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AN EFFECTIVE DYNAMIC STRUCTURE
FOR GRID FILES ORGANIZATION
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SUMMARY
An effectivedynamic index structure for multidimensional data is pro-
posed. The considered index structure is based on the extended grid file
concept. The size of that structure is estimated. A data warehouse proto-
type based on the proposed dynamic index structure is constructed.
Keywords: grid file, structure, dynamic index, multidimensional data, da-
ta warehouse.

1. Introduction

The emergence of a new paradigm in science and various applications of infor-
mation technology (IT) is related to issues of big data handling. The concept of big
data is relatively new and is primarily defined as having five concerns: data volume,
velocity, variety, veracity and value [1]. This concept involves the growing role of
data in all areas of human activity ranging from research to innovative developments
in business. Such data is difficult to process and analyze using conventional database
technologies. In this connection, the creation of new IT is expected in which data be-
comes dominant for new approaches to conceptualization, organization, and imple-
mentation of systems to solve problems that were previously considered extremely
hard or, in some cases, impossible to solve. Unprecedented scale of development in
the big data area and U.S. and European programs related to big data underscore the
importance of this trend in IT. The concept of grid files [2], [3] is one of the adequate
formalisms for effective big data management.

The concept of grid files allows to effectively organize queries on multidimen-
sional data[4] and can be used for efficient data cube storage in data warehouses[5],
[6]. The grid file can be represented as if the space of points is partitioned into an im-
aginary grid. The grid lines parallel to axes of each dimension divide the space into
stripes. The number of grid lines in different dimensions may vary, and there may be
different spacings between adjacent grid lines, even between lines in the same dimen-
sion.
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Dynamic aspects of file structures where all keys are treated symmetrically,
avoiding distinction between primary and secondary keys, are studied in [2]. The ar-
ticle introduces the notions of a grid partition of the search space and of a grid directo-
ry, which are the keys to a dynamic file structure called grid file. This file system is
able to adapt to its contents under insertion and deletion operations, and thus achieves
an upper bound of two disk accesses for a single record retrieval. It also efficiently
handles range queries and partially specified queries. Several splitting and merging
policies resulting in different refinements of the grid partition are considered.

In [7] algorithms which generalize the standard lookup by single key techniques
and apply them to search of records using several keys are specified. Two index file
organization techniques, multidimensional dynamic hashing and multidimensional
extendible hashing, which are multidimensional generalizations of dynamic and ex-
tendible hashing correspondingly, are specified and the average index size values for
both cases, as well as their asymptotic expansions, are estimated. Multidimensional
extensions of linear and extendible hash tables have also been proposed in [4], [8],[9].

This paper is organized as follows: an approach to grid file structure modifica-
tion is proposed in Section 2. Further modification of this structure aiming to reduce
the index directory size is provided in Section 3. Section 4 describes experiments con-
ducted using a data warehouse prototype based on the proposed index structure. Final-
ly, conclusions are provided in Section 5.

2. Grid file structure modification

One of the problems intrinsic to grid files is the problem of non-efficient memo-
ry usage by groups of cells pointing to the same data buckets. In this paper an alterna-
tive data structure for the grid file index is proposed aiming to avoid storage of mul-
tiple pointers to the same data buckets, as well as to maintain slow index size growth
and provide reasonable costs for common operations. Detailed descriptions of effec-
tive algorithms for grid file support have been provided in [10].

In this approach we do not store the grid file as a multidimensional array. The
reason for this is that during each segment split operation one of the stripes crossing it
is also split into two stripes, thus doubling the number of cells of the original stripe,
wherein many of the new cellscontain duplicate pointers to the same data buckets. In-
stead, all cells whose correspondingrecords are stored in the same data buckets are
grouped into chunks, represented by single memory cells with one pointer to the cor-
responding data buckets. Chunks are the main units fordata input/output, as well as are
used for data clusterization. Chunks are used as a mechanism to solve the problem of
empty cells in the grid file. For each dimension the information about its division is
stored in a linear scale, each element of which corresponds to a stripe of the grid file
and is represented as an array of pointers to the chunks crossed by that stripe.

Each stripe is considered as a linear hash table. Overflow blocks are used to re-
duce the amount of grid file chunks. The number of overflow blocks may be different
for different chunks, however we ensure that for any stripe the average number of
overflow blocks for the chunks crossed by that stripe is less than one[11]. This allows
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us to significantly reduce the total number of chunks,while guaranteeing not more than
two disk operations for data access in average.

A grid file can be formally represented as a triple F =(D, S,C) where D is the

set of dimensions, S is the set of stripes, and C is the set of chunks. Each stripe cor-
responds to exactly one dimension and crosses a non-empty subset of C .

To estimate the size of index directory and dynamics of its growth, several im-
portant characteristics have been estimated. Analysis have been conducted under the
assumption that all dimensions of the considered grid file data domain are independent
and equivalent [2]. Let us denote the number of dimensions as n and the average num-
ber of chunk split operations performed in one dimension asm. The following table
contains summary of the estimated values:

Characteristic Estimation
Number of dimensions n
Number of divisions per dimension O(m)
Total number of cells O(m )
Number of stripes per dimension O (m)
Total number of stripes O(nm)
Total number of chunks O(nm)
Number of cells per chunk (M)

0]

(n )
Average length of chunk side O[ m ]
ynm

Average number of chunks crossed by stripe O(nm)

Table 1: Estimated characteristics

Since each of the O(nm) stripes crosses O(nm) chunks in average, the total
number of stored pointers will be equal to O(nzmz). Also each chunk has one pointer
to the corresponding data bucket, O(nm) such pointers in total. Hereby, the grid file

directory size in this case is O(nzmz).

3. Alternative grid file structure

In this section an alternative grid file structure is proposed, which is a further
modification of the structure, proposed in Section 2, and allows to reduce directory
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size from O(nzm"‘) to O(nzm). To achieve this goal we reorganize the pointers sto-

rage structure, allowing chunks to store pointers to each other. Here is the new defini-
tion for the set of pointers in the grid file structure:

Definition 1. Let there be a total order < defined on the set of chunks. Let us
also denote the projection of chunk ¢ to dimension d as 7, (c). The set of pointers

R is defined as follows:
1. For each pair of chunks a,b st.a<b and a dimension d exists s.t.

74 (@) = 74 (b) and no chunk ¢ existsst.a<c<b and 7, (a)< 7, (c) < 7, (b),
there exists a pointer (a,b) in R.Let us call such pointer a pointer of dimension d.

2. For each chunk a and stripe s of dimension d , if there exists no pointer of
dimension d pointing toa, then there exists a pointer (s,a) in R.

3.1 Estimation of index directory size

To estimate the index directory size let us calculate the total number of stored
pointers. To do this, we shall separately estimate the sizes of sets of pointers, stored in

stripes pointer lists (pointers (s,a), S — stripe, @ — chunks) and in chunks pointer

lists (pointers(a,b), a,b —chunks).
1. Number of pointers, stored in stripes pointer lists.
Let us fix a stripe of dimension d. Consider the ordered sequence of chunks

Cy Cpy vy G (ci <C; i< j),crossed by the stripe s. Let us denote this sequence as
C. For each pair of chunksc;, c; (i < j) of this sequence let us consider their projections

Ty (Ci) and 7, (cj) on dimension d . These projections have a non-empty intersection,

since both of these chunks are crossed by the stripe S . There exist 4 possible relative posi-
tions of (Ci) and 7z (c J. ) and only one of them satisfies the condition

Ty (ci ) c 7y (c i ) Without loss of generality, assuming that these 4 cases are equiproba-
ble for a randomly chosen consecutive pair of chunks (Ci : CM) of the considered sequence,

we can say that the probability of existence of pointer from chunk c; to chunkc,,, is:

P((c. C )eR)=%

17 Vil

According to definition 1, in order to have a pointer to chunk ¢, in the pointer list

of stripes, it is necessary and sufficient that there does not exist a chunkc;(c; <¢;),
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which stores a pointer to c; . Let us denote the probability of such eventas p;:
p; = P(}ﬂi < j-(ci,cj) eR)
Let us denote
d,; =P(Bk efi, i-1],(c.c;) €R)

Note that p; =d, ;. Fromd, _, , :1—P((CH,CJ- ) eR)Z% and d, ; :%dm,j

j—i
it follows that di’j =(%j . Thus, the probability of having a pointer to chunk c; in

j-1
the pointer list of stripe s equals p; =d, :[%) _

To count the total number of pointers, stored in the pointer list of stripe s, let
us introduce a set of indicator random values & :
1 (s, cj) eR
0, (s,c j) ¢R

j =

Wherein () = P(& =1) = p, :Gjl .

The sum of these values equals the total number of pointers(s,cj ) Let us cal-
culate its mathematical expectation:
(&) & NN N
B A
Hereby, the expected total number of pointers stored in the pointer list of each
stripe does not exceed 4. Since the number of stripes has an order O(nm), the ex-
pected amount of pointers (s, c )also has an order O (nm).

2. Number of pointers, stored in chunks pointer lists.
Firs let us fix some dimensiond and calculate the number of such pointers in
it.Consider the ordered sequence of all chunksc,, c,, ..., ¢, (G, <c; < i< j). Let

us define by p the probability that for an arbitrary chosen pair of chunksc;, c; (i<j)

their projections on dimension d satisfy the condition 7, (Ci)‘; 7Ty (Cj). Let us de-
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fine by (q the probability that for an arbitrary chosen triple of chunks
Ci,C,C; (i<k<]), their projections on dimension d satisfy the condition
T4 (Ci)g T (Ck)g T (Cj ) . Notethat p > q.

Let us calculate the probability of existence of apointer from chunkc; to chunk
¢, for an arbitrary pair of chunksc;,c; of the considered sequence. According to defi-
nition 1, such pointer exists if the following conditions take place simultaneously:

1 7z, (Ci)g Ty (CJ-)

2. fk e[i+1 j-1]st.zy(c) = 74 (¢ ) = 74 (Cj)

Let us consider an arbitrary index k e[i +1, j —1] and calculate probability of
the event 7, (c) = 7, (¢,) < 7, (cj ) Let us denote this event as A . Let us denote
the event (ci ) c (c j ) as B and calculate the probability of the event A, , based on
the condition that event B took place. Note that event A implies event B, i.e.
P(BJA, ) =1. Using Bayes formula we obtain:

P(BIA)P(A) _P(A) g

P(B)  P(B)
Taking into account that events A, are independent for different k we get:
P((c.c;) eR)=
P(nd (Ci) c 7y (Cj)/\Vk e[i +1 ] —1]-(—|(7zd (Ci)g T4 (Ck) c 7y (CJ)))) =

j-i-1

P(AIB)=

(. q)
")

To calculate the total number of pointers(ci,cj) let us introduce the following
indicator random values:
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The sum of these values equals the total number of pointers (ci C ) Let us cal-

culate its mathematical expectation:

o wanel (1-9) )
kji”ﬂ}ziiﬂ(ﬂuFik_p{l—ﬂj _ _p

(
“\ p g

i=1 j=i+1 i=1 j=i+1 i=1 j=i+1

k

Since p > q the inequality p L(l—ﬂJ —lJ < Otakes place. Taking into account,
P

that the total number of chunksk has an orderO(nm) we get that this mathematical ex-

pectation, equal to the number of pointers between chunks for some fixed dimension d ,
also has an orderO(nm) . Since in the considered structure alln dimensions are treated

symmetrically, the expected total number of pointers(ci,cj)has an orderO(nzm). He-

reby, the expected total number of pointers — as well as the index directory size — has an
order:

O(nm+ nzm) = O(nzm).

3.2. Comparison of directory size

The described approach proposes several optimizations to reduce the directory
size. One of them is to consider each stripe as a linear hash table, which allows having
additional overflow blocks for chunks (but not more than one overflow block in aver-
age for each stripe). For uniform filling of the chunks it is practically helpful to store
statistical averages ofvalues stored in each chunk by every coordinate. Another impor-
tant optimization is to use the chunking technique to address the problem of empty
cells in grid file.

This approach is compared to two main techniques for grid file organization de-
scribed in [6], multidimensional dynamic hashing (MDH) and multidimensional ex-
tendible hashing (MEH). Estimated directory sizes, provided in [7] for these tech-

1 n-1
niques are OLrHSJ and OUH”HJ correspondingly, where r is the total number of

records, S is the block size and n is the number of dimensions. Note that for this
comparison the case of uniform data distribution is considered.

Since each chunk in our approach has one overflow block in average, we can, with-
out loss of generality, assume that each of the overflow blocks will be half-full in average,
meaning that 1.5S records will be stored per chunk in average. Hereby we can conclude
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. . 2r . .
that the number of chunks required to store all r records will be3— in average, which has
an order O(nm) . Hence, according to Section 3.1, the grid file directory size can be esti-

nr . . o
mated as O(nzm) =0 [—] . Compared to MDH and MEH techniques, directory size in
S
1 n-1
s ns—1

and

. . Sr . .
the described approach is times smaller correspondingly.

n

4. Data warehouse prototype

A data warehouse prototype was implemented based on the proposed dynamic
index structure and its performance was compared with MongoDB[12]. MongoDB
was chosen for comparison for pragmatic reasons since it is currently one of the most
demanded NoSQL databases. Testing was conducted using four main query categories
[4] - given point lookup, lookup by individual coordinates, range lookup and closest
object lookup. Detailed testing results and description of several techniques used for
prototype implementations are listed below.

Values insertion. Fig. 1. contains charts representing time (in seconds) of inser-
tion of 10° values into MongoDB and into the constructed warehouse prototype. Points
in 3-dimensional space were used as values. Block size used was 4096 bytes (standard
for NTFS file system).

Comparison of directory size. Fig. 2 contains the directory sizes (in Mb) of our
indexand MongoDB depending on the number of records in the database. Comparisonis
done on the same database of 3-dimensional points used for previous test case. It can be
seen on this figure that index size in our approach is much smaller thanin MongoDB.
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200 - 7 -==1
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150 i 5
rd - 4 ro——-— /
100 P 3 .
50 — 2 -,
td 1 /
0 0 L ——
©g8g8888888¢8s8
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— N M I IO © ™~ O O 8 NSy Y c> L AN R o
Prototype = = = MongoDB Prototype = = = MongoDB

Fig. 1.Insert operation Fig. 2. Directory size
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Given point lookup. Given all the coordinates, we first find the corresponding
stripes in each dimension, then intersect the sets of chunks crossed by those stripes. That
intersection consists of the only chunk, containing the necessary point. Van Emde Boas
trees [13] are used for efficient stripe lookup. Our prototype implementation uses 32-bit
integers to represent values in each dimension. Stripes are grouped in accordance with
16 most significant bits of their lower bounds. Usage of van Emde Boas trees allows to
find the necessary group in log log 2*° = 4 operations. Then a binary search is performed
within the obtained group. Since only lower 16 bits are significant within a group, it
takes the total of log 2'° + 4 = 20 (at most) operations for stripe lookup. Fast set intersec-
tion algorithms [14] are used for intersection of sets of chunks.

Fig. 3 represents comparison of up to 10° point lookup operations in 3-
dimensional space on a database consisting of 10° records. Here and further X axis
represents the amount of queries and Y axis represents time (in seconds). It can be seen
that our prototype performs nearly 3 times faster in this case. Also let us note that the
tendency of this difference is independent from the number of records in the database
and remains the same with its increase. This note applies to all further test cases as well.

Closest object lookup. To compare performance on closest point lookup queries
we used a database of 10° 2-dimensional points to make use of geospatial indexesof
MongoDB. Comparison results are illustrated in Fig.4. It should be noted that our ap-
proach can handle closest object lookup queries in higher dimensional cases as well,
while MongoDB provides geospatial indexes only for 2-dimensional points.

30 450
400 .
rd
25 e 350 ,
20 2 300 >
-7 250 L7
15 7
”, 200 . s
10 7 150 ’
; R 100 Pae
P
.7 >0 /
0 0
0 20000 40000 60000 80000 100000 0 200000 400000 600000 800000
Prototype = = = MongoDB Prototype = = = MongoDB
Fig. 3. Given point lookup Fig. 4. Closest object lookup

Lookup by individual coordinates. This algorithm is similar to the previous
one. The difference is that not all the dimensions may be present in query, and the re-
sulting chunk set intersection may consist of numerous chunks which have to be con-
sidered. However, many of these chunks may not actually contain any records match-
ing the query. To avoid unnecessary disk read operations for such chunks, we try to
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identify them using a method similar to the one used in [14] for fast set intersection.
We use several independent hash functions h, ...,z which map each coordinate value
into the range [1..w], where w is the size of machine word. For each chunk c; and di-
mension d we store words Wi‘jj (i = 1..k), and when a value with coordinate v* is in-
serted into chunk c; we calculate values hy(v%), ..., (v") and set corresponding bits in
Wi‘jj . During lookup we calculate values of hash functions in the same manner, and

check the corresponding bits: if they are not set, we can omit loading the considered
chunk.

70 30
60
50
40
30
20
10

0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000
Prototype = = = MongoDB Prototype = = = MongoDB
(a) Lookup by 1 dimension (b) Lookup by 2 dimensions

Fig. 5. Lookup by individual coordinates

Fig. 5 illustrates the performance of our prototype compared to MongoDB when
performing lookup by 1 and 2 dimensions on the same database as described in pre-
vious paragraph. It can be seen that our approach manifests itself better when more
dimensions are present in the query.

Range lookup. A query for data range lookup defines a rectangular area of the
grid, and answer to it is composed by set of points belonging to the chunks which are
crossed by that area. Fig. 6 (a) and (b) contain comparison of range queries performed
in 3-dimensional space with values uniformly distributed in range[0..2%-1] and aver-
age range length of 10° and 10°. It should be noted that with the increasing of query
range length our prototype performs better in comparison withMongoDB.
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Fig. 6. Range lookup

5. Conclusions

This paper proposes an effective dynamic index structure for multidimensional-
data management. This approach is based on an extended grid file concept. Each stripe
is considered as a linear hash table, guaranteeing that the number of overflow blocks
for each bucket per stripe is less than one in average, and the growth of buckets quan-
tity is slow. Chunking technique is used to solve the empty cells problem intrinsic to
grid files. Further modification of grid file structure is also described, reducing the
memory consumption of the index directory. The results of practical comparison of a
data warehouse prototype, implementing the proposed structure, with MongoDB are
illustrated.
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IOPEKTUBHASA TUHAMUYECKAS CTPYKTYPA
JIJISI OPTAHU3AIIMM CETOYHBIX ®AJIOB

I'. I'eBoprsin
AHHOTAIUA

[pemmoxxena a3ppexTHBHAS THHAMHYIECKAs CTPYKTypa WHAEKca UI MHO-
TOMEpPHBIX JaHHBIX. PaccMaTpuBaemas CTpyKTypa MHICKCa OCHOBaHAa Ha
MOHATUH CeTOYHOTo (paiina. [IpuBeneHa oOleHKAa BEIWYHHBI JaHHOM
CcTpYKTYpEL. [locTpoeH MpOTOTHUN XpaHWIWINA JaHHBIX, OCHOBAHHBIA Ha
MIPEUTOKEHHOH TMHAMHYIECKOH CTPYKType HHICKCA.

KiroueBble ci10Ba: CeTOUHBINA (aiil, TMHAMHYCCKIA HHICKC, MHOTOMED-
HbIE JaHHBIE, XPAHWIUIIE TAaHHBIX.

8UL8USPL HUSLEP WUQUUUEMUUL
ZUUUC ESBUSHY, 2bLUUDPY YUANRSYUOR

Q. Glinpgyu
uuononkU

Unwouwplusd L puquuswth ndjuyubph hugtipuwynpdw EHLl-
wnpy nhtwdhly Junnigusp: thunwplynn junrnigquspp htugnid
E gwuguyhtt $uwyyih hwuljugnnnipjut ypu: Fipdws k wyn funnig-
Jusdph sSwjuih guwhwwnwlwip: Unwewplyus nhtwdhly hunkp-
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uh Junnmigwsph hkuph dpu dowldty E ndjujubiph wyyuwhngh tw-
huatng:

Zhtbwpwnbp quiguyhtiduy;, nhtwdhy hugbpu, pwquuswh
wnyjuyubip,nyjuutiph yuwhng:
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OJHOMAPAMETPUYECKOE CEMEVCTBO MMOJIO)KUTEJbHbBIX
PEIIEHUH OTHOI'O KJIACCA UHTEI'PAJIBHBIX YPABHEHUM
TAMMEPILITEMHA CO 3HAKOIIEPEMEHHOM
HEJUHEWHOCTBIO

9.0. A3uzaH

Hayuonanvuwiii Aepapusiii Yuueepcumem Apmenuu
hermineazizyan@mail.ru

AHHOTAIIUA
Pabota nocesieHa U3y4eHHIO U PELICHHIO OJTHOTO KJlacca HEJTMHEHHBIX
HUHTETrpalbHBIX ypaBHEHUH ['aMMepuiTeliHa CO 3HAKONEPEMEHHON HEJH-
HENHOCTBIO.
Jloka3pIBaeTCsl CyIECTBOBAHUE OJHOIAPAaMETPUUECKOro cemeiicTBa IO-
JIOKUTEIBHBIX U OTPAHNYEHHBIX PEIICHHMN.
KuiroueBble ciioBa: ypaBHeHue ['ammepuiteliHa, CXOAUMOCTh UTEpaLlUi,
MOHOTOHHOCTb.

1. BBegenue

Hacrosimast paborta mocBsiiieHa UCCIEIOBAHUIO CIEAYIONIET0 Kiacca HeTMHeH-
HBIX UHTETPAIbHBIX ypaBHEHUH Tuna ['aMmmepiureiina:

0 ()= 2(x) [K(x-)H (t, o (1)) dt, x>0 @y

OTHOCUTENFHO KICKOMON M3MEPUMOM U BELIECTBO3HAYHON PYHKIMH (P (X) .

B ypaBuenuu (1.1) ﬂ,(X)— onpenenennas Ha R =[0, + o) usmepumas pyHk-

Us1, YAOBJICTBOPSIOIIAsl YCIOBUAM:
0<e<A(x)<1, xeR', 1-1eL,(R"), (1.2)
i(X)T mo X ma R". (1.3)

Snpo K — ompeneneno na muoxkectse R = (—oo, +oo) 1 00JIafiaeT CIeAayIONIH-

MU CBOMCTBAMHU:

k(r)=0, 7 eR, ke (R)NL,(R), 7k(r) eL(R) (1.4)
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+00

[k(r)dz =1, k(x)>0, npn x<0, (L5)

—00

v(k)sfrk(r)dr<0. (1.6)

—00

Oyukrmms H (t, Z) , OTIMCHIBAIOIIasl HENMMHEHHOCTh B ypaBHeHuu (1.1), ompene-

neHa Ha MHOXkecTBe R’ X R, mpuHMMaeT BeleCTBEHHbIE 3HAUCHHUS U YIOBJIETBOPSIET
OTIPEICIIEHHBIM YCIOBUAM (CM. (HOPMYITHPOBKY OCHOBHOM TEOPEMEI).

Ypasuenune (1.1), KpoMe TEOPETUIECKOTO HHTEPECa, HUMEET MPUMEHEHNE B pa3-
JUYHBIX O0JIACTAX MaTeMaTh4eckoil (Qu3uku. B 4YacTHOCTH, yKa3aHHBIC ypaBHECHUS
BCTPEYAIOTCS B TEOPHHU TEPEHOCA UITYUCHHS, B CIICKTPATBHBIX JTHHUAX, B KHHETHYEC-
CKO¥ TEOpHH ra30B, B p-aAndeckoii Maremarndeckoit pusuke (cm.: [1]-[3]). B cayuae
KoT1a

H(t,Z):Z—a)(t,Z),rz{e a)(t,Z)»L no Z ua [A,+0) (A> O)

(o]

n0<a(tz)<o(t+z), eL,(R7)NC,(RY), ml[a)) z];xg)(x)dx<+oo

ypaBHenue (1.1) uccaenoBanocs panee B padore [4].

B cmydae xorma /I(X) =1, npu pazaMYHBIX OrpaHHYCHUSIX Ha H (t, Z), ypas-
uenue (1.1) uzyganocs B paborax [5]-[8].

B Hacrosimieit pabore mpu MHBIX orpaHudeHusx Ha H (t, Z) yCTaHaBJINBACTCS

TeOpEMa O CyHICCTBOBAHUHN OJHOIAPAMCTPUUICCKOIO ceMmelicTBa MMOJIOXKUTECIIBHBIX, OT'-
PaHNYCHHBIX peH.IeHPIﬁ, " AOKa3bIBACTCA MPEACIIBHOC COOTHOLICHHUC JIA peIHeHI/Iﬁ B

OeckoHeuHocTH. B pabore npuBenensl npumepsl pyHkimn H (t, Z), YIOBJIETBOPSIO-

LIME YCIOBUSM JOKA3aHHON TEOPEMBI.
2. O003HaYeHNS M BCIIOMOTraTeJIbHbIE (PAKTHI

2.1. O dakTOpH3aALNH KOHCEPBATHBHBIX HHTErPAJILHBIX ONIEPATOPOB
. +
Mycts E — onwo w3 cneayrommx  npoctpancts: L (R ), 1< p < +oo,
C, (R+), C (R+), rre C, (R+) — IPOCTPAHCTBO HENpEphIBHBIX (GyHKIMA Ha R”
MMEIOIIMX HYJEBOH mpezen B OeckoneynoctH, a C, (R+) — MPOCTPAHCTBO HEMIPEPHIB-

HbIX GyHKIMA Ha R" MMEIONIMX KOHEUYHBIH Ipeie B GeCKOHEeYHOCTH.
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O603uaunm vepes () — Kiacc MHTErpajbHBIX oreparopoB Bunepa-Xomda: T.e.

K eQ,ecnmn

Ik , T eE,ak eLl(—oo +oo) (2.1)
0

Oneparop K €( HasbiBaeTCs KOHCEPBATHBHBIM, €CIH AP0 K yIoBIETBOpSET
crnenyroumM ycnosusiM (em.: [9]):

k(z )>0 7 €eR, I dT =1 (2.2)

U3 ycnosuii, HaKIaabIBaeMbIX Ha aapo K ypasmenus (1.1) cmemyer, 4to cooT-
BETCTBYIOIUH ornepatop Bunepa-Xorda sBnseTcst KOHCEPBaTUBHBIM.

U3 pesyabraToB pabotsl [9] cieayer, uro oneparop | — K momyckaer criemyro-
Iyto (haKTOpU3aINIO:

l-K=(1-V)(1-V,), (2.3)

rne K — unterpansueii oneparop Bunepa-Xonda c¢ sapom K, ynosneTBopsrommm
ycnosusiM (1.4) — (1.6), | — eanunuuneii oneparop, a V, — BepxHue U HIDKHUE Onepa-

TOpHI THIIA BobTeppa cienyromux BUIOB:

(V)00 = [V (t=x) F()at, (v, 1)) = [v, (x—1) F (t)at.

Vi(r)20,7/7='|- (r)dr=1,p, = J-V )dr <1.
0

®daxTopuzanus (2.3) MOHUMAeTCsl KaK PaBEHCTBO MHTETPaJbHBIX ONEPaTopoB,
JIEHCTBYIONIMX B KaXOM U3 MPOCTpaHcTB E .

2.2. O KOHCepBAaTHBHBIX MHTErPAJbLHbIX YPABHEHHUAX TUIIA CBEPTKH
Hapsny ¢ ypaBuennem (1.1) paccMoTpum ciiefyrolee JIMHEHHOE HHTETpaIbHOE
YpaBHCHUA TUIIA CBEPTKHU:
B(X)=A(x)[k(x—t)B(t)dt, x>0 (2.4)
0
OTHOCHTEIILHO MCKOMO# m3mepumoi ¢yukiuu B (X) ,tne A u K ynosnersopsior

cootBeTcTBeHHO yciaoBusiM (1.2)—(1.6).
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B pa6ote [10] nokazaHo, uro ypaBHeHue (2.4) UMeeT HEOTpULATENbHOE (HEHY-
JIeBO€) OrpaHHYeHHoe penienue B, (X) , KOTOpOE MPeJCTaBIIsIeTCs] B BUJE:

B, (X)=S(x)—¥(x), x>0, (2.5)

roe S (X) — OrpaHUYCHHOE, MOHOTOHHO BO3pacTaroliee S (X) T mpu X —> 400

1_7+
1 MOJIOKUTCIIbHOC PCIICHUEC CJ‘ICHyIOHIefI HavaJIbHOU 3aga4uu ajid OJHOPOJHOI'O MHTC-
rpaisHOro ypaBHenus Bunepa-Xomnda:

S(x)=

k(x—t)S(t)dt,

o —3

a lP(X)— peLICHNE CIEAYIOMEr0 HEOJHOPOAHOTO WHTErPAIbHOIO YpPaBHEHHs TUIA

CBEPTKHU
‘P(x)=(1—/I(x))s(x)+l(x)]:k(x—t)‘P(t)dt, x20

obnanatomee coiictamu: W e (O, +oo) , lim ‘I’(X) =0.
X—0
B pabore X.A. Xauatpsna (cMm.: [4]) moka3aHo, uTo ypaBHeHHE (2.4)Taxxke 00-
NaiaeT OrpaHUYCHHBIM MOHOTOHHO BO3PACTAIONINM pPElICHUEM B*(X), YIIOBIIETBO-
PAIOIINM CIICTYIONHM YCIOBHUSIM:

« sup B, (x) = B"(x) = B, (x), x eR", (2.6)

x>0

- inf B (X)=a >0. (2.7)

x>0

KomOuHupys 311 pe3yabTaThl, MOXKEM YTBEPKIATh, UTO

S(x)-¥(x)<B (x)sl—, x>0. (2.8)
=7
Tak kak lim S(x):i, S(X)S 1 u lim ‘~P(X)=0, To u3 (2.8) B
X—>+00 —7/+ —7/+ X—>+00
crry MOHOTOHHOCTH B’ (X) 1MeeM,
B*(X)TL, X —> 400, (2.9)

1_7+
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O06o3HaueHYs U TIpUBEICHHBIC (PAKTHl B JANBHEUIINX PACCYKICHHUIX HaM CY-
[IECTBEHHO ITOHAL00STCS.

3. ®opMyJIHPOBKA OCHOBHOI'0 pe3y/ibTaTa U YaCTHbIE IPUMepPbI
HeJIMHEHHBIX ypaBHEHU I

3.1. ®opmyIMpPOBKA TeOpPeMbl

[Ipexxne vem chopMyTupoBaTh OCHOBHOM PE3yNbTaT HACTOAIIEH PabOTHI BBEJIEM
cinenyromue QyHKIMU: MyCTh @, (t, u) u @, (t, u) — onpenenennbie Ha R™ X R m3me-

pHUMEIe, BeIIeCTBO3HAYHBIE (DYHKITHH, YAOBIECTBOPSIOIINE CIIETYIOIIM yCIOBUSIM:
cymectByer yncio O > 0, takoe uro

1) o (t,u) eCar, (R+ x[o ,+oo)), T.e. MPH KaKIAOM (PUKCHPOBAHHOM
uel[d,+o) dbyukiuu {a)j (t,u)}j:ly2

na [8,+o0)n @, (t,u) =0, (t,u) eR* x[5,+x), j=12,

usmepumbl 110 t > 0, 5T HenpepsiBHEI MO U

2) nipu KaxaoM ukcupoanHom t € R”
a)l(t,u) T o U ua [6,+w),a a)z(t,u) J no U ma [§,+ ),

3) cyIiecTByIOT SulZJ(E)a)J (t,u)=ﬂj (t)H ,BJ. € Ll(R+)ﬂ LOO(R+),

ml(ﬁj)z]ot/ij (t)dt <+

CriepBa TOKaXeM CJIeIyIOLIYI0 BCIIOMOTaTeJIbHYIO JIEMMY:
Jlemma. IIpu ycnosusix (1.2)—(1.6) ypaBHeHHS

£ (%) =9, () + A(9) [ K(x—1) , (O)dt, x>0, 31

o0

20e 9;(x) = A(X) [k(x=1) B; (t)dt, x>0, j=1,2 (3.2)

0

uMelom  nonoNCUmenvHble, CymMMupyemvle, ozpanuvennvie na R pewenus
+
f, eCO<R )
JlokazareancrBo. U3 cpoiicts (1.4) - (1.6) dynkumuK wu ycnosus 3) mus

{ﬂj (t)}jzl,z’ HUMEEM UTO

g;(x)#0,9;(x)20,xeR", g; L, (R*)NL, (R"), m,(g;) <+o0, j =1, 2(3.3)
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CrnenoBatenpHO, COTTIacHO pe3ynbraTaM padotsl [9], ypaBHenus (3.1) obnana-
0T TIOJIOKUTEIIbHBIMU OTPAaHMYCHHBIMU M CyMMHUPYEMbIMH PELICHUSIMU { f i (X)} L2
Tak kak |lim g (X) =0, lim k(X—t) f; (t)dt =0, j=1 2 (cm. [8], [9]),

X—>+00 X—>+00

TO U3 CIEAYIONIEH [ENOYKH HEPABEHCTB

9;(x)< 1, (x) < g; (x)+

O 3

>~
—_
>

|
—_
N—
.
—
—
N
o
-
>
\Y4
o

CIIEITyeT, 4TO

lim f,(x)=0, j=1,2 (3.4)

X—>+00

Jlemma nokazana.
CrpageninBa ciemyromias

Teopema. ITycts H (t, u) JIOILyCKaeT MPECTABICHUE:
H(tu)=u+e,(t,u)-o,(tu),

2oe {a) i (t, U)}j:l’2 yoosnemsopsom ycnosusim 1) — 3), a gpynkyuu K u A — ycnosusm
(1.2)-(1.6).Tocoa ypasnenue (1.1) obradaem ooHOnApaMEMPUUECKUM CEMELCMBEOM
NONIOAHCUMENbHBIX U OSPAHUYEHHBIX DeuleHUll {goy (X)}yen, 20e T1=[0+3,,+x)
0, =sup f, (X), f, —cymmupyemoe, oepanuuennoe na R* nonoswcumenvroe pewenue
ypaenexzzm (3.1) npu | =2. bonee moeo

a)eciuy,, v, €ll, y,>y,, 10 goyl(x)—goyz(x)Zyl—}/z, Vx eR",

b) lim @, (X) = —-L—, Vy ell.

X—>+0 a (1_7/+)

3.2. llpumepnbl pyHKUMI {a)j (t’ u)},-:lz

[Ipexne uem 3aiiMeMcst 10Ka3aTeIbCTBOM C(HOPMYINPOBAHHON TEOPEMBI, MPH-

BElIeM HECKOJLKO MIPUMEPOB QYHKITHH {a) i (t, u)} 2"

[Tpumepamu @, (t, u) u w, (t, u) MOTYT CJIYXHTb CJICIyIOIINUe QYHKIIUH:

. a)l(t,u):e‘qtuLJrl, w,(t,u)=e"ue*, c,c,>0, 1>0
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e o(tu)= 1t3(1—e‘“),a)2(t,u):e‘tz ,u=l teR"

u*+1

. o(tu)= 4(1—oce’ﬂ“), o,(t,u)=e" e u, 0<a <l B>0.

1+t

4. Jloka3zaTeJbCTBO TeOPeMbI

PaccmoTpum cnepytomme nociaenoBaTeNbHbIe TPUOIMKSHA:

| ]Ok (goy J(O+o (e, (1)-o,(te,, (t)))dt 4.1)

%O(x):gs*(x)_ f,(x), y eI, n=0,12,...,

rzae f, — pewenne ypasuenus (3.1) npu j =2

Wupykuueii mo N ydenumcs, 4To

. goy'n(X)T non,yell, xeR",

0 ()T B (X h(X), “2)

rae f,— pewenne ypasnenns (3.1)npu j =1

e ecmu y,y, €ll,y; >y, 10

,..(X)-9, ,(x)= 7a728() x eR" (4.3)

U3 onpenenenuii @, ,, ¢ nu Muoxectsa I1 nveem

¢7 0( )
Tenepr uHAYKHMEN HO N JOKaKEM MOHOTOHHOCTH IOCJIENOBATEIBHOCTH

{(p},‘n (X)}:lo mo n.

WzmonoTonHOoCTH H (t,u) no U Ha [J,+ o0), HEOTPUIIATEILHOCTH (DYHKIIMiT

B (x)-f,(x)>y-5,26. (4.4)

QIV

kK, A u {a)j (t, u)}jﬂ'2 , B cuity Toro, uro f, —pemenue ypasuenns (3.1) npu j =1,

a B”— pemrenne ypasuenus (2.4) (co croiictamu (2.6)—(2.8)) GyeM uMeTsh
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o0

¢, .(X)= ﬂ(x)f k(x—t)((ple (1) -, (t,(oyyo (t)))dt >

0

> 200 [k(x=1)(p, o (1)~ £, (1))t =

= (¥

Ot 8 O%=——38

() L8 ()~ £,(0)- 4, () ot -

- g B (x)~ f,(x) =9, ().

I[Mpenmnosaras, 4To
(07,n (X) 2 qpy,n_l(x) , X € R*

npu HekotopoMN € N u yuurbiBas MoHOTOHHOCTH (yHKIMH H (t,u), HEOoTpHUIa-
TenbHOCTh siapa K u dynkuun A, u3 (4.1) momyunm

o0

P, 0 (X) 2 /I(x)j k(x—t)H (t,%,n_l (t)) dt=p, ,(x).

0

Hoxaxem oneHky (4.2).
CnpaseumBocTh oneHkH (4.2) npu N = 0 HemocpeaCTBEHHO CIIEAYET U3 YCIOBHUS

+ -
f,(x)=0, xeR" j=1, 2.

I[Tycts (4.2) Bemonusiercst qust Hekoroporo N € N . Toraa u3 HeoTpunarebHO-

cti QyHKIMH @, (t,u), K u A u u3 onpenenenust f3, (t) C Y4eTOM TOTO, 4TO

r B (t)+ f, (t) >y >0 (B - pewenne ypasuenus (2.4), f pewenne ypasHenust
o

(3.1) mpu j =1) O6ynem umeth

0,000 A0 k(-0 L8 0+ 0 (1 28 0+ 1,00

o a
o0

k(x-t) fl(t)dt+/I(X)Ik(x—t)ﬂl(t)dt =§B*(x)+ f,(x).

0

ggB*(x)wI(x)

o —3

JokaxeM HepaBeHCTBO (4.3).
Crpasennusocth onenku (4.3) npu N =0 HemocpeacTBEHHO ClEAyeT U3 OIpe-
penenust GyHkuuu @, . lycrs (4.3), BbImonHseTCs IpyH HEKOTOpoM N € N . Torua,
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YUYUTBIBAsI MOHOTOHHOCTH (DYHKITHI {a) i (t, u)} s WHAYKOHAEH 10 N moIydnM
j=L

o0

P, (X) =9y, (X) = ﬂ(X)I k(X—t)((pn,n (t)-o,,, (t))dt +

0

k(x=t) @ (t.,, . (1)) - @1 (t.,, . (1)) |t +

+A(x)

Ot 8 O3

k(x=t)| @, (t.0,, . (1))~ @, (t.0,,., (1)) ]t =

+A(x)

1), . ()0, (t)]dt>

o'-—;8

z%i(x)fk(x—t)B*(t)dt=71;—7/ZB*(X).

CrnpaBeniuBocTh olieHKH (4.3) mokasana. M3 nokazaHoro (akra ciieayeT, uTo

MOCJIeI0BATEILHOCTD (DYHKIINH {(py N (X)} , meer MOTOYCYHBIN MpeeNt Ipu N — o0
, e

u lime, (X) =0, (X) .VuureiBas ycnosue Kapareomopu nHa dynkmuo H (t,u), B

cuny teopemst b. Jlesu (cm.:[11]) umeem, uro npenenbHas GyHKuus @, (X) YIOBJIE-

TBOpsieT ypaBHenuto (1.1). U3 (4.1), ¢ yuetom (4.2), ciieayert, 4To

LB (x)-f,(x) <o, (x)sgB*(x)+ f.(x), x>0 (4.5)

(04

Tax xak lim f, ( ) 0, (cm. nemmy) lim B*(X): (em. (2.9)), To U3

X—>+0 X—> V.

(4.5) nomyunm

l -—r a.
fme, (=215 (4.6)
Yerpemmsisi N —> o0 B HepaBeHcTBe (4.3) OyaeM UMeTh
2, (¥)-9,, (02228 (x). @)

Tax kak B (X) >a, X €R", 1o n3 (4.7) cnenyer, uto

w}’l(x)_¢72 (X)271_72 x eR".
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LVCULULNI N2 Q0USLNREBUUL ZUUTGITSE3LE ShNh huSTGArUlL,
ZUdUuUurnkrULseh Ub YUUP YUY UL LORONRULECP UBY
MUUUTSMULAS CLSULPLL

2.2. Ughqul

uuoenenkU
Ushuwwnwtpp tghpwsd b tpwbwihnhu ny gduwyunipjudp Zudbp)-
wnbjuh wmhwyh hunbgpu) hwjuwuwpnidatph dh quuh jnushihnt-
pjutp Uywugnigynid E ppuljut b vwhdwbwthwly Jkl yupw-
Ubwnpwng piinwihph gnynipjntup:
Zpftwpwnbp Zudbpontyjuh  hwjuwuwpnud, hwenppwlui  Un-
nwpynidubnh qniquuhwnnipnil, Uninnnuntpmni:

ONE PARAMETRIC FAMILY OF POSITIVE SOLUTIONS FOR ONE CLASS OF
HAMMERSTEIN NONLINEAR INTEGRAL EQUATION

H. Azizyan

SUMMARY
The work is devoted to the study and solution of one class Hammerstein
nonlinear integral equation with nonlinearity. The existence of one para-
metric family of positive and bounded solutions is proved.
Keywords: Hammerstein equation, convergence, iteration, monotonicity.
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HUncmumym Mamemamurxu HAH Apmenuu,
ApMAHCKUL HAYUOHATILHBIL ACPAPHBLU YHUBEPCUMEM
Aghavard59@mail.ru, Khach82@rambler.ru, Haykuhi25@mail.ru

AHHOTANUA

Pabota mocsslleHa HCCIEN0BAHUIO OJHOTO KJacca HEIMHEHHBIX HHTET-
pPaIbHBIX YPABHEHMI THUIIa YPBICOHA Ha IIOJOKUTEIBHON MOJIYIPSIMOM.
IIpu onpeneneHHbIX yCIOBUSAX HA HEIMHEWHOCTh YCTAHABIIMBAIOTCS IJIO-
GanbHBIC TEOPEMBI CYIIECTBOBAHUS OJJHONApAaMETPHUECKUX CeMEICTB mo-
JIOKUTENIBHBIX PELICHUI B OIIPENEICHHBIX IIPOCTPAHCTBaX. B KoHIE npu-
BEJICHbl KOHKPETHBIE IIPUMEPH] YKA3aHHBIX YPAaBHEHUH, IPECTABIISIOIIUX
OIpENIENEHHBIN HHTEPEC.

KiroueBble cioBa: ypaBHEHHE YPBICOHa, MOHOTOHHOCTB, IOCIENOBA-
TENbHbBIE NPUOIMKEHUS, CXOIUMOCTb.

1. Beeaenue

HenuuelHpIMY HHTETPAJIBHBIMY YPABHEHUSIMH BH/J1A

o0

4(x)=[U(xtg(t))dt, x>0 (1.1)

0

(MMeHyeMBIMH YPaBHEHUSIMH THIIA Y PBICOHA) OMUCHIBAIOTCS PSAZ 331a4 COBPEMEHHOTO
€CTECTBO3HAHMs. B yacTHOCTH, TakKe ypaBHEHHUSI BOSHUKAIOT B KHHETHYECKOW TEOPHU
ra3oB, B OMOJIOTHH, B P-a{UUeCKOi MaTemMaTHueckoii Gpusuke (cm. [1]-[3]).

B ypaBnenun (1.1) ¢(X) — UCKOMasi u3MepumMasi QyHKIHsI, OTpe/ieieHHasi Ha
R" = [0,+OO). Oynkua U (X,t, Z) onpezienena Ha MHoxkectBe R X R x R, mpu-

HUMAET BELLIECTBEHHBIE 3HAUEHUS U YAOBJIETBOPSIET ONPEAEICHHBIM JTONOIHUTEIBHBIM
YCIIOBHSM (CM. (POPMYITHPOBKH OCHOBHBIX TEOPEM).

! Pa6ota BhImoHEHA npu punancosoit noxaep>xke 'KH MOH PA B pamkax Hay4HOTO IpoeK-
ta SCS 15T-1A033.
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HCTOpI/I‘leCKI/I nepBas pa60Ta, OTHOCAIIAACA M3YYCHHUIO MHTCIPAJIBHOTO YpaB-
HCHMH BHJA

f(x):g(x)+.l|j‘u(x,t,f(t))dt, xe(ab), —o<a<b<+wo, (12

a

(B manmpHelIeM NMEHYEMbIM YpaBHEHHEM Y PBICOHA) MOSIBUIACh B Ha4aje MpPOILIOTO
cronerus (cM. [4]). B aToit pabote rccieqoBaHbl BOIPOCH HOCTPOCHUS HEMPEPHIBHBIX
petireHuii Ha otpeske [a, b] mpu mocTaTOUHO CHIBHBIX OrpaHUYCHUSIX Ha QyHKIUH (

u U (HenpepbIBHOCTh QyHKIMH , CyIIECTBOBaHWE M HENPEPHIBHOCTH MPOU3BOIHOM

¢byukuun U 1o TpetbeMy apryMeHTy, Ompe/eieHHbIe HepaBEeHCTBA /Ul 3TOM MPOU3-
BOJIHOM U T.1.).

B panpHeiimem, HaunHas ¢ 40-0BBIX rol0B, OBUIM HAa4YaThl CUCTEMAaTHYECKHE
WCCIIeIOBaHUS HEMMHEHHBIX ypaBHeHn Brua (1.2) B paborax B.B. Hembiikoro, ML.A.
Kpacnocenbckoro, C.I'. Kpeiina (cm.: [5]-[8]). 3aTem mpeacraBuTed HAYYHOH IIKO-
me1 M.A. KpacHocenhCKoro Hadanu IpoOBOIUTH Oojiee TITyOOKHE MCCIIEOBAHUS COOT-
BETCTBYIOILMX HEJIMHEHHBIX OIEPATOpPOB YphICOHA. B 3TOM acmekre cienyer oTMe-
TuTh pabotel M.A. Kpacuocenbsckoro, ILII. 3abpeiiko u E.W. ITycteutbauka (cM.: [9]-
[12]), B KOTOpBIX Haii[ieHB YHHKalbHbIE HEOOXOIWMBIE M JOCTATOYHBIE YCIIOBHS,
o0ecrnevnBaroIe KOMIAKTHOCTh (MJIM TIOJTHYI0 HENMPEPBHIBHOCTH) OMEPaTOPOB Y PHI-

coHa B 6aHaXOBbIX IpocTpaHcTBax L, (a, b). C noMoLIbI0 3TUX YCIOBUHN IPH OTOJ-

HUTENIBHBIX orpannueHusx Ha Ju U B paborax [12]-[15] moka3aHbl 10BOJBHO TOH-

KM€ TEOPEMBI CYIIIECTBOBAHUS U €JMHCTBEHHOCTHU PEIICHHUS.

