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Fault and Test Algorithm Periodicity Hypothesis in Memory
Devices and Its Application to Memory BIST Processor
Architecture

(Submitted 4/TV 2012)

Keywords: fault periodicity, March test, symmetry, memory BIST.

1. Introduction. Nowadays memory built-in self-test (BIST) controllers
come either with hardwired standard test algorithms or with programmability
(see [1-3]). In the case of hardwired BIST, these test algorithms should be gene-
ral in nature and are not necessarily optimal for a novel or proprietary memory
design.The user cannot modify or add its own test algorithms to hardwired
BIST. The programmable BIST approaches use an architecture that usually re-
quires an externally accessible register (Test Algorithm Register) of predefined
format for storing a micro-program that will perform a given march test algo-
rithm. Actually, the programmable BIST controller provides enough flexibility
for test algorithm definition. At the same time, the test algorithm is composed of
special test mechanisms (test operations, background patterns and addressing
methods) which are usually hardwired in the BIST. In this context, the program-
mability of BIST means that only the existing test mechanisms can be used
when building a test algorithm. This limitation specifically implies the flexi-
bility of testing process and test time. In some cases this limitation can even
lead to impossibility of programming the required test algorithm. Afterwards,
solutions with programmability of separate test mechanisms were also proposed
(e.g., [1,3]). However, all the mentioned above solutions do not have a common
backbone which will allow considering all these different issues within a unified
infrastructure.

In this paper, a new approach for building the mentioned infrastructure is
proposed. It is based on a notion of periodicity and regularity for faults and test
algorithms, and their interdependence. This is considered as a basis for building
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a generic BIST architecture. Some explanations are adduced below to clarify the
idea.
We consider the known classification of faults, basing on the following
factors:
e Complexity of fault sensitization, i.e., the number of operations required
to activate the fault.
e Number of cells that the fault involves.

Following this classification, the faults can be grouped into different clas-
ses. The number of classes and faults inside them increase with the technology
shrinking (see [4]). We have done a systematic investigation of evolution for
these fault classes and their detection algorithms, covering a broad range of
manufacturing technologies from 90nm to 28nm. Results of this investigation
led to determination of a hypothesis that some regularity and periodicity rules
exist for that evolution. Moreover, the known property of symmetry (see [5]),
which means that each fault usually has its twin, was developed further and a
special symmetry measure was introduced to be used in test mechanisms (see
[6]). This brought to a representation of the mentioned property in a form of a
rule also.

It is proposed to describe all these rules in a form of a special fault periodic
table (FPT). Each column of FPT corresponds to some functionality of a test
mechanism, while each row of FPT corresponds to a fault family determined by
the complexity of fault sensitization. Fault symmetry is also taken into account
in FPT. An intersection of a given row and column determines a test algorithm
for detection of the given fault family.

This table not only allows building of a generic BIST architecture that
supports programmability of test algorithms without limitations mentioned
above. It also allows detection of new faults which arise in the field after ma-
nufacturing within the same BIST. If these faults can be predicted beforehand
then due to regularity of the FPT it is possible to include them into the range of
faults covered by the built BIST architecture and to detect them further via
programmability.

Another direction of FPT usage is the following. There can be faults that
are not realistic in the current technology but can be predicted as realistic in the
future technologies. These faults can be also reflected in the BIST architecture.
This becomes actual in cases when it is planned to implement a given design,
including the BIST design, on a new technology basis without making changes.

The dependencies and regularities in the FPT do not completely imply
from the known results. During the investigation, several unknown before peri-
odical dependencies and regularities, as well as unknown use of symmetry in
test mechanisms were found, justified and included in the FPT.

Based on discovered fault and test mechanism periodicity and regularity
we have defined a new generic architecture of BIST. It has two levels of BIST
programmability: first level is test mechanism programmability and second le-
vel is test algorithm programmability. The proposed BIST architecture has the
following advantages:

¢ Automatic generation of efficient test algorithms based on FPT;
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e Complete programmability of test algorithms and test mechanisms;

¢ Flexible customization to the specific application and a possibility of
finding the optimal trade-off between the area and BIST functionality.

2. Definitions and notations. The definition of the fault primitive concept
(FP=<S/F/R>), used to define memory faults, can be found in [7-9]. In the
notation of FP, S is the sequence of test operations required for fault sensi-
tization (e.g., OW1, IWORO, etc.), Fe {0, 1} is the observed memory behavior
that deviates from the expected one. Re {0, 1, -} is the result of a read operation
applied to the victim cell, in case if the last operation of S is a Read operation.
“-““is used when the last operation of S is Write operation.

The difference between static and dynamic faults is determined by #S, the
number of operations in S. Depending on #S, the memory faults can be
classified into static or dynamic faults. Static faults are the faults sensitized by
performing at most one operation (#S< 1). Dynamic faults are the faults that can
only be sensitized by performing more than one operation sequentially (#S>1).
If #S=2, the fault class will be named class of two-operation dynamic faults and,
in general, if #S=n, then it will be named class of n-operation dynamic faults.

The classification of faults can be done not only with respect to #S, but
also with respect to #C, the number of different cells the fault involves.
Depending on #C, a fault can be classified into single-cell faults involving a
single cell (#C=1), two-cell (coupling) faults that involve two cells (#C=2) and,
in general, n-cell faults involving n cells (#C=n).

In the sequel, we will consider only the faults satisfying the following
conditions: #C=1 or #C=2, #5>0. Several works (see [10,11]) show that these
faults are the most realistic (probable) faults in nowadays memories.

Below we propose a new and simple notation to describe the faults. It is

obtained from FP=<S/F/R> in the following way:

e Separate from S the cell initial value and the sensitizing sequence of test
operations (ssto). For example, if S=1WORQO, then the initial value is 1
and ssto is WORO.

¢ Do not use F and R since they can be easily obtained from S.

Notation 1. (x,, S) denotes a single-cell fault, where S=OP,;D, ..., OP,D,,
n=0, is a ssto applied to the victim cell, when the victim cell value is x,. After
fault sensitization the victim cell value becomes ~D,, if S # & otherwise it
becomes ~x,.

Notation 2. (x, x, S,) denotes a two-cell (coupling) fault, where
S,=0OP,D,, ..., OP,D,, n=0, is a ssto applied to the victim cell, when the victim
cell value is x, and the aggressor cell value is x,. After fault sensitization the
victim cell value becomes ~D,, if S + & otherwise it becomes ~ x,.

Notation 3. (x,, S, x,) denotes a two-cell (coupling) fault, where
S,=OP,D,, ..., OP,D,, n=0, is a ssto applied to the aggressor cell, when the
aggressor cell value is x, and the victim cell value is x,. After fault sensitization
the victim cell value becomes ~ x,,
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Definition 1. FG(x, S) is a fault group that contains all faults that are
sensitized by ssto S applied to a cell containing value x: FG(x, S)={(x, S), (y, x,
S), (x, S, ¥)}, x, ye{0, 1}, S=OP,D,, ..., OP,D,, n>0.

In case of two-cell faults, the relation (lower/higher address in the memory)
between the aggressor cell “a” and the victim cell “v” is essential, since a test
algorithm can detect the same coupling fault if a<v and not detect if a>v. When
we need to indicate the aggressor and victim cell relations for a fault, we will
denote it by a<v or a>v. For example, (0, W1, 1),,.

A March test algorithm M is a test algorithm with a finite number of March
elements M=M;; M,; ...; My (see [5]), where each March element M; consists of
an addressing order A; and a finite number of Read/Write operations M; = A; (O,
Dy, ..., OuDn):

e Ael{l, [0, §} - addressing order: [| - ascending, [ - descending, g -

arbitrary;
* Oje (R, W} - test operations: R — Read, W — Write;
¢ D;- background pattern.

Definition 2. F,=(x;, {OP;Dy;, ..., OP; Di}), Fo-=(x5, {OP,D»y, ...,
OP31oDai2 ).

Fs=(y1, x;, {OP Dy, ..., OP1Diw }), Fs=(y2, X2, {OP3;Dyy, ..., OPyoDoia }).
Fs=(yi, {OP,Dyy, ..., OP1;u Dy }, X1), Fs=(y2, {OP2 Dy, ..., OPp;Dopr }, X5).

A pair of faults F, and F, (F; and F,, Fs and Fy) is called a pair of sym-
metric faults (or symmetric faults) and denoted by F,«¥F, (respectively, F3«¥,,
Fs«¥p), if it satisfies the following conditions:

* k;=k,, X;=~ X5, y1=~ y» (“~ " means opposite value);
e OP;=0P,, ..., OP;;;=0Py, and D;;=~ D», ..., Dy =~ Dy.
For example, (0, &)«£1, &), (0, 1, WOR0)<X1, 0, WIR]1).

We can denote also FG(x, S)«FG(~ x, ~ S) and call them as a pair of sym-
metric fault groups (or symmetric fault groups). This means that:

VFe FG(x, S), 3 Ge FG(~ x, ~ S), that F<4G and VFe FG(~ x, ~ S), 3 Ge FG(x,
S), that F<$.

Definition 3. A pair of March elements M;=A;(0;;D;,, ..., O1,;D,) and
M>=A3(031D;y, ..., O2,2D5,,) is called a pair of symmetric March elements and
denoted by M; <M, if it satisfies the following conditions:

® n;=n,and OP;;=0P;,, ..., OP;,;=0P;,,;
® (D;;=Dyj, ..., Diy=Day2) OR (Djj=~Dyy, ..., Djjg=~Dayo).

Definition 4. March test M=M;; M,; ..., M, is called symmetric if it
satisfies one of the following conditions:

Condition A. March test M consists only of pairs of symmetric March ele-
ments.

Condition B. M;={WD,) and M ,:Mz,' ...; My satisfies Condition A.
Condition C. Mi=(RD,) and M ,:MI; ..., My_; satisfies Condition A.
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Condition D. M;=J{WD;), Mi=J(RDy) and M =M,;...; M., satisfies

Condition A.
Four symmetric March tests are presented below. Each of them satisfies
one of the conditions described in Definition 4.
(WO, RO); (W1, R1) - satisfies Condition A.
$(WO0); [I(RO, W1); [I(R1, WO) (MATS+ [5]) - satisfies Condition B.

0(WO, RO, W1); O(W1, R1, W0); {(RO) - satisfies Condition C.

two); Tro, WD); T(R1, W0); L(RO, W1); U(R1, WO0); $(RO) (March C-

[5]) - satisfies Condition D.

Definition 5. A March test is called partial-symmetric if it is not a sym-
metric March test but contains at least one pair of symmetric March elements.
For example, well-known March B test algorithm [5] is a partial-symmetric

March test: March B: J(W0); (RO, W1, RI1, WO, RO, W1); MRI1, WO, WI);

YR1, Wo, W1, W0); YRO, W1, W0).

3. Fault and test algorithm periodicity. To study the possible regularities
in memory faults and test algorithms, we have investigated their evolution
starting from 90nm to 45nm technology nodes. The investigations show that
every new technology brings new and more complex faults. In its turn test
algorithms also become more complex. The main regularities that we have
noticed during our investigations are introduced below.

Regularity 1. Newly discovered faults have similar behavior as the known
faults. For example, the same notation is usually used for description of known
and new faults.

Regularity 2. For detection of a new fault, a new test algorithm is usually
constructed/extended from an existing test algorithm. For example, March test
ﬂ(WO, WO, RO); ﬂ(Wl, R1, R1) is constructed from March test ﬂ(WO, RO);
(W1, R1).

Regularity 3. Each fault has its twin fault (e.g., Stuck-At-0 and Stuck-At-
1). In other words, for each fault F there is a fault G, that F<&G (symmetric
Sfaults).

Regularity 4. Symmetric faults are usually detected by symmetric March
tests. For example, the pair (0, R0O) and (1, R1) is detected by symmetric March
test (W0, RO, RO); T(W1, R1, R1).

During investigation of fault and test algorithm regularity we have noticed
that there is a periodicity in evolution of faults and test algorithms.

Fault periodicity hypothesis. Memory faults are evolved in periodic way.
This means that the new faults are the periodic extensions of the existing faults.

Fault families. Based on the length of the ssto the faults can be divided in-
to fault families. All faults that are sensitized by ssto of length k are from Fy-
family. For example, (0, @)e FF,, (0, 1, WIRIWO0)e FF;, (1, WORORORO, 1) €
F F,.

FF,={FG(0, ©), FG(1, @)}, FF,={FG(0, W0), FG(1, W1), FG(0, W1), FG(1,
WO0), FG(0, R0O), FG(1, R1)}.
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Test algorithm periodicity hypothesis. Test algorithms are evolved in
periodic way. This means that the new test algorithms are the periodic
extensions of the existing test algorithms.

Let us compare March C- and March MSS1. March C- is a minimal March
test for detection of all traditional faults, while March MSS1 is a minimal
March test for detection of all static faults. Note that static faults are superset of
traditional faults.

March C-: $(WO0); T(RO, W1); T(R1, W0); 4RO, W1); J(R1, WO0); {(RO)
March MSS1 [12]: $(W0); (RO, RO, W1, W1); T(R1, R1, W0, W0); J(RO, RO,
w1, Wh); J(R1, R1, WO, WO0); J(RO)

Both March tests has the same structure with a difference that Write and
Read operations of 2“d, 3rd, 4™ and 5™ March elements in March MSS1 are
doubled. This means that March MSS1 can be easily extended from March C-.

In memories the faults usually occur as pairs of symmetric faults (see
Regularity 3). Since the symmetric faults are usually detected by symmetric
March tests (see Regularity 4) we have developed a March test template to
construct symmetric March tests. The template allows obtaining March tests
without using time consuming March test generation tools.

March test template. Let us assume that S is the sequence of test
operations, i.e., S=OP\D, ..., OPDy, k=0 and xe {0, 1}. March test template
MTT(x, S) has the following structure: ﬂ(W(~ Dy)); ﬂ([R(~ Dyl, [IWX)], S);
M(ROY], [W=x)1 ~S) UIRE-DYL, W)L S); URMDOL [W-x)], ~S);
U(R(~ Dy)), where:

¢ ~S=0P|(~Dy), ..., OP«(~Dy), if k> 1. ~ S=@, if S=.

e [W(x)] and [W(~x)] are absent, if S # & and x=~ D, otherwise they are
present;

e [R(DY] and [R(~Dy)] are absent, if S # &, x=~ D,, OP,=R, otherwise
they are present;

e [If S=O, then consider Dy=x.

All March tests obtained by MTT are symmetric. This is true since all the

March tests obtained by MTT satisfy the Condition D of Definition 4.

Theorem 1. The March test obtained by MTT(x, S) detects all faults from
FG(x, S) and FG(~x, ~S).

Proof. Let us show that March test obtained by MTT detects the conside-
red faults. There can be 4 different cases depending on values x and S:

Case A: S=0, x=V. MTA=T(W(~ x)); T(R(~ x), W(x)); T(R(x), W(~x));
URx), Weo); R, W= x)); YR~ x)).

Case B: S=OP,D,, ..., OPD,, k> 1, x=D,. MTB=(W(~x)); T(R(~x),
W), 8 TRK), Wx), ~8); dR=%, Wx), $); UR®, W=x), ~S);
UR(=x)).

Case C: S=OP,Dy, ..., OP,D,, k> 1, x=~ Dy and OP,=W. MTC=T(W(x));
TRx), 9); TR(~x), ~ S): bR (x). 8); bR(~x), ~ S); UR(x)).
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Case D: S=OP,D,, ..., OP,D,, k> I, x=~D, and OP,=R. MTD=T(W(x));
fi(s); M~ ); 4(S); U~ 9); bR(x)).

Table 1 shows the faults and the corresponding operations of March tests
for sensitizing and detecting them for Case A. In the table, MT;; denotes i
component of i March element in March test MT, i>1, j> 1. For example,
MTA; | means the first component (i.e., operation R(x)) of the third March
element in March test MTA. It is easy to construct such tables for other cases
(Cases B, C and D) as well.

March tests for detection of multiple fault groups. In order to construct
a March test for detection of n pairs of symmetric fault groups FG(x,
SDFG(~ xq, ~ S1), FG(X,, S5)«FG(~ Xy, ~S»), ..., FG(X,, S)FG(~ X,, ~ Sy),
the following steps should be done:

Step 1. Construct a combined ssto CS which application to a cell con-
tainning value x will sensitize all the considered faults. For example, CS=S,,
W(x,), S, ..., W(X,), S, applied to a cell containing value x=x;.

Step 2. Obtain March test M by MTT(x, CS) that will detect all the con-
sidered faults.

March tests for detection of fault families. Let us construct March test
MT, for detection of all faults from Fy-family. Since FF;={FG(0, &), FG(1, @)},

then MT=MTT(0, @)=0(W0); T(RO, W1); T(R1, W0); (RO, W1); L(R1, WO);
{$(RO). This is the well-known March C- test algorithm which is the minimal

March test for detection of all traditional faults.

Now let us construct March test MT, for detection of all faults from FF;.
FF,={FG(0, W1), FG(1, W0), FG(1, W1), FG(0, W0), FG(1, R1), FG(0, R0)}.
To construct the combined ssto, the following cases should be considered: W1
should be applied to a cell containing value 0, W1 should be applied to a cell
containing value 1, R1 should be applied to a cell containing value 1.

Table 1.Case A. Fault sensitization and detection

Fault Fault Sensitization | Detection Fault Fault Sensitization| Detection
Group Group
(x, D) MTA,, MTA;, (~x,9) MTA,, MTA,,
(X, X, Dac|  MTA,, MTAs, (X, ~X, Dacy | MTA,, MTA,,
(X, X, D)sv| MTA,, MTA;, (X, ~X, D)y | MTA,, MTAy,
(~x, %, (~x, ~X,
D)es MTA;, MTA;, Docs MTA;, MTA,,
(~x, %, (~x, ~X,
MTA. MTA FG(~ MTA MTA.
FG(Xa ®) Z)a>v > >! Gé) x Z)a>v b >!
(X, D, Xaev| MTA4, MTAs;, (=X, D, X)aey | MTA;z, MTA;,
(X, D, X)asy|  MTA,, MTA;, (=X, D, Xy | MTAs, MTAs,
*x 2, MTA,, | MTA,, =% 2, MTA;, | MTA,,
- x)a\<v - x)a\<v
*x 2, MTA;, | MTA,, X2 vTA,, | MTA,
- x)a\>v - x)a\>v
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The combined ssto is WIWI1R1, that should be applied to a cell containing
value 0. MT;=MTT(0, WIWIRD)=(WO0); (RO, W1, W1, RI); T(R1, WO,

W0, R0); J(RO, W1, W1, R1); J(R1, WO, WO, RO); {(RO). This is the well-

known March MSS [13] test algorithm which is the minimal March test for
detection of all static faults.

Symmetry measure. In [6], a new method of symmetry measurement for
March test algorithms is introduced. The dependency between symmetry mea-
sure and BIST optimization range is discussed. Based on the proposed metric
and experiments, it is stated that the higher symmetry of a test algorithm brings
to a greater BIST area saving.

In [14], an efficient test algorithm is generated by a new method that is suf-
ficiently general and efficient to generate symmetric March test algorithms for
different combinations of static and dynamic faults. The method is based on the
observation that almost all known minimal or efficient March test algorithms
are symmetric.

4. Fault Periodic Table. Since we have already stated about fault peri-
odicity and fault families, we have tried to introduce the faults by a Fault
Periodic Table (FPT) (see Table 2). In the table #C is the number of different
cells the fault involves. Though we have restricted #C<2, the FPT can be
extended also for cases #C>2. “SCF” stands for single-cell fault, TCFv—two-cell
fault where ssto is applied to the victim cell and TCFa—two-cell fault where ssto
is applied to the aggressor cell.

FPT allows studying and remembering the properties of a large number of
faults in a simpler way. In FPT the locations of unknown/not discovered faults
are left blank. Usually it becomes possible to predict them beforehand based on
the properties of the existing faults.

Table 2. Fault Periodic Table (FPT)

Fault Fault Group #C=1 #C=2
Family SCF TCFv TCFv TCFa TCFa
rp. [FGO.2)  0.9) 0,0, |1,0,2 0,200 [0, 1)
* rc, 2 |a,9 1,1,2 |0,1,2 |[10aD 1,90
FG(0, WO) [(0, WO) _ [(0, 0, WO) (1,0, WO) |(0, WO, 0) |(0, WO, 1)
FG(I, WD) [(LWD) (I, L WI) [0, 1, WD) |(I, WL, 1) [(1, W1, 0)
pp. [FGO.WD [O. WD [(0.0.WD [(1.0.WD [0.WL.0) [0.WL D
' [FG(1,W0) [(1, W0)  [(1, 1, W0) [(0,1,W0) |(1, W0, 1) |(1, WO, 0)
FG(0, RO) |(0, RO) (0,0,R0) |(1,0,R0) |(0,R0,0) |(0,RO, 1)
FG(I,R1) |(1,R1) (1, ,R) |0, 1,R) |[(ILRL,1) |(L,R1,0)
FG(0, (0,0, 1,0, (0, WOWO, [(0, WOWO,
wowo) | O VYOWO Iwowoy  [wowoy  |0) 1)
FG(1, a1, o, 1, (1, WIWL, (1, WIWT,
o IWIWD GWIWD \Wiwny  lwiwn |1 0)
2 [FG(, . wown |©0 1,0, (0, WOWT1, [(0, WOWT,
WOW1) ’ WOW1)  |[WOW1) |0) 1
FG(1, a, 1, o, 1, (1, WIWO, [(1, WIWO,
wiwoy  |PVIWO iwoy  lwiwoy (D 0)
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5. Conclusions. Basing on a systematic investigation of faults and test
algorithms during their evolution a periodicity and regularity of faults is dis-
covered. A hypothesis on fault and test algorithm periodicity and their interde-
pendence is proposed. According to this, Fault Periodic Table (FPT) and March
test template (MTT) are created to reflect formally their interdependence. FPT
allows to consider any large number of faults in one table and MTT allows to
obtain March tests without March test generation tools. It is justified that the
proposed MTT leads to effective test algorithms.

Synopsys

G. E. Harutyunyan, academician S. K. Shoukourian,
foreign member of NAS RA Y. A. Zorian

Fault and Test Algorithm Periodicity Hypothesis in Memory Devices
and Its Application to Memory BIST Processor Architecture

This paper introduces a new approach for building a generic built-in self-test
(BIST) processor architecture for memory testing that is based on a hypothesis
of periodicity and regularity for faults and test algorithms. It is proposed to
describe all the periodicity and regularity rules in a form of a special fault
periodic table (FPT) and March test template (MTT). FPT allows to consider
any large number of faults in one table and MTT allows to obtain March tests
without using special tools for their generation.

Q. E. Zupnipniiyub, wjunbdhynu U. Y. Toipnipjulb,
22 QUU wpnnwuwhdwiyub winud 6. U. Qnpjut

Ubuwppmpenibutph b pun wygnphpdutph wupptpujuimpjut
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ubpnpywé huptwptunnwynpnny ypngtunph dwpunupuy bnnipniimd

Uhpjugugynud k unp dnnbgnud® junnighnt hwdpunhwinip ubpnypqué huptw-
ptunwynpnn wpnghunph Swpunwpuy binnipmnit hhony uvupptph phunwynpdwb hw-
dwp, npp hhdtgws £ whuwppnipniuitph b phun wignphpdubph wuwppbkpuwljwini-
plut b juintwnpmipjut hhynptqh Ypu: Unwewplynud £ wupphpuljwinipjut b
Jwintuwynpnipjub pninp uintubpp bupuqgqpt) wtuwppnipmniuttph FPT wuppbpw-
Jut wnyniuwlh U MTT Uwipp phunh owpnth wikupny: FPT-u pny) L wwwjhu tjupw-
qpl] judwywlwt ks puwbwlh wuwppmipnitubp Uk wnmniuwlh dby, hull MTT-u
poyl E nuhu wnwiw] Uwpy phunbkp’ wpwlg ogunugnpsknt npuibp stnn hunniyy
qnpdhpubp:

I'. 3. ApytionsiH, akagemuk C. K. IlykypsH,
uHoctpanblii wied HAH PA E. A. 3opsan
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I'unore3a NnepuOANYHOCTH OIIMOOK M TECTOBBIX AJTOPUTMOB JIsI
YCTPOIICTB MAaMSATH M ee IPUMEHEeHNe B apXUTEKType npoieccopa
BCTPOEHHOT0 TECTHPOBAHMSA NAMATH

IIpennaraercst HOBBII MOAXOA K MOCTPOCHUIO apXUTEKTYPhl YHUBEPCAIBHOTO HPO-
L[ECCOPa BCTPOCHHOI'0 TECTUPOBAHUS JIJIsl YCTPOUCTB aMsTH, OCHOBAaHHBIHM HA TMIIOTE3E
MEPUOAMYHOCTH U peryisipHoct omubok. [Ipeanaraercst omnucars Bce npaBuiia Mepuo-
JUYHOCTH W PETYISIPHOCTH B BHJIE CHEIUATBLHOM NEPHOIMYECKONH TaOMHMIBI OMMOOK
FPT u ma6nona mapui-tectoB MTT. FPT mo3Bosisier onucath MpOU3BOJIBHO OOJBIIOE
KOJINYECTBO OLIMOOK B enuHOM Tabnuie, a MTT — nonyuaTh Mapui-tecTsl 0€3 UCIOINb-
30BaHU CIIEUANIBHBIX CPEJICTB UX TeHEPAIUH.

References

1. Boutobza S., Nicolaidis M., Lamara K.M., Costa A. - International Test Conference.
2005. P. 1155-1164.

2.Zarrineh K., Upadhyaya S. J. - Conference on Design, Automation and Test in
Europe. 1999. P. 708-713.

3. Hakhumyan A., Harutyunyan G. — International Conference on Computer Science and
Information Technologies. 2011.P. 287-290.

4. Hamdioui S., Wadsworth R., Reyes J. D., Van de Goor A. J. - Journal of Electronic
Testing: Theory and Applications (JETTA). 2004. V. 20., N 3. P. 245-255.

5. Van de Goor A. J. Testing semiconductor memories: Theory and Practice. 1991.

6. Harutyunyan G., Hakhumyan A., Shoukourian S., Vardanian V., Zorian Y. - Journal
of Electronic Testing: Theory and Applications (JETTA). 2011.V. 27, N 6. P. 753-
766.

7.Van de Goor A. J., Al-Ars Z. - VLSI Test Symposium, 2000. P. 281-289.

8. Hamdioui S., Van de Goor A. J., Rodgers M. - International Workshop on Memory
Technology, Design, and Testing. 2002. P. 95-100.

9. Hamdioui S., Gaydadjiev G. N., Van de Goor A. J. - Workshop on Circuits, Systems
and Signal Processing. 2003. P 84-89.

10.Dilillo L., Girard P., Pravossoudovitch S., Virazel A. - European Test Symposium.
2004. P. 140-145.

11.Hamdioui S., Al-Ars Z., Van de Goor A. J. - VLSI Test Symposium. 2002. P. 395-
400.

12.Harutunyan G., Vardanian V. A., Zorian Y. - VLSI Test Symposium. 2005. P. 53-59.

13.Harutunyan G., Vardanian V. A., Zorian Y. —Design and Diagnostics of Electronic
Circuits and Systems, 2006. P. 260-265.

14.Harutyunyan G., Shoukourian S., Vardanian V., Zorian Y. - Transactions on
Computer-Aided Design of Integrated Circuits and Systems (TCAD). 2012.V. 31.N 6.
P. 941-949.

238



HAINMUMWOHAJIJDBDBHAA AKAJAJEMMUSIA HAYK APMEHMHUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA
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MEXAHUKA
VIIK 539.1

A. H. Maprupocsn, A. C. lunyHu, A. B. JlaBTaH

Pemenne 3a1a4u 0 rOpU30HTAJIBLHOM IITAMIIE LIS
YHPYIoii MOJyNJI0CKOCTH NPH IBUKEHUH C MPOU3BOJIbHOMI
CKOPOCTHIO

(ITpencrasneno wr.-kop. HAH PA A. T'. bargoessmm 1/VII 2011)

KuroueBsble cjioBa: memoo c6epmox, OGUIICYWULICS WMAMN, CMeulaHHble
2paHuyHble 3a0ayu.

B HacTosiuell craThe paccMaTpuBaeTCs yIpyras HOJIYIUIOCKOCTb, B KOTO-
poil mMeeTcs TOpPU3OHTAIBHBIN IITaMIl, ABMXKYIIUMCS BJOJb T'PAaHUIBl IIpU
CKBO3HOM HYJIEBOM YCIOBHM JUIsI HOPMAaJbHOIO HANpSIKEHWs Ha TpaHUIIE.

Hony4eno BblpaxeHue Jist O, M BBIYHCICHO 3Ha4eHHE KOd(QHUHMCHTA HH-

TCHCHUBHOCTHU HaHpﬂmeHHﬁ, OTKyJa BUAHO, YTO Ha Kpa€ mrTamiia UMECTCSI OCO-

OEHHOCTH BHIA 1/‘ [ (t) -x.

Pemaercs mimockas 3amada, KOTrJa BIOJb TPAHUIBI H30TPOIMHOU YIIPYTOM
cpenpl, 3aHUMAIONIEeH MONYIIOCKOCTh y>0, ABMXKETCS TOPU30HTATIBHBIN IITaMIT
C TIPOM3BOJIEHOM CKOPOCTBIO TIO HampaBiieHHIo ocu Ox. YpaBHEHHS IBUKCHHUS B
MEepPEeMEICHNUAX JJIsl M30TPOIHOM YHpPyroil cpeapl B IUIOCKOM CiIydae IpH
OTCYTCTBHH MAacCCOBBIX CHJI UMEIOT BUJT

2 2 2 2
X y Xoy
2 2 2 2
2V Yy 2Y 9V (1)
dy ox oxdy ot

rae U,V — KOMIIOHEHTHI TIePEMEIeHHH, a, b — CKOPOCTH MPOAOIBHBIX U IOIIe-
peYHBbIX BOJNH. PaccMOTpUM CIEAyIOUIYI0 CHHTYJSIPHYIO TPaHHYHYIO 337ady
(y=0):
U aV
o, =pl (@ -2p)—+a"— |=0,—0 < x <o}
> ox dy
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o, =0l =pb’ 8_U+8_V =0,x>0(1). 2)
' ' dy ox >

U=U_=-PH(x-EH(t-1),x< (1)

U,V=00"),r=4x+y> -0 (ycnosue Ha pedpe),
rae P=const, p— INIOTHOCTH cpenbl, H(x) — enuanunas Qynxmms. Ipu ¢ =0
UMeeM HyJleBble HadalbHble YCIOBHs. Pemenue 3agaun (2) uimercs MeTOIOM
WHTETpallbHBIX NpeoOpa3oBanuii Jlammaca no ¢ u @ypee mo x . [Ipumensis 3To
npeoOpazoBaHue K ypaBHeHHAM (1) M K TpaHUYHOMY YCJIOBHIO (2), TOIydaeMm

CBA3b MEOXKIY IEPEMEIICHUEM U HAIIPSHHXKECHUEM B BUIC
U= Sny s (3)
rac

OtmetuM, uto opuruHan S(f, X), COOTBETCTBYIOLIMIA E, paBeH U(t,x) mpu
o(t,x)=8(¢)8(x), rme 8—dymnxums Jlupaka. Momaras 0<?(t)<c,, hynk-

LU0 §(a,s) MOJKHO TIPE/ICTAaBUTH B BHIE [4,5]

Ll

5=

.5
rac
s
~—io B
S+(a,s)= Sb D+(1%),
2 _ig
‘R
_ ~ i B
S (@s)- b o (%), )
2007 (a* -b2)| > +ia
o (o )(CR+,aj

b}

by (1)1 LAl )y L R

2miva ;& 2miva 5%
N N

1(u)== T o(t)—-, (5)



%uz\/l/b2—u2\/u2—l/a2 .
2 =2) 166 (152 =) (o -/ ?)

U3 dopmynsr (5) ¢ mOMOIIBIO OOpaTHBIX TMPEOOPa30BaHUM, UCTIONB3YS TaKHe
npeoOpa3oBaHusl, Kak MHTETPHPOBAHUE IO dacTsaM, auddepeHmmpoBanme 1o

rapaMeTpy IoJ 3HaKOM HHTETrpaia, BBIUYUCIEHUE WHTETpala C MOMOIIBIO BbI-
YeTOB, YUHUTHIBas (6), mosrydaem

Sy (1 X)—LE{H{L—i) 1- < ;BH Lo H(t—lj—
M \/Eat x a 1 t cp X x b

uj)=

/b du
B=1- | F,(u) (6)
la 1/¢

AHanoOruuHBIM 00pa3oM, y4HTHIBas, 4T0 Pi =1/ S+, MOXHO MOIYYUTDH

BBIp@KEHUE 11 OpUTHHAJIA R (t,x) B CJICAYIOILICM BH/JIC:
1 (19 9
P (t,x)=—%=| ——+— |
+( x) \/E(CR 8t+8xj
1/b
H
D“(IJS(t—xj+JF3(h)5(t—hx)dh () , (7)
’ Vx

b b Va

Fz(h):l-’f[d Fz(“)} e (H)or

1/b E\/l/b—u \/h—u T /a u—l/b ’

bynkumn S (¢, x); P (t,x) momywarorcs u3 S, (¢,x); P, (f,x) 3ameHodl X Ha

-1
—X ¥ YMHOXEHHUEM, COOTBETCTBEHHO, HA IMOCTOSIHHBIE —612(2pbz(a¢2 —bz)) u

2pb* (@’ —b*)a?.  Oosmaanv  U(t,x)=U,(t.x) mpu  x>((t),

6,=0, (t,x) npu x</((t). U3 popmysr (6), (7) HETPYAHO 3aMETHTB, YTO

dyskums S (s,&) TakoBa, YTO yKazaHHas BbIlIC (AKTOPU3ALMS MPUBOIUT K
S

byHKIUAM +, P+, OpUTMHANBl  KOTOPBIX YIIOBJIETBOPSAIOT YCIOBUAM
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S.(t,x)=P, (t,x)=0 npu x<ct,
S (t,x)=P (t,x)=0 1pn x>—cpt,—cp < 0(t)=dl/dt <cp. (8

Torna ans pysakuuit U (t,x);oxy (t,x), kak B [1-3], MOXXHO MOJYYHUTH PEIICHUE
MOCTaBJICHHOM 3a/1auul B ()OpME CBEPTOK 110 X ,f B BHAE

Uy ==Sy w5 (PoxsU_)H (x—1) |0y = Posx[ (P #=U_)H (t-x)]. (9)
[Mockonbky u3 (1) umeem, uto U =—PH (x—&)H (t—r), MOXHO C Y4€TOM
(6) P ##U_ TPENCTaBUTL B BUIE
P {_bD_l(1jH(t—T)H(x—E_,—b(t—‘c))

P oxxJ_ =— —
* b \/Z -7

Jn
I, 1)

_glla \/; t—1 b x—<"; .
.H(t—r—x_éj+1/jbIg(u)H(t_T_u(x_é))du}. (10)
b lVa \/x—é

IMoncrasnsis Belpakenust P **U_ wu P (¢f,x) B (9), mocie IpoMO3IKUX

Cr

BBIYHCICHHI TMOJIy4num

O = a’n b b+1(1])
.MI +1,+1, [1 a—ajl4 , (11)
((t(”) X cgp 0T 9
rae
J(NH(-L,) H(1;—) 1\H( ()& H(L,-)
h=b0 (b tg—’c - (b) m ¥

1 Iy (“)H(Lo _“b)

+guja \/; du —Uja \/lé (t(’)’)—F, du,
) e
2 + b J1la \/E(t;)—_x ]/h+f(lr)

dh, (12)

_(bH(tl”—t)H 1—L1)_H(f(t{)—§)H(L1—1)J
% \b(H-7) Ji(i)-¢
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“bF(h) ( i) 1+ 2 () /g 1o( H (bu— L) H (L, —bu)
b Joi)-x /i )uja(cR Je@) JF ()

T-1

-1 [

I+ H(I—LO)—Earctg T +2H(T 1)arttg ;_1
+

T—_1+1 Cr n-T ¢

_ 1 T
263bD! /7 -1
I/b F. lf—¢
- 3 u) arctg o _ H (T - 1) arctg ub gy +bDJ:1
Ch L,/b Ju Jio -t uT +1

T-ho
1 —1|L/b g 2F, (u)yL, —ub /b a
(j In| %0 4 2R (h - | Ry (n)mP L g |-
b ¢y +1| va du V1—ub L/b T—hb_’_1

T+1

1
2bD+_l(j r
b h _
~ b 1}’173() V4 H(T-1) -1 1,

t I
R e h amg\/l—‘c £+1

2w Fy(n) 0 Fy(u) -

- dh | ——7| arctg -
& Va \/Z e u -1

W+

dh+




" t—t 1
/f(tn)—x— " =0,y =—,h =h,n=0;1.
h b

n

PaccmoTrpum mnosenenue pemeHuss (11) B OKPeCTHOCTH TOYKHM CMEHBI
TPaHUYHBIX YCIOBHU. [ 3TOTO BBIYHCIMM KOI(DQPHIMEHT HHTEHCHBHOCTU

HaNpsDKeHUH TpH X — f(l)—O. Tak xak mpu x —¢(:) f, —f, TO, 3aIUCHIBAsA
f(t;’)z f(l)+.€(t)(t;'—t) IS Maneix f, —f, MOXHO MONyuuTh ((1/)—x=
~ 0(t)=x+2(t)(t/~1). U3 (12), momcrapmsst t—t, =h, (((t,)—x), hopmymy (11)
MOKHO 3arcarh B Busie [2-4] (1) —x = (1) —x—hy((1)(¢(17;) - x) wm
f(z)—x
(1) -x

U3 (11), (12) moxHo ¢ yyetoMm (13) cpa3y monyuuTh 3HaueHHe Kod(pPUIHEeHTa
WHTEHCHBHOCTH HANPSDKCHUH B BHIC

26° (a” —bz)pP(1+j(Z)J D' (;j
e O
b

—1+h¢(r) mpu x— £(1)-0. (13)

[bD;l GjH (1-T)-D; G)«/TH (T-1)+

+1Vf’@@(M)H(Mb_r)m-”f(r@(u)H(T_ub)m}

Va

(1\w nE(h) [ b H(1-T) H(T-1)
D+(bjufajl+m(t)(%Jb(t_r)_ﬁ@(t_r)}d“

K Fy ()R l/jb( Vb H(ub-T) \EH(T‘”I’)JQ(M)dmh}(M)

1/a\/1+hl'(;) Va cR\/; \/b(t—’c) - \/b(t—r)

B PEIYILTATE MOJIYHACTCs, YTO €CJIM IMOJ HITaMIIOM 3aJaHa IMOCTOsSHHas

Harpyska, UMeeTcsi OCOOCHHOCTh BHJA 1/ N4 (t)—x . OT™MeTHM, 4TO MOKHO TIO-

JIy9IUTh KOI(POHUINCHT WHTEHCHBHOCTH HANpsDKEHWH W TPH MIPOHM3BOJIBHOM
Harpyske.

INopucckuii rocynapcTBEHHbIM YHUBEPCUTET
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A. H. Maptupocsn, A. C. Ilunynn, A. B. JlaBTan

Pemenue 3agaum o TOPU30HTAJTBHOM HITaAMIIC 1JIAA yl'lpyl"Oi;l
MOJYNJIOCKOCTH IIPH IBUKCHHUHA C l'lpOPl?;BO.]IbHOﬁ CKOpPOCTbIO

MeTOHOM CBEPTOK pelIacTcsa 3agada O ABUIKCHHUU TOPHU3OHTAJILHOrO IITaMia C
HpOHSBOJ’ILHOﬁ CKOPOCTBIO 10 I'paHULIE pryl"OI}’I TOJIYIIJIOCKOCTH.

U. L. Umpuhpnujuib, U. U. Thinthg, U. 9. Fugpjut

Tulwjuljub wpugmpyudp pgwpdynn hnphqnuwlwh npnyuh juugph
1nudnudp wpwdquljui jhuwhwppmpjui hwdwp

Qupnyputph dkpnnny (nisfws b hnphgnuwlub gpnpup Jkpupbpuy uughpp,
Epp wyt juduwyujut wpugnipjudp swupdynud E jhuwhwppnipjut dulkpbkuny:

A. N. Martirosyan, A. S. Dinunts, A. V. Davtyan

Unsteady Problem on Dynamics of Stamps Moving with
Arbitrary Velocity

By convolution method the problem on motion with arbitrary velocity on bounda-
ry of elastic half-plane the horizontal stamp are solved.
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MEXAHUKA
VIIK 539.3

Ynen-xkoppecnionaenT HAH PA C. O. Capkucsin

ITocTpoeHne yTOYHEHHOM KJIACCHYECKOH TEOPHH YIPYIUX
TOHKHX 000JI04€K 110 MUKPOIOJISIPHON TeOpuH

(ITpencrasneno 7/X 2011)

KiroueBble ci0Ba: Muxponoisphas, Kiaccudeckad meopuu; ynpyeutl,
MOHKUY, 000104KA.

