Kax Buaum, 5BOIONNS paguaibHON TTepeMeHHoi B G2 MoJenu 3a1aeTcs TEMU
e YpaBHEHHUSAMH, uTo U B A_2 moxenw, (19-11),.

(26)
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Ot1inure COCTOUT JIMIIL B OBOJJIIOIIMHN yI‘J'IOBOfI HepCMGHHOﬁ Q. Ona Takxe

HaXOJMUTCSl COBEPIIEHHO aHAJIOTUYHO A 2 cilyyato:

7= dp 1 do _
g NoErr 2
1-9 gj + f2
cos“3¢p sin“3p
_1 J‘ cos3¢p-sin3p-do _ @7)
2 \/1 cos? 3p-sin” 3p—9g? sin? 3p—9 12 cos? 3p
1 d(cos6g)

)y I '
[t soss(e = s 1-9( s
s Berancenns uHTerpania (27) BBeneM 0003HaUCHUS
1 1
=3 0=’ 1?). =2 -9lg" + 1), (28)

YTO CBEZET €ro K TaOMMYHOMY UHTETpaly.
B pesynbrare unTerpan (27) npuHUMaeT BU

T——LJ. d(cos6¢) B
12 \/—acosz6¢+bcos6(p+c (29)

. 2acosb6p—b

= —Larcsm
Vb? +4ac

+C,.
12Ja 2

C nmpyroii CTOpOHBI,

Cedr oodar 1 dl\aE) 1 \/5
T—Irz(t)__[ +1_ﬁjl+(\/§Et)2 _\/ﬂarCtg( 7Etj+C3. 30)
E

2Et?

OTcrofia HaxoauM
2acos 6@ —b =—b* +4ac - sin(6arctg\/%EtJ +C;. (31)

ITocne HCKOTOPBIX TPUTOHOMETPHUYCCKUX MaHI/IHy.]'ISILII/Iﬁ Mbl TIpUACM K
BBIPAXXCHUIO

Q (Ot )= é—arcsin {1/%+ c - “ (05 2(1_+3X12333a : )} ,  (32)
o

rne a,b,c 3agaHel BelpaxeHusiMu (28), a & — Belpaxenuem (21). OHo 3amaer

3BOJIIOLUIO YTIIOBOM MEPEMEHHOM.
OBOMIONMS UCXOAHBIX JIEKAPTOBBIX KOOPAUHAT 33JJa€TCSI BHIPAXKECHUSIMHU
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( 2 247
B 6 [, I . 1 [ a(t) et (f)-3]-[1-3a% (1)
x1(l):T3xo+T6- 2Et +é-sm éarcsmt Z—a+c- [ [1+a2J(tET ]J

B3

Xy (t) ZTXO +

(o al [ (-3 13 ()]) 5] @Y
i)
x ()= ?xo —\E- , /ZEt2 +é -sin éarcsin{\/g. a(t)'[az[(l:;i]('t%;?’az (t)]] +§

3akiouyenne

I/ITaK, MBI TOCTPOUIIN METOJIOM PA3ACIICHUA TICPECMEHHBIX, ABHBIC KIIACCUYCCKUEC
pelIeHus TpeXyacTUUHbIX Mojenei Kanomkepo, KoTopsie, mociie nepexoaa K CUCTeEME
IIEHTpa Macc, acconuupyroTcs ¢ anredpamu Jlm A 2 u G 2. K cokanenuto, MbI He
MOXXEM TOAOOHBIM 00pa3oM HAWTH peIIeHHS AaHaJOTHYHBIX YeThIpeX- |
MHOTOYACTHYHBIX CHCTeM. TeM He MeHee, HeTPHBHAJIbHOCTh JUHAMHUKU JaKe ITHX
MPOCTEHIINX CHCTEM MPECTABISETCS HaM JIIOOOTBITHOM.

B 3akmiodyenue, xotuMm moOnaromaputh ApmeHa HepcecsiHa 3a MOCTaHOBKY
3aJjauydl W ToJie3Hble O0CYKICHUs, a Takke KapeHa ApamsHa 3a TPOSIBICHHBIH
HWHTEpeC K padoTe.
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CLASSICAL SOLUTIONS OF THREE-PARTICLE CALOGERO
MODELS

D. Arustamyan, G.Bagunts
Explisit classical solutions of the A 2 and G_2 Calogero models are constructed

by mean of separation of variables.

BNUUUULPY WULNQE N3k UNYELULEP FUTUUYUL
LArONRrULErC

. Unntunudjui, @.Fugnibg

Onthnjuwlububph pwdwidwt dhgngny Jupnignwsd L hnwdwutihy
Yunotinnjh Unpbjutiph puguhwjn puuwlju nusnidubpp
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W3YUYEHUE UBSMEHEHU XUMUYECKOT'O IIOTEHIUAJIA
AMO®UPUIBHON MOJIEKYJIBI B ®OC®OJIATNINTHOM BUCJIOE

I'.I'. bagaasn

Epesanckuii cocyoapcmeennulii ynugepcumem
hbadal@ysu.am

AHHOTaAIHSA. MeTtonom MMHHUMM3AIUU CcBOOOIHOM SHEPTUU
¢dbochonumuaHoro  OHMCIOA  W3Y4YCHA  3aBUCHMOCTh  XHMHYECKOTO
NOoTeHIMana 4  aM(pUOUIBHON MOJEeKyJIsl B OHCIOE OT CTEHeHH
JMCCOIMAIIMM Z TIOJAPHBIX Moyekyal u oT uumcna CHy— rpymnm &
YIJIEBOJOPOIHOIO XBOCTA. YCTAHOBJIEHO, YTO XUMHYECKUAN MOTEHIIHAI
MOJIEKYJIBl TIPH YBEJIHYEHUH Z YMEHBIIAETCS, TO €CTh HMEET MECTO
BbIJE/ICHUE TEIUIOThl CHCTEMbI, a NpPM YyBeldudeHMH &, Haobopor,
YBEIMYMBACTCS — HIMEET MECTO HOTJIOIIEHHE.

KaroueBbie ciioBa: pocdonunuaneii Ouciiol, XUMUYECKUI MMOTEHLINAI,
ampudunbHas Monexya.

B ony0nukoBaHHBIX Hamu paHee paboTax [1, 2] ycTaHOBIEHO, YTO CTPYKTypa
OHCIIOs, COCTOSIIETO W3 3apsDKEHHBIX Mosekyn ampupunbsHoro (AD) BemiecTsa,
CYIIECTBEHHO 3aBHCUT OT pABHOBECHS CHJI 3JIEKTPOCTATUYECKOTO OTTAIKHBAHMS
3apsDKEHHBIX TIpynn u  BaH-Iep-BaaabCOBCKOTO MPUTSDKEHHS  YTIEBOAOPOIHBIX
XBOCTOB MOJIeKyJl. HapyIieHue ykazaHHOro paBHOBECHS CHJI IPUBOAUT K U3MEHEHHUIO
XMMHUYECKOT0 MOTECHINANIA MOJICKYJIBL.

B mnacrosmeld paboTe mn3ydeHa 3aBHCHMOCTb XHMHUYECKOTO TOTEHIHAJA /L

amMpuPUIEHON MOJNEKYIBI B OMCIIOE OT CTENEHH TUCCOIUAIINH Z TTOJSIPHBIX MOJIEKYT U
ot gncina CHy— rpynn £ yriieBogopoJHOTo XBOCTA.

Kak u B pa6ote [1], ana Beramcnenus E,, ucmonp3yemM pemeTouyHyro MOIETh
(Puc. 1,2).
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e

Y 331331

Puc. 1. Pemerounas mMozmeib XKUIKOKPHCTAUIMYECKOTO OUCIIOS, 00pa30BaHHOTO

A Monekymoi.
o

Puc.2. Pemerounas MoAedb PACHOJIOKEHHS 3apsHKEHHBIX TPYI MOJEKYN Ha
MOBEPXHOCTHU OHCIIOS.

[penmonoxxum, 4TO MOJSPHBIE TPYIIB MOJEKYT Qocdonunuaa (Kaxgas c
TOYCYHBIM 3apsAJOM-ze, TJI€ z — CTENCHb IHCCOLMAINW, e — 3aps D3JCKTPOHA)
PACHOJIOKEHBI B Y371aX MPSMOYTOJIBHOM PEIIETKN Ha TUIOCKMX MOBEPXHOCTSX paszena
Oucnoii-ona. M3mMeHeHne cBOOOIHOM YHEprun OUCIIOs, IPH NEepexoae U3 KUAKOTO B
UCCIIEeyeMOe COCTOSIHHUE, TIPEJCTaBUM B BUIC

y
AF = E —E, — kTN In—2- (1)
A
rae E'I,Vf1 uE,V, — oneprum B3aMMONEHCTBHH MOJEKYT M CBOGOIHBIE 0OBEMBI,

mpuxojdImecs Ha MojekyiTy AQD BemecTBa B OHUCI0€, COOTBETCTBEHHO B KHJIKOM U
HCCIIENYEMOM COCTOSHUSX.
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Ucnonezys ¢opmyny (1), Bblumcisem, kak B pabore [2], HO C yuyeToMm
B3anmozenicTBus CH, — rpymmn yrieBoJOpOJHBIX IIETOYEK MOJIEKYJ TOJIBKO C 8-MbIO
ommkaiiimmu cocensmu. [lomydaem

ze) 0.53 ze) LN SN
AF = 2(7[5)5 - N2 — (45)5 — +A(31—15L/10)—f -
0 0“2 0 (2)
EN 2m

—2B(7-3L/1,)-5—+(1-z)o,Na’ = NkT In———,

! N,a’L

I'a
1€ O — pAacCTOSHUE MEKAY OMMKAHIIMMA Y3JaMHM PEIIETKH, T.€. MEKLY
O KaNIIMMHK 3apsaamMu, 6‘1— AUBJICKTpHUYCCKAd IMPOHULIACMOCTDH BOHHOﬁ (1)33131 Ha
MMOBCPXHOCTHU 6I/ICHOﬂ, 82 — AUDJICKTPUUCCKASA NPOHUIIACMOCTDb yrﬂeBOﬂOpOﬂHOﬁ 4aCTu

6I/ICJ'IO$I, 50 — JJICKTpHUYECKasd NOCTOAHHAA, L— TOJIIMHA 6I/ICJ'IO$I, A 1 B — KOHCTaHTEI

Jlennapa-J[KOHCOHCKOTO HoTeHImana, /,— mHaa A® Monekylsl, o ,— Ko3huiuent
MOBEPXHOCTHOTO HATSHKEHUS HEAMCCOLMUPOBAHHOM IIOBEPXHOCTH, O, H pP—

IUIOTHOCTh OWCIIOST COOTBETCTBEHHO B JKUAKOM M HCCIEAYEeMOM COCTOSIHUSX, 11—
MonekynsapHas Macca Ad BemectBa, N,— uuMcino ABOraapo, €— 3apsan

3J'IeKTp0Ha,—=—+i.
E & &
Urak, A F = F(a,L,N)~F,(N), rae F(a,L,N) u F,(N) - cBo6onnsie

OHEpPruu 6I/ICHO$I, COOTBCTCTBEHHO B JXUAKOM U UCCIIEAYCMOM COCTOAHUAX.
s YyCJI0BUSA MUHHUMU3AIIUNA UMEEM

OAF OAF OAF
—_— O’ —_— O’ —_— ﬂ
oa OL ON
NJIn
2 2 5
_ 2y 053\ [ COIN ¢ yaioisrygy ey
2ree o 28,6, l,'a 3
3
+8B(7 —3L/10);’2—A:+ 2(1-z)o,Na’ +2kTN =0
0 (94
2 5 3
G sy f —+6B ° 4+k—T=0 (&)

de,8,0” lya Ia* L
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:E (ze)* 0.53 N% (ze) L
22re e de,e,a”

+AGI-15 L)1) ¢
e’ 5)

3
~2B(-3L[l) 75— c —+(1-2)0,a” +kTn 2’"2
Iyat N,a’L

Pemass cucremy ypaaenuit (3), (4), (5), s XUMHUYECKOTO IIOTEHIIMAja
MOJYYHM CIIEYIOIIEE BEIPAKCHHIE

5 3
3 (ze)’ kT kT kTUsoA 5 - —36B &
4 g0 N J
SCT Y IS
NN Nl N
om (ze)?

+4(1 - 2 _kT1 6
(I-2)oya nN a’kT\ de,e,a’ ©)

N I o N N

3 3

+154 & c— 68 ° J+2kT 3414 & +70B °
PacyeTbl  BBINOJHSIMCH TNPH  CIHEAYIONIMX  3HAYEHHUSX, OJYYEHHBIX
SKCIEPHMEHTAIBHBIM ~IyTeM, Tae &, =2.6, O, = 3-102H/M™, m=10"kr,
T=300°K, A=0.88-10""mIx, B=3.55-10"" m°ik. [ oIpeieeHus
3aBucuMocTH UHBL [, A® Mosekyisl ot uncna CH, — rpymn &, ncrnons3yercs

cremyromas aMIupudeckas popmyina [3]

I, =(1.265-£+1.5)A

B BeIpaxxeHHEe XUMHYECKOTO MOTEHIMaNa (6) BXOAUT BeNWYMHA O (pacCTosHHE
MEXAy ONMKalIIMMuU y31aMy pelIeTKH), KOTopasi B 00IIeM Clydae 3aBUCHT OT CTEIICHH
ucconmanmu z 1 oT yncna CH, — rpynn &. OnHako, kak u B paborax [4, 5], & npu

HEKOTOPBIX YCIOBHSAX MOXET OCTaBaThCsl MOCTOSHHBIM. B Hamreit paGore BbIOpaHO
sHauenne & = 10°M., z Mmemsercs B mmtepBane z €(0,1), a & 6[6,18]. [pu

3HaueHusX z < 0.5 pe3ynbTaTbl HE COBNAJAIOT C JKCIEPUMEHTAJIbHBIMHU JTAHHBIMH,
MOCKOJIBKY 3/1€Ch HE YUMTBHIBAETCSI BIMSHUE OKPYKAIOLUIMX B JOMEHE JIaMeJIOB Ha
OucCIoi.

W3 ypaBHenuss (6) BuaHo, utOo 4 (yHKOUS oT mnapamerpoB & W

z, 0= p(z,&). Ha Puc. 3 rpaduyeckn u3o0paxkeHa 3aBUCUMOCTb 4 = (z), TpH
&=¢,=10, anapuc. 4— pu=pu(&), mpuz=2z=0.5.
Kaxk BumHo u3 Puc. 3 u 4 ¢ yBenwueHnEeM z B HHTEPBAIC Z 6[0.5 + 1] , 3HaUEHUe

4 ymenpmaercs ot 4 =15.96-10"" Jix mo ££=5.29-10"" JIx, a ¢ yBenuuennem & B
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unteppane & 6[6,18] YBEITHYUBAETCS OT ,u=4.08~10719 JIx no ,u=9.37-10718 JIx.
Takas ke 3aBUCMMOCTb IIOJy4ae€TCs IIPU BCEX 3HAYEHMAX Z, 6[0.5+1] u

&, €[6,18] (T.e. pocT z CONPOBOXKAACTCS YMEHBIICHUEM [/, 3 POCT & — yBEIIMYCHHEM).

