o

ZUBUUSUUP @PSNRESNPLLELDP ULSGUSPUL UYULRBUDRU
HAIIMOHAJIDBDHAS AKAJEMHUSA HAYK APMEHMUHU
NATIONAL ACADEMY OF SCIENCE OF ARMENIA

ISSN 0321-1339

DEGYNF33EL
JT O KJAJBI

REPORTS

2012

Epepan Epluwl Yerevan




Shdltunnyly F 1944 p.: Lnyu Fwnkubnid muphl 4 whqud
Ocnoean ¢ 1944 2. Beixooum 4 paza 6 200

Founded in 1944. Published quarterly

Qqjuwynp dpwghp' wliwpbdhynu 9. U. QULULBUL

lpwgpujut  junphnipy’  wjwugbdhlynu E. Q@ USLPU8UL, wlwpbdplnu <. G
RUNYUUUNEUL, wlupbdhynu @ U. RACOBS3UL, wlwpbdphlynu U. U. EULUL3UL,
wljunbuhlnu U. U. ZUURLULNOBRUSUL, wjuntdhlnu k. U. 2 ULQULBUL, wjugkudhlnu
4. Q. 100uae80938UL, 22 @UU pnpwlihg wiunwd L. . UUULIGL3UL (qiu. udpwgph
nbknuluy), wjugbdhlnu . U. TULSPLOAUSUL, whugbdhlnu 8ot 2. TORLOARBUL,
wlwunbkuhlnu . U. UBHUYSUL, @. U. URTUZUUSUL (wyww. pupiininwy)

I'naBHbIi penakrop akagemuk B. C. 3AXAPAH

PepaxknmuonHnast kosierus: akagemuk C. A. AMBAPIIYMSAH, akagemuk O. 1. AOPUKAH,
akagemuk ['. E. BATJACAPAH, akagemuk I'. A. BPYTSH, akagemuk 3. M. KA3APSH,
akanemuk K.I'. KAPAT'E3SH, wri-kop. HAH PA JI. P. MAHBEJISIH (3am. rnaBHOrO
penaktopa), akanemuk P. M. MAPTUPOCSH, akanemuk JI. M. CEJIPAKSIH, akagemuk A.
A. TAJIAJISAH, akagemux FO. I'. IHYKVYPSAH, I'. A. ABPAMSIH (oT1B. cexperaps)

Editor-in-chief academician V. S. ZAKARYAN

Editorial Board: academician S. A. AMBARTSUMIAN, academician E. G. AFRIKIAN, academi-
cian G. E. BAGDASARIAN, academician G. A. BRUTIAN, academician K. G. KARAGEUZYAN,
academician E. M. KAZARYAN, corresponding member of NAS RA L. R. MANVELYAN
(associate editor), academician R. M. MARTIROSYAN, academician D. M. SEDRAKIAN,
academician Yu. H. SHOUKOURIAN, academician A. A. TALALIAN, G. A. ABRAHAMYAN
(executive secretary)

Tudpuwgpnipyui hwughkl' 0019, Gphuul 19, Uupouy Funpudiul wyng. 24q
Aodpec pedaxyuu: 0019, Epesan 19, npocn. Mapwana Bacpamana 242
Communication links: address — 24g Marshal Bagramian Ave., Yerevan, 0019, Armenia

Phone: (37410) 56-80-67 URL: http://elib.sci.am e-mail: rnas@sci.am

© HAH PA. Ilpesuanym. 2012

© WspnarenscrBo “I'uryTion”
HAH PA. 2012



FAdUULVMYP0TNhP3NPL

UUlEetUUShaU
4. G Lhnbwnl, ‘1. [. Unjuphgyuwi, o 2 Uwpqupui - Ungmphunhy juwnightbph
B NUSUNLBINLU ettt eesesseseseeseseasenessanessaacssas

. U. Uppgyuwé - Lnpdw] hwpp Ric- Jhuwupdtnphy Ghpwupuquudbnipmibbbph
Runhwinip PUIUUHURGRUUT ¢

Q. U. Uwpguyuili — 2nppnpn Jupgh hwjuwuwpdwt hwdwp thphhokh jpunph (niskihnipjut
b ppowtinid (nidnidbiph JunnigUunll UMWURT s ssresssesaees

. U. Qupupyuily, 2. 9. Pwgjuppuii— A quuh dmuljghwtiph wgh dwuhl e,

U. 9 YQmpbgulb, U 6 Uppwhwdjui - dbhpowynp nuwownbkph Jpu nbknunpnipjub
puquuunudbph Junnigdwll BBl ...

UpUNUYUL UUEEUUSPUU
U U. Jwppulywi - Zuudwt b jpugdwb  gqopénnnipnibtbpny  Gphhkdktnwing
EupwpuquUnipinititinh puunid npny dwbtwgnn hwdwlwupgbph dhthdwnipjub dwuhtb.....................

UthiUuhull
U. U. Zudpupdmdjub, U. 9. FEmpkljul - Spllujtuut dwqihuwlwt npupnnmd hupp
ninuilnit hpbwjwljut hwnnpphy dbdppubth juyytwlut muwnwinidbpp...,

Nijpielale {0t
E U. MTuwqupui, U. @ Unkljub, 2. U. Uupgquui - Ui Ejupntughtt hnuwtpp guutught
DUUNOENULILU ..ot

UGuLUUDPPUU

g. &  Qupumuwil, 2 U SQupumuil. Z Fomiywi - Lhdhpnudkiubugkughugh
Jbpmnisnipjut . wmwppip  dbkpnnubpp dwppgme wput ohdnilh jhwynwypnukhuubph
wquununpujughtt gbkpopuhnuyhtt opuhnugdwt dwjupnulyh ghwhwndwt dke opquithqunid
whinwpwtwlut gnpspupugutph qupgqugdub dudwwly

4.U. Ohwlyui - Shppupdp hwdwpnipjut  LEjupudwuqthuwlubt gupnh b
hwlwphninhljubkph hwdwwnbn wqnkgmpymip Enterococcus hirae puljnkphwibkph wgh b
Jhuuntwynipyjui Jpw

UGLUULPURU
U.U. Uplniywi, P2 Fuwmplpub, U.U. Uwpquppul —  Zugh uvundh hwupdwpnnquiut
Ubkjuwthquubpp hunipugdutt nuwnwinnujut okpdwunhfwtubph tfundwdp ...

U. U. Fupujui — Upphpwhwnh phy 55 snudny Jupuljjus uyhunwl diukph wppub
oh&nihh uyhwnwlnigutiph puwtwljulub hnthnfjumpiniubtpp qujupdhith wgpbgnipjudp ...

4. b Pupuylbpywl, 0. U. Twqupmui, [ . Uwhwljub, U. U. Updnijuli - Pnuhqugunn
Sunuqujpdut hinwynp htnmbwuptutpp b jupquynphy dbjuwthquubpp jupphndhnghnubpnd ...

UULEURULNREBNRL

4. O. Znjhwiywi, [. 2. Lujuwuwpguul, U. 9. Znjihwlyuwd, U. 2. Posnilywi — Uwuptubph,
uyhpnjubwnitph, fdnpuubltph b bwpwlbkuguihutph  npny  wbuwlubph  Ynpninht-
prYywughund gnjugnipniuttph dnpdnghutiqh b wpunwpht nuppkp gnpénuttipnh wqpkgnipjut
ninpuljunniguspuyhtt yhpnidnipniup

19

30

44

51

57

67

73

79

87

95

102

110

118



COAEPKAHUE

MATEMATUKA

B. K. Jleonmwes, I'. JI. Moscucsn, K. I'. Mapeapsan — I'eoMeTpus alIUTABHOTO KAHAMA ........cccunveern...

B. A Mupsosn — Obmas knaccupukamusi HOPMAIBHO IUIOCKHX RIC - MOMyCUMMETPHYECKHX
TTOJTMHOTOOOPABHH ... .vveenetieeeteeeutieeauteeeuteesateeeauteesuteessteeesseesaseeesaseeeanseesasteesaseeesseesnnseesnseeeasseesnseeennseeenseannns

I A. Capecan — O paspemrmmoctu 3amade Jlupuxie mjisd ypaBHEHHS 4YeTBEPTOTO IIOpAZKA U
TIOCTPOEHUH PELIEHIIH B KPYTE ..oveuvenriueerrretententeutetesuessesteseesesensentesteseesensensestsseasensentenesstssensensesessessenseneenenns

B. C. Baxapsan, P. B. Jannakan — O pocte QyHKIHUIT KJIacCOB AO’Z ..................................

M. K. Krwopeean,C. E. Abpaaman — MeToz, TOCTpOeHNS T€PeCTAHOBOYHBIX IIOTMHOMOB HaJ, KOHEYHBIMU

0 0 052 .

MMPUKIIAAHAS MATEMATUKA
C. M. Bapoansan — O MUHUMAaJIBHOCTH HEKOTOPBIX PACIIO3HAIOIINX CUCTEM B KJIACCE JIBYX3JIEMEHTHBIX

TOAMHOXKECTB OTHOCHUTCIBHO onepauI/Iﬁ TNEPECCUCHUA U JOIMOJTHCHHUS . .vuvineintiniiniiniiniiniittierneriertaneaneaneeneanenss

MEXAHUKA
C. A. Ambapyymsan, M. B. Bbenybexksn — llonepednsie xoneOaHUS MACATHHO TPOBOISIICH TUIOCKON
IIPSIMOYTOJIBHONH MEMOPAHBI B ITPOJOTBEHOM MATHUTHOM TTOTIC ...eeuveenneerureenreereenreesseenmeessseenreenseenseesseesmnenseesnnees

OU3UKA

D. M. Kazapsn, H. I'. Aeexan, A. A. Capxucan — OTHOIEKTPOHHBIN TOK B IIJIMHIPHIECKOM HAHOCIOE

BUODOU3NKA

A. E. 3akapsn, 3. A. 3axapsn, A. A. Tpuynan — Pa3nudHble METObI XEMIJIIOMEHECLIEHTHOT'O aHAIN3a B
OLIEHKE YPOBHS CBOOOIHOPAAMKAIBLHOTO MEPEKUCHOTO OKHCIEHHS JIMIONPOTEHHOB CBHIBOPOTKH KpPOBU
YeJI0BEKa MPU Pa3BUTHH MATOJOTMYECKUX MPOLIECCOB B OPTAHMBME ...cuuvierurreerureeeiriernreenreeenmeresssneessneessmneennns

B. A. Ocanan — CoOBOKymHOE BO3JIEHCTBHE CBEPXBBICOKMX YaCTOT DJEKTPOMATHUTHOTO TIONS H
AQHTUOMOTUKOB HA POCT U BBDKUBAEMOCTD ENICrOCOCCUS HIFAE.............ceeeeieiciiiiiiieciiit e

BUOXUMUNA
A. A. Cumonan, U. I'. bamuxan, A. C. Mapeapsin — MexaHu3Mbl aanTalid KypuHOTO SMOpHOHA K
KOJIE0ATENIbHBIM TEMIEPATYPAM UHKYOUPOBAHU. ... .cevveerientieniienireeireeateeteetteteesuaessnesnaeenneeseenseessaesanesnnesanees

A. M. baoansn  — KonuuecTBeHHbIE H3MEHEHHs OCIKOB CHIBOPOTKH KPOBM O€NbIX MBIIEH,
3apaKeHHBIX CHOMPES3BEHHBIM 55-M IITAMMOM, O] BO3JCHCTBACM TATAPMIHA ........eveeeeenreneenrenesieeneenneeneennes

K. U HUcpaenan, Il. A. Kazapsn, P. X. Caaxan, M. A. Cumonsn — OTHaJCHHBIE ITOCIIEICTBHS
PaJMAIIMOHHOTO TIOPAKEHHS MHOKap/ia U PETYJISITOPHBIC MEXaHU3MbI B MEMOpaHaX KapJHOMHOIIUTOB.............

MUKPOBUOJIOI'UA

K. O. Osnansn, JI. A. Hasacapoan, M. K. Osnansn, A. A. Tpuynan — YIIbTpaCTpYKTYPHBIH aHaIN3
00pa30BaHus BOJIOTHH-AIUIOKAIBIIMCOM Y HEKOTOPBIX BUIOB OaKTEpHii, CHUPOXET, IPOMOKEH U MPOCTEHIINX
npu MopgoreHese KIETKU U JEHCTBUM PA3IUUHBIX BHEITHUX (PAKTOPOB .....coueerririreeirenireereeneeieesieesneeneennees

19

30

44

51

57

67

73

79

87

95

102

110



CONTENTS

MATHEMATICS
V. K. Leontev, G. L. Movsissyan, Zh. G. Margaryan — Geometry of Additive Channels ......................

V. A. Mirzoyan — General Classification of Normally Flat Ric -Semisymmetric Submanifolds...........

G. A. Sargsyan — Solvability of the Dirichlet Problem for the Fourth Degree Equation and
Consruction of the Solutions in @ DISC ..o

V. S. Zakarian, R. V. Dallakyan — About Groth of 42 Classes FUNCHONS. .......ccvevrvrereereeenrieirieenenes

M. K. Kyureghyan, S.Y. Abrahamyan — A Method of Constructing Permutation Polynomials over
FANIEE FIELAS ..ttt

APPLIED MATHEMATICS
S. M. Vardanyan — On the Minimality of Some Recognizing Systems in the Class of Two —
Element Subsets Concerning the Operations of Intersection and Complement..............ccccceivirrrrrrcccncnns

MECHANICS
S. A. Ambartsumian, M. V. Belubekyan — Transversal Vibrations of the Perfect Conductive Plane
Rectangular Membrane in the Longitudinal Magnetic Field ...........cccccoconiniiiiiiiciiereeceeans

PHYSICS
E. M. Kazaryan, N. G. Aghekyan, H. A. Sarkisyan — A Single-Electron Current in a Cylindrical
INAIOLAYET ...ttt ettt ettt ettt et ettt e et e e e e e bt eatestebe et e st eaeen s e seebeenten s e s e eatemtans e seebeent et enseeseeneensenteeseeneentennan

BIOPHYSICS

A. E. Zagaryan, Z. A. Zagaryan, A. A. Trchounian — Chemilumesnescent Analysis Different
Methods in Evaluation of Lipoproteins Free Radical Superoxide Oxidation of Human Blood Serum during
Different Pathological Processes Development in OrganiSm ...........ce.eeeveerenieninienienieireneee et seeveeeeeenes

V.A. Ohanyan — Combined Effects of Extremely High Frequency Electromagnetic Field and
Antibiotics on Enterococcus Hirae Growth and SUrvival.........c.c..cocveerniiiniinniinecneccneeeeeceseereees

BIOCHEMISTRY
A. A. Simonyan, I.H. Batikyan, A.S. Margayan — The Adaptation Mechanisms of Chick Embryo
at Variable Incubation TEeMPEIALULE. .........ccuecieiiuirieieeeierieeietteie ettt ettt este et st e st s te e sessensesessenseneesessensenes

A. M. Badalyan — Quantitative Changes of Blood Serum Proteins of White Mice Infected
with Anthrax 55 Strain Under the Influence of Galarmin ...........ccoovieiiiiiiiiccececeeeeee e

K. I Israelyan, P. A. Ghazaryan, R. Kh. Sahakyan, M. A. Simonyan — Long-Term Effects of
Ionizing Radiation and Regulatory Mechanisms in CardiomyOCYLES ........ceeuereeireerieirerienirerieneeesesieeeeeseeeenes

MICROBIOLOGY

K. O. Hovnanyan, L. A. Navasardyan, M. K. Hovnanyan, A. A. Trchounian — Ultrastructural
Analysis of Volutin-Acidocalciumosomes Formation in Some Species of Bacteria, Spirochetes, Yeast and
Protozoa during Morphogenesis and under Environment Different Factors Action

118
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HAODWNOHAJDBHAA AKAOJEMNUNA HAYK APMEHUNMU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

IOKJIAJBI 9t4YNh88LEL REPORTS
SR112 2012 Ne 1
MATEMATHKA

YAK 621.391.15

B. K. Jleontnes', I'. JI. Moscucsin®, JK. I'. Maprapsn®

I'eomeTpus aJAMTHBHOIO KaHaJa

(ITpencrasneno akagemukom . I'. XauatpssHom 2/11 2011)

KiueBble ciioBa: a0oumusHblll KaHail, KOObl, UCNPAGIeHUe OWUDOK, PACCMOsHUE, COBEPULEHHbIE
KOObl, 6a3uc, pame, MOWHOCMb

BBenenue. PaccmaTtpuBaeTcsi aamuTUBHBIA KaHaJ CBS3U, BBEACHHBIH B paboTe [1], KakK

HEKOTOPBIN MpeoOpa3oBaTenb WH(DOPMAINU, SBISIOMUNACS O00OOIMICHHEM KJIACCHUYECKOTro OWHAp-
HOrO KaHaja C OrpaHUYEHHBIM 4YHCIOM McKakeHuid 0 — 1, 1 — 0. MHorue noHsaTust ¥ (haKThl,
MPUBEICHHBIC B HACTOSIIEH paboTe, UMECIOT KOPHU B KJIACCHUYECKOH TEOPHH KOAWPOBAHUSI H

SBJISIFOTCS IPSMBIMHM aHAJIOTAMU XOPOIIO U3BECTHBIX pe3yabTaToB [1-6].

«Iym», mopoxkaaeMblidi aJINTUBHBIM KaHAJIOM, IPUBOAUT K TOMY, YTO Ha BBIXOJE KaHaida MbI
MOJTy4yaeM CIJIOBO, OTIMYHOE OT MEepPeJaHHOro. IJTO OOCTOSTENBCTBO CO3MACT HCXOJHBbIC Mpen-
MOCBUIKY JJI1 BBEACHHUS CTAHIAPTHBIX B TEOPUU KOJIUPOBAHUS MOHSATUH KOJAA, MCIPABISIONIETO

OLHI/I6KI/I, CKOpPOCTH nIepeaavu, JCKOAUPOBAHUA U T. .

C npyroit cTOpOHBI, B CBS3M C T€M, YTO AJJINTUBHBIX KAHAJIOB MHOTO, BO3HHKAET Mpoliema
YOOPSAOYCHHSIT W KJIAaCCH(PUKAIMU TaKUX KaHAJIOB C YYETOM JIOMHUHHPYIOIIETO CBOMCTBA —

BO3MOXHOCTH HUCITPABJICHUA OIINOOK.

Koawbl B anquTuBHOM KaHaJje. B 3T0il cTathe ymo0HO paccMaTpuBaTh MHOXKECTBO B" Kak n-

MEpHOE BEKTOPHOE MPOCTPaHCTBO Haj nojeMm B = {0,1} u3 1ByX 3JIeMEHTOB.



Ecrm A ={y,,»,,.-.,», } — HOAMHOXecTBO B", To ¢ A CBA3bIBACTCS MOHITHE AJTUTUBHOTO

KaHalla A CIeayoNM o0pa3omM [1]
Jlro60i1 u3 BekTopoB x € B" B kaHane A mnpeoOpaszyercs B OAMH U3 BEKTOPOB BUIA
y=x®y,, s=0,m ,rne @ — cnoxenue no mod 2.

Omnpenenenne. J[s mo60oro Bektopa  x € B” OKPECTHOCTBIO f-OTO MOPSIIKA OTHOCHTEIHHO

A Ha30BeM MHOXECTBO
A'(x)= {u Dyiued'(x),y € A}.
[Tpu 3TOM yHoOHO pUHSTE, uT0 A°(X) = {X}.

CTaH,I[apTHOG OIMMCAHUC IPOoLECCCa UCIIPABJIICHUSA OIINOOK COCTOHUT B MMOCTPOCHUHN «Ta6JII/II_ILI

JICKOTUPOBAHMUSD) [6] .
ITycts kaHanm A — 3710 MHOXecTBO mpeoOpaszoBanuit 1" =4{T,,1,,...,T, }

B" > B"

Buga y=T,(x),i=0,m.
Ecmm V ={v,,v,,....,vy} € B", To Koy V' cTaBHUTCS B COOTBETCTBUE TAOJIHUIIA AEKOANPOBAHUS
Vo V... Vy

Ty(vo) | Ty(m) | Ty (vy)
1o | 1) | 100

T,(v) | T,,(») | T, (vy)

«VcnpasieHue» ommOOK ¢ MOMOIIBI0 TAOJIUIIBI MPOUCXOIUT CleayroruM oopa3om. I1o ompe-

JIeNIEHUI0 JTI000H «IepeaHHbli» BEKTOp X IpeobOpasyercss kaHaioM A B 1,(x) =y, KOTOPBIH

JIKUT XOTsI ObI B OJHOM M3 CTOJIONOB Tabmuilbl. Torjga KOMOBBIM BEKTOP, JIGKAIIUWA B IMEPBOMN

CTPOKE JIF000I0 U3 TaKUX CTOJ'I6I_IOB, H ABJIACTCA ((HpOO6p&30M» NEpCAAHHOTO BECKTOPA. HCHO, qTo



€CJIM BEKTOp y MPHUHAJICKUT €IUHCTBEHHOMY M3 CTOJIOLIOB TAaOJHUIIBI, TO MPOLECC «IEKOIUPO-

BaHUs» MPUBOJIUT K IIPABUILHOMY PE3YJIbTATY.

O4YeBUIHO, YTO KaXKIbIM CTONOEN TAaOIUIBl MEKOAUPOBAHUS — 3TO OKPECTHOCTh TIEPBOTO

TOpS/IKA COOTBETCTBYIOMIETO KOJAOBOTO BekTopa Vv, ,T.e. A'(v.)={T,(v,),....,T, (v,)}.

Omnpenenenne. Kox V' wucnpapnser ommOKd KaHama A, €clu CTOJOLBI TaOIHIBI JACKOMIU-

POBaHUS HE UMEIOT OOIIMX BEKTOPOB.

OTMeTUM TaKXke, YTO BEKTOPHI OJHOTO CTOJIOIA TAaOJMIIBI ACKOAUPOBAHMS HE OOs3aHBI OBITh

pa3IMYHBIMH, YTO HE BIMSIET Ha CIIOCOOHOCTH KOJa V' MCHpaBisATh OMIMOKH KaHama A .

Eciu xe B" u T ={T.} — HEKOTOpOE CEMEHCTBO NMPeoOpa30BaHMI, TO OKPECTHOCTH {— OrO
1

IOPSIKA BEKTOPA X OTHOCHTEIHLHO CeMEWCTBA 7 — 3TO MHOXKECTBO BEKTOPOB
T'(xX)=u®y:uel ' (x), yeT}, rne T°(x)={x}

Jns  cityyast apguTUBHOTO KaHana A ={y,,),,..., v, } Ipeoopa3oBanue 7, (x) BBIMNIAIAT TaK:

T(x)=x®y,, i=0,m.
VYcnosuem toro, uro kox V ={v,,v,,..,v,} HCOpaBIseT OMMOKM aJAUTUBHOIO  KaHaja

A={yy, Y ss ), }» SABIACTCA: Al(vi)mAl(vj):Qf, UL [ # ] .

OKBUBAJIEHTHAs 3alIUCh OTOTO YCJIOBHA BBINISIUT TakK: v, ® y, # v;®y WIH, CHAMMETPUYHO €ii,
v, ®v, 2y ®y,.

SICHO, YTO TIEIBLIYIIHNE OTPEIEIEHUS ABIAIOTCS CHMMETPHYHBIME OTHOCHTENBHO maphl (4, V)
Y IOTOMY NOPOXKIECHHE «OLUIMO0K» U «UCIIPABIEHHUE» OMUOOK UMEIOT OJHHAKOBYIO IIPHPOY.

VYrBepxkaenue 1. Eciu koxg V' ucnpammsier omuOKd aAIWTUBHOTO KaHama A, To koa A

HCIIPABJIAICT OIINOKH aJIIUTUBHOTO KaHama V .

[TockosTbKy MOIIIHOCTh OKPECTHOCTH f-OT0 MOPSIKA HE 3aBHCUT OT BEKTOpa Vv, TO 0003HAYUM

a'=|a@) .



OTt™MeTnM TCIICPb, YTO AJII MOIIHOCTH KOJa V , HCIIPABJIIOIICTO OIIINOKHU aAUMTHBHOI'O KaHajla

A= {yo s Vs Vm }, CIIPaBEJIUBBI CIIEAYIONIME TPAHHULIE] [3] :

n n

7S |V| S— -
A A
[Ipu 3TOM KOA V', HA KOTOPOM JOCTUTAETCA BEPXHsSSA I'PAHULA, HA3BIBAETCA COBEPLICHHBIM
KOJIOM, UCTIPABIISIONIUM OITMOKH aJAUNTUBHOTO KaHama A .
st onucaHus «B3aMMOOTHOIICHHI» aJIMTUBHOTO KaHaia A M Kojga V', MCHpaBIAIONIETO

OLIMOKH ATOr0 KaHajia, yJ00HO BBECTH CIICAYIOUIMHA JBYXMECTHbIH npenukat X(4,V):

X (A V) l,ecAnKOA V' ucIpaBAsieT OIINOKY KaHaAd A,
777 0,a T80ORATTT figo+aa

[Ipenukar X(A4,V) obnagaeT ciieTyonMA CBOMCTBAMM:

a) X(A4,V)=X(V,A).
3TO CBOWCTBO Cpa3y CIEAYET U3 KCUMMETPHUYHOCTH» YCIOBUH HCIIPABICHHS OIINOOK;
0) X(A® x, V® y)=X(V,A) ,tne x W ) — NPOU3BOJILHBIC BEKTOPHI MHOXECTBA B";

B) X(4,V)=X(TA,TV), tne T — mnpou3BOJILHOE O0OpaTUMOE JHMHEWHOE TpeoOdpa3zoBaHue

B" —» B"[1].

CBOHMCTBO B) TOKa3bIBacT, UTO AMUTUBHBIC KaHausl 4 U TA s oOpaTUMOTO JIMHEHHOTO
npeoOpa3zoBanus 1 00Jadar0T OJUHAKOBBIMA CBOMCTBAMH B CMBICIIE KOPPEKIIUU OIITHOOK, TO3TOMY

TAaKUC aJAUTHBHBIC KaHAJIBI CCTCCTBCHHO CUUTATh HEPAZJTIMIUMbIMHU.

HpI/IBeILeHHLIC HUIKC PACCYKACHUS SABJIAIOTCA TPAAUITUOHHBIMU ITPU U3YUCHUUN HO,Z[O6HOFO poaa

sKBHMBaNIEHTHOCTEH [7]

10



n o
IIycts B | — cemeicTBO Bcex |A| 3JIEMEHTHBIX NoAMHOXkecTB B" u GL,(n) — rpynma
4]

BCEX HEBBIPOXKICHHBIX MAaTpPULl IOPSAAKA 1 HAJ MOJIEM B .

Ecmu T € GL,(n), To 06pa3 nogmMHoxkecTtBa A — 310 MHOXectBO 1A ={y, T,y T,....y, T}, Tae

A = {yO’yla'“’ym}'

o o n
Takum obpazom, rpymnmna GL »(n) melicTByeT Ha ceMeWcTBO | B |, mpeobpaszyss MHOMKECTBO
gl

A B TA€ (BA ”j .
TpaH3utuBHOE MHOXKECTBO Z(A), ompenensieMoe MOJIMHOXKECTBOM A, 3a7aeTcsl CTaHIapPTHBIM
obopazom: Z(A)={TA:T € GL,(n)}.

Ecimm T, crabwmmzatop MHOkectBa 4, T. e. T, ={T € GL,(n):TA= A}, T0, KaK XOpOUIO

W3BECTHO [7], |Z(A)|=indT .. MOIIHOCTh TPaH3UTHUBHOI'O MHOXECTBa Z(A) paBHa HHIEKCY

noarpynnst 7.

[Hanee pasnoxeHue

B" |= UT,

4]

o n
MMpCaACTaBJIACT p336I/IeHI/Ie BCCIro CEMCUCTBA B Ha KJIACChbI TPAH3UTUBHBIX MHOKCCTB.
4]

Qopmyna g uyuciaa r(n) TPAH3UTHBHBIX MHOXKECTB ONPENENSIETCS C IOMOILIBIO JIEMMBI

bepncaiina [7]
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Ilyctes T € GL,(n), Torma V‘ Al (T)— uncno «HEMOABMKHBIX» TOUEK MpeoOpazoBanHus 1 WA

n
YHCIIO TOJMHOXKECTB M3 | B |, He MEHSIOIUXCA TpH npeodpazoBaHuu 7.
4]

Jlemma 1. Cnpageonruso coomnowenue

n—1 .
)= — 1 R PORES ‘GLZ(n)‘:'HO(2n—21).
1=

6Ly | 7eGL ()

CaencrBue. CripaBeJIiBO HEPABEHCTBO

)

|GL2 (n)|

r(n)>

ITycts V(A) KOJl MAKCUMAJIbHOH MOIITHOCTH, UCTIPABIIAIOIINI Bee OIMOKY KaHana A .

2}7
4]

KaHaJIOB U, KaK O6I:>I‘IHO, I_IeJ'ICCOO6p213HO paccMOTPETh HUKHIOKO U BEPXHIOKO I'PaHUIBI MOIITHOCTH

Ecmu ¢ukcupoBaTh MOIIHOCTh KaHala A, TO CYIIECTBYET -Pa3JMYHBIX AJAUTUBHBIX

COOTBETCTBYIOIINX KOPPEKTUPYIOLIUX KOJOB

Dy (n)=max|V'(4)|, D, (n)=min|V/(4)|.
|4[=k — 4 |=k

ConeprkaTenbHBIN CMBICH 3THX (QYHKIMHA, PACCMOTPEHHBIX B padote [1] 11st Kiacca rpynmoBbIX

KOAOB, 1OCTATOYHO OYCBHUACH U BPAL JIM HYKAACTCA B JOINOJTHUTCIbHBIX KOMMCHTAapUAX.

SIcHO, YTO AJAUTHBHBIX KaHAJOB CTOJBKO, CKOJIBKO CYIIECTBYET OYyJEeBBIX (YHKLHMH, M, KaK
MIOKa3bIBaET CBOMCTBO 0) M B), HEKOTOPBIC U3 HUX 110 CYIIECTBY HE OTJIMYAIOTCS JPyT OT npyra. Kak
MOJKET BBIMJISIIETh KJIAcCHU(UKALUs TaKUX KaHAJIOB, HESACHO, HO CJEAYIOLIUE ONpeeIeHUs

COOTBCTCTBYIOT O6H.I€HpPIH$ITOI>i TOYKE 3pCHUA.

Omnpenenenne. Kananet A u C Haswleaiomcs dKEUBALEHMHLIMY, eClU 000U KOO,

ucnpasasaowull owmuoKky adoumuenozo kanaia A ucnpasisiem owuodbxu kanara C u Haobopom.
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CDOpMaJ'II)HO MOXHO OIIMCaThb, BBCAA OTHOUICHUEC YaCTUYHOI'O IMOpAAKa

A<C; X(C,V)=1> X(A,V)=1, nnascex V < B".

Ecmm Ac C, 10 A< C,4TO BBIIJISINUT BIIOJHE €CTECTBEHHO.

OTO CBOMCTBO ITO3BOJISIET JUISL KOO m < 2" UCKaTh AAJUTUBHBIC KaHAJIbI C «KHAWJIYUIIUMW») U

«HAUXyJUIMMU» KOPPEKTUPYIOUMHU CBOMCTBAMM.

YrBepxaenue 2. A0oumugnvle Kanaubl (A@u) u (A(-Bv) ABNAIOMCA IKEUBANEHMHBIMU 015

atobwix u,v e B".
YrBepxaenue 3. Ecnu X(A, V) =1, mo |A N V| <l1.

13 OpeAbIAYIIUX YTBep)KI[eHI/Iﬁ CJICay€CT, 4TO 0e3 OrpaHUYCHUA OGH.[HOCTI/I MOXHO CUMTATh:

a) CClIn {A} — KJIaCC aAJUTHUBHBIX KaHAJIOB, DKBHUBAJICHTHBIX A , TO HpO6J'I€My KOAUPOBAaHUA

A0CTAaTOYHO PCIINTD IJIA JIF000T0 MNpEaACTAaBUTECIIA 3TOT'O KJj1accCa,

0) alaUTUBHBIA KaHall A COAEPKUT HYJEBOM BEKTOp, YTO MOXKHO MHTEPIPETHPOBATH KaK

BO3MOKHOCTh 0€30IMO0YHOM TTepeadn CUTHaja Mo ’TOMY KaHay.

ITockonpky n3 X (A, V) =1 cnegyer X (V,A) =1, TO aHAJIOTUYHOE YTBEPKACHUE BEPHO U JUIS

KoJa V', T.e. IOCTaTOYHO pacCMaTPUBATh KOJIbI, COJEPIKAIINE HYJICBOW BEKTOP.

Takum obpazom, uz X (A, V)zl CJeyeT, YTO MHOXECTBO A u V'  MOTyT mepecekarbcst

TOJABKO B HyJle, a MOMCK KojJa } Hago OpraHu3oBaTb B MHOXKECTBE {B"\A}u{(OO...O)}. B

nanbreitmem y, = (00...0)e 4, v, =(00..0)eV .

Metpuku u koabl. CTaHIapTHON U HanboJIee MIMPOKO HCIIONB3YEMON B TEOPUU KOIMPOBAHUS

METPHUKOM SBISETCS METPUKAa XOMMUHTA, T.€. CIeayromas QpyHKIus:

[l =[x, )

n
E in :
i=1

MoXXHO cuMTaTh, YTO 3Ta METPHKA CBA3aHa C «HATypaldbHbIM» OasucoM E =(e,e,,...,e,)

CIIeTyIOIINM 00pazoM:
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x=2 e, >, =2 .
i=1 i=1
SIcHo, uTO mpH BBIOOpE Apyroro Gasuca M = {yl, Voseres yn} MBI TIOPOKIAEM APYTYIO METPUKY
n n
X = ;ﬂiyi - "x”M = Z:;:Bz .

Bonee oOmias mpoueaypa MOPOXKICHHS METPHUK YKa3aHHBIM BBIIIE CIIOCOOOM COCTOWUT B
caenytomem. g 3amaHHOro moaMHoxectBa M :{yl, Vs gees ym}gB” U BekTopa x € B" MbI

paccMaTpuBaeM Bce «pasiokKeHUs» X 1Mo M , T.e. MPeACTaBICHUs BUA
m
=ay,. (1)
i=1

m
U KaXAOMY TaKOMY NPEACTABICHUIO COIMOCTABIIAEM YHCIIO Z(li .

i=1

Tenepp, BBIOPAB U3 3TUX YUCE MUHUMAJIBHOE, Mbl ONIPEAEIUM CIIEAYIOILyI0 HopMy (Hopma MJIM),

CBsI3aHHYIO ¢ M :

Jlemma 2. @yuxyus || ||M a61emcss mempuxou (6 Oanvhetiuiem mempuxou MJIM) ons

NPOU380bH020 NOOMHOodcecmea M < B".
Onpenenenue. Mempuxa MJIM nasvieaemcs dbazucnou, eciu M < B" saeisemcs 6azucom.
Ha si3p1K€ Teopun rpadoB onMcaHHasi CUTYalHsl BHITIIIUT CIEAYIOIIUM 00pa3oM.
Ha muOXecTBe BepmnH B" 3aganum OMHapHOE OTHOIICHHE

X~Yy<«>X+y=Yy, IHEKOTOporo y, e M .
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DTO OTHONIECHUE OMPEEIAET CMEKHOCTh, U MBI TIOJTy4aeM rpad (B " E, ) Paccrosinue mexnay

BEpILKMHAMU 3TOro rpada 3aJaeTcsi CTaHJapTHBIM 00pa3oM: MUHUMAaJIbHOE YUCIIO pedep B LiemH,

COCTMHSIONIEH ATH BEPIIUHBI, 1 0ECKOHEUHOCTD, €CITH TAKOH IIETH HE CYIIIECTBYET.

Jlemma 3. J[ns 6azucHbix Mempux cnpaseonusbl COOMHOULCHUS]
=l =l
pM(u’v): pE(“ Hy,, vH, ),

pE(u’v):pM (” H,,vH, )} (2)

ede H,, — mampuya nepexooa om bazuca M « 6aszucy E.

HGCMOTpH Ha TO, UYTO MCTPUKH B PA3JINIHBIX basucax MOTYT CUJIBHO pa3JIn4aTbCs, CIICKTP

paccTosiHAN pocTpaHcTBa B” Bceraa OJuH U TOT XKe.

Jdemma 4. [Tyemo t,(M) — uucno mouex uz B" ¢ ||x||M =k. Toeoa t,(M)= Z . k=0,n onx

npou360abH020 basuca M .

