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MATEMATHUKA

ON MAXIMUM MATCHINGS IN 5-REGULAR
AND 6-REGULAR MULTIGRAPHS

S. Abrahamyan

Yerevan State University

sevak.abrahamyan.99@gmail.com
ABSTRACT

In 2010, Mkrtchyan, Petrosyan and Vardanyan proved that every graph G
with 2 < 6(G) < A(G) < 3 contains a maximum matching M such that no
two vertices uncovered by M share a neighbor, where 4(G) and §(G) denote
the maximum and minimum degrees of vertices in G, respectively. In the same
paper they conjectured that every graph G with 4(G) — &§(G) < 1 contains a
maximum matching M such that no two vertices uncovered by M share a
neighbor. This conjecture was disproved by Picouleau. On the other hand,
recently Ye proved that the conjecture is true for all simple regular graphs and
also r-regular multigraphs with r < 4. In 2014, Petrosyan proved that the
conjecture is false for r-regular multigraphs when r > 7. In this paper we
confirm the conjecture for all 5-regular and 6-regular multigraphs.

Keywords: maximum matching, regular multigraph, bipartite graph.

Introduction

Throughout the paper all graphs are finite, undirected, and have no loops,
but may contain multiple edges. A graph without multiedges is called simple
graph. A matching M of a graph G is a set of independent edges. A vertex is M-
covered if it is incident with an edge of M, and M-uncovered otherwise. A
matching M is said to be maximum if for any other matching M', |M| = |M'|. A
matching M is perfect if it covers all vertices of G. If G has a perfect matching,
then every maximum matching is a perfect matching. A matching of a graph G



is a near-perfect matching if it covers all vertices except one. If a graph G has a
near-perfect matching, then G has odd number of vertices. A graph is factor-
critical if, for any vertex v, the subgraph G\{v} has a perfect matching. Every
maximum matching of a factor-critical graph is a near-perfect matching. The
terms and concepts that we do not define can be found in [1, 5].

In [2, 3], Mkrtchyan, Petrosyan and Vardanyan proved the following
result.

Theorem 1. Every graph with 2 < §(G) < A(G) <3 contains a
maximum matching M such that no two vertices uncovered by M share a
neighbor.

In the same paper they suggested the following

Conjecture 2. Every graph G with A(G) — §(G) <1 contains a
maximum matching M such that no two vertices uncovered by M share a
neighbor.

In [4], Picouleau showed that the conjecture is false for bipartite graphs
with A(G) = 5 and §(G) = 4. Petrosyan [6] constructed counterexamples to the
conjecture for all r-regular graphs with r > 7 and for graphs G with A(G) —
6(G) =1 and A(G) = 4. In [6], most of counterexamples of Conjecture 2 for
graphs G with A(G) — §(G) = 1 are simple, but all r-regular graphs with r >
7 given by Petrosyan have multiedges. In [7], Ye confirmed the conjecture for
all simple r-regular graphs and also r-regular multigraphs with r < 4. These
results together with counterexamples constructed by Petrosyan [6] leave
conjecture unknown only for 5-regular and 6-regular multigraphs.

In this paper we confirm the conjecture for the all 5-regular and 6-regular
multigraphs.

The Main Result

Let D be the set of all vertices of a graph G which are not covered by at
least one maximum matching, and A, the set of all vertices in V(G) — D adjacent
to at least one vertex in D. Denote C = V(G) — A — D. The graph induced by
all vertices in D (resp. 4 and C) is denoted by G[D] (resp. G[A] and G[C]). The
following theorem characterizes the structures of maximum matchings of
graphs, which is due to Gallai [9] and Edmonds [8].



Theorem 3 (Gallai-Edmonds Structure Theorem, Theorem 3.2.1 in [1]).
Let G be a graph, and A, D and C are defined as above. Then:

(1) the components of the subgraph induced by D are factor-critical;

(2) the subgraph induced by C has a perfect matching;

(3) if M is a maximum matching of G, it contains a near-perfect matching

of each component of G[D], a perfect matching of G[C] and matches
all vertices of A with vertices in distinct components of G[D].

Let M be a maximum matching of a graph G. By Gallai-Edmonds
Structure Theorem, M does not contain edges from G[A] and all M-unsaturated
vertices of G belong to D. Contract every component of G[D] to a vertex and let
B be the set of all these vertices. Let G(A, B) be the bipartite graph with
bipartition (4, B) and all edges of G with one endvertex in A and another
endvertex in D. Because every component of G [D] is factor-critical, a maximum
matching of G (4, B) is corresponding to a maximum matching of G, and vice
versa.

In [7], it was proved the following lemma.

Lemma 4. Let G(4, B) be a bipartite graph such that every maximum
matching of G (A, B) covers all vertices of A. Let W € B such that §(W) >
A(A) # 0. Then G (4, B) has a maximum matching M covering all vertices of
w.

Using Theorem 3 and Lemma 4, we prove the following result.

Theorem 5. If G is a 5-regular or 6-regular multigraph, then G contains a
maximum matching M such that no two vertices uncovered by M share a
neighbour.
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O MAKCUMAJIBHBIX ITAPOCOYETAHUSAX 5-PEI'YJIAPHBIX
N 6-PET'YJISIPHBIX MYJIbTUT'PA®OB

C.A. Abpaaman
Epesancxuil I'ocyoapcmeennbiil ynusepcumem
sevak.abrahamyan.99@gmail.com
AHHOTALNUSA

B 2010 roxy MkprusiH, [letpocsia u Bapnansia goka3zanu, 4to Kaxsiid rpad G
¢ 2<6(G) < A(G) < 3 comepKuT Takoe MakCHMMallbHOE MapocoueTanue M, durto
Jr00BIE JIBE HEMOKPBIThIE M BEpIIUHBI HE UMEIOT obiero cocena, rae 4(G) u 5(G)
0003HaYal0T MAKCUMAIIFHYI0 U MUHUMAIILHYIO CTETIEH! BEPIINH B G, COOTBETCTBEHHO.
B TOl1 e cTaThe OHM IPEUIOKHIIN THIIOTE3Y, 4TO Kaxkablid rpad G ¢ A(G) — §(G) <
1 comepHUT Takoe MaKCHMalbHOE MapocoderaHue M, 4To JtOObIe JBE BEPINHHBI,
HENOKPHITEIE M He MMEIT 00IIero cocefa. JTa runoresa Obuia onpoBeprayTa [1u-
kymno. C Ipyroil CTOpOHBI, HeZaBHO Me 10Ka3aji, 4TO TMIOTE3a BEpHA ISl BCEX
MIPOCTHIX PETYIIAPHBIX TPadoB, a TAKXKE r-peryIpHBIX MynbTHTpadoB ¢ < 4. B 2014
roay IleTpocsH mokasaj, 4TO 3Ta TUIOTE3a HEBEPHA VIS T-PETYJSAPHBIX MYJIbTH-
rpadoB, npu r = 7. B 1aHHOI cTaThe MbI IOJTBEPKIaEM THIIOTE3Y JJIS BCEX S-pery-
JISIPHBIX M 6-PETYISIPHBIX MYJIBTATPA(OB.

KiioueBble cjioBa: MaKCHMaIbHOE MAPOCOYETAHNE, PETYISIPHBIA MyIbTHTpAd,
JIBY IOJIbHBII Tpad.
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YIK 517.53

OB YIJIOBBIX IPEJEJIAX U TPAHUYHOM TEOPEME
EJNVHCTBEHHOCTH HOPMAJIBHBIX
CYBI'APMOHUWYECKUX ®YHKIIUHA

C.JIL. Bepoepan

Poccuiticko-Apmanckuii yrueepcumem

samvel357@mail.ru
AHHOTAIUSA

B nanHol Hay4HOU paboTe paccMaTpUBACTCs BOMPOC CYIIECTBOBAHUS yT-
JIOBBIX TPaHUYHBIX 3HAUCHHUH Yy HOPMATBHBIX CyOrapMOHUYECKUX (YHKIUH,
OTIpeIeTIEHHBIX B €IMHNYHOM KpyTe Tipy Hannunn (B) —mociie[oBaTeabHOC-
Tei. AHAIOTUYHBIE UCCIEOBAHMUS paHee TPOBOJUIKNCH Tl MEPOMOP(HBIX U
roJoMOpP(HHBIX QYHKIINH.

KuaroueBrble ciioBa: cyOrapMoHHUYecKre HOpManbHbIe (DYHKIMH, YTIIOBbIC
npenensl, (B) — mocnenoBatenbHOCTh, HEEBKIIMIOBOE PACCTOSHHE.

B HacTosmiel pabore paccMaTpuBarOTCS HEKOTOPBIE I0CTaTOYHBIE YCIIO-
BUSI CYIIECTBOBAHUS YTIIOBBIX MIPEIEIIOB Y HEKOTOPOTO KJIacca CyorapMoHHYec-
KUX (QYHKIHMHA, ONpeaesieHHbIX B €IMHUYHOM Kpyre, B IPOM3BOJIBHON TOUKE
eIMHUYHOU OKPYXHOCTH. KpoMme TOoro, B 3aBUCIMOCTH OT CYIIECTBOBAHHS YT-
JIOBBIX MPEIEIIOB PaCCMOTPEH BOMPOC, KOTJAa TaKhe (PYHKIUH TOXIECTBEHHO
o0pamiarTcs B HyJIb.

B nanpHelimiem Oyaem mpHIEpKUBATHCA OOMICTIPUHATHIX 0003HAYCHHIA
(cm. [1]). O6o3naunm vepes D, T u h(& @), COOTBETCTBEHHO, €IUHUYHBINA KPYT

‘Z‘ <1, exuHUYHYIO OKPYKHOCTH ‘Z ‘ =1 u xopay enquanunoOro Kpyra D, oKaH-

i6 .
YUBAIOIIYIOCS B TOUKE f =¢e" € I u obpasyromyio ¢ paanycoM B 3TOl ToUKe

T T
yroin (p;—E <p< E ’Myers A(E,@,,¢,) o6o3nauaer nono6macts kpyra D,

11



orpanmnuennyio xopaamu A(E,¢,) u h(&,@,). O6nacts A(S,@,,@,) Hasb-

. i6
BaKOT 06BIYHO yriaoM IlITonsia ¢ BepmuHoii B Touke & =€ € I, u ecrn nac
He uHTepecyeT paszmep yria llltombua, Mbl Oygem 0003Ha4yaTh €ro KpaTko
A(&). Unrepnpernpys kpyr D kak MOJe/b IUIOCKOCTH B TeomeTpun JloGa-

4EeBCKOr0, 0003HaYNM 4yepes O(Z,,Z,) HEeBKIMIOBOE PACCTOSHHE MEXK/LY TOU-

KaMu Z,,Z, U3 Kpyra D:

1+u Z,— 2,
,Tne u =——=.21
—u 1-2z7z,

1
0'(21,22)=51n

Ecnu ¢ — HekoTopast )xopaHoBa Jiyra, Jiexaras B Kpyre D, TO HECBKIIU-
noBeiil muametp d(c) nyru ¢ ectb d(c) = sup 0(2q,323), TOE B1, 3, TMPOU3-
BOJIbHBIC TOYKH, NMPUHAJJICKAIINE AyTre ¢. [ 0BOPSAT, 4TO MOCIEeI0BATEIHHOCTD
HeTepeCceKaroIuXcs )KOPAAHOBBIX AYT {Y,,}, nexamux B kpyre D, cXoAuTcs K
rpannuHoi gyre y: {e®®; ¢, < 0 < ¢,}, e 0 < @, < @, < 2m, eciu ans JTro-
6oro € > 0 cymecTByeT Takoil Homep N, 4To Ayig Bcex 7, 6oibpmmx N, crpa-
BE/JTUBBI COOTHOIIICHUS:

Dymc{l-—e<|z <1},

2) |linfargz — @4 < ¢, |supargz — ¢,| < ¢
ZEYn Z€Yp
HazoBem, crienys pabote [5], mocinemoBaTenbHOCTh TOYEK {Z,} Kpyra

D (B) — nocnienoBaTeIbHOCTBIO, OTHECEHHOW K IPaHUYHON ayre Yy C I, eciu:
1. mocnenoBaTeNbHOCTD {34 } TEKUT HA HEKOTOPOH MOCIIEI0BATEILHOCTH
HETepeCceKaroIUXCs )KOPAAHOBBIX AYT {Y,,}, cXoasmuxcs B ayre y C
r;
2. CyIIECTBYeT TaKO€ KOHEYHOE HEOTpHLATEIbHOE 4YHCIO M, 4TO Ais
BCEX HOMEPOB 71 JTI00ast ayra ¢, Jexaias Ha {y,, } 1 UMeroIas HeeBK-
JHUJOBBIA TUAMETpP, He MEHBIIUH M, COAEPKHUT XOTs ObI OJHY TOUYKY
TIOCJICIOBATEIbHOCTH {Z 4 }.
PaccMoTpuM JieiicTBuTENbHO3HAURYI0 QyHKIMIO f (Z), onpeneneHHyro

B D . Jlns npoussonbHOTro noamuoxkectsa S kpyra D, ans kotoporo Ee T
sBJISIETCA TpeeTbHOl Toukoit, o603Haunm uepes C(f,&,S) npemensroe

MHOKecTBO (ynkuun f(z) B Touke & OTHOCHTENLHO MHOXeECTBA S, T.e.

12



C(f,£,8)=Nf(SNU(&)), rne nepeceuenne Gepércs Mo BceM OKPECTHOC-

TAM U(é:) TOYKH é: , a4 4C€PTa O3HAYACT 3aMbIKaAHNC MHOXKCCTBA OTHOCUTCIIBHO

IBYXTOUeuHON Kommaktudukanuu R MHoxectBa R = (—°°,+<>0) B BUJIE OT-

PE3Ka IoCpEaACTBOM I[O6aBJ'IeHI/I$I K TOYKaM MHOXECTBa R CHUMBOJIOB —° U

+oo . Touky £ € I' ornocum k MuaoxectBy F(f), ecm C(f,E,A(E)) nna
mo6oro yrma A(E) cocTout U3 enMHCTBEHHOrO 3HaYeHHs (. B 3TOM Ciyuae
rosopsrt, uto pynkuus f(z) umeer B Touke & € I' yriosoit npenen & . Muo-
xectBo F'( f) maseBaror MHOMXecTBOM Touek Dary st pynkiuu f(2) . Io-

HSTHE HOPMAJIbHOW (DYHKITHH, paCCMOTPEHHOE JUIsi MEPOMOP(GHBIX (PYHKIUH,
ObLTO 3aTeM TiepeHeceHo (cm. [2]) Ha cyOrapmonuveckue GyHKuU. B ciydae

€AMHUYHOIO Kpyra D:{Z |z ‘ < 1} rpymnma aBToOMOp(HU3MOB €IUHUYHOTO Kpyra

T cocrour u3 snemento T ={S(z),S(z)=e“(z +a)(1+ EZ)_I} , TIE a —
IPOM3BOJIbHAS TOUKA B D, O-POU3BOJIBHOE JEHCTBUTENLHOE YHCIIO | (CM. Ha-

npumep [2]). ToBopsT (cm.[3]), uTo neiicTBUTENbHO3HAYHAS (PYHKIHS f(Z), OT-
penenenHas B D, HopmasibHa, eciii HOpMaJbHO B D B cMbiciie MoHTens ce-

meiictBo { f(S(2))}, tme S(z)e T, t.e. u3 moboit mocnenoBaTensHOCTH
{f(S,(2))} ororo cemeiictBa MOKHO HM3BJIEYH MOANOCIENOBATENHLHOCTD
{f (Snk (2))}, KoTOpast pABHOMEPHO CXOIUTCS WK JKE PABHOMEPHO PACXOIHT-

Csl K +°° WM K -°° Ha mobom kommakre K enunmanoro kpyra D. JlelicTBu-
TenbHO3HAUHY0 QyHKmmio f(Z), onpenenennyto B D, oTHeceM K Kiaccy

R, ecu HopmassHo B D B cMbicie Montens cemeiictso { f(S(2))}.

CHpaBeI[III/IBa cleayromas Teopema.:

Teopema 1. ITycts © (Z) — cy6rapmMoHHnyeckas (pyHKIusS K1acca N, om-

penencaHas B D u E HekoTOpOEe MHOXECTBO BTOPOW KATErOPHH Ha JyTe
y < T'. JomycTum, uto B Kaxoii Touke & € E MOXHO yKa3aTh TaKyk0 XOPIy

h(é‘,gof), _721'< - <72[, 4TO

1) mpenensroe MuoxkectBo C(u, ¢, h(¢,¢,) orpaHuueHO CBEPXY;
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2) cymectByeT Takas (B) — mocienoBaTeabHOCTh TOYEK {zk }, OTHECEH-
Hasi Kk ;yre Y C I, uro Ilim u(z) = a. Torga mouTu BCIOAY HA AyTe 7' cy
—00

byHKIMS u(z) UMEET yIJI0Bble TPAHUUHBIE NIPEJEIIbl, PABHBIE O

3ameuanue. OTMETUM, YTO YTBEpXKJIEHUE Teopembl | B ciyuae, Koraa
nanHoe MHOXkecTBo E nmeer MIOJIOXKUTENBHYIO JINHEWHYIO MEpyY, ITOJIYyYEHO B
pabore [4].

B xadecTBe mpuMeHEHHS T€OpPEeMbI | pacCMOTPUM CIIEIYIONIYIO TpaHHy-
HYIO TEOpEMY €IMHCTBEHHOCTH.

Teopema 2. [Tycts U (Z ) — norapudmuuecku cyorapmonuyeckas QpyHk-

must knacca R um E — HekoTOpoe MHOMKECTBO BTOPOiIl KaTeropHH Ha Ayre
y c I'. Jommyctum, 4to B Kax 10 TOUKE f € E MOXHO yKa3aTh TaKyO XOpIy

T T
e, @. ), ——<@.<—, uro
&0.) 2 F 2
1) npenensroe muoxectso C(u,,h({, ®;) OTPaHMYEHO CBEPXY;

2) cymectByeT Takas (B)-nmocnegoBaTebHOCTh TOYEK {Z ‘ }, OTHECEHHas
kK ayre ¥ C I, aro lim u(z,) = 0.
k—oo

Tornma u(z)=0.
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ON ANGULAR LIMITS AND THE BOUNDARY UNIQUENESS
THEOREM NORMAL SUBHARMONIC FUNCTIONS

S. Berberyan

Russian-Armenian University
samvel357@mail.ru

ABSTRACT

The paper considers the existence of angular boundary values for normal
subharmonic functions defined in the unit circle in the presence of (B) — sequences.
Similar studies were previously conducted for meromorphic and holomorphic
functions.

Keywords: subharmonic normal functions, angular limits, (B) — sequence, non-
Euclidean distance.
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Ob NHAEKCE ITOJY2 JIVIMIITUYECKOI'O
OIIEPATOPA B R"

A.A. [lapounan
Poccuiicko-Apmanckuii ynueepcumem

arman.darbinyan@rau.am
AHHOTALUSA

Hacrosimas paborta nocesiieHa HCCASJOBAaHUIO HHIIEKCA JIMHEHHOTO TUd-
(hepeHIUALHOTO TTOTYJUTHIITHIECKOTO OIepaTopa ¢ epeMeHHBIMU KO3 Gu-
[UEHTAMH CIIEIUATBLHOTO BHaa B R™.

B YaCTHOCTHU, NOKA3BIBACTCs, YTO IMPU BBIIIOJJHECHUU HEKOTOPBIX AOTIOJIHU-
TEJILHBIX YCIIOBUI Ha CHMBOJI OIIEpaTopa, MHACKC OIepaTopa B OMpPEAeICHHBIX
AHM30TPOIHBIX BECOBBIX MIPOCTPAHCTBAX KOHCUCH.

KuiroueBblie ciioBa: MOy JUIMOTHYECKUN ONEpaTop, UHICKC Omeparopa,
HETEPOBOCTh, aHU30TPOIHBIC BECOBBIC TPOCTPAHCTBA.

Beenenne

B 1921r. ®@. Hetep oOHapy>xui, 4TO B TEOPUHU OINPENEICHHOr0 Kjlacca
CUHTYJISIPHBIX MHTETPAJIbHBIX YPAaBHEHUSIX OJJHOPOAHOE U TPAHCIIOHUPOBAHHOE
OJTHOPOJTHOE CHHTYJISIpHBIE YpaBHEHUSI MOTYT UMETh Pa3IMYHbIC YUCIIA JIUHEH-
HO HEe3aBUCHMBIX PEIICHUH, OTHAKO MIPH ATOM ycioBus Dpearonbma pazpenu-
MOCTH COOTBETCTBYIOIIMX HEOJHOPOIHBIX YPAaBHEHUI OCTAIOTCS B CUIIE.

Ecnu Ha3BaTh pa3HOCTh YKcCia PEIIEHUN OJHOPOIHOTO U TPAHCIIOHUPO-
BaHHOT'O OJTHOPOJIHOTO MHTETPAJIbHOTO YPaBHEHUS UHJEKCOM ypaBHEHUS, TO B
yucie pe3ysibratoB . Herepa MoxxHO OyieT yKa3aTh IPABUIIO BEIYHCIICHUS UH-
JIeKca ypaBHEHHH paccMaTpUBaeMOro UM Kiacca.

Bonpockl HeTepoBOCTH, MHJIEKCA U HAXOXKAECHUS MHJEKCa B OrpaHUYEH-
HBIX U HEOIPaHMUYEHHBIX 00IACTAX IS JUITMIITUYECKUX ONepaTopoB 10CTaTOU-
HO XOpOILO U3YYEHBI.

B nannoii pabote paccmatrpuBaeTcst MHAECKC TUHEHHOTOo MU depeHanb-
HOT0 TIOJTY3JUIUIITUYECKOTO OIlepaTopa ¢ NepeMeHHbIMU K03 puLineHTaMu crie-
LHaIBLHOTrO BUAA B R™.
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[Tycte R" — n MepHOE €BKIMIOBAa MPOCTPAHCTBA, Z| — MHOXKECTBO
MYJILTHHHJIEKCOB, T.€. BEKTOPOB OL=(0,,..., 0 ), T1e O; (j=1,...,n) enble He-
OTpHUIATEIbHBIC YUCIIA.

s x,Ee R, v=(v,,..,v,) (v, (j=1,...,n) — HATypainbHbIC YETHbIC

)
uhcna) U O,BE€ Z] 1monokum Cg =Cy -Cg?-..-Cyr, e g_" :B—J
- ' J “j!(Bj_O‘j)!
(j=1,...,n), lo|=0, +..+0,, al=o,! ..o, E° =E_f‘...&_,:“,
1 0
. o o
D*=Dy"..Dy", me D =-——— (i’=-1), (0:v)=—L+..+-—2,
l x Vl Vn

1/2

n
Vo =Maxv, [x|=| Y x]
=

max 1<j<n ]
Onpenenenune 1. Cxaxxem, 4TO JIMHENHBIA OIrPaHUYEHHBIN onepaTop A,
neiicTByromuii u3 banaxosa npoctpancrea B, B 6anaxoBo npoctpancTtso B,,

HeTGPOBLIﬁ, €Clin:

1) moampoctpancTBo pemeHuid ypaBHenuss Au=0 B B, umeer xoneu-
HYIO pa3MEpHOCTH, T.€. dimKer A < oo}

2) obnacts 3Hauenuii {A:B,} oneparopa A B B, 3amkuyra;

3) daxrop-npocrparcteo B,/{A:B,} uMmeer KOHeUHY0 pa3MEPHOCTS,

T.e. dim Coker A < oo
Pasaoctes IndA =dimker A —dim Coker A Ha3BIBaeTCsI MHISKCOM OIIE-
paropa A.

Hyers U; (j=1,2,...,m) cucremMa OTKPBITHIX 00JIACTEH, MOKPHIBAIOLIAS

enuHUuHyO chepy R" u
\/i:{r:|r—(i+1)|<§} (i=-10,1,..)

CUCTEMA, SIBJSIOLIASACS MOKPBITHEM MOIYOCH O < 1 < oo . C MOMOIIIBIO MHOKECTB
Uj (j=12,...,m) u uatepBanoB V. (i=-1,0,1,2,...) TOCTPOUM CIIEIYIOLIYIO

CHCTEMY OTKPBITBIX 00JIaCTei:
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2
W, = {x x| <§}, W, = V[Q} xU i, (k=2,3,4,..),

m

rae [a] — menas 4yacTh yucha a .

Onpenenenue 2. /{15 BeKTOpa V ¢ HaTypaJbHBIMU KOMIIOHEHTAMHU Y€pE3
Q, 0003HaYMM MHO’KECTBO BEIECTBEHHBIX MOIOKHUTEIbHBIX QYHKLIUH q , A7

KOTOPBIX:
[D*q(x)
q(X)1+((x:v)vmaX

2. nns moboro €>0, cymecTByroT unucia 6=9(¢)>0 u k, =k,(¢)>0

1. Yae Z} (0<(a:v)<1) —0 npu | x| e,

Takue, 4o npu k >K,, max diam U, <&

I<j<m

max <€ ™ max M <€
€W q(x) wEWe o q(y)

rne W, — 3amblkaHue MHO)KecTBa W, .

3

Omnpenesenue 3. [Iy1st BEKTOpa V ¢ HATypalbHBIMU KOMIIOHEHTaMu, 00-

nactu Q cR", pynkiuu qe Q, u HarypanbHoOro umucna k o0o3HauuMm uepes

k,v o “ o
H; " (Q) MHOX)eCTBO M3MEPUMBIX DYHKIHMHA {u} ¢ xoneunoit Hopmoii

2
|| u ||k,v,q (Q) E[ 2 ‘[| D(Xu(x) |2 q(X)2(k—(01.v))vmx de ]

(ouv)<k Q
v — 1,v
u nonoxkum H_ (€2) =H " (Q).
ITycts qe Q, u A(x,D) nuneiinslii auddepeHnnanpHpiil onepatop Buaa

AGD)= ¥ a,(0a0x)" e e,

(ouv)<I1

YIOBJIETBOPSIOLINI CIEAYIOIIUM YCIOBHSIM:

Ycnosue I. Oneparop A(x,D) momy3mumnTaveH, T.e. 1 Bcex x € R”

MHOTOWIEH (0T § )

A(x,8)= ) a,(x)&"

(ouv)=1

HE UMEET BEIIECTBCHHBIX HyJieH nipu § # 0 .

18



Ycnoesue I1.

1. mavzv(|aa(x)—aa(y)|—>0 mpu k >, Voe Z!, 0<(a:v)<I;
X,ye Wy

2. a(x(x)| <C VxeR", VaeZ!, 0<(a:v)<I1, rme C — TOIOXKH-
TeJIbHas MIOCTOSIHHAS, He3aBHCSIIAs OT (YHKLHHU A, ;
[D*a, (x)
q(X) max

Vo,Be Z;, 0<(a:v)<1, 0<(PB:v)<I.

Ycnosue III. CymectByer monoxurensnoe yucino N, =N (A) >0 ra-
KO€, 4TO IIPU |x| >N,

AxME) = D a ()M ES 20 pu Beex E€ R", A > 0.

(ouv)<l1

Jloka3pIBaroTCs CIEAYIOIINE TEOPEMBI:

Teopema 1. Ecniu 1151 oneparopa A(x,D) Beinonnens! ycnosus [-I11, To
CyIIecTBYIOT monoxurenbHbie uncaa N (N> N ) n C| takue, 9ro Uit Bcex

ue H'(Q)

o], R <C(JAC D, (R")+[ul, (Ky),

roe Ky ={x :|X| <N}.

Teopema 2. Ecnu 7151 oneparopa A(x,D) Beinonnens! ycnosus [-I11, To

uHIeKce oToopaxkenus A(-,D): Hz’v (R") = H,(R") koneueH.
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THE INDEX OF SEMIELLIPTIC OPERATORS IN R"
A. Darbinyan
Russian-Armenian University
arman.darbinyan@rau.am
ABSTRACT

The paper investigates the index of some linear, differential, semielliptic operators

with variable coefficients of a special form in R™.

In particular, additional conditions on the symbol are found that render the index

finite. The operators are considered in the anisotropic weighted Sobolev spaces.

Keywords: semielliptic operator, operator index, Noetherian operator, anisotropic

weighted spaces.
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MO®PUIUKALNA PUJTBTPA KAJIBMAHA
JJIA TTIOJIAPHBIX CUCTEM KOOPIMHAT

A.A. lapounan’?, A.P. Axonan'

! Poccuiicko-Apmanckuii ynusepcumem
2 Boo Vision Technologies

AHHOTAIUA

[pn m3MepeHnn Mo3uIuN 00BEKTA paapoM BO3HHKAET BOIIPOC O TOYHOC-
TH n3MepeHust. YToObl MUHUMH3HPOBATH OIIHMOKY M3MEPCHHS HCHOIb3YeTCs
Ounptp Kanmana. s atoro Heo6xoaumMo, 4ToObI U3MEpEeHHe ObLIO OBl BbI-
MOJTHEHO B J{eKapTOBBIX cUCTEMaX KOOPAUHAT, HO OOJNBIINHCTBO PaJapoB U3-
MEPSIOT MO3UIUIO B MOJIIPHBIX MU ChEePUUECKUX CUCTeMaX KOOPUHAT U BO3-
HHUKAeT BOIIPOC O JIMHEApU3aIlM MOJEITH M3MepeHus. Panee mist sToro Opuia
ucnoib3oBana Gopmyna Teinopa. B 310it ke craTthe OyJeT pacCMOTPEH Me-
TOJl MUHUMHU3AITUH OIIHOKH JIMHEAPU3AIIHH.

Karwuessle ciopa: Ounstp, Kanman, [onapusie, Chepudeckue, Moau-
¢bukarnus.

1. BBenenue u 0003HaYeHHUS

R™ — n-MepHOE BEIIECTBEHHOE BEKTOPHOE MPOCTPAHCTBO.

C (X) — MHOXECTBO BCEX HENPEPHIBHBIX (hYHKIMH Ha MHOXecTBe X [5].

M[X] u D[X] — Mar. oxxuganue 1 Jucrepcus CiydaifHOW BeJIWYMHBI X
[8].

Cov|[X] — koBapuaIioHHa MaTpHUIla CIy4aifHoro Bektopa X [7].

tr(A) — cnen xBagpaTHO# MaTpuLbl A [6].

AT — TpancnonupoBanHas Matpuns A [6].

[ — enuan4Has Matpuiia [6].

JlonycTuM, MMeeM HEKOTOPBIA IBUKYyIIHKCcA 00bekT B R™ ¢ 3amaHHOI
MOJIENIBIO:

Xiev1 = FiXi + G Wy, (1.1)

rae X € R™ k-1 mo3umust BekTOpa COCTOsIHHA, Fj-n X n BeliecTBeHHas
MaTpulia Ha3blBaeMas MaTpULed nepexoaa, Gy - n X m BeLIeCTBEHHAs MaTpHLA
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u W, ectp m — mepHbiii 'ayccoBckuii cimydaiiupiii Bexktop T.4. M[Wy] =0 u
Cov[Wy] = Q.
JlomycTum, 9TO HEKOTOPOE YCTPOUCTBO U3MEPSET aHHBIN OOBEKT C 3a-
IAHHOU MOJIENbIO:
X = H X, + Vi, (1.2)

rae X, € R" usmepenue k-oit nosunuu, Hy ectb r X n Matpuna u Vy, ectb 7-
MmepHbIi [ayccoBckuii cimydaiiueni Bektop T.9. M[V,] = 0. u Cov[V,] = Ry.
PaccMoTpuM O1I€HKY BEKTOpa COCTOSIHUSL HA OCHOBE U3MEPEHUN

X = X + K (X — Hi X, (1.3)
rae X, = Fi_1Xx_1 1 K}, - m X n BelecTBEHHAs MATPUIIA.
Teopema 1. (cM [1] unu [2]) Ecnu B3sTh MaTpuily K}, paBHOU
Ky = PoHy (Hy P Hy, + R)™
e P, ompenensercs peKypcHBHO

P = Fy_1 Py Fi—q + Gio1Qu—1Gii—4
P, = (I — Ky Hy)Py.

Torna tr(Cov|[X, — Xi]) = tr(P,) - mino ectb ouenka (1.3) Gyzer
ONTUMAJIBHOM.

Kax M0HO 3aMeTHTb, KOBapHanoHHas MaTpuna X, — X, = Vj, (T.e. Ry)
urpaer poiab B Qopmyne Mmarpuibl Kj. Paccmorpum nBymepHyro MOAEINb
newxeHud [4]. [lycte T — BpeMs Mexay u3MepeHusiMi. PaccMOTpruM Mozielb
COCTOSIHUS B BUJIE:

. an,T? . b T?
xn+1=xn+Txn+T,rz[eMan=0. Vne1 = Vn + Ty, + .
rne Mb,, = 0.

Xny1 = Xp + ayT. Yns1 = Yn + byT.

Xp = PnpCOSQy,. Vn = PpSina,.
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Taxoxe MOJCJIb UBMCPCHUA B BUJC:

Pn = Pn + $n, tae My, = 01 DSy, =O—<f2- dn = an + 1y, rae My, =0
u Dy, = 0.
Xp = Ppcosdy, = (pp + &) cos(ay + Mp). Yo = PpsSind, =

(pn + &) sin(a,, +1y).
Taxxe 0003HAYUM:

xn
e ~__fn) /1.0 0 0
Xni= | g Xn.—(yn H—(O Lo 0)
Vn

Kak MOXHO 3aMeTHTh, MOJENb ABMKEHUS OOBEKTa SBISETCS MOEIbIO
JTUHEWHO JIBUKYIIETOCS O0BEKTa CO CIy4YallHBIM YCKOPEHHEM, HO M3MEpEeHHUe
BBINOJIHSICTCSI B TOJIAPHBIX cucTeM KoopauHat. IlpoOiema 3akitouyaercs B
JIMHEapUu3alnuu Xn U HaXO0XIACHUU KOBapHaHHOHHOﬁ MaTpulbl. HpI/IMeHI/IB
dbopmyny Teiimopa 1 OTOPOCHB OCTATOYHBIM WICH, MOTYYHIIACh CIICIyIOIAs

OIIEHKA KOBapUALIMOHHOM MaTpHIlbl [4]:
2

- _ of 0 r _(cosan —sinan)
Cov(X, — HX,) =~ A, (0 pio? AT tne A, = sina,  cosa, ) (1.4)

2. lIpudau:xkenue B Hoasipabix Cucrem Koopaunar

PaccmotpuM MHOXKECTBO yHKITHIA

+ oo 2

Lo ={f |fECR) u|lfll, = f (f (x))%e 20%dx < oo}

—00

JlaHHOE MpOCTpPaHCTBO sABIAETCA BEKTOpHBIM [6]. Tarke ompenenum
CKaJIIPHOE IIPOU3BEICHHE.

2
1

+00 _x
Vig€L, <f.g> :=7=][ f(x)g(x)e 2dx.
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Haiinem nuHeliHble OLEHKY IS X;, B BUJE

Xn = PnBx + Cién + prlxny (2.1)
TaK, YTOOBI

[|cos(a,, + x) — Ayx — By||, = min
||cos(a,, + x) — Cy||; = min.

PaccmorpuMm mpoctpaHcTBO H,, — MHOYECTBO BCEX MHOIOYJIEHOB CO
CTEMNEeHbIO He BhIIIE, yeM 1 [3]. H,, ecTh moAnpoCTpaHcTBO L, , Takum oOpazom,
Hallla 33/1a4a YKBUBAJICHTHA 3a7ja4e 0 HaxoxaeHuu Py = C, € Hyu P, = Ayx +
B, € H; T.u.

llcos(an +x) — Py(x)||c = inf [|cos(a, +x) — Qo(x)||s
Qo€Hop

llcos(an +x) = Py(X)||s = _inf [||cos(a, +x) — Q1 (X)]|s
Q1€H,

Tax kak 1 € Hy ectb 6a3u3 B Hy u npocTpaHcTBO L, ectb ['mis6epToBO
MPOCTPAaHCTBO [6, 3], MBI MOXKEM MPUMEHUTh METOJ HEOINPEICICHHBIX
K02 PUIIEHTOB:

<1,cos(a, +x)—C,>=0 (2.2).

PemnB ypaBHeHue, nuMmeeM:

2 o2

1) (oo i _a
G = %f_m cos(x)e 202dx = cos(ay)e” 2 (2.3).

Bexrops! 1, x € H; o6pasyrot 6a3uc B H;. Kpome Toro,

2

X
<1l,x>= xe 202dx = 0.

1 +00
Torio 1
CnenoBatenbHO, cucteMa BeKTopoB {1, x} oOpa3syer 6a3uc B H; [6],

CJICZIOBATEIBHO:
<1,cos(a, +x)—B,>=0 (2.4),
<x,cos(ay, +x)—A,x>=0 (2.5).
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Moskem 3aMeTuTh, 4TO ypaBHeHUs (2.4) u (2.2) oAMHAKOBHI, Cle0Ba-
TEJbHO:

a? a?

B, = cos(a,)e 2 A, = —sin(a,)e 2
[ToBTOPHWB TOT K€ TpOLIECC IS J, IMEEM:

o2

= cos(a,)e 2

a2 a2

C, = sin(ay)e 2 B, =sin(ay)e 2z A

y y

Takum 00pa3oM, MBI TOKa3aJId TEOpEMY.

Teopema 2.

Ouenku X5, = ppBy + Cx &y + prlxnnuyy = pnBy + Cy’fn + pnAynn
OyIayT WMeTh HaWMMEHbIWe 3HaueHus s D[X, — x,]| u D[V, — y,] cpeaun
JIMHEWHBIX OICHOK.

[IpencraBuB B MAaTPUUHOM BHUJIC:

Xn B Cy  PnAy\ (€
%= () =enla)+ (¢, o) Gr)
" Yn Pn B, Cy pndy) \ny
Cov(X, — HX,) =
oZe™% 0
d AT (2.6)

2 2

0 phroie %

HETPYJIHO 3aMETUTh, YTO oreHKa (1.4) SBISIETCS YaCTHBIM CitydaeM (OPMYJIbI
(2.6), xorga 3HaUYeHUE 0,? OJM3KO K HYJIIO.

3. lIpakTnuyeckoe Hadarwoaenue Ilpu [oasapubix Koopaunar

KoBapuanmonnsie matpuiipsl (1.4) u (2.6) ObLIHM HUCTIOIB30BAHBI TIPH AJITO-
put™e ¢unbTpanu KanbMaHa Ha KOMITBIOTEPHOW CUMYJISIIIMY TIPU Pa3THIHBIX
3HAYEHUAX 0y . Jlanee MoxeTe BUIETh PE3YIIbTAT TaHHOH KOMIBIOTEPHOM CHMY -

nsuuu, tae e, =||X, — X, || npu ucnonp30BaHNM KOBapHUAIIMOHHON MaTPHIIBI
(1.4), a e, — npu ucnonb3oBanuu (2.6). Eciu e,-e; > 0, To HOBas KOBa-
pHAaIOHHAs MaTpULa BbIIAET JIyUIIUH pe3yabTaT u, Ha000poT.
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Kak BHIHO W3 MOTYyYEHHBIX pe3yJIbTaTOB, HOBas KOBapHAI[MOHHAS MaT-
puna B OOJNBIIMHCTBE CITy4aeB JTy4Yllle MPeKHEH.
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KALMAN FILTER MODIFICATION FOR POLAR
COORDINATE SYSTEMS

A. Darbinyan, A. Hakobyan
ABSTRACT

When tracking an object with a radar one can face issues with accuracy of the
measurement. To minimize the error Kalman Filter can be used. In order to do that the
measurement must be made in Cartesian coordinate systems, but most of the radars
nowadays measure the location of the object in polar or spherical coordinate systems and
one must face issues with linearizing the measurement error. Previously the Taylor series
was used. In this article we will discuss another method — minimizing the variance of the
error of linearization.

Keywords: Filter, Kalman, Polar, Spherical, Modification.
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CUJIBHBIE PEBEPHBIE PACKPACKH
KYBOB ®PUBOHAYYHAN

A.K. Jlpaméan’, I1.A. Ilempocan’?

!Poccuiicko-Apmanckuil ynusepcumem
’Epesanckuil 2ocyoapcmeennblil yHusepcumem

ardrambyan@student.rau.am, petros_petrosyan@ysu.am

AHHOTAIUS

Oynknus f: E(G) — N HaspiBaeTcs pebepHoid packpackoii rpada G. Pe-
OepHas packpacka f rpada G Ha3bpIBaeTCs CHIIBHOM, ecu 1ro0blie aBa pedpa,
Haxojslecs Ha pacctosiuuu 0 win 1, okpaiieHsl B pa3ianyHble nBeTa. Hau-
MEHBIIEE YUCIO IBETOB, HEOOXOOMMOE sl CHIIBHOM peOepHOH pacKpacku
rpada G Ha3bIBaeTCS CHJIBHBIM XPOMATHYECKUM HHAEKCOM U 0003HAYacTCs
¥'s(G). B HacTosmieit pabote mokazano, 4to y's(Fn) =1 ecmun=1, y s(Fn) =2
ecun=2,u2n—1<y's(Fn) <2nnpu n > 3, rae F, - kyd ®ubonayyn.

KiroueBsble cioBa: pédepHasi packpacka, CHIIbHasi pedepHasi pacKpacka,
CUJIBHBIA XpOMaTHYECKUI MHJIEKC.

BBenenue

[Tycte G - HeopueHTHpOBaHHBIN Tpad Oe3 KpaTHBIX pedep W MeTens,
V(G) — maOXecTBO BepivH rpada G, E(G) — mHOX)ecTBO pedep rpada G. O603-
HauuM yepe3 A(G) makcuMalbHy0 U3 cTenenei BepimuH rpada G. Jlanee, 0603-
HauuM depe3 Qn n-mepHbiil kKy0. Heonpenensemble moHsITHS U 0003HaYEHUS
MOYHO HaWTH B [1].

Pebepnast packpacka f rpada G Ha3bIBaeTCsS CHIIBHOMW, €CIIH J00bIe JBa
pebpa, Haxoasmuecs Ha pacctossHuu 0 win 1, okpaiieHsl B pa3TuyHbIE [[BETA.
HaumensImiee uncio MBETOB HEOOXOAMMOE ISl CHIIBHOM peOepHOi pacKpacku
rpada G Ha3bpIBaeTCS CHIIBHBIM XPOMAaTHYECKMM HHAEKCOM M 0003HadaeTcs
x's(G). Onpenenenne cUIILHOM pedepHO packpacku rpada ObUTo BBeIeHO B [2].
B wactHocTH, Dpaemem n Hemerpuinom Obita mpeuiokeHa clieayromias THIT0-
Te3a.
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I'mnore3a (Ipaewr u Hemerpua, 1985).

Juis mro6oro rpada G cripaBeyIMBO
54(G)?

x's(G) <, - ccm A(G) - yeTHOE YHCIIO,

2_
2 +(G) S6© = 24+ 1)

, ecnii A(G) - HeUYeTHOE YHCIIO.

N3BectHO, uTo I'unotesa BepHa 11 rpadoB G ¢ MakCUMaIbHOU CTETEH-
b0 A(G) < 3 [3, 6]. Kpencron [4] mokazan uro x's(G) < 22 mns rpadoB G ¢
MakcuMaibHOU ctenenbto A(G) = 4. Maioit u Pun [5] nokazanu, uro npu goc-

taToyHO 00JbIIOM A(G) CHIIBHBI XPOMaTHYECKUI MHIEKC HE MPEBOCXOJIUT
gucina 1,998A(G).

Llenpro HacTOSIIECH CTAaThU ABISIETCS UCCIIEIOBAaHNE CHIBHBIX PeOEpPHBIX
packpacok kyooB ®ubonayuu Fn.

OcHOBHOM pe3yabTaT

Ky6om ®ubonauuu Fn HazpiBaeTcs noarpad n-mepHoro kyoa Qn, mopox-
JICHHBIN BEpIIMHAMHU, KOTOPHIM COOTBETCTBYIOT OUTOBBIE CTPOKH O€3 MOAps[
UAYIMUX ABYX ennHUI. OCHOBHBIM Pe3yJIbTaTOM JaHHOW pabOoThI SBISIETCS Clie-
JyIoIasi Teopema.

Teopema. /1151 1000T0 HATYPAILHOTO YMCIIA N UMEET MECTO CIICYIONIEE:
I. y's(Fn)=1ecmun=1;

2. y's(Fn)=2ecmun=2;
3. 2n—1=<y%'s(Fn) <2n, mpun > 3.
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STRONG EDGE-COLORINGS OF FIBONACCI CUBES
A.K. Drambyan’, P.A. Petrosyan'

'Russian-Armenian University
2Yerevan State University

ardrambyan@student.rau.am, petros_petrosyan@ysu.am

ABSTRACT

A function f: E(G) — N is called an edge-coloring of a graph G. An edge-coloring
of G is strong, if for every pair of edges at distance at most 2 receives different colors. The
smallest number of colors needed for a strong edge-coloring of G is called a strong
chromatic index and denoted by % ’s(G). In this paper we show that x's(Fn) =1 if n =1,
¥'s(Fn) =2ifn=2,and 2n— 1 <y's(Fn) <2nif n > 3, where F, is a Fibonacci cube.

Keywords: edge-coloring, strong edge-coloring, strong chromatic index.
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HAXOXJIEHUE ®YHKIIUAU PACITPEAEJEHUA
PACCTOSIHUS MEXIY ABYMS COAYYAHHBIMU
PABHOMEPHO PACIPEJEJEHHBIMHU B BBIITYKJION
OBJIACTU TOUKAMHU METOJAMM UHTETPAJIBHOM
I'EOMETPUU

/.A. Epansn
Poccuiicko-Apmanckuii ynugepcumem

danielyeranyan@gmail.com
AHHOTANIUA

B nanHOit paboTte paccMaTpuBaeTcs 3a7a4a HaXOXKICHUs QyHKIUH paci-
peneneHus pacCTOSHUS MEXIy ABYMs CIydallHBIMM TOYKaMH, PaBHOMEPHO
pacnpe/ieJIeHHBIME B BBIMYKJIOH JAByMepHOi 00macTu. OcoOEHHOCTh 3aKIT0-
9aeTcsl B TOM, 4TO 3[[€Ch UCIIOIB3YIOTCS METOIbI HHTEIPATbHON FeOMETPHH.

KawueBsle ciioBa: ciayvaiiHas xopa, GYHKIHS pacpeaeIeHus, paccTo-
SIHHE MEX[Y CITy4alHBIMHU TOUKAMU.

BBenenune

B Hamm 1HU ToMorpadust sSBiseTCsS OJHOW U3 aKTUBHO Pa3BUBAIOIIUXCS
obmacreit marematuku. B 1990 rogy cocrosuiach Hay4yHas KOH(EpEeHIUs B
Ob6epBonbdaxe, Temoil kotopoit Obuta «Tomorpadus». Ha kondepeHumn
P. I'apnuep BBen TepmuH «I'eomerprueckas Tomorpadus» Kak 001acTh MaTe-
MaTHUKH, 3aHUMAIONIYIOCS M3BJICUYeHHEM WH(POPMAIIUU O TEOMETPHIECKOM 00-
BEKTE U3 JAHHBIX O €70 CEYECHMAX MU IMpoeKuuax. OQHaKo pacyeT reoMeTpH-
YECKUX XapaKTEPUCTUK CEUCHHUI 4acTo SIBJISIETCS CIOKHOM 3amaveil. PekoHcT-
PYKLMS BBIMYKIBIX TEJN C MCIOJIb30BAHUEM CIIyYalHBIX CEYEHHUI IO3BOJISET
YIOPOCTUTH PACUYET, NOCKOIBKY [UIsl OLIEHKH I'€OMETPUUYECKUX XapaKTEPUCTHK
CIIy4alHBbIX C€YEHUN MOYKHO HUCIIOIb30BATh METOAbl MATEMAaTUYECKON CTATHC-
TUKU. BennuuHsl, XapakTepu3yromue ciydaiinple ydacTku Tena D (Takue, kak
pacrpeneseHue JJIMHBI XOP/Ibl, PaCIpeieICHUE PaCCTOSHUAS MEXAY ABYMS CIIy-
YaiiHBIMU TOYKaMU B D ¥ ipyTHe), HeCyT HEKOTOpyto nHpopmanuio o D u, ecim
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€CTh CBA3b MEXJy F€OMETPUUECKUMHU XapaKTEPUCTUKaMU D 1 BEpOATHOCTHBI-
MU XapaKTEPUCTUKAMH CIYYailHBIX CEUYSHHM, TO TI0 BBIOOPKE Pe3yJIbTATOB IKC-
NEPUMEHTOB MOXHO OLIEHUTh T€OMETPUYECKUE XapaKTEpUCTUKHU Tena. B nan-
HOM paboTe MBI OyJIeM paccMaTpUBaTh paclpeesieHUe PACCTOSTHUS MEX Ty TOU-
KaMU, OpOILIEHHBIMH Ha BBIMTYKJIOE IBYMEPHO TENO.

Teopema. /[aHO orpaHUYEeHHOE BBINTYKJIOE TEI0 D Ha IByMEpHOM €BKJIH-
JIOBOM TIPOCTPAHCTBE M JBE PABHOMEPHO PacIpe/ieieHHbIC, HE3aBUCHMBIC CITy-
yaifHele Touku P1=(x1,y1) P2 = (X2,y2) B 3TOM Tene. Toraa ¢pyHkuueit pacmnpe-
nenenus paccrosiHus d = |P1—P2| mexxny Humu Oynet

1
Fd(f):w

Jloka3aTesbCTBO TEOpPeMbI

(—%ﬁ |0D|+¢7||D|+[oD|¢* [F, (u)du—[oD| [u’F, (u)duj (1).
0 0

Bynem o6o3nauats gepes ||D|| miomane D, a uepe3 |0D| mwmy
nepumetpa D. Toraa mioTHOCTH pacrpenesieHus Touek P u P2 6yayt
CITE Ty FOIITUMHU

1

= ).
o

fr (6, y)= 1o (%)

Kak u3BecTHO, uepe3 mo0bIe 1BE TOUKH MPOXOAMT OFHA €IUHCTBEHHAS
npsiMasi g, KOTOPYI0 MOKHO TPEACTaBUTh mapoil g = (p,p), rae p — 3TO
paccTosiHHe TpPsSMOW g OT Hayajla KOOPJHMHAT, a (¢ YroJl MEXIY (¢ M OChIO
Ox.Yepe3 [D] ob6o3znaunM MHOXECTBO mpsiMbIx mepecekatommx D. Ilo
orpeaeNneHuIo QyHKIIUU pacipeeICHUs

F, (t) = P(d < t) = J’J’f(PI,PZ) (xlaylvxzayz)dxldyldxzdyz 3),

d<t
rae fp1,p2)(X1,y1,X2,y2) — IJIOTHOCTh COBMECTHOT'O PACIPEICIICHUS CITyUYaiiHbIX
BesmmunH P1, P2. Tak kak ool HE3aBUCHUMEL, TO

f(‘PI,PZ)(xl’xzﬁyl’yz):fﬁ (x]’y])fPZ (xz’yz) (4).

[Tony4daem, uro

Ifdxldyldxzdyz (5).

‘ ” d<t
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Jlia Berancnenus (5) BocnonbzyeMmcs TeM, 4To Pi, P2 nexat Ha npsimoit g
= (p,p). Ota npsimas, nepecekas D, obpasyer xopay x(g) = x(p,¢). O603HaUNM
yepes F y (t) pynkuuro pactipenenenus y(g).

1
E ()= | Ttora 8 (©).
(D]
Jlemma. Ilapy touexk Pi, P> MOXHO mpencTaBuUTh B KOOpIMHATax
(t1,t2,p,0), TIE t1 ¥ t2 — 3TO TOUKM Ha g. M OyJeT BBIOIHATHCS PABEHCTBO MEp

dx,dy,dx,dy, = |z‘1 —t2|dt1dt2dg (7).
Joka3zarenbcTBO. B KauecTBe Hayana KOOpAMHAT HA g MOXeEM OpaTh
TOYKY NEPECEUCHHS g C MapAJUICTbHON €l MPsIMOM, IPOXOAAIIEH Yepe3 TOUKY

(0,0).Torma x1,y1,X2,y2 BeIpazstcs uepes ti,t2,p,e ciemyromum oopazom [1]:

X, = pcosg—t sing Y, = psing+t,cosg i=12 (8).

CrnenmoBarteabHO,

dx, = cos pdp —( psinp+t, cos ¢ ) dp —sin gdt,

: : 9).
dy, =sinpdp +(pcosp—t,sing)dp+cospds, i=1,2

U, npousBe/s BHEIIHEE YMHOXKEHHUE, TOYYaEM:

dx,dy,dx,dy, = (t, —t,) dt,dt,dpdep .
Ho, Tak kak 0epercst MOIysIb JeTepMHHAHTA SIKOOH, TO MOJTydaeMm:

dx,dx,dy,dy, = |tl —t2|dtldt2dg .
JlemMa noxa3zana.
[ToxcraBmss Bce 370 B (5), MOTydUM:
1
EO=p [[[ 16~ | dtdt,dg (10).
[ty

—t,|<t

Berauciaum (10)
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HD” [D] t2\<t

1

- 2.[ e .[ |6, =8, dt,dt, o _[ |6, —1,|ddt, ||dg
HD” (D] ln—t]<t |oy o)<t
=<(g) >7(g)

Cuenaem cienyronye 0003HauYCHHUS:

J, = J' |6, —1,|dt,dt, J, = J' |6, —1,|dtdt, .
I —t|<t I —t,|<t
<x(g) >x(g)

Brraucium Ji

J, = 2(”t tdzdt+jjr tdt]——§t3+,{(g)t2

to4—t

Brruucium J2

x(g)y

x(g)x(g) 1 3
= [ [ la-tldedy=2| [ [(t~1,)dedr, 3(Z(g)) :
0 0 0 0

HOI[CTaBI/IB HX, NOJIy4YnM:

H I I{M (_gt3+x(g)t2}”w<g)<z}G(Z(g)fﬂdg.

Cnenaem cienyromye 0003HaAYCHHUS:

e [1{1] 2(e2)%8 Jo= [ x(e)de

(D]
3
Js = jll(g)q};((g)dg Jo = II <z} }[(g)) dg
(D]

ITOCJIC YE€T'0 3TO BEIPAKCHUC HpI/IMeT CJ'ICIIYIOHII/II/I BU:

( “PT+10T, - 2J5+1J6j :
3

34



Braucium Js.
B :[I][{l(g)zf}dg :|aD|(1_Fz(t)) .
D

Boruncnum Ja. Tak kax x(g)dp ects anemeHT miouiaau D, To nuHTerpan
oTHocuTenbHO dp mis ¢pukcupoBanHoro ¢ paseH miomanu D [1]. Tlomydaem,
91O

Jy=x||D].

