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2UB8UUSUULE @PSNAPRESNPLLELR UQQUSPUL UUYUTGURU
HANOUWOHAIUBHAA AKAJEMMHUSA HAYK APMEHUH
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

JLOKUJAJIBI 26uUNh38LEL REPORTS
ot 112 2012 Ne 4
Volume
MATHEMATICS
YK 517.518.8, 519.65
A. V. Poghosyan

On a Convergence of the L,-Optimal Rational Approximation

(Submitted by academician A. B. Nersessian 31/X 2011)

Keywords: Rational approximation, Krylov-Lanczos approximation, Ber-
noulli polynomials,convergence acceleration

1.We consider the problem of a function approximation by finite number of
its Fourier coefficients
1 1 —iznx
fnzzj_lf(x)e dx, |n|SN.
It is well known that approximation of a 2-periodic and smooth function f on
the real line by the truncated Fourier series

N o
Su(f)= 22 fe™
n=—N
is highly effective. When the approximated function has a point of discontinue-
ty, approximation by the partial sum S, (f) leads to the Gibbs phenomenon.

In this paper we consider the L,-optimal rational approximation in combi-

nation with the Krylov-Lanczos approximation and investigate a convergence of
this approach in the regions where the approximated function is smooth.
Denote

Ry (f)=f(x)=Sy(f).
2. First we introduce the Krylov-Lanczos approximation (see [1-3]).
Suppose fe C’[-11]. By A (f)denote the exact value of the jump in the & -th

derivative of f

A(F)=FY )= (-1), k=0,...,q.
The basic idea of the Krylov-Lanczos approximation is the following
representation of the approximated function

P00 =F () + S A8 ),

where B, are 2-periodic Bernoulli polynomials with the Fourier coefficients
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0, n=0
Bk - (_l)u+l

Sn
k+1 7

———— n#0
2(i7m)

and F is a 2-periodic and relatively smooth function on the real line(F e

e C*'(R)) with the Fourier coefficients

F=f-S A(f)B., (1)

Approximation of F by the truncated Fourier series leads to the Krylov-

Lanczos (KL-) approximation
N . q-1
SN.q (f) = 2 Fne’”"" +ZA/< (f)Bk (x)
n=—N k=0
with the error

Ry, ()= 1 (x)=5y, (/)

By || denote the standard norm in the space L,

1 5 172
= (]l Gof ]
The following results we need for further comparison.
Theorem 1 [3]. Suppose fe C/[-11] and fe AC[-11]. Then the

following estimate holds

1
tim N2 Ry, (£)]=[4, (£)|e(a)

N —o0
where
1

c(g)=———r—.
(9) 77 [2g+1
Theorem 2 [4]. Suppose fe C*'[-11] and £ e AC[-L1]. Then the
following estimates hold for || <1

¢N,q (X)
Nq+l

Ry, (f)=4,(f) +o(N), N = e,

where

(1) sin%(2N+1)

X)=
¢N,q ( ) 27Z'q+1 Cosﬂ

for even values of q and

(_1)N+q7+l cos%(2N+1)

X)=
¢N,q( ) 2”q+1 COS%

for odd values of ¢.
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3. Now we introduce the L,-optimal rational approximation for additional
convergence acceleration of the KL-approximation (see [4]).

Consider a finite sequence of complex numbers 6 ={6, }‘i‘zl ,p=land de-
note

0 k k-1 Ak

A, (6.F,)=F, 0, (6.F,) = A, (6.F,) + 6 (A YA(t)sann) (6.F,). k=1,
where sgn(n)=1if n>0 and sgn(n)=-1if n<0.

By A?(F,) we denote the classical finite differences which correspond to

generalized differences AZ (6,F,) with 6=1.

>t n

We have
Ry, (f)=Ry (F)+Ry (F).
where
= ' -Nal
— z Fnelﬂ'ﬂx s R[:[ (F) — Z Fnelﬂ'ﬂx .
n=N+1 n=—co
It can easily be checked that
0F eiﬂ'(N+1)x 1 oo )
Ry (F)=—2" 4 . Al (6,F, )e™ .
N( ) 1+ 6™ 1+ 6™ nz n( n)

=N+1
Reiteration of this transformation up to p times leads to the following expan-
sion

R (F) = e ®(N+1)x N gkAlzcv_l(g’Fn) 1 - 0,.F, )ei™
W)= ;Hf_l(l-l-esemx)+H:_1(1+(9kemx)n—zl\'+l (05

Similar expansion of Ry (F) reduces to the following rational (by ™)

approximation
N
Nq p ZA x)+ ZN Fnelmlx

: U eA“(eF) 2 6,A(6.F,)
_em’(N-H)xZ k=N >tn _ —m' N+1xz —k

=) I R = HS_1(1+ 6.c)
with the error

RN,q,p (f):f(x)_SN,q,p(f):RIJ\r/,q,p (f)+R1:',q,p (f)’

where

X - _
PO, —— VP P @
N.g.p (f) H::1(1+9ike¢i,;x) n:ZNH + ( )e

Different methods are known for determination of the unknown
parameter 6 . One method is described in [4] which leads to the L,-optimal rati-

onal approximation. In particular, parameters ¢, and 6_, are chosen as follows
(see Theorem 3)
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Ty ..
6, =6, =1_W’k =L..p.5>0,7; #7,j#1,
where the new parameters 7; minimize the constant ¢, (g) in Theorem 3.

By 7. (p) denote the coefficients of the polynomial

p

H(1+Tkx)=iz'k (p)xk.

k=1 k=0

Theorem 3 [4]. Suppose f e C**”[-1,1] and f"") e AC[-1,1].Tf
6, =6, =1—%,k LTy > 0,7, £ T 2,

then the following estimate holds

1
lim N2 "RN,q,p (f)" =|Aq (f)|cp (9),

N —o0

where

- 1/2

1
c,(q)= ] [I|¢p,q(t)| dt] ’

1

and
1) 1< -7;(e-1) P . p=k-1 i
¢p,q(t):( ) 2 zyk(l’)(_l)k : (6]+p—k—m—1)!‘[j .

[ p
17 14 _
T iz (-7, )k=0 m=0

i#]
Table 1 presents the numerical values of ¢, (¢) by using parameters 7, that

minimize it. Note that ¢, (¢)=c(g).

Table 1
Numerical values of ¢(g) and <, (¢) by using the optimal values of parameters
q 1 2 3 4 5 6

c(q) | 58102 | 14102 | 3.9-10° | 1.1-107 | 3.1-10* | 9.2:107°
1.0-107% | 16107 | 32:107* | 7.0-107° | 1.7-107° | 4.2.107
28107 | 3.1-10°* | 47-.10° | 85-10° | 1.7-10° | 3.7-107
95107 | 7.8-10° | 9.4-10° | 1.4.10° | 24.107 | 46-107°
3.7-107% | 2.3-107° | 23-10° | 29107 | 43-10° | 7.0-107°
1.6-10* | 7.8-10° | 63-107 | 6.8-10° | 8.7-10° | 1.3-107°

o

o
w
=
—_— - — | —= |-

4. In this section we investigate the pointwise convergence of approxima-

tion Sy, , (f) in the regions away from the singularities (|x| <1).
The main result of this paper is:

Theorem 4. Let fe C*?* [-11] and £ e AC[-11]. T
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9;6_67,(_1-W

then the following estimates hold for || <1

Dy g\ X g
Buop ()=, (N ety e
where
q
(—1)N+p+5 sin 72X (ZN p+1) »
0 x)= (p—k+q)(p
N,q,P( ) 2”+17rq+1q! cos p+1 ﬂ;c kZ: ) k( )

for even values of g and

(_1)N+p+q7+1 cos%(ZN—p +1) P

D) (p—k+a) 7 (p)

! X
q: COSp+1 — k=0

Pn.qp (%)= 2P g
for odd values of ¢.

Proof. Taking into account that §, —1 as N —  then we need to estimate
only the last sum in (2). By the Abel transformation we get

- +iz(N+1)x o p
+im(N+1)x
—mAlﬂv (Af (Q’Fn)) (3)
+e

oo

+; Z Ain( (G’F;z)) *zmzx.

(1+ i””)z n=N+l
Now we estimate the sequences AgN(A,’,’(e,Fn)), AE_,N(A,’,’(Q,F,,)) and

Ain(A,’,’(e,Fn)) as N —oeoand n>N+1.
It is easy to verify that
2 () 7(p) ok
A’l') (9’ F" ) = kZ_(:)TAs—sgn(n)k (F" )’
where the classical finite differences can be calculated by the formula
2 (k
k —
An (Fn ) - Z(;{j]Fn—sgn(n)j :
=
Taking into account that A (A,’j‘k (F”)) =AVPR(F,), we get
w 2 (1) 7 (p) " (w+ p—k
A, (Arll) (97 F, )) = ZT Z j F;z—sgn(n)(k+j)' “4)
k=0 =0

Smoothness of F leads to the following asymptotic expansions of the Fourier
coefficients
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-1 n+l g+ p—k+1 A
p oD (1)
2 = (izn)
Substituting this into (4), we derive

A;“(A,’Z(e,Fn))=ﬂ y szp: (_1)1'{“1’"‘]‘”5:* A, (f)

2 = Nk ] po (iﬂ'n)ﬁ—l

—g—p+k+2
+0(nq” ),n—)oo, k=0,....,p

j=0

! +0(n_q_p_2)

X(l_i(k;j)]m

Ll Dt [T R

k=0 t=0 5=0

where
w+p—k
i(w+p—k s
a= 2 ([ e
= J
and "+" sign corresponds to positive values of n an sign to negative values.
It is well known [4] that &,  (w)=0 fors<w+ p—k , hence for s>w+ p—k and

non

consenquently > w+ p—k , after simple manipulations, we derive

n+

AW (Ap (0 Fy ) q+1 i N z ﬂtpk k+t) +0(n—q—p—2 )’ ®)

k=0 t=w

where

. +5— -k —s+
/3tk z 1’ k[t-’rp +q]AtA—q£f)ak,s+p—k(w)'

p—k+s (m-)’ $

Asymptotic expansion (5) immediately shows that A2 (A]’i, (e, Fn))zo(n_"“”z)

S=w

and the third term in the right hand side of (3) is o(N""”_l) as N — oo,
Taking n=+N in (5), we get

( N+1 P 1 '*l”‘ t( )
Ay (a7 (6.F,)) = o > %p Z +o(n717772). (6)

(+7Z'N q+1 e

t=w

0
From here we conclude that Al (A (e, F”)) (N pma- 2) as N — oo . Then

#Z(il)ﬂA 7 (1) Bok (0)+ O(N-p—q—z) _

N"3S
Taking into account the relations

0 B 0=, " 0

AgN (AS (Q’F;z))z g+l

p—k
g e
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-4, )y

we get
(_1)N+1)+1 P

(1) (p-k+q)t (p)+0(N 2.

Ay (AP (0,F,))=A, (f)—————
iN( ( )) q( )Z(iiirN)q+1Npq!k:o

Now it follows from (3) that

eii;r(N+1)x ( 1)N+p A ) &
v -p—q-1
Ry (£)= sime | P QNP 12 p_k"'q)!?’k(l’)'“’(N pq )
(1+ _m'x) 2N pn
Finally
( 1)N+p A p
Ry.q.p (f) - Np+q+1 ! ﬂ-q+l Z P k+q)!7k (p)
k=
ei/z'(N+1)x
Re| —M8 +0(N—p—q—l).
p+l

iq+1 (1+ei7z'x)
This completes the proof.
5. In this section we compare the convergence of the KL and L, -optimal

rational approximations in the regions away from the singularities and show
how the parameters p and ¢ can be chosen in practice for better approxima-

tion. We will show that utilization of all available jumps is not always reaso-
nable and more accuracy can be achieved with less jumps in combination with
rational corrections.

It is important to notice that Theorem 4 puts additional smoothness re-
quirements on the approximated functions compared to Theorem 2 so in com-
parisons it must be taken into account. If g is the number of available jumps

and p >0 is chosen such that the requirements of Theorem 4 are valid (e.g.
when function is infinitely differentiable) then L,-optimal rational approxi-

mation is more precise (however asymptotically) than the KL-approximation
which follows from comparison of Theorems 2 and 4.

Let fecM* [—1,1],f(M+1) € AC[-1,1], M >1. According to Theorems 2
and 4 if the values of ¢ and g satisfy the condition g+ p=M then both Theo-

rems 2 and 4 are valid and comparison of corresponding approximations is
legal. Then, asymptotic estimates of these theorems will show which values of
parameters p and ¢ provide with better accuracy. We show this process

for a specific example. Let

f(x)=sin(ax—1),
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where a is some parameter. We use the values a=1/5,3,50 and in Table 2

4, (/)

calculate the values of -——1
NITPH i 05 05]

|¢’N ap )| for N =512 and for different

values of p and ¢ with condition ¢+ p=5. Recall that p=0 corresponds to
the KL-approximation.

Table 2
Values of |A (f)| |€0 )| for N=512, g+p=5, p=0,...,4 and
Natptl xe[osos] N.q.p ’ ’ v
f(x)=sin(ax—1)

q=5 q=4 q=3 q=2 q=1

p=0 p=1 p=2 p=3 p=4
a=1/5 42-10%* | 22:10% | 5110 7.7-107% 24107
a=3 2310718 7.9.107" 1.2-10718 1.2-10718 2.6-10718
a=50 55.10712 1.1-1075 1.1-107 6.4-1071° 8.0-107"7

The table shows that for a=1/5 the KL-approximation Sy s(f) is the
best, for a=3the L,-optimal rational approximation Sy, (f) is the best and
for a =50 the approximation Sy, () is the best.

Overall conclusion based on this specific example and on comparison of
the asymptotic estimates of Theorems 2 and 4 is the following: not always utili-
zation of all available jumps, by the KL-approximation, leads to the best appro-
ximation. This is due to the factor A, (f) in the estimates. When the values of

jumps are rapidly increasing then better accuracy can be achieved by utilization
of smaller number of jumps and appropriately chosen corrections based on the
smoothness of the approximated function. Which choice of g and pis the best

can be concluded from comparison of the corresponding estimates as we did
above.

It must be also mentioned that when the jumps are rapidly increasing then
getting their approximations is problematic so in that case utilization of the
rational corrections is unavoidable for better accuracy.

Institute of Mathematics of NAS RA

A. V. Poghosyan
On a Convergence of the L,-Optimal Rational Approximation

We investigate a convergence of the L,-optimal rational approximation in the
regions away from singularities where the approximated function is smooth. Theoretical
estimates show that the rate of convergence is greater than for the classical Krylov-
Lanczos method by the order which equals to the order of denominator of the rational
approximants.
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U. 9. Mnnnuyui
L2-oyyunhdw) nwghnbiw] Unnnupldw gniquihinnipjut dwuht

Nuunudtwuphpynud £ L-oyyunhuw] nwghntw] dnnwpluwi gniquuhwnnipniip
hwwnqubh tukpunud, npnkn $niujghwts nnnpy k: Skuwljwt guwhwnwljwutpp gnyg L
wnuihu, np gniquihinnipjub wpugnipmniip hudbdwinws guuwlwi Ynhiny-Lugnoh
dbpnnh hbtw, wwppbipynud t Jupgny, npp hwjwuwp b pwghntwy $niulghuyh
hwjnwpuph Jupght:

A. B. ITorocsun

O cxoguMoCTH Lz-OHTHMaJIbHOﬁ paHHOHaJIbHOﬁ AllMIPpOKCUMAallUA

N3yuaercs cxoquMocTh L,-onTuManbHON palMoHaIbHOW anlpOKCHMALUA BHYTPU
oTpesKa, rae GyHKIus rmaakas. TeopeTHueckne OIeHKH ITOKa3bIBAIOT, YTO PALlOHAIb-
Hasl almpoKCUMAaIMs TOUHee Kiaccudeckoro merona Kpsutoa — JlaHioma u pa3Hula B
MOPSIAKE CXOAUMOCTH paBHA MOPSAAKY 3HAMEHATENsl palliOHAJILHOTO allIPOKCUMAaHTA.
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A. H. Aiipanersn

I'pann4yHbIe 0CO0EHHOCTH (PYHKIUH C CYMMHPYEMOil
cepuyeckoil NPOU3BOAHON M AHHYJSIPHBIX (PYHKIHMH

(ITpencraBneno akagemukoMm B. C. 3axapstHom 25/1V 2012)

KuaroueBble ciaoBa: cghepuueckue npousgoouwvle, mouxku Kioaua, P -no-
C1e008aMeNbHOCG, AHHYAPHASA QYHKYUS

B nacrosmeii 3ametke Teopema 3. Kommuarsyzaa [1] o rpaHHYHBIX 0c0O€H-
HocTsx (yHkumit Iyn3u ycunuBaercsa U pacipocTpaHsercs Ha 0ojiee IUPOKHiA
KJ1acc MepoMOP(HBIX (GYHKINH ¢ CyMMHPYEMOH chepraecKoll IPOr3BOIHOH.

PaccmatpuBaercs Takoke MOBEACHHE Ha TPaHHIEe aHHYISPHBIX TOJIOMOPQ-
HBIX (PYHKIIHH.

1. IlycTs cuMBON D 0603HAYACT SAMHAYHEIN KPYT |z| <1, T’ — OKpyKHOCTH

o 2, o o
|z|=1 Ha KOMIUIEKCHOU z -TNIOCKOCTH C H da(z)=(1—|z| ) 1|dz| — JIMHEHUHBIN

3JIEMEHT THITEPOOTMYECKON METpUKK B D . JIJIsl pOM3BONBHBIX 6, 0<0<27,
b4 b4
u a, —E<a<5, cumBoiom I, 0003HAYMM OKDPYKHOCTB, MPOXO/IAILYIO
yepe3 TOUKy z =0 u Kacarouyrocs I' B ee Touke ¢ =¢, a cumsosniom h({,a) —
xopay okpyxHoctH I, OKaHYMBaromyrocs B TO4Yke ¢ H 0Opasyromyio c
N V4
JMaMeTpoM B ¢ HalpaBJICHHBIH yron « , |a| <E'
IlopoGmacts kpyra D, orpanuueHHyro h({,) u h(,@,),

T T
-—<o<a,<—, uTl,, obosnaunm cumMBoioM A({,a,a,) .

2 2

PaccmoTprM MepomopdHYyI0 B D (QYHKIHIO f €O 3HAaYCHUSIMH Ha cdepe

Pumana Q Haj C, M IycTh f (z) 0003HAa4aeT ee CPepUUIECKYIO IPOU3BOIHYIO

|f’(z)|/(1+|f(z)|2) =f(z) , ze D. ®ynkuuio f HazoseM (Qynkuuedl Ilymsu
(pyHKIIHIEH C CyMMEpYEeMOi CheprHueCcKOr MMPONU3BOITHOMN), €CITU
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Sup ;" " (re)d6 < +oo(”f*(z)dxdy <too,2 :x+iyj. (1)

0<r<1
Oyukuun ym3u pacemorpenst B [1], GyHKIMU ¢ cymMMupyeMoi chepu-
4eckoit mpou3BoHOM — B [2]. OmpenencHus (1) moka3pIBaIOT, YTO Kaxaas GyH-
kuus Lymsu seisercs GpyHKimei ¢ cymmupyemMon cdeprueckoit mporu3BOIHOM.
Otpe3ok  h({,) HazpBalOT orpe3koM JKronma s f, eclu i JII00BIX

V4 V4

o ua, _E<al <a<a, <E’ ¢yukua f npuHHMaeT B A({,«,,a,) Oecko-
HEYHO YacTO Kak[Joe 3HaueHHe u3 €2, 32 BO3MOXHBIMH He Oojee IBYMs
uckmoyeHussMi. Touky (eT HaszpiBatoT Toukod JKronmma ¢(yHKUMM f
OTHOCSIT K MHOXECTBY J(f), ecnmu Bce h({,a) ciuyxar aias f OTpe3KaMHu

XKronua. IlocnenoBarensHoCTh {z,} Todek z,€ D, |=1, HasbiBatoT P -

lim |Zu
n—+oo

MOCJIEeI0BAaTENbHOCTBIO Ui MepoMophHOH B D QyHKIMM f , eciau 1uis 1r000ro

yacia £>0 U J000H HOAIIOCIEA0BATEILHOCTH {zn }B 00BEeTMHEHUH

HEEBKIIWIOBBIX  (TUMIEPOOIMYECKUX) KPYTOB {z;O'(z;zn‘_)< g} ¢byHKIAA  f
MPUHUMAET OECKOHEYHO 4YacTO KaXJ0e 3HadeHHe u3 , 3a BO3MOXXHBIMU HE
Oonee nBymsi uckimoueHusmu. Otpe3ok h({,) Ha3oBeM P -OTPE3KOM Jyis
(GYHK=LUU [, €CIi OH COHEPKUT HEKOTOPYIO €€ P -TI0C/IeA0BaTEIbHOCTD, U
Touky (el oTHeceM K MHOXECTBY P(f), ecnmu kaxnas xopaa h({,a)
sBisieTcs:t P -otpeskom mist  f . Ilpocreiimme cBoiicTBa THUIEPOOTNIECKON
(HEeBKJINJIOBOM) F€OMETPUH B Kpyre D TOKa3bIBAIOT, YTO KAXKIBIH P -0Tpe30K
MepomopdHOW B D (QyHKIHH f 00s3aH ObITh i Hee oTpe3koM JKronmua, u
cienoarenbHo P(f)c J(f).

U3BecTHO Takke, 4TO BIOXKEHUE cTporoe (cM., Hampumep, [3], Teopema 3,
i [4], Teopema 2). Kak o6prdHO, ciMBOIOM F(f) 0003Ha4aeTCsi MHOKECTBO
Bcex Touek dary GyHKIUKM f , T.e. MHOXKECTBO ToYeK { € I', B KOTOPBIX f(z)
nMeeT npenen f({)e Q, koraa z CTpeMHUTCs K ¢, OCTaBasiCh BHYTPU Kax10H
obmactu A({,e,,), n3HaueHue f(¢) He 3aBUCUT OT BbIOOpa 3TOi 06acTy.

2. 2. Komnunrsyza [1] mokasan, 4To y Npou3BOJIbHON MepoMopdHOil GpyHK-
mun L{yn3u moutn Bce Touku Ha I’ sBnstoTcs nmbo ee Toukamu Daty, jaubO
toukamu JKronma. O600mEeHNeM U yCUIIEHHEM 3TOTO PE3yNbTaTa CIIy>KUT

Teopema 1. /{na npouszgonvroil mepomop@roil ¢pyukyuu f ¢ cymmupye-
MOU chepuyeckoli npoussooHol noumu eéce mouku Ha I” npunaonescam oove-
OUHEHUIO

F(HUP(S).

[Nokaxkem, 9TO CHOPMYTUPOBAHHOE YTBEP)KACHUE MPEINCTaBIsAeT co0oi
YaCTHBIN ClTydail pe3ynbTaTa obmero xapakrepa (cm [3], Teopema 2), coriacHo
KOTOpoMy Uit JTE000i MepoMopHOH B Kpyre D (QYHKUMH f CIpPaBETUBO

npencrasienne I'=F(f)UP(HUI (f)UE, B KOTOpOM JHHeHHas e0eropa

*
Mepa mesE=0 u [ (f) o003HaYaeT MHOXKECTBO TeX TO4YeK ¢ € [', B KOTOPBIX
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HU OjiHa U3 XopX A({,a) HE COAEPNKUT P -mocienoBaTenbHOCTEH QyHKIUU f
U mnpenenbHble MHOXKecTBa C(f,h({,a))=Q mo BceM xopaaMm h({,a),

T T o
ae (—E,E) (0 CTaHAapTHOU TCPMHUHOJIOTUN B TCOPHUU NPEACIBbHBIX MHOXCCTB

cM., Hanipumep, [5], c. 11).

UT00BI 000CHOBATH 3TO YTBEPIKIECHUE, BOCIIOIB3YEMCSI OCHOBHBIM PE3YJIh-
TaToOM CTaTh¥ [2], Teopema 1, coriacHO KOTOpOMY JIJIst IPOU3BOIBHON PyHKIINK
f ¢ cymMmmupyemoli cepuuecKoi mpou3BoaHON Ha [' CyIIecTByeT MHOXKECTBO

M , mesM =27 , B KaXA0W TOUKE ¢ KOTOPOTO cpyHKum[ f(z) uUMeeT KOHEUHbIE

T
mpeniensl, Koraa z — ¢ 1o xopaaMm h({,@) AJs TOYTH BCEX e (_E;E)' Ha

OCHOBAHHUH 3TOTO Pe3ybTaTa 3aKiIiodaeM, 4To y JI000l QYHKIMH f C CyMMH-
pyemoii cdepuueckoil MpOU3BOAHON MHOXECTBO M (I (f) MyCTOe, YeM U 3a-
BEpIIAETCS 10Ka3aTeIbCTBO TEOPEMSI 1.

Otmetnm, uTo B cTathe J. Kommuarsyaa u Jx. [TupansHa [6] mpuBeneHb
npumepsl ¢yHkuui Lynsu, y KoTopbix 1nb0o MHOXecTBO Touek daty nmeer
nonHyto Mepy Ha I', 1n6o Bce Touku I' sBistorest Toukamu XKronua. Bonee toro,
Ha CaMOM JieJie, B CHJIYy M3BECTHBIX CBOMCTB P -TIOCIEN0BaTEIbHOCTEN B MOC-
JEAHEM W3 JTUX IPUMEPOB BCE TOYKM Ha [ TpHHAIEkKAT MHOXKECTBY
P(f)=J(f)(aHanoru4Has apryMeHTalus HCIIOJb30BaHA B cTathe [7] B
JIOKAa3aTeNbCTBE TEOPEMBI 2.)

3. B 3TOM myHKTE paccMOTPHUM CTPYKTYpY TPaHHYHBIX OCOOEHHOCTEH aH-
HYJSIpHBIX (DYHKLUH, BBEJICHHBIX B [8].

AHHYJSIPHOH Ha3BIBAlOT TOJOMOP(MHYIO B Kpyre D (QYHKIHIO, IS KOTO-
poit

lim min{lf(z)l;ze L”} = +oo ()
n—+oo
II0 HEKOTOPOH IOCHIEN0BAaTENbHOCTA 3aMKHYTHIX JKOPAAHOBBIX KpPUBBIX L, ,
ne N, IexXalux B Kpyre D ¥ OXBaTBIBAOLINX TOUKY z =0. B TpaaunmoHHON
TEPMUHOJIOTHH TEOPUH MPEENbHBIX MHOXKECTB (cM. [5], c. 96) onpenenenue (2)
03HA4aeT, YTO MHOXKECTBO @(f,{) COHEPKHUT 3HAUEHUE oo B KaKIOW TOUKE
lel.

B [8] npuBenex npumep aHHYISIpHON QyHKIMU f , y KOTOpoH J(f)=1.

Teopema 2. /[ npoussonvHoll aHHYIAPHOU QYHKYuu [ Ccnpaseoauso
npedcmasnenue I = P(f)UE, 6 komopom E—mnodncecmeo nepgoii kamezopuu u
muna Fo na I'.

i okas3aresbCTBa YTBEPXKIEHHUS TEOPEMbI 2 BOCIHOJIb3YeMCS APYIHM,
YCTaHOBJIEHHBIM B [3], Teopema 1, pe3ypTaToM OOLIETo XapakTepa.

Jis moboit MepoMopdHOH B D (QyHKIMH f CIpaBeUIMBO TpeJc-
tapinenue I =M (f)UP(f)UI'(f)UE, B KOTOpoM E — MHOKECTBO MepBOi
Kareropuu ¥ THna Fo Ha ', cuMBoIIoOM M (f) 0003HAUEHO MHOXKECTBO TOUYEK
{ e I', B KOTOPBIX IpenenbHoe MHOKkECTBO C(f,{) 1o BceMy Kpyry D He 1o-
KpbIBaeT Bcio chepy Pumana Q W coBmamaer ¢ mpeneNbHBIMA MHOKECTBAMU
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C(f,h({,)) nns Bcex 3HaUEHUN «a € (—%;%) ,a I'( f) 0003HAYEHO MHOMKECT-

BO TeX ToueK ¢ € I', KOTOphIe HE SBISAIOTCA MpeneabHbIMU Ui P - ocaeaoBa-
TeIpbHOCTEW (yHKIUH  f U B KOTOPBIX MpelenbHbIE MHOXECTBA
V4

C(f,h(,x)=Q mno Bcem xopmam h({,a), ae(—z,g) (tak  yTO

r'iHera).
Xopoto u3BecTHO (cM., Hampumep, [5], c¢. 107), 4To mepBoe U3 CBOUCTB
TOYKM ¢ € M(f) BiedeT CyllecTBOBaHME Takoil ayrm y Ha I, KoTopas

COMEPXKUT TOUKY ¢ M Ha KOTOpoul mes(F(f)Ny)=mesy>0. Tak xak ausa
aHHYJIApHOH (yHKUMH f MHOXkecTBO @(f,{) B kaxnoih Touke (€T
COJEPKUT 3HAUEHHE oo, TO B JIIOOOH Touke (€ F(f) YIJIOBOE I'PaHUYHOE
3HaueHue f({) 00sA3aHO OBITH PaBHBIM ©°, U MOITOMY MPEANOJIOKEHHUE, YTO
mesF(f)>0, HEBO3MOXHO B CHWIy Kilaccuueckod Teopembl JlysuHa -—
[IpuBanosa.

