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AHHOTALIUA

B pabote mpennoxxeHa HoBass MoauduIMpoBaHHas Moenb bxaTHa-
rapa-I"pocca-Kpyxka (BI'K). YpaBuenue bonbiimana B pamkax 3Toi MOJIEH
MIPUMEHEHO K KJIaCCHYECKOH 3a/jaue TeUeHHs ra3a B IOJyIpOCTpaHCcTBe. 3a-
Jlada CBeJIeHa K CHCTeMe JITMHEHHBIX HHTETPATbHBIX YPaBHEHNH, CHMBOJI KO-
TOPOH MMEET BBIPOKIACHHOCTh YETBEPTOTO MOPSAAKA U K CKAISIPHOMY OJTHO-
pPOIHOMY JINHETHOMY MHTETPaJIbHOMY YPaBHEHHIO, CHMBOJ KOTOPOT'O B HY-

JIE UMECT BBIPOKIACHHOCTL BTOPOI'O IMOPAIAKaA. I[oxa:;aHa KOHCTPYKTHBHAA

* Pa6oma evinonnena npu gunancosoii noodepacxe I'KH MOH PA npoexm N-SCS18T-14004.
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TeopeMa CylIeCTBOBaHUsI PEIICHUSI OXHOPOIHOTO CKAJIIPHOTO YPaBHEHHUS B
NpocTpaHCcTBe QYHKIWH, UMEIONIHX JIMHEHHBIN pOCT B OeckoHewHoCTH. Jlo-
Ka3aHa TeopeMma CYIIECTBOBAHHUS pPEUIeHHS IJi1 HEOJHOPOJHON CHCTEMBI,
MOJTly4aeMOH B paMKax HOBOH MOJENM B TNPOCTPAHCTBE OTPAHUYEHHBIX
¢ynkuuii. [lokazaHo, 4To COOTBETCTBYIOIIAsl OAHOPOIHASI CUCTEMA, MOy~
yaemast B pamkax bI'K mozenu, nmeer pemeHre B MPOCTPAHCTBE (QyHKITHHA

¢ acuMNOTOTHKOM O (x) pu X — oo, KadecTBeHHOE pazIndre Mex/ay perie-

HUASMH 00YCIIOBJICHO BBEACHHEM HOBOW MOJIEIIH, KOTOPAs SIBISETCS BO3MY-
menueM bI'K monemnm.

KiroueBble ciioBa: MojienbHOe ypaBHeHUe bonbiiMaHa, (hakTopusa-
LIS, CUMBOJI OTIepaTopa, JUHeapu3aIus, CACTeMa HHTETPAIBHBIX YpaBHE-
HHUH.

BBenenune

B ocHOBE KMHETHYECKOUN TEOPUH ra30B JIEKUT HETUHEWMHOE HHTETPO-
muddepennmanbHoe ypaBHeHne bonbimana. CoxHasi CTpyKTypa UCTUH-
HOr0 MHTErpajia CTOJIKHOBEHUHN MPAaKTUYECKU HE JTaeT BO3MOXHOCTHU HCC-
JIEI0BaTh BOIIPOCHI pa3peIMMOCTH ypaBHeHus boabimana. [loaTomy yacro
VCTUHHBIN UHTErpajl CTOJIKHOBEHUH ypaBHEHUS bosbliMaHa 3aMEHSIOT ero
monensimu. Brepseie B 1954 rony bxatnarapom-I'poccom-Kpykom (BI'K)
U, HE3aBHCHMO OT HHUX, B TO K€ camoe BpeMsi Benanaepom Obliia npeasio-
’KeHa MOJIeJIb, KOTOPAasi COXpaHsSeT OCHOBHBIE CBOMCTBA UCTUHHOT'O MHTET-
paJia CTOJIKHOBEHUI: B YaCTHOCTH, 3aKOHBI COXpaHEeHUs U u3BecTHast H-Te-
opema bonbumana (cm [1,2]).

B nmanpHeiimeM ObUTM TPEIUIOKEHBI pa3iUYHbIe MOIU(DUIIMPOBAHHBIE
MOJIEJH, CPEeI KOTOPBIX 0CO00€ MECTO 3aHUMAIOT JUTHIICOUIAIIHO-CTATHC-
tudeckas mozaenb (JC), moaens [1laxoa, moaens Jluy u ap. (cm. [3—8]). Kax-
Jlasi MOZIEJIb UMEET CBOM IPEUMYIIECTBA U HEAOCTATKHU.

Tak, Hanpumep, B pamkax bI'K monenu 3nauenue uncna Ipanaris

2
paBHO 1, B TO BpeMs KaK €ro TOYHOE 3HAYEHHE - — .
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B pamkax monenu [1laxosa ([4]) mosry4aeTcst TOUHOE 3HAYCHUE YHC-
na [IpanAaTis, HO CTOJIKHOBUTENbHBIN UJI€H 3HAKOIIEPEMEHEH U Y OBJIETBO-
pser H-teopeme mpuOIMKEHHO, T.€. IUIS pacupeieNeHuid OIM3KuX K JIo-
KaJbHO-paBHOBecHOMY. DC Monenb 0000maer BI'K Mmonens mytem mosc-
TAHOBKU JIOKAJIbHO-aHU30TPOIIHOT'O TPEXMEPHOT'O I'ayCCOBCKOT'O paclpee-
JICHUSI BMECTO HM30TPOIHOIO OJHOMEPHOIO JIOKAJILHOI'O MAaKCBEJJIMaHa.
Jns OC moaenu He yaaeTcsi A0Ka3aTh WU ONPOBEPTHYThH CIIPaBEIMBOCTh
H-reopemsr bonbimana (cm.[3]). Jdus apyrux ke moxaeneit ([5—8]) cronk-
HOBUTEJIbHBIM 4YJIEH HACTOJBKO CJIOKEH, YTO MPAKTUYECKH HEBO3MOKHO
HalTH KOHCTPYKTUBHBIE METO/bI pElIeHUs ypaBHEHUs bosbliMaHa B pam-
Kax 3TuX Mojenei. CymecTBylOT MHOTOYUCICHHbBIE PA0OTHI 110 Pa3BUTHIO
JIMHEHHON TEOPUU AHAIUTHUYECKOrO pelIeHUs ypaBHEHMs boisibliMaHa B
paMKax pazIu4yHbIX Mojenel (cM. [9—12] ¥ CChIIIKM B HHX).