Boruncnum Js. 17151 3T0r0 MOKHO BBIYHCIHTH €r0 MPOU3BOAHYIO U IPO-

UHTETPUPOBATh.

s (t1+A8)—J (1) _
At

1 F, (t+At)-F,(1)
At J.[{z<;( <t+At}Z( )dg :(I+HAI)|8D| - A -

(1),

rie 0 ¢ (0,1). MbI BOCIIOIb30BaIMCh TEOPEMOH O cpeiHeM 3HaueHuH. [lepeiins

K npezeny npu At—0, nonydaem, 4To
J=|oD| i, (1)

rae fy(t) ectb mnoTHOCTH pacnpeneneHus x(g). [Ipounrerpuposas ot 0 f0 t,
MOJTy4aeM, 4To

:|8D|qu )du = |8D|[1F JF J
0
AHaTOTUYHBIMHU pacCyxAICHUAMMU 110JIydacM, UTO
=[oD| [’ £, (u du—|8D|[tF 3] *F, (u)du j .
0

HOI[CTB,BJISISI MOJIYUYCHHBIC PE3YJIbTATHI, [10JTy4YacM, YTO

(—%ﬁ |0D|+¢7||D|+[0D|¢* [F, (u) du~[oD]| [u’F, (u)du] (12).
0 0

1
)=
Ioff

Teopema nokazaHa.
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FINDING THE DISTRIBUTION FUNCTION OF THE DISTANCE
BETWEEN TWO RANDOM POINTS UNIFORMLY DISTRIBUTED
IN A CONVEX SET WITH METHODS OF INTEGRAL GEOMETRY

D. Yeranyan
Russian-Armenian University
danielyeranyan@gmail.com

ABSTRACT

In this paper we consider the problem of finding the distribution function of the
distance between two random points uniformly distributed in a two-dimensional convex

set. Here we use methods of integral geometry to solve that problem.
Keywords: random chord, distribution function, distance between two random

points.
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CPABHEHUE YACTUYHO I'MIO2JIVIMIITUYHbBIX
MHOI'OYJIEHOB PA3HBIX THUIIOB

B.H. Mapzapan, I'.I'. Kazapan

Poccuticko-Apmsanckuii ynusepcumem,
Hucmumym mamemamuxu Axademuu Hayx Apmenuu

vachagan.margaryan@yahoo.com, haikghazaryan@mail.ru
AHHOTAIIUSA

B naHHOI Hay4HOU CTaThe CPABHUBAIOTCS YACTUYHO THIIOAIUIUNTUYECKUE
no I'opauHry-Mansrpanxy-OpeHnpaiicy U 4aCTUYHO THIOAUIMITHYECKHE
MHOTOWIeHBI 0 bypeHkoBy. [lomy4eHs! ycnoBus, IpH KOTOPBIX K00aBIeHNE
MIIa[IIMX YJIEHOB K YaCTUYHO TUIIO3JUIMNTHYECKOMY MHOTOYIEHY JAHHOTIO
THUIIA HE HApYyIIAeT TUI €r0 YaCTUYHOW TMIOAUIMITHYHOCTH.

KiroueBble cj10Ba: THIONTIMIITHYCCKUH (1T0 XepMaHIepy) YaCTHYHO TH-
noammuntryeckuit (o IN'opaunry, Mansrpamky, Opennpaiicy u bypenkosy)
MHOTOYJICHBI, MJIa {IINE WICHBI.

O0o3HaueHns U onpeeIeHUs

[Tycte N — MHOXeCTBO HaTypasibHbiX umceln, Ny :== N U {0}, N}' — mHo-
KECTBO N-MEPHBIX MYJIbTHMHJIEKCOB, T.€. TOUEK & = (A1, ..., Ay), @j € Ny j =
0,...,n, R™ — n-MepHOE BEIIECTBEHHOE ABKJIHIOBO MPOCTPAHCTBO TOUECK § =
(611 ] fn)

Jna EER",aeN'ul<k<n(k€N)obosnaunm [§| = /& + ...+ &2,
£ = &% & |al = ay + -+ a,, D = DI .. DI, rxe D =a%_j =

n o

L.ong =C, &) a = (@, ), § = Cryr o $nd @’ =
(@ks1s s @n), §= (€, na = (a',a”).

ITycte R(§) = YqVaé%, (§ € R™) MHOrOWIEH C MOCTOSHHBIMH KO3(]-
bunHeHTaMu, TIe CyMMa PacipOCTPaHIETCs 10 KOHEYHOMY Habopy
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(R):={a € N}, y, # 0}.

Jns muorowteHa R u uncna k € N,1 < k < nuepe3 (I') obo3Haumm
MHOXecTBO Tex a’ € N¥, nna xotopsix cymectyer a’ € N*™* rtakoii, uto
a=(a,a") e (R).

Jna a' € () uepes (T'yr) obosmaumm MHOMkecTBO {a’' € NI'%, (a',a’) €
(R)} u monmoxxum

Fa'(E”) — Z y(a,,a”)(fu)au.

ar€(l,r)

Tornga MHOTOUJIEH R MOKHO MNpEeaACTaBUTL B BUJIC:

R® =REE) = ) ()1 Tu). (1)

are(l)

Onpenenenune 1. (cMm: [1], ompenenenne 11.1.2 u Teopemy 11.1.3).
ROE® . _ DU®)
R(®) R(®)

Mmuorousied R Ha3bIBaeTCs TUMODUIMITHYSCKUM, €CIU

0 pu |&| = oo must moboro 0 # a € N

Onpenenenue 2. (cM: [2], [3] unu [1], onpenenenne 11.1.2 u Teopemy
11.1.3). MHorouneH R Ha3bIBae€TCAd TUMOIJUIUNTHYECKUM M0 [opauHry-
Manrpanxy-OpeHmpaiicy (naiee: ['-M-3 runos3muMnTuyeckKuM) OTHOCUTENBHO
rpymmsl iepeMeHHbIX &' = (&i4q, ..., &) 1 < k < n, eciu (em: (1)) MHOTOUITEH
[y, (€") rumosmnuntuueH kak MHorowieH ot &' u mis modoro 0 # a € (I)
r ’(E”) "
—“+——=— 0 npu — 00,
To(6") pu [¢"

Onpenenenne 3. (cm: [4]). MHorouwineH R Has3bpIBaeTcs TMIIOAIUIH-
NTHYECKUM 110 BypeHkoBy (nanee b runosmiMntTuiyeckuM) OTHOCUTENBHO IpyIi-

(an)
RE®
1+|P(xi)|

nbl nepeMeHHbiX & = (&, ...,&) 1 <k <n, ecnu npu |§| - o
0 npu |§| - oo mns moGoro 0 # a’ € N.

Omnpenesienune 4. (cm: [5]). MHorousneH R Ha3bIBaeTCs peryJsipHbIM, €CIIH
¢ HekoTopoit mocrostHHoM ¢ > 0 [E*| < c (1 + |R(])|) VE € R™ mus moboro

a € (R).
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Onpenenenue 5. (cMm: [6] u [1] onpenenenue 10.3.4). ['oBopsT, 4TO MHO-
rousieH P- MolHee (COOTBETCTBEHHO CHUJIbHEE) MHOTOWICHA () ¥ 3aITUCHIBAIOT
Q<P(Q<P)ecau c¢ mnekoropoir mocrosHuoi ¢ > 0[Q®)| <c(1+
[P(®)]) V& e R™
(cootBerctBenno, Q(¥) < cP(¥) VEE R™, rae a1d JaHHOTO MHOTOYJIEHA

~ 1
RR®):= (Ta [RD(®)|?) 72),
OcHoBHBIE pe3y/IbTaThl
ITomyueHsl cienyronue pe3yJibTaThl.

Teopema 1. ITycts muorounen P(§) = P(E,&"), & = (&, ...,¢&), &' =
(k1)1 €n), k €N,1 < k < nT'-M-D runosuMnTU4eH OTHOCUTEIBHO IPYII-
el nepemMenHbix &'m Q < P (1u6o (Q < P). Torma muorouwreH R(E) :=
P(®) + Q(&) — Qy,(E") taxxke I'-M-D IHIIOSIMITHYEH OTHOCUTEILHO TPYIIIIbI
ePEMEHHBIX.

Teopema 2. Ilycte muorounen P(§) = P(E,&"), & = (&, ...,&),&" =
(¢x41) ré5), k € N,1 < k < n B-TUNO’UIMITHYEH OTHOCHUTEIBHO TPYIIIBI
nepemennbix §'. Ecau muorounen Py, (§) = P(0',§") rumosmnunTudeH, Kak
MHorowieH ot &', To P I'-M-D, rMImos/uIMITHYEH OTHOCUTEIBHO TPYIIILI TIe-
pEMEHHBIX &'\

Teopema 3. Ilycts k =n — 1,8 = (&, ...,&,-1), & = &,. Ecimm oTimnu-
HBIH OT MOCTOSIHHOW MHOTOYIEH P B-THNO3UIMOTHYEH OTHOCUTEIBHO TPYIIIbI
nepeMeHHbIX &', To P ['-M-D runosuiMnTi4eH OTHOCHTENBHO &, .

OTta Teopema HeyjyuliaemMa B cieayomeMm cmbicae. [lpu k <n—1
YTBEPIKACHUE TEOPEMBI MOXKET IlepecTaTh ObITh ClipaBeIIuBbIM. [1okaxeM 310
Ha [puMepe.

Ipumep. Tlycte n=3, k=1, 1. e. & =&, =(§,,&) u P@) =
" =& & HL 658+ 80,

Jlerko mMpoBEpUTh, YTO MHOTOUICH P B-rUmosutMnTHYeH OTHOCHTEIBEHO
;1. Omnaxo P He sBnsieTcst ['-M-D THMOSITMITHYECKIM OTHOCUTEIIBHO TPYIIIBI
nepemennbix &' Tak kak (cMm. Ompenenenue 2.) muorowieH Py, (&) =
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P(0",8") = (&% — &H)* + &% + &, He sBnsieTcss THIIODIUTMIITHYECKAM KK
MHOT'OWICH OT MEPEMEHHBIX &'’

Teopema 4. Ilycts perynspusii muorowren P(§) = P(E,&"), & =

£,8 = (&, ..., &) T-M-D runmosUMNTHYCH OTHOCHTEIBHO TPYIIIBI IEpe-

MeHHBIX §''. Toraa P B-rumosutunTHueH OTHOCHTEIBHO & .
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ON INTERVAL EDGE-COLORING OF COMPLETE
MULTIPARTITE GRAPHS

L. Muradyan
Yerevan State University

levonmuradyanlevon@gmail.com
ABSTRACT

A graph G is called a complete r-partite (r = 2) graph, if its vertices can
be partitioned into rindependent sets V;, ..., V, such that each vertex in V; is
adjacent to all the other vertices in V; for 1 < i < j < r. A complete 1-
partite graph with independent sets Vj, ..., V. of sizes n, ..., n, , respectively,
we denote by K, » . An edge-coloring of a graph G with colors 1, ..., t is on

interval t-coloring if all colors are used, and the colors of edges incident to
each vertex of G are distinct and form an integral interval. In this paper we
obtain some results on the existence and construction of interval colorings of
complete r-partite graphs. Moreover, we also derive an upper bound on the
number of colors in interval colorings of complete multipartite graphs.
Keywords: edge-coloring; interval coloring; complete multipartite graph.

Introduction

Throughout this paper all graphs are finite, undirected, and have no loops
or multiple edges. Let V(G)and E (G)denote the sets of vertices and edges of G,
respectively. The maximum degree of G is denoted by A(G). The terms and
concepts that we do not define can be found in [12].

An edge-coloring of a graph G is a mapping a : E(G) — N. A proper
edge-coloring of a graph G is an edge-coloring a of G such that a(e) # a(e’)
for any pair of adjacent edges e, e’ € E(G). The chromatic index X'(G) of G is
the least number of colors needed for a proper edge-coloring of G. Clearly,
X'(G) = A(G) for every graph G. On the other hand, the well-known theorem

of Vizing [9] states that the edge-chromatic number of any graph G is either
A(G) or A(G) + 1. One of the most important, interesting and long-standing
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problem in this field is the problem of determining the exact value of the
chromatic inis dex of graphs. There are many results in this direction, in
particular, the exact value of the chromatic index is known for bipartite graphs
[7], complete graphs [2, 11], complete multipartite graphs [5, 8], split graphs
with odd maximum degree [3], outerplanar graphs[4], planar graphs G with
A(G) = 7 [10, 13].

A complete k-partite graph G is a complete balanced k-partite graph if
Vil = |V,| = ... = |V|. Clearly, if G is a complete balanced k-partite graph with
n vertices in each part, then A(G) = (k — 1)n. Note that the complete graph K,
and the complete balanced bipartite graph K;, ,, are special cases of the complete
balanced k-partite graph. In [8], Laskar and Hare proved the following:

Theorem 1. If G is a complete k-partite graph with n vertices in each part,
then
X'(G) = { (k= n,if T:lk is e"ven,
(k—=1)n+1,if nkis odd.
A more general result was obtained by Hoffman and Rodger [5]. Before
we formulate this result we need a definition of the overfull graph. A graph G is

overfull if [E(G)| > |52 A(G). Clearly, if G is overfull, then X'(G) =
A(G) + 1.

Theorem 2. If G is a complete k-partite graph, then
X'(6) = {A(G), if G isnotoverfull,
A(G) + 1,if G is overfull
An edge-coloring of a graph G with colors 1, ..., t is an interval t-coloring
if all colors are used, and the colors of edges incident to each vertex of G are
distinct and form interval of integers. A graph G is interval colorable if G has an
interval t-coloring for some positive integer t. For an interval colorable graph
G, the greatest values of t for which G has an interval t-coloring is denoted by
W (G). The concept of interval edge-coloring was introduced by Asratian and
Kamalian [1]. In [19], Kamalian investigated interval colorings of complete
bipartite graphs and trees. Later, Kamalian [6] obtained an upper bound on W (G)
for an interval colorable graph G depending on the number of vertices of G.
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Theorem 3. If G is a connected interval colorable graph with at least two
vertices, then W(G) < 2|V(G)| — 3.

In [20], Petrosyan investigated interval colorings of complete graphs and
n-dimensional cubes. In [17], Khachatrian and Petrosyan improved the lower
and upper bounds on the number of colors in interval colorings of complete
graphs. In [18, 14], the authors obtained some results on interval colorings of
complete tripartite graphs. In [16], the author studied interval colorings of
complete balanced multipartite graphs.

In this paper we obtain some results on the existence, construction and
bounding of interval colorings of complete multipartite graphs.

Main results

If a is a proper edge-coloring of G and v € V(G), then S(v, @) denotes
the set of colors appearing on edges incident to v. The smallest color of S(v, )
is denoted by S(v,a). We define ordered sequence LSE(V(G),a)(Lower

Spectral Edge) as follows:
LSE(WV(G), @) = (S(vy,, ), S(vy,, @), ..., 8(vy,, ).
where V(G) = {vy, ..., v} and S(v;, @) < S(v;,, @) for 1 < I <k —1.
We also need the following lemma.

Lemma. [15] If K,,be a complete bipartite graph with
bipartition (U, V), then for any continuous sequence L with length n, K, ,, has

an interval coloring a such that LSE(U,a) = LSE(V,a) = L.
Using Lemma, we prove the following result.

Theorem 4. For any ny, ...,n, € N, if K, ., has an interval t-coloring

asuch that LSE (V(Kn I ) is continuous and }};_, n; = n, then

K 2k (K € Zso) has an interval (t + (281 — 1)n)-coloring.

Nnq,..Np,N,2N,..

Next, we obtain an upper bound on W(G) for complete multipartite
graphs.

Theorem 5. If K,, ., (n; = n, = -+ = n,) is interval colorable, then
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W(Knl,...,nr) <2 Z‘ir=1ni — Ny —MNyp_q — 1.
For some complete multipartite graphs, we prove that these graphs have

no interval colorings.

Theorem 6. For any oddn (n € N), the complete r-partite graph (r >

3) Ky n+1,..n+1 has no interval coloring.

10.

11.

12.
13.

14.

15.
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BEPIIIMHHO-PA3/IMYAIOIIUE PEBEPHBIE
PACKPACKMU ITOJIHBIX TPEX/IOJIBHBIX I'PA®OB
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AHHOTADUA

Jns rpada G dyskums f: E(G) — N HaspiBaeTcs péOSpHOH pacKpacKou
rpada G. PE€0epHas packpacka f rpada G Ha3bIBacTCS MPABUIBHOMN, €CITH JJIs
TMOOBIX cMeXHBIX pébep e, e’ € E(G), f(e) # f(e'). Ecnu f — npaBuibHas
packpacka rpada G u v € V(G), To o603HauuM uepe3 S(v, ) MHOKECTBO
[BETOB p&Oep, MHIMICHTHBIX BepluH V. [IpaBuibHas packpacka f rpada G
HAa3bIBACTCS BEPUIMHHO-PA3INYAIOIICH, €CITH AJISI JTFOOBIX PA3TMYHBIX BEPIIHH
w,v € V(G),S(u, f) # S(v, f). HauMmeHbliiee 9UCIO LIBETOB, HEOOXOAUMOE
JUTSL BEpIIMHHO-pa3Inyaromeil péoepHoil packpacku rpada G, Ha3bBacTcs
BEPUIMHHO-PA3IUYAONIMM  XPOMATHYCCKUM HHAEKCOM W 0003Ha4YaeTcs
Xva(G). B nanHoii paboTe HalICHBI HEKOTOPbIC BEPXHHE OLCHKU BEPIIMHHO-
Pa3MUYAIOIIEr0 XPOMAaTHYECKOTO UHACKCA MOTHBIX TPEXAONBHBIX TpadoB.

KawudeBsble cioBa: nmpaBuibHas pEOepHas pacKpacka, BEpIIMHHO-PA3IIH-
YaroIas PacKpacka, BEePIIMHHO-PA3THYAIOIINA XPOMATUICCKHN HHICKC.

BBenenune

[Tycte G — HeopueHTUpOBaHHBIN rpad O6e3 KpaTHBIX pédep W MeTens,
V(G) — mHOXecTBO BepimH Trpada G, E(G) — mHOXKecTBO pébep rpada G.
O6o3naunm uepes K, K n, K 5, COOTBETCTBEHHO, NONHBIN rpad ¢ 1 BepLIn-
HaMH, TIOJIHBIN ABYAOIBHBIN Ipad ¢ m BepIIMHAMY B OJHOH JI0JIE U C N BEPILIH-
HaMH B JIPYTOM J10J1€, TTOTHBIA TPEXTO0JIBHBIN Tpad ¢ | BepiimHaMu B OAHOU J10-
Jie, m BepIIMHAMU B APYTOH J10JIe U N BEepLIMHAMU B TpeTheil none. He onpene-
JIIeMbIC TIOHATHS U 0003HAYCHHUS MOXKHO HAaWTH B [6].

[TpaBunbHas pédepHast packpacka f rpada G Ha3pIBaeTCs BEPIIMHHO-PA3-
JMYAOIICH, eClM st JII0ObIX pasnuuHbiX BepmuH W, v € V(G),S(u, f) #
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S(v, f). Haumensbliee uncino 1BeToB, HEOOXOAUMOE [Tl BEPLUIMHHO-pa3Inya-
orel péoepHoi packpacku rpada G, Ha3bIBACTCS BEPUIMHHO-PA3TMYAIOIIAM
XpOMAaTHYECKUM HHIICKCOM Tpada G 1 0603HayaeTcs yepes xp,q (G). Onpenene-
HHE BEPLIMHHO-pa3INyaromeil packpacku rpada o6suto BBeseHo B [1,2] u, He3a-
BHCHMO, KaK «Ha0Ir01aeMoCcThb» rpada B [3—5]. B uactHOCTH, aBTOpamu [2] ObI-
JIM TOKA3aHbI CIEeTYIOIINE PE3yTbTaThI.

Teopema 1. [y 1100010 HATYPaTBLHOTO N1 = 3 UMEET MECTO PABEHCTBO

N, ecJIi N — HeYETHOe YUCJIOo,

!
K = { e
Xva (Kn) n + 1,eciu n — 4ETHOE YUCJIO.

Teopema 2. [[yist 1F00BIX HATYPAIBHBIX M U N (N = M = 2) UMEET MECTO

PaBEHCTBO
n+1l,eciun>m>= 2,

Xva(Kinn) = {n +2,eciun=m > 2.

[enpro HacTOsIIIEH PaOOTHI SIBISIETCS MCCIIEIOBAHUE BEPITUHHO-PA3IHYa-
f0IUX PEOSPHBIX PACKPACOK MOTHBIX TPEXTOIBHBIX TPagoB.

OcHoBHBIE pe3yJIbTaThI

IIpexne Bcero, HaMM HaiiieHa BEpXHSA OLEHKA Xpq (K ) A IpoOH3-

BOJIbHBIX HaTypalbHBIX [, m u n. IMeHHo, ToKa3aHa
Teopema 3. Jl1s1 m0OBIX HATYpPAJIBHBIX [, M ¥ 1 ©UMEET MECTO HEPABEHCTBO

X{zd (Kl,m,n) <l+m+n
Tax>xe HaMu JOoKa3aHa

Teopema 4. JIy1s m00bIX HATYPAJIBHBIX M U N IMEIOT MECTO PaBEHCTBA
4 — ! —
Xvd (Kl,m,n) =m+n " Yy (Kz,m,n) =m+n+1.
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AHHOTALIIUSA

B pa60Te HCCIICAOBaHA HECTCPOBOCTH PETYJISIPHBIX THUITOJUIMITUYCCKUX
OII€paToOpoOB B CIICHUATIBHBIX MYJIbTHAHU3O0TPOIIHBIX BECOBBIX IMTPOCTPAHCTBAaX

B R". Iomyuens HeoOX0AUMBIE U JOCTATOUHBIE YCIOBHUS /sl HETEPOBOCTU
CIIETMATIBHBIX KITACCOB PETYJISPHBIX THITOAUTHIITHICCKUAX OIIEPATOPOB C Tepe-
MEHHBIMHU K03 (DUITMEHTaMU B MYJIbTHAHU30TPOITHBIX BECOBBIX COOOIEBCKHIX
MPOCTPAHCTBaX. Y CTAHOBJICHBI HEOOXOMMBIE YCIIOBUS JIJISl BHITIOJIHCHUS arl-
PUOPHBIX OIICHOK i AU QEPeHIIMATBLHBIX ONEepaTopoB, ACHCTBYIOIIUX B
MYJIbTHAHH30TPOIHBIX TPOCTPAHCTBAX.

KiroueBble cioBa: peryJsipHbIA THITOUTANITHYCCKUHN oniepaTop, HETepo-
BOCTbh, MYJIbTHAHU30TPOITHBIC BECOBBIE MPOCTPAHCTRA.

Krnacc perymisipHbIX THIOAUITMITUYECKUX OMEPATOPOB SIBISIETCS CHEIH-
QJIBHBIM TIOJIKJIACCOM THITOATUITHYECKHUX OMEePaTOPOB U COJEPIKUT B cede 3I-
JTUNTHYECKHE, TapadOINIeCKHe U TOMY JUIUIITHYeCKUe oneparopsl (cM. [1]). B
JIAHHOW paboTe HCCIEAYETCs] HETEPOBOCTh PETYJISPHBIX THMOSUITMITHYECKUX
OIEepPaToOPOB B CICIHUAIBHBIX MYJIBTHAHHU30TPOMHBIX MPOCTpaHCTBaxX B R".
CHOXXHOCTh HCCIEIOBAaHUS HETEPOBOCTH TaKuX omeparopoB B CoOOIEBCKUX

npocTpaHcTBax B R 3aKiodyaeTcst B TOM, YTO XapaKTepUCTUUECKUH MHOTOY-
JICH PETYJISPHBIX TUIOUIMITUYECKUX ONEpaToOpoB HE SBISETCS OTHOPOIHBIM
WM 000OLICHHO-OJJHOPOJHBIM, W B PAacCMaTPUBACMBIX 3a/la4aX TEOPEMBI
@pearonabpma i KOMIIAKTHBIX MHOTOOOpa3uii He MPUMEHUMBI.

B pabote [6] noka3zaHa HETEPOBOCTH ISl PETYJISPHBIX THIIOAUIUIITHYEC-
KHX OTIEPaTOpOB C IOCTOSTHHBIMU KO0A()(DUITMEHTaMU B OTPAaHUICHHON 00JIaCTH.
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I/ICCHCHOBaHI/IIO HCTCPOBOCTHU TMOJIYIJUIMNTUYCCKUX OICPATOPOB IMOCBAIICHBI
pabortsl [2-5].

B nanHoii paboTe mosryueHsl HEOOXOIUMBIE U JJOCTATOYHBIC YCIOBUS IS
HETCPOBOCTH CIEIIUAIEHOTO KJIacca PEryJIAPHBIX THIOJUIHIITHICCKUX OTepa-

TOPOB B MYJIbTHAHU30TPOITHBIX BECOBBIX MPOCTpaHCcTBax B R”.

Omnpenenenne 1. OrpaHMYeHHBIN JTUHEUHBIA onepatop A, onpeaeseH-
HBIi Ha BceM baHaxoBom mpoctpaHcTBe X H JeHCTByromuii B baHaxoBom
MPOCTpaHCTBE Y , HA3BIBACTCS «HETEPOBBIMY, €CIIU BBIMOIHIIOTCS CICAYIOLIIE
YCJIOBHUSI:

1) o6macts 3naueHnmii oneparopa A 3amkHyta (Im(A)=Im(A));

2) sapo oreparopa A sABIsETCS KOHEYHOMEpHBIM ( dim Ker(A) <o),
3) Koszipo omepaTopa A KOHEUHOMEPHO
(dim coker(A) = dimY/Im(A)<eo).

WHiekcoM HETepoBOTo ornepatopa A Ha3bIBaeTCsl Pa3HOCTh MEXKITy pas-
MEPHOCTBIO siipa U KOsiipa:

ind (A ) =dimKer (A)—dim coker(A).

ITycts R — MHOKECTBO AEHCTBUTENBHBIX Uncel, R, — MHOKECTBO HEOT-

PULATCIIbHBIX I[CﬁCTBHTGJIBHBIX YHUCCII, N — MHOXKeCTBO HaTypaJIbHbBIX YUCCII,

ne N, R" — n-meproe EBKINIIOBO ITPOCTPAHCTBO, Z, — MHOXKECTBO HEOTPH-

LATEJIBHBIX HEeIbIX YHCEN, 7| — MHOKECTBO N -MEpHBIX MyJIbTHUHIEKCOB, N"
— MHOKECTBO N -MEPHBIX MYJIbTHUHIEKCOB C HATYPalIbHBIMH KOMIOHEHTAMM.
[ycts N CZ" — uekoTopblii HaGOp MyJILTHHHIEKCOB. XapaKTepPUCTH-
YECKMM MHOTOTPaHHHKOM MHOYECTBAa MyJIbTHHHACKCOB N HazoBeM Haw-
MEHbLIMI BBITYKibl MHororpanauk R =R (N), koTopbli comepxur Bce
touku N . HerycToii MHOrorpaHHuk R Ha30BEM MOJHBIM, ECIIH OH MMEET BEp-

IIMHBI B Hayaje koopauHaT R" u Ha kaxnaol ocu koopamHat R", oTnndnbIe
OT Havasia KoopanuHaT. [10HbBII MHOTOIpaHHUK Ha3bIBAETCS «BIIOJIHE IIPABUJIb-
HBIM», €CJIM BHEIIHHE HOPMAJIU BCeX (n —1) -MEpHBIX HEKOOPAMHATHBIX I'PaHEN

R HMMEIOT TOIBKO IMOJI0KUTEIbHEIE KOOpAUHATHI.
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MynbTUHHAECKC 0.€ R Ha3bIBaeTCs «IJIABHBIM», €CIIM OH IPUHAIJIEKUT
Kakoi-mubo (n—1)-MepHOH HEKOOPAMHATHOW TIpaHU MHOTrOrpaHHMKa R .
MHOKeCTBO BCEX IVIaBHBIX TOUYEK 3 R 0603Ha4nM vepes 0K .

[Iycte 'R — mpou3BOJBbHBIN, BIOJHE MPAaBHIbHBIH MHOTOIPAaHHHK M
keR,.
O6o3nauum kR = {ka = (ka,, ka,,..., ka ), ae R}. O603Haunm yepes

n—-lg/ . __
R (j=L....1,.,) (n—1)-MepHble rpaHn MHOTOrpaHHUKa R .

[ycte ¢/, j=1,...,1 | Takas BHEIIHsS HOpMA IPaHH Rj“_l , JUTsl KOTOPOM

_ N o
npu Beex o€ R 1(ouuj):—‘.+...+—‘.‘:l.
] ] J
ul l"ln
JIns BIIONHE TpaBUILHOTO MHOrorpananka Ru ke N o6o3Haunm:
Dq(x
L _, [Pk

Q"® =1q(x):q(x)>0, Vxe R", =0, ;
( ) ( ) q(X) q(X)H(B:u)

=0 HpI/I‘X‘ —oo VBekR,j=1,....1 ,

k
Jinn ke Nu ge QY% uepes Hq’R 0003HaYMM MHOXKECTBO H3MEPUMBIX

byHKIII {u} C KOHEYHOU HOPMOW
kfmax(a:uj)

[l = 2D e

aekR

Paccmotpum nuddepenumansuyio Gopmy:

P(x. D)= Y, (x)D" (1

aeR

rie D* = D"...D, D, =ilai, x=(X;,....x,) € R",a, (x)e C(R“) :

Xy
O003HaUNM
P,(x. D)= Y, (x)D", (2)
acd'R
Py (x, &)= D a,(x)&" (3)
acdR

Onpenenenne 2. Ckaxem, uro P(x, D) perymsipra s R", ecim cymect-

BYET TakKasl MocTostHHast O > (), 9TO MMEeT MECTO OIICHKA!
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“l, VEe R",V xe R".

‘Po (X= é)‘:

B pabote nmonmyueHo HE0OX0MMOE yCIOBHE HAa CUMBOJ OIepaTopa JUls

Zaa(x gz

acdR acdR

BBIINNOJIHCHUA CHCLII/IaJIBHOﬁ aan/IopHoﬁ OLICHKHU B MYJIbTUAHU3OTPOIIHBIX BECO-

k
BbIX IIpocTpaHcTBax H q’R .

Teopema 1. ITycts ke Z, ,g€ Q"™ u xooddunments muddepenimans-
Holt popmbl P(x, D) mpeacraBisiores B Bue

a,(x)=al (x)q(x)1 M) 1 L(%)

" YOOBJICTBOPAIOT CJ'IGI[}’IOHII/IM YCIIOBUAM:

1) lim max

x| sl

al (x)-ay (y)|=0,

1-max (o-B:p! .
2) D’ (ay(x))=o(q(x) "), j=1.... I, ;Be kR, ae R
npn [x| — eo.
ITycts ¢ HeKOTOPO# OCTOSAHHOM C > () BBIIIOJIHAETCS allpUOPHAs OLIEHKA:

<C([Pul,, , +]ul,. o, )- Vi HED

||u||(k+1)R,q kR, q L,(R")

Torga qupdepenunanshas popma P(x, D)perymspra B R" u cymecrsy-
10T noctostHHbIe O >0 1 M > 0 — TaKue, 4yTo

26(2 ¢ ],‘v’fe R, VAieR,,
acdR

l—max(a:uj)

2a.(x)4

0eER

N3 Teopemsl 1 u Teopemsl 7.1 paGotsl [7] ciaenyer, uyTo oueHka (4) sBis-
eTcs ~ HEoOXOOUMBIM  yCIOBMEM  JUIsi ~ HETEPOBOCTU  OmepaTropa

P(x, D):H"® 5 HER,

Teopema 2. Ilycts ke Z, ,qge Q" u xordpduuments quddepermmans-

Holt popmbl P(x, D) mpeacraBisiores B Bue

a,(x)=al (x)q(x)1 M) 1 L(%)

U YJIOBJIETBOPSIIOT CIAEAYIOLIUM YCIOBHSIM:
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Al (x)-al ()| =0,

2) D*(a,(x))= o(q(x) ™), j=1,..., I ;Be kR, ae R

1) ‘lim max

x‘%w ‘x—y‘Sl

L it

Torma P(x, D):Hgk”)’R %HE’R SBIISIETCS HETEPOBBIM TOTJA M TOJILKO
Torga, korna mupdepenunansuas gopma P(x, D) perynsipra B R"u cymect-
BYIOT OCTOsSHHBIE & >0 1 M > 0 — Takue, 4To

28(2 g

acdR

l—me_ix(a:pj)

2a ()4 g

0eER

X|ZM.

+/1J,V§e R, VAieR,,

Paboma evinonnena npu nododepoicke memamuueckoeo Qurancuposanus PAY
u3 cpeocme MOBHP® u Munucmepcmea obpazosanus u Hayku ApmeHuu cogmecmno
¢ Poccuitickum ¢onoom Gynoamenmanvhblx UCCACO08AHUL 6 PAMKAX NPOEKMAd
Ne. I8RF-004.
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NOETHERICITY OF REGULAR HYPOELLIPTIC OPERATORS
IN MULTIANISOTROPIC WEIGHTED SPACES

A. Tumanyan
Russian-Armenian University
ani.tumanyan92@gmail.com

ABSTRACT

We study the conditions under which regular hypoelliptic operators are Noetherian

operators in the special multianisotropic weighted spaces in R". The necessary and
sufficient conditions are obtained for Noethericity of certain classes of regular hypoelliptic
operators in multianisotropic weighted Sobolev spaces. We obtain the necessary conditions
for the fulfillment of a priori estimates for differential operators acting in multianisotropic
spaces.

Keywords: regular hypoelliptic operator, Noetherian operator, multianisotropic
weighted spaces.
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O CJEJAX ®YHKIU 13 MYJbTUAHU3OTPOIHBIX
ITPOCTPAHCTB COBOJIEBA B CJIYYAE
OJTHOI'O THUITIA BIIOJIHE ITPABUJIBHOI'O

MHOI'OI'PAHHUKA

M.A. Xauamypan
Poccuticko-Apmanckuii ynusepcumem

khmikayel@gmail.com
AHHOTANIUA

B nanHOll HayuyHOW CTaTbe paccMaTpUBAacTCA BONPOC IPUHAAIEKHOCTU

cnena (YHKIMM M HEKOTOPBIX €€ MPOW3BOIHBIX M3 MYJIbTHAHU30TPOITHOTO
N p3 .

npoctparcta Cobonesa W, (R™) [1-3] Ha ABYyXMepHOIT IITOCKOCTH KJIaccam
CoboJieBa B cllydae 0JHOTO THIIA BIIOJIHE MPAaBHIBHOTO MHOrorpanuuka i .
B pabote BBOAMTCA MOHATHE MYIBTHAHU30TPOITHOTO IpocTpancTBa CoboneBa
Ha Ciy4ail BIOJIHE IPaBUIbHOTO MHOTOIPAHHUKA C HELEABIMHA BEPLIIMHAMU U
MOKA3bIBACTCS TIPUHAJICKHOCTD cliesia (YHKIIMH TakuM npoctpaHcTBam Co-

OoieBa.
KioueBble ¢JioBa: MyJIbTHAHH30TPOITHOE MPOCTPAHCTBO, ClICA (YHKIIHH.

BBenenune

Teopust aHU30TPONMHBIX TpocTpancTB Cobosesa W ™™= (R") B ciy-
p

gae p =2 moyHOCTHIO pa3zpaborano JI.H. Cinobonenkum [4, 7]. B yacTHOCTH,

M3YyYEHbI BOMPOCHI MPUHAAIEKHOCTH CJIe0B QYHKIUI U3 3TUX MPOCTPAHCTB
paszabIM KiaccaM CobOosneBa. Co6oeKuM Takke ObIII0 BBEACHO 0000IIICHHE
TaKUX MPOCTPAHCTB HA APOOHBIE MOpsiAKU. [Ipu n3ydeHnn HEKOTOpOro Kiacca
TUIIOAJIMNITAYECKUX YpaBHEHMH, BBeAeHHbIM JI. XepMaHaepoM, BO3HHKIIA HE-
00XOIMMOCTh H3yUY€HUS MYJbTUAHU30TPONHBIX (YHKIMOHAIBHBIX MPOCT-
panctB CoboneBa. BriepBble MpocTpaHCTBa TAKOTO THUIIA U3Y4YalIUCh B paboTax
C.M. Huxonsckoro u B.II. MuxaiinioBa. CyllleCTBEHHbIM OTJIWYHUEM 3STHUX

IIPOCTPAHCTB ObLIO HANMYUE L, — HOPM HEKOTOPBIX CMELIAHHBIX IPOM3BOAHBIX
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BBICOKOTO Mopsiaka. MccnenoBanust ’THX MPOCTPAHCTB OBLIIO MPOJAOIKEHO B pa-
6orax I'.I'. Kazapsna. Pa3BuTHio Teopuu MyIbTHaHO30TPOMHBIX MPOCTPAHCTB
nocBsiieH nuki padot ['.A. Kapanersna [1-3].

B nanHoii paboTe A OJHOTO THIMA BIOJHE MPABUIBHBIX TPEXMEPHBIX

MHOT'OTPaHHHMKOB, IIpeCTaBIIsAIoIee U3 cedd nupamuny ¢ BepmuHoi (0,0,7;)
S
u ¢ ocHoBanueM J1,, ObLI U3YUCH Ciel QYHKIUU U U €€ NPOU3BOIHBIX D u

Ha runepmiockocta {x, =0}. Oxa3anocs, 4To ciel QyHKIUU U €€ IPOU3BOA-

HBIX IIPUHALJIEKUT HEKOTOPOMY IPOCTPAHCTBY W;ﬂ0 (R*), rie MHOTOTPAaHHHUK
N, 1M0706€H MHOTOrPaHHUKY D1, ¥ HEMHOTO MEHBIIE €ro, TIPHYEM K03 du-
IIUEHT [0J00MS 3aBUCHUT OT § U /.

B paGote Obu1 Hcnonb30BaH annapar npeodpasoBanus Pypee B mpoct-

panctBe L,(R") u pasHoctHbll noaxon C.JI. Cnobonenxoro mis 00001meHus
npoctpancTB CobosieBa Ha 1poOHBIE TTOPSIKH [4].

IIycts R" ={(x,X,,...,X,):X,€ R} n-MepHOoe EBKIINI0BOE IPOCTPAHCT-
BO, ()7 — MHOXKECTBO 7 -MEPHBIX BEKTOPOB C IOJOKUTEIbHBIMH PAL[IOHATIbHBI-
MH KOMIIOHGHTaMH, Z —MHOXECTBO 71-MEPHBIX MYJIbTUHHICKCOB, T.C.
o=(a,a,,....,o,)e Z; , ecnn ;(i=1,2...,n) HEOTPULATEIBbHBIC LIEIBIE YHC-
ma. Jua &eR", aeZ! , meN ob6osHaunMm |c|=o,+0o,+...+¢,,
&"=(".8...80, § =880 .8 w DY =DgD...D{" 0606mennas
npousBogHas mo C.JI. CoboneBy mopsaka « .

JI1st IPOM3BOJILHOTO YKCHa a vepe3 [a] 0603HauMM ero Lemyo 4acTb, a
gyepe3 {a} ero ApoOHYIO 4acTh, Tak 4T0 a =[al+{a}. At re Q! 0603HaUUM

[r1=(~1.-...[r,]) . Ana npon3BonsHON QyHKIMU f ¥ 4yKcaa ¢ 0O03HAUUM
A0 f(x)=fx+te)— f(x), (1)

rae e; =(0,...,0,1,0...,0) j -blii KOOPAMHATHBIA BEKTOP B IPOCTpaHCTBE R”
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[TycTb MIMeeM MHOKECTBO MYJIbTUMHACKCOB U3 Z| . O003HaunM uepes N

HAaWMEHBIIIUN BBITYKJIBI MHOTOTPAHHHK, COJIEP AN BCE TOUYKH 3TOTO Ha0O-
pa. MHororpanHuk )1 Ha3bpIBa€TCS «BIOJHE NPABUIBHBIMY», €CIM OH MUMEET
BEpUIMHY B Ha4aje KOOPJAMHAT U OTIMYHOE OT Havajla KOOPJIAMHAT BEPUIMHBI HA
Ka)KJI0M OCH KOOPAMHAT, a BHEIIHUE HOPMAJIA BCEX (7 — 1) -MEpHBIX HEKOOPAU-

HATHBIX TPaHel UMEIOT CTPOTO MOJIOKUTEIbHBIE KOMITOHEHTHI. O003HAYUM Ye-
k

pes o (k=1,2,...,M) BepmuHbI MHOTOTpaHHHUKA )1, OTIIMYHBIC OT HYJIS, KO-

TOpbIe OyZeM Ha3bIBaTh «TJIABHBIMU BepUIMHAMU». B ciiydae n=2 paccMmoT-

PHUM TAK¥KEC BIIOJIHE HpaBI/IHBHHﬁ MHOT'OT'PpaHHUK C BEPIIUHAMU U3 :_l , IJTITaBHBIC

BEpIIMHBI KOTOPOTo OymeM 0603Ha4ath uepes »' (k=1,2,...,M). Jns npous-
BOJILHOTO M uepe3 ml Oynem 0003HayaTh MHOTOTPAHHUK C TJIABHBIMHU BEp-

mmHamu mr' (k=1,2,...,M) . O603HaunM yepes
WAR") ={f:fe L(R"),D” fe L(R"),k=1,2...,M}
MYJIbTHAHU30TPOITHOE TTpocTpancTBO CoboJieBa ¢ HOPMO

P TS 31 i @

UsectHO, uto W," (R") ecth Banaxoso npoctpancteo u C; (R") II0THO
B W,"(R") no nopme (2).
[TycTs 3aaH BIOJTHE MPaBUIIBHBI MHOTOTPAaHHUK 1 C BEpUIMHAMU W3

0;.

Onpeneaenne 1. Cxaxem, uro Gynkuus f € W, (R*), ecmu fe L,(R?)

it moboro k=1,2,...,M cymecTByeT o0o0ieHHas npousBoaHas no Cobo-

K
neBy D1 f | npu 5TOM KOHYEHBI BHIPAYKEHHSL:
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|A,(2)D" £ (%)
.[ | |z [0 dxdx,dz, {1}>0,{r}=0
R3

(] 2
[ AZ(T)D PO drdedz, =000
R“s

10, f) = z |20 . 3)

[ 2
J. |A1 (Zl )AZ(ZZ)D f(x)| dxldxzdzldzz,{ﬁk} > 0’ {rzk} > 0

o |Z1 |1+2{r1’<}| z, |1+2{r2’<}
K k k
1D £ [} e TF1=r

Hopwma B ipoctpanctse W, (R*) BBOAUTCS CIETyIONMM 00pa3oM:

IF Vo= 2 26%. 102 @)

3ameuanne 1. MOXHO 3aMETHUTh, YTO BBEJICHHOE BBIIIIE TIPOCTPAHCTBO B
C.]'Iy‘-Iae MHOFOFpaHHI/IKa, BCpHH/IHI)I KOTOpOFO ABIAKOTCA MYJ'II)TI/II/IHI[CKcaMI/I,
COBIAJIACT YK€ ONPECICHHBIM PaHee MYJIbTHAHU30TPOITHBIM MPOCTPAHCTBOM
Co0Oonesa.

Jlemma 1. ®yHKIMsS u TPUHAJIEKAT OpocTpaHcTBy W, (R*) Torna u

TOJIBKO TOTId, KOTAa KOHCUCH UHTCIPpAJI

( [+ 2@ D1ar de (5)

1 €r0 MOXKHO B3STh B KAUECTBE SKBHUBAJICHTHOM HOPMEI B IPOCTPAaHCTBC.

Jlemma 2. TIpoctpancteo W," (R*) ectb BaHaxoBo MpOCTPaHCTBO.

Jlemma 3. C;°(R*) mwiotro B W," (R*) o HopMme (4).
PaccmoTpuM BrHOSIHE TNpPaBWIBHBIA MHOTOTPaHHUK )1 B TPEXMEpPHOM

NPOCTpaHCTBE C BepmmHamMu W3 Z.. bynem o6osmagats o' =(/,,0,0),

o’ =(0,0,,0), & =(af,05,0), tne k=3,....M -1, " =(0,0,1,). O603Ha-
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yuM 4depe3 1, AByXMEpHYIO TPaHb MHOTOrpaHHUKa 91, JieKallee B TMIEpI-
aockocTH {x, =0}. 91, ecTb BIOJIHE NPAaBUIbHBI MHOTOTPAaHHUK C BEPIIHHA-
Mu 7' =(/,0), r? =(0,1,), r* =(0{1",0{§), rne k=1,...,.M—-1=M,. O603Ha-

ynm N = ([,,N,) . Imeer MecTo clienyromas anpuopHasl OLEHKa.

Teopema 1. I[Iycmoe 0<s <[, yenoe uucno. Toeoa ons 060U PyHKyuu

ue C; (R*) umeem mecmo oyenxa.

Dl o s <o N g e (6)

w, B2 (p2y

Teopema 2. (Ocnosnas). Ilycte ue W,>”(R*), Torma mns mo6oro

0 <s </ cymecrsyer cnen pynkuun D[ u Ha miockoctn {x; =0}, KOTOpHIi

a-2-Lym,

TpUHANEKUT IpocTpancTBy W, " % (R?).
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TRACES OF FUNCTIONS FROM MULTIANISOTROPIC
SOBOLEYV SPACES IN THE CASE OF ONE TYPE OF COMPLETELY
REGULAR POLYHEDRON

M. Khachaturian
Russian-Armenian University
khmikayel@gmail.com
ABSTRACT

In this paper, we consider the question of whether a trace of a function from a
multianisotropic Sobolev space Wzm (R3) [1-3] and some of its derivatives on a two-
dimensional plane belong to some Sobolev classes in the case of one type of completely
regular polyhedron 1. The concept of a multianisotropic Sobolev space is introduced in
the case of a completely regular polyhedron with non-integer vertices, and it is shown that

the trace of a function belongs to such Sobolev spaces.
Keywords: multianisotropic space, trace of a function.
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NHO®OPMATHUKA

HNPUMEHEHME METOA0OB HCKYCCTBEHHOI'O
NMMYHHUTETA B PEAJIM3AIIMU CUCTEMBI
OBHAPYKEHUS BTOP)KEHUI

B.A. Jlanasan

Poccuiicko-Apmanckuii yrnueepcumem
viadimir.lalayan1994@gmail.com
AHHOTALUSA

JanHast HaydHasl CTaThsl pacCMaTpUBAET MPUMEHCHHE METOIOB MCKYCCT-
BEHHOTO MMMYHHTETA 715l OOHApy>KeHUS BTOpKeHUH. B uacTHOCTH, TpUMeHe-
HHUE aJropuTMa KIIOHAFHOU CeJIeKINK B aHanu3e Tpadduka st oOHapyxKe-
HUSI BTOPXKCHHS B ceTh. s 3TOro OymeT MpelcTaBIeH caM alrOpUTM KIO-
HAJIFHOH CENEKINH, OCHOBAaHHEIH Ha pabd0oTe MMMYHHOH CHCTEMEI, M IPOBEIe-
HO TECTUPOBAHUE CHCTEMBI OOHAPYXEHUS BTOPXKCHHUI Ha €T0 OCHOBE.

KnioueBble c10Ba: NCKYyCCTBCHHBI MMMYHHTET, CUCTEMa OOHAPY KECHHSI
BTOP>KEHUU.

BBenenune

B mocnieHee BpeMst OCTpO CTOUT 3a/1a4a BISIBIICHHS PA3IMYHBIX aTaK Ha
KOPTIOPAaTUBHBIE CETH. B CBSI3U C 3TUM aKTyajbHA MPOOJieMa TIOCTPOSHHUSI CHC-
TeM oOHapyxeHus Bropxenuit (Intrusion Detection System (IDS)) [1]. Ogaum
W3 HalpaBJICHUS JUIS TIOCTPOCHHS TAKMX CUCTEM SIBIISCTCS IPUMEHEHUE METO-
JIOB, CXOKHUX C TEMH, KOTOPBIE TPUMEHSIFOTCS B pa00Te IMMYHHOM CUCTEMBI Op-
raHU3Ma YeI0BeKa.

Knacc cucrem, OCHOBaHHBIX Ha IPUHITUIAX PA0OOTHI HMMYHHOH CUCTEMBI,
Ha3bIBAIOT «MCKYCCTBEHHBIE UMMYHHBIE ceTi». K MeToaM Takoro pozna cucteM
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OTHOCSAT CJIEAYIOIINE aJTOPUTMBI: aJITOPUTMbl HETAaTUBHOM CEJIEKLMH, ajro-
PUTM KJIOHAJbHOMN CENEKIUH, JEHAPUTHBIE aITOPUTMBI U IpYTHE.

B 2001 rony Jxyursor Kum u [Tutep bentnu BeigBuHyM TpeOOBaHUS K
pabote cucteM OOHapYy>KEHHs BTOP)KEHUW W TPOBEIS aHAIN3 PabOThl UMMYH-
HOM CHCTEMBbI MOKa3aJId, YTO CUCTEMbl OOHAPYKEHHSI BTOPKEHUH, TOCTPOCH-
HBIE€ C UCIIOJIb30BAHUEM €€ METO/IOB, 00ECIIEUYNBAIOT BBHIIIOIHEHUE MTOCTABJICH-
HBIX TpeOoBauuii [2]. B uacTHOCTH, OTHUM U3 TpeOOBaHUI SBISIETCS aAanTalus
TaKUX CUCTEM K OKpYyXxaromuii yrpo3am. OHO obecrieunBaeTcs 3a CUET UCTIONb-
30BaHUE AIITOPUTMA KJIIOHAJIBHOM CENIEKIINN.

B cBs13u ¢ 3TUM BCTAET BONPOC NMPABUIBHOCTHU MOA00Pa MOIXOISIIUX aJl-
TOPUTMOB ISl MOACIIMPOBAHUS aJrOpUTMa KIOHAJIBHOM CeleKIHMU. B naHHOU
cTarbe OyIeT MpeIokKeH OJMH M3 BaApUAHTOB TAKOTO aJrOPUTMA U MPOBEICHO
TECTUPOBAHNE CUCTEMBI, OCHOBAHHOW HA HEM.

AJITOPUTM KJIOHAJILHOM CeJIeKIMHU

ANTOPUTM KJIOHAJIBHOW CENEeKIUU pa3paboTaH Ha OCHOBE KIIOHAJIbHO-Ce-
nexkTuBHOUM Teopuu beprHepa, mpennoxkeHHoil mpumepHo 60 netr Hazan [3].
I'maBHBIE NPUHLIUTIBL:

® TOJIEpIKKA OMPEeNIEHHOr0 Habopa KIETOK MaMSsITH;

e CelIeKIMs U KJIOHUPOBaHUE Haubojiee YacTO CTUMYJIHMPYEMbIX aHTH-

TE;

e 0TOpachIBaHUE PEAKO CTUMYJIUPYEMBIX aHTUTET,

e MyTalus aKTUBUPOBAHHBIX UMMYHHBIX KIJIETOK;

e TeHepalys U MOAJIePKKa pa3HOOOPa3HOTO KOJTHMUECTBA AHTUTEI.

B nanHOI cTaThe MBI pacCMaTpUBAaEM aJITOPUTM KJIOHAJIBHOW CEJIEKIUH,
peanu3yeMblii CIeTyOIM 00pa3oM:

1. Bce IEeTEKTOpHI, KOTOPHIE 32 BCe BpeMst pa0OThI HE 0OHAPY>KUIH HU OJ1-

HOT'O aHTUTECHA OTOPaCHIBAIOTCS,

2. BCE JIETEKTOPBI COPTUPYIOTCS IO KOJIMYECTBY CTUMYJISALINM;

3. nepsble 20% AETEKTOPOB MyTHUPYIOTCS;

4. nepBoie 60% NETEKTOPOB KIOHUPYIOTCS.

Taxum 06pa3om, peaTu30BaHHbBIN aJTOPUTM KIIOHAIBHOM CENeKIIUH yI0B-
JIETBOPSIET BBIIBUHYTHIM BBIIIE PUHIIUIIAM.

['enepanusi 1eTeKTOPHI MOMYYAOTCS MYTEM T'€HEpalMH CIyYalHbIX WH-
TEpBAJIOB.

[Tonmy4yeHnHbie MHTEPBAIIBI UMEIOT PABHOMEPHOE pacmpe/eicHue
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MyTanusi JETEKTOPOB MPOUCXOIUT IYTEM CIIy4alHOTO M3MEHEHMsS €ro
MapaMeTPOB: KaXKJIbIi U3 MapaMeTPOB U3MEHSETCS C BEPOSITHOCTHIO 50%.

Jnst paGoThI arOpuT™Ma KIIOHAIBHOW CENIEKIIMU TpeOyeTcss BO3MOKHOCTD
pacro3HaBaHUsl AaHTUTCHOB JeTeKTopaMHu. [ 3Toro OyaeT MCHoib30BaHO Mpa-
Busio RCB, onpenenenHoe njst OMHApHBIX CTPOK, U mipemiokennoe C. doppec-
ToM B 1994 1. [4]. ITycTh netexrop d onpenensercs OnHapHOM CTPOKOM € U TOpPO-
roM r. Torna, ckaxkem, 4To AeTeKTOp d pacro3HAEeT CTPOKY X, €CJIU I' TIOCIIEA0BaA-
TEJILHBIX OUT CTPOKH € COBIAJIAIOT C COOTBETCTBYIOLIMMHU OUTaMU CTPOKH X.

OOm1ast cxema paboThl CUCTEMBI, CIEAYIOLIast:

1. cuureBanue 10% maHHBIX U3 001IeTO HAOOpa JaHHBIX. OTCenBaHUE U3
HUX BCEX HEJETUTHMHBIX JaHHBIX. Ha ocHOBe momydeHHOro Habopa JaHHBIX
MOCTpOEHHE Habopa COOCTBEHHBIX AHTUTCHOB.

2. I'eneparus 3apaHee 3aJJaHHOTO YUCIIA IETEKTOPOB, ITyTEM IMPOITyCKa-
HUS MX Yepe3 ajlrOpUTM HETaTUBHOW CEJIEKIMHM C WCIOJbh30BaHWEM Habopa
cOOCTBEHHBIX aHTUTCHOB, KOTOPBINA Takxke ObL1 mpemioxkeH C. @oppecTom B
1994r. [3].

3. CuursiBaHue ocTaBlierocst Habopa naHHbIX. [IpoBepka KaXKaoro sK-
3eMIUISIpa JAHHBIX Ha HAJIMYME YyKEPOJIHBIX aHTUTCHOB ITYTEM MPOBEPKH €ro
Ha COBMECTUMOCTH C KKIBIM M3 CYIIECTBYIOLINX JIETEKTOPOB.

4. TlpumeHeHHE arOpUTMa KIOHAJTBLHOM CEJICKIIMU Yepe3 HUKCHUPOBaH-
HBIC WHTEPBAJIBI BPEMEHH Ha TEKyIIeM Ha0ope METEKTOPOB IS UX aalTaluu
K TEKYIITUM YTPO3aM.

