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MATEMATHKA
YIK:517.98
I'. A. Caprcan

O coGcTBeHHBIX (PYHKIMAX, TIOPOXKIAEHHBIX OFHOPOLHO! 3amaueii HeiimaHa,
I ogHOTO AuddepeHIaIbHOrO MyIKa

(IIpencraBreno akagmemukoM A. A. Tamansuaom 6/VI 2006)
KitodeBsle cioBa: cuemanmas 3agava, MO/IHOTA, KBaAPATHIHBIHA MTYI0K, COOCTBEHHAA QYHKIIHA

B pa60Te HN3y49d€TCA Kpd€Basd 3d/1d9d Hd COOCTBEHHEbIE 3HAYEHU:

8211 8211
L, (u) = — 4 2% +22Au =0, (1)
ayz 8x8y
ou |
Gu=ou+— | =0, (2)
on | o0

rge Q - Kpyr ¢ LIEHTPOM B Hadajge KOOpPAWHAT, OC) - eOWHWYHAA OKPYXHOCTh, A - IBYMEPHBIH
omeparop Jlammaca, n - BHeWHfAs HOPMaidh K OKPYXHOCTH OQ), o > 0 - IOCTOSHHOE YHCIIO.
Cob6cTBeHHBIM 3HaueHHeM 337auu (1), (2) Ha3oBeM YMCIO A, IPU KOTOPOM CYIIECTBYeT (PYHKITUS u,,

yzmosrersopsoumas (1), (2), orninyHas oT MOCTOAHHON npu o0 = 0 ¥ OTIMYHAT OT TOXZECTBEHHOTO
Hyns npu o > 0. B [1] paccmorpena omHOpozmas KpaeBas 3azada Jlupuxie Ha COOCTBEHHBIE

3HAYCHUS:
o*u &*u
— + 2\ +22Au = 0, 3)
ayz 0x0y
|
ul =0 (4)
| o0

Ifle IIyTeM IIOCTPOeHUA PeKypPpeHTHBIX (OpPMysT [JOKa3aHO CYIIeCTBOBAaHME IIOJTHOM CHCTEeMBI
IIOJIMHOMUATBHBIX COOCTBEHHBIX (PYHKIMH B KOMIUIEKCHOM COOOJIEBCKOM TIHJIBOEPTOBOM

ol 0!
npocrpancree H = W2(Q)® W2 (Q).



B [2] npuBoguTCS SIBHOE IIpe/CTaBIeHMe IIOJHON COBOKYIIHOCTH IIOJMHOMMAIBHBIX COOCTBEHHBIX
0! 0!
dynximit sagaun (3), (4) B cobomesckom mpocrpanctse H = W ()@ W2 (Q2).

[is TocTpoeHMs NONHOM cHCTeMBI pelleHuil ypaBHeHusf (1) ymoGHee IIOCTPOUTH CHCTEMBI
pellleHuii 5TOTO YpaBHeHUsA, 0OpalalouuXcs B HYJIb Ha TPaHUIlE KPyTa U SBISIOUUXCSA IOINHOMAMHU
10 X,y. B manpHefiureM [ Haurumx mocTpoeHuH U GOPMYIUPOBKY ITONyYE€HHbIX Pe3yIbTaTOB yAOOHO
IIepetTH OT AeHCTBUTEIBHBIX X,y K KOMIUIEKCHBIM IIEPEMEHHBIM Z = X + 1y, Z = X — 1y, ¥ UCIIOIb30BaTh
KOMILJIEKCHBIE oltepaTops! fuddepeHIpoBaHNuL

o 1(o o\ o 1(o o)

— -] —ri— |

—_| ——i— .

>

oz 2\ ox oy ) oz 2\ 0x oy )

Torza xpaesyto 3azauy (1), (2) MoxHO 3anucaTh B KOMILUIEKCHOH popMme

ERN 4y e
—_ A+ A + g (R M—=10, 5
= [l (3) + s j]azaz m (a () —— (5)
Gu=¢1u+zﬁ+fa—l_l =0, (6)
dz  dZpn
roe
1

) =1=200 p,(A) = (7)

1+ 20

Hamu ycraHoBieHa [ByKpaTHas IIOJTHOTa CHCTEMbI IIOJIMHOMMAIBHBIX COOCTBEHHBIX (DyHKIIMI
3amauu (1), (2) B runsbeproBoM mpocrpanctBe H mpu o > 0; xorga ke o = 0, gByKpaTHas ITOJHOTA
COOCTBEHHBIX QYHKIUI B COOTBETCTBYIOIIEM IIPOCTPAHCTBE YK€ He NMeeT MeCTa.

Hapsany c xpaeBoii 3amaueit (5), (6) OymeM paccMaTpuBaTh CJIeLyIOUIYIO CIEKTPAIbHYIO 3aZady
Jupuxie:

a4 a4y a4y
(M) + wai L (WL (W e = 0
= [l () + ot ”azaz i (M) ——

: (8)

vl =o. 9)

Jlerxo y6enmurhcs, uro 3azava (5), (6) TrecHo cea3ana c 3agaueil Jupuxie (8), (9), a umeHHO, 4TO
cobcTBeHHbIe 3HaueHUs 3azadu (5), (6) OZHOBpEeMEHHO fABJIAIOTCI W COOCTBEHHBIMU 3HAUEHUSMU
3amauu Jlupuxie u - HaoGopor, ecnu o = -1, 1 =1, 2, 3, ... O6o3HauUM cHCTEMY IOJIWHOMHUATBHBIX
peurenuii 3azaqu (8), (9) uepes

Vin (2.2, (10)



9TO COOTBETCTBYET COOCTBEHHBIM 3HAYEHUAM AL,

ol
3amerum, uTo cucrema (10) B co6omeBCKOM TpOCTpaHCTBe W2 ((2)ABIAETCH BYKpaTHO MONHOM B

cvsicie M. B. Kenppima [3]. Ilepeiimem Ttemepp k pemenwuto 3azauu (5), (6). Oma cocrout B
HaxoXJeHuu GYHKIMH M3 Kiacca CZ(Q) u cl), yZOBIETBOPAIOIINX ypaBHeHHUIo (5) B Kpyre

€2:{zZ <1} u rpanuvHsIM yeroBusam (6) Ha rpanune (1 {zZ=1}.
B panpHeiimeM [ HAmIUX IIOCTPOEHUN CYILIECTBEHHYIO PpOJb OYZYyT HUIpPaTh CleLyIOlue

IIOJIMHOMBI.
2] (~ 1™l )
Pz Z, W) = f nom? . (11)
m=1 m

HPI/IBe,I[eM AB€ BCIIOMOTI'daT€JIbHbI€ JIEMMBbI Oes JOKa3dT€JIbCTBd, YCTdHOBJIEHHbIE HdAMH B [2],

XdpaKTepHu3yromue CBOMCTBA IIOJIMHOMOB Pn(Z, E, M), KOTOpPAbI€ UCIIOJIB3YIOTCA B ,I[a)ILHeﬁH.IeM.

Jlemma 1. Zlonrnromsr P (z, Z, ) npun =2, 3, ... yZOBIETBOPAIOT PEKYPPEHTHOMY COOTHOIIEHHIO

Pyls 2w = (2 +uB)B, (o Zu) + &+ u2)f —uB, (2. Z.0). (12)

Jlemma 2. [lormrOMBI Pn(z, Z,\\) HAa OKPYXXHOCTH Kpyra ) YZOBIETBOPAIOT DPEKYPPEeHTHOMY

COOTHOIIIEHHIO
(z +uD" +By(z L) | = "+ 02 an (13)

O6uee pemenue ypaBHeHu (5) Ipu TI000M 3HAU€HUU ITapaMeTpa A UMeeT BUJ,
Wz Z) =Kz + 1 (ME) +F(z + u, (ME). (14)

I[lepeiimem K TOCTPOEHHIO B IBHOM BH/ie IIOJTHOM COBOKYITHOCTY HETPUBUAIBHBIX IIOJIMHOMHAIBHBIX
pelureHuii Kpaesoii 3azauu (5), (6) mpu a > 0. Jlerko mpoBepuTs, 4TO

GCln(Z, z, H) = PD(Z, z, M)’ (15)

rae
(1) nCRl ™z +um)

= -m-1
nhZ. I W) = . o n=2.3 .. 16
QU Tw = 3 e (16)
Paccmorpum mocsieroBaTeIbBHOCTD QYHKIIUU
z+u )" z+pu.z)"
u(22)=(EHE w0 ) -[ERE g @z, (17)
b a+n atn



rae
_Zmki
A=Al W) =ua(We * . n=23.. k=1,2,...@m-1

U=1u,,
R

Teopema 1. Q@ymurxyum u, mocrpoerHsle coriacHo @gopmyraam (17), ABITIOTCI CHCTEMOH
II0/THHOMHATEHBIX COOCTBEHHBIX QYHKI[HE KpaeBor 3azaydu (5), (6), COOTBETCTBYOIHX COOCTBEHHBIM

sHavennam hy, k=1,2,..,(n—1),n=2,3, ..., K&Kg0€ H3 KOTOPSIX HMEET 6ECKOHEIHYIO KPATHOCTS.

JoxaszarenscrBo. Dymkuys U (z,Z) mpexcTaBisieT COOO# CyMMy ABYX CJIaraeMbIX, OTMEYEHHBIX
KBaJipaTHBIMU CKoOKamu B dopmyie (17), mepBoe m3 KOTOpHIX siBasfeTcs GyHKumei or (z +WZ),

BTOpOoe - dyHKuuei oT (Z +W,Z), u mMOodTOMy OHa yAoBiaeTBopseT ypaBHeHuio (5). IToxaxem, uro

yHKIME U, (Z, Z) yIOBIETBOPIOT IPAHUYHOMY yCI0BHIO (6). B camom zere, Ha OCHOBaHMY JTeMMbIL
2 u dopmyrsl (15) umeem

z==1

Gy &3] =l + W)™ + Bylz L[z + wad)" + Bl 2,1

=[(z +wE" +R G LW (@D R T (18)

IT= T -1

- @ T - T -0

CoGcTBeHHBIE 3HAaueHUs KpaeBod 3azauu (5), (6) ABIAIOTCI GECKOHEYHO KpPaTHBIMU. JTOT (hakT

CTefyeT U3 TOTO, 9TO Ay = Ayr IPH TIO60M HaTypambHOM P u uTo coGcTBeHHBIe QYHKINM Usp (z,Z),

COOTBETCTBYIOLIME COOCTBEHHOMY 3HAYEHWIO Ay, KaK IOJIMHOMBI PAa3INYHBIX HOPALKOB JIMHEHHO
He3aBHCHUMEIL. Teopema foKa3aHa.
Teopema 2. COBOKyIIHOCTS MOJIHHOMHATIBHBIX COOCTBeHHBIX QyHKLHH (17) 3aza47 (5), (6) obpasyer
ol
JABYKDATHO ITOJHYIO CHCTEMY B IHIBOEPTOBOM mpocTparcTse W a((2)
JoxasarenscTBo. M3BecTHO, UTO cCTeMa BEeKTOPOB

V)»v
V. = |t (19)

obpasyeT TIOJHYIO CHUCTeMy B OpPTOTOHQJIBHOH CyMMe THJIBOEPTOBBIX  IIPOCTPAHCTB

0! 0!
H=W2(Q)®W2(Q). Tak kax

Av v’ (20)

IIOJIOXKHM



Gay, <[ Vi \ 21
1, = = = .
Ao ?L.U , Gu. o ?l.. . , v}m o ( )

HYCTB WeH- IIpON3BOJIbPHAA BeKTOP—(i)YHK]_LI/IH C IIOJIMHOMMAJIBHBIMHY KOMIIOHEHTAMHN

oo | Q) D) )
(1-22)% q(z.7)

TZle p ¥  IPOU3BOJIbHbIE IOJIMHOMSEI OT Z U Z. Torza oueBuzguo, uro GW € H. Ho, xak nokazauo B [4],

BeKTOp-pyHKIuI0 GW(z,Z) MOXKHO MpPEACTaBUTH B BHAE KOHEYHOH KOMOMHAIUU COOCTBEHHBIX
BeKTOpPOB V
p AV

GW=>"4a,7, =[< . (23)

N3 (21) u (18) umeem
Gﬁ=ZaUGﬁh = GZauﬁh. (24)

B cuny cymecrBoBaHUs 06paTHOTO oepaTropa G ! us (23) saxmouaen
W =Zauﬁ;.m. (25)

Ho mockonbKy, Kak 3TO ITOKa3aHO B paboTe [4], MHOXXECTBO ITOJIMHOMUAIBHBIX BEKTOPOB BHAa (22)
BCIOZY IIJIOTHO B rUIb0epTOBOM IpocTpaHcTBe H, To Teopema mokasaHa.
OTMeTHM, 4TO IOTy4eHHbIE HAMU COOCTBEHHbIE 3HaYEHUA PACIIOI0XXEHBI BCIOAY IUIOTHO Ha KPUBOH

|4k2 + 1| = 1 B KOMILJIEKCHOH IIJIOCKOCTH. SICHO, YTO AJIs BCAKOTO COOCTBEHHOTO 3HAYEHWS 33aJaUU
Jupuxie cymecTBylOT coOCTBeHHBIe (QyHKIMM, KOTOpPBIe MCUYe3aloT B Hayaje KOOpAMHAT. Takum
obpaszoM, B ciaydae o > 0 Kaxmoil coGCTBeHHON (QYHKUMM 33fauu JlMpuxjie COOTBETCTBYeT OZHA
cobcrBenHas pyHkuus (5), (6).

Paccyxzmas aHaIOTMYHO, JIETKO IOTYYUTh COOCTBEHHbIe QYHKIIUN YPaBHEHUS

22Lu + ANu + Mu = 0, (26)

ectn LLN,M - snuneitnbie puddepeHIiranbHble ONEpPaTOpPsl BTOPOrO IOPSAAKA C IIOCTOSHHBIMU
K03 PULIMeHTaMH, COepKalliyie JTUIIb BTOPble IIPOM3BOLHBIE 110 X U Y, IIPUYEM TUIl ypaBHeHus (26)
He UTpaeT pOJIu.

3ameuanue. B cryqae a =0, T.e. 3amauyn Hefimana, onepatop G nmpuHMUMaeT BUZ,



G=Z—+E—_. (27)

OTOT omImeparop B IIPOCTPAHCTBe BCEX IIOJIMHOMOB He MMeeT OOPaTHOTO G OueBuzgHO, 4TO ecitu
3azavya HelimaHa uMeeT penreHue 11 HEKOTOPOTO A, TO COOTBETCTBYIOIEe STOMY pPelIeHHIO pelleHHe

samaun [lupuxime yposmerBopser yciosuioo u(0,0) = 0. B srom ciayuae omeparop G! moxuo
IIPUMEHUTh Ha TeX IIOJMHOMAaX, KOTOpble OOpallaloTCs B HYJIb B Hadaje KOOPAMHAT. 3IECh YXe Te

byHKIMHM U3 CUCTEM {u ?‘i}} , KOTOpBIe He MCYe3aloT B IIeHTpe KOOPAHMHAT, He IPUTOIHBI /A HAIINX
nesneii. Takum obpas3oM, cucTeMa IOIMHOMHAIBHBIX cOOCTBeHHBIX GyHKuMi 3amauu Heiimana e
ol
o6pasyeT JBYKpDaTHO IIOJNHYIO CHUCTeMy B THibGepToBoM TpocrpancTse W2 ((2) Ecmu o > 0, To
IIOCTPOEHHAsA COBOKYITHOCTH IIOJTMHOMHAIBHBIX COOCTBEHHBIX (PYHKIIMI 00pa3yeT IOTHYIO CUCTEMY B
ol 0l
H=W2(Q)®W2(Q),ampu o = 0 (3amaua Heiimana) moHOTa HApyIIaeTCs.

BoenHbIit aBHalIMOHHBIM MHCTUTYT UM. Mapurana A. XaundepsHia
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Q. U. Uupquyuis

Uh nhpbpkughuy thuph hudwn Ukjdwih hudwubn jutimpny Stnjus
utthwljut $nijghwtph dwuh

Uohiunwiipnid. §nnpnhtnttiph ujgpiowjivnp hnpntt mbtignn dhudnp opowtimid
nuuntdbwuhpymud £ (1)-(2) Eqpughtt juinhpp: Pugwhwpn wnbupnyd junnigdnud | wyn aunph
puquuituuughtt ubthwljut $mulghwibph hwdwpmudpp®  hwdwyunuuput - ubkthulju
wpdbputph: Uyugmgymd E, np Epp o >0, wuqu pulqlhuhqmdul}hh ubithwjut $nujghwiibph
hwdwhadpmpmip juqunud £ iphy hwdwlwupg A = Wz Qe Wz(Q) - mud, hulj vwhdwbught
nhupnud, tpp o = 0, (phympeniup fpwhainynud E:

G. A. Sargsyan

On Eigenfunctions Generated by Homogeneous Neyman
Problem for Differential Bundle

The boundary-value problem (1)-(2) in the unit disk centered in the origin is studied. For the
problem in explicit form a system of polynomial eigen functions corresponding to the polynomial
elgenvaJ uesis conaructed We prove that these functions for « >0 compose a complete system in
H= Wz(Q)@Wz(Q) while in the limit case o = 0 the completenessis not valid.



MATEMATUKA
YK 517.55
A. . Ilerpocan
O MHOXecTBax IIMKa ¥ MHTEPIOIALMY TIaAKUX QPyHKIUN B IOIUIVCKE
(IIpemcraBneno akagzemukom H. Y. Apakenxsunom 7/VII 2006)
KTioeBs1e CIIOBA: TOTHHCK, ITHE, HHTEPIIOIALIS, IIAFKHE QY HKIHH

1. Pabora mocpAmeHa HCCIeJOBAHUIO MHOXECTB NHKA U TECHO CBA3AHHBIX C HUMH MHOXECTB
unTepnonsanuu s anre6p A™%(UM). Ipusesem Heob6xoaumble onpesenenus. [lycts

Ul={z= (Zl’ oo zn) e C": |Zi| <1, i=1,...,n}- eIMHUYHBIA TOJUINCK B

n
mpocTpaHcTse C;

T"-{z e C": |zi] =1, i=1,...,n} - ero ocTos.

Jlns 3amamnOTO MEstoro yucia m,m > 0, u a € (0,1] o6oznauum wepes A™(U") anreGpy dyuxumit,
rosomopdusrx B U”, mpousBogHbIe KOTOPHIX MOPAAKA M HEIPePHIBHO MPOAOJIKAIOTCSA Ha 3aMBIKaHUe
U", u gepes A™*(U") - nomanre6py A™(U"), cocrosmiyio u3 GbyHKIHI, Y KOTOPHIX ITPOM3BOHbIE
nopagka m ymoerersopsor B U' ycrosuio ['émpmepa mopsaka o.. AHAJOTMYHO 0GO3HAYAIOTCS
nomanre6per C™(T™) u C™*(T™) anre6psr C(T™) bynxIwit, HempepsIBHEIX Ha ocToBe T

KommakrHOe mogMHOXkecTBo K ocToBa HasbiBaeTcs mHoxectsoym muka paa A™(U™) umu A™%(UY),
eciu cymecTByeT pyHkmus f € A™HU") (coorBercrBenHo, f € AT*(UM)) Takas, uro f = 1 ua K u [f(z)

| <1 mnaBcexz € U™\K.
OTO yCIOBHE MOXHO 33aTh B OKBUBAJIEHTHOI dopMe: cyuecTByeT pyHKuus f Takas, 410

f(z)=0, npu zeK, u Ref(z)>0 mpu ze U™K. 1)

Kommaxr K massiBaerca murepmonanuonssiv muoxectsom pag AT (UT) wu A™HUY), ecn mus
kaxgoit dyukiuu f us CP (TY) (cootsercrenmo, CP*(TN)) cymectsyer F € A™(U") (F e A™%*(U"Y)),
KoTopas pasHa f Ha K.

2. 3ajave onmMCaHUsS MHOXECTB NTUKA ¥ MHTEPIIONALMY [JIs Pa3sIUYHbIX QyHKIIMOHAIBHBIX anredp

o Tl
IOCBAILEHO HeMasno pabor. Hambosee monHO mccnemoBaH ciayvait nonupuck-aare6pst A(UY) = A9

T 1
(U"). Xopouro wusBectHo (cM. Hampumep [1]), uto MHOxecTBa mmka u wuHTepmonsuuu K < T
XapaKTepPU3YIOTCS TeM, UTO BapHALHA JIOO0H OPTOrOHAJIFHOH MEpHI HA HHX paBHA HYJIO, T. €.

o o o jal
ycnosue |W(K)| = O BeimonHsAeTcs mjis BCAKOIM OOpeneBCKOIl MephlI | Ha TN rakoit, uTo uwlAUY).
Cornacuo knaccuyeckoit Teopeme M. u @. Puccos, Bcsikas Mepa, OpTOroHalIbHAs K AUCK-anrebpe A



(U), abcomorHo HempepsiBHA. IloaTOMy B omHOMepHOM ciydae (T. e. n = 1) MHOXeCTBa IIMKAa U
nHTepnonanyu Aas A(U) cyTs 3aMKHYThbIe TOZMHOXECTBA OKPY>KHOCTH J1e6eTOBOIl MephI HYIIb.

s anre6p riagxux GyHKuui (T. e. mpu m > 1) me0 oOCTOUT MHAaYe. YKe B OZHOMEPHOM CIydae
MHOXKECTBA IIMKA ¥ WHTEPIIOJAIUK He COBIAJAIOT: MHOXeCTBA NHKa KOHe4HH, (cM. [2]), a
MHTEPIOIALNOHHBIE MHOXKECTBA MOTYT ObITh 1 GECKOHEUHBIMU U OIIPEJEIAIOTCSA YCIOBHEM, KOTOPOe
IaHo B [3].

MmuoromepHsIii cirydail ucciemoBaH MeHsbine. JIng (GOpMyIHpOBKH pe3yslIbTaTOB HaM HYXHO

cienymollee IOHATHE.

Onpegnenernune. [magkoe moamHOroo6pasue M octoBa T HasbiBaeTCAd HHTEPIOIALHOHHEIM
MHOroobpasmeMm, eClIu B KOXIOW Touke q € M KacaTelbHOe IIPOCTPAaHCTBO Tq(M) nepeceKaeTcsa C

3dMKHYTBIM IIOJIOXKHUTEJIBHBIM KOHYCOM Cq Ha Tq(Tn), O6p&30BaHHLIM KaCaTeJIbHBIMH BEKTOPaAMN

8/891\(1, a/aen\q, 0, =argz..

TOJIPKO B Ha4aJie KOOPJUHaT.
OrmeTum, 4TO, O4eBUIHO, pasMepHOCcTh M He mpeBocxozuT n — 1.
3. B pabotax [4] u [5] moxasaHo cienyiouiee HeoOXoAMMOe yciaoBue: eczu K gBr1geTca MHOXeCTBOM

muka grg A™(UY), m > 1, 10 B Hekoropod oxpecrHOCTH MHOXecTBa K  cymecrsyer

HHTEpIOJIAHOHHOe MHOroobpasme M riaazxocru C™ raxoe, uro K = M. WHaTEpecHo OTMeTHUTH, YTO
STOT pe3yJbTaT HEyJIydyllaeM B TOM CMBICJIE, YTO B OOLIEM cCiydae He CYIIEeCTBYeT 3aMKHYTOI'O
ITOZIMHOT006pasust M ocToBa ¢ mepeyucIeHHBIMU CBOCTBaMuU. B cTaThe NprBejeH COOTBETCTBYIOUUM
puMep.

B [4] ucciemoBaHa Tak)Xe AOCTaTOYHOCTh STOTO YCJIOBUS U [JOKA3aHO, YTO BCAKOE KOMIIAKTHOE

IIOAMHOK€CTBO HHTEPIIO/IAIIHOHHOIO MHOI 006p33HE Kiracca Cnl ABJII€TCAd MHO>KE€CTBOM ITHKA4 /14

A™4(U"). B reopeme 1 5T0T pesyssTaT ycHIMBaeTCA.
Teopema 1. Bcaroe KOMITAKTHOE IOZMHOXECTBO HHTEPIOIALHOHHOIO IIOMHOIOOOpAa3HA KIACCa

C™% m >3, ma ocrose mormzncka U™ gprgerca mmosxecrsom muxa grg A% (UP).
JloxasaTesbcTBO TeopeMbl 1 OCHOBaHO Ha KOHCTPYKIIMM TaK Ha3bIBaeMOM "NOYTHU aHATUTUIECKOH'

dyHKuum nuka (Teopema 2), a TakXKe Ha OLeHKe POCTa IPOU3BOJHBIX PEIIEHUs COOTBETCTBYIOMIETO O
-ypaBHeHHsA IIpH IIOAXOZe K OCOOeHHOCTAM IpaBoii dactu (remma 2). Ilpm s3ToM pocraTrouHO
OTPaHMYHUTHCA  KOMIAKTHBIMH  IIOAMHOXKECTBAMHM  HHTEPIONALMOHHOTO  ITOJMHOT000pa3usd,
MMeIOIIero MaKCHMaJIbHO BO3MOXXHYIO PasMepHOCTS, T. €. N — 1. DTo cilefyeT U3 CIeLyIomeil JeMMBbI:

Jlemma 1. Ilycrs M - mmrepnonanmonroe C%-raagioe mogmeoroobpasue ocrosa T, umeromee

pasmeprocts k, k < n — 1. Torga ma T" cymecryer (n — 1) -MepHOe HHTepIOAALHOHHOE

noamuoroobpasmue M ros ke riuagxocra u raxoe, yro M < M.
Teopema 2. Ilycts M - wuHTEpmOJIALHOHHOE IOAMHOrOOOpaswe pasMepHocTH N — 1 ocrosa

mormgucka kracca C™%, m > 3, K - xommakt wa M. Torza B HEKoTopoi okpecrHocTH () 5TOTO

Kommaxra cymectsyior gyurnug F € C™*Q) u xorcrantay > 0 rakwue, 4ro



a) F(z) = 0 Torma u TosnpKo TOT/IA, KOorza z € K;

b) Re, F(z) > yd(z, M)? (z € TN Q), e d(z, M) - paccrostue MexAy z u M;

¢) 8F = O[d(z, M)]™ 1+,

d) |F(z)| 2 yd(z, M) (z € T* N Q).

JokasarenbcrBo. ITycts D - CTPOro ICeBIOBBIMyKIas 06IacTh ¢ rpaHuIei Kracca C -, B KOTOPYIO

nomuauck U BlOXeH ciieyomuM 06pasom:
1" T™\T" < D,
2° T < D,
3 T (M) cT; (OD) pnsa Bcexz € M

o
rae T; (OD) - KOMIUIEKCHAs TMIIEPILIOCKOCTb, COJEPKAIAACT B Tz(ﬁD). YcaoBue 3 o3Ha4aer, 4YTO

M sBnseTcs KOMILIEKCHO-KacaTeJIbHBIM IogMHOrooopasuem 0D. Crocob mocTpoeHus Takoil obaacTu
D usmoxen B [6].

[anee, B pabore [7] (cm. Takxe [8]) mokasaHO, YTO B HEKOTOPOIl OKpecTHOCTH () KommakTa K
CyllecTByeT 'IMOYTH aHanMuTHYecKas' (yHKuua nmuka F, yzmosiaerBopsiomas yciaoBuaM a) U b) zans

o6mactu D, u, cefjoBaTebHO, i BaoxkenHoro B D monuaucka U, Kpome atoro, dF=0na Q N M
BMeCTe cO BCeMH TPOM3BOHBIMY TOpsAKa 1o m — 1 Brmountenso. Hockompky 9F € C™ 1%(Q), To

9F (z) = O[d(z,M)]m_1+a, T. €. UMEeT MeCTO C).

Ormernm, uto F = u + iv 06s1azaeT Taxoke CIeLyIOUUM CBOHCTBOM:

XZ TZ
n grad v(z) =— , (2)
| I I°

grad u(z) = -

2n
I7ie , - BelleCTBEHHas HOPMasb B TOUKe z K rpanune obmactu D, T =]y , a J - omepatop B R™,

KOTOPBIH COOTBETCTBYyeT YMHOXXEHUIO HA MHUMYIO eIMHUILY 1 B IIPOCTPAHCTBe ch =R,
Yto0bI mOKa3zaTh CBOMCTBO d), AOCTAaTOYHO ITOKAa3aTh, YTO s J000M TOYku zZ € M BIoib
HaIpaBJIeHU:, KaCaTeJIbHOTO K OCTOBY M OPTOTOHAJIBHOIO K TZ(M), nmpousBogHad pyHKuuU F ornnyuna

OT HYJIA.
B camom pene, us ycmosus M < 0D cuepyer, uto T (M) L x . Tak xax M nmeer KoMIUIEKCHO-

KacaTeJpHOe HallpasjieHue Ha 0D, To ]TZ(M) c T; (6D), mostomy ]TZ(M) 1 x> wnm, 9To TO XKe, TZ(M)

1 T, OueBugHo,



T (T LJT (T u T, @JT,T"=R" 3)

U3 (3) cnemyer, 4To TZ(M) 1 ]TZ(M) U Pa3MepHOCTH TZ(M) ® ]TZ(M) coctaBiseT 2n — 2. Takum

o6pasom, T (M) @ JT (M) siBiseTcss OPTOTOHANIBHBIM JOIOTHEHHEM B R?™ xoMrIeKcHo# HOpMaJIH

z

N:= R[x ] ® R[t ] x 0D B TOuKe 2.

ITyctp BexTOp & KacaTeseH K OCTOBY B TOUKe Z, T. €. § € TZ(Tn), Y OPTOTOHAJIEH K TZ(M). Us (3)

ciepyer, 9to § oproronanet taxxke u k T (M) @ JT (M), nostomy & € N;.C gpyroii croponsr, § L T,
OTKy7ia clIefyer, 4To BekTop & mapaseneH T . Tak kak coriacHo (2) T, HalpaBJIeH BAOJb IPajueHTa

v, To &v # 0, cremoBarensHO, EF # 0, T. e. Bmonp HanmpaBieHus & npousBogHas F oramyHa ot HyI4.
3ameyvarme. ObpaTyM BHUMaHUe Ha TO, 4TO B HepaBeHCTBe d) d(z,M) y4acTByeT B mepBoii, a He BO
BTOPO#1 CTelleHHU, KaK 3TO MMeeT MeCTO B Cydyae CTPOTO IICeBJOBHITYKION 06acTH. DTO yIydlIeHHe
OLIEHKH fBJIAETCA CJIeJICTBUEM TOTO, YTO B OTJIMYME OT I'PAaHUIBI CTPOTO IICEBAOBBIIYKION 06JacTH
OCTOB TIOJINUCKA He NMeeT KOMILIEKCHBIX KacaTeJIbHBIX BeKTOPOB.
ITycrp K - xOMIIaKTHOE ITOAMHOXXECTBO MHTEPIOJIANMOHHOr0 MHOroobpasus M, okpecTHOCTS () 1
byuknua F ynosrerBopsaior 3axmoueHuto teopeMsl 2. IlycTs, manee, A - BemecTBeHHas QyHKIIUA

kmacca C*° ¢ HocuTenem BHYTpu ( Takas, uto 0 <A <1 m A = 1 B HEKOTOPO# OKPECTHOCTH MHOKeCTBa

K. Onpemenum (0,1)-dpopmy g ma U™\K

Jlemma 2. B o6mactu U™ ypasaenne 6u= g umeer pemenwe U(z), 6ECKOHEIHO JHPPEPEHITHPYEMOE

Ha mroxecrse U \M H yZOBIeTBOPAIONIee yCAOBHIM:
17 aPhy(z) fozft ... 9zfn orparmuena B U™ mpu 0<|p|<m-3;

2" 8 Plu(z) faz P ... BzEn = O[d(z, M)]™3PH* pyr m -2 <[p|<m.

[Ipu moKasaTebCTBE MUCHOMB30BaHbI GOPMYIIBI U3 [9] A pelieHus & -ypaBHEHUS B MOMUAUCKE, a
TaKOKe PeKyppeHTHBbIe (pOPMYJIBI [ IPOU3BOLHBIX, ITomydeHHbIe B [10].