6.4
6.2

5.8
5.6

54
52

05 06 07 08 09 Z

Puc. 3. 3aBucUMOCTh XUMHUYECKOr0 IOTCHIIUAIIA OT CTEIICHU AUCCOLHALIN
HOJIIPHBIX I'PYIIT MOJIEKYJT
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Puc. 4. 3aBucuMOCTh XUMHYECKOTO OTeHIIMANA OT uncia CHy-rpynm
YTJIEBOAOPOIHOTO XBOCTA MOJIEKYJIBI

PesynbraTel 3HAUCHW XWMHWYECKOTO IMOTCHIMANA, IOMYyYECHHBIE METOIOM
MUHAMU3AITIT CBOOOTHOM SHEPTUU CpPaBHUBAJINCH c OTIBITHBIMU
KaJIOpUMETPUIECKUMH pe3yibTaTaMi. [Ipn M3MeHEeHUHM CTPYKTYpPHI CHCTEMBI, KOTIa
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BO BTOPOM COCTOSAAHHUU My > M IMPOUCXOJUT ITOITIOUICHUE KOJIMYCCTBA TCIJIOTEI, 4 B
IMPOTUBOIIOJIOKHOM ClIy4dac, IIpu My < M KOJIMYECTBO TCIIJIOTHI BBIACIACTCA.

M3MmeHeHne KoImyecTBa HOFHOHICHHOﬁ niIn BBIHCHGHHOﬁ TCIUIOTHI MPOIMOPHIHNOHATIBLHO
U3MCHCHHUIO XUMHWYCCKOT'O ITOTCHIIHMAJIa.
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Puc.5. 3aBucUMOCTD KOJIMYECTBA BBIJICICHHOM TEIUIOTHI Q OT KOHIEHTPALMU BOJIbI

Ha Puc.5 moxazana 3aBUCHMOCTb BBIICICHHOTO KOJIHWYECTBA TEIUIOTHI QQ OT
KOHIICHTpAIMH BEIIeCTBa B BOJE (MMOJ00HO 3aBUCUMOCTH OT z). [lapamiensHo pocTy z
KOJIMYECTBO TEIUIOTHI YOBIBAET MO TOMY K€ 3aKOHY. Tak ke M3MeHseTcs U A, T. €.
Q ~ 1, uro BeITeKaeT U3 Puc. 3, moay4eHHOTro B pe3ysibTare MUHUMHU3AIHMUA CBOOO-

HOH 3HEpPrumu.

Takum o6pazoMm, dopmyna (6) sl XUMHYECKOTO TMOTEHIHANA, MOIydYeHHAs
METOAOM MHHUMH3ALUU CBOOOAHOW SHEPruu, B OOLIEeM Cily4ae OIMCHIBAET
3aBUCHUMOCTb XMMHYECKOTO TIOTCHIMANAa OT CTENEHH IUCCOLMUAIMKA MOJIEKYJI M OT
uyucna &, Bxoasumx B rpynmny CH, Monekyn. B 4acTHOM citydae MOYKHO ONpPEIeIUTh

BKJIaJ] DHEPTMA B XWMHUYECKHH TIOTEHIMAT CHCTeMBl OT onxHoi rpymmsl CHo.
Pesynprarel cxomATcs TakKe C HMEIONIMMECA B JIUTEpaType HW3BECTHBIMHU
TaOJIMYHBIMU TaHHBIMU [6].
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THE STUDY OF CHEMICAL POTENTIAL CHANGE OF
AMPHIPHLE MOLECULE IN A MEMBRANE

Badalyan H.G.

It has been studied the dependence of chemical potential gz of amphiphilic

molecule in bilayer on the degree of dissociation z of polar group of molecules and on
the number of CH ,- group & of hydrocarbon tail of the molecule by the method of

minimization of the free energy of mesomorphic bilayer. It has been obtained, that
chemical potential of the molecule decreases with the increase of z, i.e. heat extracting
from system occurs and with the increase of & the chemical potential increase, i.e. the

absorption takes place.
Key words: amphiphilic molecule, chemical potential, mesomorphic.

SNUINLPNRTIUSPL GUTESNRU UUDSHSPL UNLBUNRLD
LPUPULUL NUISELSPULE ONONNRE3UL
NrUNrULLUPLNRUC

Punujjui 2.9.

Uquun Eutipghuwyh dhuthdhqughuwjh dhongny niunidtwuhpyty L $nudn-
lhwhnuyhtt Ephobpunud wdbhdpy unjynuh 4 phuhwfub wninkughuih
Juwjuijwénipjniip phtnwjhtt Unjklniyjukph phunghwghwjh z wunhdwhg b
wsiwopwsdwghtt wnskpnud CH2 fjudpph € pyhg: 8nyg E wipdws, np z k-
Swgdwt dwdwwl phuhwljut ynunkughwp thnppwind k, wnknh £ niubunid
otipunipjut wpwpnid hwdwlupghg, huly ¢ dbdwugdwl nhypnid pughwjw-
pwlp wykjwunid k b wnbinh niuh putinud:
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CHUHTE3 3AMEIIEHHBIX BUC-IITMPUMHUJINHUJI/IUAMHUHOB

Ir.r. I[aﬂary.mml’ 2 AK. TyMaHsml’ 2 K.K. AﬁpaneTﬂH3

"Poccuiicko-Apmanckuii (Crasanckuii) ynusepcumem
’Hayuno-mexnonozuueckuii yeHmp opeanuieckoli u gapmayesmuyeckoti Xumuu
HAH PA
HUncmumym opeanuueckoil xumuu
 Apmsanckuii 2ocydapemeennbiii nedazocuyeckuii ynusepcumem um. X. Aossna
e-mail: gdanag@email.com
AnnHotanus. V3ydeHsl peakuun 4,6-IIMETHI-2-XJIOPIHPUMUAINHA C ITH-
JICHIMAaMUHOM M TeKcaMeTwiIeHauaMuHoM. IlokazaHo, 9TO B YCIOBHSX
peaKiiy, He3aBUCUMO OT COOTHOLICHHUS PeareHToB, 00pa3yloTCsi COOTBET-
CTBYIOIINE OHMC-MUPUMHUIUHIIIIPOU3BOJHbBIE. AHATOTHYHO, 32 CUYET 000HX
MUPUMHUIVMHOBBIX KOJICI NPOTCKACT AJIKUIIUPOBAHUC I/l36I)ITKOM MCTHIINO-
nuna. B3amMmopelcTBUEM NUPUMUAMHUIAMUHOAIKAHOB CO CHUPTOBBIM

PacTBOPOM LIENOYH TIOIYYCHbI COOTBETCTBYIOIIHE AHTUIPOOCHOBAHHUSL.

B cnekrpe SIMP 'H moamma 2-(GensunaMuHO)-1,4,6-TpHMETHIIITHPHMH-
JVHUSL, 3aperucTprupoBanHoM nociie podasnenus CD;ONa, ormeueH Jer-
KO, KOJMYECTBEHHO U M30MPAaTEIbHO MPOTEKAOIINI OCHOBHBIN IedTepo-
00MeH NPOTOHOB JIMIIb C-METHIIBHBIX M aMHUHHOM TPYIIT THPUMHANHHC-
BOH COJIN.

CTpoeHne MOJTyYeHHBIX BELIECTB MOATBEPXKACHO CIIEKTPalbHBIMH METO-
namu (SIMP, macc-ciekTpoMeTpus).

KarodeBble c10Ba: MUPUMUANH, STHICHIUAMHH, TeKCaMETHICHIMaMKH,
noaua nupumuannus, SSMP H.

3amMernieHHble OMC-TMPUMUAMHUIANKAHBL SBISIOTCS XOPOIIEH CHHTETHYECKON
1aThOpMoil AJs MOIy4YeHUs] TeTepOUUKIO(paHOB, a TaKKe MAaKPOLMKIIOB, COAEpKa-
muX (pparMeHTHl reTepourkios [1, 2]. Camu Ouc-aIyKThl aMHHOA3MHOB U3-32 HaJH-
9Hsl B UX COCTaBe MUPUAMHOBBIX aTOMOB a30Ta ¥ aMHHHBIX TPYII MOTYT OKa3aThCs
MEPCIIeKTUBHBIMHE  JIMTAaHJAMH [JIs1 CHHTE3a KOOPIWHAIMOHHBIX COEIMHEHWH
XeNaTHOTO THIA, MOEITUPYIONINX TPUPOAHBIE MeTaIo(GepMeHThl, a Takke B
Ka4yeCcTBE DJEKTPOAKTHBHBIX KaTalU3aTOpPOB M COCAMHEHHH Ml CEJIEKTUBHOTO
W3BJICUCHHUS PEAKO3EMENILHBIX METAIIOB U3 PACTBOPOB.

C 1enpl0 TOCHEAYIOIIEro TMpeBpalleHHs B MAaKpOIMKIbBI Ha OCHOBE
NMApUMUANHA  B3aumMmogelcteueM 4,  6-guMmermn-2-xmopnupumunnaa (1) ¢
STHIEHANAMUHOM W TeKCaMEeTWICHAMAMUHOM HaMHU OCYIIECTBIIEH CHHTE3 Owmc-
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NUpUMUANHIIIAMUHOANKAHOB. [lokazaHo, 4YTO, HE3aBUCUMO OT COOTHOUICHUS
pEareHToB, PEaKIUs C XOPOIIMMH BBIXOJaMU TPOTEKAET 3a CYET 00EMX aMUHHBIX
rpynn  JAUaMUHOB. Peakiusi  OMC-TUPUMUAMHUINPOM3BOIHBIX € HM30BITKOM
METWIMOMUAA TakKe TPHUBOIUT K AJIKWIMPOBAHWIO aTOMOB a30Ta 000WX
MUPUMUIMHOBBIX KOJIEIl, YTO MOATBEPKIeHO crektpamu IMP 'H CHHTE3UPOBAHHBIX
COCTUHEHUN.

CH,

CH, CH,

CH, CH,
- CH,I
SRS QS C Gl & . ¢
| | + +
X X Pz B N
N/LCI HC \N)\H @nN" N e, me” N Il\if(CHz)n N N
1 n=a)2;b)6. 2 I CH, 3 1 C

H,C CH,

H

3

Cnektpsl IMP 'H coenunenuii 2a u 2b CBHIETENBCTBYIOT O CHMMETPHUHOM
cTpoeHue moliekyia. B crektpax coeguHenuii 3a u 3b amkunupoBaHHE MPUBOANT K
CMELICHUIO CUTHAJIOB BCEX NMPOTOHOB, CBA3aHHBIX C MUPUMUIMHOBBIMH KOJBIIAMHU B
cmaboe moire. [Ipexe Bcero 3To oTHOCUTCS K TTpoToHaM 5-H 1 NH (cooTBeTCTBEHHO,
Ha 0.8-0.87 u 1.88-2.43 M. n1.). BaxxHO Takke 3aMeTUTh, YTO TPU ATKHIUPOBAHUH HE
HaOroaeTcs mepexoja aMHUHO-TPYMIT B UMHUHHYIO (DOpMY, O YeM CBHAETEIBCTBYET
COXpaHeHHe B crekTpax coiel 3a m 3b MIMPOKOro curHaga MPOTOHOB aMUHHBIX
Tpym.

B kauecTBe KOHTPOJIS, MO3BOJISIOIIEI0 OTMETUTh IIEPEXO0L MOJIEKYJIbl B HIMUHO-
(hopMy MBI OCYIIECTBIIIN PEAKITHIO0 Hoauaa 2-0eH3mIaMuHO-1,4,6-TpUMETHIITTHPUMH-
IuHUS (5) cO COMPTOBBIM PAacTBOPOM ABYKPATHOI'O KOJIMYECTBA THAPOKCHAA Kallus,
YTO MPUBEIO K CHHTE3y COOTBETCTBYIOIIETO aHTMJIpoocHOoBaHUS — N-[1,4,6-Tpume-
tunnupumMuau-2(1 H)-unuaen|6ensnnumuna (6), KOTOPBIN JUILIEH BO3MOXKHOCTH Ha-
XOAUTHCS B aMUHHOM popme. OTMETUM, YTO BBIACTICHUE aHTHIPOOCHOBAHHUI U3 TIHPH-
MUJIMHUEBBIX COJIEM paHee OBbLIO ONMCAaHO C y4YyacTUEM OIHOTO M3 aBTOPOB IpU
N3yYeHUH MEXaHU3Ma PeLUKIN3ali €HaAMHUHOBBIX IEPErpyNIUPOBOK (IIE€perpyniu-
poBok Kocra-Carutymmmna) [3-5].

CH, CH, CH,
CH.,1
N 3 SN KOH ‘ X )N\
‘ +J\ -KI NS
N\ NS _
H3C N)\ﬁ’CHZCGHs H3C I‘V EiCHZCﬁHS H3C I‘V N CH2C6H5
4 I CH, 5 CH, 6

OG6pa3oBaHye aHTHAPOOCHOBAHMS U3 COIHM 5 dukcupyercs B cnektpe SIMP 'H.
B wactHOCTH, B CIIEKTpe aHTHAPOOCHOBAHWA 6 OTMEYCHO WCUE3HOBEHHE CHTHaIa
MIPOTOHA aMUHHOM TPYTIIHI, a TAK)KE 3HAYUTEIIHHOE, B CPABHEHUH C CUTHAJIOM TOTO e
nportoHa B nomuzae 5 (7.01 m. 1.), cMemeHne curaana nporoHa 5-H B cuimbHOE more
(5.59 m. n.). Cursanm METHJICHOBBIX IMPOTOHOB B CIEKTPE aHTUAPOOCHOBAaHUSA 6
MPOSIBIISICTCS. CHHIJICTOM U TIPETepIIeBacT CMeleHue B ciiaboe mose (ot 3.75 B conu 5
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10 4.47 M. 1. B coeilMHEHUH 6), TOrJa Kak CHUTHAJIbl MPOTOHOB METHJIBHBIX TPYIII
cMmernraroTcst B cuibHOe Tonie (Ha 0.35-0.44 M. 1.), 9T0, MO-BHANMOMY, OOBICHIETCS
WCYE3HOBEHUEM  IIOJIOKHUTEIBHOTO 3apsijfia W3 [NUPUMHUAWHOBBIX  (pParMeHTOB
MOJIEKYJIBI.

OO0pazoBaHye aHTUIPOOCHOBAHUS, HOZOOHO OMUCAHHOMY BBIILIE, HAMA OTMEYEHO
U Ha mpuMepe Ouc-agaykra 3a, mpu o0paboTKe MOCIEIHEr0 SKBUMOJIBHBIM KOJIHMYECT-
BoM mienoun. B cnextpe SIMP 'H BhIIENEHHOTO aHTHIPOOCHOBAHHUS 7 OTCYTCTBYET CHT-
HaJl aMHHHOTO MIPOTOHA, a TaKkKe HaOMI0JaeTcsl CMEIIEHNEe CUTHAJIOB BCEX MPOTOHOB B
cunbHOoe mone. OOpamaer Ha ce0s BHUMaHWe cyliecTBeHHoe (Ha 1.26 m.u.)
TIepeMeIeHIE B CHIIBHOE TT0JIe CUTHAIA TUPUMUATMHOBEIX TIPOTOHOB 5-H 1 5°-H.

