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MATEMATHKA
YK 517.518
Axapmemux A. b. Hepcecan, P. I'. Bapxyaapsau

YckopeHMe CXOZUMOCTH Pa3IOXKEHU 0 COOCTBEHHBIM (PYHKIIUAM OFHOM
MO/IeIBHOM KpaeBo¥i 337ja4¥ C pasphIBHEIM K03GbdUITeHTOM

(ITpencraBneno 15/VI 2005)

Kimouessle cioBa: xpaeBsie 3a4a4YH, YCKOPEHHAA CXOZHMOCTS, Pa3TOXKEHHA IT0 COOCTBEHHBIM
QYVHKIHAM

1. Beegenne. Xopouro u3BecTHO, 4TO Kiaccuueckuit psap Pypoee Ha orpeske [a,b], —0 < a < b < oo,
CXOJLUTCS MeJJIEHHO, ecIu pasjiaraemas QyHkuus f(x), mpogomkeHHas Ha BCIO AeICTBUTEIBHYIO OCh
(b — a)-mepuomuyecku, He 06JaZaeT AOCTATOYHOM TIAAKOCTBIO. DTO IIPeXJe BCETO OTHOCHUTCA K
KyCOYHO-TJIAAKUM PYHKIIHAM.

Pemenue mpaxkTuyecky BaXXHOM IIPOGIeMbI YCKOPEHUS CXOLMMOCTY Pa3IOKeHUN TaKUX QYHKITUH
B pas Qypse, - mo-Buzumomy, Buepsble, - mpegioxmit A. KpsuioB B 1907 r. (cm. [1]). Hawano
CHCTeMaTH49eCKOMY OOOCHOBAHHIO TAaKOTO IOAXOAa Iojoxuiaa B 1964 r. pabora Jlanmoma [2] (cm.
taxke [3-7]). IlpakTudyecku sddeKTHBHbIE aJITOPUTMBI OBLIM pa3paboTaHbI 3a mociaenHue 15 et
ryaBHBIM o6pasoM B paborax K. Dxroda u /[I. ['orrauba ¢ coaBropamu (cM., Hampumep, [8,9]). Oror
nozxoy, (anroputm) HazoBéM KEI'-metomom.

B pa6ote [13] 6su1 pa3paboTaH APYrod, HEIWHEHHBIH MeTOH YCKOPEHHSA CXOAUMOCTH PALOB
Oypbe, OCHOBaHHBIM Ha IIPUMEHEHHWM aIllPOKCHMAHTOB IlaZe K acCHUMITOTHYECKOMY PpARY
K03 HUIMEeHTOB, YTO MpHUBEJO K eme Oosee TOYHBIM U YCTOMYMBBIM  aJIrOPUTMaM
(xBasunonuuomuansubil (QP) meroxm). K Tomy e craso BO3MOXHBIM 3(@EKTUBHO BBIABIATH
KosiebaHUs TPOU3BOJIBHOM YAaCTOTHI (B TOM YHCJIE 3aTyXalol[ye MM HapacTalollue), SBISIOLUIUECS
"CKpBITBIMU" KOMIIOHEHTaMH pa3jlaraeMoil QyHKIIUH.

Huxe mnpuBomsaTcs HEKOTOpBle TeOpeTHYeCKHWe OLEHKM U sABHble (OPMYJIBI, CBA3aHHbBIE C
IIOCIeIHUM IIOAXOZOM, B IPUMEHEHUH K KpaeBOi 3ajade 1y Ipocreiiniero nuddepeHIaIbHOTO
ypaBHEHU C Pa3phIBHBIM K03 duirreHTOM.

OTMeTuM, YTO M3Y4YeHHIO 33/a4 IOJOOHOTO THUIA, - C TOUYKHU 3PEHMS BBIYMCIEHUS COOCTBEHHBIX
3HAYeHUH U COOCTBEHHBIX QYHKIIUI, - TOCBAIeHa paboTa [4].

2. Tlocramoeka 3agaun. PaccMoTpuM KpaeBylo 3azaqy

du
i—=e(Ex)u(x), (1)
dx

u(=1) = u(1), )

rne & e (-1,1),b e R*



(1, xe(-1,8)

§(5%) = %L b2, x € [E1).

Jlerko BumeTh, YTO COOCTBEHHbIE 3HAYEHUI STOM 3aaYX UMEIOT SIBHBIM BH] kk =—mnk, rnek € Zu

n= [(2n)/(l+§+b2(l—§))], a cucrema coGcTBeHHBIX GyHKUMi {§} cepyromast:

n.
|(_emn(1+x), x e [-1,€&]
(I)H(X) _ % 21
| M 2
L_einn(1+§+b (x-€)) x e (&1].
27 ’

CucreMa coO6CTBeHHBIX QYHKIMI COIPIKEHHON 3a7a9y UMeeT BUT

[e+inn(1+x)’ x € [-1, €]
V(30 = 4 )
Lb2e+inn(1+§+b (X—E)), x € (&,1].

BBezmem oGo3HaueHMsA

= v = [fOv_ 6 dx,

k k
SO e
A= =9, B= ——— W0 -0),
b2k b2k
Jlemma 1. Ilycrsf € CI! ma Kaxgom u3 orpesros [—1,E],[E,1]. Torza

q e—inn(l+§)Bk q Ak

fn :Z _ Z + Fn,

o (o o (i)
rge
1 1 fq+1
F = Jr iwn(xjdx.
(inn)( @D 7 -1 g %)@ D
JoKkasaTenbCTBO.
r & &
f =Evy) 7 f)w (@ dt:J fx)w & dx+J fx)w () de =
-1 -1 g
e :

J

I/IHTEI‘PI/IPY}I IIocjaeaHre€ MHTETPaIbI II0 9aCTAM, IIOJTyIHUM >KejlaeMbIi pesyIbTar.

fx)e a4 b2 Jr e (14D (8 gy
-1 &

Ham nonazo6uTCs TakxKe ciaemyomas

)

(10)



Jlemma 2 [13]. ycrs {a S },s=1,..,9,1<q< o, - HEKOTOpPOE KOHETHOE MHOXKECTBO
KOMITJTEKCHBIX yrceT H Y C {ocs } - mogmHOMXKECTBO LjeTbIX YHCET (BO3MOXHO, IycToe). Torga

CIIpaBeA/IHBa opmyia

S CVTeMeplink _ oy p@espinm
1 _ . Hs
N | HETIEE r=1 "~ sin (mz) [y (z — o)
ke ¥
rze {BS},(S =1, ..., Q) - MHOXeCTBO ITOIOXXHTEIBHBIX IJE/IFIX THCET, P(Z) - MHOTOYIEH CTEIIEHH HE

BBIIIE Zg:l Bs—l H IPHHATO 0003HAYEHHE xt= x+1)(mod2)—-1,-1< xF<1.

3. IIpusenem kpatkoe onucanne ananora KEI'-merona (Huke, B mpumMeHeHuu k cucteme (3), ero
OyzneM Ha3bIBaTh A-METOOM) B cilydae, korja f € C*! Ha kamom u3 orpeskos [—1,E],[E,1].
Hcnone3ys nemmsl 1 1 2, MOkHO nipeAcTaBUTh GyHKIUIO f B Buae (n = [(2n)/(l+E_,+b2(1—é';))])

f(x) = P(x) + Q(x) + F(x), (11)
rac
q inz /(7)) Ju(x)+1)*
AL elnz ([(M)/(m)]o(x)+1)
PE=Y Res , (12)
k=0 2(i1’])k+l sin(rcz)zk—’_l
q : IRTNRLS:
nBy ez ([(M/(m)](u(x)-E-1)+1)
Q(x) =Z Hes (13)
ko 2k sin(rz) X1
b2+ 1
v(x) =1+ xe(£,x) + ; E(e(&,x) — 1). (14)
b2 1

Ouesnno (cm. (8)), koo uimentsr Pypoe {F } Gpynkuun F(x) uMeroT nopsanok yOosiBaHus, paBHBbIH,

10 MEHBIIEN MeEpE, O(N_q_l), N — oo. Otcrona cienyer, 4To annpoKCUMalMOHHas popMyIia
N

Snq(®) = P(x) +Q(x) + Z F 6,(%) (15)
n=—N

cxoauTes (B paBHOMEPHOM MeTpHKe) K f co ckopocThio mopsaka o(NY), N — oo,
4. Ilepexons k onucanuio aHanora meroaa QP (Humxke Oyzem ero Ha3piBaTh B-MeTO10M), paccMOTpUM

KOHEYHBIE MOCIIE0BATENLHOCTH KOMILIEKCHBIX uncen 8= {8}, A = (A )Y, p 2 1u 0603HaUMM

AD(A.B) = Ay,  AL(A8) = ATN(A,0) +6,A(A0), k21 (16)

Ecmu k <0, To mpumem A (4,8) = 0.
Jlemma 3. I1ycmo f € CI™ wa kaowoom uz ompesrog [—1,E], [€,1]um € N, m <q. Tozoa f, =

B, +0Q,,20e



o —1t Eke—iﬂn —1'r|n tn E'k"ﬂ" (B Er"j

Q=2 = ;
1 % ! A
1T

= Ay .\ 1 Eik.ﬂ. (j-‘L =y
=3 Gy (mn)‘i‘“‘“kln [1__]’ ()

o —tn+H

(1M = l—[

_ emn(lH m gyl (E, ¥

P, =- —> 1[1_;

anm T 5 e

g~y e, 1 “ia, 2
-1+ Z

4 ) * (nn) B
1- k=q-m+ k=1 1-_5
imn HG imn

q m .
1 AR A8 |

mofq_ E'; k=g-ra+l 'i”'lnj'kﬂ v (18)
s=1 inn

1 ( 1 fq+1(X)

F:

n

\un(x)dx. (19)
(inn)(@™D J 1 g(£,x)@D)

Jloka3zaresbcTBO. HeTpy1HO IPOBEPUTH ClIEAYIOIIEE TOKIECTBO (X # _91—1):
Ag—Ay X" 1 a

q q—m
Z Axk=x a1, + Z (A + 0,4, XK (20)

1+60,x
k=q-m+1 1+0,x ! k=q-m+1

[Tocie m-kpaTHOrO MPUMEHEHUS TOTO e MpeodpazoBaHus MpUIEM K popmyiie

q ﬁ.klﬁ mo g Akl
Z ﬁkK __qu+lzn '::' +x kq'::' +

i+
st (1+6,x) i oo (1+ 8,x)

. AREE we {-o70)
l_[klll"'e %= qzm+1 ) ) 21)
Jloka3aTenbCTBO 3aBEPIIAETCs, €CIU TTIaBHYIO YacTh GopMyIsl (7) pa3aenuM Ha YEThIPE CYMMBI
g, L hulltp gom -muilHip q-m

d A A

_ ko k £ ko k
Bs > T > St > 7 T Ehe

k=g-m+ (A7) k=q—ra+ (M1 k=0 fimn) k=0 (1M

¥ IpUMEHUM TipeoOpa3oBanue (21) K mepBbIM JBYM CllaraeMbIM, C 3aMEHOU X Ha (inn)_l.
W3 nemm 2 u 3 crienyet, 4to pyHKIUIO f MOKHO NIPEJCTaBUTh B BHJIE

) = Qw +PR, O = DO a&, Pw-= D 4m,

n=—m n=-u

rue @:x) - KBA3HUIIOJMHOM, T.€. KOHEYHas JIMHeHHas KoMOuHaIms GyHKuui Buga b(x)e® X, rae b(x)



! "
MHorousieH, ¢ = (const) € C. Ecnu sxe BekTopsl 0 1 0 omnpeaenurs U3 cCUcTeM

ARCABY =0, k=g-m+1,...,4q (22)

AFEB.BN =0, k=q-m+1,...q (23)

To P(X) craneT q pa3 HenpepbIBHO nu(hepeHIupyeMoii Ha AeUCTBUTEIBLHON OCH U 2-TIEPUOINIECKOM
¢dynkueit. B aTom ciydae anmpokcuManuonHas Gopmyia

. _u
S @ = Q)+ D Py A (24)

n=—H

cxomutes K f co ckopoctero mopsigka o(N~9), N — oo. [To cyTH, Mbl IPUMEHUINA K aCUMITOTUYECKHM

CTENIEHHBIM (T10 Z = (inn)_l) psaam (7) annpokcumanuu [lage mopsnaka [(q — m)/m] (cm. [14]).

5. B cinyuae, korna b = 1, Ham psaa mpeBpamiaeTcss B OOBIKHOBEHHBIM psin Dypbe, a KyCOUHO-
KBa3HUIOJIMHOMUANBHBIE QYyHKIUU P(X) m Q(X) cTaHOBSATCS 00OOIIEHHBIMHU IMOJMHOMaMH bepHym.
Takum oOpazom, meron A sBmsercs ob6o6menuem KEI'-meroma u, cooTBeTcTBeHHO, MeTon B -
o6o6mennem QP-merona.

s Toro utoObl u3yyaemblid psia Gyskuuu f cxomumcs "Xopomio", T0CTaTOYHO MOTPEOOBaTh, YTOOBI
¢yskuus f, npoaomKeHHast Ha BCIO ICUCTBUTEIBHYIO OCh 2-IIEPUOANYECKH, OblJIa JOCTATOYHO TJIAJAKON
(kpome Touek 2n — 1 u & + 2n, rne n € Z) 1 4roObl B ToUkax X =2n— lux =& + 2n, n € Z,
BBITIOJTHSUTHCH paBeHCTBa [(f (k)(x+0))/(b2k)] =f (k)(x -0),k=0,1,..q.

6. UncneHHbie HKCIIEPUMEHTHI MPOBEACHBI HAa KOMITbIOTEpE ¢ mporieccopoM Pentium 4, S12MB RAM,
¢ npuMeHeHnueM kommnbroTepHoi cucteMbl MATHEMATICA [15]. s miumrocTpaniiy CBOMCTB METOJOB
A u B paccMoTpuM crenyroniyto GyHKIHUIO:

(Sin(3x+ 1), xel[-1,1/3)

— 1
60 =1 — x e [1/3.1]. )

-lg(errox)

-lg{exrox)
- - 12 -
12 24 i
10 3
8
m=4 i A _
q:'f 4 E;g

80 100

40 60 80 100

JlecsTudaHbIe TorapuMbl 0OpaTHBIX BEIUYUH PAaBHOMEPHBIX
omnOoK npu anmpokcumarmu pyakmmn (25) (b =2, & = 1/3]).

Ha pucyske yka3aHbl OpSIKHA PaBHOMEPHBIX OIIMOOK MPH anmnpoKcUMaluy GyHKUIuH (25) MmeTogamMu
A n B nng pasnnunbix 3HaueHuid N. JIeBbI pUCYHOK COOTBETCTBYET ciyyaro = 5, m = 3, mpaBbli -
ciayyaio q =7, m =4.

Ha stux nmpmMepax Xopomo NpOCMaTpUBAETCS SBHOE IPEMMYINECTBO B-MeTrona Kak B CMbICIE



TOYHOCTH, TaK ¥ B CMBICJI€ YCTOMUMBOCTU K HAKOIUIEHUIO OLIMOOK.

OTH U OpyTue pe3ysbTaThl XOPOIIO COINIACYIOTCA € pe3yibratamMu pa®oThl [13] U MOTyT CiIy)XKHUTh
OCHOBAaHHEM /ISl PEKOMEHIAIMHM alroputMa B K mpakTHueckoMmy mpuMeHeHuto. [lpubnmkeHHbIe
CKa4KH A, B, MOTYT ObITh BBIYHCIICHBI 10 Koo puumentam {f }, |n| <N < oo ananoruuso padore [13].

HNuctutyt matematuku HAH PA
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Uljuntdpynu U. £. Ukpubuyul, [} 2. Fupjumnpupjui

uqunn gnpsulgm] Uh innbjught kqpuyht juimph® uthuljub $mblghubbpm
Jtpnusnput gnuquilhnmpjut wpuquglut duuh

Uphuunutipnud: munifwuhpijmd & Juqunn gnpduligny] Uh wjupquignye nhtipbghur
hwJuuwpudwt® ubthwut $nughwbpny Jbpnisnipiuit gnigulhnnipyut wpugqugdui
htnhpp: Unwowplws b wpuqugdut tpynt tnutajutp: Unwghtip Ftnunyhh puquwb-
nudutpny dniphth swpptiph wpuqugdut tnutuyh wiwyngu b Gpypnpn Eputayp twpalh-
umu wnwewpguws [13] tnutuh tdwbwlu b Upjuownutpmu ukpuyugdus Eu dninupldui
upuw h wuhdyinnunujui gouhuwinwijutiitp, hswbu tuh pyuyghtt hnpdtwjuts wpgniuptbnp:

Academician A. Nersessian, R. Barkhudaryan

Convergence Acceleration of Decomposition by Eigenfunctions of a
Mode Boundary Value Problem with a Discontinuous Coefficient

We consider the convergence acceleration problem of a decomposition by eigenfunctions of a
simple model equation with non-smooth coefficient. Two acceleration methods are suggested. The
first is analog of well-known acceleration that uses Bernoulli polynomials. The second one is
analog of [13]. The comparison of these two methods are given. Numerical results and asymptotic

errors of corresponding approximations are presented.



MATEMATHKA
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A. B. Tlorocau

O6 opHo#t MMHEHHOH palOHAIEHO-TPUTOHOMETPHYECKOH NHTEPIIOJIAIIH
TIagxux GyHKIui

(IIpencraBneno akagemukoMm A.B. Hepcecsarom 11/111 2005)
KimoueBsle ciI0Ba: TpHIrOHOMETPHYECKAS HHTEPIIOJALHA, PALHOHAIBHAA AIIMTPOKCHMAIIHA, MHHHMH3ALHA OITHOKH

1. BoccranoBneHue riafkoi Ha koHeuHOM oTpeske [—1,1] dynxuunu f mo ee xoaddunuenram Pypse [1]
1 (1 _
fi== ) fxe™Xdx, n=0,%1,42, .. #N, N>1 1)
29 -1

WM TI0 ZUCKpeTHHIM Koabduimentam Pypse [2,3]

1 2k

f, = , In<N,N>1 )

2N+1

N
z fx e ™ X, x, =
IN+1
k=—N

mpaKTHu4ecKu Hea((eKTHBHO, eCIu pasjiaraeMas QyHKIIUA, IPOJO/DKEHHAI Ha BCIO YHCIOBYIO OCh 2-IIepUOSUYeCKH, He 061azaer
IOCTaTOYHOM I'JIaJKOCTBHIO.

OpHUM U3 METOZOB yCKOpeHUs cxoaumocTy psanos Oypee asigercs HenuHenHsi anropurm Oypee - Tage [4,5].

B mHacroameit pabore IpezjaraeTcs JIMHEHMHBIM MeTOZ, YCKOPEHHS CXOZUMOCTH KJIACCHYECKOH TPUTOHOMETPUYEeCKOH
VHTePIOIALNY, TaKKe OCHOBAaHHBIN Ha uuee Meroga Ilame. [lnf JONMOTHUTENIBHOTO YCKOPEHHS CXOLUMOCTH IIPUMEHSIETCS Tak
HasblBaeMas 'moHAi uHTepnonanus’ [6]. Msysaercs L,-CX0ZMMOCTb IIOTy9eHHBIX TapaMeTPHYeCKIX WHTepIoauuii. Pemaercs

3a/la4ya MUHHUMHU3AITUN L2—OH.II/I6KI/I C HaXOXIOeHHEM OIITHUMAa/JIbHBIX 3HAYEeHUH IIapaMeTpoB.

Paccmorpum dpopmyy

N -
fx) ~ I (£ x 0) = D a, (=), 3)
n=—HN

Mns onpepenenns Gynkuuit a_(x) morpeGyem, 4ro6sr Gopmy.ia (3) GbLIa TOYHOMN A1 CHCTEMBI (™) Ez_lﬂ-ﬂ U {p(®), (), roe
ein(N+1)x
ox) =e™*_g , -1<0<1. (4)
1+0e™
ITocte HECIOXKHBIX BEIYMCIEHUI Oy IUM
N e—iTENX _ ein(N+1)x eian _ e—in(N+1)x
IN(fv X, e) = Z fn eiﬂ:nx +0—————————— fN +0- fH_N. (5)
N 1 + 20cosmx + 02 1 + 20cosmx + 0%
3aMeTHUM, YTO BEIpa)XeHHE
N
IN(f, X, 0) = Z fn ei‘rcnx (6)
n=—N

SIBJISETCS KJIACCUYEeCKON TPUTOHOMETPUYECKOM NHTEPIIOIALUEN.
Teopema 1. Jnaf e C[-1,1] # moboro-1 < 6 < 1 gopuyna (5) nurepnorayrnonnas Ha ceru X, } (cm. (2)), r.e.



L (£ %, 0) = f(x), k| <N. @)

O
JloKa3aTebCTBO IPOBOSUTCS IPAMOII TPOBEPKOI.
2. Yepes || - || o6osnaumm HOpMy B mmpocTpascTse L,(-1,1)

(! 5. 12
= f(x)|°d
[I£1] k‘J-l [f(x)| X )
u s f € CY-1,1] o6osmaumm Ak(f) = f(k)(l) - f(k)(—l), k=0,...,q. Janee

0
-1)° 1
O (=) ' X<-, q20,
(x +5)3* 2

§=—00
IJie IITPUX y 3HAKA CYMMBI O3HAYaeT, YTO HYJIeBOH WIeH OTCYTCTBYeT. 3aMeTHM, 4TO

X — sinmx (-4
(IDO(X) = — u (I)q(x) =

CDO(q) ().
XSinmx q!

O1eHUM aCUMITOTUYECKOE TOBeIeHNe OUOKY RN(f, x, 0) = f(x) — IN(f, X, 0) B L2-METpI/IKe. Crauasa u3yyum ciaydaii 0 = 0.

Teopema 2. ITycrs f € CY[-1,1], £ ¢ L[-11],q>1 HA].(f) =0 g12j=0,...,q— 1. Torga

lim (2N -+ DIHR(E x 0 = A (D), ®)
N—oow
1 92+ ( 1/2 )12
c,=— | +) ®q2(x)dx |
ndt! K2q+1 0 )
JloKa3aTeIbCTBO HETIOCPEICTBEHHO CIeyeT U3 M3BECTHOTO aCHUMIITOTHYECKOr0 pasioxeHus Koahdunnentos Pypse
f,= + T £ e gy, )

2 (izn)d*! 2(inn)®t! -1
¢ ygeToM GOpMYJIBI

0

fy = z fn+s(2N+1)’ [n| < N. (10)
§=—00
PaccmotpuM Temeps cirydait 0 # 0.

Teopema 3. /Iycrsf € Cq+1[—1,1], f(q+2) e Ll[—l,l], q=1 HA].(f) =0,j=0,...,q-1. Torza g1a

T
0=1-—,1>0 (11)
N
HMeEeT MeCTO CAEAYIoIad ACHMIITOTHYECKaA OLJ€HKa.
. 1/2
lim NeD)FZR(E x, 0)] = A (D (12)
N—ow
rge A1 9Y€THHIX 3SHAaYeHHH
1 [ ( o | 1 | 2
Cqe=""| | — - eh@ (@ (1/2)+ 29|+

A J 12 | x4+ |

12 \ 172
L | (x) — e " shux)(@ (1/2) + 29 |
J o 9 q )



H I HEYETHBIX 3HA YeHHH q

Lo g1 |2
=1 e 2h(r) — (@, (1) + 29|+
th+l k 1/2 | Xq+l 2t
r1/2 | q+1 | 212
+ | d)q(x) +e ‘ch(2tx) —(CI)q+1(1/2) 29|
0 | 2t | )
JoxasarenscTBo. 11 N > T umeem
N-1
| . GN+1 | 2
IRNExO=2 3" [ § _ F - (1N —— (0"Ay(0) + 04 (O)] +
n=—N+1 1- 62 |
© 0" | 2
22 ) =N ——a @@ 0N 4
N | 1-92 |
2 ™ | 2
v2 ) I fn—(—l)H+N—2A_N(6)(6N+1+O_N)I : (13)
1-0
n=—oo

rae

AO)=fg+0fy  m A (0)= f_y+0fy.

C yaerom (10) u (9) moryuum (N — )

_ AOEDY (6@ q+18@-Ga+ D) A OCDY ¢+ D)

fy o —— | e e T (N,
2(imet (NTT 2 N g2 N

Orcroza st Y4eTHBIX  UMeeM

A B+ DEDN
A(0) = g+ 1) +oN 1%, N>, A (0)=A(0) (14)

22N + 1)T(im)a+!

U OJId HEYETHBIX

A O
AN(©) = L@+ oNTD), N, A (0)=—A(0). (15)

2N + 1)%+2(im)a*!

IMogcrasnas (14), (15) B (13), moxydum Tpe6GyeMoe.
AGcomoTHbIE KOHCTaHTHI Cq M Cg . B TEOpeMax 2, 3 xapaxtepusyior cxogumocts I (f, x, 8) mo Hopme || - ||. 3amermm, uTO

KOHCTaHTa C - 3aBHCHUT OT T ¥ €CTeCTBEHHO €€ MUHNMHU3NUPOBATH. COOTBETCTBYIOH.H/IE Ppe3ysIpTaThl, C TOYHOCTBIO 4O 3 3HAKOB IIOCJIe

xapakTepusyer KoddduuueHT 35bbeKTUBHOCTH ONTHMAaIbHON

>

3amATo#, mpencraBieHsl B Tabm. 1. OTHomenwue cq/cqT

HWHTEPIOJIANHY II0 CPABHEHHIO C KJIaCCUYeCKOM.

Tabamma 1

IIpubmirKeHHbIe 3HAYEHMU KOHCTAHT CqECqr

IIPH ONTHMAIPHOM 3HAa4eHHH IIapaMeTpa T



q 1 2 3 4 5 6
¢, [0.2372]0.1074]0.0627{/0.0345/0.0201(/0.0117

¢ 1(0.0434{|0.0122(/0.0079||0.0019|(0.0017/(0.0005
v |[1.8081|[2.4581|3.7303||4.3705//5.7525|16.2959
cq/c 55 || 88 || 79 || 18.1 | 11.8 || 23.4

Paccmorpum cirenyromuii mpuMep:
£(x) = (1 - x%)%sin(33 x - 0.5). (16)

Ha puc. 1 mokasaHo cpaBHeHHe pe3yJIbTaToB annpoxcumManny GyHkuy (16) KIacCHIecKoi TPUrOHOMETPUIECKOH
WHTepIIOoIALKel U ONTUMAIbHON pallioHaIbHOM nHTepronanueil. ONTUManbHble 3HAUSHIS TapaMeTpa T BEIOPAHbI COTIaCHO

tab. 1.
2 5p10-6 -~ Classic 16 Cla?sic
7 N\ Rational Rational
\
f/ \ ;s 1
\ |
/ A !
/ \ ; \ 12
.0207 \ ¥ il |
y \/ \ l\ }\
I / ; ~ ;
0.995 1 —_—_ - o = = .01

Puc. 1. I'paduxu dbyuxmit |RN(f, x, 0)|—(Classic), \RN(f, X, 0)|—(Rational) B
OKPeCTHOCTH TOYKHU X = 1 (cyieBa) u —10g10|RN(f, x, 0], —10g10|RN(f, x, 0)| B

nnuTepsae [0,0.01] (cnpasa) g N = 256.