Takum oOpazom, MHOXECTBO M (f) Tmycroe y IO0OW aHHYISIPHOU
byHKIIMH f .

Jlanee, MOCKOJIBKY Kaxaas Touka § € I’ (f) He sBISETCS TPEAeTbHONU I
P -niocnepoBatensHocTedl GyHkumu f , To cormacuo [4], nemma 1, MHOXKeCTBO
@(f,¢) B Kaxmoi Touke € I (f) 06s13aH0 ObITH mycTHIM. C ApYroif CTOpOHbI,
KaK OTMeYaJloch BbIIIE, Ul JI000H aHHYJSpHOW (yHKUMH f MHOXECTBO
@(f,{) memycto B kKaxmoil Ttouke ¢ el'. Takum obpazoMm, y iro00i aHHY-
JIpHOHM QYHKIMH f Hapigy ¢ M(f) IyCTBIM SIBISIETCS TaK)Ke M MHOKECTBO

I'( f), 9TO 3aBepIIaeT JOKa3aTeIbCTBO TEOPEMBI 2.
CaencrBue. /[is1 npoussoibHOU AHHYIAPHOU QYHKYUU f ¢ CyMMUpyemou

chepuueckoti npouzsoOHOU uMeen Mecmo npedcmasieHue
I'=P(f)UE, 6 komopom mesE =0.

JelicTBuTenpHO, coracHo Teopeme |
I'=F(f)UP(f/)UE u mesE =0, B To BpeMs KaKk B JOKAa3aTelIbCTBE

TEOPEMBI 2 OTMEYANIOCh, UTO mesF(f)=0.

OcTaeTcst OTKPBITHIM BOMPOC: COBMAAA0T MHOXKECTBA E B YTBEPIKICHHUSX
3TOTO CJIEJICTBUS U TEOPEMBI 2.

Bripaxkato OmarogapHocTs MoeMy yuuTtento, npogeccopy B.U. TaBpunoBy
3a 00CyXXJeHNE TIOTYUYSHHBIX Pe3yIbTaTOB.

lNocynapcTBeHHBIN MHKEHEPHBIN YHUBEPCUTET APMEHUN
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A. H. Ailipanersin

I'pannynbie ocodeHHOCTH QyHKIUI ¢ CyMMUPYeMoii cepruueckoi
NMPOU3BOAHON M aHHYJIAPHBIX (QyHKIUIA

Teopema O. KomumHrByga o rpaHu4HbBIX 0COOGHHOCTSX GyHKumMH Llyn3u ycumm-
BAeTCS U PAcIpOCTpaHsIeTCsl Ha Ooliee MUPOKUi Kitacc MepoMOpdHEIX HYHKIHH C CyM-
MHUpyeMO# cheprudecKot IPOU3BOTHON.

U. L. Zugpuy njul

Udtphy wdwgyuyny hnkqph b wimijjup $nruljghwitph tqpuyghe
wnuwidtwhwnljmpniuutpp

Cunhwipug]nud b nidknugynud £ Unjhugyninh phnptdp 8nidhh $niulghwtpp
Eqpuiyhtt wnwdtwhwwnlnipniuutph YEkpwpbpuy b nwpwsynud dkpndnpd $niuljgh-
witph wykih b puup Jpw, npnip udbphl wswgyunyg punkqplih o Yhunwpygnd
E bl wunipyup hopnunpd $niulghwtph quppp tigpugsh Ypu:

A. N. Hayrapetyan

Boundary Characteristics of Summerizing Spherical
Derivative and Annular Function

The Collingwood theorem concerning boundary characteristics of Tsuji functions
which strengthen and spread over a larger set of meromorphic functions with summe-
rizing spherical derivative is discussed.

The behaviour of the considered function on the boundary of annular holomorphic
functions is also touched upon.
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O npexacraBiieHUH OAHOTO KJIACCA AHATUTHYECKHUX B
eIMHUYHOM Kpyre (pyHKIHUH

(ITpencrasneno akagemukoM B. C. 3axapsHom 11/VI 2012)

KiroueBsble cnoBa: knaccel hynkyuii H” , AP, Opobuuiii unmezpan nopso-
ka B ¢ynxyuu f

Ilycte D ={z;|z| < 1} — EIWHWYHBIA KpPYr KOMIUIEKCHOW IIIOCKOCTH C .
MHOeCTBO aHATUTHYECKUX B Kpyre D ¢yHKuuMil 0603HaunM depes Hol(D).
Hanee mycts 0<r<1, 0< p<oo, fe Hol(D) umycTh

2z
o, ) =| 5 | (e | ()= sup
0

f (re”g )‘ .
0<o<27

Ckaxem, 4t0 f, f € Hol (D), npuHaaiexur knaccy Xapan H”, 0< p<oo,

cCi

def
I£],,» = sup M, (r,f) <.
O<r<l1

CaoiicTBa (yHKIMI KinaccoB Xapau omucansl B [1,2]. O6o3HaunmM depes
AP, 0< p<+oo, —1<a<+oo, MHOKECTBO TeX QyHKIUI f, f € Hol (D), 1us Ko-
TOPBIX

"f"Ag = J.(l_|z|)a|f(l)|p dA(z) ’ < oo,

1 1
rae dA(z)=—dxdy=—rdrd® — mepa Jlebera. Onpenenum A” = AP . Kiaccel
V4 V4
Al HeKkOTOpBIMM aBTOpaMu Ha3bIBAIOTCS Kilaccamu beprmana (cM. Hampumep
[3]). @yHKIMM >THX KinaccoB ObuTH HcciemoBansl U M. M. JlxpOamstHom [4],
KOTOPBI 3TH KI1acchl 0003Haum yepe3 Hp (o). CBoOicTBa 3THX KIIACCOB OIHUCA-

HEI B [5].
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B BhIIeyKa3zaHHbIX paboTax [3 — 5] noka3biBaeTcs, 4yTo eclu f € AL,

|f(Z)|S C"f"Ag

———“—, zeD. e))
(1_|Z|)(2+a’)/p

Iycts f>0 1 f(z)= Zanz" € Hol(D) . JIpo6HBIM HHTETpajioM HOpsIIKa
n=0
£ byHKUMM f Ha3bIBaeTcs cienyromias (yHKIUs:

B [6] noka3aHno, uTO fi) (z)e Hol (D). B3ss _al u3 Teopemsl F pa-
P

Gotel [7], momydaem, YTO eCiH f(z):Zanz”eAg, TO f[tm}(z)e AP
P

W3BecTHO, 9TO (cM. [6]) H? < A” ('”2). Bo3snukaer cineayroomuid BOIpoc: Mpu-

a+1} (z) knaccy H? . Hastot Bompoc, B cimydae koraa 0< p <2,

HAJJICKAT JIK ff
%

TOJIOKHUTENBHBINA OTBET AET CIEAYIONIEE YTBEPKICHHE.
Teopema 1. Eciu f(z)= Zanz” eAl, 0<p<2, a>-1, mo Pynxyus

h(z) =F[(Z—H+1)Zn—!anz" s |z| <1
b "-OF[Q+1+1+n]

P
npunaonedxcum xuaccy HP .

pta-—1

B ciiydae 2< p <+, B3B = , TAKXKE JIOKa3bIBAETCA, U4TO (paK-

IHOHANBHBIN UHTerpan nopaaka f ¢GyHkuuu f, fe AP, IpUHANIEKUT KIaccy

H?”, T.e. CIpaBeIJTUBO CIEIYIOIIee YTBEPKICHHE.

oo

Teopema 2. Eciu f(z)zZanz”eAé’, 2< p<too, a>-1,mo

n=0
F(me—l]n,
n

1
+a—1 ol S p
W(z) == [(1=p) 1 f(p2)dp=
Py n=0 l"[p+a_1+1+n)
p

(2)

npunaoaedxcum kiaccy H? .
B [3 — 5] nokasano, uto eciu fe A, 1< p<+4e, @>—1,TO f UMeeT
[P (2310% 00111707 @:37 01 8

lva 0 f a f(peiq’)
f(2)=——| | (1=r)" ———Spdpde.
(z)=—" J J (1=r) (oper %

356



M. M. [IxpOamsinom B [4] (cM. Takke [S]) AaHO elile 0JHO MPEACTaBICHUE
q)yHKI_II/Iﬁ KJjiacca Aé , a>—1.

Teopema (M. M. :xxp6amsin). Ecu fe A2, a>-1, mo
1
l+a al
n(z) =32 [(1=p) 2 £ (p2)dp. |d <1
0

npunaonexcum xraccy H*, a f(z) umeem credyrowee unmezpanvioe npeo-

cmaenerue.
1 %% h(e?)as
f(Z):g — 3 (3)
iz

B wactHOM cnywae =0 3TO yTBepkIeHHe noka3zaHo Kemaprmem [8].
[Tone3ysicek pe3ynbratamu TeopeMbl | U 2, ganee yAanoch MOIyYUTh HHTETPab-
HbI€ npencTaBieHus Tuna (3) anst QyHKUui K1accoB AL, 0< p<+eo, a>—1.

oo

Teopema 3. ITycms f(z) :Zanz” eAl, 0<p<2, a>-1. Tozoa f(z)
n=0
donyckaem credylowee uHmezpanbHoe npedCmasieHue:

1 %% h(e?)as

f(Z)=% e
0 (l—e_’gz) P
20e
1
1 atl 1 - !
h(z)=—2[(1-p) » lf(pZ)dﬂzr{aJr “]Z v,
Py p "Or(a+1+l+J
p
|z <. 4

Teopema 4. [Tycmo f(z) =Zanz” €A, 2<p<+e, a>-1.Tozoa f(z)
n=0
umeem credyioujee UHMezpaibHoe NPeoCmaeieHue:
1 %% n(e?)as
F@)=5 [

-]

r[z)w-lﬂ)n!
p n

-1 _ =
f(pZ)dp—Z [p+a_1 Janz :
—+1+n

20e

a-1

We) = 0 p)

0 n=0 T
p

I'ocynapcTBeHHBII HHKCHEPHBIN YHUBEPCUTET ApMEHUN
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P. B. Jaanaksn

O npeacTaBJIEHHH OTHOTO KJIACCA AHATUTHYECKUX B
¢UHUYHOM Kpyre (pyHKIUM

Ilycte D — eIWHWYHBIN KPYr KOMIUIEKCHOW IUIOCKOCTH € . AHaIWTHYEC-

Kasi B D (QyHKIUS f TPUHAIJICKHT Kiaccy AL, ecnn J.(1—|z|)a| f (z)|p dxdy <

D
<+oo. JlOKa3bIBaeTcs, YTO AN (YHKIHMH KiIaccoB AP COOTBETCTBYIOMIUIL
IpOOHBIA HMHTErpan Hopsiika £ B YacCTHBIX CIIydasX MOXKET NPHUHAMJIeKATh

knaccam Xapau HP . Jlanee, monb3ysch 3TUMU pe3yabTaTaMu, IPUBOJISTCS JBA
TIpEJICTaBIeHUsT (COOTBETCTBEHHO [UIsi ciydaeB 0< p<2 Hu 2<p<+oo)

¢yHKLUMI KIaccoB AL, KOTOpBIE B UaCTHOM CiIy4ae p =2 COBIAIalOT C OJHUM

npescTapieHneM QyHKIMI Kiaacca A2, momydeHHsiM M. M. JlxkpGanisHom.

0. 9. Twjupjub

Uhunjnp gpgwinid vh guiuh whwhnhl $muyghmbkph
ukpjuyugdwi yuuh

nn D -u vhwynp opowt b € Yndyytpu hwppnipju dke: D -nid whwhwnhly
f(z) Pmiuyghwh wwnfwind £t AY nwuuhl, bpk J.(l—lzl)a|f(z)|p dA(z) < oo,
D

npntn dA(z) = %dxdy = % rdrd€: Uwyugnmgynid £, np A nuubph $nilyghwiitph S

Jupgh $nibghniiwy htnbkqpuybtpp dwubugnp ghwypbpnid Jupnn Eu yunluity
H? nuuhi: Ujinthtunb, oqukny wyn wpnynitplkphg, npynid ko (hwdwyuinwu-
hwtwpwp 0< p<2 b 2< p <+4oo phypbph hudwp) A2 nuubph dniiyghwikph
ubkphuyugnudubp, npnip p =2 dwubu]np nhupnid hundpilyinud Eu AOZ[ nuubpnd U.
U. Qppwojutth Ynnuhg inpdws ukpluyugdwi htwn:

R. V. Dallakyan

On a Representation of One Class of Analytic Functions
in the Unit Case

Let D be a unit disk of the complex plane € . Analytic in D function f (z)

belongs to A? class if I(l—|z|)a|f(z)|p dA(z) <+oo. It is proved that the fractional
D

integral of order S of the function f(z)e A} in some cases belongs to the classes

Hardy H? .
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Using this result we get two representations from the class A2 . In the case p =2
these representations concides with Djrbashyan’s representation of the functions

f(z)e A7
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2UB8UUSUULE @PSNPESNPLLVLELE UQQUSPL UUYUTGURU
HANOUWOHAIUBHAA AKAJEMMHUSA HAYK APMEHUH
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

NOKJIAIBI QBUNPBBLED REPORTS
11 2012 No 4
MATEMATHUKA
VIIK 517.98
I'. A. Capresn

O nomMHOMHAIBHBIX pelIeHusAX 3agaun Jupuxie s
runepoo0IH4eCKUX YPABHEHUH C NOCTOSSHHBIMHU
k03¢ PpuunenramMmu B Kpyre

(ITpencrasneno akagemukoM B. C. 3axapsHom 21/VI 2012)

KnroudeBble ciioBa: cunepbonuueckoe ypagHenue, nOIUHOMUATBHOE peule-
Hue, NOIHOMA, COOCMBENHAs (YYHKYUS, CHEKMPATbHbLI napamemp

[lycte Q — emUHUYHBIA KPYT C IEHTPOM B Hadaue KOOPAMHAT U dQ — ero
rpanuna. PaccMoTpuMm cliieyromyo OAHOPOJHYIO KpaeByIo 3afauy:

au, +2bu  +cu, = 0,(a,b,ce R,b2 —ac > 0), (D
u| =0, )

rne a,b,c — BelecTBeHHbIe MOCTOSHHBIE KO UIIUEHTHI.

U3zBecTHO, 4TO AMS THIEPOOTUUECKIX YPaBHEHUN KpaeBble YCIOBHS 3aj1a-
4, 3aJlaHHbIE Ha BCel IpaHMLle OIpaHUYEHHON 001acTH, BOOOIE TOBOPsL, SBJIS-
I0TCSI HEKOPPEeKTHhIMU. KpaeBble 3amaum [Uis THNEpOOIHMYECKUX YpaBHEHHMA
BTOPOTO TOPSIIKA PACCMOTPEHBI B MHOTOUYHMCIIEHHBIX paboTax [1-5]. @. J[xonom
[2] uccnenoBanack mpobiaemMa HapyIIEHNs! €AMHCTBEHHOCTH PeIleHHs OTHOPOI-
HOM 3amaun Jlupuxie i ypaBHeHUs KojeOaHUs CTPYHBI B 0OLIEeH IIOCKOH or-
paHWYeHHON 00JacTH, BBIIYKJIOH OTHOCHUTEIBHO OOOMX CEMEHCTB XapakTe-
PHUCTHK, B CBA3U C HEKOTOPBIM OTOOpa’k€HHEM TPaHULIbI 00J1aCTH B ceOsl.

B. U. ApHonbn yka3an Ha cBs3b 33aun JJupuxie B smtunce ¢ mpobieMoii
MaJlbIX 3HaMeHaTeNel B KOHTEKCTE BIMSHUS Ha IJIaJKOCTh PEUIEHUs CKOPOCTH
MpUOTMKEHHUSI HEKOTOPOTO YHCIIA, CBSI3aHHOTO € 337a4eld palldoHaTbHBIMU YU C-
namu [3]. B 3TuX cTaThax ¢ pa3lM4HBIX TOYEK 3pEHUs ObLIM HalZEeHBl HE00XO-
JIUMBIE U I0OCTaTOYHBIE YCIOBHSI KOPPEKTHOCTH 3a1auu (1), (2).

st runepOOIMUecKUX YpaBHEHUH W3BECTHBIM KPUTEPUI HEeeTUHCTBEHHO-
ctu pemeHus 3amaan (1), (2), KOTOPEIA 3aKitoYaeTcss B HAJTHMYUHU TEPHOIHYE-
CKHX TOYEK aBTOMOp(HU3Ma, TaK HA3bIBAEMOT'0 XapaKTEPUCTUIECKOTO OMITbApIa,
JIETKO 3alucaTh Kak TU-palMOHAJbHOCTh yINIa MEXKIY CeMeWcTBaMM Xapak-
tepuctuk. Kak mnokasaHo B [4], npuuuHON HapylleHHs €IUHCTBEHHOCTH
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petnenus 3agaun (1), (2) sBIAETCSA BEMIECTBEHHOCTh U TU-PallMOHATBFHOCTD YTia
[,2
20b" —ac .
@ =arctg——— MEXIYy ceMeHCTBaMH KOMIUIEKCHBIX XapaKTePUCTHK.
a+c

B [5] paccmarpuBaercs mpo0iiemMa eMMHCTBEHHOCTH 3aaun Jlupuxie ajis
ypaBHeHUs1 KoneOaHus cTpyHBI. [lokazaHo, 4To 3Ta mpobiiemMa SKBUBAJIEHTHA
Kaccuueckoil npodsieme [ToHcene U3 MPOEKTUBHON TeOMETpHU AJIsl JBYX HOA-
XOISIINX DIUTUICOB, a TaKkKe MpoOJieMe pa3pelmrMOCTH alre0pandecKoro
ypaBHeHus Ilemnst — AGensi, ¢ KOTOPBIMU CBSI3aHBI HEKOTOPBIC JPYTUE 3a/Ia4H.
[MockonbKy ypaBHEHHsT THIEPOOIHUYECKUE, a KPaeBbIe YCIIOBUS 3aJaHbl BIOJIb
BCEl TpaHUIIbl, TO TAKHUE 33/1a4M HE OTHOCATCS K YUCITY KJIACCUYECKUX U MOITO-
My UX M3y4YEHHE OTPEOOBANIO HOBBIX METOOB.

B HacTosmeit paboTe mpearaeTcs HOBBIA U OTHOCHUTENFHO MPOCTON Me-
TOJ TIOCTPOCHHS CHUCTEMBI MOJMHOMHUANBHBIX pelieHni 3amaun Jupuxme mis
TUIEepOONMYECKUX YPaBHEHUH BTOPOTO TOPS/IKA C TIOCTOSTHHBIMH K03 (ummen-
TaMu B Kpyre, a TaKKe MpeJiaracrcs MOCTPOSHHUE TTOJTHOW COBOKYITHOCTH COO-
cTBeHHBIX (QyHKIM 3ama4un Jupuxiie aist ypaBHEeHHS KOJIeOaH!s CTPYHBI.

[lepelineM K MOCTPOCHUIO B SIBHOM BUJIE COBOKYITHOCTH HETPUBUAIBHBIX
TTOJIMHOMUATBHBIX pemeHui 3anaun (1), (2).

O6iee penienue ypaBHenus (1) umeer Buj

u(x, y) = ¢((b+\/b2 —ac)x—ay)+l//((b—\/b2 —ac)x—ay) 3)
WIN B KOMIUIEKCHBIX IIEPEMEHHBIX z = X +1y, Z = X — iy
u(x,y)zF(z+,ulZ)+G(z+,u22) , 4

_b+\/b2—ac—ai _b— b* —ac —ai
b b+\/b2 —ac +ai e b—\/b2 —ac +ai .
Pasnocts @, =@, —@, Ha30BeM yIJIOM MeEXAy XapakrepucTtukamu. Jlerko
4(192 - ac)
(a+e)

MHUANBHBIX pemeHni 3axaqu (1), (2) chopMmyarpyem BcrioMoraTeIbHbIE JIEMMBI,
KOTOPBIE UCTIONIB3YIOTCS B TAJIbHEHIIIEM.

rae

BHAETH, 4YTO tg @, = I[J'Iﬂ NOCTPOCHUA COBOKYIIHOCTH ITOJIMHO-

1 ac
Jlemma 1. [[nss mozo umobvr — arctg——— 66110 PAYUOHATILHBIM YUC-
T a+c

JIOM, HeoOX00uMo U OOCMAMOYHO, YMOObL NPU HEKOMOPOM HAMYPAIbHOM N
BbLINOIHANOCH COOMHOULEHUE
n n
Hy =M. )
Joxka3zaTenascTBo. [IycTh maHHOE B JeMMe BBHIpaKEHHE — PallIOHATLHOE
9HCIIO0, T.€. IPH HEKOTOPBIX LENBIX 3HAYCHUIX n=23,... 0 k=1,273,..(n-1)

HMECT MCCTO PAaBCHCTBO
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mk 24b* —ac
g—=—”-, (6)

n a+c

KOTOPO€ MOXKHO IEPENcCaTh B BUIAC
27ki

|:i(a+c)+2 b —ac} |:l a+c b —ac:|e_ L

Jlerko BUIETH, YTO

i(a+c)+2\/b2—ac:i(b )
)

b* —ac +ai ( b —ac—al)

bl

i(b+ b —ac —ai ( b —ac+a1)

i(a+c)—2\/b2—ac=

Otcroia uMeeM

(b+\/b2—ac—ai)( —-\b —ac+az)
=(b+\/b2—ac+ai)( —-b —ac—al)e 27:’](1

CJIEI0BATENBHO,
(b + \/b2 —ac — ai) (b - \/b2 —ac — ai) 27k
2 ) 2 )
b+\/b —ac +ai b—\/b —ac +ai
2 ki
wm u, = e " . Orcroma momydaem, 4to A4, = 4. HeobxomumMocTs J0Ka-
3aHa.

IIpoBoas paccykaeHus B 0OpaTHOM IOPSAAKE, JIETKO YCTaHOBUTh M JOC-
TAaTOYHOCTb YTBEPIKIEHUS JIEMMBI.

B nanpHeiimeM uisi MOCTPOEHMs IOJIMHOMHAJIBHBIX PELIEHUil CyliecT-
BEHHYIO pOJIb OyIyT UIpaTh CIEAYIOIINE TOJIMHOMBI:

) e () ()"

Kn (Z’Z’:U): ) ,
m=1 m
2 m+1 m—1 Cn-2m

P,,(Z,Z,,u): i}l( 1) nC, i M (Z+,uz) ’ -
m= m

COOTBETCTBCHHO IIOpsAAKAa n U n — 2, npuyeM

K (2.7,4)=0,P (2.2, 1)=0,P, (2,7 1) = 24
Cnenyromiee yTBepxaeHue chopMmyaupyeMm 0e3 JOKa3aTenbCTBa, TaK Kak
OHO JIOKAa3bIBA€TCs C IOMOIIBIO MPHUHIMIIA MaTeMaTHYECKOM MHAYKIUHU. DTa
JIeMMa HMCTIONIb3YEeTCsl IPU MOCTPOESHUHU NMOJMHOMUAIBHBIX perleHui 3anaun (1),

).

Jlemma 2. /Jna 06020 namypanviozo N =2 umeem mMecno modicoecmeo
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' = (e pz) - Ky (2.7, 0) (8)
Ha ocHoBaHNUM 1eMMBI 2 JIETKO JJ0Ka3aTh CIEIYIOIIYIO JIEMMY.
Jlemma 3. Ecau z7 =1,mo 0na 1106020 HamMypanbHo2o n=?2 umeem
Mecmo modHcoecmeo
2"+ 1" 7" = (2+p7) - P, (2,7, )
unu

[@+ua"_&(Lzﬂﬂ‘ (417 . ©)

0
Ha ocHoBanuu nemMmsl (3) nmeem

_\n+l 1 1—
H:(Z+,UZ) _Zn+ —,UIH Zn:|
Z=1

_ Z+,Uz Z+,Uz n _ Zn _,unzn ny Zn—l +,un—lzn—l —
(e+p2)| (2+p2) (

Z=1

(e uz) B v e v )™ - pp )}

Z=1
Ilonaras
_ _\n-1
P =(z+pz) B +u(z+pz) -up,, (10)
MOJTy4aeM pEKYppeHTHEIE (GopMyIEl 11 B, .

PaccmoTrpum mocnenoBaTeibHOCTh (DYHKITUY BHJIA
o ()= (e 2) =1 (270) | (rr12)" = (22) | 1)
2\/b2 —ac

1
Teopema 1. Ecau uwucna a+#0, —arctg—————  payuoHAIbHBL, MO
T a+c

dynxyuu (11) sersiomesi HemMpuUBUATLHLIMU NOJUHOMUATLHBIMU DPEULEeHUSIMU
saoayqu (1), (2).
Hoxa3zatenbcrBo. OyHKINUN u(x,y) B npexacraBiaeanu (11) sBustoTcs

nonMHOMaMu OT mepeMeHHbIX (z+44Z) U (z+4,7), CllefoBaTENbHO, pellle-
HUAMM paccMaTpuBaeMoro ypasHenus (1). TIokaxeM, 9TO OHH yIOBJIETBOPSIOT
Y TPaHUYHOMY YCIOBHIO (2).

B camoM Jielte, Ha OCHOBAHUH JIEMMBI 3 HMEeM

w(v)oa=| (4 7) =B, (270) Jlaa - | (41 7) P (27) |

= (a7 on ("4 157"
Teopema moxazana.
Crnenyromias TeopemMa yKas3bIBaeT Ha €Ille OJHO IMPEJCTaBIEHHE CHCTEMBI

HETPUBUATBHBIX OJMHOMHUAIBHEIX pereHuit (11) kpaesoii 3amauu (1), (2).
Teopema 2. Cucmemy @yHkyuii HemMpugUAIbHLIX NOIUHOMUATIBHBIX pe-

wenutl (11) kpaesoti 3a0auu (1), (2) moscHo npedcmagums 6 credylouem cne-
YUATbHOM 8UOe:

0Q

a0 =0.
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u(x,y) =(1—ZZ)Q(Z,2),

20e
n m m —s n—m—w—v—n v
o(er)- & g g () oo™
m=lv=l @=0 s=0 m!w!(n—Zm—w)!

n

Joka3zareabcTBo. C ydeToM yCIOBHS 4 =/, W OJXHOPOJHOCTH YpaB-

HeHwuit (1) Ha OCHOBAaHM JIEMMBI 2 HMEEM

1)|:(z+ uz) - B, (z,zﬂl)J -

R

) - () |-

”(/‘2_#1)

1 n n n—n _
=) = - T -y ez |-
”(/”2‘:“1)
1 n n nn _
—7[(24'/122) -7 — M2 —Pn(z,z,,uz)}=
n(,uz—,ul)
1

_ [7} m+l _ m—1 _\m=v
l1-zz 2 m (_1) O (ZZ) 2 e m+o\ o n-2m+o0_w
Z Z ’ Cn—2m z =

= o
lul - luz m=lv=1 m =0
n +1 1 —m—w—v —y
B [2} il (_1)m (n_m_l)!ﬂlm-m) 1 S,U;Z” m—ao lzlﬁ-w V
=(1-z)X X X =
m=lv=1 ©=0 =0 m!a)!(n -2m— a))!

=(1-2)0(z7).

Teopema nokazana.

[IponmmocTpupyeM MONTyYeHHBIH Pe3yIbTaT Ha H3BECTHBIX CIIEKTPAITBHBIX
3agayax. B pabGore P. A. AnekcannmpsiHa [1] B CBSI3M c u3y4yeHHEM Kayec-
TBEHHOTO TIoBejieHusI pemeHuit cucreMbl Trma C. JI. CobosieBa, ONuChIBArOIIEH
MaJible KOJIeOaHUs BPAIAOICHCs UeaTbHOM HKHUIKOCTH, BIIEPBBIC OBLI MOCTAB-
JIEH BOIIPOC 00 ¥cciIeI0BaHuH O0IIeH CrieKTpaabHON 3anaun Jupuxie:

Mu+ALu=0, (12)

=0, 13
“lo (13)
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rie M u L— nuHeiinble nuddepeHiuanbable onepaTtopsl BTOPOro mopsjaka, A
— cmnekTtpanbHbId mapamerp. KpaeBas 3amawa (12), (13) B ciyuae
Mu=u, —u, Lu=u, +u, IyreM BBCICHUs CICUHAIBHBIX TONOIOrHYCCKUX

0oTOOpaXkeHU# rpaHHLBl B cedst moapoOHO m3yueHa P.A.Anekcanapsaom [1]. B
YacTHOCTH, B Cilydae, Korma (2— eIWHHYHBIA KPYr ¢ [EHTPOM B Hadaie
KOOPJIMHAT, B SBHOM BHJIE NTOCTPOEHA IOJIHASI CUCTEMa COOCTBEHHBIX (hyHKITHI
3agaun (12), (13) yepe3 u3BecTHbIC MOTUHOMBI YeObIIIeBa EPBOro Poja.
[Ipu
Mu=u —uyy,Lu =u, + Uy

3amada (12), (13) mpuaUMaeT BHI
(1+A)u,~(1-4)u,, =0, (14)

=0, 15
oo (15)

u npu |4 <1 mpexcraBisier coGoil rHMEpOOMIYeckoe ypaBHEHHE, CONEpIKaIlee
CHEKTpalbHbII apaMerp. 3aadya COCTOUT B TOM, YTOObI HAMTH Takue 3HAYCHUS
nmapamerpa A, HasblBaeMble COOCTBEHHBIMH, IIPH KOTOPBIX CYIIECTBYIOT
HETpUBHAIbHbIE pelleHus ypaBHeHHA (14), yIOBIETBOPSIOLIME TPAHUIHOMY
ycnosuio (15), a 3arem uccnenoBaTh BOIIPOC IOJHOTHI CHCTEMbI TaKUX pellle-
HUH B TOM HJI HHOM KJlacce (QyHKIUI.

