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ZUBUUSUULh &PSAPRE3NERLLEBELP UQ2QUBPL UUWUTBURPU
HANOUWUOHAJJBHASYAd AKAJAJEMMWUA HAYK APMEHMUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

1O KA BI 9BYNh38LEL REPORTS
zvu%lmp 112 2013 Ne2
MATEMATHUKA

VIK 517.956.223

I'. M. AiipanersH, JI. B. Ilorocsin

I'pannynas 3aga4ya Pumana — I'nib0epra 1J1a ypaBHeHus
bunapnse ¢ rpaHUYHBIMHU YCJI0OBUSIMH M3 IPOCTPAHCTB Mep

(ITpencrasneno akagemuxom B.C.3axapsHom 25/X1I 2012)

KiaueBble clI0Ba: cpanuunas 3a0a4d, npoCmpancmeo mep, ypasHeHue
buyaose, crabas cxooumocme.

1. lycts D™ ={z; | z |< 1} — eaunnunsiii xkpyr, T ={z;|z|=1} — eau-

HUYHASI OKPYKHOCTh B KOMILIEKCHON Miockoctu z =X+iy, W — mpocr-
1

pancTBo Mep, onpeaenennsix va T, W c W — nogmuoxecTBo abco-

JIOTHO HENpPepBIBHEIX Mep Ha [, NpeACTaBUMBIX B Buie dp, =

=§00(ei9)d0 , Tae — ¢, GyHknua orpanndeHHol Bapuanuu Ha 7 . B Hac-

Toslel paboTe uccuenyeTca rpaHudHas 3agada Tumna Pumana — I'mib-
OepTa i1 ypaBHEHHS

2 2
1 iﬂ‘i u=6—L2£=0, zeD", (1)
4\ ox oy oz

B CIIEAYIOUIEH MOCTAaHOBKE: ONPEAETUTh (YHKIHUIO U, YHOBIETBOPSIOLIYIO
ypaBHeHUIO (1) Tak, 4TOOBI BHIIOJTHSINCH TPAHUYHBIE YCIOBHA

lirlno Reu(rt) =d py (1), (2)
. ou(rt)
Jim Re 1 = dpy o), 3)

rae duy, € W(l), dup, € W — npousBonbHele Mephl. Pasencrsa (2), (3) moHuma-
IOTCSL B CMBICTIE CJIa0OoW CXOJUMOCTH, T.€. s nro0o GyHkiuu g e C(T) (He-
npepsiBHON Ha 1 (QYHKIMK) UIMEET MECTO

1illnojg(t) Reu(rt)dt = [ g(1)d py (1), (2"
r>1-07 T
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lim
r—1-

P
e ”(:t) dt = [ 8@ 1), 3"

Crnenyer ormeTuTth, uTo 3amada Jupuxne nisa ypaBHeHus (1) He sBisercs
HOpPMaJlbHO pa3pemumMoil. 3agaya Pumana — ['mibbepra mis ypaBHenus (1) u
IUSl ypaBHEHHI BBICOKOTO MOPSIKA, KOTJa TpaHUYHbIe (YHKIUK MPHHAATIEKAT
knaccy I'enbaepa, B KIacCHYECKOW MOCTAaHOBKE HCClieoBaHa B paborax [1-3].

Eciu rpanmdnble (yHKIMH IPHHAUIEKAT Knaccy L' 9Ta 3ajaua HecieqoBaHa B
pabote [4]. Hakoneny ormernm, 4TO TpaHM4Has 3agada ['nnpbepra B Kiacce
W uccnenoBana B pabore [5].

2. Obwee pewenue ypasuwenus (1) mooucno npedcmagums 6 6uode

(cm. [1])
u(z) =@,(2) + (1= 2 )y (2) +a,Z, 4)

rae @,, ¢,— NPOU3BOIbHBIC aHAIUTHYECKHEe QyHKIMH B D', ¢, — IpOH3BOIB-

HOE KOMIUIEKCHOe uncio. Y caoBus (2), (3) (mmm (2'), (3")) MOKHO NpeacTaBUTh
B BUJIC

rligl}o Re(p,(rt) + (1= 7)o, (rt) + ayrt) = d u, ()
lim Re(tp] (rt)—2re,(rt) + (1— 1)t/ (rt) + a,t ) = d ()
Hononcmv;%l_o
Re(p, (rt) + (1=, (rt) + a,rt) = f,, () ’
Re(to)(rt) = 2re,(rt) + (1—-r)te|(rt) + ayt ) = f,,(t) '

Tak kak f,, u f,, npunamiexar kiaccy I'enbaepa Ha T, To momydaem

0, (r2) +(1— r)(ol(rz)z—J.fOV()tJert a2 +iby, ze D",

20)(r2) = 21, (12) + (1) (1) = I O 2L gz vih, ze D,

rae b,, b, — npou3BoONLHEIE nei&CTBHTeanme gucia. Tak kak
llm ﬁ)r (t) = duO’ hm ﬁr (t) = dul >
r—>1-0 r—>1-0

B CMBICIIE cJa0OW CXOOMMOCTH, TO, TEpPexXoAs K IMpedeny B IOCISIHUX
paBEHCTBax, MOJIy4aeM

®,(2) z—IH—ZduO(t) a,z+ib,, ze D",

, t+z +
205(2) —20,(2) =2—m. [ dm@-az+ib, zeD".

OKOHYaTeNbHO 6y,ueM HUMETh

%(z)—— j 2y 0)-ayz +ib, 2 D", 5)
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oz opdpy@) 1 t+z - .
?(2)= 4mj(t_z)2 4ﬂj <r>+ eD". (6)

OTUM YCTaHOBJICHA

Teopema 1. Ecnu ons 3adannvix mep dp, €W, dpy, € W saoaua (1)-(3)
umMeem peuierue, mo ee MOJ*CHO npeocmagums 6 euoe (4), 20e gynxkyuu @, @,
onpedensaiomes gopmynamu (5), (6), a,— npouszsonvHoe KOMIIEKCHOE YUCTO, 4
by, b,— npoussonvhvie delicmeumenshvie yucna.

U3 aroit Teopembl u u3 Gopmyin (5), (6) HEMOCPEACTBEHHO CIEAYET, YTO
€CM B YCIOBMAX HAIllEd 3aladudl BMECTO MEP d (), d,(t) paccMarpuBaTh
¢byukumu 13 knacca ['enbaepa, To peleHus 3To# 3a1aun Taxke OyayT IPUHAI-
nexarb kiaccy I'epaepa B 3aMKHYTOM 00acTu D*.

3. OcHOBHas 11eJIb HACTOSAIIEH pabOThl — YCTAHOBUTb, UTO JAJIS JTIOOBIX MeEp
du,eW, u dy, e W byskuus u(z),onpeneneunas Gpopmysoii (4), yaosie-
TBOpsieT ycnoBusM (2), (3). OTnensHO paccMOTpHM OJHOPOIHYIO 3anady (1)-
(3). Torna rpaHUYHBIC YCIOBUS IPUHUMAIOT CIICITYIOIIHIA BUJT:

lirlr_lo Reu(rt) =0, @)
lim ReM =0 ®)
r—1-0 or

(cX0AMMOCTB TIOHUMAETCS B CMBICIIE CIa00ii CXOIUMOCTH).

Teopema 2. Oonopoonas 3adaua (1), (7), (8) umeem uemvipe nunetino
He3a8UCUMbBIX peuleHus Hao noaem Oeticmeumensvuvlx uucen. Obujee peuienue
2MOU 3a0a4U MOICHO NPEeOCMABUMb 8 BUOE

2 —
u(z) =, (2)+(1-| [ ), (2) + a2,
20e
©,(z)=ib,—a,z, @,(z)=ib, )
npuuem b,, b— npouszsonvuvie deticmeumenvuuie Yucia a a, — NPOU3EONLHOE
KOMNJIEKCHOE YUCTIO.
HdoxazareabcTBo. M3 mpencraBnenuit (2), (3) dyHkumit Po- P npu
du,(t)=0 mdu (t)=0
Ho (1) # (1) nony4yaeM npencrasienus (9). CiaegoBareiabHO
ib
. 2 1 —_
u(z)=ib, +(1-| z | )7+aoz,
U TojiydaeM paBeHCTBO (7).

Jlemma 1. ITyemo d p, € W — npoussonsnas mepa naT . Tozoa

lim — I%d (1)=0,

20e npeodei NOHUMAEMCsi 8 CMblCle CLabOU CXOOUMOCHU, N.é.
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2 150] %duo (e)dt = (10)

rﬁl 02

0411 10601 PyHKYUU g € C(T).
JlokazaTenbeTBo. Tak Kak

a=r) , )
Zﬂ'J.(T rt)’ #o(T)

<lau, an
w

Y MHOXECTBO QYHKLMH g € c'e (T") Bcroay TIIOTHO B CMBICIE C1aboi cXOu-
moctit B W (em. [6]), To mocratouno yeranosuts (10) mpu g € CY(T). Te-

neps, ecmu g € C“(T), 1o (cM. [7] ) maTerpan Tuna Komw or Gpyskmun g

g(t)dt
w (T — rt)’

rae C HekoTopas KOHCTaHTa, He 3aBucsmas ot 7 € (0,1) . [Tostomy

YIOBIIETBOPSIET HEPABEHCTBY

<C,

lim —J.g(t)J.—duO (r)dt =

r—=1-0 Q7
Teneps U3 OLEHKU (1 1) cnexgyet yTBepkKIEHUE JTEMMBI.

Jlemma 2. Ilycmo d u, € w® npouseonvHais mepa Ha 1. Toz0a

Iud (1)=0,
A2 e—ry

20e CXO00UMOCmb NOHUMAEMCsl 6 cmblcae caaboll cxooumocmu 6 W .
JHoxkazateaberBo. Tak kak dy, € W, , mo d p, = @, (t)dt, 20e ¢ynkyus

®,(t) onpedenena na T u ssrsemcs Gynkyueil ¢ ozpanuuenHot sapuayuet.
Ilpous600s uHmeepupoeaHue no wacmsm, 6yoem umens

(1-r%) (1-r7)
j [ 2nlmd<"°(”'

[Ipumensis nemmy 1, MOJTy4aeM JI0Ka3aTeNlbCTBO JIEMMBI 2.
Teopema 3. Ilycmo dp, eW,, du, € W — npouseonvuvie mepvr na T .

Tozoa gpynxyus u(z) us (4), 20e pynkyuu @, ¢, onpedensomcs Gopmyramu

(5), (6), senssemces pewenuem epanuunoi 3aoauu (2), (3).
JokazarenbcTBO. YUuThIBask TeopeMy 2, JOCTaTOYHO YCTAaHOBUTh, YTO
¢bynkuus (4), korga

1 ¢t+z
=— du,(t),
?,(2) ant_z o 0)

02 == [T g,

. 2
driy (t—z) 4wyt
YIOBIIETBOPSIET IPaHUYHBIM YCIOBUAM (2), (3). elicTBUTENBHO, TaK Kak
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Reu(rt)z—jﬁd

a-ry, r)
47J w(0),

(1) + Re—j—)duo( 7)-

To, yautsiBas, 4To
1 1-7°
— Ho(T) =d 1

1202 o | T —rt | ’ ’

B cMbIcIie cnaboit cxogumoctu B W (em. [7]) u B crny iemMMbr 1
rt(l—r . 1-r
Mg =0,  lim I( ) (=0
r—1-0 271' o (T ) —1-0 4

B CMBICIIE Ca00# CXOIMMOCTH, YCTaHABIMBAEM, UTO (byHKmm u(z) ymoBie-
TBOpsieT ycioButo (2). Janee numeem

Ou(rt ' '
ua(r ):tﬁoo(f't)_2F(01("t)+(1_7'2)§01(”):
_ 2
LU i) I_d”” () +
2 (T—rt) 27r
(I-r )J'Tduo(f) 1-7? J'd:u1(7)
mi 9 (t—-rtY 2nm T(T—rt)z'
Tak kak B cuiy nemm 1, 2
_ 2
o A= )tJ-duO(T)zzo’ (1 r )Iduo(r)
r—1-0 27[ (T—rt) rﬁl 0 (T rt)
r T+t d'ul(T) =
rggnoReET_dul(T) dul(r) rili{lo 27[ !‘.(T_rt)z o

rJie BCe IpeIelbl MOHUMAIOTCS B ¢1aboil Tononoruu npocrpancrsa W, yera-
HaBJIMBaeM, 4yTo GyHKIMA u(z) ymosuerBopser ycnosuio (3) 3agaum (1)-(3).
Teopema noka3ana.

EpeBaHcknii rocy1apcTBEHHBII YHUBEPCUTET

I'. M. Ajipanersn, JI. B. Ilorocsin

I'pannynas 3agaya Pumana — I'mas0epTa 1u1s ypaBHenusi bunange ¢
TPAaHUYHBIMH YCJIOBUSIMH U3 MPOCTPAHCTB Mep

Hccnenyercs rpanuyHas 3agaua Pumana — I'mns0Oepra puis ypaBHeHus bunanze

o’u
—5 =0 B eMHUYHOM KpyTe, T/le TPAHUYHBIE YCIIOBUS — Mepa U3 npoctpancTa JV na
oz’

eZ[HHH‘{HOﬁ OKPYKHOCTH. Hpe/:[r[onaraeTCﬂ, YTO I'paHUYHBIC YCJIOBUSA — DJICMCHTBHI U3
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IIPOCTPAaHCTBA MEP Ha eZ[HHH‘{HOﬁ OKPY>XHOCTH. ycTaHaBJ’II/IBaeTCSI, 4TO 9Ta 3aJa4a HOp-
MaJIbHO pa3peninma.

2.U. Zuypuybnyui, L. 9. Mngnujub

Nhdwl - Zpkpnh tqpuyhtt punhpp Fhgwdth hujwuwpdw hudwnp,
Epp tqpuyhtt wuydwuubpp yunwimd ko sunhbph nwpwdnipywtp

pe
Munultwuhpyws b huwl — Zhyppinh Eqpuaght juinhpp —Z =0 Rhgwdkh hw-
0z

Juuwupdwl hwdwp, pp Eqpuyhtt wuydwbtbpp swthbp o dhwnp opowtiugsh Jpu:
Gupwnpynud k, np uyn wuydwutbpp pinnignud Bu poy) qgniqudhnnipjut hdwunny:
Uwwgnigynid k, np wyn jaunhpp tnpdug pmstph

H. M. Hayrapetyan, L. V. Poghosyan

Riemann — Hilbert Problem for Bitsadze Equation with Boundary
Conditions from Measure Space

2
0u

The Riemann — Hilbert problem is considered for Bitsadze equation — =0,
o0z

where the boundary conditions are elements from space of finite measures. The boun-
dary conditions are defined in sense of weak approximation. It is proved that this pro-
blem is normally-solvable.
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1. In this paper we consider a convergence acceleration of the classical
trigonometric interpolation
1 S —innx, 2k
Z f(xk)e X, =

N - . -
] — 1Tnx —
v (fx) ”;vf”e L 2N +1,4, 2N +1

via polynomial correction and along the ideas of rational (by ")
approximations. Polynomial correction described in this paper is known as the
Krylov-Lanczos approach (see [1-5] with references therein). The idea of
convergence acceleration via rational functions corrections is described in [3, 6,
7]. We reveal some theoretical estimates for convergence of the suggested
interpolations and discuss the problem of parameter determination.

In this section we introduce a rational interpolation as a method of
convergence acceleration of the classical trigonometric interpolation. By
ry (f.x) we denote the error of trigonometric interpolation

ry (fox)= /()= ().

We have
v

ry(f.x)= Z (f” _]?n)einm_,’_ i f]‘leian+7§1f;leinnx i

n=—N n=N+1

where f isthe n-th Fourier coefficient of f

A :%jjlf(x)e’i”“dx .

Consider a finite sequence of complex numbers 6 = {6, }

53(0,0,1):0”,

“;‘Zl and denote
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k k— - _ _
8y (0.c,)=6,"(0.c,)+0 8,7 (0.c,)+6, (5,’;+11(9,cn)+9_k5,’§ l(g,cn)) .
By 5: (cn) we denote the sequence that corresponds to the choiced=1. It is
easy to check that
5: (cn ) = Aif—k (cn)
where A'; (cn) are the classical backward finite differences defined by the
recurrence relation
AV (c,)=cps Ak (c, )= A () + AN (¢, )-

We proceed by sequential application of the Abel type transformations.

The following is easy to verify

2 0 —irNx _ in(N+1)x _ 0 eian _e—in(N+1)x
)= 1 i ae ) e e )
1 ®

1 irnx
rae e )

1 N 1 _ r imTnx

+(1+071€i’”)(1+0167i”x)”:ZN5” (eafn fn)e .

Reiteration of this transformation up to p times yields to the following

expansion of the error
_ [ -inNx _ in(N+1)x z 9—/{51/\{/71 (07417")
}"N (-f:x)_(e N e N+1 );Hjl(l_’_esei,ﬂ)(l_i_esei”X)
iTNx _ e—in(N+1)x) z 9/{51{1:/1 (97417,1 )
=] H; (1 +0_e™ ) (1 +0e ™ )
: S 50(0.0, )™

" [T (1+0 ™) (1+6,e7™ ) wwt
1 N -

57(0.4,- 1),

T o )ieaem) = 047

where the first two terms in the right-hand side can be viewed as the corrections
and the last two terms as the actual error. This viewing leads to the following
rational-trigonometric interpolation

_ _ 0.4 (0.,)
I°(f,x)=1 , —inNx _im(N+1)x £ KON n
N(f x) N (f X)+(€ € );Hil(l'i'@sem)(l"'@sem)

s —e )Y 0,5 (0.1,)
k= Hj:l (1 +0_e™ ) (1 +0.e7 )

+(e

with the error
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1 © .
5[7 9’ imnx
k7 ]+97Seinx 1+9 efmx M;ﬂ n ( fn )6
1.

1
57 (e, imnx .
+H::1(1+‘9—sem)(l+'9v ﬂm) z ( Jo— f)e (1)

Theorem 1. Let feC[-11]. Then I§(f,x) is an interpolation of f on

i (f.x)=

the equidistant grid x,, :%, |m|< N for every sequence 6 with |6,]+1
+

If\’,( ,xm):f(xm).

Proof. Let us first calculate the values of ¢ —¢™¥**on the grid
2m
x =
" 2N+1
_izN in'( ) 2m izm inm

&N, _ei”(N+1)xm —e AN+l _ g AN+ = i GOIN+L _ giTM 52N+ — ().

Similarly
ein’Nxm _e—in'(N+1)xm =0.

Hence

If,(. ,xm):]N(. ,xm):f(xm).
This completes the proof.
2. In this section we consider additional acceleration of the rational-
trigonometric interpolation by polynomial correction method known as the
Krylov-Lanczos approach.

Let feC?'[-11]. By 4,(f) denote the jumps of f at the end points of the

interval

The polynomial correction method is based on the following representation of
the interpolated function

q-1
=>4 () By (x)+ F(x), )
k=0
where B, are 2-periodic Bernoulli polynomials
1
By () :— By (x J'Bkl ,J.Bk(x)dx:O,xe[—l,l]
-1

and function F is a 2-periodic and relatively smooth function on the real line
(F eci! (R)) with the discrete Fourier coefficients

- q_l
_ZAk (.f)Bk,n'
k=0
Approximation of F in (2) by the classical trigonometric interpolation leads to
the Krylov-Lanczos (KL-) interpolation
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Iy, (f.x)= :Z_;Ak (f)Bi (x)+1y (F.x)

and approximation of F by the rational-trigonometric interpolation leads to
rational-trigonometric-polynomial (rtp-) interpolation

15, (f.x)= :Z_;Ak (f)Bi (x)+15 (F.x)

with the errors ry (f,x) and r{ (f,x), respectively.

Theorem 2. Let feC?'[-11]. Then 1%, (f.x) is an interpolation of f
on the equidistant grid x, = % |m|< N for every sequence 6 with |0, =1
+
15, ( ,xm):f(xm), |m| <N.
Proof. In view of Theorem 1 and expansion (2) we get

—1

1, (F0) = S A (1) B (5)+ 15 (Fox,)

< &
- o

=» 4,(f)B(x, )+ F(x,,)=f(x,)-

=0

=~

This completes the proof.

The next results we need for further comparisons. Theorem 3 describes the
error of the KL-interpolation on the whole interval of interpolation
in the framework of L, -norm while Theorems 4 and 5 show the behavior of the

pointwise-error in the regions away from the singularities (x =+1).

Theorem 3. [4] Let f e Cq[— 1,1] and f(q) € AC[—I,I] for some q>1. Then
the following estimate holds

||r1\/,q(f,xj|L2 = O[N_q_;} N >,

Theorem 4. [4] Let g>1 be an even number, fqu”[—l,l] and
£ e AC[-1,1]. Then the following estimate holds as N —« and x| <1 is
fixed

rN,q(f,x)zO(N_q_l).

Theorem 5. /4] Let q=>1 be an odd number, feC*[-1,1] and
2 e AC[-1,1]. Then the following estimate holds as N o and x| <1 is
fixed

rvg(fox)=0(N12).
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3. Determination of parameter 6 is crucial for realization of the rational-
trigonometric interpolation. One general approach leads to Fourier-Pade
interpolation and is connected with the solution of the following system for
getting the values of 6,

52(0.7,)=0, || = N=-p+1,...N,
where the periodicity  property fn+k(2 N41) = f, of the discrete Fourier

coefficients is  taken into account. Theoretical investigation of such
interpolations will be carried out elsewhere.
Here we consider another choice of parameter 0

T .
9k29_k:1—ﬁk,k:1,...,p,rk >0,7; #7;,) #i 3)

and introduce theoretical estimates for the corresponding interpolations for a

smooth function f on [-1,1]. New parameters 7, can be determined by

different approaches. One approach leads to L,-minimal interpolation. This

idea is introduced and investigated in [3] for the Fourier-Pade approximations.
The first step towards L,-minimal interpolation is performed in [6] where the

case p=1 is investigated. The idea of this interpolation is determination of
unknown parameters 7, from the condition

1
g+
: op .
lim N "rN‘q (f,x)"Lz — minimum .

Paper [6] shows the solution of this problem for p=1 and 1<¢<6. Similarly

other cases can be investigated.
Another approach for determination of parameters 7, is described in [8]

where 7, are the roots (which are positive and distinct) of the Laguerre
polynomial L9 (x).

The rest of the paper is devoted to the derivation of the analogs of
Theorems 3, 4 and 5 for the rtp-interpolation for smooth functions on [-1,1]

where parameter @ is defined as in (3).
The following theorem shows the convergence rate of the rtp-interpolation
in the regions away from the singularities x =+1.

Theorem 6. Let f e C72P* [-11] and 1427 ¢ AC[-1,1] for some p.q>1
and parameters 0 are chosen as in (3). Then the following estimate holds as
N > and |x|<1 is fixed

rﬁq (fx) = O(N_q_zp_1 )
Proof. Expansion (2) shows that
iy (fx) =1 (F.x).

We get by the Abel transformation (see (1))

C(X)I}E‘q (f,X) — 8% (e’ Fn )(e—ian_ein(NH)x ) +6§N (e, Fn )(einNX_efin(NJrl)x ) +
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A CH (e,Fn—Fn))e'”u > (o7 (0.F,))e™
n=-N |n|=N+1
4)
where
D
X
¢ =4cos’ 71:1[(1+2c95 cos mx+ 952).

First we will estimate the last term in the right-hand side of (4). We need to

estimate J) (6np (6.F, ))for|n|> N . In view of definitions of 6%(6,c,), o¥(c,) and

their connection with 4% (c, ) we get (see also (3))

P ) P ]
(81 (0.F,)) = X (1) X () A (R,

s=0 k=0

where y, are the coefficients of polynomial

ﬁ(1+‘rs X)= zp:ys x’.
s=0

s=1
In view of the smoothness of F we get (by means of integration by parts and
from expansion (2))

R 1 1 +2p+ —inx
F, = z 4, (.f)Bm,n +mj.f(q 2 2)(x)e dx. 6)
m=g (irn) °
of1)

Taking into account that the last term in (6) is N — o and the well-

2p+2 °
ndt=prt

known estimate (see [4] for similar estimates)
1
k —
A(B,, )= O[n"”k“ ) n— oo

we obtain

q+2p+l
2pk-s+2 _ 1 o(1)
A"‘*‘P_S‘*'l (F” ) - z O[nm+2p—k—‘v+3 J+ nq+2p+2 » B> 0.
m=q

Substituting this into (5) we obtain

5, (31 (0,F, ) = Nl o(n ), > N, N o0
From here we conclude that the last term in the right-hand side of (4) is
o(N‘q‘zp‘l) as N > .
Now we will estimate the third term in the right-hand side of (4). We need
to estimate J) (65 (9, F,-F, )) for |n|< N . Similar to (5) we write

5)(07(0.F,~F,))= g(—l)“ %g(—l)k %Aif;f;if (F,-F). O

Discrete Fourier coefficient F, is convenient to estimate based on the identities

F" - ZF"*'S(ZNH) and l:ﬂn_Fn = Fn+s(2N+1)' (®)

S#WO
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Applying expansion (6) we obtain for |n|< N

_ q+2p+1 0(1)
Fn 'Fn = z Am (.f)zBm,n+s(2N+l)+W’Ng)oo'
m=q s#0

Using the estimate (see [4] for similar estimates)

k —m—k—1
An{ Bm,n+s(2N+l)]:O(N )’ N —>o
s#0

we get

k—s - 1 0(1)
Aifpliﬁ?z (F" —F, ) = O(n2p—k—s+q+3 j+ nq+2p+2 s N>

Substituting this into (7) we obtain

5! (5{(9,5 —Fn)):ﬂ In|< NN >

Nq+2+2 ’
Hence, the third term in the right-hand side of (4) is o(N —a=2p-l ) as N > o.
Finally, we need to estimate the first two terms in the right-hand side of
(4). We need to estimate &7, (G,Fn) . Similar to (5) we write
= N s Vs % k Yi a2p-k-s [
o1 (0.5)- S 23 (o Zeait () ®
5=0 NS N

In view of (6) and (8) we have (see similar estimate in [4])

A’iN(Fn):O(#J, N>,

Therefore
2p—k-s -\ _ 1
Aiiﬁ—p—s (Fn) - O(Nq+2p—k—s+l J s N> oo
and
08 0f sk oo

which completes the proof.
Next theorem is analog of Theorem 3. We omit the proof as it mimics
the proof of similar theorem in [3].

Theorem 7. Let feC???[-L1] and plarzes) AC[-11]  for some
q,p 21 and parameter 0 chosen as in (3). Then the following estimate holds

||rz5,q (f,x)||L2 = O(Nq“/2 ) N>w.

4. In this section we compare the convergence of the KL and rtp interpo-
lations in the regions away from the singularities. Parameter 6 we take as in (3)

and as 7, we put the roots of the Laguerre polynomials L (x).

It is important to notice that theorems for rtp-interpolation require
additional smoothness from the approximated functions and in comparisons it
must be taken into account. If ¢ is the number of available jumps and p >0 is
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chosen such that the requirements of Theorem 6 are valid (e.g. when function is
infinitely differentiable) then rtp-interpolation is more precise (however
asymptotically) than the KL-interpolation which follows from comparison of
Theorems 4, 5 and 6. Also we will show that utilization of all available jumps is
not always reasonable and more accuracy can be achieved with less jumps in
combination with rational corrections.

Let feC'[-11] and ™" euc[-11], M=21. Let g be even
According to Theorems 4 and 6 if the values of p and ¢ satisfy the condition
g+2p=M then both theorems are valid and comparison of corresponding
approximations is legal. Let

f(x) = sin(ax —1)
where a is some parameter. We use the values @ =1,10,30 and in Table 1

calculate the values of [max ]|er’  (f ,x)| for N =512 and for different values
x€[-0.5,0.5 ’

of p and ¢ with condition g +2p=6.

Table 1. Values of max |r]{,’!q (f,x)| for N=512,q+2p=6,9=2,4 and 6 and

xe[-0.5,0.5]
f(x) = sin(ax—l)
qg=2 qg=4 q==6
p=2 p=1 p=0
a=1 2.0.10% 1.1-107! 4.6-107%
a=10 131078 6.9-107'8 3.0-1077
a=30 2.1-1077 1.0-1071 3.9-107

The table shows that for ¢ =1 the KL-interpolation S, ¢(f,x) is the best, for
a=10 and a =30 the rtp-interpolation S3,,(/,x) is the best. For a =30

the rtp-interpolation is much more accurate than KL-interpolation which uses
all available jumps.

Actually we came to the conclusion (not only based on this specific
example but also on the expansion (6) where the main terms include jumps

A,(f).4,(f),.. that not always utilization of all available jumps, by the KL-

interpolation, leads to the best approximation. When the values of jumps are
rapidly increasing then better accuracy can be achieved by utilization of smaller
number of jumps and appropriately chosenrational corrections.

Institute of Mathematics of NAS RA
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A. V. Poghosyan
On Convergence Acceleration of Trigonometric Interpolation

A method of convergence acceleration of the classical trigonometric interpolation
is considered, which leads to interpolation with rational functions with the unknown
parameter. Some convergence theorems regarding the special choice of this parameter
are presented.

U. 9. Mnpnujuits
Bruunitiwswhwljw hnnbtpynjjughugh qniquihnnipjub
wpwuqugdub dwuht

Mumutwuppynud £ bnwllniiwswhuljutn htnkpuynjjughwjh gniquuhnnipput
wpuqugiw vh Enutwl, nph wpyniupnid uinwugymu b nughntuy $niujghwtbpny
hpujwtwgynn hinbpuynjjughw® jupjws wthwjn yuwpudbnphg: Lipjujugynmud ku
qniquuhinnipjub pnpbdubp’ wyn wwpudtnph dh dwubugnp pinpmpjut hudwp:

A. B. Ilorocsu

06 YCKOPE€HUH CXOAUMOCTH TpI/IFOHOMeTpI/l‘leCKOﬁ HHTEePpIOJsAIUHA

PaccMaTpuBaeTCsl METOJ YCKOPEHHS CXOJUMOCTU TPUIOHOMETPHUYECKON UHTEPIIO-
JISIUM, KOTOPBII IPUBOJAUT K UHTEPIOJLILUY C PALMOHAIBHBIMU (QYHKIMAMH C HEU3BeE-
CTHBIM napameTpoM. IIpuBonsaTcst TeOpeMBbl CXOIUMMOCTH AJIsl OHOIO BbIOOpA 3TOro ma-
pamerpa.
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(IIpemcraBieno akagemukom B.C.3axapsaom 30/1 2013)

KuaroueBsble ciaoBa: ob6obwenuviti onepamop Pumana — Jluysunns, siopa
M. M. J[epbawsna, nopsioox C -pocma o -xapakmepucmuxi.

1. Obo3navenusi 1 omnpeneaeHusi. Yepes o o0o3HauMM Kinacc yHKIMN
@(x) , yIOBIETBOPSIONIMX CIICTYIOIIMM YCTOBHSIM:

1) o(x) monoxurensHa 1 HenpepbiBHa Ha [0,1);
1

2) w(0)=1, J.w(x)dx <o,
0

Manee, Gynkumio P(7) OTHECeM K Kaccy P, , eCIi MpH HeKOTopoM o(x)e Q

P(0)=1, P(f)_rja;(f)dx, re(0.1],

U BBeZeM B paccMoTpenue anpo tuna Komu - M. M. Jlxp6amisina

ok
C(z,0) :;Z—k|2| <1,
rIe
1
By =14y = k[ o(x)dxk =1,2.3,...
0
Anpo C(z,w), kak u sapo Tuna [lIBapua

©  _k
C(z,a)) :2C(z,a))—C(O,a)) :1+222—, |z| <1,
k=0 Ay

AHATUTHYECKHE B KPYre |4 <1 QYHKIHMH ¢ 0OCOOCHHOCTSIMH B TOUKE z =1
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Im C(r,w)=+4w.
r—>1-0
BBeneMm B paccMoTpeHHe TakkKe rapMOHUYECKOE B KPyre |z| <1sapo tuna Ilyac-

COHa
k

P(y,r, )=ReS(re” ,w)=1+2 Z—cosky,z =re'”
(v.r. @) =ReS(re". o) vy .
BBenennbie sapa- C(z;a)), S (z; a)) u P(}/; r; a)) Ha3BIBAIOTCS siApaMu M.M.
Jxp6aursina. s moGbix o(x)eQ u P(r)€P, BBeAeM B PaCCMOTPEHHE Clie-

nyromiee 0000menne naTerponuddepeHImansHoro oneparopa Pumana — Jny-
BUJLIISL:

1{p(0) =~ x[ g (xe)ap () x e (0.1),

rae Gyukuus ¢(x), onpenenennas Ha (0,1), TakoBa, 4TO JIeBasi 4ACTh PABEHCTBA
CYIIECTBYeT MouTH BCioxy Ha (0,1).
Kak moxnHO ybemutscs (cM. [1-4]), mpuMeHeHHe omepaTopa () x moGoit

dynkupn f(z), ronomMopdHON B OKPECTHOCTH Hauaja KOOPAMHAT, O3HAYaeT

o0
YMHOXEHHE KOIP(DHUIMEHTOB CTENMEHHOrO psaa f (z):Zakzk Ha BEIUYMHBI
k=0

A, T.e. [@ [f(z)] = ZakAka Jlpumenenue xe 0OpaTHOro omneparopa — CyTh
k=0
nenexue kod(p@uIreHTos creneHHoro psaa Ha A, . TakuM oOpasom, omeparop

1) sBseTcst B3aUMOOHO3HAUHBIM OTOOPAKEHHEM B KJIACCE FOIOMOPHBIX B
|4 <1 dymKuii.

Beezem B paccMoTpeHue aneMeHTapHbli hakrop bismike — M. M. Ixp0a-
IIsSHA

4,(2,6)= (1—§Jexp{—Ww (z.)}. ()2 <1]g| <),

rae
o I 1 k
) dx—Z[ﬁk J.(o(x)xk*ldx—ﬁ_k J.(o(x)xfkfldx Z— s

0 €] k

1

W,(2¢)=

lel

o(x

X
¥ orMernM, uTo pu o(x)=1 (cem. [1, 2])

&-z |¢]

A(z.8)=4,(2:8) == (el < Llel <1).