TecTupoBanue

TectupoBanue OyaeT MPOUCXOAUTH HA TOTOBOM Habope aaHHbIX — KDD
Cup 1999 Data [5, 6]. [lanHble B 3TOM Habope NpeACTaBISIOT cO00 HE ChIpbIe
MaKeThl, a BBIICJICHHBIEC 3apaHee U3 HUX IOJIS C PA3UYHBIMU IPU3HAKAMH, CO-
OupaeMble B TEUCHHE CEMU HEEIb B JIOKAIBHON ceTH BOEHHO-BO3AYIIHBIX CHI
CIIIA. O6mmii pa3mep 3TOro Habopa JaHHBIX COCTABJISAET OKOJIO IMSATH MUJUTH-
OHOB JK3EMIUISIPOB JaHHBIX. B uncie nHdopMaiym, BXOIsAIIed B KaX/Ibli OT-
JENBHBIA DK3EMIUISP JAaHHBIX, €CTh TaKUe IMOJIs KakK: BPeMsl COCITUHEHHUs, THII
MIPOTOKOJIA, KOJMYSCTBO OTIPABICHHBIX OANWTOB, KOJMYECTBO MPUHATHIX Oaii-
TOB, KOJIMYECTBO HEYJauHbIX MOMBITOK aBTOpHU3AIMK U T.A. Beero gannele coc-
TOST U3 41 mosns.

Tax xak gaHHbBIE, HA KOTOPBIX OyJ1€T MPOBOIUTHCS TECTUPOBAHUE, COEP-
KaT TOJISA, TO JETEKTOPHI OyayT obpabaTeiBaTh mpu omoid RCB npasuna He
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6aiiTel, a mosst. [Ipu aToM, Ui IPOBEPKH 1OJIs OYJIeM MCIIONb30BaTh HE KOHK-
peTHbIe 3Ha4YeHMs, a HWHTepBajibl. JlIg CTPOKOBBIX TOJEeH (TakUX Kak
protocol_type, service) v Ipyrux nojieu, IMEIOUX KOHEYHOE KOJIMYECTBO Ba-
PHAHTOB, MOXXHO BMECTO MHTEPBAJIOB UCTIOJIB30BATh MTOIMHOKECTBA 3HAUCHHIA.
AJNBTEpHATUBHO, MOXXHO BBECTH IMOPSJIOK CPEIU 3TUX 3HAYCHHUN U OISThH HC-
MOJIb30BaTh MHTEPBAIBL. [ obecrieueHuss Oojiee MPOCTON peanrm3aIiii BOC-
MOJIb3yEeMCsl BTOPBIM BapuaHTOM. Takum 00pa3oM, aHTUT€HBI U JETEKTOPHI OY-
YT UIMETh CTPYKTYpy, n300pakeHHyto B Tadum. 1.

—

Tabnuma

CTpyKTypa 1eTeKTOPOB U AHTUI€HOB.

JetexkTop = (Bpems coenuHeHus = [9, 172], konu4ecTBO OTHPABICHHBIX
OaiitoB = [54, 342], xonmuuecTBO NpUHATHIX OaiitoB = [213, 742],
KOJTMYECTBO HEYJIauHbIX MOMBITOK aBTopu3anuu = [0, 5], ...)

AHTHTEeH = (BpeMs COoeJMHEHUs = 13, KOM4eCcTBO OTIIPABICHHBIX OAHTOB
= 216], xonuuecTBO MPHUHATHIX 0aliTOB = 48, KOIMYECTBO HEYJAuHBIX
MOMBITOK aBTopu3aruu = 0,...)

Jis paboThl anropuT™Ma HEraTUBHOM cesleKnuu TpeOyeTcsi UMeTh Habop
COOCTBEHHBIX aHTHUIeHOB. Ero Mel moimydaem, B3siB 10% maHHBIX U OTOPOCUB U3
HUX T€, KOTOPBIE HE SIBIIAIOTCS JETUTUMHBIMU.

ITpu TectupoBanuu B kauectBe nopora R B anroputme RCB Oynem nc-
IIOJIb30BaTh YHUCIIO 5, KAK CaMO€ ONTHUMAJIbHOE. Yncna MEHbIIe 5 CHIIBHO yBe-
JMYUBAIOT BpEMs T'€HEepalK IeTEKTOPOB, T.K., IPOXO/s Yepe3 aJrOpuTM Hera-
TUBHOMU CeNIeKLMH, UX OoJbllas 4acTb OTcenBaeTcs. Yucna Belle 5 ke AaroT
OYEeHb HU3KYIO pacro3HaBaeMOCTb. KolnM4yecTBO 1eTEKTOpOB 3apHUKCUpYEM Ha
4000-sx. 3nauenus cpoiie 4000 He AAIOT IBHOTO YIy4IIEHHs paOOThI CHCTEMBI
B OTHOILIIEHUU K UCIIOJIb30BaHHBIM JAHHBIM.

ANTOpUTM KJIOHAJIBHOW CENEKUUU SBISETCS TPYAOEMKHUM, U 4acTOE €ro
NPUMEHEHHE MOXET MPHUBECTU K CUIBHOMY 3aMEJICHHIO paOOThl CUCTEMBI B
uenom. [Ipu aToM, oueHb peikoe MPUMEHEHHE ITOTO AITOPUTMA MOXKET CUIIBHO
CHM3UTb aJallTUPYEMOCTh CUCTEMBI K HOBBIM YIpo3aM. DOMIUPHUECKUM IIyTEM

64



JUTsI JAHHOTO Ha0opa MaHHBIX ObLT MOm00paH pazMep 0O0pabOoTaHHBIX JaHHBIX,
II0CJIE KOTOPOT0 ONTHUMAaJIbHEE BCETO NMPOBOAUTH KIOHAJIbHYIO cenekino. OH
cocTaBui 7% ot obuiero oobema faHHbIX. T.€. 350000 3K3eMITIIpOB JaHHbIX.

[Ipu nmoxGope onTUMaNbHBIX BAPUAHTOB JJISl BILIENEPEUUCICHHBIX 3HA-
YEHHH, a TaKKe pa3IMYHbIX BAPUAHTOB PabOTHI IETEKTOPHI U aJrOpUTMa KIo-
HAJIBHOMN CENeKIINU, TECTUPOBAHKE MPOBOJUTCS IO 5 pa3, BO U30exkaHNe HETOU-
HOCTEH, U OLIEHUBAIOTCS yCPEAHEHHBIE pe3yNbTaThl. TecTupoBaHue MPOBOIUTCS
Ha mammse ¢ Intel Core 17 — 4790 u 16 rurabGaiiTamu onepaTuBHONW MaMSTH.
O06paboTka JaHHBIX IPOUCXOIUT B 8 TTOTOKOB.

Cpennee Bpemsi 0fHOTO TecTUpoBaHuEe 3aHUMaeT 25-30 munyT. Pa3z B 5
CEKYH/J COOMpaeTcsi CTaTUCTHKA PAOOTHI CUCTEMBI.

Kak BuaHo u3 Puc. 1, B cpeiHeM 110 OKOHYaHUIO TECTUPOBAHUS, BEPOSIT-
HOCTb pacHo3HaBaHUs Yy>KEPOAHBIX aHTUTEHOB cocTaBiseT 78—82%, BeposT-
HOCTb K€ pacro3HaBaHUs COOCTBEHHBIX aHTUTEHOB — 0oJbIIe 95%.

1.2
TOYHOCTb pacnosHaBaHMA
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BepoATHOCTL PACND3HABAHWA NATCrEHORB

BepoATHOCTL pacno3HaBaHKWA COBCTBEHHBIX AHTUTEHCR

Puc. 1. Yepeonennas cmamucmuxa 3a 5 mecmupoganutl.

Takum oOpa3oM, MbI BUIUM, YTO PAaClO3HABAHHUE UYKEPOIHBIX aHTHUTE-
HOB B XYJIIEM CIIy4ae MOXET COCTaBIATh 62—70%, 4TO SIBISETCS ITOBOJIBHO
HU3KHUM ToKazareneMm. J{s cpaBHeHUs, cucTeMa 0OHapyKEHUs BTOP>KEHUH, KO-
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Topyto paspadotanu J[xynrson Kum u Ilutep bentnu ¢ npumeHenuem anro-
PUTMOB KJIOHAJIbHOW M HETaTUBHOM CEJIEKIIUN, PACIIO3HAET YYyKEPOIHbBIE aHTH-
TeHBI B CPEIHEM C BepOosITHOCTHIO B 93% [7]. B Haiem cityyae Takoil HU3KUMA
II0Ka3aTh, BEPOATHO, CBSI3aH C UCIOJIb30BaHHBIM anroputmMoM RCB: ucnons3ys
€ro, HEBO3MOKHO OLICHUTH KOPPEJALUI0 MEXAY OTAEIbHBIMU JK3EMILUIIPAMU
naHHbIX. C Ipyroi CTOpOHBI, TOT AITOPUTM TAK)KE MPUBA3aH K TOH MOCIEN0-
BaTEJIbHOCTH MOJIEH, KOTOPYIO MBI 33/1a€M: UCIIOJIb30BaHNE BMECTO IIOCIIEN0BA-
TEJILHOCTU TOJIMHOXECTB, BO3MOXKHO, CyMeNlo Obl YBEIMYUTH pacro3HaBae-
MOCTb 4y>KEpPOJHBIX aHTUTC€HOB, HO IIPHU 3TOM, OHO YBEJIUYHIIO OBl U BpeMs re-
HEPALUU HOBBIX IETEKTOPOB.
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APPLICATION OF ARTIFICIAL IMMUNE SYSTEM’S METHODS
IN INTRUSION DETECTION SYSTEM’S IMPLEMENTATION

V. Lalayan
Russian-Armenian University
viadimir.lalayan1994@gmail.com

ABSTRACT
This article discusses the application of artificial immune system’s methods in
intrusion detection. In particular, the use of the clonal selection algorithm in traffic
analysis to detect network intrusions. For this, the clonal selection algorithm is
presented, based on the work of the immune system, and an intrusion detection system

based on it will be tested.
Keywords: artificial immune system, intrusion detection system.
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IHOCTPOEHHUE FUZZY-OKCIIEPTHBIX CUCTEM
HA OCHOBE BBISIBJIEHUS DKCITEPTHBIX 3HAHUM
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anna.hovakimyan@rau.am, siranushs@ysu.am
AHHOTANUA

IIpunsaTHE pelieHuil ABIsSeTCd HEOTHEMIIEMOM YacThO AEATEIbHOCTH Ye-
JIOBEKA U MPUCYTCTBYET B CaMBIX pa3HbIX 001acTsIX. {1 aBTOMaTH3alUU IPO-
1ecca NPUHATUS PELIeHUH MpUBIIEKAIOTCs dKcnepTHbIe cucTeMbl (JC), ocHO-
BaHHBIEC HAa SKCIEPTHBIX 3HAHHUSIX U MEXaHU3MaX JIOTHYECKOTO BBIBOJA.

B nanHoli paboTe mpeuaracTcst METOUKa aBTOMATHYECKOTO TIOCTPOSHHS
SKCMEPTHBIX CHUCTEM, AJS KOTOPBIX SKCHEPTHBIC 3HAHUS M3BIIEKAIOTCS M3
6ompmMX 00BEMOB CTATUCTHYECKUX MaHHBIX. 11 HOpMHUPOBAHUS SKCHEPT-
HBIX 3HAHUI IpeanaracTcsl UCTOIB30BATh OJHY MOJU(DUKAIUI0 MEXaHH3Ma
aCCOIMATUBHBIX MPABUI, UCTIOIB3YEMOr0 IIPH UHTEICKTYalIbHOI 00paboTke
JIAHHBIX, — HEYETKUE ACCOLIMATUBHBIE IPABUIIA, OCHOBAHHBIE HA MOHATHUAX HeE-
YETKUX MHOXECTB. OTH MpaBUIa 33Jal0T 3KCIEpTHBIE 3HaHUA Fuzzy-cucte-
MBI, & TAK)K€ PACCMATPUBAIOTCS KaK MPaBUIa JOTMYECKOro BbIBOAA B Fuzzy-
cucreme. Fuzzy-skcniepTHas cucremMa pyHKIMOHHPYET Ha OCHOBE aJITOPHTMA
HEUYETKOT'0 JIOTHYECKOTO BHIBOAA.

PazpaboTannslit Fuzzy-nonxoa nmpuMeHeH NpH NMOCTPOCHUH 3KCIEPTHOM
CHCTEMBI 110 AUAarHOCTHKE OCTEONOPO3a Ha OCHOBE JAHHBIX JCHCUTOMETpPHU-
YeCKUX 00cIIeIoBaHNi OONBHBIX, MPOBOJUMEBIX B KIMHUKE AltMed.

KnrwueBble ci10Ba: accolMaTHBHBIE NpaBUa, HEUYETKHE MHOXKECTBA,
JMHIBHCTHYECKHE IIEPEMEHHBIE U TePMBIL, Fuzzy- skcrnepTHas cucrema.

BBenenue
OpHol U3 BaKHBIX cep AeSITeTbHOCTH YeI0BeKa SBISETCS PUHSITHE pe-

mennii. OHO MMPUCYTCTBYCT B CAMbIX PA3HBIX O6J'I8.CT$IX, TaKHX KaK: IICHUXO0JIO-
THs, MCHCI’KMCHT, SKOHOMHKA, MCIULIMHA U [IP. I[J'IH ABTOMATH3alnU IIpoLecca
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NPUHATHS pellieHUH MpuBJeKaroTcs skcnepTHbie cuctembl (DC), OCHOBaHHBIE
Ha 9KCIIEPTHBIX 3HAHUAX U MEXaHU3MaX JIOTUYECKOTO BBIBO/IA.

OC paboTaroT B IByX peXUMax: peXuMe MPUOOpETeHUs 3HAHUH, KOTIa
CHUCTeMa HacCTPauBaETCsl HA KOHKPETHYIO MPEAMETHYI0 001acTh, U pEXKUME pe-
IIeHMsI 33/1a4, KOT'/1a K IaHHbIM, 331aBaeéMbIM I10JIb30BaTEIIEM, IPUMEHSIETCS Me-
XaHU3M JIOTUYECKOTO BBIBOJAA. TpaUIIMOHHO, YKCIEPTHBIE 3HAHUS 3aKJIaJIbI-
BalOTCA B CHCTEMY JKCIIEpPTaMU, YTO TpeOyeT Hamuuusi MpodecCHOHATBHBIX
3HAaHUU B IPEIMETHON 00JIaCTH.

Ha coBpemenHOM 3Tane pa3BUTHs HHPOPMALIMOHHBIX TEXHOJIOTHH CTaJIO
BO3MOYKHBIM XpaHUTh OTPOMHOE KOJIMYECTBO JAHHBIX, B KOTOPBIX YaCTO CKPbITA
Ba)KHas1, HO MOPO HeoueBUHAs MHPopmanusi. U3 Takol nHopMaim npea-
CTaBIISICTCSI BO3MOKHBIM M3BJIeYb dKciepTHbIe 3HaHus a1 JC. Ee MoxHO mo-
JYYUTh METOJaMHU WHTEJUICKTYaJIbHOTO aHanu3a qanHbix (Data Mining).

Pa3paborano 6ombII0€ KOJTUYECTBO HHCTPYMEHTOB IS MHTEIJIEKTYallb-
HOTO aHaju3a JAaHHBIX, KOTOPbIE TO3BOJISIOT MPUMEHSTh Pa3INUHble TEXHUKU
o aHanuTuke naHHbIX [1]. Cpenu 3TUX METOAOB 0c000E MECTO 3aHUMAET Me-
TOJI acCOLIMATUBHBIX MpaBui (Association Rules), HanpaBieHHbIN Ha BbIsSBIIC-
HUE CBs3€H ¥ 3aBUCUMOCTEN MEXK/y TaHHBIMHU. ACCOLIMATUBHbIE TIPABUIIA MOTYT
OBITh KaK HCTOYHMKOM 3KCIIEPTHBIX 3HAHUH, TAK U OCHOBOW JJISl JJOTHYECKOTO
BbIBos1a B DC. CletoBaTeIbHO, OHU MOTYT OBITh HCITOJIB30BAHBI TIPU pa3padoT-
Ke CHCTEeM MpuHATHs pemenui [1-3, 8, 9].

BrlisiBneHne accolMaTuBHBIX MPaBUJl HA OCHOBE OO0JIbLIOr0 00beMa J1aH-
HBIX MPEACTaBIseT COOOM BaXKHYIO 3a/ady B IpollecCe aHaau3a JaHHBIX.
OcHoOBHas 11eJ1b aCCOIIMATUBHBIX MPABUI COCTOUT B TOM, YTOOBI HAWTH YacThIE
COBMECTHBIE BXOKJICHHUS DJIEMEHTOB B HA0OP TPaH3aKIIMH.

AccouuaTiBHbIE IpaBUiIa AEJATCS Ha JBE TPYIIIBL: KIACCHUYECKUE acco-
muatuBHeie npaBmia (Classical Association Rules) u xommuecTBeHHBIE acco-
nuaTuBHBIC TpaBmwia (Quantitative Association Rules). IlepBas rpymnma nmpaBui
XapaKTepu3yeTcsl TEM, UTO JUIsl UX BBIBOJIA UCIIOJIb3YIOTCS ABOUYHBIC TaHHBIE,
MOKa3bIBAIOLIME IPUCYTCTBYET JIM JaHHBIN 3JIEMEHT B TpaH3aKLUH, Wi HeT. Ha
MIPAKTHKE K€ YacTO BCTPEYAIOTCS KOJMYECTBEHHBIE JAHHBIC, AJi1 00pabOTKH
KOTOPBIX OBLITM CO3/1aHbI KOJMYECTBEHHBIE acCOIMATUBHBIE MpaBuia. B aTom
CJIy4ae MHO>KECTBO BO3MOKHBIX 3HAUEHUN KOJTMYECTBEHHBIX aTPUOYTOB JEIUT-
Csl Ha MHTEPBAJIBI, U TOTJA KaXKIIM AJIEMEHT JAHHBIX JHOO SBISIETCS YWICHOM
ATOro MHTepBana, J1ubo Het [1-3]. Takum oOpazom, ciydail KOJIUYECTBEHHBIX
JAHHBIX CBOJUTCS K CIIy4al0 JBOWYHBIX JaHHBIX.
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OnHako B CiTy4yae KOJIMYECTBEHHBIX TAaHHBIX MOYKHO BOCIIOJIB30BATHCS T10-
HATUSMU HEYSTKOW JIOTMKU U HEUETKHUX MHOKECTB, KOTOpPbIE 00JIee TOHKO OT-
paXkaroT pe3yIbTaThl U3MEPEHUH, HEXKEH pa3OMBKa JTAHHBIX HAa HHTEPBAJIBL. B
ATOM CITy4ae, COTJIACHO TEOPHH HEUYETKUX MHOXKECTB, KOKI0€ 3HAYCHUE MOYKHO
0XapaKTepU30BaTh CTEMEHBIO €T0 MPUHAIJICKHOCTH HEKOTOPOMY HHTEPBATY
[4].

B nacrosimeli pabote npejuiaraeTcst METOA pa3pabOTKU CUCTEMBI IPUHS-
THS PEIICHUI Ha OCHOBE BBIBOJA ACCOLMATHUBHBIX MPABUII C UCIOJIb30BAHUEM
TEOPUH HEUETKUX MHOXKECTB [4, 5].

BbIBOA acCOUMATHBHBIX MPABHII
U reHepanus Fuzzy-3kcnepTHoii cucTeMbl

[IpoGiema BbIBO/Ia aCCOLMATUBHBIX IPABUII B CIIydae JBOMUHBIX JAHHBIX
HA OCHOBE UMEIOIINXCS TPaH3aKIM cCOCTOUT B cienyromeM. [lycts I= {iy, iz,
..., Im} SIBIIIETCS MHOXKECTBOM TIPHU3HAKOB, T = {1/, 12, ..., tn} TIPEIACTABISIET CO-
0011 MHOXKECTBO TPAaH3aKIINH, KaXK/1asl K3 KOTOPBIX MPEJCTABISET COOOM KOPTEK
13 3HAYEHHUI NPU3HAKOB U3 MHOXeECTBA /.

AccouuaTuBHBIM TPaBUIIOM Ha3bIBaeTCs BbIpakeHue Buaa: X — Y, rae X
cl, Ycl. 3amaya COCTOUT B TOJYyYEHUHU aCCOLMATUBHBIX MPAaBUII, YAOBIETBO-
PAIOLIMX 3alaHHBIM 3apaHee Ka4eCTBEHHBIM XapaKTEPUCTUKAM.

JI11 OLleHKM acCOLMATHBHOIO IIPABUJIAa UCIIOJB3YIOTCS TAKUE KaueCTBEH-
HBIE XapaKTEPUCTUKH KaK MOJJEPKKA U JOCTOBEPHOCTb.

ITognepxka nmpasuna X — Y oTpakaeT NPOLEHT TpaH3akuui T, KoTopeie
cozepxaT oJHOBpeMeHHO npu3Haku u3 X u Y. [logaeprka npaBumna npencras-
asieTcst opMyIioit

X NnY]|
supp(X > Y) =——
rae | XNY| — 3To KOIMYeCTBO TpaH3aKIUil, KOTOPBIE COJEPKaT BCe MPU3HAKH,
BXOJISIINE B MpaBUio, n — olmiee uncio Tpan3akuuid. [lognepikka sBisieTcs
NPU3HAKOM, OIPEIEIISIONINM, KaK 4acTo B 0a3e JaHHBIX BCTPEYaeTCsl BECh Ha-
0Op MPU3HAKOB U3 IIpaBuUJIa.
JIoCTOBEpHOCTSH ITpaBUjIa OMKMCHIBAET MPOLEHT TPAaH3aKIUH, COIEepKAIINX [TPH-
3HaKU U U3 X, U U3 Y CPelld T€X, KOTOPBIE COMIEpKAT MPU3HAKHU U3 X.
(X NY]|
CO‘I’lf (X 4 Y) = W
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OTa XapaKTepUCTHUKa CIIy>KUT Ul ONPENEIICHHUs, ABIISETCS JIM UHTEpeC-
HBIM [IPaBUJIO WIIN HET.

Kak npaBuiio, nporecc moucka acCouaTUBHBIX MPABUI COCTOUT U3 JIBYX
yacTel: onpeaeneHne YacThIX MHOXKECTB IPU3HAKOB HA OCHOBE 3aJaHHON MHU-
HUMAaJIbHOM MOJAJEP’KKH, U, COOCTBEHHO, BbIBOJI aCCOLIMATUBHBIX MPABUJI C UC-
MOJIb30BAHNEM MHUHHMAJIbHOW JOCTOBEpHOCTH [1-3].

Boruricnenue 4acThIX MHOKECTB MPHU3HAKOB U3 3a/IaHHOTO Habopa JnaH-
HBIX HE SIBJIsIeTCS TpUBUAIbHOM 3a1aueit [1]. Ha aToM sTane gomkHbI ObITH OM-
peleneHsl Bce Habopbl MPU3HAKOB, KOTOPBIE BCTpEUArOTCs, 10 KpaiiHel mepe,
TaK 4acTo, KaK yKa3aHHas I10JIb30BAaTEJIEM MHUHUMAaJbHAs MOAJAEPIKKA. 31ECh
0c000 BaXXHBIM SIBJISIETCSl BpeMsl BeruucieHuid. Korma peus uaer o 0oibmmx
nansbix (Big Data), Bctaet 3a1a4a pacnapauieIMBaHus BEIYUCICHHH [2, 3].

[Tocne Toro, Kak CreHepupOBaHbl BCE YaCThle MHOXKECTBA, OTBEYAIOIIHE
TpeOOBaHUSM MUHUMAIbHON MOAJIEPKKH, U3 HUX MOJIY4YaloT acCOLMATHBHbBIE
MpaBuJia, OTBEYAIOIINE 3HAUCHUI0O MUHUMAIBHON JTOCTOBEPHOCTH.

Ha nmpakTuke BMECTO TBOMYHBIX JaHHBIX YACTO BCTPEYAIOTCS KOJIHYECT-
BEHHbIE TaHHBIE, TPH aHAJIN3€ KOTOPHIX HE MOTYT OBITH IPUMEHEHBI CTaHIapT-
HBIE aJITOPUTMBI BBIBO/Ia ACCOLIMATUBHBIX NpaBUil. B 3TOM ciyuae yHuBepcaiib-
HO€ MHO)KECTBO 3HAUECHUH KOJIMYECTBEHHBIX aTpUOYTOB JETUTCS Ha MHTEPBa-
JIB1, ¥ K@XK/IbIH 3JIEMEHT JaHHBIX JIHOO SBJISETCS WICHOM 3TOr0 HHTEpBaa, J100
HeT. Takum o0Opa3om, ciydail KOJTMYECTBEHHBIX JAHHBIX CBOAMUTCA K CIIydaro
JIBOMYHBIX JaHHbBIX.

Ham moaxoa ocHOBaH Ha TOM, YTO B CiIy4yae KOJUYECTBEHHBIX TaHHBIX
1enecoo0pa3Ho BOCHOIB30BATHCS MOHATUSMU HEUETKON JIOTUKU U HEYETKUX
MHOYECTB, KOTOpbIE 00Jiee TOHKO OTPa)xaroT pe3yIbTaThl U3MEPEHHA, HEXKEIH
pa30uBKa JaHHBIX HA HHTEPBAJIbI.

Jlnis penieHus 3a/1a4u MOMCKa HEYETKUX aCCOIMATUBHBIX MPABUI KaX10-
My aTpuOyTy CONOCTaBUM JIMHI'BUCTUYECKYIO TIEPEMEHHYIO, @ KAKIOMY UHTEP-
BaJly 3HAYCHUH — JIMHTBUCTHYECKUH TepM (HEYETKOE MHOXECTBO). Hampumep,
JUTSL TIOKa3aTesel JeHCUTOMETPUYECKOTro 0OCieOBaHUS BBEJIEM CIIEAYIOLIUE
JUHTBUCTUYECKHE TTepeMeHHble “T-score”, “Z-score” u mp.

Kaxnas takas nepemenHas umeet cTpykrypy <N, T, X>, rne N — ums
nepeMeHHol, T — MHOKeCTBO TUHTBUCTUYECKUX TEPMOB ISl JaHHOW JIMHTBHUC-
TUYECKOI MepeMeHHOM, Hanpumep, T={«HIKe HOPMBI», «B HOPME), «BBIIIE
HOPMBI» |, X — YHUBEPCAIbHOE MHOXECTBO, U3 KOTOPOTO MOKa3aTesu 00cieno-
BaHUs MOTYT IPUHUMATh YUCIIOBbIE 3HAUCHUSI.
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B cootBercTBUM ¢ Takol Gopmanuzaiueid, GpparMeHT TabIUIbI C pe3yib-
TaTaMU 00CJIEJOBaHMSI BBITJIAIUT CIAEAYIOLIUM 00pa3oM:

ID T-score: | T-score: | T-score: | Z-score: | Z-score: | Z-score:
nanueHTa HUIKE B HOpMe | BbIIIIe HUIKE B HOpMe BbIIIIE
HOPMBI HOPMBI HOPMBI HOPMBbI
111 1 0 0 1 0 0
112 0 0 1 0 1 0
113 0 1 0 0 0 1

[Tockonbky B OCHOBE MOHSATHS HeueTKoro MHoxecTBa (Fuzzy-muoxecrt-
Ba) JIC)KUT MPEJCTABICHUE O TOM, YTO COCTaBISIONINE JaHHOE HEUYETKOE MHO-
KECTBO 3JIEMEHTBHI, 00J1a/1atole OOLM CBOMCTBOM, 00IaJal0T 3TUM CBOMCT-
BOM B Pa3JIUYHON CTETIEHH, TO JJISl KXKJOT0 JIMHTBUCTHYECKOTO TEpPMa CIIEIyeT
onpeAenuTh GYHKIUIO NPUHAATICKHOCTH [6, 7]. I He4eTKOro MHOXKECTBA «-
HIDKE HOPMBD» (QYHKIUS IPUHAUICKHOCTH Z-00pa3Ha, IJIsl MHOXKECTBA «B HOP-
Mme» — [1-o0pa3Ha, 1711 MHOKECTBa «BBIIIIE HOPMBD — S-00pasna [7-9].

Heuertkoe acconnatuBHOE MpaBuiio OyJeT UMETh BUI:

ecau X 310 A, mo y 310 B,

/I X, Y — IMHTBUCTUYECKHE NMepeMeHHbIe, A, B — TMHTBUCTHYECKHE TEPMBI.

Tak KaKk UCXOJHBIC JAaHHBIE MPUBECHBI K ONHAPHOMY BUIY, TO HEYETKHE
ACCOIMAaTUBHBIC TIPaBMIIa OYAyT CTPOUTHCA TaKHM ke 00pa3oM, Kak B ciydae
HaJIM4us 61/IHapHBIX NCXOOAHBIX JaHHBIX. Ka)KIIOG HCYCTKOC aCCOLIMAaTHUBHOC
MPaBUJIO0 UMEET CBOIO TIOJIEPIKKY (Support) U JocToBepHOCTH (confidence).

[TocTpoeHHBIC HEUETKUE aCCOIIMATUBHBIC MTPaBHIIa OyIeM paccMaTpUBATh
KaK MpaBuia JOorudeckoro BeiBoja Fuzzy-cucremsl. [[ns paccmaTpuBaeMoro
pUMepa TaKoe TMPABUIIO MOXKET UMETh, HAITPUMEP, CIICIYIOUIHIA BU/I:

ecam T-score — nHudice HOpMbL, Z-score — 8 Hopme,
TO ocmeonopos — HU3KOU CmeneHu.

Jlornueckuii BBIBOJ IO U3BECTHBIM AJITOPUTMAaM, OCHOBAHHBIN Ha MTPaBU-

JaxX BbIBOJIa MOJIOOHOTO BUA, MOJIOKEH B OCHOBY peanu3auuu Fuzzy-cucrembl
NpUHATUA perieHnil. BxonueiMu ganHbIMu Fuzzy-cuctemsl sSBISIOTCS BEKTOpAa,
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coJiepKale «4eTKYI0» HH(POPMAIIHIO O pe3yIbTaTax MEIUIIUHCKOT0 00cie10-
BaHUs, Ha BBIXOJIE CUCTEMBI B pe3yibTare Fuzzy-BblunMcieHUil BbIIAETCS 3aK-
J0YEeHHe, r1ie Bce Fuzzy-nepeMeHHble UMEIOT KOHKPETHBIE 3HAYEHMS.

Pa3zpabGoTanHblil MOaX0 TOCTPOSHUS IKCIIEPTHOM CUCTEMBI peali30BaH
B cpenie MatLab ¢ BHeaApeHneM pe3yIbTaToB MpeIBaApUTEIHLHON 00pabOTKH JaH-
HbIX B cpene Ms Excel [10]. Mcrionb30BaHbl pe3ynabTaThl IEHCUTOMETPUUECKO-
ro o0cieoBaHusi OOJTBHBIX B IEHTPE peadUINTAIIMH U TPAAUIIMOHHONW MEIULIN-
HbI «AnbTMeny. CrcteMa MOXeT OBITh TPUMEHEHA KaK B TMarHOCTUYECKUX I1e-
JSIX, TaK U B PEKOMEHATEIbHbIX N0 HA3HAUYCHUIO JICUCHUS.
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CREATION OF A FUZZY EXPERT SYSTEM BASED
ON THE EXPERT KNOWLEDGE REVEALING

A. Hovakimyan', S. Sargsyan’

'Russian Armenian University
?Yerevan State University

anna.hovakimyan@rau.am, siranushs@ysu.am
ABSTRACT

Decision making is an integral part of human activity and presents in a variety of
areas. To automate the decision-making process, expert systems (ES) based on expert
knowledge and inference mechanism are involved.

In this paper, we propose a technique for automatically building of expert systems
for which expert knowledge is extracted from large volumes of statistical data. To form
expert knowledge, it is proposed to apply one modification of the mechanism of associative
rules used in Data Mining, - fuzzy associative rules. They are based on the concepts of
fuzzy sets. These rules form the expert knowledge of the Fuzzy expert system, and are also
considered as inference rules in the Fuzzy system. Fuzzy expert system operates on the
basis of an algorithm of fuzzy inference.

The developed Fuzzy approach was used to build an expert system for the diagnosis
of osteoporosis. The data from densitometry studies of patients conducted at AltMed Clinic
were used.

Keywords: associative rules, fuzzy sets, linguistic variables and terms, Fuzzy-expert

system.
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Oytpwughnt hudwljupgh wpiwwnwiph tjwpugpnipjut hwdwp Ju-
punp b gpnglkup tnipyut dkhtwpwtnipiniup: Ujt oginugnpsynid £ utnunhy
b phttmdhly opjnkph tjupwugpnipjut hwdwp: Mpngkuh punipwqphsutph
U juwnwpynn Yngp, nkunipubibpp, junwpdwb pupwughy ywhp: Uju wdkup
nEjuwdupynud k oybkpughnt hwdwlwpgh Ynnuhg: Mpngbup jupnn k hut
Epynt nwupplp Jhdwljubpnid, wj odinws k npnowljh hmnlnipnitnbpny, b
tpw htwn Jupbh t Juunwpk] dh owpp gnpénnnipmiuubp: Uju wdkub
ntuntdtwuhpl] b hwdwjupgqdus ubkpljuyugnt) tup wju hnpdusnud:

Z]llﬁlulpumhp‘ wpnghku, unwwnhly, nhttwdhly, opjkljin, gnpénnnipni:

‘Ukpwénipinil

Opwghp b jutinhp nkpdhutbpp ogunnugnpsynid kb pk uwnwnply b ph
nhtwdhl opjtjwubtph tjwpwgpdwt hwdwp: dpwbtp pwdulub tu, bpp
hununid Ehup oybpughnt hwdwlupgh (O2-h) punhwinip hwwnnipniuaubph
dwuhl: Fudwbwlulhg hwdwlunpghsutph gnpéniubpnipjub onipg wnwyt;
lunpt ot dwubtwghunwlwb  gonpéniubpnipjutt tjupugpduwtt hwdwnp,
hwpluwynp k Logpuinidubp wuk] nkpdhuninghuyh dte:

“Yhuwplkup vh puth wupqugnyt ophtiwlukp:

Cupwnptup Uh wbkuwlui ophtiml, 2 ntuwbnng wojuwwnbkgunmd ki
dhlunyt dpwghpp wwppkp dnitnpuyhtt wyjujubpny: Lpwtg Jupshpny
hpkip wohtunbgimud ka dhliinygh spughpp: Lowbwlni d E nu wpnynp, np
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hty Juunuwpymd k wyn spwgph wohtwwnwiph pupwugpnid hwpynquljut hw-
dwlupgh tbkpunud, dhltiinyub E: Swppbp B dninpuwjhtt mfjujubpp b u-
wnwpynn gnpénnmipiniiikph hwenpnwljwiunipniup: Ukup skip Yupny og-
wmwgnnpék] Spughp mbpdhtp, tjupwgplnt hwdwp wyb, by uunwupymd E
uyn Spugph wohmwwnwbiph pipwugpnid OZ-h thpunid: QEup Jwpnn wuky, np 2
wiquu wopuwwnky L dhltnygt Spughpp: Ugpuwnng spugpkpt hhwplt tngut
kb, uwljwyt wyy dpugph wpliunwbph ptpwgpp - dpwighp wkpdhtng sh
Yuptih tjwpugpty:

Iunuktp punhp mbkpdhtuh dwuht: Uju mbkpdhtih vl hwuljuwinod Gup
dpwqnh Ynnp b wyn dSpugph wphiwwnbint hwdwp dntinpujhtt ngjuyubp:

Uju ntuwtinnukiph hwdwp, npntp woimntgund B dhlhiinyt Spughpp
wnwpplp Untnpughtt wmjujubph hwdwp, bpwtp dbwygnpl; Eu wwppkp
juunhpttp, pwth np tpwbg dntnpwjhtt mjujukpp wwppkp &z Uhgnigk
huighp wbkpdhup pajupup E afupugptnt hwdwp, pk bty E junwpynud
Oz-h ubipunud, Epp dpwghpp ufjunid E juwnwpyby:

Thwnwpykup inphg mbkuwljwb ophiwly, Eipwunptup 2 ntuwbinnubp wo-
hmwwnbkguinud Bt dhbtunyu Spwghpp, dhltunyt Udnunpuyhtt wdjujukpny,
uwuyt dwdwtwlh wwppkp wwhtpht: Gpp Spwgptphg dkhp nuynd kG-
puhll wfyukp, kpypnpgp top ufumd £ hwpdupyh gnpsplipugp: Ywpn'y
Eup wuky, np Epynt puughpubp hwdwlwpgh tkpunid hwdwpdtp Gu: Mwpg-
Ynud £ np ny, putth np Ukq Unin dwdwwljh nupptp wwhbph, juwnwupynid Eu
wnwpphp gnpdnnnipnibubp: Uk Eip £ vmwjhu tnynn uwppht, djntup ujund
E wojpwwnb: Muwnh fughp wnbkpdhup tnytwbu sh upnn Yhpundty,
ujupugpbint hwdwp wyt, hus junwpynid £ hwrynnujutt hwdwljupgh
ubpunid:

Ujuntinhg kqpuiljugnipynit, ph spughpp b pk’ juighpp wkpdhubbp b,
npnip yhwnp b unnwwnply opjijunnukpp ujwpugptint hwdwnp:

NMpngkuh nlipt n1 knpgniip
Ujdd funubp wlupy (ghuwdhl) optljnbtph dwuhb, npuip wjh
opitjwnitpt ku, npnup gunidniud i juwnwpdwb pupugpnid: Zudwlwupgsnid

dpwghpp juwnwpdwt pupwugpnd tupugpbint hwdwp, dtkq hwupluynp
1huh thpdnisty inp wkpdht' wpngku: Uw O2-h phnphugh hhdwpwptphg E:
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Tw wyl k, hus qnuymd E hwdwlupgsh ubkpunud, Spugph juwnwpdwb
wwhhi: Ywunwpyny spwghptt nt ywpngbup hwdwpdtp qunuthwpubp sk,
pwitith np, tpp Spuighpp junupynud £ OZ-p whwnp E:

e uwnwbdtwgiuh hwugbwynpjws wnwpwsdp, npunkn Juuwpdbme k

dpwigph Ynnp b wyy dSpugph wyjuiubpp;

e Jdlwthnpuh wytt hpwdwtukpp, npnup Juunwpybnt ki dudwbwlh
nyju] wuwhht (Guunupdwt pupugpmd wyn nyjuitpp hnpjugbne
tl);

e uyn dpuqpht Ykpugph tkppht nkunipultkph npnowh hunjupwsnt
Ununph/kph hwdwlupg ud uyjtp, npintnhg whnp £ juppugydh
Uniinpuhtt hupnpuwghwt b npuintin whwp k Ep mipygh hwpdupldus
wnpnniupubpp:

Ujn yuwndwnny, npytugh ijupwugpkup ypngbup, dkup ogurnuugnpstne

tup wy] mbpdhuubn:

Npngkup nu wnkpdht k, npp poyp £ wiwjhu dbq wohiwnt) mjnhnpta
Juwnwpyny opjjnubkph htiv: Yupny Lk 1huk) Spwghp, nph juunwpdwb hw-
dwn juyuwhwboyh untinst) mykih put Uk ywpngtu, tpt dpughp wubking hwu-
Jutwtp ujujuruljh ypw qnuynn dwy ph hwduwpwsni: Ugkiht, htwpwynp
E hpwyhdwy, tpp 1 wpngbuh juunwpdwt hwdwp withpwdbon Yihuku dh
pwlh dpwgpkp (wpngbup dund E unyup, hull dpwqpbpp thnpuygnid Eu): Gy
Jbipowytu wwpqugnyu 1 wpnghunpught b 1 dpwgpuyhtt hwdwlwpgh
opowlimljukpnud, kpp pynud kp, pk dpughpt nt ypnghup qplipt tnyb L, sh
Jupkh wuby, pk Spughptt nt ywpnghup tnyub G, pwuh np wpngbuh Juw-
nwupdwt dudwtwl] jupng k junwpdt) Yo, npp h ujqpuik paguljuygt) b
dbp Juunwpynn duwynud: Fw Jupnn b hul) OZ-h Ynn, b gpu junwpnodp
Jwpnn k (hub] ju U Spugpuynpnnh gubynipjudp (kph tw oquuugnpénid b
hwdwlupgqujht Juiy), jud tpu guulnipmniihg wujwj (Epk whuywubih
wnwowgh) E wpunwpht punhwwnnud, Spugph junwpdwb pipugpnid):

Opugpufnponp fuipnn £ b sjwuljwsk), np hp juquultpyws wpn-
gtuh ppugpnud juwnwpymd £ popnppte ny wjte Yngp, npp gpdud tp pp
Yynnuihg, wy O2-h Ynnp:

busn { k pinipugpytjnt ywpnghunp:

Lwju ptwjuiwpwp ypngbumd (hubkne k:

e Juwunwpny Yny npnowlih hpudwitkph hwenppulunipynii;
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e phunipuukp, npnip whpwdbon L juwnwpynny Ynnhtt (hhonnni-
pintl, Ununph/Eiph hwdwlwupg, npnowlh Ygws dwybp...), pung
npnid wyn nkunipubbpp dwdwuwlh pipwgpnid Yupnn Eu thnfuyby:
Ugpuwwnnn wpngbup fwpnn Eujwhwbgly tnp uytp, jupnn £hpw-
dupyby bwpuhhunid wwhwbowsdutnhg, wjuyhuny uw hwunwwnni
sk

e Juwnwpdwb pupwughly wwhp, puth np jupws tpwuihg, pk dbp
wpngtuh wotwwnwuph np wwh Eup dkup nhnwpynid, thnjuynid
Juwnwpynn bhpwdwip, wpnghiunpmid nkghunnpubph wwpnitw-
Ynipjniup, hywbu bwlb hwugbwynpyws mwpwsénipjniunid guniynn
wnjunkipn:

64 nng wju hwdwnpnipniup quuynid £ OZ-h njujupdwi tkppn:

Apngku hwuljugnipniuip Jupsdtu donipnun k, niunp bpw dwuhtb
hunubip wjtiytiu, hisytu jpnuntd Bu OZ-h dwuht:

Bupwnptup niukup npnowlh optlw, nph uljqptwlwb pujunidi
wpnkl mukip: Ujdd &onkip, ph h s huinlmpynibtibpmy] tiw odindws, b by
gnpénnnipjnibukp Jupbih £ junwpt) tpu htn:

Bpt oquytup wpnghuh wpunpuln ujwpwugpnipniihg, Jupbkh b
wubk], np wyt hy quiuynud b dwudwbwlulhg Oz-h ubkpunwd, Yupbh L
hwdwpby Uh putth ypnghuttph hwdwhudpnipinii:

NMpngbulbpp Jupnn &b (hul) oquunnp Ynnuhg pnnuplws Yud
wuwwnlwik] OZ-ht: MNpngkulkpp quidmd ki 2 Jhfwlymd  «ypnghup
Juwnwupymd b b «yypngunpp sh uwnwpynud»:

«Mnpngbup juwnwupynmd b tywbwlnd £ OZ-p ypngbunpp npudwnpby
E wpnghuhli: «Mpngup sh juwnwpynud», tpwbwlnud E, wjb phntwynpyty b
hhonnnipjntl, vwjuytt tput wypnghunpp nhn sh mpudwnpyby:

Bpt ypngbup juunwpynd £ wju jupnn £ wjupnk] hp wyhiwwnwtpp
nwpphp guwndwnutpny.

e wjlt yupquybtu wjwpwnky E hp wpjpwwnwbpp, putth np wdwpwnby Ehp
wnol npywé uunhpp, wyu phypnid tw Wupquubu pnud £ hwdwljupgp;

e wnngtuhtt hwpluwynp k tnk) juwnwnpk)] qnpénnnipjnitubp (ophtiwmly”
Uniinph/biph gnpénnnipinittp), wyn yuwnmdwnny tw wquunid £ ypngkun-
np, nputiugh wyny dudwbwl ywpngbunpp mpudwnpyh wy] ywpnghuh: Uyn dw-
dwbwl nju) «uypngbup Junupymd b Jhduyhg wiaginud b «yypngtun sh
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Juwnwpynid» Jhdwlh: Ujuyhuny, kpk ypnghunpt wquuyniud E, wpngku-
utphg, npnup skt juunwpynud, vwluyt qunuynud Gt hhonnnipjut db,
oquftiny] wjwbwynpuiwt wignphpuhg, whwp b punpdh wpngbu, nppte £
npudwnpybint £ ypngbunpp: Uju nhypnid ywpngbup sh unwpynud Jhdw-
Yhg wugumd E Juunwpynd £ Jhdwlh: Lnp punpynn wypnghuubpp wudh-
owyhbu skt punpynid Juunwpdwt hwdwp, ujqpnid hwdwlupg dnbkny,
upwip qniynud Eu «uypngbup sh juwnwpyniud» Jh&wulnid:

Ujuyhuny dkup vhwuht junnigkghtip ypngtuh ypdwljh nhugpudwb
(U 1), vuljuyt wyh wdpnnowljwi sk:

L. 1:

Bpt ypnghup guijuwind £ juwnwpk] dnunph/Giph gnpénnnipjnil, bw
wbgimd E «ypngtup sh juwnwpynud» Jhdwlh, ypngbunptt mquunygnmd
wjwbwynpdwt wignphpdt wunwd L, np hupp wyny wypngbup ptnpk £ ju-
nwpdwl, vwljuyt bw sh jupnn owpnitwll] juunwpyt), puwth np dnin-
ph/Eiph gnpénnnipinitp ntin sh Juwnwpybkp: Uju wwhhg dbp nhugpudwi
ynnblwn sk: By wik] nhugpuidwb Ynokln pupdiknt hudwp:

Mhwnp kUl «aypngbup sh junupdnuds> nhugpudwb pudwikip 2 dwup’
wnwbdtwgubjnt hwdwp ypngbutbpp, npnip wwwnpuwuwn ku juunwpdwi b
wpngkutikpp, npnup huy np pwbth bt vywund hwdwlwpgsnid: Fpwig htug
uju ywhhb junwpdwb pinpk) sh jupkh, dptish sthth npnowlh hpwyhgwl,
nnht tputp uvywunid Ehie

Niunh «ypngbup sh Junwpynid»-p pudwikip 2 dwuh: Tdwup «Apn-
ghup wuwnpuwuwn b (qpuip wyt ypnghubkpt b, npnp puwnpdby B, npuytu
wwwnpwun ki junwpdub Jupgqugh§ulng), T duup’ «Ipnghup uwuunid

79



b» /mputip wyt wpnghutitipt B, npntip juwnwpbnt pinpy k) skt upnn, puuh
ntn sh Byt wyt hpwh&wlp, npht bpup vyuunud Gu (Tf. 2):

L. 2:

Ulgpmid wypngbup hwdwlwpg dntubnig hkwnn pujund £ «Npngkup
wyuwwpwuwn b Jhdwljh dby, wyunithtnl yjubtwynpdwb wignphpdny puwnp-
Ynud E ypngbutbphg dkyp b hwynugnd £ «Npngbup juwnwpynud b jupqu-
Jhdwlynid: Uy yywhht btpwt wpudwnpynud £ ypngbhunpn:

NMnpngbup juunwpdwb Jhdwlhg hwdwljupghg upnn k nnipu quy:

e Liph w wjwpunk) E hp wphiwnwipp;

e bpt wyt uyuwunid £, npuk hpwyhdwljh juunwpdwb (ophttwl)’ dniwn-
ph/Eph), tw Jupnn E wnknuihnpyb «Mpngbup uguwunid b hgulh;

¢ hpwyhdwly, npp Juwjuws E dudwbwlh puppudwt htin: Uktp jupnn
Eup wuwpquutu hwpunpupwp punhwnt) ypngbuh wpjpowwnwupp, pwith np
pwugh] E uput hwnjugqus dudwbwlp, b tpuwt nknuithnjul] «Npngtup
wuwwnpwuwn b Jhdwljh, npudwunpbiny ypngbunpt wy; ypngkuh:

«Mpngbup uyuwunid b Jhdwlhg tw jupnn E wgul) «ygpngbup wuwn-
pwuwn b» Jhdwlh, tpk hpuyhdwlp, nphtt tw vywunid k, juwnwpyby k:

Ujuyhuny unnugwiip hwonpn nphwgpudwi, npp Jupstu phk wdpnn-
onipjudp Wjwpugpnid £ wyl, ity junupdnud £ OZ-nud: blsnt” Jupstu ph,
pwith np wju nhugpudwnid puguuynid Eu 2 hpwyhdwly, hywybu ypngtup
huyinidtg hwdwljwupgnid b hyybu wy pig hwdwlwpgn:
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Npngtkuh Wjwpwugpnipniup wdpnpowljub purtwnt hwdwp, dkup ni-
thuwynt Eup bu 2 Jhdwly «ypngbuh sunttnpy Jhdwlp b «<qpngbiuh wohuw-
wnwiph wjwpu» Jhdwlp (Epp tw wjwpunb] E wpjpwnwpp, vwluyu hw-
Uwlupgp ntn sh pty):

Ujuyhuny wpngkuh Jhdwljubph wdpnnowljut nhwugpudwt punlw-
gws I hth 5 hhdtwlw Jh&wlubnhg (L. 3)

iy
o

E&
AN

Ly, 3

Ujuon gnjnipjnih niitkignn OZ-nid tpynid Eu wyu 5 Jhdwljubipp:

Nwpq E np Ynuhptn punpdus Oz-h hwdwp, dkq dnwnn npny hpuyh-
dwlubp Jupnn kb ghnwpunpt) (pungumpft) &hon witybu, htywybu no
wipkghtp «ypnghup sh juwnwpynid» Jhdwljh hwdwp: Ophtwly «yypngbup fuw-
nwpynid b upny E punpunty 2 dwuh junwpynd Eoqujngh nhdhidnid,
ph Uhoniyh nhunid: Uwjuyt punhwtnip ujpbdwt dunud | wyl, hy tjuwpw-
gpyws k dbp thpluyugdus ujubdwnid:

Bpt nhnwpltup Windows XP-hu, Jtpohtt vnwuppbpwlnud 9 Jhdwl k
ujupwgpynid, UNIX-h hwudwnp 11 Jpdwl), vwluyb pinhwinip vjubdw dund
5 yhgwl:

“Yhunwplkup wyn 5 Jhdwljutiph dhol gnnipinit nitkgnn wugnidubkpp:
NMpngkutbkpp vh ypdwljhg dniuht huptunipnyt wtght) skt jupnn, npu wubkp
upwt wpgbws k: Mpngtuhtt vh yhdwlhg Upniuht thnpowtigl upng £ dhwgt
Oz-n: Oz-p wpnghuht Uh Yp&wlhg dnrup mwunud E tpw hbn juunwpting
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gqnpénnnipinil: dnpénnnipnitiubph pwbwlp, pun knipjub npnoynud k uy
wignudubpny, npnup gnynipinit nukt ppudpdwljubph dholt (Y. 3): Ppuljw-
und gnynipinit niukt twb gnpénnnipniuubp, npntp bl . 3-nud thpluyugus
sk pwtp wuydwbwynpyws L tpwutng, np OZ-p nittiwy k thnjuk) ypngtuh
pumpuqgphsbpp, sthnjubing tpwtg Jhdwlp:

Qnpénnnipiniuubpp vhwgubup qnuyqbpny (Uf. 4

|
|
~

ul. 4:

I qnyqp wujdwiwnplws E ypnghuh hwdwlwpg dintknt dnunp/bi-
pny, Untinph gnpénnnipinit b Gjph gnpénnnipinil: Cunn Emipjul, nw qnpén-
nnipjnil k, npp wiugnid £ «N.-h suntunpy yhdwljhg «M.p yupunwuwn b Jhdwlh,
Umniup gnpénnnipjnit k, «M.-p juwnwpynid b Jhdwlhg nwunid £ «M.-h ju-
nupuub wjwupu» Jhdwuljh:

II qnyq gqnpénnnipjniup, nw panuplnid b punwup gnpénnnipjniuttpt
i @nnupynmudp nu «N.-p yunpwuwn b Jhdwlhg nmwbnid k «M.-h uwnwp-
Ynud b» Jhdwljh, punupp «N.-h juunwpynd b Jhduljhg muwtnmd £ «N.-p
wuwwnpwuwn b Jhdwljh: tw npybtu juunt nknh E niikunud wpunwpht nplk
puphwndwt hbnbwipng b OZ-p wpdwquiupnid t wyn punhwndwbt wju-
whu wyn, ypngbup whwnp E juiqibgdh (pughwuh) Jud ns: Udkt hiy fuju-
Jwsd £ yjwbwynpdwb wgnhpuhg:
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IIT qnuyq gnpénnnipjniup pinjuynpnid b pinjuynpnidhg hwtk] gnpén-
nnipjniubpt B Anljudnpnd gnpdnnnipjniup «N. juunwpmd b Jhdwlhg
nwtnd £ «M.-p uyguwunid b Jhdwljh, huy pinjunpnidhg hwth] gnpénnnt-
pintup «N-p uyguwund b Jhdwljhg nwinid k «M.-p wuwnpuwuwn b Jhdulh:

By YbEpowybu, junukup wyt gnpénnnipjut wuht np Ukp nhugpudnid
sh tplnud: Yw wyt E, np OZ-p htwpwynpnipini nibkbw thnjulint ypngkuh
wpununipjniup, tokny, pk np ywpngbub £ wnwyt) juplnp, htwpwynp £ wyy
wpngtkup dudwbwlh nyjuwy wwhht Ynpgpky E pp jupbnpnipiniup, npuw hw-
dup wjut dudwbtwunpuwbtu sh juwnwpynud: Uju Yyubquh «M.-p yun-
pwuwn b Jhdwljnud hkpph, htnn wju Ypunpgh junwupdwt hwdwp:

Uju pnnp gnpénnqmpjnibiibpp Jupbjh b pudwily 2 quuh gnpénnn-
pyniltikp, npnip Yunwpynid kb 1 wiqud npubp kb wpnghuh Stmunp b
wpngbuh wjwpnp:

Utwgws pnnpp pupup, phnhunnnid, pnguplnid, piphunnnidhg hu-
inid, wpwnnbnipyuil thnihnfuinid, fupnn b junwpyt) puquulh whqudubn:

Ujuyhuny dkup ukpjuyugnphp oytpughnt hwdwlwupgh hhdtwpup
hwtnhuwgnn wpngku nkpdhtp b bkpuyugphtp wpngtuhtt dh Jh&wlhg
Ujniup lmwtinn gnpénnmipjnibuubpp:
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HPOLHECC U EI'O CYIHHOCTDB KAK BA3OBAS KOHUEILUSA
OIIEPAIIMOHHOM CUCTEMBI

H.H. Xyénapan ', A.B. Ezuazapan ’

'Banaozopcruii 2ocyoapcmeennuiii yuueepcumem um. Os. Tymausna,
’Mocxoecuii puzurxo-mexnuyeckuti uncmumym (HUY), @PKT, III xypc,

n_khublaryan@mail.ru, egiazaryan.av@phystech.edu
AHHOTAIUA

Urto0b1 onmicaTh paboTy OMEpaliOHHON CHUCTEMBI, BAXKHO pa3o0parh CyTh MPO-
riecca. OH UCTIONB3YeTCs IS OTMCAHUS CTATHIECKUX M TUHAMHYECKUX 00BEKTOB. Xa-
PaKTEPUCTHUKH MPOIECCa — ATO HCIIOMHAEMBIN KOJI, PECYPCHI, TEKYITHI MOMEHT BBITIOJN-
HeHus. Bee 310 ympasnsercs onepanioHHo# cucteMoid. [Iporiecc MoxkeT HaXOMUThCs
B JIBYX Pa3HBIX COCTOSIHHSAX, OH HaJICJICH ONpeAeICHHBIMU CBOWCTBAMHE, C HUM MOXHO
BBITIOJIHATD psi JedcTBUI. B maHHOM cTarbe Mbl U3yYHMIIA U CUCTEMATHU3UPOBAIM BCE
BBIIIENIEPEIHCIICHHOE.