Ha ocHoBanuu teopemsr 1 u paserctBa (4), (6) MOCTPOUM CIIEIYIOIINE
GbyHKIMY:

un,k (x’ y) = |:(Z + e_”ki/n Z)n - Pl’l (Z + Z e_”ki/" )} —

—[(z+e‘”"””z)"—Pn(z+ za”"“”)}, n=23k=12-(n-1).

Teopema 3. Cucmema ¢ynxyuii (16) sensemcs cucmemon codOCmeEeHHbIX
ynxyuil 0nst 00HOpoOHoU Kpaesou 3adauu (14), (15), coomeemcmeyrowet
COOCMBEHHBIM 3HAYEHUAM

(16)

Ak =cosﬂ—k,n=2,3,...,k=1,2...(n—1).
n

CoOcCTBEHHEIE 3HAYCHHS ﬂ’n ¢ SIBILIIOTCA 6eCKOHe‘IHOKpaTHBIMI/I, I10-

CKOJIBKY ﬂn,k =/1np,kp’ a coOCTBeHHBIC (YHKIMH un,k(z,f), COOTBET-

CTBYIOIINE COGCTBGHHOMY 3Ha4YCHHUIO ﬂ’nk KaK MOJIMHOMBI Pa3jIMYHbIX CTEIIC-

Hel, nuHeiHo He3aBucuMbl. IlopcraBnss z=pe’ B Qopmyny (16) u wmc-
MOJIb3ys U3BECTHYIO (HOpMYITY

" H (—1)'"+l 2" s g

-1 —m—
cosnp=2""cos" p—— Y, nom-l ,
2 m=1 m
rmociie HEeKOTOPBIX MPOCTHIX TpeoOpa3oBaHuit coOCTBeHHBIX (QyHKIuH (16)
MOXHO C(HOPMYIUPOBAThH CIEAYIOIIEE MPECTaBICHUE COOCTBEHHBIX (YHKITUI

3amaum (14), (15).
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Teopema 4. Eciu Q ecmbw kpye, mo ¢pynxyuu

e {2 o 2]

saenaiomess coocmeenuvimu Qyukyuamu 3aoauu (14), (15), coomseememayrowu-
n rk

M COOCIMEEHHBIM 3HAYEHUAM A, = cos—, Kadcooe u3 Komopuix umeem decko-
n

HEYHYIO KpanmHoCmb,; 3()er
X = pcos@, y = psing, n=2, 3, 4, ..k=1, 2,3, ... (n-1),

aT, (t) = Cos(n arCCOSI) — nonunomsl Yebviutesa nepeozo pooa.

3ameuanue 1. [TocTpoeHHble HaMu coOcTBeHHBIC (PyHKIMH (17) coBma-
JIAIOT ¢ COOCTBEHHBIMU (yHKIUsAME 3a1a4u (14), (15), mocTpoeHHBIME paHee B
pabore P.A.Anekcangapsiaa [1].

UzBectHo [1], uro coOcTBeHHble QyHKnuu (17), COOTBETCTBYOIIUE COO-

rk
CTBEHHOMY 3HAYCHUIO ﬂn g =cos—.,n=23,. k= 1,2...(n—1), o0pa3yrT
i n

0l
MOJHYI0 CHCTEMY B W3 (Q) CJIeZIOBaTeNbHO, IIOCTPOCHHBIE HaMU COOCT-
ol
BeHHbIe hyHKIMU (16) Tarke 00pa3yroT NOIHYIO CUCTEMY B W (Q) .
PaccMOTpHM CIIeIyIONIyro OJHOPOJHYIO KPAaeByIo 3a1aqy:

au . + buxy +eu, = —AAu, (18)
=0, (19)
rae A - oneparop Jlamnaca.

Teopema 5. Eciu Q ecmw kpye x4 y2 <1, mo gynkyuu

. [ 7k 7wk
U, (x,y):cos narccos| xsin| — —a |+ ycos| ——a | | |+
2n 2n
K+l rk . 7k
+(—1) cos| narccos ycos(+0{j—xsm(+0{j
2n 2n

a6nAIOMcs cobcmeenuviMu QyHkyusmu kpaeeot 3adauu (18),(19), coomsem-
CMBYIOWUMU COOCMEEHHOMY 3HAYEHUIO

a+c (a—C)z"‘bz rk
- +

A=A, = —,\n=2,3.. k=12,...(n-1)),

ok 5 5 cos - (n (n ))

2oe a:larccosai_j, Komopbvie 00pazyiom HOMHYIO — CUcmemy
2 (a—c) +b°

0

6W2(Q).

AHAJIOTMYHO, JIETKO HOJYYHUTh COOCTBEHHBIE (DYHKIMU yPABHEHHS
2
A Lu+ANu+Mu =0,
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ecnu L, N, M — nuHeiinbie nud depeHranbHbie onepaTopbl BTOPOTO MOpsaAKa ¢
TIOCTOSIHHBIMH  KOA((DHUITEHTaMH, COJepKaIllie JIUIIb BTOPHIE IPOWU3BOJHEIC
IMoX U y,a (2 — DJUIMIIC, IPUYEM THUII YpAaBHEHHS HE UTPAET POIH.

3ameuanue 2. Ilpu pasnuuvbX n u,, (x,y) Moryr cooTBeTcTBOBATH

OIMHAKOBBIM 3HAYCHUSAM, OJHAKO OHU OKAa3bIBAIOTCS JIMHEHHO HE3aBUCHMBIMH
KaK TIOJMHOMBI Pa3lUYHBIX CcTerneHed. HyxHO Takke OTMETHTh, YTO COO-

CTBEHHbIE QYHKIMH U, (x, y) 00pa3yroT MOJHYIO CUCTEMY B Kpyre B CMBICIIE

METPUKH BCSKOIO TaKOTO MPOCTPAHCTBA, TJIE JIMHEHHOE MHOTrooOpa3ue IMoJu-
HOMOB, UCUE3aI0IIUX Ha TPaHHIIE, BCIOY TUIOTHO.

3ameuanue 3. Jlerko BUIETH, YTO €CIU CylIecTByeT pemeHue (1), oOpa-
IaroIeecs: B HyJib Had ), TO OHO UMeeT BuA (4), ¥ Ui 1000 QyHKIHNA i

u(azo )=y (f (24 12)) v (g (241, 7)) (*)
YIOBJIETBOPSIET TOMY >K€ YPaBHEHMIO W HYJIEBBIM T'DAHUYHBIM YCIOBUSIM.
O4eBUAHO, YTO TUHEHHO HE3BUCHMBIX (QYHKIMHA BuAa (¥*) OECKOHEYHO MHOTO.
Takum oOpaszom, nubo pemenue Jupuxie mis ypaBHeHus (1) eJUHCTBEHHO,
1100 cyuiecTByeT 0€CKOHEUHO MHOTO JIMHEHHO HE3aBUCUMBIX PEIICHHH.

l'ocynapcTBeHHBII HHXEHEPHBIH YHUBEPCUTET ApMEHIHT

I'. A. Capresin

O noIMHOMHABHBIX pelieHusx 3aaa4u Jupuxie nis
THNep0oJIHYecKNX YPAaBHEHUH ¢ MOCTOSTHHBIMH
K03 punmeHTaMn B Kpyre

[Ipennaraercss HOBBI METON HMOCTPOSHMS CHCTEMBI MOJMHOMHAIBHBIX pPEIICHUN
3agaun Jlupuxie amst runepOoIMyeckuX ypaBHEHMIH BTOPOTO MOPsIKa C MOCTOSHHBIMU
kodhdunmentamu B kpyre. IIpeanaraercss TakKe IIOCTPOSHHE IOJHOH COBOKYITHOCTH
coOcTBeHHbIX QyHKIUH 3anauu JJupuxie Ui ypaBHEHHs KOoJeOaHUs CTPYHBIL.

Q. U. Uupquuib

Zwununntb gnpéwlhgutpny hhykppnjuljuwt hwjuwuwpdwi hwdwp
“Yhphjykh pugph puquuigudwghtt psmditph ywuhtt opgpwnid

Unwownljynid k tnp dkpnn’ jupnighint hwuwnwinnil gnpswljhgubkpny pljpnpny
Yupgh hhwybppnjujwt hwjwuwpdwi hwdwp hphhakh pungph puquutnudwghb (ne-
Snudutipp opowtinud: Upnwnwpnid wnwewplynud £ twh junnigh) juph tmunwb-
dwl hwjwuwpdwh hwdwp Yphpphoth pugph ubhwlwd $nityghwikph phy hwdw-

funudpp:

367



G. A. Sargsyan

On Polynomial Solutions in the Disc for Dirichlet Problem of
Hyperbolic Equations with Constant Coefficients

A new method for construction of the complete set of polynomial solutions in the
disc for the Dirichlet problem of hyperbolic equations with constant coefficients is
suggested. Construction of the complete set of the eigenfunctions of Dirichlet problem
for the equation of span oscillation is also suggested.
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2UB8UUSUULE @PSNPESNPLLVLELE UQQUSPL UUYUTGURU
HANOUWOHAIUBHAA AKAJEMMHUSA HAYK APMEHUH
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

NOKJIAIBI QBUYNP38LED REPORTS
11 2012 No 4

MEXAHUKA
VIIK 539.3

P. M. Kupakocsin

K yTrouHeHHOii Teopuu TepMOYNPYrocTH OPTOTPONMHBIX
000J109€eK NepeMeHHO| TOJIIHHBI

(ITpencrasneno akagemukom C. A. AmbGapiymsHom 30/V 2012)

KiaoueBble ciioBa: YmMOYHeHHas meopusi, opmomponnas 060]lOllKCl, nepe-
MEHRHAsA moauHa, nonepedrvle CC)EUZU, memnepamypa

Knaccuyeckoif 1 yTOYHEHHBIM TEOPHAM aHHU30TPOIHBIX IUTACTHH U 000-
JIOYEK, a TAK)Ke UX MHOTOYHCICHHBIM MPHJIOKEHUSIM ITOCBSIIECHA OOIIUpPHAs JIU-
teparypa ([1-11] u np.).

B nacrostieit ctatbe no aHanoruu [9] cTpoutcs yTouHEHHAs TEOpUs TIIajl-
KHX OPTOTPOIIHBIX 000JIOUEK NEePEMEHHON TOJIIMHBI, YUYUTHIBAIOLIAs BIHUSHUE
nedopManmii momepeyHbIX CABUTOB M TeMIlepaTypbl. PaccMaTpuBaeTcsl Takxke
YIOPOILIEHHBIM (TEXHUYECKHI) BapHAHT STOW TEOPHH, MPEAHAZHAUCHHBIN I
MOJIOTHX 000JI0YEK MITH 3aMKHYTHIX 000JI0OUEK MaJIOH JTHHBIL.

1. PaccMOTpUM TMaAKyl0 00O0JIOUYKY, M3TOTOBICHHYIO U3 KPHUBOJIUHEHHO-
OPTOTPOIHOTO JTMHEHHO-yIpyroro marepuana. O60I0YKy OTHECEM K CHCTEME
KPUBOJIMHEHHBIX OPTOrOHAJIBHBIX KOOPAMHAT «, [,y . KoopauHaTHble JMHUM
o, HampaBlieHbl IO JMHHUAM IJIABHOM KPHUBHU3HBI CPEAMHHON NOBEPXHOCTH
000JI0YKH, KOTOPbIE MapajulesIbHbI ITIAaBHBIM HaIllpaBJICHUSAM aHU30TPOIIUHU Ma-
Tepualla, a KOOpJUHATHAs JIMHUSA ¥ B J1000H TOUKe MepreHIUKYIIpHA JINHUSIM

o, ¥ coCTaBJsIeT ¢ HUMHU IpaByro cuctemy. Cuutaem, 4To 000JI0YKA UMEEeT
[IEPEMEHHYIO TOJILUHY h(a, ,B), CUMMETPUYHYIO OTHOCUTEIBHO CpEeIUHHON

noBepxHocTH ¥ =0. [IycTh Ha 0000YKY NEHCTBYIOT MOBEPXHOCTHBIC HATPy3-

+

KW, TIPOEKIMH KOTOPHIX Ha KOOpAWHATHBIE JIMHUH COCTaBISIOT X,
+ +

Y~ , Z*. 3HaKaMH «+» U «—» OyJIeM OTMeuYaTh BEIWYHHBI, OTHOCSIIUECS K JIU-

LEBBIM TOBEPXHOCTAM 000J10YKH Y= +% u —% COOTBCTCTBCHHO. C‘lI/ITaeM,

YTO TeMmmeparypa 000JIOUKH 9((1, B, 7) OTJIMYAETCSl OT TEMIIepaTyphl €cTec-
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TBEHHOTO COCTOSIHHS U KPOME MOBEPXHOCTHBIX CHJI ACHCTBYET elle U 00beMHas
CHIIa TIPOM3BOILHOTO XapaKTepa ¢ NPOCKUHMsIME £, , Py, P, .

[To ananmorum [9] Bocmonb3yeMcsi METOJOM MpPEACTaBICHUS pELICHUN B
BUJIE CTETIEHHBIX MHOTOWIEHOB [0 MONEPEeYHOM koopanuHare y. O4eBHIHO, 4TO

JUTSI TIOCTPOCHHS CAMOM TTPOCTON TEOPHUH, CITIOCOOHOM omrcaTh U3rud 000JI0UKH,
B MHOTOWIEHAX OCHOBHBIX HaNpskeHuil o,,o 5> Tap HEOOXOJMMO yIEPIKATh

JIUIIb TIEpPBBIC B WIEHA, T.€. IPUHUMATh JJIs STHX HaNpPsSKEHUH JIMHEHHbIE 3a-
KOHBI paclpe/ie]ieHHus 10 TOJIIHUHE O0O0JIOUKH. JTO BiIeYET 3a COOOU JIMHEH-
HOCTh PACIpPENEICHUs 10 TOJIIMHE OOOJOYKH OCHOBHBIX JehopMariuit

€,:€5,€, 5, a CIICNIOBATEIIBHO, U TAHTCHIIHAIBHBIX HEPEMEIIEHUM u,,, u 5 Torna

JUISL CO6J'HOI[GHI/I$[ OAWHAKOBOT'O TIOpPsiAKa B MHOI'OWICHAX IIOIIEPEYHBIX Kaca-
TCIBHBIX Hal'[pi[)i(eHI/Iﬁ Tay’rﬁy CJICAYCT YACPXKATb IO TpHU YJICHA. Hrak, B

KauyeCTBE OCHOBHOI T'MIIOTE3BI IpuMeM
2 2
Ty = O W+ 05 Tp Y WL VY. (1.1)

3neck @ U y; — QyHKIMU KOOPAUHAT «, [ .

Jnsa pacnpeneneHuss 0ObEMHON CHIIBI MO TOJIIMHE OOOJOYKH IMPUMEM
JIMHENHYIO anMnpOKCUMALIHIO.

Kpowme (1.1) npumMeM Taxxe cleqyromue TOMyIIeHUs:
a) mporu® w IO TOJNIIUHE 000JIOYKU HE MEHSIETCS

6) BJIMSAHAC HOPMAJIBHOT'O HAIIPSIPKECHUS 0, HC IPUHUMACTCA BO BHUMAHUC.

4
Jomymenne a) MoXHO 00OCHOBaTh cienyrommM obpasom. B pamkax
TEOMETPUYECKHU JTMHEHHON MTOCTAaHOBKU

Ve
u,=w(a,B)+]edy=w. (1.2)
Y 0 Y
I/IHTeraJILHLIM WICHOM 3TOI'0O BBIPAKCHUSL npeHereraeM H3-3a MaJIOCTU HE
nedopmarn e,, a IPOMEKYTKA HHTETPUPOBAHMSA, MOCKOJIBKY |;/| < % ,a h

HaMHOI'O0 MEHbILIE OCTaJIbHBIX rabapUTHBIX pa3MepoB 00004KkH. BaxHo 3ame-
TUTh, YTO y4Y€T 3TOr0 MHTETrpPaJIbHOTO YJI€HAa MPUBOAUT K HAPYLIECHHUIO JUHEH-
HOCTU paclpe/ielieHrs] TAHT€HIIMAIbHBIX MEepeMELIeHUH, a CIeJ0BaTeNbHO H
OCHOBHBIX HaNpsKEHUH 1O TOMIIKWHE 00O0JO0YKH, YTO CYIIECTBEHHO U HEOIPAaB-
JIaHHO OCJIOKHHT TEOPHIO.

B mnonp3y jxe pomymieHuss ©) CBUIETEIbCTBYIOT M3BECTHBIE PEIICHHS
MHOTHX KOHKPETHBIX 334 [2].

W3 reomerpuyecku JMHEHHBIX COOTHOLIEHUH ¢ y4eToM OOOOILEHHOTO
3aKoHa ['yKka ¥ MPUHATHIX AONYLIEHUN umeeM [2]:

u —(1+ky)u—;/ —1 —aw—a (1)
a 1 d 5571 |
(1.3)
u —(1+k y)v—;/ —1 —aw—a 172
A g Baﬂ i
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3aech u,v — TaHTCHUUAIbHBIE MEpPEeMEIICHHUs, kl,kz— KpUBU3HBI, A,B-—

KO3 QUIMEHTH TepBOil KBagpaTHOW (OPMBI CPEAWHHOH ITOBEPXHOCTH,
a,,,ass— YIPyTHe OCTOSHHBIE MaTepHala 000JI0UKH.

Temneparypsl OBEPXHOCTEH 000IOUKH €' M 6 CUMTAEM M3BECTHBIMH.
[ pactipeneneHust TEMIIEPaTyphl 0 TOJIIUHE 00OJOYKH MPUMEM JIMHEHHBIH
3aKOH

0" +6~ _
6 = +Z(0*—9 ). (1.4)
2 h
Ha ocnoBe 0600menHoro 3akona ['yka n runoresst @panna Heiimana [12] ms
OCHOBHBIX HAIPSHKEHUH 000JIOYKH TIOTYYUM:

o, =B, (ea —0{10) + B, (eﬁ. —aze),
0y =By (5~ 2,0)+ By, (eq -~ ,6). (1.5)
Top = B66eaﬂ.

31eck B;— mapaMeTpel Matepuaia, KOTOpbIe H3BECTHBIMU (opMynamu [3] BbI-

PaKAIOTCSl Yepe3 yInpyrue MOCTOsIHHbIE, ¢ U &, — KO3((UIIMEHTHI TEIIIOBOTO

pacuMpeHus Mo HalpaBlIeHUsIM & U [ cooTBeTcTBeHHO. OCHOBHBIE Aedopma-
LU UMEIOT BUJI:

e =E I, g =EF Wy, €4y = QF T (1.6)
3nech
1 du 1 oA
g =——+——vVv+kw,
Ada ABIf
10 1 0B
52:——V+——u+k2w, 1.7)
B Jdf AB i«

A9d(u Bofv
o="——| —[+——| — |,
Bap\A) Adal\B

1 a(lawj 1 9Adw 10k 10k,
= —— |- ———+——u+——=v-—

\4
Ada\Ada) AB*IB0of Ada B Ip
1 29, 0A
—k'w+——| Bags—L+a — |,
1 AB( S S M| aﬂj
1 010w 1 OB dw 1 0k, 1 ok,
b= | —— |-tV —u~-
BOJB\BJdf) ABdaoa B If A da (18)
1 Ay B '
—kow+—| Aay —+acp — |,
2 AB( “ 5B 559 an
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2(3*w 1049w 1 9B ow Ad(u) Bo(v
r=— | 25 27 2O +(k k)| =—| = |-=—| = | |+
AB\ 0adf A 3B da B oa df Bap\A) Ada\B

1 a9, 0A Iy, oB
+—| a5 | A——@¢— [tay | B—-wv,— ||
AB af af oo a

Cnenys [2], nns ycunawii ¥ MOMEHTOB 00o0jouku, ¢ yderom (1.4) u (1.5),

HOJTY YU M:
0" +6° 0" +6°
I =C,| - 5 +Ch| & -y 5 +

A 0 -6
+ky| Dy Zl_alT +Dy | 1 -, Y ,

S, = CyeW+ kD7,

h
N, = E [IZ(pl +h’ ((p3 +k,0, )]

0 -6 0 -6 1.9
MlzDu(Zl_ath"’Dlz{Zz_%JJF (19

6" +6 6" +6
+ky| Dy, | £~ 5 +D,| & —a, 5 .

31ech, Kak OOBIYHO,

Cy = Byh. Dy =By (1.10)

Boipaxenus 1,,5,,N, u M, moxHo momyuuts u3 (1.9) myrem Kpyrosoit
nepecTaHoBKH OyKB. [IoBepXHOCTHBIE YCIOBHS 000IOUKH UMEIOT BUI:
ili + + + £ +
o, +Taﬁm +Ta7n =X,
+ + + =+ + + +
Tyl +Ogm +Tgn =Y, (1.11D)
N
Tyl +Tgm +o,n =7
+ + o+ o
3necy [7,m” ,n” — HampaBISIONIME KOCHHYCHI BHEIIHUX HOpMaJjeil MOBEpXHO-

creit obonouku Y == h R Onu onpenenstorcst popmynamu [2]:

s 1 1 on 1 1 on
= mo=-
2C* H; 9

20" H* da’
2 2
P T T 1 on 1 on
c c 2HE da 2HE B

Koa¢pdumumentst Jlame onpenenstoTcst GopMyIaMu:

(1.12)
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Hf:A[lizklj, HZZB(lizkzj. (1.13)

W3 mectn noBepxHocTHBIX ycnoBui (1.11) mocnenHue nBa noHamoOsTCs I
OTIPE/ICNICHUS] HANPSDKCHUS 0, . VI3 TICPBBIX YCTHIPEX yCIOBHH QYHKIHH @, ,0;,

V,,¥; MOXHO BBIpA3UTb YEPE3 u, v,w, @, ¥/, . OTHn BBIPpAXKCHHA UMCIOT BU!

1 o 1 h
¢2:7(C+X++C X )+— % B, |e+—x -8 |+
h 2Ah 1+§k1 2

h +
+B, 52+512—a20 +

1 h i h A Lor
+Tk By, 51—5;(1—0519 + B, 82—512—0529 da

1-=
H

B 1 h 1 h oh
+ % h(a)+2‘j+ ; (a)—rj —, (1.14)
2Bh 1+ 2 ="y 2 )08
2 2
S I S | 1 h .
o,=—|CX -CX |-——+—5——|B,| §+—x, -0 |+
3 hz( ) hz Ah2 h 1| €1 2 1 1
1+—k
2

N h h
0+—T O-—7
h _ oh B oh
+B,, (ez _EZZ -0 ﬂ}a+3262 h2 _ h2 %
@ l+—k, 1-—k,
2 2
Bripaxkenusa y, M ¥, MOXHO NONydnTh u3 (1.14) myTeM Kkpyrosoii mepecra-

HOBKH OYKB.
YpaBHeHus: paBHOBecHs JU(PEPEHIIMATHHOTO IIEMEHTa CPEIUHHOU I0-
BEPXHOCTU 000JIOUKH UMEIOT U3BECTHBIN BU [2]:
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oB

—(87)-—

3 A
T,+—(AS,)+S, — + ABk,N, = —ABX,
da da 3P B

i(ATz)—a—ATl +i(le)+S2 B—B+ABk2N2 =—ABY,

B B oa dar

~(kT; +k2T2)+I{B(BN1)+B(AN2)}=—Z, (1.15)
AB| dx op

i(BM1)+i(AH2)+a—AH1 —Mza—BzABNl,

dar B B a

i(AMZ)Jri(BHI)Jra—BH2 —Mla—A:ABNZ.

3 dar dar 3p

Jl1st Tpy30BBIX YIEHOB UMeeM [2]:

h h . h h o1 h2
X=|1+—k ||1+—ky | X +|1-——k ||1-—k, | X +— [ HH,PAdy,
2 2 2 2 AB -hi2
h h . h h I %
Y=|1+—k ([ 14—k |V +|1=—k ||1-—k, |Y +—— | HH,Pdy,
2 2 2 2 AB -h12

h h . h h R BV
Z=|1+—k |1+ ky |Z +|1=—k || 1-—ky |Z +—— | HH,Pdy. (1.16)
2 2 2 2 AB -h/2

B cury Beipaxenuit (1.14) ompenencHue HampsHKEHHO-Ie()OPMUPOBAHHOTO
COCTOSIHHSI OPTOTPOITHBIX 000JI0YEK MEPEMEHHOHN TOJIINHEL IIPY YUETe BIASHUS
nedopMariii IOIepeYHBIX CABUTOB U TEMIIEPATYPhI CBOANUTCS K PEIICHUIO IISITH
mapdepeHnanbHpIX  ypaBHeHuid (1.15) OTHOCHTENBHO TATH  QYHKIHHA
UV W, QLY .

2. K pazpematomieii cucreme (1.15) cnenyer nprucoenHUTH KpaeBbIe yCIo-
Bus 000709ky. Tak Kak 3Ta CHCTEMa MMEeT AECSTHIN IOPSIOK, TO Ha KaKIOM
Kpato 00O0JOYKH HalO CTaBHUTH IO MATH ycioBwil. [IpuBeneM Hamboiee 4acTo
BCTpEYaIOIINecs YCIOBHSA IS Kpasi ¢ = const .
a) CBOOOTHBIN Kpaii:

T,=0, N, =0, S, =0, M, =0, H =0; (2.1)
0) IWapHUPHO OTEPTHINA Kpa:
T.=0,8 =0, M,=0, H =0, w=0; (2.2)

B) 3allleMJICHHBIHN Kpaii:
u=0,v=0, w=0,

ow

Adeep =0 ow Bayr =0 (2.3)
——Aa =0, ——Ba =0.
da 5571 B 5571

3aMeTHM, YTO YCJIOBHS 3allleMJIEHUS MOXKHO YIOBJIETBOPUTH Ha BCEX TOYKaX
CeUeHHSI.

AHanoruyHeIM 00pa3oM MOXKHO HalKcaTh yCJIOBUSA U U1 Kpast fS=const .

3. B ciyuyasx JOCTaTOYHO MOJIOTHX, a TaKKe 3aMKHYTBIX, HO JIOCTaTOYHO
KOPOTKHX 000JI0YeK MOXKHO 3HAYMTENBHO YIPOCTUTH TEOPHIO, T.€. TIEPEHUTH K

374



TaK Ha3bIBAEMOW TEXHMUYECKOM Teopuu. DTH YNPOILIEHUs 3aKII0YAI0TCs B Clie-
JIYIOLIEM:

a) B T€OMETPUYECKMX COOTHOIIEHMSAX U1 %, % ¥ 7 (1.8) coxpanstorcs
JIMIIB YWIEHBI, coJlepaKaliie Iporud o00I04KHY;

0) Bmecto BeIpaxkenuit 7;,7T,,M, u M, (1.9) 6epyTcs Gonee mpocThie BhIpa-

JKCHUS, TAC OITYCKAKOTCA WICHBI, COACPIKAIINEC KPHBU3HBI kl . k2 5

B) B BBIp@XEHMAX ¢y, (1.14) He NPHHMMAIOTCA BO BHMMAaHHE ihk/, B

2 2
.1 (ahJ oh
C =— 44+ — | +| —
2 oo a9

T) YIPOIIAIOTCS ¥ BHIPAKEHHSI TPY30BBIX WieHOB (1.16)
hil2 _ hil2 _ hi2
X=X"+X "+ | Pydy, Y=Y +Y "+ | Pgdy Z=7"+7"+ [ Pdy. (24)
—hl/2 —hl/2 —h/2

CUILy Yero

1) B ypaBHEHUAX paBHOBecHs (1.15) omyckarores unensl ABk,N, U ABk,N, .

KpaeBble ycioBus 3alMCBIBAIOTCS, Kak U Ipexnae, HO (urypupyomue B
HUX YCHIIUSI © MOMEHTHI UMEIOT CPAaBHUTEIBHO YIPOILIEHHBIE BEIPAKESHUS.

Mucturyr mexanuku HAH PA

P. M. Kupakocsin

K yTouHeHHOI1 TeOpUN TEPMOYNIPYTOCTH OPTOTPOIHBIX
000J104€K NepeMeHHOH TOJIIMHBI

MeTonoM npencTaBieHus pelIeHni CTeICHHBIMY MHOTOWIEHAMH CTPOUTCS] yTOY-
HEHHas TEOpHs TEPMOYNPYTOCTH OPTOTPOIHBIX 000I0UEK MEePEeMEHHOMN TONIINHBI, YIHU-
TBIBAOIIAs BIMSHUS AedopManuii monepeyHsIX CABUTOB M TeMItepatypsl. s momorux
000109€K ¥ 000JI0YeK TOCTATOYHO MAJIOH JUIMHBI PACCMaTPHBAETCS YIIPOLIEHHBIH (TeX-
HUYECKHU) BapUaHT ITOI TEOpHH.