3. 3ameTuM Temeph, YTO B MHTEPIIOJIAIUN IN(f, x, 0) ucronpsyrorcs sHauenus gynknuu f Troxsko B mHTepBase [2N/(2N + 1),2N/

(2N + 1)] u ommbka amIPOKCHMAlMK MaKCHMalbHAa BOIM3U KOHIIOB OTpe3ka. JIjd yMeHBIIEHHS 3TOM OMMOGKU MOXHO, CIemys
mogxoxy pabotsr [6] kK GyHKIMH
(2N+1 ) 2N 2N

f(x) = fl x|, xe[- ,
L 2N ) IN+1 2N+1

l,

[IPUMEHUTH UHTEPIIOIALUIO IN(f*, x, 0), rme sHaveHus f*(x) mpu [-(2N + 1)/2N,-1], [1,(2N + 1)/2N] ne ncnonssyrorcsa. Crenas

0GpaTHyIo 3aMeHy, IOy YNM TaK Ha3bIBAEMYIO MOIHYI0 nHTepnopanuio I (f, x, 0) na cern x; = [k/N]

* N - .
IN (£ x, 0) = Zf;: ol [ZN/2N+1)]x

n=—-N
o TNIZN/@N+T)Jx _ im(N+1)[2N/(2N+1)Jx SITNI2ZN/2N+1)Jx _ —im(N+1)[2N/(2N+1)]x
+0 fqu +8 . 17)
2N 2N
1 + 20cosnt x + 62 1 + 26cosm x + 02
2N+1 2N+1
PaccmoTpuM acHMITOTHYECKOE [TOBeieHNe OMINOKI RN*(f, x, 0) = f(x) — IN*(f, x, 0) o metpuxe || - ||. JJoxaszaTenbCTBO CIeyIOLIIX

IBYX TeOpeM HeIIOCPe[ICTBEHHO CJIeAyeT U3 JIETKO IIpoBepsaeMoii (GOpMyJIsI



IN+1 1 rl ( h | 2

IR (£ x, 0)]*= IR, O =— [ Ryl £,1- 0 ]| dh-
2N ANYo | U 2N+1 ]
Cetl (e e
_—J |RN|f,—1— ,0 ]| dh
INYo | 2N+1 )|
Teopema 4. [Tycrs f € CY[-1,1], f @D ¢ L[-11],q>1 PIAj(f) =0,j=0, ..., q~— 1. Torga umeer mecro gopmyra
lim N+ DRI x, 0)] = 1A (O, (18)
N—ow
rze
1
(2 0 25, )12
¢ 1% "2 0 L@Pan ),
[ q)
sintt| xh +— |
1 12 () (1 1o L 2)
)= ) sinn|xh+—|2'—dx—_J —dx.
nd 7o N Y LR x4+
Teopema 5. ITycrsf € Ca-1,1], £@ ¢ L[-11],q=1 HAj(f) =0,j=0,...,q-1. Torga g1z
T
O=1-—, 150 (19)
N
HMeeT MecTo gopmyia
lim (2N + 1)q+[1/2]HRN (£ x, 0)]| = C;,-: ‘Aq(f)‘, (20)

N—oowo

e

1
o _ (2 0 2., )12
o™ | e 2 0 4, ()Pdh

H V14 YeTHBIX ¢

hcos(rth/2)
I ()= (0) + (DY —————((q),
n9(4? + 7 h?)
A1 HECYETHBIX g

(q + 1)cos(nh/2)
1, () = [ () ~ (DD ——————gq s 1),
nq+1(4r2 + hz)

*
BILECB TakKXXe IlapaMeTp T OIpeneadaeTcai H3 YCJIOBHI MHHHMHU3AOWN KOHCTAHTBI Cq,.[. COOTBeTCTByIOIILI/Ie Ppe3ynbTaThl

.
IpeZcTaBIeHs! B TabI. 2. OTHOIeHNe cq/cq TTOKa3bIBaeT 3P GeKTUBHOCTD ITOJHOM MHTEPIOJAIINY II0 CPAaBHEHHIO C KIaCCHIeCKOMH

., * ., .
MHTEpIONALUel, a OTHOLIeHUe C_ , /€, ,TI0Ka3biBaeT 3(pHeKTUBHOCTD IIOTHON PAIMOHANBHOM MHTEPIIOSALMY 110 CPAaBHEHHUIO C
q,T 9T

PaluoHaNbHOM, rie T’ BIOpaH cornacHo Tabn. 1. Kak Buzum, nonHas nateprnonsuus s¢pdekTrBHa npu q < 3.
Ha puc. 2 moxasaHbl pesyJsbTaTsl alNpoKcuMmanuu GyHKiuu (16) mocpecTBOM palMOHAJBHOM M IIOJTHOM palMOHAIBHOM
HMHTEPIIOIAIMH.



Tabmuia 2

*

*
HpH6JIH)KeHHBIe 3HAYCHHUA KOHCTAHT Cq u ':q,t AT

orruMarbHbX T. [lapamerp T’ B34t coraacHo Tabi. 1

q 1 2 3 4 5 6

c 0.0737||0.1031{|0.0383|0.0342||0.0154/|0.0117

cq/cq 3.2 || 1.04 || 1.63 || 1.007 || 1.3 |[1.002

g ||0-0032|(0.0036(/0.0019)/0.0015|/0.0008(0.0005

T 2.6540||2.7268||4.2723||4.4243||6.0581//6.3139

Cyvftacl 136 ] 34 || 41 | 13 || 19 || 1

- Rational
irie? rd >

Full Rational [ \ !

1.r107

Puc. 2. |RN(f, X, 0)| u RN*(f, x, 0)| st N = 256 ¢ ontuManbHbIMU

mapamerpamu 0 = 1 — [(1)/N], B3gTbIMU 13 TabI. 1, 2.

V3 mpuBemeHHBIX M MHOTHX [JPYTHUX OKCIEPHUMEHTATIBHBIX pe3yJIbTATOB CjIefyeT, UTO PpAalMOHAAbHAS WHTEPIIOJIIINIL
3HAYUTEIBHO Gosee 3pdeKTUBHA II0 CPABHEHMUIO C KJIACCHYECKOH, a Ipu q < 3 IOJIHAad MHTepHONANu eme 6oree adpdeKxTHuBHA.

B 3aKJIDYeHVe OTMETHM, 4YTO OIITHUMAaJIbHbI€e 3HAYEeHUA napaMeTpa T B TH6J'I. 1 nu 2 HOJ'[y‘{eHI:I HPI/IMeHeHI/IeM CUCTEMBI
MATHEMATICA [7].

Pa6ota BrmosnHeHa B pamkax npoexra ISTC A-823.

WucruryT matematukun HAH PA
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Nnnply $mbghwiibph nughntig-Erwbim twsunhwljut
gdughtt Uninupljduit duuhn

Uohuunutipnid winwgwipljynid bt nuumdtiwuhpynud E nughntuny $niiyghwtitipny htinbpugng-
jughu: Zkinwgnindus | dninupludwt Ly -ujuuygp, b msgus L hudwyunuujout oyginhuhquaghugh
hutnhpp: Upgyniipubpp hudbdwundnud B puuujuit tnutlpmitwsuthuljut huiinbpuynjughuymy]
hpujwtugynn dninwupuwt htin: Ununwupjdut gnuqudhunnpjut jpugnighs wipugqugdui hudwp
Yhpumjmd £ wyuwgtu nydws, qphi» htunbpugnjuoghugh dbpnnp:

A. V. Poghosyan
On a Rational-Trigonometric Linear Interpolation of Smooth Functions
Rationa linear interpolation of smooth function is introduced and investigated. Exact formulae

for L,-error of interpolations are derived and optimization problem is solved. For additional
acceleration of convergence a so called full interpolation is applied.
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ITpemensHBIEe MHOXECTBA SKBUMOP(HBIX (PYHKITUI ITO MPOU3BOIBHBIM
KacaTeJIbHbIM HalpaBIeHUAM

(ITpencraBneno 6/V 2005)

KimioueBste ciioBa: mpezersHbIe MHOXECTBA, SKBHMOPQHSBIE QYHKI[HH, SKBHMOPGH3M, P-
ITOC/IEZ0BATETEHOCTD

B mHacrosme# paboTe IPOAODKEHO M3ydeHHEe TPAHUYHBIX CBOMCTB DKBHMOPGHBIX B eIMHUIHOM
kpyre ¢yHkumii [1] BJONBP IPOM3BOJBHBIX KacaTelIbHBIX IyTeil (cM. [2]); MCIONB3yIOTCA BCe
coZiepKauryecs TaM 0003HaYeHUS U OIIpele/IeHUs.

1. IIycts D : |z < 1 - eguHuaHSIH KpyT, [ : || = 1 - equHUYHAA OKPYKHOCTS, (2 - cdhepa Pumana. X.O.
Mexus ¢pyukuuio f: D — Q nassiBaer sxkBumMopdHOIt pyHkuueit, ecnu f ects xomnosunus f(z) = g(h
(z)) HexoTOpO#1 MepoMopdHOil byHKIuK g(z) B Kpyre D u sxBumopdusma h : D — D, T.e Takoro

-1
romeomoppusma kpyra D Ha cebs, uro h, h™~ paBHOMepHO HeNIpepHIBHBI OTHOCHUTEIHHO
rUIepOoINIeCcKO METPUKY e JUHUYIHOTO Kpyra [1].

i0 "
ITycte § = e € I'. [I17 mpou3BOIBHBIX [EeHCTBUTENbHBIX yucesx oL 1 ¢, 0 < o < o, q 2 0 HazoBeM

npaseim q-mryTem LY (E, g, o) Bcsakyto KpuByto, KOTOpas 3ajjaeTcs HerrpepbiHOM Ha [0;1) dynkimeii z =

z(t) co cBOMCTBAMU:
hm1 z(t) = &; |z(t) — €| < [1/2]; O < argz(t) < O + [(w)/6], argz(t) — O (MoHOTOHHO), Iput — 1 1
t—=

lim (1 — |z(t)])|argz(t) — 6] 97 = o,
t—=1

HazoBem mpaBeiM q*—nyTeM L+(§,q*,oc) IIPaBbIil -TIyTh, 334AIOUINICA YpaBHEHUEM
z=[1-a(e-0)2"].e® ¢e(0:;0+a VI

O6o3naunm uepes L (§, g, a) (L™ (&, q*, a)), 0 < a <, q >0 u HazoBeM JIeBBIM (-IIyTEM (q*—nyTeM)
o6pas mpasoro q-mytu L(§, g, o) (L*(E, q*, 0l)) IpU CUMMeTpuu oTHocuTeasHO pazuyca h(E,0) xpyra
D B rouxe § = e'® e I'. [IpaBsie u neBbIe q-IyTH (q*-l'Iy'TI/I) Ha30BeM (-IIyTSIMHU (q*-l'IYTHMI/I) L(E, q, o)
(L q’, o)) mm mpocro L(E, ) (LE )-

M mpoussonsHex o > 0, >0, q; 20, g, 20, 0 < & < [1/2] nasosem (q;,q,)-yrrom ((ql,qz)*) B

touke & € ' u oGo3HauuM depes A(&,ql,qz,a,B,S) (A*(é,ql,qz,a,B,B)) WU TIPOCTO A(&,ql,qz) (A*



(§,9;,9y,)), ecan Hac He MHTepeCyIOT PasMephl BTOrO yrIia, mozoGmacTs Kpyra D, orpanudeHHylo

IBYMs Pa3HBIMU L(i,ql,oc) (L(&,ql*,oc)) u L(ci,qz,B) (L(&,qz*,B)) yTAMH (BO3MOXEH CIIydai q, = qz) u

OKPY>KHOCTBIO |z — &| = O, TIie O ZOCTATOYHO MaJIoe IIOJIOKHUTEIBHOE YUCIIO.

2. [Ina mpousBosnbHO# f : D — Q, mpousBosnbHO# Touku & € I u mponsBossHOrO MHOXKecTBa S < D,
IJIsT KOTOPOTO & sABIIseTCS NpezenbHOi TouKoi, mpegensHoe MHOXecTBO C(f, &, S) onpeznensercs kak
nepeceyeHye

C659)- O, eV, @ - e Dl 2] <xf x>0

r>0

yepTa - 3aMbIKaHUe MHOXeCTBa.
ITycts A - mpousBoIbHOE KOHEYHOE MHOXKECTBO HEOTPULIATENbHBIX ynces. [l mpousBonsHoii f: D
— Q 1ouky § € I' orHecem k mHOxectBY M, (f), ecin s mpoussonsHoro q-mytu L(E,q), q € A,

nmeem C(fE,L(E,q) = CEED) = Q. Touky & € I' orHecem k MHOXecTBY I A(f), ecau A
IIPOU3BOJIBHOTO (ql,qz)—yrﬂa A(&,ql,qz), 9,9, € A nmeem C(f,ci,A(ci,ql,qz)) = Q. Touky & € I' oTHecem
k muoxectBy P, (f), ecnn kaxnsrit g-myts L(E,q) comepxutr P-mocnenosarensrocts [3,4] gynkuun f
(z). Touxy & € I' orHecem x MHOXecTBY E A(f), eCcJIv I J1I000T0 (ql,qz)—yma A(&,ql,qz), 9,9, € A,
CIIpaBeIINBO C(f,é,A(é,ql,qz)) = C(f&,D). Touky & € I' oTHeceM K MHOXXECTBY T A(f), eCcJIu IJis1 TF000TO
q-nytu L(E,q), q € A, umeem C(f ,E, L(E, q)) = Q u xaxzgsrit q-nyts L(E,q), € A He comepxur HU
opHoit P-mocnenoparensroctu dyukiuu f(z). fcuHo, uro T AD L.

CrpaBesuBa ciiefyiomas TeopeMa, KOTopas ABIAeTCA yCHIeHreM TeopeMsI 1 u3 [5].
Teopema 1. /27 nponssorsros sxsumoppros B kpyre D @yurguuf: D — Q u 19 nponssoiasaOro
KOHEeYHOIr0 MHO)XeCTBa A HeoTpHIaTeIbHFIX IHCEI CIIPABEA/IMBO PA3/IOKEHHE

r=M,(Hul () UP,HUF,

rge ¥ - mHOXKECTBO mepBoti kKareropum Hal .
JoxazarenscrBo. [IycTs sxBumopdHad B D dynxkiusa f(z) umeer kaHoHMYecKoe mpescraBienue f = g

(h(@) n myers QUz) = (1 - h(@)) - [g'h@)] - (1 + [g(h(@)*)

Ipumerum Teopemy 3 u3 [2] k byrkumam £(z) n Q(z). [loryanm crenyromue pasioxeHus:
F=EA(f)uF1, F=EA(Qf)uF2,

e F1 u F2 - MHOXKeCTBa ItepBoii kKaTeropuu Ha ['. CiemoBarenpHO, ZoNOTHEeHNEe MHOXecTBa R A(f) =

E A(f) NE A(Qf) uMeet mepByio Kareroputo Ha I'. ITokaxem, 4To cripaBezmuBo BiroxeHHue R A(f) <M,



() VT ) UP, .
JleficTBUTEIFHO, B TPOU3BOIBHOM Touke & € R A(f) “MeeM CJIeZYIOlre YeThIpe BO3MOXHOCTH:
I. MHOXECTBO C(Qf, &, D) orpanuyeno u C(f, &, D) #
II. MmHOXECTBO C(QF &€, D) orpanuueno u C(f, &, D) = Q;
III. mHOXECTBO C(Qf, &, D) ue orpanuyeno u C(f, &, D) = Q;
IV. mHOXecTBO C(QF &, D) ue orpauuveno u C(f, &, D) # Q.
Ecm § e R A(f) u C(Qf, &, D) orpanudeno, To coriacHo teopeMe 2 u3 [2] nnaa kaxgoro q-myTtu L(E,

q), q € A, B TouKe & cIipaBesINBO

C(f, & L(& q)) = C(f, &, D).

[Tosromy B cirydae peanmsanuu Bo3MOXxHOCTH I, mmeem & € M A(f). Ecnu peanusyerca BO3MOXXHOCTb

I1, To cormacuo Teopemam 1 u 2 u3 [2] umeem § € I A(f). Ecmm g e R A(f) u C(Qf, €, D) ue orpanudeHo,

TO KaxapIit q-yth L(E, q), q € A, comepxxut P-nocnenosarensuocts dyukuuu f(z). CremoBaTensHo,
BO3MOXKHOCTH [V He MOXeT peasn30BaThcs, a pu peanusanuu Bo3MokHOCTH 11l mveem & € P A(f).

Teopema 1 mosmHOCTBIO IOKA3aHa.

3ameuanue. B ciryyae, korma A = {0} u f - skBumopdHas B D pynkius, Teopema 1 mokazana B pabote
[1], B cny4ae, xorza f - mepomopdnas B D dynxkius, oHa ycunusaer Teopemy 1 us [7], B ciydae,
korma A = { 0;1} u f - mepomopduas B D ynkumua, oma ycunausaer Teopemy 1 wu3 [8]. B
TOIIOJIOTUYECKHX IIPOCTPAHCTBAX CXOLHbIE TEOPEMBI 0Ka3aHsI B paborax [9-11].

W3 Teopemsr 4 u3 [2] u Teopems! 1 ciaenyert

Teopema 2. /[ i1 npomsponsHo#H sxBuMOp@HOH B Kpyre D @yrrkyuuf: D — Q) u g9 nponsposHOrO
KOHEYHOTO MHOXECTBA A HeOTpHI[aTeTbHBIX THCE CIPABEA/IIBO Pa3/TOKEHHE

LO=T,OUP,OUF,

rge ¥ - MHOXeCTBO 1epBo¥ KaTeropHzI.

3ameuanwue. B crygae, xorza f - mepomopdras 8 D pyrkumsa, Teopema 2 ycunuaer Teopemy 2 us3
[7], B cay4ae, xorga A = {0} u f - mepomopdnas B D ¢pyukius, oHa fokasaHa B [12].

4. CrpaBeyinBa ciieyIonas TeopeMa.

Teopema 3. /1 npomspoisHoH sxBuMOp@HOH B Kpyre D @yarkyuuf: D — Q) u g1g nponsposHOrO
KOHEYHOIo MHOXecTBa A HeoTpnyarensHbIX Yncex MHoxecrBo P, (f) umeer tnm Gy ral'.

JoxaszarenscrBo. OOo3HaumM uepe3 B = {OL]., Bk} MOCJIeIOBATEIFHOCTh BCEX IIOJIOXKUTEIBHBIX
palFIOHAIBHBIX IIap (ocj, B> o > 0, B, > 0 u Gyznem cumrars A = { q;}, q, = 0. IIycrs (oc]., B) €B,q; €
A, q, € Aunum,n=12,.,m=2.3,..., npousBoabHble GUKCHPOBaHHbIe yncaa. OO03HAYNM Uepe3

E - MHOXKeCTBO Takux Touek § € I, g xoropsix

n,m,j,k,i,r
Sup [Qf (z)] <m,



1
Z € A (a) ql’ qr) (x']$ Bk’ _)‘
m

[ToxakeM, 4TO CIIpaBe i TMBO Pa3IOKeHHUe:

1_‘\PA(f) = uEn,m,j,k,i,r' (1)

ITockonpky BroxkeHue UE c I'\P A(f) OYeBUJHO, TO [Jsi JOKa3aTeJIbCTBA OOPAaTHOTO

n,m,j,k,ir
BIIOXKEHHs IOy CTHM, 9TO & mpousBoibHas Touka MHoxecrsa ['\P , (f). Torma cormacso Teopeme 1 us
[2] moxHO Hafitn (q;,q,)-yron A(§,q;,9,); 4.y € A, B koropom C(QuE,A(E,q;,q,)) orpaHndeHo.
CremoBareTbHO, MOXXHO HAaWTH TaKOe HAaTypalxbHOe 4uciao N € N u Takoi (qi, qr)*—yron A*(ﬁ, qp 9> O

)
Bk, [1/m]) < A(E, Q> Q. oc]., Bk’ [1/m]), 99, € A, (ocj, Bk) € B,m > 2, m € N, npu KOTOpBIX B TOUKe &

nMeeM
Sup [Q(z)] <nm,
X 1
ze A, d;- 9, OL]., Bk’ —),
m
T.e. § € En,m,j,k,i,r' YrobbI AOKA3aTh, YTO KAXKA0E MHOXKECTBO En,m,j,k,i,r u3 (1) 3amMmkHyTO, FOIyCTHM,
uro & € E n,mj ki r ITockompky
. 1 . 1
AGyp % dp % B =) U A G gpq,ab,—),
m m
& € En,m,j,k,i,r
TO MHO>XeCTBa En,m,j,k,i,r 3aMKHYTHI ¥ TeopeMa 3 ZOKa3aHa.

3ameuanue. B crydae, korga A = {0} u f - sxBumopdHas B D byuxkius, reopema 3 moxaszana B [1], B
crydae, korga f - mepomopdHas B D pynkius, ona ycuiusaer Teopemy 3 u3 [7], B cryyae A = {0} u f -
MepomopdHas B D ¢pyHKuma, oHa fokazaHa B [12].

4. CrpaBeyinBa cireyronas

Teopema 4. /17 npomsporsHOH skBHMOpPHOH B D @yuxgum f: D — Q uw gug npownssoiasHOro
KOHeYHOro MHoxecrsa A HeoTpuyarensHsix aucex MHoxecrso M (f) mmeer cipyrxrypy M, (f) = G \F,

rge G c I' orkpsrroe muoxecrso, a ¥ - muoxecrso nepsori xkareropun u runaF _ #al'.

JoxazatenscrBo. O6o3uaunm yepe3 K(f) maoxxecTBO Takux touek & € I, gua xoropsrx C(f, &, D) #
Q. ITo onpegnenenuto K(f) - orkpsrToe MHOXKecTBO. [loKa’keM ClipaBeAIMBOCTH PaBEHCTBA



MA(f) = EA(f) M K(f)

lleticTBUTEIBHO, BIOXKeHUEe M A(f) cE A(f) N K(f) crenyer 3 onpenenenuii y4acTBYIOUIUX B HEM

MHOXecTB. OOpaTHOe BIOXeHHe CjefyeT Ha OCHOBAaHMU TeopeMsl 2 u3 [2]. 3aMeHsd Temepb
mHOxecTBO E ) (f) pasHocteio I'\F (cm. Teopemy 3 m3 [2]), rae F - MHOXecTBO IepBoii kaTeropuu u

THIIA FG, IIOJIyYUM yTBepXKAeHHe TeOPeMBI 4.

3ameuanwue. B ciryuae, korma A = {0} u f - sxBumopdHas B D dyHkius, Teopema 4 ycraHOBIEHA B
[1], B cayuae, xorga f - mepomopdnas B D dyukiusa, oHa ycunusaer TeopeMy 5 u3s [7], B ciydae,
xorzga A = {0} u f - mepomopdnas B D pyukuus, ona fokasana B [12].
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Uljuntdhlnu 9, U. Qupuput, U. U. Uhpqnjut

Eldhunpd $muyghwtibph vuhdwitught puqumpmutbpp juduguljub gnputhng
ninmpjnLtitpnny

Znripjudnd mdtnugymd E Eydhunpd [1] $mtghwibph huwdwp Ulgkph punhwtipuggus
ptnptdp ([5], ptnptd 1) dhudnp oppwtiugsh htn judwyujuan onpunhudwt fupg niitignn mnhutph
Epluytipny, htvwbu twb npymd o Ejdhunpd niujghwitiph vwhdwbaghtt puqunipeiniiibpny
Stjws My (f), P4 (f) puaqumpymbibph plm puagpbpp:

Academician V. S. Zakaryan, M. M. Mirzoyan
Cluster Sets of Equimor phic Functionsalong Arbitrary Tangential Directions
In this paper the Meier’s generalized theorem ([5], theorem 1) for equimorphic functions ([1]) is

strengthened along lines of arbitrary tangential order with unit circle, as well as the characteristics of
sets M, (f), P4(f) derived from equimorphic cluster sets are given.
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HcciemoBaHue TOYEYHOTO CIIEKTPa M 0OpaTHO# 3aa9y PaCCeTHU I
oneparopa llIrypma - JInyBusida c moTeHIamIoOM, UMEIOIMIUM OIIpeZieIeHHOe
IIOBeleHre Ha O€CKOHEeYHOCTH

(IIpencrasneno wir.-kop. HAH PA I''.T". I'eBopxsarom 15/VI 2005)

KimioueBste cioBa: crzexTp, o6parHas 3azaqa, JH@PepeHHaIbHFIH OIEPATOP, JAHHBIE PACCEAHHA,
COOCTBeHHAA PYHKI[HA

Paccmorpum Ha R = (—0, 00) guddepennuansayio onepamnuio / 3aganuyio dopmynoit Ay) = —=y'" +
qy, roe xoadduiueHT (IIOTEeHLIMANI) - BeleCTBeHHas u3MepuMas QYHKIUA OT [IepeMeHHOH X € R,
YIOBJIETBOPAIOIIAS yCIOBHUIO

0 o

J 1-x)lg()-aldx+ ) (1+x)q(x) —aldx <o

—0 0

+ . . 2
¢ HeKOTOpBIMU IocTOSHHBIME 2~ € R. [leficTByromuii B mpocrpanctse L™(R) omeparop L onpezmenum
cirepytomum obpasoM (cm. [1], ¢. 192). O6macts D onmpenenenus onmeparopa L cocrout us pyskumii y

€ LZ(R), HMeIONINX abCOTIOTHO HeIIpepBIBHbIE Ha KAXKAOM oTpeske [, B] < R mepssle mpousBosHbIe U

Ly) € LZ(R). HOngs y € D mo ompepenenuto monaraerca Ly = [y). Omeparop L saBuasercs
camoconpspkeHHBIM (cM. [2]).

O6o3HauuMm Hy= min{a*, a’}, Hoy = max{a’, a’}, My = 0.

Teopema 1. CobcrBernsre sHavenns omeparopa L (ecim TaxoBsre HMeEIOTCA) MPOCTHIE, JTE€XKAT B
wuHTEpBase (—o, “1) H HX YHCIO KOHEYHO.

B cryuae a' =a = 0 o6paTHas 3ajava paccesHus s omepatopa L pacemorpena JI. /I ®agmeessim
(cm. [3]; [4], c. 264-279), a ipu a* = a~ # 0 ;erko MPUBOJUTCS K YKA3aHHOMY Ciydato. [103TOMY MBI

6yzmeM cuuTaTh a2’ #a .

O6o3Haunm ?Lji = (—1)j_l AL = at (n > Hys j= 1,2) (mns xopHs Gepetcs riaBHOe 3HaueHue). /s p

+ . +
€ R o6o3nauum dyepe3 r (|1) IOJOBMHY YHCIA BEIeCTBEHHBIX KOpDHEH YypaBHEHUS A2 4 at = LL.