AHAJIOTHYHBIE BOMPOCHI MapajiieIbHO M3YYalINCh Ha 3amajie B paboTax Takux
KpynHeHmux maremaTnkoB kak ®enukc bpayznep, I'. bpeitsuc, 1.2K. Muntu u 1.1
(cm. [16]-[19] ). OmHako ciemyeT OTMETHTh, YTO BO BCEX ATHX pabOTax CYIIECTBEH-
HYIO POJIb UIpajia KOMIAKTHOCTh (WM ciabas KOMIIAKTHOCTB) COOTBETCTBYHOLIMX
0TOOpaXeHWH B KOHKPETHBIX IIPOCTPAHCTBaX. B HEKOTOPHIX Ciydasx KOHEYHOCTh YH-
cen & u b Taxke urpana kKiro4YeByro posb.

B nocnennee Bpems B CBSA3U C pa3BUTHEM PA3INYHBIX MAaTEMATHYECKUX MOJE-
JIed U1 HEJIMHEHHOr0 KMHETUYECKOro ypaBHeHUs boibiMaHa BO3pOC MHTEPEC K UC-
CJIEIOBAHMIO HEJIMHEHHBIX MHTETPAIbHBIX YPABHEHUN YPBICOHA HA IOJIOKUTEJIBHON
MOJYIPSMON, COOTBETCTBYIOIIHMIA OMEpPaTop KOTOPBIX HE 00JajaeT CBOHCTBOM KOM-
MaKTHOCTH.

B pab6ore [20] ycTaHOBJIE€HO, YTO €CITM KOHCEPBATHBHBIN JIMHEHHBIA OTepaTop
Bunepa-Xomnda sBisieTcs JIoKansHOH MUHOpaHTOH B cMbiciae M.A. KpacHocenbckoro
JUTSI NICXOAHOTO HEJMHEHHOTO0 MOHOTOHHOTO MHTETPAIBHOTO OIlepaTropa YphICOHA U
1U1s1 HeKoToporo uncia 77 > 0 umeer mecto

o0

IU (X,t,n)dt <n, xeR",

0
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T0 ypaBHeHue (1.1) oOmagaeT MOJIOXKUTENBHBIM M OIPAHUYCHHBIM PELICHUEM ¢(X),

nns koroporo lim ¢(X) =7). B panpHeiimeM 3TOT pe3ynabTaT OblI YCHIIEH B pa3iind-
X—>+00

HBIX HaIlpaBJICHUSAX (MUHOpaHTOU B cMbIciae M.A. KpacHOCEIhCKOTO CITy:KaT HEKOTO-
pBIe HENMMHEHHBIE BO3MYIIeHHs oriepaTopa Burepa-Xonda) (cm. [21], [22]).

B macrosmieit pabore mpu CymIeCTBEHHO OPYTHX OTPaHHYEHHUSIX Ha (YHKITHIO
U 1oka3spIBalOTCS TNIOOATBHBIE TEOPEMBI CYIECTBOBAHHUS OJHOMAPAMETPUUECKUX
CEMEICTB IMONIOKHUTENBHBIX pemieHuil. B KoHIle paboThl IS WILTFOCTPAIINH TTOTy9eH-
HBIX PE3yJlbTAaTOB TPUBOJSATCS HECKOJIBKO NpuMepoB ypaBHeHus (1.1) ymoBneTBo-
PAIOLINX TPEOYEMBbIM OTPAHUYCHUSIM.

2. O0o3Ha4YeHNe N BCIIOMOTraTeJbHbIe (PAKTHI

21. Tyere E — omwo w3 cuemyrommx 6aHaxXoBBIX —IIPOCTPAHCTB:
L, (R+), 1< p<+w, Cy(R"), rne C,(R") — mpocrpancTtBo HenpepbiBHBIX QyHK-
mmii Ha R” ¢ HyJeBBIM IpeaenoM B GECKOHEYHOCTH.

O6o3HaunM dyepe3 () Kiacc HHTErpajbHBIX omepatopoB Bunepa-Xormda:
R €Q, ecnu s Hekoroporo K €L, (R)

jK ) f(t)dt, f <E. 2.1)
0

I[OCTaTOLIHO XOpOoIIO M3BECTHO, YTO HMHTCIPAJIBHBIC OIIEPATOPhI U3 Q HeﬁCT—
BYIOT B Ka’KIOM U3 IIPOCTPAHCTB E, HE O6J'Ia£[aIOT CBOMCTBOM KOMIIAKTHOCTH B 3THX

IPOCTPAHCTBAX M HOPMA OTHX ONEPATOPOB B KaK1I0oM n3 E cBepxy ounenmBaetcs ciie-
ayrormM oopaszom (em.: [23], [24]):

|9, < HK (7)|dz. 2.2)

2.2. TIycte Temepp R €2 — mHTErpanbHbiii oneparop Bunepa-Xormda, sapo
K k0TOoporo ymoBneTBopseT CleayomuM yCIOBHIM:

a) K(7)20, 7 eR, K e, (R)nL,(R),

b) jK(r)dr 1 v(K):= [ rK(z)dz <0,

—00

c) I|T|jK(r)dr <+oo, j=12.
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Torna, kak uzsectHo (cm. [23]), onepatop | —R (rne | — exunmunbii onepa-
TOP) IOMYCKaeT CIEAYIONIYI0 (DaKTOPHU3AIHIO:
I-R=(1-V)(1-V,), (2.3)

rae V, — cyTb BepXHHE U HIKHHE BOJIBTEPPOBBIC ONEPATOPhI BUIA:

(V_f)(x)zfv_(t—x)f(t)dt, x>0, f eE,

(V+f)(x)='[v+(x—t) f(t)dt, x>0, f ek,
0
IpUYEM B CHITY YCIIOBHH a)—C)

vV, (X)20,x20,v, e Ll(R+)m L, (FF),;/+ = jv+ (x)dx<1 y_= Iv_ (x)dx =1.
0 0
Yucno y, B HaIKX JaIbHEHIINX pacCyKAEHUSIX OyleT UIpaTh BaKHYIO POIb.

2.3. BBenem cleAyromumii Kjace BEIIECTBEHHBIX M H3MEPHMBIX (DYHKIHUH:
w €Y., ecnn

1) cymectsyer uncno A> 0 Ttakoe, uTo npu Besikom (ukcuposanHoM t € R”
a)(t, y)T no Y Ha [A,+oo),

2) a)(t, y) >0, npu (t, y) eR" X[A, +oo),

3) cymecTByer Supa)(t, y) = ﬁ(t), e

y=A

o0

B el (R)AL,(R").,m(B):=[tB(t)dt < +o0,

0

4) w eCal’y (R+ X [A, +oo)), T.€. MIPU KAXKIOM (DUKCHPOBAHHOM Y E[A, +oo)
byHKIMSA a)(t,y) usmepuma o t wa R" u mourm npu Bcex t €R" Qynxmus

a)(t, y) HepephIBHA 110 Y Ha [A, +oo).

Crenyromast ieMMa B JajbHEHIINX PACCYKICHHUAX HAM CYIIECTBEHHO MOHAJI0-
OuTHCA:

Jemma 1. ITycmo ¢pyuxyus K yooeremsopsiem ycnosusm a) - ¢), a @ €.
Toeda nenunetinoe unmespaibHoe yYpaeHeHue

v (%)= [ K(x=t)(w () +o(tw (1))dt x>0, @4
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OMHOCUMENLHO (PYHKYUU l//(X), obnadaem O0OHONAPAMEMPULECKUM CEMEUCMBOM
NONONHCUMENbHBIX U O02PAHUYEHHBIX peueHUll {l,ﬂ (X)} 0 I1 ::[A, +oo) yooeie-
YV €

meopArnwuUx Cﬂe()yIOM/ﬂ/lM COONMHOWEHUAM

I)mnw%@:I{;gVyerhﬂAﬁw)

X—>+00
+

) ecnu y,,7, €ll uwy,>y,, o y™ (X)—l//y2 (X) >y, —¥, XeR".
Joxka3zarenbcTBo. Hapsiny ¢ ypaBHeHueM (2.4), pacCMOTPUM CIIEIyIOIEe He-
OIHOpONIHOE ypaBHeHHe Bunepa-Xonda:

F(x)=g(x)+ [ K(x-t)F (1), x>0 25)

OTHOCHUTEIBHO HMCKOMOM (I)yHKHI/II/I F(X), riae cBOOOIHBIM WIEH g(x) JOImycKaeT

CIIeyIONIee MpeICTaBICHHUE:

X)=[K(x-t)a(tkt, x>0, 6)

Tax kak B cuty ycnoBuil temmsr 0 < eLl(R+)ﬁ Lw(R+), ml(ﬁ)<+oo u

K ynosnersopsier ycioBusM a) - ¢), T0

g(x)=0, x eR", geLl( ) (R*) m, (g) < +o.

CrnenoBaTelibHO, COTJIACHO pe3yiibTaTaM padoTel [23] ypaBHenue (2.5) umeer
nonoxurenshoe pemenne F €L (R*) L, (R"), ms kotoporo

lim F(x)=0.

X—>+00

Paccmotpum cienyroriee ogHopoiHOE ypaBHeHue Bunepa-Xonda:
X)=[K(x-t)S(t)t, x>0 2.7)
0
C HAYaJIbHBIM YCIIOBUEM

S(0)=1 (2.8)

Torna, npu ycnosusx a) — ¢) Ha sapo K, cormacno teopems! Jlunamm (cm.:
[25]) 3amaua (2.7)—(2.8) uMeeT MONOKUTEIBHOES OTPAaHUYCHHOE U MOHOTOHHO BO3pac-

Talollee peleHue S (X), npuyeM
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lim S(x):i. (2.9)

X—>+00 :|__7/+

Hus y €]l paccmorpum criemyroree ceMeiCTBO MOCIEI0BATEIBHBIX IPHOIIH-
JKEHUM:

. (x)= T K (x=t)(w7 (t)+o(ty] (t)))dt, n=012,...

V724 (X) =75 (X)
WNupyknuedt mo N MOXHO YOSIUTHCS, U4TO
A) npu kaxmom ¢ukcupoBanHoM y €]] mocnenoBarensHOCTE GyHKIMIT

174 (X)T mo N,
B) w! (X)<yS(X)+F(x), n=012,.., y ell, x>0,
C) ecnn Y1V ellnu V1>7Y o TO
vt () =it (X)2 (7. -7,)S(x), n=012,.., x=0.

Hoxaxem ytBepxnaenue B). Yreepxaenus A) u C) nposepsitorcs jaerde. [Ipu
N =0 yrBepxaeHue nynkra B) tpuBuanbHo. [TycTh B) MMeeT MecTo mpu HEKOTOPOM
natypainsHoM N € N. Tak kak @ €2, To ¢ yuerom (2.7), (2.5) u (2.6), B cuiy mpej-

(2.10)

MOJIO’KeHUST HHAYKIH 13 (2.10) nveem
wia ()< [K(x=1)(rS(t)+F (t)+o(tyS(t)+F(t))dt <
0
(x=t)(rS(t)+F(t)+ B(t))dt =

O'—u8

=00+ [ K(x—tF (t)dt+ g (x) =75 (x)+ F (x).

OTuM yTBepkeHHe MMyHKTa B) qokaszano.
B cuny ycnoBun A) u B) nocnenoBarensHOCTS PyHKINH {l//r’]' (X)}n—o pH Ka-

KIOM (l)I/IKCI/IpOBaHHOM ]/ (S H NUMECT HOTO‘IG‘IHHﬁ Hpenen HpI/I nNn—>oo: 1.
limy? (X)=w” (x), x=0.
limy/7 (x):=y7 (x)

U npejenbHas GyHKIHs l//y (X) YIOBJIETBOPSIET CIAEAYIOIIUM OLIEHKaM
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7S(X) <y’ (X)<rS(x)+F(x), x=0. (2.11)
U3 croiictsa C) ciieftyer, 4to
" ()= (X)2(r1-7,) 8 (X) 271 -7,
n60 S(0)=1u S(x)T mo x ma R".
Tax xax o eCar, (R" x[ A +)) n K ynosnetsopser yenosuam a) — c), 1o

coryacHo npezenbHol Teopemsl b. Jlesu (cMm. [26]) v’ (X) YIOBJIETBOPSIET ypaBHE-

—, To u3 (2.11) cnenyer,
X—>+00

nuto (2.4). Tockoneky lim F(X)=0 u lim S(X)=1 !

aro lim y” (X) =1 4 Vy €ll. Tem cambiv Jlemma q0Ka3ana.

)
X—>+00 +

3. O eANHCTBEHHOCTH pellleHUs] B MPOCTPAHCTBE Ll(R+) JJISI OTHOTO YacT-
HOro ciay4dasi ypapHenus (1.1)

Paccmotpum ypaBaenue (1.1) korma

Uxty)=KX-t)(y+a(t,y+A1), (Xt y) eR"xR" xR", (3.1)

roe A >

napamerp, a yucia 4 u y, 1e ke uto U B §2 . Ilycth QyHKIUA

+

a)(t, y), KpoMme ycioBuii 1) - 4), yIoBIETBOPSET CAeAYIOMEMy YCAOBUIO JIMIIIHIA:

CYIIECTBYET omnpejieieHHas Ha R’ usmepumas (yHKuus L(t), YIIOBJIETBOPSIOLIAS
JBOHHOMY HEPaBEHCTBY:

-1

0<L(t)< U K(y)dy} {]'O K(y)dy} =p(t), t>0

TaKasi, 4To Ui JIF0ObIX Y, Y, = 0 BbIIONHSAETCS HEPABEHCTBO:

‘a)(t,yl)—a)(t,yz)‘ﬁ L(t)|y1_y2|' 3.2)

Toraa nmeet mecto:
Jlemma 2. ITycmo pynxyus U (X,t, y) donyckaem npeocmaenenue (3.1), ede
a)(t, y), yooesnemegopsiem ycrosuim 1) — 4) u (3.2). Toeda pewenue ypasuenus (1.1)

N
eourcmeenno 6 npocmpancmee L (R )
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Joka3zarenscTBo. [Ipennonoxum oOpatHoe: mycTh ypaBHeHuwe (1.1) (mpm
npencrasiaennu (3.1) must pyuxoun U (X,t, y)) MMeeT JBa pemenus ¢, @, € L (R+).
Torna, o6o3Hauas yepes A(D(X) = (pl(X)—¢2 (X) u yautbBas (3.1), u3 (1.1) u (3.2)
MOy IUM

Ag (0] < [ K (x-t[ag(vfdt+ [K(x-OLO[Ag0]dt. (39

0

Tax kak ¢,,¢, e, (R"),K €L, (R), 1o B cuny (3.2) u3 (3.3) umeeM, 410
1172

T|A¢(x)|dx < ﬁ K(x—t)|Ag(t)|dtdx +ﬁ K(x—t)L(t)|Ag(t)|dtdx =

o0

= [|ag®)| 1+ L) j K (y)dydt.

o

400

OTKyza B CHIy YCIOBHS J. K (y) dy =1 umeem uto

—00

T|A¢<t)|(] K(y)dy~L@®] K(y)dy | ct <0 G4

ITockonbky

—1

<IK dyu dyJ p(t), t>0,

TO U3 HepaBeHcTBa (3.4) crnenyer, uto A@ (t) =0, nua R, re. ¢ (t) =¢, (t) I.B

Ha R*. Jlemma AOKa3aHa.

4. Pazpemiumocts ypaBHenus (1.1)

4.1. B atom naparpade c ucrnonb3oBaHreM (aKToOB, MPUBEACHHBIX B §2, H0Ka-
KEM CIEIYIOIIYI0 TeOpeMy CYIIECTBOBAaHMS OJHONApaMETPHUYECKOTO CeMeWCcTBa pe-
nieHuit ypasHenus (1.1).
ChpaBeuBa clie1yromas:

Teopema 1. Ilycmob cywyecmayem uucio A>0 maxoe, umo
U (xty)> K(x—t)(y+a)(t, y)) s (X,t,y) €R* xR x[ A, +00),

20e K yoosnemeopsem ycnosusm a) - ¢), 20e w €.,
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) npu xasxcoom ¢gurcuposarnnom (X,t) eR"xR" ¢ynxyus U (X,t, y) T no
Y na [A, +oo),

) U eCar, (R+ x R x [ A, +oo)) U 0715 KAXHCOOU UBMEPUMOTL U OZPAHUYEHHOLL
na R”

Gynxyuu ¢(X) Z¢(X) >A xeR"  gynxyuu U (X,t,¢(t))

u
IU (X,t,¢(t)) dt uzmepumvr coomsemceenno no t uno X na R*,

0

y>A 0

do €Ly (R7)NL, (RY) u my(g,) < +oo.
Toeoa ypaenenue (1.1) obnadaem ooHonapamempuieckum cemeiucmeom noao-

HCUMETILHBIX u 02PAHUYEHHBIX pewenuti {¢7 (X)} . npuvem
Y €l

———, y €ll, e0e uucno y, onpeoensemcs 6 nynxkme 2.2.
— 7/+

IV)  cywecmeyem SUpI[U (X,l‘, y)— K (X—t) y]dt =0, (X), X eR",

limg” (x)=

X—>00

Jloka3aTeabcTBO. PaccMOTpHM clieqyroliee BCIIOMOraTelbHOEe HEOTHOPOIHOE
ypaBHeHue Bunepa-Xomnda:

o0

F'(x)=g, (x)+j K(x—t)F"(t)dt,

(4.1)
0

OTHOCHTEJILHO MCKOMON (ynkumn F (X), rae g, (X) 33/1a€TC COIJIaCHO YCJIOBHIO
V).

W3 pesynbratoB pabotel [23] cnexyer, uto ypaBHeHHe (4.1) MMeeT MOJOKHU-
TENBHOE CyMMHPYEMOE 1 OrpaHHYeHHOE pernenue, mpudem lim F (X) =0

X—0
Brenewm cnenyromue urepamuu:

o0

(%)= j U (xtg (), ¢ (x)=

7(x),n=012,.., 7 €ll, xeR", (42

rae 7 (X) sBusieTcs pemennem ypaBHeHus (2.4) yl0BIETBOPAIOIIAS COOTHOIEHHUAM
DulD.

Wunykiueit mo N ydeaumcs, 9To

jo) (prf (X)I/BMepI/IMH no X ma R”,

J,) 1pwm kaxnaom dpukcuposannom y €[, @ (X) Tmon, xeR*,
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J,)uMeror  MecTo  HepaBeHcTBA  @f) (X) <y’ (X)—I— F (X), n=0,12,...,
y ell, xeR".

CBOWCTBO J,) HemocpeAcTBeHHO ciexyet u3 yeaosus I1I). s nokasarenser-
Ba CBOJiCTBA J;) crmepBa ybemumMcs, 4To npH KaxxaoM ¥ €[] mmeer mecto HepaBeH-
cTBO @] (X) > @] (X), XeR". JeicTBUTENBHO, TaK KaK
AHX)=w" (X)=2yS(X)=y > A (cm. Jlemmy 1), To yuntsiBas yciuosus l), II), B

cuty Toro uto Y’ (X) sBusercs pemenueM ypasaenus (2.4), u3 (4.2) nonydnm

I v )+ oty (1))dt =7 (x)= 05 (x)

[pexnonaras, 4ro @ ( )> /4 ( ) pu HekoTopoM N € N, B CHly MOHOTOH-
Hoctu pynkuun U (X t, y) no Y u3 (4.2) noayuum n+l( )2 /4 (X)

3aiiMeMcsl Tenephb 10Ka3aTelnbCTBOM HepaBeHCTBa J,). CHavana 3aMeTHM, 9To
& (X) <y’ (X)+ F*(X), 160 F*(X) >0, x eR". Iycrs J,) BbIMOMHsETCS TpH

HekotopoM N € N. Torna, yuntsias ycinosus 1V), 1) u dopmyast (4.1), (4.2), Oyaem
UMETh

Takum 0o0pa3oM, U3 YTBEPXKICHHH J;) M J,) CIELYET, YTO IOCIEI0BATEIb-
o0

HOCTH  (yHKIMii {¢ny (X)} . UMeeT  TOTOYEYHBI  Tpeaen  TpH
n=

n—o:limg’ (X) =g (X), npuyeM mpenenbaas GQyHkuus @ (X) YIOBJIETBOPSIET
n—o
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ypasHenuto (1.1) (310 cnexyer u3 ycnosus III) u Teopemst b. Jlen). U3 ;) u J,)

TAKXC ITOJIydacM
w” (X)<¢, (X) <y’ (x)+F(x), xeR", y ell. (4.3)

Tax kak F~ (X) — 0 mpu X — +o0, 10 U3 (4.3) cneayer

limg, (x)=limy” (x)= z_

X—>00 X—>00 1— 7/+
OrpaHndeHHOCTh KaKIIOTO PEIICHUS {¢y (X)} HETIOCPEICTBEHHO BBHITCKAET

yell
M3 TOTO, 4TO

v’ €L, (RY), y eIl F" e, (R")nL,(R").

Teopema noka3zana.
4.2. B cienyromieil TeopeMe mpu 0oJiee CHIIBHBIX OTPaHWYCHUSIX Ha (PyHKIHIO

U (X,t, y) ycTaHOBUM, 4TO ypaBHeHHe (1.1) obnamaer Takke CyMMUpPYEeMbIM OTpaHU-

YEHHBIM PELICHHEM, Mpelesl KOTOPOro B OECKOHEYHOCTH PAaBEH HYJII0. A HMMEHHO,
HUMEET MECTO CJIECAYIOIIas

Teopema 2. ITycmo ¢hynxyus U (X, t, y) Y0081em8opsiem CledyiouuM YCl08UIM.

A D, V(X,t,y) eR"xR"xR",

i) U(xty)= K(x—t)(yﬂo{t, y+1_7/

N
20e uucna A u y, onpedensiomes ¢ nocpedcmeom @ u K,npuvem @ €., a K 06-
naoaem ceoticmeamiu a)-C),

1,) npu xasxcoom gurcuposantom (X,t) eR"xR" ¢yuxyus U (X,t, y) T no
Y na R",

i;) U eCar, (R+ x R™ x R+) U 0151 KadCOOU CyMMUPYEMOU U HeOMPUYameJio-

HOU yHKYUU

o0

q)(X), X=>0 ¢yuxyuu U(X,t,¢(t)) u J.U(X,'[,¢(t))dt UBMEpPUMbL COOM-
0
semcmeenno no t uno X,

,) cywecmeyem SUpI[U (X,t, y)— K (X—t) y]dt = G(X), x eR",

y>0 0

geL(R)NL,(R) n m(g)<+o.
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Toeoa ypasHeHue (1.1) umeem nonodiCUmenbHoe peuieHue

¢ eL(R")NL,(R") onz komopozo lim ¢ (X) =

Joxka3areancTBo. Hapsiny ¢ ypasaenunem (1.1) paccMoTpum JTHHEHHOE HEOJ-
HOponHOE ypaBHeHUe Bunepa-Xonda Buma

+Of K (x t)dt x>0 (4.49)
0

OTHOCUTENFHO HCKOMOM (YHKIIUH F (X), rie Q(X) ¢yukuus u3 yenosus 1) . Ilo-
ckonbky § u K obmapmaror coiictBamu i,) 1 a)—c) (CM. myHKT 2.2), TO ypaBHCHHE

(4.4) umeeT MONOXKUTEIILHOE CYMMUPYEMOE OrpaHHueHHOe perienue F (X), puyeM

limF (x)=0.

X—0

PaccmoTpum urepanuu:

B ( _[U X.t,4, (t))dt, x>0,

& (X) =y *(x)=S,(x), n=0,1,2,....,

roe S, (X) = AS (X) , S( ) permenue ypasuenns (2.7)), y ( X)
HeliHoro ypasuenus (2.4) mpu y = A, Tax kak 0<y* ( ) S A(X) ( ) (cm.
nokasarensctBo iemmsl ) u F el (R+)ﬁ L, (R+), T0 ¢ € R+) ( )

WNupyknueit mo N MOXHO yOEIUTHCS, 4TO

(4.5)

peleHue Henu-

o ¢n (X)Tno n, (4.6)
o 4.(X)<p?(x)-S,(X)+F(x),n=0,12,..,x>0, (4.7)
e @, (X) mmepumaio X Ha R™, VneN U{O}. (4.8)

CnepBa JOKaXeM MOHOTOHHOCTH IIOCJIEIOBATEIILHOCTA TI0 N. Tak xkak

a)(t,y)T no Y Ha [A,—I—oo), l//A(X)ZA, a SA(X)S

, X>0, T0, yunrsiBas

yenous i), i,) u3 (4.5), B cuny onpenenenus Gynxiuii (X) , S, (X) umeem

A
1—7+U at=

ZIK(x—t)((/}O (t)+a{t,¢0 (t)+
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_ K(x—t)(y/’*(t)—SA(t)+a)[t,y/A(t)—SA(t)+1_A7+Ddt2

K (x=t)y* (Ot =S, (x)+] K (x—t)o (1,3 (1))t =

=y (%) =S (%) = o (%).
IIpeamomnaras, 4o @, (X) 20,4 (X) npu HekoTopoM N € N ¥ yuHTHIBast MOHO-
TOHHOCTH QyHKIuu U (X,t, y) no Y ma R", u3 (4.5) nonyunm

o0

B (X) 2 .fU (x.t.4,,(t))dt =4, (x).
0
Jokakem Tenepb HepaBeHcTBa (4.7). B ciydae N=0 OHO BBIMOIHSETCS aBTO-

MaTH4eCKH, 100 F (X) > 0. Iycrs (4.7) Bemonusercs npu Hekotopom N € N. Tora,
yuYHTBIBas yciaoBus |,), 1,), a taxoke dpopmyinst (2.7), (4.4) u3 (4.5), B cuity onpezese-
HUS QYHKIMN l//A (X) ,SA(X) Gynem umern

00

b (x) < U ()" (1) =S, (£) + F (1))t =

0

[U (Xt (£) =S, (1) + F (1) = K (x=t) (" (t) = S, (t) + F (t)) |t +

O3

o0

+[ K (x=t)(y"(t) =S, (1) +F(t)

0

N—
o
=
IN

[{e))
—~
>
SN—"
+
O — 3
~
—~
>
|
—
SN—
Th
—~
—
N—
o
—
|
(9p]

>

—~
>

SN—
+

0

H K (x=t)(y () + @ty " (1)t = F (x)+4 " (x) - 8, (x).

0

0

N3MepuMocCTh TOCIICIOBATEALHOCTH (DYHKIIHIA {(pn (X)} cpa3y cienyer u3

n=0
yCIoBHA Iy).
Takum obOpazom, yrBepxkeHus (4.6) u (4.7) ycranosneHsl. CiieZioBaTeNbHO, 1O-

©
CJIeIOBATEIHHOCTh  (DYHKITHIA {¢n (X)} WMEET TOTOYEYHBIM TIpENesl TpH
n=0

n—oo:limg, (X) =g (X), npudeM npefesbHas QYHKIUs COIIAaCHO YCIOBHIO 1)
n—oo

u Teopemsbl b. Jleu ynoenerBopsietr ypaBaenuto (1.1). U3 (4.6) u (4.7) uro
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w A (X)—SA(X) < 8" (X) <y () =S, (X)+F(x), x eR". (4.9)

Tax xax 0<y” =S, el (R7)AL, (R7), lim(y*(x)=S,(x))=0 (em.

X—>00

Jlemmyl) u F h(R*)(‘\L@(R*), lim IE(X):O, To u3 (4.9) cnenyer, 4ToO TEO-

X—

peMa aoxka3aHa.
3ameuanue. 13 qokazaHHBIX TCOpEM 1u2 HCIMMOCPEACTBCHHO CJIEAYCT, YTO IIpU

BBIIOJIHCHNH yCIoBHit I,) —1,) ( yciaoBust I;)—1,) Goree CHIBHBIC 0 CPABHCHHIO CO
ycnoBusimu [)-1V) ) ypaBuenme (1.1) omHOBpeMeHHO 00IafaeT omgHONapaMeTpude-

CKHM CEMEWMCTBOM MOJIOKUTENBHBIX U ONPaHUYEHHBIX pEIIeHUN {¢7 (X)} . (c mpe-
V&S]

/4

JeNBHBIME COOTHOLICHUsIME BHaa lim ¢” (X) = 1, Vy €ll) u cymmmpyembim

X—00
+

OTpaHMYEHHBIM MOJIOKUTEIBHBIM PEIICHHEM ¢ (X), Ipeaesl KOTOpOoro B +o0 paBHa

HYIIIO.

5. Illpumepsl HeTuHeHHBIX ypaBHenuii Buaa (1.1)

5.1. Cnepsa mpuBenemM npuMephl HETHHEWHBIX ypaBHeHH: Buaa (1.1), ams xo-
TOPBIX BBITTOJTHSIOTCS BCE YCIOBHS TEOPEMHI 1.

Ilycte G(t, y) — ompeneneHHas Ha R’ x R BemiecTBeHHass GYHKITHS,
MIPUYEM TaKas 4To
) G(ty)>y, (ty)eR"x[A+w0),
l,) G(t, y)T no Y Ha [A,+oo),
l,) G eCary(R* x[A,+oo)),

1,) suAp(G(t, y)-y)e Ll(R+)m L. (R*), m, [suAp(G (t,y)- y)j < +o0,
y= y>
B kauectBe G (1‘, y) MOJKHO BBIOpATh CJIEAYIOIINE KOHKPETHbIE (QYHKIIUH:

. G(ty)=y+ee™,
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B xauectBe wacTHOro ciydas ypaBHeHus (1.1) MOXKHO paccMOTpEThb CIEAyIO-
IIUH KJIACC HEJIMHEWHBIX HHTErpajbHbIX ypaBHEHUN TUIa ['aMMepiuTeiina:

$(x) = [ K(x=1)(G(t.¢(t))+@(t.4(t)))dt, x>0, (5.1)

O 33

rie G(t, y) ynosnersopsier yenosusm 1) —1,), a @ €2,

Hns ypaBHenuit Buna (5.1) ycioBus Teopemsl 1 jerko mpoBepsrotTcs. MoxxHO
paccMaTpuBaTh TaKKe HEIMHEWHBIE YPABHEHHA CO CYMMApHO-Pa3HOCTHBIMH SIAPaMHU
BHJA:

(%)= T[K (x=1)+ K, (x+1)](G(t.¢(1) + @ (t. 4(1)))dt, x=20,  (52)

re 0< K, €L (R7) AL, (RY) mm, (K, ) <+,
5.2. Teneps mpuBeneM mpuMepbl ypaBHEeHUS (5.1), 1T KOTOPHIX BBIIOJHEHBI

Bce ycnoBus TeopeMsl 2. IlycTh (yHKIHMS G(t, y) obnanaer ceoiicreamu |)—1,)
npu A=0. B xauectse G (t, y) CITy’KaT, HapuMep, cleAyromune GpyHKIHH:

e G(ty)=y+ee" e a>1,
y
e G(ty)=y+—-
(ty)=y 1+y 1+t°
Toraa knaccel ypaBHenuii (5.1) u (5.2) ¢ Takoit QyHKIHCH G(t, y) OyayT ua-

CTHBIMH cilydasiMu ypaBHeHHs (1.1), U 179 TakuX ypaBHEHHI BBITIOJHEHBI BCE YCIIO-
BUSI TEOPEMBI 2.
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NrCpunvk SNk N2 @0USHL PLSEAUL ZU4UUUNRULECE UR HYUUR
UUUr HMUYUL LORONRULESD UBY TUN U UGS U LS CLSULhLLE D

U.Iv. vwgunpyuh, .U, buswnpub, 2.U. Mhnpnujwb

uvonoenkU

Ushuwwnwipp thpjws b ppuljut jhuwwnwigph ypu Qiphunth
wnhwh ny gduyht htinkqpu hwjwuwpnudubph dh nuuh nrunid-
twuhpnipjuin: Ny gduyunipjut ypw npnp wuydwikph nhypnid
wphwnwiupnmd unnwugyt] b gpujub jnisnidubph By wwpw-
Uknputing ptnwthputph qnmipjut gnpwy phnptdubp: 9Eponid
pipdws Eu wydws hwdwuwpnudubph Ynbulptin  ophtwlukp,
npnup wnwbdtwlh hEwnmwppppmipinit ku tkpljujugunud:
Zhdtwpwnkp’ Niphunth hwjuwuwpm, Untinnniimpinil, hwenp-
nuijut Unnnwupynidukp, qpniquuhinipnii:

ONE-PARAMETER FAMILIES OF POSITIVE SOLUTIONS
FOR ONE CLASS URYSOHN TYPE NONLINEAR INTEGRAL EQUATIONS

A. Khachatryan, Kh. Khachatryan, H. Petrosyan

SUMMARY

The work is devoted to the study of one class Urysohn type nonlinear
integral equations on positive half line. Imposing certain conditions on
nonlinearity, the work establishes global theorems of the existence of one
parametric families of positive solutions in concrete spaces. At the end
there are given some examples of the above-mentioned equations of spe-
cial interest.

Keywords: Urysohn equation, monotonicity, iterations, convergence.
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K PEILIEHUIO OJTHON HEJIMHEVMHOM 'PAHUYHOM 3AJAUYH
JIJIS1 MOJEJBHOI'O YPABHEHUS BOJIBLIMAHA

AX. XauaTpsin, A.A. Xaanpsm1
aghavard59@mail.ru , hmayakk@bk.ru

AHHOTAIIUA

CraumoHapHOe ypaBHeHHE bonbiiMaHa B OZHOMEPHOM NPHOJIKCHUU B
pamkax mommdunuposanHoit BI'K (Bxarmarop-I'pocc-Kpyk) momemn
IIPUMEHEHO K 3ajaue TeYCHHUS rasza B MOJYIPOCTPAHCTBE, OTPAaHUICHHOM
IUTOCKOM TBEepAOHl CTeHKOMH. 3ajadya TOYHO JHMHEapHU30BaHa M CBEICHA K
JIMHEIHOMY MHTETPAIbHOMY YPAaBHEHHUIO C HEOOPATHMBIM UHTETPaIbHBIM
OIIEepaToOpOM CO 3HAKOIIEPEMEHHBIM SIpoM. MckoMble (yHKIMM pacnpe-
JIEJICHUsl OMpPENEeNSIOTCS. U3 MPOCTBIX HENMHEWHBIX cOOTHOIIeHu. C
MIPUMEHEHNEM CIICIUATbHBIX (DaKTOPH3AIMOHHBIX METOAOB HPEII0KEH
3¢ QEKTUBHBIM METOA PEIICHHUS MOTYYEHHOTO JHHEHHOTO0 HHTETPabHOTO
ypaBHeHMs. J[0Ka3aHO CyHIECTBOBAHME PEIICHUS B MPOCTPAHCTBE Orpa-
HUYCHHBIX (DYHKITHH.

KuroueBbie ciioBa: MoJenbHOe ypaBHeHHE bonbliMaHa, HETMHEHHOCTS,
CHMBOJI OTiepaTopa, HeoOpaTUMBIH onepaTop, haKTopU3anus.

1.BBeaenue

Kax u3BecTHO, psia 33124 KHHETHYECKON TEOPHUH T'a30B OMUCHIBACTCS HEITWHEMH-
HBIM UHTErpo-audGepeHiaibubiM ypaBaeHreM bonbimana (em: [1,2]). Cpenu atux
3aJa4 [EHTPAIBHOE MECTO 3aHMMAeT 3ajiaya TEUCHUS Ta3a B mosynpoctpancTse X>0,
OTpaHUYEHHOM IUTOCKOU TBeploi cTeHkor X=0. IlycTh, ra3 TeyeT no mojaoxKuTeNbHO-

my Hanpasiennto ocu OY co cKopoCThio U(X) = (O,U (X),O) :

%TTT (%,5)+ f(x,5) |ds,ds,ds,. (11)
—o0—0 0

3nech T~ (X, S ) n f* (X, S ) (QYHKIMM pacnpeneNeHus YacTHI, JETAMUX K

crenke (S, <0) u omnerarommx (S, >0) or Hee, cOOTBETCTBEHHO, S =(Sl,sz,53),

! PaGora BhIOTHEHA nipu ¢unancosoit nognepkke 'KH MOH PA B pamkax Hay4HOTO IIpOEK-
ta Ne SCS 15T-1A033
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(S1 E[O,oo),sz,s3 e(—oo,+oo)) —MOJICKYJISIpHasd CKOPOCTh YacTull, L — IJIOTHOCTh

rasa.
N3-3a cI0KHOHU CTPYKTYpBl MHTETpaia CTOJKHOBEHUN ypaBHEeHUs! boiaplMaHa B
ocHoBHOM ero 3amensitoT BI'K (bxarnarap-I'pocc-Kpyk) mozgensto (cm.: [1-5]):

F(F7)=fo(x5)- F*(x3), (1.2)
rae
(5000
f(x,8)=—L5e T (1.3)
(7T)?

— JIOKaJbHO-MaKCBEJUIOBCAaks (YHKLUS paclpeneneHusi, /-temmeparypa rasa. B
JanbHEHIIeM OrpaHNYUMCS PACCMOTPEHHEM ClTydasi, KOraa TeMIeparypa U MI0THOCTb
rasa SBJIAIOTCA 3aJaHHBIMHU M MOCTOSHHBIMH. [yt mpocToTsl mpumeM | =1, O6memy
CITy4aro MpeJoiaaraeTcs OCBSITUTh OTACIBHYIO PaboTy.

BI'K monens (1.2) o6iamaeT OCHOBHBIMH CBOWCTBaMH HMCTHHHOTO HHTETpaa
cTonkHoBeHHH. JIto0Oas 3a7ada B paMKax 3TOH MOJENN CBOTUTCS K HETMHEWHBIM HHTE-
IpaJIbHBIM ypaBHEHUAM (MM cUcTeMe ypaBHEHHi). OnHaKo, KaK W3BECTHO, HETUHEH-
HOCTh HCTHUHHOTO MHTErpajia CTOJIKHOBEHUH KBaJpaTU4HA MO (DYHKIUSAM pacipenesie-

+ +
aus T, B 1o Bpems kak B BI'K Mozenu ona Gosnee cioxua u comepxur B akcro-

HeHTe. JIro0ast HoBas MOZEb OJU3Kast B TOM MJIM MHOM CMBICIIE K UCTHHHOMY HHTE-
rpajity CTOJKHOBEHUH J1a€T BO3MOXHOCTbH BBISIBUTh HOBBIE CBOMCTBA PELICHUH, MOJY-
YaeMBbIX B paMKax 3TOH MOJEIH.

B mHacrosime#t pabore HamHM mpeasiaraercs cieayromas Moau(UIupoBaHHAS
BI'K monens:

F(7)=fo(x5)(1+0(x5))- F(x5), (1.4)

_(si+s3)
2

3aMeTHM, 9TO HOBask MOJIeNTh OTINYaeTcs oT kiraccndyecko BI'K Monmenn mamm-

@ (x,5)=(s,—u(x))’ (1.5)

s . +
YAEM MHOXHUTEIIA (0 (X, S) , B KOTOPOM HCJIMHCHUHOCTH 110 f KBaJApaTU4Ha.

Crammonapraoe ypaBHeHne bonbpiimMana B paccMaTpuBaeMOM OJHOMEPHOM IPH-
ommkenun B pamkax mMoaudunupoanHoit BI'K moxenu (1.4) npumer Bu:

isl%"’ fi (X, §) — ﬁae*@—ﬂ(x))z (1+¢(X,§)) (16)

7[2



48 K pewenuro 00nou HenuneliHol 2panuyHoOl 3a0ayu. 015 MOOeIbHO20 Yypasuenus borvymana

K YpPaBHCHUAM NPUCOCAUHAIOTCA TPAHUYHLIC YCJIIOBUA HAa CTCHKC U B Oecko-
HCYHOCTH:

t(05)=——e T | (17)
(#T)2
f(X,§):0LeU , K020a X — +0. (1.8)

3nech @ =(O,a),0) (a) = const) — CKOpOCTb JIBMDKEHHs CTEHKH, O u T —
IUIOTHOCTh U TEMIIepaTypa CTEHKH COOTBETCTBEHHO. B pabote [6] Obl1a paccMoTpeHa
rpannuHas 3axaya (1.6)-(1.8) B ciyuae, KOF)Ia(p(X, S ) = 0.B sroii pabote nokasaHo,

YTO HEJIMHENHAd rpaHuYHas 3a7adya 3KBUBAJIEHTa OAHOPOJHOMY JIMHEMHOMY KOHCEp-
BaTMBHOMY HHTETPAJIbHOMY ypaBHEHWIO BuHepa-Xomda OTHOCUTETHHO (QYHKIHH
u(x).

B nacrosmiei pabote mokasaHo, uTo rpaHudHas 3anada (1.6)—(1.8) Touno mu-

HeapusyeTcsl U CBOAMTCA K JIMHEMHOMY WHTETrpajlbHOMY YPaBHEHHMIO OTHOCHUTENIBHO
CKOPOCTH JBIDKCHHS Ta3a U(X) ¢ HeoOpaTUMBIM HMHTETPAIbHBIM OIEPATOPOM, SIPO

+
KOTOpOro 3HaKonepeMeHHo. Vickomble dyHKImu pacrpenenenus - onpemenstorcs

U3 TIPOCTHIX HENMHEHHBIX cooTHOmeHuH. C MpUMEHEHNEM CIIeNUaTbHBIX (haKTOpu3a-
IUOHHBIX MCTOJ0B NpPCAIaracTcsa 3(1)(1)6KTI/IBHI:II>1 METOA PCHICHUA IMOJTYUYCHHOI'O MHTC-
IpalbHOTO ypaBHEHHUSI CO 3HAKOMEPEMEHHBIM SJPOM U HEOOpaTHMBIM OIEPaTOPOM.
JlokaszaHo CylecTBOBaHUE PELICHNUS B IPOCTPAHCTBE OTPAaHNYCHHBIX (DYHKIINH.

2. TouHasi nTuHeapu3amusi rpaHu4Hoii 3agaun (1.6)—(1.8)
U3 (1.6), c yaerom rpanndnbix ycnoswii (1.7), (1.8), mmeem

(x-t)

XX S PR
f*(x8)=f"(0,5)e * +je—)3pe(”“)) [1+0(t3) % 2.1)
0 ()2 1
_(t—x)
< St 2
- (x8) = [—Le U 14 p(t5) % (2.2)
X 2 1

()

Iloxcrasmnss (2.1), (2.2) B (1.1), yuntbiBas
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(2.3)

e < = (2n —1)(2n2:3)...5~3~1ﬁ

1 MPOU3BCAS UHTETPUPOBAHUE, TTOJTYIUM

u(x)= 9 (x)+ [K (x-t)u(t)dt @4

rac

g(x)= \/i%p J‘efsers, (2.5)

)5 (2.6)

Wrak, cipaBennuBa
Jlemma. Henunetinas epanuunas 3aoaua (1.6)—(1.8) sxeusanrenmna neoOHopoo-

HOMY JUHEUHOMY UHmMeZparbHoMy ypaguenuio (2.4), a uckomvie yHxkyuu fi(X,§ )

oOnpeoensiiomcs u3 NPOCMuIX HeauHelinvlx coomuowenui (2.1)—(2.2).
Teneps 3aiimemcs BompocoMm nwmHeapu3anuu ypaBHeHus (1.6). IIpemmomaras,

YTO MOZYJIb MOJICKYJISIPHOH CKOPOCTH |§ | HaMHOTr0 OOJblIe O CPAaBHEHUIO CO Cpel-

HEMAacCOBOI CKOPOCTHIO ra33u(x), Pas3JIoKUM HKCIOHCHUHUATIbHYIO (DYHKLHUIO B PAA

Tefmopa OKOJIO HYJISI, OrpaHUYUBasACh YJICHAMU, JIMHEHHBIMH 110 U :

i o 2, o2
%e’(H) (1+go(x,§))zpe ; 1+(25§—szsf—szs§)u+s§—M . (2.7)
w? w?

Hckombie GhyHKIUM f* (X, S ) HIIIEM B BUJIC.

"
£(%,8) = (L+h* (x.5)), (2.8)

7[2

rae h* (X, S ) — nonpaBku K GyHKIMAM pacnpenenenus f

I'panuuneie yenosus (1.7) u (1.8) npumyT BUA:
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)

X
ele , Korja X — +00, (2.9)

o

h (0,8)= 2% _se T h(x,§):o(

5

(7T)?p

Torma u3 (1.6), ¢ yaetom (2.7)—(2.9), umeem:

X

h*(x,5)=h"(0,5)e * +

x () 2 . <)t (2.10)
+je "2 3 (ZSﬁ—SZSf—szs§)u(t)+s§_M =,
0 3 5 N
Vs

w0 _(t=X) 2, Q2
h‘(x,§)=je = p S . {(233—32512—szs§)u(t)+s§—@}?, (2.11)
X 1

00 00 00

u(x)= %_'[OLI[SZ [h*(x,8)+h" (x,5) |ds,ds,ds, (2.12)

C yuerom (2.10) u (2.11), u3 (2.12) nocie HEKOTOPBIX BBIKJIAJ0K HMPUXOIUM K
JMHEMHOMY UHTETPaJIbHOMY ypaBHEHUIO (2.4).

Wtak, B AMHEHHOM NpPUOIMIKEHUH U(X) ONPENENAETCS OISATh U3 JIMHEWMHOIO

ypaBHenus (2.4), HO uckomble GyHkimn f* (X, S ) OTIPEACTISIOTCS. U3 JTMHEWHBIX CO-

otHomreHu#t (2.8), (2.10), (2.11).B sToMm u 3aKkiaro4aercss OCHOBHOE OTIIMUHE MEXKITY
PEIICHUSMH 33J1aui B HEJIMHEHHOM M JIMHCHHOM CIIydasiX.

3. O paspemmmocTu ypaBHeHus (2.4)

Jlerko 3ametuth, uro sapo K(X) ypaBuenws (2.4), 3amaBaeMoe MOCPEIACTBOM
(2.6), 3HakonepemenHo. HeTpyaHO MpOBEpHTH, YTO

]OK(x)dx =1. (3.1)

PagencrBo (3.1) o3Hauaer, 4to ypaBHeHue (2.4) mpeacTaBisieT co0OH ypaBHe-
HHUE ¢ HeOOPaTUMBIM HHTETPATBHBIM onepaTopoM. C OJIHOM CTOPOHBI, 3HAKOTIEPEMEH-

HocTh siyipa K (x), U, C Jpyroil CTOPOHBI, HEOOPATUMOCTh COOTBETCTBYIOIIEIO OIepa-

TOpa BeChbMa YCIIOXHSIOT BOIIPOC M3YyUeHHs U pelieHus ypaBHeHus (2.4).Tem He me-
Hee, HIDKe HaMU npesiaraetcs 3QpQeKTUBHBIA MeTo/] perieHne ypaBHeHus (2.4).
[lepenumem ypaBHeHue (2.4) B onepaTOpHOM BHUJE:
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(I —K)u=g. (3.2)
3neck | — eauHMYHBINA omepaTop, K — UHTETpalbHbIil oneparop BunHepa-
Xomda
(RE)(x)=[K(x=1) f (t)dt . (3.3)
0
Bompoc o6patumoctu omepatopa | — K B eCTCCTBEHHBIX GaHAXOBBIX MPO-
CTPaHCTBaX

E(L,D (0,400), p=LM (0,40) =L, (0,+oo);C0)

U JIPyTHE €ro BaKHbIE CBOMCTBA OMPENCIIAIOTCSA € MOMOIIbI0 cumBoal— K (S), TIeE

K (S) —npeobpaszosanue @ypoe pynxuun K (X), T.€.
K(s)= jK(x)e‘Sde . (3.9)

Jlnst ooparumoctu oneparopa | — K B mro6om u3 npoctpancts E oqanm u3 He-

00XOIMMBIX YCIIOBHIA SIBJISIETCS OTIIMYME OT HyJIst ciMBoJIa onepatopa K , 1. e
1-K (S) #0,s e(—oo; +oo).