. U. Yhpulnujui

Onthnluwljut hwunm pjub oppnwnpny punuiputph
otipfwwnwdquijuim pjui Loqpujus ntunpjui vwuhh

Lowsnudutinh wunh&wbwght puquuiiquditpny tkpuyugdwut dkpnngny junnig-
Ynud E thnphnwlut hwunnipjut oppnunipny punuupubph obpdwwnwdqulju-
unipjul Logpunjus nkunipinil, npp hwpdh £ wntinud plywjtuljwt vwhph ndnpdwu-
ghwtbph b ¢bpdwunhdwh wqnkgnipniuutpp: @npp Ynpoipjut b puduiju jupd
punuupttph hudwp phunwplpynd b wyn nbunipjut gupqigqus (nkthljulub)
wnwpppuyp:
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R. M. Kirakosyan

On the Refined Theory of Thermo-Elasticity of Orthotrope
Shells of Variable Thickness

A refined thermo-elasticity theory of orthotrope shells of variable thickness by

means of presenting solutions in the form of power polinomal contract, when the
influence of transversal shear deformations and temperature are taking into account. For
slope shells and shells of sufficiently small length the simplifed (technical) variant of
this theory is considered.

N

A

9.

10.

11.

12.
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A. A. IIansau

KoJsie6anue npoBoasinieii npsiMoyrojibHoii MeMOpPaHbI B
NnonepeyYHOM MAarHUTHOM I0Jie

(ITpencrasneno akagemukoM C. A. AmbapymsHom 14/VII 2012)

KiawueBble ci10Ba: maznummuoe noie, Memopana, 3amyxauue, 4ac-
moma Koiebanul

PaccmarpuBaercs kojeGaHue ynpyroid M30TPOMHON IJIACTUHKH MOCTOSH-
HOW TOJNIIUHBI 2/ U KOHEYHOU 3JIEKTPONPOBOJIHOCTH ¢ BO BHEIIHEM IOCTOSH-

HOM MAarHHTHOM Ioje B = (Bl,Bz, B3) . [ImacTuHKka B IeKapTOBOM CHCTEME KO-
OpIMHAT xyz PACIIOJNIOXKEHA TAK, YTO CPEANHHAS IUIOCKOCTh COBIIAJAET C KOOP-
JIMHATHOM TUIOCKOCTBIO xoy . IlmacTuHA B JEKapTOBOM cucTeMe KOOPAMHAT 3a-
HuUMaeT obmacth 0<x <a, 0<y<bh u —h <z <h.MaraurHas IpOHUIIAEMOCTb

MaTepurana IJIaCTHHKY CYUTAETCSl paBHOW €IMHMIIE, a DJIEKTPOMAarHUTHOE CBOM-
CTBO CpeJlbl, OKPYKarolllel MIaCTUHKY, 3KBUBAIEHTHBIM CBOMCTBaM BaKyyMa.
[l cBeeHus TpEXMEpPHOH 3aauyll MarHUTOYNIPYTHX KoJeOaHUH IUIacTHH-
KM K IByMEPHON IMPUHUMAIOTCS CIEAYIOLINE MPEAION0KEHUS:
®  JIOMyILIEHHA IS TIepeMEIIeHUs COTIacHO Teopur ruacTiuH Kupxroda

ow(x, y,t ow(x, y,t
Ul(x,y,z,t)=U(x,y,t)—zM Uz(x,y,z,t)=V(x,y,t)—zM
ox dy
Us(x,y,2,1) = w(x, y,1), (1)

specs U =U(x,y,t), V=V(x,y,) u w=w(x,y,1)HCKOMbIC IEPEMEIICHHUS
CPEAMHHOM IJIOCKOCTH IIJIACTUHBI;

® rumoTe3a MarHUTOYyNpyroctd ToHKuX Ten C. A. AmOapuymsiHa, I'. E.
Barnacapsna u M. B. benyOeksiHa OTHOCUTEIBHO MOBEJCHHS KOMIIOHEHT WH-
JYKTUBHOTO 3JIEKTPOMAarHUTHOro o [1]:

e = fi(x,y,1), e, = f(x,y,1) ¥ by = g(x,y,1). )

Cornacuo MPUHATBIM AONYHICHHUAM BBIPAXKCHUSA IJId OCHOBHBLIX HaIIps-
JKEHHUH UMEIOT BU
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E (oU av (dw d'w
o =——| —+v—-z| 5 +v—
I-v™{ ox dy ox’ dy

E (oV U dw  dw
o, = S| —+v—-2 v — 3)
T 1-v {9y dx dy dx
E (oU ov 0w
o = + -2z .
T 2(1+v) ox dyox

W3 ypaBHeHMIi 3JIEKTPOIWHAMUKYI A7l BHYTpeHHeH obnactu ¢ ydetoM (1)
U (2) U1 OCTaBLIMXCSI KOMIIOHEHT MHAYLHUPOBAHHOTO JIEKTPOMArHUTHOIO IO-

g umeeM [1]

ohy dhy _ ( A )
—3_"72 B,
dy 0z ot
0 0 4 ou oU
Iy Iy _ 470 3 ad 'y 4)
dz ox ot
oh, oh 4 1{ oU U
oy, ok _ 470 ey+—| LB ——2p ||
ox dy c c\ ot ot

[ponnTerpuposas cucteMy (4) o z B mpenenax ot —A 1o A momyanm

hy +h dg 4 1( U oU
h=2 |08 oy T2 g
dy ¢ c\ ot ot

2
b +h og 4rnoc 1( dUy U,
= -zl —-+—|e,+—| —B —-——B8B 5)
i 2 ox c el Yo
oh, O U, U,
= _C | 7}’1 ( 32 B1 j .
4o\ ox  dy ot ot
JuddepeHimanbHble ypaBHEHHs IBIKCHUSA B JEKAPTOBOW CHCTEME KOOPAUHAT
UMEIOT CIEAYIUN BUT;
do, 90, do,_ o’U,
"+ +K =p—
ox dy oz ot
do.. do, do. 9’
2 T+ 4K, :pili2 (6)
ox dy oz ot
ao—xz ao_) azU3
ox  dy az o’

rne K =(K,,K,,K;)— oObemHas cuia, o0yClIOBIEHHas B3aMMOJCHCTBUEM YII-
pYruX MEepeMeUIeHUH U 3JIEKTPOMAarHUTHOTO MoJs (IOHIEPMOTOpPHAs CHUIIA)

K,,K,,K, — KOMIOHEHTH O0OBEMHON CHUIIEIL.
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[IpuBeneM BbIpaxeHue K =(K 1»K,,K;) s 4acTHOTO Citydvas moneped-
HOTO MarHUTHOTO TIOJIS B = (0, 0, BS)
o 19U, 19U,
K, =—(,———B;)B;, K, =—(e,+——=B;)B; u K; =0. @)
c ¢ ot c ¢ ot
Jl71st BHYTpEHHUX yCUIUMM U MOMEHTOB UMEEM

U  dV ov. U
T=C|l v |, T,=c] S ev |,
dx dy dy dx

1-v (U oV ’w  w
S=—C| —+— |, M, =-D| —+v— |, (8)
2 dy Ox a )

x y
M,=-D azw+ ow H=-(1-v)D ow

= — —tV—s |, =—1-v s

? ay2 ox’ 0xdy

2Eh 3

rone C= D= 2Eh
SR 3(1m2)

[IponnTerprpoBaB KaXKa0e U3 ypaBHeHHN NBIKeHU (3) M0 z B mpeaenax
oT —h 1O h, Aajee YMHOXMWB IIEpBbl€ JBa U3 HUX Ha z M BHOBb IIPOMHTE-
TPUpPOBaB MOJyUYEHHBIE BBIPAKEHUS 10 z B TEX XK€ Mpeaeax, HoIyduM

o, 05 2ho 13U p ’U
—+—+ e, ——— =2hp—-,
ox dy c T oca 7 ot

95 O, 2ho 1V 2hp v ©
o L% o+ —onp L
ox dy P o’
AN, N, 3w
L2 =2hp .
dox dy ot
M, oH o2 w2 5w
—t Nt By = ph
dx  dy ¢”3 dxot 3 dxot
oM, oH o210 Pw , 2 5w
+ B

o N oW g . (10)
dy  ox o 3 dyor 37" aar

Ioncrasnss 3HaueHue N, u N, B TpeTbe ypaBHEHHE CHCTEMSI (9), ¢ yueToM
(8) momyuaem

2 3 2
oB; 2h° d(Aw 9
DAAw——32"— ( )+ ph—r-=0. (11)
c 3 ot ot
Ecnu nmnactrHa paBHOMEPHO pacTsAHYTa IO HalpaBicHHEM Ox U Oy , Ipe-
HeOperast ’KEeCTKOCTBIO Ha U3TH0, OTyYUM
2 3 2
oB; 2k d(Aw 9

pAw+—>"— ( )—2ph—2:0. (12)

c 3 ot ot

I'paHu4HbIE yCIOBUS 3aKPEIUICHOH MO KpasiM MeMOpaHbl UMEIOT BUJL
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w=0 pua x=0,a; w=0 1pu x=0,b,
Pemenue ypaBuenust (12) OyneM UCKaTh B CIASAYIOIIEM BU/IE:
w= i i f (t) sin g, xsin Ay, (13)
m=1 n=1 mn
T T
e

n

a b
[oncrasmsist 3nauenue (13) B ypaBHenue (12) u gernast HECKOIBKO COKpaIEHHUH,
MOJTyYUM

. h’ OB o op(un A,
fmn+3i-2;(ﬂli+llf)fmn+(2ph) mn=0’ (14)
2 2
rﬂeio—f;(ﬂ;-’_]’nz):ﬂ’ M:y
3 ¢c’p 2ph

Pemenue ypasuenus (14) OymeM UCKaTh B BUAE =e“ . Tloncrasss B
yp M mn mn

ypaBHeHue (14), moay4uM KBaJpaTHOE ypaBHEHUE OTHOCUTEIBHO YacCTOT KOJle-

Oanuii
—B+iay-p’ {15

2

[ 2 .
rae 0.5y4y— f° —gacrora kojebanui, 0.5 5 — ko3 dureHT 3aTyxanus. Paccmo-
TPHUM CITy4aid, MPHU KOTOPOM YacTOTa KoleOaHuil paBHa HYIIO

2 222 4 2.4
p(#;}: ")=};f4j§ (2 +22) . (16)

o +Po+y=0, @,=

B; 90,

rae p =20,h, = .
’ 16”2PZC4 47r2ph40'2 (,u,% +l,%)

[IpuBenem unciIeHHBIE TPUMEPHI JJIsT MEIHON MeMOpaHbl v =0,3, o =5, 3%10"
1/c, p=89 rlem’, ¢ =3x 10" cM/c, o0, =6.85% 108 r/cMc?, TUIaCTHHKA

KBaJpaTHas a =b, COOTHOIIEHUE TOJIIUHBI K CTOpOHE h/a=0.2.

Paccmotpum crenytomme cimydan: a) m=1, n=1, 6) m=1, n=2, B)
m=2,n=1ur) n=2, m=2.B Tabnuie npuBeJcHb BEIUYNHLI MATHUTHOTO
TOJIsI, TIPY KOTOPOM YacTOTa KoJicOaHMii paBHA HYIIO, B cly4asx a- . Tabmuia
cocraBiaeHa i h/a=0.2

11
m n B[2%cm 2ce;c_l]
1 1 9472.59
1 2 7533.27
2 1 7533.27
2 2 6698.13

380



U3 tabauuel ciemyer, 9To BIMSHHE MATHUTHOTO TOJISL CYIIECTBEHHO AJISI BBICO-
KX GopM KoJiebaHuii.

Wncturyt mexanukn HAH PA

A. A. Ilangan

Kosedanune npoBoasiuieii npaAMoyrojibHoii MeMOpPaHbI B MONEPEeYHOM
MATHUTHOM Mo0Jie

Ha ocnoBe teopun miuactuH Kupxroga u rumore3sl MarHUTOYHNPYTOCTH TOHKHX
tent C. A. AmOapuymsiHa, I'. E. Barnacapsuna, M. B. benyOexsina periaercs 3ajaua mar-
HUTOYNPYIUX KoyieOaHuii aist MeMOpanbl. Mccnenyercss BIUSHHE MarHUTHOTO ITOJIS Ha
JacTOTHI KOJNICOAHHUT.

U. U. Muyjub

Zunnpnhy munuiblynit Ukdpputh numnwinidubpp mynuhwywg
dwmqihuwljwi pupnnid

Yhphndh vwkph mbkunipju b U. U. Zwdpupdnidjwih, @. 6. fPunnuuwpjubh, U.
. Plmpbljjuih’ pupul vwpdhbibph duqihuwunwdquijuinpput qupush hhdwb
Jpw usynud £ dwqhuwwprwdquljub munwinidutph mughpp Jkdpputh hwdwp:
Zhnmwgnujuws E dwquhuwljul nuonh wqpbgnipmiip nmuwnwidwt hwdwhnipnii-
ubkph Ypu:
A. A. Papyan

The Vibrations of Conductive Rectangle Membrane in the
Transverse Magnetic Field

On the basis of the theory of Kirchhoff’s plate and the hypothesis of magnetoelas-
ticity of thin bodies of S. A. Ambartzumian, G. E. Baghdasaryan, M. V. Belubekyan,
the problem of the vibration of magneto-elasticity for membrane is solved. The influen-
ce of the magnetic field on the vibration frequencies is investigated.
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Axagemuk C. A. AmOapuymsH, K. b. Kazapsan

HJIaHapHI)Ie KoJIe0aHus 3JIeKTp0HpOBOI[ﬂHIeﬁ INIACTUHKH B
NONnepeIHOM MArHUTHOM I10JI€

(ITpencrasneno 9/VIII 2012)

KnroudeBble ciioBa: nianaphvie xonebauus, niaCmMuHKd, meopus MacHu-
moynpy2ocmu.

PaccmatpuBaercs 3amada 0600MIEHHOTO IIOCKOTO HAMPSKEHHOTO COCTOS-
HUS 3JIEKTPONPOBOJISAIICH IMJIACTUHKYA Ha OCHOBE TMITOTE3bI MATHUTOYIPYTOCTH
TOHKHX Tell. J[ist Toro, 94To0bI 000MTH HEOOXOAUMOCTh PEIICHUS YpaBHEHHM
ANEKTPOJIMHAMHUKHN B OKPYXKAIOIICH TUIACTUHY Cpelle, MPUHUMAETCS JOMOTHU-
TEJIEHOE TIPEIONIOKECHNE O BEIMYNHAX KOMIIOHEHT HATPSKEHHOCTH UHTYIIAPO-
BAHHOTO MarHMTHOTO IOJIS Ha JIUIEBBIX MOBEPXHOCTAX IuiacTuHKU. Mccnemye-
TCSl 3aBUCHMOCTD YaCTOT ¥ KO GHUIIMEHTA 3aTyXaHUs OT BEJIMYHHBI HATIPSKEH-
HOCTH HAYaJIBHOT'O TIONIEPEYHOI0 MATHUTHOTO TOJIS.

1. B GonpIIMHCTBE CiTydaeB 3a7a4yd KoJeOAHWH TUTACTHH JIENISATCS Ha JIBE
ABTOHOMHBIC 3a/IauM: IUIaHApHBbIC KoyieOaHus (0OOOIIEHHOE TUIOCKOE Hamps-
WKEHHOE COCTOSIHUE) W M3rHOHBbIC KoyieOanus (nornepeuyHsle kosebanus) [1-3].
N3BecTHO, 4TO B 337a4ax MarHUTOYNPYTUX KOJIEOAHHI IJIACTUH CYIIECTBCHHBIC
3¢ (}EeKThl BIUSHUS BHEIIHETO MATHUTHOTO IIOJII TOSBIISIOTCS TIPU HCCIENIO-
BaHUM M3TUOHBIX KoNeOaHwid [3-7]. 31ech CTaBUTCS BOIPOC: BOSHUKAIOT JIH Ka-
KHe-HUOYIb 9P QEKTHI B 33]1a4ax IJIaHAPHBIX MATHUTOYIPYTHX KOJICOaHUH.

[TmacTrHA MOCTOSHHOW TOJNIIWHBI 24 C TIOCTOSHHOM 3JICKTPONPOBOIHOC-
ThIO G HAXOJWUTCSA BO BHEIIHEM MArHUTHOM II0JIE C BEKTOPOM MAarHUTHOW WH-

AYKIIUA EO , HICPICHAUKYIISIPHBIM K Cpe,Z[HHHOﬁ IUIOCKOCTH TUTACTUHKU. B 3TOM

cllydae TpU JOMYIIEHUSAX TUIMOTE3bl MAarHUTOYNPYTOCTH TOHKHX TeN 3aJaqd
TUTaHApHBIX U U3THOHBIX KOoeOaHuil pa3nenstorcs [4].

CormnacHo [5] cucrema ypaBHEHMI MJIaHAPHBIX MarHUTOYMPYTUX Koieda-
HUH IMeEeT BUJT
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u 1-vd'u 1+v d*v 1-v'o

— +——— B y=
ox’ 2 ay2 2 dxdy E ¢ ”
1-v' % 1-v' o » du
= —at— 75k
E ot E ¢ ot
82v+1—v82v+1+v o’u l—vch 0
ay2 2 o’ 2 dxdy E ¢ (.1
3 1-v* v 1-v' o , Ov
E o E & %o’
dp do 19
7(P_£+,i:0,
dx dy «c ot
of 4 4 ou h —h
i.‘_ﬁw_?BleQ, (1.2)
ox ¢ c ot 2h

of 4nc  dmo v by —h,

O=—7 by —
dy ¢ c ot 2h
B cucreme (1.1), (1.2) u,v — TaHreHNMaIbHBIE IEPEMEIICHUS; [ — TIOTe-
PEUHBI KOMIIOHCHT MHIYIMPOBAHHOI'O MArHUTHOTO IMOJS; (), — TaHTCHITH-

aNbHble KOMITOHEHTHl MHIYLUUPOBAHHOTO 3JIEKTPUYECKOTO TOJNISA; E —MOIYyNb
ympyroctH, v — koaddurment IlyaccoHa, p — ITIOTHOCTh MaTepuaia IIacTHH-

KH; ¢ — 3JIEKTPOJUHAMUYECKAs TOCTOSHHAS.

Cucrema ypaBuenuit (1.1), (1.2) cocTtouT W3 mATH ypaBHEHHH OTHOCH-
TEJILHO TISITH UCKOMBIX QYHKIUH u, v, f, @,y . OmHako B (1.2) y4acTBYIOT Takxke
HEU3BECTHBIC BEJINYUHBI h1+ ,hl_ ,h; ,hz_ — 3HAYE€HUS TAHTCHIIMAJILHBIX KOMIIO-
HEHT UHAYIHMPOBAHHOTO MATrHUTHOTO TIOJISI Ha JIMIEBBIX TOBEPXHOCTSIX
IUTIACTUHBL 7 =+h.

+ .- g+ g-
JUIs HaxO0XKAEHWS BEIIMYUH hohy S hy L hy HEOOXOAMMO TaKXe pearh

YPaBHEHUS AIEKTPOIUHAMUKY JJIs1 00JIaCTH |z| > h. B nHacrosmieii pabote nena-
ercs JOIMyILEHHe, YTO 3TUMH BeIMYMHAMHI MOYKHO NpeHeOpeyb:
+ - + -
h' —h =0, hy —h, =0. (1.3)
B srom cnyuae cucrema ypaBHenwmii (1.1), (1.2) craHOBHTCS 3aMKHYTOW W HET
HEOOXOJUMOCTH TPHBJICUEHHUS YPaBHEHHH 3JIEKTPOAMHAMHKH JJSl BHEIIHEH
Cpenbl..
2. 13 BTOpOrO M TPEThETO ypaBHEeHUi cucteMsl (1.2) ompegensiorca Y u

¢ cienyromuM odpas3oM (¢ yuérom npudmwkenus (1.3)):

U Byou o O Buov @.1)
4G ox ¢ Ot 4G dy ¢ Ot
[Tocne moctanoBku (2.1) B cuctemy (1.1), (1.2) momywaercs crnemyromas

crcTeMa TpEX YpaBHEHHUI OTHOCHTEIBHO TPEX UCKOMBIX GYHKIMH U, V, f

383



8(8»1 avj By of 19

Au+®—| —+— |- =——,
ox\ ox dy) 4nG dx ¢, ot
d(u ov) Bozofr 19

PO A < I AL (2.2)
dy\ox dy) 4nGdy «¢; of

of o d(du ov
——— AN +Bj; —| —+— [=0.
ot 47mc or\ dx dy

B (2.2) ucnons3oBaHbl H3BECTHBIE 0003HAUYCHUS

E 1 G
S P A 2.3)
2 (1 + v) I-v p
st cuctemst (2.2) BBonuTcs npeodpazoBanue Jlame [§]
od ¥ od ¥
U=—+—, v=— ——. 2.4)
dx dy dy ox
[Tpu momomw (2.4) cucrema (2.2) U3BECTHBIM CIIOCOOOM TIPeodpazyercs K BUILY
19’ (1-v
PN
c, ot 4nE
of o OAD
—— Af + By, — =0, (2.5)
Jt 4moc S+ By ot
apo ! ¥
ct2 or’
B nepBoM ypaBHeHUH cucTeMbl (2.5) IpuHSITO
E
T —— (2.6)

(1-+")e

U3 cuctemsl (2.5) crnenyer, 4TO HaTU4YHEe MATHUTHOTO TOJIA BIUAET TOJBKO HA
MIPOJIOTIbHBIE BOJIHBI (CHCTEMa ypaBHEHUI OTHOCUTENbHO P U f ) U HE BIUSET
Ha IIaHapHbIE MOIepeYHble BOJIHbI (YpaBHEHHE OTHOCUTENbHO ¥ aBTOHOMHO).
Ecnu He BbImonHATH npeoOpasoBanue (2.4), ypaBHEHHE OTHOCUTENBHO YaCTOTHI
Koje0aHui momyuntest maToi creneHu. Cucrema (2.5) mMOKa3bIBaeT, 4TO B 00-
[IeM Clly4yae XapaKTepUCTHYECKOe YpaBHEHUE 3a/1a41 PaclaJacTcs Ha 1Ba ypaB-
HEHUS: ypaBHEHHE TPEThel CTENIeHH 1 YpaBHEHHE BTOPOH CTEIIEHH.

3. Jlnst GeckOHEYHOM TUIACTHHKHU PElIeHHe CHCTEMBbl ypaBHeHUH (2.5) oT-

HocutenbHo P w f mpexmcraBisieTcs CiemyOIHM 06pa3oM:

® = ® exp[ M —i(kx+kyy) ],

=15 exp[?»t —i(k1x+ kzy)].

31ech A — KOMIUIEKCHAs 9acToTa, k,,k,— BOJTHOBBIE YHCIIA.

3.1
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[Tocne moacranoBku (3.1) B (2.5) momydaercst cuctemMa M3 JIBYX OJHOPOJHBIX

YPaBHEHHII OTHOCHTEIBHO IPOM3BONBHBIX IOCTOSIHHBIX P, f, . U3 ycmoBus

paBeHCTBa JeTePMUHAHTA YKa3aHHOM CHCTEMBI HYJIIO IIOJy4YaeTcs ypaBHEHUE
0c3+£0c2+(1+yz)oc+8=0. (3.2)

B (3.2) ucnonb3oBadbl 0003HAYCHUS

A ko, (l—vz)Bé TR
o=—, €= v = ,k:\/k1 +k; . (3.3)

ke, 4moc, 7 4TE

ITo teopeme ['ypBuma ypaBuenwne (3.2) (s >0,y > 0) AMeeT OO0 OJIUH OTpH-

LaTeIbHBIA KOPEHh M JIBa KOMIUIEKCHBIX KOPHS C OTPUIIATEIBHON IeHCTBU-
TEJIBHOHN YacThiO, JINOO TPU OTPHUIATEIBLHBIX KOPHS. B ciydyae oTcyTcTBHS Mar-

2
HUTHOTO HOJIS (y = 0) KOpeHb O, = —€ omnpezenseT Ko3GUIUEHT 3aTyXaHus
BO30YXXIEHHOTO JIEKTPOMATHUTHOTO TOJIsA, @ KOPHU Ol, , =X — 4acTOThl Ko-

neCaHUi TITACTUHKY B CITydae UeaabHOTO MPOBOJHHUKA (e - 0)

o, =0, 0, =iyl+Y. (3.4)

4. B cityuae npsiIMOYIoJIbHON IJIAaCTUHKHU (axb) KOHEYHBIX Pa3MepOB, BBU-

Iy HaJU4YUsl BTOPOTO ypaBHEHUs CUCTEeMBI (2.5), HEOOXOAMMBI AOMOIHUTENb-
Hble TPaHWYHBIE yCIOBUA Ha KpoMKax. IIycTh npsMoyrosbHas IIaCTHHKA 3aHU-
MaeT 00nacth 0o < x<d, o< y<b.Ecnu cunrarh, 4TO IJIACTUHKA HHU IO KAKOH

CTOPOHE HE BKJIFOUEHA B AJIEKTPUUYECKYIO LIETIb, TO €CTECTBEHHO IPUHSTH PABEH-
CTBO HYJII0 HOPMAaJIbHOM COCTaBIISIOLIEH IUIOTHOCTH JJIEKTPUYECKOTO TOKAa Ha
KPOMKAaX IUIaCTUHBI:

Y, =0npux=0,a,

4.1)

Y, =0mpu y =0,b.
BrIpakeHHsI IIIOTHOCTH 3JEKTPUYECKOTO TOKA B MMONEPEYHOM MAarHUTHOM ITOJIE
HU3BECTHHI [1]:

By, du

B, dv

v.0l o+ — 1|y, =0| vy . (4.2)
c ot ’ c ot

C yuérom (4.2) u BeIpaxkeHuit 11 @ U Y u3 (2.1) rpannunsie yciosus (4.1)

MPUBOIATCS K BUTY

0
ai:0 mpu x =0,a,
Y 4.3)
0
i:0 mpu y =0,b.
X

He napymas oburHoCcTH, BMecTO ycnoBui (3.3) MOKHO HCHONB30BaTh CIETYTO-
IIYe TPAHUYHBIE YCITOBHS:
f=0mpu x=0,a; y=0,b. 4.4
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[Iyctp Ha KpoMKe IJIaCTMHBI x =const BMECTE C yclIoBHEM f =0 3a1aHbl
Takxe yciosus Hasee:

6, =0, u, =0. 4.5)
HpI/I OPUHATBIX 34€Ch NOMYIMICHUAX 9T YCIIOBUA IIPUBOAATCA K BULY
d
Moo v=0r=0. (4.6)
ox

Ucnonw3ys npeodOpazoBanue (2.4) u ypaBHeHue (2.5), TpaHUYHBIC YCIOBUS
(4.6), B CBOIO OUEpE/h, 3AMCHSIOTCS YCIOBUSIMH

0
®=0, =0, Y _o. 4.7)
ox
U3 (4.7) u cucremsl (2.5) cnemyeT, 4TO B 3TOM Cllydae MOKHO HCIIOIh30BaTh

METOA pasACICHUs IICPEMEHHBIX B BUIC PAIOB (Dypbe

P =30, (y)eiw"t sin p, x,
-l
! (4.8)
iw,r . _
f= Zlf" (y)e sin p,x , p, =nn/a.
n=
MoXHO TOKa3aTh, YTO NPU APYTHX BapUaHTaX TPAaHUYHBIX YCIOBHU METO pa3-

JICIICHUS TIEPEMEHHBIX HE TPOXOIUT. B 3THX cllydasx HEOOX0IMMO MPUMEHEHUE
pHOTIKEHHBIX METOIOB THIIA | anepkrHa wiu Puria.

Ecnu Ha Bcex CTOpOHAX MPSMOYTOJIBHOM IIACTUHKH (x =0,a,y= O,b)

3a1aHbl ycinoBus HaBbe M MiIacTMHKAa HE BKIIIOUEHA B JIEKTPHUUECKYIO LIEIb,
TOrZa pelleHHe 3aJadd MOXHO IIPEICTaBUTh B BHUIE NBOHHBIX pAnoB Dypse.
J1st Takol MIIACTMHKYM ypaBHEHHE, ONPEEINSIONIee YacTOThl MarHUTOYIIPYTHX
Konebanuit, mpuBoaUTCSA K Buay (3.2), ecnu k 3aMEHHUTH BHIpOKCHUEM

172
k:(plf+ui) , W =mn/b. 4.9)

Ha ocHoBe ypaBHeHus (3.2) B TaOauIle MPUBOAATCS YUCICHHBIE PACUETHI OTHO-
CHUTENBHO KOd(duienta 3aryxanusi U= —Re (k) u Oe3pa3sMepHOil OTHOCH-
TEIbHOM MHHUMAJIbHOM 4YacTOTHI O, =J m((x) B 3aBUCHUMOCTU OT HaIpsXKEH-
HOCTH BHEIIIHETO MarHUTHOIO NoJs B, . Pacuérel mpuBeneHs! A KBagpaTHOIl
MEIHOH INIAaCTUHKY € IIapaMeTpaMu

a=10cm ,E=1.12-107 qm/em®, p=8.9 2/em’, 6=53-10"c ;v =0,34.