OueBuzpHO, 9YT0 QyHKIUN r'(1) u r (L) IOCTOSHHBI B KaXKZAOM WHTepBaJe (uk, “k+1)’ k=1,2 [Ona

kaxgoro k = 1, 2 o6o3Haunm yepes rlg_t 3HaueHUe QyHKIIUU ri(u) B MHTepBaje (uk, “k+1)'



Ans xaxporo k = 1,2 mpu n € (p, 1y, ,) ypasHenue 1(¢) = p¢ nmeer k 1nHeHHO He3aBHCHMBIX
OTPaHUYEHHBIX pelIeHUH (pj(x, w x € R, 1 £ j £ k). [na sTux peuleHUil CIpaBeaUBbI

ACUMIITOTUYECKYE PABEHCTBA

1+1’]I

AN J_Z
2 =
@ 1) = ﬁ,— > @l @]z -e

U=2-1],

MW@ o], x e,

ITpu aToM eciu 0603HAYUTH

B, ) A, I<v<rg . Ay (), 1<v<rg
ol = - + ju bkl = +
Aju ri+r],c () ry <v ik, ju_'_ri_rE(LL:l I’k<'l.l<1{
(1<j<¥)

TO MaTpHUIbI
B =By Wiy, CW = (Cj @i on

HEBBIPOXKAEHHBIE 1 CBA3daHbI COOTHOIIEHNEM

B(1)B (1) = C(W)C (). (1)

B xauecTBe OZHOI M3 DTUX MATPHUI], MOXHO B3ATh IIPOM3BOJIBHYIO HEBBIPOXAEHHYIO MATPHILY, a IO
Hell pyras MaTpUIla U peleHus (p].(x, L) ompenensaTcs ogHo3HauHO. M3 (1) ciexyer, uTo eciu ogHa U3

martpuy, B(u), C(1) yHuTapHa, To fpyras ToXXe yHUTapHa. Bripess OyeM mpearonaraTs, YTO MaTPUILb
B(p), C(n) yHuTapHSL, a UX 3JI€MEHTH U3MepHMble QYHKIIUU (B YaCTHOCTH, B KQ4eCTBE OJHOM U3 HUX
MOXXHO B3fATh eJUHUYHYIO Marpuuy). [Ipu Takoii HOPpMHpOBKe cHCTeMy pelleHui (p].(x,u) (TS

(;,Lk,;,tk+l), 1 < j < k) Gymem Ha3piBaTh HOPMHUPOBAaHHOI CHCTEMOI OOOOLIEHHBIX COOCTBEHHBIX
byuxiuit omeparopa L, coorBercTBylomie#l 3HaueHuio W. IIpu momomru (p].(x,u) M COOCTBEHHBIX

byuxiuii omeparopa L ocymectsisiercs pasnoxernue Oypoe (cm. [5]).

Temeps, omupasich Ha aCHUMITOTUYECKOe IIOBefieHHe OOOOLIEHHBIX U OOBIYHBIX COOCTBEHHBIX
byHKIIU, BBeleM JaHHbIe paccesHud I omeparopa L.

O6o3HaunM

st M )y 0] 4500 4] @) (& G, w1 Lw STe k= 1,2

¥ paccmotpuM MaTpumy S (W)= (Sp, ([L)}j:_l - S*(n) mpeacTaBiseT coboii KBafpaTHYIO MaTPHUILY

nopagka 1 + r'(1), KOTOpas He 3aBUCHT OT BHIGOpa HODMUPOBaHHOH CHCTeMBI OGOGUIEHHBIX



COGCTBEHHBIX (DYHKIME, mpudeM Marpuna-QyHKIHA S HempepsiBHO guddepeHIupyeMa B
MHTepBanax (K, ty) 1 (1, “3)’

O6oznayum uyepe3 T Toueunsiii cuexktp omeparopa L. Ilycts p € T, a y - cooTrBeTcTByIOmas
HOPMUPOBaHHAs cOOCTBeHHAs PyHKIU. Torza g Yy UMeeT MeCTO aCUMIITOTHYEeCKOe PAaBEHCTBO

v W) = e O 1+ o(1)], x>,

rze ¢ (u) - HeHyJIeBoe KoMILIeKcHoe uucio. O6o3Hauum N'(n) = |(:+(u)|2 (u € T). Jlerko BuzeTH, 4TO

gucia N* (1) He 3aBUCAT OT BRI6OpPa HOPMHPOBAHHBIX COGCTBEHHBIX QYHKITHI /.
Paccmorpum Habop maHHBIX

(T, N"(W)(n € T), ST € (1) By) Y (g, Hg)) 1, )

Ha3BIBAeMbIX IIPABBIMY JAHHBIMU PaCCesHIs omepaTopa L.

OOGpaTHast 3a7avya paccessHUs [ OIepaTopa L cOCTOMT B BOCCTAHOBIEHWU IOTEHIHANTA ( IIO
JaHHBIM (2).

ITo ananoruu pabort [6, 7] ¢ TOMOLIBIO JAHHBIX PacCesTHUS BBeZeM (PYHKIUIO

+
Frizt) = ZN—@? RESETY _1] [Eit:&f(p:l _1] +
?Lf'(u)‘

1 I'-":'].4'1'-'-':: :I S_TL'I (U":I

|
2m v A AT

peT

[Emmun _ 1] [Eif?’u*'i“? - 1] du - min{x, t} (z,te R)

(MHTerpaa cXomuTCsa B OOBIYHOM CMBICIIE).

CdopmynupyeM TeopeMy, COTIIACHO KOTOPOU IIOTEHIIMAJ ( ONpeAesIeTCs OFHO3HAYHO IO AaHHBIM
paccesHMs, U BOIPOC €r0 BOCCTAHOBJIEHHSI CBOJUTCA K PEUIEHUIO JHWHEHHOTO WHTETPaJbHOTO
ypaBHEHUS.

Teopema 2. Cymecrsyer Henpepsisrag npor3sogHag F'(x,t) = [(82 FH(x,0))/(0x01)] (%t € R), mpraen

QyHKOHT F*(x,t) Bemecrsernra m CHMMETpHYHA (F'(x,t) = F'(t,x), x,t € R), a g1g kaxzoro x € R
JIHHEHHOe HHTEIPAJIbHOE YPABHEHHE

o0

K" (x,t) + Fi(x,t) + Jr K ' (x,E)F (E,t)dE =0 (t € [x,20))

Z

nmeer equrcrpentoe pemerwe K'(x, -) B mobom us kraccos 1P(x,0), 1 < p < © & mmeror mecro
DAaBEHCTBA

I ]

lu-—7 = |,
pow | A1 (] ]

P
a = lim



d

qx)=a" -2~ K'(x,x), x € R.
dx

ABTOp mpHHOCHUT I'TyOOKYIO GrarogapHocTs mpodeccopy U. I'. XavaTpsaHy 3a IOCTaHOBKY 3aZiadu U
II0JIe3HBIE OOCY>X/IeHU Pe3yIbTaTOB.
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H. A. Asatryan

Analysis of Point Spectrum and the Inver se Scattering Problem for the Sturm - Liouville
Operator with Certain Behavior of Potential at I nfinity

In the space L?(R) the Sturm - Liouville operator with certain behavior of potential at infinity is
considered. Its point spectrum was studial and the scattering data were introduced. It is proved that the
potential is uniquely determined by the scattering data and the question of its recovery is reduced to the
linear integral equation.
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1. Introduction. Nowadays, System-on-Chips (SoCs) are becoming very much memory dominant.
International Technology Roadmap for Semiconductors predicted that embedded memories will
occupy up to 94% of the total chip area by year 2014 [1]. Furthermore, the memories usually are the
densest part of the chip, thus are more prone to manufacturing defects than other cores on the SoC.
As a result, the overall SoC yield is dominated by the memory yield. Due to the fact that memory
yield decreases and the number of memories increases the overall yield becomes unacceptable.
Detection of faults, diagnosis and repair are a must for today’s memory designs [2]. Due to shrinking
of geometry in the memory array, new defect types appear that are not screened by conventional
March test algorithms [3]. The defects mostly depend on the design of memory array, specifics of
the manufacturing technology and are sensitized only during some access conditions. The simple
memory model consisting of memory cells that are organized into rows and columns can not serve
well for testing, diagnose and repairing of today’s memory instances with their complicated
architecture, and more complicated defects that exist on them. Conventional March test consists of
March elements that are applied to the memory array with a certain direction
(incrementing/decrementing) of any sequence. The fault classes (see [4]) they were designed for
were sensitized with any sequence of addresses, thus incrementing/decrementing address bus value
from 0 to maximal address guaranteed the detection of faults of certain type. Today there exist faults
that cannot be detected by any logical address sequence. They require specific physical sequence of
memory cells that the March element must be applied to sensitize the fault and detect. Some fault
classes of weak cells require marching on memory cells with physical incrementing/decrementing
sequence (see [4]). Other March tests are proposed (see [3]) to run for some class of delay coupling
faults, that require the physical sequence of memory cells with increment two [5]. After detection of
a fault it is very important to have knowledge about the physical neighborhood of the faulty cell for
further diagnosis. To implement an efficient BIRA algorithm it is very important to take into
account the physical locations of faulty cells. The simple memory model does not provide all the
necessary information that is vital for today’s complicated designs. Even if a memory core provider
has information about the physical structure of the memory instance (memory row, column, bank
decoding, I/O sequence, etc.), this information can be useless as usually memory BIST and/or BIRA
engines are provided by another core provider. This paper suggests a novel approach for creating a
new memory model which will include information about the memory physical structure, and
allow working (testing, diagnosing and repairing) with the memory taking into account all the



memory specific information without concerning about physical structure. For example, for
hardware implementation of a BIST engine that uses physical addressing, a converter can be used
that transforms physical address into logical address. This kind of modeling of a memory is very
useful as test and repair processor compilers are widely used for supporting memory systems with
various types and configurations of memory instances. The memory model description can be used
for generation of mentioned converter’s Register Transfer Level (RTL) description.

In the following we will discuss the proposed memory model description, how it can be used for
memory test coverage improvement, how memory model description can bring to better
understanding of memory defect distribution and may be to its main cause, how to use physical fault
map for improving repair yield.

2. Memory model description. In this section we will discuss bit-oriented memories, but it can
easily be generalized for word-oriented memories. Let us define what a memory is for its users.
Memory is an array of bits and each bit has its unique address. The user has a very simple interface
to work with the memory. The interface includes read and write operations with a given bit address.
Memory uses address bus as an input and data in/out pin(s) for read and write operations. In general
the user does not know physical location of a bit in the memory array for a given address. Thereafter
we will use "logical" address for the one that is applied to memory address bus. This interface is
enough for an application that uses the memory as storage, but it is far from being sufficient for
efficient memory test, diagnose or repair engines. It does not provide information about mapping
from logical address to physical location of the bit that is accessed. If the test wants to access the
bottom-most row of memory bit-cell array, or wants to march on physically neighboring bit-cells it
can never do that with this simple interface. As a result we have demand to enlarge the memory
model. Memory core provider needs to describe how the logical address to physical location
mapping engine works. This mapping engine can be provided as a function that takes logical address
as an input and outputs physical location of a word. If we go deep into memory architecture we will
see that different decoding engines work for rows and columns. The logical address is split into two
halves; one is the input for row and the other for column decoding engines, see Fig. 1. If we want to
have a better imagination about the memory physical structure our function should take the logical
address (also the bit number of a bit-cell, for word-oriented memories) as an input and output the
physical row and column positions of the cell. Most of test applications need the opposite
conversion from physical location to logical address. If our memory model description has a
function that will return the range of address bus positions used for row decoding (obviously the
range of address bus positions used for column decoding can be extracted using the same function)
then the logical address can be split into two parts: logical row address and logical column address.
Thus we propose to use two functions to describe physical to logical mapping, the first one will take
physical row number and return logical row address, and the second one will take physical column
number and return logical column address.

column decoding — 6 bits

4 i row decoding — 9 bits

e e -
row c-iggzr-ding n::olumt;\"-:’:lecoding

Figure 1:



Memory test algorithms usually apply some background pattern to memory array and then try to
read it. In case of mismatching the pattern, a fault is reported. It is shown that test algorithm defect
coverage, defined as the proportion of detected faults defects to existing defects, is highly dependent
(up to 30%) on the background pattern it applies to the memory array [6]. There are several
categories of background patterns:

— Logical background pattern; that is applied to memory through logical addresses. Example: write
zero for even addresses and one otherwise.

— Physical background pattern; that is applied to memory, based on physical locations. Example:
write zero for the bit-cells that are located on even columns and one otherwise.

— Topological background pattern; that is applied to memory, based on cell bit-lines. Example:
write a value to guarantee zero value on the bit-lines that are on even positions and one on the bit-
lines that are on odd positions.

oo o1 01

T 0|1 Ot 0 10

o1 (e 4o 1 01

T O[] Oyt o 10

b B op B b ¥
Figure 2:

Another example of topological background pattern is the checkerboard pattern that is applied to
memory bit-lines (see Fig. 2). To apply such a background pattern it is necessary to know which bit-
line of each cell is the True bit-line (wire holding the value of cell) and which one is the
complement bit-line (wire holding the inverted value of cell). Thus for higher fault coverage we
need to add another component to our memory model: memory "bit-line mirroring" information.
This information will be provided by another function that will take the physical location of a
memory bit-cell (physical row, column) and return a Boolean value indicating if True bit-line is the
left bit-line and Complement bit-line is the right bit-line or vice-versa. We can apply any
topological background pattern based on the specified function (see Fig. 3.).
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After fabrication of dies with failing memories some diagnostic processes, that are called to
enhance the further yield, require knowledge of physical location (not column/row number, but
X/Y coordinates) of failing bit(s) to find out the main cause(s) of defects. The simple memory model
does not give information about how the cells are distributed and how the memory logic is
distributed within the memory cell array (rows/columns). This information is vital to do required
diagnosis. An advanced memory model should provide the physical distribution of straps with
memory logic elements, their dimensions as well as memory bit-cell dimensions. Suppose a function
returning a list of records about the straps of the memory instance. The record should contain the
strap location (row/column number it is located at) and its dimensions. Another parameter can be
provided with bit-cell dimensions. It seems that having bit-cell width and height, straps’
distribution and width/height values as well as logical to physical mapping functions it is quite
possible to calculate the coordinates of any required bit-cell, but if we look deep into the memory
instance layout picture we will see dummy cells and/or redundant elements (rows/columns) besides
the main memory cell array and memory logic blocks. In order to do have correct calculations our
memory model must contain information about the distribution of these elements. This brings to
the necessity of another memory model description component.

3. Hardware implementation of physical address generator for built-in self-test engine. In a
conventional test model we have external tester that applies test patterns to an Integrated Circuit
(IC). Particularly external tester can be used to run a test algorithm for a memory instance. Having
the appropriate memory model description it will not be difficult to apply a test algorithm in such a
way which will guarantee the required addressing for the physical memory array and background
pattern. But because using external testers for today’s SoCs is extremely expensive Built-in self-test
(BIST) solution is widely used for testing memory cores [7]. For this case the problem is a little
complicated, as BIST engine must have all the physical structural information built-in about the
memory instance it is going to test. The BIST engine provider can take that information into
account during the BIST engine design step. But if we look deep into today’s architecture [2] we will
see that BIST engine is not designed to test a single memory instance but a number of memory



instances with different configurations and different logical to physical mappings. In today’s SoC
design a whole infrastructure exists [8] called Memory System with self-test and repair processor
and integrated wrappers for each memory instance that exist in the Memory System. Memory
Systems are not designed for each particular design. Software Compilers exist that compile RTL
description of a Memory System to support a given set of memory instances. If the memory model
description is present at the compile stage of the Memory System the compiler can compile a RTL
converter as a part of the address generator module of the integrated wrapper and the generated
Memory System will have possibility to use this converter during self-test or for further processes.
Memory System compiler uses templates to generate different RTL modules, based on the memory
configuration parameters and Memory System parameters. If the memory model description exists,
with a given format, the corresponding template will generate physical to logical converter module
based on that description and configuration parameters.
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The synthesis showed that the corresponding RTL does not occupy more then 0.5% of the overall
self test and repair engine after synthesis. The more advanced memory system compilers give
possibility for programmable test algorithms. The user can select the parameters of a memory system
(soft repair or hard repair, sequential or parallel test for memory instances, etc.) as well as the test
algorithm for running the built-in test. For March tests usually the user specifies the direction of
March element, addressing step the test has to march over the memory array. Having the logical to
physical converter module in place (see Fig. 4), the user will be able to specify the addressing
method of each March element, thus create more flexible test algorithms for higher fault coverage.

Resistive bridges and opens (see [3]) lead to several dynamic fault behaviors that bring to timing
related failures. The well known March tests do not cover delay coupling faults without inserting
special delay elements into the test algorithm. Sometimes these inserted delays last more than the



entire test time is. Special March tests are developed (see [5]) to detect timing related failures
without the delay elements. These test algorithms use physical row addressing and logical column
addressing. The suggested implementation of the physical address generator will allow programming
of specified test algorithms.

4. Memory model description for fault diagnosis. Conventional March test algorithms are very
useful for detection of failing bit-cells. Most of the March test algorithms provide fault dictionaries
[9], allowing to specify the functional fault model based on the set of indexes (called fault syndrome
[9]) of read operations that caused mismatch between written and read values. But detection of
failing bit-cell and the fault type are quite not enough for yield enhancement. After repair of a
failing bit-cell it is not unusual to detect another failing bit with the same functional syndrome, if a
coupling fault [9] caused the failure. The reason is that we repair the victim cell (the cell where the
fault appears), while the main cause of the failure was the aggressor cell (the cell that is sensitized)
[9]. To give a solution to this problem we need somehow detect the aggressor cell. After detection of
a failure in a victim cell, we must do further analysis to locate the aggressor cell. For this reason
many test algorithms contain March-like elements for diagnosis purpose [9]. Much work was done
in this sphere (see [9-11]), most of them propose test algorithms that march on the neighborhood (as
the aggressor cell is located on the neighborhood of the victim cell with high probability) of the
victim cell to find out which cell has an impact on it. For a simple memory model it is quite difficult
to select the neighborhood address space of the victim cell, instead of that the diagnosis portion of
the test algorithm must march through all address space in order to find the aggressor cell. Giving
the physical to logical converter to test engine, we can strongly reduce the test time. It allows
increment the physical row and/or column number (march through the neighborhood of the victim
cell) of the victim cell and the converter will help to access the cell with an appropriate logical
address.

5. Physical fault map and BIRA yield improvement. Built-in repair algorithms are widely used in
today’s test & repair infrastructures. The more is the BIRA repair coverage the higher is the memory
yield. The more is area overhead occupied by BIRA circuit the less is the overall yield. That is why
it is very important to have a BIRA with higher repair coverage and with less area overhead. Much
work was done on this topic (see [2]).

Redundant column and row macros (consisting several physical rows/columns) are widely used in
BIRA algorithms. Thus replacing a faulty row/column with redundant row/column we also replace
some of the neighboring rows/columns of the faulty row/column. It is very important to know the
logical address space of the replaced array, not to duplicate the usage of redundant resources in case
of detecting the second fault in the replaced logical address space. We propose to use information
about the redundant element width (number of physical rows/columns it is consistent) and already
mentioned physical to logical converter by BIRA circuit to increase the BIRA repair rate.

Yield, defined as the proportion of operational circuits to the total number of fabricated circuits
[11], of repairable memories is highly dependent on repair rate: Y =Y, + (1- Ybr) * R, where Y.,

- is the yield of memory before repair, R - is the repair rate and Y__ - is the yield after repair. We

have used negative binomial defect distribution [11] for some experimental yield calculations: Y} =

(1 + [(W)/(a)])”* where A - is the average number of defects and a. - is the clustering parameter. We
have considered five SoC designs with 400 memory instances each, one redundant row and one



redundant column was assigned to each memory instance. The memory instances are taken with
different Number of Words (NW), Number of Bits per word (NB) and Column-Mux (CM). Table 1
shows the yield increase and area overhead of SoC if we take into account the physical structure of
the memory. The yield increase is about 0.85%, and area overhead is about 0.4%.

Table 1
SoC||Num. instances|| NW || NB ||CM |[|Yield increase (%)||Area overhead (%)
1 400 1024 || 16 || 32 0.87 0.38
2 400 512 || 32 || 16 0.86 0.41
3 400 256 || 64 || 8 0.85 0.39
4 400 128 || 128 || 4 0.85 0.38
5 400 64 || 256 | 2 0.81 0.36

6. Conclusion. An efficient way for automated generation of SMS is proposed with physical
addressing. A physical to logical converter is introduced into SMS for the test, diagnosis and repair
engines to take into account the memory physical structure and improve the SMS yield
significantly. The proposed approach has been implemented and verified for several memory
compilers. Experimental results showed significant yield improvement at low hardware overhead.
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dhqhjuljuts hurugbunjnpuwt wipnym ttutn hpujutugnid hhpnnmpjut upukdwttph
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junnputph hwdwp: @npdtwjutt wpymuputpp gnyg ko gl wpnungpmipput ogunuajup Gjph
uuntjh ws” wyyupunughtt Uhongubph thnpp wgh nhupnid:

K. K. Alexcansiu

dppexTuBHAA peanu3anus PU3HYECKON aJpecanum JJs1 TECTUPOBAHMS, TUATHOCTUKH U
BOCCTAHOBJICHUSI CXeM MAMSITH /ISl YBeJIMYeHHUs BbIX0/1a I'OIHbIX U3eIuil

[Ipemmaraercst 3pGeKTUBHBIN CIIOCOO aBTOMAaTHYECKOW TeHEpaIlMd CaMOTECTHPYIOIINX U BOCCTa-
HapnuBatonux (CTUB) cuctem mamstu (CCII) ¢ dusnueckoi ampecanyeld BMECTO IMIMPOKO HCTIOJb-
3yemoii sornueckoil. Cpencto BHeapeHo B CCII anig TecTUpyOMMX, TUarHOCTUPYIOIIUX U BOCCTa-
HaBJIMBAIOLINX CXEM C T€M, UTOOBI yUUTHIBATh (PU3UUECKYIO CTPYKTYPY CXEM MaMATH U TAaKUM 00pa3oM
3HAYUTENBHO yIydluTh Bbixod roausix uzaenuit CCII. To ke camoe cpeacTBO MOXKHO OyAeT UCIOJIb-
30BaTh JJI JajdbHEUIEH OTIaIKK U AUArHOCTUKH. [Ipenmaraemelil MeTo 1 ObIT pean30BaH U MPOBEPEH
JUISl HECKOJIBKUX KOMIMJIATOPOB MaMSITH. DKCIIEPUMEHTAJIbHbIE PE3yIbTaThl MOKA3AJIW 3HAUYNUTEIBLHOE

YBCIIMYCHUC BbIXOJa I'OJHBIX I/I3IIGJ'II/II71 C HEOOJIBIITUM YBCIIMUCHUCM allllapaTHBIX CPCACTB.



MEXAHUWKA

YK 539.3
A. A. Ba6nosn, B. O. Tokmamxan
ILrockas cMemaHHas 3a7ia4a JjIg YIIPYTOTO IPAMOYTOIbHUKA
(ITpencraBneno akagemukom O.T. Capkucsaunom 21/VII 2005)
KiioueBste cnoBa: reopus ynpyrocru, merog Pypse, cBOOOZHEIE KOIPPHIHEHTSI HHTETPHPOBAHHA

PaccmarpuBaerca 3amaua teopum ymnpyroctu i npamoyroabHuka (0 < x <1, 0 <y < h), aBe
coceHIe CTOPOHBI KOTOPOTO >KeCTKO 3a/leJIaHbl, 2 Ha OCTaJbHbIe JIBe CTOPOHBI JIeiCTBYIOT Harpys3KH.
g mpocToTEl OymeM CYMTaTh, YTO HAa /JBYX CTOPOHAX IIPAMOYTOJBHUKA [EeHCTBYIOT TOJIBKO
HOpMaJIbHbIe HaTrpy3KU. | paHUYHBIE YCIOBUA A1 JaHHOM 337aYy MMEIOT BU/,

u(0,y) = v(0,y) = u(x,0) = v(x,0) = 0,

(1)
0, (L) = gr) 7, (Ly) =0, & (xh) = 9, t(ch) = 0.

M3BecTHO, YTO IIOCKAs 33fZiada TEOPUU YIPYTOCTH CBOSUTCS K OIpefeIeHHIO OUrapMOHUYEeCKOMH
¢yuxkuyu O(x,y) Ipu 3aJaHHBIX TIpaHWYHBIX ycnoBuax [1-3]. HampsokeHus u nepemeleHus
BBIP@XKAIOTCS Yepe3 GurapMoHUYecKyio GyHKIuo hopMyIaMu

D 3D oD
6 =—, 06 =—, T_=—
* 2 Y 2 o ’
oy Ox 0x0y
( R oD
E[U(y) -U,l = ] dx —v—"¢6y¥; (2)
8y2 0x
( P oD
E[V(X1Y) - VO] = ‘J — dy —yv— + eoy
6)(2 oy

st maHHOI 3324y pelleHe OUTaDMOHUYECKOTO YPaBHEHUS NIPEACTaBUM B Buje [4]

© 0
2 2
O(xy) =— E (pk((xkx)sinock Y+ - E Wk(Bky)SianX’

k=1 k=1 (3)

ock(z) = Ak(l) shz+ Bk(l)x chz+ Z(Ck(l) shz+ Dk(l) ch z),



v (z) = Ak(z) shz+ Bk(z) chz+ Z(Ck(z) shz+ Dk(z) ch z),

2k - 1)n 2k - Dm
(sz_ 5 Bk: ——
2h 21

YnmoBneTBopsAs TpaHUYHBIM yciaoBuaM (1), mocie psapa mpeoOpasoBaHMEI 3afady CBOAUM K
PelLIeHHIO YeThIpeX OeCKOHEUHbIX CUCTEM JIMHEHHBIX alre6pandecKuX YpaBHEHUH

) M) oy o % @ (1 + Vo B 1P
D (o) -x P a h+— Y Cpfl———x - @) -0,
R L st T P
k=1 P k P k
o0 2 2 -1
4 B2~ voy, (1 + V)og B (1P
v, PP B 0 —x PQp )+ — Y (1R ———x D= 7 1=0,
p P P P 2 2,2 2 2,2
- (@, +B,) (@2 +B,)
40Lp * aPBka(Z) (_1)p_1(V0~P2 - Bkz)

1 1 2
x Py D) +y, Py v — D [ . 7, 21-

g, @
1 1 (ap2+3k2)2 (1+v)(ap2+5k2)2

4 = Bogx Y DR o))

x DPy(B 0 +y, PQuB 0 +— Y[ ! AR

h (ak2+[3p2)2 (1+v)((xk2+|3pz)2

p=(1.23...),
IZle BBeJIeHBI CJIeyIourie 0003HAUeHUA:

(1-v)z z
P@=B-Vthz-" > P@=thz-—""—
ch?z ch?z
2+(1+v)zthz 2+(1+v)zthz
Ql(z) = > Qz(z) =
chz (1+v)chz

1
o(p) = (0P | ) s yay, €= (P! | 09 sin B
0

Hewussectusre Xk(P), yk(P) (p=12;k=1,23,...) casansi c kKoapduieHTaMu Ak(P), Bk(P), Ck(P ),



Dk(P) COOTHOIIEHUSAMU
(1+v)B, M +2c, V=0, (1+v)B P +2¢ =0,
A D +D D) ch o l+ B,V +C D)shogl+al(C® chal+D Vshol =0, (6)
(A2 +D, @) ch ph+ (B P +C P)shph+ph(C P chph+D @ shph)=0.