I[aﬂee, 6yneM npeamnoiaararb, 4To IOCJIECAOBATCIBHOCTh KOMIUICKCHBIX YUCEIT

{z k} W3 eIUHUYHOTO Kpyra MPOHYMepPOBaHa B MOPsAKEe HEYObIBAaHUS MOAYIEH U
YIOBIIETBOPSIET YCIOBUIO



ij.w(x)dx<oo,

k=

&
rae o(x)— dynkuus knacca Q. Torna m3sectHo (cm. [1-3]), uto GeckoneyHoe
NPOU3BENECHNE
X z
Wz,
Bw(z;zk):n{l__]e (=)
k-1 Zk
abCOMOTHO 1 PABHOMEPHO CXOIHUTCA B JIOOOM Kpyre |z|<r<1 u ompexenser
yHKIMIO, AHATMTHYECKYIO B |2 <1, ¢ HymsiME {z, .
0603Ha4uM depe3 Q° TOAMHOKECTBO () yHKIMi co(x) u3 Knacca Q, NOAYH-
HEHHBIX JIOTOJHUTENIBHOMY YCIIOBUIO
‘a)(x)—l‘ﬁkm(r)x 5 (OSXST<1),
rae k,(r)>0 — mocrosHHasL.
Hycts F(z)=C,z" +C,,z"" +..(C, #0) — mepomopduas B kpyre |z|<1
byHKIHS, {aﬂ} u {b,} — COOTBETCTBEHHO TOCJEOBATENLHOCTH €€ Hylel u
IUTIOCOB, OTAMYHBIX OT z=0 W MPOHYMEPOBAHHBIX B TOPSIKE HEYOBIBAHUS

MOJlyJIeH, C yd4eTOM KpaTHOCTEH.

1
1-—
Iyers &, = Iﬂdx . BBezem B paccmoTpenue QyHKIHA
0 X

Nm(p;O)ENw(p;%j: 2 Ww{o;a—”J+n(O,O)(lnp—kw):

0<‘aﬂ ‘Sp p

- f%&]dwn(o;o)(mp k)

b
N (pie)= N (piF)= ‘,z‘ W{ﬂ(o; P ]+”(0’°°)(1“p_k‘“)=
<lby [sp
_ T%[L]m+n(0;wxmp—k”)
P

0
b

1 1 1

m, (p;oo); m, (p;F): in}[ L((“:)){ln‘F (pe”’)

}d@ ’

rae s kaxaoro ((0<¢<1) gepes n(1;0) u n(t;0) 0603HAYEHBI COOTBETCTBEHHO
KOIMYECTBO HYyNeH M IumocoB (yHkumn F(z) B kpyre |4<t. Jus mo06o-
ro w(x) Q' MoTOKHM

Tw(p;F)Emw(p;F)+Nw(p;F), 0O<p<l.
JIerko BHUIETH, YTO [Tm(p;F)lE1 =T(p;F), rae T(p;F) — XapakTepucTHUecKas

¢dbyskius HeBannuusst [5].
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B mpexnonoxenny, uto QpyHkums o(x) u3 kmacca Q wm kiacca Q,
uepe3 N{w} u N {@} COOTBETCTBEHHO 0003HAYUM MHOKECTBA MEPOMOPDHBIX B
CIIMHUYHOM Kpyre |2/ <1 QyHKumil F(z) ¢ OrpaHHYCHHOI XapaKTePHCTUYECKOH
bynxumeir 7, (p, f), a yepes A, u A, — NOAMHOKECTBA AHAIUTUYECKUX B
|z]<1 pynxumit u3 N{w} u N {a}.

CKakeM, YTO aHATMTHYECKas B eIMHHIHOM Kpyra dymkims f(z) Ha moc-

JIeJI0BaTEeILHOCTH {Z,i } c D umeer nopsagok C -pocta VvV, eciu

lim[ C(4,;0)]" L((‘j; {imr (2,)} >0

CKa)KeM, 4TO () -XapaKTCpHUCTHUKA AHAJIUTUYECKON B CANHUYIHOM KpYre

Gyukuun f (z) umeer nopsgok C -pocra Vv, eciu

—InT, (rf)
lim—2> "7 =
nC(r,0)

3aMeruM, 4TO MpU @=1 3TH ONpPEAETCHUS COBMATAIOT C OOBIYHBIMHU OIpe-
JIeNIEHUIMU POCTa (PYHKLUK HA MOCIIEeI0BAaTEIbHOCTH U POCTa XapaKTEePUCTHKH
HeBanmuunbl (cM. [6], c. 13). OTu ompeneneHus ObUIH BBEJSHBI COBMECTHO C
akagemukoM B. C. 3axapsaHom.

OcHoBHoli pesyabTar. Jlemma. [lycmo o € Q neybvigaowjas Qynxyus,

f (Z)z expS (z; a)) nocne008amenbHOCMy {/ln} Jledcum 6 HeKOmopom yeie

Hmonvya u nycmo v — nopsidoxk C -pocma yuxyuu f Ha nociedosamenbHo-

cmu {Z.n } Tozoa C -pocm @ -xapakmepucmuku paseH Hymwo.
Hoxa3zateabcTBo. HeTpynHo yBuneTs, 4ro

1 2
In| — J.P(}/;r;l)d}/
limlnTw(r,f)_l. 2r 0

~1 InC(r;m) 1 InC(r;0)
2 2
n LJ' 1-r _dg
. 2 y1=2rcosy +r
=lim =0
rl InC(r;o)

JlemMMa noka3zaHa.
3ameuanue. YTBep:KICHUE JEMMbl BEpHO HE3aBUCUMO OT T'YCTOTHI MOCIE-

JOBaTeNbHOCTH {ln }

Temepb MOKaXeM, YTO €CIIH TOYKH A, COOTBETCTBYIOIIMM OOpa3soM pas-
OpocaHbl B €IMHUYHOM Kpyre, To Boicokuit C -pocT GYyHKIMU f (z) Ha rocJe-
JIOBaTENbHOCTH {Z,l.} BbI30BeT Oojiee BBICOKHMH C -pPOCT () -XapaKTEPHCTUKH

T, (r, f ), 4YeM B IIPUMeEpE, IIPUBEIEHHOM B JIEMME.
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Teopema. [lycmov f (z)f AHATUMUYECKAS. 8 eOUHUYHOM Kpyee (DYHKYUA,
HYIU KOMOPOUL YOOBNeMBOPAIOM YCIOBUIO

1
> Iw(x)dx <400,
uoay
w(x) e HeyObIBaomas G yHKIHSA U IyCTh {q, } —TI0CIeI0BaTEILHOCTD HEy-

OBIBAIOIINX IOJOKUTEIbHBIX YHCEII, TAKUX, YTO o, — 1 Ipu [ —> +0 U

X[C(ai;a))] < 400,

i=1

rae C (zw) —siipo M. M. JIxpb6arisHa.

Torma cymecTByeT KOMIUIEKCHAs I10CIEJOBATEbHOCTh {l }, |Z,i|=ai,

takas, uTo C -TOpSIIOK () -XapaKTePUCTHKU QYHKIUU [ HE MEHbIIC v —1+
ecu

(i) lim[C(er;; )] - L) nf £ (2, ) = # > 0
. — In n(r,f) B
(i) hm—ln C(r,a)) =p, B <,

37eCh n(r,a ) 0003HauaeT KOJMYECTBO TOYEK (X, B KpPyre paguyca r .

Hoxa3zarennscTBo. M3 ycnoBus (ii) crnegyer, 4yTo cymiecTyeT MOCIIeaoBa-
TENLHOCTH {r }T 1 Takas, uro

n(rsa)-[Clrs0)]" —1.
ITycTs KONMMUECTBO TOUEK (; B Kpyre paguyca #, pasHo N. Torna
- B - B
N[l ;o) 2 n(r;a)-[Clso)]".
3T0 03HAYAET, YTO JIs JoOoro yucna &, & > 0
lim {[C(ot;;00)[ 77 = +o0.
=+
CnenoBaTenbHO, MOXKHO YKa3aTb TaKM€ 4YHCHA I,l,,...,[ ,...,, YTO I
J<i,
jlcle )l <ifcle o)

B cuity mocneiHero HepaBeHcTBa Juist 7 < Q,  MUMEEM

n(r;a)-[Clro) " <i, [C(ai” ;a))]_ﬁ “ =t >+ )
Brrbepem 7 1 mocienoBaTenbHOCTb {Rn} CIIEAYIOLUM 00pazoM
[c(o)l' =2[cla, ;o)) = 4lc(r ;0] @)

toraa u3 (1) momyuaem

i, =t, [C(a,-”;a))]ﬂ” = 2[}+g t,-[C(R; )]

B
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n(r;a)< 4[}+g t,[C(R,;0))™

IIycts L, — KOMUYECTBO TOUCK (f, IEKAIIUX B IPOMEXYTKE lr, a, J, TOorjaa

L=t nlra)2( g oo leRao) @)

SIcHO, uTO
-1

Z[C(“f;“’)] 2lr(a )z Slcle:o)] - L nlr(4)) =

r<a; Sai”

4
Otcroga B chnyyae, Koraa v >1, MoJb3ysAch ycinoBueM (i) TeOpeMmsl, Io-
TyqaeMm

Slclezo)] 20l )} 2 [Clo ol 0 -9)-L,

i=1
rae O — moboe MOI0KUTEIBLHOE YUCIIO0 Takoe, yto H — & > 0. U3 nociennero
HepaBeHCTBa U U3 (2), (3) umeem

Spe(ason] =50 G- )

2

‘ ‘[C . )]ﬁ+s+v—1.

Teneps nycts 0 <V <1, Torna u3 (4) MOJTYYUM

S[cterso) £l 2 [C0:0) (1) L.,

i=1
Otcrona, nosp3ysicsh (2) u (3), moxydaem
; -1
a . ® (H - 5) 1 1 . Bretv-1
Zlcaso)] m{nls (A== { g~ J 1 [C(Rs0)
Takum o00pazom, sl JIFOOOTO TMOJIOKUTENBHONO YHCHA CYHIECTBYET
k, k >1, takoe uto

2 [C(Ot,-;a))]_lL((‘f; {1n|f(l,. )|}2 k-[C(R;0)] .

i=1
Tak Kak 3TO HEpaBEHCTBO BepHO AJIs Jrodoro &, € > 0, To

Z [Cla; a))]_lL((”j; Il (2, )= k-[C(R;0)]

i=1

Ho u3 HepaBencrsa (16) pabots! [5] umeem

> [Clayo)]'E) (3]

1-0;22[ C(R, ;)]
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< constzf L((i); {ln‘f(Rne’?ﬂ )} do = constT, (Rn f)
0

U3 MocCIeAHNX IBYX HCPABCHCTB HETPYAHO YBUAETD, YTO

%lnTw(r;f)

>v—1 .
r—1 lnC(r;co) zv-l+p

I'ocynapcTBeHHBII HHXKEHEPHBIH YHUBEPCUTET APMEHUH

P. B. lannaksn

O C -pocre »-XapaKTEPUCTHK aHAJIATHYECKUX
B €IMHUYHOM Kpyre pyHKIui

JIoKa3aHO, 4TO eCIH TOUKH A, COOTBETCTBYIOLMM 00Pa3oM pa3OpOCaHbl B CIHHI-

YHOM KpYTe, TO BhICOKHH C -pOCT aHATUTHYECKOH B €MHUYHOM Kpyre GyHKuuu f (Z )

B Toukax A, BbI3oBeT Gosee BBICOKMA C -POCT ©-XapaKTEPUCTHKH, YeM B MPHUMEPE
exp |:C (z; a))] , TIe w(x) € Q" — HeyGbiBaromas (yHKIMs.
Jia cienuanbHOro ciaydas w(x) =1 sro yrBepxkaeHue nokazaHo A. I'. Hadra-

JICBUYECM.

. 9, Fwjuppui

Uhwinp opgwinid wbwhinpl ntuyghwutnh
o -pumpugphstiph C -w&h dwuhb
Uwwugnigyws E np Lpk j’t Ytwntpp hwdwywinwupmt dung Eu puljus vhwynp
opowtmd, wuyw  f (Z ) wiwhinhy $nmulhghugh wykh ks C -wsh {)u,-} hwonp-
nuluwimput  Jpu jhudwywnwuiwih @ -pimpugphsh wkh Uks C-wg pub
exp[C(z; a))] , a)(x) e’ ophtwlynu:

R. V. Dallakyan

About C -Height of »-Characteristics of Analytical
in the Unit Circle Functions

It is proved that if the )“i points are properly dispersed in the unit circle, the high C -
growth analysis in the unit disk in the j’i points will cause higher C - growthw- performance
than in the exp |:C (z,’ a))] example, where a w(x) e non-decreasing function.

For a special occasion @ (x) =1 it has been proved by A. Naftalevich.
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1. Introduction. Let E = {0,1}. Consider Cartesian degree E™, which is
known as the set of vertexes of n-dimensional unit cube. For x,y € E™ denote
by d(x,y) the Hamming distance between vectors x and y. For x € E™ denote
by SP(x) the sphere of radius r, centred at x ie.
St(x) ={y/y € E™",d(x,y) <} and by OF(x) denote the shell of radius r, of
centre x ie. 0/'(x) ={y/y € E",d(x,y) = r}. We will denote by car(x) the
carrier of vector x = (xy, ..., x,) then car(x) = {i/x; = 1,i € {1, ...,n}}. Denote
by w(x) the weight of vector x i.e. w(x) = X, x;. Now let we have a file
F € E™ and a query element x € E™. Let us consider the problem of finding the
set of all “nearest neighbors” of F to x. More precisely it is required to find the
set b(x,F) ={y € F/d(x,y) = min,er d(x,2)}. To propose an algorithm for
solving the problem of nearest neighbors in applied level, hash coding schemes
are considered [1, 2]. A brief description of such schemes is brought below:
Hash function is defined as a function h:E™ - V where V = {v,,...,vy} is a
finit set of N elements [1]. In some cases it is possible that u # v,u,v € E™ but
h(u) = h(v). Such situations are called collisions. The problem of collisions is
solved by the technique called “chaining” [1, 2]. The method is to keep N
distinct linked lists L;(or buckets) one for each possible value of hash function.
Denote by B; the set {x € E"/h(x) = v;}. In the i-th list L; are stored those
vectors belonging to F which have the same hash value, ie.
L; = {x € F/h(x) = v;} or L; = B;NF. Hash coding scheme is called balanced if
|B;| = 2"/N.

2. Preliminaries. 2.1 Elias algorithm. The Elias algorithm [2] considers
blocks B; ordering them by their distances at vector x. Mention that we must



have an efficient method to find all blocks B; , B;,, ..., Bjs(}')
from x if such blocks exist. After the step of ordering the algorithm examines
lists L;,,Lj,, ...,Ljs(].) one after the other by increase of j. Let the best match
distance is denoted by 6. Due to F # @ initialisation of § will happen on some
stape. Now, if the current values obey 6 < j the algorithm stops the work. All
blocks with higher distances than & at x do not need to be examined. In the

reminder case § = j, examining nonempty list L;, algorithm can change the

located at distance j

best match distance §, also refreshing the current best match set, or the § will
remain unchanged and the current best match set will be updated.

Elias Algorithm: comment: n is the word length, N is the number of blocks
Input x, F, comment: F# @

Integer § = o, comment: the current best match distance

Set S= @, comment: S-is the current set of vectors of F located at distance &

from x
integer j=-1,
while(j < §)
{
j+,
if(s(j) # 0)
for(integer i = 0; i <s(j); i ++)
{
if(L;, # @) comment: start examine the list L;
if (0 <d(x, L)
S=SuU(0}(x)NL;) comment: §is unchanged
else
{
S =05(x) NLj, comment: § is changed
8 =d(x, L),
}
}
}

return S, comment: S = b(x,F),§ = d(x, F)

By the complexity of algorithm we mean the average number of examined lists
over all files and queries, supposing that each vector z € E™ can independently
appear in F with the same probability p.

2.2 Error-correcting codes. We call a code a nonempty subset C of E™ [3].
Usually for codes some other prescribed properties obeyed (linearity, cyclicity,
etc). The code C will be called linear if C is a linear subspase of E™. Due to the
binary nature of spaces considered C is linear when: Vcy,c, € C = ¢y + ¢, €C,
mod2 summation is applied. Denote by d¢ the minimum distance of the code C
ie. d¢ = minc,c,ec d(cy,¢;). The packing radius [3, 4] of C is called the

c1#C;
following nonnegative integer: 1. = [(d¢ — 1)/2]. Denote by R the covering



radius [3] of the code C, i.e. Rc = max,cgn mingec d(x,c). In the sequel, when
it doesn’t make a confusion we use notations d,r and R instead of d., 7 and R
respectively. We say that we have an [n, k, d]R code C if the code C is linear, has
dimension k, length n, minimum distance d and covering radius R. When the
code is nonlinear (or it is not known it being nonlinear) we use the notation
(n,M,d)R instead, where M = |C|. Denote by (x,y) the scalar product of
vectors X = (Xq,..,xp) and y = (Vq, .., Vn), ie. (xX,V)=x1y1+ -+ XnVn
where addition is taken by modulo 2. For x € E™ the coset of linear code C is
called theset x + C = {x + ¢/c € C}. As it is known [3] two different cosets do
not intersect, and their union covers the space E". We denote by G the
generator matrix of the linear code C[n, k], whith rows forming a basis of
code C. Let us denote by H( the parity check matrix of linear code C. Recall
that Hc is (n — k) X k matrix and for H; holds relation ¢ € C & H;cT = 0. The
nonnegative integers A§,AS, ..., AS, where AY = |{c € C/w(c) = i}|are called
weight spectra of code C. Denote by Kj'(i) the Kravchouk polynomial of
degree j 3, 4] i.e.

76 =311 () ) v () - 2t

3. Perfect Codes and some Generalizations. For balanced hash coding
schemes it is proposed that the Elias algorithm may be optimal when the blocks
B; are isoperimetric sets [2, 5] (in simple case spheres). In connectin to it we
consider coverings of unit cube by non intersecting spheres. Such coverings
can be obtained via perfect codes. When the geometrical interpretation of
spherical covers is considered in the models of search of similarities, besides the
perfect codes their other possible extensions can be considered and applied,
such as nearly perfect codes, strongly uniformly packed codes, quasi perfect
codes or coverings by spheres with different radii [4], etc. We brought a brief
description of such coverings.

A code C will be called perfect [3-4], if rc = R¢. It is known [3, 6] that in
binary space nontrivial perfect codes can have only the following two
parameter sets.

D (2™ -1,,22"m"1 3)1,

(I) (23,22,7)3,

here (I) corresponds to the parameters of Hemming codes and (II) refers the
case of Golay codes.

Let us consider some generalizations of perfect codes. Let we have a code C,
with minimum distance d represented as 2t+ 1 or 2t+ 2 (for odd and even
d correspondigly). And we suppose that the covering radius R < t + 1. Let us
denote D = {x/d(x,C) >t}. For x € E" denote by Ai(x) the number of
codewords of C located at distance i from x. For x € D denote a(x) = A.(x) +
A¢4+1(x).Note that A¢(x) = 1 or 0. Having d¢ = 2t + 1 and R¢ < t+ 1, we may

reduce that a(x) < [%11] Denote by a the average value of a(x) for all x € D.



ZceClO{l(C)UO{l+1(C)| — Icl ((Itl)+(t£—11))
an-leiziza(l) 2-lai(h)

perfect [3, 4] if a(x) achieves the possible maximum value [%] for all x € D,

Then a =

The code C will be called nearly

ie. for nearly perfect codes it takes place the following equality:
n n
[C < 1 (n) + W) = 2". The following parameter sets of nearly perfect

! [ ]
codes are known:
(L) (2™ — 2,22"-m=2,3)2;
(IV)(22m — 1,22""~4m 5)3
Here (III) corresponds to the parameters of shortened Hemming codes and (IV)
corresponds to parameters of punctured Preparata codes. In [7] proved that
nearly perfect codes can have only the one of mentioned parameter sets.
The code C will be called strongly uniformly packed if a(x) = a for all x € D [4].
The parameters of strongly uniformly packed codes are known too [4].
The code C will be called quasi-perfect if R =r+ 1 [3, 4]. Many families of
quasi perfect codes are known for the covering radius < 4 [4, 8-13] but the
general problem of existence of quasi-perfect codes by the given parameters
isn’t completely solved yet [8]. Also the nearly perfect codes appear as a special
class of quasi-perfect codes.

Let i=1 and Ry,...,R; are integers, C = U}=1 C;. Code C will be called
perfect i radius code if the spheres with radii Ry, ..., R; respectively centered at
points of code sets Cj, ..., C; do not intersect and their union covers the whole
space [4]. These structures are another candidate that we may apply in model of
best match search below, but there are not known exhausting results also about
existence of such codes [4].

4. The Complexity of the Algorithm. Suppose we have an [n, k] code C with
covering radius R and C = {cl, Cy, ...,Czk}. We define a hash function h: E™ —
C, associated to the code C in the following way:

he(x) = {c;/ d(x, ¢;) = mincec{d(x,c)}}. (1
As it follows from (1) he(x) could be multivalued function because the blocks
B; are spheres of radius R, and they can intersect (recall that
B; ={x € E"/h(x) = ¢}, i €{1,..,2%}). When the code C is perfect the
mentioned blocks do not intersect and their union covers the unit cube. The
formula below for complexity of algorithm is brought for the case
corresponding to Hamming code. We also consider hash functions associated to
codes in some sense “near” to perfect codes. Such property have also the so
called quasi-perfect codes [3, 4]. Indeed the algorithm is proposed for balanced
hash coding schemes where different blocks B; do not intersect, but we will also
consider the algorithm for the case of intersecting blocks. In this case when
blocks intersect we create the list in a similar way to the basic case and then
these lists are also intersecting. Repeated element bring some redundancy (in
terms of memory). The formal expression of complexity of algorithm is then



brought for the particular case of extended Hamming code. To write a formula
of complexity of the algorithm, for x € E™ let us consider the following table:

P1 P2 p,2n | probability
X

Fo | Fo | | Fpn subset
X X X

By | a11 | ap a .0

Blocks | B, | a3 | a3 a’z(zzn

X X X

Bk | gy | Agxy A)kg2"

Fy,Fp, .. F on are all subsets of vertexes of unit cube and each F; could be
generated with the corresponding probability p;. We will use the values a;;

putting them in the cells corresponding to block B; and subset F;, where
x _ {1 if B;is considered in case of set F; and vertex x,

7710 otherwise.
As we mentioned in section 2.1, the complexity of algorithm will be

represented as
a(hc) = 57 Swern Tasizak Zyejezen P45
Let us denote &, (B;) = 2151'522” p;ja;j- As we can see @y (B;) is the probability
that the block B; will be considered by the algorithm when the vector x is
requested. Then
a(he) = 5 [Zxepn Dysicor Pe(Bo)],
It is easy to understand that for a fixed query x the block B; will be examined if
the sphere Sg, B,)—1 does not contain any vector belonging to F. In that case all
blocks B; such that d(x, B;) < d(x,B;) — 1, will be examined. Let j vary over all
possible distances between vector x and blocks B;. Denote by T, (j) the number
of blocks located at distance < j from vector x, then
a(he) = o Tepn ozjen Te(DV()- @
where V(j) denotes the probability that the nearest vector in F is located at
distance j from x. Recall that [2]
V() =1-(1- (Mye1 — ;=)
J=0-0-pY)HA~-p) :
As d(x,C;) =w(x + ¢;), then the number of vectors located at distance i is
equal to A¥*¢. The sphere with centre c; and radius R will be located in a
distance < j from vector x if and only if d(x, ¢;) < j + R. Therefore
T() = Til5 A7 3)

We consider that A¥*¢ = 0 when i > n.

5. Case of Hamming code and extended Hamming code. Denote by #, the
Hamming code of length n = 2™ — 1. As we know [3], Hy, is [2™ —1,2™ —
m — 1,3]1 perfect code. The parity check matrix of #,, is the following:



0 0 - 1

H}[m = 0 1 ., 1 > (4)
10 - 1

The code Hy, has two types of cosets: the code Hy, itself and e; + Hy,, where

supp(e;) = {i}, i =1,...,n. Coset weight spectra in these cases are respectively

A = (K0 + 2™ - DKIE™), ()
e+ 2m =1 n(oym— (6)
e ()]

From (2),(3),(5) and (6) follows:
Proposition 1. The complexity of algorithm for the hash function defined
by 2™ —-1,2m-m -1 3]1 Hamming code H,, is:
a(hs,,) = 5 Zosjszm-1 VD (ZIL5 (4] + @™ — D ATH)).
Let us consider the extended Hamming code, which we denote by Hy,.It is
known [3], that F, is [2™,2™ —m — 1,4]2 quasi-perfect code, and its parity
check matrix is:

1 11 - 1
0O 0 0 - 1
Hym = & & &
o 01 - 1
o1 0 1
It could be obtained, that the code has three types of cosets

@) Foms

(b) e; + Hm, where car(e;) = {i}, i € {1, ...,n},

(c) g; + Hpy, where car(g;) = {1,i},i € {2,...,n}.
Coset weight spectra in these cases are respectively

T 1
A =~ (KP(O) + @™ - 2KPE™ ) + K 2M) ®
1w |
T Ny
Agi+ﬁr\n = 213+1 <(2]m> (1 + (_1)j) - 2K]-2m(2m_1)) 10)

~1 vectors and

Keeping in mind this and the fact that each coset contains 22" ~™
the number of cosets of first, second and third types is equal to 1, 2™ and
2™ — 1 respectively from (2) and (3) we get:

Proposition 2. For the hash function defined by [2™,2™ —m — 1,4]2

extended Hamming code F{,, the complexity of algorithm is:

a(hsz,) = Tosjeam VO) (15 (G AT + 5 A5 4 2204870 )) (1)

1- Institute for Informatics and Automation Problems of NAS RA, lasl@sci.am
2- Yerevan State University, hdanoyan@yandex.ru
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L. H. Aslanyan!, H. E. Danoya?

Complexity of Elias Algorithm for Hash Functions
Based on Hamming and Extended Hamming Codes

The procedure of finding the set of all “nearest neighbors” in a set, known as the
Elias algorithm is addressed. In connection to it the hash coding schemes associated
with the n-dimensional unit cube coverings by non-intersecting spheres of the same
radius is considered. Such coverings, in particular, can be obtained via perfect codes.
We get a formula presentation for complexity of the search algorithm in case of
Hamming codes. As such coverings are possible in very simple cases and we consider
coverings by intersecting spheres of the same radius. These can be obtained via quasi-
perfect codes. A formula of complexity of algorithm for extended Hamming codes is
obtained-as.

L. Z. Gujuiyul, Z. . Twinjul

Ejbwuh ungnphpuh pupnmipiniiip Zkddhigh b plinjuyigus Zkddhugh
nptpny vwhdwbdws hwo-pniuljghwntph hwdwnp

Nuunufbwuppdwt wpwplut  puqUmput npdus  Hhdkinh  «udkiudnn
hwplwuubph» qnubint huynuh Ejkwuh wignphpedu B Fpu hbn juwus nhinwpldmd Eu
hwp-Ynpufnpuwl ubdwibp wunghuglus n-swthwih dpwnp unpubwpygh’ dhlibmga
ownwynny shwnynn qunkpny swsynypubph htwn: Unuyhuh swsynypubp uvnwugynud ki
Juwuwpuy Ynpbkph dhongny: Rhpdwé b npnidwt wgnphpuh pupnnipjut putwdl
Zhddhugh Ynnh nphypnud: Lwih np Wwlwb Swdlnypubp qomipnit bkt kqulh
nhyptpnud, nhnwupymd Eup twb sSwsynypubp dhtunyu swpwynny hwwnynn qunkph
wnbkupny: Uuyhuh swslnyputp dwutwnpuybu uvnugymd ku pquqhuwnwupu) Ynnkph
dhongny: Rtpjwé b wignphpuh puppmpjut pwbwdl puguyudws Zddhugh Ynnh
nhwypnud:

JI. A. Acnausu, A. D. JaHoau
CroxxHOCTS airopuTMa Jjieaca A Xem-GyHKIUU oIpe/ieTeHHbIX
KoZaMu XeMMHHTa U PacIIMPEeHHBIMH KOlaMi XeMMHHTa

V3BecTeH aIroput™M HaxXOXIEHWS BCeX «OIMDKANUINX cocelei» K NaHHOM TOYKe W3
JAaHHOTO MHOXKeCTBa. B cBasu ¢ atum PpaccMaTpHUBaIOTCA CXEMBI XeNI-KOAMPOBaHUA,
ACCOIIPOBAHHBIE C ITOKPHITHUSAMK N-MEPHOrO eJIUHUYHOTO Ky0a C HellepeceKarol[uMU
IapaMy PaBHOTO pasuyca. Takue IMOKPBHITHS MOJIYYAIOTCSA C IIOMOIIBI0 COBEpPIIEHHBIX
KOZOB. HOCKO]II:KY TaKye IIOKPBITUA CYILIECTBYIOT B €IWHHUYHBIX CIIyYadXx, MBI
paccMaTpuBaeM IIOKPBITHS C IIE€PECEKAIOUIMHM LIapaMM PaBHOTO pazuyca. Takie
IIOKPBITHSA B YaCTHOCTHU IIOJy4aloTCA C IIOMOIIBIO KBA3MCOBEPIIEHHBIX KOJOB.
IIpuBenena dopmysna CIOXHOCTH QITOPUTMA JAJIA CIy4das PAcCIIMPeHHBIX KOZOB
XeMMuHra.
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III. K. AnBamksan, JI. M. MaprapsH,
ywieH-koppecnonaeHT HAH PA C. O. Capkucsin

Crarnuyeckasi M JTMUHAMUYECKAsi YCTOHYUBOCTh
MHUKPONOJISIPHBIX OPTOTPONHBIX YIPYTMX TOHKHMX CTePKHEH

(ITpencrasneno 2/ X 2012)

KuioueBblie ¢€J10Ba: MUKpOnoApHblU, OPpMOMPONHLIL, YNPYeUl, MOHKUU
CmepoCcets, YCMOoUUUBoCmy, CMamuieckas, OUHaAMU4ecKas.

Beenenue. [IpoOiiemMbl YyCTOHYMBOCTH TOHKHX CTEP)KHEH, IIACTHH U 000-
JIOYEK TOCTATOYHO TOJIHO M3YYEHBI 10 KITacCHUECKOi Teopuu yrpyroctu ([1-3]
u 1ip.). [4-8] mocTpoeHsl 00Ie MaTEMaTHYECKUE MOJICITH CTaTHYECKOrO U JIH-
HAMHYECKOTO Je()OPMHUPOBAHHUS MHUKPOIOJSIPHBIX YIPYTHX TOHKHUX CTEP)KHEH,
IUIACTHH U oOonoyek. Ha ocHOBe 3THX Mopesel pelieHbl KOHKPETHbIE 3a1aun
oTpeNeNieHNsT HaPsKEHHO-Je()OPMUPOBAHHBIX COCTOSHUIA, CBOOOIHBIX U BBI-
HYXIIEHHBIX KOJIeOaHUH NI yKa3aHHBIX TOHKUX TEN U BBISBIICHBI crienuduyec-
K€ 0COOEHHOCTH AeOpPMHUPOBAHUS U KONeOaHMs MHUKPOMOJIPHBIX MaTepHha-
noB. B [9] BmepBbie MOCTaBICHBI M W3y4YEHBI 3a/1a4M CTAaTUYECKON M JTHUHAMHU-
YeCKOW YCTOMYMBOCTH MHKPOIOJSPHBIX HM30TPOIHBIX YIPYIUX LEHTPAIbHO
CKaTBIX TOHKUX CTep)KHel. B manHo# paboTe n3ydeHsl 3a1aun CTaTHYECKOH U
JUHAMIYECKOH YCTOWMYMBOCTH MHUKPOIOJISPHBIX OPTOTPOMHBIX YIPYrHUX LIEHT-
pPaTIbHO CKATBIX TOHKUX CTEPIKHEH.

1. CraTuyeckasi ycTOHYMBOCTh MUKPONOJIAPHBIX OPTOTPONHBIX yPY-
TUX HEHTPAJbHO CKATHIX TOHKHX CTep:kHel. PaccMoTpum mapHUpHO omep-
TBIH MUKPOIIOJSIPHBIN OPTOTPOIHBIM CTEPIKEHD JUIMHOW ¢ , BBICOTOM 2/ ¥ 1In-
puHo# 1, cxartoit oceBoit cunoit P. Jlo HarpyeHus och CTEpXHS CUMTACTCS
CTPOTO MpPsIMOMN, a JTMHUSA JAEHCTBUS CUJIBI COBMAJIAET C OCBIO CTEPXKHSA. DTO 03-
Hayaer, 4YTO BO3MOXKHA MPSIMOJIMHEHHas (opMa PaBHOBECHUS CTEPIKHSI, KOTOPYIO
MIPUHMMAEM 3a UCXOIHYI. OTMETHM, YTO B TAKOM HJI€aJbHOM OCEBOM C)KaTOM
COCTOSIHUM CTepP)KEHb HEOOXOIMMO PaCCUUTHIBATD MO KIACCHUECKON TEOPUH YII-
pyrocru, npeHeOperas MOMEHTHBIMH CBOWCTBAMH MHKPOIOJSIPHOTO MaTepH-
ana. Haiinem ycioBusi cymiectBoBaHUs (OpM paBHOBECHsI CTEPIKHS C UCKPHUB-
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JICHHOW OChI0, OECKOHEYHO ONM3KHUX K UCXOJHOM MpAMOJMHEHHOU (opme pas-
HoBecHs. [y 3TOro ucnonb3yeM MoAesb IIOCKOH U3ruOHOoM nedopManun Mu-
KpOTIOJIIPHOT'O YIIPYroro OpTOTponHoro crepxHs [4,7,8]. CornacHo 3101 Moze-
JIU KMHEMaThKa U3rMOHON NedopMalui OCYIIECTBISIETCS MO0 000OIIeHHON Ha
MHUKpOIIOJIIPHBIN ciydail runoresze TUMOIIEHKO:

V,= W(x1 ), V= sz(xl )’ 3 = Q3(x1 ), (1.1)
rie w—nporud OCH CTEpXKHs; V| —INepeMelleHus BIONb OCH CTEpPIKHS;
Q, — cBOOO/IHEII TOBOPOT TOYEK CTEPIKHS; X, — KOOPJMHATA BJIOJb OCH CTEp-

XKHS; X, — KOOPIMHATA B IEPICHIUKYIAPHOM K OCH CTEPKHs HAIPABJICHUHU.
Kpome knHeMaTHueckoi TUIOTEe3bl IS 3a1a4i U3rn0a MUKPOIOJSPHBIX CTEp-
KHel B pabotax [4,7,8] mpuHUMAIOTCS TaKKe HEKOTOPBIE CIelralIbHbIE CTaTH-
YECKHUE TUIOTE3bI.