B, (103 raycc) ) (c_1 ) %
5 0.0024 | 1.0000
10 0.0474 | 1.0009
50 0.1374 | 1.0082
100 1.2410 | 1.0142
200 3.8927 | 1.0974
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Takum 00pa3oM, W3 YHUCIEHHBIX PE3yNbTaTOB CIEAYeT, YTO B OTJIUYHE OT
M3rUOHBIX KoJieOaHUH IIacTUHKM [S] (rne BAMSHHE MarHUTHOTO HOJS Cylie-
CTBEHHO) ISl TUIAaHAPHBIX KOJEOaHWI BHEIIHEE MarHUTHOE IOJie HaNpsDKEH-
HoCcThI0, He peBbimatomieir 50000 raycc, He CyIIeCTBEHHO YBEINYHBAET YacTO-
Ty Konebanuil. C Apyroil CTOPOHBI, UMEET MECTO CYILIECTBEHHOE U3MEHEHHUE KO-
s dunreHTa 3aTyXaH!s aHAJIOTHYHO CIyYar0 U3THOHBIX KOJIeOaHHIA.

OTMeTUM, YTO OTHOCHTENbHAs YacToTa KoJeOaHWH Ui MPHUBENEHHBIX B
TabiMLe 3Ha4eHU HaNpsHDKEHHOCTH BHEIIHEr0 MarHUTHOTO IO IPaKTHYECKH
HE 3aBUCHT OT JUIMHBI IUTacTHHKH d . KoaddummenT 3atyxanus cymiecTBeHHO
3aBUCHUT OT JJIMHBI IJIACTUHKH U U3MEHseTca Kak o ~1/a. B ciyuae, xoraa
IUTAaCTHHKA BKJIIOUEHA B 1IETIb IEPEMEHHOT0 JIEKTPUYECKOTO TOKA

J.=Jysinot mpn x=0,a, (4.10)
rpanuunbie ycnous f = (0 HE0OXOIUMO 3aMEHUTH Ha
of 4mnJ
—fziosincotnpn x=0,a. 4.11)
dy c

VYpasuenue (2.5), B cirydae ycnoBuii (4.11), onpenensier 3agady BRIHYXKISHHBIX
KoneOaHN MAarHUTOYNPYTOH IUTACTHHKH.

Wncturyt mexanuku HAH PA

Axanemuk C. A. AmMOapuymsH, K. b. Kazapsn

H.]IaHale:Ie KoJe0aHus BHeKTPOHPOBOHﬂmeﬁ INIACTUHKH B
nmonepevuHoM MaroHuTHOM I110Jie

B pamkax Teopuu MarHUTOYNPYrOCTH TOHKHX TeJl MCCJIeJOBaHa 3ajaya IUaHap-
HBIX KOJIeOAaHMH 3JIEKTPOIPOBOIAIIEH TUIACTUHKY O] ISHCTBHEM BHEIIHETO Holepey-
HOT'0 MarHUTHOT'O NOJIs. VI3y4eHo BIMSHHE MHTEHCUBHOCTH MarHUTHOT'O MOJISl HA YacTo-
Ty KosieOaHuii 1 KO3 QUIMEHT 3aTyXaHHs.

Uljwunptdhlynu U. U. Zudpupdmujub, 4. 8. L wqupui

Zwunnprhy uwh yuwbwp nunuitnudbbpp mpquhwyug
dwmquhuwlwi puonmd

Pupuluyun dwupdhtubph dwqihuwwpwdquljutnipjut mkunipjub spowtuly-
ubpnud hbnwgnujws t LEjunpwhwnnppps vwih yubwp wwnwbnwlubph juunhpp,
Epp uwp quinynud £ wpnwphtt ninquhwjwg dwqthuuwt nuonnud: Zknwqnundus
dwquhuwlut nuonh wqpkgnipmniip hwdwpwjuwinipmnibbph b Jwpdwt gnpsuligh
Ypu
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Academician S. A. Ambartsumian, K. B. Ghazaryan

Planar Vibration of Electroconductive Plate in a Transverse

Magnetic Field

In the framework of the magnetoelasticity theory of thin bodies the planar (in-
plane) vibration of electroconductive plate is studied under the action of an external
transverse magnetic field. The influence of magnetic field intensity on vibration fre-
quency and dumping coefficient is investigated.

—_

JIureparypa

Ambapyymsn C. A. Teopus anuzorponHsix miactud. M. Hayka. 1987. 360 c.
Aeanosan JI. A. AcuMuToTHueckasi TeOpHsl aHU30TPOIHBIX IIIIACTHH U 000J10-
yek. M. Hayxka. 1997. 414 c.

Vashakmadze T. The theory of Anizotropic Elastic Plates. Dordrecht /Boston/
London. Kluwer Acad. Publs. and Springer, 2010. 256 p.

Kaliski S. - Proc. Vibr. Pol. Acad. Sci. 1962. V.3. Ne4. P. 225-234.
Ambapyymsn C. A., Bacoacapsn I. E., Berybexksan M. B. MarHUTOynpyrocthb
TOHKUX 00osouek u ractud. M. Hayka. 1977. 272 c.

Ambapyymsan C. A., baeoacapsn I'. E. DnexTponpoBOISsIIIE IACTUHKA 1 000-
JIOYKH B MarHUTHOM 1ojie. M. ®usmariut. 1996. 286 c.

Ambapyymsan C. A., benybexsan M. B. - BecTHUK WH)XEHEPHOH akaaeMuu Ap-
menuu. 2006. Ne 3. C. 394-399.

Hosayxuii B. Teopus ynpyrocta. M. Mup. 1975. 872 c.

388



2UB8UUSUULE @PSNPESNPLLVLELE UQQUSPL UUYUTGURU
HANOUWOHAIUBHAA AKAJEMMHUSA HAYK APMEHUH
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

NOKJIAIBI QBUYNP38LED REPORTS
11 2012 No 4

PU3BUKA
VIK 621.315

. b. Aﬁpanemnl’z, O. X. TeBocsin'

JIeKTPOHHBbIE COCTOSTHUS U MIPAMOE MeK30HHOE MOTIJIoNIeHne
cBeTa B cepruecKoil KBAHTOBOM TOYKe ¢ MOAU(DUIIMPOBAH-
HbIM noreHuuanaoM Iemuisa —Tesutepa

(IIpencraBneno akagemukom 2. M. Kazapsanom 8/VI 2012)

KioueBble ci10Ba: cgepuyeckas Keanmosas mouxa, MOOUDUYUPOBAHHbIL
nomenyuan Iewns — Tennepa, npsamoe medic3onnoe nozioujenue ceema

1. BBeaenue. [Iporpecc coBpeMEHHBIX MOIYHPOBOAHUKOBBIX TEXHOJIOTHI
cienang BO3MOXHBIM IIPOU3BOJACTBO HU3KOPA3MEPHBIX IOITYIPOBOAHUKOBBIX
CTPYKTYP, B KOTOPBIX JIBIDKeHUE HOocuTenel 3apsaaa (H3) orpannyeHo B ogHOM,
JIBYX U Tpex HampasieHusx. K meppomy kiaccy HU3KOpa3MEpHBIX MOIYIPOBOJI-
HUKOB OTHOCSTCS pazMepHo kBaHToBaHHble (PK) mnenku, ko BTOopomy — PK
TIPOBOJIOKY Pa3IMYHBIX CEUYEHUH, a K TpeTheMy — kBaHTOBbIe Touku (KT) [1-3],
BBIpAILIEHHbIE B pa3IMYHBIX AUIIEKTPUIECKUX MaTpuLax. B nocieanue nsa-tpu
necsaTueTrs: ocodeHHo Bo3poc nHTepec kK KT pasnnaasix popm u pasmepos |1,
4-6]. BaxxubIM oTiIHYHEM MOIYNPOBOIHUKOBBIX KT OT BBIIEYIOMSAHYTBIX HU3-
KOpa3MEpHBIX CHUCTEM SIBIISIETCS IIOJIHAsS KBAHTOBAHHOCTh SHEPrETHYECKOTO
cnektpa H3 B Hux.

OrpaHn4uBaOIUN MOTEHIIUAT B OOJBIIMHCTBE CIIY4acB C OOJBIION TOY-
HOCTBIO alIIPOKCUMUpPYETCA NapabondeckuM nHoTeHuuanoM. OnHako B Jeit-
CTBUTENBHOCTH NapaboINYecKuil MOTCHIUAN Peaiu3yeTcs TONbKO Ui HUKHUX
SHEpPreTHYecKUX ypoBHEeH. O4eBHIHO, YTO C POCTOM KBAaHTOBOI'O 4YHUCIIA XOJ
OrpaHUYUBAIOIIETO MMOTEHIIMANA PACXOIUTCA ¢ nmapadonudeckuM. s 6oee yc-
NEIHON U PeATUCTUYHOHN alpoKCUMay (GOPpMUPYEMOT0 OIPaHUYHUBAIOLIETO
MOTEHIIMANIA TPEIOKEHO HCIOJIB30BaHUE MOAU(HUIMPOBAHHOTO IMOTEHIHANA
Memus—Tennepa (MIIIT) [5,7].

B nacrosmieii pabore nccienoBaHbl dIEKTPOHHBIE COCTOSHUS U MEX30H-
Hoe mornomenue cBera B chepuueckord KT ¢ MIIIT npu pexwme cribHOTO
pa3sMepHOro KBaHTOBAHUS.

2. DJIeKTpPOHHbIE COCTOSIHMSA. PaccMOTpUM JIBHXKEHUE YacTHULBI (JIEKT-
poH, apipka) B chepuueckoit KT ¢ orpanmuuBarommm MIIIT npu pexume
CIWJIBHOTO pPa3MEpHOro KBaHTOBaHUA. IIpu 3TOM 5Heprusi KyJIOHOBCKOIO
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B3aMMOJICHCTBUSL MEX/Y JIEKTPOHOM M JBIPKOW HAMHOT'O MEHBIIIE, YEM 3HEp-
v, O6y0ﬂ0BHeHHaﬂ crenkamu KT. Torz[a MOKHO B IraMUJIbTOHHMAHC CHUCTCMbI
npeHeOpeyb WICHOM, XapaKTepU3YIOIUM KYJIOHOBCKOE B3aUMOJEHCTBUE MEXK-
Ay DJEKTPOHOM H HLIpKOﬁ. B strom CJIydac 3aJada CBOAUTCA K HAXOXKACHUIO
SHEPreTUYECKUX YPOBHEH 3JIEKTPOHA M JIBIPKU 1O OTAENBHOCTH. B gekapToBBIX
KoopavHaTax JJIst HOTeHHHaHBHOﬁ OHEPTUH YaCTUIIbI MOXXKHO HAIMCAaTh
U(x,v,2)=%|0,-0,/ ch? A e9)

i=1 .
i

rne U ; ¥ [, — COOTBETCTBEHHO, NIyONHAa ¥ MONYIIHPUHA IIOTEHIMAIBLHON SIMBI,

i=1,2,3, Q,=X,Y,Z [7]. Ha puc.1, a, b npuBeneHs! 3aBUCMMOCTH IIOTEHIHA-
JIbHOHM 3HEepruu 4yacTUIbl OT MOJIYIUMPUHBI U ITyOMHBI NOTEHLUAIBHON SIMBI.
Pamgnyc chepudeckoii KT cBsizaH ¢ HMONYITUPUHON MOTCHIIUATIBHON MBI COOT-
HOLIEHHEM R, = ¥,[5;, TA€ apaMeTp ¥, ONPEAENAETCS U3 SKCIIEPUMEHTA.

40

CE LT TP rerr LT T T L |

U

F
30|
!
[
0/
10}

[1]3

-4 =2 0 2 4+

Puc. 1. Monuduuuposanusiii norenuuan [enus—Temnepa: a — 11 pa3IMYHbIX 3HAYe-
HUH MOJTYIIUPUHBI TOTEHIHAIBHON sMBI; O — JUIA Pa3IMYHBIX 3HAYEHWH TITyOMHBI MO-
TEHI[UAJILHOHN SIMBL.

I'amMuIbTOHMAH CUCTEMBI B 6e3pa3MepHHX BCIIMYNHAX MOXKHO IIPEACTAaBUTH
B BUJAC CYMMbI TaMUJIBTOHHAHOB MTOJCHUCTEM
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A=A, @

rae
. 09’ U,
i == a 2 - l (3)
~ H, . U,
3neck BBesieHBl OoOO3HaueHus: H, =—-, g, Zg, q,=x,y,z, U =—,
R aB ER
B n Kh’
B =", E, =——— — d{dexrunas oueprus Punbepra, a, =—— -
ag 2m,a, m,e

3 PeKTHBHBIN OOPOBCKUH pajMyC YaCTHIBI, K — JAMAJICKTpUYECKas MPOHHIIAC-
MOCTb, m; —3QQeKTUBHAS Macca YACTHIIBI, € — 3apsi]] YaCTHIIbI.

[TomHyt0 BOJTHOBYIO (DYHKITUIO CHCTEMBI UILEM B BUJIC
(x,.2 H ¥, ( (4)

Torma 3amada CBOIUTCS K HAXOXKICHHUIO DHEPreTUYECKUX ypPOBHEH
MOJICUCTEM IO OTACIBHOCTU. [locie MoJICTAHOBKU BOJHOBBIX (YHKITUI
MOJICKICTEM B COOTBETCTBYMOIIee ypaBHeHue lIpenunrepa, BBeas] HOBBIC

r 1
0003HaYeHN é:, = th(ﬁj 5 S :7[—1+./1+4ﬂ?U,} , IOJTy4aeM
. 2

rae BBEJICHO o0o3HaYeHHE £ = E—‘ . Pemrenue ypaBHEHUs

R
Error! Reference source not found. HILIEM B BUJIE

v (f) ( fz )8/2 (é) U TOrma s Q(f,) nojy4aeM ypaBHEHHUE
Kymmepa [8]

(- e ) 0-2s)0(6)-

2 2
_(Si_si)(€i+si+1)g(§i):09

peuIeHre KOTOPOro 3a4a€TCs TUIIEPreOMETPUYECKON cpyHKuI/Iei'I T'aycca
-£
Q(é)aﬁ{e ; (7)

OKOHYATEIFHO BOJTHOBAS (I)YHKHI/I)I CHUCTEMBbI IPUMET cnez[y}ou_uzn‘/i BU:

(6)
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&12

3 ; 1-th(q;/p;
@, (x,y,2)=CII| 1-’ 4 K ei—si,€i+si+1,ei+l,M (8)

i=3 . 2

1
raoe C - HOPMHPOBOYHAA KOHCTAHTA, a 3HepreTH‘IeCKHﬁ CIICKTP YaCTHUIIbL 6y-
JAET ONIPEACTIATHCS BBIPAXKCHUEM
3 1 > TP
& =X~ |:—(1+2n,.)+\/1+4ﬂiU,.:| 9)

45

i
e n, — KBAaHTOBBIE YHCIIa, KOTOPBIE MpHHUMAalOT 3Havenus n, =0,1,2,....

3. IIpsimoe Mek30HHOE MoOTJIoNeHHe cBeTa. [lepeiinem Kk paccMOTpeHUIO
MPSIMOTO MEXX30HHOTO IMOTJIOIICHHS CBeTa B KBaHTOBOM Touke ¢ MIIIIT B pexu-
Me cuiibHOro PK, xorja KyJIOHOBCKMM B3aUMOJIEHCTBUEM MEXKAY IEKTPOHOM U
IBIPKOH MOXKHO MpeHeOpeub. PaccMoTpuM ciydail TsDKENOM ABIPKH, KOTJa

m, < m,, e m, u m, —3pQeKTUBHAA Macca dJIEKTPOHA U JABIPKU COOTBET-

cTtBeHHO. Torma Koa(b(bHuHeHT TIOTJIOIICHHUS OIIPEACIISIETCS BBIPAXKCHUEM [9]
2
h - I
K=4% ‘[rbjcbj,dr‘ 5(hQ—Eg -E -E‘},), (10)
v,v'
rice v u Vvo— Ha60pH KBAaHTOBBIX YHUCECJI, COOTBETCTBYIOIIUX JJICKTPOHY U Ts-
JKeJroi ABIPKE, E ¢ IIHMpHUHA 3aHpeH.IeHHOI>'I 30HBI MAaCCUBHOT'O MOJYIIPOBOAHU-

Ka,  — YacTOTa MaJarollero CBeTa, A — BEIMYHHA, NPOIOPIMOHATIbHAS KBa/l-
paTy MaTpUYHOTO SJIEMEHTa, B3ATOTO MO OJIOXOBCKUM (DYHKIIHSM.

J1iist IOPOTOBBIX YAaCTOT, YYUTHIBAS BBIPAKCHHS [UISl SHEPTUH JJIEKTPOHA U
IIBIPKH (M. ypaBHeHHE (9)) mosryyaem

NG B <2 .
3| d? B\ U m B\ U m
Wopo =1+ 2| ——; 'u* L4 2L —Le g ,u* 1+4] 2L | L2 1, (1D)
= 287 | m, d) E, u m, d) E, p
n’ hQ mom,
tne d= |——, Wyo=—2, pu=—3% — npusencHnas >ddeKTusHas
2,UEg Eg m, +m,

Macca 3KCHTOHA.

PaccmoTpum Tenepp npaBuiia oTOOpa IpH KBAHTOBBIX mepexonax. OTme-
THM, YTO BO3MOJKHBI IIEPEXO0JIbI MEKAY FHEPIreTHUECKUMH YPOBHIMU C JIIOOBIMU
COOTBETCTBYIOIIMMH KBaHTOBBIMH 4HCJIaMu. MIHaue roBopsi, paspelleHsl Iepe-

’
XOJIBI C JIFOOOT0 71; K IH000MY 7, .

4. O6cyxnenne. [lepeiinem Kk 00CYXIEHHUIO MOYUYEHHBIX pe3ynbpTaToB. Ha
pHcC. 2 IpUBEICHA TPEeXMEpPHasi 3aBUCHUMOCTb YHEPTHU JIEKTPOHA OT BEIMYHHBI
MTOTYIIUPHUHBI U TITyOWHBI MOTEHITHAIEHON sIMBI. OTMETHM, YTO YHCIICHHEIE pac-
4etsl caenanbl it chepudeckoit KT ¢ MIIIT u3 GaAs co crienyromumu ma-

* *
pamerpamu: m, =0.067m,, m, =0.45m,, x=138, E, =5275M3B, a, =104.
Bce HmkenpuBeneHHBIE pacyeThl CHCNAaHBI I Cioydas, KOrja IapaMeTphl
cepuueckoit KT mo Bcem HampaBieHHsM OAMHAKoBbl (B, =f,=f,=f un
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U, =U, =U, =U,). Kak BusiHo u3 puc. 2, ¢ yBeIMIECHUEM NIOTYIIMPUHEL IIOTEH-

LUaJIbHOM SMBI DHEPIUsl 3JIEKTPOHA YMEHBINAETCS, YTO SIBJIETCSA CIIEACTBHEM
YMEHBIICHUs BKJIaJa Pa3MEPHOTO0 KBaHTOBaHUS. HyKHO OTMETHTH, YTO C yBe-
JIMUYEHUEM IOJIYIIUPUHBI TOTEHUHUAIbHON SIMbl YMEHBIIAIOTCS TaKXKe MEXY-
POBHEBBIC PACCTOSHHUS DHEPTUH, MHBIMHU CIOBAaMH, SHEPTETHUYECKHE YPOBHH
commxarotcs. OOpaTHas KapTHHA HAONIOIAeTCsl IPU W3MEHEHUH TIyOWHBI T10-
TEHLMAIBbHONW SIMBL: C yBEJIMUYEHHEM INIyOMHbI MOTEHLUAIBHON SMBI 3HEPIUs
3JIEKTPOHA YBEIUYMBAETCS, a YHEPTeTUUECKHE YPOBHHU OTHANAIOTCS. DTO 00ycC-
JIOBJICHO T€M, 4TO YyBEeIMYMBaeTcs BKJIa] cTeHok cdepuueckorr KT ¢ MIIIT B
SHEPTUI0 DJIeKTpoHa. YacroTa TmepexoJa MeXIy OCHOBHBIM YPOBHEM
(n, =n, =ny =0) ¥ BO30YKAEHHBIM ypPOBHEM (1, =n, =ny =1), Ipu HUKCHUPO-

13 -1
BaHHBIX 3Ha4YeHUsAX fF=1, U, =40 nomyyaercs @=4.68-10"c ~, 4TO COOT-

BETCTBYET HH(MPAKPACHOMY JHANa30Hy CHEKTpA.

Puc. 2. TpexmepHas 3aBHCUMOCTb SHEPrHMH 3JIEKTPOHAa B C(HEpUUECKOH KBAHTOBOM
TOYKE OT MIyOMHBI M MONYIIHPUHB MOAWGHUIMPOBAHHOTO mNoTeHnmana Ilemuis —
Tennepa.

60 80 100 120 140 T 30

a aA mh UI:I

Puc. 3. 3aBucumocTsb kpas noryomeHus ot nonymrpuasl MIITT npu ¢pukcupoBaHHBIX
3HAYECHUSX TITYOMHEI SIMBI (a) U TJIYOWHBI SIMBI IPH (DUKCHPOBAHHBIX 3HAYECHHSAX IOy~
upussl MITIIT (6).
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Ha puc. 3, a, b mpuBeneHs! 3aBUCUMOCTH IOPOTOB MTOTJIOUIEHUS, COOTBETC-
TBEHHO, OT IOJIYIIUPUHBI U TITyOUHBI IOTEHIUAIBHON MBI IIPU PEKUME CHJIb-
HOT'0 pa3MeEpPHOro KBaHTOBaHMA. Kak BHIHO U3 PUCYHKOB, C YMEHBIIEHUEM I10-
JYHUIHPUHBI TOTEHIMAIBHOM SIMbI Kpail IIOTJIOLIEHUS YBEIUYMBAETCS. DTO SIBJIA-
€TCsl CIIEACTBUEM TOTO, UYTO C YMEHBIIEHHEM MapaMeTpa [ MmupHHa d3PPEKTHB-

HOM 3ampelnieHHoN 30HbI yBenuuuBaercs. Ha puc. 4 npuseneHa cxemarudeckas
WIDTIOCTPAIVSL, HATJIIAHO TTOKA3bIBAIOIIAs YBEIMUCHHE MHUPHUHBI 3 deKTHBHON
3aMpelIeHHON 30HbI IPU U3MEHEHUH MOTeHIUATBHOM MBI, KOTJa TONyIIUpUHA
£ ymensbiuaerca. OOpaTHas KapTuHa HabI0AaeTcs IPU YMEHbIICHUH TIyOUHBI

MOTEHIMATFHON MBI, B 3TOM cityuae mmpuHa 3 hekTHBHON 3anpelneHHoi 30-
Hbl yMeHblIaeTcsi. Pe3toMupys BBIIIECKa3aHHOE, OTMETHM, YTO YMEHBILICHHE
MOJIYIIUPUHBI TOTEHIIMATBHOM SIMbl IPUBOJUT K “‘CHHEMY’ CMEIIEHHIO II0POTro-
BBIX YaCTOT, & YMEHbLIEHHE MTyOWHBI MOTEHIIUAIBHOU MBI — “KpacHOMY” cMe-
LIIEHHUIO TIOPOTOBBIX YacTOT.

— P
“, o
| el
E.EQ Egl Eg
L
_____.f"" P - \___._-_-_

- - e -

Puc. 4. CxemaTHueckas WIUTIOCTPAIUS M3MEHEHHUsS MIMPHUHBI S3QPEKTUBHOI 3ampeiieH-
HOM 30HBL

'Poccuiicko-ApmsHekuit (CTaBSIHCKHIT) YHEBEPCHTET
T OCYIapCTBEHHBI WH)XKEHEPHBIH YHUBEPCUTET ApMEHUH

. b. Aiipanersn, O. X. TeBocsiH

DJIeKTPOHHBIE COCTOSIHUS U NPSIMOE MeK30HHOE MOTI0IeHHe CBeTa
B cepryecKoil KBAHTOBOI TOYKe ¢ MOAU(PUIUPOBAHHBIM
norenuuanoM Iems — Temiepa

HccnenoBaHbl 31€KTPOHHBIE COCTOSHUS U MIPSIMOE MEX30HHOE MOTJIONICHHE CBETa
B ceprueckoil KBAHTOBOW TOYKE C MOIU(HUIIMPOBAHHBIM MoTeHIManoMm [lenuis—Ten-
nepa. [TonydeHbl aHATUTHYSCKUE BBIPAKCHUS TSI SHEPTHH U BOJHOBOW (DYHKIMH Yac-
THUIBL. BBISBICHA 3aBUCUMOCTD Kpasi MOTJIONICHHSI OT MOJTYIIMPUHBI U TIIYOHHBI TOTCH-
LIUAJBFHOU SIMBI B PEXUME CHJIBHOTO pa3MEpHOro kBaHToBaHus. [lokazaHo, 4TO yMeHb-
LIEHUE MONYIIUPUHBI MOTEHIIMAIBHON SIMBbI IPUBOJUT K “‘CHHEMY’ CMEILEHHUIO MOPOTo-
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BBIX YaCTOT, & YMCHBIIICHHE TNTyOUHBI OTECHIIMATHHON SIMBI — “KPacHOMY  CMEIICHHUIO
MOpPOTOBHIX YacToT. [lomydens! mpaBuiia 0TOOPOB [JIsI KBAHTOBBIX ITEPEXO/IOB.

T B Zujpuy by, 2. . Bhnuywt

Eiijunpnuwght Jpgwlutpp b jnyuh ninhn dhegnunhwljub Jjuunwip
Mok -Ohp tph dbwhnjudws ynntighwny qunuyhtt puttnuyghis
YhEnmd

Zknwgnuyby) o Mhob-@hjtph dbwthnjudus ynnkughwing qunughtt pJubinw-
1ht YEnnud BiEjunpnbughtt Jh&uljutipp b jnyuh ninhn dhpgnunhwjwt fuwinwdp: Unw-
gyt Ll Jpnudwlub wpnwhwjnnipmniibtkp duuthyh fubpghwljwt uykuph b wih-
puyhlt $niljghuyp hwdwp: Quhuwyhtt pJutnnugdw nidtn nkdhdh glypnud goipu &
pbpyt Jubdwi obdwghtt hwdwjunipiniatiph jupujusnipiniup thnuh junpnipniihg b
Yhuwjuyunipinithg: 8nyg k wipyt), np thnuh Jhuwjwjinipjut thnppugnudp phipnud k
wwhiwiuyhtt hwgwnipnitlitph Guynipns sknuwip, hul unpnipyub thnppugnudp’
uwhdwbuwghtt hwdwpunipmibubph «qupuhpr obnuup: Unwgyl) Eu pyubnught wu-
gnulutiph hwdwp onljdwb Jubnubpp:

D. B. Hayrapetyan, H. Kh. Tevosyan

Electronic States and Direct Interband Light Absorption in a
Spherical Quantum Dot with Modified Poschel - Teller Potential

Electronic states and direct interband light absorption in the spherical quantum dot
with modified Poschel-Teller potential have been investigated. Analytical expressions
for the energy and wave function of particle have been obtained. Dependence of the ab-
sorption edge on the half-width and dept of the potential well in the regime of strong
sized quantization have been revealed. It has been demonstrated that the reduction of
the half-width potential well leads to the “blue” shift of threshold frequencies, and the
reduction of the depth of potential well leads to the “red” shift of threshold frequency.
Selection rules for quantum transitions have been obtained.
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It is well known that growth and hydrogen (H,) production rate by photo-
synthetic bacteria vary depending on the microbial culture type, character of
substrates utilized and the other factors, namely anaerobic conditions and
temperature [1, 2], pH [2], light [1, 2], carbon and nitrogen sources [1-3], and
metal ions [2, 4].

Various metals ions such as iron (Fe), magnesium (Mg), molybdenum
(Mo), calcium (Ca) are necessary for growth and metabolism of most microor-
ganisms. Firstly, Fe, Mg, Ca, and Mo ions were used as Rhodobacter sphae-
roides and the other purple bacteria growth medium components [2, 4, 5]. Now,
Fe, Mo and nickel (Ni) ions are known as the components of several enzymes
involved in H, production, such as hydrogenase and nitrogenase [5-10]. Mg
ions are one of the most abundant elements within microorganisms. Various
photosynthetic pigments such as bacteriochlorophyll (Bchl) contain Mg** [5]. In
addition, these are also various enzymes activators [5].

The effects of different metal ions on H, production during dark-fermen-
tation have been studied by different authors [2, 11-13], the effects of these ions
on photo-fermentative H, production are less examined [5, 9, 10]. In all cases,
mechanisms of these effects are not clear, one of the possible mechanisms can
be connected with the influence of the metal ions on photosynthetic system for-
mation processes.

The purpose of the present work is to study growth specificity of R. sphae-
roides MDC6521 in the presence of different concentrations of Fe** and Fe’*.
Growth properties such as specific growth rate as well as absorption spectra,
medium pH and redox potential (ORP) during H, production were investigated.
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Materials and methods. Bacteria and preparation. The purple non-sulfur
bacterium R. sphaeroides MDC6521 (Microbial Depository Center, Armenia,
WDCMS803) used in this study was isolated from Arzni mineral springs in Ar-
menia [4, 14]. R. sphaeroides was grown in anaerobic conditions in Ormerod
medium at 30+ 2 °C under illumination of approximately 1500 lux [3, 14].Suc-
cinate (3.54 g L") and yeast extract (2 g L") was used as sole carbon and nitro-
gen sources [14]. It should be noted that the springs are related to the weak-acid
(pH 6.5-7.5) carbonaceous waters containing Mg, Ca, and Fe among a wide
range of chemical elements and various microelements. The concentrations of
FeSO,-7H,0 and FeCl; in the growth medium ranged from 40 to 120 pM.

pH and ORP measurement. The medium initial pH was adjusted to 7.0 by
means of 0.1 M HCI or NaOH by a pH-potentiometer (HANNA Instruments,
Portugal) with selective pH electrode (HJ1131B) [3, 4, 14]. ORP of the medium
was measured by platinum electrode (EPB-1, Electrometer Equipment State En-
terprise, Gomel, Belarus; PT42BNC, Hanna Instruments, Portugal) as described
elsewhere [3, 14].