N3 (3.1) caemyet, 9TO CUMBOJI OomepaTopa K B HyJIe UMEET BBIPOKIECHHOCTD
BTOpOTO TIopsAaka.llosTtomy ypaBHeHue (2.4) Brimagaet u3 oOMIeH TEOPUU HUHTETPAITb-
HOTO ypaBHeHUs Bunepa-Xormda 1 He0OX0AUMO Pa3BUTh APYTOH MOAXOM K PEIICHUIO
YKa3aHHOTO YpaBHEHUSI.

Hwxe ¢ mpuMeHeHHeM MeToja cIielUajibHOW (DaKTOpH3AINUK YAAETCS CBECTH
HCXOJHOE ypaBHEHHE (2.4) K HOBOMY YpaBHEHUIO C HEBBIPOXKAECHHBIM WHTETPATHLHBIM
orepatopoM. lIpemyokeHHBIE HAMH TOAXOJ HWCXOAUT U3 (haKTOPU3ANMOHHOMN
MHTEPIPETAINH «CIIBUTa anbbeno» (cm.: [7-9]).

C yuetom (2.6) u3 (3.4) umeem

_ T p?s’2pG(p)dp
1+ p®s?

1-K(s) (3:5)

0

rae

p*)

G(p):\/;pe P (

1 2

o
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Jns mo6oro S > 0B cuny (3.1) Oynem umets
g2
1-K{(s :—(1—T Sj, 3.7

roe T (S) —npeobpasoBanue Pypbe GyHKIUU T (X) :

L

T,(X)= Ie G (s)(l— ﬂzsz)ds. (3.8)

0

Beenem HumxHUE U BEPXHHUE BOJILTCPPOBHIC OIICPATOPHI:

0 X

V_f)(x)= ﬂje‘ﬂ(t‘x)f (t)dt; (V. f)(x)= ﬂje‘ﬂ(x‘t)f (t)dt. (3.9)

X 0

Jlerko y6emuThCst, 9TO CUMBOJIHM OnepatopoB V, 3a1aroTcst COrsiacHo

_ FIS
BFis

[IpaByto gacTh (3.7) MOXKHO TIepenrcaTh B BUJE

1-K(s)= [1—v_ (s)}[l—Tﬂ (s)}[l—v+ (s)}. (3.12)

Kak u3BeCTHO, U3 paBEeHCTBA CHMBOJIOB CJIEIYET PABEHCTBO COOTBETCTBYIOIINX
ornepatopos (cm.: [8]).
IToatomy

(3.10)

1-V.(s)

|—K=(| —\77)(| —f)(l —\7+). (3.12)

Onepatopsl |—\7i HeoOpaTuMbl B TpOCTpaHCTBe E, I/1601—V¢(0):O. s

(3.8) nerko MOXXHO yOeAUTBCS, UTO CUMBOJI OIeparopa Tﬂ B HyJI€ OTIMYEH OT HyJ

A

1u1st ipon3BouibHOTO 5 > 0 ,4TO BOBCE HE O3Hayaer, 4to omeparop | —Tﬂ o0Opatum.

OrcyrcrBue apyrux Hyiaei pynakmun 1—T g (S) MO>KHO JIETKO YCTAaHOBUTH UCXOJIS U3

Toro (akra, 4TO CHMBOJI HCXOAHOTrO omepatopa K He mMmeer npyrux Hysew, T. e.

1-K(s)=0, s=0.

s HOpMBI CKaISIPHOTO MHTErpasibHOTO ypaBHeHus: Bunepa-Xonda umeer me-
CTO OIICHKA:
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T
B

= T ‘Tﬂ (x)‘ dx. (3.13)

ITycts f € E — npousBonbHast GpyHKIHs. PacCMOTPUM CIIeYIONIYIO (HYHKIIUIO

@ =Tf u ouennm HOpmy (yHKIHH @ B KaxkaoM u3 mpoctparcTs E. C ydaerom (3.13)
HETPYAHO YOIUThCS, 94TO B JIFOOOM M3 MPOCTPaHCTB E nMeeT mecTo orenka

lele < 2B (3.14)

rIae

o0

i(ﬂ)s”Tﬁ(x)‘dx.

—00

Jlyis TOro 4TOOBI MHTETPATILHBIN ONEepPaTop Tﬂ OBLI COKMMAIOIIUM JTOCTAaTOYHO,

gro0sl 3 f > O rtakoe, 4To
A(B)<1. (3.15)

[epeiinem Temnepp k penieHuto ypaBaeHus (2.4) ¢ npuMmeHeHneM (HaKTOpH3aLuu
(3.12).®akropuzarus (3.12) cBoauT UcxoJHOE ypaBHeHHE (3.2) K MOCIEI0BATEIbHO-
MYy PELICHUIO CIEAYIOIUX CBSI3aHHBIX YPaBHEHHA:

(l —\7_)H =g, (3.16)
(l —'I:ﬂ)FzH, (3.17)
(l —\7+)U - F. (3.18)
JIerko MPOBEPUTS, UTO peleHne ypasHeHus (3.16) uMeer BHA:
H(x)=g(x)+ Ala(t)dt, (3.19)
H eL, (0,4) L, (0,). (3.20)

[epeiinem k pemenuto ypasaenus (3.17), KoTopoe B pacKphITOM BHE TIPUMET
BUJT

F(x)= H () + T, (x-t)F (t)dt (321)

0
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IMokaxem, 4TO CcyIIecTBYeT MHOKECTBO 3HaueHMH mapamerpa [ >0 , s ko-

TOPBIX OIEepaTop Tﬁ B TIpocTpaHCcTBe E sBisiercss cxxumMaromuM ¢ K03h(UIHEHTOM

cxatus A ( y) ) <1.Ilycts, cnepBa  =1. Nmeem:

f 2 % .5
L‘Tﬂ(x)‘dx:ﬁj; A - Z‘dsz
2 % 2(5 7, s*) ,52(5 7, s*)
:—”J(;e LZ—ZSZ'F— ds—\/—J‘ L4—ZSZ+? ds =
J25 4 V25
3 A w5 T s 3 3 ey, L N5
4 \/;.[e L4 2° +2st_4 \/;.[e ds+\/;e+292\i27ze_
3 3 2 1 5
_Z_ﬁe 2(\/2'_5_1)+ﬁe+ 2e%\[2 e =A<l

B nocneanem HEPABCHCTBEC HUCIIOJIb30BaHa OIICHKA

V25 5
[eds>e? (JZ_S—l).
1

[Tpubnmxennoe 3nauenue A ~ 0,81. B cuy HenpepslBHOCTH (HYHKIHH /1( p )

CYIIECTBYET OKPECTHOCTH /3, TIPH KOTOPOM ﬂ( Ys; ) <1. Yucnennsle pacuetsl Ha DBM

IIOKa3bIBAIOT, YTO €Clt fJ € {% ;1} ,T0 A ( 7 ) <1

IMockonbKy onepatop T, SBIAETCS CKMMAIONIMM, TO JIMHEHHOE MHTErpatbHOe
ypasHenue (3.21) ¢ supom (3.8) UMeeT eIMHCTEHHOE PELICHHEB Li(O, +oo), puYeM

Fel (0, +oo)m L, (O, OO).321M€TI/IM, YTO TIOCTPOCHUE ATOTO PEIICHUS HE MPEICTaB-

nsieT ocobasi TPYAHOCTb.
Haxownen, pemenne ncxoanoro ypasHenus (3.18) 3anuceiBaercs B BUe:

X

u(x)= B[F (t)dt+F (x) €L, (0,+0). (3.22)

0

Urak, cnipaBeamuBa
Teopema. [lycmo gynxyuu Q u K 3a0aromes nocpedcmeom popmyn (2.5) u
(2.6). Toeoa ypasnenue (2.4) umeem ocpanuuennoe peuterue suoa (3.22).
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3ameuanue. 13 ucxoonozo Heobpamumozo onepamopa vloeiensl npocmetiuiue

80JIbmeppoessble Heo6pamuMble onepamopblVi, Komopble A6JIAI0OMCA SlA6HbIMU HOCU-

mensAMU Ka4eCmMeeHHbIX C8OLICME peuteHus 3a0ayu.
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PATSUULE UNTGLUSPL 2UdUUULUUL 2UUUSL UP 12 @0USPL
52rushy vuh LOROUUL UUURL

U.Iv. hwswunpjub, 2.U. uswnpui

uuonenkuU

Pnigdwth ny gbwjhtt unwghnuwp hwjwuwpnudp dhwswth uUn-
nwynpoipjudp AU (Phwnbwqup-Gpnu-Upntl))  thnthnjudus
Unntijh oppwtmljubipnid Yhpwnyby E hwppe whiun ywwuny vwhdw-
twthwlws Jhuwnmwpwsnippniunid hnunn quqh juingph tjuwn-
dwdp: Munhpp doqnhwn géwjtugynid £ b phpynid ny opokijh hunk-
gpu) owkpwwnpny gduyhtt htinkqpu) hwjwuwpdwi, nph Yn-
rhap towbwithnju b Uthuwyn pujudwt $ntujghwtpp npnoynud
Et wwpq ny gdwjhtt wnugnipniuitphg: Oquugnpstiny hwwnntly
dwinphqughntt Uninbgnid™ wpwewpldt) t unwugqus hwjuw-
uwpdwt wpynmibtudbn msdwb dkpnn: Uywugnigyl) b nwsdwb
gnmipjniup vwhdwbwthwl $niuljghuibph mupusnipniunud:
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Zhttwpwntp” Pniguwih dnpbyughtt hwjuuwpnudp, nsy géuyme-
Py, owgbipunnnph uhuing, ng opotith owtpuinng, dwjnphqughu:

ON SOLUTION OF ONE NONLINEAR BOUNDARY-VALUE PROBLEM
FOR THE MODEL OF BOLTZMANN EQUATION

A. Khachatryan, A.Khachatryan

SUMMARY

The stationary Boltzmann equation in one-dimensional approximation in
the framework of modified BGK (Bhatnagar-Gross-Krook) model is ap-
plied to the gas flow problem in the half space bounded by flat solid wall.
The problem is exactly linearized and reduced to the linear integral equa-
tion with noninvertible integral operator, the kernel of which is an alter-
nating. Unknown distribution functions are determined from simple non-
linear relations. Using special factorization approach the effective me-
thods to solve the obtained equation is suggested. The existence of the so-
lution in the space of bounded functions is proved.

Keywords: Boltzmann model equation, nonlinearity, symbol of operator,
noninvertible operator, factorization.
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ABTOMATHU3UPOBAHHASI MY3bIKAJIbHO-OBYYAIOILIASI
CHCTEMA (AMOC) IIPENOJABAHUS
TEOPUU U AHAJIU3A MY3BIKU

JI.LA. A3naypsan, C.M. Kazapsan, C.X. Haxaraksn

lusine.aznauryan8@gmail.com
nax_satik@rambler.ru

AHHOTADUA

3agaveil UCCIICIOBAHUS B CTaThe SIBJIIOTCS: BBISIBJICHHE, OOOCHOBaHUE U
IKCIIEPUMEHTAJIbHAS! IPOBEPKA YCIOBUI (OpMHUPOBaHHMS MEeNarorHyecKoi
KOMIIETEHTHOCTH OyayIiero y4yureisss My3bIkH. OOBEKT UCCIIENOBaHUS —
npouecc (HOPMHUPOBAHUS MY3BIKOBEAA-aHAIUTHKA M KOMIIETCHTHOCTH
yueHHMKa-My3bIKaHTa. B craTbe mpencraBiieH NPOEKT U OlOK-cxeMa «AB-
TOMATU3UPOBAHHOI MYy3bIKaJbHO-00yYaromei CHUCTEMBI» INpernoaaBaHus
TEOPHH W aHalM3a My3bIkH. CHenaH BBIBOJ, YTO IOCTPOCHUE TEOPETHUC-
CKoH 6a3bl MpodecCHu mearora He MOXET OBITh PELICHO SMITMPUIECKUM
MyTEM, KOTOPBIH HE CIOCOOEH IOJHOCTBIO YAOBICTBOPUTH TPEOOBAHUS
MPaKTHKH [0 PallMOHAIFHOMY YIIPABJICHHIO TBOPUECKOH AEATEIHHOCTHIO.
Heo6xoanm nepexon K ypoBHIO, BO3BBIIIAIONIEMYCs HaJl TPAKTUKOH, pac-
KpBIBAIOIIEMY BHYTPHIIPEIMETHbIC B3anMoJjieiicTBusa. Ha ocHoBe 3Toro
MOJeT OBITh CO3JaHa HayKa, KOTOpas pacKpoeT MCTUHHOE B3aUMOOTHO-
IIEHUE MEXIY MPEICTaBICHUEM MPENoIaBaHMs MY3bIKAIBHOCTH O 3ByYa-
HUH U peayIn3aliiuy, A5 4ero HeoO0XoauMel coBpeMeHHble I T-TexHomornm.
KiroueBble cjioBa: nHGOPMALMOHHBIE, aBTOMAaTH3UPOBAaHHBIE 00ydYaro-
M€ CUCTEMBI, AUCHUIUIMHBI MY3bIKAIbHO-TEOPETHYECKOTO IHKJIA, TEO-
pHs My3BIKH, aHaJIM3 MY3BIKH, TapMOHUS, conbdemkno, IT-rexnonornu B
Hay4YHBIX UCCIIEOBAHUAX B 00JIaCTH MY3bIKOBEJICHHSI.

Cucrema KJIacCHYECKOTO MY3bIKAIbHOTO 00pa3oBaHHA, peau3ylolias MOAro-
TOBKY MY3bIKAHTOB-HCIIOJHUTENEH, KOMIIO3UTOPOB, MY3BIKOBEIOB, SIBISICTCS CIle-
nuduueckoi 00nacTeio 00pazoBaHus. Ee OCHOBY cocTaBiseT XyA0)KeCTBEHHO-TBOP-
yeckas (My3bIKajbHasl) OESTENbHOCTh, KOTOpas BBICTYHAE€T C OJHOW CTOPOHBI Kak
MpeaIMET OCBOCHMSI, C APYroi — Kak pe3ysbTaT yueOHoi padoThl. Kitaccuyeckoe my-
3BIKaJIbHOE 00pa30BaHKE TOTOBUT CIEIHMATUCTOB /I KOHIIEPTHO-TBOPYECKUX OPTaHH-
3anuii ((pUIapMOHUH, TEaTpoB, KOHIEPTHBIX OOBEAMHEHUI) M 00pa30BaTENbHBIX y4-
pexxaeHuii cepbl MCKyccTBa (My3BIKAJIbHBIX YUYMIIMIL, KOHCEPBATOPUH M T.II.), YTO
OTIpeeIIIeT HanpaBieHHOCTh 00yueHus. COBpeMEHHBIH 3Tal Pa3BUTHUS KJIACCHUECKO-
IO MY3BbIKaJILHOTO 00pa30BaHUsI OCHOBBIBAETCS HA MHOTOYPOBHEBOH cucTeme o0yuye-



58 Asmomamusuposannas mysvikaneno-ooyuaiowas cucmema (AMOC) npenodasanus ...

HUSI, BKIIOYAIOLIEH TPU 3BE€Ha 00pa30BaHUS: LIKOJIY, YUWIUIIE, BY3, 00BEIUHSIIONINE
00II€HaYYHY0, MY3bIKaIbHO-TEOPETHUECKYIO U HCIIOJIHUTEIbCKYIO0 NOATr0TOBKH. [lo-
CKOJIBKY KJIACCHYECKOE MY3bIKaIbHOE 00pPa30BaHUE COCTABISIET HEMAJIOBAXKHYIO YacTh
XYZA0KECTBEHHOM KyJIbTYphl OOLIECTBA U B ONPENEIECHHON Mepe OTpa)kaeT BCe TPaHC-
(hopmanum, onpenensone NOIUTUKY 00yUeHHS U BOCIUTAHUsI, TO OCHOBHBIE YCHIIHS
MY3BIKQIbHO-00pa30BaTENbHBIX YUPEKICHUN HANpaBlICHbl Ha pelleHHe 3aJad MOBbI-
HICHUS] KA4ecTBa CIHEIHMATbHOTO OOYyUeHHS W 3CTETHYECKOrO BOCIHUTAHUS OyIyIINX
MY3BIKAHTOB Ha OCHOBE MPOTPECCHBHBIX MOCTM)KCHHU OOIel M My3bIKaIbHOU Tena-
TOTHKH, TEOPUU U NPAKTHUKHU HCIIOJIHUTEIIBCTBA.

Llenbto craThy SIBASETCA MCCIIECNOBAaHME HAYYHO-METOJMUYECKHUX OCHOB 0O0Y-
YeHHUsS MY3BIKAJIbHOMY aHAJIN3y M TEOPETHYECKOM KOMIIETEHTHOCTH MY3BIKaJIBHOTO
HCKYCCTBa Ha OCHOBe MH(popMannoHHbIX TexHoJorui (IT-rexHonoruii), KOTOpbIE OX-
BaTHIBAIOT BBILICYIIOMSIHYTBHIE M TECHO CBSI3aHHBIC 3BEHBS MY3BIKAIBHOTO 00pa-
30BaHMSA: LIKOJIA, YUMINILE, By3. OOBEKTOM HCCIIEIOBaHUS SBIAETCS mpouecc Gopmu-
POBaHMsI KOMIIETEHTHOCTH YU€HHKa (CTYyIEHTa)-My3bIKaHTa.

B mpouecce oOydeHuss Mononble My3BIKAHTBl JOJDKHBI OBJAIEeTh HICHHO-
XY/I0’KECTBEHHBIMH OCHOBaMH MY3BIKAIBHO-TEOPETUIECKOT0 UCKYCCTBA, TIIyOOKO H3Y-
YUTh OCHOBHBIE CTHJIM M JKaHPbI MY3BIKaJBHBIX NPOU3BENICHUH, nprodpecTtn npodec-
CHOHAJIbHBIE HABBIKM B MY3bIKaJIbHOM aHAJIM3€ U UTPpe Ha MHCTPYMEHTE, YACHUTH BaK-
HYIO POJIb MY3BIKJILHOTO MpocBelleHrsl. COBPEMEHHBIM MY3bIKaHT IOJDKEH CBOOOAHO
BJIAJIETh METOJAMH CAMOCTOSITENBHOM TBOPUECKOI pabOThl HAJ MY3bIKATBHBIM IPOH3-
BE/ICHUEM, YMETh KBaNU(HULIUPOBAHHO AEIaTh NEPETIOKEHHS U1 CBOETO HHCTPYMEHTA,
COYMHEHUI KaMEpHO-UHCTPYMEHTAJIbHON, BOKAJIIbBHOM U OPKECTPOBOM MY3bIKH, XOPOILIO
BJIaJ€Th HAaBbIKAMM YTEHHUS C JIUCTA, TPAHCIIOHUPOBAHUS, UTPHI MO CIYXY, YMETh HM-
MIPOBU3HUPOBATH U AKKOMIIAHUPOBATH COJIUCTaM, TaHIlopaM, xopy [1, 2, 3].

Jns perieHus 3agad NOATOTOBKU MPO(ECCHOHAIBHBIX MY3BIKAHTOB B YUEOHBIX
IUIaHaX MPeIyCMOTPEHO OCYIIECTBIEHHE MEXIPEAMETHBIX cBA3el [1]. DToi nemm cno-
COOCTBYET TakXe MNPaKTUKa MeJarorudeckod paboThl M M3YYEHHE KOMIUIEKCA CIELH-
ANBHBIX TUCLHUIUINH, BYKHOM YaCThIO0 KOTOPOTO SIBIISIOTCS] My3bIKaIbHO-aHAIUTHYECKAs,
MY3bIKaJIBHO-TIEZIATOTUYECKast M MICUXOJIOTHYECKasl COCTABIISIIONINE, KOTOPBIE CIIOcO0CT-
BYIOT (DOPMHPOBAHUIO MEarOTUUECKON KOMIIETEHTHOCTH Oy IylInX yuautenei [4].

Cpenu nenaroroB A0 CUX MOP BCTPEYAIOTCS CTOPOHHUKH «HMHTYHUTHBHCTCKHX»
MO3MLHUHI, OTPULAIONINE HEOOXOIUMOCTh OCO3HAHMSI OOBEKTHBHBIX (HAYYHBIX) OCHOB
cBOEH MPOQecCHOHANBHON AEATEIbHOCTH, U JaXKe CUUTAIOLIMMH, YTO ITOAOOHBIN MOJ-
XOJl JIUIIb BpeAeH. VX TaBHBINA Te3WC — MY3BIKAHTOM HaJ0 poauThes. besycnoBHo,
TEOpHsI HE CO3J]aCT U3 MAJIOCTIOCOOHOTO YeJIOBeKa TaJaHTIMBOTO MYy3bIKaHTa, HO CaMH
CIOCOOHOCTH, KaK U3BECTHO, IOCTOSIHHO COBEPIICHCTBYIOTCS B ITPOIecCe MX aKTHBHO-
ro W LEJEHANpaBIeHHOro pa3BuTus. [lonTBepKaeHNE 3TOMY — HEMAJIOE KOJIMYECTBO
(akToB, KOr/a, Ka3ajuock Obl, SPKOE JapoBaHUE, HE OBJAJEB IO CYILECTBY OCHOBAMH
CBOET0 peMeciia, TEpIUT npodeccruoHanbHoe puacko. MooaocTh, FOHOIIECKas HEIo-

! Kazapan C.M. UccnenoBanue 1 MpUMEHEHNE HCIIOTHUTENbCKUX TEXHOJIOTHI B KOHIEPTMEH-
crepckoM uckycctse, Ep.: U3a-so PAY, «BectHuk PAY» Ne 2, 2013.
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CPEACTBEHHOCTDH OLIYIICHHUS] MYy3BIKH IIOCTEIICHHO YXOIWT, U CTaBKa Ha OIHY UHTYH-
U0 000padyuBaeTcs AWIETAHTU3MOM U peMecieHHuYecTBOM. OAHAKO eClu y HEro
€CTb TAJAHTJIMBBIA, BOOPYKCHHBIN 3HAHUSIMM IEIaror, OyAyIiuil My3bIKaHT CyMeeT
IIPE00JIETh KPU3HC, U BHOBb IIPEACTATh KaK SPKOE, CAMOOBITHOE AapOBaHMUE.

WuTynuus, KOTopoi o mpaBy J0JKHA 3aHUMATBCS TICUXOJIOTHS, SBISAETCS OJI-
HUM U3 CaMbIX YIOTPEOUTENBHBIX U, TEM HE MEHEE, CAMBIX MAJIOM3Y4YCHHBIX YeJIOBe-
YeCKHUX KauecTB. LIeHHOCTh MHTYUIIMK HE TOJIBKO B XYA0KECTBEHHBIX MPO(ECccHsx, HO
U B HayKe, MI€Jaroruke, JF0bIX MIPAKTUYECKUX BUAX JACSITEIbHOCTH HE CTABUTCA MOJ
COMHEHHE. MIHTYWTUBHBIA ypOBEHb NPO(ECCHOHATBLHOIO MBIIIJICHUS M ONEpalHoOH-
HBIX JIECTBHIA, XapaKTEePU3YIOLINICS BRICOKOW CKOPOCTHIO (MTHOBEHHOCTHIO) BBIOOpa
CTpaTerHH W KPEeaTHBHBIX PEHICHUH, M0J4ac HeJOTMYHbIX, HO €IUHCTBEHHO BEpPHBIX,
JUISL MHOTUX BHJIOB JCATENbHOCTH O3HAYaeT YPOBEHb MacTEpCTBa, CTOSIIUI Ha Mopsi-
JIOK BBIIIIE YPOBHS PEMECICHHUYECKOTO MpodeccuoHanu3Ma. MacTepcTBO JKenaTelb-
HO IS Iefjarora, Bpaya, CTpOUTENs, HHXKEHEepa, IPOrPaMMHUCTa U YY€HOT0, HO MHOTHE
JOCTUTAIOT BBEICOKHUX PE3YNIbTATOB B MIpodheccuu, 00X0sICh 1 0e3 MHTYHIIHH.

HexoTtopeie cnennanucTsl CUUTAIOT, YTO, KaK U B IPYyTrux cepax, B My3bIKallb-
HOH Nneaaroruke HacTaJllo BpEMsA HepeﬁTH OT MHTYUTUBHOI'O IOAXOAa K CO3JaHUIO
CTPOTOH CHUCTEMBI 00yUeHHS K My3bIKaJbHOMY MpodeccnoHanusMy. Ho Torma Bo3Hu-
KaeT BOIMpPOC: €CTh JIM HEOOXOAWMOCTh MCIIOJNIB30BaTh COBPEMEHHYIO HAyKy B TaKOi
TOHKOH 00JacTH YEJIOBEYECKOTO AyXa, KaK MY3bIKaJbHOE HMCKYCCTBO, B KaKHX-TO
«TEOPHSX» MM «cucTeMaxy. M3BecTHO, 4TO «yMeTh ellle He 03HA4aeT 3HaTbh, a 3HATh
He 00s3aTeTbHO YMeTh». YacTo ToBOPAT, YTO TaJIaHT — caM I0 ceOe TaaHT, a 6e3map-
HOCTh HUKaKHE «CHUCTEMbI» He Hay4at. [IockolbKy 3TO Tak, TO TOT/Ia AJIs KOTO HyXHa
«cuctema»? Jlydmime My3bIKaHTHI JAIOT Ha 3TO YETKUM, HCUEPIBIBAIOIIMNA OTBET:
«/ns Tananrta! CrucreMa ero opraHuzyeT».

Uro jx€ TOPMO3UT €CTECTBEHHBIM MPOLECC TEOPETUUYECKOTO OCMBICICHHS OC-
HOBHBIX NPHHLMUIIOB MY3bIKO3HAHMSA, NMPEMATCTBYET HCIIOJIB30BAHUIO B IEAArOrvKe
JOCTIKEHUH COBpeMEHHOH Hayku. CiexyeT OTMETHUTh, YTO Haubojee HeraTHBHBIM
(hakTOpOM SIBJISICTCS OTCYTCTBHUE JIOCTATOYHO YETKHX, OOLICHIPUHSATBIX ONpPECIICHHI
OCHOBHOTO Kpyra Mpo0iieM, CBA3aHHOTO, IIPEXJIE BCETO C TIOHSATHEM «BHYTPEHHEH MY-
3bIKAJIbHOCTH» YYBCTBA aHalin3a MY3bIKAJIbHOI'O 06pa3a U TapMOHHUH. Onu JOJIKHBI
PacKphIBaTh OOBEKTUBHBIE MEXaHW3Mbl MY3BIKaJbHBIMH 3aKOHOMEPHOCTSIMH YIPaB-
JICHHUS CaMHM COOOH, CBOMM MY3BIKO3HAHHEM, CBOMMH COOCTBEHHBIMU UyBCTBaMu. 3
BBIILICH3JIOKEHHOTO MOXKHO CJIEJIaTh BIIOJHE ONPEIeJICHHbIN BBIBOJ — BOCIIUTAHUE Pa-
IMUOHAJIBHBIX, AHAJIUTUYCCKUX IMPUEMOB MY3bIKO3HAHUA, KOHCUYHO KC€, OCYIICCTBIACT-
Csl B TIPOIIECCE PEHICHUS] Pa3HOOOPA3HBIX MY3BIKAIBHO-XYIOKECTBEHHBIX 3a7ad Mpu
BeIyIIEH poiy BHYTPEHHETO ciyxa [4]. DTo BakHasi KOMIUIEKCHAs Mpo0iieMa KacaeT-
csi chepbl BIUSHUS KaTETOPHU «MY3BIKAIBHOE MBIIIJICHHE» M OHA JOJKHA pPelaThes
KOMIIJIEKCHO, TaK KaK Ipolecc 00y4eHusl clI0eH U MHororpaHeH. Ho camoe cioxxHoe
3aKIII0YaeTCsl B TOM, YTO MHOTOYPOBHEBasI IICUXOJIOTHYECKAs IESITEIbHOCTD MeAarora
Y YYCHHKA OCYIIECTBISIETCS B CUTYAIUH TIIYOOKOr0 TUAIEKTHYECKOTO IPOTHBOPEYUS,
IMOCTOAHHO BO3HUKAIOLICTO MEXAY IpouecCaMu YIPaBJICHUA WU TBOPUCCTBA, ITOCKOJIb-
Ky TBOPYECTBO U KOHTPOJIb, B U3BECTHOM CMBLICJIC — IICUXOJOTHUYCCKHUEC aHTarOHMUCTHI.
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TBOpUeCTBO Kak OBl CTPEMHTCS MOAABUTH COOOH KOHTPOJb, & KOHTPOJIb — MPOLECC
TBOpYECTBa. B TO ke BpeMsi OHM JOJDKHBI HE TOJNBKO COCYIIECTBOBATh, HO M aKTUBHO
B3aMMO/IeicTBOBaTh. OTCYTCTBHE KOHTPOJS CO CTOPOHBI TMEAarora 3a pe3yibTaTaMiu
TBOPYECKOW [IEATENIFHOCTH y4YEHUKA BEIEeT K CaMOMy OOBIICHHOMY IHJIETAaHTCTBY
yueHuka. OHaKO, HcCeaysl ICUXOJI0THYeCKyIo crielinuKy npodeccHoHaIbHOM nes-
TEIbHOCTH TEJarora, cieayeT OTMETUTh BCIO MHOTOIPAHHOCTh U METO/BI MY3bIKallb-
HOT'O TBOPYECTBA CAMOTI0 I€Aarora, yHUKaJbHOCTb €TO B3aUMOJEHUCTBUS C YUEHUKOM.
31ech KenaTenbHO 00beINHEHNE «PAIIMOHAIEHOTO» U «3IMOIIMOHAIBHOT0» TI0JX0/I0B,
4yTO TpeOyeT pacIIMpeHns W yriayOlieHus: 0a3pl OOIIENICHXOIOTHYECKNX 3HAHUN TPH-
MEHHUTEIHHO K MPaKTHKe mpodeccuu.

Takum 00pazoM, M3 MPOAETAHHOTO BBINIE 0030pa M aHajIM3a MOXKHO CHENaTh
BBIBOJI, YTO MOCTPOEHHE TeOpeTHUECKOW 0a3bl mpodeccuu mnemarora He MOXKET OBITH
PEIIEHO AMIUPHYECKUM MyTeM. DMITUPUYECKUH YpOBEHb HE CIOCOOEH MONHOCTHIO
YIOBJIETBOPUTH TPEeOOBAHUS MPAKTHKH 10 PAIlIOHATBHOMY YIIPABICHUIO TBOPUYECKON
nesTenbHOCThI0. Heo0xoamm nepexos K ypOBHIO, BO3BBIIIAOIIEMYCS Hal TPAKTHKOM,
pacKpeIBalOIeMy BHYTPHUIIPEAMETHBIE B3anuMoeiicTeus. [lepen memarorom mocTosH-
HO BO3ZHHUKAET MpaKTUYeCKas HEOOXOAUMOCTh B OCYIECTBICHUN OOIICHUsI, KOMMYHH-
Kallud ¥ TICUXOJIOTUYECKHX BO3/JEWCTBUH, Ha yUY€HHUKa, a TAKKe TBOPYECKUX Mpen-
CTaBJICHUH IEarora-pykoBOJUTENS B «CJBIIHMMYIO» W TIOHATHYIO JUIS y4Y€HHUKa-
MYy3BIKaHTa HHPOPMAIIHIO.

OgHUM M3 BO3MOXKHBIX IyTEH pa3pelieHUs] CIOKHUBIICHUCS CUTyallud MOXET
OBITH BBEJCHHE B MPOIIECC MY3BIKATHHO-TEOPETUIECKON MOATOTOBKU OYAYIIEro cIie-
[HATUCTa METOa MOJICITUPOBAHUS U aBTOMAaTH3UPOBAHHBIX CUCTEM [5, 6].

PaccmoTpumM, Kak MOYKHO HCIIOJIb30BaTh aBTOMATHU3UPOBAHHBIE CHCTEMBI WM
Kak 4acto roBopaT IT-TexHONOrMu B MpernojaBaHWM TEOPUH M aHaIM3a MY3BIKH, a
TaKk)Ke B HAYYHBIX UCCIIEOBAHUSIX B 00JIACTH My3BIKOBEIeHHUS [7].

st coBpeMeHHOT0 1MOAX0/1a B TOJITOTOBKE OYAYIINX MY3BIKOBEIOB, TIOBEIIIIE-
HUSl YPOBHS M YCKOPEHUS TPENOJIaBaHUS TEOPUH —MY3BIKO3HAHUS, a TAKXKE HAYUIHBIX
WCCIIEIOBAHNN U TIOJIyYE€HHUS KaueCTBEHHO HOBBIX PE3YyJbTATOB HUXKE IPEICTaBICH
MPOEKT Pa3pabOTKU MPUHIMIHATIBHONW CXeMbl WH(GOPMAIIMOHHONW 00pa30BaTeIbHOMN
CUCTEMBI B 00JIaCTH MY3bIKOBEJIEHUS, KOTOpas MpeacTaBiseTcd «ABTOMaTU3UPOBaH-
HOU My3bIKaJIbHO-0Oyuatomeil cuctemoit» (AMOC). HaznaueHneM 1aHHOTO MpoekTa
SBIISIETCS pa3paboOTKa aJanTHPYEeMOro K MOJB30BATEIN0 MPOrPaMMHOTO KOMITIEKca —
WHGOPMAITMOHHOW CHCTEMBI OOyUYEHHsI M TECTHPOBAHMSI, IMEOIIEH BaKHOE 3HAUYCHUE
JUTs 00pa30BaTENBHOIO Tpoliecca B 00JaCTH TEOPHU MY3BIKH, KOTOpas CIOXKHA KaK B
MIPEToAaBaHNH, TaK M B BOCIIPUATHH Ipu 00ydeHuu. Llenpio nmpeasaraeMoro mpoekra
SIBIISIETCSl CO3JIaHNe HH(POPMAITMOHHBIX M MPOTPAMMHBIX CPEJICTB TIOJJIEPIKKHU MpoIiec-
ca 00y4eHUs TEOPUH MY3BIKH (CONb()EAKNO, TAPMOHHH U TIP.) U OLIEHKH 3HAHUH B BU-
Jie aBTOMaTH3UPOBAHHON CHCTEMbI 00yUeHHs U TECTHPOBAaHHA. JTa CUCTEMa JIOJDKHA
OBITh yHHMBEpCAJbHOH, AaBTOMAaTH3MPOBAHHON CHCTEMOM, NpeACTaBiAIOLIeH coOon
(yHKIIMOHABHO-B3aUMOCBSI3aHHBIN HA00p TOJCHUCTEM Y4eOHO-TEOPETHYECKOTo, WH-
(hopMarMOHHO-TIPAKTHYECKOTO B BHJIC YIPaKHEHUH, IPUMEPOB U CLIHAPHEB IS Ka-
K0 00ydaeMoil My3bIKOBETYECKOW JAUCIUILIMHEI, a TAKXKe MPOrPaMMHOTO M WHKe-
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HEPHO-TEXHUYECKOro olecreueHus: Ha 0aze CpeIcTB BBIUYMCIMTEIBHON TeXHHWKH. B
CBSI3U C BBINIECKAa3aHHBIM OCHOBHOMW 3ajjaueil mpeiaraeMoro MmpoeKTa SIBISETCS BbI-
MOJTHEHUE paboT, HAMPABIICHHBIX K UCIIOJIL30BAHHUIO COBPEMEHHBIX HH(GOPMAIMOHHBIX
M KOMITBIOTEPHBIX TEXHOJOTUH B y4eOHOM (0Opa3oBaTeNB-HOM) IIPOIECCE B MY3BI-
KaJIbHBIX 00pa30BaTEIbHBIX 3aBEACHUSX.

B pamkax mpoekra OyzneT co3faHa NmepcoHATU3UpyeMasi HHTEpaKTUBHAs cpena
o0yd4eHus1, KoTopasi OyIeT HacTpauBaThCs COTJIACHO TpeOOBaHMAM O0YYaroOIIero 1 ero
nperogaBareis. OTH TpeOoBaHUS MOTYT OBITH C(HOPMYIHMPOBAHEI B BHUJE BOIPOCOB,
TaKUX Kak, HapuMep, HHTEPECYIONMUX o0ydaeMoro tem yueOHoro kypca. Ha ocHoBe
3THX BOMPOCOB o0ydaromias cucremMa OyneT aJanTHpOBaThCS K JaHHOMY OOydJarorie-
Mycsl, TEHEpUpYsl AJSl HEr0 COOTBETCTBYIOLIME CIIEHApUU OOydeHHs W obecreynBas
TeM caMbIM OoJiee APPEeKTUBHYIO OpraHU3aluio Hpouecca o0yueHnus. Tak mpenmona-
raercs pazpadoTKa IeKTPOHHOTO Yy4eOHOro Kypca — 3TO:

— 9JICKTPOHHbIC JICKIIHH,

— 3aJIaHNsI U YIPOKHEHUS I TPEeHaXepa,

— WTPOBBIE YIPAKHEHUS C YPOBHSIMH,

— TECTHI,

— uH(popMmanus 00 ypoBHE 3HAHHUH 1 0011Iel TOATOTOBKE 00yYaromerocs,

— OmnpezesicHNE B3aMMOCBS3eH MEKAY OTIEIbHBIMA KOMIIOHEHTaMH yueOHUKa,

— TIporpaMma BbIBOJIa HA MOHUTOP KOMIIbIOTEpa POPTETUAHHON KIIAaBHATYPhI JUIs
03BYUYHBAHUSI HA KOMITHIOTEPE aKKOP/IOB 33JaHUI TI0 TAPMOHHH, CONBGEIKHO U TIp.

Takum 00pa3oM, B MPOEKTE MpeJIoiaraeTcs pa3padoTka CHCTEMbI TECTHPOBA-
HUS - IPOBEPKU 3HAHWH 00yYaromerocs Mo KaKJA0My OTIICIIbHOMY BOIIPOCY, KOTOpast
MOJKET OBITh MCIOJB30BaHA C IENBI0 caMonpoBepku. Kpome aToro mpeamonaraercs
pa3paboTKa CHUCTEMBI ONpejeieHUs] OOLIEro YPOBHS, Ha KOTOPOM HAXOAUTCS 00Y-
YAONIUICS IO CTENICHN 3HAHUH, MOJYYCHHBIX C TTOMOIIIBIO CUCTEMBI.

TpebdoBanus Kk QyHKIMOHAJIBLHBIM BO3MOkHOCTAM AMOC

|. Peskumbl 00y4ueHHust

AMOC nomkHa 00eCleunTh aBTOMATH3AIMIO MPOIECCOB O0YUYCHHS, TECTUPO-
BaHUsI U KOHTPOJISI 3HAHUH 00YJaIOIIHXCSL.

AMOC oonscna obecnewums cnedyroujue pedcumvl 00yueHun .

1. mpoxokJIeHHe TMOHOTO Kypca (M3ydeHHe IMOJIHOTO Kypca TEOpUH MY3BIKH C
BBITIOJTHEHHEM TIPOBEPOUYHBIX YIPAXHEHHWHA JJISI COOTBETCTBYIONIUX JHUCHIUTUINH
(conbdhemKkno, rapMOHUH, MY3bIKAIEHON JTUTEPATYpPHI U T.1I.);

2. u3y4eHue BEIOOPOYHBIX Pa3JIesioB Kypca Uil COOTBETCTBYIONMX OOBEKTHBIX
o6nacTeit’ H3ydaeMbIX AHCLHILINH.

2 HOH HpeﬂMeTHOﬁ 00J1aCTBIO Jajie€ MIOHUMAaTh TCOPHUIO U aHAJIW3 MY3bIKH, U BXOISAIHNC B 3Ty
00I1acTh COOTBETCTBYIOIINEC JUCHUITJINHBI.
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1. PeskuMblI TeCTUPOBAHUS

AMOC dondcna obecneuums ciedyroujue percumbl Mecmupoeanus.

1. mpoBeJcHHME TPEHHWHTa MO KaXJIOMY pa3ieiny JUisl JaHHOW IUCIUILINHBL,
TpyIIe Pa3/ieioB Ui COOTBETCTBYIONIMX OOBEKTHBIX OONACTEH WM BCEMY KypCy B
EJIOM;

2. UTPOBBIC TECTHI, BKIFOYAIOIINE B ce0S BOMPOCHI TI0 JUCIUILTHHE, C BEIXOJIOM
Ha CJIeQYIOUINE YPOBHH ¢ 00Jiee CI0KHBIMU BOIIPOCAMH;

3. mpoBepka (TECTHpPOBaHHME) 3HAHHH MO KOHKPETHBIM pasfesiaM MO JTaHHOM
JUCLUIUIMHE, TPYIIE pa3esioB Al COOTBETCTBYIOIMIMX OOBEKTHBIX 00JacTeil WK 10
BCEMY KypCy OOyUeHHS.

I11. PesxuMbl KOHTPOJIS

AMOC oonsxcna obecneuums ciedyrouiue pexcumvl KOHMPOA 3HAHUIL 00Y-
yaruuxca.

1. HakomJIeHHWE CTATUCTHYECKHX JAHHBIX O TMpolecce OOYYCHHUS Il KaKJIOTrO
0bygaemoro;

2. HakorieHne nHpopMaIu 00 ypoBHE 3HAHHI 00ydaeMoro.

TpedoBaHMA K JIOTHYECKOH CTPYKType

AMOC pomkHa BKIIOYaTh B ce0s yIpaBISIONIyl0, HH(POPMAMOHHYIO, 00Y-
YaIOIyl0, TECTUPYIOILYI0 HojcucTeMbl. OOydaromasi MoJcUcTeMa B CBOIO OYepenb
JIOJDKHA COCTOATH M3 «Y4eOHHKOB» U «TpeHakepoB» COOTBETCTBYIOUIMX JHCIUILTUH
TEOPHH MY3bIKH.

ITpu mHCTamIsAnMK o0y4aromeld NHGOPMALMOHHON CHUCTEMBI KaXKAbIH IOJIb30-
BaTellb Oy/eT UMETh BO3MOXKHOCTh BBIOPAaTh M YCTAHOBHUTH Ha CBOW KOMIIBIOTEP TOJb-
KO T€ MOIYJH, KOTOpble OH IpeAnojaraeT H3y4uTh W HCIOJIb30BaTh B CBO-
UX TEOPETHUUECKUX HMCCIEIOBAHMUAX U «aHAJIM3€ MY3BIKH». MOIYJIbHBINA MPUHIUI T10-
CTPOCHUS TO3BOJHT JIETKO MOJICPHH3HPOBATH CHUCTEMY, OOHOBIISIS CYIIECTBYIOIIHE
MoyJH U toOaBiisist HoBbie. Huke, Ha Puc. 1, npencrasnena 6mok-cxema AMOC.

W3 Puc. 1. BuaHO, uTo noruueckas ctpykrypa AMOC, npennoxeHHast B CTaThe,
COCTOUT U3 CIIEAYIOIINX OJIOKOB:

1. ympasisttoero,

2. nH)OPMAIIMOHHOTO,

3. o0Oyuatoiero,

4. TECTHPYIOILETO.

Yupasasomas cucrema AMOC ynpasnsger o0ydeHHeM, MO3BOJISIET BBHIOH-
paThb COOTBETCTBYIOIINE PEKUMBI M MTOJKITIOYAET UX.

HNndopmannonnas nogcucrema AMOC cocTout u3:

1. uadopmanroHHo# 0a3kl 0 TEOPUU U aHATM3Y MY3bIKH, (ailJIOB HOTHBIX Ma-
TEpHAJIOB;
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2. 6a3bl TECTOB MO MpeaMeTHOH 00xacTH (1Mo comb(eaKuo, TApMOHHUU, MY3bI-
KaJIbHOM JHUTEpaType U T.H., TECTHl MOTYT OBITH, KaK 10 TEOPETHYECKON YacTu, TaK U
T10 TIPAKTHIECKOM );

3. 6a3el oOyuaembix (MH(popMarms o (haMUIUK, UMCHH, JaThl BXOXKICHUS B
AMOC, nnutensHOCTH 00YYeHUs], ypOBHE 3HAHUH, U T. 11.);

4. 6a3bl My3bIKAJIBHBIX CJIOBAPEH U TEPMHUHOB.

ABTOMATU3NPOBAHHAA MY3bIKAIbHO - OBYYAIOLLIAA
CUCTEMA

<

YHPBBHHHJI.I.I.ZH cucTema

////ﬂ\m

7 I
WUndopmaumnonHan Obyuarowan TecTupyrowas
nogcucrTema nogcucrema nogcucrema
— — ——
- YuebHUKM ANA H3yUeHUA
b basu (ainoB HOTHHX [ ———— L | TecTUpoBaHUe No
MAaTEpPUANOR BONpOCaM
- aHanNM3y MyaLm,
BHINONHEeHHHE B Web -
copmate
PeaynbTaTel 0GpaboTkn
> AAHHBIX
| (7aOnuun. roadwmen) | L > Tectnposakme no
e TpeHaxepy
Ba3a TecToB N0 TEOpHA U
’ AHANM3Y MY3bIKK
"YueGHUKM AnsA oGyueHusa
L—p-| war 3a warom, TakT 3a
Basa cuenapves TaKToM
|  no Teopun u aHanuay
MyZH KM
'OueHka ypoBHA 3HaHWA No
— pesyneTaram
TEeCTUpOBaHWUA
—p-| Ba3a oByuaembix
basa My3HKanbHHX
CroBapei U TEPMUHOB
Puc. 1.