IIpn 3amannoi merpuke MJIM Bce craHIapTHBIE OINPENCIICHHUS TEOPUM KOPPEKTHUPYIOLIMX
KOJIOB MOXHO TpaHC(hOpMHPOBATh, 3aMEHSSI METPUKY XAMMHHIA Ha JIIOOYI0 0a3UCHYIO METPHUKY

MJIM. B yacTHOCTH, COBEpILEHHBIN Ko V' ¢ pacctosHueM d =2t +1 — 310 pa3dueHne MHOKECTBa

B" B oObeuHEHME mapoB paauyca ¢ B Merpuke MJIM. B cuiny gopmyiisl (2) COBEpIICHHBIE KOIBI
B OJJHOH METpPHUKE TEPEXOMIAT B COBEPIICHHBIC KOJBI B Ipyroii MeTpuke. @opMabHO 3Ta CUTYyaIHs

BBITJIAAUT CJICAYIOIIUM 06pa30M.

Ilycts Q:{yl, Vaseees yn} — TMpPOU3BOJILHOE TMOAMHOXEeCTBO B" m C — mnpousBoibHAs

HEBBIPOKJIEHHAs MaTpulla Mopsiika n HaJ nojeM B . PaccMoTpuM nuHeliHOe npeoOpa3zoBaHue
flu)=u-C
npoctpancTBa B" B ceOsl.

O6pa3 mHOXkecTBa () MpH ATOM NMPeoOpa3oBaHUK MBI 0003HAYUM uepe3 [ (Q), T.€.

def

1(0)={/u):ue0j.
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Mpu stom [£(0) =0, a cnexrpst {p,, (u,v):uve Ofu {o, (f) f() f(u)s(v)e f(O))

HE MMEIOT KAaKOM-TO MpOCTOW CBsi3H. CUTyaluss HECKOJIBKO W3MEHMTCS, €CIM PACcCMOTPETh pas-

nmuyHbsie MJIM MCTPUKHU U BBECTH OI'PAHUYCHUA Ha paCCMaTPUBACMBIC HpeO6pa3OBaHI/I${.

Ilyecte C=H,, — marpuua nepexona oT 06azuca M k OGasucy E. B 3THX ycloBHsX

CIIpaBCJIMBa.

Jlemma 5. /[ns 6azucnvix mempux eepua ¢popmyna
P (w.v)= pp(flu) f(v)) 3)

3mecy u,veB”.
O6ocHoBanue popmyisl (3) ciaenyer u3 popmy (2).

®dopmymna (3) momyckaeT MHOTO Pa3IuYHBIX HHTEPIPETAUNA TEOMETPUUYECKOTO Xapakrepa. Mbl

npuBezieM JBa (pakTa, KOTOpbIe OYAYyT UCIOIB30BATHCS B IaJIbHEUIIICM.

a) [lonmHOXkecTBO 4 < B” ¢ 0a3uCHOM METPUKOH p,, U HNOJMHOXECTBO f (A) ¢ Ga3ucHOM
METPHUKOIl p, SBISIOTCS IIApAaMH paguyca ¢ OJXHOBPEMEHHO.

6) Kon V < B" c 6a3ucHoit wMeTpukoil p,, ¥ kon f (V) ¢ 0a3uCHOM MeTpuKoOH  p,
SIBJISIFOTCSI COBEPIIICHHBIMU C PACCTOSIHUEM 2f + 1 OJJHOBPEMEHHO.

[Ipenpiaynire yTBEpKIACHUS IO3BOJISIIOT CTPOUTH COBEPIICHHBIC KOJBI B B” I IPOU3BOIIH-
HBIX OA3MCHBIX METPHUK, €CIU YAANOoCh MOCTPOUTH TaKOW KOA XOTs Obl g OJHOM Oa3ucHOM

MCTPUKH. B YaCTHOCTH, €CIIN A\ Y, ABIBICTCA 68.31/ICOM, CIIpaBCJIMBO CJICAYIOHICC YTBCPIKIACHUC.

Teopema 1. Hempusuanvhsie cogepuiennvle KoObl, UChPABAAOUUe OWUOKY A0OUMUBHO20

KaHana A’(yo), Cyujecmsyrom Jutdb MmoyibKo Npu cledyrouux 3Ha4eHuax n u t:

a)yn=2°-1, t=1;

6) n=23, t=3.
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Teopema 2. Koo V wucnpasnsem owubku aooumusHo2o kauana A, eciu u molvKo eciu

6bINOJIHAIONCA YCI06UA

p(v,v,)=3, iL,j=1,N.

U3 teopemsl! 1 ciemyer Teneps, uTo And # = 2° —1 1 Mpou3BoJIbHOTO 0asuca A\ y, CylecTByeT

COBEpILEHHBIN Kof V/, ucnpapisiomuid ommbku kaHana 4. OnTuManbHOCTh Koja V' ciedyeT u3

BerHeﬁ T'paHULIbI MOOTHOCTH KOJa

£

s Toro, yToOBI B 00LIEM Cllyyae MOCTPOUTh COBEPUICHHBIM KOJ, UCIIPABISAIOUIMNA OIIMOKH
kaHana A, rae A/Y, 6asuc, HYy)KHO B3STh COBEPLICHHBIH KOJ X3MMHUHTAa V' M paccMOTpeTh €ro
o0pa3 mpu JuHEeWHOM mpeobOpasoBanuu f(u)=uH ,, rae H, — MaTpulla, CTPOKAMU KOTOPOM
ciry’kaT BeKTopbl MHOXkecTBa A\ y,. Torna f(V)—3To UCKOMBIN COBEPILICHHBIA KOJ, KOTOPBIA B

CHUITY JIEMMBI 5 ¥ JIeMMBI 6 UCTIPaBIsieT OMIMOKH aJINTUBHOTO KaHamna 4.

'BbIdmcnTebHbI uentp PAH, Mocksa
*BUT rpymni, Mocksa

3 . . _— .
EpeBaHckuil rocyiapcTBeHHbIH YHUBEpCUTET, e-mail: jiromr@mail.ru

B. K. Jleonutbes, I'. JI. MoBcucsn, K. I'. Maprapsiu

reOMeTpI/Iﬂ AJJUTHUBHOI0 KaHaJia

PaccmarpuBaercst KjlacC METPHK, CBA3aHHBIX C ITOJAMHOKECTBAMU JIMHEMHOTO MPOCTPAHCTBA HaJl
GF(2), u ycTaHaBIuBaeTcs psi (aKToOB, MO3BOJSIONIMX BbIPA3UTh KOPPEKTHPYIOILYIO CIOCOOHOCTh

KOOOB I aJAUTHBHBIX KaHAJIOB B TCPMUHAX 3THUX MCTPUK.
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9. 4. Linuwnl, 1. L. Unduhujul, d. @. Uupqupjub

Unnhnhy juymnhubph bpipuswmpini

Thunwplynud Bt GF2)-h Jpu npnojws gdwjhtt nupwénipniunid  hhnwynpnipinibtbph
nuukp, npnip vwhdwtynd Eu punn wyny mwpwdnipjut npjusd Lupwpuqunipyui: Fipdus tu
wnnhnhy Juwninphubpmd Ynph uppwtipt mpne htwpwynpnipniuubpt wyny hbpwynpni-
pintuttiph mbkuwulniuhg:

V. K. Leont’ev, G. L. Movsissyan, Zh. G. Margaryan
Geometry of Additive Channels

The classes of distance defined in liner space over GF'(2) have been studied. The mentioned classes of
distance are characterized according to the given subset of the liner space. We have given the opportunities to

correct the code errors in the additive channels considering those distances.
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Ric-Semisymmetric Submanifolds

(Submitted by academician V. S. Zakaryan 18/ V 2011)

Key words: Ric -semisymmetric manifolds, Einstein submanifolds, semi-Einstein

submanifolds, interlacing products of submanifolds.

1. Riemannian Ric —semisymmetric manifolds are characterized by the condition of semi-
parallelism of Ricci tensor R, (R(X,Y)R, =0) and have been the subject of investigation over the
last forty years (see [1, 2] and the literature cited there). The interest towards them stems from the
fact that they are the generalizations of Riemannian symmetric, semisymmetric and Einstein
manifolds. Some particular classes of Ric-semisymmetric manifolds and submanifolds were

investigated in [1-12].

In this article the general classification of normally flat Ric-semisymmetric submanifolds in

Euclidean spaces is presented.

2. Let M be a Riemannian manifold with Riemannian connection V and curvature tensor R . It

is known that curvature operators R(X,Y)=V ,V, -V, V -V, actas differentiations of tensor

algebra on M . For example,
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(R(X,Y)R)Z =R(X,Y)R(Z)-R(R(X,Y)Z),
where X,Y,Z are the arbitrary tangent vector fields on M . It is also known that at every point
x € M Ricci tensor R, acts as a symmetric endomorphism of the tangent space T (M ) If R =0,
then the Riemannian manifold is said to be ricci-flat. If R, = A/, where A =const and [ is the
identity transformation, then the manifold M is called Einsteinian. If R(X Y )R1 =0 forany X,Y
(which is equivalent to the condition R(X,Y)-R, =R, - R(X,Y)), then the Riemannian manifold is
called Ric—semisymmetric. It is proved by the author, that the smooth Riemannian manifold M

satisfies the condition R(X Y )Rl =0 if and only if it is an open part of the direct product of two-

dimensional, Einstein and semi-Einstein submanifolds [13].

3. Let M be a Riemannian manifold and x €M be an arbitrary point. The subspace
TX(O) ={XeT.(M) R(X,Y)=0VY eT.(M)} of the tangent space T.(M) is called nullity space at
point x, and its dimension z_=dim 7" is said to be the index of nullity at x. The distribution
7 (the nullity distribution) is integrable and totally geodesic, and its integral manifold is locally
Euclidean in the induced metric [14]. The space T, X(O) lies in the subspace of eigenvectors of the
tensor R,, corresponding to the zero eigenvalue. The orthogonal complement T x(l) of the space T Y(O)
in T, (M ) with respect to the Riemannian metric on M is called conullity space at x, and its
dimension is called conullity index at this point. The space T x(l) is invariant under the operators
R(X ,Y ) and the tensor R,. Consequently, at every point x € M the Ricci tensor R, has two

invariant subspaces 7\°), TV and we have the direct sum decomposition 7, (M)=T" +T" (see

[13] for details). The Riemannian manifold M with non-zero nullity index is called semi-Einstein,

if Ricci tensor R, has only one non-zero eigenvalue on T X('). Examples of semi-Einstein manifolds

are the Riemannian manifolds of conullity 2 [1], as well as cones over Einstein manifolds with

negative Einstein constants [10].

4. Let M be the submanifold of n-dimensional Euclidean space E, . By R, R*, a,, A‘f we will

denote, respectively, the curvature tensor of Riemannian connection of induced metric on M , the

curvature tensor of normal connection, the second fundamental form and the second fundamental
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tensor with respect to normal vector field & (cm. [15]). If R =0 the submanifold M is called locally
Euclidean, and if R* =0, it is called normally flat. Ricci tensor R, for M is defined in a standard

way. If a, =0, then the submanifold M is called totally geodesic.

5. An isometric immersion M — E, is said to be the product of immersions M, —> E, , if
M =M x---xM,, E, =E, x---xE, and any two subspaces E, and E, (p#y) are totally

orthogonal in E, . In this case we say that M is the direct product of the submanifolds M,,---,M,
or it is reducible (as submanifold). If M =M, x---xM, in E, is irreducible as submanifold, then
we will say, that M is the interlacing product of the submanifolds AM,,---,M . Considering

reducibility of submanifolds in E, we will relay on the following result.

Theorem 1. Let U be a domain of a submanifold M of E, and A,,---,A, pairwise totally
orthogonal integrable distributions in U  (A,(x)+--+A, (x)=T (U) VxeU) with integral

manifolds M,,---,M, respectively. Then the domain U is the product of the submanifolds

r

M,,---,M, if and only if A,,---,A, are parallel with respect to the Riemannian connection V on

M and  are  conjugate  with  respect to the second  fundamental  form

a, (@, (X,Y)=0 VX €A, (x), VY €A, (x), p 2 ).

The necessity of the conditions of Theorem 1 is easily proved (see, for example, [2]), the

sufficiency of these conditions is the subject of Moore’s basic lemma [16].

6. In our investigations V- and Z- decompositions of the tangentspaceof a
Riemannian manifold by Z. Szabo will be used [5]. The construction of these decompositions is as
follows. Let M be a Riemannian manifold and let x € M be a fixed point. In the linear space of

skew-symmetric linear operators T,(M)— T.(M) let us consider the linear subspace %, , spanned
by elements R_(X,Y), where X,Y e T.(M), that is to say, h, =spanR_ (X,Y). For arbitrary two
elements R (X,Y) and R (Z,W) from h_ let us define the commutator according to the formula
[R.(X,Y).R (Z,W)]=R.(X,Y)-R.(Z,W)-R (Z,W)-R (X,Y). Let h, be Lic’s algebra, generated

by the set 4, with respect to this operation, and let P_ be the connected subgroup of the isometry
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group in T, (M ), defined by Ex. This group is called primitive holonomy group at x. Let

T.(M)=v" 47V +...4 7" be the irreducible decomposition of the space T, (M ) with respect to

X

P_. The subspaces Vx(p ' are invariant with respect to the action of P, and pairwise totally
orthogonal. Moreover, P, acts trivially on VX(O), and irreducibly on Vx(” ), p > 0. This decomposition

is called ¥ —decomposition of the space 7.(M). It is easy to show, that V) coincides with the

nullity space T.°).

Theorem 2 (Z. Szab6 [5]). There exists on a Riemannian C” manifold M an open dense subset

G in which the subspaces V ) have constamnt dimensions, V' —decomposition is unique up to the

order of the terms, and the corresponding distributions V) have the following properties on G :

\V4 (O)V(O) - V(O), \V4 (0)V(p) - V(p)’ \V/ (,)V(O) - V(O) +V(p),

Vv Vv 8%

Vs (p)V(p) c vyl \V/ (p)V(’) VY, pxr, p,7#0,

14 Vv -

where the notation VVWV(T) = V') indicates, that for each X € V®) and each Y e V') the vector

(VXY)x lies in Vx(").

From above inclusions it follows that the distributions ¥*), generally speaking, are not
integrable and not parallel on M (though parallelism of some of them is not excluded). However

they can always be extended (in the sense of dimension) to parallel (and consequently integrable)

distributions by Z. Szab6’s method [5], the essence of which is as follows. Let Z — be a subspace

in T.(M), spanned by the vectors

X Vi Xops Vi Vi X

1x 2 2/x 30"

VeV, X

1 X, Pkl

where all the X, belong to V*), p > 0. By definition we put Z* = (Z)(Cl) +ot Zi’))l, where ( )*
denotes the orthogonal complement in 7, (M ). It is easy to see, that Z io) c Vx(o), Vx(" lcz )(f ), p>0.
It follows from the inclusions of Theorem 2, that the extension of the subspace 4% ), p>0, to Z )E” )

X

proceeds only at the expense of subspace VX(O).
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Theorem 3 (Z.Szab6 [5] ). The subspaces Z)(C” ) xeG, are pairwise totally orthogonal, and
there exists an open dense subset GcGeM , on which the Z ) have constant dimensions and

X

the corresponding distributions Z ) are parallel in the Riemannian connection on M .

The decomposition T (M ):Z)(CO) +Z)(Cl) +"'+Z,(f) is called Z —decomposition of the space
T.(M).

7. Let us now turn to the basic objective of the article — the proof of the following theorem.

Theorem 4. 4 normally flat submanifold M in Euclidean space E, is Ric-semisymmetric if

and only if it is an open part of one of the following submanifolds:
(1) normally flat two-dimensional submanifold,

(2) normally flat Einstein submanifold (in particular Ricci-flat or locally Euclidean),

(3) normally flat semi-Einstein submanifold,

(4) normally flat interlacing product of semi-Einstein submanifolds and locally Euclidean

submanifold (may be of zero dimension),
(5) direct product of the above enumerated classes of submanifolds.

Proof. Let Al(x),---,Ar(x) be the subspaces of eigenvectors (eigenspaces) of tensor R, in the
tangent space 7, (M ), and A,,---,A, indicate the corresponding distributions (eigen-distributions).
As in the case of normally flat connection the tensor R, commutes with all the tensors A4, (see
[17]), then the subspaces A,(x),---,A,(x) are conjugated with respect to the second fundamental
form a,. It is known [13], that R(X,Y)Z eAw(x) for any Z eA(p(x) and any X,Y, R(X,Y)=0
for any XeA(p(x) and any YeAw(x), p#y, R(X,Y)Z=0 for any X,YeAw(x) and any
ZeA, (x), @ # ¥ . The latter means that the endomorphisms R(X,Y), X,Y € A 0 (x) act trivially on
A, (x), w#¢. Similarly, as mentioned above, we have a linear subspace hff’) = spanR(X,Y),

(X Y eA w(x)) in the linear space of all skew-symmetric endomorphisms A gD(x)—> A w(x). The
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subspace hf") turns into Lie’s algebra with respect to the bracket operation defined above and it is
the subalgebra of the 4 algebra. Consequently, the primitive holonomy group P_ is reducible and
P = P() X P( ) X oo x P decomposition takes place, where P ) is the subgroup with Lie’s algebra
hi“’). The subgroup Px(“’) acts trivially on A, (x) , ¥ # @, and, generally speaking, it can be reducible

on A w(x). Let A, (x) be eigensubspaces of tensor R,, corresponding to zero eigenvalue, and let

X X

A=V O 4y p 0 A ()= e ) s

be irreducible decompositions of Al(x) and A (o( ) ¢ >1, with respect to the subgroups P and

P, @ > 1, respectively. The first decomposition is based on fact that V( S ( ) Subspaces

X

X

v ') (l o =Loys w) are invariant with respect to actions of Px(q’) (and consequently to those of

P ) and pairwise totally orthogonal. Moreover P (and consequently also P) acts trivially on

(‘/” lw)

VX(O) and irreducibly on V™" *’. Consequently, the decomposition

T.M)=VO 4y 4yl oyl gyl (1)

X X X

is ¥ —decomposition of the space T.(M). Let us note that dim A ¢(x)22 if ¢ >2, because if

X

dimA,(x)=1 forsome ¢, then A (x)c V.

Let the nullity index x=0, that is Vx(o) is trivial. In this case the system of inclusions in

Theorem 2 reduces to the following: VV(/,)V(" lcr, v ( ,V(T) v, p #7. It follows from

VP
here, that the distributions V) are parallel. Based on this, we come to the conclusion, that the

. 1)

distributions V' are parallel. Then each distribution A, being the sum of such distributions, is
also parallel. As A (p(x) is conjugated with respect to the second fundamental form «,, then,

according to Theorem 1, the submanifold M is (locally) the direct product of integral manifolds of

the distributions A . As on each subspace A w(x) the tensor R, has only one eigenvalue, then the

integral manifold of the distribution A is either two-dimensional, or Einstein with zero nullity
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index in both cases. It only remains to note, that the direct product of submanifolds is normally flat

if and only if when each factor-submanifold is normally flat (see, for example, [2], [10], [15]).

Let u>1, that is V' not be a null space. In this case, according to the above constructed

V' —decomposition (1), we can construct the corresponding Z — decomposition

T.(M)=Z9 + 7D 4oy 700 g 70D gy 7)) ()

(9.1,) (9.1,) (9.1, )
where ZW V', Vv <z ’

X —_ X

, and the distributions Z%, Z are parallel in the

Riemannian connection on M (Theorem 3). As while constructing Z decompositions (2) the
possible extensions (in the sense of dimension) of subspaces VX(WW ) c A, (x) take place only due to
the subspace V' (it follows from the inclusions in Theorem 2), then the possible extensions of

subspaces A (x), ¢ >1, also take place only due to the subspace V”. Let us denote these

. ~ . ~ (9.5, )
extensions by A, (x), that is to say Aw(x):Zi‘”’1)+...+Z¢“’

X

if @>2. Then
T.(M)=A(x)+A,(x)++A, (x), where A(x)=ZO+Z0 +...4 70 and A (x) A, (x).
Distributions Zl,-u,Zr , being the sums of parallel distributions, are also parallel on submanifold
M and, consequently, integrable. Let us note, that on Zl(x) the Ricci tensor has only zero

eigenvalue. If any A »(X), ¢>2, coincides with A (x), then on A ,(x) the Ricci tensor has only
one non-zero eigenvalue, and, consequently, the integral manifold of distribution A , 1s either two-
dimensional or Einstein.  And if dimzw(x)>dimA¢(x), then the Ricci tensor has only two
eigenvalues on Zw(x): non-zero on A (x) and zero on the orthogonal complement A (x) in

A, (x). Consequently, the integral manifold of distribution A is semi-Einstein.

Let us consider some possible cases.

A. Let the subspaces Zl(x),---,Zr(x) be conjugate with respect to the second fundamental form
a, . Then, according to Theorem 1, M is locally the direct product of two-dimensional, Einstein

and semi-Einstein submanifolds.
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B. Let the set Zl (x), ---,Zr(x) cannot be decomposed into two groupes such that each subspace
of one groupe is conjugated with each subspace of the second group or with their direct sum with

respect to «,. Then A ,(x) cannot coincide with A (x) for any ¢ =2,...,r. Indeed, if any A » (%)
coincides with A (x), then it will be conjugate with all its orthogonal complement in 7, (M) due to
analogical property A (x), which contradicts the assumption. In this case M is irreducible as a
submanifold in E . Internally it is the direct product of Ricci-flat subanifold and semi-Einstein
submanifolds. However, resulting from the fact that A ,(x) are not conjugated with respect to the

form a,, it follows, that the first normal spaces of integral manifolds of distributions A , interlace.

Consequently, M is normally flat interlacing product of Ricci-flat submanifold (probably of zero
dimension) and semi-Einstein submanifolds.

C. Let us consider now the most general situation. Let from the set of subspaces Zw(x)
(p >2) be separated all those subspaces Zw(x), which are not extensions, that is to say Zw(x)
coincides with A (x). They will conjugate among one other, as well as with the orthogonal
complement of their direct sum. From the remained set of subspaces A ,(X) (p=1) let us also
separate all those subspaces ZX (x) , which are the extensions of the corresponding subspaces A (x)
and conjugate both among one another, and with the direct sum of the remaining subspaces A o (%)

At last, let us consider, that the whole remaining set of subspaces Z(p(x) is decomposed into

disjoint sets so, that all the subspaces of each set conjugate with each subspace of any of the other

sets or with their direct sum. In this case M will look like a direct product N, x N, x...x N, , where
N, is the direct product of normally flat two-dimensional, Einstein and semi-Einstein submanifolds,
and N,,---,N, are the normally flat interlacing products of various sets of semi-Einstein
submanifolds and Ricci-flat submanifold (may be of zero dimension) in one of the sets. The

necessity of conditions of the theorem is proved.

The sufficiency of the conditions of the theorem stems from the fact, that normally flat, two-

dimensional, Einstein and semi-Einstein submanifolds, as well as the above presented normally flat
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interlacing products of semi-Einstein submanifolds and Ricci-flat submanifold are
Ric —semisymmetric, and the condition of Ric—semisymmetry is the inner and multiplicative

property (see [13]). The theorem is proved.

My sincere thanks to professor Oldrich Kowalski for quite helpful consultation on terminology

and Varduhi Hayrapetyan for the careful translation of the article into English.

State Engineering University of Armenia

Russian State University of Tourism and Service, Yerevan Branch

V. A. Mirzoyan
General Classification of a Normally Flat Ric- Semisymmetric Submanifolds

It has been proved that a normally flat submanifold M in Euclidean space E, satisfies the
condition R(X,Y)Ricci =0 if and only if it is the open part of one of the following submanifolds:

(1) normally flat two-dimensional submanifold, (2) normally flat Einstein submanifold (in
particular Ricci-flat or locally Euclidean), (3) normally flat semi- Einstein submanifold, (4)
normally flat interlacing product of semi-Einstein submanifolds and  locally Euclidean
submanifold (may be of zero dimension), (5) direct product of the above enumerated classes of

submanifolds.
4. U. Uhpgnyui

‘Lnpdwy) huppe Ric— Jhuwuhdtnphl Eipwpuquudlnipiniubph

punhwunip puuwjupgnidp

Ugugnigqws t, np £, Hyjhpiyut nmwupubmpniunid tnpdw) hwupp M Gupwpwqg-
dwdlnipniup pudupupnid k R(X Y )Ricci =0 wuwydwht wy, b Jhuyt wyt ghwypnud, Epp bw
hwinhuwund  hbnlyjuw) Bupwpuqiudbnipniiitnhg Ukjh pug dwu® (1) inpdw) hwppe Eplsuth
tupupuqUudtimpyul, (2) tnpdwy hwpp Hupubtyut (Uwubtwnpuwbu physh-hwpp, nlug
Eyhpbuywt) Gupwpuquudlnipjul, (3) utnpdwy hwpp Jhuwbjionbiyut tipupuqludlnipju,
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4)  Yhuwhbupnbiyut Gupwpuquwdlnipnitubph b phssh-hwpp Eupwpuquudbnipjut

(htwpunfnp £ qpn ywihp) tnpdwy hwpe  dhwhmunn wpnwnpyugh, (5) Jbpp plupljus
Eupwpuquudbnipniiibinh puubkph ninhn wpunwungpuh:

B. A. Mup3osiH

Oomas kiaaccupukanuss HOPMAJBbHO IVIOCKUX
Ric- monycuMMeTpryecKuX INMOJIMHOro00pasuii

Jloka3aHo, 4TO B €BKJIMJOBOM IPOCTPAaHCTBE £, HOpMalbHO IJIOCKOE MOAMHOroodpasue M
yaoBaeTBopseT ycnoBu R(X,Y)Ricci =0 Torna v TOJbKO TOTJA, KOTJA OHO SIBJIIETCS OTKPBITOM

YacThI0 OJHOTO W3 CIEAYIONUX MOAMHOroobpasuii: (1) HOpMaNTbHO IUIOCKOTO JBYMEPHOTO
NOJMHOroo0pasusi, (2) HOPMaJbHO IUIOCKOTO S3WHIITEMHOBAa (B YAaCTHOCTH, PHYYHU-IUIOCKOTO,
JIOKaJbHO  €BKJIMAOBA) TMoaAMHOroo0Opasus, (3) HOPMaJIbHO IUIOCKOTO  IOJYIWHIITEHHOBA
MOJIMHOT000pa3us, (4) HOPMAIBLHO TIOCKOTO CIUIECTAIOMIETOCS] MPOU3BEIACHHUS MOy MHIITEHHOBBIX
MOJIMHOTOO0pa3uil M PUYYH-TUIOCKOTO TOJIMHOT000pa3usi (BO3MOXKHO pa3MEpPHOCTH HOIB), (5)

IPSIMOTO MTPOU3BENECHNUS IEPEUNCIICHHBIX BbIIIE KJIACCOB MOAMHOI000pa3nil.
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MATEMATHUKA
YJIK 517.98
I'. A. Caprcesin

O pa3zpemmmmocTtu 3agaum J{upuxiie 111 ypaBHEeHHsI 4€TBEPTOro

NOPSiAKAa U MOCTPOCHNH PellleHuil B Kpyre

(ITpencraBneno akagemuxom B. C. 3axapsHom 25/V 2011)

KiloueBble ciioBa: ypasHenuss uemeepmoco nopaoKd, paspeuumocms 3aoayu J{upuxie,

eouHcmeenHocms 3aoayu [upuxie

XOopoIIo M3BECTHO, YTO JAJIsi TUIEPOOIMUYECKUX YpPaBHEHHUI KpaeBble 3aJaud C JaHHBIMM Ha
BCeW rpaHuIle o0jacTu, BOOOIE TOBOPS, SABIAIOTCS HeKOppekTHhIMH [1,2]. KpaeBwie 3amaum mist
TUNEepOOTUYECKIX YpaBHEHUH BTOPOTO MOPSAKA pACCMOTPEHBI B MHOTOUHCIEHHBIX paboTax. 3aiaya
Jupuxie A 0JHOrO TUIepOOINYECKOro ypaBHEHHS Y€TBEPTOro MOPSIKa BIIEPBBIE PACCMOTPEHA B

[3]. B nmanHo#i paboTe, B YaCTHOCTH, YCTAHOBJEHO CYIIECTBOBAaHWE IIOJHOM COBOKYMHOCTH

4

TIOIMHOMHATLHBIX COOCTBEHHBIX (YHKIMI omepaTopa A~ B W, (Q), B cilyuae KpyroBbIX

x>0y’
obnacreif, rie A — omepaTop, OOpaTHBIH K JIBYMEPHOMY OMTapMOHHYECKOMY OIepaTopy A’ mpH

HYJICBBIX YCJIOBUAX HA I'PAHUIIC. PabGota coctout u3 ABYX qacTew.

B mepBoil yactu m3yudaercs paspemiMMocTb 3agaud Jlupuxse A ypaBHEHUS YETBEpTOrO

nopsiika
O ey ) ul, =024 o (1)
ox>oy’ > S P
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. N 0
rae {2 — orpaHuyeHHas 00J1acTh MJIOCKOCTH X, V € TJIAJIKOW IpaHuIeit 0, a 6—03HaqaeT
n

MIPOM3BOIHYIO 110 HAMPABICHUIO BHEIIHEW HOpMaIH K rpaHuiie o<

Bo Btopoit wactu mus 3amauum (I), (II), korma obmacte (2 — €IMHUYHBIN KPYr C IIEHTPOM B

Ha4daJie¢ KOOpAWHAT, CTPOUTCA PCHICHUC B ABHOM BHUIC.

O paspemumoctu 3anaun {upuxiie A8 ypaBHeHUsl 4eTBepToro mnopsiaka. Ilycte Q-
OorpaHWYeHHas 00JIaCTh IUIOCKOCTH C TNAaaKkou rpanuieii 0. B obmactu () paccMOTpUM THEPBYIO

KpaeBYIO 3a7a4y [Ulsl YPaBHEHUsS YETBEPTOr'O MOPSAKA

ou
on

84

P =0. (1.2)

= f(x,)), (1.1) ul, =0,

oQ
CoOTBETCTBYIOILYIO0 OAHOPOAHYIO 3a7auy o0o3HauuM (1.1p), (1.2p). Ilycts umMeem yciaoBus

ou
w0 =0 o

Lo,

o0 oy

u =o,a—” =0, (1.3) ul

=0. 1.4
on| , (14)

oQ

N3BecTtHO, uTo ycaoBus (1.3), (1.4) sxBuBanieHTHBI [4].

Iycts u(x,y)n v(x,y)— npousBoinble GyHkimH u3 knacca C>(Q),rme Q=QuUdQ. Jlerko

IIPOBEPUTH CIIEAYIOIINE TOXKIECTBA:

2 2 _
pou _ OV _0f,u —i(u@J nns Beex u,v e C*(Q). (1.5)
Ox0y oxdy ox\ oy ) oy\ ox

Wuterpupys ToxxkaectBo (1.5) mo obmactu €, momyuum dopmyny ['puHa 171  BOJHOBOTO

oreparopa:

J‘J( oy axﬁyjdxdy Jv—dy uﬁ dx s Beex u,v € C*(Q), (1.6)

Hapsny c xpaeBoii 3agaueii (1.1) u (1.2) paccmotpum 3agauy Jupuxie 1isi ypaBHEHUS

o’u
OxOy

1) ul,, =0. (1D
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Omnpenenenne 1. Qyuxyus u(x,y) Hazviaemcs KIACCULECKUM peuleHuem Kpaesou 3aoadu
(1.1), (1.2), ecnu ueC* (Q)K\Cl (5) yooeremsopsiem ypagueHuto 6 oonacmu Q u obpawaemcs 6

HYJlb HA epaHuye 0Q emecme co ceoumu HOpMAJlbHbIMU l’lpOUS‘GOaHblMU.

Onpenenenue 2. Qyukyus u(x,y) HaA3pl@aemcs KIACCUYECKUM peuleHueM Kpaesol 3a0ayu
A), (1), ectu ueC*(Q)NC (5) yooenemesopsiem ypasuenuio (1) ¢ oonacmu Q u obpawaemcs 6

HYb Ha epanuye OCQ.

JUia  nanpHeilero HaM HYKHO JOKa3aTh CIEIYIONIYI0 BCIOMOIAaTEIbHYIO JIEMMY O

CANHCTBCHHOCTH 3aa41 HI/IpI/IXHe YPAaBHCHUA YCTBECPTOI'O NMMOPAIKA.

Jlemma 1. Ecau u(x,y)saersemcs kiaccuueckum peweruem Kpaeeoti 3adavu (1), (1),

U y0081emeopsiem yciosuio

ou

on|q

=0, (1.7)

20e N — GHeWHsIS HOpMalb epanuysl 0C) obracmu, mo u (x, y) =0.

Hoxa3zarenbcrBo. [lycTh u(x, y) SIBJIIETCS PeLICHUEeM OIHOPOIHOM KpaeBoit 3axauu (1), (II)

u BeimonHseTcs ycnosue (1.7). Torma u(x, y) MOXKHO MPEACTaBUTH B BUJIE

u(x,y)=f(x)+g(), (1.8)
rae f(x) e C'[a, B, g(») € C'[y,0]. U3 (1.3) 1 (1.4) umeem f'(x) =0, g'(y)=0, a <x< 3,
y<y<o, 1re. f(x)=c¢, g(y)=c,, ans kpaesoro ycnosus (II) cienyer, uto ¢, =—c,, T.e.
u(x,y)=0. Jlemma nokasana.

Teopema 1. Ooropoounas kpaesas 3adaua [[upuxie 01 YpaGHeHUs Yemeepmozo NopsaoKa 6

o 4~
Kjlacce KlaccuvyecKkux peuteHuu us npocmpancmed C (Q) umeent ullb Hyjl1e60€ peulerue.

Jokasareabcerso. [Tycts u(x,y) e C* (ﬁ) SIBIISIETCS pemieHueM kpaeBoi 3amauu (1.1y), (1.2p).
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2
[Toncrasnss B popmyny ['puna (1.6) BMecTo v(x,y) BbIpakeHUE

e (Q), momyuum
y

ﬂ( gayjzdxdy [t Ou ou, b fut

dx . (1.9)
o Ox0y 8y

8x28

[TockonbKy u(x,)) yHAOBIETBOPSET ypaBHEHHIO, a M3 KpaeBbIX ycioBuii (1.4) numeem

2
1122 | gy =0
0| Oxoy y=5

o’u
Ox0y

TO

=0 B Q u ycnosus (1.4) BBIIIOJHEHBI.

B cuty nemmer umeem u(x, y) = 0. Teopema mpoka3aHa.

0
[lycte W (Q)— co00JIeBCKOE MPOCTPAHCTBO (PYHKIMI, OOOOIICHHBIE MPOU3BOIHBIC IO

YETBEPTOro TMOpsIKA, CyMMHUpyeMble BMecTe C KBajapaTtoM B (). DyHKIMU BMECTE€ CO CBOUMHU

NPOM3BOJHBIMU IIEPBOTr0O Mopsaka oOpamatroTcss B Hysib Ha OC). CkalnsipHOe NpPOHM3BEICHUE B
04

/@) (Q) naercst Gpopmynoi

(u,v),. :HA uvdxdy. (1.10)

m2(Q)

4 04

O6o3naunm yepe3 A4 :WOHepaTop, OTOOpaXKaroNil TUIKLOEPTOBO MPOCTPAHCTBO W) (Q) B
x oy

L,(€)) no cienyromnieMy 3aK0oHy:

0'u 04
Au:axz—ayz:Wz(Q)—)Lz(Q). (1.11)

04
B rus6eprosom npoctpanctse W2 (Q) pacemorpum oneparop Tuma C.JI.CoGosesa
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(1.12)

rie A~ — onepatop, oOpaTHbIN K GUrapMOHMYECKOMY OIepaTtopy A’ MpH HyJNEBBIX YCIOBHSIX (H)

Ha rpanuie. OnepaTop B sBIs€TCS CUMMETPUUYECKUM U OTPAaHUYEHHBIM OIEPaTOPOM Ha JMHEHHOM
MHOrooOpaszuu 6eckoneuno auddepenuupyemsix 1 GUHUTHBIX B Q QyHKuuil. CaMmoconpsiKeHHOe

pacumpeHue oneparopa B BO BCeM TMIbOEPTOBOM MPOCTPAHCTBE O003HAYAETCS TOU k€ OYKBOU U

04
paccmarpuBaeTcss Kak oToOpakeHue L,((2) B rmnbOepTOBO MPOCTPAHCTBO W) (Q) ¢ 00nacThio

04

onpenenennst D(B)=W,(Q)c L,(Q)

04

B:D(B)—>W:(Q). (1.13)

Crnenyrolast TeopeMa MOKa3bIBa€T CBA3b ONEpaTOpa YETBEPTOIO MOPsIKa € OllepaTopaMu TUIa

C.JI.Cobonesa.
Teopema 2. Onepamopvi Au B 63aummno conpsidicervi.