JoxasarenscTBo TeopeMst 1. [Tycts kommakt K M. B cuny nemmsr 1 moxHO cuuTars, 4To M nmeer
pasmeprocTh n — 1. Ilycrs, manee, dynkuuu F(z) u u(z) Te xe, 4To B Teopeme 2 u yemme 2.
Paccmorpum dpyHKIIMIO



AMz)
v(z) =— —u(z).

F(z)
Umeem Ov = 31 —du=g-0u =0, e. v(z) rotomopdna B o6mactu U".
Haree, F
ReF
Rev=A"—-Reu (4)
ik

Cornacuo nemme 2, bynxius u(z) orpanudena #a U [losToMmy c y4eToM myHKTa b) Teopemsr 2 u3
(4) umeem

Re v(z) > — max Re u(z) > —oo.
z=["

[106aBuB B ciry4ae HeOOXOAMMOCTH K QYHKITUHU U(Z) COOTBETCTBYIONIYIO KOHCTAHTY, MOXXHO CUUTATB,
9TO

Rev(z) >0 mpu z e U™\K. (5)
[Toxkaxem, uyTo PpyHKIMA

1 F(z)

f(z)=—"= (6)
v(z) Az)-u(z)F(z)

ABIgeTCA MCKOMOit pynkuumeit muxka. [Ipexne Beero f(z) ronomopdua B U™ u, xak cnenyer us (5) u (6),
Re f(z) > 0 mpu z € U™\K. [lanee, nynu f(z) copmazator c Hynamu F(z), T.e. BBUy TyHKTa a) TEOPEMBI
2, ¢ muoxectBoM K. Taxum obpasowm, f ymosiersopser ycmosuam (1). Ocraercs mposeputs, 4to f €
Am_l’a(Un). B cumy teopems! Xapau-JIUTTIByZa ITOCTaTOYHO ITOKA3aTh, YTO Djf(z) = O[d(z,M)]OL_1
IS mI060TO LENOYUCIeHHOTO BeKTopa j Takoro, 4ro [j| = m. Oyukuus f ma mmoxectse U™\K

O6eckoHeuHO nuddepeHIEPyeMa, MIOITOMY [JOCTaTOYHO PACCMOTPETh €€ JIMIIh B OKPEeCTHOCTH
MHOxecTBa K, rme nmeem

F(z)
f(z) = .
1 -u(z)F(z)
Bsipaxxenme nsa Df comepxwut nmpoussogasie DPuy, [p| = 0,1, ..., m. Cornacuo nemme 2 ipu 0 < [p| < m

— 3 OHM OTpPaHMYEHSI, a NIpHU [p| = m — 2 UMEIOT NMOPAJOK POCTa OldzM)]* L. C ZIpyTroif CTOPOHEI,
COTJIacHO TOit e JemMe, pou3BogHble DPu mopszxa [p| = m — 1 u |p| = m mpu mozaxoze x M umeror

OonpUINIT TIOPANOK POCTa, a HWMEHHO, O[d(z,M)]OL_2 u O[d(z,M)]OL_3 cooTBeTcTBeHHO. HeTpyzmno



y6emuThCa B TOM, UTO CjlaraeMble B BEIpakeHuM D'f, KOTOpEIe coziepskaT STH TPOM3BOHBIE, UMEIOT

COOTBETCTBYIOIIMEe COMHOXHTenn F u F?, KOTOpBIe ''TacAT' M3IWIIHUK POCT, IIO3TOMY COTJIACHO
-1
nyHKTy d) Teopembl 2 yKasaHHbBIe C/laraeMble Takxe uMeroT mopsaaok pocra O[d(z,M)]* .

CrnepcrBue. Bcaxoe KOMIIAKTHOE MOZMHOXECTBO HHTEPIOJAIIHOHHOIO IIOZMHOIOOOPA3HA KIACCa
C™ m > 4, ma ocrose moxmgrcka U™ aprgerca meoxecrsom muka gra A 21 (UD).

[lanee mokasaHa ciIenyromas HHTEPIOIALMOHHASL

Teopema 3. /lycrs m > 3, o € (0,1) & mycrs K - rommaxrHOEe moAMHOXECTBO HHTEPIOJIALHOHHOIO

Cm,oc 11} n
HO,ZZMHOI’OO6P33HH IJIaIKOCTH Ha ocrose' T IIora/THCKa U Tt orjaa

a) gi1g sagaanoif € C(TY) cymecrsyer @pyuxgusF e AP LU ragag, gro Floo =l

b) grg sagarmoif e C° _1’0°(Tn) cymecrsyer Qyargua F € A ;n-l,a (U™ rakas, aro Fly = 1flg-

B yrBepxzpenun (b) mop, AE_I’aHOAPasyMeBaeTCﬂ IIOJMHOXXeCTBO (PYHKIIUI U3 AL Yy KOTOPBIX

BCe IIPOM3BOJHBIE IOPAAKA M — 1 JOIYCKAalOT MOZYJb HEIPEPHIBHOCTH y8a(log[l/(8)])k_1, rae y -

m-1,a m-1,0
HeKOTOpas KOHCTaHTA. TakuM o6pasoM, Hampumep, A =A .
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U. b. Mhwnpnujut

Puquuopouimy nnply nilyghwtiinh hwtipuhwshyutph whiyh b dhpwnpljuw
puqumpmniubph dwuh

Uyugnigqws £, np €™ nnnpympinit niitignn htnbpunjjughnt puquudbntpyut wdku th K
nuyuljn Eupupuqunipmit ywhijh puqunipmia £ A™ 14 (U™)-h hudwp: Pugh gpuitthg, winugyly
E htanlywy wpmnibipp. wdbh dh £ € C™(T™) $mulghugh hudwp gnympynih muh F € A™ 5% (U")
wjtnghuht, np Flg = flg: Pul bpk f-p wunlwimad £ C™74*(T™)-ht, wuw dhowplnn F
$rutilghurty Yuipkih t plnnpty A7 (U™)-hg:

A.|l. Petrosyan

On Peak and Interpolation Sets of Algebras of Smooth Functionsin the Polydisk

It is proved, that any compact subset K of an interpolation C™%*-smooth manifold on the
distinguished boundary of unit polydisc U™ is a peak set for the algebra of smooth functions
Am~La(yn), Besides, the following interpolation result is obtained: For given f € C™(T™) there is
F e Am e withF|x = f|k. If given f belongsto ™ 1% (T™), then the interpolating function F
can be chosen from A"~ 1% (U™).



MEXAHUWKA
YK 531.8
P. M. Kupaxkocsu

Biusauue paciipenesieHnAa KaCaTeIbHbBIX Hal'IPSI)KeHI/Iﬁ IIO TOJIIIIHUHE
IIaCTHHKHA IIPH HAJTMYWH KaCaT€JIbHbBIX IIOBEPXHOCTHBIX HATPY30K

(IIpemcrasneno akagzemukom JI. A. Aranosauom 26/VII 2006)

KitouesBsie cnoBa: mracraumKa, OpToTpONHA, IOMPABOTHEIE KOIPPHIJHEHTHI, KACATEALHEIE HAIPIKEHHA, opma
pacnpegereHus

WzectHo ([1]-[3] u mp.), 4TO ecIu yTOUHEHHAs TEOPUA IJIACTHH CTPOUTCA HAa OCHOBE THUIIOTE3 I
IlepeMele Ui, TO C LIeNbl0 ITOBBIIIEHN TOYHOCTY BBOJSATCS IOIPAaBOYHbIE KO3Gh UIINEHTHI KX,Ky,

YYUTBIBAIONIYI€ BIINAHNE (1)OPM paciipenejieHnss KdCaT€JIbHBIX HAIIPAXKEHHNH TXZ’TYZ II0O TOJILNIVHE

ITAaCTUHKU. Ecim Xe Teopus IUIACTMH OIMpaeTCs HAa TUIIOTE3bI AJIA KAcaTeJbHBIX HAIpPsKeHUMH
(mampumep [4]), TO 3aKOHBI pacIpefieleHUs STUX HANPsDHKEHWH HEIOCPeACTBEHHO yYacTBYIOT B
IIOCTPOEHUH TEOPHH U HeOOXOLUMOCTh BBeJEHHUs IIONPABOYHBIX KOI(GGUIIMEHTOB aBTOMATUYECKU
OTIazjaer.

B nHacTosmeit cTaThe C MCIONIB30BaHKUEM IIPUHIUIIA BUPTYaTbHBIX PAbOT 06001IAI0TCS BRIPAXKEHIUST
K03 PUIEeHTOB KX,Ky Ha CJIy4ail AeiCTBUA IPOU3BOJBHBIX HArPy30K. VICIIONB3ys 3T BRIpaXKEHUT

M OIIMPAACh HA TMUIIOTe3bI JJIA IepeMelleHHH, IIOJIyYeHbl COOTHOUIEHHU M YPaBHEHHSA OPTOTPOITHBIX
IIACTHH, KOTOpble ITO3BOJIAIOT YUUTHIBATh BIMAHUE GOPM paclipefie/ieHUs HaIpsXeHU T2 Tyz B
IIpM HAaJIWYMU KacaTeJIbHBIX ITIOBEPXHOCTHBIX Harpysok. lIpuBogdTca mnpuMepsl NPUIOKEHHUS.
ITorygyeHHBIE pe3yIbTaTHl CPABHUBAIOTCSA C COOTBETCTBYIOIIMMHU pe3yJIbTaTaMHU TeopuH [5], Koropas

He YIUTBIBAET BIINAHNA (I)OPM paciipeneienus H&HPH)KEHI/II‘/JI TXZ’TyZ IIO TOJINIMHE IIJIACTUHKH.

Jlutepatypy 00 WCTOPUH pa3BUTHsA Pa3THUYHBIX TEOPUH IUIACTMH U OOOJOYeK, a TaKxe
MHOTOYHCJIEHHbIE MX IPWIOKEHHUI MOXHO HalTu B MoHOTpaduax [6]-[12] u ap.

1. PaccmoTpuM mpSAMOYTONBHYIO OPTOTPOIHYIO IUIACTMHKY IIOCTOSIHHOM — TOJIIWMHBL  h.
KoopzuHaTHyIO IIJIOCKOCTH XOy COBMECTMM CO CPeJUHHOM IIJIOCKOCTBIO ILTACTUHKH, a OCh OZ
HalpaBUM BEepPTUKAJAbHO BHU3. [J1aBHbIe HAIpaBiIeHWs AHU30TPOIIMM MaTepHaia IapasijielbHbI
KOOpDAWHATHBIM OCAM. [IacTMHKa HeceT IPOM3BOJIbHBIE HArpy3Kd. IIpoeKIuy HMHTEHCHBHOCTEH

i_ i_ i_ mnmon
ITIOBEPXHOCTHBIX HAarpy3oK Ha OCH OX, 0y, 0z o6o3HauuM X , Y , Z~. 3Haku '+"' u OTHOCATCA K
ITOBepXHOCTAM z = +h/2 u z = —h/2 cooTBeTCcTBEHHO.
B xauecTBe OCHOBOIIOIATAIONIUX THIIOTE3 IIPUMEM:

a) IepeMeleH s 110 OCAM OX U OY, T.e. IIePeMEIleHNs U1 U, ABMAIOTCA JTUHEeHHBIMU QYHKITUAMU

TIOIIepeYHO KOOPAWHATEHI Z;
6) mepeMelneHue U _, HOPMaJIbHOE K CPeIMHHOMN IUIOCKOCTH, IO TOJIIIMHE IIJIACTUHKY He MEHIEeTCH;
Z

B) HalIpsDKEHMe G, IIPeHeOPeKUTEIBHO MaJIO.



Ha ocHoBe sTux #onymeHui nMeeM:

u, = u(xy) +z0(xy),
u, = v(xy) +zy(xy), (1.1)

u = w(x,y)

3mecs u,v,w,Q,y - UCKOMBbIe (QyHKIIHH.
B cuny (1.1) ocHOBHBIe HaIpsDKeHUA SRR OyZyT WMeTh JIMHEHHOe paclipefiejleHHe IO

TOJIIMHEe IJIACTHHKU. Torga coriacHo AuddepeHIINaNIbHBIM ypaBHEHUAM paBHOBeCHA CILIONIHOM
CPeXH! KacarelbHble HANDPDKEHMA T, M T, BAOND TONMHMHEI IIACTHHKH OyAyT M3MEHATHCA IIO

3aKOHY KBaZpaTHOH mapa6ossl. MiMes B BUZy 9TO 0GCTOSATEIBCTBO, IOCIIE YJOBIETBOPEHUS YCIOBUIM
Ha ITOBEPXHOCTAX Z = Th/2 momydum:

SQX( 472 ) Xl( 1222 ) z
Ty=— | 1-— |—— | 1-
oh U w2 /) 20U K2 J h

|+_X2)

(1.2)

3Qy (4% Y, (1222 2

Tyz: |]-__ |_—| 1_ |+_Y2’
o2h U 2 ) 20U K2 J h
3mecs Q{,Qy - IIOTIepeYHble CUJIBI,
X -X" Y -Y
Xlz_, Y1=_, X2=X++X_, Y2=Y++Y_. (1.3)
2 2

C menpio onpezeneHus mporuba HEKOTOPOI TOYKM IUIACTUHKU B DTOM TOYKe IO HAIPaBJIEHUIO
MCKOMOTO TIpOornba MBICJIEHHO TIPUJIOXKUM eZVWHWYHYIO CHUIy. BO3HHKIIWe OT 5TOH CHIIBI
KacaTeJIbHbIE HAIIPsSDKeHUS OYIyT:

(13 2 (1 2
o 30 1_4i R ) Qy 1- 42" _ (1.4)
oh b2 Y5 2h h?

HZ

3mech Ql}:‘le/I Q(Yl) - IIOTIEpeYHbIe CUJIbI, BbI3BAHHBIE JEeHCTBUEM eTUHUIHOMN CUJIBL.

CorsacHO TPUHLIMIY BUPTYaIbHBIX PabOT, paboTa eJUHUYHON CHJIBI Ha TOM IIlepeMeleHUH
TAHHOM TOYKU IIJIACTUHKH, KOTOPOE BBI3BAHO PeabHO JeHCTBYIO-LIell Harpy3Koi, paBHa CyMMapHO
paboTe HANpsKeHWH, COOTBETCTBYIOIINX eNWHWYHOM CHJIe, Ha [eHCTBUTENBHBIX AedopManmax
minactuaku [2]. C menbio ompezneneHUs BKjIafa AepopManuil IOMEPYHBIX CABUTOB PAaCCMOTPUM

|:1)1/1 t(UHa COOTBETCTBYIOIIMX PE€aJIbHBIX ,Z[e(i)OPMa]J;I/I}IX IIOII€PE€IHBIX

paboTy TONBKO HANPKEHMHA Ty U T,



CABHUI'OB YXZ n 'YYZ. y‘-II/ITBIBaH, 4q9To

Vo, == Y, = (1.5)

nu umes B Buny (1.2), (1.4), pna mompaBKM K KJIACCHYECKOMY 3HAYeHWIO Iporuba Iocie
VHTeTPUPOBAHMUA 110 TOIIIUHE IIACTUHKY IOy IHM

ds. (1.6)

¥z 1 xm V= 'I"ryz

1
QW . Y
¥

pw = [ @y 1Dy Jaw = 1[|R,
" l[f ’ )v h';!- Bss Bug

3mech B55, B 44 ~ MOIYJHM C/BUTA MaTepHasa B ILIOCKOCTAX XOZ,yOZ [4] , v - 0O6beM ILJIACTUHKH, S -

IIOWanh ee CpeUHHOM iockocty. Koapdumments: K u Ky HUMeIOT BBIPLKEHUA:

6 th 6 Ylh

— K=-_— (1.7)

=;_5c§ 5 5(;/'

K

X

B seipaxernsx (1.7) mapamerper Harpysok X, u Y, He QUIYpPHPYIOT, IIOCKOJNBKY OTHOCATCS K

IIJIOCKOM 3ajade, a He 3afave u3rmba IUTacTMHKU. Ecam Xe He yYHTHIBATh BIUAHUA (GOPM
pacrpesiesieHus HaIpPKeHUU sz’Tyz [0 TOJIIWHE IUIACTUHKHU, T.e. BMecTo (1.2) McCIIoap3oBaTh

cpefHue 3HaYeHUuA HaHPH)KeHPIfI

S (1.8)

To B3aMeH (1.6) moryunrca

0 4y
A = l QxQx + QYQY
h BSS B44

3

ds. (1.9)

CpaBuuBas (1.6) u (1.9), saxriouaem, 4TO K03PPUIHEHTHI K m Ky YYHUTHIBAIOT BIUAHUE (HopM
pacipesiesieHUs HaNpsKeHUN Tz ¥y, [0 TOMMIMHE MIACTHHKM. IIpn orcyTcTBUM KacaTelbHBIX
ITOBEPXHOCTHBIX Harpysok X, = Y. = 0 u xoaddunuents: K K  mpuHMMarOT nmocrosHHOe 1O Bceit

1 1 Xy

IIacTHHKe usBectHoe 3HaveHwue '6/5" ([1]-[3] u zp.).

2. 3HaveHUs NIPUBeIeHHBIX AeOpMALKii IONIePEeYHBIX CABUTOB ¥y, U ¥, OAMHAKOBBIX /LI BCEX
TOYeK JAHHOTO CeYeHMs IUIACTUHKU, OIIpeieIaoTca popMyIaMu



o Qx -

=K . =K )
Yz *B..h ¥z Y Bqh (2.1)
C zmpyroii cropoHEL, B cuiy gonymenuit (1.1) umeem:
_ _ d
wm = + = e 2.2
Vg = 0 Vo = W Ew (2.2)
W3 (2.1) u (2.2) pnsa monmepevHbIX CHUI HAXOAVM:
5 ( ow \ th 5 ( ow \ Ylh
Q=-Bssh| g+— [+—> Q=-Byh|y+— [+ —. (2.3)

6 | ox) ¢ 6

L ox )

Cootnomenus (2.3) Bmecre ¢ pomyueHusMu (1.1) IO3BONAIOT HOMYyYWTH ypaBHEHUs IUIACTHH,

CIIOCOGHBIX Y4UTBIBATE BJIUSAHUE (1)OpM paciipeneneHusa KaCaTeJIbHbIX HaHP}I)I(eHI/IfI TXZ,’E

TOJIIIMHE TJIACTUHKH U IIPU OTCYTCTBUY ITOTIEPEYHBIX CHIL.
IMome3ysaces (1.1) m cooTHOmeHHAMU O00OOIIEHHOTO

sakoHa ['yka,

II0
yz

Ipu IpeHeOpeKeHUH

HallpsXKeHEM GZ, AJI1 OCHOBHBIX HaHP}I)KEHI/IfI, MOMEHTOB M OCTaJIBHBIX YCI/IJII/Iﬁ IIJIAaCTUHKHN

l'[O]Iy‘-II/IMI
ou o [ 09 oy )
oy=Byy—+Bp—+2z| By—+Bp— |,
ox oy | 0x oy )
ov ou [ oy o )
Gy =By —+Bjy—+z[ Byy—+Bj,— |, (2.4)
oy ox U oy ox )
((ou ov ) ((d¢ oy )
TXYZB66| —+— |+ZB66| — 4+ |,
\dy ox ) \ oy ox )
du ov ov du ((ou ov )
T=Cn—+Cp—> Ty=Cp—+Cp—» S=Cgl —+— |, (2.5)
ox oy oy ox \dy ox )
o oy oy o ( op oy 3
M, =Dy —+Djp—, M =Dy) —+Djp—, M =Dgs| —+— |. (2.6)
0x oy oy 0x Loy ox )
31ech, Kak OOBIYHO [4],
Bi].hB
Cl] - Bijh’ ij T — 2.7)



B.]. - IOCTOAHHBIE MaTepHaa.
VYpaBHeHus paBHOBecus Aud@depeHINaTbHOTO 35JIeMeHTa CPeJUHHOM IUIOCKOCTH IIJIAaCTMHKU

UMeIOT BUf [4]:

2 SO 8Ty oS
_+—:_X2) _+—:_Y2’
ox Oy dy Ox
8(%( 8(%, oM_ oM
X Xy
E— _Z_ZZ’ — = Q’(_hXI) (28)
ox 0Oy ox oy
oM GMX
_y + y = - hY])
oy 0x
rme
22 SYARY A (2.9)

IlopcraBnas BeIpaKeHUA YCHUIUNA M MOMEHTOB B (2.8), mpuXOoguM K CIeLyIOWIMM CHCTEMaM

YPaBHEHUI:
o%u v 6%u
Cpp——+(Cp+Cgp) + Cge— =Xy
ox> 0x0y ayz
82V % aZV
Cpy— +(Cpy+ Cg) —— + Cgg — =Y, (2.10)
oy? oxdy X
(oo Pw) (oy Pw) 6Z, 1(0X Y, )
By | — o —— |+Byy| —— oo | |,
Vox a2 ) Loy a2 ) 50 50 ax oy )
%o 82\|/ %o 5 ( ow ) 5Xh
D11—+(D12+D66) +D66—_—B55h| o+— |=——, (2.11)
o’ oxdy o2 6 L ox) ¢
62w 2o 62\|/ 5 ( 6w ) 5Yh
Dyy —+ (Dy5 + Dgg) +Dgg———=Byh| y+— [=———.
8y2 Ox0y ox> 6 oy 6

Cucrema ypasuenwuii (2.10) oTHOcHTCS K IJIOCKO# 3azade, a (2.11) - x 3agade usruba IIaCTHHKY.
IlepBas cucremMa UMeeT 4eTBEPTHIi, a BTOPas - LIECTOH MOPAZOK. B COOTBETCTBMHU C 3TUM Ha KaXXAOM
Kpalo IIJIACTUHKYU CJIefyeT CTaBUTh IO IIATh KPAaeBbIX YCJIOBUIL: 11O 1B YCJIOBUA JJIA IUIOCKOH 3a/a4du
¥ IO TpH - [Jjd 3aja4u usruba. Ilnockas 3azava u 3amava u3rnba IIAaCTUHKY Pa3fesioTcs IpyT OT



IPpyTra ¥ MOXXHO PEeLIUTh UX B OTJeIbHOCTH.
IIpuBenem HekoTOpbIe, HarbOIee YACTO BCTPeYarOIecs YCIOBHUS I KPaeB X = CONSst.
a) Yc1oBusa cBOOGOSHOTO Kpasd:

ou ov ou ov
C;;—+Cp—=0 (T,=0), —4+—=0 (S=0), (2.12)
ox oy dy 0ox
0 oy
D,,—+D;,—=0 M_=0),
ox oy
op Oy
_+—=0 (MXY:O)’
oy 0Ox
(2.13)
[ ow )
ox )

6) YcnoBusf CBOOOAHOTO LIAPHUPHOTO OIMPAHMA: IIepBble YeThIpe YCIOBHA COBIAZAIOT C
COOTBETCTBYIOUIMMY YCJIOBHUSMU CBOGOLHOTO Kpas. Bsamen mociezuero ycnosus (2.13) crenyer
6paTs

w=0. (2.14)
B) YCJIOBUA 3a/j€TAaHHOTO Kpas:

U.:O, (P=O (uxzo)a

v=0, y=0 (u,=0) (2.15)

w=0 (uZ=0).

Bo3moxHEI U pyruie yCIoBUSA. AHAIOTUYIHBIM 00pPa30M MOXKHO HAIMCATh YCJIOBUS U JJIsI KPAeB y =
const.

3. B mpuBemeHHO# Tabnuile IpefCTaBiIeHbl pelIeHUs TpexX 3afad [ IUIACTUHKU - IIOJIOCHL,
IIoJly4eHHble Ha OCHOBe ypaBHeHUil (2.11) u mo Teopuu [5] mpu AeHCTBUH TONBKO KacaTeIbHBIX
IIOBEPXHOCTHBIX HAarpy3ok. Pe3ymbraTsl, CcOOTBeTCTByIOmue ypaBHeHusAM (2.11), cuabGxeHsI
nHgexcoMm 1", a teopuu [5] - unmexkcom '2". OTmeruMm, 4TO Teopus [5] He yUWUTHIBAeT BIUSHUAL
¢opm pacnpesieseHHs KacaTeNbHBIX HANPKEHHA T, T,, TO TOJIUHE IUIACTHHKH. Omna

daKTUyeCcKH YYWUTHIBaeT BIMAHHE CPEeJHMX 3HaYeHMH >Tux HampsxeHuil. IlosTomy B ciydaax

OTCYTCTBMS IIOIIEPEYHBIX CHJI, KOI'Ja Cpe€aHNe 3HA9YE€HHUA HaHpH)KeHI/Iﬁ T._, T __,d ClIegoBaTeJIbHO, N
X7 Yz

CpemHUe 3HAYEHUsS COOTBETCTBYIOUIUX HedOpMaluii IOIEePeYHbIX CABUTOB PaBHbI HYJIIO, TEOPUS [5]
IIONIpaBKM He JaeT U ee pe3yJbTaThl COBNAJAIOT C COOTBETCTBYIONIMMU pe3yJbTaTaMU TeOpUU
Kupxroda. Takaa curyainus umeeT MeCTO B IIePBBIX JByX PAaCCMOTPEHHBIX 33JadaX. Y paBHEHUA Xe



(2.11) B THX CiyYasx HaloOT ONpefesleHHbIe IONpaBKU. Hampumep, Aud mosoc u3 yriemuactuka [4]

IIpu

, — =40 3.1)
B55

- =

(O 2 I

IIOTIpaBKa K 3HaYeHUI0 HanbobIIero nporuba no ypasHeHuaM (2.11) cocrasnser:

B mepBoii 3azade A, = 0.08,
BO BTOpo¥i 3azavue A, = 0.32.

B Tperpeii 3amade ypaBHenusa (2.11) um Teopmsa [5] HpUBOAAT K KaueCTBEHHO IOJOOGHBIM
pesyiaprataM. OHM OTJIMYAIOTCS JIMUIb KOJWYECTBEHHO. 3HAYeHWs IPOrubOB 1o Teopuu [5]

II0JIY49dI0TCA GostblIe -

Wa_q 11
W, 5 1+E£I£ (3.2)
By; h?

ITpu (3.1) aro ormomenue cocrasasger 1.123. Korza Bss — oo, pemenus mo obouM crocobam

CTpeMATCA K pellleHHIo 1o Teopun Kupxroda:

Q= 1h, MX =0, W=0. (3.3)
/ — T > —»
7
0 7 h >
2
g e — e
rd
110 ypaBHeHuM (2.11) II0 Teopuu [5]
W, = [(<h)/(6D, )1x*(31-x)+[(tx)/(6B,)] W, = [(th)/(6D, ) ]x"(31-%)

W, = (h]3)/(3D11) (1+[1/20][(BH)/(BSS)]-[(hz)/ W,mex - (Thﬁ)/(;}DH)], A=
(B))). A, =[1/20]((B, /(B (M) 0




GI x

/;&r if2 |+ i2 éf

=

1o ypaBHeHuAM (2.11) 1o Teopuu [5]

W, = [(th)/(24D, )x(37~4x*)+[(1x)/(5B..)], 0 < x < J2|[W, = [(th)/(24D, ) ]x(3/~4x"), 0 < x < 2

55 11

W, = [(th(2%))/(24D, )18 k—4x"~P)+[(x(/-x))/(5B W, = [(th(£%))/(24D, ) |(8 k—4x"~P),

55)] 11)

2<x<] 2<x<1]

W, ™2 _ [(ch 2)/(24D | )(1+[1/5][(B, )/(Beg) L (B2

W, ™2 _ [(thP)/(24D. )], A, =0
(A, A, = [1/5][(B,,)/(B) - B2/(P)] 2 e

L
AR

-
\\\\1\\\\\‘

—_— T — —_—

M
=

7

1o ypaBHeHuaM (2.11) 1Mo Teopuu [5]

W, = [(51hx(12—3]x+2xz))/
W, = [(thx(P-3k+2x%))/(12D,  +B h P)]
(72D, 5B h )]

W TS W, (x=[72JAF [(W3)/3])  [W, =W, (x=[72)AF [(3)/3])

— th[(12D, . +5B_.h 2/
Q, =th[(12D,,+5B;;h7) Qz:rh[(BSShlz)/(lzD11+Bssh]2)]
(72D, +5Bh )]

M, = [(30thD, ,(£2x))/(72D, +5B.h )] |IM,, = [(6D,,th(£-2x))/(12D, +B. h/F)]

WNucruryr mexanuku HAH PA




0. U. Yhpuljnuyua

U h hwuunm pjundp gnpwthnn jupmdubph pughadw wmqnbgmpniip duljtpbmpught
onouithnn phintikiph wnjuympjut nupmy

Oquijtiny Jhpuiniwyy wpfuuwnuiiputiph uljgpniiphg” nibnuithnjunipiniiitiph Juipjusutph
hhdwt Jpu vnwgynud Eu hwununmt hwunmpjutt oppninpnuyy uwbph wnbymipmittitpt m
hunjuruwpmudubpp, npntip hwipdh B wntinid wunh hwunmippudp 7,, b 7, gnpunhnn jupmudubph
puphudwi Auh wqnbgnipmiip dwjbplnipught onounthnr pinttiph wnuynipjut nhupnid:

R. M. Kirakosyan

The Influense of Tangential Strains Distribution Along Plates Thicknessin the Case of
Existence Tangential Surfase L oading

The correlations and equations of constantly thickness orthotropic plates are obtained using
virtual work principal and based on displacement hypotheses. The influense of tangential strains
distribution along plates thickness is taken into account in the case of existence tangential surface
loading.
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TEOPUA YIIPYTOCTU

YIIK 539.3, 624.15
Axagemux JI. A. Aranossawn, P. K. Oranecan

O xapaxkTepe BEIHYXJeHHBIX KO/IeOaHUI TPEXCIOHHOM OPTOTPOITHOM
TUTACTHHKM IIPHM CMEIIaHHOM KpaeBoi 3a/jaye

(ITpencrasreno 3/IV 2006)
KitodeBsie ciioBa: BeIHY K AeHHBIE KOTeOAHHA, AHH30TPOIIHA, YIIPYTOCT, AMILTHTY4A, PE3OHAHC, CEHCMOH30LATOD

[TonyyeHO acHMOTOTHYECKM TOYHOE pelleHHe IIPOCTPAaHCTBEHHON CMENIaHHOH 3aZadd o
BBIHY’KJJEHHBIX KOJIe0aHUAX TPEXCIONHBIX OPTOTPONHBIX IUTacTUH. [loKa3aHo, 4TO HaIMYKMe MATKOTO
CpenHero CjOs TPUBOSUT K YMEHBUIEHWIO aMIUINTYZ KojaeOaHU{ B BBINIECTOSAIIEM CJIOE.
TeopeTuyecku 060CHOBAaHO IPUMeEHEHNE CeHCMOU30IATOPOB.

1. PaccmoTpuM BBIHYXA€HHBIE KOIeOaHUI TPEXCIOMHOM OpTOTpONHOM wiacTuHku: D = {(x,y,2) : X
€ [0,al,y e [0,b],0<z<h,h= h1 + h2 + h3, h << min(a,b)} mpu ycnoBuAX MOTHOTO KOHTAKTa MEXZY

CJIOAMU, KOT'Zld BEPXHAA I'PAHb BEPXHETO CJIOA CBO60,I[Ha, d Ha JIPI].I;GBOfI IIOBEPXHOCTU HUXKHETO CIIOA
3a/laH BEKTOP Il€epeMeEIEeHM I, KOTOPBIfI BO Bp€ME€HHU U3MEHAETCA I'apMOHNYIECKU (pI/IC1)
Nmeem T'pPaHHYIHbIE YCIIOBUA:

c!m =OI§H=GIZZ=0 npu z=h, (1.1)
'z = 0) = w(E,n)exp(iQ),
VHI(Z =0) =v (&n)exp(iQt), (1.2)

wil(z = 0) = w (£, m)exp(iQ),
E=x/1, n=y/l, 1=min (a,b)

1 YCJIOBHA ITOJTHOTO KOHTAKTA:

I II I II I II I Im_1r__1m _1I I

I
Oyg =Oxg, Oyg =Oyg, Oz =0gz, W=U,V =V, W =w npuz=h,+h,

olné = og, o%}z = ogg, GIZIZ = olzlé, ull = ! VI o I I 1 IIpH Z = h3. (1.3)



Puc.1.