B nHacrosmieit pabore npesuiaraetcst HoBasi MoaAU(pUIIMPOBaHHASI MO-
Jienb ypaBHeHHs bonbiMana. B pamkax 3Toil MoJiesid Bce 3aKOHbI COXpaHe-
HUS BBIMIOJIHAIOTCS, a CHpaBeUIMBOCTh H-Teopembl He ynaeTcst HU JoKa-
3aTbh, HU ONPOBEPIHYTh, Kak U npu IC-Moenu.

B pamkax mpemyiokeHHON HaMu MOJU(DHUIIMPOBAHHON MOJETU pac-
CMaTpUBaeTCsl KiacCUuYecKas 3ajadya TEUEHHUs ra3a B IOJYNPOCTPAHCTBE,
OTrpaHMYEHHOM TBEPJOH IUI0CKOM cTeHKoil. CriepBa u3 ypaBHeHuUs boibil-
MaHa OTHOCHUTEJIbHO MAaKPOCKONMYECKUX BEJIMYMH BBIBOJUTCS OCHOBHA
HEJMHENHasl CUCTEMa MHTETrpajIbHbIX ypaBHEHUI. OrpaHU4YMBasCh JTUHEH-
HBIM MPHUOIMKEHUEM CUCTEMBI, 3a/1a4a CBOAUTCS K CUCTEME JIMHEWHBIX UH-
TerpajbHbIX YPAaBHEHUH OTHOCUTEIBHO TEMIIEPATyphl U MIIOTHOCTH CO 3Ha-
KOIIEPEMEHHBIM SJIPOM, CUMBOJI KOTOPOT'O B HYJIE UMEET BBIPOXKIEHHOCTD
YETBEPTOro MOPSAIKA U K CKAISIPHOMY OJTHOPOJTHOMY UHTETPAJILHOMY YpaB-
HEHUI0, CHMBOJI KOTOPOI'0 UIMEET BBIPOKIAEHHOCTh BTOPOT0 Nopsika. Takast
BBICOKAas! CTENIEHb BBIPOKIEHHOCTH BECbMA YCII0KHSAET BOIPOCHI N3YUEHMUS
Y pEUICHUs MOJYUYEHHBIX CKAISAPHBIX U BEKTOPHBIX JTUHEHHBIX UHTETPailb-
HbIX ypaBHEHHU. TeM He MeHee, ¢ IPUMEHEHHEM METOJa CIEHNaIbHON

(hakTOpHU3aIK, TPUMBIKAIOIIEH K METOTy «CABUTa-aiboe0» (cm.[13—-15]),
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yZaeTcs JOKa3aTh CYIECTBOBAHNE PELICHUH BBIICYKAa3aHHBIX YPaBHEHUH
B KJ1acce 00 OrpaHMYeHHBIX (PYHKINH, 1100 QyHKIHIA C THHEWHBIM POC-

TOM B OECKOHEUHOCTH.
1. MIOCTAHOBKA 3AJIAUA B PAMKAX HOBOM MOJIEJIN

IIycTh, moaympoctpancTBo X >0 orpaHuYeHO IUIOCKOM TBEpIOM

CTEHKOi, M BJONh Hee mo HampasieHuio OY Teder ra3 co CKOPOCTBIO
ii (x)=(0,u(x),0). OGosnaunm uepes [ (x,5) dyHKIMIO pacnpeeneHns
YaCTHIl O CKOpOCTAM. M3-3a MIIOCKOH CHMMETPUM OHA HE 3aBUCHT OT )V U
z .3nech s =(s,,5,,8;) (o< s, S4e0, i=1,2,3) — MoneKyIsipHas CKoO-

POCTb.
B ogHOMepHOM npuOIMKEHUH YpaBHEHUS bobIiiMaHa MOXHO 3aru-
caTh B caeayromiem Buze (cum [16,17]):

of (x,5 .
%zF(f(x,s)), (1.1)

rne Gynkmus F ( f (x,§ )) , 3AMEHSIOIIas UCTUHHBINA MHTErpajl CTOJIKHOBE-

S

HHﬁ, B 6e3p33MepHHX CAMHUIAxX MMPCACTABISICTCA B BUIC:

F(f(x5))= 19(x)[ ol“(x,E)(1+£(p(x,§))—f(x,§)] . (1.2)

o o0 oo

3nech ﬁ(x) = j I I f(x,p)d’ p — 4acToTa CTOJIKHOBEHUI, KOTOpas 3aBU-

—00 —00 —o0

CHUT OT pelieHus camoii 3agauu. B ypasaenuu (1.1) ¢ yuetom (1.2) u ¢ ne-
pPEXO0ZOM K HOBOMY apryMEHTY MOKHO M30aBUTHCSI OT 3TOTO MHOXKHTEJIS.
[Tocne momHOTO perieHus 3a1a4i BO3BpAIllEHHE K UCXOIHOMY apTyMEHTY
noapoOHo onrcano B pabore [18]. [ToaTomy, HE ymansst OOIITHOCTH, TTPE/I-
MOJIOKHMM, YTO OHA MOCTOSIHHA, W JIJISl TIPOCTOTHI MpUMeM — paBHO#l 1. B
JanbHeneM yoequmest, 4To Tak 00CTOUT /110 B IMHEWHOM NPUOIMIKEHUH.

B (1.2) BBeneHsI creayronie 0003HAYCHHUS:
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(s mu®) (P 4sd)
PlxS) =70 2(x) (13)
~(5-i(x))’
floc(x,s;): p('x) e T(x)

— JIOKaJIbHBIA MaKcBeJuIMaH, (1.4)

(7Z'T(x))E
px)= jf(x s, T(x) = ()j(s—uo«)) f(x5)d’s
u(x)zﬁﬁszf(xj)d% (1.5)

— IUIOTHOCTH , TEMIIEPATYPA U CKOPOCTh TEUEHUS ra3a, COOTBETCTBEHHO.