Hoka3areabcTBo. JleficTButensHo, s 006X u(x,y) € D(A) u v(x,y) € D(B) umeem

o*u o*v
(A, V)10, = (ze—ayz"’)mm = (”°axz—ayz)Lz(o) =
=(u,A°A” %)L @ =AU, Bv), o =(,Bv),.
ox“oy” : W(0)

.
O10 o3HayaeT, uTo 4 = B. Teopema nokasaHa.

IMocTpoeHne B SIBHOM BHe pellleHHil HeoaHOPOAHOW 3amaum Jlupuxie B Kpyre.
PaccmarpuBaercs ciieayrolias HEOJHOPOAHAS 3aaua J(upuxiie A1 ypaBHEHUS YETBEPTOrO MOPsAKa
B Cllydae, Korja 00sacth Q — eIMHUYHBIA KPYT C IIEHTPOM B Ha4aje KOOPIAMHAT:

o'u ou

prreib it @1 Uy =0. 5,1 =0 2.2)
oQ
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OtHocuTenbHO mpaBoil wactu f(x,y)ypaBHeHnus (2.1) mpeamonaraeM, 4To OHA JOCTATOYHO

rmagkas GyHKIUSA B 3aMKHyToi o6nactu, 0Q =QU Q. Obmee pemenue ypapHenns (2.1) umeer

BU
xyén
u(x,y) = [[ [ | fla, B)d pdadnds +p,(x)+ ,(3)+ xp,(») + yo, (), (2.3)

rae @, (x), @,(¥), ¢;(»), @,(x) — IpOU3BOIILHBIE JOCTATOYHO INIAAKHE QYHKIHH.

O0603HaunM yepe3 0Q BEPXHIOIO, a Uepe3 6Q HUKHIOI MOJTYOKPY>KHOCTU. B cHily rpaHUYHBIX

YCJIOBHUM IOJy4aeM COOTHOILIEHUSI Ha BEPXHEN U HUXKHEU IOy OKPYKHOCTH:

u(x, y)|m+ =0, (2.4) u(x,y),, =0, (2.5)
u(—x, y)|m+ =0, (2.6) u(=x,y),, =0, (2.7)
ou ou ou
—_— =x—+y— =
onl,, Ox |,
= x] [[ fla.prapdadn+y[[| f(a,p)dpdads+ (2.8)

+x0](X) + X, () + X990, (X) + 0, (V) + 5905 () + v @, (x)|, =0

U3 ycnoBuii (2.8) BEITEKAIOT COOTHOIICHUS:

CLICER] ) (2.9) CLICER] ) (2.10)
on g, on x

ou(—x,y) —0, (2.11) —au(—x, ) =0. (2.12)
on o0, on o0

BBoaum 1151 yno6cTBa cienyromuye 0003HaYCHHS:
2(X) =y, (%), o,(—0) =, (x), P,(N1-x*)=,(x), @, (—V1-x") =y, (x),

(03(v1—x2)=l//5(x), (03(_\/1_)52):‘//6(35): @, (%) =y, (%), @,(=x) =y, (x). (2.13)
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x cn w1 &g
g =-[ [ [[f@pdpdadnis, g,x)==] [ [[f(a p)dpdadnde,

cn —x—I=x> & 7
([ f@.prdpdadndé, g=-] | []f(@pdpdadnde,

7 x £\1=x?
e =2 [ [[ fipdpdadn-1=<[[ [ f(apdpdade,

—~V1=x* x 7 e —

g)=—x" | j [ f(a, pyd pdadn+x\1-x° j [ | rapdpdads,
ﬁ -x1n —réx/l—z

gW=x* [ [[f@pdpdadn-xi-x*[| | fla.p)dpdads,
@—x n -x ¢ —\/1_2

g =x" [ [[f@pdpdadg+xi-x[[ [ flapdpdads.

[Tocne sTx o603HaYeHMH crucTeMa (PyHKIHMOHATBHO-TU(GEpEHINATBHBIX YPaBHEHUN

(2.4-2.7), (2.9-2.12) OTHOCHTENBHO HEM3BECTHBIX (YHKLMHA IPHHIMAET BUL:
()4 (1) + 2y () + V1= Xy () = g, (),
(041, (0) + 37, (0) VT = 2Py, () = g, (),
V() + 175 (1) = x5 () 1= P () = g, (),
V(0 47, (0) (1) =1y () = g, (0),

X)Xy () + L=y () — (L= () -
—x(1=x")yi (x) + 21 =xy, (x) = g5(x),

36

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)



XY+ 27y, (1) 1=y (0 = (L= () -

(2.20)
—x(1= Xy (x) = xv1- X2y, (x) = g, (),
Xy (x) = Py (x) + VT =2y (x) = (1= 37y () + 221
+x(1=x" )y (x)+ xv1 = x p (x) = g, (%),
X () = 2y () = X2 T= X2y (x) — (1= 3 (x) + 222)

+x(1_x2)l//6’ (x)_x\'l_le//s(x) = g;(x).

[IpocymmupoBaB cooTBeTCTBEHHO paBeHcTBa (2.15)-(2.18) u (2.19)-(2.22), monyynm cucremy

YpaBHEHUHU
[, (0) 4w, (O] + [0 (0) 4 v, ()] = %[gl () + g5(1) + g,(1) + 2, (1)) (2.23)

Ly () +w, (0] = (1= 3Dy, () +y, (0] =

| (2.24)
= l8s(0) + g, (1) + g7 (1) + g, ()],
Pemas cucremy (2.23), (2.24), unmeem
)+, =3[ (3) £ (x) 2, (1) + 4 (5] -
L (2.25)
—Ef{tz[g{ ) +g, () +g5()+ g, (D] -gs () + g (1) + g, (1) + g, (D]} dt — ¢,
1 0 2 ! ! ! !
w,(xX)+y, (x) = El{t [g/()+g5 () +g5(t)+ g, ()] - (2.26)

L&) +gs() + g, () + g (O]}t +¢,.

[TpocymmupoBaB COOTBETCTBEHHO paBeHcTBa (2.15), (2.16) u (2.19), (2.20), monyyuM cuUcCTEMY

YPaBHEHHM:

2y, (%) + 5 (X) + v, (0] + X[y (x) + v ()] = g, (%) + g, (%), (2.27)
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2)621//1’()(?) + x2 [l//s (x) +¥s (x)] - (1 - x2 )[l//3 (x) ty, (x)]’ -

2 (2.28)
—x(1=x) [y (%) + W ()] = g5(x) + g4 (%)

Hcxrouas U3 5TOH CHCTEMBI 1/ (x) u mome3ysck (2.26), nomyunm auddepeHnuanbHoe ypaBHEHHE
OTHOCHUTENBHO Y/ (X)+y/(X), pelIeHHe KOTOPOro UMEET BUJ

ws(x)+ye(x) =

=—j{ [gi(0)+ &1 (1)-gi (1) - & (1) ]+ (t)+g8(t)_g5(t)_gﬁ(t)}dwcz. (2.29)

t
13 (2.25), (2.27) 1 (2.29) umeem

vi(x) = —f] g+ 840 - (1)~ g (O] +

g7(t)+g8(t) gs()— g(,(t) ox 1 [
t

)+ (x)]- (2.30)

_ij.{tz[g{(l)+g£(l‘)+g;(t)+g;(t)]—[g5 (t)—{-gé (t)+g7 (t)+g8 (Z)]}dt_%

W3 paBenctBa (2.25) umeeM

(t)]+g7(t) () —gs() - gé(t)}dt

v, (x) == j e+ g (1) - g5 - g,
+7+ [g3 (x)+g,(x)]- (2.31)

- LT g1+ 820+ 210+ €10 -Lg5(0) + 2,0+ &,(0) + & (O]} -5
CyMMHpyst COOTBETCTBEHHO paBeHCTBa (2.16), (2.18) u (2.20), (2.21), momy4yum
[, (x) + v, ()] + 2y, (x) —V1- x? [, (%) + @ ()] = g, (%) + g, (%), (2.32)

Ly () + w7, (0] = V1= X [y, (x) + g ()] —

(2.33)
V1= X7 [, (%) + W ()] = 2(1 = X7 ) (x) = g, (xX) + gg (%)

Hckmtovas u3 3Toit cucteMsl i/, (x) U noub3ysich (2.25), noayuum nuddepeHnuanbHoe
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YPaBHEHUE OTHOCUTENBHO ¥/, (x)+ W (X), pelIeHHE KOTOPOrO MMEET BUJL

o)+ (0 = [ 1= [l - g0+ 210 - i+

L& (1) —ge(1)+ g, (1) — g (1)

) T & dt +c,.
—, Yt +c
U3 (2.25), (2.26),(2.32) u (2.34) umeem

v = [P0 - g0+ 10 -gio0+

0

+gs(t)—gﬁ(r)+g7(t)—gg<t>}dt+cadlz—xz L2 -g (¥)-g(x)

NIE S 4

+iI{’2[gf(t)+g;(t)+gé(t)+g;(t)]—[gs(t)+gé(r)+g7(r)+g8(t)]}dt+‘3_21,

1—x* §

[1-2 gl - g0+ g0 -2 0]+

0

wi(x)=-

+gs(t)_g()(t)+g7(t)_gg(t)}dt_gz (x)+g4 (x)_g](x)_g3(x) G Vl—x2 n
NIES 4 2

+i [ 1510+ 80+ 10+ L) Lee () + 8,(0) + &, () + g (]3dr +-

U3 paBenctBa (2.35) u (2.36) umeem

(x)= [gl (x)-g,(x)+g(x)-g, (x)] _c3ﬁ_

2

wi(x) -y,

2

2 1—t

ﬂj{\ﬂ -lgl)-g )+ g ) - g, ()] + [gs(1)—gs(t)+g,(t)— g (t)]}dt.

(2.34)

(2.35)

(2.36)

(2.37)

Brruuras coorBeTcTBEHHO paBeHCTBA (2.15), (2.16) 1 (2.19), (2.20), motyyum cUCTEMY YpaBHEHUIA:

v () =ﬁ{[gl<x)—gz(x>]—[w3 ()~ ()] = 2w (1)~ wr, (]},
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X[y (0) =y (014 2x° V1= 7y (x) = (1= 2y (0) =y, (0] -

(2.39)
—x(1=x*) Y5 () = ()] + 2xV1 = x? 7, (x) = g5 (x) — g4(%).

Hckmoyas w3 3TOM cHCTeMbl W, (x),noayduuM Aup(epeHInalbHOe YpaBHEHHE OTHOCUTEIBHO

W, (x) =y (x), pelieHre KOTOporo UMeeT BUJL

ws(x) =y (x)=x{g(x)— g, ()] — x[w;(x) —w,(x)] -

s I{\/l t [t//3 v, (1)] [gs —g (1 ]}dﬁq. (2.40)
1-#
N3 (2.29) u (2.40) Haxoaum
v (x) = (g (X)z— g (0] (x)z— vyl
+5 [0+ 210 - €0~ 401+ g7(”+g8(”;g5(t)‘gﬁ(”}dz— (2.41)
\ll—x2 I{Vlﬂ [l//g.(t :I gs }d C4
- [+ 24+
2 t 1 £ 2 2
v ()= - g (x)z— g,(x)] N X[y, (x)z— v, (2)] N
v s+ 810~ 810 - gy (o) + SO B0 08Dy g 242)
A I{\/l_ﬂ [ ()-v(0)] &t }m a
2 4 t\/l t* 2 2

Hakownern, u3 paBenctsa (2.37).(2.38) u (2.34) umeem:

i LR U R UG
2

y,(x) =

I{W v, (1) (t)]’+[g5(f)lgz(r)]}dt_ cx 2.43)

+

i
2
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_lx C2Tol (1) — o AN gs(1)—go(t)+g,(1)—g4(1) .
vy (¥) =2 j W1-2[g](1) - ga(t) + 24(1) - g (D] + N vt

+e,—

V=2 g ()= ()] -2 [ (x) -y (x)]
2 2

f @] [s0-s 0], e

2 t N Wi-x

(2.44)

0

Takum oOpa3om, HailiieHbl B SBHOM BHJE HEU3BECTHbIE (QYHKIUU I/, (X) (k=1,2,...,8),

ynosieTBopsitonme cucreme (2.15)-(2.22) pyHkunoHanbHO-1u(pGEpeHINaTbHBIX YPaBHECHHMA.

B cuny oGo3nauenuii (2.13) HeusBecTHble QyHKUMH @, (X), @,(¥), ¢;(»), ¢,(¥) BblpaxkaroTCs

4epes HallleHHble QYHKIHUH I/, (X) COrIacHo popMyiam

y(x); 0< x <1, y(J1-1*)0< y <,
C S 0. () = : (245)
Valth == x=5 v, (J1-»"); -1y <0,

w(J1-1");0< y <,
w(J1-y*);—1< y <0,

TpeOyst rmagxoctu QyHKIMHA @ (x),®,(X),9,(x),9,(x) B Touke Hynab U uMes ycioBus (2.45),

v,(x);0<x <1,

()= We(x); —=1<x<0.

(p4(x) :{

€IMHCTBEHHOCTh pPAacCMaTpPUBAEMOM 3aJjaud W KpaeBble yCloBUS (2.2), JIETKO NPOBEPHUTH, UTO

IOCTOSIHHBIE C,,C,,C;,C, PAaBHBl HYJIO, T.€. B OKOHYATENbHBIX pelleHuax 3agaun (2.1)- (2.2)

OTCYTCTBYIOT CJIaracMbIC, COACPIKAINUC 3TU IMMOCTOAHHBIC.

B cuny o6o3nauenuii (2.13-2.14) HeusBeCTHbIX (DYHKIMI OKOHYATENBHO HAaXOAMM B SIBHOM

BHJIE PeIICHKE 3aaaudu [lupuxie B cilydae eIMHUYHOIO Kpyra
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[[[]f(@ BrydBdadnds+y,(x)+y,(J1-y*)+
+xps(W1-92 )+ yw,(x), 0<x<1;0< y <1,

n

xy¢&
[[]] fa.prapaadnds +y,x)+y,1-y*)+

= T
O e 3

+xp (1= 32+ yp(x), - 1<x<0;0< y <1,
n

u(x,y)=q .
[[[] £ pydpdadndé +y,x)+y,(fi-y)+

(2.46)

+xl/l6(m)+yl//8(3€),—1£xSO;_ISySO’
xyen
J ij(a’ﬂ)dﬂd“dﬁdf+V/1(X)+V/4(M)+

+xy (1= )+ yp (x) 0<x<1;-1<y<0.

S Sy

Takum 006pa3om, T0ka3aHa

Teopema 3. Ecmu f (x, y) 00CMamouHo 21aokas @QYyHKyusi 6 3aAMKHYmoOu obdracmu

Q=QuUoQ, mo cywecmeyem pewenue 3adauu Jqupuxne (2.1)- (2.2) & obnacmu Q u ono

3a0aemcs ¢ghopmynam (2.46).

B 3akmiouenue BeIpaxkaro riryOokyto OmaromapHocTh M. I'. XawaTpsiHy 3a 00Cy>XIAeHHE IO-

JIyYEHHBIX Pe3yJbTaTOB.
BoeHnHblii aBUallmoOHHBIN UHCTUTYT UM. Mapiana A. XandepsHia
I'. A. Caprcsan

O paspemumoctu 3aaaun J{upuxJe 11 ypaBHeHHs] 4eTBEPTOro

NOPAIKA U MOCTPOCHUH PellleHuli B Kpyre

N3ydena paspemmMocTh 3a1aun Jupuxmie nias ypaBHEHHS 4eTBEepToro mnopsaka. Jlokazana
TeopeMa O CBSI3HM OIepaTropa YeTBepToro mnopsijaka c omeparopoM tuna CoOoneBa. B siBHOM Buze

IIOCTPOEHO pelleHue 3a1adu Jupuxiie B €eIMHUYHOM KpyTe.
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Q.U. Uwupquyuit

2nppnpn upgh hwjuwuwpdwh hwdwn Fhphjuth pungph nust hnipjut
b opowtinid jnidnidutiph Junnigdw dwuht

Munudtwuhpynd £ Yhphjokh  juughpp snppnpy Yupgh  hwjuwuwupdwt hwdwp:
Uyugnigqwsd E ptnptd ynppnpn jupgh oybpunnph b Unpnjlih whwh oybpuinnph ubpn juyh
YbEpwpbpu): Fuguhwjn nbkupny Jupnigynid £ Fhphhokh punph jnisnidp dhwynp opowtinud:

G. A. Sargsyan

Solvability of the Dirichlet Problem for the Fourth Degree

Equation and Consruction of the Solutions in a Disc

The Dirichlet problem for the fourth degree equation is considered. A theorem about close
relationship between the fourth degree operator and Sobolev type operator is proved. The exact

solution of Dirichlet problem in a unit disc is constructed.
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2U38UUSULVE aPSORE3NPRLLELP UQQGUBPL UUWUMTGUDPU
HAODWNOHAJDBHAA AKAOJEMNUNA HAYK APMEHUNMU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

IOKJIAJBI 9t4YNh88LEL REPORTS
SR112 2012 Ne 1

MATEMATHKA
VIIK 517

Axanemuk B. C. 3axapsan, P. B. laqnaksaun
O pocrte pyHkuU#i KJIaCCOB A’

(ITpencraBneno 28/X 2011)

KaloueBble cioBa: xraccet A, D! — knaccel ananumuueckux @yHkyuil ¢ KOHeUHbIM

UHmezcpailom muna ﬂupuxﬂe, KJlaccol Hp .

[Iycte DD — enuHWUYHBIN KpPyr KOMIUIEKCHOW TIUIOCKOCTH €, a HoI(D) — MHOXECTBO

rojoMoppusix B D ¢yukiumit. Ckaxkem, uto GpyHkuus f(z) u3 Hol(D) NpUHAUISKUT Kiaccy A7,

0<p<owo, a>-1,ecnn

2z

jj(l—r)a‘f(rem}prdrdﬁ<+oo, z=re" .
00

HccnenoBanneM mnoBeleHUs] (DYHKIUM STHX KJIacCOB 3aHMMAJMCh M 3aHUMAIOTCS MHOTHE
U3BECTHBIC MAaTEMaTUKH, B TOM 4ncie U mareMatuku Apmenun. M. M. JlxpOamsiH 0603Havai 3T

KJ1accel yepes H (a) [1]. HexoTopsle aBTOpBI HAa3bIBAIOT UX KilaccaMu beprmana.

U B [1], u B paboTax Apyrux aBTOpoB (CM., HapuMep, [2]) AokazaHo, 4TO ecnu | (z) e A?, To

fz)s———25. 2D, (1)
rae M — HeKoTopas KOHCTaHTA.
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Ompenenum kiaccel A” cnengyromum obpasom: A” = 4 .

CkaxeMm, uto QyHKUms f(z) u3 Hol(D) mpuHamiexut kinaccy D?,0< p <o, a>-1,eciu

|

2

[(1-r)

0

fr(rem}prdrdﬁ <+, z=re".

[pu o =0 Kiacc pyHkuuit D coBMasaeT ¢ OOBIYHBIM KJIACCOM aHAMTHYECKUX B 1D (yHKIMit

C KOHEUHBIM HHTeTpanoM [lupuxie, a npu a+1< p Kinaccel D! Ha3bIBAIOTCA KIACCAMU C KOHEUHBIM

MHTErpajioM tuna Jupuxie.

[ycts f(z) = ianz”,z € D . O603HaUNM

n=0

o0
_ i0

M(r, f)

n
a,lr",z=re

n=0

B. Koymuarom B [3] mokasano, 4to eciu f (z) eD;,T0

lim(log j_z M(r, f)=0, z=re". 2)

r—l1- 1—-7r

A B. C. 3axapsiHoM B [4] moka3aHo, 4To ecnu (z) eD’, a>0,T10

lim(1-r): -M(r, ) =0, z = re” . 3)

r—l-

Pesynprater (2) u (3) B. Koynmuara u B. C. 3axapsiHa, a Takke “CXOXKECTh’ B HEKOTOPOM
CMBICTIE KJIACCOB A2 W D! TMOJACKa3bIBAIOT, YTO pe3ynbTar (1) MOKHO ycwiuTh. B 3Toif 3ameTke

YCHUJICHUC YAAJI0Ch OTYACTH.

Teopema 1. [1lycmo f(z) = Zanz" € A*,z=re"’. Toz0a ecnu cywecmeyem
n=0
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lim(1 - r)(lnl ! jz M f), (4)

r—l1-

Mo OH pAa6eH H)JlI0.

JHokaszaTeancTBo. ITo oguoii Teopeme M. M. Jlxp6Gamsna (cM. [1], Teopema v) f(z) umeer

CIENYIOLINNA BU:

rIe

MPUHAJJICKUT Kiiaccy H, Pucca.
PaccMoTtpum crienyronnyio GyHKIUIO:

lz”ewh(éa)de
|

0 (l—efigz)2

4<1.

Tax kak g'(z) =f (z) , T0 g(z)e D; .Ho Torna, ecim ibﬂz" psn Teiinopa GyHKIIH g(z), TO IO
n=0

teopeme B. Koynunra

lim(log ! j S M(r,g)=0,z=re". (5)

r—l- 1 —r

Scno, uto xorna M (r, /) orpanudes, To npezen (4) pasen Hymo. Eciu xe M (r, g) —>+o©,

r—l-

TO TIOJIB3YSICh BBIIICYNIOMSIHYTON Teopemord M. M. [[xpbaiissHa 1 OMHOMHAILHBIM MPEACTaBICHUEM
1
byHKIIUN (l—e*fgz) 2 He TPYIHO yBUJAETb, UTO

o0
n
1 z]th
2

. 1 Y2 - =
L R

r—l1- -
oo L J?
gl—r
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r'.

al’l

1
13 n=0 = i - L Y
(loglj (l—r)il

Ho mo ycnoBuio Teopembl MociaeiHUil Mpeaen CyLIeCTBYeT, 3HaYMT COrjiacHO (5) OH paBeH

HYJIIO.

Teopema oka3aHa.

Teopema 2. Ilycmo f(z):Zanz" €d”, 0<p<owo u nyemv z=re'’. Tocoa, ecmu
n=0

cyuwjecmsyem npeoei

| Ly
lim(1-7) In M| r, f? |, (6)
r—l- 1_]/

mo

2

lim(l - r)p(ln " !

r—l-

)p -‘f(reml 7)

ons ecex 0e(0,27].

JokazarenabceTBo. [lpu p =2 nokazatenbcTBO Jierko cieayeT u3 Teopemsl 1. Ilycts p #2,

Vi
Torna QyHKIUSL ( f (z))z NpUHAIISKNT Knaccy A°, W clIefoBaTeNbHO, MO Teopeme 1, ecrmm

CylIeCTBYeET mpeaen (6), To

1
. 1 )2 i0
}1_2}(1 —r{ln 1_7) -‘f(re 1
nis Beex 6 e(0,2z]. Orcrona u cnenyer (7).

Teopema 3. I[Iycmeo f(z): Zanz” €A, a>0, unycmo z=re’. Toeoa, ecnu cywecmeyem
n=0

lim(1—r)> -3 (r, ), ®)

r—l-
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mo OH pAa6eH H)JlI0.

JokasareancTBo. [1o BbineykazanHoii teopeme M. M. Jlxp6amsina (em. [1], Teopema v) f(z)
HMMEET CJIeAYIOIUN BU:

2 i0

1 e do

f(Z)zz_ ( ) N Z|<l’

VA . —

0 (1_ —192) 2
rie
11 _a-l i
h(z):%j(l—p) 2 f(pz)dp, 7| <1,

NPUHAJISKUT Kiaccy H,. Paccmotpum QyHKIuIO

Tak kak g’(z) =f (z), 10 g(z)e D;.Toraa o Teopeme oaHOro U3 aBTopoB ([4], Teopema 1) s

lim(1—7)2 - M(r, g)=0. )

r—l-

Korma M(r,f) orpanuden, To oueumHo mpenen (8) pasen Hymo. Ilycts M(r, f) — + o,

r—l-

TOT/a, TOJIb3YSCh BhILIEYNIOMSIHYTOM Teopemod M. M. JlxpOamisiHa 1 OMHOMUAIBHBIM MpEACTaB-

l+a

JeHueM (pyHKIUN (1—e_i92) 2, HETPYIHO YBHJIETb, YTO

7 a+2 a+2
M) 2 oy (1977 a7 =2 i (1203 F e
r—l1- (1-r)"2 ar—l- n=0 ar—l- n=0

Ho mo ycrmoBuio TeopeMbl MOCIEIHUN MpeAes CYymEecTByeT. IT0 03HadaeT, 4to u3 (9) Oynmer

CJIEO0BATh, YTO OH PAaBCH HYJIIO.
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i0

Teopema 4. Ilycmo f(z):Zanz"eA(f, O<p<owo, >0, u z=re".

n=0

Tocoa, ecnu

cywecmeyem
. P
1112(1 - r)M(r, f? J (10)
mo
lim(1- ) (e =0 (11)

ons ecex 0 €(0,27].

Jloka3arenbcTBO. B ciiyuae p =2 yTBEpKICHHE TEOPEMBI CIIELYET U3 TOTO, UTO ‘ f (reigl <M(r,f)

y »
mis Beex 6e(0,2z]. Jlng ocranbHBIX 3HAYeHHit p 3ameTuM, 4to (f(2))2 € 42. DTO O3HAYaET, 4TO

eciu cymectByeT npenen (10), To

a+2 P
2

lim(1-r) 2 -‘f(re’ﬂ}

r—l-

:0’

mis Beex 0 e (0,2z]. Orcrona u cnenyer (11).

['ocynapcTBeHHBIN MHKEHEPHBIM YHUBEPCUTET ApMEHUU

Axkanemuk B. C. 3axapsan, P. B. laqnaksan

O pocrte pyHKUMi KJIaccoB A/

[Tomyuens! pe3ynbTaThl 0 pocTe GYHKIUN KIacCOB 42 TpH a>0.

Uljuntdhlynu 9. U. Qupupjuly, (k. 9. Fwjjupjub

A7 nquuh niuljghwmutph wsh dwuht

Uunwgyt) ki 42 nuwuh niuljghmtibiph wdh dwuht wpyynitupubp, tpp a>0:
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1. Introduction. Let g be a power of a prime number and Fon be the finite field of order

g™ @ L. Recall that any mapping of a finite field into itself is given by polynomial. A polynomial
F(x) is called a permutation polynomial of F _«if it induces a permutation on F n. The
construction of permutation polynomials over any finite fields is a challenging mathematical
problem. Interest in permutation polynomials stems from both mathematical theory as well as

practical applications such as cryptography. In recent papers [1-4] method to construct permutation
are introduced. In this paper are considered permutations of the form

&+ ¥Flx)+d glx) +wl(x) over F, .

This paper is organized by the following way. In section2 background and preliminary
results on functions with linear structures are given.

In section 3 method for constructing permutation polynomial is presented.

2. Preliminaries. We begin with recalling some definitions and basic results that will

be helpful to derive our main result.
Definition 1. Let f: F» = F, and ¢ € F,. We say that # = F» isa c linear structure of the

function fif flx 4 a) = f(x) = ¢ for all x& Fyn.
Note that if @ is a c-linear structure of f, then necessarily ¢ = f(a) — fF(Q).

Definition 2. Define F(x)} = @(x)°H(x) composition of the mapping ¢ with H.
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5.Proposition1(|2] Propositionl). Let «,f€ Fon, a+G=0 and abceF,, ¢m Q.
If @« isan a-linear translator and £ is a b-linear translator of a mapping f: Fon = Fg,
then @+ § isan (a+ &)-linear translator of fand ¢-@isa (g-@&)-linear translator of
f. In particular, if A*(f)denotes the set of all linear translators of f, then
ACF) m a7 (F) e {@iisan F_-linear subspace of F _x.

6.Proposition 2(|2] theorem3). Let y € F_n be a b-linear translator of f:F.»—F,
and & = —1 then the inverce maping of the permutation F(x) = x + ¥f(x] is

F=3() m 5= D).
7. Proposition 3 ([2] theorem8). Let  C [ n bea p-linear translator of f: Fon + F,.

(@) Then F(x) = x + ¥f(x) is a permutation of F = if &= —1.
(b) Then F(x) = x + ¥f(x) isa g-tol mapping of F_x if & = =1.

Proposition 4 ([3] theorem10). Let +, &= F gn. Suppose y is a by-linear trandator of
fi Fgn— F, and a by-linear translator of g: F_n — [, and moreover & isa d,-linear translator of

f and a d,-linear trandator of g. Then
Flx) m x4 pF(x) + dg(x)

is a permutation of [_n, if by % =1 and d; - E‘f’i_q&. =1, or by symmetry, if & = =1
and ¢, = i;ﬂ: =1
3. Constructing permutations. In this section we characterize permutation polynomials
of the form F(x]) = x + ¥f(x) + & g(x) + vi(x).
Theorem. Let v, & T.cFg= .Suppose y: & isa respectively by.dy.e;-linear translators of
fiFn=F; and bgde -linear translators of gFa—2, and g, dg, ¢y -linear

translators of llE'qn. = F,. Then
B(x) = x + ¢f(x) + § g(x) + wl(x)

is a permutation polynomial of F = if

1. bwa-=1, (D)
-% -

2. = ot - 2)

3. ¢ _ bge . = EEEE.}[ G =iz =i }$ -1 3)

R NT S pals \led Mbsd=d by
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Proof. In accordance Proposition 3 and (1) &) = x < ##(&)- is a permutation polynomial in
Fon . Similarly according to proposition4 Flx)m x4 ¥f(x) + 8 g(x) is also permutation

polynomial while

=1 Gadp
b1, ksl

We will show that #(x) = x + dh(x] is also permutation polynomial, where

h{x) = () =35 ().

by by
R 4+ Gu) m glx 4+ 8u) "I IFEK-I- Gu) m glx) 4 dyu — _ 1{}"(%? +du) =
@y by
= )+ (4 =
W+ (da =g
So 4 isa [-:l: - ffi -linear translator of h:F _n—F . As d ::f;_ = @ then according to
proposition 3 H(x) = is also permutation polynomial in  Fgx.
In accordance proposition 2
- 8 8
H(x) = 5 = oo = X — e
14 dg = E:ﬁ
RS
o taad M k- g by
Denote & b, £1 .
It is easy to see that
-1 -1 _ 7t ]3] _ h(x)é.
¢ (x)eH ™M x) = & T TP D) a
Consider
¥ dy  R(x) hx)
Fl)1og=t (o =) m g — £l — B el ¥
()G () H () = (&1“ s b

Fix) dy  hix) R(x)
+€(‘QEWI‘]_(&L+1_&1-HI:_1| A )b“'_‘f“)
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To take into account that, y and & respectively is a b, and d, linear translators of fi Fga = F, and

B , d; linear translators of g:F n—+F_  we get

wer—1 aEr—1 —_— . _—
Fle)y*a 2 (xrH *x)=x b 7Y h‘l'l' 1 ﬁl y G+ ¥f(x)
bl ‘:5"3‘ dyly Rix1 FE{-"E} _ }E'g _ e by ﬁ{x‘}_ REx)
DETLANTER L dyf + Ogfe) o Y1 4 e

Substituting  Fg(x) =4 E_E:I Flx) for Fh(x)-we get

b,
- -1 =1 - - J :
Flz196=1(x)eB ~1x) = x I-T‘.f'i#[[ b]_+ 1 k‘:."' 1}
A ¥ l_h‘i'fl-h‘j_'fl + A .d+h‘i+1 e i)=e

Next we observe

PGila(E (x)eH™(x) m (x 4+ pf(x) + 8g(x) + wh(x))a(@ ™ (x) ol ™% (x)
- EE-’ (22} + ?é(ﬁ}}ﬂ[ﬁ"'(x}ef}'l(x})

Take into account that

G -:LE.T-:]&H x) == [; :;::- e Fol 1{}} &iei .{}

F(x)eG L (x)el 1 (x) = x

We have PGIaG-Hx)ab () = a1 (s (L B, Kk g)

=+ 7l(n — By [g:ﬁ - ;j‘*lfg} —d, "E‘*j

(W} dghitad Rix?
Denote &(x)— [%—m}—%?“- k(x) .

So PB(xle@™*(x)eH ~*(x) =x =tk(x)
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We showthat tisa ¢ ——-“5- } deBy—dgBdy } linear translator of
L G2 T myrit \Lmagi(eg - d, g

k(x) € Fgn —F, .

Flotmu) = —258 g —%hlﬁx+m} =

Esﬂx+m:1=l|:x+mj—kl+1 : T (B + 1A

L) + equ — k—'ﬁ (Fle)+ ucy ) + Tﬁ% [F;E:f) + I:G'g - :I__jl}ta:} - E;[ﬁ;(:f) + [G’g -
T T,;} -

By By iy By dy By by,
Hod & e = e A = g Tt A P A (""” b, + 1)

dg F"T*E{ by )
sy G ey L

h‘aﬁ'; g bosy _ﬂ bosy
.rc:*:w}+\_ Bo+1 _{&J1+1}A(E b;,_-b'l:I .»a(“"“ b;-i*'l)j

) + ['pﬁ - % - (.92 bfﬂill)(il f faj th E&ij dfﬂ.,_h }1 “

In accordance to proposition3 and condition (3) F(xleG ™ *(x)eH ~*(x) is a permutation
polynomial in Fn. Since H(x) and €(x) is also permutation polynomials in Fug, then #(x]

also will be a permutation polynomial in Fga .

Institute of Informatics and Automation Problems of NAS RA

M. K. Kyureghyan, S. Y. Abrahamyan
A Method of Constructing Permutation Polynomials over Finite Fields

Problem of constructing permutation polynomials of the shape
Fx) =x + ¢f(x) + d g(x) + 7L(x) over the field F_ is considered. Method for constructing some

family of permutation polynomial is given.
U. 4. Ymplnui, U.B. Uppwhudjul
Ykpowynp nuownkph Ypu mnunpnipjut puquubnudubph junnigdwb Epubwy

Munmdtwuppyws £ F, qupwnh Jpu Flx) m x4+ ¥ (x) + § g(x) + 7l(x) nkuph nknunpni-
pjut puquuunudubph jupnigdwt pjpunhpp: Unwewplyl] b dbkpny nbnunpmpjut puquwb-
nuutbph npnpwlh nuu jupnighint hwdwnp:
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M. K. Kwpersn, C. E. Aopaamsin
MeTo NOCTPOEHNsI NePeCTAHOBOYHBIX MOJMHOMOB HA/l KOHEYHBIMH MOJISIMH

PaccmarpuBaercst  mpoGlieMa  MMOCTPOCHHS  [EPECTAHOBOYHBIX — MOJMHOMOB  (hOPMBI
Plx) mx + pf(x)+ 8 g(x)+7l(x) wan momem F_. Jlan MeTOA MOCTPOEHUS HEKOTOPOTO

ceMeiicTBa NEpCCTaHOBOYHLBIX MTOJIMHOMOB.
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(ITpencrapneno wn.-kop. HAH PA U. J1. 3acmaBckum 27/IV 2011)

KiarwueBble ciaoBa: pacnosnarowue cucmemvl, nepeceueHue U OONOJHEHUE MHOINCECMSE,
MUHUMATTLHOCb

PaccmarpuBaroTcs  paclo3HaloOIMe CHUCTEMbl MHOXKECTB, ONpEJeNsieMble  aHaJOIMYHO
COOTBETCTBYIOIIMM MOHATHAM U3 [1 — 6]. IloHsTHE pacno3HAIOIIEN CHUCTEMBI, pacCCMATPUBAEMOE
HWDKE, OTJINYAETCS] OT aHAJIOTUYHOT'O MOHATHS U3 [4 — 6] TeM, 4TO B poJiu omnepaluii, IpUMEHIEMbIX
K MHO>XECTBaM JAaHHOW CHUCTEMBbI, GUTYpUPYIOT HE TOJIBKO OIepalys IepeceuyeHusi MHOXKECTB, HO
TaKXe U Olepalus TOMOJIHEHUS] MHOKECTBA 10 JAHHOTO YHUBEPCAIBHOI'O MHOXKECTBA.

Oxa3zpIBaeTcsi, 4TO JUIs PACIO3HAIOMIMX CHCTEM B 3TOM CMBICIE MOTYT OBITH IOJIyYeHBI
3HAYUTENIBHO 00JIee YETKHUE XapaKTEPUCTUKU MUHUMAJIbHBIX PACIO3HAIOIINUX CUCTEM 110 CPABHEHUIO

c [4, 5]. Te noHsATHS, KOTOPBIE HE ONPENETAIOTCA HIXKE, ONpEeNeHbI B [7].