Beenenue. B [1, 2] yka3an kpyr BaXXHBIX 337a4 CTaTUYECKOTO U TUHAMM-
YECKOI'0 XapakTepa, U3y4eHHE KOTOPHIX IO KIaCCHYECKOM TEOpUH YIPYTOCTH
MIPUBOJUT K €€ HEKOPPEKTHOCTH WJIM HECOCTOSATENFHOCTH MPH OOBSICHEHUH OTI-
pelesieHHbIX sABJEHUH, HaOaronaeMbIX B onblTax. IIpuunHy 3TOrO Ciexyer uc-
KaTh B TOM, YTO KJacCHYe€CKasl TEOpHs yNPYrOCTH KaK MPUOJKEHHAs MOJENb
MEXaHUKH TBEPAOTO Ie)hOPMHUPYEMOTO TeIa He B COCTOSHIN OTOOPa3HTh YIPy-
THe CBOMCTBA pealbHbIX TEJ, ONpeeNsIeMble UX JUCKPETHOW-BHYTpEHHEN (aTo-
MHO-MOJIEKYJIIpHOW) cTpykTypoil. B [1, 2] o6ocHOBBIBaeTCS MOMeHTHas (He-
CUMMETpPHUYHAsI, MUKPOIIOJIIpHAsi) TEOpHUs YIPYTrOCTH Kak CJIEAYIOIasi, BeICIIasl,
MOJIeNTb MEXaHUKHU JIeOPMUPYEMOTO TBEPAOTO Tesa, B KOTOPOH SIBHO OTpake-
HBI CBOMCTBA PEAJIbHBIX TEJ, BHITEKAIOLINE U3 UX TUCKPETHOH CTPYKTYpHI.

B paborax [3-7] Ha ocHOBE METOAA THITOTE3, KOTOPHIN MO CYIIECTBY OTpa-
KaeT aCUMIITOTUYECKUE CBOWMCTBA PELIEHUs TPEXMEPHOM I'paHUYHOM 3ajauu
MHUKPOTIOJIAPHON TEOPHH YIPYTrOCTH B TOHKHX 00aacTsax [8,9], mocTpoeHsl 00-
LIMe MPUKJIaJHbIe MOJEIU CTATUKU U JUHAMHUKI MHUKPOIIOJIAPHBIX YIPYTHX TO-
HKHX 000J109eK (TUTaCTUH) U OAJIOK C HE3aBUCUMBIMHU TOJSIMU MEPEMEIICHUN 1
BpAaIICHH.

B nmanHo#l paboTe paccMaTpuBaeTcsi OCTPOEHHE KIIACCHYECKOH Mojaenu
YIOPYIHUX TOHKHUX 000JI0YeK (IJIAaCTHH M OaloK) UCXOIS U3 COOTBETCTBYIOLIEH
MHKPOIOJIApHON Mozenu. Tak kak B MUKPOIOJISIPHBIX MOJENAX 000J104eK (I1a-
CTHUH ¥ 0aJIOK) ITOJTHOCTBIO YUUTHIBAIOTCS BIMSHUS IIOIEPEYHBIX CABUIOBBIX Jl€-
¢dopmanmii kak BakHBIE (DAKTOPHI B MHKPOIOJSIPHOW TEOPHH CO CBOOOIHBIM
BpaiieHueM [3-7], HOHATHO, YTO MOITY4YEeHHbIE HAa X OCHOBE KJIACCUYECKHE MO-
nenu OynyT YTOUHEHHBIMHA MOJENSMH YKa3aHHBIX TOHKHX Teld. OTMETHUM, 4To
KaK MUKpPOMOJISIpHbIE Mojienu [3-7], Tak U MoJlydeHHbIE HA UX OCHOBE YTOYHEH-
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HBIE KJIACCHYECKHE MOJIENIN YIPYTHX TOHKUX 000J04eK (MIacTHH U 6aiok) Oy-
YT ACUMITOTHYECKH TOYHBIMU MOJAEISMHU.

1. O6mas mMojae/ib MUKPONOJSIPHBIX YIPYTHX TOHKHX 000JI04eK ¢ He-
3aBHCHMMBIMHU NOJISIMM IlepeMellleHUil U BpalieHuii. PaccMoTpuM n3oTpor-
HyI0 00OJIOYKY MOCTOSIHHOW TONIIMHBI 2h. Byaem ucxXoauTe W3 ypaBHEHUH H
TPaHUYHBIX YCIOBUH TPEXMEPHOW MHUKPOIOJIIPHON TEOPHUU YIPYTOCTH C He3a-
BHUCUMBIMHU TIOJIAMU IepeMelieHuid u BpameHuil [10], 3anucaHHbIX B KPUBOJIH-
HEWHBIX OPTOrOHAIBHBIX KOOPAUHATAX O, (K =1, 2,3) , IPUHATBIX B TEOpHU 000-

Jovek. Ha JumeBsIX MOBEPXHOCTSIX 0OOMOYKH OyIeM CUHTATh 3aJaHHBIMH CO-
OTBETCTBYIOIINE KOMIIOHEHTHI CHJIOBOTO I MOMEHTHOTO TEH30POB HANPSDKEHUH,
a Ha MOBEPXHOCTH Kpast 000JI0YKH — JTHOO0 CHIOBBIC U MOMEHTHBIC HAMPSIKCHUS,
00 TIepeMenIeHNs U ITOBOPOTHI (HAIpUMeEp YCIOBHUS MOJTHOW 3a/IeNKH), OO0
CMEIIIaHHbIC YCIOBUs (HAIPUMEP, TPEXMEPHbIC YCIOBUSI MIAPHUPHOTO OIHpPa-
HUS).

[MpennonoxuM, 9TO TOMIIKUHA 000IOYKMA OYSHb Malia 0 CPAaBHEHHIO C Xa-
PaKTepHBIMU paJycaMi KPHBU3HBI CPEINHHON TOBEPXHOCTH.

C y4eroM KadyeCTBEHHBIX PEe3yJbTaTOB aCHMITOTHYECKOTO PEIICHHUS Tpa-
HUYHOW WM HadaJbHO-TPaHUYHOM 3aadll TPEeXMEpHOUH MHKPOIOISIPHOW TEO-
pHU YIPYrocTH B 00JaCTH TOHKOW 00O0JOYKH (IUIACTUHKH WM TPSIMOYTOJIBHH-
ka) [8, 9] B ocHOBY mocTpoeHus oO0IIel MPUKIAAHOW TEOPUH MUKPOIOISPHBIX
000J7104eK cO CBOOOJHBIM BpallleHHEM OBbUIM TOCTABJIEHBI CIEAYIOIIUE TOCTa-
TOYHO 001IUe npeanoyioxkenus [3-7]:

1) B mporecce nedopmariiy nepBOHAYATBHO TPSIMOIMHEIHBIE U HOPMAaITh-
HBIE K CPEIMHHON MTOBEPXHOCTH BOJIOKHA CBOOOHO ITOBOPAYMBAIOTCS B TIPOCT-
paHCTBE KaK JKECTKOE IeJI0e Ha HEKOTOPHIH yroJl, He M3MEHSS IIPH 3TOM CBOCH
JUTHHBI ¥ HE OCTABasICh MEPICHIUKYISIPHBIME K 1e(OPMHUPOBAHHON CPEAUHHOM
MIOBEPXHOCTH.

[MpuHATYI0 THUMOTE3y MAaTEeMAaTHYECKH MOXKEM 3aIlicaTh TaK: TaHTCHIIU-
aJIbHBIC TIEPEMEINCHUST U HOPMAJBHBIH MOBOPOT pacHpenesieHBl 10 TOJIINHE
000JI0YKH 10 JTUHEHHOMY 3aKOHY:

V. zui(al,a2)+a3y/i(a1,a2), i=12, (1.1)

1

o, =Q,(a.a,)+o(q,a,), (1.2)
a HOpPMaJIbHOE TIEPEeMEIICHHEe W TAHTCHIMAIbHBIC MOBOPOTHI HE 3aBUCAT OT

MIOTIEPEYHON KOOPANHATHI (5
V,=w(a,a,), (1.3)
0=Q(a,a,), i=12 (1.4)
OTMeTHM, 9TO C TOYKH 3peHHs mepemenieHni npuHsTas rumote3a ((1.1),
(1.3)) mo cytu nmena coBmamaeT ¢ KMHEMAaTUYECKOW THUIMOTe30i THMOIIEHKO B
KJIacCHUecKoi Teopun ynpyrux obomouek [11-13]. T'umotesy (1.1)-(1.4) B me-
JIOM, KaK B paborax [3-7], Ha30BeM 00OOIIEHHONW KMHEMAaTHYECKON TMmoTe30i

THUMOILIEHKO B MUKPOIIOJISIPHON TEOpUH 000JI0UEK;
2) BeNMYMHAMHU ¢, / R, TIO CPAaBHEHUIO C EAMHUIIEH MOKHO MpeHeOperarh;

3) CHIIOBBIM HAMNpS)KEHUEM O;; B 0000IIEHHOM 3aKkoHe I'yka MOXHO mpe-
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HeOperaTh OTHOCHTEIBHO CHIIOBBIX HANpsDKeHHil o, (i =1,2);

4) npu ompenencHUH aedopMannii, W3rHOOB-KPYUIEHHUH, CHIIOBBIX U MO-
MEHTHBIX HANpPSKEHWH JUIS CHIIOBBIX HANPSKEHHH O, M MOMEHTHOTO HaIps-

KEHHS [L;; CHAYasa IIPHMeM
0 0
05 =0y (0‘1’0‘2 )’ Hss :ﬂ33(a1’0‘2)’ (i=12). (1.5)
Ilociie BBIYMCICHHS! YKA3aHHBIX BEJAMYMH 3HAYEHHS O, M [l;; OKOHYATEIBHO

onpeaenuM npudaBiieHueM K 3HadeHusM (1.5) cimaraemoro, moiay4aemMoro HHTe-
TPHPOBAHUEM COOTBETCTBYIOIIUX YPABHEHUH paBHOBECHS, AJISI KOTOPHIX OymeM
Tpe6oBaTh, YUTOOBI YCPETHEHHbIC [0 TOMIIMHE OOOIIOUKH YKa3aHHBIC BETHIUHBI
OBLIH paBHBI HYJIO.

OcHOBHasl cHUCTeMa ypaBHEHHH 00IIed MpUKIaTHOH MOJAETH MUKPOTIOJISP-
HBIX yIIPYTHX TOHKUX 000JI0UEK ¢ HE3aBHCUMBIMH TIOJISIMU TIEpEMEIIeHN U Bpa
Oyzaer umerthb Bup [5-7]:

ypaBHEHUSI PABHOBECHS
Lo 1 aAj( - “)+L35,-,- L A" (s,
u JI Jt
A da, AA, g, A da; AA, da;
1 oM, 1 OA, 1 0H .
e (Mi,—ij)+— L+
A da,  AA; I, o,

J J

#8,)+ o8 ==(g7 +q).

i

1 0A o
AiAja_aj(H.fi-’_Hif)_Nsi :—h(% —4q; ) (1.6)
i+&— 1 a(A2N13)+a(A1N23) o +a-
_q3 q3’
R, R, AA, aal a%

L_H+L_J(LH—L..)+L—"+L—'(L-,- i )
A, AA, da, A 0, AA ot

+(=1) (N =Ny ) = =(m) +m ),
L Ly 1 {a(Azlm)Jra(AlLﬂ)}_(Sn_521)=(m;+m;), (1.7)

R R, AA a¢, aa,
1 [3(AA,) o(AA L
Ly, - ( 13)+ ( 1 23) —(HIZ—H21)=h(m3 _mz)-
AA | dq oa,
COOTHOIICHHUS YIPYTOCTH
2Eh
Tﬁ:m[rﬁ+vfﬁ], S, =2h[(u+a)T, +(u-a)T, ],
2ER 20’
M,.,.:—Z[K,.,.+ijj], Hy.=—[(,u+a)Ky.+(,u—a)Kﬁ],(1.8)
3(1-v?) 3
N, =2h(u+a)T +2h(p—a)Ty,, N, =2h(u+a)l, +2h(u-a)l,,
4
L; =2h y(ﬂ+7)’(,ii+ 216 Ky |+ s Ly,
B+2y L+2y V| p+2y 7
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L.= |:(}/+£)K' +(y-¢€)x ﬂ], L33=2h[(,b’+27/)z+ﬂ K, + Ky ] (1.9

—em —m 3 _eml +m;
Lomon| M rmEmiom | e, ymemy
y+e y+e 2 3 |y+e " y+e 2k

TEOMETPHUYECCKUE COOTHOLICHUA

i%+laAi " F_181/‘ 1 04,

ro- M, vl u —(-1)Q,,
oA AA da: ) R ' A, da, AA; da;
J J 1 i
178 . ;
iizi%_{—LﬂWj’ Kij:ii—Lail/f,—(—l)jl,(l 10)
A da,  AA, da, A da, AA Ja,
1 ow u
[,=-0+ Q.. T.=v—-(-1)YQ d=-—"—-+—+
( ) Jj» 3i !”l ( ) Jjo Al aa,l R, s
0Q 0A.
oL@ 1A, o LT LY
" A da,  AA o, 2, R, VA g AiAj 0 !
1 0Q, Q, 1 o
Ky =— = —— ly=——.
A, da, R, A, 9a,

3nech i,j=1,2; i# j.
TPaHUYHBIE YCIOBHA (IPH &, = CONSt )

T,=T7T, wm u,=u,, S,=S8, wmm u,=u,, N;=N,, um

w=w, (1.12)

* %
M,=M,,wu K 6 =K,, H,=H,wumu K, =K,

L,=L, wnm K, =x,,,L,=L, nm K, =k,,, L;=L;; wm
Ki3 =Kz (1.13)
ANs=A,um [, =1;.

Cucrema ypaBaenuit (1.6)-(1.11) MUKpOTIOISIPHBIX YIIPYTHX TOHKHX 000-
JIOYEK C HE3aBUCHMBIMHU IOJIIMH IIEpEMELIEHUH U BpallleHui MpeJCcTaBiIseT co-
00it cucremy muQQepeHInaTbHBIX ypaBHeHHH 18-ro mopsiaka ¢ 9-10 rpaHud-
HbIMH ycnoBusiMH (1.12), (1.13) Ha kaXk1oM U3 KOHTYPOB CPEIUHHON HOBEPX-
HocTH 000J0ukd ['. DTO crcTtema u3 52 ypaBHEHHH OTHOCUTEIBHO 52 HEHU3Bec-

THBIX (I)YHKI_IPIP'I: (ui,w,l/li,Qi,Q3,l,d, S, Ni3vN3ianng’ i > va33’ i3

i*Pij

Ay, U U a5 K K a5 ).

i3° T i o i’ gotvi o i
B mognenu (1.6)-(1.13) MUKpONIOJISIPHBIX YIIPYTUX TOHKHX 000JI0YEK C He-
3aBUCUMBIMU IIOJISIMH II€pPEMEIEeHUH U BpaleHUH IOJIHOCTBIO YUUTHIBAIOTCS
TIOTIEPEYHBIE CIIBUTOBBIC M POACTBEHHBIE UM JeOpMAIHH.
g cocTaBieHus IMHAMUYECKOW MOZIEIH MUKPOIOIAPHBIX YIPYTHX TOH-
KUX 000JIOYEK CleAyeT B ypaBHeHHs paBHoBecHs (1.7) BBECTH MO MPUHIUIY
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JanamOepa cOOTBETCTBYIOIINE CHIIBI U MOMEHTHI HHEPIIUH, a TaKXKe 3a/1aTh Ha-
YaJIbHbIE YCIIOBHUS.

OTMeTHM, YTO BCE OCHOBHBIE 3aBUCHMOCTH JJISI MUKPOTIOJISAPHBIX [IACTHH
1 06aJoK MOXKEM IMOJIY4HUTh KaK YacTHBIE CIIydaud MOJEIN MUKPOIOJSPHBIX 000-
noyexk (1.6)-(1.13).

2. O6mas (yrouHeHHasi) MO/JieJib YIPYTUX TOHKHX 000J1049€K HA OCHO-
Be KJIaccH4ecKoii Teopum ympyroctu. Kak B TpexMepHOM ciydae, Tak U B
IIPUKJIaHON IBYMEPHOM TEOPHUU MUKPOIOJSIPHBIX 000JI0YEK C HE3aBUCHMBIMU
MOJSIMUM IIEpEMELIEHU U BpallleHUH, [UId TOro YTOObI MepeiTH K COOTBETCT-
BYIOLLIEH KJIacCHUeCKOW TeOpHH, HEOOXOIMMO BMECTO YIPYTOro IOCTOSHHOTO
o noxcraBuTh HONb (@ =0). Toraga W3 TPEXMEpHONH MHKPOIOJIAPHOI Teoprun

OyIyT OTAENATHCS OCHOBHBIE YpaBHEHHS KJIACCHYECKOH TEOpUH YNPYrocTH, a
W3 TMIPHUKIATHON ABYMEPHOH TeoOprnr MUKPOTOsipHBIX 0bomouek (1.6)-(1.13) Oy-
JIET OTAENATHCS KIaCCHUECKasi MOJIENb YIIPYTUX TOHKUX 000JI0YEK C yYETOM Je-
(dopmanuit monepeyHbIX CABUTOB.

Takum 00pa3oM, OCHOBHBIE YpaBHEHHS M TPAHUYHBIEC YCIOBHS KIacCHYec-
KO YTOUYHEHHOH TEOpWH YNPYTHX TOHKHX OOOJOUYEK, yUHTHIBaromied nedop-
MaluH NOIEePEIHBIX CABUTOB, OYIYT BEIPAKATHCS TaK:

YpaBHCHN S paBHOBECH
107, , 1 8A,( 7)) 185,,.+ 1 aAl,(
A da, AA da " 7 4

+ — D —_—
A da; AA da;

. 0A, oH
i%-FL—j(Mﬁ—M..)-FL—ﬂ-F
A da,  AA 9q, A 9
1 04 .
+——(H +H,)-N, =—h(qg —q), 2.1
AAJ. aaj ( Ji y) 3i (qz qr ) ( )
I, T, 1 a(Ales) a(A1N23) o+ .
-t + =4q; 4,
R R, AA, ¢, oa,
COOTHOILEHHUS YIIPYTOCTH
2Eh 2ER’
T=s [T+, ] M, =m[1<ﬁ +VK |,

2K

S, =2uhl;, H..:Tyk N, =N, =2uh- T, =2uhl,,. (2.2)

i ij?

reOMETPUYECKUE COOTHOLICHUS
iizi%-i_L%u‘ K Kﬁzi%_*_L%W.’
A da, AA da; ' R A da, AA da; "’
[,=0, =r,+T, = i%_L%ul + iﬂ_Laﬁuz . (2.3)
A da, AA, da,

. 1y, 1 0A
K, =K, =K,+K, ={__2___ll// ]"'

>



A, 0a, AgaQWZ
Ly=1, =0, +15, =-8 v,
3mecw i,j=1,2, i#j.

il

I'pannunele ycnoBus (Ipu a, = const )
TUZTS WU ulzuf, 512sz2 HIIH uzzu;, N13=Nf<3 50071
w=w, 2.4)
M, :M1*1 wm K, :K1*1’ H, :Hfz wm K, :K:z’

Ha ocHoBe npunHnuna Jlanambepa U3 MoIenu KIacCHUECKOH yTOYHEHHOMH
TEOPUU CTATHKU TOHKUX 00oiouek (2.1)-(2.4) MOkeM MeperTH K COOTBETCTRY-
IOIel YTOYHEHHOW TUHAMUYECKON MOJIETH.

YToYHEeHHbIE KJIACCHYECKHE MOJETH JJIsl yIPYruX TOHKUX IUIACTHH U Oa-
JIOK C Y4YETOM IIOTIEPEYHBIX CABHTOBBIX AeopMannii MOXeM MOTyYUTh Kak
YacTHBIC CITy4au Teopuu odonouek (2.1)-(2.4).

BecbMa Ba)XHO OTMETHTH, YTO KIACCHYECKYIO TEOPHUIO YIPYTHX 000JI0UEK
C y4€TOM IOTepeyHbIX CABUTOB (2.1)-(2.4) MOKEM MOCTPOUTH TAK)KE CAMOCTOSI-
TEIBHO WCXOJS HEMOCPEICTBEHHO M3 TPEXMEPHBIX ypaBHEHHWH M TPaHUYHBIX
YCJIOBUM KJIACCHUECKOW TEOPUH YIPYIOCTH HAa OCHOBE CIEAYIOIIEH CHCTEMBI
rumoTe3: 1) KuHeMaTndeckas rumnoresa s nepemeniennii (1.1), (1.3) (kuaema-
THYECKasl THIOTE3a THMOIIEHKO); 2) THIIOTE3a O TOHKOCTEHHOCTH OOOJIOUKH;

3) crarudeckas IMIOTE3a O NPEHEOPETaHNH HANPSKEHHEM O, TI0 CPAaBHEHHIO
C HalpsDKEHUAMHU O, , 4) TUIIOTE3a, KOTOPYIO Teleph HEOOXOIUMO OTHECTH TO-

JIBKO K CHJIOBBIM HAIIPSDKCHUSAM O 5; .

3. 3agaua o pacnpocTpaHeHHHU BOJIH B YIIPYroi mojoce (cpaBHeHuUe pe-
3yJbTATOB TOYHOW W NPHUKJIAAHONH Teopuu). Kak ObUIO OTMEUEHO ISl MOCT-
poeHust 001l NPUKIaTHON MOAEIH MUKPOIOJISAPHBIX YIPYTUX TOHKUX 000J10-
YeK ¢ HE3aBUCUMBIMHU NOJISIMU TIIEpEMELIEHUH U BpallleHUH, IPUHSThIE THIOTE3bI
1)-4) ABHAIOTCA pe3yabTaTOM KaueCTBEHHOW CTOPOHBI aCHMITOTHYECKOIO pe-
LIEHUs] TPEXMEPHOH 3aJaud MHKPOIIOJSPHOW TEOpUH YNPYTOCTH B 0OIacTH
TOHKOH 000JIOUKH (IJIACTUHKHU WJIM MPAMOYToJIbHHMKA). Tak MM mHaye BO3HU-
KaeT BOIIOPOC O CBS3M TOYHOI'O PELICHMsI TPAaHWUYHOW 3a/aull MHUKPOIOJSPHOMN
TEOPUM YNPYIOCTU C PEIIEHHEM COOTBETCTBYIOLIEH 3aJaud Ha OCHOBE IOCT-
POCHHO MPUKIIATHON TeoprH 000JI0UeK (TUTACTUH WU 0AJIOK).

Kak MonenpHyIo 3a7auy paccCMOTPUM 3a/lady O PacHpOCTPaHEHHUU BOJH B
yrnpyroi nosoce (IUiockas 3ajada). J1a 3ajaya B paMKaX MUKPOIOJISPHON Teo-
puH ympyroctu paccMoTpena B pabote [14], B KOTOpoif Ha OCHOBE M3ydeHUS
TOYHOT'O JMCIEPCUOHHOTO YpaBHEHMs IOKa3aHO, YTO B CIydae JUIMHHBIX BOJIH
TOYHOCTh MPUKIAJHONW TEOPUM MHUKPOIOJSPHOW Oanku (OIHOMEpHas 3aj1ada)

BBIpaXkaeTcs (opMyJIoit
2hY
1+ = | =1, (3.1)

l
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rae [ — njuHa BOJIHBI, 2/ — TOJIIWHA ITOJIOCHI.

PaccMoTpum Teneppb aHaIOTHYHYO 33[]a4y pacpOCTPaHEHMsI BOJIH B M0JIO-
ce B paMKax KJIacCHYecKOW NTUHAMHUYECKOM TEOpUH YIPYrocTH (IIocKas 3aja-
ya) [10].

Bynem cunTath, 4TO B MOJOCE B HAIPABICHUH X, (—oo < X, <-+o0) PacIpoc-
TpaHsieTcs mepuoanveckasl BoiHa ¢ (pazoBoi ckopocTeio ¢ . Onpeaenss oOlee
pelleHne CUCTEMbl YPaBHEHHUH IIOCKONH AMHAMMYECKOH 3alaud KJIacCH4eCKOH
TEOPUH YIPYTOCTH U YAOBJIETBOPSISI OJHOPOAHBIM IPAaHUYHBIM YCIOBHAM JUIS
HAMpsDKCHNH Ha JIUIEBBIX JIMHUAX MOJIOCHI (x, =+h), B MTOre MPUXOAUM K

JUCTIepCHOHHOMY ypaBHeHuto [10] (U1 aHTHCUMMETPUYHON 0 x, 3aJauu, T.e.
IUIA 3a7a4M U3ruba 1oJochl):

2
c’ ¢’
thkh 1= {2—172]
a p—
== — (3.2)
thkh\/l—bz 4\/1-612\/1-]32

b= ﬂ; k — BOJIHOBOE YHCIIO.
P

rae a’ = A+2u

2z o
Ecnu JJIMHA BOJIHBI l=7 OYCHb BCJIMKA MO CPABHCHUIO C TOJJIIHHOU

MOJIOCHI 2/, TO BETMYMHBI apI'yMEHTOB Y THIEPOOIHYECKIX TAHTeHCOB B (3.2)

OyZyT MaJIel IIpH KOHEYHOM 3HaueHuu c . B pabote [10] runepOonudeckne Tan-
reHCHl B (3.2) 3aMEHEHBI MIEPBBIMH WICHAMH B Pa3JIOKEHUH COOTBETCTBYIOLICTO
CTETIEHHOTO psiia U TaKUM 00pa3oM 00O0CHOBaHA KJIACCHYECKasi TEOPHUS YIPYTHX
Oarnok. 3ameHsisi B ypaBHeHUH (3.2) TUIepOONMUYECKHE TAHTEHCHI TEPBBIMU IBY-
M$ WIEHAMH B Pa3JIOKEHUH COOTBETCTBYIOLIETO CTETICHHOTO Psijia, B Pe3ysbTaTe
HEKOTOPBIX TPeoOpa3oBaHMil yKa3aHHOE AWCIIEPCHOHHOE yPAaBHEHHE MOXKEM
MPUBECTH K CIICAYIOIIEMY OKOHUATEIEHOMY BHAY:
2 2 3 4 2 2
Lo ARy A Yy —h—%+h—“’2—f:0, (3.3)
b~ 3 b~ 3 3 b 3 b

rne o=ck, {=1-—.
a

PaccMoTpumM nocraBieHHyI0 3a7ja4y O pacpOCTpaHEHUH BOJIHBI B HAIIPaB-
JIEHWM OCH X, HAa OCHOBE NMPHUKJIATHOW OIHOMEPHOW TEOPHUH ITUHAMHYECKOTO

n3rubda yrnpyrou Oamkm.

OCHOBHBIC YPaBHEHHUS U TPAHUYHBIE YCIOBHS ATOH KJIACCHUECKOH MOIETH
n3ruba 6anku (0e3 KpydeHHs) MOXKEM MOIyduTh U3 OOIIEH MOJAeTH yrIpyroi
TOHKOH 00010ukH (2.1)-(2.4):

ypaBHeHI/I}I JBUXKCHUA
oN,, *w oM 2K 9%y,
T _oppf¥ o0, N,-T4pt CH
x  or "ok T PT3 o

=0 (3.4)
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COOTHOILIEHHS YIIPYrOCTH
2Eh 2ER’
Ny = Ly M= 2 K, (3.5
2(1+v) 3(1-v?)

T€OMETPHUICCKUE COOTHOLICHUA

ow d
Moo=y +o K, =¥'/’1. (3.6)

1 1
Pemenne cucrems! ypasaennit (3.4)-(3.6) mpeacraBuM B BUE pacpocTpa-

HEHUs IEPHONIECKOI BOIHBI BIOIb OCH OaKh X, (—oo < X, < +o0)
v, = Ael(kxI wt), w= Bel[k)q wt) . 3.7

Honcrasmnsist (3.7) B ypaBuenus (3.4)-(3.6), OTHOCHUTENFHO HEW3BECTHBIX
k0d¢hdunueHToB A U B momyduM anreOpandecKkyro CHCTEMY OJHOPOIHBIX
ypaBHeHu#. [IpupaBHUBaHNEM K HYJIO ONpeNeuTeNsl 3TOH CUCTEMbI TPUXOAUM
K JIUCIIEPCHOHHOMY YPaBHEHHIO B paMKax MPHUKIAIHON Mozenu yrnpyroi 6aiku
(3.4)-(3.6). ITocne HEKOTOPBIX MpeoOpa3z0BaHNU ATO AUCIIEPCHOHHOE YPABHEHUE
npumet Buf (3.3).

3aximoyenne. Ha ocHOBe Mozenn MUKPOTOISIPHBIX YIPYTUX TOHKHX 000-
JIOYeK TMOJy4eHa MOZAENbh KIACCHUYECKOW TEOPHH YNPYTHX TOHKHUX 00OJOYeK C
Y4ETOM TOMEPEYHBIX CABUIOBBIX JedopManuii (yTOUHEHHAs! KJIacCH4ecKasi Mo-
nenb). Iloka3aHo, 4TO KJIAaCCHYECKYH0 YTOUHEHHYIO TEOPHIO YHPYTHMX TOHKHX
0007104eK MOKHO MOJYYUTh U3 TPEXMEPHOU KIaCCHUECKOW TEOPHH YNPYTOCTH
Ha OCHOBe cucteM rumorte3 1)-4). I'mmore3a 1) — u3BecTHas KHMHEMaTHYeCKast
THIIOTE3a TEOpUr 000JI0YeK THUia THMOIIEHKO B KIACCUYECKOW TEOPUH YIPY-
TOCTH; TUIOTE3BI 2) U 3) TOXKE BXOIAT B CUCTEMY TMIOTE3 THMOIIEHKO; IHIIO-
Te3a 4) MpesCTaB/IAET COBEPIIEHHO HOBBIM MOJXOJ (OCHOBAaHHBIM Ha aCHMITO-
TUYECKOM aHaIM3e TPaHUYHON 3a[a4i TPEXMEPHOH TEOpUH yNpyrocTu B o0a-
CTH TOHKOW 00OJIOYKHM) K ONMPENEeICHHIO KacaTeNbHBIX CABUIOBBIX HANPSKEHHH
0, ¥ 04,.B nsBectHOH paborte [15] nokaszano, 4ro Teopus THIA THMOIIEHKO
— Peiliccuepa, ocHOBaHHas Ha TUINOTE3ax 1)-3), aCUMITOTUYECKH HE COBCEM
TOYHA.

B nanHoi#t paboTe moka3aHO, YTO MOCTPOEHHAsl HA OCHOBe rumote3 1)-4)
JIByMEpHasi TEOpHUsl YNPYruX TOHKHUX 000JI0ueK (MIacTHH W 0ajoK) SBISAETCS
aCHMITOTHYECKHU TOYHOM.

I'toMpuiickuii rocy1apCTBEHHBIN Ie1arorn4ecKuil
uHCTUTYT uM. M. HanGaunsHa

Ynen-koppecnionaenT HAH PA C. O. Capkucsn

IlocTpoeHue yToUHEeHHOH KJIACCHYeCKOH TEOPHH YNPYIUX TOHKHX
000J104€eK M0 MUKPOMOJISIPHOH Teopuu

Ha ocnoBe meronma TUMOTE3, MOATBECPKIACHHOIO ACUMITOTUYCCKH, ITOCTPOCHA
o6ma5{ TEOPUSA MUKPONOJISPHBIX YIIPYIHX TOHKUX 000JI0YEK C HE3aBUCHMBIMU TOISAMU
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nepemenieHnidi 1 BpamieHuid. [lomydyeHa kiaccuyeckas yTOYHEHHAash TEOpHs YIPYIHX
TOHKHX O0OJIOUEK C Y4EeTOM MOINEpeuHBIX CABUIOBHIX nedopmarmii. PaccMorpena 3a-
Jlaga pacrpocTpaHEeHHs] TApPMOHUYECKHX BOJH B OECKOHEYHOH I10JI0CEe Ha OCHOBE CHC-
TE€M ypaBHEHHH M TIPaHHYHBIX YCIIOBUI IUIOCKOHW KJIACCHYECKOW TEOPHH YNPYroCTH U
MIOCTPOEHHOM KJIacCH4YecKOoW Mojenu ynpyrux Oainok. [TokazaHo, 4To B ciydae JJIMH-
HBIX BOJIH PE3YJIbTaThl 000MX IOIX0/I0B COBIIAIAIOT.

22 2UU pypwlhg winud U. 2. Uupquyub

Unwdquljut pupul) punquipbtph puuului £2qpujus nhunipjui
Junnignudp dhjpnuynjjup nkunipynithg tyuknyg

Uuhdwywunupl] hhdbwynpnud niukgnn Jupusubtph dbpnnh hhdwt Jpu
Junnigynud £ mquun wunnynubpny dhjpnuynjjup wnwdqujub pupul punuiptbph
punhwnip wkunipmiup: Uhpnunpjup punuiptbph wju dnpbih hhdwb Jpu uinwug-
Jwd £ wnwdquijub pupul] punuipbbnh nuuwljui £ogpunus mbunipniip: Thinwp-
Uynud E widbpe obkpunid hwpunthl wihpubph wwpwsdwb puunhpp wnwdqu-
Juunipjul hwpp mbunipjut npduspny b wpwdqujub pupul hkdwubph Junni-
gyws nuuwljwt Unnbih hhdw Ypw: 8nyg k wnpynid, np tpjup wihpubph nhypnd wyu
Epynt Uninbgnidubpny uvnwgynud t dhliingt wpyniupp:

Corresponding member of NAS RA S. H. Sargsyan

The Construction of Improved Classical Theory of Elastic Thin
Shells on the Basis of Micropolar Theory

On the basis of asymptotically confirmed hypotheses method the general theory
of micropolar elastic thin shells with free fields of displaycements and rotations is
constructed. The classical theory of elastic thin shells with consideration of transverse
shifts is obtained. The problem of distribution of harmonic waves in the infinite strip is
studied on the basis of the system of equations and boundary conditions of plane
classical theory of elastiaty and constructed classical model of elastic bars. It is shown
that in the case of long waves results of the mentioned two approaches are the same.
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2UB8UUSUULE @PSNPESNPLLVLELE UQQUSPL UUYUTGURU
HANOUWOHAIUBHAA AKAJEMMHUSA HAYK APMEHUH
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

NOKJIAIBI QBUYNP38LED REPORTS
11 2012 Ne3

MEXAHUKA
VIIK 539.3

M. B. beayoOeksin, C. P. MapTupocsn

JluBepreHTHasi HEYCTOMYMBOCTD NPSIMOYT0JILHOM yIIPYIOf
IVIACTHHBI, 00TEeKaeMOH CBEPX3BYKOBBLIM IIOTOKOM ra3a

(ITpencraBneno akagemukoM C. A. Ambapaymsaom 13/X 2011)

KaroueBble CJI0Ba: ycmouuugoCmy HEKOHCEPEAMUBHBLX CUCHEM, YAPY2asL
NAACTUHKA, OUBEP2EHMHASL TOKANUZ08AHHAS HEYCMOUYUBOCMb, CEEPX38YKOBOE
obmexanue.

PaccmoTpenue 3asau yCTOHUMBOCTH TOHKHMX YHPYIMX IUIACTUHOK, KOTAa
[IOBEJICHNE IUIACTUHKU JKECTKO CBSI3aHO C BO3JEHCTBUEM OOTeKarolero eé
CBEPX3BYKOBOI'O IIOTOKA ra3a, MMeeT BaKHOE IPHUKIAIHOE U TEOPETUYECKOoe
3HaueHue. Bonpoc 00 ynpyroil ycroiduBocTr HeM30€KHO BO3HUKAET Ha JTare
MIPOEKTUPOBAaHUA M KOHCTPYHPOBAHHUS JIIOOOTO JIETAaTeIBHOTO ammapaTa Ui
obecrieueHus1 0€30MACHOCTH TMOJIETa. A TEOPETUUECKUE UCCIENOBAHUSA 3TUX 3a-
Jlad TO3BOJIIIOT BBIABUTH pPa3IMYHblE BHUIBl MOTEPH YCTOWYMBOCTU — CTaTH-
YecKOW M AMHAMUYECKOH, 00yCIOBIEHHBIE XapakTepoM aedopmanwmii [1, 2]. B
MoHorpaduu [3] npuBeaeHa oO0IIMpPHAs JTUTEPaTypa, MOCBSIMIEHHAS UCCIEN0Ba-
HUIO JINBEPTeHTHON 1 (IIaTTEPHON HEYCTONYNBOCTH.

B mepBbIxX nccnenoBaHuax KojdeOaHUH W yCTOWYMBOCTH KOHCOJIBHOM TTac-
TUHKH, 00TE€KaeMOoil CBEpX3BYKOBBIM ITIOTOKOM Ia3a, ObuIM 00HApyKEHBI IOTEPU
YCTOWYMBOCTH O0OWX BUIOB: AMBEPreHTHOW M Quarrepnoii [1, 4]. Okazanocs,
YTO 3HA4YE€HUE KPUTUYECKOW CKOPOCTH NMOTOKA, NMPUBOJSIICE K TUBEPreHTHOM
HEYCTONUMBOCTH, CYIIECTBEHHO MEHbIIIE 3HAUEHUs] KPUTUYECKOM CKOPOCTH I10-
TOKa, MPUBOIAIICH K (hraTTepHOi HeycToHunBOCTH [1, 4].

Kak m3BectHO [5], BHONMH CBOOOMHOTO Kpas TOHKOW ympyroi moiyOec-
KOHEYHOH IIACTUHBI-TIONIOCH], COBEpIIAIOMIEeH W3rHOHBIE KOJNeOaHHsS, MOXKET
pacIpocTpaHAThCs BOJIHA, o0ajarolias CBOMcTBaMU BOJIHBI “PAJIEEBCKOT0” TH-
ma B MosryOeCKOHEYHOM TpocTpaHcTBe. 1o aHanorum ¢ W3rHOHBIMH JIOKAJIH-
30BaHHBIMU KOJIeOaHUSIMU UCCIIeN0BaH dPQEKT JOKaTU30BaHHOH HEYCTOWYHBO-
CTH TOJTYOECKOHEYHOH IUIACTHHKH-TIONOCH B OKPECTHOCTH CBOOOIHOTO Kpas,
CKaroil 1Mo mMory0eCKOHEUYHBIM HIAPHUPHO 3aKpEIUIEHHBIM KpoMkam [6]. B
npeasaraeMoil pabore uccienyercs cileayromas aHajJoTHs — JIOKaJIM30BaHHAs
JUBEpreHTHas HEeyCTOWYMBOCTh, BO3HHUKAIOIIAs B OKPECTHOCTU CBOOOAHOTO

Kpas HOHY6GCKOHG‘IHOI\/'I TITaCTUHBI-TIOJIOCHI IIPpH o0TekaHuu eé CBEPX3BYKOBBIM
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moTokoM rasa. [loka3aHo, 4To mpu OOTEKaHUHM CBEPX3BYKOBBIM MOTOKOM Tra3a
BJIOJIb [T0JIyOECKOHEYHBIX IIAPHUPHO 3aKPEIJIEHHBIX KPOMOK I0TyOEeCKOHEUHOM
IUTACTUHBI-TIOJNIOCH B OKPECTHOCTU €€ CBOOOIHOTO Kpasi BOSHHMKAET JIOKAIIN30-
BaHHAas HEYCTOMUYMBOCTD.

1. MocTanoBKa 3aaa4u. PaccMOTpUM TOHKYIO YIPYTYIO IPSMOYTOJIbHYIO
IUTACTHHKY, KOTOpas B JEKapTOBOM cuUCTeMe KOOpAMHAT Oxyz 3aHUMaeT 00-

mactb 0<x<a, 0<y<b, —h<z<h. JlekapToBa cHUCTEMa KOOpJIWUHAT Oxyz
BBIOUMpAETCs Tak, 4TOObI OCH Ox U Oy JIeKau B INIOCKOCTH HEBO3MYIIEHHOM

IUTACTHHKH, @ OCh Oz OblUIa MEepreHJUKY/IsIpHA IUIACTHMHKE W HalpaBieHa B
CTOPOHY CBEPX3BYKOBOT'O IIOTOKA ra3a, 00TEKaloIIero MIACTHHKY ¢ OJHOW CTO-
POHBI B HAIIPABJICHUH OCH Ox C HEBO3MYILIEHHOHN CKOPOCTBIO V . TedeHue rasza
OyzeM CuuTaTh IVIOCKUM U MOTEHIATIbHBIM.

[Tycte kpoMKa x =0 TUIACTHHKU CBOOOJHA, KPOMKA X = a KECTKO 3allleM-
JIeHa, a KPOMKH y =0 U y =) IIapHUPHO 3aKPEIICHBI.

BrlsicHuM yciioBUsl, IpHU KOTOPBIX HAapsiAy C HEBO3MYIIEHHOH (opmMoii pas-
HOBecHs (HEM30THYTas IIaCTWHKA) BO3MOKHA MCKpUBJIEHHAs (hopMa paBHOBE-
cust (M30THYTas TUIACTUHKA), KOTJa N3rH0 MIACTHHKH 00YCIOBJIEH COOTBETCTBY-
FOIUMH a9POAVMHAMUYECKUMH Harpy3KaMHu.

