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AHHOTAIUA

B 57001 cTarbe Mbl HAXOJUM CBSI3b MEX]Y paclpe/ieieHUeM JITHHBI CITy-
JaifHOI XOp.IBI BEITYKJIOTO Tea D 3aBucsIee OT HalpaBIeHHUH, U pacipe-
JICICHUEM PAcCTOSIHUSI MEX]y JIBYX CIy4allHBIX TOYEK, OpomieHHbIX B D
10 HaNpaBJeHUIO (HOBAas MHTETpalbHas TeOMeTpUYecKas KOHLISTILIHS).
Taxoke B 3TOW CTaTbe Mbl HAXOJAMM OTHOILIEHHS MEXIy MOMEHTaMH YIIO-
MSIHYTBIX paclpeaeIeH .

KioueBble c10Ba: BHIYKIIOE TEJIO, PAcIpeieeHue JJIMHbL XOpbl, pac-
TpesieNieHne IBYX CIy9aiHbIX TOYEK.

BBenenune

I'eomeTpuyeckast Tomorpadus (Cm. [2],[3]) - 3TO 06IaCTh MATEMATHUKH, 3aHH-
MAIOIIAasCsl TOUCKOM HH(POPMAIIMHU O TEOMETPHUYECKOM OOBEKTE UCXO/IS U3 TAHHBIX
0 €ro MPOEeKIUsIX (TEHsIX) HA TUIOCKOCTSIX MITH CEYCHHUSX TUIOCKOCTSMH IS BOCCTa-
HOBJICHHSI TEOMETPUIECKUX O0BHEKTOB.

HHTerpaibHble TCOMETPUUCCKUE KOHIICTIIIUY, TAKKE KaK PacipeeiICHUe THH
XOpIIBl, paclpeesicHUe PacCTOSHHUS MEXIy IBYMS CIyYalHBIMH TOYKAMH II0
HaTpaBJICHUIO, BBIMYKIIOM Tene D, pacnpeeneHue JUTMHBI XOP/Ibl TI0 HAMPABJICHUIO
¥ MHOTHE JIpyTHe, HeCYyT HeKoTopyto uHpopmanmio o D. M3BecTHO, 4TO pacnpene-
JICHWE JITMHBI XOP/Ibl 10 HAMPABJICHUIO BBIMYKJIOro Tena D, 0JHO3HAYHO ompe/e-
qsieT D ¢ TOYHOCTRIO 10 MapalIebHBIX epeHocoB u otpaxennit (em. [1], [2], [3],
[4]). BoccTaHoBiI€HHE BBITYKIIBIX TEJ C TIOMOIIBIO CITYYaiHBIX OTPE3KOB ITO3BOJISET
YIPOCTUTH PacueT, MOCKOJIbKY METOJIbI MATEMAaTHIECKOW CTATHCTHUKH MOTYT OBITh
HCTIOTb30BaHbI JJI51 OLEHKH FTEOMETPUUCCKUX XapaKTEPUCTHK CITyYaiHbIX OTPE3KOB.

B aToli cTatbe MBI ompeenseM HOBYIO MHTETPAbHO-TEOMETPHUECKYIO KOH-
HEMIUI0: pacipe/e/icHie PacCTOSHUS MEXAY JABYMs CIyYaWHBIMH TOYKAMH T10
HaTpaBJICHUIO B BBITYKIIOM Telsie D 1 HaX0JIM CBSI3b MEXKTy STHM HOBBIM OHSTHEM
U pacmpeeNieHHeM JUTHH XOP/I TI0 HAMpaBJIeHHUIO BhImykioro tena D. Takxe B aToi
CTaThe MBI HAXOJIUM CBSI3b MEXK/Ty MOMEHTAMH BBIIIIE YIAMSIHYTBIX paclpeelicHHH.
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1. MaTtepuaj u MeTOIBI

UYepes R? o6o3nauaem aBymMepHoe EBKmaoso mpocTpancTso. Ilycts ST enu-
HudHas chepa B R? ¢ nentpom B Havane koopaunat O€ R2. O6o3nauum uepes G
IPOCTPAHCTBO MPSAMBIX HA IUIOCKOCTH, a yepe3 N, MHOKECTBO HEOTPHIATEIILHBIX
LIENbIX yKcel. PaccMoTpuM npocTpancTBo MpsAMbIX G Ha miockoctn R, Tpsamas g€
G ompenenseTcst MOSIPHBIME KOOpAUHATaMH (P, ) OCHOBaHHMS MEPICHIMKYJISPA,
OIyIIEHHOT0 U3 Havana koopauHat O Ha npsmyto g (0 < ¢ < 2m, p > 0).

BBenem 1Be OCHOBHBIE KOHLICTILIMM 3TOM CTAaThU:

Onmnpenenennel: g AByX paBHOMEpPHO paclpeieleHHbIX Touek Pj, P, BbI-
nykioro tena D, 06003HauMM paccTOsSHUE MEXAY STHMH TOYKaMH 4epe3 [ = | P; —
P,|. Yepes F,.(t) o603HauaeM (QYHKIMIO PaCpeIe/ICHUs] PACCTOSHUS MEXTY JBYX,
paBHOMEPHO pacIpeNleIeHHBIX To4YeK Py, P, BBITyKIIOH obmactu D

1 1
F.(t)= 5_2f{(Pl,Pz):lPl—P2|<t,PieD,i=1,2} dPdP,, teR’, (1.1)

rae S - womans D, dP; (i = 1, 2) onqnomepnas mepa Jle6era B R2.
Onpenenenne?: [Tycts D koMnakTHOE MHOXeECTBO B EBKIIMI0BOM ITpOoCTpaH-
ctee R2. Ilycth b(¢) — opToronansHas npoekuus D Ha IpAMYI0, KOTOPast HPOXOIUT
yepes Haualo KOOPAMHAT M uMeeT Hanpapienue @ € ST (Puc. 2). Ipsmas g (p, @)
,(KoTopas mepreHAnKyJIsIpHa HallpaBJIeHUH () niepecekatomias D, uMeeT TOUKy Ie-
peceuenus ¢ b(¢), ob6o3naunm uepe3 x € b(¢p) . MokeM COMOCTaBUTh TOYKU X €
b(¢) u nmpsimbie , KoTOpBIE TIepecekatoT D U nepHeHANKYIISIPHbI HAIPABJICHUHIO ¢ ,
0003Ha4MM 3Ty TIPAMYIO 4€PE3 g (x) . [pennonaras, 4To TOUKM MEpPEcEUeHHs X
UMEIOT PaBHOMEPHOE pacrpe/iesicHne Ha oTpeske b(¢g), MokeM omnpenenuTs QyHK-
LIUIO paclpeaesieHHs AJIUHbI CIy4aifHON Xopapl MHOXKecTBa D 10 HanpaBJIeHUIO ¢@.
®Oyukus pacnpeneneHus LMHbL Xopabl X (9) = g N D HazoBeM GyHKIMEH
pacrpeneneHus AJTMHBI XOPJIbl BHITYKIIOH o0nactu D mo HanpaBiuuio @ U 0603Ha-
unm Fy o (t).
Fyo(t)=P(g N D| <t), t € RY, (1.2)

Teneps city4aiiHO BbIOepeM JiBe TOUKHU t1u t, u3 X (g) = g N D, HezaBHCHMO
PaBHOMEpHO pacHpejieNeHHbIX Ha X () U napauienbHo HanpasieHuio @ € St

O0603Ha4YMM PACCTOSHUE MEKy TOUKAMHU Yepes Ty, = | tq-t; |. Dynkimio pac-
TIPEJIENIEHUS OT T, Ha30BEM (DYHKIMEH pPacmipesieiennst PaCCTOSHUS MEXKTY JIBYMs
CIy4alHBIMHM TOYKAMU TI0 HAIIPABJICHHIO (9 B BBITYKJIOW oOmactu D u 0603HaUMM
uepes Ff. ¢, (1)

— 1
E.o ) =P(r, <t),teR’, (1.3)

Taxoxe uepes Fy o (t) o0o3HasaeM QYHKIMIO pacrpesieieHus UTMHBI XOPIbI

X(9). CpaBeijIvBHI CIEIYIOIIME TEOPEMEI.
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Teopemal: ITycts D Bhimykmas o6macts u @ € S HekoTopoe HampapieHHeE.
CBsi3b MEXKIy pacrpeielieHUEM PaCCTOSHUS JBYX CIy4YaiHBIX TOYCSK 10 HAMpaBJie-
HUIO @ B D 1 QyHKIMEH pacipeieneHus JUIMHBI XOPbI [0 HATPABICHHIO (P , €CTh

Frp (0= Fy g (2t @ 1200 gy g2 (X [xe ® g (1.4)

e (t € (0, ), fx o (V) GyHKIHMS NIOTHOCTH pacnpeenenus LuHbL Xopabl X (g)
TI0 HAMpaBJEHHIO @, a X (@) = MaXyep, (o) X (X)-

Jlnsa n € N uepe3 M,r™ 0603Ha4MM N-ii MOMEHT PacHpe/ie/ieHts PACCTOSHHS
MesKIy JAByMs CIydaiiHbIMU Toukamu B D 1o Hanpapienuto ¢ € S1, a uepes M,X™
0003HaYMM N-if MOMEHT (QYHKIIMU pacTIpeeNICHUs JITHHBI XOPbL, IT0 HAIIPaBJICHUIO
Q.

Teopema2: Ilycts D - Beimyknas o6nacts, @ € S' - manpasnenue. CBsisb
MEXJIy MOMEHTaMH paclpeAelicHUus] PACCTOSHHS JIBYX CIyYalHBIX TOYEK II0
HarpasJiIeHuo @ B D u ¢pyHKIMElH pacnpeneneHns JUIMHBL XOpAbl IO HalPaBICHUIO
¢ ecThb

M7= ————M, X", (L5).

n+1)(n+2)

2. I[OKa?.aTeJ'IBCTBa TEeopeM:

2.1 JloxazareabctBo Teopemsr 1

[MycTsb t1u t, 1BE HE3aBUCHMBI, CITy4aiiHO BBIOpAHHBIE TOYKH, C PABHOMEPHBIM
pacrmpeneneHreM Ha oTpeske JuInHbL X. Mcnomnb3ys reoMeTpuyeckie BEpOsITHOCTH
BTOPOI'O IOPSAJIKA, JIETKO NOIY4UTh CIEIYIOUIUN pe3ybTar.

Jlemma: IIpu t < X umeem, uto

P(t1-t2l<t) = %— X2 (2.1),
rae |t;-t, | paccrostue mexy mByMs TOUKaMH.
Tenepr nokaxeMm TeopeMy
JlokazarenbcTBO:
1 b(<p) t? —
Frp O = PUltr-tal< ) = 5= [ | (55— 5057 ) Decome + Ixcorse | =
_ 1 b(<p) ot _
= b(go) [ (X(x) X(x)2 1) IX(x)>t]dX B
2t b(p) 1 t2 b(p) 1 )
Wi Jo wooxeose -5 [ mg Irwe dx

b
L7 L st dx (2.2)

o
Teneps HaiineM HpeaCcTaBICHHs JUIS cllaraeMbix (2.2).

1. Ina L

b(e)
i) do Ix(x)>t dx AMEEM, YTO
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[P st dx =P (X(x) > 1) = (1-P (X(x) < 1) = 1-Fy o (£). (2.3)

b(¢)
raie Fy , (1)- kymynatusnas GyHKius pacnpesieNieHus: JUIMHbL XOP/IbI 110 HATIpaBJie-
HUIO .
2. st mpou3BogHON —— [ b)) 1 ¥ dx uMeeM
b@)lo X XG>t
1 b(p) 1 ! ﬁ Jeexo<tsat % dx
- - - 1 [ x —
(b((p ) fo X(x) Ixco>t dx) A(pl—L>7£)n At
_ limP(t<X(x)<t+At) - _fX,q, ® , (2.4)
At—0 tAgp t

e fx,o (t) - ynKums nioTHOCTH pacnpeienenus JuH Xop ksl X(g) mo HanpasJie-
HHIO (.
WuTerpupys (2.4) u yauTbIBas, 4yTo fob((p ) x(lx) IxGo>t dx = 0 i t = X(¢)

= MAXxep(p)X(X) TOTYIHM, YTO

1 b(p)_1 X)) fxo W)
%I X IX(x)>t dx = f » dv , (25)
3. AHANOTHYHO JIJISl POU3BOIHOMN ﬁ fob((p ) le(x) Ix(x)>t dx uMeeM
1
1 (blp) 1 )’ Sy exeoceae w3
(b((p ) fo X2(x) IX(X)>t dx . - Al(i)r—r}o At
— lim P(t< X(:c) <t+A) fx, () ’ (2.6)
At—0 t A t2
WnTerpupys (2.6) u yauThIBas, 4TO fob((p ) le(x) Ixx)>t dx =0 ns
1 ble) 1 X(p) fxp @)
Mfo X2(x )IX(x)>t dx = f 2 dv, (2.7)

Hakowner, mozcrasus (2.3), (2.5), (2.7) B (2.2), mbl nonyunm (1.4).

2.2 CBs3b MEXIy MOMEHTaMH (JJ0Ka3aTelnbCTBO TeopeMbl  2)

Jlns M,r™ N-ro MomeHTa pacnpe/ie/ieHus PacCTOAHUS MEKITy ABYMs ClTyyaii-
HBIMU TOYKAMH T10 Hanpasienuto M,r™ ¢ € Slumeem

1 b(@) X(x) (X(x) |t —ta|"
M,r"= bo )f Jo 7, ;2(2) dt,dt,dx, (3.1)

Jlnst BHyTpenHero unrerpana (3.1) Mol umeem (cm. Takxke [?])

X(x) rX(x) |t1—t2|™_ X(x) X(x) t
Iy L )1(2(;) 0 [ftl (&2 —t)" dt; + [ (tat2)" dtz] dty

= L MOl @) - o)™+ ()" dy, = ———— X" () (32)

n+1 (n+1)(n+2)

IMoactasmss (3.2) B (3.1), momyqaem:
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n___ 1 ob(@)ypn . _ 1 n
M(pr B b(p )(n+1)(n+2) fo X"dx= (n+1)(n+2) M(pX (3.3)
TeopeMa 2 JOKa3aHa.
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THE ORIENTATION DEPENDENT DISTRIBUTIONS OF A
CONVEX BODY
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1Russian-Armenian University
rafik.aramyan@rau.am, elen.aramyan@yahoo.com

ABSTRACT

In this article we find the relation between the orientation dependent chord
length distribution of a convex body D and the orientation dependent dis-
tribution of the distance between two random points in D (a new integral
geometric concept). Also in this article we find the relations between the
moments of the mentioned distributions.

Keywords: convex body, chord length distribution, the distribution of two
random points.
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AHHOTAIUA

W3BectHO, uTO 1M POBOE U300paKEHHE 3a4acTyIO [OIy4aeTCsl pa3MbIThIM
BCIIEJICTBHE HECOBEPIICHCTBA MIIH AC(EKTOB MPHUMEHACMON ONTHIECKOH
CHCTEMBI, JIBIDKCHUS KaMephl WM 00bEKTa MHTepeca BO BpeMs ChEMKH,
HETOYHOH (pOKYCHpPOBKH ammapara M APYrHX NPUYHH. B mpmmoxeHHsx
TEOPUU U NMPAKTUKU 00pabOTKH N300pakeHU BOSHUKAET 3aa4a 00Hapy-
KEHHS Pa3MBITBIX YIaCTKOB H300pasKeHHs C HAMEPEHHEM YITyqIIeHHS eT0
Ka4ecTBa WM BbLIEJICHUS Ha HEM 00bekTa uHTepeca. PaboTta nocasieHa
IPIIIOKEHHIO K 3TOH 3a/1aue pa3pabOTaHHBIX paHee METONOB OICHUBAHUS
Pa3sMBITOCTH M300pa)K€HHs, OCHOBAaHHBIX Ha MCIIOJIb30BAHHU CTPYKTYp-
HBIX CBOWCTB m300paxeHns. ONHCHIBAacTCS Mpoleaypa OOHAPYKCHUS H
OTJIEIECHHS PAa3MBITHIX YYaCTKOB H300pa)KEHMs, MPHUBOIATCS HMPUMEPSL,
MILTIOCTpUpYIoNIre 3(Q(HEeKTHUBHOCTD NPEMT0KEHHOTO MTOAX01A.
KioueBbie ciioBa: Pa3MbITOCT M300pakeHHs, CTPYKTypa, MarHUTyIa
TpaIueHTa, pacupeneneHue Beiibymna, mapamerp GopMslL.

BBenenne

PasMbITOCTE — OMH M3 BaXKHEHIINX MOKa3aTesIel KauecTBa U(poBOro u300-
paXeHHs, UCIOIb3yEeMbIX BO MHOTHX IPAaKTHYECKHUX 3aJadax JUIsl OINpeNeeHUs
NPUTOAHOCTH M300pakeHHs K AajibHeimeil 00paboTke M MPUMEHEHHUs] COOTBET-
CTBYIOIIEH TPOTIEYPHI I yIy4llIeHus: KadecTBa. M3BecTHO, uTo 9acTo nudpoBoe
n300paXeHUE MOTy4YaeTcsl pa3MBITHIM BCIIEICTBHE HECOBEPILIEHCTBA HITH Je(heKTOB
MPUMEHSEMOM ONITHYECKON CUCTEMBI, ABM)KEHUS KaMephI TN 00bEKTa HHTEPEca BO
BpeMsi CbEMKH, HETOUHOM (POKYCHPOBKH ammapata 1 psiaa ApYrux npuyud. Tunmy-
HBIM TIPUMEPOM MOKET CITY>KUTh pa3MbITHE N300pakKeHUH KaJIpOB BHUIEOTOCIIE0-
BaTEJILHOCTH, ITOJIy4yaeMOi OECITUIIOTHBIM JIETAIOLIMM ariapaToM BCIIeICTBHE BIIU-
SIHUSI MHOKECTBAa HEKOHTPOJMPYEMBIX MEIAIONINX (PaKTOPOB, COMPOBOKIAFOIIUX
nojet. HenpennamepenHoe pa3MbITHE 3aTpYAHACT aHAJIM3 U IOHUMaHKe HHpopMa-
UM, coaepkalleiica B n3o0paxkenuu. [loatomy aBromMaruueckoe oOHapyXeHUE U
BBIJICJIEHUE PA3MBITHIX YYaCTKOB M300paKeHUS SIBIIICTCSA BAXKHOM 3a7ayeil BO MHO-
I'UX MPUKIAJHBIX 33/1a4axX aHaIn3a MyJIbTUMEINHHON HH(OpMAIIH.

B nurepartype npennoxkeHo MHOTO OJXOA0B, KPUTEPUEB U alTOPUTMOB OIle-
HHUBAHUS CTENCHU PAa3MbITOCTHU, MCIOJIB3YIOIINE pa3IMyHble CBOICTBA M300paxe-
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HUA. B 3aBHCHMOCTH OT HamM4Ms CIPaBOYHOM MH(OPMAIMH CYIIECTBYIOIIUE Me-
TOJIbI OLICHUBAHUS KA4eCTBa MOKHO Pa3euTh HA TPH KJlacca: METO/IbI CPAaBHEHHUS
¢ stanonoM (Full Reference — FR) [1], MeTOIBI 4aCTUYHOTO CPABHEHHUS C ITAIIOHOM
(Reduced Reference — RR) [2] u 6e3atanonnsie metoasl (No-Reference — NR) [3].
BaxxHoif 0cOOEHHOCTRIO 337U aHAN3a U 00HAPYKEHUS Pa3MBITHS N300paKeHUs
SIBIISIETCSI MPUMEHEHHEe 0e39TaJIOHHBIX METOJIOB, TaK KaK B OOJIBIIMHCTBE BCTpeUae-
MBIX CHUTYyaIllii OTCYTCTBYIOT 3TaJOHBI HJIM XOTS ObI KaKHe-TO alpHOPHBIC TaHHBIC
0 CBOWCTBax M300paKeHHS.

B nacrosmieit pabote MbI OyZieM OCHOBBIBATHCS Ha UCTIOIB30BAHUH OTPEICIIEH-
HBIX CBOWCTB IPaJUCHTHOTO MOJIs JII000ro n300pakeHus (cM., Harnpumep, [4]). Pa3-
paboTaHHBII paHee TOAXOA [S] AN aHAKM3a H300paKEHUS UCTIONB3YeT MaTeMaTH-
YCCKYI0 MOJCJ/Ib MarHuTyAbl rpadiv€HTa, OCHOBAHHYIO Ha JABYXIApaMCTPHUUICCKOM
pacnpenenenun Beitbymna. B padore onrcana MonuduiimpoBaHHast IpoIierypa I
MMOTOYCYHOI'0 OUCHUBAaHUA CTCIICHU PAa3MbBITUA U BBIACIICHUA YYACTKOB I/I306pa)KC-
HUS C HAaHOOJIBIINM Pa3MBITHEM.

MeTtoauka

Crnenys [5], mpuMmeM Jytsl pactipefesieHnss MarHUTYAbI TPaJueHTa MOJYyTOHO-
BOT0 U300paxeHus ¢ pasmepamMu NxM BeitOyuineBckyro Mojenb. [IoTHOCTh pac-
MpeIeICHUS IByXIIapaMeTPHUECKOTo pacnpeneicHus BeitOyina 3anaéres dpopmy-
ot

fean =5 ew|G)]rz0 ®

rae 17 > 0 — mapamerp dopmbl, a A > 0 mapamerp macmrtaba. Moxens (1) mis
MarHMTy/bl TPAJIMCHTa C YCIIEXOM MPUMEHSETCS BO MHOTHX 3aJadax o0paboTKu
n3obpaxkenuii (cM., Harpumep [6-8]) (cm.,

OueHnBaHWe TMapaMeTpoB 77 M A IPOU3BOIAMTCS METOJOM MOMEHTOB IO
MaTpHIle MarHUTyJ] rpaJueHToB T. B wactHOCTH, mapaMeTp GopMmel 77 pacripese-
nenus (1) oneHuBaeTcs, perias OTHOCUTEIBHO 7] ypaBHEHHE

r(1+2/4) o2
PN 2)
r2(1+1/%) p?
A2 A2
rae I'() — l'amma-ynkums, 0~ u [~ BEIOOpPOUYHBIE CpeTHEE U TUCTIEPCHUsl, pacCcuu-
TaHHBIC 110 COBOKYITHOCTH DJIEMEHTOB MAaTPHIIbl MATHUTY/I.

B pabore [6] mpeniokeHO B KAUECTBE MEPHI JIJIS1 OIICHUBAHMSI CTCIICHH Pa3MBbl-
TOCTH M300pa)XCHUsI IPUHATH BEIMYMHY Iapamerpa Gopmbl pacnpenencHus Beii-
Oymna. [Tpu 3TOM clleyeT 3aMeTUTh, 4TO JIF000¢ H300pakeHne H3HAYaIbHO 00JIa-
JaeT ONpEACIEHHON Pa3sMBITOCTBIO, CBA3aHHOH C COAEpKaHWEM H300pakaeMoi
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CIIEHBI, I03TOMY OIIEHKH CTENEHH Pa3MBITOCTH, HE3aBHCUMO OT METOJa OI[CHHBA-
HUSl, JTOJDKHBI OBITh aHATM3UPOBAHBI COACPKATEIBHO U B COOTBETCTBHH C TIOCTaB-
JIEHHOM IpH 3TOM 3amadeii. B kauecTBe mpuMepa npuBenéM HEKOTOPBIE H300paxe-
HUS Y 3HAYCHUS OIICHOK Pa3MBITOCTH, MOTYUYCHHBIEC BBHIIICYKA3aHHBIM METOIOM.

4 S

o B S K3
e Ny
ikt -:'s'ii' "‘q-.d‘ x

i
=Tt

0.970 1.019 1.321 1.690
Puc.1. Ouenku napamerpa GOpMBI 1) HEKOTOPBIX H300paKCHHH.

B nacrosmeit pabote nmpensiokeHo UCIOIb30BaTh IS ATOH Ke IeNTd KBaapat
ko durnenta Bapuaruu (KKB) v = ;—z, ONpEAEISIEMBIA IO TEM K€ HCXOIHBIM
CTaTHUCTUYECKUM OLIEHKaM ﬁz 1 6%. OCHOBAHHEM IS TOTO CIy)KUT TOT (DaKT, 4TO
OLIEHKHU [apaMeTPoB 77 U A HAXOIATCSA B MOHOTOHHOI 3aBucuMocTu ot KKB [9].
Takast 3aMeHa MPUBOJANT K CYILIECTBEHHOMY YMEHBIIEHUIO KOJIHUYECTBA BBIYHCIIE-
HU, TIOCKOJILKY He TpeOyeT MHOTOKpaTHOro pacu€ra ['amma-QyHKIWU H HE
NPUMEHSET NPOLEeaypY NOCIEA0BATENbHBIX TPUOIMKEHNH PU PELLICHUH HeTMHEeH-
HOTO ypaBHeHHs (2).

st perieHus: pa3anyHbIX 3a7ad 00paboTKH M300pakeHUH ¢ MPUMEHEHHUEM
rpaJiMeHTHBIX MeTO/I0B B PAY pa3paboraHa crienuasibHas IporpaMMHasi CHCTEMA,
B KOTOPOH,B YACTHOCTH, IPEAYCMOTPEHO BEIYHCIECHHE XapaKTEPUCTHK Pa3MBITOCTH
HU300paXKeHusI.

[Iponenypa oOHapy>KeHHS M BBIACIEHUS Pa3MBITBIX yYaCTKOB COCTOMT U3 Cie-
JIYIOIIUX I1aroB, C y4€TOM HE0OXOIUMOCTH OIICHUBAHHS CTEIIEHN PA3MBITHS B KaXK-
JIO0l TOYKe N300paKeHus 110 JaHHBIM HEKOTOPOH €€ OKPECTHOCTH.

llae 1. BeruucneHue MaTpyIlbl MAaTHUTY TpafueHToB T mpu momomm ormepa-
topa Cobena (pasmep marpuisl — (N —2)x(M —2)).

Illae 2. Y cTaHOBIEHNE KBAIPATHOTO OKHA C pa3MepaMu kXK , 1715l BEIOOpa dJie-
MEHTOB MAaTpHIIBI MarHuTyJ TPaJAHEHTOB MPH MOMOILM CKOJIB3SILEro CKaHUpPOBa-

HUSL.
A2 A2
Illaz 3. Beruucnenue [~ 1 ¢~ .(BBIOOPOYHOTO CPEIHETO M IUCTIEPCUHN) U KOA(-
=2
g
(unreHTa Bapualun v = 72 110 K OJIEMEHTaM MaTpHLIEI T, BEIOpaHHOM Ha KaXXKJJOM

mare CKOJIb3AICT0 CKaHUPOBAaHUA.
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Llaz 4. ®opmupoBaHue MATPUIBI Z, COAEpXKAaIlei Bce MOTydeHHBIE OIEHKH
ko3 purmeHTa Bapuanun V .

Llaz 5. lpeobpazoBaTh 3MEMEHTHI MATPHUIIBI Z TPY TIOMOIIU MTPOLEAYPHI JTH-
HEHHOTO KOHTPACTUPOBAHUS U JaJbHEHINEro BEIOOpa ONMKaNIIero Heyoro 3Havye-
HHUS Tak, 4ToOBl HHTEPBAI HHTEHCUBHOCTEN mHKceaoB coctama (0,255), a BeIco-
KHe 3HA4YeHUS MHTEHCHBHOCTH COOTBETCTBOBAIM OOJIBIIUM 3HAUEHHSIM Pa3MBITO-
ctu. [lomygenHyto MaTpuiryo603Ha4NM depe3 Z;.

Ilocne BBIMOSHEHUS MEPEUUCIICHHBIX 1IArOB MPEACTOUT BU3yalln3alys MOy-
YEeHHOTO pPe3yNbTaTa, Py KOTOPOH BU3yallbHO MOXKHO Pa3IMYUTh OOHApYKEHHBIC
IIMKCEJIbl CBBICOKMMHU U C HU3KUMU 3HAYCHUSIMHU MHTCHCHBHOCTH.

Jnst oTAeneHusl pa3MBITHIX YYaCTKOB HEOOXOAWMO JOIMOIHUTEIHHO BBITION-
HUTH CIIEAYIOIINE IEVCTBUSA:

Illaz 6. bunapu3anus MaTpuibl Z1 BEIOUpas MOPOTOBOE 3HAYEHHE HEKOTOPHIM
MOAXOAIIMM METOJIOM, HaripuMep nipu nomoutn anropurMa Otcy [10]. Toxyden-
HYI0 MaTpUIly 0003HaYuM depe3 Z, . Toraa noixydeHHbIe TUKCENbl 9epHOTo IBEeTa
OyAyT MpUHAAISKATH HEPA3MBITHIM Y4aCcTKaM W300pakeHUSI.

Llaz 7. Otnenenne w3 UCXOTHOTO N300paKEHHUS BCEX TTMKCEIOB, U KOTOPBIX
COOTBETCTBYIOIINI MHUKCENT U300pakeHUs1 ¢ MaTpulel Z, umeeT u€pHbIil 11BeT. B
pe3ynbTaTe MOJIYYHTCS W300paKeHHne, U3 KOTOPOro OyIyT YCTpaHEHBI Pa3MBIThIC
YUYaCTKH.

Pe3yabTaThl 3KCNIEPUMEHTOB

IIpoBenéH psn 3KCIEPUMEHTOB C NPUMEHEHHEM IPEUIOKEHHON NpoLeaypsl
0OHapyXEeHUS U OTACJICHHUS Pa3MBITHIX YYaCTKOB ITOJIyTOHOBOT'O H300paxkeHus (TpH
k=5). IIpu 3TOM, pe3yabTaThl MPUXOIUTCS OLIEHUBATH MPU ITOMOIIH BU3YaILHOTO
aHaJIM3a, MMOCKOJIBKY He YAaJIoCh OOHAPYKUTH B TUTepaType u B MIHTepHETE Bepu-
(UIMPOBAaHHBIX CPEJICTB OOHAPYKEHUSI M OTAEICHUS Pa3MBITBIX YYaCTKOB IPYTHUMHU
METOJIaMHU.

Ha Puc. 2 npuBenens! pe3yabTaTel 00padOTKH H300pakeHUsl, B KOTOPOM 00b-
eKT uHTepeca n300paxEn Ha pazmbIToM (ore. CHadana mpoBepseTcst BO3MOXKHOCTh
BbIJIeJIEHUS 00bEKTa HHTEpeca MPU OMOLIN ITPOLeTypbl OMHapu3aui. Mbl BUANM,
YTO OMHApH3AIMS HE IOMOraeT BBIICICHUI0 O0BbEKTa HOUKHBIM oOpa3om (Puc.
20). Ha Puc. 2B. IlpuBeneHa kapTHHA MOCJIE BU3yalH3ally MaTpPHULBl /1, a HA
Puc. 2r — mocne Bu3yanu3auu MaTpHITBl 2.
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Puc. 2. PesynbraThl 00pabOTKH MOJYTOHOBOTO H300paXKCHUS TIPS/ -
JIO)KEHHBIM METOJIOM. &) OpUTHHAaI, 0) OMHAPU30BaHHBIH
OpHTHHAI, B) BU3YaJIU3UPOBAaHHAS KAPTHHA MOOIIEHKAaM pa3-
MBITOCTH (Matpuiia Z1), T) 00beKT HHTEpeca MOCie OTaee-
HHS Pa3MBITHIX YYaCTKOB (MaTpuna Zs).

3akiIouyeHue

[pennoxkena npoueaypa 0OHAPYKEHHS M OTACICHUS Pa3MBITHIX YYaCTKOB, OC-

HOBaHHas Ha IpUMEHEHNH K03 prieHTa Bapuauy MarHUTy 16l TpaJueHTa MOJy-

TOHOBOTO H300paxkeHus. [lomguepkuBaeTCs HECMOCOOHOCTh NPUMEHEHHS ajro-

puTMa OMHaApHU3alMY PELINTh MPOOJIeMy C HaJIexKanuM KauecTBoM. Ha npumepax

noka3aHa 3G (GpEeKTUBHOCTh MPEII0KEHHON PO TYPHI.

10.
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AUTOMATIC DETECTION AND SEPARATION OF BLURED
AREASOF A DIGITAL IMAGE

D. Asatryan *?, A. Muradova!
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ABSTRACT

It is known that a digital image is often blurred due to imperfections or
defects in the optical system used, movement of the camera or object of
interest during shooting, inaccurate focusing of the device and other rea-
sons. In applications of the theory and practice of image processing, the
problem arises of detecting blurred areas of an image with the intention of
improving its quality or highlighting an object of interest on it. The work
is devoted to the application to this problem of previously developed meth-
ods for estimating image blur, based on the use of the structural properties
of the image. The procedure for automatic detecting andseparating blurred
areas of the image is described, examples are given that illustrate the ef-
fectiveness of the proposed approach.

Keywords: Image blur, structure, gradient magnitude, Weibull distribu-
tion, shape parameter.
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Ob OJJHOM T'PAHUYHOM CBOMCTBE TAPMOHHUYECKHX
®YHKLMUI

C.JI Bepoepan

Poccuticko-Apmanckuii ynueepcumem
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AHHOTALIUA

B nmanHoit cratbe N3y4acTCd MHOXKCCTBO TOYCK HCOIIPCACICHHOCTH II0-
psaaka N Jist rapMOHHUYECKUX q)yHKHHﬁ, OINIPE€ACIICHHBIX B €UHUYHOM

Kpyre.
KiioueBble cj10Ba: TOYKH HEOMNPENEICHHOCTH, TapMOHHYECKHE (YHK-
LIMH, TIPEEIbHBIC MHOXKECTBA.

B nanbreitmem Oynem npuaepKuBaThesi 0OMIETTPUHATEIX 0003HaueHui. O60-
3Haunm yepe3 D, " u h(& @), cooTBETCTBEHHO, eIMHUYHBIN KpyT |Z| < 1, enuHnY-
HYI0 OKPYXXHOCTb |z| = 1 u Xxopay eaunuuHoro kpyra D, oxaHumMBaromiyroocs B
touke & = e € ' 06pasyrouyro ¢ pagHycoM B 3TOH TOUKE yrol ¢, —% <p<
g. Iycte A (€, @4, @,) 00603Ha4aeT mogobaacts Kpyra D, orpaHuueHHYIO XOpaaMu

h (& @) uh (& ¢@,). Obnacts A (€, ¢4, @) Ha3pBalOT 00bI4HO yriioMm IllTomnbia
¢ BepmmHoit B Touke & = e €T u ecnm mac He mHTepecyerT pasmep yria
[Itosnbira, Mbl 6yaeM 0003Ha4yath ero kpatko A (&). Uarepnperupyst kpyr D, kak
MOJIeJTh TUTOCKOCTH B reomeTpuu JloGaueBckoro, o6o3naunm yepes o ( zy,z,) He-
€BKJINJIOBOE PACCTOSIHUE MEXLy TOUKaMH Z, Z, U3 Kpyra D:

Z1—2Z2
1-2,7;

1 1+u

0(2zy,2,) = ElnE’ reu =

PaccmoTtpum neiicTBUTENbHO3HAUHYIO (QYHKIHIO f(Z). s MpOU3BOIBHOTO
noaMHoxecTBa S kpyra D, s kotoporo Touka & € I' sBiseTcs npeaenbHON TOY-
Ko#, obosnaunm uepes C(f, &, S) npemensHoe MHOKECTBO QyHKIHNH f(Z) B TOUKE
& orHocutensHO MHOXecTBa S, T.e. C(f,§,5) =N f(S N U(¢)), rae nepeceucHue
Oepercs o BceM okpecTHOCTIM U (&) Touku &, a 4epTa 03HA4YaeT 3aMbIKAHHE MHO-
JKECTBA OTHOCHTEIBHO JBYXTOUEUHON KOMMAKTH(HKAamm#d R MHOxecTBa R =
(—o0,+00) B BHIE OTpe3Ka MOCPESACTBOM J00aBICHHS K TOYKAM MHOXECTBa R
CHUMBOJIOB —o0 U +0o. Touky & € ' orHocsT k MHOxecTBY K (f) mnst dyHk-
un f (z), onpenenénnoii B D, ecmn C(f, €, (&, ¢1,9,)) = C(f, 6,4 (€, 01, 95))
st 00BIX yritoB A (€, @1, 92) u A (&, 91, @3 ) ¢ BepimHoii B Touke ¢. MHOXe-
ctBo E HaswIBaeTcs nepgoil kamezopuu, €Clii OHO WM HUTAE HE IUIOTHO WIIM K€
00bETUHEHUE CUETHOTO YKCIIa HUT/IEe He TUIOTHBIX MHOXKeCTB. CKa)eM, 4TO KpruBas
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L, e xacatenpHas k [ B Touke & = ew, SIBJISIETCSL BOBMOYKHOM KPUBOM, €CJIM Kaca-
TeNbHAs K Hell B Touke ¢ comepKuTes B HeKoTopoM yriy A (€). HazoBem Touky
& € I’ Toukol HeonpeeIeHHOCTH N-0T0 TOPSaKa, (TJAe n = 2), eCld CyIMEeCTBYIOT
N TaKUX BO3MOXKHBIX KPHUBBIX V1,V ,¥n, 9T0 C(f,&,y1) N C(f,&,72) N ... N
C(f,&,yn) = @. O Toukax HEONMPEAETCHHOCTH MOXKHO MPOYUTATH MOAPOOHEE B MO-
Horpaduu [1] u B crathe [2]. Korga roBopurcs, 4To0 HEKOTOPOE CBOMCTBO MMEET
MECTO TIOYTH BCIOIY, TO IO 3TUM MOHUMAETCS, YTO 3TO CBOWCTBO MMEET MECTO
BCIOJly, KPOME HEKOTOpOro MHOXkecTBa E, Mepa KoToporo paBHa HyJ0.

B pabote paccMmaTpuBarOTCS TpaHUYHBIE CBOMCTBA TAPMOHUYECKUX (DyHKITHIA
f(@).

OCHOBHBIM pPe3yIIbTATOM SIBJISIETCS CIEMYIOIIee YTBEPKICHHE.

Teopema. Ilycts f(z) npousBosibHas rapMoHHYecKas B D (yHKIHs,0rpaHu-
YeHHAas CBEpXY WM CHU3Y . Torja mpu JF000M 1 MHOXKECTBO TOUYEK HEOTPEIeIICH-
HOCTH N-0T'0 MOPSAKA-TIEPBON KATETOPUU U MEPHI HYJIb.

s nokazaTensCTBa OCHOBHOTO PE3yJIbTaTa PACCMOTPUM JIEMMEI.

Jlemma 1. [Tyctb S — npousBonbHas noaobaacts kpyra D u touka & € [ aBns-
€TCsl OJTHOW M3 TpeNebHBIX TOUeK MHOKecTBa S. Ecniu rapmonnveckas B D QyHK-
st f(z) umeer C (f, ¢, 55) # R, To miug nroOBIX IOCJIEI0BATEILHOCTEH TOYEK
{z,},{z,}, lim z, = lim z;, =&, z,,2z, €S, 1lim o(z,, z,) =0 wu3 cBoiicTBa

n—oo n—oo n—oo

lim f(z,) = a cnenyer, uro lim f(z,) = a.
n—-oo n-oo

HoxazarenscTBOo IeMMbl | ripoBeieHo B pabote [3].
Jlns noka3aTenbCTBa TEOPEMBI 1 pacCMOTPHUM eIle CIIeTyIoNIee YTBEPKICHHE.
Jlemma 2. TTycts f(z) — rapmoHndeckasi B D GyHKIUsI, OrpaHUYEHHAs CBEPXY

(umu cum3y).Ecm & = e € K(f), To ans mo6bix 3HAYCHHIT @, @1, P, € (— z n)
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crpaseanuBo cootHoterue C(f, &, h(&, @) = C(f, &, AE, @1, 92)).
Jloka3zaTensCTBO JeMMBI IPOBEIEHO B pabdote [3].
3ameuanue. OTMETHM, YTO YCIIOBUE

lim o(zy, zp) =0, 1
n—->oo

/i€ T0CIIeN0BaTENbHOCTE {2, } € D, |2,| = 1, npu n — 00, paBHOCHJIBHO YCIOBHIO
. |Zn—zZn4ql
lim /2= =0, 2
n-oo 1—|zy|
JIUISL TOM K€ MOCIIE0BATENBHOCTH {Z, }.
B aTOM j1erko yOeauThes, BOCIOIB30BABIIKCH OIICHKOM, mmoaydeHHon /1. Pan-
rom (cM.[4])
24 24
—<(C<— (3),
1+A 1-A
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e ¢ =%,0 <C<+w, ad =%,0 <A<, lim (7, Znes) = §,
rae,0 <6 < 4oo.

HewictButensHo, mycth C = 0. Torma u3 neBoit yactu HepaBeHCTBa (3) cie-
nyeT, uto A = 0. Ecim xe § = 0, To A = 0 u u3 npaBoii yacTu HepaBeHcTBa (3)
BbITeKaeT, 4yTo C = 0. Tem caMbIM UMEET MECTO PaBHOCHIBHOCTh ycioBui (1) u
(2). Takum oOpa3om, B ycIOBHAX JeMMBbI 1 BMecTo cootHomeHus (1) MoxkHO pac-
CMaTpHUBaTh COOTHOMICHUE (2).

Hacrosmas paboTa nmpoBeneHa B paMKax Iporpamms pa3sutus PAY.
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ON ONE BOUNDARY PROPERTY OF HARMONIC FUNCTIONS
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ABSTRACT

In this paper, we study the set of uncertainty points of order n for harmonic
functions defined in the unit disc.
Keywords: points of uncertainty, harmonic functions, cluster sets.
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ON THE PALETTE INDEX OF 3D GRID GRAPHS

A.B. Ghazaryan

Yerevan State University
ghazaryan.aghasi@gmail.com

ABSTRACT

The palette of a vertex v of a graph G, in a proper edge coloring, is the set
of colors assigned to the edges which are incident to v. The palette index
of G is the minimum number of palettes occurring among all proper edge
colorings of G. In this paper, we consider the palette index of 3D grid
graphs G (n, m, 1): the Cartesian products of paths on m, n, and [ vertices,
respectively. Specifically, we determine the palette index of G(n,m,[)
grid graphs if at least one of n,m, or [ is even integer. Additionally, we
give upper and lower bounds for the remaining case: if n, m, and [ are odd
integers.

Keywords: palette index, 3D grid graphs, Cartesian products of paths.

The palette of a vertex v of a graph G, in a proper edge coloring, is the set of
colors assigned to the edges which are incident to v. The palette index of G is the
minimum number of palettes occurring among all proper edge colorings of G. The
palette index was introduced in [5] and has so far primarily been studied for the case
of regular graphs. In [5], the authors studied the palette index of complete graphs
and cubic graphs. More specifically, they showed that

Introduction

1 ifn =0 (mod 2),
$(K,) =<3 ifn =3 (mod4),
4 ifn =1 (mod4),

and the following is true for any cubic graph G:
1 ifGisClass 1,
$(G) =43 1f G is Class 2 and has a perfect matching,
4 if G is Class 2 and has no perfect matching.

Additionally, they proved that the palette index of a regular graph is 1 if and
only if the graph is Class 1. Moreover, it is different from 2.

As mentioned in [2], the palette index of a d-regular graph of Class 2 satisfies
the inequality 3 < $(G) < d + 1. In [2], the authors showed that the palette index
of 4-regular graphs of Class 2 accepts all these values 3,4,5.
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There are few results about the palette index of non-regular graphs. In [4], the
authors completely determined the palette index of the complete bipartite graphs
Ky p witha < 5.

In [1], the authors studied the palette index of trees, proving that $(T) <

4, [%] Moreover, they proved the sharpness of this bound by constructing 74
graphs for which the palette index is ¥4, [‘7‘]

In [3], the authors studied the palette index of bipartite graphs and characterized
the class of graphs whose palette index equals the number of vertices. Also, they
determined the palette index of 2D grid graphs.

The Cartesian product G = H of graphs G and H is a graph such that
 the vertex set of G = H is the Cartesian product V(G) x V(H); and

 two vertices (u,u") and (v, v") are adjacent in G = H if and only if either
— u=wvandu'isadjacentto v’ in H, or

— u' =v and u is adjacentto v in G.

In the paper, we continue the work of the authors of [3], and we study the palette
index of 3D grid graphs.

Main Result

Let B,, B,,, P, be paths on m, n, and [ vertices, respectively. Let us denote by
G(n,m,l) = B, = B, = P, the 3D grid graph: the Cartesian products of the paths B,,
B, and P;.

Theorem 1.For every integersn,m,l > 1,

1, fn=m=1=2,
5 2, if3lpe{nml}p>2,
s(G(n,m, l)) )3, ifdlpe{nmll,p=2
4, ifmin(n,m,l) > 2 and nml = 0 (mod 2),
5<3(6(n,m D)) <9 ifnml=1 (mod 2).
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O MAJIMTPOBOM MHAEKCE 3-MEPHBIX CETOYHBIX
I'PA®OB

A.b. Kazapan
Epesanckuii I'ocyoapcmeennuiii Ynusepcumem
ghazaryan.aghasi@gmail.com

AHHOTANIUA

TIpu npaBubHOM peGepHOl packpacke rpada G MBI ompenessieM NaluTpy
BepmHEI V € V(G), Kak MHOKECTBO BCEX I[BETOB, IMOSIBIIAIOIINXCS HA pe-
Opax, cMexkHBIX ¢ V. Magexc nanutpsl $(G) rpada G sABIseTCsS MUHUMAIIb-
HBIM YHCJIOM Pa3JIMYHBIX HAJUTP, BCTPEUAIOIINXCS TP BCEX MTPABUIIBHBIX
pebepHbIX packpackax G. B 3Toif ctatbe MBI HCCleqyeM MaNUuTpy MHICK-
COB3-MEpHBIX CETOYHBIX Ipa)OB:IEKapTOBO MPOU3BE/ICHNE ITyTeH Ha BEp-
MIMHAX N, MU | COOTBETCTBEHHO. B 4acTHOCTH, MBI OIIpeeNseM HHIEKC
HaJIUTPbI 3-MEPHBIX ceTOYHBIX rpadoBG (1, m, 1), ecnu XOTs OBl OJIHO U3
n, m um | BIseTcs YeTHBIM IeNbIM YruciioM. KpoMe Toro, MBI JaeM Bepx-
HHE W HWKHHE OIEHKH JJISI OCTABIIErocs ciydas: ecid n, mu | — Heder-
HBIE I[EJIbIC YHCIIA.

KiioueBble c10Ba: WHIEKC MaIUTPHI,3-MEPHBIX CETOYHBIX rpadoB, me-
KapTOBO MPOU3BEICHUE JJOPOT.
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PREPROCESSING CHIP DESIGN FOR XOR OPTIMIZATION

A. Darbinyan, A. Hakobyan, M. Khachaturyan, H. Hambardzumyan

Russian-Armenian University
Armenia, Yerevan

ABSTRACT

There are many techniques/algorithms for geometrical data comparison.
What is required is to research existing methods and come up with an ef-
fective algorithm providing fast data comparison for hierarchically repre-
sented geometrical data (shortly - layout). In this work a new approach for
geometrical data comparison is given. The new algorithm is written in sim-
plified way, the new algorithm is compared with the already existing one
(Dhdiff) and visual examples of such layouts are given.

Keywords: Chip design, layout, xor, optimization.

1. Formulation of the problem

We are given 2 GDSII formatted files and a number, we will call it “iterations”.
Generally speaking, those files consist of cells and are a library of such cells. A Cell
can contain polygons or references to other cells (see [1]). The problem is to remove
all polygons that are the same and located in the same place in both libraries and all
the operations must stay xor-invariant.

Definition 1: We will state that a cell has a O-level if it contains no references
to other cells. We will state that a cell has k-level if it contains cells with level not
greater than k-1.

Definition 2: Polygons in a cell are the polygons which the cell contains if its
not flatted (This means that when saying just polygons we do not count the polygons
in references).

Definition 3: Flatted polygons of a cell are the polygons which result after
flatting that cell.

Definition 4: We call an entity of a cell a reference or polygon in that cell.

CELLS_i — The number of cells in the i-th layout.

DEPTH_i— The level of the top cell in the i-th layout.

CELL_ENTITIES — The number of polygons + number of references in the
given cell.

TOP_ENTITIES i — The number of polygons + number of references in the
top cell in the i-th layout.

MAX_POL_i - The maximum number of polygons that a cell contains in the i-
th layout.

25
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MAX_REF _i — The maximum number of references that a cell contains in the
i-th layout.

MAX_ENT i — The maximum number of entities that a cell contains in the i-
th layout.

COLLISIONS i — The maximum number of collisions of the entities in the top
cell.

D_i — The number of possible values for a coordinate to have.In GDSII format
it is equal to 2%

In each case i is equal to 1 or 2 (1st layout or 2nd layout).

For each of the defined values X_i we will denote X=MAX(X_1, X_2)

2. Steps of the algorithm.

In general the steps of the algorithm are as follows:
1. Preprocess the data for each layout.
2. Find potentially equivalent cells
3. Construct quad trees for each layer.
4. Filter out polygons and references from each top cell.
5. Flatten one level and repeat the steps 3-5 "iterations™ times.

Now let us look at each step of the algorithm in details.

Step 1: Preprocess the data for each layout

Phase 10(CELLS-MAX REF) : We process the cells level by level from 0 to
DEPTH and calculate how many flattened polygons each cell contains.

Phase 2 O(CELLS): Remove all empty cells (by saying empty we mean that
the cell doesn’t contain flattened polygons).

Phase 3 O(CELLS-DEPTH):Preprocessing cells that consist only of 1
reference to another cell and contain no polygons. We flatten all such cells by 1
level and repeat the process until no such cells are found.

Phase 4 O(TOP_ENTITIES): Preprocessing all the entities in the top cell that
are equal to each other and have the same place in the top cell. If we have multiple
such entities, we remove all of them except for 1.

Step 2: Find potentially equivalent cells

In this step we find which cells of the first layout can be constructed from a cell
of the second layout by shifting. We compare the cells from the first and second
layouts that have the same number of flattened polygons starting from the lowest
number of flattened polygons to the largest.

We compare their bounding boxes. If they have the same sizes, we find what
the offset value between bounding boxes are.
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We check whether each entity from the second cell can be constructed by
applying the same offset value to an entity from the first cell by using quad-trees.

This takes O(CELLS?* MAX ENT?amount of time to complete in the worst
case, however we do this by using quad trees and in average this will take
O(CELLS* MAX_ENT-logD) amount of time.

Step 3: Construct quad trees for each layout

Generally speaking a quad tree is a fractal, which is constructed by dividing the
bounding box of a given layout into 4 equal parts, after which we divide each of the
resulting parts into 4 equal ones again and so on as shown in the picture.

This step takes O(TOP_ENTITIES-log D) amount of time.

Step 4: Filter out polygons and references from each top cell

In this step we remove the equal entities from top cells in both layouts that
intersect only with entities that also have equal ones in the other cell.

In order to do that, we first find all collisions in both top cells separately. Since
we are using quad trees, this operation will require O(COLLISIONS) number of
steps in average.

Then, for each entity in the first top cell we search for the equal one in the other
top cell. This will take O(TOP_ENTITIES-log D) number of steps in average.

In the worst case this takes O(TOP_ENTITIES?) number of steps, but the
average is O(TOP_ENTITIES-log D + COLLISIONS).

The general complexity of the whole algorithm for ITERATIONS = 1 in the
worst case is O(TOP_ENTITIES? + CELLS* MAX_ENT?).

In average this would take O(COLLISIONS + CELLS- MAX ENT-logD +
CELLS?).

The tables below show the relationship between the data of the source file, the file
obtained as a result of filtering by the "Layout vs Layout comparison” and
"Dbdiff" algorithms.

Design 1 GDS sizes ‘ Geometry coun t{}7at)
Original (1 file) 1.1 MB 37817
Original (2 file) 1.1 MB 37817
Filtered (1 file) 4 KB (empty layout) 0
Filtered (2 file) 4 KB (empty layout) 0

Dbdiff (1 file) 560 KB ‘ 28069
Dbdiff (2 file) 560 KB ‘ 28069
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Design 2 GDS sizes Geometry count(flat)
Original (1 file) 456 KB 27574
Original (2 file) 456 KB 27553
Filtered (1 file) 4 KB 19
Filtered (2 file) 4 KB 40
Dbdiff (1 file) 28 KB 757
Dbdiff (2 file) 28 KB 736
‘ Design 3 GDS sizes Geometry count(fiat)
| Original (1 file) 32KB 407
| Original (2 file) 32 KB 407
| Filtered (1file) | 4x8 28
| Filtered (2 file) 4KB 28
Dbdiff (1 file) 16 KB 245
Dbdiff (2 file) ' 16 KB 245

Below you can also find a visual representation of the algorithms result:
CELL (ORIGINAL

AFTER OUR ALGORITHM

AFTER DBDIFF

REFERENCES
1. GDSII™ Stream Format Manual (B97E060), Release 6.0 // Calma, February 1987.
2. Finkel R. and Bentley J. (1974). Quad Trees: A Data Structure for Retrieval on Composite
Keys. Acta Informatica. 4 (1): 1-9. doi:10.1007/BF00288933. S2CID 33019699.