KiioueBble ci10Ba: mMpoIiecc, CTaTHICCKAUM, THHAMUYCCKUNA, 00BEKT, TCHCTBHE.

PROCESS AND IT'S ESSENCE AS A BASIC CONCEPT
OF THE OPERATING SYSTEM

N. Khublaryan', A. Yeghazaryan®

"'Vanadzor State University after Hovhannes Toumanyan
’Moscow institute of physics and technology (NRU), DREC,

n_khublaryan@mail.ru, egiazaryan.av@phystech.edu
ABSTRACT

To describe the functioning of the operating system, it is important to understand
the essence of the process. The process is used to describe static and dynamic objects.
The characteristics of the process are the executable code, resources, the current
moment of execution. All this is managed by the operating system. A process can be in
two different states, it is endowed with certain properties, a number of actions can be
performed with it. We have studied and systematized all the above in this article.

Keywords: process, static, dynamic, objective, activity.
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OPU3UKA

BJIMAHUE SJIEKTPUYECKOI'O I1OJIA
HA JIEKTPOHHBIE COCTOSHUA
B BEPTUKAJIBHO CBA3AHHBIX
HUINMHAPUYECKHUX KBAHTOBbBIX TOUKAX

3.C. Axonan
Poccuiicko-Apmanckuil ynugepcumem
eduard.hakobyan@rau.am
AHHOTALNUA

B naHHOM Hay4HOM CTaTh€ TCOPETUYECKH OIHUCBIBAIOTCS DIIEKTPOHHBIE
COCTOSIHMS B BEPTHUKAJIBbHO CBSI3aHHBIX HMIMHIPUYECKUX KBAHTOBBIX TOYKAX
IPU HAJIMYUK 3JEKTpocTaThyeckoro noms. Ilepuoandecknii moTeHnMan am-
MPOKCUMHUpYETCA CHHycouaanpHOH (yHkimei. VcciaenoBana 3aBHCHMOCTD
YPOBHEi1 3HEprUU U BOJTHOBOH (DYHKIIUH OT BEJIMYMHBI BHEIITHETO 3JICKTPHYeC-
KOTO TIOJIA.

KiroueBble ci10Ba: NUINHAPUYECKAs KBAHTOBAs TOUKA, CBA3aHHBIC KBAH-
TOBBIE TOYKH, JIEKTPUIECKOE IOJIE, CHHYCOMIAIbHBIA MTOTCHIUAIL

BBenenune

KsanToBeie Touku (KT) mHa ocnoBe momynpoomnmkoB III-1V Bcerma
NPUBJIEKAJIM BHUMAHHUE CO CTOPOHBI YUEHBIX, IOCKOJIBKY PE3YJbTaThl UX TEOpE-
TUYECKOTO UCCIIEI0BaHUs MOTYT ObITh HETIOCPEACTBEHHO NMPUMEHEHBI B HAHO-
TexHosorusx [1, 2]. B otnuuue ot peanbHbIx aTOMHBIX cucteM, KT xapakrepu-
3yIOTCsI OOJIBIIIMMU 3HAYEHUSIMU AUIIOJIBHBIX MATPUUHBIX 3JIeMeHTOB [3]. B cBs-
3u ¢ 3TuM KT MoryT paccMarpuBaThCsl KaK NMEPCIEKTUBHbIE KaHAMAATHI JUIS
IIPUMEHEHUS B TOJYNPOBOJHUKOBBIX ONTO3JIEKTPOHHBIX YCTPOWCTBAX HOBOTO
nokoJyienus [4, 5, 6].
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I'eomerpun KT paznuunsl, HaunHas oT chepudeckoit [7, 8], 3akaHunBast
nupamuganbHoi [9]. [Ipu aTom, moMumo oTaenbHO Jokanmn3oBaHHbIX KT, nzy-
YaloT LIETIOYKHU CBSI3aHHBIX TOYEK. B 3TOM cilydyae yacTHIbl MOTYT MPOHHUKATh
3 ogHou KT B apyryto. Ecinu paccmatpuBarts nenodky u3 N cBszanHbix KT, To
KaK pe3ysbTaT 3JIeKTPOH OyJeT YyBCTBOBATh MEPHOIMYECKH MOBTOPSIOLIUECS
NOTeHIMaNbHbIE Oaphepbl Ha rpanumax nepexono mexay KT. B wactHOCTH,
€CJIM UCCIIEIOBATh LIETIOUKY BEPTHKAIBHO CBS3aHHBIX InHApuueckux KT, To
TaKOH MOTEHINA MOKHO alMpOKCUMHUPOBATh GyHKIMEH cunyca [10—13].

Teopus

B nanHoil paboTe Mbl pacCMOTPUM BEPTUKAJIBHO CBA3aHHbBIE LIWIMHIPH-
YCCKHEC KBAHTOBBIC TOYKHU, ITPHU HAJTUINU IJICKTPOCTATUICCKOI'O ITOJIA.

[ToTeHuuan orpaHu4YeHHs JaHHOW CTPYKTYpbI 3alUILIEM B BUJIE:

Vs (2) = U[cos(%rz) + 1]. (D

I'aMuabTOHHMAH CUCTEMBI IIpU HAJIMYIUU SJICKTPHUICCKOT'O ITOJISI UMECT BU:

Wod 27
?—FU[COS(?Z)—Fl]—FVek,E . (2)

)
e e

H=-—

rae U, — BbicoTa Oaprepa Mexay cocennumu KT, d — mexcinoliHoe pa3zaene-

HUE, V.

elec

— DJICKTPHUYICCKOC II0JIC.

Ha Puc. 1 npencraBieH nmoTeHIMaa OrpaHUYEHUs U YUCIEHHO OIpe/ie-
JIeHHasI BOTHOBasI (PYHKIIHSI 3JIEKTPOHA B YKA3aHHOM crcTeMe MPH pa3HbIX 3Ha-
YEHUSIX HAMpsHKEHHOCTHU dJIeKTpuueckoro nois. Kak crnegyer ux 3TUX pUCYH-
KOB, 3JIEKTPUYECKOE IOJIE CYLIECTBEHHO MEHSET JIOKAJIM3AIUI0 3JEKTPOHA.
ITnmoTHOCTH BEPOATHOCTHU JIOKAJIU3ALUU 3JICKTPOHA CMCIIACTCA B HAIIPABJICHUH,
IPOTUBONOJIOXKHOM 3JIEKTPUYECKOMY TOJIIO.
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(a)

—Voat

.y
F=0 k¥V/em =

Z,EB

Puc. 1. (a) [lomenyuan oepanuuenus u 60nHO8A PyHKYUs Oe3 HaTU4us
anekmpuueckoeo nois. (0, 8) [lomenyuan oepanuyerus u 8OIHO8As QYHKYUS NPU HATUYULL

z.ag

IJIeEKMpU4eCcKoco noJii.
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Pe3yabTaThl M 00Cy:KIeHUS

B pacderax ObUIM HCIIOJB30BaHBI CIEAyIOIIUe mapamerpsl: L =4a,,
U, =10F, ~ 58meV. 3aBUCUMOCTb NIEPBBIX TPEX YPOBHEHN SHEPTUH OT HAIPS-

JKCHHOCTH JJICKTPUUCCKOTO IIOJIA ITOKAa3aHa Ha pUCYHKE. 2:

12"

10+

F.kV/icm

Puc. 2. 3asucumocmo nepsvix mpex ypogneti SHep2uu om Hanpsd’CeHHoCmu
INEKMPUUECKO20 NOJ.

Kak MOXXHO 3aMeTUTh U3 PUCYHKA 2, MPHU OMNPEICIIEHHOM 3HAYeHHU

ANEKTPUYECKOTO TOJISl PACCTOSHUE MEXAY MEePBhIM (n = 1) U BTOPBIM (n = 2)

YPOBHSIMU PABHO PACCTOSTHUIO MEKY BTOPBIM (n = 2) U TPETHbUM (n = 3) s

OnpeAesieHUs YKa3aHHBIX 3HAYCHUH AJIEKTPUUECKOTo noJig Ha Puc. 3 moka3aHa
3aBUCHUMOCTh PA3HOCTH DJHEPreTUYECKUX PACCTOSIHHM MEXIy YpPOBHIMHU

AE,, =hw, n AE,, =Iw,,.
Kak cnenyer u3 Puc. 3, yciaoBus 53KBUAMCTAHTHOCTH YPOBHEH
hw,, —hw,, =0 peanusyercs npu 3HadeHuu F' = 5kV /cm , B ciiydae BblILey-

Ka3aHHBIX MaTepUaJioB U reomeTpuueckux napamerpo KT. Hannune skBumc-
TAHTHOCTHU YPOBHEH MO3BOJISIET Pean30BaTh T€HEPAIMI0 BTOPOIl TApMOHUKH B
BBIIIIE YKa3aHHOU cHUCTEME.
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Puc. 3. 3asucumocmo pasHocmu snepeemuyeckux yposHet
Om INEKMPUUECKO20 NOJIAL.
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ELECTRIC FIELD EFFECT ON ELECTRONIC STATES
IN CYLINDRICAL QUANTUM DOT CHAIN

E. Hakobyan

Russian-Armenian University
eduard. hakobyan@rau.am
ABSTRACT

The electronic states in vertically coupled cylindrical quantum dots in the presence
of an electrostatic field are theoretically described. The periodic potential is approximated
by a sinusoidal function. The dependence of the energy levels and the wave function on the
magnitude of the external electric field is investigated.

Keywords: cylindrical quantum dot; quantum dot chain; electric field; sinusoidal
potential.
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ESTIMATION OF THE RADIATIVE LIFETIME
OF EXCITON AND BIEXCITON STATES
IN ELLIPSOIDAL QUANTUM DOT

Y.Y. Bleyan
Russian-Armenian University
yuri.bleyan@rau.am
ABSTRACT

In the regime of strong size quantization the exciton and biexciton states in
ellipsoidal quantum dot have been investigated. The minimum energy for the
ground level has been computed in the framework of variational method. The
radiative lifetime of excitonic complexes in ellipsoidal quantum dot have been
estimated.

Keywords: strongly oblate ellipsoidal quantum dot, exciton, biexciton,
radiative lifetime.

Introduction

The modern development of nanophotonics and nanoelectronics is largely
based on the use of semiconductor quantum dots (QD) obtained by different
methods and differing in shape, size and, accordingly, the spectrum of exciton
states. Due to the strong localization of charge carriers in QDs the effect of size-
quantization increase, which leads to the increase of the binding energy of
excitons and biexcitons in comparison with the bulk semiconductors. The
excitonic molecule or so called biexciton is comprised of two electrons and two
holes. As the exciton reminds the hydrogen atom, the biexciton is analogous to
a hydrogen molecule. The biexciton is a neutral compound quasiparticle, that is
also effectively a boson and it has an integer spin when the spin-orbit coupling
can be neglected [1].

The conversion of excitons to biexciton complexes leads to various optical
and other interesting effects such as sharp increase in two-photon absorption,
change in the nonlinear susceptibility, photoluminescence emission peaks shift
[2-5]. So, the theoretical investigation of exciton and biexciton states in QDs is
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an actual problem. New trends in the theory of biexcitons have taken into
account the polariton effect, its influence on the radiative decay of biexcitons,
and the electronic structure of biexcitons.

There are different types of quantum dots with different geometries. There
are spherical, pyramidal, ellipsoidal or lens-shaped quantum dots. Ellipsoidal
QDs have two geometrical parameters, namely small and large semiaxis which
gives an opportunity to control the energy spectra in a wide range.

In this paper we investigate exciton and biexciton states in strongly oblate
ellipsoidal quantum dot (SOEQD) for the strong regime of the size quantization.

Theory and discussion

We will consider the biexciton states in SOEQD with impenetrable walls,
where the potential energy of the particle in cylindrical coordinates can be

written as:
2

o
A

u
N|

ZZ
+— <1
(9
2

Q

Uconf (/07(0’2): 2 ’ a2 >> cza (1)

2
z

A

>1

8

+
a C

I\)|

where ¢ and a - respectively, the small and large semiaxes of the SOEQD.
Note that all dimensionless lengths and energies in the paper are measured in
the Bohr effective radius of the electrona, = h’¢/m.e”, the Rydberg effective

energy E, =h’/2m.a of the electron, m, is effective mass of the electron and

£ is the dielectric constant.
The Hamiltonian of the four interacting particles, namely two electrons
and two heavy holes has the form:

. P’ 4.4,
H ”,”’”,” = j* — U ' qA’ i) 2
(77 7) gzmj-l—i,j g‘ﬁ_;]‘-l_zll " (P, Zj) “

i#]

where j={1,2,a,b}, ql,2=—|e, qaﬁb=|e| , 7 and 7 are coordinates of

electrons, 7, and 7, are coordinates of holes.

The first sum represents the kinetic energies of electrons and holes, the
first term in the second sum corresponds to the electron-electron interaction, the
second term corresponds to the hole-hole interaction, and the remaining four
terms in the second sum correspond to the electron-hole interaction. Due to the
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specific geometry of SOEQD one can use adiabatic approximation for the
finding the wave function and energy spectra for the single particle problem. In
the case of strong confinement regime for the ground state, the wave functions
and particle energies for the electron and hole in the SOEQD for the strong
regime of the size-quantization are presented in the following form [6, 7]:

_ -1/2
Y youna (0:0,2) = ” 01/1—'0—2 sin| — 21 4T
groun \/ﬂ a2 2cm 2
. []
2mw, \n,T(m[+1) ey (wia, )2 e,
Nh TReen)S 2 AT

3)

= 'h'n®  mh'n

=— —(N+1), N=0,12,.... 4
8m.c’ Zmeac( ) @

The variational function for the biexciton in the ground state will be constructed
on single-particle wave functions and will have the following form [4]:

\Iltrial (ﬁl ’ﬁZ’ﬁa’ﬁb) = Cngund (ﬁl ) Wground (ﬁZ ) ngund (ﬁa ) l//gmund (ﬁb )X
Xe—ﬂspab {e—/ll(/’la*'/’zb)‘ﬂz(/’]b"'PZa) + e‘%(/’lb*’ﬂu)‘%(ﬂm‘*’/’zb)} (5)

) j,k={1,2,a,b}, ﬂ'l’ 22 and

A, are variational parameters, which are determined after minimizing the

where C - normalization constant, p, = ‘ P =Py

following integral:
Eve = (¥, G 7T 7) | W, G 7)) (©)

Using the variational method, we calculate the energy of biexciton in the
ground state.

As a next step we estimated the radiative lifetime of the biexciton and
exciton in SOEQD. It has been shown that the radiative lifetime of the biexciton
can be estimated by using the exciton’s radiative lifetime [8]. The connection
between biexciton's and exciton's lifetimes is:
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7'(XX)~%T(X), (7

The equation which allows to estimate the exciton’s radiative lifetime has
the form [9]:
2 312
T(X): ﬁgozn/lih )
\/Ee E@XCf

where &,1s dielectric constant ,m 1is the mass of the electron, £1is dielectric

(8)

constant of the material, £, _is the energy of an exciton, fis the oscillator

strength. The oscillator strength of the exciton has the form:
2

: )

E,
E

exc

f:

[ (7.7 dF

e
Vv

where E, is the Kane energy and for GaAs it is £, =22.71el . In the equation

(11) the exciton’s lifetime is calculated without taking into account interaction
of the exciton with phonons.

Let’s proceed to the discussion of the obtained results.

Fig. 1 shows the dependencies of the minimum energy of exciton and
biexciton on the small semiaxis of the ellipsoidal QD.

As can be seen from the figure, the energy decreases with the increase of
the small semiaxis. As the dependence on the minor semiaxis is more
pronounced, there is not presented the dependence of the energy on the large
semiaxis.

Finally, Fig. 2 shows the dependences of the exciton and biexciton
radiative lifetimes on the small semiaxis of SOEQD for the fixed value of the
large semiaxis.

It is clear from the figure that the radiative lifetimes of both biexciton and
exciton are increased with the increase of small geometrical parameter of the
SPEQD, as the localization region increases and the probability of
recombination decreases. The average values of the radiative lifetime for the
exciton and biexciton are about 20ps and 5ps, respectively.
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Fig. 1. Dependencies of the minimum energy of exciton and biexciton on the small semiaxis

when the value of the large semiaxis is fixed.
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OLEHKA PAJJMATMOHHOI'O BPEMEHH KU3HU SKCUTOHOB U
BUDKCUTOHOB B DJIJIMIICOUJAJIBHON KBAHTOBOM TOUYKE

10.10. Bnean
Poccuiicko-Apmanckuii Ynueepcumem
yuri.bleyan@rau.am
AHHOTAIIUSA

B PEKUME CHIIBHOI'O pasMCpHOr0O KBAHTOBAHUSA HCCJICAOBAHBI 3KCUTOHHBIC KOM-
IJICKCBI B CUJIBHO CHHIOCHYTOfI 3JIMIICOUAATIBHOM KBAaHTOBOW TOYke. PaccumTana MUHH-
MaJibHas SHEPrus Ajisi OCHOBHOT'O COCTOAHHA B paMKaxX BapUallMOHHOTO METO/JIa. OL[CHCHO
paananiMoOHHOC BPEM: KU3HHU SKCUTOHHBIX KOMIIJICKCOB B SHHI/IHCOHI[aJILHOﬁ KBAaHTOBOMU
TOYKE.

KimoueBble cjioBa: CUIBHO CINTFOCHYTasA JJIIIUIICOMAaIbHAasA KBAHTOBas TOYKa, 3K-
CHTOH, 6H3KCI/ITOH, pagrualinOHHOC BpEMSI )KU3HU.
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CHUHTE3 U IPOEKTUPOBAUE ®A3ZUPOBAHHOM
AHTEHHOH PEIIETKH C IOMOIIBIO
ITPOI'PAMMbBI MATLAB

B.A. Bapoanan, A.K. Azaponan

Poccuiicko-Apmanckuii yrnueepcumem,
Epesanckuii nayuno-uccredogamenbCkutl UHCMUmMYm cpeocma ces3u

v.vardanyan00@gmail.com, aharaharonyan@gmail.com
AHHOTALUA

B nanHoif paboTe uccaenayoTcst BONMPOCH MHOTOJIYy4€BOTO CKaHUPOBAHHS
C UCIOJIb30BaHUEM (Pa3MpOBAHHON aHTEHHOH pemeTku A nonydeHus JH,
COCTOSIIICH U3 YETHIPEX JIydeil B peKUMe IMpHeMa, U OTHOTO JIyda B PEeKUME
nepenaun. C nomomisio nporpaMmmel MATLAB 6bi1a cMogenuposana JIH pe-
IIETKH MIPY Pa3HBIX YTIaX CKAHUPOBAHMS B IPOCTPAHCTBE 110 BEPTHKAIIH, TaK-
e OBUIO OINIPEENICHO aMIUTUTYAHO-(a30BOE PACIPEICICHIE ATUX JIyUeil.

Kniouesble c10Ba: (a3supoBaHHS aHTCHHAS PELIETKA, MHOTOJIyYeBOE CKa-
HUPOBAHUs, AUarpaMma HampaBIeHHOCTH, aMIUIUTYJHO-(pa30Boe pacrpene-
JIeHHE.

BBenenune

da3oBble anTeHHBIE penieTku (DAP) momyunnu mupokoe NpuMeHeHUe 3a
CYET BO3MOXXHOCTHU yNpaBJICHUs nuarpammoil HanpasieHnHoctu ([IH) uznyye-
HUS U TIpEeMa. JTO JOCTUTAETCS 3a cUeT ()a30BOTO U aMILUIUTYIHOTO pacipeie-
JIEHUsl CUTHaJa Mo u3iaydaromum 3JieMentam @AP, koTopbie UMEIOT omnpee-
JIEHHOE TEOMETPHUUYECKOE PACTIOJIOKEHHE B MPOCTpPAaHCTBE. BO3MOXHOCTH yTI-
paBieHus (Ha30BBIMHU M aMIUTATYAHBIMH PacIpeIesICHUs MU CUTHAJIa 00eCcIeyn-
BaeT AJIEKTPOHHOE YIIPaBJICHHUE HAMIPABICHHOCTbIO JIy4a, YTO CTAHOBUTCS BaXK-
HOM 1ipu ucnonb3oBanuu @AP B paguonokannu. THeIME c10BamMu, ¢ TOMOIIBIO
OAP PJIC moxeT opraHu30BaTh CIEKKY JIETaTEIbHBIX alapaToB, BHIMOIHATD
0030p MPOCTPAHCTBA M OCYIIECTBIIATH MEJEHTAIUIO, T.€. ONPEIEISITh YTIOBHIE
KOOPJIMHATHI U3TYYEHHBIX WJIM OTPAXKEHHBIX BOJH C BO3MOXKHO OOJIBIIEH TOY-
HOCTBIO.
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IIpuHUMD OpraHu3anMy MHOI'0JIy4€BOI0 IIpHeMa
B ®AP ¢ ynpasiasieMbIM JIy40M

B pamnonokarmum auarpammy HampasieHHoctd ([IH) maMmenstoT ympas-
JICHHEeM NapaMeTpaMHU OTAENIbHBIX U3ITydaloluX 3JIeMeHTOB. B pe3ynbpTaTe noc-
JIeIHETO 00ecTeYynBaeTC sl SJIEKTPOHHOE CKAaHUPOBAHHE.

[Tpu pacyere npsMOyroiabHON (Pa3supoOBaHHON AaHTEHHOM pEIIeTKH, die-
MEHTBI paclpeesIeHUs] ONMMCHIBAIOTCA C MOMOIIBI0 MXN KPAaTHOW MaTpHIIbI,
(tme m u n paBHsI 1,2,3...). B 3ToM cnyyae ¢ MOMOIIBIO HATIPABJISIFOIINX KOCH-
HYCOB JIETKO MOXHO OIpPEeNuTh (Pa3oBble 3HAUCHUSI Ka)JIOTO JIEMEHTa MpU
CMEIICHNH JTy4a, BBIPAKEHUE KOTOPOIO UMEET BUJIL:

Wimn=mTxs + nTyS,

riae Txs = (2m/A)dxcosoxs — (ha30BbIi CBUT MEXKIY SJIE€MEHTaMHU IO OCH X,
Tys = (2n/L)dycosays — (ha30BBIN CABUT MEXKTY 3JIEMEHTaMHU IO OCH Y,
dx 1 dy - maru Mexy 2JIeMeHTaMU MaTPHIIBI TTO OCH X U Y, COOTBETCTBEHHO.

MHOXUTENb JBYMEPHOU PEIIETKH MOYKEM PACCUUTATH IIyTEM CYMMHMpPO-
BaHUs BEKTOPHBIX COCTABIAIOMIUX CUTHAJIIOB OT 3JICMCHTOB PCIICTKU B Ka)KﬂOﬁ
TOYKE MpocTpaHcTBa. J|J1sl KBaipaTypHON PELIETKH, COCTOAIIECH U3 m Xn U3Jy-
YaIONIMX AJIEMEHTOB U 00€CTIeYnBaIOLIeii CKaHUPOBAaHUE B HANIPABJICHUU OIpe-
JIETSIEMOM COSOixs U COSOlys, MHOJKHUTEIb PEIIETKH UMEET BU/L:

M-1N-1

E(cos,,,cos,. )= > > |4,

m=0 n=0

ej[m(Tx—Tn)w(Ty—Ty.y )

; (1

rae Amn — aMIUIMTYyJla CUTHaja B mXn -oM 3aeMeHTe, a Tx =(2m/A)dxcosox,

Tx=(2n/\)dycosay, cooTBeTcTBEHO [1,2].

TeopeTI/IquKI/I PACCTOSAHUEC MCKAY ABYMSA 3JICMCHTAMU ONPECACITIACTCA 110
A

1+|sin 6|
areMeHTOoB 1o a3uMyTy (Nx) = 16, a mo yrimy mecrta (Ny) = 46. [Ipu ucnons3o-

dopmyne dx(y) = = 66 MM. B naHHOl AuMCTaHIMU MOTy4YaeM YHUCIIO

BaHWU aMIUTMTYAHOTO pacnpezeneHus: Teilnopa monyyaeM ypoBeHb OOKOBBIX
nenectkoB (YBJI)=-251b, cumynsanus kotoporo npeacrapineHa Ha Puc. 1.
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[TockonbKy cucTema J0JDKHA paboTaTh Kak BBICOTOMEp, TO HET He00Xo-
JUMOCTH CKaHHPOBAHUS Jydya B TOPU3OHTAIBHOHN IJIOCKOCTH. JTO MO3BOJISET
pacupuTth dx. [llupuna myya 3aBUCHUT OT TUIOIIAAM anepTypbl. B ropuzonTas-
HO¥ TuTocKOCTH Tabaputhl pemeTku (Lx) = 66mMm™ 1631 = 1056Mmm. [Ipu mocTo-
ssaHOM (LX) 1 mpu n3meHeHnn dX 4MCII0 3JIEMEHTOB YMEHBIIAETCS, YTO MPUBO-
JUT K CHIKEHUIO [IEHBI CUCTEMBI.

Tak kak CKaHUPOBaHUE JIy4a PEIIETKH OCYIIECTBISIETCS TOJIBKO B BEpTH-
KaJTbHOM TUIOCKOCTH, TO TIPU CKaHUPOBaHUU Jyda +30°, Hal0 U3MEHUTH (ha3bl
CTOJIOMKOB, KOTOPBIE JAIOT HAM BO3MOKHOCTB I'PYMITUPOBATH JIEMEHTHI peIleT-
k1 10 ¢aze. M3 aToro noiyvyaem uncio ¢azoppaiuarenei (46 mryk).

[Tpu monenupoBannu @AP B mporpamme MATLAB Obuto mpumeHeHO
aMIUTUTyIHOE pacnpenenenue Tewnopa. [lpu MoaenupoBaHuu penieTku ObLIO
pPaccMOTPEHO HECKOJBKO BapUaHTOB T'PYIIUPOBKH AJIEMEHTOB PEHIETKH I10
aMIUIUTy e, 4ToObI cienath BY TpakT pemietku 6osee 1eneBbIM U IPOCTHIM.

YucjieHHOE MOJeJIMpOBaHKe U pe3yabTaTel DAP
¢ ynpasBJisieMbIMH JIy4aMH

Lenbto pabOTHI ABISETCS YMUCICHHOE MOJCIMPOBAHUE W HCCIICIOBAaHUE
MHoroxy4deBoit @AP nis hopmupoBanus B IiepeatonieM pexkuMe OJTHOTO JTy-
4a, a B MPUEMHOM pexKUME 4-X JTyden.

YucneHHOe MOJENUPOBaHHE MPOBOJMIOCH C IOMOINBIO IPOTrpambl
MatLab na yactorax 1.3I'T'uy u 3I'T'1, COOTBETCTBEHHO.

B mporpamme MatLab 6bimu BHecensl KOHCTpyKiuu AP coctosmeit
(32x%32) u3 u3i1y4aromux 3JIEMEHTOB, IPX UCII0JIb30BaHUs pacnpenenenne Teu-
Jopa.

PaGomnas| Pazmep Koa-ro Jlmea IMar Yron | ¥porerr | [TluprHa |Yennenne
qacToTa [MamyvuatemsusayaaTtenc] pemeTkH | PeMeTKH | Hakmoma | GOKOBLIX | myda OAP
HooeH X i Jyua  |ueuecrkor| DAP
Y
1.3ITu 73 MM 32x32 3000mMm 115mm +435° <2745 | 4°+0.3 34,456

3ITn 32vm 32x32 1300MM S0MM +45° <270k | 4°=0.5 34nhb
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[ Editor - D:\D\matlab folder\matlab testinguoooa\333\porc2.m

= ny = 32; %number of e
- a= 0; ¥beam angl

emeants 1n y axlis

porc2.m® teylor.m luch2d.m luch22.m +
1= cle; al ™
2 - clear;
3 - close all;
4 l=1.8; %lambda
5 = dx = 0,5]; kdistance between elements in x axis
6= dy = 0.5%1; & between elements in y axis
T nx = 32; %m plamants in x axis
g
)

e
b = 0; %¥beam angle in XY

=
Y
|

fphase

Puc. 4. Pacuem @AP ¢ paznuunvimu napamempamu 6 npoepamme MatLab

3akjao4yeHue

Taxum 06pa3oM, ¢ MOMOILBIO YUCIIEHHOT'O MOIETTMPOBAHNs ObljIa JOCTHT -
HyTa CIIeyIOoIas 1elb: TOTy4YeHUe TuarpaMMbl HallpaBJIeHHOCTH (a30BOM aH-
TEHHOH PELIETKU. COCTOSIIEH U3 YEThIPEX JIy4el, CMEIEHHBIX 110 OCH OT HOp-
MaJIi K IJIOCKOCTH PELIETKH IPU Pa3HBIX YIJIaX pacIloIOkKEHUs INIOCKOCTH pe-
meTkd. B nenTpe stux nyden popmupyercs S5-i 1yd, KOTOPBIA MpeaHa3HAYeH
Juig paboThI pajapa B NepearoliuM pexxume. Jlanee Obl1a paccMOTpeHa 3aBU-
CUMOCTb MEXAY YETBIPbMsI IPUEMHBIMH JIy4aMU C 5-M NEPEJAIOUIUM JIydoM,
6saroapst KOTOpOi CKaHUPOBAHUE pasiapa OCYILECTBIIAETCS OoJee JIETKUM I1y-
TEM.
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SYNTHESIS AND DESIGN OF A PHASED ARRAY USING
THE MATLAB SOFTWARE

V. Vardanyan, A. Aharonyan

Russian-Armenian University
Yerevan Telecommunication Research Institute

v.vardanyan00@gmail.com, aharaharonyan@gmail.com
ABSTRACT

The issues of multibeam scanning with the usage of a phased array antenna to
receive directivity pattern consisting of four beams in receive mode, and a single beam
in transmission mode are investigated in this work. For different scanning angles in the
space with the vertical direction the directivity pattern was modeled using MATLAB
program. Also the amplitude-phase distribution of these rays was determined.

Keywords: phased array, multibeam scanning, directivity pattern, amplitude-
phase distribution.
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COBPEMEHHBIE METO/IbI U3MEPEHUS
MMAPAMETPOB AHTEHH MIJIJINMETPOBOT'O
JTNATIA30HA

C.P. Taoesocan
Poccuiicko-Apmanckuii ynugepcumem
tad.sus.94@gmail.com
AHHOTANUSA

B nanHO# cTaThe paccCMaTPUBAIOTCA COBPEMEHHBIE TEJICKOMMYHHUKAIIMOH-
HBIE CHUCTEMBI U CUCTEMBI CBSI3U, MPEAIONIATAIONIUEe UCTIONB30BaHNE aHTEHH
MUJUTMMETPOBOTO JIMana3oHa. B CBsi3u ¢ 3TM BO3HUKAET 3aj]]a4a UX TECTUPO-
BaHUs. M3ydeHbl METOIBI M3MEPEHHS MapaMeTpOB aHTCHH W MPUBEICHBI MX
OCHOBHBIC TIPEUMYIIECTBA U HEJIOCTATKH.

KiroueBble cjioBa: MeToa NajbHEW 30HBI, METOJ| BBHIIIKH, KOJTUMATOD,
METO/1 OJIMKHETO OIS,

BBenenne

C Kax1bIM rOZIOM pacTeT KOJUYECTBO YCTPONUCTB, UCIIONIB3YIOIIUX OecIpo-
BOJIHYIO CBA3b JJIsl B3aUMOAEUCTBUS BHYTpH CeTH U ¢ JPYTUMHU CEeTIMU. Takumu
yCTpoicTBaMM MOTYT OBITh JATYMKH, KaMepbl HAOIIOACHUS WU UHBIE YCTPOUCT-
Ba, OCYILIECTBIIAOLIME cOOp MHPOPMAIMHU, @ TAKXKE OCYLIECTBIISAIONINE TUCTaH-
IIMOHHOE B3auMHOe yrpasiieHue. M Oyayiiee mokojeHne MOOMIBHON CBS3H, TaK
ke, KaKk U 3TU yCTpoiicTBa, OyayT paboTaTh B MHJUTMMETPOBOM Jauanas3oHe. B
CBSI3U C 3TUM KPUTUYECKHU BaKHBIM CTAHOBUTCS BOIIPOC TECTUPOBAHHUS, U3MEPE-
HUS TApaMETPOB aHTEHH, Pa0OTAIOUINX B MUJUIMMETPOBOM JIMANIa30HE.

Kakue e napameTpbl aHTEHH HE00X0AMMO U3MePSATH?

1. luarpamma HanpaBjaeHHOcTH aHTeHHBbI (JIH)

OHUM U3 BaXKHEHIIINX TapaMETPOB aHTEHH SIBJISIETCS €€ AuarpaMMa Har-
PaBICHHOCTH, KOTOpasi MPEJCTABISICT CO00M rpaduK 3aBUCIMOCTH HHTCHCHB-
HOCTH 3JIEKTPOMATHUTHOTO TTOJIS, U3JIyYEHHOIO aHTEHHOM B JAJIbHOM 30HE OT
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MMPOCTPAHCTBCHHOI'O yTJIA. Taxxe OIHUM M3 HCMAJIOBAKHBIX ITAPAMCTPOB SBJIA-
CTCA IIMPUHA I'NTaBHOI'O JICIICCTKA I10 MOJIOBUHHOM MOIIHOCTH.

2. Koapdunuent ycunenus anteHnsl (KY)
KoadduunenT ycnunenns aHTeHHbI — 3TO MHTErPAJIbHBIN TapamMeTp, MoKa-
3bIBAIOIINI CTENEHb HAIIPABJICHHOCTH aHTEHHBI.

3. Kooppunuent nanpasiaennoro guiiceus (KH/I)

KH/I — 3T0 mapameTp, koTopblil Tak *ke, kak u KV, xapakrepusyer cre-
MEHb HAIPABJIECHHOCTH AHTEHHBI U PABHBIM OTHOIICHHUIO U3TydyaeMon (TpHUHS-
TOI) aHTEHHOW MOIITHOCTH B JJAHHOM HaIpaBJIEHUHU K YCPEIHEHHON CyMMapHOM
MOIIHOCTH, U3JIy4a€MON aHTEHHOW BO BCEX HAITPABJICHUSX.

4. Kospdunuent noneznoro aeiicreus (KII/1)
KIIJ] — sTo mapameTp, KOTOpbIi MOKa3biBaeT 3(H(PEKTUBHOCTD ACHCTBUS

anteHHbl. KY yunthiBaer norepu B anteHHe (1. KIIJI) u mo stoit npuunne
KY<KH.

Metoabl n3MepeHHs NapaMeTPOB AaHTEHH
Cy11ecTBYIOT TpU METOJIa U3MEPEHHUSI TapaMEeTPOB aHTEHH.

1. Metoa lanbHeii 30HbI

MGTO,I[, B KOTOPOM BCIIOMOT'ATCJIbHAA daHTCHHA Pa3MEIIACTCs Ha PaCCTOA-

2D? . o .
HUU R > - B JIaJIbHEH 30HE TECTHUPYEeMON aHTEHHBI, T.€. B TOM o0jacTu, rae

yKe TIoJTHOCTRIO chopmupoBaniack JIH ncnbityemoii antensst [1].

2. KonsmmmaTtopHusiii Merton

3TO METOJ1 U3MEPEHHUS IPOBOAUTCS B OJIMKHEH 30HE HCIIBIITYEMOM aHTEH-
Hbl. B ee OmkHei 30He ctaBuTes KouMMaTop (pedaekTop): o 3Toi npuyrHe
METO]I COOTBETCTBYIOIIIE U Ha3BaJU. A BCIIOMOIaTeabHasl aHTEHHA pa3MeEIIaeT-
csl B TOM 00nacTu, KyJla Ha Hee MOMaJaeT IUIOCKask BOJIHA, OTpaykeHHas OT ped-
nekropa [2].
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3. Meroa bumaxneit 30Hb1

M3mepenus MpoBOAATCS Ha pacCTOSTHUM MeHbIeH 4yeM R, T.e. B OmmkHei
30HE HCIBITYEMOW aHTEHHBI U, UCTIOJb3YsI COOTBETCTBYIOIINE aJITOPUTMBI, MO-
JTy4daroT U3MEpPEHus B JanbHEH 30He [3].

PaCCMOTpI/IM Ka)KI[LIﬁ MECTO 1O OTACIIbHOCTH.

Metoa JdaabHeid 30HBI

TpaaULIMOHHBIM METOJIOM U3MEPEHHUS TapaMETPOB AHTECHH SIBIISIETCSA Me-
TOJ NanbHel 30HbL. [Ipr 3TOM HEOOX0IMMOE PACCTOSIHIE MEKIY UCTIBITYeMOMN
¥ BCIIOMOTATEJIFHON aHTEHHOW OIpeessseTCsl pa3MepaMy UX arnepTyp U pado-
yel MHOoU BoJiHEL. B aTom ciyuae DMII uznyyaemoit aHTEHHOM MOKHO CUH-
TaTh IJIOCKOM BOJIHOM.

K MeTonam maiapHel 30HbI OTHOCATCS METOJ BBIIIKH, OOJIETHBINA METO M T. 1.

Metoa Boimku

MeTo/ BBIIIIKK Ha3BaH TaKUM 00pazoM, Tak Kak 00e aHTeHHbl 1 BA u A
pacrmoJiararoTcst Ha MayTax WM Ha BBIIIKaX, 00€CIIEYNBAIOINX MPSIMYIO BHIU-
MOCTH U OTCYTCTBHE BOJIM3H JIMHUU CBSI3H OTCYTCTBYIOIIIUX MOMEHTOB. B3anwm-
HOE€ PACIIONIOXKEHUE BBIOMPACTCS ¢ YUETOM YMEHBIICHUS BIUSHUS OTPAKESHUN
OT 3eMJIH.

[IpeumymectBa: BA kpenurtcs HEMOABMKHO, TI0 3TOM nipudnHe MA mipe-
JIOCTaBIISIETCS] BO3MOYKHOCTh BU3UPOBATH €€ Ha U3Ty4aTelb. (IPOCTOTa OPraHu-
3alMM U IPOBEJCHUS U3MEPUTEIHHBIX padoT).

HenocraTku: n3aMepeHust BO3MOXKHBI TOIBKO ISl PUKCHPOBAHHOTO TOJIO-
JKeHUS (T.€. 0CTaeTCsl HEM3BECTHBIM XapaKTep U3MEHEHUS [TapaMeTPOB aHTCHHBI
B JIaITa30HEe ¢ pabouuX YIJIOB).

O0/1eTHBII MeTO

B ciayuyae kpymHOraGapuTHBIX HAa3e€MHBIX CTAIIMOHAPHBIX AHTCHH JUIS
OIICHKH XapaKTCPHUCTUK HCCIICIOBAHMS IONOXEeHHs JienecTkoB JIH B mpoct-
paHcTBe ¥ UX (hOpMBI TpeOYIOT yCTaHOBKM BA Ha jeTaTelbHOM ammapare — ca-
MOJIETE WJIN BEPTOJIETE.

JlaHHBII METOJ — OJIMH U3 CAMBIX JTOPOTOCTOSIIINX U TEXHUUYECKUX CIIOK-
HBIX.
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B cnydae MUIIMMETpOBOroO AMANO30Ha MOTEPH MPHU PACCTIPOCTPAHECHHE B
CBOOOJHOM NPOCTPAHCTBE YBEINYUBAIOTCS C YBEIMUEHUE PACCTOSTHUS € OOJIb-
moit ckopocthio (Puc. 1). Takum oOpa3zoM, Ha pacCTOSTHUM JaTbHEH 30HBI aH-
TEHHBI IOTEPH HE MPUEMIIEMBI JIsl U3MEPEHUS MapamMeTpoB aHTEHH [1].

Atmospheric loss (dB/km)

0.01

0 20 30 40 50 60 70 8090100 200 300

Frequency (GHz)

Puc. 4. [Tomepu 6 c60600HOM npocmpancmae.

KossmmmaropHuslit Metoa

CBOOOIHBIM U3 BCEX BBIIIE YIIOMSHYTHIX HEOCTATKOB SBIISIOTCS METOIBI
U3MEpEeHUil B ONKHEH 30He. TaKOBBIM U SIBIISICTCS KOJUTUMATOPHBIN MeTo [4].
KonnmumaTopHsIif METO] U3MEpEHUI OCHOBAH Ha BOZMOXHOCTH (DOpMHUpPOBAHUS
TOJIs1, OJTM3KOTO K TOJIO TUIOCKOW BOJIHBI, TIPY TIOMOIIM BCIIOMOTATEIFHON aH-
TEHHBI — KOJJTUMATOPA, PACTIONOKEHHON B HETIOCPECTBEHHOM OJTM30CTH OT HC-
MIBITYeMOM aHTeHHBI. B kauecTBe pediiekTopa UCTIOIb3YI0TCS 3epKaJIbHbIE, JTHH-
30BBI€ AHTEHHBI U T.1I. Pa3mepbl pediekTopa B HECKOJIBKO pa3 IOJKHBI TPEBBI-
IaTh pa3Mepsl UCTIBITyeMol aHTeHHbI (Puc. 2).

JIOCTOMHCTBOM JAHHOT'O METO/1a SIBJSETCS POCTOTA CXEMbI M IPAKTUYEC-
KO€ MOJIHOE COBMAJCHUE C METOJAUKAMH U3MEPEHUS [TApaMETPOB B JaJIbHEN 30-
He. MeHbIre pa3Mepbl 0€39X0BOM KaMepbl, HO TPU 3TOM MPEASBIISIOTCS BBICO-
KHe Te0OBaHUS K M3TOTOBJICHUIO KOJUTUMATOPA.
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Puc. 5. Brok cxema KOLUMAMOPHO20 Memood.

Meton bBankneii 30HBI

B nanHOM MeTO/e XapaKTepUCTHKH aHTEHH HAXOISATCS ITyTeEM 00pabOTKH
pE3yNBTaTOB U3MEPEHUHOMIKHETOo 1MoIsl. OCHOBHBIMH 3JIEMEHTAMH CXEMBI Ta-
KUX U3MEPEHUH SBIIIOTCS TEHEPaTop, 30H/I, JIMHUS MepeIadu MOJIE3HOTO CHT-
HaJa W T.J. bimkHee moJjie aHTEHHBI Yallle BCero M3MepseTcs Ha IIOCKOCTH,
PacCIIONIOKEHHOM Tepe]] aHTeHHOM, cdepe WM HUITUHIPE, OXBATHIBAIOIINX aH-
TeHHy. [[y1s1 B3auMHOTO MepeMeIeHnsi aHTEHHBI U 30H/1a UCIIOJIb3YIOTCST KOOP-
JTUHATHBIE MEXaHU3MBbI C YTJIOBBIMU U JINHEHHBIMH MEPEMEIICHUSIMHU, COYeTa-
HUE KOTOPBIX OOecreuynBaeT M3MEpPEeHHE MO Ha YKA3aHHBIX MOBEPXHOCTAX
(Puc. 3.)

JlaHHBIH METO/ TO3BOJSIET MPUMEHUTD JIJIS1 BOCCTAHOBIICHUS TOJIS H3ITY-
YeHUS aHTCHH B JIaJIbHEH 30HE 110 TOJI0 B OJIVMKHEH 30HE, Je(PEKTOCKOIHA aH-
TEHHBIX 00TEeKaTeIIEH.
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Puc. 6. Brox cxema memooda uzmeperuii no OudICHeMy noJio.

3akjaueHue

Takue BakHENIIME XapaKTEPUCTHKH PaJMORIEKTPOHHBIX CPEJICTB Kak
IIPOCTPAHCTBEHHOE U BPEMEHHOE Pa3pellieHNe, YyBCTBUTEIBHOCTD, IOMEX03a-
IIUILEHHOCTb, CEKTOpP 0030pa U T.Il. BO MHOTOM ONPEEIIAIOTCS NapaMeTpaMu
aHTEHHBIX YCTPONCTB. [T03TOMY J17151 IPAaKTHKU CTOJIB OOJIBIIOE 3HAUEHUE UMEET
JIOCTOBEPHOE OTpeIeNIEHUE U 3HAHWE OCHOBHBIX MTAPAMETPOB aHTEHH — IIUPUHBI
rinaBHOTO Jy4a, JIH, ypoBHS GOKOBBIX JI€TIECTKOB U T.I1. M JU1sl H3MEpeHus 3TUX
MapaMeTpoB CYIIECTBYIOT METO/IbI, OTMCaHHbIe paHee. 11 BEIOOp 01HOTO U3 HUX
3aBHUCHUT OT YCJIOBUH 33J]aud U HEOOXOIMMOW TOYHOCTH M3MepeHuid. Takxke He
MaJIOBaKHBIM (DaKTOPOM SIBJISIETCS TIPEAOCTABISEMBIN OIOKET.
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MODERN METHODS OF MEASURING ANTENNAS
OF MILLIMETER RANGE

S. Tadevosyan
Russian-Armenian University

tad.sus.94@gmail.com
ABSTRACT

Modern telecommunication and communication systems involve the use of
millimeter-wave antennas. In this regard, the task of testing them arises. This article
discusses methods for measuring the parameters of antennas and their main advantages and
disadvantages.

Keywords: far field method, tower method, collimator, near field method.
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HOJYYEHHME HOBBIX KOMITIO3NIINOHHBIX
INOJIMMEPHBIX MATEPHUAJIOB HA OCHOBE
IHOJIUITPOIIUJIEHA JOIIMPOBAHUEM
YIJIEPOJJHBIMUA HAHOTPYBKAMUA®

JI.C. 2né6axan, U.B. 3anopoukoea
Bonzozpadckuii 2ocyoapcmeennwiil yuusepcumem

lusniak-e@yandex.ru, irinazaporotskova@gmail.com

AHHOTADIUA

B nanHoli paboTe HamMu OBUIM PACCMOTPEHBI BOMPOCHI MCIOIB30BAHUS
YHT B kavecTBe HAIMOJHUTENCH MOJIMMEPHBIX MarepuanoB. Pazpaboran me-
TOJI TMOJTyYCHUS OMBITHBIX 00pPa3I[0B HAHOKOMITO3UTa Ha OCHOBE MOJIUTIPOIIH-
JieHa. BBITOTHEHBI 3KCIEpUMEHTATBHBIC HCCIISIOBAHNS Hauboee 3HAYMMBIX
MPOYHOCTHBIX XapaKTEPUCTUK (MIPEIEIBHO JOMyCTUMAas Harpy3ka) MoJIydeH-
HBIX TIOJTUMEPHBIX KOMITO3UIIMOHHBIX MAaTEPHUAIOB. Y CTAHOBIIEHO, YTO TOJIH-
MEpHbIe KOMIIO3HIIMOHHBIE MaTepHallbl HA OCHOBE TIOJIHMIMPOIICHA, MOAUDHU-
[IUPOBAHHBIC YTIIEPOJHBIME HAHOTPYOKaMu 00JIaMal0T yIydIICHHBIMHA TIPOY-
HOCTHBIMU XapaKTEPUCTUKAMHU.

KutroueBble ciioBa: momumep, IOJUIPONIICH, YTIIEPOIHBIE HAHOTPYOKH,
YIpOYHEHUE, TOMUPOBAHUE, TIPeeTbHAS MPOYHOCTH Ha Pa3phIB, KOMIO3UIIH-
OHHBIC MaTEPHAITBI.

1. BBenenue

[TonmuMepHble MaTepHanbl HAIIUIM TIMPOKOE MPUMEHEHUE MPU PA3BUTHU
MHOT'MX OTpaciiel MPOMBIIUIEHHOCTH U UX OJHO3HAYHO MOYKHO CUUTATh OJIHUM
U3 OCHOBHBIX JIBUTaTelell TeXHHUeckoro nporpecca. OqHako npobiema moiy-
YeHHSI TIOJTUMEPHBIX MAaTEPHUAIOB, 00JIAAIONINX MOBBIIICHHBIMHI IPOYHOCTHBI-
MH CBOMCTBAMH, SIBJISIETCS YPE3BBIUANHO aKTyalbHOM. Ha ceromHsamHui aeHp

* «
Hccnedosanue svinonneno npu unancogoii noooepaicke PODU u admunucmpayuu oonacmu,
eparum N 19-43-340005 p a.
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Han0oJee NepCreKTUBHBIM METOJIOM CO3/IaHUs OJMMEPHBIX MaTePUAIOB SBJIS-
€TCsl UCTIOJIb30BaHNE HAHOHAMOIHUTEINEH, YTO MPUBOAUT K MOTYyYSHHIO MOJH-
MEpPHBIX HAHOKOMITO3UTOB. OOBEKTOM HAIIETO BHUMAHHUS SIBIISIOTCS YTJIEPOI-
HbIE€ HAaHOTPYOKH, 00JIaAAI0NINE UCKIIFOUUTEIbHBIMA MEXaHUUECKUMU U JJIEKT-
pUYECKUMH CBOMCTBaMU [ 1-2]. DTO 1aeT BO3MOXHOCTh UCITOJIb30BaTh MX B Ka-
YeCTBE HAaHOHAMOJIHUTENEH C LIeIbI0 MOJTyYeHHUs] TPUHIMUITHAIBHO HOBOTO IPO-
JYKT, 00JIaZIafoIlero yHUKaIbHbIMUA CBOWCTBAaMH.

B nacrosiiee Bpems ¢ co31aHuEM KOMITO3UTHBIX CTPYKTYp Ha OCHOBE Ha-
HOMAaTepHajoB CBA3aHO MHOTO OXKHJIAHUH B pEIIEHUH TEXHOJOTHYECKUX MPOO-
JeM B pa3nu4HbIX oOmacTsax. HecMoTpst Ha 1OBONBHO OOJIbIIOE YKCIIO padoT,
MOCBAIICHHBIX W3yYEHHWIO CTPYKTYphl M CBONCTB HAaHOCTPYKTYpPHPOBAHHBIX
KOMIIO3HUTOB, KPYT 3aj1a4, KOTOPbIE HEOOXOIUMO PEIINTh, €IIIe OYE€HB IIIMPOK, TaK
KaK OOBEKThI, KOTOPBIE MOT'YT OBITh OTHECEHBI K HAHOKOMITO3UTaM, Ype3BblUuaii-
HO Pa3HOOOPa3HbI U MHOTOYUCIICHHBI.

Panee Hamu ObLTH HCCIIEI0BaHbI COMOIIMMEPHI HA OCHOBE METHIIMETAKPH-
nara, OyTWIMETaKpuiaTa U METaKPUJIOBOM KUCIIOTHI U SKCIIEPUMEHTAJIBHO J10-
Ka3aHo, YTO JaHHbIE HAHOKOMITO3UTHI, MOIU(UIIMPOBAHHBIE YIIIEPOIHBIMU Ha-
HOTpyOKamu B konuuectBe 0,05 mMac.%, CyIeCTBEHHO MPEBOCXOAT MOTMMEPHI
0e3 nobasnenns YHT 1o nccinenqoBaHHBIM 3KCILTyaTallMOHHBIM XapaKTepUCTH-
kaMm. Ha ocHOBaHMM TEOpETHUECKUX PACUETOB, BHITIOTHEHHBIX C CIIOIb30BaHU-
eM metoga DFT, nokazana ajcopOnmoHHass akTUBHOCTh CTPYKTYPHBIX €IMHHUII
TPOMHOIO COMOIMMepa METHIMETaKpuiIaTa, OyTHIMETaKpHiIaTa U METaKpUIIO-
BOM KHUCJIOTHI B OTHOIIEHUH OJHOCIONHBIX YITIEPOJHBIX HAHOTPYOOK, MCIOIb-
3yeMBIX NIl MOAU(PHUIIMPOBAHUS BRIOpaHHOTO conoiumepa [3-5].

Eme onnum nonumepom, cdepa npuMeHeHHst KOTOPOTo MOCTENEHHO pac-
MIUpPsIeTCs, SABISETCA MONUIPONIeH. MupoBoe NoTpebieHre MOIUIPONUIeHa
YBEITMYHUBACTCS C KOKABIM roioM. Ero 107151 B IpOM3BOACTBE TOBAPOB B pa3iiny-
HOU c(hepe HeYKITOHHO pacTeT. OH MOCTENEHHO 3aXBaThIBACT HOBBIE CETMEHTHI
pBIHKA, BBITECHSISI MEHEE TEXHOJIOTHYHBIE NTOIUMephl. VIMEHHO o3ToMy Moity-
YEeHHE IMOJIMMEPHBIX MaTepHalloB HA OCHOBE MOJMIIPONMIEHA, 00JIaJatoero
YIAy4IIEHHBIMH SKCILTYyaTallMOHHBIMHM CBOWCTBAMM, HAa CETOAHSAIIHUNA JEHb SIB-
JsieTcs JOCTATOYHO aKTyaJlbHBIM.
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2. Conep:xxanue

2.1. [TosryyeHne HOBOr0 KOMIIO3UIIHOHHOI0 MATEPHAJIA HA OCHOBE
MOJTUNIPONUJICHA, JONIMPOBAHHOI0 YIJIEPOJIHBIMU HAHOTPYOKaMHu

Hamu npeasaputensHO pa3paboTaH METOJ HMOJIYYEHHsS KOMIIO3UTHOTO
marepuana YHTHIIII (momunponuien). beiy noiydeHsl ONbITHBIE 00pa3Lbl
HaHOKoMIio3uTa Ha ocHoBe IIII ¢ pa3nMuHBIM NPOLIEHTHBIM COAEpP!KAHUEM
YHT. Ha pucynke 1 mpencrasnensl oOpasipl noaunponwiesa ¢ YHT u Ge3
YHT B rpanyIupOBaHHOM BHJE.

Puc. 1. llonumepruiii Mamepuan Ha 0CHO8e ROTUNPONULEHA 0 NPOYECCa NOTUMEPUSAYULL:
a) uucmotii nonunponuner (6e3 YHT); 6) nonunponunen, Moouguyuposantsiil yenepooHbiMu
Hanompyoxamu

Jlanee B 3aBOACKHX YCJIOBHSIX OBUIM MOIYYEHbI KaHAThl, OKPBITHIE HCC-
JielyeMbIMHU MTOJIMMEPHBIMU MaTepuaiaMu. Juamerp ceplieuHuKa, OITy4EeHHBIX
KaHaToB cocTapisieT 6,0 MM, JMaMeTp caMoro KaHara (CepJeyHHUKa ¢ HOIUMEp-
HBIM ITOKPBITHEM) — 8,3 MM.