£ 20 — gucnosoit mapamerp. Cinyyaii € =0 coorBercrByer BI'K momenu.
UwucnoBoii mapameTp €, BXOSIIHA B MOAU(PUIIMPOBAHHYO MOJIEITb, MOXKET
CIIy’)KHTh TMOJTOHOYHBIM IapaMEeTpOM MJis IOJIyYeHHUs 3HAUEHHUs YuCIia

IMpanamis P, 6auskoro k TouHoMy. IlocnenHee MOXKET CIyXKUTh TaKkKe

OIICHKOM TOYHOCTHU MPE/JIOKCHHONW HaMu MOAU(PUITMPOBaHHOW Moenu. B
pabote OyaeT mokaszaHo, 4TO paccMaTpuBaemas 3ajaa4da B pamkax bI'K mo-
nemu (€=0), u B pamrax moguduiuposanHoit BI'K moaenu (€ >0), ume-
€T Ka4YeCTBEHHO Pa3HbIC PEIICHHUS.
Kak yxe ormeuanocs Bo BBeieHiH, HCTUHHBIN UHTETPal CTOJIKHOBE-
HUu#l stf oOiamaer cieqyromuMu cBoiictBamu (cM. [16,17]):
j stfd’s =0, j Sstfd’s =0, j (—1(x))’stfd’s =0. (1.6)
R R R
CootHourenus (1.6) BeipaXkatoT O4€BUIHBIE CBOMCTBA CTOJIKHOBEHUMN: YHUC-
JI0 YaCTHUIl, UMITYJIbC M SHEPTHUS CTATIKUBAIOIINXCS YaCTUI] HE U3MEHSIFOTCSI.
ITosTomy nmo6ast HoOBast MOJIeNb JIOJKHA YAOBJIETBOPATH YCIOBUAM (1.6).
Jlerko y6enuthes, uto ycnoBus (1.6) B pamkax HOBOM MOAU(PHUIIMPO-
BaHHOW Mojenu, 3amaBaeMoi coriacHo (1.2), BeimosHstoTcs. JleicTBu-
TeJILHO, TTepBOe CBOMCTBO (1.6) HenmocpencTBeHHo cieayet u3 (1.2) u (1.3):
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(5-0)

j F(f(x,8)d’s = j M[l +ep(x,5)]d’s - j f(x,8)d*s=0.(1.7)

3

& (7T (x))?

AHAJIOTUYHO MOKHO yOEIUTHCS B BBIMOJHEHUUOCTAIBHBIX ycloBUi (1.6):
2. BBIBOJI OCHOBHBIX YPABHEHUM

BBenem crienyromre 0603HaYeHHUS:

I (x,§) :{f<l’,81,82,83), eciu s, 20,

0, eciim s <0,
s (x,§) _ f(x,—sl,sysg), ecims 20, .0
0, ecm s <0.

K ypaBuenuto bonbumana(l.1), (1.2) npucoeaunum cieayromue rpaHud-

HBIC YCJIOBUSL:

pY

fr (O,§)=L3e_m2 , f(x,§)=o[es‘J , K020a X —+oo,  (2.2)

2
B rpannyHoM ycnioBuu (2.2) npeanonaraercs, 4To 4acTUIbI OTpaxa-

IOTCSI OT CTEHKH (P (PY3HO ¢ MAKCBEIJIOBCKUM PACIIPEICIICHUEM C TeMIIe-

parypoit 7, =1 u motHoctst0 P, =1. C yuerom (1.2), (2.1), u3 (1.1) 6ynem

UMCTH
X x 7(X_t) dt
fr(F)=ce+e " £ (4L5)(1+ep(t,5)) =, (2.3)
0 S
x e () dt
f(x5)=ce" +je e (4,5) (14 et 5)) — (2.4)
S

X 1

W3 rpannyHbIX ycinoBui (2.2) ciemyer, 4To
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.= f(0.5) =, ¢ =0. 2.5)

2
[Moxacrapnss (2.3), (2.4) B (1.5) B ompenenenun p(x), ¢ yuerom (2.2) u npo-

HU3BCIA MHTCTIPUPOBAHUC, 6YI[6M HUMCTh:

P(0) = hx) + [T T, 20, .6)
0
rue h(x)=LTe_%e_”2dp,
T
o ] I )
1 - efT g €p |dp
I T)= P I+———|—. 2.8
(x,t, ) \/;.([e \/m{ +4 ) }p ( )

AHanoruuso, ¢ yuetom (2.3), (2.4), (2.2) u3 Broporo cootHouenus (1.5)

MOJIyYUM:
u(x)p(x) = TF(x, t,T()p(t)u(t)dt . (2.9)

Hakonen, noxcrasiss (2.3), (2.4) B TpeTbe cooTHoueHue (1.5) u coBepiuast
TPYJIOEMKHE, HO MIPOCThIE BBIKIAIKH, MOIy4aeM CIIEAYyIoNee HeIHMHEHOe

HUHTCIpaJIbHOC YPABHCHUC AJI TCMIICPATYPhI:

T(x)p(x)=g(x)+ T W(x,t,T())p(t)dt, (2.10)
31ECh
2 ¢ _% -0 (2 2
g(x):Sﬁie e (P> +1+u’(x))dp, (2.14)

[\
8

_M __r 2 2 4
Wt T)=——[e 7 70| Ls1+E-E2___EP_ 14 )
TG0 2 4T4) 2T°0) | p

w
3
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Wrak, 3amaya cBenach K M3YyYEHHUIO CUCTEMbl HEJIMHEMHBIX HMHTET-
panbHBIX ypaBHEeHH (2.6), (2.9), (2.10) OTHOCUTEIBHO MAKPOCKOMTUYECKUX

BEJIUMYHH p,u,T .