OBPABOTKA YHATIJIU3AMHA JIUISI OITUMHU3AIIMA XOR

A.A. Japounan, A.P. Akonan, M. A. Xauamypan, A.I'. Ambapuyman
Poccuiicko-Apmanckuii ynusepcumem

AHHOTALUA
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EcTh MHOTO TEXHUK/AJTOPUTMOB JUI F€OMETPUUECKOTO CPAaBHEHHUS JIaH-
HbIX. Heobxoaumo mocTpouTh 3QQeKTUBHBIN anropuT™ Ais OBICTPOro
CPaBHEHMs HEPXAaXUUECKH IIPEICTABICHHBIX I'€OMETPHUYECKUX IaHHBIX
(kpaTko-cxem). B naHHO#i cTaThe NpUBEASH HOBBII MOIXOM K JIAHHOH 3a-
nade. HOBBIif allrOpUTM H3JI0KEH B YIIPOILICHHOW ()OpME M CPaBHEH C YKe
cymecrByromum  anropurmom  (Dbdiff). Busyanbusie mpescraBienust
CX€M TaKKe PUBEJICHBI.

Keywords: Yun au3aiiH, CXeMbl, XOr, ONTHMH3ALHS.
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ITPEOBPA3OBAHUE XA®A J1JIAA UCCJIEJOBAHUA
MAPABOJIMYECKOM TPAEKTOPUH

A.A. ﬂapﬁulmul LA Ozanucan®

Poccuiicko-Apmanckuti ynueepcumem
arman.darbinyan@rau.am,hovhannisyan.diana@student.rau.am

AHHOTADUA

B nanHol craThe onuckiBaeTcs npeodpasoBanue Xada s napadoi, uzy-
YaeTCsl TPACKTOPHsS OOBEKTa U CTPOMTCS MATEMaTHIECKash MOJIEIb Hapa-
00NIMYecKOro JABIKEHHs 00bekTa. Ha OCHOBE STHX peIlIeHHH ObLT IO-
CTPOEH aIrOpUTM OOHAPY)KEHUSI TTapabOoINYEeCKON TPAEKTOPHH ABHIK yIIIe-
rocsi 00beKTa. B ocHOBE pabOTHI JIeXKaT PA3TMYHBIC METO/BI U AITOPUTMBI
MAIIMHHOTO O0YYCHHsI, KOTOPBIC OBUTH HCIOJIB30BAHBI ISl TOCTPOCHHS
MaTeMaTHYeCKOil MOJICNH JUTs TaHHOM 3a1a4H.

Kuarwuesbie cioBa: [IpeoOpazoBanue Xada, mapabonnveckas TpaeKTo-
pHs, TpaeKTopHas 00paboTKa.

BBeaenne

Ha npaxtuke npu 00paboTke NUPPOBBIX M300paKEHNH YaCTO BOZHUKAET IPO-
OreMa 0OHapyXeHHS TIPOCTHIX GUTYP — TaKUX, KaK MPSIMbIE OKPYKHOCTHU HIIH DJI-
yurickl. [Tpo0aeMbl B OCHOBHOM CBSI3aHBI ¢ ITyMOM, KOTOPBIH 3aTpyIHIET 00HApy-
JKEHHE KPaeB 3TUX KPUBHIX.

B 1961 roay ITon Xagd Brepesie npeacraBui npeodpasopanne Xada, npe-
CTaBIsAOIIee cOO00H MUMPOBOI anropuT™, NMpeTHA3HAYCHHBIN IS TTOUcKa rpadu-
YECKUX MPUMUTHBOB B n300pakenusx [1]. Llenbto npeodpa3oBanus Xada spisercs
penieHre npooIeMbl TPYIIITUPOBAHUS TPAHMYHBIX TOYEK ITyTeM ITPUMEHEHUS OTIpe-
JIEJIEHHOM TIPOIIEAYPHI TOJIOCOBAaHUS HA MMapaMeTPU30BaHHBIX 00BEKTOB N300pake-
Hus. [IpeoOpazoBanne Xada M03BOJISIET HANTH KPUBBIE B M300paKEHUH, KOTOPbIE
3aJ]ar0TCs TIapaMeTpamu, Kak, K pUMeEpY, MPSIMbIe, OKPYKHOCTH, SJUIHIICHL U T.JI.

Hean padoTsl — pa3paboTKka aropuT™Ma oOHapy>KEeHHS apadoInYecKoil Tpa-
EKTOpUH JBIXKYIIErocs o0bekTa. B crarhbe npescTapiecHo npeodpa3zoBaHue Xada
U1 TapaboIT U MPEACTaBIECHBl ANTOPUTMBI ONITUMH3AaINHU padoThl. Takxke u3yueHa
MOUCK NapaboIibl B cllydae OTKIOHEHHUS U [ITyMa.

IIpeodpa3oBanue Xada 1 00HApYKeHHS NapadoIu4YecKoil TPAeKTOPUH

IIpenmonoxnuM, y Hac ecTh MpaBMIIbHAS mMapaboina, To ecTh mapadoia, mapai-
JIeNbHAS OJTHOW U3 KOOPAWHATHBIX Oceid. B 3ToM ciydae mapaboia 3a1aeTcst OqHUM
U3 CJIEAYIONINX YPaBHEHUI:

x =aly —yo)*+xg y = alx —x0)* + yo
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CrenoBarensHO, Tapaboiia OJHO3HAYHO ONpeeItsieTcs yhucnamu (Xg, Yo, a). To
€CTh IMOUCK TapaboIIbl 3KBUBAIICHTEH 3a/1a4e IMOMCKA 3TUX TPEX YUCEIL.

Ha Bxox MbI momydaeM Habop omnpeeneHHbIx Touek. Hafinem mapaboary Ha wic-
XOJTHOM M300pakeHUH, MPEoOPa30BaB ee 1Mo CIACAYIONIEMY allTOPUTMY:

1. Cozmaem TpexXMepHBI aKKyMYJIATOp JJISl 9ACENT X, Vo U a.

2. [TocTpouM Bce BO3MOKHBIC MapabOIIbl IS KaXI0H TOUKH n300pakeHus. B
aKKyMYJIISITOPE «IIPOTOJIOCYEM» 32 COOTBETCTBYIOIINE YUCHA X, Yo U A.

3. Uucna x, Yo 4 a ¢ HauOOJBIINM KOJIMYECTBOM «TOJIOCOB» OYAYT COOTBET-
CTBOBATh NCKOMBIM MTapadoam.

IlceBaokon

a = Amax — Amin
Acc[Xmax) Ymax-al = 0
if input[x,y]! = 0:
for Va € (amin, Amax) & VX < Xpax & VY < Ymax:
Yo =y — alx — xo)?
Acclxg, yo, al + +
To4HO TaK e Mbl MOKEM HAWTH HENPAaBWILHYIO Mapaboiy, Ko-
TOpas MoxoxKa Ha BEPCUIO oe3 BpalicHus, 3a UCKIIFOUCHUEM TOT'O, UTO B

ATOM Clly4ae JoOaBisieTcs elle OauH Heu3BecTHhIN yron 0. [Tosromy B
ATOM CIIy4ae pazMep akKKyMyJSITOpa YBEIMUMBAETCS HA €IUHULLY.

Puc. 1.

Bo3moxHBI citydau, Koraa, IOMUMO TOYEK, IPUHAUIeKAIIUX [TapaboiiaM, eCTh
JOTIOJTHUTENbHBIE TOUKH, HE MPUHAJISKAIINE mapadoinaM. Hannume Takux Touek
MOYKHO OOBSACHUTH IVIOXUM KadeCTBOM M300paskeHHsI WU PSIIOM YKE€ BHECEHHBIX B
HET0 M3MEHEeHUH, MO0 HeBEepHO NepeaanHoN nHpopManrei, eciiu paccMaTpruBaTh
cilyuail, Korjja BXOAHBIMU JaHHBIMH HE SBIISIETCS KAPTUHKA. DTH JOIOJIHUTEIIbHBIE
TOYKHU MPHUBEAYT K JIOKHBIM NapabosiaM, HO y HUX OyJeT OYeHb Majo TOJIOCOB Ha
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3Tare roj0COBAaHMS, MOITOMY OHM HE TOBJIHMSIOT Ha OKOHYATEJBHBIA pe3yibTar
(Puc. 1).

Eciu TOYKH MOJIydaeM HE TOYHBIMH, & C HEKOTOPBIM OTKJIOHEHHEM (IIyM), TO
MBI MOJIyYMM HEKOTOPHIE 3HAUEHHMS, KOTOPhIE OYIyT OTIMYATLCSA JAPYT OT Apyra B
patee JIOMyCTUMOM JUara3oHe OTKIOHEHHH. C MOMOIIBIO TPYIIIIMPOBKH TTOTyIUM
JKEAeMbIH PE3yJIbTAT.

Tenepb pacCMOTPUM METO/IBI ONTHMU3AIMH aJITOPUTMA.

Ecinu MbI TOBEpHEM CHCTEMY KoopauHaT 0Xxy Ha yroi 6, T I0Ty4uM CHCTEMY
koopaunar Ox'y' (Puc. 2). 3ametum, uto ¢okyc mapabonsl (xg, Vo) B HOBOM CH-
cTeMe KOOPAMHAT OyIeT COOTBETCTBOBATE GoKycy (x'o, V' o).

Puc. 2.

Vpasuenue napaboiisl B cucreme 0x'y’ Gyner

! n I I\2
' =y0) =p(x" —xp) 2
st mony4veHus napaboiibl BpallleHHEeM I10 4aCcOBOW CTpeJike Ha yroui 6 pac-
CMaTpHUBACTCs CTAHAPTHAS IByMEPHAs MaTpHUIla MPeoOpa30BaHUHU, KOTOPAs UMEET

1= [ concol b1

{xcos@ + ysinf = x
xsinf + ysinf =y

CJIEYIOUIUNA BU:

YTO 3KBHBAJICHTHO
: ()

Hcnons3ys ypaBHeHHs (3), MBI 3alIUIIEM ypaBHEHHE mapabdonsl (2) ciaemyro-
MM 00pazoM:
(—xsin@ + ycosf) — (—x,sinb + y,cosb) =
= p[(xcosB + ysinB) — (xycos6 + y,sind)]?

VYpaBHenue, nonyyennoe auddepeHpopanuem, Oyner:
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d
—sinf +%c059 = 2p[(xcos 6 + ysinB) — xycos O + y sin O] *

dy .
* [cos@ + —sin@
dx

I/ICHOHLS}’H IMOCJICAHUC YpaBHCHUA, MbI ITIOJTy4a€M HOBOC COOTHOIICHUE IJIA
(hokyca nmapaboJbL:
ki(xcosB, + ysinb,) + (xsinb, — ycosf,)
0~ [ (k1Sinf, — cos6y) l
(kqicosB, + sinf,)
a (k, sinB, — cos0,) *o

rae

. d
—sinf, + %cos@o

kl = dy
2(cosfy + ﬁsineo)

W3 nomy4yeHHBIX pe3ysIbTaTOB CTAHOBUTCS OUYEBUAHBIM, YTO TPEXMEPHOr'O aK-
KyMYJIITOpa JIOCTATOYHO JUIsi OOHApy>KEeHHs Mapadoibl ¢ MPOU3BOJILHBIM Bpallie-
HHUEM, HEU3BECTHBIMH X, YU O:

Oo0Hapy:xeHNe NapadoJM4YecKoil TPAeKTOPUH ABMAKYIIErocs 00bLeKTa

Bce npenpiyue ciyyan morcka rno napadose 00CyKIanrich, KOra y Hac yxe
€CTh HA0Op TOTOBBIX TOYEK WJIM TIOUCK BEJETCS 10 KOHKPETHOMY M300paxeHuto. B
3TOM pa3ziejie Mbl PACCMOTPHUM CIIy4ald, KOrjia TOYKH MPHHAJIICKAT TPACKTOPUHU
JIBIKYIIETOCSI 00BEKTa U MPUXOJIAT ¢ TEUEHUEM BpeMeHHU. B 3ToM cirydae BOCIoIb-
3yemcs anroputMoM Xada creayromum oopazom:

1. Cobupaem KOOpIUHATHI IBUXKYIIETOCS 00BEKTA:
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2. Ecau umeeTcst A0CTaTOYHOE KOJINYECTBO 3apaHee OIPENESICHHBIX TOUEK, MBI
OyzneM ucKaTh Mapabdoay Ha MHOXKECTBE 3THX TOYEK B COOTBETCTBHHU C AITOPHT-
MaMH, OIMCAHHBIMH B IPEABIIYLINX CIIy4asiX, B pe3yibTaTe 4ero y Hac Oyzaer o0-

Hapy>keHa napabona.

3. Jlnst Bcex OCTabHBIX TOUYCK, MOJYUYCHHBIX TOCJIEC HAXOXKIACHUS MapaboJibl,

MBI TIpOBEpsieM, IPUHAIIEKAT JIM OHU HaljeHHoOH mapaboie. [lomumo Bompoca o
MPUHAAJICKHOCTH K Mapabolie, MbI TaKKe MPOBEPSIEM, YIOBICTBOPSIOT JIX KOOPIH-
HaThI TAKUM ITapaMeTpaM JBIKYLIErocs 00beKTa, KaK CKOPOCTh U YCKOPEHHE.
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ABSTRACT
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In this paper, the Hough transform for parabolas is described, the trajectory
of the object is studied, and a mathematical model of the parabolic motion
of the object is constructed. Based on these solutions, an algorithm for de-
tecting the parabolic trajectory of a moving object was built. The work is
based on various methods and algorithms of machine learning, which were
used to build a mathematical model for this problem.

Keywords: Hough transform, parabolic trajectory, trajectory processing.
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CUJIBHAS PEBEPHA S PACKPACKA I'PA®OB XOMMMHI'A

A.K. /Ilpamosan

Poccuticko-Apmanckuii ynugepcumem
ardrambyan@student.rau.am

AHHOTANIUA

Oynuknus f: E(G) — N nHassBaercs pebeproil packpackoii rpada G. Pe-
6epHast packpacka f rpacda G HassIBaeTCsI CHIIbHOM, eciin JIFO0bBIE /1Ba pe-
Opa, Haxojsirecs Ha paccrossHur 0 Wi 1, OKpamieHbl B pasjidyHbIC
1Bera. HanMeHbliee 9icIio [BETOB, HEOOXOMMUMOE JIJIsl CUITBHOM pebepHOi
packpacku rpada G, Ha3bIBAETCsI CUIBHBIM XPOMAaTHYECKUM MHICKCOM H

o6o3nauaercst y4(G). B nHacrtosmedr pabGore misi rpadoB X>MmuHra

_ N 2
H(n,m) moka3aHo, 4YTO w < )(S’(H(n, m)) <mm (Zm 1)

Kpowme toro, mokazano urto
15n
6n—3< )(;(H(n, 3)) < - - 6,€C/IM N — 4YeTHOe YHCJIO,

6n—3 < y{(H(n,3)) < @ +3, eclMn — HeYeTHOE YUCIIO.

KroueBnle coBa: pébepHast packpacka, CHIbHas pebepHas packpacka,
CUJIbHBIN XpOMAaTUYECKUI HHAEKC.

BBeaenne

ITycts G - HeopueHTHpOBaHHBIHN rpad 0e3 KpaTHbIX pebep u nerenb, V(G) -
MHOxecTBO BepuinH rpada G, E(G) - muoxxecTBo pedep rpada G. O603HaunUM ye-
pe3 A(G) makcuManbHyt0 U3 cTeneHeil Bepiud rpada G. Heonpenensemble moHs-
THS 1 0003HAYEHHS MOKHO HahTH B [1].

Pebepnast packpacka f rpada G Ha3bIBaeTCsl CHIBHOM, eciu Jro0bIe ABa pedpa,
HaxoJsuecs Ha pacctostanu O wim 1, okpaieHbl B pa3iniHbie 11BeTa. HaumeHs-
miee 4YHuciao LBETOB HEOOXOOMMOe ISl CHIIbHOWM pebepHoOi packpacku rpada G
Ha3bIBAETCS CHIBHBIM XPOMATHYECKUM MHIEKCOM U 0603Hauaercs g (G). Onpene-
JISHUE CHIILHOHW pebepHoi packpacku rpada Obuto BBeAeHO B [2]. B wacTHOCTH,
Opnetem u HemrerpuioM Obliia pejioxkKeHa ClIeayomas THoTesa.

l'unoresa (Opaemr n Hemerpun, 1985): List mroboro rpada G cripaBeyinBo:

54(6)*

"G < 4
x5(6) < 5(4(6)%= 24(G) + 1)

4

,ecnn A(G) 4deTHOe

,ecnu A(G) HedyeTHOe

I'unotresa 6buta nokazana st A(G) < 3 [3, 6]. Jns rpado G ¢ A(G) = 4, Kpen-
croH [4] mokasain, uro y¢(G) < 22.



CunvHas pebepnas packpacka epagos Xommunea

Teopema 1 (P. ®@ayapu, P. Wlean, A. Apapdpam, 3. Ty3a, 1990). T n-
MepHoro kyba Q,, , xs(Q,) < 2n.

B nannoif paboTe paccMaTpuBarOTC CHIIBHBIC packpacku rpadoB X3MMHUHTA.
Kpome Toro, B paboTe 1aHbI OLIEHKH CUIIBHOTO XPOMAaTHYECKOTO HHIECKCA 3TUX Ipa-
¢$oB B 00IIIEM ciTydae U JOCTHKHMMAs OI[EHKA B YACTHOM cirydae m = 3.

OcHOBHO pe3yJbTaT

Yepes K, 0003HaunM MonHbIH Tpad coaepkammii M BepmuH. ['padom Xom-
munra H(n, m) Ha3pIBaeTCs IeKapTOBO Mpom3BeaeHue N rpados K, . @, MOKHO
NPEICTaBUTh KaK JeKapToBO mpousBeaeHue N rpados K,. To ecth rpadpr Xom-
MUHTa SBISIOTCS 0000IIeHHEM N-MEPHBIX KyOOB.

Teopema 2. [Tycts H(n,m) - rpad Xommunra c m > 2. Toraa

(2n - 1);n(m— 1) < X;(H(n, m)) <

Y BEPXHsIsl OIIEHKA JTOCTHKUMA ITpY M = 2,
Teopema 3. ITycts H(n, 3) - rpa¢ Xommunra. Toraa

6n—3< X;(H(n, 3)) < 157n — 6,ecJU N — YeTHOEe YUCJIO,

nm?(m—1)
2 )

6n—3 < )(;(H(n, 3)) < @ + 3, eciu n — He4YyeTHOe YUCJIO,

W BEPXHASA O€HKA JOCTUXXHMaA IIPpU N <3.
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STRONG EDGE-COLORING OF HAMMING GRAPHS

A. Drambyan
Russian-Armenian University
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ABSTRACT

Afunction f: E(G) — N is called an edge-coloring of a graph G . An edge-
coloring f of G is strong if every pair of edges at distance 0 or 1 receives
different colors. The smallest number of colors needed for a strong edge-
coloring of G is called a strong chromatic index and denoted by X (G).
In this paper, for Hamming graphs H(n,m), it’s shown
$n—()m(m—
that ( ()$ (m=0)

nm!(m+

< X:H(n,m)+< TO Besides it’s shown that
6n—3 < X*H(n,3)+< % —6, if nis even, 6n—3 < X*H(n, 3)+<

@+ 3,if nis odd.

Keywords: edge-coloring, strong edge-coloring, strong chromatic index.



O JTOBABJIEHUY MOAXOISIIINX YIEHOB K
TUIMODJITUNITUYECKOMY OIEPATOPY
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AHHOTAIUA

Hns runosmmunrudeckoro (no JI.XEpmanaepy) mudQepeHnnaisHoro
omepatopa P(D) HaiineHsl HEOOXOAMMBIE W JIOCTATOYHBIE YCIOBHSA UL
TOrO, 4YT0OBI T0OaBIeHHe Miaamux wieHoB {Q(D)} k onepatopy P(D) He
HApPYIIMIK €r0 THIIO3JUTHNTHYHOCTE. TO ecT, uToObI 1) XapakTepucTuye-
ckue MHorowreHsl (cumBoibl) P(&) u P(§) + Q(§) uMenu oauHAKOBYIO
MOIITHOCTb HJTH OJTMHAKOBYIO cuity 2) MHorowteH P(§) + Q(§) taxxe sB-
JISIETCS THIORJUTMITHYECKHM.

KaroueBble c10Ba: THIIOAUIMITHYECKHN AU GepeHINANBHBIA OTepaTop
(MHOTOYJIEH), BEIPOXKIAIOIIMICS orepaTop (MHOTOUIIEH), MOLIHOCTD, CHJIA
(o JI.Xépmanzepy) MHOTOUIEHA.

1.BBenenue

Bynem monb30BaThCs CASAYIOIIMME CTaHAAPTHBIMU 0003HaueHusmu: R™ n -
MEPHOE €BKJIMJIOBO MPOCTPAHCTBO TOUYEK (BEKTOPOB) & = (51,52 , ...,fn). Uepes N
MBI 0003HaYMM MHOXECTBO BceX HaTypaibHbix uncel, Ny, = N U {0}, a gepe3
N7 = Ny X...Xx Ny MHOKECTBO BCeX N - MEPHBIX MYJIbTHHH/ICKCOB, T.C.
MHOXKECTBO BCEX TOYEK C IEJBIMH HEOTPUIATeNIbHBIMUA KoopauHatamu { a =
(ay,....,an):a; ENg (i = 1,...,n)}.

Jqua & € R", A€R": 4 >0 (G =1,..,n) uv€Ng obosnaunm [§| =
VE+ . +85,8 = §"..8", DY = D,"1...D,"n.

HOycte P(D) = P(Dyq,...,Dn) = XpVp D# numeiinpiii nudQepennmanbHbIi
onepaTop ¢ MOCTOAHHBIMU Kodhduumrentamuu P(§) = Ypyp & P ero cumpon (xa-
PaKTEepUCTUUECKUIT MHOTOWIECH), II€ CyMMa pPaclpoCTpPaHsSeTCs MO0 KOHEYHOMY
Habopy mysbTumHAEKCOB (P): = {f € Ni; yp # 0}

Onpenenenne 1. Onepatop P (D) (MHorowten P(§)) Ha3pIBaeTCs TUIIOAIUINII-
truueckuM ([1], Onpenesnenrie 11.1.2 u Teopema 11.1.1), eciii BBITOIHSIFOTCS Clie-
IYIOLINE SKBUBAJICHTHBIC YCIIOBHS

1) Bce perennsi u € D' = D' (E™) ypaBuenust P(D)u = f siBastiotcst 6ecKo-
HeuHo juddepenmupyembiMu pyakiamu (npuaamiexat C), st 1060 GyHK-
mn f € C%

2) P{(E) /P(§): = D*P(§) /P(§) > Ompu|§| > oou0#aeNG

39
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O0603H2unM uepe3 [,, MHOXKECTBO MHOTOWICHOB N miepemenHbIX {P (&)} Takux,
yro |P(§) | — oo mpu || — oo . O4eBHAHO, YTO JIOOOH THIO3TUNTHYCCKUN
MHOTOWICH MPUHAIIICKHUT MHOXKECTBY [, .

Hama nens B Hactosmeli pabore ( B TepMuHax cpaBHeHHs AuddepeHnrans-
HBIX ONEPaTOPOB (MHOTOWIEHOB) ), HAXOXKACHHUE YCIOBHUI MTPH KOTOPHIX K TaHHOMY
runodJunTuaeckomy oneparopy P(D) (Muorowneny P(€)) MOXHO 100aBIATH
omneparop Q(D) (muorowten Q(§) ) tak, uro6st oneparop P(D) + Q(D) (mMHOro-
anied P(§) + Q{¢} ) Taxke ocrancs THMOdUIMITHYECKIM. ITOMY BOIPOCY, IMO-
MHMO H3BECTHBIX pabot JI. XépmaHnepa, pe3ynbTaThl KOTOPBIX H3JI0)KEHBI B €T0 MO-
Horpadusx, MOCBAIIEHB! pa0bOThl MHOTHX aBTOPOB. OTMETHM TOJILKO paboThI [2] —
[15], kOoTOpBIC HEMOCPEICTBEHHO OTHOCSATCS K YKa3aHHOM TEMaTHKeE.

2. HekoTopble THNIBI cpaBHeHUs AU depeHInATbHBIX 0MepaTOpPoB (MHO-
ro4J1eHOB)

EcrecrBenHo nonarathb, uto oneparopsl {Q (D)} (muorownens {Q($)), nobas-
JICHHE KOTOPBIX K JaHHOMY oriepatopy P(D) (MuHorouneny P(£)) He HapymaroT ero
THIMO3JUTUITUYHOCTD, TOJDKHBL B OMPEeIEHHOM CMBICIE « THOAYUHSTHCS OIepa-
topy P (D) (muorouneny P(§)). IToatoMy, cHayana Mbl PUBEIEM HEKOTOPHUE TMO-
HSTHS TAKOT'O TIOAYHUHEHUSI.

Jns omeparopa P(D) uepes P (&) (coorBerctBenHo P (&,t)) MBI 0603HaUNM
¢bynxunu JI. Xépmanaepa (cMm. [1], popmyna (7.3.20) u popmyna (10.4.2)).

P (§):=\Zaz0ID¥ P2, P(§,) : =\/Xazo [D* P()|? £210], £ €R™, £ 2 0.

Omnpenenenne 2. (cm. [11], Onpenenenue 2) Ilycts P(D) u Q(D) nuddepen-
rasbHele ornepaTopsl Takue, uto |Q(E)|/[|P(&)| + 1] < ¢ V& € R™ ¢ HekoTOpOI

noctostuHoi ¢ > 0. Torma Mbl ckaxeM, 4ro omneparop P(D) moiiHee ormeparopa
Q(D) (muorounen P(&) mouiHee muorounena Q(¢)) u Gynmem 3amuceiBaTh P >
QumQ < P. Ecnu wmuorowiensl Q(§) um P(§) ymOBIETBOPSIOT YCIOBHIO
[QO/[IP(&)] + 1] = 0 pu |€] — oo, TO mumem P >> Q wim Q << P.

Onpenenenne 3. (cm. [1], Onpenenenne 10.3.4 ) Ecmu Q(§) < P (&) nns ome-
paropoB P(D) u Q(D), To roBopsirt, uro oneparop P(D) (muorounen P(§)) cunHee
oneparopa Q (D) (muorownen Q(§)) u mumyr Q < P wmm P > Q.

3ameuanue 1. [Tpumensist Teopemy 10.4.3 monorpaduu [1], nerko yoeantbes,
yro 1) Q < P = Q < P 2) eciu oneparop P(D) runosmmunrtayeH, 1o Q <
P < Q < P.Opnnako, ecnu P(D) He TUMORUIMNTHYCH, TO 3TH COOTHOIICHUS,
BOOOIIIE TOBOPSI HE SKBUBAJICHTHBI, B YEM JIETKO YOCIUTHCB HA CIICAYIOLIEM IIPH-
Mmepe

Hpumep 1. ycte n = 2,P(§) = E3&F + &2 + &2,Q(8) = & + &2 . Tak xak
P(t,1) > +c0 HanocaenoBaTenbHocTu (t,0) mpu t—> + o u P(t, 1) -
—0o Ha nocJieioBaTebHOCTHU (t, 1) mpu t - — oo, To P He runosutuntuueH. C



O 0obasnenuu nOOXOOAWUX YNEHO8 K SUNOIIUNIMUYECKOMY ONEPAIopy

Apyroii croponsl, Tak kak [D3P(&)| + [DFP(E)| = 6(|& | + &5), 10 Q < P . Oue-
BUIHO, uTO Q < P, Tak Kaxk, |Q(0,t)|/[|P(0,t)| + 1] > comput - .

Onpenenenne 4. ([1], Onpenenenne 10.4.4, wnn [11], Onpenenenwe 5 ), T'o-
BOPAT, YTO MHOTOYWIEH P JOMUHUPYET HaJ MHOrowieHoM Q u mumyt Q << P,
eciu ?Euﬂg Q& ¢t) /P(Et) » Onput — oo,

B 01HOM Y4acTHOM ciiydae OTBET Ha MOCTABJICHHBIM HAMU BOIIPOC COACPIKUTCS
B Monorpaduu JI.Xépmanmepa (cm. [1], Crencreuu 10.4.8 ), raoe mokasaHa, 9To
MHOTOWICHB P U P + ¢ Q MMEIOT OJIMHAKOBYIO CHITY JJIsl JJF0OOTO KOMILIEKCHOTO
YKCJIa 0 TOT/Ia U TOJIBKO TOra, koraa Q << P. OTcioaa ciaeayer, 9To eCiii MHOTO-
wieHsl P ruodmmunTiueH u Q << P, To mnsa aioboro o muorowieHn P + g Q
TaK)KE THORJUIHIITUYCH.

MBI J0KaXKeM HEKOTOpBIE MPETIOKEHHS, KOTOPBIE OTHOCATCS BO3MOYKHOCTH
Jo0aBiieHHsT MHOTOUWICHOB {Q} K THIIOAJIIMIITHYECKOMY MHOTOUJICHY P, He Hapy-
mas €ro I'Mmol3JUIMIITUYHOCTD, KOT'Ja 3T MHOIOYJICHBI MOTYT HC YIOBJICTBOPATH
ycnoButo Q << P. C aToii nenpio ans MHOTOWwIeHOB P u Q u g gucna € > 0,
o6o3naunm D (P, Q) : = {E € R, | Q&) | = €|P(¢)}. llpu 3toM HUKEe MBI OY-
JIEM T0JIb30BaThCSI HEKOTOPBIMU pe3yJibTataMu U3 [1], KoTopsie Mbl 00bEIUHUM B
BHUJIC

Teopema H. 1) Eciu fsupn Q) |/P (¢,t) > 0nput > o, 10 Q << P, 2)

ER

ecmn Q << P, 1o mms ar000ro KoMIutekcHoro yucma o P < P + o Q < P, 3)
ect Q << P, 10 Q< P,4) D*P << P gnsaw6oroa # 0,5) ecmu Q << Pu
MHOTOWIEH P rHoammunTHyYeH, To MHOrowieH P + o  Takxke THO3JUIMNTHYEH
JUTSL JTI000T0 KOMIUIEKCHOT'O YUCIIa O

Jlemma 1. MHorounen P ToMUHHPYET HaJl MHOTOWIeHOM Q Torza M TOJILKO
TorAa, Korna s jrodoro € > 0 cymectByer uncio ¢ > 0 takoe, 4To

ILQ,(%; = 1Ol < cveen(P0). (1)
Bl PEO)2 ]2

[okaxewm, uro u3 (1) cienyer, uro Q << P. CornacHo nepBoMmy myHKTYy Teo-

PEMBI H, JJIA 3TOTO JOCTATOYHO JOKa3aTh, 4YTO

lim sup|Q(®)]/ P& 1) = 0. @

OueBumHo, i t = 1, umeeMm (Hmke d = ord Q

eI < @1 _ eI
[P+ ¢24[P" (|2 — P2(§t) — P12+ 2P (D)2

[ToaToMy, 4TOOBI JOKA3aTh (2), TOCTATOYHO AOKA3aTh, YTO
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: e 2 >
lim — =0.(2
t1—>oo Esel;%pn [P+ ¢2 |P1(§)I? ( )

[pexamonoxum oOpaTHOE, YTO CYIIECTBYET YHCIO § > O W IOCIeI0BaTelb-
HOCTh {ts}: ty — cOTIpU S — 00 TaKue, YTO

1) I?
P 268s = 12,.
fseullg [P(§)|2+ t§P4+’(E)|2 = 0s ,2,

Otcrofia U U3 ONpeIe/ICHUs] BEPXHEW I'PaHd CIEIYET, 4TO IS KaKIOro S =
1,2, .. cymectByer Touka {° € R" Takas, 4To0

Q) 12 s
- =>-s= 1.2, ..
IPES)IZ+ €5 |P1(EHI2 ~ 2 > " @)

Cre10BaTebHO, B CBOIO ouepesb, | Q(&5) |? = g [P(E)|?s= 1,2,..,T.e. &S
€ D\/E(P,Q) s= 1,2,... Iloatomy, B cuy (1) | Q(&%) | < c. (\/g) P& s=
2

1,2, ..
Tak kak t; — 00, OTCIO/Ia MOJYYaEM IIPU S —> 0O

S
0ED 1P CZ(JE_)_) 0
G '

Oto npotuBopeyut (3) u, B crity (2'), 10Ka3bIBAET YaCTh JIEMMBbI, OTHOCSIIIEHCS
K JIOCTaTOYHOCTH.

Heo0xoqumocts. Ilycte Q << P. Ilokaxewm, uto s oboro € > 0 cyme-
ctByet uncio ¢ = ¢ (¢) > 0 takoe, uro BepHa onenka (1). I[Tycts, Ha000pOT

sup | Q&%) | /1P (§)] = oo,

E E DSO (P' Q)'
UL HEeKoToporo &, >0 , T.. CymecTByeT IOCIEA0BaTEIbHOCTE &5 €
Dy, (P, Q), Takasi, 4YTO Mpu S — 0
7,0 = QE) |/ 1P/ - . @)

1/ 2d
TS

O0603HauuM tg : = U Ipu S — 00 (CIeNoBaTeNbHO ty — 00 ) paccMoT-

pum nioenenue otHomenus | Q(E5) | / |P (§)|. pu ty = 1 umeem
Q 2(&°t)/ P&, t) = Q*(8%) / Iszz(fs,ts) > Q*(8%) /
[ PEDIZ +237 | P'(O)] =
1 1

IP(£5)/ QEEDIZ +t2% | Pr(§)/ QEDIZ  IP(ES)/QEDIZ+1

Tak kak 5 € De, (P,Q) (s = 1,2,...), upu J0CTATOYHO OOJIBIINX S UMEEM

N 2(zs D2(zs > = 1 > 1
O/ PRGN 2= e S tryg O

DTO MPOTUBOPEUUT YCIOBHIO Q << P ¥ JOKa3bIBaeT HEOOXOAUMOCTD.
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Jlemma 1 nokaszana. [-]

Jlemma 2.3) Q << P = Q << P,b) muorouseH P sSBISETCS THIIO3JUTUAIITH-
YECKUM TOT/Ia M TOJBKO Toraa, korja Q << P & Q << P.

Joxa3zarenbcTBo. [lepBoe yTBepkaAeHNE 0YEBHIHO; JOKaxkeM BTopoe. [lycTh
Hao00poT, P rumosmmuntuieH, Q << P,HO CyUecTBYIOT YMucio & > 0 U 1o-
ClIeI0BaTeNIbHOCTD {&°} Takue, uto ¥ — compu s — oo u

[QEEDI/IL+ [P(EDI} = & (s=1,2,...). (%)

U3 (5) nemennenno cnenyet, uro ¥ € Dy (P,Q) (s = 1,2,...). [losTomy, B

cuny Jlemmbr 1| Q(ES) | < c(gp) P'(E%) (s = 1,2 ...). Orcrona u u3 (5) nomy-
gaem

1 -
1+ [P = N c(&) 1 P'E) (s = L2,..).

HOHy“ICHHOC HCpaBeHCTBO HpOTI/IBOpe‘-II/IT TUITODJIIMIITUYHOCTHU P " OJOKa3bI-
BaeT HEOOXOIMMOCTb.

HJocraTounoctb. Henocpeactsenno cnenyer u3 myHkra 4) reopemst H. [£]
Ona mHorouneHos P u Q yepes V(P, Q) o603Haumm

0.0 = T 128

Jemma 3. 1) Ecim Q < P, 10 Q < P, 2) eciii P TUIO3JUIMIITHYEH, TO 2.a) CO-
orHomeHuss Q < P u Q < P skBuBasnentHsl, 2.b) V(P,Q) < .
Joxa3zatenabcTBo. B cuty Teopemsr 10.4.1 monorpaduu [1] u ycnosust Q < P
JIEMMBI, CYHIECTBYIOT ITOJIOKUTETbHBIEC YHCIIa C; U C, TAKHE, YTO
Q@) < cysup |QE§ +n) <cgsup [|1+|P(§+mn)|]VEeER™
nl<1 Inl=<1
Ortcrona, B cuity opmynsl Teliopa, iMeeM ¢ HEKOTOPOH MOCTOSIHHOM ¢3 > 0

0@ < sup [ 1 + 3,21 1 <6 1+ Xy [PO@)] <

Inl<1 a!
c3 P (&) V&€ € R", uTo n0Ka3bIBAET TIEPBbIi TYHKT JIEMMEL.
Jlyis moka3aTenbCTBa MyHKTa 2.a) JOCTATOYHO J0Ka3arh, 4To U3 Q < P cre-
nyetr Q < P.
U3 onpenenenus Gpyskuun Q ¥ U3 THIOAUTHITUYHOCTH MHOTOUIEHA P nMeeM
C HEKOTOPBIMH TIOJIOKUTEIHHBIMH ITOCTOSTHHBIMU C 4 | Cg

QDI<QE) < e P(E) <cs [1+|P(E)]]VEERY, (6)
YTO JTIOKA3bIBACT ITyHKTA 2.a).

Jlns mokas3aTeNbCTBa MyHKTA 2.D) 10cTaTOYHO UMETh B By JT0KA3aHHOE Hepa-
BEHCTBO (6) ¥ 3aMETHTD, YTO JIJISl THIIOATUITHYECKOT0 MHOTOWIEHa P cymiecTByeT
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mocrostHHas ¢ > 0 Takas, uro | P (§) +1 < ¢ | P (€)| mns mocrarouno 6ob-
mmx |€ |, mosTomy
rr— Ol _ 77— sHPOI+L

VP, Q) = limgoo ey S liMgoee == 70— < Co,

YTO JIOKa3bIBAET JeMMYy. [-]

Jlemma 4. 1) ITycte R<< Qu Q < P, torma R << P, 2) eciiu P THUIIO3IUTHII-
tuueH 1 Q < P (uro mo Jlemme 3 skBuBaneHtHo Q < P ), T0 D*Q << P mys
Bcex 0 # @ € N.

Jloka3aTeabCcTBO NepBOro myHkTa. B cuny yxxe ynomsanytoit Teopemst 10.4.1
moHorpaduu [1] u yciaoBust < P JIeMMBI, CYIIECTBYIOT MOJOKUTEILHOE YUCIIO Cq
taxoe, uto Q(&,t) < ¢; P (§,t) mna Bcex E € R®mt > 0. Tak kak R << Q , To
OTCIOJIa IT0JIyJaeM IIpu t — o0

0 < sup REH o 1 sup RGO

— = <<r.
feRn P(f!t) - 1 feRnQ(flt)—) 0 :>R P

s noka3zarenbcTBa BTOPOr0 MyHKTA, OTMETUM, UTO, BCIEJCTBHUS TOTO, YTO
D% Q << Q s mo6oro 0 # @ € N (cm. mynkr 4 Teopemst H) u Q < P, u3 no-
Ka3aHHOTO TIEPBOr0 MYHKTA HACTOSIIEN JIEeMMBI cienayer, uto D*Q << P. A rtak
KakK P rumosummnTuyeH, To u3 myHkra 0) Jlemmsr 2 cienyer, uto D*Q << P mis
yKa3aHHBIX . [-]

Jlemma 5. Ilycts P runosmmuntryed, 1 Q < P < Q. Torma Q takke THITO3-
JIATITHYCH.

Joka3zaTenbcTBo. Tak kak Q < P, to B cuity Jlemmsr 4 D*Q << P ast Bcex
0 # a € N§. C gpyroit ctopoHsl, Tak kKak P < Q, TO OTCIO/Ia HEMEUIEHHO Clie-
ayer, uto D¥Q << Q uis TexX *e @, T.e. MHOTOWIeH Q THIOAUIHITHYEH. [-]

3. JlobGaBieHne MITaAIIUX YWICHOB K THIIOALTUIITHIECKOMY OIIEpaTopy, coxpa-
HSIIOIIUX €ro

I'nno3 1IN THYHOCTH

Teopema 1. Ilycts MHOTOWIEH P (c, BOOOIIE TOBOPSI, KOMIUIEKCHBIMHU KO3(-
¢burmenTamu) runodmuntHueH 1 Q < P. Torma 1) eciiu V(P, Q) = 0, To mist Jmio-
6oro o € C mHOTOWIEH P + 0 () TUNOAJUTUIITHYEH,

2) ecmu V(P,Q) > 0,0 msamoboroo € C: |o| < 1/V(P,Q) P + o Q ru-
MO3JUTUIITHYCH.

JokazarenbcTBo. Tak kak P rumosuinTuyueH, To IpyU pacCMOTPEHUH IIyHKTa
1), Mb1 MOkeM Tos1arath, uyto 0 # 0. [lycts 0 # o0 € C. [lokakem, 4TO MHOTOUYJICH
P + o Q rumosmnrryen. Tak xak P € I, u V(P,Q) = 0, To 1 TOCTaTOYHO
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6ombinux |&| Beipaxkenue Q(&) / P(§) cTaHOBUTCSA CKOJb YrOTHO MabIM, I0-
sToMy cymiecTByer uncio M = M (o) > 0 takoe, uto P(§) # O npu || > M u
[Q(&) /P(&)] < % lo| vV € R™, |&| = M. CnenoBarensho, ipu |§| = M umeem

P@)+0Q @)1= [P |- lollQ @) =
P! [1- 1018 = 3 IP@)L. (7)

Tak xak mo Teopeme H D% Q << Q mns moboro @ # 0, U MO YCIOBHIO
marei teopemsl Q < P, 1o D Q << P u,mo Jlemme 2, D* Q << P s TeX xKe
a.

Takum 06pa3om, 10 TUTIOAUTUITHYHOCTA MHOTOWIeHa P u 1o otnieHke (7) mpu
|€] = oo umeem aiist moboro a # 0

HD“[P(E)+GQ(E)]I < ID“[P(5)|1+I allp?e® _, 0.
P(§)+0Q(®) 1P

DTO MOKA3bIBACT YTBEPIKACHUE TIEPBOTO MYHKTa TeopeMbl. OGpaTUMCs K TOKa-
3aTenbCcTBY Broporo nyHkra. [lycts 0 € C: |o| < 1/ V(P, Q) v uucio € > 0 BbI-
OpaHO Tak, 4TOObI

ol [V(P,Q) + €]<1(8)

ITo onpenenenunro yucna V(P,Q) ¥ MO IMIIOdUIMITHYHOCTH MHOrO4YIeHa P,
cymectByet yncio M = M(g) =0 Takoe, uto P(§) # 0, |Q(&) /P(&)| <e+
V(P,Q) u nust Beex &: | & | = M. Tloaromy, mpuMeHsisi HepaBeHCTBO (8), nMeeM
npu |§| = M

|PE) + Q@ =[PDI-1al1Q @] =2 [PE)I[1 — |o] :fff—g:]
2[1-1al[V(P,Q) + e]]IP()I.

WmMes B BUY TMITOUITMIITUYHOCTh MHOTOWIEHA P 1 TOT ()aKT, 4To M0 yXKe J10-
Ka3aHHOW 4YacTH HACTOsIIeH TeopeMbl s oboro a # 0,D*P << P,D4Q <<
P, oTcroia umeeM npu § — oo

PP +0Q (®)] < [DY[P() | + 1ol I D¥Q()I]
P P@+00® T {1-0l[VP.Q +e}PE)
Teopema 1 mokazana. [-]
J1Jis MHOTOUWICHOB C BENIECTBEHHBIMU KO3 (PHUIIMEHTAMU MTOITyYaETCs CIIeIyO-

ui (OKOHYATEIBHBIN) pe3yIbTaT

Teopema 2. [Tycts P 1 () MHOTOWICHBI C BEIECTBEHHBIMH KOA((DUITUCHTAMH,
P runosnnnruued u ord Q < ord P . Jlyist TOro, 4ro0b! ISl BCEX BEIECTBEHHBIX
YHUCENl ¢ MHOTO MHOTOWIEHBI P + ¢ (Q OBUIM THUIO3UIMNITHYCCKUMU HEOOXO0IUMO
u pocraTouno yciaosue V(P,Q) = 0.
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Joka3aTtenbcTBo. JoctatrouHocth. [Tycts V(P,Q) = 0. Tak Kak U3 rUIod-
nauntuaHoct P chenyer, uro P € I, To u3 ycnosust V(P,Q) = 0 caeayer, 4to
s moboro ¢ € R cymectByer umcio M = M (P,Q,0) > 0 Takoe, 4TO
P)+ 0uloQ(&)| < % | P(§)| nns Bcex &€ € R™: |€] = M. TTostomy mipu [€]

> M mveem > | P()] 2| P(§) +0 Q)| = 5 |P()], 1e.P < P +0Q<P.

Ortcrona B cuity Jlemmsl S monydaem, 4To MHOTOWIeH P + ¢ () TUIOAUINITHYEH AT
moboroo € R.

Heooxoaumocthb. Ilokaxem, yro mpu ycioBusix Tteopemsl V(P,Q) = 0.
IMpennonoxum obpataoe, uto V(P, Q) > 0. B cuny onpenenenus uucna V(P, Q),
CYIECTBYET TIOCIENOBATEIbHOCTh {&°}o—; Takas, uro &° = o u |Q(&°) /
P(&5)| = V(P,Q) mpu s —» oo. Tak kak GyHKIuH P U Q BEHIECTBEHHBI, TO CY-
IIECTBYET IOJIOCICA0BATEIFHOCTS MochHenoBarenbHocTn {£°}- ;1 (KOoTOpyrO
Takke 0003HaunM uepes {E5}_ ; ), mas xortopoi mmbo 1) Q&%) / P(E5) —
+V(P,Q) mibo Q&) / P(*) - —V(P,Q).

Ilyctb 0 € R,|o| > 1 / V(P,Q),mpusrom o < OBcaydae l)uag > 0
B cityyae 2). Toraa cymectByer unciio M; > 0 takoe, utonpu s = M; 0 Q(E°) /
P(&%) < — 1.Barom ciyyae, B cwity Toro, 9to P € I, mpu s = M; umeeM

PE®) +0QE)=PE)[1 +0Q () / PE)] <O ©)
QD)
[P

Tak kak ord Q < ord P, 10 limg_,o = 0, cieg0BaTeNbHO LIS JIF000ro S

CYIIECTBYET TOUKa

n® €R™|n°| = | &° | takas,uto Q (n°) / P(n®) — 0. Orcroaa u u3 ycio-
Bus P € [, cnegyer cymectBoBanue uuciaa M, > 0 Takoro, 4ro mpu BceX S =
M,

P(M)+ Q@) =PMm)[1 —aQ @)/ P(m*)] > 0. (10)

B cuny venpepsiBHOCTH MHOTOWIeHA P + 0 Q u3 (9) — (10) caenyer, 94To yist
aroboro s = max {M;, M, } cymectByer Touka 7° € R, |t5| = [£°] : Takas, uro
P(z°)+ o Q (t°) = 0. DT0 NPOTHBOPEYUT TUIMOILIMITHYHOCTH MHOTOUICHA
P(&) + o Q (§) u nokassiBaeT Teopemy. [-]

Pabora BeimonHena B pamkax nporpammsl HUJI PAY.
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ABSTRACT

Necessary and sufficient conditions are obtained so that adding a lower
term Q(D) to a given degenerate hypoelliptic operator P(D) does not vio-
late its hypoellipticity. That is, so that 1) the characteristic polynomials P
and P + Q have the same cardinality or the same strength (according to L.
Hormander), 2) the polynomial P + Q is also hypoelliptic.

Keywords: hypoelliptic differencial operator (polynomial)), cardinality,
strength (according to L. Hormander) of polynomial.

uuoenoenhuUo

Uunwgws tu withpudbon m pudupup wwydwbbtp, npybtugh
njws Jhpuwubpynn hhynbhyunwwiu AD) oybpwwnnpht QD)
Ypunutp winuuh wdbpugnudp sjpwpinh wyn  owkpwwnph
hhuynbhyunwlwiunipniup: Ujuptipt wpytugh 1) P(€) b P(E) +
Q(8) pwqUwunudubpp niuktwt dhbunyb hqnpnipmniup fud
dhliiny mudp (puwnn L. Znpdwnkph), 2) P(E) + Q(6) puqumb-
nudp unyuwtu (huh hhwyolj hywwlu:

Zhftupwntp” hhuynthupnwlwi nhplpkughw oulpunng (pug-
dwinud), puquuinudh hqnpnipnit (nud pun L. Zjnpdwungbph):
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ABSTRACT

For a given graph G and a proper edge t-coloringadefined on G, denote
bySumg (v, @)the sum of colors of edges neighboring v, where v € V(G).
In that case, ais called anantimagicedge t-coloring of graph G, if for every
pair of distinct verticesvy, v, € V(G), Sumg;(vy, @) # Sumg(v,, a).The
set of graphs G, for which there exists some t, such that Gadmits an anti-
magicedge t-coloring, is denoted by AM . For any graph G € AM, de-
note by w,.,(G) the least positive integer t, for which G admits an anti-
magicedge t-coloring, and by ,,,(G) the biggest integer t, for which G
admits an antimagicedge t-coloring. In this paper we obtain some estima-
tions and some exact results on w,,,(G) and 2,,,(G) for wheels, some
Halin graphs, simple cycles and complete graphs.

Keywords: edge-coloring, antimagicedge-coloring.

Introduction

Throughout the paper all graphs are finite, undirected, simple and connected.
Let V(G) and E(G) denote the sets of vertices and edges of G, respectively. For v €
V(G), N (v) is defined as the set of neighbors of v: N; (v) = {u | uv € E(G)}. All
the terms and concepts that are not defined in this paper can be found in [12, 13].

A proper edge t-coloring of a graph G is a surjective mapping a : E(G) —
{1,2,...,t} such that a(e) # a(e") for any pair of adjacent edges e, e’ € E(G). We
denote Sumg(v) = XYuen ) @(uv). A proper edge t-coloring of a graph G, for
which all the values Sum (v), v € V(G) are distinct, is called anantimagic edge t-
coloring. If graph G admits antimagic edge |E (G)|-coloring, then G is called an an-
timagic graph.

In 1990, Hartsfield and Ringel conjectured the following:

Conjecture [9]. All simple connected graphs except for K, are antimagic.

Interestingly, the conjecture is still open even for trees. However, the conjecture
has undergone numerous researches. Here are some significant results: trees without
vertices of degree 2 are antimagic [10]; graphs with minimum degree being greater or
equal to ¢ - log|V (G)| (where c is a universal constant), graphs with maximum de-
gree being greater or equal to |V (G)| — 2, graphs with average degree being at least
universal constant are antimagic [1, 8]; k-regular graphs (k = 2) and their Cartesian
products are antimagic [3, 4, 5, 7]; simple cycles, paths with length greater than 1,
complete graphs with number of vertices greater than 2 are antimagic [2, 6, 9, 11].
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The conjecture above has been formulated by the authors in the terms of edge
labelings (assignments of edges to numbers 1, 2, ..., |E(G)]). This paper offers to
consider more generalized problem taking into account that edge labeling is a par-
ticular case of edge coloring.

Thus, we introduce a class of graphs AMwhich contains graphs G for which
there exists some integer t, such that G admits antimagic edget-coloring. Then, for
any graph G € AM, we denote by w,, (G)the least positive integer t, for which G
admits antimagic edge t-coloring, and by 2,,,(G) the biggest integer ¢, for which
G admits antimagic edge t-coloring. It turns out, that if the conjecture is true, then
AM consists of all graphs exceptforK,, and for each of those graphs, 2,,,(G) =
|E(G)].

Let us consider these particular types of graphs: simple cycles, complete graphs,
wheels, and Halin graphs.The following 2 theorems are presented as exercises in
[9], and can be derived also from theorems in[1], [3], [4], [6].

Theorem 1: For any integer n > 3, C,, € AM and 2,,,(C,) = n.

Theorem 2: For any integer n > 3, K,, € AM and 2,4, (K,,) = —n(nz_l)-

Let nbe an integer number greater or equal to 4. We call W,, = K; + C,,_; as
wheel of n vertices. A graph H = T U C, where T is a tree without vertex of degree
2 and C is a simple cycle consisting of the leaves of T, is called a Halin graph. If T
is a double star, and each star has n leaves (n = 2), then we will denote the Halin
graph as H,,.

In this paper we consider wg,, (G) and 2,,,(G) parameters for types of graphs
mentioned above and obtain some results on their exact values, or lower and upper
bounds.