2.2. JDKcnepuMeHTAJbHbIE UCCJIeI0BAHUS MOJY4YeHHBIX 00pa31oB
Hamu BBIMOSTHEHBI 3KCIIEPUMEHTATIBHBIC HMCCIIEIOBAHUS TPOYHOCTHBIX

XapaKTepUCTHUK MOJIMMEPHOI0 MaTepHalia 0 U MOCje BBEACHUS YIJIEPOIHBIX
HaHOTPYOOK. bblsia moAroToBieHa cepusi 00pa3loB U3 MPUTOTOBICHHBIX MOJHU-
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MEPHBIX KaHATOB € pa3In4HbIM cogepxanuem Y HU u nnunoit 15 cm. Mccneno-
BaHME IPOBOJWIOCH HA YHUBEPCAIBHON Pa3pbIBHOM MIEKTPOMEXaHUYECKON Ma-
mHe POM-50-1. VcnpiTanue npoBOoAMIIOCH 10 TIOJHOTO pa3pyiuenus. [Ipen-
BapUTEIHHO OBUIH 3a/IaHBI CJICTYIONTNE YCIOBUS UCTIBITaHUS: (hopMa oOpasia —
MPSIMOYTOJIbHAS (C YKa3aHHEM IIMPUHBI U JUTHHBI), pabodasi CKOPOCTh TepeMe-
IIEHUS OJBMKHOM TpaBepchl - 0,1 MM/MUH, npesien OTHOCUTENBHON MOrpen-
HOCTH MOJJIEpKaHHUsI CKOPOCTH HarpyxeHus npudopa +1%, npenen nomyckae-
MOM OTHOCUTEJILHOM MOTPEIIHOCTH NepeMeleHus +1%, ucnpITanue JJINTCS 10
pa3pyiieHus oopasia ¢ HayaJIbHbIM 3HAaYEHHUEM Harpy3Kd, IPUKIIaIbIBAeMOM K
obpasuy, — 0,05 kH. MakcumanbHas Harpyska yctaHoBku SOkH. Ilpunimmn
JEMCTBUS MaIIMHBI OCHOBAH Ha MPeo0pa30BaHUM KUHETHUECKON SHEPTUH, BbI-
pabaTeiBaeMoii CEpBONPUBOJIOM, B YCHIINE HArpy3KH, NMPHUKIAIBIBAEMON K HC-
MBITHIBAEMOMY 00pasIry.

Jliis uccnenoBaHusl HAMHM IPUTOTOBJIEHA cepHsl 00pa31l0B HAHOKOMIIO3HT-
HOT'O TOJIMMEPHOI0 MaTepuaa, J0MMPOBAHHOTO YIIIEPOAHBIMU HAHOTPYOKaMH
B koaunuectse ot 0,05 1o 0,5%mac. u obpa3zer] cpaBHEHUS — TOJTUMEPHBIN MaTe-
puan 6e3 YHT. YcranoBieHo, 4to nmonumepsl, Mogudunupoanusie YHT, cy-
IIIECTBEHHO NPEBOCXOAST OCTAJIbHBIE MOJUMEPHBIE KOMIIO3UTHI U MOJIUMEPHI
0e3 no6asienuss YHT no uccinenoBaHHBIM SKCILTyaTallMOHHBIM XapaKTepUCTH-
kaM. B Buze Tabiuuet (Tabu. 1) mpeacraBineHsl pe3yibTaThl HCTIBITAHUHN 110 OTI-
pENIENIEHUIO NIPEJENIbHO JOITyCTUMON HArpy3Kku AJs IMOJIMMEPHOIo MarepHaia
6e3 YHT u momuMepHOTO HAHOKOMITO3UTHOT'O MaTepualia ¢ ONTUMAIBHBIM CO-

nepxxanvem YHT.
Ta6muma. 1.

3HaYeHUs1 MAKCUMAJIbHOM IONYCTUMOM HATPY3KH 00pa310B
€ ONITHMAJIBHBIM COJEPKAHMEM YIIepoaAHbIX HaHOTPYOOK (YHT)

Obpaszer, Ne LBer MakcumanbHasi 4Oy CTUMAas
oOpa3sia Harpyska F, kN
1. IIIT1 6/YHT OeJIbIi IBET 3,495
2. IIIT+ YHT (0,5%) | cuHuii user 4,437

Ha ocHOBaHMHM MOJTy4€HHBIX JaHHBIX MOYHO CIEJIaTh BBIBOJ O TOM, YTO
BeesieHue YHT B konuuectse 0,5% NpHUBOIUT K 3HAYUTEIIBHOMY YBEJINYEHHUIO
IPOYHOCTHBIX XapaKTEPUCTUK MPEACTAaBICHHOro o0pasia.
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a) 0)

Puc. 2. Onvimuvie obpasywt ¢ onmumanvhoim cooepoicanuem YHT u 6e3 VHT:
@) 00 nposedeHust UCnbiMmanusl, 0) nocie NPOBedeHUst UCNBIIMAHUSL.

2.3. UccaenoBanue MexaHu3Ma a/IcOPOIIMM MOHOMEPHOT0 3BeHA
MOJTUNPONMJICHA HA MOBEPXHOCTH YIJIEPOJIHBIX HAHOTPYOOK

bbuta uccnenosBana BO3MOKHOCTb IPUCOEIMHEHUST MOHOMEpPA ITPOIIHUIIEHA
(CH3 - CH=CH2 ) x BHe1IHell MOBEpXHOCTH OJHOCIOWHON yriIepoJHON HAHOT-
pyOku THuma (6, 6), (6,0), (8,8). [Ipu npoBeneHUN UCCIETOBAHUS MEXaHU3MA aJl-
COpPOLIMOHHOTO B3aMMOICHCTBHSI CTPYKTYPHOM €IMHHIIBI TPOTTUIIeHA ObLITH BbI-
MOJIHEHBI PacyeThl ¢ MPUMEHEHHEM MOJeNn MOojeKysipHoro kinacrepa (MK).
MK HaHOTpYOKH cozmepskai aTOMBI YIIIepo/a, a 000pBaHHbIE CBS3H HA TPAHHUIIC
3aMBIKAJIUCh IICEBI0ATOMAaMU BOIOPOAA.

ITponiecc ancopOLMOHHOTO B3aMMOJEHCTBHS MOJEIUPOBAJICS IOIIAro-
BbIM npubnmxeHuem (c marom 0,1 A) MoHoMepa C3He k BHEIIHEN TOBEPXHOC-
T opHocnoHoW YHT Brons HOpManu, MpOBEAEHHON K aTOMY yIjIiepoJa Io-
BEPXHOCTH, HaXOJAIIEMCSI B LIEHTPE MOJIEKYJISIPHOTO KJlacTepa, YTO IMO3BOJISAET
n30exaTh KpaeBbIX APHEKTOB BIUSHUS HA MPOIIECC IICEBJ0ATOMOB, 3aMBIKAIO-
IUX TPaHUIBl Kilactepa. B cTpykrype MoHOMepa ObLI BBIOpaH aKTHBHBIN
[EHTP, KOTOPBIH CITOCOOEH 00eCTIeYnTh CTA0OMIIBHYIO CBS3b PACCMATPHUBAEMOTO
MOHOMepa ¢ noBepxHocThio YHT - aTom Bopopoaa. B pesynbrare BbINOJIHEH-
HBIX PacueToB ObUIM MOJYYEHbl 3HAYEHUsl YHEPTUU CHCTEM Ha KaXkJIOM Ilare.
Ha ocHOBaHMM NOJIYYEHHBIX JAHHBIX ObUIM MOCTPOEHBI KPUBBIE 3aBUCUMOCTHU
SHEPrUM B3aUMOAECUCTBHS OT paccTossHUA Mexay MoHoMepoM C3He u moBepx-
HocThi0 YHT. YCTaHOBIEHO, UTO KPUBBIE UMEKOT MUHUMYM, COOTBETCTBYIO-
M yCTAaHOBUBILIEMYCS B3aMMOJEHCTBHIO Ha OINPEACICHHBIX PACCTOSHHUSAX.
DHeprus aacopOIMK BEIYHCIIIACH KaK Pa3HOCTD MOJHBIX SHEPTHH aacopOIu-
OHHOTI'0 KOMIUIEKCA U CyMMBI SHeprui HeB3aumoaencteyomux YHT u cTtpyk-
TYpPHOM €IMHUIIbI IPOIUIICHA:

Ean = Ean.kx. — (Evur + Emmn)
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Ha Puc. 3 npeacraBiena kpuBas acopOIHOHHOIO B3aUMOACHCTBUS Ha-
HOTpYOKH ThNa (8,8) ¢ MOHOMEPOM MPOITUIICHA.

0.46
0.38

0.3
0.22
0.14
0.06

002,45 72 A6 3 34 38 42

-0.1

-0.18

Puc. 3. Dnepeemuueckas kpusas, xapakmepuzyrouas npoyecc aocopoyuoHHo20
e3aumooeticmausi monomepa nponunera ¢ YHT muna (8,8).

AHanu3 noJy4yeHHbIX 3HaYCHHUH 3HepTUu aJcopOIMK MOKa3all, 4YTo B3au-
mozericteue MoHoMmepa CHs - CH=CH: ¢ BHeIIHEN TOBEPXHOCTHIO YIIIEPOIHON
HaHOTPYOKHU Tuma (8, 8) Ha pacCTOAHUU 3,3A SBIISIETCS YHEPTETHUECKU BBITOI-
HbIM. Takoi THN B3aUMOJEWCTBUS COOTBETCTBYET CiIydar0 (pU3HUYECKOW aj-
copOmmu. DHeprus aacopoumu coctaBiseT Eax = 0,143 3B.

Wtak, ycTaHOBICHHBIH (DAKT B3aUMOJCUCTBHS MPOMHIICHA C OJHOCIION-
HBIMHU YTJIEPOIHBIMH HAHOTPYOKaMHU OOBSICHAET MEXaHH3M CO3JIaHHs KOMIIO-
3UTHOTO OJIMMEPHOT0 MaTepHasa Ha OCHOBE MOJIUIIPOIUIIEHA, apMUPOBAHHOTO
HAaHOTPYOKaMHU MpHU aJCOPOILIMOHHOM B3aMMOJIECHCTBUM MOHOMEpA MOJIUMEpa C
VHT, npuBosIieM K CO3JaHUIO CTAOUIBHBIX MOJIMMEPHBIX KOMIIEKCOB.
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PRODUCTION OF NEW COMPOSITE POLIMER MATERIALS BASED ON
POLYPROPYLENE DOPED WITH CARBON NANOTUBES

L. Elbakyan, I. Zaporotskova
Volgograd state university
lusniak-e@yandex.ru, irinazaporotskova@gmail.com
ABSTRACT

In this considered the use of CNTs as fillers of polymeric materials. A method is
developed of obtaining experimental samples of nanocomposite based on polypropylene.
Experimental studies have been performed of the most significant strength characteristics
(maximum permissible load) obtained polymers nanocomposites materials. It is established
that polymeric composite materials based on polypropylene modified by carbon nanotubes
have improved strength characteristics.

Keywords: polymer, polypropylene, carbon nanotubes, composite materials,
strength, doping, maximum permissible load, composite materials.
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LINEAR AND NONLINEAR OPTICAL PROPERTIES
OF STRONGLY OBLATE ELLIPSOIDAL QUANTUM DOT

D. Hayrapetyan, G. Ohanyan
Russian-Armenian University

david.hayrapetyan@rau.am, gagik ohanyan@yahoo.com
ABSTRACT

Theoretical computations of linear and third-order nonlinear optical
absorption coefficient and refractive index changes of a strongly oblate
ellipsoidal quantum dot have been performed using adiabatic approximation.
The dependence of optical properties on light intensity has also been studied.
It is shown that intensity of electromagnetic field has a great influence on
optical absorption and refractive index changes.

Keywords: ellipsoidal quantum dot, absorption coefficient, refractive
index, light intensity.

1. Introduction

It is well known that theoretical investigations of optical properties have
a great importance due to their potential applications in optoelectronic devices
such as laser amplifiers, photodetectors, high speed electro-optical modulators
and others [1-5]. For this investigation semiconductor quantum dots (QD) and
other low dimensional quantum nanostructures play crucial role. Confinement
of carriers in semiconductor QDs leads to formation of atomic-like discrete
energy levels (sub bands), as oppose to Bloch energy bands in crystals, and
drastic changes of optical nonlinearities of these quasi-zero-dimensional
structures [5—11].

One of the most interesting properties of the QDs is the possible
occurrence of the intersubbands optical transitions. The dipole matrix element
of the optical transition between the subbands of the QDs has dramatically large
value. A very large dipole matrix element and small energy separation between
subbands dramatically enhance the contribution of nonlinear parts to the
dielectric constants and other optical properties [5—11].
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Shape and size of QDs have also significant effect on its electronic and
optical properties as well as confinement potential, impurity, light intensity,
hydrostatic pressure, external electric and magnetic fields. These effects are
studied and discussed in many papers [5—-16].

In this work, method of adiabatic approximation is used and thus, the
Schrodinger equation is analytically solved. The linear and nonlinear absorption
coefficients and refractive index changes are calculated. In section 2 the
theoretical model is presented and the discussion of obtained results for strongly
oblate ellipsoidal quantum dot (SOEQD) is given in section 3.

2. Theory
2.1. Schrodinger’s wave equation

Let us proceed to the consideration of electron in SOEQD. The confining

potential in the cylindrical coordinates for the electron have the following form:
0,2 p +Z— <1
V(p,¢,2)— 61102 CZZ ,a>>c, (3)
oo, F—+—>1
a
where ¢ and a are small and large semi axes, respectively. Note that all lengths
2
in the problem will be measured in effective electron Bohr radii a; =——

e
2

energies in electron effective Rydberg energy £, = where e and m,

202
e "B

are charge and effective mass of the electron, € is dielectric permittivity. Then
the Hamiltonian of the system in dimensionless quantities has the following
form:
2 1 1 2 2
H=- a_z —i+—za—2+a +V(p,0.2). 4)
dp*> podp p’ag’ 9z’
The solution of this problem obtained within the geometrical adiabatic method
[17,18]. The wave function and total energy of the electron have the form:

119



(0)(p 0.z \/_ / { n 7[2an

i 6
o 7 A IT (|| +1) f(ﬂn sz F{_n z}
ac F3/2 |m|+1+n ) 2acp R
’n*  7n
€= +;(2np+|m|+l) (6)

2
Here L( p) =2c, /1_,0_2 is the effective width of the subsystem in axial
a

direction [17], n is the axial quantum number, m is the magnetic quantum

number, 7, is the radial quantum number.

2.2. Optical properties

The optical absorption process may be defined as an optical
(intersubband) transition in lowdimensional quantum mechanical systems. The
optical absorption occurs from an initial state i to a final state /' by absorbing
a photon.

The analytical forms of the linear, the third-order nonlinear optical
absorption coefficients and refractive index at a temperature of absolute zero
are calculated using the density matrix formalism [15].

2
U onl’, ‘M s ‘

) — £~ 7
o (0)=w e (B, —na) +(1T,] (7)
40'
261 (1, ~af + (o, ) |
|M’ﬂ M”| 3EL —4hwE  + 1 (a8 -T, )J
alar E: +(hT
po | ) .
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A (@) 1 O"Mﬁ‘ (E,-ho)

= ©)
no 2& (E, ~ho) +(iT,)
An(@) uelo IM r (F —ﬁﬂ))
n, me, [( E,—h m)2 + (hlﬁ__.T )A T

2
755 S PR e o
] alm | (L‘j+(hrﬁ)‘) A ' " AE, -heo)
' - , (10)

where M, :e<l//l.|z|l/,.> is the electric dipole moment of the transition
between the states i and [, ¢ is the speed of light in vacuum, O is the electron

density in the QD, I is the intensity of the incident electromagnetic field, # is
the permeability of the system, . is the relative refractive index of

semiconductor, € is the dielectric constant of the vacuum, h® ig the incident
r,= %

photon energy and finally /" is the non-diagonal matrix element known

as relaxation rate of final and initial states, it is defined as the inverse of the

relaxation time */ .
The total absorption coefficient and refractive index changes are obtained

as
a(l,w)=a"(w)+a® (I, w) (11)
and
An, (@) _ An, (@) N An) (@) (12)
n, n, n, '

3. Results and discussion

In this study, the numerical calculations are carried out on a typical GaAs
SOEQD. We have used the following parameters in the computations:
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m" :0.067m0, £=13.18 1 =3.2 L, =0.2ps™ 0'z2><1022m‘3,

a, =1044 | Ey=5275meV a=5a, c=05a,

The linear, nonlinear and total absorption coefficients of SOEQD in the
presence of circularly polarized laser field as a function of photon energy and
for different photon intensity values are shown in Fig.1 and 2. As it can be seen,
the linear absorption coefficients are constant whereas the nonlinear (total)
absorption coefficients increase as photon intensity increases, and in the Fig. 2
the total absorption coefficient becomes negative. The reason is that the linear
absorption coefficient is independent of photon intensity but the nonlinear
absorption coefficient depends on amplitude of laser field.

Fig. 3 shows the total change in the refractive index as a function of the
photon energy for 3 different values of optical intensity. We see that the total
refractive index value considerably changes with increasing optical intensity
values. Since the absolute value of the third-order nonlinear refractive index
change increases with increasing the intensity but the linear term does not,
therefore, the total RI changes will reduce with increase of the incident optical

intensity.
1=10 MW/ m*
a' m
15108 L 3
r'lf \'
= | |'lI
10108 |y
I|l \ '.\
500000 |- / W\
4 N\
‘,/ \ Linear
= L =E L 2 I - . Total
162.0 182.5 1630 163.5 184.0 haw(meV)
Monlinear
~500000

Figure 1: The variations of linear, nonlinear and total absorption coefficients
in SOEQD for I=10 MW/m’
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1=30 MW/ m*

a' Pty
185=10% [
1.0=108F
500000 [
Linsar
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Bou{ ey
Monlingar
-500000 [
—10=108F
~15=108F
~20=108[

Figure 2: The variations of linear, nonlinear and total absorption coefficients
in SOEQD for =30 MW/m2

Anping
015F

010

L
184.0 |2%r?\‘ﬁx'}m'2
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-0.05
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-010 |
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Figure 3: The total change in the refractive index as a function of photon energy for 3 different
I values.
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2,4,6-TPUAPUIBAMEIIEHHBIX MUPUMUINHOB
C IPOTSIZDKEHHOM LEINBIO COMPSI)KEHHBIX
n-CBSI3EN
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AHHOTAIUA

Ha ocHoBe aHui-cuHTE3apeain3oBaHO TojyudeHue 2,4,6-TpuapuizaMe-
[ICHHBIX MUPUMHIUHOB CIIPOTSHKECHHOM 1IETBIO ISITOKATU30BaHHBIX TT-CBS3CH.
BsaumogeiictBuem B 3taHoie (B mpucyrctBud KOH) GensamunuHau n-To-
nwibeH3aMuInHac XainkoHoMH (E)-3-denunn-1-(n-tomun)npomn-2-eH-1-oHoM
CHHTE3UPOBAHBIUCXOMHBIC 2,4-TU(hEHIIT-6-(7-TONWI)TUPUMUANH U 2-(n-TO-
mn)-4,6-nudermmupuMuaiH. [locneaHne BBeIeHbI B peaknuto ¢ (£)-N-(de-
HWI- Wik 2-xnopderun)-1-apunmerannmudamu B JIMDA B mpucyTcTBUH
cmecu KOH / LiH,cnonyuenunem(E)-4,6-nudennn-2- u (E)-2,6-nudenunn-4-
[4-(4-cTtupu /4-3aMeIeHHBIX CTUPUI/ )(EeHUI | THPUMUITHOB.

KuroueBble ¢10Ba: TONMMIMUPUMUIUH, KOHAeH s, (E)-4,6-mudennn-2-
u (E)-2,6-mudpennn-4-[(4-ctupuin /4-3amMenieHHBIACTUPII )(PeHUIT | TUPUMU-
JIVHEL.
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BBenenune

[Tpon3BoaHBIE TUPUMUIUHOB C MPOTSHKEHHBIMU HEMSIMUT-COTIPSKEHUS B
MOCNeAHUE TOABl PACCMATPUBAIOTCS B KAa4eCTBE MEPCIIEKTHBHBIX COEIUHEHUN
JUTSL CO3/IaHUsl HOBBIX ONTHUKO-OPTaHUYECKUX MATEPUANIOB [CBETOM3ITYYAIOIINX
muonoB (OLED), moneBsix TpansuctopoB (OFET), conneuynsix OaTapei, TroMu-
HECIIEHTHBIX CEHCOPOB U 1p.] [1], TeKapCTBEHHBIX U AMATHOCTHUYECKUX Ipenapa-
TOB [2], MHAUKATOPOB U Jip.B mporomkeHne uccieaoBaHuil MO0 CUHTE3Y MOIHU3a-
MEIIEHHBIX TUPUMHINHOB C HEHACBIIICHHBIMA OOKOBBIMU IETISIMU, C TPUMEHEHH-
€M peaKIiy aHWI-CUHTe3a [3] Hamu ocylecTBIeHOB3auMoieicTaue 2,4(6)-napa-
TONMI3aMEIICHHBIXTUPUMUANHOB ¢ ocHOBaHUsMH [udda, nomyueHHbIME U3
apOMaTUYECKHUX U TeTePOLUKINYECKUX aTbJACTHIOB U aHWJINHA JINOO 2-XJIOpaHH-
nuHa B 6e3BogHoM JIM®DA B npucyTcTBuM ruapokcua kanus (Cxema 1).

MaTepna.m,l H METObI

CuHTE3 HCXOAHBIX BEIIECTB OCYIIECTBJIEH IO MPEACTaBIECHHBIM B HUXKE
metoaukaM. CTpoeHUe CUHTE3UPOBAHHBIX COEAMHEHHUH MOATBEP)KICHO CIEKT-
pamulK- u SIMP 'H u °C.

UK cnextpsl cHaThl Ha npubdope “Nicolet Avatar 330” B BazennHOBOM
macne, ciektpsl IMP 'H — na npu6ope “VarianMercury-300” ¢ paGoueii gac-
toror 300 MI', BHyTpenHuii cranpapt — TMC. DneMeHTHBIN aHaAINU3 OCYy-
IIECTBJIEH HAa aBTOMATHYECKOM »3JeMeHTHOM aHamuzatope “EA 3000
Eurovector” (Mranus). TonkocnoiiHas xpomarorpadus npoBeleHa Ha ILUiac-
tunkax SilufolUV-254 B cucremestunanerar-rexkcan (1:8) (coemuneHus
3a,b,5a,b,6a u >Tunanerar — rexcan (1:4) (coenunenue 6b) mposiBieHue — B
Y®-cBete. B HEKOTOPBIX CllyyasiX YUCTOTa U MHIAMBHIYaJTbHOCTh KOHEUHBIX
IPOIYKTOB MOATBEPKACHA TaKXKe Ha MPErnapaTuBHOM >KUJAKOCTHOM XpOMATOr-
padpe HPLC Knauer AZURAPREP + Analitical UVDetector (I'epmanust). Tem-
nepaTypsl TiaBienus onpenaeneHsl Ha mpudope SMP 30 (STUART, Bennkoo6-
pUTaHus).
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Cxema 1.

0 R
N
Q / R2 7 @
Q g
1a-c 2 KOH 4a-c

R —
+

X
EtOH N KOH / LiH / DMF
NH N
R1©—/< x HCI )
NH, R
2a,b 3a,b

1a,b: R = H (a), Me (b);2a,b: R! = H (a), Me (b); 3a,b: R,R! = H, Me (a), Me,
H (b);4a-c: R?, R*=H, H (a), MeO, CI (b), uz0-Pr, Cl (¢); Sa-¢, 6a-c: R>=H
(a), MeO(b), uzo-Pr (c).

3KC1’[epI/IMeHTa.]'ILHaﬂ 4acTb

Oo0mas MeToanka moaydyeHuss nupumMuanaos 3a,b. Cmece 0.01 mons
ruapoxsopuaa amuauHa 2a i 2b, 0.01 mons (£)-1-apun-3-dhenunmnporn-2-eH-
1-ona 3a-cu 1.12 1 (0.02 most) KOH B 30 M1 aGCOTIOTHOTO 3TaHOJIAa OCTABIISIFOT
Ha HOYb IIPU KOMHATHOM TeMmmeparype. Jlanee kumarar 34 ¢ oOpaTHBIM XOJIO-
JTVIBHUKOM U BBITIAPUBAIOT PACTBOPUTEINh U3 PEAKITHOHHON CMECH.

K ocratky npminBarot 50 M BOJBI, OCTaBJISIIOT Ha X0JoJ€ 3 4. U OT-
(GUIBTPOBBIBAIOT OCAJIOK.
4,6-Indennn-2-(n-romma)nupuvuaud (3a). [lonydyen usrugpoxsopuna 4-
MeTmi-0enzamuanna [4] u (E)-N,1-nudenunmerannmuna(4a). Boeixog 65.0%,
T.111. 188-190°C, Rt 0.62. UK cnektp, v, cM ': 1605, 1595(C=C—-C=N). Cnektp
SAMP 'H (AIMCO-ds—CCla, 1:3), §, m.x1.: 2.47 ¢ (3H, CHz3), 7.27-7.32 m (2H,
H3%, CeHa), 7.48-7.58 m (6H, 2H>**>', C¢Hs), 8.24 ¢ (1H, H>mupusnamn), 8.34-8.42
M (4H, 2H?%, CeHs), 8.54-8.59 m (2H, H**%, CsHa). CnextpAIMP3C, §, m.x.:
21.0 (CH3), 109.5,126.9, 127.8, 128.1, 128.4, 130.0, 134.9, 136.8, 139.6, 163 .4,
163.7.
Hatineno, %: C85.54; H5.77; N 8.45. C3HisN2. Breruucieno, %: C85.68;
H5.63; N 8.69.
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2,4-JTupennii-6-(n-romuwn)nupumvuaut (3b). [lonyyen usrugpoxnopuaa OeH-
3amuauHa U (E)-3-denun-1-(n-rommn)npon-2-eH-1-ona. Bexon72.3%, T.1mo.
150-152 °C, 4yTO COOTBETCTBYET JTUTEPATYPHBIM JaHHBIM [4].

Iupumuauubl Sa-c, 6a-c. B kpyrinonoHHO# Kos16e eMKOoCcThIo 20 MiIcMe-
muBatoT 1o 0.0055Moms1 apoMaTHYecKoro anpaeruja M 2-XJIOpaHWJIMHA W
cmech HarpeBatoT 4 4 nipu 140-150°C. OxnaxnaroT 10 KOMHAaTHOM TeMIlepary-
pbl 1 B KoaOy BHOcAT 1.61 1 (0.005 mosnst) nupumuuna 3a umu 3b, 1.4 1 (0.025
moust) masienoro KOH, 0.20r (0.025 monst) LiH, 10 ma Beicymensoro JIM®A
u cMech HarpeBatoT 3 4 ipu 90—100°C. [Tocne oxnaxaeHus: 10 KOMHATHON TeM-
nepaTypbl CMECh BEUTMBAIOT B 50 MII BOJBI, BBITIABIINI 0CAOK OT(QUILTPOBHI-
BalOT U NEPEKPUCTAIIIN30BBIBAIOT U3 80% yKCYCHOMN KUCIOTHI.
(E)-4,6-Indenni-2-(4-crupundenna)nupumuaun (5a). I[lonydyen B3ammo-
nevicteueM mmpumuanHa 3ac(E)-N,1-gudennnmeranumuaom (4a). Bwixon
64.3%, T.11. 202-204°C, Rt 0.64.MIK cnextp, v, cM ' 1585, 1574 (C=C—C=N).
Cnexktp SIMP 'H (IMCO-ds—CCls, 1:3), 8, m.n.:7.21-7.27 m (1H, 4-H,
CeHsCH=CH), 7.25 ¢ (2H, CeHsCH=CH), 7.32-7.38 ™M (2H, 3,5-H,
CsHsCH=CH), 7.50-7.60 m (8H, 3,4,5-H, 2C¢Hs u 2,6-H, CsHsCH=CH), 7.66-
7.71 m (2H, 3,5-H, CéH4), 8.27c (1H, 5-Humpumnmm), 8.38-8.43 m (4H, 2,6-H,
2CsHs), 8.66-8.71 M (2H, 2,6-H, CsHa). Ciektp IMP3C, §, m.z1.: 109.7, 125.9,
126.1, 126.9, 127.1, 127.8, 128.0, 128.1, 128.2, 129.2, 130.1, 136.6, 136.7,
136.8, 138.9, 163.1, 163.8. Haiineno, %: C 88.15; H 5.32; N6.64. C30H22Na.
Beruucneno, %: C 87.77; H5.40; N6.82.
(E)-4,6-Indenn-2-[4-(4-meToxkcucTupui)pennia|mupumuaun (5b). Iony-
4yeH B3auMojelicTBueM nupumuauHa 3ac (E)-N-(2-xnopdennn)-1-(4-meTokcu-
¢denmn) meranumuHoMm (4b). Beixon 77.6%, t.aut. 234-236°C, Rr 0.24. UK
ciekTp, v, cM |: (C=C—C=N). Cnextp AMP 'H (IMCO-ds—CCla, 1:3), 8, m.1.(J,
I'm):3.83 ¢ (3H, OCH3), 6.86-6.91 M (2H,H>, CéHisMeO), 7.08 a (1H,
CH=CH,J16.3), 7.20 n (1H, CH=CH,J 16.3), 7.48-7.60 m (8H,H*CsHsMeO,
H34%2C6Hs), 7.62-7.66 m (2H, H**CeHa), 8.26 ¢ (1H, 5-Huupmnnnn),8.38-8.42 m
(4H, H*>2CeHs), 8.63-8.67 m (2H, H*°CsHa).CriexktpSIMPC, §, m.n.: 54.5
(OCH3), 109.6 (5-CHuupuvnman),113.6 (2CH, C*CsH4OMe), 125.5 (CH), 125.6
(2CH), 126.9 (4CH), 127.4 (2CH), 128.1 (2CH), 128.2 (4CH), 128.8 (CH),
129.3, 130.1 (2CH), 136.2, 136.8, 139.3, 158.9, 163.1, 163.8.Haiineno, %: C
84.35; H 5.63; N 6.44. C31H24N20. Brruucineno, %: C 84.52; H5.49; N6.36.

128



(E)-4,6-Andpennn-2-[4-(4-uzonponuiactupui)penwi] nupumuaut (5c¢). [lo-
Jy4yeH B3auMojelcTBueM nupumuauHa 3ac (E)-N-(2-xnopdennn)-1-(4-uzo-
nponmipeHm)-MeTaHuMUHOM (4e). Beixon 72.2%, 1.t 172-174°C, Rr 0.52.
UK cnektp, v, cM ' 1583, 1574 (C=C-C=N). Cnektp SIMP 'H (JIMCO-ds—
CCly, 1:3), 8, m.a.(J, Tn): 1.29 1 (6H, Me2), 2.92 center (1H, CHMez, J 6.9),
7.18 1 (1H, CH=CH,J 16.3), 7.18-7.22 m (2H, H*®, CéH4C3H7), 7.23 n (1H,
CH=CH,J 16.3), 7.46-7.51 m (2H, H*®, C¢H4C3H7), 7.52-7.60 M (8Hapou), 7.64-
7.68 M (2H, H*®, C6H4),8.26¢ (1H, H>mupusnmnn),8.38-8.43 M (4H, H*®, 2+CsHs),
8.64-8.68 M (2H, H?®, CsHa). CniextpSIMP!3C, §, m.1.: 23.5 (Me2), 33.2 (CH),
109.6, 125.8, 126.0, 126.2, 126.8, 126.9 (4CH), 128.1, 128.2 (4CH), 129.1,
130.1, 134.2, 136.5, 136.8, 139.1, 147.6, 163.1, 163.8.Haiineno, %: C 87.73;
H6.17; N 6.37. C33H28N2. Beruncaeno, %: C 87.57; H6.24; N 6.19.
(E)-2,4-Indpennn-6-(4-crupundenna)nupumuann (6a). [lonyuen koHmeH-
carueit nupumuauHa 3b c (E)-N,1-agudpenmnmeranumutoM (4a).Boixon 63.8%,
1.1, 186-188°C, Rr0.59. UK cnektp, v, cm ': 1600, 1589 (C=C—C=N). Cnextp
AMP 'H (IMCO-ds—CCls, 1:3), 8, m.o.(J, Tn):7.24 a1 (1H) u 7.29 a1 (1H,
CH=CH, J 16.0), 7.22-7.27 m (1Hapom), 7.32-7.39 M (2Hapom), 7.48-7.60 M
(8Hapon), 7.70-7.75 M (2Hapou), 8.30 ¢ (1H, Hmupmuams), 8.39-8.44 M (4Hapow),
8.66-8.71 M (2Hapow).CriextpSIMP!*C, 8, m.z1.: 109.6, 126.2, 126.3, 126.9, 127.2,
127.3, 127.4, 127.7, 127.8, 128.06, 128.14, 129.6, 129.9, 130.1, 135.7, 136.5,
136.8,137.6,139.2,163.28, 163.32, 163.8. Haiineno, %: C87.62; H5.27; N6.93.
C30H22N2. Beruucneno, %: C 87.77; H5.40; N6.82.
(E)-2,6-Indpenunii-4-[4-(4-metoxcuctupuii)penun|nupumuaus (6b). Iomy-
4yeH KoHJeHcaueil nupumuanHa 3b ¢ (E)-N-(2-xmopdennn)-1-(4-metokcude-
HUI)MeTaHUMUHOM (4b). Brixon78.5.%, 1.1 162-164°C, Rt 0.42. UK cnexTp,
v, eM': 1601, 1590 (C=C—C=N). Cnektp SIMP 'H (IMCO-ds—CCla, 1:3), §,
m.a.(J, I'o): 3.83 ¢ (3H, CH3),6.87-6.92 m (2H, 3',5'-H, CeH4OMe), 7.08 1 (2H,
CH=CH,J16.3), 7.24 n (2H, CH=CH,J16.3), 7.45-7.60 M (8Hapon), 7.66-7.71 m
(2H, CeH4),8.30 ¢ (1H, 5-Hmpuwmmn), 8.38-8.43 M (4Hapow), 8.66-8.71 ™M
(2Hapon).CriektpSIMP3C, §, m.1.: 54.5 (OCH3), 109.5 (CH), 113.6 (2CH), 125.1
(CH), 126.0 (2CH), 126.9 (2 CH), 127.1 (2 CH), 127.4 (2CH), 127.7 (2 CH),
127.8 (2CH), 128.1 (2CH), 129.1, 129.3 (CH), 129.8 (CH), 130.0 (CH), 135.1,
136.8, 137.6, 139.7, 159.0, 163.2, 163.4, 163.7. Haiineno, %: C 84.67; H 5.33;
N 6.52. C31H24N20. Breruncaeno, %: C 84.52; H 5.49; N 6.36.
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(E)-2,6-Andennn-4-[4-(4-nzonponuiactupui)peana|nupumuaut (6¢). Ilo-
JTy4deH KoHAeHcanuer mupumuauHa 3b ¢ (£)-N-(2-xnopdennn)-1-(4-u3omnpo-
mwidermn ) MmeTannMuHOM (4¢). Beixon 73.0%, T.mn. 150-152°C, Rr 0.67. UK
crekTp, v, cM 't 1588(C=C—C=N). Cnextp SIMP 'H (JIMCO-ds—CClas, 1:3), 3,
m.a.(J, To): 1.28 1 (6H, CH3,J6.9), 2.91 center (1H, CH,J6.9), 7.17 n (1H,
CH=CH,J16.4), 7.18-7.23 m (2H, Ce¢H4),7.26 0 (1H, CH=CH.J16.4), 7.46-7.59
M (8Hapom),7.69-7.73 m (2H, C¢H4),8.31c (1H, 5-Humpuvmmm), 8.40-8.44 ™m
(4Hapon), 8.67-8.71 M (2Hapom).CriextpSIMP3C, §, m.z1.: 23.6 (Me2), 33.3 (CH),
109.6 (CH), 126.2 (2CH), 126.30 (2CH), 126.32 (2CH), 126.5 (CH), 127.0
(2CH), 127.3 (2CH), 127.8 (2CH), 127.9 (2CH), 128.3 (2CH), 129.6 (CH),
130.0 (CH), 130.2 (CH), 134.2,135.5, 136.9, 137.7, 139.5, 147.9, 163.3, 163 .4,
163.8. Haiineno, %: C 87.40; H 6.35; N 6.07. C33H2sN2. Brruucieno, %: C
87.57; H 6.24; N 6.19.

Pe3yabTaTsl u 00cyKa1eHHe

VYcranoBneHo, uto B3aumoeicTeue (£)-xankonala unu (E)-3-(4-MeTok-
cudenun)- 1 -pennnmnpon-2-en-1-onalbc ruapoxiopuaamMu OeH3aMUANHA 22 U
4-metun OenzamuauHa 2b B atanone B npucytctBun KOHmpoTtekaeT ¢ o6pazo-
BaHUEM MUPUMUAMHOB3A,b, MpUYeM TUKIOKOHICHCAIHS TPOTEKAET OJHOBpE-
MEHHO C JICTUIPUPOBAHHEM-apoMaTH3amueil ¢ oopazoBanueM 2,4,6-Tpu3zame-
HIEHHBIX MUPUMHINHOB 3a-c

Ncxomapie mupumMuanHabl 3a,b TaaK0 KOHACHCUPYTCS ¢ METaHUMUHA-
mu4a-cB cmecu KOH/ LiH B IM®A B untepBaiie temmeparyp 95—-105°Cc o6-
pa3oBaHUEM IIeJIEBbIX TPU3aMEIIEHHBIX TUPUMUIUHOB Sa-cuba-c.

Hccneoosanue 8binoineno 6 pamkax npoepammol memamuieckoeo QuHaH-
cupoganusi ' KH PA (epanm 18T-1D249) u cyocuouu MOH P® ucciredosamenvc-
Kol desmenvHocmu Poccuticko-Apmanckozo ynusepcumema.
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AHHOTAIMS

B nanHoM ucciaenoBaHuK ObLIH H3YYEHBI IPHYMHBI CTAOMIBHOCTH U PaCII-
POCTpaHEHUE MYJBTHPE3UCTCHTHOCTH TPHPOIHBIX MOYBEHHBIX INTaAMMOB
Stenotrophomonas maltophilia, ipu IIMTENTHPHOM OTCYTCTBUU KOHTAKTa C aH-
THOMOTHKAMM, W KOPPEJSLHSA TaHHOTO SBJEHHS C MOTCHIHAIOM TaHHOTO
MHKpPOOpPraHn3Ma K OMoierpasai pa3InaHbIX KCEHOOMOTHKOB.

KiroueBsble cioBa: Stenotrophomonas maltophilia, MyTbTUPE3UCTEHT-
HOCTb, IOYBEHHBIC OAKTEPHH, IIITA3MHUIbI.

BBenenue

Stenotrophomonas maltophilia TMpoKo pacmpocTpaHEHBI B MPHUPOJIE,
Oyarogapsi HMIMPOKOMY JIMana3oHy TemrepaTypHoro u pH ontumyma, BeIcTynas
B KaueCTBE PeIyIHPYIONIer0o KOMIOHEHTA MHUIIEBhIX LIEeTel, Ha PSIIy C TAKUMU
MOYBEHHBIMH MUKPOOPTraHU3MaMu Kak Pseudomonas. Stenotrophomonas
maltophilia ipecTaBIeHBI YCIOBHO MATOTCHHBIMHE JIJISl Y€TIOBEKA M JKUBOTHBIX
MUKPOOPTaHU3MaMH, OTHOCSAIIUMHUCS J0 HEJaBHUX MOpP K ICEBIOMOHAIaM, B
CBSI3U C OOIIIHOCTHIO METAa0OIM3Ma U MaToreHe3a npu 3apaxenuu [ 1, 2]. [pen-
CTaBHUTENH poaa Stenotrophomonas BecbMa pa3HOOOpPA3HBI, BKIIOYAs KaK Psil
BUJIOB, UMEIOIINX IMOJIOKUTEILHOE 3HAUEHUE ISl CEbCKOTO X03iCTBa, TaK U
MYJIbTUPE3UCTEHTHBIX YCIOBHO NMATOTCHHBIX W MATOT€HHBIX JUIS YellOBeKa U
JKUBOTHBIX TipencTaBuTeneil. Cpeau xapakTepHbIX KauecTB Stenotrophomonas
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PE3UCTEHTHOCTh K aHTUOMOTHUKAM, OOYCIIOBICHHAS PSIOM Pa3IUYHBIX MeXa-
HU3MOB, COIIPSDKCHHBIX C X aJallTUBHOCTHIO. MI3BECTHO Tak ke 0 HATMIHH KO-
JTUPYEMBIX KaK 0aKTepHaIbHOM XPOMOCOMOHM Tak M MOOWJIBHBIMHU T€HETHYEC-
KHM 3JIEMEHTaMH (epPMEHTOB 00YCIIOBIMBAIOIINX CIIOCOOHOCTH K OMoaerpasa-
AU 5712 TPUPOIHBIX COCTMHEHUH M TOKCHYHBIX KCEHOOMOTHKOB [3-5].

B cBere exxerogHoro yBeIMUYEHHUS YUCIa U 00bEMOB UCTOIb3yEMBIX Ue-
JIOBEUECTBOM aHTUOMOTUKOB B pa3HBIX chepax NesTeNbHOCTH, U3yUCHHUE MeXa-
HU3MOB PACTIPOCTPAHEHUS i CTA0OMIIBHOCTH T'€HOB MPOSIBIISIEMON JAaHHBIM MUK-
POOPTraHU3MOM PE3UCTEHTHOCTH K AaHTHUOMOTHUKAM MyTeM WX XUMHYECKOW MO-
muUKalud UMeeT TIEpBOCTENIeHHOe 3HaYeHne. VccnenoBanne JaHHOTO sIBJIe-
HUS TPEACTABIISICT OIPOMHYIO SKOJIOTHYECKYI0 M MEAMIIMHCKYIO BaXXHOCTh B
CBETE BO3MOXXKHOCTH MX Iepeaadyd MUKPOOPTaHU3MaM JIPYTUX BUJIOB U B YaCT-
HOCTHU MMOYBEHHBIM I'PaMOTPHUIIATENIbHBIM OaKTEpUsIM, UMEIOIINM KaK MMO3UTUB-
HO€, TaK U HEraTUBHOE 3HaU€HHUE ISl CEJIbCKOT0 X0341UCTBa, U )KUBOTHOBOCTBA
[6, 7].

B nanHoii paboTe rccneayroTcs cTabUIbHOCTh MHOKECTBEHHOM aHTHOU-
OTHKO-PE3UCTCHTHOCTH CPE/IM IOUYBEHHBIX MpECTaBUTENeH Stenotrophomonas
maltophilia, KyTbTUBUPOBAHHBIX B TE€YCHHE JIIUTEIBHOTO eproia 6e3 KOHTaK-
Ta ¢ aHTUOMOTHKAMHU, a TaK )K€ PACCMOTPEHBI IMyTH MEePEIadd ITOTO KauecTBa
JIPYTEM MHKPOOPTaHH3MaM WM KOPPEJSIUs CTaOMIHLHOCTH PE3UCTCHTHOCTH C
MOTEHLMAJIOM OMOJerpaaliui KCeHOOMOTHKOB Pa3InYHON IPUPOIBI.

MeToabl

B xone maHHOTO MCCleJOBaHUS OBLTU M3y4Y€HBI Pa3IMYHbIC TAMMBI S.
maltophilia 3 HatmonansHo#t Komnekiuu Kynetyp Mukpoopranuzmos LIJIM,
HITL «Apmouorexnomorusi» HAH PA. Pe3aucteHTHOCTH ITaMMOB ObLIa MPO-
TECTUPOBaHA IMyTEM IIOCEBa HAa CEJIEKTHUBHBIE MHUTATEIbHbIE arapu30BaHHbIE
cpensl mipu 30-37°C ¢ 50 MKr/mi copepkaHueM aHTHOWOTHUKOB Pa3IMYHBIX
KJIaCCOB U rpymni. Beinenenne TotansHo# U mnasmuanor JJHK npoBoaunocs ¢
MpUMEHEHNEeM OCH3UIXJIOPHIA B TI0O METOTY IIEIOYHOM dKCcTpakiuu bapen6oii-
Mma-Jlommu. Ananu3 JIHK mraMMoB mpow3BOAMICS COTJIACHO CTaHIAPTHBIM
mpoToKoJaM 3ekTpodopesa. OnpeneneHue reHoB MOIUGUKALIUKA aHTUONOTH-
KoB mnojasBoauiock meronom PCR ¢ mpaitmepamu blaOXA-10, aac(6’)1],
aph(3)1V, pCAT639. Jlokanu3aluo reHOB OINpeeNsiIi METOIOM TpaHchopMa-
MU corjiacHo metoxy Manaens [8-10].
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Pe3yabTaThl M 00Cy:KIeHUS

Awnanmus aHTI/I6I/IOTI/IKOpGSI/ICTeHTHOCTI/I HU3YYCHHBIX IITAMMOB ITOKa3aJI HA-
JIMYXEC YUCIICHHOI'O MPE€BATUPOBAHUA PE3UCTCHTHBIX HpeHCTaBHTCHGﬁ 10 OTHO-
MEHNWIO K YYBCTBUTCIILHBIM, C npeo6nanaHI/IeM MaH-PE3UCTCHTHBIX U MYJIbTH-
PE3UCTCHTHBIX MITAMMOB, HAZI MOHO-PE3UCTCHTHBIMU NIPCACTABUTCIISIMU. I[aH—
HBIC IO UCCIICAOBAHUTIO PE3UCTCHTHOCTU IPUBCACHLI B Ta6J'II/II_IC 1.

Tabmuma 1.

AHTHOMOTHKOPE3HCTEHTHOCTh HCCJIeI0BAHHBIX MOYBEHHBIX HENMATOT€HHbIX
YCIO0BHO-NATOTeHHBIX INTAMMOB Pseudomonas u Stenotrophomonas.

(50MKr/M anTHOMOTHKOB: | — kaHamurme/Kan, 2 — crpenrromutus/Str, 3 — rearamurma/Gen,
4 — xaopampenukon/Cml, 5 — ayrmeHTuH/Amc, 6 — aMOKCUIIWIUIMH/AMX, 7 — aMIIUIHI-
mun/Amp, 8 — nennuin/Pen, 9 —nedukcum/Cfx, 10 — neprpuakcon/Cro, 11 — terpanuk-
mun/Ten, 12 — a3utpomunua/Azm, 13 — nunpoduokcanus/Cip; C — KOHTPOJIb Ha ITOJTHOLIEHHOH
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MUTATENBHON cpezie 6e3 aHTHONOTHKOB; “+” — pocT, “-* — 0TCyTCTBHE pOCTa)

[lITamm 10 | 11 | 12 | 13
9288
9289
9294
9298
9277 -l -1 -
9285 + |- -] -
9300 - |+

9304 -+ -
9302 -+

9305 -l -1 -
9326 -l -] -
306d2 | +
9308 -+ - F
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1

1
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1

1
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1
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Pesynbrate! mua3MuaHoro aHanu3a MmeTo1oM snekrpodopesa [JHK Boije-
JIEHHOM 13 KJIIETOK PA3JIMYHBIX ITAMMOB ITOKa3aJl OTCYTCTBUC 6€CHJ'I33MI/II[HI)IX
HITAMMOB U pa30poc CHEKTpa PE3UCTEHTHOCTHU CPEAM BCEX HCCIEIOBAHHBIX
HITaMMOB, C ITPEBATUPOBAHUEM YCTOWUYMBBIX K O0JI€e YeM OJJHOMY aHTHOMOTUKY
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paznuuHbIX KinaccoB. PCR ananm3 mraMMoB 1noka3ain HaJIM4ue TeHoB f-laKTaMa-
361 BlaOXA-10, avunornuko3ua N-anetui-aMuHoTpancdepasbl Aac 1 aMHHOT -
mko3un-O-docdorpancepassr APH, a Tak ke XiopaMmpeHUKOI-aIle THITPAHC-
(depas3sl B TeHOME MEHBIITMHCTBA UCCIIEIOBAHHBIX IITAMMOB (Tabymia 2).

OO6Hapy’KeHbI TaK K€ U aMHUHOTJIMKO3U/I-PE3UCTEHTHBIE IITAMMBI, HE CO-
Jep>KaIiue IByX YKazaHHBIX ()epMEHTOB MOAU(DHUKAIIMN aMUHOTJIUKO3HIOB, UYTO
CBUJETENBCTBYET O HAIMYUH IPYTUX (DEPMEHTOB WIIH MIPOYUX MEXAaHU3MOB pe-
3UCTEHTHOCTH Y TIOCIIETHHX.

Jlns ompeneneHus JOKATU3allMM YKa3aHHBIX T'€HOB Oblja MpoBeleHa
TpaHchopMalys YyBCTBUTENBHBIX OECIIa3MUAHBIX IITaMMOB P. aeruginosa
9056 u E. coli DH5a nita3MuiaMu, BbIIETIEHHBIMU U3 PE3UCTEHTHBIX IITAMMOB
[11]. TpancdopmanTsl ObUTH OTOOpaHBI Ha BCEX AHTUOMOTHKAX, K KOTOPHIM
ObLT YCTOMUYNB TOHOP, a 3aT€M MOBTOPHO KyJIbTHUBHUPOBAHBI Ha PA3JIMYHBIX Ce-
JIEKTUBHBIX CpeJiax.

PesynbTathel conocraBnenust nanubix PCR, Tpancdopmaiuu u 31eKTpo-
dbopeTudeckoro aHanu3a npuBeeHs! B Tabmumax 2 u 3.

Tabmuma 2.
I'eHeTH4YeCKUi aHANU3 PE3MCTEHTHOCTH MCCIE0BAHHBIX
mwramMmoB S. Maltophilia.

("pt+" - IUTa3MuIHAS JTOKATU3alus TeHa; P — TUIa3Muaa; "¢+ - XpOMOCOMHAS JIOKATU3aIIHs
reHa, "-" — OTCyTCTBHUE I'eHA).

Itamm
9288
9289
9294
9298
9277
9285
9300
9304
9302
9305
9326
306d2
9308

aph(3)1V | aac(6)1l | pCAT639/catB7 | blaOXA-10

o

+

J’_
_|_

- pt+ ct pt+

e R A S
1
1

+
+
o
T
1
|
e
T

_|_
1
1
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Tabmmma 3.
AHa/IU3 AaHTHOMOTHKOPE3UCTEHTHOCTH TPAHC(OPMAHTOB.

(Pen - meHnmmmiH, Amp - aMIAIWDIAE, AmMX - aMOKCHIWIUTNH, Amc - ayrmeHTrH, CIX - me-
(ukcnm, Ctx - nedrpuakcon, Kan - kanamuius, Stp - crpentomuria, Cml — xmopambenn-

koir; C - KOHTPOITB Ha MOJHOIICHHOM cpene; “+” — pocT, “-* — 0TCYTCTBHE POCTa)

IHtamm Pen Amp Amx Amc Cfx Ctx Kan Stp Cml C
S. maltophilia 9289 - - - - - - + - -+
(ot6op Ha Kan) ¢ pe:
nunuerToM E. coli
DH5a
S. maltophilia 9289 - - - - - - + - -+
(oT60p Ha Kan) ¢ pe:
[AIIUEHTOM P.
aeruginosa 9056
S. maltophilia 9289  + + + + + + - - -+
(oTOOp Ha B-makTa-
Max) C PEIUITHEHTOM
E. coli DH5a.
S. maltophilia 9289  + + + + + + - - -+
(oT60p Ha PB-makTa-
Max) ¢ PEITUITHEHTOM
P. aeruginosa 9056
S. maltophilia 306d2 + + + + - - - - -+
(oTbop Ha B-makTa-
Max) C PEIUITHEHTOM
P. aeruginosa 9056
S. maltophilia 306dz + + + + - - - - -+
(otOOp Ha f-makTa-
Max) ¢ pEITUITHEHTOM
E. coli DH5a.
S. maltophilia 306d2 - - - - - - + - - +
(ot6op Ha Kan) ¢ pe:
nunueHToM E. coli
DH5o.
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S. maltophilia 306d2 - - - - - - + - -+
(oT60p Ha Kan) ¢ pe-

[MUITIEHTOM P.

aeruginosa 9056

S. maltophilia 9285 + + + + - - - - -+
(B-maxramax) ¢ pe-

munueHToM E. coli

DH5a

S. maltophilia 9285  + + + + - - - - -+
(B-makTamax) c pe-

[UAIIUEHTOM P.

aeruginosa 9056

S. maltophilia 9277 @+ + + + - - - - -+
(B-nmaxramax) ¢ pe-

[AIIUEHTOM P.

aeruginosa 9056

S. maltophilia 9277 |+ + + + - - - - -+
(B-makTamax) c pe-

munueHToM E. coli

DH5o.

Koumpons VOG16 - - - - - - + - -+
naazmMuoa ¢ peryIm-

enToM E. coli DH5a

Koumpons VOG16 - - - - - - + - -+
naazmMuoa ¢ peryIm-

eHTOM P. aeruginosa

9056

Kak BuaHO M3MaHHBIX TPUBEAEHHBIX B Ta0bnwuie 3, TpaHC(HOPMAHTEHI, T10-
Jy4eHHBIE TUIa3MHUaMU HE BCEX JIOHOPOB, JIEMOHCTPUPYIOT (PEHOTHIT JOHOPA,
BHE 3aBHCHMOCTH OT KIJIETOK peuunueHTa. TpaHchopmaHTHI ke KIeToK P.
aeruginosa 9056 n E. coli DH5a, nomy4eHHble Ha 6a3e Mmi1a3Mu] OJHOTO JOHO-
pa, MPOSIBISAIOT MICHTUYHYIO PE3UCTEHTHOCTh. llepekpecTHbIi MmoceB TpaHc-
(GhopMaHTOB 00OUX PEIMITUEHTOB HA CEJICKTHBHBIE CPE/IbI C PA3TMYHBIMUA AHTH-
OMOTHUKAMU MMOKa3ajl HATMYUE 2 TUIOB TpaHCPopMaHTOB. OTHH U3 HUX CIIOCO0-
HBI PaCTH Ha BCEX aHTUOMOTHKAX, K KOTOPBIM OBLI PE3UCTCHTEH JTOHOP, YTO
CBHUJIETETLCTBYET O IUIA3MUIAHOM JIOKAJIU3alMK T€HOB PE3UCTEHTHOCTH, B TO
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BpeMs Kak Jpyrue TpaHc(hOpPMaHThI CIIOCOOHBI K pOCTy JIMOO Ha aMUHOTJIMKO-
3uax, TM00 Ha B-TaKTaMHBIX aHTUOMOTHKAX, YTO CBUAETEIILCTBYET O pas3iiny-
HBIX TJIa3MHJIaX B KJIETKaX JOHOPA.