B mpeanonoskeHny cnpaBeAMBOCTH THIIOTe3bl Kupxroda u «mopurHeBoit
Teopun» [7] nuddepeHnnanbHoe ypaBHEHUE U3ruda IIaCTUHKU OINMCBHIBAETCS
cooTHoenueM [1, 4]

o*w 5 o'w  'w v aw 0 (1.1
8x4+ 8x28y2+8y4 +ayp, ax_ , w=w(x,y). .

3nece w=w( X,y ) — nporud To4eK CPeIMHHOHN IIOBEPXHOCTH INIACTHHKHU; O,

D

— IUIOTHOCTh HEBO3MYMIEHHOTO MOTOKA T'a3a, ¢, — CKOPOCTh 3ByKa B HEBO3MY-

MIEHHOW Ta30BOM cpene; D — MUIHHIPUYECKAs JKECTKOCTh Ha M3THO ITaCTHH-
KH.

FpaHHque YCJ'IOBI/ISI B HpI/IHSITBIX HpeﬂHOJ’IO)KeHI/ISIX OTHOCHUTECJIIBHO
croco0a 3aKperuieHus] KPOMOK UMEIOT BH/T

2 2 2 2
9w 9V, 29 )9V 0, x=o0; (1.2)
ox dy dx\ ox dy
J
w=0, -0, x=a; (1.3)
ox
*w
w=0, —5=0, y=0, y=b, (1.4)
dy

rae v — koaddurnuent Ilyaccona.

Tpebyercs ycTaHOBUTH, IPU KaKUX 3HAYEHUSAX CKOPOCTH IIOTOKa rasa V
BO3HHMKAeT IUBEPreHTHas HEyCTOWYMBOCTH: HEBO3MYLIEHHas (opMma paBHOBe-
CHsl TJTACTHHKH TMepecTaéT OBITh YCTOMYMBOM, a M30THYTast (opMa CTaHOBUTCS
ycroiunBoil. IHBIMHU clioBamu, TpeOyeTcs yCTaHOBUTh, PU KaKUX 3HAYEHUSIX
mapamerpa V  BO3MOXHBI HETPUBHAIBHBIE pemeHus AnuddepeHInanbHOro
ypaBaenus (1.1), yaoBnerBopsitorye rpaHugHbIM ycnoBusiM (1.2) — (1.4).
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Obmee perrenne ypasHenus (1.1), yaoBieTBopsioliee rpaHUYHBIM YCIOBH-
saM (1.4), umem B Buie

w(x,y):iCnexp(ﬂnpx}sin(lny), lnzﬂnb_l. (1.5)

[oncrasmnsist Beipakenue (1.5) B ypaBHenue (1.1), momyuyaem XxapaxTepuc-
TUYECKOE YpaBHEHHE

pt-2p’+ap+1=0, & =a,p,VD'A>, & =0. (1.6)
Hccnenyem noBenenue kopHei ypaBHeHus (1.6) B 3aBUCHMOCTH OT Iapa-
meTpos 3agaun (1.1) — (1.4).
[Tepenmmem xapakTepuctrdeckoe ypaBHenue (1.6) B ymoOHOM i Mcce-
JIOBaHUS BHIE
2 2, 3 3 -1,-3 3
(p-1)"+a,p=0, a, =a,p,VD A,°, @, =0. (1.7)
O4eBHIHO, YTO XapakTepUCTHUECKoe ypaBHeHue (1.7) nMeeT Ba oTpHIa-
TEIBHBIX JEHCTBUTENBHBIX KOPHA p; <0, p, <0 M JIBa KOMIJIEKCHEIX KOPHS

P34 = O i3 C IONOXATEIBHON BEECTBEHHON 9acThI0 & > 0.

Haiinem pemenne xapakrepuctundeckoro ypasHeHus (1.6).
HerpynmHo moka3ark, 94TO KOPHH XapaKTepUCTHYECKOro ypaBHeHHS (1.7)
OTIPEAEIAIOTCS BBIPAKECHUSIMH

A, A a
Pl,zz_z'—" E‘%"‘A , =<0, p,=<0; (1.8)
2 3
A A v
Pig=—F——q -, py,=axiff, a=0. (1.9)
3,4 4 1 1 A 3,4

3nech

A=221+q,), q ~1; (1.10)

¢, — €TMHCTBEHHBIN JeHCTBUTEIBHEIN KOPEHb KyONUYECKOTO YpaBHEHUS

6
q3+q2—q—1—0;" =0. (1.11)

B camom gene, xapakrepuctudyeckoe ypaBHeHue (1.6), aBissach anredpau-
YECKUM YpaBHEHHEM YETBEPTON CTENEHH, B COOTBETCTBUU C M3BECTHBIM aJIro-
PUTMOM HaXOXKIEHUS pelleHus, npeoxeHHbIM Deppapu [8], paBHOCHIBHO
CIIEAYIOMIUM JIBYM KBaJpaTHBIM yPaBHEHUSIM:

P +05Ap+(q -y A )=0, (1.12)
P’ -054p+(q +a,A™ )=0. (1.13)

3mece A ompegensercss BeIpaxeHHeM (2.5), a g, — OeHCTBUTEIBHBIH KOPEHb

Kyomueckoro ypaBaenus (1.11).
W3 npencrasnenus ypasHenus (1.11) B Buze
8(1+q) (q-1)=a' (1.14)
6

n

. 6, 1
U TOJIOKUTEIIBHOCTH €€ TUCKpUMHHaHTa Q =« (— +
27

) ciemyer, 4TO MpH
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ycioBuM (g—1)>0 xybOuueckoe ypaBHeHue (1.11) umeer oauH JEeHCTBUTEIb-
HBII KOpeHb ¢, (¢, > 1) ¥ 1Ba KOMIUIEKCHBIX KOPHA. A IIpH ycloBuu (g—1)<0

ypaBaenne (1.11) pemenns ©He wmeer. Torma B cmily YCIOBUH
A2 o A2 3

A=22(1+¢q )41 ——q+ >0, ——q - <0 XapaKTePHCTUIECKOE

16 A 16 A

ypaBHeHHe (1.6) uMeeT ABa OTPULATEIbHBIX JEHCTBUTENBHBIX KOPHA p,, p, H

JBA KOMIUIEKCHBIX KOPHA p;, =0 tiff C IOJIOXHUTENbHON BENIECTBEHHOM

4acTbl0 ¢ , YAOBJIETBOPSIOMNX KBagpaTHeIM ypaBHeHusM (1.12), (1.13) coor-
BETCTBEHHO.

2. O6mee pemenne muddepennuansaoro ypasHenus (1.1) Buma (1.5) B
COOTBETCTBHH C BBIILEH3IIOKEHHBIM MOXHO NIPEJCTaBUTh B BUJIE

w(x,y)= a{Cn1 exp( A, px)+C,, exp( A, p,x )+
+exp( A, 0x)- (Cn3 cos(A,Bx)+C,, sin( A, px ))} -sin( A,y ),

A, =mnb”, (2.1)
rac

(2.2)

(2.3)

B cooTBeTcTBUM ¢ BeIpaxeHusimu (1.8)—(1.11); C ,, k=1,2,3,4 — IpOU3BOJIb-

nk?

HBIC ITIOCTOSIHHBIC!

4
> C#0.
k=1
[oncrasnsist Beipaxkenue (2.1) B rpannunsle ycnosus (1.2) u (1.3), B coot-
BeTcTBUU ¢ (2.2) u (2.5) momy4aeM OJHOPOIHYIO CHCTEMY anreOpanvecKux
YPaBHEHHI OTHOCHTEIBHO MPOM3BOJILHEIX NOCTOSHHBIX C,, . Jlanee, mnpupas-
HUBasl HYJIO ONPEAEIUTENb MOJyYeHHON CUCTEMBI, MOJIydaeM TUCIIEPCUOHHOE
YpaBHEHHE OTHOCHTEIBHO ¢, OTKyJa HAaXOIATCA COOTBETCTBYIOLINE Pa3NIny-

HBIM 3Ha4eHUAM Koddduruenta IlyaccoHa v 3HadeHMs ¢, U B CHIYy COOTHO-

menni (1.6) n (1.14) xpuTHYECKUE 3HaYEHNS] CKOPOCTH ITOTOKa V.

3. Jlokanu3oBaHHasl HEYCTOHYHMBOCTH IJIACTHHBI-NOJOCHL. Vccienyem
MOTEPI0 CTATUYECKOW YCTONYHMBOCTH MPSIMOYTOJIBHOM TNIACTHHKH B TPEATIONO-
XeHud a >> b . IIpu 3TOM YCIIOBUH ISl TOCTATOYHO O0IbIHMX a (a —> o0 ) pac-
CMaTPUBAEMYIO TIPSIMOYTOJBHYIO TUIACTUHKY MOXHO CUUTATh ILIACTHHOM-TI0JIO-
coil.

Tpebyercs HaiiTu perieHne ypaBHeHus (1.1), ymoBieTBopsroLiee rpaHuy-
HbIM ycnoBusiM (1.2), (1.4) u ycoButo 3aTyxaHust Ha 0€CKOHEYHOCTH [5, 6]
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limw=0. 3.1

X—>00

Takolf MOAXOA aHAJOIMYEH METOJy pPEeLIeHUs 3alad IOBEPXHOCTHBIX
BOJIH, JIOKAJTM30BAaHHBIX W3THOHBIX KOJCOAHUI M JIOKAJIM30BAHHOW HEYCTOWYH-
BOCTH [5, 6].

B cootBercTBHUM € 3TUM MOAX0AOM olliee pemenue (2.1) nepenuiiercs B
BUIE
< . -1
wx,y)= Zl( C,exp( A, px)+C,,exp( A, p,x))-sin(Ay), A, =7xnb (3.2)
n=
2 2
rae p, u p, ompeneneHsl Beipaxenusmu (2.2); C,,, C,, (C, +C, #0) —
MIPOU3BOJIBHBIE TOCTOSHHBIE.

[Ipu 3tom pemenue Buaa (3.2) DOMKHO YAOBJIETBOPSITh TPAHUYHBIM YCIO-
BusiM (1.2), COOTBETCTBYIOILIMM OTCYTCTBUIO Ha CBOOOIHOM Kpomke X =0 u3-
rHOAOIIEr0 MOMEHTA U MePepe3bIBAIOIIECH CHITBL.

[oncrasnsist Beipaxkenne (3.2) B rpannunbie yeioBus (1.2), moxydaem cire-
IYIOUIYI0 OJHOPOIHYIO CHCTEMY ajreOpanyecKhX YpaBHEHHH OTHOCHTEIBHO

2 2
HPOU3BOJIBHBIX NOCTOSHHEIX C,,, C,, (C;;+C,, #0):

nl?

(]712 _V)Cnl +(]7§ _V)an =0, (3.3)
P pL =24V )C, + py( p; =2+V)C,, =0.

[IpupaBHuBas HyNIO ONpeAETUTENs CUCTEMBI ypaBHeHHH (3.3), momydum
JTUCTIEPCUOHHOE YpaBHEHHE

K(pyps)=( s = p)|( o2t Pvippam Pv-1 2] =0, (34)
rae p, U p, — ACHCTBUTENLHIE KOPHHU XapaKTEPUCTHIECKOTO ypaBHeHus (1.6),
onpezensieMble BRIpaKEHUIMH (2.2).
B cootBerctBuu ¢ cooTtHomeHusiMu (2.2) ypaBHenue (3.4) mpu 0!3 >0
TOKAECTBEHHO YPaBHEHUIO

Ki(pypy)=(pipy 1) =V(p +p, )" =(v=1) =0. (3.5)
[Moncrasnsist Bepaxkenus (2.2) B cooTHoenue (3.5), momydaem ypaBHeHHE
L(g,)=2(q+1)-(q,=\ai =1-v)=(1-v )" =0, (3.6)

OTKYZa JIETKO HaXOJATCsA 3HA4YEeHHs ¢, COOTBETCTBYIOIIUE Pa3IUYHBIM 3Hade-
HusM ko3¢ ¢unuenta Ilyaccona v. Jlanee, moacTaBisas HaillleHHbIE 3HAYCHUS
¢, B cootHomenue (1.14), 11 pa3nnyHEIX 3HaYeHUH Kodduuuenta Ilyaccona
V B COOTBETCTBUM ¢ 0003HaueHueM (1.7), momydaeM COOTBETCTBYIOIINE 3HAYE-
HUSL KPUTHYECKON CKOpocTH moToka V, . Ilpu 3HadeHusx V 2V, B OKpect-
HOCTH cBOOOIHOTO Kpass X =0 MmIacTHHBI-[I0IOCH HAOIIOAAeTCsl SBJICHUE JIO-

KaJIM30BaHHOM HEYCTOHYMBOCTH.
B Ttabmune Uit HeckoyibkuX 3HadeHui ko3 duumenta Ilyaccona v

NMPUBEACHBI COOTBETCTBYIOIINEC 3HAUCHUS KpHTPI‘-IeCKOfI CKOpPOCTH ITOTOKa Vkp .
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v 0 [ 0125 025 [ 0375 | 05
Vip (@b’ (x'n’D)" | 800 | 106 | 56 | 39 | 25

W3 naHHBIX, TPUBEJICHHBIX B TA0JIHIIE, BUHO, YTO 3HAUCHUE KPUTHUYECKOU
CKOpPOCTH VKp MMOTOKa MEHBIIIE B TUIACTUHAX-TI0JO0CAaX M3 MaTepuanoB ¢ OOIb-

M koaddurmentom [lyaccona.
3amMeTnM, 4TO B MEPBBIX MCCIETOBAHUSIX YCTOWYMBOCTH KOHCOJBFHO 3aKpe-
IJICHHOW THIACTUHBI-MONOCH (0 < x<a, —oo < y <o) B MPEANOIONKCHUHN JIBU-

XEHHs IUIACTUHBI B CBEPX3BYKOBOM IIOTOKE a3a B HANPABICHUU OT 3aIlIEM-
JIEHHOTO Kpas x=0 K CBOOOTHOMY x=a ObUI OOHapyxkeH 3((eKT nuBep-

. 3 -1
TCHIMH W HaillcHa KpUTH4eCKas CKopocts: V., . =6.33D(ayppa” ) [4].
ITo3xe ObuIM TMOMy4YEHBl NPUOIIDKEHHbIE 3HAYEHUS KPUTHYECKOH CKOPOCTH
JUBEepreHuHy 1 diaarrepa

(VKP-()M& = 6.33D( aopoa3 I VKp.dUl. =122.7D( a0p0a3 ™)

KOHCOJIFHO 3aKpeIUICHHOW IUJIACTUHBI-TIONOCHI B YCIOBHHM OOTeKaHHs &
CBEPX3BYKOBBIM MOTOKOM Ia3a B HAIpaBICHUU OT cBOOGOaHOTrO kpas x =0 x
3amemyieHHoMy x =a [1]. IIpu 3ToM B OoTIMuYMe OT KPUTHYECKOH CKOPOCTH
JIOKAJIN30BaHHOW HEYCTOMYMBOCTH KPUTHYECKHE CKOPOCTH JAWBEPIEHIUH U
¢ratTepa He 3aBUCAT OT KodddurmenTa [lyaccona.

4. ITyctb KpoMKa x =0 IUIACTUHBI-IIOJIOCH 3aKpeIUIeHa OIHHUM U3 CIIEAYIO-
LIMX CIIOCOOOB: KECTKOW 3aJelIKH, TIABAIOMISH 3aJeNKH M IIAPHUPHOTO 3aK-
peruteHus. MccnenyeM BO3MOKHOCTh BO3HHKHOBEHUS SIBJICHHsI JIOKAIM30BaH-
HOW HEYCTOWYHMBOCTH B OKPECTHOCTH KPOMKH x =0 TIpH 3THX crocobax eé 3a-
KpEeIUICHHUS.

Jlerko mokasats, 4TO B ciydasX, KOTAa KpoMKa x =0 >KECTKO WM IUIa-
BAIOILE 33/I€7IaHa WM e IAapHUPHO 3aKPEIUIeHa, B OKPECTHOCTH 3aKPEIIEHHOM
KpOMKH x =0 00TeKkaeMoil IIaCTHHBI-TIOJIOCH! SBJICHUE JIOKAJIM30BaHHON HEy-
CTOMYMBOCTH HE HaOIIOAAETCs.

[Moncrarnsist oOmiee penienue ypasHenus (1.1) B Buje Boipaxkenus (3.2) B
IpaHUYHbIE yCIOBUS

ow ow 9w
w=0, —=0, x=0; —=0, —}ZO, x=0;
X ox ox
32
w=0, 2 =0,x=0, @.1)
ox

COOTBETCTBYIOIIME ATUM CIOCO0aM 3aKpeIUIeHHS COOTBETCTBEHHO, IOJIydaeM
OJTHOPOJHBIE CHCTEMBI aNre0panvecKuX ypaBHEHH OTHOCHUTENBHO MPOHU3BOIb-

2, 2
ueix nocrosunsix C,, C , (C, +C,, #0). [IpupaBHuBas HyJII0 ONpeneInTe-

n
JIM 3THX CHUCTEM, MOJIy4aeM JHUCIIEPCHOHHBIE YpaBHEHHS, OMUCHIBAEMbIE, COOT-
BETCTBEHHO, CJICIYIOIINMH COOTHOIICHUSMU:
2 2 2 2
pz_p1:0’ plpz(pz—p1)=0, pz—plzo. 4.2)
CornacHo BeIpaxeHHSM (2.2) ciemyer, 4TO CHCTEMBI YPaBHEHUH, COOTBET-
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CTBYIOLIME 3THM Croco0aM 3aKperuieHus, IMEIOT TOJBKO TPUBHUAIBHOE pelle-
nue: C, = C,,=0. CrenoBarenbHo, IpH BBIIEYKa3aHHBIX CIIOCO0AX 3aKperne-
HUSL KPOMKH x =0 TIUIACTHHBI-TIONOCH! SIBIICHHE JIOKAIM30BAHHONW HEYCTOWYH-
BOCTH B €€ OKPECTHOCTH He HaOJro1aercsl.

TakuMm oOpazom, mpu 0OTEKaHWN CBEPX3BYKOBBIM TOTOKOM Ta3a BIOJIb TO-
y0EeCKOHEUHBIX MAapHUPHO 3aKPETICHHBIX KPOMOK MOJTYOeCKOHEYHOH TIacTu-
HBI-TIOJIOCHI B OKPECTHOCTH CBOOOJHON KpOMKH x =0 HaOJIOaeTcs sBICHHE
JIOKaJIM30BaHHON HEYCTONYHMBOCTH.

Pabora BBINOIHEHA B paMKax MPOrpamMMbl A? -NET-TEAM Advanced
Aircraft Network for Theoretical Experimental Aeroelastic Modelling

Wncturyr mexannku HAH PA

M. B. beayoOeksin, C. P. MapTupocsin

JIMBepreHTHAsi HEYCTOHYMBOCTDH NPSIMOYI0JILHOM YIIPYT ol
IVIACTHHBI, 00TeKaeMoii cBepX3BYKOBbIM IOTOKOM rasa

I/ICCHeﬂyCTCﬂ SBJICHUC ﬂHBepFeHTHOfI JIOKQJIM30BaHHOM HGYCTOI;I'-II/IBOCTI/I, BO3HH-
Karouiee B OKpECTHOCTH CBO6OHHOfI KpOMKH HpSIMoyFOJILHOﬁ IJIaCTUHKHA, o0TekaeMoi
CBEPX3BYKOBBIM ITOTOKOM TI'asa.

Haf/’IZ[eHO 3HA4YCHUC KpI/ITI/I'-IeCI(Oﬁ CKOpOCTU 06T€KaIOIHeFO IOTOKa rasa, 1nmpu aoc-
THXXCHUH KOTOPOI0 HaGH}OHaCTCH JIOKQJIN30BaHHAaA HCYCTOI‘/'I‘-H/IBOCTL.

U. 9 Phniptljjui, U. [} Uwpuhpnuyumi

Mnnuulnit wnwdquljui uvwih phytkpghun wijuyniunipniup
quqh qtpdwjuwghtt hnupnid

Nuunudbwuhpws b gipdwyiught quagh hnupnid opohnunn wpwdqujut uwih nh-
Jtpghtn wijuniunipiniip, npp wnwewinud k uwh wqun kqph dhowljuypnud:

Quugws t opghnunn hnuph wpwugnipjut Yphnhjulwi wpdtpp, nph nhupnd
wknh nith nhytpqbin wiljuyniinipniip:

M. V. Belubekyan, S. R. Martirosyan

The Divergence Instability of the Elastic Rectangular Plate
Streamlined by Supersonic Gas Flow

The divergence localized instability of a thin rectangular plate model in a su-
personic gas flow is analysed

The critical velocity of the gas flow is found, which reduces to the divergence
localized instability arising in the vicinity of free edge of a plate.
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TEOPUS YIIPYTOCTHU
VIIK 539.3

Axagemuk JI. A. AranossH, P. C. I'esopksn, JI. I'. I'yarazapsan

K onpenenennio HanpsizkeHHO-1e()OPMUPOBAHHBIX COCTOSHU I
JutochepHbIX IJIUT 3eMiIn HAa ocHOBe JaHHBIX GPS cucrem

(ITpencrasneno 24/12012)

KawoueBble cioBa: mumocgepraa nauma, ynpyeocmv, mMpexmepHas He-
Kaaccuveckasn 3aoaya, cioucmocms, GPS cucmembsi.

1. Beaenue. CoBpeMeHHas Hayka CBS3bIBA€T UCTHHHYIO MPUYHHY BO3-
HUKHOBEHUS CHJIBHBIX 3€MJICTPSICCHUN C TEKTOHUKOW JIUTOC(HEPHBIX TUIUT 3eM-
1 (=95% 3emnerpsicernii) [1,2]. U3BecTHo, uTO manera 3emist (paguyc Rie, =
6378 kM) cioucTa, HEOMHOPOJAHA ¥ COCTOMUT M3 36MHOUM KODPBI, BEPXHEH W HIXK-
Hell MaHTHil, BHENITHETO U BHYTPEHHETO sI/Iep, YTO YCTAHOBJIEHO Ha OCHOBAaHUH
celicMMUYecKUX, Te0JOTHUeCKUX U Ipyrux ucciepoBanuil. Kak npasuio, otiau-
YUTEIHHOW YEPTOU Pa3INUMsl STUX CIOEB SIBJISIFOTCS CYIIECTBEHHO Pa3HBIC CKO-
POCTH pacupoOCTPaHEHHsI B HUX NPOAOJBHBIX (V) U MonepeyHsIX (CIBUIOBBIX)
BonH (V). MomHoCTh (TONIIMHA) 3€MHOM KOpPHI HA KOHTHMHEHTAaX HU3MEHSETCS
ot 20 mo 70 kM, B okeaHax oT 5 710 15 kM. 3eMHas Kopa OTAENSETCS OT BEpXHEH
MaHTHH MOBEPXHOCTBIO pazgena MoxopoBuunda (Moxo), T.e. CECMHYECKON
rpaHulledl, Ha KOTOpOH CKOPOCTb IpPOJOJBHBIX YNPYTUX BOJIH V, cKad-
KOOOpa3HO BO3pacTaeT J0 3HaueHWil Ooyee 8 KM/C, TOrga Kak B 3eMHOW KoOpe
oHa MeHserca B mpegenax (2.0< V, <7.4xwm/c). C 3TOH TOYKM 3peHMs 3eMHas
KOpa TaKKe CUUTAETCs CIOMCTOM; 3TH cioM: ocafounblii (2.0<V,<5.0 km/c,
h1=10+25km), rpanuTHbIl (5.5<V,<6.0 xm/c, h,=30+40xM) u Oa3anbTOBBIIl
(6.55V,<7.4 km/c, h3=15+20km); h; — TommmHel cnoeB. CpenHsAs IUIOTHOCTh
3eMHOI KopbI p=2.,7+3.0r/cM’.

B mnpenenax Bepxueit manTin Ha ToryomHe 100+250 KM cylmecTByeT ciioit
(acteHocdepa), Oonee MOJBUKHBIA M IIACTHYHBIN 110 OTHOIICHHWIO K BBIIIC- U
HWKETIEKAIIIM CIIOSIM. TaM CKOPOCTh TMONMEPEYHBIX BOJH CYIIECTBEHHO TOHU-
’KaeTcd, a ckopocTh V, ¢ miybuHoil He Bo3spactaer (V,=const, V=0), dro
CBUJICTEILCTBYET O 0OJiee HU3KOHM IJIOTHOCTH BEILECTBA ATOTO CJIOS IO CpaB-
HEHUIO CO CMEXHBIMU CIIOSIMH, T.€. MMEETCS >KUAKOOOpa3Has Hec:KuMmaemas
cpena, MO3BOJISIIONIAsT BEIIEPKUBaTh Oounbiive naBineHus. Ha riryoune 700-900
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KM BEpPXHSSI MaHTHs ONHUPAeTCsl Ha HIKHIOI MAaHTHIO, TZI€ CKOPOCTh MpO-
JIOJBHBIX BOJH pe3ko yBenuuusaetcs (V,=13.2+13.7xm/c). Ha rmyoune 2900 kM
CHOBa MOBTOPSIETCSI Ta K€ KAUECTBEHHAsl KapTUHA — HUKHSISI MAaHTHUS OITUPACTCS
Ha BHENIHEE AApo 3eMiy, rae yxe V,=8.1+8.5 km/c, V=0. Haunnas ¢ rioyOuHs!
5100 kM BHeIIHEE SIAPO OMUPACTCSI HA BHYTPEHHEE SIAPO, U CHOBA C PE3KUM yBe-
JIMYEHHEM CKOPOCTM NPOJONBHBIX BOJNH M motHoctH (Vy=10.2+11 km/c,
p~5.61r/cn’).

3eMHasi KOpa U 4acTh BEpXHEH MaHTUM [0 I'paHHLBI ¢ acTeHocdepoi coc-
TaBisieT utocepy. Jlurocdepa pazdura Ha HECKOIBKO OONBIINX KYCKOB, KO-
TOpbIE Ha3bIBAIOTCA IUIMTaMU. Pa3mepsl IUIUT B IJIaHE MEHSIOTCS OT COTHH JI0
HECKOJIbKUX Thicad KM. Hanbosiee kpynHbIMU JIUTOCHEPHBIMU ITIMTaMHU 3€MIH
sBisitoTcs: EBpasuiickas, Antapkruackas, Mapo-Ascrpanuiickas, Adpuxanc-
kast, IOxxHo-Amepukanckasi, CeBepo-AmepukaHckas, TuxookeaHnckasi, Oumum-
nuHcKkas, Hacka, Anatonuiickas, ApaBuiickas u Jip.

[Tonasisroniee OOJBIIMHCTBO 3€MJIETPSICEHUM CTpyNNUpOBaHO B OTHOCHU-
TEJIBHO Y3KUX 30HaX (CelicMUuYecKHe 30HbI), celicMUYecKass M TEeKTOHHYecKas
aKTMBHOCTM B KOTOPHIX IPUIMCHIBAIOTCS B OCHOBHOM B3aUMOJEHCTBUAM
MPUMBIKAIOIIUX IPYT K IPYry JUTOC(HEPHBIX IUIUT, KOTOPHIE MOIBEPKEHBI OT-
HOCHTEJIBHBIM MEPEMENIEHUSIM BI0JIb CBOMX KOHTAKTHPYIOIIUX MOBEPXHOCTEH.
Briaenstor ABa OCHOBHBIX THIIA COBPEMEHHBIX TEKTOHUUECKHUX JIBHKEHUNA: M-
JICHHBIE (BEKOBBIE) U OBICTpPBIC (CKAYKOOOpa3HbIC), CBSI3aHHBIE C 3eMIIETpsCE-
HUSIMH.

B ocHoBe celicMuueckoil akTUBHOCTHU JIEXKHT MPOLECC HAKOIUICHUS B JINTO-
cepHBIX HTax nedopMariii, KOTOpEe IPH JOCTIDKCHHH KPUTHIECKOTO 3Ha-
uenns 10, a mo naumbiM Puxurake 4.7x107, IpUBOAAT K II0GANEHOMY paspy-
LIEHUIO, 1 OCHOBHAsl YacThb HAKOIJIEHHOW OTPOMHOM MOTEHLHMAIbHOM 3HEpruu
BBIJIENsACTCA B BUIe OOBEMHBIX P (TPOJONBHBIX MW NEPBUYHBIX — primary) u
S (cOBUIOBBIX MJIM  BTOPMYHBIX — secondary) BOJIH, KOTOpbIE
PacnpoCTPaHSIOTCS CO CKOPOCTBIO V, U V;, a TakkKe MOBEPXHOCTHBIX BOJIH:

-v) E VS=\/§:/ E_ )
a+v)a-2v) p P 20+v)p

rae E,G — OocpemHEHHBIE I 3eMHOH Kopbl Momynu lOHra um cpsura, v —
kodbdumuent Ilyaccona. Beerna V>V, a mpu v=025V, =\/§VA, =1.73V_.

WMmest BpeMEHHBIE JAHHBIE NOCTHKEHUS. P M S BOJIH IO TPEX CEHCMOCTaHIIHM,
HE JISKAIUX B OJHOM IJIOCKOCTH, C OOJIBIION TOYHOCTBIO MOYKHO OIPEHETUTh
SMULEHTP 3eMJIETPSICEHUSL.

W3 BBIIEU3I0KEHHOTO CIIEAYEeT Ba)KHOCTh ONPEAETICHUS HalpsHKEHHO-Jie-
(OPMIPOBAaHHBIX COCTOSHUM JHTOC(HEPHBIX IUTUT 3eMIM W MOHHTOPHHT €ro
W3MEHEHHs! BO BpeMeHU. HblHe uMeeTcs BO3MOKHOCTD ISl YCIIEIIHOTO pele-
HUS 9TOH IpoOsieMbl Ha OCHOBE M3MEPUTENIbHBIX JAaHHBIX JOCTATOYHO T'yCTOM
CeTH CYIIECTBYIOIMX ceficMocTaHIMi U criyTHUKOBBIX GPS cucreM, koTopsle,
B YAaCTHOCTH, U3MEPAIOT 3HAUEHMs MEpeMEIleHUH TOYeK IOBEPXHOCTU JIMTO-
cepHbIx TUT. OJHAKO COOTBETCTBYIOIIAs TpPEXMEpHas KpaeBas 3ajada Teo-
pUM YIIPYTOCTH SIBIIS€TCA HEKJIACCHYECKOM, MO0 ycnoBus (MX IIECTh) 3aJaHBbl
TOJIBKO Ha JIMIIEBOM [TOBEPXHOCTH IUIACTHHBI WM CIIOUCTOIO MaKeTa U3 IUIaCTHH
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— COOTBETCTBYIOIIME TPU KOMIIOHEHTHI TEH30pa HANPSHKEHUM paBHBI HYJIIO, HO
W3BECTHBI 3HAUEHMS INEpEeMeIeHUH TOYeK 3TOIH IMOBEPXHOCTU — KaK JaHHBbIE
ceiicMoctanuuii 1 GPS cucrem. ChopMmynupoBaHHas TpexMepHas HeKJIaccude-
cKas KpaeBas 3afiaya Iy OJHOCJIOWHOM MJIACTMHKM aCUMITOTHYECKHM METO-
oM pemeHa B [3]. IlokazaHo, 4To Kor/ia mepeMeIeHus JUIEeBON MOBEPXHOCTH
ONMCHIBAIOTCSI MHOTOYJIEHAMH, PELICHUE CTAHOBUTCSI MATEMaTHUYECKHU TOUHBIM.

B nanHo# pabote pemeHa copMyIupoBaHHAs 3aada Ui ABYXCIOHHOTO
[aKeTa U3 IJIACTUH, YKa3aH MyTh HaXOXIEHHs PEeIleHHs AJsl CIIOUCTOro IaKeTa
U3 1 CIIOEB.

2. OcHOBHbIC YPaBHEHHsI U NOCTAHOBKA KpaeBoii 3aaauu. PaccMorpum
JByXCIOWHBI @akeT W3 OPTOTPOIHBIX IUIACTHH, 3aHUMAIOMUN 00JacTbh
D={(x,9,2):0<x<a,0<y<b,0<z<h=h+h,,{=min(a,b),h << (}, TOe h, h,
— TOJIIMHBI TUIACTHH (PUCYHOK).

TpeOyercss HAWTH pelIeHHE CHCTEMBbl YPaBHEHHH W COOTHOIIEHUH Tpex-
MEpHOH 33/1a4M TEOPUU YIPYTOCTH C y4ETOM OOBEMHBIX CHII U TEMIIEPATYPHOTO
nosist mo Mozienu roramensi—HeiimaHa, py TpaHUYHBIX YCIOBUSAX NPH z =0

0. (x,y,0,1)= (Z, J=%y.2 @)
u;(x,,0,0) =uj(x,y,0),
TZIe BpeMs ¢ BXOIWT KaK IapaMeTp, U YCIOBHAX IOJTHOTO KOHTAKTa MEXY CIIO-
AMU IIpU Z = h
 _

Z:hl:a' G(.z),

n _ (2
iz iz = U.

; T JEX Y,z 3)
YcnoBusd Ha OOKOBBIX IHOBEpXHOCTAX x=0,a;y=0,b He OyneM KOHKpe-

u

TU3UPOBATh, IJIA JAHHOT'O KjlaCCa HEKJIACCHMYECCKHUX KpPAacBbIX 3aJda4 MMHU O6yC-
JIOBJICH TIOTPAaHUYHBIN ciioi [3, 4].

3. O01ee acuMNTOTHYECKOE pelleHUe 3aga4u. UToObI pemuTh MOCTaB-
JICHHYIO KpaeBylO 3a1ady, B BBINICYKAa3aHHBIX YPAaBHEHHSX M COOTHOIICHHUSIX
TpeXMEepHOH 3amaun mepelineM K Oe3pasMepHBIM IEpeMEHHBIM U Oe3pasmep-
HBIM MepEeMEIICHUSIM IO (hopMyiamMm

E=xlt, n=yll, {=z/h=€"72/0, u=u,//,

_ _ 3 4)
V—uylf, w=uy/l, e=hll.

B pesynbrate nmomyuum cucreMy
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oo oW ao®
STt =t BV =0, (nyi6), k=12,

9 aIn dg
o™ aO'(.’f) o
862 + a"" +e! ;’-’ +F® =0,
n S .
a (k) a (k) (k)
e R
871 aV(k) aw(k) =ai§)0';f), 871 au(k) aw(k) =a§§)0'(f’, 8v‘“+au‘“ =aéé)0'§f-)7
dg  In ) g 9& T T 95 an 05

_ ) k) k) (k) (k) (k) _
=a, 0, +a,,0. +a,/0", m=12,3.

xx

k
e()

n
Wunexc “k” o3HayaeT HOMEpP CJIOS, Fj(") — KOMIIOHEHTBI 00OBEMHON CHIIBI, B
KayecTBe KOTOPOI MOYKET BBICTYIHTh, HAalpuMmep, Bec, 6 — M3MeHeHHe TeM-
MepaTypHOro MOoJjsi, KOTOpOe CuuTaeTcs u3BecTHbIM. Cuctema (5) CHHTYISIPHO
BO3MYILIEHA MajlbIM IapaMeTpoM €, ee pelIeHHE CKJIaAbIBAaeTCs U3 pelIeHUM
BHYyTpeHHel 3amaun (/™) u morpanudynoro cios (I,). Pemenne BHyTpeHHER
3a[]a41 UIIETCS B BUJCE

M =gt 1% s=0,N, k=12 (6)
[Mocne moncranoBku (6) B (5) M MpUpaBHUBAaHUS B KaXXJOM ypaBHEHHH KO-
3G GULKUEHTOB NPU OAMHAKOBBIX CTEMEHSX € TMONYyYHMM HENpPOTUBOPEUUBYIO
cuctemy s onpenenenus kodbgummentos %Y, ecrm G =05 4y =—1.

JTa cucTeMa UM€EET BUJL

S— k,s—1 s
aolh ) aol ! aglt .
Y + 5 + 5 +F7 =0, (x,y;&,m), k=1,2,
n S
5= (k.s=1) (k,5)
g ag 0., ;
gg + ;Z + a + Fz(k") =0, F;k’o) = 82€F]., F/.(k’s) =0, s#0,
7 c . i
au(k,s—l) . ) av(k,s—l) )
M ae, =+ ae),
& an
aw(k,s) av(k,s) aw(k,s—l)
W 0 gt DT g,
o¢ o¢ a7 -
(k,s) (k,s—1) (k,s—1) (k,s—1)
ou N ow — B v N u e
55 Yxz ? 66 “xy
dg g g dg
6" =", 6" =0 npu s #0. (7)

W3 cuctemst (7) cnenyroT
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(k ) _ (k s) (k,s) -
_]Z ]ZO (5 77)+O_]Z* (5’77’9, j—X,y,Z,
Sk ALY s A sy, ik, ©9) 6 .,
xx A(k) ) A(k) s
(k) (k)
(k,s) _ Ay (k,s) _ 7 (k,s) (k,s)
yy (k) O-ZZO Z(Zk) 9 +O—yy* (59779 g)v
All All
Gy 1 av(k,x—l) au(k,x—l)
o, =— 8—+8— ,
Ae6 g n
Wt = ag) 6o +u (Em+ut T (E1,9), ®)
v =algolly + v (Em+ v (€. g),
ne
Wt =2l go” G+l (En.g).
11
e
[ a (_lf.s—l) a (kvl)
0 ¢ 877
R 1 oyt GV““H) s
aiﬁem{a;;) a2 ot N
o = L | ovt™ _q® ou — ARG |,
T AW an CRNFY: p

S dwksD (k,s-1)
W ow
k) _ [| 0 k) W) — [| g gtk
- _I{ Y }dg’ " { < }dg’
0 77

[
wks) = _[[ “‘)0'“‘ .5) +a“‘)0'“‘ 5) +a“‘)0'“‘ ”Jdg,

wy*
0

(k) (k) (k) (k) (k) (k) (k) (k) (k)
Ay =ayay, —(ay ), =4 dy —ap g,
*) 040 _ 00,0 AR _ ) g () g (k) )
Ay =aya; —ay 4y, A%% =ayu Ay —ay Ay 5 A
3 k) (k) *) 1 (k) 3 ), (k) *) 1 (k)
71(1 =00, Gy —ap Oy s Yy =0 ay —ay &,

k=1,2, Q“‘"”) =0 mpu m<0.
Pemenne (6), (8) comepUT JBEHAAIATh HEU3BECTHBIX TOKa (QYHKIUI
ol (&, ol (&, ol (&g (G, v (Eap, wi (E.) . kOTOpBIE
OJHO3HAYHO OHpeIleHSIIOTCSI W3 IIECTH TPaHWYHBIX yclIoBMHA (2) M ILIECTH
ycrnoBuit (3) KOHTakTa MEXAY CIOSMH. 3/eCh TakKe OTMETHM, 4TO BpeMs f
WTpaeT B TPaHUYHBIX YCIOBHAX (2) pONb MapaMerpa W XapaKTephu3yeT
COCTOSIHME JIMLEBOW TOBEPXHOCTH IAKeTa Ha 3afaHHbIi MomeHT f=1,. Iloc-

KOJIBKY HaKoILUIeHHE NedopManuii B MUTOCHEPHBIX INIUTaX — MEICHHBIN MPo-
necce (AIUTCS OOBIYHO NECATWIETHSI), IpOLEcC MPAKTUYEeCKH OyneT KBa3uc-
TallMOHAPHBIM, TT03TOMY MBI BOCIOJIb30BAJIUCh YPABHEHUSIMU U COOTHOIIEHUS-
MU (5) cTatudyeckol TpeXMEPHOU 3a1auu TeOpUHn ynpyroctu. Mcnonb3oBaHHBIM
METOJIOM MOKHO PEIINTh U COOTBETCTBYIOILINE TUHAMHYECKUE 3a0auu.
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Hcnons3ys pemenue (8), (9) u yaoBieTBOpUB ycinoBusaM (2), (3), momydum
O-(ls) _0 O'(“)_O'(“)(g,ﬂ,g) j=x,y,z,

o
ug =u, ™ =ut u (€0, wv,w),

o) =0 (&N~ (En L), §=hlh,
o =0 (En.C)+0x (6N -0 En.d). J=xy.z,
[()2 L8) +(V) +u(1 )] (é: 777 é’l) a(Z)é’lo-)(f()?) (2.N) (é:7 777 é’l )7
u® =a (- {los’ En.8) -0k G n. Ol+u™ +
+ul (&1, 8 +u (8,1, O) —u (6, 6, (u,vix, y;ass,am (10)

N R YA w“(fﬂ@— 4

=z—<; 50w el E L) -w En )+ En D).