Main results

Lemma: Let G is a graph in AM. Let for some d (1 < d < A(G)), ng is the

number of vertices with degree d in G. In that case, wg,, (G) = [“dd‘ll +d.

We use the lemma above as the main lower bound for w,,,, (G) parameter in the
following theorems. For the upper bound of w,,, (G)as well as for the lower bound
of 2., (G) parameter we prove the results by constructing respective examples.

Theorem 3: For any integer n > 4, W,, € AM and

5, ifn=4
o) =1, 21 s

Theorem 4: For any integer n > 4, Q4. (W) = |[E(W,)| = 2n — 2.
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The two theorems above show that the wheel graphW,(for n > 4) is an anti-
magic graph and we have found the exact values for the parameterswg,, (G) and
N,m (G) of this type of graph.

Theorem 5: For any integer n > 2, H,, € AMand

5, ifn=2
Wam (Hn) = {n +2, ifn=23

Theorem 6: For any integer n > 2, Q,,,(H,) = |E(H,)| = 4n + 1.

The two theorems above show that the graph H, (n = 2) is an antimagic graph
and we have found the exact values for the parameters wg,,, (G) and £2,,,(G)of this
type of graph.

Theorem 7: If n = 3 is an odd number, then w,, (K;,) = n.

Theorem 8: If n > 4 is an even number, and if2 k € Z, such that n = 6k + 2,
then wg, (K,) =n + 1.

Theorem 9: Ifn =6k + 2, k > 0, k € Z, then wy,(K,) < n+ 2.

Interesting fact here is that for complete graphs with n = 6k + 2 vertices, find-
ing the solution is more difficult, and if we take k = 0, then K,, = K, which is not
an antimagic graph. So perhaps the counter-example for the conjecture should be
searched within the graphs where number of vertices is 6k + 2.

Theorem 10: For any integer n > 3,

(n+4 )
— ifn=2kk>2kez
n+5
Wam (Cr) = 1 o—  ifn=4k+1Lk=1keL
n+3 .
——  fn=4k+3k=0keL
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Ob AHTUMATHUYECKHUX PEBEPHBIX PACKPACKAX
HEKOTOPBIX T'PA®OB

I. Mukaenan
Epesanckuii I'ocyoapcmeennbiil ynusepcumem
hamletm2000@gmail.com

AHHOTALIUA

Just nanHoro rpada G U NpuUBeeHHON Ha HEM IIPaBHIbHON peGepHOii t-
packpacku «, 0003HauuM uepe3 Sumg (v, @) CyMMy LBETOB pedep WHIH-
JeHTHBIX BepiuHe v € V(G). Torna a Ha3bIBaeTCS aHTUMAarndeckou pe-
OepHolit-packpackoil rpada G, eciu sl KKIOH Hapbl pa3IHMIHBIX Bep-
WMH vy, U, € V(G), Sumg(vy, a) # Sumg(v,, @) . MHOXeCTBO Tpados
G, U1 KOTOPBIX CYLIECTBYET HEKOTOPOE LIeJI0€ YHUCNO ¢ Takoe, 4To G 10-
MyCKaeT aHTHUMarmdeckylo peOepHYIot-packpacKy, 0o003HadaeTcs depes3
AM . Ins npousBosibHOTO rpada G u3 MHOKECTBA AM, 0003HAUNM Ye-
pe3Wam (G) HaUMEHBIIEE MOJIOKUTEIBHOE LEJI0e YUCIO ¢, JUIT KOTOPOTro
G nomycKaeT aHTHMarndeckyropeOepHyro t-packpacky, a yepes 24, (G)
HauOoJIbILICE IIEJI0€ YMUCIO t, AT KOTOPOro G IOIyCKaeT aHTHMarude-
CKyI0 pebepHyIo t-packpacKy. B maHHOH paboTe HallIeHBI HEKOTOpHIE
OLICHKH ¥ HEKOTOphIE TOYHBIE PE3YNbTATHl MapaMeTPOB Wy, (G) H
02,m(G) 114 Konec, HEKOTOPHIX XaIUH IrpadoB, MPOCTHIX LUKIOB U MOJI-
HBIX TpadoB.

KaroueBrble ciioBa: pebepHast packpacka, aHTUMarmdeckas pedepHast pac-
Kpacka.
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ABSTRACT

Atrial fibrillation (AF) is the most common sustained arrhythmia, which
causes significant morbidity and mortality of millions of individuals,
mainly from an embolic stroke. Practitioners are faced with the fact that
the combination of AF and cardiovascular disease is characterized by a
severe course. ldentification of the risk factors and predictors of the occur-
rence of AF, in all likelihood, will help to carry out timely prevention in
this group of patients, thereby helping to reduce the likelihood of AF in
patients who have undergone ischemic heart disease and arterial hyperten-
sion.The aim of this study is to identify risk factors and predictors that
contribute to the onset of AF in ischemic heart disease and arterial hyper-
tension patient.

Keywords: Atrial Fibrillation, Logistic Regression, Risk Predictors, Pear-
son Correlation, P-values

1 Introduction

Atrial fibrillation (AF) is the most frequent sustained cardiac arrhythmia in clin-
ical practice and its prevalence is increasing, due to the aging population, altered
lifestyle habits and increasing levels of adiposity. Over 33.5 million people world-
wide are currently diagnosed with AF [1-2]. It can form blood clots and lead to
strokes, heart failure and other cardiovascular complications. AF is becoming more
mainstream when the patients have other related cardiovascular problems. The as-
sociation of AF with ischemic heart disease and hypertension is frequent. Practi-
tioners are faced with the correlation of structural-functional features with some
markers of inflammation and fibrosis, as well as some factors involved in the occur-
rence and development of atrial fibrillation and progression.

The objective of this paper is to identify the risk predictors and features that
contribute to the onset of AF in ischemic heart disease and arterial hypertension
patients.
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2 Proposed Methods

The overall method consists of two main parts:

a. Expert-driven feature selection using Pearson Correlation (PC) coefficients

b. Identification of risky predictors (features) using p-value statistics based on
the Generalized Linear Model (GLM)

General workflow can be seen in Figure 2.1.

Legitic
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Figure 2.1 General workflow of proposed method.

Usually we have information about many parameters of the patient’s clinical
characteristics, but some parameters may contain similar information about the pa-
tient or in other words may be correlated. This can prevent us from getting good
results. Hence we want to excludecorrelated features.

First, we compute the PC coefficients of feature columns in our dataset to un-
derstand the relationship and linear dependence between each pair of predictors [3—
4]. After choosing a sensible threshold for defining whether two columns are corre-
lated or not, we select not correlated features based on the defined threshold. This
part of the problem is similar to the well-known problem of independent set [7],
where it is obvious that we choose all isolated nodes (those that have degree zero),
whereas it is not so clear which are selected from the rest of the nodes. Luckily we
have a solution to this problem in our case. A Medical expert identifies the most
important and valuable predictors from the rest of the features and also corrects
some inaccurate selections.

Then we collect all selected features and now want to identify those which con-
tribute the progression of AF most. For that reason we use p-value statistics based
on the GLM. The threshold for p-values is set to 0.05 [5-6]. One of the advantages
of this technique is that we get individual contributions on progression of the disease
of every feature separately. Thus, we can compare the risk factors of our predictors.

3 Source of data

We observed 257 patients with IHD and AH hospitalized in the department of
cardiac arrhythmias of the Research Institute of Cardiology in Armenia or were ex-
amined on an outpatient basis. Of the total group of patients examined, the study to
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determine the stratification of risk factors for progression of AF included 213 pa-
tients with paroxysmal, persistent, and permanent forms of AF (classification ESC
2016, 2020). 44 patients with AH and IHD but without AF similar in gender and

age, were examined as a control group.
For further examination, 213 patients with 3 forms of AF were consid-
ered as Positive AF and the rest patients (control group) as Negative AF.

4 Results

A. Expert driven clinical characteristics analysis

Our initial dataset has information about 257 patients based on 27 demographic,
clinical and laboratory characteristics (features). Description is shown in Table 4.1.
As was mentioned above, we compute PC coefficients of all possible pairs of fea-
tures and select not correlated ones. The PC coefficient matrix is shown in Figure
4.1. As a result the following features were considered important and useful:Age,
TNF-alpha, TGF-betal, IL-6, Diastolic blood pressure, IHD, MI, BMI, LAV, LV
EDD, LV PWD, LVWT, EF, CRP.

Table 4.1 Clinical parameters (mentioned as features) of patients:

| Clinicopathologic factors Groups (n = 257)
Gender
Femule 121
Male 136
_Hypertemsive crisky )
Yes 127
No 130
TIA
Yes 55
Ne 202
THD
Yes 225
No 32
Mi
Yor 6!
,_Ne 196
_Age (vears) 0WLall
Swstolic blood pressure 161 9% &+ 805
_Diastelic blood pressure 96,71 + 646
,Pulse H=1)36
_HF 0,85 + 08]
| QRS 102.53 + 10,58
BMI 3054 = 196
LLAD 4021313
LAV 65,37 + 108)
LV EDD 54192225
LVEYD 11276 9,11
AVESY. 4833 £ 938
IVST 127413
LV PWD 12.02 + 097
LYWT 046+ 0.02
EF 4841 £28
PAP 2591472
_FIBR 13.194223
| CRP 436+ |85
16 2657 £ 11.58
TNF-alphs 0434282
TGF-betal T08.2S £ 220.0
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i:igure 4.1 Pairwise PC correlation matrix of features:

B. Feature generation by statistical analysis

The next step is to identify most essential and valuable features from already
chosen ones. Thosehave an impact in understanding whether a patient has AF or
not. Using logistic regression enables us to highlight those predictors (features)
which contribute most in progression of AF. More precisely we select those features
whose p-values are lower than the definedthreshold (0.05 in our case). P-values and
some other information about our fitted model can be seen in Figure 4.2. After these
steps we get the following five features: Age, TNF-alpha, TGF-betal, IL-6, Dias-
tolic blood pressure. As was mentioned above, we can compute and compare con-
tributions of each feature on progression of disease. The results of that experiment
can be seen in Figure 4.3. There are plottedthe curves of odds in logarithmic scale
depending on each feature separately. And we can see that as the risk predictor’s
value increases, the risk of progression of AF also increases.

coef std err z P>z [®.825 2.975)
LT e.11e4 0.192 0.576 0.565 -0.265 0.486
LV PWD 8.1493 9.188 0.7495 0.426 -8.219 0.517
aml 0.1157 9.184 9,620 8,529 -0.244 0.475
MI -0.3448 9.193 ~1.789 9.074 -0.723 0.023
M0 -8.2245 0.197 -1,142 9.253 -0.612 0.161
Age ~B.4968 0.289 -2.3890 .07 -8.906 -0.088
LV EDD 8.1694 0.218 0.789 0.430 -8.2%1 0.5%
CRP -8.1086 0.204 -9.533 0.594 -&.508 0.290
™NF-alpha 2.5894 0.210 2.812 0.085 8.179 1,000
TGF-betal 1.8810 0.340 5.52% 0.000 1.214 2.548
IL-6 #.9462 0.243 3.889 0.000 ©.469 1,423
Diastolic bloog pressure -0.4432 9.198 ~2.23%9 0.02% -2.831 -0.05%5%
LAV 0.3322 0.217 1,53 8.126 -2.893 0.758
EF ~B.3004 9.232 -1.332 0.183 -0.765 0.146

Figure 4.2 Summary of our fitted logistic regression model (p-values, weights, etc.).



56

Ch. Movsisyan, S. Agaian, S. Grigoryan, A. Darbinyan, A. Fahradyan

Figure 4.3 Curves of AF progression depending on Age, TNF-al-
pha, TGF-betal, IL-6, Diastolic blood pressure.

5 Discussion

AF and related cardiovascular problems are crucial for the world's whole pop-
ulation. Even though the disease has existed for ages, we still miss the comprehen-
sive framework that can deal with the identification of risk predictors that are most
important for disease progression.Our results showed the proper implication be-
tween the identified risk factors and AF disease progression. Based on the expert-
driven Pearson Correlation analysis approach the highly dependent parameters were
eliminated. Next, risk factors have been identified using Generalized Linear Model
having doctor authority. Those are Age, Diastolic blood pressure, TNF-alpha, TGF-
betal, IL-6.
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AHHOTAIUA

Oubpusuus npencepauii (OI1) siBsiercs Hanboee pacrpocTpaHEHHON
YCTOMYIHMBOIH apuTMHel, KOTOpas BBI3BIBACT 3HAUMTENBHYIO 3a0oleBae-
MOCTb ¥ CMEPTHOCTh MUJIJIMOHOB JIIOZIEH, INIaBHBIM 00pa3oM oT 3M00mu-
4yeckoro UHCynbTa. IlpakTHKyomye Bpauu CTAIKUBAIOTCS C TEM, 4TO CO-
yetanue DI u cepaeuHO-COCYAUCTHIX 3a00I€BaHUN XapaKTepu3yeTcs Ts-
XKEJBIM TeIeHHeM OOJIe3HH.

BrisBnenue (akTopoB pUCKa U NPEJUKTOPOB Bo3HHKHOBeHHS OII, mo
BCell BEPOSTHOCTH, HOMOXKET IIPOBECTH CBOEBPEMEHHYIO IPO(MIIAKTHKY Y
JTOU rpynIbl NalUCHTOB, TEM CaMbIM CHOCO6CTByH CHUIKCHUIO BEPOATHO-
¢ty Bo3HUKHOBeHUs DIl y manueHToB, NepeHECHINX UIIEMUYECKYIO 00-
JIE3Hb Cepilia ¥ apTepHalbHyI0 runepTeHsuto. Llenpto qanHoro uccneno-
BaHUS SBISIETCS BBIABICHHE (DPAaKTOPOB PHCKA M IMPETUKTOPOB, CIOCOO-
CTBYIOIIMX BO3HUKHOBeHUIO PII y manneHToB ¢ HIIeMUYECKOi 00IE3HBI0
cepAla U apTepuaabHON rUNepTeH3UueH.

KuoueBblie cioBa: QUOpWILISILINS NPEACEPINiA, JJOTUCTUYECKAs perpec-
cusl, IPEUKTOPBI pUcKa, koppersiuus [Tupcona, p-3HaueHus.
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BEPIIMHHO-PA3JIUYAIOIIUE PEBEPHBIE PACKPACKHU
INOJIHBIXMHOTI'OJOJIBHBIX 'PA®OB
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tigran.petrosyan@student.rau.am

AHHOTADUA

s rpada G dyuxuus f: E(G) = N HaspiBaeTcst péOepHON pacKpacKo
rpada G. PébepHas packpacka f rpada G Ha3bIBaeTCS MPAaBUILHOM,
eciu Ui JTIOOBIX CMEXHBIX pédep

e, e’ €E(G), f(e) # f(e"). Ecnu f — npaBunbHas packpacka rpadpa G u v
€ V(G), To o6o3nauum uepe3 S(v, f) MHOXKECTBO IIBETOB pEéOEp, MHIIM-
JICHTHBIX BeplnH v. [IpaBunbsHas packpacka f rpada G Ha3bIBaeTCs Bep-
MIMHHO-Pa3/IMYAOIIEH, ECIIH IS TFOOBIX PasIMYHbIX BepuuH U, v € V(G),
S, ) # S(v, f). HaumeHbliiee 9uciio 1IBETOB, HEOOXOAUMOE ISl BEp-
HIMHHO-pa3inyaronei péoepHoil packpacku rpada G, Ha3bIBaeTCs Bep-
HIMHHO-Pa3/IMYaIOIUMXPOMATHIECKUM HHIEKCOM 1 0603Hagaercs y (G).
B nauHoO# paboTe HaliIeHB HEKOTOPBIE BEpXHHE ONeHKHBepIIHHHO-pa3-
JIMYAOLIET0 XPOMaTHYECKOTO HHIEKCA ITOJIHBIX MHOTOJIOJIBHBIX IPadoB.
KioueBble cioBa: npaBuibHas péoepHas packpacka, BEpIIHHHO-Pa3IIi-
qarolas packpacka, BEpIIMHHO-Pa3IMYaIOIUI XpOMaTHUECKUIA HHIEKC.

BBeaenne

[Mycts G — HeopueHTHpOBaHHEIH Ipad Oe3 KpaTHBIX pédep u merens, V(G) —
MHOKeCTBO BepunH rpada G, E(G) — mHOKecTBO p€bep rpada G. O6o3HaUNM Ye-
pe3 Kn, Kmn, Kimn, COOTBETCTBEHHO, TIOJIHBIN Ipad) ¢ N BEpIIMHAMH, TIOJHBIN JIBY-
JOJIBHBIN rpad) ¢ M BeplIMHAMH B OJHOW J10JI€ M C T BEPIIMHAMU B APYroil goie,
TIOJTHBIH TPEXONBHBIN I'pad ¢ | BepIIMHAMU B OJTHOM JI0JIe, T BEPITUHAMU B JPYTon
JI0JI€ ¥ M BEpILIMHAMU B TpeThei fgone. He onpenensiemple moHATHS 1 0003HAYCHUS
MOXXHO HAaWTH B [6].

[IpaBunbHas pédepHas packpacka f rpada G Ha3bIBaeTCsl BEPIIMHHO-PA3INya-
IOLIEH, eciu I JIObIX pasnuunbix BepmmH u, v € V(G), S(u, f) # S(v, f).
Haumensbiee yrcio npetoB, HEOOXOAMMOE AJISl BEPIIMHHO-pa3nuyaiomieid peoep-
HOW packpacku rpada G, Ha3bIBaeTCsl BEPIIMHHO-PAINIAIONINM XPOMATHYCCKUM
uHIekcoM rpada G u obo3Hauvaercs yepes ' (G). OnpeneneHne BepUIMHHO-PA3IIH-
yaroIel packpacku rpada Obu1o BBeaeHO B [1,2] U, HE3aBUCUMO,KaK “HaOJI01ae-
MocTh” Tpada B [3-5]. B uacTHOCTH, aBTOpamMu [2] ObUIH TOKa3aHbI CIIEAYIOIIUE pe-
3yJIBTAThI.

Teopema 1. /Iyis1 mo60ro HATYpajIbHOTO N = 3 UMEET MECTO PABEHCTBO

, n, €CcJIM N — HEeYETHOe YUCJIO,
Xyd-m (K) = { n+ 1, eciu n - 4EéTHOE YUCJIO.
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Teopema 2. JIns moObIX HATYPANTBHBIX M U N (N = M = 2) UMeeT MecTo pa-
BEHCTBO
X (K) = { n+1,ectun >2m =2,
' n+2emn=m?z2=2.
Henbto HacTosIeH pabOTHI SBIISIETCS HCCIEAOBAHUE BEPIIMHHO-PA3IMYAIOIINX
pEOEPHBIXPACKPACOK TTOJTHBIX MHOTOJIOJBHBIX TPadoB.

OcHoBHBIE pe3yJIbTAThI

[pexae Bcero, HaMu HaiiieHa BEpXHAS OLEHKA X4 (Kl,m,n) Ul TIpo-
M3BOJIBHBIX HATypalbHBIX [, m u n. IMeHHo, noka3aHa
Teopema 3. J{11s1 1100BIX HAaTypabHBIX [, M U N UMEET MECTO HEPABEHCTBO

Xpa(Kimn) <L+ m+n.

Taxkxe nokazaHbl

Teopema 4. Jlns moOBIX Pa3IWYHBIX HATYPAIbHBIX YHCEd M, N U [, Takux
utom>n+l-1

(n > 1 > 1) umeer MeCTO HEPABEHCTBO.

Xpa(Kmny) =m+n+1.

Teopema 5. Jlns m100bIX HATYypajabHBIX YUCEJ M U N UMEIOT MECTO HEPABEH-

CTBa.
max(m,n) + m+n+ 1< Xy (Knmnn) < max(mn) +m+n+3
2kn+2 < X)q(Knm..m) < 2%n + 2k

Teopema 6. [t moboro k = 4 u 17151 1100BIX Pa3IUUHBIX HATYPAJIBHBIX YHCEI
N1, N2, ... Nk IMEETMECTO HEPABEHCTBO.

X;d(Knl, Ny, .., le) S n1 + nz + b + nk + 1
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AHHOTADUA

B pabote nosy4eHsl anpHOPHBIE OLIEHKHU ISl PETrYJISPHBIX THIIOAJIIHIITH-
YECKUX OIEPATOPOB CO CIIEIHAIBEHBIMHI MTEpEeMEHHBIMHU KO QHUITHEHTaMH.
YcranoBneHbl HE0O0OX0AUMBIE YCIIOBHSI HA CUMBOJI OIEpaTOpa ISl BBHIIOJ-
HEHUsI alpHOPHBIX OLEHOK IS Au(epeHIHanbHbBIX OIepaTopoB, JIei-
CTBYIOUIUX B CIEIHAJIBbHBIX MYJIbTHAHU3OTPOIHBIX COOOJIEBCKUX MPO-
cTpaHcTBax. IlocTpoeH peryispusarop Il paccMaTpUBaeMOro Kiacca
oreparopoB. B pabore momydeH kputepuii HETEPOBOCTHIIS JOCTaTOYHO
HIMPOKOTO KJIACCA PETYJSIPHBIX THIIOUTUITUYECKUX OIEpaTopoB, NEi-
CTBYIOIINX B MYJIbTHAHU30TPOIHBIX IPOCTPAHCTBAX.

KuroueBble cj10Ba: peryssipHbIi THITO3JUIMIITHYECKUI oriepaTop, HETepo-
BBII OIIEpaTop, YCIOBHS (GPEearoJIbMOBOCTH, MYJIBTHAHU3OTPOIIHBIE MIPO-
CTPaHCTBA.

PerynsapHble THIOAIIMITHYECKUE ONEPATOPHI SBJISIFOTCS CHEUMAIBHBIM MO
KJIACCOM THTORJUTUIITHUECKUX OIepaTtopoB o Xépmanaepy (cM. [1]). Xapakrepu-
CTMYECKHH MHOTOWICH PEryJSipHBIX THIIOUIUITHYECKUX ONEPaTOPOB SBISETCS
“MyJIbTU-KBa3U-3JTUITHIECKAM’, TEM CaMBIM JIAHHBIM KJIacC OMepaTopoB COJIEP-
XKUT B ce0e IUTUNTHYECKUE, NapaboInuecKnue U NOTy UM THYECKIE/KBa3HAIIIHII-
TUyeckue oneparopsl (cM. [2]). B naHHOI paboTe UCCIIeAyOTCS BHITIOJIHEHUS CIie-
UAJIbHBIX AIIPUOPHBIX ONLCHOK B MYJIIbTUAHHU3O0TPOIIHBIX MPOCTPAHCTBAX B Rn y
YCIOBUSHETEPOBOCTH PETYIISIPHBIX THITOJUITUIITHIECKUX OMEPATOPOB CO CIIEIHAb-
HBIMH TTIePEeMEHHBIMH KO3 (QUITMEHTaAMHU.

AnpropHBIE OLEHKH W YCJIOBHS HETEPOBOCTU HONYUIMITHYECKUX OIEpaTo-
poB ToTydeHsI B paboTax [3-4]. BormpocaMm cTaOMIEHOCTH MHACKCA MOy JUTATITH-
YECKHUX OIEPaTOPOB Ha MIKAIe aHU30TPOITHBIX POCTPAHCTBIIOCBAIICHBI PAOOTHI [5-
6]. B pabote [7]nonyyeHa HETEPOBOCTh PETYIISAPHBIX THIOAUTUIITHYSCKHUX OIepa-
TOPOB C MOCTOSIHHBIMU KO3 (HUIIMEHTaMU B OTPaHUYEHHON 00J1acTu.

B paboTe moydeHbl alpHOPHBIC OLEHKH JJIS PEryJISSPHBIX THIIOALIUITHYC-
CKHX OIIEPaTOPOB CO CIEHHATIbHBIMH MEPEMEHHBIMU KOA(PPHUIUEHTaMH, YCTaHOB-
JIeH KpuTepHii HETepoBOCTH((HPEATOITEMOBOCTH) ISl TOCTATOYHO IIMPOKOTO Ki1acca
PETYJSPHBIX THIO3JUIMITUYECKAX OMEpPaTopoB, NEHCTBYIONIMX B MYJIbTHAaHH30-
TPOIHBIX IPOCTPAHCTBAX.
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Onpenenenne 1.OrpaHndeHHBIN THHEHHBIN omepaTop A , olpeieIeHHbIil Ha
BCeM 0aHaXOBOM MpocTpaHcTBe X U JSHCTBYIONIHIA B OaHAXOBO MPOCTPAHCTBO Y
HazbIBaeTcs N -HOPMaJIbHBIM, €CITH BBITIONHSIOTCS CIEAYIOIINE YCIOBHS:

1) o6nacTh 3Hauenuit oneparopa A 3amkuyta (Im (A) =Im (A) );
2) sapo oneparopa A spisierca koneunomepnsim (dim Ker (A) <ow).
OrnepaTtop A Ha3bIBAeTCSI HETEPOBBIM, €CITH BBITIOJIHAIOTCS yCiIoBHs 1)-2) u 10-

IIOJITHUTCIIbHO!

3) kosgpo  omepatopa A xoneunomepro  (dim coker(A) =
= dimY/Im(A)<w).

Hycre Ne N, 7, — MHOXECTBO HEOTPHLATENbHBIX LEIBIX uncen, Z; —
MHOK€ECTBO N-MEPHBIX MYJIbTUHHAEKCOB, N — MHOKECTBO N-MEPHBIX MYJIbTHUH-
JIEKCOB C HATYPaIbHBIMU KOMIIOHEHTAMHU.

Hycts N < Z" — HekoTopbIit HAGOP MyJIBTUMHIEKCOB. XapaKTepUCTUIECKUM

MHOT'OI'PaHHUKOM MHOKECTBA MYJIBTUHMHIACKCOB N Ha30BEM HaMMCHBIINN

BBINYKJIbIH MHOTOrpaHHUK R =R (N ) , KOTOpBIit conepsxut Bee Toukn N

Onpeneienne 2. MHOrOrpaHHUK /X Ha30BEM BIIOJIHE TPABUILHBIM, €CIIU

1) oH MMeeT BepIIMHBI B Hayane koopauHaT R" 1 Ha KaXI0i 0cK KOOpAMHAT
R", otnunbIe OT Hayana KOOPMHAT;

2) BHemHue HOpMmanu Bcex (N —1) -MEepHBIX HEKOOPAMHATHBIX TpaHedl R
MMEIOT MOJIOKHUTEILHBIE KOOPIMHATHL.

MynbTurHAEKC O € TR HA3BIBAETCS TJIABHBIM, €CJIM OH MPUHAIJIEKUT KAKOM-
6o (N —1) -MepHOI HEKOOPAMHATHOM I'PaHH MHOrOrpaHHHKa R . MHOXECTBO
BCEX IJIaBHBIX Todek u3 R 0603HaunM yepes O'R .

[ycts ‘R npousBonbHbI BroOIHe mpaBHibHbIA MHOrorpaHHuk u KelR, .

O6oznaunm KR ={ko = (ka,, ko.,,..., ko)), a e R} . OGosnaunm wyepes

Rjnfl(j =1,..,1(,.y) (N—1) -mepuele rpamm wmuororpammmka R . Ilycts
,uj, j=1...,1,, Takas BHEIIHSS HOpPMalb IPAHH Rjn_l , JUIl KOTOPOH TIpU BCEX
TS A Y S _
aeR, (u.u)— T+t =1
l"ll Mn

Jlns BoonHe npasuibHoro MHororpanauka R u K € N o603naunm
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1
q(x):q(x)>0, ¥xeR", —— =0,

R a(x)
© 7 [pax) |
ij)ionpn|x|—>oo VBekR,j=1,...,1 ,

a(x)

KR
Jins keNu qeQ“F uepes H," 00o3HaunmM MHOKECTBO HM3MEPUMBIX

hyHKIMIA {u} C KOHEYHOW HOpMOK

”u”kR,q - Z ID%u-q

ackR

k—max(u:uj)
i

Iy

Paccmotpum muddepennmanpayio Gopmy

P(x, D)=>a,(x)D* = Z(ag (x)q(x)l'm?x(“:“j) +afl(x)) D¢, (1)

aeR aeR

rae Da: Drl...Dun Dk:i_li X=(X1""’Xn) ERH ag(X)EC(Rn)
n’? axk1 ' ’

1-max(o-B)y . .
D’ (a, () =0(a(x) "), j=1..., 1, ipekR, aeRan X| = co.

O0603HaUYNM

Po(x D)= 2 a,(x)D", 2

acd'R

Po(x, &)= > a,(x)&" (3)

acd'R
Onpenenenne 3. Ckaxewm, uro P (X, D) paBHOMepHO perynspra B R" | ecim
CYIIECTBYET TaKas moctostHHas O > (), 4To MMeeT MeCTO OLIEHKa

Py (% &) =] X a,(x)& |28 > fe

acd'R aed'R

, VEeR" VxeR"

s M > 0o603naunm K, = {X eR" x| M} :

B pabore momydeHbI NOCTATOYHBIE YCIIOBHS JIISI BBHITIOJIHEHWS ANPUOPHOM
OLICHKH B MyJIbTHAHH30TPOIHEIX COO0NEBCKHMX MpocTpancTBax B R

K, .

Teopema L1Ilycte keZ, ,qeQ** wu P(X, D) i pepenHnnanbHON-

¢opmaBuma (1) kodpHLIKMEHTHI  KOTOPOH  YIAOBJICTBOPSIOT  YCIOBHIO
lim max |a; (x)-a,

x| |x-yl<1 @

=0.TTIycte P(X, D)paBromepro perymsipaa 8 R" uc-
(y)‘ y ( )p PHO peryJisip

yIIECTBYIOT TocTosHHBIE O > 01 M > 0 Takue, uto
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1-max (a:p))
J

X| > M. 4)

éa

dai(x)a e

aeR

28(2 +ﬂ.j,‘v’(§e]R“,‘v’/Ie]R+,
acd'R
Torma ¢ nekoropbiMu nocTosHHEBIMU C > 0u N > 0 Bemonnsercs anpuopnas

OIICHKaA:

o <C (Pl o+l g, ). P € HED™.

U3 teopembr 1 wm Tteopembl 7.1 paGotel [8] cnemyer, dYroomepaTop

P(X, D) : Hgkﬂ)’R - HE'R SIBJISICTCS N -HOPMAJIbHBIM.

B pabore monydeH KpUTEpH HETEPOBOCTH Ui PaCCMATPUBAEMOrO Kiacca
OIIepaTopoB.
Teopema 2.Ilycth keZ,,qeQ“® u P(X, D) 1 bepeHnnanbHO M-

¢dopmaBuga (1) k0dhDOUIMEHTHI  KOTOPOW  YIOBJIETBOPSIOT  YCJIOBHIO

‘I‘im ‘ma‘x a’ (X) -a’ (y)‘ =0. Toraa cneayromnue yciaoBys SKBUBAIEHTHBI:
X|—> |x-y|<1

1) P(X, D)Z Hgkﬂ)’R - HE‘R SIBJIICTCSI HETEPOBBIM.
2) P (X, D)paBHOMepHo perynspuas R" ucymectsyror nocrosuusie 6 > 0 u
M > 0 rakue, uTo

2 2. ()4

aeR

l—max(a:pj)
i

g g" x| > M.

28(2 +/1J,V§E]RH,V/1€R+,

acd'R

3) C uekoropeivu noctosiHabiME C > 0u N >0 Beimonusercs anpuopHast

OIICHKa:

lu ). vue HEE,

k+1)R,q < C (”Pu”qu +||U
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A PRIORI ESTIMATES AND NOETHERICITY FOR A CLASS
OF REGULAR HYPOELLIPTIC OPERATORS

TumanyanA. G.
Russian-Armenian University
ani.tumanyan92@gmail.com

ABSTRACT

We establish a priori estimates for regular hypoelliptic operators with var-
iable coefficients that have certain rate at infinity.Necessary conditions for
fulfillment of special a priori estimates of differential operatorsare ob-
tained in terms of conditions on the symbol of operator.Regularizer is con-
structed for considered class of operators in special weighted multianiso-
tropic spaces. We obtain Noetherian criteria for a wide class of regular
hypoelliptic operators, acting in multianisotropic Sobolev spaces.
Keywords:regular hypoelliptic operator, Noetherian operator, Fredholm
property, multianisotropic spaces.

UNrpNrh ¢uLUZUSUUULLEL B9
L3NSEM3ULNRE8ULNUSUTLLEN REERNRLSULN
ZPNOELPNSPY ONGLUSNCLEeD 2UU U,

LPmdmiyui U.9.
Zuy-Mtmuwlwl Zundluyuwpul
ani.tumanyan92@gmail.com

uuonNenkrU

Ushuiwtnwtipnid  utnugywé & wwphnph  quuhwwnwlwbubp
thnthnjuwlw hwwnntl) gnpdwjhgutpny nkqnijjup hhwynkhywnhly
oujkpuinnnpiikph hudwip: Unijinhwithqnuinpnyy tinwpusnipniiik-
powd gnpénn nhdptpkughw) owybpwwnnputph wwyphnph quwhw-
nwluiibph junuwpdwt hwudwup vnwgus L oykpwwnnph
uhuiynih Jpu wuydwiubbp:Yhunwplyny quuh owkpwwnnpubph
hwdwp Junnigyl) t nhgnijjuphquuinpp: hgnijjup hhynkjhw-
wnhl owhkpwwnpubtph hwwuinil] nwuph hwdwpwohiwnwbpnid
unnugywé ku whpwdbon b pujupup wuydwbkp ynnbkput
1hubnt hwdwp:

Puiuh punbp.nkgnijup hhynkhywnply oykpwwnnp, ynnbpju
owkpwunp, dplnhnjdjut oybpwwnnp, dnipnhwhgnupny wnw-
pudnipniu:



VIIK 621.391.15

INDEPENDENT NEGIBOURHOODS OF SETS IN B™ GROUP

H. Sahakyan, Zh. Margaryan

Yerevan State University
hovhannes1417@gmail.com, jiromr@mail.ru

ABSTRACT

The article investigates the n-dimensional hypercube group where the op-
erator for the group is defined as the sum of the corresponding components
of the vector by modulo of two. It defines concepts such as the neighbor-
hoods of subset and pair of subsets with independent neighborhoods.
These pairs are closely related to codes in additive channels. We also pro-
vide some upper bounds about independent pair neighborhoods. This arti-
cle defines two types of set pairs with independent neighborhoods - “com-
pletely good” and “partially good”, and provides a theorem with construc-
tive proof of their equivalence. Good pairs are examples of the availability
of upper bound.Furthermore, we construct some trivial and non-trivial ex-
amples of pairs with good independent neighborhoods, where trivial means
that the examples are connected to the perfect codes. It turns out that the
size of the neighborhoods is connected to the number of zero-sum subsets.
In this article, we also present some calculations about subsets with zero-
sum.

Keywords: additive channels, perfect codes, first order neighborhoods, in-
dependent neighborhoods.

Introduction

By saying B} we mean the set of all vectors having the members of the set 0,1
with the length n. We define the sum of two vectors as sum of corresponding com-
ponentsby modulo 2. For instance, 0110 + 1010 = 1100. It is obvious that <
BZ,+> is a group, having 00...0 as its unit, and a~! = a. We define the norm of a
vector as the sum of its elements.

Good and bad sets

Definition 1. (a good set). We call the set B < B (|B| = 2) a good set for the
set A, ifforva,B € B(a + B) therea + 8 € A.

For instance, the set B = {001,010,110} is good for A = {011,111,100}.

Definition 2. (a bad set). The set C < BY}) is bad for the set A , if for Va, 8 €
C(a # p)therea+ B & A.

For instance, the set C = {011,000,111} is bad for theset A = {010,101,110}.

Upper bounds

Bad set’s upper bound
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Let C is a bad set for some A(JA| > 0) set, then |C| < 2™71
Lemma 1. For some a € A, let us consider the following seta + C = {a + ¢; |
¢; € C}. We can show that
(a+C)nC=0 (D
Proof. Suppose that a + ¢; = ¢; then ¢; + ¢; = a, which contradicts the definition.
On the other hand
CU(a+C)c B}
with use of equation (1), we have |C| + |(a + €)| < 2™ and then |C| < 2™71
Good and Bad sets’ upper bound
Lemma 2. If B is a good set, and C is a bad set for some A set, then
IB| - |C] < 2" (2
Proof. Let us consider thissetB+C ={b+c | b € B,c € C}. We can show
that the cardinality of the setis |B| - |C|. Suppose we have b,, b, € B, ¢4, ¢, € C and
by + ¢; = b, + ¢, which means b, + b, = ¢; + ¢,. That is impossible because the
left side is from A and the right side is not.
Let us consider equal cases in lemma 2.
|B| - |C| = 2" (3)
Examples of availability
Subgroup example
In this example, as A and as B we will take some H subgroup from < B%}, +>,
it is obvious that B is a good set for A. For C we will take one element from each
coset of H. Let us show that C is a bad set for A. By definition, if we show that for
anyxe€a+Handy e b+ H (a+ Handb + H are different cosets) x + y € H
then C is a bad set for A. Suppose x +y € Hthenx+y=a+h;+b+h, =
h(h, hy, h, € H) which means a+b = h + hy + h, € H that is contradictory to
a + H and b + H being different cosets. Now we should show that it satisfies equa-
tion (3). By definition |[B| = |H| and |C| = |(B%} | H)|, and by Lagrange theorem,
we have
|B| -1C| = |H| - |(BZ | H)| = |B3| = 2" (4)

Example by Hamming code

For this example, we will use Hamming code [4]. In this example, n is equal to
2" — 1, for some positive integer r. As it is known Hamming code decomposes B}
group into 2™~" disjoint spheres with radius 1 (here distance of two vectors is a
norm of the sum). Let A = B; U By, B = By U By, and as C we take centres of de-
composed spheres. Here B; is set of all vectors with norm i. It is obvious that B is a
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good set for A. Cis a bad set for A, because the distance from centers of the spheres
is at least 3.
Bl -|Cl=(1+2"—1) .27 =27 .20 =" (5)

Example by Golay code

Example by Golay code [5] is very similar to the previous example. As it is
known,Golay code decomposes B23 group into 212 disjoint spheres with radius 3.
LetA=B,UB,UB; UB,UB; UB¢,B=B,UB;UB,UB;, and as C we take
centres of decomposed spheres. With the same logic we can prove that B is a good
setand C is a bad set.

IBI - 1C] = (€% + Chs + C35 + C35) - 212 = 223 = 27 (6)

Non-trivial example

The previous three examples we will consider trivial. Now let us show that there
exist non-trivial examples.

Let us consider B} for some n(n > 5), and let a;,a,,...,a, be some basis
forB}. As B we will take the following set

B =span(aq,a,,...,an_2) \ {s,s +a;,s +a,,s +a; +a,}

U{a,_1,ap_1 +a, +az,a,,a, +a, +ay}
where s = a; + a,+...+a,_,. As A we will take all possible pair sums from B.
For constructing C we need the following sets:
Fi={s+ay,s+a,+a,s+a,+a,s+a,+a+a,}
F,={s+a,_1,s+a,_1+a,s+a,_1+a,,s+a,_1+a; +a}
F;={a,+a,_1+ay,a, +a,_1+ay}

F=FUF,UF,

None of these items can be represented as a sum of pair from B, for example,
for a sum to be s + a,, + a, one of the pairs must have a,, in it, there are only two
such elements in B: a,, and a,, + a; + a,. The other element must be s + a, or s +
a, and these two items are not in B. Same way for other elements in F; and F,, for
F5 we can use a similar approach, but for a,, + a,,_,. The second property that we
will use is following, for any f from F;a; + a, + f is also from F;.

Now, for C to be bad, we will take one item from F; and 0, such that the sum of
allitemsisa, + a,. C ={0, f1, f>, f3}where f; € Fand f; + f, + fz = a; + a,. It
is easily can be seen that there are eight possible such trios. For example {s +
an_1+a,+ays+a,+a,a, +a,_1+ ay}. If we show that all possible pair
sums from the C is a subset of F, then that would mean that C is a bad set. For that,
we only need to show that f; + f; € F.
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futh,=@t+a)+@+a)+fi+fi,=
=(@mta)+(y +fi,tfi)tfyu +fi,=(@ +a) +f;, €F
This means that set of all pair sums is a subset of F
fohafsfhitfofitfafatfz}cF

The simplest example constructed this way is

n=>5

a; = 00..010..00 (ini — thplace 1 everywhere else 0)

A ={00001,00010,00011,00100,00101,00110,00111,

01000,01001,01010,01011,01100,01111}
B ={00000,00001,00010,00011,00100,00111,01000,01011}
¢ ={00000,10000,11101,01110}

Constructed examples can’t be equivalent to examples by Golay code or Ham-

ming code, because good sets are different, and can’t be equivalent to the subgroup
example because B is not a subgroup.

Independent Neighborhoods

Set Neighborhoods

Let us define the idea of neighborhoods

Definition 3. For a given set D(|D| = 2) the set D* ={x +y | x,y € D,x #
v} is called a neighbourhood of the first order, and it is denoted by the asterisk *.

Property 3.1. It is obvious that D* = (x + D)* = {x + b | b € D}* for any x.

Property 3.2. If we take x € D, replace D with (x + D) and use property 3.1
then D \ {0} c D*.

Independent Neighborhoods

Definition 4. We call the given sets B, C < BZ a good pair, and we denote them
by (B, C) if there exists such a set A for which B is good and C is bad. And we con-
sider C as a good complement for B.

Property 4.1. Using the definition of a neighborhood, we can define the idea
of a good pair in another way (B, C) < B* c C* or in this way, which is the same:

(B,C)>B*NnC*=0 (6)

That is, the neighborhoods of B and C are independent. We can take as A any
set that satisfies the condition B* ¢ A c C*.

Note that a good pair is equivalent to an additive channel [1],[2],[3] (there does
not exist by, b, € B and ¢4, ¢, € C for which by + ¢; = b, + ¢3).

Property 4.2. Using properties 4.1 and 3.1 we can always assume that 0 € B
and0 € C.
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Property 4.3. Good Pair is a symmetric and anti-reflective binary relation.
This obviously follows from equation (7).
Property 4.4. Fromequation (7) also follows that if (B, C) is a good pair then
forany B'c B and C' c C(B',C'") is also a good pair.
Theorem 1. For any B, C sets, following is true: (B, C) is a good pair iff
|B||C] = |B+C|,where B+ C={b+c|b€B,c€C)
Proof.
(B,C)=>B*NC =0
Vbi, b, € B,Yc;,c, €EC by+b, #¥ci+c, ©
Vb, b, € B,Vcy,c, €EC bi+c;#by+ ¢ &
|BIIC| = |B + Cl| L]
Definition 5. (B, C) is completely good pair, if |B||C| = 2™. Respectively, we
call ¢ a completely good complement.
Completely good pairs are equal case solutions for upper bound in lemma 2.
Definition 6. Set C' c span(B) is called B partially good complement, if
(B,C")isagood pair and |B||C'| = 2".

Equivalence theorem

Theorem 2. Letthe set B (|B| = 2™) be given; to exist a completely good comple-
ment for B it is necessary and sufficient to exist a partially good complement for B.

Proof. Sufficiency. Let us say there exists a good complement for B: C' =
{c'1,c'5, ..., c"yr-m}. Now we will construct a completely good complement. Let us
consider cosets of span(B) in B}. Let us say a; = 0,a,,as,...,an-r are genera-
tors of cosets. We define the following set to be C

C = {a1 +C’0, a; +C’0, vee,  QApn-r +C’0,
al +C'1, az +C'1; ey azn—r +C'11 (8)
a; +c'yr-m, a; +c'yr-m, vy Qyn-r +C'yr-m}

Now we calculate C*. For any x,y € C there arethree possible cases

1. x and y are from the same row in equation (8),
then their sumis a; + a; (i and j are column numbers). Then it can’t be from
cosets generator set span(B), meaning it can’t be from B* either.

2. x and y are from the same column in equation (8),
then their sum is ¢'; + ¢'; (i and j are row numbers), by definition of good
pair, it can’t be in B*.

3. x-y and y are from different columns and rows: x = a; +c';, y = a, +
c'q(i#pandj # q).
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we should show that x + y & B*. Let us assume the contrary, that x +y =
b € B*, then
x+y=b>b
a+cit+a,+c'y=>b
ai+a,=b+c’j+cy

The left side can’t be from span(B), they are from different cosets. But all vec-
tors on the right side are from span(B). This is a contradiction.

Therefore C* N B* = @. Meaning (B, C) is a good pair, and

|B|_|C|:2m,2r—m,2n—r:2n (9)

Therefore C is a completely good complement.

Necessity. Let us say C is a completely good complement for B. We will show
that C' = C n span(B) is a partially good complement. From property 4.4,we know
that (B, C') is a good pair. Let us calculate cardinality of C', again we will consider
cosets of span(B)

a; + span(B), a, + span(B), a; + span(B), ..., a;n-r + span(B) (10)
where r = rank(B). Now, intersect with C

(a; + span(B)) N C, (a, + span(B)) N C, (as + span(B)) N C, ...,
(azn-r + span(B)) N C
if the cardinality of one of the sets is k > 2"~™, then we can take set
c" = (al- + span(B)) NC+a; 11

and construct a new C good complement like in equation (8). The cardinality of C
will be - 2777 > 27~M . n=T — on=m and |B| - |C| > 2""™ - 2™ = 2™, which
contradicts lemma 2. So, forany 1 < i < 2™" we know that

|(a; + span(B)) nC| < 2™ (12)
On the other hand
271—7"
U (a; + span(B)) = B} (13)
i=1
and
(a; + span(B)) n (aj + span(B)) =0, (14)
Therefore
n-7

cn U (a; + span(B)) = C N B}

i=1
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277.—T

U (C n (ai + span(B))) =

i=1
on-r

z |C N (ai + span(B))| =2nm (15)
i=1

Only in one caseequations (12) and (15) can be satisfied
|C n(a; +span(B))| = 2™ (16)
one of the a; is 0, meaning
|C'| = |C nspan(B)| =2""™
Therefore C' is a partially good complement for B.m

Zero-sum subsets

When constructing a good pair with given B it is easily seen that number of ex-
isting C sets is dependent on the number of zero-sum subsets in set B, e.g. whenn =
3and B ={a,b,c,d}ifa+ b+ c+d # 0 then there is only one possible C, C =
{0,a+b+c+d}.Butifa+ b+ c+d = 0,then there are four possible C sets.

Definition 7. We call By = {by, b,, ..., b }(b; # 0) a subset with zero-sum of
the set By € B} (|Bg| = 0) if by + by+...+b; = 0.

Definition 8. We denote the number of all possible zero-sum subsets of the
givenset B by t? .

It is obvious that t7 makes sense only if k is less than |B|. And we take t& = 1.

Property 8.1. It is easily seen that t? =t = 0:

Example

Let’s consider B = B3 (n < 2). For simplicity, instead of t,fgwe will write t;:
Lemma 3. for any k = 2 following is true

it —(2"—1—(k—2))tg_y — trer

k
Proof. For calculating tk we take a set without O and with size k —1:

{ai,a,, ...,ax_1} (there are Czn_1 possible sets), and try to add a new vector, such
that the sum is 0. Obviously, the new set must be the sum of the others a;, = a; +
a, + -+ a;_4. We must subtract incorrect cases. First when a; = 0, there are
tx_1 possible cases. The next incorrect case iswhen a;, € {a4, a,, ..., ax_1}, without
loss of generality, we can assume that a;, = a;_4, meaning we have a; + a, + -+
ay_, = 0, the number of such cases is t;_,. And as a;,_; we can take any other

tk =

(18)
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vector, (2™ — 1 — (k — 2))t,_, possible cases. All other cases satisfy definition 7,
but each one we counted Cf~* = k times.m

Using equation (18),we can calculate all values because we know t, and t;
(property 8.1).

We can calculate the sum of all t numbers. For that, let’s rewrite equation (18)

(2" —1—(k—2))tpg +tg_q + k-t = CT, (19)
and form a system of equations:

(@"—Dty, + t + 2t, + 0ty ++ 0-tyny = Cp_y
0-t, + @"=-2)t; + t, + 3ty +et Oty = Ch,
0ty + 0-t; + @"=3)t, + ty ++ Oty = Cih_y

L 0-t, + 0-t, + 0-t, + 0-t; +o4 g = Ch2

Sum of all vectors in BY(n = 2)is 0, therefore t,n_; = 1. If we replace k
with 2™ — 1 in equation (19)

2" =1-(2" - 1) = 2)ter-1)-2 + ter-1-1 + 2" = 1) -ty
2"-1)-1
21

2t27’l_3 + tz‘l’l_z + (Zn - 1)t2n_1 = 622:_—12
thn_g + tzn_z + (27’1 - 1) = 27’1 - 1
thn_g + tzn_z = 0

tonz =tyn_ =0

Add all equations
2" (tg+ty+ -t tyn_q) —tyg—t; —ton_y —tyn_y
= Cln_y 4 Co_y + -+ Co 2
2" (tg+ty+ b)) —1—1=22"1-2
to ity + ot tm_g =2271N (20)
It turns out that equation (20) is always true.
Theorem 3. For any B c B}
t8 +tF + -+ th_, = 2IB\0}I-rank(B) (21)

Proof. We define s(D) as a sum of all vectors in D.

We will map any D = {d;,d,, ...,d;} € B\{0} to f(D), and then show that
each image can be mapped from exactly 272"K(E) sets, where f is the following
function

D ifs(D)=0
f)= {DAS(D) oth(erz/vise (22)
and 4 is the symmetric difference.

Obviously,f (D) is always a subset with zero-sum.



Independent negibourhoods of sets in B" group

Now let us calculate how many D vectors are mapped to some fixed f(D) =
D'. There are 3 possible cases:
1.s(D) = 0:
It is obvious that s(D) = 0 & D = D', so there exists only 1 such D set.
2.s(D) # 0and s(D) € D"
s(D) # 0 = D' = DA{s(D)} knowing that s(D) € D' we can conclude that
D'=DU{s(D)} =D = D'\{s(D)} . Obviously s(D'\{d'}) =d' where
d' € D' therefore f(D'\{d'}) = D'. In this case, there are |D'| possible D
sets.
3.s(D) # 0and s(D) ¢ D"
s(D) # 0 = D' = DA{s(D)} knowing that s(D) ¢ D' we can conclude that
D'=D\{s(D)}= D =D"'U{s(D)}. Obviously s(D'uU{d'}) =d' where
d' € D' therefore f(D'U {d'}) = D'. We know that d’ ¢ D'and d' # 0, so it
should be from (span(B)\D")\{0}, thus exactly 2"2"k(E) — |D'| — 1 cases.
Overall, for some fixed D' we have 1 + |D'| 4 2rnk(E) — |p'| — 1 = 2rank(B)
cases. We know that all zero-sum subsets can be mapped at least from themselves.
And each input (2/2\M} possible inputs) is mapped to some zero-sum subset. Con-
clusion is there are 2!B\M0}-rank(B) zerg-sym subsets. m
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HE3ABUCHUMBIE OKPECTHOCTH MHOKECTB B I'PYIIIIE BN
O.K. Caaxan, K.I'. Mapzapan

AHHOTAIIUA

B craree uccnenyeTcs n-MepHas rpymnia runepky0ooB, TAe onepaTop Uit
IpYIIBI ONpenenseTcs Kak CyMMa COOTBETCTBYIOLIMX KOMIIOHEHT BEK-
TOpa 1o MoAyJIto ABa. OH oNpeaesnseT Takue NOHATHS, KaK COCEJICTBO MO~
MHOX€ECTBA U Napa NOAMHOKECTB C HE3aBUCHMBIMU COCEIIMH. DTHU Mapbl
TECHO CBS3aHbI C KOJAaMU B aJINTUBHBIX KaHaiaX. Mbl Takke MPUBOAUM
HEKOTOpbIE BEpXHHUE OLIEHKH OKPECTHOCTEH HE3aBUCHMBIX map. B aroii
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CTaTbe ONPEAEIISIOTCS JIBa THIIA TP MHOXKECTB C HE3aBUCUMBIMH OKPECT-
HOCTSIMH — «IIOJTHOCTBIO XOPOILIHE» U «4aCTUYHO XOPOIIHNE, 8 TAKXKE IPH-
BOJHTCSI TEOPEMA C KOHCTPYKTHUBHBIM JIOKA3aTeECTBOM HX JKBHBAJICHT-
HOCTH. XOpOILIKE Haphl ABISAIOTCSA IPUMEPaMH JJOCTYITHOCTH BEpXHEi rpa-
HULBL. KpoMe Toro, Mel CTpOMM HECKOJIBKO TPUBUATIBHBIX U HETPUBHAIb-
HBIX MIPUMEPOB Map C XOPOLIMMHU HE3aBUCHUMBIMH OKPECTHOCTSMH, IIie
TPUBHAIBHBIN O3HAYAeT, YTO MPUMEPHI CBS3aHBI C COBEPIICHHBIMH KO-
nmamu. OKasbIBaeTcsl, pa3Mep OKPECTHOCTH CBS3aH C KOJIMYECTBOM IIOJ-
MHOJKECTB C HYJIeBOH CyMMO#. B 3T0il cTaThe MBI Takke MpeacTaBisieM
HEKOTOpBIE PACUeThI O IIOJIMHOXKECTBAX C HYJIEBOH CYMMOH.

