ISSN 2409-9066. Sci. innov. 2016, 12(4): 36 —44

doi: http://dx.doi.org/10.15407 /scine12.04.036

Strutynskyi', R.B., Strutynska', N.A., Maximyuk', O.P., Platonov?, M.O.,
Boyko?®, 0.M., Vasylchenko?, A.V., Fedyanovich*, I.N., Dosenko', V.E., and Krishtal', O.A.

' Bogomoletz Institute of Physiology, the NAS of Ukraine, 4, Bogomoletz Str., Kyiv-24, 01024, Ukraine, tel. +38 (044) 256-20-00
2|nstitute of Molecular Biology and Genetics, the NAS of Ukraine, 150, Zabolotnogo Str., Kyiv-143, 03680, Ukraine, tel. +38 (044) 526-11-69
3Taras Shevchenko National University of Kyiv, 64, Volodymyrska Str., Kyiv, 01601, Ukraine, tel. +38 (095) 909-21-43
*Bogomoletz National Medical University, Dental Center, 1, Zoologichna Str., Kyiv, 03057, Ukraine, tel. +38 (044) 483-13-20

DESIGN OF NEW OPENERS OF ATP-SENSITIVE
POTASSIUM CHANNELS OF THE CELL MEMBRANES

Two innovative libraries (413 cyclosulfamides and 709 orthopyridine sulfamides) of potential new openers of ATP-
sensitive potassium channels of cellmembranes have been created. It is shown experimentally that, at least, ten new original
compounds have properties of pharmacological openers of the channels. Seven compounds (2851154982, 256762024,
21269122570, Z31153162, Z45679561, Z756371174, and Z649723638) open channels of both the sarcoplasmic and the
mitochondrial membranes. Z734043408 compound is a strong activator of aforementioned channels of the sarcolemmal

membrane only. Z31197374 and Z666664306 compounds have showed the affinity only to the K

o Channels of the

mitochondrial type. The results of the research can be used by pharmaceutical companies and research institutes.

Keywords: K, .-channels, new openers, vasodilation effects, mitochondria, and glibenclamide.

Despite a significant progress in the prevention
and treatment of cardiovascular disease (CVD),
for many years, it remains the leading cause of
death (67% or 968 per 100 thousand people (as of
2013)) and disability in the majority of the world
countries [1, 2]. In particular, as of March 2015, in
Ukraine, in the past 30 years, the incidence of car-
diovascular disease among the population increased
by 3.5 times, and mortality caused by it grew by
46% [1]. However, in the structure of CVD, the
lead has been taken by hypertension and coronary
heart disease, as their share reaches 41 and 28%, re-
spectively. Unfortunately, 66% of patients has the
latter combined with the former, which leads to ex-
tremely negative consequences [1, 2].

One of the new advanced approaches to the
prevention and treatment of cardiovascular dis-
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ease is the design of new drugs based on the ac-
tivation of ATP-sensitive potassium channels
(K,;p)- These membrane channels are a powerful
endogenous protective mechanism in the case of
energy shortage (hypoxia and ischemic tissue
[3—5]), which participate in the regulation of vas-
cular tone [6, 7]. It has been established that the
K, ,-channels can be opened by pharmacological
activators, with their exogenous opening trigger-
ing the realization of powerful cardio-protective
mechanisms [8—10]. In particular, they possess
anti-ischemic, antiarrhythmic, and antioxidant
properties; they stimulate membrane stabilization
and prevent a reperfusion increase in the resis-
tance of coronary and peripheral vessels [11—14],
maintain mitochondrial function in the case of
myocardial ischemia-reperfusion and prevent the
formation of mitochondrial pores [15, 16], as well
as inhibit apoptosis and necrosis in the case of
anoxia-reoxygenation of neonatal cardiomyocytes
[17, 18]. The pharmacological activators of the
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above channels, which reduce myocardial infarc-
tion by 40% in experiments with myocardial isch-
emia-reperfusion have been studied in [19, 20].
Their use for the clinic treatment of coronary
heart disease and cardiac angina as antihyperten-
sive drugs has been discussed in [21—24]. How-
ever, in the clinic treatment, the known activators
of K, ,-channels can lead to complications, in-
cluding the arrhythmia and inhibition of insulin
production [25], which limits their use for the
therapeutic purposes. All these factors stimulate
the design of new, more specific activators of K, -
channels. Joint efforts of the Bogomoletz Institute
of Physiology of the NAS of Ukraine (Full mem-
ber of the NAS of Ukraine O. Moibenko) and the
Institute for Organic Chemistry of the NAS of
Ukraine (prof. L. Yagupolski) have resulted in the
creation of new fluorine-containing activators of
the above channels [26—29], one of which has
been successfully tested in the course of preclini-
cal and toxicological surveys [13, 30]. Currently,
the works towards this direction are going on in
cooperation with Ukrorgsintez L1C (Kyiv). The
works are aimed at in silico design, the develop-
ment of advanced Ukrainian-made openers of
K p,-channels, and the creation of competitive in-
novative library of small molecules against cardiac
and cerebral ischemic disease whose action is
based on the activation of the above mentioned
ionic channels of cell membranes.