CH, CH, CH,
| i )j\ )j\
|
H.C )\ —(CH);N )\N—(CH)_N N >cH
CH CH

3

I CH3 3a 1 3 CH3 7 3

B mpenpinymem cooOmienun [6] ObUT OmmMcaH W30TOMHBIA OOMEH aMHHHBIX U
C-aJIKHIIBHBIX TPOTOHOB, CBA3aHHBIX C MTUPUMHUINHOBBIM KOJIBLIOM. Ta jke 3aKOHOMep-
HOCTh HAaMH OTMEYEHa NpU HCCIEAOBaHHU OeH3WIaMHHONpou3BoaHoro 5. [lpu
NMEHCTBUU Ha CIUPTOBBIA pacTtBop com 5 B CD;0D nmeiitepupoBaHHBIM METHIIATOM
natpus (CD;ONa) B criektpe SIMP 'H yixe uepes 10 MHH HaGMOIAETCS YMEHBIICHHE
curHana C-MeTWIBHBIX TPYMII, COOTBETCTBEHHO, Ha 53% u 90%, a depe3 24 yacos B
cnekrpe IMP curnansl 3TUX MPOTOHOB U BOBCE HE (PUKCHPYIOTCS, YTO XapaKTEPU3yeT
CTeTeHb MPOLIEAIIEro ieiiTepooOMeHa. BakHO Takke OTMETHTB, YTO CHUTHAI POTOHA
5-H orMeueH B TOH ke 00JacTH, B KOTOPOH HAOIIOAAINCh CUTHAJIBI TPOTOHOB 5-H B
AHTUIPOOCHOBAHMUAX, YTO CBUICTENBCTBYET 00 OOpa30BaHUU aHTMIAPOOCHOBAHMSA
TaKke B Iporecce wu3OuparenpHOro aAedTepupoBaHus. OTMETUM, 4YTO TIpH
pacTBOopeHMH B JIedTepomeraHolie, naxe Oe3 moOasimeHuss CD;ONa, B cmekTpe
COEMHEHHUS 5 Mcue3aeT CUTHaI NMPOTOHA aMUHHOW TPYMIBI, @ CUTHAJI METHJIEHOBBIX
MPOTOHOB OCH3WJIBHOTO (parMeHTa TMEepexXOAuT U3 JyOnera B CHHIJIET, YTO
OOBACHSIETCSI TPOIIEIIIAM JIEHTEePOOOMEHOM.

CD

3
/ﬁ\N CD,0D /ﬁ\ CDsoNa
J\N CH,C H, )\

NCHCH H,C
1 CH3 5 1 CH3 CH

N-CH,CH,

3
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IKCIepUMEHTAJIbHAS YaCTh

Crextpsl SIMP Obuim monyuensl B LleHTpe mcciieoBaHusl CTPOSHUS MOJIEKYI
HAH PA (nporpamma US CRDF RESC 17-5), na npubope Varian «Mercury 300» ¢
pe3onancHoit yactoroit 300,077 MI' Ha sinpe atroma Bozopona u 75,46 MI'nt Ha anpe
BC. Temmeparypa o6pasuos 303K. B kadecTBe pacTBOpHTeNs HcHonb3oBaH DMCO-
ds, cranmaptT TMC. Macc-cekTpsl 3aperucTpupoBansl Ha criekrpomerpe MK-1321 ¢
IpPSAMBIM BBEJICHHEM 00pa3lia B MOHHBII MCTOYHMK U IIpU dHepruu nonuzamuu 70 3B.
Hns xpomaTtorpaguu B TOHKOM ClO€ HCIoib3oBanu miuactuHkd Silufol UV-254,
MPOSIBJISUIM IapaMH MOJa U PEaKTHBOM DPpIHXa.

N', NZ-BHC(4,6-)II/IMGTI/IJIHI/IpHMHIlI/IH-Z-I/IJI)3TaH-1,Z-HHaMHH (2a). a) K pacrt-
Bopy 0.3 2 (0.005 moas) >TneHauaMuHa B 3 mz abC. dTaHOJA MPUIUBAIOT PACTBOP
1.43 2 (0.01 mons) 4,6-mumernn-2-xiaopnupumuauta (1) B 3 mz abde. sranona. [po-
3pavyHBIA pacTBOp KUMIATAT 8 v. OOpa30BaBIINICS 0CaTOK OT(HHUIBLTPOBEIBAIOT, TPOMBI-
BaloT Ha (uibTpe 3TaHonoM. [locne moamenaunBanus pa30aBIeHHBIM BOJHBIM PacT-
BopoM NaOH no pH 7.5-8.0 ocagok ordunsTpoBbiBaoT 1 nomydator 1.23 2 (90%)
OeJbIX KPUCTAIIOB coequHeHus 2a, T. 1. 185-187 °C, R;0.6 (Gen3oi-ametoH, 2:1).

06) K pactopy 0.6 2 (0.01 mozrs) sTunenauamuaa B 5 ma abc. 3TaHONA
npunuBaioT pactBop 1.43 2 (0.01 mona) 4,6-mumeTnn-2-X10pnupuMHUIMHA B 5 ma abc.
atanoina. [Ipo3paunsrit pactBop KuMATAT 8 u. OOpa30BaBIIUNCS 0CaTOK OTHUIBTPO-
BBIBAIOT, IPOMBIBAIOT Ha (QWIBTPE STaHOJIOM, MOJIIETAYNBAIOT Pa30aBICHHBIM
BozxHBIM pactBopoM NaOH no pH 7.5-8.0. Iomyuatot 1.1 2 (79%) Genbix kpucTanios
2a, 1. 1. 186-187 °C, R;0.6 (6en3on-aneroH, 2:1).

Cruexrp SIMP 'H, §, m.i. (J, Tw): 2.20 (12H, ¢, CH;); 3.48-3.51 (4H, m, CH,);
6.17 (2H, ¢, SH u 5’"H); 6.69 (2H, yur. 1, J= 5.1, NH).

Cruextp SIMP “C, §, m.a.: 23.2 (CH;); 40.5 (CH,); 108.0 (Cs); 161.95 (C»);
165.9 (C-CH,).

Mace-cnektp (m/z, Ly,., %): 272 (M, 15), 149 (43), 148 (100), 147 (84), 137
(13), 136 (79), 135 (93),123 (73), 122 (12),107 (45), 106 (12).

Haiigeno, %: C 61.65; H 7.29; N 30.75. C4HN¢. Beruucaeno, %: C 61.74; H
7.40; N 30.86.

Nl, Nﬁ-Bl/IC(4,6-Ill/IMeTl/IJ1Hl/lpl/llel[ll/lH-Z-I/lJI)FeKcaH-1,6-le/laMI/IH (2b). a) K
pactBopy 1.16 2 (0.01 mora) TekcaMeTHIIEHANAMIUHA B 3 M/ 3TaHOIIA TPUIIMBAIOT PacT-
Bop 2.85 2 (0.02 morz) 4,6-muMeTHN-2-XJIOPIHPUMHUINHA B 3 Mi DTaHOINA.
[Ipo3paunblii pactBop Kumatatr § u. OOpa3zoBaBIIMCA OCalOK OT(UIBTPOBBIBAIOT,
MPOMBIBAIOT Ha (UIBTPE JTAaHONOM, Jaiee monmenadnsaor ao pH 7.5-8.0.
[Monyyaror 1.9 2 (58%) Genbix kprctaiwioB ouc-agaykra 2b, 1. . 125-128 °C, R;0.6
(6enzom-ametoH, 1:1).

0) K pactBopy 2.32 2 (0.02 mons) rekcaMmeTHIIEHANaMUHA B 3 M1 3TAHOIA TIPH-
nmuBatoT pactBop 2.85 2 (0.02 mons) 4,6-AuMeTHIT-2-XIIOPIIUPUMHUAINHA B 3 M1 dTAHOINA.
[Ipo3paunslii pacTBop KUOATAT 8§ u. OOpa30BaBIIMKCS 0CAaZOK OT(QHILTPOBHIBAIOT H
00pabaThIBalOT AHAIOTUYHO ONMUCaHHOMY Bhime. [lomydator 2.5 2 (76%) Oenbix
KpUCTAILUIOB coequnenus 2b, T. mwi. 126-128 °C, R¢0.6 (6enzoa-anetoH, 1:1).
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Cuoekrp SIMP 1H, o, m.a. (J, I'm): 1.37-1.45 (4H, m, CH,); 1.51-1.60 (4H, ™,
CH,); 2.19 (12H, c, 4xCHj3); 3.25-3.33 (4H, m, NHCH,); 6.09 (2H, ym. 1, J= 5.4,
NH), 6.16 (2H, ¢, 5-H u 5°-H).

Mace-cnektp (m/z, Lo, %): 329 (M™+1, 11), 328 (M, 100), 206 (28), 205
(34), 204 (22), 193 (29), 191 (77), 178 (13),177 (12), 164 (19),150 (20), 149 (52), 137
(26), 136 (24), 135 (59), 122 (51).

Haiineno, %: C 65.65; H 8.31; N 25.77. CisH»3Ng. Brerauciaeno, %: C 65.82; H
8.59; N 25.59.

Honnn N, N2-6I/lc(1‘,4‘,6‘-TpnMeTnnﬂnpnMnnnH-Z‘-nnnifl)aTaH-l,Z-
muamuna (3a). B samasuuoii amnyse npu temmeparype 90-100 °C marpeparor 8 u
cmecu 1.9 2 (0.007 mons) Ouc-mupumMunuHWITHAMIHOATaHa (2a) ¢ 11.4 2 (5 ma, 0.08
mong) merunuoauna. OOpa3oBaBIIMICS OCaZAOK MPOMBIBAIOT 3(UPOM M CymIaT Ha
Bozayxe. [Tonyuator 2.7 2 (70%) noauaa 3a, 1. . 265 °C, Ry 0,05 (aueToH).

Cunektp AMP 'H, §, M. 1.: 2.50 (6H, c, CH3); 2.64 (6H, ¢, CH3); 3.77 (6H, c,
NCHs;); 3.85-3.89 (4H, m, NHCH,); 7.01 (2H, ¢, 5-H u 5°-H); 8.57 (2H, ym, NH).

Haiigeno, %: C 34.29; H 4.45. CsH5I,Ng. Berancneno, %: C 34.55; H 4.71.

Homua N, Nﬁ-ﬁnc(l‘,4‘,6‘-TpnMeTnnnnpnMnnnH-Z‘-nﬂnﬁ)rekcaﬂ-1,6-
auamMuHa (3b). AHanOrMyHO BBILICEONUCAHHOMY, B 3alasHHOW aMmmyjie MpU
temrnepatype 90-100 °C wnarpeBator 8 u cmecs 0.2 2 (0.0006 mons) Ouc-
nupuMuANHIITHaMuHOTeKcana 2b u 2.28 2 (I mn, 0.016 mons) MeTunuomuna.
OO6pazoBaBiniicss 0cagoK OT(QUIBTPOBBIBAIOT, MPOMBIBAIOT A(QUPOM W CyIIaT Ha
Bo3ayxe. Boixox 0.22 2 (60%), 1. . 270 °C, R; 0,05 (ameron).

Crnektp SIMP 'H, &, m. 1. (J, T'm):1.38-1.46 (4H, M, CH,); 1.60-1.71 (4H, M,
CH,); 2.48 (6H, c, CH3); 2.59 (6H, ¢, CH;); 3.50-3.59 (4H, M, NHCH,); 3.66 (6H, c,
N'-CHs); 6.97 (2H, ¢, 5-H u 5°-H); 8.59 (2H, yur. 1, J = 5.2, NH).

Haiigeno, %: C 39.05; H 5.39. C,yH341,Ng. Beiuncneno, %: C 39.23; H 5.61.

2-bensunnamuno-4,6-numernanupumuant (4). K pactsopy 2.14 2 (0.02 mons)
OensmnamuHa B 3 mz abc. araHona npuinuBaroT pactBop 1.43 2 (0.01 mons) 4,6-nume-
THJI-2-XJIOPIUPUMHIUHA B 5 v abc. ataHona. [Ipo3paunsrit pactBop kumatsT 8 u. O0-
pa30BaBIIMKCSA OCaJOK OTQHIFTPOBHIBAIOT, MPOMBIBAIOT Ha (WIBTPE STAHOJIOM.
[Monyuarot 1.9 2 (89%) Genbix kpuctamwios, T. wi. 105-107 °C, R;0.8 (6eH301-aLeToH,
3:1). JIut. ganssie: T. . 108.5-110.5 °C [7, 8].

Cruextp SIMP 'H, 6, m.a. (J, T'm): 2.21 (6H, c, 4,6-mu-CHs); 4.55 (2H, 1, J=
6.3, NHCH,); 6.22 (1H, c, 5-H); 6.70 (1H, 1, J= 6.3, NH); 7.11-7.33 (5H, M, C¢Hs).

Cnektp SIMP C, §, m.1.: 23.2 (CH;); 43.9 (CH,); 108.3 (Cipso); 125.8 (C¢Hs);
126.9 (C¢Hs); 127.5 (C¢Hs); 140.2; 161.8; 166.0.

Mace-cnektp (m/z, Lp,,., %): 213 [M'] (100), 212 (34), 137 (12), 108 (25),
107 (19), 106 (86), 91 (21).

Honun 2-(0en3uiamuuo)-1,4,6-rpumetwnnupumuaunusa (5). Cmecy 2.13 2
(0.01 mons) 6ensunamunonmpuMuuHa 4 1 9.12 2 (4 ma, 0.064 mons) MeTunroguaa
HArpeBaroT B 3anasHHoM ammyJie npu Temreparype 90-100 °C 8 . OOpaszoBaBumMiics
0CaI0K NMPOMBIBAIOT 3PHUPOM U cymaT Ha Bo3xyxe. Ilomyuatot 3.3 2 (93%) moauna S,
T. 1. 155-160 °C, R; 0,05 (aneron).
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Cuoekrtp SIMP 'H, &, m.a. J, T (DMCO-dg): 2.49 (3H, c, CH;); 2.65 (3H, c,
CHs); 3.75 (3H, ¢, NCHj3); 4.78 (2H, n, J = 5.7, NHCH,); 7.01 (1H, c, 5-H); 7.20-7.34
(3H, m, C¢H5); 7.38-7.43 (2H, M, C¢H5); 9.25 (1H, T, J = 5.7, NHCH,).

Cruextp SIMP C, 8, m. a.: 20.6 (CH;); 24.3 (CH;); 36.1 (CH,); 45.1(NCH);
111.7(C¢Hs); 126.8 (CgHs); 127.5 (CgHs); 127.8 (CeHs); 137.1(Cy); 153.7 (C-CHa);
159.7 (Cs); 173.3 (C-CHj;).

Hatineno, %: C 47.09; H 5.37; N 11.75. C14H;sIN3. Beraucieno, %: C 47.34; H
5.11; N 11.83.

B3aumopeiictBue uoauaa 2-6enHszwniammuuo-1,4,6-rpuMeTHINUPUMUINHUS
(5) ¢ CD;ONa B geiitepupoBanHoM MeTaHoJe-(d;). B ammyie SIMP rorossr pact-
BOp Heckoybkux Mme uomuaa S B CD;OD u perucTpupyroT KOHTPOJBHBIA CHEKTP
SAMP 'H. Jlanee B ammymy npuOaBisioT 2-3 KaliiM 3apaHee MPHTOTOBICHHOIO
pactBopa CD3;ONa B CD;OD u KOHTpOJIMPYIOT JUHAMHUKY MPOTEKAIOLIETO Mpolecca
JeliTepooOMeHa MPOTOHOB B aMITyJie, IIyTeM PEerHCTpaluy n3MeHeHnH B ciekTpe SIMP
'H B Teuenne BpeMeHu. llepBriii criekTp peructpupyercs udepe3d 10 mum mocne
nm00aBIICHUS AJTKOTOJISITA HATPUS, TIOCTEAHIN depe3 24 u.