PaccMoTpHM KOHEUHOE MHOKECTBO [n] ={1,2,...,n}, n>3. Yepes R[n] 0003HaYMM MHOKECTBO
%
IIOJIMHO’KECTB MHOKECTBA [n] ITycte n” = {AI,AZ,...,Ak} ABIISIETCA TOJAMHOKECTBOM MHOKECTBA
R[n]
* .
Onpeaenenue 1. bydem cosopums, umo cucmema n pacnosHaem 31emMeHm le[n], eciu ¢

nOMOubIO onepauuﬁ nepecevyeHusl u OONOJIHEH U (no OMHOUWIEeHUIO K [l’l]) usz MHoaHCecms

Ay, Ay, ..., Ay ModicHO noryuume {l}

57



* 1% «
Onpeaenenue 2. byoem cosopums, umo n  AGIAemMcsA N pacno3Haiowjeli CUCmemou, eciu
3 o .
cucmema n- pacno3Haem Kaxicowlii 2NemMeHm i € [n]

[TocpenctBom |A

,Tne A — Kakoe-mubo MHOKECTBO, OyjeM 0003HauaTh MOITHOCTh MHOKECTBA

A . Tak kak R[n] ABJSIETCS 7 - PACHO3HAIOUIEH CUCTEMOM, TO KJIACC 7 -pACMO3HAIONINX CHUCTEM

3aBCAOMO HC SBJIACTCA ITYCTBIM. OHpeILCJII/IM OOBIYHEIE MOHATHA MHHHMAILHOCTH U TYIIUKOBOCTHU

AJI 71 -pacClio3HAaromunX CUCTCM.
Oﬂpeueﬂenne 3. n-pacnosnarwasd cucmema I’l* Ha3s3vleaemcH mynukoeoﬁ, ecnu oboe
CcOOCMBEHHOE NOOMHONCECTNEO MHONCECMEA I’l* He Aesisiemcs n-pacn03Harou;e12 cucmemou.
Orlpezle.nelme 4. n-pacnosrarnwas cucmema I’l* Haszvleaemcs MUHUMGﬂbHOﬁ, ecilu He

.« o *
cyujecmeyem n-pacnosHaroweu cucmemvl ¢ MOWHOCNbvblo, MeHbuieu, 4em ‘I’l ‘ .

Ecnu paccmartpuBaercss MUHUMYM HE B KJacCe BCEX PACHO3HAIOMIMX CHUCTEM, a TOJBKO B
OTIpeIeIEHHOM €ro MoJKJacce, TO TAKue MUHUMYMBI OyZieM Ha3bIBaTh JOKAJIbHBIMH MUHUMYMAaMH.
B »T0li cTathe paccMaTpUBAIOTCS TaKWe PACIO3HAIONIME CHUCTEMBI, SJIEMEHTHI KOTOPBIX SIBIISFOTCS
JIBYX3JIEMEHTHBIMU TMOAMHOKECTBAMH MHOXKECTBA [n] Kaxnoil Takoil pacno3HarOmEld CUCTEME
comoctaBuM Tpad creayromuM obOpazoMm. Kaxmaomy 31eMEHTY MHOXECTBa [n] COIIOCTAaBUM
BEPILMHY YKa3aHHOTO rpada, mpu 5TOM pa3IUYHBIM >JIEMEHTaM COMOCTaBUM Pa3jIHYHbIC BEPIIHHBI.
I[Be pa3JII/I‘-IHI>Ie BCpH_II/IHI:I COCINHUM pe6p0M B TOM HW TOJBKO B TOM cnyqae, Koraga
COOTBGTCTBYIOHII/IG 3JICMCHTBI anHanHemaT OILHOMy u TOMy XE MHO)KCCTBy I[aHHOfI CUCTCMBI.
['pad, mocTpoeHHBIN yKa3aHHBIM 00pa3oM, OyJieM Ha3bIBaTh MPEACTABISAIONUM rpadoM ITaHHOU 7 -
pacmo3Hammed cucteMbl. SICHO, YTO TpeACTaBIAOMUNA Tpad 7 -pacro3HAIOMIEH CHCTEMBI
ompezenseT €e OJHO3HAYHO (C TOYHOCTBhIO N0 u3oMophu3Ma; HM30MOP(HU3M 7 -pPACIIO3HAOLIUX
CHUCTEM OIpe/IesieTCsl EeCTECTBEHHbIM oOpa3oMm). Mpbl wuHOrma OyaeM OTOXKIECTBIATh 7 -
PACIO3HAIONIYIO CHCTEMY C €€ TPECTABIISIOMNM rpadoM, TOBOPS O €€ CBOMCTBAX KaK O CBOMCTBAxX
ee mpexacraBisomero rpaga. Bce HeoOXomMMble ompenencHHs, CBS3aHHBIE ¢ Tpadamu, MOKHO

HaiTH B [7]. JlnmuO# memn {v,v,, ...} (a TakKe ee MOIIHOCTBIO) OyleM Ha3bIBaTh KOJMYECTBO
pebep B HEl, T.e. YUCIO (k— l); TaKylo 1enb 0yaeM 0003Ha4ath nocpeactsoM O, . M3ommpoBaHHbIe

BepIMHB Tpada OyaeM HasplBaTh LEMSAMHU JIUHBI HyJb, TaKylo Iernb OyaeM o0O03Ha4aThb
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nocpenctBoM ;. Yepes ‘Tzn ‘ OyneM 0003HauaTh MOIIHOCTh MHUHUMAJIBHOW 1 -pacrio3HaroIei

CHUCTEMBI B KJIaCCE IBYXDJICMCHTHBIX ITOAMHOXKCCTB.

OcHoBHasi Teopema. Eciu n>3, mo

gn ectu n=0 (mod3) ;

= %(n—l) ecu n=1(mod3) ;

zn—Z +1 eciu n=2 (mod3) .
3

Jlyig noka3aTenbCcTBa CHayalla yCTAHOBUM BEPXHIOIO OLIEHKY AJIs ‘T 5 ‘ . Ilyctb 3amano HeKoTopoe

n=3. Iloctpoum rpa¢p G, , yOOBIETBOPSIOUMN cleayromumM yciaoBusM. Ecmu nEO(m0d3), TO

n
rpag G, COCTOMT U3 — KOMIIOHEHT CBA3HOCTH, KaxJasi M3 KOTOpbIX u3oMopdHa nenu (. Eciu

=1(mod3 L
n=1(mod3), To rpad G, comepxxut 5 KOMITOHCHT CBSI3HOCTH, KaXKIasi U3 KOTOPHIX U30MOp(dHa
Oz, U, KpOME TOro, OJHY KOMIIOHEHTY, u3omopdHyro ;. Ecmu nEZ(mod?)), To Tpad G,

COJICPIKUT

KOMIIOHEHT CBSA3HOCTH, KaXJas U3 KOTOPbIX u3omMopdHa (s, U, KpOME TOro, IBE

KOMITOHEHTBI CBSI3HOCTH, M30MOp¢HBIE cooTBeTCTBeHHO (4 M (). Jlerko mpoBepuTh, 4TO NpH
moboM n=3 rpadp G, sBISETCA MNPEACTABIAIOMMM TIpadoM HEKOTOPOH 7 -pacno3Haromen

CHUCTEMBl M KOJHMYECTBO pedep B HEM paBHO BEIMYMHE, YKa3aHHOW B (OPMYIHPOBKE OCHOBHOM

TEOPEMBI ISt ‘TZ”‘. TeM caMbIM yCTaHOBJIEHA BEPXHsS OILICHKA ISl ‘Tz" ‘ Tenepb ycTaHOBUM

HIJKHIOKIO OLleHKy. CHa4aia puBeIeM HEKOTOPBIE JIEMMBI.
* o «
Jlemma 1. Ecau n™ = {Al, Ay, ..., Ak} ABNIAEMCA N -PACNO3HAIOWEl CUCIEMOU, MO 00beOuHeHue

6cex Ai Mmoaoncem He CO@@prC‘ClWlb camoe bobuiee 00UH INeMEHN MHOXNCECMEa [7’1]

k
B camom jxene, mycth mMmeer Mecto obparHoe, T.e. |J4; He comepKHT ABYX pasIMUHBIX
i=1

9JIEMEHTOB X, ), IPUHAJJICKAITIX [n] Torma x m y He mpuHamiexar kaxaoMmy 4;, i=Lk, n

OylyT TpUHAATEkATh KAKIOMY B, =A;. OueBUIAHO, YTO B pe3yNbTaTe JIOOBIX OTepaIHii
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nepeceueHusl W JONOJIHEHUs HaJ CUCTeMON A, A,,..., A,, By, B,,..., B, NOIy4uTCs MHOXECTBO,
KOTOPOE€ WJIK OJJHOBPEMEHHO He OYyIEeT ColepkaTh X U y , WIH OJHOBPEMEHHO OYJeT CONepKaTh U
X U y. B pesynpraTe X W y HENb3s OTIMYUATH JAPYT OT JApPyra M, CJIEAOBATEIbHO, HEb3s
pacno3Hatb. JleMMa qoka3aHa.

Jlemma 2. /[na ecaxoti n-pacnosnarowell cucmemsvl S, npeocmagnaiowuil 2pagh) kKomopou

* * *
cooepoicum YUukKIvl, MONCHO NOCMPOUmMs N -pacnosuaowyro cucmemy S , S S, ‘S ‘<|S|

npeocmasiAwull 2pag Komopou He co0epIHcUm YUKIO8.
B camom nene, mycTh MpeACTaBISIOMNN rpad) # -paclo3HAIIEH CHCTEMBI S COISPKUT LUK

Vs Vas voos Vinots Vo Vi (38METHM, 9TO m >3 u npu m =3 BEepUIMHA V, COBNAJAET C Y ). Jlerkxo
MIPOBEPUTH, YTO €CJIIM W3 MPEACTABISIONIETO Tpada CUCTEMBI S MBI yIalduM, HampuMmep, peopo
{v,v,}, TO momyuuBIIMiics B pe3yabTaTe rpad OyaeT NpeACcTaBIsIOIMM rpagoM HEKOTOPOH 7 -pac-
TIO3HAIOIIEH CUCTEMBI M OyIeT CoiepkKaTh Ha OJHO peOpO MEHBIIIE U Ha OJHMH UK MEHBIIIE 0 cpa-

o *

BHEHUIO C TIepBOHAYANBHBIM Ipadom. [ToBTOpsist 3Ty mpouenypy, npuaeM kK Tpedyemoii cucteme S .
CaenctBue 1. /[na 6écaxoti n-pacnosnarowetl cucmemst S, npedcmasisiowutl epagp Komopotl

% % *

CO0epHCUM YUK, MONCHO NOCMPOUms N -pacnosuarwwyio cucmemy S, S S, |S

’

<|s

npeocmasiAowull 2pag Komopou A611emcs 1eCom.
Jlemma 3. Jlobas n-pacnosuaiowas cucmema He MONCem CO0epHCcanb MHONCECMEd, KOMopoe
He nepecekaemcs Hu ¢ 0OHUM OPYUM MHOHNCECMBOM OAHHOU CUCEMDL.

B camoM xene, mycTh UMeeT MeCTO 00OpaTHOE, U IyCThb, HAIIPUMEDP, MHOXKECTBO A = {x, y} HE
IIEPECEKAECTCd HU C OJHUM U3 MHOXECTB A, A;,..., Ay HEKOTOPOM 7 -paCIO3HAIOMEH CHCTEMBI
{4, 4,,..., A, }. Paccys/ast aHANOTHUHO JOKA3ATETbCTRY JEMMbI |, yGEKIAEMCS B TOM, U4TO Kak/I0€

MHOXECTBO, IIOJIy4a€MO€ IIpU IIOMOIIH onepaunﬁ NEpeCCUCHUA MW [JOIOJIHCHUA, HUCXOOSA U3

A4y, 4,, ..., A, 1100 CONEPKUT OAHOBPEMEHHO X M ), JIMOO HE COACPKUT HU OAHOro m3 Hux. Ho
3TO NPOTUBOPEUYUT TOMY, 4TO {Al, 4,,..., Ak} 71 -pacIIo3HAOIIAs CUCTEMA.

Jlemma 4. /[na ecaxoti n-pacnosnawowell cucmemsvl S, npeocmagnaiowuil 2pagh) Komopou

s°|=Is

* o«
Ae6JIlemcs j1ecom, cyujecmeyent n-pacnosHarouidas cucmema S B B npedcmaeﬂﬂmmuu epaqb
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KOMOPOU SI8NAEMCsL 1eCOM, NPUYEM KANCOAsE KOMROHEHMA CEA3HOCU 2MO020 1ecd Npedcmasisienm
coboll yens.

B camom pnene, paccMOTpUM HEKOTOPYIO KOMIIOHEHTY CBSI3HOCTH JaHHOTro Jieca. Ilycts 3to
OyIeT nepeBo, cojepiallee 7 BEpIIMH U, CIEI0BaTEeNbHO, COAepIKallee (m— 1) pebdep. Tak kak
aro0oe  JepeBo, COIepiKallee 71 BEPIIMH, COAEPIKHT (m— 1) pebep, cienoBaTeNbHO,
MEPBOHAYAILHOE JIEPEBO MOXHO 3aMEHUTH LEMbI0, COCTOSIIECH U3 (m— 1) pedep {vi, vy, s V-
OueBUIHO, YTO BCE BEPIIMHBI ATOM IIEMM pacClO3HaBaeMbl M OCTaHyTcsS Takumu ke. [locrme
aHAJIOTUYHEIX 3aMeH BO BCEX KOMIIOHEHTAX MOTYYHM 71 -PACTIO3HAIOIIYIO CHCTEMY S~ M OYEBHIHO,
4TO ‘S*‘ :|S|.

Jlemma 5. /[na ecaxoii n-pacnosnarwowet cucmemvt S, NpedCmasisiiowuil epag Komopou

* *
codepocum yenv ONUHOW =5, MOJMCHO NOCMpoumsv N -pacnosHarowyio cucmemy S, S S,

, NpeocmasnAlwuil 2pagh) KOmopwvlil cOO0epixcUm moNbKO Mmakue yenu, 4ucio pebep 6

‘S*‘<|S
komopuvix < 4.

B camoMm zene, mycTh NpeCTaBIsIONMI rpad CUCTEMBI S COAEPHKUT LIETb {vi, vy, Vs, Vg, oes Vi »
rae m=>6. Jlerko BHAETh, YTO IOCNE ymaneHus pebpa {v;,v,} ocraBummiics rpad Oyner cHopa
MPEACTABISIIONUM TpadoM HEKOTOPOW 71 -pacro3Haromieil cucreMbl. [loBTOpsisi ATy mpouesypy,

3
HOJIy4YnM TpeOyeMyto cuctemy S .
Ha ocHOBe moKa3aHHBIX JIEMM M CIEACTBUS | MMOJTydYaeM CIEeIyIOUIyI0 TEOPEMY.

Teopema 1. /[na ecaxoii n-pacno3uaioweti cucmemvl S cywecmeyem N -pacno3Haowas

* % % *
cucmema S maxas, wmo ‘S ‘£|S| u npeocmasnaowui epag) o S ecmvb nec, 6ce CGA3HbIE

KOMNOHEeHmMbl KOMmopozo cymsv yenu, cocmosiwyue u3 0, 2, 3 unu 4 peoep.

PaccmorpuMm Tenepr mpeoOpa3oBaHUs jieca, BCE CBS3HBIE KOMIIOHEHTHI KOTOPOTO CYTh IICTIH,
cocrosimue u3 0, 2, 3 unu 4 pebep. 3aMeTHM, YTO KOJUYECTBO IIeTel ATUHOI0 HYyNb Oyaer <1 (1o
aemme 1).

Jlemma 6. Eciu 6 n-pacnosnaroweti cucmeme S cywecmsyrom oge yenu OIUHOW 3, Mo 3mu

08e Yyenu MOI*CHO 3MEeHUMb OOHOU Yenvlo OIUHOIW 2 U 0OHOU Yenvlo ONUHONW 4, npuiuem NnoayYeHHAs

* 19 k
cucmema S 6ydem n-pacnozuaiouei u ‘S ‘=|S|.
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JIeficTBUTENBHO, LEMH {v;,V,,v3,v,} U {u), uy, u3, u;} MOXKHO 3aMEHUTh LEMAMH {v,v,,v3} H
{ug, uy, uy, us3, u,}, IPUYEM PACIIO3HABAEMOCTH BCEX IIEMEHTOB COXPAHHTCS M YHCIIO pedep B CyMMe

HE YBEJIUYUTCH.
Jlemma 7. Eciu 6 n-pacnosnaroweti cucmeme S cywecmsyrom oge yenu OIuHow 4, mo smu

08e yenu MONCHO 3AMEHUMb O08YMs Yenamu OAuHOW 2 U OOHOU Yenvio OIUHOW 3, npuuem
nonyuennas cucmema S* 6yoem n-pacnosnaroueii u ‘S *‘ < |S|

JIeHCTBUTENBHO, LETH (v}, vy, V3, Vg, Vs| M {u}, Uy, U3, Uy, tis} MOKHO 3aMEHHTH HEHAMU {v;, vy, v},
{va> vs,w} ¥ {uy, uy, uy, us} , IpUUEM PACIIO3HABAEMOCTh BCEX JIIEMEHTOB COXPAHUTCS M YHCIIO pedep

B CyMME€ YMEHBIIUTCS HA CAUHULLY.
Jlemma 8. Eciu 6 n-pacnosuatoweii cucmeme S cywecmayem xoms Obl 00Ha yenv OnuHow 3 u

xoms Obl 0OHa Yyenv ONUHOIO 4, MO 3mMuU 08e Yenu MONCHO 3AMEHUMb mpems Yenamu OIuUHow 2,

* 19 *
npuyem noxyyennas cucmema S Oyoem n-pacnosnaowen u |S | < |S|
JIeHCTBUTENBHO, HENH {vi,V,,v3,v4} M {u, uy, us, uy, us{ MOKHO 3aMEHHUTH LEMAMH {v, v, v3},
%
{va up,up} ¥ {3, uy, us} . Jlerko yOenuThest B TOM, 4TO BCE BEPIIMHBI PACIIO3HABAEMBI U ‘S ‘ < |S| :

Jlemma 9. /[na ecaxoii n-pacnosnawowell cucmemsvl S, npeocmasgisiowuil 2pagh) Komopou

ABNAEMCA 1€COM CO CBAZHBIMU KOMNOHeHmamu, uzomoppuvimu Qy, Oz, Q4 unu Qs, cyuwecmeyem n

* *
- pacnosHarwas cucmema S makas, 4mo ‘S ‘S |S| U CBA3Hble KOMNOHEHN bl npedcmasﬂﬂmmezo

*
cpa@a cucmemausl S cymb, 60-Nepeblx, enu, U30MO, Hble B 60-6Mopbuslx, enu,
3

yoosiemeopsaouue Ciedyiouum yCio8UusM, YKA3aHHbIM HUdce 05 ciyuaes (a) — (e), a umenHo. 8

caydae (a) Opyeux Cesa3HviX KOMHOHeHm Hem, 8 ciaydae (0) — (e) Opyeue césa3HbIE KOMNOHEHMbL
npedcmasasowezo epagpa cucmemvt S° cymo: 6 cayuae (6) — yenv, usomopduas Qy; 6 ciyuae (8) —
yenu, usomoppuvie Q4 u Qy; 6 cnyuae (2) — yenu, usomoppuvie Qs u Q); 6 ciyuae (0) — yens,

uzomopgpnas Qy ; 6 ciyuae (e) — yenwv, uzomopguas Qs (PUCYHOK).
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() (6) (e)
O

O—O0—0O0—"00| 000000101070

(r) (m) (e)
B camom nene, ucnonb3ys npeoOpa3oBaHusi, yKa3aHHbIC B IeMMax 6 — 8, MOHO TIOCTPOUTh
MOCIIe0BATENBHOCT TPE0Opa30BaHUM MpeICTaBIAIoONIero rpada CUCTEMBI S , B IPOIIECCE KOTOPHIX

y’K€ BO3HUKIIME LENu, u3oMopdHble (J;, HE 3aTparuBaroTcs, a uenu, usomopdusie O, u QOs,

CUCTEMATUYCCKN YHHYTOXKAKOTCA JO0 TEX IMOP, ITOKA UX KOJINYCCTBO HC CBCACTCA K OHHOﬁ J8(S 004 (J'II/I6O

usoMoppHoit 0y , 60 usomopduoit Qs). Ilpu 3TOM 10IKHO OBITH YUTEHO TO OOCTOATENBCTBO, YTO

NEepBOHAYANIbHBIN rpad cUCTEMBbI S MOXET COAEPKAaTh U30JIMPOBAHHYIO BEPLINHY.

Teopema 2. Jlna ecaxoi n-pacnosnarowel cucmemvl S cywecmeyem N -pacno3HAOWAs
* * o *
cucmema S~ makas, ymo ‘S ‘S|S| u npedcmasnaowull epag cucmemsvl S coCMoum u3 CA3HvIX
KOMNOHeHMm, u3omMoppruuix yenu (O, u U3 CEA3HLIX KOMNOHEHM, YKA3AHHbIX 6 JleMme 9 015 cryuaes
(a,o,s)
v %
B camom niene, U3 paHee TOKa3aHHBIX YTBEPKACHUU CIEIYET, YTO CYLIECTBYET CHUCTEMaA S

ES o %
TaKasi, 4To ‘S ‘ < |S| U TIPENCTABISIONIMHA Tpad CHUCTEMBI S COCTOMT M3 CBSI3HBIX KOMIIOHEHT,
n30MOpQHBIX (3, U U3 CBA3HBIX KOMIIOHEHT, YKa3aHHBIX B leMMe 9 1 ciaydaes (a) — (¢). OqHako B

ciydae (T) yKa3aHHBIA (DparMeHT MpeCcTaBIsAomero rpaga S° MOXKHO 3aMEHHTH JBYMS LIETIAMH,
n3oMophHbIMH (5 (uHcio pebep coxpaHseTcs), B ciIydae (1) — AByMs LEeMsIMU, H30MOpGHbIMU Oy
u O (aucno pebep ymenbiaercst Ha 1), B ciaydae (€) —aByms nensmu, usoMophubeiMu Oy u O,

(uucno pebep ymenbinaetcs Ha 1). B pesynbrare nepexoaum K oHOMY U3 ciiydaes (a), (0), (B), uTo

U TpeOOoBaIOCh.
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N3 TeopeMsl 2 ciietyeT HUKHSS OLEHKa MOIIIHOCTH MUHUMAJIBHON 7 -paclo3HAIONIEeH CUCTEMBI,

yKa3aHHas B OCHOBHOH TeopeMme. B camoMm jene, Jerko MpoBEpHTh, YTO MPECTABISAIOMNN Tpad
* v v
cucTeMbl S, IOCTPOEHHBIM B COOTBETCTBUM C TeopeMoi 2, usomopden rpady G, , onucaHHoMy

Belme. [lockonbky umcino pebep B rpade G, paBHO BeIMUYMHE, yKa3aHHOH B (POpMyJIMpOBKE

, 3aKJIro4acM, 4YTO MNOPCAINOIOKCHUEC O CYHCCTBOBAHUU 71-

OCHOBHOW TEOpEeMbI  JIIst ‘TZ"

pacno3Haromei cucreMbl S, MOIIHOCTh KOTOPOW MEHbIIE YKa3aHHOW BEJIWYHHBI, MPUBOJUT K

MPOTUBOPEUHNIO. DTUM YCTAHABIMBACTCS HIDKHSSI OLIEHKA [T ‘TZ”

, 4 3HAUWUT, U YTBEpXKACHUE

OCHOBHOW TE€OPEMBI B LICJIOM.

3ameuanune 1. [lpu nEO(m0d3) u n#3 cywecmeyem Opyeas MUHUMALbHASL N -pac-
NO3HAIOWAs cucmema, npeodcmasisiiowull epag Komopou CywecmeeHHo omaudaemcs om zpaga
G,, a umenHo, 06e yenu ONUHOIO O8A MOJICHO 3AMEHUMb PPAZMEHMOM, ONUCAHHBIM Gbliue O
caydas (2) (PUCyHoK).

3ameuanmue 2. Tax Kak emecme ¢ onepayuell nepeceyetius MHOMCeCma UCHOIb3Yencs maKice u

onepayusi OONOJHEHUsl, Ce008aAMeNbHO, OOKA3AHHAS MmeopeMa 6epHAa U Os (n— 2) -2/IeMEHMHbIX

I’ZOC)MHO.?K'eCl’I’lG, a maxoce 0151 CMEUAHHbIX 2- U (l’l— 2) -2IEMEHMHBIX NOOMHONCECE.

Wucturyt npobnem nnpopmatuku u apromaruzaunua HAH PA

C. M. Bapaaunsin

O MUHHMAJILHOCTH HEKOTOPLIX PACIO3HAIIIUX CUCTEM B KJIACCE IBYXIJTCMECHTHDBIX
MMOAMHOKECTB OTHOCHUTEJIbHO onepaum“d nepeceyeHuss M J0MOJTHCHU ST

[ycte [n] = {1,2,...,n}. Cucrema mnoamHoxkectB n* = {A,, A,...,Arx} MHOXecTBa [n]
HAa3bIBACTCSI N-PACIIO3HAIONICH, €CM JII000€ OJHOAIEMEHTHOE MHOXECTBO {i}, 1<i <i1, MOXHO
MONyYNUTh HAa OCHOBE Aj, Ay, ...,A; C TIOMOIIBIO OIEpaluii JOMOJHEHHs] M TepecedyeHus. Takas
CHUCTEMa Ha3bIBA€TCSd MUHUMAIBHON, €CIi HE CYIIECTBYET pAacIO3HAIONas CHCTeMa MEHBIIEH
MOIIIHOCTH, Y€M paccMarpuBaeMas. PaccMaTpuBarOTCsi TaKHe PACIO3HAIONIME CHUCTEMbI, KOTOPHIE
COCTOSIT U3 JBYXAJIEMEHTHBIX MOJMHOKECTB. HaiiieHa MOIIHOCTh MUHHUMAaJbHON paclO3HAIOMIEH

CUCTCEMBI; IOCTPOCHBI TAKUC CUCTCMBI.
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U. U. Quppuiyui

Zundw b jpugdwt gnpénnmpnibitpny Epyhkdkinwing
Eupwpwqunipniuitph puunid npny Fmbwsny hwdwljupgbph dhtthuwnipjut duuh

Yhgmp  [n]={,2,..,n}: [n]-h  Ghpwpuqunipmitbbph A = {4y, 4y,..., A}
hwdwlupgp Ynsymd E 7- dwbwgnn, tphk judwyuljut by Lhdktnwing puqunipnit
{i}, 1<i<n, Qupkh t wnwbwy 4, 4,,.... 4, - tph hhtwi Jpu huwndwi b jpugdui
gnpénnnipniiutpny: Unuhuh hwdwlupgp Ynsynid E dhuhdwy, Ept gnnipjnit sniuh
wylih thnpp hgnpmipjudp 7 - dwbwgnn hwdwlupg: Thunwplynd Bu wjiyhuh
hwdwlwpgtp, npnip wupnibwlnud ko dhwyu Gphkkdbinwing Ehipupwqunipniuubp:
Uohmwmnwipnid quiynud £ dhthdw) 7-dwbwsny hwdwlwupqiph hgnpnipmpiup b
Junnigymd Eu 7 -fwtiwynn hwdwljupgtp, npntp nitkt vhthdw) hqnpnipini:

S. M. Vardanyan

On the Minimality of Some Recognizing Systems in the Class of Two-Element Subsets
Concerning the Operations of Intersection and Complement

A set of subsets n* ={4,4,,..,4,} of a finite set [n]= {l, 2,.., n} is said to be n-

recognizing if any one-element set {i}, 1<i<n can be obtained on the base of 4, 4,,..., 4; by the

operations of intersection and complement. A recognizing system S of such subsets is said to be

minimal if there is no recognizing system having the power less than |S ; only subsets contining two

elements are considered. The power of minimal »-recognizing systems is found and 7 - recognizing

systems, having the minimal power, are built.
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2U38UUSULVE aPSORE3NPRLLELP UQQGUBPL UUWUMTGUDPU
HAODWNOHAJDBHAA AKAOJEMNUNA HAYK APMEHUNMU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

IOKJIAJBI 9t4YNh88LEL REPORTS
SR112 2012 Ne 1

MEXAHUKA
YK 539.3

Axanemuk C. A. AMOapuymsin, M. B. beny0Oexsin
IHonepeunbie KoJIeOaHUSA HAEATBLHO MPOBOASIIEH MJIOCKOI MPSIMOYT0J1bHOI
MeMOpPAaHbI B IPOI0JILHOM MAarHUTHOM I10JI€

(ITpencrasneno 9/X12011)

KuoueBble ciioBa: membpaua, udeanvHulii N(POBOOHUK, KOJIEOAHUS, MACHUMHOE NoJle

1. PaccmaTpuBaeTcs BecbMa TOHKas MPSMOYTOJibHAs MeMOpaHa, 3aHMMAroOIIasi B JEKapTOBOMN
CUCTEME KOOPAMHAT (x, y,z) obmacte 0<x<a. Ilpennomnaraercs, 4Tro MaTepuans MeMOpaHbI
uaeanpHo npoBoadmui. Ilycte memOpaHa HaxoauTcs B IIOCTOSHHOM MAarHUTHOM —TOJ€,
napajuieJJbHOM CPEIMHHOW TOBEpPXHOCTH MeMOpaHbl. WM3BectHo [1,2], yto mox aelcTBUEM

NpoAaOJbHOI'O MArHUTHOTO TIIOJISI B MeM6paHe MOABJIAKOTCA TAHICHUHUAJIIBHBIC PAaCTATMBAIONINC

yeunus. Ilomaras h<«<a, h<b, cuutaeM TNpeHEOPESKUTETLHO MaJOW JKECTKOCTh H3ruda

D=Eh3/12(1—v2)z0.

Ha ocHoBe rtumore3bl HeneOpMHUpPYyEeMBIX HOpMaleld W HEKOTOPHIX YIPOIIAIOMIMX Tpe-

MOJIO)KEHUH OTHOCHUTEIBHO YCJIOBHM Ha JIMIEBBIX MOBEPXHOCTSIX MEMOpaHBI (z:ih) MOJTy4YUM

cieaymllee ypaBHeHue ABumxenus [1,2]:

o’w Ve O'w_ Ow

axoy Loyt ot

2
Vngsz+2Vle (1.1)

rIe
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2
\A Moo, (1.2)
4mp

H,,— TaHreHIMalbHble KOMIIOHEHTBl BEKTOpA HANpPSYKEHHOCTH MArHUTHOIO IOIs; W —
KOA(p(UIIMEHT MarHUTHOM MPOHHUIIAEMOCTH; P — IUIOTHOCTh MaTepuana MeMOpaHbl; w = w(x, y)—

HOpPMAaJIbHOE NIEPEMELIEHUE; ! — BPEMSL.
[Tyctb Bce kpasi MeMOpaHbl 3aKPEIJICHBI, T.€. UMEEM CIIEAYIOIUE TPAHUYHBIE YCIOBUS:

w=0 npu y=0,b, (1.3)
w=0 npu x=0,a. (1.4)

2. 3amauy momepevHbIX KojeOaHuii mMeMmOpaHbl perraeM meronoMm lamepkuna [3]. Pemenue

ypaBHenus (1.1), ynoBnerBopsitoiiee rpaHiYHbIM yciioBusM (1.3), npeacraBum B BUze
w=Y e f (x)sinh,y, A, =nn/b. (2.1)
n=1

[Tpencrasnss (2.1) B ypaBHeHuu (1.1), ymMHOkast Bce 3TO Ha SinA,y WM MHTErpUpys IO ) B
nperenax or 0 1o b, TONyYHM CIEAYIOIyI0 OCCKOHCYHYI0 CHCTEMY OOBIKHOBCHHBIX

1 depeHManbHbIX YPaBHEHUH OTHOCUTENBHO QyHKINH f, (x) :

Z{[ 1) 2207 (n} - 1)} C anefn’dmn} ~0, m=12.. 2.2)
n=1
31eCh IPUHATHI CIIEAYIOIIE 0003HAYCHUS:
2
2 ® V,
-9 e, 23
nn 1/227\& I/l ( )

0,50 m=n,

b
C, = jsin A, ysink, ydy :{
0 0 m#n,

, 0 m=n (2.4)
d,, =|sink,ycosk,ydy=4  [1-(-1)"" 1-(-1)""
J A[ . .

’ 7\‘m _kn 7\'ﬂl +7\‘l’l

Pemenne cucrembl OecKOHEUHBIX ypaBHEHHUH (2.2) OOBIYHO 3aMEHsIETCs pPELICHHEM YCEYEHHOU

CHUCTCMBEI.
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JUis HarJIIHOCTY PUBEIEM NIEPBbIE TPU MPUOTHKEHUSI.

B mepBoM npHOIKEHUH PEIIaeTCst OJJHO ypaBHEHHUE:
S+ 0% (nf 1) £, =0. (2.5)
Bropoe npubnuxenue:

SO (0 =1) £+ 406 0d,, £ =0,

n, n2n 2 (.2 -1 1 (2.6)
T+ 0% (3 —1) £, + 4060 d,, ;' = 0.
TpeTbe nmpubIMKECHUE:
SO (0] —1) £, +40b7" (hody, £+ Msdy /7) =0,
7+0°3 (3 —1) £, + 4067 (M dy, fi+ My, £) =0, (2.7)

0
0.

T+ 927»§ (n§ - 1)f3 +460b™ (}\‘ldjslfi,—i_ kzdnfz’)

[lycTts ABe npyrue KpoMKH MeMOpaHbl TaK)KE 3aKPEIUICHBI, T.€. UMEEM I'paHuuHble yciaoBus (1.4),

OTKYJla CJIEJTyeT
£ (O)=fm(a)=0. (2.8)
Pemias ypaBuenue (2.5) v y1oBI€TBOPSSI TPAaHUYHBIM YCIOBHM (2.8), MoTyyum
sinOA, 1’ —1la=0. (2.9)
Ortcrona, ¢ yuérom (2.3), B mepBoM MPUOIMIKEHUN ONIPEACIIATCS YaCTOThI KOJIeOaHMit

2
0)121(:7”121/22"‘(%) Ve k=12, (2.10)

B (2.10) MunuMalibHas 9acToTa moxydaercs npu k =1.

Jl1st BTOpOTO NPUOJIMKEHUS pEIieHUe CUCTEMBI (2.6) TIPEACTABISIETCS B BUJIS

f =Ae™, f,=Be™. 2.11)
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[ToncranoBka (2.11) B (2.6) mMpUBOAUT K CIEAYIOMIEH CHCTEME OJHOPOJHBIX ainreOpandecKux

YPaBHEHU OTHOCHTEIIBHO IIPOU3BOJIBHBIX MIOCTOSIHHBIX A, B :

(p*+0°v,) 4, +40b™"%,d,, pB =0,
(2.12)
40b ™'\, dy pA+(p* +07v,) B=0,

rac
vi=A7(n=1), v, =25 (m3-1). (2.13)

PaBencTBO Hym0 gerepMuHaHTa cucTeMbl (2.12) naer OHMKBaJpaTHOE XapaKTEPUCTUUECKOE
ypaBHEHHE OTHOCUTENIbHO p . HeTpynHO moOKa3aTh, 4TO yKa3aHHOE ypaBHEHHE HMEET YEeThbIpe

MHUMBIX KOPHA

+iOp,, *i0p,, (2.14)
rac
1 Y
pl’z=$[Vl+V2—yi\/(V1+V2—y)2—4V1V2} 5 (2.15)
- 160 Aydiydy _ 64AA | 2.16)
b’ b (12 -2 )2
2 1

Ortcrona cnemyer, 4To o011Iee pereHne cucTeMsl (2.6) nmeeT BUI

fi (x)= A, cosf px+A,cosO px+ A, cos8 p,x+ A, cosl p,x, 2.17)
£,(x)=B,cos8 p,x+ B, sin@ p,x + A, cos @ p,x + A, sin @ p,x, '

IPU 3TOM IPOU3BOJIbHBIE NIOCTOsIHHBIE 4, M B, cornacHo cucteme (2.12) cBsi3aHbl MEXIy cOo00M

CJIETyIOIIAM 00pa3oMm:

B =—ia A4, B,=io4,, B,=-ia,4,, B,=io,A4,,
b PV o. =b P -V (2.18)

1 4\,d,, p, ’ ’ 4\,d,,p, .
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Takum o00pazom, ocTaroTcs 4YeThIpe NPOU3BOIbHBIE A ,A4,,A4,,A,. Iloncranoska (2.17) B
rpaHU4HbIe yCa0BUA (2.8) MNPUBOAUT K YETBIPEM ypaBHEHHSM (OJHOPOAHBIM) OTHOCUTEIBHO A4, .