Ha ocuoBanum (6) pyHKIMH (pk(akx) u \yk(Bky) BBIPA)KAIOTCS Yepe3 Hen3BeCTHbIe Xk(P), yk(p)

CJIeIyIONMY OKOHYATeTbHBIMU (HOPMYJIaMU:

(_l)k—1xk(1) (_1)k—1yk(1)
P (0) =~ ) (X) ~ 0, (%),
ak2 ockz
(7)
(_1)k—1xk(2) (_1)k—1yk(2)
ViByy) = = ————— v 1 (¥) = ———— vy V),
B’ By
rae
sh o X ch o X ch oy (1 - %)
(pl’k(x) = + oy (1-x) - oyl —————
ch 04X ch ockl ch? ockl
9 ch o, (1 -x) sh oy (1 -x) sh o, x
(Pz,k(X) = + o X + oyl :
1+v chayl ch oyl ch2 oyl
(8)
sh By ch By ch B (h—y)
V) = +B(h—y) ~Bh—————,
ch Bh ch Bh ch? Byh
o chP(h-y) sh By (h—y) sh By
Vo1 () = + By —————+ Bh .
1+v chBh ch B h ch? Bh

®opmynsr (2)-(8) maroT oKOHYATEIBHOE PelleHre pPacCMaTpUBaeMOi 3aa4u.



@ ,a

Ecnu m3 GeckoHeuHsrx cucteM (4) MCKIIOYUTH HEU3BECTHBIE Xy o Yp ) (vanm X,

2)

@y @), 1o

IIOJTY9MM CHUCTEMY [JIA OIIpenesI€HNs TOJIPKO HEN3BECTHBIX X (2), Yy ( NN X (1), Yy (1) ITocne Takoro
p p p

p
HCKIIOYEeHHNA HETPYAHO [OOKA3dTh, YTO IIOJYy4Y€HHBIE HOBbBIE OeCKOHeUYHBIe CHCTEMBI BIIOJIHE

peryJIapHBI.
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U.Z. Pupnjub, 9.2, @npuwgyuh

Zuipp juwnp jutinhp wnwdquijut mynutljjut hudwp

Thunwplynud £ wnwdqujuwtnipjutt mbunipjut jpunhp mnputlnitwdb dwpduh hudwnp,
nph Epynt hwplwt Ynnubpp wdpuljgdus Bu, hul dmu tpyne §nnutph ypu wgnmud B wipunwpht
unpuwy mdbp: Mupgnipjub hwdwn Eapunpdnud B np wpunwpht onpunthnn nidbpp puguljuymad Gu:

unhpp pusynud £ dniphkh Eqpuitiunyg: Tndnudp tkpuyugdmd £ Sniphkh Eplyne swppbph
gnudwiph nkupny, npnghg jnipupwtsmpp wWupnibwlnud E snpu junudp Judugujut gnpduiljhg-
utin: Uy qnpdwljhgutph dh dwup npnoymid E &ogphn, hul] dbwgws dwuh npnodwtn hudwp
unugyly ku gdughtt wibpe hwujuuwpnudubiph snpu hwdwljupgbp: Uwwugnigynud k, np witi]bpe
hwdwljupgbpp (hndhtt jwintudnp B, hulj bputg wquun winudubtpp dqund Bu qpogh, Gph
wpunwpht inpuwyy jupnudutpp nipdus b vwhdwiuthwly $niuyghwbph inkupny:

Zhnbwpup winfipe hwdwljungbpp Jupth Emst) jud hwenpiuljuts dninudnpoipyniiibph
Uhgngny], fund ntnnilghugh uhgngn:

A.H. Babloyan, V.H. Tokmajyan

Flatmixed Problem for Elastic Rectangle

The flat problem of elasticity theory for rectangle, two sides of which are fastened and the other
two sides are under the influence of external tangent loadings is considered. For simplicity it is
assumed that external tangent loadings are absent.

The task is solved by means of Furie method. The solution is presented in a form of the sum of
the two Furie rows, each of them contains four groups of free coefficient of integration. A part of free
coefficients is precisely determined, but for the determination of remain coefficients of Furie rows the
collection of four infinite systems of linear algebraic equations is obtained. It is proved that infinite
systems are quite regular and their free members are tending to zero. Consequently, infinite systems
could be solved either through the method of progressive approximation or the method of reduction.



MEXAHUKA
VK 62.506.10
M. C. Ta6puenss, JI. A. Masmauax

O6 onTMMaNBEHOM yTIpaBIeHUH KOeOaTeTbHbBIX ABIKEHUH KPYTJIO IIAaCTUHKHU
B KOH(IMKTHBIX CUTyaIlaX

(IIpencrasneno akagzemukom I'.E. Bargacapsaom 6/X 2005)

Kiiouesste ciosa: gugpepermaisHas Hrpa, OITHMA/IBHBIE YIIPAB/IAION[HE BO3ZEHCTBHA,
THIIOTETHYIEeCKOE pacCcOITacoOBaHHe, THHEHHBIE KOJIeOaHHA, OeCCe/IeBbI QYHKI[HH

1. PaccmoTpum snuHeiiHBle KOJeOaHUA KPYyTJIOH IUIACTUHKHM IUIOTHOCTH p (p = y/g, Toe v -
yAeIbHBIA BeC Marepuana, g - YCKOpeHWe CHJIBI TSDKeCTH), ITOCTOsHHOM Tommuusl h. Ilractuuka
IIAPHUPHO OIepTa I0 KOHTYpPY. IlycTh Ha IIOBEpPXHOCTH IJIACTUHKY Ha MHOXECTBE II0JIOXUTEIbHOMN
MepBHI AefCTBYIOT [iBe IePIeHAUKYISIPHO pacipesieeHHbIe CHIIbL: Fl(r,B,t) u Fz(r,e,t). [Tpenmomnaras,

YTO JUHAMHYeCKUil mporud w(r,0,t) Mas 1o CpaBHEHUIO ¢ TOIIWHOM h, a ToImKuHa, B CBOIO 0Yepenb,
MaJla II0 CPaBHEHHIO C PafUyCOM I = a IUIACTHHKHY, AuddepeHIaTbHOe ypaBHeHHe JHMHEeHHBIX
kosebanuii 6yzer ([1], c. 322, [2], c. 278)

D y Pw F 100 F 100
—Viw - — = i , (1.1)
h g ol h h

rme D = Eh3/12(1 - uz) - JKeCTKOCTb IUIACTUHKH, | - KoaddumueHnt Ilyaccona, E - momyns
YIIPyTOCTH MaTepHuasa IIpU PacTsHKeHUH (CKaTum), a

? 10 1 &
V2e— 4 —+— —.
o2 ror 1 o2

Kpas mracTUHKY yZOBIETBOPSIOT CIeAYIOIMUM YCIOBUAM MIapHUpHOTO onupanus ([1], [2], c. 325):

w(r,0,t)=0,M =0 mpu r=a, (1.2)

rae M, = ~D[[(&*W)/(r)] + w([L/r][(@w)/(0r)] + [1/(:D)][(6*w)/(06%)]) | msrGatomuit momesr.
ITycTs HavaapHBIE YCIOBUA OYIyT

ow(r,0,t)
w(r,0,0)]_g=0(r,0), ——— | _,=w(0), (1.3)
ot



rae ¢o(r, 0) u y(r, 0) - COOTBETCTBEHHO HaYaJbHBIN NMPOTUO M HavyaJabHAA CKOPOCTHh CPeJUHHOI
ITIOBEPXHOCTH.
3azjaya O COOCTBEHHBIX KOJIeOAHUSAX KPYIJIOH IIJIACTUHKU (Fl(r,B,t) =0wu Fz(r,e,t) = 0) npu

ycimoBusax (1.2), (1.3) peuraercs meTosoM pasfenenus nepemenHsix ([1], c. 322, [3], c. 430)

w(r,0,t) = W(r,0)T(t) = R(r)®(0)T(t), (1.4)
rze T(t), ®(0) u R(r) ynoBieTBOpAIOT ypaBHEHUAM
d>T()
" (DZT(t) =0, (15)
de?
d2®(0)
+v2D(0) = 0, (1.6)
do?
d’R(r) dR(r)
r? +tr + (iOLZI'Z - VZ)R(]T) =0. (1.7)
dr? dr
3/ech V - IOCTOSTHHASA, a () COOCTBEHHAs YaCTOTa,
Dg
w?=—o* (1.8)
hy
Oyukunn O(0) u R(r) rakxe yzmosreTBopsior ciaexyiomum ycaousm ([3], c. 431):
|R(0)| < o (ycroBusA OrpaHHYEHHOCTH), (1.9)
R(a) =0 (rpanmuHOe ycnoBue), (1.10)
M . = 0 (rpamnuHOe ycioBue), (1.11)
®(0) = O(0 + 21) (ycroBUe MEPUOIUIHOCTH). (1.12)

Hetpusuanbhsle mepuoaudeckue pemenus 111 O(0) cyuecTByOT TULUIb TPU vZ=n? (n - menoe
yucio) u umeror Buz ([3], c. 431)

®_(0) =C_cosnb + D _sinn, (1.13)

Cn, Dn OIIpeneAI0TCA U3 T'PAHUYHBIX U Ha9dJIbHBIX YCJIOBI/IfI.

Hns ompenmenenus ¢yukmun R(r) umeem ypaBHenue (1.7) ¢ OZHOPOAHBIMKU TPAaHUYHBIMU
ycrosuamu (1.9), (1.10) u (1.11). BBogs HOByIO ImepeMeHHYIO p = Or B CJly4ae IOJOXUTEIBHOTO
sHaka B (1.7) m mepemeHHy0 p = iar B cioydae oTpuuarenpHoro 3Haka B (1.7), momyuum
muddepenuanpHoe ypaBHeHHe beccens ¢ ungexcom n ([4], c. 49)



dR(p) 1 dR(p) ( n?)
+ - +] 1-— |R(p)=0. (1.14)
dp?2 p dp U p2)

IToce mopcranoBku p =1 peuenue (1.14) 6yzer
R(r) = An]n(ar) + Bn]n(iar) + EnYn((xr) + FnYn(iar), (1.15)
rze ] (ar) - Geccenera GyHKIMA IePBOTO poAa ¢ uHAEKCOM, Y_(ar) - GecceneBa QpyHKIUS BTOPOTO

poZia C UHIEKCOM, ]n(iar), Yn(i(xr) - MoAuGUIMPOBaHHBIE OecceleBbl PYHKIIUM.

BecceneBsl pyHKIIMM Broporo poza crpemarcsa k 6eckoneunoctu npu r — 0. Torga xoadduiuenTs!
E =0,F =0.
n n

Co6cTBeHHbBIE QYHKIMY JAaHHON KpaeBOM 33aYl UMEIOT CIeAYIOWMI BUA:

[ (1) ([ r)]
W (r,9)=| A ] - [+B _J |ik__ - ||[C_cosnO+D _sinn0],
mn mn’mn mn mn mn

| A
mn'n! “mn

L L a) L a) | (1.17)
m=1,2,..;n0=0,1,2,...).

CobGcTBeHHBIE YMCIa A= Ol __a ONpe/leIAI0TCA U3 YPaBHEeHUS
mn mn

2, all (] (0] -(1-wIL O O Y+] 0 L0 ]=0. (1.18)

Pemenue ypaBuenus (1.1) 6yzem uckars B BUfe paja

wro= Y, > W @OT, (), (1.19)

m=1 n=0

azm

rae Tmn(t) = g ﬁ[ w(r,e,t)Wmn(r,e)rdrde.

Tax xak B o6sactu [0,a] x [0,2n] dynkuuu (1.17) oproroHasbHEI € BECOM I, TO GYHKINHN Fl(r,e,t), F2

(r,6,t), o(1,0) 1 y(r,0) momycKaloT crenyouye pasIoXeHus:

Fiwon=> Y u OW_ (0), Fron=> > v OW_ x6),

m=1 n=0 m=1 n=0
om0 = Y, Y 0 OW @0, v =D >y OW_ (x6), (1.20)
m=1 n=0 m=1 n=0

rae



a2n a2n

umn(t) )r Jr F (1,0 t)Wmn(r,e)rdrdG, v _}r J( F (r,e,t)Wmn(r,e)rdrdG,
00 00
a2mn a2mn
= Jr Jr (p(r,G)Wmn(r,e)rdrde, Vo= Jr Jr \y(r,e)Wmn(r,G)rdrde.
00 00

INoxcrasnas (1.19) u (1.20) B ypaBuenue (1.1), yMHOXas IocaesHee Ha ern(r,e) Y UHTETPUPY IO

T OT HyJA J0 a, @ 0 0 oT HynA 1o 27, MONYyYuM AJA OIpefeleHus QyHKIUH Tmn(t) CJIeIyIOUIYIO

cucremMy puddepeHIIMaNTbHBIX YPaBHEHUI BTOPOTO ITOPAAKA:

d’T_ (1)
= - mffmen(t) ru_ (@+v_ (), (m=1,2.;n=0,12.) (1.21)
dt?
C HAYaJIbHBIMU YC]IOBI/IHMI/I
a2m
Tmn(O) = )r Jr (p(r,G)Wmn(r,G)rdrde =Q_
00
a2n
Ty (0) = J( jr y(rOW__ (r,0)rdrdd=y_ . (1.22)
00
KBazpaT yacToThl COGCTBEHHBIX KOIeOaHUI KPYTIOH IIJIACTUHKY NMeeT BUT,
4
2 Dg ?'*rrm
., = —— —EL 1.23
mr h'}.f 34 ( )

[Tpemnonaraem, uto cunst F.(r,0,t) u Fz(r,e,t) IIpUHAJJIeXaT KIaccy L2 U yZOBJIETBOPAIOT yCIOBUAM

a2n
[ Jf J( [Fl(r,G,t)]zdrdeh/z Fk Z Z 2 ) }1/2_ b
00 m=1 n=0
a 2w © o
[ J( J( F (r,e,t)]zdrde}l/zz[k DY e }mgQ (1.24)
00 m=1 n=0

pasHoMepHo 10 t € [0,T]. 3mecy P,Q,T - 3amanubie momoxxuTenbHbIe YUCIA, K - TOCTOSHHAS.



PaccmoTpuM  ciemyromyio urpoByio 3azady. IlycTe mepBBIE  MTPOK, pacIOpsDKAIOMMICS
yIpaBIeHuAMM U (m=1,2,...; n=0,1,2,...), cTpeMUTCS MUHUMHU3NPOBATh 3HAUEHVE BETMINHBI

5 5[ 12, (8) + 12, (9)
m=1n=0
HPI/I CaMOM yHOpHOM COHPOTI/IBJIeHI/II/I BTOPOFO I/II'pOKa, paCHOPH)KaIOHLeI'OCH yHPaB]IHIOH.H/IMI/I

BO3IEeHMCTBUAMU Vo (m=1,2,..;n=0,1, 2, ...), a Bropoif UTPOK, B CBOIO OUepeznb, CTPEMUTCS
MAaKCHMM3WPOBATh 3HAYEHHUE BETUIUHBI ) > [Tm () +Tpn ()
ra=1n=0

P CaMOM YIIOPHOM COIIPOTHBJIEHHHM CO CTOPOHHI IepBoro urpoka. Bemmumny 3 (0 < § < T)
ompemenuM Hike. JluHaAMHKa WUIPHl OIpefensercsi OeCKOHEYHOH JIMHEHHON CHCTeMOit
mubbepeHIHaTbHBIX ypaBHeHMH (1.21).

Takas 3ajaua ObLTa paccMOTpeHa B pabore [5], rae mcCIeZOBAaHO ONTHUMAJbHOE YIpaBIeHUE
MeXaHU4YeCKOH CHCTeMbl MOIIHOCTM KOHTHHYyMa, KOTJa Ha KOHTHHYYM JIeHCTBYIOT
IIPOTHBOOOPCTBYIOIIYIe CHJIBL. 3ajjadya IIPUBOJSUIACHE K PpelleHuI0 WHTerpo-nuddepeHnnaIbHOTo
YPaBHEHHS C CHUMMETPUYHEIM AAPOM U IIpaBoil yacThio. Ha ocHOBaHMM 5TOM pabOTHI MCCIeLOBAHBI
33/la4M, CHCTeMBI KOTOPBIX OIIMCHIBAIOTCA YAaCTHBIMU IIPOM3BOJHBIMM BBICHIeH cTemeHu [6,7].
Hacrosamas paboTa ocHOBaHA Ha STUX UJeAX.

2. C nomomplo MeTOJa OKCTPEMAJTbHOTO IPHUIEIMBAHUA COCTABUM THUIIOTETHYeCKOoe
paccoriacoBaHue. Tak Kak COOCTBEHHBIE YHCIIA kmn (m=1,2,...; n=0,1, 2, ...) MIOJIOXUTEIbHEI, TO

BBOJA CJIeyIONIVe OOO3HAUEHNUS:

o s e iy =01 2.1)

mn It = mn m

cucremy guddepenunanbHbIx ypasHeHni (1.21) moxxeM 3anucarts B BUAe

ey

TOT = I 2

£D = = fm o +

g = fa

1 2.2
Uy 0 =120 =0,1,...0 (2.2)

u

1
+
P o

Onpepenenwve. 3agaqy 4/14 cucreMs! (2.2) Ha30BeM peryIapHOH, eC/IH OHA PeryIapHa JJIA TI0OBIX
KOHeYHbIx m,n u3 (2.2).
I'mnoreTnyeckoe paccoriacoBaHue AnA cPOpPMyIMPOBAHHOM UTPOBOIL 3azauu Oyzer [5]

et |25, o ©L.T =

Sl )7 + trn b [+

1n=0

[~]s

e
% % [frodVren? |1

m=lti=l

B
I



w3 i fr (T +

1 _p2 m=1 n=0
umn

+

1l
—

s
ﬁ Ms

m

+ (ton @Y cos. fa (T - *r)]

dr +

P

T o o (2.3)
w2 O e @9

ti i Em ng =l n=0

m=1n=0

B2 0 i —ol Prn
+ (lmn ) cos, [, (T 1:)] \m t},
e
A= 2o cos. Ay (T 1) + 2520 (Bain fA (T — 1),
=zt o, A (T - £ — 28 (Bain [ (T - 1.

@

Wcnonssys meron HeonpeneneHHbIX Koo duuuentos Jlarpamxka, s U
@ Lf':”smﬂll' {T—’c}+.-!":2:' I::osﬂ,l'?n,nm{T—f}J
U tt) =~ 72

- ZZ |£{1}smﬁﬂ—zj+fégjcos\/l_ﬂﬂ—t).]

r=1j=0

O (g Qtfﬂsmmfﬁ—ﬂﬂﬂmsmrﬁ—ﬂj

m T) =

e PR
Jh ZZ umsm«j_(T—’C}+f':2:'|::os\f_(T—T)I

r=lj=0

u U“@m noxyauM [5,6]

(2.4)

[ToxpcraBnss sHaYeHUsA uf)m (t)m v% () u3 (2.4) B (2.3), momyuum

2 oyt ah? o (msinel
m =l

02 (2.5)

—(p- Q}IZZ 'f':”'smfﬂ—r}+f{2}cosfr:r—z)| drb.

r=1j=0



ITpu ycmoBum P > Q BelpakeHue B (GUTYpHBIX CKOOKax B ¢opmyse (2.5) sBisercs BOTHYTOH
byHKIIMeH 10 ImepeMeHHBIM 1’1(]-1:'1/1 fsz:' (r=1,2,...;5=0,1, 2, ... ), cmegoBaTeJbHO, MAKCUMyM B

(2.5) mpu mr06BIX zgu)] (t), zﬁ (t) mocTHTaeTCcs Ha €[UHCTBEHHOM BEKTOpe (Eﬁg 0 (I%' )D (m=1,2,
.5;n=0,1,2,..), e mpu moOX HAYATBHBIX 3HAUEHHUIX UIPOBAs CUTyauus peryaspHa [7,8].

HOJIY‘—IGHBI YPaBHEHUA, 13 KOTOPBIX OIIpEAEeJIAI0TCI KOMIIOHEHTBI BEKTOPA 10 [5,6]

3ameTHnM, 4TO g0 (t, {35‘21 (t), Zﬁ (t)}.T) - orpannuenHas BenuvrHa, TaK KaK PALBI, YIACTBYIOLIHE
B BBIpaXeHHUAX (2.5), cxomarcd, ciefoBaTeNbHO, ONTHMAJIbHBIE YIIPABIAIOUME BO3ZEHCTBUA,
onpegensemsle ¢opmyoit (2.4) paBuomepro mo T € [0,T], cocraBnfioT cxopfuecs KBaZpaToM
pazsl [5,9]. Jlna onpeneneHys MOMEHTa ¥ B K&KJOW CUTyalluy HYXXHO HaliTH HaUMEHBUINII KOPEeHb
ypaBHeHUA

TN () PR VPR ) PR RN (1) P
Teﬂﬁi,ﬂe (b, {2, (Baed, 270 Gaed), T = 277 (B, o) (2.6)

3. Tax xax (X, GG, &P, L @, 22 1. 1), v v¥ m=1,2,...;0n=0,1,2...)
TPYHO IPeACTaBUTh B AHATUTHUECKOH (popMe, TO 3a7ja9y pelInM YUCIeHHO.

19 4rCIeHHOTO IpuMepa BO3bMeM KDPYIJIyIO IUIACTUHKY M3 CTalM, KOTOpasd MMeeT Ciefyloue
sHaYeHHs apaMeTpoB: a = 0,2:, h = 0,001m, p = 7,9 - 10%kr/m>, E=2 - 101 w/M?%, p= 0,3, P=8,Q=2,
t = 0 OI‘PaHI/I‘-II/IMC}I CJIy‘-IaHMI/I m = 2, ,ZLBYMH YBJIOBBIMI/I OKPY)KHOCTHMI/I, d YBJIOBBIE ,H;I/IHMETPBI
PaccMOTpHM J0 N = 3.

Brrauciens! coOCTBeHHbIe YHCIIA kmn u3 ypaBHeHus (1.18), ciemoBaTepHO U KBaZpaT YacCTOTEHI

COOCTBEHHBIX KomebaHuii Kpyrinoi wiactuaky u3 (1.23) pmam=2,n=0,1,2,3:

Mgy =5.08175, Ly =6.66963, A, =8.13244, M, =9.48769,

(3.1)
W, = 304.767, W, = 535.469, O, = 796.107, W,y = 1083.56.
ITycts HavaIBHBIHM NPOTHO U HaYaIbHAS CKOPOCTH CPEAMHHOM IIOBEPXHOCTH OyAyT
1
o(r,0) = rZGSinB,
9. 10120
(3.2)
1
y(r,0) = rOsin6.
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Puc. 2

YuursiBagd 5TH 3HAaYeHHUdA, ¢ momompio mporpammbl «Mathematica 5.0» u «Microsoft Excel»

1).0 2),0
YUCJeHHBIM MEeTOJOM BBIYMCJIEHBI (fltm)l , (.i'fmz) (m = 2, n = 0,1,2,3), a ciemoBaresabHO
BBIYMCJIEHBl TUIIOTETHYECKOe paccorjacoBaHve w3 (2.5), W ONTHUMaJbHBIE YIIPAaBIAIONIVE
Bo3meiicTBusA u3 (2.4).

Ha puc. 1-3 nmpencraBieHBl — 3aBHCHUMOCTH SO{T,O,6OOO}, ug3 {7,0,30}, vgg {7,0,30}
COOTBETCTBEHHO.

Puc. 3



Puc. 4

0 0
W3 puc. 4 BUIHO, YTO U, U V., NMEIOT IIPOTHBONOJIOKHbIE 3HAKU HA TOM )K€ HHTepBase BpeMeHH.
o 0 0
OcTanpHble ONTUMAaNBHBIE yIIpaBigiomuye Bo3geicreud, u_ {1,0,30}, v {1,0,30} (m =2, n=0,1,2)

HMMeIOT TOT )K€ XapaKTep, 4TO U ugg {7,0,30} (puc.2) u Ug3 {7,0,30} (puc. 3).
W3 puc. 1-4 cnexmyet, 4TO KOTjja peCypchl IepBOro urpoka 6ossire, yem Broporo (P > Q), To 3azaua

. o 0
BCET7ia PElIaeTcs B IOJIB3Y IIEPBOTo, T.€. IEPBbLi NTPOK, PACIIOPSIKAIOMUNCS yIIPaBIeHreM U (m =
2, n =0,1,2,3), racut xosebaTeapHOE ABMKEHME 0O0JIOYKY IIPU CAMOM YIIOPHOM COIIPOTUBJIEHUHU CO

CTOPOHBI BTOPOTO UTI'POKa 'qun (m =2, n=0,1,2,3). A Bropoii urpox, Hao6opor, npu (P < Q) moxer
YBEJIUYUTH aMIUIUTY Ly KOJIeOaHHii.
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U. U. Qupphbu, L. U. Uuqiwuiyub

Zajundtn hpuhfuljutipmy Yinp vwth nunuiinnuijui swpddwb oujnpufuy
nEjudupdwt dwuh

Thuwupuws E np uwih gdughtt nunwimidutph owyyinhdwy) nEjudupdwt futinhpp, Epp tpu
Ypu wgnnid Eu puojudws hwljudtin mdtp: vunnph inidnudp jumniggws L owapph inkupny hudwubn
Jutmph ubthwljut $nitighutitph ogumpyundp b pipwd E tpypnpn Jupgh ghptptighuy hujuua-
prudubpm] pimpwigpnn uwmuhte jutnph: fvunugnnubph oupinpduy nEjunjupnn wqnbgnpeymi-
ubipp npnpdws Bu bpunnpbidwy iowtiunmpyut Enutany: 8nyg k wnnpduws, np bpt wnwght fuwunu-
gnnh nkuntpuibpp wytih pun G, putt Epipnpn jpwnugnnhip, b wqnn nidbpp yunund Bu L,
nuuht, wuyyu pusynud E jnp uwagh munwimedubph dwpdwt jutighpp:

M. S. Gabrielyan, L. A. Mazmanyan

On the Optimal Control of the Circular Plate’ s Vibrationsin the Conflict Situations

It is discussed the problem of an optimal control for the circular plate's linear vibrations, when
the distributive disposed forces influence on it. The problem is solved by the method of variable
division and it is brought to the differential game, which is described by the infinitesimal differential
equations of second order. The extremal strategies are constructed by the extreme targeting method. It
is shown that if the resources of thefirst player are more than the resources of the second player and the
influencing forces belong to class L., then the problem of damping of plate's vibrationsis solved.



O®UN3UKA
YK 539.12
Axagemux A. P. Mxprusan, A. I'. Mkprusan, A. A. Acmamax, M. M. Mupsosu

HccnenoBaHue sHePreTUYeCKUX M YIJIOBBIX XapaKTePUCTUK ITapaMeTPIIeCKOTO
PEHTTeHOBCKOTO U3Ty9eHH DJIEKTPOHOB C dHeprueii 855 MaB B
MOHOKPHCTaJIJIaX

(ITpencrasneno 13/111 2006)
KittoueBsie C/10Ba: 2.7€KTPOH, KOHZEHCHPOBAHHAA CPEAA, H3TYY€HHE, AKYCTHKA

[Tory4yens! sHepreTndyeckue U YIJIOBBIE pacIIpefieleHUA IIapaMeTPUYECKOTO PEeHTTE€HOBCKOTIO
nanyuenus (IIPW) snextponos ¢ sHeprueit 855 MasB B MoHOKpHCTa/IaX KBapua ¥ HUOOATa JIUTHA.
3aperucTpupoBaHsl u3MeHeHus napameTrpos IIPV moz Bo3zeiicTBMEM aKyCTHYeCKUX KOJIeOaHUIA,
KOTOpBIe IIOJTBEPXKAAIOT CIIPaBEeINBOCTh TEOPEeTUYECKUX pacueToB [1] M sKcIlepuMeHTaJIBHBIX
pe3ypTaToB [2-5].