Determination of bacterial growth. Bacterial growth was monitored by a
Spectro UV-Vis Auto spectrophotometer (Labomed, USA) by changes in ab-
sorbance of cell suspension at 660 nm [14]. Specific growth rate (h™) was deter-
mined as described [4, 14]. The absorption spectra of R. sphaeroides suspension
were recorded at the wavelength region of 400 to 1000 nm on a programmable
Spectro UV-Vis Auto spectrophotometer (Labomed, USA) [4, 14]. For obtain-
ing comparable data the original spectra were subtracted of the scattering and
normalized to the same cell concentration.

Reagents used; data processing. Yeast extract (Carl Roths GmbH, Ger-
many), succinic acid (Unichem, China), and the other reagents used were of
analytical grade; used acid was neutralized by NaOH. The average data are re-
presented from three independent experiments; the standard errors were cal-
culated as described [3, 14] and did not exceed 5% if not indicated.

Results and discussion. The growth properties were monitored during
phototrophic growth of R. sphaeroides in Fe** and Fe’* containing medium. The
concentration of Fe** and Fe** added in growth medium ranged from 0 to 120
uM. All concentrations of used ions supported the R. sphaeroides phototrophic
growth. When Fe** and Fe®* ions added in the culture medium cells final yield
was higher than the control (no additions) (Fig. 1). This indicated that used ions
could promote the growth of purple bacteria. In all cases, the optical density
(OD) of the cultures reached a maximum value at 72 h, after which OD decrea-
sed.

In the presence of Fe** (40-120 uM) specific growth rate was larger than
that of control (Fig. 2). The highest growth rate was obtained for bacterial cells
with 80 uM Fe®* (see Fig. 2), indicating that Fe’* could promote the growth of
these bacteria. The value of specific growth rate with Fe’* was almost the same
as the control in all concentrations (see Fig. 2).

Phototrophic growth of R. sphaeroides is known to result by synthesis of
the photosynthetic apparatus, which consists of two light-harvesting (LH) com-
plexes (B800-850 and B875) surrounding a photochemical reaction center [1,4].
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The LH complexes consist of polypeptides and pigments combination, such as
carotenoids and Bchl a [1]. The absorption spectra of R. sphaeroides intact cells
grown with Fe** and Fe’* were investigated in order to reveal light harvesting
pigments synthesis. As shown in Fig. 3, in all absorption spectra were observed
the various peaks in 400-1000 nm wavelength region, which are typical for
purple non-sulfur bacteria and are indicators for their LH components [4].
These peaks could be assigned to carotenoids (450, 478 and 510 nm) and Bchl a
(590, 800, 850 and 875 nm), respectively. R. sphaeroides pigments have been
found to be sensitive to the growth medium content [4,14]. As shown in Fig. 3,
the various concentration of Fe** was not affected on the light harvesting pig-
ments synthesis, such as carotenoids. However, decrease in the level of B80O-
850 complexes was observed with increasing Fe’* ion concentration.
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Fig. 1. Anaerobic growth of R. sphaeroides MDC6521 at illumination at succinate
containing medium at Fe** and Fe’* various concentrations. Growth was monitored by
absorption determination (see Materials and methods).
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Fig. 2. The effect of Fe?* and Fe** various concentrations on R. sphaeroides MDC6521
specific growth rate.

Fig. 4 shows the effects of Fe** and Fe** various concentrations on medium
pH variation during bacterial anaerobic growth. The results obtained showed
that, the final pH in the presence of all ions was higher than the initial pH,
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which is important factor for the bacterial growth [3.4,14]. Increase of medium
pH were shown in our previous papers [3,14], but growth time dependence
change of pH and its variation for different metal ions were not reported. Vari-
ous organic substrates stimulate growth of bacterial culture with alkalization of
the medium [3]. As shown in Fig. 4, during the growth in the presence of used
metal ions up to 72 h medium pH increased from 7.0 (initial pH) to 9.0-9.5.
This result was connected with the uptake of organic acids and extrusion of OH"
ions or with the formation of various products such as polyhydroxybutyrate [4].
Then, pH followed to ~9.0, which was probably connected with formation of
fermentation end-products, which decay with H, production.
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Fig. 3. Dependence of the absorption spectra of R. sphaeroides MDC6521 suspension
on Fe** various concentrations. The absorption spectra were recorded as described in
Materials and methods. D was optical density.
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Fig. 4. The change of pH of R. sphaeroides MDC6521 during the anaerobic growth at
illumination in succinate containing medium at Fe** and Fe’* various concentrations.
The pH was measured at regular intervals by using a pH-potentiometer (see Materials
and methods).
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The ORP can be considered as the key factor determining bacterial anae-
robic growth, which is connected with falling of ORP from positive to negative
values [4,14]. Decreasing ORP indicates to enhancement of reduction processes
related to formation of fermentation end-products, production of amino acids
and synthesis of proteins and other compounds which apparently is typical for
the metabolic processes during the cell anaerobic growth [4,14].

Various concentrations of Fe** ions affected on ORP of R. sphaeroides
during the anaerobic growth upon illumination (Fig. 5). Actually, ORP of R.
sphaeroides, measured by a Pt electrode, gradually decreased during the
anaerobic growth with Fe™ ions (0-96 h). This decrease was more intensive in
the presence of 80 uM Fe®*: ORP decreased to —720+20 mV (see Fig. 5). Such
decrease might indicate enhanced H, production [3,4,14]. In contrast in the
presence of Fe’* ORP of medium was not changed much, and its variation was
similar to the control (no additions); and H, production was not observed (Fig.
5). It is suggested that Fe** can increase nitrogenase or hydrogenase expression
in suitable concentration. Note, ORP was not changed much, and H, production
was not observed in the absence of Fe** (see Fig. 5).
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Fig. 5. The change of ORP of R. sphaeroides MDC6521 during the anaerobic growth at
illumination in succinate containing medium at Fe** and Fe’* various concentrations.
ORP of bacterial growth medium was measured at regular intervals using a Pt and Ti-Si
electrodes (see Materials and methods).

Different ways to enhance H, production by photosynthetic bacteria are
including not only choosing of effective substrates, but also exploring novel
pathways in hydrogen metabolism and regulation of electrons transfer within
the cell membrane and activity of membrane-associated enzymes [4,14]. This
might delight novel ways in regulating H, production by different bacteria.

Conclusions. The Fe** ions affected the growth of R. sphaeroides
MDC6521, and effects had a concentration-dependent manner. The highest
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growth specific rate was obtained with 80 uM Fe®" ions. At the same time Fe’*
ions was not affected on the R. sphaeroides growth properties. The various con-
centration of Fe** was not affected on the photosynthetic apparatus structural
components synthesis, such as light harvesting pigments. The obtained results
show that H, production was detected in all concentrations of Fe** at 48 h.
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the research grant from the Armenian National Science and Education Fund
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Effects of Fferrous Ions on the Rhodobacter sphaeroides Growth
Properties and Redox Activity

The Fe? and Fe™ ions effects on growth properties and external oxidation-
reduction potential (ORP) variation during bacterial growth under anaerobic conditions
upon illumination were examined of R. sphaeroides strain MDC6521 isolated from
mineral springs in Armenia were established. These effects had a concentration-
dependent manner. The highest growth specific rate was obtained with 80 uM Fe?* ions.
In the presence of different concentrations of Fe?* ions ORP decreased up to negative
values (—720£20 mV) indicating H, production. At the same time the various
concentration of Fe* was not affected on the R. sphaeroides growth properties and
photosynthetic apparatus structural components synthesis, such as light harvesting
pigments.

L. 8. Zuynpjut

Bpljuph hnuubph wqnkgnipniup Rhodobacter sphaeroides
puunbtphwiutph wddwi b opuhnutpuljuiqunnuiljui
wlunhynpjui Jpu

8nyg t wnpyl] Zujuwunnwbh hwipughtt wnpipibiphg wgwwngws R. sphaeroides
punbphwubph MDC6521 snnudh wddwt b dhowyuwjph opuhnuybpujuiqunnuljui
wnukughwih (O4N) ypw Fe* b Fe3* hnuukph wqnbkgnipmibp, npp npubinply E Ynbgkunm-
pughnt jupuquénipmnil: Unwykjugnyt wddwb nhuwljupup wpugnipmnih | auwn-
b1 80 UYU Fe? hnuukph wnjuynipjuudp: Fe* hnuubkph nwwppkp Ynbugkinpughwibpnid
nhwyky £ dhgwuyph O9N-h wilnud dhiish puguwuwljut wpdbpubp (-720+20 U<), huisp
Jyuynid £ Hy-h wpnnunpmipjut dwupht: Uhtiingt dwudwbwl Fe** hnuubpp skt wqnbyp
n’s puwlunbphwibph wddwb, n’s k ppuig $nunnuptptquyhtt hwdwlwpgh Y-
pnigluspuyht puunpuiwubph’ (muwhujwp whqukinnbbph uhtipbqh pu:
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JI. 1O. AkonsH

Binsinne MOHOB JKejle3a Ha XapaKTePUCTHKH POCTA H PETOKC
akTUBHOCTb Rhodobacter sphaeroides

IMokazano BiusHue WoHOB Fe?* m Fe®* ma mapamerpsl pocta R. sphaeroides
MDC6521 n okucnurtensHO-BoccTaHOBUTENbHBIN noteHnman (OBII) cpexst Bo Bpemst
pocTta GakTepuii, H30JIMPOBAaHHBIX W3 MHHEPAIBHBIX NCTOYHUKOB ApMeHHu. Bosnetict-
BUE UMEJI0 KOHIIEHTPALMOHHYIO 3aBrcuMocTb. Hanbombmas ynensHas CKOpoCTh pocTa
Gakrepuii Habmoganacsy B npucyrcTBuu 80 MkM Fe?*. B mpHCyTCTBUM pa3HBIX KOHIIEH-
tpanuii Fe?* nabmonanocs nanenne OBII no orpuniatenbHbix 3HadeHuit (—720+20 MB),
9TO CBHAETENBCTBYET O mpon3BoacTBe Hy. B 10 ke Bpemst monsr Fe3* He Biusiin Ha poct
U CHHTE3 CTPYKTYPHBIX KOMIIOHEHTOB ()OTOCHHTETHUECKOTO armnapara, TaKHX Kak CBe-
TOCOOMPAIOIHE TUTMEHTEL.
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MexaHu3M AeHCTBUSA npemapara m3 Kjiacca
MOJTUOKCHMETALIIATOB HA pacnpeaejeHue sajiep KJIE€TOK 1Mo
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(ITpencraBaeno un.-kop. HAH PA XK. U. Axonssnom 23/ 1V 2012)

KawueBble cioBa: noiuokcumemaniam, mpexeaieHmubii Memal, uiec-
musanenmuwlii memann, JJHK, nioudrnocmo

Ha coBpeMeHHOM 3Tame pa3BUTHS MEIUIMHBI B PSAY aKTyaJlbHBIX IPO-
0J1eM OIHUM M3 Ba)XHBIX HAIlPaBJIEHUH SBJIAETCS MeTaJlJIoTepanus, CBI3aHHas ¢
OTKPBITUSIMH B 00JIaCTM HEOPraHWYecKOW XUMHUH. J[oka3aHO, YTO MOJIMOKCH-
MeTaITaThl C THAPOKCO-DYHKIMOHANGHBIME TpPYIIaMH, comepxkamme W',
Mo"', V¥ u npyrue snemeHTb, 06IaJalOT NPOTHBOBUPYCHBIMH, aHTHOAKTE-
PUATBHBIMA M TIPOTHBOOITYXOJIEBEIME CBoOMcTBaMU [1-6]. BasxkHO OoTMETHTH, UTO
B YCIOBMSIX in Vitro M in Vivo 3KCHEPUMEHTAIILHO JOKa3aHa OINpeieiicHHAs
aKTUBHOCTb IOJMOKCHUMETA1aToB ocoOeHHO o oTHomeHuto k PHK conep-
KalM BUpycaM. B HacTosiee Bpems 1O 3TUM HallpaBlIeHUSM UMeeTcsi 00Jb-
110 YUCIIo IMyOauKauuil 3apyOexHBIX uccienopareneil pasHeix crpaH (Ppas-
uwst, SAnonms, CHIA, benbrust  ap.), ¥ 9TO YHCIO BCE BpeMsl BO3pacTaeT. DTH
nyOnukanuu Hamu 0000meHsl B [7]. TpyIHOCTH, BO3HHKAOILIME MPH HCIOIb-
30BaHUU MOJIMOKCUMETAIUIATOB, CBSI3aHBI C HE /IO KOHIIA BBISIBJIEHHBIMH CTpOE-
HUSIMU CaMHX MOJIMOKCHMETAIIJIAaTOB, YTO OTMEUYAIOT MHOTHE HccienoBaTeny [8-
10]. IlTonuokcuMeTamuiaTbl B OCHOBHOM HCIIOJIB30BaHbl B BHJE MallOpacTBO-
PUMBIX B BOAE KOHTJIOMEPATOB MEPEMEHHOTO COCTaBa, B KOTOPBIX YUCIO (PyHK-
LIMOHAJIBHBIX THIPOKCOIPYII O0€3yCIOBHO CHIDKEHO 3a CUET UX Y4acTHs B peak-
OUSIX TOJIMKOHIEHCAIIMA TpU 00pa3oBaHMM KOHTIIOMEpaTHBIX ¢opMm. Bcenen-
CTBHE HOJMKOHAEHCAMM M OO0pa30BaHMs KOHIVIOMEPATOB MOJISIPHBIE MaccChl
MOCJIEAHUX PE3KO BO3pPACTalOT, YTO MEHSET CBOMCTBA IOJIMOKCHUMETAJIATOB,
HalpuMep, OHU CTaHOBSITCS MaJIOpPacCTBOPUMBIMU B Bojie. Bee 3T0, ecTecTBEHHO,
MEHsSIeT U UX OMOJOTMYEeCKYyI0 aKTHBHOCTh. BO3MOXKHO, M MO 3TOW NMpHYMHE
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PEKOMEHIOBaHHbIE 103bl TPUMEHEHHBIX MOTMOKCUMETAIIAaTOB JOCTaTOYHO BbI-
coku — 110 300 mr/kr [11,12], a unoraa gaxe 500 mr/xr [9,13].

Uccnenopanus xumun noauokcuMeTawiatoB HaunHas ¢ 1980 r. mpoBosT-
cst u B Apmenun (MOHX HAH PA, EpeBan). B omiiumne ot 3apyOeKHBIX KO,
CHUHTE3 U CBOMCTBA PA3IUYHBIX MOJMOKCHMETAIIATOB U3yYaJIUCh MPU UX BECh-
Ma MaJIbIX KOHLIEHTpPaUUsAX B BOAHBIX pacTBOpax (n10'5—n10'7Monb/n), T.€. B yC-
JIOBUSIX, KOT/Ia OHM HAXOJSTCS B MOHOMEPHOM cocTosiHuH. ITockonbky Hemo-
CPEACTBEHHO TaKoe W3yueHHE MOJUOKCUMETAJIATOB HEBO3MOXHO M3-3a HU3KO-
IO UX CBETOIOIJIOIIEHHs, B KaUyecTBE KJII0Ya BIIEPBBIE MCIOJIb30BaHBI H30Hpa-
TeJIbHBIE PEaKLMH IOJIHOKCHUMETAIATOB C OCHOBHBIMU KpacuTeiasimu. CBero-
MOTJIOLIIEHUE MTOCTIEIHUX BBICOKO, @ OKpacka 00pa3yroLIUXCsl ¢ HUMH KOMILIEK-
CHBIX aCCOLMATOB C IOJIMOKCUMETAJUIaTaMH MYJIBTHUIJIETHO BO3pacTaeT ¢ poc-
TOM YHCJIa CBA3aHHBIX B accOlMaTaxX KaTHOHOB KpacuTenel. TOT MOAX0 M03-
BOJIWJI TIOJYYUTh O€CHpele/ICHTHBIE JaHHBIE O COCTaBE KOMIUIEKCHBIX ACCOIIH-
aToB IOJIMOKCUMETAIIJIATOB U NPEII0KUTh HOBBIN NMOJIX0A K XUMHU3MY 00pa3o-
BaHUs IOJIMOKCHMETAJIATOB B Pa30aBlICHHBIX BOJHBIX PAacTBOpax — MPEIBH-
JIeTh WX «sigepHoe» crpoeHue [14]. Ilpemapar mox ycloBHBIM Ha3BaHHUEM
«BoMH(am» TO CYIIECTBY SBISIETCS BOJHBIM PAacTBOPOM sApa [-TOIHOKCH-
METaJlIaTOB TPEXBAIEHTHOI'O 3JIEMEHTA B OKTO3PUYECKOM OKPYKEHHH IIECTH-
BaJICHTHOTO MeTajlla. B pamkax Hammux npezacrasieHuit [14] stomy nonuokcu-
MeTajuiaTy cieayeT NPUIKICaTh CIEAYIOIEe CTPOSHHE:

(HO)s[H:Me™MeV1505]

DTOT COCTaB NOJIMOKCUMETa/IaTa MOJHOCTBIO MOATBEPIKIAETCS pe3ybTa-
TaMU U3Y4EHUS YCIIOBUH €ro MOJy4YeHHs, XHMHUUYECKHX CBOMCTB U 3JIEMEHTHOTO
COCTaBa METOaMU (PH3NKO-XUMHUYIECKOTO U TPETapaTHBHOTO aHAIN3a.

[TonnokcumeranynaT yKa3aHHOTO COCTaBa SIBJSIETCS HOBOW YHMKaJIbHOM
¢dopmoii, koTopass Kak M0 XUMHYECKOMY COCTaBY, Tak U IO (opme paHee He
onucaHa. B oTiMuue OT HMCNOJIb30BaHHBIX paHEe TBEPABIX IMOJIHOKCUMETANI-
JIATOB, SABJIIOLIMXCS IO CYIIECTBY HEOPTaHUYECKUMH MOIMMEPAMH, 3TOT MOJIHU-
OKCUMETAJUIaT CUHTE3UPYETCS HEMOCPEACTBEHHO B BOJHOM pacTBOpPE B BUJE
HOBOW MOJEKYJISIPHOH («sSAepHON») (GOPMBI B MOHOMEPHOM COCTOSIHHH, KOTO-
pas B pacTBOpe BechbMa yCTOWYMBA AJUTENBHOE BpeMs (BOT yxe Oojee ABYX
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JIeT), He MOJBEprasich MOJIMKOHACHCAMM W He 00pa3ys MalopacTBOPHMBIX B
BOJIe KOHIJIOMepaTHhIX (opMm. Bce 310 mo3Boiser mpenmosiararb, YyTO 3TOH
¢dbopme mpucymia Oosiee HU3Kasg MOJEKYJIIpHas Macca M CIeoBaTeNbHO ee To-
JIBI)KHOCTb B BOJHBIX pacTBOpax 0oJiee BHICOKAs. MBIl CUMTaeM, YTO yKa3aHHbIE
0COOEHHOCTH, B COYETAaHHU C HATMYHEM OONBLIOTO 4Yucia (YHKIHMOHAIBHBIX
THIPOKCOTPYI, TOJDKHBI CIIOCOOCTBOBATh MOBBILICHUIO Y BoMH(ana Mpucy-
el MOJIMOKCUMETA/lJIaTaM OHOJIOTHYECKOW aKTHBHOCTH. Y CTAaHOBJIEHO, YTO
npenapar obyafaeT psIoM IPEeUMYILECTB B OTHOIIEHHH (apMaKoIOrH4ecKuX
XapakTepucTHK. Tak, xpaHeHHe BoMH(pana B TedeHrne 18 mecsieB npu Temie-
patype 4-8 C He BIHs€T Ha €ro MPOTHBOBHPYCHYIO aKTHBHOCTS. IlacTepmsarus
Bomuana npu temneparype 70-80°C B Teuenue 30 MHH, a TaKkKe aBTOKJIABH-
poBanue mpu 1.1 gononuutensHol atMocdepe u 121°C B Teuenne 45 MuH He
CHMYKAIOT €0 NMPOTUBOBUPYCHYIO aKTUBHOCTb.
[enbto paGoThl OBUIO BBISBIICHHE BIUSHUS BOMHU(aTa Ha PsAJ IUTOJIO-
THYIECKUX W IIATOMOP(OMETPHUYECKIX ITOKa3aTeIel KIIETOK B YCIOBHSX in Vitro.
Marepuaasl M MeToAbl ucciaenoBanmii. Kremxu. BHK-21-kynprypa
KJIETOK AMOpPHUOHAIBHON MOYKM XOMsAKa. KJeTkH KyJIbTUBUPOBAIHUCH B Cpene
Eagle MEM, c no6asnenunem 10% Obruneii ceiBopotku (BS). TloceBnas mo3a 2 x
10° kerox/min. MoHoCO IoTydany uepes 24 u mocie Hayaa NacCHPOBAHMSL.
Bce uccnenoBanust HaunHanuch Ha 24-4aCOBOM MOHOCIIOE KJIETOK.
Lumonoeuveckue u yumomempuueckue ucciedoganus. Kccaenyemble
KJIETKH BBIPALIUBAJIMCH HA CTEKJIaX, IOMEIIEHHbBIX B 6-IyHOUHbBIE IUIAHILETHI B
yenoBusix 5% naceimenus CO, u 100% snaxuocTu. KiteTkn u3Biekanmmce aepes
24, 48 n 72 4. VIcXOMHONW TOYKOM SBIISLIICA 24-4acOBOW MOHOCION. Bee mocie-
JIyIoIllie U3MEPEHUs MPOBOJMINCH HA MapHBIX cTeknax (24+24 4 Konrpons; 24
9 MOHOCJION+24 9 BoMu}al + 48 4 KOHTpoJIb; 24 4 + 48 1 BoMudai).
Lumopomomempus J[HK. JIns UUTOXMMHUYECKUX U I[UTOJIOTUICCKHX
¥ICCIIE/IOBAHMIT BECh MaTepHal (HKCHPOBATH B 96° STHIOBOM CIHpPTE B TCUCHHE
30 MuH, a 3aTeM OJHOBPEMEHHO OKpAIIWBAJIM OCHOBHBIM (DYKCHHOM IO
®enbreny. I'aaponus JTHK nposommmn B SN HCI B Teuenue 1 u npn t = 22°C
( B TepMmocTate) U kpacwii peaktuBoM Iudda mo Croyamy [15].
KommuectBennoe onpenenenne kommiekca JJHK-¢pykcnn nponssommmm Ha
cKaHupytomeM Mukpockore-poromerpe SMP-05 (Opton), ocHameHHOM KOM-
MBIOTEPOM H BHACOKAMEPOH, TeNEeBU3HOHHBIM METOJIOM Ha MaKCUMyMe IOTJIO-
menust komriekca JITHK-dykcun (nmuna Bosmubl 575 HM). M3Mepenus coxaep-
xanus JIHK B kaxxaoMm ciydae npouzBoaunu B 100 siapax. Beraucnsim cpennee
conepxkanue JJHK (B yclIOBHO CpaBHUMBIX €IMHUIIAX), ONPENEIISIN IJIOMAaAb U
MEpUMETP SACP M SOPHILEK W TMOJCYUTHIBAIM CpPEIHEEe YUCIO SIPHILEK B
sIpax. 3aTeM Ha OCHOBAHUH MOJIy4YEHHOTO MaTepHaja 110 COAEpKaHUIO B Apax
JHK cTpomnuce ructorpaMMel UX pacHpefesieHusl Mo IUIouAHocTH. s mo-
CTPOEHHs THCTOrpaMM olpenensuid numonansiid stanod JHK B sapax mum-
¢douuToB mepudepudeckoil KpoBU yenoBeka. Kaxmoe sSAPHIIIKO B sSApe KIETKU
OKOHTYpPHBAJIOCh M BBIUUCIUIOCH BHE JaHHBIX sjapa. SAapeimkosas JJHK om-
penensiack B GUOPMILIIPHOM IIEHTPE U COSAMHEHHOM C HUM OKOJIO- U TEepH-
SIIPBHIIIKOBOM XpOMAaTHHE.
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[Ipu mepeBone JaHHBIX YCIOBHBIX €IWHUIl B €IUHUIIBI TUIOUTHOCTH HAMH
WCIOJIB30BAIMCH B KA4E€CTBE AMIIIOWIHOTO M TETPAIDIOWIHOTO CTaHJAapTa siapa
renaTouuToB MeIu (puc 1).

L

Puc 1. Pacripenenenne conepsxanus JJHK B simpax renaTornuToB 310poBEIX Mbiei. [1o
TOPU30HTAIU — IUIOMIHOCTH S7Ep; 0 BEPTUKAIM — IucIIO0 saep. KiaccoBslit mpo-
MexXyToK paBeH 10% ot exuHUIBI TUTONTHOCTH. CTpenkaMu yKa3aHbl IMKOBEIE 3HAYe-
HUS, 9KBUBAJICHTHbIC AUIUIONJHOMY U TETPAIUIONIHOMY CTaHIApTy

Onpedenenue unmepgheponocennozo oeticmeusi omughana. Jlns omnpe-
JIeTICHUs] BO3MOKHOM HHIYKIMH P-wHTepdepoHa MoJ NeHCTBHEM NperapaTa
HCIIOJIB30BATUCH KYJIBTYPBI SMOpHOHABEHOM mouku xomsaka BHK-21.

Hanocanounas xUIKOCTh KyJIbTUBUPYEMBIX KIIETOK coOMpanach B 2 cpoka
— uepes 24 u 48 4 nocne Havyajga UHKyOaluy. B ONbITHBIE TyHKH BHOCHIICS TIpe-
mapar B yKa3aHHOW J/J03e, a B KOHTpOJbHBIe — 4ymcras cpefa Eagle MEM.
OnpenerneHue B HaIOCaA0UHOM kuakoctu uHTepdepona-p (MDH-B) mposoau-
JI0OCh METOJJOM MMMYyHOpepMeHTHOTo aHanm3a (MDA).

PesynbTathl n o0cykaenue. JlaHHbIE IUTOMETPUUECKOTO aHATIN3a KIIETOK
BHK-21 B xoHTpoOJIEe 1 0] BO3/ACHCTBUEM BOMHU(aTa MPUBEICHBI B Ta0. 1.

Taoauua 1
Hutomerpus saaep kierok BHK-21 B konTpoJie u noa Bo3aeiicteuem
BOMI/Id)aJIa B npouecce KyJbTUBUPOBAHUA

SAnpo

miomanb MEPUMETP

Cpoku 24424 94
BHK 59.2+1.7 19.1x0.4
BHK+V 54.6+2.8 16.540.5

Cpoxn 24+489
BHK 54.1+2.4 16.7+0.4
BHK+V 50.6+2.4 16.8+0.4

Cpoxn 24+729
BHK 55.242.8 17.240.5
BHK+V 48.242 3% 15.940.4

#p<0.1

406



Kak cnemyer u3 TaOuuIlbl, CYIECTBEHHBIX U3MEHEHHH IUTOMETPHYECKUX
MoKa3areJieil KIIETOK T0J] BO3JICHCTBIEM BOMH(AJIa HE BBISBICHO 32 UCKIIOYE-
HUEM TEHIEHLWH K CHIDKEHHUIO TUIOIIAAW sAep NpH 72-4acoBOil MHKyOaIwu.
Hamo otmeruTh, 4TO BCe M3y4yaemble MOKA3aTeNd Kak B OIMBITHBIX, TaK W KOH-
TPOJIBHBIX TPYIIIAaX UMEIOT TEHACHIINIO K CHUKEHUIO.

B Tabn. 2 npezicraBneHsl naHHbIE nUTOMETpuH siaep kietok BHK-21 B
KOHTpOJIC U TpH Bo3JeicTBUU BoMmu(dana. [[aHHBIE ITUTOMETPUU NPUBEICHBI B
YCJIOBHBIX €IMHHLAX (Y.€.).

Ta6auna 2
Copep:xanne /THK (y.e.) B sapax u 0KoJI0SAPbINIKOBOM XPOMATHHE KJIETOK
nepeBuBHbIX uHUIT BHK-21 B konTpoJsie u nmox Bo3neiictBueM Bomudasia B
npoiecce KyJbTHBHPOBAHUS

SAnpo | S npeliko

Cpokn 24+24 4

BHK 80.1+4.0 3.240.2
BHK+V 77.5+4.5 4.6+0.6
Cpoxu 24+48 4

BHK 73.4+£3.7 5.7¢1.9
BHK+V 66.5+4.1 4.940.4
Cpokn 24+72 4

BHK 67.5£2.9 3.3+0.2
BHK+V 67.9£2.3 3.7x0.3

W3 Tabnuiel cnenyer, 4To ¢ yBETUYEHNEM CPOKa KyJIbTUBUPOBAHUS WHIEKC
coaepxanus JJHK B smpax kieTox umeer TEHACHIUIO K cHIDKeHHIO. [Ipu 3ToM
CYIIECTBEHHBIX OTINYMI KOHTPOJIBHBIX TIOKA3aTee OT IMOoKa3aTesIeld OMBITHBIX
TPy HAMU HE BBISBJICHO.