3. JUHEHHOE ITPUBJINKXEHUE

3amMeTuM, YTO COOTBETCTBYIOUIMI HEIMHEHHBII ONEepaTop CUCTEMBbI
WHTErpaJIbHBIX YpaBHEeHHH (2.6), (2.9), (2.10) He obmagaeT CBONCTBOM MO-
HOTOHHOCTH M BIOJIHE HenpepbIBHOCTH. [lociaeanue nBa dhakThl BecbMma yc-
JIOKHSIFOT MOCTPOCHUE HETIOABMKHOM TOUKHU. [109TOMY HIYKE OrpaHUIUMCS
JTUHEHHBIM TPUOITIIKEHUEM.

Hckombie pynkuun p(x) uT (x) mpencTtaBuM B BUE:

p()=py+ i) =1+ £(x), T@=T,+,()=1+f), G
rae f,(x) u f,(x) — HonpaBKu INIOTHOCTU U TEMIIEPATypPbl COOTBETCTBEH-
Ho, T =1-Temneparypa CTeHKH, P, =] — IJIOTHOCTH ra3a y CTCHKH.

Paznoxxum pynkuuu T'(x,7,7(¢)) u W (x,t,T) B psaa Teinopa no
TPEThEMY apIyYMEHTY OKOJIO HYJIs, OFPAaHUYMBASCh JTMHEUHBIMU YJIE€HAMU

no f,.meem

172 e e ([, 1 35% ¢ ds
I'ix,t,Ty=—=\|e * e’ |l+———+| s ——+ —— ) |—, 32
(x,,7) 7[! i St L0 62

27 [, e e & (L, 8 1 e 55 & & ds
Wxt,T)=——=|e * € | +l+=—— "+ s+ A—+—+—+— " | £,(1) |—.
1) '[ 2 4 2 2 2 4 8 2 2 A0 s

(3.3)
[Moacrasnsas (3.2), (3.3) B (2.10), mocne rpoMO3AKUX, HO AJIEMEHTApHBIX
peoOpa3oBaHU MOTYYUM CIICIYIONIYIO CUCTEMY JIMHEHHBIX WHTETPasib-

HBIX YPABHEHUM:
-
[ =h@)+E[K,(x=0)f,(0)dt x>0; i=1,2 (3.4)
Jj=1 0

OTHOCHUTENIBHO MOIPABOK INIOTHOCTH f,(X) M TemmepaTtypsl f,(x)
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rae
h(x) = 2\7; Ieie—s2 (sz —%) ds, x20, (3.5
hy(x) = 338; Ie‘:esz (%—%—é} ds (3.6)
Kij(x)=TejGij(s,€)ds, x>0, €20, i,j=12 (3.7)
0
G, (5,€)= \/125 e (1+%— 832 ] (3.8)
G (s,€) = ;S e (SZ —%+8s2 —‘97‘“4-2], (3.9)

G, (s,€) = 2 e“‘z(sz——+—+———, (3.10)

3\/7”

2 2 4 6
o[- ] ere ETES e ES |y
2 16 8 4 2

G, (s,6)=

2
3\/;s
[Tocne moncranoBku (3.2), (3.3) B (2.6) CBOIUT €T0 K JIMHEHHOMY

CKAJIIPHOMY MHTETPAJIbHOMY YPaBHEHUIO OTHOCUTEIIBHO CKOPOCTH ra3a
u(x) = j K, (x—0)u(t)dt (3.12)
0

Taxum oOpa3om, 3agada CBeJNaCh K CUCTEME JIMHEHHBIX MHTETpallb-

HBIX YpaBHEHMH (3.4) OTHOCUTENBHO NONPABOK IUIOTHOCTH f,(X) U TeMmIle-
patypsl f,(x) ¥ TMHEHHOMY OJJHOPOIHOMY CKaJIIpHOMY ypaBHeHHIO (3.12)

OTHOCHUTEJILHO CKOPOCTH Ta3a.
4. O PASPEIIMMOCTHU YPABHEHUA (3.11)

[lepenuem ypaBHenue (3.12) B onepaTopHOM BH/IE:
(I-K,)u=0. (4.1)
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3nech [ — equHMUHBIA onepaTop, a 1211 — oneparop Bunepa-Xomnda:
(K, ) = [ K (x=0) f ()t (4.2)
0

OnHUM U3 HEOOXOIMMBIX YCI0BHI oOparuMocTy oneparopa K|, B mo6om

M3 €CTECTBEHHBIX 0aHAXOBBIX IPOCTPAHCTB
E (Lp (0,400), p=1; M(0,4o0)=L_(0,+o0); CO) ABJIAETCA OTIMYUE OT
nynst cumsona 1—K,,(s) (s€ R) oneparopa 1211 3aecs K, (s) — npeo6-

pasosanne ®Oypwe pynxuun K (X), ..

K, (s)= j e K, (x)dx . (4.3)

—oo

N3 (3.7)-(3.8) umeem

w e wn 3
— T 2p°G, (p,€)d,

1=K, (s)=1- [ ¢"[e "G, (p.)dpdx=5* [ £ “(f’ 2) P (44
S o l+sTp

U3 (4.4) cnenyer, uro i V£ >0 CUMBOJ 1—1_(11(3‘) omneparopa 12“ nMe-

€T B HyJIE BBIPOKIEHHOCTH BTOPOTO MOPSIKA.

B nacrosmem naparpade GyaeT MoKa3aHo, 4TO OJHOPOJHOE yPaBHE-
nue(3.12) uMeer peleHne, HeCMOTPS Ha TO, YTO CUMBOJI l—lgll(s) YMeEET

HOJIb BTOpOTO mopsiaka B Touke § =0 . [IpemioxKeHHbIH MOIX0/] PEIICHUS
3TOrO YpaBHEHUSI OCHOBAH Ha CHEIUAIBHON (DaKTOpHU3aIK, OMMMCAHHON B
pabote [13].

Beenem cienyroniue HUKHHE U BEPXHUE BOJIBTEPPOBBI ONEPATOPHI

)

(7.1 )x) = B[ 0 (7)) = B fode. (45

CHUMBOJIbI KOTOPBIX PaBHBI
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1-7.(s) = ;Si < (4.6)

3nech >0 — NpOU3BOJIbHBIN YMCIOBOM NapameTp.