[Ipumenss mero Dinepa onpeneneHuss KpUTUIECKUX YCUITUH K pELIeHHIO
3a/laul YCTOWYMBOCTH MHUKPOIIOJISPHOIO OPTOTPOMHOIO YHOPYroro TOHKOTO
CTEpXHs U, pacCMaTpHUBasi paBHOBECHE 3JIEMEHTA CTEPKHS B OTKIIOHEHHOM COC-
TOSTHUM, TTOTTYUNM:

YpaBHEHUs paBHOBECHS:

dN_lz=Pd2w v My o dLy
dx, dxl’ 1 dx . ’ dx,

COOTHOUIEHHUS YIPYrOCTH:

M, =DK,, Nj=c,l',+cxl,,

+N, - N, =0. (1.2)

Ny =l +eglo, Ly =dghs; (1.3)
TCOMETPHUIECCKUE COOTHOLICHM !
dw dy dQ
Tp=—-Q, T, =y+Q,, K =—", ky=—"2>. (14
dx, dx, dx,

3nece N,,, N,, — ycpennennsie ycunusi, M ,,L,— ycperiHeHHbIE MOMEHTHI
OT CHJIOBBIX M MOMEHTHbIX Hanpsokenuit; I),,I7,,— cnsurossie nedopmarmm B
COOTBETCTBYIONIUX MIIOCKOCTAX; K|,k ;— M3rnbanns cpeHeil TMHUH CTEPHKHS

OT CHJIOBBIX M MOMEHTHBIX HAIPSHKCHHH COOTBETCTBEHHO; D), Crr, Cyq,Crgs g

— JKECTKOCTHBIC XapaKTCPUCTUKU CTCPIKHS:

A Ay — A4
D, :%%, ¢ =2hA,, ¢y =2hA,,.
2
Cpg =2hA, dy =2hBg (15)

3nece A, A4y, A4y Ay A, Ay s By s Byy— YOpyrue TMOCTOSHHBIC

MHUKpPOIIOJIIPHOI'O OPTOTPOITHOI'0 MaTepHania.
['panynuHbIEe yCIOBHS IIApHUPHOT'O OMUPAHUS UMEIOT CIEAYOUMi Bux [4,

7, 8]:
dy

=0, =£| =0, =2|  =0. 1.6

i dx, |20 dx, |32 (1:6)
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OtMeruM, uto B Mojenu (1.2)-(1.5) ycTOHYNBOCTH CXKATOrO CTEPKHS MOJ-
HOCTBIO YYTEHBI MTONEPEYHbIE CABUIOBBIE M POACTBEHHBIE UM e OpMaIHH.
Cucremy ypaBHenuit (1.2)-(1.5) MOXXHO MPUBECTH K CHCTEME YpaBHEHUU

OTHOCHTENIBHO MEPEMEICHNUs] W U OBOPOTOB ¥/, ). :

P\d’w dy dQ
Ay —— |—+4;—+(4, -4 2 =0,
( 77 2h) dxlz 78 dxl ( 78 77)dx1

dw W A, Ay, — AL d*y
Ay —+ Ay —— 122~ +(Ag — A4, )Q, =0, (1.7)
78 dr, ss¥/ 3 A, d? ( 88 78) 3
dw d*Q
(A77 - A7s);+ (A7s - Ass)‘/’ - (A77 + Ass _2A7s )Q3 + B 723 =0.
1 1

Pemenne cucremsl ypaBHenuid (1.7) B ciydae rpaHuuYHBIX yciouid (1.6)
Oy/ieM MCKaTh B CIIEAYIOIIEM BUJIE:

(1.8)

Taoauna 1

X e hnt
w=w,sin—L, w =y, cos—-, Q,=0Q)cos—.
a a a

wzilloéﬂw

dusznueckue NapaMeTpbl MaTeprajia CTCPIKHA:
22

A, =3.6-10°1Ta ; Agg =3.8-10°ITa; A =0.4-10°17a;
A+ Ay + 24,

B, =300H ; A= =2.05-10°I1a.
MukpomnomnspHas Kraccuueckas Teopus
Teopust OPTOTPOIHBIX OPTOTPOITHEIX
PasMEpPLI CTEPAKHA CTEPKHEH: MOJIeNb CTepxKHEH
N (1.2)~(1.6), tuna TumornieHko,
dopmyna (1.9) dopmyna (1.10)
a, M h M PKP , kITa PKP ,kITa
= 1. 10.008( 0.0002 1.322 0.004
f 2.10.02 0.0005 2.405 0.011
= [3.]005] 0.00125 2.237 0.027
||
“ | 4.0.08 0.002 1.672 0.043
oL L 0.008 | 0.00008 0.529 0.00027
| g 2.10.02 0.0002 0.961 0.00068
T'd 3.1 0.05 0.0005 0.89 0.00171
= 4.10.08 0.0008 0.657 0.0027

OtmeruM, uTo pemieHue (1.8) aBTOMaTHUECKH YHOBJIETBOPSET I'paHHY-
HbeIM ycnoBusiM (1.6). TToacrasus (1.8) B cucremy (1.7) u motpeGoBaB, 4TOOBI
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MoJIydeHHasi CUCTEMa MMeJia HeHYJIeBOE pellieHre, MPUIeM K cienyrolien ¢op-

MUK
MyJIE ISl KpUTUUECKOTO YCUITHS Pkp :

A Ay — AL B 1? n’ n’
" jj = ?72 Az A _A728 + Ay B — +(A77Axx _A728)Bﬁﬁ 2
MUK 22 a a a
B =2h W . = .(1.9)
- T T
= Az 2 32(1477 +Axx _2A7x +Bﬁﬁ 2J+A77Axx _A728 +A88366 2
” a a a

IIpn OpTOTPOIHOM MaTepHalie, B CIydae KIACCHYECKOH Teopuu (A, =

=A.= A, =A) [ KpuTuueckoro yewnus P momyuanm
s 78 p y p yq
4,4y _A122 2h°

K1 A22 3 a2
P, = > P . (1.10)
1+ A, A,, — A 2h L 1
A,, 3 a’ 2h4

UYucneHHbIe pe3ynbTaThl IPUBEACHBI B Ta0IM. 1.

Ha ocHoBe pe3ynbTaToB BBIYMCICHHUM MOXKEM CIENaTh BBIBOA, YTO €CIU
MaTepuall CTEPXHS MHUKPOIOJISAPHBIN, TOTOKEHUE CKATOr0 PaBHOBECHOTO COC-
TOSTHUS HECPAaBHUMO YCTOMYMBO, YEM B KJIACCUYECKOM CIIydae.

2. lunaMuyecKkasi yCTOHYMBOCTh MHUKPOMOJSPHBIX OPTOTPOMHBIX YII-
PYTHX HEHTPAJIBHO CKATHIX TOHKHX cTepxakHeH. PaccMoTpuM AHaAMU4eCKyro
YCTOMUMBOCTh IEHTPAIBLHO CHKATBIX MHUKPOIOJAPHBIX OPTOTPONHBIX YHPYTHX
TOHKHX CTep)KHeH. JIoMmycTUM, 4TO CTEPHIO COOOIIEHBI HEKOTOPHIE BO3MYILIE-
HUS, U OH COBEpIIaeT KoJieOaHWs OTHOCHUTENBHO HAa4albHOTO cOCTOsiHUS. Ha
OCHOBE JMHAMUYECKOrO KPUTEpPHUS YCTOMUMBOCTH PACCMOTPUM YCTOWYMBOCTH

HAYaJILHOTO CKATOrO COCTOSIHUS CTepxkHs, korna P = Py + P. cos6f .

Jluneapu3oBaHHbIE YpaBHEHHs BO3MYILEHHOTO IBIKEHHs (M3THOHBIE KO-
ne0aHus1) BBIPAXKAIOTCA CIASAYIOUIMM 00pa3oM (31ech OyaeM mpeHeOperars ie-

HOM ipaz—vzl
3 ot
(AW —2—[;]227?}+A7827y:+(1478 —Aﬂ%: p%,
A782—;T+Axxw—h?z%%+(@x—A7X)Q3 =0, (2.1
(4, —A78)Z—:+(A78 — A )W — (A + A —24,) Q2 + By a;% = a;%

K oT0it cucreme ypaBHEHHH MUKpOMOJSIPHBIX OAaJOK CleAyeT MpHcoe-
MUHUTH rpanuyHble yenoBus (1.6). Havanpueie yenoBust npu ¢ = (0 cuutarorcs
3aJJAHHBIMH COOTBETCTBYIOIINM 00Opa3oM.

[IpencraBum pemenue 3anaun (2.1), (1.6) B cnenytorem Buge [1]:

. X X X
w= fi()sin—-, y = f,(f)cos—, Q, = fi(t)cos—. (2.2)
a a a
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OTMETUM, YTO NPEACTABIEHHOE PELISHNE YAOBIETBOPSET TPAaHUYHBIM YCIOBH-
sM mapHupHoro onupanus (1.6). Iloacrasus (2.2) B (2.1), moayuum cucremy
OOBIKHOBEHHBIX U] PEepeHIINANBHBIX YpAaBHEHUH OTHOCHTENbHO (QyHKIMN

fl(t), 1 (t), £ (t) B s10it cucreme BBeeM Ge3pasMepHbI apaMeTp Bpeme-

HHN

roT T y
t,=kt, rne A e 2.3)
ay p

(31ech M jmanee BepXHUM MHACKC 1 03HAYAET, YTO POPMYJIBI OTHOCITCS K MUK-
POIIOJIIPHON MOJIENH, TIOCTPOSHHONH Ha OCHOBE OO0OOIIEHHBIX TUnore3 Tumo-

IIIEHKO).

[IpeoOpazuB nonyueHHyIo cucteMy quddepeHnanbHbIX ypaBHEHU, TOTYIUM

T T2 T2
d’f, T 10t k 2h4 k 2h(4,—4
2Lyl 1-vceos| = | | £; t—— ) —?%/’3:0,
dt’ Q Q —P»> Q — P>
a a
T
ZhZAmf1 +(2hA88 +P3)f2 +2h(A88 —Am)f3 =0, (2.4)
”2
B 5 +( Ay + A —2455)
de x (4, —4 Ay —A 66 2 77 3 78
fz_;( 77T27x)f1+ xT27xf2+ a - ./’3:07
dt Q I1Q 10

A€ BBEACHBI CIICAYIOIIUE 0003HAYCHHUS:

5
T
T 32 4% 1 T P T ! T
P> =2hA,,, pazﬂﬂ_zM, Q=Fk 1_T_0, L= P> i tlzgtk.(Z.S)
3 a A,, P, _fi A
P>
Hamucas cucremy (2.4) B MaTpuuHO dopMme, OyaeM UMETh
’ T
d-f r ot
E'— + R-vcos —— S|f =0, (2.6)
dt Q

rae o marpu, R, E', S, f umeem
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T T
k*2h4,, k* 2h( Ay, — Ay)
1 T L I S —
Q=P Q’ —P>
a a
R=|2n"4, 2hdy +P, 2h( Ay — Ay ) ,
a
2
T Ay — Ay Agg — Ay Bes N (A77 A 24 )
- T T
Yo% o o
100 1 00 fi
E'=/0 0 0, S=[0 0 0|, f=|f]|. (2.7)
001 00 0 £,
Pemennie MmarpuyHOTO ypaBHeHu (2.6) nmpenactaBuM B cienyromeM Bume [1]:
T T
0t . 0t
f(t)za1 cos—Tler1 s1n—T1. (2.8)
20 20

[oncraBus pemenue (2.8) B (2.6) 1 mpoBeas HEKOTOPBIE peoOpazoBaHus, MO-
JTy4UM MATPUYHYIO CHCTEMY OTHOCUTENBHO a,, b,. st Toro, 4robs! momyuen-

Has CHCTeMa HMMeJla HEHYJIEBbIe PEUICHUs, MoTpedyeM, 4TOObl OMpeAeIuTeNb
MaTpHILBl COOTBETCTBYIOIIEH CUCTEMBI OBbLI paBeH HYMt0. OKOHYATENBHO MOJTY-
YUM

T

2
rR+Ys g2

T2

40

0. 2.9)

U3 (2.9) nonyunm crexyromiyro 6e3pasMepHyro GopMyay Uil BETHIUHBI
0

T
2Q
7Z_2
T - —
&: 1 112+L366 e + (A + Ay 2A78)pa2 2
o |2 2 7 4, I

h(Axx _A7x )2

’ 3 2 A A —A 2 ’
A77{2hA88+2hﬂ-2 11402 12 ]
a A

3

22
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2

T
,Dllz 2hA7XZ +1 1+lT)+ 1 BGG?‘F(AW‘FA“*ZAW)
! A, | 2hA, +27h371'72AHA22—A122 2l 2 A A
77 3 3 42 Azz
2
pd’ 2 h(Axx _Am)z pa’ 2hd;’
= -
I T A77 ZhAxg_‘_zihSLjAnAzz_Alzz I A77 ZhAXX_‘_LhSLZZAnAzz_Alzz
3 a A, 3 a A4,,

2

s
B, a—2+(A77 + Ay —24,) pa?
n’ 4, I

_i hAs (Axx — A7x)(A77 — s .
27/1371'72 A11A22 _Au2
3 a 4,

T
A, | 2hAg +

32 _ 42\ I
Ay | 2hd + 2h ”T 4,45, — 4,
3 a A

22

2 2
2 T
hAs (366 > T (dry + dgg =245 )J 5
a pa

o2 32 2 I
T A A,, — A
A, 2hA88+—2h —”2 R
3 a A4,,

(2.10)

CpaBHeHHE MTOJIy4EHHOT'O pelIeHHs 3aJjaul AJMHaAMUYeCKON YCTONYHMBOCTH LIap-

HUPHO OMNEPTOTr0 MHUKPOTOJSIPHOTO OPTOTPOIHOTO YHPYTrOrO TOHKOTO CTEPIKHS
o obmeit mogemu (2.1), (1.5) ¢ COOTBETCTBYIONIMM PEIICHUEM KIACCHYECKOU
TEOpHUH MpHUBeIeHO Ha puc.l. OOMacTh HEYCTOMYUBOCTU | COOTBETCTBYET MHMK-

porosisipHoit momenu (2.1), (1.5), a obmacte 2 kiaccuueckoit teopuu. s
(M3MUECKIX TTapaMeTPOB ObUIN B3STHI CICIYIOIINE 3HAYCHU S

Ay =04-10°Tla;  Bg =300H; A, =3.6-10°1a, A, =0.4-10°11Ia,
2

A“AZ_AIZ =5.2-10a; p=1114ke/ m’;
22
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I1=5.31-10"ke/ m ; pasmepsi crepxus: a=0.2m; h=0.005u.

Kak BugHO u3 puc.l, eciu Matepuai CTepKHS MHUKPOINOJIAPHBIN (rpaduk
1), Toraa mo CpaBHEHHUIO C KIIACCHYECKUM citydaeM (Tpaduk 2), mpu o0IIHX paB-
HBIX YCIIOBHSX, 00JIaCTh TJIABHOT'O MapaMeTPUYECKOro Pe30HAHCa, BO-TIEPBBIX,
MIepEIBUTaeTCs B 00JIaCTh BEICOKMX YaCTOT U, BO-BTOPHIX, CYKAETCA.

0,16
0,14
0,12 |
0,10
a20T
0,0 -|
0,05 |
0,04 -]
0,02

T T T T 1
0,000 0,002 0,004 0,006 0,008 0,010
T
)

Puc.1. O6GnacTy JUHAMUYECKOH HEYCTOMUUBOCTH 110 MUKPONOJSIPHON Mozenu (rpaduk
1) u 1o knaccuueckoit Moaenu (rpaduk 2) cTepKHs.

I'oMpuiickuii rocy1apCTBEHHBIH IE1ar OTHYECKUH
uHerutyT uM. M. HanbGannsna

. U. AnBagxsan, JI. M. Maprapsn,
wieH-koppecnonaeHT HAH PA C. O. Capkucsn

CraTnyeckasi M JMHAMHYeCKAasi yCTOﬁqHBOCTb MHUKPOMOJIAPHBIX
OPTOTPOIMHBIX YIIPYIHX TOHKHX CTep)KHeﬁ

W3zydeHpl 3a1a4l CTATUYECKON M JMHAMHYECKOH YCTOMYMBOCTH MMKPOIOJIIPHBIX
OPTOTPOIHBIX YNPYIHUX LIEHTPAIbHO CXKAThIX TOHKUX CTep>kHeH. Pemrena crarmueckas
3a7a4a yCTOMYMBOCTH, KOTJa TOHKMH CTepKeHb HmIapHUpHO onept. llokasano, 4ro B
Cilydae MUKPOIOJIIPHOTO MaTepyana CTepKeHb 0oJiee YCTOMUUB, UeM B CIydae KJIacCu-
4ecKOoro Marepuania (T.e. B Cllydae MUKPOIOJISPHOrO MaTepuana KpUTHIeCKas Harpyska
HOJIy4aeTcss HAMHOrO O0JblIe, UM B CIIydae KJIACCHYECKOro Marepuana). Taxke perie-
Ha COOTBETCTBYIOLIAs AMHAMUYECKas 33a7ada yCTOMYMBOCTH U IOKA3aHO, YTO B CIydae
MUKPOIOJIIPHOA Teopuu 00JIacTh INIABHOTO HAapaMETPUUECKOr0 pe3OHaHca Iepe/iBU-
raercss B 00JacTh BBICOKMX YacTOT M CYXAaeTcs IO CPaBHEHHUIO C KJIACCUYECKOH Teo-
pHen.
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T. b. Upjugyui, L. U. Uwipquipu,
22 QUU. pypwulhg wigud U. 2. Uupgquyuib

Uhypnynjyup oppninpny wnwdquljub pupul dnnbph uinunnhl
b nhtwdhl Yuym inpeyniup

Lutwupws i wnwbgpuyht ubnuws dhipnynpup oppnwnpny wnwdquijut
pupul] dnntph unnwwnhly b nphttwdhl juyniimput punhpubpp: Loddus b unnwnhly
Juyniunipjut funhpp, Epp pupuly dnnp hnpujuynpkt hkuqus £ b gnyg L npynud, np
dhypnynpup niph nhypmd dnnt wnwyk] juynit £, put nwuwljut iymph nhoypmd
(wyuhlipl’ Upypnuyynpup iymph glygpod Yppnpluljul nidp pun wiqud ks b, pul
nuuwlub Wmph nphypmu): Iosdws E twb hudwwwinwupub nhtwdhly fuymbne-
prut fuinhpp b gnyg & wipdus, np dhpnynjjup nkunipjut nhuyypnid yupudbnpu-
Jut pkgniwtuh qijuwynp mppnypp nknuthnpuymd b pupdp hwdwppuljutnpyniii-
Ubkph wppnype b wbjh tkpuinud Ehodbdwnws quuwljot wiungegub hbo:

Sh. I. Alvajyan, L. M. Margaryan,
corresponding member of NAS RA S. H. Sargsyan

Static and Dynamic Stability of Micropolar Orthotropic
Elastic Thin Bars

Static and dynamic stability of centrally compressed micropolar orthotropic elastic
thin bars is studied. Static problem of stability, when the thin bar is supported, is solved.
It is shown that in case of the micropolar material the bar is much more stable than in
case of the classical material (i.e. in case of the micropolar material the critical load is
bigger than in case of the classical material). The corresponding dynamic problem of
stability is also solved and it is shown that in case of the micropolar theory the main
domain of parametric resonance moves at high frequencies and is narrowed compared
with the classical theory.
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ZUBUUSUULh &PSAPRE3NERLLEBELP UQ2QUBPL UUWUTBURPU
HANOUWUOHAJJBHASYAd AKAJAJEMMWUA HAYK APMEHMUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

10 KJ AJbI 9atunNpssuver REPORTS
St 113 2013 Ne2
Volume

OPI'AHNYECKAS XUMUS
YK 547.855

Ynen-koppecnonaeiT HAH PAT.T. I[aﬂary.ﬂﬂﬂl’ 2
A. K. TyMaHﬂl—lz, A. II. Bosixusin®

N30upareabHblid AeTepo0OMeH NPOTOHOB C-MeTHIbHBIX
rpynn B a3UHOBBIX (MOHO- M OMIMKJINYECKHX
NMPUMHINHOBBIX) CHCTEMaX

(ITpencrasneno 5/X112012)

KuroueBble ciioBa: nupumudunuesas coiv,iooudvl nupazonofl,5-aj nupu-
Muounus, detimepoobmen, cnekmpockonust IMP, NOESY.

W3BecTHO, 4TO METHIIbHBIE TPYIIIBI B HEKOTOPBIX M€TEPOLMKINYECKUX CH-
cTeMax CIOCOOHBI BCTYIATh B Peakui0 ocHOBHOTO [1, 2] uinu kucnotHoro [3-
5] nevitepooOmena. [TomoOHBIE UCCIIETOBAHUSI HA HEKOTOPBIX MOHO- M OUIIH-
KJIMYECKUX TUPUMHUIMHOBBIX CHCTEMaX MPOBOAUIIUCE U paHee [6, 7].

B nponomxenue ucciaenoBaHUM B3auMOJIEUCTBUS MUPUMUINHUEBBIX CHC-
TeM C HyKJIeopHUIbHBIMU peareHTamu [8-11], a Taxoke ¢ 1eNbi0 BBISBICHUS BO3-
MOXHBIX HalpaBJIEHUH aTaKy HYKJICO(PUIbHONW YaCTUIIBI TI0 MOJIEKYJIe TUPUMHU-
JUHUEBOM COJIM B PEAKUMAX HYKICOPUIBHOTO 3aMelleHHs] WU HYKIeoDub-
HBIX PEIMKIN3aIUA HAMU U3Y4EHO B3aMMOJEHCTBHE MOHO- M OUIIMKINYECKUX
MUPUMHUANHUEBBIX COJEH, a HMEeHHO, Tuapoioauaa 1,2-muruapo-2-uMHUHO-
1,4,6-rpumernnnupumuanta (1), a Takxke HOAUAOB 2-3aMeIIeHHBIX 7-aMHHO-
4,5-mumerunnmpasodnol 1,5-ajnupumuaunus (2 1 3), ¢ pacTBopaMu AeUTepupo-
BAaHHOT'O METHJIATA HATpHs B AeiirepoMeranone. beum nposenens: SIMP 'H
CIIEKTPAJIbHBIE, a TAK)KE MACC-CIIEKTPOMETPUUECKHE HCCIIEI0BaHNsI IPOJYKTOB
TaKoOro B3auMOJIEHCTBYA.

B criextpe SIMP 'H comu 1 B neiitepomeranone (CD;0D) GbLmn 0TMEueHbI
CUTHA&JIBI BCEX MTPOTOHOB KPOME MPOTOHOB aMUHHOM rpynnsl. [locnennue B yc-
JIOBUSIX DKCIIEPUMEHTA IIPETEPIIEBAIOT 0OMEH Ha aTOMBI JIeHTepusl.

B cmektpe, 3aperucTpupoBaHHOM Cpa3y IMmocje A00aBJIeHUs B pacTBOp He-
Oomnporo xonmdectsa Merminara HaTpus (CD;ONa), ObuT 0TMeueH JIerko, npa-
KTUYECKH KOJMYECTBEHHO, a TJIaBHOE M30MPATENbHO MPOTEKAIOUINA OCHOBHBIN
nelTepooOMeH MPOTOHOB JHIh C-METHIIBHBIX TPYII MUPUMUIAHUAEBON COJH.
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BcenenctBue 3amerieHuss aTOMOB BOJOPO/ia aTOMaMU JAelTepuss B TeueHue 2-5
MHUH HaOJIIOZaeTcsd yMEHbLICHHE MHTEerpaja CHrHaja NpOoTOHOB Cg-METHIILHON
rpymnmsl Ha 77-84%, a curnana C,-metmnpHOU rpynmsl Ha 30-70%. O6a cur-
Hana C-MEeTWJIBHBIX TPYI MPY KOMHATHOW TeMIIEpaType MCUE3aroT B TEUEHHE
HECKOJIbKUX 4acoB. Ba’kHO OTMETHUTh, YTO CHHIJIETHI MPOTOHOB 5-H mupumu-
JMHOBOTO KOJNbIIa U N-METHJIFHON TPYNIBI COXpAHSIOTCS (T.€. HE MCYE3aloT B

CHEKTpe) 10 KOHIIA IKCIIEPHUMEHTA.
CH, CH; CH, CH,

CD,O" Xy CD,0D | XN CD,0 XN CD,0D
/g /g L -coon /&
NTUND-cH;
1 CH HI cn 5 CH, CH3
CH, CH, CD,
NN CD,O- NN
/& p CDOH | - /&
DHC™ "N” “ND

CH3 CH, cn 3

Ucuesnopenue B cuektpe SIMP 'H curnanos nporonos NH u C-meruis-
HBIX TPYII CBHIETEIHCTBYET 00 OCHOBHOM JAEHTepOOOMEHE MPOTOHOB OTMeE-
YEHHBIX TPYIIN, YTO BO3MOXKHO TpH aTake noHOM CD;0” mo NH u MeTmibHbIM
TpyIaM, coaepXaluM HanOojee KUCIbIe MPOTOHbI, ¢ MOCIeAYIOIUM 00pa3o-
BaHHEM Kap0aHWOHOB, CTAOMIU3UPYIOLINXCS MPUCOCTNHEHIEM AeUTEePHSL.

Amnanornunbii oOMeH nox aeiictBueM CD;ONa oTMedeH U B CIICKTpax aH-
HEJIMPOBAHHBIX MUPUMHUANHOB (IIpaBJia, B 3TOM CiIydae B MEPBbIE MUHYTHI pe-
aKIys MpOoTeKaeT MeAJICHHee, OHAKO Yepe3 HeCKOJIbKO YacoB 0OMEH 3aBeplia-
€TCS U CHT'HAJI 5-METWILHOM TPYIIGI B CHEKTpe He (ukcupyercs). B pactBope
CD;ONa/CD;OD wu3yueHa AuHAMUKAa U3MEHEHUS CIEKTPOB HOAUIOB 2-3aMe-
IIEHHBIX 7-aMUHO-4,5-nuMmernnnupa3ono| 1,5-ajnupumununaus (2 u 3), coxep-
KAlIX B a30J0BOM KOJIbIIE, COOTBETCTBEHHO, METHIIFHYIO HIH ()EHUIHHYIO
rpymimy.

Jloka3zaHo, 4TO OCHOBHBIN JEUTepOOOMEH 3aTparMBaceT MPOTOHBI TOJBKO
amMuHO- U Cs-MeTHIIbHOM Tpymni nmMpuMuArHA. Kak 1 B onmucaHHOM BbIIIE NpHU-
Mepe conu 1, unble poToHsl (3-H u 6-H mupa3onbHOro M MUPUMHIMHOBOTO
KOJIEll, METHJILHOM TPpYIIbl KBAaTEPHU30BAaHHOIO aTOMa a30Ta, a TaKXe 3aMec-
TUTENeH, HaXOSIIUXCS B TMATHYJICHHOM IuKie, B yactHocTH, 2-CqHs u 2-CHj3)
HE TIOJIBEPraroTCsl IEHTepOOOMEHY.

[onoxxenue monBeprarouieiics U30TOMHOMY OOMEHY METHJIBHOM TpYIIIbI
(B coeauHeHMAX 2 W 3) OMHO3HAYHO OMpENeNIeHO MPUMEHEHHEM JBYMEpPHOMH
cnekrpockonuu AMP (mo meroauke NOESY). B wacTHOCTH, B ClIeKTpe BbIIe-
JIEHHBIX TIOCIe AeiirepoodMena Bemtects 2' u 3' orcyTeTBYIOT siepHbie dddek-
1ol OBepxaysepa (190) mexny MeTwibHbME Tpynmamu N-Me u Cs-Me, a Tak-
xe Cs-Me u 6-H, nmeromuecss 8 NOESY cnektpax HenelTepupoBaHHBIX HC-
XOmHBIX BemecTB 2 u 3. B crmektpe coemumenns 2' (R=Me) mpHCyTCTBYIOT
KpOocc-IIMKU MEXy MPOTOHaMU MeTwibHOM rpynnsl C,-Me u 3-H, a taxxke 3-H
u N-Me, 4TO OJHO3HAYHO MOATBEP)KIAET MpOTEKaHHe AeHTepooOMEeHa B Me-
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TUJILHOW TPYIIE, PacloNIOKEHHOW B MUPUMHUAMHOBOM (monoxenue Cs), a He
MUPa30JIbHOM KoJiblle. KOCBEHHBIM MOATBEPkKIEHUEM MPOTEKAHUS U30TOIHOIO
o0MeHa 1o MeTHIbHOH rpymme C-5 sBisercs Takke peaju3alus TOro e mpe-
BpauieHus B coenunenun 3 (R = C¢Hs), B koTopoM MeTwWIbHas TpyImna B IUpa-
30JIbHOM KOJIBIIE OTCYTCTBYET.

/‘\‘H
R R

2

W@ / CHs >_§\ _CH,
M > o

N, SCHy 2,3 HN CH /

R = Ph, Me. H

CDs 21, 3

Jleiirepoobmen B coenmrenmsix 1'-3' moxTBepikieH Takke Macc-CIIEKTPo-
MeTpuyYeckd. B dacTHOCTH, 00 3TOM CBHUIETENbCTBYET MPUCYTCTBUE B Macc-
CIIEKTPE COEAWHEHUS 2' mixo 177, 178, 179 u 180, COOTBETCTBYIOILIUX
(M™+1), (M™+2), (M'+3) u (M'+4), T. €. OTHOCAIHUXCS K MPOIYKTaM, COleprka-
LM aTOMBI AeWTepHs B METUIIbHON M UIMUHHOM rpynnax. OTMeTHM, 4To MoJe-
KyJspHBIH HoH M = 176 cOOTBETCTBYeT Macce aHTUAPOOCHOBAHUS 4 [Meom —
HI], koTopsIit monydaercst Ipu B3auMOEHCTBIH COJIA 2 C AJIKOTOJIATOM HaTpHs.
Crextp SIMP 'H u Macc-CHeKTp MOATBEPKIAIOT NOTydeHHEe COCJMHEHMs 4
(TouHee, He poTUBOpeYar 3ToMy). OTHAKO HaHHBIE DJIEMEHTHOTO aHaJIn3a BbI-
JICJIEHHOT'O BEI[ECTBA COOTBETCTBYIOT MPONYKTY THAPONM3a 7-UMUHHOM TpyIl-
IIBI, T. €. OKCO-TIPOM3BOJHOMY S, CHEKTpaJIbHbIE XapaKTEPUCTUKH KOTOPOTO TaK-
K€ MOT'YT COOTBETCTBOBAThH 3aPETUCTPHUPOBAHHBIM CIEKTPaM.

H,C, H,;C H,C
/ 1\ J A\ I\
1N @ _CH, Q N CH CH
\)N\ji o 0Gls TN HO S
H,N77 7 ¢ CH, HN 7 CH, o 7 CH,
2 4 5

UcuesnoBenue B crektpax SIMP 'H curnanoB npotoHoB C-METHIBHEIX
TPy MTHPUMHUIAHOBOTO KOJIbIIA, a TAKXKE MOSBICHUE B MAacC-CIIEKTPax MHUKOB,
MPEBBIIIAIONINX MacCy MOJEKYISIPHOTO MOHA MCXOAHBIX BEIIECTB, CBHUIETENb-
CTBYIOT 00 OCHOBHOM JeiTepooOMeHe MPOTOHOB B OTMEYCHHBIX IpyIIIax.

[IpakTUueckuM pe3ylnbTaTOM IPOBEAECHHOIO KCIEPUMEHTA SIBISETCSA TO,
4TO JeTepoOOMEH METHIbHBIX TPYII NUPUMUIUHOBOTO KOJbIIA MOXKET pac-
CMaTpHUBAThCS Kak crelmpuuecKuil Mapkep Hauboee 3eKTpoQUIBHOrO MOJI0-
KEHHUS MOJIEKYIIbl, MPUHUMAIOLIET0 aTaKy Hykieopuna. OTME4eHHOe B JAHHOM
COOOIIEHUH SIBJIEHUE W30MPATEIHHOrO JEUTEpPOOOMEHa, HECOMHEHHO, MOXET
CTaTh MHCTPYMEHTOM HCCIIEIOBAaHHUS CTPOCHUS Pa3IMYHbIX a3MHOB, a TAKKE IS
OCYILECTBIICHHUS LIEJICHANPABIEHHOTO M30TOMHOr0 OOMEHa B TeTepOLUKINIeC-
KHX CUCTEMaX, B YACTHOCTH, B MUPUMHIUHOBOM KOJIbIIE.

JkcnepuMeHTadbHas yacTb. CrekTpsl SIMP Obutn mosmydens! B LlenTpe
uccnenosanus crpoenus monekyn HAH PA (mporpamma US CRDF RESC 17-
5), Ha npubope Varian «Mercury 300» ¢ pezonancHoii yacroroit 300.077 MI'u
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Ha sjpe atoma Bomopoaa u 75.46 MI'n Ha siape BC. Temneparypa 00pa31ioB
303 K. Macc-cniekTpsl 3apeructpupoBansl Ha criektpomerpe MK-1321 ¢ npsi-
MBIM BBeIeHHEeM 00paslia B MOHHBIM MCTOYHMK W TPH DHEPruM noHuzanuu 70
eV. [l xpomarorpaduu B TOHKOM CJI0€ UCToJb3oBaiu miacTuaku Silufol UV-
254, xoTopbl€ NPOSIBISIIN TapaMH Ho/1a U peaKTUBOM ODpiHxa.

B3aumoneiictBue ruapoiionuaa 1,2-muruapo-2-umuno-1,4,6 rpuMeTu.I-
mupumuaunus (1) ¢ CD;0ONa B CD;O0D. B amnyne AMP rorossrt pactBop He-
ckombkux Mr comu 1 8 CD;0OD u perucrpupytor ciextp SIMP 'H. Jlanee B am-
Myiny NpuOaBiIsIOT 2-3 KaIljik 3apaHee MpUroTosieHHOro pactBopa CD;ONa B
CD;0D 1 KOHTpONUPYIOT TMHAMHKY MPOTEKAIOMIEro AeHTepooOMeHa IPOTOHOB
B aMITyJie IyTeM PErHCTPalii H3MEHEHHUH, IpoTeKarolux B cnekrpe SIMP 'H.

Cnextp SIMP 'H com 1, §, m. 0. (DMCO-dy): 2.45 (3H, ¢, CH;); 2.61
(3H, c, CHz3); 3.65 (3H, ¢, N-CH3); 6.95 (1H, c, 5-H); 8.6-8.85 (2H, ym1, NH,).

Cnextp SIMP 'H comu 1, 6, m. 0. (CD;0D): 2.45 (3H, ¢, CH3); 2.60 (3H,
¢, CH;); 3.65 (3H, ¢, N-CHj;); 6.92 (1H, ¢, 5-H).

Cunextp SIMP 'H comu 1, 6, m. 0. (CD;0OD), /uepes 1 mun nocne
oobasnenun CD;ONa/: 2.13, 2.14, 2.15, 2.16 (2.1H, c, CH3); 2.26 (0.7H, c,
CHj;); 3.40 (3H, ¢, N-CHj3); 5,97 (1H, ¢, 5-H).