Kak BumHO M3 puc. 2, ¢ yBelIMUEHHEM HWHKYOAIlMOHHOTO TEpHo/Ia B
KOHTPOJIGHOH TMOMYJISIITNH KIIETOK MPOUCXOANT HE3HAYNTEIHHOE CMEIIEHUE THC-
TOTPaMMEBI BIIEBO, T.€. MPOUCXOIUT HEIOCTOBEPHOE YMEHBIIEHUE HAKOTUICHUS
JHK B siapax kneTok. J[aHHBINA TpOIlEcC COMPOBOXAAETCS CHUKEHHEM aHey-
mwiouanu ¢ S8 no 32%. Hamu 3adukcupoBaHO CHIKEHHE AHCYIUIOMIUU TIOM
BO3aelicTBHeM BoMHpana 10 56% npu 24-dacoBoil nHKyOauuu u 10 16% mpu
72-yacoBoii nHKyOauu. C y4eToM TOro, 4YTO aHEYIJIOUANS SABISETCS OIHUM U3
HanboJee BaKHBIX TMIOKa3aTesel 3I0KkadecTBeHHOTo pocTa [16], MoXHO cienaTh
MpPEBAPUTEIBLHON BBIBOJ 00 AHTHMHEOTUIACTHYECKOW aKTHMBHOCTH Bomu(aia.
BaxHbIM (akTOpOM, ONpENeNAIONMM MEXaHH3M HW3MEHEHWH B Kiaccax
mwiongHoctu JJHK mox Bo3zelictBueM BoMudana, sBISETCA MCUE3HOBEHHE T'H-
MTOMTUIONAHON W TunepTeTparuionanoi nomymsauuid. [logobHoe neiictBue xa-
PaKTEpHO JUISl HEKOTOPBIX WHAYKTOPOB OMOJIOTUYECKH aKTUBHBIX BEIECTB, U B
YaCTHOCTH MHIYKTOPOB HHTEP(EpoHa.

C 1enpio U3y4eHus] BO3MOXKHOTO HHTEP(EPOHOTEHHOTO ACUCTBHSA Mperna-
paTta Hamu OBLIO TPOBENICHO UCCIIEA0BaHUE MHTEP(HEPOHOTEHHON CIIOCOOHOCTH
Bomu(pana B oTHomeHun P-MOH. BrisiBiieHo, 4TO mpenapar sSBISIETCS UHIYK-
topoM B-UDH wu, BeI3bIBasg cuHTe3 mocieanero B no3e 21.7+5.1 IU/mn, 3a 48 u
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obecreunBaeT OCTOBEPHBIM POCT YPOBHA WHAYLHUPOBAHHOTO SMOPHOHAJB-
HeIMU KJIeTKamu B-IDH (KOHTpoJIbHBIE TOKa3aTedl HEe OTIMYAIHCH OT (OHO-
BbiX 3HadeHui — 0.2+0.02 [U/mn). B Gosee paHHHE CPOKH B KYJIbTYpE KIETOK
cunre3 B-UDH He oTMeuancs.

20 4 a0 4

70 10 1

60 a0 o

50 A 50+

Puc 2. Pactipenenenne simep xietok BHK-21 no ximaccam mimongHOCTH B HOpME | TTOT
Bo37ciicTBHEM BoMuUbana: A— KOHTpoib 48 u (24+24); B— Bo3aeiictBue Bomudana (24
q); C— koHTpONb 72 4 (24+48); D— Bo3aeiicTBre BoMmudana (48 u); E—konTpons 96 u
(24+72); F— Bo3netictBue Bomudaina (72 u). Ha ocu X — knacest JIHK o kputepuro
IUIOUAHOCTH (C), Ha OcH Y — MPOIIEHT COAEP KaHMUs KIETOK B TOITYIISIIHI.
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Urak, ananu3 Bo3AclCTBUs BoMH(alla Ha paclpelelicHue saep KIETOK
BHK-21 no xnaccam mmounnnoctn JJHK mokazai, uyto mpenapar obnamaer cro-
COOHOCTBIO K M30UpaTeIbHON IUTOTOKCHYHOCTH, B PE3YJIBTATE YEr0 MEHSIETCS
COCTaB KJICTOYHOW TOMYJSIMA — W3 Hee MPAKTUYECKU TOJHOCTHIO MCYE3ar0T
TUIOMIION/THBIC ¥ TUTEPTETPAIUIONIHbIC KiIeTKU. [logo0HOe aelicTBUE CBS-
3aHO ¢ UHTEP(HEPOHOTreHHOW CIOCOOHOCTRIO MpernapaTa

'MeumpmcKnit neHtp «Casroit I'puropwuii [IpocBerurens», aihaemer@arminco.com
2I/IHCTI/ITyT Monekyisipaoit onomornn HAH PA

3I/IHCTI/ITyT obmeid m Heopranmueckod xmmuu uM. M.I. Mansemsna HAH PA,
ionx @sci.am

*Iemaronormueckuit ueHtp um. npo¢. P.O. Eonsna M3 PA

A. ®. Mup3osn, 3. A. Kapaasan, ®.B. Mup3osn, II. A. Kazapsan

Mexanu3m aeiicTBust npemapara u3 Kjaacca nNoJJMOKCUMETALJIaTOB
Ha pacnpeaejicHue saiiep KJIE€TOK Mo KjaaccaM IVIOUAHOCTH

HccnenoBaHo BiusHuE mpenaparta “Bomu(an” Ha paclpelesieHHe siep KISTOK
BHK-21 nmo kmaccaM NIOMIHOCTH, BBISIBIEHO YMEHBIIEHHE COACPIKAHUS KIIETOK C
MOJMIUIONIHBIMU SAPAMH U MCUE3HOBEHHUE KJICTOK C TUIIOAUIUIONAHBIMU SIPAMU TOCIIE
72-yacoBoil nHKyOanuu. AGcoroTHbIe nokazarenu conepxanus JHK B supax kinetox
[P 3TOM oOcTaroTcsi 0e3 CyllecTBeHHBIX M3MeHeHHH. [1oqo0HbIH 3¢ (dexT cxoneH ¢
W3MEHEHUSIMH B KIETOYHBIX KYJIbTypax Ipu BozieicTBuu uHTepdepoHoB (MIDOH).
BrisiBiieHO 1ocToBepHOE Bo3pactaHue konnuectBa -MDH nox BiausHueM Bomudana k
48 4 mocne Hayara mHKyOanuu. CrenoBaTensHO, dQ(EeKT B OTHOIICHUH H3MEHEHUS
pacmpenenenus sgep kierok BHK-21 mo kmaccam IUIOMIHOCTH HETOCPEICTBEHHO
CBSI3aH C MHTEPPEPOHOTCHHON aKTUBHOCTBIO TIpenapara.

U. 3. Uhpgnyui, 2. U. Ywpupui, $.9. Uhpgnyu,
N.U. \wmqupyui

NMnihopuhubwnwnukp puuhtt Wwunjwiuny ypkywpwwnh
wqnlgnipjul Ukjuwtthqup pphotph dhgmyubph pun yynhnmpyut
nuutph pupjujusnipjui ypu

zhnnwgnudtp B “dndhdw)” ypbywpunh wqpbgnipmiap 9UY-21 pohoubtph
dhonijubph Jpw punn uyynhnmipyut nuuh  puolijudmipjut:  Fugwhwpngky ku
wnihwynpnughtt dhgnljubpny  pehotph wwpmbwynipput tjwugnud b hhwynphy-
Inhnuyhtt dhonijubkpny pehoubph wuhbwnwgnid 72-dwdjwm hulnipughwihg hbwnn:
Pohoukph dhonijubpnid Yul-h wwpnitwlmpjubt pugwpdwl] gniguhoubpt wyu
phypnid dinud G wpwig twiwb thnhnjumpmniabbph: Ujuyhuh BpEjup wdwb b
pohouyghtt Ynyuinipuibpnud htnbpdbpnuubph (PHL) wqpbgnipjudp Juwnwpnn tho-
thnjunipiniiibpht: «dndhduh» hnbpbbpngqhiughtt wljnhynipjut niunudwuhpudw
pupwgpnid pugwhwyndt) b wphywwpunh wopbgnipyui wwl p PdL-h pwtwyh
hwuuwnh wg punipugdut uljqphg dnnn 48 dwd htwnn: Zknbwpwp 9UY-21 pohoutiph
Unikynyukph’ pun ynhpnipjut nuubph, pwoujubnipjut thnthnpunipjuip Jkpw-
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phpnn EbEnp mnnuijhnpkt juupdws b yphywpunh htnbkpbhpngkiught
wlunhynipjul htwn:

A. F. Mirzoyan, Z. A. Karalyan, F. V. Mirzoyan, P. A. Ghazaryan

The Mechanism of Action of the Drug from the Polyoxymetalat
Class on the Distribution of Cell Nuclei for Ploid Classes

Effect of the studied medication on the distribution of the nuclei of BHK-21 cells
and ploid classes showed decrease in cells with polyploid nuclei and the disappearance
of cells with hypodiploid nuclei after 72 hours of incubation. The absolute rates of DNA
content in nuclei of cells in this case remain essentially unchanged. Such an effect is
similar to the changes in cell cultures when exposed to interferon (IFN). In the study of
the interferonogenial activity of "Vomifal", a significant increase in the amount of -
IFN under the influence of the drug for 48 hours after the start of incubation has been
detected. Hence the effect of changes in the distribution of the nuclei of BHK-21 cells
by ploid class is directly related to drug’s interferonogenial activity.
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Bansinue Npou3BOAHBIX JIMTHEBBIX COJIeil ODHUTHHA HA
Npouecc JUMUIHOH MePOKCHUAANMH MO3Ta U MeYeHH
B OIIBITAX in vitro

(ITpencrasneno 11/V 2012)

KuroueBsble cJI0Ba: nepexuchoe oKucieHue aunudos, c0000HOPAOUKATb-
HOE OKUCACHUE TUNUO08, MATOHOBbI OUANLOCUO, AHMUOKUCTUMETbHASL AKMUG-
HOCb

Hapymenune OanaHca MeXAy HHTEHCUBHOCTBIO JEHCTBUS MPOOKCHIAHTHBIX
(akTOpPOB U MOILIHOCTHIO @HTUOKCHUAAHTHOM CHCTEMBI KIIETKH, MPHUBOISILIEE K
Ype3MEpHON aKTHUBAIMM MepeKucHoro okucieHus aununoB (IIOJI) — oxucnu-
TEJIBHOMY CTpeccy, SABISETCA NAaTOreHWYECKUM (aKTOpoM i LEJOoro psaa
3aboneBanwmii [1-3]. M3BecTHO, 4TO mpenapaTsl JIUTHS (OpraHMYECKHe U Heopra-
HUYECKHE) OKa3bIBAIOT MOJIOKUTEIBHOE JIeHCTBUE KaK IPU JETPECCUBHBIX COC-
TOSTHUSIX, TaK U TCUXMUYECKUX paccTpoiictBax opranusma [4-9]. Cpeau nekap-
CTBEHHBIX CPEICTB HanOONbIIeH 3(PQPEeKTHBHOCTRIO 00NamaeT JIUTHH OKCHOY-
TUPAT, CIIOCOOHBIH KOPPUTHMPOBAaTh KaK SHEPIeTHUECKHH M OKUCIUTEIbHBIN
0OMEHBI, TaK ¥ OCTpOe HEeBpoTHYecKoe cocTostHre oprannzma [10-12]. Caemo-
BaTeJIbHO JIEMCTBYIOIMM HayaJoM Ipenapara sIBJISeTCsl He TOJbKO MOH JINTHS,
HO ¥ aHWUOH-OKCHOYTHpAT, MPUIAIOIIUN eMy KaueCTBEHHO HOBBIE OTIHYUTEIIb-
HBIE 0COOCHHOCTH.

Henbto HacTosIel padOTHI ABISIIOCH U3yUSHHE CIIEUU(BUKN aHTHOKCHIaH-
THOTO [JEMCTBUS JIMTUEBBIX COJIEH HPOM3BOAHBIX -L-OpHMTHMHA Ha mpolecc
cBoOOAHOpauKanbHOro okucieHus nunuaoB (CPO) B romorenarax mosra u
MeYeHH OeNbIX KPBIC B OMBITaX in vitro. PaccMOTpeHBI 3((QEeKTH JIUTHEBBIX
coneit -L-opautnHa, N-0-0eH3MI0KCUKapOOHWI -LL-OpHUTHHA ¥ TUOCH3UIIOKCH-
KapOOHUI -L-OpHUTHHA, BIEPBbIE CUHTE3UPOBAHHBIX B VIHCTUTYTE TOHKOH Op-
rannueckoit xumun HAH PA.
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MartepuaJibl 1 METOAbI HCCJIEA0BAHMIT. DKCIIEPUMEHTHI IPOBOAMINCH Ha
14 GecniopogHbIx OenbIx Kpbicax-camiax maccoir 180 — 200 1, comeprkaBmmxcs
Ha OOBIYHOM NHIIEBOM panuoHe. JKHBOTHBIX NEKAUTUPOBAIU MO JIETKHM
3(pUPHBIM HApPKO30M, M30JIMPOBAaHHBIE T'OJOBHOW MO3I U IEY€Hb NPOMBIBAIH
($U3pacTBOPOM, OYHMIIATIH OT KPOBEHOCHBIX COCYJOB M TOMOTCHH3HPOBAIH B
tpuc-HCI Oydepe (pH 7.4). KonnyecTBeHHOE ompeneeHre MalOHOBOTO JH-
anpreruga (MJIA) xak koHewHoro mpoaykra CPO numuaoB mpou3BOAMIOCH
cnekrpodoromerpudeckn [1,13]. O6 aHTHOKHCTUTENBHON akTUBHOCTH (AOA)
HCCIIelyeMBIX COEIMHEHUH CYAMIM 10 UX criocoOHOoCTH TopMo3uTh I10JI. MHu-
nuupoBanne CPO mummaoB mpoBoamiiock aobasnenneM K 10%-HbIM Tomore-
HaTaM Mo3ra M Ie4yeHH pacTtBopa cosud Mopa, npurorosieHHoro Ha tpuc-HCl
oydepe (pH 7.4).

AOA mnpenapaToB omnpenensui B HehepMEHTAaTHBHON acKopOaT3aBUCUMON
CHUCTEME IMPOLICHTHBIM U3MEHeHUeM KojimuectBa MJIA B ONBITHBIX MpoOax Mo
CPaBHEHHIO C KOHTPOJIBHBIMHM M3 pacdera Ha | MI IpenBapUTENbHO OIpele-
neHHoro konmdectBa Oeinka [14]. Craructiueckyio 0OpabdOTKY IMOIYYEHHBIX
Pe3yIbTaTOB IPOBOAMIIM C UCHOIB30BAaHUEM KpUTepus focToBepHocT Duriepa
— CrprozieHTa.

PesyabTatsl n o0cyxnenne. VccienyeMmple COEAMHEHUS HCIIOIB30BAINCH
B KOHIEHTpanusx, paBHbeIx 0.01 u 0.001M.

CormacHo NaHHBIM, NPEICTaBICHHBIM B Tabj. 1, B roMoreHaTax Mos3ra
JIUTHEBBIE COJIU MIPOU3BOIHBIX -L-OopHUTHHA NPOSBIAIOT cymecTBeHHYI0 AOA,
nonasisist iportecc CPO nmunmnoB B npenenax 34.9-42.5 % mo OTHOMIEHUIO K
KoHTpouto. [IpuMedaTenpHa MpU 3TOM HECKOJBKO OOJbIIas aHTHOKCHUAAHTHAS
aKTHBHOCTB MPOU3BOIHBIX, COACPIKAIINX OCH3MIOKCUKAPOOHMIBHbIE TPYIIIHL.

Taoauna 1
Bausinue JJUTHEBBIX coJiell NPOM3BOAHBIX L-OpPHUTHHA B KOHIEHTPALMH

0.01M na conep:xkanue M/IA (HM/Mr Oeska) B Mo3re GeJIbIX KPbIC B

onsbITax in vitro

HammenoBanme coequHeHHS KonTtpons OmpIT % pazHUIIBI
(n=14) (n=14) OT KOHTpPOJISt
JIutuesas conp-L-opHutuHa 6.88+0.25 4.48+0.20 -34.9
p<0.002
Jlutuesas conb-N- 0- 4.0540.18 410
OeH3mIoKcHKapOoHmI-L- -//-
p<0.001
OpHHUTHHA
A — - 386015 | -4
P P p<0.001

AHajornyHasi 3aKOHOMEPHOCTh KOHCTAaTHpOBaHAa M B NEUYEHOYHOW TKaHH,
I7ie oA AeHCTBUEM M3y4YaeMbIX COeTUHEHUN ypoBeHb MJIA cHmXkaercs mo4TH
B 2 pa3a II0 CPaBHEHUIO C KOHTPOJIEM, YKa3bIBasi TEM CaAMbIM Ha UX CIIOCOOHOCTH
6ouee s dexTrBHO HHTHOMPOBaTH Mponecc CPO.
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Taoauua 2
BinsiHue JINTHEBBIX CoJIeil MPOU3BOAHBIX L-OpHUTHHA B KOHIIEHTPALIMH
0.01M na conep:xanue M/IA (HM/Mr Oeska) B eueHn GeJIbIX KPbIC B
onbITax in vitro

HanmenoBanue coeqnHeHNS Kontpons OmnsIT % pazHUTIBI
(n=14) (n=14) OT KOHTPOIS
JIutneBas conp-L-opantnHa 5562020 29240 14 -47.5
p<0.001

JIutnesas conap-N- -

2.78+0.12 - 501
OEeH3UIIOKCUKapOOHMII- -1/- 0.001
L-opaurtuna p<b.
R " 266:010 | -523
A P p<0.001

L-opruTtnna

Y CTaHOBJICHO, UTO HA CTUMYJIMPYIOIIEE JICHCTBUE OHOB JINTUS HA OT/ICIb-
HBIC CTOPOHBI ()YHKIIMOHATFHOW aKTUBHOCTH OpTaHW3Ma (pa3BUTHE, SHJOKPHH-
Hble (YHKIMH, aKTHBHOCTh (DEPMEHTOB B Pa3IMYHBIX OMONOTHYECKHX CHUCTE-
Max) 3aBHCUT OT MX KOHKPETHOW KOHIICHTpAIlUW, B CBSI3U C YEM paccMarpH-
BaJlaCh MHTEHCUBHOCTH TeueHus mporecca CPO IMnmuaoB mMpu MCMONB30BaHUH
Manbix 703 (0.001M) nuTreBbIxX cosei mpon3BOAHBIX -L-OopHUTHHA.

Pesynbrarer ccnemoBanuii (Tadun. 3) yKa3plBaroOT, YTO B TOMOTEHATAX MO3-
ra IecTBUE AECITUKPATHO MOHMKEHHBIX KOHIIEHTPAINI JIUTUEBBIX COJIEH Mpo-
W3BOJHBIX -L-OpHUTHHA XapaKTepPU3yeTCs] OTHOCUTENBHO CIIA0BIM MTO/IaBIIEHUEM
[1OJI, npu 3akoHOMEpHOM CHUXKEeHHU YpoBHI MJIA moj neficTBHeM BceX Tpex
MIPEJICTABUTENEH JINTHEBBIX COJIEH MPOM3BOJIHBIX -L-OpHUTHHA, KaK M TPH UC-
oJ1b30BaHuu X 6onmbmux 103 (0.01M).

Taoauua 3
Biausinue JIMTHEBBIX cOJleli MPOU3BOAHBIX L-OpHUTHHA B KOHIIEHTPAlMH
0.001M na conep:xkanue MJIA (HM/mr Genka) B Mo3re esibIX KpbIC B
OMBITAX in vitro

HammenoBanme coequHeHHS Kontpons OnsIT % pazHHUIIBI
(n=14) (n=14) OT KOHTPOJIS
JlutneBas conp-L-opHuTHHA -15.5
6.34+0.22 5.36+0.20
p>0.1
JIutuesas conp-N- 3- 5.2840.18 167
OeH3uokcukapOoHm-L- -/1- P=0 1
OpHHUTHHA _'
Jhiruenas come- 5.240.18 174
JTUOEH3UITOKCHKapOOHMIT-L- -//-
P<0.1
OpHHUTHHA

B neuenouHoi TkaHu (Tabi. 4) B OTIIMYHE OT MO3TOBOM IO JEHCTBUEM
HCIBITYEMBIX COCUHCHHUN MMEET MECTO 0OoJiee BBIPAKEHHOE TOJIaBJICHUE TIPO-
necca [10JI, ocoberHo 1o/ BIUSHAEM MPOU3BOIHBIX -L-OpHUTHHA, IMEIOIINX B
CBOMX CTPYKTYpaxX OKCHOEH3MITKaPOOKCHIILHBIE TPYTIITEIL.
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Taoauua 4
BiinsiHue JINTHEBBIX Co0JIeil MPOU3BOAHBIX L-OpHUTHHA B KOHIIEHTPALIMH
0.001M na coaep:xanne MJIA (HM/mr Gejika) B mevyeHu 0eJIbIX KPbIC B
onbITax in vitro

HammenoBanme coeqnHeHHS Kontpons OnsiT % pazHUTIBI
(n=14) (n=14) oT
KOHTPOJIS
Jlutuenas conb-L-opHutuHa 5304020 4194018 -21.4
p=0.01
Jlutuesas conb-N- 5-
OGeH3uII0KCHuKapOoHMII-L- -1/- 4.07+0.15 -23.6
OpHHUTHHA p<0.01
JIntrepas coib-
nubeH3nIokcukapooHm-L- -1/- 3.7940.12 -28.9
OpHHUTHHA p<0.001

Pe3ynpTaTel HalIMX COOCTBEHHBIX HCCIEJOBAHMH MO3BOJISIOT 3aKIIOUUThH
00 AOA nUTHEBBIX COJel MPOU3BOIHBIX -L-OpHUTHHA B TOMOT€HATax MO3Ta H
IeYyeHH, Npu OoJiee aKTUBHOM UX NPOSBICHUM B II€YEHOYHOM TKaHW B KOHIIEH-
tpauuu 0.01M. [lecsitukpatHo cHikeHHble KoHUIEHTpauuu (0.001M) nzyden-
HBIX CO€IMHEHUH HposBiAOT cBOI0 AOA riaBHBIM 00pa3oM B NEUEHOYHOM
TKaHU ¥ OCOOCHHO T€, YTO SBIISIIOTCS HOCHUTEISIMU OCH3MIOKCHKApOOHMIBHBIX
IpyYI, XapaKTepU3YIOLMXCsl KaK B OOJBIIMX, TaK U B MaJbIX KOHLEHTpALUIX
MOJaBJIAIOIIMM JelicTBueM Ha npouecc CPO nunuaoB B roMoreHarax Hcclie-
JIOBaHHBIX TKaHel. [IpuMedaresnbHO, YTO OTMEUEHHBIH aHTHPaIUKAIbHBINA (-
(dexT 00yCIIOBIIEH HE TOIBKO KOHIEHTPAIleld HOHOB JINTHS, HO M BayKHBIM y4a-
CTHEM IIpU 3TOM M aHMOHOB B BHUJE IPOU3BOJHBIX AMHUHOKHUCIOTHI, O YEM
CBUJETEIBCTBYIOT U paHee MPOBEJCHHbIE HAMM HCCIENOBAHUS MO Pa3IMYHbIM
MIPOM3BOHBIM JINTUEBBIX coielt -L-aprununa [15].

Hayuno-TexHomOrn4eckuil HEHTp OpraHuvIecKoi u
¢dapmanesTrueckoit xumun HAH PA

0. M. Amupxansgn, C. A. Kazapsan, C. C. OpakumsH,
akagemuk K. I'. Kapare3sn

BausiHue MpoOU3BOAHBIX JUTHEBBIX COJIeii OPHUTHHA HA MPOLeCC
JIMIUHOM MEPOKCHIANMU B TOMOreHaTax Mo3ra u ne4eHu
B ONBITAX in vitro

HccnenoBanack posib NPOU3BOIHBIX JIUTHEBBIX COJiel -L-OpHUTHHA Ha Tpoliece Te-
YeHUs peaKkUHuu CBOOOIHOPAIUKAIBHOTO OKUCICHHUS JIMIKJOB B TOMOr€HaTaXx Mo3ra U
neyeHn OenbIX KphIC. BBIICHEHO, YTO yKa3zaHHBIE coeMHEeHHs B KoHIeHTpanuu 0,01M
3aMETHO IIOJABISIOT MPOIECC IEePeKHceoOpa3oBaHMs JHUNMUAOB. JlecATHKpaTHO
(0.001M) ymeHbIIEHHBIE KOHIIEHTPALMH CBOIO aHTHOKCHUAAHTHYIO aKTHBHOCTH ITPOSIB-
JISIFOT, TJIaBHBIM 00pa30M B IIEYEHOYHOH TKaHH. BBIICHEHO TaKke, YTO U3 MPOM3BOAHBIX
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JINTUEBBIX COJICH OpPHUTHHaA HECKOJILKO 0oJiee aKTUBHBI TE MIPOU3BOAHBIC, B CTPYKTYpPE
KOTOPBIX COAECpKaATCA 6CH3PIJ'IOKCI/IKap6OHI/IHLHLIC TpynIibl. CJ'ICIIOBaTeHLHO, B A€CJIC I10-
JaBJICHUS MIpo1ecca JIATTHIHOU TICPOKCU AN KPOME KOHI.[CHTpaI.[I/Iﬁ HWOHOB JIMTHUSA, OII-
peacii€cHHas poJib OTBOAUTCA TAKXKE U aHUOHAM — OCTaTKaM ITPONU3BOAHBIX OPHUTHHA.

2. U. Udpplwiywui, U. Z. ©Mwqupyub, U.U. Zouljhdjub,
wlwunbtuhynu 4. @. Twpugnqui

Onuhwhuh wswugyuutph hphntdwljwh wntph wqnpkgnmpniup
1hyhnputph ghpopuhnugdwi gnpépiipugh Jpu mpbnmid b yupnmd in
vitro thnpdtph wuydwubkpmd

Nuunidtwuhpyby E opthnnhuh tnwpplp wswugyuyubph (hphnidwlwt wnkph ntpp
ugyhnwl wnbbnubph nmintnh b pgupph bhndngbiwwnbpnud plpwgnn 1hyhnubph
wquun-nunljwiwiht nkwghwikph pipwgph Ypw: Mwpqyty £ np Jtpnhhyjug dhw-
gnipnibitpp 0.01 U junnipjut wqpbgnipyut wuydwbtbkpnid thyhnubph qlpopuhn-
ulinh wnwewgdw qnpdpupwugbpn qquihnpki Lugynud Li: Swutwwywwnply tinpugdus
(0,001U) nusnyputpt hpkug hwljwopuhnuiinughtt wjnhynipniip gnigupkpnud ki
hwnjuwtu yupnuyhtt hnrudwspnid: Mwpqyb b bwl, np opihnhuh (hphnidwlwu
wnbph wéwiguibiphg wpwyk] wlwnphy & tpwbp, npnup hpkug Junnigyudpnid
wupnibwynud i phughjopuhjuppnth) judplp: ZEkwbwuwbu thwhnubph qkpopuhnwg-
dwl gnpdplipwgp dugkint gnpénwd, pugh (hphnidh hntubkph jwnnipniihg, qquih ntp
ikl twb wihntubpp' opihinptih wswhgyujwhtt vhwgnpnubpp:

H. M. Amirkhanyan, S. H. Ghazaryan, S. S. Hovakimyan,
academician K. G. Karageuzyan

Effect of Derivatives of Ornitine Lithium Salts on the Process
of Lipid Peroxidation in Brain and Liver Homogenates
in vitro Experiments

The role of derivatives of -L-ornitine lithium salts on the process of free radical
oxidation of lipids in rats brain and liver homogenates was studied. It was shown that
0.01M concentration of compound studied demonstrates the pronounced depression on
the process of lipids peroxidation. This effect was demonstrated in tenfold decreased
concentration (0.001M) of substances used especially in liver tissue. It was established
the higher activity of the derivatives of the ornitine lithium salts, which have benzyl-
oxucarbonyl groups in their structure. Consequently, at the inhibitory effect of lipid per-
oxidation process except the concentrations of lithium ions the definite role is given to
anions as residues of ornitine derivatives.
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The Correlation Between Energy Carriers in the Blood Plasma of
Early Lactating Dairy Cows Receiving Supplemental Choline

(Submitted by academician K.G. Karageuzyan 29/VI 2012)

Keywards: lactating cows, liver, choline, energy carriers

Dairy cows experience a period of negative energy balance during early
lactation. As a result, mobilization of adipose tissue occurs during this period.
Net mobilization of adipose tissue results in release of nonesterified (NEFA)
into the bloodstream for oxidative metabolism by peripheral tissues and
incorporation into milk fat [1]. In addition, the liver takes up NEFA from the
circulation [2] and either oxidizes them in the mitochondria or peroxisomes or
reesterifies them into triglycerides for storage or export [3]. The mobilization of
body stores and accumulation of liver triglycerides leads to hepatic lipidosis
which can precede ketosis in many cases [3].