Nwmes penrenue (10), o dopmyram (8), (9) OyayT onpeneneHbl ocTalbHbIE
HanpsokeHus. TakuM oOpa3om ycnoBus (2), (3) oka3aliuch JOCTaTOYHBIMH IS
onpezaeneHust o dopmynam (6), (10) BHyTpeHHETO HampsHKeHHO-Ie(hOpPMHUPO-
BaHHOTO COCTOSTHHSI C 3apaHee 3a/IaHHON aCHMIITOTHYECKOW TouHOCTEhI0. Cieno-
BaTEJIbHO, YCIOBUSIM Ha OOKOBBIX TMOBEPXHOCTIX x=0, a; y=0,b OyayT coOT-
BETCTBOBATh MOTPAaHUYHBIE CIIOW, COOTBETCTBYIOIIME PEIIEHUS OYIyT JKCIIO-
HEHIIMAFHO YOBIBATH TMPH YJAIEHUH OT OOKOBBIX MOBEPXHOCTEH BO BHYTPb
riactuHKY [4]. [TockoabKy MpOIOIBbHBIE pa3Mepsl a,b TUTOCHEPHBIX IUIUT JI0-
CTaTOYHO OOJIBIINE, TIOTPAaHUYHBIC CIIOW BPSI JIU OyAyT MPEACTaBISAThH MPAKTH-
Yeckuil mHTEpec. Jlerko yOenuThes Takxke, 4TO Korma GyHKmuA u™,v',w" sB-
JIAIOTCS. MHOTOWICHAMU OT KOOpIuHAT &,77, MTEPAMOHHBIN Ipolecc 00pbI-
BaeTCsl HA ONPEACICHHOM MPHOIMKEHUN U COOTBETCTBYIOIIECE PEIICHUE TPEX-
MEpHOH 3a7add CTAHOBHUTCS MaTeMAaTWYECKH TOYHBIM. YUHTBIBAas 3TO 0OCTO-
SITENbCTBO, MOXHO II0 JaHHBIM ceiicMocTaniiuii U GPS mepememieHus

u",v',w" IuueBOl MOBEPXHOCTH NMTOCHEPHOM IUIMTHI TIPEJCTABUTH B BUJE

MHOTOYJICHA, CTCIICHb MHOI'OYICHA 6YIIGT 3aBHUCCTHh OT 4HCJia TOYCK HHHGBOﬁ
TTIOBEPXHOCTH, B KOTOPBIX ObLITH IPOU3BEACHBI U3MEPCHMUS.

[T L)

Ilycte npu ¢t =% B “K” TOYKAX JHMUEBOH IOBEPXHOCTH H3BECTHBI

+)(fi,n,.,zk), vE, ML), wP(E,n,.t,) Kak maHHBIE ceficMocTtantmit U GPS.
Torma mepeMenieHUs] JHULEBOH MOBEPXHOCTH JIUTOC(HEPHOW IUIMTHI MOXKHO
IIPEICTaBUTh B BUJI€ U3BECTHOIO0 MHOrouwleHa Jlarpamxka

11 &-&a-n)
u (&)= 2u (&) . (wv,w), (11)
[T (&-¢)m -

J=1,j#i

rae [I o3Ha4aeT NpoU3BEICHHUE.
IMoxcraBuB 3T 3Hauenus u',v',w" B Qopmynsl (6),(8)-(10), onpenenm

MaTeMaTU4€CK TOYHOC PCHICHUC TpeXMepHOI;'I 3agadud, a CJICJOBATCIbHO H

HanpsHKeHHO—1e)OPMUPOBAHHOE COCTOSHHE  JTUTOCPEPHOH  IUINTHI,
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COOTBETCTBYIOILICC BPEMEHU =1, . Hpocnemnsaﬂ 3a UBMCHCHUEM HaIIPSXKCHHO-

ne(OPMUPOBAHHOTO COCTOSHUS BO BPEMEHU (MOHUTOPHHT), MO)KHO YCTaHOBHUTD
HACTYIUICHUE KPUTHYECKOTO MOMEHTa =7, U MECTO IJT0OaIBHOTO pa3pylle-

HUS, T.€. C ONPEICICHHOW TOYHOCTBIO, C YUYETOM U JPYTUX COMYTCTBYIOIIUX
MPEIBECTHUKOB,  NPOTHO3UPOBAaTH MECTO W  BpEMs  BO3HUKHOBEHHS
3eMJICTPSICEHUS.

BesycnoBHo, a5 Goiee TOYHOTO MPOTHO3a HEOOXOAMMO UMETh Oojiee TOU-
HYIO CTPYKTYpPY JHTOCHEPHBIX TUIUT, B YACTHOCTH, MX CJIIOMCTOCTH. [loirydeH-
HBIE 3/1eCh PE3yJbTaThl MOXKHO OOOOIIMTH Ha CIOWCTHIC MakeTsl u3 “N” miac-
TrH. Pemenne omsiTh OyneT uMeTh BUA (6), COXpaHSIOTCS] TPAHUYHBIE YCIOBUS
(2) u Bupn pemienusd (8) yxe IS MPOU3BOIBHOTO “k”. Y CIOBHUS e KOHTAKTa Me-
KTy CIIOSIMH 3aITUTITYTCSI B BUJIC

0'5.?(1 =H,)= 0'§.k+1)

k
(z=H;), H =X h, k=12,.,N-1,

= 12
(k) (k+1) (12
u; (z:Hk):uj

(z=H),w,v,w), j=x,y,2.

3aTeM TOCNIenoBaTeNbHO yIOBICTBOPSIOTCS TPaHUYHBIE YCIOBHSA (2) mpu
z=0 u ycnoBus KoHTakTa (12) u ompexnesnsrorcs Bce HEU3BECTHbIE (YHKIUU
UHTEerpupoBanus. [IJis CIOUCTOrO Makera Toxe, eciu u',v',w" MHOTOWIEHBI OT
£,m, WTEpalOHHBIA TIpoIlecC OOPBIBACTCS WM MONYyYaeTCS MaTeMaTHUeCKH

TOYHOE peIleHNe BO BHYTPEHHEH 3a1aue.
PaboTa BeImONIHEHA ITpU TToAEpKKe TpaHTa “11-2¢462” ["ocyaapcTBEHHOTO
komutera Hayku MOH PA

Uncturyr mexannku HAH PA

Axanemuk JI. A. AranossH, P. C. I'esopksin, JI. I'. I'yarazapsin

K onpenesienuro HanpsxeHHO-1eGOPMUPOBAHHBIX COCTOSIHUM
autochepubix nauT 3emuin Ha ocHOBe 1aHHBIX GPS cucrem

PaccmoTrpeH Bompoc ompenencHHs HAMPSHKCHHO-Ie(OPMHUPOBAHHBIX COCTOSIHUN
JTUTOC(HEPHBIX IUTUT HA OCHOBE YPaBHEHUI U COOTHOIICHUH TPEXMEPHOH 3aa4l TCOPUH
YIIPYTOCTH U JTaHHBIX cericMocTaHuil 1 GPS cuctem. AcUMOTOTHUYECKUM METOAOM pe-
[IeHa COOTBETCTBYIOIIAs HEKJIaccndeckas TpexMepHas 3agada. Jlanasie GPS u ceiicmo-
CTaHIUHU, Kacallluecs 3HAYCHUN MepeMENIeHU TOUeK JUIEBOM MOBEPXHOCTH IUIMUTHI,
anmnpoKCUMUPOBAaHbI MOJUHOMOM JlarpaHxa M BBIBEIEHO COOTBETCTBYIOLIEE MaTeMa-
TUYECKU TOUHOE pelIeHUE BO BHYTPEHHEH 3a1aue.

Habnronenue 3a moBeJeHHEM HAIPSHKEHHO-IE()OPMHUPOBAHHOTO COCTOSHHSI JIUTOC-
(depHOIl TUIMTBI BO BpeMEHH (MOHHTOPHHT) CO3/1a€T BO3MOXKHOCTh JUISI YCTAHOBJICHUS
MecTa U BPEMEHH BO3HUKHOBEHHS KPUTHUECKHX HANPSHKEHHO-Ie()OPMHPOBAHHBIX COC-
TOSIHUM, TPUBOIAIINX K TMI00ATFHOMY Pa3pyIICHUIO, YTO B COBOKYITHOCTH C aHAJIM30M
COITYTCTBYIOIINX 3€MJICTPSCEHUSIM aHOMAIBHBIX SBJICHUI OTKPBIBAET ITYTH IUISI TPOTHO-
3UpPOBAHUS CHIIBHBIX 3eMJICTPSICEHHMN.
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Ujuntuhlynu L. U. Unuyndyul, . U. Ghnpgui,
L. @. Tnynququpui

GPS hwdwljupgtph wyjuiutph hhdwb ypu Gplpugqunh
1hunudpbpuht vwgbph jwpduswh-nEdnpdughnt Jhdwljukph
npnouwi dwuht

Yhunwpyduws E jhunudpbpughtt vwibph jupjuswihi-nEnpdughnt Jhgwlukph
npnodw hupgp' hhdudbny wrwdquljuinipjut mbunipjut tpwswth juunph hwduw-
uwwpndubph b wepbsmpinitubph, ubjudhl Juwywbubkph nt GPS hwdwlwpgbph wnjui-
uliph Ypu: Uuhdyunnunhly dbpnnny nisqus b hudwyuwnuwupwb ny nuuwljut bnw-
swith fuinhpp: Lhuinubbtpuyghtt uwgh nphudught dwbplnyph fEnkph nknudnpndubkpp,
puyniubny tpwbg yepuwpkpyuy GPS huwdwlwpgbph b ubjudhl juywbbph ndjuukpp,
ukipuyugyws ki Lwgpuudh puquutnuuh nkupny, b unugdws L hudwyunwupuwi
ubppht juinph &ogphwn (nudnudp: Zwdwdwyt wyn psdwl, htnbbng hunudbpughte
uwih jupjusuyhti-ndnplwughnt Jhdwlh thnthnpnipjuip pun dudwbwlh (Untihpen-
rhug), unbndynud k htwpwynpmipnit’ huynbwpbplnt mbnp b dwdwbwlp Yphwnp-
Juljul jupduwsught-nEdnplughnt Jhdwlhh wnwowugdw hwdwp, npp Jupnn £ hwi-
qlgul) gqunpw) pugpuydwt: Uju wdkup, gqniquijgybiny Epypwownpdbpt ninklgnn w-
undw) plnypubph YEpnidnipjut htwn, unbndnud L htwpwnpnipnit nidkn tpypw-
owndtph jutthiugniowldw hudwp:

Academician L. A. Aghalovyan, R. S. Gevorgyan,
L. G. Ghulghazaryan

About Detection of Stress-Strain States of Lithospheric Plates
of the Earth Based on GPS Systems Data

In this paper the problem of determining stress-strain states of Lithospheric plates
based on equations and relations of the three-dimensional problem of elasticity theory
and data of seismic stations and GPS systems is considered. The corresponding non-
classical three-dimensional problem is solved by the asymptotic method. The data from
GPS systems and seismic stations on the values of displacements of points of the face
surface of a plate is approximated by Lagrange polynomial, and the corresponding
mathematically exact solution of the internal problem is derived.

Tracing the behavior of stress-strain state of Lithospheric plates over time (moni-
toring) provides an opportunity for establishing the place and time of critical stress-
strain states leading to a global destruction. Together with the analysis of anomalous
phenomena accompanying earthquake it opens a way for prediction strong earthquakes.
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2UB8UUSUULE @PSNPESNPLLVLELE UQQUSPL UUYUTGURU
HANOUWOHAIUBHAA AKAJEMMHUSA HAYK APMEHUH
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

NOKJIAIBI QBUYNP38LED REPORTS
ot 112 2012 Ne3
Volume

ACTPOOU3BUKA
VIIK 523.11

HNuocrpannsiii wiedn HAH PA C. C. I'puropsin
O npupoae «TéMHOII» MaTePHH B TATAKTHKAX

(ITpencrasneno 1/X 2011)

KuroueBble cjioBa: acmponomus, Kocmonoeus, “memuas mamepus’, ea-
JAKMUKY

B actpoHomuun — actpoduszuke — acTpoOMEXaHHUKE MOTBITKH OMPENeIUTh
Macchl 3BE3AHBIX O0BEAMHEHUN — rajJakTHK 10 4UCIy (Hag&XHO OLIEHUBAeMO-
My) CBETSIIHX 3BE3M U OLEHKE MHIMBHIYAIBHBIX 3BE3MHBIX Macc (M0 Pa3HO00-
pasui0 ONTUYECKUX CBOMCTB 3BE3M) MPUBENU K KECTKOW HEOOXOAMMOCTH Clie-
JaTh MPEAIoJIoKEHHe, YTO o0Last Macca BCeX TaKUX 3BE3]1 B TaHHOM 3BE3HOM
KJIacTepe — TaJIaKTUKE CYLIECTBEHHO (Ha OJUH IMOPSAJOK BEIMYMHBI) HEJOCTa-
TOYHa JUIsl obecnieyeHus (IO 3aKOHY BCEMHPHOIo TsaroreHus HpioroHa) Benu-
YHH, ONpEACTSIeMBbIX B HAOJIONEHHUAX XapaKTePUCTUK €€ AMHAMHUKH — CKOPO-
cTeil 3BE3]1, MX pacipeeNnennss B 00bEMe TATaKTHKH | T. . Y 3To «3acTaBhiio»
MIPEITOIIOKUTH, YTO B TAJaKTHUKAX CYIIECTBYET HECBETALIAs — TEMHAsI MaTepHus,
TaK)Ke CO3/arolas rpaBuTallMoHHoe (Toxke 1o HeioToHY) cuioBoe Bo3aelcTBHE
Ha CBETAILIUE 3BE3NBI M ONPEACIAIOMas UX WHIUBUAYAIBHYI0 M «KOJIICKTHB-
HYI0» TUHAMHUKY. DTO TPEACTaBICHUE O «TEMHOI» MaTepUH MOIYUYHIIO BCEOO-
iee MpU3HaHUE B HAYKEe O MUPO3JaHUH, OJIHAKO HUKAKUX BPa3yMUTENbHbIX T'H-
1oTe3 ¥ HaOJIOAATENbHBIX PE3YJIBTATOB, NMO3BOJIIOIUX CYIUTh O €€ MPUPOE,
JI0 CHX IIOp B 3TOM HayKe HET, €CIM HE CUUTATh TAKOBBIMHM YHCTO YMO3PHUTEIb-
HBIE BBICKA3bIBaHMsI O TOM, YTO JOJDKHBI CYIIECTBOBATh HEKHE «3IIEMEHTAPHBIC
HOCHTENIH «TEMHOT0» I'PaBUTAIIMOHHOTO (heHOMEHa.

B nocnennue roasl s moctpoui [1, 2] panuMoHaNbHYIO KOJINYECTBEHHYIO
TEOPHI0 MEXaHWKA U (U3UKH PETUCTPUPYEMBIX COBPEMEHHBIMH CpPEICTBAMH
HaOJroleHUH CBEPXIIOTHBIX HeOecHbIX Tesl Murdesa-Jlamnaca — HEHTPOHHBIX

U HEWTPOHHO-KBApPKOBBIX 3BE3 — OCTAaHKOB «yMepIIUX» 3BE3I U chopmy-
JUPOBAJ TUIOTE3Y O TOM, YTO «CO3AATENSAMI» TEMHOT'O TPABUTAIIMOHHOTO (he-
HOMEHa B TaJlaKTUKaxX SBJISIIOTCA 9TH CBEPXIUIOTHBIE XOJIOJHBIE HecBeTsiILHe
MAaKpoTeJia, COCTABJISIONINE MOJABIAIONIYI0 YacTh HACEIEHUS TalakTUK H3-3a
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TOTO, YTO BPEeMs JKU3HU TaJTaKTUK 3HAYMTEIBHO OOJbIIEe BPEMEHH KHU3HH 3BE3]
(0coOeHHO 3BE3/T MACCHBHBIX), TAaK YTO B «BEIIMKOBO3PACTHBIX» T'aJIaAKTHKAX Ha-
KaIUIMBAeTCS OYEHb MHOTO 3THX CBEPXIUIOTHBIX OCTAHKOB YMEpIIHUX 3BE3,
KOTOpbIE U ONpPENEIAIOT «IPABUTALIMOHHYIO IIOrOAy» B TaKUX TalakTuKax. Tak
9TO WM HET, JOJDKHBI, KaK BCETa, PEIIUTh PE3yNbTaThl ACTPOHOMHYECKHUX Ha0-
mopaeHunid. 160 uMeHHO HaOMIONeHNs UTPAIOT B ACTPOHOMHUH — acTpodusuke —
acTPOMEXaHUKE JIBE TNIABHBIC POJH — «JI0OBITYHKAa» (AKTOB M BEPXOBHOTO CY-
IIBM 7151 BCEX TEOPETUYECKUX MOCTPOeHUH (B MX 4YHUCIe M OECIUIOIHBIX MaTe-
MaTHYE€CKUX U3MBIIUICHUH, CTAaBIIUX B MOCIEIHUE NECATWIETHS AOMHUHHUPYIO-
LIUM JKaHPOM B acTpo(U3UKe — aCTPOMEXaHUKE U B TEOPETUUECKOH (PU3UKE BO-
o0mre). IMeHHO mosToMy Benukuid acTpodusuk akagemMuk B.A. AMOapuyMmsH
4acTo TOBTOpsT: Habmiomaire, HaOmromaiiTe, HaOMIOAalTEe — B HAOIIOACHUSIX
BBISIBIIAIOTCA PealIbHblE (DAKThl, U TOJIBKO OHHU ONPEAEISIOT UCTUHHOCTh TE€Ope-
TUYECKUX TIOCTPOEHUM.

Tak BOT, MHE CTalil U3BECTHHI [3, 4] pe3yabTaThl CaMbIX MOCIEIHUX Ha0-
JOAHUI 0COOEHHOCTEH CTPOCHUS M PaJUAIlMOHHBIX CBOMCTB OTPOMHOI MOIy-
TAUU Ipe3BbryaifHo ganéknx (exceedingly distant) OKyTaHHBIX NBUIEBBIMHU
«KOKOHaMI» TATAKTUK, B KOTOPHIX HAET (TOUHEe, MIEN — 3TO ObIO OUYeHb JaBHO
Ha CBETOBOM KOHYyce) OypHBIH mporiecc 3Be37000pazoBanusi. Habmonenus Obl-
T TIPOBEJICHBI B JajbHEH MH(paKpacHOH CyOMHIITUMETPOBOW YacTH CIIEKTpa
kocmudeckuM TeneckornoM ['eprrens (ESA). Kaxngas u3 3THX TalakTHK UMEET
maccy mopsiaka 3-10"" mace Connia, 4ero sIBHO HeJIOCTATOUHO, HO CYIIECTBY-
IOIIUM TEOPETUUECKUM IPEJICTABICHUSAM, JIUISl «3KUTAHUS» UHTCHCUBHOTO 3BE-
31000pa3oBaHus (JUIst 3TOro Tpedyercss Macca TrajlakTUKH B S- 10'"* macc ConH-
na). U3 aroro ¢akra ObLI cAENTaH BBIBOJ, YTO B OTHX T'aJJaKTHKaX HET HY>KHOTO
npeoOnaganus (Ha HOPSIOK BETMYMHBI) MAacChl TEMHOW MaTepuu HaJl CBETALIeH
MAaccoii, 4To HaOJII0JaeTCsl B «OOBIUHBIX» TATAKTHKAX, U YTO OH JICIAeT CePh-
€3HBIN BBI30B CYLIECTBYIOUIUM MPEACTABICHUSAM TEOPUU HACUET MPUPOABI «TE-
MHO#» MaTepuu. bonee Toro, aBTopaMu oOHapyxeHHOTO 3¢ dekra ObuTO cHena-
HO U 3aKJIIOYEHHUE, YTO UMEHHO CTOJIb MaJIOMAaCCHUBHBIE IIPErajJakTUYECKHUe CKO-
IUIEHUs Ta3a U MbUIH HanboJee OMaronpusaTHBI IJIsi HHTEHCUBHOTO OXJIaXKICHHUS
B HHUX Ta3a, ero pe3yJIbTUPYIOIIEro YIUIOTHEHHS U 3aIlyCKa B HEM OYeHb aKTHB-
HOTO (B 3—5 pa3 WHTEHCUBHEE, YeM «OOBIYHO», B BUIAMMBIX JIJIMHAX BOJIH) 3BE3-
n000pa30BaHMsl, HO HUKAKHUX IPEIIOIONKEHIH O pUpoJie OOHAPYKEHHOTO (e-
HOMEHA U TONBITOK €ro 0OBbsICHEHUs aBTopaMu (X — 74 mepcoHsl!) npeioxe-
HO HE OBLIO.

OOHapy>XeHHbI B MH(PAKPACHBIX Jy4ax U 00CIeIOBaHHBIN KJIacc rajak—
TUK, 6€3 OrPOMHOI0 U30bITKA TEMHOI MaTepUu OYEHb SHEPIUYHO «AETIAFOLINX»
3BE3MBI M HAXOSAIIUXCS HA SKCTPEMAJIbHO JaN€KUX PacCTOSAHUSAX OT Hac, — 3TO
KJIacC OYE€Hb MOJIOJIBIX CI'YCTKOB OOBIYHON MaTepuH (U4eM Hajbllie OOBEKT, TEM
OH «MOJIOKE» Ha CBETOBOM KOHYce). 113 3TOro ¢ HECOMHEHHOCTBIO CIIEIYET BbI-
BOJI, YTO OTCYTCTBHE M30BITKAa TEMHOW MaTepHH B HUX U UX MOJOJOCTbH MOA-
TBEPKAAIOT MOIO THIIOTE3Y O TOM, UTO MEMHAA MAmepusi — MO XOJN0O0Hble
naoOmuble OCMAHKU OObIYHLIX 36630 — HEUMPOHHbIE U HEUMpPOHHO-KEAPKOGble
3683001 [1-2], ubo 6 MON0JLIX ceycmKax 2asa (U NouLIU), 8 KOMOPLIX O4UeHb UH-
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MEHCUBHO U 8nepsble 0OPa3yIomcs 00bIuHble (ceemsawyue) 36€30bl, MAKUX NIOM-
HbIX MEMHBIX 00PA308aHUL ewé He HAKONULOCh 8 CMOJIb DOLUIOM KOIUYecmae,
4mooObl GIUAMb HA SPABUMAYUOHHYIO OUHAMUKY ODBIYHOU Mamepuu 8 c2ycmke,
8 YacmHOCMU, U Ha CAM Npoyecc U UHMEHCUBHOCMb 38e30000paA3068aHUs, KAK
MO NPOUCXOOUM 8 «NONCUTILIX» 2ATAKMUKAX, «3AXTAMIEHHBIX» X0JO0OHBIMU OC-
MAHKAMU OABHO YMEPUIUX U NPOOOIHCAIOWUX YMUPATHD 8 HUX OObIUHBIX 36€30.

HNuocrpannsiii yien HAH PA C. C. I'puropsin

O npupoae «TéMHOIT» MAaTepPHH B raJJAKTHKAX

Anamu3 BeisiBneHHoro B 2011 1. cucremoit ['epuiens (akTa CylecTBOBaHUS Or-
POMHOIO MHOJKECTBA OYEHb HAJEKUX OT HAC M OYEHb MOJIOJBIX TaJIaKTHK, B KOTOPBIX
uzaer 6ypHoe 3BE31000pa3oBaHKe, HO HET «TEMHOI MaTepUu», MO3BOJIUIIO aBTOPY CJie-
JIaTh BBIBOJ O TOM, YTO 3TOT (hakT CiIeAyeT pacCMaTPUBATh Kak MOATBEPKICHHUE €ro TU-
MIOTE3BI O MPUPOAE «TEMHOM MaTepUH» KaK COBOKYITHOCTH XOJOAHBIX OCTATKOB 3BOJIIO-
LUK U U0 OOBIYHBIX CBETSIIUX 3BE3.

22 2UU wpunuuwhdwiyut wiungud U. U. @phgnpyui
Quuyunhjuitpnd «dnip» yniph punyph duuht

2011 . zZkpokh hudwlwupgh Ynndhg hwjnbwpbpytk) &, np qonipmit muh Jk-
quithg own htinnt b pwwn Ephniwuwpny qupuljnhjutbph hujuwulwh pubwlnipnt,
npnig Uk ntinh k niukunud pnintt wunnugnyugnipintl, uvwljuyt shw «dnie Wynips: Uy
thwunh JEpnidnipniup pnyp Ewnygk) hbinhtwlht bgpuljugut), np wyt whwnp Enhwnwp-
y&] npybu hp «dnip Wniph» punyph dwuht Juplush hwunwnnd, hwdwdwju nph
«anip ynippr unynpufuwl (nyu nynn wunnbph bnpgnighugh b dwhjwb vwnp dbw-
gnprubkph wpnnonipnih

Foreign member of NAS RA S. S. Grigoryan

On “Dark” Matter in Galaxies

The analysis of the fact, revealed by the Herschel Space Laboratory in 2011, that
there are many very distant and very young galaxies with rapid star formation, but with-
out "dark matter" has allowed the author to conclude that this fact should be considered
as a confirmation of his hypothesis that "dark matter" is formed by the cold remnants of
the evolution and death of ordinary shining stars.
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Axkanemuk U. A. Bapnansn

Kputnueckue siBjieHus IPU reTeporeHHOM B3aMMO/1elCTBU I
paaukanoB CH;0, ¢ opranuyeckum coeJuHeHHEM

(ITpencrasneno 19/111 2012)

KuarwoueBble cjoBa: KOJZ€6CZHM}Z, pac)umw, noeepxnHocmov, Mena, L;EI/IHOZZ
MeXAHU3M.

Panee [1-3] mpu n3ydeHHH peaklMu MEPOKCHIHBIX PAJUKAIOB C METAaHOM
u aneranpaeruaom Ha TiO, u NH,NO;, HaHeceHHbIX Ha BHYTPEHHIOIO TTOBEPX-
HOCTh KaWUISPHBIX CTEKJISIHHBIX PEaKTOPOB, MPH HU3KUX JTABICHHUAX B YCIO-
BUAX IIOTOKA UCXOJHBIX BELIECTB U MPOAYKTOB NpEBpallieHHsl OblJI0 0OHapyxkKe-
HO YIUBHUTENBHOE SIBJICHUE DPA3MHOXKEHMS DPAIUKaJIOB, NPUIMCAHHOE JOIOJ-
HUTEIBHOMY PAacXOIOBAHUIO MOJIEKYJISIPHOIO HPOXYKTa IO LIETHOMY pa3BeT-
BJICHHOMY MEXaHU3My Ha TBEPJOi MOBEPXHOCTH BBIIICYKA3aHHBIX COCIMHEHHIA.
OzHako B X0/1€ U3Y4YEHUs 3aBUCUMOCTH U3MEHEHHs KOJIMYECTBA PaJUKaJIOB OT
KOJINYECTBA ITOAaHHOTO OPTaHMYECKOTO COCAMHEHHS ObLITIO OOHAPYKEHO U JpY-
roe sBJICHHE, HE HalleAlee oKa 00bsicHeHU. 1IoMUMO TOro 4TO KOJIMYECTBO
paluKaJloB B OIPEAETIEHHBIX YCIOBHUAX IPEBBIIIATI0 UCXOAHOE, HAOII0IAJI0Ch U
W3MEHEHHE KOJMYECTBA PAJUKAJIOB B 3aBUCUMOCTH OT KOJIMYECTBA MOJAHHOTO
OpPraHUYEeCKOro coeAuHeHus. IIpuyeM 3Ta 3aBHCHMOCTb HOCHMJA KojeOaTelb-
HBIM XapakTep.

B Hacrosmeit pabote cienana MomsITKa 1aTh OOBSICHEHNE 3TOMY (heHOMe-
Hy. Ha puc.] npuBeneHa 3aBHCUMOCTh M3MEHEHHS KOJMYECTBA PATUKAIOB OT
KOJIMYECTBA MOJAaHHOTO METaHa W aleranbleruja Ha nosepxHoctu TiO, (py-
Tiin). [loBepxHOCTH co3faBaniack 0OpaOOTKON BHYTpEeHHEW MOBEPXHOCTH Ka-
nmusipHoro peaktopa 10%-noit BogHOU cycnensueit TiO,.

Kak BuiHO U3 pUCyHKa, 3Ta 3aBUCUMOCTh HOCUT BeChbMa CIIOKHBIN Xapak-
Tep. OHa COCTOUT U3 YeThIpeX 00JacTei: a, 0, 6, 2. ObIacTH a u ¢ XapakTepusy-
I0TCSl paCXOJJOBaHUEM PAJUKAJIOB, a 00JIaCTH O U 2 — BO3pacTaHWEM KOJIH4YeCcTBa
paAMKagoB BIUIOTh JO 3HAYEHWM, MPEBBIIIAIOIINX HCXOJHOE KOJUYECTBO pa-
JTUKAJIOB.

Jlanubie uccnepoBanuii [1-3] cBUAETENHCTBYIOT O TOM, YTO HapsAy C pac-
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xogosanrneM CH;0, B pe3ynbraTe peakuu

CH302 + CH4—> CH;OOH + CH; (1)
MIPOMCXO/NUT Pa3BETBIICHHUE LIENeW Ha MOBEPXHOCTH BCIIEACTBUE T€TEPOTEHHOIO
paluKaJIBHOTO paclaja I'MApPONepoKCHIa MeTHiaa. DTO NMPUBOAMUT K IOIOIHU-
TEIbHOMY PACXOJOBAHUIO METaHAa M YBEJIWYEHUIO KOJIMYECTBA MEPOKCHUIHBIX
panukanoB. B kaxaoil W3 BBIIIEYKa3aHHBIX 0OJacTell KpoMe MpPOAOJIKEHUS,
pa3BeTBIICHHUS IIeTIeH UMEEeT MECTO U MX THOEINb.
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Puc.1. 3aBucuMOCTh pa3HALIBI MEXKAY TEKYIINM U Ha9aJbHBIM KOJMIECTBOM PaINKajiOB
(A[RO;,]) oT HayanmBbHOTO KOJIMYECTBA alleTalbaeruaa (kpusas 1) u metaHa (kpuas 2).
(Nx1.6x10"® momexym) mpu 293 K, TiO, .

Hapsny c xoneOaTenbHBIM XapaKTepoM 3TOH 3aBUCHMMOCTH OOpallaeT Ha
ce0s BHMMaHME pPEe3KOe M3MEHEHHE KOJIMYECTBAa PAJUKaJIOB IPU MaJEHBKOM
M3MEHEHUH KOJIMYECTBAa MOJAHHOIO METaHa B 3KCTPEMAIbHBIX TOYKaX. Takoi
KPUTUYECKUH XapakTep STOH 3aBUCUMOCTH MOXKET OBITh CBA3aH C U3MEHEHHEM
KOHKYPEHIIUH CTaJWui pa3BETBICHUS M PEKOMOMHAIIMK PaJUKAIOB Ha MOBEPX-
HOCTH. AMIIIUTYya KoJeOaHUi MEHSeTCs C yBeJIMUeHHEeM KOJMUYeCTBa METaHa.
[MopoOHas ke xapTHHA HAOIIOAAeTCA U MPHU M3YYEHHH B3aHMMOJICHCTBUS MEPOK-
CHUIHBIX paavKajoB ¢ meraHoMm Ha moBepxHocTH NH,NO; (puc. 2). Iloepx-
HOCTb co3fiaBaynack ee 00paboTkol 10%-HbiM BoAHBIM pacTBopoM NH;NO;.
i1 cpaBHEHMsI Ha PUCYHKE IPUBEAEHBI TakXkKe I10J0OHBIE IaHHBIE, IOJIY-
yeHHble B cinydae Ti0, Kak BUAHO, Ipu yBEITWYEHUH MOJISIPHOM JIOJIH KHUCIIO-
polla B BEIIECTBE, HA MOBEPXHOCTU KOTOPOTO M3y4yaeTcs peakLus, aMIUINTy1a
KoyieOaHuil Bo3pacTaer.

B mpenenax ombITHBIX 3HAYEHWH KOJMYECTB OPraHUYECKOTO COEAMHEHUS
pacxojl paJuKaloB CMEHSETCs BO3pacTaHHEM UX KoyindyecTBa. Pe3koe ymeHb-
[IeHUe KOJNMYECTBAa PaJWKANOB IPHU CPABHUTEIHHO HEOONBIIOM H3MEHEHHH
KOJINYECTBA MeTaHa T'OBOPUT 00 MMEIOIIEM MECTO OTPHULATEIbHOM B3aUMOJEiH-
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CTBUU Ilieniei. Eciau mpu OYeHb MallbIX KOJIMYECTBAX METaHa PEKOMOWHAINS
PaIUKAIOB TIPOUCXOIUT IO JINHEHHOMY 3aKOHY, TO C YBEITHUCHHEM KOJIUYECTBA
METaHa CYNIECTBCHHYIO POJIb HAYMHACT UTpaTh KBaJpaTudyHas PEeKOMOWHAIINS
paInKaNIoB.

Kcraru, B pabdore [4] B kauecTBe cTaguu rudenu 1enei npu GOTOOKHUCIIe-
HUU alleTalbJeruia PacCMaTPUBACTCsl KBaJIpaTUYHAs PEKOMOWHAIIUS parKa-
noB HO, ¢ RCO; na noepxuoctu TiO,, mpuBojsiias K 00pa3oBaHUIO TIEPOK-
CUKHCIOTEI U O;.
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Puc. 2. 3aBucuMmoCTh pa3HHIBI MEXAYy TEKYIMIMM W HavYaJbHBIM KOJIMYECTBOM
panukanoB (A[RO,]) oT HavyanpHOrO KOJMYECTBAa METaHA. (Nx1.6x10' MOJIEKYJ) TIpH
293 K. Kpussie: 1 — NH4;NO;, 2 — TiO,.

Ecnm paccmarpuBath TOBE€HHME CHCTEMBl Ha MPHUBEACHHOM PUCYHKE
CIpaBa HaJIeBO, TO OYEBUIHO, YTO YMEHBIICHNE KOJMYECTBA METaHa ITPUBOIUT
K YMEHBIIICHUIO KOJIMYECTBa PaIUKalIOB, 3aTeéM K €r0 BO3PACTaHUIO U 3aTeM
CHOBa K ero majeHuto. [IlpuyemM B 00JIACTH MaJIbIX KOJUYECTB OPraHUYECKOTO
COCAMHEHHS HEeOOJNIBIIOE €ro HM3MEHEHHE MEepPeBOJAUT MPOLECC M3 OIHOTO
peXrMa B IPYTOi: M3 peXUMa Pa3MHOKEHUS PAIUKAIOB B PEKUM PacXomo-
BaHUS W Hao0OpOT. Takoe MOXKET MPOM3ONTH TaKKe IMPH B3aUMOJICHCTBUH
TIEPOKCUIHBIX PATUKAIOB C OPTaHUYECKHM COCJUHEHHEM BO BPEMEHHU B XO7E
pacxoioBaHMsI MOJIEKYJIIpHOTO peareHTa. [lomoOHOe MmoBeneHne MPaKTHYECKH
MOET HOCUTh TOBTOPSIIOIIUICS XapakTep. DakTHUECKU HATUI0 KOJieOaTelb-
HBIH TIpoIiecc.

Panee [5-7] ocummisnuu, HaOIIOMaeMbIe B IICITHBIX BBIPOXKICHHO-PA3BET-
BIIEHHBIX TpoIieccax ra3o(asHOro OKHUCICHHUS ameTalbIeruia U MeTaHa, 00b-
SICHSJTUCh HaMHU CYIIECTBOBAHUEM OTPHUIIATEIIEHOM OOpATHOW CBSI3U C YYETOM
TeTePOreHHBIX PAJANKAIBHBIX CTaJAWNA C ydacTueM pamukaioB RO, u wHTH-
ouropa — popmanbpaeriaa, a TakKe ¢ YIEeTOM 3allOTHEHUS IOBEPXHOCTH, BIIHSI-
IOIIETO Ha CKOPOCTh T€TEPOTeHHON TMOENN paJnKaloB. B 3aBUCHMOCTH OT co-
OTHOIIEHUS] CKOPOCTEN BBIIIIEyKa3aHHBIX CTAIMI U CTAJNN Pa3BETBICHUS [enei
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peanm3yeTcs 3aTyXarollui, aBTOKOIe0aTeIbHBINA WM CaMOYCKOPSIOIIMIiCS mpo-
necc. B naHHoM ciyyae Mbl UMeEM €0 C LEMHBIM IPOLECCOM, HHULUUPYE-
MBIM Ha TmoBepxHocTH craameil (1). OrpuuaTenbHas oOpaTHas CBSI3b MOXET
ObITH 00YCIJIOBJIEHA KaK BBIIEyKa3aHHBIM, TaK M KBaJpaTUYHOH pekoMOuHanu-
eil paauKanoB Ha MOBEPXHOCTH.

B monp3y Hammx mpeacTaBieHUM, pacCMOTPEHHBIX Ha IMpHUMEpE METaHa,
CBUJICTENLCTBYIOT TAK)KEe W JJAHHBIE, IOIy4YeHHbIe Ha oBepxHOCTU Ti0, B CIy-
yae aleTalbJeruia u NpeAcTaBleHHble Ha pHc.l, U3 KOTOPOro BUIHO, YTO HE
TOJIBKO IPUPOJa MOBEPXHOCTH, HO TAKXKe U MPUPOAA OPraHUYECKOTr0 COeaHHe-
HUs BJIMSET Ha XapakTep U aMIUIMTyAy kojebaHuil. B cimyuae xoporo agcop-
OUPYIOILEroCsl COEIMHEHUS — aleTajblernia U3MEHEHHs HOCAT Ooiiee pe3kuit
XapakTep, a aMIUTUTyAa OoJbIIe.

0O60011as1, MO)KHO OTMETUTh, YTO IOJIY4YEHHBIE IKCIEPUMEHTAIbHbIE JaH-
HbIE IEMOHCTPUPYIOT HE TOJIBKO BO3MOXHOCTH LIETTHOTO PA3BETBICHHOIO IpO-
Lecca Ha NMOBEPXHOCTH U OCYIIECTBIIEHHUS OTPULIATENBHOW 00paTHO CBsI3M, HO
U HaJIM4Me KPUTUYECKUX SIBJICHUH, MPUBOAALIMX K MEPUOJUYECKH IIOBTOPSIIO-
LIMMCS pa3HbIM PeKUMaM IpoLecca.

WHctutyt xummaeckodt pusuku uM. A. Hanbannsna HAH PA

Axkanemuk U. A. Bapnansn

Kpnanecmle ABJICHUA MPH I'eTEPOTr€HHOM B3aMMOAEeHCTBUH
PaaAuKaJjd0B CH302 C OPraHu4eCKuM COCIUMHCHUEM

Ha ocnosanun wnsyuenns BzaumMomelCTBUS TIEPOKCHIHBIX DPAJMKAIOB C AIIETANlb-
JETHOM M METAaHOM Ha Pa3NYHBIX TBEPIBIX MOBEPXHOCTSIX OBUIO YCTAHOBIICHO, YTO
9TOT IPOLECC, MPOTEKAIOIINII 110 [EMHOMY Pa3BETBICHHOMY MEXaHHU3MY, HMEeT KoJle-
OarespHBII XapakTep. YKa3aHHOE ABJICHUE OOBICHAETCA HAIMYUEM OTPULATEIbHON 00-
paTHOI CBA3M C y4aCTHEM MEPOKCHIHBIX PAIUKAIIOB.

Ujuntuhlynu b. U.dwppuiyui

Yphnhjulwh kpunyputpp CH;0; nunhluyutph opquiulwui
Uhwgnmipjub htin hknbpngth hnjuwqpbgm pjub pupwugpnid

Utwhgh Bupupltiny qkpopuhnuyhti pwnhugiikph qinfuwqpbgnipniip wgt-
wnwnthhnph b kpwth htin nmuppkp whin dwitpbnyputphh qpu’ kqpujugnipmit £
wpyk), np wyn onpuyuljut gninudnpyws dkuwtthquny pupwgnn wpngkup nith wnw-
nwbnnuljub punyp:

Uoyws tplinypp pugwwnpyl) k ghpopupnuwjhtt nwnhlwiubph dwutwlgnipudp,
puguuwljut hbnmwnwpd uwh gnynipyudp:
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Academician I. A. Vardanyan

Critical Phenomena at Heterogeneous Interaction of CH30; Radicals
with Organic Compound

On the basis of the study of heterogeneous interaction of peroxy radicals with acet-
aldehyde and methane on different surfaces it was shown that this chain branching pro-
cess has an oscillation behavior. The explanation of this phenomenon is given assuming
the existence of negative feedback with the participation of peroxy radicals.
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Introduction. Many plants used in herbal preparation have been found to
possess sufficient antioxidant compounds that can be used in the battle against
cellular damage and disease [1]. In situations of increased free radical generati-
on the reinforcement of endogenous antioxidants via intake of dietary antioxi-
dants may be of particular importance in attenuating the cumulative effects of
oxidatively damaged molecules. It has been determined that the antioxidant
effect of plant products is mainly due to radical scavenging activity of phenolic
compounds such as flavonoids, polyphenols, tannins, and phenolic terpenes .
The antioxidant activity of phenolic compounds is mainly due to their redox
properties, which can play an important role in adsorbing and neutralising free
radicals, quenching singlet and triplet oxygen, or decomposing peroxides [2].