3akjao4YeHue

B xone manHOTO Mccien0BaHusl OBUIO BBISBICHO HAINYHE MYJIbTHPE3UC-
TEHTHBIX U MTAH-PE3UCTEHTHBIX IITAMMOB, PE3UCTEHTHOCTh KOTOPBIX OTIPEeIisi-
eTcs reHaMu Moaudukanuu aHTUOMOTUKOB blaOXA-10, aac(6’)I aph(3°)IV,
JIOKQJIM30BaHHBIMH Ha TUTa3MU/IAX, a TaK Jice TEHOM catB7, TOKaIM30BaHHBIM Ha
OakTepraIbHOW XpOMOCOME Yy BCEX UCCIIEJOBaHHBIX MITaMMOB. Tak ke oOHa-
PYXEHBI TITaMMBI, PE3UCTEHTHOCTh KOTOPBIX OOYCIIOBJICHA IIa3MUIAMH, CO-
NP KaIUMHK IpyThe TeHbl. Y 2 mraMMoB: S. maltophilia 9289 u S. maltophilia
306d2, onun conepkaTcsi Ha Pa3IUYHBIX TUIA3MHUIAX, B TO BpeMsl KaK TUIa3MHUIbI
mwramMmoB 3: S. maltophilia 9326, S. maltophilia 9308, S. maltophilia 9286 ne
COJIEpKAT TEHOB, ONPEACISIFOIINX PE3UCTEHTh K aHTHOMOoTHKaM. OcTallbHbIC
OIMHMCAHHBIE MITAMMBI CIIOCOOHBI AKTUBHO TIEPEIaBaTh PE3UCTECHTHOCTH U PaCII-
pOCTpaHATh TAKUM 0Opa30M CBOMCTBO YCTOMYMBOCTH K aHTUMUKPOOHBIM TIpe-
naparam, JpyraM rpaMOTPHUIIATeIIbHBIM MUKPOOPTaHU3MaM B IPOIIeCcCax ropu-
30HTAJIFHOTO TIEPEHOCA TEHOB. DTO MMEET OTPOMHOE HKOJIOTHUECKOE U MEH-
[IUHCKOE 3HAYEHHUE CHITy TOTO, YTO JaHHbIE MHKPOOPTAaHH3MBI SIBISIFOTCS MO-
JeTbHBIMU TITAMMaMH TIPH MCCIICIOBAHUN TATOT€HHBIX KIMHUYECKHUX IITaM-
MOB TOT'O )K€ BHJa U CIIOCOOHBI JOPMHUPOBATH HOBBIE PE3UCTEHTHBIC IIITAMMBI
NaTOT€HHBIX MUKPOOPTaHU3MOB.
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THE STUDY OF THE MULTIRESISTANCE STABILITY
AND SPREAD IN THE SOIL STRAINS OF STENOTROPHOMONAS
MALTOPHILIA

B.G. Babayan'?, S.A. Bagdasaryan', M.A. Melkumyan', A.S. Sargsyan’,
G.S. Mikaelyan'

I Armbiotechnology” SPC NAS RA
’National Polytechnic University of Armenia (NPUA)

ABSTRACT
In the current paper we study the causes of antibiotic resistance stability and spread
in Stenotrophomonas maltophilia native soil strains and the correlation of this phenomenon

with the potential of xenobiotic biodegradation by these microorganisms.
Keywords: Stenotrophomonas maltophilia, multiresistance, soil bacteria, plasmids
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ABSTRACT

In current paper, theability to biodegradation of new synthetic derivatives
of natural tartaric acid, which are active against some multidrug resistant
representatives of Pseudomonas, by some soil bacteria on Earth surface and
inside of caves were studied.

Keywords: Pseudomonas, multi-drug resistance, tartaric acid derivatives,
biodegradation, cave strains.

Introduction

Tartaric acid (TA) is the most common in plants natural aldaric acid. TA
and tartrates are well-known as safe antibacterial agents, broadly used in food
industry [1,2]. Soil is a media for growth of a huge quantity of microorganisms
both on surface and inside of caves. Pseudomonas are very common inhabitants
of wet surfaces practically in every place on Earth. They include non-pathogenic
(P. chlororaphis), conditionally pathogenic and pathogenic for human animals
(P. aeruginosa) and plants (P. syringae) bacteria, which are reducers of various
consumption chains. These bacteria are well-known for their biodegradation
potential, including xenobiotic degradation [3]. Besides, they are able to
synthesize: plant growth stimulators, immune modulatory active compounds,
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several pests and phytopathogenic microorganisms metabolism inhibitors, etc.
[4]. Pseudomonas are very similar by their metabolism and adaptation
mechanisms [5].

In this research the biodegradation of new synthetic derivatives of TA
amino salts of benzyl amine and cyclohexyl amine of TA by different strains of
soil non-pathogenic and conditionally pathogenic representatives of
Pseudomonas and some soil microorganisms, isolated from the soil near the
Asni Cave Church was studied. For these bacteria it was shown multidrug-
resistance diversity and the efficiency of TA derivatives against them [6].

The structures of studies compounds are represented in figure 1.

BAS

Fig. 1. Synthetic derivatives of TA: BI — Benzylimide of TA, CI — Cyclohexylimide of TA,
BAS — Benzyl mono amino salt of TA, CAS — Cyclohexyl mono amino salt of TA.

Materials and Methods

The strains of soil bacteria: P. aeruginosa, P. putida, P. taetrolensand 8
strains of cave bacteria from Asni Cave were takenfrom the National Culture
Collection of MDC at “Armbiotechnology” SPC NAS RA. The tested
substances were synthesized according to the technic, which was elaborated in
NPUA [6, 7]. The cultivation and the biodegradation tests were done according
the standard protocols [8].

Results and discussion

The results of previous research have demonstrated the antibacterial
activity of mentioned compounds against native multi-drug resistant
Pseudomonas, isolated from soil, which are able to preserve their abilities of
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resistance while the long-time period of cultivation without any contact with
antibiotics in concentrations starting from 0,05M [9]. According to
microbiological and genetical analysis of mentioned above strains, the
biodegradative properties of resistant representatives of soil Pseudomonas were
tested. The results of the experiments are presented in tables 1.

4 derivatives of TA were tested: 2 imides and 2 mono amino salts of them,
because they are more hydrophilic. According to the prescreening of
antimicrobial activity TA derivatives are very effective against the
Pseudomonas but have no effect on some resistant and sensitive strains,
including test culture of non-pathogenic P. aeruginosa. Then that culture list of
non-affecting by the studied substances was used in biodegradation tests. The
tests were done by cultivation of bacteria on solid and liquid mineral cultural
media, with substitution of carbon source to different concentrations of all the
testing compounds.

Table 1.

Biodegradation of different concentrations of tested compounds,
which were used as carbon source.

(1-0,05M; 2 -0,1M; 3 - 0,5M; C* - positive control on nutrient agarised cultural media;
C" - negative control on mineral cultural media without carbon source; “+” — growth,
“- — the absence of growth).

Strain of Pseudomonas CAS BAS cC | C
1 2 3 1 2 3

P. aeruginosa 5249 + + + + - +
P. aeruginosa 9056 - - - - - - R +
P. taetrolens 9240 + + - + + + _ T
P. taetrolens 9241 + - - + + - - +
P. taetrolens 9242 - - - - - - - +
P. taetrolens 9243 + - - + + + - +
P. taetrolens 9244 - - - + - - - +
P. putida 9223 + - - + - - - +
P. putida 9229 - - - - - - - n
P. putida 9230 - - - - - - - +
P. putida 9234 - - - - + - - +
P. putida 9236 + - - n ¥ T _ n
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P. putida 9216 - - - + + - - +
P. putida 9226 - - - - - - _ +
P. putida 9228 + - - + + - - +
P. putida 9238 - - - + + - - +

Then the biodegradation of the researched compounds was tested on 4
various thermophilic and 4 psychrophilic newly discovered Bacilli strains of
Asni cave. The previous research showed their antibiotic resistance and the
effectiveness of TA synthetic derivatives antimicrobial activity against them [7].
The results of biodegradative activity of isolated and researched cave
microbecultures are presented in table 2.

Table 2.

Biodegradation activity of cave microorganisms of cave Asni

(“+” — growth, “-“— the absence of growth, “+/-* — very low intensity of growth even after few
days of cultivation; C- — negative control on mineral cultural media without carbon source; C+
- positive control on nutrient agar cultural media; 1% concentrations of: TA — tartaric acid, Na2-
TA — sodium tartrate, BI — Benzylimide of tartaric acid, CI — Cyclohexylimide of tartaric acid,
BAS — benzyl amino salt of tartaric acid, CAS — cyclohexyl amino salt of tartaric acid,).

Sample (22 °C) | TA | Na-TA | BI Cl | BAS | CAS | C | C"
1. + + + +/- + +/- - +
2. + + + +/- + +/- - |+
3. + + + +/- + - - +
4. +/- +/- +/- - + - - |+
Sample (56 °C) | TA | Na-TA | BI Cl | BAS | CAS | C | +
1. +/- - - - +/- - - +
2. - - - - - - - |+
3. - - - - +/- +/- - +
4 - - - - - - - |+

The resistance to cyclohexyl mono amino salt of tartaric acid is lower than
the resistance to benzylimide of tartaric acid. Thus, according to the collected
data, cyclohexyl group is less utilizable for this group of microorganisms then
the benzyl group in both surface and cave strains of soil bacteria.
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Conclusion

According to the collected data of biodegradation potential of all the
researched compounds, the new derivatives of TA which have several
antimicrobial properties, can be used by some Pseudomonas3 species as carbon
source. Thus it confirms the biodegradation possibility of these substances. The
research of Pseudomonas putida of soil representatives showed an ability of
biodegradation of TA synthetic derivatives in 1/3 part of tested strains, while
for researched group of Pseudomonas taetrolens biodegradation of TA is more
emphasized property.

Thermostable strains predominantly are sensitive to tartaric acid and
biodegradation of the derivatives of it is noted only for 4 strains, while the
strains which are cultivated at 22 °C are resistant to benzyl mono amino salt and
benzylimide of tartaric acid. They are able to use these compounds as a carbon
sources. Cave strains are able to degradation of imides, in controversy to surface
bacteria, which cannot utilize the mentioned compounds as carbon source.

During all the experiments which were carried out, benzyl derivatives are
more degradable, than cyclohexyl- derivatives. It might be associated with the
activity of some polyphenol oxidases or other enzymes of xenobiotic
degradation which are broadly presented in both genera of studied organisms.
Summarizing all the collected data, it might be concluded, that all the studied
derivatives of TA are recommended for further research as ecologically safe
antimicrobial agents.
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BUOJAETIPAJAIMA CUHTETUYECKUX ITPOU3BOJHBIX
BUHHOWM KU CJIOThI IOYBEHHBIMHA U MEIEPHBIMHA
BAKTEPUAMMU

Baobaan B.I'."?, Mukaenan A.P.?, Acampan H.JL.?, Ipuzopan A.M.%3,
Bazoacapan C.A.', Meakyman M.A.", Taoesocan ILE.!, Cozomonan T.M.?,
bazoacapan A.C.2

THII] «Apmbuomexnonozusy HAH PA,
Poccuiicko-Apmanckuii Hueepcumem,
SHayuonanvnoni Honumexnuueckuii Mncmumym Apmenuu (HITVA),

AHHOTADIMS

B nanHoii pabote ObUIa pacCMOTPEH MOTEHIMAT K OHOIeTpalallii HOBBIX CHHTETH-
YECKHUX MPOM3BOAHBIX MPUPOTHON BUHHON KHCIOTHI, aKTHBHBIX B OTHOIIICHUH aHTHOUOTH-
KO-PE3HCTCHTHBIX IITaMMOB Pseudomonas HEKOTOPEIMU OaKTEPHSIMHU ITOYBBIL.

KuinroueBrble ciioBa: Pseudomonas, MyJIbTHPE3HCTEHTHOCTD, IPOU3BO/HBIC BUHHOI
KHUCJIOTBI, OMOAerpaaliisi, ITaMMBbI TIeIep.
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...lJquunud | wpgniipukpp,
wpunuuynidkikpphtiopnquitibpp:
ouLtr

uvoenenku

dkpohtt nwphubphtt 3nphup mwpwdwopownid qquhnpkt wykjw-
gt b whwlwdl qndh inpny dwpnuig phip wowig nwphpuyghi
b ubinwjhtt vwhdwtwhwuldwi: b phy vwyndjuiubph, wyny dwuht
Junud twb nwpwswopowinid Juhwtwdl gbndh htnhpniukgnn
duppljutg (hwnjuybu ghinpwhwu nt Ephnnwuwpn wnehlukph) pugu-
huwyndwip wdhpdws dbp twpnpny ntunmdiwuhpmipniuibinh wpnyniup-
ubkpp: Umntihpnud, npuytu ojhwunutbph gnidnytphg htinnt {Entuyghbp-
Yhp, hnnnud b opnud wnljw k jnnh wipwjwpupnipnil, npt k) opquthg-
Unud wnwy k pipnid yuhwtiwdl gindh hnpunbughtt pwppnnidubp: Nru-
nh wuwnwhwlwb stp, np dbp Ynnuhg junnwpus wpjuwnwupubph
ninyus bht quhwtwdl gindh whinwpwbwlwb tplinyputkph wnwewg-
Uwl wuwngwnltph nt gpuig hbnbwbpubph puguwhwjndwip” hwinta
nuwpwdwonpowith phwlsmpjut hpugkiyudnmpjul, Jipununpnyuljui
wnnnontpjut dwjupnuljh pupdpugdwi, wdnip nt wnnne punwithph -
yuwhwywidw:

Munidbwuhpnipniiubiph hpwjuwtwugnidhg wpwe wuhpwdbywnnt-
pintt jup hwunpwhwpbint mwpwdwopowthtt pinpny, hwnljuuybu nk-
pwhwu wnohljutph pdojuljut quudwtwt hpwdbynnipniip dtpdny
Jupspunhyuyhtt dnwénnnipyniup, huyp htwpwynphtiu hwennytg
plhwlpsnipjut opowinid wljnnhy punphppunyuljut b pupnjuhngbpwtiu-
jut wowlgnipjut nmpudunplut Swbtwywphny: dwhwtwdl ghndh
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gnpdwnnypubph pwiqupnidubpp puguhwjnbint tyuwwnwlnyg dbp ht-
nwuqnunipniubipht Jfwubughnwlut wowlgmpinit £ mpudwnply
«@nphu pdojuljutt JEwnpnup»: Zknwgnuinipynibtp hpulwogpt) Gup
hhjuwinuingh huniinnghwlwi jwpnpuwnnphuynd huntindbpdbin
Jbpnidnipjut tnwbwlny: Uppyniupubtph dky hwnljuybu wihwiqu-
wnwgunn bp ntumdbwuhpjusubnh oppwtinid dbp Ynnuhg wpdwwgp-
Jwd Juhwiwdl gindh hopuntiwghtt pwbqupnidubph b JEpupunwungpn-
nuijwt hwdwlupgh whnwpwiwlwi gpubnpmudubph dhol pugu-
huwynws Juup:

Zpduwpunkp’ plunwbhp, dwpwignipniy, hnpdnbibp, hhywbnni-
Pyl

Lwuwpw

Yywuph hhdtwljwb opkupp ukpunh swpniimnudt k, YEinuuh tuljuk-
nh pugnitwlnipniup’ Jkpupunwnnptine h ptdwtth, wwhwywiknt b owpnt-
bwlknt mkuwlyp, wnwtg nph htwpwynp skp (huh dwpnjuyhtt hwuwpwlnt-
prulin’s gnympymitp b n's by quipqugniup:

Uwpy nkuwljh supnibwujutnipniip wuydwbtwynpguws k ny vhuygh
JEuuwdbhqghninghwjut gnpdwnnijpny, wyjk puwnwithph dwuht wpdtpwjht
hudwlwupgny, ptnnwithph dwuhtt wmqqujhtt dnnwsnnnipjudp, ukpniunubph
thnjuhwpwpbpnipnitiibpny b gpughwnnipjudp: Ykpohtihu dky, hmnljuybu
niqnud kup Juplinpk] tkpquuujut hwdwlwupgh ntpt nt ipwbwlnipniup,
wnwppkp ubkpquunhs ghndbph gnpéwnnypubph thnpujuyulgjusnipiui
hdwgnipniup:

Utp wonunwbph tyunwl £

- nnwbw] mwpwswopowth pinwhwutbph nt Ephwnwuwpnutph spow-
unud Juhwtwdl gindh b Jkpununpnpujut wennonipjut puwbiqupniduk-
nh, whrnmwpwtwlwh npubnpnidubph dhob juuwh wwuwnlkpp,

- mpudwnpl] wpnnonmipjut Wuwhywidwb hwdwp &hown puytph dbn-
tupuwt wuthpwdbynmput dwuhtt pnphppunympnit b dwubwghunw-
jwt mbEnEjuwnynipni,

- wthpugbljwénipjut jud uppw) pwytiph hbwnbwupny wuntubiwne-
dnipiniuiiph juwupuwpgbinid b mwpwswoppwnid wnnne nt wdnip phwnw-
tuhph wwhwwunud:
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Upnhwljwimpniup: Fuwlsnipjut oppwinid Juhwbwdl ghndh hnp-
Untiuyhtt ppwbiqupnudatp niitkgnnubph pyh wykjugdw hhuwb Jpu Snphuph
nwpwoswopowin Jupkih E hwdwpl) npytu quhwbwdl qindh hhqunni-
piniuubph wpwewgdwt nhuljuyhtt gnunh: Zwpyhw nukny Juhwiwdlh qkndh
b JEpwpununpnnujut wnnponipjut puwbiqupnidubph thnpjujuwwlgduént-
pintup, hwunit ynitgnt wnnne nt wdnip puwnwtihph, yupbnpnwd Bup hpw-
qtijwénipjut pupdpugdutt wthpwdbynnipniunp:

Snipwpwynip dwpn wypnid, qupquinid, unghwjuwbu hwuntbw-
und b gnpéniubnipinit £ dwdwnid ptinphhy wthwwnh dunwiqulju hwwn-
Jwihokph hwpunmpjui, puunhwpulmput o dhewduyph, wjuhph’
JEtuwpwbwljut b unghwjujut spugpbkph: Apput k) dunwiquljut hwn-
Juuhoutpp pwwn nt hwpniuwn (hubkl, npuig npubnpdwt npulp dkdwybu
Jupduws E tub phwjub nt hwnjuybtu unghwjpuljuwt vhowduyphg, npnkn
dwpyp dbwynpdnid E npyybu withwin quunhwpuynipyub, Yppentpub, dh-
owtidtiwhtt thnjuhwpwpbkpnipniiibinh wpyniupnid: 8nipwpwisnip ukpunh
ghunnhynid twputhtubph gqbutph wniwmnipniup supnitwlybngd b thn-
Tuwligytiny ubplnbubpniy wwppbp wepkgnipyniukph wpynibpnid jupn-
n Lt wybtjh funpwtiuy b h yEpon npulinpyt) npytu dunwiqulju hhywinnt-
pintulikp nu obnnudubp: Bphluwttpp sunnubphg dwnwugnid tu twlb wpnn-
ouwjull n1 qquyuljut ukipphtt hwwnlnipjniutp, npnp hwdwh, thtigh wthw-
nh swhwhwu nuwnbw)p, qunuth i dunud: LEpjuynidu hwunwndws k
dupnuig dnn wnljw gbhubkwnhlulwubt npny wnwtdbwhwnlnipnitikp,
npnlp Jujunpnonid b nnwppbp hhywbnnipiniuubph wnwewgnidu nt ph-
pugpn: Npnowlh htwnwppppnipnit b ikpjujugunid dupnnt Juppugsh,
hnglljutt wphumuphh gpubinpdwb punypen, npnup qupquinid ki dunwbqu-
Juwunipjut b dhpwduwyph thnpumqpbgnipiut guydwbtbpnid: Ujp mbkuwlk-
wnhg wnwtdhtt wthwwntbph dnwn tnyuhul wpunwpniun dhhiinyup pdugng
npubnpnidubpp Jupnn ko nwuppbp yqundwnubp nitbuw) b npnoubph Unwn
yujdwbwynpdws (hubl] dunwbiqujutnipjudp, Ujntuttph Unin’ dhowqujnh
wuylwikph thnuugqnbgnipjudp: Ophiwyy hwynih k, np wppub udpkph dw-
nwugnudp nhnbkpdhtwgqus b dhwjt giubnhjuljut gnpénutbkpny, junuph,
dwyjith qupqugnidp’ phpwth funpnsh, Ynlnpph wiwnndhwlwh wpwbdbw-
hwwnlnipjnitubpny, hull jupdwnbunipniip’ npybu gqhubwnplnpbt tw-
hwhtwdwluy hhquinnpmnit [1]: Zwnuwbu jupbnpbing wwppkpibp
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quunps gindknph nt ukpwlwt glindbph gnpénitknipjut hnjujuyuwlgdusnt-
pjut obownwunpnudp, tokup, np dwljbphjudwjhtt hnpuntutpp hbownnipjudp -
thnpuwplynud Eu dkyp djniuhly, nph puinphhy wywhnyynid £ hhywunh dhuk-
pwjwlinpunhlnunbpnhnpujhtt b wiunpngbught hnpunbubph wwhwbep [2]:
Ukpquunps hwdwlupgh b ubnwljwb opqubph gnpdwnniyyputnh dhel gn-
nipnit ntukgnn whdhowlwt juwny yuydwbwynpjws, mbnh tu niukunid
hnpunbiwy fpwbqupniditkp, npnbp, pun dwubugbnibph gkibnhynpk thn-
hutgybint twppwnpudwunpjusnipinit nitk: Yung dAupwuubph wnwy-
tuyhtt wbpwjwpupnipiniup upnn £ yuydwbunpus jhtuk] dwunwbquljub
hjpny, huly Ephpopguyhtt whpwywpwpmpoibp’ gty pappnpughll gnp-
dpupwgutpny: Gpt dAJuwpwiughtt whpwjwpupnipmniup hwingbu £ quihu
Uhtsl ubnwljwt hwuntbwgnidp b wybh nip, myw Ypsdpugbndbpp pninpnyhte
skl qupqutnud, hull ubknwljwt opqutikpp dund b jwhuwn phpqupqugus
[3]:

dhpununpnpuljut wennonipjw hbwn juwdws hnpuntiwghtt pwtiqu-
powdubpp, pugh wnnpowljwu juunhpubnhg, pnnwthpubpnud sund kb twl
unghwjuwlwi, tyjupnuyhtt nt hngbljub, dhpwbdtwghtt hwpwpkpnipnituubph
upjwsdnipjniutitp, npnup swwn nhwypkpnid Jupnn bu pwpwupt] pinuthph
winnppp, purbw] wdntubwnsmpniuubph npnonudubph hhdp, Uks suthny
wqnk] wunip b wenne pinwthp niitktwnii:

Uniuhph hnnnud b opnud, npytu oyjhwunutbnhg nt énytphg htinnt
(Entughtt Epyph, welw t jpnh wipwdwpupnmipnil, npu k) opqutthqunid
wnwy b phipnid Juhwtwdl qindh hnpuntwjht fpwpinnidubp: Qiunh ygu-
wnwhwlut sk, np dbp Ynnuhg junwupwsd woumnwbtpubpt ninnyus tu knbkp
Juhwtwdl gbndh whinmwpwbwlub tplnyputph b JEkpupununpnyujut
wnnnonipjult htnn hnpujuyuljgdusnipjutt yuwnmdwnubph nt npuig hk-
nbwbpubph puguwhuwyndwiin:

Zwjnuh k, np quhwtwdl gtindh gnpswenyph hhdtwljuwt jupgquyn-
ponubpp hwdwpynud &b dwynintnh (hhyndhqh) phpbnpjupwihs (TSH) hnp-
Untlt mt Bupwnbtuwpnidpp (hhynpuwjudniup): Ywhwbtwdl gindh qjluwynp
hnpunup phpnpuht £ pwnwynnphpnupun (Ts) (g6. 1, 2):
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QSwyunnlkp 1. Phpnpupls (T4) hnpunih unnigyudpp:

Thyroid system

L
Hypothalamus
slang | Yrotropin-releasing hormone
T (TRH)

Anterior pitui

yroid-stimulating hormone

Negative feedhag (TSH)

roidigland

d calecholamine effect

QSwyunnllp 2. Bhpknhn hnpunbikpp upbplbqh qdunyunnlkpp:

TSH-p phpinjupwithy hnpuntt k, TRH-p' phptnnrhihqhtg, T3¢ (Enwynn-
phpnuht) b Tsp (punwynnyphpnuht)’ phpbnhy: Sdwywnltphg tpinwd E -
puntuwpnidp-dulnintn (hhynpwjwuniu-hhyndhq) hwdwljupgh wljnhy
Juyp dwutwlgnipyudp phpnhnuiht hnpdnbubph (Ts, T4 ): dpug wljnh-
Ynipniit nu phpinhnujhtt hnpuntubph ynipuhnpjwbwynipniup juhun
wpuquimd b nudbquimd ki qlindh gipgnpsunnyph b piydymd’ phpgnp-
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dwnnyph nhwypnid: Niunmdtwuhpmipnititbphg, npnp juwnwpyt) Gu wnwp-

ptp vnuphph b ubkinh duppjutg Unwn, wupqybkik, np Untihph dupgh (hwwn-
Juybu Snphuh nmwpuswopowih) ptwlsnipjut Unwn wnwybky gbpwljonnid ku
Juhwtwdl glindh ptpgnpswnnypeny (hhynpehptng) wuwydwtwynpyws hh-
Juunnipiniuubpp: Uypuyhuh hhwunubpht pinpny ki hnquwédnipiniup, pnt-
|nipjniup, puljnuninipniup, whpinhwn wwnlknt guulnipjniup, hhonnnt-
pjut tjugnudp, Jhunpnuwbwnt pddupmipniup, uput Loydwt munw-
unwdubpp, pujdwponp b wyj: Lpuwtp mupwynid kb phppuownutnipjudp,
winuownwunipjudp b h yipen” whywnnmpjudp: Ukp hblnwgnunnipniuautph
pupwugpnid yuhwbwdl gindh gnpéwnnyph tjugnidp btwpa unniqyt) Ehtwn-
lyw phuntph oqunipjudp:

Zhjwunh dtnpht jud wy] hwndwsénid jnnny guug k ajupynud. bpk
guign 5-6 dudyjw pupwgpnid wthkwnwbunud k, niptdt opquthqunid jnnh w-
puyjwpupnipjnit Juw, hul] Ept wthbnwind k£ 24 dud hknn® nipkdt wdkh
hits Yupghts £ |

Uty wy] ghypnmid dh pwbih op owpnitiwl), wnwynuyjul, wpwhg wb-
ynnunig yEphtktwnty, swihynd £ hbnnwgnuynnh dwpduh obpdwunhgutip:
Bpt wjt unpdwjhg (36.6 wunhdwt) gusn k, nu bu Jupnn k yyuyt) ptpgnp-
dwnnyph dwuhl, hulj Ept quwhwywidt) k37 wunhdwuh Jpu ghpgnpéwunny-
rh yjuynipniut k:

Juwhwtwdl qindh pipgnpswnnyph (hhynphptngh) npnodwt hwdwp
jwt bwl jupnpuwnnp phunkp, npnughg wdktwwnwpwsywsénp TSH-h b FT4-h
wquw npnonid k (gs. 3) [4]:

A 450/620-690
1

QSwyunnlkp 3. TSH-h npnoniudp:
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TSH-h tinpuw) vwhuwbbpp 0.5-4.1# 1U/ml t, hul hhynphptngh dw-
dwtwl 0.1-hg thnpp: TSH-p wigwwnmd t hhynphghg h wunwujuwb -
puwntuwpdph hnopunuh wgptgnipjuib puhdynid Juhwiwdl gindh hnpudnt-
Ubkph Ynquhg hokghtiny dwlymntnh qquynitnipniip TRH-h wqnbgnipjui
ujuwndwdp: TRH-n (phptinjupwihs nhihqhtg) fupwinid L Juhwiwdl gindh
hnpuntutph uhtiptqt nt whpwwnnidp:

ZEnmwgnunipniup juunwpyby E«3nphu pdojujut YEtnpniy-h hunt-
uninghwjut jwpnpunnphuynd’ huntbwpwbwlwb YEpnidnipyut Epubw-
Uny: Cownpty E nppuh Jhpmsnipjut whyp juqujuws kplynt dwuhg'
hunttughtt b $EpdEunnwnhy: Punittwghtt nkwlghwt hpwjwbwgund £ jEu-
uwpwbwlub Unjkyniiiph juwnudp, npntp £ whwp £ hujntwpbpykl, hul
dpdbunnwinhy nbwljghwt pniy) E vnwhu mnbutiby b swtht) hpuntininghwljut
ntwljghwh wpnyniupp: Mubptnh fughubph hwwnwlht jutjwy tuntg-
Unid ki hwwdwpdhtbp npnpwlh htnwgnugng iniph thundwdp, huy
lughubph ke’ Yhiuwpwbwlwb Wynip, npp wupnibwlnud £ hulusht' po-
wnpnnpupwp dhpujus dktwhwinni hwjudwpduh htin juybint hwdwp: Zw-
onnn pwjny sjuuyws uyhnwlnigubpp (gynud ki hwwnnily jnisnypeny, npp
wupnibwlnd E wdjup hwwstht dktwhwwnntl) hwjudwpdhuubp b dhp-
dbuwn: Zuljudwpdhuttpp juynud B fughlniud $hpuus hwljushuutph htwn:
®npdwiyniph gnitwynplwt hinktuhynipjniup ninhy hwdbdwnwljub £ hk-
wnwqnuynn hwljwsth putwlnipyun [5]:

Utp Ynnuhg htunnwgnunjuws Juwhwiwdl gqtndh phpgnpswnniypny
dupnjutg pYwjhtt hwpwpbpnipyubt wwwnltpp punn muphph nt ubnh wpunw-
huwynguws t gé. 4-nud:

B 1. Sjpunbwpy

B B2 Uhl

3. Minuwhum
umohljtkp

QSwyunnllp 4. 2018-19pp. «Inphu pdolwlml [Einnpni» phuwshhunphnlngny
hpyjmbnllkph phyp:
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Jhdwjugpuljut nydjujikpp hwjwunmd kb, np jnph wpwdwupwupnt-
pjul, duppjuig byuppuhngbpubujut jupjwsdnipjut wpyniupnid nw-
puwswopowunid (b ny Uhuy) mwupkg nwph wykjmunid £ hhyn- b hhwybkpph-
pbngm] hpjugubph php:

Gbwywwnltphg tjuwnkih k np jubwp wewdt] hwljws Eu Jquhw-
twdl gkindh hhwunnipniuubph nhuljh, put nqudwpnhly: 9Epohtt mwunh-
utphtt phs phy skt Juqunid twb pinwhwu nt Ephnwuwpy wneohlukpp,
npnig Unwn k) hbnnwquynt dwbwnnnipjut jpughpt | dwgnid: Ukp b ikpqu-
wnwpwltph hbwn phwlsmpjut opowtinid hpwlwbwgdus qpnygubpp,
hunphppunyujut hwinhynud-ubkdhttwpubpp pny; o nyb) dkq tqpuljug-
ubknt, np Ukbwdwutnipjniiip whnbnul E wbwyunnnipjut, ghikininghuljut
wnuwppbkp pughputph b Juhwiwdb gindh pwbqupnudatph vhol juugh httw-
puynpnipjutp, ntunh jud Jupnn ksphul), jud nipugws nhut] Juhwbwdl
gtindh htnnwgnuinipjui:

Lwth n phnhmpjub pupugpnid yuhwbwdlb gindt wpjuwwnnid £ nidk-
nugyws nkdhuny, gnpdwnniyph wwhwywikp swwn juptnp £ wyun hunpduyg
qupgugiut hwdwp: Gplk duypp Juhwbwdlh gindh hnpunutbph wipujuw-
pupnipinit £ niuktinud, wyw wynnh hwdwp Juuutg b unbndynid, tpkuwt
Jwpnnn L sudl] wmpuwntbpny: Niuwnh, jupbnpnid Eup hnhnipjut pipwugpnid
Juwhwtwdl gindh niypinpwdwjuughtt b wpyut hnpdnuubph hbnwgnunipmnit
wlgubipn: Gpt hnhubkphtt wyn janphnipngp upnn Eu mpudwnpby ghutlyning-
ukpp b Juijub] hnhnipjut utnpdw] pupwgphtt fpwtiqupnn swwn jutnhptbp,
wyw Ephnwuwpnubpp npnpwlh wuwonmwywgwénipinit jupnn b wywhn-
Y& dhuytt hpugqbjwsdnipjut nt gpughwnnipjut yupwquyynud:

Ppuqkiyudnipjut pupdpugdut tyunwlny yepubugt) b pnthuljut
nwpphp dwuttwghnwlwb nuupbpwgutph Spugpuyhtt oppwtwlmd ukpw-
nk] Lup «dwhwbwdl gbndp b JEkpupununpnnquljut wpnnonipniup» phdwgh
nrunidtwuhpnipjniuip, nph pppwtwlnid hpwwbwugpty Gup twlb Ynipuwghl,
nhynduwjht b wy hbnnwgnuuljut wolpwnwupbp:

Zwuunit wpnne b wdnip hwy pinwuthph, dkp ntunidbwuhpnipeiniuubph
tyuwwnwljutph dbky Juplnpbghtp pinwhwutbph ni ubpniin nibbbwno
huinhp nittgnn Ephwnwuwpn qnuygbph oppwtnid Ukp b tkpquunupwin dwu-
twgbwn pdholutph Ynnuhg hpwqbljwénipjub pupdpugdwt ninndus uk-
Uhtwp-junphppunynipnibtbph juquuytpuynudp, hgsh wpynibupnid ht-
nwugnunipjul dudwbwlwhwnyduénmd gpuighk] Lup wpnnowugus, dhown
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dwubtmghinwljut oqunipinit unnwgwsubph plh wés, b «ubwyunnnipjui»
wuwwndwnny wdntubwniénipiniubph pyh tuqnid:

Uslumwnwiph wpnyniupnid Ejutp wjt Eqpuhwiquwb, np ppuljub
hnyqtpp bu dhwiquduyt pupbiyguun B wqnmud opquithquh Ypu:

Qpugbwn junphppuwnympmnitubpp, wthpwdtown ghwnbjhpubpny Eph-
wnwuwpnubphtt ghubkp ogunid ki pinwhwutbphtt wquunyt] puughpubpp
spupdpwdwyitnt jupspunhwywyht dtinwsnnnipiniihg, dwmdwbwlhi htnw-
qnuyt b juijpwpgh ] Juhwtwdl gindh swn hhquunnipjniuibph htwpw-
Unp pupnmpintulibpp: Zknbwpwp’ hhjwinnipynittbpp hwnpwhwpbin hw-
dwp pwn Jupbnpniud Bup ptwlsnipjut nknkjugubsnipjut pwdp dwljup-
nujh wywhnynudp:

Npubu dwutwghnwljut ogrnujup junphnipy tpkup, np ptwlsnipjui
opowlnid mwpklut kpynt whqud wthpwdbown L hpwlwbwgutk; TSH-h b
Ts-h hbnnwgnuunmpynil, huly nupnguljubikph b ntuwbngibph opowbnid  pu-
guunpuljut wphwwnwip mwtk] Juhwtwdl ghindh pwbqupnidubph b fub-
Juwpgbynudubiph Jhpapbpyu:

Nputu yEpowpwt, niqnid kup toky, np wyniukgnt hyyupwn Yhgyusph nu
htpnuwljut YJEuuwgpnipniup YEpndk) £ ynijug ptvnuthph wdpnipyjut
ounnphhy b dkup whwp E wdkb hus wukup, np dhpnn yuhywubkip nt wdpw-
wunkup hujh Jkpupununpnnuljub nudp:
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T'OPMOHAJIBHOE PET'YJIMPOBAHUE IIIUTOBUIHOM KEJIE3bBI
KAK OCHOBA PENNPOAYKTHUBHOT O 3JOPOBbs

T.C. I'puzopan, B.B. I'supany, A.A./lanadexan
Topucckuii eocyoapcmeennblil yHugepcumem
tatev.grigoryan3S@gmail.com, vard.g@mail.ru, lalabekyan1987@mail.ru
AHHOTALIUA

B mocnennee Bpemst B ['opiCcCKOM pernoHe 3HAUATEIHHO YBEIHUIIIOCH YHCIIO JIFO-
Jieit (6e3 BO3pacTHBIX U MOJIOBBIX OTPaHWYCHHN) ¢ IPOOJIeMaMy IIIUTOBHUTHOM skene3bl. [1o
MHOXKECTBY JPYTHX JaHHBIX, 00 3TOM CBUICTEIBCTBYIOT TAKXKE PE3yIbTATHI, IPOBEICHHBIC
paHee B peTHOHE HCCIEAOBaHUH, y JIF0AEH ¢ mpoOieMaMH IIUTOBUIHOM jkene3bl (0COOeHHO
y J€BOYEK-TIOAPOCTKOB U MOJIOABIX KeHIINH). B CIoHHKe — TOPHOM peruoHe, JajeKoM OT
OKEaHOB M MOpeH, B ITI0YBE U B BOJe MMeETCs HEeJIOCTAaTOK Hoja B OpraHu3Me, KOTOPBIH 1
MIPUBOIUT K TOPMOHAIIFHOMY HapyIICHHUIO IIMTOBUIHOM kene3bl. [loaTomMy HeciydaifHo,
YTO MPOBEICHHBIC HAITK Pa0OTHI OBLIH HAIPABIICHEI HA BELIBICHHE IIPHYMH NaTOJIOTHYEC-
KX W3MEHEHHH IUTOBUIHON JKEJIe3bl ¥ BELSICHEHHIO UX ITOCIIEICTBHI U1 HH(POpMHUpOBa-
HUSI HACEJICHUS PETHOHA PaJii TOBBIICHHUS PEIPOIYKTUBHOTO 3/I0POBBSI U COXPAHCHHUS B
pervoHe Kpenkoi u 310pOBOi CEMBH.

Iepen HayaOM HcCleIOBaHMH ObliIa HEOOXOANMOCTH IIPEOIOJICHUS B PETHOHE CTe-
PEOTHITHOTO MBIIIIEHHS — OTPHLAHMSA HEOOXOANMOCTH MEIUIMHCKOTO 00CIe0BaHMs
(0COOEHHO y NMEBOYEK-TIOAPOCTKOB), KOTOPOE, MO BO3MOXKHOCTH, YAAIOCH MPEOIOJICTh,
Onmaromapsi aKTUBHBIM KOHCYJBTAMSIM B MOPaJIbHO-IICHXOJIOTMIECKOM MOIIEpKKE Hace-
neHust. YToOb1 00HAPYKUTH NATOJIOTHIO ITUTOBUIHOHN KEJIE3BI C TOMOIIBIO aHAJII3a IMMY-
HO(epMeHTa, UCCIICI0BAaHIsI IIPOBOAMIN B JIAOOPATOPUN UMMYHOJIOTHH «MEIHIIMHCKOTO
rierTpa ['opucay. bl BEIOpaH METOA IPSMOTO aHAIN3A.

KuiodeBble c10Ba: HacIeACTBEHHOCTH, CpeJla, CEMbsI, TOPMOHBI, OOJIC3Hb.
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BJAUSAHUE TAYPUHA HA KIIETOYHBIE CTPYKTYPbI
IoJIYbOI'O ITAITHA MO3I'A TTIOCJIE
NHTOKCHUKAIIUA OTAHOJIOM

M.A. lanuenan, B.Il. Xauampan, O.A. Hazapan,
K.B. Kapanemsan, K.A. He6ozo6a

HUnemumym guzuonocuu um. JLA. Opberu HAH

margaritadanielyan76@gmail.com, vahagnkhachatryan.doc@gmail.com;
nazaryanofa@gmail.com, karapetyanchristine@gmail.com, nebogova.kristina@mail.ru

AHHOTALIUA

[IpoBeneHHBIC THCTOXUMHYECKUE HCCIICIOBAHUS CBUIETENLCTBYIOT O Jie-
TeHEePaTUBHBIX U3MEHEHUIX, HAOII01aeMbIX B TOIYyOOM MATHE MPHU KPaTKOB-
PEMEHHOI MHTOKCHUKALIUU 3TaHOJIOM, KOTOpbIE YIIyOIAI0TCsA 0 Mepe yaJH-
HEHHsI CpOKa TpHeMa dTaHona. [lopaxxeHne HEHPOHOB HIET IO THITY LIEHT-
PaATBHOTO XpPOMATONIN3a, HAOJI0AaeTCs HapyIIeHHEe KOHTYPOB KIETOK, YKOPO-
YCHUE OTPOCTKOB. Y KPBIC, MOMYYaBIINX TAYPUH, OTMEUAIOTCS ITOJIOKHUTENb-
HBIC U3MEHEHHSI CTPYKTYPHBIX CBOHCTB HEHPOHOB KOPHI MO3Ta U MOBBIIICHUE
¢docdarazHoil akTHBHOCTH (MTOBBIIIICHHE META00IM3Ma) B KOPE MO3ra, 4TO B
LIEJIOM OIIpeeNsIeT KIETOYHOE BEDKUBAHHE U XapaKTEePHO AJIS IEPBUYHO pa3/i-
PaKEHHBIX HEHPOHOB, HAXOSIIUXCS Ha ITyTH BOCCTaHOBJICHUS. DTO yKa3hIBa-
€T Ha HeHPONPOTEKTOPHBIN 3(h(EKT TayprHa Ha KICTOYHBIE CTPYKTYPHI TOTY-
00ro TISITHA KPBIC.

Karouessle ciioBa: rory0oe ISITHO, HEHPOHBL, 3TAHOJ, TaypHH.

BBenenune

CrpeMHUTENBHBIA POCT aJKOTOJIM3Ma BO MHOTMX CTPAaHax MHUpa NpeBpa-
TWICA B CEPbE3HYIO COLMAIBHYI MPOOJIeMy, IMOCKOJIbKY 3TaHOJ OKAa3bIBAeT
TPAaH3UTOPHBIE U AJTUTENbHbIE/yCTOMYMBBIE TOCIEACTBUS HA HEPBHYIO CUCTEMY
[1]. ITo yacToTe ynoTpeOneHus: BbI3bIBAIOLIMX MPUBBIKAHUS BEIIECTB, 3TAHOJ
3aHUMAeT TPEThE MECTO, IOCIIe HUKOTUHA U KodeuHa. [Ipu xpoHnueckoi anko-
rOJbHOW MHTOKCUKALMU IPAKTUUECKHU BO BCEX CUCTEMAX U CTPYKTypax roJIoB-
HOTO MO3Ta BO3HHMKAIOT (DYHKIIMOHAJIBHBIE ¥ MOP(HOIOTHYECKHE HAPYUICHHUS
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[2]. ®yHKIMOHATBHBIE U3MEHEHHS HA YPOBHE PELENTOPOB U HEWPOTPAHCMUT-
TEPOB MPEALIECTBYIOT 00Jiee TSKENIbIM CTPYKTYPHBIM MOBPEXACHUSIM HEUpPO-
HOB [3]. HayuHble HOCTHMIKEHHUS B O0JIACTH WCCIICAOBAHUS MATOTeHE3a allKo-
TOJILHOTO TOPA)KEHUSI MO3Ta MO3BOJIMIN MPEIOKUTH A MpernapaToB, KOTO-
phle TIOKa3aJIM HEHPOMPOTEKTUBHBIE d(D(PEKTHI B YCIOBUSAX DKCIIEPUMEHTA [4,
5]. 3BecTHO, UTO aMHUHOKHUCIIOTHI SIBJSIOTCS OCHOBHBIMU KOMIIOHEHTAMU CHC-
TE€MbI METabOIMYECKOTO KOHTPOJIS KaK CHHTE3a, TaK U KaTabonu3ma OelKoB B
opranusMe. B cBs3u ¢ 3TUM Bce 0oJbIlie BHUMAHUS yIENAETCS U3YyYSHUIO BITH-
SITHMSI aMUHOKHUCIIOT ¥ WX TMPOU3BOJHBIX HA META0OIUYECKHE HAPYIICHUS TPU
AJIKOTOJIN3ME.

B nmocnegnee BpeMs HHTEpeEC UCCeA0BaTENEH BbI3bIBAECT TAYPUH — YCIIOB-
HO He3aMeHUMasi aMUHOKHCIJIOTa, KOTOpasi UMEEeT BaXHO€ (PyHKIIMOHAJIbHOE
3HAYCHHUE B COCTaBE MPOCTHIX MENTUIOB U B CBOOOIHOM BHE [6, 7]. 3m0ymnoT-
pebiieHne ankorojeM MPUBOAUT K ACPUIMUTY TaypHHA B OpraHU3ME U K TOMY
K€ HapyIlaeT crmocoOHOCTh opraHu3Ma ycauBaTh ero [8]. Taypun cnocoOen
KOPPUTHPOBATh CTUMYJIHPYIOIINNA U MOTHBAIIMOHHBIE 3(PPEKThI TaHONA H030-
3aBUCUMBIM 00pa3zoM [9]. KinnHndeckue uccinenoBaHus MpoaeMOHCTPHPOBAIIH,
YTO MPUMEHEHHE TaypUHA y UCTBITYEMbIX, YIIOTPEOISBIINX dTAHOM, IIPUBOIU-
JIO K CHWKEHUIO COJIEpKaHus alleTajabJeruaa B KPOBU IO CPABHEHUIO C KOHT-
pOJIBHOM TPyIIOH, He TosrydaBiieit npemnapat [10], To ecTs TaypuH moMoraet
OpraHu3My n30exaTb T€ HEraTUBHBIEC MOCIEACTBUS, KOTOPbIE BOZHUKAIOT MPHU
U3BATUU AJIKOTOJISI.

[To manHbBIM 3apyOeKHBIX HCClenoBaTeNel, Ha3HAUeHUe TaypuHa 00Jb-
HBIM aJIKOTOJIM3MOM Ha MEPBBIX CTAAUAX AETOKCUKAIIMH TPUBOIUIIO K YIIydIlle-
HUIO uX obmiero coctostaus [11]. M3BecTHO, uTO romy6boe nsaTHO (ot nat. locus
coeruleus, LC), cogeprxaliee MHOTO HOpaJApEHEPTUIECKIX HEHPOHOB, 001aia-
0T MOBBIIIEHHOHN YyBCTBUTEIBHOCTHIO K HEHPOTOKCUYECKOMY NEHCTBHIO alIKO-
rojsi. CornacHo nureparype, B LC nokazaHo yMeHbIIEHHE YKCiia HOpaJpeHep-
TUYECKUX HEHPOHOB MPU XPOHUYECKOHN aJIKOTOIBHOW MHTOKCHKAIuU. [10100-
Hoe noBpexaeHre LC MOoXeT HapymaTh BHUMaHKE, TaMsATh U o0ydeHue [12].
[Tpu BBeieHNH AJIKOTOJIS OHO aKTUBUPYETCS M pearupyer yBeJIMYeHHEM CeKpe-
MU HOpaJpeHaAIMHA, KOTOPBIA, B CBOIO OYepeqb, M3MEHSIET KOTHUTHUBHYIO
bynkuio (uepe3 npedpoHTaIbHYIO KOPY), OBBIIIAET MOTHBAIIMH (Yepe3 MpH-
Jexaiee spo), aKTUBUPYET TUIOTalaMO-THIIO(PH3apHO-HAAIIOUYEYHUKOBYIO
CUCTEMY, a TaK)K€ YBEIMUYMBAET TOHYC CUMIIATUYECKUI U OJIIOKMPOBKY Mapa-
CHUMITaTUYECKOW HEPBHOM CUCTEMBI (uepe3 CTBOJI Mo3ra) [13].
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MarepuaJ u MeTO/bI

HccnenoBanust npoBouiIn Ha 35 1M0JI0BO3PENBIX OECIIOPOHBIX KpbIcaX—-
camkax, maccoit 200-250 1, koTopsie ObLTH B35THI U3 BuBapust HcTtuTyTa -
suosoruu uM. JI.A. Op6enn HAH PA. Bce skcriepuMeHTabHBIE )KHBOTHBIE Ha-
XOJIMJIMCh Ha CyXOM KOpME U B Kaue€CTBE €MHCTBEHHOTO HCTOUHUKA KUAKOCTH
nonyuanu 15% pactBop 3tanona. JKUBOTHBIE ObUTH MTOAPA3/IeTIeHbI Ha CIEIyO-
M€ TPyNIbl: 1) MHTaKTHBIE KPBICHI (I=5) 1 3 ONBITHBIE IPYNIbI B 3aBUCUMOCTH
0T CpoKOB MpueMa ankorois: 2) 10 aueit, 3) 1 u 4) 4 mecsiia COOTBETCTBEHHO,
10 5 )KMBOTHBIX B KayK01 rpymie. [l n3ydeHus BIUsAHNS TaypHUHA Ha KIETOY-
HBIE€ CTPYKTYPbI MO3Ta KpPbIC M10CJI€ MHTOKCUKAIIMH 3TaHOJIOM KUBOTHBIE TAKKe
ObUIM TOJpa3ieeHbl Ha 3 Tpynbl (10 5 KPBIC B KAX10H IpyIIie): NOIyYUBIINE
stanosa 5) B Teuenue 10 gueil; 6) B TedeHue 1-oro u 7) B TeueHue 4-x MecsIIeB,
COOTBETCTBEHHO, MOCJE Yero MepeBeeHHbIE Ha BOAY U MOTYUYHUBIIHE KaXI0/-
HEBHBIE OJTHOKPATHBIE HHBHEKIIUU BOAHOTO pACTBOpa TayprHa B TE€UCHHE 7 THEH
(50 mr/kr Beca, B/0, B 1 M ¢us.pactBopa). C nenbto uzyuyeHus MoppodyHKIH-
OHAJILHOTO COCTOSIHUS KJIIETOYHBIX CTPYKTYP MO3ra ObUT MPUMEHEH TMCTOXUMHU-
yecKuil MeTos1 BbIABIeHus akTuBHOCTU Ca’’— 3aBucumoii KO [14]. )KusoTHsle
ObLTH HApPKOTH3UPOBaHBI HeMOyTanmoM (40-45 Mr/KT Beca, B/0) € MOCISIyOIIHM
U3BATUEM MO3ra. bbulM IMpPUrOTOBIEHBI 3aMOPOKEHHBIE (POHTATbHBIE CPE3bI
TOJIOBHOTO MO3ra TOJIMHMHONW 40 MKM, TIOJIBEPTHYThIC NajbHEWIeld 00paboTKe
comIacHO MeToxy. [ 0ToBbIe penapaThl MoIBEPraauch Mop(orIoruieckomy aHa-
mu3y. [locnenyromnume cbeMKH MpenapaToB NPorU3BOAMINUCE ¢ ToMotisio OPTON
¢doroannapara M-35 u ¢ nomosto poroHacaaku AmScope MUSO00 yepes MUK-
pockort OPTON (West Germany).

Pe3y.]'leaTl)I u 06cym21e}me

B LC xpbic, moaBEepruyTHIX BO3/IEUCTBHIO 3TaHOJA, HA 10-ble CyTKU MPU-
€Ma TaHOJIa OTMEYAETCS PE3KOe MMPOCBETIEHUE LIUTOILIa3MBbl B JOpCOIaTEPalb-
Hoii wactu LC m3-3a ocnabnenust gocdarasnoit akruBHoctu (Puc. 1 I'-E) B
CpaBHEHUHU C MHTAKTHBIMU KMBOTHBIMU. O1HaK0 akTUBHOCTh K® ocTaercs eme
Ha BBICOKOM YPOBHE B DKTONHMPOBAHHBIX siApax HEHPOHOB. [lopaxeHue Helpo-
HOB B LC (Puc. 1 /I, E) uaet no tTumy neHTpambHOTO XpoMaroiusa. B BeHTpo-
natepanbHOi yacTu LC umeeT MecTo yMepeHHoe cHIkeHue gocharasHoi ak-
TUBHOCTH B COXPAHUBIIHNXCS HelpoHaX. HelpoHBI TEPSIIOT CBOIO XapaKTepHYIO
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dopmy, B3ayBaroTCs, HaONIOJAETCA HApYLIEHWE KOHTYPOB KJIETOK, y OOJb-
IIMHCTBA U3 HUX NepecTaroT pearnposaTh oTpocTku (Puc. 1 J[). VY HexkoTophIix
KJIETOK JopcoiaTtepanbHoil yacTi LC OTpOCTKH COXpaHs0TCs, HO yKOpauyuBa-
torcst (Puc. 1 E). Tlo nepudepun mnazmoneMMbl 00HAPYKHUBAETCS OKOJIOKIIE-
tounblid 0TEK (Puc. 1 /I, E). 'uneprpodupoBanHbie IEPUKAPUOHBI TOPCOIaTe-
paJbHON YacTH HaXOJATCS B COCTOSIHUM XpOMAaTOJIM3a, a UX spa 3€pHUCTHIE,
U3MEHEHbI, 1e(OPMHUPOBAHBI, C HEYETKMMH KOHTYPaMHU M OTOABHHYTHI K IIEpH-
¢depun. BenenctBue 3THX TUNEPTPOPUUECKUX JET€HEPATUBHBIX IPOLIECCOB
Habmonaetcs arpodust (Puc. 1 J) ¢ ucuesHOBeHHEM KIETOYHBIX TEll.

VYnorpebienue 3TaHona B Te4eHue | Mecsna NPUBOAUT K HapyIICHHIO
Mopdomnoruueckoil kaptuHbl B Heliponax LC (Puc. 1 XX-N). Knerku nopcona-
TEpaJIbHON YaCTH TOMOTEHHO OKpAIICHBI, TAK)KE YBEIWYCHBI B pa3Mepax, I'-
nepTpopUpoOBaHbl, HO, B CPABHEHUH C KPATKOBPEMEHHONW MHTOKCUKALIUEH, KOH-
TYpBI KJIETOK OoJiee 4ETKUE, MPOLIECC XPOMATOIM3a He BbIsABIEH. OTPOCTKH YKO-
pPOYEHBbI MM OTCYTCTBYIOT, SKTOMMPOBAaHHBbIE DPa30yXIIMe SApa COXPAHIIOT
cBoto (ocdarasnyro aktuBHocTh (Puc. 1 3, 1). B Heiiponax LC Brbicokas ¢oc-
dataznas aktuBHOCTH (Puc. 1 3, N). B LC nHabnrogaecst OKOJIOKIETOYHBINA OTEK
U YMEHbIIIEHUE MJIOTHOCTH PACIOJI0XEHUSI HEHPOHOB B €r0 BEHTPOJIATEPAIIb-
Hoit yactH (Puc. 1 I'). [laTonornueckue ciBuru B HeHpOHax NPUBOISAT K peax-
[IH CaTeJUTMTHON HEUPOTIINHU, KOTOpast OYeHb YyBCTBUTENIbHA K M3MEHEHHSIM B
HEPBHOM TKaHM.