KiioueBble cjioBa: aJIUTUBHbIE KaHANbI, COBEPILCHHBIE KOJABI, OKPECT-
HOCTH TIEPBOTO MOPs/IKA, HE3aBUCHUMbIE OKPECTHOCTH.



OU3UKA

PAZPABOTKA JAKTUJIOCKOIIMYECKOI'O MOAYJIA JIsA
T'MBPUIHOM MYJIbTUEMOMETPUUYECKOM CUCTEMBI
AYTEHTUHOUKAIINHU

B.®.Baoansn’, 0.A. T wmuml, M.C. Map.;:apﬂn2

Y Poccuiicko-Apmanckuil ynueepcumem
2Hauu0HanbenZ nonumexHudecKul ynusepcumem Apmenuu
agentben@rambler.ru, hovhannes.gomcyan@polytechnic.am,
meri.margaryanll7@gmail.com

AHHOTALIUA

B pabote paccMOTpeHbI OCHOBHBIE METO/Ibl, XapaKTEPUCTUKH U CI0KHO-
CTU pealu3allud cUcTeM OuoMeTpuueckoil ayreHTudukanuu. B cpene
MATLABpeanu3oBan ajJroput™ pacrno3HaBaHHs NU300paKEHUN OTIICYAT-
KOB NaJIbIEB 10 NaNWIIAPHEIM y30paM Ha OCHOBE IIPUMEHEHUs QUIbTpa
I'abopa u HelipoHHOI ceTn. PaccMoTpeHa BO3MOKHOCTh UHTETPAIlUU TaH-
HOTO JAKTHJIOCKOIIMYECKOTO0 MOAYJIS B COCTaB THOPUAHONW MyIbTHOMO-
METPHYECKON ayTeHTU()HUKAIIMOHHON CUCTEMBI.

KnioueBble cioBaayreHTH(UKanusA, OHOMETPUUECKUE IapaMeTphl, OT-
MeYaTKy nanbles, puibtp ['abopa, 6a3a JaHHBIX.

BBenenne

B nacrosiiee BpeMst 0COOEHHO OCTPO CTOUT IMPOOIEeMaBBICOKOTOYHOM HICHTH-
(uKaIK BMECTaX MacCOBOT'O CKOTUICHHMS JIFOJICH, TPH KOHTPOJIE MPOITYCKOB M TPO-
BepKe JOKyMeHTOB. [IpobieMa KocHy1ach He TOJIBKO 0€301IaCHOCTH TPAHCTIOPTHBIX
CHCTEM — a’pOIOPTOB, BOK3AJIOB, MOPCKHUX IOPTOB,METPOIOJIUTEHA, HO U 3aTpO-
HYyJIa TaK)Ke roCcyIapCTBEHHbBIE M MEXKIOCYIapCTBEHHBIE CHCTEMbI — ACTIOPTHO-BH-
30BbIC, TAMOKEHHBIE, (DUHAHCOBBIE, MUTPALIMOHHBIC U OllEpaTHUBHBIE CIyXObl. Of-
HAKO TPaJIMIIUOHHBIE OyMa)kHbIE (TACTIOPT MU YIOCTOBEPEHHE JINYHOCTH) WIIH aT-
puOyTHBIE HICHTH(UKATOPBI (MAarHUTHBIE KapTo4kH, Openku Touch Memory, mac-
CUBHBIE TPAHCIIOHJIEPBI) MOJBEPKECHBI PUCKY (GalbCHPHUKANUUIIN TIOTepe, a
Ha/IeKHOCTh MapOJIbHBIX CUCTEMbI ayTeHTU(HUKALNU 3aBUCHT OT TaKUX (haKTOPOB,
KaK JJTHHA, CJI0KHOCTD U HaJISKHOCTh XPaHEHNUS TapoJIbHOM (pasbl. O4eBUIHO, 9TO
JUTS HaJIe)KHOW MACHTH()UKALUKN JTUYHOCTH CIEAYyeT MPUMEHITH OMOMETpUYECKHE
HapaMeTpel.
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MeToabl

Meroapl OMOMETPHUYECKOH ayTeHTU(HMKALME OCHOBAHBI HAa DPACIIO3HABAHUU
CTaTUYECKUX (PU3HONOTHUECKUX (OTMEYaTKH MajblleB, CeTYaTKa HWIIM PagykKKa
rinasa, popma yxa) WM MOBeIeHYECKHX (OCOOEHHOCTH TIOXOJKH, TOJIOC U KJIaBHa-
TYpHBIH MOYEPK) XapaKTEPUCTHK YeJIOBEKa.

Ha srane 6noMerpuyeckoi perucTpayy 1Mo HeCKOIBKAM H3MEPEHUSM CIICIIH-
IBHOTO TaT4YuKaQopMupyercs: oopaszen OMOMETPUIECKONM XapaKTEPUCTUKU TOJIb-
3oBarens. Jlanee SKCTPaKTOp CBOWCTB M3BIIEKAeT M3 00pasa HabOp YHUKAIBHBIX
mapamMeTpoB, 1 TakuM 00pazoM popmupyercst nudpoBas pernpe3eHTaMs WX 11ad-
JIOH CO CIIEIMAIbHBIM Ha3BaHHeM(pHCYHOK 1). bruomerpudeckue mabioHbI U Apy-
T'He YAOCTOBEPSIONINE JaHHBIE 00pa3yIOT JETUTUMHYIO HICHTU(UKAIIMOHHYIO 033y
nauubixX (B/).

AyTreHTH(UKAIMOHHAS MOJCHCTEMa TPeOYeT OT MOJIb30BATENS MPEeJOCTaBIe-
HUSL OMOMETPUYIECKOro 0Opasiia B JOIMOIHEHUE K ONPEIeTICHHOMY HASHTH()HUKAIIH-
oHHOMY HoMepy. C MOMOIIBIO aJTOPUTMa COIOCTABICHHUSI CUCTEMa CPaBHUBACT
MpeIOCTaBICHHBIN OMOMETPUIECKII 00pa3ell ¢ eMMHCTBEHHBIM IIa0JIOHOM 13 6236l
naHHbIX. CTENeHb CXO0ACTBA MEXITy A0JIOHAMH JABYX OMOMETPUYECKUX XapaKTe-
pucTHK onpezaesser matuep[1].

Perucrpaums

Buomerpuuecknii IKCTPAKTOP

AATHHK croiicTn

Ayrentindmkanns

HDocryn

N buomerpuaeckmii DKCTpAKTOp
\ NAaTIHK cBolicTB

Orka3s

Buomerpuueckuii
MIOTHED

- ————

Pucynox 1. O6uias cxema OnoMeTpuyeckoi ayTeHTH()UKAIIMOHHON CHCTEMBI.

B Ouomerpuueckux cucreMax OMIMOKM M3T4epa obo3HayaroTcs kak FAR
(FalseAcceptanceRate)uFRR (FalseRejectionRate). [1epssrit mapameTp 0603HayaeT
BEPOSITHOCTD JIO)KHOTO CXOACTBAa OMOMETPHUYECKHX MAapaMETPOBIABYX JHYHOCTEH,
BTOPOH—BEPOSTHOCTD JIOKHOTO Pa3IU4YMsl MMapaMeTpoB OJHOW JIMuHOCTU. MHOTIA



Paspabomka daxmunockonuuecko2o Mooy 0ns 2UOPUOHOU MYTLIMUOUOMEMPULECKOU ...

JIaHHBIE TapaMeTphl HA3BIBAIOT OMIMOKAaMH MEPBOIO M BTOPOTO pPOJa COOTBET-
CTBEHHO.

Hawnbosee pa3BUTBIME Ha TaHHBIH MOMEHT OMOMETPHYECKUMH TEXHOIOTHSIMU
SBJISIFOTCS paclio3HaBaHUE O OTMEYATKY Majiblia, pamyKHOH 00OJOYKE WIIM CET-
yatke riasa, roocy u 2-D wim 3-D uzobpaxenuto nuna. CieayeT OTMETUTh, YTO
JAKTHIIOCKOMMYECKask HACHTU(PHUKAIUATIPEBOCXOANT MOYTH BCE OCTAIbHBIC TEXHO-
JOTU TI0 TaKUM XapaKTepHCTHKaM, KaK HHU3Kas IIeHa 00OpYyIOBaHUS, TOCTOBEp-
HOCTb, IPOCTOTA MPOLIEAYPHI MOTYUECHHUS U CPABHEHUST O0Pa3IOB.

Pacno3znaBaHue O0TIEYATKOB MAJbIIEB

OTnevaTky NanbileB KaXI0ro YeJI0BEKa OTIINYAIOTCS YHUKATBHBIM MAHILISP-
HBIM y30pOM, Onarojapsi 4eMy BO3MOXHA YCHEUIHas HACHTU(UKALMS JTUIHOCTH
[2]. TIpermyIiIeCTBO OTHEYATKOB MANIBIECB TIEPe/] APYTUMH OHOMETPUIECCKHMH Ma-
paMeTpaMu COCTOUT B TOM, YTO UX JIETKO PETUCTPUPOBATH M 00pabaThIBaTh, 8 TAKKE
OHU YK€ JITUTEIBHOE BPEeMs MPUMEHSIOTCS JJI UICHTU(DHUKAIIMA JTAYHOCTH B CY-
JIcOHOM 3KCIIepTH3E.

CuCTeMbI TAaKTHIOCKOTTMYECKOHN ayTeHTU(HKAIIUN 00HAPYKUBAIOT HEKOTOPYIO
CTETIEHbCXO/ICTBA WJIH Pa3IMnIHsl MEXKTy MPET0CTABICHHBIM 00pa3IoM U IIa0JIOHOM
13 0a3bl JAHHBIX 10 XaPAKTEPHBIM TOYKAM HJIH 10 penbe(dy MOBEPXHOCTH MalbIia.
[Tpu 06paboTke n300pakeHUsI HA HEM BBIACTISIOTCS KIFOYEBBIE TOUYKH: OKOHYAHHE
JIMHUY y30pa, Pa3BETBICHUE INHUHN, HE3aBUCHMBbIC TOUKH.

B nanHO# paboTe mpeasioskeH ajIropuTM COMOCTABICHUS U300paXKEHUI OTIIe-
YaTKOB MANIbIEB M0 PUCYHKAM MAMTUIUISPHBIX Y30POB HA OCHOBE MPHUMEHEHHS (DHJTh-
Tpa ["'abopa unHeiponnoiiceru. CTpyKTypa ajiroputMma npueejacHa Ha Puc. 2.
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Pucynox 2.CTpyKTypa anropuTMa JaKTHIOCKOITNIECKOTO COTIOCTABIICHHUS.
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[Moce ckaHMPOBaHMS U TOMYYEHHS N300paKEHHS, TIPOMCXOANT OIIEHKa Kade-
CTBa, KOTOpas BKJIIOYAET B ceOsl BRIYMCIICHUE OPUEHTALUN JJMHUN y30pa U Ompee-
JICHUE TOYHOT'O HAIPaBIJICHUS JTMHUH Ha KaKIOM IHKcene. Berauciennas oprueHnra-
LU UCTIOIB3YETCsl UIsl HAaCTpOorKu ¢uibTpa ['abopa, 4T0OBl yIydIINTh KauyecTBO
M300pakKeHUs W CeTMEHTHpOBaTh JuHUH [3]. s yBenmdeHus: cpeaHei pa3HUIbI
MEX]y BEIIMYMHAMH CXOJCTBA M Pa3Iuuusi OMOMETPHUUECKUX 0Opa3loB NPUMEHSI-
eTcsl HeipoHHas ceTh ¢ 48 Bxomamu. Ha ocHOBe pa3paboTaHHOTO aJIrOpUTMA B CH-
creme MATLABR2015a Obin1 peanuzoBan ['padmueckuit Uurepdetic [Toan3ona-
tenst (GUI) mnst makTuinockonmuieckod MAeHTH(UKALNH, TIaBHOE OKHO KOTOPOTO
npencranieHo Ha Puc. 3.

« MENU =- =

i

& FingeeCode DataBate = ||'E ]33

Fingarpont Recogrndon Sysiem V 1.5

Seiozt image sec 834 to database FingerCode was succesiuly added % daltase. Fngemdnt no 8

| Setect mage tor tngerpent recogascn [ ox !
| |
nfo Cvms emcsde b |
b Wl ) % 1M o e o feigmpest » D83 F . b
Ceists database _
d e - - 1 -l e ~
Fingerpnnt mage vsusicason [ e -
\
1 8 Dowdzan, ‘
Gavor Frler visusication B Dudtes o
Fazart Pace ' "
nage errancement
—— 3 .-.-. . a .
D fieks ¢ Dotigvens
(LY
» .'. b e s [}
Gatabsse mic B Ve p (
o 0 2 3
Core pont o shoation | o ey
-1] m3 bz s ey
o & Covgonr
& Lalpa © & '
» Lowal O 11X
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2 " 01 s
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T rave o AR Sty .
[e—= Concat

Pucynox 3.0OkHO r11aBHOTO MEHIO M IpUMep go0aBieHus ornevarka B b/1.

[Ipu no0GaBieHUN PUCYHKOB OTIICYATKOB MaJblIeB B 0a3y JaHHBIX, OHU HyMe-
pyrorcs B opsiake ogepeanoctu. Omust Databa se info orkpsiBaeT oxHO HH(bOP-
Malu¥ 0 KOJIMUEeCTBE U Ha3BaHuU n3obpaxenuii B b1 (Puc. 4).



Paspabomxa 0axmunockonuyecko2o Mooyist 0isi SUOPUOHOU MYTbMUOUOMEMPULECKOU ...

Number of

LY

’
S |
t

Salect a grayscale image

ingerprints added and corrasponding diracreories

Sersasnen Databasa Info srhasanns

fingerprints present in database:

Files\MATLAD\MATLAD
iles\MATLAS\MATLAH
es\MATLAS\MATLAB
L1es\MATLAS\MATLAS
Lles \MATLAR \MATLAR
les \MATLAB\MATLAB
\MATLAS\MATLAS
11 \MATLAS\MATLAB

FLIGS \MATLAS \MATLAR

B R ]

y 9 WM Y YW

C:\Frogram Files\MATLAD\MATLAD Pr

Pucynox 4.0xHo nadopmarun o B/I.

Mento Selectimage for finger printrecognition otkpsiBaeT OKHO BbIOOpa
n300pakeHus, TOJJIeKaIero uaeHTugukanuu. [locne 3arpy3ku MHAIUHPYETCS

HpOLIECC CPABHEHUS

BBeZIeHHOT0 00pa3ua u mabnonos u3 b/I. B komanaHoit crpoke

MATLAB oTto0pakaeTcst KOTUYECTBO KIIIOYEBBIX TOUEKH CITUCOKIIA0IOHOB,ITO KO-

TOPBIM  BBITIOJHSIET
Puc.5.

Canrrand Windoe

csi comocraBieHue.PesynbratuieHTH)UKAIUN TpUBEIEH Ha

Scanning ¢
Scanning ca

Scanning c

Scanning
Scanning
Scanning
Scanning

Scanning
sannang
Scannang
Fecogniz
Location

candidates $3
L
te 43
- #4
candidate #5
candidate #6
candidatze #7

candidate $2
candidats 495

candidate $10

ingerprint:110_7.tif
i1C:\Program Files\MATLAB\MATLAB Froduction Server\R2015a\bin\f

ki =T

% The recamt Srgu et | prowes n Datdlaw ehch ructiy seas Sagergd rf
B Swinsdsecosl 0

o |

3akiaouenue

Pucynoxk 5.Mnentudukanys ornevyarka najibleB.

[Ipu TecTrpoBarnm pa3pabOTaHHOTO AITOPUTMa TMoKa3arenu ommook FAR n

COCTaBUJIM COOTBETCTBEHHO 0. o u 0.7%. JlanbHeiinye yiry4meHus yka-
FRR 0.001% u 0.7%

3aHHBIX BEPOATHOCTHBIX XapaKTCPHUCTUK MOTYT OBITH JAOCTUTHYTBI TOJIBKO IIYTEM
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M3BJICUCHUS U 00pabOTKH OO0NBIIEro KoJaudecTBa HHpOpMAIuu 00 00beKTe HIICH-
Tupukauu. Takum o00pa3oM, pa3paOOTaHHBIM MOAYIb JAKTHIOCKOMMYECKUN
UICHTU(HUKALNH CIeIyeT 0OBeIMHNATD C MOIYJISIMU TOJIOCOBOH U JIMIIEBOM MIICHTH-
¢ukanuu, Qopmupys MyIpTHOMOMETpHYECKYIO cucteMy. I[lomoOHBI moOAXOA
MMeeT IMOTEeHINATbHbIEC IPEMMYIIECTBA B BUIE MOBBIIICHHUS HA/ISKHOCTH U YCTOM-
YMBOCTH K MojjaeikaM. VHTerpanus B JaHHOW MYJIbTHOMOMETPUYECKON cucTeMe
TaKUX TPaJUIMOHHBIX ayTeHTH()UKAIIMOHHBIX METOIOB, KaK apOIbHAst HIIH PAJIHO-
YacTOTHas ayTCHTU(QHUKALWH, TO3BOJIUT MPEOAONETh TPYJHOCTH paclo3HaBaHUS
MCKaXCHHBIX MJIM HEKa4eCTBEHHBIX 00Pa3IIoB.
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DEVELOPMENT OF A DACTYLOSCOPIC MODULE FOR A
HYBRID MULTIBIOMETRIC AUTHENTICATION SYSTEM

B. Badalyan?!, H. Gomtsyan?, M. Margaryan?

ABSTRACT

The paper discusses the main methods, characteristics and complexities of
the implementation of biometric authentication systems. The MATLAB
environment implements an algorithm for recognizing fingerprints by pa-
pillary patterns based on the Gabor filter and a neural network. The possi-
bility of integrating this fingerprint module into a hybrid multibiometric
authentication system is considered.

Keywords:authentication, biometric parameters, fingerprints, Gabor filter,
database.



JIEKTPOMAI'HUTHOE MOJEJUPOBAHUE
MHOT' OCJOMHBIX ONITHYECKHUX ®UJIHTPOB JIJISI 3AIIIUTHI
YYBCTBUTEJBbHBLIX IPUEMHUKOB HH®PAKPACHOM
OBJIACTH B 10 MKM JTUAITA30OHE

O.B. Bazdacapﬂul, T.M. Kuszan®, T.T. Ozanecan®, I'.P. Mapdo;m2

lHauuonaﬂbnblﬁ nOUMexXHuuecKul ynusepcumem Apmenuu
2 Huoicenepmuiii 20p00ok
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AHHOTALIUA

JanHas paboTa MOCBSIIEHA ICKTPOMATHUTHOMY MOJAEIHPOBAHUIO MHO-
TOCJIOMHBIX ONTHYECKUX (UIBTPOB, 3AIIUIIAIONIMX BEICOKOYYBCTBUTEIIb-
HbIC IPUEMHHUKH MH(PaKpacHOTO aAuana3oHa (B obmactu 10 MKM) OT BBI-
COKOMHTEHCHBHOTI'O JIa3€PHOr0 M3Iy4eHHUsS. DIEKTPOMarHUTHOE MOJEIHU-
pOBaHHE IIPOBEICHO UYNCICHHO HA OCHOBE METOJa CJHHOTO BBIPayKCHHS.
IMoy4eHs! creKTpanbHbIe XapaKTePUCTUKH MHOTOCTIOHHBIX OTPaXKaTellb-
HBIX CTPYKTYp Ul paboTh! B HH(pakpacHoi obnactu 10 MKM.
KiroueBbleciioBa:onTraeckuil GUIBTP, MHOTOCIONWHAS CTPYKTypa, 3a-
IIMTA ONTHYECKOTO NMPUEMHHUKA, HHPPAKpPaCHas 00IacTh, YUCICHHOE MO-
JeNApOBaHHE.

BBenenne

B nacrosiiee Bpems undpakpacusiid (MK) muamazoH 3JeKTpOMarHUTHOTO M3-
JMy4eHHsI MUPOKO UCTOJIB3YeTCs B Pa3IMYHBIX 00JACTAX HAYKA U TEXHHKH. DTO:
CHCTEMBI ONITUYECKOM CBSI3U, MEIUIIMHCKUE CUCTEMbI, MOHUTOPHUHT OKPYKarOIIeH
cpenbl, AUCTAaHIIMOHHOE TeIuioBoe 3oHaupoBanue, MKcnekrpockonus, UKremno-
BU3HOHHBIE KaMEPhl W CUCTEMBI CIICKEHUS (HAOIOMCHHS) BOCHHOTO M TpaXKaaH-
ckoro HazHayeHus [1-3].

Bce BrrmeynomMsinythie 001acti npuMeneHust UKu3myuenns Henosib3yroT pas-
nuynble nonockl MKnuanazona, mpocTUparonierocss OT KpacHOro Kpasi BUIUMOrO
CBETa JI0 MUKPOBOJIHOBOTO JMana3oHa. B cBorw ouepens, MKnuamna3zon nojpasie-
JISIETCS HA HECKOJIBKO CIIEKTPAIbHBIX IUANAa30HOB B 3aBUCUMOCTHU OT JUIMHBI BOJIHBI
u nemutcs Ha ommxaNi UK, cpenanit UK n nansanit UK nuanazonsl. bamxanit UK
JIMAaIa3oH COCTOUT U3 JUIUH BoJiH oT 0,75 mxm 1o 1,4 mxm. Cpennuit UK nuanazon
BKIF0UaeT KopoTtkoBoaHOBEIN MK(KBUK) nuamaszon ¢ amuHaMu BOJH OT 1,4 MKM
10 3 MkM, cpenneBoaHoBbiil MK(CBUK)uana3on ¢ AjMHAME BOJIH OT 3 MKM J10 8
MKM 1 amuHHOBOSHOBEIN MK(/IBMK) muanazon ¢ amuHaMu BOJH OT 8 MKM 10 15
mkM. Janeauii UK nuamaszon npoctupaercs ot 15 mxm 1o 1 mm [1].
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OpnarM 13 BaXKHBIX HAITPABIICHUH HAYYHBIX H IPAKTUIECKIX UCCIIEOBAHNH SIB-
nsiercs npuMmeHenne MKuznydenus B mpubopax v CHCTEMax HOYHOTO BUJICHUS, pa-
6orarormmx B Tex dacTax MKnuanazona, rae atMocdepHblenoTepr MUHAMAIBHEI,
T.e. B TaK Ha3BIBAEMBIX «OKHaX Ipo3pauHoctu» [1-3]. Hapsany co Bcemu momes-
HbIMU ITpuMeHeHussMu UKu3nyuenus, HCTOUHUKHU BBICOKOMHTeHCUBHOrO MKn3iy-
yeHust (a umenHO MKia3ephbl) MOTYT OKa3bIBaTh CEPhE3HOE BPEIHOE BO3ACHCTBUC
Ha I1a3a 4ejloBeKa 1 gyBcTBuTeIbHBIe KonTinaeckne nmpueManku. B cBsi3u ¢ aTuM
BO3HUKAET OCTpasi MOTPESOHOCTH B 3aIIUTE TJIa3 YSJIOBEKA M ONTHYSCKUX MPUSMHHU-
KOB OT BPENHOTO BO37eicTBUs BhicOKonHTeHCHBHOTO MK wm3mydenns. OObraHO
3TOr'0 MOKHO JIOCTHYb, UCTIONIB3YsI METOJIbl (PHIIbTpaluu. B mabopaTopusx s 3a-
IIUTHI T1a3 OT BO3ACUCTBUS JTa3ePHOTO U3ITYICHUS ONPEICIIEHHOTO TUana30Ha UTHH
BOJIH UCIIOJIB3YIOT CIICIIMANBHBIC 3al[UTHRIC OYKH U3 TOHUPOBAHHBIX WU [BETHBIX
MatepranoB. OqHAKO TO-TIPEKHEMY CYIIECTBYET OCTpas MOTPEeOHOCTh B 3aIIHUTE
BBICOKOYYBCTBUTEIBHBIX KIPUEMHHKOB OT MOIIIHBIX BOCHHBIX J1a3epoB [4—6].

Hacrosimiast ctaThs mocBsiieHa KOPPEKTHOMY JIEKTPOMarHUTHOMY MOJIEITUPO-
BaHHUIO B MacITa0e JJIMHBI BOJHBIOTPAXKATECIBHBIX MHOTOCJIONHBIX Y3KOIOJIOCHBIX
ONTHYECKUX (UIBTPOB, 3aMHIarImX oT BpegHoro UK usnydenus B quama3oHe
JBUK. ITocnennee o0yciaoBiaeHo HanuuueM crierudpuaeckux MK jtazepHbix nucTou-
HUKOBBBICOKOH MOIIIHOCTH, KOTOpPBIE UCTIOIB3YIOTCS B KadecTBe «KuiuiepoB» UK-
MIPUEMHHUKOB. DTHU CIICIUAIbHbIC (QUIBTPHI TOJKHBI UMETh BBICOKYIO OTPasKaTeb-
HYIO CIIOCOOHOCTH B obOnacTu m3mydeHus MomHbIX CO; 1a3epoB, COXpaHAs NpH
3TOM OTpaKaTeJIbHYI0 CTOCOOHOCTH HAa YMEPEHHOM YPOBHE 3a MpeieiaMH 3TOH I10-
nockl. [Ipennaraembie GUIBTPBI COCTOST W3 PACIIPENIEIICHHBIX OPATTOBCKUX OTpa-
xkatenet (PBO) ¢ MOBTOPSIOMMMHECS YETBEPTHBOTHOBBIMH JBYXCIOMKAMUN3
Si/GaAs, paboTammuX B CIIEKTPAILHOM JHMANa3oHe OT 8 MKM /10 12 MKM Ha IieH-
TpaabHOU JUTMHE BOJHBI 10 MKM.JJIEKTPOMarHUTHOE MOJECIUPOBAHUE dTUX THUITOB
(MIBTPOB HAMUIIPOBOAMUTCS MEeTOIOM enuHoro Beipaxkenus (MEB). MEB npume-
HSJICS JJIS PEIICHUs OOJIBIITIOTO YMCIarPAHIYHBIX 3a7a4 B IMHCWHBIX ¥ HEJIMHCWHBIX
(3aBUCSAIIMX OT MHTEHCHUBHOCTH) 3a/1a4aX’3JICKTPOIMHAMHUKY, TAKUX KaK: B3aMO-
JIEUCTBUE TIJIOCKOW 3JIEKTPOMArHUTHOW BOJIHBI C HEJIMHEMHBIMU MHOT'OCJIOMHBIMU
CTPYKTYpaMH B MacIuTade JUIMHBI BOJIHBI [7] 1 ¢ yueToM noTepsb [8].

Cytbs MEB 3akiitouaercs B mpeACcTaBICHUH OOIIETr0 pelieHus ypaBHeHHs [ enb-
MIOJIbLIa [Ji1 JTUHEHHO NOJSPU30BAHHON KOMIIOHEHTHI 3JCKTPUUYECKOrO IOJIA
E, (2) B cenmanbHoit hopme eUHOTO BBIPaKCHHS:

E, (z)=U(z)- exp(-iS(2)), (1)
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rae U(z) u S(z)— peanbhbie BETUYUHBI, OMMCHIBAIOIIME COOTBETCTBEHHO aMILTUTY LY
U (hasy pe3ybTUPYIOIEro MIEKTPUUECKOro mosist. Beipaxkenue (1) sBiseTcs aib-
TEPHATHBOMUIA CTAIIMOHAPHOTO PEIIEHHs ypaBHEHUs [ e€IbMrosibiia BMECTO MIH-
POKO MPHUHSTOrO MPEACTABIEHUSOOIIEr0 PENIEH s BBH/IE BCTPEUHBIX BOJIH.

Pe3yJIBTaTbI YUCJICHHOI'O MOACJIUPOBAHUA

XO0poIIo U3BECTHASI CTPYKTYypa OTPaKATEIbHBIX MHOTOCIIOMHBIX ONTHYECKUX
¢uneTpoB mpeacraBugeT coboir PBO, cocrosmuii M3 MOBTOPAIOLIMXCS YeT-
BEPTHBOJIHOBBIX JBYXCIOEK C BBICOKUMHM M HU3KHMMH 3HAYEHHSAMH IUAJICKTpUYE-
ckux mponuraemocteit [9,10]. DTOT THUI CTPYKTYphl 00€CIICYMBACT HAUBBICIIYIO

OTpakaTeNbHYIO CIIOCOOHOCThH Ha IIEHTPATFHOW JJTMHE BOJHBI, HA3BIBAEMOU OpAT-
TOBCKOMUIMHOM BOJIHBI A, 5p» © XAPAKTEPHOH MOJIOCOHOTPAKEHHUS, COMPOBOXK/IAC-

MO¥ OOKOBBIMH JICTIECTKAMU ¢ 00JIee HU3KUM KOI(D(MUITMSHTOM OTPaKEHHUSI ¢ 00eHX
CTOPOH 3TOoMMoN0CkH. M3 Bcex Bo3MOHBIX KoH(purypanuid PbO B manHOM nccie-
JIOBaHUH BBIOpaHa CTPYKTYpa, HAYMHAIONIAACS U 3aKaHUYMBAIOIIASCS YETBEPTHBOI-
HOBBIM CJIOEM C BBICOKOW JTHIIEKTPHUYECKOW MPOHUIIAEMOCTHIO, TaK KaKk OHa o0ec-
NeYnBaeT HauOONBIIYI0 OTPaKaTeNbHYIO CIIOCOOHOCTh HAa IEHTPAIBLHOW JUINHE
BOJIHHI [8].

[TpoBeneHo uccienoBanre B MacIITade JIIMHBI BOJHBI TP HOPMAJIBHOM T1aJ1e-
Hnn MK m3nyyenns ABUKnnanasona na crpykrypy PBO, cocrosiuryto n3 N=30
AByXcioekc Bbicokor &, . =117 (Si) u Huskoit &

HU3

=10,7 (GaAs) nudrnexkTpuye-

CKUMH IPOHHULAEMOCTSAMH, OKPYXEHHYIO ¢ 00euX cTOpoH Bo3ayxoM ¢ & =1. Ko-
s¢duureHT orpaxenus R cTpyKTypbl pacCUuTaH Ui Iuana3oHa JJIMH BOJH (8 +

12) mxm 1 nipeacTasnieH Ha Pucynke 1.
l r

0.8
0.6
0.4 4

0.2

0 ) . . )
8 9 10 11 12

[nviHa BonHbl Ag (MKMm)

KoadduumeHT otpakeHuns R

Puc. 1. Koadoumuent orpaxenus RPBO ctpykTypsl, cocTosiei
13N = 30 IBYXCIIOEK IITIOC OJTHOTO YETBEPHTBOIHOBOTO
CJIOSI M OKPYXKEHHBIX C 00€HX CTOPOH BO31yXoM. PacueTHas
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JUIMHA BOJHBI A, =10 pxca » @ TONIUHBI PBO cnoer

e = o =0,731mrnar 1d,, = o =0,764 mxnm -
4./¢ 4.\ ¢

6biC HU3

Kak BuaHO, K03 PUIMEHT OTpakeHUS UMEET IMOJIOCY HEPOITYCKaHUs BOJIN3H
LICHTPaIbHOM (OPIrrOBCKOIT) JUTHHBI BOIHBI HA A, =10 mAn ¢ HaHOOIBIINM KO-

s duumentom orpaxenns okono Ry = 0,9 u xapakTepHblc OOKOBBIE JIETIECTKH C

HaubonpmmM Kodddumuentom orpaxkernss R = 0,7 . Boicokuii ypoBeHb GOKOBBIX
JIETIECTKOB HE MO3BOJUT MPUMEHHUTH CTPYKTYPY B KaueCTBE Y3KOIOJIOCHOTO OMTH-
9ecKOro (pUiIbTpa M3-3a HU3KOH CpeHel MPO3PaYHOCTH 3a TpeesiaMH TTOJIOCH! OT-
paKEHHS.

Jnst ymenbIieHns kodhGuImenTa oTpaxxeHusi O0KOBBIX JIETIECTKOB TIpejiara-

€Tcs Pa3MeCTHTh CTPYKTYPY Ha YETBEPTHBOJIHOBOH MOAJIOKKE C AUAIEKTPHUYECCKOM
NPOHUIAEMOCTBIO &, . = 3,42 W TIOKPBITh €€ C OCBELIEHHOHW CTOPOHBI COTNIACYIO-

MMM CIIOEM C JIMAJICKTPHUYECKOM MTPOHUIIAEMOCTRIO £ =./& =3 42.Takoe 3Ha-

coan avic
YeHUE AMAIEKTPUUYECKON NPOHMUIIAEMOCTH COOTBETCTBYET, HApUMep, KapOOHATy
maraus-kanpuusiCaMg(COs)u moomuty (mokasarens npenomiienus N=1,842 na
10 mxm) [11]. Crpykrypa PBO, okpyxkeHHasi 4eTBepTbBOJIHOBOMH MOJIOKKOI U CO-
[JIACYIOILIUM CJIOEM, IIPEJCTaB/IeHa Ha PUCYHKE 2.

8,1 = 1 gn = 1
E E
nao gcozn gﬁus 8};1,43 gnod npow
.| B B - 3
Eomp E
=
= 2(nm)
0 L

YETBEPTHBOJIHOBAS ;[Byxcnoﬁxa

—~ -
N+1 yeTBepTHBOIIHOBBIE JBYXCIONKH

Puc. 2.CxemaTtrueckoe npeacrasienue PBO cTpykTypsl, cocTos-
mieid u3 N IByXCIIOeK IUIFOC OJTHOTO YeTBEPTHBOIHOBOTO
CJI0S U OKPY’KEHHOH 4eTBEPTbBOJIHOBON MOJJIOKKOHN U CO-
[JIaCYIOUIUM CIIOEM.

TOJ'IH_[I/IHEI COTJIaCyromiero cCJiosda BBI6paHa paBHOﬁ YUCTBCPTU JIMHBI BOJIHBI
d,.,/A,,=025,r1e A,

coen coen

= Aosp !\ € ooy — JVTMIHA BOJIHBI B COTTIACYIOLIEM CIIOE.

B stoMm cjydyac yHAaceTCd HC TOJBKO CHHU3UTb CPCAHUC aAMIIJIUTYIAbI OOKOBEIX
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JIETIECTKOB, HO W 00ECTICUUTh CHMMETPHIO C 00EUX CTOPOH IEHTPAIBHON 00J1aCTH.
YBenuunBas KOJUYECTBO ABYXCIOCK JUISI CTPYKTYPbl C YE€TBEPTh BOJHOBBIMHU
COTJIACYIOIIMM CIIOEM M MOJIOKKOM, MOXKHO YBEITUYUTH KOAQ(HUIMEHT OTpaKeHUS
Ha OparroBckoll vHE BOJIHBL. KO3(QQUIMEHTH OTpakeHUsS U MPOXOKACHUS (B
norapumMudeckoM MacmiTade) cTpykTypsl it N = 45 aByXclioex MmpecTaBIeHbl,
COOTBETCTBEHHO, Ha Puc. 3a u 30.

-30

KoadoduumeHT otpaxeHusa R

8 9 10 11 12
[nunHa BonHbl Ag (MKMm)

8 9 10 11 12
[nunHa BosHbI Ag (MKM)

KoadpduumeHt npoxoxpexuns T (ab)

a) 6)

Puc. 3. Koaddpunuenter otpaxenus R(a) u mpoxoxaenusa T=1-R(B norapudmu-
geckoM macmrade) (6) PBO cTpykTypsl, cocrosmieit u3 N=45 nByxcioex
IUTIOC O/THOTO YETBEPTHBOJIHOBOTO CJIOS (TIapaMeTphl IIPUBE/ICHBI BEIIIE) U
OKpY>XEHHOH YEeTBEPTHBOIHOBBIMH ITOJUIOKKON M COTIIACYIOILIUM CIIOEM C
OIMHAKOBBIMM AUIIEKTPUICCKUMH MPOHULIAEMOCTAMH & = 342 u

Eppy =342, t1e d,, =d_, =1,352 mrnr.

[lpy yBeNMYEHUH YUCIAABYXCIOEK, HAPALYC YBEIMYEHHEM KodhduImeHTa
OTP@KEHUs CTPYKTYPbl M CY)KEHHEM IIHMPHHBI CIIEKTPA, YBEIHYHUBAETCS H
KOJIMYECTBO OOKOBBIX JIENECTKOB, B TO BPEMsS KaK MX CpeaHui Kod(pduimeHt

OTpaXXCHHUA OCTACTCA YMCPCHHBIM.

3akiIoyenue

PesynpTaTel MOJENIMPOBaHUS TIOKA3bIBAIOT, YTO MOXHO IOJIyYUTDH KeJaeMble
CIIEKTPAIIbHBIE XapPAKTEPUCTUKU 3alIUTHBIX MHOTOCIOWHBIX OTpa)KaTelIbHBIX
ONTUYECKUX (PUIBTPOB B 33JJaHHOM JHAIla30HE YacTOT MyTEM HM3MEHEHHUsS 4Hcia
JBYXCIIOCK W TOJIIUH TIOJUIOKKA W COTJACYIOIIETO CJIOSl, MOKPBIBAIOIIETO
CTPYKTYDY.

biraromaprocts: MccnenoBaHne BBIMIOTHEHO TPH (YHHAHCOBOHM IOAMEPIKKE
Komurera no Hayke MOHKCPA B pamkax Hayynoro npoekta Ne 18T-2J360.
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ELECTROMAGNETIC MODELLING OF MULTILAYER
OPTICAL FILTERS FOR PROTECTION OF SENSITIVE
RECEIVERS OF THE INFRAREDREGIONIN 10 MKM RANGE

H. Baghdasaryan?, T. Knyazyan', T.Hovhannisyan?, G. Mardoyan?

ABSTRACT

The work is devoted to electromagnetic modelling of multilayer optical
filters protecting highly sensitive receivers of the infrared region (in 10 um
range) from high-intensity laser radiation. Electromagnetic modelling has
been carried out numerically on the basis of the method of single expres-
sion. The spectral characteristics of multilayer reflective structures for op-
eration in the infrared region of 10 um are obtained.

Keywords:optical filter, multilayer structure, optical receiver protection,
infrared range, numerical modelling.
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SJEKTPUUYECKASI BOCIPUMMYNUBOCTb BUDKCUTOHOB B
CUWJIBHO CILTIOCHYTOM AJIJIMIICOUIAJIBHOM
KBAHTOBOM TOUYKE

JI.A. Taoegocan

Poccuiicko-Apmanckuii ynueepcumem
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AHHOTAIUA

B nanHol paboTe Oblna TEOPETHUECKU HCCIEA0BaHA dIIEKTPHYECKas BOC-
HIPUAMYHABOCTD OMAPKCHTOHOB B CHJIBHO CILTIOCHYTOH SITHIICOMIANbHON
KBaHTOBOH Touke. [TpuBeeHB TEOpETUYECKHE PACUEThl IEKTPHUECKON
BOCTIPHAMYHBOCTH OMIKCHTOHOB B 3aBHCHMOCTH OT Pa3MepOB OOJBIIOMH 1
MaJIO TONyocell CHIIBHO CIIIIOCHYTOH 3IIMIICOMIANBbHONW KBaHTOBOM
Toukd. [IpuBHIEHa MOAENMPOBAHWE NAHHOI 3aBUCHMOCTH C ITOMOIIO
pacyeTHbIX TOYEK.

KiroueBble cl10Ba: CHIBHO CIUIIOCHYTas JIHUIICOMAANBHAS KBAaHTOBAs
TOYKa, SJICKTPUICCKasl BOCIPUHUMYUBOCTD, MOJIAPU3YEMOCTD.

Beenenue

KBaHTOBBIC TOYKH SIBJISIOTCS OJHUM M3 CaMbIX UCCIEAYeMbIX 00BEKTOB B 21-
oM Beke. VIMEHHO u3-3a TOTO YTO T'€OMETPHIO B Pa3Mephbl KBAHTOBBIX TOYEK MOXKHO
MEHSATD, MTOJIy4asi KBAHTOBBIE TOUYKHU Pa3HBIX BUIOB U Pa3MepOB. DTO JaeT HAM BO3-
MOJKHOCTP TMOJTy4aTh KBAaHTOBBIE TOYKH C Pa3HBIMH (DU3MUECKUMU XaPaAKTEPUCTH-
Kamu. IMEHHO 3aBUCUMOCTE SHEPTETUYECKOTO CIIEKTPa OT pa3MEpOB HAHOYACTHII,
JIaeT HaM BO3MOKHOCTH HCIOJIb30BaTh KBAHTOBBIC TOUKH B Pa3HBIX HOBEHUILIUX TEX-
HOJIOTHSX. KBaHTOBBIE TOUKH MCTIONB3YIOTCS B ONTOIIEKTPOHHUKE, MUKPOIIIEKTPO-
HUKE, SHEPTeTHKE a TaK kKe B MEIUIIMHE U OUOJIOTHH. 3a TIOCIIETHUE TOJIbI UCCIIE0-
BaHHE PA3HBIX XapPAKTEPUCTHK KBAHTOBBIX TOYCK SIBISIETCS OJHUM U3 BaKHEHIIIHNA
HampaBJICHUH B KBAaHTOBOH (hu3uke. B maHHO paboTe TeopeTniecku ObLIa paccyu-
TaHa 3JICKTPUUYECKash BOCIPUMMYUBOCTH OMIKCUTOHOB B CHJIBHO CIUIFOCHYTOM 3J1-
JUTICOMIATFHON KBAHTOBOM TOYKE TIPH PEIKUME CHIBHOTO KBaHTOBaHUs [1-5].

gﬂeKTpI/l‘leCKaﬂ BOCIPUUMYINBOCTD

[TycTh cTanmoHapHbIE COCTOSIHHMSI aTOMa OMMCHIBAIOTCS PEIICHUSIMU ypaBHE-
Hus Hpeaunrepa

Hln >= E,In >
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ITycts BekTOp |0> COOTBETCTBYET OCHOBHOMY COCTOSIHHUIO. J{aBaiiTe BEIUNCINM
ANIEKTPUYECKYIO MOJIIPU3YEMOCTh aToMa 0. (3TO €CTh NEKTpHYecKas BOCTIPHUMYH-
BOCTB j BelecTBa, coaepxkaiero N atomos B 1 cm3). [6]

NMomecTMm aTom B 3/1eKTpUYECcKoe noJsie €, KOTOpoe Hanpas/aeHHO BAO/b
ocu z. Torga Ha Hero ,Cl,e[;ICTByeT Bo3mMyuieHune

W=esz Z;

A
rZe € — 3apsja 3JeKTPOHA, a MHAEKC A HyMepyeT aTOMHbIEe 3JeKTpoHBL. [laBaiite
HaIuIlIeM ypaBHEHHE B IEPBOM MOPsIKE TEOPUU BO3SMYIICHHSI.

H+W)ly 2 Elp >
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CpenHee 3HadeHUE MPOEKLUM TUIIOJIBHOIO MOMEHTa aToMa Ha HallpaBliCHUE
noJist onpeaensiercs: Gopmynoin
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A
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[lepBsiit wieH maHHOW (HOPMYIBI €CTh AMITONBHBII MOMEHT HEBO3MYIIIEHHOTO
atome. BTopoii uiieH moka3pIBaeT MUMOIBHBIA MOMEHT, MHTYIIUPOBAHHEIN MOJIEM.
Hagatite ero o6oznaunm F, ;. Onpenenas nonspu3yeMoCTb aTOMa 0, PABEHCTBOM,

MOKEM HaWUTH o

By = ae
1 2
a=ZeZZ |< n|Z Z,1|0 >|
En_EO

n
E( ecTb 3HEprus OCHOBHOT'O COCTOSIHUS ITO9TOMY 3HAMEHATENb B 3TOM BBIPaKCHUU
MOJIOXKHUTENBHBINA. W3 3TOTO cleyeT, 4To MOIsIpU3yeMOCTh 0L TAKXKE SIBISETCS MO-
JIOXWUTENbHOM [7].
¥ (3MeKTpuveckass BOCIPUUMYHUBOCTE) €CTh KOAPQUINEHT MPONOPIHOHATBHOCTH
MEIKy HAPsHKEHHOCTBIO MOJIA U Nosisipu3anuei Beuiectsa P = NB, ..
P = ye

TO €CTh

4

2
|< n|2 Z;LlO >|
_ 2 §
x =2Ne E, —E,

n
U3 3TOro cieayer uto y > 0.
O603HaunM 2Ne? Kak y, U [Is 2NeKTPHUECKOl BOCIPUAMUYUBOCTH MOITYYUM

v <z omlos|
X—)(oz E, — E,
n

Pacuetsl 1 00cy:KaeHHE

[IpoBenem pacdeTsl U HaiileM 3aBUCUMOCTB Y (3JEKTpUYECKas BOCIIPUAMYH-
BOCTh) oT pazmepoB Hameit CCOKT. Ha Puc. 1. npuBenena 3aBUCUMOCTD dJICKTPH-
YECKOW BOCIIPUUMYUBOCTU ) OT OOJBIION MOIYOCH SILIUIICOUAA, MPUHUMAS, YTO
pa3Mep MaJeHbKOU NOJIyOoCcH (DUKCHPOBAHHBIMH.
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LS,

Puc. 1. 3aBUCUMOCTB 2JIEKTPUUECKON BOCIIPUUMYHUBOCTH OT pa3-
Mepa OOJIBIION MOJTyOCH MTPH PA3HBIX (PMKCHPOBAHHBIX 3HA-
YEHUSAX MaJEHbKOU MOIYOCH.

Taxoke ObUTH TPOBEACHBI HCCIEAOBAHIS 3aBUCIMOCTH JICKTPUIECKON BOCTIPU-
MMYHBOCTH OT MaJIeHBKOW ITOJIYOCH JJLTUICOWAA MPH (UKCHPOBAHHOM pa3Mepe
0O0JIBILION MOJTyOCH. DTH pacyeThl TIOKa3aHbl Ha Puc. 2.

nadug

e Y00y

Puc. 2. 3aBUCUMOCTD 2JIEKTPUUECKOH BOCIIPUUMYHUBOCTH OT pa3-
Mepa MaJIeHbKOH MOJTYOCH, TIPH Pa3HbIX (UKCUPOBAHHBIX
3HAUEHUSIX OOJBIION TTOTYOCH.

CpaBHUB PUCYHKH, MBI MOJKEM CKa3aTh, 9TO 3aBUCUMOCTD JIEKTPUIECKON BOC-
MPUUMYUBOCTH OT MaJICHBKOU MOITyocHu 0oJiee UyBCTBUTEIbHA, YTO SIBIISIETCS CIIE/-
CTBHEM 00Jiee CHIIFHOTO Pa3MEPHOTO KBAHTOBAHMS.

OTMmeTHM, 4TO HaMU OBUIO MPOBEICHO MOJICTUPOBaHNE Ipaduka 3aBHCUMOCTH
¥ TIOKa3aHO, YTO 3aBUCHUMOCTH JIEKTPHYECKON BOCIPUUMYHMBOCTH OT OONBIION U
MaJIeHbKOU MOJIyOCH HOCUT 3KCIIOHCHIIMANIBHBIN XapakTep.

Ha Puc. 3 noka3aHo, 4To pac4eTHbIC TOYKHU C OOJIBILION TOYHOCTHIO COBIAAAIOT
¢ pyHxuen

a+pert
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Puc. 3. PacueTHble TOUKM M MOAEIUPOBAaHHAS (DYHKIHS.

[TapamMeTpbl MOJICTMPOBAHUSI JUISl JAHHOTO CIIydyasi IPUHUMAJIH 3HAYEHHS
a =—0,00141686, =0,000358 u y=3,89709.

OTMGTI/IM, 4YTO BCC PUCYHKH M paCUYCThI OnuIH IMPOBCACHBI JId pEKHUMa CUJIb-
HOI'O KBAHTOBAHMUA.
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ELECTRIC SUSCEPTIBILITY OF BIEXCITONS IN A
STRONGLY OBLATE ELLIPSOIDAL QUANTUM DOT

L. Tadevosyan

ABSTRACT

In this work, we theoretically studied the electrical susceptibility of biex-
citons in a strongly oblate ellipsoidal quantum dot. The theoretical calcu-
lations of the electrical susceptibility of biexcitons as a function of the sizes
of the major and minor semiaxes of a strongly oblate ellipsoidal quantum
dot are presented, as well as the modeling of this dependence with the help
of calculated points is shown bellow.

Keywords: strongly oblate ellipsoidal quantum dot, dielectric susceptibil-
ity, polarizability.
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CUCTEMA ABTOMATHUYECKOI'O YIIPABJIEHUA
AHTEHHbBIMHU UBMEPEHUAMMU 110 BJIKHEMY ITIOJIIO

C.P. Taoesocan, B.I'. Agemucan*?

YPoccuiicko-Apmanckuii ynusepcumem
2Epesanckuii Hayuno-ucciedo8amenbckuti uHCmumyn cpeocms cesisu
tad.sus.94@gmail.com, avahan@mail.ru

AHHOTADUA

B nanHOi#i cTaTthe ObLT M3y4eH OJIMXHHUN METOJ U3MEPEHHs IapamMeTpoB
aHTEHH MUJUTUMETPOBOTO JIMaIla30Ha, B YaCTHOCTH, CHCTEMa aBTOMAaTHYEC-
ckoro ynpasienus (CAY); Obu1 HanMcaH anropuTm JIOTukU pabotel CAY,
a Tarxke 0bUTo peann3oBano [10 it ee IPOBEPKH B IPOTPaMMHOI cpejie
LabVIEW.

KuroueBble ciioBa: OMWKHUNA METOJ W3MEPEHHS MapaMETPOB aHTCHH,
MUJUTUMETPOBBIH quana3on, CAY, anroputm, LabVIEW.

BBeaenne

Bormpoc mpoBefieHHs WCIIBITAHWI aHTEHHBIX YCTPOWCTB PaIUO3IEKTPOHHBIX
CHUCTEM, paOOTAIOIINX B MIJUTIMETPOBOM JIMAITA30HE BOJIH, SIBJISICTCS BAYKHBIM, T10-
CKOJIBKY aHTEHHbBIE CHCTEMBI SBISIOTCS WX HEOThEMIIEeMOW 4acThio. BeiOop Toro
WJTM UHOTO METO]Ia U3MEPEHUI MapaMeTPOB aHTEHHBIX YCTPOUCTB 3aBUCUT OT TOY-
HOCTH PE3YyJIbTaTOB M Pa3MEPOB UCIIBITYEMOU aHTEHHON CHCTEMBI.

Mertona OIMKHETO OIS AHTCHHBIX U3MEPEHUN Ha CETOMHSIIIIHAN IeHb TpUMe-
HSIETCSl B PA3NIMYHBIX NEPEIOBBIX 00JACTAX, MPUMEHSIOMUX PaJIHOIIEKTPOHHBIE
YCTPOKNCTBA, IPH UCIBITAHUSIX aBTOMOOMJIBLHBIX PaIapoB, B CBS3H, IIPU TECTUPOBA-
HUU aHTCHH MOOWJIBLHBIX Tele()OHOB U T.J., Ollarofaps Hauboee TOYHBIM Pe3yIib-
TaTaM MPOBEACHHBIX MCIBITAHUH 10 CPABHEHHUIO C OCTATLHBIMU METOJIAMHU.

Cucrema aHTEHHBIX H3MEPEHHUH OJIMKHETO OISt — 3TO aBTOMATHYECKUI H3Me-
PUTEIHHBIA KOMIUIEKC, COCTOSIITUIN U3 CIEIYIONTNX OCHOBHBIX TIOJICHCTEM: TIOJICH-
CcTeMa 3JIEKTPOHHOTO CKAaHMPOBaHUS OJFIKHETO MO, paJHONU3MepUTENbHAS 01
CHUCTEMA, ITOJICHCTEMa aBTOMATHYECKOTO YIIPABICHUS N3MEPECHISIMH, U TTOACUCTEMA
MaTeMaTHYECKON 00pabOTKHU TaHHBIX.

IToncucrema apromarudeckoro yrpasieHus (CAY) uaMepeHUsIMA TTO3BOJISET
BBITIOJHATH YIIPaBJICHUE IBIKESHUSAME 30H/1a, 1aBaTh KOMaH/y O CHITUU HH(OpMa-
WU U T. 1.