PaBeHCTBO HyIIO JeTEpMMHAHTa YKA3aHHOM CHUCTEMBl YPAaBHEHUN MPHUBOIUT K CIEAYIOLIEMY

YPaBHEHHIO OTHOCHTENBHO YaCTOT KONeOaHHii:
(o, —a, )sinOp,asinOp,a =0. (2.19)

Herpyano nposeputs, uto o, —a, # 0. Toraa mu6o sinOp,a =0, mubdo sinOp,a = 0. Pemenue stux

ypaBHeHHI’I MPUBOAUT K PCIICHHUIO CICAYIOMICTO YpaBHCHUA OTHOCUTCIIBHO YaCTOT KOJIEOaHMIA:

kY’ e\
Vlvz—(gj (v1+v2—v)+(e—] =0, k=12,.. (2.20)

a

Wuctutyt mexanuku HAH PA

Axanemuk C. A. AmOapuymsin, M. B. BenyOeksin

IHonepeunsblie Koe0aHNs UIEATbHO TPOBOASIIIEH VIOCKOH MPAMOYTI0JIbHOMI

MeMﬁpaHl)I B MPOAOJBHOM MAarHUTHOM I10J1€

3ajaya TNPUBOAWUTCA K PELIEHUIO BOJHOBOIO YpPaBHEHHS IMPU HAJIMYMM YJieHa CO
CMEIIaHHBIMH MPOU3BOJHBIMU. B cilydae 3aKkperuieHHbIX KPOMOK MeMOpaHbl MPUMEHSETCS METO]
[Nanepkuna. MccnenoBanbl 4acTOThl KOJEOAHUN B 3aBUCMMOCTH OT HAMpPsDKEHHOCTH MarHUTHOTO

TIOJIAL.
Ujwuntdhlnu U. U. Zudpupdnidjui, U. 4. REnipkljjub
Bpluwjuwljuwt duquhuwljut puonnid huppe nipquulnit hpbwjwlut
hwnnpnhy dbdpputh juybujut muwnwiinudubpp
vanhpp pipynud £ jpwnp wdwbgyu) niubkgnn wunuuny wihpwyhtt hwjuwuwpdwt jnisdwt:

Baptipny wdpwlgws dbdpputh nhypnid Yhpunynud L Qutkpyhth dbpngp: Zknwgnungnud tu

nunuinudutph hwdwpuwjuwinipnibautpp” jupdws dwqtthuwljut puonh jupdusnipinihg:
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Academican S. A. Ambartsumian, M. V. Belubekyan

Transversal Vibrations of the Perfect Conductive Rectangular Plane Membrane in the

Longitudinal Magnetic Field

The problem is reduced to the solution of wave equation with the member of the mixed
derivatives. The Gallerkin’s method is applied in the case of clumped edges. The vibration
frequences are investigated in dependense of the magnetic field intensivity.
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OaH03JIEKTPOHHBINA TOK B IMJIUHIAPUYECKOM HAHOCJIO0€

(ITpencrasneno 21/X1 2011)
KuaroueBble cjioBa: L;MJZMHapMIIeC’KZ/lZZ HClHOCJZOl:L MOK CNUROB6020 MACHUMHO2O0 MOMeRmdA

1. BBenenme. CroucTble HAHOCTPYKTYPBI MPOJOJDKAIOT OCTaBaThCs B IIEHTPE BHHUMAHUSA
uccienoBaTeNeil Kak ¢ cyry0o akaJeMHU4ecKOoW TOYKM 3pEHHs, TaK W C TOYKH 3pPEHHUs UX
HEIMOCPEICTBEHHOTO MPWIOKEHUST B HAHORJIEKTpoHUKe (cM. Hamp. [1]). B Takux cucremax
pacuIupsitOTCS BO3MOXKHOCTH YIPABJICHHUS] DHEPTreTUYSCKUM CIIEKTPOM HOCHUTENEH 3apsiga MmyTeM
W3MECHEHUSI TEOMETPUYECKUX MMapaMeTPOB M3ydaeMbIX 0Opa3IoB [2]. DIEKTPOHHBIMH YPOBHSIMHU B
HAHOCTPYKTYpax MO>KHO yMPaBJIATh TAKXKe C IMOMOIIBIO BHEIIHUX TOJEH, clieoBaTeIbHO, JUANa30H
"yrpasnseMocTH" UX (U3NYECKMMH CBOWCTBAMH 4Ype3BbIUaiiHO MmUpPOK. [loaToMy axTyalbHBIM
CTaHOBHTCS BOIIPOC JETAIBHOTO U3YYCHUS PA3TUYHBIX XapaKTEPUCTUK HAHOCIIOEB: KOA((OUIIMEHTOB
MEX30HHOTO ¥ BHYTPHU30HHOTO TmoromieHus: [3, 4], OalmucTudeckod mpoBoAUMOCTH [5],
OpOUTaTBLHOTO M CHMHOBOTO TOKOB [6] m T.n. IlpuMeuarenbHO, 4TO HapsAIy C OpPOUTAIBHBIM
OJIHODJIEKTPOHHBIM TOKOM TIPH Yy4yeTe CIHMHA »JJEKTPOHAa BO3HHUKAET TaKXe TOK CIHMHOBOTO
MarHUTHOTO MOMEHTA [7], KOTOpBIM MpH OMpPEACIICHHBIX YCIOBUSX MOXKET UrPaTh BAXHYIO POJb U

HCCIICOJOBAHUIO KOTOPOT'O MOCBAIICHO JaHHOC COO6HICHI/IC.

2. Teopusi. PaccMoTpyuM LIMIMHAPUYECKUIT HAHOCTIONW, OrPaHUYMBAIOIINN TOTEHIA KOTOPOTO
B DaJMaIbHOM HAIIPABJICHUU OIMCHIBAETCS JBYMEPHBIM pPAaJdalbHBIM aHAJIOIOM IIOTEHLHANA

Buntepnuna — Cmopoaunckoro [8]:
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v (p) =%+ﬂp2 ~2Jap, (1)

rie o u [ — TmapaMmeTphl, XapaKTepU3yIollue IMIMHAPUYECKUNA HaHOCION. B HampaBieHuu ocu
HAHOCJIOSI TIOTSHITHANI OTPaHUYCHUST OyJIeM pacCMaTpWBaTh B paMKaX MPSIMOYTOJIBHONW OCCKOHEUHO
rryOokoi simbl ¢ mmpuHOM L. IlycTh Ha cucTeMy HaJIOKEHO TakKe OJHOPOJHOE aKCHAIbHOE

MAar"duTHOC I10JI€ B , KOTOPOMY COOTBETCTBYCT KaJ'II/I6pOBKa Buaa

AT:{Apzo, Aq,:%,AZ:O}. )
B cnyuae ykasanHoil kanuOpoBku B ypaBHeHuu lllpenunHrepa nepeMeHHbIE pa3AesIOTCS U C

YUC€TOM CITMHA 3JICKTPOHA IMOJTYYaroTCA CICAYIONMUC IBYMCPHOC U OTHOMCPHOC YPABHCHU:

/O ) 0 1 o iho, 0 uw’
e Benren IV iounll e aoesr ol b —t Pt
2,U P ap 8,0 1% 8(0 2 8¢ 8 W(p9¢)/1/s :Enp,m,s,v/(p’w)ls_- > (3)

Vo (p)- 1B,

g @ )£ ), @

. . . h .
I7I€ 4 —MarHUTHBIM MOMEHT 3JIeKTpoHa (B cimyudae Gads u' =g, ., 1, :26_,uc’ g,=0,44), 6. -z-

eB
KOMIIOHEeHTa Marpuubl Ilaynu, o, =— — OUKJIOTPOHHAs 4acToTa, y, —CIIMHOBAas BOJIHOBAs
y7%

¢yukuus. B z-npencrasnenuun no marpunam [ayian numeem

o, = ((1) _OJ, Xs.=1/2 = (;j . (5)

VYpasaenus (3) u (4) ABISIOTCS TOYHO PEIIAEMBIMHU, U JIJIs1 BOIHOBOU (DYHKIIMU MOXKEM 3aMucaTh

: sinZL 2 (n = 2k)
P _— =
\Pn,S: ( _D imp M _4a§22 F M 1 ,02 L 1 6
n,,m p,@,Z,SZ)— n ,m,ne ,0 e 171 _np’ + s 2 s ( )
! ? ag n 0
cost(n =2k+1)
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rac anm!n — HOpMHUPOBOYHAsA NOCTOSIHHAA, 4 TAKKC BBCACHBI CIICAYIOIIINC 0003HAYCHHS:

M = /m2+2:—2a,Q= /a)f+%,a9: [% (7)
7

J1s ciekTpa 3HEpruu NnoJIy4um

P> )

c

Q M+1) m °hn’ .

E" =ho,|—|n, + +— |-2{af} +————2uBs._ . (8)
ro2 2 2ul’ ’

Ha ocHOBe moy4eHHBIX pe3yIbTaTOB MEpenieM K BHIYHUCICHUIO CITMHOBOTO U OPOUTAIEHOTO

TOKOB B paCCManI/IBaeMOﬁ cucreMe. Kak HU3BCCTHO, BBIPAXKCHUC OJI IIJIOTHOCTHU 0p6HTaJIBHOFO TOKa

B MarHUTHOM T10JI€ UMeeT BU [7]

. 2
R O A ©)
2u y7%s
a JUIs TOKa CIAHOBOT'O MarHUTHOTO MOMEHTA
Toms =y*crot(‘1’*<§‘l’). (10)

Buayane paccmorpum opOuTanbHblii TOK. C y4eToM CHUMMETpPUHU 3aJjaud BBIYMCICHUS Oyaem

MPOU3BOJIUTH B IMJIMHIPUYECKUX KOOpAMHATax. Tak Kak p- W z- 4acTU BOJIHOBOM ¢GyHKIuU (6)

SABJIAIOTCA BCIICCTBCHHBIMU Q)YHKI_[I/ISIMI/I, a TaKXC, HUCXOOd H3 OIIPCACIICHHUA ?—onepaTopa B

ONUWIMHAPHYCCKUX KOOpAWMHATAX MOXKHO IMOKa3aTb, YTO p- M z - KOMIIOHCHTLI Op6I/ITaJ'II)HOFO TOKa

paBHBI Hy0. B cBOIO ouepenb, Uil ¢ -KOMIIOHEHTBI UMEEM

2y _[ehm_€B N e
(i), =~y =2 PIUIT (11)

I[J'IH OmnpeaAcICHUA TOKa CIIMHOBOTO MArHuTHOIO MOMCHTA HeO6X0)II/IMO CriepBa OIpCACINTb

KOMITOHCHTBI BCKTOpa

G=uVYeV¥. (12)
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HenocpencTBeHHBIM BBIYMCIIEHUEM, C YY€TOM BHaa Marpull [laynm, a Takxke CIMHOBOM BOJIHOBOM

(GYHKIMHU y, , MOKHO ITOKa3aTh, 4TO (&)p = (&)w =0, a ans (5—) HaxO0OuM

vl /T - (13)

3), 205

2 2 o
IpousseneHne (|y/| /] ) 3aBHMCHT TOJBKO OT KOOPAMHAT p U z, IOITOMY HEHYIIEBOM OyIET TOIBKO

@ -KOMIIOHEHTA rotG

= a =
(rr5), =~5(5).- (14)

OKOHYATEILHO JJIS HeHyHeBOﬁ KOMITIOHCHTBI TOKa CIIMHOBOI'O MarHMTHOI'0O MOMEHTA IOJTYYHUM
= * 8 2 2
(]SMM) =—2ucs, _|l//| |f| : (15)
® ap

Takum 06pa3oM, JJIsi OJHOTO TOKA J,, HAXOIUM

- h ’B . 0
(), = %—;—w/) [ [T —2cs. {%lez}lf . (16)

3. Pe3yabTaTbl. OpOUTaIbHBIN TOK COCTOMT M3 JBYX YacTed, a IMEHHO €CIIU Y4ecTh, UTO /im
ABJISICTC MOMEHTOM HMITYJIbCa IEKTPOHA B COCTOSHUM C MarHUTHBIM KBAaHTOBBIM YHUCIOM M, TO

CTAaHOBHUTCA SICHBIM, YTO 3TOT WIEH XapaKTepU3yeT TOK OpOHMTajIbHOro “‘IBMKeHus . B cBoro

eB o o
ouepe/ib OTHOIICHHE — SIBIISIETCS IUKIOTPOHHON YacTOTOMN AJIEKTPOHA U Oyaydr YMHOKEHHBIM Ha
e

£ XapakTepHu3yeT JMHEHHYI0 CKOPOCTh €ro IMKJIOTPOHHOTrO “nBHkeHus” . Takum oOpazom, BTOpOi
4JIEH ONHMCBHIBAET BKJIAJ MArHUTHOTO IOJISA B J,,, ABJASACH TOKOM 4acToThl Jlapmopa. Ilpu sToM B

OTJIMYHE OT ClTyyasi KBAHTOBOM NMPOBOJIOKM YUYET KBAaHTOBaHMS BJIOJIb OCU HaHOCHIOs1 Oz MPUBOAMT K
MCUE3HOBCHHIO OpPOUTAIFHOTO TOKA BIOJb HANpaBJICHUS MarHuTHOro moiisi. C Jpyroil CTOPOHBI

2
NpUCyTCTBUE HampaBieHus Oz TPOSABIAETCS B HaJIMUYUU MHOXKHUTEIsS | fl,

KaKk B OpOMTaILHOM

TOKE, TaK U B TOKE CIIMHOBOI'O MAarHUTHOro MoMeHTa. CienoBareiabHO, B 3aBUCUMOCTH OT TOTO, B
KaKOH IJIOCKOCTH Z = cOnst paccMaTpUBaeTCs TOK, OyAyT PUKCHPOBATHCS pa3IHMUHBIC €T0 3HAUYCHHS

IIPU OJTHUX U TeX ke p . HakoHel oTMETHM ere 0JHO BaKHOE 00CToATeNbCTBO. M3 BeipaxeHnus (16)
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CJIeAYyCT, UTO B OTCYTCTBUC MATHUTHOTO I10JIA B=0 JJIs1 COCTOSIHUH QJICKTpOHA C m = 0 HeHyHeBOﬁ

BKJIaJ] B 001U TOK Oy/eT AaBaTh TOJBKO TOK CITHHOBOTO MarHUTHOTO MOMEHTA:

’ (17)

. . (o,
(Jur), =—24"cs, {5"”' }If

00yCIIOBJICHHBIN I'PaAMEHTOM IUIOTHOCTH BEPOSITHOCTH PATUATILHOTO PACIIPEICIICHHS SIEKTPOHA.

"Poccniicko-Apmsrcknii (ClaBsHCKHIA) YHHBEPCHTET

2EpeBaHCKI/II71 rOCYJapCTBEHHBIN YHUBEPCUTET

Axagemuk J. M. Kazapsn, H. I'. Areksn, A. A. Capkucsin

OIIHOZ)JIeKTpOHHBIﬁ TOK B IMJIMHAPUIECCKOM HAHOCJI0€

HCCJ’ICI{OBELHBI Op6HTaHBHBIﬁ TOK W TOK CIIMHOBOT'O MAarHMTHOI'O MOMCHTA OJ3JICKTPOHA B
MUIMHAPUYICCKOM HAaHOCJIIOC. HOKa3aHO, 4YTO IIpHU OHNPCACICHHBIX YCIOBHAX OCHOBHOM BKJIaJ B
MOJIHBIN TOK OGYCHOBJ'IGH TOKOM CIIMHOBOI'O MarHuTHOIO MOMCHTA.

Ujwntuhlynu E. U. Mwqupui, L. @. Unkljjub, 2. U. Uupquuib

Ukl Eyunpnuwghtt hnuwupnp quutiwghtt btwtingbpunnid

Zknmwgnunuwé ki minbdpuyhtt b uyhbwyhtt dwqthuwlwi dndbinh hnuwbpubpp gubtiugh
bwunobpinnud: 8nyg E wipws, np npnp phwypbpnid hhdbwlwb tkpppnudp (phy hnuwbph ke
wuwydwuwynpyws Euyhtiwghtt dwqhuwju Undktinh hnuwtpny:

Academician E. M. Kazaryan, N. G. Aghekyan, H. A. Sarkisyan
A Single-Electron Current in a Cylindrical Nanolayer
The orbital current and the spin magnetic moment current of an electron in a cylindrical

nanolayer are investigated. It is shown that under certain conditions, the main contribution to the
total current due to the spin magnetic moment current.
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Pa3imunbie MeTOAbI XEMIJIIOMEHECHIEHTHOI0 AaHAJIN3A B OLIEHKE YPOBHHA
CBOﬁOI[HOpaI[I/IKaJ'IBHOFO MNEPEKUCHOI'0 OKHUCJICHUA JIMIMOIIPOTCHUHOB CBIBOPOTKH

KPOBH Y€JI0BCKA IIPHU PA3BUTHH NATOJOIHMICCKHUX IMPOLECCOB B OPraHnu3mMe
(ITpencraBneno 5/1X 2011)

KawueBble  cioBa:  xemunmomumnecyenyus, — omo-xemunioMuHecyeHyus, — I1eKmpo-
XeMUnNOMUHeCyeHyus, nepeKucHoe OKUCieHue JUNONPOMEUHO8, C80D0OHbIE PAOUKATYL,
AHMUOKCUOAHMDBL, CHIBOPOMKA KPOBU, NAMONI02UYECKUE NPOYECCHl, NAHKPeamum, Onyxoau

B Hacrosimee Bpems MMeEETCs 3HAUMTEIBHOE KOJIMYECTBO JAaHHBIX, YKa3bIBAIOIIUX HAa TO,
YTO OJHUM W3 BaXHEHIINX 3BEHHEB MHOTMX IATOJIOIMUYECKHUX IIPOLIECCOB SBIIAETCS pPa3BUTHE
CBOOOJHOPAIMKAJIBHBIX PEAKIMH, MPUBOISAIINX K MOBBIIIEHUIO YPOBHS IEPEKUCHOTO OKUCICHUS
munugoB (ITOJI) m nunuaconepkammx, B TOM YUCIe MEMOpPaHHBIX, CTPYKTYp [1-3]. [Ipumenenue
HOBBIX Oumodusnueckux mnoaxonoB K oueHke I[1OJI mo3BomseT OOCTaTOYHO YETKO BBIICHUTH
STHOJIOTHIO, MPHUPOJY NMATOJIOTMU U TMHAMMKY Oone3Hu [4, 5].

B opranmsme I1OJI perynupyercs OmoantHokcumantHou cuctemoit (BAO), m mostomy B
HOPMAJIbHBIX (DU3MOJIOTUYECKUX YCIOBHSX 3TH TPOLECCHl HAXOIATCS B PABHOBECHOM COCTOSHHUH
B Buge: I[IOJI *= BAO. Takas perynsmus nosBonsieT NOQIEPKUBATE  YPOBEHb
CBOOOJTHOPAIUKATBHBIX OKUCIUTEIBHBIX MPOIIECCOB B CTarmoHapHoM pexume [3]. Ognako mpu
MHOI'MX MAaTOJOIMYECKHX Ipoleccax HaOII0AAeTCsl aKTUBALMs BOCHAIMUTENBHBIX PEAKLMH, MpU
KOTOpbIX U3MeHsercs yposens [10J1, uto conpoBoxkaaercs xemuntoMmuHecuenuen (XJI) [5].

Jlia usyuenus [1OJI napsany ¢ onpenenenueM MajaoHoBoro auansaeruga (MJIA) — ocHoBHOTro

koHeyHoro mnpoxaykra [IOJI  mupoko mHpUMEHSIOTCS MeToAbl aHanu3a XJI, B 4YacTHOCTH
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WHIYIIMPOBAaHHONW XUMHUYeCKHUMH (dakTopamu [4]. Pasputue meromoB anammza XJI mpuBeno k
couetanuto cnontanHoi (CXJI), hoto- (OXJI) u snekrpo- (3XJI) XJI B onrenke yposus [TOJL.

B nacrosmeit pabore mokazaHa BO3MOXHOCTb COYETAHHUS Pa3MUYHbIX MeToJ0B XJI B oleHke
ypoBHs [IOJI CBHIBOPOTKHM KpOBH 4ENOBEKAa NPHU pPa3IMYHbIX MATOJOTHAX, B YAaCTHOCTU IpHU
NaHKpeaTUTe U T0OPOKAYECTBEHHBIX U 3JI0KAYECTBEHHBIX OITyXOJISAX.

Matepuan 1 MeTo McCJeA0BaHUsA. MaTepraaoM HCCIeI0OBaHUs CIY’KUJIA CHIBOPOTKA KPOBU
57 d4enoBek pa3HOro BO3pacTa, B TOM uucie: 14 NpakTUYeCKH 370pOBbIX, 12 OOJBHBIX C
XpOHMYECKHM MaHKpeatuToM, 11 ¢ ocTpoii popmoii mankpeatura, 9 co 3M0KauE€CTBEHHBIMUU U 12
C 100pOKAaYeCTBEHHBIMU OIMyXOJIIMU. JlJI1 MOJydeHHUs ChIBOPOTKM KpPOBb LEHTPU(DYTHpOBaId B
Teuenne 10 muH pu 4.5.10° 06/MuH.

Perucrpanuio XJI mpoBoamiaM Ha KBaHTOMETPUYECKOH YCTAaHOBKE C NPHUMEHEHHEM HOBBIX
AIIEKTPOHHBIX Y3J0B U YCHJIMTENbHBIX cxeM [6, 7]. B kadecTBe aeTekTropa ClaObIX CBETOBBIX
MIOTOKOB TPHUMEHSTH (POTOANEKTPOHHBIH yMHOXUTeNs DPOVY-140, paboraronmii B pexuMe
IOCTOSIHHOTO OXJIQXIEHUs Ul CHUKEHUs YPOBHS TEIUIOBBIX HIyMOB (orokaTtona. Iloanepxanue
3a/laHHON TEMIIEPaTyphl MCCIEAYEMBIX OOPA3loB B M3MEPUTEIBHON sueiike ¢ TouHOCTBIO £5 °C
OCYUIECTBIISIIIN C TOMOLIBIO0 CUCTEMBI C aBTOMAaTUYECKUM 3JIEKTPOHHBIM YIIPABICHUEM.

CXJI peructpupoBaiu B 00pa3lax CbhIBOPOTKM KpoBHU (2.5 M), IOMEIIEHHBIX B
M3MEPUTEIIbHYIO STYEHKY (ONTHYECKYI0 KioBeTy) mepen gorokaromom. DXJI u3ydanu B oOpasiax
CBIBOPOTKH C OTKPBITOH MOBEPXHOCTBIO, OOJyUYEHHBIX C IMOMOIIBIO YJIbTPa(HUOIETOBON JaMIbl
[IPK-4 B TeyeHne 1 MUH Ha PACCTOSAHUU S5 CM OT IIEHTPAa UCTOYHMKA M3MydyeHHs. OOIyuyeHHbIE
o0pa31ibl TepeMeIlail B U3MEPUTENBHYIO SYEHKY M0IyaBTOMaTUYECKUM CIIOCOO0M B TeueHue 1-2 c.
OXJI onpenensanu mo meTroAuke, onucaHHou panee [8, 9]. lus sroro k 0.3 mi  ucHbITyeMOu
CBIBOPOTKH B M3MepuTenbHOU stueiike no6asnsaiau 3 ma 0.1 M KCl u 3arem B sueiiky nomemanu
TOYEYHBbIE IIATUHOBBIE 31eKTpoAsl Tuna JIIB-01, paccTosHne mexay KOoTopsIMU cocTaBisuio 10
MM. Ha snextpoasl mojaBanock nocrostHHoe HampsbkeHue B 10 MB mpu toke cunoit B 100 MA.
Kuneruky XJI peructpupoBajiv ¢ MOMOIIBIO CAMONUIIYIIETO TOTEHIIUOMETPA.

WutencuBHocts [IOJI ompenpensin  crieKTpoOTOMETPHUUECKUM METOJOM C MOMOILIBIO 2-
tnobapouryposoit kuciorel (TBK) [10]. K o6pasmy mobapnsm 2 mu 20 % BomHOTO pacTtBOpa
TPUXJIOPYKCYCHOM Kkuciaotel, 0.1 mi 3tanonoBoro pactsopa monona (0.1 mM) u 1.0 ma 0.5 %
BogHoro pactBopa TBK . ITpoOGs1 wHKYyOMpoBamu B Teuenue 15 muH npu 95-100 °C na BomsHOI

Oane. 3aTreM HX OXJIQXKJaJdd B TOKE XOJOJHOM BOJBI U HU3MCPAJIN OINITUYCCKYHO IUIOTHOCTH Ha
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crektpodporomerpe CD-46 mpu nauHE BONHBI 532 HM; HW3MEPEHHE NPOBOIWIM TPU  JUTHHE
ontuyeckoro nmytd B 1 cMm. KoHTposnbHbIM o00pasioM sBisigack mpoOa, coaepxalias Bce
IIEPEYUCIICHHBIE BBILIE KOMIIOHEHTHI, KpoMe cbIBOpOTKHU. KonnuectBo ThK-peakTHBHBIX IPOAYKTOB
BBIpQXAIM  Yepe3 JKBUBAJICHTHOE KoimdecTtBO MJIA, mnpuHHMas KOIPPUIHCHT MOJISIPHON
SKCTUHKIMU paBHBIM 1.56. IO'S_CM'I.

AkTuBHOCTB cynepokcuaaucmytassl (COJl) onpenensyiv IO MHTMOMPOBAHUIO CYNEPOKCUAHBIX
AHUOH-PAJIMKANIOB B MoOJeNbHOU cucteme ¢enaznnMmeracynbhar-HAJIH-auTpoTeTpazonuii cunuit
[9]. Ompenenenne o-tokodepona (a-TD) mpoBomunu mo meroauke [11]. KommuectBo o-TD
paccUUTHIBAIN MO CTAHAAPTHOM KaJIMOPOBOYHOMN KPUBOW U BBIpAXKalld B MT.

Conepxxanne  aueHOBBIX  KoHBIoraHTtoB  (/IK) ompenmensimm B rekcanoBod  dase
CHEKTPO(POTOMETPUYECKH NpU JIMHE BOJHBI 233 HM, kosnndecTBO JIK paccuuThIBaNIu C yueToM
ko3 HIMEenTa MOTISPHOI SKcTHHKIHE B 2.2 X 10° M'em™ u Beipaskanu B HM Ha mr 6enka [12].
benok B oOpasuax omnpeaensnun no meroauke Jloypu [13], ucnonb3yss Oblumii CHIBOPOTOYHBIN
aIbOYMUH B KauecTBE CTaHIapTa.

Hcnonp30Banuch peakTUBbl aHAIWTUYECKOM 4UCTOTHL. [IpuBonmArcs cpenHue JaHHBIE,
CTaHJapTHas OMMOKa KOTOpPhIX He mpeBbimaeT 12 %. J[ng oneHku pasHHUIBI MEXAY KOHTPOJIEM U
oOpa3iamu onpeaessui Kputepuid 1octoBepHocTH CThIoeHTa (D).

Pesyabtarnl u o0cy:xaenne. [Tpu nzyuennn CXJI u @ XJI cbIBOpOTKH KPOBU MPU KOMHATHOM
TEMIIEPATYPE YAAIOCHh MOKa3aTh, 4TO MHTEHCUBHOCTh Kak CXJI. Tak u ®XJI cbIBOPOTKM KpOBH
IPAKTUYECKH 30POBBIX JIIOJEH HI)KE IO CPABHEHMIO C TAKOBBIMM IIPU HAJMYMU NATOJIOTMYECKHX
npoueccos (p < 0.001) (puc. 1,A). Ha pucynke MoxxHo 3amMeTuTh U pasHuily mexay CXJI u OXJI
JUI CBIBOPOTKM KpPOBH IIPHU HAJIMYUHU PA3HBIX (OpM mnarosoruu. MpeHTHYHas 3aKOHOMEPHOCTb,
HaOmomaemass Mexay CXJI um ®DXJI  CBIBOPOTKM  KpPOBHM, BO3MOXKHO, OOYCJIOBJIEHA
JIMIIONPOTENHOBBIM COCTaBOM HCCIeIyeMbIX 00pas3moB. B 3ToM cinyyae sMuTepamu H3IydCHHS
ceera Uit CXJI SBASAIOTCS JIMMUAHBIE KOMIIOHEHTHI JIMIIOINPOTEMHOB CHIBOPOTKU B IIEJIOM, a MpHU
OXJI — OenkoBble KOMIOHEHTHI CHIBOPOTKH [14]. MOXHO MpEeAnoyioXUTh, YTO MPH Pa3BUTHH
NIATOJIOTUYECKUX MPOLIECCOB B OPraHU3ME YCUIMBAKOTCS BOCHAJIMUTEIbHBIE MPOLIECCH U B CBS3U C
»TuM  HaOmogaercs M uHTeHcupukanus IIOJI. He wuckmiodeHO Takke, YTO B KPOBb MOTYT
BBIIETISITBCSL  PA3IMYHBIE TOKCHUYECKHE BEIIECTBA, KOTOPBIE SBISIOTCS MPOOKCUAAHTAMU U

YCWJIMBAIOT OKUCIUTEIHbIE TPOLECCHI, MPUBOIINE K HHTeHCHUpUKauuu XJI ChIBOPOTKU KPOBH.
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[TogoGHbIe pe3ynbTaThl ObUTH TIONYYeHBI M TpH u3ydeHuu OXJI  HCIBITyeMBIX 00pas3IoB
ceIBOpOTKH KpoBH (puc. 1, b). U3 pucyHka BugHO, 4TO MHTEHCUBHOCTh DXJI BO MHOTO pa3 BhIIIe
no cpaBHeHuto ¢ CXJI. B 3Tom ciydae Takke 3aMETHO BbIIIE MHTEHCUBHOCTb CyMMapHO XJI
MaTOJIOTHYECKUX 00Pa3Il0B CHIBOPOTKH KPOBH IO CpaBHEHHUIO ¢ KOHTposieM (p < 0.001), mpuyem ona

HEOJIMHAKOBA JJIs1 Pa3HbIX (JOPM MATOIOTHH.
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Puc. 1. ITokazatermn CXJI u ®XJI (A) u DXJI (b) 06pa3iioB ChHIBOPOTKH KPOBH YeJIOBEKa B HOPME U
npu natojorun. Komonku: I — ¢on ycranosku, II — CXJI, III — DXJT (A) wm DXJI (b). Ilo
rpynnaMm: 1 — CBIBOPOTKAa AOHOPCKOM KPOBHU, 2 — CBIBOPOTKA KPOBH OOJBHBIX XPOHHUYECKHM
MaHKPEaTUTOM, 3 — CBHIBOPOTKAa KpOBU OOJIBHBIX OCTpOi (Qopmoii maHKpeaTtuta, 4 — CHIBOPOTKA
KpOBU OOJIBHBIX C JOOPOKAaYEeCTBEHHBIMH OIyXOJIIMH, 5 — CBIBOPOTKa KPOBU OOJBHBIX CO
3JI0Ka4E€CTBEHHBIMU OITyXOJISIMH.

W3 npuBeneHHOro sKclepuUMeEHTaabHOro Mmartepuana no usydeHuto CXJI, OXJI u OXJI
CBIBOPOTKM KpPOBH B HOpME M IPU NATOJIOTHMM B OPraHU3ME YEJIOBEKa MOYKHO 3aKIIIOUUTh, YTO
YpOBEHb MHTEHCUBHOCTU U3TY4Y€HHUS KBAHTOB CBETa M3ydaeMbIX 00pa3loB 3aMETHO pa3jvyeH IMpH
MaTOJIOTUYECKMX  COCTOSIHUAX, YTO  OOYCIIOBIEHO HEOJIMHAKOBO MPOTEKAIOIIUMU
CBOOOJTHOPAIMKAIBHBIME ~ OKUCIIUTENIBHBIMU TPOLECCAMU B JIMIUACOACPKALIMX CTPYKTypax
CBIBOPOTKH.

C uenpl0 4YacTUYHOW TMPOBEPKU CIEJIAHHOTO BBIBOJAA M TPUBEIACHHBIX JIOBOJOB ObUIH
ompezeneHsl pasnuyable mokazarenu [IOJI B oOpasmax ChIBOPOTKM KPOBH B HOpPME W TpHU
BBIIIICYKa3aHHBIX maronorusx (tabmn. 1). M3 tabmumsl BunHo, uto mpoayktel [1OJI — MJIA u JIK

IIPpU HAJIMYXU ITATOJIOTHYCCKUX IMPOLECCOB B OPraHU3ME YCIOBCKA YBCINMYMBAIOTCA B CPABHCHUU C
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KOHTpoOJIeM, HaOJto1aeTcs Takke cHkeHne ypoBHA o-Td u nagenue aktuBHoctd COJl. ITpu sTom
Opy HAIUYUU TaTOJIOTUM COJep)KaHue Oenka B 00pasliax CHIBOPOTKH KpPOBU 3aMETHO
YBCIIMUUBACTCA.

Takum oOpa3oMm, MOJy4E€HHBIE PE3YJIbTaThl MOKHO MHTEPIPETHPOBATh C TOUKH 3PEHHUS yCH-
nenust poreccoB [TOJI mpu pazBUTUM MATOJOTHYECKHUX MPOLECCOB B OPraHU3ME YEJIOBEKA, BO Bpe-
Msl KOTOPBIX MPOMCXOAUT aKTUBAIMS CBOOOJHOPATUKATIBHBIX OKUCIUTEIBHBIX MPOIECCOB ¢ 00pa-

30BaHHEM MEPEKUCHBIX PaJANKAIOB, OTBETCTBEHHBIX 32 U3IyueHHe kBaHTOB cBeta (XJI) [1-4, 7, 14].

Tabumua 1
IToxa3atean IIOJI cbIBOPOTKH KPOBH Ye/10BeKa B HOPMe M IIPH HEKOTOPBIX NATOJIOTHAX
O6pa3sis CeiBopotka | ChIBOpPOTKa CriBOpoTKa CriBOpOTKa
JIOHOPCKOM KpOBH KPOBHU OOJIBHBIX KpOBU
KpOBH, OOJIbHBIX ocTpoit popmoit |  GOIBHBIX
XpPOHUYECKHM | TMaHKpeaTHTa, | 3JI0Ka4ecT-
MaHKPETUTOM, BEHHBIMHU
N=14 N=12
N=15 OIYXOJISIMH,
N=13
[Tokazarenu
I1OJI
MZAA, MM/ 6.4+0.7 6.9+0.8 7.6+ 0.4 7.9+0.4
MJA, MxM/mr Genka | 0.12 +0.02 0.13 £0.08 0.13+£0.07 0.14 £ 0.04
JK, MkM/Mmn 89+0.9 9.6+0.9 11.0£1.1 11.4+£24
a-TK, mr 0.15+0.03 0.13+£0.08 0.12+0.01 0.12 £0.01
Axaerocts COJI, 9.9+1.2 9.1+ 1.5 8.7+2.4 84+ 1.8
yCIL.ea./ M
Awtmsrocts COML 10 194003 | 0184004 | 0174006 | 0.6+0.08
ycl.ea./ Mr Oenka
Benok, mr/mi 65.0+5.6 87.0+11.3 91.0+4.2 940+ 74

OTH pe3yabpTaThl yKa3bIBAIOT HA OJHO3HAYHOCTH pasinyHbIX BuA0B XJI — CXJI, ®XJI nnu 5XJI

B oueHke ypoBHs IIOJI B HOpMe M mpu pa3BUTHM Pa3IMYHBIX NATOJOTMYECKHX mponeccos. Ilpu
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9TOM OO0JIbIlIasd WMHTEHCUBHOCTh M YeTKas pasHulia MEXOY HOpMOﬁ N Pa3BUTHEM IATOJOTMYCCKHUX
IMpoHecCOB MOJydYeHa MpHU HUCIIOJIb30BaHNUU BX.H, YTO MOYKET OBITh MCIIOIL30BAHO B KIMHHUYECKOM

aHaJIn3c.

EpeBanckuii rocy1apCTBEHHBIN YHUBEPCUTET

A. E. 3akapsn, 3. A. 3akapsH, 4wieH-koppecnonieHT HAH PA A. A. Tpuynsn

Pa3inunbie MeTOAbI XeMIJIIOMEHECHIEHTHOI0 AHAJIN3A B OLIEHKE YPOBHHA
CBOﬁOI[HOpaI[I/IKaJIBHOFO MEPEKUCHOI'0 OKHUCJICHHUA JIMIMOIIPOTCHMHOB CHIBOPOTKH
KPOBH Y€JI0BCKA IIPHU PA3BUTHH NATOJOIMIECCKHUX IMPOLHECCOB B OPraHu3mMe

OnpeneneHa HMHTEHCHMBHOCTh  PA3UYHBIX BHJOB  CIIOHTaHHOW, (OTO- U BIIEKTPO-
XEMUIIOMEHECLICHIIUU ChIBOPOTKU KPOBHU YEJIOBEKA. BhIsBIIEHA 3aMeTHAs pa3HULIA UHTEHCUBHOCTH B
HOPME U IIpU Pa3BUTHM PA3JIMUHBIX ITATOJIOTMYECKHUX IIpolieccoB B opranusMe. Ilpeamnomaraercs,
YTO TaKasi pa3HUIlA 00YCIIOBIIEHA aKTUBALMEH CBOOOHOPAIMKAIBHBIX OKUCIUTEIBHBIX MPOLIECCOB C
0o0pa3oBaHUEM paJUKaIOB TPU TEPEKUCHOM OKUCICHUH JUIOMPOTEHHOB, OTBETCTBEHHBIX 32
U3JIly4eHUE KBAHTOB CBeTa. [I3MeHEeHHE YpOBHS MEPEKUCHOIO OKHUCIICHMs JIMIIONPOTEHHOB
MIOATBEPKIEHO OIPEACICHUEM MAaJOHOBOIO UAIBACTUA, JTUECHOBBIX KOHBIOTAHTOB, 4 TaKXKeE O-

TOKO(i)epOJ'Ia N aKTUBHOCTHU CYHICPOKCUAINCMYTA3bI.