Plants of the Hypericum genus are well known for their use in traditional
medicine due to their therapeutic efficacy. H. perforatum extracts has been fo-
und to contain several classes of compounds common to most plants, including
polyphenolics, flavonoids (quercetin, rutin), etc, as well as two very active clas-
ses of unique constituents — the phloroglucinols (hyperforin, adhyperforin) and
the naphthodianthrones (hypericin, pseudohypericin) [3, 4]. In spite of this in-
tense research activity, the antioxidant potential of H. perforatum extracts has
been poorly studied.

The aim of current work was to elucidate different biological activities of
H. perforatum ethanolic and aqueous extracts, e.g. cytotoxic and free radical
scavenging activities, determine the relationship of flavonoids composition, an-
tiradical and antimicrobial activities in chemical and biological systems.

Materials and methods. H. perforatum plants (flowers, including approx.
3-5 cm of stem) were collected in 2010 from Tavush region of Armenia and the
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biomass was dried on the same day for the preparation of ethanolic and water
extracts [5]. To study the antibacterial activity extracts were pre-sterilized
through antibacterial filters with 0.2 pm pore size.

Aluminum chloride colorimetric method was used for flavonoids de-
termination [6] based on the property of flavonoids and flavones glycolsides
form internal yellow complexes of chelate type with AI’*. As a flavonoid
standard the quercetin (1,3,4,6,8,13-hexahydroxy-10,11-dimethylphenanthro-
perylene-7, 14-dion) (0.1 — 10 pg/ml) dissolved in ethanol was used. The
calibration curves traced for standard solutions of quercetin/Al** complexes at
430 nm have revealed. From the calibration curve the dependence of quercetin
concentration on absorption (A4;) was revealed that is expressed in the
equation with a coefficient of determination (R?):

Cyuercetin = -0.19+14.64xA 3. R* = 0.9834. 2)

To calculate the quantity of total flavones (expressed as quercetin equi-
valents as mg/g of dry weight of plant material) in H. perforatum extracts the
dilution factor was quantified and the concentration [mg flavonoid / g sample]
was calculated by equation:

Chr. = V (ml) x 10°/ m (g) X F x Cyer (mg/ml), 3)
where: V is the volume of solution prepared from the plant material, m is the
mass of plant material, F is the dilution factor that is equal to 10, Cy is the
flavonoid content for each extract, quantifies by formula (2).

Antiradical activity of tested extracts compounds was assessed in a
chemical model, i.e. DPPH (2,2-diphenyl-picrylhydrazyl) stable radical system
as described previously [7] , occurring by the DPPH radical transformation into
its reduced form, which is accompanied with its bleaching at 517 nm at 25°C
[8]. DPPH solution which absorbance was not changed in the time of the
experiments was used as a negative control. Quercetin and rutin (3, 37,4°,5,7-
pentahydroxyflavone-3-L-ramnopyranoside) (0.1-10 pg/ml) were used as a
positive control. A remnant optical density of DPPH at 517 nm was detected
even after its complete scavenging and thus the percentage of the radical
scavenging activity (RSC) was calculated by the following equation:

RSC% = [(Acontrol - Asample)/(Acontrol_ Aremnam)] x 100.

The inhibition concentration (ICsy) values that denote the concentration of
sample, required for scavenging the 50% of DPPH free radicals were calculated.
To show the DPPH discoloration reaction kinetics the ICs, values were con-
verted to a ratio by dividing them to a value, where a total DPPH reduction is in
its steady state. This ratio was named reduction index (RI), a kinetic parameter
that measures the velocity of the reaction of DPPH reduction [9].

Antibacterial activities of H. perforatum aqueous extract were studied on
polyresistant strain Staphylococcus aureus Ne 906 and wild type Escherichia
coli K-12 cultures (Collection of the Department of Epidemiology of Yerevan
State Medical University) by the method of serial double dilutions with differ-
rent content of extracts [10]. From dose-depending curves the concentration of
extract required for the inhibition of the bacterial survivability on half (ISsy) was
determined.

The antibacterial activities of both extracts of H. perforatum were also in-
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vestigated by the disc-diffusion method [11]. As an indicator of antibacterial
activity the inhibition zone (in millimeters) formed after 24 — 48 hours of
bacteria development was taken. E. coli K-12 wild type strain was grown on
nutrient media in Petri dishes with 1.5% agar and minimal salt media [12]. Mic-
robial loading on a Petri dish was about 10° cells. The sample holes were gained
by removal of 8 mm core of agar from the seeded Petri dish agar and 100 pl of
each extract (10 - 100 mg/ml), as well as pure quercetin and rutin (0.01 -
0.1mg/ml) was applied. The filled hole was then covered with pure agar. The
plates were incubated overnight at 37° C. Cultures incubated with ethanol were
the negative control.

Experimental results are expressed as means + SD (standard deviation). All
measurements were replicated five times. The data were analyzed by a one-way
analysis of variance (ANOVA) and the values of p < 0.05 were considered as
significant.

Results. The property of compounds of flavonoid origin involved in com-
plex formation with metals e.g. with aluminum [13] was used to reveal their
content in H. perforatum extracts. The data received in this research indicate
that the flavonoids content in ethanolic extracts of H. perforatum exceeds that
of aqueous extracts more than 8 times (Table).

Flavonoid, hypericin contents, ICsy values for DPPH radical
scavenging and IS;, antibacterial activities of H. perforatum extracts,
quercetin and rutin. Represented values are means of five independent
experiments (mean + SD, p<0.05)

H.perforatum | Flavonoid | Hypericin 1Cs IS5 g/ml
extracts content content (mg/ml)
(mg/g) (UM) E.coli S.aureus
Eth-Ex 0.59 +0.031 30.0£0.5 0.68 £0.036 - -
Aqua—Ex 0.073 £0.004 7.0 £0.05 0.75 £0.045 | 0.45+0.010 0.30+0.015
Quercetin - - 0.01 £0.003 - -
Rutin - - 0.03 £0.003 - -

The evaluation of the free radical scavenging capacity of H. perforatum
extracts, quercetin and rutin was based on the DPPH consumption elicited by
their addition. Hydrogen donating ability was dose-dependent. From the dose-
activity curves ICs, of each extract, quercetin and rutin was determined graphi-
cally. Both extracts of H. perforatum showed high approximately the same free
radical scavenging activities by DPPH assay (Fig 1). The standard quercetin
shows an ICspat 0.01+0.003 mg/ml, and rutin 0.03+ 0.003 mg/ml.
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Fig 1. DPPH radical consumption induced by quercetin and rutin (left) and ethanolic
and aqueous extracts of H. perforatum (right) (mean * SD of five independent
experiments, p<0.05).

The antibacterial activity of aqueous extract of H. perforatum was asses-
sed by cultivation of bacteria in media containing different concentrations of
extracts. It was shown that the extract has expressed inhibiting action on gram-
positive (S. aureus Ne 906) and gram-negative (E. coli K-12) bacteria. S. aureus
and E. coli become susceptible to H. perforatum extract beginning from the
concentration of 0.18+0.005 and 0.28+0.009 g/ml, respectively. The concen-
tration of extract that is needed to inhibit the survivability on half (ISsp) is
0.320.010 and 0.45+0.015 g/ml for S. aureus and E. coli, respectively. These
data demonstrate the sizeable antimicrobial activity of aqueous extracts of H.
perforatum (Fig. 2).
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Fig. 2. Survivability (in %) of S. aureus Ne 906 and E. coli K-12 depending on
concentration of aqueous extract of H. perforatum (mean = SD of four independent
experiments, p<0.05).

Antibacterial activities of extracts of H. perforatum and quercetin on E.
coli K-12 were also studied by disc-diffusion method. It was shown that etha-

285



nolic extract and quercetin possess antimicrobial activity with the close values
diameters of inhibition zone (with the core diameter), within the 24 h period.
Rutin possess a less inhibition on E. coli K-12, and the aqueous extract action is
negligible. After 48 h a slight increase of the inhibition zone was observed. The
ethanol alone did not show any zone of inhibition (Fig. 3, 4).

Fig. 3. The formation of inhibition zones after injection of H. perforatum ethanolic

extract (1) and quercetin (2) into the agar holes. Represented values are means of five
independent experiments (mean + SD, p<0.05).
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Fig. 4. RI and inhibition zone diameter (with core diameter) values for H. perforatum

extracts, quercetin and rutin. Represented values are means of five independent
experiments (mean + SD, p<0.05).

Discussion. Medical plants are therapeutic resources of modern drugs for
the treatment of common diseases. The screening of medicinal plants for active
compounds has become very important as potential sources of novel antibiotics
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[14]. H. perforatum plants are reported to have multiple biological activities
including vasodilator, anti-depressive, anti-inflammatory, anticancer, antiviral,
antibacterial etc [1, 3, 9] due a number of phenolic compounds, including
hypericin, hyperforin, rutin, hyperoside, quercetin, flavonols, flavones, etc [15].
Several compounds in H. perforatum could be attributed to pharmacological
activities associated with free radicals. Overproduction of free radicals causes
oxidative damage to biomolecules such as lipids, proteins and DNA, eventually
leading to many chronic diseases [1, 2]. However, antioxidants are known to
reduce the possibility of occurrence of these adverse events.

The results of this study have revealed the antioxidant potential of H.
perforatum aqueous and ethanolic extracts in a chemical model. ICs, values
indicate that the antioxidant activity of ethanolic extract of H. perforatum is a
little higher than its aqueous extract. It is known that the flavonoids content in
extracts plays a significant role in their antioxidant capacity [1]. The aqueous
extract of H. perforatum has a low content of hypericin and flavonoids that
suggests that the expressed antiradical activity is more likely caused by water-
soluble non-flavonoid origin antioxidant compounds. The high RSC value of
ethanolic extracts is likely connected with content of flavonoids and quercetin
in particular the content of which was shown to be 8 times more in ethanolic
extracts (table). Quercetin exhibits a better scavenging activity, supporting the
role of 3-OH group in free radical quenching. The relatively low scavenging
activity of rutin could be attributed to the O-rutinose substituted 3’—position of
the C-ring confirms that in flavonols with thrihydroxyl the hydroxyl groups
function as effective radical scavengers [16]. In this test system quercetin was
more potent antioxidant, than rutin.

The ICs values give little information about the reaction kinetics, in terms
of velocity [17]. Therefore, we used an additional parameter, the reduction
index (RI) that characterize the DPPH bleaching rate (Fig. 4). Both extracts
induced a moderate decrease in the free DPPH radical. It was shown that
inserted RI values differ significantly for ethanolic and aqueous extracts (more
than 3 times), but RI for ethanolic extract is equal quercetin RI. It is possible
that high velocity of DPPH bleaching is due to antioxidant compounds of
flavonoid origin, whereas slow velocity of DPPH decolorization by aqueous
extract is due to antioxidant compounds of non-flavonoid origin. Besides,
synergism of phenolic compounds in an extract may contribute to the overall
antioxidant activity

The antibacterial activity of H. perforatum aqueous extracts showed
growth inhibition against S. aureus and E. coli, where the stronger activity was
found on S. aureus (Fig. 2). The activity of the extract was found to be higher
on Gram-positive bacteria compared with the Gram-negative strains. The latter
effect was not surprising as it is known that Gram-negative bacteria are more
resistant to plant extracts [12]. Data received in this study allow concluding that
H. perforatum aqueous extracts act on cytoplasmic targets. It should be noted
that aqueous extract showed antiradical activity (ICsy = 0.75 = 0.045 mg/ml) in
much more less concentrations than is needed for the expression of antibacterial
activity (ISsop = 0.3£0.010 and 0.45+0.015 g/ml) for S. aureus and E. coli,

respectively.
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Ethanolic extract of H. perforatum and quercetin showed practically equal
antibacterial activities against E. coli K-12 by the disc diffusion method. Consi-
dering the fact that the flavonoid content in ethanolic extract is equal to qu-
ercetin content expressed in equivalents (Table), it could be concluded that the
main input in antibacterial activity of this extract belongs to quercetin, although
routin can introduce antibacterial activity of extract. The aqueous extract did not
show antibacterial activity by this method, which may be connected with the
low amounts of extracts used that was less from 20 to 30 times compared with
the amounts, taken for the method of serial double dilutions. The differences in
antibacterial activities of ethanolic and aqueous extracts within the same con-
centrations could be explained by the low quantity of flavonoids in the latter.
These results agree well with the published data on antimicrobial activities of H.
perforatum extracts on various bacteria [17]. In the present work it was shown
correlation between RI and antibacterial activity, determined by disc-diffusion
method that certify both antibacterial activity and velocity of DPPH bleaching is
due to the same antioxidant compounds (Fig. 4).

Data gathered in this study demonstrated the ability of ethanolic and aqu-
eous extracts of H. perforatum to scavenge the DPPH stable radical. It is shown,
that both extracts express the significant antiradical activity with near ICsy va-
lues that varies significantly in their RI. In aqueous extract the DPPH decolo-
rization activity seems to be connected with contribution of soluble components
of non-flavonoid origin. The DPPH stable radical scavenging activity correlates
with flavonoids content in ethanol extract. Both extracts of H. perforatum reveal
antibacterial action in a dose-dependent manner. The result of this study justi-
fies the use of these extracts of H. perforatum for the treatment of infectious
diseases caused by bacteria.
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The antioxidative potentials of extracts of Hypericum perforatum were evaluated
by 2,2-diphenyl-l-picrylhydrazyl radical (DPPH) assay with simultaneous monitoring of
the total flavonoids content. The antibacterial effects of these extracts were also
investigated. It was shown that H. perforatum ethanolic and aqueous extracts express
significant antiradical activity with near inhibition capacities that vary significantly in
their reduction index (RI). Aqueous extract reveals cytotoxic action on E.coli and
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S.aureus bacteria in a dose-dependent manner that correlates with antiradical activity,
which is seems to be connected with components of non-flavonoid origin. The DPPH
scavenging activity in ethanolic extract correlates with flavonoids content.

Z. [} Jupnuuybujub, U.U. fipnyjui, U. Q. Shpugnywi,
22 QUU pnp. winud U.2. @nyniyul

Hypericum perforatum-h tpunnpuljnttiph hwjununhyuwuyht b
hwljwpuljntphu hwnympnibubph mundbwuhpmpniiip

Nuunudtwuhpyly) Bu swlnwnlytt upnhniinh (Hypericum perforatum) tpunpuljn-
ukph hwlwopuhnhy wynpynipmnitp 2,2-nhdkuhi--whyphhhgpughy (RN2) Yugnih
nunhluuph dwpdwdp b $juyninpnubtph pinhwinip wwpnibwlnipyut dnbhpen-
Rhugp: ZEnwgnundt) k bwb tpunpulunubph hujwpwlyubphw) wjnhdnpmpip: Pw-
guhwpnyky k, np H. perforatum-h tpwtnjuht b gpuyghtt kpunnpwljnbpp, nibkiwng
hwljwpwnhljwuhttht dnwn wjnhynipnibuutp, gniguppnid i puduluwbwywh wnwp-
phip JEpuljubiqdwt hinkpubikp (RI): Qpuyht Epunpuljnp E. coli & S. aureus puljnk-
phwtbph Wwndwdp gmgupbpmu E ghuninpupmpmit’ juhnjws ynbghinpugh-
wjhg, npp Ynpkjugynud b hwjwrwnhluughtt wjnhynipjudp” yuydwbwynpjws ny
drudntinhnuyhti pinyph pununphsibpny: Epwinjuyht Epunpuljnh N2 -h hwinby
hwljwrwunhjujuyhtt wnpynipniup Ynpbjugdnud £ pjwynunhnubph wupnibwlnt-
pjwut htwn:

I'. P. Bapaanersin, C. C. badyasn, C.I'. TupanysH,
wieH-koppecnionxeHT HAH PA A. A. Tpuynsn

HccnenoBanue aHTHPAANKAIbHBIX M AHTHOAKTEPHAJIBHBIX CBOHCTB
akcTpakToB Hypericum perforatum

HccnenoBaH aHTHOKCHIAQHTHBIN TOTEHIMAT SKCTPAKTOB 3BEpP0O0O0S MPOIBIPSIBIICH-
Horo (Hypericum perforatum) TymeHueM cTaOMIBHOTO panukana 2,2-1udeHu-J-nuK-
pwiruapaszun (JIOTII) ¢ ogHOBpeMEeHHBIM MOHUTOPUHIOM OOIIET0 cofiepkanus (aaBo-
HouzoB. VccnenoBaHa Takke aHTHOAKTepHalbHas aKTUBHOCTb AKCTpakToB. [lokazaHo,
YTO 3TAHOJBHBIN M BOIHBIA 3KCTpakThl H. perforatum o0namaroT OMM3KONH aHTHPAIH-
KaJIbHOM aKTMBHOCTBIO IPH 3HAUMTEIBHO OTJIMYAIOMIEMCS HHIEKCE BOCCTAHOBIICHHS
(RI). BomHblii 9kCcTpakT 00J1aaeT MUTOTOKCUYHOCTHIO B OTHOIIEHUH Oaktepuii E.coli n
S.aureus, 3aBUCSIIEH OT KOHIIEHTPALUHU, YTO KOPPEIUPYET C aHTUPAAUKAIBLHON aKTHUB-
HOCTBIO, CBSI3aHHOH C KOMITOHEHTaMU HedraBoHOMIHOW mpupoxnsl. TymeHne pagukaina
JI®IIT 3TaHONIBHBIMH YKCTPAKTAMH KOPPEIUPYET C CoAepKaHHeM (IIaBOHOHIOB.
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KnrodeBble c10Ba: cunoxunemuueckuii CUHOPOM, SUNOKUHE3US, Y2ne00bl,
VeneBoOHbIL 00MeH, 2110K03a, NUPOSUHOSPAOHAs KUCIOMA, lakmamoezuopoze-
Hasa.

W3BecTHO, 4TO B YCIOBUSAX AJUTENBHON TMIOKMHE3UHM B OpraHU3ME TEIUIo-
KPOBHBIX JKMBOTHBIX IPOUCXOIAT HM3MEHEHHUS OKUCIUTEIbHO-BOCCTAaHOBUTEb-
HBIX TIPOLIECCOB, B TOM YHCJIE U METa0OIM3M YIJIeBOJOB. VI3MEeHeHe OCHOBHOTO
MOKa3aTeNsi COCTOSHUSI YTIIEBOJHOTO OOMEHa — KOHLEHTPALUUH TJIIOKO3BI B
KpPOBH, TI0O MHEHHUIO psiia aBTOPOB, MPU THIIOKUHE3WH HOCUT (a3HbBIM XapakTep
[1]. Ha paHHMX 3Tanmax TMIIOKMHE3MH OTMEYaeTCsl IOBBILICHUE COIEpIKaHHs
IJIIOKO3bl B KpoBU. llpm Oojiee UIMTEIBHOM BO3ACHCTBUM THIIOKMHE3UU
HaOJroaeTcs TUIOINIMKEMHUS, YTO corjacHo [2, 3] CBs3aHO C yMEHBIIEHHEM
3amacoB TIIMKOTEHA B IEUYeHH U TOPMOXKEHHUEM €ro HOBOTO CHHTE3a.

I'unokuHe3us: NPUBOAUT TaKKe K 3HAUMTEIIbHOMY HAapyLIEHUIO aKTUBHOCTH
psana GepMeHTOB, Y4acTBYIOIIMX B OOMeHe yrieBoJoB. OJHUM M3 KIIOYEBBIX
(epMEHTOB, YYacTBYIOLIMX B pACIICIUVIEHMM IMPOBUHOIPAJHOW KHUCIOTHI B
MOJIOUHYI0, IBJISIETCS JIaKTaTAeruaporeHasa [4-6].

B Hacrosimiel cTarbe HCCIEIOBAHO COCTOSHHE YIJIEBOJHOTO OOMEHa B
YCIIOBUAX JUIMTENBHON THIIOKMHE3UH Ha IIpUMepe TaKHX KIJIIOUEBBIX IOKa3aTenei
YIJIEBOAHOrO0 0OMEHa, KaK COAEp)KaHHEe IJIIOKO3bI B KPOBU M MUPOBHHOIPAAHOM
KHCJIOTHI U JIAKTaTAErUAPOreHa3bl B CHIBOPOTKE KPOBH .

OnbITel OBUIM TPOBEAEHBI Ha OeNbIX OECMOpPOIHBIX KphICaX-CaMIax c
ncxoxgaoit maccoit 120-160 r m Obrukax 4-mMecsYHOTO BO3pacTa C HMCXOIHOU
Maccoii 70-80 kr. JKHBOTHBIEC OTBITHBIX W KOHTPOJIBHBIX TPYII TOAOUPAIUCH IO
IIPUHIMITY aHaI0roB. I[10ONBITHBIE KPBICH! TOMEIIAINCH B CKOHCTPYUPOBAHHBIE
HamMH KJIeTKH paszmepoM 140x60x60 MM, orpaHHYMBAIONINE WX JIBUTATEIHHYIO
aKTUBHOCTh. KOpPMWJIM W TOWIM XHBOTHBIX M3 CHEHUANBHBIX KOPMYIIEK H
MIOWJIOK, pa3paboTaHHBIX B Hay4yHo-HCClenoBaTenbeckoil 1a00paTopin SKCIepH-
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MeHTanbHO-Onomornuecknx mojeneit PAMH. KoHTponbHBIE KMBOTHBIE HaXo-
JIUIINCh B OOBIUHBIX YCIIOBUSIX BHMBapus. JJIUTEIBHOCTh I'MIIOKMHE3MH B 3TOM
cepum coctaBmia 45 mueit. KpoBb 1S uccieoBanuii Opanu B JMHAMUKE KaK 10
THIIOKWHE3WH, TaK U Ha 5-, 15-, 25-, 35-, 45-e CyTKH THIIOKHE3NH.

JanpHeliue uccieqoBaHUsl ObLUIM MPOBENCHBI HA MOJIOAHSKE KPYIHOTO
poraTroro ckoTa B KOJHWYECTBE 6 TOJIOB, JBUTATEIbHYIO aKTUBHOCTH KOTOPBIX
OTPaHWYMBAIM B WHAMBUAYAIBHBIX KieTkax pazmepoMm 50x130 cm. XXuBoTHbIE
KOHTPOJIBHOM TPYMIBI B KOJIMYECTBE 3 TOJIOB COAEPIKANUCH MO OTACTBHOCTH B
O0okcax pa3smMepoM 2xX4 M M B TEUCHHE JKCICPUMEHTA KMEIH €XKCIHEBHBIN
JIByX4acOBOW BBITYN. J[MUTENFHOCTh TMIIOKMHE3WH B 3TOH Cepuu HaOIIONEHH
cocrasmna 120 cytok. KpoBp amns uccnenoBanuii Opanu y OBIYKOB B AHMHAMHKE
KakK JI0 OTpaHUYEHUs IBUTaTeIbHON aKTHMBHOCTH, TaK W Ha 5-, 10-, 15-, 30-, 45-,
60-, 75-, 90-, 105-, 120-¢ cytku runokuHe3un. CoJiep:kaHUE TIIFOKO3bI B KPOBU
onpenensiin MeronoMm ['ynbrmana B mMoaudukanun XuBapueHa — Hukkuna, B
OCHOBE KOTOPOTO JIEKUT CTEIEeHb OKPACKH pPacTBOpa, OOpa3yroIlerocs IMpu
B3aUMOJEHCTBUM OPTOTOJIYUAMHA C IVIIOKO30H. IIMpoBHHOrpagHyr0 KHCIOTY
onpeneNsuId MOAU(GUIUPOBAHHBIM METOJIOM Y MOpaiTa. 3aKIIIOYaIOUINMCS B TOM,
YTO MUPOBUHOTPAZHAS KUCIOTa KPOBU KOHIEHCUpPYeTCs ¢ 2,4—TUHUTPOGEHUI-
THIPa3WHOM C 00pa3oBaHHEM THIPa30Ha, OKPAIIMBAIOIIErOCs B ICTIOYHON Cpesie
B KOPUYHEBO-KPACHBIM LIBET, 10 MHTEHCUBHOCTH KOTOPOIO KOJIOPUMETPUYECKH
CYISIT O COIEp)KaHUM MUPOBUHOTPATHON KUCIOTHL. AKTHBHOCTb JIAKTaTIEIUA-
poreHassl B CBHIBOPOTKE KpoBM ompenensuin no merony Casenst u ToBapexa,
IIPUHIMII KOTOPOIO COCTOUT B TOM, uTO L-jmakTar B IIENOYHOH cpele B
MIPUCYTCTBHUHU JIAKTATIETUAPOTeHA3bl CBIBOPOTKH KpOBU U JHoOaBineHHOro HAJ|
(HUKOTHHAMUJ — aJICHUH —AUHYKIICOTH ) OKUCIISETCS B MUPYBaT.

[locne 5 cyTok mpeOBbIBaHUS B YCIOBHSX TMIIOKHHE3WH COAEPIKaHHE TIII0-
KO3BI B KPOBH KPBIC YBeIHUWBaeTcs B cpeaHeMm Ha 57% (5.98+0.34) mo oTHO-
LIEHUIO K JAHHBIM, MIOJTy4€HHBIM Y KOHTPOJIBHBIX ®KHUBOTHBIX (3.81+0.11). Ha 15-
€ CYTKHM DKCIIEPUMEHTa COJep)KaHHE IJIIOKO3bl B KPOBU HECKOJBKO CHHU3HJIOCH
(4.3+0.73) u mo cpaBHEHHIO ¢ KOHTPOJIBHBIMU naHHBIMU (3.47+0.22) cocTtaBuio
24%. Ha 25-e cyTKM JTOT TOKa3aTelb OMSATh PE3KO JOCTOBEPHO BO3pacTaeT
(7.2+1.29) 1 N0 OTHOIIEHUIO K JTaHHBIM, MOJYUYEHHBIM Y KOHTPOJBHBIX >KMBOT-
HBIX (3.46£0,22), cocTaBiser yxe 108%. Ha 35-e cyTku coneprkaHue IITIOKO3BI B
KPOBHU TMOJOMBITHBIX KPBIC MPOJODKAET OCTABAThCSA JOCTOBEPHO MOBBIIICHHBIM,
XOTsI OTMEUaeTcs HEKOTOpas TEHISHIHMS K MOHMXKEHHUI0. B 3TOT cpok naHHBIE,
MONTyYeHHbIE Y TOMOMBITHBIX JKMBOTHBIX (5.81+0.47), BbIIE TaKOBHIX ¥
KOHTpONbHBIX (3.64+0.22) Ha 60%. K KoHIy sSKkcrepuMeHTa, Ha 45-€ CyTKWH,
collepKaHhe TIIIOKO3bl B KPOBH IOAOMBITHRIX JKUBOTHBIX (3.73+£0.34) mpak-
TUYECKH HE OTJIMYAIOCh OT TAKOBOTO Y KOHTPOJBHBIX (3.64+0.22).

AKTUBHOCTb JIaKTaTIEIUAPOTeHa3bl B KPOBHM OENBIX KpbIC IOBBIIIAIACH
yepe3 35 cyTok ¢ Havana skcnepumenTa (2.0+0.04), 4yTo Mo cpaBHEHMIO C KOHT-
poneHbIMU  TIOKa3aTemssMu (1.58+0.02) cocrtaBuno 26%. IlocreneHHOE MOBBI-
[IeHNe aKTUBHOCTH JIAKTATAETUAPOTeHA3bl B CHIBOPOTKE KPOBU HAOIIOAIOCh U B
MOCIeyIONIMe CPOKM Hamux Huccienoanuil. Tak, uepe3s 45 cyTok ¢ Hauaia
SKCIEPUMEHTa aKTHBHOCTH JakTtataeruaporeHassl (2.10+0.05) mo cpaBHEHHIO C
koHTposieM (1.60+0.03) Obw1a nocroBepHo BhIme HA 31.2% (Tabm. 1).
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Taoauua 1
Coaepixanue rII0K03bI (MMOJIB/JT) B KPOBH M AKTUBHOCTH
JIAKTAT/AEeruAporeHas3pl (MMoJIb/4.J1) B CBIBOPOTKE KPOBH 0€JIbIX KPBIC PH
45-cyrounoii runoxkunesuu (M+m, n,=8 ,n =6)

Cpoku uccienoBaHus, CyTKH

I'pynmna
Toxazaress don 5 15 25 35 45

I'moxo3za OnbIT 3.940.34| 5.98+034* 4.30+0.73| 7.20+1.29% 5.81+0.47* 3.73+0.4

Konrp. | 3.7+0.45| 3.81+0.11| 3.47+0.22] 3.46+0.22| 3.64+0.22| 3.47+0.22

OnpiT 1.64+0.4| 1.6940.03| 1.66+0.02| 1.64+0.02| 2.0+0.04*| 2.10+0.05*

Jlakratnerun-
poreHasa Konrp. | 1.59+0.03| 1.66+0.04| 1.64+0.02| 1.59+0.02| 1.58+0.02| 1.60+0.03

*P<0.05

B skcnepumenTe Ha Obrukax mpu 120-CyTOYHOH THIIOKMHE3WH BBISBIICHBI
cnenyromue u3MeHeHus. B mepBeie 30 cyTOK SKCIIepUMEHTa 3aMETHBIX H3Me-
HEHUI YPOBHS TJIIOKO3bl B KPOBH TIOAOMNBITHBIX XMBOTHBIX HE OOHApYXKEHO.
Hauunas ¢ 45-x cyTok oTMeuaeTcss TeHICHITUS K MOBBIIICHUIO 3TOTO MOKa3aTels.
B 3TOT CpoOK KOJUYECTBO TIIOKO3bI B KPOBU IMOJONBITHBIX OBIYKOB (4.22+0.26)
YBEIMYWIIOCH B COCTaBHIO 14% 10 CpaBHEHHWIO C NAaHHBIMH, TOJXYYCHHBIMH Y
KOHTPOJIBHBIX >KUBOTHBIX (3.70+0.41). Ha 60-e CyTKM KOJHYECTBO TIIOKO3HI B
cpemHeM yBenmumiochk Ha 23% (cooTBercTBeHHO 4.68+0.27; 3.81+0.60), a na 75-
e cyTku — Ha 27% (cooTBeTcTBeHHO 4.56+0.18; 3.60+0.40).

C 90-x cyTok HauMHAaETCs MPOLECC HOPMATIU3ALUHN COJIEP>KaHMs TTIIOKO3bI B
KpPOBH TIOAOMBITHBIX OBIYKOB — YPOBEHB TIIOKO3BI YBENHYEH Bcero Ha 4% 1o
OTHOIICHUIO K KOHTpouto (3.75+0.11;3.60+0.35). Ha 105-¢ u 120-e cyTku rumo-
KWHE3WH CYIIECTBEHHBIX OTIWYHN B COJIEP)KAHUH TIIOKO3bI B KPOBU ITOIOTIBIT-
HBIX JKMBOTHBIX TI0 CPaBHEHHUIO C JAHHBIMH, IMOJIYYCHHBIMU Y KOHTPOJBHBIX
YKUBOTHBIX, HE OOHAPY>KEHO.

Jlanee ObUTO TIPOIOIKEHO M3YyYEHUE aKTHBHOCTH JIAKTATAETHIPOTeHAa3bl Ha
oprukax. Haumnast ¢ 30-X CyTOK THITOKWHE3WH aKTUBHOCTH JIAKTATACTHAPOTEHA3BI
noseicunack Ha 17.4% (1.96+0.06) mo OTHOLIECHUIO K JAHHBIM, IOJYYEHHBIM y
KOHTPOJBHBIX KUBOTHBIX (1.67+£0.03), m ocraBajmack NOBBIIIEHHOW 10 75-X
CyToK 3KcnepuMeHTa. Ha 45-e cyTku naHHBIE, MOJYYEHHbBIE Yy MOJOMBITHBIX
#HUBOTHBIX (1.82+0.06), ObuTH BhIIE KOHTPOJBHBIX (1.61+£0.05) Ha 13%, Ha 60-¢
cytku — Ha 17% (cootBercTtBeHHO 1.96+0.08;1.68+0.08), a Ha 75-€ cyTkm — Ha
19.4% (1.9740.08;1.65+0.03). Haumnas ¢ 90-Xx CyTOK OTMEYEHO CHIDKEHHE
AKTUBHOCTH JTaHHOTO (hepMEHTa Yy MOAOMBITHBIX XKUBOTHBIX (1.6320.04), uTo mo
OTHOIIEHUIO K 3TOMY IIOKa3aTeNi0 y KOHTPOJBHBIX >XUBOTHBIX (1.57+0.01)
cocraBuiio Bcero 3.8%. B koHIle skcriepuMenTa, Ha 120-e CyTKH, CyIecTBEHHBIX
OTIIMYMUA MEXJy JaHHBIMH, TMOJyYEHHBIMU Y TIOJIOTBITHBIX W KOHTPOJBHBIX
JKUBOTHBIX, HE OTMEUCHO.

Wrak, BBIABICHO, YTO MPH JJIUTEILHOW TUIOKUHE3UU Y KPbIC M OBIYKOB
TIPOUCXO/IST OTIpe/IeTICHHBIE H3MEHEHUSI B MeTabonu3Me yrieBoaoB. Hamm man-
HBIE COTJIACYIOTCS C JAHHBIMH JTUTEPaTyPHI.

BBuay Toro, 9Tto TIMKONW3 SBISIETCS OJHUM M3 MEXaHH3MOB dHeproodec-
MEYCHUST KJICTKH, & MMPOBUHOTPAHAS KHUCIOTA — MPOMEKYTOYHBIM TPOAYKTOM
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pacuienyieHus yIrieBoAoB, JaHHBIE 10 COAEPKAHUIO STOTO KOMIIOHEHTa B KPOBH
CIIy’)KaT IoKas3aTeneM OOILEero COCTOSHUS YIJIEBOAHOTO OOMEHa B OpraHu3Me
KHUBOTHBIX. [IMpOBHHOrpaHAs KUCIOTA UCTIONB3YETCS B OpraHU3Me B OCHOBHOM
Ui OMOCHHTE3a JIMMOHHOW KHUCIOTBHI IIOCJIE€ IPEeIBAapUTEIbHOTO JeKapOoK-
CHUIIMPOBaHUs 1 00pa30BaHUA alleTHIIKOIH3UMA A.

[Ipu wm3yyeHnu conepaHWs MHUPOBUHOTPAJHOW KUCIOTHI B KPOBH HaMH
00HapyXeHO, YTO YK€ Ha 5-€ CYTKH JKCHEPUMEHTa KOJIUYECTBO ATOTO KOMIIO-
HEHTa B KPOBH IMOJONBITHBIX KUBOTHEIX (78.044.90) mpeBbImanio KOHTPOIbHBII
ypoBeHs (73.45+0). Ha 10-, 15-, 30-e cyTku OorpaHUYeHUs [BUTATEIHHON aKTHB-
HOCTH U3MEHEHUH CO CTOPOHBI 3TOT0 METAb0JINTa B KPOBU HE OOHAPYKEHO.

HauGonee 3HauuTeldbHbIE HW3MEHEHHMs KOJIMYECTBA HHPOBHHOTPAJIHOM
KHCJIOTHI B CTOPOHY TIOBBIIIEHUS HaOMofamuck ¢ 45-x mo 75-¢ cytku. Tak, Ha
45-e CyTKM conep)KaHHWE€ MUPOBUHOIPAIHOM KHUCIOTHI B KPOBM IOJIONBITHBIX
KHUBOTHBIX (89.444.56) ObLIO BBIIIE, YeM Y KOHTPOJBHBIX (79.1£9.70), Ha 13%, a
Ha 75-e cyTku — Ha 24% (cootBercTBeHHO 91.3+4.56; 73.45+1.93). C 90-x cyTok
OTM€YeHa TeHAEHIMsI K HOPMaJIM3aLUi 3TOr0 KOMIIOHEHTa YIJIEBOJHOIO 0OMeHa
— coJepKaHH€ NHMPOBUHOIPaJHOW KHCIOTHI y HOJOIBITHBIX JKUBOTHBIX
(87.7£5.47) ObLIO HMXKE, UM Y KOHTPOIBHBIX (79.1+9.67), mpumepHo Ha 11%.

Ha 105-e cyTku orpaHu4eHus JBUTATENBbHON aKTHUBHOCTH COJEpXKaHHE
3TOT0 MeTaboIuTa B KPOBH MOJOIBITHBIX XHUBOTHBIX (75.3+4.56) Obu10 yXe Ha
4.8% Huxe, 4eM B KpOBH KOHTposbHBIX (79.1£11.6), a x 120-M cyTkam — Ha
9.5% (cootBercTtBeHHO 71.6+0.90; 79.1£11.6) (Tabm. 2).

Taoauua 2
Coaeprxanue rII0OK03b1 (MMOJIB/JT), TUPOBUHOTPATHOM KUCIOTHI
(MMOJIB/JT) 1 AKTUBHOCTD JIAKTATAETHAPOTreHa3bl (MMoJIb /4.J1) Ha ¢one 120-
CYTOYHOI TMTIOKHHE3UN B KPOBHU y ObIYKOB 4-MecauHOro Bo3pacra (M+m,

H0=6, nk=3)

CyTku T'moxo3a [MupoBunorpaanas kucnora| Jlakraraeruaporenasa

OnbIT Kontpoan OnbIT KonTtpoan OnbIT Kontpoip,
don 3.70£0.22 | 3.70+0.24 75.3+5.41 77.9+£10.43 | 1.76+0.06 1.72+0.04
5 3.76+0.17 | 3.93+0.24 78.0+4.90 73.45+0 1.74+0.02 1.80+0.12
10 3.87+0.17 | 3.91+0.61 74.8+4.90 77.97£10.43 | 1.74+0.06 1.72+0.04
15 3.45+0.32 | 3.58+0.51 75.7+4.92 79.8+10.43 | 1.76+0.06 1.76+0.04
30 3.64+0.15 | 3.69+0.41 77.2+4.58 77.2+9.70 1.96+0.06* | 1.67+0.03
45 4.22+0.26*| 3.70+£0.41 89.4+4.56* | 79.1£9.70 1.82+0.06 1.61+0.05
60 4.68+0.27*| 3.81+0.60 96.0+4.56* | 69.6+1.93 1.96+0.08* | 1.68+0.08
75 4.56£018 | 3.60+0.40 91.3+4.56* | 73.45+1.93 | 1.97£0.08* | 1.65+0.03
90 3.75+011 | 3.60+0.35 87.7£5.47 79.1+9.67 1.63+0.04 1.57+0.01
105 3.70+0.11 | 3.70+0.30 75.3+4.56 79.1+9.70 1.62+0.04 1.61+0.04
120 3.41£1.03 | 3.71+0.23 71.6£0.90 79.1£11.6 1.62+0.02 1.61£0.04

*P<0.05

VYBenuueHne cojepaHHs TIFOKO3bl B KPOBU IMOJOMBITHBIX KUBOTHBIX Ha
HavaJbHBIX CTAANSAX TMIIOKWHE3UH, TO-BUTUMOMY, SIBISIETCS CIIEACTBHEM Iepe-
CTPOMKHU cTpecc-peryaupylomeld (TunoraiaMo-cuMIIaTo-aJApeHalIoBO) CHUCTe-
MBI, KOTOpasi IPUBOAUT K MHTEHCUBHOMY pacliaJy dHEpreTUUYeCKUX BEILIECTB, B

294



TOM YHCJIe TIIMKOT€HA, B TICUSHN U MBIIIIAX ¥ MOBBILICHUIO YPOBHS TIFOKO3bI B
KpPOBH, NOTPEOHOCTH B KOTOPO B CTpecC-CUTYALUAX PE3KO BO3PACTAET.

Takum o0pa3oM, U3MEHEHHs JIaKTaTAETHIPOTeHa3bl B CHIBOPOTKE KPOBH
MIOJOTIBITHBIX )KUBOTHBIX CBUAETENLCTBYIOT O HAPYLIEHUH KaK HayaJbHBIX, TaK
Y KOHEYHBIX 3BE€HBEB YITIEBOJHOro oOMeHa. CieoBaTeNbHO, €ClI YBeTHUeHHE
coJiepKaHUsl TJIIOKO3bI B KPOBH IOJOMBITHBIX JKMBOTHBIX Ha HayalbHBIX
CTaausIX TUNOKWHE3UH SBISETCSA PE3yJbTaTOM MOOWIM3AIMU aJalTaldOHHBIX
CIOCOOHOCTEH, TO MOBBIIIEHHE AKTUBHOCTH JIAKTaTJETUAPOreHa3bl KaK y KpbIC,
Tak ¥ y OBIYKOB M HM3MEHEHHME COJAEp’KaHHUS IPOBUHOTPAJHOM KHUCIOTHI Y
OBIYKOB BO BTOPOH IIOJIOBUHE TMIIOKMHE3UM SIBISIOTCA PE3YJIbTATOM YCHUIIEH-
HOrO pacnaja yrieBOJOB B opraHusme. V3MeHEHUs, MPOUCXOJSINUE B YIJe-
BOJHOM OOMEHE y KUBOTHBIX B YCIIOBHAX TUTIOKWHE3HH, SBJISIOTCS CIIEACTBHEM
HapyLIeHUs HeHpOTryMOpaJIbHON PeryJIsaum.

l'ocynapcTBeHHBII arpapHbBI YHUBEpCUTET ApMEHHU

A.T. I'puropsin

Hapyumenus yriieBogHoro o0MeHa y ’KUBOTHBIX NPH IMIOKHHE3HH

HccnenoBano cocrosiHue YrJI€BOOHOI O oOMeHa B YCIIOBUAX JITATENTLHON TUITOKUHE-
3UHM Ha NPUMEPE KIIFOYEBBIX rnokasareyie — COoACpKaHUA TJIFOKO3bl B KPOBU, TUPOBUHOI-
panHoﬁ KHUCJIOTHI X JIAKTaTACTUAPOTCHAa3bl B CBIBOPOTKE KPOBHU OemBIX KpbIC U OBIUKOB.