Cucrema aBTOMAaTUYECKOTO YMPABICHUS JOJXKHA COOTBETCTBOBAThH CIEIYIO-
ITIM OCHOBHBIM KPUTEPHUSM:

1. BennuuHa mara chemMa HH(pOpPMAaIUY 30HI0M JI0JDKHA OBITh paBHA TIOPSAKA
HECKOJIBKO JUTUH BOJH JI0 YETBEPTH BOJHBI YaCTOTHI M3MEPEHU;
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2. ObecrieueHre MUHUMAIBLHON OMIHOKH MMO3UIIHOHUPOBAHUS 30HA U T..

Lenbto paboTHI siBNsieTCSl M3ydeHHUe JIOTHKH padoThl CAY, HamucaHue OJIOK
cxemsl [10 manHO# moruku u peanm3arus [10 mist ee MpoBEepKH B IIPOTPaMMHOMN
cpene LabVIEW,

Ioacucrema apToMaTH4YecKkoro ynpanjaenus usmepenusamu (CAY)

Hamu paccmarpuBaercst moacucTeMa aBTOMaTH4eCKOro yIpaBieHusT U3Mepe-
HusMHU. Bes moacucreMa ocHOBaHa Ha JaT4MKE NEPEMEIICHHs 30HAA, KOTOPBIN
MPEICTABISIET COOON AHUCK C MPOPE3SIMU JIJIS IATOBBIX IEPEMEIIEHIH 1 eIlle O JHON
IeNU JUIA POBEPKU BBIXOJA 30HJIa 3a 30HYy CKaHHPOBaHUS Mo KoopauHaTe X, Ka-
PETKH IJIs IepeMEeNIeHHs 110 KoopAuHaTe Y W KOHTpoIUIepe Ui 00paboTKH MOITy-
YEHHBIX JJAHHBIX OT JATYUKOB.

Wnes pabotsl coctout B TOM, uT00BI, m3yunB CAY B pabote [1], ynpocTuts
cxemy CAY, npumeHss paclpocTpaHeHHbIE Ha ceroAHsAmHui 1eab STM koTpor-
nepsl u IIJIAC-51.

W3meHeHus1, BBeIeHHBIC B pabOTy [2] MpeaCcTaBIsAOT co00i TO, YTO, €CIIU 110
3TOTO BCS ANEKTPOHHAS YaCTh COCTOSUIA U3 OTAEIBbHBIX OJOKOB, BBIIOIHSIOMINX Ty
WM MHYI0 OMHApHYIO OTlepaluio, Kak 3To mnpezcTaBieHo Ha Puc.l, To mpu peanu-
3alud NpeJlaracMbIX U3MEHEHHH, 3aKII0YalOUINXCsl B TOM, YTOOBI paboTy Bcex
uMmeronuxcsi 6J10koB 3ameHuTh [10 Ha KoHTpoJUIep unu Ha [TJIMC-e, oOecnieunBa-
eTcs yBenuueHue ObicTpoaeicTBus Beeil cuctemsl CAY. biiok- cxema npesarae-
MO cucTeMsl IpezicTaBieHa Ha Puc.2.

Omnuiiem a5 Havyaa paboTty cucremsl Ha Puc. 1.

B ncxoanoMm cocTosHnH, B Havaje nepeMenieHus X-KapeTKu 30H/ TepecekaeT
HIDKHIOIO TPaHUIy 30HBI cKaHUpoBaHus. [Ipu nmepeceyeHnn rpaHuIbl aMIDIMTYaa
MMITYJIbCa 30HBI CKAHUPOBAHU TIOCTYIIaeT Ha KOMIApaTop HIDKHEH TPaHUIIbI TIPS-
MOT0 X0/1a, TJIE OHa CPABHHUBAETCS C MOCTYMAIOIUM Ha €r0 BTOPON BXOJ] IOCTOSH-
HBIM HaNpsHKEHHEM OT MCTOYHMKA HaNpsHKeHWH. B pe3ynpTaTe cpaBHEHHS Ha €ro
BBIX0/I€ TEHEPUPYETCS UMITYJIbC, KOTOPBIN MEPEKII0YAET COCTOSHNE TPUITEPA NIPS-
MOTO0 XO/ia C HyJIsI Ha TIOCTOSAHHOE 3HadeHue. [Ipu s3ToM Ha BBIXOZle BTOPOTO TPUT-
repa nojy4yaeM HyJIEBOE 3HAUCHHE.

[TocTossHHOE HEHYEBOE 3HAUEHNE Ha BBIXOZE OJHOTO U3 TPUTTEPOB MEPEKITIO-
yaeT 35eMeHT UJIM Ha nomoKUTENbHBIN BBIXOJI, KOTOPBIN MOAaeTCs Ha dJIeMeHT U,
KOTOPBIH KJET, TOKA HE MPHUJET 1IaroBbI UMMIYJIbC OT IIaroBoro Aatuuka. [locime
MPUX0/1a IaroBOT0 UMITYJIbCa Ha BBIXO/E 1eMeHTa M MosIBIseTCS MOIOKUTETBHOE
3Ha4YeHUe, JAOLNH KOMaHay HHTepdeiicy 0 YTeHUU U3MEPEHHBIX JaHHBIX.
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Puc. 1. briok cxema cHCTEMBI aBTOMAaTHYECKOTO yIIpaBiIeHUs B padbote: 1 — ucmbITye-
Masi aHTeHHa, 2 — 30H]I, 3 — MEeXaHWMUYECKHUI CKaHep, 4 — aMIuTuda3zoMeTp, 5 —
unrepdeiic, 6 — 6110k 00pabOTKK U BbIJAYH JaHHbBIX, 7 — anement MJIN-1, 8 —
anemeHT U, 9 — maroBblii poTonaTuuk, 10 — Tpurrep kaHania npsiMoro JABHKe-
HUS 30HAa, 11 — Tpurrep xanamga oOpaTHOrO ABWKEHHS 30H/A, 12 — KoMmapa-
TOp BepXHeH rpaHuIlpl, 13 — KoMmapaTop HIDKHEH rpaHuisl, 14 — komnapaTop
BEpXHEU IpaHulbl, 15 — KOMIaparop HWXKHEH rpaHulibl, 16 — ICTOYHHUK ONOp-
HBIX YIPABJISIEMbIX IIOCTOSHHBIX HANPSDKEHUH, 17 — KOMMYyTaTop 30HHOTO (o-
TonaTuuka, 18 — amement UJIN-2, 19 — 30uHEIH poTogaTynk, 20 — nmpuBox X-
KapeTku, 21 — pene BpeMeHH, 22 — ruAponpuBol Y -KapeTku, 23 — pese Bpe-
MeHH, 24 — J1a3epHbIA JaTYHK MOJIOKEHHS Y -KapeTKH.

IIpu nepecevueHnn 30H10M BEpXHEHN IPaHULIBI 30HBI CKAHUPOBAHUS 30HHBIA UM-
IIyJIBC TTOCTYIIaeT Ha BTOPOUW KOMITApATOp M CPABHHUBACTCS C MMOCTOSSHHBIM Hampsi-
JKEHUEM UCTOYHUKA HANPsDKeHUH. Pe3ynbTaToM SIBISIETCS UMITYJIBC HA €r0 BBIXOJE,
KOTOPBIN TIEPEKITI0YACT COCTOSHUE TPUTTEPa MIPSIMOTO X0/4a ¢ HyJIs Ha TIOCTOSTHHOE
3HadeHue. IIpu 3ToOM Ha BBIXOJI€ BTOPOTO TPUITEpa — HyJIEBOE 3HaueHue. /{anbHei-
IITUE TIIaryd TOBTOPSTFOTCS.

B MoMmeHT, Kor/ia 30H]1 MepeceKaeT BEPXHIOK IPaHUILy 30HbI CKAHUPOBAHUSL, I10-
JIOXKUTENIbHOE 3HAYEHHE C BBIXO/1a KOMITapaTopa nojaeTcsi Ha BTopoH sneMeHt UJIN,
JPYTOH €ro BXOJI IMOJKITIOYEH K KOMIIApaTopy OOpaTHOTO X0/la CPAaBHUBAIOIIETO UM-
ITyJIhCa 30HBI CKAHWPOBAHMUS C IIOCTOSIHHBIM HAITPSHKEHHEM COOTBETCTBYIOIIETO HIXK-
Hel rpanule. B atom ciyuae anement MJIW umeeT Ha CBOEM BBIXOJE MONOKUTEIb-
HOE 3HaYCHHE, TOBOPSIIICE O CMCHE HAMIPABJICHHUS IBIDKESHUS KapeTkH [3].
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[Ipu sTOM TIONOKUTENBHBIE 3HAYCHHS Ha BBIXOAAX DTHUX JBYX KOMIIApaTOpOB
MIOJAIOTCSL Ha BXOABI X-KapeTKH U, COOTBETCTBEHHO, OCTAHABIUBAIOT €€.

Brixon Broporo snementa MJIN Takke 3ammyckaeT BpeMEHHYIO 3a1€pXKy, KOTO-
pasi 10 UCTEUCHUIO JAaHHOTO BPEMEHH 3amycKaeT Y -kapeTky. B To Bpems kak Y-
KapeTKa COBEpIIAET IIar, MPUXOIUT UMITYJIbC OT ero (oTogaTdnka (Jrazepa), KOTo-
pHBIf 3amycKaeT BTOPYIO 3aJIepKKy BO BPEMEHH, TIOCIIE YeT0 X-KapeTKa HauMHAET
cBoe ABIKeHue. Tak e JaHHBIH UMITYJIbC TIePEKITIOYaeT BBIXO 30HHOTO HMITYIIbCa
00 Ha MPSIMOM X0, JINOO Ha OOpaTHBIN.

1. Ucnbiyeman AHTeHHa
2.30HpA, —
3. MexaHu4ecKkuii ckaHep

Bnok O6paboTku 1
L BblAayu AaHHbIX

(6)

Amnandazomerp UHTepdeiic

(4) (5)

f

I

I nauc
+_ — LLaroBbii doTopaTumk wnn MpuBopa X KapeTkn
I

I

I

| _ |

A 4

v
v

(8) KoTponnep (11)
7)

A A|

30HHbIV GpoToAATUMK lvaponpusos, Y KapeTkn
(10) (12)

MCTOYHMK HanpsKeHuin | NasepHblit poToAaTUIMK
(9) (13)

Puc. 2. Biiokx cxema MOJIEpHU3UPOBAHHON CUCTEMBI aBTOMAaTHYECKOTO yIIpaBiie-
HUS U3MEPEHUSIMHU.

Teneps ke nepeiieM K ONMUCaHUIO MPEIaraéMbIX U3MEHEHHUH.

Onements! Ha Pucynke 1: 7 — Onement WJINU-1, 8 — anement U, 10 — tpurrep
KaHaJla MPsIMOTO JIBMXKEHHUS 30HIA, 11 — Tpurrep xanaiga oOpaTHOTO IBMXKEHUS
30H7a, 12 — KOMITapaTop BepxHeH rpaHuIlpl, 13 — KoMmapaTop HH)KHEW TpaHMIIBI,
14 — xommapartop BepxHel rpanuisl, 15 — koMnapaTop HWKHEH rpaHuipsl, 17 — KoMm-
MyTaTop 30HHOrO ¢oromarumka, 18 — anmement UJIM-2, 21 — pese Bpemenu, 23 —
pene BpemMeHH — 3aMeHsA0Tca Ha [1O peann3oBaHHOTO HAa KOHTpOJUIEpE WM Ha
TUINC-e Pucynke 2.
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Jlnis mpoBepKH MPaBWIILHOCTH JTOPHTMa OBUIO pa3paboTaHO MPOrpaMMHOE
obecnieueHue B mporpammuoii cpene LabVIEW, momHOCTEI0 COOTBETCTBYIOIIEE pa-
Hee OMUCAHHOW OJIOK-CXEeME, CUTHANBI OT JATYMKOB OBUIH MPOCHMMYIHPOBAHHBI
MIPOrpaMMOi.
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Puc.3. T1IO pyst mpoBepKH JOTUKU aJITOPUTMA.

Kak mMoxem yBHIIETh W3 MPUBEIEHHOTO BHIIIC PUCYHKA, KOMAaH/Ibl HA MHTEP-
(etic, T.e. KOMaH/BI HA MOMEHT CHSITHS WH(OPMAIIUU ITOJIHOCTBIO COOTBETCTBYIOT
BXOJTHBIM JJAHHBIM JTATYMKOB M MOJTHOCTHIO COOTBETCTBYET JIOTHKE paboThl CAY.
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NEAR FIELD AUTOMATIC CONTROL SYSTEM FOR
ANTENNA MEASUREMENTS

S. Tadevosyan?, V. Avetisyan®?
Russian-Armenian University
2Yerevan Scientific Research Institute of Communications
tad.sus.94@gmail.com, avahan@mail.ru

ABSTRACT

In this work, a near field method for measuring the parameters of millime-
ter-wave antennas was studied. In particular, the automatic control system
(ACS), the algorithm of the ACS operation logic was written, and software
was also implemented to check it in the LabVIEW software environment.
Keywords: a near field method for measuring antenna parameters, milli-
meter range, ACS, algorithm, LabVIEW.
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ShEQEUUUL KUNTUSUSELEP ULU3NhLU3PL FUTCVU UL
Unuuuuzusunke3nhuuert

U.U Pwupmui, E. 1. Ynjwlyub, 8.U. Pwupnyub, U. U Uluppuppui

. Upnyjuh wbhywl huyfwlul qhknwlul dublujupdului
huduyuupub
arsen.taroyan@mail.ru

Zhknmwqnuyt] t whbqipwlut {wpwquypubph  nidqunipjub
wllnitughtt puppunudp: Fuwhwwndl] b twdinl b Ynon
pununphsitph gnidwpuyhtt nidqunipjut thnthnjunipyniup pun
EpYnt mupptp Bdyhphly pwtiwdlbtph:

thﬁlulpumhp‘ nhkqbpuwljwt fwnwquypltp, Sunwqupuwlnhy
hnuph nidqunipjul, wulnibughtt puppunid, Jjudwt hbwnwqn-
wnnid:

Unwotujhtt qujuljnhluljut wnhiqipulwut dwnwquypubpp dw-
dwwlh phpugpmuwinhnthnfu kb, hulj wwpwsnipjui Uke hqnuipnu[4]:
Uju hhdtwjuinid juqujws E ywpnunnbttphg, npnup Juqunid &u pnjnp
wnwetwhtt dwuthlubkph b wnndwjhudhenijubkph 90%-p, @ -dwuihy-
ubpp Juqunid Gu 7%-p, hull dbwgwsd 3%-p Juqunmd B wunndwght
Uhonmljubp punhniyy dhiish wdkbwswip dhontjukpp, hswbu bl Jwb ny
Uks pwtwlnipjut EiEjwnpntukp, ynqhwupnuubp b ubjnpnuubp [5]):

Shtqbpphgklnn wnwglughli nhkqhpulubdwpwquypbpp (ophtuly
wpnunt, jud @ -dwuthly) ntubuwng hwdbdwwnwpwup dbé quuqus b
Lukpghugh ks wwpwp 10° B Yupgh), $nyh dwybkplinygphg 15+204d
pupdpnipiniunud, onh Unjkynijutph wwnndutph dhomyubph htwn, puu-
dwl wpnniupnid wnwowgunid £ Uks pyny thwthnily b Ynon dwutihljubp:
Unow  dpgpmluwlnhy] dwubhlhiukpt kb hpdtwlwimd 7 -dkqnu-
Ukpp ppuljub, puguuwljui b skqnp (whnutkp): Ypulwh b puguuwljwi
1hgpujhp whnuttpp nmukh 273 EEupntuh quiugws, b vhonijuwlnhy
wnpnuttph judpmid wdbuwthnpp quuquény dwuthlutpt Eu [7]:
NMhnutbkpp (hubnd wiuynit b mubkbtwny Jjuiuph Jupd nbnnnipmnit
hulnyt wipnhynid : Ophtly pugwuwljwi whntp wpnhynd k ny dh-
omuwlinh] dwuhyh pugwuwlub g -dkqnih (Uninb, jud «swbp
EEYyunpntv)b ubpinphngh [6]: Puguuwlut (hgpny Ujnintup hp hwnlnip-
mitutpny dnn E BEYunpnuht, niubbwnyg 207 Ejupnth quuqus, b
hudtdwwnwpwp Jyuiph Epup mbnngnipnil, nsthontjuwlnhy kb hwt-
nhuwinid §nown pununphsp: Gugubiny dptunnpunny, wyt hp tukpghwt
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dwhiunid £ dhuyt dpininpnp onh wwinndubph b dnjkynyukph hntiwgdwt
Jpw, b EEjupnuh hwdbdwn niubbuwny 207 wbhqud wykh ks qutg-
Juslpnud E Eukipghwjh hwdbkdwwnwpwp phs Ynpnrunubp (onh wnndubkph
b UdnjEYnijukiph hntwgdw ypw dwuthlhh tukpghuwh Ypws Ynpnrunubpp
hwljunupd hwdbdwnwljut £ tpu qubqush dkénipjuip) nt jupn-
nuunid £ hwutk] Gpyph dujtplnypn b puthwbgt) junppbpp:

Gpliwb punuph wuwypdwbitpnid, htnmwugnugly B mhbgtipojut Gunw-
quypltiph nidqinipjub Juhwdnipniip pltnughtt @ -wblynibhg nph
hwdwip oquuugnpdyt £ Gwnwquypitinh gpubigdwi GIIK-01 [2]mhtiqpuljub

htinwnhwnwlp: <tbwnhwnwlp punuguo L <uygtiph tpyne  hwpyhsttiph
hudwlupgtiphg npnip qubymd Gt hpuphg 40ud  hinwynpnipyuit Ypu
Wwnhbqtipphg ntiwh  hwydhsbipp  tinn whbqipuub  Gwnwquypep, bphk
dhwdwdwbwl] hwnmd E Gpine mnuhtipnid mnunpgud hwpyhstitipp, woaqu
tpubgnd  wnwewguwd wgnuipubiitiph™ nhwyh ptujupdwb  Juhwbwl
dhudwdwbwuju dninph niypnid hbwpuynp £ wgqnutywiihgpuignid, pubth
np nhjuyjupiwd vuppnid whiuwmnn Eaupniughlt upjutidwb gnponid £ wyh
ntiypnid, Gpp Gpne mnuhbph hwpyhstitiphg tynn wgnuipubbtipp hwubtnid G
Lityupniughtt uputidughtt Jhwdwdwbwly, puwtth np uwpph BGupnbuyh
upubidwt wphuownmd E dhuwyd wynuhuh hwdpbijtigdwb nbdhdinud: buly Geb
dwubhp hwwnnd E hwpdphsitiphg  dhuytt dtyht, wyl sh gpubgynid:
<tnwnhunwih whiunmwiph wyny hwnlinipmnibp hbwpwyniegnid £ mwuhu
gnuigl] Jhuyh wylt Jwubhlbbtiphl, npnbg wpddwb  ninnipnibbbpp
hundptyunid £ hwpyhstitipp wywhnn pugnijh nugnyudnipjud ninnnipjui htin,
wyuhbpll qniquhtindwutihyutiph hnupp:

UN3NkrUUY
0 Nu N2 Ns N Ns Nups.

00 87 91 72 81 85 83,2

150 79 68 67 103 79 79,2

300 54 79 65 76 71 69

450 34 44 43 39 44 40,8

600 17 25 21 22 30 23

750 10 13 9 15 14 12,2

900 10 7 14 4 14 9,8
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U.U Pwupnuly, E.10. Ynfuwiywl, 8. U.Pwupnjul, U.U. Uluppupiul

Quthnudbph nphundwb pikpwyhtt € -wbynitp thathnpuyty E 0-hg 90
wunhdwl wilnibibpnd 15-wjutwunhdwt puypny: Upmyniupubpp
phipwd kb wynuuwlnud, hul dwubhlyubkph pitph dhohtiupdtputpp N
uhopbinud L wnniuwljh ypohtt untwlynud:

Uhtsh wydd mwpwddws b wyt Lupwungpnpniup, np wmhbqbpuljut
Swnwquypltph nidqunipniup thopuynud k pibknwjhtt wuljut Ynuhtiniuh
punwlniunt ninhy hwdbdwnwlui | =1 cos’ 6, 6 -h 0-hg 90 wmuwnhgwt
wllmnibiubph  whpnypnwd  [1], [4]: Uwluwyu dJbp  Epuwybphdbunp
wpynitpubpny Junpnigdws ul. 1-h qpudphlhg wwpq bpunwd E, np
wjnuhuh thnthnjpunipniup Jupnn L wbn qutl] pbipuwghtt wuljub
vwhuwiunhwl wpdbpibph’ wyh t 0-hg dhtish 30-wuinh&wl wnhpnypnid
dhuyt: bull 30 b 45-wunhdwutiphg dhish 90-wunhdwt mhpnypnud wju

HLH

wjugqnid E Epuwnubighwy opkupny, wyh £ I, = |Oeiﬂ , npnkn 4 -u
Ynonn b thwthnil] dwubhlubph gnidwpughtt jubdwb gqnpswlhgu k
Uplunnpuught onnid:

Unpnuuwlh  wljuubpny  junnigqué qpudplp wuunybpjus E
ujupnud:

I

[
»

&

0 150030 45 8 35 ap
Ul. 1: Uhuwynp dudwbynid thuthnil bk §npwm wmptigtipujub
twnwquypltph pYh upnjuonipyniap piinwyhtt wyyniihg:

Qpubhlhg bpnd E bwl, np whbqipwlub  fwpwquypbph
nidqumpnitip qpnjhg wwppkp £ wiqud 6 = 90° wipdtph ntwpnid, npp
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wdbktuyt  huwjwbwjuwinipjudp, wuwdwbwynpjus  whbkqbpulu
Swnwquypltph Ynon pununphsh dptininpuuyhtt onmid pnyy jubnudng,
Jutdwit gnpéwligh thnpp wpdbtpny:

Uunuwugdwé wpynitupp Juplnp E tpubnyg, np wyt whwnp £ hpwunyh
ghnwuljut wuppbpulwububpnud, htyybu btwb pnithwljut puuwgqppbpnud

dwngyh ninnnud b hpwnedh dbkp unugdwsé wpnyniupp:
Uyuwghuny

1. Shhqbpwlwt dwnwquypttph thwihnl pwnunphsp tuwnbih
Juynud £ dptninpuiughtt onnud:

2. Shhqhpuljuwt Swnwquyptbph §nown pununphsh lutdwt Epbnypp
6 =90° wnpdbiph pbhwypnid dpuninpuuwghtt onh Lplwp hwuwnnmpub
otkpuinnud ujuwnbih k, uwljuyyt ipu nidqunipiniuipgpnihg nwwppkp L dunwd:
Bplwt punuph ényh dwlbplunyphg 1000 U pupdpnipjuit Yypw wynuhuh
onpuijhti okipnhhwuwnnipnitip wybkih thnpp k, pwt pk éndh dwljbplnyph
Ypw E wyu: Uh gnighdnyh dwljiplinyph pupdpnipniunid jupnn E wnknh
niiktw] Ynownn punupphshwdpnnonipjudp Yjwbnuwlp, npp Jupnn b
hwuwnwwnyt dhuyb Epuybphdtunny:
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OCOBEHHOCTH YI'JIOBOI'O PACIHIPEJAEJIEHUSA
MHNPOCTPAHCTBEHHOI'O U3JIYYEHUA

A.C. Taposan, 3.11. Koxanan, 10.A.Tapoan, H.H. Mxumapsan
Apmsanckuil 2ocydapcmeeHHblil hedazozudeckuti yrugepcumem umenu X. Abosaua
arsen.taroyan@mail.ru:

B manHOI#i cTaThe OBLIO UCCIENOBAHO YIVIOBOE PaclpeieeHie HHTECHCHB-
HOCTH KOCMHYECKHX Jy4eil. /laHa Obla OLleHKa U3MEHEHHUSI CYMMBI IIPOY-
HOCTH MSTKO-TBEPIBIX KOMIIOHEHTOB IO ABYM DPAa3IM4HBIM 3MIHMPHYE-

ckuM hopmyam.
KiioueBble ci10Ba: KOCMHYECKUE Ty9H, HHTEHCUBHOCTD ITOTOKA H3ITyde-
HUSI, YIJIOBOE paclpeiesieHUe, NCCieJ0BaHUE MOTJIOMECHHUSI.
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UCCJEJOBAHUE MEK30HHOIN ®OTOJIOMUHECHEHIAU
KBAHTOBBIX TOUYEK GESI

P.B. Yemumenko', M.A. Bunnuuenko®, LA (Dupcoel, A.A. Caprucan 1.2

Y Canxm-Ilemep6ypeckuii nonumexnuyueckuii ynueepcumem ITempa Benuxozo
(Canxm-Ilemepoype Poccus)
2 Poccuiicko-Apmanckuii ynusepcumem, Epeean, Apmenus
ratmirustimenko@yandex.ru

AHHOTANIUA

B nanHO#l paboTe wncciemyercss BIUSHUS IapaMeTPOB ONTHYECKON
HAKa4YKH{ U TeMIIepaTyphl Ha MEK30HHYIO (POTONFOMHHECIICHIIUIO B KBaH-
TOBBIX Toukax GeSi/Si, CBA3aHHYIO C IPSIMBIMHU U HETIPSIMBIMH B PEaIbHOM
MPOCTPAHCTBE ONTHYSCKUMU MIEpexX0aaMu HocUTee# 3apsina. OOHapyxeH
roy0oi cABUT MUKa (HOTOTIOMUHECIIEHIINH, COOTBETCTBYIOLIETO HETIPs-
MBIM TI€peX0JiaM, C YBETMICHHEM MOIIHOCTU ONTHYECKOW HAKAYKH, CBS-
3aHHBI C M3MEHEHHEM M3rH0a 30H Ha TeTepOrpaHuIle IIPH BEICOKHX KOH-
[CHTPAIIMsIX HEPABHOBECHBIX HOCHUTENEH 3apsiia. BenuduHa caBura muka
(HOTOTIOMUHECTICHIINH YBEIMUUBACTCS C POCTOM YPOBHS JIETHPOBAHUS
KBAaHTOBBIX TOYCK.

KiioueBble cJI0Ba: KBaHTOBbIC TOUKH, GeSi, HOTONMOMHUHECIICHITHS, He-
TPSIMBIE TIEPEXOJIBL.

BBenenune

N3zyyenue cBoiicTB kBaHTOBBIX Touek (KT) siBnsgercs omHUM U3 MepCHeKTHBHBIX
HAaIpaBJIEHUI HCCIIeIOBAaHNH, HAIPABJICHHBIX HAa PUMEHEHHE B COBEPIICHHO Pa3HbIX
00JIacTsX — OT MEIWIIMHBI ¥ SHEPIreTHKH 0 JIEKTPOHUKU U acTpodumsuku [1]. He-
CMOTps Ha To, uTo eme 10 JieT Ha3ax MOIyIPOBOAHUKOBEIE HAHOKPHCTAIUIBI TTOBCE-
MECCTHO HE HCITIOJIb30BAINCH, B JIaHHLIﬁ MOMEHT MHOKECTBO KOMITAHUH B Pa3HbIX C(i)e-
pax HaYMHAET MacCOBOE MTPOM3BOJICTBO CBOCH MPOIYKIIMH C UCTIOJIL30BaHHEM TEXHO-
.HOI‘I/II\/’I, OCHOBAHHBIX Ha KBAHTOBBIX TOYkaxX. KBaHTOBBIE TOUKU MMEIOT )IPICerTHLIﬁ
SHEPreTUYECKHUN CIEKTp, ITyTeM KOHTPOIIs pa3mMepoB U coctaBa KT Bo3aMoxHO TOTy-
HaTb HeO6XOlII/IMI)Ie OHEPrur BHYTPHU30HHLIX U MCK30HHBIX OITHYCCKUX IIEPEXOI0B,
T.€. KOHTPOJIUPOBATh CIIEKTPAILHBIH JUATIa30H, B KOTOPOM IPOSIBIISIFOTCS HYXKHBIE OTI-
THUYECKUE CBOWCTBA. DTO, B CBOIO OUEPElb, MOXKET ObITh HCITOJIB30BAHO MPU CO3JAHIH
(horonpueMHbIX CTPYKTYp Ha HppakpacHblii (MK) nuanason cnekrpa. BaxxHoe otiu-
yre AeTekTopoB m3aydeHus ¢ KT oT cTpykTyp ¢ KBaHTOBBIMHU SIMAMH — 3TO BO3MOXK-
HOCTh UCTIONH30BaHUSI HOPMAJIBHOTO TMAJICHUS U3ITyYSHUS Ha CTPYKTYPY, YTO TI0O3BO-
JISIET YIPOCTUTHh KOHCTPYKIIHUIO MATPUYHBIX (DOTOIMPUEMHHUKOB [2, 3].

BaxxHbIM CBOMCTBOM CHCTEMBI KBAHTOBBIX TOYEK Ha OCHOBE TBEPIIOIO PacTBOpPA
GeSi sBNIsSeTCs TO, YTO CIIEKTPhI MEeX30HHOM (hoTomomutecteHmn (DJI) KBaHTOBBIX
TOYEK JIexatr B oomacTy AiuH BoiH 1,3—1,55 mxm (950-800 m3B), uto cooTBeTCTBYET
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SHEPIWsIM KBaHTA CBETAa MEHEE IIMPHHBI 3alpelieHHONW 30HbI KpeMHus. braromaps
3TOMY ¢ UcTojb30BaHHeM MaccuBoB KT Bo3MokHA peain3anys ONTHYECKUX MEXKCO-
€IMHEHUI B HHTETPaJIbHBIX JIEKTPOHHBIX IPHOOpaxX Ha OCHOBE KPEMHHUS, IPUYEM OII-
THYECKOE M3ITyUeHHE MOKET PACIIPOCTPAHATHCS IO KPEMHHEBBIM BOHOBOAAM [4]. He-
JaBHUE MCCIEI0BaHNA [5—9] ONMUCHIBAIOT HOBBIE SKCIIEPUMEHTAIBHBIE PE3YIIbTATHI [0
¢orootkiuky KT Ge/Si B cpenem UK auanazone (3—6 mxm). B padote [5] Habmrona-
Jack (OTOMPOBOIMMOCTH B YCIOBHSIX JIENIOKAIHA3AIMN SJIEKTPOHOB, B [6] o0cykaancs
3¢ ekt y3xoro (POHOHHOTO ropiia, a B [ 7] KCCIIeOBAIOCH BIMSHUE JICTHPOBAHUS KBaH-
TOBBIX Todek (Ge/Si Ha XapaKTepucTHKU (oTonprueMHHUKOB. B paborax [8, 9] skcriepu-
MEHTAIFHO OOHAPYXEHO MHOTOKPATHOE YCUIJICHUE BHYTPU30HHOIO (DOTOTOKA JBIPOK
3a CYeT B3aMOCHCTBHS C IOBEPXHOCTHBIMHU IUIA3MOHAMH B CTPYKTYpPE, IOKPBITOH 30-
JIOTOM TUICHKOW C YMOPSI0YEHHBIMI HaHOOTBEPCTUSIMU. COBMECTUMOCTH CTPYKTYP €
KBaHTOBBIMH Toukamu (Ge/Si ¢ pa3BUTON KPEMHHEBOW TEXHOJIOTHEH, B YaCTHOCTH, C
KMOII — texnonorueii [10], mpuHIMNUAIEHO BaXKHA KaK ¢ TOUKH 3pEHHUS Pa3padOTKU
HOBBIX PUOOPOB HANOAOOME MHTEIPANBHBIX (DOTOTYBCTBUTEIBHBIX JIMHEEK U MATPHLL
Ha Omoxaui 1 cpennnii MK 1uanasoH, Tak ¥ ¢ TOYKU 3peHHs IIOCTPOSHUS IPUHIIHIIH-
JIBHO HOBOM apXUTEKTYPbl MHTETPaIbHONW ONTHYECKOH MHKPO- M HAHOJIEKTPOHUKU
Ha OCHOBE KPEMHHSI.

B nannoit paboTe npoBeaeHO HCCIe0BaHUE CIIEKTPOB (POTOIFOMHHECIEHIMH
(®JI) B cpenneii UK obnactu criekTpa B CTPYKTYpax ¢ KBAHTOBBIMH TOYKaMH pa3-
HOT'O YPOBHSI JIESTHPOBAHUS IPH PAa3HBIX YPOBHSX ONTHYECKON HAKAUKH P PAa3HBIX
TemIeparypax.

O0pa3ubl 1 METOANKA IKCIEPUMEHTA

CTpyKTYpbI C KBAHTOBBIMH TOYKaMHM BBIPAIIMBAINCE METOJIOM MOJIEKYJISIPHO-
MyYKOBOM 3MuTaKcuu. Jn3aiH BeIpameHHoH cTpykTypsl ¢ 10 crossmu KT mpen-
cTaBJieH Ha pucyHke 1. JlokanbpHOe 8-1ernpoBaHue KaXJ0ro eprojia akenTOpHOH
MPUMECHI0 OCYIIECTBISIIOCH B CIIOH KpEeMHHUsI Ha paccTosHud 5 HM 1o cios Ge.
[InoTHOCTE aTOMOB 6Opa B KaXK/I0M O-JIETUPOBAHHOM CJIOE€ B PA3JIUUHBIX CTPYKTY-
pax 6buia: 0, 4, 8, 12-:10% cm2 B kauecTse pedepenca i psga SKCIEPUMEHTOB
ucnoiabp30Baack o uiokka Si(100) 6e3 KBaHTOBBIX TOYEK.

i-Si 100 1w

St 10 Hw
Ge T ML

10 negyonoe

i-5i 5 UM

=S8 100 1 .

~sB

Mognoeea Si 2 KOm-am

Puc. 1. [lu3aiin cTpyKTyphl ¢ KBaHTOBbIMH Toukamu GeSi/Si.
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W3mepenns ¢poromomunectienym ommkaero UK nnanazona ocymecTBISINCH
C MOMOIIBI0 BaKyyMHOTO (ypbe-criekTpoMmerpa Bruker Vertex 80v B pexxume mno-
IIaroBOr0 CKaHUpOBaHMs (StEP-SCan) co CIEKTPalbHBEIM pa3pelieHrneM OKojio 4
M3B. O06pazen momemancs B KpuocTaT 3aMKHYTOT'O IIMKJIa ¢ okHaMmu u3 ZnSe. Hc-
moJtb3oBasics ceetoAenuTens n3 CaF,. OnTudeckoe Bo30yKIeHHE HOCHUTENEH 3a-
Psia OCYIIECTBISUIACK JIA3EPOM C JUTMHOW BOJTHBI M3nyueHus 532 um. HenpepriBHoe
Ja3epHOE M3IyYeHHe MOTyIUpoBaNock obTopatopom Ha yactote 600 'y u moma-
Jano Ha oOpasel Yepes3 OKHO M3 IUIaBJICHOTO KBapua. Tak Kak mTaTHbIE OTOMpH-
eMHUKH (ypbe-CIIEKTPOMETpa HE YIOBIETBOPSIIM YCIOBUSAM SKCIEPUMEHTA IO
CHEKTPAIbHOMY JTHAMa30HYy U YyBCTBUTEIBHOCTH, TO B Ka4ecTBe (OTONPHEMHHUKA
ommxaero UK msnydyennst BHe Gyphbe-crieKTpoMeTpa ObLI YCTAHOBJICH OXJIaXKAae-
MBIH XuAKUM a30ToM InGaAs gortonpuemuank ¢ GaAs okHoMm. CHUTHANI ¢ GOTOIpPHU-
€MHHKA YCUJIMBAJICS M YCPEIHSUICS C MOMOLIBIO (pa304yBCTBUTEIHLHOIO CHHXPOH-
Horo ycuiutens Look-in SR830 w/unm MMIyIbCHOTO CHHXPOHHOTO JETEKTOpa
Boxcar SR250, koTopsie ObIIM CHHXPOHU30BaHBI ¢ 00TIOpaTopoM. [lomydeHHBIH
curHai nmoaasaics Ha Al BcTpoeHHBIH B IEpCOHATIBHBIN KOMIIBIOTEP, T 00pa-
OarpiBasics B iporpammioM nakete OPUS. Ilyrem GbicTporo ¢ypre-peodpazoBa-
HUS U3 HHTEpQeporpamMm ObUTH TOITYYEHBI CIIEKTPHI (POTOIFOMUHECTICHIINH.

JKcNnepuMeHTAJIbHbIE Pe3yabTaThl

KBaHTOBBIE TOUKM 3aHMMAIOT JOCTATOYHO Mablii 00beM 00pasua, Mo3TOMYy
MpeBapUTeIbHbIC U3MEPEHHUS CIIEKTPOB MEX30HHOH (oTtomomunectennmu KT B
HENPEPHIBHOM PEXUME Ha yphe-CIEKTPOMETPE H/MIM HAa aBTOMAaTHUYECKOM pellie-
TOYHOM MOHOXPOMATOpE MPOJIEMOHCTPHPOBAIH JIOCTATOYHO MaJbIii YPOBEHb CHT-
Hana. [loaToMy BMECTO pexuma HempepbIBHOTO cKaHMpoBaHus (rapid-scan) Obur
KCIIOJIb30BAaH PEKUM IIOIIAroBOro ckaHupoBaHus (Step-scan) ¢ypbe-crekTpo-
MeTpa. beumn u3mepens! cektpsl PJI cTpykTyp npu pasHbeix Temneparypax (T) u
YPOBHSX ONTHYECKOi Hakauku. B pemeprom o6pasue 6e3 KT Owpm oOHapyxeH
TOJILKO OJMH UK MpH 3Hepruu kBanrta ~ 1100 M3B, KoTopsIii cBsi3aH ¢ HOTOMOME-
HECIEHIMEH KpeMHUs. DTOT MUK ObLT Takke 0OHapyXeH U B criekTpax DJI oOpas-
1oB ¢ KT. Ilomumo 3T0r0, ObIIM OOHAPY>KEHBI /1BA MTUKA (POTOTIOMHUHECLCHLIUH TIPU
sHeprusx kBanra okoiio 820 u 870 m3B. Ha pucynkax 2a u 2b npusenens! criekTpbl
@®JI npu T=4K mna crpykryp ¢ HenerupoBaHHbiMH KT u ¢ jerupoBanuem
12-10™ cM™, COOTBETCTBEHHO, TIPH PA3HBIX YPOBHAX ONTHYECKOW Hakauku. C yde-
TOM TOTO, YTO CHEKTPHI IPU HU3KHX DHEPTHSIX OTPaHHYCHBI YyBCTBUTEIHHOCTHIO
(doTonpreMHUKa, Bce CHEKTPBI XOPOIIO ANMMPOKCHMUPYIOTCS JBYMSI T'ayCCOBBIMH
KOHTypamHu. J{JIsl Jpyrux JIETHPOBAaHHBIX CTPYKTYpP MOBEJCHHUE CIIEKTPOB CXOXKE C
3aBHCHUMOCTSIMH, TIPEICTaBIEHHBIMU Ha pucynke 2b. ITo anamoruu ¢ paboroii [11],
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9TU MIUKU OOBACHSIOTCS NPSIMBIMU U HETIPSIMBIMU B PEaIbHOM IPOCTPAHCTBE MEX-
30HHBIMHU TIepexojamu Hocutenel 3apsna B KT (cM.: BCTaBKy K puCyHKY 2a). B o1-
mare ot pabots [11], mocesmenHo# ananmusy crekTpo ®PJI B HemernpoBaHHBIX
KT, 06beKkTOM HalIMX MCCIeI0BaHUH SABISIICS HA0OP CTPYKTYP pa3HOTO YPOBHSI Jie-
THUPOBaHUs. YBEIMUCHUE MOLIHOCTH HAKAYKH IJIS1 BCEX CTPYKTYpP IPUBOIUT K IO-
TyOOMY CIOBUTY HKa, CBSI3aHHOTO C HEMPSMBIMH IIepeX0JaMHt, U3-3a U3TH0a 30H Ha
rereporpanuiie Si/Ge Mpu BRICOKUX KOHIICHTPAITUIX HOCUTENEH 3apsaa. Habmrona-
€MBIH CIBUT NHKA YBEITMYHUBAETCS C POCTOM YPOBHS JiernpoBaHusa. OTMETUM, 4TO
MHTEHCUBHOCTH 1oiockl DJI, CBA3aHHON C MPSIMBIMHU B PEajJbHOM MPOCTPAHCTBE
QJICKTPOH-ABIPOYHBLIMU MIEPEXOJaMH MCHBIIC, YTO MOXKCT 6I)ITI) CBA3aHO C HEBBICO-
KO KOHLIEHTpaLuel HepaBHOBECHBIX 3JICKTPOHOB, JIOKAJIM30BAHHBIX B Mpeenax
KT. C pocrom Temnepatypsl HaOmomaeTcst crnan uareHcuBHoctd DJI. Tlpu sTom
MHTEHCUBHOCTH Nuka @JI, CBSI3aHHOTO ¢ NPSIMOM B peaibHOM MPOCTPAHCTBE JIEK-
TPOH-ABIPOYHON peKOMOWHALINEH, ClIalaeT HAMHOTO OBICTpee, YeM ISl HEIIPSIMOH.
OTO CBA3aHO C UHTEHCUBHOM TEMIEPATYPHOU ACHOMYIISILIUEH 3JIEKTPOHHBIX COCTO-
STHUM, JTIOKAJTU30BaHHBIX HemocpeacTBeHHO B KT, Mo cpaBHEHHUIO ¢ COCTOSHHSIMH,
JIOKaJM30BaHHBIMU B IIOTEHIHAJLHBIX sIMax Ha HHTepdeiice.
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PucyHok 2. CrieKTpbl MEX30HHOH (POTOIFOMUHECIICHIINN HEJIETUPOBAHHOM CTPYKTYPHI ()
u cTpykTyphl ¢ KT, nerupoBannoii 1o yposus 12-10' em2 (b) npu pasnbix
MHTEHCUBHOCTsX ontrdeckor Hakaukd (Ipump) ipu T = 4 K. Ha BcTaBke K pu-
CYHKY (&) cXeMaTH4YHO IIpHBeJieHa 30HHas nuarpamma KT B HanpaBieHnu po-
cTa cTpyKTyphl. CTpenkamu moka3ansl npsmsie (direct) n Henpsimble (indirect)
B PEAITBHOM IIPOCTPAHCTBE MEPEXOIBL.

BaaronapaocTu

Pabota BBITIONTHEHA TP YaCTUIHOW (MHAHCOBOM mouepkke PODU (rpant Ho-
Mmep 20-52-05004), a Takxe mpu 4acTUYHON (GUHAHCOBOW Moaaepx ke MUHOOpHAYKH
Poccuu B paMkax rocyapcTBEHHOTO 3a[aHusI 10 TeMe «Pean3aiiin KoMIuiekca Mep
1o noBbImeHuto 3ddexTnBHOCTH AesTensHOCcTH Poccuiicko-ApmsiHckoro u bemopyc-
cko-Poccuiickoro yausepcurerony (JIC ot 08.07.21 Ne 075-03-2021-050/5).



106

10.

11.

P.B. Yemumenko, M A. Bunnuyenxo, /[.A. @upcos, A.A. Caprucan

JUTEPATYPA
Bimberg D., Pohl U. Quantum dots: promises and accomplishments // Materials Today,
2011. 14(9). PP. 388-397.
Rappaport N. et al. Midinfrared photoconductivity of Ge/Si self-assembled quantum dots //
Applied Physics Letters, 2000. 77 (20). PP. 3224-3226.
Heiss M. et al., Self-assembled quantum dots in a nanowire system for quantum photonics
// Nature materials, 2013. 12(5). PP. 439-444,
Krasilnik Z. et al. SiGe nanostructures with self-assembled islands for Si-based optoelec-
tronics // Semiconductor Science and Technology, 2010. 26(1). 014029.
Yakimov A. et al. Localization of electrons in dome-shaped GeSi/Si islands // Appl. Phys.
Lett., 2015. 106. 032104.
Yakimov A. et al. Phonon bottleneck in p-type Ge/Si quantum dots // Appl. Phys. Lett., 2015.
107. 213502.
Yakimov A. et al. Photoconductive gain and quantum efficiency of remotely doped Ge/Si
quantum dot photodetectors // Mater. Res. Express, 2016. 3. 105032.
Yakimov A. et al. Plasmon polariton enhanced mid-infrared photodetectors based on Ge
quantum dots in Si // J. Appl. Phys., 2017. 122. 133101.
Yakimov A. et al. Photovoltaic Ge/SiGe quantum dot mid-infrared photodetector enhanced
by surface plasmons // Opt. Express, 2017. 25. 25602.
Yuryev V., Arapkina L. Ge quantum dot arrays grown by ultrahigh vacuum molecular-beam
epitaxy on the Si (001) surface: nucleation, morphology, and CMOS compatibility // Na-
noscale Research Letters, 2011. 6. 522.
Larsson M. et al. Growth-temperature-dependent band alignment in Si’ Ge quantum dots
from photoluminescence spectroscopy // Physical Review B, 2006. 73(19). 195319.

INVESTIGATION OF INTERBAND PHOTOLUMINESCENCE
OF GESI QUANTUM DOTS

R. Ustimenko?, M. Vinnichenko?, D. Firsov!, H. Sarkisyan 12
!peter the Great St. Petersburg Polytechnic University, (St. Petersburg, Russia
2Russian-Armenian University, Yerevan, Armenia

ABSTRACT

In this work, we study the influence of optical pumping and temperature
on the interband photoluminescence in GeSi/Si quantum dots, associated
with direct and indirect optical transitions of charge carriers in real space.
A blue shift of the photoluminescence peak corresponding to indirect tran-
sitions with an increase of the optical pumping was found. It is associated
with the change in the bending of energy band at the heterointerface at high
concentrations of nonequilibrium charge carriers. The magnitude of the
photoluminescence peak shift increases with an increase in the doping
level of the quantum dots.

Keywords: quantum dots, GeSi, photoluminescence, indirect transitions
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AHHOTAIUA

Bonesns AunblireiiMepa — HelpoiereHepaTHBHOE 3a00JIeBaHUE, KOTOPOE
xapakrepusyercs: runepgochopuiupoaHieM Oellka Tay BO BHYTPHUKIE-
TOYHBIX HEUPODUOPHILIAPHBIX KITyOKaxX, arperanueii B-aMUuIou JHbIX M-
THUJI0B BO BHEKJIETOYHBIX OJISIIKAX, OKUCIUTEIBHBIM CTpeccoM. B TeueHue
MHOTHX JIET CYHTAJIOCh, YTO HAKOIUICHHE [3-aMUJIOMIHBIX MTENTHAOB HHU-
LUMPYET KacKaj, BKJIIOYAIOIUi aTonoruio 6enka Tay. Ha ceronssmnuit
JIeHb U3BECTHO, YTO 00€ IaTOJIOTHH HMEIOT CHHepreTnyeckuit addexr [1].
Tay-6en0K, KOTOpBIH CTaOMIM3UPYET CTPYKTYPY aKCOHAJBHBIX MHKPO-
TpyOOYeK M HeHpoHaNbHBIE CBA3H. [IpH MaTOJOTUUECKHX COCTOSHUSX T10-
BBINICHHBIH YPOBEHb aKTHBHOCTH IInKoreHcnHTas3bl — 3B(GSK—3P) u ku-
Ha3bl 4, perynupymouieit cpoIcTBo K MUKpoTpyboukam (MARK4), mpuso-
IUT K runepGocGopuInpoBaHuio Oelka Tay U arperanuy IOCIeTHEroB
MapHbIe CupajbHble punamenTs [2,8].

HccnenoBaHus IOKa3bIBaIOT, YTO BTOPUUHBIE META0OIUTHI PACTEHHUI CIIO-
COOHBI MHTUOUPOBATH OJMTOMEPH3AIMIO Tay W MOTYT JA€3arperupoBaTh
¢bunaMeHTsl. APTEMM3UHMHBI SIBJISIOTCS BTOPHUYHBIMH METa0ONIUTaMU
pactenuit poga Artemisia annua i 06s1agal0T KOTHUTHBHO-CTUMYJIHPYIO-
MMM, HEHPONPOTEKTOPHBIMHU, MPOTUBOTPUOKOBEIMU (YHKIMSAMH, CHH-
KAIOT HAKOTUICHUE -aMIJION/a U Tay, BBICBOOOXKAeHHE (DaKTOpOB BoCHa-
neHus 1 Qaxropor amonTosa in Vivo [6], 4To AenaeT ux MHOrooOemar-
MU COeJIMHEHHsMH B JieueHHH Oolie3Hn AJplreiimepa. Lempro mpea-
CTaBJIEHHOM pabOTHI SABISETCS HCCIAENOBAaHKUE HMOTEHIMAa MHIHOUpPOBa-
aus GSK-3B, MARK4 apTeMU3HHUHOM, IHMEPOM IHTAAPOAPTEMHU3H-
HHUHA, KYPKyMHHOM H CPaBHEHHE C TAKOBBIMU M3BECTHBIX HHTHOUTOPOB.
KaroueBbie cioBa: bonesnp Anpureiimepa, GSK-3p, MARK4, numep
JUTHAPOAPTEMU3HHUHA.

BBenenue

bonesnp Anprreiimepa (BA) — HelipomereHepaTuBHOE 3a001€BaHUE, OT KOTO-
pOro CTPaJaroT MUJLTHOHBI JTE0/iel Bo BceM mupe. [unepdocdopunuporanue 6enka
Tay BO BHYTPUKIICTOUHBIX HEHPOPUOPMILIAPHEIX KITyOKax, arperanus B-aMuion/-
HBIX enTHI0B(AB) BO BHEKJICTOUYHBIX OJISIIKAX W YCHUJICHHBIA OKHCIHTEITHHBIN
CTpecc — OCHOBHBIE PU3HAKU MOpaxeHHOro Mo3ra mpu bA. B Teuenne MHOTHX JieT
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CUHTAIOCh, YTO AP U Tay AEHCTBYIOT B OTCYTCTBHE CHEIH(DPUIECKOTO B3aUMOICH-
ctBud. TeM He MeHee, HAKOTUICHHBIE TAHHBIE YTBEP)KAAOT, YTO MATOJIOTHH UMEIOT
cUHEpTreTHYeCKUH 3P (HEeKT. ITO MOKET HE TOIBKO ITOMOYb OOBSICHUTH OTPHUITATETh-
HBIC PE3YNbTAThl KIMHUYECKUX MCIBITAHUH, HAIPABICHHBIX UCKIIIOYUTEIBHO MPO-
TUB arperanuu Af}, HO TaKXxe [MOJYEPKHYTh BaXXHOCTh UCIIBITAHUI, HAPaBJIEHHbBIX
Ha Tay [1].

Tay craObunn3upyeT CTpyKTypy akCOHaJIbHBIX MUKPOTPYOOU€EK U HEeHpOHaIbHbIE
cBs3u. [Ipu maTonoruueckux COCTOSHUSAX TOBBIIIEHHBI YPOBEHb aKTHBHOCTH KHHA3,
Takux Kak rimkoreHcuHTas3a-3B(GSK-3B) n kuHaza 4, perymupyromas CpoJcTBO K
Mukpotpyooukam (MARK4) [8], runepdochopunupyrot Tay, IpUBOAS K arperaun
MOCJIeTHETOB TIApHBIE CIIMpPaIbHbIEC (PMIAMEHTHI B HEHPOHAIBHBIX KIIyOKax [2].

DKcrepuMeHTaNbHBIC TAHHBIE TIOKA3bIBAIOT, YTO BTOPUYHBIC METa0OIHUTHI pac-
TEHUH, BKJIOYas ApTEMH3MHHUHBI, O0JAJal0T KOTHUTUBHO-CTUMYJIHPYIOLINMHU,
HEHPOMPOTEKTOPHBIMH, IPOTUBOTPUOKOBBIMH, (DYHKIIUSMH, CHUKAIOT HAKOTIJICHHE
B-amumonna u Oenmka Tay, BEICBOOOXKIeHHE (DaKTOpPOB BOCTHalieHUS M (PaKTOPOB
arroIITo3a in vivo, 4To JeJIaeT UX MHOTOOOEIIAIONIMMH COSIUHEHUAMHU B JICUECHHUH
BA. Bbuo nokaszaHo, 4To KypKyMHH [OJABIISIET OJIMTOMEPU3ALIMIO Tay U MOXKET JI€3-
arperupoBath Tay-QpuiaMeHTsl. TakuM 00pa3oMm, pa3paboTKa CeNeKTHBHBIX MHTH-
ouropoB GSK-33, 1 MARK4, monynupyromux runepdocopuarupoBaHue Tay, siB-
JIseTCSl MHOTOOO IIaroNIeH cTpaterue tepanvu BA [3]. Llenbto npeacTaBiieHHON
paboThl siBHsieTcs uccienoBanue noteHnuana uaruouposanus GSK-38, MARK4
apremuzuauHOoM (ART), numepom muruapoapremusunnHa (DDHA), kypkymuHa
(CUR) u cpaBuenue ¢ nzBecTHbIMH AT@D-KOHKYPEHTHBIM MHIHOUTOpOM (ocdo-
amuHOQOCPOHOBOI KUcoTol 1 afgeHnnatoM (ANP), cyOcTpaT-KOHKYpEHTHBIM HH-
ruoutopoMm LY2090134 (mns GSK-3B) u AT®O-KOHKYpEeHTHBIM WHTHOUTOPOM
MARK4- 5RC.