Ooyuyaromas nmoacucrema AMOC cocrout u3:

1. snexTpoHHOrO y4eOHMKA IO TEOPUH U aHAIHU3y My3blkd B Web-dopmare;

2. ONTMCaHW MpeMETHON 00JIACTH IIIaT 32 IIaroM;

3. KJIMITIOB € Y4eOHBIM MaTepHAIIOM.

TecTupyromas noacucTeMa cOCTOUT U3 MOAYJIeil, BHINMOJIHAIOIINX:

1. TectupoBaHK€e B THIIEPTEKCTOBOM CTHIIE

2. TectupoBaHue BBIONHAETCA ¢ oMolibio moayiieiit AMOC. Dtu TecTsl nipe-
JIyCMaTPHUBAIOTCA KaK TPEHAKEPHBIE YIPaKHEHUS.

3. TectupoBaHue B BUJIE BOIPOCOB U BO3MOXKHOCTH BHIOOpPA NPABUIILHOTO OTBE-
Ta. TecTUpoBaHME BBIMOIHAETCS M3 TMpOrpaMMHBIX Moayieir AMOC. Oto TectupoBa-
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HHUE CONPOBOXKIACTCS OILECHKOM YpPOBHS 3HAHHH MO MpPEAMETHOH 001acTH (TeopHH H
aHAIIN3Y MY3bIKH).

4. Kak 0pu10 0TMeueHo, Bee nmoacuctemMbl AMOC B3anMOCBsI3aHBI MEXTy cO00it
Yyepe3 YIPaBISIOLIYI0 CUCTEMY U UMEIOT MOIYJIbHYIO CTPYKTYPY.

3agayaMu 3J1eKTPOHHBIX y4eOHMKOB ynpaxxHeHuii 1 TectoB AMOC, sBns-
I0TCS co3anre dPPEKTUBHBIX CPEACTB OBICTPOTrO M KAUECTBEHHOTO MOMYYCHHUST HEOO-
XOIMMBIX 3HaHWH. IHTepakTUBHBIN (AMAIOTOBBINA) METO, IO CPABHEHHIO C TPAAHULIU-
OHHBIMH METOJlaMH OOy4YeHHSI CIIOCOOCTBYET OCBOCHHIO MaTepHaja B KOPOTKHE CPO-
Kd. Mcnonp3yeMblii MHTEPaKTUBHBIM PEXHUM IPU TECTHPOBAHUU C HCIOJIb30BAHHEM
UTPOBBIX IPUEMOB IIOMOXKET B OOJBLICH CTENIEHH CHATH HAarpy3Ky M TpeOyemoe Ipu
TPaJULIMOHHOM OOYYECHUH HATIPSHKEHUE.

Takum o6pazoM, u3 nornveckoi cTpykTypsl AMOC, MOXHO BBIICTUTH TPU He-
3aBHCUMBIX 0JIOKa, TIPETyCMOTPEHHBIX ISl DJIEKTPOHHOTO O0YYCHHUSI.

[lepBsIit OJ0K — 3TO y4EOHHWKH, BHITIOTHEHHBIE B THIIEPTEKCTOBOM cTHie [6],
CIOZIa JK€ Yepe3 MEHIO BCTpauBaeTcCsl (BBI3BIBAETCS) IPOrpaMMa, MO3BOJISIONIAs BBIBO-
JUTh Ha MOHHUTOpP KOMIIbIOTEpa (OPTENHAHHYIO KJIaBHATYpy U1 O3BYYMBAHHS Ha
KOMITBIOTEPE aKKOPIOB, MOIYYECHHBIX NPH PEIICHUH TAPMOHUYECKHUX 3a]ad WM JpY-
TUX TECTOBBIX MPUMEPOB 110 TEOPUH WIIH aHATHU3Y MY3BIKH.

1. Y4eOHMKH, MPEACTABISIIOT COO0I THIIEPTEKCTOBBIE JOKYMEHTHI C HEOOXO0IH-
MBIMH U1 O0Y4YEHHUSI MaTepualaMH, B TOM YHCJI€ ¥ HOTHBIMH, CO CCBUIKaMH JUIS Iie-
pexoa mpy HeoOXOIMMOCTH Ha Oollee moApoOHOE ONMCaHNe WHTEPECYIOMIEH TeMBI B
MOIPOOHOCTSIX.

2. Bropoii 6JI0K — 3TO TpeHaKEPHBIE TECTHI.

TpeHaxkepHbIE TECTHI MPEACTABISIOT COOOH TMIIEPTEKCTOBBIN JTOKYMEHT 10 H3-
JIO’KCHHOMY B yueOHWKE MaTepHally M0 TEOPUH W aHAM3y MY3bIKH C BOIPOCAMH H
OTBETaMH, U3 KOTOPBIX 0OyUYaroMUiCs T0JDKEeH BIOpaTh NpaBMIIbHBIN 0TBET. I1pHn He-
COCTOATENIFHOCTH 00y4aeMoro BHIIONHUTH 3aganne B AMOC npeaycMoTpeHa CChli-
Ka, C IOMOIIBI0 KOTOPOH MOXKHO MEepeHTH Ha HyXKHBIM pas3zgen B yueOHUKe it Gop-
MUPOBAHUS H OCMBICITHBAaHUSI TPABUIBHOTO OTBETA.

Lens Tpenaxkepubix TectoB AMOC B 3¢ dexktuBHON dopme 03HAKOMUTH 00Y-
YaoIIEro ¢ OCHOBHBIMH MaTepHajiaMH, H3JI0KEHHBIMU B YUeOHHKAX 110 MPEJIMETHOM
obnactu.

3. Tpetuii 670K COCTOUT U3 KOHTPOJIBHBIX TECTOB U BOIIPOCOB.

CyTb KOHTPOJIBHBIX TECTOB COCTOUT B OINpENENIEHHMHM YPOBHS 3HAaHUH mocie
NPOXOJKICHUS TEPBBIX JBYX OJIOKOB. KOHTpOJNBHBIE TECTHI, TIO3BOJISIIOT TIOCHE Tpe-
HUHTA Ha YIIPOKHEHHUAX B TUIIEPTEKCTOBOM PEXHMME C TTOMOIIBIO BOTIPOCOB U OTBETOB
YCTaHOBUTH YPOBEHb 3HaHHU. TO €CTh NPU KOHTPOJIBHOM TECTHPOBAHHH OTBETHI Olle-
HHUBAIOTCS COOTBETCTBYIOIIMMH OanjamMu, IPU 3TOM KaXXIbli OTBET UMEET CBOH Bec.
Bonpockl 1 0TBeTHI, BXOASAIINE, KaK B 3TOT OJIOK TECTUPOBAaHUS, TaK U B TPEHaXep-
HBIH OJIOK C THIIEPTEKCTOBBIM PEKMMOM MPEACTABIAIOT COOOM OHU U TE€ KE TECTHl U
cojepxarcs B 6a3e TECTOB.

Takum oOpaszom, cienyer oTMeTuTh, 4T0 AMOC MOXXHO 0XapaKkTepHu30BaTh Kak
YHHUBEPCATBHYIO 00YYaIOIIyI0 CUCTEMY, KOTOPYIO MOXKHO HCIIOJIb30BaTh KaK JIOKAIIb-



JLA. Asnaypan, C.M. Kasapan, C.X. Haxamaxan 65

HO, (HETIOCPEICTBEHHO HA YPOKE), TaK U AUCTAHLIUOHHO, M KOTOPYIO MOXKHO HACTpau-
BaTh 110 OTHOIIEHUIO K MpeaMeTy oOydenus. Pasmemenne, pazpadoranHor AMOC Ha
cepBepax JOKaJbHBIX ceTell y4eOHBIX 3aBEACHHI, TIO3BOIUT OPTAaHU30BAaTh O0yUYEHHE
MY3BIKQIBHBIM TEOPETHYECKAM IUCIHUILIMHAM B KOMITBIOTEPHOM KJlacce ¢ MCIOIb30-
BaHMEM HOBBIX TEXHOJIOTMH AJISl TIPOBEJCHUSI yPOKa HA OCHOBE HOTHBIX MaTepHalioB
KOHTPOJIBHBIX 33JaHui, TECTOB, a TaAK:Ke PaOOTHI C TPEHAKEPaAMH M CLICHAPHSIMU KasK-
JIOTO Y4YeHWKa (CTyJeHTa) 3a MEepCOHANbHBIM KOMIBIOTEpOM. Pa3memienne ke 3Ton
CHUCTeMBI Ha caiiTax VHTepHET MO3BOJHMT OpPraHW30BaTh AMCTAHIIMOHHOE OOyYeHWE,
TECTUPOBAHHNE W KOHTPOJb 3HAHUI 00ydaeMBbIX B paMKax JIF000W MpeaMETHOH obmac-
T MY3BIKO3HaHUS. B CBS3M € 3THM CO31aHHE aBTOMAaTH3WPOBAHHBIX CPEACTB 00yde-
HUS 11e1ec000pa3Ho U UMEeT aKTyalbHOE 3HAUeHHUE IS TOCYAapCTBa, pa3BUBAIOIICTO-
cs B HamnpaBieHuu IT-TexHonorui.

B 3aximodenue cienyer OTMETUTh, YTO CBSI3b MEKAY Pa3IHMYHBIMU HayKaMd U
MY3BIKO3HAHHEM JI0 CHX TIOp eIlle HeJOCTATOYHO yCTAaHOBIIEHA U pa3paboTaHa, O3TO-
My HEOOXOIWMO HWCCIENOBaTh TPyAbl B o0iacth WHPOpPMAIMOHHBIX cucteM |T-
TEXHOJOTHHA U IPYTHX IUCIUILTAH, CBSI3aHHBIX C MY3BIKAIGHBIMA TEMAMH U MY3BbIKO-
BEJICHUEM.
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uvoenoenku

znpush niunudbwuhpnipjut tywnwlukpt b wyuqu Epu-
downnipjut ntunigsh ywutwghnuljub §ndybnbunnipjut hwpn-
twpbpnudp, hhdbuwdnpnudp b thnpdtwljut uinnignidp: Nrunwd-
twuppnipjult wowplub b tpudonugbn-yipniswpwh b tpw-
dhomn-wpwlipinh Yndybnbktnnipjut dbwynpdw gnpdpupwugp:
znnpJudnid ukpyuyugyusd b kpudonnipjub mbkunipjut b Jbpint-
Snipjutt «Uduniuwunugus bpudynuljubi-ntunignquljut hw-
dwljupgh» twpuwghép b piny-ujubdwi:  Nrunidbwuhpnipjub
nupwugpmd wpyk] £ hbknlbnipinil, np ntunigsh dwubwughwnnipjub
nbkuwlwb hkuph Jupnignidp sh Jupnn hpujwbwgyk; tduyhphly
Enutwlny, npt wbjupnn k jhupdtp pwdwpupk] unbnéwgnp-
Swljult gnpénitubmipjut pwghntuw) jupwupdwt wywhwbyetk-
nhi: Uuhpwdbyon b dowlly wiugnmd nhwyh dwlwupgul, npp
wpulnhly dnnkgnulubphg wytih pupdp Yihh b jpugwhwynh
ubpunupuyului thnjgopsulgnipniup: Uju Jupnn b palib
unp ghnimipjut hhupnud, npp kplwt Ypkph Epwdonnipjut nw-
nujuiuniut hisnnnipjut b hpwjwbwgdwt JEpwpbkpu; yuwn-
YbEpugnidubph ppwlwt hwpwpbkpwlgnipniip, hgh hwdwp
wlhpwdton k£ SS mbkuuninghwtph Yhpwnnidp:

Zpltwpwnkp nknEjunduljul, wjuniunugus nunignnu-
Juwt hwdwlupgbp, tpudynuljub-nbuwlwi ghljjh nphughwyht-
ubip, Epudonnipjutt mbkunipnil, tpudonnipjut Jhpnidnipntl,
hwpunuhw, unibtgohn, SS wmkluninghwitp ghnwlwi htwnwgn-
nnmpnLautpnid b tpudomnwghwnnipjut njnpunid:

AUTOMATED MUSICALLY TRAINING SYSTEM (AMOS) OF
TEACHING OF THEORY AND ANALYSISOF MUSIC

L. Aznauryan, S. Kazaryan, S. Nahatakyan

lusine.aznauryan8@gmail.com, nax_satik@rambler.ru
SUMMARY
The purpose of the study reflected in the article is to identify, analyze and
perform experimental verification of conditions that form the pedagogical
competence of a future music teacher. The subject of the research is the
process of educating specialists of musicological analysisand competent
music students. The article illustrates the draft and the flow chart of “Au-
tomated music teaching system” for teaching music theory and analysis. It
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has been concluded that the theoretical background for teacher's pedagog-
ical knowledge cannot be developedempirically, asthis method is incapa-
ble of meetingthe practical requirements for effective creative activity
management. It is necessary to make an upgrade over the practice, which
will enable to reveal inter-subject interactions. Based on this, new science
can be created, capable of interpreting the actual correlation between the
conception of teaching and musical talent, sounding and its production,
which requires modern IT technologies.

Keywords: information, automated training systems, subjects of music-
theoretical cycle, music theory, music analysis, harmony, solfeggio, IT
technology in scientific research in the field of musicology.
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HNOTI'JIOINEHUE CBOBOJHBIMU HOCUTEJISIMUA B
MMAPABOJIMYECKON KBAHTOBOM SIME C YYETOM
PACCEAHUSA HA TPEXMEPHBIX AKYCTUHYECKUX ®OHOHAX

A.O. FeBOpFﬂﬂl, .M. Ka3apm{2, A.A. Kocrausin®

Poccuticko-Apmanckuii Yuueepcumem
gevorgyan.artak@gmail.com

AHHOTALMS

PaccMoTpeHBl BHYTPHIIOJI30HHBIE TIEPEX0/bl 00YCIOBICHHBIE IMOIJIONIe-
HHUEM CBeTa B MapabonyuecKoil KBaHTOBOH sIME C y4EeTOM pacCesHHS Ha
TPEXMEPHBIX aKyCTHYeCKHX (oHOHax. [loJyueHO aHaMUTHYECKOE BBIpa-
KeHHe Uil Kod(pdUIMeHTa NOTJIOMEHHUS ¢ YIeTOM IBYX THIIOB IPOLEC-
COB Ul TIepexolia HOCHUTENEH 3apsia ¢ HadyaJbHOTO COCTOSHHS B KOHEU-
HBII — ¢ IEPBOHAYAITHEIM IIOTJIONICHHEM U C JaJbHEHIIUM paccestHueM, U
HA00OPOT.

KaioueBble cji0Ba: BHYTPUIION30HHBIE TI€PEXO/bl, MNapaboauyeckas
KBaHTOBas sIMa, aKyCTUYECKUH (POHOH.

1. Beenenue

IIpssMoe moryoeHne cBeTa CBOOOAHBIMUA HOCHTEJIIMH HEBO3MOXKHO, T.K. 3TO
NPOTUBOPEYUT 3aKOHAM COXPaHEHHs DHEPruM U umiyibca. Hamuaue gpoHOHOB, mpu-
Meceld M JIpyruxX Je(eKTOB PEIIeTKH JIENA0T BO3MOXHBIM TIOTJIONIEHUE CBETA, T.K.
paccesiHue Ha TpeThell yacThile obecriedrBaeT U3MEHEHUe UMITyJbca. braronaps aTo-
My nornomeHue cBoooasiMu Hocutersimu (IICH) sBnsieTcst oqauM U3 3¢ (EeKTHBHBIX
MHCTPYMEHTOB JJIs1 BBIBJICHUSI U OLICHKM MexaHu3MoB paccesHusi. IICH Obuto pac-
CMOTPEHO B OOBEMHBIX MOJIYHNPOBOAHUKAX B PaMKax BTOPOIO MOpPsIKAa TEOPHUH BO3-
MYIIEHUH C YI€TOM Pa3INIHBIX MEXaHW3MOB paccessHud [1], B Tom umcie u Ha Koue-
OanmsIx pereTk [2].

EctectBenHo, uto mHTEpec Bh3bIBaeT paccmorperne [ICH B HH3KOpa3MepHBIX
CTpyKTypax. BcnencTBue pazMepHOro KBaHTOBaHUS (HampyMep B OJHOM HallpaBlie-
HUM B KBaHTOBBIX SIMaX), BO3HUKAIOT SHEPTETHUECKHE ITOA30HbI, YTO /IEIaeT BO3MOXK-
HBIM IIE€PEX0/Abl KaKk BHYTPH OJHON MOJI30HBI (BHUTPHIIOJ30HHBIE MEPEXObl), TaK H
MEX/Ty O30HaMH (MEXITO30HHbIe Tiepexobl) [3].
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BayTtpumnonzonnsie mnepexoabl B kBaHTOBBIX siMax (KSI) BbI3bIBaroT OonbLION
vHTEpec Onarogapsi CBOMM YHUKaJIbHBIM XapaKTEPHUCTHKaM: OOJBIIOTO JUIIOIHHOTO
MOMEHTa, YJIbTPa-OBICTPOI pelrakcali, OOJBIIONH BO3MOKHOCTHIO HACTPOWKH JUIWH
BOITH 11epexo0/10B [4—6]. DTo BaXKHO HE TOJNBKO C TOYKHU 3peHUs PyHIaMeHTaAIbHOU (u-
3UKH, HO M Pa3pabOTKH HOBBIX TEXHOJOTMYECKUX MpHiIoKeHui [7-9].

OnHUM U3 MEPBBIX TEOPETHUECKUX paboT, MOCBALICHHBIX MOTJIOUICHUIO CBETA
CBOOOTHBIMH HOCUTEIISIMHA B KBAHTOBO-Pa3MEPHBIX CTPYKTYpax sBIsIIOTCs paboThl Ka-
3apstHa u ap. [10, 11], rme B paMkax BTOPOTO MOPSAKA TEOPUH BOSMYIIIEHHN TIOTydeHBI
YaCTOTHBIE 3aBUCUMOCTH KO3 (pHUIIMEeHTa MMOTIONICHU CBETa HEBBIPOKICHHBIM DJICK-
TPOHHBIM Ta30M B TOIYNPOBOAHHUKOBEIX IieHKax (KSI) m mpoBomokax (KBaHTOBBIC
npoBoJiokn) [12-14].

C nmpyroii cCTOpoHBI, BO3HHKAaeT HEOOXOAUMOCTh CO3/IaTh OoJiee PeaTuCTUIHYIO
MOJIeJIb OTPAaHUYMBAIOIIETO MOTEHIMANA, C YIeTOM (H3UKO-XUMHYECKUX CBOWCTBA- U
reoMeTpun CTPyKTypsl. llepBbie opmupyroTr (opMmy moTeHmmMaIbHOTO Oapwepa, a
BTOpasi — CHMMETPHIO TaMIIIbTOHHaHA. [[pUMEHSITUCh pa3inyHble MOIETH OTPaHUIH-
BAOIIETO MOTEHIMANA JUT HU3KOpasMepHbIx cucteM [15-17]. B mepBom mpuOiike-
HUHW NIOTCHIMAJI OT'PaHUYCHUA MOKHO alllIpOKCUMHUPOBATH Hapa6OHI/I‘ICCKI/IM. B JaJib-
HEHUIIeM IIPEIIoIaraeTcs, YTO OrpaHnInBaomui moteHmuan K5 umeer Bug

m w?z?
Vconf (Z) = %’ (1)

rae M — >ddeKxTrBHAsg Macca 31EKTPOHA, (0, — YaCTOTa OTPAHUYHMBAIOIIETO MOTEHIIMA-

na K41, onpenernsiemast ¢ mOMOIIBIO BUPUATIBHOU TEOPEMBI COITIACHO COOTHOLLICHHIO

h
=2 @

@, = * ’
0 mL2

rae L — mumpuna K5, y — HEKOTOPBIH MOArOHOYHBINM MapaMeTp, 00eCreYnBarOIIii
TOYHOE PaBEHCTBO B (2).

B nanpHeWmux BEIYMCIEHUSIX MBI OyeM paccMarpuBarh K5 ¢ ocIIMIUIATOPHBIM
noTeHuuanoM orpanndenust (1). YuurteiBas BUJ OrpaHUYMBAIONIETO HOTEHLIMANA JUIS
BOJIHOBOM (DYHKIIMH MOJIyYHM BhIpasKE€HHE

ve et L5
|(P>=\/I«/1 [Lz) e, (A1) ®)
S {21zl L LJ
rae H, — nommroMsr DpmuTa.

2. Teopusi

B ciydae paccMoTpeHHs BHYTPUIIOJ30HHBIX IE€PEX010B, BO3MOXKHBI 1Ba THIIA
MPOLIECCOB IS MIepexo/ia HOCUTeNeH 3apsaa ¢ Ha4albHOTO COCTOSHUSA B KOHEUHBIH —
C TICpBOHAYAIHBIM TOTJIOIIEHHEM U C NANTBHEHITNM paccessHiueM, U Haobopot. O0mmii
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BUJT KOO HIIMEHTA MOTJIOMEHHS MOKET OBITh 3allMCaH, B paMKax BTOPOTO MOPSIKa
Teopuu Bo3Mymienuii [18], kak

| 2

277 o [[Min| (M| My |[M
aW)Z%ZZ%Z‘ =L f‘+‘ E_‘_‘E f‘

1 m'

fi (1— fk“,)a(éf ~E).@

rae & — audsekTpudeckas nocrosunas, N — konudecTo GpoToHOB nazaromumx Ha K
B €JICHUIy BPEMEHH! Ha €IUHHUILY IUIoMand, C — CKOpOCTh CBETA, fi — (yskus pac-

v v o
nmpeaciacHusa 3apsaaa, Mim y Mm'f — MAaTpUYHBIC 3JICMCHTHI, O6YCJ'IOBJ'ICHHI:II/I II0rJ10-

J J
wenneM dorona, a M, M; . — MaTpuuHble 31eMeHTbI, 00YCIOBICHHBIEC PACCESHH-

€M Ha aKyCTH4ecKux (oHOHaxX. CienoBaTenbHO, B CIydae IEePBOHAYAIBEHOTO ITOTIIO-
wenus porona (puc. 1, mepexon imf — mpouece Tuna «a»), nepexon i —> M conposo-
XKIaeTcs mornomenrueM ¢GoroHa, a nepexoxy m — f coorBercTByet paccesHue. [Ipu
MIEPBOHAYATIFHOM K€ paccesHuu (puc. 2, mepexon im ' — mpolece Tuna «0») uMeeM:
I —>m' — paccesnne u m'—> f — nornomenue porona. Cocrosaus M u M’ sABNSA-
I0TCSl BUPTyalnbHbIMU. [lepBblii wieH B ypaBHeHuH (4) oTBedaeT 3a MPOLECCHI TUIIA
«a», a BTOPOH — 3a MPOLIECCHI THIIA «O».

E E

n=1

k k

Puc. 1. DHepreTudeckast quarpamma rnepexozos ¢
HepBOHAYAIbHBIM NIOTTIOMIEHUEM CBeTa (Tpo-
LIECC TUTIA «a»)

Puc. 2. DHepreTuyeckas quarpamma nepexooB ¢
NepBOHAYATEHBIM paccesHuEeM Ha ()OHOHAX
(poriecc Tuma «6»)

ITonmbie OHEPruu CUCTEMbI UMCIOT BUL

2
Ei - h kL +%+hmihm ,
2m 2 d
21,2
E .:h k“j'+%+hm, E

™ 2m 2

21,2
Em = Z;T +%ihmq
I 2 )
I + O e , hmosc _ 'Y* .
2m 2 m L
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C ydetoM BHJa BOJHOBOW (QyHKIHMH (3) MAaTPUUHBIA dJIEMEHT, 00YCIIOBICHHBIH
MOTJIOIICHUEM (POTOHA JACTCS BHIPAKECHUEM:

v . 4An° 27 ihe) |h

My, ={en [H |0;) = KB g | —= )y~ ()

Sf m 0]

PaccesiHne Ha TpexMepHBIX aKycTHYecKMX (POHOHax, cumTarercsl (HaKTHUECKU
ynpyruM. Matpuiia paccessHusl Ha TpeXMEPHBIX aKycTHdecKuX (hoHoHax mgaercs [19]

<\M§2?\2> ={p,|H"|o,)" JLDZ(NQ RN kyTD?

7
2¢, 2 2 2¢, @

JUTE 00OMX TPOIIECCOB: MCITyCKAaHUS WM e moromeHus (GoHOHOB. Tre D — apmsercs
HOCTOSHHOM J1e(OPMaIMOHHOIO TIOTEHIMANa, a C; — NPOJI0JIbHAS yIpYyTas MOCTOSHHAs.
OTMETHM, YTO U3 JIMHEWHOCTU TUCTICPCHOHHOTO COOTHOIICHUS ISl aKyCTHYEeCKUX (o-
HOHOB CIIEJTYeT, 4TO MaTpuIia paccestHus (7) He 3aBHCUT OT BEKTOPA PACCESHHSI.

h
H ™ — ramunsronuan paccesnus Ha aKycTudeckux (pononax, Ny — GyHkms pac-
TIpeeNeHns akycTuaeckux (poHoHOB ((pyHKIMs pacnpenenenuns bose — DitHmTeiHA):

1 KT

M= exp(ha, 1k,T)-1 ho,

>>1, (8)

B YYHTBIBAETCS TOT (PaKT, YTO SHEPTHS aKyCTUIECKOTO ()OHOHA HAMHOTO MEHBIIIEC YeM
TETUIoBast SHEPTHs (MCKIII0Yasi HU3KUE TeMIIEpaTyphl).

W3 3akoHa coxpaHeHUs SJHEPTUU U UMITYIIbCa, PUHUMAs Bo BHUMaHUE (yp. (5)),
JUTSL BOJTHOBOTO BEKTOPA DJIEKTPOHA HMEEM

-+ , ©)

rie K — BomHOBOI BekTOp 21eKTpOHa /10 paccestnus, K' — BOIHOBOI BEKTOP 21IEKTPO-
Ha oCIie paccesiHus Ha KoneOanus pemerku, 6 — yron paccesnus (yron mexay (K u
k"), q= ‘k -k ‘ — MOZyJb Pa3sHOCTH BOJHOBBIX BEKTOPOB 3JIEKTPOHA A0 U IIOCIE

paccestHus.
U3 (yp. 9) cinenyer, 4TO BOJIHOBOM BEKTOP 3JIETPOHA MOXKET NMPHUMATh MUHU-

MaJIbHOC U MaKCHUMAaJIbHOC 3HAYCHUA (‘k . Hu ‘k‘ ) , KOTOPOC 3aBHUCUT OT YyIJjia pac-
min max

_ (+ m*a)q _g m*_a)\ ‘E‘ _
min k_ hq 2 * hq 1 max

Hnst pacuera ko3 umenta nornomeHus (cM. yp.(4)) MoxkeM 3amucarhb

k

CCSAHMUA: ‘
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Jel s Vo o 2n(\M
a(w):mk(Zn)zJ [dkd’k, == - {—+

(ho)
2 , ) (10)
M| M| (WK e )
18] — —hw+thf(ki)[1—f(kf)]
(k2 wk ) 2m” 2m’
om™ om' qu

rne f(k) u f(k;) BeposiTHOCTD 3amoIHEHHST HAYATBHOTO M KOHCYHOTO COCTOSHHS

CcOoO0TBeTCTBeHHO (pacnpenencane Oepmu—/upaxa).
OrpaHu4uMcsi pacCCMOTPEHUEM HEBBIPOXKCHHOTO 3JICKTPOHHOTO Ta3a ¢ TeMIIe-

parypoit T, mpenebperas f (k) (r.e. f(k;)=0); mua f(k) BosbMem dyHKumIO

pacnpenencHust bonbimana

(27[ Dy
fok) = mk,T J(l EXpL kTU pk 2m kT) (D

rae N, — KOHLEHTpaLus CBOOOIHBIX 3JIEKTPOHOB.

ITpu moacTaHOBKE BBIpaXeHHH MaTpuuHbIX deMeHToB (6), (7) B (10) u ¢ yue-
TOM BHJa GyHKImU pactpenencuus (11), ausa koadduimenTa MoTrIomeHHs MOTyIuM
CJIC/IYIOIICE BhIPAXKECHUEC

ho, V|| EX (13 ho)
1— 13
“(o)=cji-os- J}Lm)u EJ} “
1€ UCITIOJIb30BaHbI CJ'IG,Z[YIOH_II/Ie 0603Ha‘l€HI/IHI

E, =kgT;
c o Znne(Dz\ (14)

o)

3. Pe3yabTatsl

Hccemenyem 49acTOTHYIO 3aBHCUMOCTh HAa OCHOBE TIOJIYUYEHHOTO BBIPAXKEHUS
(13). s 3TOro paccMOTpPUM cCilydail, KOTja SHeprus majaromiero (GoToHa Oobine

TEIIOBON SHEPTUM (ha)> kBT), CIIEI0BATENBHO I KOA()(HULIUEHTA TOTIOLIEHHS

1

HUMCEEM CJICABIOIINYI0 YaCTOTHYHO 3aBUCUMOCT ~ -

(0]
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HpI/I PacCMOTPCHUN MACCUBHOT'O o6pa3ua, B KBAHTOBOMCXAHUYCCKOM PACCMOT-

pEeHUH 3a7]a9d, UMEEM CIIEIYIONTYI0 YaCTOTHYIO 3aBUCHMOCTH Ui Kod(dunmenTa mo-

rnomenus ~ — (mpu 2w > KT ) [20].
oF

8.
9.
10

11.
12.
13.
14.

15.

16

17.

18.

19
20
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FREE-CARRIER ABSORPTION IN A PARABOLIC QUANTUM WELL WITH
CONSIDERATION OF SCATTERING ON 3D ACOUSTIC PHONONS

A.H. Gevorgyan', E.M.Kazaryan?, A.A. Kostanyan®

Russian-Armenian University
gevorgyan.artak@gmail.com
SUMMARY

Intrasubband transitions caused by light absorption in a parabolic quan-
tum well is considered taking into account the scattering by 3D acoustic
phonon. An analytical expression for the absorption coefficient is ob-
tained based on both initial absorption of a photon and a further scattering
on acoustic phonon and vice versa.
Keywords: Intrasubband transitions, parabolic quantum well, acoustic
phonon.
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KBAHTOBASI MEXAHUKA

YK 530.145 [TocTyrmna 16.10.2015r.

A NOTE ON SETO’S THEOREM

L. Hovakimian
Institute of Radiophysics and Electronics of NAS RA, Ashtarak-2

SUMMARY
The validity range of Seto’s theorem for the number of bound S-wave
states in a central field of force is extended by invoking the transforma-
tion properties of the radial Schroedinger equation in continuous D di-
mensions.
Keywords: bound S-wave states, continuous radial dimensions, “centri-
fugal attraction”.

Consider a Schroedinger particle moving with grand orbital momentum L in D
spatial dimensions [1-6] under the action of an attractive central potential
[U(r)=U(r) <0,U () = 0] satisfying the integrability condition [1, 7, 8]

jr|U(r)|dr<oo.
0

By utilizing Schwinger’s technique of derivation [9] of Bargmann’s inequality [10],
Seto [1] has obtained years ago an important [4] theorem

(2m/h2)]‘o
N (D) < M) oy )ldr, 2L+D-2>1 1
O <5 pg) Ul 2L @

(see the main theorem 3.2 in Ref. 1, p. 439), which imposes an upper limit on the
number, N, (D), of bound L-wave states created by U(r) in D dimensions. The

fundamental relation (1) shows that the number N, _(D) = N, (D) of bound S-wave
(L=0) states in the potential is limited by
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am/12) [
NO(D)<%£r|U(r)|dr, D-2>1 @

where m is the mass of the particle experiencing the central field of force. It further-
more implies that in infinite dimensions [2] even a strongly attractive potential,

1<< (2m/h2)Jr|U(r)|dr< D-2 Do, 3)
0

is incapable of binding an S-wave particle. In three spatial dimensions, Seto’s theorem
(2) accurately reproduces, as it should, the s-wave version of the Bargmann bound
[10],

NO<(2m/h2)jr|U(r)|dr, D=3. @)
0

In this brief report, our objective is to present a calculational scheme which
makes it possible to establish the theorem (2) by abandoning the restrictive condition
D—-22>1 and placing on D a less stringent condition specified by D—2 > 0. This
scheme uses the transformation properties of the radial wave equation in continuous D
dimensions [3,5] and the spectral bounds for the Sturm-Liouville differential operators
[11,12]. As we will see below, an extention of the validity range of (2) enables one to
formulate a necessary condition for the occurrence of at least one bound S-wave state
in a shallow [8] potential acting in radial 2 < D < 3 dimensions [3,5].

Let us start our analysis by noting that for an S-wave particle in D dimensions
the radial wavefunction, R, _,(r) = Ry(r), satisfies the second-order differential equ-

ation [2,5],

2 _
S4Bl -k [Ry(n) =0, (5)

r dr
in which k is the spectral parameter and
q(r) = (2m/r*)U(r) (6)

is the reduced potential. One can reorganize Eq.(5) to make it look like a radial equa-
tion for a Schroedinger particle in three spatial dimensions by eliminating the first-
order derivative term through the ansatz [1,3-6],

Ro(r) =r~®"2u(r). (7)
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Insertion of (7) into (5) leads to Sturm- Liouville equation,

[7(c)—kJu(r) =0, (8)
where the D-sensitive structure of the differential operator is given by
2

r(©) = 5 ) ©)
=w =1(1+1), (10)
and the formula
D-3
| = T (12)

describes the relation [6] between dimension and effective angular momentum
| =1(D). More precisely, Egs. (5)—(11) demonstrate that the S-wave problem in con-

tinuous D dimensions becomes equivalent [6] to the familiar I-wave problem [7,13] in

the three-dimensional configuration space. Taking advantage of this equivalence, we

may proceed further by imposing on real-valued | the restrictive constraint [7,13,14]
1

| >—E. (12)

The crucial observation here is that under such restriction the z(C) of (9) operates
with the so-called subcritical [12] coefficient,

1
c>——. 13
; (13)

In addition, (12) allows to deduce from (10) the following key relation:
0<4c+1=21+1=D-2. (14)

We have now reached the stage where a Bargmann-type bound for N, can be

constructed by invoking the spectral theory of Sturm-Liouville operators. On applying
the theorem 1.1 given by Schmidt [11] (see also Eq. (1.2) in Ref. 12), using Eqg. (6)
and the form (14), we obtain the main result of this study, namely

N, (D) < /h)j rU@)|dr, D-2>0. (15)

\/_J‘ rla(r)jdr =
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As can be seen, Eg. (15) is a bound with the same functional form as (2), except for
validity condition D—22>1 being replaced by D —2>0. One thus arrives at the
conclusion that Seto’s theorem (2) actually holds for all continuous dimensions such
that D > 2. It is perhaps worthwhile to emphasize that, unlike (2), the formula (15)
takes cognizance of the fact that in continuous radial dimensions the angular momen-
tum (11) can traverse the domain

—l<l<0.
2

In this domain, the object ¢ =1(l +1) in (9) is negative (—1/4 < ¢ <0) and induces

“centrifugal attraction” (see the discussion in Ref. 14, pp. 2206-2207). If the constraint
(12) would have been replaced by a more severe constraint, | >0, then this “centri-
fugal attraction” would have disappeared from our picture, and the relation (14) would
have generated for the validity range of (15) a quite different result,

NJdc+1=D-22>1,

i.e., nothing else but the validity range of the expression(2).

The usefulness of (15) can be illustrated by considering the salient features of
the radial bound state problem in continuous 2 < D < 3 dimensions [3,5]. If the po-
tential is shallow [8],

(2m/1?) j r|U(n)|dr <1, (16)
0

then the inference to be drawn from (15) is that the necessary (but not sufficient) con-
dition for the existence of at least one bound S-wave state in U () comes about as
follows:

(D—2)<(2m/h2)jr|U(r)|dr<1, 2<D<3. (17)
0

With increasing dimension D, the coefficient [c(D)| is decreasing, and the condition

(17) is satisfied with increasing difficulty. Moreover, in the asymptotic limit
(D —2) -1 the “centrifugal attraction” shows diminution,

I((D—>3)—>0=L, ¢c(D—>3)—0,

and the window (17) completely shuts down. In other words, (17) demonstrates in it’s
own way (and in accordance with Eq. (4)) that the shallow potential (16) in the three-
dimensional world cannot bind an s-wave particle. The situation is very different in
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the opposite extreme, (D—2) — 0", i. e., on approaching two dimensions. Now the
dimension-dependent “centrifugal attraction”,

7o) [ #)
TR Lmaz) 1(D)[I(D) +1] < 0,

has considerable significance, efficiently supplements [14] the weakly attractive po-
tential (16), and the necessary condition (17) can be satisfied even at infinitesimally
weak coupling,

Yol

— <<
(h? I ma?)

(2m/h2)jr|u (r)|dr ~
0
where |U0|den0tes the characteristic depth of the potential with influence range a

[5,8]. For integer D = 2, the estimate (15) naturally no more holds [1,15] by virtue of
the fact that the “centrifugal attraction” and the Sturm-Liouville’s 7(C) operate in the

extremal regime described by critical coefficients [(D=2)=-1/2,
c(D=2)=-1/4.
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AHHOTAIUSA

Peakiueit kanueBbix coneit 6-ruapokcunupuaazni-3(2H)-ona u ero 2-N-
3aMEIEHHBIX MPOM3BOAHBIX C XJIOPUIAMHU TPUMETUIAMMOHHUEBBIX COJIeH 2-
METOKCH(IMaJIKHIaMHHO)-4-aMiHO-1,3,5-Tpra3iHa CHHTE3UPOBAaHBI COOT-
BETCTBYIOLINE NTPOM3BOAHBIC THPHUIa3UHUIOKCU-1,3,5-Tpruasuna. B3zanmo-
JEWCTBHEM KaJMEBBIX COJIEH MUPHIa3HHA C XJIOPALETOYKCYCHBIM 3(HPOM
U TOCJIAYIONIeH T'eTepOLMKIN3aHell MOoIydeHbl MHUPUAA3HHIIOKCHUITH-
PUMHUIN HOBBIC IPOM3BOAHbIE. CHHTE3UPOBAHHbIE COSANHEHNUS TIPOSBUIIN
B OMOJIOTHYECKUX IKCIIEPUMEHTaX BBIPAKCHHBIC CBOMCTBA CTUMYIISTOPOB
pocTta pacTeHuil.

KnroueBble cioBa: mmpuna3uHIIOKCH-1,3,5-TpHasuHbl, THPHAA3HHAIOK-
CHUMUPUMHIUHBL, T€TePOUMKIN3AIM, CTUMYIISTOPHI pOCTa PACTEHHUH.

[TomydyeHnue BBICOKOTO W TapaHTHPOBAHHOTO YPOXKas CEIbCKOXO3SMCTBEHHBIX
KYJIbTYp B HACTOSIIEE BPEMs CTAJIO BO3MOXKHBIM IOCPEICTBOM NPUMEHEHHSI WHTEH-
CHUBHBIX TEXHOJIOTHI WX BO3JC/IBIBAHUS, OCHOBAHHBIX Ha MCIOJIH30BAHUA MHHEPAIb-
HBIX yoOpeHuit 1 nectunuoB. KoHeyHo, B rociieiHee BpeMsi MHOTO TOBOPAT O OHO-
JIOTUYECKUX CPEICTBAX 3aIIUTHl pacTeHud. OIHAKO A0 UX MPOMBIIUICHHOTO MPOU3-
BOJICTBA B HEOOXOAMMBIX 00BeMax elle 0ueHb JajeKko. [l03ToMy B HACTOSIIINH TTEPUO/T
MEeCTUIIMAM HET aJbTePHATUBEI, TaK KaK UX MPUMEHEHHE 00yCIOBICHO BHICOKOM KO-
HOMHUYecKoi 3 dexTuBHOCTRIO. OIHAKO OJJHOBPEMEHHO BO3HHMKAaET 3aj1a4a Oe3omac-
HOCTH YEJIOBEKAa W OKPYKAaIOIIeH Cpebl, KOTopas CBs3aHA C 3arps3HEHHEM IOYBHI,
BOJIBI, a TAKXKE C HAKOTUICHHEM WX OCTaTKOB B MTHUINEBBIX MPOAYKTaX.

OnHUM U3 HEOOCTATKOB COBPEMEHHBIX MECTUUUAOB SBISIETCS TO, YTO BPENO-
HOCHBIE OPTaHU3MbI IPHOOPETAIOT CTAOMIBLHOCTH IO OTHOIIICHUIO K MpernapaTam. ITo
HEXeJIaTeIbHOE SBICHUE TPUBOIUT K HEOOXOIUMOCTH CHCTEMATHIECKOTO TMOTIOTHE-
HUS TIECTUITUAOB HOBBIMH TIperapaTamMy, HaJEICHHBIMUA Pa3IMIHBIMH MEXaHU3MaMH
BO3JICUCTBUSL.

B nocnegnue aBa AecsaTuieTUs 3aMETHOE€ BHUMaHHUE UCCIENOBATENCH npuBie-
KaroT MPOU3BOHbBIE a3WHOB [1—6]. BMecTe ¢ TeM B muTepaType Majio JaHHBIX O OHO-
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JIOTUYECKON aKTUBHOCTH HEKOHJICHCUPOBAHHBIX TETEPOLUKINYECKHX CHCTEM C COYe-
TaHWEM B MOJICKYJIC JIBYX a3WHOBBIX IMKIIOB. [10 3TO# mpu4MHE NEeNbI0 HACTOSIIETO
UCCIIEIOBAHUS SIBUJIOCH MPOIOJDKEHHE MccienoBanuii [7, 8] mo pa3paboTke mOCTyII-
HBIX U 3(Q(PEKTUBHBIX METOOB CHHTE3a HOBBIX TPOHM3BOJHBIX MHPHIA3WHUIOKCHA3H-
HOB, 110 OTHOLICHUIO K KOTOPBIM Y BPEHBIX OPIaHU3MOB €llIe He BbIpaboTanack pe3u-
CTEHTHOCTb M M3YyYCHHE UX OMOJIOTHYECKOH aKTUBHOCTH B TUIAHE IMOMCKA HOBBIX IEC-
THUILUIOB U PETYJIATOPOB POCTA PACTCHHUH.

Peakmmeit kanmeBbIX cojeii 6-ruppoxcunmpunasud-3(2H)-oma u ero 2-N-
3aMeIIeHHBIX MpoM3BOAHBIX (1) ¢ XIopuaaMu TPUMETHIAMMOHHEBBIX COJICH 2-
METOKCH(THAIKHIaMUHO)-4-amuHO-1,3,5-TprasuHa CHHTE3UPOBAHBI COOTBETCTBYIO-
IIMe MPOU3BOIHBIC THPHIA3UHIIOKCH-1,3,5-Tprasuna (2-10).
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C uenpio MOJAYYCHUS MUPHIA3HHUIOKCHITHPUMHUIMHOB B3aUMOCHCTBHEM Ka-
JIMEBBIX COJICH MCXOMHBIX MUPHIa3HHOB (1) ¢ XJIOpareToyKCyCHBIM 3HUPOM CHHTE3H-
poBaubsl 3THOBBIE 3dupel  2-(l-3aMelneHHbIX-6-0KkCc0-1,6-urHapo-IupruIa3HH-3-
WIIOKCH )-3-0KCO-0yTaHoBbIX KHCIOT (14-16). VX mocieayrolei reTepoIuKkIn3aluei ¢
THIPOXJIOPUIOM TYaHHAWHA TOJIYYEHBl MHPUAA3HHUIOKCHUITHPUMHUINHOBBIC MPOU3-
Boaubie (17-19) [9].
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[Ipu npenBapuTenbHBIX J1a00PATOPHO-BET€TALMOHHBIX UCIIBITAHUIX P COSAH-
HEHUIl NpOSBIWIN BBIPaXXEHHOE CTHUMYJIHpPYIOIee AEUCTBHE Ha POCT pAacTeHHUM, 4TO
YKa3bIBaeT Ha MEPCIEKTUBHOCTh CHUHTE3WPOBAHHBIX HOBBIX I'€TEPOLUKINYECKUX CHC-
TeM JUIsl TIOUCKA POCTOPETYIISATOPOB pacTeHU. [IoMUMO 3TOro mojyyeHHbIE COeTuHe-
HUSI MOTYT OBITH YCIIECLIHO NMPUMEHEHBI B KAUECTBE MCXOIHBIX BELIECTB AJISI CHHTE3a
HOBBIX PAJOB OMOJIOTHUECKH AKTUBHBIX COCAMHEHH.

JKcNepUMeHTAIbHAS YaCTh

Cnextpst SIMP 'H u *C cusater ma crextpomerpe “Mercury-300” ¢ paGoueit
gacroroir 300 MI't B pacteope IMCO-dg + CCl, (1:3). B xauecTBe BHYTpPEHHETO
cTaHnmapra ucmonb3oBaiucs terpameriiciiad (TMC). 3a Xo10M peakiuii 1 9YUCTOTOM
CUHTE3MPOBAHHBIX COCIUHEHUN CIIEAMIN KaK CIEKTPAbHBIM METOAOM, TaK U C II0-
MOIIBIO TOHKOCIOHHOM Xpomarorpaduu Ha mnactuHax “Silufol UV-254”. B kauectse
AITIOEHTA UCTIOIB30BaNIaCh CMECh PACTBOPHUTENEH alleTOH-TEKCaH B cOOTHomeHnu 1:1,
nposiBUTeNb — cMech 2% AgNO; + 0.4% Opomdenonooro cunero + 4% JTMMOHHOM
KHUCJIOTHI.

Cunres coequnennii 2-10.

K cmecu coemunenus 1 (0.001 mons) u 10 M arerona npu 0-4 °c MOPLUAMH
no6asinstor 0.001 MONb XJIOPUIOB TPUMETHIAMMOHHEBBIX COJIEH a3MHOB, 3aTEM IIPO-
JIOJDKAIOT MepeMellMBaHue NPpU KOMHATHOM TemIiieparype. Ha cinenyrommii neHp ne-
pememmsaroT npu 45-50 °C 110 oxonuaHust BELIETCHHS amMuHa. [locie yaaneHus are-
TOHA OCTATOK 00pabaThIBAIOT BOJIOW, OTHHIBTPOBEIBAIOT U MIPOMBIBAIOT BOJIOH.