3amunieM cHCTeMy JUHAMUYeCKHX ypaBHEHUH IIPOCTPAaHCTBEHHOW 3aJaydl TEOPHHU YIPYTOCTH
aHM30TPOITHOTO TeJia JJIA OPTOTPOIIHEIX CPeJ:

Br::':k:' o Bo{k} ey

w10y | 8oy _ g zu® 0 0y
e ajf Az Pk atz ( ¥ }
aul:kj =k ik (k) k) (k) (k) ( k) ik (k) 11,2,3)
= ajy O +apy Ty + ajs Oz w2 1,23,
WO w® g w® a® g g y
iy A a6 = A Az 55 T (1.4)

'3 I
e (B . Ay L0
iy e sl i

Pemenue cucrems! ypaBHenuii (1.4) mpu rpannyssix yeraosusax (1.1), (1.2) u ycroBusax KOHTaKTa

k=110, II.

(1.3) 6ymem mckars B Buge [1,2]
k E .
ool (5, 9,2, 1) = O (5,7, ) exp (108,

%, v® w®y=m® w0 epaan (1.5)

o,PB=xy,z mj=123 k=LILIIL

IMoxcrasus (1.5) B (1.4), 3arem nepeiins k Ge3pasMepHBIM KOOpAVHATAM U Oe3pasMepHBIM
KOMIIOHEHTaM BeKTOpa ITepeMelleHIs:

E=x/l, n=y/l, {=z/h,
(1.6)
U':k:'=u'§{k:','/1, V':k:'=u§$‘:'/1, W =u':zk:';/1,
rae h=h; +h, + hg, h, - Tormuner c10és, 1 = min(a,b) 1 h << 1, k - Homep cr1os1, momydnm

CHHTYJIIPHO BO3MYIIeHHYIO MaJbIM ITapaMeTpoM € = h/l cucremy, pemenue koTopoii 6y1eM UCKaTh B



BUJIe aCUMIITOTMYECKOTO pa3oxkeHus [3]:

U vy wkly _ gsuks) yks) pyks))
(1.7)
':Jk:' — —1+S GEJ_k,S:' . s= F, k=1 IIII:

s = 0,1 o3Hauaer, 4TO MO HEMOMY (IIOBTOPAIOMEMYCA) HHAEKCY S TPOUCXOIUT CYMMHPOBAHHE OT
0 mo umcma mpubnmwxenuii N. IlogcraBus (1.7) Bo BHOBb IOJy4YEeHHYIO CUCTEMY YpaBHEHWI,
onpeznenus KodpduiuenTts: pasnoxenus (1.7) u ymosmersopus yciaosusm (1.1) - (1.3), moryuum
clefyioliee pelleHue:

%o f0r @ s [ (ke)
i) = n ——cos ajjka.*C+ sif g fass py S+ Ty
1] U

UV W, ald a1/l bl plks) pllshy p —1mmm (1.8)

(ks) _ c(ks)
Berpaskenus fyj7 u fy;™ A4 IpOM3BOIBHOTO S, & TAKKe 3HAUEHUS BeTHIUH Ay, Ay, Ay,

IpuBeneHs! B [2].
ITpu s = 0 umeem

o _ i ® 17k ®
o Ay ——— o8 a55pkﬁ*r:+ ﬁu SiN 4 a5 P S, (1.9)

rIe

f§P==QEU{m PIIPII
II I
a55855

CoS anij G,

ETETI:?D:I = QEU_(D:I PIIFII FlPI o ajijQ*

=)
inn QiU p p
f( ' - gi [ - ]COS[ﬂJagﬁpl - (4fadspy +'J3E%P11)C2)§3*]+
355

F P
* q{‘TL'+ - Jeosl(yfadser +( a%%PII"'Jagjpx)ﬂzjﬂi*] : (1.10)
ass  |ass

fmm Qi mn _ P
355

I
3-55

]sm[( alspr — (fakspr + yalspr)fy) Q] +

3-55
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PI Pu |.. I i I
+[ g+ - sm[(Ja55P1+(J355P11 ‘xfaﬁm)izm*]
K)ok K
v, w;a® 2% /4

3mecs & = (h, +h,+h) /h=1,8 = (h,+h) /b, ¢ =h /h U P =u /L, v Oy, WO
w/luUO=v O _wE_g mpu s > 0.
AHaJIOTUYHO 3aIIMCHIBAIOTCS BRIpaXKeHUs f ]E]I}I’D) uf Sg’o),

Cunraem, 4to Ay, Ay, Ay, # 0. Eco € TakoBa, 40 X0TA 6BI OZHA M3 OTHUX BEJIMYUH paBHA HYIIO,

MPOM30HAET pe3oHaHC. JTH 3HaueHWs () COBIAZAIOT CO 3HAYEHHSAMH 4YacCTOT COOCTBEHHBIX
KoseGauwmii [4].
2. Oco65lit HHTEpeC NMpeACTaBiIeT CIydai

u =const, v =const, W =const. (2.1)

Yxke IIPI/I6JII/I)KeHI/IIO s=0 COOTBETCTBYET TOTHOE pENIIEHIE!

o [e0 . £ 0 .
p® o[ e fal®p, utt T2 i oW o, Gut [Lesp(iCt) (2.2)
ﬁ‘U ﬁ‘T_T

W v® w® v w1/ k-1om

AHanu3 5TOTO pelleHus IIPU Pa3TUYHBIX KOHPUIYPALHAX CIOEB ITaKeTa IO3BOJIAET CAeNaTh BeChMa

Ba)KHOE JIJIA IIPAJIOK€HUH, B YaCTHOCTH JIJI CEICMOCTOMKOTO CTPOUTEIIBCTBA, 3aK/II0UYEeHHe.
Paccmorpum Tpéxcioiinsiii nmaker, cocrosuiuii u3 croés CBAM, crexnonnactuka CTOT u ACTT,

XapaKTePUCTUKH YIPYTOCTU KOTOPBIX IIPUBEAEHSHI B [3], C TONIIMHAMU COOTBETCTBEHHO h1 =0.3 M,

h2 =0.05 M, h3 = 0.2 m. I'paduxm ammInTys KoaebGaHUI IO TOIIIMHE IIJIACTUHKY IIPUBEIEHBI HA PHUC.

2,a-B (CIIONTHOIM JTMHHHM COOTBETCTBYIOT IlepeMelleHus cpefgHero cios II, IyHKTUpHBIM -
nepemenrenus caoés I, I1I).
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Temeps mycTh BepXHUI U HIDKHUI CJIOU ITaKeTa COCTOAT U3 c10€B crexyomnactuka CBAM u ACTT

COOTBETCTBEHHO, a CpefHUil cioi u3 pesunsl (E = 6.96*105 IMa, G = 2.4*105 ITa, p = 1100 KI‘/MB).

OToMy OYZyT COOTBETCTBOBATh PHC. 3, a-B.
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AHanormyHas KapTuHa HAOJIIOZAaeTcCs, KOTZA BePXHUH M HIDKHUM CJIOM U3 OeTOHA, a CpefHUN U3
PE3HHEL.

W3 mpuBenéHHBIX TpadUKOB BUAHO, YTO €CIH BCE TPHU CJIOS COCTOSAT M3 JKECTKUX CXOXKHUX
MaTepHasoB, TO aMIUIUTYABI KOJeOaHUI BBIPACTAIOT (XOTh M HE3HAYUTENIBHO) OT CJ0A K cioo. Ilpu
HaJU4YUN JKe CpegHero CjIos u3 Oojee MATKOTO MaTepuasna (HAaIpUMep, Pe3WHBI), aMILIUTYZAbBI
KoJeOaHWI B BEPXHEM CJIO€ Pe3KO YMEHBIIAIOTCSA. JTOT Pe3ysIbTaT COXpaHIeT CUIy U IPU WUHBIX
TOJIIWHAX CpeJHeT0 MATKOTO CJOA. YCTAHOBJIEHHBIM BpIle (PaKT MOXKHO HCIIOIB30BaTh B
CefICMOCTOMKOM CTpPOUTENbCTBe. EcCaIM Npu TIOCTPOEHUM COOPYXK€HMIl MeXJy OeTOHHBIM
byHZAaMeHTOM ¥ OCHOBAaHHEM BCTaBUTh TOHKUU CJIOM PEe3HHBI, 3TO INPUBEIET K YMEHBIIEHHIO
ONAaCHBIX KoyiebaHWIT B ¢yHIZAMeHTe U, KaK CJIeJCTBHe, K YBEJIWYEHUIO CeHCMOCTOMKOCTH
COOpY>KeHHH.

3. PaccmorpuM Ty e 3amady, HO C APYTMMH TpaHUYHBIMH yciaoBuamu. I[Ipexamosraraercs, 4To

BEPXHAA TPaHb BEPXHETO CJIOA >KECTKO 3aKpeIlIeHa, T.e. B yciaosusax (1.1) Bmecto c}m = o;z = clzz =0
I I I

umMeeM U = Vv =w = 0 npu z = h. B aToM ciyuae, onare - Taku pemwuB ypaBHeHus (1.4) mpu
M3MeHEHHBIX TPAaHUYHBIX yCIOBUAX, IOXy4YuM pemeHue B Bufe (1.8), Ho ¢ gpyrumu GyHKIMAMU

f g}’s) (P=U,V,W;j=12; k =LILIII). B wactHOCTH, ycnoBuAM (2.1) GyIeT COOTBETCTBOBATD pelleHUe
(1.8), (1.9), a B (1.10) HEoOxomKUMO 3aMeHUTH sin Ha (—cos), cos Ha sin. Ha puc. 4, a-B u306pakeHsI
M3MeHeHUsA aMIUIUTYZ, TaHTeHI[MajabHOTrOo cMemeHus U IO TOJNI[MHE IUIACTUHKYU IIPU CIEAYIOLIUX
xom6uHanuax nakera: CBAM, CTOT, ACTT; CBAM, pesuna, ACTT; GeToH, pe3una, 6eToH.
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Kak BugHO m3 TrpadumkoB, B ITOM CJIy4ae TOXe AMIUIUTYABI KOJEeOAaHUN B BEpXHEM CJIO€
YMEHBIIAIOTCA ITPY HAJIMYHUY CPeHETO CJIOS U3 Pe3UHEL.
Pa6ora Bemonnena npu noagepskke INTAS, grant Ref. No: 03-51-5547.
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Uljuntdhynu L. U. Unquyndjub, 1. d. Zodhwtithujut

Bnupbtpwn oppnwnpnyy uwh unhynquijut tnunwimidutph plnyenp
Juwurp Eqpuyht fatmpod

Mudtwuhpjus Bu tnwgbpn oppninpnuyy uwjh unhynnquijut unwunwdubpp, bpp

ubipplh obpunh nhuwghtt dwlbplnygph ypu ipdws E pun dwdwbtaljh hwpdnthly thothnhagnn
nbnuthnjudwtn JEjunpp, hul] okpntph dhol mbnh mukt 1phyd Yntnuljnh yuydwbubpp:
Thunwpyus Eu wyh nhwptpp, tpp Jipht okpunh phtughtt dwjbpingpt wqun E jud §non
wdpuygus: Upinwusdws i puttwdlbp nmunuumdutph widwjhinminubpp npnobynt hudwp:
Guuupus b Jipmsmpmt tnuptpn thwptph dh swupp wiwppbpuyjutph hudwp: 8nyg k
wnpjuws, np tpp Epbp obpntpt b hudbdwnwpwnp Ynon B, nmunutdwtt wdwyjhnniubpp
2tpunhg pkpin uitiunnpbl wémd &b, huly pp dhohti ppunp unfbh thuhmly iymphg  ophtuay
ntinhthg, wdwhinnipubpp tpponpn okpunnud upndy wjugnud B Gunupdus B hwpdupljutip
b Ynonn wdpuljgdwt nyph hwdwp, b gnyg E wnpdus, np nknpuk dhohtt okpinh wnlju-
mpmniup buybu wWwugbgimu £ nunuidut wdyjhumnubpp yiphtn obpunmad: Unwugus wpn-
miuputipp hhdtwdnpmd o ubjudwdbtniuhsutph Yhpundwt wthpudbonmpmip ujudwuljw-
il phtwupupmejntinud:

Academician L. A. Aghalovyan, R. Zh. Hovhannisyan

On the Character of Forced Vibrations of the Three-layered Orthotropic Plates
in the Mixed-Boundary Problem

The object of study is the forced vibrations of the three-layered orthotropic plate, on the front
face of the lower level of which the displacement vector is given which variates harmonically
according to time. Between the layers there are conditions of full contact. All the cases when the
front face of the upper layer is free or tightly fastened are observed. Formulae are developed to
determine the amplitudes of vibrations. A numerica analysis is performed for a number of
aternative versions of the three-layered packet. It is shown that when all the three layers are
relatively inflexible, then the vibration amplitudes increase from layer to layer, but when the middle
layer is smoother, e.g. it is made of rubber material, then the amplitudes abruptly decrease in the
third layer. Calculations have been also done for the tough fastening case and it is shown, that the
presence of the middle rubber layer significantly decreases the vibration amplitudes in the upper
layer. These results prove the necessity of using seismic isolators in a seismic steady construction.



OU3VKA
YK 621.315
M. T'. Asapsn, akagemux B. M. Apyrionsan

O BO3MOXXHOCTH CO3JJaHUA PeXUMa GIDKHErO Mo Jjia
HAaHOMCCJIEZIOBAaHUI B DIEKTPOHMKE

(ITpencrasieno 10/V 2006)
KitoueBsle c0Ba: HaHOTEXHOIOTHA, 30HZ0BAT MHKPOCKOIHA, OJTHXKHEE 110J1€, HAHOMACIITAOHBIH 3330D

HawmorexHonoruaM u HaHOPU3UYECKUM HCCIEZOBAHUIM CETONHS yAesfeTcsa OOJIblIoe BHHMAHUE.
Jlugepamu SBJIAIOTCS, KaK IIPaBUJIO, BRICOKOPA3BUTHIE CTPAHBI, NMeIolIre GOJIbIIOi S9KOHOMUYECKUH
M HAyYHO-TEXHUYECKUU IIOTEHIIMaa. OTO CBA3aHO CO CJIOXHOCTBIO TEXHOJIOTHMYECKOH OCHACTKH,
HajJu4ueM W  BOCTPeOOBAaHHOCTBHIO  CHEIMAJKNCTOB  BBICOKOM  KBaJIUpUKAIUM, OOJIBIINMU
WHBECTUIUSIMHU.

Hamorexnosorus ompegensfercs Kak ''...COBOKYIIHOCTh CIIOCOOOB U IIPUEMOB CO3JaHUSA
(bYHKIMOHAIBHBIX 3JIeMeHTOB HAaHOMETPOBBIX pasMepOB Ha ITOBEPXHOCTH IIO/JIOKEK, B TOM UHCJIe U3
OTZENBbHBIX MOJIEKYyJ ¥ aTOMOB, C BO3MOXXHOCTBIO OIHOBPEMEHHOH WX BU3yaJIHU3aLUU U
kouTponsa' [1]. Ckamupyromas sonzoBas Mukpockonus (C3M) [2-4] B 3HAUMTE/NBHOH CTelleHU
YAOBJIETBOpAET IPUBeIEeHHOMY OIIpeleJIeHUIO, 1 MMEHHO OHa IIPeJIOCTaBIIAeT U APYTOi IyTh YIaCTHUI
B HAHOWCCIENOBAaHUAX. OTOT IIYyTh IpeAIIOaraeT IpuUBjIedeHUe Oojiee [eUIeBONl TEXHUKU, He
TpeOyiomell CIeIualbHBIX IIOMEIIeHWH IS TEeXHOJOTUYECKUX OIlepalluii M MHOTOYUCIEHHOTO
BBICOKOKBATU(UITMPOBAHHOTO IIEPCOHAA.

[Tpunnun pa6orst C3M mo3BoIg€T MaHUITYIMPOBAaTh HAHO- U CyOHAHO OOBEKTaMU U CO3[aBaTh UX,
JIOKAJIPHO aKTHMBU3UPOBAaTh XUMUYECKHE PeaKIMH, HallpUMep, IIPOU3BOJUTH OIEPaluy OKHUCIEHUS
WIM TPaBIeHWs M OPTaHM30BBIBATH ATOMHOMACIITAOHYIO apXUTEKTypy Ha IIOBEPXHOCTH MaTepHaOB
TBEpPJOTEIBHOM dIeKTpoHUKH [1- 3].

OQusyka  HAHOMACIITAOHBIX  DJJIEMEHTOB  JAMKTYeT  CIenudUKy  HMHCTPYMEHTOB  JJIA
HaHoucciaegoBaHuil. [Ipumep sroro - C3M.

[TpunIMIBEl pabOTH 30HZOBOM MUKPOCKONHYU TPeOyIOT CO3ZAHHSA HAHOMACIUITAOHOTO 3a30pa MIJa-
IIOBEPXHOCTh, B KOTOPOM OCHOBHYIO POJIb HAYHHAIOT HIPaTh M 3aBUCHUMOCTH CYHUTHIBAEMOTO
(KOHKpeTHBIM BHMJOM MMKPOCKOIIA) CHUTHAJa OT BEJIWYMHBI STOTO 3a30pa. DTy CUTYalUIO MOXXHO
Ha3BaTh peXUMOM OmkHero moss. B Texuuke C3M Takoil 3a30p mocTuraercs NIpUMeHEHHEM
CIIeIIMaJIbHO CKOHCTPYHMPOBAaHHBIX IPEIM3MOHHBIX [Burareneii. Kpome Toro, B MHKpOCKOIMU
HeoOxommMa opraHusanusf X,Y-CKaHUPOBAaHUS U OJHOBPEMEHHOTO IOAJAEP)XaHHUA YCTOHYHUBOTO
CHUTHajJa OOpaTHOH CBA3M, O0eCIIeYMBAIOIIETO OSTOT ''LITATHBIM pexxuMm' paborsl. Tpebyerca u
CIelMaJbHOE TPOTPaMMHOe ofecledeHMe KaK /A yIpaBieHHs paboTOil MHMKPOCKOIA, TaK U
mocyezymoueil 06paboTKY OTyYeHHBIX JAHHBIX.

B TO )Xe BpeMsA M3 MHOTMX HAy4YHBIX NyOJIMKAI[UH, IOCBAIEHHBIX 30HZOBO-MUKPOCKOINYECKHM
KCCIeIOBAaHUAM, CIefyeT, YTO HayYHO-TIPAaKTUYECKUIl MHTepeC MOTYT IPeCTaBIATh KaK caM 3a30p
30HZ-TIOBEPXHOCTh, fABIAACH HAHOMACIITAOHOM KOH(pUTrypanue#, TaK U OTZHEJbHBIE Y3JIBI DTUX



ycTpoicTB [5-7].

HecmoTps Ha 3HaYHTeNIBHBIN IIpOrpecc B IpOMbIIUIEHHOM IpousBoacte C3M mocienHue Bce elne
OCTAIOTCA JOBOJBHO AOPOTMMU NpUOOpaMM U JajeKO He KaXKAas MCCIe0BaTelbCKas OpraHu3alus
“MeeT BO3MOXHOCTh ero mpmobpereHus. IlosTomy, Kak HaM KaKeTCH, MOXeT OBITb BOCTPeOOBAaHO
IIpejjlaraeMoe IIPOCTOe U He JO0pOroe yCTPOMCTBO, JIETKO peausyioliee pPeXuM ''GarkHero mosus'.
OTO IO3BOJUT IIPOBECTH HCCIEZOBAaHMWA KaK CaMOTO 3a30pa, 3aBUCHMOCTH €ro IIOBEJE€HUSI OT
Pa3HOOOpa3HBIX BHEUTHUX (DaKTOPOB, TAK U IPEJJIOKUTh HOBble TEXHUYECKHE pelleHUsA B 30HI0BOH
MUKPOCKOIIUH, aJallTUPYIOlUe IIPUOOP K KOHKPETHBIM HCCIeJOBATeIbCKUM 3aadaM.

OmuyM 13 BO3MOXHBIX IIPUHIIVIIOB [JIS Peaju3alliy IIOZOOHOTO yCTPOMCTBA - H3MEPUTEIBHOTO
CTeHJa HAHOPAa3MepHOTO 3a30pa - ABJAeTCA CO3ZaHue YCJIOBUA, IIPU KOTOPOM IIPOSBIIAETCA
pPEeTUCTPUPyeMBIH TyHHeNbHBIH TOK. ONBIT cOo37aHMA 1ab0paTOPHOrO 30H0BOTO MUKpOCKoma (8] u
PabOTHI C HUM IIO/CKA3aJI, YTO MCIIOIb30BaTh TyHHEIBHBIM TOK B Ka4eCTBe MH(POPMATUBHOTO CUTHAJA
B OJIDKHEINOJIEBOM pexuMme Ipouie (HeT HeOOXOAMMOCTH B IIpUMEHEHUU KaHTHIeBepa U
COOTBETCTBYIOLEH TEXHUKHU M3MEPEHHUA ero OTKJIOHEHWs) M 3a4acTyio HyXXHee (M3-3a IOSBIEHUS
BO3MOXXHOCTH HCC/I€ZIOBAaHUA M 3IeKTPOPU3NIECKUX CBOICTB HCCIeLyeMbIX 00BEeKTOB). VI3BeCTHO
(mammpumep [2-4]), YTO TYHHEIBHBIN TOK (IT) 3aBUCHUT OT IUIOIAZH IIOTIEPEeYHOro ceyeHus S, 'kaHana"

IJIS TYHHEJIUPYIOIIUX OJIeKTPOHOB, BEIHMYMHBI CpeZHell paboThl BBIXOJA MaTepHaloB 30HZA WU
nosepxHocTy (V.= ¢, + ¢ _)/2), HanpsDKeHNs 30HA-TI0BepXHOCTh U 11 CaMOro 3a30pa MeX/y 30HZOM

1 IIOBEPXHOCTHIO HT. Taxum O6P¢’:130M, KOMIIIIEKC 3THUX M3MEPAEMBIX IIdPdMETPOB TdKOT'O TYHHEJIbPHO-

TOKOBOTO CTeHJIa MOKeT IIpe/lOCTaBUTh, HAallpuMep, NHPOPMAIIHIO O KauyeCTBe CaMOTO 30H/A, BOJIBT-
amnepHoil xapakrepuctuke Hp n ee oTkinka Ha mpoueccsl B HeM. Cama cucTeMa 0OpaTHOM CBS3H,

[IpUMeHsieMas B TeXHUKe IIOAJEPXKAHUSA peXyrMa OIVKHEro IIOJIs, IO3BOJISIeT MPSIMO WU3MEPSTh U
pasMepsl H3 [9].

OCHOBHBIMU YCIOBUAMU I QYHKIIMOHUPOBAHUA 30HJOBOIO MUKPOCKOIIA ABJIAIOTCA: OpTraHU3alIus
IIPEIM3NOHHOTO NOABOAA (IO3UIIMOHNPOBaHUE) 30HIa K ucciaenyemoii nosepxuocru (MII) Ha crons
MaJioe pacCTOSHUe, IIPU KOTOPOM HAYMHAIOT IIPOSABIIATHCA OJIIDKHeIoJIeBble 3P deKTs; obecIedeHme
OTCJIEXKMBAIOIIUM IIO3UIIMOHEPOM IIOJAep>KaHUA OJIVKHEIIOJIEeBOTO 3a30pa - 3aMBIKAIOIIErO 3BeHA B
nenu obpartHoit ceasu (OC); X,Y-ckaHupoBaHHe ¢ ycTOHYHBBIM OTCiaexuBaromuMm curtarom OC;
Co3ZlaHMe COOTBETCTBYIONIETO MporpaMMHOro obecnevernus C3M.

[Tpeparaemoe ycCTpo#CTBO He HYXJaeTcs B CKaHMPOBAaHMMU, TaK KakK 37leChb OTCYTCTByeT 3ajada
COOCTBEHHO MHUKPOCKOIIMPOBAHUA, YTO 3HAUYUTEIBHO YIIPOIIAET ero TeXHHYeCKoe OCyIeCTBIeHUe, a
co3ZaHMe HeOOXOJUMOTO 3a30pa JOCTUTAeTCA 3[eCh OTBOJOM 30H[A, M3HAYAJIBHO HAXOJAIIETOCHd B
raJbBAHNYECKOM KOHTAaKTe C IPOBOAsLlell IIOBEPXHOCTHIO, Ha 3ajaBaeMoe paccrosnue (H,).

BocrpeboBarrocts B C3M  TexHHMKe — CHeIMAaTbHO  pa3pabOTaHHBIX  MHUKPOJABHUTATeNIeH
MIO3UIIMOHUPOBAHUA 30HJA (IJI1 MJOCTIDKEHMS aHAJIOTHUYHOrO pabodyero 3a3opa) B OCHOBHOM
OUKTyeTCS HeOOXOZMMOCTBIO COXPAaHMUTh JIaTepaabHOe (BAOJBb IUIOCKOCTH  HCCIeAyeMOH
IIOBEPXHOCTH) IIPOCTPAHCTBEHHOE pa3pellleHre MUKPOCKOIA, KOTOpOe OIpefesdeTcsi TakkKe U
pasuycoM KPUBU3HBI KOHYMKA 30Ha-UTJIbI (IIpU coymapeHuu ¢ uccienyeMsiM oovekToM (MO) uria
"mpurymisercsa”). Cmoco6oM OTBOZa 3HAYUTENBHO YIIPOIAETCS OpraHU3alUs OJIMKHEII0JIEBOTO
PeXHuMa, O CO3TaHUMU KOTOPOTO UHPOPMHUPYET PETUCTPHpPyeMOe M3MeHeHNe IIPUPOIBI TOKa KOHTAKTa
IIOBEPXHOCTH/30H, C IIPOBOZAIIETO (Inp) Ha TYHHEJBHBIH TOK (IT). 3mecy IpUMeHsAeTCS TeXHHUKa



OTCJIIEXKMBAHUA IIOCTOAHCTBA 3dJdHHOTO IIOPOTOBOTO 3HAY€HUA IT’ HO C obJyieryeHreM 3a1a9M1

crabmnmusanuu OC (ckaHepsl B cTeHZAe OTCYTCTByIOT). Ha puc.l mpezacraBieHa IpUHIIMNHAIbHAS
6710K-cXeMa CTeHZa, o0ecleynBaoas TYHHeIbHO-TOKOBBIH KOHTPOJIb 33JaHHOM BEJIMYMHBI 33a30pa.
ITpu otBome mosepxHocTtu MO oT 30H7a ragbBaHMYECKUH KOHTAKT 30H]/TIOBEPXHOCTh OOPHIBAaeTCH,
YTO NPUBOAUT K KPYyTOMY IaJeHUIO MCXOJHOI BEIWYUHBI TOKA, (POPMUPYyEMOro IepecTpanBaeMbIM
HanpsokenneM U . Tox mpeoGpasyercs B mpezsaputensHoM ycunurene (IIY) B Hanpsikenne U,

IocTymammee Ha ycrpoiicTBo orciaexuBanus (YO). OHo usMepseT crazaomee U, u, cpaBHuBas ¢
33/laHHBIM TOpOroBBIM U, BBIZ@ET PasHOCTHBIA curHax A, ¢opmupyromuii ynpasisiomee OC

HanpsxeHue U JI1 UCHOJIHUTeNbHOro MexaHusma (MM), xoppekTupyromero 3asop HT' nM

oc #
IIpeZCTaByIgeT cOO0il COBMelleHue dIeKTpoMarHuTHoro nosumuonepa (OMII) ¢ nmpesokepaMudecKumM
nosunuornepoM (IIKII). B mcmone3yemoM m3MepuTenbHOM IIpUOOpe OZHOBPEMEHHO HAOIIOAaeTCs
TpaHchOpMals TaIbBAHMYECKOTO KOHTAaKTa B TyHHeNbHBIH (moBeseHne Up) u dopmuposanue u

usmenenne U .. [lounmo pydHOro, mpesycMOTpeHO U KOMIIBIOTEPHOE yIIpaBieHue paGoToii cTeH/a

(moMHUMO perucTpaunuu UT u UO ¢ 33/A10TCA UCM 1 IOPOTOBOe HaIpKeHue - UH).
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KoHcTpykiiua u3MepUTeNbHOM AYeWKMU IIpeAIlojaraeT BepTHUKAJIbHOE PACIIOJIOXKeHHe CHUCTeMBI
30H/I/TIOBEPXHOCTb, YTO OTKPHIBAET BO3MOXXHOCTH IIPOBENEHMA HCCIENOBAHUI M B XUAKOHU cpepe.
Hecymue netanyn KOHCTPYKLIMH HM3TOTOBJIEHBI M3 KBApLIEBOTO CTEKJIA (AJA CBeJEHUSI K MUHUMYMY
TEIIOBOTO HAapyLIeHWs BeJIMYUHBI 3a30pa). Kopmyc 30HzomepkaTend, cHabXeHHBIH MUKPOPa3beMOM
Ha HIDKHEM KOHIIe, MOXKET CBOOOJHO IlepeMeIlaThCi B OTBEPCTUM KBApLEBOTO epKaTesd. 30H[,
Oymyuu 3alieMJIEHHBIM B HUKeJeBOM TpyOouke, mpumasgH K mTsipio. LIITBIps yerko BCTaBiafeTcs B
MUKpopaszbeM. B ucxomnom nonoxenuu 30H7 ynupaerca B WII. Otum xe crmocobom puKcHpyeTcs u
Iepxaresb obpasia. Takoe MpocToe KpeIieHre I03BOJIAET JIETKO IPOU3BOJAUTH CMEHY KaK 30H7a, TaK
n WMO. Tabapursl sAYeWKM paspemlaloOT IIPU HEOOXOZUMOCTH HCIIOIB30BaTh U BHOPO- W
3BYKOIIOZIABJIAIOII e CUCTeMEI.

Mexanuamsl mosunpnoHuposanus - OMII, mnoTtpeGisione OTHOCUTENBHO OOJBIINE TOKH,
IIPOSABJIAIOT TEIUIOBYIO HECTAaOMIBHOCTH, HO IIO3BOJIAIOT PpeaJIn30BaTh OOIBUION IAUHAMUYECKUH
nuamna3oH Iepememenuil. He momBepkeHHBIH Takomy Temnoomy gpeiidy IIKII mmeer, ommako,
HeCpaBHEHHO MEHBIIMII AMAIa30H IlepeMellleHuil U TpeOyeT BBICOKOBOJBTHOE (O COTEH BOJIBT)
ynpasneHve. McmonssoBanme OM IOMHMO pacuimpeHus AWHAMUYECKOTO ZAuamasoHa H-
MIO3UIIMOHUPOBAHMUA II03BOJIAET MCCIefOBaTh OCOOEHHOCTH pabOTHI M CAMHUX HCIOTHUTEIbHBIX
MexaHu3MoOB. Hamnune HezaBucumoro H-nmpuBoga mpegocTaBigeT BO3MOXHOCTD U MOZYJIAIIUY 3a30pa
B OJIMKHEIIOJIEBOM pesKHMe.

[ns ymobcTBa M pasHOCTOPOHHEH IIpOBepKM (PYHKIMOHUPOBAHUA CTEHAA B KOHCTPYKIUU
IpefyCMOTPeH M MeXaHHYeCKUil pefyKTOp, IIPYyKUHHBIe 5JIeMeHTHl KOTOPOTO M3TOTOBJIEHBI U3
IOJIOCOK OepwinueBoii Oponsbl. [lepememjaromuii BHHT peAyKTOpa BMOHTHPOBAH B JeTalb W3
TEKCTOJINTA. BHeIIHAA CTOpOHA Jepxareis oOpaslia, W3TOTOBJIEHHOTO U3 (OIBIUPOBAHHOTO

TEeKCTOJNIUTA, 3a3eMieHa. [IpukimanmbiBanue UCM k WII obecmeymBaeTrcs C IOMOLIBIO IPYKUHAIIETO

KOHTaKTHOTO NIPYKUMA.