MatepuaJbl 1 METOABI

Tpexmepnsie crpykTypsl GSK-3B(PDB ID: 1JIB) B kommiekce ¢ AT®-koHKy-
perTHBIM HHTHONTOpOoM ANP, MARK4 B KOMITIIEKCE CTUPA30IONHPUMHUINHOBBIM
uHruouropom SRC, 6pumn nonydens! u3 RSCB Protein Data Bank, a xumuueckue
crpykrypsl CUR [CID: 969516], ART [CID: 68827], DDHA [CID: 44564070],
LY2090134 [CID: 10029385] - u3 6a3b1 ganubix PubChem. JlokuHT aHamm3 mpoBo-
nuiics ¢ ucnoib3zoBaHueM Autodock Tools u Autodock Vina [4]. JIns Bamumanuu
MpoTOKOJa ToKKHTa ObL1 mpoBeneH peaokuHr ANP, LY2090134 u SRC ¢ GSK-3f
1 MARK4, cooTBETCTBEHHO. AHAIN3 BOJOPOAHBIX CBSI3€H U rUAPOPOOHBIX B3aH-
MOJICHCTBU Mpou3BeieH ¢ momoibio Ligplot + [5].
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Pe3yabTaThl M 00CyKIEHHE

Hoxunr ART, CUR ¢ GSK—3p BeisBun B3aumopeiicteue B AT®D-cBs3bIBato-
mieMm caiire, a ays1 DDHA u B cyOcTpar-cBssbiBatonem caiite. ANP (AGbind =-7,9
KKaJI / MOJIb) 00pasyeT Bomoponanbie cBsi3u ¢ Phe67, Ser66, Argl4l, Lys85 u rua-
podobHbIe B3aumoaetictBus ¢ Val70, Leul32, Leul88, Gly63, lle62. B AT®D-cBs-
3piBatomeM caiite GSK-33 DDHA (AGbind = -9,5 xkan /mMonb) 06pazyeT Bogopo-
HyI0 cBsi3b ¢ Argl4l u runpodobuo B3aumoneiictByer ¢ Val70, GInl8S5, Ile62,
Gly63, Asn64, Tyr140. B cyOcTpar-cBsazbiBaromiem caiite knaazsl DDHA(AGbind
=-9 kkaJ / MoJib)00pasyet BoAopoaHyto ¢Bs3b ¢ GIn89 u ruapodoOHO B3aumoeii-
ctByer ¢ Phe67, Val87, Lys94, Phe93. LY2090134 (-9,3 kxan / monb) oOpa3yer
BozopoHble cBsizu ¢ Argl80, Arg96, Ala204, Glu97, Asp90 u ruapodoOHBIE KOH-
takThl ¢ Ser203, Gly202, Phe67, Val87 (Puc.1.).

Pucynox 1. Jokuar ANP (kpacusrit), LY2090134 (3eneHsrit), nByX KoHpOpMAImit
DDHA (cupenessiii) ¢ GSK-3B(B tieHTpe), aHaIU3 BOJOPOIHBIX CBS3EH
n ruapodoOHsx B3amMozeicTBuii( ANP(1), LY2090134(2), DDHA B
AT®-csi3piBatomiem caiite (3 )u cydcrpar-cesi3biBatoiiemM caire (4).

CUR (AGbind =-7 xxai / MojIb) 00pa3yeT BOAOpOaHbIE CBs3u ¢ Lys85, Asp200,
Argl41 u runpodobuo B3anmopeiictByet ¢ Ala83, Cys199, Leul88, Val70, Gly63.
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ART(AGbind =-8.4 kkai /Moib) 00pa3yeT BOIOPOAHYIO CBs3b ¢ Asn64 u rumpo-
¢$ho6HO B3aumogeiictByeT ¢ Leul88, Leul32, lle62, Gly63, Val70 (Puc. 2.).

o*
ifvf g g

2
Pucynok 2. lokuar CUR (6uprozosrit), ART(oparxeBblit), aHATH3 BOJIO-

poaHbIX cBsizell u ruapodobHbix B3aumojeiicTeuil (CUR(L),
ART(2)).

Hoxunr CUR ¢ GSK-3f BeisiBui ruapodooHoe B3aumoaeticteue ¢ Cys199,
pacnonoxeHHbIM y Bxoga B AT®-cBs3piBarommii caitt GSK-3, n urparoniium Kio-
YEeBYIO POJIb B MHAKTUBAINU (DEPMEHTa CEMEMCTBOM MPOU3BOTHBIX TAIOT€HMETHII-
keroHa. ANP, CUR o06pa3ytor BogopojHbie cBsizu ¢ Lys85, KoTophlii oTBevaeT 3a
ces3piBanre AT® u katanmmsupyer neperoc y-docdara Ha cyderpar. U3 Beex -
ranjoB Toabko DDHA B cyGcTpar-cBs3bIBaroiieM caire ruipooOHO B3auMo/Ieii-
ctByer ¢ Phe93, uro xapakTepHO A7 MHTHOMTOPOB MENTHIHOW HPUPOABI[6].
DDHA, LY2090134, ANP B3aumoaeiictBytoT ¢ Phe67, MmyTamuu KoToporo Hapy-
maT GochopuIMpoBaHUe HEKOTOPBIX cyOcTpaToB. Argl4l npeacraBiseT coOoi
OCTaTOK, HE KOHCEPBATHBHBIN B JIPYTUX KMHA3aX M WIPAET KIIFOYEBYIO POJIb B CTa-
ownuzaiuu ANP-GSK-30. Takum o0pa3om, HanearBanue Ha Argl41 —3To moaxon
K co3/ianmto cenekTuBHBIX nHrunouTopoB GSK-3p. ANP, CUR, DDHA B3aumoeii-
ctByroT ¢ Argl4l. LY2090134 B3aumopeiictByer ¢ Glu97, KOTOpBI Hapsimy C
Lys85 oTBeuaeT3a akTHBHOCTb M CEJICKTUBHOCTH (hepMeHTa [7].

Joxuar MARK4 ¢ ART(AGbind =-8.6 xkan / monb), CUR(AGbind = -7.9 kkan
/ mons), DDHA(AGDbind = -10.7 kkan / moins), SRC(AGbind = -10.5 kkai / MoJIb)
BBISIBHJI, UTO JIMTAH/IbI B3aUMOAEHCTBYIOT B aKTUBHOM caiiTe kuHa3bl. Bee muranpl-
ruapodooHo B3aumoeicTByroT ¢ Leul85, Ile62 u Val70. CUR u SRC oGpasyror
BogopoaHble cBsi3u ¢ Lys85, ¢ koropeim DDHA B3ammopeiicTByeT ruapodoOHO.
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CUR, DDHA ruapodobuo B3aumoneiictBytor ¢ Gly65, Phe67, Gly63. DDHA
uSRC ruapodobHo B3aumoseiicTBytoT ¢ Ala83, Alal95, a SRC and CUR o6pa3sytot
BoJOpoaHbIe cBsi3u ¢ Alal35 (Puc. 3).

oy glg o v
( o

o

m ¥ it.-.i v
%

Pucynox 3. Jloxunr ART (opamxessiit), CUR (6upro3oBsiit), SRC(kenTsbiit),
DDHA (cupenessiii) (B ieaTpe) ¢ MARKA4 , aHann3 BoIOPOIHBIX
cBm3eit u tuapodoOHBIX B3ammonehcTBU(SRC(1), CUR(2),
ART(3), DDHA(4)).

CornacHo nurepatypHbiM qaHHbIM Lys85, Alal35, 1le62, u Asp196 sBistoTcs
KaTATMTHUYCCKH BAXXHBIMU OCTaTKaMu A5 pyHKIMOHUpoBaHus kuHa3kl MARK4 u
UTPAIOT BAKHYIO pOJTb B CBs3bIBaHIH AT®. Takke HabII01at0TCs BAKHBIE B3aUMO-
JIEHCTBYSI C OKPYXKAIOIUMK OocTaTKkaMu, TakuMmu kak Gly63, Gly65, Val70, Ala§83,
Tyr134 u Alal95 [8]. DDHA ruapodoOHO B3auMOJECHCTBYET C MHIICHBIO C
HAWBBICIIIEH SHEPTHEH CBA3BIBAHMS.
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3akiaouenue

CornacHO MOTy4eHHBIM pe3yibrataM, ad(UHHOCTH CBI3BIBAHHUS JUTAHIOB C
MARK4 u GSK-3pMoryt OBITH PacIIOIOKEHBI B CICIYIOIIEM yOBIBAIOIIEM IIO-
psanke: DDHA> ART>CUR. ART, CUR, DDHA cBs3piBaroTcs ¢ AT®-cBsI3pIBaIo-
mmM caiitom GSK-3B depmenra. ns DDHA nHabGmtomaercs B3auMOACHCTBUE
TaKkxke ¢ cydcTpar-cBsa3pBarommM caiiToM. CyOCcTpaT-KOHKYPEHTHBIE HHTHOUTOPHI
CUMTAIOTCS BBRICOKOCCIICKTHBHBIMHY 1 00JIe€ ITOAXOIAIIMMU JTsl KITHHHYECKOM MpaK-
trkn. DDHA Taroke B3anmoneiictByeT ¢ Phe93, uTo xapakTepHO AJsl TENTHIHBIX
nnaruoutopoB. CUR u DDHA B3aumojeiicTBytoT ¢ Argl41, KOoTOphlii He KOHCEpBa-
TUBEH JUIA APYTUX KuHa3. Bee muranasr B3aumMoieHcTBYIOT CAT®D-CBI3BIBAIOIINM
caiitom MARK4 ¢ nausbicuieli adunnocteio mist DDHA. Takum oOpasom,
DDHA moeT HHruOoupoBaTh akTHBHOCTH KWHA3, BOBIICYCHHBIX B THIepdochopu-
JIUpOBaHUE OeJIKa Tay, TEM CaMbIM BBICTYTIas B KAY€CTBE MOTEHIIMAILHOTO JIUTUPY-
IOIIETO COSAMHEHUS B ISYCHNH bA.
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Alzheimer's disease is a neurodegenerative disorder, which is character-
ized by hyperphosphorylation of the tau protein in intracellular neurofi-
brillary tangles, aggregation of pB-amyloid peptides in extracellular
plaques(ApB) and enhanced levels of oxidative stress. For many years, it
was believed that Ap related pathology accelerates the disease process and
initiate a cascade involving tau protein pathology and neurodegeneration.
Nowadays, the accumulated data suggest that both pathologies have a syn-
ergistic effect.

Tau is a microtubule-associated protein that stabilizes axonal microtubule
structure and neuronal connections. In pathological conditions, an in-
creased level of activity of tau kinases, such as glycogen synthase-
3B(GSK3p) and microtubule affinity-regulating kinase 4(MARKA4), is ob-
served, leading to hyperphosphorylation of the protein, resulting in the ag-
gregation of tau into paired helical filaments.

Experimental studies show that secondary metabolites of plantscan inhibit
oligomerization of tau and can disaggregate filaments. Artemisinins,
which are secondary metabolites of Artemisia annua, display cognitive-
stimulating, neuroprotective, antifungal, functions, reduce the accumula-
tion of B -amyloid peptides and tau protein, reduce the release of inflam-
matory factors and apoptosis factors in vivo, which makes them promising
compounds in the treatment of AD. The aim of this work is to study the
potential of inhibition of GSK-3p, MARK4 by artemisinin (ART), dihy-
droartemisinin dimer, curcumin and comparison with known ATP-com-
petitive ANP inhibitor, substrate-competitive inhibitor LY2090134 for
GSK-3p and ATP-competitive inhibitor MARK4 —5RC.

Keywords: Alzheimer's disease, GSK-3p3, MARK4, dihydroartemisinin
dimer.
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ABSTRACT

Generation of functional groups of organic molecules by liquid phase ox-
idation (LPO) processes with air or molecular oxygen, is one of the im-
portant areas of organic chemistry and are widely developed for laboratory
and industrial application. Molecular oxygen (O) is the ultimate “green”
oxidant for organic synthesis. There has been recent intensive research to
develop new selective liquid phase aerobic oxidation methodologies as a
response to the necessity to reduce the environmental impact of chemical
synthesis and manufacture. Green and sustainable chemical processes rely
not only on effective chemistry but also on the implementation of reactor
technologies that enhance reaction performance and overall safety. Con-
tinuous flow reactors have facilitated safer and more efficient for these
processes, whilst enabling protocols to be scalable. There are represented
the generalized structures of the emerging intermediate compounds and
partial oxidation products. The non-catalytic liquid phase oxidation of 1,1-
dichloro-5-acetoxy-1pentene by molecular oxygen in glass ring packed-
bed reactor with oxygen-spray has been investigated. The possibilities of
using transition metals and their oxides (e.g., TiO,) in selective oxidation
reactions of halogen-vinyl compounds have been studied. The latter can be
presented as an effective catalytic systems, making the reaction
technologically widely applicable.

Keywords: Aerobic oxidation, liquid phase oxidation, flow reactor, tran-
sition metals, halogen vinylic compounds

Introduction

Liquid phase oxidation (LPO) of vinyl halides with molecular oxygen is a sim-
ple and affordable method for the synthesis of functionally substituted chloride of
a-halogencarboxylic acids [1,2,3]. The latter have found wide application for the
production of various medicinal substances, plant protection chemicals and other
important products [4, 5].

The authors Shakhnazaryan G.M., Bayatyan B.E. [6,7] showed that for a num-
ber of halogen-vinylic compounds with non-catalytic LPO with molecular oxygen
as the main reaction product forms a-halogencarboxylic acid chloride(yield 70 +
90%), although it must be noted that the duration of the process lasted 30 hours, for
some substrates even reached 60 hours.
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(0)
RCHZCC12—2> RCHCICOCI
R= CHCl, CH20Ac, CH2CsHs, (CH2)3Cl, (CH2);0Ac

Hydrolysis, alcoholysis and aminolysis of the oxidate has been conducted to
form acids, esters and amides of a-chloro carboxylic acids.

CHCH;)nCHCICOOH
HOH

0 |
CKCH,)nCH=CCl,— Oxdate RO o cyCH,)nCHCICOOR

l NH;

CCH,)nCHCICONH,

The kinetics of oxidation of 1,1,3-trichloropropene; 1,1-dichloro- 3-phenyl-1-
propene; 1,1,5-trichloro 1-penteneand 1,1-dichloro-5-acetoxy-1-penteneby oxygen
has been studied [11, 12, 13].

We have worked on the results of more detailed studies of the reactions of non-
catalytic LPO with 1,1-dichloro-5-acetoxy-1-pentene with molecular oxygen and
the choice of optimal conditions for the synthesis of chloride of 1-chloro-5-ace-
toxyvaleric acid. Oxidation was carried out at 90, 100, 110, 130 °C. Investigations
shows that the optimal temperature of the process is 100 °C, a further increase in
temperature, although at the initial stage increases the rate of formation of the target
product, but with the accumulation in the reaction mixture of a sufficient amount of
chloride of 1-chloro-5-acetoxyvaleric acid (20-30%) strongly accelerates the poly-
condensation of the latter with intensive release of acetyl chloride.

It was determined that at100 °C the yieldof targeted 1-chloro-5-acetoxyvaleric
acid chloride was 50-60%, and their polycondensation products are also isolated
(polyesters with an average molecular weight of 18 + 20 103, yield 20 + 40%)).
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1 2 3 4 5 6
Image 1.Oxidation laboratory installation with glass ring packed-bed reactor
unit.
1. Rheometer, 2. Basic dryer (KOH), 3. Calcium chloride dryer,
4. Acidic dryer (sulfuric acid), 5. Trap for acid drops, 6. Bubbling re-
actor, 7. Thermometer, 8. Reflux condenser, 9, 10. Cold trap on liquid
nitrogen.

Process explanation: Oxygen at constant flow measured in rheometer (1) is
passing through several drying traps (2, 3, 4 and 5) and enters to the bubbling reactor
(6) from the bottom part of it. Reactor is packing type and previously is filled by
liquid halo-vinyl starting material and silver catalyst. Reactor is jacketed for precise
temperature control. Reaction products stay in the reactor while volatile products
are being collected in cold trap (8,9).

Methods of Catalytic LPO

Kinetic studies of liquid phase oxidation reaction of halogenolefines are based
on measurements of oxygen absorption rate (manometric method) and speed of con-
sumption of halogenvinyl compounds, and formation of the products by GLC
method. The correlation of products, dynamics of their formation and changes in
guantities of intermediary products are determined by the following methods: per-
oxides- by iodometric method, chloride of a-halogen carboxylic acids(after alco-
holysis)and the starting halogenvinyl compounds - by GLC method in isothermal
and programming regimes. The obtained experimental data shows that the increase
of oxygen flow speed does not affect the process itself furthermore substitution of
oxygen with air causes increase of acidchloride yield.
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It has been shown, that titanium dioxide (10mg TiO, to Immol substrate) has
catalytic activity in these oxidation reactions, so by 70 °C after 6.5 hour the yield of
acid chloride arrived at 61%.

Conclusion

It has been proposed that this oxidation process will offer synthetic utility since
reaction proceeds readily, does not require any solvent (which would usually intro-
duce problems for purifying of products) and provide selective formation of chlo-
rides of o -halogenalkenoic acids. On the basis of the obtained results on direct
liquid phase oxidation of halogenolefinesby oxygen from air, it is supposed to find
the opportunities for application of these reactions forsolution of environmental
problems related particularly to the problems of utilization,mineralization and me-
tabolism in the biosphere of halogenorganic compounds wastes.
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AHHOTALUA

Tenepaiyst GyHKIMOHAIBHBIX TPYIIT OPraHAYECKHX MOJIEKYJ MPOLEeccaMu
skxuakodaszHoro okucnenus (KPO) Bo3ayXxoM WM MOJEKYISPHBIM KHCIIO-
POIOM SIBJISIETCS OIHUAM M3 BaXKHBIX HAIPABICHUI OPraHMYeCKON XUMHH U
MIIPOKO paspaboTaHa AJIsl JaOOPATOPHOTO U IPOMBIIUIEHHOTO IPUMEHEHUSL.
Monekymsipabiit kuciopon (O2) sSBISIETCsI OCHOBHBIM «3eJIEHBIM» OKHCITHTE-
JeM Ul OpraHUYecKoro cuHres3a.B mocnennee Bpemst ObUIM NPOBEIEHBI
MHTEHCHBHBIE UCCIIEIOBAHIS 110 pa3paboTKe HOBBIX METOIOIOTHH CEJIEKTHB-
HOTO JKHJIKO(a3HOTO a3pOOHOTO OKUCIICHHS B OTBET Ha HEOOXOAUMOCTh CHU-
JKEHUS BO3ICHCTBHS XUMHYECKOTO CHHTE3a W IIPOU3BOICTBA HA OKPYXKalo-
IIYIO Cpey. DKOJOTUYHBIE  YCTOWYMBBIE XUMHYIECKHUE ITPOIIECCHI 3aBUCST HE
TOJIBKO OT 3()(EKTUBHOI XUMUH, HO ¥ OT BHEPEHHS PEaKTOPHBIX TEXHOJO-
Wi, KOTOpBIE TOBBIIAIOT (B (PEKTUBHOCTD PEAKIIMH 1 OOLIYI0 O€30I1aCHOCTb.
PeakxTophbI ¢ HelpephIBHBIM MOTOKOM CTAIH OoJiee 0e30MacHBIMH U (P ()EKTHB-
HBIMH JUTS 9TUX MPOLIECCOB, a TAKKE MO3BOJIMIN IPOTOKOIAM OBITH MacILTa-
6upyembiMu. [IpencraBienbl 00001IEHHBIE CTPYKTYPBI 00pa3yroIIUXCs TIpo-
MEXYTOUYHBIX COEAMHEHHI U MPOAYKTOB MapLUuaibHOro okucienus. Mcecre-
JIOBaHO HeKaTaJnuTHdeckoe xuakodaszHoe okucnenue 1,1-muxiop-5-are-
TOKCH-1-TIeHTEHa MOJICKYJISIPHBIM KHCIIOPOJIOM B 0apOOTa)XKHOM PEaKTope C
HACaJIKOHM C KHCJIOPOIHBIM pacnblUieHHeM. 3ydeHbl BOSMOXKHOCTH HCTIONb-
30BaHMsI [IEPEXOTHBIX METAJIIOB U UX OKCHIOB (Harpumep, TiO2) B peakuusx
CEJICKTHBHOTO OKHCIIEHHSI TAJIOTeHBUHIWIOBBIX coequHeHui. [Tociaennne mo-
T'YT OBITh MPEICTABICHBI KaK () ()eKTHBHbIC KAaTATUTUYSCKHIE CUCTEMBI, Jeia-
JOIE PEAKINIO TEXHOJIOTHIECKH IMPOKO IIPUMEHHMOIA.

KitoueBble cj10Ba: a3poOHOE OKUCIIEHUE, KUAKO(DA3HOE OKUCIEHUE, MpPo-
TOYHBIH PEAKTOP, EPEXOAHbIE METAIIIB, TAJIOTEHBUHIIIOBBIE COCMHEHUSL.
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ABSTRACT

The genetic risk associated with the same disease considerably varies
among persons and populations. Consequently, there is a necessity for the
development of new data-mining approaches that will contribute to effi-
cient disease diagnostics, prognostics, and monitoring of disease courses.
The aim of this study was to identify population-specific schizophrenia-
associated genetic markers and compare their distribution in Armenians
and Ashkenazi Jews as well as create population-level disease genetic risk
portraits. Genome wide microarray SNP data for Ashkenazi Jew patients
and healthy subjects was obtained from Gene Expression Omnibus; for
Armenian patients whole exome sequencing data was obtained. We used
self-organizing map (SOM) algorithm for clustering and dimension reduc-
tion. This approach allowed distinguishing the sets of SNPs associated
with schizophrenia for both populations, and on the other hand, it provides
information on the distribution of population specific SNPs for the Arme-
nian and Jewish samples.

Keywords: schizophrenia, single nucleotide polymorphisms, self-orga-
nazing maps

Introduction

One of the most important challenges of genomic/personalized medicine is
identifying and describing the genetic markers, which are associated with a predis-
position or involved in the development of complex diseases. The important hall-
mark of complex disease is that there is no single gene responsible for its develop-
ment, but rather a set of dozen genes, as well as gene-environment interaction, are
implicated in disease development.

There are hundreds of diseases, which are classified as complex, polygenic dis-
eases, moreover, multiple studies have already determined hundreds or thousands
of genetic markers mostly single nucleotide polymorphisms, SNPSs), associated with
them, and their identification and development of genome-based diagnostics and
prognostic tools are important questions of modern personalized and precision med-
icine [1].
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The common strategy for searching for multiple variant associations across the
whole genome is a genome-wide association study (GWAS) [2] approach. Nowa-
days, research groups all over the world have done multiple GWA studies [3] and
have accumulated huge volumes of SNP-diseases association (4,000,000 markers
on average per single subject, several project initiatives have databases with dozen
thousands of individuals studied). Based on the reported associations and statistics
it is possible to build the set of SNPs that influence certain disease development and
evaluate the cumulative effect of that SNPs. However, reported SNPs-disease asso-
ciations using GWAS approaches in one population do not always replicate when
studied in other populations often being reported[4]. Nowadays, one of the most
important challenges is to describe the variability of population-specific disease-
associated genomic variation and develop the approach to disease risk evaluation
and prediction based on the population belongingness of the individual.

To describe the distribution of disease-associated SNPs for schizophrenia we
used a bioinformatics pipeline based on self-organizing maps (SOM) machine learn-
ing. This pipeline was previously used for analyzing different -omicdata [5] as well
as to describe the entire distribution of disease-associated SNPs in worldwide pop-
ulations [6]. We have studied the distribution of 14603 disease-associated SNPs in
schizophrenia cases and control.

Materials and methods

Datasets

Genotype data for schizophrenia cases and controls (Ashkenazi population)

The schizophrenia case-control data (GSE23201) was taken from the Genome
Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/que-
ry/acc.cgi?acc=GSE23201). The data includes 245 schizophrenia and 490 control
samples from Ashkenazi Jewish descent. We have used raw CEL files, which were
processed with the “oligo” R package (https://git.bioconductor.org/packages/oligo).
The final dataset contains 40000 SNPs for 735 samples.

Genotype data for schizophrenia cases (Armenian population)

The schizophrenia case-control data for the Armenian population is a product
of collaboration between Russian-Armenian University and Institute of Molecular
Biology. The genomes of 20 patients were sequenced and information about SNPs
was received by using variant calling technique. The raw fastq files were aligned
using the bwa [7] algorithm, in the next step we used Picard and the GATK to pre-
pare the data for variant calling. Finally, the annotation of transcripts was generated
by the SnpEff package. Thereby, for the Armenian population we have 20 schizo-
phrenia samples with annotated SNPs.
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Disease-SNPs association data

Information related to the association of complex diseases and SNPs was ob-
tained from GWAS catalog database (https://www.ebi.ac.uk/gwas/docs/about). It
contains curated information on SNP-trait / SNP-disease associations from the pub-
lication.

Genotype encoding

To perform the downstream analysis, the genotypes for schizophrenia cases and
controls were encoded into the number. The encoding was performed with the fol-
lowing approach. The reference homozygous alleles were encoded into 0, heterozy-
gous alleles - 1, and alternative homozygous alleles- 2.

Self-organizing maps analysis

We performed self-organizing maps (SOM) analysis for schizophrenia case-
control genotype data, which is implemented in the “oposSOM” R package[8] .
SOM is an unsupervised machine learning method and uses neural network cluster-
ing algorithms. SOM allows efficient analysis of high-throughput multi-dimen-
sional biological data as well as has strong visualization capability (Figurel. A). As
a result, we have obtained the global distribution of disease-associated SNPs for the
background Ashkenazi and Armenian populations as well as for schizophrenia pa-
tients.

The results of SOM analysis are presented in the form of visualized portraits
(Figure 1. B). Each pixel of the portraits is a microcluster of SNPs with similar
profiles across samples. In the SOM pipeline, ternary code is used for coloring each
pixel of landscape: the pixels with the most frequent reference allele and the most
frequent alternative allele are in blue and red, respectively and heterozygous in
green. SOM portraits are generated for the following levels: the sample level (for
all samples), the group level (cases and controls), and the global level (combined
global portrait). All the portraits can be compared with each other.
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Figure 1. SOM pipeline. A) After genotyping the genotypes were transformed to a
numeric matrix, then the SOM algorithm reduces the dimensionality of
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input data, simultaneously clustering samples with similar genotypes. B)
At the metadata level, it generates individual SOM portraits for each sam-
ple, which are then combined in group portraits and in the end the global
SOM portraits. In these portraits, red spots indicate a high content of the

alternative allele, blue — reference, and green — heterozygotes. Each spot

contains a cluster with SNPs.

Results and Discussions
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In order to determine the distribution of samples obtained by combining Arme-
nian and Jewish data, we performed SOM algorithms and by dint of visual analysis
of SOM group portraits (Figure 2), we can detect individual clusters/spots. The dis-
tribution of alleles differ both between the case-control groups and at the population
level, as spots were observed that have differing values of alternative allele fre-

guency.
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Figure 2. Selected SOM spots of Jewish schizophrenia case-controls and Arme-
nian cases, the control group is marked in blue, the Jewish cases in red,
and the Armenian population in yellow.. A) SNPs from spots C1 and
D1 may be associated with disease, since the levels of SNP overexpres-
sion differ between cases and control group B) SNPs from spots E1 and
R1 emphasize the specificity of the association of polymorphisms for

different populations.

On the portrait, each dot represents the presence of schizophrenia-associated or
population-specific SNPs. We can distinguish the set of SNPs, which are located in
the spot area (red spot on schizophrenia map), with high alternative allele frequency
in the group (Table 1). We detect 2 spots that may be associated with the disease
and 2 spots that highlight the difference in allele frequencies in the samples based

on their belongingness to the population.
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Table 1. The list of SNPs from the selected spots and which genes they are part of,
on the left side are polymorphisms from the E1 module and on the right C1.
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We have also performed functional annotation of GO terms for the schizophre-
nia specific and population associated spots using over-representation analysis
(ORA) implemented in Webgestalt web-server [9] . The results demonstrate that
SNPs associated with population are involved in biological processes such as mito-
chondrial fragmentation involved in apoptotic process [10], negative regulation of
neuron migration [11] and olfactory bulb interneuron differentiation [12] (Table 2).
Findings also highlight altered functions in case of schizophrenia specific clusters,
such as transmission of nerve impulse [13], protein localization to juxtaparanode
region of axon [14], positive regulation of axon regeneration [15], positive regula-
tion of neuron projection regeneration [16] and GPI-linked ephrin receptor activity
[17].

El Cl
mitochondrial frogmentation Involved in cpoptotc process transmission of nerve impulse
muscle structura development multicellulor organismal signaling
negative regulation of neuron migration protein localization to juxtaparancde region of axon
offactory bulb intemeuron differentiation positive regulation of axon regeneration
positive regulation of proten localizanon 1o cell wrfoace proten repaoir
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© credlotory system development " observationalleorning

Table 2. Biological processes which are significantly overrepresented in the clusters.
In the left part, the processes in which involved the SNPs from schizophrenia-associated
spots. In the right part the SNPs from population-specific spots.

Conclusions

In this study, we have analyzed the distribution of disease-associated SNPs for
schizophrenia cases and controls of Ashkenazi and cases from Armenian popula-
tions using the SOM method. This approach enables the detection of modest allele
frequency changes in the whole genome between the groups, while the standard
approaches e.g. PCA or GWAS can miss that information because of the small sam-
ple size and conservative multiple adjustments of p-values. Further, we have anno-
tated the SNPs specific for schizophrenia samples, which are mainly included in
processes affected during the disease.
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AHHOTAIUA

B HacrosIiee BpeMs BO3HUKIA HEOOXOAUMOCTh B Pa3pabOTKe HOBBIX CH-
CTEMHBIX OJXO0/I0B JUIS aHAIIM3a TeHOMHBIX IaHHBIX, KOTOPBIE OyIyT CIO-
co0cTBOBaTh 3(PPeKTUBHON TUArHOCTHKE, IPOTHOCTUKE U MOHUTOPHHTA
KIMHAYECKOTO TedeHHs 3aboneBaHmi. Mexk Iy TeM, ObIIo IT0Ka3aHo, YTO B
Pa3HBIX MOMYJSLUAX TeHETUUECKUI PUCK, CBI3aHHBIN C OHUM U TEM XKe
3a00JIeBaHIEM, MOXKET 3HAUYUTEIFHO BapPhHPOBAT.

OcHOBHasl I1eJIb HAIIEro UCCIEA0BAHUS — BBIIBUTH HOMYJISAIIMOHHBIE TeHE-
THYECKHE MapKepsbl, CBI3aHHBIE C MHU30(QpeHnel cpeu eBpeeB ANIKeHA3H
U B apMSHCKOH MONYJISILUY, HONTYyYUTh IOPTPETHl TEHETUYECKOTO0 PHCKa
3a00J1eBaHUH HA MOMYIANHOHHOM ypoBHE. [ nieHTHHKAIIMH TOMyIIs-
LHOHHO-CIIEIU(PUUECKUX OJHOHYKJICOTUAHBIX MONUMOPHU3IMOB OB HC-
MONTB30BAaH ANTOPUTM KIIACTEPU3AIMM METOJOM CaMOOPTaHH3YIOIINXCS
kapT. [TomydeHHble pe3ynbTaThl O3BOIMIN UAESHTU(GHUIUPOBATH HOMYJIS-
IIIOHHO-CIIENN(pUIECKHE TPYIITBI MAPKEPOB, CBA3AHHBIX C IIM30(peHueH
y 00eHx rpymmnax, a TakxKe BbIIBUTb YMEPEHHbIC H3MEHEHMS YaCTOTHI aJl-
neneil y MannueHToB Mo CPAaBHEHUIO C KOHTPOIJIBHOH IPYIIOLL.

KnioueBble caoBa: mu3odpeHus, OJHOHYKICOTUAHBINH MOIUMOPGH3M,
CaMOOPTaHU3YIOIINECs KapTHL.
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ABCTRACT

The SARS-CoV-2 pandemic seriously affected the healthcare system over
the world. Studies related to the SARS-CoV-2 genome characterization
can help in understanding viral evolution. As a result of the mutations,
several new lineages of SARS-CoV-2 appeared (20H Beta, V2; 201 Alpha,
V1; 20J Gamma, V3; 21A/1/J Delta; 21B Kappa, 21C Epsilon, 21D Etg;
21F lota, 21G Lambda) that increased transmissibility and may potentially
impair the natural and vaccination-induced immune protection. From this
point of view, the prompt identification and traceability of disease patho-
gens and genetic variations are of special importance and interest for dis-
ease monitoring and prevention.

In this study, we performed a clade/lineage identification and phylogenetic
analysis of SARS-CoV-2 lineages in Armenia using nanopore sequencing
of samples collected in January-August 2021. The results show time-de-
pendent changes in the prevalence of different viral variants in our country.
The 19A clade was the most prevalent in January; however, it was com-
pletely replaced with the 201 (Alpha) variant in early March. Starting from
June 21A and 21J (Delta) variants became the most dominant, currently
accounting for the most Covid-19 cases. Eight Delta variants (AY.21,
AY.24, AY.29, AY.33, AY.39, AY.42, AY.43, B.1.617.2) were detected
in 50 samples with B.1.617.2 (n = 11) and AY39 (n = 39) being the most
overrepresented.

Phylogenetic analysis allows the allocation of the variants from different
time periods on different tree branches, which suggest multiple waves of
variant transmission to Armenia. The results of this study suggest the im-
portance of continuous molecular genetic monitoring using whole-genome
sequencing for monitoring and prevention of pandemic.

Key words: SARS-CoV-2, Phyologenetic analysis, Armenia, variants.

Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) was first
identified in China (Wuhan) in December 2019 causing novel coronavirus pneumo-
nia.

The complete genome sequence was published in January 2020, which led to
the development of real-time reverse transcription-polymerase chain reaction (QRT-
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PCR) assays for SARS-CoV-2 detection as a diagnostic standard during ongoing
COVID-19 pandemic.

For the identification of SARS-CoV-2 lineages in Armenia Oxford Nanopore
sequencing was used, which is a relatively low cost and simple approach with min-
imal infrastructure requirements.

Since January 2020 there have been found the following mutations: 19A, 20I,
20J, 21A, 21J. In this review we will focus on the method of discovery and phylo-
genetic analysis of SARS-CoV-2 lineages in Armenia.

Materials and methods

Samples

RNA samples isolated from nasopharyngeal swabs were obtained from the Na-
tional Center for Disease Control and Prevention, Ministry of Health RA (NCDC).
SARS-CoV-2 PCR testing was performed using Real-Time PCR Detection Kit for
COVID-19 Coronavirus CE-IVD kit (Biotech & Biomedicine (Shenyang) Group
Ltd., China) targeting ORF1ab and N genes. Samples were selected based on the
viral RNA load as measured by Ct values between 18-35 for both targets.

Nanopore sequencing

Nanopore sequencing was performed according to the “nCoV-2019 sequencing
protocol v3 (LoCost) V.3” based on ARTIC SARS-CoV-2 sequencing protocol with
ARTIC nCoV-2019 V3 PCR panel.

cDNA generation. RNA samples were directly used for the first-strand synthe-
sis using the LunaScript RT SuperMix Kit (New England Biolabs, USA) with ran-
dom hexamer and oligo-dT primers. Briefly, 8 uL RNA were mixed with 2
pLLunaScript RT SuperMix (5X) and were placed in a thermocycler and incubated
2 minutes at 25°C, followed by 10 minutes at 55°C and 1 minute at 95°C and cooling
to 4°C. cDNAs were immediately used in subsequent steps.

Amplicon generation.To amplify amplicons in cDNA, thye primer pairs from
the ARTIC V3 primer scheme were used. Two Multiplex PCR reactions with 2.5
puLcDNA, 12.5 uL Q5 Hot Start High-Fidelity 2X Master Mix (New England Bi-
olabs, USA), and 4 uL ARTIC V3 pool 1 (10 uM) or 4 uL ARTIC V3 pool 2 (10
puM) were performed. PCR cycling conditions were: 98°C for 30 secs followed by
35 cycles of 98°C for 15 secs, 65°C for 5 mins and hold at 4°C. The amplified
products were purified with an 0.4x volume of AMPure XP beads (Beckman Coul-
ter, USA) to exclude small nonspecific fragments.

Barcoding and library preparation. The purified PCR amplicons were
treated with NEBNext End repair/dA-tailing Module (New England Biolabs, USA)
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and then barcoded with native barcodes and sequencing adapters (EXP-NBD104 kit
Oxford Nanopore Technologies, UK).

Nanopore sequencing. After priming the flow cell, 15 ng of the final sequenc-
ing library diluted to a final volume of 75 pL was loaded. Following the ligation
sequencing kit (SQK-LSK109, Oxford Nanopore Technologies, UK) protocol, Min-
ION Mk1B was used to perform genome sequencing in an FLO-MINSP6 R 9.4.1
flow cell for 3-6 hours.

Data preprocessing and demultiplexing. Read base calling and demultiplex-
ing were performed using Guppy (4.0.14). The obtained FASTQ files were filtered
and reads with length 400-700b were selected using ARTIC pipeline (release 1.1.0).
The downstream analyses were performed using the nanopolish workflow imple-
mented in the ARTIC pipeline.

Phylogenetic analysis and multiple alignment.

Multiple alignment was performed with the MAFFT (Multiple Alignment using
Fast Fourier Transform) which is a high speed sequence alignment program.

For curation and construction of phylogenetic tree, we used NGPhylog-
eny.fr webservice, which provides a complete set of phylogenetic tools
and workflows adapted to various contexts and various levels of user ex-
pertise.

Curations were performed using the Noisy clean up tool, and the phylogenetic
tree was built using the PhyML tool.

Clade and lineage analysis was performed using Nextclade web app.

Results and discussion

Here we present the study of SARS-CoV-2 sequences that were obtained by the
Oxford Nanopore sequencing method. The obtained sequences were aligned with
SARS-CoV-2 reference genome. Next we performed multiple sequence alignment
with the MAFFT tool, and did a curation using the Noisy clean up tool of the
NGPhylogeny.fr webservice. Using the same web service we built the phylogenetic
tree. Nextclade web app allows identification of the following mutations, currently
widespread in Armenia: 19A, 20B, 201, 21J, 21A.

Discussion

COVID-19 outbreak, which started at the end of 2019 has a catastrophic burden
to healthcare systems worldwide. More than 1,800,000 SARS-CoV-2 genome se-
guences have been deposited in the GISAID EpiCoV database, an open-access
global science initiative. Nextstrain recently designated the new Nextstrain clade
21A and currently divides SARS-CoV-2 diversity into 13 major global clades (19A,
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19B, 20A-20J and 21A) based on high prevalence, signature mutations and geo-
graphic spread. Presently, the most common strain is Delta.

The results showed considerable changes in lineage composition throughout
September 2020 - March 2021. B.1.1.163 became dominant in January samples.
These samples contained characteristic D614G mutation, which is known to in-
crease virion spike density and infectivity. Another study also confirmed that
D614G substitution activates viral replication in human lung epithelial cells and pri-
mary human airway tissues by increasing the infectivity and stability of virions.

B.1.1.7 Alfa lineage first has been detected in clinical samples collected in
March. This genetic lineage is suspected to be associated with an increased human-
to-human viral transmissibility.

The SARS-CoV-2 B.1.617 lineage was identified in October 2020 in India. In
Armenia its appeared during March 2021. The lineage includes three main subtypes
(B1.617.1, B.1.617.2 and B.1.617.3), which contain diverse mutations in the N-ter-
minal domain (NTD) and the receptor-binding domain (RBD) of the SARS-CoV-2
spike protein. This may increase the immune evasion potential of these variants.
B.1.617.2, also termed the Delta variant, is believed to spread faster than other var-
iants.

The results of the study again emphasize the need for constant sequencing-
based surveillance of SARS-CoV-2 strains for public health decision-making and
health care. Nanopore sequencing can serve as an efficient and affordable alterna-
tive to short-read NGS and be used for epidemiologic surveillance and molecular
genetic analysis of SARS-CoV-2. This is of special importance in countries with
underdeveloped NGS sequencing facilities, such as Armenia, and can play an im-
portant role in shaping local, national, and regional COVID-19 response strategies.
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AHHOTADUA

TTannemust SARS-C0V-2 cepbe3HO NMOBIHsAIA HA CUCTEMY 3/IpaBOOXpaHe-
HUS BO BCceM Mupe. MccnenoBanus, CBS3aHHBIE C XapaKTepU30BaHUEM T'e-
HoMa SARS-CoV-2 moryT criocoOcTBOBaTh OHUMAHHIO SBOJIOLUH BH-
pyca. B pe3ynbrare MyTalii HosBHUIOCH HECKOJIBKO HOBBIX JIMHUNA SARS-
CoV-2 (20HBeta, V2; 20lAlpha, V1; 20JGamma, V3; 21A/l/JDelta;
21BKappa, 21CEpsilon, 21DEta; 21F). lota, 21GLambda), xotopsie mo-
BBIIMIAIOT TPAHCMUCCUBHOCTh U IOTEHIMAJIBbHO MOTYT HapyllaTb ecTe-
CTBEHHYIO ¥ BEI3BaHHYIO BaKIIMHAIMEH IMMYHHYIO 3amuTy. C 3TOH TOUKH
3peHust ObICTpast MASHTU(UKANUSI U OTCIeKUBaHUE BO30yaAuTeIel 6omes-
Hell M TeHEeTHYeCKHX BapHaluil NMEIOT 0co00e 3HaUeHHe W HHTepecC Uil
MOHHUTOPHHTA U NPOGUIAKTUKY 3200JICBaHUM.

B 3TOM HCce1oBaHUH MBI IPOBENH HACHTHOUKALNIO JIMHAN U QUIIOTeHe-
tuueckuil ananu3z SARS-CoV-2 B ApMeHUH ¢ UCTIONIB30BAaHUEM HAHOIIO-
POBOTOCEKBEHHUPOBaHHUS 00pa3IoB, COOpaHHBIX B siHBape-aBrycte 2021
roza. Pe3ynpTarhl oka3plBal0OT BPEMEHHYIO 3aBUCUMOCTb B PacIpocTpa-
HEHHOCTH DPAa3IMYHBIX BapHAaHTOB BHpyca B Halleil crpaHe. B siHBape
Hanbosiee pacupocTpaHeHHON Obuta uHUS 19A, oHaKo B Havajle MapTa
OHa ObLJIa MOJIHOCTHIO 3aMeHeHa BapuanToM 201 (Anbsda). Haunnas ¢ 21
utoHs, BapuaHThl A u 21J ([enbra) cranu npeodialaroliuMy, Ha HUX B
HACTOSIIIIEe BpeMsI IPUXOAUTCSI OOJIBIIMHCTBO ciaydaeB Covid-19. Bocemb
nenpTa-BapuantoB (AY.21, AY.24, AY.29, AY.33, AY.39, AY .42,
AY .43, B.1.617.2) Obimn oOHapyxeHsl B 50 o0pasuax ¢ Hanbosee BbICO-
Ko# pacrpocrpanerHocTsio B.1.617.2 (n=11) u AY39 (n = 39) Bapuan-
TOB.

Pe3ybpTaThl 3TOT0 HCCIEIOBAHUS CBHICTEILCTBYIOT O BAXKHOCTH HETpe-
PBIBHOT'O MOJICKYJIAPHO-TCHCTUYCCKOI'O MOHUTOPHUHIA C UCITIOJIb30BAHUEM
MIOJTHOTEHOMHOTO CEKBEHHPOBAHMUS [UIs IPEIOTBPALICHHS TTAHAEMHH.
Kaiouesble cioBa: SARS-CoV-2, unorenernyeckuii anamms, ApMeHus,
JIMHUH.

SARS-CoV-2/
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AHHOTAIUA

Peaknueii 2-denmn-4-(4-6eH3omnokcuapuiuieH)-5(4H)-0kca3oI0HOB ¢
1,1,1,3,3,3-rekcaMeTHIINCHIIa3aHOM B 3aBUCHIMOCTH OT YCIIOBUH PEaKIIUU
ObUIM  cuHTe3upoBaHbl mepBuuHble amuael  N,O-aubenzowm-o,f-
JEeTUJPOTHPO3UHOB U 2-(peHu-5-(ruapokcudeH3n—
JHJICH)-4-UMI1a3070HbI.  MIcClieIoBaHbl aHTHPAUKAIbHBIE W aHTHXO-
JIMHACTEPa3HbIe CBOMCTBA CHHTE3UPOBAHHBIX COCMHEHHUH.

H3ydeHa BO3MOXKHOCTh npuMeHeHus1 O-0CH30UIbHOMN 3al[UTHON TPYIIITBI
JUIs cMHTe3a Kak OeH3mnamuga N-OeH30mi-o,3-1eruapoTupo3nHa, Tak U
COOTBETCTBYIOIIETO 5-MMH/a30JI0HA.

KatoueBbie cioBa: O-3ammrHas rpymnma, o,B-IerHIpOaMHHOKUCIIOTA,
5(4H)-oxca30510H, UMU1a30J1-4-0H, aMHUJIbIL.

B Hacrosimee BpeMst UMEIOTCSI MHOTOYHCIIEHHBIE CBHJIETEILCTBA O HAXOXKIIe-
HUU IPUPOTHBIX COSAMHEHIM, COIEPIKAIIUX 0CTATOK 4-uMuaa30i0Ha [ 1-6]. B aTom
psay ocoboe MECTO 3aHMMaeT CEMEUCTBO 3eJIeHOTo (hIyopeciieHTHOro Oenka [7].

N3BecTHO, YTO 4-MMHK1a30JI0HBI TIPOSIBIISIFOT Pa3IMuHbIe OUOJIOTUYECKUE CBOM-
CTBa, B TOM 4YHCJIC MPOTHBOpaKoBoe [8], aHTurunepreHsuBHoe [9], aHTUTMCTAMHUH-
Hoe [10], mporuBoBocanurensHoe [11], n mpoTuBOCYnOpOXKHOE CcBO¥cTBa [12].
OHU TakKe SBISAIOTCS HHTHOUTOpAMU MOHOAMHUHOOKCHAA3b! [13] u xonmmHACcTEpa3
[14]. B cB3s13u ¢ 3TMM HAMH OCYIIIECTBJICH CHHTE3 HEKOTOPHIX aHAIOTOB XpoModopa
3®b u uccienoBaHbl UX AHTHUPATUKAIBHBIC U aHTUXOJMHACTEPa3Hble CBOMCTBA.

Panee nipu cuntese npousBoaHbix X3Db B kauecTBe O-3a1uThI 0,B-ACTHAPO-
TUPO3MHOBOTO OCTAaTKa MPUMEHSUINCH aneTuibHas [15—17] unu Tper-OyThiigume-
tiicunmibHas [18-20] rpynmel. B paborax [21,22] onmcansl METOABI ylaleHUS
METWJIbHOU rpymmbl u3 MeTokcu npousBogHoro X3db. Ilo nanueim [23], rae cus-
Te3 Tpou3BogHEIX X3Db ocymiecTBieH 2+3 MUKIOKOHACHCAITUEH apUITHICHUMU-
HOB ¥ WIXJIOB, 3amuTa ()eHOIbHON THAPOKCHIILHON TPYIIBIHE TpUMEHsu1achk. Hamu
e HCCIIeZIOBaHA BO3MOXKHOCTH MpuMeHeHn O-0eH30MIbHON 3aIIUTHON TPYIIIBI
npu cunTese X3Db.

CurHTE3 1eNeBhIX COeIMHEHHI OCYIIECTBIIEH B3aUMOJICHCTBIEM HEHACHIIICH-
HbIX 5(4H)-okcazononoB 1-3 ¢ 1,1,1,3,3,3-rekcamernnaucunazanom (I'MIC) npu
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pa3IMYHBIX ycloBHsX (cxema 1). B cirydae mpoBeneHHs peaknuy B dTHIIAIETATe
MIpY KOMHATHOH TeMIlepaType Mmoiy4yeHsl nepBuuHble aMmuabl N,O-nudenzonn-a, -
JETUIPOTUPO3UHOB 4-6, BBIXO]T KOTOPBIX KoJieOseTcs B penenax 52—89%. B ciy-
Yae jke MpUMEHeHHUs B kadecTBe pacTBoputeist AM®DA u kunsiueHus peakiiuoHHOH
cmect (0.5 v) oOpasyrores 2,4-au3aMenieHHbe S-uMuIa30I0Hb! 12, 13 ¢ BEIxomamu
75.9% u 61%, COOTBETCTBEHHO. YBENWYEHHE MPOAOIKUTEIBHOCTH BpPEMEHHU
HarpeBaHusl PeakKUUMOHHON cMecu 10 1,5 u Hapsny ¢ meruaparauueld NPUBOAUT K
ylaneHuo OeH30mnbHON O-3alIMTHON TPpyMIbl ¢ 00pa30BaHUEM MPOU3BOIAHBIX 5-
TUAPOKCHAPWIUACH-4-UMU1a30JI0HOB 15—17. Takoit ke pe3yabTar MOJIy4YeH HpU
peaxnmu okcazonona 1 u 'MJIC B npucyTcTBUM 3 -TUMETHIAMUHO-1-IpONIIaMIHA
(AMAIIA) B cpene JIM®DA. B nociennem ciryqae 4-MMHIa30JI0H 15 mMoIydeH ¢ BbI-
xo10M 84% TpH KUIITYEHUH peakIMOHHOM cMecH B TeueHue 1 u. bensmiamua N,O-
TUOEH30MIT-0, 3-neruapoTupo3nHa (7) ObLI MOTy4YeH B3anMOIEHCTBHEM OKCa30JI0HA
(1) c OGeH3MIaMHHOM TPH KOMHATHOW TeMmrmeparype B auMmeTuiagopmamune. [Ipu
3TOM yCTaHOBIIEHO, YTO IPH COOTHOIIEHNH OKca30yioHa | n 6er3mnamuna 1:1 B Te-
yeHue 24 y BeIX0J OcH3mIamMuaa 7 coctariser 39%, Toraa Kak yBeJIIMYCHHUE KOJIH-
YyecTBa O€H3WIIAMUHA JI0 3 SKBUBAJICHTOB B T€UYCHHUE 3 4 MPUBOJUT K 00OPa30BaHUIO
amuna 7 ¢ BeixonoMm 81%. B mocnenneM ciydae yBemWdeHHE PEAKIIMOHHOTO Bpe-
MeHU 110 24 y ipuBoanT K 99% oOpazoBanuto amuaa 7. B aTux ycinoBusax O-0eH30-
WJIbHAS TPYyIIa aMUIA 7 COXPAHSIETCS.

Cunre3 (enmnbdeHzoata 14 OCymecTBIICH KHIISYEHHEM CMeCH amuaa 7 ¢
I'M/IC B numetmindopmamue B TeueHue 0,5 u. [Ipu 3T0M HOJIydYeH cMeCh UMUIA-
30510HOB 14 1 18. OO0paboOTKO# peakKIIMOHHONH CMECH YJAIOCh BBIJIEIIUTh UMUAAA30-
70H 14 ¢ BeixonoMm 45%. OqHako, B ciiydae YIUIMHCHHSI BpEMEHH peakiuu 110 1,5 y
mpolecc MPUBOAUT K 00pazoBaHMI0 MMUAa30n-4-oHa 18 c¢ Beixogom 70%. Oue-
BHIIHO, uTO Tipu B3ammojeiicTBuu ' MJIC u amuaa 11 mpoTekaroT ABe mapauieib-
HBIE peaKUH — HUKIN3aus U yaajnenne O-0eH30MIbHOH 3alUTHON TPYIIIEI.

W3 npon3BoHBIX o,B-1eruapoTHpo3nHOB 4—7 u 4-ummunazononos 12—14 O-
OeH30MWIIBHYIO TpymIy yaasu peakuueit ¢ JIMAIIA B cpeae aneronutpuna. [Ipu
3TOM C XOPOIIUMH BBIXOJaMH MoJy4eHbl aMu bl 8-11(74-94%) u 4-MMu1a300HbBI
15-18 (77-90%).