6-((4-AMuHo0-6-MeTOKCH-1,3,5-TpHa3uH-2-wi)okcn)mupuaazun-3(2H)-on
(2). Bensle kpuctamsl, T.w1. 245-247 °C, Beixon 63%. Cnekrp SIMP 'H & m.x., J T':
3.87 (c, 3H, OCHy); 6.88 u 7.27 (un, J=9.9 I'u, 2H, CH=CH); 7.31 u 7.44 (cc, 2H,
NH,); 12.59 (ym.c, 1H, NH). Criextp SIMP **C § m.x.: 53.97, 130.41, 131.68, 147.86,
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159.91, 168.91, 170.71, 171.91. Haiineno, %: C 40.71; H 3.46; N 35.63. CgHgN¢Os.
Beruncieno, %: C 40.68; H 3.41; N 35.58.
6-((4-AMuno-6-MeToKCH-1,3,5-TpHA3HH-2-HI)0KCH)-2-MeTHINHPUIA3HH-
3(2H)-on (3). Bensie kpucramsy, .. 208-210 °C, Beixox 80%. Crextp SIMP 'H &
m.a., J I'm: 3.62 (c, 3H, NCHy); 3.85 (¢, 3H, OCHj3); 6.95 u 7.30 (mx, J=9.9 I'u, 2H,
CH=CH); 7.32 u 7.38 (cc, 2H, NH,). Haiigeno, %: C 43.28; H 4.07; N 33.66.
CoH19NgO3. Brruncieno, %: C 43.20; H 4.03; N 33.59.
6-((4-AMuno-6-MeTOoKCH-1,3,5-TpHA3HH-2- W) 0KCH)-2-Pe HHINMHPHIAIHH-
3(2H)-ou (4). Bensie kpucramsy, T.m1. 203-204 °C, Beixox 67%. Crextp SIMP 'H &
M1, J ' 3.84 (¢, 3H, OCHs); 6.97 u 7.31 (an, J=9.9 I', 2H, CH=CH); 6.75-7.16 (m,
5H, C¢Hs); 7.33 u 7.40 (cc, 2H, NH,). Haiineno, %: C 53.77; H 3.89; N 26.79.
C14H15NgO5. Beruucaeno, %: C 53.85; H 3.87; N 26.91.
6-((4-AMuHO0-6-MeTOKCH-1,3,5-TpHa3uH-2-W1)0KCcH)-2-(2-(PeHOKCHITHI ) TN -
punasun-3(2H)-on (5). benbie kpucramwibl, T.mu1. 148-150 °C, BeIxom 57%. CoekTtp
SMP 'H & m.x., J T'ii: 3.85 (¢, 3H, OCHs); 4.28-4.40 (M, 4H, CH,CH,); 7.12-7.25 (m,
5H, C¢Hs); 6.97 u 7.35 (am, J=9.9 T'u, 2H, CH=CH); 7.35 u 7.42 (cc, 2H, NH,).
Crnexrp SIMP C & m.x: 49.65, 53.92, 64.00, 114.30, 120.41, 128.88 129.91, 131.06,
147.25, 157.88, 158.68, 168.97, 170.61, 171.90. Haiineno, %: C 53.99; H 4.51; N
23.69. C16H16NsOs. Brruncieno, %: C 56.47; H 4.74; N 24.69.
6-((4-AMuHO-6-(TUMeTHIAMIHO)-1,3,5-TpHa3HH-2-WT)OKCH ) TUPHIA3HH-
3(2H)-ou (6). Bensie kpucramsy, .. 275-277 °C, Beixox 80%. Crextp SIMP 'H &
m.1., J I 3.03 1 3.09 [cc, 6H, N (CH3),]; 6.48 1 6.73 (cc, 2H, NHy); 6.83 u 7.22 (nx,
J=9.7 T'n, 2H, CH=CH); 12.49 (ym.c, 1H, NH). Haiineno, %: C 43.31; H 4.41; N
39.47. CgH11N;O,. Beruncneno, %: C 43.37; H 4.45; N 39.34
6-((4-AMuHO-6-(TuMeTHIIAMUHO)-1,3,5-TpHa3NH-2-WT) OKCH)-2-
mermamupuaasun-3(2H)-on (7). Bensie kpucrammel, T.m1 254-255 °C, Beixon 88%.
Crnextp SIMP 'H & .., J I'ii: 3.02 1 3.10 [cc, 6H, N(CHa),]; 3.62 (¢, 3H, NCH5); 6.48
u 6.69 (cc, 2H, NHy); 6.89 u 7.28 (ax, J=9.7 I'n, 2H, CH=CH). Hatineno, %: C 45.71;
H 491, N 37.37. C10H13N702. BBI‘II/ICJIGHO, %: C 4562, H 498, N 37.24.
6-((4-AMuHO-6-(muMeTHIIAMIHO)-1,3,5-TpHA3HH-2-WJT)OKCH)-2- (peHUINUPH-
nazun-3(2H)-on (8). Bensie kpucramisl, 1.1 175- 176 °C, Beixox 88%. Crexrp SIMP
'H & M., J T 3.03 1 3.12 [cc, 6H, N(CHa),]; 6.51 1 6.72 (cc, 2H, NH,); 7.31-7.48
(M, 5H, CgHs); 7.03 u 7.62 (mm, J=9.7 Hz, 2H, CH=CH). Haiineno, %: C 55.41; H
4.62; N 30.27. C15H15N;O,. Berumcieno, %: C 55.38; H 4.65; N 30.14
6-((4-AMuHO-6-(TUMeTHIIAMIHO)-1,3,5-TpHa3nH-2-ui)okcn)-2-(2-peHoxcu-
yru)-mapuaasun-3(2H)-on (9). Bersie kpucramisy, T.m1 180-182 °C, Brixox 95%.
Crexrp SIMP 'H & m.x., J Tz 3.02 u 3.10 [cc, 6H, N (CHs),]; 4.24-4.38 (m, 4H,
CH,CHy); 6.50 u 6.74 (cc, 2H, NH,); 6.77-7.10 (M, SH, CgHs); 6.95 u 7.36 (a1, J=9.8
I'm, 2H, CH=CH). Haiigeno, %: C 55.41; H 5.22; N 36.37. C;7H19N;O3. BrraucieHo,
%: C 55.38; H5.18; N 36.54
6-((4-AMuHO-6-(muMeTHIAMIHO)-1,3,5-TpUAa3nH-2-1i1)oKkcn)-2-(2-(p-Tom-
aoken)->Tia)nupuaasun-3(2H)-ou (10). Benbie kpucramsr, 1.1 233-235 °C, Boixox
65%. Crextp SIMP 'H & m., J T 2.26 (c, 3H, CHsy); 3.00 u 3.10 [cc, 6H, N(CH3)2];
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4.22-4.38 (M, 4H, CH,CH,); 6.48 u 6.73 (cc, 2H, NHy); 6.73-7.04 (m, 4H, C¢Hy); 6.92
u 7.30 (mm, J=9.8 T'm, 2H, CH=CH). Haiigeno, %: C 56.31; H 5.57; N 25.63.
C18H21N7O3. Brrancieno, %: C 5639, H 552, N 25.57.

Cunres coenunennii 11-13.

K cmecu coenunenns 6 (0.001 monp) u 10 Ma auMeTungopmMaMuaa 100aBIisOT
0.011 Momnst apUITOKCHITUIOPOMHUAA WM TPOU3BOJHOTO TaIOT€HKAPOOHOBOM KUCIOTHI
¥ mepeMenmBaot 2 daca npu 50-60 °C, satem mpu 60-70 °C mo pH 7. PactBopurens
YAAISIIOT, OCTaTOK 00pabathiBatoT Bogoit u 10%-HeiM pactBopoM KOH, otdumbsTpo-
BBIBAIOT, TIIATEILHO ITPOMBIBAIOT BOJIOM 1 BBICYIIIHBAIOT.

2-(3-((4-Amuno-6-(umeTnaIaMuno0)-1,3,5-TprasuH-2-uia)oxcu)-6-
oxconnpuaazun-1(6H)-ma)aneramua (11). Bensie kpucramisl, 1.1 263-265 °C, BbiI-
xox1 70%. Criextp IMP *H & m.x., J ' 3.04 and 3.10 [cc, 6H, N (CH3),]; 4.54 (c, 2H,
NCHy,); 6.47 u 6.84 (yur.c, 2H, NHy-amun); 6.92 u 7.30 (o, J=9.8 I'u, 2H, CH=CH);
6.95 u 7.35 (ymrc, 2H, NH,-amun). Crextp SIMP BC § mn 35.56, 35.68, 53.16,
130.45, 147.50, 158.65, 166.05, 167.42, 167.61, 169.18. Haiineno, %: C 43.01; H
4.50; N 36.18. Cy3H14NgOs. Boruncneno, %: C, 43.14; H, 4.61; N, 36.59.

Ot 2-(3-((4-amuHo-6-(MuMeTHIIAMIHO)-1,3,5-TpHA3HH-2-HIT1)OKCH )-6-0K-
conupu-na3un-1(6H)-mwr)anerar (12). Bensie xpucramisl, T.m1 220-222 °C, Bbixox
70%. Crektp SAMP 'H& mm., J T 1.30 (1, J=7.1 I'u, 3H, CH3); 3.00 u 3.08 [cc, 6H,
N(CHs),]; 4.22 (k, J=7.1 'y, OCHy,); 4.68 (c, 2H, NCHy); 6.50 u 6.90 (yuur.c, 2H, NH,-
amuH); 6.97 u 7.38 (mm, J=9.8 I'm, 2H, CH=CH). Haiineno, %: C 46.47; H 5.02; N
28.97. C13H17N;O,. Beruucneno, %: C, 46.56; H, 5.11; N, 29.24.

6-((4-AMuHO-6-(TuMeTHIIaMUHO)-1,3,5-TpHa3nH-2-1wi1)oKcH)-2-(2-(p-Ton-
Jokcn)-yTun)mupuaasun-3(2H)-on (13). benbie kpucramst, T.mut 233-235 9C, BobIxOx
65%. Crextp SIMP 'H coBmamaer co crekrpom coemuenns 10. Haiineno, %: C
56.42; H5.47; N 25.69. C1gH»1N;Os. Beruucieno, %: C 56.39; H 5.52; N 25.57

Cunre3 coequHeHuii 14-16 ocymiecTBieH 1Mo METOLy, OINMCAaHHOMY B padoTe
[9]. Temneparypbl mIaBieHHs NONYYEHHBIX COSUHEHHUI COBIAAAIOT C JAHHBIMHU 3TOM
pa6otsr (110-112 °C R=H; 44-46 °C R=CHj3; 115-117 °C R=CgHs).

Cunre3 coequnenmii 17-19

K ankoronsary, nomyuennomy u3 10 mur uzomnpomnunoBoro cimpta u 0.03 momns
MeTaJTn4eckoro Hatpusi, npuodasisitor 0.01 monst ryaanauaTHApoxiopuaa u 0.01 mo-
ast a¢upa (14-16) u xunstur 10 9 Ha BomsHOW OGane. CIIUPT OTTOHSIOT, K OCTATKYy
mpubaBmroT 20 MII BOJBI M MOIKHUCISIOT YKCycHOH kucnotoit no pH 7. Ocamok oT-
(UIBTPOBBIBAIOT, IPOMBIBAIOT BOJIOW M BBICYIIUBAIOT .

6-((2-AMHHO-4-THAPOKCH-6-MeTHINHPHUMHIUH-5-HIT) OKCH) MU PUIA3UH-
3(2H)-on (17). XKentsie kpucTamisy, T.01. 335-337 °C, BeIxOx 50%. SIMP *H & M.11., J
I'm: 2.01 (¢, 3H CHg); 6.27 (yur.c, 2H, NH,); 6.83 u 7.21 (a1, J=9.9 T'i, 2H, CH=CH);
11.09 (ym.c, 1H, OH);11.98 (ymr.c, 1H, NH). Haiineno, %: C 45.92; H 3.73; N 29,83.
CoHgNsO3. Beruncneno, %: C 45.96; H 3.86; N 29.78
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6-((2-AMHHO-4-THAPOKCH-6-MeTHINHPUMHANH-5-HIT)OKCH)-2-MeTHIINHPH-
nazun-3(2H)-on (18). XKentsie kpuctamsy, 1.1, 205-207 °C, BeIXO7 65%. Criektp
SAMP 'H & m.a., J T': 2.01 (c, 3H CHg); 3.48 (c, 3H, NCH3); 6.24 (cc, 2H, NH,); 6.88
u 7.20 (nx, J=9.7 I'u, 2H, CH=CH); 11.05 (ym.c, 1H, OH). Haiineno, %: C 48.23; H
4.50; N 28,23. C1oH11NsO3. Beruncneno, %: C 48.19; H 4.45; N 28.10

6-((2-AMHHO-4-THAPOKCH-6-MeTHINHPUMHINH-5-HIT) OKCH)-2- (e HUIMHPH-
nazun-3(2H)-on (19). Kenreie kpucramsl, T.11. 180-182 °C, Brixox 56%. Crektp
SAMP 'H 8 m.x., J ' 2.05 (¢, 3H CHj); 6.33 (mic, 2H, NH,); 7.25-7.54 (m, 5H, CgHs);
7.03 u 7.32 (mm, J=9.8 ', 2H, CH=CH); 11.14 (ur.c, 1H, OH). Haiineno, %: C 57.76;
H 428, N 22,33 C15H13N503. Brraucieno, %: C 5787, H 421, N 22.50
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SYNTHESIS OF NOVEL PLANTS GROWTH STIMULATORS
IN THE SERIES OF PYRIDAZINYLOXYAZINES DERIVATIVES

R. Shainova

SUMMARY

The treatment of potassium salts of 6-hydroxypyridazin-3(2H)-one and its
2-N-substituted derivatives with trimethylammonium chlorides of 2-
methoxy(dialkylamino)-4-amino-1,3,5-triazine afforded the correspond-
ing pyridazinyloxy-1,3,5-triazines. The reaction of the same pyridazin po-
tassium salts with chloro acetoacetic ester and further heterocyclization
leads to pyridazinyloxypyrimidines derivatives. The synthesized com-
pounds have shown strongly pronounced growth stimulant properties.
Keywords: pyridazinyloxy-1,3,5-triazine, pyridazinyloxypyrimidines, he-
terocyclization, plants growth stimulators.
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COMPARISON OF MICROWAVE-ASSISTED
AND CONVENTIONAL SYNTHESIS OF NOVEL BIOLOGICALLY
ACTIVE PYRIDAZINE DERIVATIVES

T. Gomktsyan', R. Shainova®, A. Karapetyan® A. Yengoyan**

National Agrarian University of Armenia
?Armenian-Russian (Slavonic) State University
ayengoyan@mail.ru

SUMMARY

The microwave-assisted and conventional methods for the synthesis of
novel nonfused and fused heterocyclic systems derivatives containing py-
razolyl-pyridazine fragment were carried out. A comparison of efficiency
and accessibility for these two synthetic methods was done to determine
the utility and the range of application of microwave irradiation proce-
dure. The synthesized compounds have shown pronounced stimulating
action on plant growth and may be of interest to search for new plant
growth regulators. Eight compounds having the highest activity (greater
than 70% as compared with IAA) were selected for deeper study and fur-
ther field trials.

Keywords: microwave-assisted synthesis, heterocyclization, pyrazolyl-
pyridazine, (1H-pyrazol-1-yl)-[1, 2, 4]triazolo[4,3-b]pyridazine, plant
growth stimulators.

Introduction

On the basis of pyrazole and pyridazine heterocycles a large number of com-
pounds are synthesized, which are widely used not only in medical practice, but also
in agriculture as means of plants protection [1]. Among the pyrazole derivatives there
are effective insecticides (acetoprole, chlorantraniliprole, cyantraniliprole, dimetilan,
ethiprole, fipronil, isolan, pyraclofos, pyrafluprole, pyriprole, pyrolan, rizazole, tebu-
fenpyrad, tolfenpyrad, vaniliprole) and fungicides (bixafen, fenpyrazamine, fluxapy-
roxad, furametpyr, isopyrazam, penflufen, penthiopyrad, pyraclostrobin, pyrameto-
strobin, pyraoxystrobin, rabenzazole, sedaxane). The arsenal of pesticides based on
pyridazine includes mainly herbicides (credazine, pyridafol, pyridate, brompyrazon,
chloridazon, dimidazon, flufenpyr, metflurazon, norflurazon, oxapyrazon, pydanon).
Because of great interest to these heterocyclic derivatives, in the last two decades the
studies in the series of pyrazole and pyridazine derivatives are continued to find new
compounds with fungicidal [2-9], herbicidal [10-17] and insecticidal [5,15] activities.



T. Gomktsyan, R. Shainova, A. Karapetyan, A. Yengoyan 89

Pyrazolyl-pyridazines obtained by cyclization of 3-hydrazino-pyridazines have
hypotensive, anti-inflammatory, antibacterial and antioxidant activities [18-21]. At the
same time in the literature there are practically no data on pesticidal or growth regula-
tory properties of nonfused pyrazolyl-pyridazines and fused pyrazolo-pyridazines.

The conventional methods of synthesis of these heterocyclic systems in many
cases require prolonged heating, which is associated with the loss of time and energy.
In recent years, MW-irradiation method for the synthesis of bioactive heterocyclic
compounds has evolved as an effective ecofriendly method [22-26]. MW-assisted
synthesis offers several advantages, such as facile work up, shorter reaction time,
cleaner products, products selectivity and hence this procedure is consistent with the
principles of “Green chemistry”.

The purpose of this study was the targeted synthesis of new previously unde-
scribed derivatives based on pyrazolyl-pyridazines using microwave-assisted and con-
ventional procedure, the comparison of these two methods, and biological screening of
synthesized compounds.

Results and discussion

Chemistry

As the initial reactant 3-chloro-6-(3,5-dimethyl-pyrazol-1-yl)pyridazine (1) was
used. The reaction of compound 1 with hydrazine hydrate afforded (6-(3,5-dimethyl-
pyrazol-1-yl)-pyridazin-3-yl)-hydrazine (2).

The interactions of this hydrazine with pentane-2,4-dione, 3-oxo-butyric acid
ethyl ester, acetic acid and carbon bisulfide were studied. In the case of reaction with
pentane-2,4-dione at room temperature in acetic acid medium in the presence of 1-2
drops of DMF the heterocyclization occurred that led to 3,6-bis(3,5-dimethyl-1H-
pyrazol-1-yl)pyridazine (3) formation. In contrast, when hydrazide 2 reacted with 3-
oxo-butyric acid ethyl ester in ethanol the acyclic product 3-((6-(3,5-dimethyl-pyrazol-
1-yD)-pyridazin-3-yl)-hydrazono)-butyric acid ethyl ester (4) was obtained, which at
further boiling in an alkaline medium was cyclized into 3-(3,5-dimethyl-1H-pyrazol-1-
yl)-6-(5-methyl-3-hydroxy-2H-pyrazol-2-yl) pyridazine (5).

HC_N N-N HC_N N-N oo HMC_N N-N 0
L(N—Q—CI H NNH H,0 L(N {D=NHNHp UK L(N—U—N!—i [«oc y
- e N= AR
CH; 4

CHy 1 CHy 2 CHs
o I
o g

HC_N N-N N CHs HC N  N-N N CHs
4 A '’ AN
L(N_U_—Ng L(N_U_Ng

CH; 3 HiC CH; 5 HO

Scheme 1. Transformations of 3-(3,5-dimethyl-1H-pyrazol-1-yl)-6-
hydrazinylpyridazine
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In accordance with the literature data, in recent years some researchers drew at-
tention to the synthesis of fused [1,2,4]triazolo[4,3-b]pyridazines [27-37], among
which the compounds with antibacterial and antifungal [31], antihypertensive [32],
anticonvulsant [33] and anxiolytic [34] activities, PDE4 inhibitors [35], ligands for
GABA receptors and selective agonists for a2- and a3-containing GABAA receptors
[36,37] were discovered.

In order to search for new crop protection chemicals the hydrazide 2 was
reacted with acetic acid, which afforded fused 6-(3,5-dimethyl-1H-pyrazol-1-yl)-3-
methyl-[1,2,4]-triazolo[4,3-b]pyridazine (6). The interaction of the hydrazide (2) with
carbon disulfide and potassium hydroxide in absolute ethanol leads to 6-(3,5-
dimethyl-1H-pyrazol-1-yl)-[1,2,4]triazolo[4,3-b]pyridazine-3(2H)-thione (7) forma-
tion. The potassium salt of latter was easily alkylated with halocarboxylic acids deriv-
atives, 3-chloro-pentane-2,4-dione, alkyl halides in DMF and formed the correspond-
ing alkylthio derivatives (8).

H3S\ Rli
HC N N-N N s, o HeC_n  N-N" N
L =N  CH,;COOH 2 = N XHal \E('N 7 \=N
= _ — 2 — — = —
L7
CH3 6 CH3 7 CH3 8

R! = CH3, CH,CONH,, CH,COOMe, CH,CH,0C4Hs, CH(COCH3),

Scheme 2. Synthesis of [1, 2, 4]triazolo[4,3-b]pyridazine derivatives

In our earlier investigations a number of thiopyridazine derivatives with high
growth-regulatory activity have been found [38-40]. From this viewpoint, it was ad-
visable to search biologically active substances in the series of nonfused pyrazolyl-
thiopyridazine derivatives.

For this purpose, according to the method we developed [41] from compound 1
the intermediate thiouronium salt was obtained, which was converted into the appropri-
ate 6-(3,5-dimethyl-1H-pyrazol-1-yl)pyridazine-3(2H)-thione. The potassium salt of the
latter easily reacted with alkyl halides, halogen acetic acide derivatives and formed the
corresponding 3-(3,5-dimethyl-1H-pyrazol-1-yl)-6-(alkylthio)pyridazines (11).

HaC It HaC HN)\.'_HCI
iC_N  N-N sC_N  N-N NH]  naoH N-NH
~ 72\ HN- NH; - 7N\ — Hel 4
L(N—L)—CI \L(N—u—s I(NUS
CHy; 1 CHz 9 CH; 10
a‘ T
T @]
[24 N4
HiCL_N  N-N
R = CHg, CH,COOH, CH,CONH,, L(N \__/ SR
CH,COOMe, CH,COOEt, CH(COCHa),
CH; 11

Scheme 3. Synthesis of 6-S-substituted 3-(3,5-dimethyl-1H-pyrazol-1-yl)pyridazines
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Compounds 7 and 10 can exist in two tautomeric forms (thiol or thione). In **C
NMR spectra the signals of C=S double bonds at 161.81 ppm (7) and 177.78 ppm
(10), and also absorptions of NH proton in *H NMR at 14.6 ppm and 14.41 ppm are
observed that agree with thione structure. Their further alkylation leads to S-
substituted derivatives, since these signals disappear and in NMR spectra the new ab-
sorptions due to S-alkyl groups are observed.

The syntheses of the same compounds 3-11 were carried out using MW-
irradiation procedure to determine its usefulness and the range of application. In Ta-
ble 1 the comparison of these two methods is described.

Table 1. Comparison of conventional and MWI procedures for the syn-
thesis of compounds 1-11

Conventional procedure MWI procedure
Ne | Temperature, (time) | Yield (%), (solvent) | Yield (%) (solvent) | Time (min)
1 78-80 °C, (5 h) 84, (C,HsOH) 92, (C,HsOH) 10
2 110-115 °C, (10h) 82, (dioxane) 88, (dioxane) 30
3 Rt, (1day) 85, (CH;COOH) 85, (CH;COOH) 10
4 Rt, (1day) 96, (CH;COOH) * *
5 90-95, (3h) 60, (H,0) 60, (CH;COOH) 30
6 115-118 °C, (8h) 59, (CH;COOH) 90, (CH;COOH) 30
7 75-80 °C, (10h) 81, (CS, . C;Hs0OH) * *
8a 50-55 °C, (4-5h) 77, (DMF) 84, (DMF) 15
8b 55-60 °C, (6-8h) 63, (DMF) 67, (DMF) 10
8¢ 55-60 °C, (6-8h) 50, (DMF) 67, (DMF) 15
8d 40-45 °C, (3-5h) 58, (DMF) 81, (DMF) 15
8e 40-45 °C, (3-5h) 62, (DMF) * *
9 55-60 °C, (3-5h) 92, (acetone) * *
10 Rt, (1h) 80, (H,0) 76, (H,0) 10
1la Rt, (1 day) 87, (H,0) 95, (H,0) 15
11b 78-80 °C, (2 h) 77, (C,HsOH) 77, (C,HsOH) 30
11c 50-55 °C, (3 h) 70, (DMF) 88, (DMF) 10
11d 50-55 °C, (3 h) 70, (DMF) 74, (DMF) 10
1le 50-55 °C, (3 h) 86, (DMF) 35, (DMF) 10
11f Rt, (2 days) 80, (DMF) * *

*Resinification of the reaction product

From Table 1 it follows that when the conventional method is conducted at
room temperature, then at MW-irradiation the reaction yields are not practically
changed, or there occurs the resinification of reaction products (compounds 3, 4,
10,11a and 11f), but the synthesis time is shortened to a few minutes. When the MW-
irradiation procedure was used for the others, then the yields increased and the synthe-
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sis times also shortened, compared with the conventional method. It can be concluded
that the best effect of MW-irradiation is achieved when the conventional method was
conducted by prolonged high temperature heating.

Biological properties

At preliminary screening the herbicidal, fungicidal and growth regulatory
activities of novel synthesized compounds were studied. All preparations did not
possess noticeable herbicidal or antifungal properties, but they showed the growth
stimulate activity.

The object of study were the seeds and seedlings of common bean (Phaseolus
vulgaris L.). Experiments were performed on two schemes.

By the first scheme the effect of aqueous suspension of compounds 3-11 and
heteroauxin (IAA) in concentrations 25 and 50 mg L™ on the viability of seeds,
germination and seedlings were studied. The seeds were incubated for 24 hours in an
appropriate medium in the dark at 25°C. Then the seeds were transplanted into soil
and were watered daily. The experiment was repeated twice.

By the second experimental setup the bean seeds were sown in the soil in small
vessels. When the length of the stems reached 15 —20 cm, the plants were dug out, the
root parts were washed with water and cut off. Series of 8-10 cut plants were im-
mersed in the prepared agueous solutions of IAA and investigated preparations in con-
centrations 25 mg L™ and 50 mg L™. After 24 hours, they were washed and dipped
into the vessels with water. Water in the vessels was changed every day. The forma-
tion of root system has already been observed on 8-9 day. The calculations were pro-
duced in 20-25 days. The experiment was repeated twice. The number of the plant
roots of each series, their length and weight in the moist and dry forms, their average
values were calculated.

The obtained results of both experiments for synthesized compounds solutions
were compared with similar data of plants placed in IAA solutions, on the basis of
which the activities of preparations were determined in comparison with 1AA (in %)
(Table 2). Eight obtained compounds, which have shown an activity of higher than
70%, are being prepared for further field trials.

Table 2. Growth stimulant activity of compounds 3-11

Growth stimulant activity (%) | Ne | Growth stimulant activity (%)

Ne 25mgL* 50 mg L 25mgL* 50 mg L*
1AA 100 100 8d - 83.9
3 73.4 75.7 8e 76.1 45.9
4 - 53.2 10 63.3 79.1
5 65.1 76.1 1la 52.5 66.8
6 64.7 62 11b 714 57.7
7 51.9 45.7 1lic 62.5 69.9
8a - - 11d 60.4 60.5
8b 70.2 54.8 1lle 63.9 48.5
8c 77.2 58.7 11f 68.1 80.2
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Conclusions

The simple and convenient high yield methods for the synthesis of new non-
fused and fused bi- and triheterocyclic systems derivatives with a combination of py-
razole, pyridazine, and triazole rings in the same molecules based on pyrazolyl-
pyridazine were elaborated. The same products were obtained using MW-irradiation
procedure. It is found that the application of this method has the greatest advantage
when conventional methods of synthesis are carried out for a long time and at high
temperatures.

The synthesized compounds have shown the pronounced plant growth stimulate
properties. Eight compounds having high activity (higher than 70% compared with
heteroauxin) were selected for deeper study and further field trials. These results indi-
cate that the new synthesized heterocyclic systems can be of interest for the search of
new plant growth stimulators.

Experimental

General

'H NMR (300 MHz) and **C NMR (75 MHz) spectra were recorded at 30 °C on
Varian Mercury-300 spectrometer with standard pulse sequences operating in the mix-
ture of solvents DMSO-dg and CCl, (1:3) using tetramethylsilane (0.0 ppm) as internal
standard. The NMR multiplicities br s, s, d, t, g, and m stand for broad singlet, singlet,
doublet, triplet, quartet and multiplet, respectively. The reaction progress and purity of
the obtained substances were checked by using the tlc method on “Silufol UV-254”
plates and acetone/hexane mixture (2:1) as eluent. All melting points were determined
in open capillaries and are uncorrected.

MWI procedure

For MW-experiments the domestic microwave oven Gorenje Model No. MO 17
L (2450 MHz, power output 800 W) was used. It was subjected to microwave irradia-
tion at 160 W power with interruption after each 30 seconds.

Conventional syntheses

3-Chloro-6-(3,5-dimethyl-1H-pyrazol-1-yl)pyridazine (1) The synthesis was
done according to the method discribed by G. Szilagyi™®. *H NMR: 8= 2.25 (s, 3H, 3-
CHjy), 2.72 (s, 3H, 5-CH3), 5.92 (s, 1H, CH-pyraz.), 7.78 and 8.17 (d,d, 2H, J=9.3 Hz,
CH=CH). *C NMR: 5= 13.06, 14.44, 109.88, 122.13, 129.99, 141.43, 150.31, 152.75,
155.51. Anal. Calcd for C4HoCIN,: C 51.81; H 4.35; Cl 16.99; N 26.85. Found: C
51.65; H 4.28; C1 16.72; N 26.63.

3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-hydrazinylpyridazine (2). To a mixture
of compound 1 (10 mmol) and 3 mL of dioxane, 4 mL of hydrazine hydrate (70 %)
was added. The mixture was stirred on oil bath for 10 h at 110-115 °C. After cooling,
20 mL of cold water was added, the precipitate was filtered off and dried. Brown sol-
id; m.p. 142-145 °C; yield 1.67 g (82%); ‘*H NMR: 6= 2.21 (s, 3H, 3-CH3), 2.56 (s,
3H, 5-CHjy), 4.10 (brs, 2H, NH,), 5.92 (s, 1H, CH-pyraz.), 7.15 and 7.67 (d,d, J=9.4
Hz, 2H, CH=CH), 7.80 (brs, 1H, NH). *C NMR: 3= 13.07, 13.49, 107.71, 115.83,
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122.00, 139.73, 148.03, 150.07, 159.74. Anal. Calcd for CoH;,Ng: C 52.93; H 5.92; N
41.15. Found: C 53.01; H 6.02; N 41.38.

Synthesis of compounds 3, 4

To a mixture of compound 2 (10 mmol) and 10 mL of acetic acid, 3 drops of
DMF, and then 10 mmol of pentane-2,4-dione (or 3-oxo-butyric acid ethyl ester) were
added. The mixture was allowed to stand overnight at room temperature. On the next
day 20-30 mL of cold water was added, the precipitate was filtered off and dried.

3,6-Bis(3,5-dimethyl-1H-pyrazol-1-yl)pyridazine (3). Brown solid; m.p. 170-
172 °C, yield 2.3 g (85%); 'H NMR: 8= 2.25 (s, 6H, 2x3-CH,), 2.77 (s, 6H, 2x5-CH,),
6.05 (s, 2H, CH-pyraz.), 8.22 (s, 2H, CH=CH). Anal. Calcd for C4HsNs: C 62.67; H
6.01; N 31.32. Found: C 62.77; H 6.0; N 31.55.

Ethyl 3-(2-(6-(3,5-dimethyl-1H-pyrazol-1-yl)pyridazin-3-yl)hydrazono)bu-
tanoate(4). Brown solid; m.p. 118-120 °C, yield 2.3 g (96%); 'H NMR: = 1.29 (t,
J=7.1 Hz, 3H, OCH,CHj3), 2.06 (s, 3H, N=CCHj3), 2.23 (s, 3H, 3-CHj3), 2.60 (s, 3H, 5-
CHj3), 3.30 (s, 2H, N=CCH,), 4.14 (q, J=7.1 Hz, 2H, OCH,CHa), 5.95 (s, 1H, CH-
pyraz.), 7.55 and 7.83 (d,d, J=9.6 Hz, 2H, CH=CH), 10.06 (brs, 1H, NH). Anal. Calcd
for C15H,0NgO,: C 56.95; H 6.37; N 26.56. Found: C 57.06; H 6.45; N 26.38.

1-(6-(3,5-Dimethyl-1H-pyrazol-1-yl)pyridazin-3-yl)-3-methyl-1H-pyrazol-5-
ol (5).

To a solution of compound 4 (10 mmol) in 20 mL of water, 0.01 mol of potas-
sium hydroxide was added. The mixture was heated at continuous stirring for 3 h. Af-
ter cooling, 10 mL of cold water was added and the solution was acidified with hy-
drochloric acid (pH~4).The precipitate was filtered off and purified by recrystalliza-
tion from DMF. White solid; m.p. 248-250°C, yield 1.6 g (60%); ‘*H NMR: 8= 2.24 (s,
6H, 3-CH; and 3’-CH3), 2.68 (s, 3H, 5-CHj), 5.00 (s, 1H, CH-pyraz.), 6.02 (s, 1H, CH-
pyraz.), 8.12 and 8.92 (d,d, J=9.4 Hz, 2H, CH=CH), 12.36 (brs, 1H, OH). Anal. Calcd
for C13H14NgO: C 57.77; H 5.22; N 31.09. Found: C 57.56; H 5.13; N 31.48.

6-(3,5-Dimethyl-1H-pyrazol-1-yl)-3-methyl-[1,2,4]triazolo[4,3-b]pyridazine (6).

To compound 2 (10 mmol), 15 mL of acetic acid was added, and the mixture
was boiled at continuous stirring for 8 h. After cooling, 15-20 mL of cold water was
added and the solution was alkalify with ammonia solution. The precipitate was fil-
tered off, dried and purified by recrystallization from hexane. White solid; m.p. 165-
167 °C, yield 1.3 g (59%); 'H NMR: 8= 2.27 (s, 3H, 3-CHj), 2.71 and 2.72 (s,s, 6H, 5-
CHjs and 3-CH), 6.10 (s, 1H, CH-pyraz.), 7.96 and 8.25 (d,d, J=9.9 Hz, 2H, CH=CH).
Anal. Calcd for C;;H;5Ng: C 57.88; H 5.30; N 36.82. Found: C 58.02; H 5.40; N 36.69.

6-(3,5-Dimethyl-1H-pyrazol-1-yl)-[1,2,4]triazolo[4,3-b]pyridazine-3(2H)-
thione (7). To compound 2 (10 mmol), 10 mL of ethanol and 0.015 mol of carbon bi-
sulfide were added. The mixture was heated up to 50 °C, and the solution of potassium
hydroxide (0.02 mol) in 20 mL of ethanol was added dropwise. The reaction mixture
was stirred at 75-80 °C for 10 h. The solvent was evaporated, the residue was dis-
solved in 25-30 mL of water and acidified with hydrochloric acid (pH 4). Yellow sol-
id; m.p. 265-267°C, yield 2.0 g (81%); *H NMR: &= 2.23 (s, 3H, 3-CHs), 2.80 (s, 3H,
5-CHs,), 6.10 (s, 1H, CH-pyraz.), 8.03 and 8.08 (d,d, J=9.9 Hz, 2H, CH=CH), 14.60 (s,
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1H, NH). *C NMR: 8= 13.08, 14.61, 110.31, 118.91, 126.00, 140.14, 142.14,149.54,
150.35, 161.81. Anal. Calcd for C1oH1gNgS: C 48.77; H 4.09; N 34.12; S 13.02. Found:
C 49.01; H 4.18; N 33.84; S 13.24.
6-(3,5-Dimethyl-1H-pyrazol-1-yl)-3-(methylthio)-[1,2,4]triazolo[4,3-

b]pyridazin(8a). The potassium salt of compound 7 (10 mmol) in 15 mL of DMF and
11 mmol of DMS was stirred at room temperature for 6 h and allowed to stand over-
night. The reaction mixture was heated at 50-55 °C for 4-5 h till pH 7, the solvent was
evaporated and the residue was processed with water, filtered off and dried. Yellow
solid; m.p. 173-175 °C, yield 2.0 g (77%); 'H NMR: &= 2.26 (s, 3H, 3-CH3), 2.72 (d,
J=0.9 Hz, 3H, 5-CHjs), 2.81 (s, 3H, S-CH3), 6.11 (s, 1H, CH-pyraz.), 7.98 and 8.27
(d,d, J=9.9 Hz, 2H, CH=CH). *C NMR: 8= 13.03, 13.18, 14.22, 110.45, 115.59,
118.87, 125.82, 141.45, 145.76, 149.59, 150.46. Anal. Calcd for C;;H;,N¢S: C 50.75;
H 4.65; N 32.28; S 12.32. Found: C 50.82; H 4.68; N 32.41; S 12.51.

Synthesis of compounds 8b, ¢

To potassium salt of compound 7 (10 mmol) in 15 mL of DMF, 10 mmol of
Nal, 11 mmol of 2-chloroacetamid or 11 mmol of halogenocarboxylic acid ester were
added. The mixture was heated at 55-60 °C with continuous stirring for 6-8 h. The sol-
vent was evaporated, the residue was processed with water, filtered off and dried. To
remove the residual amounts of Nal, Na,S,0; was added and processed with a dilute
solution of KOH.

2-((6-(3,5-Dimethyl-1H-pyrazol-1-yl)-[1,2,4]triazolo[4,3-b] pyridazin-3-
yl)thio)acetamide (8b). Brown solid; m.p. 212-214 °C, yield 1.9 g (63%); ‘*H NMR:
0= 2.26 (s, 3H, 3-CHg), 2.75 (s, 3H, 5-CHj3), 4.00 (s, 2H, S-CH3), 6.12 (s, 1H, CH-
pyraz.), 7.00 and 7.52 (brs, 2H, NH;), 7.98 and 8.28 (d,d, J=9.9 Hz, 2H, CH=CH).
Anal. Calcd for C;,H;3sN;OS: C 47.51; H 4.31; N 32.22; S 10.57. Found: C 47.38; H
4.28; N 32.41; S 10.38.

Methyl  2-((6-(3,5-dimethyl-1H-pyrazol-1-y)-[1,2,4]triazolo[4,3-b]pyrida-
zin-3-yl)thio)acetate (8¢c). Yellow solid; m.p. 192-195 °C, yield 1.6 g (50%); 'H
NMR: 6= 2.26 (s, 3H, 3-CH3), 2.73 (s, 3H, 5-CH3), 3.73 (s, 3H, OCHj), 4.18 (s, 2H, S-
CHjy), 6.13 (s, 1H, CH-pyraz.), 8.01 and 8.32 (d,d, J=9.9 Hz, 2H, CH=CH). MS:
(M+H) 319. Anal. Calcd for C13H14NgO,S: C 49.05; H 4.43; N 26.40; S 10.07. Found:
C 49.21; H 4.55; N 26.25; S 10.24.

Synthesis of compounds 8d,e

To a caustic potash (10 mmol) in 15 mL of DMF, compound 7 (10 mmol) was
added at 0 °C. The mixture was stirred at room temperature for 1 h until the complete
formation of salt, and at 0 °C 11 mmol of (2-bromo-ethoxy)-benzene or 3-chloro-
pentane-2,4-dione was added. The precipitate was allowed to stand overnight at room
temperature, then heated at 40-45 °C for 3-5 h. The solvent was partially evaporated
and the residue was processed with water, filtered off and dried.

6-(3,5-Dimethyl-1H-pyrazol-1-yl)-3-((2-phenoxyethyl)thio)-[1,2,4]triazo-
lo[4,3-b]-pyridazine (8d). Yellow solid; m.p. 124-126 °C, yield 2.1 g (58%); ‘H
NMR: 8= 2.24 (s, 3H, 3-CH5), 2.73 (s, 3H, 5-CH5), 3.52 (t, J=6.5 Hz, 2H, SCH),), 4.37
(t, J=6.5 Hz, 2H, OCHy,), 6.12 (s, 1H, CH-pyraz.), 6.83-7.24 (m, 5H, C¢Hs), 8.00 and



96 Comparison of microwave-assisted and conventional synthesis of novel biologically ...

8.31 (d,d, J=9.9 Hz, 2H, CH=CH). Anal. Calcd for C;gH;3N¢OS: C 59.00; H 4.95; N
22.93; S 8.75. Found: C 59.18; H 4.99; N 23.14; S 8.89.
3-((6-(3,5-Dimethyl-1H-pyrazol-1-yl)-[1,2,4]triazolo[4,3-b]pyridazine-3-
yl)thio)-pentane-2,4-dione (8¢). Yellow solid; m.p. 156-158 °C, yield 2.1 g (62%); ‘H
NMR: 6= 2.26 (s, 3H, 3-CHj3), 2.45 (s, 6H, 2xCHj3), 2.75 (s, 3H, 5-CH,), 6.14 (s, 1H,
CH-pyraz.), 8.01 and 8.34 (d,d, 2H, J=9.9 Hz, CH=CH). Anal. Calcd for C;5sH;sN¢O,S:
C 52.31; H 4.68; N 24.40; S 9.31. Found: C 52.48; H 4.75; N 24.61; S 9.14.
6-(3,5-Dimethyl-1H-pyrazol-1-yl)pyridazine-3(2H)-thione (10). The com-
pound 9 (10 mmol) was dissolved in 30 mL of water, 20 mmol of potassium hydrox-
ide was added and the solution was carefully acidified with hydrochloric acid (pH 4).
In 1 h the precipitate was filtered off, washed with water and dried. Yellow solid; m.p.
208-210 °C, yield 1.6 g (80%); "H NMR: 6= 2.21 (s, 3H, 3-CHj), 2.54 (s, 3H, 5-CH),
5.98 (s, 1H, CH-pyraz.), 7.61 and 7.78 (d,d, J=9.5 Hz, 2H, CH=CH), 14.41 (s, 1H,
NH). ®¥C NMR: 8= 13.02, 13.70, 109.31, 120.59, 140.47, 142.34, 147.43, 149.49,
177.78. Anal. Calcd for CgH;oN,S: C 52.41; H 4.89; N 27.16; S 15.55 Found: C 52.53;
H 4.99; N 27.03; S 15.67.
3-(3,5-Dimethyl-1H-pyrazol-1-yl)-6-(methylthio)pyridazine (11a). To a mix-
ture of potassium hydroxide (10 mmol) and 10 mmol of compound 10 in 25-30 mL of
water, at room temperature 11 mmol of dimethylsulfate was added dropwise with con-
tinuous stirring. The reaction mixture was allowed to stand overnight, then 10-15 mL
of cold water was added. The precipitate was filtered off and dried. Yellow solid; m.p.
96-98 °C, yield 1.9 g (87%); *H NMR: 8= 2.24 (s, 3H, 3-CHj3), 2.70 and 2.71 (s,s, 6H,
S-CH; and 5-CHj3), 6.00 (s, 1H, CH-pyraz.), 7.52 and 7.93 (d,d, J=9.3 Hz, 2H,
CH=CH). Anal. Calcd for C;oH;N,4S: C 54.52; H 5.49; N 25.43; S 14.55. Found: C
54.66; H 5.54; N 25.27; S 14.38.
2-((6-(3,5-Dimethyl-1H-pyrazol-1-yl)pyridazin-3-ylthio)acetic acid (11b). To
potassium salt of compound 10 (10mmol) in 10-15 mL of ethanol, 10 mmol of chloro-
acetic acid was added. The mixture was boiled in water bath with continuous stirring for 2
h. Ethanol was evaporated and the precipitate was washed with 15-20 mL of water, fil-
tered off and dried. Yellow solid; m.p. 128-130 °C, yield 2.03 g (77%); ‘H NMR: = 2.23
(s, 3H, 3-CHjy), 2.69 (s, 3H, 5-CH3), 4.06 (s, 2H, SCH,), 6.01 (s, 1H, CH-pyraz.), 7.63 and
7.96 (d,d, J=9.3 Hz, 2H, CH=CH), 12.10 (brs, 1H, OH). Anal. Calcd for C1;H;,N,0,S: C
49.99; H4.58; N 21.20; S 12.13. Found: C 50.03; H 4.61; N 21.34; S 12.21.
Synthesis of compounds 11c-e
To compound 10 (10 mmol), 10 mmol of potassium hydroxide and 30 mL of
DMF, 10 mmol of Nal and 11 mmol of 2-chloro-acetamide or 11 mmol of halogeno-
carboxylic acid were added. The mixture was heated with continuous stirring at 50-
55 °C for 3 h. The solvent was evaporated, the residue processed with water, filtered
off and dried. To remove the residual amounts of Nal, Na,S,0; was added and
processed with a dilute solution of KOH.
2-((6-(3,5-Dimethyl-1H-pyrazol-1-yl)pyridazin-3-yl)thio)acetamide (11c). Yel-
low solid; m.p. 128-130 °C, yield 1.8 g (70%); 'H NMR: &= 2.23 (s, 3H, 3-CHs), 2.68 (s,
3H, 5-CHg), 3.96 (s, 2H, SCH,), 6.01 (s, 1H, CH-pyraz.), 6.94 and 7.37 (brs, 2H, NH,),
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7.66 and 7.96 (d,d, J=9.3 Hz, 2H, CH=CH). *C NMR: 6= 13.07, 14.25, 109.19, 119.47,
127.57, 140.73, 149.53, 154.10, 158.40, 168.44.Anal. Calcd for C;;H;3NsOS: C 50.17; H
4.98; N 26.60; S 12.18. Found: C 50.02; H5.07; N 26.78; S 12.01.

Methyl 2-((6-(3,5-dimethyl-1H-pyrazol-1-yl)pyridazin-3-yl)thio)acetate
(11d). Yellow solid; m.p. 139-140 °C, yield 1.9 g (70%); 'H NMR: &= 2.22 (s, 3H, 3-
CHjy), 2.70 (s, 3H, 5-CHa), 3.74 (s, 3H, OCHjy), 4.15 (s, 2H, SCH,), 6.01 (s, 1H, CH-
pyraz.), 7.63 and 7.98 (d,d, J=9.3 Hz, 2H, CH=CH). Anal. Calcd for C;,H14N40,S: C
51.78; H5.07; N 20.13; S 11.52. Found: C 51.59; H 4.95; N 20.36; S 11.31.

Ethyl 2-((6-(3,5-dimethyl-1H-pyrazol-1-yl)pyridazin-3-yl)thio)acetate (11e).
Yellow solid; m.p. 115-117 o°c, yield 2.5 g (86%); 'H NMR: 8= 1.28 (t, J=7.1 Hz, 3H,
OCH,CHa), 2.23 (s, 3H, 3-CHjy), 2.69 (d, J=0.8 Hz, 3H, 5-CHj3), 4.11 (s, 2H, SCH),),
4.17 (q, J=7.1 Hz, 2H, OCH,CHy), 6.01 (q, J=0.8 Hz, 1H, CH-pyraz.), 7.64 and 7.98
(d,d, J=9.2 Hz, 2H, CH=CH). *C NMR: &= 13.07, 13.70, 14.29, 60.57, 109.26,
119.44,127.37, 140.84, 149.58, 154.20, 156.87, 167.38. Anal. Calcd for Cy3H1sN,O,S:
C53.41; H5.52; N 19.16; S 10.97. Found: C 53.48; H 5.60; N 19.28; S 11.12.