MATERIALS AND METHODS

The method statement for the design of new
cell membrane K, channel activators is de-
scribed in detail in the patent of Ukraine for util-
ity model [31]. The method foresees the use of a
spatial pharmacophoric model identifying the
important sites of ligand-receptor interaction
and searching the structures of organic com-
pounds in the database, which match this phar-
macophoric model, i.e. virtual screening of the
database of chemical molecules taking into ac-
count the specific features of the selected targets
based on in silico design. The Enamine Ltd (manu-
facturer) collection [32] consisting of about 1.8
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million items was used as primary source of low-
molecular compounds. The compounds contain-
ing reactive, toxic, metabolically instable and
other undesired fragments were excluded.

The property of newly designed compounds to
open the K, -channels of sarcolemmal membranes
was determined using strain-gauge measurements
of vasodilating effects and specific inhibitor of the
above channels, glibenclamide. The experiments we-
re carried out on isolated rat aortic rings perfused
at 37 °C by normal Krebs solution. The animals
weighed 0.18—0.2 kg. The isolated vascular rings
had a diameter of 2 mm and a width of 1.5 mm. All
tests were performed in isometric mode at preset in-
tensity at which they generated maximum power in
response to noradrenaline infusion (10 pmol/1).

The chamber was thermostated with an auto-
matic thermostat enabling to maintain tempera-
ture of the solution in the chamber at 37 °C, with
an accuracy of 0.5 °C. The working solution was
saturated with oxygen using carbogen (a gas mix-
ture of 95% O, and 5% CO,). Before measuring
the samples fixed in the experimental chamber
were kept for 60 min in normal Krebs solution of
the following composition (in mmol/l): NaCl —
120.4; KCl — 5.9; NaHCO, — 15.5; NaH,PO, —
1.2; MgCl, —1.2; CaCl, — 2.5;and glucose — 11.5.
The vasodilation effects of new compounds were
studied in doses of 10 and 100 mmol /1 at the ini-
tial increase in vascular tone by noradrenaline
(1 pmol/1). To determine the effects of participa-
tion of K, -channels in these effects glibencl-
amide (10 pmol/1), a specific inhibitor was used.
It was input into the perfusing solution 5 min be-
fore the introduction of new compounds.

The property of newly designed compounds to
open the K, -channels of inner mitochondrial
membrane was studied using suspension of iso-
lated mitochondria of rat heart using glibencl-
amide as a specific inhibitor of the above chan-
nels. The mitochondria were extracted by differ-
ential centrifugation [33]. The protein content in
the organelle suspension was determined by the
Lowry method. The opening of mitochondrial
K, ,-channels was studied by spectrophotomet-
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ric recording of the swelling of mitochondria
placed in incubation medium of the following iso-
tonic composition (mmol/1): KCI — 120, tris —
HCI — 25, KH,PO, — 3; pH 7.4 (final volume is
3 ml) through measuring the optical density of
the mitochondrial suspension at A = 520 nm, dur-
ing 15 min. New Ukrainian openers of the above
mentioned channels were added to the incuba-
tion medium after introduction of mitochondria
at a concentration of 100 pmol/l. Glibenclamide
(10 pmol /1) was added to the incubation medium
5 min before the introduction of activators.

The reagents for perfusive solutions, noradren-
aline and glibenclamide were manufactured by
Sigma-Aldrich (USA). The new compounds, can-
didate openers of potassium channels, were man-
ufactured by Ukrorgsintez LLC (Kyiv).