Coektp SIMP "H nonuna 5, o, M. 1., (CD;0D): 2.51 (3H, ¢, CH;); 2.61 (3H, c,
CHs); 3.65 (3H, ¢, N-CHj3); 4.85 (2H, ¢, CH,); 6.96 (1H, c, 5-H); 7.30-7.45 (5H, wm,
CeHs).

Cunexktp AMP "H nomuna 5, 6, M. 1., (CD;ONa B CD;OD) /uepe3z 10 mun
nocne oooasnenusn CD;0ONa/: 2.18 (1.4H, m, CH3); 2.31 (0.3H, m, CH3); 3.41 (3H, c,
N-CHs;); 4.67 (2H, ¢, CH,); 5.88 (1H, ¢, 5-H); 7.11-7.37 (5H, m, C¢Hs).

Cruexrp SIMP 'H nomnna 5, 8, m. 1., (CD;0Na B CD;0D) /uepes 24 u nocne
oobasnenus CD;0Na/: 3.42 (3H, ¢, N-CH,); 4.66 (2H, ¢, CH,); 5.87 (1H, ¢, 5-H);
7.11-7.37 (5H, m, C¢Hs).

Honyuenue ancuopoocnosanuii uz uoouoos 3a u 5.

B3aumopeiictBue uoauaa 2-6eHszmniammuuo-1,4,6-rpuMeTHINUPUMUINHUS
(5) co cnuproBbIM pacTBOpoM enkoro kajau. Ioayuenue N-(1,4,6-TpuMerninu-
pumugun-2-uauaen)oemswanmuna (6). K 036 2 (1 mmons) womuma S B 5 wma
abCOIOTHOTO CIUPTa MpU nepeMeniuBanud ¥ Temneparype 0 °C mo0aBisaor 5 ma
abcomoTHOrO cnmpTta, copepxkamiero 0.06 2 (1 mmons) 85%-oro ruapokcuma kKamus.
UYepes 5 mun oOpa3oBaBUIMKCS KEITHIH OCAOK OTQUILTPOBBIBAIOT, MPOMBIBAIOT Ha
¢uneTpe M cymar Ha Bozayxe. [lomywaror 0.11 2 (50%) anruapoocHoBanust — N-
(1,4,6-TpuMeTHITIHPUMHUINH-2-IHAeH )-0eH3umumuHa (6), Ry 0.19 (ameron), T. 1L
185 °C (obyrimBaercs).

Cnektp SIMP 'H, 8, m.x. (DMCO-d,): 2.10 (3H, ¢, CHs); 2.21 (3H, ¢, CHs);
3.36 (3H, ¢, NCHa); 4.49 (2H, ¢, CH,); 5.60 (1H, c, 5-H); 7.06-7.31 (3H, m, C¢Hs).

Haiigeno, %: C 74.09; H 7.35. C,4H7N3. Beruucneno, %: C 73.98; H 7.54.

B3aumopeiicTBue noauaa OUC-MUPUMMIUHUA 32 CO CIMPTOBBIM PACTBOPOM
eqxoro kaau. Ilomyuennme N', N2-6mc[1,4,6-rpumernanunpumuann-2(1H)-nau-
aeH]3Tan-1, 2-quamuna (7). Ananornyao onrcanHomy BbIme k 0.56 2 (1 mmons) no-
nupa 3a B 5 s abCOIOTHOrO CIUPTa MPH IepeMelnnBanud U Temmeparype 0 °C
N00aBISIOT 5 Mz abcomtoTHOro crmpta, coaepxkamiero 0.12 2 (2 mmonst) 85%-oro
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runpokcua kanms. Yepes 5 murn 00pa3oBaBIIMICS KEATO-3EICHHBIH 0CaI0OK OT(HUIIBT-
POBBIBAIOT, MPOMBIBAIOT 2 M7 XOJOAHOrO a0C. 3TaHOJiAa M CyIIaT Ha BO3AYyXe.
Homnyuator 0.17 2 (57%) anruapooctoBanns — N', N*-Guc[1,4,6-TpuMeTHIMAPUMH-
aud-2(1H)-unmupen]sran-1,2-muamuna (7), Ry 0.24 (aumeron), 1. mi. 175-178 °C
(oOyrnuBaercs).

Crnektp SIMP 'H, 8, m.1. J, 't (DMCO-dg): 2.12 (6H, ¢, CHs); 2.25 (6H, c,
CH3); 3.38 (6H, ¢, NCH,); 3.42 (4H, T, CH,CH,); 5.75 (2H, c, 5-H u 5°-H).

Haiigeno, %: C 63.75; H 8.31. C;¢H,4N¢. Beruucneno, %: C 63.97; H 8.05.
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SENUYULYUO FRU-NPPURMMPULPLYPUURULLENP UPLEES

Q.2. twhwgnijjui, U4 Fmdwiyul, 4.49. Zujpuubnjub

Zbnugnul - 4,6-nhdbphi-2-pinpyhphuhghh nbwlghwubpp Eph-
1Eunhwudhuh b hipuwdbphjtunhwdhh htn: Mupqyt) E np nbuljghugh wuy-
dwttubpnud, mjwh nbwgktnubph hwpwpbpnipinithg, wnwewunid Eu hw-
dwywwnwupwt phu-ywhphdhnhth; wéwugpujubpp: Ldwbwwybu ywhphuhnh-
tuwyhtt onuljh hwpyht k pipwtinid btwb whjuugnidp dkphynnhnh wytjgniyh
htwn:

NMhphdhnphuhjwdhtinwbwugyuiittph b wjuwint vyhpunwjhtt |nwdnypEh
thnpiwgptgnipjudp uinwugyt] it hwdwywwnwupwbh wthhnpnhhupbpnp:

2-(Ptlghjuithtn)-1.4,6-nphubphiwhphuhnhthnwh jaghnh UUR: H
uyklunpnud, gpuiigqus vhpwupmd twwnphnidh ghjnbpudtphjunh wn-
Quynipjut wuydwbbbpnud, tjuwndby £ yhphdhnhtthnidwihtt mnh C-dbphi- b
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wulhttwpudpbiph wpnunuubph® hbownnipjudp, pwbwjuwbu b ptnpnqupwp
pupwgnn hhdtwght nynkputhnjuwbwlnid:

Uunwugdws pnnp Wyniptph junnigyuspp hwunwwngl) b uyblnpuyg
Enwuwlubtpny (UUL: b dwuuyblnpusuthwljui):

SYNTHESIS OF SUBSTITUTED BIS-PYRIMIDINYLDIAMINES

G.G. Danagulyan'?, A K. Tumanyan"*, K.K. Hayrapetyan’

The reactions of 4,6-dimethyl-2-chloropyrimidine with ethylenediamine and
hexamethylenediamine were studied. It was shown that the reactions resulted in the
corresponding bis-pyrimidinyl derivatives irrespective of the reagents ratio. Similarly,
alkylation proceeds by the excess of methyl iodide at the expense of two pyrimidine
rings.

The corresponding anhydro bases are formed by interaction of pyrimidinylami-
noalkanes with alcoholic solution of alkali.

"H NMR spectrum of 2-(benzylamino)-1,4,6-trimethylpyrimidinium iodide, reg-
istered after addition of CD;ONa, revealed easily, quantitatively and selectively pro-
ceeding base deuterium exchange of protons of only C-methyl and amine groups of
pyrimidinium salt.

Structures of the obtained compounds were confirmed by spectral methods
(NMR, mass-spectroscopy).

Key words: pyrimidine, ethylenediamine, hexamethylenediamine, pyramid-
nium iodide, '"H NMR.
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AKTUBHOCTbh ®EPMEHTOB AHTUOKCUJIAHTHOMN CUCTEMBI
JIMCTBEB JIABPA U3 PA3JINYHBIX PETMOHOB IOKHOI'O
KABKA3A

I'.P. Bapaanersin, C.I'. Tupanysin, M.JI. Pyxksn

Poccuticko-Apmanckuii (Cragsanckuil) yHueepcumem
hvardapetyan@mail.ru

AnnHotanusa. VccnenoBaHo cojaepikaHue XJIOpO(GHIIOB U KapOTHHOUIOB
B MUCTBAX Laurus nobilis L., cobpaHHBIX B parione ropoga HoemOepsH,
Apwmenns (L. nobilis,) u B paiione ropona 3yraumy, ['pys3us (L. nobilisg).
[Toxa3zaHo, 9TO comepkaHUe BCeX MUTMEHTOB y L. nobilisg B 1,5 u 6osee
pa3 mpeBbIIIaeT WX conepkanue B L. Nobilis,, a COOTHOIICHUE
xnopodpumioB @ u b (Xnop,/Xiopg) Takke SBISETCS IOKa3aTeleM
XpOMaTH4ecKoi amantaiuu u paBHo 1,61 u 1,53 ansa L. nobilisg u L.
Nobilis4, cOOTBETCTBEHHO. BBISBIEHO, YTO B Mpolecce aganrtaiuu L.
nobilis, TPOUCXOMUT KAK YMCHBIICHHE COJEPXKAHHUS OCHOBHBIX
MMUTMEHTOB, TaK W CHIDKCHHWE AaKTHBHOCTH OCHOBHBIX (DEPMECHTOB
AHTHOKCUJIAHTHON CUCTEeMEI. V3MCHEHHS B COACpKAHWHM NUTMCHTOB H
AKTUBHOCTH  KJIFOYEBHIX  (DEPMECHTOB  AHTHOKCHIAHTHOH  3allUTHI
KOPPENUPYIOT C YMEHBIIEHHEM CHHTE3a BTOPHYHBIX METaOOIUTOB.
KuaroueBsie cioBa: Laurus nobilis L., depmeHTsI, 6em0K, ximopodm,
OTHOCHTEIIbHAS BIIAYKHOCTD

(DJ'IaBOHOI/II[BI ABJIAKOTCA BTOpI/I‘-IHLIMI/I MeTa6OJII/ITaMI/I paCTI/ITeHLHOFO
MPOUCXOKICHHUS, MPEACTABJISIOMIUMA  OOIIMPHBIA  KJIACC  HU3KOMOJIEKYJISIPHBIX
noymderonoB. OHM 00JIaalOT TIUPOKHM CIIEKTPOM OHOJIOTHYECKOTO JCHCTBHS,
BKITIOYAIONIMM aHTHOAKTepHATbHOE, aHTHBUPAIbHOE, aHTUTPUOKOBOE, 3aIMIIAIOT OT
Y®-00nyueHus, MOIUPUIMPYIOT (EepMEHTATHUBHBIE peakiuu. DIaBOHOUIBI
MPOSBISIOT  MUMMYHOMOIYJIUPYIONIYHO ¥ NPOTHBO-BOCHAIUTEIbHYI,  aHTHU-
aCTMaTUYECKYI0, aHTUTUCTAMUHOBYIO, IIPOTUBOOITYXO0JIEBYIO, TE€MaTONPOTEKTOPHYIO U
T.J. aKTUBHOCTH. CuWTaercs, YTO B OCHOBE OoJbIIeld YacTH (PHU3NOJIOTHIECKOTO
JNeUCTBUST  (PCHONMBHBIX COCJAMHCHHMIA JIGKAaT WX AaHTHOKCUJAHTHBIC CBOWCTRA,
3aKJIIOYAIONIMeCss B CHOCOOHOCTH  pearupoBaTh CO  CBOOOJOpaIUKaIbHBIMU
COCJIMHECHUSIMU, O0Pa3yIONIMMHUCS B YCIOBHIX OKHCIUTEIBLHOTO CTpecca.
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[nmaBHylo pons B 3amyTe OT KUCIOPOAHBIX HMHTEPMEAUAHTOB HIPAIOT
(epMeHTHI, CIIOCOOHBIE 00E3BPEKHBATh CYINEPOKCUIHBIC PAJUKAIbl U TIEPEKHCHBIC
COEQMHEHHA B KIETKax, Hampumep: cymnepokcuanucmyTtaza (COJl), karanasa wu
repokcuaassl [1]. AOHOTHYECKHE W OMOTHYECKHE CTPECCHI MPUBOASIT K BPEMEHHOMY
CABUTY TKaHEBOTO OallaHCa AaHTUOKCUAAHTOB M TIPO-OKCHUAAHTOB B CTOPOHY
nocnenanx. OIHAKO B HACTOSIIEE BpeMs HET IEIOCTHOTO NPEJCTaBIEHHUS Kak O
BIMSHUHM PA3IHMYHBIX HEOIArONpHUATHRIX ()aKTOPOB BHEIIHEH cpeabl Ha MeTadonu3M
OCJIKOB M, B YACTHOCTH, ()epPMEHTOB-aHTHOKCHUIAHTOB B KJIETKAaX PACTCHUM, TaKk W
MEXaHu3Max KOMIICHCAIluu HOBpe)KI[eHI/II\/'I, BbI3BAHHBIX JOTUMHU Q)aKTOpaMI/I. ,Z[J'IH
(hepMEHTOB AHTHOKCHIAHTHOW 3allUTHl XapaKTepHO COTJIACOBAaHHOE JEWCTBHE.
Hampumep, takue dbepmenTtsi-anTHOKcHaaHThl, kak COJl, karanma3za u HepOKCHIa3bl
paboTaroT, Kak TmpaBWiIo, B KomIuiekce. KitoueBbiM  (pepMeHTOM  3TOTO
MyJbTH()EPMEHTHOTO aHTHOKCHAAHTHOTO Komiuiekca siBisgercs COJl, xatamusu-
pyrolias JHMUTHPYIOUIYIO CTaJHI0 Tpolecca MpeBpalleHus CYNepOKCHIHOTO
panukana B Ipyrue akThBHbIe (GopMbl kuciopona. Janueie nmuteparyps [2, 3, 4, 5]
MTOKA3bIBAIOT, YTO MPH BBICOKO- W HU3KOTEMIIEPATYPHOM IIIOKaX B KIJIETKaX PacTeHUH
MTPOUCXOANT YMEHBIIEHUE Co/AepkaHus u cHrkeHHe aktuBHOcTH COJl M Karanassl
[losTomMy BO3IEiCTBHE pa3IUYHBIX TEMIeEpaTyp Ha PACTUTENBHBIA OpraHU3M
CYLIECTBEHHO CMEIIAeT paBHOBECHE MPOOKCHIAHTHI/aHTHOKCUIAHTBI, YTO MPUBOIUT K
B3aMMOJICHCTBUIO AKTHBHBIX ()OPM KHCIOPOAa C OHOMOJEKYJIaMH M Pa3IHYHBIMH
KJIETOYHBIMU CTPYKTYPaMH.

Bo3Hukaromue mpu 3TOM B OOJBIIOM KOJNHYECTBE, HAMPHUMEP, MPOIYKTHI
MEPEKUCHOTO OKHUCIIEHUS JIMIMHAIOB M JAp., MOTYT BBICTYNaThb NEPBUYHBIMHU
MEINaTOpaMi CTPECCOBOTO BO3ACHUCTBUS TEMIIEPATYPHOTO (pakTopa M WHAYKTOpaMHU
COOTBETCTBYIOIIMX 3alIUTHBIX MEXaHU3MOB B PACTUTEIBHBIX KIETKaX.