B xawectBe OMII wucnonb3oBaH MajaorabapUTHBIM TI'pOMKOroBopurens. K ero momBrokHOU
aseKkTpudeckoil karymke (DK) mpukieena xBapiieBasg TpyOouka, Ha KOTOPOH KPENMTCS [epKaTesb
obpasua. B KOHCTpyKuuu gepkaress NIpeAyCMOTpPeHa BO3MOXXHOCTH morpyxeHus MO B xupakyio
cpeZny. 3a3eMJIEHHBIH (HOIBIMPOBAHHBIN TeKCTOJIUT IIPU3BAH SKPAaHUPOBATh OT BO3MOXHBIX ITOMEX OT
OMII uyscrBuTensusii [1Y, mogcoesHEeHHBIH K 06pasiy.

ITY crenpma mpexcrasiseT coO0ii CTaHIAPTHEIIN IIpeoOpa3oBaTeb TOK/HANpsKeHNe, COOpaHHBIN Ha
onepanyorHoM ycmurene TLO81 m momemeHHBIH B 9KpaHUpyIOWUH Kopmyc. Ympasrerue OMII
OCYyILIEeCTBIAETCI 4epe3 ycuaurenas MouHoctH (YM) Ugc  OTCIEXMBAIONIETO — CHTHATA.

IIpesycmoTpeHa BO3MOXHOCTH CyMMMpOBAHMA € CHrHagoM U, He3aBHCHMOTIO pPeryaupyeMoro
nocrosHHOro curHana Up, paspeiea uemn OC (mepexi.l) un mepexmrodeHus HanpableHUs [eHCTBUI

OMII (nepexi. II). B oTmensHBINH MeTasTH4ecKuil Kopmyc (GOpMHpOBaTeNs CTEHZOBBIX CUTHAIOB
(®CC) momemensr IIY, YM wu mnepekiiouatens moiuspHOcTH C Oarapeeit (puc.3). PCC
Io/icoeIMHACTCA K dIeKTpoHHOMY 610Ky CTM.

OH nCII0/1b30BaJICS HAMU JIJIs OCYIeCTBIEHNS KoMIbloTepHOTo yrpasienus U [10].

ITpu nHeob6xomumocTu H-mosumuonupoBanue MoxkeT mpoBoguThesa omHoBpeMenHo OMII u ITKIL
lanpBanmyeckuit koHTakT 30HZA c MII koHTponmpyerca mo BeJMYMHE BXOJHOTO TOKa IIpH
pasomkHyTO# e OC. DTO mosoXXeHNe 30HIOepKaTelsd B OTBepPCTUH (PUKCHpPYeTCcsa MUIlenHOM. B
KauyeCcTBe HCIIBITaTeJIbHOTO IPUMEHAJICA 30HJ, 9JeKTPOIUTHYeCKH CHOPMUPOBAHHBIM U3



BOJIbPPaMOBOii MpoBoouky guamerpom 0.8 mMm.
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Ha puc.4 mnpencraBnreHa KpuBag 3aBUCHMOCTH OT YIPaBJIAIONIET0 CHUTHala IlepeMelleHusd,
obecrieunBaemoro OMII. Hennne#HOCTP 3aBUCHMOCTM YaCTHYHO IIOAIIPABIAETCA KOpPpPeKIuen
MexaHH4YecKuX KpemexxHsix y3moB OMII.  Ilpeamonaraercs B OyzymeMmM CcHaOOUTH CTEHJ,
COOTBETCTByIOIeli OMMOP(HOM Ibe30KEPaMUKOH, obecleuyuwBaomeil JOCTATOYHO  OOJIBIION
OUHAMHYECKWI [Ualla30H IIPU [OBOJBHO HU3KMX 3HAYEHHUAX IIPUJIATAEMOTO HAIPSKEHUSI. OTO
TIOMOJKeT CO3/]aTh UCIIOJHUTEeIbHBIN MeXaHU3M C yIy4IIeHHbPIMU XapaKTepUCTUKAMMU.
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Takum o6pasoM IIpoBeZileHHBIE IIpe/BApUTE/NbHbIe HM3MepeHHd, Ha Hall B3IJIAJ, YOeAUTeNbHO
MIOKasaJu TPaBWIBHOCTh M TIPAKTUYHOCTb BBIJBUHYTONH HJleM YIIPOLIEHHOTO CO3JaHUA PpeXuMa
ONMVDKHEro IIOJA IS MCCIeZOBAaHUA ero IIPOABIeHUH M BOIUIONMIEHHA €r0 B JKCIepPUMeHTaJbHOe
yCTpOMCTBO (B BHJE MCCIIeZOBATENBCKOTO CTeHJa). [lepBble MCIIBITAaHMA IIPeAIOXKEHHOTO CTeHZA
ITOKasayy, 4To mocje 3ambikaHudA menu OC, kak mpaBujo, perynuposkoii koaddunuentamu OC u

CKOPOCTY peaKIVuu Clefslell CHCTeMbI yZaeTCs IOJIYINUTh OIMKHEeNI0IeBoH pexxuM. B ciydae, Korza



5TOrO He y/aBajJoCh JOCTUYDL TOJBKO IpunoxkeHueMm curHana OC, 3a3op peryaupoBajcsa ¢ IIOMOLIBIO
MEXaHWYeCKOTO  IpPy)XWHHOro mosunmoHepa u U, CreHz cHaGkeH  pasHOOOpasHbIMU

BO3MOXKHOCTAMHM  WM3MEHEHUA KOHQUIYpauM  IOZKIIOYEHUS  DJIEKTPOHHBIX  KOMIIOHEHT
U3MepUTeNbHON cxeMbl. VMeeTcs IOCTATOYHO WIMPOKOe IIOJIe I JajbHeHmnx padoT, Kak IIo
yCOBEPUIEHCTBOBAaHHIO CaMOTO CTEH[a, TaK U IPUMEHEHUIO er0 HellOCPeCTBEHHO 10 HAa3HAYEeHUIO B
HCCIeIOBaHUAX HaHOOOBeKTOB. Hampumep, MBI mojaraeM, 4YTO CTE€HJ MOXET IIPeJOCTaBUTh M
BO3MOXXHOCTH DKCIIEpUMEHTHPOBAaHUS II0 KOHTPOJIUPYeMOMYy GOPMUPOBAHUIO B dIeKTposiuTe (in situ)
sougos CTM.

PaGora BrmonHeHa mpum mnoxnepxkke HampmoHanpHOM IpOrpaMMBI IO IIOJYIPOBOJHHKOBOM
HaHO2JIEKTPOHUKE.
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npuitg oquniejudp htwpunp knisty Bjujtinughti aimhpp:

M. H. Azaryan, V. M. Haroutyunyan

On the Simple Opportunity of Realizing Short-range Field Regime for
Nano-investigationsin Electronics

An idea of the simple and not expensive tunnel-current probe equipment is advanced. It offers
the possibility of carrying out nano-investigations. The equipment realizes short-range field regime
wherein the regularities of nanoscale probe/surface under study compliance come into play. The
previous investigations of the devel oped-designed device in the desk form revealed that the initial
goal can be attained using the advanced equipment.
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From elder classes of school we were fascinating by the theory of relativity, which we studied by
popular literature.

At the ripe age the sceptical attitude to the theory of relativity arised in ourselves. In the middle of
60 th of XX th century A.G. Bagdoev informed the president of AS of Armenia V. A.
Ambartsumyan, and some years ago also the leading Armenian physicists about his judgments on
this question.

It is difficult to say that they completely agreed with him, but there weren't also any remarks very
much to the point. Recently we acquainted with the works of Academician of RAS S.S Grigoryan
[1], where he showed insolvency of the general theory of relativity in explanation of various
Cosmogonic problems, in particular, of generation of the black holes, and on the other hand he
showed the applicability of the Newton's theory, developed by Mitchell and Laplace to this
problems. This encouraged us to write this article, concerning to the critical analysis of the principal
sources of the special theory of relativity. There are experimental data of American physicists from
Los-Alamos about variability of the speed of light and facts of constancy in big volumes of
temperature in cosmic objects, which leads to the necessity to take into account the fact of the
presence of the super light speed. These facts, which are in contradiction with special theory of
relativity, are brought in the article of Pyotr Obraztov, published "In science world" N2, 2005.

The basic argument for creation the special theory of relativity was the thesis due to which the
linear Maxwell equations are invariant with respect to more general Lorents transformations, in
contrast to non-linear equations of mechanics, which are invariant with respect to Galilean
transformations and therefore one must fit the equations of mechanics to these more general
transformations.

Following to this logics one must prefer to general non-linear equations of hydromechanics,
which are invariant with respect to Galilean transformation, the obtained from them after
linearisation for small disturbances, wave equation, which is invariant with respect to more general
Lorents transformation. Of course nobody will insist on it. Then the question arises whether it is not
better to fit Maxwell equations, derived in earth conditions for relatively small electromagnetic
fields with respect to the enorme light speed, and write down non-linear Maxwell equations, which
by analogy with mentioned example, must satisfy to more particular but more natural Galilean
transformations.

By the way the equations of this type are equations of magnetohydrodynamics, obtained from



matching solution of Maxwell equations for moving media [2, 3]

fOtﬁ=ﬂj+E%, fOtE=_lE, =5 (1)
C c dt c oot
where current density is connected with E by Ohm law
- — — xR
- -E+ B 2)
C
with equations of motion of media
47 % B
A v 3
Py Pt (3)

For not too small variated in time processes or (which is the same) for not too large frequencies,
the item with displacement current in (1) can be neglected, and as a result the induction equation
can be obtained from (1), (2)

B — — 2
— =B Viv-Bdwv+—AH 4
dt B9 da @
and instead of (3)
di rotH* B
p—=-"%¥pt —— ©)
dt C

and equations (4), (5) are invariant with respect to Galilean transformation, where to the same

accurancy Hcan be taken as the invariant.

These equations were successfully applied to study non-linear waves in pulsars [4, 5], where the
great frequencies and large magnetic fields take place. In these conditions the Alfen velocity has the
same order as light velocity. In such problems we must take into account non-linear effects and
solve non-linear Maxwell equations coupled with hydrodynamical equations Usually in
magnetohydrodynamics frequencies of process ® are much smaller than electroconductivity o,
which allows to neglect the displacement current.

In the case of ® ~ ¢ for example for magnetic stars [4, 5] ® ~ 1014[1/sec], we have also to take into
account the displacement currents in magnetohydrodynamic equations and, as it was mentioned, to
take into account non-linearity for considered great magnetic fields, i.e. to write down non-linear
Maxwell equations.

As an example of taking into account the displacement current in non-linear equations (1)-(3)
which satisfy the condition of invariancy with respect to the Galilean transformations, as well as in

(4), (5) we can replace the displacement current in (1) on [1/c][dD/dt], D = cE', where derivative in
time is taken for moving particle. Then system (1)-(3) again will be invariant respectively to

Galilean transformations, where E'is a simply parameter, which can be excluded as in derivation of
(4).
Taking into consideration the improved value of displacement current we have equations of

moving electroconducting media in the form (1)-(3), where D = cE', d/dt=3/&t + (7 V).
Note that taking into account the displacement current demands to revise orders of parameters. To



do it let us simplify the system of equations, making the iteration in the first equation

oE' = = rotTl - iiir-::-tﬁ (6)
dm dma dt 4n
Placing (6) in (2) we obtain the induction equation with the accounting of displacement current
T 2 2
ﬁ=(E"T}ﬁ—§-:liv?+D—ﬂ.ﬁ—E—ir-::utir-::-tﬁ (7)
dt 4o dno dno

Here B=uH, p=1. Taking into consideration that in propagating waves [d /dt] ~ o, V ~ [(®)/
(cn)], where c_ is wave speed, from (7) we obtain orders ® ~ G,

v~C, € ~C E~H (8)

where [3, 4] c ~apa; =Bl jdnpis Alfen speed. From the equation of motion (3) we obtain

l)

P 2
- TR 9
. )
It is evident that orders (8), (9) take place for general nonsimplified system of equations as well.

ol =T+ EE gpog. B (10)

C codt C
rotE=—l%, 1=cE' (11)

oot

T lg+lixE B-m (12)

dt p P

System (10)-(12) due to (8), (9) describes the motion of electroconducting fluids in great magnetic
fields and with great velocities and pressures, and is invariant with respect to Galilean
transformation.

Of course it must be considered only as a possible example of modification of Maxwell equations
for moving media, and accounting of non-linearity, the mentioned equations are invariant with
respect to Galilean transformations.

Note that system (10)-(12) is closed together with the equation of continuity of mass and the state
equation of fluid. At the same time it takes place the [2] equation of continuity of charge density P,

in form

dp,

+divi=10 (13)
At

If we place a usual Maxwell equation (1) due to which divj= —[1/(4n)][(8)/(0t)] divD in (13), we
obtain from (13)



div ] = dnp, (14)
which is the[2] known Culon law, derived initially for static problem, and postulated by Maxwell

for dynamic problems, by the way, for inmoved media. In considered statement of problem for
moving media equations (10)-(12) yield

rotﬁ=4—n]+l£, divj=—idiviﬁ (15)
C codt 4 dt
From (13) and (15) we obtain
d 1 . = 1 . =.=
— -—dwD | -—dw{({v-ViD} =0 1
at[Pe 14 ] ym vi{(7 VD) (16)

After resolving the equations (10)-(12), from (16) we obtain Pe:

For inmoving media ¥= 0 and (16) coincides with (14), and in general case of moving media the
correctness of (16) is not less based than of equation (14). Also note that as it is mentioned in [2] it is
not necessary to derive (2) from Lorents transformations, in which the velocity of inertial system is
supposed to be constant, but in (2) ¥is a variable velocity of particle, and as it is done in [2] to
assume (2) as an experimental Ohm law for moving media. Thus, on our opinion, the special theory
of relativity can be considered as an asymptotic theory taking place for large velocities and bounded
fields, which allows it to describe the motion of elementary particles with corresponding shortening
of length and time, but does not make a fetish of its results in application to non-linear equations of
mechanics, as well as to electrodynamic equations, particularly for large electromagnetic fields.

In applications to these non-linear equations Galilean transformations are more natural than more
general by form, but more particular by applications, Lorents transformations.

Also note that equations of motion of two-component plasma and equations of motion of mixtures
of gas and fluid in clouds are not invariant with respect to Lorents transformation, and for the
former ones the dispersion law for waves is obtained, which gives electromagnetic waves for large
frequencies and magnetohydrodynamic waves for small ones [6].

And it is not posed the condition of invariancy of equations with respect to any transformations in
inertial systems, which is the basic argument of the special theory of relativity.
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1. Introduction. The investigation of properties related with impurity centers in semiconductor
quantum well (QW) structures has not only fundamental interest, but also is of major importance in
optoelectronic device applications (high electron mobility transistors, QW infrared photodetectors
or emitters, etc.) [1].

In semiconductors of A>B® group, the electrons that bound with doped impurities, form shallow
energy states close to band gap edges. In particular, doping the bulk semiconductor simultaneously
with both donor and acceptor impurities, form the shallow states near the band gap edges, making
possible optical transitions between two clearly isolated energy levels. [2-4].

One of the first works related to investigations of donor-acceptor pair (DAP) transitions in above-
mentioned semiconductors is Hopfield's work [2]. Later, detailed investigation of DAP transitions
were made by Stoneham and Harker [3], where central-cell corrections were taken into account.

The investigation of hydrogenic impurities in GaAs QW was in details performed by Bastard [5].
Later investigations of impurity properties in QW was followed by several other, more detailed
investigations. The energy spectrum of the ground state and the low-lying excited states for shallow
impurities in QW structures, influence of dielectric constant mismatches at well interfaces, effects
of spatially dependent screening, electron-phonon interactions, nonparabolicy of the conduction
and valence band, etc. were in details performed by other authors (see for example Ref. [6])

Variations in the properties can be caused by changing the concentration of the dopant from
uniform distributions within QW to concentrated sheet layers resulting in a so-called d-doped
profile. Energetic levels of an impurity are possible to tune in a controlled way by changing the
doping profile. Understating the influence of impurities on the optical properties near the QW
intrinsic transitions is of particular concern in order to optimize the design of optoelectronic
devices.

The PL spectrum is an effective technique for characterizing doped QWs. In addition to free-
excitonic transition, donor-bound exciton [7,8], acceptor-bound exciton [9], free electron to
acceptor [10-12] and heavy hole to donor [10-12] transitions were also observed in p-type and n-
type doped QWs.

Besides above-mentioned ones, acceptor-to-donor pair transitions in QW:s are also possible. There
are several experimental reports concerning observation of the DAP transition peak in the PL
spectra. Ding et al [13] have reported an observation of an anomalously large blueshift of apparent



DAP transition peak in compensation-doped coupled QWSs. The blueshift was observed in PL

spectra while the excitation intensity increases from 0.54 to 423 W/cm?. Authors proposed that the
blueshift is due to the change of the Coulomb interaction energy between recombined donors and
acceptors as their separation decreases. Later Guzman et al [14] performed an optical
characterization of GaAs/GaAlAs single QW structures by interband PL spectroscopy. The peak in
PL spectra at lower energy was observed and attributed to DAP transition. Samples were grown by
molecular beam epitaxy (MBE) with two-dimensional doping concentration (Si) in the wells in the

range of 0-10"2 cm ™2 Si is related to acceptor, while C is related to residual donor, which is always
present in samples grown by MBE. In this connection, one can assume that non-compensated QW's
were considered. The dependence of DAP transition peak on different doping concentration was
performed, and the blueshift was observed.

However, in above-mentioned experimental works, discussions about DAP transitions concerned
only qualitative aspect of the subject. In this connection, it is important to have a quantitative
model, which will describe aforementioned transitions that can give an opportunity to perform an
essential comparison between theory and the experiment.

In this paper, we present a theoretical investigation of DAP transitions in the framework of non-
compensated lightly doped GaAs infinite-barrier QW.

2. Theory. The impurity envelope functions are the solutions of Schrodinger equation with the
effective Hamiltonian

-3 2

~ P =

H=——+Viz - : (1)
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where m’ is the electron effective mass, - the dielectric constant (for GaAs x = 13.18), z, i=D,A)

is the impurity position along OZ axes, V(z) - the confinement potential.
For definiteness we will only refer to the donor state, because it is clear that (1) also applies to the

acceptor state, where m understood as the hole effective mass.
We present the envelope function of ground state as

Yo(p» 2) = 0y (P)x(2), 2)

where (po(p) is the function in QW plane and XO(Z) is along the quantization axis OZ.
Taking into account the normalization condition for xo(z) we get two-dimensional Schrodinger

equation for the function ¢(p)

polp) = (2= Eqleglpl. 3)
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where V _(p) is the effective Coulomb potential in XOY plane:
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The solution of Eq.(3) is found using the variational method, with the trial function of the ground

state in the form [5]
1 ]2 _
9o (P) Ix/; ", (5)
where A is the variational parameter.

The ground state energy is obtained after the minimization of the function

|2
dz. (4)
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A
The binding energy is equal to
Evma = Eo —min s(h.z;). (7)

Now we turn to the calculation of the absorption coefficient in considered structure, conditioned
by transitions between ground states of DAP.

Let us consider lightly doped QW with concentration of acceptors n,, so that K >> aa,

conditions are satisfied (R is the average distance between acceptors and donors in the QW plane).
In this case the main contribution into the transitions within the donor-acceptor system makes pairs

satisfying to R > a conditions, because the number of pairs with R < a is not significant. For

D3A D

this case the coupling energy of the DAP can be taken equal to e?/xR and considered as an acceptor

energy level shift. The location of the donor is (f,z),and the acceptor is (F— (K, z), where § is the

radius vector and R is the distance between donor and acceptor in QW plane. Later we will assume
that donor and acceptor are located in the center of QW.
The electron and hole ground eigenstates and eigenvalues are (measured from the maximum of

2 11 Tz _|ﬁ_ | =
= Ay = - (8)
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valence band)
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p

where A A }”D are variational parameters, u 0" Bloch amplitudes in the center of the Brillouin

,u

Vet

zone (in the discussed structure zone extrema are on the center of Brillouin zone).
The light absorption coefficient is determined by the formula [15]

2
4n2c |MAD|

ocR(w) = ES(Ef —-E, - hw), (12)
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where V is the sample volume, M, | - the matrix element of "acceptor—donor" transition, N - the

AD
refractive index, A is the vector potential amplitude of incident electromagnetic wave.

In the case of normal incident light the matrix element can be written as

-L/2
2e . 1 2 ( iq z ( mz ) ( nz )
M,p= Ch — € | — | cos | — | dzx
i, Mrp Lo UL ) UL
(13)
oo —[ﬁql 2+R2—2FIREDSLF+%|J] 2e 1
<[ [e pdpdp =~ (FBey) F(R)E(q,L),
oo mm,, XAXD

where p,, is the matrix element conditioned by Bloch amplitudes, €is the incident light
polarization, q_is the photon wave vector in the z direction.

By F(R) and §(q,L) we denoted the following integrals

1 |I ] 1
- +R4_nEBcosip +——
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(14)
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In discussed case of shallow impurities Eq.(13) can be simplified, if we take into consideration the

fact, that for GaAs &, 2 &g~ 1 eV (the expression for &, see below) and for QW width we have L ~

107 cm ( ~ 100 A), which makes the parameter qL << 1 This allows us to take F,(qZL)

approximately equal to 1.
As it follows from Eq. (12) such transitions are possible only between those DAPs, the distances
between which can be determined from the energy conservation law

132
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where
% ==, +E} +E}. Ei%ffﬁg(hl E%=rggleD<aD). (16)

Considering R as changing continuously when n, >> nj, let us write the expression for the

absorption coefficient [4]

o0
() = Ny, | ap(@)W(RR, a7
0
where Np - number of donors, W(R) - distribution function by R values.

As DAPs distribution function we take the adjacent-neighbor distribution [4], and taking W(R)
not dependent on z:

W(R) = 2nRn Aexp{—nRan A}’ (18)

where n, is the bulk concentration of acceptors.

A
After averaging over the distribution (18) for the absorption coefficient of DAP transition we
obtain the following expression

nlngne )
TARD Jg5, Fleta, D [F® PRI (-nR3n ), (19)
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where n} and nf are two dimensional surface concentrations of acceptors and donors, respectively.

3. Discussion. Fig. 1 shows the dependencies of the absorption coefficient on the energy of
incident light at different values of QW width (L = 50 A, 65 A, 100 A). As it follows from figure,
with the increase of L the effective width of the forbidden band decreases and therefore the
absorption threshold shifts to the smaller energies (smaller frequencies), as a result of size-
quantization weakening. Also small reduction of the absorption coefficient value is observed.

Calculations are made at the value of dominant impurity (acceptors) concentration equals to nj =

10" em™2, and at k = 0.05 compensation value (k = nf, /n} ). The numerical values of parameters in



the absorption coefficient (19) in the GaAs structures are: ¢ = 1519 eV, m_ = 034m_, m_ =
gap v e c

0.067m_, N =3.6.

L=100 A L=65 A

0.5} n=10" -
I n =5x10" cm” ]
ra— 1 |l ' i | L

1500 1525 1550 1573 '|ED'I:| 1525 155[3 15?5 1?9‘0 1725 1750
hw (meV)

Fig.1. Absorption coefficient dependence on incident light frequency at different widths of QW

@(cm’)

Fig. 2 presents the absorption coefficient dependencies on the incident light frequency at different
values of dominant impurity concentration (n, =5 x 10%cm™, n A= 10 em™, n a=2x 101 em™

2 ny=>5x 10!t cm_z). With the increase of the impurity concentration the absorption coefficient
growth occurs, as well as threshold frequency slightly increases (i.e. the blueshift is observable).

15 T T T T T L 1 L] L] L] |
L=65A
I '5x1ﬂ cm” ]
1.0 F 2
P | -5):10 cm” |
| —2x1{] em” 1
= I ]
05 F 2
L -10 cm” ]
i n.=5x10"" cm™
i i i i i
1575 16 1625 1650 16?5 1700 1725

fiew (meV)

Fig.2. Absorption coefficient dependence on incident light frequency at different concentrations of dominant impurity

Fig. 3 shows the blueshift dependences on different values of two-dimensional concentrations of



dominant impurity (acceptor). There is a significant difference between the experimental and
theoretical data for the lightly doped samples.

12 | ' -

Lightly Doped Heavily Doped

o
T
1

|
|

Blueshift (a.u.)

| M 1 L [ | M 1 L 1

10" 5x10" 10"
Impurity concentration (acceptor)

Fig.3. The blueshift dependence on dominant impurity (acceptor) concentration: squares - experimental
results29, solid line - result of calculations, left - region of low concentrations, right - region of high
concentrations

The blueshift can be presented as

99
bD T T —— (20)
R

AE -E

shift ~ 8g

where E_ and E, , are donor and acceptor binding energies, respectively; the fourth item in Eq.(20)

is the Coloumbian term. When acceptor concentration is increasing (e.g. concentration of Si atoms
[14]), donors (e.g. residual C atoms [14]) and acceptors become spatially closer, the blueshift in the
acceptor-donor transition peak should take place, as a result of the Coloumbian term increase [13],
[14]. So the growth of doping level should be the reason of blueshift increase. Such a result is
obtained in our theoretical model.

In Ref.[14] the blueshift of DAP transition peak was observed with respect to el-hhl peak
(transition between first conduction subband and first heavy-hole subband) in GaAs/AlGaAs QW
infra-red detector structures. The considered samples with different concentrations of impurities
were grown at different runs via MBE. In the reported results fluctuations of QW thicknesses
(appearing due to different runs) introduce certain variation into blueshift growth tendency along
with impurity concentration growth in the lightly doping samples. The comparison of our
theoretical results with the experimental data shows that in the lightly doped samples the
mentioned technological fluctuations significantly affect on the blueshift growth tendency along



with the impurity concentration increase from sample to sample. As it is seen from Fig. 1, even
small differences in well thicknesses can result in significant shift of the absorption threshold (peak
position).

4. Conclusion. We have presented the theoretical model for donor-acceptor pair transitions in
non-compensation doped GaAs QW. These transitions are taking place between different impurity
atoms' levels. The developed model enables in the frames of simple theoretical model to simulate
blueshift behavior in doped QW structures.
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Uljuntdhynu E. U. Ymqupui, U. U. YUnunuiyui, Z. U. Uupgquyub

“nunp-wljghugunnp wagmdubpny wuydwtunnpgus oyqunhljuljui fjutmdp GaAs-hg
pjuitnnuyhr hnumy

Stuwljunpkt hblnwgnunjws £ oypnhljuljut Jjutnudp GaAs-hg pyutnughtt thnund®
wuydwtwynpjws miunp-uwjgbuyyinnpughtt wignidubpny: Upyniiwpuip quatqdush dnwnudn-
nipjudp Juphwghnt tnutung niumdtwuhpdus B pnunph b wijgbuguinnph hhdtwut 4h-
guijubiph wyhpughtt $niujghwiibpp b Bubpgbnhly dwljupnuljutipp: Zuogh £ wuntjus Jutdwb
Unph juytugnudp’ yuydwbunpdus dhohmuntinipnughtt hknunpmpejniiitbiph dhghttugduadp:
ZEnwugnunjus £ Judwtt gnpduijgh’ pJutinughtt thnuh juyinipiniithg b jpuntinipryitph Ynt-
ghunnpughuyhg Jupudw punypep: Mumdtwuhpduws E jutdwt vybljnph juwnyun gbnnudp, b
Junupyws Ehudbdwinnipint thnpdtwjutt wipnymputinh htwn:

Axkanemuk J. M. Kazapsn, A. A. Kocransn, A. A. CapkucsH

OnTuueckoe NOrJioleHHe B KBAHTOBOM siMe U3 GaAs, oﬁycnmmenﬂoe
AOHOP-AKHECNTOPHBIMMU IEPEXOJaMuU

TeopeTnueckn HCCIIEIOBAaHO ONTHYECKOE TOTJIONICHNE B KBAaHTOBOH siMe u3 GaAs, 00yciioB-
JICHHOE JIOHOP-aKIENTOPHBIMH TiepexoaaMu. B mpubmmkernn >QQeKTHBHON Macchl BapHaIMOH-
HBIM METOJOM HM3y4Y€Hbl BOJHOBbIE ()YHKIUH U 3HEPIETUYECKHE YPOBHU OCHOBHBIX COCTOSTHHI
JIOHOPA U aKIEeNTopa. YUTEHO YIIMPEHUE KPUBOU MOTJIONIEHUS, 00YCIOBIEHHOE YCPEIHEHHEM T10
MEKIPUMECHBIM paccTOsTHUAM. MccnenoBan xapakTep 3aBUCUMOCTH KO3 PHUIHEHTa MOTJIOMICHNS B
3aBUCUMOCTH OT TOJIIIMHBI KBAHTOBOM MBI M OT KOHIICHTpalUH MpuMecei. M3ydueHo cuHee cme-
HIEHUE B CHEKTPE MOMVIOUIEHUS M MPOBEICHO CPAaBHEHHE C MMEIOIIMMUCS 3KCIEPUMEHTAIBHBIMU
JTAHHBIMHU.
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CrexsioBaHMe, CTPYKTypHbIe 0COGEHHOCTH U 3JIEKTPOIIPOBOTHOCTD CTEKOJI
CUCTEMBIL VZOS - BZOB - Ban

(ITpencrasneno 28/VIII 2006)

Kitouessie cnoBa: crexroobpasoparue, 371eKTpOIPOBOFHOCT5, OOPATEI, PTOPHIFI, BAHAZATHI

Oxcugsr B,Og u V, Oy, 3HAUMTETBHO OTIHYAIONMECH IO CTPOEHMUIO, IPeJOMpPee/IAIT CI0XKHOCTE

CTPOEHMS CTEKOJ Ha HX OCHOBe, HEIWHEHHBIH XapakTep W3MeHeHUs psAfa CBOMCTB, 0COOEHHO
3JIeKTPUYECKUX, BBUJY IIPUCYTCTBUSA B COCTaBe CTEKOJ 3JIeMEeHTa IIePEeMeHHOM BaJeHTHOCTH.
Hanwume mmpoxkmx o6yiacTeidl CTeKJIOOOpa3’oBaHMA B  BaHAAMEBOOOPATHBIX CHUCTEMax C
IIeJIOYHO3eMeJIbHBIMM KaTHOHAMM M BO3MOXKHOCTH IIOJTyYE€HHS CTEKOJI C BBICOKMM COZEep:KaHHeM
V,05 u Huskum B,O, 1m03B0IAIOT MONAraTh, YTO PO U IIONOXKEHME BAHAAMA B CTPYKType TaKHX

CTEKOJI MOTYT OBITH Pa3/IMYHBI B 3aBUCIMOCTH OT KOHIIEHTPALIUX MOLU(UKATOPOB.