The results have been processed by the varia-
tion statistics method using Origin 7.0 software.
The data validity is assessed by the Student t-
test. P <0.05 are deemed statistically valid.

d of a dose of 100 umol/l without inhibition of K, -channels

RESULTS OF RESEARCH
AND THEIR DISCUSSION

The computer modelling of spatial structure of
K, ,-channels and the virtual screening of the
chemical molecule database (about 1.8 million com-
pounds [32]) taking into consideration the specific
features of selected targets (in silico design) have
enabled developing two innovative libraries (413
compounds based on cyclosulfamidine core and 709
compounds based on orthopyrimidine sulfamidine
core) of new prototypes of anti-ischemic chemical
compounds having no world counterparts. This
gives reasons to predict a high competitive ability of
the innovative product on the global market.

The selective testing of designed compounds in
vitro has showed that in terms of pharmacological
action they can be openers of K, -channels of
sarcolemmal and mitochondrial cell membranes.

In terms of efficacy of the action on the vascu-
lar stripes, the tested compounds could be con-

ventionally divided into two groups. Five com-
ISSN 2409-9066. Sci. innov. 2016, 12(4)
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Fig. 2. Vasodilating effects of 2734043408 (a), 21269122570 (b), and Z45679561(c) without blockade of K

\rp-channels (7

and 2) and in the case of their inhibition by glibenclamide (3), where 7 — 10 umol/l compound, 2 — 100 pmol/l compound,
3 — 100 umol/l compound against the background of glibenclamide action (10 pmol/1); *P < 0.05 as compared with a dose of
10 pmol/1, **P < 0.05 as compared with a vasodilating effect of a dose of 100 umol/l without inhibition of KATP-channels

pounds (Z851154982, 756762024, 731153162,
7756371174, and Z649723638) have showed a
moderate vasodilation activity — relaxation of rat
aorta ring preparations by up to 21% at their con-
centration in the perfusive chamber 100 umol/1.
7734043408, 721269122570, and Z45679561 have
showed a quite strong vasodilation activity in
similar experiments (about 40% and more).

The experiments have been showed that the
vasodilation effects of 256762024 for doses 10
and 100 pmol/l are 10.04 £ 2.22 (n = 4) and
13.76 £ 2.50% (n = 4), respectively (Fig. 1, a).
One of the tests for checking whether the com-
pound belongs to the openers of K, -channels is
inhibition of their vasodilation effects by specific
inhibitor of the mentioned channels, glibencl-
amide [34]. In our experiments, it prevented these
effects for 77.54% (n = 3, P < 0.05) that can tes-
tify to 256762024 being an opener of the men-
tioned channels. For similar doses of 231153162,
the vasodilation effects were 4.71 + 1.45 (n = 4,
P < 0.05) and 20.74 + 7.60% (n = 4, P < 0.05).
Inhibition of K, ,-channels hinders them by
65.38% (n = 3, P < 0.05). This means that the
mechanism of relaxation of vascular preparations
is opening of the above said channels (Fig. 1, b).

Similar effects have been reported for
7756371174 (relaxation by 6.06 = 3.04 (n = 4,
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P<0.05) and 15.75% = 1.98% (n = 4, P < 0.05),
respectively). Under the action of glibenclamide,
its vasodilation effect (dose of 100 pmol/l) was
475 % 0.84 (n=3, P<0.05), i.e. it’s action is in-
hibited by 69.84% (1 = 3, P < 0.05), (Fig. 1, ¢).
Hence, 2756371174 can be deemed an opener of
these channels.

Similar results are obtained for Z649723638:
the vasodilation dose-dependent effects of relax-
ation of aorta preparations by 4.25 = 2.16 (n = 4,
P<0.05) and 15.20 £ 2.96% (n =4, P <0.05) for
doses of 10 and 100 pmol/I1, respectively, and al-
most complete inhibition of these effects by the
inhibitor of K -channels (Fig. 1, d).

The vasodilation effects of 2851154982 for simi-
lar doses are 0.55 £ 0.11 (n = 4) and 9.14 + 2.43%
(n = 4), respectively (Table 1).