OKcllepuMeHTaNbHble ucciaenoBaHusa sapiaeHus I[IPM saexkrporHoB ¢ sHeprueit 855 MsB B
MOHOKPHCTA/JIaX KBaplia X HMoOaTa JUTUA IpoBouiauck Ha MukporpoHe MAMUM Maitnnckoro
yuuepcureta (I'epmanus) [6]. DxcrepuMeHTs IPOBOgUINCEH B reomeTpu Jlays [7].

B xauecTBe paguaTopoB GBLIM HCIIONB30BAHBI ITACTHHEL IIhe303/IEKTPUYECKHIX KPUCTaIoB Si0, u

LiNbO3 PasHBIX TOJIIMH M Cpe30B. PamuaTropsl ¢ IIOMOLIBIO CHEIMAJBHO pa3pabOTaHHBIX

Iepxarteseil ObUIM 3aKpeIlIeHbl Ha TOHHOMETpe C IIATBHIO CTelleHAMHU cBoOOAsl. [l1a perucrpaunyu
M3JTy4YeHUs, BOSHUKAIOIETO ITPU B3aUMOEHCTBUY 3IEKTPOHOB C PaAHaTOPaMH, ObLIM MCIOIB30BAHBI
IIOJTyTIPOBOJHUKOBBIE eTeKTOPBI Ha OCHOBe KpeMHUA U repmanmus. [locie opuenTanuu paguaropa

METOAOM PErucTpalliy H3JIYY€HHNA KaHdINMPOBAHHBIX JJIEKTPOHOB B OIIpe€/l€JIEHHOM TE€JIE€CHOM yIJje
pagruaTOp IIOBOPAYNBAJICA B I‘OPHBOHTEUIBHOfI IIJIOCKOCTH HA YT'OJI 22.50, 9TOOBI 00ECIIeYnTh ycioBHue

Bpoarra u perucrpaunumio IIPU moz yriom 45°.
Jlna Bcex BBIOPAaHHBIX pafMaTOPOB-MUIIEHeH OBUIM 3aperHCTPUPOBAaHBI CIIEKTPHI YTJIOBBIX U

sHepreTuueckux pacmpepenenuit [IPV. Ha puc. 1 mpuBesieHs! 3aperucTpupoBanHsie mog, yriom 45°
XapaKTepHble CIIeKTPHl M3Ty4eHHUd, BO3HHUKAIONETO IIpU B3aUMOZEHCTBUU 3JIEKTPOHOB C
MOHOKPHUCTa/UIaMU KBapua X-cpesa tommuHo# 0.795 MM u HuobaTa mutus Z-cpesa tonmunoi 0.65
MM (puc. 1, a, 6 coorBercBenHo). Ha puc. 1, a mpu smeprusax ~ 5, ~ 10, ~ 15 u ~ 20 xaB Bergensaiorcs
XapaKTepHble dHepretudyeckue Bbixoasl IIPH, T.e. BeimosmHserca ycnoBue bparra gna cemeiicTsa

mrockocreit kxBapma (1011). B cmexrpe mpu smeprusx 0.525 u 1.74 kB Takxe IPHCYTCTBYIOT
XapaKTepUCTUYeCKHe M3rydeHHs K-kpaeB KHCIOpoZa M KpeMHHA. 3aperHCTPUPOBAHHEIE CHEKTPHI
OTIMYAIOTCA WHTEHCHUBHOCTBIO, DHEprueil M YIJIOBBIM pacIipefieleHHeM XapaKTepHBIX BBIXOZOB
ITPU, xoropsle ompezenAioTcs ycjIoBUeM bparra u TONMIWHON pasuaropa, a TakKe IPUCYTCTBUEM
n3rydyeHns K-xpaeB aToMOB, BXOAAIIMIX B COCTaB MCCIeAyeMOro pazuaropa. [l1s HariggHOCTH Ha



puc. 1,6 mpuBemeH 3aperHCTPUPOBAHHBIN CIEKTP M3JIy4eHHUA DIEKTPOHOB I MOHOKPHCTAJLIA
Huobara TUTHA Z-cpe3a TommuHo#i 650 MkM, rae npu sHeprusax ~ 11, ~ 16 u ~ 22 xaB Brigenaorcs

pedexcs: [IPU pnsa cemeiicTsa miuockocteit (3300), B ciekTpe Takxke BoIZensioTcs K-xpas Huobara:

K 1-16.615,K,1-18.623,K,2-18952uL 1-2.16 x3B.
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Puc. 1. Cexrpsr ITPU mys cemeiicrs mmockocreir (101 1) miactuns! kBapua X-cpesa

TommuHOM 795 MxM (a) u (3300) HHoGaTa JIUTHS Z-cpesa tonmuHo# 650 mxMm (0).

Ha pric. 2 mpuBeseHo yrioBoe pacipezenenue IIPY s cemeiicTa mwiockocteit ksapua (1011),
HeIIpepBIBHbIe JTUHUU COOTBETCTBYIOT XapaKTEPUCTUYECKUM H3IyYeHUSIM KUCIOPOJA W KPEeMHUI.
Taxoke OBLIM TONy4YeHBI COOTBETCTBYIOIIME TpeXMepHble KapTHUHBI YIJIOBOTO - JHEPreTUYeCKOTO
pacnipezmenenus [IPU (puc. 3).

Ha ocHoBe mosryueHHBIX pe3ybTaTOB OBLI IIPOBeJZieH CPaBHUTETBHBIN aHATU3 M OBLIU IIOTyIeHBI
3aBUCHMOCTU HUHTETpaJbHONH WHTeHCHUBHOCTH [IPM OT TONMUMHBI M OpHeHTaUWH paAuaTopa.
[TpenBapuTensHas OIleHKa TOJIIMHBI KPUCTAIIOB [ ONTUManpHOro Bhixoza IIPY xopomuro
COTJIACYeTCs C IIOMyYeHHBIMU OKCIIePUMEHTAIbHBIMU Pe3yIbTaTaMHu.
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Puc. 2. JIBymMepHas KapTHHA YIJIOBOTO - DHepreTuyeckoro pacnpezenenue [IPY pnsa

cemericTBa IIockocTeit kBapua (101 1).



Puc. 3. TpexmepHas KapTHHA YIJIOBOTO - DHepreTudeckoro pacupenenenus [IPY

IJIsL IJIOCKOCTH KBapIia (101 1).

Bo BpeMs sKcIepHMeHTAJIBHBIX pabOT TakyKe OBLIM IPOBEJEHBI MCCIENOBAHUA IIO BBISBICHUIO
BO3/IeCTBUA BHEIIHWX aKyCTHYEeCKUX KOJIeOaHUIl Ha yTJIOBble M DHepreTHYecKHue paclpefeleHus

I[TPA. C oroit mempio ObUIM Pa3paboOTaHBI CIIEI[MaIbHBIE PE30HATOPHI-JEp)KaTenn, KOTOpbIe
obecrieunBanu Bo30yXeH1e B 00pasiie 0ObeMHBIX aKyCTHYeCKUX KOIeGaHu.
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Puc. 4. Dueprerudeckoe u yriaosoe pacupezenenue IIPY npu orcyrersum (a) u
Hanuyuu (6) aKyCTHYeCKUX KOJIeOaHUH.

s BBIABIEHUA BO3ZEHCTBUA aKyCTHYeCKMX KoJeGaHHII Ha YIJIOBBlE M OJHEpreTHYecKue
pacupenenenus [IPM  moutm p1a Bcex 00pasuoB pesyIbTUpYIOIIME U3ITydeHHS OBLIN
3apeTUCTPUPOBAHBI KaK IIPH OTCYTCTBHH, TaK U IIPU HAIWYMM aKyCTHYECKUX KojieGaHWH pasHOM
ammiutygsl. Ha puc. 4, a, 6 mpuBesieHsI 5HepreTudeckue M YIJIOBble pacnpefenenus IIPU mma

kpucramorpaduraeckoii mwrockocrs (3030) MonokpucTamTa KBapua X-cpesa TommuHoi 0.795 Mm
IIPX OTCYTCTBUM M HAJIMYUU AKyCTUYeCKUX Kojebanuil ¢ ammuurygzamu 20 B. Ananornunsie
pacrpeziesleHuss ObUIM TIOJy4YeHBI JJI BCEX HCCIENOBAHHBIX 00pasioB. AHAIU3UPYS IOTyYeHHBIE
CIIEKTPBI, MOXKHO IIPHHATH K 3aKJIIOUEHUIO, YTO aKyCTHIeCKHe KOIeGaHuA MOTYT U3MeHATh He TOJIBKO
WHTEHCUBHOCTH, HO U (pOPMY JIMHUI XapaKTepHBIX dHepreTudeckux BbIxozos IIPU. Jlna momHOTO
IpeACTaBleHNs 00 wu3MeHeHHAX GoOpMbl JTuHMM U UHTeHcuBHOCTH [IPYM 6GpuIa mpoBemeHa
crenmuanbHasg oOOpabOTKAa [JAaHHBIX M IIOMyYeHBI paclpefieleHHs aOCONIOTHOTO W3MEeHeHU
MHTEHCUBHOCTH.

Bo BpeMs sKCIepHMeHTaIBHBIX PAabOT OBLIM 3apPETUCTPUPOBAHBI yBEIWYEHHS WHTEHCHUBHOCTH
IIPY. OpHako IpezIONaraeMoro yBeJIHMYeHMS BCIEACTBHE HarpeBa pafHaTOPOB-KPHUCTAIIOB B
BAaKyyMHOH cpefe TpH OOJBIINX 3HAYEHUIX aMIUIUTYABl aKyCTUYeCKHX KOJeOaHHil He
Ha0II0IaI0Ch.

[lonyyeHHble BSKCIEpUMEHTAJIbHBIE Pe3YJbTaThl XOPOIIO COIJIACYIOTCA C TeOpeTHYeCKUMU
pacyeTaMu U OIIPaBABIBAIOT BEIOOPKY IIbE303IEKTPUIECKUX KPUCTAJLIIOB.

WNucruryT npukiagusix mpobiem ¢pusuku HAH PA



Uljuntdhynu U. 2. Upugjub, U Z. Uljpungul, U. U. Uyuiywui, U. U. Uhpqoyui

855 Utd, Lutipghuyny LEjwnpnuttph yupudtnphl nkinngkiyu funmuquypiui
Fukpgtwnhl b wtlym taght pimpugptph muniduwuhpmpiniip dhwpynutn ukpmd

Qputgly Eu Ydupgh b jhphnwdh thnpuwnh dhwpmpbnubpmud 855 UL, Eubpghuynyd HEY-
wnpnuttph yupudbtnphl pkngbiyut Sunwquypdwt tubpgbnhl b wunitughtt pughauasnt -
pmiuttpp: Thudl) Bu wnuunhl] munwtnidubph wnbigmpjundp wupudbnphl pkungbiyu
Sunuquypdut pumpwugntph thnthnjunipnitiutp, npnup hwunwnnud Bu inbuwjuitt hwpduipljutph
[1] b twpujhtt hnpdtuljuts hbnwgnuinmpinitiitiph wipnymupttph [2-5] huljnipmun:

Academician A.R.Mkrtchyan, A.H.Mkrtchyan, A.A.Adlanyan, M.M.Mirzoyan

Investigation of the 855M eV Electrons Parametric X-Ray Radiation Energy and Angular
Characteristicsin the Single Crystals

The energy and angular distributions of the parametric X-Ray radiation (PXR) from 855MeV
electrons in quartz and lithium niobium single crystals are obtained. Variations of the parameters of
PXR under the influence of acoustic vibrations are detected, so the verity of the theoretical calculations
[1] and preceding experimental resulty 2-5] are confirmed.
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OPTAHNYECKAA XMUA
YIIK 542.91+632.938
Axagmemuk B.B. Josnarsm, T.3. ITamosw, ®.B. Aserucan, A.I1. Enrosu
INomck HOBBIX IMECTHUIMAOB B PAAY TPOU3BOIHEIX 1,3,4-THazmasoma
(ITpemcrasreno 2/VI 2005)

KimioueBsie coBa: rugpasus, MHPHMHAHH, THAZHA30T, OHC-A/IKHIHPOBAHHE, QYHIHIHT

B x07ie IOMCKOB HOBBIX ITECTUIIUZOB HAMHU paHee GBIJIO TOKA3aHO, YTO 2,4-TUXIOp-6-MeTHINMHUPUMHUANH 107, ZefiCTBUeM coeit
JUMETHUIAUTHOKAapOAMUHOBOM KUCJIOTBI K 2-MepKamTo-4-MeTUI-5-THOKCO-1,3,4-Thazuazona B ONpeJeIeHHBIX YCIOBUAX
B3aUMOJENCTBHA MOTYT PearupoBaTh CEeJIeKTUBHO, UCKIIOYUTENIBFHO II0 MECTY OLHOTO aToMa XJI0pa, He 3aTparuBas BTOPOTO, YTO
IpUBeJIO K 06pa3oBaHuIo 2-xIop-4-S-3aMenieHHbIX IPOU3BOAHBIX IuprMuguHa [1,2].

B npoposmkeHue 3TUx paboT onpeseseHHBIN UHTepeC IPeACTAaBIAIO0 BOBIeYeHHe B KPYT UCCIeL0OBaHuUil Gojlee JOCTYIHOTO 2-

MepKaTo-5-Trokco-1,3,4-Tuazuasona, o6pasyomerocs Ipyu B3aUMOAeHCTBAY rHuzpasuHa ¢ cepoyriaepogom [3]. Coenmumenue I
MOJXXET PearupoBaTh B HECKOJIBKUX TayTOMEPHBIX (popmax:

EI—SFS [\In]—'_—“,_SH HD:]—'=S

SH

O,ILHaKO mon I[efICTBHeM AIKHWJINPYIOMNX CPEACTB B IPUCYTCTBHUH ITIOTAaIlIad I IIepexoauT B MOHO3aMelll€eHHbI€ IIPOU3BOAHbBIE I

K,CO, HN—=5

T —

R-Hal M-
=R

R = C,H, (a) , CH,CONH,(6) , CH,-C,H,-Cl (8)

BzaumogeiicTBue ITOTyYeHHBIX TAKUM 06pasoM coenuuenuii I ¢ 2,4-1uxnop-6-MeTUINMUPUMUAIMHOM IIPUBEIO K 06pa3soBaHUIO
coepunenuii I11:
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R = C,H, (a) , CH,CONH,/(6) , CH,-CH,-Cl (8)

OpHOBpeMeHHO GbLIO YCTaHOBJIEHO, YTO COeAMHEHNE | TPyIHO U HeOLHO3HAYHO IOABepraeTcs Guc-aaIKuInpoBanuio. OgHako
[IpY IPUMEHEHUH B KaYeCTBe AIKUIMPYIOINX CPEACTB XJIOPUCTOTO GeH3uIa U 2,4- AUXJIop-6-MeTHINUPUMUSUHA coefuHeH e |
IJIaZIKO TIOAfAeTCs UCYEPIIFIBAOIIEMY aIKUINPOBAHUIO C 00pa3oBaHueM Ouc-0eH3u (TupuMunuHmi-4)-1,3,4-tnazgnasosos:
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Ilo mpexBapuTe/NBHBIM ZAaHHBIM CcOefuHeHMe IVa IpogBiIgeT BBICOKYIO QYHTHMIUZHYIO aKTUBHOCTh M MOXET IPUMEHATHC B
KayecTBe IIPOTpaBUTeA CeMAH O3MMOI IIIeHUIIbI IPOTUB TBEP0H TOJIOBHMU.

Cniextpsr JIMP ‘H cmater Ha cmextpomerpe "Mercury-300" ¢ paboueit wacroroii 300 MI'n. Yncrora momydeHHBIX BelecTB
onpenenena merogom TCX na mwracruuke "Silufol”.

2-srrnTIo-5-THOKCO-1,3,4-THaguazon(Ila). 0.28 r (0.002 mons) K,CO, pacreopstor B 5 mu Bogsr u goGasmor 0.6 r (0.004
MonA) 2-mepKanrTo-5-Tmokco-1,3,4-tmaguaszona. Ilocse TOMHOrO pacTBOpeHHA TIPM IepeMelIMBAaHWKM U OXJIKIeHUU
npuxkamsiBaoT 0.63 r (0.004 mosns) C,H;-J B 10 mx anerona. [lepemenripanie IPOOJIKAIOT IIPK TeMIIEPAType 50°C B Teuenue 5
4. Ocrasaior Ha Houb. Ha cremyromuii eHs pacTBOPUTENb YIIAPUBAIOT IIPY KOMHATHOM TeMIIepaType, OCTaTOK 06pabaThIBaioT
BOZIO#, OThUIBTPOBEIBAIOT, BhICyTHBatoT. [Tomywator 0.57 T (80%) IT a. T.mn. 126-127°C.

Haitigeno, %: N 15.55; S 53.50; C4H6N283' Brruucaeno, %: N 15.73; S 53.93.

2-xap6oHaMuAOMeTHII-5-TrokCco-1,3,4-tuazmason (I 6). Torywaror amanoruu-uo Il a. Berxoz 84%. T. . 185-186°C.

Haitneno, % Brruucieno, %
Coenunenuve | Brrxoz, T OC Bpyrro
o o dopmya
% Crtexrp TIMP, 6, IMCO —d; ..z
N S Cl N S Cl
1.50(3H,1,])=6.7 I'n,, CH,CH,S ); 2.50(3H.c,
Illa 82 119-120 | 17.95 31.70 11.78 C9H9N4SSC1 18.39 31.53 11.66 CHS ); 3.38(2H,k,J=6.7 Tz, S CHZ); 7.48(1H, c,
CH)
2.49(3H, ¢, CH,),4.08(2H, ¢, CH,),7.45(1H, c,
16 83 164-165 | 20.85 | 29.05 10.91 CyHgN,08,Cl 20.99 28.78 10.64 | CH),
7.10 u 7.55(m0 1H, ymr.c, NH2)
2.50(3H, c, CHS),4.58(2H, c, CHZ),7.23—7.48(4H,
s 80 109-110 | 14.15 | 24.22 17.33 C,5H,oN,8,CL, 13.96 23.94 17.70 | w,
C6H4), 7.47( 1H, ¢, CH)
IVa 82 194-195 | 20.58 | 24.15 17.46 C,,HgNSCl, 20.84 23.82 17.61 | 2.51[6H,c,(CH,),], 7.55[2H,c,(CH),

Haiigeno, %: N 19.97; S 47.00; C4H5NBSSO. Beruncieno, %: N 20.29; S 46.37.

2-m-xnop6ensun-5-tuoxco-1,3,4-ruamuason (11 8). Iory4ator amamormaso 11 a. Berxoz 82%. T. . 240-242°C.

Haitmeno, %: N 10.55; S 34.25; C1 12.80; C9H7N253CI. Brruncieno, %: N 10.20; S 34.97; C1 12.93.

2-x7110p-4-(2’-31InTR0-1,3,4-THanuaz0I-5’)-THo-6-MeTrmupumu gy (11T a). 1.78 r (0.01 mois) II a pacrBopsitor B8 10 mi
Bozbl, moGasusior mpu mepememusanuy 0.69 r (0.005 mons) K,CO,. Ilocre momHOro pacTBOpeHMs IPU OXTAXACHUM M

mepememwuBanuy npukameBaior 1.63 1 (0.01 wmoma) 2,4-guxnop-6-merwinupumuguza B 10 mn amerona. Cmech Ipu

mepemenmBanwy Harpesaor mpu 50°C B Tewenwe 5 4, ocTaBAAIOT Ha HOUB. Ha cefyromuii IeHs pacTBOPUTENTh YITapHBAIOT IPH
KOMHATHOH TeMIteparype, 00pabarsIBaioT BoLo#, 0TduibTpoBsBatoT. OYUINAIOT KUISTYEHNEM B TeKCaHe U OT(GMIBTPOBIBAHUEM
B ropsigem cocrosiauu. [lomygaror 2.5 r III a (Tabiuna).
2-xm0p-4-(2’-xap6onamugomeruruo-(I1I 6) u 2-xs0p-4-(2’-n-xsop6ensunruo-1,3,4-trnaguazonui-5’)-tuo-6-
mermnnupumuzauH (III B). ITonyyator ananorunyso 111 a (Tabauna).
2,5-6uc-(2’-x10p-6’-MeTunupuMuAnHII)-5-Trn0-1,3,4-Tnaguason (IV a). 1.38 r (0.01 mos) K2C03 pacrBopsitoT B 10 M1 Bozbt

u mpu nepememuBanuu go6asraor 1.5 r (0.01 mona)l. K momydeHHOMY pacTBOpY IIpH OXJTKAEHWU JIbJOM U II€peMelInBaHIN
nobasaior 3.26 r (0.02 mona) 2,4-puxmop-6-mermnnupumuzuaa B 10 M anerona. IlepemenrmBaHue NPOZODKAIOT IPU

O, o o
tremneparype 50°C B TeyeHme 5 4, OCTaBIAIOT Ha HOYb. Ha ciexyromuil AeHb pacTBOPUTENS YIAPUBAIOT IIPM KOMHATHOMN
TeMIlepaType, 06pabaThIBAIOT BOLOM, OTGUIBTPOBEIBAIOT. OUMIIAIOT KUNISTUeHNEM B TeKCaHe U OT(UIBTPOBEIBAHUEM B TOpAIEM
cocrosuuu. [lonyqaror 3.3 r IV a (Tabruna).

2,5-6uc-(n-xmop6enswn)-5-tuo-1,3,4-tuagmazon (IV 6). Homygator aranorwaso IV a. Berxom 93%. T.m. 230-231°C.



Haiigeno, %: N 6.84; S 24.22; C1 18.30; C16H12N283CI2. Berumcimeno, %: N 7.01; S 24.06; C1 17.79.

TocynapcrBenHsIit arpapHBIi yHUBepCUTET APMeHUU
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‘Unp ykuwnhghnubph npninidp 1,3,4-phunhwgn h wswbgpuyubph swppmd

Zupyh wntbkny, np twphtinwd dbp Ynnuhg uhptqus 2-dbpjuugnn-4-Utphi-5-phopun-
1,3,4-phunhwqgnih wswugpujutph swuppnid hwyntwptpdt) B pupdp ntughghnuyghtt wjnhynt-
Pt mubkgnn Uhwgmpiniubp, nputu Guympe ytpgdty Eudbh dwwnsth 2-dEpjuugnn-5-phopun-
1,3,4-phumhwqnip, npp wippugdly & nwppbp wiijppuging dhongutiph oqumpyundp: Uunuugws
Uhwgmpmiibpp thnpruqnbgnipiub dbg ku gt 2,4-nhpinp-6-dtphiwhphuhnhih htwn: Bpp nputu
wiyhpugtinn dheng Ytpgt) ko wupu-pinppliqoip b 2,4-nhpnp-6-utphiwhphuhnhip, httupugnp b
tint) phu-phiiqhy (whppuhnhthy-4)-1,3,4-phunhwgn b unugmadp:

Academician V.V. Dovlatyan, T.Z. Papoyan, F.V. Avetisyan, A.P. Yengoyan

Sear ch of New Pesticidesin Series of Derivatives of 1,3,4-tiadiazole

Previously we have synthesised the derivatives of 2-merkapto-4-methyl-5-thiokso-1,3,4-thia-
diazol were synthesised and compounds with high fungicidal activity were discovered among them.
Taking this into account we have used more easily accessible 2-merkapto-5-thiokso-1,3,4-thiadiazol as
an initial substance, which is alkylated by different alkylating agents. The obtained compounds were
set in reaction with 2,4-dichlor-6-methylpirimidine. Application of parachlorbenzol and 2,4-dichlor-6-
methylpirimidine as alkylating agents made it possible to obtain bisbenzyl (pirimidinil-4)-1,3,4-
thiadiazol.
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A.C. Maprap;IHI, akagemuk K. I Kaparessmz, JI. M. Oscemsz?, A. A. Cuvonsz’

Crnennduueckue HapymeHus Metabonausma pocdonrunmoB B TKAHAX GeIBIX
KPBIC IIPY TUPPO3€e NIeYeHN

(IIpemcrasneno 21/VII 2005)
KimioueBsie cioBa: 5#ppos, poc@ogrHmugsr, aHTHOKCHAAHTHL, IIEPEKHCHOE OKHCTCHHE

B mociegHue rogsr 3HaUNTEIBPHAS POJIBb B IaTOTeHe3e MeTa00INIeCKUX U CTPYKTYPHBIX COCTOSTHHH
IIpU IIeJIOM psAfe IaTOJOTUH OTBOAUTCA WHTEHCU(PUKALUHU IIPOIECCOB IEPEKUCHOTO OKHUCIEHUI
munupos (IIOJI) B ximerounsrx MemOpaHax M MeMOpaHaX CyOKJIeTOYHBIX CTPYkTyp [1,2].
N36siTounoe HakomneHune 1mpoaykroB [IOJI MokeT CayXuTh IIPUYMHON HeKpo3a KIETOK,
HapylleHus (GU3NKO-XUMUYECKUX CBOMCTB MX MeMOpaH, OOpa30BaHHA B HUX HMOHHBIX KaHAJIOB.
ITOJI-3aBucuMBIe U3MEHEHH A KaTAIUTUYeCKIX CBOMCTB MeMOPaHHO-CBA3aHHBIX (pepMEeHTOB OOBIYHO
00YCJIOBIMBAIOTCA M3MEeHEHUEM COCTOSHMS M COCTaBa GochONUNUAHOTO KOMIOHEHTa MeMOpaHSHI,
MopuduKkanyueil OeIKOBBIX MOJEKYJ (epMeHTa 3a CYeT OKHCJIEHHMS THOJOBBIX TIPYII
B3auMozgeiictsueM npoaykros IIOJI co cBoGozHBIMU aMUHOTpYIIIIaMU GeIKOB [3].

llexpio HacTOALIETO WCCIENOBAHUA SIBUJIOCH U3ydYeHHe HHTeHCuBHOcTH mpouecca IIOJI,
Ka4eCTBEHHOTO M KOJHWYECTBEHHOTO M3MEHEeHUs COAepKaHud (PochorunupoB B KPOBU, MO3Te U
neyenu kpeic mpu CCl 4 ~ VHZYIMPOBAaHHOM I[MPpO3e ¥ KOPperupyroliee BO3ZEHCTBIE HA ITH

IIPOIIeCChl aHTHOKCUJAHTHBIX GaKTOpoB - a-Tokodpepona (TP) u Truocynsdara natpus (TCH).
Omerter 6511 TOcTaBeHs! Ha 30 6ecrroposHsbIx GerbIx Kpblcax-camuax maccoi 150-200 r. Huppos
IedYeHy BbI3bIBaIM BBeZeHneM BHyTpuOpromnaHO (8/6) CCl, B mose 0.15 mr/100 r Beca aBa pasa B

Hegzento B TeueHue 20-u pgHeit. JKuBoTHble ObUIM pasgeneHsl Ha 6 rpynn (mo 5 B Kaxkzmoit): 1)
MHTaKTHBIE; 2) ¢ okcnepumeHTanbHbiM CCl,-MHAYIMPOBAHHBIM UMPPO30M; 3) HHTAKTHBIE, KOTOPBIM

B/6 BBoguau T® B no3e 1 mr/100 r Beca; 4) ¢ uupposom, kotopsim B/6 BBogmau TP B moze 1 mr/100 r
Beca; 5) unTtakTHbIE, KOTOpHIM B/6 BBomwin TCH B mose 0,15 mr/100 r; 6) ¢ uupposom, KoTopsiM B/6
seozmuau TCH.

Bo Bcex BapuanTax >xuBoTHBIM T® 1 TCH BBOgMIN 2 pa3a B Hezenio B TeueHue 20-u fHei.