3+
B xpucraninyeckom V205 TPYIIIIBI VO°" cBg3anbI IIOCPEACTBOM ABYX- U TPEXKOOPAUHHUPOBAHHBIX

MOHOB KHCJIOPOJa TaKHMM OOpPasoM, 4TO IOJIydYaeTCs KOOPAMHAIIMOHHOe YHCJIO 5 1mo BaHazguio [1].
I'pymnmsr VO cBsAsaHbI APYT ¢ APYTOM YaCTHYHO BePIIMHAMY, YaCTHIHO peGpamu 1 06pasyioT CJIOH,

IpUYeM B KaXJOH TpyIlle OAWH aTOM KHCIOpoja HeMocTHKOBBIH. [lo cmoco6HOCTH 06pasoBaTh
crexio B, O, saBnserca TummdHBIM CcTeknooOpasoBatermem. Oxcup Gopa CymiecTByeT B [IByX

KPUCTAIIMYECKUX MOAUGUKAIUAX: TeKCaroOHaJIbHOHM, CTPYKTypa KOTOpPOHM IIOCTpOeHa u3
HeIIPaBHJIBHBIX TeTpasapos BO,, 1 opropomGudeckas, re 4acTh aToMOB 60pa HAXOAUTCS B TPOHHOM

KOOpAWHAIINH. CucremaTuyeckue HNCCIIeJO0BAHUA CTEKJIOO6P33YIOH.U/IX BaHAJAdTHBIX CHCTEM C
TUIINYHBIM CTQK]IOO6P330BHT€JI€M BZOB, ABJIAIONINMCA CTa6I/IJII/IBElTOPOM B MHOTOKOMIIOHEHTHBIX

CTeKJaX, CBUJETEJbCTBYIOT, YTO IIPH M3MEHEHUM KOHIEHTPaIluHn BZOS 1 MOAMGUIUPYIOIIETO

KaTHOHAa MOTYT peajn30BaThCs MHOTOOOpasHsle GOPMBI GIIDKHETO MOPALKa vV, vV, B BY) [2].
BcnencrBue OKMCIUTEIBHO-BOCCTAHOBUTEIBHBIX IIPOILECCOB, MIPOUCXOAMINX B CTEKJIOO0Pa3yIoleM
pacIuIaBe IIPU BEICOKUX TeMIIEpaTypax, BO3MOXHO TakKKe YaCTUYHOE BBIJe/IeHHe KUCIopoza [3].
Ilenpto maHHON pabOTHL SIBISIOCH M3yYeHUEe CTEKI000pasoBaHuA U BIUAHMA (ropuza Gapus Ha
¢da30BBIil COCTAaB IPOAYKTOB KPUCTA/UIM3AIUKM U HA 3JIEKTPUYECKHe XapaKTePUCTUKH CTEKOJ
CHCTEMBI V205 - BZOS - Ban. CuHre3 cTexoi ¢ comepxxanueM 1o 50 mor.% Ban IIPOU3BOJMIICS B

KOPYH/IOBBIX THTJIAX B 3JIeKTPMUECKOit TTleyn B aTMocdepe Bosayxa mpu Temieparypax 800-1000°C c

BeIZepXKKO# 60 MuH. CTeKsa CHHTE3UPOBAIMCH U3 XUMMYECKH YHCTHIX peakTuBoB V,O;, H,BO, u

BaFZ. JlepuBaTorpaMMbI IIOpPOIIKOB CTeKOJ CHATHI Ha nepuBarorpade Q-1500, ckopocts Harpesa



0 -1
10°Mur ~. PeHTreHorpaMmpl IIOPONIKOB  3aKPHCTA/UIM30BAaHHBIX  CTEKOJ  IIOMyYeHBl Ha
nudpaxromerpe JIPOH 2 ¢ megubim usmyuenuem (A = 1.542 A°) ¢ nukeneBsIM GpUIBTPOM, CKOPOCTB

cheMku 2°/MuH.
OJleKTpHYeCcKHe CBOMCTBA B TEMIIEPaTypHOM MHTepBaje OT KOMHATHOHM [0 TeMIepaTyphl
CTEKJIOBAHUSA M3MEPEHBI IIPU IIOCTOSHHOM U IIePeMEHHOM HaIPs>KeHUH, DJIeKTPOABI IPadUTOBBIE.
Ha puc. 1 npuBenensr 061acTh CTEKI000pa3soBaHUA B CHUCTEMeE VZOS - B203 - BaF2 U COCTaBBI

HNCCIeAJ0BAHHBIX CTEKOJI.

Wy

Bay

BaF;
Puc.1. O61acTs cTeKI1006pa30OBaHUA:
@ - crexyocozepiKalyie KPUCTAUINIECKHE BKIIOYEHH;

O - cTekJ10.

TpexKoMIIOHEHTHBIE CHCTEMBI, COZepXalllie ABa CTeKI000pasyIoIINX OKCHAA (B203 u VZOS)’
COXPaHAIOT OOIIYI0O TEHJEHIWIO B 00pa3soBaHMM JABYyX oOsacTeil CTeKI000pa3oBaHUA, KOTOPBIE

00YCJIOBJIEHBI CTpEMJIEHUEM BBy u vV VY) 00pa30BaHUIO B CTEKJIE CBOETO XapaKTEPHOTO
KHCIOpOZHOTO (B Hamell cucreMe oOkcudropuzpHoe) oOkpyxkeHus. OCHOBHOe oTinuue
dTOpcomepxKameil CUCTEMBI OT OKCHUIHOH - 9TO pacuIMpeHHe 00JacTeil CTeKJI000pa3oBaHUA B
OMHApHBIX CHUCTEMax BZOS — BaF, u V205 — BaF,, uro, mo Bceit BepoATHOCTH, 00yCIOBIIEHO

KoopAuHanuoHHbIM casurom BO; — BO,, VO, — VO B cropony o6pasosanus rpynn BO, u VO

U yMeHblIIeHreM CKJIOHHOCTH PacIIaBOB K PacCIOeHUIO.
B 6uHapHBIX cucTeMax B203 - BaF2 u V205 - BaF2 CTeksIa 00pas3yloTCs IPU COepP>KaHuU OT 32 110

54 mo1.% u ot 27 mo 52 mon.% BaF,, coorBercTBeHHO. OTCYTCTBME TOMOTEHHBIX CTEKOJ B GHHAPHOM
cucreme BZOS - V205 U TPOMHOM, MpUMBIKalolel K ABOMHOI cucTeMe VZOS - B203 OOBACHAETCS

OTPaHMYEHHON B3aMMHOM pPacTBOPMMOCTHIO KOMIIOHEHTOB B CyOCONIHIYCHOH OGJIACTH M IIHPOKOH
061aCcThIO MeTaCTaOWIBHOM JTUKBAIIUY B OMHAPHOM cucTeMe [4].

Ha ocHOBaHUYM KPUCTa/UIOXUMUYECKOTO IOLX0Aa K TPAKTOBKE CTPYKTYpbl OOpBaHaJaTHBIX CTEKOI,
BKJIIOYAIONIETO M30TEPMHUYECKYI0 00PabOTKY CTEKOJI IIPHU TeMIIepaTypax dK30TepMudeckux dpdexTo
Ha JITA crexkon c¢ mocmenymoomeil wuzeHTHdHUKanueid 0OPa30BABIIMXCA KPHUCTAUIMYECKUX ¢as,
ollpefie/IeHbl JOMUHUPYIOUIVE CTPYKTYpHble MOTHBBI HAa OCHOBe OOpa M BaHA[us NPU yBEIUYEHUU
KOHIIeHTpaluu BaF2 IO paspesy V205 =50 mo.%.

Ha xpuebix /JITA nopomxos crexon (puc.2), copepxamux no 30 mon.% BaF,, mpossstorcs



MM PpOKKE IINKU C MaJIoM BI)ICOTOfI, YKa3bIBdlOIIH€ Hd BBICOKHE BEJIMYHNHBI dKTHBAIITMOHHOI'O 6apbepa
KPpUCTAJIJIN3allUH.
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Puc. 2 Kpussie [ITA crexon o paspesy V,0; = 50 mo.%, conepxamux:
1- BaF2 =20 M0I1.%, 2- BaF2 =30 M01.%, 3- BaF2 =40 M01.%, 4- BaF2 =50 M01.%.

VYBennueHne B CTEeKJe KOJHWYECTBA (PTOPHA, YYAaCTBYIOLIETO B OOPa3OBaHUU OKCUGMTOPUIHBIX
TPyIIINPOBOK, II0-BUIUMOMY, IPUBOAUT K YMEHBIIEHUIO IIPOIIeCCa TPEXMEPHOTO CTPYKTyPUPOBAHUA
KapKaca CTeKJa 3a CYeT yBeJIWYeHHI KOHIIEBBIX CBA3ell ¢TOpa M CMelleHUsA pPaBHOBECHS
KOOPAMHAIIMOHHBIX IepexozoB BO s BOB’ VO s VOS' Jenonumepusanysa IpoCTPaHCTBEHHOM

CTPYKTYPBl IIPMBOJMT K 3HAaYMTEJbHOMY YMEHBIICHHIO TEMIIEpPaTyphl CTEKJIOBaHUA CTEKOJ (tg )

npumepHo Ha 50°C u TemmepaTyprI IMKBHIyCa cuctemst (t, ) Ha 45°C.

B nmpozpykTax KpUCTa/UIM3alMH 3TUX CTEKOJ KpoMe GopaTa UM BaHAazaTa 6apus UAeHTUGUIUPOBAHEI
Takke GTOpCcozepKamye 6OpaTel M BaHAAATHL. [IpucyTcTBHE B MPOAYKTaxX KPUCTAIIU3AUK MeTa-Ba
(VO,), , mmpo-Ba,V,O., u opro- Bay(VO,), BaHazaroB Gapus CBUZETENBCTBYeT O TOM, 4TO

IIOCJIeIOBATEeIFHOCTh OOPa30BaHMA OCHOBHOM eIMHUIIEH CTPYKTYPhI CTEKJIOOOpasHOro KapKaca IIpU
yMeHBIIeHUH KOJIUYEeCTBA CTEKI000Pa3yIoero OKCHuaa B203 3aBUCUT OT KOHIIEHTPALK BBOJUMOIO

2+)'

katnoHa Mogpudukaropa (Ba ITpu BsICOKOM cooTHOmenuu B, O,/V. O IIO-BUAVMOMY,

273 275
IIPOCTPAaHCTBEHHAs CTPYKTYpa CTEKJIA CTPOUTCH NPEMMyIlieCTBeHHO u3 nenodek BO, n VO, rpymnm,

CBSI3aHHBIX OOLIMMU BepIIMHAMMY, IIPH 5TOM KAaTHOHBI MOAM(UKATOpa pacloIaraloTcs B IIyCTOTaX
pemrerku. OZHOBpEeMEeHHO IIPOMCXOAT KOOPAWHALVOHHBIE II€PEeXOJIbI BO3 — BO 4 [2]. Tlepexop,



v
aTOMOB OOpa B YeTBEPHYIO KOOPAHMHAIIMIO MOXKET OBITh JBOAKHUM: JOHOPHO-aKIeIITOpPHAd CBA3b B —
O Moxer ABIATBCA OGOKOBOM M MOCTMKOBOMH. TOJBKO BO BTOPOM CJyd4ae 5Ta CBA3b IIPUBOJUT K
ZAOTIONTHUTEIBHOMY IPOCTPaHCTBEHHOMY YBS3bIBAHHIO BaHafaTHbIX 1 6oparHsix rpymn V(O,F), u B

(O,F) " O6pasoBanre OKCUPTOPUAHBIX OGOPATHBIX U BaHAJATHBIX I'PYII IIOATBEPXKAAETCS HATUINEM
B IPOAYKTaX KPUCTA/UIM3AIUM CTEKOJ COeAVHEeHUH BaBOsF u BaSF(VO 4)3. ITepexon B

MHOTOPTOPUAHYIO OOJACTh COCTaBOB BEIPAXKAETCA B KPYTOM IIOZBeMe BeTBeil 5k303(pdexToB
(yBeIM4eHMe KPUCTA/UIM3ALMOHHOM CIIOCOOHOCTH CTEKOJ) ¥ CHIDKEHUEM TeMIIepaTyphl TUKBUIyCA
cuctreMpl. HauuHada c omnpegeneHHONH KOHIEHTpallUu BaF2 yacTh (ropa, BBOAMMOTO C

MozudUKaTOpOM, IIpeBpaljaeTcs B HeMOCTHKOBHIH 1o cxeme [B(OF) 4 /Z]Z_Ba2+ = [BO3 /ZF_]ZBa2+ u

IIpUBeleHHOe pPaBHOBECHe CMeIaeTCs BIIPABoO, T.e. 00pa3oBaHKe OOPATHBIX TETPAdpPOB YMEHBIIAETCS

[5].

,ZLEHOJII/IMEPI/IBHHI/IH CTPYKTYpPhI CTE€KJId, IIpH KOTOPOfI 3HAYUTEJIbHAA 4YadCTb (1)TOPa (‘IaCTI/I‘-IHO 41

KHCJIOPOZA) MOXXeT CTaTh KOHIIEBOM, JOKAJIM30BaThCA OJIM3 KaTHMOHA Mopudukatopa (Ba2+) U B
KOOPAWHAIIMOHHOM  OKPY)XeHUM  BaHAAudA, CIOCOOCTBYeT IIONYyYEeHHIO MHOTO(PTOPUIHBIX
BaHazaTHBIX CcreKosl. Ilo cpaBHeHmIio ¢ umcro oxcupHoii cucremoii BaO — V,O; remmeparypa

nukBuayca cHukaercs Ha 115-120°C [6], uTo crmoco6CTByeT MOMy4eHHIO CTEKOJI, COZepkKauux 0 55
mon.% BaF,. To oGcrosrenscTBo, 4TO BCe BaHAZAThl Gapus IUIABATCA MHKOHIPYEHTHO C

O6P330B3HI/IEM paciijiaBa 1 BaO, CO34a€T BO3MOXXHOCTh aKTHBHOTI'O YYdCTHA HOHA MO,ILPI(l)I/IKaTOPa B
KOOPAMHAIIMOHHBIX II€peXOAadx 60pa 1 BaHAOUA C KOMHeHCaHHEfI SJIEKTPHUIECKOI'O 3apsAnd. HPI/I
IIOCTEIIEHHOM YMEHbIIEHNH B203 B COCTaBe CTEKOJI OOJbIIOe 3HAYECHUE A1 IIOJTYy4I€HH:A

YCTOHYMBBIX CTEKON TPUOGpeTaroT —cremeHb guccounanuu  V,Oy ¥ COCTaB aHMOHOB B
creknooGpasytomem paciiase. [lo-Bupumomy, npu coorsHomenun B,O0,/V,O; = 1 u Huskom
conepxanuu BaF, B cTpykType cTexna o6pasyeTcs B LeJIOM 'CIOMCTast' CTPYKTypa, BKILIOYAIOLAs
nomudApsl 60poKconbHBIX Konely, B,O, u Terpasppmyeckue rpymnst BO, n VO,. Ilpu mamom
conepxanuu BO, rpynn kaxzoe IATHyroxbHOe IPOCTPAHCTBO, 0GPa3oBaHHOE aTOMAaMU KHUCIOPOAa,
BXOIAIIMMU B cocTaB monusapoB VO o W TUIOCKue B306 KOJIbIIA COeIUHAIOTCA

IIeJI0YHO3eMeIBHBIMU MeTaJIJIaMH, OCYIIEeCTBJISIONMMU OJHOBPEMEHHO CBfA3b MEXAy CJIOAMU [7].
ITo mepe ymensurenus coorsHomenus B,O,/V, Oy npu ysennyennn BaF, B nenrtpansHoit obmactu

COCTABOB CHCTEMbBI B IIPOAYKTdX KPHUCTAIM3dIIUK IIPEBAJIUPYIOT 60paTHI>Ie CoOeJMHEHUA 6ap1/151

(BBaBzO BaBOSF) u Ba(VOB)z, rze 60p HaXOAUTCA U B YeTBEPHOH, U B TPOMHOM KOOpAMHAIINY, A

4’
BaHA[UH IIPeMMyIIeCTBEHHO B YeTBepPHOH KOOpAWHAIUH. T.e. MOXHO TIPeAIOJOXHUTh, YTO
B3aMMOJIeHiICTBHE MeXTy OOpaTHOM ¥ BaHAJATHON COCTABAAIONIMMH CTEeKJId PpealHsyeTcsi B
pesyibpTaTe oOpa3oBaHUA duepexyromuxcs cBsazeit B — O — V, npuBomsfmux K TpexMepHOMY

yBsI3pIBaHUIO Kapkaca. COBMECTUMOCTH CTPYKTYypPOOOPa3yIOUUX TPYIIIL YBETHYNBAET TEMIIEPATYPHYIO
(o]
061acTs TpaHCHOPMAIUU CTEKOJ (tg —tp or 15 1o 40°C. IIpu menbmem cogepxanuu B crekiae B,O,

(< 10 m0n1%) OCHOBHBIMM KPUCTA/UIMYECKUMHU (asaMU ABJISIOTCA BaHAZATHI OapHl.



Ha xpussix JITA 5TuX CTeKOJ MMelOTCs dK30TepMudeckue sddextsr mpu 405-425 u 495-500°C,

o6ycioBeHHble 06pa3oBaHUWEM BHayaje MeTa-, a 3aTeM MUpoBaHamata Gapus. Ilpu 590-595°C
Ha0JII0JAIOTCA DHIOTepMUuYecKre SPdEeKThl TepUTEKTUIECKOTO IJIABJIeHUA MeTaBaHaAaTa.

OtBercTBeHHBIMU TP 00pasoBaHWM KapKaca MHOTOBAaHAZATHBIX CTEKONI MOTYT sBiiThcs VO,
TeTPadAphl, TPUTOHAJIBHO OUIIMpaMHUAAIbHbIE M TETPATOHATIBHO ITHMPAaMHUAAIbHBIE TPYIIIBI VO;. B

pabore [2] He MCKIIOYaeTCsi BOSMOXHOCTB o6pasoanus rpynn VO, B crekiax, cogepxamux V,Og

50 m011.% u 6os1ee.

YCTaHOBJIeHO,‘ITO dJIEKTpHUY€eCKasia IIpOBOAVMIMOCTD BdHATATHBIX CTE€KOJI onpenensaeTca

IIPUCYTCTBHEM HOHOB V¥ u V', u IIOJIyIIPOBOJHUKOBBIM XapaKTep IIOJUTEePM IPOBOJLUMOCTH,
HU3Kad MOJBIDKHOCTh HOCUTeJIeH 3apA/a OOBACHAIOTCA IIepeCKOKOBBIM MEeXaHU3MOM ITPOBOJMMOCTH.
B cooTrBeTcTBUM C 3TUM IPOBOJUMOCTD BaHAJATHBIX CTEKOJ (BaHA/ZATOB) 0OYCJIOBIE€HA IepeCKOKaMU

MIOJIAPOHOB MeXJy HOHAaMHU v v Bxnag noHHOH cocTaBidmoomiell ¢ pocTOM TeMIlepaTyphl
MOXKET BO3pAacTaTh MJIM YMEHBUIATHCSA B 3aBUCHMOCTH OT BHZA MOZUMUIMPYIOIIErOo KaTHOHA [3].
[TomuTepMBI IPOBOAMMOCTH MCC/IeJOBAHHBIX CTEKOJI IIPUBEIEeHEI Ha PUC. 3.

YioensHasd IIPOBOZUMOCTB (G) Ha IIOCTOAHHOM TOKe, B IIeJIOM, HMMeeT 3KCIOHEHIMAJIbHYIO
saucuMocTh 0T 1/T ¢ oHeprueii axtusanyu E_ = 0.079 o8. Bonee peskuii cmag Ha moiautepme

nposoguMocTH B o6mactu TemmepaTypsl 25-100°C  cBsizaH, MO-BUAMMOMY, C W3MeHEHUEM
3JIEKTPOHHOM COCTaBiAomel mpoBogumMocty. CUMTAIOT, YTO B BAHAJATHBIX CTEKJIAX M KPUCTAJIIAX
3JIEKTOPOIIEPEHOC CBA3aH C II€PeHOCOM DSJeKTPOHOB IO JIOKAJIM30BAaHHBIM COCTOSHHAM, a POCT
9JIEKTPOHHOM cocCTaBiAoLIell U yMeHbIIeHNe dHepruu aKTUBALlMU IIPOBOJUMOCTHU C YBelIUYeHUeM
TeMIIepaTyp5l - C yBeJIUYeHNeM BepOATHOCTU IIePecKOKOB 3a CUeT

lgp
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Puc. 3. TemmepaTypHas 3aBUCHMOCTD yAEIbHOTO COIIPOTUBIIEHH A CTEKOJI OT TeMIIepaTyphl:

1- V205: BZOS =5:3, 2- VZO :BZO3 =5:2,3- VzO :B203 =5:1.
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IIepeKphIBaHUs MOJIEKYJISpHBIX opOutaneii [8]. Ha moixumrepmax MOXHO OTZEIUTH ABa JMHEHHBIX
ydacTKa: 006JacTh BBICOKUX TeMIIepaTyp, IZe IIPOBOAUMOCTH OCYILIECTBJISETCS IIPEUMYIeCTBEHHO
9JIEKTPOHAMM, JIOKAJIM30BAaHHBIMM Ha HOHAX BaHAAWI (EG = 0.047 5B), u 061aCTh HHU3KHX



TeMIIeparyp, IAe mpeobiazaeT MOHHAiL cocrasisiomas mo ¢ropy (E_ = 0.07938). Temmeparypras

3aBUCHMMOCTH JU3JIEKTPUYECKOM IIPOHMIIAEMOCTM M TaHIeHCa YIJIA [AU3JIeKTPUYeCKUX IIOTEPh

IIpUBeIeHbI Ha puC. 4.

£ 25000 ; 2°
| 22500
20000 - 1™
- 17500 ,' .
15000 - |
_ 12500 i
10000 - '
- 7500
5000 -
- 2500
0 ; el

0 50 100 1580 200 250 300 350 400

Puc. 4. TemnepaTypHast 3aBUCHMOCTb JUDIEKTPHIECKON nmporunaemoctu (1) € u Tarrenca yria

JIUDJIEKTPUYECKUX IIOTepPs (2).

Ha xpuBsix 3aBucumocteii tgo = f(t) u ¢ = f(t) puxcupyiorca YeTko BrIpa’keHHBIE MAaKCUMYMBbI B
o6mactu Temmeparyp 240-350°C. Takoe peskoe H3MeHEHHWE KPUBBIX, MO MHEHUIO MHOTHX
ucciaenosaresneir [9], cBuzeTenbCcTByeT 06 M3MEHEHUU XapaKTepa peaKCAallMOHHBIX IPOLIECCOB U
THUIIA IIPOBOJMMOCTY IIPH HarpeBaHuu oOpasua. O MexaHU3Me IIPOBOJUMOCTY MOXHO TaKXe CYAUTh
II0 BeJIMYMHE SHePTUH aKTHUBAIIUH IIPOLeCCa U 3JIeKTPOIPOBOLHOCTH CTEKIIA.

Huskue snavenms E (< 0.0799B) u yznenbHOTo CONpOTHBIEHNUS IPe/ONPEAEIIIOT SIEKTPOHHDIH

xapakTep mpoBogumoctu crexot [10].

l'ocymapcTBeHHBIN NHXEHEPHBIH YHUBEPCUTET ApMeHUN



U. Q. Mhnpnuyub, L. £ Gyuqubt, wjunbdhynu 4. U. Ununwigub

V,05 — B, 03 — BaF, hunduiljuipgh wuyyujhutph wuuljgnyugnip, jurmgjuspughtu
wrwdbwhunimpnitubpp b inpuhunnpyujuimpmn

Zhnwugnuly Bu V,05 — B,0; — BaF, hudwljupgh wyuljignjugnidi m wwwljhutiph
hwnplunpuljut poiptnugdwt wpquuhpubipp: Yhptptughuy ptpdhly b pkngkiwdwquyha
wtuhgh tnuuubpny munidtwuhpyty Eu hwdwljuipgh jhpyhpnuuh obpdwunhdwip, uhtptqg-
Juws wuyyuhibph poptnuglut gipdwunhéwtughtn nhpnypp b popbnught ugbph punw-
npoipnLupn:

Pugwhwpndt k np BaF,-h niigkinnpughuh dksuguwi nhyypnid inknh Eniikmd V5 o
V4 inthnfuwfjut qubiinujutim pjut Ukinwniitph hntitkph JEpunuuwdnpnud wuguljkgn-
Juginn guignud, hull HEjupuljut hunimpniuubph thnthnpunipmiip npnpymd £ gjfuun-
pubku V3 /V 4 hwpupbpm pjudp:

Luttwplyly t pop b Juunhmd hnbibph §nnpnhtiughnt hdwuljp wyyuijnt junnygmu:
EjEjinpuhunnpujutimpyut b wypngbuh wljinhjugdwt tubkpghugh wipdtputph hhuwt Jpw
hhttunpyws E hunnpujutmput BEynpntughtt dip hbinugnundws popduiiunuinughta
wwwlhubpnud:

M. Z. Petrosyan, N. B. Knyazyan, academician K. A. Kostanyan

Glassformation, Structural Featuresand Electrical Conductivity of Glasses of System
V205 - 3203 - BaFZ

It is investigated the glassforming and products of compulsory cristallization of system
V,0s — B,0; — BaF,. The methods of differential thermal and rentgen analises investigate the
changes of liqvidus temperature, area of cristallisation of the synthesized glasses, and mixture of
cristal phases.

It is revealed that at increase in concentration BaF, there is an embedoling of ions transitive
metals (V°%,V*%) in glassforming network, and caracter of change of electric properites it is
defined mainly by ratio V5+/ V4+,

The question on a coordination condition of ions of a pine forest and vanadium in agrid of a
glassis considered.

On abasis of electrocommunication and on a process of activation energy, the assumption of
€l ectronic mechanizm of communication glasses is made.
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BUOXVIMUA
YK 577.15
JI. II. Tep-TateBocsan, JI. B. Capxucsan, W. I'. Acrmansan, akagemux A. A. Tanosan

Bmuauue PRP-1 Ha akTBHOCTH HeKOTOPBIX ocdara3 B KOCTHOM MO3Te
6eJbIX KPBIC B HOPMe U IIPH pa3ApaKeHUH HeHPOCEKPETOPHEIX Ahep
runtotanamyca (NPV u NSO)

(ITpexcrasreno 3/IV 2006)

Kitouessie cnoBa: mjerovras gocgarasa, kuciaad pocgarasa, HeopraHHIeCKad MHPOPOCPaTasa, KaseHHPOcParasa,
PRP-1

Opna u3 HamboJee aKTyaabHBIX INPOGIeM IIPU H3y4YeHUU YIJIEeBOAHO-(PocPOpHOro obOMeHa -
BBIABJIEHHE BO3MOXXHBIX PeTyJIATOPOB (ocdaras, cpefirt KOTOPHIX TOPMOHEI MMEIOT IIePBOCTEIIEHHOe
3HayeHUe. BinusgHue TOPMOHOB Ha OOMEH BeLECTB M SHEPTUU OCYILIECTBJIIETCS B OCHOBHOM dYepe3
onpezeeHHbIe (GEePMEHTHI, IPUYEM TOPMOHBI BIUAIOT JTHOO HEIOCPeACTBEHHO HAa UX CHHTE3, Tu00
Ha CHHTe3 [JPYIHX BeIIecTB, YYAaCTBYIOUIMX B KOHKPETHOM (epMEeHTaTHBHOM IIpoIiecce.
['mnmoTanamyc, ABIAACH 9aCThIO KaK HEPBHOH, TaK M SHAOKPUHHOW CHCTEM, BBIJEJIAeT IeITHUHO-
GenkoBble (AKTOPBI, KOHTPOJUPYIOUIVE BBIZEJIeHHbIe TUIO(U30M TOPMOHBI, YacTh KOTOPBIX
HeIIOCPeZICTBEHHO BO3/IeHCTByeT HAa OMOXMMHWYeCKHe IIPOLeCCHI B TKAHAX. B 5TOM OTHOLIEHHU
0COOEHHO WHTepecHBI BbIJeleHHble akazeMukoM A. A. TanosHoM wu3 rumorajamyca ObIKa
MMMYHOCTUMYJIUPYIONIe HeHPOIEeNTUAbI, SBJIAIOIINeCT PperyaiTopaMu miid psaAa (pepMeHTOB
yrieBogHO-pochopHOoro oomeHna [1- 3].

B mHacrosmeit paboTe wHCCIefOBaHBI pPOJb M MEXaHU3M JeHCTBUSA OJHOTO W3 OHMOaKTUBHBIX
menTusoB runorazamyca PRP-1 (mponun-6oraTerii menmTuz - rajapMuH-1) Ha aKTUBHOCTH psfa
docdaraz B KOCTHOM MO3re KPBIC, I/le IPOUCXOLUT 3apOXKAeHUe HOBBIX JTUM(OIIUTOB, HECYIIUX
OTBETCTBEHHOCTH 32 UMMYHHYIO CHCTeMY OpraHusMa [4].

OnbITHI CTAaBUINCH in Vitro Ha TOMOTeHaTaX KOCTHOTO Mo3ra OeinbIx KpbIc. IlepBas cepus OmbITOB
CTaBWIAaCh Ha 340poBbIX Kpblcax Maccoi 120-150 r ¢ wucnmonb3oBaHMeM rajzapMuHa-1 B
xoHueHTpanuax ot 0.5 go 10 y ¢ unrepBanamu. Bo Bropoit cepuu kpsicsl Maccoit 200-250 r 6prtm
IIOABEPTHYTHL  CTUMY/ALMH  TUNOTAJIAMUYECKUX sAfep I0J  HeMOyTaJoBbIM  HAapKO30M.
Pazgpakatomuit snexrpos BBogmiau B nSO m n-PaLM npAMOyTONTBHBIMH 3JI€KTPHUYECKUMU
HMMITyJIbCaMU NIuTeabHOCTBIO 1 ¢ ¢ wactotoit 100 I'u, ¢ oOmel MpOTS:KeHHOCTBIO CTUMYIAIUU 15
MuH (3 pasa ¢ MHTEpBaJIOM 5 MHH), IIOC/Ie Yero II0 MCTeYeHUU 15 MUH KPBICHI 3a0MBAIUCH [T
U3BATHUSI KOCTHOTO Mo3ra [5].

Axtusaocts memounoit (KO 3.1.3.1) u xucmoit (K@ 3.1.3.2) docdarasz ompezmensiu meromom
Hinerrmaa u Muxnunaa [6]. B kavectBe cybcrpara wucmosnbp3oBasu IapaHuTpodenuadpocdart

("Reanal") B xoHuenTpamuu 2 - 107°M & MeznuHanoBoM Oydepe ¢ pH 9.6 mya menounoit pocdarassr
u pH 46 - gna xucnoit. O6 axTHBHOCTH 3THX (GEPMEHTOB CYAWIM IIO HapacTaHUIO

napanuTpodenosa B redenue 30 mun npu 30°C. AkTuBHOCTH Heopranudeckoit mupodocdarassr (KO



3.6.1.1) ompenensnmu meromom [emmens [7], cybcTpaToM AaHHOTO SH3MMa OBLI HEOPTraHUYECKUI
nupodocdhar Na B memunamoBom Gydepe ¢ pH 7.2. AxkrusHocTs docdomnporenndocdarassr (KD
3.1.3.16) ¢ xasemHoMm B KauecTBe cyOcrpata (pH 6.2) B skcrpakTax ompezensanu no Panmrreiiny,
®onpky [8]. Ilo KONMMYECTBY OTIENMUBIIETOCA OT CyOCTpaTa HeOpraHMYecKoro docdopa CyAMINn O
(bepMeHTAaTUBHON aKTHUBHOCTH KasemH(pocdarTaspl M HeOpraHWYecKoil nupodocdaTassl, KOTOPYIO
BBIp@Xaau B MHUKpoMmouax ¢ochopa Ha rpamm TkaHu B MmuHyTy (E) [9]. Jna Bcex uersipex
(bepMeHTOB NIpUBeZieHbI CPeIHIE JaHHEBIe 5-6 OIBITOB, CTATUCTUYECKH JOCTOBEpPHEIE.
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Puc. 1. AxtusnoCcTs docaras B KOCTHOM MO3Te GeIBIX KPBIC MO, AeficTBueM rajapmuHa. [1o ocu abermce -

raJapMUH B Y; TI0 OCH OPAUHAT - aKTUBHOCTH ¢epmenTa B E. a, 6 - E = Mmx monb eHoma/ r TK. MUH, B, T -
E = mx moinb P/ r TK. MUH

Panee HamMu OBUIO ITOKA3aHO, YTO HEKOTOpble HMENTHABI TUIIOTAJIAMyCa IIPUBOAAT K CABHUTAM B
aKTUBHOCTH IIeJOoYHOMN ¢ocdarassl [2]. AHamoruyHas KapTuHa HaGmozaeTcs u B caydasx ¢ PRP-1
(puc.1,a), tme Bce wucmosmb3yeMble O3Bl IIENTHJA OKAa3bIBAIOT IIOJABJIAIONIEe IEeHCTBHE Ha
depmernTaTHBHYIO aKTUBHOCTE: PRP-1 B mo3e 0.5 u 1 y cHmXaeT akTHBHOCTD IIeIOYHON docdaTassl
xoctHOro mo3ra Ha 40% 1o cpaBHEHHIO C KOHTPOJIEM, B TO ’Ke BpeMs (UKCHUPyeTCS YacTHYHad
IIOTepsl YyBCTBUTeIbHOCTU 3TOro dH3uMa (20%) x BhICOKMM KOHIeHTpaunuam menrtuza (3-10 y).
CHwkeHMe axKTUBHOCTH (epMeHTa IPEAIIONOXKUTENBHO CBI3aHO C KOH(GOPMAaIVOHHBIMU
U3MEHEHHSIMH €ero aKTUBHOTO IleHTpa, ubo [And menodyHoi ¢ocdaTasbl HeOOXOAUMBI
COOTBETCTBYION[VE KOJIMYECTBA HOHOB IBYXBAaJEHTHBIX MeETA/UIOB B KadyecTBe KO(AKTOPOB [JII



KOMIIEHCAIlUX 3apsAfoB HAa ¢ochaTHOH TPYNNHPOBKe U OOJerdeHus HYKIeODUIBHON aTaku
TUAPOKCUIBHOM rpymnmsl cepuHa Ha ¢ocdop [10]. Kucmas docdarasa KOCTHOro Mo3ra KphICHI
(puc.1,6) xapakTepu3yeTcs HeCKOJIBKO MHBIMU CBOMCTBAMM, 4eM Ieslo4yHasA. KpuBas ee aKTUBHOCTH
HOCHT OoJjlee IUIaBHBIM XapaKTep M HeT JIWHEMHOM 3aBUCHMOCTH OT Z03 IenTtuza. Paszmuumsa B
KaTaJIMTUYECKUX IIeHTPaX U CTPYKTYpax 3TUX ABYX MOHO3CTepa3 (KHCJIOH M IeloyHoU ¢docdaTas),
II0 BCeH BEPOATHOCTH, U ABJIAETCA IPUYWHON PACXOXKAEHUA B XapaKTepe OTBETHBIX peaKIMi Ha
ZeiCTBYe NJAaHHOTO ITeNITHA.