Glibenclamide inhibits these effects by 86.6%
(n =3, P<0.05), which means that these effects are
associated with opening of the mentioned chan-
nels. However, a quite insignificant relaxation of
vascular stripes shows their low affinity to K-
channels of vascular smooth muscle cells. The
7851154982 compound seems to can have other
cardio-protective properties, in addition to reduc-
tion of muscle tone, which are inherent for pharma-
cological openers of these channels, in particular,
the membrane stabilization effect, inhibition of free
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radical processes, activity of phospholipase A, and
formation of pathogenic (under ischemia condi-
tions) eicosanoids, powewrful influence on nitric.
The K -channel openers are known to cause car-
dio-protective effects at doses that do not change
the hemodynamics parameters [11, 13, 19, 35].

Thus, five designed compounds, namely
7851154982, 756762024, 731153162, 7756371174,
and 7649723638, with moderate vasodilation ef-
fects that are inhibited by K -channels inhibitor
glibenclamide by 86.6, 77.5, 65.4, 69.8 and 99.9%,
respectively, can be deemed pharmacological open-
ers of the mentioned channels (see Table 1).

The study of compounds with strong vasodi-
lating effect has showed that introduction of
7734043408 in perfusive solution at doses 10
and 100 umol/l caused a relaxation of ring aorta
stripes by 7.17 = 3.27 (n = 4, P < 0.05) and
4491 £ 5.53% (n = 4, P < 0.05), respectively
(Fig. 2, a). In the case of K, -channel inhibition,
vasodilating effect of compound is 10.57 + 0.08%
(n =4, P <0.05), i.e. the action of Z734043408 is
inhibited by 76.46% (n =3, P < 0.05). Similar re-
sults have been reported for 21269122570 and
745679561, 21269122570 in similar doses causes
a relaxation of vascular preparations by 5.19 + 0.69

Table 1
New Compounds Showing Properties of Pharmacological Openers
of K, -Channels of Sarcolemmal Membranes
. Vasodilation effect Inhibition
No. | Code of compound Formula Molecular weight o of vasodilation effects,
at a dose 100 pmol/1 ( %) glibenclamide (%)

1 7851154982 C,,H,.N,0, 330.42 9.14 86.60

2 756762024 C,H.CIN,O,S 218.66 13.76 77.54

3 731153162 C,,H.F.N,0,S 318.31 20.74 65.38

4 7756371174 C,HN,O,S 182.19 15.75 69.84

5 7649723638 C,H,F\N,O, 376.34 15.20 99.90

6 7734043408 C,H.BrN,O,S 275.12 4491 76.46

7 71269122570 CH.CIN,0,S 230.67 43.35 39.86

8 745679561 C,H,C,N,0,8 317.19 42.02 55.38

Table 2
New Compounds Featuring the Properties of Pharmacological Openers
of K, -Channels of Inner Mitochondrial Membrane
No. | Code of compound | Formula of compound | Molecular weight Volucnlllea ?iils’iil}?‘;zls);ect Inhibi.tion of effect
to native mitochondria by glibenclamide

1 731153162 C,,H.F.N,0,S 318.31 45.00 Full

2 745679561 C,H,,CLN,0,S 317.19 58.33 »

3 7756371174 CHN,0,S 182.19 48.39 Partial

4 7649723638 C,,H, F\N,O, 376.34 100.00 »

5 71269122570 CH.CIN,0,S 230.67 45.16 Full

6 756762024 C,H,CIN,0,S 218.66 42.59 Partial

7 731197374 C,,HN,0.,S 236.29 35.19 »

8 7851154982 C,,H,N,0O, 330.42 82.26 Full

9 7666664306 C,,H FN,O, 256.20 18.33 Partial

40
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(n=4,P<0.05) and 43.35 + 4.47% (n= 4, P<0.05),
respectively (Fig. 2, b). In the case of inhibition
of K, -channels, the vasodilating effect of the
compound is 26.07% = 2.09% (n = 4, P < 0.05), i.e.
glibenclamide inhibits its action by 39.86% (n = 3,
P <0.05). 245679561 in similar doses causes a re-
laxation of aorta preparations by 8.88 = 2.66 (n = 4,
P < 0.05) and 42.02 + 4.54 % (n = 4, P < 0.05),
respectively (Fig. 2, ¢). In the case of glibencla-
mide action, vasodilating effect of this compound
decreases by 55.38% (n =3, P < 0.05). Hence, the
inhibition of vasodilating effects of Z734043408,
71269122570, and 245679561 by 76.5, 39.9, and
55.4%, respectively, in the case of inhibition of
K, ,-channels means that, at least, one of the
mechanisms of action of these new compounds is
opening of the above said channels.