JlaBp Onaropomubiii (Laurus nobilis L.) — 5To Be4HO3eNEHBIH KyCTapHUK,
pactymmii B Cpenn3eMHOMOPCKOM peruoHe. JIMcTes maBpa OIaropogHoOro Kax
JIeKapCTBEHHOTO pacteHus (L. nobilis L.) MCTIONB3YIOTCSA TIPU JICUSHUH PEBMAaTH3Ma,
KOXKHBIX CBITISIX, 8 TaKke OONIM B yX€, UCTONB3YIOTCS KaK BETPOTOHHOE, IMOTOTOHHOE,
CTUMYJHUPYIOIIEe, PBOTHOE CPEICTBO, TOHKAIONIEE YPOBEHb XOJIECTEpOia B KPOBH H
1.1. Ha KaBkaze naBp mMpOKO KyJIBTUBHPYETCS B PETHOHAX C MOPCKAM KJIMMAaTOM —
TaKUX, KaK TpHOpekHbIE paiioHbl [py3un. B mociennue romsl JaBp cTan
KyJIbTHBHpPOBAaThCI B Apmennun B TaBymickoit obmactm (HoemOepsiH), KoTopas
rpannunt ¢ ['py3medi. OgHaKo M3MEHEHHE cpelbl KyJIbTHBUPOBAHUS (KJIMMAT, TI0YBA,
BBICOTA HaJl YPOBHEM MODS) MPHUBOAMUT K CTPECCY, YTO HE MOXKET HE OTPa)kaThCs Ha
KOJIMYECTBEHHOM M KaueCTBEHHOM COCTaBE BTOPHYHBIX META0ONUTOB, OTBETCTBEHHBIX
3a jedeOHbIE CBOMCTBa JaBpa. Llenmpio HacTosmiei padoThl SBISLIOCH HCCICIOBAHUE
I/I3MeHeHHI>'I, IMPpOUCXOAAIUX B COCTAaB€ BTOPHUYHBLIX MeTAa00JIUTOB M B aKTHUBHOCTH
(hepMEHTOB aHTHOKCHIAHTHOW CHCTEMBI JlaBpa B TIPOIIECCE aJaNlTallii K HOBBIM Teo-
KITMMAaTHYECKUM yCIIOBHUSIM.
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MarepuaJj 1 MeTObI

B skcnepumenTax ucrionszoBancs (Laurus nobilis) L u3 HoemOepsiHcKOoTO p-Ha
Apmennn (L. nobilis,) m 3yrmuackoro p-Ha 'pysum (L. nobilisg), penpomykuuu
2012r. Jluctes mpeaBapuTenbHO crepuian3oBand B 1% (V/V) runoxiopuna HaTpus,
cyma 10 10% BIaXHOCTH, 3aMOpakuBaiu U xpanuiu mpu — 20°C i aHaIu30B.

Onpeuenenne OTHOCHUTEJIbHOH BJIAKHOCTH JHCTHEB

OTHOCHUTENBHYIO BIQXKHOCTh JUCTHEB (OBJI) OlleHUBAIU MO METOAY [6].
Jliist 3TOTO B3BEIIMBANU 4-6 CBEXHX JUCTHEB, JOOABISUIA TUCTHUTHPOBAHHYIO
BoAy u ocraBmsui B TeueHue 20 4y mpu temmeparype +4°C, 3aTeM HOBTOPHO
B3BEIIUBAIM HaOyXime JucThs. [locie 3Toro ux CyLIWIW NpU Temmeparype 65—
70°C B Teuenue 48 4 u onpenensun Bec cyxux JucteeB. OBJI paccuntsiBanu
o cienyrome hopmyre:

OBJI = [(cbipoit Bec — cyxo0ii Bec) / (mabyxumii Bec — cyxoi Bec)] X100 (%)

OnpenesieHue cogep:kaHus XJI0poPuiLia B JUCTHAX

Xnopodpwmn skcrparupoBaiu 80% aneroHoOM B TeueHHe 24 4yacoB U
nocie 1eHrpudyrupoBanus npu 13000 o0/MHH W3MEpSUTH  TIOTJIONICHHE
Hajocanka Ha crnekrpodoromerpe (UV/Vis JENWAY 6405). Copepxanue
xaopodpmna A (Xi,) ONpenessuiy Mpy JIUHE BOTHBI 663 HM, b — ipu 645 HM
(Xnp), obmee conepkanue xiopoduiia mpu 652 HM, a comepxanue [3-
kapotuHouoB (B-Kap) — mpu 450 um [7].

JUnist KaXka0i AJTMHBI BOJIHBI A TIOTJIOLIEHHE Aj HKCTPAKTa ONpPeNessud Mo
dbopmyie:

Ap= (CxwaX &xnan) T (CxnbX €xa5r) T (Cpkap X €p-Kapr)

Takxum 00pa3oMm, eciii U3BECTHBI MOJISIPHBIE KOA(PMUITUEHTHI SKCTUHKITUN
(¢) Tpex MUTMEHTOB, TO MOTYT OBITH OMpeAeNeHbl KOHIIEHTPAIHIX BCEX TPeX
MMUTMEHTOB B 3KCcTpakte. Koadduumentsl sxcTuHKIMU B 80% areroHe, Ha
OCHOBAaHUU KOTOPBIX PACCUUTHIBATIU COACPKAHHE ITHX MHUTMEHTOB, PaBHBI
(86,3 MM em! mpu 663 uM st Xia, 134,14 MM e pu 646 uM 1151 X U
140 MM em! npu 454 am 11 B-Kap), cooTBETCTBEHHO.

ConepxaHue MUTMEHTOB (MI/T CyXOT0 Beca) PacCUMTHIBAIOT MO (hopMyIam:

Cp= 12,21 XDggz — 2,81XD646

Cg =20.13%Dg46 — 5.03 xDgg3
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Crkap = (1000xDy479 — 3.27xCA — 100 x Cg)/229,

rie Ca, Cp, 0 Cyap— KOHIEHTpALMA XJIOPOGUILIOB a, b ¥ KAPOTUHOMIOB B MI/I.
D — onTHyeckas INIOTHOCTh NIPH JJIHHE BOJIHBI B hopMmyJie.

3areM BBIYMCIAIOT COAEP:KaHHE MUTMEHTOB (A) B pacTUTEIHHOM MaTepHale B
MT/T CBIPOW MacCHI:

A=VC/ 1000P, rue C — kOHIIEHTpaI¥sI IUTMEHTOB B MI/JT;

V — 00BbeM BBITSDKKH B MII (25 M),

P — maBecka pactutensHoro marepuaina B rpammax (0,1-0,2 1) u comepkaHue
nurMenTa B % Ha celpyio Maccy 1o ¢opmyne: % nurmenrta = A/10, roe A — comepxka-
Hue nurmMenTa B 1 rpamme [20].

Conepxanue XJIOpodHUIUIa B JIUCTBIX PACTEHUH COCTaBISIET B CPETHEM OKOJIO
0,3 % coipoit macchr (0,1-0,7 %). Ilpu pacdere Ha 1 JM° JIMCTOBOI MOBEPXHOCTH
KOJMYEeCTBO Xjopodmmia Bapeupyer B mnpemenax 0,7-0,8 wmr. Kommdectso
KapOTHHOMJIOB B JINCTHSX MPUMEPHO B 3—8 pa3 MeHbIIIE, 4YeM XJI0poduia.

OnpeaesieHue pacTBOPUMOTo 0eJika U AKTHBHOCTH (DEPMEHTOB.

Jlst m3MepeHus akTHBHOCTH cytiepokcuanreMmyTasbl (CO/l), 1 r m3MenpIeHHBIX
mucTheB ToMoreHmsupoBad B 5 mun 0,05 M Na docdarnoro 6ydepa (pH 7,8),
comepxaimero 1 MM 3JITA u 0,2 t (1x 8, 200400 memr) Dowex. OnpexnencHue
aktuHoctn COJ] mpoBomumu crekrpodoToMeTpudeck npu 560 HM 1O MeTomy
bexamma u ®pugoBuya [8], KOTOpPHIH OCHOBaH Ha YMEHBIIEHHHM OINTHYECKOMH
IUIOTHOCTH P-HUTPO-TETpa3oiwst xjopuna. B kxadectBe eamnmnbl aktuBHOCcTH CO/]
MPUHAMAIA KOJMMYecTBO QepMeHTa, HeoOxommmoe s 50% wHrHOMpOBaHUS
CKOPOCTH YMEHBIIEHUH OINTHYECKOH IUIOTHOCTH pP-HUTPO-TETPA3OJHS XJIOPHIA.
Peaknonnas cmecks conepxana 50 MM Na ¢ocdarnoro 6ydepa (pH 7,8), 33 uM p-
HUTpO-TeTpazonus xnopuna, 10 MM L-mernonuna, 0,66 MM DATA u 0,0033 MM
pubodnasuHa.

Jiig m3MepeHnsT akTHBHOCTH TepOKcHAa3bl | T W3MENbUYeHHBIX JIUCTHEB
romoreHu3uposasi B 3 mMi 0,05 M tpuc-rmunmaoBoM 0ydepe (pH 8,3), comeprkarnmuit
17% caxapo3el u 0,2 T r (1% 8, 200x400 memr) Dowex. AKTHBHOCTh MEPOKCHIA3BI
ompenensuii mo Merony [9]. AKTUBHOCTb M3MEPSUIM MO BO3PACTAHUIO ONTHYECKOU
IUIOTHOCTH TIpU 465 HM, MPOUCXOSMIETO 3a cYeT 00pa30BaHUs OKUCICHHON (QOPMBI
JIMaMUHOOCH3UAMH-TETPAarHAPOXJIOPU AUTHApaTa. PeakinoHHAs cMech cojepkaia
mnamuHOOeH3uIuH-TeTparuapoxiopuny u  0,6% H,O,. AxtuBHOCh (epmeHTa
ompenessum B UM M1 yrummsuposansoro H,O, B mum .

i1 m3MepeHnst akTHBHOCTH KaTajia3bl | T' TUCTheB TOMOTEHU3UPOBAIH B 3 MII
0,05 M Na docdarroro Oydepa (pH 7,6), conepxkamero 1 MM 3ITA u 0,2 r (1x 8,
200%400 wmem) Dowex. AxrtuBHOCTh Karanaszel (KAT) ompenensuin mo merony
Beprmaiiepa [10], ocHoBanHOMy Ha ytunm3anmmu H,O,, u3mMepeHueM yMeHbBIIEHHUS
ontrueckoid troTHoctH mpu 240 HM. Peakmmonnas cmech copepxkama 0,05M
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¢doctaraoro O6ydepa (pH 7,0), 1 MM EDTA c u 3% H,0,. AktuBHOCTH (epMeHTa
onpezensuy B UM yTimusupoansoro HyO, mun.

I'oMorenu3auu NpoBOIWIN B JiesHON OaHe. ["'oMoreHaThl eHTpU(yrupoBaIn
npu 13,000g B Teuenue 40 mun npu temneparype +4°C. Hagocaaku MCHONB30BaIK
IUTSE OTIpeieNieHus] (JepMEHTATUBHOM aKTHBHOCTH U COJIEPKaHUsI OeKa.

OnpenesieHue cogep:xaHus Oeaka

Obmiee comepkaHue pacTBOPUMEIX OenkoB ompenensumm o bpendopmy [11],
ucnonb3ys B kadectBe crangapta BCA. Onpeznenenue copepkanus Oeka OCHOBAHO
Ha CABWIE CIEKTpa MOMJIOLIEHUs KpacuTens KymaccH sipko-ronyboro (CBB G-250) B
CTOPOHY 595 HM IpH CBA3BIBAHUU €TO C OEIIKOM.

PesyabTaTel u 06cyx1eHne

Ha mepBoM 3Tame HaMu HCCIEIOBAIOCH OOIee COJACpP)KaHHE MMHUIMEHTOB B
muctbsix L. nobilis¢ v L. Nobilis,. Ha Puc.l mnpuBeieHbl CHEKTpPHI MOTJIOIICHUS
AI[eTOHOBBIX SKCTPAKTOB JIUCThEB L. nobilisq u L. Nobilis 4.

Absorption (a.u.)

Konzentration MeBberal:t

Schichtdicke Madstab

Verglelchsprobe Reqlstriarzolr /

Puc.1. CrekTpbl MOTJIONICHUS aleTOHOBOrO 3kcTpakta L. nobilis¢ (1) u L.

Nobilis,. (2), a Taxxke pacTBOpoB KBepueTrHHa (3) u pyTuna (4).
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Kak BumHO U3 pucyHka, oOIiee conepaHue MUTMEHTOB B 1T nucteeB L. nobi-
lis¢ 3HAUNTEIHHO TPEBBINIACT aHAJOTUYHBINA moka3atenb L. Nobilis,. VI3BecTHO, 9TO
Ka4eCTBEHHBIH W KOJIMYECTBEHHBIN COCTaB IIMI'MEHTOB SIBISIETCS (B (PM3HOJIOTHIECKOM
CMBICJIE) TOKAa3aTeleM MPUCIIOCOOIICHHOCTH PAcTeHHs K YCIOBHSAM OKpY’Karomuei
cpensl. C 9TOM LENbI0 HAMH MPOBOIMIIOCH OINpPEIETICHHE CONCPKAaHHS OTIECIBHBIX
MMUTMEHTOB (XJIOPO(QUIIOB U KAPOTHHOUIOB) B dKCTpakTax L. nobilisg u L. Nobilis .

[lonmy4yeHHble pe3ynbTaThl 0000IIEHBI U IpeAcTaBieHbl B Tabmumel.

Tabnuma 1. CopeprkaHre TUTMEHTOB B AKCTPaKTax MUCTheB L. nobilisg n L. Nobilis 4.

IIUTMEHT € L. nobilis 4 L. nobilisg

wMlev' | on [cwm |comy| om | comy | cowm
Xiia 86,3 0615 | 7.1 649 | 0979 113 | 1036875
(Me63)
Xotg 134,14 | 0364 | 27 423 | 0,564 42 | 642895
(Me4s)
Kap 140 0935 | 67 2,14 1,5 107 | 3,59428
(Aa70)

N3BecTHO, 4TO KOJIMYECTBO XJIOPO(UIIa U KaPOTHHOUAOB, NMPUXOMASIICeCS Ha
SIMHUILy BECa, Pa3IM4YHO Y PACTEHUH, aJanTHPOBAHHBIX K Pa3HbIM yciaoBusM. Kak
BUIHO U3 Tabmunb! 1, comepikanue BceX MATMEHTOB y L. nobilisg B 1,5 1 6onee pa3
MpeBbIIaeT WX cojepkanne B L. Nobilis,. OmHako TpH 3TOM COOTHOIICHUE
(Xma+Xng)/Kap y L. nobiliss¢ wn L. Nobilis4y cocraBnser 4,67 wu 5,00,
COOTBETCTBEHHO. OTO yKa3blBa€T HA OTHOCHTCIBHO OOJbIllee COJEpIKaHUE
KapoTuHOHMIIOB B L. nobilisg. CooTHOIIeHHE XJI0pohuuioB a U b (Xna/Xpg) Takke
SIBJISIETCSI TIOKa3aTelieM XpOMaTHIeCKo amanTaruu u pasHo 1,61 u 1,53 mns L. nobi-
lis¢ m L. Nobilisy, coorBerctBenHo (Tabmuma 1). Takum oOpa3om, B mporiecce
aJanTaniy MPOUCXOAAT KONWYECTBEHHbIE M3MEHEeHHs B mHUrMeHTax L. nobilisg n L.
Nobilis4, 4YTO MOXET OTpaxkaTbcd Ha WX METa0OJMYECKON TOTeHIHH U
AHTHOKCHUIAHTHBIX CBOWCTBAX.