Jlerko MOKHO NMPOBEPUTH CIIEAYIOIIEE PABEHCTBO:

1=K, ()= A=V (s)NA-T,,(5, BV, (5)), (4.7)
1T (s, ) :T2pGll(p,1€)pz(f +f)dp. 48
0 +s°p
rae T,(s, ) =szGll(p’183_p z(lz_szp Ddp npeobpazoBanue Dypbe
0 s p

byHKIIN
= M
T (x,8)=[e * G, (s,€)(1- B*5" ) ds. (4.9)

B pa6ote [19] mokazaHo, 4TO W3 PaBEHCTB CHMBOJIOB CJICIYET PaBEHCTBO
COOTBETCTBYIOIIUX ONEPaTOPOB

I-K=(I-V)(I-T])U-V,), (4.10)

T”ﬁ — MHTErpalIbHBIN orepatop Bunepa-Xonda:

(B2 )6 = [T =00 f e @.11)

3ametuM u3 (4.8) , 4TO B HyJIe CUMBOJI OIIEpaTopa flf
vV >0.

[lycts, fe E — mpousBoibHas GyHKUus. i HOpMBI QyHKUMU

OTJIMYCH OT HYJIS JIA

@=T"f BKaXI0OM U3 NPOCTPAHCTB E MMeEET MECTO OleHKa

el < 2] 7]

(4.12)

EJ

rac

3(B)= [ R w]as. @.13)
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HepasenctBo (4.12) cnemyer u3 Toro ¢akra, 4To A HOPMBI CKaJIIPHOTO

MHTETpaIbHOTO onepaTopa Bunepa-Xornga nmeer MecTo oneHka
[77), < [ s oofae =[], (414

I[J'IH TOT'0 YTOOBI oreparop Tif OBLI CXKUMAromuM, 10CTaTOYHO YTOOBI Cy-

mectBoBasd > 0u € =0 Takue, 94TO

A.(B)<1. (4.15)

OtaensHO paccmorpuM ciay4aii korga £€=0. Torma ypasaenue (4.1)
CTAHOBUTCS U3BECTHBIM B JINTEPAType KOHCEPBATUBHBIM OJJHOPOJHBIM HH-
TerpaJibHBIM ypaBHeHHEeM Bunepa-Xomda ¢ HEOTpHUIATeIIBHON SACPHON
bynkumen K | (x)|g:0 , X€ER.

Kak u3BecTHO, BhIIIEyKa3aHHOE ypaBHEHHE 00J1a/1aeT MOJIOKUTEb-

HBIM a0COJIFOTHO HEMPEPHIBHBIM MOHOTOHHO BO3PACTAIONIMM PEIICHHEM
Buja (cm. [19]):

x+q(x), q(x)=o0(x), X — oo (4.16)

1
u(x) _ﬁ

3necbg(x) — um3BectHas (yHkuus Xomnda, U, — BTOPOH MOMEHT
byHKIHN K“(x)|€:0 Ha (0, +o0).

2¢e
Ecmun €€ (0,2), To B kauectBe S BoiOupaem = Tog" Torna
+ &

nMEECM

rB= [

2 2 ) 1 2 2 2
1+£—€i‘1—ﬁ2s2‘dszije“ T st |ds=E +8<
4 2 Ty
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BameTum, uto nipu €€ (0,2), = PO ﬂlﬂ HEOTPULIATEIIb-

Ho. [TycTs, Tereps £ 22. B stoM ciyyae T, He SBJISETCSA CRUMAIOIINM B

L, (R"). Ha camom e,

2.(B) = fj'*

e es’

1+———\1 B Z\dsz

>

o 2 e 1s [1 Z—%)(l £ | -

5

_\ P Pe
2

+—21. 4.18
4 (4.18)

Ilycte, €€ (0,2).Ilpumennm daxropuzanuto (4.10) mis mocnenosa-

TENbHOTO pelieHus: ypaBHeHus (4.1):

(I-V)H =0, (4.19)
(I-TF)F=H, (4.20)
(I-V)u=F. (4.21)

[psimoit mpoBepkoii MOKHO yOeauThesi, uto H (X) = ¢ yA0OBIETBOPSI-

eT ypaBHeHH1o (4.19). PaccmoTpum ypaBHenue (4.20) B pacKpbITOM BHJIE

F(x)= c+TTlf (x—1t)F(t)dt. (4.22)

IMockonbky npu € € (0,2) oneparop 1} [ apnsercs CKMMAIOLIUM B KaXI0M

U3 IpocTpancTB E , a ero sapo HEOTPHIATENBHO, TO JUHEWHOE YPABHEHHE

(4.22) umeeT eTMHCTBEHHOE HeoTpulaTesnbHoe pemeHue B M (0;+o0) . Pe-

nrast ypasaenue (4.21), Oyaem uMeTs:
u(x)= B[ F(t)dt + F (x) (4.23)
0

Tak kak F € M (0.+ ), To u3 (4.23) cnexnyet, uto u(x) = O(X), KOr-

Ia x — +oo.
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Urak, cipaBeyinBa
Teopema. IIycmo, €€ [0,2), a pynxkyusa K, (x)3a0aemcs, CO2NACHO

(3.7). Toeoa ypasnenue (3.12) umeem neompuyamenvHoe peuieHue &

npocmpancmee QYHKYUll, UMeroujux JTUHelHbl pocm 8 OeCKOHeuHOCmU.
5. 0 PASPEIMMOCTHU CUCTEMBI YPABHEHUH (3.4)

B nacrosiem naparpade mMeTos cienuanbHoOM (haKTopHU3aIuu, U3Io-
KEHHBIN B MpeAblaylieM naparpade s CKalsSpHOro ypaBHEHHUS, OyIeT
pacrmpocTpaHeH Ha cuctemy ypaBHeHui (3.4). Cinemxyer OTMETUTD, YTO CITy-
vaii £=0paccmorpen B pabore [12].