OO0 aKTHBHOCTM II€PEKUCHOTO OKUCJIEHUS CYLWUJINM IO OOPa30BaHUIO MAJOHOBOTO [JUAIbAETHIA
(MIA); perucTpanuio MIpOBOAYIIM CIIEKTPO(POTOMETPUYECKH IIPU IjIHHe BOIHBI 535 HM [4].

®paxuyoHupoBaHye UHAUBUAYAIBHBIX (OCHONUNNIOB MPOBOAIIN METOZOM Xpomarorpaduu B
TOHKOM CJIO€ CHJIMKAress C KCIIOJIb30BaHHEM CMECH PacTBOpUTeseil XI0podopM:MeTaHOI:aMMHUAK
65:35:5. ®ochonunusHble NATHA UIEHTUPUIUPOBAIHX C IOMOUIBIO CTAHIAPTOB  (HUPMBI
"Sigma" (CIIA). Munepanusanuio TUIUAHOTO Gochopa OCYLIeCTBISIIN B CPefle CEPHOI M a30THOM
KHCJIOT C IOC/IeAYIOUIMM pacuyeToOM KOJIMYeCTBa HeOpraHudeckoro dgocgopa, ompenenseMoro Io
IIBETHOI peakiuu MoaubmeHOBokuciaoro ammonus ¢ BuramuHoM C [5]. Bemok ompegensin mo



Jloypu u coasrT.

[6].

CTaTUCTHUKHU TIO t-KpuTepuio CTBIOZeHTa.

ITorygyenHsle pe3ysnbTaTsl OBLIM OOpabOTaHBI METONOM BapUAIMOHHOI

Ta6muma 1

W3meHeHMA MHTEHCUBHOCTH TeYeHHUA IIpoLiecca CBOOOJHOPaJUKAIBHOTO OKHUCIEHUA
munugoB (B HM MJIA/Mr Genka) B KpOBH, TOJIOBHOM MO3Te M IIeUeHH GeIbIX KPhIC
npu CCl,-mrynupoBaHHOM LUPPO3e NEYeHH [0/, BO3AEHCTBIEM T® u TCH

Wccnenyemas|Korrpons  (|CCl, TO CCl, +T® ||TCH CCl, + TCH
TKAHb
Kposs 5.50+0.002 [l9.2440.002 |[5.23+0.009 |6.83+0.002 [|6.12+0.01 ||7.22+0.002
P’ <0001 [P <0.001 [P,”<0.001 [P <0.001 |P," <0.001
+680/0*** _260/0**** _220/0****
Mosr 7.00£0.002 (8.21+0.002 [|6.33+0.009 |l6.78+0.002 (6.53+0.01 ||7.12+0.002
P’ <0001 [P <0.001 [P,”<0.001 [P <0.001 |P," <0.001
e o™ 130
TlegeHs 6.32+0.002 |15.85+0.002[5.25+0.009 |[9.64:+0.002 ||6.31+0.01 ||10.28+0.002
P’ <0001 [P <0.001 [IP."<0.001 (P <0001 |IP,"<0.001
+151% -39% -35%
‘P - B cpasmemum c KoHTponem; P, - B cpasmemmm c rpymmoi, momywmsmeidr CCl; T (+ -) - nsmenenme
HHTEHCHBHOCTH TEeYeHHs MPOIecca CBOGOIHOPaAHKATBHOTO OKMCICHHUA IUITAAO0B B CPABHEHUM C KOHTPOTEM;  (+ -) -

HN3MEHEHNE€ MHTEHCUBHOCTH TE€YEHM: IIpoIecca CBO60,II;HOP&,II;I/IK3JH>HOI‘O OKHCJIEHUA JIMIIUIO0B B CPABHEHHHU C I‘Pyl'[l'[OfI,

moyuusureit CCl 4

Kak moxasanmu pesynbTaTel wucciaefoBaHus (Tabin. 1), SKcIepUMeHTalTbHBIM LHUPPO3 I€YeHU
COIIPOBOXKJAeTCs HaKOIIJIeHeM OO0JIBLIIOTO KOJIUYECTBa IIePeKUCe JINIIUOB B KPOBH.

Cogepxanre M/IA B KOHTPOJIBHOI IpyIie XXUBOTHBIX - 5.5, 7.0 u 6.32 HMonB/MT GesKa B KPOBH,
Mo3re U TleyeHU cooTBeTcTBeHHO, a mpu CCl 4, MHIYIMPOBAHHOM I[MPpO3e - 9.24, 8.21 u 15.85

HMOJIB/MI Oenka. MexaHM3M TOKCHYECKOrO IeiCTBUS CC14, IO BCEM BUIMMOCTH, CBS3aH C €Tr0

o [ ] L]
IOBPEX/AIOIMM [eficTBueM depe3 00pasoBaHue CBOGOAHBIX pazmkanos, Takux kak CCly™ u Cl.

CBoGOgHbBIE  pagUKadbl HUHAYIUPYIOT CBOOOZHOPAAMKATIBPHOTO  OKHCJIEHHA C

IIOCIeAYIOIINM IIOBpEXKAECHUEM MEM6paH OPUTPOLUTOB. IloBrImIeHHOE O6P8.30BaHI/Ie IIPOAYKTOB

pasBUTHE

[TOJI nHUIMHpPYyeT OKUC/IEHNEe HeHACHIEHHBIX XUPHBIX KUCIOT B pocorunuzmax (OJI). Mcxons us
5TOrO HaMH IIpOBeJleHa Cepus UCCIeNOBAHUU IO M3y4YeHUIO cofepskaHus ¢ocoIUnumoB B KPOBU
KPBIC C IUPPO30M IIeUeHHU.

Kak  mokasaim  pesymbraTel  ucciaepsosanms  (tabn. 2),  CCl,-mmpyunpyemsit  umuppos



COIIPOBOXKJAEeTCS yBelIUueHUeM cofepkanus musopocharuauaxonnuos (JIPX), counromuennHos
(COM), KapAUOJIUTINHOB (KJI) c Iapa’sieIbHBIM yMeHbIIeHUEeM COZlepXKaHUs
moHodochonnosutnzoB (MOHM), docharupunxonrnuos (PX), docharununcepunos (OC),
docharuguastanomamunos (PD).

Oyukumonansuas pons JIOX 3aBucur or ypoBHs comepxanus dtux OJI B Tramax. Ilpm
IIOBBINIEHHBIX KOHUeHTpanuax JIOX mposBiIfioT MeMOPaHOTOKCHYECKUH M MeMOpaHOJIUTHYECKU
5¢deKTs], a MMEHHO BBI3BIBAIOT IIEPECTPOHKY JIMIIUAHOTO OHCIOS, IPUBOAANIYIO K IOABIEHUIO
HecrennpUIeCKON NPOHUIIAeMOCTH MeMOpaH. YBennuenue konudectBa JI®X cBs3ano ¢
ymenbirenreM konudectBa OX, OC, @3, 1. e. umenno Tex OJI, KOTOphIe JIETKO IIOZBEpPraroTCs
OKHCJIEHUIO CBOOONHBIMY pafUKaJaMy IIPU YCUIEHUH IIPoLiecca IePeKUCHOTO OKUCIeHH JIUITHUOB.
YBenuuenue cozepxkanus JIOX wmoxer OBITH TaK)Ke Ppe3yJIbTATOM IIOBBINIEHUS AKTUBHOCTH
doconumassr A,, OTWENIAOWEH HEHACPIMEHHYIO JKMPHYIO KHCJIOTy BO BTOPOM IIOJIOKEHHH

MoJieKy bl yKasaHHbIx OJI.

Oco06s1it mHTepec BhI3bIBaeT yBenndeHue cogepxanus COM mpu unuppose. Kax msBectHo, B
Mosexkyne COM mpucyTCTBYyIOT B OCHOBHOM OCTATKM HACHILIEHHBIX JKUPHBIX KUCJIOT U IIOITOMY
MIOBBILIEHNE COZEPXKAaHUA STUX JIUIIUIOB IIPUBOIUT K YBeJIMYEHUIO MUKPOBA3KOCTH JIUIUIHON (assl
MeMOpaH, WX BBIPRXEHHOHM XKeCTKOCTH. V3BecTHO, 4dYTO >KUIKOCTHOCTh JIMIUIHON (assl
OMOJIOTUYECKUX MeMOpaH SBJIAETCA CyLIeCTBEHHBIM (AaKTOPOM Peryaillid BHYTPHKJIETOUHBIX
IIPOIIECCOB, XapaKTePHU3YIOMUXCA B YaCTHOCTU yrHeTeHHeM akTuBHOCTU Na,K-ATP-5 mykimeoTnzmass
[7]. He wncximiodyeHO, 4TO OJHON M3 IPUYMH HApPYLIEHWs aKTUBHOCTH (pepMeHTa IIpU LUPpPO3e
ABJIAETCA MOBBINIEHNE XKECTKOCTH JIMITUIHOTO CJI0S MeMOpaHBbI.

3acinykxuBaeT BHUMaHUA (GakT yBenuueHusa cogepxkanHua KJI.  fBmraace HocuremaMu
orpunarenbHOro 3apana, KJI criocoOHbI BBITOIHAT HOHODOPHYIO GYHKIHIO, B YACTHOCTH, BIIHATH
Ha TpaHcnopT noHoB Ca u Na.

Ta6muma 2

Copep:xaHue HHAWBUAYAIbHBIX TpeicTaBuTenei pocdonunuzmos (B % or obmeit
cymmsr) B kpoBu npu CCl,-nrzynupoBaHHOM nuppo3e HeYeH IO

Bosgeiicreuem T® u TCH

Opaxiun Kontpons ||CCI 4 T CCl 4t T® |TCH CCl 4+ TCH

dbocdhonunnmos

MoUu 8.20£0.03 |5.06+0.01 |[7.28+0.02 ||6.73+0.03 |[7 9540 02 P'||7-2620.02
P’ <0.001 - |[P <0.001 [P, <0.001 ||<0.001 P, <0.001
38% +339%"" 449"

JIPX 5.30+0.02  |12.58+0.02 |4.7410.01 |6.32+0.01 |5 26+0.03 P ||7.67+0.03

P'<0.001 [P <0.001 |P," <0001 |<0.001  |Ip."<0.001 -

Hkkok

+137% 50% 40%




COM 24.800.03 |29 834003 |[23.72+0.01 [27.62+0.01 [23.23+0.02 ([25.45+0.02
P’ <0001 [P <0.001 [P, <0.001 [P'<0.001 |[P," <0.001-
+200/0*** _39(%)**** 15%****

DX 40.3040.03 |30.52+0.03 |40.83+0.02 [36.31+0.02 [42.58+0.01 |[34.42+0.01
P’ <0.001 - [P <0.001 [P,”<0.001 |P"<0.001 [P, <0.001
24% 119%" 113%"

i%e 8.20+0.01 |l6.154001 |9.02+0.02 |[7.52+0.02 |7 71+0.03 p'[I8.19+0.01
P’ <0.001 - P <0.001 [[P," <0.001 [<0.001 P, <0.001
25% 12206 133%

) 7.30+0.02 |[5.6040.02 |18.21+0.03 ||8.22+0.03 |7 79+0.01 P'[9.63+0.03
P’ <0.001 - [P <0.001 |[P,"<0.001 [<0.001 P," <0.001
230/0*** +47%**** +72%****

KJI 6.80+0.02  [10.26+0.02 |(6.2040.01 [[7.3640.01 |7 26003 P’ [[7.46+0.02
P <0001 I[P <0.001 Pl** < 0.001 [< 0.001 Pl** <0.001 -
JEE g™ 705"

P - B cpaBHenuu c kouTponem; P

UOUBUAYAIbHBIX IIpefcTaBuTeNeil (oconunumoB B KPOBH B CPaBHEHUU C KOHTPOJIEM;

1

- B cpaBHeHMH ¢ rpynnoi, noxyuusmeit CClL;  (+ -) - 3MeHeHue cozepKaHus

(+ -) - usmeHenue

COZiepKaHusA NHIUBU/YaTbHBIX TIpe/icTaBuTeNell pochomunuioB B KPOBU B CPaBHEHUH C rpymmoi, noryuusmeit CCl,.

CpeiBel  HOpMmanbHOTO (oHa @PJI-COOTHOmEHUI TNPOSBUINCH B CHIDKEHUM OTHOCUTEIHHOTO
comepxanus M®U, orHOCSmuXCA K KaTeropuu KHUCAbIX ¢ocdoaunuzos. OHU ydacTBYIOT B Tak
HaszpiBaeMoM  ¢docdarosuTuzHOM —IuKiIe  [8].
TPYIII 061aatoT

CBOMCTBaMHU, YTO IIO3BOJISET MM B CHJIy CBOEH 3JI€KTPOOTPUIATEIBHOCTH BJIMATH HA OOWIMIT 3apsf,

Bnaro,zgap;{ HaJIMYUIO AUCCON MM POBAHHBIX

dbocharumHpIx MHO3UTUAGOCHOTUTIH BT QHUOHHBIM U TUAPOPUIBHBIM

MeMOpaH kigeTokK. IlomyueHHBIE HaMu  (QaKTUYeCKUH MarepuayJ IIPOJHMBAaeT CBeT Ha
IIATOTeHeTHYeCKyI0 B3auMo3aBUCUMOCTh fucbananca @JI or creneHu UX MePOKCUIAIINH.

B mocnenguue romsr Bce Gojblile BHUMAHMA yAeJIAeTCA BOIIPOCAaM aHTHOKCHAAHTHONH KOPPEKIIMU
stux nospexzenuil [9, 10]. B xayecTBe aHTMOKCHIAHTHOI Tepamuu Hamu ObLTH BbIOpaHbl 1O u
TCH. Kak mnoxasamu pesysabTaThl HCC/IeJOBAaHWI, BBeJleHHe YKAa3aHHBIX IIpelapaToB KpbICaM
IIPUBOJUT K HOPMAJIM3ALUU KOJUYECTB IE€PeKUcell, MpUOIIKas UX K IIOKa3aTeaiM KOHTPOJIBHBIX
XuBOTHBIX. Mexanusm pgeiictBus T cBosuTcs K TOMY, YTO OH TacHT CBOOOJHBIE pPaZUKajbl
OKHCJIEHHBIX IIOJMHEHACHIEHHBIX JXUPHBIX KHCJIOT, ABIAACH JIOBYUIKOM IJIS PafUKaloB, T. e.
IIepexXBaThIBAE€T CBOOOIHEBIH 3JIEKTPOH, 00pasys HeaKTUBHOe coefuHeHue. [lomoxxurenpHoe BIusHUE
yKa3aHHBIX BellleCTB IIPOCJIeXUBAETCA U IIPU HcCCIefoBaHUM (HOCHONUINUTHOTO COCTaBa KPOBU IIpU

CCl 4, VHAYIMPOBAHHOM IMPPO3e  IEYeHH. TCH wu T® oxaspBaloT 3amMeTHOe [eHCTBUE Ha

HOpMasn3anuioo ypoBHel ocHoBHbBIX ¢pakuuit PJI. Beegenue TO u TCH npuBoguT K CHIDKEHUIO



konmuuectB JIOX u yBenuuenuio cogepxanus OX, O®C, @O, nunumos, KOTOpbE SBISIOTCI
OCHOBHBIMU HOCHUTENAMU HEHACBHINIEHHBIX >XUPHBIX KHCJIOT BO BTOPOM TIOJIOXKEHUU MOJEKYJIBI
ykasauusix OJI.

Takum o00pasoM pe3ysibTaTsl IIPOBEJEHHBIX HCCIENOBAHWI CBUETENBCTBYIOT O IIOBBIIIEHUU
YPOBHA CBOOOJHOPAaZUKAJIbHOTO OKHCAEHWs JUNULOB U HapymeHuu moctosHctBa PJI-OJI
coorHomeHnuit mpu CCl 4, MHIYIHPOBaHHOM IMppo3e. [[puMeHenue MpenapaTos aHTHOKCHAAHTHOTO

netictBus - T® u TCH okasbIBaeT IpOTEKTOPHOE AeHCTBHE, HOPMATU3ys KOJTUIECTBO MEPEeKUcei U
dochomIuIUIHOTO COCTaBa B UCCIeyeMbIX OMOJIOTMYeCKUX CUCTeMaX.

! Wucturyt 6noxumuu um. I'. X. Bynarana HAH PA

2 Wucturyt MonexynapHoit 6uonornun HAH PA
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U. U. Uupqupuib, wjuntdhlnu 4. Q. Y\wpugnguui, L. U. Zodubidywb,
U. U. Uhuntyut

dnupnjhyhnubph ympuhnjuutuljnmpjut pinpng hwtqupnudibpp uughunmly
wnbtntbph hmujwspubtpnud jjupnh ghrngh nhujpnid

Snyg E npdws, np uyghwnwl] wnubkwnubph Unwn CCl,-ny htnmYgdws thnpdwpupuljut ghnngh
nhypnid Ephppnghnubpnud, mnbnoud b jupnnud pupdpuitinud | jhyhnubph wquunnumhljuuyghtu
opuhnuguutt dwjuppulp b pwbqupdmu t $nudpnihuyhn-pnudbnhuhny thnjuhwpwpbpnipjut
Juyniinipiniuip: Zwljwopuhnuittnuyhtt yjunpuuinnijutph' e-nnindbpnih b twnphnudh phouny-
$unh tbpupynudp YEuguuhubphtt ngpuimpmu b yuwownwutths wqnbgmpenit, npp b hwighgnd |
wpyutt ykpopuhnubtph puttwlh b $nudpnihyhnuyghts juquh inpduugdui:

A.S. Margaryan, L.M. Hovsepyan, academician K.G. Karagiosyan, A.A. Simonyan

Specific Breaches of Phospholipids M etabolism at Liver Cirrhosis of White Rats

It was shown that the level of lipid freeradical oxidation was enhanced during the experimental
cirrhosis induced by CCl, in white rat erythrocytes, brain and liver. Simultaneously the stability of the
ratio of phospholipid - phospholipid was breached. The injection of antioxidant compounds a-
tocopherole and sodium thiosulfate developed a protective effect which leads to the normalization of
blood peroxide content and phospholipid composition of the animals.



MOJIEKYJIIPHAS BUOJIOI'UA
YK 616.151.5+621.8.039+547.587.87
A.B. Kazapsn, C.C. Opaximsg, D.C. Cexoss, akagemux K.I'. Kaparesan

Oco6eHHOCTH aHTHKOATYJ/IAHTHBIX CBOMCTB BHOBh CHHTE3HPOBAHHbIX
IIpenaparos KyMapHHOBOTO PAzia

(ITpexncrasneno 30/XI 2005)
KimoueBste c10Ba: ZpoTpOMOHHOBOE BpeMsA, KyMAPHH, TPOMOOIIACTHIECKAA AHTHBHOCTS, JKHPHBIE KHCIOTHI

VccmeoBanus IOCIESHNX JI€T CBHETEIBCTBYIOT O BOXHOM POJIM HEKOTOPBIX COeIWHEHUI KyMapMHOBOIO psifia B MHTHUOHPOBAHUH PeakIuit
He(pepPMEHTATHBHOTO IIEPEOKHC/IEHHs JIMIUAOB B KIETOYHBIX MeMOpaHax, a Takke B HEWUTpaIM3alMK CYIepOKCHAHOTO aHHOH-PaJUKaia,
TUIOXJIOPHOM KHCIOTHI, THAPOKCHJIBHBIX M IEPOKCIJIBHBIX pPafuKanoB [l], IpH OTCYTCTBUM CKOIBKO-HHOYAh 3aMETHBIX TOKCHYECKHX
nposBienuil [2]. CpaBHeHHe (UBHKO-XMMUYECKUX CBOMCTB KyMapHHOB U PACTUTEIBHBIX (DEHOJIOB CBHUIETEIBCTBYeT HE TOJIBKO 06 HX SPKO
BBIPXXEHHOM IIPOTHBOBOCIIATUTENBHOM [3], HO U aHTHUpafuKaIbHOM geiicTBuu [4]. JlepuBaTsl KyMapHHOB OKa3bIBAaIOT MHTUOUPYIOIiee AeiicTBIe
HA JIMIOKCUTEHA3HBIM M IUKIOKCHT€HA3HBIH IIyTH IPeBpAIleHUs apaxuIOHOBOM KUCIOTHL [5, 6], 4TO MMeeT IpsSMOe OTHOIIEHHE K CHCTEMaM,
y4acTBYIOIUM B (GOPMUPOBAHUU PA3IUYHBIX (YHKIMOHATIBHBIX, DKCTPEMATbHBIX COCTOSHUI OopraHusMa [7-12], cOIpOBOXXZAIOMIUXCS BBIXOZOM
MeTabOINTOB BOCIIAJIEHHS B IIOBPEXKAEHHBIX TKAHAX M COOTBETCTBYIOIIMMY CABUTAMY B CHCTEME T'€MOKOATYJIAI[HIL.

Vicxons U3 BRINIEU3IOKEHHOTO ObLIA IIOCTABJIEHA IleJb U3Y4YUTh OCOOEHHOCTH M3MEHEHHS TMHAMUKK TpoMOoIIacTudeckoil aktuBHocTH (TA)
[12-15] meueHouHO#M TKaHU GeJIBIX KPBIC B Pa3IUYHbIe IIEPUOZBI AeiCTBISA IpenapaToB KyMapHHOBOTO psga: N'-(amuiITuoypenso)-3-kap6aMons
xymapuHa, N'-(mopdomunrtroypenso)-3-kap6amoun Kymapuna, N'-(O-drop)-6ensun-N'-(3-xapbamom) mumepasus; KymMapuHa u  6-
HUTPHOA/UIMIAMUL-3-KapOOKCUKyMapHHa o/, KoZoBsIMu o6o3HaveHusmu '11-16, I'II-17, TTI-10 u I'll1-84 cooTBeTcTBeHHO [16-19].

Wccneposanus nposogwin Ha 120 Gecrioposubix Genbix Kpbicax-camiax Maccoit 180-200 r, mpesBapuTesHO GUKCHPOBAaHHBIX KPECTOOOPa3HO
HAa CIelMaJbHbIX CTAHKAX JJIf1 MeJIKUX KMBOTHBIX. B Ka)XZoil U3 YeThIpeX cepuil MCCIeOBAHUH (110 YHMCTy UCIBITYeMbIX COeJUHEHNI) BBejleHre
0.5 u 1.0 mn 1% pacTBOpa Ipemapara IPOM3BOAWIN BHYTPUBEHHO C IIOMOIIBIO CTEKISHHOTO WINMPUIA B MECTO CIMAHUA BepXHeH HONOH U
MOAKTIOYMYHON BeH (angulus venosus) mo GuCCeKTpuce IPAMOTO YIaa, OOPa3OBAHHOTO KIIOYMIEH M TOPCOM. 3a60p KOHTPOJIBHBIX
CTabUIU3MPOBAHHBIX TPO6 KPOBHU KaK MCTOYHMKA IIPOTPOMOIHA, HEOGXOAUMOTO I onpefieneHus TA, IPOU3BOAIIN Y MHTAKTHBIX GeJIBIX KPBIC,
(UKCHPOBaHHBIX OIIMCAHHBIM CIOCOOOM, C KCIIOJNB30BaHMEM B KauecTBe AHTHKOATY/ISHTA PAcTBOPOB OKCajlaTa, I[UTpaTa MIM TellapuHa B
COOTBETCTBYIOIIMX KOHLEHTPAlUsIX B OOBEMHBIX COOTHOLIeHUsAX 1:9, mpenBapuTenbHO HabGpaHHBIX B mmnpul,. CTaGMIM3MpOBAHHAS KPOBb
IepeHOCHIach B Ipobupku u ueHTpudyruposasacsk mpu 6000 o6/MuH B Teuerue 10-15 MuH, OKa3bIBAIOMMXCSA AOCTATOYHBIMU JJIf IIOJTHOTO
OTZleJIeHUs IIa3Mbl KPOBU KaK HOCHUTEISI IPOTPOMOHHA.

ITo ucrevennu 10 u 30 MUH IOCIe MHBEKIUH XMBOTHBIX 0GE3TJIaBIMBAJIK IIOF JI€TKUM 3QUPHBIM HAPKO30M M B YCIOBHUAX XOJIOZA Ie€UeHb
M30JTMPOBAIM U OYULIATH OT KPOBEHOCHBIX COCYZOB U 000JI04€K, MHOTOKPATHO ITPOMBIBAIM OXJIQKIEHHBIM (HDU3HOJIOTMYECKUM PACTBOPOM U C €TO
TOMOIIBI0 TOTOBMJIM TOMOTE€HAT MCCIefyeMOil TKaHM HeOOXOZMMOTO pasBeJileHHd, KOTODBIM WHCIIONB30BAIM B KadyecTBe MCTOYHHUKA
tpomGorutacrusa. O TA cyzumu mmo cex mporpom6utosoro Bpemeru (IIB) xonTpossHoit mrasmsl kposu [20].

CorracHO pe3yJbTaTaM, OTpPOXKEHHBIM B Ta0JI. 1, pu3noIOruyecKas akTUBHOCTD BCEX UEThIpeX CHHTETUYEeCKHUX IIperapaToB KyMapUHOBOTO psia
ogHoTunHA. OHa BBIpaXKaeTCA B CTATUCTHYECKH JOCTOBepHOM yBenudeHuu [IB, cBHIeTeNbCTBYIONIEM O PasIMYHOM YpOBHe IOHMKeHus TA B
Ka)XZ,OM KOHKPETHOM CJIydae.

HauGomee BBIpa)KeHHBIM aHTHKOATyIAHTHBIM JelicTBueM o6mazaer mpemapar [1I1-17, okaseiBaromuili HMHruOupyiollee BauAHHe Ha TA
nmeveHOYHOU TKaHU yxe depe3 30 mun mocte BBegenus 0.5 mu 1%-noro pacrBopa (46.6%). ViHbekius yABoeHHOM mo3bI mpemaparta (1 mi) He
COIIPOBOXKZAAETCS a/leKBaTHBIM IIOBBIIIEHUEM eT0 TOpMo3silero geiicTsus Ha TA, apdexTuBHOCTS BiusHuA HcHbITyeMbIx 403 [111-17 ocraeTcs Toit
ke kak gepe3 10, Tak u 30 muH mocie ux BBefeHus. IIpm stom 1 ma 1%-Horo pacTBOpa Ipemapara B OZUHAKOBOM CTeleHU IOHIDKaeT TA,
Kose6aBuryiocs B npegenax 43%.

AHa/oruYHOe OTCYTCTBHE [030- U BPEMA3aBUCHMOCTH B Pa3BUTHU aHTHKOATYIAHTHBIX CBOMCTB IIPOCIEXHMBAIOCH B MHTHOUPYIOWEM AefiCTBIY
u Ha TA mpemapara I'lll-16, yseruyenue I1B mpu aToM 110 cpaBHEHHMIO C KOHTpOJIeM Kose6anocs B mpegenax 20.2-27.6%.

CraTHCTH4eCKH HeJOCTOBEPHBIM IIPU 3TOM OKa3bIBaJoch yBenudeHue [IB uepes 10 mun nocie BBegenus 0.5 mn 1%-Horo pactBopa mpemnapara
T'TI-10, cymecrsennsie casuru [1B HabGm07aIMCh C YABOGHHEM 03Bl BBOAUMOTO COeIUHEHUS U IPOJOHTMPOBAHNEM BPEMEHHU €TI0 SKCIIO3UIUH.