OnmHOlt W3 TepBBIX Hecnenu(pHUeCKnX OTBETHBIX pEaKIWd pacTeHHd Ha
OuoTMyeckuii M a0MOTMYECKMH CTpPecChl, B TOM 4YHCIC M Ha BBICOKO- U
HU3KOTEMIIepaTypHbIe IIOKH, sBisieTcs reHeparmst ADK. M30prTouHOoe 00pazoBaHme
A®OK MOXeT NpOoUCXOIUTh B MHTOXOHAPHUSIX M XJOpOIUIacTax (Tpu TepeHoce
AJIEKTPOHOB TIO 3JIEKTPOHTPAHCIIOPTHBIM IIEMSM), B SHIOIIA3MATHIECKOM PETUKYITyMe
(mpu  paboTe MHUKPOCOMAIBHBIX MOHOOKCUTEHA3), B MEpPOKCHUCOMax (TeHepaius
MEPEeKUCH BOIOpoaa). WHTeHCH(UKalUs TeHepalud MPOOKCHIAHTOB MPOMCXOIUT
TaKXKe IMPH aKTUBAIIMM OKCHA3, JOKAIM30BaHHBIX B IUIA3MaTUYECKOH MeMOpaHe W
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LUTOIUIa3ME M, BO3MOXKHO, CBSI3aHHBIX C pELENTOpaMH, NEepefalolIMMu KIeTKe
BHEKJICTOUHBIE CUTHAIEHI 5, 12, 13].

Uto kacaeTcs BTOPUYHOTO cTpecca (BO3IACHCTBHE BBICOKMX WM HHU3KHUX
TeMIlepaTyp), TO OH CONPOBOXKIAJICSA CHIDKCHHEM ckopocTH OmocuHTe3a COJ[ m
Karanas3bl. I3BecTHO, 4TO pacTUTENbHAs TKaHbh pearupyeT Ha BO3ICHCTBHE Pa3IMIHBIX
HEONArONMpPUATHBIX BHEIIHUX (aKTOPOB CPEAbl, B TOM YHCJIE Pa3IHYHBIX
OMOJIOTHUYECKNX U XUMHUYECKUX areHTOB, CXOIHBIM 00pa3oM, YTO CBHIETEILCTBYET 00
YHUBEPCATbHOCTH HEKOTOPBIX 3alllUTHBIX PEaKIMi KUBBIX OpPraHU3MOB Ha
BO3JICHCTBHE OKpyXaromeir ux cpeasl [9, 12]. B dwacTHOCTH, CymepOKCHIHBIE
paaMKanel  ABISIOTCA ONHUM W3  (AKTOPOB IWTHH(DHKAIMKA Ui CO3MAaHUSA
MEXaHW4YecKoro Oapbepa Ha TYTH WHQPEKIUH, a TakXKe CIyKaT DHIOTEeHHBIM
WHAYKTOPOM CHHTe3a (PHUTOANIEKCHHOB, JTHJEHAa W Jp. YCTaHOBJIEHHOE PSIIOM
uccienosarenei [14] moBblllIeHHME AKTUBHOCTU M COJAEPXKAaHUS MEPOKCHUAA3Bl NPHU
TEMIIEPATyPHBIX MIOKaX, MO-BUANMOMY, CBSI3aHO C T€M, YTO NMEPOKCHIa3aM pacTeHHUH
CBOWMCTBEHHA YHUKaJIbHAs MeTabomnyeckas nonudyHKunoHaabHocTh [15, 16, 17]. Tak
KaK, TIOMHMO BBIIOJIHEHUSI CBO€H OCHOBHOW (YHKIIMM — 3aIlUTHl KJIETOK OT
TOKCHUYHBIX TEPEKHCHBIX PaJnKajoB, NMEPOKCHIa3a NMPUHUMAET y4acThe BO MHOTHX
JIPYTUX TIpoIleccaxX, TaKWX KakK MOJMMEpPU3alrs MOHOJHWTHOJOB NPU OOpa30BaHUU
nurHuHOB [18, 19, 20, 21] u okcucineHne KOHUPEPUIOBOTO CIUPTa MPH 00pa30BaHUH
JUTHAHOB [22, 23]. YcTaHOBJIEHO, YTO NMEPOKCHAA3Bl MOTYT yUYacTBOBATh B 3aIIUTHBIX
MEXaHM3Max TpH 3apakKeHWM PACTeHUH MaToreHaMH, Tak Kak oOpasylommecs Npu
OKHCIIEHUH (DEHOJIOB TOKCHYHBIE TMPOAYKTHl WHTHOMPYIOT POCT W pa3BHUTHE
BO30yauTeNs OONE3HEN y pacTeHUH.

B Ta6nuue 2 npuBeneHsl conepkanue (IaBOHOUIOB U aKTUBHOCTh HEKOTOPBIX
(hepMEHTOB aHTUOKCHIIAHTHOMN cucTeMbI L. nobilisg u L. Nobilis 4.

Ta6nuna 2. Conepxanne GraBOHOUOB M AKTUBHOCTH (hePMEHTOB
AHTUOKCUIAHTHOU cucTeMbl L. nobilisg i L. Nobilis 4.

L. nobili L. Nobilis 4.
depmeHT nooitSe 004 L. Nobilis 4 /L. nobilisg
En.axr./mr Genka En.axt./mMr Genka
cona 147.6 120,6 £ 0,6 0,81
KAT 12.8 8 0,66
110 20,44 +2,28 11 0,54
Copnepxanue 40.1 £0.45 26.6 £0.1 0,65
¢raBonou108 (Mr/T)

Kak BugHO M3 TaOIUIBI 2, B TpOIIecCe aJanTaluyd OPOUCXOANUT 3HAUYUTEIbHOE
YMEHBIICHHE AaKTHBHOCTH BCEX HCCIEAOBAaHHBIX (epmeHToB. OpmHaKo eciu
aktuBHOCTh COJl ymenbpmaetcst Ha 19%, TO aKTHBHOCTH KaTana3bl M MEPOKCHIA3BI
yMeHbIarorces Ha 36% u 46 %, COOTBETCTBEHHO.
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Takum 00pa3oM, U3 HAIIUX PE3YJIBTATOB CIEAYET, YTO B MPOILECCE alanTalliu
MPOUCXOIUT YMEHBILIEHUE KaK COJIEPAKAHUS OCHOBHBIX IMUTMEHTOB, TAaK U aKTUBHOCTH
(epMEHTOB aHTUOKCUIAHTHOU cucTeMbl L. nobilis4. ViccnenoBaHHble OMOXUMUYECKHUE
MOKA3aTeNd MPSMO KOPPETHPYIOTCS C OOIIMM COAEpKaHWEM MUTMEHTOB B JINCTBSIX U
XJIopopuiia, B 4acTHOCTU. M3MeHeHHsI B cOAep)KaHWU TNHTMEHTOB W aKTUBHOCTH
KITFOYEBBIX (PEPMEHTOB aHTUOKCUIAHTHON 3alTUTHl IPUBOASIT K YMEHBIICHUIO CHHTE3a
BTOPUYHBIX METa0OIUTOB [24], UTO MOXKET OTPAXKaThCsA HA JICUSOHBIX CBOWCTBaX L.
nobilis 4.
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ANTIOXIDANT ENZYME ACTIVITY OF LAURUS NOBILIS L.
LEAVES FROM TWO DIFFERENT REGIONS OF THE SOUTH
CAUCASUS

Vardapetyan H.R., Tiratsuyan S.G., Rukhkyan M.L.

The content of chlorophylls and carotenoids was examined in the leaves of Lau-
rus nobilis L. collected on the outskirts of the towns of Noyemberyan, Armenia
(L.nobilis,) and Zugdidi, Georgia (L.nobilisg). It was shown that the content of all
pigments in L. nobilis¢ exceeded by 1.5 times or more the content of pigments in
L.nobilis 4 whereas the ratio of chlorophylls a and b (X, and Xug, respectively) varied
from 1.61 to 1.53 for L. nobilisg and L.nobilis 4, respectively. It was identified that in
the process of adaptation there is both a decrease in the content of the main pigments
and a drop in the activity of the main of the antioxidation system of L.nobilis4. The
changes in both the content of pigments and the activity of key enzymes of antioxidant
defence lead to a decrease in the synthesis of secondary metabolites.

Keywords: Laurus nobilis L., enzymes, protein, chlorophyll, relative humidity.
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2ZUru049U8hL UNJUUUD SUCLE UUSBMNRU UXN, YUOLNR
SGLULErP ZUYUOLUMPY 2UUTYULGE SELUTLSUE R
UuShrdNkE3NhL:

Jupnuubwunyub 2.0, Shpugniyywi U.Q., (knijuljjut U.L.

Zhknmwgqnunqud L pinpndphjutiph b jupnuwhunhnubph wwpnitwlne-
pintup, Zujuwunwh Zwbpuybnnipyub, Unjkdpkpjut punuph (L. nobilis,)
opowljuypmid b Ypwunubth Zwbpuybnnipjut, 2nignhnh punuph opow-
Juypnid (L. nobilisg) hwmwpywé Laurus nobilis L.-h inkpliubpnid: Fninp whg-
dbnttiph wqupnitwlnipeniup L. nobilisg — nud, 1,5 b wykh whquu gqhpu-
quugnid k L. Nobilis,— nud unju ywhqubkunubph wwpnibwlnipjubp, huj w b
p pinpndhiubinh hwpwpbkpulgnipmniup (Xn, b Xng hwdwywnwupwbwpwn),
thnjuynud £ 1,61 — hg dhusp 1,53 L. nobiliss— h . L. Nobilis,4— h hmdwp hwudw-
yuwunwupwbwpwp: Fuguwhwjnqws k, np L. Nobilis, — h hwpdwpynnnipju
pupwgpnid, nknh E niubkunid huswybu hhdtwjut yhqubunubtph yqupnibw-
Ynipjutt Ypdwnnid, wytytu ) hwjwopuhnhs hwdwlwupgh hhdtwlwu btp-
dkunubph wjnhynipjut tjugqnid: Zujwopuhnhy yuwonwywinipjut hwdw-
Junpgh whgutunubph wupnibwlnipjub b hhdtwlwb $pdkunttph wlunh-
Ynipjutl thnthnpunipnitubpp, phpnud B Eppnppujut iniputhnuwtulhs-
ubkph gnjugdwt tjuqkgdwtp:
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MOJIEKYJISIPHOE MOJEJMPOBAHUE B3AMMOIENICTBUS
MOJ0®UITOTOKCUHA U ET0 MOJYCUHTETUYECKUX
MPOU3BOJHBIX C JTHK

JI.C. Yuanau

Poccuiicko-Apmanckuii (Cnassnckuil) yHugepcumem
lhunanyan@mail.ru

AnHotanmsa. JlaHHas  paboTa TOCBSIIEHA  HM3YYCHHUIO  IPSIMOTO
B3aMMOJICHCTBHS MOAOPIIUIOTOKCHHA, dTomo3uaa u Terumo3una ¢ JTHK,
WUCHOJNB3yd  MeTox  aOCOpOLMOHHOW  CHEKTPOCKONMH ¥ MeToda
MOJIEKYJIIPHON TWHAMHKH. MeToI0M MOJIEKYISIPHON TNHAMHUKH BBISBICHBI
BO3MOXKHBIE CAWTBl  CBA3BIBAHHWS. [IByMs MeTomaMH  ONpeNeeHBI
KOHCTaHTBI CBSI3bIBaHMS W 4ducio map ocHoBanwii Ha JIHK, ¢ kxoropbmmu
CBSI3BIBAETCS OJ[HA MOJIEKyJa Juranja. [IpoBesieH cpaBHUTENbHBIN aHAINU3
MOJIyYEHHBIX PE3YJIbLTATOB.

KioueBbie caoBa: /IHK, meton monekynspHOW TUHAMHKH, KOHCTaHTa
CBSI3BIBAHMS, YHCJIO MECT CBS3bIBAHMS.

BBeaenne

UzsectHo, uto momodummnorokcun (NSC 24818) (IlTokc) m ero moiycuHTe-
TUYECKHUE TMPOU3BOMHEIE, B yacTHocTH, 3Tomo3us (VP-16-213) (OTtom) m TeHMmo3un
(VM-26) (Ten), obmagaroT OWONOTHYECKOW aKTHBHOCTBHIO M HCITOJB3YIOTCS Kak
npotuBoomnyxonessie mpemaparel (Puc. 1) [1-3]. Hago ormeruts, uro IlTOokKc mmeer
BBICOKYIO CTENEHb LIMTOTOKCUYHOCTHU, B TO BpeMA Kak JTon U TeH MeHee TOKCUYHBI [4].

[Ipu B3auMomeWCTBUM YKa3aHHBIX COCIUHEHUN C KICTKAMU-MUIICHSIMU THUIIBI U
MEXaHU3MBI B3aUMO/ICHCTBUS Pa3INdHEI [5—6].

Kpome OCHOBHBIX THIIOB B3aMMOJICHCTBUS, OMMUCAHHBIX B JUTEPATYPE, HUMEIOTCS
TaKkKe JaHHBIE O BO3MOXKHOM TIPSIMOM B3aWMOJEHCTBHHM JTHX COEAMHEHUH C
T€HETUYECKUM MaTepuaioM KJIeTKH, B yactHocty, ¢ JJHK [1].

B Hacrosmelt pabore paccmaTpuBaeTCs MPSMOE B3aUMOJEHCTBHE ITHX COEIU-
Heuut ¢ JIHK, ocymiecTBieHHOE JKCIEPUMEHTAIBHBIM IMYTEM H  METOJIOM
MoJekyIapHoi auHamuku (MMD).
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Puc. 1. Xumuueckas CTpyKTypa JIUTHAHOB.

MarepuaJibl © MeTOAbI

Ilpucomosnenue komniekcos (mpu 6 00HOM)

Kommekcsl mpurotoBisuin 1o0aBlieHHMEM INPEIBAPUTENFHO PACTBOPEHHOIO B
metanoune [Itokc, Dtom, Ten k pactBopy momumepHoit (10—15 ThIcSY map HyKIEOTH/IOB,
“Sigma”) JJHK B 0,01 M ¢ochataom O6ydepe, pH 7,0, B MOISIPHBIX COOTHOLICHHUSX
[Trokc, Orom, Ten. /AHK = 0,125; 0,25; 0,5 u 1,0. KoHeuHasi KOHIICHTpaI{s METaHOJIA
B KOMIUIEKCe He mpeBbimana 2,5%. B paspabotaHHON cucTeMe BCe TPU CBOOOIHO
pPacTBOPSIFOTCSA B IMHPOKOM CIEKTpe KoHIeHTpamwii B Na-dochataHom Oydepe, dTO
MO3BOJISIET MPOBOAUTH UCCIIEAOBAHUS KOMIUIEKCOB B BOIHOM cpere.