[lepenuiem ypaBHeHue (3.4) B oepaTopHOM BUE

(J-K)f=h, (5.1

tne h=(h,h)"; f=(f,f,)" — Bekrop-ctonbupl, I — 3HaK TpaHCIOHHU-

—~

posanus, K =(K,-j) , — MHTErpaibHbii oneparop Bunepa-Xonga:

i,j=l,

(K )(x) = [ K(x=0)f (t)dt , (5.2)
0
J — enunnuneii oneparop. M3 npencrasnenus (3.7) umeem

Ke [;?(=eo,4e), [ K(x)dx=[2pG(p,e)dp=1, Ve>0, (53)
—oo 0

— enquHU4Hasg matpuua, G(p, €)= (Gl./.( p,S)) _, — 3Ha-

i,j=1,

rne 1= (51'1)

i, j=1,2
KoInepeMeHHas nu3Mepumas matpuna-pyskius (cMm (3.8)-(3.11)).

[ycts, E* = EXE — NpoCTPaHCTBO JBYXMEPHBIX BEKTOP-CTOJIOIIOB
c onmemeHTamu M3 TpoctpancTa £ . Bompoc oGparuMocTu omepartopa
J— K BmupocrpancTBe E° U Ipyrue ero BaXKHbIC CBOACTBA, KAK M B CKAISP-
HOM CITydae, OIpPEIeIsIOTCs ¢ IOMOIIbIo cuMBoia I — K (). 3aech mpeo6-

pas3oBaHUC chpBe INOHUMACTCs 110 KOMIIOHCHTAaM.
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OnuuM U3 HEOOXOAMMBIX YCIOBHM 00paTUMOCTH omneparopa J— K B

F06OM 3 IPOCTpaHCTB £ SBISeTCS OTIMYKE OT HyJIs CHMBOJIA OllepaTopa

K  Te.

det (1 —K(s))#0, s€ (—oo0,+00). (5.4)
Onnako u3 paBeHCTB (5.3) cneayer, uto ycioBue (5.4) HapymaeTcst B TOUKe
s=0.

BBeneM BepxHHME ¥ HUKHHUE BOJIBTEPPOBBI MATPUYHBIE OIEPATOPHI

U= vt o (5.5)
Lo o) '

(0 1)) = B[P f@yde, (07 1)) = B[P frde, (5.6)

CumBoIBbl omepatopoB J— K ul —U * 3a1al0TCSL COTTACHO COOTBETCTBYIO-

M hopmysiam:

isd 2.2
I-K(s)=[£= 2pG(p.€)dp. (5.7)
0 I+ p°s
I—U+(s)=( Fis 5ij . (5.8)
’B 1 s m,j=1,2
AHaJIOrMYHO CKAJIIIPHOMY CJIy4a0, UMEET MECTO PAaBEHCTBO CUMBOJIOB
I—I?(S)=[1—U-(s)][l—fﬁ(s)][l—(?(s)] (5.9)
¥ (haKTOpU3aLMA MATPHYHOIO HHTErPaIbHOrO oneparopal—K .
I-K =[1-U"|[1-T,][1-U"]. (5.10)

3nech I — MaTpUYHBIA HHTETPAJIbHBIN ONEPATOp C SAPOM
o P

,0=(1/®),_,=[e "G, (p.o)1-p*A)dp,  (5.11)

a I —T4(s) — cuMBOJI MATPUYHOTO HHTErPAILHOTO orepatopa Tj.

[lokaxeM, uTo, B OTIMYUE OT oneparopa J— K , CUMBOI Oreparopa

T, B Hylle OTJIMYEH OT HyJs. JleHCTBUTENBHO,
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det[ 1 -T,(0)] = f*det 4, (5.12)
rue
A=(ay)=[2p’G,(p,&)dp.
0
Ecaundet A #0, TO
det[ I-T(0)]#0, V §>0. (5.13)
Eciu 1peanonoxuth, 4To cumBon / — K(s) MCXOIHOTO omeparopa
J— K He MMeeT ApyTux HyJeil, T.e. det [l - ]?(S):| #0, s #0, TO MOXHO yT-
BEPKJIaTh U 00 OTCYTCTBUU APYTuX Hysen GyHKuuu F(s)=det [1 - 7_"/,(5)] .
[locnennee BOoBce HE O3HAYaET, YTO Omeparop J-— fﬁ o0patuM B TPOCT-

pancTBe E°.
PaccmoTpumM crienyronnyio BeKTop-QyHKIIHEO

p=1f,
rie @= ((01,¢2)T, f= (fl,fz)r, fﬂ = (];;)u_;:l,z — MaTpPUYHBIA WHTErpalib-

o 2
HBII onepaTtop.HerpynHo ybenuTses, 4YTo B JHOOOM M3 MPOCTPAHCTB E

HUMECT MECTO OLICHKA.

le],. <max(A(B,&),u(B.)|f],- - (5.14)

rac
A.e)=|ri|, +[71], - (5.15)
uipo=[t], +I72],.. 16)

Jlnst TOro 4To0BI MHTErPAJIbHBIN (MATPUYHBIN ) OTIEPATOP T, 3 OBLI CXKMMAIO-
MM JIOCTaTOYHO, yTOOBl 4 f > 0, & > 0, Takue, 4yToO
o=max{A(f,€); u(p,e)}<l. (5.17)
HucneHHble pacyeThbl IOKA3bIBAKOT, UTO IpU £ € [0,1) ycCioBuUE

(5.17) Beimonusercs (cMm Huxe: 6.)
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[Tpumenum dakropuzanuio (5.10) k ypaBuenuto (5.1). OHa «cBoIUT»

€T0 K ITOCJIACA0BATCIIbHOMY PCHICHUIO CIICAYIOIINX CBA3aHHBIX ypaBHeHHfII

(1-U")H=h, (5.18)
(1-T,)F=H, (5.19)
(1-U")f=F. (5.20)

PackpriBas omeparopHoe ypaBHeHHe (5.18), momyuum aBa HECBS3aHHBIX

YpaBHEHHUS:

Hy(x) =l (x)+ B e PO H (0, k=1,2,..; He L}?(0,4e0). (5.21)

Pewrenust 5TUX ypaBHEHUI UMEIOT BUJL:

H (x)=h (x)+ ,BT h(t)dt, k=12. (5.22)

Taxk kak B npoctpanctse £~ omeparop T 5 SBISIETCS CKMMAIOLIMM C KO-

urmentom cxatus O <luH e L*(0,+), To ypauenue (5.19) umeer
peleHue
Fe I27(0,400). (5.23)

Hakowen, ypasuenust (5.20) umeer pemenue f =(f,, ) :
[0 =B[F@di+F(x), i=12 F=(.E)e L?(0,4e). (524)
0

Hrak, eciim £ € (0,1) , TO CHCTEMa UHTETPAJIbHBIX ypaBHEHUN Bu-

Hepa-Xornda (3.4) uMeeT orpaHryeHHOE penieHue Bua (5.24).