OTMeueHBI YBCJIUYCHUEC COACPIKAHUSA TIIFOKO3BI M IMTOBBINICHUE aKTUBHOCTH JIAKTaT-
JACTUAPOTCHA3bI U YPOBHSA HHpOBHHOFpaIIHOfI KHCJIOTHI.

U. Q. Gphgnpyult

Ubhwgnwinitph thnjuwbwljmpjut hwbqupnidubp YEuguuhubph dnn
hhunlyhukqhugh wuydwbbkpnid

Nuunulbwuhpyby B wshiwgpuwnubph thnpwbwlnipjut wyjtwhuh Juplnp gnigwu-
uhoubp, huisyhuht £ uyhinwl weubwnbph b gnijhlhutph wpwt Uk qpniyngh b yhpn-
hiunnnuppepdh gqupnibwlnipyut b jujunwnngkhhppngbiuqu $Epdiunh wljnhdnipjut
dwupnulp hhynlyhubqhwh yuydwhubpnid:

Nupqyly E, np uvuuy swupdnqujuinipiut gujdwbbpnud wpyut Uk wykjutnid

E quniingh b whpnpuunnnuppyh yqwpntbwynipoiip, pupdpubind £ owl juunwn-
nthhgpngtiwquyh wnpynipnibp:

A. G. Grigoryan

Distortion of Carbohydrate Metabolism in Animals during
Hypokinesia
The results of our studies summarized in the tables show that some parameters of
carbohydrate metabolism in albino rats and bulls have undergone the following changes

an increase of glucose, increased activity laktatdehidrogenaze, as well as increased
pyruvic acid.
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It is known that any movement, including muscle contraction indissolubly
associated with the loss of energy, so the arisen violations are apparently largely due to
changes in energy metabolism.
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2UB8UUSUULE @PSNPESNPLLVLELE UQQUSPL UUYUTGURU
HANOUWOHAIUBHAA AKAJEMMHUSA HAYK APMEHUH
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

NOKJIAIBI QBUYNP38LED REPORTS
11 2012 Ne3
BUOXVMUA

YIK 615.277.3, 543.852.6

A. C. KaparyJsn

Poab HOBOro NPpOU3BOJHOIO UAHCOAEPKAMX JIAKTOHOB B
peryiasiuuu MeTadoJiM3Ma KOMIIOHEHTOB ()OC(POMHO3ZUTHAHOTO
LHMKJa MeMOpPaH KJIeTOK TUMYCA NPHU capkome-45

(ITpencrasieno akagemuxom K.I'. Kaparessrnom 24/11 2012)

KnroudeBble ciioBa: capxoma-45, npouzgoonoe yuancooepicawux 1axKmo-
HO8, ochouno3umudbl, GocHOUHOIUMUOHBLIL YUK, KIeMKU MUMYCA.

HccnenoBanrne MexaHW3MOB MEKKJIETOUHBIX B3aUMOJEHCTBHM, MOUCK OT-
BETCTBEHHBIX 3BEHBEB B HAPYLICHUSX PETYJISLIUU MOHTPAHCHIOPTHBIX CUIHAJIb-
HBIX CHCTEM B HACTOSIIEE BpeMs MPHOOPETAIOT Bce OOJBIIYIO aKTyaabHOCTb.
Jlureparyprsie mansse [1, 2] o pomu (HochHONHOZUTHIHBIX MECCEHIKEPOB B
nepefavye CUTHaJIA TPU OHKOJIOTHYECKHX 3a00JIeBaHUAX TPEOYIOT BBIACHEHHS
MEXaHHU3MOB 3aITyCcKa U Peryssiuy (ochONHOZUTUIHON CUTHATHHON CHCTEMBI
(®CC), obecrieunBaromiel aHTHAIIONTO3 KaK HOPMAJIBHOM, TaK U OIMYXOJEBOU
KJIETOK. Y CTaHOBJIEHA HENOCPEICTBEHHAs CBA3b HapylleHUH (yHKLMOHUPOBaA-
HUs PocPONHOZUTON-3-KUHAZHOTO KacKaja, SBISIOIIETOCS BAXKHEHIITMM 3B€HOM
®CC, ¢ BOBHMKHOBEHUEM IIMPOKOro crekTpa omyxoisied [1-3]. Tak, mossimie-
HHE aKTUBHOCTH (POC(HOMHO3UTUIA-3-KHHA3EI, (epMeHTa, nehochoInpyronero
dochounnozutuapl (OPU), HaOMOAACTCS MPH OMYXOJIAX MOJIOYHOH skenesbl [4].
PasButne omyxouneil SHIOMETpHs, CBA3aHHOE CO CHIDKCHHEM YpOBHS (ocda-
Ta3bl, TaKke MHTHOUpyeT (HocHOMHOUTUAHBINA Kackaxa [2, 5-7]. YcTaHOBIEHO,
9TO OIMYXOJH JTMM(pATHIECKOH CHCTEMBI — TUM(OMEI, a TaKXKe HefipobiacToma,
ocTeocapkoma U capkoma HOWHTra, OMyXosin MEeYeH! TaKk WM MHAYe CBS3aHbI C
BoBjeueHrneM @CC, MexaHU3Mbl aKTHBALlUK KOTOPOH UMEIOT IIMPOKUI CIEKTP
[2]. Bo3MOXHBI TakXke MOIKIIOUEHHUS APYTMX CUTHAIBHBIX CHCTEM C aKTHUBa-
e pepMeHTOB PETYILINN Tpoauepanny, TPAHCKPHIIIUK U TPOMOIIIH OITy-
xozneii [8, 9]. [Toranmanne mexanuzmMoB @CC B perymsiiuu pocTa OIryXoJieil He-
00X0IiMO AJIs pa3padOTKH U IoncKa 6omee 3P PEeKTHBHBIX CXEM JICICHHS OHKO-
JIOTUYECKUX 3a00JIeBaHuUi.

B mocnenHue rofsl co3gaH psa HETOKCHYHBIX MHruOuTopoB MU-3-kuHa3-
HOTO CHTHAJIBHOTO MYTH, YTO IMO3BOJSIET pa3paldoTaTb HOBBIE MOAXOIBI JUIA
KOMOMHHPOBaHHOH MpOTHBOOMyXoJeBoi Tepanuu [3,10-12]. Hamu Obuim mpo-
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BEJICHBI CCIIE/IOBAHUSI PAHHUX ITAllOB TPAHCIOKALMU BHEIIHETO CUTHANA Yepe3
IUIa3MaTHYeCKHe MEMOpaHbl KJIETOK TUMOLIUTOB IIyTeM HCCIIEIOBAHUS HEKOTO-
PBIX KOMIOHEHTOB (HOCHOMHO3UTUAHON CUTHAITBHOW CHUCTEMBI, B YaCTHOCTH,
MoHodochounosutunos (MOU), mudocpounozutunos (JDPM) u tpudoc-
¢ounozuruos (TON).

Lenbto HacTosmmel paboOTHl ABISIOCH HCCIIEOBAaHNE HEKOTOPBIX MaTOTeHe-
TUYECKUX MEXAHU3MOB PAa3BUTHUS OIyXOJEBOI'O IIpoliecca MpU KCIEpUMEHTa-
JIbHOW MOJIENH OIyXOJM BEPETEHOKJIETOYHOTO MPOUCXOXKIECHUS — CapKOMBI-45
(S-45) m mPOTHUBOOITYXOJIEBOW AKTHBHOCTH HOBOTO MPOW3BOAHOTO ITHAHCO-
JepKalluX JaKTOHOB.

Matepuajl # MeTOABbI MCCJIEI0BAHMI. DKCIEPUMEHTH! IIPOBOJMINCH HA
30 GenbIx KpbIcax-camiax JuHuHM Bucrap maccoit 180-200 r, pa3aeneHHBIX Ha
Tpu rpynmnsl. IlepBasi, KOHTpoJbHAas, Ipynna cocTosya U3 10 MHTAKTHBIX KU-
BOTHBIX. JKUBOTHBIM BTOPOI! U TPEThEH rpyIN MOAKOKHO MEPEBUBAIIN OITyXOJIe-
BBl mTaMM S-45, MOJIy4eHHBI U3 0mmyXoJeBoro 6anka OHKOJIOTHYECKOTO eH-
Tpa M3 P® (Mocksa). IlepeBuBKY MpoBOAWIIM B CIIEIMAIbHOM OOKce jabopa-
TOPUM TOKCUKOJIOTHU U XUMHOTepanuu Hay4HO-TeXHOJIOIHYeCKOro LeHTpa op-
ranuveckoi u papmarnestudeckor xumud [[HTO HAH PA mnon pykoBoacTBoM
P.E. Mypansna. TepaneBtuueckuii 3h ekt olleHuBaIM MO CTENEHH HHIHOUPO-
BaHMs POCTa OIyXOJH B MPOLEHTaX K KOHTPOJIo. JleueHue ObLJI0 Ha4yaTo yepes
4 nHs nocne nepeBUBKU. LlnaHconepikaliee Mpou3BOJHOE JTAKTOHA BBOAMIN B
TedyeHue 3 JHel HelpepbIBHO, OAHOKPAaTHO B BHIE BOJHOIO pacTBopa (U3 pac-
gera 17.5 MI/Kr Macchl )KMBOTHOT0). JKUBOTHBIX 3a0uBainu mox 3pupHBIM Hap-
KO30M Ha 15-€ CyTKH 3KCIIEpUMEHTa METOJIOM JeKanuTauuu. MemMOpaHbl Kiie-
TOK THMyca MOJydYald MeToIoM IuddepeHnInaIbHoro neHTpuyrupoBaHusL.
3aTeM MEeTOOM TOHKOCIOWHOH XpoMaTorpadMH OCYIIECTBIIUIA BBIACICHHE U
¢pakunonupoBanne OU Ha 3akperuieHHOM cioe cuiukarens mapku JIC 5/40
MKM B cucTeMe xiopodopm:MeraHon:ammuak (45:35:10) [14, 15]. Craructu-
4ecKyro 00paboTKy JaHHBIX MPOBOJIMIN C YUYETOM KPUTEPHS TOCTOBEPHOCTH IO
Oumepy — CThIOZEHTY.

Pe3yabTaThl U 00cy:kaeHue. B pe3ynbrare MpoBOJUMBIX SKCIEPUMEHTOB
HaOJIOJAI0TCsI KOJMYECTBEHHbIE M3MeHeHus1 B criektpe ®U (tabmwmma). Ycra-
HOBJIEHO, YTO (JOPMHUPOBAHUE COIMIHOHN OIyXOJH CapKOMBI-45 y 3KCIIEpUMEH-
TaJbHBIX XUBOTHBIX MPUBOAMUT K MouTH JBYyKpatHoMy (P<0.01) moBblmeHuro
ypoBHst TOW B MeMOpaHax kieTok TuMyca. [Ipu 3ToM OoTMeUYaioch BRIpaKeH-
Hoe (rmoutH B 1.5 pa3za) cHuxkeHue coaepxanuss MOU 1 He3HAUNTEIbHOE U3Me-
Henue JJOU.

[onmy4yeHHbIe pe3ynbTaThl O KOJMYECTBEHHBIX CABUTaX KOMIIOHEHTOB (hoc-
(OMHO3UTUIHOTO LIMKJIAa CBUAETENbCTBYIOT 00 akTuBaiuu @CC, yro xapakrep-
HO JJIs OITyXOJIEBOH TpaHC(OpMAaIUH, KOTJa KIETKH TEePSIOT CIIOCOOHOCTH HC-
MOJIb30BAaTh 3AIUTHBIE MEXAHU3MBI U 3TO PUBOJIUT K OJIOKMPOBAHUIO arloNTO3a
[11]. AHanu3 mogy4eHHBIX JaHHBIX YKa3blBaeT Ha IIyOOKHE M3MEHEHUS MeTa-
Oosn3Ma M3y4aeMbIX KOMIOHEHTOB (OC(OWHOZUTHUIHOTO IHKJIA B MeMOpaHax
KJIETOK THMYCa SKCIEPUMEHTANIbHBIX AKHUBOTHBIX NIPH capkome-45.

Haxomnenue BropuuHoro meccenmkepa — TOU crmocobeTByeT omyxone-
BOMY POCTY, YTO COTJIaCyeTcsi ¢ MOP(OJIOTHUSCKUMH TaHHBIMH. BEICOKoe co-
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nepxkanne TOU u pocharunubix kuciot (PK) [16], BO3MOKHO, 00YCIOBICHO
nmoJiaByicHHeM akTHUBHOCTH (ocdonmmnazsl  C-pochornHO3UTHACTICITHOUIHON
docdatazel u pochatunardocdarassl, COOTBETCTBEHHO.

KoauuecrBenHbie n3MeHeHus1 GocGouHO3UTHIOB KJIETOK TUMYCA PH
capkoMe-45 U mocJjie NpUMeHEeHUs HOBOTO IMAHCO/IEPKAIIEro JIAKTOHA (B
MKT P Ha 1 r cBe:Keil TKaHH)

Kontpons Capxoma-45 Jleuenne

on (n=10) (n=10) (n=10)

P P, P;

TON | 434.5+21.05 | 689.4429.87 | 406,2+34,23 | <0.01 | <0.001 | >0.05

JADU | 396.1440,34 | 423.9435.47 | 394,4431,12 | >0,05 | >0,05 >0.5

Mo 654.9+32,9 528.9460.36 | 524.8421.14 | <0.05 >0.5 <0.05

Ilpumeuanue. Py — cpaBHEeHHE aHHBIX IpHU capkome-45 ¢ KoHTposieM; P, — cpaBHe-
HUE JaHHBIX IpU capkoMme-45 ¢ JaHHBIMH TOcie JieueHHs; P; — cpaBHEHHME TaHHBIX
T10CJI€ JICYEHHSI C KOHTPOJIEM.

OcoO0blif UHTEpeC MPEACTABISAIOT PE3YNbTAaThl, KaCAIOIINecs H3YYeHUsS 0CO-
OeHHOCTEH KOJIMYECTBEHHBIX U KaueCTBEHHbIX M3MeHeHull B cnektpe O meM-
OpaH KJIETOK THMyca MOciie MPUMEHEHHUS MHUAHCOACPKAIETO MPOU3BOTHOTO
naktoHa (2-nman-3,4,4-tpumeTnin-2-0yTeH-4-onu). Y CTaHOBIEHO, YTO TIpH
3TOM HaOJIIOJaeTCs IBHO BBIpaKEHHAs! TEHJCHLIUS K HOpMaJIM3aluy YPOBHS UC-
CIIeZIOBAaHHBIX TMoka3areneil. Tak, B pe3ynpTare Tepanuy B KJIETOYHBIX MeMOpa-
HaxX THUMyca IIOYTH IOJIHOCThIO BOCCTaHaBiMBaeTcs copepkanue TOU u JIOU.
B atux ycnoBusx abcomotHbl ypoBeHb M®U He moaBepraercs craTUCTHYE-
CKHU JIOCTOBEPHBIM OTKJIOHEHHSIM (II0 CPAaBHEHUIO C ONBITHOM I'PYIIION), XOTS UX
oTHOCcHUTeNbHOE coaepxanue (37.1%) npubnmxaercs Kk HopMme (41.4%).

AHanu3 NOJTy4eHHBIX Pe3yJIbTaToB, KAaCAIOLIMXCs U3YUEeHUs] 0coOeHHOCTEM
W3MEHEHUS BeNUYUH K03()(OUIIMEHTOB COOTHOIIEHUN OTAeNbHBIX (pakiuii OU,
yKa3bIBaeT Ha HEOTHO3HAYHOCTh XapakTepa ux u3MeHeHud. Tak, mpu ucciemye-
MOW TAaTOJNIOTHH BEIHYHHBI KOd(pQuuueHToB cooTHomeHnid TOW/IDPU u
TOU/M®DU, a takxke JPU/M®DPU BospactaroT (PUCYHOK), YTO CBHIECTEIH-
CTByeT 00 yCKOpeHHH Tpoliecca Aerpagaldll KOMIOHEHTOB (HOochOMHOZUTHI-
Horo nukia. Ilocne BBeneHUs LMaHCOAEPIKAILEro MPOU3BOAHOTO JIAKTOHA KO-
3 GULHUEHTHI COOTHOIIEHHH aOCOMOTHBIX BenuuuH crektpa OU mpu uccie-
JTyeMOH MaTOJIOTUHU IOYTH ITOJIHOCTHEO HOPMAJIU3YIOTCS.

TakuM 00pa3oM, MONydeHHbIE HAMU JaHHBIE SBISIOTCS J0KA3aTelIbCTBOM
HapyIIeHus pu capkome-45 peryisinud GochOMHO3ZUTHAHOTO LUK, CIIeI0Ba-
tenbHo U DPCC, obOecreunBaroIieil TPAHCIOKAIMIO BHEIIHUX CUTHAJIOB, YTO
MO3BOJISIET KOHTPOJIMPOBATh TakHe KapAWHAIbHBbIE KIETOYHblE (QYHKIHMH, Kak
nposudepanys 1 arnomnTos.
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TOW/1OU TOUMPU JIOW/MOU

Koa¢¢uumeHTsl COOTHOIIEHUH aOCOMIOTHBIX BEJIUYMH CHEKTpa (HOCHOUHOZUTHIIOB
pu capkoMe-45 1 mocie BBeIeHUs [IHaHCoepKalIero JakToHa (B MKr P Ha 1 T cBexei
TKaHHU). benoe — KOHTpoIb, AnaroHaNbHbIe JIMHUNH — capkoMa-45, yepenuna — Je4eHHe.

Her comHeHMH, YTO BBINICYKa3aHHbIC W3MCHEHHUS B YPOBHE Ba)KHEHIIUX
KOMITOHEHTOB 3TOTO KacKaJlla, B YaCTHOCTH, JIMIIUIHBIX BTOPUYHBIX ITOCPEITHH-
KOB, MOTYT NMPHBECTH K HAPYIICHUIO JESITECIBHOCTH (PYHKIIMOHAIHHOW aKTHB-
HOCTH OMOMEeMOpaH, TeM CaMbIM OKa3bIBasi BIIMSHUEC HA 3AIIUTHBIC MEXaHU3MBI
1 CITOCOOCTBYS Pa3BUTHIO 3JI0KAYECTBEHHBIX HOBOOOPa30BaHUI.

[MonyueHHble pe3yNbTaThl CBHIETEIBCTBYIOT O TOJIOXKHTEIHLHOM BO3JIEH-
CTBHH H3y4aeMOTO Mperapata Ha COCTOSHHE KOMIIOHEHTOB (hocoUuHO3UTHI-
HOTO IWKJIA, MPUBOAIIEM K CTaOMIU3aIk OMOMEMOpaH M BOCCTAHOBJICHUIO
(YHKIIMOHAILHON aKTHBHOCTH KIIETOK THMYCA.

EpeBaHckuii rocy1apCTBEHHBIN YHUBEPCUTET
Wnucturyt 6moxumun um. I'.X. Bynstsaa HAH PA

A. C. Kaparyasn

PoJib HOBOI0 MPOM3BOHOI0 MAHCOAEPKAIMX JAKTOHOB B
peryJsiuuu MeTadoJim3Ma KOMIOHEHTOB (pocGONHOZUTHAHOTO MKJIA
MeMOpaH KJIeTOK TUMYcCa npu capkome-45

HccnenoBaHo copmepkaHUe HEKOTOPBIX KOMITOHEHTOB (OCHOMHO3UTUAHON CHUT-
HAJBPHOH CHCTEMBI MeMOpaH KIETOK THMyca IPH SKCICPUMEHTAJIBHOW OIyXOiIH
capkoMma-45. YCTaHOBICHO, YTO IPH ITOM MPOUCXOJNUT YBEIMUYCHHE YPOBHS MOHO-, 1H-
u TpruPOcHOMHO3ZUTHIOB, MPUBOJSAIICE K HAPYLUICHUIO KOIPPHUIUEHTOB HUX COOTHO-
[ICHUH W K JECTPYyKTHBHBIM H3MCHCHWsIM OmomemOpaH TumoruutoB. Ilocime mprume-
HEHUsI COCTUHCHUST MUAHCOMCSPIKAIIETO JaKTOHA HaOIIoMaeTCs OMpeaeieHHas HOpMa-
JIM3anHst YPOBHS H3y9IEMBIX KOMIIOHEHTOB OroMeMOpaH.
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U. U. Twpugnijjui

‘Unp ghw junudp wupnibwynn juljnnuitph wéwugyuih ntpp phuniup
pegwpunuipitph pnupnhinghinhnuyhb ghljh puquinphyutph
thnjuwtwynipjui juinbwynpdwu
gnpépupwugnid uvwplndw 45-h dudw bl

Munudtwuhpyty Eu phuniuh pohoutinh punuuptbph $nupnhinghinhnuyht wq-
nuipwbuwghtt hwdwlwpgh npny punuppuiwubph Wuwpnibwlnipju thnthnniemnio-
ubpp thnpdwpupuiui vwpyndw-45-h dudwbul: Zwunwngws & np wn yuydwi-
utipnud nhnynud B dntin-, gh- b kndnudnhiinghnhnubph dwljupnuljubph pupdpugnid
b tpwiig hwpwpkpulgnipjut gnpswljhgutph thnthnfunipniibp:

Shwt junudp wuwpnitwlnn shwgkgué juinntp oqunugnpénithg htwnn wbknh L
niukunud niunidtwuhpynn pninp gniguthpubph npnowlh tnpUdwynpnud:

A. S. Karagulyan

The Role of New Cyan Containing Lactones Derivative in Regulation
of a Metabolism of Thymus Cells Membrane Phosphoinositide Cycle
Components in Case of Sarcoma-45

The content of some components of phosphoinositide signaling system of
thymocytes membranes in case of experimental tumour sarcoma-45 has been in-
vestigated. It has been established that under such conditions occurred a level growth of
mono-, di- and triphosphoinositides leading to infringement of coefficients of their
relations, as well as to destructive modifications of thymocytes biomembranes. After
application of cyan containing lactone conjunction definite normalization of the level of
the studied biomembranes components is observed.
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Hot springs are a type of extreme environments widely distributed all over
the world and represent a challenge for searching of new thermophilic microbes
[1, 2]. Recently molecular phylogenetic studies based on 16S rDNA conducted
culture-dependent methods, have been used to examine the microbial diversity
of various hot springs [3]. A number of aerobic thermophiles have been isolated
from a variety of geothermal environments such as hot springs, solfataric fields
and hydrothermal vents throughout the world [4-6]. Members of the genus
Bacillusand related genera are probably the most frequently isolated
thermophilic aerobes from terrestrial and marine hot water environments [7].

Numerous geothermal springs represented a challenge for searching of new
biotechnological resources was found on the territory of Iran [8]. In this study
isolation and identification based on henol- and phylotypic characterization of
two aerobic thermotolerant bacilli from hot springs of Jowshan (Iran) hot spring
was reported.

Materials and methods. Study sites and sampling. The samples were
collected from Jowshan hot spring located about 70 kilometers south-eastern
part of Kerman, at the center of Iran, on the eastern side of Sirch Mountain
(Fig.1). Jowshan geothermal system comprises of 6 thermal springs with outlet
temperatures ranging from 39.3 to 46.6°C. The pH value of these springs is
from slightly acidic to neutral (6.8-7) and the conductivities about 1500 puS/Cm.
The use of different chemical geothermometers suggests temperature of about
110°C in the depth of Jowshan geothermal system [8]. Adjacent sediment
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samples were collected using sterile glass flasks and were maintained on ice
until processed.

Enrichment and isolation. Samples were incubated in the medium
contained the following per liter: sodium chloride, 5g; glucose 20 g; yeast
extract, 5 g; peptone 10 g; CaCO; 6 g; agar-agar 20 g; pH 7.2. One gram of each
sediments sample was suspended in 9 ml sterile distilled water and by means of
serial dilutions concentrations of 10™'-10°were prepared and 1ml of each aliquot
was spread on medium and incubated at 56°C for 24h. The pure cultures were
obtained by plating the enrichment culture onto nutrient agar with subsequent
subculturing [9].

Fig. 1. Location of Jowshan hot spring on map [8].

Phenotypic characteristics. Morphological feature of strains were inves-
tigated using a Nikon light microscope and TEM Zeiss EM10electron micro-
scope. Characterization of each bacterial isolate was performed morphologically
according to colony color, size, elevation, margin and Gram staining [9].

Physiological and biochemical characteristics of the isolates were studied
by standard methods [10]. To determine the ability of the strains to grow at
different temperature (10-70°C) and pH (3-10) values and with different NaCl
concentrations (0-15%) the same liquid medium mentioned above was applied.
Growth was tested by measuring the optical density (OD) of cell suspension at
600nm with a spectrophotometer (Model 722G UV-Visible).

The utilization of various compounds (glucose, maltose, sucrose, galactose,
lactose D-manitol, D-sorbitol and salicin) as carbon and energy sources by the
bacteria was tested on a mineral medium. The substrates were sterilized
separately and added to the medium at a concentration of 1%. Fermentation of
various sugars and gas production was examined by change in the colour of
indicator. Catalase, urease, oxidase, methyl red and Voges-Proskauer activity
was determined by standard methods described in [9, 10]. Citrate utilization was
determined by the appearance of change in colour of citrate agar medium.
Caseinolitic activity was determined by growing the bacterial strains on milk
agar and observing presence or absence of clearing around the colony. Lipolitic
activity was determined by growing the bacterial strains on tween-80 agar (1%)
and observing the absence or presence of zone around the colony. Starch
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hydrolysis was tested by flooding iodine solution (0.3% 12 in 3% KIJ) on the
colonies of the strains grown on the starch agar containing 2% starch and
observing presence or absence of clearing around the colony [9, 10]. Each
experiment was carried out in triplicate; the averaged values were used.

Antibiotic resistance of the strains was tested by using the commercial
discs contained (ug): kanamycin (30), lincomycin (2), cephalexin (30), oxacilin
(1), ofloxacin (5), stereptomycin (25), oxytetracyclin (30), cefazolin (30),
gentamycin (10), nalidixic acid (30), amoxicillin (10), ampicillin (25), penicillin
(10), chloramphenicol (30), methicillin (5), erythromycin (10).

Phylogenetic analysis. Total DNA from pure culture was done by the
CTAB/NaCl method described in [11]. The 16S rRNA gene fragments were
PCR-amplified applying eubacterial specific primers PIB16F (5-AGAGTT
TGATCCTGGCTCAG-3") and MIB16R (5'-GGCTGCTGG CACGTAGTTAG-
3"). The PCR conditions used were an initial denaturation at 94°C for 2 minutes,
followed by 35 cycles of denaturation at 95°C for one minute,annealing at 55°C
for one minute then a final extension was given at 72°C for ten minute. The
identity of the isolates was determined through a BLAST search [12].
Nucleotide sequences of the PCR products were sent to cinnaGene Company of
Iranin order to determine DNA sequencing (www.cinnaGen.co). Phylogenetic
analyses were conducted using MEGA version 5 software package and
GeneBank database (http://www.ncbi.nlm.nih.cov) as a source for DNA
sequences of closely related species. The phylogenetic tree was constructed by
the neighbour-joining method using the distance matrix from the alignment
[13]. The 16S rRNA gene sequences reported in this study has been deposited
in the GenBank database under accession number HQ702748 and HQ734816.

Result and discussion. Two strains of aerobic endospore-forming Gram-
positive, rod shaped bacilli designated as B1 and B2, respectively, were isolated
and further characterized from the sediment samples of Jowshan hot spring
(Kerman, Iran). Colonies of strain B1 was compact, small and yellowish and
strainB2 was sprawling, flat, irregular shape and whitish. Electronic
microscopic examination of the studied strains revealed that all endospores
formation stages and envelopes during the stages were typical to spore-forming
bacteria. The cell morphology of isolate B1 differed from that of B2 grown
under similar conditions.The cells of isolate B1 were short filamentous, whereas
cells of isolate B2 were slightly shorter and cylindrical (Fig. 2). In the cells of
studied strains, elliptic endospores were located centrally (B1) or subterminally
(B2) along the cell axis. Sporangium wasn’t enlarged for both strains.
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B1 B2
Fig.2.Electron microscope images of isolates (x21000).

The growth rates of isolates B1 and B2 were determined at the temperature
range of 10-70 °C. For isolate B1 the highest maximum growth rate was at
60°C, while isolate B2 had the highest maximum growth rate at 65 °C. The
optimum growth temperature was 50°C for both isolates. Isolate B1 was unable
to grow at 65°C or below 20°C, and isolate B2 was unable to grow above 70°C
or below 20°C (Table 1). Regarding the pH growth limitation, both B1 and B2
isolates were grown in medium that had a range of pH values between 3 and 10.
A pH range around neutrality favored optimal growth of the both isolates. The
isolates did not grow at pH lower than pH 3. The maximum growth at pH 9 and
9.5 was noted for isolates B1 and B2, respectively (Table 1). Both strains grew
with 0-10 % NaCl. The isolate B2 was grown at a NaCl concentration up to
12.5%, and isolate Blwas able to grow at 10% NaCl (Table 1).Thus, our
isolates grew within the temperature and the pH ranges characteristic to their
habitat.

Table 1.The temperature, pH and NaCl concentration range for growth of
isolates

Growth range
Strains Temperature (°C ) pH NaCl concentration (%)
Min | Opt | Max | Min | Opt | Max | 0 | 25 |55 | 75| 10| 125
Bl 20 50 60 4 7 9 - |+ + + + -
B2 20 50 65 3 7 9.5 -+ |+ + + +

Results of the biochemical characters of isolates are presented in Table 2.
Both strains were catalase- and oxidase-positive, showed a positive reaction in
the methyl red experiment, able to utilize carbon sources such as glucose,
maltose, sucrose, galactose, lactose D-manitol, D-sorbitol and salicin and
unable to produce indole from tryptophan. Isolate B2 was unable to utilize
citrate, but was urease positive.

Among the tested antibiotics both strains were resistant to penicillin,
oxacilin, ampicillin, methicillin and oxytetracyclin. They were highly sensitive
to stereptomycin, kanamycin, gentamycin, chloramphenicol, erythromycin,
ofloxacin, nalidixic acid and lincomycin. The strain B1 was sensitive also to
amoxicillin and strain B2 was sensitive to cephalexin and cefazolin. Antibiotic
sensitivity of thermophilic isolates is shown in Table 3.

Strains were showed positive results for starch, milk and tween-80
hydrolysis (Figs. 3, 4, 5).
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Table 2. Biochemical characteristic of thermophilic isolates

Biochemical characters Strains

Oxidase + +
Urease - +
Catalase + +
Methyl Red test +
VogesProskauer test w +
Production of :
Indole -- --
Hydrolysis of :
Casein
Gelatin
Starch

Citrate utilization

£ 4+ + + +
+

Gas production from glucose
Acid formation from:

Glucose

Galactose

Lactose

Maltose

Sucrose

D-manitol

D-sorbitol

g £ £ + € £ £ +
£ £ + £ £ £ + +

Salicin

Designation: (+), (-) and w for positive, negative and slight positive reaction
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Fig. 3. Lipolitic activity of isolates on tween-80 agar.

Fig .5. Amylolitic activity on starch agar.

Table 3. Antibiotic sensitivity of thermophilic isolates

Antibiotics/zones of cell lysis or growth suppression (mm)
. . Macro
B- lactames Aminoglycosides . Others
lides
S| =
. = | .8 S| = g =2
Strai cslzlsls|Els|=|35)|E E £ |2 13 =8| E
= = = = = = =t > Q 5} > > = < Qo
ns S| = |5 |53l |8 8| z2| 8|58 £ glel &
212255852555 ¢ S 2|25
S5 E|2|E|s|€|58|5|5|¢8%2 s |22 2
A~ < Ol || = 5] = = | g
< S| |3 [™|O|2]& ia z |-
O
B1 0 0 0 0 9 0 0 10 | 30 | 35 | 22 0 15 5 7 5
B2 0 0 0 0 0 7 5 12 | 32 | 30 5 0 10 5 28 32




Based on their morphology, physiological and biochemical properties
isolates B1 and B2 were tentatively identified as Bacillus species. Comparative
analysis of 16S rRNA gene nucleotide sequences of isolates B1 and B2
confirmed their close homology to the members of the genus Bacillus. The
strain B1 was identified as Bacillus spp. (99%) and strain B2 was identified as
B. licheniformis (99%) (Table 4). A phylogenetic tree was constructed by the
neighbor-jointing method identified that both isolates were part of the cluster of
genus Bacillus. The 16S rRNA gene sequences have been deposited in the
GenBank database under accession number HQ702748 (B1) and HQ734816
(B2).

Table 4. Closest sequences and % similarity of studied isolates

The lengths of
the DNA

Strains f Closest Sequence % Similarity Accession no
ragments,

(bp.)

B1 526 Bacillus Sp St. TGS 437 99 HQ702748
B2

527 B. licheniformisst.B8 99 HQ734816

B.mojavensis.StIFC15718

B.subtilis. St.DMS10

B.subtilis. St NRRL B=23049

B.vallismortis.St DSM11031

B.amyloliquefaciens. St NBRC 15535
‘“——————— Bt

B.sonorensis. St NRRL B-23154
E Bz

B. licheniformis st. B8

B acdicola St 105-2
4,—: B oleronius SLATTC 700005
B.shackletanii SLLMG 18435

B marisflavi St TF 11
“—': B aquimaris St TF 12

B.vietnamensis.St.15-1
8.pseudofirmus. 5t.OSM 8715

B.aerophilus.St.28 K
| B.stratosphericus.St. 41KF2a

B altitudinis. St.41KF2b

B.halodurans. St DSM487

. .
0.03 00z 0.m 0.00

Fig. 6. Phylogenetic tree was constructed by the neighbour-joining method using the
distance matrix from the alignment.

In the present study, for characterization and identification of two isolates,
both phenotypic and genotypic characters are given emphases. Biochemical and
physiological characters are important as they provide clues for selection of
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efficient strains for further investigations mainly for applied value. Although
studied strains based on 16S rRNA genes sequences showed 99% homology
values to B. licheniformis and related species, this need to be further confirmed
by fatty acid analysis, DNA-DNA hybridization, etc. While these results are
important for further taxonomic work, positive results on lipolitic, caseinolitic
and amylolitic activities are indicative of potential application of these bacterial
cultures.

Yerevan State University

S. F. Sharifi Alghabpoor, H. H. Panosyan, Yu. G. Popov,
corresponding member of NAS RA A. H. Trchounian

Isolation and Identification of Two Aerobic Thermophilic Bacilli
from Jowshan (Iran) Hot Spring

Two strains of aerobic thermophilic endospore-forming bacteria designed as B1
and B2 were isolated from Jowshan hot spring (Iran) have been identified using
phenotypic and phylogenetic approaches. The isolates were grown optimally at
temperature of 50°C, at pH 7 and could tolerate 10-12 % (w/v) NaCl. They use a wide
range of carbohydrates as carbon and energy sources. Comparative analysis of 16S
rRNA gene nucleotide sequences of isolates B1 and B2 confirmed their close homology
to the members of the genus Bacillus.The 16S rRNA gene sequences have been
deposited in the GenBank database under accession number HQ702748 and HQ734816.

C. ®. Hlapudu Aaradmyp, O. A. Ilanocsn, 1O. I'. [lonos,
wieH-koppecionaeHT HAH PA A. A. TpuyHsin

H3oampoBanue u naeHTH(PUIIMPOBAHUE ABYX a3POOHBIX
TepMopUIbHBIX 0N U3 ropsiuero ucrounnka /xxopmana (Mpan)

U3 ropsiuero ucrounnka J[xosmana (MpaH) M30MHpoBaHEl U MO (EHOTHIIHYEC-
KAM ¥ (QUIOTCHETHYECKUM XapaKTEePHUCTHKaM HWACHTH(QUIMPOBAHBI JBa INTaMMa
a’pOOHBIX TePMO(UIIBHBIX SHI0CIIOPOOOpa3yoIIKX OakTepuil, 0003HaYeHHBIX Kak B1 u
B2. OntumaneHbIA pocT m30isATOB Habmomaercss mpu temmepatype 50° C, pH 7,
tonepanTHbl K 10-12% NaCl. M300Tbl MCHONB3YIOT LIMPOKUI CIIEKTP YIJIEBOJOB B
KayecTBe MCTOYHHMKOB yriepoaa W sHepruu. CpaBHUTEIbHBIH aHAIN3 HYKJICOTUIHBIX
nocinenoBarensHocted reHa 16S pPHK mrammo Bl u B2 mokaszamu ux GIM3KyrO
TOMOJIOTHIO C TIpencTaBUTesIME poza Bacillus. IlocnenoBarensHocTr TeHa 16S pPHK
nenoHupoBaHbl B 0asze manHbix GenBank mon maBeHTapHbIME HOMepamu HQ702748 u
HQ734816.
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U. . Cuphdp Upqupthnip, Z. 2. Quinujui, 8ni. . Mnwny,
22 9UU prpulhg winud U. 2. @nsniiywl

Snyputth (Ppul) Epypugtpiuyht wnpyniphg pughiutph wkpnp
ptpUndhy Ephnt snmudutph dEYniuwgnidp b inyiwjuiugmdp

Qniowtth (Ppwb) kpypuebpiuyhtt wnpmiphg dkniuwug]t) ku b dhinnhyulju
nt dhnghubnpjuljut hwnwbhoubph hpdwt Jpu tnyhwljwiwgyl] ko phpdndhp
whpnp tunnuynp wpwewgunn pwlwnbppwiubph bplint  ownwdubkp® Bl L B2:
Ukhniumgdus pnwdubph wgh ohpdwunhdwbwghtt oypnpdnudp 50°C &, pH-p' 7,
puynitwy Eu phdwluybint NaCl-h 10-12% Unugkunpughwbphi, npybtu wshwsuh b
tubpghugh wnpnip oquuugnpénud & wiwpplp wshwentp: Cwmwdubtph 16S nFue
qiubph unijininhnuyhtt hwenpnujwunipniuutph hudbdwwnwljub Ybpinisnipniup
hwunwwnt] bt pgpubg wwwwubihnipmitp Bacillus ghnht: 16S nfYu@ gqkukph
unijinnpnuyhtt hwenpnujwinipniuiipt wjwinunpyt) k. GenBank wyjwjukph
puquynid HQ702748h1 HQ734816 hudwiputipny:
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AKMUBHOCMb.

CrioHTaHHas! ANEKTPUIECKass aKTUBHOCTH TJIQJAKOMBIIIEYHON TKaHU MaTKH
KPBICHI XapaKTEePU3yeTCsl KOMIUIEKCHOM MpUPOIOH: pa3psapl MEPUOIUUECKHU 10~
SIBJISTFOIIIUXCST BCTIBIIIEK TTOTEHIINATIOB IEHCTBUS BO3HUKAIOT Ha HEPETYISIPHBIX
OCIMJUIATOPHBIX U3MEHEHUSX MeMOpaHHOro notennuana [1, 2]. M3BectHo, uTo
BEJYIIYIO POJIb B 00CCTICUCHUH OCHOBHOM (DYHKIIHH TJIaIKOMBINICYHON TKaHH
MaTK{ KPBICHI — TEPUCTAIBTHYECKON JEeSITENIFHOCTH O0OECIIeYNBAET OBaAPHAIb-
HBIA KOHEI] MaTOYHOU TPYOH! [3], CTOCOOCTBYIONMIHIA KOOPAUHAIINN BCEX PHTMO-
TeHHBIX 00acTel opraHa 0 cCaMol MICHKH MaTKH.

[Moka3aHo, uTO B mepuoj OCPEMEHHOCTH YYBCTBUTEIHLHOCTh MATKH K IO-
JIOBBIM TOPMOHAM M MEIUATOpaM 3aMETHO MOBHIIIAETCS U MapaMeTphl aKTHUB-
HOCTH MHOMETPHAIBHBIX KJETOK pe3ko MeHstoTcs [4-6]. IlosTomy usyueHue
MEXaHM3MOB IreHe3a W KOOPJIWHAINH CIIOHTAaHHOM aKTWBHOCTH IiejiecooOpasHee
TIPOBO/INTH Ha HEOEPEMEHHBIX KPBICaX.