OOBIYHO JKCHEepUMEHTaNbHbIE KpHUBBIE CBs3biBaHus JsmraHnoB ¢ JHK
corocTaBisAtoTes ¢ nzotepmoit Kposepca-I'ypekoro [7-9], koTopast OUCBIBET H30TEPMY
CBSI3BIBAHUS IIPH MPOU3BOIBHOM 3aroiHeHnd. OJHaKO BO MHOTHX JKCIEPHMEHTaxX, B
YaCTHOCTH, U B HAIlIUX 3KCIIEPUMEHTaX, peau3yercs ciay4ail Mansix 3anonHennid JJHK.
B aTux crmydasx skcmepuMeHTaIbHBIE TaHHBIE YI0OHO ONMUCATh JIMHEHHON M30TePMOH,
KoTopast umeet Bup [10]:

—=K(1-Q2n-Dr), (1)
f

rae v — 4YUCJIO JIMTaHAOB, MPUXOAAIICC Ha OAHY Hapy OCHOBaHI/Iﬁ; C . — KOHIICHTpauusa

;
JUraHIoOB B pacTBope; K — KOHCTAHTa CBS3BIBAHUS, N — YHCJIO TMap OCHOBaHHU, C
KOTOPBIMU CBSI3bIBae€TCs OnHA MoJiekyna Jsmranga. ComoctaBuB (Gopmyny (1) ¢

SKCIIEPUMEHTANBHBIME JIAHHBIMHU, MOXHO onpenenuts K u #. Jlns nonyqenus »/ C P

u r, HU3 CICKTPOB IMOIJIOIICHUA KOMIUICKCOB OIIPEACAIaCb KOHUOCHTpalusd HE
cesazannoro juranga (C f) C IOMOIIIBIO YPABHEHUS:

c, -Gl 4) @)

00
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rae A — TornoueHne KOMILIEKCA NPU TaHHOH KOHLEHTpauuu nuranga, A, m A, —

TIOTJIONICHHE OTHOCTBIO CBOOOMHOrO M cBs3zaHHoro ymranuos, rae C, =C P +C, -
CyMMapHasi KOHLIGHTpalus juranjgoB B pactsope, r=C, / Cp, C, — KOHUeHTparus
CBSA3aHHOTO JIMTAaH/a, Cp — KOHIeHTpauus GocdaTHBIX TPYIIN HYKIEOTUAA.

Co3zdanue KoMNbIOMEPHOU MOOeTU U MONEKYISPHOE MOOETUPOBAHUE

I[lpu co3manmm Mopenel ObUIM TPELyCMOTPEHBI BCE IapaMeTphl IS
HU3KOMOJIEKYJIAPHBIX COENMHEHHM, MOMy4YeHbl CHJIOBBIE TIOJS M CreHEPHPOBAHBI
TOTOJIOTHYeCKHE (PaiiTbl BCEX TPEX MOJIEKYIN C MCIIOJIb30BAHHUEM Pa3HBIX MPOTPAMM 10
ouomonenmuposanuto [11-15].

Jiis  MONIeKyISIpHOTO MOJAENHpoBaHus Obuia ucnoib3oBana wmoxens JHK,
pa3MmerieHHas Ha 6a3e nanHbix RCSB [16] co cneayroieii mociea0BaTeIbHOCTRIO:

POEACACTACAATGTTGCAAT
FDE 3 ' 10 R

Jlnis mpoBeneHnsl KOMITBIOTEPHOTO JKCIIEPUMEHTa OBLTO CO3/aHO MPOCTPAHCTBO
JIOICKA’IEPHOT0 THUIA ¢ AuameTpom 144.3 AO, ¢ InuHOH pebpa 51.48 A u ¢ o6BeMOM
1045.49 HM’, KOJTHYECTBO BOABI i HOHOB cOCTABHIIO 13592 Mo

[IponomxurenbHOCTh BpeMeHH KomiuiekcupoBanusi — 40 Hc., mpouenypa MJL
MpoTeKaJia ¢ BpeMeHHBIM MmaroM At = 2 dc npu nocrossaHON Temmneparype T= 300 K u
JTaBJIeHUEM B 1 aTMm.

Koopannatel Bcex aTOMOB 3aIUCHIBAIINCh Kaxzple 2 Tic. PacdeTHble KpUTepHu
paaumyca B3aUMOACUCTBHUS PACCUMTHIBAIMCH MO CTAHAAPTY: JUISI KYJIOHOBCKHUX
B3aumoericTuii — 0.9 HM, BaH-JIep-BaaIbCOBCKHUX B3aumoaericteuii — 1.4 am [17].

st pacdera sHeprum KomiuiekcooOpaszoBanus STuxX coenumHenuit ¢ JJHK —
OBLITO UCIIONB30BaHO ypaBHEHHUE [ 18],

AGpy =AG 4, +AG, + AG ,, + AAGy, + AG), + AG,,, ; 3)

AG

total

rae G, — BKIAQI BaH-IEP-BaalbCOBBIX B3aUMOACUCTBHI (MEKMOJICKYISIPHBIX H C
BOJHBIM OKpyxkeHHeM); AG,; — anekTpocTaTudeckuil Bkiaalx; AG,, — HONIUAIEKTPOIIUT-
Helid Bknag, AAGy, — BKIag BOIOpOAHBIX cBsized; AG,,, — dHepreTuueckuil 3pdeKT
WU3MEHEHUS TPaHCIAIUOHHBIX AG,, potanmoHHBIX AG,,, ¥ BUOPAMOHHBIX AG,;,
crerneHeil CBOOOIbI:

AG,,, =AG, +AG
AAG,;, =—0.25%9% (N, + AN,

solv

+AG,,, 4)
) Kkal/mol, (5)

rae N, — KOIUYECTBO MEXKMOJCKyIspHbIX H-cBszelt, AN,,, — u3menenue umcia H-
CBsI3ei ¢ BOJIOM (TMApaTalMOHHOTO HHAEKCA) IPHU KOMIUIEKCOOOPa30BaHUH.

AGyy =y * A — y = 50kal /(mol * A*) ; (6)

rot
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Iic Y — MHUKPOCKOIMUYECKH KO3((UIMEHT MOBEPXHOCTHOTO HaTskeHus, y = 50
KaJI/(MOJIB‘Az).

Jlyis onpenesieHuss KOHCTAHTBI CBA3BIBAHUS Beex Tpex coeamunenuit ¢ JJHK Obuau
HCIIOJIB30BaHBI CIAEAYIOIINE YPaBHEHHUS:

A
K =exp _ Gy , (7)

roe AG

e~ TOTAIIBHASA OSHCPIHA B3aI/IMO)_ICI\/'ICBI/I$l, R — rasomas IIOCTOsHHA, T -

a0COINIOTHAS TeMIeparypa, K — KoHCTaHTa CBS3BIBAHUSL

Pe3yabTaThl u 00Ccy:x1eHne

Cnexmpanvubiti Memoo

AHanM3 CHEeKTpadbHBIX JaHHBIX TOKa3all, 4To Npu B3aumojeiicteuu lITokc u
Oton ¢ IHK Habnromarotces ABa TUTA CBSA3bIBaHUS (IaHHBIE HE IpUBeeHbI). Mcmonb3ys
ypaBHeHUs 1 U 2, ObUIM pacCYMTAaHbl KOHCTAHTHI CBSI3BIBAHHS U YHCIIO TIAp OCHOBAHUM,
C KOTOPBIMH CBSI3BIBAETCS ONHA MoyiekyJsa jmranga. [ms IItokc onn cocrasmmm K=
64.83 n1= 4.46, K,= 6.51 ny= 3.26. {nsa Otom K= 79.31 n;= 18.88, Ky= 0.55 n,= 5.54,
Ten K1: 0 n= 0, KZZ 0 ny= 0.

Uro kacaercs Ten, To mpsimoe B3ammopeiictBue ¢ JIHK wHe HaOmromaercs.
Bozneiicteie TeH Ha MOJNEKYJISPHOM YPOBHE OOYCIOBJICHO JIPYTUM THIIOM W
MEXaHU3MOM B3aUMOJECUCTBUS, O UYeM U CBUICTEILCTBYIOT JIUTEpaTypHbIC HaHHbIC [19—
23].

Memoo monexkynsaprol OuHAMUKY

Jus Oonee neTambHOTO W3YYCHHS XapaKTEPUCTUK W TapaMeTpOB IMPSMOTO
B3aMMOJICHCTBHUS 3TUX COCAMHCHUIN OBUI MPOBEACH KOMITBIOTEPHBIN IKCIEPUMEHT ISt
BBISIBJICHUS DHEPIeTUYCCKUX XaPAKTEPUCTHK M BOZMOXKHBIX CATOB CBSI3bIBAHMSL.

[TonyueHHble MaHHBIE CBUACTENHCTBYIOT O HAIMYUU MPSIMOTO B3aUMOJCHCTBUS
[Itoxe n Otom ¢ JIHK, npruuem ObLIN BBISIBICHBI MECTa BO3MOYKHOTO B3aUMOACHCTBUS
(Puc. 2).

IItokc w DOrom B3aUMOJEHCTBYIOT C KOHIEBBIMH W/HIH C Ae(PEKTHBIMHU
yuactkamu JIHK. UmeeT MecTo Takke B3aumoeicTBre ¢ caxapodochaThiM 0CTOBOM, B
A-T Oorarbix ywactkax, 0ombiioro xkemnodka JIHK. Otmerum toT (hakt, yTo B3aumo-
JCHCTBHE MPOMCXOTUT 3a CUeT 00pa30BaHMs KaK BOJOPOIHBIX CBSI3€H, TaK M CHUJIAMHU
KYJIOHOBCKOTO B3aMMOJAEHUCTBUS (IaHHBIE HE IPHUBEICHBI).

Kak u npu skcnepumenTanbioM, Tak U ipu MMJI B3aumoneticteuu Ten ¢ JIHK
He Habmomaercs. Mcmonw3yst ypaBHeHue (3—7), ObUTM paccUWTaHBl KOHCTaHTHI
CBSA3BIBAHUS WM 4YHCJIO Tap OCHOBAHMIA, C KOTOPHIMU CBSI3BIBACTCS OJIHA MOJCKYyJia
nurannaa, nomydenasie MM/I: ns Iltoke K= 57.25 ny= 3.22, Ky= 5,47 n,= 2.40. {ns
Oron K1: 62,07 n= 180, Kzz 0.32 n,= 422, Ten K1: 0 n;= 0, K2: 0 n,= 0.
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Puc. 2. Bo3moxusle mecra cBsspBanus: 1) IItoxc Ha monekyne JHK: A —
KOIeBOH ydacTok, b — nedexrnsiit yuacrok, B — B3ammozeiicteue ¢
6osbIM xenobkomM, 2) Oton Ha Monekyite JJHK (koHueBoit yyacTok),
3\ Tew wa monexvne JTHK (rraumoneiictrue ve nabmronaercs)

B T1ab. 1. IMPUBEACHBI CPABHUTCIILHBIC NAaHHBLIC, IMOJYYCHHBIC ABYMS MCTOdaMU
JUISL TPEX COENMHEHUH TIpu IpsiMoM B3auMoeicTeuu ¢ JITHK.
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Tabmmna 1. 3nagenue koncrant cBsizbiBanus (K) u uncino map ocHoBaHuii,
C KOTOPBIMH CBSI3bIBa€TCS OJJHA MOJIeKyJa jnranza (n) IItoke, Ororm,
Ten ¢ JIHK, nony4eHHble 3KCIEpUMEHTAIBLHO U MeTog0oM M/I.

DKCIepUMEHTAIBHO Meronom M/J]
Kommtekc n Ky N Ky
Tun 1l | Tum2 | Tun 1l | Tum2 | Tum 1 | Tum 2 | Tun 1 | Tum 2
[roxc/AHK | 4.46 3.26 64.83 6.51 3.22 2.40 57.25 5.47
Oron/JJHK 18.88 | 5.54 79.31 0.55 18.0 4.22 62.07 0.32
Ten//THK - - - - - - - -

Takum 00pa3oM, TIONYYCHHbIE HAMH JIaHHBIC CBHUJICTEIBCTBYIOT, YTO IO
cpaBHenuto ¢ [Itokec Dton cunbHee cBs3piBaeTes ¢ JJIHK, x0T unciao map ocHOBaHHM, C
KOTOPBIMU CBA3BIBACTCA OJJHA MOJICKYJIa JIMraHaa, y HETro MCHBIIC, 4YEM Yy IIToxc.
AHaOTHYIHBIEC PE3yJIBTATHI TIOTYUYaI0TCS ¢ UCITONIb3oBaHneM MM/I.

MM/I Hapsigy ¢ ApyTMMH METOJAaMH MOXKET HCIIONB30BATHCS IS BBIABICHUS U
pacuera XapaKTepUCTHK B3aUMOJIEHCTBHS Pa3iIMYHBIX COSAMHEHUN M JIEKapPCTBEHHBIX
MIPENapaToB ¢ KJIECTOYHBIMU CTPYKTYpPaMHU.
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PODOPHYLLOTOXIN AND IT'S SEMISYNTHETIC DERIVATIVES

INTERACTION WITH DNA BY MOLECULAR MODELING

L. Hunanyan

The current work is studying the direct interaction of podophyllotoxin, etoposide

and tenyposide with DNA using the method of absorption spectroscopy and the method
of molecular dynamics. The method of molecular dynamics helped to reveal the possi-
ble binding sites. It’s determined by two methods of the binding constants and the num-
ber of bases pairs on DNA with which one molecule of ligand is binding. Comparative
analysis of the received results has been done.
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NNINIPLASNLUPLE B9, LU UhUUUPLEESHY UOULSSULLE P
ONUYESNPE3UL NPUNPULUURCNRESORULL YUE-b ZES,
UNLBUNPLUSPL UNTELUANTUL UBENHIY

L. Zmuwiyui

Usuwwnwtipp udhpyws E Mnpndhinunnpuhtih, Emnwynghnh b Skuhwn-
qhnh thnpwgpkgmppul nundbwuhpoipjuiip FUE-h htwn wpunppghni
uykupnunyhuwh b Udnkyniyuyhtt ghtwdhluyh dEpnnutph oqunipjudyp:
Unikynyuyhtt phtwdhlugh dbkpnnh ogunipjudp gnyg £ mipgwé FTule-h htin
hiupuynp Juupdwh nknbpp: Gphynt dkpnnikpn] husgupllus ki wyi fuwg-
dwt nbntph b hwunwwnniiubph wpdtpubpp, npntp hwdwywwnwuppwnd

ku kY (hquunht:
Tuunupjuws Eunwugus nfjujubph hwdkdwnwlwb Jipnidnipnii:
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Poccuiicko-Apmanckuii (Crasanckuii) ynugepcumem
hvardapetyan@mail.ru

AnHortauus. Llensio HacTosueil paGoThl ABIIIOCH (PPAKIHOHUPOBAHUE
sna Tiop3bl (Macrovipera lebetina obtusa), oburarorieli Ha TEPPUTOPUU
ApMeHHH, METOJIOM TIejb-XpoMarorpaduy M BbIIEIEHHE KOMIIOHEHTOB
sina, 00JIalaroIINX MPOTEOJUTHYECKONH aKTUBHOCTHIO. BBl ornpeseneHsl
ontuManbHble pH u Oydeprsie cucremsl. [lokazaHa mporeonnTHYecKas
AKTHBHOCTbH BBIIICJICHHOW Tpynnbl hpakuuii ssna Macrovipera lebetina ob-
tusa ¢ MosekyIsipHOit Maccoit ot 20 k/la mo 31 x/la.