Cnexktp SIMP 'H comu 1, 5, m. 0. (CD;OD), /uepes 10 mun nocne
oobasnenun CD;ONa/: 2.13, 2.14, 2.15,2.16, 2.17 (1.1H, c, CH3); 2.26 (0.5H,
¢, CH;); 3.40 (3H, c, N-CHa); 5,97 (1H, c, 5-H).

Cunextp SIMP 'H comu 1, 6, m. 0. (CD;0D), /uepes 15 u nocne
oobasnenun CD;ONa/: 2.26 (0.6H, ¢, CH;); 3.41 (3H, ¢, N-CHj3); 5.97 (1H, c,
5-H).

Homnn  7-ammuo-2,4,5-Tpumernimupasono|l,5-alnupuvmmanns  (2).
Cwmech 1.6 T (0.01 momst) 7-amuHO-2, S-auMerunnupasoiof1,5-ajnupuMuarta u
n30BITOK MeTumidonuaa (7 MJI) HarpeBaroT B 3allassHHOW amIlylie TpU TeMmIle-
parype 90-100 °C 8 4. OOpa3oBaBLIHiics 0CaJAOK OT(UIHTPOBBIBAIOT, POMBI-
BalOT FOPSYMM T'eKCAaHOM H CymIaT Ha Bo3ayxe. [lomyqator 2.7 r (89 %) onuna
2, 1. m1 325-330 °C.

Cnextp SIMP 'H itonuna 2, 6, m. 0. (DMSO-dy): 2.51 (3H, ¢, 2-CHs);
2.66 (3H, ¢, 5-CHs); 3.88 (3H, ¢, NCHs); 6.34 (1H, ¢, 6-H); 6.57 (1H, c, 3-H);
9.28 (1H, w1, NH,); 9.77 (1H, m, NHy).

Cuextp SMP “C itomuna 2, 5, m. 0. (DMSO-dy): 14.03 (2-CHs); 19.45
(5-CHs); 37.18 (4-NCHj3); 90.31 (Co); 91.63 (C3); 142,26 (Cipso); 149.23 (Cy);
153.96 (C,); 155.70 (Cs).

Haiineno, %: C 35.79; H 4.51; N 18.15. CoH3N4l. Breruncneno, %: C
35.54; H 4.30; N 18.42.

Homun 7-amnuo-4,5-numeTnn-2-gpennanupasonoll,5-ajnupumuannus
(3). AnanornuHo onucanHomy Bbie u3 2.2 T (0.01 mMong) 7-aMUHO-5-MeTHII-
2-thenunnupasono| 1,5-ajnupuMuanHa 1 5 MII MeTWIHoAUAa MmoiydarT 2.5 T
(68 %), Hoguma 3, T. 1. 355-358 °C.

Cnexktp SIMP 'H coemunenus 3, 6, m. 0. (DMSO-dy): 2.69 (3H, ¢, 5-
CHj3); 3.97 (3H, ¢, NCH3); 6.41 (1H, ¢, 6-H); 7.31 (1H, c, 3-H); 7.43-7.55 (3H,
M, CsHs); 8.07 (2H, m, CsHs); 9.29 (1H, m, NH»); 9.92 (1H, m, NH,).
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Cnexktp SIMP “C coemunenus 3, 6, m. 0. (DMSO-dy): 19.46 (5-CHs);
37.25 (4-NCHjs); 89.21 (Ce); 90.67 (Cs); 126.45; 128.33; 129.45; 130.58 (Cipso);
142.79; 149.45 (C,); 154.35 (Cy); 156.31 (Cs).

Haiineno, %: C 45.81; H 4.41; N 15.55. C4HsNyl. Breruucneno, %: C
45.92; H 4.13; N 15.30.

B3aumopeiictBue iioquaoB 7-aMuHo-2,4,5-TpuMeTnnupasosnofl,5-aj
NUPUMUIMHNA (2) U 7-aMuHO0-4,5-TuMeTHI-2-(peHnmupaszono [1,5a] nupu-
muauHusa (3) ¢ CD;ONa B CD;OD. B amnyne SAMP rotosst pactBop He-
ckombkuX Mr comu 2 umu 3 B CD;0D u peructpupyror ciektp IMP 'H. Jlanee
B aMmIyldy MNOpuOaBIsAOT 2-3 Kamiy 3apaHee MPUTOTOBIEHHOTO pacTBOpa
CD;ONa B CD;0D u KOHTPONUPYIOT JMHAMHUKY MPOTEKAIOIIero AeHTepood-
MEHa TPOTOHOB B aMIlyje, MMyTeM PErUCTPaluy W3MEHEHUH, MPOTEeKaloIIuX B
cnexrpe SIMP 'H.

Junamura usmenenus cnexkmpoe IMP "H coedunenus 2 ¢ npouecce
oeiimepooomena:

Cnextp SAMP 'H itoquna 2, 6, m. 0. (CD;0D): 2.50 (3H, ¢, 2-CH;); 2.63
(3H, ¢, 5-CHs); 3.85 (3H, ¢, NCHs); 6.30 (1H, c, 6-H); 6.51 (1H, c, 3-H).

Cnextp SIMP 'H itomuna 2, 6, m. 0. (CD;OD) /uepe3 10 mun nocne
oobasnenun CD;ONa/: 2.33 (1H, w1, 5-CH3); 2.37 (3H, ¢, 2-CHas); 3.53 (3H, c,
NCHs); 5.73 (1H, ¢, 6-H); 5.99 (1H, c, 3-H).

Cuextp SAMP 'H itomuna 2', 6, m. 0. (CD;0D) /uepes 10 uac nocne
oobasnenun CD;ONa/: 2.37 (3H, ¢, 2-CHj3); 3.53 (3H, ¢, NCH;); 5.73 (1H, c,
6-H); 5.99 (1H, c, 3-H).

Junamura usmenenus cnexkmpoe IMP "H coedunenus 3 ¢ npouecce
oeiimepooomena:

Cnexktp SIMP 'H iiomuma 3, 0, m. 0. (CD;OD) /uepe3 15 mun nocne
dobasnenun CD;ONa/:  2.35 (2.6H, ¢, 5-CH3); 3.60 (3H, ¢, NCHs); 5.77 (1H,
¢, 6-H); 6.55 (1H, ¢, 3-H); 7.39-7.50 (3H, m, CsHs); 7.95 (2H, m, C¢Hs).

Cnektp SIMP 'H iioguna 3', J, m. 0. (CD;0D) /uepes 10 u nocne
oobasnenun CD;ONa/: 3.59 (3H, ¢, NCHj3); 5.77 (1H, ¢, 6-H); 6.55 (1H, c, 3-
H); 7.39-7.50 (3H, m, C¢Hs); 7.95 (2H, m, C¢Hs).

MeTtoauka Macc-CIeKTPAJIBHOIO HCCJIe0BAHUS MPOAYKTOB JeiiTepo-
odmena. Uepes nBoe cyrok mocne nobasienuss CD;ONa B ammyny, coaepixka-
LIyl pacTBop 2 wiu 3 B AeirepoMeTaHose, YAAIAIOT pacTBOPUTENb, Aaliee K
CYyXOMY OCTATKy MPIIHBAIOT AECHTEpOXIOopodOopM, QPHIBTPYIOT, XJIOPOhOpPMEH-
HBI{ PacTBOp BBIMIAPUBAIOT MPH KOMHATHON TeMIeparype M OCTaBIIeecs TBEp-
JI0€ BEIIECTBO MOABEPTalOT MACC-CIIEKTPOMETPUUECKOMY HCCIEI0BAHUIO.

Macc-cnexTp foauna 2' mocie nobasnerust CD;ONa (0/z, Ly, %): 180
(17.6), 179 (24.7), 178 (87.4), 177 (100), 176 (60.7), 175 (22.1), 162 (12.4), 161
(12.5), 152 (12.9), 151 (15.7), 150 (13.0), 147 (14.8), 146 (13.2), 138 (11.9),
137 (14.9), 136 (15.7).

Monyuenune anruapoocHoBanusi 5. B 7 M1 aGCOMIOTHOTO ATaHOJA pac-
TBOpstoT 0.1 T (4 MMons) MeTaiunaeckoro HaTpus. [lomydeHHbIi pacTBOp npu-
OaBisitoT Kk pactBopy 0.23 1 (0.9 Monst) conu 2 B 5 Mi1 aOCOJIIOTHOT'O 3TAHOJA U
kunATAT 4 4. OOpazoBaBIIniics Oenblii 0caloK OT(QUIBTPOBBIBAIOT U MEPEKPH-
CTAJUTU30BBIBAIOT U3 abcomoTHOro stanona. [lomydator 0.09 r (64%) anruapo-
ocHoBauus 5, T. wr. 220-221 °C, R; 0.1 (6enzomn-arerow, 1:1).
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Cnextp SIMP 'H, 6, m. 0. (DMSO-dy): 2.34 (3H, ¢, 2-CH3); 2.39 (3H, 1, J
= 0.7, 5-CH,); 3.59 (3H, c, NCHj3); 5.57 (1H, kB, ] = 0.7, 6-H); 5.96 (1H, c, 3-
H). Macc-cnekrp (W/z, 1., %): 177 (7), 176 (31), 148 (7), 147 (100), 133
(14), 121 (7), 120 (21), 108 (8), 106 (10), 82 (14), 80 (20), 79 (12), 56 (64).
Hatineno, %: N 24.00. CoH;;N;O. Breruucineno, %: N 23.72.

'Poccuiicko-Apmsnckuii (Crapsckuit) yHuBepcutert, e-mail: gdanag@email.com

*MHCTATYT ~ OpraHMueckodi  XuMHMH  HaydHO-TEXHONOTHYECKOrO  LEHTpa
opranuueckoi u dapmanesrudeckoil xumuu HAH PA

Ynen-koppecnongent HAH PA T'. T'. lanary.sn,
A. K. Tymansn, A. I1. Bosixusin

M3ouparenbHblii AeiiTepooOMeH NPOTOHOB C-MeTHJIbHBIX TPy
B a3MHOBBIX (MOHO- M OMIIUKJINYECKHX MUPAMHUIMHOBBIX) CHCTEeMax

B cnextpe AMP 'H 1,2-nurumpo-2-umMuHo0-1,4,6-TpUMETHIMPHMUUHA, 3aperi-
cTpupoBaHHOM Hocie pobapnenus CD;ONa, oTMedeH JIerko, KOIMYECTBEHHO U M30U-
paTenbHO IMPOTEKAIOIIUM OCHOBHBIM JeHTepooOMEH HPOTOHOB jullb C-METHIBHBIX
IPYNI NUPUMUAMHUEBOH comu. AHanoruunslii ooMeH noa aeficrsueM CD;ONa Habimo-
JlaeTcs U B CIIEKTPax aHHEIMPOBAHHBIX MMPUMHIUHOB — HOAUIOB 2 MeTUl ((eHun)-7-
amuHo-4,5-numernin| 1,5-alnupumuauaus. JlokazaHo, 4TO OCHOBHBIN AeHTepOOOMeEH 3a-
TparuBaeT NPOTOHbI TONBKO Cs-METUIBHO IPyIIIbl IUPUMUIUHA.

ITonoxeHre METUIbHBIX IPYIIL, MOABEPraloLIUXCs M30TOIHOMY OOMEHY, OIHO-
3HAYHO OINPEAENICHO ¢ IPUMEHEHUEM JBYMEpHOH cnekrpockonuu SIMP mo meroauke
NOESY. [lelitepooOMeH NOATBEPIKAEH TAKKE MACC-CIIEKTPOMETPUIECKU.

22 2UU pypwyhg winud Q. 2. twbwgniui, U. 4. @owdwijul,
U. . Pojuijusyuts

C-Ukph) dpkph ypnunnuukph ptnnpnyujut ghpnkputhnjuwiwlnudp
wqhtuyht (Untn- b phghlyhl whphupnhirught) hudwlwpgtpmd

1,2-nhhhnpn-2-pulhtin-1,4,6-nppdtphpuhpppnhtth — hpgpopnnhnh - UUL: - 1H
uyklunpnud, npp qpuigyl] t twwnphmuh phnbpudbphjun wykugukinig htwn,
uljuwuyly £ dhuyt ywhphuhphuhnidwyhtt wnh C-dbpp) judpbph wypnwnnuubph' htownt-
prudp, puwtwljuwbu b punpniupup pupwgnn hhdtughtt pEpnbkputhnjuwbw-Ynud:
Ldwl hnjuwbwlnid twnphmdh gynkpudbphjwunh wqpgnipjudp wpdwiwgpdt) k
twl hudwlgiwd® 2-ubphy (pkuhy)-7-wdhun-4,5-nhubphiwhpugnin [1,5-aJyhphuhnh-
uhnwh jnnpnutiph uykynpubpnud: Ugwugnigyky £, np hhdtwghtt ghjntputhnowtwl-
dwit kb Bupwplymd dhuyt whphdhnhtwghtt onuljh C5-dbkphy judptnh wypninnuubpp:

Bqnunnyuyhtt thnpowtouwt Eupwplon dbphy edpkph nhppp dhubiputuy
wwugnigyl) k UUN-uykjnpnulnuyhugh NOESY tnutulny: Hpnbkputhnjuwtulnudp
hwunwnyly £ uub dwu-uykjnpndtnphl Enutwuyny:
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Selective Deuterium Exchange of Protons of C-methyl Groups in Azine

(Mono- and Bicyclic Pyrimidine) Systems

In 'H NMR spectrum of 1,2-dihydro-2-imino-1,4,6-trimethylpyrimidine, register-

red after addition of CD;ONa, the basic deuterium exchange of protons of only C-
methyl groups of pyrimidinium salt proceeded easily, quantitatively and selectively.
Similar exchange under the action of CD;ONa was also observed in spectra of annealed
pyrimidines - 2-methyl(phenyl)-7-amino-4,5-dimethylpyrazolo [1,5-a] pyrimidinium
iodides. The basic deuterium exchange was shown to affect protons of only Cs-methyl
group of pyrimidine.

The position of the methyl group subjected to isotope exchange was unambi-

guously determined by NOESY two-dimensional spectroscopy. Deuterium exchange
was also confirmed mass-spectrometrically.

10.

11.
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H. O. I'eoxusin

/{na3nHoBbBIi KpacuTeab cagpanul “T” Kak HOBbIU peareHT
s onpeneneHus ocvmus (IV) skeTpakumonHo-
CHEKTPO(POTOMETPUYECKHM METOA0M

(ITpencrasneno akagemukom M.A asrsHom 23/VIII 2012)

KuaroueBsle ciioBa: oxkcmpakyus, cnekmpogomomempus ocmust (IV), oua-
3UHOBbLI Kpacumenw, peazenm ca@panun “T”, moaspuviti Kodghguyuenm cee-
MONoO2NOUeHUsL.

B cBs3u ¢ Bo3pocuieil ponbio 3JIEMEHTOB IJIATHHOBOW TPYIIBI U 30JI0Ta B
MPOMBIIUIEHHOCTH 0c000e 3Ha4UeHHEe WMEET ONpeelieHHe MX B MPOAYKTaxX U
MOJYMIPONYKTAaX TEXHOJOTHYECKOH MepepaOdOTKH PYAHOTO ChIPhS, TAKUX Kak
KOHILIEHTPAThl U “XBOCTBHI” 00OTaTHTENbHBIX (paOpuK, MeJHbIe M HHUKENEBbIE
LUJTaMBbl, TIOJydaeMble B MPOIecce SJIEKTPOIUTHYECKOr0 padHUPOBAHHUA MeIn
Y HUKEJS.

AHanu3 MHHEpPaloOB H3-3a BECbMa MAaJIbIX HAaBECOK TpedyeT MpUMEHEHHS
MHKpOaHaju3a M YYBCTBUTEIBHBIX (DU3UKO-XUMHUYECKHX METOAOB Ompexaese-
HUSI, B YaCTHOCTH abcopOuuomerpuueckux. U3 Qu3mko-xuMuuecKux MeTomoB
MO JTOCTYMHOCTH, MPOCTOTE BBITIOJIHEHHUS, HAJI&KHOCTH, CEJIEKTUBHOCTH, a TaK
BBICOKOW YYBCTBUTEIBHOCTH M HU3KOMY 3HAYEHHIO Tpeaesa oOHapyKEeHUs OIl-
penensieMoro »JeMeHTa OTJIMYAIOTCS AKCTPaKIMOHHO-abcopOuuomeTpuyue Me-
TOJIbI C MCTIOJIb30BAHUEM OPTaHUYECKHX OCHOBHBIX Kpacuteneid. O030p nutepa-
TYpBI TIO3BOJISIET YTBEPHKIATh, YTO YUCIO PabOT, B KOTOPBIX OMHCHIBAETCA OII-
peneneHre MHKPOKOIWYECTB OCMHUS MOAOOHBIMH METOJaMH KpaliHe OrpaHu-
4eHo. B oTimume oT Ipyrux HEOpPraHMYECKHX AaHMOHHBIX AllMIOKOMILIEKCOB
SKCTPaKIMs TaJIOreHUAHBIX KoMIiekcoB ocmus (V) B BHIE HOHHBIX accolua-
TOB C KATHOHAMH OPraHWYeCKHX OCHOBHBIX KpacHuTenel nzydena mano. Hanbo-
Jiee YyBCTBHUTEIIbHBIE METO/IbI OIpeAeeHns] MUKpokonmnuecTB ocmus (IV) ocHo-
BaHbl HA HCIOJIb30BAaHUU OPraHMYEeCKHX OCHOBHBIX KpacuTesieil, B OCHOBHOM
TpU(EHIUIIMETAaHOBBIX, KPUCTAUIMIECKOTO (pHOIETOBOTO [1], ManaxutoBoro 3e-
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JieHoro [2], OpiUIHAaHTOBOTO 3eJIeHOro [3 ], METHIIOBOTO 3eneHoro [4] u ¢ ykcu-
Ha [5]. Hamu pazpaGoTaHbl SKCTPaKIHOHHO-()OTOMETPHUYECKHE METOABI OIpe-
JIeTIeHNUs] MUKPOTpaMMOBBIX KonndecTB ocMusi (IV) [6] TomyunuHOBBIM TOITY-
obM [7, 8], TpumerrnTHOHUHOM [9], N-aumernnruonnHom [10]. M3BecTHa Tak-
xKe paboTa, B KOTOpol onucaHo onpenenenue ocbmus (IV) B BUae pogaHUIHOTO
AQHMOHHOT'0 KOMIUIEKCA C MCIONb30BaHHEM MeETWJIeHOBOro cuuero. K cosxarne-
HHUIO JTAaHHBIM METOA MMEET TAaKKe OIpeAeTeHHbIe HeOCTATKH U OTpaHHYeHHUs
[11]. B [12—14] pa3zpaboTaH SKCTpaKIHMOHHO-a0COPOLMOMETPUYECKUI MeTox
OTpeNeNieHs] MUKPOrpaMMOBBIX KoJmdecTB ocMus (IV) OKCa3MHOBBIM OCHOB-
HBIM KpacHUTEeJIeM HUIbCKUM CHUHUM “B”.

Henbro HacTosimeil paboThl SBIAETCA pa3padOTKa HOBOTO AKCTPAKIMOHHO-
cneKkTpohOTOMETPUIECKOro MeToa onpenenenus ocmus (IV), ocHoBaHHOTO Ha
B3auMoJielicTBIM KaTHoHa cadpanut “T” ¢ rekcaxiopocmuarom (IV) u axcrpa-
Kuuu obpasyromerocs nonHoro accouuara (MA). CtpoeHue monekynsl cadpa-
HuHA “T” MOXeT ObITh TIPEACTABIICHO CIEIYIOIEH (GOopMYITO¥:

— +

H.C N
AN CH,
)
N

H.N NH,| ¢

Jlua3zuHoBbIN kpacuTens cappanud “T”

JKcnepuMeHTaJbHAA 4acTb. CTaHIApTHBIM 3amacHOl pacTBOp OCMUS
(IV) xnopucroBogoponaHoii kuciaotsl Hy[OsClg] roroBunu u3 74%-noro OsCly,
cofeprkalierocsi B cranaaptHoi ammyne. Cozepkumoe ammynsl (1.86 1) pac-
TBOPSUIM B 5 MOJIB/JI PacTBOPE CONSIHOW KHUCIOTHI ¢ MpudaBieHneM 65%-HOro
pacTBopa THApa3HH-THApAaTa M HarpeBaHWeM Ha BOASHON OaHe NOBOIWIN 10
MOJTHOTO pacTBopeHus. Paboune pactBopsl ocmus (IV) roroBunm, pazbaBisis
HCXOIHBIH 3amacHoi pactBop npu oMoy 0.01 MOIb/T CONSHON KHCTOTHI.

Bonnslii pacTBOp AMa3HHOBOrO Kpacurens cappanuna “T”’ roToBuiIM, pac-
TBOpSISl TOUHYIO HABECKY peareHTa-Kpacurens (KBalupuKalyuy 4.1.a.) B AUCTHII-
JUPOBAaHHON BOJE M OTQUIBTPOBBIBAIN. OpraHMYecKre PacTBOPUTENH KBaJH-
(uKanuy 4.1.a. ¥ X.4. HCIOJIb30BAIUCH 0€3 TOMOTHUTENEHOW OYHCTKH.

Kucnornocts BomHOM (as3bl peryaupoBaju, 100aBisisi COOTBETCTBYIOLIHNE
KOJIMYECTBA COJISTHOM KHCIOTHI, KBanu(puKanuu X.4. PaBHoBecHbIe 3HaueHus: pH
BOIHOH (ha3bl KOHTPOIHUPOBAIU IIPU IMOMOIIKM MULIHBOIBTMeTpa pH-121. On-

175



THdeckyto MmiIoTHOCTh (OIl) BOOHBIX pacTBOPOB M OPTaHUYECKUX SKCTPAKTOB
u3Mepsim Ha cnektpodoromerpe CD-16.

B kadecTBe KCTpareHTOB OBUIM HCIIOJIL30BAHBI MPEICTABUTENH Pa3iny-
HBIX KJIACCOB OPraHMYECKUX PACTBOPUTENEH: aJKaHbl, OEH307 U €ro TOMOJIOTH,
XJIOp3aMelLIeHHbIE YTIIEBOJOPOAbI, alKHUJALeTaThl, anipaTHIecKue CIUPTHI, a
TaKke UX OWHapHBlEe cMecH. Hanmydmmm SKCcTpareHToM Ajisl U3BJeYeHUsT MOH-
HOro accouuara rekcaxiopocmuata (IV) cadhpanuna “T” okaszalics TUXIOPITaH,
o0ecrneunBanuUil MAKCUMaJbHBIN MMONE3HBIN aHATUTHYECKUN CUTHAII TIPU MU-
HUMaJbHOM (OHOBOM 3HadeHHH. OObEMHOE COOTHOIIEHHWE BOJHONH M OpraHu-
yeckoil (a3 cocraBuio 10 Mi, opraHn4eckoil — 5 Mil. BbUTM CHATBI CHEKTPHI
CBETOMNOIJIOUICHUS] OPraHMYeCKUX OSKCTPakToB HOHHOrO accommara (MA),
“XOJIOCTBIX” 3KCTPAKTOB M BOAHOTO pacrBopa cadpanuHa “T”. Bo Bcex Tpex
ClIydasix MaKCUMYM Ha CHEKTpaxX CBETOIOTJIONIEHUsI HAaOIoAascsa Ipy OJHON U
TOW XK€ ANMHE BOJHBI — 525 HM. OOpa3yroluecss HOHHBIE acCOIMAThl MOTYT
SKCTParupoBaThCs U3 BOAHOW (ha3pl B OPraHMUYECKYIO B ONPEACICHHOM HHTEp-
Bajie KUCIOTHOCTH. [Ipenensl BogHOH (ha3bl ompenenstoTcs NpupoIol KaTHOHA
OpPraHMYECKOr0 OCHOBHOTO KpAacHUTElNs, a TaKkKe TePMOIUHAMUYECKOH YCTOH-
YHBOCTHI0 aHHOHHOTO KOMILJIEKCa MeTajlla U €r0 YCTOMYMBOCTBIO MO OTHOLIE-
HUIO K Tuaponu3y. Kak mpaBuio, 3TOT MHTEpBall YCTaHABIMBACTCSA SKCIIEPH-
MEHTaJbHBIM ITyTeM. JKCTPAKIUsl HOHHBIX acCOLMATOB ObLIa M3y4eHa B IIUPO-
KoM uHTepBaie kucinoTHoctd oT pH 4.0 1o 3.0 MOJB/M 1O CONSHOW KHCIOTE.
Bruto ycTaHOBIEHO, YTO MaKCHMAaIbHBIE M TIOCTOSHHBIE 3HAUEHHS ONTHYECKOU
IUIOTHOCTH 3KcTpakToB MA nHabmomatotcs mpu pH 2.0 mo HCl. Konuuecten-
HOE M3BJIEUEHHE TPOHHOT O KOMIUIEKCHOTrO coenuHenus ocmus (IV) B oprannye-
cKkyl0 (hazy MMeeT MecTo B MHTEepBaje KOHLEHTPALUU peareHTa-KpacHuTes,
obecnieunBaemoM nobasienueM (1.6-2.0) mi 0,05%-Horo pacrBopa cagpaHuHa
“T”. MeTooM MOBTOPHON AKCTPAKIMU OBUIO YCTAHOBIIEHO, YTO IS MIPAKTHYE-
CKM TIOJTHOM SKCTpaKUUHM OOpa3yroIerocs HOHHOTO accolaTa JOCTaTOYHO
OJIHOKPATHOT'O 3KCTparupoBaHusi B TeueHue | mMuH. CreneHp u3BiedeHHs R=
=92%. Onrtryeckasi INIOTHOCTh AKCTPAKTOB MOHHOTO accoluara I'eKcaxJiopoc-
muarta (IV) c cappannnom “T” ocraercs HeU3MEHHO B TeueHue 40 MUH.

B onTuManbHBIX YCIOBUSX AJsE 0Opa30BaHUsI U SKCTPAKIIMH HOHHOTO acco-
muara rekcaxiopocmuara (IV) ¢ cappanunom “T” mpsMonuHeWHas 3aBUCH-
Moctb Mexxay OII akcrpaktoB u conepxanueMm ocmus (IV) B BomHOHU dase Ha-
omonaercs B uHTepBajie 2.6-3.4 mMkr/10 mi BonHol ¢assl. CpenHee 3HaUeHUE
KaXyIerocst Koo QpuiueHTa, pacCuuTaHHOE N0 JAHHBIM I'PagyHpPOBOYHON KpH-
BOi, TIpH () EKTUBHOM JUTHHE BOJHBI COCTABISET Zyy5 = 1,1-10° n-Momb oM .

MoJpHOE COOTHOIIEHHE MEKIY KaTHOHOM cadpanuH “T” U rekcaxiopocMaToM
(IV) B nonHoM accoruare OBIJIO OTIpeNesIeHO METOAOM MPAMOM JIMHUK AcMyca
Y 0Ka3aJloCh paBHbIM 2:1.

B ontumanbHBIX YCIOBHSAX M3YUEHO TAKXKE BIMSHHE OONBLIOrO YMCia TO-
CTOPOHHUX M CONYTCTBYIOIIUX HOHOB Ha dSKcTpakuuio ocmus (IV). lannble
npuBeeHBI B Ta0M. 1.
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Ta6auna 1

JomycTHMbIe KOJTHYeCTBA HOHOB MPH KCTPAKIHOHHO-
crnekTpodoromeTrpuyeckom onpenenennu 18.03 Mxr
0s/10 mi1 C® “T” (yc10BHS ONTHMAJIbHBIE,

CM. BBIIIIE 10 TEKCTY)

ConyTCTBYIOIINI HOH K=C,0i/Cos
Co™ 740
Ni** 370
cu* 1481
Mn** 370
Mg** 370
cd* 740
Al 185
Na,B,07- 10 H,O 740
SO.* 370

Onpenenenuto ocmus (IV) memarot 3omoto (I1I), mnaruna (1V), tamait (I11).
Maremaruieckue CTaTHCTHYECKHE pe3yabTaThl pa3paboTaHHOro MeToja
MPHUBEICHBI B TA0JL. 2.

Taoauna 2
n=6, P=0.95, ¢,=2.57
Conepxanue Os, JloBepuTeIbHbIH Koadd.
MKT/10 M HHTEPBAI, BapHaLyy,
BBEIICHO | HaljgeHO |7 A .S S
- e ZH Az, A; ®=2-100%
A
0.39
0.45
0.46 0,442 6 0.026 0.442+0.027 5.9
0.44
0.46
0.45

Takum o6pa3om, Ha OCHOBAaHWH MONYYEHHBIX JaHHBIX pa3paOdO0TaH HOBBIH
JIOBOJIbHO BBICOKOUYBCTBHUTENBHBIN SKCTPAKIIOHHO-CIIEKTPO(OTOMETPHUECKUN
METOJ OTIpeJeNICHHsI MUKPOIPpaMMOBBIX KojndecTB ocMmus (IV).

EpeBaHckuii rocygapcTBEHHBIN YHUBEPCUTET
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H. O. I'eokusin

JAua3nHoBbIi KpacuTeab cagppanuH “T” Kak HOBBIH peareHT
s onpenesnenus ocmud (IV) skcrpakiuonHo-
CNEeKTPOOTOMETPHYECCKHM METOI0M

W3yueHo B3auMoJeHCTBIE XJIOPUHOIO aHUOHHOr0 koMiulekca ocmust (IV) ¢ opra-
HUYECKUM OCHOBHBIM KpacHTENIEM AUa3MHOBOro psna cadpanunom “T”. Paspaboran
BBICOKOYYBCTBUTEJIbHBII 3KCTPaKLMOHHO-CIIEKTPO()OTOMETPUUECKUI METOA onpesee-
HUsL MUKpokonuecTs ocMmus (IV) cadppanunom “T7

L. O. Qunlsjut

Thwqghtuyht tkpyuiymp vwppwhv “S™* npuyku tnp
ntwugkin oudhniu(IV)-h npnodwt hwdwip tpuinpuiljghni-
uykinmmbnnndtnphuub putwyng

Mumutwuppyty E oudhnith (IV) pinphnuyht wthntwyhtt Ynduyikpuh thnpawqnk-
gnipjniip nhwqhtwghtt owpph ubkpljuiymp hwinhuwgnn uwdpwitht “S™-h hbtwn:
Uowiljyty E uwdpuiht “S’-h vhgngny oudhnid (IV)-h dhpnputiwljubph npnpdwtt puip-
App qquynit bpunpuijghni-wpunppghndbinphujut bnutuly:

N. O. Geokchyan

Diazin Raw Safranin “T” as a New Reagent for Determination
Osmium (IV) by Extractions-Spectrophotometric Method

An interaction of chloride anionic complex of osmium (IV) with diazins raw orga-
nic basic dye safranin “T” has been investigated.

Forming ionic associate could be extracted by dichloroethan. Maximal light ab-
sorption observed at 525 nm wavelengths. The optimal acidity of aqueous phase is pH
2,0 by hydrochloric acid.
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HccnenoBanue cBsi3biBaHUSI MeTHIeHOBOT0 cuHero ¢ /IHK
CINIEKTPOCKONMNYECKUMH MeTOIaMu

(IIpencrasneno un.-kop. HAH PA JI.A. TaBagsnom 29/X12012)

KnrwueBsle cioBa: JHK mumyca menenka, Memuieno8olil Cunuil, cno-
CO0bI C8A3bI8AHUA, NOLYUHMEPKATAYUSL.

Uccnenosanus cesi3piBaHUA HU3KOMOJEKYIsipHbIX BemlecTB ¢ JJIHK akty-
AJIbHBI, MOCKOJBbKY MO3BOJISIIOT BBISCHUTH PA3JIMUHBIE BOIPOCHI, CBS3aHHBIE C
¢ynkuuonnposanueMm JJHK B xommuiekce ¢ pa3muyHBIMU OHONOTHYECKH aKTHB-
HBIMHU MOJIEKYJaMH. DTO TaKKe Ba)XXKHO U C TOUYKU 3pEHMsI CUHTE3a HOBBIX Je-
KapCTBEHHBIX MpenapaTos, cessbiBaromuxcs ¢ JJHK u Bnusromux Ha ee pyHK-
nuonuposanue [1, 2]. CymecTByer Tpu criocoda B3auMOJISHCTBUSI HEKOBAJICHT-
HO cBsi3bIBatoruxcs auraanoB ¢ JJHK — anekrpocraruyeckoe, xenoOkoBoe u
HHTepKaJsIuoHHOoE [1, 3]. DnexkTpocTraTuueckoe CBSI3bIBAHUE MEXKY KaTHOHA-
MH U OTPHLATENHHO 3apsikeHHbIM GocdarHeiM ocToBoM JJHK necnennduano u
0OBIYHO MPOUCXOJUT BIOJb BHEUIHEH cTOpoHbl ABoMHOM crupanu JHK. Ces-
3bIBAaHUE B KeJIOOKE B OCHOBHOM BKJIFOYAET MPSIMOE B3aUMOJIEICTBHE ¢ 00pa3o-
BaHUEM BOJIOPOJIHBIX CBA3E€M MM BaH-Jep-BaanbCoOBBIMU KOHTAKTaMHU C OCHO-
BaHUsAMU B OoJbIioM mim MayioM skenodke JITHK. MHrepkansius e mpoucxo-
JIAT 3a c4eT 0Opa30BaHMs CTEKUHI KOHTAKTOB C MapaMu OCHOBaHHUNA. O4YeBUIHO,
YTO B MOCJIEAHUX JBYX CIy4asx MOJIEKYJbI JIMTaHJIa CBSI3bIBAIOTCS B OJTHOM U3
xenobkoB JIHK, B To BpeMsi Kak 3JEKTPOCTATUYECKOE CBA3BIBAHHE MOXKET
MPOUCXOJIUTH BHE JKEIOOKA.