Tabmuma 1
/JluHaMuKa H3MeHeHHs TPOMOOILIACTIIEeCKO aKTHBHOCTH (B CEK IIPOTPOMGHHOBOTO
BpEMEHM) IeYeHOYHOl TKaHu Genbx kpsic B korTpoe (K), uepes 10 u 30 Muu mocie
BHyTpHBeHHOro BBeZieHns 0.5 u 1.0 mi 1%-Horo pacTBopa npenapatos I'TII-17,
TTI-16, TTII-10 u I'TTI-84
0.5 mn 1.0 mx
[Tpemapar K 10 Mur || % pasuuns: | 30 mun  ||% pasuunsr|| 10 munr || % pasHuis 30 mun % pasHUIIBI

orK orK orK orK
TII-17 |37.0+0.79|( 45.040.70° |  +21.6  ||55.020.71'|| +48.6 |[53.0:0.81°| +432 | 53.0:0.83 || +43.0




TTI-16 (|37.0£0.71|| 445+0.83 || +20.2 | 455+0.89 | +23.0 |[455:0.81°| +23.0 47.0+0.87° +27.6

TII-10 (|39.0£0.69\41.5+0.61 || +6.4 | 45.0+043 | +154 |[47.0:0.71°| +205 45.040.53" +15.4

III-84 |38.0+0.85((43.6+0.89 || +147 |(53.020.76 || +39.5 |[47.020.74°| +23.7 48.0+0.77 +26.3

Ilprmevarme. n = 60; * — p < 0.001; ™ - p < 0.01; - p > 05

OcoG6rrit mHTEpeC BRI3EIBaeT AelicTeue mpemaparta I'111-84, manGosee BRIpayKeHHEIH aHTHUKOATYIAHTHEIN 3ddeKT koToporo mpossuica depes 30
muH nocie Begenus 0.5 M 1%-Horo pacTBopa B Buge mposnonruposasu I1B 10 53 cex, UTo CBU/ETEIBCTBYET O Pe3KOM mogapieHuu TA.

OTmeruM, 4YTO y/ABOeHMe /O3Bl IpelapaTta o 1 MJI He COIPOBOXJAJIOCH OONBIIMM ycCyryGieHueM omucaHHoro addexra, a, Haobopor,
XapaKTepPHU30BAJIOCh JaKe HEKOTODHIM IOBBIIeHHeM TA, 4TO BEIPXXanoCh B COKpAlleHHM pacxoxgeHuil cek IIB mo cpaBHeHMIO ¢ KOHTpOIeM
ugepe3 30 MuH B npegenax 26.3%, B To BpeMs KaK 3a TOT JKe IIPOMEXYTOK BpeMeHHU mocie nabeknuu 0.5 miu mpemapara pacxoxzenue 1B mo
CPaBHEHMIO C KOHTpojeM coctaBasuo 39.5%. MiHade roBops, B MCCIeAOBAHUAX C CHHTETHYECKMMM IIpeIlapaTaMM KyMAapMHOBOTO DAfia TakKe
cileflyeT CUMTAThCA C CYyNIeCTBYIONUM B HayIHOI TUTepaType MHEHHeM O BOSMOXXHO 030~ ¥ BpeMA3aBUCUMOCTH QU3UOTOTHIECKOH aKTHBHOCTH
OJIHOTO H TOTO JKe COeIMHeHH.

CoryacHO IOTy4eHHBIM Pe3y/IbTaTOM CTeIeHb IoAaBaeHus TA ImeuyeHOYHOU TaKHHU GesBIX KPBIC IIOJ, AeiCTBHEM HCIBITAHHBIX HaMU YeThIpex
Pa3sHOBUIHOCTel COeUHEHWI KyMapHHOBOTO psAfia pasnudHa. HecmoTps Ha ogHOHANpaBIeHHOCTh M3MeHeHHH TA, XapaKTepusylomuxcs ee
3aMeTHBIM MHTMOMPOBAaHHEM, IPHPOJA STHX CABHUIOB, IIO-Pa3HOMY IIPOABIAIONAACE B KXZOM KOHKDETHOM CIydae, IO BCeli BEePOATHOCTH, B
M3BECTHOM CTeNeHH 06yCIOBIeHa CrieudHKOM CTPYKTyPHBIX OCOGEHHOCTEH STHX COeIMHEHUI.

Tabmma 2

JluHaMumKa M3MEHEHNS TPOMGOILIACTIYECKOM aKTHBHOCTH [IEY€HOYHOM TKaHM (B CEK ITPOTPMOGHHOBOTO BpeMeHH) GesbIX KpHIC
crycra 10, 30 u 60 Mur mocie BHyTpuBenHoro Beegierna 0.1, 0.2, 0.3, 0.4, u 0.5 ma 1%-noro pacropa npemapara I'TII -17

IMoxazarenn % pasHUIBI % pasHUIIBI % pasHUIIBI % pa3HHIIBI % pasHHIIBI
KOHTPOJIS 01.mn oT 0.2 M or 0.3 MJ1 or 0.4m11 OT KOHTPOJIS 0.5 M1 OT KOHTPOJIS
KOHTPOJISA KOHTPOJIA KOHTPOJISL

Coycts 10 Mun

35.9+0.72 61.5+0.75% +69.9 59.040.79% +64.3 47.0+£0.81* +30.9 37.840.77% +5.3 34.840.75%% -3.1

Coyctst 30 Mun

36.5+0.77 56.7+0.72% +55.3 53.940.77% +47.7 41.74£0.76* +14.2 39.240.79%* +7.4 36.940.73*% +1.1

Coyctst 60 Mua

36.1+0.71 52.5+0.77% +45.4 48.9£0.73% +35.5 37.3£0.75%%% +3,3 39,4+0.73% +9.1 35.3+0.75% 22

Ipumeuanue. n=120; x - p<0.001; xx - p<0.01; xxx - p>0.5

s BBIABIEHUS OCOGEHHOCTeH 1030- U BPEeMI3aBHCHMOCTH aHTHKOAryIanuoHHOro addexra. Habmogenus nposoauucek depes 10, 30, u 60
MUH IIOCJIe BHYyTpHUBEHHbIX MHbeKnuil Gensim kpsicam 0.1, 0.2, 0.3, 0.4, 0.5, mx 1%-#oro pacrsopa I'lll-17 (tab:x. 2). MHage roBops craBmIach
3a/ia4a IpOCIeUTh 3a CIenUBHKO aHTUKOATYLIHTHOTO IIpelapara HadYiHasA OT €T0 CBEPXHUBKHUX J03.

HawuGosee BbIpa)keHHOe aHTHKOAryJIsiHTHOe AeiictBue orMmevaercs mpu ucnbitanuu 0.1 mu 1% pacrBopa mpemapara I'T-17, ocobenno mo
ncredeHun 10 MMH ¢ MOMEHTa €ro BHYTPHUBEHHOTO BBefleHHA. B mocienyromue 30 u 60 MUH IOCTe ero MHBEKIMM B TOH JKe J03e, XOT U
MpoJoJDKaeT HAGIIOAATBCS OAHOHANPABIEHHBbIH 9GdeKT Ipelapara, OH, TeM He MeHee, OKa3bIBAeTCSA BBIPAKEHHBIM B HECKOJIBKO MeHbIIEH
CTeleHHU. DTa 3aKOHOMEPHOCTh 60Jiee OTYETIMBO IIPOSBHUIACH P MCIIBITAHUY BO3PACTAIOIIUX KOHIleHTpaluii ucmeiryemoro npemnapara (0.2, 0.3,
0.4 M 1%-ro pacTBOpa), KOra ypOBeHb UX aHTUTPOMOOILIACTHYECKOH aKTHBHOCTHU II0 CPABHEHMIO C TAKOBOH, OTydeHHOH npu ucmbitanuu 0.1
MJ IperapaTa B OTMeYeHHBIe IPOMEXYTKM BpEMEHH, OKa3ajcsi HEeCPaBHEHHO HIDKEe U TOCHYXXMJI OCHOBAaHHEM /i IIOATBEPKAEHUS
IIPaBOMEPHOCTH pa3BUBaeMoil B Hacrosuee BpeMs KoHmennuu [21-30] 06 oco6o Beicokoi 5dpdHeKTUBHOCTH LefCTBUA CBEPXHUBKHUX 03 (GaKTOPOB
XUMWUYeCKOH IIPHPOABI B TOM UHCJIE KM TepaleBTHYeCKON 5(hdeKTHBHOCTH JIeKapCTBEHHBIX IIPENapaToB PasIMYHOro meiicTBusa. UTo KacaeTcs
neiictus 0.5 mi. 1%-noro pacrsopa I'lII-17 ucHBITAHHOTO aKTHBHOTO HAYaja, TO COTJIACHO HAIIMM HAOTIOZEHUAM B M3ydYeHHBIE IIPOMEXYTKU
BpeMeHHU YKasaHHas KOHILEHTpAalus IIperapara IIPOsSBHJIA IIOMHeHIylo HHAUG(PEPeHTHOCTh B OTHOIIEHWM CABUTOB TA C TeHIeHuue#l K
aKTUBUPOBAHUIO, YTO IOATBEPXKIAET MHEHHME O BO3MOXXHOM IIOMyYEHHWU IMAaMETPAaIbHO IIPOTUBOIIOIOXKHON (DHUBMOIOTMIECKOH aKTHBHOCTH
ONHOTO M TOTO )K€ COeJUHEHUsS B IIOJHOM COOTBETCTBUU C YKOPEHHBIIMMCS B HayKe IPHHIMIIOM [0303aBHCHMOCTH OJHOTO COEIMHEHUS
He3aBHCHUMO OT KoHueHTpauuu [31-37].

WHcTuTyT MOMeKynapHo# 6uomorun HAH PA



U9, Twqupuib, U.U. Zoduljpdjul, E.U. Uknjui, whuntdhijnu W.Q. Twpugngui

Unulwphtiught Uhugmpiniiitph owpphtt wyjunjutinn tnp uhipbqyué ymptph
huiljudwljupnhy wnwbdtuhunlmpinititkpp

Uyhwnul] wnubnutph dpu juwnwpws thnpdbph hhdwb pu gnyg b wipdus jnudwiph-
tughtt ymypbph swpphtt Wuwnljuun, Ytpebpu uhipbqus, 3C-17 yuydwbjutt wwtdudp
wniph gipgudp pwtwfjutph’ wppub dwjupnbhnpput jutthodwt gonpdnid gpulimpdus pugu-
nhlj wpyniwdtnmpmniip: Loqws yniph wqpbgnipyutt 30-60 pnututph ptpwugpmu wipdw-
twgnymud £ inpnudpnujjuuunhtiughtt wpnpynipjutt by thnthnfumpiniiitbph pugujugnipyut
thwuwnp, npp hwdwhmty b iwhjhimd wpwgwnpjus uny ymph wnwppkp putwljubph
1hnyhtt hwiljunwly $hghnjnghwlju Eptljinh npubinpduwt thwunh htwn:

A.V. Ghazaryan, S.S. Hovakimyan, E.S. Sekoyan, academician K.G. Karageuzyan

Peculiarities of antioxidant properties of newly synthetized preparations coumarin line

The results of experimental investigation carried out on rats have demonstrated the extremely
high anticoagulant effect of super low quantities of newly synthesized GSH-17 preparation from
coumarin line compounds. 30-60 minute effect of the last is characterized by the further shifts
thromboplastick activity with the tendency to its activation. That confirms opinion on possible
reception of opposite physiological activity of the same connection in full conformity to the
principles which have taken roots in a science of doz-dependence of one connection, is not
dependent on concentration.
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MOJIEKYJIAPHAA BUOJIOTUA
YK 577.21: 576.31
A.M. Mansenss, A.3. Ilemoan, C.C. Mupsa6exss, I'. Topue
Ipo6uoTmaeckwuit noreniuan urrammoB E. coli G35 N59 u 61
(IIpencraBneno akazemuxom K.I'. Kaparezsuom 27/VII 2005)

KirtoueBble c10Ba: 1po6GHOTHK, KHIIETHAA MEKPOPIOPA, AHTATOHHCTHIECKHE IOTEHI[HAT,
aHTHOHOTHKOPE3HCTeHTHOCTH, E. coli

CoBpemeHHBIH 00pa3 XXM3HM, a TaKXKe OIpeJie/eHHble MeJMKaMeHThI, TaKue KaK aHTHOMOTHKH, BIMAIOT Ha COCTaB
KHUIIeYHOH GJIOpsI, B pesysnbraTe 4Yero (UIOTeHEeTHYeCKM YCTOWYHBOE COCTOSHHE MUKPOOPTaHM3MOB dYeJOBeKa
HAapyWaeTcs, YTO NPUBOAUT K PasIMYHEIM 3a60eBaHHAM. BoccTaHOBIeHMe KHUIIEYHOH SKOCHCTEMBI BO3MOXHO C
moMoupio mpobuotukoB (mramMMoB Lactobacillus, Bifidobacterium, Enterococcus, Streptococcus u E. coli) [1-7].
JeranpHas uHGOPMANUA O ZeCTBUY MIPOGHOTHYECKUX GaKTepHaJbHBIX IITAMMOB Ha pasHble 3a601eBaHUA HEOOX0AUMa
Iist 6oiee 5pHeKTUBHOTO IPUMEHEHUA CHHOMOTHUKOB.

Llensio HacTOAMIEH PaGOTHL OBLIO BBIABIEHNE IPOOHOTHYECKOTO IoTeHuama mraMmoB E. coli G35 N59 u 61.

Ms3I BCIIOTE30BaIN KOMMepYeCKuii CHHOMOTHK oKapuH (B ammynax, IMBIO, Ykpauna) u ero mrammsr E. coli G35 N59
u 61. BakTtepuu BripamuBaauchk aapobuo B cpeze LB (10 r tpuntoHa, 5 r mpoxoxeBoro sxcrpakra, 10 r NaCl na 1 i1, pH
7.5), ¢ moGasnenunem 1.8 % arapa mpu HeOGXOZIIMOCTH.

brumo nccnenosano BIMAHKME OKapruHA U IpobuoTrdeckux mraMmoB E. coli G35 Ha KayecTBeHHBIE U KOTMYeCTBEHHEIE
u3MeHeHus OakTepuii KulledyHO¥ Mukpodmopsl 52 manueHTOB-ZOGPOBOIbBIEB (cpemHuili Bospact 32.3 roja) c
mepuogudeckoir GonesHsio (IIB), XpoHWdYecKMM KOJMUTOM M KHIIEYHBIM pPakoM. Y BCeX IAI[MEHTOB HabII0mascs
BBICOKHI1 YPOBEeHb yCIOBHO-TIaToTeHHbIX Gaktepuii (Enterobacter, Klebsiella, Proteus, Citrobacter), nuc6uo3 B sakTose
TTO3UTHUBHBIX KoMMeHcanbHbIX E. coli u Candida B kumreyHoit MuKpodIIope.

Tab6iuna 1
Bausarne mpoGHoTHKOTEpaMY Ha KUIIETHYI0 MEKPOQIIOpY ozeit, %

I'pynma Enterf)bacter, TaxToso- Candida npn
Klebsiella, HOpMe
IIOJIOXKUTEJIbHBIC
Proteus,
. KOMMEHCaJIbHBIE
Citrobacter mpu .
E. coli mpu Hopme
HOpMe
Manyents, HPHHHT;;OMHE mraneto (n = 52.6%1.2 47.4%15 75.2+2.1
[ManyenTs!, IpUHUMAOIIME OKApUH (N = 15)” 87.1£1.3 ” 95.4+3.3 ” 80.3£1.6
Manentsr, HPHHH];I;I)O“‘HE G35N39 (n = 83.343.2 90.0+4.1 77.342.5
Hanuentsr, HPHHHf;;Om“e G35 Nél (n = 60.242.1 95.3+1.4 78.442.1

Ipumeqarre. CTaTUCTHYECKUI aHAIN3 OCyLIeCTBIeH 1o kpuTepuio CreiogenTa (p < 0.05).



Ta6smmma 2
I[Tpomopuyy YyBCTBUTEIBHIX X MYJIBTHPE3HCTEHTHBIX KOMMEHCUIBHBIX E. coli B
KMIIeYHOM MUKPOGIIOpe JINI], IPHHUMAIONMX IMpobuoTrku, %

[TTammpr 3rmopoBas [TarmenTsI, [TartmenTsI, ITatmtmenTsr, [TarmenTsr,
rpynna (n =25) || mpuHuMalomue |nmpuHMMaromye ([mpuHuMatonue G35||npuHUMalouiye
mnane6o (n = 12) |loxapus (n = 15) N59 (n=12) G35 N61 (n=13)

UyBcTBUTEIBHEIE 95.4+2.3 44.2+2.1 43.5+0.9 45.2+2.3 85.5+2.4
My]I]',TI/IPe[gHCTeHTH],Ie* 2.5+0.3 43.4+19 43.7£2.3 42.2+1.4 5.8+1.1

Ilpumevarme. Pe3ucreHTHbIe IO KpaiiHell Mepe K IBYM IPyIIIaM aHTUOUOTHKOB.
CraTucTHYeCKui aHaIN3 OCylleCTBIeH 1o KpuTepuio CreiogenTa (p < 0.05).

Ta6smmia 3
Awnraronucruyeckuii norernuan mrrammoB E. coli G35 nporus narorenos

[lITammer llG35 N59 G35 Net |
Enterobacter aerogenes ATCC .
N35028 -
Salmonella enterica ATCC N700931 |+ +

Streptococcus pyogenes ATCC
N19615

IIpnmeyarme. + TopMokeHue pocra. CTaTUCTUYECKUI aHAIN3
ocyectieH o kpureputo Creiogenta (p < 0.05).

HcneiTyemsre Gbuty pasGHTHI Ha CleAylolfye TPYIIBL MAIMEHTOB, IPUHUMAOmMX Irmane6o (n = 12); mamueHTos,
MPUHUMAIOIIKUX OKapuH (n = 15); manuenrtos, npunumatomux G35 N59 (n = 12), u nanuenTos, mpuHuMaoomux G35 N61
(n = 13). Taxxe 6pura mcciemoBana kumewHas Mukpodsopa 20 3Z0poBBIX KOHTPOABHBIX jull. COCTaB KUIIEYHOM
MUKPO(DJIOPHI IIALIMEHTOB ObLI U3y4eH CITyCTA 4-6 MecsAleB IIOCJIe IpeKpalle s MpueMa OaxTepuil WK 1ane6o.

HccnemoBano 7 koMMeHcanbHBIX E. coli M30714TOB A1 KaXZOrO IALMeHTAa U3 OOpasIoOB CBEXEro CTyjla Ha
YYBCTBUTEIBHOCTD K aHTUOMOTHKAM, Ur/MiI: TeTpanukaud (15), goxcuruxians (15), amoxcumaus (25), aMINIUIINHE
(35), medormepason (75), medoxcurun (50), kanamunuu (50), reuramunun (50), reBomunerus (30) 1 cTpenTOMULIIH
(50).

Wpentudukanua Candida mpoBoguiace Ha OCHOBe pocTa Ha CHROMagarTM (Tlaprmxk, Opanmus), upeHTHGUKALYS
Streptococcus pyogenes Obura ocHoBana Ha Columbia sheep blood agar (Oxoid, Benuxo6puranus). DBsuin
ucrons3oBausl Takke Candida albicans ATCC N10231, Citrobacter freundii ATCC N8090, E.coli ATCC N25922,
Klebsiella pneumoniae ATCC N4352, Proteus vulgaris ATCC NI13315, Enterobacter aerogenes ATCC N35028,
Salmonella enterica ATCC N700931 u Streptococcus pyogenes ATCC N19615.

Kax moxasamu pe3ypTaThl MCCIEHOBAaHUM, OKAPUH U €r0 IITAMMBI OKA3aJINCh 3HAYHTENbHO d(deKTuBHee IIane6o
(rabn. 1). CpaBHeHne KWUIIEYHON MHUKPOG(IOPH NALKMEHTOB, NMPUHUMAIWINX OKAPUH KM OKAaPHUHOBBIE IITAMMBI, C
KHIIEYHOH MMKpOQIOpo#l 34OpPOBBIX JIHI| BBIABMJIO, YTO IPOIEHT aHTHOMOTHKOpesucreHTHOcTH E. coli,
M30JMPOBAHHBIX OT NMAIIEHTOB, IPUHUMAIONINX CHHOMOTUK, ObLI 3HAUMTEIBHO BbINIE, YeM y KOHTPOJIBHON T'PYIIIIBI
(tabn. 2). YcraHoBneHo Takke, yTo mraMmsl E. coli G35 N59 u 61 u3 okapuHa 0067aJalOT aHTAaTOHUCTUYECKUM
ITOTEHI[MAIOM IIPOTUB YeI0BeYeCKUX TaToreHoB - Enterobacter aerogenes u Salmonella enterica (ta6i. 3).

WucrutyT MonekynapHoit 6uonoruu HAH PA



U.U. Uwi]tjyub, U.Q. Pthnyui, U.U. Uhpqupkljjuly, 2. Znpht
E.coli G35 N59 h 61 srnunlubph wipnphninhlj wninkughuyp

Unhpuyhtt nhupujutiuh JEpujuigidwt hwdwp Juplinp towttwlnipmit niukh wpnphn-
wnhljutipp: Unjuyt wpnphninhjubph wnwytp wpgnitudtin oquauugnpénidp wyuthwignid  ipu
puljnntiphuy onnudutiph dwipuyphn tjupugpmpmit: Snyg L wipt) E.coli G35 N59 L 61
onnudutiph (npntp oljwiphtt uhdphninhh pununpudwutp ) winugnuhunuljut yninkiu-
ghwp wupnghuubtph tuundudp in vitro b in vivo thnpdbtpmu (Enterobacter, Klebsiella,
Proteus, Citrobacter), htswyhtu twl tpwbg wqpbgmpmiip hwjuphnunhlutph  tundudp

Juynitt wnhpughtt Yndtuwy E. coli-ubph putiwljujuit juquh Jpu

A. M. Manvdyan, S. S. Mirzabekyan, A. Z. Pepoyan, H. Horie

Probiotic Potential of E. coli G35 N59 and 61 Strains

Probiotics have great value for restoration of balance of intestines. But the optimal use of
probiotics demands the detailed description of bacterial strains. It has been shown the antagonistic
potential of E.coli G35 N59 and 61 strains (which are symbiotic components of "Okarin")
concerning pathogens in experiences in vitro and in vivo (Enterobacter, Klebsiella, Proteus,
Citrobacter), and also their influence on quantitative structure of antibiotic resistance intestinal
commensal E. coli.
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K. A. Ilanuysmazan, A. I'. Apakensan

Crnenupryeckue peakiiuy OpraHU3Ma Ha DKBUBAJIEHTHEIE YPOBHH aKyCTHIECKOM
SHEpIruu

(IIpencraBneno akagemukom M.A. Jlararnom 7/V 2005)
KirioueBste cioBa: ¢gBur mopora c/iyxa, rHIIOTe3a 'paBHBIX SHEPTHH "

JlocToBepHO onpesieTuTh BO3eHCTBHE IIyMOBOTO (aKTOpa Ha YeIOBeKa C YIeTOM €ro BeTHMYMHBI U
IIPOAOJDKUTENIBHOCTH - O3Bl IIyMa HEBO3MOXXHO 0e3 SKCIIEPHMEHTAJIBHOTO IIOATBEPXKIEHUI
BeJIMYMHBI KOdhdHUIeHTa (, BBIPAKAIOIETO YUCIO [elubes, Ha KOTOpPOe CjeLyeT H3MeHUTb
YpOBEHb IIyMa IIPU KaXKAOM M3MEHEHWM OSKCIIO3UIUU BABOe [ O0eCle4eHWs OZIMHAKOBOTO
6uosorudyeckoro 3¢ddexra. B cBere rumoress: "paBHbix dHepruii' (I'PD) xoadpdunment q - au6o
KOHCTaHTa, AeWCTBUTENIbHAs IJI1 BCeX YPOBHeH uryma, subO0 IlepeMeHHas BeJIMYUHA, YKCIIOBBIE
3HAQYeHUs KOTOPOH MEHSAIOTCI B 3aBUCHMOCTH OT KOJUYECTBEHHBIX (YpOBEHB), KadeCTBEHHBIX
( gacroTa) M BpEeMEHHBIX XapaKTEPUCTHUK aKyctudyeckoro mryma [1-3]. B Hacrosmee BpeMms
WCIOJIB3YIOT 3HAYeHUsA (, COOTBETCTBYION[ME YCPeJHEHHUIO II0 MHTEHCHBHOCTH (q = 3) WIH IIO
3ByKOBOMY gaBieHuio (q = 6); B rurumeHudeckux Hopmax CIIA mpunato q = 5 c yderom
BOCCTaHOBJIEHUS HCXOZHOTO IIOpOTa CIyxa 3a 00eeHHbIi epepsIs [4-8].

B nmauHOil pabGoTe mpexncTaBIeHBl pPe3yJbTaThl HCCIELOBAHMA CIEIU(PUIECKOTO CIyXOBOTO
WHIUKAaTOpa PEeaKTHUBHOCTH OpraHH3Ma IIpU BO3JEHCTBUM aKyCTHYECKUMHU pa3fpaKUTeAMU
SHepreTUYeCKH dKBUBAJIEHTHbIX YPOBHEH ¢ K03 DUINeHTOM SKBUBAJIIEHTHOCTH ( = 3.

HccnenoBanve QyHKIUY CIYXOBOTO aHAIN3ATOPA IIPOBOAMIIN Ha 28 MCIIBITyeMbIX-L0OPOBOJIBIAX B
Bo3pacre ot 20 mo 40 et B akycTudyeckoil Kamepe ¢ ¢poHOBsIM ypoBHeM He Goinee 20 nBA (40 nBL)
mocie 15-MUHYTHOM aZanTalid MeTOZOM IIOPOTOBOM TOHAJIBHON ayJUOMETPUH B [IBYX
MogubUKaIKUIX C IOMOIIBIO: a) KiauHudeckoro ayauomerpa MA-31 (Robotron, I'epmanus) Ha Bcex
CTAHZAPTHBIX YaCTOTaX IIO0 BO3ZYIIHOMY IIPOBEJEHMIO IJIS OTOOpa JIMI, C HOPMAJIbHBIM CIYXOM C
pas6pocom nopora ciryxa (IIC) e 6oee £5 1b oT HOpMBI; 6) TOHATBPHOM ayJUOMETPUU B yCIOBHUAX
"oTkpsITOro nosa" (6uHaypanbHOe BocupuAaTHe) Ha pedeBsix yacrorax 500, 1000 u 2000 I'u gys
onpezienenus BpemenHoro capura mopora (BCII) ciyxa cpasy mocne serkmodenus mryma (BCII).