C npuMeHeHrneM CTaOUIbHOTO paaukaia — 2,2 -qudeHu-1-muKpuiIruapasnia
(JDIIT +) uccnenoBansl aHTUpAANKaIbHBIE CBOMCTBA coennHennit 4-18 (Tabm.1),
HM3MEPEHMSI IPOBOIMINCH CIIEKTPOPOTOMETPHUCSCKUM MeTO10M [24]. CortacHo 1o-
JMy4eHHBIM JAaHHBIM 110 nHruOuposanuto DI+ npousBoaHbIe o,B-1eruapoTUPO-
suHa 8-11 u 5-(4-rugpoxcubeHs3uanacH)-4-uMuIa30noHa 15-18 mpeBocxomaT ux
O-6enzomnbHbIM aHanoram (4-7 u 12-14). 13 gannsix Tabn.1 BugHO, 4TO B psimy
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coenuHeHUH 4-18 cpaBHUTENHFHO BBHICOKMM aHTHPATUKATBHBIM CBOWCTBOM (99%)
obnanaet amun N-Genzoun-a,B-nerunpo-3-merokcutrpo3una (9).

CxeMma 1. MeToanka CHHTE3A LENEBBIX COSTUHEHNI.
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1,4,7,12,14 R,~H, OBz-4, R,~H, CH,Ph: 2,5,13 R,~3-OMe, OBz-4, R;=H: 3,6
R,=3-OEt, OBz-4, Ry=H: 8,11,15,18 R,=H, OH-4, Ry=H, CH,Ph; 9,16 R,=3-OMe,
OH4, Ry=H; 10,17 R;=3-OEt, OH-4, Ry=H.

HccnenoBansl Takke aHTHXOJIMHAICTEPA3HBIE CBOMCTBA CHHTE3WPOBAHHBIX CO-
eanHeHni 4-18 10 OTHOLIEHHIO KaK K aneTuixonuHactepase (AXD), Tak u k OyTu-
puxomma3cTepase (byXD). AHTUXOIUHACTEPAa3HBIC CBOMCTBA OMPECIISUIN C TPH-
MEHEHHEM METO/1a, OMCAHHOTO B padoTe [25]. B ucciienoBaHusIX IPUMEHSIIH SPUT-
porurTapuyio AX3 u miasMenHyo byXD uenoBeka. Mi3MepeHus MpOBOIUIIUCEH B
TepMOCTaTHPyeMoii siueiike criekrpodoromerpa “Specord UV-Vis” npu 412 um. B
OTIBITaX PEaKIUOHHAS cpesia B 2.5 MJI KOHEYHOTo 00beMa coJiepKalia PearcHThI B
CIIEAYIOMMX KOHLIEHTpauusIX: AUCTHUIMpoBanHas Boaa — 1.25 mi, 0.1M ¢docdar-
ue1it 6ydep — 1vur (pH 7.6+0.1), 0.005M pactBop 5,5'-aurnobuc-(2-HuTpoOeH301-
Has kuciorta) (JATHB) — 0.02mm, 0.005M BomHBIA pacTBOp ALETHITHOXOJIMHA
(ATX) — 0.005mn, BoaHBIH pacTBOp cooTBeTcTBYIomero ¢gepmenta — 0.02 mi u
0.01M gumeTtnncynb(GOKCUIHOTO pacTBOpa ucciemayemoro Bemiectsa — 0.02 mur.
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Tabnuna 1. JlaHHBIC aHTUPATUKAIBHBIX U aHTHXOJMHICTEPA3HBIX CBOICTB
coenuHenuii 4-18.

Coenn- HNuaruduposanne, %
Henue JI@IIr® AXD ByX?
4 7 67.2 46
5 7.5 75.2 81
6 9.7 28 74.4
7 431 63,6 28,7
8 67.1 31.9 67.1
9 99.1 44.8 333
10 79.8 69.6 52.4
11 85,1 76,6 40,5
12 235 94.8 96
13 35.8 48.4 11.3
14 6,86 43,0 54,5
15* 785 90 100
16 777 91.4 94.8
17 72.2 79.6 69.4
18 16,2 37,0 16,1

* [Ipu ymenvuwienuu Konyenmpayuu coedurenus 15 ¢ 2 paza,anmuxo-
JuHICMepasHas akmusHocms cocmaensiem AX3 21.6%, byX3 59.2%.

J1J1st KOHTPOIBHBIX OTIBITOB PACTBOP, coiepkammuid pepment u ATHB, nakyou-
poBaniu 10 muH. ipu 25°C, U3MepsuIH MoTJolIeHue, ocie Yero nobasisum ATX u
MTOBTOPHO M3MEPSUTH TIOTIIONIEHNE pacTBOpa Iociie WHKyOupoBaHus 20 MUH TpH
25°C. TecTOBBIE OMBITHI POBOIWIIA AHAIOTUYHO, U3HAYAIBHO B MIPUCYTCTBUH HC-
CJIETyEMOT0 COETMHEHUS.

CoracHo JaHHBIM, IPUBEICHHBIM B Tab11.1, Bce nccaenoBaHHbBIC COCTUHEHUS
00J1a1at0T aHTUXOJIMHACTEPa3HON akTUBHOCTHIO. B ciiyqae AXD ona konebnercs B
npenenax 28-94%, a byX2 — 11-96%.

[Ipu 5TOM, IO UHTUOUPYIOIMM CBOIICTBAM U3 aMHUJIOB 0.,3-1E€rHIPOaMUHOKHC-
70T 4-11 cpaBHUTENHHO BBICOKYIO aHTHUXOJIWHAICTEPA3HYI0 aKTUBHOCTH MPOSIBIIET
amunN-6eH3om-o,3-nerunpo-3-merokcu-O-06enzomntuposun - (5 AXD-75%j;
BbyX2-81%), Torma xak W3 COOTBETCTBYIOIIMX 4-MMHIa30JI0HOB 12—-18 cpaBHH-
TEJNBHO BBICOKYIO aHTUXOJIMHACTEPA3HYIO0 aKTHBHOCTh MPOSBISIETCS Y 2-(PEeHUI-5-
(4-runpoxcubensunuieH)-4-umuaazonona (15 AX3-90%; byX2-100%).
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W3 nanneix Taba. 1 nerko yoeauThes, 9TO MPH MEpexoe OT aMUIoB o, B-1e-
TUAPOAMUHOKHUCIIOT 4—11 k 4-uMuaasononaM 12—-18 aHTHXOIMHACTEpa3HBIE CBOM-
CTBa 110 OTHOIICHHIO K 00enM (hepMeHTaM BO3paCTaroT.
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SYNTHESIS AND SOME BIOLOGICAL PROPERTIES OF
GREEN FLUORESCENT PROTEIN CHROMOPHOR
DERIVATIVES

A. Makichyan 2*, A. Ogannesyan?, V. Topuzyan!
IScientific and Technological Center of Organic and Pharmaceutical Chemistry NAS RA 2 Rus-
sian-Armenian University
* ani.makichyan@rau.am
The primary amides N,O-dibenzoyl-a,B-dehydrotyrosines and 2-phenyl-5-
(hydroxybenzylidene)-4-imidazolones. The antiradical and anticholines-
terase properties of the synthesized compounds were studied.
The possibility of using the O-benzoyl protecting group for the synthesis
of both N-benzoyl-a, B-dehydrotyrosinebenzylamide and the correspond-
ing 5-imidazolone was studied.
Keywords: O-protecting group, a,p-dehydroamino acid, 5-(4H)-oxazo-
lone, imidazol-4-one, amides.



THE ROLE OF PHYSICAL ACTIVITY IN PREVENTION OF
LOWER LIMBS’ VARICOSE VEINS OF REPRODUCTIVE AGE
WOMEN

M. Ohanyan, A. Grigoryan, S. Avetisyan A. Manukyan

Russian-Armenian Slavonic University, Shirakatsy Lyceum,
Yerevan State Medical University
mariamohanyan@shirakatsy.am, anna.grigoryan@rau.am, su-
zav1998@gmail.com, ah_manukyan@yahoo.com

ABSTRACT

In this article, the author refers to varicose veins, a disease that is common
in young, reproductive age women. The disease is associated with a mod-
ern, sedentary lifestyle, a decrease physical activity and obesity. The arti-
cle takes into consideration the fact that skeletal muscles of lower limb
promote the venous blood circulation during the walking and increase the
role of the leg muscles in the function of the superficial and deep veins.
Key words:Varicose veins, risk factors, reproductive age, heredity, phys-
ical activity.

Introduction and relevance

Varicose veins affect young and adult population and result in significant psy-
chological, physical, and financial burden. Nevertheless, the molecular pathogene-
sis of varicose vein formation remains unidentified.

Varicose veins are a common venous disease of the lower limbs which affects
not only the adult population in Armenia, but also women of reproductive age. Var-
icose veins are elongated, dilated, and tortuous veins. In other words, varicose veins
are transformational changes of lower limb veins. Varicose veins range in severity
from the undesirable appearance of telangiectasia to large tortuous varicosities with
or without associated swelling, dermatitis, pigmentation, or cutaneous ulcerations.
There is a significant financial burden of chronic venous disease that comprises var-
icose veins and their complications on the health care system. In countries with de-
veloped health care system, the cost of treating advanced venous disease has ac-
counted for up to 1% to 2% of the total health care budget. Thus, varicose veins
pose considerable social and economic problems [1].

Varicose veins are characterized by symptoms or signs produced by venous
hypertension because of structural or functional abnormalities of veins. Symptoms
may include aching, heaviness, itching, sensations of burning, swelling, cramps, di-
latation or prominence of superficial veins, and skin color changes. Sighs may in-
clude reticular or varicose veins, edema, and skin changes such as pigmentation,
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eczema, and even ulceration.Varicose veins in young girls and women in the repro-
ductive age tends to spread and develop. This is due to sedentary lifestyle, obesity,
heredity, and other factors affecting on veins structural and functional condition.
Nowadays, it is essential to avoid the effects of modern medicine, prevent chronic
disease and use various methods of physical education. The veins blood circulation
contributes by skeletal muscle contraction. It is known that jogging, swimming, cy-
cling strengthens the legs muscles, maintains veins normal functioning. Although
there are suggested a lot of physical exercises that will reveal different mechanisms
of muscle groups interaction with vessels in appropriate area. In scientific literature,
you can face different methods of physical exercises that are discussed a lot, espe-
cially in the Russian literature, the exercises are in the form of simplest advisor and
almost do not contain scientific justification and research [2]. English literature de-
scribes various research activities that do not include the above group. More re-
search is necessary to do among young women, for example, students because of
their unhealthy sedentary lifestyle, unhealthy food, that can cause not only vascular
system disease but also other complicationstl.

“Structured exercise improves calf muscle pump function in chronic venous
insufficiency and the efficacy of physical conditioning has been convincingly
demonstrated in patients with chronic venous disease, but none of the practice
guidelines for treatment of chronic venous disease describe the aerobic or strength
training used in detail.”[3] Therefore, it is important to create specific complex of
exercises that the young woman can do even in the bad before starting their daily
activities.

Aims of the investigation are the following:

1. to observe the scientific literature, read and analyses the facts.

2. to test and identify the risk factors of venous insufficiency, with special em-
phasis on heredity and physical activity of young woman.

3. to assess the indicator of physical development of young woman (in our case,
of the students).

4. toanalyse the statistical results.

Methods

Methods of research are the following:
e Ultrasound diagnosis of lower limbs’ superficial and deep veins (espe-
cially dorsal foot vein (DFV) and the great saphenous vein (GSF))
e Measurement of foot venous pressure (MmHG)
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Foot venous pressure measurement is considered to be useful for assessing
lower limb venous insufficiency, because venous hypertension is the main factor
predisposing to venous insufficiency. In this study, we investigated the utility of
foot venous pressure measurement in the evaluation of venous insufficiency.

Objectives

Obijectives of the investigation are the following:

1. Determination of the effects of conventional-simple kinesiotherapy on ve-
nous blood circulation, pain.

2. ldentification and quantification of risk factors for venous insufficiency, with
special emphasis on physical activity.

For that purpose, controls were sampled among the students with subacute con-
ditions such as superficial visible varicose veins, pain, redness of the skin and were
matched on referral physician, age 22 (+ 3 years), and gender (women). Subjects
were eligible if they were 19 to 25 years old and were excluded if they had nonpal-
pable pedal pulse or any chronic active diseases. Cases' and controls' statuses were
ascertained by the participating physicians.

“Women who reported spending eight or more hours in an average day in sed-
entary activities (sitting or standing) also had a significantly higher incidence of
varicose veins than those who spent four or fewer hours a day in such activities. For
men, varicose veins coexisted with lower levels of physical activity and higher
smoking rates. While men and women with varicose veins had a higher incidence
of atherosclerotic cardiovascular disease than those without varicose veins, only the
excess risk of coronary heart disease in women was statistically significant (p less
than 0.05). However, this finding was not significant after controlling for body mass
and systolic blood pressure. These results suggest that increased physical activity
and weight control may help prevent varicose veins among adults at high risk and
reduce the overall risk of atherosclerotic cardiovascular disease as well.” [4]

Results

For this purpose, arandomized controlled trial was undertaken. We enrolled 35
women of reproductive age with stage | venous insufficiency on the clinical, etio-
logical, anatomical scale of venous disorders, randomly assigning them to a control
(n =19) or experimental (n = 16) group. All the women undergo an ultrasound ex-
amination before and after structured exercises, a walking program for a 4-week
period. Main outcome measures determined pre- and post-intervention were venous
blood pressure, venous velocity, skin temperature and filling of pain(in levels).
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“Structured exercise improves calf muscle pump function in chronic venous
insufficiency and the efficacy of physical conditioning has been convincingly
demonstrated in patients with chronic venous disease...”[3]

Because of the location of varicose veins in the lower limb, and the increase in
lower limb venous pressure in the standing position, a relationship between the
lower limb high venous pressure and the formation of varicose veins has long been
proposed. In the upright position and in the absence of muscle contraction, venous
hydrostatic pressure measured on the dorsum of the foot ranges from 95 to
120 mmHg, depending on the women height and weight. Return of blood from the
dependent lower limb to the heart requires overcoming the effects of hydrostatic
pressure (the weight of the column of blood below the right atrium), which is ac-
complished by muscle pumps working with venous valves. When a normal subject
exercise, the venous pressure remains at a low and steady level throughout the pe-
riod of exercise [4].

The venous pressure measured in insufficient superficial veins during walking
decrease but still is higher than those observed in normal veins and returned to the
preexisting levels much faster when walking of young women is stopped (see Fig.
1).

: Figures 1 and 2: Diagrams showing foot venous pressure during exercise in the

standing position for normal and varicose veins. Lower diagram
illustrates venous pressure in patients with venous reflux.

Foot venous pressure during exercise in the
standing position. Normal vein
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These changes are attributed to the venous blood reflux in distal veins during
muscle relaxation with the rapid establishment of the hydrostatic column and venous
hypertension. The p-value, short for probability value, is an important concept in
statistical hypothesis testing. The p-value is less than the critical p value(0.05), so
we got statistical proof.

The venous pressure in superficial veins during walking decreases. The combi-
nation of walking therapy and kinesiotherapy improves the venous circulation, de-
creases the pain in lower limbs of young women with venous insufficiency. Foot
venous pressure measurements were very useful for evaluating the outcome of walk-
ing therapy and kinesiotherapy for venous insufficiency.There’s a common belief
that varicose veins only happen in pregnant and older women, but men suffer them
just as often, and moreover teenagers are at risk, especially in a progressively sed-
entary society.

Discussion

These changes are attributed to the reflux of blood distally during muscle re-
laxation with the rapid establishment of the hydrostatic column and venous hyper-
tension. The observed pressure changes at the level of the foot in normal veins are
entirely dependent on intact and functioning venous valves in the distal limb. Dias-
tolic blood pressure, venous blood flow velocity was significantly higher in the ex-
perimental group than in the control group butafter the 4-week treatment of only
walking program it was regulated simultaneously.
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The venous pressure in superficial veins during walking decreases, the blood
circulation of lower limbs increases. The combination of walking therapy and kine-
siotherapy improves the venous return blood flow, pain and quality of life of young
women with venous insufficiency.
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POJIb ®PU3NYECKOM AKTUBHOCTH B YJIYUIIEHUA
®U3UOJIOT'MUYECKHUX MOKA3ATEJIEN ¥V )KEHIIIUH B
PENNIPOAYKTHUBHOM BO3PACTE C BAPUKO3HbBIMHA
BEHAMMU

M.T. Ozanan, A.M. I'puzopan, C.C. Agemucan, A.A. Manykan
mariamohanyan@shirakatsy.am, anna.grigoryan@rau.am, suzav1998@gmail.com,
ah_manukyan@yahoo.com

AHHOTALUS

B aT0#t cTaThe mccenyoTcs BapuKO3HBIC BEHBI, 3a00JIEBaHHE, KOTOPOE
pacrpoCTpaHEHO y MOJIOJIBIX KEHIIUH B PENIPOAYKTUBHOM Bo3pacTe oT 19
1o 25 ner. 3aboieBaHue CBS3aHO C COBPEMEHHBIM, MaJIOIIOIBI>KHBIM 00-
pa3oM KH3HH, CHIDKCHUEM (PU3NUECKON aKTUBHOCTH U ¢ okupeHuneM. Cra-
Thsl NPUHUMAET BO BHUMAHUE TOT (PAKT, 4TO CKEJETHBIC MBIl MPU
X0JIb0e CrIOCOOCTBYIOT KPOBOOOPAIICHHUIO B HIDKHUX KOHEYHOCTSAX U T10-
BBIIIAKOT POJIb MBIIII TOJICHH B ()YHKIIUH TTOBEPXHOCTHBIX M TITYOOKHX BEH
TOJIEHH.

KawueBbie cioBa: (usnueckue yNpaXHEHHUs, XO0Jb0a, BapUKO3HBIC
BeHbI, (PaKTOpBI pUCKa, U3MEHEHHUS B 00pa3e KU3HHU.
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AHHOTALIUA

B nmanHOW cTaThe HWCCIIEAOBAHO BIMSHHUE HAHOYACTHI] OKCHJA JKejesa
(Fes0s4), cTabuIM3UPOBaHHEIX IUMOHHON KHUCIIOTOMH, Ha ITapaMeTphl pocTa
1 KOJIMYIECTBO JKU3HECTIOCOOHBIX KoJToHm# Gakrepun Escherichiacoli K12,
IToka3aHo, YTO MCIHOJIB30BAHHBIC HAHOYACTHIBI JEMOHCTPHPYIOT BBIpa-
JKCHHBIN aHTHOAKTepUAbHBIN 3P (DEKT.

KuaroueBnble ciioBa: Escherichia coli; HanowacTuipr okcuma sxenesa; poct
0akTepuii; BEBDKUBAEMOCTb.

BBeaenne

B Hacrosiiiee BpeMst JOCTH)KEHUST HAHOTEXHOJIOTUHU MTO3BOJISIOT UCIIOJIb30BATh
HaHouacTuibl (HY) B caMpIX pa3inuuHbIX cdepax KU3HEIeATENbHOCTH, TAKUX, KaK
OMOTEXHOJIOTHS, OMOMEIUITMHA, (hapMalleBTHUKA, UIIEBAs POMBIIIIJICHHOCTD U JP.
[1-3]. IIpu sTom, HY okcuma sxenesa (FesOs) OGmaromapsi CBOMM ImapaMarHUTHBIM
CBOWCTBAM IMUPOKO MCIOIB3YIOTCS B Onomeauiune [2,3]. M3-3a CKIIOHHOCTH HaHO-
YaCTHI[ K arperaiyy s WX HCIOJB30BaHUS B OMOMeIWIIMHE HEOOXOAMMa WX
cTabMITM3aIKsl, 9YTO MOXET BIMATH Ha WX cBoicTBa [4,5]. Hanbomnee pacmpocrpa-
HEHHBIMU SIBISIOTCS THAPOGOOHBIE CTa0MIN3aTOPhI, OJHAKO 3TO JIEaeT HaHOYa-
CTHIIBl PACTBOPUMBIMHU TOJILKO B OPTaHUYECKUX PACTBOPHUTENINX, U, KaK CIICACTBHE,
OTpPaHUYMBACT WX HCMIONB30BaHWe B Ouwomemuimue [4,5]. Tlostomy st
NpUMEHEHUs] B OnoMeauiuHe TUApo(oOHBIH cTabWMIIN3aTOP YacTO TpeJiaraeTcst
3aMEHHUTh Ha TuApoduiIbHbNA [5]. TakuM cTaOUITH3ATOPOM SIBIIAETCS JTHUMOHHAS
KuciioTa. beuto mokazano, uro HY, crabmim3mpoBaHHBIE JTUMOHHOW KHCIOTOM,
JIOBOJILHO JIOJITO OCTaBAIKMCh CTAOWJIBHBIMH B BOJHBIX PAacTBOpax, MPH STOM
CTaOUIIBHOCTE COXPaHSIACh MO AeHCTBHEM diIeKTprdeckoro moss[6]. O6padoTka
HY nuMoHHO# KMCIIOTOM B BOJHOM pacTBOpe CTa0MIM3HpoBaia mosepxuocts HY
[7]. IIpu 5TOM B TUTEpATypE MajIo JaHHBIX 00 aHTHOAKTepHAIBHBIX cBoMcTBax HY,
CTaOMIM3UPOBAHHBIX JIMMOHHOW KHUCIOTOW. M3ydeHune aHTHOAaKTepUaTbHBIX
cBoiicTB HY, cTaOMIM3NpOBaHHBIX TUMOHHON KUCIOTOM, SBIISCTCS BAXKHBIM IS UX
MIPUMEHEHUS B OMOMETUITUHE.
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B nanHoii paboTe ObLTO U3YUYCHO JNEeHCTBIE HAHOYACTHI] OKcua xene3a FesOq,
CTaOMITU3UPOBAHHBIX JIMMOHHOW KHCIOTOM, Ha MapamMeTpbl POCTaW KOJIMUYECTBO
YKH3HECITOCOOHBIX KOJIOHHH rpaMoTpHIaTeapHo# 6akrepun EscherichiacoliK12.

MarepuaJ 1 MeTOAbI

OO0bekToM uccnenoBanus ciyxun mramm E. coli gukoro tuma K12(Komtek-
AT MUKPOOPTaHU3MOB Kadeapsl OMOXUMHUH, MUKPOOHOIOTHH U OHOTEXHOJIOTHH
Oouonoruueckoro QaxynpreTa EpeBaHCKOT0 TOCYIapCTBEHHOTO YHHBEPCHTETA).
Bakrepus BrIpamuBangach B aHadpOOHBIX YCIOBUSAX Ha NMENTOHOBOW MUTATEIBHON
cpene, conepxkarei 2% nentona, 0.5 % NaCl, 0.2 % KoHPOsu 0.2 % rimtoko3bt
npu temmeparype 37°C u pH 7.58,9]. HanouacTuiis! okcua sxenesa (CpeHuii pas-
Mmep okoisio 10HM) B KoHIIeHTparmu oT 50 10 250 MKr/Mi1 100aBIIsUTHCh HETTOCPE/-
CTBEHHO B cpeay pocTa Oakrepuil. 3a pocTOM OaKTEpHH CIEAUIIHN 10 W3MEPEHHIO
OIITHYECKOM MIIOTHOCTH CYCIIEH3UH C IOMoIIbio aeHcutomeTpa DEN-18 McFarland
(BioSan, JIatsust)tipu asute BostHbI 600 M (Olle0). Y aenbHas CKOpocTs pocta (W)
omnpexaensnack mo popmyse:pu = (In OIT; — In OTp)/t, rae OIly — HavaTbHOE 3HAYECHHE
onrtuueckoit mnotHocTH(Ollsoo); aOIl; — Ollsoo uepes Bpems t, 1 Bepaxkanu B U™,
[pomomxuTenbHOCTh Jar-ha3bl pocTa ONMPEACIsUId TpapHuyueck, Kak BpeMs JI0
Hayvana jorapupmudeckoit ¢assl pocta|8,9].IlogcueT xnu3HECITOCOOHBIX OaKTEpHid
MIPOBOJIMITA METOJIOM TIOCEBAa COOTBETCTBEHHO Pa3BEICHHON B OMpeIeICHHOM 00b-
eMe KyibTypsl E. COli Ha mioTHyr0 nuTaTenbHyro cpeay B damiku [letpu, a 3atem
MOJICUNTHIBAIA KOJIMYECTBO CHOPMHUPOBAHHEIX KojoHHM [8,9]. B pabote mpuso-
ISITCS CpeAHre apu(pMeTHUECKIE 3HAYEHUs U3 TPEX HE3aBUCHMBIX 3KCIIEPUMEHTOB
CO CpPETHEKBAIPATUIECKUMH OTKIIOHEHUSIMH PE3yIbTaToB. Jl0OCTOBEPHOCTH JaHHBIX
MOATBEP KA pacueToM Kputepus goctoBepHocTr CreroaenTa (p<0.05).

Pe3y.]'ll)TaTBI H 06cy)lc21elme

E. coli siBnsieTcs kKitaccH4ecKuM MOJICTTBHBIM OPraHU3MOM JUTSl MHOKECTBA OHO-
MEIUITUHCKUX ¥ OMOTEXHOJOTHUECKIX MccenoBanmii [1, 9].

Oo6napyxeHo unruoupyroiee nerictsue HY Fez04, cTabumm3npoBaHHBIX TTH-
MOHHO# KHCIIOTOH, Ha rpamMoTpuiaresibHyto 6akreputo E. coliK12 (Puc. 1). Ipu
stom neiictBue HU Fes;04 Ha poct E. coli mposiBiIsio KOHIICHTPAIMOHHYIO 3aBUCH-
MOCTb. [Ipomo/KUTEIbHOCTh (ha3bl JaTeHTHOro pocrta (J1ar-gasel) 3HAYUTEIHLHO
Bo3pacrtana B npucyrctBue HU FesOs, mpu 3TOM Takxke HaOIIOAaIACh KOHIIGHTPA-
1uoHHast 3aBucUMOCTh (puc. 1A). Ipu Beipamusannu E. coli K12 B npucyrcBue
250 mxr/min HY Fe304, cTabnm3npoBaHHBIX JIMMOHHOM KUCIOTOW, TIPOAOJDKUATEIb-
HOCTH JIar-a3bsl Bo3pacraia mpuMepHo B 2 pasza (Puc. 1A).
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B mnpucyrctBue 50 mkr/mn HU FesOs, cTaOunm3npoBaHHBIX JTHMOHHOM
KUCIIOTOM, yzenbHast ckopocth pocta E. coli K12 Gbuta cxoxa ¢ kontponem (Puc.
1b). MakcumanbHBIH HHTHONPYIOIMNH 3G (eKT MPOosIBISIICS MpH KOHIeHTparwu 250
MKTI/MJI, 9TO TIPUBEJIO K CHUYKCHHIO YJISTBHOM CKOPOCTH pOCTa OAKTEPHUil MPUMEPHO
Ha 40%, 9TO CBHIIETENHLCTBYET 0 aHTHOaKTepransHOM 3¢ dexTe manapix HY (Puc.
1B).
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Puc. 1. BiaussHuepasandHbIX KOHICHTpanui HanodacTui Fe3Oa, cTabunn3upoBan-
HBIX JIAMOHHOM KUCJIOTOM, Ha MPOIOJKUATEILHOCTS JIar (assl (A) U yaens-
ayto ckopoctb(B) pocra E. coli K-12 (p<0.05). Konrposas — Gakrepuwu,
BBIpaIieHHbIE 0€3 HAHOYACTHII.
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Amnanoruunsie pe3ynbrathl Obumd nonydeHsl U ¢ HY FesOs, crabunm3upoBan-
HbIMH OsienHOBO# KkucioToit [9]. HY FesOs, mOKpHITHIE OJCHMHOBOI KHCIOTOIA,
JIeMOHCTPHUPOBANIN 00JI€€ BHIPAKEHHYIO AaHTUOAKTEpUANIbHYIO aKTUBHOCTH B TOM ke
koHueHTtpaimu npotus E. coli K12, mo cpaBuenuto cE. coli BW25113 [9]. O6pa3o-
BaHME HAHOYACTHIIAMU OKCH[A XKeJle3a aKTUBHBIX ()OPM KHCIIOPOIa MOKET PUBE-
CTH K OKHCIUTEIFHOMY CTpecCy, OBPEXIECHHUSIM OEIKOB M KIETOUYHBIX MeMOpaH,
9TO SIBJISIETCSI OTHUM M3 OCHOBHBIX MEXaHMU3MOB aHTHOaKTepHansHoro ddexra HY
[3,9].

Taxxe Obuto uccmemoBaHo BimsiHue HY Fe304(250 mkr/min), crabumusm-
POBaHHBIX JUMOHHOM KHCJIOTOW,Ha KOJIMYECTBO KOJIOHHEOOPa3YIOMIUX €TUHHMII
(KOE)E. coliK12 (puc 2). Ilpu no6asnenun HU okcuma xene3a, CTabHIM3HPOBaH-
HBIX JIMMOHHOW KHCIIOTOM,KOJIMYECTBO KHM3HECTIOCOOHBIX Kosonuit E. coli K12,
BBIPOCIIMX HA TBEPAOH MHUTATEIBHOM Cpene,TOHIKAIOCh IMPUMEPHO B 7 pa3,lio
CPaBHEHHIO C KOHTPOJIEM, CBHJCTEIBCTBYSI O OAKTEPUIIMIHOM JCHCTBUU JaHHBIX
HY (Puc. 2B).
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Puc. 2. Bausaune HY Fe304 (250 MKr/mi), cTaOMIM3UPOBAHHBIX JIMMOHHOM
KHCJIOTOW, Ha KOJHUYECTBO Kosonueobpasyromux enunui (KOE)E.
coli K12 (mpu pasnuunbix pazdasnenusx) (p<0.05). Kourpons — 6ak-
TEpHH, BBIpAIICHHBIC OE3HaHOYACTHUII.

Takum o6pazom, HaHOUYACTUIIBI Fe304, CTAOMIM3MPOBAHHBIE TUMOHHON KUCIIO-
TOH, MPOSBJISIOT ce0s1 KaK BEIPAKEHHBIE aHTHOAKTEPHUATHHBIC ar€HTHIB OTHOIIICHUH
nanHoro mrtamma E. coli, momasisst poct u BebKHBaeMOCTh OakTepuu. [TonydeHHbIe
JIAaHHBIE MTO3BOJISIIOT PACCMATPUBATh U3YUYECHHBIE HAHOYACTHUIA B KAUECTBE AJIbTEP-
HATUBBI aHTHOMOTHKAM JJI1 IPUMEHEHHS B OMOMETUIIHHE.
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STABILIZED WITH CITRIC ACID, ON THE GROWTH
PARAMETERS OF ESCHERICHIA COLI K12
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ABSTRACT

In this work, the effects of iron oxide (FesO.) nanoparticles, stabilized with
citric acid, on the growth characteristics and the number of viable colonies
of the Escherichia coli K12 were investigated. It has been shown that
usednanoparticles demonstrate a significant antibacterial effect.
Keywords: Escherichia coli, iron oxide nanoparticles, bacterial growth,
survival.
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AHHOTALIUA

HanoTexHomoruu— ObICTpO pa3BHBAIOLIASACS OTPACIb HAYKH, KOTOpasl HalpaBs-
JeHa Ha co3gaHue pa3nnuHbiX Hanoudactur(HY), oO0iamarommx yHHUKAIbHBIMU
CBOMCTBaMHU,01aroapsi KOTOPbIM OHU HaXOST MPUMEHEHHE B Pa3TUUHBIX cepax
HAyKH,TeXHOJIOTHH,MEANIINHEL. B nanHOi paboTe mpeacTaBleHa CpaBHUTEIbHAS
OLIEHKAa M3Y4YeHUs] MPO(UIIS JIIUTEILHOCTA BO3IEHCTBUSI OMOTEHHBIX HAHOYACTHI
cepedpa (AgNPs) crabunusupoBanHbix B 50% skctpakre O.araratum ua opraH Bbl-
JIENUTENBHOMN cucTeMbI-MTOYKH.OlleHKa BO3JeCTBHA MPOBOIMIACH ONPEEICHUEM
nokazatenell antuokcuaaHTHoit cuctemsl (AOC):cynepokcuanucmytassl (CO/),
nepokcuaassl (I10) uconepxxanus manonoBoroguanpaeruga(MIA) B romoreHare-
MOYEK AKCIIEPUMEHTANBHBIX KHBOTHBIX.Pe3ynmbTaThl MCCIeIOBaHUS BO3ICUCTBUS
6uorennbix AgNPs BBISBIIN MOBHIICHHE cofepkanns MJIA nipu KpaTKOBpeMeH-
HOM BO3JIEHCTBUM,a TPH JIUTEIHFHOM BO3JIEHCTBUH HAOIIONASTCS HOPMAallU3alus
conepkanusi MJIA . Habmoaaercs nossiiieHre nHruouposanus akrusaoctu CO/J,
KaK IIPH KPaTKOBPEMEHHOM,TaK | IIPH JUINTEIBHOM BO3ieiicTBUU. Takke mponcxo-
JIUT TofaBieHre akTuBHOCTH [10, akTUBHOCTH KOTOPOIl TIPOIOIKAET TOHMKATHCS

B 3aBUCUMOCTH OT HNPOAOJIZKUTCIbHOCTHU BO3HeﬁCTBHﬂ.
KuroueBrbie cioBa:onorenasie AgNPs, mouku, CO/Jl, 10, MJIA.

BBenenune

HanouacTuub! cepebpa Ha ceroAHAIHNAHN JACHB SBISIOTCS OJHUM M3 HauboJee
IMHUPOKO UCIOJIB3YyEMBIX HAHOMATEPHUAJIOB, KOTOPHIC TOJIYYHNJIU INHPOKOE ITPUMCHE-
HUe Oyarofapss YHUKAIBHBIM (U3UYECKUM U XUMHUYECKUM cBoiicTBam. AgNPs wc-
TIOJIB3YIOTCS B CAMBIX Pa3HOOOPA3HBIX 00IACTSIX MPUMEHEHHUS B MeIMIMHE, hapmMa-
HeBTUKE U T.1. [1].

biaromapst Tomy uto, AgNPs ob6magaror HEOONBIIUM pa3MepoOM, OHU MOTYT
MPOHUKATh B OPTaHW3M YEIOBEKA MPH MPOTJIATHIBAaHHUH, BIBIXaHHUH, & TAKXKE MPH
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KOHTaKTe ¢ Koxel. [lonagast pa3nuuHbIMU ITyTSAMHU B OPraHU3ME 4EJI0BEKa UIIH JKU-
BOTHBIX AgNPs crocoOHBl HAaKaIUIMBaThCSA U B ONPEACTICHHBIX /103aX OKAa3bIBAaTh
TOKCHYECKOE BO3/IeHICTBHE Ha pa3IMyHbIe OpraHbl U TKaH! [2]. Toxcuanocts AgNPs
CBsI3aHa C HECKOJIBKUMH (PU3UKO-XUMHYECKHUMHU CBOWCTBAMHM, TAKUMH KaK pa3Mmep,
XMMUYECKasi IpUpOoia, IUIOIAAb IOBEPXHOCTH, PEAKLIHOHHAsI CIIOCOOHOCTb, 3apsiy,
a TaKKe COCTaB M CIIOCOOHOCTH JIETKO arperupoBaTh. CUNTAETCS,YTO YeM MEHbIIE
pasmep Hanoudactuilel (HY),Tem Ooyiee OHM TOKCHYHBL,HO pa3Mep HE SIBISETCS
€IMHCTBEHHBIM (hakTopoM, ompenenstomuM Tokcudnocts HY [3]. Haubonee pac-
MIPOCTPaHEHHBI MeXaHu3M IuToToKcHuHOCcTH HY cepebpa, BKIItoUaeT MHIYKITUIO
OKHCIIMTEIBHOTO CTPECCa,KOTOPOE BHI3BAHO 00pa3oBaHMEM aKTHUBHBIX (OPM KHC-
nmopona (A®DK), uctomennemM TIyTaTHOHA, CHIDKEHHEM aKTHBHOCTH (pepMeHTa
CO/l u yBelMYeHHEM IEPEKUCHOTO OKHCICHHS JIMNUaoB [2].Tak kKak HU30BITOK
A®K MOXKeT BO3HHKATH PH JCHCTBUU Pa3IMIHBIX (DaKTOPOB OKPYIKAFOIIEH CPEIbI,
B KJICTKE CYIIECTBYIOT pa3iIMYHbIE MEXaHU3MBbI, KOTOPbIC HAIPABJICHBI Ha TOAJIEP-
JKaHHe ONpeAeNIeHHOTO onTuManbHoro ypoBHs ADK [4].

B cBsi3u ¢ ueM 11enbio TaHHOH paboThl ABIsETCS U3ydeHUE NPOQUIIS JUTNTEIh-
HOCTH Bo3feicTBusi OmoreHHbIXx AgNPs craOunmsupoBanHbIX B 50% sKcTpakTe
O.araratum Ha aHTHOKCUJAHTHBIM CTAaTyC TJIABHOTO OpraHa BBIJICIUTEIBHOW CU-
crembl Oenbix Oecropoabix Kpbic Wistar.

MaTepna.m,l H METObI

[Monyuenue 6uorennbix HY ObLT0 0OCyIiecTBICHO ITyTeM 100aBIeHUs conn Ag
Kk 50% sranonbHOMY 3KcTpakTy O.araratum. buorennsie AGNPS, ocne cunTe3a
OBUIM TIPOMBITHI U JOTOJHUTENBHO CTa0MIN3UpoBaHbl B 50% 3TaHOJIBHOM JKC-
tpakre O.araratum. Hccnenoanue pasmepa u ¢popm HY Obuto ocymiecTBieHo ¢
nomorieio SEM (SEMLEO-1430 VP, Carl Zeiss, I'epmanus)[5].

CpaBHuTenbHasI OLICHKa Bo3AeHCTBHA OnoreHHbIx HY, crabuinn3upoBaHHBIX B
50% skctpakre O.araratum Ha aHTHOKCHIIAHTHYIO CHCTEMY TOYEK, TPOBOIMIOCH
Ha cammuax Oenbix OecriopoAHbIX Kpeic Wistar. Bce MaHMIy IslnMu NpOBOAMIINCE B
COOTBETCTBHY C MPHHIIUIIAMH JIAOOPATOPHOTO YX0J1a 32 )KUBOTHBIMU Komurera o
sTKe EpeBaHcKOro rocyaapcTBeHHOro MeauuuHCcKoro yHuBepcuteTta (Epesan,
ApmeHns) u B cooTBeTcTBHH ¢ pererneM 22 centaops 2010 roga Cosera eBpomeii-
ckux coobmects [2010/63/EU].  (http://www.utsouthwestern.edu/utsw/cda/de-
pt238828/files/469088.html).

s onpenenenus HenetanbHOU 10361 AgNPs Oblin BEIOpaHBI 1BE pa3HbIe KOH-
HeHTpanuu B 4,5 1 6 Mr/MiI, B COOTBETCTBHH C JINTEPATYPHBIMHU JaHHBIMHU [Ferdous
et al., 2020 [6]; Stensberg et al., 2011]. Tak, yxe nocne nepBoii nHbekuun HY Ag
B KOHIIEHTpaImu 6 Mr/mi BeDKUIIO Beero 50% ocobeit, mocie Bropoit — 25%, 1o
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KOHI[a SKCTIEPUMEHTA B JKUBBIX 0CTaNIOCh 12,5% ocobeii.B cBs3u ¢ BhIIIeCKa3aHHBIM
B JaJbHEHIINX IKCIEPHUMEHTaxX Oblia MCMoNb30BaHa KoHUeHTpauusi AgNPs B 4,5
MT/MIIL, 9TO COCTaBISIET TO3UPOBKY 0,9 MKT/T MacchI.

HccnenoBanre mpoBOAMIOCH B IBYX CEPHUSX AKCIEPHUMEHTOB, BO3JIEHCTBYIO-
1K€ areHThl BBOAWJIKMCH )KUBOTHBIM B/M Ha Ka)</ple BTOpbIe CyTKH B TeueHue 7 (1-
g cepusi) U 14 nueit (2 cepus).

B xoze uccnenoBanus )KMBOTHBIE ObUTH pa3fesieHbl Ha 3 3KCIIEPUMEHTAIbHbIE
rpynmnsl: 1 rpynna —nony4usime PBS(konTpons), 2 rpynna —nony4usime 50%
3TaHONBHEIN dKcTpakT O.araratum, 3 rpynma —monyumBmiue OuoreHHble AgNPs
crabunusupoBanubie B 50% 3raHombHOM dKcTpakTe O.araratum,mo 6 ocobeli B
kaxzoi. [locne 3aBepiieHNs 3KCTIEPUMEHTAIBHOTO NEPHOA KUBOTHBIX BBHIBOIMIIH
U3 OIIBITA MO JIETKUM 3(HUPHBIM HAPKO30M, OBLIT IPOM3BEIEH 3a00p UCCIIEAYEMOTO
Mmatepuaia (moukn).OneHka Bo3AeHCTBUS IPOBOAMIIACH ONIPEAeICHUEM IToKa3arTe-
Jiel aKTHBHOCTH aHTHOKCUAaHTHOH pepmenTaruBHol cuctembl: CO/L, I1O u conmep-
kaHus MJIA B roMoreHate no4ex 3KCIepruMEHTaIbHbBIX KUBOTHBIX.

Hns onpenenenus aktuBHOCTH 110 00pa3iibl MOYeUHON TKAHW TOMOT€HU3UPO-
Bayu B 10MM kanmii-pocharaom Oydepe (pH 7,2) Ha Xono0/1e B py4HOM TOMOTEHH-
3atope. AkTuBHOCTh [10 ompenensuin AeTeKIreld HaKOTUICHHS TPOTyKTa OKHCIIe-
HUSI IHporajuiona — myprnyprauinaa npu 420 Hm Ha ciekrpodoromerpe UV-VIS18
(MRC, Uspausb) o meroxay [7]. Metox onpenenenus aktuBaocti COJl ocHoBaH
Ha €ro CIOCOOHOCTH TOPMO3HUTH PEAKIHIO ayTOOKUCIIEHHs alpeHannHa npu pH-
10,2 [8]. [lepekucHOEe OKUCIICHUE JIUITHIOB U3y4Yaly M0 HAKOIUICHHIO MPOIYKTOB,
pearupyronux ¢ 2-tuobapoutyposoit kucnoroit (TBK). Ilpu Beicokoi Temmepa-
Type B KUCIIOH Cpejic MaJIOHOBBIN THalIbIET ]l BeTymaeT B peakiuio ¢ TEK, oopazys
OKpalICHHBII TPUMETHHOBBI KOMILIEKC, IETEKTHpYeMblid ipu 532 uM [9].

CraTHcTHYECKM aHAIM3 MaTepualia TPOBOJMIH Ha OCHOBE KOMIUIEKCHOTO
NPUMEHEHUS CTaHJAPTHBIX CTATHCTUYECKUX METOJIOB: BBIYMCICHUS CPEIHHUX 3HA-
YeHUH, CTaHJAPTHBIX OTKIOHEHWH, CTAaHJAPTHBIX CpenHuX omuOok.Cratuctuye-
CKyI0 00paboTKy MOJTY4YEeHHBIX PE3yIbTaTOB MPOBOIMIIN C UCIIOJIL30BAHUEM OJHO-
¢baxTopHsIii AucnepcroHHbIH aHamu3 (ANOVA). JlocToOBEpHOCTh pa3iniuii 1 KOp-
PENSIHOHHBIX CBS3EH CUMTANaCh YCTAHOBICHHOM MPH p (BEPOSTHOCTH OLIHOKH) <
0,05.

Pe3ynabTaThl M 00CyKICHAS

Pesynbrarer nccienoBanus B TOMOT€HATE TIOYCK IKCIICPUMEHTAIBHBIX JKUBOT-
HBIX BBISIBUJIN,UTO TPU KPaTKOBpEMEHHOM Bo3aeicTBum OnoreHHeiMu AGNPS ,cTa-
omnmsupoBaHHbIX B 50% skcrpakte O.araratum naOmrogaeTcs MOBBIICHHCHHTH-
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oupoBanns aktuBHOCTH COJl 1 MOKa3aTeny MpoIeHTa HHIHONPOBAHS ayTOOKHC-
JIeHus aipeHannHa cocTaBisioT(89,9+11,4%),1u B 3aBUCUMOCTH OT MPOJOIKUTEb-
HoctH BoznencTBus onoreHHBIMI AGNPS,pesynbraTs! aktuBHOCTH CO/] HE cnmbHO
ornuyatorcss W coctaBisioT  (91,01£32,2%) mo cpaBHEHHIO C  KOHTpO-
nem(35,27+30,7%).IToBbiienre narnoupoBanus aktuBHocTH COJI,BeposaTHO CBH-
JETeNLCTBYET 0 HapyireHuu 0ananca AOC B opranusme. Tak Kak ¥ ipu BO3JIEHCTH-
Bun 50% sxcrpakrom O.araratum n 6uorenasiMu AGNPS ctabum3upoBaHHBIME B
50% akctpakte O.araratum, HabiaronaeTcs MOBBILICHHE HHTMOUPOBAaHHS aKTHBHO-
ctu CO/l,nanublii 3¢ (deKT BeposATHO 00YCIOBICH HATMYNEM OMOaKTHUBHBIX KOMIIO-
HEHTOB YKCTPAKTA.
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IpoueHT HHrUOMPOBAHNS AYTOOKUCIEHUS

OcHoBHoOM

KOHTPO/1b O.araratum O.araratum+AgNPs

Puc.1 Ilokazarenu aktuBHocTu CO/] B roMoreHaTe novex skcie-
PUMEHTAJIbHBIX KUBOTHBIX.

PesynbTathl uccnenoBanus akTuBHOCTHI 1O, BBISIBUIH 3HAYATEIILHOE MTOIABIIC-
Hue aktuBHOCTH [10 TIpH KPaTKOBPEMEHHOM BO3ICHCTBUH, KaK MPU ACHCTBUH IKC-
tpakrta O.araratum(893,8947+934,1 nkar/mr Oenka),Tak ¥ MPH BO3AEHCTBHM OHO-
reHHbIXAGNPS, cTabumm3upoBanbix B 50% skcrpakre O.arartum(328,48+619,98
nkat/mMr Oenka),nmo cpaBHEHUIO ¢ KoHTpojem(7119,387+76,6 nkar/mr Oenka),ak-
THBHOCTH KOTOPOH TPOJIOIDKAET MOJABIIATCS B 3aBUCUMOCTH OT MPOAOJDKUTEIBHO-
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cTH Bo3ueicTBHA. U Tak Kak JaHHOE MHTMOMPOBAHWE aKTHBHOCTH Ooiiee BBIpa-
JKeHHO Tipu BozaeicTBun 6noreHHbIXx AGNPS,To, BeposTHo, nanHsii 3¢ ekt 00y-
cloBJIeH HannuueM camux HY.

OcHoBHOM
m 1 Cepuna

OCHOBHOI -
m 2 Cepuna

OCHOBHOM -

OCHOBHOM -

OCHOBHOM -

OCHOBHOM -

OCHOBHOW -

AxkTuBHOCTH [1O,mKaT/MTI OeIKa

OCHOBHOI -

OCHOBHOM -

KoHTponb O.araratum O.araratum+AgNPs

Puc.2 AKTHBHOCTH EpOKCHIa3bl B TOMOT€HATE MOYEK IKCIIEPH-
MEHTAaJIbHBIX )KHUBOTHBIX.

Kak BHIHO U3 pe3ysbTaToB MpUBENEHHBIX Ha Puic. 3,pu KpaTKOBpEeMEHHOM
BO3JICMICTBHUM  TPOWCXOJUT  3HAYUTEIHHOE  IOBBINICHHE  KOHIICHTPAIUN
MAA(1,75+1,08ur/mn) nipu Bo3zaekicTBuu 3kcTpakrom O.araratum, B oTjiuuue OT
BozzaeicTBusa OnoreHHbIMH AgNPs(0,36+0,050r/Mi1),110 CpaBHEHUIO C KOHTPO-
nem(0,06+0,03 ur/mi). Tloeimenue comeprkanus MJIA CBUICTEILCTBYET O IMEpe-
kucHoM okucienun unuaoB (ITOJI). OxHako mociie JUTUTENbHOrO BO3ICHCTBUS
MPOUCXONUT TOHIDKEeHHE cofepkanmst MJIA,kak mpu BO3JACHCTBUHM JKCTpPaKTa
O.araratum(0,42+0,3ur/mMin), Tak W TpH BO3AEHCTBUM OHOreHHbIMH AgNPs
(0,18+0,08ur/mi). JlanHoe noHmxeHue cojaepkanus MJIA Ooliee BoIpakeHO MPHU
Bo3aeicTBun OuorenHsIx AGNPS, u BeposTHO 3¢ ekt 00ycaoBieH HanudrueM OHo-
reHHbIx AgGNPS, koTopsie, HCXOs U3 Pe3yabTATOB UCCIIEIOBAHNS, TI0 MEPE ITPOI0TI-
JKUTEIILHOCTH BO3/ICUCTBUS BCe 00IbIIe MHTHOUPYIOT mportiecchl [TOJT.
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OcHoBHoOM
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OcHoBHOM m 1 Cepua

%HOBHOM H 2 Cepua
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gCHOBHoﬁ
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OcHoBHoOM

KOHTPO/1b O.araratum O.araratum+AgNPs

ConenxaHune MIA B romoreHaTe noyek.ug/ml.

Puc.3. Coneprxanue konueHntpanuu MJIA B roMmorenare nouek
IKCICPUMEHTANIBHBIX JKUBOTHBIX.

Takum 00pa3oM,pe3ysIbTaThl HCCIICOBAHUS JEMOHCTPUPYIOT,UTO MIPH KPATKO-
BpeMeHHOM Bo3zeicTBuu ouoreHHbIMU AGNPS,cTabunmsnpoBanHeIMU B 50% 3Kc-
TpakTe O.araratum HabronaeTcs MOBBIICHUE coiepkanus MJIA, MoBbIlIEHUE UH-
rubupoBanus aktuBHOcTH COJ] n monasnenne axtuBHOCTH [10.[locnme mmrens-
HOTO BO3CHCTBHUS HAHOYACTHUIIAMH,MUMEIOTCSI HE3HAUUTEIHLHBIC U3MEHEHHSI COJIeP-
xaHust MJIA, 3HaYeHHs KOTOPOH CTAaHOBSTCS OMM3KUMHU K KOHTPOJIHHOM, B aKTHB-
Hoctu COJI He UMEIOTCSI 3HAUUTEIBHBIX U3MEHEHHUI U TPOJI0JIKACT HAOIFOAaThCs
WHTHOWPOBaHUE aKTUBHOCTH, a akTUBHOCTH [10 Bce OorbIie MHTMONPYETCs B 3aBH-
CUMOCTH OT IIPOJOIDKUTEIIEHOCTH BO3ACHCTBHS.

Hcxons w3 BBIIEH3IOKEHHOTO, MOXKHO IMPENIOJIOKUTH,UTO OHOTCHHEIC
AgNPsIpu kpaTKOBpEeMEHHOM BO3JEHCTBHHM MOTYT CTaTh NPUYMHON TE€HEpaluu
CBOOO/IHBIX PaIUKAIOB,IIPUBO/IS K OKCUJIATUBHOMY CTPECCY, KOTOPBIH SBISIETCS HE
MMaTOJIOTHYECKUM JISI OpPTaHu3Ma, a Ha000pOT, MPUBOAUT K aKTUBAIIMHA KOMIICHCA-
TOPHBIX MeXaHU3MOB. OJIHAKO JJII IOHUMAHUS CIOXKHBIX MEXaHU3MOB TaKOI'0 BO3-
JIEHCTBHST HEOOXOANMBI JAJIbHEHIIINE UCCIIEI0BAHMS.
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COMPARATIVE ASSESSMENT OF BIOGENIC AGNPS
EXPOSURE ON WISTAR RATS KIDNEY TISSUE
ANTIOXIDANT ENZYMATIC SYSTEM

J.Tumoyan, Sh.Kazaryan, A.Hovhannisyan
Russian-Armenian University
Laboratory of analytical biochemistry and biotechnology
julia.tumoyan@gmail.com shushanik.kazaryan@rau.am ashkhen.hovhannisyan@rau.am

ABSTRACT

Nanotechnology is a rapidly developing branch of science that aims to cre-
ate various nanoparticles with unique properties, due to which they find
potential applications in various fields of science, technology and medi-
cine.This paper presents a comparative assessment of the short and long-
term effects of biogenic AgNPs stabilized in 50% O.araratum extract on
the organ of the excretory system, the kidney. The influence of AgNPs on
kidney tissue was assessed by determining the antioxidant system param-
eters: superoxide dismutase (SOD), peroxidase (PO), malonicdialdehyde
(MDA) in kidney homogenates of experimental animals.The results of the
study of the impact of biogenic AgNPs revealed an increase in the content
of MDA with short-term exposure, and with long-term exposure, normal-
ization of the MDA content is observed There is an increase in inhibition
of SOD activity, both with short-term and long-term exposure. There is
also a suppression of PO activity, which continues to decrease depending
on the exposure duration.