Ecimu ke &£ =0 , TO COOTBETCTBYIOIIAsi OJJHOpoiHAs cucTema(3.4)
((h,(x)=0,i=1,2) obnanaeT TPUBHAJILHBIM PEUIEHUEM C ACUMITOTUKON
O(x), Korga x — +oo . [lOCHegnee yTBepKIeHHE MOXKHO JOKa3aTh aHa-

JIOTUYHBIMH PacCyk JACHUSIMU KaK B § 4.



22 O paspewrumocmu ypagnuenus bonvymana é pamxax moouguyuposannoit BI'K modenu

3akiil0ueHune

3ametuM, uro B pamkax bI'K monenu, korna € = 0 (h;(x)=0, i=1,2) —
OJIHOPOJHAS cucTeMa ypaBHEeHUH (3.4) OTHOCUTEIHHO MOMPABOK TEMIIEpa-
TYpBI M TUIOTHOCTHU 00J1a/IaeT PEICHUEM, UMEIOIIIUM JIMHEHHBINA POCT B Oec-
KoHeuHoCTH. [TocienHee He MOXKET aJIeKBaTHO OINUCATh 3ajauy ¢ Gu3nuec-
KOI TOYKH 3pEHHUs, BE/Ib OIYYaeTCsl, YTO, OTAAJSIACH OT CTCHKH, TEMITepa-

Typa rasa nosbimaercs. HoBas MoaMGbUIMPOBaHHAS MOJENb THIIEHA 3TOTO
HeJOCTaTKa, M HeoyHopoaHas cuctema (3.4) (/,(x) # 0) npu £ € (0,1) nme-

€T OTPAaHUYECHHOE PEIICHUE.

KauecTBeHHOE pasznuune MEXIy pelIeHHsIMH OOYyCIOBJICHO HOBOM
MOJIeJIbIO, siBJstolIelca Bo3myienneMm bI'K moxaenu.

OTMETUM TaK>Ke, UTO €CJIM CTEHKA JIBUKETCS C HEKOTOPOU MOCTOSH-
HOM CKOpOCTBIO (¥, TO BMECTO OJHOPOJHOro ypaBHeHUs (3.12) monyuum

HEOJIHOPOJ/IHOE YPaBHEHHE CO CBOOOIHBIM YJICHOM:
o T
uo(x)E—.[e se”’ ds. (5.25)
NS

B pabGore [20] moka3aHO, YTO COOTBETCTBYIOIIEE HEOIHOPOIHOE
ypaBHeHue (3.12) co cBOOOIHBIM WieHOM (5.25) uMeeT OrpaHU4YeHHOE pe-
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ON SOLVABILITY OF A BOLTZMANN EQUATION IN THE
FRAMEWORK OF A MODIFIED BGK MODEL

A. Khachatryan, Kh. Khachatryan, A. Khachatryan
ABSTRACT

A new modified Bhatnagar-Gross-Krook (BGK) model has been proposed.
The Boltzmann equation in framework of this model is applied to the classical
problem of gas flow in a half-space. The problem is reduced to a system of linear
integral equations, whose symbol at zero has fourth-order degeneration, and to a
scalar homogeneous linear integral equation, whose symbol at zero has second-
order degeneration. A constructive theorem on the existence of a solution of
homogeneous scalar equation in the space of functions having linear growth at
infinity is proved. A theorem on the existence of a solution for an inhomogeneous
system obtained in the frameworkof a new model in the space of bounded functions
is proved. It is shown that the corresponding homogeneous system obtained within
the framework of the BGK model, has a solution in the space of functions with
asymptotic O(x) as X — oo.The qualitative difference between the solutions is
due to the introduction of new model, which is a perturbation of the BGK model.

Keywords: Boltzmann model equation, factorization, symbol,

operator,linearization, system of integral equations.
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3AJTAYA TMHAMUYECKON HEYCTONYNBOCTH
MPSIMOYT'OJIBHOM IIJIACTUHKHA
B CBEPX3BYKOBOM INOTOKE I'A3A

A.A. llImaeonsan
Poccuiicko-Apmanckuti ynugepcumem

harut.shmavonyan@gmail.com

AHHOTALIUA

PaccmarpuBaercs 3amaya JUHAMHUYECKOW HEYCTOWIMBOCTH (HEIH-
HeHHOTO (aTTepa) MPSIMOYTOIHHOW INIACTHHKHA, OOTEKaeMOM CBEpX-
3BYKOBBIM TIOTOKOM Ta3a. McciemoBanne mpoBEAeHO C YUETOM a’poIuHa-
MHUYECKOH (KBaApaTWYHONH W KyOMYeCKOH) M TeoMeTpuieckoi (Kyowu-
yeckoil) HennHeiHocTel. [lokasano, 4To yder aspoAnHaMU4eCKON Heln-
HEWHOCTH MPHUBOJUT K MOSBIICHUIO HOBBIX TUTIOB ()JIATTEPHBIX KOIeOaHNUH
KaK B JOKpPUTHYECKOH CTaJuH, TaK U MOCIEKPUTHUECKUX CKOPOCTSIX.

Kurouesbie cinosa: OnarrepHble KoneOaHus, TUHAMUYECKAsT He-

yCTOfI'iPIBOCTL IJIACTUHKHA.