U. 6. Qupupui, Q. U. Qupupjuly, 22 FUU pypwlhg winud U. 2. fnyniiyub

Lhuppnudkukugkughuh yEpnwdnipjut mwppkp dbpngubpp dwpgnt wpjwt 2hgnilh
1hynwpnukhutbph wquurunhljwjwjhtt gipopuhnuyjhtt opuhnugdw dwljwpnyulh
quuhwwndwb ke opquthqunid whinwpwiuu gnpépipugutph qupqugdwi
dudwbwly

Opnoky £ dwpnynt wpput oh&mlh wwppkp dbukph hiphwpmpy, $nnn- b Hjunpw-
phuppynmudkubugkughuyh nidqumipnitp: Fuguhwjyndws L opquihqunid phwljutint wuydw-
ubpnud b wwppbp whnmwpwbwluwb gopspupwghph qupqugdwt dudwbwl nidqunipjut
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twfwl nwppbpmpymbp: Gipunpdmd E onp wyy wwpppmpmip . quplwbwynplus k
wquunnwnhuuht  opuhquyhl - gnpdplpwgibph  whnhjuglwdp  (hynyponkhtttph
qtpopuhnuyptt  opuppuglwt  pupwgpmu  pwnhuwitkph  wowgwguwdp,  npnup
wuwunwujpwbwnnt o jnyuh pduwbnttph wpdwldwt  hwdwp: Lhynyponbkhutbph
qtpopuhnuyhtt  opuhpugdwl  dwhwpnuyh  thnhnjunipiip - hwunwngus b dwnbugh
tpyuinthpnh, nhktughtt Yniyniqunbitph, pbswbu twb  c-nnndbpnih  pwbwhubph b

uniyipopuhnnhudwinwgh wjnhynipyut npnydwdp:

A. E. Zagaryan, Z. A. Zagaryan, corresponding member of NAS RA A. A. Trchounian

Chemilumesnescent Analysis Different Methods in Evaluation of Lipoproteins Free Radical
Superoxide Oxidation of Human Blood Serum during Different Pathological Processes
Development in Organism

Different forms of spontaneous, photo- and electro-chemiluminescence intensity was determined
for human blood serum. The marked difference in intensity was revealed between normal and
pathological processes development states in organism. It is suggested that the difference could be
caused by lipoproteins free radical oxidation processes development with formation of radicals
which are responsible for emission of light quants. Lipoproteins superoxide oxidation level change
was confirmed by determination of malone dialdehide, dien conjugates as well as tokopherol and

activity of superoxide dismutase.
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Combined Effects of Extremely High Frequency Electromagnetic Field
and Antibiotics on Enterococcus Hirae Growth and Survival
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Enterococcus hirae, bacterial growth and survival

Enterococcus genus is highly dispersed gram-positive bacteria. Different strains of Enterococci
emerge almost everywhere. Some of the strains are essentially antibiotic-resistant human pathogens
but on the other hand there are also commensal strains existing in intestines of humans; there are
many strains which are used in different kinds of industry [1, 2]. Particularly, Enterococci are
commonly used in cheese production in addition to main bacterial groups present during cheese
development [1].

In previous study conducted in our laboratory the effect of extremely high frequency
electromagnetic irradiation (EMI) was demonstrated particularly when the object of investigation
was Escherichia coli [3-7] or Enterococcus hirae [8]. The decrease of bacterial growth specific rate
(M) and the increase in bacterial sensitivity towards antibiotics and consequently possible increase in
antibiotic-resistance after irradiation were shown; the affecting antibiotics were tetracycline and
chloramphenicol [6]. The effects of kanamycin and cefriaxone antibiotics were also determined [7].

To establish mechanisms of the effects of EMI, researchers suggest different targets of
vulnerability (i.e. cell wall or membrane, genome or DNA) [9-11]. The mechanisms of affection are

explained with resonant frequencies; particularly the 51.8 GHz and 53 GHz frequencies are the
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resonant frequencies of water — the main component of cell and cell environment [11, 12]. There is
also an accepted hypothesis that irradiation with 51.8 GHz and 53 GHz frequencies alter the
permeability and accessibility of the cell wall, making the cell more vulnerable to various affecting
agents [7].

Nowadays, fundamental knowledge about EMI is very important, because of ubiquitous
existence of this radiation in almost any environment. There are either natural or artificial sources of
EMI (i.e. sun, radio-electrical devices, mobile and telecommunication, etc.) therefore the effects on
environment apparently increase intensively. Moreover, bacteria may communicate to each other by
electromagnetic waves [13] so disturbance by EMI with even small intensity could be dramatic.

Thus, the point of the present study was investigation of growth, survival and development of
antibiotic-resistance of E. hirae under extremely high frequency EMI in correlation with two other
commonly used antibiotics (i.e. ampicillin and dalacin). The selection of antibiotics was focused on
their affecting mechanisms and targets; particularly ampicillin as a beta-lactam antibiotic is
effectively used against gram-positive bacteria, affecting cell walls, while dalacin (clindamycin) is
commonly used antibiotic as bacterial protein synthesis inhibitor affecting ribosomal translocation
of anaerobic bacteria [14, 15]. The focus of the research had two primarily goals. First, analyze E.
hirae survival in minimal growth conditions, because previous bacterial study was conducted
analyzing only bacterial growth [5, 8]. Here the E. hirae growth was not analyzed only in extreme
conditions but also their survival was evaluated using minimal conditions and aggressive agents (i.e.
antibiotics). Second, combined effects of physical and chemical agents on growth and survival of E.
hirae were observed.

Materials and methods. Bacteria and preparation. E. hirae ATCC9790 wild type stain was
used throughout. They were grown until stationary growth phase (18-20 h) in tryptone medium
(pH=8.0) under anaerobic conditions upon fermentation of glucose (0.2%) as described [5, 6].
Grown bacterial cells were concentrated by centrifugation (15 min), washed and diluted in bi-
distilled water. Then, the bacterial suspension was transferred into the plate for electromagnetic
irradiation. The thickness of bacterial suspension in the plate was ~1mm.

Electromagnetic irradiation of bacteria. Bacterial suspension was irradiated by EMI generator;
model G4-141 (with conical antenna) radiating the coherent in time electromagnetic waves with
frequencies of 51.8 GHz and 53 GHz [5, 6] in the option of amplitude modulation with frequency of
1 Hz (frequency stability was 0.05%); the flux capacity was 0.06 mW/cm®. The generator was
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assembled in the Institute of Radiophysics and Electronics of the National Academy of Science of
Armenia (Ashtarak City) and generously supplied by Dr. V. Kalantaryan (Department of High
Frequencies Radiophysics and Telecommunication, Yerevan State University, Yerevan, Armenia).
The conditions of irradiation of bacteria were as alike as described previously [5, 6]. After direct
irradiation of bacterial suspension for 1 h (the optimal duration for irradiation that was established
earlier) [5-7], cells were immediately transferred into the fresh growth or minimal medium. It should
be mentioned that the effects of this EMI are the same for different concentrations of exposed E.
hirae cells [8] but they might differ due to the medium composition.

Determination of bacterial growth and survival. Bacterial specific growth rate was assessed by
measuring optical density (OD) changes in bacterial suspension (growth medium with glucose) with
a Spectro UV-VIS Auto spectrophotometer (Labomed, USA) at wavelength of 600 nm. P was
calculated by p= 0.693/g: g- OD doubling time. The lag-phase duration was determined as
described before [8].

Bacterial survival was determined by displacement of irradiated bacteria into a minimal salt
medium during four days [16, 17]. The number of bacteria was assessed by counting of colony-
forming units grown on plates with solid nutrient medium, when appropriately diluted bacterial
suspension was plated.

Antibiotics used; data processing. Ampicillin (Troge, Germany) and dalacin (Pfizer, USA) were
used. They were added into the medium with their minimal effective concentrations 1.4mM and
0.4mM which were determined experimentally. All assays were carried out under anaerobic
conditions at 37 °C. The average data processed to be statistical from two or three replicates with
determination of the standard error which was not more than 3 % and of the Student’s validity
criteria (P) for the difference between experimental and appropriate control measurements [7, 8]
when not mentioned, P < 0.01.

Results and discussion. It is noticeable that under extremely high frequency EMI specific
growth rate dramatically decreased [5-7]. In order to observe all possible correlations and combined
effects different combinations of irradiation and/or antibiotics were investigated. From this, several
perspective groups of bacteria were analyzed. First group was the control group which was not
either radiated or treated with antibiotics. Second group was the radiated group; bacterial mixture
was exposed to 51.8 GHz irradiation. Bacterial suspension in third group was also exposed to

irradiation of 53 GHz frequency. Bacterial suspension in forth group was treated with ampicillin

89



only and fifth group was treated with dalacin only. While the sixth group was either radiated with
51.8 GHz or treated with ampicillin and seventh group was radiated with 53 GHz and treated with
ampicillin. Eighth group was radiated with 51.8 GHz and treated with dalacin and ninth group was
radiated with 53 GHz and treated with dalacin.

Thus, particularly when the bacterial mass was radiated with 51.8 GHz electromagnetic waves,
M had decreased by approximately 30%, while with 53 GHz - the decrease was 40% comparable to
control group of bacteria that were not exposed to irradiation and antibiotics (Fig. 1A). These data
were similar to the findings reported before [8]. Consequently, the results showed that ampicillin
decreases | also by 30% when the agent is affecting separately, while dalacin decreases 4 by about
50% (Fig. 1A). Additionally, the combined effect was shown. Antibiotics in combination with EMI
affect even more severely. The combinations of 51.8 GHz and ampicillin; 53 GHz and ampicilin;
51.8 GHz and dalacin; 53 GHz and dalacin more effectively decrease [ of bacteria by 45%, 60%,
44% and 65% respectively (Fig. 1A). In parallel with p determination, lag phase duration was also
recorded as a secondary indicator of electromagnetic suppression effect. In comparison with control
group, the lag phase was prolonged about 20% and 45% when the bacterial mixture was irradiated
with 51.8 GHz and 53 GHz respectively (Fig. 1B). The combination of 51.8 GHz and 53 GHz
frequencies with ampicillin prolonged the lag phase on 25% and 83% respectively, while ampicillin
only prolonged the duration of lag phase on 20%. The combination of 51.8 GHz and 53 GHz
frequencies with dalacin prolonged the lag phase duration on 48% and 2.4 fold respectively, while

the lag phase duration in the group treated only with dalacin was prolonged on 23%.
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Fig. 1. Changes in p (A) and growth lag phase duration (B) for E. hirae ATCC9790 by EMI of 51.3
and 53 GHz and ampicillin and dalacin.
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The second aspect of this study was to observe the E. hirae survival during 4 days with
exposure to the same treatments (i.e. irradiation and/or antibiotics) compared to control group.
Based on the results it is apparent that bacterial suspension radiated either with 51.8 GHz and 53
GHz waves eventually contains ~10% less viable bacteria than control (Fig. 2A).

The number of viable bacteria decreases gradually depending on antibiotic. While ampicillin
had not significant effect on survival, dalacin had noticeable bactericide effect (Fig. 2B). So, the
second antibiotic — dalacin decreases the number of viable bacteria comparable to control group in 4
days of survival observation by 7 %. The combination of 51.8 GHz and dalacin decreases the
number of viable bacteria ~2.5 fold, while the combination of 53 GHz and dalacin has less effect

(Fig. 2C).
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Fig. 2. E. hirae ATCC9790 survival histograms: non-irradiated versus irradiated with EMI of 51.8
and 53 GHz (A) and with ampicillin (B) or dalacin (C).
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It is apparent that correlated exposure to affecting agents is more effective than singular
treatment and particularly 53 GHz was more effective rather than 51.8 GHz irradiation regarding to
specific growth suppression (see Fig. 1). However, for survival with antibiotics 51.8 GHz was more
effective than 53 GHz (see Fig. 2). This might suggest different structures and pathways essential
for bacterial growth and survival, a further study is required.

Obviously 51.8 GHz and 53 GHz EMI affect membranes of the cells [3, 5, 6]. It was already
demonstrated that E. coli growth was also depressed because of these waves [8]. The results
observed are comparable with the results when the object of interest was E. coli. Consequently, the
analogous effect of EMI using different bacteria is evident, despite of the differences of E. coli and
E. hirae. It is interesting, because these bacteria have different membrane structures and
composition due to their types.

In order to make more in depth conclusions the affecting mechanisms of EMI are considerable.
The targets are affected, because they resonantly interact with EMI. The cluster structure of water
alters; DNA gains conformational changes and the permeability of membrane changes after the EMI
exposure [6, 7, 9-11]. So, these alternations can lead to increase of accessibility/transparency of the
membrane. This can be the reason why antibiotic and EMI combination dramatically enhances the
bactericide effect. It is also apparent that the effect is significant not only during the bacterial growth
but also during the survival. The survival time decreases when the bacterial suspension was treated
with combined physical and chemical agents.

The experiments with antibiotics are relevant and interesting as a matter of fact. Probably, the
same antibiotics used will be similarly effective against pathogen stains. Therefore, based on effects
and affecting mechanisms of selected antibiotics, it is possible to make conclusion about the more
efficient ways of struggle against the pathogen strains. The bactericide effect (using antibiotics) is
increasing in combination with EMI. It is apparent, because minimal affecting concentrations of
antibiotics were used.

The combined EMI/antibiotic effects revealed can have more useful practical application in
either scientific or medical and industrial fields.

Yerevan State University
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V. A. Ohanyan

Combined Effects of Extremely High Frequency Electromagnetic Field
and Antibiotics on Enterococcus Hirae Growth and Survival

Combined effects of extremely high frequency electromagnetic field and antibiotics on
Enterococcus hirae ATCC 9790 bacterial growth and survival were investigated using 51.8 GHz and
53 GHz frequencies in combination with two commonly used antibiotics: ampicillin and dalacin.
Results revealed that, despite bacterial type and membrane structure and properties, the combined

effect, especially with 53 GHz and dalacin, suppresses bacterial growth and decreases their survival.

B. A. Oraunsin

CoBokynHoe BO3/1eiicTBHE CBEPXBBICOKHX YACTOT 3JIEKTPOMATHUTHOI'O MOJISi 1 AHTUOHOTHKOB
HA POCT M BbKUBaeMocthb Enterococcus hirae

CoBOKyNHOE BO3/IEHCTBUE 3JIEKTPOMAarHUTHOIO IIOJII CBEPXBBICOKMX YacTOT M aHTH-
OMOTHKOB Ha POCT W BbDKHBacMocTh Enterococcus hirae ATCC 9790 uccinemoBaHO ¢ HCIHOJb-
30BaHueM yactoT 51.8 u 53 [Ty u aByX 4acTo MpUMEHsAEMBbIX AaHTUOMOTHKOB: aMIMLIMIIMHA U
nananuna. [lokasaHo, 4To, HE3aBUCHUMO OT THUMA OAKTEPUl U CTPYKTYpPbI U CBOMCTB OaKTEpUATbHOM
MeMOpaHbl, KOMOMHUpPOBaHHEIH 3 dekt, B ocodennoctn 53 T u gananuna, CHUiIbHEE MOAABISIET

pocT GakTepuii U CHIKAET UX BBDKMBAEMOCTb.

9.U. Ohwiyywi
QEppupdp hwlwpunipjut fEjupuduquhuwljut guownh b hwjuphnunhlubkph
hudwwnkn mqpkgmipniup Enterococcus hirae puljntphwukph wgh b jEuuntbwljnipjuh
Jpu
Niunidtwuhpyby E Enterococcus hirae ATCC9790 puljinkphwyh wdh b gnjuinbidwt ypw
gtippupdnp hwdwhinipjut LEjunpudwuquhuwljut guonh b hwjuphnnhlutph ttpgnp-
dnipjutt hwdwwnkbn wqptgnipniup’ oquuugnpsting 51.8 b 53 @2g hwdwjunipiniutp nu
tpynt hwdwh oqunugnpéynn hwljuphnunhlubkp” wdwyhghihtt b pujwught: Upmyniupubpp
gnyg unjtight, np wilufu pulnbtphwbtph nhwhg nt punwiph juonigjusphg nu
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hwunlnipjniuiiphg, hwdwlgws ukpgnpénipniup, hwnljuwbu 53 @2g b nujughup,
Luonid E pujunbphwtbph wdp b tjuqbgunid ipuig huntbwlnipniup:

O 0 3 N »n Bk~ W DN

—_— =
NN = O

13.
14.
15.
16.

17.
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A. A. Cumonsn, U. I'. batuksan, A. C. Maprapsin

MexaHu3Mbl alanTAMA KYPUHOTO SMOPHOHA K K0Je0aTe/IbHbIM
TeMIepaTypaM HHKYOUPOBaHUS

(ITpencrasieno akagemukom K.I'. Kaparessaom 17/ 'V 2011)

KiroueBble ciioBa: vumoxonopuu, okuciumenvroe pocgonuposanue, ATPaza

N3BecTHO, YTO MOXHO YIPAaBISATh WHTECHCHBHOCTHIO OKHUCIUTEIHLHOTO OOMEHa, IMOMEIas
JKUBOTHOE B Pa3JIMYHBIE TEMIEPATYpPHBIC YCJIOBHUS, B YACTHOCTH, MPHU MOHMKEHUU OKPYKAIOUIEH
TEMIEPATypbl BO3HHMKAET CBOOOJHOE OKHCIIEHHE, KOTOpOE€ O00ECIeUMBAET JOMOIHUTEIbHYIO
TEIUIONPOAYKINIO, HEOOXOOUMYIO [UIS COXpaHEHHs HOPMallbHOM Temmeparypbl Tena. B
3aBUCHUMOCTH OT XapakTepa W [UIMTENbHOCTU NEUCTBUS TEMIIEpaTyphl Cpelbl BO3HHUKAIOLIUE Y
JKUBOTHBIX aJaNTAallMOHHBIC MPHUCIIOCOOICHHSI OCTHTAIOT PAa3HBIX YPOBHEHW (PyHKIMOHAIBHOM
opranuzainuu. OoOpMHUPOBAHUE TETUIOPETYISATOPHBIX MEXaHU3MOB HAYMHAETCS €Ile B AMOpPHO-
HaJIbHOM TE€PHOJIE, OJHAKO Yy MJICKOMHUTAIOIIUX pealn3alus UX AEATEIbHOCTH IO POXKICHUS HE
HY’KHa, TOTJ]a KaK Yy BBIBOJKOBBIX NTHUIl TIEPEMEHHBIH TeMIEepPaTypHBIA PEKUM HACHKUBAHUS SIHII
MNPUBOAMUT K TOSIBJICHUIO MPU3HAKOB XMMHYECKON TEPMOPETYJISALMH €€ A0 BbUIYIUICHUS, IPUYEM
TEMIIEpATypHbIE YCIOBUS HSMOPHOHAIBLHOTO PAa3BUTHUS OKA3bIBIOT 3aMETHOE BIHUSHHUE Ha
TEPMOPETYJISIIIUI0 BBUTYIIUBIIUXCS NTEHIOB [1-3]. UMEHHO mO3TOMY BBIBOAKOBBIC MTHIIBI CITYKaT
yAOOHBIM OOBEKTOM MJIi M3Y4YEHHUS B3aUMOACHCTBHS pa3nu4HBIX (GOpM TeMIepaTypHO

IpUCTOCOOTIEMOCTH.

]_IG.HBIO HaCTOHH_IGI\/JI paGOTLI ABJISICTCA UCCIICAOBAHUC BIIMAHHA KPATKOBPECMCHHOT'O OXJIAKACHUA

KyPHHBIX UL IPU HHKYyOallMM Ha MEXaHU3M IOJIep>KaHUs TOCTOSHHOM TeMIepaTyphl Teja.
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Marepuaa u MeTOAUKA. DKCIIEPUMEHTHI MTPOBOIWIN HA 15- m 20-gHEBHBIX AMOpHUOHAX U 5-
THEBHBIX UbIUIATaX. OxnaxaeHue sul HaunHamu ¢ 10-ro gus wukyOammu npu 20 °C. fitma
oxjnaxjanu B teueHue 30 n 60 MHH, IpUYEM MOTY4acCOBOE OXJIAXKIECHUE MOBTOPSIIOCH B Te€UeHUE |
CyT. TpeX-, 4eTbIpeX- M IIATHKPATHO, a 4YacOBO€ — JBYKpAaTHO. Slilla KOHTPOJBHOM T'PYIIIbI
MHKYOMpOBAJIUCh MpPHU TEMIlEpaType, MpelyCMOTPEHHONW CYIIECTBYIOIIMMU MpaBWIaMU IO
WHKYOAaIHH.

CocrosiHue TEepMOpEryJsiiiU OLIEHUBAJIU MO M3MEHEHUSIM COOTHOUIEHUS MEXAY IbIXaHUEM U
docdopmmupoBannem u uHTCHCHBHOCTH AT®da3HOW peakuu B MHUTOXOHIPHUSAX, BBIJCICHHBIX U3
TKaHEW MBI 1 TIeUeHH [4].

Bce wMerommueckue mpuMephbl, BKIOYas pEUENTypy Cpeld BbIIACIEHUS U HWHKyOaluu
MUTOXOHJIpHH, 3auMcTBOBaHbl u3 paboTel B. II. CkymnaueBa [4] ¢ He3HAYUTENBbHBIMU MOIUGU-
karusmu. Cyoctpart okuciaeHus — cykuuHat (40 MxM).

PesyabTaThl M 00cyxaenue. CkeneTHas MyCKyJaTypa, COCTABIISIONIAsl 3HAYUTEIBHYIO YacTh
oOmieil Macchl Tena U SIBISIIOMIAsICS BaXKHEHIIMM MCTOYHUKOM JIOMOJHUTENIBHOM TEIUIONPOAYKIMH
OpU XUMHUYECKOW TepMOperyiasuuu, Moxer B 1.5-2.5 pa3a mnoBblIaTh HHTEHCUBHOCTh
DHEPreTHUUECKUX IPOLIECCOB 3a CYET TaK HAa3bIBAEMOI'O «TEPMOPETYJIATOPHOTO TOHYCa», 3HaUCHHE
KOTOPOTO C BO3PACTOM PACTET, TOTAa KaK 3HAaUEHHE JIBUraTeIbHOM aKTUBHOCTU yMeHbIIaercs [5-8].
CnocoOHOCTh OBICTPO YBETUYMBATH CBOIO TEIUIONPOIYKLHUIO OOECHeuYrBAaeT MBIIIIAM C TOYKH
3pEeHHs] TEPMOPETYIISIUUMU 3HAYUTEIbHBbIE MPEUMYLIECTBA Ieped ApyruMu opranamu. Mcxons us
TOr0 B IIEPBOM CEPUM OMNBITOB HCCIENOBAIM CONPSIKEHHOCTh IIPOLIECCOB OKUCIEHUS H
dochoprrpoBaHUs B MUTOXOHIPHUSX MBIIIII PACTYIIETO SMOPHOHA U S-THEBHBIX IIBITUIAT.

Kak cnenyer u3 nannbix Tabin. 1, motpebiieHne KUCIOPOJa B MUTOXOHAPHUSX, BBIACIEHHBIX U3
MBIIIT KOHTPOJBHON TPYMIbI, B YMOPHOHATFHOM TEPUOJIC PA3BUTHUSI OCTAETCS HA TOM K€ YpPOBHE,
OJTHAKO T1OCJIC BBUTYTIJICHUSI HECKOJIBKO BO3pacTaeT. DcTepuduKaiys Heopranndeckoro ¢ocdara mo
Mepe pa3BUTHs yBEIMYMBACTCS, YTO COOTBETCTBEHHO CKas3bIBaeTcs Ha BenmmumHe P/O. Heckonbko
cHWKeHHas BennurHa P/O B KOHTpOJE, Cyasl 110 HAIlTUM | JIUTEPaTypPHBIM JaHHBIM [9], XapakTepHa
JUIsl MHTEHCUBHO PacTyIlEed TKaHW U MOSIBISAETCSA B MBIIILAX B X0A€ pa3BuTus. [Ipu MHOrokpatHom
OXJIKJICHUM SIUII HAaOJII01aeTcsl N30BITOUHOE MOTpedieHue kucaoponaa (56 %) u pe3koe CHUKECHHE
dochopummpoBanus. [Ipu Bcex BaprmaHTax OXJIQXKIEHUS SUI] B SMOPHOHAIBHOM TEPHOJE Pa3BUTHUS
OTMEUaeTcs MOJIHOE pa3o0iIeHre OKUCIeHUs U (hochOopuIpoBaHus, OJTHAKO HA MATHINA JI€Hb MOCie

BBUIYIUICHUS BCJIMYHUHA P/O octaetcst Ha TOM ke YPOBHC.
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Taoauna 1
Biusinue mepeMeHHbBIX TeMIIEPATYP HHKYOUPOBAHHS SIMI] HA OKHCJICHUE U
(dhochopunmpoBanne B MUTOXOHAPHUSX MBI U NeYeHH KYPUHBIX YMOPHOHOB

(AO u AP B mxaromax / mr 0eaxka / 45 mun, M = S.MLE., n =15)

OMOpPHOHBI
O 5-IHEBHBIE LBIIIATA
15-nueBHBIE 20-1HEBHEIE
OITBITA
AO AP P/O AO AP P/O AO AP P/O
MeIne!
Kontpons 2.5+ 0.1 1.740.2 0.7+£0.07 2.4+0.3 1.9+0.3 0.8+0.10 | 3.8+0.2 3.6+£0.3 0.9+0.11
Oxnaxaenne
3-kpartHoe 3.5+0.2 0.4+0.1 3.8+0.6 +0.3+0.6" 3.4+0.4 0.4+0.1
4-xpaTHOE 3.3+£0.3 0.2+0.1 3.4+0.5 +0.4+0.1 4.1+0.3 0.3+0.2
5-kpaTHO€ 3.2+0.3 0.3+0.1 3.6£0.6 +0.5+0.2 3.7£0.2 0.4+0.1
2-kpaTHOE
2.8+0.2 0.4+0.1 3.3+0.5 +0.5+0.1 3.7+£0.2 0.7+0.2
mo 60 MuH
Tleuenn

Kontpomns 3.1+0.1 2.1+0.3 0.7+0.06 3.2+0.2 2.3+0.1 0.7+£0.07 2.7£0.2 2.1£0.2 0.8+0.08
Oxnaxaenne
3-kpatHoe 3.0+0.2 1.9+0.2 0.6+0.05 3.0+0.3 1.8+0.1 0.6£0.06 | 2.6+0.2 1.5+0.1 0.6+£0.04
4-xpaTHOE 3.240.1 2.1+0.1 0.6+0.05 2.5+0.2 1.6+0.1 0.6+0.05 2.4+0.2 1.3+0.2 | 0.5+0.03

Ilpumeuanue: *- yBennueHne HeopraHmaeckoro gocgdara B cpeje.

Pazo6menne mMexay apixanueM U (HochopuIMpOBaHHEM BO BCEX YKa3aHHBIX CPOKaX Pa3BUTUA
MOXHO OOBSICHUTH akTUBamuend Kakux-mubo AT®da3HBIX MEXaHHU3MOB  MHUTOXOHJIPHIA.
[ToaTBepkneHreM 3TOro MPEAIONIOKEHUS SBISIIOTCA JaHHbIE, TIpUBEACHHBIE B TaOu. 2. Mccre-
JIOBAaHWE W3MEHEHUS aKTHUBHOCTH (EepMEHTa TIOJ BIHSHHEM KPaTKOBPEMEHHOTO OXJIAXICHUS
nokazano, yto ATda3Hass akTUBHOCTh B 3MOPHOHAIHHOM IEPUOJIE PA3BUTHSA 3HAYUTEIHHO BO3-

pacraer (B mpegenax 30-60 % y 15-nHeBHBIX U 55-63 % vy 20-IHEBHBIX), Y 5-AHEBHBIX IBITLIAT
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aKTUBHOCTH (pepMEHTa HECKOJIbKO yMEHBIIAETCs, OJIHAKO B OCHOBHOM IPEBBIIIAET TAKOBYIO KOH-
TPOJBHOU TPYTIIHL

B cnenyromeil cepun ONMBITOB MBI MCCIIEIOBAIN BIUSHHE NMEPEMEHHBIX TeMIIEpaTyp MHKYOH-
POBaHUS SUI] HA TIPOIIECC OKUCIUTENHLHOTO (POCHOPHIUPOBAHHS B MUTOXOHIPHSIX MEYEHU KYPUHBIX
SMOpPUOHOB U 5-IHEBHBIX UBILIAT. V3 mpuBeneHHbIX B Ta0s. 1 HaHHBIX BUAHO, YTO NpPU TpeX- U
YEeThIPEXKPATHOM OXJaxkAeHHH 1o 30 MMH B MHUTOXOHAPHUSAX MEYeHH Ha 15-i NeHb MHKyOaruu
CYILIECTBEHHBIX M3MEHEHUU B MPOIECCe OKUCIUTENbHOTO (pochopunupoBanus He HAOIIOAAETCA, B
NepuoJl BBUIYIUIEHUS YpPOBEHb JbIXaHUA H  (HOCHOPUIMPOBAHUS HECKOIBKO YMEHBIIACTCS,
COOTBETCTBEHHO CHIKaeTcst P/O, 4o Gonblie 3aBUCUT OT YTHIM3AIMH HeopraHmdeckoro ¢ocdara,
YeM U3MEHEHHUS B MOTJIOIIEHUHU KUCIOPOa.

AT®a3Has aKTUBHOCTh B TKAaHU TEYEHH BO BCEX YKa3aHHBIX CPOKAX Pa3BUTUS TMPOSIBISET
TEHJECHUMIO K MOHIKeHUIo (B mpeaenax 15-30 %), Torga kak B MBIIIEYHOW TKAHU aKTUBHOCTH
dbepMeHTa MpU OXJAKACHUM 3HAYMTEILHO Bo3pacTaeT (Tabi. 2). MOXXHO NpeanoyiokKUTh, UYTO
MUTOXOHJIPUH NeYeHH OoJiee CTaOWIbHBI K BIUSHUIO IEPEMEHHBIX TEMIIEpaTyp.

Tadauua 2
Biausinne nmepeMeHHbBIX TeMIepaTyp UHKyOupoBanus sull Ha AT®a3nyio
AKTHBHOCTH B MHTOXOHAPHUAX MBIIII M eYeHH KYPHHBIX IMOPHOHOB NP Pa3BUTHH

( AP B mxaTomax / mr oeqaka / 30 mud, M + S.MLE., n =10)

VYcaoBus onbsiTa MOpuoH >-JeBHbe
15-nHeBHBIE 20-1HEBHEIE LBIILIATA
MpImner
KonTpons 5.7+0.5 6.5+0.6 7.8+0.5
OxnaxxaeHue:
TPEXKpaTHOE 9.2+0.6 10.6 = 0.7 9.0+ 0.6
YEThIPEXKPaTHOE 7.5+ 1.1 10.1+0.6 10.1+1.0
MATUKPATHOE 9.1+£0.5 10.6 £ 0.8 8.1+£0.9
IBYyXKpaTHOE 110 60 MUH 7.6+£0.7 10.3+£0.6 9.8+0.7
ITeuenn
KonTpons 3.7+0.3 3.0+£04 3.7+03
OxnaxaeHue:
TpEXKpaTHOE 3.0+0.2 2.6+0.2 3.1+0.2
YEeTBIPEXKPAaTHOE 2.6+0.1 23+0.2 2.5+0.1
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[losny4yeHHbIE SKCIIEPUMEHTAIBHBIE JAHHBIE MO3BOJISIIOT 3aKIKOYHUTh, YTO MPHU MEPUOIUYECKOM
OXJIKJIECHUH SMOPHOHOB B MEPHO MHKYOALMHU UL TPOUCXOIUT pe3Koe pa3o0IeHne OKUCIECHUS OT
dbocoprnupoBaHuss B MUTOXOHAPHUSAX MBI W CPAaBHUTEIBHO MEHbIIEE B TKAHU TEYCHH, T.C.
pa3o0IieHne B MEYEHW MOKHO OTHECTHM K «MEIJICHHOHM ajanTaluuy, a pa3oOIIeHHe MBI — K
«ObIcTpoil ajmanTanuu». BeposTHO, MEUIEHHbIE WM3MEHEHMsI, MPOUCXOJAIINE B TKaHU IE€YCHH,
MPEJICTaBISIIOT co00il creficTBUE OOIIeH mepecTpoilku 0OMeHa BEIIECTB B HOBBIX TEMIIEPATYpPHBIX
YCIIOBUSIX U TOSIBIAIOTCS B pe3ysibTaTe TUNEPPYHKIMHU HIUTOBUIHON KeNe3bl MPU ATUTEIHHOM
OXJaXJIeHUU. B TO ke BpeMsl MOKa3aHO, YTO MUTOXOHJPHM II€YEHH BECbMA YYBCTBHUTEIbHBI K
THIIEPTUPEO3Y, OJHAKO MATOJIOTHYEeCKoe yMeHblneHne P/O mpu THPEOTOKCHMKO3€ OTINYAETCS OT
€CTECTBEHHOI'O PEryJSTOPHOrO Pa300IICHUS TEM, YTO ISl MOJIyYEHHUS HEKOTOPOro pa3oO0IIeHUs
okucieHus u QochopunupoBanus TpedyeTcs BBeAEHHE OONBIINX 03 TUPEOUJAHOTO TOPMOHA B
TEUYEHUE pAga AHEH, HpUYeM 5TO pa3o0IIeHHE B IMPOTHBOIOJIOKHOCTH TEPMOPETYISATOPHOMY

3aTparuBacT MCYCHb, 4 HC CKCJICTHBLIC MBIIIIIBI.

WccnenoBanus neiCTBUS MOHM)KEHHBIX TEMIIEPATyp Ha OPraHU3M, OCOOEHHO €CJIM 3TO CBA3aHO
¢ (pU3MONOrMYECKMM MEXaHU3MOM aJANTalMd K XOJIOAY B MCKYCCTBEHHBIX YCIIOBHSIX, OTPa)aroT
HOTPeOHOCTh HE TOJNBKO B aHAIM3€ TUIIOB TEMIIEPAaTypHOM ajanTalMd, HO M B OLEHKE HX
TeMIIepaTypHOi npucnocobsieMocTd. CpOKH YCTAaHOBJICHUS! TEPMOPETYIISLUHN U €€ 3PPEKTUBHOCTD
y LBIUICHKA B 3HAYUTEIBHOW CTETMEHH 3aBUCAT OT TEMIIEPATYpPHBIX YCJIOBUH SMOpPHOHAIBHOTO
pazButuda. llepuonuyeckoe pAelcTBUE TOHM)KEHHOM TEMIEpAaTypbl HE TOJIBKO NPUBOAMUT K
KOMIIEHCATOPHOMY YCHJIEHHIO OOMEHHBIX MPOLIECCOB B MIPOMEXYTKAX MEXKIY OXJIAXKACHUSIMH, HO U
YCKOpSIET BKJIIOYCHME MEXaHU3Ma XHMHUYECKOH TepMOperyssaiuu, (OopMUpOBaHHE KOTOPOIo Y
3apoblllla OTMEYAeTCsl YK€ B IUIONHOM mepuone pa3Butus [2]. CHumxeHHEe TemImepaTypsl NpH
MHKYOAallUU SBJISETCS NMEPBBIM TOTUKOM JUIsl BKIIIOUEHHS] MEXaHW3Ma XUMUYECKOU TEPMOPETYIISIIHU.
Apanranus K CHIOKEHHBIM TeMIIepaTypaM, pa3BHBAIOLIasCs B TeYeHHE HSMOpHUOreHesa,
oOecrieunBaeT 0ojiee BBICOKYIO CONPOTHUBISAEMOCTh K BO3JCHCTBHIO XOJ0Ja, YCKOpSET
YCTaHOBJIEHHE ITOCTOSIHHOM TEMIEPATyphl T€jla U MOBBIIIAET BBIBOJ MOJIOJHSIKA U €r0 KayecTBO I10

CPaBHECHHIO C BBIBEJCHHBIMU 0€3 oxuaxaeHus sitamu [10, 11].