3-((6-(3,5-Dimethyl-1H-pyrazol-1-yl)pyridazin-3-yl)thio)pentane-2,4-dione
(11f). To potassium salt of compound 10 in 10-15 mL of DMF at 0 °C 11 mmol of 3-
chloro-pentane-2,4-dione was added. The mixture was stirred at room temperature for
1 day, then the solvent was evaporated and the residue was processed with water, fil-
tered off and dried. Brown solid; m.p. 119-120 °C, yield 2.4 g (80%); 'H NMR: 8=
2.24 (s, 3H, 3-CHjy), 2.33 (s, 6H, 2xCHj3) 2.72 (s, 3H, 5-CHjy), 6.02 (q, J=0.8 Hz, 1H,
CH-pyraz.), 7.58 and 7.98 (d,d, J=9.2 Hz, 2H, CH=CH), 17.4 (s, 0.8H, OH-enol).
Anal. Calcd for C14H6N,O,S: C 55.25; H 5.30; N 18.41; S 10.53. Found: C 55.32; H
5.21; N 18.34; S 10.47.
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UqULVMI4UUL B9 UPUNULPLRUSHL KUNUSUBEUTL
B1ULUULEP ZUUBUUSNRESNRLE NTPCPYULRLE
YELUURULUUUL UUSHY, LA TOULSSULLEE URLEENRU

S.U. Gnuljgjuts, [+.U. Cwhinjw, U.9. Yupuwybuyul, U.0. Buqnyub

uvenenkU

Yhpwnking wjuwinuliui b dhipnuhpughtt Swnwquypdui bnw-
twlubpp ppuubwgyl] b synimbiugws b Yninkiuguws htnkpn-
ghihy hwdwljupgbph tnp wdwugyuyukph uhptq, npnup wwpnt-
twlnud ki whpwgnihj-whphnughttughtt $pugdbinn: Gpyne dbpnn-
ubipny hpuwwigyt) k uhtiptqh hwuwtbjhnipjut b EpEunhynipput
hudbdwinmpinil, npwbtuqh quwhwwnygh dhypnuwihpuyhtt dwnw-
quypdwl dbkpnnh oqguuugnpsuiwmt wpynitubunipniipn b dwwngk-
(hnipnitp: Uhtptqué dhwugnipmiuubpp gnigupbply Ea wpunw-
hwjnjws wdwppwihy hwnlnipmniutbp pnyubph tundwdp b
htwpudnp L twb hEwnwpppmipmit tkpjujugubit  tdwbwwnhy
hwnnipnitubpny odundws tnp Wnipbph uhtiptqh hwdwn:
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Unu]b) pupdp whnhdmpjudp odudws (70%-hg pupdp’ h hwdb-
dwwn htunbpnwnipupth) dhwgnipnitubphg nipp pbwnpdl) Bo
dwbipudwut ntuntdbwuhpdwt b hbnwqu nuownuwghtt thnpdwp-
ynwdutiph hwdwnp:

Zhttwpwnkp” dhipnwihpuyhtt fwnwquypdwi dbpnn, htnbpn-
ghlihqughw, whpwqni-whphnught,  (1H-whpwqn-1-hy)-[1,2,4]
uphwqnnf4,3-b] whphnwqht, poijubph wdwpwhyutp:

CPABHEHUE METOJA MUKPOBOJIHOBOI'O OBJIYUEHU A
C TPAJUIIUOHHBIM CIIOCOBOM CHHTE3A HOBBIX
BUOJIOTNYECKHU AKTUBHBIX ITPOU3BOJHBIX IMPUJIAZUHA

T.A. 'omkusn, P.C. Illaunosa, A.B. Kapanersn, A.Il. Eurosin

AHHOTALIUA
C mpuMeHeHHeM TpaJULIHOHHBIX CIOCOOOB M METOAa MHUKPOBOJIHOBOTO
00JTy4eHns! OCYLIECTBJICH CHHTE3 HOBBIX IPOU3BOJHBIX HEKOHJECHCHPO-
BaHHBIX M KOHJCHCHPOBAHHBIX TETEPOLMKIMYECKUX CHCTEM, COJEpIkKa-
LIMX MUPa30IHI-TUPUIA3HHOBBIH (parmenT. [IpoBeneHo cpaBHeHne 10c-
TYNHOCTH U 3((PEKTUBHOCTH CUHTE30B 110 ABYM METOJHMKaM JUIsl OIpe/e-
JICHUS! TIOJIE3HOCTH U JIMana3oHa IMPUMEHEHUs MPOLEIypbl MUKPOBOIHO-
Boro oOiyueHus. CUHTE3UPOBAaHHBIE COCAMHEHHUS IPOSIBUIN BBIPAKEH-
Hble CTUMYJIHMPYIOLIAE CBOMCTBAa HA POCT PACTECHHUI M MOTYT IpPEICTaB-
JSITh MHTEPEC IS OMCKA HOBBIX PEryISITOPOB POCTa pacTeHuil. Bocemb
COCIMHCHUH, MMEIONMX HauOojee BBHICOKYIO AKTHBHOCTH (BBILIE YeM
70% 1O CpaBHEHHMIO C TETEPOAyKCHHOM) BBIOpaHbI 11 Oosee riryboKoro
W3YYCHHUS U NaNbHEHIINX IOJIEBBIX HCIBITAaHUH.
KuiroueBble cj10Ba: METo]] MUKPOBOJHOBOTO OOTyYEHHsI, TeTePOLIMKIN3A-
ust, nupasommi-upuaasut, (1H-nupason-1-un)-[1,2,4]tpuazono[4,3-
b]mupuaasus, CTHMYJISTOPEI POCTA PACTCHHIA.
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HCCJEIOBAHME JEACTBUA MUJIJIMMETPOBBIX BOJIH HA
MOP®OI'EHETUYECKHME U BUOXUMHNYECKHUE IIOTEHIIUU
KAJIJITYCHBIX KYJbTYP LINUM AUSTRIACUM L

I'.P. Bapapanersin, A.A. Oranecsn, C.I'. TupanysH,
A.A. ApyrtionsH, JI.P. Purynn

T'OY BIIO Poccuiicko-Apmanckuii (Cnasauckuii) Yuugepcumem,
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AHHOTADUA

[Nomydennsie Hamu Heaud(hepeHINPOBAHHbIE, IHTEIHHO-TIACCUPYEMBIE
npoiaudepUpyoNe KaIyCHbIe KyiabTypel L. austriacum  Geutn
HCIIOJIb30BaHBI B KAUE€CTBE MOJICIBHOM CHCTEMBI IS UCCIIeI0BaHUS MeXa-
HU3MOB [JI€HCTBUS MIUIMMETPOBBIX KOT€PEHTHBIX 3JEKTPOMAarHUTHBIX
BOJIH B auamnaszone udactor 48,3; 50,0; 51,8 I'T'u. Uccienosano aeiicteue
BOJH Ha MopdoreHes, npoiudepanno, aHTHOKCHIAHTHBIE, aHTUPaIN-
KaJIbHbIE CBOWCTa M OMOCHHTETHYECKHE MOTCHLUH KaTYCHBIX KYJIBTYD
Linum austriacum L. ITokazaHo, uto DMB Bcex HCCIIEI0BAHHBIX AWAIla-
30HOB CIIOCOOCTBYIOT pocTy 6momacchl, a 48,3 I'Ty — mpomudepupyromeit
AKTUBHOCTH KyJbTyp. [eictBue OMB pasHbIX 4acTOT NPUBOAUT K IO-
BBILIEHHIO NTEPOKCHUIA3HON aKTHBHOCTH 110 CPABHEHHIO C KOHTPOJIEM, UTO
yKa3bIBacT Ha BO3pacTaHWE BKJaJla aKTUBHOCTH ()€pPMEHTATUBHOM CHCTE-
MBI aHTHOKCHAAHTHOHN 3aIIUTHI IIPU OJHOBPEMEHHOM YMEHBIICHHH KOH-
neHTpanmuu Oenka B oOpasmax. Ilox BosmeiictBueM OMB nnama3oHOB
48,3 u 51,8 I'Tu Habaromaercs Bo3pacranue, a 50,0 I'Tu- moHMkeHue
YPOBHSI aHTHPAJAWKAIbHON aKTHBHOCTHUAKCTPAKTOB KYJIBTYp JIbHA IIO
CPaBHEHHIO C KOHTPOJBHBIMH. AHTHPAIUKAIbHYI0 aKTHBHOCTH 3KCTPaK-
TOB KaJUIyCHBIX KyJbTyp L. austriacum mpu ob6aydenun DMB pasubix
JIMana3oHOB MOKHO PacIlOiOXUTh MO CIEAYIOIIEMY YObIBAIOIIEMY psiLy:
48,3 I'Tu > 51,8 I'T'u >koutpoins > 50,0 ['To.

KiroueBble ciioBa: MHUIMMETpOBBIe BonHBL, L.austriacum L., xammyc-
Hble KynbTypbl, DI, nepokcuaasa.

BBEJIEHHME

PacTenusi cuHTE3MpYIOT BTOPHUYHBIE META0OIMTHI, KOTOPBIE OONAMal0OT IIHPO-
KHM CHEKTPOM OMOJIOTHYECKOTO AEHCTBHS M MCIOIB3YIOTCS B TEPAllii MHOTHX 3a00-
neanuid [1]. Cpeau BTopuuHBIX MetabonmuToB L. austriacum mmpokoe nmpuMeHeHue
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UMEIOT JIUTHAHbBI, B YaCTHOCTH, MOAO(MUILTIOTOKCHH U €r0 MEHEe TOKCHYHBIE MOTyCHUH-
TETUYECKHE MPOU3BOTHBIC. ATBTEPHATHBHBIMI UCTOYHUKAMH TOTYISHHS OUOIIOTHYe-
CKH aKTHBHBIX BEIIECTB PACTHTEIHHOTO IMPOUCXOKICHUS MOTYT CTaTh KyJIbTYPHI KIIe-
TOK M TKaHe#l pacteHuit in Vitro [2]. HU3KOMHTEHCUBHBIE HETEPMHUYECKHE DJIEKTPO-
MarHutHeie BOJHBI (OMB) nmpuMeHstoTCS B TepaneBTHUECKOH npakTtuke [3] U celb-
CKOXO3AWCTBEHHOU OuoTexHosoruu [4, 5] st MOBBIIICHUS TPOXYKTUBHOCTH (YPO-
JKalfHOCTH, BhIX0JId OMOMacchl). B oTiiMune 0T XUMUYECKHX METOJIOB, JHAIIA30H MUJI-
JUMETPOBBIX H3ITyYECHUH DKOJOTUYECKH YUCTas TEXHOJIOTHSA, YTO MMEET HEMaIOBaXK-
HOE 3HA4YCHHE ISl CEJNIBCKOro Xxo3daiicTBa. Kpome Toro, B ceabCKOM XO3SIMCTBE BO3-
MOJKHOCTP YBEIIMYCHHS TTPON3BOIUTEIIHFHOCTH BCET/Ia aKTyaIbHa.

Ilenbto paboOTHI SABISUIOCH UCCIEAOBaHUE JciicTBUsS DOMB pa3HbIX 4acTOT Ha
MOP(OJIOrHI0 HAHTHOKCHIAHTHBIE CBOWCTBA KAJUTyCHBIX KybTyp L. austriacum.

MaTepI/IaJIBI H METO/JbI.

Ilocne mpeaBapUTENbHON CENEKUUU PACTCHUU-JOHOPOB NJIs MHULMALWU Kall-
JYCHOM KyJbTyphl HaMH OBUIM HCIIOJIB30BaHbl CEMEHa HauOojiee MPOAYKTHBHBIX, C
TOYKH 3PEHUS HAKOTUIEHUS, IMTOTOKCHYECKUX JUTHAHOB nuHui L. austriacum. Iomy-
YeHHbIC KyJIbTypbl L. austriacum BeipaimuBaiu Ha nurtarenbHOi cpeae BN-MC, co-
nepxamieid BAIT u a-HYK, npu HempepbIBHOM OCBEIICHUU B KIIMMATUYECKOM IIKady
(MRC PGL 550 H, U3pawip) npu KOMHATHOM Temmeparype [6]. besarapuzoBaHHbie
BN-MC cpensl 0bUIM TpeABapUTENEHO OOyYEHBI B CTEPHIIBHBIX YCIIOBHSIX KOTep-
peataeiMu OMB ¢ gactoramu 48,3; 50,0; 51,8 I'Tn B Teuernnn 40 MunHyT (TeHEpaTOp
tumna G4-142, “Istok”, Poccus) morHoCTRIO 0.6 MBr/cM?, Ha paccrostaum 15 cm. Ha
9TH Cpefbl MEePecaKUBAINCH IPEABAPUTEIHLHO B3BEIICHHBIC KAITYCHBIE KYJIBTYPHL.
[NaccupoBaHue KaITyCHBIX KyJIbTYP HPOBOAMIIOCH MOJI TIOCTOSTHHBIM OCBEIICHHUEM Ha
kavaske (90 06/muH) B Teyenun 15 aueit, mpu 25C°.

®depMmeHTaTHBHAs cMech AJIsl onpeneseHusi nepokcuaasHoil aktusHoctu (110)
cogepxaina 0.8 mi 6ydepa, 1.1 M guct. Bozer, 0.5 miu 0.15% H,0,, 0.5 mi 2 MM -
poramnona (1,2,3 —tpuruapoxcudensen). M3mepenue Oll mpoBoamiIn Ha CKaHUPYIO-
miem criekrpodoromerpe (UV/Vis JENWAY 6405, UK) npu — 420 um nipu 25C°. Ak-
tuBHOCTH [10 paccunthiBamm o popmyne:

A= AD-V-10%[t]-de,

rae A — akTuBHOCTH epmenTa B Nkat, AD — nsmenenue Oll, V — 06vem peakumon-
HOU cMecH B MII, [t] — BpeMs U3MepeHus B CeKyHaX, d — TONIIMHA KIOBETHI B CM, € —
skeruHKIms B MM e [7].

Coneprxanne Oenka onpeaesum mo Mmeroxy bpemdopnal8].

AHTHpaJIMKANBbHYI0 aKTHBHOCTh TECTUPYEMBIX 00Pa3IloB OIMpEeIsuld Mo Oiu-
YMHTY CcTabMIbHOrO pamukana 2,2—mudenun-mukpun ruapaswia (DI, (Fluka,
Germany), usmepsieMomy noryomenueM npu 517 um [9]. AHTUpaAUKAIBHYIO aKTHB-
HOCTb (APA) paccuuThIBaM C Y4€TOM OCTaTOYHOW ONTHYECKOH IUIOTHOCTH (A,) IO
cienyomei Gopmyie:
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APA % = [(AKOHTPOJ'IL - A06pa36u)/(AKOHTpOIIB 7A0)] X 100’

rae A comrporss Aospasen B Ao — ONTHYECKHE TITIOTHOCTU COOTBETCTBYIOIIUX 00pasLos. 13
rpaduKoOB J030-3aBUCUMBIX KPHUBBIX paccuuThiBaiuch 3HadeHHs |Csy . KOHIeHTpanuu
00pasoB, HeoOxoauMbIe Tt HHruonpoBanus 50% cBoboanbix paaukanos AIIDI. Ax-
THpaUKaIbHAS MOIITHOCTH (APM) paccunthiBanachk mo popmysie APM = 1/1Cs, [10].
CraTucTHUECKHN aHAaNIM3 MPOBOAMIM HAa OCHOBE KOMILDIEKCHOTO MPHUMEHEHHUS
CTaHIAPTHBIX CTATUCTUYECKMX METOAOB: BBIUMCICHHUS CPEAHMX 3HAYCHHWH, CTaHAApT-
HBIX OTKJIOHCHHUH, CTAHIAPTHBIX CPEIHUX OMMOOK. B Tabmuuax, Ha rpadukax u jauar-
pamMmax MpUBEICHBI CPEIHIE ApUPMETHISCKUE U UX CTaHIapTHBIC ommOKy (n = 8-12).

Pe3yabTaThl 1 00CyxKIEHHE.

KamutycHsle KynpTypsl L. austriacum KyJIbTHBHpOBANIN Ha MUTATENBHOM cpere
MC-EH, npu HenmpepsIBHOM OCBEIIEHWH B KIMMATHYECKOM IMKady MpHU KOMHATHON
TeMIeparype.

BriOpanHbie HaMHu 4acTOThl DOMB SIBISIOTCS] pe30HAHCHBIMH JIJISI MOJICKYJT BOIBI.
B sToM nmanazone HaxosATCS MOJOCH! MOTJIOMIEHUS BOJBIL, YTO MOKET BIMATH HA Pas-
JMYHbIE MeTabOJIMYECKUEe W MHBIE MPOLIECCHl B OPraHW3Me, B YaCTHOCTH, U3MECHEHHE
HMOHHOTO TPaHCIIOPTa, aKTUBHOCTH (PepMEHTOB U T.1. OMB BimseT Takke Ha aHTHOKCH-
JMAHTHYIO CHCTEMY pacTeHui (hepMeHTHOTO 1 He(hepMEHTHOTO MmpoucxoxaeHus [11].

[ony4yennsie Hamu HenudepeHIMPOBAHHEIE, TTUTEIBHO-TIACCUPYEMBIE MPO-
mudepupyronre KyibTypbl L. austriaCum ObuTM HCIONB30BaHbI B KayeCcTBE MO-
JENbHBIX CHUCTeM JJi u3ydeHus BiusgHus OMB pasubix auanasonoB. Kak BuaHO U3
MTOJTyYE€HHBIX JKCIIEPHUMEHTANBHBIX JAHHBIX, MOJ BIMSHHEM MHIIUMETPOBBIX BOJIH
HCCIICIOBAHHBIX THAIIO30HOB YBEJIHYMBAETCs OnoMacca W Hpoiudepupyroume cro-
COOHOCTH KaJUTYCHBIX KyJbTyp L.austriacum (Puc. 1, 2).

OMB B mmamazone 48,3 I'Tn nposiisieT MOIIHYIO MpoM(epaTHBHYIO aKTHB-
HOCTb, HE BJIMsAs Ha OMOCHHTE3 Oeka M Bakyosm3anuto kietok (Puc. 1).

Pe3ynbTaThl MUKpOCKOITMYECKOTO aHAIM3a CPE30B KAJUTyCHBIX HEMOP(OTEHHBIX
TKaHEW JIbHAa TIOKA3bIBAIOT MOSBICHWE CTAOMIBHO NPOJUPEPUPYIOUINX KIETOK
(Puc. 26), 4T0 CBUAETENBCTBYET O MHUTOTCH-CTUMYJHUPYIOIIEM MEXaHU3ME ACHCTBUS
MUJUTUMETPOBBIX BOJH nuanazona 48,3 I'Tw.

HeiictBue DMB pa3HbIX quana3oHOB MPUBOAUT K U3MEHEHUI0 pH KyabTypasb-
HOHM CpeJbl MOCJIE BCETO MepHo/ia MPopaluBaHus KyJIbTyp (JaHHBIE HE MPUBOJSITCS).
Kak u3BecTHO, 3TO MOXKET OBITh PE3YJIBTATOM OKUCIUTEIBHOTO CTpecca, T.K. CBOOO/I-
HO-PaJMKaJIbHBIE MPOLECCHl TOBCEMECTHO MPOTEKAIOT B OpraHu3Me. AKTHBHBIE (Gop-
MelI kuciopona (APK) u azora obpasyroTcst mpu MeTabonrueckux npoueccax. Jucoa-
JIAaHC MEXy TeHEepUPOBaHWEM CBOOOJHBIX PAJUKAIOB U aHTHOKCHUAAHTHON CHCTEMOMN
MPUBOJIUT K B3aUMOJICHCTBHIO PEAKTHBHBIX ()OPM C KIIETOYHBIMUA KOMIIOHEHTAMH, YTO
BBI3BIBACT MEPEKUCHOE OKWCIICHHUE JHUMHUI0B, moBpexkaeHue JHK, OGenkoB, a Takxke
KJIETOK (amonTo3, HeKpo3). B kieTkax pacrennit ADK obOpa3yroTces Takke ¢ ydacTHeM
MEepOKCUAa3bl KIECTOYHOM CTeHKHM U okcanaTokcupasbl [12]. Ilpenmomaraercsi, 4to
A®K HE TONBKO BHICOKOTOKCUYHBIE COEIMHEHUS], CIIOCOOHBIE JIOKAIU30BaTh MH(EK-
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LIUI0, HO ¥ YYAaCTHUKHM CUTHAIBHON CHCTEMBI: CYNEPOKCUA-aHUOH U NIEPEKHUCH BOJOPO-
Jla aKTUBUPYIOT TPAHCKPHIILIMIO U, KaK CIeICTBUE, dKcrpeccuio reHoB [13]. MHorue
IPUPOAHBIE AHTUOKCUAAHTHBIE COEANHEHNS B PACTEHHAX SIBJISIFOTCS JIOBYIIKAMHU CBO-
OOHBIX paJMKAIIOB WX peakTHBHBIX Qopm [14]. 3ammra opranmsma ot ADK ocymre-
cTBIsieTcd (DYHKIMOHUPOBAaHMEM AaHTHOKCHUAAHTHON CHCTEMBI, KOTOpas BKJIIOYAET
HU3KOMOJICKYJISIpHBIE aHTHOKCUIAHTHI (AO) u cuctemy ¢epMeHTOB. Cpey aHTHOK-
CHUIAHTHBIX ()EPMEHTOB BBIAEISIOT CYNMEPOKCHUIANCMYTa3y, KaTanasy, IepoKCHaasy,
[IIyTaTHOH-TIEPOKCHa3y, IiIyTaTHOHTpaHcdepaspl. Hamm Obuto mposeaeHo om-
peneleHne MepoKCHaa3HON aKTUBHOCTH 00pa3ioB (Ta6:xn.). B kirerkax aTot hepMeHT
IPUCYTCTBYET B LIUTO30JIE M MAaTPUKCE MUTOXOHApui. OH y4yacTByeT B BOCCTAHOB-
neann H,0,, opranndeckux ruapornepeKuceid cBOOOTHBIX KUPHBIX KUCIOT, HYKJIEO-
TU/IOB, HYKJIGWHOBBIX KHCJIOT H, BEPOSITHO, OCJIKOB, IEPEBO/IsI BOCCTAHOBJICHHBIH TIy-
TaTHUOH B OKHCJICHHBIH.

Kax BuAHO U3 MOJyYEHHBIX PE3yJIbTaTOB, AeicTBUEe DMB pa3HbIX 4acToOT mpu-
BoAUT K noBbiieHu0 [10 no cpaBHeHUto ¢ koHTponeM. OnHako, camas Beicokas [10
AKTUBHOCTH HPOSIBIIsieTCs Y oOpasla, BBIPALICHHOI'O B IpeaBapuUTeNbHO 0OpaboTaH-
HoM mox Bo3zaerictBueM OMB 48,3 I'T'n nutarensHOl cpene. HecmoTps Ha 3To, aeii-
ctBre DMB npUBOANT K CHWKEHUIO KOHIIEHTpauy Oenka. M3 BhleckazaHHOTO clie-
nyeT, uto OMB naHHBIX IMAn0O30HOB MPUBOIAT K MOBHIIICHHIO akTUBHOCTH [1O cuc-
TEMbI KAJUTYCHBIX KyJbTYp JibHA. [IO akKTUBHOCTH TOMOI'€HATOB IOKA3bIBAET MPUPOCT
AKTUBHOCTH (DEPMEHTATUBHOM CHCTEMbl AHTHMOKCHJAHTHOMN 3aIlIUTHI, YTO CBHUICTEIb-
CTBYET O ITOBBIIIEHNH NPOTEKTOPHBIX CBONHCTB KYJIbTYp OT OKCHIATHBHOTO CTpecca.

Pe3ynbTaThl HecneoBaHUS aHTHPAAUKATBHOW aKTUBHOCTH SKCTPAKTOB TpH 00-
pabotke MC-BH sxunkoit cpenbl MuuIMMeTpoBbIMU BotHamu (48,3; 50,0: 51,8 I'T)
npuBeneHs! Ha Puc.3 u 4.

Ha ocHOBaHMM MOJYyYEHHBIX PE3YJIBTATOB MOKHO 3aKJIIOYHThH, YTO HKCTPAKTHI
KaJUTyCHBIX KYJbTYp JbHa mpu BosaeiictBun OMB 483 I'Tu u 51,8 I'T'n obnagaror
OonplIel aHTUPAAUKAIbHOW aKTHBHOCTBIO, TOT/Ia KaK KaJTyCHbBIE KYJIBTYpbI, Ipopa-
IICHHBIC Ha KYJIbTYpPaJIbHOM cpelie, mpeaBapuTesibHo 00ayyeHnon OMB 50,0 I'TL] -
MEHBIIEH 10 CpaBHEHHIO ¢ HeoOmydeHHbIMI. APM mipsiMo KOoppeiupyeT ¢ M3MEHEHH-
em 3HaueHus pH cpens! mpu o0aydeHnw.

Takum 00pa3oM, MoJ BIMSHUEM MHJUIMMETPOBBIX BOJIH YBEJTHMYMBAETCs OHO-
Macca KaluTyCHbIX KyJbTyp L. austriacum, nabmromaercsi akTHUBAIMsl aHTHOKCH/IAHT-
HOW CHCTEMBbI, B YaCTHOCTH, IEPOKCHIAa3HAas U aHTHPaIUKAIbHasl aKTUBHOCTH. AHTH-
OKCHJIAHTHYIO aKTHMBHOCTb IKCTPAKTOB KJUTYCHBIX KyJIbTyp L. austriacum mop neiict-
BreM DOMB pa3HbIX TMana3oHOB MOKHO MPEACTABUTH IO CIEAYIONIEMY YObIBAIOIIEMY
psany: 48,3 I'Tp > 51,8 I'T>korTpons >50.0 T

[lony4yeHHble pe3ynbTaThl MO3BOJAIOT YTBEPXKIATh, YTO HPEABAPUTENBHOE 00-
JMy4eHHE KyJIbTypalbHON XUAKOW cpenasl OMB B nnanazoHax pe30HaHCHBIX YacTOT
BoabI 48,3; 50,0 u 51,8 I'T BausgeT Ha OHOCHHTETHYECKUE, OMOXUMUYCCKHE TTOTCH-
MK HeMOP(OTEHHBIX KaJUTYyCHBIX KyJIbTYyp L. austriacum, koropbie MOXKHO HCIIOJIB30-
BaTh B KaU€CTBE MOJEIHHBIX CHUCTEM IS MCCIIETOBAHUS MEXaHU3MOB JACHCTBUS MIJI-
JUMETPOBBIX BOJIH. DKCIIEPUMEHT 10 JaHHOW CXeMe OOJIydeHHUs CBHIETEIHCTBYET O
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MIEPBUYHOM POJU BOJBI B HAOMOMaeMbIX 3PdekTax. ITO OTKPHIBACT HOBBIC BO3MOXK-
HOCTH ipuMeHeHHs OMB B (hapMOMOTEXHOIOTHH.
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ABTOpBI BBIpaXKaroT OnarogapHocts AokTopy B. Kananrapsny (EpeBanckwuii ro-

CYJIapCTBECHHBIM YHUBEPCUTET) 3a WCIOJIH30BAHHE HCTOYHUKA T'eHepaTopa JJIEKTPO-
MarHuTHBIX BOJIH Thna G4-142.

JIUTEPATYPA

. VanVliet D., Tachibana Y., Bastow K., et al. J. Med Chem. V. 44,Ne 9.PP. 1422-1430,

(2001).

. Felix C.A.,Med.Pediatr. Oncol. V.36, Ne 5, PP. 525-535, (2001).

. Betskii O., Lebedeva N.,Low-intensity millimeter waves in Biology and Medicine. In: Clini-

cal application of Bioelectromagnetic Medicine, New-York, USA, Macel De-k Ker. Inc
(2004).

. Betskii O., Lebedeva N., Tambiev A., Kirikova N., Slavin V.,Journal of Science and Engi-

neering. V.23 (4),PP. 236-252, (2007).

. Kalie M., Thesis of Doctor in Biological Sciences, Novgorod, RF, (2011).
. Bapoanemsn I'P., Kupaxocan A.b., Ocamecan A.A., Ilenecan A.P., Anvgpepmannu

B.,®usnonorus pacrennii, T.50, Ne3. CC.1-5, (2003).

. Vardapetyan H.R., Hovhannisyan A.A., Tiratsuyan S.G., IAELPS regional, (2005).
8.
9.

Bradford M.M., Anal. Biochem. V. 72.PP. 248-254, (1976).
Koleva I.1., Van Beek T.A., Linssen J.P.H., et al. Phytochem. Anal. V. 13. PP. 8-17, (2002).

10. Suja K., Jayalekshmy A., Arumughan C.,Food Chem., V. 91, PP. 213-219, (2005).

11. Casenves C.B., MwuiuMeTpoBbie BOJHBI B Ouosioruu u Meaumnuue. Ne 4. CC. 20-27,

(2003).

12. Lam E., Pontier D., del Pozo O.,CurrOpin Plant Biol. V. 2, PP. 502-507, (1999).
13. Mauch-Mani B., Slusarenko A., Plant Cell V.8, PP. 203-212, (1996).
14. Halliwell B., Gutteridge J.M.J., Lab. Clin. Med. V.119, PP. 598-619, (1992).



106 Hccnedosanue delicmeust MUATUMEMPOBBIX 80IH HA MOPDOLEHeMU4ecKue ...

Ha3panus pucyHKOB M Ta0JINIbI.

Puc. 1. Conepkanue BoJbI, OOMacchl U Oeika B % KaUTyCHBIX KyJIbTyp L. aus-
triacum mox Bo3aeiictBuem OMB (48,3 50,0 u 51,8 T'T'ry).

Puc. 2. Mukpockonuueckue cpe3bl KaTyCHBIX KyibTyp L. austriacum (a —
KOHTpOJIb, 6 — mox Bo3zzaerictBueM OMB B muanazone 48,3 I'Tm) (yBemmuenune 100
pas).

Puc. 3. AHTHpaguKanbHas aKTUBHOCTh SKCTPAKTOB KaJUTYCHBIX KYJBTYp JIbHA
nociie ooyuenuss OMB uacroramu 48,3;50,0 u 51,8 I'T'm.

Puc. 4. 3nauyenue 1Cso u APM kamnycHbIX KynbTyp L. austriacum nox Bo3zaei-
crBueM DMB B nmnanasonax vactot 48,3; 50,0 u 51,8 I'T'w.

Ta6mmma. KonmenTpamus Oeiaka W MepOoKCHIA3Hass aKTHBHOCTH OOpPA3IOB IPH
o0nyueHnn

% ® % H20
140 -
I onomacca (%)
120 ]: B cogepskanue 6eaxa (%)
100 - I

80 I

40 -

20

KOHTDOJTh 483 1TTu 50.0TTu 51.8TTu

Puc. 1. Comepxanue BojibI, OMoMacchl U 6enka B % KaJUTyCHBIX KynbTyp L. aus-
triacum o BoszeiictBuem DMB (48,3 50,0 u 51,8 I'Ty).

Puc. 2. Mukpockonuueckie cpe3bl KaLTyCHbIX KyibTyp L. austriacum (a — kon-
TpoIb, 6 — mox Bo3aeiicteueM OMB B nnamnazone 48,3 I'T'n) (yBenmuenne
100 pa3).
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Tab6auua. KornenTparms 6enka 1 mepoKCuIa3Has akTHBHOCTD

00pa3moB npu 00IydeHHN

Oopa3zen Konuenrpanus 6enaka (MKI/mi) MO akTUBHOCTD (TKAT/T OeJIKA)
KOHTPOJIb 280,2+2,1 0,18+0,01
48,3TTn 250,3+2,3 0,25+0,02
51,8 I'T'n 240,418 0,21+0,01
50,0 I'T'x 220,1+2,1 0,24+0,02

90

80

70 -

<

B48,3F K

A751,8 T

%50,0 I'rag

0 1 2 3

4 5 6

KOHUeHTpanus (MKI/MJ1)

Puc. 3. AdTHpaguKanbHas aKTHBHOCTbh JKCTPAKTOB KAJUTYCHBIX KYJIBTYp JIbHA
nocie oburyaennst OMB uwacroramu 48,3;50,0 u 51,8 I'T.

35
3,0
2,5

2,0

1C50
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1,0
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\ ’/ \ 0:4
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0,2

Kountpoan 48,3ITu 51,8 T

T 0,0
50,0 T

Puc. 4. 3nauenne 1Csy 1 APM kamnycHsix KynsTyp L. austriacum
o7 Bo3zaeiicteueM DMB B nuanazonax yactot 48,3; 50,0 u 51,8 I'T.
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UPLPUGSCUSEUL ULPLLEP UNMESNERE3UL NPUNPULVUURMNRESNRUL
LINUM AUSTRIACUM L. WULNRUUSEL UNPLSORLULEP QB ULTLUYUL
B4 UtLUULMUNUYUL MNSELARULELD 4 U

2> Juppuybuyui, U.U. Zonjhwtbthuwi, U.Q. Shpugnywl,
U.U. Zupmippiiyub, L.k konnith

uuoenenkU

Utp Ynnuhg unwugqus stnuppbpuldws, Epjupunb Ynynhjug-
Jwd wpnihpbpugynny Juniuughtt Ynyuniputpp hpundt Gu
npyku dnpbjughtt hwdwljupgbp 48,3; 50,0; 51,8 @2g hwdwhiwlju-
unipyutt dhjhdbnnpuyhtt Ynhbkpkun GEjunpudwuquhuwljui wihp-
uliph wqpbgnipyut dkjpwhqdubph nuumdwuppnipyut hwdwp:
TYhuwpyyl] b uyn wihpubph wqntgnipeiniip Linum austriacum L.-h
Jupniuughtt Ynyunipuwubph dbwpwtnipjul, wpnihdEpughugh,
hujwopuhnutnuyhly, hwjurwunhluwjuyhtt hwnlnipmiuutph b
Ytuuwupupbnpl htwpwynpnipmibitbph Jpu 8nyg E wpyky, np
EUU-u nuunidtwuhpdws pninp phuyugnuttipnmud tyquunnid Bu
ynipunnipuilibph Jwwquiqush wah, huly 48,3 G2g-p” wypnjhh-
pughuyh: Swppbp hwfwpwjuimpniuiiph EUU-h wqpbgni-
Pt wowyg b phipmu whpopuhnuquuht wjnhynipjui wg uwnmn -
ghsh hwdtdwwn, npp wuydwtwdnpjws b hwljwouhnhsuyhtt dhp-
dktinughtt hwdwlwupgbph wliunhynipjut wény, htyybtu twb
uyhtnwljnigh Ynughinpughugh vhwdwdwbuljju tjugnid: 9nioh
Unyunnipuitkph Epunpuljnttpnid uinnighgsh hwdbdwwn 48,3 n 51,8
Q2g hwdwpwljuinpyudp Hijupudwugihuwlub wihputph wg-
nhgnipjudp nhuynud Ehwjunwunhljujuyghtt wnhynipjut ws, hul
50,0 @2g-h wqntgnipjudp hwlupwlp' wfwqmu: L. austriacum-h
Juniuuyghtt Ynyunnipuittph Ppunpuljnubph hwljunwnhlujuwht
wlwnhynipmniip EUU-h nowpplp ghwuwywugnuibph dwunwquyypu-
hwpdwl wqpbgnipjudp nphnwplihu upkh Eonwbw) hinbyjug
t]wqnn pwppp' 48,3 Q2g > 51,8 @2g > unighy > 50,0 A2g:
Zhtttwpwnkp” Upjhdbnpuyghtt wihpbkp, L.austriacum L., Qunt-
uwyhlt Ynyunipwkp, 2$NZ, ywhpopuhnwgq:

STUDY OF THE EFFECTS OF MILLIMETER WAVES ON
THE MORPHOGENETIC AND BIOCHEMICAL POTENCY OF CALLUS
CULTURES OF LINUM AUSTRIACUM L

G. Vardapetyan, A. Oganesyan, S.G. Tiratsuyan,
A. Harutyunyan, L.Rshtuni

SUMMARY
The undifferentiated, long-passed proliferating callus cultures of L. aus-
triacum that we received were used as a model system to study the me-
chanisms of action of the electromagnetic irradiation (EMI) with extreme-
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ly high frequencies: 48,3 GHz,; 50,0 GHz; 51,8 GHz, and low intensity
flux capacity (0,6 mW/cm? ). The effect of EMI on the morphogenesis,
proliferation, antioxidant, antiradical properties as well as biosynthetic
potency of callus cultures of Linum austriacum L. has been studied. It has
been shown that at irradiation with all investigated frequency contribute
to the growth of biomass and 48,3 GHz - proliferative activity of cultures.
The action of different frequency EMI leads to an increase in peroxidase
activity compared to the control indicating an increase in the enzymatic
activity of the antioxidant defense system while reducing protein concen-
tration in the samples. Under the influence of EMI with 48,3 GHz and
51,8 GHz, there is an increase and 50,0 GGts- lowering antiradical activi-
ty of flax callus culture extracts as compared with control. Antiradical ac-
tivity of callus cultures of L. austriacum extracts under influence of EMI
can be arranged in the following decreasing order: 48,3 GHz > 51,8 GHz
> control > 50,0 GHz.

Keywords: millimeter waves, L.austriacum L., callus cultures, perox-
idase.
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U3MEHEHUE YPOBHSI MCP-1 B CHMHHOMO3I'OBOI
JKUJAKOCTHU U HAPYHIEHUE HEKOTOPBIX NOBEJIEHYECKHUX
PEAKLIUM ITPU PACCTPOMCTBAX AYTUCTUUYECKOI'O
CIEKTPA Y KPBIC™

K.C. (I)epemeTsml’Z, M.O. AﬁpaneTsml'z, M.JIL. MupyMsm1 u K.B. Enxosin’

1 o o o

Epesancruil 2ocydapcmeennuiii meduyunckuil ynugepcumem um. I'epayu
2 9 N ¢
Poccuticko-Apmanckuii (Crasauckuii) yHusepcumem

AHHOTALMS
PacctpoiictBa aytuctudeckoro crekrpa (PAC) sgBisroTcs KOMIUIEKCOM
HEBPOJIOTHYECKUX HAPYUICHUH, MPOSBIAIOIINECS CTEPEOTUIIHBIM, WIIH
MIOBTOPSIONINMCS NTOBEICHHEM, HapyIIEHUSIMU BepOaIbHOI U HeBepOasb-
HOM KOMMYHMKalUid. B maTorenese JaHHOTO paccTpOWCTBa Ba)KHOE 3Ha-
YEeHHE UMEeT TUC(HYHKINSI IMMYHHOH CHCTEMBI, OTIPEeISIOmasics OBbI-
LIEHHBIM YPOBHEM psi/ia IIATOKHHOB B MO3TOBOH TKaHH, CIIMHHOMO3TOBOM
XKHUIKOCTH U B IJIa3Me€ KPOBH.
B manno#i pabote Hamu Obi1 ompeneneH ypoBenb MCP-1 B nepebpocmu-
HaJIbHOM JKHIKOCTH >KHBOTHBIX INPH SKCIEPUMEHTAILHOM MOJEIHUPOBA-
Hnu PAC Ha paHHHX 3Tamax MOCTHATAJIBHOTO Pa3BHUTHS, a TaKkKe ObUIH
HCCIICIOBAaHBI HEKOTOPHIE MOBEICHUECKUE PEaKIUH KUBOTHBIX, C LIEIbIO
BaJMIALHA MOJEINEN.
Pe3ynbTaThl IPOBEICHHBIX HKCIIEPUMEHTOB BBIIBIIIN MOBBIIICHHE YPOBHS
MCP-1 Ha 60 smeHp TOCTHATAIBLHOTO Pa3BUTHS B 1EPEOPOCIMHAIBHON
KHUJIKOCTH XUBOTHBIX IPH MOBPEKACHUN MHHIAIECBUIHOTO siipa HOOTe-
HOBOW KHCJOTOM M MEXaHWYECKOTO ITOBPEXICHMS 4epBsl MO3Keuka, a
TaKKe YIydIICHHE ABUTATENBHOM KOOPAMHAIMM >XMBOTHBIX JKCIIEpPH-
MEHTaJIbHOMN I'PYIIIIBL.
TakuM 00pa3oM, CONOCTABISII U3MEHEHHS OMOXMMHUYECKHX W TIOBEJICH-
YEeCKUX JTaHHBIX, MOJKHO 3aKJIIOUHTh, 4TO BocmaneHue npu PAC ungym-
pyeT MoBeIeHYECKIE N3MEHEHUS, BRIPAKCHHbIC YITy4IIeHHEM IBUTATENb-
HOW KOOPIMHAIINY ¥ MOHWKEHUEM TPEBOXKHOCTH.
KiroueBble cjioBa: pacCTpOHCTBa ayTHCTHUECKOTO CIEKTpa, MOHOIH-
TapHBIA XeMOATTPAKTAaHTHII 0esoK-1, TBUTAaTEIbHAS KOOPHMHALU.

BBEJEHUE

PaccrpoiictBa ayructudeckoro crektpa (PAC) sBAsSIOTCS KOMIUIEKCOM HEBPO-
JIOTUYECKUX HapylieHud, nmopaxaromux okono 1% nereid B CIUA [1]. Tunuunas

*
Pa6ota Obla rHAHCHPOBaHA IPAHTOM T'OCYIAPCTBEHHOTO KOMHTETA 110 Hayke MUHHCTEpCT-
Ba 00pa3oBaHus 1 Hayku PA.
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cumntoMatrka PAC mposiBisieTcst y)ke B paHHEM BO3PAcTe M ONPENENsIeTCs] CTepeo-
TUTTHBIM, WM TIOBTOPSIONIMMCS TIOBEJCHHEM, HapyIICHUSMHU BepOalbHOW W HEBep-
OanmpHOM (HAmp. TJIA3HON KOHTAKT) KOMMYyHHKanuid. COTJIacHO MATOMY U3JaHHIO PY-
KOBOJICTBA IT0 IHArHOCTHKE M CTATHCTHKE IICHXUYIECKHX paccrpoiicts (Diagnostic and
Statistical Manual of mental disorders, DSM-V) k PAC otHocsT cunapom Acrieprepa,
cuaapom KanHepa, cungpom PeTrta, neTckoe Ne3sMHTErpaTMBHOE paccTpPOMCTBO, He-
crienrduyecKoe nepBa3uBHOE HAPYILICHUE Pa3BUTHSA [2].

HecmoTpst Ha TpoaoInKUTEIHFHOCTS UccemoBannit atuosorust PAC ocraercs Hems-
BecTHOH. /laHHBIE TTIOCTIEMHUX WCCIIeIOBAHUH TIOMIMO TeHETHIECKUX U CPEIOBBIX (PAKTO-
POB YKa3bIBaIOT TaK)Ke HA BOBJICYEHHOCTh AIUTEHETHUECKUX (PAaKTOPOB B T€HE3E ayTH3Ma
[3]. HefipoBusyanuzaoHHbIe U HEHPOPU3UOIOTHIECKHE HCCIICAOBAHMS, TPOBEACHHBIE
y MHOTHX AeTel, crpanarommx PAC, BBISIBUIIN Npe- ¥ IOCTHATANBHBIC HAPYILICHHUS Pa3BH-
THUSI pa3HBIX OT/EJIOB TOJIOBHOTO MO3Ta, B YaCTHOCTH, MO3KEUKa, MUHIAIECBHHOTO Tea,
BEHTPOMEIHAITEHOHN MTpepOHTATIFHOM 1 (hpOHTOOPOUTATIBHON KOpHI [4]. MHOTHE Hcche-
JIOBaHUS JTOKA3HIBAIOT HAIMYNE AUCOYHKIIMA UMMYHHOH CHCTEMBI TIPH PacCTpPOMCTBaX
AyTHCTHYECKOTO CIIEKTpa. B 4acTHOCTH, HaOMFOMAeTCs aKTHBAIWS MHUKPOTJIHH, TIOBBIIIE-
HHE YPOBHS MPOBOCCIIAIMTENFHX LUTOKWHOB B MO3TOBOW TKaHH, LEpEOPOCTIMHAIBLHOMN
XKHUIKOCTH, B TUIa3Me KPOBH, a TAKXKe MOBBIIICHHBIN CHHTE3 IIMTOKMHOB NIepU(pepPHICCKH-
MH MOHOHYKJIEAPHBIMU KJIETKaMH KpOBH [5].

B cBsa3u ¢ 3TM B maHHOW paboTe HaMu OBLT OINpeneieH YpPOBEHb MOHOIIHU-
TApPHOTO XEMOATTPAKTAaHTHOTO Oenka-1 B mepeOpOCTIMHANBHON KUIKOCTH KUBOTHBIX
P 3KCIIEPUMEHTATFHOM MOJETHUPOBAHUH PACCTPOICTB ayTUCTUYECKOTO CIIEKTpa, a
Takke ObUIO TPOBEACHO HMCCIIEOBaHUE TOBEACHUS JKUBOTHBIX, C IIETBIO BATUAALIUH
MOJEINIEH.

MoHonuTapHblii  XeMoaTTpakTaHTHBIN Oenok-1 (Monocyte chemoattractant
protein 1, MCP-1) u3BecTeH Kak CHI'HAJl aKTHBALMM M MUTPAIUM MOHOLUTOB, T-
KIJIETOK B 30HY NOBpPEXIIEHHOW TKaHH. B nieHTpanbHo# HepBHO# cucteme MCP-1 tak-
XKE MOIYIUPYET MPOIECC MUTPAIMH MHEJIOUTHBIX KIJIETOK B 30HY BOCCIAJICHUS WU
MOBPEXKJCHUS, T.H. IPU HIIEMHH, 00JIe3HN AJbLreliMepa u SKCIIEPUMEHTATLHOM ay-
TOMMMYHOM 3HIledaiomuenuTe [6]. MHOrHe rpymibl, uccieaoBasiinue ypopenb MCP-
1 B pa3HBIX CTPYKTYpax TOJIOBHOTO MO3Ta, a TAK)KE B CBIBOPOTKE KPOBHU y JieTel cTpa-
JAIOIINX ayTU3MOM, JOKa3bIBAIOT MOBBIIICHNE er0 YpoBHS. O4YeHb YacTO TOBHIIIIEHHAS
nponykius MCP-1 cBs3ana ¢ HapylieHHEeM HOPMAIIBHBIX TOBEJCHUECKUX PEaKIuil 1
aJanTUBHBIX QyHKIHH [7].

MaTepI/laJ'IbI U METOAbI

Kueomnuvie

OKCIEpUMEHTHI IPOBOIMIIMCH Ha JTA00PATOPHBIX OeNbIX OECIOPOAHBIX KPHICAX,
MIPEIOCTABICHHBIX BHBAPUYMOM MEAMIMHCKOTO TOCYAAPCTBEHHOIO YHUBEPCHTETA
um. I'epamu (EIMY), cornmacHo mpaBunam Otuueckoro komurera EI'MY. Uccre-
JIOBaHHA TIPOBOJWINCH HA HOBOPOXKJEHHBIX >KMBOTHBIX, KOTOpble 10 30 MHEBHOTO
BO3pacTa coJiepKanuch ¢ Marepsio. Ilocie dero ObITH H30IMPOBAHBI U COACPKAIUCH B
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CTaHIAPTHBIX YCJIOBUSX BHBapHs, B IUIACTHKOBBIX KJIETKAaX C MEJIKOH JApEeBECHOU
CTPYXKOH, He OoJee 4 ocoOeil B KiIeTKe, KOpM M BOY HOTydain 06e3 orpaHnYeHH.