KnroueBble cioBa: s TIop3bl, Qpakius sia, MPOTEONUTHIECKAsT AKTHB-
HOCTB

BBenenune

3MEHHBIH ST U er0 KOMIIOHEHTHI ITUPOKO HCIIONB3YIOTCS B Ka4eCTBE HMMYHO-
JICTIPECCAHTOB, I M3y4YCHHs MEXaHW3Ma CBEPTHIBAHUS KPOBU, U3YYCHHUS MOJICKY-
JISIPHOM OpraHU3AlNU AlETHIXOJUHOBEIX perienTopoB. OH TakKe MPUMEHSETCS MPH
MIPOU3BOJICTBE MPOTHBO3MEUHBIX CHIBOPOTOK. MHOTOJIETHHE ONBITHBIC NAaHHEIE TI0-
Ka3alli, YTO JIECTPYKTHUBHOE NEHCTBHE 5i7a B IIEJIOM HAMHOTO CHJIbHEE BO3ICHCTBUS
ero ¢pakuuidi B OTIEIBHOCTH, HO INPH STOM W AKTUBHOCTH (PAKIWA OTIUYHBI H
cnermduuHbl [3]. 3MEUHBIN S IO CBOEMY COCTaBYy OY€Hb CIIOKEH M HE J0 KOHIA
M3Y4Y€H, HO IPU STOM H3BECTHBHI €r0 IJIaBHBIE XMMHUYECKHUE COCTABISAIOIIAE — 3TO
0eJKM, aMUHOKHCIIOTBHI, YKUPHbBIC KUCIOTHI, (PEPMEHTHI, MUKpodneMeHTsl [2]. OT-
JIENIbHOM 3a/iauell SBJISICTCS MPEnapaTUBHOE BBIJICICHUE OTACIbHBIX (PaKIUi W/Wiu
rpynn ¢paknuid. ns 5THX meneil HanOoJiee ONTUMAIBHBIM SIBISIETCS METOJ Tellb-
xpomarorpadpum.

Lenpro Hactosmield paboThl sBIsETCS pa3pabOTKa ONTHMAIbHOW W IAASIIeH
METOJIUKU pas3JielieHust sjaa Top3bl Macrovipera lebetina obtuse, obutawomiedi Ha
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TEPPUTOPUN APMEHHHM, METOAOM Tenb-xpomarorpadpuu [4,5] © modydeHue
OTAENHHBIX HATUBHBIX (PaKLIUil B MPpEeNapaTHBHBIX KOJIMYECTBAX.

MarepuaJibl 1 METOAUKA

Ilpuzomosnenue konouku: [[ns TPUTOTOBICHUS KOJOHKU WCIONIB30BAJICS
Cedanexc pupmbl Molzelekt G 75 ¢ pazmepom vactuir 20-80 MxM. [IjinHA KOJIOHKA —
42,5 cM; quameTp — 2,5 cM; 06bEM KomoHKH — 209 cm’. KoToHKM KaanGpoBaiy cMe-

ceio BuTamuHa By, (M, =1350 [la) n «romyboro nexcrpana» (M, =2000 x/la).

O06beM oxHOM (ppakmww — 2,1 MII, CKOPOCTh AMIOIUHN — 2,1 MJI/MUH.

/enenue saoa cop3vl na gpaxyuu (2env-xpomamozpagpus): 20 Mr siga rop3sl
(onTHManbHas KOHLEHTpaUUs Ui KOJIOHKH C JaHHBIMH IapaMeTpaMi) pacTBOPEHbI B
nByx munmatpax 10MM kanuii-pocdarroro oydepa (KH,PO4) pH = 7,2.

B skcnepuMeHTax MCMONB30BANN BBICYIICHHBIN sim Macrovipera lebetina ob-
tusa, OOUTAIOIICH HA TEPUTOPUU APMEHHH, JIFOOE3HO MPEIOCTABICHHON UHCTUTYTOM
¢muonornn  HAH Apmennn. fAx (10 Mr/mi) mpeaBapuTEIhHO PACTBOPSIIN B
OyhepHoM pacTBOpe U mocie neHTpudyrupoBanus (3 munyThl pu 12.000 oboporax
B MHUHYTYy) Ha 1eHTpudyre (micro-centrifuge type-320a) mpomyckamu depe3
pa3fenuTeNbHYl0  KOJNIOHKY.  [lomydeHHble — (pakuuy  PETUCTPUPOBaIM  Ha
cnektpodoromerpe (6405UV/Vis. Spectrophotometer, ¢upmbr «JENWAY») npu
nmuHe BoiHbl 280 HM, 1 = 1 cm. [locne pasgenenust Qpaxuuu codupanm M JIHO-
¢dbunmmsnpoBanu B muodmmsaTope («Heh»).

Onpedenenue KazeuHonumMuuecKoll aKkmueHocmu paxyuil

Omnpenenenne Ka3eMHONWTHYECKOW AaKTUBHOCTH B 00pasnax [pOBOIMIIH,
WCIONB3ys B KavyecTBe cyOcTpaTa kasewH [6]. HaBecky cyxux ¢pakuuii sga (0,6-0,8
MT) PacTBOPSUTM B (PU3UOJIOTUYECKOM pacTBope W MHKyOmpoBanu 15-20 MuH. mpu
37°C mnis momHOrO pacTBOpeHms. PeakimonHas cMmech cocrosuia u3 1 M pacTtBopa
¢paxmmit 1 1 M 2%-ro xazenna B 0,4 M Tris-HCL 6ydepe (pH = 8,2). Peakuuro
3amyckanu joOaBieHneM cyOctpata uw mpoBomwim 30 muH. mpu 37°C. 3arem
N00aBIsUIN IBOMHOM 00BeM 5%-0i OXJIaXKICHHON TPUXJIOPYKCYyCHOM KucnoThl (TXY),
nHKyOupoBaiau 20—-30 MUH. TPH KOMHATHON TeMIepaType A0 MOJTHOr0 GOPMUPOBAHHUS
ocajka.

Pe3yabTaThl u 00CyxKAeHHE

[locne remp-xpomaTorpaduu TotaneHOro sina Macrovipera lebetina obtusa
Obuto cobOpano 85 ¢pakiuit nmo 2,1 M kaxkmas, W3 KOTOPhIX OBLIM HWHJICH-
THQUIMPOBAaHEI 4 OCHOBHBIE TPYIIIEL. B rpynmbel Obur 00BEAMHEHBI: 1-51 rpyIma — OT
40 x/la u Bormre (4-as — 12-as ppakmum), 2 rpymma — ot 20 x/la mo 31 x/la (13-as —
35-as ppakuun), 3 rpynma — ot 2 k/la no 5 x/la (47-as1 — 65-as ppakuun), 4 rpymma —
no 1,5 k/[la (69-as — 87-as ¢pakuum). M3 xpomarorpaMmbl OBUIO ONpeneneHo
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Dpakyuonuposanue s10a 2op3vl (macrovipera lebetina obtusa) obumarowelii ...

MPOIEHTHOE COJICPIKaHUE OTACIbHBIX Tpymm ¢pakuuii: 1)37,5 %, 2)33,7%, 3)8,9%,

4)

19,9%, cooTBeTcTBeHHO (pHC. 1).
40 37,5
35 33,7
30
25
19,9
=x 20

15
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0

rpynna 1 rpynna 2 rpynna 3 rpynna 4

Puc. 1. [IpouieHTHOE COIEPIKAHUE OTIENBHBIX TPYIIT (HPAKIIUIL.

Ilocne .TH/IO(I)I/IJ'II/I?)aLII/II/I BBIACJICHHBIX T'PYII ONPEACIIATIaCh MPOTCOJIUTUUCCKAA

AKTUBHOCTH I10 OMMCAHHOM BhIIIE METOUKE. BbII0 MOKa3aHO, YTO MPOTEOIUTHICCKOM
AKTUBHOCTBIO OOJyiafaet 2 rpymnna ¢pakiuid. Jpyrue Gppakiun aHaIOrHYeCKON aKTHB-
HOCTBIO He 00ajanmy.

HOJ’Iy‘IeHHBIe HaMH JaHHBIC O HpOTeOJ'IHTPI‘IeCKOﬁ AKTHUBHOCTHU MOATBECPIKAAIOT

JABHO H3BECTHBIM, HO HENOCTATOYHO OCBEIICHHBIH B JUTEparype (akT OTIHUHS
CBOMCTB /712 apMSHCKOU TTOP3HI [2].
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FRACTIONATION OF ARMENIAN VIPER
(MACROVIPERA LEBETINA OBTUSA) VENOM

D.H. Hovhannisyan, G.G. Gasparyan, H.R. Vardapetyan

The aim of this study was the Armenian viper (Macrovipera lebetina obtusa)
venom fractionation by gel chromatography and investigation of the separate fractions
proteolytic activity. The optimal pH and buffer system for venom fractionation was
determined. It was shown that Macrovipera lebetina obtusa venom fractions with mo-
lecular weight from 20 kDa to 31 kDa had proteolytic activity.

Keywords: venom, fractions, proteolytic activity.

2U3UUSULP SUMUOLNRU ALUYY NN, @8NRLQUSP
(MACROVIPERA LEBETINA OBTUSA)
Nh3Lh FUSULNRUL SCUYSPULE D

.2, Zznhwbthyui, ¢.Q. Quuyupul, 2.k Juppuubnjwb

SYjw] wppnwwwtiph ppowbiwljubpnid juwnwpdl] b Zujuunwimd
puwlynn gnipquyh paytih pudwiinudp dputhghwikph qh-ppnunnngpuibhy
Ubpnnny: Npnoylk) E oyuhdw) pH-p b pnibtpuyhtt hwdwlwpgp: 8nyg k
npyk] wpwudtwgywsé fudph (UnjEyniyughtt quuqush 20-hg dhuish 31 §Fw)
poyup dpurlghtitph wpninknjhinpl wnpynipymibp:
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K CBEAEHHIO ABTOPOB

[IpaBuna g aBTopoB )xypHaia «BectHuk PAY, ®u3znko-maTeMaTHUECKUE U €CTECTBEH-
HBIE HAYKW»

JKypHan mneuaraer OpUTMHAIbHBIE CTaTbU IO PA3IMYHBIM HAIPaBIEHUSIM (HU3HKO-
MaTeMaTHYECKHUX M €CTECTBEHHBIX HayK.

* K paccMOTpeHHIo NpUHUMAIOTCS CTaThH HA PYCCKOM MJIM QHTJIMHCKOM SI3bIKaX.

*  Crarby DOIKHBI OBITH IIPEJCTABIEHBI B )KECTKON M 3JIEKTPOHHON (hopMme.

* K marepuanam crarbu npunaraercs Joroeop ¢ uznarenbctBoM PAY, moanucaHHbINA
OJTHUM (OTBETCTBEHHBIM) aBTOPOM (0(OPMIISIETCS B OJHOM 3K3EMILISIPE).

*  Crarps 10JDKHA MIMETh HalpaBJICHHE OT YYPEXKJICHHUS, B KOTOPOM BBINIOJIHEHA paboTa.
Pykomuck noxnuceBaeTCs aBTOPOM (COABTOpaMH) C yKasaHHeM (haMUIIMK, HMEHH, OTYECTBa,
JIOMAIITHETO ajpeca, Mecta paboThl, HOMepoB TeiedoHoB U e-mail. Heobxonaumo ykazate, ¢
KEM BECTH IIEpEroBOpHI M NiepenucKy. OTKIIOHEHHBIE CTaThbi HE BO3BPALIAIOTCS.

* B pemakmuro HampaBISIOTCS [Ba SK3EMIULIpa CTAaThH, HaOpaHHbIE MmpupTOM 12
MyHKTOB 4Yepe3 [1Ba MHTEpBajla Ha OJMHOW CTOpOHE jucra (mpubmmsurenbHo 30 CTpOK Ha
cTpanune, 60 cUMBOJIOB B cTpoke). PyKkomucHbIe BCTaBKM HE JIOITycKaroTcs. Bce crpaHuIbI
JIOJDKHBI OBITH IIPOHYMEPOBAHBIL.

[Tepen TeKCTOM CTaTh yKa3bIBAOTCS:

— Ha3BaHME CTaTby;

— UWHULIKAIB! 1 GaMUIMU aBTOPOB (IUIsI THOCTPAHHBIX aBTOPOB Ha SI3bIKE OPHTHHANA HIIH
Ha aHTJIUICKOM SI3BIKE);

— HaszBaHMe YyupexnaeHus (0e3 cokpamieHnii W abOpeBuatyp), KOTOpPOE HarpaBisieT
CTaThIo, ero afpec (Topoid, CTpaHa);

— e-mail aBTopoB.

Jlanee momemniaercs aHHOTauusi oobeMoM He Oomee 0.5 MaIIMHONKCHON CTpaHMIB,
KOTOpasi He JOJDKHA IyOJHMPOBAaTh BBOIHBIA WIIM 3aKJIFOYMTENBHBIN pasziesibl. AHHOTAUUS He
JIOJDKHA COJIEPIKaTh JINTEPAaTypPHBIX CChIIOK M ab0peBuaryp. B KoHIle aHHOTAIMK yKa3bIBAIOTCS
kiroueBble cioBa (keywords). TpeOyeTcst Takxke aHHOTAIMS HA aHTJIMHCKOM SI3BIKE.

* U3noxeHne marepuana JOJDKHO OBITH SICHBIM W KpaTKuM, 6e3 GpopMyn M BBIKJIAIOK
MIPOMEKYTOUHOI'0 XapaKTepa U IPOMO3JKIX MAaTEeMaTUYEeCKUX BBIPAKEHHH.

*  PucyHKH mpejacTaBISIIOTCS B ABYX SK3eMIULIpax. Bce Haamucn Ha pUCYHKeE ciemyer
JlaBaTh Ha aHIJINICKOM SI3bIKE.

*  dopmysl ciieyeT HabupaTh KPYIHO, CBOOOIHO U YETKO.

Hywmepauus ¢popmy:n nomkHa ObIT CKBO3HOM 1O BCEl cTaThe (He M0 pa3zaenam).

—  Xumuyeckue (GOpMyJIbl, MaTeMaTHYECKHE CHMBOJIBI, COKpPAIICHHUS (B TOM YHCIE B
WHJIEKCAaX ), €AUHULIBI N3MEPEHUS] HAOUPAIOTCS NPSIMBIM HIPHU(TOM.

—  JKupHbIM mpudToM HaOUpAIOTCs TOJILKO BEKTOPHBIE BEIMYMHEI (CTpEJIKa CBEPXY HE
HY)KHA).

— I'peueckue, roTHueckre u «PyKOITUCHBIEY» OYKBBI JIOJDKHBI JIETKO PACIIO3HABATHCSL.

— Bce ocTanpHbIe cCHMBOIIBI HAOMPAIOTCS! KYPCHBOM.

*  TaOmuuel JOJKHBI OBITH HalleYaTaHbl Ha OTAENBHBIX JICTAX, BKIIOYCHHBIX B OOLIYIO
HyMepanuio Tekcra. O0s3aTesIbHO HaJIMYKMe 3aroJIOBKOB M €IUHUI] U3MEPEHUs BeJIM4YMH. Bee
CTOJONBI TAaOIUIIBI TOJKHBI OBITH 03arJIaBIICHBI.

* Chucok IMTepaTypbl AOJDKEH OBITh HaOpaH Ha AHTIIMHCKOM SI3BIKE W O(pOpMIICH
CJIEIYOIUM 00pa3oM:

— Ui KHUT — MHULOWAIBl 1 (aMHIMH 6Ccex aBTOPOB, Ha3BaHHE KHHTH, W3/1aTEIbCTBO,
MECTO M3IaHHMs, TOJ M3JaHHs B KPYIJIBIX CKOOKAaX, TOM;

—  JJId IEPUOANYCCKUX l/I3I[8.Hl/Il>i — WHHUIIYAJIbl 1 (baMI/IJ'II/II/l BCEX aBTOPOB, HA3BAHUC KYyp-
HaJla, TOM, — HOMepa MepBOH M MOCJIEIHEeH CTPaHUIl CTAThH, TOJ U3JaHUS B KPYTJIBIX CKOOKaX.

HyMmeparus ccbUIOK TOJDKHA COOTBETCTBOBATH IOPSAKY MX YIIOMHHAHUS B TEKCTE.
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