KpoBocHaOxeHne Onarofaps TpaHCHIOPTHOW (YHKIUH HIPACT BAKHYIO
pOJib B TYMOPAJIFHOM KOHTPOJIE MPU KOOPAMHAIIMHM M MOJYJSLUUA CIIOHTAaHHOM
AKTUBHOCTH TJIAJIKOMBIIIEYHOHN TKanu [7]. [lelictBuTenpHO, MOKa3aHo ObICTpoe
YMEHbIIIEHHE KOHTPAKTypHON aKTUBHOCTU (COOTBETCTBEHHO M AJIEKTPUUECKOI)
MaTKH KPBICHI MPYU aHOKCHU M TIOJIHOE €€ MOJABJICHHE B TEUEHHUE HECKOJIBKHX
MHUHYT B yCIOBUSIX HiiemuH [8, 9]. B psine uccnenoBaHuii BEISIBICHO, YTO METIS
MaTOYHOW apTepHH OMOSACHIBAET B OTAENbHOCTH Kaxxabii por [8, 10, 11]. IIpu
9TOM TOCTYTJIEHHE KPOBU B MPAaBBIA W JIEBBI POT OCYIIECTBISIETCSI OT OBapH-

AJIbHBIX W LOCPBUKAJIBHBIX KOHIIOB K HOEHTPY. OI[HaKO HCU3YUYCHHBIMH Ha
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CErOAHSIIHUI JIEHb OCTAIOTCS BOMPOCHI, OTHOCSIIUECS K POJIM IOTOKA KPOBU B
CIIOHTAaHHOM PUTMOI'€HE3€ MUOMETPHUSL.

B nacrosmeit paboTe mpuBEAEHBI PE3YIbTAThl ANEKTPOPUIUOTOTHIECKUX
U MOPQOIOrHYECKUX HCCIEAOBAaHUN BIUSHUSA KPOBOCHAOXKEHUS HE TOJBKO Ha
OCHOBHYIO PUTMOTEHHYIO 30HY MaTOYHOW TPyObl, HO ¥ Ha BCE HIKEPACIIOJNIO-
KECHHBIE MelcMeKepHble 00JacTH, KOTOPhle MOMOTYT OOBSCHUTH MEXaHU3MBI,
obecreynBaronne X KOOPAUHUPOBAHHYIO AEATENEHOCTb.

OnbITHl POBOAMIIM Ha HeOepeMeHHBIX caMKax Kpbic Maccod 200-250 r,
HapKOTHU3UPOBAHHBIX HeMOyTanoM (50-55 MI/KT) BHYTpHUOPIOMIMHHO. JKCTIEpH-
MEHTBI OBbUIN OCTPBIMH, U IIOCJIE 3aBEPILEHUS PErUCTpalMi )KUBOTHBIE 3a01Ba-
Jchk. Bee akcnepuMeHTsl ObLIM ITPOBEIEHB! B COOTBETCTBUU C MpaBuiamu Epe-
BaHCKOT'0 TOCY/IapCTBEHHOTO MEAMLIMHCKOTO YHHBEPCHTETA MO ITHKE B 00JIaCTH
yX0Jla ¥ UCIIOJIb30BaHUs JJa0OPATOPHBIX JKUBOTHBIX. DKCIIEPUMEHTHI, a TakxkKe
YXOJ1 3a JKUBOTHBIMH BBITIOJIHEHB! B COOTBETCTBUM C «[IpaBmiiamMu m Hopmamu
I'YMaHHOTO 00paIlieHus ¢ 00beKTaMU UCCIEIOBAHU».

BckpriBanachk OproliHas MoJIoCTh U OOHAXKAJICS KOPILyC MAaTKU C Pacrolio-
KEHHBIMHU C BYX CTOPOH MaTOYHBIMHU TpyOamu (poramu). MaTka IeHEpBUPO-
Bajlach Iepepe3koil KopemkoB HepBOB plexus hypogastricus, uterinus, utero-
vaginalis. Perucrpanusi akTHBHOCTH HPOBOJIMIIACH OJJHOBPEMEHHO C TIOBEPXHO-
CTH pa3HbIX OTAENOB MaTKH — OBAPHAJIBbHON M LEPBUKAIBHOIN o0sacTel KaxmIo-
ro U3 POroB MaTKH, Teja U IMEWKH MAaTKH. AKTUBHOCTb LIEWKH MAaTKH PETUCT-
PUPOBAIM BBEACHUEM MOHOIIOJSPHOTO CepeOpSHOro 3JIEKTPoJa B YKa3aHHYIO
00acTb. CIIOHTAHHYIO JIEKTPUYECKYI0 aKTMBHOCTH OCTaJIBHBIX HCCIIETYEMbIX
30H (PMKCHPOBAIH C TIOMOIILIO OWIOISPHBIX DJIEKTPOIOB (MEXAIIEKTPOIHOE
paccrosinue 2 MM). Bee TUIIBI aeKTprudeckoif aKTUBHOCTH PETUCTPUPOBAIHN Ha
anektposnnedanorpape EEG-8 S (Benrpust). MaTtounas apTepusi 3aKuMaiach
C TIOMOIIIBIO JTACTHYECKOT0 PE3MHOBOTO XKI'yTa HEMOCPEACTBEHHO J0 MOAX0Aa K
SIMYHUKY U COOTBETCTBYIOIIEMY €EMY pPOTY.

Pe3ynpTaThl SKCHEPUMEHTOB CTATUCTUYECKH O0pabaThIBAIHCH IPOTPaM-
moit Sigma Plot 11.0 ¢ mpumenenuem t-kputepusi CThI0eHTA.

Cocynucras cucreMa MaTOYHOTO POra KpbIChl BBIABIISAIACH IIPH HUCIONb-
30BaHMM KaJIbIMiA aneHo3uHTpupochaTtHoro meroga Ywmmurapsina [12]. Ha
IpernapaTrax COCYIUCTO-KallWUIApHas CETh BBIABISETCS 3a CYET OTJIOKEHHUS
MEJKO3EpHUCTOIO YEPHOTO OCa/iKa B AMMUTEINH CTEHOK KPOBEHOCHBIX COCY/IOB.
OKpamMBalOTCs TaKKe SIEMEHTHI TJIaJAKOMBIIICYHBIX KJIETOK, Ojaronaps 4emy
nerko auddepeHnupyOTCs apTepuanbHble, BEHO3HBIE M KalWUIAPHBIE pycia.
AprepuanbHoe 3BEHO BBLAEISETCS SPKOM HCUEPUEHHOCTHIO Oarofapsi Haju-
YHIO TTIIKOMBIIIEYHBIX KJIETOK CTEHOK COCYJIOB.

W3BecTHO, 4TO PUTMOI€HHBIE 30HBI MaTOYHOM TpyOB! Hapsly ¢ OBapHalb-
HBIM KOHIIOM PAacIoJlaraloTcs TakKe U B ee IiepBUKaibHOU 30He [13]. Bmecre ¢
TeM JI000H y4acTOK MaTKU CIIOCOOEH I'€HepUpOBaTh CIOHTAHHBIE pa3psibl
akTuBHOCTH [3]. Ha puc.1 cxemaTuuecku npeacTaBieHa MaToyHas Tpyoa ¢ met-
JSIMH MaTOYHOH apTepuH, OMOSCHIBAIOIIMMH Ka)IbIH POT, a TaKKe BCE THIIBI
neiicMeKepHOW aKTUBHOCTH, 3apETHCTPUPOBAHHbBIE 3 COOTBETCTBYIOIIUX 00Ja-
cTel opraHa. B oTimume or ImedKu MaTKu, akKTHBHOCTh KOTOPOW B BHUJE MeE-
JICHHBIX BOJIH HaOJIIOJaeTCsi B TE€UEHHE BCEro IepHoAa PErucTpaliy, pUTMO-

TeHe3 BCeX BBIINIEPACTIONOKEHHBIX 30H  (puc. 1, o6m. 1,2,3) mpexncraBusier
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co0Ol TEepHOANYECKH BO3HUKAIOUIME pa3psiibl CHAaWKOB. 3akaThe BETKH
MaTOYHOH apTepuy, MUTAOLIEH OBapHalIbHYIO 00JacTh pora, BjedeT 3a co0oi
ompeJieNieHHbIe N3MEHEHUs MOoKa3aTesield akTHBHOCTH JaHHOTO JIOKYca.

| 11 : |
| A j,—"l.i—l.-*'-—-'.l .'{-—J l‘ ‘.-.IJ A J A4 4 oo [
L T |'(_|'H|: iy [ :

i AL fro e
s A A

2 coK

Puc. 1. Cxemarnyeckoe H300pa’keHHE KPOBOCHAOXKEHHsI OAHOW MAaTOYHOW TpyOBI U
Tela MaTKU C TUIIAMHU AaKTHBHOCTEH, 3aperHMCTPHUPOBAHHBIX M3 PA3IUYHBIX OTIENIOB
oprasa. 1,2,3,4 — cOOTBETCTBEHHO 30HbI PETUCTPALIH.

B nepBoii cepun SKCIEPUMEHTOB Kax1asi U3 UCCIEIYyEeMBIX XapaKTePUCTUK
(aMIIMTYIa, 9acTOTa, IPOJOIDKUTEIBHOCTh TeHE3a BCIBIIMEK) OblTa MpoaHaH-
3WpOBaHa B OIpeJieieHHbIe TpoMexxyTku Bpemenn: 10, 15 n 20 muH. B mocne-
IYIOILIEeM BCE PE3YNbTaThl MPUBOAATCS B MPOLEHTAX 110 OTHOIIEHHUIO K HOPME.

Ha puc. 2 mpexncraBneHsl KpHBBIE M3MEHEHHH KaXIOH M3 paccMarpH-
BaeMbBIX XapaKTEPHCTHUK 3a OTMEUEHHbIe Mepuoisl BpemeHH. [locienyromiee
BOCCTaHOBIICHHE TOKA KPOBH IIPHUOIIKACT BCE TOKA3aTENM K UCXOMHON BEIH-
yuHe. Kak BUAHO W3 pHUCYHKA, HAMOOJBUIMM W3MEHEHHSM B ITHX YCIOBHUSIX
MOJIBEp)KeHa MPOIODKATEIFHOCTh T€HEe3a paspsaoB crmaidkoB (62.8 %) w Hau-
MEHBIIIMM — 9acTOTa pUTMOrenesa (Ha 27.2 %) 1o OTHOIICHUIO K HOpME.

120

%

100

80 -

MKOBOWU aKTMBHOCTH,

60 -

40 -

20 -

XapakTepmcTUkm cnal

[} T T T T T
HOopMa 10 MUH. 15 MMH. 20 MUH. nocne 30 MUH.

Puc. 2. 3aBucumocts nokazaresneil crnaikoBOl aKTUBHOCTH OBapHaJbHOIO OTJENa pora
OT IPOAOJDKUTENHFHOCTH WIIEMUH: a-aMIUINTYya; O - 9acToTa; B - MPOJOKUTEIHHOCTD
reHesa paspsioB. n=8

Takum 06pa30M, BBIHICTIDUBCACHHBIC PE3YJIbTAaThl MOTYT CIIYXXUTb IOH-
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TBEP)KACHUEM BaKHOW PONM KPOBOCHAOXEHHUS B aBTOMAaTH3ME OBApHAJIBLHOTO
oTJeNIa MATOYHOU TPYOHI.

B cnenyromieit cepun SKCIIEpUMEHTOB MPOBEACH aHATU3 U3MEHEHHUs TTOKa-
3aTelell aKTUBHOCTH BCEX OCTANBHBIX HIDKEPACIIONOKECHHBIX 30H 10 CaMoi
HIeHKHW MaTKHU B YCIIOBUM MIIEMUH MaTOYHOW apTepuH B TedeHwe Juib 20 MUH
(puc.3). Kax BugHo u3 puc. 3, A, B OTIMYME OT aMIUIUTYJbl CIIAKOB
OBAapHaJIbHOTO OT/AENA pora JaHHBIA MOKa3aTedb Uil IEPBUKAIBHON 30HBI H
TeJla MAaTKW YMEHBIIAaeTcsl Ha HeOONbIIyo BenuuuHy (24.4 u 23 % cooTBert-
CTBEHHO). l3MeHeHne ke aMIUMTYABI IMEHKH MaTK{ aHAJIOTHYHO TaKOBOMY
MIPOKCHMAIBHOTO JIOKyca pora (yBenuunBaercs Ha 52.3 %). YacToTHbIE TIOKa-

3aTeNld BCEX TPeX OoOJIacTeld MeHee IMOJBEP:KCHbI U3MCHEHUSM TPH HUIICMHUH
(puc. 3,b).

L

W - ] -

404

AMMNIATY, 83 CNANKOE W BOTH, %
Yacrora cnaikoB M BONH, %

204

2

i

cnaiikoB

TeNnLHOCTL

a o a 4]
2 3
Puc. 3. BnugHue umemMun Ha MOKa3aTedN CIAWKOBOW AaKTUBHOCTU (LIEpBUKAJIBHBIN
OTJeJl pora, TEJIO MAaTKM) M MEJICHHOBOJHOBYIO aKTHBHOCTH (IIe€lKa MaTKu). A -
aMIuuTyna; b — gactora; B — mponomKUTENTBHOCTE Pa3psioB. a - MIIEMHsST MaTOYHOM
aprepun; 0 - BOCCTaHOBIICHHE KpOoBOTOKA. n=8. Lludpsl BHU3Y COOTBETCTBYIOT 0bac-
TAM PETHCTpalnid, IpeACTaBICHHBIX Ha pucC. 1.

TenmeHIUs K YMEHBIIICHUIO [TOKa3aHa U JJisl MPOJIOJDKUTEIBHOCTH pa3psiia
cnaiikoB (puc. 3, B). B omiimdne ot oBapmanbHOTO OTHENa pora (YMEHbIIIEHHE
Ha 62.8 %) nmns AByX mocheayronmx 30H (puc. 1, 001, 2 u 3) yMeHbIIeHHE
JTaHHOTO TIOKa3arensi cooTBercTByeT b 21.2 n 18.3 %. Bce onmcanusie us-
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MEHEHUSI XapaKTEPUCTUK MEJICHHOBOJIHOBON aKTUBHOCTH IICWKH MAaTKH TpO-
TEKalT Ha (OHE HEMPEephIBHOTO ee reHe3a. BoccTaHOBICHWE KPOBOTOKA, Kak
MPaBUJIO, MPHOJIMIKACT BCE TIOKA3ATEIN K HOPME.

Takum 00pa3oM, TIpU BBIMICONMCAHHBIX YCIOBUSX HaUOOJbIIee HHTUOUPO-
BaHHUE MPETEPIICBACT AaKTUBHOCTh OBAPUAIBHOTO OT/ENIa MAaTO4YHOM TPYyOBI, He-
0OJIbIIIUE KE U3MEHEHHsI XapaKTEPUCTUK CIIAHKOBOTO PUTMOTEHE3a IEPBUKAIb-
HOT'O OTZIeJIa U TeJia MaTKU CKOPEE BCETO SIBJISIFOTCS CJICJCTBUEM BIIUSHUSI BEPX-
HEW 30HBI pora.

W3BecTHO, 4TO MEIICHHOBOJIHOBBIC KOJICOAaHHS MEMOpPaHHOTO TMOTEHIINA-
J1a, PETHCTPUPYEMBIC U3 NIEWKHA MaTKH, B HOpMe 00eCIIeunBaroT ee cxkarue [14].
[Ipu pomax >ke BO3HUKAET MOJSIPHAS MEPUCTATBTHKA, B KOTOPYIO BOBJIEKAIOTCS
MPOJOJLHBIE CJIOM MBI IIEHKM MaTKU W B pe3ysibTaTe B JTOH 30HE
HaOJIFOIaeTCsl CraikoBasi akTHBHOCTD, YTO JIaeT HAM OCHOBAHHUE TPENOJIOKHUTh
HAIMYUE OMPECICHHONW CBSI3U MEXKIY KpPaliHMMU PUTMOTECHHBIMHU OTACIaMH
oprasna [15].

MUKpPOIAPKYISITOPHOE PYCIO MAaTKH M MaTOYHBIX TPYO BBISBISLIOCH ajie-
HO3UHTpU(OCHATHBIM TMCTOAHTHOJIOTUYEeCKUM MetosioM [12]. TlapammensHo ¢
BaCKYJISIpU3aIlUEii POTOB UCCIIEAOBATUCH TAKXKE COCYAMCTHIC pycia Oiu3iexa-
1Iei 00J1acTH SMYHUKOB.

Puc. 4. KpoBeHOCHBIE COCYIBI MUKPOLMPKYJISITOPHOTO pyciia Ha NMPOAOJIBHBIX Cpe3ax
suuHuka (A, a), HadampHOro otaena matouHod Tpyoel (b, B) u cpemneli dactu
MaTouHoH TpyOs! kpeickl (I, 1), Ov — SMYHUK; corn — por MaTku. YBeiauyeHue: ok. 10,
00. 2,5 (a); 6,3 (b); 10 (B, T, [1); 16 (A).

Ha IPOAOJIBHBIX CpE€3ax ANYHHUKOB IOKa3aHa BBIpAXXKECHHasi BaCKYyJsApH3a-
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LUsl, IPU 9TOM apTepUalbHas CUCTeMa CHIIbHO pa3BeTBiieHa (puc. 4, A). B 00-
JIACTH COEANHEHHS poTa ¢ SMYHUKOM KPOBEHOCHBIE COCYIBI PACIIONOKEHBI TPs-
MO B TECHBIA NMYYOK (Ha PHUCYHKE NpeACTaBlieHa 3aT€MHEHHas MOBEPXHOCTb)
(puc. 4, b, B). Ilocnennee, BUIMMO, UTpaeT HEMAJOBAKHYIO POJbh B CIOCO0-
HOCTH MEHCMEKepOB ATOH 30HBI 00eCTIeYnBaTh BEAYIIYIO IeHCMEKEPHYIO (QyHK-
muo. B cpenuHHOM OTAene MaTOYHOM TpyObl COCYABl MPHHUMAIOT CHIIBHO
W3BWIMCTOE HANpaBlieHHe, OTYEr0 Ha cpe3ax Hapaly C MHKpPOCOCylaMH B

0O0JIBIIIOM KOJMYECTBE BHIHBI UX TMTOTIepedHblie ceuenus (puc. 4, I, J1).
Lo, ¥

Puc. 5. KpoBeHOCHBIE cOCYBI MUKPOLMPKYJISITOPHOTO pycila Ha NMPOAOJBHBIX Cpe3ax
MaTku Kpbichl. A(0), B(6) — por MaTku ¢ nmpurpaHUYHOH 06NacThio Matku; b(u), B(u),
I'(u) — temo marku; JI(c), E(c) — obnmacts mielikn MaTKH. Benble TOJIOBKH CTPENOK —
MHKPOCOCY/IbI; YepPHBIC CTPEIIKA — HEpBHBIC BOJIOKHA. YBeinuenue: ok.10, 06. 2,5(b);
6,3 (A); 10 (B, T, n); 16 (1, E).

B yuacTke mepexoza poroB B T€JNO MaTKU KPOBEHOCHBIE COCYABI OISAThH
MPUHUMAIOT MpSMOe HampasiieHHe. B CBs3M ¢ 3TUM TOAOOHO OTAENy pora,
NPUTPaHUYHOMY K SIMYHUKAM, JaHHas 30Ha Oojiee IUIOTHO BacKyJIspHU30BaHA
(puc. 5, A, b). B Hapy>KHOM ¥ BHYTPEHHEM CJIOSX MHOMETPHS MAaTKH KPOBEHOC-
HBIE COCY/BI 00Jiee MEJIKHE, PACIIONIOKEHBI MPOAOIBHO MM KOCO U COOTBETCT-
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BYIOT XOJly HEPBHO-MBIIIEYHBIX BOJOKOH (puc. 5, B, I'). B obmactu mieliku
MaTKH OTMEYaeTCcsd MHOIOUHUCIEHHOCTh HanboJiee KPYIHBIX KPOBEHOCHBIX COCY-
I0B. B OCHOBHOM 3TO crimpaneBUIHbIE U3BUIUCTBIE COCYABI, TIPHYEM HPOXOIs-
IIMe B IaHHOH IUIOCKOCTH CEYEHHUS Ha 3HAUUTEIbHOM PAacCTOSHHUM. s melku
MaTKH XapaKTepHO Tak)Ke OOMIIMEe HEPBHBIX BOJIOKOH, Yallle COMPOBOXKIAIOIINX
KpOBEHOCHBIE cocy bl (puc. 5, 1, E).

Takum 00Opa3oM, xapakTepHOH OCOOCHHOCTHIO MAaTKH U MaTOYHBIX TPYO
SIBJIIETCA CHJIbHAS BacKylgpu3auus Bcex oOiacted. Bmecre ¢ TeM u3BWIM-
CTOCTh COCYZOB IIpuoOpeTaeT 6osee NpsSAMOIMHEIIHOE HAallpaBICHNE B BHISBIICH-
HBIX paHee PUTMOTEHHBIX 30Hax [12-14], 4to n obecreunBaer Ooiee JOKAIb-
HOE, a He pa30pocaHHOe UX KpOBOCHaO)keHHe. Bee BhIlen3nokeHHoe IOATBEp-
KIAeT BAXHYIO POJIb KPOBOCHAOXEHUS B BOSHUKHOBEHHMU MEHCMEKepHOH ak-
TUBHOCTH.

Wnctutyt ¢pusuonorun um. JILA. Opoenrn HAH PA

K. B. Kazapsan, H. I'. Yuansn, H. H. Meakonsin

Biausinue KpoBOCHAOKeHUSI HA XapPAKTePUCTHKHU NMelicMeKepHOT
AKTHBHOCTH MAaTKH KPbICHI

HccnenoBaHo BIMsAHME WUIIEMHHM MAaTOYHOH apTepUu Ha MOKa3aTeN aKTUBHOCTU
(aMIuMTYZa, YacTOTA, MPOJODKUTEIBHOCT I'eHE3a pa3psAAoB) OBAPHAIBHOIO U LEPBU-
KJIBHOTO OTAENOB MaTOYHOW TPYyOBI, Tella MATKH, a TakKe INeHKkn MaTku. [Toka3aHbI
HanOONbIINE H3MEHEHHNS XapaKTePHCTHK aKTUBHOCTH JUISL OBAPHAIBHOTO OTJIeNa pora u
nreiiku Matku. CHenaHo 3aKiII0YeHHE O HAJMYUM ONPE/IENIEHHON CBS3H MEXIy IBYMS
KpallHUMH PUTMOTE€HHBIMH 30HaMH opraHa. B Mop¢oiornueckux McCleIOBaHUIX BBI-
sIBJIEHA CHIIbHAS BACKYJISPHU3AIHs BCEX PUTMOTEHHBIX 00IacTeil.

£. 9. Twmqupyui, L. . Zotbwiyui, L. L. Ukpniyub

Upnitwdwnujupupdut wqpkgnmipiniip weubnh wpquinh
yhudbtpughtt wjnhympjut pimpwqptph ypu

Nuunudtwuhpyl) £ wpquinh qupykpulh ubnddwt wqpbgmipmiup thnnh ddu-
pubuyghti b Yqhlwiht opgwitikph, wpquigh dwpduh b qhh wnhinipjut gnigw-
uhoubtph (wdwjhnninw, hwdwhinipniy, ywpynwlubph wnwewgdwt wnlnnnipinii)
Ypu: Ujunhynipjut pumipwugpbph wdktwdks thnthnjunipiniiibpp qpuigyty ku thnnh
dJupwught opowinud b wpquiinh Yqhlynid: Gopuljugnipniy E wpynid opquith dwy-
pudwuught tpynt nhpdwsht opownkph vhol npnowlh juwh wnluwjnipjub dwuhh:
Unpdninghujwit hbnnwgnuinnipnitibpny gnyg b wpyl pnnp phpuwshu opowbiikph
nidbn winpwynpnudp:
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K. V. Kazaryan, N. G. Hunanyan, N. N. Melkonyan

Effect of Blood Supply on Parameters of Pacemaker Activity
of Rat Uterus

The effect of uterine artery ischemia on the amplitude, frequency and burst
duration of spike activity in ovarian, cervical ends of horn, uterine corpus and cervix
has been studied. The greatest changes of above-mentioned parameters were shown in
ovarian part of horn and uterine cervix. It is concluded there is a definite connection
between aforesaid two distal parts of a uterus. Strong vascularization of all rithmogenic
zones was discovered by morphological methods.
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K. A. Ilanuyna3sun

Ilcuxosiornyeckoe M NCUX0(PU3N0T0rHIECKOE UCCTIETOBAHNE
NMEepPCOHAJIAa B KAJAPOBOH CTPAaTeruy NpeAnpuHUMAaTeIbCKOi
NeATeJIbHOCTH

(TTpencrasneno akagemukom M.A.JlaptssHom 21/1 2012)

KnaroueBble cioBa: ncuxonocuyeckoe obecneyenue O0essmenbHocmu, KOMA-
JIEKCHBILL NCUXOOSUYECKULL ONPOC, NCUXOPUIUOTOUYECKOe aHKeMUPOBaHUe, No-
JIOJHCUMENbHAS NeMHAs. MOMUsayusl, 6eCKOHMAaKmHas OYyeHKa 00CMOBEPHOCHIU
ungopmayuu, 6a3a NEPcoHAIbHBIX OAHHBIX

B Hacrosmee BpeMst Uil OpraHu3aiy IpodecCHOHaTBHOTO 0TO0pa KaapoB
CYIIECTBYET MHOXECTBO METOJAMK OIIEHKH MEPCOHANIa C MOMOIIBIO IICUXOJIOTH-
yeckoro tectupoBanus (I1T) nHAMBHUIyaTbHO-TICUXOJIOTHYECKUX CTPYKTYPHBIX
KOMIIOHEHTOB JIMYHOCTH MHJMBHUA: TUIA JUYHOCTU M SMOLMOHAIBHO-BOJIEBOI
cepsl, XapakTepa M aKIEHTYaIUi, YPOBHSI WHTEIUIEKTa U KPEaTHBHOCTH, BOC-
IIPUATHUSL, BHUMAHUS U NaMSTH, YPOBHS KOH(IMKTHOIO IOTEHIMaja, CUX0Co-
LUaJIbHON aJalTUBHOCTH, MEXIMYHOCTHBIX OTHOLIEHHUH U Jp. OTH METOAMKU
OJOUPAOTCS IICUX0JIOTOM B 3aBUCMMOCTHU OT ITOCTaBJIEHHBIX 33/1a4 M OXKHJae-
MBIX pe3ynbTaToB. OHAKO W3BECTHO, YTO HE3aBUCHUMOE OJIHO- WJIM MHOTO(dak-
topHoe IIT aBnsercs cyObeKTUBHOMN, CUTYaTHBHOM, HEMPOBEPIEMON dKCIEpH-
MEHTAIBHO U BeChbMa aMOP(HOH IPyNol MCUXOTOTHYECKIX METOIUK MOACO3-
HaTeJbHOTO, YMO3PUTEJIBHOIO YPOBHSA C JIOCTOBEPHOCTBIO pe3yibTaToB 68 —
80%. NoctoBepHOCTh pe3ynbTatoB [IT AMCKPETHO M3MEHSIETCS B 3aBUCUMOCTH
OT IOMUHHMPOBAHUS T€X WJIHM MHBIX UHIUBHUIYaJIbHO-IICUXOJOIHYECKUX OCOOEH-
Hocret (MUI1O) nccnemyemMoro, SMOIMOHAIBHON CTaOMILHOCTH M MHTEJUIEKTY-
aJIbHOM JIaOUJIBHOCTH, YCTOHUMBOCTH IOBEIEHHs, MOTUBALIUH, XapakTepa Tpy-
JOBOH HEATEIBHOCTH, OECCO3HATENBHOTO KEIAHUS «yIY4IIUTh», a 10 CYTU UC-
ka3uth pesynbratsl [IT. HagexHocts 1T HU3Kasg, TOCKONBKY NPH OJUHAKOBBIX
YCIIOBUAX 3KCIIEPUMEHTA IIOBTOPHOE N3MEPEHHE MOXKET 110Ka3aTh CYLIECTBEHHO
pasHble pe3yabTarsl [1,2].
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Mertoz IIT no3BosisieT KOJIMYECTBEHHO OLIEHUBATH MOyUEHHBIE PE3YIbTATHI
U CpPaBHUBATh UX C JaHHBIMU OOCII€IOBaHUS JPYTHUX aBTOPOB M AKCIIEPUMEH-
Tatopos. [Ipu 3TOM HapylleHrne OCHOBHBIX YCIOBUN TeCTUPOBaHUsA (Y4ET OCo-
OEHHOCTEH WHAMBUAYAIbHBIX IE€PEKUBAHUM, YHUKAIBHOCTH YEJIOBEUECKON
JIMYHOCTH, €€ HETIOBTOPUMOCTH M HECTAHAAPTHOCTH) MOXKET IPUBECTH K HEJOC-
TOBEPHOCTH pe3ysibTaToB HccienoBanus. [lostromy IIT cnenyer paccmarpuBaTh
HE KaK CaMOCTOSITEIbHBIN METOJI, @ KaK YacTh LEJIOCTHOTO HccaenoBanus [3].
Huskas nocroBeprocts I1T kak MeTona HE3aBUCHMMOIO UCCIIEJOBAHUS UHIUBU-
IIyalbHO-IICUXO0JIOTNYECKUX U INPO(ECcCHOHATBHBIX OCOOEHHOCTEH JIMUHOCTH He
oOecrieunBaeT OOBEKTUBHYIO IICUXOJIOTHYECKYI0 0€3011aCHOCTh KOMIIAaHHU IIPU
HaiiMe, pacCTaHOBKE U yIPaBJIE€HUHU IIEPCOHATIOM.

Omnpoc no meronukam IIT MOXeT ciIy>KUTh JOMOJHEHUEM K IIPOBOAUMOMY
ncuxopuznonoruyeckomy uccinenopanuio (IIOU) ¢ 1oCTOBEPHOCTBIO Pe3yilb-
TaToB 95 — cBbimie 99%, HampuMmep, ONPOC C HCHONB30BaHHEM IMoyurpada
(OUII), perucrpan CBOEBPEMEHHOCTH U aJE€KBATHOCTH BO30YAMTENIBEHO-TOP-
MO3HBIX M HECHEHIM(PHISCKIX TICHXOBETETATUBHEIX YCIOBHOPE(PIEKTOPHBIX pe-
akuui uccaemyemoro [4-6].

C 2007 r. 8 OO0 aBuakommanuu (a/k) «ApMaBHa», HAIIMOHAILHOM aBHaIle-
peBosunke PecriyOnuku ApMeHUs, QYHKIHOHHPYET MOApa3feleHue MCUXOJIO0-
ruueckoro obecneueHus aesrenbHoctd (IIO/]) Ha ocHOBe Hay4HO-HCCIEIOBA-
TEJIbCKOW TpUaabl: 1) MpUKIaAHAS TICUXONOTHS; 2) TICUXO(PU3HONOTHS; 3) TONHU-
rpa)oyorus, B YaCTHOCTH, OECKOHTAKTHasl OIIEHKa JOCTOBEPHOCTH HH(pOpMa-
mun (BOJIN). C 1enpto MHOTOCTOPOHHETO HCCIIEIOBAHUS YEIOBEYECKOTO (hak-
TOpa B I'PaKAaHCKOW aBHAllMM B COOTBETCTBUHU C HOpMaMM MexIyHapOAHOU
opranuzanuu rpaxnanckoit aBuanuu (ICAO) u MeTonaMu aBHAITMOHHOM TICH-
XOJIOTUH, OpraHu3alMy IPOPECCHOHAIBHOIO 0TO0Pa, 00eceueH sl ICUXOJIOTH-
4ecKoil 0€30IMacHOCTH KOMITAaHUHU MIPU HaiiMe, pacCTaHOBKE U YIPaBIICHUHU TIep-
COHAJIOM pa3pa0oTaHa aJanTUpOBaHHas K crenuduke a/K KaueCTBEHHO HOBas
MHOTOIIeJIeBasi CUCTEMa B3aWMOJIOTIONHSIOMINX TICUXOJIOTHYECKUX U TCUXO(H-
3MOJIOTMYECKUX METOAMK KOMIUIEKCHOrO Icuxojoruueckoro ompoca (KIIO)
nepcoHana a/k. B uarerpansayto cucremy KIIO Hanmmaemoro u paboTaromniero
IIepCOHaJIa BXOAAT: HaOJII0JJeHne, U3ydeHHe MIPOLLIO TPyAOBOH JAEATeIbHOCTH,
npenrecToBoe cobecenoranue, [1T mo paznmuansM quddhepeHInPOBaHHBIM IICH-
XOJIOTHYECKUM MeTonukaM, TectoBass BOJIW, mocimerecToBoe cobecemoBaHue,
ompeJieNieHHe COMATOTHIIA, SKCIEPUMEHT Ha OOHapyKeHHe 3aKOHOMEPHOCTH
MIPUYMHHO-CIIEICTBEHHON CBSI3U M aJIeKBATHOCTU BEpOATBHBIX U BETeTaTUBHBIX
OTBETHBIX PEaKLUH UCCIIEAYEMOTr0, UCCIEJOBaHIE TOBEIEHUECKUX U MICUX0(H-
3MOJIOTHYECKUX HeCHeUn(PUIECKUX peaKkiii OpraHu3Ma Ha YCIOBHOPEPIEKTOP-
Hble BepOabHbIE Pa3IpaXKUTENU U APYre KOHTHUHYaJlbHbIE KOMIIOHEHTHI IICH-
XOJIOTUYECKOTO, CUX0()U3NOIOTHYECKOTO U IICHXOCOIMaJIbHOTO cBOiicTBa. Ha-
IIpUMEp, COMATOTHUII UHAUBUAA OCTAETCs IOCTOSHHBIM B T€UE€HHE BCEH JKU3HU;
MEHSIOTCS] BHEIIHUHM BUJ M pa3Mephl Tejla, HO HE COMaTOTUI. [ umno- win rumnep-
Tpodusl MBI U3MEHAIOT OYepTaHHs Tela, HO He COMATOTHII; ONBITHBIA I1a3
HCCTIeIOBATeNs 4acTo (UKCHPYET OOJbLIe, YeM H3MEPUTENbHBI HHCTPYMEHT
[7].

IIpu IIT wacro momyckaercs ommOKa, W3BECTHAs KaK «KalkaH bpokay»,
KOIJja YKJIOHYMBOCTb IIPU NICUXOJIOTHYECKOM OIIPOCE HE BCEra NMPHU3HAK JIKU U
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CTaOMIBHOCTh SMOLIMOHAIBHOCTH M BBICOTHI TOJIOCa HE BCETAa MPHU3HAK MPaB-
IIBI, @ pe3yJIbTAaT OTCYTCTBUS MH(POPMAINH 00 WHINBHAYATHHO-TICHXOJIOTHIEC-
KHX U ICUXO(U3UOIOTHIECKAX OCOOEHHOCTAX UCCIEAyeMOro. AHAIHN3 U CHHTE3
0OHapyXEHHBIX TOCTOBEPHBIX MHIMBUAYAIbHBIX NCUXOJOIMYECKUX M IICHUXO-
(PU3UOIOTUIECKUX SKCIEPUMEHTANBHBIX JAHHBIX HAYYHO OOBEKTHBHOHM CHCTeE-
Mbl KI1O mo3Bomnsier nzbexarh «kankana bpokay» 1 000CHOBATh 3aKIIOYEHUE O
JUYHOCTH KaHIUAaTa Ha NpOQNpPUrogHOCTh K pabore B a/k. B oTnuume ot
MHOrux kommbioTepusoBaHHbIX [1T, npu KIIO HenmocpencTBeHHOE COOTHOLIE-
HHUE HCCIIEN0BaTeNb — UCCIIENYyEeMbli CYIIECTBEHHO IIOBBIIIAET BEPOATHOCTD I10-
JIydeHUs HaJIeXKHbBIX U JJOCTOBEPHBIX Pe3yJIbTaTOB.

WnrerpansHas cucrema KI1O a¢pdekTHBHO neficTBYeT B TpeX 00macTsx: mc-
CJIeA0BATEIHCKON, BOCCTAHOBUTENBHOM, ICUXOJIOTHYECKOT0 odectieueHus 6e30-
nacHocti OmsHeca (IIOBB). JlocroBepusie pesymprathl KIIO IO/l a/kx «Ap-
MaBHa» B HCCIIECIOBAaHUU YEIOBEUECKOTO (haKTopa B Tpa)kIaHCKOH aBHAINH
HapsIy ¢ JOTIOJMHUTENBHON CIIeIHaNbHON HHpopManuel BXOIIT B KOH(HIEH-
nuanbHyto 0a3y nepcoHanbHbIX JaHHBIX (BITT).

[0 a/x «ApmaBua» (HyHKIIMOHHUPYET MO aJanTHPOBAHHOW K crennuduke
a/K MHOTOCTYIIEHYaTOH cXeMe, IIPOBOAUT MHOTOCTOPOHHHE B3aWMOOMNOIHSIO-
[IMe UCCIIeIOBAHUS YEIOBEUECKOro (hakTopa B rpakJaHCKOH aBHAIlUH B IICUXO-
JIOTHYECKOM, TICHXO(U3NOIOTHYECKOM, HHTEIIEKTYaIbHO-IIPO(eCCHOHATIBHOM,
MICUXOCOLMAILHOM IITaHe. PaboThl MPOBOIATCSA MO CIEIYIOIIMM MSTH OCHOB-
HBIM Hay4YHO-TIPUKJIaIHBIM HalpaBJICHUSIM.

1. Ilcumxonormueckoe M INCHXO(MHU3HOIOTHISCKOE HCCIeIOBAaHNE HAaHUMa-
€MOr0 Ha CIIy)X0y 1 padoTarollero nepcoHaia BKIOYaeT B ceOs: olpezeneHne
UIIO kanamunara Ha NpOQUPUTOJHOCTD; COCTABIEHHE IICUXOJIOTHYECKOTO TOp-
TpeTa JIMIHOCTH TI0 KaYeCTBEHHOH KOPPEISINHI IICHXO0(H3HOIOTHIECCKHUX U TICH-
XOCOIMAJIbHBIX KOMIIOHEHTOB; OOHApYKeHUE M TCUXOAMAarHOCTUKA TICHXHYEC-
KHUX OTKJIOHEHHH, aK[[EHTyalllil XapaKTepa JTUYHOCTH; UCCIIeJOBAaHUE OPHEHTH-
POBOYHOW peakUuy MHAMBHIA MPH cOOECeJOBaHUH: MOPOTa HEMPOU3BOIBHOTO
MIOJKOPKOBOI'O U OOBEMHOCTh, CYKLIECCUBHOCTb, MHT€HCHBHOCTb U YCTOWYM-
BOCTb IIPOU3BOJIBHOIO KOPKOBO-PETUKYJISIPHOIO BHUMAHUS; COIIOCTABICHUE UH-
IUBHUAYaJBHBIX TCHXO(PU3NIECKUX KAauyecTB KaHIHWIaTa ¢ TPEOOBAHMSIMH IIPO-
(heccrorpammbl, BKITIOUAIONIeH B cedsl yriryoneHHyo KanapoByio oeceny (YKB),
ncuxopuznonorunyeckoe ankerupoBanue (IIPA) u IIT. YcrHbiid ompoc, B 0T-
JUYUE OT MUCBMEHHOT0, MO3BOJISIET KOHCTPYHUPOBATh MPO(ECCHOHANBHBINA KOH-
TaKT C UCCIEAYEMbIM, IIy0Xe MPOHUKATh B €ro MCHXOAMOIHMOHATIBLHYIO cdepy,
BBISIBJIATH HHAUBUAYAIBHYIO ICUXOJOTHUECKYIO KOHCTUTYLIMIO, ONIPEAETATh UH-
TEJJIEKTYyalbHO-IPO(ECCUOHANBHBIA CTaTyC; Bce 3TO TpeOyeT chelnuanbHOH
MIOJrOTOBKU, 00yueHHs MU OOJIBIIEr0 BPEMEHHM Ha NPOBEICHUE HCCIIEAOBaHMSA
[8].