IKkcnepumenmanvhoe mooenuposanue PAC

Xupypruueckoe BMEIaTeIbCTBO MPOBOIMIOCH HA 7 JICHb MOCTHATATIHLHOTO Pa3-
BUTHUS KUBOTHBIX B YCJIOBUSX THIIOTEPMUYECKON aHECTE3WH IyTEM OMIATEPaIbHOTO
BBeJIcHUS MOOTCHOBOWM KHCIIOTHI pa3BelicHHOW B HaTpuii-pocharHom Oydepe
(310/0.3pl) u sxBUBaIEHTHOTO 00BEMa (HU3HOTOTUIECKOTO PACTBOPA YKUBOTHBIM KOH-
TpoJIbHOU Tpymbl. JKUBOTHBIE (PUKCUPOBAIKMCH B CTEPEOTAKCHUYECKOM arlapaTe Mo-
JUQUIMPOBAHHBIM JJI1 PA0OTHl C HOBOPOXKIEHHBIMH. J[Jsi MOBpEeXXICHUS MHUHJAIIC-
BUJIHOTO SJJpa WCIOJIb30BAIUCH CJIEAYIONIHE KOOPAUHATHL: £3.8 MM JiaTepalibHO OT
CpeIMHHON JINHUY, | MM KaynajibHEe OT Opermbl, UrJia BBOJWIACH HA TIyOMHY 6 MM
OT BHYTPEHHEH IMOBEPXHOCTH ueperna moxa yriaom 4°. Jins BBeneHus: pactBopa ubore-
HOBOM KHCIOTHI ucmonb3oBaics mmpui] [amunbrona 10 mxm (Hamilton Co,
GASTIGHT®1801), ckopocts BBeneHus cocTaBisiia (.1 MKII/MUH, UTJIa OCTaBISIACH
Ha MECTe BBEJICHHE B TCUCHHE 3 MUHYT, IOCIIE Yero u3Biekaiach. Koxa 3amuBanach
MyTeM HAJOXEHHS MPOCTOTO Y3JIOBOIO IIBa, paHa oOpabaTeiBaiaCh aHTHOMOTHKOM
mupokoro crekrpa (OutwiuH 5). [ToBpekacHue YepBsi MO3KEUYKa MPOU3BOIAMIIOCH B
TEX )K€ YCIIOBHS, B KaYECTBE CTEPEOTAKCUUCCKUX KOOPAMHAT MCIOJb30BaJIaCh TOYKA
HIWDKE MepeceyeHus J1aMO0BUIHOTO U CTPEIIOBUIHOTO IIIBOB Uepera.

Ilogedenueckue uccnedosanusn

Ha 30-35 u 60—65 nHM mocTHATAILHOTO Pa3BUTHS JKUBOTHBIE KOHTPOJIHHOU U
SKCTIIEPUMEHTATIBHON TPYNI MPOXOAMWIN TECTUPOBAHUE B «IIPUIOJHITOM KpPECTOO00-
pa3HOM JIAOMPHHTE» H Ha «POTaPOAC.

TecT «IIpHMTOTHATHIN KpecTOOOpas3HbIi Ja0UPUHT» ObLIT BEIOpaH B Ka4eCTBE O/I-
HOTO M3 IIMPOKO HUCHOJB3YEMBIX IJISl OLIEHKH TPEBOKHOTO COCTOSHHS >KMBOTHOTO.
YcraHoBKa npeAcTaBiseT U3 ceOs MpUnoaHATHI Ha 50 cM OT moja JIabUpHHT, C ABY-
MS OTKPBITBIMU M ABYMS 3aKpBITBIMU pyKaBamu InuHoW 50 cM u mumpuHoi 10 cm.
’KuBoTHOE momemnianoch B LHEHTpe JaOUPHUHTa HOCOM B 3aKpBITHIH PyKaB, JalbHeEHIIee
MIOBEJICHUE PETUCTPUPOBAIOCH BUJICOKAMEPON B TedeHHe 5 MUHYT. MccienoBanuch
CIIEIYIONINE TIOBEJICHYECKUE TTOKA3aTeN: YUCIO BXOJOB/BBIXOJI0OB B OTKPBITHIE U 3a-
KPBITHIE pyKaBa JaOUPUHTA, JITUTEIHHOCTh HAXOXKACHHUS B OTKPBITHIX PyKaBaX, B IIEH-
TpE U 3aKPBITHIX PyKaBax JaOUpUHTA.

s nccneoBaHys JBUTATEIbHON KOOPAWUHALMM U ABUTaTEIBHON MaMATH JKU-
BOTHBIX ObLI BBIOpaH TeCT Bpararoiierocs munHapa “RotaRod”. XKusotHbie mome-
[IAJIMCh Ha BPAINAIOUINICA C TOCTOSHHOM CKOPOCTBIO IMJIMHAP TIO HaNpaBICHUIO
JIBWOKeHHUS. Ha mpoomKuTeNbHOCTH TpeX MUHYT (DPUKCHPOBIOCH BpeMsl MaeHUs KH-
BOTHOrO. [locie yero >kMBOTHOE BO3BPAILAIOCH B KJIETKY C KOPMOM U BoJo#. Tectu-
pOBaHMe MOBTOPSUIOCH TPMXKJIBI C HHTEPBAJIOM 15 MHHYT, CKOPOCTh BPALIECHUSI [IMIHH-
npa mensack 20 06/muH, 25 06/mMuH, 29 006/MuH, cooTBeTCTBeHHO. [locie kaxaoro
JKUBOTHOT'O MIOBEPXHOCTH LMIMHApPa oOpabaTeiBanack 30% CUPTOBBIM PacTBOPOM.
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Buoxumuueckue uccnedosanusn

Ha 60 menp mocTHaTanbHOTO Pa3BUTHS MPOBOAWIACH IMyHKIHUS mepedpociu-
HaJIbHOW JKUIKOCTH TOJ ypeTaHoBeIM Hapko3zoMm (1.2r/kr) [8]. Hms ompeneneHus
MCP-1 ucnons3oBaincs meto; uMmyHodepmenTHoro ananmza (UDA). MCP-1 BbisiB-
JSUTH ¢ TIOMOIIBI0 KoMMepueckoro Habopa rat MCP-1 assay kit (REF JP17176, IBL
International GMBH, Germany).

Pe3yabTaThl Hcceq0BaHMil M UX 00CYKIeHHe

H3menenue yposnus MCP-1 ¢ yepedpocnunanvhoii scudxocmu

Pe3ynprarel mpoBeneHHBIX 3KCIEPUMEHTOB BBISBIIIM, YTO TPU MOBPEKICHUU
amuraansl H00TeHOBOM kucinoTol KoHueHTpauust MCP-1 na 60 neHp mocTHaTaIBHOTO
pa3BUTHS B LepeOPOCTIMHAIBHON KHUIKOCTU cocTaBuia 36,72 +4.8 pg/ml, uto B 0.9
pa3 BBIIIC MHTAaKHOTO M B 1.2 pa3 KOHTpoibHOTO 3HaueHWi. [Ipu MonenupoBaHuu
MO3KEUKOBOTO TOBpexkAeHUS Ha 60 JDeHb MOCTHATAIHHOTO PA3BUTHUS KOHIIEHTPAIUSI
MCP-1 B nepebpocnuHanbHOM x)uIKOCTH cocTaBmia 41,03+£6.1 pg/ml, uto B 1.3 pasa
BEIIIIe KOHTPJIBHOTO moka3arens (Puc.1).

Kak mpu moBpexaeHus: aMuraaisl HOOTEHOBOM KUCIOTOW, Tak W MPU MEXaHH-
YECKOM TOBPEXKICHUM MO3kedka KoHIeHTpalus MCP-1 B niepeOpocnMHaIbHON KU~
KOCTH POCIIa: €CIIM B TPYIIE «aMurjana», HaOJoJanach TEHACHIHUS K MOBBIIICHUIO,
TO B TPYIIE «MO3KEUOK) MOBBIIMIECHIE OBIIIO SBHBIM. [Ipy 00CYX)IeHNN MOJENN «aMH-
T/1aja) MBI CYATaeM OoJee 1eaecoo0pa3HbIM CpaBHEHUE NaHHBIX SKCIIEPUMEHTATHHON
TPYMITBI )KHBOTHBIX C TAHHBIM KOHTPOJHHOW TPYIIIBI, HEXKENU UHTAaKTHON. ToT daxr,
4To B Tpymmne «amurganay konueHtpauun MCP-1 Beipocia meHee BBIPaKEHO MO
CPaBHEHHIO C MO3KEUYKOBOW CBUCTENBCTBYET O TOM, YTO, IO BCEW BEPSATHOCTH, MO3-
KEUKOBOE TTOBPEXKICHIE MPUBOIUT K 00Jiee BRIPAKEHHOM XpOHMU3aIlUK BocTajieHus. B
000MX ciy4asx TOBpEXIeHHE OBUIO CelaHO Ha 7 JeHb IOCTHATaJIhHOTO Pa3BUTHS,
YTO COOTBETCBYET MEPBOMY MTOCTHATAIBHOMY JHIO Pa3BUTHS YEIIOBEUYECKOTO TOJIOBHO-
ro mo3ra, a fnerekius MCP-1 B nepeOpocnmHaNBHON KUIKOCTH — Ha 60-bIii MOCTHA-
TaNbHBINA JICHb Pa3BUTHS, YTO COOTBETCTBYET S-JIETHEMY BO3pacTy uenoBeka. Daktu-
YEeCKH, BOCTIAJIUTENBHBIA (PaKkTOp, MHIAYIUPYEMbIH MOHOIIUTAMH WIJIH OCTAETCSl aKTHB-
HBIM Ha TPOTSHKEHWUH BCETO BPEMEHH, MJIM IKCIIPECCHPYET B KaKOH-TO KOHKPETHBIH,
HaM HEW3BECTHBIN CPOK. Ecii MCXoMuTh OT TOW UeH, 4TO (aKTOp MOBBIIIAETCS Cpazy
ocIie IOBPEeXIeHHs (4TO HanboJee BEPOSTHO, TaK KaKk MOOTEHOBAsI KUCIIOTA SIBIIIETCS
AKCAaHTOTOKCHUYHOM, a yJaJIeHue BepMIca caMo Io cebe HHIYNHUPYET BOCHAICHNE KaK
MUHHMYM Ha MeCTe TIOBPEXKJIEHHs), TO Mojaaepkanue Beicokoro yposens MCP-1 Ha
MPOTSDKEHUU JIBYX MECSIIEB, MO BCEH BEPOSITHOCTH, CBUICTENILCTBYET O HATMYUHU ME/I-
JICHHO TIPOTEKAIONIEr0 XPOHUYECKOTO BOCHAICHHS C PAa3HOW CTENCHBIO BBIPAKEHHO-
CTH B 3aBUCHMOCTH OT MOZEJH 3KCIIEPUMEHTAabHOTO ayTu3ma. ToT ¢akT, 4To B Moze-
m «amurgana» konuentpauus MCP-1 mocne BBefeHus HOOTEHOBOW KHCIOTHI TTOBBI-
maetcs 0oJyiee CyIIeCTBEHHO 10 cpaBHEHUs ¢ mHTakTHOM (15.7%), a He KOHTPOIBHOM
rpymmnoi (9,2%), BO3MOXKHO OOYCIIOBIIEH (aKTOPOM MEXaHHUYECKOTO MOBPEIKICHUS,
KOTOPBI B ClTydae aMUTAajIbl IPUHIUITHATICH, HCXO/I U3 «TOYEYHBIX)» Pa3MepoB sjipa.
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Ilogedenue rcusomnuvix ¢ mecmax “rotarod” u «npunooHamulii Kpecmooo-
PAa3HbLIL 1a0UpUHm)

Pe3ynpraTel npoBeEeHHBIX OBEIEHUYECKUX TECTOB BBIIBHIIM, YTO HKCIEPUMEH-
TaJIbHBIE JKUBOTHBIE HPOSBISIOT 00Jiee KOOPIAMHUPOBAHHYIO IBUraTEIIbHYI AKTHB-
HOCTb, BBIPKAIOIIYIOCS 0oJiee JUTHTENbHBIM MPOOETOM Ha BpallarolieMcs HUIHHIPE
Tecta “rotarod”. Jlannele TecTa, mpoBeAeHHOTO Ha 30 MOCTHATAIBHBIN JCHb Pa3BUTHS,
MOKAa3bIBAIOT, YTO )KMUBOTHBIC SKCIIEPUMEHTANBHONW TPYIIIBI «aMUTIANIa) OCTAIOTCS Ha
muaaApe 120 cexyH, a )KUBOTHBIE KOTPONBbHOM rpynmsl — 90 cexynn. JlaHHbIE TecTa,
IPOBENEHHOTO Ha 60 MoCTHATaNbHBIM AE€Hb Pa3BUTHS, COOTBETCTBYIOT CJIEIYIOLINM
3rHageHneM — 60 u 50 cexyH[, COOTBETCTBEHHO. Pe3ynpTaThl TeCTa )KMBOTHBIX C MO3-
YKEUKOBBIM MIOBPEKACHUEM MMOKA3bIBAIOT YBEIHUCHNE BPEMEHH, IPOBEICHHOTO Ha LU~
nuHApe kak Ha 30, Tak 1 Ha 60 AHU TOCTHATAILHOTO Pa3BUTHUS, COOTBETCTBEHHO B 1.5
1 2 pa3a oTHOcUTENbHO KOHTpous (Puc. 2).

HWccnenoBanusi TOBEICHUS JKUBOTHBIX B TecTe “rotarod” mokasaiau, 4To mpu
o6oux mogenssx PAC y XMBOTHBIX ObUIM HapyIICHHI ABUTATENbHbIE (QYHKIUH. DTO
BBIPAKAJIOCh TE€M, YTO NPH PA3IMYHBIX CKOPOCTSAX BPAIUIECHHUsS 3KCIIEPUMEHTAIbHBIC
JKUBOTHBIE MAJIAJIM C HWIMHAPA MO3Ke CBOUX KOHTpoeil. Mcxos u3 yero BO3MOKHO
YTBEpXKICHUE YIYUIIeHUs JBUraTeIbHOW KOOPAWHAIMU KUBOTHBIX. DTO MpPHUCYILE U
netsam ¢ PAC.

HccnenoBanusi Tecta NPUIOAHATOTO KPECTOOOPA3HOrO JTaOMPUHTA BBISIBUIH
HapylIEHUE HOPMAJIbHOM MOBEACHYECKOW peakuuu Ha 60 MOCTHATaJIbHBIM ACHb pa3-
BUTHS B TPYIIE KUBOTHBIX C MOBPEXICHHOW amuraanoil. JKHBOTHbIE 3KCIEpUMEH-
TaJIbHOU TPyImbl B 1.5 Goubllle BpeMEHU MPOBOAAT B 3aKPBITOM PyKaBe JAOMPHHTA,
4YTO CBUACTCIBLCTBYET O MMOHMKEHHOM TPEBOKHOCTH.

Takum o6pa30M, IMOABITOKHBAasA MPUBCACHHLIC PE3YJIbTAThl, MOXXHO 3aKJIFOUUTD,
YTO anpoOUpPOBaHHBIE MOJAEIHN UMEIOT OOIINE NMOBEJCHYECKHE YEPThI C «PEeaIbHBIMM»
paccTpoiicTBaMHu ayTHUcTH4eckoro cmnekrpa. Ilpum comocrtaBieHnn OMOXMMHUYECKUX
M3MEHEHUH U MOBEJEHYECKUX PEaKIHid, MOXKHO 3aKIIOYUTh, YTO BOCTIAJIEHUE MHAYIIH-
PoBajio NOBEACHYCCKUE N3MCHCHNUS, BRIPAXKCHHBIC YIIYUIICHUEM ILBPIFaTe.HBHOﬁ KOOp-
JUHAIUU U TIOHMKCHUEM TPEBOXHOCTH.
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Uninhunhl] uybluph pwbqupnudutpp (UWU0L) wupguputiu-
Jwt hhquungnipniubbph junwdp B, npntp puntpwgpynid u dhw-
wnhy (Yplijnn) Juppugsny, Jeppwy b nsyppuy hwnnppulgdui
hutqupnudutpny: Untinhquh yupnghubqnid Jupbnp k hunitn-
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Lhpuyugynn wouwwnwiph opowbwlubpnud npnoykp £ MCP-1-h
pwiwlt wpubwnutph nnbn-nnunmbnuyhtt hignignud hkwn-
Suiyut qupquguut 60-py opnud mintnhlhh b wowdl dwpduh
Jun Juuudwt guydwibbpnid, husybu btwb junwpyby  Eugw-
uhttph Juppwgbuyhtt phunuynpnid: Ywnwpjws htnwgninnt-
pynibubph wpymbpbbpp gniyg nbght, np poinp hnpdwpupw-
Jwb jodpbpnid wdnmd £ MCP-1-h dwljwpnwlp ninbn-nnunink-
nujhtt hinnmunud b pupbjwyynd b swpdnpuljut Ynnpphw-
ghwi:

Ujuyhuny, hwdwnnptng YEbuwphdhwljut b Juppugdughtt wp-
mynitplbpp, Jupkih b kqpujuguty, np UU-h nhypnid qupqu-
gnn pnppnpughtt gnpdppwgp dujwsnid b owpdnquljui Ynnpnh-
twghuyh pupbjuddudp b muqbwyh dwupnudnyg wpinwhuwyngus
Juppwgdwjhtt mknuywnpdtpp:

Zhtftwpuinkp” wninhunhly uybnph pwbqupniditp (GUTR), dn-
unghwnwp pkdnwnpuljnutnn uyhwnwlnig-1, supdnquljut Ynnp-
nhtwughu

CHANGES OF MCP-1 LEVEL IN CSF OF RATS AND DISTURBANCES IN SOME
BEHAVIOURAL REACTIONS IN AUTISM SPECTRUM DISORDERS

K. Fereshetyan'?, M. Hayrapetyan'?, M. Mirumyan® and K.Yenkoyan*

SUMMARY
Autism spectrum disorder (ASD) is a group of complex neurodevelop-
ment disorders characterized by repetitive and stereotype behavior, im-
paired verbal and nonverbal communication. Immune dysfunction plays a
central role in the pathophysiology of ASD, which is defined by an ele-
vated level of different cytokines in brain, cerebrospinal fluid and peri-
pheral blood.
In the present study, based on experimental models of ASD we have de-
termined the level of MCP-1 in rat CSF on the 60" day of postnatal de-
velopment of rats after cerebellar and amygdala lessons. Animals were al-
so subjected to behavioral tests for the validation of the used models.
The results showed the increase of MCP-1 level in CSF on PND 60 and
some abnormal behavioral reactions.
Thus, based on the comparison of biochemical and behavioral data, it can
be concluded that in ASD the inflammation can lead to changes in rats’
behavior, which are expressed in the form of up-regulated coordination
and down-regulation of anxiety.
Keywords: autistic spectrum disorder (ASD), monocytes chemmoattrac-
tant protein-1, motor coordination.
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MOAYJIUPYIOUIEE JIEVCTBUE CYJIb®@OPA®AHA HA CUCTEMY
KBOPYM CEHCHUHTA P. AERUGINOSA

T.H. Autonsin, C.I. Tupanysin
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Hu-m mamemamxu u blCOKUX MEXHONO2ULL
Poccuticko-Apmancruii(Cragsanckuii) ynugepcumem
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AHHOTAIIUSA

HUccnenoBano neiictBue cyiabdopadaHa Ha CHCTEMY KBOPYM CEHCHHTIa
cunernoviHoi mnanouku(P.Aeruginosa).B pabote paccMmarpuBaioch TpU
CTpaTernd MHIHOMPOBaHUS KBOpyMa. BrepBhle MOKa3aHO B3aUMOJICHCT-
BHUEe cyiabdopadana ¢ UHTEpDEHCOM AUMEPH3AIUU PEryiIsaTopa TpaHC-
kpunuuy LasR.

KiiroueBblie cj10Ba: KBOPYM CEHCHHI, MOJICKY/SIPHBINA JOKHUHT, CylTbhopa-
(aH, CHHErHOHasI MaJIoYKa.

BBenenune

CriocoObHOCTh OakTepualibHBIX KJIETOK HPOSBIATH COLMAIbHOE MOBEACHUE SIB-
JsIeTCsl Pe3yNIbTaTOM CIIOKHOTO BHYTPH- U MEXKJIETOYHOIO OOLICHHS M CHUTHAJIBHOMN
CETU, KOOPAMHUPYEMOM CHCTEMOM pEryJIMpOBaHUs, HA3bIBAEMOW KBOPYM CEHCHUHIOM
(QS). QS yuacTByeT B peryysiiiii caMbIX pa3HOOOPA3HBIX (PU3UOJOTHUCSCKHUX MPOIIEC-
COB, 3aBUCSIIMX OT IUIOTHOCTH KJIETOK IPH MOCPEIHUYECTBE CAMOTE€HEPHUPYIOIINXCS
CHUTHQJIBHBIX ayTOMHAYKTOPOB (AM) ¢ pa3iMyHBIMM XUMHYECKUMH CTPYKTYpPaMHU B
I'pam-u I'pam+ Gakrepusix [1,2]. [TonuManne MexaHU3Ma HEPEKPECTHOTO «Pa3roBOPay
MEXIy OaKTepUaJbHBIMHU KJIETKaMH, OakTepuanbHbIMu AW U KJI€TKaMu X03SKMHA MO-
JKET CIoCcOOCTBOBATh Pa3paboTke 3(PPEKTUBHON HOBOHM CTpaTeTryu JJIss KOHTPOJIS WH-
Gexuuit, cBsi3aHHbIX ¢ OnoduiabMamu [3]. DTa HOBas KOHIICMIIMS, OCHOBAaHHAs HE Ha
uHTEepEepeHInn ¢ OakTepUabHBIM POCTOM, & HAa MHIYKIIMK HEIOCTaTOYHON dKCIIpeC-
cuu (GaKTOpOB BHPYJICHTHOCTH, Ha3bIBACTCSl «aHTUNAaTOreHHonW». HoBrle ycnexu B 00-
JaCTU MOJIEKYJISIPHO-TEHETHYECKMX OCHOB Pa3BUTHs OMOPHIBMOB M paciinppoBKa
MEKBUIOBOH CBA3M B cucteMax S, peryaupyromux OakTepraibHbIi aToreHes, npe-
JIOCTABUJIN HOBBIE BO3MOXKHOCTH KOHTPOJSI OakTepHaibHbIX MH(EKIWH M pa3BUTHS
HOBBIX MPOQHUIAKTHUSCKUX M TepaneBTHYeCKuX crpareruil [4]. AHTubOakTepuanbHas
CTpaTervs, OCHOBaHHAsA Ha KOMOMHaNWW nmpuponueix QSI, a Taxke MpOTHBOBOCTIANH-
TEJIBHBIX BELECTB U UMMYHOMOAYJISTOPOB Oe3 naBieHus: Ha (akTopel oTOopa U 3¢-
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¢dexTa nucOnosa, 3TO HOBBIA M SKOJIOTWYECKHH MOAXON C Ba)KHBIM 3HAYCHUEM JUIS
OMoMeTUITMHEl (0OCOOCHHO B JICUCHHH XPOHHYECKMX MOHO — WIIH TOJUMHKPOOHBIX
vH(pEKIUH, BBI3BAHHBIX MYJIBTHPE3UCTEHTHOCTHIO M (OPMHUPOBAHHEM OHOILICHKH).
AHTHOHOPE3UCTECHTHOCTh OblIa 00BSBICHA EBPONEHCKAM IIEHTPOM IO KOHTPOIIO H
npoduIaKTHKe 3a00J€BaHUI OAHOM U3 YEThIpEX OCHOBHBIX MpoOJieM 00IIeCTBEHHOTO
30paBOOXpaHeHHs. DTOH cTpaTerneil MOKHO u30exath AR, coxpaHss B To ke BpeMs
cTaryc 3yorno3a HOpMabHON MUKpPO(IOpEl. DTN QSI ACHCTBYIOT TONBKO KaK UHTHOU-
TOpBI (OPMHUPOBAHNS OMOTUICHKH 1 / WK (DaKTOPOB BUPYICHTHOCTH, MTOBBIIIAS 9yBCT-
BHUTENBHOCTh OAaKTEPHUH K TEPAIIEBTUYECKUM J103aM aHTHOWOTHUKOB, YTO IIPECTABIISIET
c000¥ HOBYIO KOHIIETIIHIO B 00JaCTH KIMHHYECKOW MUKPOOHOIOTHH.

B nmocnennue roapl, cieays MPUHATON TEHICHIIMH HCIOJIB30BAHHS Pa3IUYHBIX
MPUPOIHBIX COSIMHEHUI BEOYTCSl MOUCKH PECypcoB Oe3BpPEOHBIX TEPaleBTHUECKUX
npenaparoB. PacTeHrs: MIMPOKO M3BECTHHI COAEPYKAHWEM BTOPHUYHBIX METaOOIUTOB,
o0amaromux MPOTHBOMHUKPOOHBIM feiicTBueM, B ToM umcie QSI [5]; u sBnstoTcs
OYeHb MEPCIIEKTUBHBIMA C HOBOW TOYKH 3pEHHS MEHEKMEHTa aHTHHH(EKIINMOHHOMN
TepaImu.

Kpecrouernsie (Brassicaceae) pearupyroT Ha CTpecc ¢ IMOMOIIbI0 METa00IU-
YEeCKHUX MyTeH, BKIIOYAOIINX OMOCHHTE3 MHOTOUNCIICHHBIX BTOPHYHBIX METa0O0JINTOB,
TakUX Kak (UTOANEKCHHBI U (PUTOAHTHCUIIMHBI, IMEIONINX PeIlarollee 3HAaUCHHE IS
3aIIUTHBIX MexaHn3MoB [6]. Cpenu BTOpUYHBIX METa0OIUTOB cemelicTBa Brassicaceae
pemratoriee 3Hadenne umeroT nzorronuanatel (ITCs; R-N5C5S) — npoaykTsl peakiuuu
PACTHUTENBHBIX TIIOKO3WHIUIATOB C MUPO3WHA30M, ()ePMEHTOM, BBHICBOOOKIAFOIIIUMCS
NpU TOBPSKACHUN PACTUTEIBHBIX TKaHeill [7]. Pesymbrarom rumponmsa sBISIOTCS
MHOKECTBO TaKK€ TaKUX KOMIOHEHTOB, KK HUTPUTBI, THOIIMAHATHI, JIUTHO HUTPHUTHI
W OKCa30JIMIMHBI B 3aBUCUMOCTH OT ycioBuii pH, noHoB mMetamnoB u T.1. GLS, a Tak-
ke nx mpousBonHbME [TC, MOXKHO 4acTHUYHO OOBSICHUTH TIPSIHBIN BKYC M XapakTep-
HBII 3amax Brassicaceae [8], oHM HrpalOT 3HAYUTENHHYIO POJIb B MPOPHUIAKTHKE paka
[9]. ITC ob6namaroT aHTHKAHIIEPOTCHHBIMH, AHTHATEPOTCHHBIMH, TEIATONPOTEKTOP-
HBIMH, aHTUMYTareHHbIMH, aHTHOKCHJIAHTHBIMH, MPOTHBOTPHOKOBBIMHU, aHTHOAKTe-
PHATBLHBIME, GHOTePOUIIMIHBIME ¥ OnonecTHIHAHBIMU cBoticTBamu [10,11]. Cymsdo-
padan (SFN) u spyuuHn, asa npupoasbix ITC, mupoko npeacraBieHHbIe B OPOKKOIN 1
JPYTUX KPECTOIBETHBIX, CHJIbHO HHrHOMpyroT GS u BHpyJaeHTHOCTH P.aeruginosa
[12-14]. s xoHcepBanuu ebl B SIMOHUH HUCTONIB3YIOTCs ayumibHbie ITC, B 6011b-
IIIOM KOJIMYECTBE MPEICTaBICHHbBIC B TOPYHIIE, XpeHe, Bacadbu [15].

Henbto Hacrosimeld pabOTHI SBISUIOCH HCCIIEAOBAaHHE OCHOBHBIX CTpareruit
00pBOBI C CHCTEMO# KBOPYM CEHCHHIA ONMIMOPTYHHCTHYECKOro naroreHa P. aeruginosa
OMOAaKTHBHBIM KOMITOHEHTOM OpoKkoIMH—SFN,ucKIIodarommux pucKk MHIAYKIIUM aHTH-
OMOPE3UCTEHTHOCTH.

MarepuaJi 1 METOABI

JlucTpa n couBeTusi OPOKKOIM IKCTPArupoOBalii, SKCTPAKTHI CTaIapTU3NPOBATIU
o copepkanuio (IIaBOHOWIOB, O0IIee COAep)KaHne KOTOPHIX B 3TAHOJIBHBIX AKCTPAK-
Tax OPOKKOJHU OMPEAEISIOCH KOJIOPUMETPUIECKAM METOZOM 10 KBEPIETHHOBOMY K-
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BUBaJeHTY [16].[lns onpeneneHus: aHTUPATUKAIbHOW aKTHBHOCTH YKCTPAKTOB OpPOK-
KOJIM HCITOJIb30BAJICS METOJ OJMWYMHTa CTAaOWIBHOTO pamukana 2,2-madenni-1-
mukpwraaposuia (JPII) mpu 517aM, Hanbonee 9acTo MPUMEHSIOIIMICS I aHa-
TM3a aHTHUpPaAUKaIbHOW akTHUBHOCTH(APA B %) SKCTpaKTOB JEKapCTBEHHBIX pacTe-
Huiimu [16]. Y3 no3oBo3aBucuMbIX KpuBbIX APA omnpenensiin KOHICHTPAIHIO KOMITO-
HEHTOB B oOpasie, HeoOxomumyto s TymeHus 50% pagukana HPIIL, obo3nauae-
myto 1Csp. AnTHOAKTEpHanbHas akTUBHOCTh (ABA) SKCTpakToOB ompeaessiach OTHO-
CHUTEJBHO rpaM- Oakrepwii E.coli K-12, mprponHoIM30reHHOTo mTaMMa U3 KOJUIEKITHH
npodeccopa A. TpuyHsHa METOIOM AUCKOBO# auddy3un Ha arape [16,17]. {is mpo-
BCIICHUS JIOKMHIa HCIojb30oBagack nporpamma Autodock Vina[18], ucmosb3yromias
JaMapKoBckuii reHetrueckuil anroputM (Lamarkian Genetic Algorithm, LGA). Mo-
nemu moniekyn SFN, 30C12-HSL, C4-HSL Obutu mosydeHsl ¢ UCHOIB30BaHUEM Pa3-
HBIX TIPOrpaMM IO OMOMOJETHPOBaHUIO,a Takxke OaHkoB aaHHBIX RCSBProteinDa-
taBank[19], Chemspider[20]. CtpykTypa penentopa Oblia B3sTa M3 OaHKa TaHHBIX
RCSB PDB (ID 2UV0, 1R05).

PesyabTartsl

B mepBoii cepun sKcmepuMeHTOB ObUta TporecTHpoBaHa ABA sKcTpakToB
Broccoli (Brassica oleracea L nporus E. coli K12. (Puc. 1). [TnotHocTh Gakrepwuii
CTaHJAPTU30BAJIN JOBEJCHUEM IMODIOLICHHUS OAaKTEPUATbHOW CYCHEH3MM NpPU AJIMHE
BONHBI 625 HM 10 3HadeHnd mopsanka 0.5, 9to ’xBUBaneHTHO 1-2 X 10® xneTok/min.
O0a skcTpakTa He 00Magan UHTHOMPYIOIIEeH aKTHBHOCTBIO Ha POCT JMKOTO IITaMMa
E. coli K12. Pe3ynbrars! Hammx paboT COBNAAAlOT ¢ AaHHBIMU [9] 00 OTCYTCTBUM OaK-
TEPUIUIHOTO JEHCTBUSA 3TAHOJIBHOTO AdKCTpakTa Opokkonmu mpotuB E. coli ATCC
8739.

Puc. 1. lefictBre skcTpakTa couBeTnil u muctbheB Opokkonu Broccoli (Brassicaole-
raceal na pocr 6akrepwuii aukoro mramma E. coliK12 meromom auck-

muddy3un

Ha puc 2. npuseaena no3oBo3aBucuMas kpueas tymeHuss DDPH cradusibsHOro
paauKaia moa JeHCTBHEM COLIBETHH, TUCThEB AKCTpakTa Opokkoimu u SFN.
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—=Series]
== Series]

- Series3

Puc.2. Tymenue A®DIII" mox nelicTBHEM SKCTpaKTa COIBETHI (CHHHI) U JTHCTHEB
(xpacHsbrit) Broccoli (Brassicaoleracea L) u SFN (3enemsiit).

W3 npuBeneHHBIX BhIlIe KPUBBIX ompenernsuid 3HaueHus |CsgpaBHBICIS 3KC-
Tpakta corpeTuit 10,0 Mr/mi, mucthbeB -8.6 mr/mi, a SFN- 1,8 mr/mi.

80
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a 6
Puc.3.3nauenuel Csy 1 comeprxanne (aBOHOHIOBB MI/T CyXOro Beca () U [IIFOKO-
3uHOJIaT0B —MKM/T (D).

Pesynbrartel TOKa3add, 9YTO KOJIMYECTBO (DIABOHOWIOB B COIBETUSX paB-
H013,940,08Mr/T(1C50=10.0+0,14), B mumcteax 16,6 + 0,15 wmr/r(IC5=8,6 =+
0,05).Ananu3 mokasai, 4to APA 3KCTpakTOB OPOKKOJIM KOPPEIUPYET C KOJTHYECTBOM
TOTaNbHBIX (prraBoHOMIOB (puc.3a) u THorHMKo3uHONaroB (puc. 360). Kak BumHO 13
Puc.3, cymmapHoe conepikanue ¢raBoHounoB koppenupyet ¢ APA nporus DPPH (y=
-0.7033x+20.034) ¢ xo3pduuuenTom Koppensuuu R°=0.6078, a IIHKO3MHOIATOB —
(y=-3.7409x +127.99) ¢ R*=0.4878, 4T0 rOBOPUT O NPEHMYIIECTBEHHOM BKJIase (iia-
BOHOMZIOB B APA 3KCTpakTOB OpOKKOJIM, 00NMafaromux OoJbIIel aKTUBHOCTBIO, YEM
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IMKO3MHOMAThL. UTO KacaeTcsl ITUKO3UHONIATOB, B T.9. SFN, OHU MPOSIBISIOT KOCBEH-
HYIO0 aHTHOKCHJIAHTHYIO aKTUBHOCTb.

IN SILICO wuccnenoBanuss METOIaMU MOJICKYISPHOTO MOJECITUPOBAHUS MTPOBO-
JIWTACH COTJIACHO TPEM OCHOBHBIM cTpaterusM:l- Bzaumoneiictsue SFN ¢ apyms AU
(3-O-Cy2-HSL u C4- HSL) curHanbHOM ceTH ONMMOPTYHHCTHYECKOTo maroreHa Pseudo-
monas aeruginosa, 2-3ammojeciicteie SFN ¢ nuranj -CBA3BIBAIOIIMM JOMEHOM
(JICHD) perynsaropa tpanckpuriuu LasR; 3 — B3aumopeiictBue SFN ¢ dhepmenTamu
cunTe3a ammia- HSL[2]. Hamm pe3ymbrarel mokaseiBarot, 9to0 SFN mpakTrdeckn He
cesa3biBacTcs HU ¢ 3-O-Cypp-HSL, Hu ¢ C4-HSL. Beuna onpenencHa cpemHss SHEPrus
CBsI3bIBaHMSI MOHOMepa perentopa Las R co cBoell curHainpHOW Mojekyiaod 3-0XO-
C12-HSL,kotopas cocrapmsuia -7.1 £ 0.6 kcal/mol. [{okunr nokasain, uto SFN 3nep-
reTH4ecku He crocobdeH koukypuposath ¢ AU 3a JIC]I penentopa (-5.0+0.24kcal/mol)
(Puc.4; Tabnuua 1).

Puc.4. MMosunmonuposanue 3-O-C12-HSL, SFN B LBDLasR u SFN B komiuiekce
monomepa LasR -3-O-C12-HSL (cneBa Hampago)

IIpu ananmuze poxmHra SFN B LasR mocne mpenBapuTENbHOTO CBA3BIBAHUS C
LBD LasR aByx monekyn 3-O-C;,-HSL oka3anocs, uto SFN B3anMOIeNCTBYeT C HH-
tepdeiricom aumepu3zaryu 1Byx MoHOMepoB LasR (Puc.5) ¢ Beicokoii sHeprueit cBs-
3piBaHus (-4.08 £ 0.12 kcal/mol) (Tabnuua 1).

Puc.5. [lozunmonuposanue 2x monekyn 3-O-C12-HSL B LBD numepa LasR (a) u
SFN B kommiekce 2x moinekyn 3-O-C12-HSL 8 LBD numepa LasR (6)
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Ta6auna 1. Bzaumozeiicteue SFN ¢ kommekcom LasR-3-O-C12-HSL (Al).

Jluranx | MoHomep Humep SEN- SFN-numep SFN- SFN-mumep
LasR- Al LasR- Al MOHOMED LasR MOHOMEp LasR-2xAl
LasR LasR- Al

S(:)ISAO) 54x80%84 | 126x86x106 | 54x80x84 | 126x86x106 | 54x80x84 | 126x86x106
Cpenuss
SHEPTUs
B3aHMO- -71.1+£0.6 | -5.96+1,08 -5.0+£0.24 -4,86+0,1 | -3.425+0.15 | -4.08 £0.12
JIelcTBUA
(kcal/mol)

@dakTopbl TPAHCKPHIILIMK YaCTO CBS3BIBAIOT KOHCEHCYCHBIE MOCJIEI0BATEIbHO-
ctu JJHK, cBsi3aHHBIE ¢ LieIeBBIMU T'€HaMM, a aHTHAKTUBATOPBI PAa3HBIX CHCTEM, II0-
BUAMMOMY, 3aHUMAIOT CAaiThl Ha TpaHC- (PAKTOPax, KOOPAMHUPYIOIUECTIEHUPHIECKUE
6azoBeie koHTaKTH Ha JIHK. CtpykrypHO-(DyHKIIMOHATIBHBIE HCCIIEOBAHUS aHTHAK-
THUBATOPOB OakTepHaIbHOro QS BHISBUIM TPH Pa3IUYHBIX CIOCo0a NEHCTBUS Ha pery-
nsTOphl TpaHckpunimu Tuna LUXR: paspymenne unrepdeiica numepusanuu LBD
QslA B P.Aeruginosa, okkymarmss AHL cBsi3pIBaroliero kapMaHa, ¥ CBS3bIBaHHE C
DBD. CesaseiBasich ¢ wuHTepdericoM TUMepH3allii, aHTHAKTUBATOP 3aKyIOPHBACT
AMHMHOKHCJIOTHBIE IIOCJICIOBATENFHOCTH Ha TpaHc(akTropax, HEOOXONUMBIE VI UX
MYJIBTUMEPU3AIMU TIPH TIepexojie B akTuBHYO Gopmy [21]. TIpu sTom KoHDOpMAIHs
DBD cranoButcs Hey3HaBaemon mis JIHK-mumienei, amioctepudecku MpenoTBpa-
mas cesa3biBanue JJHK. CeasbiBanne AW 3-O-C12HSL crabmmmsupyet LasR u momo-
raer ero JUMEpH3alldd, TeM CaMbIM CIIOCOOCTBYSI CBSI3BIBAHHMIO OOpa30BaBILIETrOCs
komrIniekca romonumepa LasR-AU ¢ mpomoropom JIHK-Mummenn n akTuBanmuu TpaHc-
KpUILIUKA TeHOB [22]. MerojamMu MOJEKYISIPHOTO MOJCIUPOBAHUS BBISBICHO, YTO
kommuiekc LasR-IHK nmeer cummerpuunyto apxurektypy. CylecTByIOLMIE CTPYKTY-
pHl perynaropoB Tuna LUXR MOKa3bIBaloT, YTO MX JUMEPH3allnsi B OCHOBHOM OIOCpe-
nyercs LBD. CpaBuenune crpykrypsl Las RLBD B xommuiekce ¢ 2x3-0-C12-HSL ¢
komiutekcoM SFN-2x3-0-C12-HSL-LasR mokasbiBaet, uto cBs3piBanue SFN ¢ wH-
tepdeiicom mumepusanuu LasR Hapymaer apxutekrypy aktuBHOro numepa LasR mo
ananoruu ¢ QSIA, 3anumas Ty e 00JaCTh MMOBEPXHOCTH, KOTOPAsi UCIIONB3YETCS TS
mumepuszanuu LasR (Puc. 5). Oto B cBOIO ouepeab MOXKET MPUBECTH K 3KPaHHPOBA-
o DBD LasR B Tpoitnom komriuiekce [23] u Tem cambiM HHrHOUpoBath ero JJHK-
CBSI3BIBAIOIIYIO CTIOCOOHOCTb.

Hanee Obu1 nipoBeaeH “cienoit” nqokuHr aHaiau3 SFN ¢ cunraszoit Lasl u SAM,
KOTOpPBIN 1mokazai, 4to SFN mpakTHYecKn He B3alMOIEHCTBYET C X aKTHBHBIMHU LICH-
TpaMH.

Cymmupys MONyYeHHBbIE HAMU PE3yNbTaThl C MPEANoiaraéMbIMI MEXaHU3MaMH
neiicteus ITC, npeanokeHa rumoreTHyeckas mozeis (Puc. 6).
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AHL KOHTPOIUPYIOT F'€H-3KCIPECCHIO COTEH MPOTe00aKTepHii, BKIIIOUasi PacTH-
TEJIbHbIE W >KUBOTHbIE maroreHbl. Bce peuentopel AHL mnpunamiexar ceMmencTBy
TpaHC(HAKTOPOB U XOTS SABJSIFOTCS MHUIIEHBIO IS Pa3BUTHS aHTHUBHPYJICHTHOU Tepa-
UM, OYeHb MaJio MH(OpMAIUU O CTPYKTYpe 3TOro Kjiacca OaKTepHalbHBIX PElenTo-
poB. MHoTHE (POTOCHHTE3UPYIOIIE OPraHU3Mbl H PACTCHHUSI BHIPAOOTAIM B Ka4eCTBE
3alIUTHOTO MEXaHW3Ma MPOTHB OaKTEepUAILHON KOJIOHHM3aIMM HEKOTOPBIE METaboIIu-
THI, Takue Kak 4,5,9-tputnanonexa-1,6,11-rpuen 9-okcua, odbpasyromuiics npu aerpa-
Ay aJUTMIMHA YECHOKA, U HEKOTOPbIE KOMIIOHEHTBI 3KCTPAKTOB Oa3WIMKa, MSITHI,
masndest, MeAa, MPOIOINC, YCHUHOBAsT KUCJIO U T.A. [24], KoTopsle nHTEpdepupys ¢
CHCTEMOW KBOPYMa, OKCIIOHHPYIOT YyBCTBUTEIHHOCTh OAaKTEPUANBHBIX KIETOK K
OOBIYHBIM J103aM aHTHMHUKPOOUAJIOB, BEPOSTHO, JelicTBysa kKak QS1. Mtak, HaMu Briep-
BbIe TIOKAa3aHO METOJIOM JOKHMHTa M pacueTa Hepruil cBs3piBaHud, 94To SFN nericTByeT
Kak uHruouTop QS, B3ammMozneicTys ¢ numepoMm LasR nHekonkypentrno ¢ AU 3a cBs-
3piBanue ¢ JIC/], BoaMoxHO MeHseT KoH(opmanuto LasR HacToibpko, YTO yMEHbIIaeT-
Csl CBA3BIBAHUE MOCIEAHETO C JUTaHAOM. DTO B CBOIO OUEPEh MOXKET IMPUBECTH K K-
panupoBanuto JIHK-cBs3biBatomero nuranaa LasR B TpoitHoMm komruiekce. [Tonyuen-
HbIe HaMU JaHHbIE O AeHcTBUU SFN CBHAETEILCTBYIOT B MOJIB3Y AJUTOCTEPHICCKOTO
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MCXaHH3Ma TPAaHCMHUCCHUU CUTHAJIa B PCTryJIsAlU CBA3bIBAHUS ﬂHK 1 3KCIpEeCCHu re-
HOB BUPYJICHTHOCTH.
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SULFORAFANE MODULATION OF QUORUM SENSING SYSTEM OF
P.AERUGINOSA

T. Antonyan, S. Tiratsuyan

SUMMARY

The influence of sulforafane on the quorum sensing system of P. Aerugi-
nosa has been investigated. Three strategies for inhibiting the quorum
sensing system have been examined. The interaction of sulforafane with
the dimerization interface of the LasR transcriptional regulator has been
shown for the first time.

Keywords: quorum sensing, molecular docking, sulforaphane, P. aerugi-
nosa.
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KBEPLHETHUHA C TEJIOMEPHOMU G-KBAJAPYIIVIEKCHOMU JHK
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AHHOTAIUA

HccrnenoBaHa BO3MOXHOCTh IPSIMOTO B3aUMOJICHCTBUS KBEPIETHHA C Te-
nomepHoit G-kBagpymiekcHoir IHK ¢ mncnons3oBaHneM MeTonoB Mosie-
KynapHoro mozenupoBanusd (MMM). IToka3ansl MecTa U OCOOEHHOCTH
cBs3biBaHus kBepruetuHa Ha G-JIHK. Pacuutansl mpocTpaHCTBEHHO-
SHEPreTUYECKUe MapaMeTphl CBA3BIBAHUS.

Karouesnie cioBa:G-kBaapyIuiekc, TeIOMEPHI, KBEPLUETHH, METOIBI MO-
JIEKYJISIPHOTO MOJIENIUPOBAHHUS.

BBEJEHHUE

B Hacrosiiee BpeMs B MEOULMHE B KAYECTBE MPOTHBOOIYXO0JIEBBIX IPENapaToB
Bce OOJIBIIIE MCIIOIB3YIOTCSI OMOJIOTMYECKH aKTHBHBIC, HU3KOMOJIEKYJISIPHBIE COEANHE-
HUSI PACTUTENbHOW NpUpoAsl. JlaHHBIH moaxoxa cBsi3aH ¢ 3QQPEKTHBHOCTHIO U MEHb-
HIMMHU TTOOOYHBIMU 3P (PEKTaMU CO CTOPOHBI OpraHu3Ma uenoBeka. OJHUM U3 TaKUX
KJIaCCOB SIBIISIOTCS (D1aBOHOW/BI M KBepueTHH B dacTHOCTH (Puc.l). ®dnaBoHOUIBI
00J1a1al0T HIUPOKUM CIEKTPOM OHOJIOTMYECKOW aKTHBHOCTH, BKJIIOUAIOIICH aHTH-
BUPYCHYIO, aHTHIIPOJIN(EPATUBHYIO, AaHTHOAKTEPHATIbHYIO, TPOTHBOBOCHAIUTEILHYIO,
AQHTHHEOIUTACTUYECKYIO, KapANO-, aHTHO- M Te€IaTONPOTEKTOPHYIO aKTUBHOCTH [1,2].

Puc.1. 2D (cneBa) u 3D (cnpaBa) CTpYKTypa KBEpIETHHA
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HecmoTps Ha 3TO, MEXaHU3MBI U IIyTH CUCTBUS HA KJIIETOYHOM YPOBHE HE BCE-
I/1a U3y4eHbl TIOTHOCTHIO. B crity 3TOr0 HamBakHEUIHM (HDaKTOPOM SIBIISIETCS M3yde-
HUE MEXaHU3MOB U ITyTE€H B3aMMOJIEHCTBHS TAKUX COSAMHEHUH C TEHETHYECKUM MaTe-
puaioM KJIETKHU U,B yacTHocTH, ¢ JIHK.