CymecTByeT psf [OKa3aTeJIbCTB BAXKHOTO 3HaueHMA nupodocdara Kak B PeryIaTOpHOH
ZesITeIBHOCTH HEKOTOPHIX (hepPMEeHTAaTUBHBIX IIPOIECCOB, TaK U B 00eCIIeYeHUH IIOCTOSHHOTO YPOBHS
Makpospruueckux coesunenuit [11]. O6men Heopranudeckoro mnupodocdara ocyurecTBIsgeTCs
nupodocdaraszoit - crnenupudeckuM GepMeHTOM, PacCUIeIISomUM IUPOodOCHOpPHYIO KUCIOTYy Ha
MOJIeKyJIBI OpTOPOCHOPHOI KHUCIOTHL. PesynbpraTel ompeseseHMs 3aBUCHMOCTU IHpodocdarass
xoctHOro mo3ra kpeic or PRP-1 mpusezmensr Ha puc.1,B. Kak BugHO M3 KpuBoi, dpepMeHTaTUBHAA
aKTUBHOCTHh HamboJjiee BBICOKA IIPU MUHUMAIBbHON mose Heiponmentuza (0.5y), ¢ moBIueHuEM e
KOJIMYeCcTBa rajJlapMHHa HaOmrogaeTca oOpaTHas KOppesalys, U IPU HATUYUU B WHKYOAIlMOHHOI
cpeze 10 y PRP-1 akruBHOCTE upOdOCcdaTassr npupaBHUBaeTca K HopMme. Kak mokassiBaer kpusas
1,r, adbdexT melicTBUA rUIIOTATAMUYECKOrO IENTH A 3aBUCUT He TOJIBKO OT er0 KOHIEHTPAIlUY, HO U
OT Ipupobl (pepMeHTa, Ha KOTOPHIN OH feiicTByeT. [I1a kazenHdbocdaTassl KOCTHOTO MO3Ta KPBICHI
abcosoTHasA BelWYWHA (EPMEHTATUBHOM aKTUBHOCTH IO AeCTBUEM pasIHYHBIX 03 TaJapMUHA
IMIPaKTUYECKX He OTINYAeTCA OT KOHTPOJBHBIX BeJIMYHMH. [l BceX TpyII >KMBOTHBIX OSTOT
mmokasaresib oueHb Mast U paBeH 40 MkM P/ Tk MuH. Pe3ynbpTaTsl JaHHOM CepUU OIBITOB ITO3BOJIAIOT
CYZUTh O IIOTEHIIMAJIBHBIX BO3MOXKHOCTAX PpeTyasanuu obMeHa (GoCOIPOTEMHOB Ha Y4YacTKe,
HaxoJAIeMcs 1o/, KoHTpoieM docdaTas, rae HefporopMOHaM OTBeZieHa He II0CIeTHAA POJIb.

l'opMoHBI rumoTazamMyca BbIIEIAIOTCA HEPBHBIMU KJIETKAaMH, COOpPaHHBIMH B TPYIIBI (Apa
THIIOTAJIaMyCca) M CBS3aHHBIMM C THIO(U30M CeThIO KPOBEHOCHBIX COCYZOB U HepBoB. [Ipum
MOpaXXeHUHU fAflep TUIIOTaJaMyca IIOBPeXAAIOTCA MAKpPOMOJIEKYJIBI KMBOI KJIETKH CO CABHUTAaMHU B
oOMeHe BeIeCTB, C HAPYUIEHWAMH Ha YpPOBHE OT/E/JbHBIX OpPraHOB M TKaHe#l. CylecTBeHHBIE
Mopdosornyeckrie W OHOXMMHYECKHMe HapylleHWs BO3HUKAIOT B HEPBHOHM TKAaHH, pa3BUBAETCH
COOTBETCTBYIOLIAs ITATOJIOTHS, IIPU KOTOpoil docdarassl momsBepraioTcsas usMeHeHuaMm [3, 12]. Beura
IIpoBeZieHa Ccepys SKCIIEPUMEHTOB 110 U3y4eHUIO d(deKTa paspylleHNs I'UIOTaTaAMUYeCKUX A/iep Ha
aKTUBHOCTh ()ePMEHTOB B KOCTHOM Mo3re Kpbic. Kak BuMIHO M3 puC.2, COBUTH B aKTHUBHOCTU
ucciesyemsx docdaras IpH JAHHON IATOJMOTUM HOCAT He TOJNBKO KOJWYeCTBeHHBIH, HO U
KayeCTBEHHBIH XapakTep. MakcuManabHOH (epMEeHTAaTUBHOM aKTUBHOCTBIO OTJIMYAETCA IeT0YHas
docdarasa - umes B korTpOIe 4500 E, ee aktuHOCTS Bo3pacraeT 1o 6000 E y onsITHEIX KpBIC.
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runotanamyca (NPV u NSO): I - O - xorpois, I I - B - omsrT; mo ocu aberucc: 1- menogynas ¢ocdarasa, 2-
xucnas ¢pocdarasa, 3- Heopranudeckas nupodocdarasa, 4- kazenHdocdaTasa; 10 OCH OPLUHAT -

axktuBHUCTH pepmenTa B E, 1,2 - E = Mk Mmons denomna/ r TK. MuH, 3,4 - E = Mx monbs P/ r Tk. Mun

Heopraunnyeckas nupodocdarasza, IposBiIsaa BRICOKYIO DH3UMAaTUYECKYIO aKTUBHOCTH Y 3[IOPOBBIX
kpsic (1600 E), x manHO# maromornu He gyyBcTBUTeNbHA. Kasenndocdarasa, uccieoBaHHas B TeX XKe
yCJIOBUAX, HEAKTUBHA KaK Yy MHTAKTHBIX >KUBOTHBIX, TaK U Y KPBIC, IIOABEPIUINXCA PA3LPAKEHUIO
runorasiamuydeckux sagep. Oco6slit uHTepec mpencTaBiafeT Kuciaas dochoMoHOICTEpPa3a KOCTHOTO
Mmo3sra KpsIckl. Kak BumHO u3 rpadumka (puc.2), KaTaJuTH4YecKas aKTHBHOCTh JAHHOTO ¢depMeHTa B
HOpMe cocrtaBigeT 660 E, mocne crumynamuu agep NPV u NSO pesko Bospacraer, goxozas mo 1980
E, 4To cocraBiseT TpexKpaTHOe TOBBIIIEHHE (pepMeHTaTUBHON aKTUBHOCTU. [1omOoOHBINH CKadoK
KuCIoi docdaTassl MOXHO IIPeANIONIOXHUTENBHO 00bAcHUTH BbiOpocom PRP-1, xoropsie mpsamo u
KOCBEHHO  CTHMYJIHPYIOT  aKTHBAIIMIO DH3UMA. OTO  IIPeAIIONIOKeHWe  IOATBepIUIOCh
MMMYHOTUCTOXHUMHWYECKMMHU MCCIeNOBAaHUAMM, TIhe in vivo Mopdosormyecku OBLIO IOKa3aHO
yBeJIMYeHHE CTPYKTYP, Pe3KO aKTHBUPYIOMINX KUCIYIO ¢ocdaTasy KOCTHOrO Mo3ra KpsIcsl [13].
PaccmorpeB mosyueHHBIe [JaHHBIE, NPUXOAUM K 3aKJIIOYEHUIO, YTO HAa (oHe (GYHKIIMOHAIBHOM
PEaKTHUBHOCTY HEPBHOM TKaHU B OTBET HAa IOPaKEHME OpPraHM3Ma ypOBEHb aKTHBHOCTH (ocdaras
IIO/IBEpraeTCs OIpeZieIeHHBIM CABUTAM, BRIPAXKAIOIMMCSA B OJHUX CIydYadx B HapaCTaHUU IIpoliecca
kKataboiu3Ma, B [PYTUX - B Ipeo6IajlaHuK CKOpee KOMIIEHCATOPHBIX MEXaHU3MOB.

Takum 06pa3oM, TrUIOTaJaMUYeCKHe IeNTHUAbl NPAMO MJIM KOCBEHHO IIPUHUMAIOT AaKTHBHOE
ydacTue B peryanuu Metaboansma dpochonpoTenHoB depe3 dhocdarassl.

ABTOpBI BBIP@KAIOT 0JIATOZAPHOCTHh 33 IIOMOINb COTPYAHHKAaM JIabOpPaTOpUM KOMIIEHCAIUU
byuxkuuit IHC MucturyTa dusuonoruu um. JI. A. Opbenrn HAH PA.

WNucruryr 6uoxumun uM. I'. X. Bynarana HAH PA



L. . Skp-Punhnuyul, L. 9. Uupquyu, b. 2. Uujuiyub, whunbtdhinu U. U. Gunjub

PRP-1-h wqrkgm piniip uyhuinul] wnukwnitph nujpubémsh npny $nubunwqtiph Yypu
unpuuymJ b hhynpunuuniuh tEpnutyptnnp Ynphqubph (NPV 1 NSO) gpgeuwi nphugpnid

Uju nuumdtwuhpopjutt tyunwljl kin vitro wuydwbiitbipnud PRP-1 h viwppbp sunthw-
pwdhuutiph (05, 1, 3, 5, 7, 10 y) wgptgnipjutt npnpnudp wntitntbph nujpusmému wshaw-
opwstught — dnudbnpuyhtt hnpuwbtwlmpjutt Yypw, htsybu twb hhynpuyudhly Ynphqubph
gngnuwt Eptljinp wyn ppdbinntbph wjinhynipejuin Ypu:

NbEwwnhnh ppnmpmihg jupdws' hwpunbwpkpdl) £ hhdtughtt $nubwnugh wjnnhynt-
prutt tJugmud (4500-hg - 3000 E)* swthwpwdth 1 y-ng wjbjugdwt nkuypnd, pent $nudpunugh
dtputnughtt wjnpynipyut thnpp wdbjugmy (1 1 5 y), b wopqutujut whpndnudunwgh
Jupniy wjnhjugnud® PRP-10.5, 1, 3,5 y jaunnipniiutiph nhupnud:

Zunjuytu htwnwppphp E pent dnubunugh wjnhynipjut tnuyh (300%) pupdpugnidp
hhynpwjudniuh tfpnubptnnp Ynphqubph gpgnuwt nhypmu: Shqhnnghwljut nfjuy wqnk-
gmpjul dudwbtul hhdtughtt dnupunuq wdbjh Juymb tp, hul wopquiujur whpndnu-
dunwqp gnigupbiptg |phy Juynitinpendi:

L.P.Ter-Tadevosian, L. V. Sarkissian, |. G. Adlanian, Academician A. A. Galoyan

Effect of PRP-1 on Activity of Some Phosphatesin Rat Bone Marrow in Control and in
Stimulation of Hypothalamic Nuclel (NPV and NSO)

The purpose of the current study was in vitro the determination effect of different dosages of
PRP-1 on some enzymes of carbohydrate - phosphate metabolism in rat bone marrow as well as the
effect of stimulation of hypothalamic nuclei on above-mentioned enzymes. The dependency of
different concentration of PRP-1 was reveaed; decrease activity of alkaline phosphates (4500-3000
E) in addition to dosage 1 y; dight increase of enzymatic activity of acid phosphates (1 and 1.5y)
and sharp activation of inorganic pyrophosphates at PRP-1 concentration 0.5, 1.0, 3.0, and 5.0y
have been noted. Especialy there is of interest the 3-time increase of activity of acid phosphates
compared to control in rats after stimulation. An Alkaline phosphate was mare stable to this
physiological action. Inorganic phosphates revealed full resistance.
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Bsaumocsass okucuTensHOro pocdoprarpoBaHus U Ipolecca
ITIEPEKUCHOTO OKVCJIEHUS IUITUAOB B MUTOXOHIPHUAIBHOM (PpaKiiim
TOJIOBHOTO MO3Ta IIPH TUTIOKCUH

(ITpencrasreno 2/VI 2006)

Kitouessie cnoBa: oxzcauresHOE PocopuinpoBarme, IEPEKHCHOE OKHCIEHHE THIIAOB, THIIOKCHA

KucnoposHoe ronosanue opraHu3Ma BBI3BIBA€T MeTabOJIMYeCKUe TepPecTPOMKM B TKAHAX, BIMAL
IJIaBHBIM OOpasoM Ha CHCTeMY OMOJIOTHYeCKOro okuciaeHud. Kuciopon mcrons3yeTcs KiIeTKaMu B
mpolecce  ABIXaHMA, B OCHOBHOM MUTOXOHJAPHAJIBHON cucTeMoil oxucieHus. IlomxHoe
BOCCTAQHOBJIEHHE MOJIEKYJIBI KHCIOPOZA IO BOABI TpeOyeT HaJIH4MA dYeThIpeX 5JIeKTpoHOB. IIpm
THUIOKCUU IIOHIDKAeTCS KOHIEHTPAaUMsA MOJEeKYJIIPHOTO KHCJIOPOJa U yBeIUIMUBAETCA YPOBEHb
BOCCTQHOBJIEHHOCTH KOMIIOHEHTOB [BIXAaTeJBHOHM IIeIM, B pe3ysbTaTe dYero CTHUMYJIHPYeTCs
BOCCTAQHOBJIEHHE KHUCJIOPOZA II0 OLHODJIEKTPOHHOMY IIyTH. B 3Tux yciaoBuax B MutoxoHapusx (MX)
HaKaIJIMBAIOTCA aKTHUBHEBIE (OPMBI KHCIOPOJA; IIPH IlepeHOoce IEepBOTO 3JIeKTpoHa (GOpMHUpPYeTCs
CYIepOKCUIHBIN pafuKal, IPU IIepeHoce BTOPOTO - IIePeKUCh BOZOPOZA; Hamboyee TOKCUYHBIH U
PEeaKTHUBHBIH T'MAPOKCIII - PASUKaJ ABIAETCA Pe3yIbTaTOM TPeThero IepeHoca diekTpona [1]. Ilpu
CHVDKEHUU MO3TOBOTO KPOBOTOKA M Pa3BUTHUM HIIEMUM MMEHHO MUTOXOHJpHATbHAS JbIXaTeIbHas
IleIb TIePeHOCA DJIeKTPOHOB CTAHOBUTCA MOIIHBIM HCTOYHHKOM OOpasoOBaHHA AaKTUBHEIX (opMm
KHCJIOPOZA - HeCTaOMIBHBIX U KpaliHe PeaKIIMOHHOCIIOCOOHBIX MeTab0IUTOB.

Ilenplo  HacCTOAWIETO  MCCIENOBAaHUA  SABHJIOCH  CPaBHUTEJBHOE  H3y4deHHe  IIPOIecCOB
OKHCJIUTENIBHOTO pocoprinpoBaHus, Cofep>KaHUA IUTOXPOMOB, a TaKXKe IepeKHCHOTO OKHUCIeHHI
JUMNI0B B MUTOXOHPUAIbHON PaKIY FOJIOBHOTO MO3Ta B HOPMe U IIPH TUTIOKCUM.

OmnsiTel mpoBOAMIN Ha GecrmoposHbIX Oenbrx Kpbicax Maccoi 170-200r. I'mmokxcuio rosoBHOTO
MO3ra BBI3BIBATH OJZHOMOMEHTHOI OKKIIo3ueil coHHbIX aprepuit (30 muu). MX rosoBHOro mosra
BeIZeNANN B cpene, comepxkameit 0.25 M caxaposst u 0.01 M tpuc-HCl 6ydepa, pH7.4, meTomom
muddepennuansHoro nenrpudyruposanus npu 13000 g, mocie ocaxgenus samep mpu 600 g.
Cxopocts gprxanua MX wm3mepsanm mosgporpadudeckd C IOMOLIBIO diekTpoza Kiapka B cpene
MHKyGauuu crefyromero cocrasa, B8 MM: caxaposa - 100, KH,PO, - 15, tpuc HCI - 15 (pH 7.4),

SATA - 0.1. B xauecTBe CyOCTpPaTOB OKUCIEHUSA KCIIOIB30BAIN KOMILIEKC CyOCTpaTOB SHTAapHOMU (4
MM) u raroramuHOBO# (6 MM) kucnor. CKOpPOCTh IBIXaHHS PETUCTPHUPOBAIM B CIIENYIOUIUX
MeTabONMIECKUX COCTOSHMAX: V, - COCTOSHME IIOKOS /0 PaGOThl B IPUCYTCTBHH CyGCTpaToB

OKUCJIeHUI; V. - COCTOAHMe aKTUBHOM IedATelbHOCTH, CTUMYJINPOBAHHOEe H00aBKoil B cpeny AJID
3 Ay
200 mMM); V, - cocrogHMe OTABIXa IIOCJae paboThl WM OTPeryJIUpOBaHHOE COCTOSHUE.
4

,ZLLIXE[TE)ILHLIfI KOHTPOJIb, or[pe,z[e)meMHﬁ OTHOILIEHHEM V3 K V4, OTpa’Xd€T CTEII€Hb CTHMYJIIIHNHN



IBIXaHUA B 3aBUCHMOCTH OT YpoBHA docdhopunmuposanua [2]. KomamdecTBo 1uUTOXpOMOB
PacUYMTHIBAIM IO BeJIMYMHE IIOTJIOWIeHHA B MaKCHMyMe IIOTJIOIeHHUsA O-TI0JoCk Impu 605 HM a1a
nuroxpoma a, mpu 550 HM ana murtoxpoma C, mpu 562 HM n1a nmuroxpoma B u mpu 557 BM pia
IIUTOXpOMA B5 [3].

O cozep:xaHUY AMEHOBBIX KOHBIOTATOB CYUJIH II0 XapaKTePHOMY I HUX IIOrJIoueHuo npu 233
HM [4], Tugpomepexuceil - IO IIBETHOM peaKUMH C THUOLMOHATOM AMMOHHSI IIPU MaKCHMyMe
norsomenus 480 HM [5], MaJIOHOBOTO AMANBETHAA - IO PEAKIUY C THOOAPOUTYPOBOM KUCIOTOMH [6].
KonuuecrBenHoe ompegenenue 6enka mpousBopwiu 1o Jloypu [7]. JlocToBepHOCTH MONyYeHHBIX
pe3yJIbTaTOB OLIEHUBAIM METOAOM BapHanuoHHOH craTuctuku CreiogenTa-Pumepa.

Ta6auia 1

IToxasaTenu mprxaTeIbHOM U pocopunnpyiomeit akTuBHOCTH (B HT aT O/c Mr Geska)
MUTOXOHJPUIT MO3ra B HOPMe U IIPU TMIIOKCHU (CyOCTpaT - CyKI[MHAT+IIIoTamMar) (n =7)

ITokazaTern V2 V3 V4 K T docdop.
Konrpons ([2.49+0.16| 5.45+0.2 {|2.59+0.16((2.18+0.15 || 20+1.2

I'umoxcus |2.28+0.17||2.44+0.16%(2.38+0.12||1.07+0.17*|| 40+1.3*
Ipumegarwe: "p < 0.001.

Kak BuzmOo m3 Tabsi.1, MX Mo3ra KOHTPOJBHBIX KPBIC IIPU HAJIWYUM CYKIIMHATa U TIOTaMaTa B
KauecTBe cyOcTpaTa OKHC/IeHHs moriaomaior 2.49 Hr aToMOB Kuciopoza Ha 1 mr Genka. JlobaBieHue
AJI® okassiBaeT IPUGIM3UTENBPHO [IBYKPATHOE CTHMYJIUpYIOLIee BO37efiCTBHEe Ha STOT IIPOLECC,
IOBIXaTeTbHBIM KOHTPOJNb IIPH STOM Kojebierca B mpezemax 2.18, m mo »3Toit BenrmdmHe
IIpeICTaBIAETCS BO3MOXHOCTD CYJUTHh O CIIOCOOHOCTH ABIXaTeIbHOMN IleIN K YCKOPEHHIO IIpolecca
IlepeHoca 2JeKTPOHOB Ha (oHe BBemeHHs sk3oreHHoi AJI® u mepexomy B OTperyinpoBaHHOE
cocrosgHue. CoriacHO pe3ysibraTaM IIPOBEJEHHBIX HCCIENOBAHUI THIIOKCUA COIPOBOXKJAETCS
3aMeTHBIM YMEHBIIeHNeM CKOpOCTei apixanus V, n V , yanuHeHneM BpeMeHn GpochopuInpoBaHus

1 pe3KO BBIPA’KEHHBIM YMEHBIIEHHEM CKOPOCTeﬁ V2 nu V3, YTO ABJIA€TCA OTYET/IMBBIM IIOKa3aTejieM

Cepbe3HOCTU HapylIeHWil B IIpollecce Ilepefiadyll SJI€KTPOHOB IIO JAbIXaTeAbHOH Ienu. Bemnumna
IBIXaTeTbHOTO KOHTpOJA, paBHad 1.07, ykaspIBaeT Ha IIOYTH IIOJHOE pa3oOLieHue IIPOIecCOoB
OpIxaHUA U (PocHOpPUIMPOBaHUA IIPU TUIOKCHMU. OTOT KOMIUIEKC H3MeHEHWUH OJHO3HAYHO
CBUJIETEILCTBYeT O HAapyIIeHUU IIPU TUIIOKCUU COIPsKeHUA OKUCIeHHA U (ocPOopUINpOBaHUL B
MX. CHmXeHHe CKOPOCTH II€PeHOCa 3JIEKTPOHOB B aKTUBHOM U Pa300LIeHHOM COCTOSHHAX MOXET
ObITh OOYCJIOBIIEHO W3MeHEeHUEM aKTHBHOCTEHl KOMILIEKCOB [bIXaTenbHON memu MX wam
U3MeHEeHHeM COJep)KaHMA IUTOXpoMOB. B Tabn.2 mpencraBieHsl naHHBIE OO0 YMeHBUIEHHU
CoJlep>KaHuA IIMTOXPOMOB B JBIXaTeIbHON IellM IlepeHoca 3JeKTpoHOB B MX MO3roBoii TKaHH
TUTIOKCUYECKUX XKUBOTHBIX.



Ta6aua 2

CopeprkaHue IIUTOXPOMOB B MUTOXOH/IPHSAX TOJIOBHOTO MO3Tra B HOpMe
Y IIpU TUTIOKCHUM (HMOJIB/MT Genka) (n = 5)

ITuroxpom| Konrpons || I'mmoxcus
B 0.140+0.006||0.112+0.005*
C 0.182+0.012|0.133£0.011**
C-1 0.159+0.007| 0.112+0.006*
a 0.238+0.009||0.205+0.008"**
B-5 0.183£0.011}0.128+0.009*

Ilpumevanme: *- p < 0.001; ™ - p < 0.01; ™ - p < 0.02.

ITpu nccnemoBaHMYU mpolecca MEPEKUCHOTO OKUCIEHUS JTUIN0B HAMU OOHApY)XeHO yBeTHndeHue
COZlepXXaHUA IIPOAYKTOB CBOOOJHOPALUKAJIBHOTO OKUCIEHUS - [JUEHOBBIX KOHBIOTATOB,
rugponepekuceil U MaJIOHOBOrO Auanbieruza B MX. YBenndeHUIO cofepXKaHHA IlepeKuceil B
TOJIOBHOM MO3Te CIIOCOOCTBYIOT BBICOKOE COZ€P’KaHMe B HEM JIETKO OKUCJIAEMBIX CyOCTPATOB, TaKUX
KaK IIOJMHEHACHINeHHbIe >XUPHble KUCJIOTBI M KAaTeXOJIAMWHBI; CPaBHUTEIBHO HU3KUH YPOBEHb
AQHTUOKCUZAHTOB - IJIIOTATUOHA W BUTAaMMHAa E W  aHTHMOKCHUAAHTHBIX  (epMeHTOB
(TJIIOTaTHOHIIEpOKCUA3BI, KaTakxas3bl, CYINEepOKCUAAMCMYTA3bl); HAJIMYKME BBICOKOTO COZEpPXKAaHUA B
MX HeremmHOBOrO >eje3a, KoTopoe sBiafercs akruBaropoMm [IOJI, a Taxkke HeZOCTaTOYHOCTBH
KHCJIOPOAA P TUIIOKCUMY, IIPUBOALINE K aKTUBUPOBAHUIO CBOOOHOPAANKAIbHBIX PEAKIIH.

MumeHbI0 IIOBPEXZIAIONUIETO AeHCTBUA CBOOONHBIX PAAMKAIOB SBIAIOTCA O€NIKM, HYKIEMHOBBIE
KHCJIOTHI M JIUNMHUABL KIETOYHBIX MeMOpaH. MexaHW3M HHTHOUPYIOIIEro AeiiCTBUS CBOOOIHBIX
PaZiKaIOB KHCJIOPOJA HAa aKTUBHOCTH (PepMEHTOB CBS3BIBAIOT C OKUCIUTEIBHON MozmuduKkauumei
aMUHOKUCJIOTHBIX OCTaTKOB MeMOpaHHO-3aBUCHMBIX (epmenToB. CormacHo gauubIM llxanra u
coast. [8] NAJIH-okcupasa, NA/IH-neruaporenasa, CyKuuHaTAeTuAporeHasa, CyKIMHATOKCUAA3a 1
FOFl—ATCI)asa WHTUOUPYETCS THUIPONEPEKUCAMU U cynepokcuzapazukaizamu. OxuciurersHas

MopuduKanus OGeJIKOB MOXeT COIPOBOXZAThCA ux arperanueii [9]). Ham mpencraBisercs, 4To
ONHUM U3 OOBACHEHUN CHIDKEHHOM AaKTUBHOCTH OKHCIHTENIBHOTO (OCPOPUINPOBAHUS IIPU
THIOKCUU MOXeT OBITh KaK MHTHOMpoBaHHEe (pepMEeHTOB, TaK M HapylleHue OelO0K-OelIKOBBIX U
OeIOK-JTUIIUIHBIX B3aUMOOTHOIIEHU B ABIXaTEIbHBIX KOMIUIeKcax MX, rze moMHMO OTMEYeHHOTO
ozHo# u3 riaBHseix mumeneii OH-pagukanos seiagerca JTHK [10]. Ilpumeuarensuo, uro JHK MX,
Kogupymomas HeOoxpmoe KonmdectBo nenTtuzoB NAJIH-mermpporeHassl, amoOIUTOXPOM B,
cy0BbesUHUIBI 1-3 IIMTOXPOMOKCHZA3bl M IIECTYIO K BOCHBMYIO CyOBeZMHUIIBI FOFI—AT(IJasm,

ob6azatot Gossureit, yem apepHas JHK, uyBcTBUTEIBHOCTHIO K e CTBUIO OKCUZAHTOB [11].



Ta6mua 3

Cozep:xaHue IPOLYKTOB IIePEKUCHOTO OKUCIEHUS JTUIIUI0B B TOJIOBHOM MO3Te B HOpMe U
pu runoxcuu (n = 7)

IToxasaTenn KonTpons| [ unokcua

JlvieHOBBIE KOHBIOTATHI, HMOJIB/MT Genkal(1.22+0.15(|2.94+0.18*

I'mpponepexucu, E/mr Genka 0.62+0.02||1.12+0.03*

M Aumoss/Mr 6enka 5.2+1.2 |[11.3+1.4*
Ilpumevanme: * - p < 0.001.

Takum oOpasom, HabIOZaeMoe HaMM CHIDKEHME CKOPOCTH pbixaHus MX B akTUBHOM U
pasobiueHHOM cocTosHUAX, koapdunnenta AJIP/O, Takxe yMeHblIeHNE COIEPIKAaHUA LIUTOXPOMOB
IBIXaTeIFHON LU ABJIAIOTCA Pe3yIbTaTOM OKHCIHTeIbHOTO IOBPeXAeHNUd 6eIKOB U HyKJIeHMHOBBIX
kucror B MX cBOGOZHBIMM pajguKajaM¥, OOpPasyIOUIMMHCA B IBIXaTeJIbHOW IemH IIpH
TUIOKCHUYEeCKUX COCTOTHUAX.
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L. U. Znjulnpyuty, mjuntdplnu 4. @. Twpugnguub, U 9.UGpnudub, @. 9, Qupupjui

QA umnmnh dhinnpntnphuy $pulghuynud jhuhniitph wkpopuhrywghni gnpdplpwgh b
opuhnunnhy $nupnphjugit hnpawurpupd uwp hhwopuhuh dunfwtul

Zhnwgnungl] Bu qiumintnh dhunnpnunphuy $puljghumu opuhnunpy  $nudpnphjugdul,
ghumppnubph wjupmibwmpyut b jhujpnitph wpopupnugdwt gnpsplpugutpp thnpdwpu-
puljut hhwopuhugh wuwydwtitbpnud: Munidtwuhpmpniiibpp puguhwpnk) Bu opuhnuanhy
$nudnphjugdmt nbwghwibph fuwpuinnd, ghumppndubph wupniniput hotgnid bt wquun-
nunhljuuyht gnpdpupwugubph wjnhjugnid:

Zhnwugnunmpniitibph wpyniiputipp, wjuuljws, hnwppppnipmt Bu tbpjuyugumd hwu-
Jutuynt whinwpwtugbibnhuljut wyit dEjwtthquubpp, npntp pjws Bu opquithquh hhujop-
uhuyht yhdwyjutiph hhupnud:

L. M. Hovsepyan, academician K. G. Karageuzyan, A. V. Melkumyan, G. V. Zakharyan

Cooper ation Between of Lipid Peroxidation and Oxidative Phosphorylation
in the Brain Mitokhordial Fraction under the Conditions of Hypoxia

It was shown that processes of oxidative phosphorylation and peroxidation of lipids as well as the
guantitative changes of cytochrom contents under the conditions of experimental hypoxia are
accompanied by the significant abnormalities. The data obtained have demonstrated that abnormalities
mentioned are charactezed by activation of free radical peroxidation reactions, by the lowering of the
cytochromes quality and by the depression of the intensity of phosphorilation reactions.