2. UccnenoBanue MHAMBUIYAIBHBIX NCUXO()HU3HOIOTHUECKUX, ICUXO(H3HU-
YECKUX, TICUXOJIOTHYECKUX U TICHXOCOLUAIBHBIX 0COOEHHOCTEH TIepcoHana JieT-
HOTO COCTaBa M CIY>KObI OOpTIpOBONHUKOB. CTpax B pa3yMHBIX T'paHHIAX Tie-
pen mosxeroM ObUT M Bcerna OyneT HOPMalbHOM YeI0OBEUeCKOH peakiued Ha
CJIy4allHOCTH M ONAaCHOCTH IIOJIETa, YTO OOSA3bIBAET IMJIOTA IIPOSABIATH 0OJIb-
LIyI0 OCTOPOKHOCTb U YCIEILIHO CIIPABIATHCA CO CBOMMHM OOS3aHHOCTSAMHU; I10-
JIOXKUTEJIbHAs JIETHAsi MOTHUBAIMS U HOPMaJIbHBIE IICUXOJOTHYECKHE 3alllUTHbIE
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MeXaHU3MbI OOBIYHO YPABHOBEIINBAIOT OTPHULIATEIbHBIC MOCIEACTBUS IMOLINO-
HaJbHOTO cTpecca B nosere [9]. 1o cnennanbHBIM METOIMKAM OCYILECTBISAETCS
nudPepeHInPOBAaHHOE MHOTOCTaIUHHOE MCUXOJOTHYECKOe U TICUXO(PU3UOIO-
IMYECKOE TECTUPOBAHHUE JIETHOTO COCTaBa C LIEIbIO MOAAEPIKAHUS I1OJIOKUTENb-
HOM JIETHOM MOTHBAIMH MMUJIOTOB J0 U MOCJIE BBOJA B CTPOIl B KauecTBE KOMaH-
IUpa WIK BTOPOTO MIJIOTa BO3AYIIHOTO CyAHA. TecTUpoBaHWE MPOBOIUTCS B
paMKax IUIaHOBOTO W BBIOOPOYHOTO MCCIEOBaHMsI, B YACTHOCTH, HOCIE CIIOXK-
HBIX BHUJIOB IIOJIETOB TEXHUYECKOTO, METEOPOJOIMYECKOI0 MM IICHXOJIOTHYEC-
KOT'0 XapakTepa, cTpecca BHYTpU- WIN MEXIMYHOCTHOrO cBoicTBa. Ilpu cymie-
CTBEHHOM I10JIO’KUTEIBHOM Pe3yJbTaTe CTaJuM TEeCTUPOBAHUA, OOHAPYKUBLIECH
HEeCTaOMIBHOE TICHXOJIOTHYECKOe M TCHXO(H3UOIOTHYECKOE COCTOSIHHE Opra-
HU3Ma, MIOT WK OOPTIPOBOJHUK BO30OOHOBIISIET CBOU CIIY)KeOHbIE 00sI3aHHO-
CTH IOCJIE NICUXO0JIOIMYECKOH peajanTay — IPOX0XKIEHUS IICUXOKOPPEKLIUHT U
HaJIM4Usl JTOCTOBEPHBIX HOPMAIIBHBIX TCHXOJIOTHYECKUX U IMCUXO()HU3HOIOTH-
YECKHX Pe3yJIbTaTOB IIOBTOPHOI'O MOJIHOTO TECTUPOBaHUS. MHIUBUyanbHBIA U
IPYIIIOBOM MCUXOJOIMYECKUH TPEHMHT JIETHBIX dKuNake u Opuran 60pTopo-
BOJIHUKOB IE€PUOJUUECKH KOPPEKTHO pealu3yercs B MEKIIOIETHOM HHTEepBae
U HE COBII3JaeT BO BPEMEHHU C INPEATNOJIETHOW HMHAMBUAYAJIBHOM ayTOT€HHOM
TICUXOJIOTMYECKOI MOArOTOBKOM, KOTJa Ha TIOAKOPKOBOM M KOPKOBOM YPOBHSIX
TOJIOBHOTO MO3Ta MPOUCXOIUT pepieKTOpHas IICHX0IMOIMOHANBHAS U Tpodec-
CHOHaNTbHAst MOOMIIM3AIHS MTOJIOKUTENbHON JIeTHON MoTuBauuu. [lcuxonoruye-
CKUIl MOHHUTOPHHI BEIETCS B TUHAMHKE CIY)KEOHBIX O0s3aHHOCTEH IepcoHaia
JIETHOTO COCTaBa U CIIY>KObI OOPTIPOBOAHUKOB.

3. IlcuxokoHCyIbTaLUs, ICUX0AHAIN3, IICHXOAUAarHOCTUKA U IICUXOKOPPEK-
uus (YHKUMOHAIBHBIX HApyIICHUH HEPBHOW CHCTEMBI, TAKHX KaK OCTpble H
XPOHUYECKUE CTPECCHI, JENPECCUH, HEBPO3bl, (OOUN pa3IUYHOM ITHOJIOTHH, Y
nepcoHana a/k Ha poHe koHTpodbHOU MHGOopManuu BI1J] Ha npuHIUIE 10OpPO-
BOJILHOCTH W KOH(UAEeHIaIbHOCTH. Mccnenyercs XxapakTep 00paTHMOTO CIBH-
ra BbICUICH HEPBHON AEATEIBHOCTH — CYObEKTUBHOE OTpakeHHE OOBEKTUBHOM
JeHCTBUTENBHOCTH, COJCPIKaHNE ICHXMIECKIX MTEPEKUBAHUH U UX (PUIHOJIOTHS
— BereTaTHBHBIC peakuuu opranm3Mma. Cobmromaercss KOHQUICHINATEHOCTD —
yBa)XCHHE TIpaB pabOTHHUKA KaK MHIWBUIA W €ro JUYHOH xw3Hu. Ecmu uadop-
Malusg pabOTHHUKA COAEPIKUT CBEAEHUs 00 ONacHOCTH, Ipo3siueil emy, a/k Win
00IIECTBY, TO 3THYECKHE MPENNHCAaHHUs pa3pelialoT HApYIIUTh KOH(UACHIIH-
aNBHOCTH paau Oe3zomacHoCTH. OAHAKO OTBETCTBEHHOCTH IICUXOJIOTa Tepel J10-
BEpUBLIMMCS eMy paOOTHUKOM Bcerja nepBuyHa. [Ipu ICHXOKOHCYIbTAIINH pa-
OO0THHKY Jaercsi cBoOoza BBIOOpa paclopskKaTbCs JUYHOM HH(popManued u
Jenaer ero 0osee OTKPBITHIM AJis MpodeccuoHanbHoro obmeHus. Ilocaenyro-
IMH Kypc NCUXOKOPPEKLHUH NPUBOAUT K HOPMAIM3ALMM SKCHIEPUMEHTAIBHO
MPOBEPsAEMBIX OOBEKTUBHBIX HeCHenu(UUIeCKUX YCIOBHOPE(ICKTOPHBIX ICH-
XOBETE€TAaTUBHBIX PEAKIMI OpraHu3Ma, CpaBHUBAEMbIX ¢ KOHTposbHOU BIIJI pa-
OOTHHKA, pETYJISIMNA COCTOSTHHSA U MOJIOKUTENBHON CITy»KeOHOH MOTHBAIUH.

4. HemocpeacTBeHHOE MCUXOJOTMYECKOE HCCIIEAOBAaHHE HAHUMAEMOTO Ha
ciyx0y u padoraromero nepconana B cucteme I[1OBb ¢ yuerom ncuxoduzno-
JIOTMYECKOI'0 M IICHXOCOLMAIBHOIO CTaTyCca, HCTUHHOTO MOTHBA IOCTYIUICHHS
Ha paboTy B a/K, KaTerOpUHU CTENEeHU PUCKAa MHIMBHUJA 0 KOHLENLHUU aMepu-
KaHCKOI0 HccieqoBaTelns B o01acTu komMmepueckoit OezonacHoctu Iloma I'od-

323



¢una. [Tepuonuveckoe ucciuenopanue padOTAIOIIEro U MPOCEUBAIOIINE TPOBEP-
KM HaHMMAaeMOTro Ie€pCoHala Ha NMpo(eCCUOHANBHYIO NMPUIOAHOCTE M KOMIIE-
TEHTHOCTH ¢ npuMmeHeHueM Metoauk YKB, TIDA ¢ O no HeBepOaibHBIM
NEPBUYHBIM (BU3yaJbHbIM) U BTOPUYHBIM (aKyCTHUYECKMM) IPHU3HAKaM pPEUH,
noBeneHus u [T ocymectBistores B cucreme [IOBb nmns ympexnenus Bepo-
SITHBIX YMBIIIJICHHBIX WM HEYMBIIIICHHBIX HAPYIICHUH pekuMa 0e30MacHOCTH
nestenbHocTH a/K. CorjlacHO aBCTpanuiickoMy ucciegoBaremo Amnany IIuza
cnoBamu tiepenaercs 7%, akycTukon — 38%, a MEMHUKOM, KeCTaMHt U 1T03aMH —
55% wndopmarumy, T. €. BaxxHee U UHPOPMATHBHEE HE YTO TOBOPHUTCS, a KaK To-
Boputcs [10]. Peanusyercs ucciaenoBanue HENOAKOHTPOJIBHBIX COBHAHUIO BEre-
TaTUBHBIX Hecrennpudecknx peakiuii u recroBas bOJU ¢ perucrpanueii BHe-
IIHUX MPOSBICHUH NCHXOBEreTATUBHBIX PEaKkIHUi OpraHu3Ma C y4eTOM HHIH-
BUyaJIbHBIX 0COOEHHOCTEN (DYHKIMOHAIBHONH aCHMMETPUHU MOJIyIIAapUi TOJI0B-
Horo Mo3ra uccienyemoro. B cucreme [IOBB KITO 6e3 KOMIBIOTEPHOTO MOJH-
rpada (KII) ucrone3zyercss METOMKa «KOHTPOJIBHBIX BOIPOCOB» I OOHApY-
KEHUS CKpPBbIBAEMBIX HCCIeAyeMbIM (DaKTOB, KOTJa B KayecTBE perucrparopa
(U3UOIOrMYECKUX U JIBUTaTENbHBIX PEakLUil opraHu3Ma BBICTyNaeT He OJIOoK
coopa gannbix KII, a mpodeccnonanpHas HaOII0JaTENbHOCTh 32 HEBEPOAIbHBI-
MH MICUXO()U3NOTOTHYECKUMH, MUMHYECKIMU B TICHXOMOTOPHBIMH PEaKLIUIMH
HCCIIelyeMOT0; TECTHPOBAHUE METOIUKON «KOHTPOJIBHBIX BOmpocoB» 0e3 KII
CIIOHEE M MEHEE TOYHO, HO CIYKUT XOpOILIMM IOJACIIOPbEM B HCCIEN0Ba-
TenbCcKor padote ncuxoduznonora [11]. Ilonydenne nmepcoHaTBHBIX TaHHBIX OT
camoro pabOTHHKA U ¢ €ro J0O0pOBOJIBHOIO corjlacus B Liensax: 1) comeiicTBus B
TPYAOYCTPONUCTBE U MPOABMKEHHUU IO CIYX0€; 2) KOHTPOJIS KauecTBa BBINOJI-
HseMO# paboThl; 3) oOecreueHns: COXpaHHOCTH UMYIIEcTBa a/K; 4) CIyKeOHBIX
TepeMenieHni, MPoBepoK, paccienoBanuii [12]. [Ipeamnomnaraercs oneparuBHOE
B3aMMOJICHCTBUE CO CITy>KOO0I aBHAIIMOHHOM 0E30MacHOCTH a/K B paMKax BBIOO-
pounbix KIIO, cmyxeOHBIX paccieqoBaHHN U pa3dupaTenbCTB, 0OMeHa orepa-
TuBHOU MH(popMmanueid. [locpeacTBom HaydHO-TIpuKIagHON nHpopManun BIT/T
B cucreme IIOBb ocymiecTBisercs NcUXojoruyeckas 3aliuTa KOMMEpPUecKOoi
TaiiHbl IIPU YBOJBHEHUH COTPYAHUKOB C LIEJIBI0 CHW)KEHHUSI BO3MOXHOIO yIIep-
0a oT pasrimameHds UMH KOHQHUICHINATGHBIX TEXHHYECKUX, aJIMHHUCTPATHB-
HBIX, IATEHTHBIX, IOPUIUYECKUX, (PUHAHCOBBIX U IPYIUX CBEAEHHUH. YUHUThIBa-
FOTCSI TICUXO(HU3HOIOTHYECKUI U TICUXOCOLMANBHBIA CTAaTyC, KaTeropus CTere-
HU pHUCKA, 3aHUMaeMasi JOJKHOCTh YBOJIBHSIEMOTO (YBOJIBHSIOLIETOCS), C KOTO-
PBIM COXpaHseTCs CUXO0IOTUIECKUH KOHTAKT.

5. Pemenue 3agad KOH(IMKTOJIOIMM B KOJUIEKTHBE, KOTOPOE BKIIIOYAET:
npoBenenue [1T Ha oneHKY ypOBHS KOH(IMKTHOCTH JUYHOCTH; MOJACPIKAHHUE
3I0POBOr0 MHUKPOKJIMMAaTa B KOJJIEKTHBE, BHYTPH- U MEXIMYHOCTHOW COBMEC-
TUMOCTH COTPYJHHMKOB U ONEPaTUBHOU MPO(ECCHOHATBHON B3aMMOCBSI3H MEXK-
Ny TIOipa3/ieIeHUsIMU; BbIABIICHHE HauOoJlee U HAaMMEHee YCIELIHbIX COTPYIHH-
KOB, a TaK)Ke KOH(JIMKTHBIX 30H B KOJUICKTHBE; OMpPEACTCHUE MPUCYLIHX CO-
TPYAHUKaM MHAUBHUIYAIBHBIX CUIIBHBIX U CIA0BIX CTOPOH JMYHOCTH, CIOCOOCT-
BYIOIIUX WM MPEMSATCTBYIOIINX BBIMOJHEHHIO CITY)KEOHBIX 0053aHHOCTEH; U3y-
geHne (GakTopoB, CACPKUBAIOIINX MOTCHINAT M PE3yIbTATHUBHOCTH PAOOTHI B
Ka4yecTBEe PYKOBOJIUTENEH IOApa3AeIeHuUil; IpeaynpexIeHue, pa3pelieHne KOH-
(IUKTHBIX CUTyaluil U BOCCTaHOBJIEHHE B3aMHOTO JOBEpUS B BBICTPaUBaHHUU
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3I0pPOBBIX MEKIMYHOCTHBIX B3aMMOOTHOIIEHHH; MPOBEIEHHE MEPMaHEHTHOTO
IICUXOJIOIMYECKOr0 MOHUTOPHHIA IIEpCOHAJIA.

KoopanHauus nsti HaydHO-TIPUKITAHBIX B3aUMOAOONHSIOUINX HapaBJie-
Huit Tpuaael KI1O obecrnieunBaeT KBATMGHUIIMPOBAHHBIH OTOOP KaJpOB, MICHXO-
JIOTHYECKYI0 0e30MacHOCTh a/K MPH HaiiMe, pacCTaHOBKE M YIPAaBJICHUH TIEPCO-
HaJIOM, OMEPAaTHBHOE MCCIIENOBAHUE MCUXOJOTHYECKHUX, MCUXo(u3nomornyec-
KHUX U UHTEJUIEKTYaIbHO-PO(EeCCHOHATBHBIX 0COOEHHOCTEH YeNoBeKa C LeNbI0
pelLleHnss OCHOBHOM 1 paboToaaTessl ICUXOJIOTHYECKON 3alaul — olpeselie-
HUS YPOBHSA J0BEpUs K paOOTHUKY.

KIIO mponumu oxomno 500 kaHauAAaTOB HA MPOMIIPUTOIHOCTH, HEKOTOPHIE U3
HUX — C HEYJOBJIETBOPUTENIBHBIM pe3yibraToM. He cooTBeTcTBOBaIM TpeboBa-
HUAM goixHocTed crnenytonue UITO audHOCTH: HealneKBaTHOCTH MCHUXOBETe-
TaTUBHBIX YCIOBHOPE(IEKTOPHBIX peakLui, 3ama3gplBaHie U HecOalaHCUpo-
BaHHOCTb BO30YAUTENBHO-TOPMO3HBIX PEaKIHii, HU3Kas CTPECCOBasi TONEPaHT-
HOCTb, acOIMabHAs aKLEHTyallusl XapakTepa, BEICOKUH YpOBeHb KOH(IMKTHO-
ro MOTEHIMaja, 3aBbILIEHHasl CaMOOLIeHKa IPO(pEeCCHOHAIIHON KOMIIETEHTHOC-
TH, CKJIOHHOCTh K MCKa)KCHUIO 3HAUYMMBIX ()ParMEHTOB CBOEH HPOIDIOHN Tpymo-
BOH NesATeNbHOCTH; 0OHApyKEHHBbIE JTMYHOCTHBIE JaHHbIE MHAMBHUIYAILHO CO-
YeTaJuCh U WMENM BHYTPEHHIOIO JIOTHKY 3THOJIOTUH M pa3BUTHs. OTIenbHbIE
COTPYAHUKH a/K 0OPaTHIIUCh 3a MCUXOJOTHYECKON TOMOIIBIO 10 TTOBOAY (PyHK-
LIUOHAIBHBIX 00PaTUMBIX HAapYIIEHUN HEPBHOW cUCTeMbI. [lepBbie ceaHChl TCH-
XOKOPPEKINH BBI3BAIN PEMHICCHIO (DPYCTPAIIUK y 3TUX COTPYIHHKOB; METOIH-
KU ¥ KOJIMYECTBO CeaHcoB ompenersuich ucxoas uz MIIO mmunoctu BITJI, xa-
paKTepa M CTENEHH ICHXOJIOrMueckux HapymeHud. Kypc MHIMBHIyanbHOH
MICUXOKOPPEKIIMU Y OOPaTUBIIUXCS 32 MCUXOIOTHUECKON TTOMOILIBIO CONIEHCTBO-
BaJI HOPMAJIM3allH HeCTeIN(PIUIESCKUX YCIOBHOPE(ISKTOPHBIX peakIiii opra-
HU3Ma, PETYIISIUN COCTOSIHUS (aIIeTuTa, CHa, CTPECCOYyCTOMYMBOCTH), BOCCTA-
HOBJICHUIO TIOJIOKUTEILHOW JICTHOM U CITy’)kKeOHOW MOTHBAIIMH, peajianTallii B
TPYJOBOM KouyiekTuBe. HopMmanabHOE COCTOSHME OpraHu3Ma JOMOJHUTENBHO
nmoaTBepaAniIock KoHTpoibHBIME pe3ynbTaramu KIIO BIIJ[. B cucreme I1OBb
KIIO meToamKka «KOHTPOJIBHBIX BOIIPOCOB» IO MPOJOJKUTEITHFHOCTH U TUCKPET-
HOCTH IICUXOBETETaTUBHBIX, MUMUYECKUX U ICUXOMOTOPHBIX IIPOSBJICHUI BbIS-
BWJIa CKPHIBa€MBIC 3HAYMMBIE (parMeHTHl OWorpadum, yCTOHYUBHIC BPEIHBIC
MIPUBBIYKHM, YYACTKH HEHMCKPEHHOCTH OTHOCHTEIIFHO CBOEH MpOo(hecCHOHANbHOM
KOMIIETEHTHOCTH Y OT/ACIBHBIX KaHIUAATOB Ha Mpodnpuroanocts. [lcuxonorn-
YECKU MOHMUTOPHWHT, HJIEHTHUUHBIE 3KCIEPUMEHTAIbHBIE JaHHBIE MOBTOPHBIX
HccIel0BaHuil MOATBEPAWIN HayuyHY0 00beKTHBHOCTH cucTeMbl KIIO u o6oc-
HOBAJIU AOCTOBEPHOCTH pe3ynbraTtoB MeToauk YKB, IIDPA u IIT. MHuorouene-
Bas uH¢opmarus BIIJ] cayXut KOHTpoJIeM B UCCIEJOBAHUM AUHAMUKU IICUXO-
JIOTHYECKOTO ¥ TICUXO(PU3NOIOTHIECKOT0 COCTOSIHUS TIEPCOHANa B PELICHUH 3a-
nad [IObBb u xondmukronornu. Pesynsrarer KIIO mMeroT HaydHO-TIpakTHYEC-
KOE 3HaueHue B onepatuBHOM uccienoBannu UI1O nepcoHana u cnocoOCTBYIOT
YKPEIJIEHUIO M Pa3BUTHIO TpeaNpUHUMATENbCKON nestenbHocTH. Cucrema
nuddepeHIMPOBaHHBIX WHTETPANTBHBIX MeToAuK mpukinagaoro KIIO mepma-
HEHTHO COBEPILEHCTBYETCS] — 3aMEHAETCs SKBUBAJIEHTHBIMU U JOIOJIHAETCA HO-
BBIMH, aKTyaJIbHBIMU Ul I€ATEIbHOCTH a/K KOMIIOHEHTaMHu U MeTtonamu [1DA
C 1IeJIbI0 MHOTOCTOPOHHEr0 U TIIyOOKOTO MCCIIEIOBaHUS YENOBEKa KaK JIMUHO-
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CTH B €€ aHaTOMO-()U3HUOJIOTUIECKOM, UHTEIUICKTYaIbHO-TIPO(PECCUOHATIEHOM 1
TICUXOCOIUAIBEHOM TIPOSIBIICHUH.

BeiBoabl. 1. KomrmiekCHBIN TMCUXOJIOTHYECKUI OMPOC, MO CPaBHEHUIO C
O/IHO- WM MHOTO()AKTOPHBIM TICHXOJOTHYECKUM TECTUPOBAHUEM, SIBIISETCS
Oosiee cOanaHCUPOBAaHHOM 1 OoJiee TOCTOBEPHOM CUCTEMOW MHOTOCTOPOHHEIO
TICUXOJIOTUYECKOTO M TCUXO(HU3UOIOTHYECKOTO HMCCISIOBAHUS WHIAUBHYalh-
HO-TICHXOJIOTHYECKUX 0COOEHHOCTCH MHINBHUA.

2. beckoHTaKTHasI OIIEHKA JOCTOBEPHOCTH MH(POPMAIIMH B CHCTEME TICHXO-
JIOTHYECKOTo oOecreueHusi 0e30macHOCTH OM3Heca ¢ perucTpanuell Heclenu-
(hMIecKHX BereTaTUBHBIX, MUMUYECKUX U TICHXOMOTOPHBIX PEaKINi OpraHn3Ma
MO3BOJISIET HAYYHO OOOCHOBAaHHO BEepU(UIIMPOBATH MCKPEHHOCTH BBICKA3bIBA-
HUH KaHAUJIaTa Ha MPOQIPUTOAHOCTb.

3. KoMruiekcHbIH ICHXOTOTHYECKHIA ONPOC SIBISIETCS HHTETPATBHBIM TPUT-
TepOM TCUXOJIOTUYECKON U TICUXO()U3HOIOTMYECKOW PEAKTUBHOCTH OpraHu3Ma
Ha BepOalbHBIN pa3apakuTeNlb B KaJPOBOU CTPATETUN MPEAIPUHUMATEIECKOM
IeSITETbHOCTH.

4. MHoOrocTaIMiHOE TICHXOJIOTHYECKOE TECTUPOBAaHNE Ha MPO(eccHoHa h-
HYIO JISATEIBHOCTD 3JI0POBOTO JIETYMKA U OOPTIPOBOJHUKA TPU KOMILIEKCHOM
MICUXOJIOTUYECKOM OTPOCE MO3BOJISIET BBISBISATH HEAJCKBATHYIO JICTHYIO MOTH-
BaIUIO, MICUXOJOTHYECKYI0 HECOBMECTUMOCTh U MATOJIOTUYECKUE IMOIUOHAIb-
HBIC PEAKIIMU Ha TOJIET.

5. KoMruiekcHbIN ICHXOIOTHYECKHA OMPOC MO3BOJISIET KOPPEKTHO MPOBO-

AUTH I/IHZ[I/IBI/IZ[yaJ'IBHHﬁ n prr[l'[OBOﬁ TICUXOJIOTHYECKUMN TPEHUHI' U MOHUTO-
PUHT II€pCOHAJIA JICTHOI'O COCTaBa U CJ'IY)KGLI 60pTHpOBOI{HI/IKOB C IOCIBIO IMOI-
ACPIKaHUs MOJIOKUTEILHON JIETHOM MOTHBAIIMU MUJIOTOB U 60pTHpOBOI{HI/IKOB.

6. KOHTI/IHyaJ'IBHOCTL KOMITIOHCHTOB KOMIIJICKCHOI'O IICHUXOJOTHUYCCKOTO OII-
poca MO3BOJISICT BBIABJIATL AKHCHTYAlMU XapaKTEpa, YPOBCHDL KOH(bHHKTHOFO
NOoTEHIIMalIa UHAUBHJA, MEXKIIMYHOCTHYIO IICUXOJIOTHUYECKY0O COBMECTUMOCTD U
BBICTPAUBATD 3J0POBBIC MEIKIITMYHOCTHBIC OTHOLICHUS B KOJUICKTUBE IIPH PCIIIC-
HHUH 3a1a4 KOH(bHHKTOHOF 504

00O aBuakomnanus «ApmaBua» PA
K. A. Ilanuynazgan

Ilcuxomoruyeckoe u HCHXO(l)H?;HO.JIOFH'-IeCKOG HCCJICAOBAHUC
nepcoHaja B KaHPOBOﬁ CTpaTerun Hpe)lﬂpPlHI/IMaTeJIbCKOﬁ
AEeATECJIbHOCTH

Pa3paborana ajanTupoBaHHas K criequ(uKe aBUAKOMITAHUM MHOT'OCTOPOHHSISI CHC-
TeMa KOMIUIEKCHOTO IICHUXOJIOIMYEeCKOro OIpoca JJIsl WCCIEeNOBaHHUS WHAWBUIYaIbHO-
MICHXOJIOTHYECKUX OCOOEHHOCTEH MepcoHata Ha MPOGIPUTOOHOCTh. Y CTAaHOBIEHO, UTO
KOMIUIEKCHBIH TICHXOJIOTMYECKUH ONpPOC SABJIAETCS MHTETPAIBHBIM TPUITEPOM ICHXO-
JIOTUYECKOW U TMCUXO0(U3NOIOrHYeCKOW PeaKTHBHOCTH MHIMBUAA Ha BepOaJbHBIA pa3-
JIpaXXUTeIb B KaJAPOBOW CTPAaTEruy MpeNPUHUMATENBCKON esSTEeIbHOCTH.
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4. U. Mubynyjuqui

QLnuwplympjut gnpéniitnipjub Junpuyght
nuqUuyupnipniimyd whdtwuquh hnghpubwljui b
hnqtdhqhnnghwjuis htnnwgnunudp

Upwljws t whwpibpnipjut uybghdhjughtt wnuywnwugdus Ynduy kpuugh
hnghpwiwlwi hwpgdwt puquulnyuuih hwdwlupg widbuluqdh wypndyhnwik-
(hnipjut whwwnwlwt hngbpwtwfwt wpwbdbwhwnlnmpmnibibph htnwgnundwh
hwdwp: Zwynbwpkpyt) &, np Ynduybpuughtt hnghpwbwlwh hwpgnudp wihwwnh hn-
ghpwtwlui b hngkdpqhninghwljub rhwlunhynipjui htnbgpuuht gnpdwplhsh £
(nphgkpp) pwtwynp qpgrhsh Ypu dkntwplsnipjub gnpéniutnmipjut Junpuwjht nwg-
dwjupnipniunid:

K. A. Panchulazyan

Psychological and Psychophysiological Investigation of Personal
within Human Resources Strategy for Business Activity

Specially tailored multilateral system of complex psychological survey within the
frame of individual psychological characteristics investigation of personnel capabilities
according to airline specifics has been developed. It has been found that the complex
psychological survey represents an integral trigger for psychological and psychophy-
siological reactivity of the individual to verbal stimulus in HR strategies within business
activity.
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KuaroueBble cioBa: cuwnanc, 06yquue, KoOMnblomepHas MO()eJZb, BblHUCIU-
meJjlbHble OKCnepumeHmal.

WzyueHne KIeTOYHBIX MEXaHU3MOB O0yUYeHHSI B HEHPOHHBIX CETSIX SBIISCT-
Csl HA CETONHSIIHUM JeHb aKTyalbHOW 3aJaveil, MOCKOJIBKY Ipolecc 00yueHus
COCTaBIISIET BAXKHYIO YacTh IICUXWYECKOH AeATeNbHOCTH uenoBeka. braromaps
MHOTOYHCIICHHBIM HEeHPO(PU3NOIOTHIECKUM HCCIEOBaHUAM C(HOPMHUPOBATHCH
oIpeJiesIeHHbIE TIPEICTaBICHHS O KJIETOUHBIX MEXaHU3MaxX 00y4eHHs: B OCHOBE
00y4YeHHUs JISKUT SBICHUE CHHANTUYECKOW MIIACTUYHOCTH, KOTOpas BKJIIOYAET
KpPaTKOBPEMEHHYIO U J0JTOBPEMEHHYI0 MOANU(DUKAIIMY CHUHAIITUYECKON CUIIBI B
00yJarommxcsi HEMPOHHBIX CETAX M IIaBJIOBCKOE YUEHHE 00 YCIOBHBIX pediek-
cax [1-4].

Ha xmeToyHOM ypoBHE BBIIIEH3IOKEHHOE MPENCTABIAETCS IOJITOBPEMEH-
HBIM YBEJIMYEHHEM CHHANTUYECKOH 3((EeKTUBHOCTU NPU KOMOMHUPOBAHHOM
pa3fpak€HUH IOCTCHHANTUYECKOro HeWpoHa IO ABYM BXOJaM, COOTBETCTBY-
touM ycnoBHoMy (YC) u 6e3ycnoBaomy (BC) curnanam. [Ipu MHOTOKpaTHOM
pa3zipak€HHH 110 ABYM BXOJaM MMEET MECTO BJIMSHHUE JOJITOBPEMEHHBIX H3Me-
HeHUH 3(P(PEKTHBHOCTH CHHAICA 0 0e3yCIOBHOMY BXOAy Ha 3((eKTHBHOCTbH
CHHAIICA M0 YCIIOBHOMY BXOJY, YTO M MPUBOAMUT K OOYYEHHUIO CHHAICa IO YC-
JIOBHOMY BXOJy, T.€. HEHPOH CTAHOBUTCS CIIOCOOHBIM aHAJIOTHYHBIM O0pa3zoM
aKTUBHMPOBAThCA IIPU CTUMYIIALUHU TOJIBKO YCIOBHOIO BXOJA.

TeopeTnueckue UCCIeIOBaHNUS, B YACTHOCTH, KOMITBIOTEPHOE MOJICITHPOBA-
HUE, ChIrpad OOJBILIYI0 POJb B U3y4EHUH Ipoliecca 00ydeHHs] B HEMPOHHBIX
ceTax. Pe3ynpTarsl YHCIEHHOTO MOJENHUPOBaHMA Ipouecca 00y4eHus Co3aroT
BO3MOJKHOCTB TEOPETHUECKOH HHTEPIPETAINH PE3YIIBTATOB (DU3HOIOTHIECKOTO
SKCIIEPUMEHTA.

Panee Hamu ObLTa mpeiokeHa MaTeMaTH4eckas MOJAEIb CHHAIITUYECKOTO
o0yueHus [5] ucxoas W3 OCHOBHBIX MpPaBWJI 00pa3oBaHUs YCIOBHBIX peduiek-
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COB, C YYE€TOM JIOJITOBPEMEHHON CHHANTHYECKOM IUTACTUYHOCTH W BIUSHUS
JONTOBPEMEHHBIX M3MEHEHUH d((EKTUBHOCTH CHHAIICA IO O€3yCIOBHOMY BXO-
Iy Ha 3QPeKTHBHOCTh CHHAIICA TIO0 YCIOBHOMY BXOXy. B mMaTemaTuueckoi mMo-
JIeJIM CHHAITHYEeCKOro 00y4eHHs Ul BHI30BA JONTOIAIIEIHCS TOTEHIMALUY 110
BxojaM YC u BC ctumynoB ucnosnb30BaHa MOJAEIb XMMHYECKOTO CHHAICa,
YUUTBIBAIOIIAS] KPATKOBPEMEHHYIO U JIOJITOBPEMEHHYIO IJTACTUYHOCTH CHHAICa
[6]. TToka3aHa cmOCOOHOCTH MOJIENH BOCHPOU3BOJHUTH MPOLECC CHHAITHYECKO-
ro obydenus [7]. B pabote [8] B BEIUMCIUTENBHBIX SKCIIEPUMEHTAX HCCIIEI0BA-
HO BJIMSHHUE NPECHHANTUYECKUX MapaMeTpoB Mojenu cuHarcoB no YC u bC
BX0s1aM Ha 3(p(heKTHBHOCTH Tporiecca 00yIeHHS.

Lenpto HacTosmeld pabOTHI SBISETCA MCCIENOBAaHUE B BBIYMCIUTEIBHBIX
SKCIEPUMEHTaX BIMSHUS MOCTCHHANTUYECKUX MapaMeTpOoB MOJEIU CHHAIICOB
Ha 3 PeKTUBHOCTH TpoIiecca 00yIeHHsI.

Pesynbratrel m o6cyxnenue. IlpencraBineHsl pe3ynbTaThl BHIYMCIUTEIb-
HBIX 3KCIIEPUMEHTOB C MOJEJIBI0 CHHANTHYECKOro 00y4eHMs, IOKa3bIBAIOLINe
XapaxkTep U3MEHEHUs Ipolecca 00yyeHus NpU U3MEHEHHUHM IISITH MOCTCHUHAIITH-
YEeCKHUX IapaMeTpOB MOJENIM CHHAIICOB II0 JBYM BXOJaM: JJIMHA (AJMHA JIEH-
JIPUTHOTO JiepeBa), MHUpHHA (IIUPHUHA CTBOJA JAEHAPUTHOrO Aepesa), 1(Ca) (mo-
POT KaJbIIMEBOTO TOKA), T (MOCTOSTHHASI BpEMEHH BOCCTaHOBIeHHUS ), Pr (pakTop
oOpatHO# cBs3u). [lapameTpbl MoJenu MO JABYM BXOAaM MPEICTaBICHBI B
Tabnuie. BrusHue BrIIeyKa3aHHBIX MapaMeTPOB MOJENU Ha XapakTep olOyue-
HUs npexacrtasieHo Ha puc.l. Ha puc.l, A,B nokas3aHbsl KpuBble, XapaKTepH-
3yIOIIME 3aBUCUMOCTh 3P PEKTUBHOCTH CHHANTUYECKOro 00yueHHs OT JJIMHBI U
LUIMPUHBl JEHAPUTHOTO JepeBa. Kak BHAHO W3 pUCYHKA, yBEIMUYEHHE IIapa-
METPOB MPHUBOJNUT K YMEHBIICHUIO YACTBHOTO CONPOTUBIIEHUS MeMOpaHbI Hell-
pOHa, YTO HPUBOJUT K YMEHBLICHUIO BEJIMYMHBI YPOBHS YCTAHOBUBILEIOCS
cocTtosHus fonrosmieiics notennuanuu (LTP) mo 2 Bxomam U K yMmeHbIlie-
Huto 3¢ dexruBHocTH 00yyeHnus. Ha puc.1, C moka3ana kpuBas, XapakTepu3sy-
ol1ast 3aBUCUMOCTE 3()()EeKTUBHOCTH CHHANITUYECKOTO0 00y4YeHHUs! OT MOPOTOBO-
ro ypoBHs mocTcuHanTHueckoro [Ca**]. Kak BHIHO W3 PHCYHKa, yBelTHYEHHE
nopora rnocrcuHanTHueckoro [Ca®*] IPUBOIMT K YBETHUEHHIO YPOBHS YCTAaHO-
BUBLIETOCS] COCTOSTHUA JOJTOUIALIeNHCs] IOTeHIMAaluy 10 2 BXOJaM, 4TO U MpH-
BOIUT K yMEHBIIEHUIO d(p¢exTnBHOCTH 00yduenus. Ha puc.1, D,E moxaszanst
KpHUBBIE, XapaKTepPH3YIOIIHE 3aBUCHUMOCTh 3(P(EKTHBHOCTH CHHANTHYECKOTO
o0y4yeHusi OT BIUSHHA OOpaTHOM cBs3M — T U Pr. Bnmsnue nmapamerpa 1Tk
npencTasieHo Ha puc.l, E. Kak BugHO U3 pucyHKa, Ipu U3MEHEHUH Mapamerpa
Tp MEHSIETCSl XapakTep OOydeHMs, .INOCKOJIbKY NPH HU3MEHEHUHM Tr MEHSAETCS
KOJHMYECTBO MEIuaTopa, BO3BpalllaeMOE W3 TOTOBOro Mmyna R mpecuHanTH-
YeCKOM YacTH CHHAIca B 3allaCHOM Iy S, Ha MHTEpBajax MeXIy I[OCTYII-
JICHUSIMHM TIPECHHANTHYECKUX UMIYJIbCOB. [Ipy yBeIMUEeHUN Tr MEHBIIIEE KOJIU-
YEeCTBO MEAMATOpa BO3BpALIAETCs B 3allaCHOW ITyJl, YTO U IPUBOAUT K YBEIH-
4yeHuto ycranoBusiierocsi ypoBHs LTP u k yBennueHuro s pekTuBHOCTH 00y-
yeHus. Bnustaue Prnpencrasneno Ha puc 1, D.
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Puc. 1. Pe3ynbTaThl BRIYMCIUTENEHBIX SKCIIEPUMEHTOB 110 ONPEISNICHUIO 3aBUCUMOCTH
3¢ (}HEeKTUBHOCTH CHHANTHYECKOT0 00y4YEHHs OT JIMHBI, INUPHHEL, opora I(Ca), T Pr.

Pacuernbie
Bapsupyemsie TlocrosiHbIE 3HaYeHHs! TOCTOSHHBIX KpHBbIC
napameTpsbl napameTpsbl apaMmeTpoB .
Iupuna, I(Ca), 5.78 pm, 1.2 pA ,100 ms,
Jnuna T, P 0.005 Puc.1,A
Jmuna, I(Ca), 120 um, 1.2 pA,100 ms ,
Iupuna T, Pr 0.005 Puc.1,B
Jlmna, mmpuHa, 120 pm, 5.78 pm, 100 ms ,
I(Ca) ™ Pr 0.005 Puc.1,C
Jlnuna, mupuna, 120 pm, 5.78 um1.2 pA,
E 1(Ca), Ps 0.005 Puc.1.D
Jlmna, mmpuna, 120 um, 5.78 pum, 1.2 pA,
Pr 1(Ca), 1 100 ms Puc.LE
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[Mapamerp Py npuBonut k Monudukanuu R myna. Moaundukanus R myna nmeer
MECTO B MOMEHTHl MOSBIEHUS NPECHMHANTHYECKUX HMMIYJIbcoB. KoimuectBo
MenuaTopa, mepenaBaeMoe C TOMOLIbI0 MeXaHHW3Ma OOpaTHOH CBS3M W3
3amacHoro myjia S B R myn, 3aBucur or Benuuussl Pr Uem Gosbiie Pr Tem
Ooutbliie BeMM4MHA MOIU(HUKAIIMK TPECUHANITHYECKOTO R mysa, 4To U mpuBOIUT
K YBEJIMYEHHUIO YPOBHS ycCTaHOBHUBLIerocs cocTosHus LTP m k yBennuenuro
s¢hekTUBHOCTH 00yUCHUSI.

Wtak, coriacHo TMOMYy4YeHHbIM HaMH pe3yJbTaTaM BBbIYMCIUTEIbHBIX
9KCIIEPUMEHTOB, IPY U3MEHEHUH ITIOCTCUHANTHYECKUX [1apaMEeTPOB MOJENHU CH-
HAIICOB IO JIBYM BXOJaM IIPOMCXOIHUT H3MEHEHHE d(P(PEKTHBHOCTH OOyUYCHUS.
IIpu yBennueHHH OTHENBHBIX IapaMeTpoB — IIMPUHBL, 1uHbl U I(Ca) npouc-
XOAUT yMeHbIeHHEe 3P (HEKTHBHOCTU O0yUYEHUS, a IPU YBEIHYECHUH Tr U Pr— ee
yBenuuenue. CienoBaTesbHO, BapbUPOBAHUEM IIOCTCHHAIITHUECKUX Ilapamer-
POB MOXHO MEHSTh XapakTep 0Oy4eHHs U JOCTHUTHYTh HEOOXOIUMOM Xapakre-
PHUCTUKHU 00yUeHHUS.

Taxkum o0pa3oM, NpelyIokeHHas MOAEIb CHMHANTHYECKOro 0OyueHHs Mo-
KET paccMaTpUBATHCS KakK JIEMEHT oOywaroleiics HeHpoHHOW ceTu U ObITH
MIpUMEHEHA /711 UCCIIEIOBAHUS U aHalIM3a HEHPOHHBIX ceTell pa3IuYHbIX CTPYK-
Typ MO3Ta, BOBJICUEHHBIX B MIPOILIECC OOyUEHHS.

Wucruryt ¢pusuonorun um. JI.A.Opbenut HAH PA

A. C. Yobansn, T. C. MapTupocsin, O. A. MKpTYsIH

KoMmnbrorepHsble ncciie0BaHus MPoLecca CHHANITHYECKOr0
o0yueHust

[IpuBeneHs! pe3ynbTaThl BBIYMCIUTEIBHBIX SKCIEPUMEHTOB C HCIIOIB30BAHUEM
MOJIETI CHHANTHYECOr0 O0YYEHUs, MPEACTaBIIAIOIINE BIUSHUE PA3IMYHBIX MTOCTCHAI-
TUYECKHUX NapaMeTPOB Ha Ipolecc 00ydeHus.

U. U. 2npuiyut, S. U. Uwpnhpnujuly, Z. Z. Ulpungut
Uhtwwwhl nrunigdw ypnghuh hwdwljwupgsughtt hEnwgnuunpinia

Oquugnpstyny uhtwupnhly mumgdwh Ukpnngp’ thpluuglus ki hwoyupljdui
thnpdtph wpynibpubpp, npntp wpunwgnnud Eu mwppp hbnuhtwynhl wupw-
Ubwnptph wgnbkgnipniip nunigdwt Jpu:

A. S. Chobanyan, T. C. Martirosyan, H. H. Mkrtchyan

Computational Investigations of Synaptic Learning Process

The results of computational experiments which have been held using the synaptic
learning model, are presented. The results demonstrate the influnce of different para-
meters of model upon the process of learning.
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