Cpenn MHOTOYMCIIEHHBIX HEKOBAJEHTHO CBA3BIBAIOIIUXCS JINT'aHIOB
OTpeieNIeHHbI HTepec NpeacTaBisieT MeTuieHoBbl cununid (MC), (cxema 1),
SIBISIFOINUICA (DEHUTUA3MHUIOBBIM KpACHTENIeM, KOTOPBI o0sanaer (poToceH-
CHOMIIM3UPYIOIIUM CBOMCTBOM M MpHUMEHsIeTCs B ()OTOANHAMUYECKOH Tepanuu
(®AT) [4, 5]. [onaraercst, YTO ATOT JAUraH[, Onarogaps IIAHAPHOU CTPYKTYpE,
WACHTUYHON aKpUIMHOBBIM KpacuteisiM, cessbiBaerca ¢ JIHK wmHTepkamsanu-
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OHHBIM MEXaHU3MOM, OJHAKO IOCTOBEPHOCTH 3TOro (hakTa IO KOHIA eIe He
nonaTeepxkaeHa [6-11]. CieKkTpockonmMuecKue U 3IEKTPOXUMHUUECKHUE HCCIeI0-
BaHUsI KOMILIEKCOB [-mukinofekcTpuH npousBogubix MC ¢ JJHK mozBonnmm
BBISIBUTH, YTO BO3MOXKHO TaKXK€ AJIEKTPOCTAaTUUECKOE CBsA3bIBaHUE [8,9]. DTOT
(axT 00OCHOBBIBAETCSI TEM, YTO TPH HU3KUX HOHHBIX cuiax pactBopa MC
nomkeH mHTepkamupoaTh B JIHK, B To Bpems Kak ¢ yBEITMUEHHUEM KOHIIEH-
Tpauuu coad MC OTHOBpPEMEHHO C MHTEpKAJSAILUEN Takke BHEIIHE CBS3bIBA-
ercst ¢ JIHK [10,11].

OpnHoit u3 ocodennocrert MC sgBisieTcst TO, YTO 3TOT JUTAHJI MOTJI0-
[IaeT CBET B JUIMHHOBOJIHOBOH oOyactu (A=664 HM), pH 3TOM HHTEH-
CHBHOCTH (DTYOpPECHIEHIINH PETUCTPUPYETCsS B 3TOH ke obmactu (ot 600
1o 1000 HM), 9TO MOXHO OOBSCHHTH TE€M, YTO SHEPTUS BO3OYKICHUS
IIPU TEePEX0e IEKTPOHOB B HEBO30Y>KIEHHOE CTAllMOHAPHOE COCTOSTHUE
B OCHOBHOM H3JTy9aeTCs B BUJIE CBETA, C HEOOJIBIIMMHU OTEPSIMHU.

/N
H.C J: I I ]. CH
3 \N \S* N/ 3

CH Cr CH

3 3

Cxema 1. MonexynspHas crpykrypa MC.

B Hacrosmeit pabore moapoOHO HcCiieaoBaHa XapaKTEPUCTHKA B3aUMO-
neiictBus MeTmiieHoBoro cuaero (MC) ¢ 1e30KCHpHOOHYKIEHHOBOM KHCIOTOM
tumyca tenenka (JHK). OOcyxparoTcs Takxke MeXaHM3MbI B3aUMOACHCTBHSA
MC ¢ JHK.

Matepuaisl 4 MeToabl. Peazenmui. B pabore 6b1mm ncnons3oBansl JJHK
TUMYca TeJeHka, “Sigma” (CILA), MC, “Aldrich” (CLLIA). Bee npemnapats! uc-
MOJIb30BaHbl 0€3 JOTONHUTENbHON OYMCTKH. KOHIEHTpaluM HCIONb30BaHHBIX
MpenapaToB ONpeersii abcopOIMOHHBIM METOIOM, UCTIONB3YS CIEAYIOIIe Kod(-
¢urmentsl skcruakiun: JIHK Tumyca TteneHka — &4=6600 M'lem!, MC —
€665=76000 M'cM™' . McceioBaHm st pOBOMIMCH TIPH HOHHOI cuie pacTBopa L =0.02
MNa' u Temneparype 25°C.

CrektpodoToMeTpryecKre U3MepeHHs MPOBOIWIKCH Ha CIeKTpodoToMeTpax
PYE Unicam-SP8-100 (Aurmms) u UV-VIS (Spectrophotometer Specord) 50
Analitik Jena (I'epmanusi), criekTpsl (IyopeclEeHIUH PEerHCTPUPOBAIHNCH Ha
crnektpodyopumerpe Varian Cary Eclipse Fluorescence Spectrophotometer
(ABctpanus). Hdna crnekTpodOTOMETPHIECKUX H3MEPEHUH HCIOIb30BAIUCH
KBapIIeBbIE KIOBETHI 00BeMOM 3 MII, JJIMHOW ONTHYECKOro IMyTH 1 cM.

181



TutrpoBaHue pacTBOPOB HCCIEAYEMBIX 00Pa3I[0B MPOBOIMIOCH MUKPOITH-
netkoil o6bemom 10 pl pupmer “Hamilton” (CLLA).

Jns monydeHusa ceKTpoB moriolieHus koHnentpanus MC B pactBope
ocTaBajlach OCTOAHHOM, a koHeHTpanus JJHK Bo3pacrana mo xoay Tut-
poBanus. Crnektpsl kommiekcoB MC ¢ JJHK u umcroro nuranga uzmeps-
JIMCh B JUama3oHe u3MeHeHusl JUIMH BOH 220<A<750 M. Makcumym mor-
nomenus yuctoro MC coorBetrcTBYeT airHaM BosHEL 270 u 664 uM. Tlo xony
CHeKTPO(OTOMETPUUECKOr0 TUTPOBAHUS C yBenmueHueM KoHientpaiuu JTHK
MakcuMyM nornomenus pactsopa MC ymensiiaercs npu A=664 HM. C HEKOTo-
poro 3HaueHus Cy/Cox6 HaOMIOAAIOTCS TAKKE CABUT B CTOPOHY IJIMHHBIX BOJH U
u3obecTuueckas Touka npu 690 HM, rae Cy —KoHLeHTpanus (GocdaTHBIX Iy
JHK, Cy— nonnas xkoHueHTpanus MC.

PacTBopEI, UCTONB30BaHHBIE Al M3MEPEHUH HHTEHCUBHOCTH (iryopec-
LEHLUH, ObLIM IPUTOTOBIIEHBI TaK )K€, KaK JUI U3MEPEHHs CIIEKTPOB MOTJIONIe-
Hust. CrekTpsl QuryopecueHuun MC ObIIM perucTpUpOBaHBl B 00JIACTH JIJIMH
BonH 300-750 HM mpu ANMHE BOJHBI BO30YxaeHus 290 HM.

U3 ciekTpoB moryomeHuss U GIyopecleHun Obljia MOCTPOeHa U30TepMa
ajicopOIMK, Kak onmucano B padore [12].

Pesyabrarbl u obcyxaenue. Ha puc. 1 mpuBemeHsl crekTpsl ¢iyopec-
uenuuu yucroro MC (kpuBas 1) u ero xommiekcoB ¢ JJHK (xpussie 2-12).
CrekTpsl (IIyopecleHIMH TONYy4eHbl B MHTEpBaje M3MEHEHHs IJIMHBI BOJHBI
300<A<750 M mpu BO30YyXJeHUH IIUHOUW BOJHBI 290 HM. [[TMHA BOJHBI
BO30yxaeHus Oblna BbIOpaHa 290 HM, MOCKOJBKY Ha CHEKTpax IMOTJIoLIe-
HUSI IPOSIBIIAIOTCS [1Ba NMUKa morjomeHus — npu 270 u 664 um. [Ipu anano-
TUYHBIX HCCIEJOBAaHUAX OOBIYHO BO30YXKAEHHE MPOBOAMUTCS MPHU IIUHAX
BOJH, HauOoJsiee OMU3KUX K CAMOMY JIJIMHHOBOJHOBOMY NMHKY UCHYCKAHUA
(em. [12]). Omnako mpu Bo3OyxneHuu mpu 290 HM Ha CIEKTPE YHCTOTO
MC, Hapsay ¢ TUKOM UCIYCKaHUS Mpu 682 HM, MOSABIAETCA €Ie OJUH MUK
ucnyckanus npu 583 HM. OOBIYHO CHEKTPHl (HIYyOopecUEeHIHH MHOT0aTOM-
HBIX OPTaHUYECKUX COECIMHEHUW OJHOIOJIOCHBIE, €CIIM HET Mpolecca 3KCH-
Mepuzauuu [13]. IIpu 3TOM NUKH HCIyCKAaHUH, MOSBIAIOMHUECS MPU IKCU-
MEepHU3alK, CABUHYTHl B CTOPOHY OoJee NIMHHBIX BOJH MO CPaBHEHHUIO C
OCHOBHBIM ITHUKOM.

Ipu BEIGpaHHBIX HAMH KoHIeHTparuax MC (~107 Mons/in) numepusa-
oyel MM dYKCUMepu3alueil MOKHO MpeHeOpedb, CIel0BaTeNbHO, HaTu4ne
JBYX MHUKOB SMUCCHUH yKa3bIBaeT Ha 0COOCHHOCTH CHeKTpa (uyopeceHunnu
storo coenuHenus. [lo mepe yBennuenus koHuenrpauuu JJHK B pactBope
MC nabmonaercs Tymenue guyopecieHuny npu 682 uM. B pabore [12] Opu10
MOKa3aHo, 4To TymeHue ¢ayopecueHmn MC Hpu KOMILIEKCOOOPa30BaHUU C
JHK o0ycnoBneHo HWHTepKalsAlMedl MOJIEKYd JHraHAa B ABYXLEHNOYCUHYIO
CTPYKTYPY MakpOMOJIEKYJIbl, BCJIEACTBE KOTOPOH, 110 BCEil BEPOSITHOCTH, UMeE-
€T MECTO TMepeHoc dHeprun Bo30yxaenus ot moiekyn MC k JIHK. YMmensbie-
HHE MaKCUMYMOB (IyopecleHIn HabIrofaeTcs Takke npu 583 HM IpH HU3-
kux koHueHtpauusax JHK (1>0.2, rae =[MC]/[JHK]).
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Puc. 1. Cnekrpsl ¢puryopecuennuu uncroro MC (1) u MC-IHK komrutekcos (2-12) B
BOHOM pactBope. Konnenrparms MC cocrassna 1.6-10°° Morns/i, KoHuenTparus
JIHK Bo3pacrana ot 0 no 3HaueHuil, coorsercTByomux coorHomenuto JHK/MC=15
(onHa MoONEKyIla IUraHJa Ha IIapy OCHOBAHUIA).

Opnako mpu Bo3pactanuu koHuentpanuu JIHK (1<0.2) uHTeHCHBHOCTD (hiayo-
pecleHIMy npu 583 HM HaYMHAET MOHOTOHHO YBENIMYMBATHCA (pHC. 1, KpUBBIE
2-12).

Takum 00pa3om, HA OCHOBaHHMH IMOJYYECHHBIX PE3YABTATOB MBI MOJIATAEM,
4yT0 110 Mepe Bo3pactanust koHuentpanuu JJHK B pactBope monekynsr MC Ha-
YHHAIOT CBSA3BIBATHCS C HE B OCHOBHOM JJIEKTPOCTATHUECKHM CIOCOOOM, UTO
MPUBOIUT K YMEHBIIEHHIO MHTEHCUBHOCTH (PIIyOpECHEeHIIMH Kak mpu 682 HM,
tak ¥ npu 583 uMm. Ilo mepe Bospacranus koHueHTpauuu JJHK monexyssl
JUTaHa HAYUHAIOT CBA3BIBATHCSA C HEW BTOPBIM, CKOpEE BCET0 MHTEPKAIALU-
OHHBIM MEXaHU3MOM, YTO MPUBOAUT K YMEHBIIEHHUIO P OTHOCUTEIHHO JJIMH-
HOBOJIHOBOH (682 HM) M YBETMYEHHIO MHTEHCUBHOCTH (piryopecueHnu Oonee
KOpOTKOBOJIHOBOH (583 HM) oOnacTu.

Ha puc. 2 npusenens cnektpsl noruomenus MC ¢ JIHK. Kak BunHo u3
pUCYHKa, Ha crmekTpax mnoriomenus MC B BuanMoW 00JacTh CBeTa HMeEeT
MECTO MaKCHUMYyM TOTJIOUIeHus mpu 668 HM ¢ medoM npu 610 HM (kpuBas 1).
B npucyrcrum ysenuuumpatomierocst konndectBa JIHK mornomenune MC
yMeHbIIaercs: (TUIOXPOMHBIN 3((deKT), mpu 3TOM Ha CHEKTpax MOTJIONMIEHHUS
oOHapyxuBaeTcss HeOOJbIIONH ATUHHOBOIHOBBIM CIBUT. MI3MEHEHHUs moriolle-
HUS U Amax MC 3aBucsaT ot 3HaueHuit konnenrpanuu JJIHK. ITpu Hu3kux 3Haue-
HUSX T (1>0.2) B OCHOBHOM MpPOSBISIETCA THIIOXPOMHBIA 3((EeKT, B TO Bpems
KaK CIBUT Amax NMPAKTUYECKU He oOHapyxkuBaeTcs. [Ipu yBenmM4eHUH KOHIIEH-
tpauun JHK (r<0.2) Hapsgy ¢ THIOXpOMHBIM 3¢ eKTOM HpOsBISETCS TaKKe
JUIMHHOBOJTHOBBIH CJTBUT (TIOYTH 3 HM).
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Puc. 2. Cnexrpsl nornomenus uucroro MC u xommiexkcos MC-IHK B BogHoM
pacTBope Ipu KOMHATHOH Temmneparype. Kpusas 1 coOTBETCTBYeT CHEKTPY MOIJIOLLE-
Hus uucroro MC, kpusble 2-12 — criekTpaM IOIIOMIEHUN KOMILIEKCOB.

W3BecTHO, 4TO KpacHBId CABUT U TUIOXPOMHBIN 3((dekT 0O0biuHO Hab-
JIIOIAIOTCA Ha CIIEKTpaX MOTJIOIIEHH HU3KOMOJIEK YIS PHBIX BEIIECTB, €CIU OHH
naTepkampyiot B JIHK. U3 puc. 2 BunHo, uro B3anmoneicraue MC ¢ yBenu-
yuBaronielics konnenrpanuein JJHK npu otHOCHTEIBHO GOMBITNX 3HAYCHUSX ¥
MPUBOIUT K TMOSIBICHHIO THIOXPOMHOTO 3(¢eKkTa, HO 0e3 3aMEeTHOrO CIBUTa
Amax, UTO YKa3bIBa€T HA TO, YTO B OTHX YCIOBHAX MHTEPKAIALUS MPAKTUIECKU
orcyrcTByer. B pabGorax [14-17] moka3aHO, YTO CHEKTPHI MOTJIOMICHHS NpHU
noJiHOW MHTepKassiuu aurasaos B JIHK, uMeromux cuctemy apomMaTuyecKux
KoJiell, B yactHoctu Opomucroro atuaus (b2), aktunomuiiuna I (AM]), npo-
(naBUHA, MUTOKCAHTPOHA W Jp., CABUTAIOTCS B CTOPOHY AJMHHBIX BOJH IO
CPaBHEHHIO CO CIIEKTPAMM YMCTHIX JUraHaoB npuMepHo Ha 40-50 um. C apyroi
CTOpPOHEI, B paboTax [14,17] moka3aHo, 4TO B ciydae HEMOTHON MHTEPKAJSIIMN
CABWT B JJIMHHOBOJIHOBYIO O0JIACTh CIIEKTPOB IOTJIOLIEHUS KOMILJIEKCOB bD ¢
onHonenouednoi (om) JHK HamHOrO MeHble, 4eM MpHU TOJIHOW HHTEpKa-
nsiuud. Vicxost U3 3TOro MbI mojiaraeM, 4To B JaHHOM CJIydae He UMEeT MecTa
noJiHas uHTepKamsiusa Mmosekyn MC B npyxuenoudeunyro crpykrypy JHK.

W3 ananuza crnekTpoB (IyOpecHeHUUH M TOTJIOIIEHHUS PacCUUTaHBI
koopauHaTel Cketdapaa [18] u mocTpoeHa cOOTBETCTBYIOIIAsA KPUBAsl CBSI3bIBA-
HUSL, IpUBEIeHHas Ha puc. 3. Heo0XomuMo OTMETHTh, YTO SKCIIEpUMEHTaTbHBIE
TOYKH, MMOJyYeHHbIE U3 aHau3a (GIyopUMETpUIeCKUX U aOCOPOIIMOHHBIX JIaH-
HBIX, COBIAJIANK APYT C IPYTOM, IIO3TOMY MIPUBOAUTCS 0000IIeHHAs KPHUBasl.
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Puc. 3. Kpusas cBa3piBanust MC ¢ JIHK B koopnunarax CkeTuappa.

Kak BuIHO W3 INpHUBENEHHOIO PHUCYHKAa, KpUBas CBS3bIBAHUS BO Bcel
00acTH W3MEHEHUs ¥ HeJMHEHa U COCTOUT M3 JBYX NPSIMOJIMHEHHBIX Y4acT-
KOB, COOTBETCTBYIOIIUX JABYM CIOcoOaM B3auMoneicTBus. OJUH U3 HUX CUJIb-
HBIH ¥ XapaKTepu3yeTcss KOHCTAHTO# cBa3biBanus muranaa ¢ JHK ~6.5-10°M
U YHUCJIOM OCHOBaHHUM, COOTBETCTBYIOIIHMX OJHOMY MECTY CBSI3bIBaHUA — ~4.
Bropoii 6osee cnabblii, ¢ KOHCTaHTOH cBsi3biBanms ~1.5-10°M™' u uncimom oc-
HOBaHHH, COOTBETCTBYIOIIMX OZHOMY MECTY CBSI3bIBaHHS — ~2. Panee Obun
MIPOBECHbI aHAIOTMYHbIE HccleoBaHus 1o B3aumoseiicrsuo b ¢ IHK [14],
IJie TTOKa3aHo, YTO M30TePMBI acopOruu 3Toro juragaa Ha nu-AHK, nony4aen-
HbI€ U3 aHaNu3a QIIyopuMETpHUYECKIX U a0COPOLMOHHBIX JJAHHBIX, PACXOIATCA,
MPU 3TOM € MOMOIIBIO (ITYOPECHEHTHOr0 METoAa ObUT BBISBIICH TOJNIBKO MHTEP-
KaISAIUOHHBIN crocod cBssbiBanus b ¢ au-JIHK (u3orepma amcopOuum mps-
MOJIMHEHHA B 3TOM Clly4ae), B TO BpeMsI KaK C MOMOIIbI0 a0COpOIIMOHHOTO Me-
TOJa BBIABIUIUCH 110 KpaiiHell Mepe aBa croco0a (KpuBasi CBA3BIBAHUS HENU-
HelfHas U COCTOMUT U3 JIBYX ydacTkoB) [14]. IIpu 5TOM CpaBHUTENLHBIN aHATU3
9THX KPHUBBIX BBISBHJI €llleé OAWH CHOCOO CBS3BIBAaHUS CO 3HAYEHUAMHU K=~
~3-10°M"' 1 n~6. AHanOrMuHbIEe PE3yIbTATH! OBLIM TIOTYYEHBI IPH B3aHMOICHi-
crBun bD ¢ ognonenoueunoit (o) AHK, B cmydae koTopoii mojiHasi UHTEpKa-
nsinus Heo3MoxHa (cM. [14]). B paborax [19, 20] mokazaHo, uto u B3, 1 AM/]
MoryT cBs3biBaThes ¢ JJHK monaynHTepKaIsIMOHHBIM CIOCOOOM, KaK 3TO MOKa-
3aHO Ha cxeme 2. B aTux paborax moka3zaHO TakXke, YTO 3HAYCHHUS MapaMeTpoB
CBSI3bIBAHUS, COOTBETCTBYIOIIMX MOMYHHTEpKasALuu 3TuX jurasaos B JIHK,
cocraBiasum K, ~1 0°M!'u N~4-6.

185



A B

Cxema 2. Murepkansauus (A) u nomyuntepkaminus (b) monekynsl nuranga B JIHK

Takum 00pa3oM, CpaBHEHHE IKCIEPUMEHTAIBHBIX JIAHHBIX, MOJTYYCHHBIX
mia komruiekcoB JIHK-MC, ¢ aHanorMdHbIMH JTaHHBIMHA B BBINIEYKa3aHHBIX
paborax mo3BostoT 3akimtounth, 4to MC ¢ JIHK ckopee Bcero B3ammo-
JICUCTBYET MOJIYMHTEPKAISIIMOHHBIM CIIOCOOOM. boJiee Toro, 3TH JaHHBIC TAKKE
MOTYT OBITH OTpakeHueMm Toro (akra, uro MC, Kak ¥ HEKOTOPBIC JIMTAHIbI, Ha-
npumep b3, akrunomunun [ (AK), Hoechst 33258 u ap., mposiBisieTr MyabTH-
MOJaNBLHOCTH Ipu B3aumoneiicreuu ¢ JIHK [14-17, 19, 21, 22].

3akarouenune. VMccnenoanbl ocobeHHoctu B3aumozeiicreus MC ¢ JTHK
MeTojiaMK abCOPOIMOHHOM U (IIYOPECIIEHTHOU criekTpockonuii. [lomy4ueHHbie
pe3yabTaThl BBIABUIHN, 4TO criocoObl cBs3biBanuss MC ¢ JIHK 3aBuciart ot
MOJISIPHOTO COOTHoIeHus ». [Ipu OONBIIMX 3HAYEHUSIX 7 TOJOKHUTEIBHO 3a-
psoxeHHbIe MOJIEKYJIBl MC B OCHOBHOM CBSI3bIBAIOTCS C PochaTHBIMU TPYIIaMu
JIHK snexrpocraTuueckuM Crioco0OM, BCIIEJICTBHE YEro HHTEHCUBHOCTD (hi1yo-
PECIICHIIMM YMEHBIIIACTCS, & HA CIEKTPax IOTJIOINICHUS HAOIIOMACTCS THUIIO-
XpoMHBIH 3¢ ¢exT. [Ipn HU3KMX 3HAYEHUSAX » HAYMHAET MPOSBIATHCS BTOPOU
Croco0, COOTBETCTBYIOIIEH MONIYUHTEPKAISIIMOHHOMY, TIPU KOTOPOM MOJIEKY-
151 MC BKJIIMHMBAIOTCS B IPOCTPAHCTBO MEXKAY IBYMS COCEICTBYIOIIUMHU OCHO-
BaHusAMH ojHoM 13 HuTen JJTHK.

EpeBanckuii rocy1apcTBEHHBIH YHUBEPCUTET

II. O. BapaeBausin, A. I1. AuTtonsn, M. A. lllaruusx,
JI. A. AMbapuymsiH

HccaenoBanue cBsi3biBaHUsI MeTHJIeHOBOro cuiero ¢ JJHK
CNEKTPOCKONMNYECKUMH MeTOAAMHU

UccnenoBano B3aumopaeiicreue mermineroBoro cunero (MC) ¢ IHK tumyca Te-
nenka (JJHK). YcranoBneHo, 4to criocoObl cBsi3piBaHus Toro muranaa ¢ JJHK 3aBucst
ot MossipHoro coorHomenus r (r=[smrana)/[JHK]). [Ipu 6onbumx 3Hauenusx r>0.25 u
B IIPUCYTCTBHHM yBeianuuBatomierocst konuuecrsa JJHK HaOmronaeTcs 3HaunTENbHBIN TH-
oxpoMHbIit 3¢dexT Ha cnekrpax noryomeHuss MC, 0JJHAKO CABHUT Amax IPH 3TOM HE
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npoucxonut. B atux ycnousax ¢ayopecuenuuss MC 3nauntensao tymures JHK, uto
yKa3bIBaeT Ha TO, 4To KaThoHbl MC cBsi3anbl ¢ ¢ocdarasiMu rpynnamu JIHK snexr-
pOCTaTHYECKHM B3aMMOJIEHCTBHEM, 00pa3yst CTONKM Ha noBepxHoctd cnupanu JIHK.
[Ipu ymenpienuu r (r<0.2) kpome 3HaUMTENIBHOTO TymeHus ¢uyopecueHund MC oc-
nosanusmu JIHK, HaGmionaercs KpacHbIi COBUI Ha CIIEKTPaxX IOIJIOMICHHS, YTO O3Ha-
YaeT, YTO MPEANOYTUTENILHBIM CIIOCOOOM CBSI3bIBAHMS SIBJISETCS IMOJYWHTEPKAIALMS —
Mosekyssl MC BcTpauBaloTcsi B IPOCTPAHCTBO MEXKIY IByMs COCEICTBYIOIIMMHI OCHO-
BaHUsIMM B ojiHOM 13 HuTer JJHK.

0. 2. Jwpplwiywi, U. 0. Unnniyui, U. U. Swbhiyul,
L. U. Zudpupdnidjul

TYuO-h htn Ukphikt juuyniynh juydwb ntumdtwuhpnipiniup
uykinpnulnuhly dkpngubpng

Numutwuhmlly E hnpph phumuh FUE-h htan (hp-YuE) dbphbi juympunh (UY)
thnpuiugnbgmpmup: Unwugduws ndujibpp Jiuymd o ugt dwuhl, np Fuf-h htn ugu
lhquinh Juudwt  tqubwlubpp juhws Bu r dmughtt hwpupbpmpmupg  (=[1h-
quim}/[FuE]): 7 = 0.25 wpdbpubiph nbypmd b FUE-h putulmpyut wsh wpuydwbitkpnud,
UY-h Ypuinful uyblpnpiikpoud nhungmad b bulju hhuynppoifurghtn EpEljn, pig npoud, 4 max-
h wtnuowpd wyu plypmd wntnh sh mubkumd: U guydwibibpmd Yot buljuunpbu
dwpnd £ UY-h Hymnpbugbughwi, pusp Jyuymd £ wyt dwupt, np U4-h uunhnuubpp
Juuus i PuE-h pnudunughtt pudptph htn HEjunpuununhly  thnpowugnbgmpiut
Uhgngm] bt FUE-h wyupnyph dwljiptuhtt wnwgwgnud Eu uym turljubn: r-h iuquut nhugpod
(r<0.2), pugh Yu@-h hpdptpny UY-h $pmnplugbighuyh twjut dwpdwl, Yubdwi
uyklpnpubph Jpu phudnud £ uupdhp wbquipwipd, hsp tpwbulymd £ np uugdwt
twjuptunplyh Equinulp nuntm Ejhuwhinnbpljugughwi’ U4-h dm oy ibpp abpnypynud Ba
YUE-h onpwiikiphg Ukl h Eplynt hwipluut hhudpbiph thel tnuas nupusm pjuth Uy

P. O. Vardevanyan, A. P. Antonyan, M. A. Shahinyan,
L. A. Hambardzumyan

Investigation of Binding of Methylene Blue to DNA
by Spectroscopic Methods

The interaction of methylene blue (MB) with calf thymus DNA (ct-DNA) has been
investigated. The obtained data indicate that binding modes of this ligand with DNA depend on
moler ratio r (r=[ligand]/[DNAY]). The significant hypochromic effect is observed on absorption
spectra of MB at high values of r £>0.25 and at presence of increasing amount of DNA,
however, the shift of A, does not occur in this case. At these conditions the fluorescence of MB
is significantly quenched by DNA, which indicates that cations of MB are bound to phosphate
groups of DNA by electrostatic interactions, forming stacks on DNA helix surface. With
decreasing of r (r<0.2), besides significant quenching of MB fluorescence by DNA bases red
shift is observed on absorption spectra, which means that the preferable binding mode becomes
semi-intercalation — molecules of MB are embedded in space between two neighboring bases of
one strand of DNA.
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ZUBUUSUULh &PSAPRE3NERLLEBELP UQ2QUBPL UUWUTBURPU
HANOUWUOHAJJBHASYAd AKAJAJEMMWUA HAYK APMEHMUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

JOKUJAIABI 2tuUNr83LvEr REPORTS
Zunny
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BUOXUMMUA

VK 531.3+548.4+611.8+599.323.4+616-099+547.455.522

M. K. Kaparessn

JAnHamMuka HapylIeHHH NPOLecCOB MepeKnceodpa3oBaHus B
o01meM MO3roBoM roMoreHare 0eJibIX KpbIC IIPHU 3eapa-
JICHOHOBOW MHTOKCHKALMHU M KOPPHUTHpYIOLee JeiicTBHe
CBEPXHHU3KHX KOHIeHTpauuu ABycnupaabHoii PHK
Ha 3TOM (oHe

(ITpencrasneno akagemuxkom M.A . JlaBranom 14/X112012)

KuroueBble ciioBa: cudponepexucu, MailoHo8bili OUaiboe2uo, 3eapaieHo-
HOBAsL UHMOKCUKAYUSL, OOWULL MO320801 20MO2eHaAM, (DEPMEeHMaAmueHas U He-
hepmenmamugHasn cucmemol OKUCIEHUSL.

Pe3ynbraTsl paHee mpoBeeHHBIX UcclieAoBaHuil [1-4] cBUAETENBCTBYIOT O
Pa3BUTUHU TIYOOKUX MATOOMOXUMHYECKHX M3MEHEHHH KaueCTBEHHO-KOINYECT-
BeHHOTo cocraBa (ocdomunuaos (DJI) pa3nuuHBIX KaTEropuii B HEPBHBIX 00-
pa3oBaHIAX OECOPOAHBIX OENBIX KPbIC MPH MHTOKCUKAIMH MUKOTOKCHHOM 3€-
apasnieHoHoM (3U1). OT™Meuaemas npu 3ToM akTuBanus ¢ocdonunassl A, comnpo-
BoXKAaeTcs neaunnupoBHreM OJI-rmuuepunos, B yacTHOCTH HocdaTuaANIXOIH-
HOB (P X)), u xapakTepu3yeTcst 00pa3oBaHHEM MPH STOM BBICOKOT'O MyJIa HEICTe-
pudunuposannsix xkupHbIX KucaoT (HOXKK) npenmymiecTBeHHO OIMEHOBOTO
psna. UHTEHCHBHOE BOBIIEUEHHE TIOCIEAHUX B PEaKLUU CBOOOTHOPAIUKAIBHO-
ro okucienus (CPO) npuBoANT K 3HAYUTEIBHOMY BO3pACTAHHIO KOHIIEHTPAIHN
rugponepekuceit (I'Tl) u koneunoro mpoaykra CPO — manoHOBoro auanbie-
ruga (MJIA) xak OCHOBHBIX COCTABISIIOIIMX B apceHane (akTopoB OOIIEero
MATOreHEeTUYEeCKOr0 MeXaHW3Ma OOJIe3HEHHBIX COCTOSHHUH, B JAaHHOM Cllydae
npu 3U.

Ucxons w3 HaydHOH MH(OpMALMK O CTUMYIHPYIOMIEH PONM SK30T€HHBIX
PHK B BoccTaHOBUTENBHBIX Mporeccax [S5], a Takke y4acTUu MH(OpMAIHOH-
Hoii PHK B OENOKCHHTE3UPYIOIIUX MeXaHH3Max U (HOpMHUpPOBaHHH OOIIEro
OpPraHM3MEHHOI0 UMMYHHTETA [6] B HACTOsIIEH CTaThe HCCIEN0BaHO JeHCTBIE
npu 31 cBepXHM3KMX KOHIEHTpalmil conepxkaiueiics B coctae PHK nc-PHK,
XapaKTepPU3YIOMIEHCsT HMCKIIOYUTETBbHO BBICOKHM YPOBHEM TepameBTHYeCKOn
s dextuBHOCTH [7]. [IpH 3TOM YUUTHIBAJIOCH YKOpEHHUBIIEECS MHEHHE 00 MH-
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Tepdeporctumynupyromeit cnocoonoctu ac-PHK [8] u ydactuu ee B obec-
MeYeHNU UIMMYHHBIX 0TBeTOB T- u b-knerok [9, 10].

ConeprxaHue TUIUIHBIX TEPEKUCEN ONPEAEIsiIoch 0 HHTEHCUBHOCTH OK-
pammBaHus o0pazyeMbIX UMHU KomiuiekcoB [11-13] B 1 mi MHKYOanMoOHHOM
CMECH C y4eTOM OCOOEHHOCTEH IepeKrceoOpa3oBaTeNnbHOro mporecca B dep-
MEHTaTHBHOW CHCTeMe WHKYOallMOHHOW cMecH, coctosmend u3 40 MM Tpuc-
HCI Gydepa (pH 7.4), Fe(NH,),(SO4)*6H,0 12x10° M, Na,P,0,*10H20 2x10°
* M, ImM NADPH, u B Hed)epMEeHTaTHBHOI CHCTEME B CpeJie, COCTOSIIEH 13
40 MM Tpuc-HCI 6ydepa (pH 7.4), Fe(NH,),(SO4)*6H,0 12x10° M, u 0,8 MM
ackopbaTa B BOfAHOM 6ane npu 37°C 1M MOCTOSAHHOM BCTPSAXMBAHHM B TE€UEHHE
14

Conepxanue I'Tl onpenensiaock cCMeMIUBaAaHUEM HAA0CAJIOYHON JKUIKOCTH
¢ 13.5 5 stunosoro cnupta, 0.1 M KOHIEHTPUPOBAHHOW COJITHOW KHCIIOTBHI U
0.02 mn 5%-Horo pactBopa conu Mopa (TIepeKpuCcTauIn30BaHHOTO U3 3%-HOro
pacTBopa COJITHOW KUCIIOTHI) ¢ Jpo0aBieHueM K Hell cmyctsa 30 ¢ mocne Tia-
TenpHOro Berpsixusanus 0.5 mi 20%-Horo pacTBopa NnepeKpucTalIIM30BaHHOT O
THOLMOHAaTa aMMoHUA. OOpasyroleecs MPU 3TOM KOMIUIEKCHOE COCIMHEHHE
OKpAaIIMBaJIOCh B MaJMHOBBIH 1[BeT. CIeKTpo(OTOMETPHYECKOE U3MEPEHUE ero
ONTUYECKOW IUIOTHOCTU B TeueHHe 10 MuH mpu mMakcumyme morjiomieHus Eyug
CIIY)KWJIO TOKa3aTeneM KoJIMdecTBEHHOro coiepxanus Tl B naHHOM Hccneny-
€MOM MaTrepuaie .

Omnpenenenue ypoBHs MJIA (TBK-akTuBHBIX MPOAYKTOB) 0a3npoBaoch
Ha ero B3anmogeiicteuu ¢ 2-TBK mocie cmennBadus Hag0oCcag0IHON KUIKOCTU
¢ 0.2 mi, 0.6 N comstHolt kucnotsl, 0.8 mi 0.12 M TBK u HarpeBanust cmecu
npu 100°C B Teuenne 10 Mun O6Gpa3yrONIHMiicS P TOM TPUMETHHOBBIH KOM-
IUIEKC B BUJIE PO30BOI'0 XPOMOI'€Ha XapaKTepU3yeTcs MaKCUMaJIbHbIM MOIJIOIIe-
HHMEM TIpH 532 HM ¢ MOJSIPHBIM KO3(HIMEHTOM SKCTHHKIMHU £=1.56x10° cM™
M. Pacuer KOIMYECTBEHHOrO COEPKAHMSA HPOAYKTOB IEPEOKUCICHHUS JIUITH-
JIOB B 00€UX cHCTeMax MPOM3BOAMTCS C YYETOM KOJIWYECTBA MPEIBAPUTEIHLHO
ompeneneHHoro oenka no koadduuuentam: nist Tl — Eggp/Mr Genka, a MIAA —
E532/MF Oenka.