These results spray the light on the modern understandings of pathogenetical mechanisms, which
are under lying in the base of hypoxia.
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XapaKTepHUCTHKa CTPYKTypPHO-MeTab0IMYeCcKUX HapyLuIeHu#
MeMOpaHOCBA3aHHBIX HOCHOTUTTUAOB IIPI OKCUAATUBHOM CTPECCe,
WHIYyIITPOBaHHOM aipeHAIMHOBOM I'MIIepriInKeMuein

(ITpencrasreno 4/IX 2006)

KitodeBsie coBa: gocgorumuzgsi, cBOOOZHOPAZHKATEHOE OKHCIEHHE, MEMOPAHEI, S3PHTPOLHTOB, THIIEPI/IHKEMHA

HccnemoBanuamu nocnesuux et [1-9] mo skcmepumeHTansHOMY caxapHoMmy auabery (CZ),
MOJIeIUPOBAaHHOMY QJIIOKCAaHOM, BBIABJIEH PAJ IPUHIUIINAJIPHO HOBBIX OCOOEHHOCTeHl B
paccTpoiicTBax peakuuit TkaHeBoro MeraGosusma docdonununos (PJI), OJI-OJI cooTHOmEHUI U
WHTEHCUBHOCTU TeYeHHsA IIpoLeccoB cBobomuopamukansHoro oxuciaeHus (CPO) munumos,
MMEIOIINX CYIeCTBEHHOe 3HAa4YeHHe B PeryIinuu (UIOreHeTUYeCKH 3allporpaMMUPOBAHHOTO
craTtyca KjaeToyHoi aktusHocTH [10,11].

Ilenpro HacroAmel paGoOTHI ABIAETCA H3ydeHHe OCOOeHHOCTeil HapymeHui Merabomusma OJI B
MeMmOpaHax spurporutoB (MD) O6emblx Xppic Kak Haumbosjee TNPHUOGIIDKEHHOTO IIPOTOTHIIA
MeMOpaHHBIX 00pa30BaHUM TKAaHeH Pa3INYHBIX YPOBHeH muddepeHIINANUY B OTAE/IbHBIE IIEPUOIBI
Pa3BUTHUA TUNIEPIIMKEMUY, UHAYIIMPOBAHHON aJpeHaTIHOM.

HccnepoBanua mpoBoguiau Ha 126 Oensx GecropofHBIX KpbIcax-camiuax maccoit 180-200 r,
COZIEPXKABUINXCA B OPJUHAPHBIX YCIOBUAX BUBAPUAX U IOJIOJABUINX II€pe, HAYaJIOM DKCIEPUMEHTOB
B TeueHHe 12 4. BHyTpuBeHHOe BBezeHUe azpeHannHa B KoiamdecTtBe 2.5 mkr/100 r maccsr Tema
IIPOU3BOAVIN IIPOKOJIOM KOXM IINPULIEM II0 OWCCEeKTpUCe Yyria BEHO3HOTO PpaCIIMpeHUs,
006pa30BaHHOTO BepXHeIl OO UM MOAKIIOYNYHON BeHAMU IIPU KpeCcTooOpasHOH (uKcamuy Oerbrx
KPBIC Ha CTaHKaX JJII MeJKUX XKUBOTHBIX. 3a60p KpPOBHU B 00beMe 2 MJI IIPOU3BOLUIN U3 YKa3aHHOM
o6actu gepes 15, 30, 45 u 60 MuH noC/Ie BHYTPUBEHHOIN HHBEKIIUH a[peHaINHA.

MD sBrizenanu mo Merony, onucanHomy Jlumbep [12]. K 4.5 mn xposu npubassiu 0.5 m 1.5%-
HOTO pacTBOpa OKCaJlaTa HaTPHA, TIIATEIbHO IlepeMellnBany, neHTpudyruposanu 15 mur npu 1000
g Ha pedpuxepaTopHOit neHTpudyre K-23. [Imasmy ciuBanu, ocafiok - 3pUTPOIUTAPHYIO Maccy
IOBXABI TPOMBIBAIM K30TOHMYeckuM pactBopoM NaCl ¢ mocrexsyromuM IeHTpHUyTHpOBaHUEM.
OrmsbITyI0 9pHUTpOIUTapHYIO Maccy cycnenauposanu B 6ypeprom pactsope (0.01 M NaHCO,, 0.003

M NaCl) ¢ SATA B coorHomenun 1:5, cmecy uentpudyruposamun mnpu 12000 g Ha
pedpmxeparoproil nentpudyre K-24 B teuenme 40 mun. HamocazmouHyo >KHMAKOCTH CIMBAIN U
ocafiok ABaxAasl mpomerBanu 6ydepom 6e3 DATA, uenrpudyruposamu npu 12000 g B Tewernue 30
muH. [Ipouenypy nmoBropsin ABa pasa, HOCIeSHUM pas ¢ ucnonas3oBaHueM Oydepa Tpuc-HCl, pH
7.2.

MD mepenocunu B paphopoByio cTynKy, mobasmsaau 15-20 M aneToHa, comep>KUMOe TIIATeTBHO
pacTHpasy C MOMOIIBIO IeCTUKA U CYIIMIX II0J, TOKOM XOJIOZHOTO BO3ZyXa J0 0O0pa3soBaHUA CYyXOro



ocrarka [13]. Dxcrpakiuio OJI u ux xKonudecTBeHHOe onpeseneHue mpousBoamwiu mo Pomxay [14].
Opaxkunonuposanue wuHAuBUAyanbHsix PJI mpoBOAMAM METOAOM OZHOMEPHON BOCXOZsIIEH
TOHKOCJIOMHO XpoMaTorpaduu ¢ UCIIOIb30BAHUEM CHUCTEMBI PaCTBOPHUTENIEH XI0pOodOpM-MeTaHOI-
amMmuak (65:35:5). DKCTpaKThl aleTOHOBBIX ITOPOLIKOB HAHOCWIM Ha IIACTUHBI B TpeX TOYKaX,
yAQJIeHHBIX OT HIDKHETO Kpas IUIaCTHHBI Ha 2 cM. IDIacTHHBI BBICYIIMBAJIM HAa BO3ZyXe WU
oxkpaurmBanu B mapax ioga. Ilatma @JI mpeHTHPUIMPOBAIM C MOMOLIBIO COOTBETCTBYIOUIMX
CTaHZApTHBIX cBHUAeresned (Sigma). [locie smioMpoBaHMA HOZKUCIEHHBIM METAHOJOM 3JIOATHI
BBIIAPUBATIN [OCYyXa W CXHUTAIA B Cpefie CEepHOM U a30THOM KHUCIOT [ MHHepaIu3aluu
opranuyeckoro ¢ocdopa, KOIUIECTBEHHOE OIpefieIeHHe KOTOPOTO OCHOBAaHO HA H3MEPEeHUU
OIITUYECKOH IIOTHOCTY CHHETO OKPAlllMBaHUA, Pa3BUBAIOIIETOCA B pe3ysIbTaTe MHKYyOUPOBAHUA €TI0

B MPUCYTCTBUU MOMUGAeHOBOKUCTOTO aMmonus u suramuna C npu 37°C B Teuenue 1.5 4. ITocne
oxnaxzeHus mpobst poromerprposanu Ha CP-26 npu miune Boxus: 830 um [15].

Kak BbITekaeT M3 IaHHBIX, OTPOXEHHBIX B Tabn. 1, mo mcrevennu 60 MHUH mOCIe MHBEKIIUU
afipeHaJIMHA Pa3BUTHE TUIMEPIIMKEMUYECKOH peaKUWH OpraHu3Ma XapaKTepHU3yeTcs sSIpKO
BBIP2)XEHHBIMU KadyeCTBeHHO-KoindecTBeHHbIMU HapyimreHusmu QPJI Bcex kaTeropumit. HamGoiee
ZIeMOHCTPaTUBHBIMU IIPH STOM IIPEJCTaBJISIOTCA yMEeHbIIeHUe COZepXaHus (GochaTHUIUIXOTHHOB
(®X) m mapajyuTesPHO pa3BHUBalOleecs BO3pacTaHue YypoBHA susodocdarusuaxonutos (JIPX),
yKasbIBaloliiyie Ha MHTEHCHBHOCTH IIPOTEeKaHWs peakuuit mearunupoBanus OX, KaTamuzupyemsix

BO3/IEMICTBIEM Ype3MePHO aKTHBHUPOBABIIeHCs pocdommmass A, (®JIassr A,).

Ta6auia 1

JlvHaMuKa KOJIMYeCTBEHHBIX U3MeHeHuH (pochonrunugos (B MKT tunugHoro ¢pocdopa
/M1 MeMOpaH 3PUTPOIIUTOB) B MeMOpaHaX dpUTPOIUTOB Gesrbix Kpsic yepes 15 (1), 30 (2),
45 (3) 1 60 (4) MmuH OCTIe BBeleHUS aJJpeHaINHA

Dpakuun Kourposns Anpenanux

dochonunumos 1 2 3 4
JInzodbocdaTu- 3.0£0.4 || 3.9+0.1F || 4.1+0.2% || 4.3+0.1% |[16.940.1%
AIXOJINHBI

Momnodocdon- 5.040.4 | 6.5+0.7° || 7.9+0.5* |/8.5+0.6*| 9.7+0.8*
HO3UTUBI

Counrommennuer || 26.7£1.1 |123.7+0.9°* || 20.6+1.1% ||18.9+1.2%|[16.9+1.0%
Pocoarupmaxomunsi39.3+1.21(33.2+1.0°* || 30.0+£1.1°%([26.2+1.1%|[24.7+1.2*
Pocarumuncepunst|| 11.940.6 | 10.1+£0.4*| 8.8+0.5F ||7.9+0.5% | 7.0+0.5
Qocdarupumnsra- 7.910.4 (185+0.6 | 9.3+0.4* (10.6+0.6%10.8+0.5*
HOJIAMUWHBI

COJI 95.0£1.6 (|85.9+1.5°*| 80.7+1.2% ||75.9+1.4*(/86.0+1.0*




CHOJI 77.2£1.3 |169.3+1.3° 64.0+1.4™ ||59.5+1.4%69.5+1.3"
CKOJI 17.84£0.6 || 16.6£0.6* || 16.7+0.5* ||16.7+0.5%|16.7+0.6F
K CHOJI/CK®JI 4.3+0.06 || 4.3£0.06* || 3.8+0.05* |[3.6£0.05%|4.1+0.04*
ITprumevanma: n=28; x-P < 0.001; xx-P < 0.01.
MaxkcuMagbHBIM = QHTUOKCUZAHTHBIM JeficTBHeM o6yiajzaer Ttuocyiabbar Hatpus (TCH),
MOJIEKYJIAPHBINA MeXaHUu3M IeTOKCUIIUPYIOUIETO JeCTBUA KOTOPOTO 00yCIOBIeH

nHaktuBupoBanueMm DJlassr Az’ oGnajaromeii, KaK W3BECTHO, MOLIHBIM KaTaJIU3UPYIOIINM

nefictBueM Ha mpouecc peauenuposanHus OX B pasnmuyuHBIX OHMOIOTMYECKMX OOpa30BaHUIX, B
gactHocTH B MD. O6pasytomuecs B pesyiasraTe Gosbuire Konudectsa JIOX (uau TH30I€LUTHHOB)
BBICTYIIAIOT B POJM CTUMYJSITOPOB MacCOBOTO remosnus3a C (GOpPMHpPOBaHUEM HeoOpaTHMOro
O6mazmas
MOIIHYIO
CTPYKTYPHBIX
JHK

He TMOAJAIIUXCA Pa3pylIUTeIbHOMY [OeHCTBHUIO pPafHallMOHHOTO

TUIIOKCUYECKOTO  CHHApPOMAa C  JIeTaJbHBIM
TCH npossnser
IIPeBeHTUPOBAaHUA  IIpOIlecca
TPyII, KOMILJIEKCOOOpasoBaHHe
dbopMHUpOBaHUEM CHCTEM,
daxTopa.

[TpuBesenHBIE TIPHMepPHl aHTUPAAMKATBHOTO, AaHTUTOKCUYECKOTO W CTHMYJIUPYIOUIETO IeliCTBHUA
TCH IIPOLIeCCHI

(I)YHKLLI/IOHI/IPOBHHI/IH MHOTOYNCIEHHBIX OMOJIOTHYECKUX CUCTEeM OpraHu3Ma Ha KJIE€TOYHOM,

HUCXOO0M. SAPKO BbIpa’K€HHBIM

AHTUTE€MOJIMTUYECKHM ,HeﬁCTBHeM, TaKXe AHTHUPAIUAIINOHHYIO

dKTHUBHOCThP IIYyTEM OKHCJIEHUA 6e.HKOB, ux

CYIb(PTUAPUIBHBIX KOTOPBIX C COIIPOBOXKJAeTCS

Ha  pelapanlOHHEIE IPU  Pa3JIUYHBIX  OTKJIOHEHUAX  HOPMAJIBHOIO
CyOKJIeTOYHOM, MeMOPaHHOM U MOJIEKYIIpHOM ypoBHsx craBaT TCH B psaz HanGosee adpdeKTBHBIX
TepaleBTUYECKUX CPEJCTB.

TCH He BBI3BIBAJ CKOJBKO-HUOYZBP 3aMETHBIX OTKJIOHEHHWH B [JWHAMHUKE KOJIMYECTBEHHBIX
n3MeHeHuH n3ydeHHsIx ppakuuit GJI 8 MO, 4T0O ABUIOCH CBUETENBCTBOM €r0 CTaGIN3UPYIOLIETO
IeVICTBUSA Ha PeryJIATOPHbIE MeXaHU3Mbl, HOPMaIU3yIOlIye KaueCTBeHHO-KOINYeCTBeHHBIH YPOBEHb
WCCIeJOBAaHHBIX COeJIMHEHUH, XapaKTepHBIH I HOPMAaJIbHO METa0OIU3UPYIOUUX SPUTPOIUTOB

KpoBH (Tab.2).
Ta6auia 2

JHaMuKa KOIMYeCTBeHHBIX H3MeHeHUH pocdonunizos (B MKr munugHoro docdopa
/M MeMOpaH 5pUTPOIUTOB) B MeMOpaHax spuUTpoIuToB 6ebrx Kpsic yepes 15 (1), 30 (2),
45 (3) u 60 (4) MmuH 1OC/IE OJHOKPATHOM BHYTPUBEHHOMN MHBEKIINU 1 MJI CBEPXHU3KHUX

KOHIIeHTpauui (10_41\/[, 10_81\/[, 10712M - yCpeAHEHHbIe JaHHbIe) THOCYIbdaTa HaTPHUI
CIIyCTA 2 9 TIOCJIe eTO BBeJleHUA

Opaxiun KonTpoib 1 2 3 4
dbochonmnnuioB

JInzodocdaTu- 3.5+0.4 || 3.7+0.4 || 3.7+0.4 || 3.2+0.4 || 3.6+0.4
IVIXOJTUHBI




Momnodochonto- 49+0.3 | 5.1+0.5 || 5.1+0.3 || 5.3+0.4 | 5.3+0.4
3UTHBI

CBUHTOMUETUHEI 26.910.4 || 27.1+£0.5 || 27.2+0.4 || 27.3+0.5 || 27.5+0.5
Gocoarnaunxonunsr|| 38.7+1.2 | 38.6+0.6 || 38.9+0.7 || 40.3+0.8 || 41.0+£0.8
®octaruguncepunst || 12.5+0.6 || 12.7£0.7 || 12.7£0.6 || 12.9+0.6 || 12.8£0.7
Qocdarnmmns- 7.1+0.4 || 7.3£0.4 || 7.3+0.4 || 7.4+0.4 | 7.5+0.4
TaHOJAMUHEI

CoII 96.3+1.8 || 94.4+1.8|94.8+£1.2|97.1+2.0 || 97.7£2.0
CH®JI 76.2£1.3 || 76.7+1.3 || 77.0£1.3 || 78.9+1.4 || 79.6+1.4
CKOJI 17.4+0.7 || 17.4£0.3](17.8+0.7 || 18.2+0.7 || 18.1+0.7
K CHOJI/CK®JI 4.310.1 ||4.3+0.11%|4.3£0.11%||4.3+0.19%||4.40+0.11%

ITlprmevannd: n=35; 0603HAYEHUA T€ K€, YTO U B Ta6JI. 1, 6e3 0603HaUEHNUIT pACXOXKIEHUS OT KOHTPOJIS

CTaTHUCTHYIECKU HE JOCTOBEPHBI.

TCH =e
M3yYeHHbIX

Takum o6pasom,

AOCTOBEPHBIMI

HN30JIMPOBAHHOE BBEAEHUE COIIPOBOXOAETCA  CTATHCTHUIECKHU

M3MEHEHHAMHU  XapaKTepPUCTHUK IIOKa3arejaeil, YTO  CIYXXHUT
Z0Ka3aTeIbCTBOM €T0 O0lIecTabrIN3UPYIOMero AeHCTBU.

N3zy4enue ocobeHHOCTEI 2-9aCOBOTO IEHCTBUA HMCIIOTIB30BAHHBIX PAa3HOBUIHOCTEH CBEPXHU3KHUX
no3 TCH ma d¢one crabmmusupoBaHHON 60-MUHYTHOH TUIIEPIIMKEMHU, MOJEINPOBAHHOMN
afipeHaJINHOM,  II03BOJIMJIO K 3aKIIOYE€HUI0O O HEOZHOTHIIHOCTH

IIPUUTHA IIPOABJIEHUSA

AQHTUOKUCIUTENbHOM  aKTUBHOCTH  JTOrO  COeJUHEHWs  I[PUMEHHUTEIBPHO K  OTAeIbHBIM
npepcraButenam OJI B MD. OrMevaromascs B IjeJOM OTYETIMBO IIPOSBIAIOMIAACT TEHAEHUIUS K
YIOPALOYeHUIO KOJIUYIECTBEHHOTO cofepxanus Bcex ¢pakiuit OJI B OTAeTBHOCTH U B M3yYeHHBIX
CYMMapHBIX BBIpOKEHHIX He XapaKTepu30Bajach, TeM He MeHee, UX IIOJHeHIell HopManusaiueit
(tabn. 3). OrmeueHHBIH PpasHOOOM, BBIPA3UBIIMKCA B PAa3HOHANPABIEHHOCTH KOJIUYECTBEHHBIX
caBuroB HeiTpanbHbix u Kuciasix @JI (HOJI u KOJI coorBeTcTBEHHO), He OTPasHUBLIMICT B
koHewyHOM cuere Ha cymme PJI (COJI), pacieHuBaercs Kak OJHO M3 YAaCTHBIX NIPOSBIEHHUI Cpenu
MHOTOYMC/IEHHBIX KOMII€HCATOPHO-IIPUCIIOCOOUTEIBHBIX PeaKIUil OpraHu3Ma, KOTOpOe WMeeT,
HECOMHEHHO, Ba)KHOe 3HAYeHWe B IOJAEpP)XKaHUW U CTUMYJIUPOBAHUU (HU3NOIOTUIECKOTO
CTepeoTHIIa [eATeJbHOCTH JAaHHONH OMOJIOTHYEeCKOH cucreMbl. Bmecre ¢ Tem Hens3s 00oiTH
BHUMaHMeM (aKT Ipojospkamoumeiics yosumu comepxanus OX u oTMedaromerocs Ha 9TOM (oHe
OJHOBPeMEeHHOTO, 60JIee YeM 5-KpaTHOro KosmdecTBeHHOro momuuupoBanus JIOX Hazx BerndnHOM
OJHOMMEHHOTO IIOKa3aTelsi B KOHTpose. HecMOTpss Ha OTCYTCTBME CTaTUCTHYECKU JOCTOBEPHBIX
pacxoxzgenwuii B BennunnHax COJI, CHOJI, CKPJI HesHauuTepHBIE X OTKIOHEHHUS OT KOHTPOJIBHBIX
YPOBHEI1 OCTaBIIAIOT, TEM He MeHee, CBOI cief Ha BeauunHe koadoduimenra (K) CHOJI/CKOJL.

OC0OeHHOCTH KOJIUYeCTBeHHBIX oJI

—12 .
cencubmwinsanyuyu opranusMa BeegerueM 1 mu TCH B xormenTtpanuu 10 ““M u BeIpaboTaHHOI Ha

CIBUTOB BCeX KaTeropuil TIpu IIpeJBapUTeIbHOM

sToM poHe 60-MUHYTHOM I'UIIEPIINKEMUH, MOZETUPOBAHHON a[peHaTMHOM, IIPUBEeeHbI B Ta0I. 4.



Ta6mua 3

OcobenHOCTH 2-9aCOBOTO I CTBUA CBEPXHU3KUX 103 THOCYIbdaTa HaTpUs IPU
HapyIIeHUAX KOJHNIEeCTBEHHOTO COZepKaHus npeacrasureneii Hetrpansubix (HOJ) u
kucisix (KOJI) ocdorunuznos, nx cymmsr (CHOJI u CKPJI coorBeTcTBEHHO), 2 TAaKXKe

koo unuernta CHOJI/CKDJI (8 %) B MeMOpaHax SpUTPOILUTOB KPOBU GEJIBIX KPBIC C
MO/IeIMPOBAaHHOM azpeHaTNHOM 60-MHUHYTHOH TUIIepriIuKeMuen

Opaxiun Tuocynsdar wHarpus (1.0 mr)
dochommnuon KonTpo:s||Axpenanrun 10~*M 10°8M || 1071%m
Jluzoocdaru- 3.0£0.4 || 16.9+1.0 || 16.6+0.9% | 16.4+0.9% ||16.7+1.0F
AWIXOJINHBI

Momnogocgou- 5.04¢0.4 || 9.7+0.8* | 8.8+0.7° | 6.8+0.8"* | 5.6+0.5
HO3UTHUIBI

CounromrennHsr 26.7+1.1 || 16.9+1.0% || 19.941.1% || 23.4+1.0% || 26.4£1.1
Qocharupnmxonunser| 39.3+1.2 || 24.7+41.2% || 25.8+1.0% ||26.1+1.1% |[27.5+1.0%
®ocdarupuncepunsr || 11.9+0.6 || 7.0+0.5% 8.1+0.5% |19.7+0.6<% || 11.2+0.5
®ocdarugmnisra- 7.940.4 || 10.8+05* || 9.9+0.5* |/ 8.8+0.4%* || 8.1£0.5
HOJIaMHWHBI

COJI 95.0+1.2 || 86.0+1.0% || 88.4+1.0%* || 91.3£1.0 (|95.2+1.0
CHOJI 77.2+1.0 | 69.3+1.3% || 71.5£1.0 ||74.7+0.9%||78.4+0.9*
CKOJI 17.840.6 || 16.7+0.6" || 16.9+0.6" | 16.6+0.5" || 16.8+0.6
K CHOJI/CKDJI 4.310.1 || 4.140.04% || 4.240.04F |[4.5+0.05" ||4.7+0.05*

Iprvedanns: n=28, x-P < 0.001, xx-P < 0.01; 03 0003HAYeHU PACXOKIEHUA CTATUCTHYECKU He JOCTOBEPHBI

TCH, 3apaHee BBeJeHHBIII B OpPraHM3M B OTMEUYEHHOH BhbIIIe CBEPXHU3KOM KOHIIEHTPAIUH,
BBICTYIIaeT B POJIM MOIIHOTO CHHEPTUCTa O.-TOKO(epoIIa, ABIAI0Nerocs OCHOBHBIM COCTaBIAIOUIVIM B
CHCTeMe DHJOTeHHON aHTHUPAaJUKAJIbHOM 3allUThl KJIETKM M IPUHUMAIOUIEr0 BaXKHOE ydacTHe B
QHTUCTPECCOPHOM peaKIuy OpraHu3Ma.

Ta6auna 4

JvHaMyKa KOJTU4eCTBeHHBIX U3MeHeHU I (GochHoIUIUIOB (B MKT JIUITHIHOTO
dochopa /M1 MeMOPaH SPUTPOLHUTOB) B MEMOPaHAX SPUTPOLUTOB KPOBU OEJIBIX KPBIC B

KOHTpOJIe, II0CJIe OHOKPAaTHOHW BHYTPHMBEHHOM MHBeKIUU 1 M 1072M THOCYJIb(daTa
Hatpus (1) u gepes 15 (2), 30 (3), 45 (4) u 60 (5) mun noce BBegenus 2.5 mxr/100 r

MacCChI Te€Jld aAp€HATINHA Hd OTOM (I)OHe



Dpakuun Kourponp 1 2 3 4 5
dochomunumos

Jluzodpocharu- | 3.9+0.34 |[3.6£0.3 || 3.7£0.4 || 3.710.4 || 3.8£0.5 | 3.7£0.3
IIVIXOJTNHBI

Monodocdhonno-|| 4.5+0.3 [ 4.2+0.4| 4.610.3 || 4.4+0.3 || 4.7£0.3 || 4.7+0.4
3UTUTBI

CBunromuenunsi| 27.0£0.5 ([26.9+0.4{| 27.5+0.5 || 28.0£0.5 || 28.1£0.5 || 27.9+0.4
DochaTravii- 39.04+0.8 ||39.7+0.7|| 40.1+0.8 || 39.9+0.7 || 40.1+£0.8 || 39.6+0.7
XOJITHBI

DocdaTupyi- 13.1+0.5 [[12.7£0.4{ 12.9+£0.5 || 13.2+0.5 || 13.1£0.5 || 12.6+0.4
CEepUHBI

DdochaTramis- 8.1+0.4 ||7.4+0.5| 7.30.4 || 7.3x0.4 || 7.5+0.5 || 7.1£0.4
TAHOJIAMUHBI

CoJI 95.6+1.8 ||94.5+1.8|[ 96.1£1.8 | 96.8+£1.8 || 97.3£1.9 | 95.6£1.9
CH®JI 78.0+1.2 |[77.6£1.3|| 78.7£1.2 || 79.0£1.3 || 79.5£2.0 || 78.3t1.2
CK®JI 17.6£0.6 |[16.9£+0.6( 16.9+0.6 || 17.6£0.6 || 17.8+£0.6 || 17.3£0.7
K CHOJI/CKQJL || 4.4+0.09 ||4.6+0.1%4.5+0.11%4.48:+0.1%||4.40+0.11%|4.5+0.09"

Illprmevarna: n=35; 0603HAYEHNUA Te K€, YTO U B TaOIL. 2.

[TpumeyaTebHO IIpU 3TOM HMMelOLlee MECTO IIOJIHOe HHuBeJnpoBaHHe 3((eKTOB aJpeHaIrHa Ha
Mmeta6ousm @JI yxe ¢ camoro Havana pOpMHUPOBAHUS THIEPIINKEMUYECKON peaKIuy OpraHu3Ma.
ITocnepnee aBgeTCA CBUAETEIBLCTBOM COOTBETCTBYIONIErO OTBETa OpraHM3Ma Ha IIpefiBapUTeIbHOe
BBeserue TCH, BeipasuBmerocs B ¢GOpMUPOBAaHWM IIPOYHOHM OTBETHOI peaKIWH OpraHM3Ma Kak
IIPOTHUBOJEMCTBUA, HANPAaBI€HHOIO Ha HEWTPaJIM3alI0 TOKCHYECKMX BO3JEHCTBHUI  Ha
(bU3NOIOTNYeCKN NIPOTEKAOUINe PeaKIuy JUIUAHOro obMeHa. B ciydae »xe mcrmonp3oBanus TCH
Ha ¢GoHe yXe HHAYUUPOBAaHHON aZpeHaJIMHOM THUIIepIIMKeMHU XapaKTep PpasBUTHUA 3(PGdeKToB
HUBEJINPOBAHUS PAaCCTPOEHHBIX CTOPOH MeTrabosusma PJI okasbIBaICs OZHOTUIIHBIM, HO HECKOJIBKO
sataHyBmuMca. OmHaKo M B JAaHHOM CJIydae, KaK M B IIpeAbIAyllleM BapHaHTe SKCIepHMMeHTa
IIpeBaINPOBaHME YMEPEHHO IIPeBBIIAIONINX HOpMY KoHIeHTpauuii JI®X HOCHUT 3aKOHOMEpPHBIi

XapakxTep.

WucturyT MonexynapHoi 6uonorun HAH PA



2. 4. Ponjuity, L. L. Twbpndw, 9 9, Bpulpub, whuntdhlnu 4. @ Tupugngui

Punwipwlwhuuy pnudnipuhniibph junmgjuspundtinupnhly jpwbquipndiibph pinpughpp
wnpklwhtughtt hhybpghyEdhughg wnwgwugus opuhnuinhy uwinpluh wuydwbnkpmud

Unuwugjws wpnyniptbpp Juynud B wyt dwuhb, np uyhunul wntitntbph dnn wnpbuw-
1htny wnwewgus hhuybkpg hjEdhugh yuydwbitpnid opuhrpuinhy uinpbup pinmpwgpdnud £ wpjut
Ephppnghnubph punutpttpnud intnh niubkgnn dnubn hujhnubph npuljujui b putajuljut Jun
wpnuwhuwyjnyjwsd nmbtnuownpdtpny: dbpohtittipu wpnwhuwyngws i jhgndnubuwinhnhjfunihiittph
obipinuijh wytjugdwdp, npp wnwdb] wpnwhwjngus juunwpynud | ungpbiwghuh tbpupynidhg 60
nnyt whg Vunphnith phnunydunh gipgusp putlukph /107*M, 1078M, 107**M /oquaw-
gnpddwlt yupuquynd nbnh £ nitbind dnudpnihyhnughtt thnpowtuniput juwpoinnudubph
YEpujuitqunud, pugunnipjudp (hgnbnubwinhnhifunihtittiph, npnig putiwlnipmitp supnialnid
E dtuwy puapdp wipdtipubph vwhdwibpmu: Loqws thwunp nhugnmd E opquithquh hwpdwpnnuijut
Ubjuwtthquubph tmbuwtlnithg, npp Ukl twpwinh hbnwquygnud:

H. K. Bdoyan, L. L. Danilova, V. E. Elbakyan, academician K. G. Karageuzyan

Characteristics of Structural and Methabolic Abnor malities of Membrane-bound
Phospholipids under the Conditions of Oxidative Stress, Conditioning by Adrenaline
Inducted Hyperglycemia

The data obtained have shown that adrenaline induced hyperglycemia in white rats is accom-
panied by significant abnormalities in erythrocyte membranes of membrane-bound phospholipids.
These changes are characterized by pronounced decrease of quantity of membranebound phos-
phatidylcholines, which was accompanied by the simultaneous increase of lysophosphatidylcholines
level. Using on this background the super low concentrations (10~*M, 1078M, 10712M) of sodium
thiosulfate is characterized by normalization of disorders mentioned with the exception of lyso-
phospatidylcholines the high concentration of which remains unchanged. This fact has a special
significance, which may be explained as the one mechanism of compensatory activity of the organism.
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BUOXMUA
YIIK 599.332.72.616
T.P. Aramau

BosgeiicTBre IIpositH-60TaTOrO MOIUIIENITH A Ha DHAOT€HHBII
YPOBEHBb METAJLIONPOTEMHOB aHTH- ¥ TPOOKCHIAHTHOM aKTUBHOCTH
B TKaHAX O€JIBIX KPBIC

(IIpencrasneno akagemukoMm K. I'. Kaparessuom 15 /IX 2006)
KitoueBsie ciioBa: mporuH-60raTsii HOTHIENTH, META/LTONPOTEHHE], TKAHb

BozpelicTBue CHMHTEeTHYeCKOTO aHajora mnponuH-Ooratoro mosnumentuza -1 (IIBII-1) Ha
Pa3JINYHOTO XapaKTepa OMOCHCTeMBI HMHTEHCHBHO WHCCiemyeTcsa Yyxe Oompme 15 mer. Ortm
uccnenoBanusa nokaszanu, 4ro IIBII-1 o6Grazaer aHTMMHKpPOOMATBHBIM, UMMYHHOMOZY/IATOPHBIM,
HEeMpPOIIPOTeKTUBHBIM U  KapAUONPOTeKTHUBHHIM 3ddexktamu [1,2]. Ilpm  moBbIIIEHHBIX
konneHtpanuax (6ompme 80 wmxr) IIBII-1 o6ramaeT CIOCOGHOCTBIO CTUMYJIHUPOBATH IIPOLECC

IIPOAYILMPOBAHUA TUPOKCUIBHBIX pagukanos (HO') [3], ogHako 1o mpeaBapUTeIbHBIM pe3yIbTaTaM
IIPU OTHOCUTENbHO Hu3KUX KoHueHTpanuax (0.1-5 Mxr), HaoGopor, o6iazaeT CIOCOOHOCTHIO
yJIaBIUBATh THUAPOKCIIBHBIE PAAHUKaJIbl, OKA3bIBasg AHTHOKCHUAAHTHBIN d(pdexr. Takum obGpazom
ITBII-1 3zamumaeT MHOTHe MeTaJ/UIONPOTEUHBI, KOTOpPBIe JeHaTypUPYIOTCA THAPOKCHIBHBIMU
pafuKaJaM{, HalmpuUMep, HEKOTOpble MeTa/UIONpOTeMHbl  aHTHOKcuzaHTHoH (MAA) wu
npookcuganTHod (MIIA) axTuBHOCTM, OKa3bIBas AHTUCTPECCOPHBIH 3G(eKT IpH pasJIuYHOIro
XapaKTepa INpOABIEHUAX OKCHUIATUBHOTO CTpecca, OCOOEHHO B TeX CIydasX, Korja HabiiomaeTcs
IIOBBIIIEHWE yPOBHA II€PEKUCH BOJOPOZAA B PA3IUYHBIX (OPMUPOBAHUAX TKaHeH. OTHU SBIEHUI
HA0JIIONAIOTCA IIPU KaHIlEpOTeHe3e, AMIOMUHHEBONH WHTOKCHKAIIUY, WHTOKCHUKAIWH TSKEIBIMU
MeTaJJlaMM, TUIOTJIMKEMUHU, TreMocekKuuu crnuHHOro wmosra [4-8]. IIBII-1 crabunnsupyer u
spuUTpouUTapHble MeMOpaHsl (OM), mozmasias mpouecc puau3nHra n30hopM nuroxpoma (uuT)b 558
n3 ux MeMm6paH [9]. Ognako mexanusmsl Boszgerictsus I1BI1-1 Ha ypoBers MAA u MIIA B TKaHaX
3[JOPOBBIX KPBIC B OTCYTCTBUU OKCHUJATUBHOTO CTPECCa KOMIUIEKCHO ellje He OIIpe/ie/IeHbI.