[llymoBas Harpyska mozasanachk oT reHeparopa uryma tuma 03004 (RFT, I'epmanus), arreHroatopa,
npezasaputenbHoro ycuiaurens M60T (RFT, I'epmanus), ycunurens momuoctu LV-102 (RFT,
l'epmanus) u gByx rpoMkoroBopureneil tuma 4A-32, pasmelreHHBIX B (asouHBepTOphl. KOoHTpOIH
IIapaMeTpoB IIyMa IIPOBOAIUIICA wu3MepuTenbHbIM Mukpoponom tuma MK-102 Ha ypoBHe
IIOJITOJIOBHUKA Kpecia, npeaBapuTenbHsiM ycrnrenem MV-102 (RFT, I'epmanus), mpenu3noOHHBIM
mymomepom tuma 00025 (Robotron, I'epmanus) m aHamM3aTOpoM CIIEKTpa B peaJibHOM Maciirabe
Bpemenu tuma 01012 (Robotron, T'epmanus). Ilepen kaxzmoil SKCIepUMeHTaJIbHOHN cepueit
IIPOBOAMIIACH aKyCTHUYeCcKas KaJaHOpPOBKa IO 3BYKOBOMY JaBjieHMIO ¢ nmomomspio nucrodona 00003



(Robotron, I'epmanus). OfHOBpeMeHHO METOZOM OIIPOCAa OIIPeZesIAIoCch CyOBeKTHBHOE OTHOIIeHHE
HCIBITYeMBIX K aKyCTHYeCKOM Harpyske, B 3aBHCHUMOCTU OT ee KOJUYEeCTBEHHBIX M KayeCTBEHHBIX
IIapaMeTpOB pa3/paXKUTeIA.

CyObexkTrBHAasA OLleHKA JHepreTWYecKH SKBMBAJEHTHBIX ypPOBHeH IIMPOKOIOJIOCHOTO IrymMa 88
nBbA/60 mur u 94 nBA/15 MuH nokasanra, 4To BCe 28 HCHBITyeMBIX INPEANIOYIN KOPOTKYIO
9KCIIO3UIMIO ITyMa Oostee AnuTenbHOH. [Ipu sHepreTHyecky SKBUBAJIEHTHBIX YPOBHAX 0O€IOTO IIyMa
97 nbA/60 muu 1 103 1BA/15 Mun u3 28 ucnerryemsix 22-M 60jee TepIMMOM IOKa3alach KOPOTKAsL
OKCIIO3UIIMA, [JBOe JIerde IlepeHecau Oojee [JIMTEIBHBIA IIyM, a 4YeTBEPO He CMOTIJIH
COPHEHTHPOBATHCH.

12

L{dBA)

T(min)

Puc. 1. Boccranosnenue IIC mocie nmrymMoBoii Harpysku sHepreTuuecKu S5KBUBaJIEHTHBIMU
ypoBuamu 88 1bA/60 mun (cruronrnas nuaus) u 94 1bA/15 MuH (TyHKTHD).

Cratuctuyeckas o00paboTKa SKCIIepUMeHTaJbHOro Marepuana 10 CTBIOJEHTy BBIIBUIIA
IocToBepHYI0 pasHuly (B oboux ciaydasx p < 0.001) mexpy moxasarensamu BCII ciyxa mpum
SHEepreTHYeCKU SKBUBAJIEHTHBIX YPOBHAX IIMpoKomosocHoro myma 88 nBA/60 muu u 94 nbA/15
muH, 97 1BA/60 mun u 103 fBA/15 MuH ¢ x0adduieHTOM dKBUBaJIEHTHOCTH = 3 + 3 (uar B 3
nBA).

Boccranosnenne IIC mHa 3-i1 mMuHyTe BCH3 = 6.07 gbA mpu 88 nbA/60 MuH He3HaYUTEIBHO
orepexaer BoccraHosneHue [IC Ha Toit xe MunyTe BCIL; = 6.25 nBA npu 94 sBA/15 MuH. 3arem
KapTUHA Pe3KO MEHSeTCs: BCH6 = 4.07 gBA npu 88 15A/60 MuH u BCH6 =2.89 nBA npu 94 1BA/15
MUH; BCH9 = 1.89 nbA npu 88 n1bA/60 Mmun u BCH9 =0.39 1bA npu 94 1bA/15 muH; BCH12 =043
nBbA npu 88 15A/60 mun (morHOe BoccTaHoBIeHue donosoro [1C) u BCH12 =0 gbA npu 94 1bA/15

muH (donossrit I1C pasen 0.25 gbA) (puc. 1).
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L(dBA)

0 3 B g 12
T(rmin)

Puc. 2. Boccranosnenue IIC mocse nryMoBo#i Harpysku SHepreTUYeCKH S5KBUBaJIEHTHBIMU
yporamu 97 1bA/60 mun (crmomnas suaua) u 103 1BA/15 mun (myHKTHD).

Paspsrs B BoccranoBnenuu [1C mocite mrymoBoit Harpysku ypoBaamu 97 1bA/60 mun u 103 1BA/15
MVH HauuHas co 2-ii MuHyTHI BoccranoBneHus 1IC nporpeccupyrome ysennuusaercs: BCIL, = 11.80

nbA npu 97 nBbA/60 muu n BCH3 = 9.92 nBA mpu 103 gbA/15 mus; BCH6 = 9.44 pbA npu 97
n1BA/60 mun u BCH6 = 6.88 1BA npu 103 1bA/15 Mus; BCH9 = 7.80 nBA npu 97 nbA/60 Mun u
BCH9 = 3.64 1BA npu 103 1BA/15 mun; BCH12 = 4.64 1BA npu 97 nbA/60 mun (ponossrit IIC =0
1BA) u BCI—[12 =0.76 gBA (donossrii [IC = 0.12 1BA).

Kakx mokasanu pe3ysnbTaThl SKCIEPUMEHTOB II0 CyOBEKTHBHON ayAMOMETPHH, SHEpreTUYeCKU
SKBUBAJIEHTHBIE YPOBHM aKyCTMYECKOTO IIyMa OHOJOTUYECKH He DKBUBAJIEHTHBI, IIOCKOJIBKY IIYM
6osnee pnuTenpHBIN, HO MeHee wHTeHCcuBHBIH (88 nBA/60 mMuu um 97 nbA/60 MuH) mpuUBOIUT K
MeHbIIeMy BCH0 (BCII, wusmepeHHBIH Cpa3y IIOCie pasfpakeHUs) U Ooyee 3aTDKHOMY

BoccraHoBneHuto [1C, uem mrym MeHee myiuTeapHbIH, HO Oostee nHTeHCHBHBIN (94 1BA/15 Mun u 103
nbA/15 mun). I'PD He moxTBepAmMIach Ha ypoBHE CIenupUIeCKOro (CIyXOBOrO) aHAIH3ATOPA.



Ab6comoraerit - mopor ciasimuMoctu  (AIIC) ompezensanu B yCIOBUAX OTKPBITOTO — IIOJA
(6uHaypanpHOe BocmpuaATHe). YcpemHeHHbIN 1mokasartens AIIC y 28 wucnmeiTyeMbIx miepef,
aKyCTHYeCKOH Harpy3KOi SHEPreTUYeCKU SKBUBAJIEHTHBIMH YPOBHAMU cocTaBian: 88 nbA/60 muH -
0.43 1b 1 94 1BA/15 mun - 0.25 gb; 97 1BA/60 muu - 0 1b u 103 1BA/15 mun - 0.12 1b.

CyObeKTHBHAsA OLIEHKA JHEPreTHYeCKU SKBUBAJIEHTHBIX yPOBHeH IIMPOKOIOJIOCHOrO Iryma 97
nbA/60 mua u 103 gbA/15 MuH mokasana, 4To u3 28 mcusITyeMbIx 22 IpeANOWIM KOPOTKYIO
SKCIO3UIUIO ITyMa 6oJjIee IIPOAOJKUTEIBHOH, 2 lerde mepeHecau 6ojiee IPOIODKUTENIbHEIHN Iy M, a
4 He cMOrIM COpMEHTHpPOBaThCA. IIpu SHepreTMyeckyu SKBUBAJIEHTHBIX YPOBHAX Oesoro mryma 88
nbA/60 mun u 94 nBA/15 mun BceM 28 ucusiTyeMbIM OOJjlee TEPIMMOM ITOKa3anxach KOPOTKAs
sKcmo3uIua Oosiee mHTeHCHMBHOro Iryma. OrpaHndyeHme B HAlIUX OKCIIEPUMEHTAX pPeYeBBIMH
gacroramu 500, 1000 u 2000 TI'm o6BAcHAeTcsa OGosblueii YyBCTBUTEJIBHOCTBIO K HHUM, a TaKkKe
HaMepeHHBIM HCKJII0YeHHeM BO3MOXKHOCTU oOparumoro BocctaHoBneHHA [IC Bo Bpems mpoBemeHma
ayJUOMETPUU Y MCIBITYeMbIX II0 BceMy pnuamasoHy duactoT (125 - 8000 I'm), mockonsky mpu
3aTATUBAHUU IIPOLeypHl ayAuoMeTpuu mpomcxomur BoccraHoBieHue IIC, a uccrepmosanme IIC
HaYMHAeTCA Ha 2-0i MUHYyTe.

ITpu TectnpoBanuu BCII ciayxa xak crenuduieckoro WHAMKATOPa CyObEKTUBHON ayANOMETPUHN
HaMU BBIABJIEHBI CYIIeCTBeHHble pa3nuuus B BoccraHoBiaeHuu IIC mocie o3ByuywBaHHA ABYyMS
IapaMy JHEpPreTHYecKM OKBHUBAJEHTHBIX YPOBHEH aKyCTHYeCKOro IIyMa C KodbduIueHTOM
SKBUBAJIEHTHOCTH = 3 + 3 (mar B 3 gbA). DkcnepuMeHTanbHBIE NaHHBIE, IIOJyYeHHBIE C
HCIIOJIB30BAHUEM CIIeIU(PUIECKON peaKIMy OpraHKM3Ma Ha DHEPreTUYeCKU SKBUBAJEHTHbIE YPOBHU
aKyCTU4eCKON 9Hepruu, COTJIACYIOTCA C pe3yJIbTaTaMH OIIBITOB, B KOTOPBIX HAMM HCIIOJIB30BAaJINCh
HecnenuduIecKre peaKIMH OTPaHU3MA: CABUT 0OBeMa IIOTpeOIIeMOro KMCJIOpoja, BUOpallMOHHAL
YYBCTBUTEJIBHOCTh M KPUTHUYECKAs YaCTOTa CBETOBBIX MeJbKaHUU. Bo Bcex cIy4yasdx 5KCIIO3UIMA
aKyCTUYEeCKOTO ITyMa SBJIAETCI OMOJIOTMYECKU AOBJIEIOLUM (PAaKTOPOM IO CPAaBHEHUIO C YPOBHEM
Iryma.

Takum o00OpasoM, >HepreTHYeCKH OSKBHBAJIEHTHBIE yYPOBHU LIyMa He SABJIAIOTCA OHOJIOTHYEeCKU
5KBUBAJeHTHBIMU HHU II0 BPeMEHHOMY CJBUTY IIOpOra CjJIyXa, H3MepeHHOMY Cpa3y IIocie
O3BYYMBaHUA, HU 110 BpeMEeHHOMY BOCCTAaHOBJIEHHIO IIOpPOTa CJIyXa. BpeMeHHEIH cABHUT IOpora CiIyxa,
W3MepeHHBIHl Cpa3y Iocjae O3ByYMBAHUA, OOJBIIe IIOCAe aKyCTHYeCKOH HArpy3Ku MeHee
IJIUTeIBHBIM, HO 60jlee MHTEHCHBHBIM ITyMoM. [Iopor ciryxa BoccTaHaBIMBaeTcs MeJJjIeHHee II0CIe
IelicTBUA GoJlee NIUTETBHOTO, HO MeHee MHTEHCUBHOTO ITyMa. I'Mmore3a "paBHBIX DHepruii' mpu
ko3 duireHTe S5KBUBAJIEHTHOCTH = 3 He IOATBEPK/IAeTCA.

Axycrryeckui HayuHbIH neHTp M3 PA



4. U Muisnijuqyui, U. @. Unwpbjjut

Onpquiuthquh pipuhunnm hwljuwgnudubpp wynunhy Eabpghugh By hguninn
Uwljupruljukphte

Zhnwugnujws Bu Eubpglinhynpkt Bydhduybn. dujupnujutpng junnmipjuitt dudwinu-
Junnp otinmudutipp (LJT)" juytupbipnn wnunihh tbkpgnpéniput wnuynipejutt huduwuwn Lubp-
ghwtitph hhunphqhti (ZE2) hwlugunnuuowt:

Puguwhuwyndly Eu unmmpjut otdh JEpujutquiwt wuppbpmpmitintpp Epynt’ qnyg
wlniunhl] wnunihh Eubpgbnhynptt ydhguytun dwljupnujubpny, hsmuugnpmuuhg htwnn
LJT plunuynpuuit pupwugpnid:

Ununiyh Epuwyynghghwiy, wnumh dwjupujh hudbdun, jEiuwpwinpbu gupnn gnpént E:

ZEZ-t, npuntn Bydhduykinh gniguithop hwjuiuwin k 3-h, sh hwuwnunngnud:

K. A. Panchulazyan, A. G. Arakelyan

Specific Reaction of the Organism to the Equivalent L evels of the Acoustic Energy

Temporary threshold shift (TTS) of hearing influenced by two couples energetically equivalent
levels of wide-band noise in accordance with the equal-energy hypothesis (EEH) have been
investigated.

Differences in hearing threshold shift after insonificaty by two couples energetically equivalent
levels of acoustic at TTS testing were identified.

Exposure of the acoustic noise proves to be a biologicall dominant factor in comparison with
the noise level.

It has been shown that the EEH is not confirmed in case of when the equivalensindex is 3.
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®U3NOJIOTUI PACTEHUI
VK 581.1
B. B. Kazapsau
BOBpaCTHa.SI M3MEHYHMBOCTDH aJaIITUBHOCTH ,T.[peBeCHBIX K YCJIOBI/I}[M BBICOKOI‘OpBﬂ

(ITIpencrasneno akagemukoMm K.C. ITorocsrom 10/VI 2005)
Kittouessie cioBa: gpeBecHsre, a4aTHBHOCTE, (PH3HOJIOTHIECKAd MEPECTPOHKA

O6mas mwracTHYHOCTH MOIoAoro pacrenus, kak ormedaior I1.C.I'enkens u C.B. Kymrupenko [1],
ZlaeT BO3MOXXHOCTb BBIABUTH B OHTOT€He3e HOBBIE CBOMCTBA, CIIOCOOCTBYIONIVIE YCTONYMBOCTHU
pacTeHU K HeOIAarOIPUATHBIM YCIOBUAM CyllecTBoBaHUA. IOBeHMIBHBIE PACTEHUS OTIUYAIOTCS OT
B3POCJIBIX 0OoOJlee AKTUBHON peakuueil Ha H3MeHeHUMe (GAKTOPOB Cpenbl, BBIpaKalolleldcs B
WHTEHCUBHOH (U3MOJIOTHYECKOH IIepecTpoiiKe IIPOLIECCOB JKU3HEAEeATeIPHOCTH. B  3TOoM
IIPOSABJIAETCS UX BBICOKASA alallTUBHAA IIJIACTUYHOCTS [2, 3].

/lpeBecHbBIe OTIMYAIOTCA PACTAHYTHIM >KM3HEHHBIM LHUKIOM M COXPAaHAIOT CIIOCOOHOCTh K
M3MEHYHMBOCTH IO KOHIIA XU3HU, YTO IIOBBINIAET HAJEXHOCTb OHTOTeHe3a. IIpu sToM BHyTpeHHUe
MeXaHWU3MbI IIPOSBIEHUS aZalTallUY A1 Pa3IMYHbBIX IEPUOLOB KU3HU PasHbIe, YTO JaeT OCHOBaHUE
II0JIaTaTh, YTO y JPEBECHBIX IIOCJIe IOBEHUIBHOMN (as3sl PasBUTHUI IIPOUCXOAUT HEKOTOPOE yracaHue
aIallTUBHON aKTUBHOCTHU. Llebio HacTOAImEeH pabOThI ABUJIACH IIPOBEPKA STOTO IIPEAIIOI0XEHH.

B craTee mIpuUBOZATCA pe3yIBTATHI OIBITOB C HEKOTOPBIMM Pa3HOBO3PACTHBIMU [JPeBECHBIMU
ImpefcTaBUTeNAMUu abopureHHoi ¢iopsl. Mccmemosamucs 2-, 3- m 20-meTHne pacreHus rpaba
kaBkasckoro (Carpinus caucasica Grossh.), kxusuma (Cornus mas L.), 1y6a KpyIHOIBLIBHUKOBOTO
(Quercus macranthera Fish.et Mey) u nemuns: o6sikHOBeHHOM (Corylus avellana L.), Berpamenasix
13 CeMSAH epeBaHCKOM penmponyKiuu B ycioBuax Epesamckoro (1250 m Haz. yp. m.) u CeBaHCKOTO
(2000 M Haz. yp. M.) 60TAaHUYECKHX Ca/lOB, IIOYBEHHO-KIMMAaTUYECKHe yCIOBUA KOTOPBIX IOLPOOHO
OmMCaHbI paHee [4].

Y ONBITHBIX pacTeHHIl B OZHH U Te >K€ Yachl CYTOK OBLIM B3ATHI JIUCThSI CPESHUX SAPYCOB U
IIO/IBEPTHYTHI TMOGUIBHOM CylKe. B HUX ompezenanock comepxkaHue xyuopoduina mo Makkunu,
ero IPOYHO- U ciabocBs3aHHble ¢ aunomnporensHbiM Komiuiekcom (JIIIK) dopmsr - meromom
Ocunosoit, ammuaka - MukpoguddysuonusiM Meromom Konses u 6enkoBoro asora o Ksenbpaiio
[5]. PesynpraTsl mcciemoBaHMII IIOKa3aad, YTO B YCIOBUAX EpeBaHa y Bcex BHIOB pacTeHUH
KOJIMYeCTBO 001LIero xuopoduiia yMeHbUIaeTCs 110 Mepe yBeIWdYeHHsI Bo3pacTa AepeBbeB (puc. 1),
TOrZa Kak B Oosiee skcTpeManbHBIX ycaoBuax (CeBaHa, HAaOoOOpPOT, MMEJIO MECTO IIOCTEIIEHHOE
HapacTaHue COJep>KaHMA 00Iero xJI0poduiia mapajlebHO C yBeJIMYeHHeM BO3pacTa pacTeHui. Y
2-JIeTHUX PacTeHUI KOJIUYIEeCTBO XJIIOpoduiIIa y BCeX BUZOB OBIIO MEHbIIe, YeM Y epeBaHCKuX, y 10-
u 20-71eTHUX ZepeBbeB B pe3yJsbTaTe PasBUTHA aJAllTUBHOCTH COZEep)KaHHe XIOPO(GUIIIa B JIUCTHIX
y’Xe Ipeo6aiaeT HaZl TAKOBBIM y €peBAaHCKUX IIpe/iCTaBUTeNIe. DTO 03HAYAET, YTO SKCTPEeMabHbIe
YCJIOBUA CIIOCOOCTBYIOT YCHJIEHMIO CHHTe3a XJIOpOodUUIa, IPUBOAALIETO K YJIyYLUIEHUIO
ACCUMIUIAIIVOHHBIX QYHKIIUH ITUCTHEB [6)].
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Pre.I. Colepxasue Xnopod#ina W ero $OpM B MUCTERY PasHOHOSPACTHHX
AspeREeB, TpoWspacTanmux B Ceeasdcxom {(a) » Dpepancxow (d)
COTaHKISCHAL cajax
I - 2-neruue, [ = I0-netume, Il = 20-meTHie
I - rpad xapxascrnli, 2 — WHsHA, 3 — A0 KDYUHOOMNRHUAOBAN,
4 - peumra CGHRHOBEEHAR

B ycnoBusx CeBaHa KOJIMYECTBO CIAaOOCBSI3aHHOTO XJIOpoduiia y 2-IeTHUX paCTeHUi
mpeobyiazjaeT HaJ IPOYHOCBA3aHHOM Qopmoi, a y 10- m 20-merHux, HAOO60POT, HJOIL
IIPOYHOCBA3aHHON (ppakumy B 00meM OasaHce XJIOpPOGUIIIA YBeIUINBACTCA.

OO6BsacHeHUE 5TOTO ABIEHUS CIeAyeT UCKATh B Pa3IMYHON aJalTUBHOM peaKIMy Pa3HOBO3PACTHBIX
pacreHuii. B mepBbIe roApI XKU3HU y PaCTeHUI 0], BO3eHCTBIEM BEICOKOTOPHBIX HeOIarONPUATHBIX
(bakTOpOB HapylIaeTcs HOPMaJIbHBIN XOJ, )KU3HEAEATeIbHOCTH, BCIEACTBUE Yero 0CIabiIsgeTcs CBI3b
xjopoduana M B KadyeCcTBe KOMIIEHCAllMOHHON pPeakIUM yBeJIMYMBAETCA COJEep’KaHUe
cmabocsazannoi ¢ JIIIK dopmsr xmopoduiiia, 4To CIIOCOGCTByeT aKTUBAIUK (POTOCHHTE3A.
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Puc. 2. HomriecTBo AMMAEKA B JAWCTEAYN PO20BOSpACTHHY NepeBEeR,
nponapacTanmyMx » EperaticxoM u CepanckoM 00TAHHYECKHX
ecanax (odoamavennd Te xe, 4ro A8 puc.I)



B manpneiimem, c BO3pacTOM pacTeHHU, CyleCTBeHHO yBeJIMYUBACTCA CHHTEe3 XJIOpOoQuLIa, U 11
IIpeIOTBpallleHNs ero paclafia IoJ, BIUSHUEM BBICOKOTOPHBIX (PAaKTOPOB yKpeIUIAeTCS ero CBI3b C
JIIIK.
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Prc. 3. Comepsadee o30THCTEX COSINMHEHWR B AUCTLAY DA2HOBOUPACTHHXE
neperpen, NpoMspacTanumx B CesaHerowm (a) u Epepancrom (d)
JOTaHWEECKNAY cagaX (odoSHAEHWA TE =8, IT0 Ha puc.I)

OmpepeneHHbIe CABUTY IPOUCXOAAT B a30THOM OOMeHe, 0COOeHHO B YCBOEHUU U 00e3Bpe:KUBaHUH
aMMHaka. AMMHaK B CBOOOZHOM BHZE BCTpeYaeTCs B PAaCTEHHUAX B HE3HAYUTEIBHOM KOJIHMYECTBE,
OJHAKO ero oOpa3oBaHUE yCIHJIMBAETCSA B DKCTPEMAJIBHBIX YCJIOBHAX, YTO NMPUBOAUT K HAPYLIEHHIO
6enxoBoro obomeHa [7]. C 3TOI HO3UIIMK MOXXHO IIOJIATaTh, YTO BbIEJIEHHE PAaCTEeHUSMU aMMMaKa
IIPOUCXOAUT W IPU UX HHTPOAYKIUU B OOjiee DKCTpeMajbHble yCJIOBHA. IIpn 3TOM y BHZIOB C
MIOBBIIIEHHON aJaNITUBHON peakIyeld B IOZOOHBIX YCIOBHUAX BhIpaOaThIBaeTCA (PU3MOIOTHIECKHIH
MeXaHW3M, IIPeOTBPalIaiomyii HapyueHe 6eJIKOBOTO oOOMeHa U BbIieIeHNe aMMHUaKa.

Kak BumHO u3 mpuBemeHHBIX AuarpaMM (puc.2), y 2-JeTHUX ZepeBbeB, HHTPOLYIMPOBAHHEIX B
CeBaHCKUII OOTAaHMYECKUU Caji, BBIZIeIeHHEe aMMHUaKa B [1Ba U Oosee pas3a OoJblle, 94eM y TeX e
IepeBbeB, npowuspacTaomux B EpeBanckom Goranmueckom cazy. Y 10- u 20-nmeTHUX JepeBbeB,
KOTOpBIE YCIIeIU IIPUCIIOCOOUTBHCA K YCJIOBUAM BBICOKOTOPBS, KOJWYECTBO aMMHUAYHOTO a30Ta B
JIUCTHAX 3HAYUTETPHO YMEHBUIAETCA.

Crnenmyer mosaraTh, YTO BBIZle/IEHME aMMMAKa JINCThAMU 2-JIETHUX WHTPOAY- LIEHTOB B YCJIOBUSX
CeBaHa JOJKHO COYETATHCA CO CIAOBIM CHHTE30M O€JIKOBOTO a30Ta B JINCTHAX. B IeificTBUTETBHOCTH,
KaKk BUJHO M3 pHUC. 3, B JUCTHIX MOJIOABIX MHTPOZAyLeHTOB CeBaHa cofeplkaHHe OOIero asora
3HAYUTEIPHO MEHBIIE, YeM y TeX JXKe PacTeHui, Impouspacraiomux B EpeBaHckoM GoTaHHYeCKOM
camy. Ilomo6HOe pasmuune IPOABUIOCH B OTHOIIEHWM OEJIKOBOTO a30Ta, T. €. MHTEHCHBHOCTH
a30THOTO OOMeHa B JINCThAX MOJIOZABIX MHTPOZYLIEHTOB OKasauachk ropaszo ciaabee. B muctesax 10- u
20-71eTHUX  JepeBbeB  KapTHHA  JUaMeTPAJIbHO  IPOTHBONOJOXHAsA. JIMCThI  CeBaHCKUX
IIpe/iCTaBUTENeH OTIMYAIOTCA BBICOKOM aKTUBHOCTBIO MeTaboIM3Ma asoTa, B JAaHHOM Ciydae,
cuHTe3a OesiKa, B pe3ysIbTaTe Yero OCHOBHAS YacCTh a30Ta OKa3ajach B cocraBe Oenkos. [Ipu stom y
BCEX CEeBAHCKHUX MHTPOIYIEHTOB KOJIUYECTBO KaK OOIIero, Tak M OGeJIKOBOTO a3oTa OOJblIe, 4eM Y



€peBaHCKHUX.

TaxkuMm 00pa3oM, BBICOKOTODHBIE YCJIOBUSA, OYZydYM SKCTPEMAIbHBIMU IJII MHOTUX [JPeBECHBIX
pacTeHull, IpUBJIeYEHHBIX U3 HU3MEHHBIX IT0ACOB, CO BpeMeHeM CTAaHOBATCS [ HUX HOPMaJIbHBIMU
B pesyJIbTaTe SHEePTUYHOM aJlaliTAlliy B paHHEM BO3pacTe.

Hucturyt 6oTanuku HAH PA
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Owmnught pnyubph’ pupdp ptughtt wyuydwbibpht wpuuunugyEne hwuwught
thmhnhulutnpp

Mumduwuhpyty £ mbnuptwl $inpugh bpluityutt JEpupununpmpjut ubpdiphg wskg-
Jws 2, 10 b 20 mupbljuit Swnuyghtt pnygubiph wnuuinughuyh dkpawtthqup Gplwuh (1250 U s.4d.p.)
1t Ulutzh (2000 U &lp.) pniuwpuiiajuatt uyghubph wuydwtibpnud:

NMupqyt) £ np pupdpbotughtt wuydwitbpp gudpunhp quyptphg tbpdmisjws pwn
Suwnwntuwljutph hwdwp Epunpbduy B Uujuygt pniuwajuitt opquithquh Jun hwuwljhg tynt-
puthnfuwtiyniputt wnuwnhy Jpujunnigdwt suinphhy dudwtajh ptpugpmu untmid
ku tnpuwy:

V.V.Kazaryan

Age Changeability of Trees Adaptivity to the High-M ountainous Conditions

It was studied the mechanism of adaptation of different aged trees (2, 10 and 20 years old),
representatives of aborigen flora, grown from the seeds of Y erevan reproduction in the conditions
of Yerevan (1250 m below sealevel) and Sevan (2000 m below sealevel) botanic gardens.

It isfound out that the high-mountainous conditions, being extremal for many trees brought in
from low-lying, during the time become normal in the result of energetic adaptation in early age.
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