JUtnTenpHBIN PUEM ATAHOJIA BBI3BIBAET CUIIBHYIO JIET€HEPALUIO KIETOK
LC (Puc. 1 K-M). BonbmmHCTBO HEHPOHOB AOPCOJIaTepaIbHOM YacTu OKpyKe-
Hbl MEXKJIETOUHBIM OTEKOM, TEPSIOT XapaKTepHYIO MPOJI0JATroBaTyo Gopmy, y
HUX HapyLIaeTCsl YeTKOCTh KOHTYPOB M OTCYTCTBYIOT OTPOCTKH. B 1iuToruiazme
HaOJI01al0TCS MIPOIECChl IIEHTPATIbHOrO Xpomaronusa. KO B Buae KpymHOr-
JBIOYATOTO OCaJKa BBIABISETCS B IIEPHHYKICAPHOM IMPOCTPAHCTBE JOPCOJIaTe-
pansHoit yactu LC (Puc. 1 M). B Bentponarepansuoit yactu LC BIsBISIIOTCS
CHUJILHO OKpallleHHbIe TUIepTpodupoBaHHbIE KJIETKH. Bricokas ¢ocdaTazHas
aKTUBHOCTb B COME, BUIUMO, OTpaXkaeT MOOMIN3ALMIO 3aIUTHBIX BO3MOXKHOC-
Tl KJIEeTKH, U 3allycKaeT MeXaHU3Mbl ajantanuu. HeBo3moxHo otauddepen-
LIUPOBATh AP0 M3-32 HAINYMS KPYMHOIJIBIOUATOrO OCajgka B LUTOIIa3Me. Y
OOJIBIIMHCTBA HEHPOHOB OTPOCTKM YKOPOUYEHBI, TMOO BOBCE HE BBISBIISIOTCS.
Mopdonoruueckass KapTuHa YKa3blBaeT Ha PENyKIHIO JCHAPUTHOTO JepeBa
(Puc. 1 JI).
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Puc. 1. Muxpopomozcpaghuu netiponog 201y6020 nimua Kpvic 6 HOpme U Npu UHMOKCUKAYUU
amanonom 6 ounamuxe (A-B - nopma; [-E - uepes 10 oneu; K-U - uepes 1 mecsiy u K-M - uepes
4 mecaya unmoxcuxayuu, b, /[, 3 - knemxu eenmponramepanvrou; B, E, U, M — dopconame-
panvhot yacmeti LC (uephvie cmpenku - 9KMonuposanHvle si0pa, beivie cmpeiku - 0pa eiu-

ANIbHBIX KIEMOK, 36€3004Ka —OMEK, mpeyeoivHuk-kiemxku “menu”). Onmuy. ysenuuenue: x25
(a); X100 (A, I, XK, K),; %400 (b, [, 3, JI); x1000 (B, E, U, M).

Takum 00pa3oM, TP MHTOKCHKAIIMK 3TaHOJIOM MOpQoorudeckas Kap-
TUHA noBpexaeHus B LC HamoMuHaeT MopaKeHusl, MPUCYIIUE TSHKEIBIM U3Me-
HEHUSIM HEPBHBIX KJIETOK, U COMPOBOXKAAETCSA TTTyOOKUMU HAPYIIEHUSIMU METa-
0onm3Ma KIEeTKH.

VY Kkpbic, TOMyUYaBIIMX TaypuH mocie 10-THeBHOTO mpuemMa amKorods, B
LC ne HabnromaeTcst nereHeparus, mpolecc XpoMaToJin3a He BBISABISIETCS, OT-
MeYaeTcs YBEIMUCHHE TUIOTHOCTH PACTIONIOKEHUST HEHPOHOB, a TAK)KE BOCCTa-
HoBJIeHUE GHopMBI KIIeTOK B 00enx yacTsax LC (Puc. 2 A-B).
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Puc. 2. Brusnue maypuna Ha HEUpoH»l 201y0020 NAMHA KPbIC NOCAE UHMOKCUKAYUU IMAHOLOM
6 Qunamuxe (uepe3 7 OHell 6sedenuss maypuna: A-B — nocae 10 oueu; I'-E — nocne 1-20 mecaya
u JK-U — nocne 4-x mecayes npuema smanona, b, /1, 3 -knemku eenmponamepanvroii; B, E, U
- dopconamepanvroti wacmeti LC). I'-U - svicokasn akmuenocms K@ 6 yumonnaszme u ompocm-
Kax, 8 MeJCKIeMOYHOM NPOCMPAHCINBE OOHAPYICUBAIOMCS A0PA 2UATbHLIX KIemoK (benvle
cmpenxu). Onmuu. yeenuuenue: X100 (A, I, XK); <400 (b, /I, 3); x1000 (6, B, E, e, 1).

B nopconarepanbHOil yacTH KJIETKU MPHOOPETAIOT CBOIO XapaKTEPHYIO
dbopMy, 4eTKHE KOHTYPBI, OTPOCTKH Y HUX yATUHSIIOTCS U YTONIIAIOTCS, YTO I0-
BOPUT O BOCCTAaHOBIIEHUE WX CBA3EH C COCETHUMU KJIETKAMU U C JPYTHMH 00-
nactssmu Mo3ra (Puc. 2 B). Ha come u oTpocTkax HEHpPOHOB BBISIBIISIETCSI MHOTO
cuHanTtocoM. CBETIOOKpALIEHHbIE SIpa 3aHUMAIOT LIEHTPAIbHOE IOJI0KEHUE.
B muroruiazme HabmomaeTcs paBHOMEPHOE paclpe/ielieHne 0calka CBHHIIA, B
IIUTOIUIa3Me U OTPOCTKaX (pocdara3Has akTUBHOCTh yMEPEHHAs, IO CPABHEHHUIO
¢ HopMmoii (Puc. 2 b, 6, B). Mopdonornueckas kaptuna B LC 6113Ka K HHTaKT-
HOM, OTJIMYUTEIBHBIM SIBJIICTCS He3HAYMTENbHBIN cran dochaTtasHOW aKTHB-
HOCTHU, CBUICTEILCTBYIOIINN O c1a00M HApyIIEHUU B METa0O0IM3Me HEHPOHOB.

VY KMBOTHBIX, OJYYUBIIUX TAypPHUH MOCJIE MECSIYHOIO MIPUEMA 3TAHOJA,
TaKXKe OTMEYaeTCs TeHICHIIUS K BOCCTAaHOBJICHUIO MOP(]OIOTHUECKOI KapTUHBI
B 00eux yactsax LC (Puc. 2 I'-E). Knetku, o cpaBHeHHIO ¢ HOPMOH, HE3HAYH-
TEJIEHO THUNEPTPOPHUPOBAHBI, C YETKUMHU KOHTYpPaMH U JUTUHHBIMH U TOJICTBIMH
OTPOCTKaMH, BOCCTAHABIMBAETCS] KapTHUHA PEAKLMM alMKaJIbHBIX JIE€HIPUTOB.
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KneTkn MHTEHCUBHO OKpalleHbl, MecTaMu crpynnuposansl (Puc. 2 I'). Xapak-
TEPHBIM IPU3HAKOM HEHPOHOB C YCHJIEHHOM C yCUJIEHHBIM METa00IM3MOM, 5IB-
JII€TCA UHTEHCUBHOE OKPAIIMBAHUE U NCYE3HOBEHHE IPAHMI] MEXK Y LIUTOILIA3-
MOW M AIpOM, 3HAYUTEJIbHOE YIUIOTHEHUE BHYTPHUKIECTOYHOM rpaHyisuuud. B
HEKOTOPBIX KJIETKaX akTUBHOCTh K@ HAaCTOJIBKO BBICOKA, YTO HEBO3MOKHO OT-
auauTh siapo ot nuromnasmel (Puc. 2 I, E). [ToBcemecTHO pearupyroT siapa
rmanbHbIX Kinetok (Puc. 2 /1, E).

[Ton BnusiHMEM TaypHHa IOCIIE [UIMTEIbHOW MHTOKCUKaK, B LC Hapsty
C KJIETKaMH, COXPaHUBLIUMH (OPMY U OTPOCTKH, BCTPEUYAIOTCS TUIIEPTPOPUPO-
BaHHBIE JET€HEPUPOBAHHBIE HEUPOHBI C IKTONMMPOBaHHBIMU siipamu (Puc. 2 XK-
W). BuytpunuroniazMaTuueckas TpaHyJIsLIus KpyHHOIJIbIOYaTasi, HEWPOHBI
BBITJISIIAT UHTEHCUBHO OkpameHHbIMU (Puc. 2 XK-U1). B BeHTponarepanbHOit
yactu LC rpa"yasipHBIN 0caloK HAOIIOAACTCS U 3a MpeenaMu KIETOYHOM 000-
JIOYKH, BOKPYT Te€Jla HEHpOHa, BCIEACTBHE YEro KIETOUHask 000I04Ka BhIpaXKe-
Ha, 00JIaZlaeT UHTEHCUBHO OKPAIIEHHBIMU KOHTYPaMU M yCesHa IPEpbIBUCTHI-
MU 3épHamu ocajka (Puc. 2 3). B Mexki1eTouHOM IpocTpaHCTBE 00eHux yacTen
LC pearupytot siapa rmuanbHbIx ki1eTok (Puc. 2 XK-U), koTopble yBenTUUnBaOT-
cs B pasmepax (Puc. 2 1). BeposaTHO, 3TH AaHHBIE CBUIETEIBCTBYIOT O MPOSIB-
JICHUU 3aIlUTHON PEaKIUH INIMOLUTOB 10 OTHOIIECHUIO K HEMPOHAM, YTO COOT-
BETCTBYET COBPEMEHHBIM IIPEICTABJICHHM O CYLIECTBOBAHUN TECHOTO B3aUMO-
JIEUCTBYS HEMPOHA M TJIMOLUTA KaK MHTETPaIbHON YaCTHUIIBI.

Taxum 06pa3zom, 1aHHBIE UCCIIEAOBAHUS TOJIyOOr0 ISITHA CBUJETEIbCTBY-
10T O KOJIMYECTBEHHBIX U3MEHEHMSIX ITapaMETPOB IUTOAPXUTEKTOHUKH U O IPy-
OBbIX CTPYKTYpaJIbHbIX U3MEHEHUAX MIPU YIIOTpeOIeHUN pacTBopa Tanoia. [lo-
pakeHHEe UJET IO TUILY LEHTPAJIbHOIO XPOMATOJIN3a C HAPYIIEHUAMH MPOLIEC-
coB MeTabosm3Ma. J{nurenbHOe BO3CHCTBHE 3TaHOA Y B3POCIBIX KPBIC OTIpe-
JIeJsieT yCTOMuMBbIe U3MEHEHUs Tel HelpoHoB. [loa BnusHueM TaypuHa Hab-
JIFO/TAETCS Pa3IMYHON CTENIeHH BOCCTAHOBJICHHE MOP(OIOTHIECKON KapTHHEI,
OTMEUAETCS] OTHOCUTEIBHOE YBEJIMYEHHUE INIOTHOCTU PACIIOJIOKEHHSI HEHPOHOB
B 3aBHCHMOCTHU OT CpoOKa Ipuema 3TaHoja. TakuM oOpa3oM, BBISIBIEH MPOTEK-
TOPHBIN APPEKT TaypHHa BCIEICTBHE BO3JCHCTBUS HAa pereHepaliiio U BbIKU-
BAaE€MOCTh HEHPOHOB, a TaKXke Ha peryaupoBaHue ¢pochaTazHON aKTUBHOCTU U
yCHUJICHHE MeTa0oI13Ma.

bnarogaps TaypuHy npu paHHEH Tepanuy NPOUCXOAUT YCKOPEHHE KOM-
MIEHCATOPHO-IPUCTIOCOOUTETHHBIX MEXaHU3MOB, H OPI'aHU3M JKUBOTHOTO JIETYe
1 OBICTpEE BBIXOAUT U3 COCTOSIHUSI aJIKOTOJIbHOTO ONbsiHEeHHs. CBOICTBa 3TOr0
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COCAMHCHUS MMO3BOJIAOT UCIIOJIB30BATh JICKAPCTBCHHBIC MIPLCIIApaThl HA €ro OcC-

HOB€ KakK 3(1)(1)€KTI/IBHI>IC CpeAcCTBa MMPHU MHTOKCUKAIIHUAX, 4 TAKIKC HAPKOMAHUAX

u anikoronusMme [15]. [lonydyeHHble B X0/1€ JTaHHOTO UCCIIEI0OBAHUS Pe3yIbTaThl

yKa3bIBalOT Ha 3(PQPEKTUBHOCTh U MEPCIEKTUBHOCTh UCIOJIB30BAaHUS aMHUHO-
KHUCJIOTHI TaypHUHA NIPU JICUEHUH AJIKOTOJIM3Ma U €ro0 MOCIEICTBUH.

10.
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THE INFLUENCE OF TAURINE ON THE CELL STRUCTURES
IN THE LOCUS COERULEUS OF THE BRAIN IN CONDITION
OF THE ETHANOL INTOXICATION
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ABSTRACT

The carried out histochemical studies testify to the degenerative changes, observed

in the locus coeruleus during short-time ethanol intoxication which deepen as the ethanol

intake period is extended. As a neuronal damage we can see central chromatolysis, lesion
of contours of cells and shortening of the processes. Rats treated with taurine, was observed
positive changes in the structural properties of neurons and increase in phosphatase activity
(increased metabolism) in this region of the brain that generally determines the cell survival

and is significant to primary irritation of neurons in the way of recovery. This indicates a

neuroprotective effect of taurine on the cellular structures of the cerebral cortex in the rat.

Keywords: locus coeruleus, neurons, ethanol, taurine.
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ABSTRACT

In current paper, there is being discussed, an ability to biodegradation of
new synthetic derivatives of natural tartaric acid, which are active against
some multidrug resistant representatives of Pseudomonas taetrolens, by some
soil bacteria on Earth surface and inside of caves.

Keywords: Pseudomonas taetrolens, multi-drug resistance, tartaric acid
derivatives, biodegradation, cave strains.

Introduction

Tartaric acid (TA) is the most common in plants natural aldaric acid. TA
and tartrates are well-known as safe antibacterial agents, broadly used in food
industry [1, 2]. Soil is a media for growth of a huge quantity of microorganisms
both on surface and inside of caves. Pseudomonas are very common inhabitants
of wet surfaces practically everywhere on planet. They include non-pathogenic
(P. chlororaphis, P. taetrolens), conditionally pathogenic and pathogenic for
human animals (P. aeruginosa) and plants (P. syringae) bacteria, which are
reducers of various consumption chains. They are well-known for their
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biodegradation potential, including xenobiotic degradation. One part of
Pseudomonasare able to synthesize some immune modulatory and other
bioactive secondary metabolites with positive effects [3, 4].

In current paper biodegradation of new synthetic antibacterial derivatives
of tartaric acid (TA) by different multi drug-resistant strains bacteria from soil
surface and caves(isolated from the soil near the Asni Cave Church) was
studied.

Materials and Methods

The strains of soil bacteria: P. taetrolensand 8 strains of cave bacteria
from Asni Cave were takenfrom the National Culture Collection of MDC at
“Armbiotechnology” SPC NAS RA. The tested substances were synthesized
according to the technic, which was elaborated in NPUA. The cultivation and
the biodegradation tests were done according the standard protocols [5, 6].

Results and discussion

The results of previous research have demonstrated the antibacterial
activity of mentioned compounds against native multi-drug resistant
Pseudomonas, isolated from soil, which are able to preserve their abilities of
resistance while the long-time period of cultivation without any contact with
antibiotics in concentrations starting from 0,05M [7].

According to microbiological and genetical analysis of mentioned above
strains, the biodegradative properties of resistant representatives of soil
Pseudomonastaetrolens were tested. The results of the experiments are
presented in tables 1.

4 derivatives of TA were tested: 2 imides and 2 mono amino salts of them,
because they are more hydrophilic. According to the prescreening of
antimicrobial activity TA derivatives are very effective against the
Pseudomonastaetrolens. Then that culture list of non-affecting by the studied
substances was used in biodegradation tests. The tests were done by cultivation
of bacteria on solid and liquid mineral cultural media, with substitution of
carbon source to different concentrations of all the testing compounds.
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Table 1.

Biodegradation of tartaric acid synthetic derivatives
by Pseudomonas taetrolens of soil.

(C* - positive control on nutrient agarised cultural media; C - negative control on mineral

cultural media without carbon source; “+” — growth, “-“ — the absence of growth).
Strain of Pseudomonas taetrolens CAS BAS | C | C'
0.05M | 0.05M
P. taetrolens 9240 + + - +
P. taetrolens 9241 + + - |+
P. taetrolens 9242 - - - +
P. taetrolens 9243 + + R
P. taetrolens 9244 - + - +

Then the biodegradation of the researched compounds was tested on 4
various thermophilic and 4 psychrophilic newly discovered Bacilli strains of
Asni cave. The previous research showed their antibiotic resistance and the
effectiveness of TA synthetic derivatives antimicrobial activity against them [7].
The results of biodegradative activity of isolated and researched cave
microbecultures are presented in tables 2 and 3.

The resistance to cyclohexyl mono amino salt of tartaric acid is lower than
the resistance to benzylimide of tartaric acid. Thus, according to the collected
data, cyclohexyl group is less utilizable for this group of microorganisms then
the benzyl group in both surface and cave strains of soil bacteria. It also is
correlating with data, collected from the docking analysis of interaction of
cyclohexyl- and benzyl- substituted derivatives of TA with antibiotic
modification some enzymes. There are planning the further more detailedin
silico and in vitro analyses of action, and biodegradation mechanisms as well as
toxicological research of benzylimide, cyclohexylimide, benzyl mono amino
salt and cyclohexyl mono amino salt of tartaric acid.
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Table 2.

TA derivatives degradation by 4 psychrophilic cave microorganisms
of cave Asni.

(“+” — growth, “-“— the absence of growth, “+/-“ — very low intensity of growth even after few
days of cultivation; C- — negative control on mineral cultural media without carbon source; C+
- positive control on nutrient agar cultural media; 1% concentrations of: BI — Benzylimide of
tartaric acid, CI — Cyclohexylimide of tartaric acid, BAS — benzyl amino salt of tartaric acid,
CAS — cyclohexyl amino salt of tartaric acid,).

Sample (22°C) | BI | CI | BAS | CAS | C | C*
A + | - + +/- - +
B + |+~ + +/- -+
C + | +- + - - |+
D +- ] - + - -+

Table 3.

TA derivatives degradation by 4 thermophilic cave microorganisms
of cave Asni.

(“+” — growth, “-“— the absence of growth, “+/-“ — very low intensity of growth even after few
days of cultivation; C- — negative control on mineral cultural media without carbon source; C+
- positive control on nutrient agar cultural media; 1% concentrations of: BI — Benzylimide of
tartaric acid, CI — Cyclohexylimide of tartaric acid, BAS — benzyl amino salt of tartaric acid,
CAS — cyclohexyl amino salt of tartaric acid,).

Sample (56 °C) | BI | CI | BAS | CAS | C | +
E - - +/- - - +
F - - - - - +
G - - | - +/- -+
H - - - - N

Conclusion

According to the collected data of biodegradation potential of all new
derivatives of TA with emphasized antimicrobial activity, it might be concluded
a comparable ecological safety of them by some soil surface and cave
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microorganisms. The research of Pseudomonas taetrolensof soil representatives
showed an ability of biodegradation of TA synthetic derivatives in 1/3 part of
tested strains. Summarizing all the experimental data, there was shown, that
among the newly identified 8 cave strains, the thermostable ones predominantly
are sensitive to tartaric acid and biodegradation of the derivatives of it is noted
only for 4 strains, while the strains which are cultivated at 22°C are resistant to
benzyl mono amino salt and benzylimide of tartaric acid. They are able to use
these compounds as a carbon sources. Cave strains are able to degradation of
imides, in controversy to surface bacteria, which cannot utilize the mentioned
compounds as carbon source.

During all the experiments which were carried out, benzyl derivatives are
more degradable, than cyclohexyl- derivatives. It might be associated with the
activity of some polyphenol oxidases or other enzymes of xenobiotic
degradation which are broadly presented in both genera of studied organisms.
Taking in consideration all the collected data, it might be concluded, that all the
studied derivatives of TA in forms of imides and mono amino salts are
recommended for further research as ecologically safe antimicrobial agents,
with potential implementation against the multidrug resistant pathogens of
human, animals and plants.
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AHHOTALUA

BupTyanbHblii CKpUHMHT SIBJISE€TCS OJHUM U3 IIEPBUYHBIX ITAIlOB COBpE-
MEHHOTO JTM3aiiHa JIeKapCTBEHHBIX coeanHeHui. Hapsny c insilico ckpuHHUH-
T'OM JIMTaHJIOB, HCIIONIB3YETCsl TaKXkKe MPOTHO3UPOBaHUE M 0TOOp hapmakoso-
TUYECKUX MUIICHEH. B coBpeMeHHON XeMOMH(OPMATHUKE MPOTIECC ONpeIeie-
HUS W BaJUJalMi OMOMMIIEHEH aKTHUBHO UCIONB3YIOTCA I OLEHKH OHOaK-
TUBHOCTH HOBBIX WM MOJU(HUIIUPOBAHHBIX COCTUHEHUHN Pa3IHIHON pUpO-
Iel. B pabote mpeacTaBieHbl pe3yabTaThl MPeICcKa3aHusl CIIEKTOPaOHOAKTHB-
HOCTH HEKOTOPBIX MPOM3BOJHBIX OceH30 [4',5'] mmmmazo [2',1":6,1] nupumo
[2,3-D] nupuMuAHOB € NCIIOIB30BAHUEM METO/I0B MOJIEKYJISIPHOTO MO/IEIH-
poBaHus.

KiioueBble cj10Ba: npecka3zaHie MUILIEHH, MOJIEKYJISIPHBINA JOKHHT, BUD-
TyallbHBIA CKPUHUHT, insilico.

BBenenne

CoBpemeHHas (papmalneBTUUYECKas XUMUS,HApsly C APYTUMH METOJIaMH,
AKTUBHO UCIIOJIB3YCT pallMOHAJIbHOC KOHCTPYUPOBAHHUEC JICKAPCTBCHHBIX COC/IU-
HEHU, UCIOJIb3Yysl BO3MOKHOCTH XEMOUH(OPMATUKH U OMOMOJETUPOBAHUS.
st pa3paboTKu OMOAKTHBHBIX COCIWHEHUN YacTO HMCIOJB3YeTCS 3HAHHE 00
aKTHBHOM IICHTpe OeJIKa-MHUIIIEHH, 9TO 00JIerdyaeT Mporecc Co3Ianus 1 0Toopa
OMOaKTUBHBIX COeAMHEHUN (Tiporiecc ckpuHuHra iuranaoB) [1].C apyroii cto-
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POHBI, €CJId MUIIEHb HE U3BECTHA, TO MPUMEHSETCS METOIMKA CKPUHUHIA MU-
mieHu [2]. B 3ToM KOHTeKcTe 3aTpaThl BRICOKOA(PPEKTHBHOTO inVitro CKpUHHHTA
YBEJIMYMBAIOTCS B HECKOJBKO pa3 [3]. st perenust taHHOM MPOOIeMBI TaKKe
HCTIOJNIb3YETCSI MOJIEKYJISIPHOE MOAECIMPOBAHNWE UM KOMIBIOTEPHBIN aHanu3 [4].
JlaHHBII METOJI TMTO3BOJIAET MPEIBAPUTEIHHO OIEHUBATh OMOAKTHUBHBIE CBOMCT-
Ba COEIMHEHUM, UCTIOIB3Ys OOJBIION HA0Op MPOTPAMMHBIX MTAKETOB U MOTYyJIEH
no OmomoxenupoBaHuio[5]. B maHHo#l paboTe mpeacTaBiIeHbl pe3yIbTaThl
insilico onpeneneHuss W BaJUJALMM MUIICHEH Ui HEKOTOPBIX MPOU3BOIHBIX
oenso [4',5" Tumunazo [2',1":6,1] mupuno [2,3-D] mupumuannaos (Puc.1.).

Puc. 1. Tpexmepuwvie mooenu ucciedyemvix coeOuHeHull.

MarepuaJjbl 1 METOABI

Bupmyanenvui ckpunune muwienu

Onpenenenne MULLICHEH 1Sl KCCIIETYyEMbIX COSTMHEHUH MPOBOINIIH C UC-
N0JIb30BaHKEeM OHJaiH maTgopmbl Swiss Target Prediction [6]. JlaHHBINH UHCT-
PYMEHT OLIEHUBAeT BO3MOXHOCTb B3aUMOJICHCTBHS BEPOSTHBIX MMILICHEH C
UCCIIEYEMBIMH HU3KOMOJIEKYJIIPHBIMHM  JIMTAHAAaMH, HMMEIoNIMe OMOaKTHB-
HocTb. [IpeaBapurenbHas olieHKa ocylecTBiserca Ha ocHoBe 2D u 3D cxoxct-
Ba ¢ 0a30ii mauabIX 370 000 u3BecTHBIX OMOAKTUBHBIX coequHenuii ¢ 3000 Mak-
pPOMOJIEKyJIaMH OEIIKOBOM MPUPOIBI, [UTSI TPEX pa3HBIX OPraHU3MOB [7].
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Jlokune ananus.

JIOKMHT aHan3 MPOBOIUJICS C UCIIOJIb30BAHUEM MPOTPAMMHBIX ITaKETOB
Auto Dock Vina nAutoDockTools [8]. B kauecTBe MeTOA0JOTHH ObLT HCIIOJIb-
30BaH METOJI «cJemnoil crnocod». CTaTUCTHUECKas TOCTOBEPHOCTh PE3yJIbTATOB
JIOKWHTa 00ecreynBagach S-KpaTHOH MOBTOPSAEMOCThIO 20-1 HayabHBIX KOH-
dbopmaruii, U KaKA0T0 COSTUHEHHSI ¢ 00bEeMOM MPOCTPAHCTBEHHOTO TTOKCKA,
He npesbiuarommii 27000 A3, 3Hauenne koHTHHYYMa McuucIeHuit paBHO 200,
YTO JIJISl IPEIBAPUTEILHOMN OLICHKH SIBJIETCS IOIYCTUMBIM [9].

Onpeoenenue KOHCMAHMbL CE5A3bIBAHUS.
st onpenenenrs KOHCTAHThI CBA3bIBAHUS MCCIIEYEMbIX COCTMHEHUN C
MUIIEHSIMHA ObUIA UCTIONB30BaHbI CIIEYIOIIEE YpaBHEHUE:!
-AG

average
K=exp *
(1)
rie A Gaverage — PHEpPTUs B3auMoelcBus, R — razoas nocrosinuas, T — abco-
J0THas TemrnepaTypa, K — koHcranTa csizpiBanus [10].

Kougopmayuonnwiii ananus.

Jiis BBISIBIIEHHSI TUIIOB CBS3BIBAHUS NPH KOMILIEKCOOOPa30BaHUH HCCIIe-
JTYEMBIX COCITUHEHU ¢ MHILEHSIMH UCIosb30Baiack nporpamma Lig Plotplus.
JlaHHas mporpamma npUMeEHsieTcs AJs aHaJIM3a U BU3yalu3alii BOJOPOTHBIX
u/wm TUAPOPOOHBIX THUIIOB B3aUMOCHCTBUI MEXIY JUTaHIOM M MUIICHBIO

[11].

CmamucmuyecKkuti aHanus pe3yivmamoa.

Knacrepusanus nosyueHHbIX IPOCTPAHCTBEHHO-IHEPI€TUYECKHUX 3HAUe-
HUM KOMIIJIEKCOOOPa30BaHUSIIUTAaHI-MHUIIEHb TPOBOAMIICS METOAOM K-cpen-
HUX, C UCTOJIb30BaHUEM OHJIalH uHCTpyMeHTa ClastVis [12].

CraTtucTudeckuil aHaiIu3 pe3yJIbTaToOB UCCIIEOBAHUS IPOBOAMIICS Ha OC-
HOBE KOMIIJIEKCHOT'O IIPUMEHEHMSI CTAaHAAPTHBIX CTATUCTUYECKUX METOJI0B, BK-
JI0YAIOIINE BBIUNCIIEHNS CTaHIaPTHBIX OTKJIIOHEHUH, CPETHUX 3HAYEHHM, CTaH-
JAPTHBIX CPETHUX OIIHOOK.
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Pe3yabTaThl M 00CyKIEHUS

JIyist BBISIBTICHUSI BO3MOKHBIX MUIIIEHEH OBLT MPOU3BENIEH BUPTYATbHBIN
CKpUHUHT, ¢ BoBJieueHHeM 3000 mepBoHaYaNbHBIX MUIIEHEH, HA OCHOBE 2D u
3D cxonctBa, ObutM BBIOpaHBI TOM 15 MuUIleHEH, MPOSIBISIONIAE BBICOKOE
CPOJCTBO C UCCIENyEeMbIMU COEAMHEHUAMU. B pesynbrate insilico ckpuHUHTa
JUTSI TISITH COeTMHEHMH ObUTH ompenenieHbl 59 mumienel, Bxoasmue B 14 kiac-
COB (CIIUCOK HE NPUBEICH).

Jlis nanpHEeWIero u3y4eHusl B3aMMOICHCTBHsI ObUT MPOBEACH IOKUHT
aHaJM3 BBIABJICHHBIX MUIIECHEH C HMCCleayeMbMU coennHeHusMuA. B Tabum.2.
MIPUBEJICHBI PE3YJIHTAThI JOKUHT aHAJIU3a IS 59 BTOpHUYHO 0TOOpAHHBIX MUIIIE-
Hel. BugHo, 4TO ¢ MCCenyeMbIMU COSTUHEHUAMH U3 59 MUIIEHEH B3auMo-
nerictBue HaOmomaercs y 40.

[TonydyeHHblE TPOCTPAHCTBEHHO-HEPTETUUECKHE MapaMeTpbl B3aUMO-
JIEUCTBHSI 1alld BO3MOYKHOCTh BBISIBUTH T€ MULIEHU, B3AUMOJIEUCTBYS C KOTO-
PBIMH, UCCIIEAYEMbIE COEIUHEHUS IPOSBIIAIOT BHICOKUE 3HAUYEHUS SHEPTUU CBSI-
3pIBaHUs. Ha OCHOBE MOJIYyYEHHBIX YHEPreTHUECKUX 3HAUCHUN OBLIN paccuuTa-
HbI KOHCTaHTBI CBSI3bIBAHUSI JIJISl BCEX UCCIIEYyEMbIX B3aUMOECHCTBUM.

Tabmumna 1.
KoanvecTBo MueHei, B3auMo/1eliCTBYIOIIUX
¢ HCCJIelyeMbIMH COeIMHEHUSIMH

1. Coecagunenus 1. 15 10
2. CoenuHeHus 2. 15 11
3. Coenunenus 3. 15 10
4. Coenunenus 4. 9 6
5. CoenuHenus 5. 5 3

cyMMma 59 40

[Tomy4eHHbIE MPOCTPAHCTBEHHO-IHEPTETUYECKUE MapaMeTPhl KOMIUICK-
co00pa30BaHusl CBUIETEIBCTBYIOT, UYTO JJIsl COEAMHEHUs l. camas BBICOKas
KOHCTaHTa CBSA3BIBaHUS HaOiojgaercs mpu B3aumoneicTBuu ¢ CepuHTpeo-
HUHIpoTenHkuHa3oi PIM 2 (Uni Prot ID: Q9P1W9) ¢ 3nauenuem 1,8X108,
[MuknuazaBucuMasikuHaza 2 Uni Prot ID: P24941) mposiBiser 3HaueHue
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1.50X107 KOHCTaHTHI CBA3BIBAHMS HPU KOMILIEKCOOOPA30BAHUM C COEIMHEHH-
eM 2. Yto kacaetcst COeJUHEHUSI 3, TO BBICOKOE 3HAYEHHUE CBSA3bIBAHUS MPUXO-
mutest Ha Anbga 2a agpeneprudeckuii perenrrop (Uni Prot ID: P08913) ¢ koHc-
TaHTOM cBs3bIBanus 4.00X10°. Jns coenuHeHus 4. HaWUTyd1Iee B3auMOJICHUCT-
Bre npuxoautcs Ha Banmmmonansiii penentop (UniProtID: Q8NER1) ¢ xoHc-
tanToit 1.72X10%. Coenunenre 5. moKa3piBaeT BBHICOKOE cpoxactBo ¢ 11-Geta-
ruapokcuctepouaeruaporenasa-1 (Uni Prot ID: P28845) co 3HaueHneM KoHC-
TauThl cBaA3biBaHusA 1.04 X10%. Bbud mocTpoeHsl KOH(POPMAIMOHHBIE KApThI
JUISL KOKIO0TO0 coenuHeHus. [lonydeHbl aMUHOKUCIOTHBIE OCTAaTKH, BOBJICUECH-
HBIC B MPOIIECC KOMIUIEKCOOOpa3oBanus. Ha 0CHOBE MONYYEHHBIX TAaHHBIX ObI-
JU OTpeNeNieHbl TUIIBI U OCOOEHHOCTH JEHUCTBUSI MCCIEAYEMBIX COCIUHEHHM.
Hcnonb3yst momysMnupudeckue M SKCIIEPUMEHTANbHbIE 3HAHUSO TOBEICHUU
UCCIeyeMbIX OeIKOB-MUIlIeHEeN ObLIN OMPEIeIeHbI CIIEKTPhI IeUCTBUS U IIPEI-
nosiaraeMele TepaneBTudeckne 3¢ dextrr. B Tabmuie 2 nmpuBeneHb! pe3ynbTaThl
KOH(OPMALIMOHHOTO aHaIK3a U CIEKTpa JEHCTBUS UCCIETYEMbIX COSIUHEHUH,
UCTIOJIB3YS METObl XeMOMH(POPMATUKH U OMOMOJICTTUPOBAHHS.

Tabnuya 2.

Pe3yibTarbl KOH(POPMALHOHHOIO AHAJIU3A
H CIIEKTPA AeHCTBUS MCCIAeTyeMbIX COeIMHEeHNH

AMUHOKHUCIIOTHBIE
Haunmeno- Mummenp | octaTku, BoBiiedueH- | JlewcT- Criextp neficTsns
BaHUE UniProt ID: | HbIe B KOMILIEKCO- BHE
o0Opa3oBaHHe
I'emaromornueckue
Coemure- Alal22, Val4e, iy | 31OKaUECTBEHHbIE
1. QI9P1W9 Leull6, Leul?70, HOBOOOpa30BaHHS U
HUA 1. ouTop
llel181 pak MpoCTaThl
[13,14]
IIporuBOpakoBoit
) Coenune- P24941 Leu83, Asp86, Phe80] Wuru- | Tepamnuu, IpOTUB OII-
*| Hug 2. Lys89, Aspl45 OUTOp | peleNeHHBIX OIMyXO-
neit [15,16]
CoenuHe- e Cce/IaTUBHEIH Y deKT
3. P08913 Glu23, Tyr24 n ourop
HUS 3. Asn25 [17]
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MIPH JICYEHUH BOCTIa-
Coenune- Tyr511, Tyr 512, AKXTHBa- | IUTEILHOU U HEBPO-
4. Hus 4. Q8NERI G}1]u470, Pze473 TOp MaTHYECKOMH 60n1/1p
[18]
Coemmne- Tyrl83, Tyrl77, Purg- | MeTabomwieckud
> HUS 5. P28845 LZu215, S}e,r170 ourop EIH ;{]HPOM y FenoBera
JIUTEPATYPA
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IN SILICO DETERMINATION AND VALIDATION OF TARGETS OF SOME
DERIVATIVES OF BENZO [4',5'] IMIDAZO [2',1’: 6,1] PIRIDO [2,3-D]
PIRIMIDINES

V.Ghamaryan', A.Makichyan'?, L. Hunanyan', A. Harutyunyan’,
A. Hovhannisyan’, G. Danagulyan'”

'Russian-Armenian University
2Scientific-Technological Center of Organic and Pharmaceutical Chemistry NAS RA

viktor.ghamaryan@rau.am, lernik.hunanyan@rau.am, harutyunyan.arthur@yahoo.com
ABSTRACT

The virtual screening is one of the primary steps in modern drugs design.Along with
in silico ligands screening are used the prediction and selection of pharmacological
targets.In modern chemoinformatics, the process of determining and validating of
biological targets is use actively to evaluate the bioactivity of new or modified various
nature compounds. In this article presents the results of predicting the bioactivity spectrum
of some benzo [4', 5'] imidazo [2',1": 6,1] pyrido [2,3-D] pyrimidine derivatives by the
methods of molecular modeling.

Keywords: target prediction, molecular docking, virtual screening, in silico.
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METHUJIOBBIX Y®UPOB AMUHOKHUCJIOT
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Hayuno-mexnonoauyeckuii yenmp opeanuieckoil
u papmayesmuuecxou xumuu HAH PA
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AHHOTANIUA

Peaknueit aMUHOKHCIIOT C METAHOJIOM B TIPUCYTCTBUU JTUXJIOPIUMETHIICH-
JlaHa CUHTE3UPOBAHBI XJIOPTHPATHI METHIIOBBIX d(PUPOB HEKOTOPHIX MPUPO-
HBIX aMHHOKHUCIOT. [Iporiecc MpoBOIUTCS MpH KOMHATHOW TeMIlepaType U
MIPUBOJIUT K BEICOKUM BhIxosaM (95-100%) nieneBsix npoxykToB. MccnenoBa-
HO BITUSTHUE BPEMEHU MIPOBEICHUS PEAKIIMK U COOTHOIIICHUE PEareHTOB, a TaK-
JKe KOJIMYECTBO METAHOJIa Ha BBIXOJI ICJICBBIX MPOTYKTOB.

KiroueBble cJioBa: aMHHOKKCIIOTA, JUXJIOPIAUMETHIICHIIAH, 3Tepr(HKa-
1S, METHJIOBBIC A(UPHI AMUHOKHCIIOT.

BBenenune

MeTtuoBsie 3¢pupsl AMUHOKUCIIOT HAILUIA LIMPOKOE MPUMEHEHHUE MpH
CUHTe3e MenTuAoB [1], pu3nonoruyecku akTUBHBIX coequHeH [2, 3] u monu-
MepoB [4,5]. Ilpu cuHTe3e MeTUIOBBIX 3(PUPOB AMUHOKHUCIIOT OBLITU TPUMEHEHBI
TaKHe MPOU3BOIHBIE KPEMHUS KaK TETPaxXJOpPCUIIaH [6] M TPUMETHIIXJIOPCUIIAaH
[7-10]. B cBsi31 ¢ ’TUM HaMH UCCIIEI0BAHA BO3MOXHOCTb TPUMEHEHUS TUXJIOP-
JUMETWIICHIAaHa U CHHTE3a XJIOPTUAPATOB METHIIOBBIX 2(HPOB KaK MPHPOI-
HBIX, TaK U apoMatudyeckux aMuHokuciot (II).
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©)
H,N (CH,),SiCl, HaN
OH > S OCH
n CH,OH Cl n ’
R las R 1la3

CH,OH (e).
n=2, R=H(X).

MarepuaJbl 1 METO/bI

CuHTE3 LIeNIeBBIX COEIMHEHUI OCYIIECTBIIEH B3aUMOIEHCTBUEM AUXJIOP-
numetuicunana (JIXJIMC) u aMHHOKHUCIIOT B CpeJie METaHOoJIa TPH KOMHATHOM
temnepatype. Kak nmoka3piBatoT gaHHble, npuBeaeHube B Tada. 1, tuapoxio-
pua MetuinoBoro 3¢upa rounuHa (Ila) momyyaeTcst ¢ BHICOKMM BBIXOJOM MPHU
cootHomeHuu JAXJIMC — amunokucnora 2:1 u 1,5:1 npu npoBeneHnu cuHTesa
B TeueHue 24 yacoB. OHAKO B CIy4yae COOTHOILICHUS peareHToB 1:1 B TeueHue
24 qacoB BbIxoA LieneBoro nponaykra Ila cocrasnser 68%. Coennnenue Ila ¢
BBICOKMM BBIX0J10M (99%) momyvaercst Takxke npu cootHomennu JJMCX/rmu-
uuH 1,5:1 B TeueHue 3 vacos.

VY CTaHOBIEHO, YTO Ha BBIXOJ LIEJIEBOTO MPOAYKTA BIUAET TAKKE MOPSIIOK
nobasienus peareHToB. B ciydae nobasnenust [IMJIXC Ha TIUIMH ¥ TpUKa-
NIBIBAHUS METAHOJA MPOAYKT IOJIYYEH CPABHUTEIBHO C BBICOKMM BBIXOOM,
yem npu pob6asnennn JX/IMC Ha cycneH3uio TIHIMHA C METAHOJIOM (CM.:
Ompit 6. Tabm. 1).

OO0mmii MeTol CHHTEe3a MeTHJIOBBIX 3(pupPoB aMuHOKHCIOT [la-3. K
0,01 Mot COOTBETCTBYIOIIEH aMUHOKHCIOTHI TIO KaruisiM Jo0aBmstor 0,02 mo-
75t (0,015 wm 0,01 mons) nuxnopaumeTuwicwiana 1 50 i1 MmetaHosa (B HEKO-
TOpBIX citydasax 25 mu). [Ipu 3Tom nostydaercs roMOreHHbIi pacTBOp. B ciyuae
TJIMIIMHA HaOI0aeTcs BhINaaeHrne ocanaka. Yepes 24 yaca (B HEKOTOPBIX CITy-
yasx yepes 3 yaca) pacTBOpUTENh YAAISIN Ha pPOTOPHOM YCTaHOBKE, K OCTaTKy
M00aBISUIH 25 MIT TUITUIIOBOTO 3(upa, MPOTUPATH, OCTABUIN MIPH KOMHATHOMN
temmeparype 1 yac, oTGUIbTPOBBIBAIM U CYIIMIU Ha Bo3ayxe. Boixoasl u du-
3UKO-XMMHYECKHE CBOMCTBA NpuBeAcHBI B Taoda. 2.
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Tabmuma 1.

3aBHCHMMOCTH BBIX0/Ia THAPOXJIOPHIA MeTHJI0BOr0 3¢upa raununa (Ila)
OT YCJIOBHI pOBe/IeHNs CUHTE3A.

No CooTHolIeHNE o0em Bpewms Brixon
OIbITa AMMHOKHCIO- pactBopute- | Peakuuu, | sdupa Ila,
ta/AXJIMC 7151/ MOJTb yac %
TJIUIHA
1 1: 2 Moab 10 M1 /0,01 24 99,2
2 1:2 MOJIB 5 ma/0.01 24 90,3
3 1:1,5 Monb 10 mi1 /0,01 24 98,8
4 1:1,5 Monb 5wmn /0,01 24 96,4
5 1:1,5 moib 5 M /0,01 3 99,0
6 1:1 Moib 10 M1 /0,01 24 68,0*
*[Ipu n3MEHEHNH TopAKa 100aBIeHNH peareHToB BeIxoxa 48,0%(AH-9)
Tab6muna 2.

Bbixoabl, BpeMsl NpoBeleHNH peakuu U PU3UKO-XUMHYecKHe JaHHbIe
THAPOXJIOPUI0B METHJIOBBIX 3GUupoB aMmuHokucJI0T I1a-3.

No Coe- | AMHHOKHC- Bpewms Brixon, T. . Rt
JTUHEHUS JoTa IpoBejie- % °C (A)
HHS
CUHTE3a,
yac
ITa Gly 24 99,2 175177 0,42
116 DL-Ala 24 100 124-127 0,67
IIs DL-Val 24 71,4 96-98 0,9
IIr DL-Phe 24 97,6 150-152 0,78
IIn L-Tyr 24 100 186188 0,88
Ile L-Ser 24 95,8 154-156 0,38
Ik B-Ala 24 95,3 89-90 0,41
II3 B-Ala 3 90,7 92-95 0,44
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T'uapoxsopua MeTusiosoro d¢upa raununa (Ila). UK cnexrp, v':1747
(CO->¢upn.). AMP 'H cnexrp, 8, m.1.: 3,70 ¢ (2H CH2); 3,80 ¢ (3H, OCH3);
8,82 mr.c. (3H, N*Hs). IMP 3C cnexrp, §, m.z.: 39,168; 51,876; 167,262.

I'mapoxaopua MerwiaoBoro 3¢upa DL-ananuna (II6). UK cnextp,
v'1:1746 (CO-3¢upn.). IIMP cnektp, 5, m.a.: 1,48 1 (3H CHs); 3,80 ¢ (3H,
OCH3); 3,98 k (1H, CH); 8,82 m.c. (3H, N'H3). SIMP 3C cnekrp, 8, m.x.:
15,404, 39,225, 52,175; 169,802.

I'mapoxsnopun Merumiaosoro 3¢gmupa DL-pammua (IIB). UK cnektp,
v'1:1751 (CO-a¢upn.). IIMP crextp, 8, m.1.: 0,96 1 (3H, CH3) 1,05 1 (3H CHa);
2,28 M (1H, CH); 3,78 ¢ (3H, OCH3); 8,86 mr.c. (3H, N"H3). AMP '*C cnexrp,
o, m.a.: 17,4105 18,534; 29,057; 39,225; 51,795; 57,182; 168,492.

I'mapoxaopua MerwioBoro 3¢upa DL-penmnananmna (IIr). UK
crexTp, v'':1745 (CO-a¢upn.). [IMP cnextp, &, m.a.: 3,10-3,4 m (2H, CHa);
3,62 ¢ (3H, OCH3); 4,10 T (1H, CH); 7,22 m (5H, C6Hs); 9,02 m.c. (3H, N*H3).
SMP 13C CHeKTp, 0, M.1.: 51,763; 53,186; 95,507; 126,568; 127,951; 129,091;
134,567; 168,775.

I'mapoxsnopun mermioBoro 3¢upa L-tuposmna (IIx). UK cnexrp,
v'1:1743 (CO-3¢upn.), 3470 (OH). IIMP cnektp, 8, m.11.: 3,10 m (1H, CH) 3,62
¢ (3H, OCH3); 4.02 T (2H, CH2);6,62 1 7.00 k (4H, CsHa); 8,82 mr.c. (3H, N"H3);
9,14 ¢ (1H,0H). AMP "3C cnektp, 8, m.1.: 34,841; 51,803; 53,324; 115,154;
123,817; 129,916; 156,553; 168,896.

I'mapoxsopux mermiioBoro 3¢upa L-cepuna (Ile). UK cnextp,
v'1:1750 (CO-a¢upn.); 3345 (OH). [IMP cnektp, 5, m.xa.: 3,88 ¢ (3H, OCH3);
3,88 T (2H, CH2); 3,96 m (1H, CH); 5,40 m.c. (1H, OH) 8,72 mr.c. (3H, N"H3).
SIMP 3C cnekrp, 8, m.x1.: 52.102; 54,480; 59,293; 167,861

I'mapoxinopun merminosoro 3¢upa B-amanmuna (Ilx). UK cnoektp,
v'1:1739 (CO-3¢upn.). [IMP cnextp, &, m.a.: 2,80 T (2H, CH2); 3,10 T (2H,
CHb); 3,68 ¢ (3H, OCH3); 8,40 m.c. (1H, NH). AMP *C cnekrp, 8, m.11.: 30.950;
34.420; 39.225; 39.500; 39.775; 51.196; 95.523; 170.045.

TakuM oOpa3oM pa3paboTaH HOBBIH YJOOHBIH U BBICOKOI(PPEKTUBHBIMA
METOJl CHHTE3a METHUIJIOBBIX A(HPOB aMUHOKHUCIIOT.
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ABSTRACT

Amino acids reaction with methanol in the presence of dichlorodimethylsilane

synthesized methyl esters of certain natural amino acids. The process is carried out at room
temperature and leads to high yields (95-100%) of the target products. The effect of the
reaction time and the ratio of reagents, as well as amount of methanol on the yield of the
target products, were investigated.

Keywords: amino acid, dichlorodimethylsilane, esterification, amino acid methyl

esters.
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AHHOTAIMUA

B nanHO# cTaThe pacCMOTPEHBI PE3yJbTaThl AaHTHOAKTEPHATHHOTO BO3-
JIeHCTBHS DPHTOMOIIATOTCHHBIX IITaMMOB Bacillus thuringiensis, Brevibacillus
laterosporus w Lysinibacillus sphaericus Ha poct Pseudomonas syringae, a
TaKkKe Ha PsJl MTaMMOB JIPYTUX (HPUTOMATOTCHHBIX MUKPOOPTAaHU3MOB.

Kaiwouesble ciioBa: Pseudomonas syringae, puTONaTOreHbl, 3HTOMOIATO-
T'eHBI, aHTHOHOTHKOPE3UCTEHTHOCTb.

BBenenue

J1nst 3aIMTh paCTEHHUH OT BpEAUTENEH B HACTOSIIEE BPEMS HCIIOIb3YIOT-
Csl pa3NIMYHbIE METO/IBI: XUMHUYECKHE, OMOIIOTHUECKIE 1 KOMIUIEKCHBIE. Bpeau-
TEJIIMU CENIbCKOXO3SIICTBEHHBIX KYJBTYP B OCHOBHOM SIBJISIIOTCSI HACEKOMBIE,
¢urodaru u (uTONATOreHHBIE MHUKPOOPTraHU3MBIL. [ MOIydeHus: 3KOJI0rH-
yecKu 0e30macHbIX OMONECTUIUAOB UCHOJIB3YIOTCS Pa3IU4HbIE SHTOMONATO-
TeHHBIE MUKPOOPTaHu3Mbl. HetocTaToK M3BECTHBIX MPENapaToB Ha OCHOBE JH-
TOMOIIATOT€HHBIX TPHOOB, TAKUX KaK OOBEPHH, BEPTUIMIUINH, METapU31H, MU-
K0auANH — 3aKITI0YAIOTCS B MEUIEHHOM POCTE, MEHBIIIEH KU3HECTIOCOOHOCTH,
a TaK)Ke HeJOJATOCPOYHOCTH XPaHEHHUS.

OpnHako, pa3paboTaHHble Ha OCHOBE B. thuringiensis u B. sphaericus npe-
napamvl, maxkue Kax JCMAAOIU, TeHIPOOALMTUH U SHTOOAKTEpUH HE 00Ma-
JIAIOT CTOJIb BEICOKMM TOPAXKAIOIIUM CHEKTPOM SHTOMOIMIHOTO AeHcTBus. [1,
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2]. B cBsi3u ¢ 3TUM, Oomee 1erecoo0pa3HbIM MOAX0A0M K PEIICHHIO JaHHON
poOJIeMBI SBIISIOTCS pa3padoTKa KOMIUIEKCHBIX IPenapaToB Mep 3alluThl pac-
TeHui [3].

[enpto maHHON pabOTHI OBUIO M3YUYEHHUE MPEATIOaracMoi aHTHOAKTEPH-
QTHHOW aKTHBHOCTH YHTOMONATOTEHHBIX ITamMMoB B. Thuringiensis (BT), B.
Laterosporus (BL) u L. Sphaericus (LS) npoTuB psjaa pUTONATOreHHbIX OaKTe-
puit u3 HarnmonanpHO#M Kommekuuu mMukpoopranuzmoB HIIL] “ApmOuorexHo-
norus” HAH PA.

MarepuaJ u MeTO/bI

Bce uccnenoBannbpie mTaMMbl ObUTH JIFOOE3HO MPENOCTABICHBI COTPY/I-
Hukamu llentpa [lenmonupoBanus Mukpoopranuzma HIIL “ApmOuoTtexHoso-
rusi” HAH PA. Bce mraMMbl SHTOMOTIATOT@HHBIX U (DUTOMATOTCHHBIX OaKTe-
puil OBLIN KyJIbTUBHUPOBAHBI B a9POOHBIX yCIOBUSX, HA PA3IMYHBIX MUTATENb-
HBIX JKUJKUX U TBEPJBIX arapu30BaHHBIX CpejiaX, COINIACHO CTaHAAPTHBIM MPO-
ToKojam [4, 5].

Jlnst ompeneneHuss aHTUOMOTUKOPE3UCTEHTHOCTH MCCIIENYEMBIX IITaM-
MOB JHTOMONATOTEHHBIX MHKPOOPTaHMU3MOB HCIIOJIb30BAIACH CEICKTUBHBIC
cpenbl ¢ Jo0aBiieHueM 7 aHTHOMOTHUKOB Pa3IMYHBIX KJIACCOB: AMUHOTIIMKO3U/I-
Hble — kaHaMmuuH (Kan), ctpenrromuniva (Stp); B-akTaMHbIe aMUHOTICHUITUIT-
JUHBI — aMITMIWUTHH (Amp) ¥ aMOKCUITMIUIAH (AmX), a Tak ke 1edaaocnopu-
HOBBIM aHTHOMOTHK — HepukcuM (CfX) 1 KOMOMHHUPOBAaHHBIN Mpenapar aMoK-
CUIIWIIJIMHA C KJIaBYJIAHOBOHM KHCIOTOM, MHTHOUpYMomel B-nakramMasHyro ak-
TUBHOCTh MHOTHUX MHKPOOPIaHHU3MOB ayrMEHTHH (Amc); XJopaM(peHHUKONT

(Cam) [6, 7].
Pe3yabTaTsl U 00Cy:KIeHUE

B xone axcriepuMeHTOB OBLIIO UCCIIEIOBAHO BIUSHUE 42-X IIITAMMOB CIIO-
POOOpa3yIOINX Y HTOMONIATOTCHHBIX OakTepuit 3 BUnOB: Bacillus thuringiensis
(BT), Brevibacillus laterosporus (BL) u Lysinibacillus sphaericus (LS) Ha pocT
15-Ti mTaMMOB (PUTOMATOTEHHBIX OaKTepUil BBINIE MPEICTABICHHBIM METO-
JIOM.
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baktepuu, BeI3BIBAIOIINE [TOJIABICHNE POCTA IITAMMOB 4 BUIOB (huToma-

TOT€HOB: Pseudomonas Syringae, Pectobacterium carotovorum, Xanthomonas

vesicatoria u Rhodococcus fascians npencTaBieHsl B TOI. 1.

Tabmuma 1.

Bo3aeiictBue PA3JTUYHBIX JHTOMOIIATOI'C¢HOB Ha (l)I/ITOHaTOFeHLI 4 BH/0B.