Ruminant liver has limited capacity to oxidize fatty acids and export
triglycerides in the form of very low density lipoprotein (VLDL) [3], therefore
triglycerides accumulate in the liver. This contributing factor predisposes the
early lactating cows to develop fatty liver. In fatty liver, normal function of the
liver is depressed [4] and then the capacity of the liver for gluconeogenesis
decreases [5]. The capacity of isolated liver slices to convert propionate to
glucose was lower for cows with fatty liver and ketosis than for healthy cows
[6;7]. In hepatocytes isolated from calves and then induced to accumulate
triglycerides (TG) in vitro, TG accumulation decreased gluconeogenic capacity
[8]. Subclinical ketosis is a condition marked by increased levels of circulating
ketone bodies (KB) without the presence of clinical signs of ketosis [9].
Profiles of NEFA, TG, BHBA and phospholipids in the blood are altered in
cows having naturally occurring fatty liver compared with normal cows [10].

Choline deficiency leads to fatty liver, because choline is required for
phospholipids synthesis and VLDL assembly formation in the liver. Lactation
greatly increases the demand for choline[11]. Defi-  ciency of choline would
further slow down the rate of TG export from liver, which could contribute to
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the development of fatty liver and limit milk production. Rumen-protected
choline (RPC) have been fed to lactating cows to increase the supply of choline
to the small intestine with the goal of increasing milk or alleviating the
development of fatty liver syndrome [5; 12]. The objective of this study was to
observe the correlation between NEFA, BHBA, TG and glucose in the blood
plasma of early lactating dairy cows while feeding supplemental choline.

Eight early lactating primiparous and multiparous Holstein cows were used
from October 2011 to November 2011 in our study beginning five weeks
postpartum.Cows were housed in individual tie stalls and cared for under
experimental procedures and protocols approved by the veterinary organization
of Iran. Selection of cows was based on parity, milk yield of previous lactation
(milk yield of dams for the cows in their first lactation) and body condition
score (BCS). The cows received 90 g/d of rumen-protected choline (RPC)
product. The RPC product (Reashure Choline, Balchem, USA)) is a rumen-
protected source of choline chloride. Reashure choline is produced by
encapsulating choline chloride with a coating matrix able to resist rumen
breakdown and release choline in intestine and contained 25% choline. Cows
were fed a total mixed ration (TMR) ad [libitum. The meal was adjusted to
production intensity, and consisted of ordinary alfalfa hay, silage, beet pulp, and
concentrates (including barley, corn, canola meal, cottonseed, wheat bran,
cottonseed meal, wheat grain, corn glutton meal, soybean meal, sodium
bicarbonate, fat meal, limestone and vitamin-mineral supplement). The RPC
was top-dressed onto the TMR.

Blood samples were obtained before morning meal from the coccygeal
vein on the last day and then were collected in heparinized Vacutainer tubes
(Becton Dickinson, Franklin Lakes, NJ). Blood samples were placed on ice
immediately following collection. Plasma was harvested after centrifu-gation of
the blood at 3000 g for 15 min. Plasma was stored at —20 °C until subsequent
analysis for NEFA, BHBA, TG and glucose. The metabolites were measured on
“BT 1500 auto-analyzer” through spectrophotometer method, using Kkits
produced by “Farasamed Co, Ltd. Tehran, Iran.

For statistical analysis, experimental data normality was verified, and then
data were submitted to analysis of correlation, using SAS (2002) software
package.

The data of plasma metabolites for the cows which received choline and
the correlations between the metabolites are shown (in Table 1 & 2).

TG level had a positive correlation with glucose (0.393) and a negative
correlation with NEFA (-0.189) and a significant negative correlation with
BHBA (-0.485). Glucose had a negative correlation with NEFA (-0.338) and a
significant negative correlation with BHBA (-0.543). NEFA had a significant
positive correlation with BHBA (0.415).

After parturition the demand for energy is increased by the initiation of
lactation. The negative energy balance is compensated by the mobilization of
NEFA from adipose tissue [1,2]. Therefore, examination of plasma NEFA
concentration during early lactation period provides insight into fatty liver
development [13].
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In the case of excessive fat mobilization, associated with marked formation
of acetyl CoA, the tri-carboxylic acid cycle cannot fully metabolize fatty acids.
As a consequence, acetyl CoA is converted to acetoacetate which is then
reduced to BHBA by BHBA dehydrogenase or spontaneously decarboxylized to
acetone [14]. BHBA concentration increased during early lactation period and
NEFA provide the substrate for BHBA synthesis. Increased BHBA
concentration reveals incomplete oxidation of NEFA in the tri-carboxylic acid
cycle during negative energy balance [3].

Table 1
The plasma metabolites of the cows which received choline
Triglyceride 9.00 + 1.88 (mg/dl)
Glucose 55.00 £4.13 (mg/dl)
NEFA 0.237 +0.08 (mmol/1)
BHBA 0.453 £0.12 (mmol/1)
Table 2
The correlation between plasma metabolites of the cows which received choline
Correlation Triglyceride Glucose NEFA
Glucose 0393 | - |
NEFA -0.189 -0338 | 0 -
BHBA -0.485" -0.543" 0.415"
* P<0.05

Early lactating cows rely almost exclusively on gluconeogenesis in the
liver to meet their glucose requirements. But the level of blood glucose
decreases during early lactation due to high demands for lactose synthesis as
well as insufficient gluconeogenesis [14, 15]. The rise in NEFA during early
lactation expressed enhanced adipose tissue mobilization to cope with the high
energy demand for milk synthesis, when the availability and oxidation of
glucose was reduced [13].

Reduction in gluconeogenesis by the liver, due to accumulation of fat in
the liver, may lower blood glucose levels and decrease insulin secretion, which
would support greater lipid mobilization and increase rate of fatty acid uptake
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by the liver and increase ketogenesis [3]. An increase in plasma glucose during
early lactation will likely increase insulin and decrease NEFA concentration.

The results of our study show that feeding choline improves liver function
due probably to increasing formation of VLDL and its export from liver into he
blood. In result the amount of TG in blood increases and the level of NEFA
decreases.

Due to increase of glucose in the blood, the secretion of insulin increases.
Since the increase of insulin suppress fat mobilization from adipose tissue, the
amount of NEFA decrease in the blood and as a result, the influx of NEFA into
the liver decreases, then the liver has fewer problems for oxidation of NEFA, in
consequence, the level of BHBA decreases in the blood.

As a conclusion,we can recommend that choline can be useful in the
nutrition of early lactating dairy cows due to increasing formation of VLDL to
export fat from liver which results in improvement of liver function.

Armenian State Agrarian University, M.Rahmani @live.com

M. G. Rahmani, R. G. Kamalyan, M. J. Dehghan-Banadaky,
G. J. Eskandari

The Correlation Between Energy Carriers in the Blood Plasma of Early
Lactating Dairy Cows Receiving Supplemental Choline

In an experiment on early lactating Holstein cows it was shown the presence of
correlation between non-esterified fatty acids (NEFA), B-hydroxyl butyric acid (BHBA),
triglyceride (TG) and glucose in plasma while feeding diet with choline. TG had a positive
correlation with glucose. TG and glucose shown negative correlations with NEFA and
BHBA. NEFA had a positive correlation with BHBA. This finding indicates that feeding
choline can be useful to divert fatty acids to phospholipid synthesis to export fat from liver
as well as improving gluconeogenesis and reduction of fat mobilization from adipose tissue
which results in reducing production of BHBA.

U. Q. (fwhdwih, (} Q. Ludwjjul, U. Q. Thhowb-Futunulh,
Q. . Gujwmunwunph
Eukpquiyphsubph Ynplyjjughwb Yndbph wpput yiuquugnad Jun
Juptwnympjui oppwinid YEph htn hwdbjyuy junjhh YEpulpduwi
yuydwhbbpmd

Znjuplyt ghnh Ynybph Jupltwwudnipjui Jun oppwinid Ytph hbwn funhth
YEpulpduwt yguydwbibpnud gpuiugynid £ hwjuuwnp §nphjjughw wpjut wiuqduygh
stptphdhjugius dwpyuppniutph, p-hhnpopupjupuquppedh, kowghigihgkphgubtpnh
b gymlyngh Uhol: Bowghigihgbphntph b qpniyngh dhol ghugnud £ ppului
Unpbjughw: Bnwghiqihgbiphnubtpp b qpouyngp ppubnpnid Bu pugwuwlwb Ynpk-
pughw skptphdhjuglus &wpywuppniitph b f-hhgpopupjupuquppdh hwudbtdwn:
dbtpeohuiinhu vhol nhwnynid E npujub Ynpkjjughw: SYyjwjutpp Juynid &, np junjhtth
YEpuyhtt  huwbnudp  tyuwunnd £ fwpyuppeniubph  ognnwugnpsdwtp  jupnh
dnudnihyhnubph uhtiptgnud, wpwbph hbpwgdwipn b qpniynqh uptplqhtt wy
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opquinud, huyp wjuqlginud t fwpuybph dnphihqugnuip dwpwuyhtt hniuqusphg b
hotigunud f-hhnpopuhljuipuquipeyh pnnipniip wpyub yuqlumnad:

M. I'. Paxmanu, P. I'. Kamaasia, M. JIxk. Jlexq:kan-banagaku,
I'. Ixx. Eckannapu

Koppeasinusi Me:k1y JHeproHOCHTEJSIMH B IJIa3Me KPOBHM B PAHHUIA
NMepPUOJ JAKTAIIMU KOPOB, MOJY4YaBIIUX B KayecTBe 100aBKH XOJHH

B ombitax Ha KopoBax mopoasl ['ommrTeiiH Moka3aHO HauMuyWe KOPPENALUH B
IU1a3Me KpOBU MeXIy HescTepuuiupoBaHHBIMU JkupHbIMH Kucinoramu (HXK), B-
rugpokcudyruparoM, tpuriuuepuaaMu (TT) u rinoko30i B paHHUHA NEpHOJ JIaKTaluu
IIpYU CKapMJIMBaHUM XOJHHA. TT" MMenu NONI0XKUTEIbHYI0 KOPPEIHIo ¢ rmoko30i. TIN
U TIJIIOKO3a IOKa3blBAIM OTpHUlaTenbHyto koppensuuio ¢ HXXKK u B-ruppoxcudyru-
parom. HXXK Haxomunace B NOJOXUTENBHOH KOPPENSLUH C P-THIPOKCHOYTHPATOM.
JlanHble yKka3bpIBalOT Ha TO, 4YTO CKapMJIMBAaHHE KOpOBaM XOJMHA MOXET
cnocobcTBoBaTh HampasieHuto oomena HXXK Ha cunTte3 docdomununos u skcnopry
KHUPOB M3 MEUCHHU, a TAKXKE TJIFOKOHEOreHe3y U YMEHBUICHUI0 MOOMIIM3AIMU JKUPOB U3
KUPOBOW TKAaHH, YTO MPUBOJUT K YMEHBIICHHIO IPOIYKIUH B-THIPOKCUOyTHpaTa.
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JuieKkTpo(pU3n0JI0rHIecKoe Hccaea0Banue HelipoHoB locus
coeruleus Mo3ra Kpbic nocje 3TAHOJIbHOI HHTOKCUKALMHU

( IIpencrasneno wi.-xkop. HAH PA JI.P. MansenstHom 13/VI 2012)

KnroudeBble cl10Ba: 9manoibHas UHMOKCUKAYUSA, CHAUIKOBASL AKMUBHOCMb
Hetiponos locus coeruleus

[IpoGneMa anKOroIpHOW 3aBUCHMOCTH SIBJSIETCS OJHOW M3 BaKHEHIIHMX B
COBPEMEHHOW HApKOJIOTHH U TICUXHATPUU BCIEICTBHE €€ IMIMPOKON pacmpo-
CTPaHEHHOCTH U BBICOKOTO YPOBHSI XPOHHYECKON MHBanuAU3auuu. OTaHoi (J)
KaK HEMPOTOKCUH C MHOXKECTBEHHBIMU 3((EKTaMU OKa3bIBACT KPATKOBPEMEH-
HOE/TPaH3UTOPHOE U AIUTEIbHOE/yCTONUNBOE BO3/IEHCTBIE HA HEPBHYIO CHUCTE-
My. OTHUMU U3 YCTOHUUBBIX 3D (HEKTOB SBJISIOTCS TOITOBPEMEHHOE PEIYITUPO-
BaHUE HelporeHesa B runmokamiie [1, 2], BceoOmast aTpodusi CTpPyKTyp ToJIOB-
HOTO Mo3ra [3] 1 MHIYKINS BOCIAMTENBHBIX TIPOIIeccoB [4].

JlnutenpbHOS/MOCTOSIHHOE PUMEHEHHE D pa3BUBaeT (YU3MUYECKYIO 3aBUCH-
MOCTb, U BCJIEICTBUE ITOTO MPUOCTAHOBKA/M3BATHE D BBI3BIBACT PsJ CHMIITO-
MOB, acCOIMMPOBaHHbIX ¢ CAMP nyTsiMu 1 HEHpPOTPaHCMUTTEPHBIMU CHCTEMa-
Mmu [5]. [IpumedarenbHo, 4TO XPOHUYECKOE OTPeOIeHHEe D HHIYIUPYET Peop-
TaHM3AIHAI0 KOMIIOHEHTOB KJIETOUYHBIX MEMOpaH C MOBBIIICHHEM KOHIIEHTPAITUHI
XOJIecTepoa U HACHIIIIEHHBIX )KHPOB B JIMITMIHOM OHMCIIOE, BCIIEICTBUE YEro UH-
THOMpYeTCsl BE3UKYJSIPHBIN TPAHCIIOPT HEUPOTPAHCMUTTEPOB U B IIETIOM Hapy-
maroTces GYHKUUM HEHpOHANBHBIX ceTeil. VI3BeCTHO S5 OCHOBHBIX HEWpOTpaHC-
MHUTTEPHBIX CUTEM MO3ra, addekTupyempix J: riroramar-, ' AMK-, nonamus-,
CEPOTOHUH- U OMUOMAIPTUYECKHe cUTeMbl [6]. CuuTaercs, 4To XPOHHUYECKOE
MpUMEHEHNEe D HHIYNHUPYET Pl U3MEHEHHWH B YTHIW3AIMH HEHPOTPAHCMUT-
TEPOB, BO3MOXKHO, BCJICJCTBIE U3MEHEHUI HA YPOBHE PELENTOPOB, MOAUDUIIN-
pOBaHMEM CHHANTHYECKHX BXONOB. BozneiictBme O Ha BbIgeNeHUE HEHpO-
TPaHCMHUTTEPOB CBA3BIBAIOT ¢ 3 dektamu D Ha BHYTPUKICTOYHBIN CBOOOTHBIN
Ca™ [7].

[enbro JAHHOTO MCCIIENOBAHUS SBUIOCH IEKTPO(PHU3UOIOTHUECKOE H3yUe-
HUE CIaliKoBOM akTWBHOCTU HelpoHoB locus coeruleus (LC) Ha BBICOKOYAC-
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ToTHyI0 ctumyssiuio (BUC) cynpaontuueckoro sigpa (COS) runoranamyca y
KPBIC CITYCTS 2 MecsIa Mociie U3bATH .

Marepuajs U MeTOAbl. DKCICPUMEHTHI MPOBEACHBI HA 6 TMOJIOBO3PENBIX
kpeicax (230£20 1) B rpymmax “Hopma” (n=3) m “Otanon” (n=3). Kpsice
HaXOJWIUCh HA CYXOM KOPME U B KayeCTBE €JIMHCTBEHHOT'O MCTOYHUKA JKUJI-
KOCTHU mony4anu 15%-Hblii 3TaHON B TEUECHUE ABYX MECSLEB, MOCIE Yero ObLIH
nepeBefeHsl Ha Boay. CycTs 2 Mecslla MOCie U3bATUS D B OCTPOM SKCIEpHU-
MEHTE )KHBOTHBIX 00e3BMXHUBAIHN | %-HBIM AUTWIHHOM (25 Mr/Kr B/O) 1 mepe-
BOAMIN Ha HCKYCCTBEHHOE HbIXxaHHe. Mojenb H30JMPOBAaHHOTO TOJOBHOTO
MO3Tra MOJTyJai Mepepe3Koi CIIMHHOTO MO3Ta TIa3HBIM CKaJIbIIENIeM Ha yPOBHE
rpynabix T,-T; cermMeHTOB 1OJ MECTHBIM HOBOKAaMHOBBIM Hapko3oM. [locie
KPaHUOTOMHU CTEPEOTAKCUYECKU OPHCHTHUPOBAHHBIN pa3paXkaroliuii OHIIo-
nsipHBIA anektpon BBogwn B COS runoranamyca mo koopamHatam AP-1.08,
L+1.5, DV49.3 MM, a CTEKJISIHHBIH MUKPO3JIEKTPOA C JTUAMETPOM KOHYMKa |
MKM, 3anosHeHHbIH 2M pactBopom NaCl, muorokparHo morpyxkami B LC 1o
koopauHatam AP-9.5; L+1.5-3.5; DV+7.8 mm. BUC (100 I'm B Teuenue 1 c)
OCYIIECTBIISUTH TTOCPEACTBOM MPSIMOYTOJBHBIX TOJTYKOB TOKA JUIUTEIEHOCTHIO
0.05 mc n ammuurynoit 0.16 — 0.18 MA. B onnaiiH pexxume UMITYJIbCHBIM MTOTOK
MOCJIe PEruCTpaly MOABEPralicsl MPOrPaMMHOMY aHAIU3y, C MOCIEAYIOUIIM
BBIBOJIOM pACIPENEICHHON B peabHOM BPEMEHU IIpe- U TMOCTCTHMYJIBHOM
CMaKOBOM aKTUBHOCTH €IUHUYHBIX HEHPOHOB M MOCTPOEHHBIX HA MX OCHOBE
THECTOTPaMM CyMMBI CIIaKOB HJIM YCPEIHEHHBIX TUCTOTPAMM YacTOT C JaHHEI-
MH MHOTOYPOBHEBOW CTaTHCTHYECKOW 00paboTKH au((hepeHIIMPOBAHHO IS
MIPECTUMYIFHOTO M TIOCTCTUMYJIEHOTO BpeMEHH, a Takxke Ha nepuon BUC (pas-
pabotuuk B.C. Kamenerkuii).

Pe3yabTarhl 1 uX 00Cy:KIeHHe. Y WHTAKTHBIX KUBOTHBIX AKCTPAKIETOU-
HOU peructpaiueil OHOBOI M BHI3BAHHOW CIAWKOBOW aKTMBHOCTH OJJMHOYHBIX
HeiiponoB LC (n=54) npu BUC uncunarepansnoro COS BbIsiBIEHBI: BO30YIH-
TEbHBIC OTBETHI B BUJIC TETAHMYCCKON U IOCTTeTaHn4YecKor noTeHuanyu (T11
u [ITII coorBercTBeHHO) B 19 u3 54 ucnbrrannii (35.19 %), TopMO3HBIE OTBETHI
B Buje TeTaHmdeckod M mocrreranmyeckort aenpeccun (T[] n 1T/ coorser-
ctBeHHO) B 13 u3 54 ucneitanuii (24 %), OMHOBpEMEHHO WHTHOUTOPHEIE U BO3-
Oyaurenpable KoMTOHEHTH! 0TBeTOB (TH+IITII) B 22 u3 54 ucnbirannii (41 %)
(puc.1, N). Iocne u3patus D B Heliponax LC HapymieHne OanaHca HHTHOUTOD-
HBIX ¥ BO30YJUTEIIbHBIX OTBETOB XapaKTEPU3yeTCs JOMUHUPOBAHHEM WHTHUOU-
TopHOro ToHa (12 u3 26 = 46.15%) 1 HanUuMeM 3HAYUTENHHOTO YKCIIA apeak-
TUBHBIX HEUPOHATBHBIX equnwuIl (5 u3 26 = 19.23%) (puc.1, 1).

B HOpMe mocTcTHMynbHBIE BO30ynutenbHble 3ddexTsr B Heifponax LC
(puc.1, E) wumeror Mpg=10.69 cnaiix/c, uTto cocraBmsier 1.7-kpatHoe
(10.69/6.27) mOTEHIUPOBAaHWUE AKTHBHOCTH, a B Tpymme JtaHol Mpg=7.62
crnaiik/c, uyto cocraBmsier 1.4-kpatHoe (7.62/5.26) nmotennupoBanue (puc.l, A).
TH+IITII 8 Hopme (puc.1, 3) nposiBisitoT 5.56-kpatnoe (10.12/1.82) cHuxeHne
u 1.13-xpatHoe (11.49/10.12) moBeIlIeHHE aKTUBHOCTH MO CPABHEHUIO C YaCTO-
TOi (POHOBOW/TIPECTUMYIIBHON aKTHBHOCTH, B TO BpeMs Kak B TpyIIe DTaHONI
TH+IITIT addextsr (puc.1, B) umeror 5.48-kpatnoe (9.60/1.75) cHmkenne u
1.53-kparnoe (14.68/9.60) noBbIIEHNE aKTHBHOCTH.
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1 TOCTCTUMYJIBHON CHAaWKOBOW aKTUBHOCTH €IMHUYHBIX HeifpoHoB LC mpu BeIcOKOYac-
totHOH ctrmymsiun COS st Bo30yautensHbIx (A, E), Topmosssix (b, JK) u TA+IITII
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(B, 3) apdexroB B rpynmax I (A-I') u Hopme (E-3). CHU3y — muarpamMma cpejHeid yac-
TOTHl [UISl DaHHOH CYMMBI CIIafiKOB, C yKa3aHHEM CpeAHHX HU(POBHIX 3HAYCHUH B
peasmsHOM Bpemenn 20 ¢ 1o (Mgg) u 20 ¢ mocne (Mpg) BUC (B Tewenne 1 ¢ — Mrp). [ —
NEePUCTUMYNbHAs CHalKoBas aKTUBHOCTh MAPOKCH3MAJIBHOIO THUMA IJIS €IUHUYHOTO
Heiipona LC , npezcraBneHHas B peaibHOM BpeMeHH (Spike timing) U Ha HEPUCTUMYIIb-
Houi BpemenHol rucrorpamme (PETH). Cokpamenusi: BE (before event) — BpemeHHOI
oTpe3ok 1o crumyisinud, PE (post event) — BpeMEHHOM OTPE30K 1mocie CTUMYIsuu, T T
(time tetanization) — Bpemst BUC.

TH+IT/ sddextsr B Hopme (puc.1, XK) nposisaror 6.43-kpatHoe (6.17/0.96)
camkenne Ha Bpems BUC u 1.28-kparHoe (6.17/4.83) cHMKeHHE Ha TTOCTCTH-
MyIJIFHOE BpeMsi, a TakoBble B rpymnmne Otanon (puc.l, b) — 9.77/4.27 = 2.29 n
9.77/8.78 = 1.1-xpaTHOE CHMXEHNE, COOTBETCTBEHHO.

AHanu3 pe3yJbTaToB JaeT OCHOBAaHHE 3aKJIIOYHUTh, YTO TOCHE U3BATHSA O
XapakTepHbIMU A1 HeWpoHOB LC sBIIAIOTCS NMayeyHbIH TUN aKTUBHOCTH B
MOMYJISIIMAX apeakTUBHBIX HepoHoB (puc.l, I', JI) 1 HEMPOHOB ¢ TOPMO3HBIM
tuniom otBeToB (puc.l, b). Ha puc. 1, /| mpencraBnena pasBepHyTas B pealib-
HOM BPEMEHHM Tpe- W IMOCTCTHUMYJIbHAs SMHIeNTU(OPMHAs ClIaKoBas aKTHB-
HOCTb Ha NpHUMEpEe XapaKTepHOro eIMHUYHOro Heifpona LC, accouunpyemas ¢
HapyLIeHWeM KalbLUEeBBIX CUIHAIBHBIX IyTell [8]. D akTUBUpYyeT MHOXECTBO
HEHpOTPaHCMUTTEPHBIX CUCTEM, B YaCTHOCTH HOpaapeHipruueckyro u FAMK-
spruyeckyto [ 9 ]. TAMK B kope ycTraHaBiIMBaeT HHTHOUTOPHBINA TOH, TPOTHBO-
MOCTABIISIEMBI BO30OYIUMOCTH U MIPU 3TOM, €CIi OalaHC HapylleH, UMeeT Mec-
TO 3mIenTudOpMHas MPUCTYooOpa3Has akTHBHOCTS [10].

HnTtepecHo, uTo snmnentu(opMHas aKTUBHOCTh OKa3bIBAET 3HAUUTEIBHOE
BO3AEUCTBHE Ha CTPYKTYpYy MO3ra U CHOCOOHA MHIYLHPOBATH HEMPOHAIBHYIO
rudens. Tak, BBISBIEHBI MOP(OIOTHYECKHE U3MEHEHHUS, CBSI3aHHBIE C MPOJIOH-
TMPOBAaHHOI KOHBYJIBCUBHOM aKTUBHOCTBIO — CEJIEKTHBHAs KJIETOYHas rubeinp B
SNWIENTOreHHBIX CTPYKTypax rumnmnokammna [11].

1.Du3nonornuecKuii ¥ TeHETHUYECKUHA aHaIN3 BRISIBUII, YTO SIHIIEIICHS TeC-
HO COOTHOCHUTCS C IOTCHI[MaI3aBUCUMbIMU MOHHBIMH (Na+, K+, Ca2+, Cl-) u
JIMraH[3aBUCUMBIMU KaHajJaMu (HUKOTHMHOBBIE aleTWIXoiauHoBele U ['AMK
penenitopsl) [12]; ycraHoBieHa BbICOKast ceHCHTUBHOCTH NMDA penentopoB
TUIIIIOKaMIa K O B U30JMPOBAaHHBIX HEMPOHAX U B KyJIbTypax HEHPOHOB in vivo
[13].

2. UccnenoBaHusi OKa3aid, YTO OTAENbHBIE CTPYKTYPBI MO3ra 00JajaroT
N30MpaTeNbHON YyBCTBUTEIBHOCTBIO K XPOHMYECKON MHTOKCHKAIMU 3, B yac-
THOCTH, XOJHMHEPTHUYECKHE SIpa MEepeqHEero MO3ra, Me30KOPTUKOIUMONYECKast
nodamuHeprudeckas cucrema, locus coeruleus u raphe nuclei. Cpeny Bo3MoXk-
HBIX MHUIICHEU BO3JEHCTBUS D B OCOOCHHOCTH M3BECTHBI HEHPOTPAHCMUTTEP-
orocpeloBaHHbIE HOHHbIE KaHaibl (BKitodas riyramar, I'AMK, munus,
HUKOTHUHOBBIE AllETWIIXOIUHIPIUIECKHE U CEPOTOHUHIPTUYECKUE PELETITOPHI),
obcyxuBaromye OBICTPhIE CHHANITHYECKHE Mpeodpa3oBanust B mosre [14-16].
B 10 e Bpemsi O moBpexaaeT Mo3T uepe3 AuddepeHIupoBaHHbIE BHYTPUKIIE-
TOYHBIE CUTHAJIBHBIE ITYTH, BO3JIEHCTBYS Ha HElporeHes3, KJICTOYHYIO0 MUTPALIHIO
U BeDKMBaHue [17].

Wuctutyt ¢pusuonorun um. JILA. Opoenrn HAH PA
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A. A. Casasn, B. A.YUapymsan

DaekTpodu3N0J0orHYecKoe uccjieqoBanue Heiiponos locus coeruleus
MO03ra KpbIC MOCJIe 3TAHOJIbHO HHTOKCUKAIIMH

B anexTpohu3noI0rn4ecKuxX MUCCiIe0BaHUAX BBISBICHO, YTO IOCJIE M3bATHS ITa-
HOJIa HeHpoHBI locus coeruleus Mo3ra KpbIC XapaKTEPU3YIOTCS SMWICHTU(OPMHON CH-
HaNTHYECKON aKTMBHOCTHIO, ACCOLMUPYEMOH ¢ HapylIeHHeM OanaHca MHTHOUTOPHOU 1
BO30YIUTENbHONH HEHPOTPAHCMHUCCHH.

U. U. Uwduyui, 9. U. Qunipjub

Epwunjuyhit htinnpuhljughwjh nunuptgdw wguydwubtpmd
wnubkwnubph mntnh locus coeruleus-h ukjpnuuttiph
EEyunpuwdphqhnnghujut mumdbwuhpmpinii

EiEyinpubhqhninghwljut thnpdbpnid puguwhwyngt) k, np tpwnih wqpkgnipju
nunupbkgdut yujdwbtbpnid wptbkntbph nintnh locus coeruleus-h ubjpnuubpht plin-
pn2 & twhibygunhy punyph uhtugnhy winpdnipmi’ gupdwbugnpdws wpgkulhy b
nnihy wppuhnjuunphsubph hwpwpkpuygnipyub pupndundp:

A. A. Savayan, V. A. Chavushyan

Electrophysiological Study of Neurons of locus coeruleus Rat’s Brain
After Discontinuation of Ethanol Consumption

In electrophysiological experiments it was revealed that after discontinuation of
ethanol consumption the neurons of locus coeruleus of rat’s brain are characterized by
epileptiform synaptic activity associated with impairment of ratio of inhibitory and
excitatory neurotransmission.
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