HecMoTpsi Ha 4YyBCTBUTENbHOE ITOMHUHHPOBaHHE KOHTPOJBHBIX YPOBHEU
I'Tl u ocobenno MJIA B HehepMEHTATUBHON CHCTEME OKUCIICHHS JTUMUAOB, KO-
JMYECTBEHHBIE CABUTH MPOJYKTOB IEPEOKUCIICHHUS JIUIHIOB B OOIIEM MO3TO-
BOM TOMOT€HaTe B O0OMX CIy4asX XapaKTepPHU3YIOTCS 3aMETHBIM aKTUBUPOBaA-
HHEM 3TOro mpolecca B yKaszaHHble mepuoabl passutus 3U (tabn. 1). Haubo-
Jiee HarJs1THO OHH MPEACTABIIEHBI P UCTIBITAHUKN OJHOTO U3 Hanbomee Y dex-
THUBHBIX JIETOKCUIIMPYIOUIUX CPEICTB aHTHOKCHIAHTHOro neicraus — ac-PHK
KaK COeIUHEHUs, crieu(rUKa aHTUPAAUKAILHOTO JEHCTBUSL KOTOPOr'o 00YCIOB-
JIeHa KOPPUTHPYIOIIMM BiHMsiHHEM Ha mporecc BosiaeueHuss HOXK B peaxiun
CPO u HeiiTpanuzanuio yxe 00pa3oBaBIINXCS IPH 3TOM MPOIYKTOB IEepeKHce-
oOpasoBanus. Mcxoas U3 MpUBEACHHBIX JAHHBIX CTAHOBUTCA OYEBUIHBIM, YTO
Tokcuaeckue 3¢ dextsl 3U xapakTepu3ylOTCs APKO BBIPAXKEHHBIM aKTHBHUPOBA-
HHEM peakluil mepexruceodpasoBanus, ocobeHHo B pepmentatuBHoi (NADPH-
3aBHCHMOI) U B MEHbIIEH cTeneHn HedepMEeHTaTUBHOHN (ackopOaT3aBUCHMOIN)
CHUCTEME OKHUCIJICHUS JINITU/IOB.
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Tabauna 1
Casuru cogepxxanus rugponepexuceii (E;g/Mr 0e1ka) 1 MaJIOHOBOI0
auanasaeruaa (B HM/mr Gesika) B 001eM M03roBOM roMoreHare 0ejibIx KpbIC B
(epMeHTATHBHOI H He(P)EPMEHTATHBHOH CHCTEMAX OKHC/ICHHA JHIIHI0B B
koHTpoJe (K), uepe3 1 4 (1), 24 4 (2), 48 4 (3), 72 4 (4) noca1e 3U

10 @epMEeHTATHBHASL CHCTEMA OKHCJICHHS
% % pask % %
K 1 pa3n 2 ':):)K 3 pa3n 4 pa3n
or K or K or K
0.93+ 1.07+ 1.19+ 127+
1 0.49+0.03 0.04° +90.0 0.06° +118.0 0.07° +143.0 0.08° +159.0
437+ 4.76x 493+ 511+
2| 1.99+0.06 0.06° +120.0 007 +139.0 0.09° +148.0 103 +157.0
HedepmentaTuBHasi cucTeMa OKHCJICHHS
122+ 1.32+ 139+ 147+
3 0.71+0.03 0.04° +72.0 0.05" +86.0 0.07° +96.0 0.07° +107.0
6.38+ 6.51+ 6.65+ 7.03+
4| 4.17x0.07 0.09° +53.0 017 +56.0 0.16° +60.0 0.19° +69.0

Ipumeuanue: n=17, a— P>0.001.

[IpumeuarenbHa mMpu 3TOM MHTEHCHBHOCTh oOpasoBanusa ITI, nHambonee
OTYETJIMBO MposiBisitomasics: crycts 72 4 nocie 31 ¢ HeKOTOpbIM JOMUHHPOBA-
HHEM HaJ JUHaMUKOW Gpopmuposanust M/IA B HeepMEHTATUBHOI CHCTEME OKH-
CIIEHUSL.

CornacHo 1aHHBIM, IPUBEACHHBIM B Ta0J. 2, pa3BUTHE OTMEUCHHBIX Hapy-
LIEHUH MpephIBaeTCs CIyCTd yXe | 4 1mocie oAHOKPaTHOrO BHYTPUMBIIIEYHOT'O
BBefeHns Ha (one 31 1 M 107 M pacrsopa ac-PHK, cMmeHsisich TocieoBa-
TEIbHO Pa3BUBAIOIIMMCS YIOPSAOYEHHUEM KOJIMYECTBEHHOIO CO/AEpIKAaHUS HC-
CIIeAyeMbIX MPOAYKTOB TIEPEOKUCIICHHS JIMIIIOB B 00EUX CHCTEMAax ¢ OKOHYa-
TeIbHON HOpMau3aluen yepes 72 4 nocine aeicrsust nc-PHK.

Kak BbITekaeT U3 NaHHBIX, IPUBENEHHBIX B Tabl. 3, OMHOKPaTHOE BHYTPH-
MBIILIEYHOE BBEACHNWE MHTAKTHHIM >KUBOTHBIM Ac-PHK B ormMeueHHON KOHIEH-
Tpaluy HE COMPOBOXAAETCS 10 UCTEYEHUH | Y CTaTUCTHUUECKU JIOCTOBEPHBIMHU
OTKJIOHEHHSMH OT KOHTPOJIbHBIX IOKa3aTeslel KOJMYECTBEHHOI'O COJEepKaHUA
I'TT 1 MJIA. AHanoruyHasi 3aKOHOMEPHOCTb ITPOCIIEKHUBANACH Ha MPOTSKEHUU
72 4 nocne BeipaboTku 31 Ha hoHEe mpeaBapUTENHHOTO BBEASHHS YKa3aHHOMN
JI03bl MCIIBITAHHOTO HaMHU (U3UOJOTMYECKH AaKTUBHOTO COEAWHEHHMS, U3BECT-
HOTrO B (papMalleBTHUYECKON MpaKTHKe TO0J Ha3BaHWMeM Npemapara “Jlapudan”.
[IpumeuaTenpHa IpU 3TOM OJHOTHITHOCTh HAOJIIOAAIONIENCS KapTHHBI B 00enX
cUcTeMax NepeKrnceoOpa3oBaHusl, YTO SBJSIETCS OTUYETIMBBIM IMOATBEPKICHUEM
€ro TepaneBTUUECKON dPEKTUBHOCTH, CBA3aHHOMW C AHTUOKCHIAHTHBIM JICHCT-
BueM [locnenHee HEOMHOKPATHO KOHCTATHPOBAIOCH B MHOT'OYMCICHHBIX KIIH-
HHUKO-3KCIIEPUMEHTANbHBIX UCCIEI0BAHUAX,B YACTHOCTH MIPU OCTPOM TYOEpKy-
JIE3HOM BocHnaneHuu jierkux [14, 15].
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Taonauua 2
Casuru conepxxanus ruaponepexuceii (E g0/Mr 0ejika) 1 MaJIOHOBOI 0
auansaeruaa (B HM/mr Gesika) B 001eM MO3roBOM roMoreHare 0ejibIx KpbIC B
(epMeHTaTHBHOI W Hed)ePMEHTATHBHOM CHCTEMaX OKHCJICHHs JTHIIMAOB B KOH-
Tpoie (K), yepe3 1 4 (1) nocne 3U u cnyersi 1 4 (2),24 4 (3), 484 (4), 724 (5)
nocJjie nnbekunn Ac-PHK na stom gone

n @DepMeHTATHBHAS CHCTEMA OKUCJICHHS
% % % % %
K 1 pasH 2 pa3H ot 3  |pasHor 4 pa3n | 5 Pa3n
ot K K K or K ot K
0.58+ 1.09+ 0.89+ 0.78+ 0.64+ 0.59+
Lol 003 | oost | 880 | goar | 30| gz | PO goze |T100] ggze | 20
2.08+ | 4.75+ 3.84+ 2.96+ 2.37+ 2.24+
21 007 | 005 | T12O | o5 | B0 goas | A0 o | 14 0060 | RO

HedepmeHTaTHBHASL CHCTEMA OKHCJICHUS

1.35¢ 1.07+ 0.96+ 0.79+ 0.77+
2| -
3 .794+0.03 0.06° +71.0 0.05° +35.0 0.04° +22.0 0.03¢ 0 033¢ 3.0
6.54+ 5.47+ 4.96+ 4.54+ 4.45+
q
4 ©4.29+0.0 0.08° +52.0 007 +28.0 0.07° +16.0 0.08° +6.0 007 +4.0
Ipumeuanue: n=18, a - P>0.001; 6 - P<0.01; c - P>0.5.
Taoauna 3

Casuru coaep:xanus rugponepekuceii (E0/Mr 0enka) 1 MaJIOHOBOI0 THAIbAET HIA
(B HM/Mr Oesika) B 001eM MO3r0BOM roMoreHare 0e/bIX KpbIC B (pepMeHTATHBHOI
M He()epMEHTATHBHOI cHCTEeMaxX OKMCJIeHus Junua0B B KoHTpoue (K),uepe3 1 4 (1)
nocse 3U u cinyers 1 4 (2), 24 4 (3), 48 4 (4), 72 4 (5) nocjie uabexkuuu ac-PHK na

3TOM (poHe
n @epMeHTATHBHAS CHCTEMA OKHCJICHHS
% % % % %
K 1 pa3n 2 pa3H 3 pa3H 4 pa3H 5 pa3n
or K or K ot K or K or K
0.51+ | 0.54+ 0.51 0.53x 0.52+ 0.52+
Lol ooz | oos | "0 | ooa O ooz | 4O g0z | 2O g0z | 20
2,15+ | 2.17+ 2.16+ +0. | 2.13+ 2.16x 217
2 006 | 0o | M99 | 06 s | 0oee | O] 006 | 9| o0e | P00

HedepmenTaTuBHAsi cHCTeMAa OKHCJICHUS

0.73% | 0.68+ 0.70% 0.75+ 0.69+ 0.72+

301 003 | 003 T g0z | MO o0a | PO o0 004 | 10
405+ | 407+ 409+ | +1. | 410+ 4.09+ 4.09+

41 008 | 008 05 0 | o | oo | RO oo .07 | 10

Ipumeuanue: n=20, c - P>0.5.
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Takum 00pa3oM, CTaHOBHUTCS OYEBHAHOW KOHKpETHAs HalpaBlIEHHOCTb
HopMmam3ytouiero aenctBus Ac-PHK npu Tokcrnko3ax pa3nudHbIX 3THOJIOTHHA U
B JaHHOM ciiydae ripu 3.

I'ocynapcTBEeHHBIN WHKEHEPHBIH YHUBEPCUTET APMEHUH

M. K. Kapare3sin

JAuHaMuka HapylIeHHH MpoueccoB Nnepekuceodpa3oBaHus B 001IeM
MO3Ir0BOM roMoOreHare 0OeJbIX KpbIC IPH 3eapajieHOHOBOI HHTOKCHKAIUH
U KOppUrupyolee JeiicTBHe CBepXHU3KNX KOHIEHTPAHMH
asycnupanbHoii PHK Ha 3ToM done

VYcTaHOB/IEHO 3HAUUTEIbHOE aKTUBUPOBAHUE MIpoLiecca IepeKuceoOpa3oBaHus B 00-
1IeM MO3rOBOM I'OMOreHaTe OelbIX KpbIC IIPU MOJEIMPOBAHHON 3eapaJeHOHOBOM UHTO-
KCHKAaIUU, KOTOPbIHA XapaKTepU3yeTcsl YyBCTBUTEIILHBIM YBEJIIMIEHUEM B MO3TOBOIl TKa-
HH KOJMYECTBEHHOI'O COJEPKaHUs MMAPOIEpeKuceil 1 MaJlOHOBOIO AUANbIErH]a, 0CO-
6EHHO cIIycTs 72 4 HOCIe pa3BUTHS YKa3aHHOI'O OOJIE3HEHHOI'O COCTOSHMS OpraHU3Ma.
IpumeHenne Ha 3TOM (OHe CBEPXHM3KMX KoHuenTpamuii (107°M) puGonykienHoBoit
KUCIIOTl HOPMAalM3yeT YyKa3aHHble PACCTPOMCTBA M BOCCTAHABIMBAET KOHTPOJbHBIE
YPOBHHM 3TUX HEPEKUCEH, YTO CBUIETENLCTBYET O MOLIHOM aHTMOKCUIAHTHOM aKTHBHO-
CTU NIPUMEHEHHOTO0 (PU3UONIOrMYECKH aKTUBHOTO COEMHEHHSL.

U. 4. TMwpugnqui

QLpopuhnunuewgdwt gnpépupugutnh hhwiqupmuubpp vy hnuly
wnutinbubph mybgquyht puphwimp puntwspmd qhwpw)tuntughe
pottudnpmidutiph dudwiwly b Epjuyupnipught (Fue-h qglipgusp
pwuwljukph Jipuwiqihy hwnympemniup todwé wuydwbabbpmd

Puguhwjnyky E qbtwpujkuntughtt pnibuynpdwt dudwwly vy hinwl] wnttntk-
ph nintnuyhtt hnujuspmd nbnh nmukgnn gbhpopuhnunwewmgimu gqnpépupwugubph
wlnhjugnudp: Ikpghtiu wuydwiuynpgws k hhnpnukpopuhnubph b duyniwghte nhuy-
nkhhnh pwbhwlmpjut qquih wény mnbnuhtt hnmujuépnid wnwyk) tu 72 4. wig
uoyud whnwpwblju Jhdwljh qupqugnidhg: thpnumljkhtwppedh gbpgusdn putw-
Yukph (10"%0) oqunugnpénidp tpqus wuylwbibpnid qmgnpyynid £ qbuwpugbintughb
pottwynpuwt Eplinyputph hbn wdny b upqws ghpopuhnutph uwnnighs putwlului
dwljupnuljubph JEpujutquiwdp: 9bpohtiu Jyuymd k ubp Ynnuhg yhpunjws $hqhn-
1nghwy bu wljinhy dhwgnipjut pugunhl hwljuwopuhnuittnuhtt wjinhynipjuts dwuhte

M. K. Karageuzyan

Disorders of Peroxide Formation Processes Dynamics in Whole Brain
Homogenate of White Rats under the Zearalenon Intoxication and
Normalizing Action of Superlow Concentrations of Double-Stranded RNA
on this Background

Our data obtained have shown that zearalenon intoxication of rats is accompanied by
significant activation in brain homogenate of peroxideformation process which is conditioning by
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quantitative increase of hydroperoxides and maloniyldialdehide in brain tissue especially in 72
hours after zearalenon intoxication development. Use of the superlow concentrations ( IO'IZM) of
double-stranded RNA on this background normalizes the disorders and restores control levels of
the mentioned peroxides. The results obtained demonstrate the high antioxidant activity of the
physiologically active compound used in our investigations.
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Isolated Culture of St.-John’s Wort Elongated (Hypericum
Elongatum Ledeb.) as the Source of Biologically
Active Compounds
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Keywords: isolated cultures, Hypericum elongatum, secondary metabo-
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Healthy properties of medicinal plants and their practical application are
conditioned by the century-old experience when medicinal plants were the
single accessible healing means. Now, in spite of successes achieved by the
synthetic chemistry, medicinal preparations of plant origin occupy the signi-
ficant place in the modern pharmacy. Because of the complexity of chemical
composition of many biological active combinations of plant origin the made
attempt of their chemical synthesis are not always successful and limited often
by the low output and high cost. The synthesis in the plant themselves in many
cases appears to be more effective [1]. The medicinal plants attract the great at-
tention as sources of antibiotic preparations too. Antimicrobial properties are
detected practically for all plants [2]. Antibiotics of microbial origin exert influ-
ence upon the immunobiological reactivity of macroorganism, break the
formation of specific immunity [3]. Among the substances of plant origin,
which have even the weak antibiotic influence, the active stimulators of im-
munological reactivity of organisms are found often [2]. However steady
growth of industry, the population increasing with the growing consumption of
the sources of raw materials and the utilization of several years’ standing of
wild useful plants resulted in the cutting down of natural stocks of many of
them. In this connection one of the actual tasks confronting the resource study-
ing is the search of new sources of raw materials.

For getting physiological active substances the biological methods of ob-
taining the raw can be used, in particular by way of the cultures of isolated
tissue of plants. There are sufficient data about the synthesis by isolated cultures
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the substances, which are identical to those synthesized by the whole plant [4-
8].

Owing to the production of naphthadianthrons and hyperforin St.-John’s
wort perforated (Hypericum perforatum) is the wide-used medicinal plant [9].
Antibacterial activity of dianthrons with respect to the different gram-negative
and gram-positive microorganisms was shown in a number of works [10-14].
Equally with the St.-John’s wort perforated other species this genus - St.-John’s
wort elongated (Hypericum elongatum) also is recommended by scientific
medicine: it has identical composition of the products of secondary metabolism
[9].

The goal of the present paper was obtaining of isolated tissues of H.
elongatum and study of antimicrobial activity of extracts from such cultures.

Methods and material. Flower buds of plants, collected on the parcel of
Armenian flora of the Institute of Botany of NAS RA, serve as explants for
introducing into isolated culture. Callus tissue was obtained according to the
adopted method on the modified medium of Murashige and Skoog (MS) [16],
which contained 1 mg/l kinetin, 0,5 mg/l naphthylacetic acid (NAA), 0,2 mg/l
gibberellic acid (GA) and 3 % saccharose. The callus tissues were grown up
subsequently both on the above mentioned medium and on the media of other
composition and ratio of phytohormones using also benzylaminopurine (BAP)
and indole-3-acetic acid (IAA).

For characterization of grow activity of callus cultures, the grams of crude
weight, % of dry mass, growth index (GI) — ratio of callus crude weight at the
end of cultivation to the initial weight, were determined.

For the anatomical investigations thin sections of callus cultures were died
by the water solutions of saphranine (1%). Surplus of dye were removed by the
immersing of sections into glycerin for 1-2 days.

Antibacterial activity was determined by the method of wells [17]. For the
preparation of extracts one gram of dry tissue was extracted in 10 ml of 40 %
ethanol for 2 hours on the magnetic rocking-chair at the temperature 4°C.
Obtained suspension was centrifuged, and supernatant was used as crude extract
of antibiotic. The experiments were carried out thrice-repeatedly. Gram-positive
and gram-negative microorganisms were used as test-microorganism. 40% etha-
nol, which did not suppress the growth of microbes, was used as the control.

The determination of antioxidant activity was carried out by perman-
ganatometric method [18].

Results and discussion. The first signs of callus formation on explants
were observed at 18-20 days of cultivation on the medium with 1 mg/l kinetin,
0,5 mg/l NAA and 0,2 mg/l GA (Table 1, medium N 4). But further growth of
callus on this medium was not observed. Due to it the initial callus subsequently
was transferred on the nutrient medium N 1, where GA was excluded and IAA
was added instead of NAA.
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Table 1
Hormonal composition of the modified Murashige and Skoog medium

Medium Phytohormones concentration, mg/1
N TAA NAA | BAP | Knetin | GA
1 1.0 0.0 0.0 1.0 0.0
2 0.5 0.0 2.0 0.0 0.0
3 2.0 0.0 0.0 0.2 0.0
4 0.0 0.5 0.0 1.0 0.2
5 1.0 0.5 0.0 1.0 0.0
6 0.0 0.1 0.0 0.0 0.0

Callus obtained on this medium was grayish and had compact consistence. The
rate of growing callus mass was low, but callus had high organogenic potential.
Both under the light and in the dark such callus formed many short-cut shoots
(Fig. 1). Other nutrient media with different content and ratio of phytohormones
were tested to intensify the growth of callus tissue (Table 1). However on the all
tested media the shoot organogenesis was also observed. Anatomical
investigations showed that upper layers of callus consisted of small
meristematic cells and contained large amount of shoot buds (Fig. 2).

Fig.1. Organogenesis of H. elongatum callus Fig. 2. Anatomical structure of shoot
of on the nutrient medium N 1. buds callus H. elongatum (x10).

To obtain non-differentiated callus mass the upper layer of callus with
meristematic cells was removed, but low layers with parenchymatic cells were
transferred on the fresh nutrient media and cultivated in the dark. As a result
during 2-3 such manipulations the homogeneous non-differentiated callus tissue
was obtained. As for the upper layer of callus with shoot buds it was used for
the clonal micro propagation. For this aim it was transferred on the nutrient
medium, which contained besides the salts and vitamins only 0.1 mg/l NAA. On
this medium the shoots became longer and the roots were formed (Fig. 3).
Clonal micro propagation was realized by the fragmentation of the bundle of
shoots and periodic subcultivation on the fresh medium. On the nutrient
medium with the equal content of auxins and cytokinins (Table 1, medium N 1)
the callus was light yellow, here and there orange, it had friable consistence,
and the growth of callus went on vertically. When content of cytokinin was
increased (medium N 2) the callus acquired motley coloration and consisted of
the orange, grey and greenish parts, it had compact consistence. When the

197



content of auxin in the medium was increased (medium N 3) the growth of
callus mass went on the surface of the agar; callus had middle consistence and
motley coloration. At the end of the cycle of growth (25-30 days) callus tissue
on all media became dark, which is probably related with the accumulation of
products of secondary metabolism. It is confirmed by the anatomical
investigations too: callus tissue consisted of the large vacuolated cells, colored
different colors — yellow, orange, red — due to the synthesis of pigments and
secondary products, which were characteristic to the intact plant [19].

;

|£'

Fig. 3. Clonal micro propagation of H. elongatum on the medium with the 0.1 mg/l
NAA.

To evaluate the growth activity of callus tissue the dynamics of accumu-
lation of crude and dry mass, according to the days of cultivation on the all
tested media, was studied. The growth of callus on the medium N 1 with the
equal quantities of auxin and cytokinin gave the increased curve and reached its
maximum on 25 days of cultivation — GI was equal to 9. Dry mass at this time
was almost 90 % (Fig. 4). On the other media the growth was 1.5 — 2.0 times
lower, and accumulation of dry substances did not differ almost from the one on
the medium N 1. Such low rate of tissue growth can be explained by its high
metabolic activity [20].

[~}
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Dry mass
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Fig. 4. Growth indices of callus tissues of H. elongatum on the medium with equal
quantities of auxin and cytokinin 1. Dry mass. 2. GL
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As it was mentioned above, the dianthrones, synthesized by H. perforatum, had
antimicrobial activity. As for the composition of synthesized products of the
secondary metabolism the plants H. elongatum can be used in medicine on a
level with H. perforatum. Therefore we studied antibacterial activity of extracts
of H. elongatum callus tissues, obtained in our experiments. The extracts of the
intact plant served as a control.

According to the obtained data the callus tissues synthesize the substances
possessing antimicrobial activity against both gram-positive, including spore-
forming bacteria, and gram-negative microorganisms, as well as against some
pathogens (Table 2, Fig. 4). So, when in the nutrient medium there were in
equal quantities cytokinins and auxins, the produced substances inhibited the
growth of Staphylococcus aureus, similar to the action of control; the action of
these substances on Bacillus mesentericus even surpassed the control. When in
the medium the content of BAP was increased, the substances were synthesized,
which inhibited the growth of Salmonella typhimurium and Bacillus
mesentericus more actively, than the intact plant; on the other hand, this extract
had the same effect as intact plant on Staphylococcus citreus. The increase of
content of IAA in the medium resulted in the synthesis of substances with high
inhibitory influence on the growth of Bacillus mesentericus: the zone of the
growth absence was 5-6 times larger than in the case of control (intact plant).
The substances, synthesized on this medium, in comparison with the intact plant
and preceding media, inhibited also more actively the growth of Staphylococcus
citreus.

Table 2
Inhibition of test- microorganisms under the influence of extracts from callus
cultures of H.elongatum

Test -organisms
E. coli . St. aureus o S. typh.
Culture used M7 St. citreus 5233 B. subtilis B. mesent.
Diametrs of growth absence zone of test -microorganisms ( @mm)
Intact plant 33 13 32 38 5 29
Callus(medium
IAA/cytokinin 19 7 28 16 10 5
1:1)
Callus (medium
IAA/ BAP 1:4) 24 13 14 22 15 34
Callus (medium
1AA
/cytokininl0:1) 19 20 16 19 29 21
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Fig. 5. Zones of growth absence around the callus extracts of H.elongatum
1 — extracts of callus grown in the nutrient medium IAA / BAP 1:4; 2 —
extracts of callus grown in the nutrient medium IAA /cytokinin 1:1; 3 —
extracts of callus grown on the(medium IAA / cytokinin 10:1; 4 —extracts
of intact plants; 5 — control (40%- etanol).

Preliminary determination of antioxidant activity of callus tissues extracts
showed its low level as compared to the intact plant.

Thus the conclusion can be done that the callus cultures of H.elongatum
not only kept the ability to the synthesis of substances with antibiotic activity,
but were able to synthesize the substances, which were not peculiar to the intact
plant. At the same time the synthesis of the substances with antibacterial acti-
vity was on the hormonal control, and these substances selectively affect on the
test-microorganisms.

'Yerevan State University
*Institute of Botany of NAS RA

M. T. Petrosyan, Y. N. Shcherbakova, Yu. G. Popov,
corresponding member of NAS RA A. H. Trchounian

Isolated Culture of St.-John’s Wort Elongated (Hypericum Elongatum
Ledeb.) as the Source of Biologically Active Compounds

The isolated culture of St.-John’s wort elongated (Hypericum elongatum Ledeb.)
with high biosynthetic activity was obtained. Synthesized products of the secondary
metabolism exhibit antibacterial activity against some gram-positive and gram-negative
microorganisms. The influence of different hormonal substances and their various con-
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centrations both on the growth of callus tissues and the synthesis of the products of se-
condary metabolism was studied.

M. T. erpocsn, E. H. Illepbakona, O. I'. Ilonos,
wieH-koppecnionaeHT HAH PA A. A. Tpuynsn

H3osampoBanHasi KyJbTypa 3Bepo0os BLITAHYTOr0 (Hypericum elongatum
Ledeb.) kak MCTOYHUK OMOIOrHYECKH AKTHBHBIX CO€IMHEHM it

[onmyuena u3onupoBaHHas KyJabTypa 3BepoOos BbITAHYTOrO (Hypericum elonga-
tum Ledeb.), obnanatomias BbICOKOH OMOCHMHTETHYECKOW aKTHMBHOCThIO. CHHTE3MpYye-
MbI€ MPOJYKTHl BTOPHYHOTO OOMEHA MPOSBIIIOT aHTUOAKTEPUAIbHYIO aKTUBHOCTH I10
OTHOIIEHHUIO K HEKOTOPBIM T'PaMIIOJIOKUTENFHBIM M TPaMOTPULIATEIbHBIM MUKPOOpra-
HU3MaM. M3yueHO BIUSIHHE Pa3IMYHBIX TOPMOHAJIBHBIX COCAMHEHUI U MX KOHIIEHTpa-
LU KaK Ha POCT KAJUTYCHBIX TKaHEH, TaKk M Ha CHHTE3 B HHUX IPOAYKTOB BTOPUYHEIO
MeTadonm3Ma.

U. @. Mkwnpnuyui, . L. Tshppuiljndu, 8n1. @. Mnwny,
22 @UU. pypwlhg winud U. 2. @nyniiyub

Upnhmun bpywpwymuh (Hypericum elongatum Ledeb.) Ukiniuwuggud
Yniypnnipwb npyytu JEluwpwinpbt wljnhy dhwgmpymuubph wnpjnip

Uwnwgyt] & Upnhmbn bplupwmup (Hypericum elongatum Ledeb.) Jhuuwuhu-
ptwnhy pupap wjnhynipyudp odnjus dbjmumgyus Ynijnniput: Uhiptqus kpl-
pnpnuhtt thnpuwbwlmput ynipbpp hwjupulnbphulub wijnhynipinit ku npubn-
pnud npnp gpud npuljut b gpud puguwumlui vhipnopquithquubph tjuwndwdp: Ni-
untdtwuhpyty Ewiwuppbp hnpuntught iynipbph b npuiig mwppkp Ynigkinpughwitph
wqnkgnipiniip hsybu Juniuughtt hntujusph wdh, wyuytu b tpuugnud Gpypnp-
nujht ym puthnpwbiwlnipjut wipquuhpubph uptipkqh Ypu:
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M. A. lanuensin, B. A.YaBymisiH

JIeKTPO(PU3NO0JIOTHIECKOE UCCIeJOBAHNE CHHANITHYECKO I
AKTHUBHOCTH IEHTPAJbLHBIX HOPAJAPEHIPrudeCKNX HelPOHOB
NPU CTUMYJISIIIAM TUNOTAJIAMHYECKOTO SIIPpa HA MO/IeIH
HMMOOMIM3AMOHHOTIO CTpecca

(ITpencrasneno wi.-kop. HAH PA JI.P. MangensiHom 28/VI 2012))

KuroueBble cjioBa: cnaiixogas axmuéHOCHb HeﬁpOHOG locus coeruleus,
uMM06uJ1u3auu0HanZ cmpecc.

W3BecTHa 3HauMTENbHAA CIOCOOHOCTH TOJOBHOTO MO3Ta — LIEHTPAIBLHOTO
opraHa crpecca MposiBISITH 00PaTUMYIO CTPYKTYPaIbHYIO U () YHKIIMOHATLHYIO
IUTACTUYHOCTh, BKJIIOYAIOIIYI0 HEMpPOHAJIbHOE 3aMeIlleHue, JIEHJIPUTHOE W
cuHanTyeckoe pemoaenuposanue [1]. [lapaBentpukymsipuoe sapo (IIBA) ru-
notanamyca u ronyboe matHo (I'TI) sBIAIOTCS KIIOYEBBIMH CTPYKTYpPaMH,
BOBJICUEHHBIMH B CTPECC-PEAKIINU A 00ECIIeYeHUs aJanTaTUBHBIX U IaTOJIO-
THYECKUX PEeaKINil opraHu3Ma.

B koHTpOnHUpoBaHUN (PU3HOIOTHIECKOTO OTBETA HA CTPecc OOJBIIYIO POIb
urpaer [1BS runoranamyca, Momgynupymolnee cienyromme crpecc-3ddexrop-
Hble cucTeMmbl: 1) runodusorponnsie HelipoHs! [IBS, koHTponupyromue rumo-
TanamMo-runou3apHO-aAPEHOKOPTUKAIBHYIO OCh; 2) MarHOLEIUTIOJISIPHbIE HEl-
POHBI M CEKpeTHpyeMble HMU HeHporunodusapHble MENTHIBL; 3) Mpoenupye-
MBI B MO3TOBOM CTBOJ M CIIMHHOM MO3T HEHPOHBI, PEryaupyroliue aBTOHOM-
Hyto ¢pyHkuuto. [Ipu qmurensaoM crpecce [1BS koopAnHUPYET OTBETHI MHOXKE-
cTBa crpecc-3((HEeKTOPHBIX CUCTEM U, BOSMOXKHO, MI'PaeT poJib KaK B ajarTa-
LMY, TaK U B TATOJIOTUH XpOHHUYECKOro crpecca [2]. Iloka3aHo, 4To HHAYIIUPO-
BaHHAs XPOHHYECKHM CTpeccoM MOp(oJIorHuecKas IUIaCTHYHOCTh HEWpOHOB
[1BS BeI3BIBaeT Mopdosornueckie u3MeHeHus u npeoopasosanus [AMK- u
[JII0TaMaT3prUuecKol MHHepBaluy [2].

B KOTHUTHBHBIN acEKT CTPECCOPHOTO OTBETA BOBJIEUEHO HOPAIPEHIPIHU-
yeckoe s1ipo LC, 4aCTUYHO peryimpyeMoe CTPecc-acCOIMUPOBAHHBIM HEHpo-
MEeNTUAOM — KopTUKOTponuHpenu3uHr pakropom (CRF). ITokasano, uro u3me-
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Henue O6ananca CRF mMoxer ObITh MPUYUHON YS3BUMOCTHU K CTpeCCy HEHpOHOB
LC [3]. DnexkTpoHHOMUKpOCKONUYEeCKue uccienoBanus HelipoHoB LC y kpeic ¢
CTpecC-UHIYIIMPOBAHHOMN JeMpeccuell BBISBUIN CHIDKEHUE HEHPOHAIBHOM TUI0-
THOCTH, pa3pylleHHe MeMOpaH, arperanui BHYTPUKIETOYHBIX CTPYKTYp H
MOBBIIIIEHHE MUKPOTJIHAIBHON aKTHUBHOCTH, T.€. JIETEHEePalri0 HOPaJApPEeHIPrH-
yeckux Heiiponos LC [4].

XpoHHYECKHH CTpecC HCTOLIAeT CHCTEMbl KOMIIEHCALMM psAfa CTPYKTYp
IIHC: B 4aCTHOCTH, HCTOICHUE WX THUOEIb HOPAaAPEHEPrHUECKHUX HEHPOHOB
LC npuBoAAT K HECTIOCOOHOCTH MO3TOBBIX CTPYKTYpP pPeajlbHO OIEHHWBATh CHUT-
HaJbl OKpYy’Karolei cpensl [5], a y moaelt MOKUIIOro Bo3pacra CTpecc HHAYIHU-
pYeT TOpMOXeHHEe HelporeHesa, ocnablieHHe BEDKHBAEMOCTH HEWPOHOB, (op-
MHUpPYsl BTOPUYHBI KOTHUTUBHBIN AeUIHUT U HapylieHus ahdekTuBHOH cdepbl
[6].