DUTONATOTeHbI HUcrounuk AHTHOAKTEPUATBHO AKTUBHbIE JHTOMO-
BbIJIeJICHUS MaTOreHbI

P. carotovorum 8702 Mopxkoss (PA) | BT-2675

P. carotovorum 8718 MopxkoBs (PA) | LS-2606, -2728, -2604; BT-844, -2477,
-2675; BL-561-1, -200-4, -219-2, -3, -199,

P. carotovorum 8705 Mopxkoss (PA) | BL-561-1, -200-4, 199-3, LS-2728

P. carotovorum 8717 Mopkoss (PA) | BL —200-4, -219-2, LS-2728

P. carotovorum 8756 Towmar (PA) BT — 251, -248, -2670, -1027, -2677, -844,
-2477,-2675; BL- 561-1, -200-4, -219-2,
-199-3, -105-2; LS - 2606, -2604, -2730,
-2614 2620, 2611, 2851

P. carotovorum 8764 MopxkoBs (PA) | BT— 251, -248, -2670, -1027, -2677, -844,
-24776-2675; BL — 561-1, 200-4, -219-2,
-199-3, 105-2; LS - 2606,

P. carotovorum 8690 ITepen (PA) BT - 844, 2477, 2675, 1166, 1169, 1160,
115, 2850; BL — 561-1, -200-4, -219-2, -199
-3, -105-2; LS-2606, -2631, -2632, -2604,
-2728, -2730, -2614, -2620, -2615, -2610,
-2611, -2851

P. carotovorum 8694 Kamycra (PA) | BL-561-1, 200-4, 199-3, 105-2;LS — 2631,
-2632, -1924, -2602, -2728

P. carotovorum 8698 Tomar (PA) BT -251, 248, -844,; BL- 561-1, -200-4,
-219-2, -105-2

Rh. fascians 8628 3eMIIIHUKA BT 251, -248; BL-219-2, 105-2; LS -2604,

(PD) 2728

P. syringae pt. Oryper (P®) BT-251, -248, -2670, 1027, 2677, BL- 561

lachrymans 8736 -1, 200-4, 219-2, -199-3, 105-2; LS -2631,
-2632,-2602, -2728, -2614, -2620, -2615,
-2610, -2851

X vesicatoria 8647 Towmar (PA) BT — 251, -248; BL- 200-4, -219-2, -199-3,

-105-2; LS - 2611
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P. syringae pt. tabaci Tabak (PA) BT -251,-248, -2670, -1027, -2677;

8656 BL-561-1, 200-4, 219-2, 199-3, 105-2;
LS -2631,-2632, -2604, -1924, -2602,
-2728, -2730

P. syringae pt. Orypern (PA) BL- 561-1, 200-4, 219-2, 199-3, 105-2;

lachrymans 8744 LS-2631, -2632, -2728, -2730, -2614, -2620),
-2615, -2610

P. syringae pt. Horust (PA) BL- 561-1, 200-4, -219-2, 199-3, -105-2;

lachrymans 8740 LS- 2631, -2632, -1924, -2602, -2728, -2730,
-2614, -2620, -2610, -2611, -2851

N3 20 mrammoB BT — 7 nipeacrasuteneit (BT-58, -1111, -2478, -2833,
-2824, -2823, -2834) — He mOBAMSIM HA pocT 15 guronaToreHoB, OHAKO HU
OJIMH HE MPOSBUII AKTUBHOCTH MO OTHOIICHHIO K 5 mITaMMaM (PUTOMATOTEHOB —
P. syringae 8705, 8717, 8770, 8744, 8694; 8 mitaMMOB — NIOJIABJISIM pocT P.
carotovorum 8690, npuyem 5 U3 3TUX § IITAMMOB IOAABIISIN POCT TOJBKO
mramma P. carotovorum 8690. lllupoxkum criekTpom aedcTBUs 00JagaroT
mrrammbl BT- 251 n BT-248, nonasnstontue poct 7 ¢putonaroreHoB (P. syringae
pt. lachrymans 8736, Rh. fascians 8628, X. vesicatoria 8647, P. syringae pt.
Lachrymans, 8756, P. syringae pt. tabaci 8656, P. carotovorum 8764, P.
carotovorum 8698).

WnutepecHsl BL, cuHTe3UpyOMIKE psii OMOAKTHUBHBIX COSUHEHHM (aHTH-
OMOTHUKH, TECTUIIMIHBIE (PAKTOPBI, (PEPMEHTHI, ATbTUIHIbI, HEMATOLUUABI, QyH-
TUITUIHOM), YTO JIeJaeT MX 00BbEeKTaMHu ¢ OOJIBIIUM OMOTEXHOJIOTHYECKUM I10-
TeHumanom [8 - 10].

Mramm 69-3-5 He moxasist poct 15 ¢guronmaroreHHpIX mTamMmoB. [1o
cpaBHeHUIO ¢ BT mtammbl BL 06magatoT 6oJiee MMUPOKUM CIIEKTPOM JEHCTBHUS.
[Iramm 200-4 mogasmsin poct 14 puromaroreros, 219-2 - mogasisia poct 13, a
561-1 u 105-2 mogamnsiau pocT 11 mramMmMoB u3 15 mraMmMoB GUTOMATOTEHHBIX
MUKpOOpranu3MoB. [1aTe u3 6-Tu mrtamMmmMoB BL MOJaBisuid pocT § MITaMMOB
¢utonarorenoB. [lomumo BT u BL B kauecTBe MPOMBIIIIEHHBIX TPOAYLIEHTOB
OMOMHCEKTHUINIOB CPEIU SHTOMOIIATOTEHHBIX OaKTEepHid UCTIONB3YIOT TakxkKe L.
sphaericus, XapaKTepu3youmecs N301paTeIbHOCTHI0 MOCKUTOIIMTHOTO JIeHCT-
Bus [11-14].

N3 16 mrrammoB Lysinibacillus sphaericus Tonbko onus mtamm LS-2613
HE BJIMSJ Ha POCT HU OAHOTO M3 15 (PUTOMATOr€HHBIX MHUKPOOPTaHHU3MOB.
[Iramm LS-2728 obnanaeT HanboJiee MMPOKUM CIIEKTPOM JIEHCTBHSI, TTOTABIISIT
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poct 11 mtammoB u3 15 ¢uronarorenos. [lltamm LS-2750 nogasinseT pocT o.1-
HOTO ImTamMma ¢urtonaroreHa — Xanthomonas vesicatoria 8647. Onnako, 12
HITAMMOB HYHTOMONATOreHoB Buaa LS mnonaensoT pocT — Pseudomonas
syringae 8740 u Pectobacterium carotovorum 8690, a 9 mrammoB LS nogasisi-
mu pocT — Pseudomonas syringae pt. Lachrymans 8736. Oka3anoch, 9T0 HH
onuH mramMMm LS u3 16 He mojaBisl pocT (DUTOMATOTEHHOTO InTamMma P.
ccarotovorum 8698.

B xonxe ananu3za AeicTBUS CylIEpHATAHTa KyJIbTYPaIbHOM )KUIKOCTH UCC-
JIeTOBaHHBIX SHTOMOIIATOTEHOB Ha KYJIbTYPY (pUTONATOreHOB, OBLIH MOTYYEHBI
pe3yabTaThl aHAJIOTUYHBIE TAHHBIM MOJYYEHHBIM NP JEHCTBUU BO3JIEUCTBUU
KyJbTYpPbl SHTOMONIATOI€HOB Ha KYJIbTYpPY (PUTONATOr€HOB. DTO CBUIETENHCT-
ByeT 00 3KCTpaLEIIOJISIPHON MPUPOIe aKTUBHOTO KOMITIOHEHTA, 00JI1aJal0IEero
aHTHOAKTEepUAIbHBIM JIEHCTBHUEM.

H3BecTHO, uTO HA 3P(HEKTUBHOCTH IEUCTBUSI YHTOMOMATOI€HHBIX CIIOPO-
00pa3yrommx 0akTepHii, HCTIONb3yEeMbIX KaK MUKPOOHBIE MHCEKTHIIUIbI 115 3a-
IIUTHI CETTbCKOXO03MCTBEHHBIX KyJIbTYp B TAPHUKAX BIUSET 1Bl psaja (hakTo-
POB: COJTHEUHBIH CBET, TEMIIEPATypPa, BIAKHOCTh, PUTOHIUABI, IPYTUE MUKPO-
OpPTaHHU3MBI, a TAK)KEe aHTHOMOTHKH, IPUMEHSIEMbIE B TAPHUKOBBIX XO351CTBAX,
o0afaomux aHTUOAKTepUaIbHBIM JEHCTBUEM U CPAaBHUTEJIBHO MaJlOMl TOK-
CUYHOCTBIO JJI YEJIOBEKa U KMBOTHBIX, YTO MO3BOJISET COXPAHUTh MUILEBHIE
MPOAYKTHI U UCIIOJIB3YIOTCS B MX KOHCEpBUpOBaHUU [15, 16].

[tamMbl, obnagaronyie MapkepaMu yCTOHYHMBOCTH K OIpEEICHHOMY
AHTUOUOTHKY, 3HAYUTENILHO O0JIETYAIOT WX UASHTU(UKAIMIO TP BBIACICHUN
u3 cpensl U T.1. [loMmuMo TOro, aHTHOMOTUKOPE3UCTEHTHOCTH MUKPOOPTaHH3-
MOB K IPOTHBOMUKPOOHBIM TIperapaTaM CETOIHS SIBISIETCS BAXKHON MPoOIeMoit
B 60pb0e ¢ 60JIe3HAMH pacTeHUI U KUBOTHBIX U IO IPUYMHE BO3MOXKHOCTH €€
nepesayn, OTHOCSIIUXCS K pa3IMYHbIM BHJIaM, ITPU IOMOIIM IUIa3MUJI, B IIPO-
1[eCcCe TOPU30HTAIBHOTO IMEPEeHOca TeHOB, CpeIu MUKpoopranu3mos [17, 18]. B
CBSI3H C BCe OOJIbIICH MOMYISPHOCTHIO KOMIUIEKCHBIX MEp 3alIUThl PACTEHUH C
IPUMEHEHHEM aHTUOMOTUKOB, TaK ke Oblja UCClieJOBaHa aHTUOMOTUKOPE3HUC-
TEHTHOCTh MAaKCHUMAaJIbHO aHTHOAKTEpHUaJbHO AKTHUBHBIX SHTOMOIATOTEHHBIX
[ITAMMOB, a TIOTOMY TMOTEHIIHAIBHO MPUMEHHMBIX MPOTUB (PUTOMATOTEHHBIX
MUKPOOPTaHU3MOB, Ha IIUPOKO HCTIONb3yEeMbIE Ha MPAKTUKE aHTHOMOTHUKH pa3-
JTUYHBIX Kiaccos [19]. J[lanHble mpuBeIeHbI B TA0IHIIE 2.
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Tabuma 2.

AHTHOMOTHKOPE3UCTEHTHOCTh 4 AKTUBHBIX IITAMMOB JHTOMONIATOI¢HOB
Bacillus thuringiensis, Brevibacillus laterosporus
u Lysinibacillus sphaericus.

[T}

(“s”- TyBCTBUTENBHOCTD K aHTUOMOTHKAM, “t”” — AaHTHOMOTHKOPE3UCTEHTHOCTD)

HItamm Pe3ucrenTHOCTH (50MKI/MIT)
Bacillus thuringiensis 2675 Cam®, Cfx', Stp°* , Kan’, Amp®, Amx®, Amc®
Brevibacillus laterosporus 105-2 | Cam®, Cfx®, Stp®, Kan®, Amp®, Amx®, Amc®

Brevibacillus laterosporus 200-4 | Cam®, Cfx®, Stp®, Kan®, Amp®, Amx®, Amc®

Lysinibacillus sphaericus 2728 Cam’, Cfx’, Stp', Kan®, Amp®, Amx®, Amc*

Kak BumHO u3 Tabnuiel, Bce 4 mMTaMMa YyBCTBUTENIbHBI K KAHAMUIIUHY,
aMIIMLMJUIMHY, aMOKCULIWIIMHY, 4 TAK)KE KJIaBYJIOHOBOM KHCIIOTE B COCTABE ayT-
MeHTHHA. OIHAKO, CPEeIU HUX BCTPEYAIOTCS PE3UCTEHTHBIE K HeUKCcUMy, a
TaKXe XJIOpaM(PEHHUKOITY M CTPENTOMULIMHY .

3akjaueHue

CkpuHUHT 0KOJIO 50 MITAMMOB CIIOPOHOCHBIX YHTOMONATOTCHHBIX MHUK-
poopranusMoB  Bacillus  thuringiensis, Brevibacillus laterosporus n
Lysinibacillus sphaericus Ha ipeIMeT BO3JIEHCTBUS HA pOocT 15 mrtamMmmoB hu-
TOTIATOTCHHBIX MHKPOOPTaHu3MoB Pseudomonas syringae, Pectobacterium
carotovorum, Xanthomonas vesicatoria n Rhodococcus fascians mokasanu 3Ha-
YUTEIbHBIN Pa30pOC aKTUBHOCTH B OTHOIICHWW PAa3IMYHBIX TPEICTABUTEICH
yKa3aHHbIX BUI0B. OJIHA 4acTh IITAMMOB 00J1a/1aJ1a CEJICKTHBHBIM BO3CHCTBU-
€M, B TO BpeMsl KaK JIpyrasi 4acTh JEMOHCTPHPOBAJa MIMPOKUN CIIEKTP IOaB-
JSIOMIETO POCT ACHCTBHsI. MaKCUMAalbHBIM TOJABISIONIIM 3PGEKTOM U3 HC-
ClleZIOBaHHOW Tpymmnbl oOnamanu 4 wmramma: Bacillus thuringiensis 2675,
Brevibacillus  laterosporus  105-2, Brevibacillus laterosporus 200-4,
Lysinibacillus sphaericus 2728.

JlaHHBIC aHTUOMOTHKOPE3UCTEHTHOCTH MOKA3aJIA 3HAYNUTEIIbHBINA X TyB-
CTBHUTEIBHOCTh K KAHAMUIIMHY H PSIy B-TaKTaMHBIX aHTHOHMOTHKOB.
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B cBA3U ¢ OnpeneeHHON 3KCTPALEIOIIPHON JTOKAIM30BaHHOCTBIO Be-
IIECTB OTBETCTBEHHBIX 32 MPOSBICHNE aHTHOAKTEPUAIbHOW aKTUBHOCTH DHTO-
MOIATOT€HHBIX IITAMMOB, IUIAHUPYETCS JAajbHelllee ncciaeaoBanne 4 oTo0-
paHHBIX IITaMMOB: Bacillus thuringiensis 2675, Brevibacillus laterosporus 105-
2, Brevibacillus laterosporus n 200-4, Lysinibacillus sphaericus 2728, na npen-
MET UX PE3UCTEHTHOCTH K aHTUMUKPOOHBIM Iperaparam, IHUPOKO MpUMEHse-
MBIM B paCTEHUEBO/ICTBE, , BO3ACHCTBUS U3MEHSIIOIINXCS YCIOBHM TeMIepaTyp-
HOT'O peKuMa Cpeibl OOUTAaHUS U APYTUX aOMOTHYECKUX (DAKTOPOB a Tak ke U
BBIJICJIEHUE AKTUBHBIX KOMIIOHEHTOB U3 JaHHBIX 4 IITAMMOB, /Ul UX JaJIbHEH-
e OYUCTKH U U3y4YEHHs MOTCHUUAIbHOW MPUMEHHUMOCTH B CEIbCKOM XO-
3sTCTBE MPOTHB (PUTOMATOTEHHBIX MUKPOOPTAaHU3MOB, B COCTABE KOMILIEKCHBIX
Mep3 3aIIHUTHI PACTCHU.
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THE INFLUENCE OF ENTOMOPATHOGENIC MICROORGANISMS
ON GROWTH OF PHYTOPATHOGENIC BACTERIA
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ABSTRACT

In current paper, the results of antibacterial effects entomopathogenic Bacillus
thuringiensis, Brevibacillus laterosporus, Lysinibacillus sphaericus strains on growth of
Pseudomonas syringae, as well as on the range of strains of other phytopathogenic
microorganisms are described.

Keywords: Pseudomonas syringae, entomopathogens, phytopathogens, antibiotic
resistance.
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AHAJIN3 TPAHCKPUIITOMA HEPBHbBIX KJIIETKOK
T'OJIOBHOTI'O MO3T' A ITPU BOJIE3HU AJBITEMMEPA
METOJOM CAMOOPI'AHMU3YIOIUXCA KAPT

T.3. Mkpmusan

Kageopa buounscenepuu, buoungdopmamuxu u MOLEKyIApHOU OUoL02UU
Hnemumyma 6uomeduyunvt u papmayuu PAY

tigran_ekonomika@mail.ru
AHHOTALIIUSA

MBI cpaBHWIH TJI00ATTEHYO SKCIIPECCHIO TCHOB B HEPBHBIX KJIETKaX (PpoH-
TaJILHOU KOPHI Y JIOJIEH ¢ 00JIe3HBIO ATIBIreiMepa U 3/I0POBBIX KOHTPOJICH C
[ETBI0 HAXOXKACHHUS TPYIIBI TEHOB ¢ BAKHBIMH (DYHKIIUSAMH JJIT OPraHU3Ma,
MEHSIOIINE CBOKO HHTCHCUBHOCTD AKCIPECCHH BO BpeMs OO0JIC3HU.

KuaroueBsble ciaoBa: 0one3Hb AlblreliMepa, cCaMOOPTaHU3YIOIIHECS Kap-
TbI, 3KCIPECCHUS TEHOB.

BBenenne

bonesnp Anbrreiimepa (bA) sBISIETCS T€HETUYECKH CIOXHBIM, MHOTO-
¢dakTopHBIM 3a00JIEBAaHUEM, KOTOPOE MPUBOIUT K HEWpOJEreHepaTuBHOM Je-
MEHIMH. Y MalueHTOB HaO0AaeTCs MPOrpecCUpyrolllee CHUKEHNE KOTHUTUB-
HBIX CIIOCOOHOCTEH C XapaKTepHOW paHHEW MoTepeil SMU30AUYECKON MaMsTH,
YTO B KOHEYHOM MTOT€ MPUBOAUT K MOJIHOM 3aBUCUMOCTH U cMepTU. 3a0oreBa-
HUIO MPEIIeCTBYET JUTMTENbHAs poagpoMaibHas ¢asza [1, 2]. Heiiponaronoru-
YeCcKHe U3MEHEHHUS B Mo3re Mpu BA BKIIIOYAIOT MPOrpeCcCHPYIONTYI0 aTpoduio
TUIIOKaMIIa U KOPbI, BUANMYIO IPY HEHPOBU3YyaIU3aLUH U MAaKPOCKOITMYECKOM
UCCJIEJIOBAHUU. XapaKTEePHBIMH MUKPOCKOIIMYECKUMHU NpPU3HAKAMU SIBIISIFOTCS
BHYTPHUKJIETOYHBIC HEUPODUOPMILISIpHBIE KITYyOKH THIep(ochOopuInpoBaHHOTO
Oenka Tay W BHEKJIETOUHBIE OTIOXKEHHS OeTa-ammionaa 1-42, conmpoBoxaaro-
iyecs noTepe HeMpPOHOB M CUHAIICOB M PEaKTUBHBIM IIIHO30M [3].

[TepBUYHBIM 1 OCHOBHBIM 3TAllOM B aHATU3€ IPUYUH MMOJIUTCHHBIX 3200-
JIEBaHUI SIBJIIETCS UCCIIEOBAHMS SKCIIPECCUM T€HOB KJIIETOK OPraHNU3Ma B HOP-
MaJbHOM M IATOJIOIMYECKOM COCTOSHUAX. OZHUM M3 MOIXOI0B K PELICHUIO

193



ATOM TPOOIEMBI SBISETCS METO MAITMHHOTO OOYYEeHHsI, U3BECTHBIN KaK caMo-
opranm3yromuecs kaptol (self-organizing maps, SOM), peanu3oBaHHbBIN B Ta-
kete «oposSOM» nnst cpensl R [4, 5]. Anroputm SOM 1103B0oJIsI€T YMEHBIIUTD
pa3MepHOCTh TPAHCKPUIITOMHBIX JaHHBIX 0€3 CyIIeCTBEHHOU moTepu uHpOp-
MaIiH, a TaK)Ke TPyNIUPYyeT FeHbl B KIacTepbl HA OCHOBE CXOXKECTH Mpoduieit
skcrpeccur. [laker oposSOM Takke COAepKUT UHCTPYMEHTHI AJis (DyHKIHO-
HAJIbHOW aHHOTAIlMW TeHHBIX KJIACTEPOB M BU3Yyalld Pe3yNbTaToB. DPQeKTHB-
HOCTh SOM Kak MeTo/1a MPUBOJIUTCS B MHOTUX CTaThsX [4, 5].

MarepuaJ u MeTOAbI

B sT0i1 paboTe MBI HcTIONB30BaIM HA0Op AaHHBIX dKcripeccuu 12681 re-
HOB B HEPBHBIX KJIETKAaX KOPbI TOJJOBHOTO MO3Ta y ManueHToB ¢ BA (n = 8) u
310poBbIX KoHTposeh (n = 6) (http://alzdata.org/file/FC_GSE12685.zip) [6].
Bo3spact uccnenyemsbix konebnercs B Auamna3one ot 88 10 90 nert.

Anroputm SOM npoenupyetr MHoromepHyto N X M (N — 4ucio reHos,
M konnuecTBO 00pa3lioB) MaTPHILy SKCIPECCHI T€HOB B MaTpHUILy MeTareHoB K
x M (K — gucno merareroB). Kaxapiit MeTareH Ciy>KuT B Ka4eCTBE PEIPE3CH-
TaTUBHOTO IPOTOTHUIIA KJIACTEPA peaIbHBIX T€HOB C aHAJIOTUYHBIMU IPOUIIMU
skcnipeccud. [Ipoduie 3KCIIpeccuy METareHoB, B CBOIO OYepellb, COOTBETCTBY-
€T yCpeOIHEHHOMY MPO(HIII0 SKCIPECCHH pealibHbIX T'eHOB. lcmonb3oBanach
nByMepHas cetka SOM mpsiMOyrojibHOW TOMOJIOTMU pa3MepHOCThI0 30 x 30
HEHPOHOB M CTaHIapTHBIE apaMeTphl 00ydYeHUs HeUPOHHOI ceTH. O1eHKa 3Ha-
YUMOCTH HM3MEHEHUU SKCIPECCHH T€HOB MPOBOAMIACH MOAU(DUIIMPOBAHHBIM
T-rectom CThIOIEHTA, YUYUTHIBAIOIIUM CTAHAAPTHYIO OIIMOKY 3HAYEHUH SKCII-
pECCHM Ka)KIO0ro T'eHa B PEeIUTMIMpOBaHHBIX u3MepeHusx. [laker «fdrtool» R
OBl J1ajiee MUCIONIb30BaH JJI pacueTa JI0Ju JIOKHBIX cpalarsiBaHuii (FDR).
@yHKIMOHAIbHAST aHHOTAIMs MPOBOAMIIACH METOAAMM aHalIM3a pEerpe3eHTa-
TUBHOCTH (overrepresentation analysis, ORA) u z-ouenku (Gene Z-score,
GZS).

Pe3yabTarhl u 00cy:KIeHHe
Busyanuzanus metarenoB Ha cetke SOM poBOIUTCS B COOTBETCTBUU CO

CpCAHUM 3HAYCHUCM SKCIPECCHUU T'CHOB HAHHOIO0 U BU3YAJIM3HUPYIOTCA C HUC-
IMMOJIb30BAHUEM COOTBCTCTBYIOLICTO IBETOBOI'O I'paJUCHTA: TAC TGMHO-KpaCHBIfI
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L[BET YKa3bIBAECT HAa CUIIbHYIO CBEPX IKCIPECCHUIO TE€HOB, KEJITHIE U 3€JICHBIE TO-
Ha YKa3bIBalOT Ha IIPOMEKYTOYHEIE YPOBHHU JKCIIPECCHUU I'€HOB, a CHHHUE — Ha
MMOHMKCHUC SKCITPECCHUU T'CHOB. HBGTOBBIG MOPTPETHI NPCACTABIATIOT OTIIEHATOK
TPAHCKPUIIIMOHHOW aKTUBHOCTH JJISl KaXJI0ro oOpasia. 3areM Bce I[BETOBbBIE
MOPTPETHI MPUHAICKAIINE OAHON IpyTie (MalueHThl WK 3I0pPOBbIE KOHTPO-
JIN) YCPETHSI0TCs, 00pa3ys rpynmnoBbie moptpeThl (Puc. 1). Haznauenue renon
KJIacTepaM METareHoB U, CJIEI0BaTeNbHO, UX MoJokeHne B SOM 0IMHAaKOBO BO
BCEX THUMOBBIX opTpeTax. CiieoBaTelIbHO, OKpPAcKa B ONMPEAEICHHONW MO3ULIUH
Ha KapTe OTHOCUTCS K OJTHUM M TEM € I'e€HaM Ha BCEX OT/AEJIbHBIX MOPTPETax,
YTO MO3BOJISIET HAMPSMYIO CPAaBHUBATh YPOBHU UX SKCIPECCUHU MEK]Ty KapTaMH
U HaxomuTh JuddepeHnnaIbHo dKcnpeccupyeMble TeHbl. CpaBHEHUE TPaHCK-
PUIIIIUOHHBIX IMOPTPETOB BA u 3A0POBLIX JIMIL BBIABUJIO CYHICCTBCHHBIC OTJINU-
yus B dKcrpeccun TeHoB. Kak BugHO Ha Puc. 1, BA xapakrepusyercs rure-
pIKCIIpeccreil MeTareHoB, PacloNOKEHHBIX B BEPXHEM Y4YacTKe KapTbl, B TO
BpeMSI KaK y 37I0POBBIX KOHTPOJIEH 00IaCTh BBICOKOM DKCIIPECCHUU T€HOB HAaXO-
JIUTCS HA MPOTUBOIIOIOAKHOM YYaCTKE.

30 30
20 20
10 10
1 1
1 10 20 30 1 10 20 30
A. B.

Puc. 1. Yepeonennvie ysemogwie nopmpemol IKkcnpeccuu 2eHo8
07151 KOHmMpoAbHOU 2pynnol (A) u epynnel nayuenmos (B).

@OyHKIMOHAIBHBIN aHanu3 qudQepeHnaIbHON IKCIPECCHH TeHOB BbIS-
BWJI TPYIIIIBI TEHOB U CBSA3aHHBIX C HUMHU OMOJIOTHYECKHUX MPOLECCOB MHTEHCHB-
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HOCTh KOTOPBIX 3HAUUMO OTIUYANIACh B MO3TY MAIMEHTOB U 3JJOPOBBIX KOHTPO-
neit (tabmure 1). Tak, B rpynmie BA HaOmomaeTcs NOBBITIICHHAS YKCIIPECCHS Te-
HOB, BOBJICUCHHBIX B MPOIECCH TPAHCISIIIAH, TTOCTTPAHCIISIIIHOHHOW MOTU(H-
KalluM | JIeTpaialiuy OEJIKOB, Mepeadn CUTHAIOB, ayTodaruid U MeTaboIu3Ma.
C npyroii CTOpOHBI, B TPYIIIE 30POBBIX KOHTPOJICH HAOIIOMAETCS] aKTUBAIIUS
UMMYHHOTO OTBETa M CUTHAJIILHON aKTUBHOCTH (DAKTOPOB POCTA U IIUTOKUHOB.

Tabnuya 1.

DOYHKIMOHAJIbHAS aHHOTALMS KJIacTepoB AU depeHunaTbHO
IKCIpeccupyeMbIX reHoB npu BA.

I'unepakcnpeccus GSZ Ilonm:keHHasi IKCHpeccusi GSZ

positive regulation of calcium 7.52 |immune system process -7.09

ion-dependent exocytosis

protein polyubiquitination 5.14 |cell-cell signaling -541

protein deubiquitination 5.09 |signal transduction -5.25

ubiquitin-dependent protein 4.86 |hormone activity -4.13

catabolic process

regulation of macroautophagy 4.75 |growth factor activity -3.88

translational initiation 4.69 |response to stimulus -3.90

glutamate secretion 4.63 |transmembrane signaling -3.06
receptor activity

glycolytic process 4.54 |cytokine-mediated signaling -2.52
pathway

vesicle-mediated transport 4.52 |voltage-gated potassium -3.13
channel activity

potassium ion binding 3.86 |positive regulation of -2.61
angiogenesis

protein targeting to lysosome 3.59 |cellular response to growth -2.30
factor stimulus

protein transporter activity 3.49 |ion channel activity -1.63

RNA splicing 3.16 |integrin-mediated signaling -2.30
pathway

cellular sodium ion homeostasis 3.23 |galactosyltransferase activity | -2.21
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Jlig BBISICHEHUS TIPUPOABI pa3BUTHS IPU3HAKOB BA MbI IpoBenu uccie-
JIOBaHUE TPAHCKPUIITOMA MPEPPOHTAIHEHON KOPBI TOJIOBHOTO Mo3ra. [lomyden-
HbIE JAHHBIE BBISIBUIMN CYILIECTBEHHbIE Pa3IMuus B SKCIIPECCUU F€HOB IPU 3a-
6onesanuu. [Ipu 3TOM, HaIlIM TaHHBIE CBUAETEILCTBYIOT O MACCUBHBIX Hapylle-
HUSX MeTaboan3ma 0enkoB pu BA, 4To MOTHOCTHIO COOTBETCTBYET COBPEMEH-
HBIM TIPEJCTABICHUAM O ArcOamaHce MeXAy MPOAYKIHEeH U KIupeHcoM OeTa-
ammionaa [8]. Kpome toro, HabmonaeMoe N3MeHEHHE SKCIIPECCUU TEHOB, CBsI-
3aHHBIX C BHYTPUKJIETOYHBIM FOMEOCTAa30M MOHOB KaJbIUS U CEKpeLuel IIto-
Tamara, MOJKeT MHULIMMPOBATh alloNTO3 HEPBHBIX KIETOK [9]. C 3Tol KapTHUHOI
TaK)X€ COIVIACYIOTCSl JAHHBIE SKCIEPUMEHTOB Ha KyJbTypax HEWPOHAIBHBIX
KJIETOK, COIVIACHO KOTOPBIM pa3jiMyHble BUABI O€Ta-aMUIIOUJ CIIOCOOCTBYIOT
Oosnblel JOCTYIHOCTH IIyTaMara 3a CYeT HapylleHUs MEXaHU3MOB MOIVIoNIe-
HUS/peUUPKYIISAIAH 3TOTo HeliporpanemuTTepa [10]. U3BeCTHO, 4TO aKTUBALIUS
MMMYHHOTO OTBETa Ha paHHHUX CTaausiX pa3BuTusi BA sBiseTcs onHUM U3 Me-
XaHU3MOB aKTUBUPYIOUINX HakoruieHnne amunonna [11]. Ilpu stom, Hame ucc-
JIeIoBaHUS MMOKa3ajio YTHETEeHHE KCIIPECCUU TeHOB MMMYHHOTO OTBETA Y Mallu-
eHtoB. OqHako Oosiee JAeTaabHbBIN aHaTu3 MMoKa3all, YTO 3TO B OCHOBHOM T'€HBI,
OTBETCTBEHHBIE 32 PETYJISNI0 Ipoaudepaiy KIeTOK, UMMYHHBII TOMeocTas
1 GaronuTo3, HAPYIICHUS IKCIIPECCUN KOTOPBIX MOXKET MPUBECTH K aKTUBAIIHA
HerpoBocnaneHus [12].

Takum 00pa3zom, MPOBEIEHHOE HMCCIEAOBaHUE MOKA3ajlo, YTO pa3BUTHE
npu3HakoB BA mpoucxoauT Ha GoHEe M3MEHEHUsl TPAaHCKPUITOMa KOpbl MO3Ta,
B UYAaCTHOCTH, HapyUIEHHH JKcHpeccud (PyHKIHOHAIBHBIX KJIACTEPOB T'€HOB,
BOBJICUCHHBIX B MPOIECCHl MeTaboIM3Ma OEIKOB, TOMEOCTa3a KaJlblUs U TJII0-
TaMaTa, IMMYHHOTO OTBETa U alonTo3a.
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SELF-ORGANIZING MAPPING ANALYSIS OF TRANSCRIPTOME
OF NERVE CELLS IN THE BRAIN IN ALZHEIMER'S DISEASE
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ABSTRACT

We compared global gene expression in the nerve cells of the frontal cortex in

humans with Alzheimer's disease and healthy controls. The goal was to find group of genes

with important functions for the organism by changing expression intensity during the
disease.
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AHHOTAIDUA

B nmanHO# paboTe mpemcTaBieHbl pe3yibTaThl KOMIUICKCHOW OIICHOYHOM
¢bysakm ADME-T ms 12 nponsBoubix 6eH30 [4',5"] umumaszo [2',1":6,1] nmupu-
10[2,3-d] mupuMHIMHA C UCMONBb30BaHMEM OHOMH(POPMATHYECKHX METOJIOB.
OrmpenencHbl HU3UKO-XUMIYECKHE U (hapMaKOKHHETHYESCKHE TApaMeTPhI UCCIIe-
JYeMbIX COCIIMHCHHM, BBISBICHBI COCTMHCHUS, UMCIONINE BO3MOXKHOCTD CTaTh
COCIIMHEHISIMH JIMICPAMU TSI TATBHEHIIINX TATIOB HCCICIOBAHMUI.

KmroueBnle ciioBa: ADME-T, in silico, nomobue nekapctBa, XeMOHH(OP-
MaTHKa.

BBenenune

CoBpemenHast (papmanieBTHUECKasi XUMUS, HAPSAY C APYTUMU METOJaMH,
UCIIONTB3yeT OMOMH(POPMATHYECKHE METOIbI B Ka4€CTBE YA00HOTO HHCTPYMEH-
Ta JIsi IPOTHO3UPOBAHUS CBOUCTB «10100us tekapcTBay [1]. [lepBuyHas omeH-
Ka «CTPYKTYpa-CBOMCTBO» OCYIIECTBIISIETCS 3a CUET OmNpesesieHns PU3nKo-Xu-
MHUYECKUX MTapaMeTPOB UCCIIEYEMBIX coeluHeHH. B in silico B kauecTBe orle-
HOYHON (PYHKLMH aKTHBHO HCIONIb3yeTcs Takxke napamerpbl ADME-T (a6-
copOuusi, pactpeeneHne, MeTaboJm3M, SKCKPEIHs U TOKCHYHOCTS). MI3BeCTHO,
YTO B IIPOLIECCE UCCIIEIOBAaHUI MHOTHE Majible MOJIEKYJIbl TOKa3bIBalOT HECOOT-
BETCTBUSI UMEHHO K BBIIIETIEPEUYUCICHHBIM apameTpam [2]. [Iporuo3upoBanue
napameTpoB ADME-T, o MOneKyJIIpHOU CTPYKTYPE, OCYLIECTBIISIETCS 3 CUET
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METOJI0JIOTUU «OTIEYATKOB MAJBLEBY», IPUBOA K KOMIIBIOTEPHOMY TOIIOJIOTHU-
YeCKOMY aHaln3y cTPYKTYpHI [3]. [Ipu 3TOM CBSI3b MEKTY (DU3HKO-XHMHYECKH-
MU U papMaKOKMHETUYECKUMU ITapaMeTpaMu OCYLIECTBIISIETCS 3a CUET «IIpaBU-
na natuy JlunuHcekoro [4].

JlaHHBIN MOIXO0] IIMPOKO MCIIONB3YETCS B XEMOMH(POPMATHKE IS TPOT-
HO3UPOBaHUsI OMOAKTUBHOCTU U OMOJOCTYMHOCTH HOBOCHHTE3WPOBAHHBIX WU
MOIU(ULIIMPOBAHHBIX coenHeHui. M3BecTHO, uTO MepBUYHas in silico olleHKa
OMOaKTHUBHOCTH U OMOJIOCTYITHOCTH COETUHEHUH, UCTIONB3YsI (papMaKOKHMHETH-
YECKHUE MapaMeTpbl, HAMHOT'O CHIDKAET JIOJII0 HeyJad IpH in vitro uccieaoBa-
HUsX [5].

B nanno# pabote 0TOOpakeHBI MOTYYSHHBIE PE3yIbTaThl KOMILJIEKCHOM
onenouHoi ¢pynkimu ADME-T ans 12-u npousBoaabix 6en3o [4',5'] umugazo
[2',1":6,1] mupuno[2,3-d] mupumuanna (Puc.1.) ¢ ucrons3oBanuem OnonHgpop-
MaTHYECKHX METOJIOB.

MarepuaJbl 1 METO/bI

MorexymsipHble MOJEIH UCCIENYEMBIX COSIUHEHUI ObUIM MOJIYYEHHI C
ucnosnb3oBanueM nporpammuoro nakera ChemOffice [6]. Crangaptuzanus mMo-
JEKYJSIPHBIX CTPYKTYpP OCYIIECTBISIOCH myTeM monydeHuss Canonical
SMILES. Jlansbiii popMar 0TOOpaK€HUSI MOJIEKYJISIPHBIX MOJENIel sBIIsSETCS
Hanbosiee A(PPEKTUBHBIM TPU HCIIOIB30BAHUH METOJIOJIOTHH «OTIIEYATKOB
najbleBy. B kauecTBe neckpunTopa BEIUMCIEHUH Hcnonb3oBanoch FP2, koro-
PpBIii AIBISETCS OAHUM U3 OCHOBHBIX apXETUIIMYHBIX METOA0B TOIOJIOIMYECKOTO
aHaJIM3a U CpaBHEHUsS CTPYKTYp [3].

Jns ompeneneHuss GU3MKO-XMMHYECKMX M (PAPMaKOKMHETUYECKUX Iapa-
METPOB HCCIEIyeMbIX COEIMHEHHH ObLT HCHOJIb30BaH OHJIAWH pecypc
SwissADME [4]. [laHHbIif HHCTPYMEHT JTa€T BO3MOKHOCTB Ha psiiy ¢ (pusuko-
XUMHYECKHUMH 1 (hapMaKOKHHETUIECKIMH ITapaMeTPaMU PaCCUUTATh 3HAUCHHS
JIUNOQGUIEHOCTH U BOJIOPACTBOPUMOCTHU UCCIIEAYEMBIX COeIMHEHUH. TaKxke on-
penenser K03pGUIUEHT «11000Us JIeKapcTBa» M MapaMeTpbl MEIUIMHCKOM
XMMHH, PacCUUTHIBAsi CXOACTBA MCCIEIyeMOro coequHeHus k (apmaxkopopy
«COEIMHEHUS JHIEPay, a TAK)KE UMEET BO3MOKHOCTb MPOTHO3UPOBATH KO-
(UIUEHT CUHTETUYECKON JOCTYIHOCTH JUIsl TalbHEHUILEro in vitro CUHTE3a.
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Puc. 1. Tpexmeprnvie cmpykmypol ucciedyemvix cOeOUHeHUil.

KomnbroTepHbIil aHAJIN3 TOKCUYHOCTH UCCIIENYEMbBIX COCIMHEHUM MPOBO-
JWIIM C UCIoJIb30BaHueM nporpammHoro nakera PeoTOX [7]. IIpouecc npor-
HO3UPOBAHUS OCYIIECTBIIACTCS C MCTOb30BaHueM 0a3bl manHbix RTECS [8],
I/Ie XpaHATCS COeIMHEHUs WK (PparMeHThl COeMHEHHI, BXOISIINE B OIpeie-
JIEHHBIE KJ1aCcChl BEILIECTB, MPOSIBIAIONINE TOKCUYHOCTb.

CrarucTrueckuil aHaJIu3 pe3yJIbTaTOB UCCIIEI0BAHMS IPOBOAMIICS HA OC-
HOBE KOMILJIEKCHOT'O PUMEHEHHUSI CTaHIAPTHBIX CTATUCTUYECKUX METOJIOB, BK-
JIOYAIOIINE BEIYMCIICHUS CTAHJAPTHBIX OTKJIOHEHUH, CPEAHUX 3HAUYCHUM, CTaH-
JAPTHBIX CPETHUX OIIHOOK.
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Pe3yabTaTsl M 00Cy:KI1eHHE

[TomydyeHHble pe3yabTaThl (U3MKO-XUMHUYECKUX IapaMeTpoOB CBHU/E-
TEJIBCTBYIOT, UTO BCE HCCIIEyEMBIE COEIMHEHHSI IO MOJIEKYJIIPHOMY BECY U JI0-
HOp-aKUENTOPHBIM CBONCTBAM COOTBETCTBYIOT OCHOBHBIM TPEOOBAHUSIM «IIpa-
Buja natuy. B Tabnune 1 npuBeeHsl paccunTaHHble (PU3UKO-XUMUYECKHE Ta-
paMeTphbl UCCIEAYEMbIX COCIMHEHUH.

Tabmuma 1.

PaccuutanHble (PU3NKO-XHMHYECKHE TAPAMeTPbI HCCJIeAyeMbIX

COeIHHEeHUM.
@ =
; » % 5| =
= I o % - 2 2 g E
g I ENEE
Hla] Lol -] [
N g S5 |es|c28| 558 25 | SES
=2 o2 =EZ| EE5E O 85EH =3 H &%
= s o =g = & o c o = T < =
= = = S Z o =9 = g ¢
= - 1 5 = © 2) =9 =B
e & = = =
= & A é =
L. Coenunenne 1. | C20IT16N4 312.37 24 3 0 94.88 43.60
2 Coenmurenue 2. C20H14N4 310.35 24 3 0 96.20 43.08
3. Coemunenne 3. | C14H12N40 252.27 19 4 1 71.47 63.83
4, Coenunende 4. | C27H20N4 400.47 31 3 0 125.65 43.08
3 Coenmunenne 5. | C33H24N402 | 508.57 39 5 0 154.65 69.38
6. CoenuuecHue 6. C27HIRCI2ZN4 -
469.36 33 3 0 135.67 43.08
7. Coemumenne 7. | C281122N40 430.50 33 4 0 132.14 52.31
8. Coemuncnuc 8. | C29H22N4 426.51 33 3 0 135.38 43.08
9. Coenunenne 9. | C25HI8N4S 406.50 30 3 0 123.53 71.32
10. | Coegunenne 10. | C341126N40 506.60 39 4 0 156.63 52.31
11. | Coepgunenue 11. | C28H20NS02 | 458.49 35 5 1 138.81 92.74
12. | Coeqanenne 12. | C28H19CIN4 446.93 33 3 0 136.38 43.08

B Tab6nure 2 npuBeieHbl paCCYUTAHHBIE ITAPAMETPHI OMOAKTUBHOCTH, BK-

Jrovatonire GapMakOKMHETHKY, OIICHKY K03 duUIneHTa «mo1o0us IeKapCTBay

1 pE3YyJIbTaThbl MGHHHHHCKOﬁ XUMHU.
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Tabuma 2.

PaccuutaHHble napaMeTpbl 6MOAKTHBHOCTH MCCJIeyeMbIX COeIUHEHU I

i~ Koosdduuuent Memf/mm[cxaﬂ
KIIOJOOHS JICKAPCTRAY XHMHS

oL o] g : =

5 o o 5 E g e

2 |f.ls.l Bz | & s |82

p . sA 2L 58 BT 55| EE=

£ g SPh| 25| EE B 22| EEX

g -1 3] 3 = =] = g 5

42 o L =S 5 = &

9 7 9 = 2 g 5 =

ol = m 0 o
1. Coeanenne 1. Bricoxoe HJa | -5.29 Ha 0.55 Het 3.14
2. Coennnenne 2. Bricoxoe Ha | -5.08 Ha 0.55 Het 2.40
3. Coenunenne 3. Bricoxoe HOa | -6.12 Ia 0.55 Jla 2.84
4. Cocaunenue 4. Bricokoe Her | -4.26 Ja 0.55 Her 3.02
5 Coeptinenwe 5. Huzkoe Her | -4.21 Her 0.17 Het 3.51
6. Coentienne 6. Huskoe Het | -3.80 Ja 0.55 Het 3.13
7. CocauneHHue 7. Beicokoe | Her | -4.47 Ha 0.55 Her 3.10
8. Cocpuamcnuc 8. Bricokoe | Her | -3.97 Ja 0.55 Her 3.42
9. CocaamncHue 9. Bricokoe | Her | -4.51 Ja 0.55 Her 3.12
10. | Coeaunenue 10.

Huzkoe Her | -3.87 Her 0.17 Her 3.57
11. | Coemumenne 11.

Huzkoe Her | -4.82 Ja 0.35 Her 3.55
12. Coennnenne 12. )

Huzkoe Her | -3.86 Ha 0.35 Her 3.37

W3 1ab1.2. BUgHO, 4TO MO (PapMaKOKMHETUYECKUM MapaMeTpam JHIAUPYIO-
IIUMU SIBJIAIOTCS coeuHenus 1, 2 u 3, B TO BpeMsi Kak, 0 KpUTepuro Jlununc-
KOTO0, TUIIb coequHeHwst 5 u 10 He COOTBETCTBYIOT cTaHaapTaMm. Ha ocHoBe ¢u-
3UKO-XMMHUYECKHUX TTapaMeTpPOB ObUIN MOJTyYEeHBI TaKkKe KapThl OMO0CTYITHOC-
TH BCEX UCCIICTyEMbBIX COCTMHEHUH (Pe3yIbTaThl HE MPUBEICHBI). [[ist mporHo-
3UPOBAaHMS BOZMOKHOCTEH MPOXOXKICHHsSI Yepe3 reMaTtodHuedannyeckoin 6ap-
bep (I'DB) u BcacsiBaemocth uepes KKT Obuia moctpoeHa kapta abcopOumu
IUTst Maneix MoJiekya (Puc. 2.).
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e Retrieve data: @ :J’

Pore
"
. ¥
gla 10 L ____Actions ____]
.,mgmum 10 . .
i A o] Show Molecules Name
Molecule 8 Molecie 11
< | Legends ]
Mmr-,\?dlua?u@ 7 MoieCule 9 Legends
&
Molecule 2 ° PGP+
Moletule 1 © PGP
Remarks
None

o
Molecule 3

Puc. 2. Kapma abcopoyuu ons 12 uccredyemvix coeOuneHuil.
(BBB- naccuenoe nponuxnosenue uepes I' OF; HIA- monexyna, no npoeHo3am, nacCUugHo noe-
nowaemes IKKT; PGP+ - monexyna evisooumcs uz [{HC p-enuxonpomeunamu, PGP- - mone-
Kkyaa He evigooumces uz L{HC p-enuxonpomeunamu).

N3 12 coennnenuit 1, 2 u 3 nposBIAIOT MACCUBHOE MPOXOXKICHHUE YEpE3
I'Db. Coenunenus 4,7,8,9 no nporuozam naccuBHo mnornomatorcs B KKT.
OneHka TOKCUYHOCTH COEJMHEHUH OIPENEsIOCh HA OCHOBE YEThIPEX KaTero-
pHUH: MyTareHHOCTb, OHKOT€HHOCTD, Pa3Ipa)karollluii ¥ PeTpOTyKTHBHBIA (-
¢ext (3HaueHus He npuBeaeHbl). [lonydyeHHble pe3yabTaThl CBUAETEILCTBYIOT,
YTO BCE UCCIIENyEeMbIe COeTUHEHUS, KpoMe S 1 11 nposBISIOT HU3KUKA YPOBEHD
TOKCHUYHOCTH, TIPH 3TOM y coefuHeHui S u 11 Habm0Mar0TCs CX0KHUE OTpHIla-
TEJIbHBIE 3HAYEHUS 110 MyTareHHOCTH U OHKOT'€HHOCTH.

O060011as pe3yabTaThl UCCIEIOBAaHUN, MOXKHO KOHCTaTUPOBATh, UTO COEAM-
HeHusd 1, 2, 3, 6 MOTYT paccMaTpHUBaThCs KaK KaHAWIAThl B «COEAMHEHNUS JIU]Ie-
pbD». CaMbIM OHM3KUM 110 (hapMakopopy K KOHTPOJIBHBIM KPUTEPUSIM SIBISETCS
coeluHEHNE 3, KOTOPOE UMEET IOJIOKUTEIbHYIO OLIEHKY 110 OCHOBHBIM KpHUTE-
pysM OMOAKTUBHOCTH U OMOJIOCTYITHOCTH.
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ABSTRACT

This paper presents the results of the complex evaluation function ADME-T for 12

derivatives of benzo [4', 5'1 imidazo [2', 1" 6,1] pyrido[2,3-d] pyrimidine using
bioinformatic methods. Physico-chemical and pharmacokinetic parameters of the studied
compounds are determined, compounds could become «lead» for further stages of research

are identified.

Keywords: ADME-T, in silico, drug similarity, chemoinformatic.
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ABSTRACT

Dystonia is a movement disorder of yet unknown cause and
pathophysiology. Spasmodic dysphonia is a task-specific focal dystonia with
an implied existence of genetic risk factors. This pilot study aimed to identify
genetic factors associated with brain abnormalities in spasmodic dysphonia. A
quantitative trait locus analysis (QTLA) was performed. Several potential
regions were found in the QTLA.

Keywords: spasmodic dysphonia, genetic risk factors, quantitative trait
locus analysis, brain abnormalities.

Introduction

Dystonia is a movement disorder of yet unknown cause and
pathophysiology characterized by continuous or recurring muscle contractions.
The most common type of dystonia is a focal dystonia. Spasmodic dysphonia
(SD) is a task-specific focal dystonia, selectively disturbing speech production
due to uncontrollable spasms occurring in the laryngeal muscles. Up to 12% of
the family history of dystonia in spasmodic dysphonia patients implies that there
exist genetic risk factors of this disease [1],[2]. In the meanwhile, the existence
of the anatomical and physiological aberrations outspreading beyond the basal
ganglia and encompassing the sensorimotor cortex, thalamus, and cerebellum
suggests the presence of the neural network abnormalities in SD [3]. Moreover,
it has been shown that cortical thickness is a highly heritable endophenotype
[4]. Yet there has been no report of a high-density quantitative trait locus
analysis (QTLA) identifying the loci associated with brain cortical thickness
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aberrations in spasmodic dysphonia patients. This study is a preliminary attempt
to identify any such large effect-size loci.

Patients and Methods

The single-nucleotide polymorphism (SNP) data and brain cortical
thickness data from 115 spasmodic dysphonia cases was provided by the
Dystonia and Speech Motor Control Laboratory of the Massachusetts Eye and
Ear Infirmary and Harvard Medical School. The SNP data set was quality
checked by allele frequency (excluding minor allele frequency [MAF] < 0.005)
and nonrandom missingness (excluding sites where the proportion of missing
data is larger than 10%) using VCF tools program package [5]. Further checking
by linkage disequilibrium analysis (with high confidence (r* > 0.3) that no 2
variants are in significant linkage disequilibrium (LD) with each other was
performed using PLINK (version 1.07) [6]. The quantitative trait locus analysis
was performed using linear regression with regards to the cortical thickness data
in the PLINK package [6]. A normalized single value summarizing the cortical
thickness of all the regions was used as a phenotype input. Three covariates
were used in the regression: diagnosis of adductor or abductor laryngeal
dystonia, age-onset (older or younger than 35) and dystonia type (sporadic or
familial) to adjust for an age and genetic variation.

Results and Discussion

The QTL analysis resulted in 46 significant SNPs from 21 chromosomes
associated with brain abnormalities displayed in Table 1. The significance
threshold was chosen to be FDR_BH < 0.25. The highest accuracy was detected
from intron variants.

Table 1.
List of the significant SNP’s with FDR_BH<(0.25 outputted
and adjusted by PLINK's linear regression analysis
Chromosome SNP FDR_BH | Chromosome SNP FDR_BH
16 rs149153858 0.1754 4 rs146008323 0.2082
12 15192034694 0.1754 17 rs74577983 0.2082
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11 1s649555 0.1754 4 rs112661328 0.2082
14 rs117657505 0.1754 19 rs4801959 0.2082
4 rs113327606 0.1754 3 rs149845602 0.2172

21 rs1618355 0.1754 11 rs11225674 0.2172
5 rs182255012 0.1754 7 1s34670419 0.2213

11 rs149813947 0.1754 10 1s62619938 0.2213
17 rs117156733 0.1754 20 1s73622819 0.2231
19 rs137928795 0.1754 9 rs146892675 0.2231
15 rs147768891 0.1754 6 rs113624371 0.2231
1 15146066492 0.1754 14 rs12147696 0.2231

1 rs1974253 0.1754 15 rs114941240 0.2231

8 rs117230144 0.1754 21 rs117952108 0.2285

1s8192494 0.1754 6 6:32974122 0.2285

10 1s28716482 0.1754 7 rs75165012 0.2285
22 1s144564568 0.1818 20 rs881556 0.2326
11 rs191152911 0.2033 23 1s5982697 0.2326
9 1s79265572 0.2082 6 1575783624 0.2326

14 rs1959379 0.2082 17 rs80091359 0.2326
6 rs3918140 0.2082 18 1s7244518 0.2499

17 rs143092701 0.2082 6 rs73012273 0.2499
15 rs116967176 0.2082 14 1572686272 0.2499

The SNP rs147768891, an intron variant of the gene SNHG14, was
detected at the accuracy FDR BH = 0.1754 and is located on chromosome
15q11.2 within the Prader-Willi and Angelman syndrome deletion region on
chromosome 15q11—q13 [7]. The SNPs rs116967176 (FDR_BH = 0.2082) and
rs114941240 (FDR_BH = 0.2231) are located respectively within the introns of
the genes HERC1 and VPS13C on chromosome 15g22. Both of the genes are
located several Mb away from the Prader-Willi and Angelman region. SNHG14,
HERCI, and VPS13C are all expressed in the brain. Prader-Willi syndrome has
a widespread effect on the central nervous system and a putative association
with dystonia [8]. In the meanwhile, the association of Angelman syndrome
with movement disorders and isolated speech production impairment has been
reported [9], [10]. Previous studies have also shown an association of cortical
thickness thinning with genetic variants on 15q12 in schizophrenia and,
putatively, in autism spectrum disorders [7]. Additionally, 15q14 locus, located
several Mb away from both 15q11—q13 and 15922, has been associated with
cortical thickness in disease-free adults [11]. All of the rs147768891,
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rs116967176, and rs114941240 thus have the potential to act to alter the cortical
thickness and contribute directly to SD onset because of the increased
vulnerability of the brain to abnormal development. Interestingly, the described
psychiatric conditions sharing common genetic loci have been found to be
highly prevalent comorbidities in patients with SD [12], [13]. Thus, we could
speculate that genes and gene interactions involved in the development or
associated with neuropsychiatric phenotypes could be also implicated in the
pathology of SD. All in all, the results of our study demonstrate the importance
of genetic association studies in elucidation of pathophysiology of SD.

10.

11.

12.
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AHHOTALIUA

JucToHMNs — 3TO ABUTaTEIbHOE PACCTPOUCTBO MOKA HEMOHATHON MPUYUHBI U NaTO-
¢usnonornu. CriazmMuaeckas AUCHOHMS — THIT (POKAIBEHOH AUCTOHNUH, C IPEANIOTaraeMbIMU
(haKTOpaM¥ TE€HETHIECKOTO pUCKa. L[eTbI0 3TOT0 MIIIOTHOTO MCCIe0BAaHHS OBIIO BEISIBUTH
(haKTOpBI TEHETHYECKOTO PUCKA, CBSI3aHHBIE C aHOMAJIMSIMHA MO3Ta IPY CIIa3MHYECKOM JIHUC-
(hornu. s 3TOr0 OBLI MPOBEACH aHAIN3 JIOKYCa KOJIMYECTBEHHBIX MPU3HAKOB, KOTOPBII
BBISIBUJI HEKOTOPBIE PETHOHBI TOTEHIINAIBLHOTO PUCKA.

KaioueBsle ci1oBa: cmazmMuieckas AMCHOHISL, (HaKTOPHI TEHETUIECKOTO PICKa, aHa-
JIN3 JIOKyca KOJIMYECTBEHHBIX MPU3HAKOB, aHOMAJIUU MO3Ta.
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