Wuctutyt 6uoxumun uM. I'.X. bBynsrana HAH PA
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A. A. Cumonsn, U. I'. batuksan, A. C. Maprapsin

MexaHu3Mbl aIaNTAIMHA KYPUHOT0 SMOPHOHA K K0J1e0aTeIbHBIM TeMIlepaTypam
HHKYOHPOBaHMA
N3yueHO BIusSHUE KPATKOBPEMEHHOTO OXJAXKIACHHUS WHKYOUPYEMBIX KYPHHBIX SIHI[ Ha
WHTCHCHBHOCTH OKUCIIUTEIHHOTO (hochoprnrpoBaHus ¥ aKTHBHOCTh AT®a3pl MUTOXOHIPHUI MBITIII
U TEYEHU KYpUHBIX SMOPHOHOB M ULBIUIAT. YCTAHOBJEHO, YTO IMOHIKEHHE TeMIepaTyphl
CTUMYJHUpPYET TMOBBIIIEHHOE MOTPeOJIeHHE KHUCIOPOAa MHUTOXOHAPUSMHU MBI Ha (OHE yMEHb-
HIeHHs dcTepuduKanuu Heoprannueckoro ¢ocdara. CoorBercTBeHHO CHMXaeTcs P/O. AKTUBHOCTH
AT®a3pl 3HAYUTEIBHO BO3pacTacT. B MUTOXOHIPHUSX TIEYEHH pa300IeHne OKHUCICHUS OT
docdopmirpoBanus pa3BuBaerca MeuieHHee. lIpennonaraercs, 4To 3THU CABUTU HAIpPaBIIEHBI Ha

OCYILECTBIICHUE (DYHKIIMH TEPMOPETYIIALUH.

U.U. Uhuniyui, b.2. Punpljui, U.U. Uupqupjui

Zujh vunup hupdwpnpujw dkhwtthquubpp htnipugdwt munuiinqujut
ohpdwuwnhdwbtkph tjundudp

Nbhunidtwuhpyk) E huynipugynn ddtph jupdunb yunkgdut wqpkgnipiniup hwyh vundh
b &nbph Juwppwjhtt djubtbphg nt jupnhg whpwnyws dhnnpnunphnidubpnid opuhnughnt
dnudnphjmugdwt b USDwqh wlnhynipjut Jpuw: S8nyg E wplbk], np swhwynp gudp
ohpdwuwnhdwutbpp ppwtnd kb djutubph dhinnpnugphnidubpnid ppduwsuh jutnwp, vwlugu
tjuunbihnpit hounud  E  wbopquiwlut  $nudpwwnh  tupbphdhugdwt  dwlupnulp:
Zudwyunuuppwbiwpwp thnppwind £ P/O-1: USdwquyh wjnhynipjniup qqujhnptt wdnud E:
®npdh unyt wuydwbubpnud jupnh dhnnpnugphnudubpnid opuhnugdwt b $nudpnphjugduie
thbntnudp puiunun £ qupquinud: Bupwunpynud £, np ujupugpdus mbnuowunpdtpt ninndws tu
uwnup hnruguspubpnid okipdwljupquynphs $niuljghuyh hpujuwbwgdwiin:

A.A. Simonyan, I.H. Batikyan, A.S. Margayan
The Adaptation Mechanisms of Chick Embryo at Variable

Incubation Temperature

The effect of a short-term cooling of the incubated eggs has been investigated on the intensity of
oxidative phosphorylation and the activity of ATPase in mitochondria from muscles and liver of
chick embryos and chicks. It was found that the decrease of temperature increases oxygen
consumption in muscle mitochondria decreasing etherification of inorganic phosphate. As a

consequence, the value P/O decreases. The activity of ATPase significantly increases. Uncoupling
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between oxidation and phosphorylation in liver mitochondria takes place more slowly. It is

suggested that these changes are directed for realization of thermoregulation.

10.
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IOKJIAJBI 9t4YNh88LEL REPORTS
SR112 2012 Ne 1
YGuLUULPUDPU

VIK 577.17+619.9.51
U.U.Punupju
Uhphpwhanh phy 55 onuning qupwlus wehnw Cyikph wppub shémih

uyhnwlnigubkph pubtwlwlwh thnthnpjunipniutbpp
quiupuhlth wqnbgnipyup

(LEpuyugdws £ wjuntdhlnu U. U. Qunjuuh ynnudhg 3/ VI 2011)

Unwugpwyht puntp. quywpdhl, upphpuwpnnp phy 55 Julghbughl pnnwd, uypnidhi,
g/npnihi:

Ukpwénipjni:  Uhphpwhiwnp' npybu gnnwbinpnununquyjhtt hhwunnipnil, dhown
tnt) £ ny dhuyt wenpowwwhnipjut b whwubwpnidwlwt pdojughwninipjutt njnpunh
woluiwwnnnubph nipunpmiput JEtnpntunud, wy) twl, hwdwpybng unghw-nbntuwjut
u pwqUuwduwpului tpwhwlnipjut hudblghnt hhyuunnipni, htnwppppty E viwpptp
qpununiuph mbp dwppljutg:

Ukpjunudu gnpstuljutt whwubwpnidnipjut npnpunid hwdwdwpujuputujui b
hUnttwpwbwljut  pupdp wpnnitbwybnnipjudp  oguunwugnpdynid £ uhphpwjunh
hwpnighsh (Bacillus anthracis) pnyugws b yuwnhdwqplgws dwpkubphg yuwnpwu-
njws phy 55 nmwpunbuwlh qulijghttmt: Quwjyws npu pwpdp wpynibwybnnipyuin,
wjuntwdktuyhy, wyt qbpsd sk phpnipnitubpnhg: Fugh wyn, yipehtt nwphttpht ptuljub
wuydwbbpnud ujuwnyl) Bu hpktg hwnjuuhoutpny mhyhl snnudh htwn shwdptljuny
uhphpwpunh hwpnighsh owmwdubkp, npnup nitbwll ot hwnpwhwpbnt wybghdhl
hunituhnbunp b Jupulbnt tnyuhull wwnjuwunjws dwupplutg b jeuguuhubkpht,
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htswywtu twl Bacillus anthracis-h pwwdubp, npnup Juynit Gt ubkpiuynidu Yhpwnynn
hwljwphnunhljutph tuwndwdp [1, 2 ]:

Zupyh wnubny wyn hwiquuwpp, jupbnpynd t wjtt dninbgnidubphg dkyp, npp
Junwth dwlpnopquthquh Juyniunipjub ptwlwt gnpéntiubph upwtidwiin:

1996 p. wluwunbtdhlynu U. Gunuih Uynndhg hhynpwjuuniuh tbkjpnublpbnnp
gpuiniubphg wbpwwnywés wpnihuny hwpniun wnjhybwywhntbph hwynbtwpkpnudp
hhynpwjwdhl] thpnuybwywnhnubph tnp owpp k npntp hwdwpymd G opquithquh
hUunttwhpwjwunt hwdwlupgh winhynipjut jupquynphsubp [3]:

Mntnp ny Uhuytt jupquynpnud £ puntt hwdwljupgh $niuljghwtbpp, wy btwb wyy
hwdwlwpgh opquuitiphg vkl k [4]: Zhynpwjwuniuh ubpnuklpbnnp ukjpnuubpnud
( N.Paraventricularis and N. Supraopticus) unp ghwnljhtittiph (PRP- proline rich peptides) i Uh
owpp huwnbpifyhtubph YEtuwuhuptqh wndjujubpp Juynud By, np hhynpwjwdniuh
ubjpnublptinnp Ynphqp hwunhuwinud b Yhunpnt nigbnh ubjpnublptnnp  hunib
hwdwlwpgh hwdwp [5-7]: Zwjnuh E twb wn wbyuhnh hwluwpwlnbphug
wqntignipiniup Bacillus anthracis-h Jpw [4,8-10]:

Puswbu wwppkp hwlwshuubph, wiwbu b dwbpbwlwt Swquwt hwluwsth
ubpupyuut phypmd dwlpnopquhqunid fuwmwpynid tu hdmibwiuwpubului
wnpngtutkp, npnup winpunununid G, wnwehtt htppht, vyhwnwynigutph $puljghn
Juquh Ypw, hbnnbwpwp dbp ntunidbwuhpnipjut dudwbwly dbé npwnpnipnit Gup
nupdpl] uywhwnwlnigubph, ppuitg pununppudwubph nphttwdhlught b thnthnpunipjut
wunhdwtht, pwih np uywhwnwlmgubptt opquithqunid hpwjwbwgunid Eu dh owpp
dniuljghmtibp. wuwhywind Gtu oudnwnpll &uonudp, wpuiu PH-p, hwinhuwbnid
hnpuntiukph, wqnuuwjhtt dhwgnipjnitubph, wshweoptph Ypnnp b niubkt npnowlh
owtwlnipnit opquthquh wwppkp hprugwsputph ubtnigdw plpwgpnud, hunth
wnngtutbpnud [11]:

Upjutt uyhwnwlnigubptt twwybu YJuwydws Gu opquihquh wnwbdtiwhwnntly
wipuwnitwlnipniip wuydwbwynpnn hwjuwdwpdhtttph hkwn, npp gpubnpynud k

103



opquithquh puntbmgdwt b Jupwlhs hhuunnipniutbph dudwbwly: Ujp quwndwnny

wfuwnwiiph tywinwlp - punbwstnipjut pupwgpnid uhphpwpinh phy 55 2unudny
Jupuljjws b qupupdht bkpupljws uwhunwl dfukph wppwb phdnigh plnhwinigp
uyhnnwlnigh b uyhwnwlnigujhtt bpuwljghwnbph ntuntdbwuhpnd k£ [12]:

Umnipp b dkpnnp: ZEknmwgnundwt hwdwp dtpgdt Bu 18-20-wjut  gpud dwpduh
Upght quuqwény ny qéuwyhtt uwhwnwy djubp, npnbg  Eupwdwpuiht Equbwlng
Ubkpuplyty £ bwjpwwbu npnpqws dhuhdwy knwy gnquym] (50 Uit uynp) uhphpwpinh
rhy 55 snnudh Juljghtwmt: Gujwupdhtp, nph wnwetiuyhtt Junnigwsdpu b Ala-Gly-Ala-
Pro-Glu-Pro-Ala-Glu-Pro-Ala-GLn-Pro-GLy-Val-Tyr, ubipdubughtt ukpupydt; £ 16
Ulg/Un] pwdubswthny, 10 op b 30 op htwn upwnhg Ytpgyl] E wpnit’ npnpbn
huntbwstunipjut pipwugpnid opquithquh huntt Jupquyhdwlh wyuuyhuh gniguwiihpubp,
huywhuhp o wpub phdmynud  punhwbnip  wyhunwymgp,  uwwhnwlnigught
dpwlghwiitpp:

Ugyhwnwlmguyhtt yymph Juquh dbky Bt dnbunid wjpnidhup b qnpnijhtup, npnup
wwppbpgnud - Bt Uhtjwtghg  hpktg  Shqhbwphihuluwl b Ybtuwpwbwluh
wnwidtwhwnnipniuubpny: Upwb oh&nijh hwlwdwpdhuubph b y-qnpnihuubph
$hqhjwphihuljwl hwnmpnibubpt wjipwt dnwn ko dhdjutg, np npuitg dnjblnyyup
quiiqustbpt nt hgqnkEjunnphy Yenbpp hwdpuyunod B [13]:

Elkynpnnptqh  dkpnynd  uwhwnwlngubpp wwpwubgwnygl) b hhq  dpulghuyh’
wpnidhuiibph U o 1-, a 2-, B- b y-qnpnyhutiph:

Upgniupubp b pubwplynud: Unnng, htywbu twb 50 djt uynp pwdubswthny
uhphpwhinh phi 55 punuing Jupulguws wghuuw Cikph wppub shdnnud pighwbing
ughunwymgh m uwhwwlniguyht  ppughwitph  htwnwgnunmpjut - wpynibptpp
ukpwplnidhg nwut op wbg phpdws b wnyniuwly 1-nud:
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Unniuwly 1
Uy hwnwl jubph wpyub shdntjmd punhwimip vyphunnwljnigh b vyhunwlnigught
dpulghwmutiph Ynughitmpughwbpp Juyghtiughtt dfwupkubph tkpupynidhg

10 op wihg
Uyhunulnigughtt pulghwbitpp
Uyhunulnigughtt pulghwtitpp
30 op wtig (q/1)
10 op wlg (g/))

=T
=
=
E = g
i Qqnpnihukp Qqnpnihubp % -g‘
=HRT o g
2, 2L, g3
A R 4
= | & |« p N p
£ g 1 | a2 Y = ? ) o1 | a2 Y
Gy ) & B ]
2
= D~ — o n | N % D~ — o LN o~ %
S = ! o NEE= O = N o N = O

) — i N | = ) A - s ~ - )
A
=
b= I~ N o o~ o
g — o © S| = o) (N [ — ~ )
S No) R N S| N No) Yo e < =) o~ [

~ I o = | — ) ~ ) o = = )

Owlinpnipni® tnpiw - wnnng Wyikp, wnnighy - uhphpuhanh phy 55 qulightughtt puuing quipulgus
Ulukp:

busybu tpind E, oquunugnpéqud Juljghimtt opquithqud tkpwplbnt wpnyniupnid
nhuynud £ wpub ohdniljh  punhwinip uyhwnwlnigh b ppw  pununpudwubph
thnthnjumpnit:  Unpdugh  hwdbdwwnnipjudp, Julghtiwgnidhg htwnn  pupdpugh; b
punhwunip uyhwnwlnigutph pwtwlp 19.3 %-ny: Ljwwnbkih £ wypnudhuttph Ynugku-
wnpughuwjh qquih tuqnud 14.7%-ny: G npnihubph pwbwlyp qquihnpkt wybjugt) k ny
dvhwjt wypnudhtiitiph wwuquwit, wy bwb punphwinip vyhwnwlnigh Ynugkinpughuyh
wykjugdwt hwoyht:
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Uhphpuhinh phy 55 Julghtughtt pnuning qupuldus U dhudwdutal quupdhb
unwgus uyhnwy djukph wpjut ghdnihh pighwinip uyhwnwynigh b uyhunwlniguh
punuppudwubph Ynughkinpughwtph ntunudbwuhpnipniip gnyg £ wdb, np, h
wnwppbpnipinit uinnighgh, npntn 30 op wtg Yhkpnugywy gnigutihpubph wybjugnmd k
nhuynid  unpduyh hwdbdwunnipjudp,  wjunbn  pughwinip uyhwnwlnigh b
ugyhunwymguihtt  punuppudwutph - Ynbgkinpughwitph - tnpdudnplwt - hwljw-
dnipnil ju (wy. 2):

Unniuwl 2

Uhphpwhainh phy 55 Juljghttughtt ornudny Jupuljus b dhwdwdwbwly qujupdh
unwugwé uy hnwy djukph wpjut ohdnihh pinhwinip uvyhwnwlnigh b uyhwnwynigujhe
$pwghwikiph Ynughinpughwbpp

= | Ughnwlmguyht ppuljghwitpp | Uyhnwlniguyhl ppuljghwittpp
gt 10 op wmbg (g/) 30 op wilig (q/p)
=
=9
iE/ [@2] (op]
é % Qqnpnijhtlkp | 2 g % Qnpnyhukp = E,
~ =] 3 ~ S 5‘
N sE| E i
=) o1 o2 [3 Y g ? ) A1 A2 [3 Y E ?
& 5 & 5
=]
=)
el
208 |a|R|n|x|e |8 @l «
g o~ Nl en | n | | = o — | N9 S
(S o~ i — — N | o [ o~ D~ o | — =]
2
=
=
= \O QNS | N \O S E=EE [
(a\] o (o)} — — O e\ on (o)} — — el

bus Jhpwptpnud £ y-qunpnypttiph pwbwlh wdbjugdwip, wyw gt hp wpunw-
gnnidt £ qnuntd hmjudwpdhuutph Ynughtinnpughuyh wddwt dky:
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ug/my

2500

2000

1500 m Columnl

m Column?2

1000 - Column3

500 -

A B
Puntwgnpnihtt G -h §nugkiinpughwt uyhnwly djubph wpjut ohdntynid, dg/y:
A- 100p, B- 30 op:
I- npiw (wnnng ulip), 2 - wnnighy (uhphpwhinh phy 55 Yuljghtuhl nuing qupuldud
Ulukp), 3 - hnpduwlwt (uhphpwpunny qupulus b qujupdhtt vinwgus dyukp):

bapuljugnpinit: Uhphputhunh phy 55 pwnwng qupuilus wghuwl idkph wpyub
oh&niynid wypnidhubph wupnitwlnipniup hountd k, hull punphwunip vyhwnwlnigh b
qnpnyhtiph  Ynughtnnpughwt®  pwpdpwiund: P by, huntbwugnpnihuubph
ynugkinpughuyh pwpdpugnidp wnbknh b mubund htyybu wipnidhtibph hotgdwl,
wjuybu k) ginpnyhtutph pupdpugdwi hwpyghti: 30 op htitnn qujupdhtt uvnnugws djutph
Unwn hwljdwsénipinit fu wyy gniguthoubph tnpdwynpdwi:

22 QUU. Z.Pntthwpjuih wijub YEtuwphudhugh htunhunin
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U. U. Punupjut

Uhphpujuinh phy 55 2unudny Jupuljjus wwyhunwl dhukph wppub ghdmlh
uyhnnulnigutph puwtwuljub thnthnpnipmibutpp quupdhtth wopkgnpyudp

Zuwoh wnubiny y-qnpmhtitbph  hwnympmibtbpp’ npybu wpub ph&nmyh  hwljw-
Uwpdhtikp, npnpyby &b uhphpujunny Jupuljjws dyubph dnin uypunwlngubph pubuafuljwub
thnihnfunipymitpp qujupdhh wqpkgnipjudp:

8nyg t wpyk, np huntbwgnpnyhtubph swwnwgnidp wbknh b mbkund htiyybu wypnt-
uputtph  pwlwlyh hobiguwl, wjuwbu b pinhwinp wghnwlnigh  wfbjugdwt hwodht:
Quupihth wqnpbgmpjudp JEpntgu) vyhnwlymgutph dwiwupgulp 30-py opp dninbunud k
unpuuwght:

A. M. bBagaaxsaun

KosnuyecTBeHHbIE U3MeHeHNsI 0€JIKOB CHIBOPOTKH KPOBHU 0eJIbIX MbIIIEi, 3apakeHHbIX
cuOupesi3BeHHBIM 55-M ITAMMOM, MO/l BO3/1eliCTBHEM rajjapMHuHa

Hcxons u3 3alIUTHBIX CBOWCTB Y-TJIOOYJIMHOB KaK aHTUTENI CHIBOPOTKH KPOBH OIpeJiesieHa
JUHAMHKA U3MEHEHHUS KOJIMYecTBa OENKOB y MBIIIEH, 3apakeHHbIX CHOMPEsS3BEHHOW BaKIMHOM,
[I0J1 BJIMSIHUEM rajlapMHUHa.

[ToxazaHo, 4TO MOBBIIIEHHE UMMYHHBIX INIOOYJIHMHOB MPOMCXOJIUT KAaK 33 CUET MOHMKEHUS

aJ'IB6YMI/IHOB, TaK W 3a CYCT IIOBBIIICHUA O6H_IGFO Oeka. Ilon neiicTBUEM rajlapmMnHa YpPOBCHb

BBIIIICYKA3aHHBIX OeIKOB mpubimxaercs K Hopme Ha 30-if 1eHb.

A. M. Badalyan
Quantitative Changes of Blood Serum Proteins of White Mice Infected with Anthrax 55
Strain Under the Influence of Galarmin.

It is given the protective properties of y-globulin as the antibody serum. It was important to
determine the dynamics of proteins in mice infected with anthrax vaccine under the influence
galarmin.

It is shown that an increase in immune globulins occurs due to decrease of albumin, as well as

by increasing the total protein. Under the influence of galarmin level above proteins is close to

normal on the 30th day.
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K. . I/Icpae.nﬂnl, II. A. Ka3apsm1’3, P. X. Caammz, M. A. Cumonsn®

OTtnasieHHbIE MOC/AEICTBUS PAAMAIIMOHHOI0 MOPAKEHUsI MUOKAP/Aa U
peryJsiTopHbie MeXaHM3Mbl B MeMOpaHAX KapIMOMHOIUTOB

(ITpencrasneno akanemukoMm K.I'.Kaparessaom 23/VI 2011)

KuaroueBble clioBa: uonuzupyrowee obdnyuenue, kapouomuoyumol, ocpounosumuodsi, goc-
Gpamuonas xucroma, gpocghonunaza A,, 110J1, npocmaeranoun-H-cunmemasa, CO/J], kamanaza

[ToBpexxnatomiee eCTBUE MOHU3UPYIOLIETO OOIyUYEHUS] NPUBOJUT K HAPYLIECHUIO Pa3IMYHBIX
3BE€HbEB MeTabonm3Ma W (QYyHKIHOHATBHOW akTUBHOCTH Kietok [1, 2]. Ilpu stom B ponu
PETYJISATOPHBIX O00E3BPEKUBAIOIINX CHCTEM, MPEIyNpexAarmux Ooynee MIyOOKHE MOBPEKICHUS
KJIETOK CBOOOJHBIMM paJMKaJaMH, BBICTYHNAIOT JHJOTCHHbIC 3aIlIUTHBIE MeXaHu3Mbl. [lepByro
JWHUIO 3alIUTBl  OCYIIECTBIIIOT Qochomunuasl OmomMeMOpaH, a TakKe aHTHOKCHIAHTHBIC
dbepmentsl (cynepokcummucmyTaza (COJl), karamasza, mepokcumasza). HecomHeHHO, yBeIMYeHHE
aKTUBHOCTH (ocdonumas mpyu MOHU3UPYIOLIEM OOTYYCHHH U YCUJICHHE MPOLIECCOB MEPEOKUICHUS
munuaoB (ITOJT) criocoOeTBYIOT AeCTpYKIMN OUOJIOTHYECKUX MEMOpaH. DTH HapyIICHHS BBI3bIBAIOT
U3MEHEHHUsl DJIEKTPOJIUTHOIO OOMEHa, TOBBIIIEHHE OCMOJIIPHOCTH LIUTOIUIA3Mbl BCIIEACTBHE
nakorennss Na™ u Ca’® B kierke, MOTEPI0 CIMOCOOHOCTH MHUTOXOHIPHN aKKyMYyJHpPOBATh
BHYTPUKICTOYHBIA KalbIMi{, YTO MPHUBOJUT B HMTOre K HApYyIICHHIO OallaHCa WOHOB KaJbIIHs,

CKa3bIBaIOIEMyCs Ha HOpMaJIbHOM (DYHKIIMOHHMPOBAHWU MHOKapa [3, 4].
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CeronHsi He BbI3bIBACT COMHEHHMsSI y4acTHE CBOOOJHOPAAMKAIBHBIX MPOIECCOB B MAaTOreHE3E
UIIeMHYECKUX U penepy3uoHHBIX ToBpexaeHuii cepaua [1]. Ilo nurepaTypHbIM JaHHBIM Pa3BUTHE
UIIEMUYECKONM KOHTPAKTYphl TMPOUCXOJIUT BCIIEJCTBUE MOTEPU  PETYJALMH  COJEpKaHUS
BHYTPUKIICTOYHOTO KaJbIMs. BMecTe ¢ TeM Ha (DOHE OKHUCIHMTEIHHOTO CTpEcca PEryJISTOPHBIMH
CUCTeMaMH O0EeCIeYMBaCTCA YCUJICHUE 3alUTHRIX aJaNTallMOHHBIX MeXaHU3MOoB [2, 5]. U3BecTHO,
49TO (HaKTOpPHl BHYTPUKIETOYHOW aJamlTallud SKCIPECCHPYIOTCS TAaK)Ke IMOCPEICTBOM AKTHBAIUH
dochonunas (A, C), nosbimieHus: ypoBHs pochouHozutunos (PU), KoTopsie SIBISIOTCS MOIIHBIMU
peryisITOpaMi BHYTPHKJIETOUYHBIX MPOIECCOB. TpaHCAYKIMS CHUTHAIOB B (OCPOUHOZUTHIHON
CUCTEME ITOCPEICTBOM BTOPUYHBIX MECCEH/KEPOB (TpudochonHo3uThABI, GochaTtuaHas KucIoTa
(®K) u quanuarauuepost) CompoBOKIAeTCs YBEIMUEHNEM KOHLIEHTPAUA HOHOB KaJlbLIUs B KJIETKE
u aktuBanuend Ca-3aBUCHMBIX IIPOTeUHKUHA3, MAP-knHa3Horo kackazaa [6 - 8]. B cBowo ouepens
@K, obmanaromas (GyHKIMEH KalbLEeBOr0 HOHOMOPA, HHHIMHPYET TpaHcmopT moHoB Ca’’ mo
TPAIMEHTY KOHIICHTPAIMHU B IIUTOIUIa3My, TEM caMbiM akTUBHpPYs Ca-peryiaupyemMble MpOIECCHl B
kiretke [9]. Opnako B OOJIBIIMHCTBE  CJIy4aeB B KapJAMOMHOIIMTAX  BCJICACTBHUE
rUnepKanbluUKay BO3MOXHBI HeoOpaTuMele nmoBpexaeHus [1, 10].

Takum 00pa3om, KallblMeBbIe MEXaHU3MBI TIOBPEXKICHUS KIETOK MUOKapJa pacCMaTPUBAIOTCS
B COOTBETCTBUU C aKTUBanuel ¢ocdonunas, ypenndeHuem aktuBHocTH [10J1, HapymieHEM paOoThI
MUTOXOHJIPUM U CapKOIJIa3MaTUYECKOTO PETUKYITyMa.

JleTanpHOe W3y4YeHHE MEXaHM3MOB JEHCTBHUS MOBPEXIAIOMUX ()aKTOPOB HA OpPraHu3M M
BBISIBJICHHE OMOJOTUYECKUX TMOCIEACTBHI STUX BO3JICHCTBUI B KJIETKaX U TKAHSIX IO3BOJISIET
OTIPENIETUTh META0OJUYECKU BAXKHBIE TOKA3aTENN PETYJSITOPHBIX CHUCTEM, a TAKXKE OLEHUTh WX
YYBCTBUTEIBHOCTh M CIIOCOOHOCTh HOPMANM30BaTh (U3UKO-XMMHUYECKHE MapaMeTpbl Ouoso-
TUYECKHUX CUCTEM

[enpi0 HACTOSIIETO KCCIENOBAHUSA CTal0 HM3yYEHUE  3alUTHBIX, aJaNTallMOHHBIX aHTHU-
OKCHUJIAHTHBIX CHUCTEM B KapJIWOMHUOIIMTaX KaK PAaHHUX, TaK W OTIJAJICHHBIX IOCJICJACTBUN HMOHU-
3UPYIONIEro 00ydeHus1 cyoseranbHoi g030i 3 I'p, ¢ yderoMm crenenu ruapoiusa Gocdomunumon
KJICTOYHOM MEMOpPaHbI U MPOLIECCOB UX MEPOKCUIAIIIH.

Martepuan u MeToabl uccjaeaoBanmii. MccnenoBanust npoBoaminch Ha 80 OembIX KpbIcax-
camuax JuHuu Bucrtap maccoir 160-180 r, pa3geneHHBIX Ha ONbITHbIE rpymmbl. IlepBas, KOHT-
poiibHasi, Tpymnmna cocrosuia U3 10 MHTAKTHBIX XKUBOTHBIX. OOiydeHHE *KUBOTHBIX MPOBOAMIN Ha

anmapate PYM-17 B noze 3 I'p. 3atem npoBogunu BeiaeneHue @, OK [10]. Merogom TOHKO-
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cioiHOM Xpomarorpadun ocymecTBisua (ppakiuonnpoBanne OU Ha 3aKpeTUICHHOM CJI0€ CHITH-
karenst Mapku JIC 5/40 mxMm B cucteme xsnopodopm:MeraHod:aMmmuak (45:35:10) [11]. AKTUBHOCTB
[IOJI B TkaHM MHOKapAa ONpPENEIUIM [0 peakuuu MajoHoBoro auanpaeruga (MJA) c
trobapouryposoit kucioroit (TBK) [12], aktuBHOCTE (ochonmmasel A, — B CylepHaTaHTE TKaHH
MHOKapJa crekTpodoToMeTpudeckum MetoaoM B Mmoaudukamuu [1.A. Kazapsua [11, 13], ckopocTh
npocTarnaHauH-H-cHHTa3HON peakiuu — CIeKTPOPOTOMETPUYECKUM METOAOM B PEaKIIMOHHON
cMmecH, coaepxkaiei gocdarueiii Oydep ¢ nodaBreHneM pacTBopa reMuHa, cepuHrangaszuta [14].
Peakuuio wMHMLIMEpOBAaNM apaxuJOHOBOM KHCIOTOH. CyNepoKCHUAIUCMYTa3HYI0 aKTUBHOCTb
OTIPENIETISIIM METOJIOM HUTPOTETPA30JIUEBOTO CHHETO [15], paccumTaB MpOIEHTH MHTHOWPOBAHUS
WM npupocta obpazoBanus popmaszana (mpu 560 HM) IIPU BOCCTAHOBICHUH HUTPOTETPA30JIHEBOTO
CHUHETO CyHepoKcuAHbIMU paaukanamu B npucyrcteum  COJl.  KartamasHyro aKTHBHOCTB
YCTaHABJIMBAJIN IEPMAHIAHATOMETPUYECKUM METOJOM, DPACCUMTAB KOJUYECTBO PACIIEIUIEHHOMN
H,O, (M) ompenenennsiM KoaudecTBoM (epmenta 3a 1 muu npu 20°. ONTHYECKHE CIIEKTPHI
MOTJIONICHHsT perucTpupoBaim Ha criektpodoromerpe "Specord UV-VIS" (I'epmanus) ¢ anuHON
onTuueckoro nytu 1 cm [16].

Cratuctuueckyio 00pabOTKy TOJY4YEeHHBIX pE3yJbTaTOB MPOBOJWIM C HCIOJIb30BaHUEM
KpUTEPUs JOCTOBEPHOCTH U pa3nuuuil CThIOJEHTA.

PesyabTaTbl M 00cy:kaeHue. Pe3ynbTaThl MPOBEACHHBIX HMCCIEAOBAHUM IMOKA3bIBAIOT, YTO
HMOHM3HpYIolIee o0nydeHue cyOneranbHOW 1030i 3 I'p compoBoXKAaeTcs 3HAUUTEIbHBIMU H3MeE-
HeHusAMH B cogeprkannu @Y u OK miazmatudeckux MemOpaH Muokap/a (Tadnuua).

Tak, yxe Ha 3-u cyTKH OOHApyXHBAETCSI CTATUCTUYECKH JOCTOBEPHOE MOBBIIIEHHE OTHOCH-
TeabHOTO coaepkanus OU, pocT KOTOporo oTMevaeTcst ¥ B mocienytonue nau (5-i, 10-i, 45 -it u
90-i1). buocunres ®U B miia3maTuyeckoil MeMOpaHe 1 MUKPOCOMaX OCYIIECTBIISIETCS B pe3yJIbTaTe
pecunTe3a B (POCHOMHOZUTHUIHOM IUKIE, AKTUBAIMS KOTOPOTO MPHUBOAUT K KalbUU(UKALUU
nuToriasMel [5,17]. Takke Ha (oOHE CTATUCTUYECKU JIOCTOBEPHOro NOBbIIEHUS ypoBHS DK,
KOTOpoe HaOIoJaeTcsi HauWHasg C 5-rO JIHSA IOCJ€ BO3ACHCTBHUS MOHU3HMPYIOMIETO OOIy4YeHHUs,
MHIYyLHUPYETCS TPAHCIIOPT MOHOB Ca’" B uroruiazMy. Hakorienne ®U (moutu B 2.5 paza) u OK
(mpeBbIIIatOIIIee HOPMY TIOYTH B 4 pa3a) 00yCIIOBIEHO U3MEHEHUEM aKTHMBHOCTH (pocdaTuaorenesa,
HapyIIEHHEM JICATEIBHOCTH (PepMEHTOB THIponn3a (HochonunumaoB MeMOpaH U UMEET MECTO TPH
aktuBauuu Ca-peryimpyeMbIX MpOLECCOB U TPAaHCAYKLIHH CUTHAJIOB MIOCPEICTBOM

bocPONHOZUTUAHON CUCTEMBI.
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OTtHocuTtenbHoe cofep:kanne pochouHo3uTHAOB U PochaTHIHOMH KUCJIOTHI MeMOpaH
KApAHOMHUOUMTOB B JUHAMMKE MOCJIe HOHU3UPYIolIero ooaydenus 1030i 3 I'p (B %)

KoHTpOJIB 3 neHb, 5 newsb, 10 mens, 45 neHn, 90 neusn,
, n=10 n=15 n=15 n=15 n=15 n=10
626507 | 635:040 | 12.84:037 | 13.28+022 | 13.09+0.44
5.33+40.47
g2 (p<0.05) | (p<0.05) | (p<0.001) | (p<0.001) | (p<0.001)
2.0240.84 | 6.50£1.41 | 9.87+0.84 | 830£0.30 | 10.93+0.12
OK | 2 74+0.54
(>0.5) | (p<0.001) | (p<0.001) (p<0.001) (p<0.001)

Hcxons u3 TOro, 4To OJHUM M3 MOBPEKAAIOIINUX MOCIEACTBUNA BO3IECHCTBUS MOHU3UPYIOLIETO
o0Jy4eHusi SABISETCS CBOOOTHOPAIMKAIbHOE OKHCICHHE JIMIUIOB, HAaMH ObUIM MCCIIEJOBAaHBI
npoueccel [IOJI B mnazmaTHueckux MeMOpaHax KapAMOMHOLIUTOB U COCTOSIHHUE CTpecc-
JUMHUTHPYIOIINX 3aUIUTHBIX cucTeM. Tak, B pa3inyHble CPOKU MOCIIE€ BO3ICHCTBUS HOHU3UPYIOIIETO

o0myuenus (puc.l) HaOnrogaeTcs HaKOIUICHHE JTUMUIHBIX Nepekuceii (Ha 10-i gens B 1.7 paza).

R

V)

non DPA2 Mr-H-cuHTeTasa

O koHTposib @ 10 geHb @ 45 geHb B 90 geHb

Puc.1. Yposens aktuBHoctH I1O0JI, pochonunaszsl A, u npocrarnaniuH-H-cuHTeTassl.

MaxkcumanbHblii ypoBeHb TpoaykToB [1OJI (MIA) nocturaetcs Ha 90-i JeHb HCCIEAOBaHUS.

I[Ipy STOM OXHOBPEMEHHO TPOMCXOAMT AKTUBALMS MEMOpPaHOCBA3aHHOTO (epMeHTa —
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dbochomumazel A;. YpoBeHb akTUBHOCTH (oconumnasel A; B TMHAMHKE MOCTOSHHO BO3pacTaeT
(puc.1) m mocturaer MakcuMalbHOTO 3HadeHUs Ha 90 aeHb (B 2.5 pasa) Mociie HOHH3UPYIOIIETO
O6J'Iy‘-ICHI/ISI. Baxmuo OTMCTHUTB, 4YTO 3HAYUHUTCIILHOC IIOBBIIICHHUEC OJOTOI'O (bepMeHTa HaxXoauTCAaA B

KOPPEJSILIMOHHOM B3aUMOCBSI3U C aKTUBHOCTBIO NpocTtariananH-H-cunTterassl u nponeccos [10JI.

OueBuaHO, 4TO (HoCcHOTUNUABI MEMOpPaH KapJUOMHUOIMTOB, B yacTHOocTH DU, mon neiictBuem
docdonumnazer A, MOABEPrarOTCS THAPOIU3Y C OOpa30OBaHHEM apaxUJIOHOBOW KHCIOTHI [18],
KOTOpasi CIY>KUT cyOCcTpaToM JUIsl CHHTE3a psla M3oMepa3 mpocrariianguHoB. [logyueHHble HaMH
JTaHHBIE CBHJIETENBCTBYIOT 00 OJHOBpeMeHHOW akTuBamuu (B 1.5 pasza) mpocrarmanaus-H-
cuHTeTa3bl (puc.l), 4TO CIOYKUT MNPEANOCBIIKON K HMHIAYKIUHM PETYJIATOPHBIX CTpPECC-TIUMU-
TUPYIOIIHUX CHCTCM. HpI/I 9TOM IMpOCTarjiaHAWHbl MOTYT AaKTUBHPOBATbH AACHWIATHHUKIIA3Y,
YBEMUMBATD MPOHHIIAEMOCTh MeMOpaH st HoHoB Ca’’. B 9THX yCIOBHSX YCHIHBAIOTCS Kailb-
[IUEBbIE HATPY3KH KapJAHOMHOILIUTOB, KOTOPHIE MOTYT MPUBECTH K HEOOpPATHMBIM MOBPEKICHUIM

KJIeTOK MUOKapja [1, 3, 5].