Hence, the eight new original compounds (see
Table 1), namely, 7851154982, 756762024,
731153162, 2756371174, 7649723638, 7734043408,
71269122570, and 245679561 have a specific ac-
tivity with respect to the K, -channels of sarco-
lemmal cell membranes and can be deemed phar-
macological openers of these channels. At the same
time, the three last compounds have a strong va-
sodilating effect, i.e. they cause a relaxation of
aorta ring stripes by 44.9, 43.4, and 42.0%, respec-
tively, that means their high affinity to SUR sub-
units of above mentioned membrane channel.

Proceeding from experiments with suspension
of isolated mitochondria of rat heart the intro-
duction of Z31153162 into the incubation medi-
um has been established to cause an increase in
the matrix volume of mitochondria by 45% as
compared with the control (100% is free swelling
of native mitochondria). The preliminary intro-
duction of glibenclamide into the incubation me-
dium completely prevents this effect (Table 2).
This can be interpreted as the mitochondria swel-
ling due to opening of K, _-channels of inner mi-
tochondrial membrane, with Z31153162 being an
opener of these channels.

Similar results have been obtained for other de-
signed original compounds (see Table 2). In par-
ticular, the introduction of Z45679561 into the
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incubation medium causes a swelling of mito-
chondria by 58.3% as compared with the control.
The preliminary introduction of glibenclamide fully
prevents this effect. 2756371174 and 7649723638
increases a matrix volume of mitochondria by
48.4% and twice, respectively, as compared with
the control. Glibenclamide partially (~ 70%) pre-
vents this increase. 256762024, 7231197374, and
7666664306 possess similar properties, as their
introduction causes a swelling of mitochondria
matrix by 42.6, 35.2, and 18.3% as compared with
the control. Also, glibenclamide prevents parti-
ally these effects. At the same time, the inhibitor
of K, ,-channels completely prevents swelling of
mitochondria by 45.2 and 82.3% under the action
of 71269122570 and Z851154982, respectively
(see Table 2).

Hence, the nine new original compounds
7666664306, 2851154982, 756762024, 731153162,
7756371174, 7649723638, 71269122570, 745679561,
and 731197374 demonstrate a specific activity
with respect to K, _-channels of inner mitochon-
drial membrane. Therefore, the above mentioned
original compounds shall be deemed pharmaco-
logical openers of these membrane channels.

CONCLUSIONS

The computer modelling of spatial structure of
K, ,-channels and the virtual screening of the
chemical molecule database taking into consider-
ation the specific features of selected targets (in
silico design) have enabled developing two inno-
vative libraries (413 compounds based on cyclo-
sulfamidine core and 709 compounds based on
orthopyrimidine sulfamidine core) of candidate
openers of the above mentioned ionic channels.

The experiments have showed that the eight ori-
ginal compounds, namely Z851154982, 756762024,
731153162, 7756371174, 7649723638, 7734043408,
71269122570, and 745679561, have properties of
pharmacological openers of K, -channels of sar-
colemmal cell membrane. The three last compo-
unds are notable for a significant vasodilating ac-
tion, as they cause a relaxation of aorta ring stripes
by 44.9, 43.4, and 42.0%, respectively.
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The nine original compounds Z666664306,
7851154982, 756762024, 731153162, 7756371174,
7649723638, 71269122570, 745679561, and
731197374 show a specific activity with respect

to K. -channels of inner mitochondria membrane.

ATP
Ten new pharmacological openers of K, ,-cha-

nnels have been designed. Seven compounds, na-
mely, Z851154982, 756762024, 71269122570,
731153162, 745679561, Z756371174, and
7649723638, display the properties of openers of
both sarcoplasmatic and mitochondrial membra-
nes. At the same time, 2734043408 is a strong
opener of the above mentioned channels of the
sarcolemmal membrane only. Z31197374 and
7666664306 have affinity to the K, -channels
of mitochondrial type only.