B nacrosimeii paboTe paccMaTpuBaeTCcs BO3MOXKHOE MPSIMOE B3aUMO/ICHCTBHE
KBepIeTuHa ¢ TenoMepHoi G-kBaapyruekcHoit JJHK.

UzBectHo, uto B JIHK mpucyrcTByeT OONBIIOE KOIMYECTBO T'YaHHH-OOTATHIX
OJIMTOHYKJICOTUIOB, CaMOOPTaHU3yIOMMXCs B cnenuduieckue crpyktypel — G-
KBaapyIUiekcsl (kBapteThl) (Pmc.2), mokammzamusi KOTOPBIX YacTO KOPPEITUpYeT C
(hyHKIIMOHATPHO 3HAYMMBIMH PErHOHAMH T€HOMa, TAKUMH KaK TEJIOMEpPHBIE KOHIIHI,
MMPOMOTOPHEIE peryisaTopueie obnactu onkoreHoB (MYC, PAX), ummyHOrI00yH-
HOB, aHTHAMONTOTHYECKUX OenkoB BCl-2 u reHOB, acCOMUPOBAHHBIX ¢ HEOIUIACTH-
yeckuM nepepoxkienueM [3,4]. C atoii Touku 3penus G-JIHK MoxeT sIBIAThCS Ceiu-
(raeckoll MUIIEHBIO Ui AW3aifHa HOBBIX HU3KOMOJEKYISIPHBIX JINTaHIOB—OHKOCY-
MIPECCOPOB.

1 ) Groove "" 1 2)
Groove :

Groove

Puc. 2. [5,6]. 1)G-kBaprer. UeTbipe ryaHHHa COEAUHEHBI BOCEMBIO BOJIOPOIHBIMU
CBSI3IMH (IIyHKTUpPHBIE JHHUH). “Groove” — MecTa, TZie B MOJHOICHHON
CTpYKType o0pa3yrotrcst 6opo3nku. B meHTpe ykazaH xatuoH. 2) (A) ma-
pamtensHbiit G-kBapret. (B) (3+1) G-xBaprer. (C) anTHNapamiensHbiii G-
kBapTeT (syn-Syn-anti-anti). (D) antumapamtensusiii G-kBapret (syn-Syn-
syn-anti). (E) nuaronansnas nerms. (F) natepansHas netis. (G) mpomen-
nepHas netis. CTpenkaMu ykazaHa OpHeHTalMs HUTel, oT 5” k 3°.

Henaeuue uccnenoBanus moATeepAuiiy, uro B 80-85% ciyuasx pakoBbix 3a00-
JIeBaHMH, OECKOHTPOJIbHAS KJIETOYHAs Npoiudepaunns U Tak Ha3zblBaeMoe mpoiude-
paTuBHOE “‘OeccMmepTre” MPUBOIUT K TIOBBIIIEHHOW SKCIIPECCHH pUOO3UMa TeJIoMepa-
3bl, KOTOpasi NOJJIEPKUBAET JIMHY TEJIOMEP A00aBICHUEM I'€KCAaHYKICOTHIHBIX I10-
BTOpOoB K 3’ koHiy [7,8]. G-kBampymiekc MHIHOUPYET TOT MPOLECC MOCPEICTBOM
nuccormaruy mpaiimepa ot PHK «3aknaakmn» [9,10]. To ecTs mporecc perummKarim
PaKOBBIX KJIETOK, IMOJICPKUBACMBII 3JIOHTaIell TeIOMEPHBIX KOHIIOB, MOXET OBIThH
OCTaHOBJIEH MOCPEACTBOM cTadbmnn3aunn G-kBagpymiiekca. OTOT MEXaHU3M paccMat-
pHUBaeTCs KaK MOTCHUUAIBHBINA TEPaNeBTUYECKUI METO[] B JICYEHHUH PAKOBBIX 3a00I1e-
BaHUH.
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MaTepl/Iaﬂbl H METOAbI

Jnist co3maHus MePBUYHOM XUMHUYECKOW CTPYKTYPBI KBEPIIETHHA UCTIOIE30BAJICS
nporpamMHbIii maket MarvinSketch (v. 15.7.6) [11].

B xauectBe mozenu G-JIHK Obur mcmons3oBan (parmMeHT TeaomepHon G-
kBanpymiekcuoi JIHK, cocrosimuit u3 26 nap ocnoBanuii (PDBID: 2HY9) co creru-
¢bukoi BepxHss “Syn-syn-anti-syn” tomosorueil ryaHuHOB, HIKHHE © anti-anti-syn-
anti”, COOTBETCTBEHHO.

B nmanHo# cTpykType mpucytcTByioT 3 memiu ¢ TTA mocienoBaTeabHOCTIMHU
HUMEIOIIUE pa3arnyHble KOH(GOpMAIMHK : TIepBasi METIIs MPOMEUICPHOTO THIIA, BTOPas U
TpeThs — JarepainbHoro Tuma. CTpykTypa BKitodaeTr 2 6oposnku cpexuei (I u IV),
onny mmpokoi (I1) u oxny y3koii (1IT) [12].

B kaugecTBe mMpoCTpaHCTBEHHOTO OOKCa, OBUT BHIOpAH IOACKadAep, IMapaMeTpPhl
KOTOpOTO npuBeneHs! B Tabm. 1.

Tabmuma 1. OuU3HKO-XUMUYECKHE TapamMeTphl CUMYJISINH B3aUMOJICHCTBHA
kBepretuaa ¢ G-JIHK

Kowm- O0reM Kon.soasl n [InotHocTh| Bpemscu- Konuenrpauus
TJICKC (V- M%) noHOB (mol.) (p-t/7) MYJSIIAA KBEpTICTHHA
(t -mC) (C-M/m)
Ten26 G-
JHK/Ks 173.76 3861 1054.1 80 2.5X10™
epLeTHH

BbuTn mosry4eHbl CHUIIOBBIE TOJIST M TONOJIOTHYECKHEe (Paiiibl ¢ UCIIOIL30BAHUEM
pasHBIX MPOrpaMM M MakeToB 1o GuomojenupoBannio[13-15]. Cumymsinuo mpoBo-
mumn Ha iatpopme GROMACS (v. 5.1) ¢ ucrmonb30BaHHEM CTaTHCTHYECKHX aH-
cam6uieit NVT, NPT u cunoseim nosiem GAFF ¢ nmakerom 3apsiio AM1-BCC, HF/6-
31G* [16]. BpemenHoii mar cumyisiuu At = 2 ¢c, temneparypa (T) = 300 K., nas-
nenne (P) = 1 arm. KoopauHaTsl BceX aTOMOB 3alMCHIBAINCH KaKpie 2 1c. Pacuér-
HBbIE KPUTEPHUH PaJHyca B3aMMOJICHCTBUS PACCUMTHIBAIKCH 110 cTaHmapTy: st Kymo-
HOBCKHUX B3ammojeiicteuil — 0.9 HM, Ban-nep-BaanpcoBckux B3anmoneicTeuii — 1.4
HM.

st BeIsBIIEHUs caiiToB cBs3biBaHusa kBepuernHa Ha G-J[HK (monexynspabrit
JIOKHMHT) OBLT MCITONB30BaH METO]I «CJIETION CIIOCO0» Ha OCHOBE MPOTrPaMMHOTO MaKkeTa
AutoDockVina u AutoDockTools [17]. lns obecrie4eHUs] CTATUCTHYECKH TOUHBIX
Pe3yNbTATOB MOJIEKYJSPHBIA JOKUHT TPOBOJMICS C YIETOM JCBITH Pa3IMYHBIX Tep-
BUYHBIX KoH(opmaruii co 100 Toukamu nokanu3anuu kaxaoe. Kinacrepuzanus mosy-
YEHHBIX POCTPAHCTBEHHO-3HEPIeTUYECKUX TOUEK OCYLIECTBIISIIOCH C IOMOLIBIO MPO-
rpamMHoro nakera Scikit-learn[18].
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Pe3yabTaThl M 00CyKIEHHS

[TomyuenHsble pe3yabTaThl MOJIEKYJISIPHOTO TOKUHTA CBUJETENBCTBYIOT, UTO MO-
JISKyJia KBEpIETHHA HMMEeT mpsMoe B3ammozeicTtBue ¢ G-kBamgpymiekcHoit JIHK
(Puc. 3). beutn onpenenensl 4 caiiTa CBS3bIBAHHS, MMOJYYECHHBIC MPOCTPAHCTBEHHBIC
MapaMeTpsl KOTOPHIX ABISIOTCS CTAOMIBHBIMU, O YeM CBHUIETEIBCTBYIOT MOTydYeHHBIE
3HAYCHMS CpeaHEeKBaapaTHUeCKux oTkiIoHeHnid RMSD. HeoOxomumMo OTMETHTB, YTO
13 BCEX BO3MOXKHBIX CAaHTOB CBS3BIBAHUS HAMOOJICE CTAOMIBHBIM JJISI B3aUMOICHCTBUS
seisiercs mupokas (1) 6opo3nka G-kBaapyriekca.

Puc. 3. Busyanusaigus CaiiToB CBsI3bIBaHUsI KBeplieTHHA Ha G-KBaPYIIEKCHOM
JHK. IIpoBenenHas kinacTepusalys pe3yJibTaToOB CAalT CBA3bIBAaHUS
(Puc. 4) BersiBuia, uto B 55.44% ciydaeB KBEpIIETHH CBSI3BIBACTCS C IIH-
poxoit 6oposaxoii 1T (3ueprust cBs3piBanms -7.62 + - 0.14 Kkan); B 22.33
% c y3koitboposkoit Il (3ueprus cesi3piBanust -7.76 + - 0.09 Kxkan), ¢
OJMHAKOBOI BepoATHOCTHIO B 11.11% cBsI3pIBaHUE MPOUCXOIUT C CPE-
Humu 6oposakamu [ u IV (sueprus cBs3spiBanus -7.8 + - 0.07 Kka).

Puc. 4. Busyanm3zanus KiacTepu3aliy U MOJyYeHHbBIE TapaMeTPhl CpeTHEKBaIpa-
THYECKOTO OTKJIOHEHHUS CaiiToB cBs3biBaHUs KkBepuetnmHa Ha G-JIHK.
RMSD (I)- 0.865A , RMSD (IIl)- 0.817 A; RMSD (I)- 0.1 A u (IV)-
0.136A, cooTBeTCTBEHHO.

g 6oree aeTambHOTO M3yUYEHHS Mpoliecca KOMIUIEKCO0Opa3oBaHusI ObLT MPo-
BesieH INnsiliCo skcnepuMeHT ¢ yueToM mapaMmeTpoB MOJIEKYJsipHOTO JnokuHra. [lomy-
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YEeHHBIEC PE3yJbTaThl JUHAMHYECKOTO Mpolecca B3aUMOACHCTBHS (MOJICKYJISIpHAs U~
HAMUKa) CBUIETEIBCTBYIOT, YTO B3aMMO/ICHCTBHE KBEPIIETHHA C IIUPOKOH OOpO3IKOH
G-IHK sBnsieTcss CTaOMIBHBIM, O YEM CBHJCTEIBCTBYIOT TOJYYCHHBIC MPOCTPaH-
CTBEHHO-’HepretTHueckne mapamerpsl (otkmonerrme RMSD < 0.2 A). Heob6xommmo
OTMETHTH, YTO KOMILUIEKCOOOpa30BaHMsl MPOXOAUT AByMs 3Tanamu. [lepBbiii stan xa-
pakTepusyercsl QIyKTyallHOHHBIME JBIKEHHSAMH MOJIEKYJIBI KBEPLETHHA Y IUPOKON
6oposnku (I). TTocne yero monekyna ¢ukcupyercs B riiyoumHe OOpo3nku, o0pasys
CTaOMIIbHBIE CBSI3H, U3 KOTOPBIX 2 MPUXOIATCA HA TYaHUHOBBIE OCTATKU B IIOJI0)KEHUH
Ne 7 (Puc. 5).

Puc. 5. B3aumopeiicTBre KBeprieTiHa Ha mmpokoit 6oposnke (II) G-HK. 1)
komiuieke ksepuernn/ G-JJHK, 2) MecTo cBA3bIBaHUS KBEpILETHHA C LIH-
poxkoit 6opozaxoit (11).

[lony4yeHHble HAMH PE3YNBTATH CBUIETEILCTBYIOT O TOM, YTO B3aUMOJAEICTBUE
kBepuernHa ¢ G-JJHK umeer cnenmduyeckuit xapakTep U JajdbHEHUIINE UCCIIEA0BA-
HUSI C WCIOJb30BaHUEM METOJOB MOJIEKYJISIPHOTO MOJEIUPOBAaHMS NaayT BO3MOXK-
HOCTh OoOJiee JETaIbHO M3YYUTh MPOIECC KOMIUIEKCOOOPa30BaHUs, BbISBIISAS KBAHTO-
XUMUYECKUE ACTIEKThI B3aUMOAEICTBUS, YTO B CBOIO OUYEPEIb MO3BOJIUT BBIIBUTH OCO-
OCHHOCTH B3aWMOJICHCTBUS U MEXaHHU3MBI JIEHCTBHS OMOIIOTHYECKH aKTUBHBIX HU3KO-
MOJIEKYJIIPHBIX COEIMHEHUN ¢ MAKPOMOJIEKYIaMHu.
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IDENTIFICATION OF POSSIBLE BINDING SITES OF QUERCETIN WITH
TELOMERIC G-QUADRUPLEX DNA

L. Hunanyan, H. Grabski, G. Chilingaryan, H. Vardapetyan

SUMMARY
The direct interaction of quercetin with telomeric G-quadruplex DNA by
molecular modeling methods was investigated. Binding sites and charac-
teristics of the interaction with the G-DNA are shown. The energetic
andstereo chemical parameters have been calculated.
Keywords: G-quadruplex telomere, quercetin, molecular modeling.
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NEOMYS SHELKOVNIKYV SATUNIN 1913, DETECTED NEW
ABODENS AND ECOLOGICAL FEATURES IN NAGORNO
KARABAKH’S FAUNA
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SUMMARY
NKR’s biodiversity is rich and varied where mammal fauna has its unique
place and role.The goal of the work is to explain Neomys Shelkovnikov
which belongs to insectivorous class, its ecology, prevalence, breeding
and some issues about its biology.As a result of research and observations
we found new abodes of Neomys Shelkovnikov Satuninin a new condi-
tion of their ecological and biological singularity.Despite our conditions,
they are active all year-round but the observations revealed that habitats,
climatic conditions and seasons of the year largely affect the activity of
these beasts. They are primarily nocturnal animals.Their nocturnal and
crepuscular activity is most vividly manifested in the warm weather of the
day.
Cultures are described with high aggressiveness.When hunting these ani-
mals make a metal whistle which makes their discovery easy during ob-
servation.
Cultures sometimes putnutrias, otters, diurnal carnivores,owls, weasels,
rare foxes to danger.They destroy the harmful insect and thus the nutri-
tional chain.
Keywords: fauna of Nagorno-Karabakh, Neomys Shelkovnikov, fauna,
activity.

INTRODUCTION

NKR’s biodiversity is rich and varied where mammal fauna has its unique place
and role.The article is devoted to some issues on Nagorno Karabakh’s mammal spe-
cies composition, ecology, biology,prevalence is scare or has historical retroactivity
on NK’s mammal fauna.Particularlyconcerning insectivore class data can be found in
some author’s(Shidlovski, 1964, Dal, 1954; Gureev, 1977; Sokolov, Tembotov, 1989)
works which have done their study in Caucasus.The main data about NK’s insectivore
fauna have been reflected in our work (Hayrapetyan 2001; 2007; Yavruyan, Hayrape-
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tyan, 2003; Hayrapetyan, Grigoryan, Grigoryan2008; M. Gajevskaya, E. Yavruyan,
V. Hayrapetyan R. Javadyan, M. Grigorean, K. Turleyski, 2010; Hayrapetyan, 2012).
There are some data in A. Avagyan’s work (2010).

Thus, the goal of the work is to explain Neomys Shelkovnikov which belongs to
insectivorous class, its ecology, prevalence, breeding and some issues about itsbiology.

MATERIALS AND METHODS

The work is based on observations and study done by usin NK’s landscapecli-
matezone since 1999 to date.For the study as the main stationary there have been cho-
sen the valley of Terterriver, reservoirs Sarsang and Mataghis (Pic. 1). In some cases,
depending on species, their abode position and weather conditions have been used 1,5
lit plastic bottles and prepared sausage and fish soaked in excavated earth and we have
built a bridge from the grass.In coexistence, this animal’s relative balance has been
done in the methods of trap-day(Karaseva, Telicna,1998).
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We put traps in a straight line five meters away from one another.We left traps
for one day, sometimes for two days.We made the calculation of the animals in formu-
la accepted theriology. J=C/(AxT)x100 where C is the number of entrapped individu-
als in a «T » day.A is a total number of traps.Tis the number of a hunting days. Ani-
mal propagation specifics was determined in the time of cleavage(Tupikova 1964).
Measurements lymphocytes arrangements have been made in the classical methodsof
zoology(Lakin 1990). All the species studied animals attractions height of living in a
vertical zone have been determined with the help of Magellan GPS. For the obtained
results lymphocytes assessing reliability have been used the Student’s criteria.

In the period of collecting material and field observations we used the classical
methods accepted in theriology and ecology (Novikov 1953).
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RESULTS

As a result of research and observations we found new abodes of Neomys Shel-
kovnikov Satuninin a new condition of their ecological and biological singularity.

CONCLUSIONS

Previously these animals were known in the valley of Terter river, in Sarsang’s
and Madaghes reservoirs.But as a result of a through and credible research non-
specific areas for these animals have been found.They are in Patara river’s valley
(which is in the territory of Patara and Dahrav villages), Ivanyan village (M.Grigo-
ryan) and in the region of Hadrut, Ishkhanaget valley (Qratakh, Hokher and Azokh’s)
village area (V.Hayrapetyan), despite having found these animals in the southern, cen-
tral and northern regions.However, the quantity of those animals is little and has li-
mited distribution. The observation which has been done by us shows thatin all of the
above areas we have found that Neomys Shelkovnikov Satunin prefers uncontami-
nated areas in river’s valley and relatively fast flowing areas; they are fleeing the
coastal marshy lands.

The Satunin amounts found and explored in different places are shown in dia-
gram 1.

Ishchana

Ivanyan
2

Sarsang
4

N 2007 m 2008 w2010 m2014 m 2014 m 2014

Diagram 1. The number of NeomysShelkovnikovin 1km route

Observations made in the northern, central and southern regions of Nagorno Ka-
rabakh revealed that the lower limit of the spread of Neomys Shelkovnikov culture is
500 meters above sea, and the upper limit ends with 1000 meters above sea. Most of-
ten they appear in the 650-870 (diagram 2) meters above sea altitudes. The upper limit
of their spread areal reaches 2000—2400 meters in the Northern Caucasus. As every-
where, our fauna homes of these animals are mainly associated with the places where
clean mountainous rivers or streams flow.

Despite our conditions, they are active all year-round but the observations re-
vealed that homes, climatic conditions and seasons of the year largely affect the activi-
ty of these beasts. They are primarily nocturnal animals. Their nocturnal and crepuscu-
lar activity is most vividly manifested in the warm weather of the day. The spring ac-
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tivity of Shelkovnikov cultures primarily begins at 7°-8%pm and lasts about two
hours at TerterRiverValley. The second activity begins at 11°-11*pm. They demon-
strate short-term activity in the morning at 7°°-8% after which it is underperformed or
generally is lost. Daytime activity is mostly recorded in late April and in early May
and only around nursing mothers. They begin summer activity later at 8°-9%pm and
last till 12 or even 02%%am. This type of activity is saved until the second half of Oc-
tober after which the nocturnal activity gradually decreases. In winter period, con-
versely, crepuscular and nocturnal activity is replaced with daytime activity.

120
L00
80
60
40
20
0 T T T

Until 500 500-1000  1000-2000 2000 and
more

The found animals numbers in differ-
ent height percentage

Diagram 2. The number of NeomysShelkovnikov(in percentage) found in the dif-
ferent zones

With the observations madethe spring activity begins at 8°-9°pm and lasts for
3-3,5 hours; after 1-1,5 hours break the second activity starts which lasts until 6 am
in lvanyan area. Summer activity begins late, at8'°~10*pm, and it is more lasting, al-
most without breaks. Breaks are only observed in adverse weather. Autumn activity
begins at 8°pm and, unlike summer activity, it is shorter. In the second half of No-
vember the nocturnal activity of these animals is underperformed or is generally lost.
In winter their activity is daytime but in winter without snow crepuscular is also rec-
orded and in warm winter also there is nocturnal activity. In Ishkhanaget and Patara
valleys the activity of these animals still needs further studies.

Cultures are described with high aggressiveness. When hunting these an-
imals make a metal whistle which makes their discovery easy for observation.
Unlike other representatives of shrews, they demonstrate relatively little greed;
day feed section can be totaled to 116% of their live weight. They search food
under water, on land but they do eat only on land. The nutritional objects vo-
lume is quite broad: they can eat fishcaviar, frogcaviar and, numerous insects
and their larvae, Lumbricusterrestris, snails. In these animals' food section her-
bal food lacks or is a rare phenomenon.

We found that in Karabakh lowland and foothill areas multiplication be-
gins in mid-March and lasts until mid-October. Tour litter happens in June or
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July. Pregnancy lasts for 18-25 days, there may be 5-9 pups in generation, dur-
ing a year there may be 2-3 litters. Undesirable effects lastfor 40-45 days. Life
expectancy in nature is about 1,5-2 years. Their sex ratio totaled to 1:1.
Cultures do not generate great colonies and live with few populations.
Relatively large crowds are observed in their winter preparation areas; in other
regions they prefer to stay alone, keeping some distance from one another.
Cultures sometimes victimize nutras, otters, diurnal carnivores, owls,
weasels, rare foxes. Nutritional competitors of these animals are other types of
shrews, water vole and so on. They destroy the harmful insect, their nutritional
chain. They can partially damage fish farms destroying young fish and caviars.
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OBHAPYXXEHHUE HOBBIX MECT OBUTAHUSA
NEOMYSSHELKOVNIKOVASATUNIN 1913 1 UX DKOJIOI'HYECKHUE
OCOBEHHOCTHU B ®PAYHE HATOPHOI'O KAPABAXA

B.T. Aiipanersin, M.P. I'puropsin, B. I'ynansn

AHHOTALMUS
Lenpto paboTHI ABJIACTCS BBISICHEHHE HEKOTOPBIX BOIIPOCOB, OTHOCSIIINX-
csl K OMOJIOTHH, DKOJIOTHH, Pa3MHOKCHHIO U MECTaM OOHMTaHHS KyTOPHI
[llenKOBHUKOBA, NPHUHAIICKAIICH K OTPALY HACEKOMOSIHBIX. Buomup
Haropaoro Kapabaxa 6orart u pasHoo6paseH. U ocoboe MecTo B HeM 3a-
HUMaeT (ayHa MICKOIUTAFOLIHX.
B pesynpTaTe NpOBEICHHBIX HCCICAOBAHUN W HAOMIOACHHUI MBI BBIICHH-
nm Mecta oOutanust Kyrop llleaKkoBHHKOBA M X 3KOJIOTHYECKUE U OUOJI0-
rH4YecKue 0COOCHHOCTH B HOBBIX YCIIOBHSIX.
XoTsl B HallMX YCIOBUSIX OHU aKTUBHBI KPYIJIBIH IO/, HO PE3yJbTaThl
MPOBEJCHHBIX HAOIOJCHUI ITOKa3aly, YTO cpelna OOWTaHUs, KIMMAaTH-
YEeCKUE YCJIOBHSI M CE30HHOCTh MMEIOT JJOBOJBHO OOJIBIIOE BIIUSIHUE HA
AKTHBHOCTH TUX 3BEPYLICK.
B 0CHOBHOM, 3TO HOYHBIC XKHBOTHBIC. VIX HOYHas M cymMepedHas aKTHB-
HOCTb HanOoJiee YeTKO MPOSBISAETCS NPH TeIUIor moroae. OHU XapaKTepu-
3YEOTCSI BBICOKOHM arpecCHBHOCTBHIO. BO BpeMsi OXOTBI 9TH JKHBOTHBIC U3-
JAI0T METAJUIMYECKUI CBHCT, KOTOPBIA oblierdaetT Mx oOHapyKeHHEe IpH
HaAOMIOIECHUH.
Kurouesblie cinoBa: Haropusriii Kapabax, xyropa [llenkoBHukoBa, dayHa,
AKTHBHOCTb.
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SUMMARY

In consequence of intensive human population genetics studies that take
place nowadays, human mitochondrial genome data are continuously ac-
cumulating, while the effective methods of this massive information stor-
ing and management lag behind. For instance, publicly available databas-
es of human mitochondrial DNA (mtDNA) are either not updated regular-
ly or lack functional tools for appropriate data parsing. In this work, we
introduce the mtMart, a novel manually curated database for complete
human mitochondrial genomes that might significantly facilitate effective
managing of large-scale genomic data.

Keywords: human mitochondrial genome, database, mtMart.

Introduction

Today, the advances of novel DNA sequencing methods have made the mito-
chondrial genome a versatile tool for phylogenetics, population genetics, forensic
science and other disciplines [1, 2]. Despite the fact that human mitochondrial DNA is
a tiny molecule ca. 16,570 b.p. [3], continuously accumulating large-scale mtDNA
data make the handling, analyzing and comparing the mtDNA gene pools of different
human populations hard. Recently, several attempts were made to design and create
publicly available human mitochondrial DNA databases; however, some of them are
no longer updated and maintained, while the rest do not provide convenient functio-
nality for effective data management and further analysis.

For instance, HvrBase++ [4] and mtDB [5] databases were launched in 2006,
but they have not been updated since 2007, while the number of new mtDNA partial
and complete sequences has increased significantly since then. Another quite func-
tionally rich database, hmtDB that has numerous options for data searching, mtDNA
haplogorup assignment, etc., is rarely updated. On the other hand, the Phylotree [6]
and Mitomap [7] human mitochondrial DNA databases are updated regularly; howev-
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er, the absence of functional tools that might help to deal with large datasets of
mtDNA molecules of different characteristics restricts the efficacy of data handling.

Here, we introduce the mtMart (by analogy with BioMart search engine of En-
semble genome browser [8]), a hew database for human complete mitochondrial DNA
data, which is designed to feel the gaps of the above described databases and imple-
ment our own ideas in order to significantly facilitate the effective treatment of large-
scale human mitochondrial genome information.

Implementation and Workflow

The main principles of mtMart workflow are described in Fig. 1. The database
is designed with MySQL open-source relational database management system. Its
functional characteristics are implemented in PHP and JavaScript (jQuery) program-
ming languages.

mtMart retrieves the information on human mitochondrial genomes (however,
in principle it can be used for retrieving any query) directly from the National Center
of Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.gov/), which provides
the API (Application Programming Interface) using an arbitrary set or range of acces-
sion numbers of interest. Using in-home PHP script to process the INSDSeq XML
file, which is generated from GenBank (http://www.ncbi.nlm.nih.gov/genbank) and
contains all the information about the query, mtMart stores obtained data in internal
memory storing it in columns by the accession number, complete mitochondrial ge-
nome in FASTA format, size of the molecule in base pairs and the reference where the
molecule was first described.

£ NCBI  Resources @ How To (@)

Figure 1. Basic principles of mtMart workflow
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One of the main features of mtMart is the possibility to semi-automatically add
the information about mtDNA haplogroup, mutation data compared to revised Cam-
bridge Reference Sequence, ethnic group and geographic region of the population to
any record of the database. For assigning the haplogroup and defining mutated posi-
tions, mtMart is synchronized with Haplofind [9], a fast and reliable web application
for high-throughput human mitochondrial genome haplogroup assignment based on
the most recent Phylotree built. Besides haplogroup assignation, Haplofind also de-
fines the mitochondrial DNA mutations that were reported to be associated with the
particular disorders, and this data is also added to mtMart. The data on population and
geographic region are appended to mtMart manually, and we believe this approach
ensures precision and high quality of the data stored in the database.

In order to avoid some undesired manipulations of users, the functions of addi-
tion and removal of the data are restricted for all users, except the Administrator.

Another important feature of mtMart is the possibility to search, sort and down-
load data in a very customizable way. One can sort it either by haplogroup (at any res-
olution of phylogenetic tree), population and geographic region or combine all these
options in order to obtain the necessary result. After being obtained, the information
can be retrieved in several output formats. For complete sequences and mutation data
the mtMART outputs the information into FASTA and FASTA-like formats respec-
tively, since some widely used software for mitochondrial DNA data analysis, such as
MITOTOOL [10] use FASTA-like format composed of mutated sites only, instead of
DNA sequences. On the other hand, for downloading the data from sortable columns
(haplogroup, population, region, etc.) and accession number the database allows to
output the result in commonly used text formats (tab, comma, colon, etc.-separated
files) with the arbitrary order of columns. Moreover, for haplogroup and population or
geographic data we have implemented the algorithm allowing to automatically gener-
ate the .arp Arlequin [11] input file with relative haplogroup frequency values.

Conclusion

In our project, we have developed a new user-friendly database for complete
human mitochondrial genomes, mtMART which might significantly support large-
scale human mitogenomic studies. mtMART is built taking into account the conve-
niences of previously designed mtDNA databases and filling the gaps of the last. Our
database will be continuously developing allowing researchers to use new functionally
convenient features for fast and effective data management.

For now, the development of mtMart is still under way; however, in the nearest
future it would be publicly available for use with other functional characteristics.
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MTMART - HOBASI BA3A JTAHHBIX MUTOT'EHOMOB YEJIOBEKA
I'. Oranecsin, A. Ecasn, M. AuTonocsid, JI. Enucoxonocsin

AHHOTALMUS
IIpoBomuMEIe B HAacTOAIIEE BPeMsl HHTEHCHBHBIC TOMYIISIIMOHHO-TEHETH-
YEeCKHe MCCIICIOBAHUS CIIOCOOCTBYIOT HENPEPHIBHOMY HAKaIUIMBaHUIO
nH(OpManuK, B YaCTHOCTH, 110 MUTOXOH/IPHAIEHOMY T€HOMY UY€JIOBEKa, B
TO BpeMsl Kak METOJbl XpaHEeHHs W 00paboTKu OOJIBIIOrO MaccHBa JaH-
HBIX SIBISIIOTCS HEd((EKTHBHBIMHU. ba3bl AaHHBIX OTKPBITOIO JOCTYIa
muroxoHapuansHoi IHK uenoBeka peryisipHo He OOHOBIISIIOTCS MIIH HE
00J1a/1a10T 1OCTaTOYHOH (DYHKIIMOHAIBLHOCTBIO ISl pe3yJIbTaTUBHOTO YII-
paBienus uHpopmanueir. B manHON paboTe MBI MpencTaBisieM pa3pabo-
TaHHYIO0 HaMH 6a3y maHHBIX MtMart 1t mensIx MUTOXOHIPHANBHBIX Te-
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HOMOB YeJIOBEKa, KOTOpas 3HAYUTENbHO IOBHIIIACT d(PPEKTHBHOCTh Y-
paBieHus OOJBIINX MACCHBOB T€HOMHOW MH(OPMAITHHL.

KnroueBble cj10Ba: MUTOXOHAPHAIBHEINA T'€HOM YelIOBeKa, 0a3a JaHHbIX,
mtMart.

MTMART UUMMIE UPSNAELATUSPL SYSULLELP LA FULQU
2. Zngyhwuthuyywi, U. Guuyuib, U. Ginninuywi, L. Gyhuynynuywi

uvonoenku

Ukplhuynidu htunktuhy hpwljwbwgynn wnwynijjughnt ghubwunh-
Juljwb hbwnwgnunippiuubph ounphhy swpnitwwpwp Ynt-
nuljynid b dwpgnt dhunnpnunphnidught ghuindh wijuyukpp,
dhypbin tdwl Swdwnit nbnknipmniuubph quhywidw b u-
pwjupdwd wpynitwgbn dbpnnubpp skt pujupupnud wpnh
wuwhwbetbpht: Ujuwybu, dwppmt dhwnnpnugphniduyhtt Yul-h
dwwngkih wfjuibph puquttpp jw'd wuppbpwpwp skt pup-
dwugynid, Ju'd odndws sk nfjujubph JEpnisnipjut quwnowd
gnpShputpny: Unyb wppuwnwbpnid ubkpuyugynid E utp Ynnuhg
qupqugyus dupnnt wdpnnowljut dhnnpnunphnidughtt gkund-
Ubph ndjupubkph tnp puqu’ mtMart-p, npl buljuinpki jhtonwg-
uh gqhundwihtt hujwywdwqu) wnbknblynipmniuutph wpynibwdbn
Junwdupnudp:

Zpdtpuntp’ dwpym dhinnpninphnidughtt ghind, wyjuwyikph
puqu, mtMart:



147

AsznaypsH JLA. —

Asuzsa D.0. —

Atipanetsa B.T. —

AtipaneTssH M.O. —

Antonsia T.H. —
ApyTioHsiH A.A. —
Bappanersu I'.P. —
I'ynansu B. —
I'pabekmit O.B. —

T'omkusaa T.A. —

I'puropsu M. —
I'eBopksn I'. —

Eurosa A.IT. —

Enxosu K.B. —

Kazapsu C.M. —

CBEJEHUSA Ob ABTOPAX

CTapImii penoaaBareasb kadeapsl CHCTEMHOTO TPOTrpaMMH-
poBanus Poccuiicko-ApMSHCKOTO YHUBEPCUTETA

accrcTeHT kKadenpsl BrIcieit MaTeMaTHKH U TEOPETHICCKOM
MexaHuKu HalmoHanpHOTO arpapHoro yHuBepcurera Apme-
HUU

1.0.H., pekTop Cremanakeprckoro ¢rmmana HamponaasHOTO
arpapHoro yHUBepCHTETa ApMEHHUN

acIHUpaHT MePBOro roja o0y4eHus kadenpsl MeauImHCcKon
omoxumun 1 6roTexHoJornu Poccuiicko-ApMSHCKOTO YHU-
BepCcHTETA

ctyneHT V kypca Poccniicko- ApMSHCKOTO YHHUBEPCUTETA IO
cnenuanbHocTH: «DapMarusny

cTyneHT V kypca Poccuiicko-ApMSHCKOro YHUBEPCUTETA O
cnenuanbHocTH: «bronmkenepus u OnonHpopmaTuKa»

1.0.H., mpodeccop, 3aB.Kkadpeapoii MEIUINHCKON OMOXUMHH U
ounoTexHonoruu Poccuiicko- ApMSIHCKOTO YHHUBEPCHTETA

3aMeCTHUTENb JUPEKTopa o Hayke HannoHanpHOTO mapka
«CeBany»

aCIUpaHT TepBOro rojaa ody4yeHus kadenpsl bruonmkenepun
u OnonHpopMaTHKu Poccuiicko-ApMSIHCKOTO YHHBEPCUTETA

K.X.H., CTapIIUil HAyYHBIH COTPYIHUK JIAOOPATOPUH 3AILUTHI
pacTeHuii ¥ CUHTE3a NeCTUIIMI0B APMSHCKOI'O HALIMOHAJIBHO-
T'0 arpapHOro YHHUBEPCUTETA

ACIIUPAHT ApLIaXCKOFO TOCyAapCTBCHHOT'O YHUBEPCTUTECTA 11O
CIICIUaJIbHOCTH! «300J10T U

aCIMpaHT TPeTbero roga o0y4yenus kagpeapsr CUCTEMHOTO
nporpaMMupoBanusi Poccuiicko-ApMsSHCKOTO YHUBEPCUTETA

J.X.H., mpogeccop kadeapnr O0meH u hapmMaieBTUIECKOM
xuMuu Poccuiicko-ApMSHCKOTO YHUBEPCUTETA, 3aBETYIOLINI
naboparopueil 3alMThl PACTCHUI U CHHTE3a MECTULUA0B
APMSHCKOT0 HAIMOHAJIBHOT'O arpapHOro YHHUBEPCUTETA

1.0.H., mpoteccop xadeapsr onoxumun EpeBanckoro rocy-
JApCTBEHHOTO MEIUIIMHCKOTO YHUBEPCUTETA, IPOPEKTOP I10
Hayke EpeBaHCKOro rocyjapcTBEHHOT'0 MEIUIIMHCKOTO YHU-
BEpCUTETA

nearor, Konueprmencrep (moagmockoBHas Koposnésckas
netckas mkoina uckycers — LU, kadenpa «Bokanay, da-
KyJbTeT «My3bIKaJIbHOTO T€aTpa» POCCUICKOTO YHUBEpPCUTE-
Ta TearpanpHoro uckyccrea (PYTU-TUTUC)



148

MTMART, a new human mitogenomic database

Kapanetsin A.B. —

Mupymsta MLJL. —
Haxaraksu C.X. —
OranecsH A.A. —

OBaknmsn JI.B. —

ITerpocsa A.C. —

Puwrtynu JI.P. —
Tupanysu C.I'. —

Vuansan JI.C. —

@epemtersan K.C. —

XagatpsiH A.A. —

XagatpsH A.X. —

XagatpsH X.A. —
Yunuarapss I'.B. —

lanuosa P.C. —

K.X.H., CTapIINi HAyYHBIH COTPYIHUK JIAOOPATOPHUH 3AILUTHI
pacTeHHi U CUHTE3a NeCTUIMI0B APMSIHCKOI'O HALIMOHAJIBHO-
TO arpapHOro yHUBEpCUTETA

aCCHUCTCHT Ka(be[[pbl buoxumuu EpCBaHCKOI‘O TroCyaapCTBCH-
HOTO MEANIHUHCKOTO YHUBEPCUTETA

K.T.H., JOUEHT Kadenpbl CUCTEMHOTO POrpaMMHPOBAHUS
Poccuiicko-ApMSIHCKOTO YHUBEpPCUTETA

K.0.H., JIOIICHT, AOIEHT Kadeapbsl MeTUIMHCKOW OMOXUMUU U
ouorexHonorun Poccuiicko-ApMSHCKOTO YHUBEPCUTETA

K.(b.-M.H., cTapmmii Hay49HbIH coTpyaHUK HCTHTYTA paano-
¢usuku u snekrponrku HAH PA (Amrapax-2)

K.(.-M.H., aCCHUCTEHT Kadeaphl Bricirelr MaTeMaTHKH U TEO-
pEeTUYECKO MEXaHUKH APMSHCKOTO HallHOHAIBHOTO arpap-
HOI'0O YHUBEPCUTCTA

nmabopanT aboparopun brnoxumun Poccuiicko-ApMsSHCKOTO
YHUBEPCHUTETA

K.0.H., IOIIeHT, AOeHT Kadenpsl buonmxenepuu u OMOWH-
(dopmaTuku Poccuiicko-ApMSIHCKOTO YHUBEPCUTETA

K.0.H., CTapiui npemnoaBatelb kadeapbl MeauinHCcKoN
omoxumun 1 6roTexHonoruu Poccuiicko-ApMSHCKOTO YHU-
BEpCUTETA

aCTMMpPaHTKa TPEeThero roja o0yuenus kapeapsr Meauun-
CKOI OMOXUMUM B OMOTEXHOJIOTUU Poccuiicko-ApMIIHCKOTO
YHHMBEPCUTETA

acCUCTEHT KadeaApsl Briciieli MaTeMaTHKU U TEOPETUUCCKON
MEXaHUKH APMSHCKOI'O0 HAllMOHAJIBHOT'O arpapHOro YHUBEp-
curera

n.¢d.-M.H, npodeccop, 3aB. kadeapoii Beiciieii MaTeMaTHKU 1
TEOPETUIECKON MEXaHUKH APMSIHCKOTO HAIIMOHAIBHOI'O ar-
PapHOTO YHUBEPCUTETA

I.Q.-M.H., cTapmnii Hay4uHbli coTpyanuk MHctuTyTa Mare-
Matukn HAH Apmenun.

ctyneHT V kypca Poccuiicko-ApMSHCKOr0 YHUBEPCUTETA O
cnieranbHoCTH: «bronmxkeHepus n OnonHPpOpMaTHKa»
aCIHUPaHT TPEThero rojaa ooyuenus kadeapor OO1Iei u dap-
MAaIleBTHUECKOW XUMUHU Poccriicko-ApMSHCKOTO YHUBEPCH-
TeTa



149

K CBEAEHHIO ABTOPOB

IIpaBuna g aBTopoB xypHana «BecTtHuk PAY, ®u3nko-mMareMaTH4eCKUe U €CTECTBEH-
HBIE HAYKN.

XKypHan mnewyaTtacT OpPHTHHANBHBIE CTaTbM II0 PA3MYHBIM HANPaBICHUAM (PH3HKO-
MaTEMaTHYECKHX U €CTECTBCHHBIX HaYK.

* K paccMOTpeHHIO NMPUHUMAIOTCS CTaTbU Ha PYCCKOM, apMSIHCKOM HJIM aHTJIMHCKOM
SI3BIKAX.

*  CraTbu HOJKHBI OBITH IPEJCTABICHBI B PACIIEIaTaHHOM BHJIE M 3JIEKTPOHHON (opMme.

+ K marepuanam cratbu npuiaraercst JloroBop ¢ mznarensctBoM PAY, moanucaHHBIN
OHUM (OTBETCTBEHHBIM) aBTOPOM (0(hOPMIIIETCS B OTHOM SK3EMILIAPE).

*  CraTpst 10IDKHA MMETh HAIPABICHNE OT YUPEXXICHUS, B KOTOPOM BBITIOJIHEHA PadoTa.
Pykonuch moamuceiBaeTcs aBTOpOM (COaBTOpaMu) ¢ yKazaHHeM (haMUINHM, UMEHH, OTYECTBa,
JIOMAIITHETO ampeca, MecTa paboTsl, HoMepoB TenedonoB u e-mail. Heobxomumo ykasath, ¢
KEM BECTH IIEPErOBOPHI U epenncKy. OTKIOHEHHBIE CTaThH HE BO3BPAIIAIOTCSL.

* B pepakuuo HanpaBISIOTCS JBa SK3EMILLIpa CTaTbu, HaOpaHHble WPUPTOM 12 MyHK-
TOB Yepe3 /IBa MHTEpBaJa Ha OJHOI cTopoHe simcTa (mpubian3ntensHo 30 CTPOK HA CTpaHHMIIE,
60 cnMBOIIOB B cTpOKe). PyKomucHBIE BCTaBKH HE IOMyCKalOTCsA. Bce cTpaHuIbl JOIDKHBI OBITH
MIPOHYMEPOBAHBI.

Ilepen TeKCTOM CTaTh yKa3bIBAIOTCSI:

— Ha3BaHHE CTaThH;

—  MHHUOUAIB ¥ (aMIWIMK aBTOPOB (U1l FHOCTPAHHBIX aBTOPOB Ha SI3bIKE OPUTHHANA HIIH
Ha aHIJIMHCKOM SI3bIKE);

— Ha3BaHHE yUpexIeHus (0e3 cokpalleHui u ab0peBuaTyp), KOTOpOe HAIPaBIsLET CTa-
TBIO, €ro ajpec (Topo, CTpaHa);

— e-mail aBTOpOB.

[lanee momeraeTcst aHHOTaus HA PyCCKOM M apMSHCKOM si3bIkax o0beMoM He Oomee 0.5
MAaIIMHONIMCHOM CTPaHUIIbI, KOTOpas He JIOJDKHA AyOIMpOBaTh BBOHBIM MITH 3aKIIOUNTEIbHBIH
paszensl. AHHOTAIMs He J0JDKHA COZIEPXKATh JINTEPaTypHBIX CCHUIOK M ab0peBuaryp. B koHIe
aHHOTAIlMU yKa3bIBaloTCs KiroueBble cioBa (keywords). TpeOyercst Takke aHHOTAIMS HA aHT-
JIMHACKOM SI3BIKE.

* l3noxenue MaTepuana JOIDKHO OBITh SICHBIM M KPaTKUM, 0e3 (GopMys M BBIKIAI0K
MIPOMEXXYTOYHOTO XapaKTepa M TPOMO3JIKMX MaTeMaTHIECKUX BBIPa)KCHHH.

*  PuCyHKHM IpEICTaBISIOTCS B JABYX JK3eMIUIApax. Bce HaaNmHMCH Ha PUCYHKE ClielyeT
JlaBaTh Ha aHTJIMHCKOM SI3BIKE.

»  dopmynsl crenyer HabUpaTh KPYIHO, CBOOOTHO M YETKO.

Hymepanus popmyin goimkHa ObITH CKBO3HOI 1O BCEH cTaThe (HE MO paszenam).

*  Xumuyeckue GOpMyIbl, MATEMAaTHIECKUE CUMBOJIBI, COKpAIEHUs (B TOM YHCIIC B MH-
JIeKcax), €ANHALBI I3MEPEHHs HaOMPArOTCs MPSIMBIM IIPUPTOM.

*  JKupHbIM mpudToM HaOUpArOTCsl TOJBKO BEKTOPHBIE BEJIMYHMHBI (CTPEJIKa CBEPXY HE
HY)XHA).

* I'pedeckue, rOTHYECKHE U «PYKOITHUCHBIE)» OYKBBI JIOJDKHBI JIETKO PACIIO3HABATHCS.

* Bce ocranpHBIC CHMBOJIBI HAOUPAIOTCS KyPCHBOM.

*  Tabnuis! 10KHBI OBITH HalleyaTaHbl Ha OTAEIBHBIX JINCTAX, BKIIOUYEHHBIX B OOMLIYIO
HyMepanuio Tekcra. O0s3aTeNIbHO HaJIW4IHe 3aroJIOBKOB M €MHUIl U3MEPEHMs BEeIW4YHH. Bcee
CTONOLIBI TAOJIUIIBI JOJDKHBI OBITH 03arJIaBIICHBI.

*  Cnucok nuTeparypbl JOJDKEH ObITh HAOpaH Ha aHTJIMHCKOM SI3bIKE W 0(OpPMIIEH ce-
JYIOIIUM 00pa3oM:

— JyIsl KHUT — MHALHAJIbI ¥ (JaMHJIMU 6cexX aBTOPOB, HA3BaHHWE KHUTH, U3/1aTeIbCTBO, Me-
CTO M3JaHUs, TO/ U3/IaHHS B KPYTJIBIX CKOOKax, TOM;

— Ul IEPHOINYECKUX M3/IaHUH — MHUIHAIIBI U ()aMIIIMK BCEX aBTOPOB, Ha3BaHHE XKyp-
HaJa, TOM,

— HOMepa IIepBOii U MOCIIeAHEH CTPaHUI] CTaThH, TOJl M3JaHUS B KPYTJIBIX CKOOKaX.

HymMmepanus cchlIoKk 10/KHA COOTBETCTBOBATH MOPSKY MX YIOMHHAHHUS B TEKCTE.
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