Matepuan u MeTobl. MUKpPO3JIEKTPODU3NOTOrHIECKHE IKCTIEPUMEHTHI C
SKCTPAKJIETOYHON perucTpalnyeil eIuHUYHBIX HEHpOHOB Toay0Oro msITHA
npoBeneHsl B rpynnax Hopma (n=3) u coycrs 1 gess (n=2) u 3 mecana (n=2)
nocie crpecca. IMMOOMIIN3aIIOHHBINA CTPECC BBI3BIBAIM B DKCHEPUMEHTE I0-
CpeACTBOM (PMKCHPOBAHMS KMBOTHOTO Ha CIMHE B TE€YEHHE JBYX 4acoB. B oc-
TPOM DKCIIEPUMEHTE JKUBOTHBIX 00e31BIKUBaIM 1%-HbIM auTwimHOM (25
MI/KT B/0) ¥ TIEpEeBOJMIN Ha UCKYCCTBEHHOE JbIXaHHe. MoJellb M30JIMpOBaH-
HOT'O TOJIOBHOT'O MO3Ta KPBICHI MOJTYYajId Mepepe3Koil CIIMHHOTO MO3Ta I'Ia3HbIM
CKaJbIieNieM Ha ypoBHe TPyAHBIX T,-T; CErMEHTOB MOJ MECTHBIM HOBOKau-
HOBBIM Hapko3oM. [locie KpaHHOTOMHHU CTEPEOTAKCHUECKH OPUEHTUPOBAHHBIN
paszapaxaromuil OunosapHeli snexTpo BBoawmM B [IBA no koopaunaram AP-
1.08, L+0.6, DV+7.8 MM, a CTEKIITHHBIN MUKPO3JIEKTPOJ] C TUAMETPOM KOHUHKA
1 MKM, 3anonHenHslid 2 M pactBopoM NaCl, MHOrOKpaTHO MOrpYKaiu B TOJIY-
0oe nsaTHO O koopauHaram AP-9.5; 1+1.5-3.5; DV+7.8 mm. BricokodacTot-
nHyto crumyisinuto (BUC) (100 I'n B Tedenue 1 ¢ ) OCYyMIECTBISUIN MTOCPEICTBOM
MIPSIMOYI'OJIBHBIX TOJTYKOB TOKa AnurenbHocThio 0.05 Mc u ammuntynon 0.16 —
0.18 MA. B onnaitH pexxuMe UMITYJIbCHBIN TOTOK IMOCJE PErucTpaIluu MoaABep-
rajcs IpOorpaMMHOMY aHaJM3y, ¢ MOCIEAYIOIIMM BBIBOAOM «pacTepa» Impe- U
MOCTCTUMYJIBHOTO CMNAHKWHra aKTMBHOCTH €AMHUYHBIX HEWPOHOB, pacipezne-
JICHHBIX B PEalbHOM BpPEMEHH M TIOCTPOCHHBIX HAa MUX OCHOBE YCPEIHEHHBIX
YaCTOTHBIX U KYMMYJSITUBHBIX THCTOTPaMM C JAHHBIMH MHOTOYPOBHEBOH cTa-
TUCTUYECKOH 00paboTku Au(epeHIINPOBaHHO I MPECTUMYIBHOTO M MOCT-
CTUMYJIBHOTO BpeMEHH, a Takxke Ha nepuon BUC.

Pesyabrathl 1 ux 00cy:kaeHHe. Y MHTAKTHBIX )KUBOTHBIX Iipu BUC wurcu-
narepanbHoro [IBS skcrpaxiieTrodnoii perucrpanmerd OHOBOH W BBI3BaHHOM
CMaiiKOBOW aKTUBHOCTH OAMHOYHBIX HelpoHoB [Tl (n=116) BeisBIEHBI: BO30OY-
JUTENbHBIE OTBETHl B BHJIE TETAHMYECKOW M MOCTTETAaHMYECKOH MOTEHLUAINN
(TIT u IITIT 34.48 %), TOpMO3HBIE OTBETHl B BUAE TETAaHMYECKOH M TOCTTe-
tannueckoit penpeccuu (T u ITTM 23.28 %), onHOBpEMEHHO WHTHOUTOPHBIC U
BO30yauTenbHbie KoMnoHeHThI 0TBeToB (TI+IITII 42.24 %) (puc. 1, XK). [Tocne
ctpecca B HeifjpoHax [Tl Hapymenne OajgaHca MHTMOMTOPHBIX M BO30 yIUTEIb-
HBIX OTBETOB Xapakrepusyercs nomuHupoBanueM TI+IITII orseros (40 u3 72
= 55.5%) cnycrs 1 nens u TH+HIIT/] orBeroB (26 uz 56 = 46.4%) cnycrs 3
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Mecsa moclie crpecca, a takke Hamuuuem TIIHIIT orBeroB (6 u3 56=
10.7%), orcyrcrBytomux B rpymnmne Hopma (puc. 1, XX).

1 AeHb nocne cTpecca A ™ nrn— 4uen.

ﬂ Hopma_lony6oe natHo
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Puc.1. A, B, ]I — nepucTUMyjbHBIE YCPEAHEHHbIE YACTOTHBIE U KYMMYJIATUBHBIE TUCTO-
rpaMMbl JUI HeI{pOHOB roay0oro miTHa ¢ BO30YAUTEIbHBIMY U TOPMO3HBIMH OTBETAMU
Ha CTUMYILILUIO TapaBeHTPUKYJIIpHOro aapa B rpynnax Hopma (1), 1 neHs (A) u 3 Me-
csua (b) mocne crpecca. b, I', E — nepuctuMysbHble JUarpaMMbl CpeHEH 4acToOThL, I0-
CTPOEHHbIE Ha OCHOBE IIpe- U MOCTCTUMYJIbHOH CHalikoBOH aKTUBHOCTH N-TO KOTYECTBA
enuHnuHbIX HelipoHoB I'TI npu BUC IIBS B peansHoM Bpemenu 20 ¢ 1o (Mgg) u 20 ¢
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nocite (Mpg) crumymsanuu (B Tedenue 1 ¢ — Myr) B rpynnax Hopma (E), 1 nens (B) u 3
mecaua (I') mocie crpecca. Coxpamenusi: BE (before event) — BpemeHHO# oTpe3ok 10
crumymsuuy, PE (post event) — BpeMeHHOH oTpe3ok mocie crumynsauuy, TT (time
tetanization) — BpeMsl TeTaHU3ALMK; UCI. — YMUCIIO UCIBITAHUI, B KOTOPBIX 3aperucTpu-
poBaH JaHHbIA TUI 3G (EKTOB B JaHHOH IpyIIle; OpIUHATa — CHAlKu B ¢ UM CPEAHEe
YUCJIO CIIAMKOB BO BPEMEHHOM MOC/IEA0BaTEIbHOCTH (C, OUH), yka3aHHOHU 1o ocu alc-
mucc. K — IlpoleHTHoe 101eB0Oe COOTHOLIEHUE HEIPOHOB ¢ yKa3aHHBIMM TUIIAMU OT-
BETOB B T€X K€ HKCHEPUMEHTANbHBIX IPYIIIAX.

[IpencraBneHHble pe3yabTaThl B IIEJIOM COTJIACYIOTCSl C UMEIOIIMMUCS J1aH-
upiMu 0 pormu Ca’ -3aBucnMbix K'-kaHANoOB B CTpecc-MHIYLMPOBAHHBIX (yHK-
muoHaneHBIX M3MeHeHusx LUHC [7], a Taxke ¢ KOHIeNMIueid aBTOMHTHOH-
TOPHOIO KOHTpOJs akTUBHOCTH LC mpH XpOHMUECKUX CTpEeCcC-HHAYLUPOBaH-
HBIX U3MEHEHHSX, KOTJa M3MEHEHHs dJeKTPO(U3NOIOrHYECKIX CBOWCTB HEH-
poHoB LC cmocoOcTBYIOT CTpecc-MHAYIMPOBAHHONW CEHCUTHU3ALUK LEHTPalb-
HOW HOpaApeHIpruyeckor GyHKIuH in vivo [8].

Takum oOpa3om, ciycts 1 eHp mocie cTpecca Hanboee YsI3BUMBIMH OKa-
3anuch Heiposl, nposiiisitonte TIIHIITII oTBeTs!, MOCKOIBKY MX J0JEBOE CO-
OTHOIIIEHHE B 00meM 00bEME 3aperuCcTPUPOBAHHBIX €IUHMI] COCTaBUIO 5.5 %
npotuB 34.48 % B HOpME, B TO BpeMsl Kak JAOJs MONYJSIIUA HEHPOHOB C
TH+IITII orBeTaMu JOMUHHUPYET, Kak U B HopMe. CrycTst 3 Mecsila ajanTaTuB-
Hble U3MEHEHHs CIAaiKOBOH BBI3BAHHON aKTWBHOCTH NPOSBUIWCH B BHUAE: 1)
BOCCTAHOBJIEHHSI [0 HOPMBI JOJIEBOI'O COOTHOIIEHHS HEHPOHOB C BO30OYyAH-
TenbHbIMU oTBeTamu (35.7 u 34.48 % COOTBETCTBEHHO); 2) MUHUMH3AINU JIOJIU
HeiiponoB ¢ TJ+IITII orBeramu (7.1%) NpoTUB MaKCUMAabHOM J0JIM TAaKOBBIX
B HOpMe (42.24%) (puc.l, XX). upiMu crnoBamu HapylieHue OajlaHca THUIIOB
0TBETOB OoJiee BBIPAXKEHO Ha 3-M MecsIe Tocie cTpecca, U MPU 3TOM ClIeAyeT
OTMETHUTH YBEIMYEHHE JOIU TOPMO3HBIX THIIOB OTBETOB (coriacHO puc. 1, XK).
K OCHOBHBIM IIEHTpaJIbHBIM CTPECC-TUMHUTHPYIOIIUM CHUCTEMAM OTHOCST
I'’AMKbsprugeckyro cucremy LITHC [9], a Takxe onuMoua3prudecKyro CUCTEMY,
00BbEeIMHAIONIYI0 HEWPOHBI TUIIOTajJaMyca M CEKpEeTOpHBbIe KJIETKH Tumodusa,
MpoAyLUpYyIoIIKe onuouHble nenTu sl [10], KoTopble Takke OKa3bIBaIOT TOP-
MO3HbI€ BO3IEMCTBHSI HAa HEHPOHBI FOJIOBHOTO M CIIMHHOTO Mo3ra. UTo xe kaca-
eTcsl BRIPaAXXKEHHOCTH OTBETOB, TO CHYCTA | JIeHb mocie cTpecca Haubojee BrIpa-
xenHbl [ITI1 orBetsl B monymsanuu HeiipoHoB ¢ TA+IITII orBetamu (cormacHo
yCpPEeIHEHHBIM YaCTOTHBIM U KyMM YASTHBHBIM THCTOrpaMMaM Ha puc. 1, A). Ha
3-m Mecsue mocie crpecca B nomymsiiuu HeidipoHoB ¢ TIIHIITII orseramu
BO30yIUTENBLHBIC OTBETHI BRIpKEHBI OoJbine B 2.7 pasa (43.75/16.34 cnaiik/c),
YTO MpeBblaeT TakoBbie B HOpMe (10.68/6.61 = 1.6 paza). AHanu3 pe3ynbTaToB
JlaeT OCHOBAaHHUE 3aKIIFOUUTh, YTO XapaKTEpHOH 0COOEHHOCTBIO CIIaKOBOTO MO-
Toka HelpoHoB I'Tl mocne crpecca siBiseTcs BBICOKHI YpOBEHb CpeAHEW yac-
TOTHl ()OHOBOM/TIPECTUMYIIbHOM aKTUBHOCTH (corimacHo Mgg Ha puc. 1, b, I).
UzBectHO, uTo CRF 1 ommounaneie addepeHThl BOBIEKAIOTCA B CTPECC AJIS TOY-
HOT'O peryaupoBaHus akTUBHOCTU LC, ¥ 3IMMHUHAIMA/MCKITIOYCHUE aHTar OHKC-
THueckor komOuHaiuu Bo3aelictBus CRF 1 onuonsoB mpuUBOJUT aKTUBHOCTh
LC B cocrosnue HeaddexkTupoBaHus/HeMOTUPUITUPOBaHHS cTpeccopamu [3].
[Ipu stom npeanupyromiee BoznerictBue CRF mepexmrouaer onepanyoHHYO
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MoJy akTuBHOCTH LC B HampaBiieHHE BEICOKOTO TOHUYECKOT'O COCTOSIHUS, KOTO-
poe, KaK MpeArnoiaraercs, ClocoOCTBYeT MOBEACHYECKOH TMOKOCTH M ajariTa-
uuu [3].

[IpencraBneHnble pe3ynbTaThl B IIEJIOM COTIACYIOTCS C UMEIOLIUMUCS JaH-
upiMu 0 pormu Ca® -3aBucuMbix K'-KaHANOB B CTpecc-MHIYLMPOBAHHBIX (hyHK-
mroHaneHbIX M3MeHeHusax LIHC [7], a Takke ¢ KOHIeMIUeld aBTOMHTHOH-
TOPHOTO KOHTPOJISl akTUBHOCTH LC MpH XpOHHYECKUX CTPECC-WHAYLHPOBAH-
HBIX U3MEHEHUSX, KOTJa M3MEHEHHs dJeKTPO(U3NOIOIrHYECKIX CBOWCTB HEH-
poHoB LC cmocoOcTBYIOT CTpecc-MHAYIMPOBAHHONW CEHCUTHU3ALUKM LEHTPalb-
HOHW HOpaApeHIpruueckor pyHKmH in vivo [ 8 .

Wucrutyr dusuonoruu um. JI.A. Opbenu HAH PA

M. A. lanuensis, B. A. YaBymsu

3HeKTp0q)H3I/IOJ10FI/l‘leCKOC HccIe10BaHNEe CHHANITHYECKOH aKTUBHOCTH
HEHTPAJABbHBIX HOPAAPECHIPIUIECCKUX HeﬁpOHOB NP CTUMYJIAIHHA
THIIOTAJJAMHUYIECCKOro siApa Ha Moa€eJ 1N MMMOOUITH3AHOHHOT 0 cTpecca

[Nonyuens! nanHbple 0 GYHKUMOHAIBHOW MIACTUYHOCTH CHHANITHYECKOH aKTHBHO-
ctu HelipoHoB roiy6oro nsatHa (I'TI) nmpu BeicokouacroTHOM crumyssinuu [IBS B ycio-
BUSIX UIMMOOMIIM3ALIMOHHOTO cTpecca. XapakTepHOH 0COOEHHOCTBIO CIIaKOBOI'O MOTO-
ka Heiiponos I'TI mocne crpecca SBISIOTCSA BBICOKHI ypOBEHb CpelHEel 4acToThl (POHO-
BOW/NIPECTUMYJIbHON aKTUBHOCTU U HapylleHue OajaHca TUIIOB OTBETOB, C YBEJIMYCHHU-
€M JIOJIM TOPMO3HBIX OTBETOB, 00JIee BbIPKEHHBIM Ha 3-M Mecsle Ioclie CTpecca.

U. z. fwuhbpui , 9. U. Quinijui

Punphihqughnt upptup Unptih pw hhynpujwuniuh Ynphqh npwuidwt
wuyudwbibpmd YEinnpniwlw tnpunptutpghy typnuutph vhtwunhy

wnhympjui fEjunpubhqhnnghwlw ntumdiwuhpm peini

Uwnwugyt] o wndjuyubkp’ uppbuhg hbnn wwpwdkunphyniyyup Ynphqh pupdp
hwwhujuimpjudp gpgndwt yuydwbbpnud juwnywn psh ubjpnuubtph uhtwunhly
wlnhynipjul niuljghntu] yuunhulwinipjuip Yekpupkpnn: Quuyniywn psh uby-
pnutkph huwnijuuyhtt hnuphti punpny Eu dhohtt hwdwpuljuinipjut pupdp dwljup-
nul]’ ukiuhinhqughwyny yujdwbwynpws, b yuinwupbibph wkuwfubph hwoyk-
lonh nknuowipd hognin wpgbjulhsutph’ wrwyt] wpnwhwyngus uppkuhg 3 wihu
whg:

M. H. Danielyan, V. A. Chavushyan

Electrophysiological Study of Synaptic Activity of Central Noradrenaergic
Neurons during Stimulation of Hypothalamic Nucleus in Model of
Immobilization Stress

Data about functional plasticity of synaptic activity of locus coeruleus neurons
under high frequency stimulation of paraventricular nucleus in condition of immobi-
lization stress were obtained. The characteristic features of spike flow of locus coerule-
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us neurons following stress are the high level of mean frequency of the back-
ground/prestimulus activity and disbalance of types of responses with an increase in the
proportion of inhibitory responses, more expressed at the 3d month after stress.
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C. C. AGpamsin’

Mop¢orncroxumMmu4ecKoe u JIeKTPOPU3n0I0rudecKoe
HCCJIeI0OBAHNE YePHOH CYOCTAaHIIMM MO3ra KPbIChI IPH
ATAHOJLHOMH HHTOKCHUKAIINH

( Ipencrasneno ui.-kop. HAH PA JI.P. Mausensinom 4/11 2013)

KuaroueBble cj1oBa: smanobHas UHMOKcUuKayusi, CnavKosas akmMueHOCMb
Hedponoe UepHoco eewecmed.

AKTyaJbHOCTh METUIIMHCKUX U COLUATIBHBIX MPOOIEeM, CBSI3aHHBIX C YIOT-
pebiieHneM aJKorojs M ajJKOrojM3MOM, MOCTOSHHO Bo3pacTaeT. B Hacrosiiee
BpeMsl CTPEMHUTENbHBIA POCT AJIKOTOJIM3Ma BO MHOTMX CTpaHax MHpa HpeBpa-
THIICS B CEPHE3HYIO COLMANIBHYIO MPOOJIeMY, MOCKOIBKY 3TaHOJ KaK HeHpOoTOK-
CHH C MHOXXECTBEHHBIMH 3((eKkTamMu OKas3pIBae€T TPAH3UTOPHBIE U JITUTEIb-
Hble/yCTONYMBBIE BO3AEUCTBUSA Ha HEpBHYIO cucTemy [1]. XpoHuueckas 3ta-
HOJIbHAsi WMHTOKCHKAIMs BBI3bIBAE€T ()YHKIHMOHAIBbHBIE U MOP(OJIOTHIECKUE
HapyIIEHUs] NPAaKTUYECKH BO BCEX CHUCTEMax M CTPYKTypax T'OJIOBHOTO MO3ra
[2]. OxHako UccnenoBaHUs MOKA3allH, YTO OTAENbHBIE CTPYKTYPBI MO3ra 00Ja-
Jal0T U30UpaTeNbHONW YYBCTBUTENBFHOCTBIO [3], M K TAKUM CTPYKTypaM-MHIIIe-
HSIM OTHOCHUTCSI YepHas CyOCTaHIIHA.

Henbto HacTOAIIEr0 MCCIEI0BAHMS SBISIIOTCSA BBISICHEHUE CTPYKTYPHBIX U
TUCTOXMMHUYECKUX HM3MEHEHHH, a TaKkkKe dIIEKTPOPH3HONOrHUeCcKoe H3ydeHHe
CIaiikoBOM aKTMBHOCTH HEHPOHOB YEPHOI'O BEIIECTBA Y KPbIC IIPU ATAHOJIbHOU
HMHTOKCHKALIWH.

Matepuaj U MeToAbI. DKCIIEPUMEHTHI MPOBENEHbl Ha 12 mabopaTopHBIX
MOJIOBO3PENBIX KpbIcax-caMkax AJbpOuHO (230420 T). XKuporHble ObLIN pa3zme-
JIEHbl Ha CIEeNYIOLe TPYNNbl: 1) WHTaKTHBIE KPBICH! (7 =06); 2) KPBICHI, MOJ-
BEpriuuecs alKorOJIbHOM WHTOKCUKAIMU: a) 5%-HbiM (7 =3) u 6) 10%-HbIM (7
=3) sraHonoM. KpbICEI HaXOAWIHCh Ha CyXOM KOpME M B KauecTBe €IMHCT-
BEHHOI'0 MCTOYHHMKA KUAKOCTU monydanu 5 u 10%-Hblil pacTBOpBI 3TaHONA.
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5%-HBIi pacTBOp dTaHONA MONydYad B TeueHue 3-10 mHeill (paHHHI CPOK ajiKo-
ronmuzanun), a 10%-Helii — 3-6 Henenb (CPeAHU CPOK aNKOTOJM3AlMU). DIeK-
TpohU3HOJIOTMUECKUE UCCIIeJOBaHMs MIPOBOMIIA Ha mpemnapare encephale isole y
KpbIC, TIOBEPTHYTHIX Tiepepe3ke CIIMHHOro Mo3ra Ha ypoBHe T,-T; mon HemOyTa-
JIOBBIM Hapko3oM (40 Mmr/kr). Perucrpauuo criaiikoBold aKTHUBHOCTH OJMHOYHBIX
HeHpOoHOB 4epHOi cydcTanuuu (SN) mponsBoauiu mo koopauHatam (SNc AP-5.0,
L+2.0, DV+7.5-8.0 mm; SNr AP-5.2, [£2.0-3.0, DV+7.5-8.5 mm; SNI AP-5.0,
L+3.0, DV+7.0 mMm). BricokouacrotHyro crumymsiuio (BUC) xBocraroro siapa
(NC, caudate putamen) Mosra HICHJIATepPATbHOW CTOPOHBI IO KOOpAWHATAM
AP+1.7, L+2.0, DV+4.0 MM OCYyIECTBISLIH BOJIL(PPaMOBBIMU OHITIOISPHBIMHU 3JIEK-
TpoAaMu TOKoM muTensHocThIO 0.5 Mc, gactoroit 100 I'iy B Teuenue 1 ¢. B on-
JaifH peKUMe UMITYJIbCHBIN MOTOK MOCJe PEruCTpaliy IOABEPraics Iporpam-
MHOMY aHaJM3y C TOCJIEAYIOIIUM BBIBOJAOM PaclpeAeNieHHOW B PeaJbHOM Bpe-
MEHH IIpe- U MOCTCTUMYIbHON CIaiikoBOM aKTUBHOCTH €IMHUYHBIX HEHPOHOB U
MOCTPOECHHBIX HAa WX OCHOBE THCTOTPaMM CyMMBI cHaiikoB (pa3padotunk B.C.
Kawmenenkuit). Mop¢dorucToxuMuieckrie UCCiIea0BaHusl TPOBOAUIKICEH 10 METO-
1y onpenenenus aktusHocTH Ca'’- 3aBucuMoit kucoii pocdaraser (KD) [4],
OCHOBaHHOMY Ha BBIIBICHHH BHYTPHKJIETOUHBIX (hocdopconepikalux coemau-
HEHMH, 3aHUMAIOIINX KIIFOYEBble MO3UIMH B OOMEHHBIX SHEPTeTHYECKUX MpO-
neccax.

Pesyabratsl 1 ux oocy:kaenue. Ha nonepeyHoM paspes3e cpeqHero Mosra
WHTAKTHBIX KPBIC, MKy METIEBBIM CJIOEM U OCHOBAHHEM, Ha4WHAs C YPOBHS
HI)KHHX XOJIMOB BBIJICTISIETCS UEPHOE BEIeCTBO (puc. 1, a), OTHOCSIIIeecs K 3KC-
TpanmupaMuIHON cucteme. UepHas cyOCTaHLMS, SIBISSICH (PHIIOr€HETHYECKH J10-
BOJILHO JIPEBHUM OOpa3oBaHHEM, UMEET CIOXKHYIO CTPYKTYPY U OOMIIbHOE KpO-
BOCHaOXEeHHE, YTO T'OBOPUT O BBICOKOW POJHM €€ KOMIIOHEHTOB B CHCTEMeE
KOOPJIUHALIUY KHU3HEeITeNbHOCTH. OCHOBHON YaCThIO YEPHOH CYOCTaHIIUH 5IB-
JSIFOTCA HEUpOHBI, OoraTble MUTMEHTOM HedpomenaHuHoM. [lo momydeHHBIM
HaMH JaHHBIM OCaZoK (ocdara CBHHILA B BUAE TpaHy]d PaBHOMEPHO JIOKa-
JIM30BaH B LIUTOIUIa3ME MEPUKApUOHA, OKPYKAET CO BCEX CTOPOH CBETJIOOKpA-
LIEHHOE W LIEHTPAJIFHO PACION0KEHHOE SAPO U PACIIPOCTPAHACTCS B TOBOJIHLHO
JUIMHHBIX OTpOCTKax Helpona (puc.l, A). CpeqHue MyJIbTHIIONSIPHBIE HEHPOHBI
OTIMYAIOTCS MENKUMH TPaHyllaMH XpOMaTO(QHIHHOTO BEIECTBa LUTOILIA3MBIL.
B akcoHax HaOmronarTCA YepeAyIolIMecss Ha paBHOM PAcCTOSHUM CBETJIbIE U
TEMHbIE Y4YacTKH, YTO CO3JIaeT BIIEYATJICHWE IONEPEYHOH HCYEPUCHHOCTH
(puc.1, b). HepBHble KIeTkH CpeqHUX Pa3MEpOB OTIMYAIOTCS BEpeTeHOoOpas-
HOU WK YIUIMHEHHOW oTpocTyaToil popmoil. [1o nureparypHbIM TaHHBIM, M-
KHe HEWpOHBI Halle 3Be3quaToil GopMel, ¢ 0ojee MEIKUMH SIPBIIMIKAMH U
nudy3HBIM pacrpeneieHHeM XpoMaToQIbLHOTO BellecTBa HUTOIIa3Mbl. Cy-
LIECTBYET TECHAs CBS3b KJIETOYHBIX CTPYKTYP YEPHOI'O BEIIECTBA C KPOBEHOC-
HBIMH COCYAaMH, OTpaKalollas BBICOKHI YpOBEHb OOMEHHBIX IMPOLIECCOB B
sIIpe.

Nzyuenne Mop(}od yHKIIMOHATEHOTO COCTOSTHHSI YepPHON CyOCTaHIMK TIpU
5%-HOM 3TaHOJIBHON MHTOKCHKAIIMU MTOKAa3aJI0 HapyIlIeHnEe HEWPOapXUTEKTOHU-
KH B PaHHUE CPOKH ajKorojuzauuu (puc.l, B). YMenpmarorcs o6beM U yaenb-
Hasl TUIOTHOCTh HEHPOHOB. Y HEKOTOPBIX THIEPTPOPHPOBAHHBIX MIaApO0OOpas-
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HBIX KJIETOK, HAMIOMHMHAIOIIUX KIIETKH TE€HEW, OTCYTCTBYIOT OTPOCTKH, HaOJIk0-
JTaeTCsl CHIIBHO BBIPQKEHHBIM Xpomaronu3. Y 3THUX KIETOK ocaiok (ocdara
CBHUHIIA PACIIONOXKEH IMOJ] KJIETOYHOH MeMOpaHOW B BHJe Kojblia (13-3a Hera-
TUBHOH (ocdaTazHOl aKTUBHOCTH s1Jpa KIETOK HE BBIABIIOTCS). Berpevatrores
TaKkKe TOMOTEHHO OKpAaIlleHHbIE CMOPLICHHBIE HEHPOHBI, BOKPYT KOTOPBIX MMe-
FOTCSI IOTIEPEYHO Cpe3aHHbIE PACIIMPEHHBIE KPOBEHOCHBIE COCYIBL. Y HEKOTOPBIX
HEPOHOB B IUTOILIa3Me XpOMATOJM3 HaOJrojancs B pa3HOW CTENEHH BBIpa-
JKEHHOCTH: CerMEHTaPHBI, IEPUHYKIICAPHBIH 1 CYOTOTabHBIH.

Puc 1. Knerounble CTpyKTypbl YEPHOIO BEIECTBA UHTAKTHBIX (A,B) U skcrepumen-
tanbHbIX (B,I') kpblc. A,b: y MyIbTUIOISIPHBIX HEHPOHOB KPYIHBIX M CPEJHUX pa3-
MEPOB BBLAEIIOTCS LIEHTPAIbHO PACIOI0XKEHHBIE SIPa, PABHOMEPHO JIOKAIM30BAHHbIN
0CaJOK CBUHIIA U JUIMHHBIE OTPOCTKU. IIpu xpoHudeckol amxoromszauuu (B) 5%-HbM
9TAaHOJIOM BUJHBL: TMIEPTPOGUPOBaHHBIE MAPOOOPa3Hble KIETKU T€HU (YEPHbIE CTPEN-
K1), COXpaHUBIIUE (OPMY U OTPOCTKU KIETKH (Oeras CTpelika), JIUIIEHHbIE OTPOCTKOB
KJIeTKM (TOJIOBKM CTPENIOK) U paclIMpeHHble KanWuLIpbl (3Be3gouku). Ilox Bosmei-
crBueM 10%-Horo staHona (I') BUAHBL: BEPETEHOOOPa3HbIE 1erCHEPUPOBAHHBIE KIETKU
C HEUETKUMU KOHTYPaMH, BOKPYT' KOTOPBIX BbIIE/IAIOTCS TOMOI€HHO OKpa-IIEHHbIE SApa
NMaBHEIX Ki1eTok. Y Bemmuenue: 100 (a); 400 (A,B,I'); 1000 (b).

[Ipu BozneiictBum 10%-HOTO pacTBOpa 3TaHONA B TeueHHE 3-6 HEAENb y
TUNepTpoUPOBAHBIX MK e BEPETEHOOOPa3HBIX HEHPOHOB TEMHOOKpAIICHHBIN
KpYIHOTJIBIOUATHI 0caok dochata cBUHIIA HEPABHOMEPHO paclpe/iesieH Mo Te-
Ny KIIETKH, U3-3a Yero He MpOCMAaTPHUBAETCS TPaHUIA MEXIY TEJIOM U OTPOCT-
KaMH, a TakKe MeXAY sIpOM | muToria3Moi (puc.1, I'). B HekoTopeIx ciydasx
OT TeJl HEWPOHOB OTXOJIUT KOPOTKUM YTONIIEHHBIA OTPOCTOK. J[eHAPUTHI Hpen-
CTaBJIEHBI B BU/I€ KOPOTKHUX 00PYOKOB, COOTBETCTBYIOIIUX MECTY UX OTXOMKACHUS
ot tena. Cpenu 6ec)opMEHHBIX JlereHepUPOBAHHBIX HEHPOHOB YETKO BBIAEISI-
I0TCS spa TIMAIBHBIX KJIeTOK. Ha (oHe Takux IereHepupOBaHHBIX KJIETOK
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BBIJICTISIFOTCST TAKXKE HEHPOHBI, Y KOTOPBIX MPOCISKUBAIOTCS OTACIBHBIE OTPOC-
TKH, a UX DKTONUPOBAaHHBIE S/Ipa HHTEHCUBHO OKpatieHs! (puc. 1, I).

DKCTpakjIeTouyHOH perucrpauueid (GOHOBOW M BBI3BAHHOH CHAKOBOW ak-
TUBHOCTH OJMHOYHBIX HEWPOHOB yepHOro BemecTBa (SN) mpu paHHUX CpOKax
ANKOToJM3alK 5%-HBIM PacTBOPOM 3TaHOJNA BBISBIEHBI: BO30YIUTENbHbBIE OT-
Berbl Ha Bpemsi BUC Caudat putamen, BeIpakeHHble cuibHee B 8.26 pasa
(88.92:10.76 cnaiix/c) (puc. 2, A) u 4.83 paza (62.00:12.83 cmatik/c) (puc. 2, b),
a Ha MOCTCTUMYJIBbHBIA BpEMEHHOH OTpe3ok B 2.28 pasa (24.51:10.76 cnaiix/c)
(puc. 2, A) u 1.83 paza (18.21:9.93 cmaiix/c) (puc. 2, B). Topmo3HBIe OTBETHI Ha
Bpemsi BUC Caudat putamen BelpaxkeHbl cubHee B 2.48 pasa (9.93:4 cmaiix/c)
(puc. 2, B) u 3.08 paza (11.57:3.75 cmaiik/c) (puc.3, I'), a Ha MOCTCTUMYIbHBII
BpeMEeHHOH oTpe3ok B 2.6 pasza (12.83:4.94 cmaiik/c) (puc.2, b) u 2.55 paza
(11.57:4.54 cnatix/c) (puc.2, I'). Hons wueviponoB ¢ TII-IITIT u TII-TIT/
orBeramu cocraisieT 1o 38,7% (12 w3 31), a ¢ TH-IITII u TA-IIT/] orBeTamu
cocraisier 9.68% (3 u3 31) u 12.9% (4 u3 31) coorBerctBeHHO (puc.2, A-T).
[TayeyHbIi THI TEPUCTUMYIBHOTO CHAMKUHIa BCTpEeYaeTcs B HEHpPOHAX, MPOsB-
JISTFOIIMX KaK TOPMO3HBIE, TaKk U BO30yaAuTeIbHbIe OTBeTHI (puc.2, b-T).
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Puc. 2. IlepuctuMyibHblE THCTOIPaMMBbI CYMMBbI CIAHKOB, IOCTPOCHHBIE HA OCHOBE
aHa/lu3a CHaiKoBOWH aKTWBHOCTU HeHpoHOB Substantia nigra ¢ Bo30yauTeabHbIMU (A),
TII-IITA (B) u TA+IITII (B) 1 topmosusimu (I') orBeramu na BUC Caudat putamen B
rpynme «5%-Hblii 3TaHON 7 AHEN»; CHU3Y — AUAarpaMMbl CPEIHEH 4acTOThI CHAKKOB C
yka3aHueM HUGPOBBIX 3HAYEHHH cpefHel yacToThl (cHaiik/c) 1JIs JaHHOTO TUIlAa OTBE-
ToB B peasbHoM Bpemenu 20 ¢ 1o BUC (Mgg), 20 ¢ mociie BUC (Mpg) 1 Ha Bpemss BUC
B TeueHue 1 ¢ (Mrr); n — KOIMIECTBO HEHPOHOB, YACTOTA CIaiikoBOI aKTHBHOCTU KOTO-
PBIX YCpENHEHA Ha JJAHHOM AuarpaMmme.
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Puc. 3. IlepuctumMynbHBIE TUCTOrpaMMbl CyMMBI CHAiKOB, ITOCTPOCHHBIE Ha OCHOBE
aHa/IU3a CIAaiikoBOIl akTWBHOCTU HeHpPOHOB Substantia nigra ¢ TOpMO3HbIMU (A), BO3-
oynurensHbiMu (B) m THHIITII (B) orBeramu nHa BUC Caudat putamen B rpymmne
«10%-Hb1ii 3TaHON 4 HEneNM»; CHU3Y — AMarpaMMbl CpeJHEH 4acTOThl CIIAKOB C yKa-
3aHMeM LU(POBBIX 3HAYCHUI CpellHel 4acTOoThI (CraiK/c) /Ui 1aHHOTO THUIIA OTBETOB B
peansHoM Bpemenu 20 ¢ no BUC (Mgg), 20 ¢ mocne BUC (Mpg) 1 Ha Bpems BUC B Te-
yenne 1 ¢ (Mrr); n — KOJIMYECTBO HEHPOHOB, YAaCTOTA CIIAHKOBOM aKTUBHOCTU KOTOPBIX
yCpeAHeHa Ha AaHHOH nuarpamme. ['-E — nepucTuMyIbHBIN CAMKHMHT MHOT'O-KPaTHOTO
UCTIBITAaHUS €MHHIl ¢ MaYeYHOH aKTUBHOCTHIO. JK — MPOLEHTHOE J0JIEBOE COOTHOIIE-
HHUE HEHPOHOB C YKa3aHHBIM TUIIOM OTBETOB B Ipynnax «10%-Hblil 3TaHoN 4 Henenu» 1
«HOpMay.