Llexs paboOTBI COCTOUT B OIpele/leHUM BO3[eHCTBHUA dK30reHHO BBeseHHOro IIBII-1 Ha ypoBeHs
MAA u MIIA B KpoBM M IPYTHX TKaHAX 3ZOPOBBIX KPBIC IIOZ, BIMAHHEM 5K30T€HHO BBeIEeHHOIO
ITBII-1.

BensiM monoBospensiM 3m0poBsiM KpsicaM (12 xuBoTHbIX) Maccoit 200-250 r BHyTpHOpIOMIMHHO
6sut0 BBesieHo mo 10 mxr/ mi IIBII-1 Bcero Tpum pasa depe3 kaxzbple ABoe CyTOK. KOHTPOJIBHBIM
’KUBOTHBIM OBLT BBeJleH (U3MOJIOTHMYeCKU pacTBOp B aHaygornyHOM pexxume (mo 0.5 mir). Kpsicer
OBUIH JEeKaIUTHUPOBAHBI IIOZ, JIETKHMM S(HUPHBIM HapkKo3oM. KpoBp crabmrmsupoBanu 2%-HBEIM
OKCaJIaTOM HAaTpHUA B yCJIOBUAX JIETKOTO IlepeMelIMBaHMUA B XOoZe Habopa KpoBu. KpoBb >KMBOTHBIX
ONIBITHOHM M KOHTPOJIbHOMU rpynm (mo 35 mur) Obl1a Janee MHKYOHMpPOBaHA B adPOOHBIX YCIOBUAX in

. o) . .
VItro Ipu 4~ B Teuenue 4 CYTOK. 210 JeaeTcd IOJisd CMHTE3a 1N VItro CBIBOPOTOYHBIX ITUT b558 kak
HOBBIX 1 Ba’XHBIX KOMIIOHEHTOB 3aIIUThI KPOBU OT ITIOBPEKAAIOIM X 3(1)(1)EKTOB IIepeKucu BoO40poJad.



MAA (Cu, Zn-CO/l, n xaTanasa u3 pacCTBOpUMOI (PpaKUUHU SPUTPOLUTOB, IepyrnomrasmuH (LIIT) u
tpascheppuH (T®) us cerBoporku kposu) u MITA (uut b5 u3 pacTBOpuMOit GpaKuyH SPUTPOIUTOB,

mzodopmsl 1uT b558 DM - mut b558III u mut b558IV, mur b558 meifrpaxsHOrO Xapakrepa, O3 -
NpPONYUUPYIOIIMI  JUIONPOTEMH  CBIBOPOTKM -  CYIpOJ)  BBIAESUIM U OYHUINAIHU
OMOTEXHOJIOTUYEeCKHM CIIOCOOOM ITyTeM HMOHOOOMEHHOH Xpomarorpaduu OelTKOBBIX (pakuuit
CBIBOPOTKY, PaCTBOPUMO# 4acTu spuTpouutoB u OM Ha nesmonosax JE-52 u KM-52 ("Whatman",
Amnrnus), cepagexce JJEAE A-50 ("Pharmacia”, [IIBenuist) u rens-puabrpanuu Ha cepamekrcax G-100
u G-150 (Pharmacia). It b558III m mwur b558IV Beigensanu m ouwmmanu 0e3 HCIIOJb30BAHUS
ZeTepreHTa, 3aMeTHO CHIDKAIONIETO CTabMIBHOCTD yKasaHHbIX remornporenHoB [10,11]. KoruuectBo
MII ompegensiu myTeM HU3MEPeHUSI XapaKTepHOH IS AAaHHOTO 0esiKa IUIOTHOCTH MaKCHMaJIbHOTO
OIITUYECKOTO IOIJIOWeHN: ANA UUT b5 - 525, usodopm mut b558 - 530, cymposna - 430, LIII - 610 u
T® - 470 uM. AKTHBHOCTH CYNEPOKCHUIIMCMYTasbl OINpeLessiIv OOIeN3BECTHBIM MeTOLOM
Hutporerpasonuesoro cuaero (HTC), myrem m3amepeHus ImpolleHTa MHIHOMPOBAaHHUA OOPa30BAaHUA
dopmasana B pesynbraTe BoccraHopiaeHus HTC cynepokcuagHIMY paguKalIaMu.

MAA (cymmapnas ¢pakuus Cu,Zn-COJl u Mn-CO/l, kxaranasa) u MIIA (uur C) Belgenanu us
TKaHed KpBIC OMOTEXHOJOTMYECKUM CIIOCOOOM, C HeOOJBUIMM BUOU3MEHEHUEeM C ILeJbIo
nonydyeHus taxxe nut C u Katasnassi [12].

OnTuyeckue CIleKTpajgbHbBIe H3MepeHHUsA OCYIIeCTBIAIH Ha crekrpodoromerpe "Specord UV-
VIS" (I'epmanms) ¢ gauHOM onTrdeckoro mpobera 1 cm. CraTucTudeckyio o6pabOTKy HMOTy4eHHBIX
pe3yJIbTaTOB OCYLIECTBIAIM METOZOM BapuainuoHHOM cratuctuku CreiomenTta - Quurepa, c
ollpefieleHNEeM KPUTEPUA ZOCTOBEPHOCTH P.

Ta6auma 1

OtnocurensHoe n3menenue (%) yposas MITA u MAA B kpoBu GeslbIX KPBIC IO,
BO3zelicTBueM dk30reHHO BBeZeHHOTo [IBII-1, mo cpaBrennio ¢ 100% KoHTpOIBHBIME
mokasatesamu (P < 0.05, n = 8)

MeTaIOIpPOTEMHEI %

LTut b5 -25.0+/-3.1
Llut b558 criBOpOTKH +102.4 +/- 8.8
[zt b558I11 DM - 80.6 +/- 6.1
Lut b558IV DM -60.9 +/- 4.8
Llut b558 HeliTpanrsHOro Xapakrepa us OM|+ 91.7 +/- 6.5
Cymnpon +77.6+/-5.4
Llepyromrasmuy +11.6+/- 2.0
Tpaucheppun +59.5+/-4.0
Cu,Zn-CO/], +16.0+/-1.8
Katrasasa -352+/-2.4




B pesyibrare TpexkparHoro BBegeHus KpbicaM 1o 10 mxr IIBII-1 u ganpHeiimero nHKyOUpOBaHUA

KPOBH B a3pO6HBIX ycmosusx mpu 4° in vitro yposens MAA u MITA mperepmeBaer cBoeoGpasHoe
n3meHenue (ra6n.1). HabGmiomaercs cHwkeHme ypoBHA uuT b5, kxommnonenrta nia1 HAJIPH-
3aBUCHMOM MeTTeMOIJIOOMH pemyKTa3bl B IIUTO30JIe 3PUTPOuUTOB [13]. DTO CBUIETENBCTBYET O
HEKOTOPOM IIOBBINIEHUH IIOZBIDKHOCTH JKMBOTHBIX. (PeHOMEHa/JbHBIM MOXHO CYMTaTh IIOYTHU
IBYKpPAaTHOe yBeJIW4YeHUe YPOBHA CHHTE3UPOBAHHBIX €X ViVO CBIBOPOTOYHBIX IIUT b558, cMAryaromux
maryOHble IIOCIEACTBUA IIEPEKUCH BOZOPOJA B CHIBOPOTKE KPOBH M ITOKA3bIBAIOIIMX BBICOKYIO
PE3UCTEHTHOCTh 3THX IIUTOXPOMOB IIPOTUB IE€PEKUCH BOJOPOJA, IO CPABHEHUIO C JPYIHMU
reMOIIPOTeMHaMH, BKiItodas U u3odopmsl nut b558 OM [14]. Yposens mut b558 DM 3HauuTensHO
cHmxeH 1oy BozgetictueM IIBI1-1, yemy criocoGCcTByeT ozaBIeHe MpoLecca pUIn3UHTa N30popM
nuT b558 mponuu-6oraTeiM momunentuzoM [9]. OTo BoBce He yKasbIBaeT Ha yMeHbBUIEHUE YPOBHA
uut b558 B OM, Tak Kak 3HauUMTeJIbHAsd 4YacTh IUT b558 ocraerca eme B "MMMOOMIM30BAaHHOM"
COCTOSIHUY ¥ OTIIEIIAETCS CIIeNUAaJIbHBIM MeTOAOM (BTOpUYHON o6paborkoit aTux OM). OxHako B
OIIBITHO}M TpYyIIlle Pe3KO IIOBBINIAETCS YpOBeHb LUT b558 DM HelTpanabHOrO XapakTepa, YTO
CBHUZETEIBCTByeT 00 ompeneneHHOM mpeBpamenuy uactu nut b558IIl xucmoro xapakrepa B
IUTOXpOM b558 HeHTpaapHOro XapakTepa. DTO CBOeOOpa3HBIM OTBET aJAaNTALIOHHBIX MEXaHH3MOB
opraHu3Ma Ha BHeurHue (axTopsl, kakuM u ssasgercsa IIBII-1 (takoit addexr HabmOmaeTcs mpu
pasnnyHbIX 3a601eBaHux). [Tonoxxurensusm Bo3geiictBueM [1BI1-1 Ha 3m0pOBBIi OpraHU3M MOXXHO
CYUTATh yBeJIWYEHUEe YPOBHA JIUIOIPOTEMHA CBHIBOPOTKM BBICOKOH IUIOTHOCTH - CYyIpOJia C
IOBBINIEHVEM €r0 CTAaOMJIBHOCTH. OJTO SABJIAETCI BAKHBIM (PAKTOPOM COXpaHEHUA BI3KOCTHU
CBIBOPOTKH U B LI€JIOM COXPaHEHUs reMOIUHAMUKH.

B mpusenennom pexxume I1BI1-1 Be3prBaet nossimenue yposas MAA (LII1, T® u Cu,Zn-CO/I), HO
YPOBEeHb KaTajasbl IIPOJO/DKAeT HECKOJIBKO CHIDKAThCA M3-3a JAerpafupOBaHUA IIPH adpPOOHOM
nakyouposanuu, a IIBII-1 @akTuyecku He cIOCOGEH IIOTHOCTBIO OCTAHABIMBATH IIPOLECC
WHAKTUBUPOBAaHMUA KaTanazbl. B kpoBu omeiTHOH rpymnmsel moz BiaugHueMm I[IBII-1 m3amenenue
pacyeTHOro CyMMapHOTO ypoBHI MAA (aHTMOKCHUJAHTHBIM CTAaTyC) XU CYMMAapHBIH pacyeTHHIH
yposers MIIA (mpookcHIaHTHBEIH cTaTyC) B IeIoM cocTaBifeT +52.6 u +95.2% cooTBeTCTBEHHO, IO
cpaBHeHnio C 100%-HBIMM KOHTPOJBHBIMU IIOKa3aTeIIMHU. [akuMm o00pa3oM, IO BIUSHUEM
sk3oreHHO BBefieHHOrO IIBII-1 mpooKcumaHTHBIN CcTaTyCc KPOBU YBEIWYMBAETCA IIOYTH B 2 pasa IIo

CPaBHEHHIO C aHTUOKCHJAHTHBIM CTaTyCOM, B OCHOBHOM M3-32 yBEJIUYEHHUSI YPOBHSI CHIBOPOTOUHBIX
uuT b558.

Ta6auna 2

OtHocurensHoe n3menenue (%) yposuss MAA u MIIA B TKkaHAX GesIbIX KPBIC IO,
BIUAHUEM dk30reHHO BBeseHHOro [1BII-1 mo cpaBrenuio ¢ 100% KoHTpOIBHBIMU
mokasatesisamu (P < 0.05, n = 8)

TkaHb Hut C Cu,Zn-CO/L + || Karamasza
+ Mn-CO/JI

Mosr -47.4+/-6.1 || -61.9+/-3.7 |[+2.1+/-0.3

Koctusrit mosr|[-16.7 +/- 2.8 ||+ 375.5 +/- 31.9|| + 3.3 +/- 0.4




Tumyc -89+/-1.2 || -243+/-50 ||+3.3+/-0.4
Cesne3zenka +29.4 +/-5.1|| +23.7 +/-2.7 ||+ 18.2 +/- 3.2

[Teuensn -57+/-06]| +2.2+/-0.5 |[-29.6 +/-3.2
Cepzue -101 +/-1.3 || -3.1+/-0.2 |-11.4+/-2.2
[Mouku -286+/-3.7| +44+/-12 ||+5.8+/-0.6

Yposens MAA (dpakuus Cu,Zn-CO/JI+Mn-CO/l, xatanasza) u MIIA (uut C) B pasinyHbBIX TKaHIX
HU3MeHseTCs I0-pasHoMy. YpoBeHb nuT C CHI)XaeTcs B MO3TOBOM TKaHH, KOCTHOM MO3Te, THUMYCe,
Ie4YeH!, cepAalle W moukax or 5.7 mo 47.4%. Cumxenme ypoBHA muT C OCOOEHHO OLIYTHMO B
MO3roBoii TKaHu (Tabin.2). YBenuueHue ypoBHsS 1uT C HaGIOJaeTcs TONBKO B CeJe3eHKe.
Cymmaprag aktuBHOCTH Cu,Zn-COJl u Mn-CO/l cHmXaeTca B MO3roBOil TKaHH U THUMYCe, HO
IIPaKTUYeCKU He U3MEHSeTCs B IIeYeHH, ceple U nouykax. PeHoMeHaJIbHBIM MOXKHO CUUTATh ITOYTH
YeTBIpEXKpPAaTHOe yBeJIWdYeHHe aKTUBHOCTH cyMmmapHoi ¢pakmuu Cu,Zn-COJZl u Mn-CO/JI, B
KOCTHOM MO3Te, OCHOBHOTO ¢aKTopa remoroesa. B ceie3eHKe Takxke HAOIIOAAeTCA yBeTHIeHUE
AaKTUBHOCTH OTHUX KJIIOUEBBIX AaHTUOKCUZAHTHBIX GepmeHToB. Qaxtmyecku I[IBII-1 BrI3bIBaer
MOBBIIIeHNe aHTUOKCHUJAHTHOM aKTUBHOCTH OPTaHOB, OTBETCTBEHHBIX 32 MMMYHHBIN OTBeT. Bugumo,
TakoB MexaHu3M fetictsus [IBI1-1 mpu MoxymupoBanunu uMMyHHTeTa opranusMma [2]. Oguako IIBIT-
1 BBI3BIBaeT CHIDKEHMEe aKTUBHOCTHM KaTajlasbl B IIEYeHW M HEKOTOpoe - B cepAevyHOil TKaHW. Ee
aKTUBHOCTHh yBEJIWYMUBAETCSI TOJBKO B cele3eHKe. B [pyrmx TKaHAX aKTUBHOCTH KaTasasbl
mpakTudeckn He wusMeHsercs. Paxrtuvecku mnox BiausHueMm [IBII-1 B 3mopoBOoM oOpranusme
HabmogaeTcs xapakTepHoe usMeHeHue ypoBHS MAA u MIIA xpoBu u Ipyrux TKaHeil C Pe3KUM
yBeIudeHueM YPOBHA CBIBOPOTOYHBIX ITUT b558, mut b558 DM HeiiTpasbHOro Xxapakrepa, a Takxe
aktuBHOCcTH Cu,Zn-CO/I u Mn-CO/l, B XOCTHOM MO3re, YTO CO3ZaeT OIpejeeHHBIH AucOasaHC
MeXAy mpoayuupyoomumu u yrunusupyomumu AQPK MeTaronporenHamy.

Takum o6pasoM, azanTalOHHbIE MEXAaHW3MBI II0-Pa3HOMY OTKJIMKAIOTCA HAa JeHCTBUE BHEUIHUX
dakTopoB, KakuM, B 9acTHOCTH, aBagercsa 1IBII-1, B 3mopoBoM opraHmsMe u mpu 3a00JIeBaHUAX C
XapaKTepHBIM (OHOM OKCHUIATHBHOTO cTpecca, nmpu koropoMm [IBII-1 okxaspiBaeT aHTHCTPECCOPHBIH
addexr [4-6], perynupysa sHzoreHHbrii ypoBeHb MAA u MIIA B pa3auyHBIX TKAaHAX, BKJIIOYAA U
kpoBb. Ilpu sTOoM uyBcTBuTenbHOCTH K [IBII-1 Gosbine B opraHax, OTBETCTBEHHBIX 32 MMMYHUTET
opraHusMa (cejse3eHKa, KOCTHBIN MO3T ¥ THMYC).

WNucruryr 6uoxumun uM. I'. X. Bynarana HAH PA



Q. (}. Unuufjuts

NMnnihiny hwpmun wnjhwybupinhnh (M2M-1) wqpbgmpmin hwljw- &
wpnopuhnuititnughtt wjnhympjut Ubinunuunpninthtitkph tuigngkt
dwljupnuiljh ypw uyhnwl) wntitwnubph hmuduspubpmJ

Onpquithquh hwupdwpynnuijut Ukjpwtthquutpp viuppbp ipy Bt wpdwquiipnid wipuupht
gnpdénutbphtt’ dwutunnpuybu M2N-1-h wgnbgmpuin opuhnuwnpy uppkuh pumpugpujut
$nuth puguljuynipjutt b wnljuympjut wuydwtbpnd: YEpohtthu nypnid M2M-1-p gmgupbpmud |
hwjuuppbuught wgnbgmpmu’ Jupquynpbny hwljw- b wypnopuhnuittnughtt wljinhympjudp
odnnjus Ubnwunuuypnunkhuitph Funngbt dwjupnpuijubpp muppbp hneuduspubpnud, tbpunyuy
wpniip: Uy mbuwfbinhg M2M-1-h hwinby wnwdl] qquyimpmt o gnigupbpmid. hunitaghta
hwdwljupghtt twutiuljhg opquaiitpn (thugdwipy, nuljpusnis b phuniw):

G. R. Aghamyan

The Influence of Intraperitoneal Injected Proline-rich Polypeptide
(PRP-1) on the Endogenous L evel of M etalloproteins Anti- and
Prooxidative Activity in White Rats Tissues

The adaptive mechanisms of the organism differently react to the influence of externa factors -
the PRP-1 of a healthy organism and at diseases with a characteristic oxidative stress, during which the
PRP-1 causes antistressor effect, by regulation of endogenous level of metalloproteins antioxidative
activity and metalloproteins prooxidative activity, in various tissues, including the blood. The

sensitivity towards PBP-1 is more in organs which are responsible for the immunity of the organism
(spleen, bone marrow and thymus).
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Familial Mediterranean fever (FMF; MIM249100) is a recessively inherited disorder of the
inflammatory pathway, manifested by acute self-limited recurrent episodes of fever and
polyserositis [1]. The Mediterranean fever gene (MEFV), responsible for the disease, has been
recently identified by positional cloning [2, 3]. Pyrin, the protein product of MEFV, consists of
several conserved domains, including the N-terminal pyrin domain (PYD), which is found in a
number of autoinflammatory proteins involved in the regulation of inflammation and apoptosis
[4]. According to recent studies, autoinflaimmatory genes, such as MEFV, may represent an
exaggerated innate immune response to various signals in vitro, including microbial products [5].
Indeed, the CARD15/NOD?2 gene product belongs to the same superfamily of proteins [6], and its
mutations have been found to underlie inflammatory bowel diseases (IBD), such as Crohn's
disease, in which an inappropriate immune response to components of the commensal
microbiota exists [7]. In this regard, it has been proposed to investigate the composition of gut
microbiota in FMF to reveal a possible contribution of commensal bacteria to the onset and
maintenance of the disease.

As a large majority of bacterial species is effectively unculturable, it is impossible for detailed
examination of gut microorganisms to be achieved through traditional culture techniques.
Molecular-genetic analyses of bacterial microbiota based on 16S ribosomal ribonucleic acid
(rRNA) genes obviate the need for culture and have been shown to be powerful tools in
determining microbial diversity in complex samples [8].

In the present study, the fecal bacterial composition has been for the first time examined in
FMF by using microbial community analysis through sequencing of 16S rDNA libraries.

Fecal samples were collected from genetically ascertained FMF patients (12 patients in
remission, 3 patients in attack periods) and 7 healthy individuals.

DNA was extracted from fecal samples of FMF patients and healthy subjects using QIlAamp
DNA Stool Mini Kit (Qiagen, UK), according to the manufacturer's instructions. DNA samples
were transferred to the Rowett Research Institute (UK) where 16S rDNA clone libraries were
generated, and phylogenetic analysis was performed. Bacterial 16S rDNA was PCR-amplified
with universal primers covering most intestinal bacterial species (Table 1). The amplicons were
cloned into Escherichia coli chemically competent cells using the pCR-4 TOPO TA Cloning Kit
(Invitrogen, UK), according to the manufacturer's instructions. Recombinant colonies were
randomly picked and sequenced on the automated DNA-sequencer (Beckman, USA) with 926R
bacterial primer (Table 1). Alignment of sequences with reference 16S rDNA gene sequences
from healthy gut microflora was performed using the multiple sequence alignment programme



CLUSTALX v. 1.83 [9]. Phylogenetic analyses were performed using the neighbor-joining
algorithm [10]. Operational taxonomic units (OTUs) were identified by online Basic Local
Alignment Search Tool (BLAST) program at the NCBI website [11], using search results of at
least 99% sequence similarity.

Table 1

PCR and sequencing primers used in this study

Application|Primer|| Position Sequences (5'-3")

PCR Fd1 8-27! AGAGTTTGATCMTGGCTCAG
PCR Rp2 |[1492-1510'|ACGGCTACCTTGTTACGACTT
Sequencing|| 926R 907-926! || CCGTCAATTCCTTTGAGTTT

IPosition in E. coli reference sequence

Using a molecular approach, for the first time, the composition of fecal microbiota in FMF
patients with both inactive and active stages of the disease, as well as in healthy subjects, was
determined. It was demonstrated that fecal microbiota in FMF differed from that of the healthy
state both in remission and attack periods of the disease.

Three 16S rDNA libraries from fecal samples of FMF remissions, acute FMF and healthy
controls were generated. A total of 1328 clones (572 for healthy controls, 629 for FMF remission
and 127 for FMF attack) were analyzed, and phylogenetic relationships of main bacterial phyla
in each studied group were established (Fig. 1 A, B, C). Among the 1328 clones analyzed, there
were 268 distinct OTUs, which fell into three major phyla: Cyrophaga-flavobacter-bacteroides
(CFB) group, Firmicutes, and Proteobacteria. The overall distribution of the three dominant
bacterial phyla among the three subsets of subjects is shown in Table 2.

A
% 20 - H ealthy controls W:Bacterondes
O Cluster v
To Q Cluster 31

B Cluster 13
O Proteobacteria

G0

a0 o

20

20

10 1

Cortrold Control2 Control? Controld Controld Corntralé Control?




FMF Remission o Bz B roide
ey OCIuster i
. MCluster BN
a BCiuster X
” @ Frok obac ke rig

MFH MR AR MR PIE AR AR PAR AR AAFED FMFH FMFZ

C
B Bacteroides
LT FMF Attack
20 O Cluster Iv
7O O Cluster XY
B Cluster I¥
EO A
B Proteobadteria
50 A
40 A
30
20 A
10 1
3 =
FhF13 FhiF14 FhAF15

Fig. 1. Phylogenetic relationships among main bacterial phyla in fecal flora of healthy controls (A); FMF
patients in remission (B); FMF patients in attack (C).

Table 2

Phylogenetic distribution of 16S rDNA libraries generated from healthy individuals and
FMEF patients in remission and attack periods

Phylum Controls Re mission Acute Combined
0TUs Clones 0OTUs Clones OTUs Clones OTUs Clones

CFB 54 324 37 319 21 71 o0 714

%a CFB 4091 Tt 3519 5072 40 38 5591 3694 5377
Firmicutes 73 237 o8 280 29 54 158 520

%0 Firmicutes 3530 41 43 a0 42 4595 5577 43 52 5896 43 a7
Froteohacteria 5 11 7 21 2 2 11 34

%0 Proteohacteria 3.7 1.92 432 3.34 385 1.57 3.36 228
Total 132 572 162 Ga2a 52 127 208 1328

As shown in Table 2, Bacteroides was the most abundant group in all three cohorts, followed
by the Firmicutes. The relative proportions of CFB and Firmicutes were not markedly different
among the three groups; however, significant differences were detected in bacterial subgroups



within these main phyla (Fig. 1A, B, C). In Fig. 1B groups of FMF patients in remission were
determined according to the biodiversity in the main phylogenetic groups, demonstrating high
variability, in contrast to stable composition of gut bacteria in healthy state (Fig. 1A).
Particularly, there is a group (FMF2, FMF4, FMF5, FMF6, FMF9, FMF11, and FMF12)
overrepresented by OTUs belonging to the CFB phylum, which amounted up to 50-55% of gut
bacteria in healthy subjects (Fig. 1A) and acute FMF (Fig. 1C). In the second group of FMF
remissions (FMF1, FMF7, FMF8, and FMF10) there is a substantially higher proportion of cluster
IX of Propionate-producing bacteria, as compared to healthy controls. Interestingly, these
bacteria tended to disappear during the attack period (Fig. 1C). The pairwise comparisons of each
16S rDNA library to every other library also revealed significant alterations in gut microbiota
composition in FMF compared to the norm (Table 3). In particular, the Prevotellaceae subgroup
(within CFB) was significantly low in active stage of FMF as compared to FMF remission and
healthy state (16.5%, 22% and 27.6%, respectively), in contrast to Bacteroidaceae (within CFB)
subgroup (30.7%, 17.8% and 21.7%, acute, remission and healthy, respectively). The Butyrate-
producing Faecalibacterium group was higher in active FMF compared to both FMF remissions
and controls (14.2% in attack vs. 6.5%). Gamma-proteobacteria were 0.2% and 2.1%, in healthy
controls and FMF remission, respectively, and there was a complete loss of these bacteria in the
acute phase. The most striking difference was observed in the Propionate-producing
Acidaminococcaceae subgroup (Clostridial cluster IX within Firmicutes). These bacteria were
overrepresented in remission period compared to controls (16% vs. 10%), and tended to
disappear in attack (3%), found only in FMF15 (Fig. 1C). Although in the latter group the
bacterial sequences were the least diverse, which might be the consequence of a general
inflammatory process, however representatives of the Butyrate-producing Faecalibacterium
group in attack were significantly high compared to both FMF remission and healthy state
(Table 3). Butyrate, which is produced by bacterial fermentation, has been shown to reduce
inflammation in experimental colitis in animal models. It reduces inflammation through an
inhibitory effect on proinflammatory cytokine expression, thus demonstrating anti-
inflammatory properties [12]. Such increase of butyrate producers among acute patients implies
that it could correspond to a compensative response.

Table 3

Comparison of the libraries derived from healthy controls and FMF patients in two stages
of the disease

Bacterial subgroups Healthy|[Remission||Attack
Prevotellaceae (CFB)* 27.6% 22% ||16.5%
Bacteroidaceae (CFB)** 21.7% || 17.8% |[30.7%
Faecalibacterium (Cluster IV)***,** 6.5% 6.5% ||14.2%
Acidaminococcaceae (Cluster IX)*,**,**| 10% 16% 3%
Gamma-proteobacteria™* 0.2% 2.1% 0

*p < 0.01-in healthy/attack comparison
*p < 0.01- in remission/attack comparison
**p < 0.01- in healthy/remission comparison



We observed no specific microbial group pointing to the presence of bacteria, which could be
specifically involved in disease activity. The 16S rDNA profile of the fecal microbiota was very
stable under healthy conditions but unstable in FMF patients. It seems the alterations in gut
microflora composition reflect a metabolic imbalance of the complex microbial ecosystem with
severe consequences for the host immune system. How some bacteria may exert an
inflammatory effect and others a protective role in FMF is yet uncertain. Is a breakdown in the
balance between putative "protective" and "harmful" intestinal bacteria simply a secondary
phenomenon in FMF, or is altered composition a primary modification, that is to say genetically
determined, leading to an inflammatory process? Further studies may help to explain the
complex relationships among bacteria, inflammation and genetics, which could provide new
insights into the pathogenesis and treatment of FMF.

Institute of Molecular Biology NAS RA
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Q. U. Tvuyunnpyut

Uphpuryht thypnppnunugh uquh thnthnpum pymtkpp wyupplpulub
hhJuimmpjut dudwinuly

Zbunugnunws £ N2 hpojutmtph wnppught dhypngnpugh uqup hpdwtnmpyub okdhupugh
b unip opowititbpnud: Zwyintupbpyty B wpnuhntwn wipnunpnn dhijpnpttph tpwtwljugh pupdn
pwttwmpiniiibp nidhuhugh opowitinud, b gpbipt npuitg puguljuynipniup unip opgwtmid, hsybu
twh pmphpun wipnwnpnn dhipnputph putulmpjut papdpugmd unip opgwitind, hwdbdunws
wnnng nnunpubph htwn: Upju vdjuubpp Jiuynd Bu N2 dwdwitia) dhpnpughtt juquh nhuphnwunhly
thnihnjunipniiitinh dwuhi, htsybu twb htwpuwynpoipynit G tughu thtnnpbne pmddwtt uygptn-
nuiipuyhtt mnhubp, npnup mnnyus Yihuku wnhtibpnid wnju dhjpnpughtt phupuutuh jupgu-
Ynpuwtip:

3. A. XauarpsiH

N3meHeHnst cocTaBa KHIIEYHONH MUKPOOHOTHI IPH NePHOANYECKON 00JIe3HH

HccnenoBan cocraB KuiiedHoW MUKpodIopel y OonbHBIX 1B Ha cTagusx peMHCCHM W aTakwy.
OOHapyKeHO 3HAYUTEIBHOE YBEIMUCHUE IPOMUOHAT-IPOLYLUPYIOLMX OAKTEPHU B PEMUCCUH U TIOUTH
MIOJTHOE MCUE3HOBEHHUE 3TUX OakTepuil y 60mbHbIX 1B B ocTpoil craauu, a Takke yBeanueHue OyTHpaT-
MPOAYLHUPYIOMUX OaKTepuil B aTake, IO CPABHEHHIO C KOHTPOJIEM. DTH JaHHBIE CBHIETEIBCTBYIOT O
TUCOMOTUYECKUX M3MEHEHMAX B KuuleuyHoi MukpoOuore mpu I1b u naroT BO3MOMXKHOCTH M3BICKaHMS

HOBBIX HYTeﬁ TEpalru, HalIpaBJICHHBIX Ha KOPPECTUPOBAHHNE I[I/IC6aJ'IaHC8. B KHIIICYHHUKCE.
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