The research results may be used by the Ukrai-
nian and foreign pharmaceutical corporations for
designing innovative drugs and by the R&D in-
stitutes for research purposes.
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PO3POBJIEHHA HOBUX AKTUBATOPIB
ATO-UYT/IMBUX KAJIIEBUX KAHAJIIB
KIITUHHNX MEMBPAH

Pospob6iieno asi inHoBaiiini 6ibmiorexku (413 crionyk Ha
nukaocyabdamianaoBOMY 7pi Ta 709 crioryk Ha opTOMipH-
MiIUHCYTbMaMiATHOBOMY SI/Ipi) HOBUX TMOTEHIIHUX BijI-
kpuBauiB ATD-uyTiuBUX KaJi€BUX KaHATIB KJIITUHHUX
MeMbOpaH. ExcriepuMeHTaIbHO MOKa3aHo, 10 MpruHaiMi je-
CSITh HOBUX OPUTIHAJIBHIX CIIOJIYK MPOSIBJITIOTH BJIACTUBOC-
Ti hapMaKoJIOTITHIX aKTUBATOPIB IUX KaHaiB. CiM CIoTyK
BIJIKPMBAIOTh KaHA/IN K CapKOIIa3MAaTHYHOI, TaK i MiTO-
XOHIpiambHOl MeMOpaH, a came 7851154982, 756762024,
71269122570, 731153162, 745679561, 7756371174 ta
7649723638. Bomnouac conyka 2734043408 € moTy;xHUM
AKTUBATOPOM BUIIE3TaIaHUX KaHAJIIB JIMIIE CapKOJIeMaJIb-
moi membpann. Cronyku 231197374 ta 7666664306 mpo-
ABJIAIOTH CIOPiAHeHicTh ymme 10 K, . -KamamiB MiTOXOHZ-
piasmbHoro THITY. Pesyibrati poboTH MOKYTh OYyTH BHUKO-
pucTaHi (apMaleBTHYHIMU KOMIAHISIMH Ta HAyKOBO-ZO-
CITITHIMY IHCTUTYTaMU.

Kniouoei croea: K, -KaHanyu, HOBi akTHBaTOPH, Ba30-
JUIATaTOPHI e(heKTH, MITOXOH/IPIi, TTi6eHKIaMiI.
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PASPABOTKA HOBBIX AKTIBATOPOB
ATO-UYBCTBUTE/IDbHDBIX KAJIMEBBIX
KAHAJIOB KJIETOUHBIX MEMBPAH

PaspaboTanbr 1Be HHHOBAIMOHHbIE OubmoTekn (413 co-
eIMHEHNH Ha TIUKJIOCy TbdamMumHoBoM sipe 1 709 coennte-
HUI HA OPTONMPUMUIITHCYIb()AMUANHOBOM SIIPe) HOBBIX I10-
TEHIMATBHBIX aKTHBATOPOB AT(MD-uyBCTBUTETLHBIX KaTNEBBIX
KaHAJIOB KJIETOYHBIX MEMOPaH. DKCIIEPUMEHTAIBHO TIOKA3aHo,
YTO 110 KpaiiHell Mepe /1eCsITh HOBBIX OPUTUHAIBHBIX COEJIHHe-
HUI TIPOSIBJISTIOT CBOICTBA (hapMaKOJOTHYECKUX aKTHBATOPOB
9TUX KaHATIOB. CeMb COoe/IMHEHNIT OTKPBIBAIOT KAHAJIBI KAK cap-
KOIUIA3MaTUYeCKOH, TaK U MHUTOXOHIPHAIBHOIT MeMOpaH. A
nmenno: 2851154982, 256762024, 71269122570, 231153162,
745679561, 2756371174 u 7649723638. B 10 ke Bpemsi co-
ennHenne 7734043408 sBisercss MOIIHBIM aKTUBATOPOM BbI-
IIEYTOMSIHY THIX KAHAJIOB TOJIBKO CAPKOJIEMAIBHOI MeMOpPaHbL.
Coemmuenns 231197374 n 2666664306 mposiBIISIOT CPOACTBO
TOJIbKO K K, | -Kananam Mutoxonipuasibioro tuna. Pesymsra-
ThI PaBGOTHI MOTYT OBITh HCIOIB30BAHBI (hapMaI[eBTHYECKUMI
KOMITAHUSIMU 11 HAYIHO-UCCIIEZI0BATEIbCKUMU MHCTUTYTAMU.

Kniwuesvie crosa: K, -KaHajbl, HOBblE aKTUBAaTOPDI, Ba-
30/usaTaTopHbie 3(hHEKThI, MUTOXOHIPUH, IINOEHKIAMUL.

Received 10.05.16

ISSN 2409-9066. Sci. innov. 2016, 12(4)