Jns HefiponoB SN rpynmsl IpU CpeAHUX cpokax ankoroimzanuu 10%-
HBIM pacTBOPOM 3TaHONA XapaKTEepHbI: TOPMO3HbIE OTBETHl Ha Bpemsi BUC
Caudat putamen, BeipaxxeHHbIC B 2.5 pa3a cuibHee (5.92:2.36 cnaiik/c) (puc.3,
A) u 1.6 paza (9.39:5.82 cnaiik/c) (puc.3, B), a Takke c1ab0 BeIpaK€HHOE MOCT-
cTUMynbHOE Bo30yxkaeHue B 1.04 pasza (12.45:11.95 cmaiix/c) (puc.3, B) u 1.15
paza (11.22:9.39 cnaiix/c) (puc.3, B). IlaueuHwlii TUI NEPUCTUMYILHOTO
CHailKMHTa CO CTOMKMM BOCHPOM3BEJCHHEM JaHHOIO THIA OTBETa B MHOTO-
KpaTHBIX UCIBITAHUSAX BCTpEUaeTCs B HeWPOHAX, MPOSBIIOMINX KaK TOPMO3HBIE
(T', E), Tak u Bo3Oymurenbueie orBeTsl ([, E). B rpymme «10%-Hb1ii 3TaHoNn 4
Hemenu» aoneBoe cooTHomieHue HeiiponoB SN ¢ THA-IITH u TA-IITII ote-
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Tamu Tnpaktudecku opuHakoBoe, TII-IITJI oTBeTh OTCYTCTBYIOT, B TO BpeMms
KaK TakoBble B HOpMe cocTaBisiin 12.20% (puc.3, XK).

Y MHTaKTHBIX JKUBOTHBIX J0ieBoe cooTHouieHue Heiiponor SN ¢ T-TTT/]
(32 u3 90) u TA-IITII (30 u3 90) oTBeTaMu MpakTUUeCKH oguHaKoBoe (35.50 u
33.30% cootercrBenHo), TII-IITII orBers B HOpMe cocTaBmsuin 18,90% (17
u3 90) (puc.3, X). [1o BeIpaKEHHOCTH TOPMO3HBIE/BO30YIUTEIILHBIC OTBETHI
HE3HA4YUTENbHO NMPEBOCXOAT TaKOBbIE B maTosioruu. Tak, Ha Bpems BUC Cau-
dat putamen TOpMO3HBIE OTBETHI BBIpaXKeHHI CHIbHee B 6.9 paza (7.32:1.06
crnaiik/c) u 5 pasza (12.20:2.44 cnaiix/c), a Ha MOCTCTUMYJIbHOE Bpems B 1.8 pasa
(7.32:3.90 cnatix/c) u 2.1 pasza (5.06:2.37 cmaiik/c). Bo30yaurensHble OTBETHI
Ha Bpemss BUC Caudat putamen BelpaxkeHsl cuibHee B 2.28 paza (11.55:5.06
craiik/c) u 1.75 paza (11.52:6.60 cnaiik/c), a Ha TOCTCTUMYJBHBII BpeMEHHON
otpe3ok B 1.2 paza (14.64:12.20 cnaiik/c) u 1.93 paza (12.73:6.60 cnaiix/c).

CymiecTByeT TecHas W Hepas3pbIBHas Mopdonornyeckas U (HyHKIHOHAb-
Hasl CBSI3b MEXJY CTPOSHHEM KJIETOK M BOJIOKOH, a TaKKe OTACNbHBIMH HMX
CTPYKTypaMH, KOTOpast MPOSIBIIETCS B YCIOBUSAX HOPMAIbHOTO ()YHKIIMOHUPO-
BaHUS U NPHU Pa3IMYHBIX MATOJOTHYECKUX mpoueccax. [lo momydeHHBIM JaH-
HBIM, MOP(OTHCTOXUMHUYECKAsl KapTHHA HEHPOHOB YEPHOIO BEIECTBA Ha paH-
HHUX CpoKax 5%-HOH 3TaHOIBbHON MHTOKCHKAIMK BBISIBUIA U3MEHEHHS 10 TUIY
perporpagHoil nereHepanuy (MIEPBUYHOTO PAa3IpaKEHHUsT HEPBHOM KIICTKH).
OOBIYHO 3TO COCTOSIHUE SIBIISIETCSI OOPATUMBIM KJIETOYHBIM IMPOLIECCOM, OJHAKO
mpy OOJIBILION CHIIE TTATOJIOTUYECKOr0 BO3/ICHCTBUS STaHOIa OHO MOYKET MepeiTH
B e HeoOpaTtumble (POpMBI KJIETOYHON TaTONOTHH.

[pu cpennux cpokax 10%-Hoii aJIKOTOIU3AIMK HAOIOIACTCS 3HAYUTEIIbHAS
Heliponerenepaysa. Kpome Toro, mpu 3THX CpoKax MaTONOTHYECKHE CIABHTH B
HelipoHaxX 4epHOH CyOCTaHIMHU MPUBENH K PeaKlUH CaTeIUIMTHON HEeWpOriHH,
YTO COTJACYETCS C MPEACTABICHUSIMU O MOBBIIIEHUH aCTPOLIMTAPHONW aKTHBHOC-
TH 1071 BO3JEHUCTBUEM 3TaHOMA [5]. B naHHOM ciyyae, BO3MOXHO UMEET MECTO
3alMTHAS PEeAKIHs TTMAJBbHBIX KJIETOK 10 OTHOUIEHHUIO K HEWpOHaM, 4TO OTBe-
4aeT COBPEMEHHBIM IIPENCTABICHUSAM O CYIIECTBOBAHMM TECHOTO B3aMMOJEH-
CTBHSI MeXK]ly HEHpOHAMU U TTTHATbHBIMY KJIETKaMu. | Jnsl, KaK U3BECTHO, UTpa-
€T BaXXHYIO POJIb B BEDKMBAaHUH HEHPOHOB M BOBIIEKAETCS B PErYNIALUI0 HOHHO-
T'O COCTaBa OKPYXAIOILIEH Cpenbl, HEOOXOIUMOro i (PU3NOIOTHIECKON QyHK-
M HEWPOHOB [6].

AHanmu3 31eKTpOU3UOJIOTHIECKUX PE3YIbTATOB J1aeT OCHOBAaHHE 3aKIIIO-
YHUTh, YTO YCTAHOBJIEHHBIN B JaHHOM MATOJIOTHYECKOM COCTOSHUHU OajlaHC BO3-
OyIUTENbHBIX/TOPMO3HBIX OTBETOB, a TAK)KE CTEIIeHb BBIPAXKEHHOCTH OTBETOB
Ha BpeMsa BUC HanpaBineHb!l Ha afanTaTUBHOE MOAJEpKaHie akTUBHOCTH SN 3a
CYET IJIACTUYHOCTH CHHANTHYeCcKOoro anmnapaTa. HelipoH-acTpouuT curHanbHbIN
MyTh BBICTYNAET B KaUeCTBE HEOTHEMJIEMOW €IMHUIIBI, 0OCIY)KUBAIOIIEH MHO-
KECTBEHHOCTh M JUBEPCUPUIMPOBAHHOCTH (MHOT0000pasue) poneil. B xoneu-
HOM cyeTe, 3Ta MYNbTU( YHKIUOHAbHAS €AWHHIA CIIOCOOCTBYET AOCTHKEHUIO
OoraToro pasHooOpa3usi B HEHPOHAJBHOM TPAHCMHUCCHH, KOTOpas SBJISAETCS
(yHIaMeHTaJbHBIM acreKToM (yHKIUH Mo3ra [7].

! Uncrutyt dusuonoruu um. JI.A. Op6esm HAH PA
? Uncruryt Guoxuvun uM. I. X. Bynstsna HAH PA
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A. A. CaBasHn, B. A. YaBymisin, JI. P. I'esoprsn, C. C. AGpamsin

MopdorucroxumMuyeckoe 1 3JIeKTPOPU3HOJI0rHUecKoe HecaeJoBaHne
YepHOil CyOCTAHIIMM MO3Ta KPbICH NPH 3TAHOJIbHOH MHTOKCHKAIINA

BI)IS[BJ'IGHO, 4TO IIPHU PaHHUX CPOKaX AJIKOrOJIU3anunnu 5%-HBIM PacTBOPOM 3TaHOJA
HeﬁpOHBI ‘{epHOﬁ Cy6CTaHI_[I/II/I NOABCPraroTCsa N3MCHCHUIO 110 THUITY peTporpaz[Hoﬁ Jcre-
HEepanuu. Bo3sneiictBue 10%-Hor0 pacTBOpa d5TaHOJA BbI3BIBAJIO 3HAYUTCIIBHYIO Heﬁpo-
JACTCHCPAUIO U PEaKIUI0 CO CTOPOHBI IINH. Amnanu3 3J'I€KTpO(1)I/ISI/IOJ'IOFI/I‘{€CKI/IX pe3yiib-
TaTOB AA€T OCHOBAHUC 3aK/IIOYUTH, YTO ycTaHOBJ’IeHHBIfI B JJaHHOM IaTOJIOrH4€CKOM CO-
CTOSIHMH OaJiaHC BO36yZ[I/ITeJ'II>HI>IX/T0pMO3HI>IX OTBC€TOB, a4 TAKKE CTCIICHb BbIPAKCH-
HOCTH OTBCETOB HAIIPABJICHBI Ha aJallTATUBHOC ITOANCPKAHNC aKTUBHOCTH SN 3a cuer
IUTACTUYHOCTU CUHAIITUYCCKOTO alIiapara.

U. U. Uuuywiy, 9. U. Quunigjuly, L. [} @unpgyui, U. U. Uppwhwdjub

Unubtwnh mintnh substantia nigra-h utypnutkph Unpdnhhuinnphdhwlui b
htEynpudhqhnnghuju mumdtwuppmpiniup fpuinjuyht
htuunnpuhughuyh wuydwbtkpmd

Zwntwpkpjws k np 5% bpwunh jményph  dhongn] wnwgmgus wiljnhnjhquh
YJuwr) thnikpnud substantia nigra-h ubjpnuubkpp Bupwplynud Eu thnthnjunipiniitibph nk-
wnpnqpur nhqkikpughuyh mwppkpuyng: 10% tpwinih (nsnyph wqpkgnipjut wp-
myniipnid wnwowgh) b qquih ulpnpkqkubpughw b qihng: EiEjnpudphqhninghuljui
Jtpnismipjut wipynipubpp hhup Eu hwinhuwgl) bqpuljuguting, np nfju) whitnw-
putwljut wuydwtbpmyd hwunwnygus wpgbpulhy b npnhs wunwupwtnbph hwgu-
uwpulprmpiniup, psybu twb yunuupwiubph wpnwhwyndwb wunhgwip nin-
nyusd L substantia nigra-h wjnhynipjut hwpdwpynqujuwinipjut wwhywidwup® uh-
twyinhl] hwdwljupgh yjwunhynipjui thengny:

A. A. Savayan, V. A. Chavushyan, L. R. Gevorgyan,
S. S. Abrahamyan

Morphohistochemical and Electrophysiological Studies of Rats Brain
Substantia Nigra Neurons after Ethanol Intoxication

In the morphological experiments, it was revealed that the transformation of the
neurons in substantia nigra in the early stages of alcoholization by 5% ethanol solution
is of the retrograde degeneration type. Exposure to the 10% ethanol solution induced
significant neurodegeneration and gliosys. Electrophysiological analysis of the results
allows concluding that the established balance of the excitatory/inhibitory responses in
this pathological state, as well as degree of the responses expression, is aimed at adap-
tive maintaining of SN activity through the synaptic system plasticity.
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Yaen-koppecnonaeiT HAH PA JI. P. MaunsBesiH,
A. M. Hacosin, [I. O. Tep3sin

Cunanruyeckasi Opranu3anus BecTuOyasipHbIX apepeHTHBIX
BXO0/J0B B BeCTHOYJISIDHBIN fIePHbII KOMILJICKC JATYIIKH

(ITIpencrasneno 17/IV 2013)

KiroueBrble ciioBa: eecmubyisipHbiil s10epHblil KOMIIEKC, eCmubyIspHble
appepenmuvie 6x00bi.

BecruOynspusiit saepusiii komruieke (BSK) npencrasnser ueHTpaibHble
CTPYKTYPBI, HHTETPUPYIOILIUE CUT'HAJIBI, IIOCTYMAIOUINE U3 IJAOUPHUHTA, MO3KEU-
ka [1], cnuHHOrO MO3ra M PeTUKYyJspHOU (opmarmu [2] u pacnpenensromme
CBOE BIIMSHHUE HA Pa3jMYHblE ABUTATEbHBIC LEHTPHL. TeM CaMbIM MPOHCXOAUT
peryisiuus paBHOBECHS Tejla, ero OpUEHTAls B TPEXMEPHOM IIPOCTPAHCTBE H
MoJu(UKALUSA MBIIIEYHOTO TOHYca [3-6]. C 1eNblo JIydIIero mnpencTaBieHus
JeATENPHOCTH IIEHTPAIbHBIX BECTHOYISPHBIX CTPYKTYp Ba)KHO HCCIIENOBATh
(yHKIMOHAIIBHBIE OTHOLIEHHUS B LIEMH BECTUOYISPHBIN ammapar — OynbOapHbIi
BAK.

3T BOMPOCH AOCTATOYHO OCBEIEHBI Y MJIEKOMUTAIONINX, OJAHAKO Y HU3-
IIMX TT03BOHOYHBIX, KaK JIATYIIKA, HEOOXOAUMO UX OoJiee JeTalbHOE HCCIEI0-
BaHMHE.

B Hacrosmieii paboTe METOIOM BHYTPUKIECTOYHON PEruCTpaliy MOTEHIIH-
aJIOB MPOBENEHO MEKTPOPUIUONIOTHIECKOEe UCCIEeIOBAHUE CHHANITHYECKOH op-
raHu3alyy BecTuOynapHbix addepenTHoIx BxoaoB B BAK.

Martepuajbl 1 MeTOAbI. DKCIIEPUMEHTHI IIPOBEIEHBI HA 65 03€pHBIX JIsI-
rymkax (Rana ridibunda) o6oero mona mo onrcaHHOW paHee METOIMKE HU30JIH-
poBaHHOro nepdysupyeMoro mosra [7], KOTOPBIX TIyOOKO HApPKOTH3UPOBAIH
pactBopoM MS — 222 (2 mr/r) (3-aminobenzioc acid ethyl ester). BckpriBanach
TpyaHas KieTka W oOHaxanoch cepiue. Uepe3 ero xemyJo4eKk B YTy aopThl
BBOJIMJIACH KaHIOJIA C LENbIo Mepd y3un pacTBOpoM PuHrepa /i X0JI0ZHOKPOB-
HBIX, HachIeHHOro kapooreHoM (98% O, u 2% CO,). [TocpencTBoM KpaHUOTO-
MHUH OOHaxanach aopcainbHas obnactes BAK mpomonrosaroro mosra. Jmekrpu-
Yyeckoe paspakeHre nepenHeil BeTBU BECTUOYIISIPHOTO HepBa OCYIECTBILIOCH
MOCPEACTBOM BCACHIBAIOIIEr0 3JEKTPOAA, MPENCTABISIONIETO COOOH MOIYIO
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CTEKJITHHYIO MMUIIETKY C TUaAMETPOM KOHYHMKA 2 MM, BHYTPH KOTOPOH MOMelIeHa
cepeOpsiHasi IPOBOJIOKA, SBIIOIASACS MEPBBIM MOMrocoM. CHapyXH Ha KOHUUK
MIUIIETKU TaKKe HaMaThIBallach cepeOpsiHasl MPOBOJIOKA (BTOPOM MOJIOC). JMek-
TpUYECKOe pa3ipakeHHe BECTHOYISIPHOTO HEPBa OCYLIECTBIISUIOCH OAWHOYHBI-
MU NIPSIMOYTONBHBIMHU yAapaMu noctosiHaoro Toka (0.1 — 0.2 mc; 0.05 — 0.4 MA,
¢ gactoroii 0.3 I'm). C nenpio BHYTPUKIETOYHOTO OTBEAEHHS MOTEHIIUAIIOB HC-
MOJIb30BANMCh CTOUEHHBIE CTEKISTHHBIE MHUKPODJIEKTPOJbI, 3allONHEHHBIE pac-
TBOpoM 2 M numonHokucioro kamus i 3 M KCl ¢ conporuBnenuem 15 — 20
MQ. Tlpumensiicss KOMIBIOTEPHBINA aHANIN3 JAHHBIX.

PesyabTarbl u odcyxaeHue. BectuOymnspHple HEHPOHBI UAEHTUOUITUPO-
BAIMCh Ha OCHOBAaHMHM BO30YKIAIOUIMX IMOCTCUHANTHYECKHX IOTCHIHATIOB
(BIICII), Bo3HMKalOUIMX B OTBET Ha pa3ipakeHWe BecTHOYJsApHOro Hepsa. B
paHee MpOBEJIEHHBIX 3KcrepuMeHTax [16] B 48 HelipoHax 3JIEKTpUYECKOE pa3-
JpakeHHe MepefHell BETBU BECTHOYISPHOrO HepBa BBI3BIBAJIO XMMHUYECKH Iie-
penaBaeMble MOCTCHHANTHYECKHE TIOTSHIIMAIBI, BO3HUKAIOLIUE C JIATCHIUEH 10
3 mc. Bpemst BocxoxkaeHus Jenonspu3alun A0 nuka osuto 1.74 - 7.0 mc (B cp.
3.65 = 1.35 mc; n=19), anurenbHOCTH HUCXOASAIIEH (a3bl (IO MOJOBUHBI aM-
IUIMTYIBI) goxoamna 10 7.85 mc. CKpbIThINA Nepuoj U daza BOCXOKICHUS ITUX
BIICII ocraBamich MaJlOM3MEHEHHBIMU TIPU PA3IUYHBIX WHTEHCUBHOCTSIX CTH-
MYJISIIMA BecTuOymsipHoro Hepsa (puc. 1, b, 1, 2; puc. 3, A), uTo mano ocHo-
Banue npuyuciauth ganHeie BIICII kK MOHOCHHANITHYECKUM, a PETUCTPUPYEMEBIE
HEWPOHBI — K BECTUOYJSPHBIM HelipoHam BToporo mopsaka [10, 13, 14]. O6
3TOM CBUAETENILCTBYET TAK)KE OTBET ATHX HEHPOHOB Ha MAPHYIO CTUMYIISIHIO C
MEKHUMITYJIbCHBIM HHTepBanioM 10 mc (puc. 2, A, 1, 2; B, 1, 2). YBenuueHnue uH-
TEHCHBHOCTH CTUMYJISIIIMU MPUBOJWIO K MOSBICHUIO aHTUIPOMHBIX TOTEHIIU-
anoB aeticteus (I1/1) na ocnose BIICII (puc. 1, A, 1, 2).

B orBer Ha pasapakeHHe mepeaHel BEeTBH BECTHOYISAPHOTO HepBa ObLIH
3aperucTpupoBanbl xumudecku nepenaBaembie BIICII 61 neiipona ¢ Gonbrieit
BEIUYMHON U HECTAOMIIBHOCTBIO CKPBITHIX MEPUOJIOB, TI0 CPABHEHUIO C MOHOCH-
HANTUYECKUMH, B 3aBHCUMOCTH OT MHTEHCHBHOCTH CTHMYJSIHMU. YUYHTHIBas
BpeMmeHHble xapakTepucTuku 3Tux BIICII, MBI ycrnoBHO paspenwiu ux Ha 2
TpYIIbL AU- ¥ nojaucuHantudeckue (puc. 1, B, 1, 2; T, I, 2; puc 3, b). K Hum
Obutn mpuuucieHsl Te Helponsl BAK, y koropsix ckpeiTeiii mepuoa BIICIT
MIPEBBIIIAT 3 MC.

B nepsyro rpynny Bomu 42 HelpoHa, y KOTOPBIX B OTBET Ha pazipa-
KEHUEe BeCTHOYIApHOro Heppa Oblmm 3apeructpupoBansl BIICIT co ckpbeIThIM
nepuojioM B mipenenax 4.21 - 7 mc (B cp. 5.96 £ 0.14 mc; n=30), B 3aBUCUMOCTH
OT MHTEHCUBHOCTU cTumyisinuu (puc. 1, B, I, 2; puc. 3, b). JImutensHocTh (ha-
3Bl BOCXOJKJICHUsI JI0 MUKa Koyiebanack B npezaenax 1.47 - 4.08 mc (B cp. 2.38 +
0.77 mc; n=17). OO0Imas [IUTENbHOCTh MOTEHIMANIOB cocTarsiia 3.71 - 13.8 mc
(B cp. 9.77 £ 3.47 mc; n=18). YBenuueHue UHTEHCUBHOCTH CTUMYJISIIIUM TIPH-
Boauio K Bo3pacranuto amruintynasl BIICII, xoropast B cpeaHeM cocraBisiia
1.62 + 0.85 mMB (0.79 - 3.76 MB; n=14), u k BO3HUKHOBeHHIO Ha X ocHOBe I1]],
CO CKPBITBIM TiepuosioM 4.55 - 9.5 mc (B cp. 9.58 £ 2.25 mc; n=42) (puc. 1, B, I,
2; puc. 3, B). OTu HelipoHBI B OTBET Ha MAPHYIO CTUMYILILHIO C MEXCTUMYIb-
HBIM HHTepBajioM 30 MC Ha BTOpOH HUMIyIbC He oTBedasu (puc. 2, B, 1, 2).
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OnmcaHHble BpEMEHHbBIE XapaKTEPUCTUKK 3apETUCTPUPOBAHHBIX OTEHIMAIOB
YKa3bIBalOT HA JUCUHANTUYECKYIO IPUPOAY UX IIPOUCXOKICHUS.

A B
A
| ‘\" ‘\‘
‘ SB[ I smB|
| 2me I Zme
1- e
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10 MB
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Puc. 1. AHTHApOMHAS U CHHANTHYECKas aKTHBAIUs HEHPOHOB BECTHOYIPHOIO SAEPHOrO KOMII-
JIeKCA Ha pa3[paKeHUe UIICHIATEPAIbHOrO BECTUOYISIPHOTO HEpBa y JIATYIIKU. A, I, 2 — aHTH-
JIPOMHBIE TTIOTSHIMAIIBI ICHCTBUS IBYX HEHPOHOB IIPU CTPOTO MOPOrOBOM Pa3ApaKeHUH BeCTHOY-
nspHoro Hepsa. b, 1, 2 — mosO-, B, 1, 2 — nu-, I, I, 2 — nomucunantugeckue BIICII u morenmu-
aNbl IEWCTBUS Ha IpajJyabHOE yBEIMYCHHE WHTCHCUBHOCTH CTHMYJISILIMKA BECTHUOYISPHOTO HEp-
Ba. /I, / — aHTHAPOMHBIN, MOHO- ¥ AUCHHANTHYECKUH, /1, 2 — MOHO-, TN- U TIOJIMCHUHAITHYECKHI
OTBETHl HEHPOHOB BECTHOYJSIPHOTO SIIEPHOTO KOMIUIEKCA Ha CTHMYJSIIMIO BECTHUOYISPHOTO
HepBa.

B
In 20mMB
- : ‘\"\\ 2 Mc
‘\ 20mB|
| 3mc
v :
r
f 10MB|
2Mc
Qe m” b

Puc. 2. CuHanTH4YecKast akTHBANUs YEThIpeX HEHPOHOB BECTHOYISIPHOTO SAEPHOr0 KOMILIEKCA Ha
HapHOE pa3IpaKeHIEe UICUIATEPAIbHOTO BECTHOYIIIPHOTO HepBa Y JIATYIIKH. A, /, B, / — MoHO-,
B, I — mu-, I, I — nonucunanTuyeckue orBeThl. IlapHas cTuMymAIMs TeX xe HEHPOHOB € MEXHUM-
MyJbCHBIM uHTEpBaoM: A, 2, b, 2—10mc, B, 2-30wmc, I', 2—40 mc.
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Puc. 3. I'ucrorpamma pacnpenenenust MOHO- (A), mu- 1 noaucuHantuueckux BIICIT (B)
HEHPOHOB BECTHOYJSIPHOTO SA€PHOTr0 KOMILJIEKCA B OTBET HA pa3fpaKeHUEe HIICHIIaTe-
pasbHOro BeCTUOYIIsIpHOro HepBa. [IpepbIBUCTast TMHUS pa3/ieNsieT AU- U MOJMCHHAIITH-
yeckue oTBeThl. 110 ocu abeuuce — BpeMs (B Mc); 110 OCH OpAMHAT — KOJIMYECTBO HCCIIe-
JIOBaHHBIX HEHPOHOB (n).

Bo Bropyro rpynmy BxiroueHs! 111 HelipoHOB, BpeMEHHbBIE XapaKTEPUCTH-
KM KOTOPBIX OTIUYAIUCH ellle OONbIIeH BENMMYMHON 1 HECTA0MILHOCTBIO CKPBI-
THIX MEPUOJIOB B 3aBUCHMOCTH OT MHTEHCHUBHOCTH CTHUMYJSAIMU. K HUM Obln
npuyuciens! HelipoHsl BAK, ckpbIThIN eproa KOTOPBIX MPEBBIIIAN 7 MC U COC-
TaBisI B cpenHeM 9.79 £ 2.6 mc (7.12 — 18.4 mc; n=31). Jlannsie BIICIT umenn
¢a3y Bocxokaenus B mpenenax 1.99 - 3.87 mc (B cp. 2.56 £ 0.58 mc; n=20)
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(puc. 1, T, 1, 2; puc. 3, b). Ammnuryna onucannsix BIICII rpagyansHO MOBBI-
1Iajach Npu yBEJIMYEHUN HHTEHCUBHOCTH Pa3pa)kKeHUsl BECTUOYISPHOTO HepBa
u gocruraia B cpeaHem 2.2 + 1.45 mB (0.68 - 5.96 mB; n=17). danpHelimee
yBEJIMYEHNE UHTEHCUBHOCTH CTUMYIISIIIUM MPUBOAMIIO K MOSIBIIEHUIO Ha OCHOBE
stux BIICIT T1]] co ckpbiThiM niepuosioM B cpeaneM 14.2 &+ 3.92 mc (9.52 - 26.7
Mmc; n=111). O6mas anurensHocts BIICII Obta B mpeaenax 6 - 15 mc (B cp.
9.97 £ 2.5 mc; n=21). B oTBer Ha mapHOe pa3ApakeHHe ¢ MEXUMITYJILCHBIM HH-
TepBasioM 40 MC BbIIIEOTMEUEHHBIE HEMPOHBI HA BTOPOH UMITYJIbC HE OTBEYAIH
(puc. 2, I', 1, 2). BpemeHHbIe XapaKTepUCTHKH 3apeructpupoBanHbix BIICIT
yKa3bIBAIOT Ha UX MOJIMCUHANTUYECKOE IIPOUCXOXKICHHUE.

Brlmmeonvcansblie 11- U MOJMCHHANITHYECKUE OTBETHl OTBOAMIIUCH U3 BCEX
obmacreii BAK, B Gonpiiell cteneHy u3 J1aTepalbHOTO BECTHOYISPHOTO Sapa
(JIBA). OTr noNMCUHANITHYECKHE OTBETHI PEAIOIaraloT B3auMOoIeiCTBUE HEel-
POHOB B IpeAenax BeCTUOYISPHBIX s/I€p UIIM BOBJICUEHUE HEPBHBIX KPYIOB, OX-
BaTBIBAIOIINX JPYTHUE CTPYKTYpPHI CTBOJA Mo3ra [12].

B mponecce npoBeaeHnst UcciuenoBaHUN OBLITH 3aperuCTPUPOBAHBI BECTH-
OynsipHbIe HEWPOHBI, OHOBPEMEHHO OTBEYAIOLIME Ha pa3apakeHUe BeCTHOY-
JISIPHOT'O HEpBa aHTHAPOMHO, MOHO-, IU- U IOJMCcHHanTHaecku (puc. 1, /1, 1, 2).

Panee y 52 BectuOynsapHbix HelipoHoB cTumyisitms VIII HepBa npuBoaunita
K BO3HHKHOBEeHMIO aHTHAPOMHBIX I1JI. Tlocneanue xapakTepu3oBaIuch KOPOT-
KUM U QUKCHpOBaHHBIM CKPBITHIM mepuogoM 0.6 - 1.1 mc (B cp. 0.71 £ 0.14 mc;
n=52) (puc. 1, A, I, 2). Ilpu pa3snu4yHBIX MHTEHCUBHOCTIX Pa3IpaKeHUs OHH
OTIMYAIIUCH KOPOTKOH pedpaKTepHOCThIO, CIOCOOHOCTHIO BOCTIPOU3BOJUTD BBI-
COKOYACTOTHOE pazJpakeHue BECTUOYIApHOro HepBa. MUHMMaJbHOE ociabie-
HHE MHTEHCUBHOCTH Pa3/IpakKeHUsI HUXKE Mopora JUlsl akCOHA JTAHHOT'0 HellpoHa
BCeTa MPUBOIUIIO K Hcue3HoBeHHIo [1/] 6e3 kakux-1nbo Npu3HaKOB BOSHUKHO-
BEHUS IOCTCUHANTUYECKUX MOTEHIMaIoB. ONMcaHHbIEe aHTUIPOMHBIE TOTEHITU-
aJIbl MOIJIH OBITH CIICJICTBHEM BO30YXKJICHHSI aKCOHOB BECTHOYISPHBIX HEHPO-
HOB B cocrase VIII HepBa, HanpaBisomuxcs kK nadbupunry [9, 13, 14].

JIBS sBnsieTcss OCHOBHBIM HMCTOYHHMKOM BECTHOYIIO-CIIMHAJIBHOTO TPaKTa,
BOJIOKHA KOTOPOT'0 HUCXOASAT OunarepansHO (B OCHOBHOM, HIICHJIATEPalIbHO) B
COCTaBE BEHTPAJILHOI'O KaHaTHKa Ha BCEM NPOTSXKEHUH CIMHHOrO Mo3ra [6, 15,
16] u mpeacTaBiAOT ero Hanboiee BRIPAKEHHYIO CUCTEMY HHCXOMASALIUX BOJIO-
KOH [3]. V narymku, B OTIMYUE OT MJICKOMUTAIOIINX, BECTHOYIIO-CITUHAIBHBIE
BIIMsIHUS BbI3bIBAIOT MoHOcuHanTuaeckue BIICII Bo Bcex (iIeKCOPHBIX M 3KC-
TEH30pHBIX MOTOHEWPOHAX 3a/JHUX JIall U JUCHHANTUYECKHE TOPMO3HbIE TOCT-
CHHANTHUYECKUE MOTEHIMAJBl TOJBKO B €€ AKCTEH30PHBIX MOTOHEHpoHax [18].
Paznuunas QyHKUMOHANBHAS OpTraHU3alMs BECTUOYIO-CIUHAJIBHOW CHCTEMBI
KOIIKU U JIATYIIKKA MOXET OBITh 00YCIOBJIEHA TeM, YTO Y IIOCIEAHEH HOpMab-
Hasl 11032 3a/IHUX JIall He TpeOyeT aHTUTPaBUTALIMOHHOTO KCTEH30PHOTO TOHY-
ca, KaKk 3TO UMEEeT MeCTO y KoumKH [19], a BMECTO 3TOro aHTUTPaBUTALIMOHHYIO
(YHKIUIO B 3aHUX Janax BBINOJHAIOT (uekcopHseie MbImms! [18, 20], Toraa
KaK DKCTEH30PHBIE MBIIINBI YYacTBYIOT B pealH3aluu Mpbokka. [lomydeHHble
JIaHHBIE CBUIETEIBCTBYIOT O CXOJCTBE (DYHKIIMOHAIBHOW OpraHU3aIli BECTH-
OyJIO-CIIMHAIBHON CHCTEMBI JIATYIIEK C TAKOBOM MJICKOTIMTAOIIHX.

Wnctutyt dusuonoruu um. JI. A. Opbenu HAH PA
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A. M. Hacosin, 1. O. Tep3san

CuHanTuyeckasi OpraHu3anusi BecTHOYJISIpHBIX apepeHTHBIX BX00B
B BeCTHOYJISIPHBIN sIIePHBIN KOMILIEKC JATYIIKH

B skcnepuMeHnrax Ha npenapare nepdy3upyeMoro Mosra JITYIIKA ObLIM 3ape-
TUCTPUPOBaHbl BHYTPHKIIETOUHBIE IOTEHIIMAIbI HEHPOHOB BECTHOYISIPHOIO SIEPHOTO
xommuiekca (BSIK) B oTBer Ha pa3npakeHue UICUIIATEPaIbHOr0 BECTUOYIAPHOrO HEPBA.
Kpome paHee 3aperucTpUpOBAHHBIX MOHOCHUHANTHYECKUX IOTEHIMANOB BBIBICHO Ha-
IM4ue OU- U NoJMcUHanTudeckux. ITomyueHHble JaHHbIe CBUAETENbCTBYIOT O OOJBIIOM
CXOZICTBE (PYHKIMOHAIBHOI OpraHu3aluy BecTuOyIapHbIX BXonoB B BAK y marymku u
6oree BBICIINX IO3BOHOUHBIX, B TOM UHUCJIE MIEKOIUTAIOLIKX.

22 QUU. pypulhg wigud L. [} Uwidbjub,
U. U. Luunjul, 3. O. Bhpquut

Qnpunbph winuwunwluyh Yophquyh hwiwlupqg wiguwunwljughb
wddtipkinn Ununptph vhtwwnhl Yuquuwlbpuynidp

Gnpnh yhipdniqugynn nintinh ywphywpwnh Ypu junmupus thnpdbkpnud gpuat-
gyty Eu winuwunwluyhtt Ynphquyhtt hwdwlwupgh (U42) bpnuubph tbppeowyhit wn-
nkughujibpp' h yuwwnwuhwub hwdwlnndwh winuwunwljuyght byjupnh qpgpdw: Fw-
gh qun gpuigjws dnunuhttwwyunhl wnonbiughwiubphg, hwpunbwpbpyly t twlb gh- b
wnjhuhtwywnhly wnunbighwjutph wejumpni: Unwgdus wdyutbpt niuba U422
wiunuunwlughtt Ununpbph  $niuljghntiw] juquuljbpydwb guwn kS tdwimpim
gnpubph b unftjh pupdp nywow punpibph, wyy pymu’ jupwuntbibph don:

Corresponding member of NAS RA L. R. Manvelyan,
A. M. Nasoyan, D. O. Terzyan

Synaptic Organization of the Vestibular Afferent Inputs
in the Vestibular Nuclear Complex of Frogs

In experiments on the perfused frog brainstem intracellular potentials of neurons of
the vestibular nuclear complex (VNC) in response to stimulation of ipsilateral vestibu-
lar nerve were recorded. It was revealed the presence of di- and polysynaptic potentials
besides the earlier registrated monosynaptic potentials. These data have a great simi-
larity of functional organization of vestibular inputs in VNC in frog and higher ver-
tebrates, including mammals.
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