300

250

200

150

100

50

cof KaTtanasa

B KoHTponb @A 10 aeHb B 45 noeHb @ 90 oeHb

Puc.2. YpoBeHb aKTUBHOCTH CYNEPOKCHAMMCMYTA3bl M KaTaja3bl KapAHOMHOIIUTOB B TUHAMHKE

HOCJIC HOHU3HUPYIOIETO 00Ty YCHHUSI.

[IpotuB pazBuTHs riay00KUX MOBpekAaromuX 3(HPEKTOB B KIETKE 3aACHCTBOBAHBI SHOTCHHBIE
MEXaHHU3MBbI PE3UCTEHTHOCTH, K KOTOPBIM OTHOCUTCSI CUCTEMA MPOCTATTaHINHOB U aHTHOKCHJAHTOB
[2, 6, 17]. Tak, HabnrogaemMasi HAMH aKTUBHOCTH (JEpPMEHTHOTO 3BEHA aHTHOKCHIAHTHOW CHCTEMBI

(cynepokcuaaucMyTas3bl, KaTanassl) peTeprneBaeT ¢ha3Hbie n3MeHeHus (puc.2).
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Ha panneit cragum (10-f geHb) mociae BO3ACHCTBUSA HOHU3HUPYIOMIETO OOTydeHHS
HabmonaeTcs nogasienue aktuBHocTd CO/Jl u kaTanassl. OMHOBpEMEHHOE MTOHKEHUE aKTUBHOCTH
UCCIIeyeMbIX (DepMEHTOB He sIBIsieTcs ciaydaiiHpiM. M3BecTHO, uro COJl M KaTamasza IEHCTBYIOT B
KOPPEJSILIMOHHON B3aMMOCBSI3H, OOecreunBas MepeKIoYeHre OTOKOB AJIEKTPOHOB C OJHOM IeNH
TpaHcmopTta Ha aApyrue [4]. B aumHamuke mociae HOHM3UPYIOMIETO OOMydYeHUs HaOIroaaeTCs
cTabunpHas HEAOCTATOYHOCTh AHTHOKCUAAHTHOM CHCTeMbl MuUOKapaa. Ha mo3mHux cragusx

IaToJIOIru OTMEYaCTCA TCHACHI WA aKTUBAallu Q)epMeHTOB COZ[ M KaTaJa3Hhl.

Takum oOpa3om, HabmaOfaeMasi yCTOWYMBOCTh KapJHOMHOLMTOB K M30BITKY MOHOB KaJIbLUS
IpU OTCYTCTBHHU NMPU3HAKOB HEOOPATHUMBIX MOBPEKACHUN U 0OecredeHne MUOKapAa OTHOCUTEIBHO
CTaOWIBHOW CcOaJaHCHPOBAHHONW MHOpEIaKcalell yCTaHABIMBAETCS CTPECC-TMMUTHPYIOIIMH
cucreMamu (ITOJI, mpocrarnanauHel, aHTHOKCcHIaHTHI). [locnegHue BAMSIOT Ha 0OOMEH
LIUTO30JIbHOTO KaJIbLIUs, BO3MOYKHO, IOHM)Xasi €ro ypOBEHb IIyTeM pEryJslMHA akThBHOCTH Ca-
AT®da3 5HA0IUIa3MAaTHYECKOTO PETHKYIYMA, HITH TOJI0XKUTEIBHOM 00paTHOM CBSI3bI0 BO3ACHUCTBYIOT
Ha CHHTe3 npocTtarjaHauHoB. Ha ¢oHe CTpyKTypHO-METa0OIMYEeCKMX HW3MEHEHUN MeMOpaH
KapJIMOMHUOLIUTOB B MO3/HUE CPOKHU IOCIIE BO3AECUCTBHS MOHU3UPYIOIIEro 00ayUeHHs HabogaeTcs

0oJ1ee corjJacoBaHHOE JIeUCTBUE CTPECC-IMMUTHPYIOIUX U Ca-3aBHCHUMBIX CHCTEM.

Temaronoruueckui ueHtp um. P. O. Eonssna M3 PA

2EpeBaHCI<I/II7I rOCyIapCTBEHHBIM MEIUIIMHCKUN yHUBEpCUTET UM M. ['epaun
3EpeBaHCKI/Iﬁ rOCyJJapCTBEHHBIM YHUBEPCUTET

4I/IHCTI/ITYT ouoxumun uM. I'. X. Bynsarsaa HAH PA

K. . Ucpaeasn, II. A. Ka3zapsan, P. X. Caaksan, M. A. CumoHsIH

OtnaneHHble MOCIEICTBUSA PAMALMOHHOI0 MOPAaKeHNsI MUOKAP/a U pery/asiTOpHbIe
MeXaHHM3Mbl B MeMOpaHaX KapAHOMHOLMTOB

I/ICCJ'IGI[OBaHBI KakK paHHUC, TaK W OTAAJCHHBIC IIOCICACTBUA HOHU3IUPYIOLICTO 06J'Iy‘-I€HI/I$[
cybnerampHoOi m030i 3 I'p. Ha done aktuBmM3ammm mporieccoB Tuaponmsa (pochoimmnmaos Kie-
TOYHOW MeMOpaHbI U X MMEPOKCUAANNN B MUOKape HaOmoaeTcss n30bITOK Kaiablms. [lomydeHHbIe
JAHHBIC  CBUJICTEIILCTBYIOT O B3aUMOCBS3M  AHTHOKCHIAHTHBIX, (OCPOWHOZHTHUAHBIX |
NPOCTAarJIaHAUHOBBIX PETYJISTOPHBIX CHCTEM.
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4. b. bupuybpui, 1. U. TZwqupui, (t. . Dwhwuljub, U. U. Uhdniyub

Pnuhqugunn Swnwquypdwt hipwynp htnbwbiptbpp b jupquynphs Jkjuwtthquukpp
jupphndhnghwnukpmd

Muunidbwuhpyly Eu 3 Qp unipjinnuy) pnquyny hntthqugunn fwnwquypdwt Jurn b hkpugnp
htwnlbwbptpp jupnhndhnghinbbpnud: Repwpunuiph $nupnjhyhnubph hhgpnihgh b tpubg
qlipopuhnuigtiuti wpngkutkph wlnhyugiwt $nih dpw hnlupgm bhwndnd b yughnuduht
dwipwpbnujwénipni:  Unwgdws  wdjujubpp Juynud Bu hwlwopuhnubinuyght,
$nupnhinghinpnuyhtt bt wpnunwgpuitnhtiwghtt Yupgquignphy hudwljwpgbph hnpuygulgfwus
gnpéniubnipjut dwuht:

K. I. Israelyan, P. A. Ghazaryan, R. Kh. Sahakyan, M. A. Simonyan

Long-Term Effects of Ionizing Radiation and Regulatory Mechanisms in Cardiomyocytes

The aim of the study is the research of early and delayed effects of ionizing radiation on a
sublethal dose of 3 Grey in cardiomyocytes. On the background of the hydrolysis of cell
membrane phospholipids and activation of their peroxidation increased calcium load in the
myocardium. The obtained data suggest a correlation relationship of antioxidant,

phosphoinositide and prostaglandin regulatory systems.
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2U38UUSULVE aPSORE3NPRLLELP UQQGUBPL UUWUMTGUDPU
HAODWNOHAJDBHAA AKAOJEMNUNA HAYK APMEHUNMU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

IOKJIAJBI 9t4YNh88LEL REPORTS
SR112 2012 Ne 1

MHUKPOBHOJIOTUS
VJIK 576.8

K. O. OBHaHﬂHI, JI. A. HaBacapnﬂﬂz, M. K. OBnansin”
wieH-koppecnionaeHT HAH PA A. A. quymm2

YAbTPaCTPYKTYPHbIH aHAJU3 00pPa30BaHUS BOJHTHH-AUMI0KAJIBIUCOM Y
HEKOTOPBIX BHJA0B 0aKTepHii, CHUPOXET, IPOA KeH U MPOCTeHIUX NPU
MOp(oreHese KJICTKH U 1eCTBUU PA3JIUYHbIX BHEIIHUX (D)AKTOPOB

(ITpencrasmneno 29/VII 2011)

KiarwueBble cjoBa: 60]ll0muH—ab!u()OKaﬂbbﬂ/lCOMbl,' 6al<mepuu, cnupoxeniol, ()pOOfCJfCM,
npocmeﬁmue; IJIEKMPOHHAA MUKPOCKONUsL, MOp¢OZ€H€3,‘ UoHUsUupyrowue U3IYy4eHusl,;

AHMUOUOMUKU

CriocoOHOCTh GakTepuid, OJHOKIIETOUHBIX 3€J€HBIX BOAOPOCICH, APOXOKEH M MPOCTEHIINX
00pa30BbIBaTh  BOJIOTHH-AIMIOKAIBIMCOMBI, KOTOpBIE MPEACTABISIOT COOOW  CTPYKTYpHI
MHOTO(YHKIIMOHAJIFHBIX TIOJIMMEPOB, Ooratbix mnonudocdaraMin B KOMIUIEKCE C KalbI[HEM H
IpyruMu KatuoHamu [1-4], mpencrtaBiseT OOJBIION MHTEPEC W MOXKET HAWTH IIMPOKOE
npuMmenenue. [lokazaHo, 4YTO BOJIOTHH-alMJOKAIBLIKUCOMBl TMPUHUMAIOT ydacTue B (YHKIH-
OHHMPOBAHHUH KJIETOYHOW CTEHKH, IIUTOIIA3MAaTUYECKON MEMOpaHbI STUX KIETOK [5,6]; OHM UrparoT
TaK)K€ BaXHYIO POJIb B KJIIETOUHOM OCMOPETYJISLUY, B COKPAaTUTEIbHBIX KoMIUIeKkcax [7]. OmHako ux
OpraHu3aIys B KJIETKE U U3MEHEHUE NPU JICHCTBUM PA3IMYHBIX BHEIIHUX (haKTOPOB, MPHBOISIINX
K MaTOJIOTMYECKUM HM3MEHEHUSM, HYKJIaeTcs B JanbHeleM uzydeHud. HeoOxoaumo omnpenenuTsb
UX CBSI3b C TMPOTEKTOPHBIMH MEXaHHM3MaMH KIETKH. B 3TOM OTHOIIEHHHM NpUMedYaTelbHO UX
CXOJICTBO C JM30COMamMu KJIETOK Miekonuramux [8]. Bce 310 gemaer BOMIOTUH-

AUJOKAJIbIUCOMBI BAaXHBIMHU YHUBCPCAJIBHBIMHU CTPYKTypaMu [JIA H3YUCHUA MCXAHU3MOB
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NEHCTBUSL BHEIIHUX CTpecc-QpakToOpoB, M, B YAaCTHOCTH, HMOHU3UPYIOIIETO W3IyYyeHUs, Ha
MPOKApHOTHI U 3YKapUOTUYECKHUE OJHOKIETOUHbIE Opranu3msl [9,10].

[lenpro paGoOTHI SIBUJIOCH BBISICHEHHE YJIBTPACTPYKTYPHOW OpraHU3alliy BOJIOTHUHOBBIX TPaHYII
B KJIETOYHOM apXUTEKTOHUKE HEKOTOPBIX BUIOB OAaKTEPHil, CIUPOXET, IPOACOKEH U MPOCTEHIINX IPU
Mopdorenese KIETKM M TpU JEHCTBUU pPaA3IMYHBIX BHEIIHUX (DAKTOPOB, MNPUBOAIIINX K
MaTOJIOTUYECKUM U3MEHEHHSIM.

Marepuanbl M MeToabl. B KkauecTBe OOBEKTOB HCCIEAOBAHUS HCIOIB30BAaHbI YCIIOB-
HOMATOTCHHBIC M TATOTCHHBIE IITaMMbI OakTepuit  Salmonella typhi, mramm 199; Salmonella
typhimurium, wmrtamm 546; ueunentudunupoanneie Oakrepuu Corynebacteriae, Leptospira
pomona, mrtamm Patos I, npoxxu Candida guilliermondii NP-4; mapa3zutuueckwe W cBOOOJ-
HOKMBYIIHME BUABI IpocTeiiux Entamoeba histolytica, mramm B; Entamoeba moshkovskii, mramm
Ep u Leishmania hertigi, mramm PI1, a Takke OHONTAThI CIM3UCTOH JKEITyA0YHO-KHIIEUHOTO TPAKTA
O0onbHBIX — Hocuteneit Helicobacter pylori. VI3 ¢usndyeckux (akTOPOB HCIIOIB30BaHBI [ -
HOoHU3UpYIomee (MOIMIHOCTD JieTanbHON 10361 LDjo9 1000 I'p) u peHTreHoBcKoe (MOIIHOCTH 03B
LDsp 270 I'p) uznyudenusi. B HEKOTOPBIX MCCIEIOBAHUAX MPUMEHSIN OAKTE-PHOCTATUYECKHE JTO3BI
AHTUOMOTHKOB MEHUIIMJUTMHOBOTO psiga — ammummwuiaH (4000 ex/m).

Onekmponnas mukpockonus. bruooOpasupl 11 MUKPOCKOIIMPOBAaHUS (KJIETOYHBIE CYCHEH3UU
OaxkTepuid, IPOAOKEH M MPOCTEHIINX, a TaKKe OMONTATHI JKEIyI0YHO-KUIIEYHOTO TPAKTa) OTAEISIIH
nocie MeHTPU(PYTUPOBAHUS TIPU MANBIX CKOPOCTSAX B TeueHue 20 MHUH, GUKCUPOBAIU C MOMOIIBIO
2.5% rnyrapoBoro anpaeryaa Ha 0.1 M kakogunatHoMm Oydepe npu pH 7.4 B Teuenue 2 4. [Tocie
TPEXKPATHOTO TPOMBIBAHMS B KaKOIWJIATHOM Oydepe MOCIeqyronyr0 (HUKCAIHUIO TPOBOIAMIHN C
nomouibio 1% yetsipexokucu ocmus Ha 0.1 M kakoaunatHoMm Oydepe npu pH 7.4 B TeueHue He
meHee 1 4. [Tocne mpombIBKH B TOM ke Oydepe 00e3BokuBaHue O1M000Pa3I0B MPOBOIUIHA STAHOJIOM
WJIM alleTOHOM Bo3pactaronieit konuentparuu (30, 50, 70, 96 u 100%), ¢ nocneayroiiei NpoOnUTKON
U 3aIMBKOM cMechro apanauta 1o Jladry [11]. Tlocne monmMepusanuu npu Temmeparypax 37 #
59°C MOJTy4aJli  YJIBTPATOHKUE Cpe3bl  Ha yJIbTpaMHKpoToMe «Reichert-Jung» (ABcTpus);
yIBTPATOHKHE KPUOCPE3bl MONy4ald Ha yibTpamukporome «LKB-kryokit» (IlIBeuus). 3atem
yJIBTPATOHKHE CPE3bl OKpaIIMBAIU BOAHBIM PacTBOPOM 3% YKCYCHOKHMCIIOIO ypaHWIA, a TaKkKe
JMMOHHOKHUCIBIM CBUHIOM 10 PeliHonacy — Benabmy [12] u u3ydanu B IpOCBEUYMBAIOIIEM JJIEKT-

porHoMm mukpockorne (ITOM) «Tesla-500» (Yexwust). [ u3ydeHHs] ETbIX KIETOK OaKTepwii ObLI
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UCIIOJIb30BaH METOJ HEraTUBHOTO KOHTpacTupoBaHus 2% hochopHoBOIB(GPaMOBON KUCIOTOW MM
MonubaeHarom ammoHuit pH 6.4.

Muxkpodororpaduu ckanupoBanu B pasperiennd 900 nukcenei 3a QoM 1 00pabaThIBaId MO
KOMTIBIOTEepHBIM Tiporpammam «Corel Drawy» (Bepcust 11) u «Photoshop» (Bepcus 8). Mopdomer-
pUYECKHe TTOKa3aTesd ONPEeAessUIM ¢ TOMOLIbI0 porpamMbl «Buneo-Tect, 5S-CTpykTypa, HAHOTEX-
HoJorus». ClenyeT 3aMeTUTh, YTO DIIEKTPOHHAsE MUKpocKonus ¢ noMotibio [I9M nossonser JJOC-
TATOYHO YETKO UACHTU(PHUIINPOBATH pa3INYHbIC CTPYKTYPHI B IUTOIIa3ME MUKPOOPTaHu3MoB [13].

Pe3yabTaTel U o0cyxaeHue. Oopazosanue 80I0MUH-AYUOOKATILYUCOM Y HEKOMOPbLIX BUO08
baxmepuii u cnupoxem. VUccrnenosaaue Corynebacteriae, S. typhi, L.pomona (puc.l,a— B, 2, a, 0) c
nomouibio [I9M moxkazano, 4TO ANEKTPOHHOIUIOTHBIE MoiH(ochaTHbIE BOJTIOTHHOBBIE TPaHYJIBI
yalie BCTpEeYaloTcs B cTalMOHapHOW (a3e u ¢aze rubenu OakTepuanbHBIX KyIbTyp. Hamuuume
BOJIFOTUHOBBIX I'PaHYJI U UX MOJIOCHOE paclojokeHue B OakrepuanbHoil kietke Corynebacteriae B
OTIIMYHE OT JAPYTUX OaKTEpHd MOXKET CIY)KUTh OTIIMYUTEILHBIM TMpu3HakoMm (puc. 1, a), korma

00pa3zoBaHue BOJIOTHHOBBIX TPaHyI, MO-BUIUMOMY, TETEPMUHUPOBAHO reHeTHYecKH [ 14].

a 0 B
Puc. 1. [IDM: a — HeraTMBHOE KOHTPACTUPOBAHHE HEUACHTH(PHUIMPOBaHHBIX Oaktepuii u3 Corynebacteriae.

BouttoTHHOBBIE TpaHyJibl (—) B HoNocax OakTepranbHOU KieTkr. Macitab otmeueH B 0.5 MUKpOHA; O — yIbTPATOHKHIA
cpe3 S. typhimurium, wmTamMMm 549 TpU B3aUMONEHCTBHM C TEPUTOHEANFHBIMH MakpodaramMu OesbIX MEIIIeH.
BomroruHoBas rpanyna (—) B murormazMme. Macmrab otmedeH B (.25 MHKpOHa; B — ymeTpaToHKUH cpe3 S. Typhi,
mramMMm 199 mox nmeficTBueM aMmuIpuuIMHA. BomroTnHOBEIE TpaHynsl (—) B muromiasme. Macmrab ormedeH B (.25

MHUKpPOHA.

Hamu ycraHoBieHO 00pa3oBaHHE IUTOIUIA3MAaTHUECKOW BOJIOTHHOBOW T'PaHYJBI B KJIETKE S.
typhimurium TpU B3aUMOJCUCTBUU C IEPUTOHEATHHBIMH Makpodaramu OenbIX OECrOpOIHBIX
mblien (puc.l, 6). Y S. fyphi npu nedcTBUM aMIULILIMHOM (puc. 1, B), Hapsay ¢ U3MEHEHUEM

KJICTOYHOM CTCHKH, II0J HHTOHHaSMaTHqCCKOﬁ MGM6p8.HOI>i BBIAABJICHBI CKOIIJICHHMA BOJIFOTHHA,
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YTO MOATBEP/KIAET BO3MOKHOCTh BOJIOTHHOOOPA30BaHUs y OakTepuil Mo JeicTBUEM pa3IMYHbIX
BHEIIHHX cTpecc-pakTopoB [16].

Hamu oOHapyXeHbl BOJIIOTHUHOBBIE Bakyonu y H. pylori B OGuonrtatax CiIuM3uCTOW 000IOYKH
XKemynka O0JIbHOTO in vivo (puc. 2, a). DTO MPOUCXOJUT, MO-BUIUMOMY, TOJ EUCTBHEM ITyYKOB
a7ekTpoHOB B [IDOM wmnam B mpoliecce MOATOTOBKH MPENapaToB OWONTATOB, YTO MPUBOAUT K
00pa30BaHUIO 3JEKTPOHHOINPO3PAUYHBIX BaKyoJieil Ha MecTe JIOKAJIU3alMM BOJIOTHMHOBBIX T'PaHyI.
[TonmyueHHble pe3yabTaThl  COMOCTAaBUMBI C JAaHHBIMU 00 YJIBTPACTPYKTYpHOH OpraHU3allu
nonudochaToB B BUJE BOJTIOTHHOBBIX I'paHysl B HUTOIUIa3Me H. pylori, moKa3aHHBIMH paHee B
ycioBusix in vitro [15] BontoTHHOBbIE TIpaHyjbl pa3iMYHON BEJIWYMHBI OOHApY>KEHBl U B

[IUTOTUTIa3Me KyJIbTYPbl CHUPOXET L.pomona (puc. 2, 0).

Puc.2. TIDM: a — yneTpatoHkuii cpe3 H. pylori B OuonTaTe CIM3UCTOM KEIyJaKa OOJIBHOTO.
BomroruHoBbie Bakyonu (—) B kierke. MacmTab ormedeH B (0.5 MukpoHa; 6 — HETraTUBHOE
KOHTpacTupoBaHue L. pomona, mramm Patos I. Bugna rpanyna BomoTuHa (—) B LIUTOIUIa3MeE.
Macmtab ormeueH B 0.2 MUKpOHA.

Obpazosanue BONOMUH-AYUOOKATLYUCOM ) HEKOMOPBIX U008 Opodicacell u npocmetiwiux. Ha
YIBTPATOHKHUX cpe3ax KieTok apoxxkeit C. guilliermondii HI1-4 obHapyxeHa amopdHas cioucTas
KJIETOYHAsI CTCHKa C IUIOTHO NpHWIETAOMEed K HEeW MHUTOIIa3MaTHYeCKOM MEeMOpaHOH, a Takke
rpaHylspHas IJIOTHas IMTOIUIa3Ma, TJIe€ TMPOCMATPUBAIOTCA MATPUKC MHUTOXOHIPUH U
LUTOIIaA3MAaTUYECKNE BAaKyOJId TaKOW K€ KOHCUCTEHUMH. Takas yJapTpacTpyKTypHas OpraHH3aLus
KJICTOK JIPOOKEH MONTBEPKIAeT MOJyUYeHHBIC paHee JaHHbIE [17] ¥ O3BOJISET ACHTH(DHUIIUPOBATH
W3MCHEHUS, BO3HUKAIONIME TPU JCHUCTBUU pa3IMUHbIX BHemHUX (akropoB. Tak, mocme
PEHTTEHOBCKOTO OONIyYeHHS KYJIbTYp ITHX APOXOKEH ynaaoch OOHApPY>KUTh YBEIWYCHHE Pa3MEpOB

(1o 250-400 HM) M KOJIMYECTBA AJIEKTPOHHOIUIOTHBIX BOJIOTHHOBBIX TpaHyn (puc.3, a). [locne 24-
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YacOBOW MHKYOAIlMU BCTPEYAIOTCS KIIETKH, HAXOSIINECS B MPOIIECCE BOCCTAHOBJICHUS KIIETOYHBIX
KOMIIapTaMEHTOB, KOTOPbIE MO XapakTepy YIbTPACTPYKTYPHBIX IOKa3aTelell HAalmOMHUHAIOT
WHTAKTHBIC KJIETKM B KOHTPOJIBHOW KyJNbType, HE TMOABEpriieiics oOIydeHUIo. 37ech YETKO
OTMECUYACTCA pa3,).'[p06J'ICHI/IC 6OJ'IBHII/IX BOJIIOTHHOBBIX I'paHyJI Ha MCJIKUC YaCTHUIBI U UX YMCHBIICHUC
B 1uToriazme (puc. 3, 6). BMecte ¢ TeM ycTaHOBIEHAa pa3iIMYHAs AJIEKTPOHHOIJIOTHOCTH B
BOJIIOTMHOBBIX TPaHyJiaX, YTO MOKET CBUAETEIHCTBOBATH O PEMapaloOHHBIX MPOIIeCcCax.

CrnenyeT 3aMeTUTh, YTO BOJIOTHHOBBIC TPaHyJIbl pacnonaraioTcs B Bakyonsx C. guilliermondii,
OKpY>KEHHBIX MeMOpaHoii (cM. puc. 3, a) Mo CBOEMYy CTPOCHHIO, CKOpee BCEro, HAIIOMHMHAIOT (PIyK-
TYAIUOHHBIC BAKYOJIM C I'paHyJIaMXd BOJIIOTHHA, OMMMCAHHBIMHA Y JAPYTIUX )IpO)K)KGﬁ n HpOCTCﬁIHHX,

KOTOPBIE UTPAIOT PETYIUPYIONIYIO POJIb BO BpeMsl JelicTBHs cTpecc-hakTopos [18,19].

a 0
Puc. 3. TIDM: ynwsrpatonkuit cpe3 C. guilliermondii NP-4 mocie peHTI€HOBCKOTO OOIy4YEHUSI.
BomotunoBas rpanyna (—) B Bakyonau. MacmTab otmeueH B 0.25 MHUKpoOHa; O — yJIbTPaTOHKHI
cpe3 C. guilliermondii NP-4 mocne 24-4acoBOro pEHTI€HOBCKOTO 0OJydeHUs. BoatoTHHOBBIE
MEJIKHE TPaHyJibl (—), paccessHHbIE TI0 Beel uToruiazmMe. Macirad ormeyeH B (.25 MUKpoHa.

HccnenoBanue yabTpaTOHKAX — KPHOCPE30B M CTAHAAPTHBIX YJIBTPATOHKHX CPE30B KYJIBTYP
npocredmmx Ent. histolytica, Ent. moshkovskii w L.hertrigi ¢ nomompto I1OM (puc. 4, a — 1)
HNOATBEPAMIIO HAJIMYUE SIIEKTPOHHOIUIOTHBIX BOJIOTMHOBBIX T'PaHy]l B LUTOIUIa3ME H3yYEHHBIX
npoctedmmx pasmepoMm B 0.5 MEKpoHA B muamerpe. BUIHBI TakKe BOIIOTHHOBBIE TPAHYJIBI B BUJIC
AJICKTPOHHOIIPO3pAYHbIX cepruueckux msaTeH (puc. 4, a). B sapax oTAeNbHBIX 0COOCH IUCT U

TpO(I)O3OI/ITOB YCTAHOBJICHO HAJIMYUC SJICKTPOHHOIIJIOTHBIX CKOILJICHUI BOJIIOTHH-alIUJOKAaJIbIITUCOM

(puc. 4, 6).
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Puc. 4. IIDM: a — ynpTpaTtoHkuii kpuocpes Ent. istolytica, mramm bB. I'panynel BomoTHHa (—) B
nuToruiazMe Tpodoszouta. Macmrad otmedeH B 0.5 MuKpoHa; 0 — YJIBTpPaTOHKHH cpe3 Ent.
histolytica, mramm BB. TI'paHynbl BOMIOTHH-AIMAOKAJIBIMCOM (—) B  siIpe IUCTHI 3HTaMeO.
Macmrtab ormeder B 0.5 MUKpOHA; B — YJIBTPATOHKHI Cpe3 BHPYCOMNOI00HOTO cMMOMOHTA Ent.
moshkovskii, mramm Ep. BomoTuH-anmaoKaibICOMOBast rpanyna (=) mox 00O0JIOYKOH
cuMmOunoHTa. Macmrab oTMeueH B 35 HM; I': yIbTpaTOHKUH cpe3 L. hertigi. BolmoTHHOBBIE TpaHyIIbI
(—) B nuromnazme. Macmrab otmeueH B 0.5 MUKpoOHa.

DNEeKTPOHHOMHUKPOCKOITMYECKAM W MOP(OMETPHUECKMM aHAJIM30M HaMH paHee ObUI
YCTAHOBJICH TIOJHBIHA JIM3HUC KJIETKH dHTaMeO TOcie NeHCTBHS JIETAIBHOW 1036l Y-HOHU3UPYIOLIETO
usnydenust (1000 I'p) y Ent. moshkovskii [13]. Ha ynpTpaToHKuX cpe3ax Ha (hoHE KIETOYHOTO
JNETpUTa BBIACISUIUCH BUPYCOMOAOOHBIE CTPYKTYpPbl, y KOTOPBIX  TPOCIEKHUBAICA BbIXOA
3JIEKTPOHHOIUIOTHBIX TPaHyJl U3 HyKJIeouaa ¢ auaMerpoM 35 HM u obmel miomaasio 11036 HM
(puc. 4, B) 1 KOTOpbIE HAIIOMUHAIN BOJIOTHH-AIIMOKAIBIICOMHBIE 00pa30BaHMs OJHOKJIETOYHBIX
AYKapHOT TOCe IeUCTBUS cTpecc-akTopa [20].

[TomyyeHHbIE B HACTOSIIEM HCCIEJOBAHUM JaHHBIE CBHJIETEIBCTBYIOT O BO3MOXKHOCTU CYy-
IIECTBOBAHUS HEKOTOPOr0 MeXaHu3Ma OOpa30BaHMUs BOJIOTHH-AIUIOKAIBLUCOM IpHU [ |-MOHU-
3UpYIOLIEM OOJIy4eHUH, KOTOPhIE€ B 3aBHCHMOCTH OT KOMIIAPTMEHTAIIMM KJIETKH MOTYT WIpaTh
UTOIPOTEKTOPHYIO POJIb.

3akarovyenue. TakuMm 00pa3oM, B pe3yJibTaTe KOMIUIEKCHBIX 3JEKTPOHHOMHUKPOCKOMHMYECKHX
UCCIIeIOBaHUM MOp(QOreHe3a HEKOTOPBIX BHUJOB OAaKTEpHil, CIHMPOXET, IpOoioKed M MpocTeHImx
YCTaHOBJICHO OOpa30BaHUE BOJIIOTHH-AIUIOKAIBLUCOM, a MPH ACHCTBUN MOHU3UPYIOLIETO pEeHTTre-
HOBCKOTO U [ |-M3JIy4eHHs], a TaK)KE HEKOTOPBIX aHTUOMOTHKOB OTIPE/ICIICHbI H3MEHEHUST UX MOp(o-
METPUYECKUX M ONTHYECKHX IMoOKa3aTesleld. DJIEeKTPOHHOMHKPOCKONMUYECKas HIACHTU(UKALNS

U3MEHEHUH BOJIIOTUHOBBIX TPaHys B CTPYKTYPHOH OpraHu3aluu KJIETOK OaKTepui, CHHPOXET,
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JPONOKEH M TPOCTEUIIHMX MOXKET CIYKHTh YIOOHBIM 3KCIIPECC-METOJOM BH3YaJbHOW OLCHKH
MOPaXXKEHHUS U BOCCTAHOBUTEIILHO-KOMIIEHCATOPHBIX MPOLIECCOB MPH JCUCTBUU PA3THYHBIX BHEIITHUX
cTpecc-(haKkTopoB.

'Mucruryt MmonexymsapHoit Guorornn HAH PA
2EpeBch1<1/1171 rOCYyJJapCTBEHHBIN YHUBEPCUTET

K. O. OBnansn, JI. A. HaBacapasan, M. K. OBHansH,
wieH-koppecnonaeHT HAH PA A. A. TpuyHsin

YaAbTpacTPYKTYPHBIH aHAJN3 00pPa30BAHUA BOJTHH-ANUI0KAJIBIUCOM Y HEKOTOPBIX BUA0B
0aKkTepuii, CHMPOXET, APOKAKel U NPocTeHIINX NPU MOpdoreHese KJIETKH U AeiiCTBUU
Pa3IHYHBIX BHEIIHUX (PAKTOPOB

BoelsicHEHa yIBTPacTpPyKTypHas OpraHM3alvs BOJIOTHMHOBBIX TIPaHyl B KIETOYHOM apxu-
TEKTOHUKE HEKOTOPHIX BUAOB OAKTEPHH, CIUPOXET, MPOXIKEH M MPOCTEUIIHX TpU MOpdoreHese
KJIETKH U IEHCTBUM PA3JIMYHBIX BHEIIHUX (PAKTOPOB, IPUBOIALIMX K MATOJOTUYECKUM U3MEHEHUSM.

B pesynbraTe KOMIJIEKCHBIX 3JEKTPOHHOMMKPOCKOIMYECKHUX HCCIeI0BaHUi MopdoreHesa
HEKOTOPBIX BHJIOB YKA3aHHBIX IPOKAPUOT U JyKAPUOTHUYECKUX OPraHU3MOB YCTAHOBIICHO
o0pa3oBaHHE BOJIIOTHH-aLUJOKAIBLIMCOM, & IPU AEHUCTBUM MOHU3UPYIOUIETO PEHTTEHOBCKOTO U |-
U3JTy4EHUs, a TAKKe HEKOTOPBIX aHTUOMOTUKOB OIPEEIICHbl U3MEHEHNU UX MOPPOMETPUUYECKUX U
ONTUYECKUX IOKa3aTeIeH.

DNEeKTPOHHOMUKPOCKONIMYECKass HWACHTU(UKAIMS HM3MEHEHUH BOJIOTMHOBBIX TpaHyld B
CTPYKTYPHOH OpraHu3aliy KJIETOK OaKTepHid, CIUPOXET, IPOAOKEH U MPOCTEHIINX MOXKET CIYKHUTb
YIOOHBIM  JKCIPECC-METOIOM  BH3YaJIbHOH  OLEHKH TIOPAKEHWS H  BOCCTAHOBHUTEIHHO-

KOMIIEHCATOPHBIX MPOLIECCOB MPHU ACHCTBUU Pa3IMYHBIX BHEIIHUX CTPECC-PaKTOpPOB.

4. O. Znjuwmiyu, L. Z. Vwjwuwpyui, U. 4. Znduwijui,
22 QUU. pypwlhg whnud U. 2. @psniiyul

Uwuptubph, uvyhpnjuknubph, pdnpuutlph b bwppwltuquuhttph npny nbuwyubph

Unpnunhu-ppduljuighund gnjugnipnibubph Unppnghubtqh b wpunwphtt muppkp
gnpéntiubkph wqpkgmpjut nyupuljurnigduspughtt JEpnidnipiniup

NMupqyl) E dwbpkubph, uyhpnpbwnbbph, podnpuublbph b bwhwbiguiuhubph npny

nbuwlubph juquwstuniput b whnwpwbtwlwt hnthnjumpmnitubp  wpwewgunn wpwwpht
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Upguuyph  wiwppbp - gnpéntlikph  wqplgnipjut nwl  poowihlt  Lwpunwltpunnipymiunid
Unpnunptiwghtt dwpwhwinhljtkph mpnpujuenigjuspughtt juqiuljtpunadp:

L2ywd npnp  wpnjuphnnbbph b Enjuphnn opquithquutph dnpdngttkqh kikljnpntw-
dwipunhnwlughtt hwdwhp  nuunwdbwuhpnipniiitbnh . wpyniupnid pugwhwjngtght
Unpninhi-ppdulijuighund gnjugnipnibbp, hul phunghiyut b y-hnithqugunn fwpwquypdw,
hiyybu twlh npnp hwljwphninhljubph wqnkgnipyut nhwypnd npngws ki npuig dky wpwgwgus
thnthnjunipnibutph dbwswhwlwb b oyyinhjuju gniguthpubpn:

Uwbupkutpnh, uyhpnpbtnttph, pdnpuutlbph b btwhwlibuguthubph juenigquspujht
Supunuwluqunipniund  Ynpniunptiwghtt dwpwhwnhlubph hontnjunpniattph LEjupnbw-
dwbipunhnwluhtt tnybtwlwiwgnidp jupnn E dwnuyt) npytu Epuypbu-tnubwl wpunwph
Upgunuyph upptu gnpéntitph  plswbu  wywlwenigjuspuyhl, wijtybu ) JEpulub-
qunnuijut-fipujunmgnulju gnpdpupugubph phypnud:

K. O. Hovnanyan, L. A. Navasardyan, M. K. Hovnanyan,
corresponding member of NAS RA A. A. Trchounian

Ultrastructural Analysis of Volutin-Acidocalciumosomes Formation in Some Species of
Bacteria, Spirochetes, Yeast and Protozoa during Morphogenesis and under Environment
Different Factors Action

Ultrastructure organization of volutin granules in some species of bacteria, spirochetes, yeast
and protozoa cellular architecture was studied during morphogenesis and under environment
different factors action leading to pathological changes.

As the result of complex electron microscopic studies of morphogenesis in some species of
prokaryotes and eukaryotic organisms the formation of new structures of volutin-acidocal-
ciumosomes has been established within cell cytoplasm. In addition, under the ionizing roentgen and
[J[irradiation as well as some antibiotics action morphomtric changes and changes in optical
properties were also shown. Electron microscopic identification of volutin granules changes in
structural organization in bacteria, spirochetes, yeast and protozoa might serve as appropriate
express-method for visual evaluation of damage and reparation processes during environment
different stress-factors action.
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