Keywords: biogenic AgNPs, kidneys, SOD, PO, MDA.
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JTEMCTBUE MOIYJISITOPOB NSOC B YCJIOBUSX
TAY-CUHAIITOTOKCUYHOCTH B THIIIIOKAMITAJIBHBIX
HEMPOHAX

JLI1. Yepniok, U.b. be3npo3zeannuwlil

Jlabopamopus Monexynsaprou Hetipooeeenepayuu
Canxm-IlemepOypeckuii nonumexnuyecxkuu yHueepcumem um. Ilempa Benuxozo
dashachernuk@gmail.com

AHHOTANIUA

B nmanHO# crtathe ObUT MpoaHaNM3UpoBaH 3(P(eKT Tay-TOKCHYHOCTH B
HeWpoHaX THINOKAMIIA Ha MIOTHOCTh CHHANTHYECKUX KOHTAKTOB M aK-
THBHOCTh HEHPOHAIBHOTO JEMO-YIIPABISIEMOr0 BXOIa Kamblus. Tarke
ObLIa OIIEHeHA BO3MOXKHOCTh YMEHbBIIATH MTATOJIOTHYESCKUE MIPU3HAKH 60~
JIe3HH ayblireiiMepa, BbI3BaHHbIe THIiepdochopunrpoBaHueM Tay- Oernka,
TP TOMOIIIX MOYJISATOPOB KaJbI[IEBOTO TOMEOCTa3a.

KuaroueBble cioBa: 6one3Hs AublreiiMepa, Tay-TOKCHYHOCTD, CHHAIITO-
TOKCHYHOCTb, HEHPOHATIBHBIH JETO-yIPaBIsSeMbIil BXO KaJIbIIHS.

BBeaenne

ITo narapM BO3 cymectByet MHOTO popM nemernuu. bonesns Anbrreiimepa
(BA) siBnsieTcst Haubosee pacIpOCTPAHEHHOW MPUYUHON JIEMEHIIMU — Ha Hee MpH-
xoaurcst 60-70% Bcex cinyuaes [1]. Hanbonee nomyssipHeIME B HAyYHOM COOOIIIE-
CTBE TUIIOTE3aMH BOSHUKHOBEHUI 00JIE3HU AJbLreliMepa sBIISIFOTCSI aMUJIOUTHAS 1
Tay-TUIOTE3a, HO HM OJJHA U3 HUX He ObLIa HOATBEPKACHA U JoKa3zaHa. Ha naHHbIi
MOMEHT CYIIECTBYET JOCTATOYHO MHOTO MCCIIE€0BAaHUH, YKa3bIBAIOIINX HA TO, YTO
o0pa3oBaHNe aMUJIOUIHBIX OJISIIEK U Tay-HEeHPOUOPHIIPHBIX KITyOKOB SIBIISIETCS
JIUIIb CHMITTOMOM, HO He MepBONPUYNHON pa3BuTHs natojoruu bA [2]. Cama xe
MIEpBOIIPUUYMHA U MOJIEKYJISIpHBIE MEXaHU3MbI BA ocTtaroTcs HensBecTHBI. be3 moin-
HOTO MOHMMaHUS (QyHIaMEHTAIBHBIX MPOIECCOB, MPUBOAIINX K HEMpoaerenepa-
uu pu BA, HeBO3MOXKHO pa3paboTaTh OOBEKTHBHYIO TEPAIHIO ISl JICUSHUs JaH-
Horo 3a0oneBanus. K Tomy e, vicciejoBaHNe CTONIb TOHKUX MOJICKYJISIPHBIX MeXa-
HU3MOB MO3BOJIMT JIy4llIe MOHATh PYHKIHOHUPOBAHUS HEHPOHOB MO3Tra U U3MEHE-
HUS, IPOUCXOAIINE IPU Pa3IMYHBIX HEHPOIereHepaTUBHBIX HAPYIIIEHUAX U B IIPO-
L[eCCE HOPMAJIbHOTO CTAPEHMSI.

Hccnenoranus JlabopaTopuu Mosekyisipaoit Hetipogereneparuu (JIMH) mo-
Ka3ajii, YTO NEepPBOINPHYMHON BO3HUKHOBEHHS MAaTOJIOTHM OOJEe3HH AJbLreiiMepa
MOJKET SBJISITbCS HapyLICHHE KaJbIIMEBOM CUTHAIM3AIMHM HEPBHBIX KJIETOK MO3ra
[3]. B paMkax 3Toii «KaJlbIUEBOW THIIOTE3bD» ObLIa HaiijieHa a0COIOTHO HOBAsI MO-
JIEKyJIsIpHasi MULIEHb 711 pa3paOOTKU Tepanuy U JIEKapCTBEHHBIX NIPENapaToB It



Heticmeue mooynsimopos NSOC ¢ ycrosusix TAY-cunanmomoxcuunocmu ...

nedeHus: bBA — HelipoHanbHBIA Aeno-ynpasisembiid Bxoa Kanbiwst (nSOC). IIpen-
MOJIOKUTEIIEHO, CKOPPEeKTHPOBaB padoty nSOC mpu moMoInu GpapMakoIornIecKux
areHTOB, MBI CMOXEM YCTPAHUTh IEPBONPUYNHY BO3HUKHOBEHHS MATOJIOTUH U BOC-
CTaHOBUTH pa0OTy HEPBHBIX KJIETOK. TakuM 00pa3oM aKkTyanbHOU SBJISICTCS 3a7a4da
WCCIICIOBAHMUS BIUSHUS Tay-TOKCHYHOCTH Ha CTAOMIBHOCTh CHHANTUYECKUX KOH-
TaKTOB B THIIIOKAMITAIbHBIX HEWpOHaX, Ha PpyHkunonupoBanue nSOC U BO3MOXK-
HOCTH KOPPEKIIMHU 3TOTO BIUSHHS IIPH ToMoITi MoayisaTopoB nSOC.

MarepuaJj u MeTOAbI

Jist invitro CKpUHMHTA CTA0MIBHOCTHA CHHANITUYECKUX KOHTAKTOR ObLIa IIpHMe-
HEHa METOJIMKa KyJIbTUBUPOBAHHS IIEPBUYHON KyIbTYpPHI TUITIOKaMa. J{ist Mogenm-
POBaHMsI Tay-TOKCUYHOCTH OBUT IPUMEHEH METOI Kanblui-(pocdarHoii TpaHchek-
[IUH KyJIETYPBl HEHPOHAJBHBIX KJIETOK, TaK KaK OHA SIBIISICTCS HANMEHEe TPaBMaTHY-
HOH JIIS 4y BCTBUTEJIBHBIX HEHPOHATBHBIX KIIeTOK. bputn rcnonbzosansl ase Tay-WT
(human) mRuby2-MAPTay-C-10 (Addgene, Plasmid #55904, B naneHeiiimem MAP)
u Tay (humanmutant — P301L/V337M — mRuby2) pMK1254 (Addgene, Plasmid
#133057, B manpHeiimem pMK) mrasmunpt. [ Bu3yanuzanun MopQoioruu aeH -
PUTHOTO JIEpeBa THINIOKAMIIAIBHBIX MHPAMUIAIBHBIX HEHMPOHOB TAaKke Oblia HUC-
noJib30BaHa riasMua, koaupyiommas GFP (greenfluorescentprotein).

Hns m3ydenus pynknuonuposanust nSOC Oblia npuMeHeHa MEeTOIUKa KaKITb-
[IMEBOTOMMHU/DKUHTA TTHPAMHUIAIbHBIX HEWPOHOB NEPBUYHON KYJIBTYpPHI THIIIO-
kamma. [Iponeaypa BU3yanu3aluu Kajablus mpu nomomy miasmMuasl GCaMP5.3
MPOBOJIAIIACH TI0 TIPOTOKOITY, OTPAOOTAHHOMY W OIIMCAHHOMY B TIPEIBIIYIIUX Ty0-
yukaiusax [6] u npu Hamuunu Onokaropor Ca2+ kananos (Tg, TTX, uudeaunus,
D-APS5, CNQX). B kadecTBe HEraTHBHOTO KOHTPOJISI ObLIIa MCIIOIB30BaHA aMHIIO-
WIHAS KJIETOYHAS MOJIEITb, 3aKII0YAIOIasics B J00aBIECHUH B IEPBUYHYIO KYIbTYPY
runmnokamiia A-beta menTumos.

PesyabTarsl

W3 momyueHHBIX TAaHHBIX BHIHO, YTO JIAXKE THIIEPIKCIIPECCUSIHATUBHOTO Tay-
Oenka IMPUBOAUT K U3MCHCHHAM MOp(bOHOI‘I/II/I ACHAPUTHBIX INHUIMMKOBTHUIIIIOKaAM-
MATBHBIX HEHPOHOB U MMeeT 3PPEKT CXOKUH ¢ IKCIpeccueil MyTaHTHOH (HOpPMBI
Tay-Oenka, HO MeHee BBIpaKeHHBIH. Camble O0IbIINE U3MEHECHUS TPOUCXOIAT C
TPUOOBUIHBIMU IUMTUKAMH, Ybsl YUCICHHOCTH 3aMETHO COKPAIACTCS, TPU STOM
HaOJFOIaeTCsl TIOBBINICHNUE YHCIA TOHKUX IMUIHKOB, OJIHAKO MPOIEHT MEHBKOBBIX
IIUITHKOB OCTACTCS HEM3MEHEH, KaK M TNIOTHOCTh IIMITMKOB Ha JICHAPUTAX B IEJIOM.
OTcro/1a MOXHO CeTaTh BBIBOJ], YTO TPUOOBUIHBIC IHUIUKU MIEPEXOIST B TOHKUE
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ITUTTAKHA, KOTOPBIE 00IaIaf0T MEHBIIIEH CIIOCOOHOCTRIO 00pa30BHIBATH CHHAIITHYEC-
CKME KOHTaKThl, TI0 CpPaBHEHUIO C TpuUOOBHAHBIMH. Jl0OaBieHHE COCAMHEHHS
EVP4593 He npuBOIUT K YIYYIIEHUIO CUTYallMH B Tay-TOKCHYHOCTH, TPH STOM
3HAYUTENIFHO CHIDKAIOT MPOLIEHT TPUOOBUIHBIX U YBETUYUBAIOT MPOLECHT TOHKHX
IIUIAKOB B KOHTPOJIBbHOH rpymme. [lo6aBnenne aronucra TRPC6 kanana — coenu-
Henus 51164, Ha060poT, B YCIOBHSIX Tay-TOKCHYHOCTH YBEJIHMYMBAET MPOLEHT IPHU-
OOBUIHBIX M CHID)KACT NMPOLEHT TOHKUX IIMIIMKOB, BOCTAHABJIMBAs COOTHOLICHUE
JNEHIPUTHBIX HIMIUKOB 70 YPOBHS HOpMBIL IIpu 3TOM MHKYOMpOBaHHE HEHpPOHOB
KOHTPOJIBHOM IpynIibl ¢ coeuHeHneM 51164 HU K KaKUM U3MEHEHUSIM HE IMPUBO-
JUT. Taxum o6pa30M MOJXHO C€JIaTh BbIBOA, YTO Tay-CHUHAIITOTOKCUYHOCTH MOXKCT
OBITh BBI3BaHA KaK DKCIPECCHEN MyTaHTHOW (QoOpMBI Tay-OenKka, Tak M THIepIKC-
npeccueHaTUBHOM QOpMEI OejKa, HO B UyTh MEHee BhIpaKeHHOH cremeHu. [Ipo-
TEKTOPHBIMH K€ CBOMCTBAMHU NMPOTHB Tay-CUHANITOTOKCUYHOCTH B iNVitro yciaoBUsIX
obmagaer aronuct TRPC6-3aBHCMMOrO HEHPOHABLHOTO AETO-YIPABISEMOTO
Bxoma kampusa (nSOC), coequnenue 51164. Anrarornct nSOC — coequHeHHE
EVP4593, HanpoTuB, yCHJIMBaET HAOIIO1aEMYH TOKCUYHOCTD.
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Pesynprarel Mop¢osornueckoro aHajaM3a JSHIPUTHBIX LIMIIMKOB TUIIIOKAM-
NaLHBIX HEHPOHOB B KOHTPOJIBHBIX YCIOBUSX (ctrl) mpu rumepIKkcnpeccunHaTrB-
Horo Tay-Oenka (MAP) u myrantHoro Tay (pMK), a Taxke mpu ycioBUu MHKYOU-
poBaHuUs KJIeTOK 16 yacoB 10 MomeHTa (ukcanuu ¢ 30 HM EVP4593 (EVP) unu 30
HM coeaunenus 51164. A) PenpesenTatnBHbIC KOHPOKATbHBIE CHUMKH KaXKI0U 3
IKCIEpUMEHTANbHBIX Ipynil. B) ['mcTorpamma cpensero mporenra rpuOOBUIHBIX
HIMITUKOB JJ1s1 K&KAOH SKCIEPUMEHTALHON TPy, H300pakeHHOH Ha maHenu A.
C) I'mcrorpamMma cpeHEH MIIOTHOCTH IMMUAMTUKOB B KAKION U3 SKCIIEPUMEHTATBHBIX
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rpynm. D) 'uctorpaMmma cpemHero mporeHTa TOHKHAX [IAIHKOB B SKCIIEPHMEHTAb-
HbIX Tpynnax. E) ['ucrorpamma cpegHero nporeHTa NeHbKOBBIX ITUIUKIIB B KaX-
JIOY DKCTIEpUMEHTAIBLHOMU rpymie. Pe3ynpTaTel mpeacTaBieHsl Kak cpennee + SEM,
SKCIEPUMEHTHI OBLTM TIOBTOPEHBI HE MeHee 2 pas, * p <0,05, ** p <0,005, *** p <
0,0005.

W3 nony4yeHHBIX paHee NaHHBIX [4, 5] U3BECTHO, YTO MPECEHIIIMHOBAS TOKCHY-
HOCTPH TaKXX€ BBI3BIBAET COKpAIleHNE YHCIIa TPHOOBUIHBIX MIMITUKOB U TIEPEXO0]] X
B (hOpMy TOHKHX, OJTHAKO MPH JAHHON TOKCUYHOCTH MPOTSKTOPHBIE CBOKWCTBA MPO-
sBasier aHtaroHucT nSOC coenunenue EVP4593. B kietouHo#t Moaenu HU3KOU
aMHHOHI[HOfI TOKCUYHOCTHU A-beta OEOTHUAbI BBI3BIBAIOT aHAJIOTMYHOC CHMIKCHUC
Yyclia TPUOOBUIHBIX IMUIIMKOB M YBETMYCHUE YHCIa TOHKUX, OJHAKO KaK W TpH
Tay-TOKCUYHOCTH B 3TUX YCJIOBHUSIX HEHPOTPOTEKTOPHBIMU CBOMCTBaMU 00ajgaer
coenunenue 51164. MoxxHO MPEANOI0KUTh, YTO HIDKEJICKAIINE MEXAHU3MBI, BbI-
3bIBarOIIME MOP(OIOTHUECKIE H3MEHEHHS B AMUJIONTHOM U Tay-TOKCHYHOCTSX, Oy-
IyT cxoxu. Ho cremyromiie sKCriepuMeHTHI KATBIUEBOT0 HMH/DKIHTA MTOKA3aJTH HX
ornnuue (Puc. 2).
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Puc. 2.

Pesynbrarel MOp(OIOrHUECKOT0 aHaIu3a JEHAPUTHBIX IIUIHMKOB THIIIIOKaM-
MaJIbHBIX HEHPOHOB B KOHTPOJIBHBIX yCIOBHAX (ctrl), mpu runepakcnpeccCuuHaTHB-
Horo Tay-0enka (MAP) u myrantHoro tay (pMK), a Takke npH ycloBUH TPHKU3-
HEHHOTO WHKYOHWpOBaHHUS KJIETOK BO BpeMs 3kcmepuMenta ¢ 30 HM EVP4593
(EVP) win 30 HEM coenunenus 51164. B kauecTBe HEraTUBHOTO KOHTPOJIS ObLIa
HCIOJIb30BaHa aMUWJIOHM/IHAsI KJIETOYHASI MOJIEIIb, 3aK/II0YArOIIascs B J0OABICHUH B
MEPBUYHYIO KyJbTypy rummokamma A-beta mentunoB (Ab). Cpeanss ammiuryna
nuka ¢uyopecieHTHoro curaajga nSOC mokasaHa JUIss KaXJI0H TpYIIbl KICTOK.
Curnansl cpegaeid ammutyas! uka F/FO mis kax ol Tpynimsl npencTaBIeHbl Kak
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cpenuee = SEM, n (twmrmer) = 14—-15 Ha rpymnimy u3 OZHOTO SKCIIEPHUMEHTA, SKCIIEPH-
MEHT OBTOPSUTM MUHUMYM 2 pasa.

B oTimaue ot aMATIOMIONAHON MOJIENH, SKCIIPECCHS MyTaHTHOW ()OPMBI Tay-
Oenka IpUBOJUT K yBEMUECHUIO PyHKIIMOHANBHOH akTHBHOCTH NSOC. Jlo6aBieHue
coeauHeHus 51164 He IPUBOAUT K 3HAYUTEIIBHBIM U3MEHEHHUSM, OJTHAKO B IPYIIIE
Heiiponos ¢ pPMK HaOmonaercst TenaeHus K cHkeHuto ypoBHs NSOC 10 ypoBHs
HOPMaJIbHBIX HeHpoHOB. Ilpu ncmonp3oBanuu coequHeHnss EVP4593 aktuBHOCTH
nSOC B ycnoBHsIX Tay-TOKCHYHOCTH 3aMETHO CHM)KAETCs, HO YMEHBIIIAETCs HE 710
YPOBHS HOPMBI, @ aHAJIOTUYHO aMHUJIOUAHOM TOKCUYHOCTH. [laHHBIE 3KCIIEPUMEH-
TanbHOU Tpynmnsl ctrl+EVP He npuBonsTcs, Tak kKak ObUIO cAeTaHo MeHee 2 MOBTO-
POB.

Takum 00pazoM, MOXKHO 3aKJIIOYHTh, yTo coennHenne EVP4593 eme pas noa-
TBEpAWIO aHTaroHucrTuyeckue aercrtsre Ha nSOC, 0OJHAKO B YCIOBHSIX Tay-TOK-
CHUYHOCTH NpY KoHUeHTpauuu 30 HM He 00s1aaeT mpoTeKTOpHbIM cBoiicTBOM. Co-
enuHenue 51164, Bonpeku 0xXUuAAHUSIM, OCHOBAaHHBIM Ha MPEABIYIIUX HCCIEI0BA-
HUsX [4], BMECTO TOTO, YTOOBI YBEIUUUTh aKTUBHOCTh NSOC, B YCIOBHSIX Tay-TOK-
CHYHOCTH COKpallaeT ero akTUBHOCTH 10 YPOBHS HOpMbI. JlaHHBIH (akT MoxeT
OBITH CBSI3aH C OCOOCHHOCTBIO MOJIEKYJISIPHOTO JICHCTBUS coenHenus 51164, u ot-
JUYUS 3TOTO JASWCTBUS OT MeXaHn3Ma padoTel coeanaennss EVP4593. Panee Opum
BBIIBUHYTHI TIPEINONOKEHUsT 0 mpsMoM jaedcTBuM EVP4593 Ha KOMMIOHEHTHI
nSOC [5, 7], B To Bpems kak coeauHenue 51164 melicTByeT omocpenoBaHO Ha
TRPC6 gepe3 DAG (auamuiriuiepon) [4, 8]. Mexanu3m neHCTBUS MOTYJISTOPOB
nSOC 1 uX aKTUBHOCTH B YCJIOBUSIX Tay-TOKCHYHOCTH TPEOYIOT JalbHEHIIEro u3y-
yenus. Ha manHom stane uccnegoBanus coeauaeHne 51164 BRIMISANT HAWITy4IIeM
KaHAMJATOM B TEPANEBTHYECKHE BEUIECTBA MPH MATOJIOIMYECKUX M3MEHEHUSX B
YCIIOBHSIX aMUJIOMTHOM U Tay-TOKCUYHOCTEM.
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ACTION OF NSOC MODULATORS UNDER CONDITIONS OF
TAU-SYNAPTOTOXICITY IN HIPPOCAMPAL NEURONS
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Laboratory of Molecular Neurodegeneration, Peter the Great St. Petersburg Polytechnic
University, St. Petersburg, Russia
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ABSTRACT

In this work, the effect of tau toxicity in hippocampal neurons on the syn-
aptic contactsdensity and the neuronal store-operated calcium entry activ-
ity was analyzed. The ability to reduce the pathological signs of Alzhei-
mer's disease caused by the tau protein hyperp hosphory lationusing mod-
ulators of calcium homeostasis was also evaluated.

Keywords: Alzheimer's disease, tau toxicity, synaptotoxi city, neuronal
store-operated calcium entry
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Uju hnnuép udhpwé b dnunnuhptqh bdnpnighuyh hwyhpd
ubpuyugdwtp: Ujuntn qinbnl) tup, pk hswybu k ghnnipyut
Uke dtwynpyk) nwnnuhtptqh Enpnighuyh yhpwpkpuw) nkunt-
pmiip’ quuhwpubph swqdwh ulqphg Uhish wyuop:

Enplhpp pwltgunng opquuhquubph gnynipmniup ukpnnpbt Juwy-
Juwsd k Eubipnghwyh swhudwi htin , huy Eukipghugh hhdtwlw wy-
piipp Gphph dpw,hisybku hwynth E hwinhuwind £ Upkquljh
Suwnwquypdwt Eukpghwt: dnwnnuptiptqp Upkqul-Gpyhp Lubp-
ghwjut juwp hpujwbwgung, hiyybu bwb wyy juwh ginphhd
phtpuwut b YEuuwpwbwlwb bphnypubph wdpnnonipmniut
wpunwhwjnnn tplinype B2 Runipwqpliny poyubph ntipp Epyph
Jpu ppldusth Ynrnujdwt qnpénud 9.b. dEiptwnuljhtt gpky E np
Ubp dnpnpulh Jpu quqh wbkupny Jud ptwlwb optipnid npuytu
[nusnyype qunudnn wqun ppduship wdpnnonipjudp unbndynid k
ywuph ounphphy: Unwydd dkup sqghnbip ny vh nlwp, tpp wyh
owtwlwh putwlnpjudp whpwwnytp nplhk phthwlwb wypn-
gbuh hknlbwlpny Yywiphg wiwhe: Puyg Ukq hwpnbh kplpughic
hwqupuynp ypngkutkp, npnugnid wqun perdushup fubynid,
thnfuwplynid k tnp dhwgnipniuttph, vwljuyb ngpu hin dhwuht
upw pwbtwlnipiniup JEuunnpunnd qquihnpkt sh thopaynid n1 nu
Atnp Lk phpynid juwbwy pnyubph wupundby wpppwnwiipny: Uju
Yuplnpugnijt - gnpdptipwugp ,npp dwwynpl) k- Bpypp Ypu
npnowlh dudwtwljuhwnjwusnid, npnpulh qupqugnidubph hk-
wnbwipny, Jhuuwpwimput ke pgmuduws L widuiky
En)jnighu:

Zpfwpunkp Snunnuhliphq, bnmighw, uhuphng, pinpndhy,
pwlunbphwpinpndh), wjwuwhnubp, phpnund, Juwyunwlubug
onhunin:
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pugwhwjnbnt b wjt tjupwugplnt hwdwp thnpdbip wwwnwupowly
htunlyuy hwpgkphb':

st £ twunpnt $ninnupiiphqhis;
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e hiswybu k uyh swgqly b h’ty htnlbwbpubp E ponby opqubljui

wpuwphh hklnwuqu qupgqugdut ypu:

Zhnmugnunipjul  tyunwlp:  Zknwgnunipjut byuwunwlo k
nuumdbwuhpl] $nunuhlipliqh Ednpnighwt’ Cinhwinp Opqubalub
Ugpuwphh Bnpnighuh Ltppn:

Zhduwljut wbtpun: Fooh wnwowgdwlt knpnighntt uhdphnwinply
wnbumpniup hphdudws £ 2 ppnypubph Jpu: Cun wnwehti npniph
Ykinuih opquihquutpp puwdwinid ki 2 judph wpnjwphnnibp b
Entjupnunubp2

Cuwn 2-pn npnyph peoh npng dwubkph wnwewgniup wuydwiwynpyws
Eupuphngh Enyynighuynd:

Zudwduyt dwdwbwljulhg Jupqupwikph wdpnng opgqubwlut
wohiwuphp pudwignid b htnbyjwy fudpkph ns peouyhtt opquithquttkp,
poowhli opquithquukp ypnjwphnnttphl Entjuphnntitph: Uya jadpbphg
$nunnuhtipigh nittwlnipinitt niukt wpnwphnnubphg puljunbtphwutph
npny hudpkp, Enitjuphnuntbtphg npny ypnunhuwnbkp, pnyubpp b wppkp
Jupqupwbwlub fudpbiph uhdphnuwnbbpp:

Npuybtugqh wuwunlkpugukup, pt htyybu E pupwugl] $nnnnpndhquh
Eynpymghwl, nhnwpltip, ph huywhuh bjugniptp ko ppugdmd peoh
Ynnuhg wpbqubh nmuuyght Fubpghwih hwpdht, huywhuh Epotwlub
ynipbkp b wpnwquunynid wpunwpht dhowduyp:

Zudwduwyt dudwbwljuljhg EYnpnighnt niudniiph, wnweht, wnwyby
hht jhunwuh opquuhquubpp, npnug widwunid b ypnunnphntntbp, kot
kb htwnbkpninpndubp, npnup uldl) kb oph dhow]uypnid’ hhdtwljwimd
wphngbht dwbwwwphny uhtpbquws opquuwlwt Wnipkpny: Lpwbg
pwtwlh dkdbwbwint htin wpwowgk] b updk] L dpguljgnipniup: Uy
Upguljgnipjut Uk wnwybnipjnit bt unnwghk] wyt opquuthquubpp, npntp
wnwyl] wpynitwgbn duing Eu jnsk) hptug tubkpghuyny wwywhndbne
huunhpp: Lwtth np dptnnpunid ppywushut wtpwt kp, ntunh Eukpglnhly
thnpuwtmynipiniut pipwgh) E wnwppbp whyh jpdnpnudutph dhongny: Uy
wnhuyh Eubpgbnhly thnppwbwlmpinithg nwwuppipytg b dpgnibwl Enuy
dnunphlvhwljutt JEuuwuhtuptqh ntwlghwiubp hpwjwbwgubnt npny
opquithquutph  nibwlnipjniup’ nyuh pywbnbbpp hwwnnily
wnpdhphliuyht gnimtymptph  dhgngny Yuubbkne b wyy Eubpghuyh
hwoyht pupny opqutwlwt ynmipbph vhtpbqp: EYninighugh uljqpwfute
opowtinid il $ninnuhtiptigh hwdwp Ejuiynip E Swpwmnid ny pt CO2-p,
w)] huwdbdwwnwpwup wupq opqutwluwt ynipbpp: Ldwb ubununnipjut
wmhwyp hwinhynd £ wjuop npnp wbwbpnp  $nwnin-hkwnbpnunpnd
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puljunbphwubkph dUnw, husyhuhp b Shpwtwgnyt (ny SSUpwyht)
puljnbphwttpp, npnup  wbwkpnp wuydwbbbpnd  opowwjuinng
dvhowuyphg Juwiund Gtu opuhjupwquppenit  bybpwénid b wjh
pupdpuuninyuyhtt wnhdbp wnih opuhupwqupyh, oguuqnpsbkiny
UGd-h tutpghwl, npu k| hp htppht vnwgynud b nyup Eubpghuygh
hwouhli ghlyhl $nundnudnphjugimi gnpépipugh dwdwbwly: Ujy
pupugpnid wbnh sh mbbkimd ququyhtt ympkph n's Juuund, n'y
wpunuqunniy:

Ujniu, hwdbdwwnwpwp wydbih pwpnp $nnnunpnd ubnunnipjub
tnutiwlp juyuwinud | bputinud, np wju ghypnud ugnud £ CO2-p b npu
JEpwlwiqunidp  pbpwinid £ Elygnghtt  opquiwmljutt  Wynipkph
opuhnugdwtt htwnn qnigpupug: Uju Enwbwlp oguuugnpénid ki npnp
Shpwuwgnyb puljnbphwtbkp, ophtiwl] Rhodopseudomonas gelatinosa-t1 CO2-
R Ykpuwlwiqunid E hgnupnuwunih opuhnugdwpn qnigpupug:

2CH3CHOHCH3 +CO2—hv— 2CH3COCHs + [CH20] + H20

Uju dlng ubynud Bu bwb npny Ywbwy SéSUpwpwlynbphwibp:
Utiqpunnipjutt wju dup sh Jupnn hwdwpyt) iphy wdwunwnpnd, pwh np
stuywé niuuyght Eubpghwjh dwubwlgnipjuip wjt nbknh L nibikunud
wpuphlt dhgwjwjphg Jrutjws  opqubwlub tynipkph  Eukipghuyh
hwoyht: uphkih E Eupwnnpt), np Epp dhowduypnid tjwuqtg wphngku
Swiwwwphny opqutwlwt Umpbph pwbwlnipnitp, Adbwynpykg
$nunuptiptgh dh tnp tnutwl, nph dwudwbwly CO2-h YEpwlwbgunidp
hpwjuwtwgynid E ny opquimju vhwugnipjnitutph opuhnugdwt hkw:
dJudwtwlulhg opquuhquutphg udwbt btpwbwlny Eu utnud npny
SSUpwyhtt ywtwy puljnbphwtbp, npnup opuhnugunid tu sdupwgpwshup,
wmhnunydwnp, unydhup b wyr Yuwb Juwbws b Shpwhwgnyh
pulunbphwttp, npntp  pypmbwl  Bu hpwlwbwgul; CO2-h
dnuinnwdunnunpnd JEpuuqudw gnpdpupugp dnjkynyughtt opwsh
oqunipjudp. CO2+ 2H20 — [CH20] + H20

Uju wmhwyh $nnnuduinunpnd uvbinpuempjut Epwbwyp Ynsymd k
$nunnntnniljghw: Lokup, np pnunnntinnijghwtt nknh E nitubunid wuwkpnp
wupdwbitpnd  wpwbg  ppwsth  wiownndwb:  Snununpndhquh
Elninighuyh  hwgnpny  thnyp  pnit nunnuplipiqh  dbwynpnudt E:
Upunuptwybu $ninnuphtiptqpdninnnbnniljghuyhg muppbpynid k tpuing
np npubu He-h gninp’ COx-h Ykpuljubiqidwi hwdwp ogunugnpsynid k
H20-p oph $nuinjhgh hknbwupny wpununpynd £ O2npht mipipwwnynid £
wpunwpht thgwjujphg
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bnunnuhliptqh nmitwl &bt juyunwlwbws ophunintbpp, huljulwut
Mynphquufnp/ gppunintitpp b pupdpuljupg pyubpp: Zkwnwppphp B op
upuighg npnptpp uyunwlwbwg, fubwy, fupdhp b gnpp gppuninutpp,
pupnitml Bu wbwkpnp wuwjdwbbbpnd  wbghbint  $nunnuhiptqhg
$nunnntnmiljghuyh, wyuhtipt $ninninpndhquh puljnbphuwy duht, vwljuyu
wyn plupwugpnid wdl] sk Jupnn: Opdustih wpijumpjudp tpubg
dnunnuhtiptigh nibwlmpiniup Jhpuwlwiquynud t: Uw pnoy; £ wwhu
tupwunpt], np wju opquuhquubpp nhn wwhywinid i nt dwuwdp
npubinpnid hinglutqh pupwugpnid niukgus hpkug hwnlnipniup:

Uokllp twl wpnwhuwnubphg HEgqkuwht, npp Jupnpuimd E
qniquljgk]  $nunupipkqp  hhnbpnnipnd  ubiquenipju hbn
wuydwutbphg Juhudws:

dkpguytu nhinwpltip pupdpuljupg poyubph Ynndhg ppulju-
twgynn $nuinupndhqup: Fwpdpwlupg pnyubpp ophuninubph udwb
wyjliu pugnitiwly st $ninnntinnmijghuyh, hsp sh tpwbwlnid, np upwtp
ponpnyhtt Ynpgply Eu gnitmiyniptpny jutws tukpghugh oguiugnps-
dwl pninp hht dukpp:

Cunn bplnyph, wshwstwhtt ubtnpupmpjut EYnnighwt hpwlw-
twgh) £ hnbyuy §Epwny.

Zkwnkpnpnd —  jnunhbnbpnupndutp —  pnunwyduninpnd-
utip/pnuninntyniljunnputp/ — pnnnuhuplnhyutp? :

dnunnunpndhuygh Wnnighwt juuynmd o gnitwiynipught
hudwlwpgh, EEjunpunputugnpowihtt onpugh bt gpue punuinpu-
dwubph, wéhiwustuyghtt ubinupnipjub, nyuh tukpghwt Ywbnng b
thnjowlbpynn hwdwlwpgbph juunwpbjugnpsdwt htwn: Fhuowplkup
pyuplusutnhg jnipupwtyniphtt jupnigquspwihtt b Ednnighnt
nbuwljnhg:

Lwju pnnp $nunnuhtpbquyhtt whquktntbpp peonid quinid tu
npnowlh dbdppwtitbph htwn juwdws, Jhwubtwjuwt hwdwljwupgh duny:
Onphtwl] wdbktwwyuwpqg YJwpmgusépp hwunhwynid b Halobacterium
halobium-h dUnw, npp pnpndh;p smth b nyup Jwunwd £ hp
poowpwnuipnid  wnbnuiuws pwlunbphunnpnuuhtt yhqukunh
Uhongny, npp punuph dulkpbnyph dnwn 50%-h ypw £ nbnujuyuws:

Uth pupy kb pun junnigjwsph pulpnkphwpinpndhy wwpnibwlng
puljunbphwttph b Juwuwlwbws ophuninubph  $nwninuhtphtqnn
dbuppwittipp, npnup hpkughg ubpjuyugunid tu peowjhtt punuiphg

? Puwbqudjul S.9., Unuowiyui U.U. Poijukph $hqhninghw, ©n., 2006:
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ntwh  Wkpu  Ukpthpgnn m wbgwingnn  ppnplubp  fud - sqniyqws
phiunhnuitp: Entjuppninhl $ninnuhtiptinpljukph unwn phiulnhntpp
gunuynud k. Gplppnn dbdppwing wuwndwés  unpnygubkph
pinpnyjuunttph dbe: dpwugnid phyulnhnubpp jupnn i guuwynpyty
gputtph wkupny /pupdpwlung pnyubp/, htgp wykih wpynibwdbwn k
nupdunid $ninnuhiptiqh gnpéptipugn:

Linpnuyjuunitph  Swgnudp tnyuwbku swwn Yuplnp hwpg b
$nunnunpndhuyh EJninighwjh hwdwn: Ghuntwlwuubkph
dbkbwdwutinipjniip  hwugnud £ ppwbg uhdphngbhubwnhl] Swquwb
Jupluwsht:  Zuynuh tu dkS  pYnd  ululbph, wpdwnnnwihubph,
dnpulunptph,  wnbjunppunptph updphngh  ophlwljutp
Juyunwlwbtwy gphuninutpnh htwn, nptt wmywhnynid £ wyy htnbkpnwnpnd
opquuhquubph wéppwstwyhtt ubtnupmipnitp $nnnuhtiptqh hwoyhi:
Yupbkh b Gupwnpl) , np wdwt uhdphngh bnmnighwjh pbpwugpnid
Juyunwlwbwy ophuninh pohoiipp wumhdwbwpwp wykih nt wydkh ko
Unpgpkp  hpkug  huptwdupnipnitp,  dwubwghnwiwny  dhwgh
dnunupipq hpwuwbtwugubint dniuyghuyh dky, b Yhpotmjutuuytu
npgpky hpkg hiptnipnyniimpyniip’ Yhpusytinyg pinpnuuunibph:

Pul huywku  Yupnn kb wpwgwbwy  pnpnuuunibpp:
Zbnmwgnuunipnibibpp gnyg b wwhu, np ppnyjuwuwnibpp nyup
tjuundwdp hpktg wwhmd Gu dhon wjybu husybu wwhmd Eu
Juyunwlwbtws ophuninutpp b juwnwpnid Bu judwjuljut supdnidutp:
Uykiht, dhunnpnungphnidutph tdwb tpwbp niubkb hpktg jmpuhwwnny
TUE-U, npp mwppkpynud £ Ynphgh Tul-hg b wdwt E juygunuljutwsubph
b pwlunbphwubph 7TFul-h:  Lnpnyuuwnubph  Fu-u  Ynphquyht
ppnunundutph mhuwh Jupnygutp sh wnwewgunid b gpdws £ Ukply duny:
Lnpnyjuunbbpp nituku hpkug ubkthwljwb phpnundubpp, npnp gwn tdwb
Eu juyunwlwbws ophuninutph nhpnundutpht, b hpkug [Fue-u, npp
unyuybu tdwt £ juyunulubtws ophuninubpnh nhpnundubph (Fu@-ht:

Qnnipnit nibkt twb  wwppbpnipnitiubp  pinpnujuunttph b
ghunujuquuyh  phpnundubpnid  wpunungpdus gniptph dhol:
Zkwmwppphptt wyt k, np Yhuuwuhtptq Jupnn b wbnh nibkbw) twb
Ukntuugdws pinpnujjuunubpnid: Ujp wguydwbtbpnud btpwip jupnpbu
puquutiug, vwluyt Ynyunnipuymd Epjup dudwiwly gnynipinit niiktuyg
skl Jupnn: Uhunnpnunphnidubph tdwb pinpnyjuunubpp sppuwwqungus
El ypluwlh dbkdpputing:

L npnyuunubph wpwewgdwt uhuphninhl hhwnptqp punniund k
twl 2nt Fhntw)p, nph Yupshpny Enitjuphnun pniuwljut pohoubpp hpkug
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dwquwl ypngbhunid «<npunid» Ehtt twjpuljhinid wquwn gnynipjni niitignn
wynnluwuphnwn opquuthquubphtt' pninnuphtiptnhl) wjmunhnubph: Fintwh
Jupdhpny wyn opquunhnubpp uljqpnid gnynipynit ki niukgh] npybu
wijwh vhwynpubp b dhwyt wydbjh np dhwughky Eu Uk Ynduykpuh' pooh
uUko:

Ujdd phuwplykup gnitwiyniptph  Hnpnighwi:  Snibwiynipbph
Eyninighwtt nhunwplbjhu jupkih b pbgniok, np twpe, gnibwiymipbph
wnwyk] hhtt dukpp, npnup huntd juwnwpl) Eu gjoawdnp nkp, , jupnn Eht
owpntbwl bt dtw b hinwgquynid Juwnwpt) tpypoppuljut $ntughwikp,
opptiwly juwpnunhunhnubpp jud pug pnpugny ojhgnuhpnjikpp: Bpypnpnp,
bpt pugniubkup, np YEhuwphdhwih uwpwquynud punniubh £ Ednpnighwgh
wyu unup, pun nph otnnghtkqnid Ypliynid L $hinghutqh hhhutwlwt
thniipp, wwyw Jupnn Bbup Eipunpl] np dudwbwlulhg Ednnighnt
wnbuwljinhg wybih «kphtnwuwpyy  gnitwyniptph  huuwuhuptqh
dudwbtwl] dhowljju] dhwgnipjniuubpp Jupnn tu jhub] wdbh hht
wnwppbpwlutpp: Upbh tubkpghugh Jubnidt wywhnynn wdkwwupg
whquttuntitphg t puywnbkphnengnuuptp, npp hwtnhynd £ pinpnhihg
qnipll Halobacterium  halobium-h  dbdppwbubpnud:  Uji  hpkuhg
Ukypyuyuginid k20 wshwslughtt wshiweph wpnunpyuy qnignp]ud
Upyuwhh Juwbpnyd: Puswbu hwjnth & wn nhwh, puyg wbjh pupn
unjklnijkpp 40 wdpuwsdtwyhti ny ghlyjhly b UntinghYyihy jupnnhunhnubpp
‘$nunnuhiplqnn pulpnbphwibkph dnwn b phghljhyukpp ophumnubkph b
pupdpwljung tnyubph dnn juwnwpnid bu jpugnighs gnitwtyniptph nbp:

Cunn  bplnyphtt  hiy np dwdwbwluopowiunid  YEtuninpunh
tubpghwthnjpwtwlnipyut Uky nitkgh) Eu tbpnpniud wytt wyphuhwnhy
dnununpndubpp, npnig dnn  puwguluynid tht  wnpbhphuttpp b
|ntumqquynit Unjkniukpt hpkughg tbpljuwyugnpty Bu pug onpuyny bEn- b
wnbwnpuwuyhpnjubkpp:

Zuwpunjnp £ np pug pnpuym] nbkwnpuwghpnp htg-np dudwialy
sSwouyh] bt nuuughtt Hokpghwt wwowpbnt hwdwp, hulp wjinthbnb’
wnpbhphutiiph wnwowlwnig htwn, uljutg Juwnwply
muwljupquinphsh gip: Llwbwnhy dhugnipmibbbpp” $hlynphihulkpp
Jupuhp nt juyunwlwbws ophuninttph dnwn jpugnighs gnittmiynipbph
ntp ki juunwpnid:

Qul pnpugny wkwpwwhpniubpp  ppndhubpp,  Rnmghugh
nupugpmid unytybu Eupwplyt] o thnthnjunipinitiubph.; Unwewgh) tu
wykh opuhnugué dutip,/ a bt b pinpndhjutiph D onuljnid hhnpdws L dhugu
by Upljwlh Yugp, hisnn palnkphnpmpnhined hisytbu B, wigtu



Dbnunnupliplgh bjnpnighul 169

El D onulubpnid Gplupk) E wshwepwstwghtt wnsp /puljntphwpinpn-
dhiutn ¢ b d-h dnn wptkqnih dbwmgnpyp yupnibwlnid 15 wshawsuh
wunulikp, huly pppndhiubph dnn $hingh dbwgnpnp 20 wnnd/:
L1npndhjubph Ynnuhg jupdhp nyuh jutdwt dupuhdnudp hwdbdwnws
puljinkphnpinpnhihtt mbnupwpdyty £ nbwyh jupdwhpughtt whpnygp,
nnp hwughkgpt) E wydbjh dks Eubpghw wwpnibwlnn (nruwghtt jyuwbnubph
Jruubnii:

Cwwnugh) kU pinpn$hih dubkpp $nunnupipbqnn puljnbkphwbph 3-4
dlhg dhtgl 6-7 Al unnnpuljupg nt pupdpwlupg pnyubph dnwn : Uju
tywuwnt] k np wykh b juyuwgt) (nyuh jutdwt vy bupp:

Npubtu  Yhuuwphdhwwt wpndnpdnqg  Jupbh b ghunwpll
dnunnupunbid-II-h  wnwowgndp: Lpw gpgndwtt Eubkpghuygh ounphhy
httwpwynp nwpdwy wyuwhuh pwpdp opuhnu-ykpwlwiuqunnuyub
wnubkughwuh wpwowgnidp, npny htwpwynp tnu oph unjkynyh
pwypwjniup: b mmwuppbpnipinit djntu gpwsth wnpnipttiph, htiywyhuhp Ehx
opqubwlut dhwgnmpmniuubpp Jud wbopqutwlwt sSUpwonwshup,
unijdwnibpntt nt unydhwntitipp, onipp mwpwswsd k wdbkunip b hkug npu
ounphhy sh vwhdwbwthwlnid $nnnuptiptqp:

EYninighwyh  phpwgpnid  tpwbwlwihg thnthnjumipmitubph B
tupuwpldt; twb EEjupntubph  $nunhugnijgus  wpwbuwynpunh
dwubwlhgutpp. pwlunbphwibph dnn gnpémid Lu  ghunppnd  C-,
niphphlintip bt VU, hul oppumnibtph b pupdpuljupg tnubph tnn’
ghuninppnu f-p, yjwuwnnphunuubpp b VUYDS:

dnunnbknyniljghuyhg nhuyh dnnnuhtiptqt wihgdwt gnpdpupugnid Uks
ntp B ppwnugk] Mn* wupmibwlnn Jdhwgnipnitbbpp, npnup nmiukh
pupdp opuhnughng hwnnlnipniy, b plne $nnnuhunbdubph’ T b II,
hwdwgnpduljgnidp :

Bpp phunwpynud Eup dnnnunpndubph Ynnuhg CO2-h jmipugdub
phuhqup, nipwgpuy k wyt, np dnunnuhtiptqnn puljnbphwibph hwdwp
punpny £ CO2-p Juuyknt Juppopuhjugdwi nhwlghwikph swnn wnfbih
Ukd puqUuquunipinitip, pwb ophuninttph ni pwpdpwlupg pnyubph
hwdwp, npnig Unwn npuyjtiu CO2-h hhdtwjutt wgbwnnp hwinhuwind £
nhpnnquh$nupunnp, huly Epypnprulwih phypnud pnupnbinguhpn-
huunnnuppeni /S6N/ b wykh phy wunmhfwing whpnpuunnnuppeniu
/MY/: Lowbwljuwihnpklt thnthnpudl) £ uppopupjugdwitt hhdtwljub
$pukinnp phpninqunhdnubwnwppopuhjugp: Fupdpulunpg poijutph
Unwn tpw Unjkynyuyhtt quiuquép hwdwpyu pk 10 wmbqud wykh dks
pwlt  npny  Shpwhwgnyu  pwlunbkphwtbtph  dnun: Ushuwstught
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ublinupnipjutt hblmwqu juunwpbjugnpénidp pupdpwljupg pnyubph
Unnn  hpwlwbwind E pnpnuyjuunttpnid CO2-p Ynughunmpugubynt
httwpwiynpnipjniuubph juunwpbjugnpsdwt ninnnipjudp, nph pwbw-
Ynipjnitp Uptnnpuughlt onpmu hwdbdwwnwpwp phs £ $nunnupliplqh
dudwbtwul) npuw httwpuwynp hwghguwénipjut hwdwp: ‘Ldwt dkjpwthqu-
ubpp ntuntdbwuppdws Bt qunbundwljuqghttph punwuhph b djniu C4
ponyubiph hwudwn:

bopuiljugmpmtbynmghnt  Yktuwphuhugh U $hqhnnghuyh
wlktwdbs puunhputphg dthu b hwinhuwind $nnnuptiptqh gnpéw-
pmipjull /niuljghuyph/ Jupquynpdwt  dbjowthquubph  juwnwpbju-
gnpéuwt ninhubph pugwhwynnudp: Uju jaugph jnudnidp yquwnuwind

wwywquyjhb: N
Uupmim '-(@'_3)

- |
Vnlpprath bkppiaud \?“

e
{5 Oumh hunaly
v ol | e S

- Loyu Upm.pp@ bkmppnulhg mrmgmgud powhhhkp
honfmbmpgh e o 0
wnmgumgnid k = J

Lhwpdtp dmjnmjwd pinpnwjuma
LLOLNMLUUSUED OLSNAELERL

8 Anexuna HJI., Barnoxun FO.B. ®usnonorus pactenuit M.: ACADEMA, 2005.
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IIpupona,

IBOJIONUSA ®OTOCHHTE3A
JI. I'acnapsan

AHHOTAIUA

JlaHHas cTaThs NPEICTaBIAeT cO00 KpaTkuil 0030p 3BOTIOLUH HOTOCHH-
Te3a. 31ech MBI IPECTaBIIIN, Kak (POPMUPOBAIACh TEOPHS SBOIIOLHH (Ho-
TOCHHTE3a B HAyKe — OT 3apOKAEHUs uaeH 10 Hamux jaHeil. CyiecTBoBa-
HUE OPraHU3MOB, HACEJIAIOMIMX 3eMJII0, TECHO CBS3aHO C MOTpedIeHUEM
OHEPruu, a OCHOBHbBIM UCTOYHUKOM SHEPIvH Ha 3€MJ'I€, KakK U3BCCTHO, sB-
nsercs nyuucrtas sueprust Cosnia. @OTOCHHTE3 — ABJICHUE, OCYIIECTBIIS-
I0IIee YHEPreTHUECKYIO CBsI3b Mexkay CoHLeM U 3eMiieil, a Takoke BhIpa-
JKaIoIIee COBOKYITHOCTh XUMUYECKHX W OHOJIOTMYECKUX SBJICHHH, 00y-
CJIOBJICHHBIX 3TOM CBA3bI0. XapaKTepu3ys pojb PaCTCHUH B HAKOIJICHHU
kucnopona Ha 3emite, B.Sl. BepHanckwmii mucan, 9To cBOOOIHBIN KACIOPO
B BHJIE T'a3a Ha Halllel MjaHeTe B BUJIE PACTBOPA B MPUPOJHBIX BOAAX Iie-
JIUKOM CO3J1aeTcsl XKHU3Hb0. [0 cuX Mmop Mbl HE 3HAEM HU OJTHOTO Cllyyas,
Korza Obl OH BBIAEISIICS B 3HAUUTENBHBIX KOJMYECTBAX B pe3yibTare Ka-
KI/IX'J'[I/IGO XUMHUYECKUX MPOLECCCOB, HE3ABUCUMBX OT KU3HU, HO HAM H3-
BECTHBI THICSYH 36MHBIX IPOLECCOB, ITPU KOTOPHIX CBOOOIHBIA KUCIOPOT
MIOTJIOIAETCS ¥ IPEBPAIIAeTCs B HOBBIE COSIUHEHHUS, ¥ TIPH 3TOM KOJIHYe-
CTBO ero B Ouocgepe CyIecTBeHHO He MEHSETCS, U JOCTUIaeTCs 3TO He-
IIPEpBIBHOM paboTOMH 3esIeHBIX pacTeHui. OHAKO 3TOT BasKHEHIIMH Ipo-
Lecc CKJIAIbIBAJICA Ha 3eMile B TEUEHHE OINpPEIeNICHHOTO Nepuoja Bpe-
MCHH, B PE3YJIbTATEC ONPCACICHHBIX ﬂBJ’[eHHﬁ, KOTOPBIC B 6I/IOJ'[OFI/II/I npu-
HATO Ha3bIBaTh «IBOJIOIMEN». [ pacKpbITHS JaHHON TeMbl M OTIUCAHUS
HBOMIOIMH (OTOCHHTE3a KaK Ba)KHEHIIIETO SBICHHS IPUPOABI HOIPoOyeM
OTBETUTH Ha CJIEIYIOIINE BONPOCHL: YTO MPENIIeCTBOBAIO (OTOCHHTESY,
KaK OH BO3HHUK M KaKoe BIMSHME 3TO OKa3ajo Ha JajbHellnee pa3BUTHE
OPraHUYecKOro MHpa.

KiroueBble cjioBa: QOTOCHHTE3, IBOJIONHMS, CUMONO03, XIopoduii, 6ak-
TePUOXI0PO(UILT IIACTU], pUOOCOM, CHHE3EIEHAs! BOLOPOCb.

2,

171



172

L. Quuyuppul

EVOLUTION OF PHOTOSYNTHESIS
L. Gasparyan

ABSTRACT

This article is a brief overview of the evolution of photosynthesis. Here we
presented how the theory of the evolution of photosynthesis in science was
formed — from the birth of ideas to the present days. Theexistence of or-
ganisms inhabiting the Earth is closely related to energy consumption, and
the main source of energy on Earth, as we know, is the radiant energy of
the Sun. Photosynthesis is a phenomenon that carries out an energy con-
nection between the Sun and the Earth, and also expresses the totality of
chemical and biological phenomena due to this connection. Describing the
role of plants in the accumulation of oxygen on Earth, V. Vernadsky wrote
that free oxygen in the form of a gas on our planet as well as in the form
of a solution in natural waters is entirely created by life. Until now, we do
not know of a single case when it would be released in significant quanti-
ties as a result of any chemical processes independent of life, but we know
of thousands of terrestrial processes in which free oxygen is absorbed and
converted into new compounds, and at the same time its quantity in the
biosphere does not change significantly, and this is achieved by the con-
tinuous work of green plants. However, this most important process was
developed on Earth over a certain period of time, as a result of certain phe-
nomena, which in biology are called evolution. To reveal this topic and
describe the evolution of photosynthesis as one of the most important nat-
ural phenomenon, we’ll try to answer on the following questions: what
preceded photosynthesis, how did it arise, and what impact did it have on
the further development of the organic world?

Keywords: photosynthesis, evolution, symbiosis, chlorophyll, bacterio-
chlorophyll, plastid, ribosome, blue-green algae.
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