INocranoBka 3a1auu

PaccMOTpUM TOHKYIO TPSMOYTOJBHYIO TUIACTHHKY ITOCTOSTHHOM
TomuuHb! h. [TycTh MaTepual INIACTHHKH MO TYMHSETCS] 0000ICHHOMY 3a-
KoHy ['yKka 1 OTHeceHa K IeKapTOBOH NPSMOYTOJIBHON CHCTEME KOOPAWHAT
a, B, y. KoopauaaTHas miIocKoCTh @, f COBIATAET CO CPeIMHHOM IIIOCKOC-

ThIO IINTAaCTHHKH.
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[lycte, pamee muiacTUHKAa OOTEKaeTCs € OJHOM  CTOPOHBI
CBEPX3BYKOBBIM ITOTOKOM Tra3a ¢ HEBO3MYILEHHON CKOpOCThio U, Hampas-
neHHo# Baosb ocu Oa. [lpuHMMAaIOTCS CleayronIue MpernoIoXKeHus (CM.
[1-4]):

a) runote3a Kupxroda-JIsea o HemeopMupyeMbIx HOpMAJIIX;

0) OCHOBHBIE TIPEATOIOKECHUS TEOPUU THOKUX TUTACTHH, CUUTAs, YTO
HOpPMAJIbHBIE TIEPEMEIICHHUS CPABHUMBI C TOJIIIMHON TIJIACTHHKH,

B) M30BITOYHOE NIaBIICHUE Ta3a MPEICTABISACTCS MO MPUOIMKEHHON
(bopmyIie «KIOPIIHEBON TEOPUNY.

Ha ocHOBe NpPUHATBHIX HPEANONOKEHUM IOJydaeTcs CleLyomas

HeJlMHeHas cucteMa AudQepeHnnanbHbIX ypaBHEHUN JBM)KEHUS ILIac-

TUHKH:
1 Pwdrw (9w
EENYS) (AL L g (1.1)
Eh do” df 000
DAty S WIF _0wdF o d'w OF 0w _
307 op B 9o’ | oaopoadp T o (12)
&p, | ow ow &+l , awjz e+ 3(8wj3
—| p,h =_ M+ 5| 22 + 2= 22 |=0
[po e a. Jat aep{ 0. 4 (80( D) Jo ’
3aech
En’ U
D:—Z’ M:_s am:&pma
12(1-p?) a, P..

w(a, B,t) — nporu6 miaactuaku, M — unciio Maxa, a, — CKOPOCTh 3ByKa
JUTSI HEBO3MYIIIEHHOTO Ta3a, & — MoKa3aTelb HOJUTPOIbI, E — MOIYyIb yIIpy-
roctd, | — koaddumuent Ilyaccona, p, — IUNIOTHOCTh MaTepuaia IJiac-
TUHKH, P U Po — JABICHUE M IUIOTHOCTH Ta3a B HEBO3MYIICHHOM
COCTOSIHMHU, & — KOod(pduIMeHT uHelHoro 3aryxanus, F = F(a,B,t) —

(byHKIMS HanpsKEHUH.
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Kpaesbie ycnoBusi. CBenenue K cucreMe 00bLIKHOBEHHBIX M (-
(epeHIMAIBHBIX YPAaBHEHMIT

PaccMoTpuM mapHUpHO ONEPTYIO MO BCEMY KOHTYPY OPTOTPOIHYIO
IJIACTUHKY. Torga rpaHuYHBIEC YCI0BUSA UMEIOT CIEAYIOIIUM BU!

mpua = 0,a =a

0%w
W:O,Ma:DWZO,

@.1)
SO0 = 0, T(Q =0,
(2.2)
npu B =0,=0>
2%w
W:O’MBZDW:O’
(2.3)
0 _ 0 _
$0=0,1¢ =0,
(2.4)

rae TO?, T[? ,S — cpenHble 3HAYEHUs TAHTCHLMAIBHBIX YCWIHHN, M, MB —
TaHTCHIIMAJIbHBIE MOMEHTHI Ha KPOMKaX IJIACTHHKHU.

[TpubmmkenHoe pemienne ypaBHeHust (1.2), ymnoBieTBopsrolee
ycnoBusiM (2.1) u (2.3) 6yaem uckats B Buje [2]:
w(a,B,t) = (fi(t) sindy a + f,(t) sind, @) - sinpu, B, (Ai = %T,ul = %) (2.5)

3neck f;(t) — momnexamue ompeacsieHU0 (QYHKIUU BpeMEHH t.
[loacraBus (2.5) B (1.1) U npumeHsiss METOJ HEONPEIECIEHHbBIX K03Pdu-
IIUEHTOB, HAXOMUM (QYHKIUIO F, YJIOBJIECTBOPSIONIIYIO TPAHUIHBIM YCIIO-
BusM (2.2) u (2.4).

Jns onpenenenus f;(t) Bocronb3yemcs ypasHenuem (1.2). [loacras-

ass1 (2.5) B (1.2) m mpumensist meto byOnosa-I"anepkuna i onpeaeneHus

0e3pa3MepHBIX HEW3BECTHBIX (QYHKIHMU X, (T) = L 1’(Lt),x2 (r) = sz(t)’ 1o-

JTy4YUM CIIEAYIOIIYI0 HEIMHEHHYI0 CHCTEMY OOBIKHOBEHHBIX Iu(depeH-
LUAJIbHBIX YPAaBHEHUI, KOTOpasi BHEIIHE HE OTIMYAETCS OT aHAJIOTUYHOM

CHCTEMBI, OJYYEHHOH B [2]:
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d*x dx 2
d121 +Xd_‘é+xl —gk\/x2 + kv? [Ocll)cl2 +0U, x5 +

TVX, (Buxl2 +Box; )] +0x, (Y“xlz + Y, X ) =0 06
d’x, dx, '

2
W"'Xzﬁ"yzxz +§kvx2 +kV2 [a21x1x2 +

+Vvx, <B21x12 + [322)622 )] +0x, (YZIXIZ + Y22x22) =0.

3nech, HapsLy ¢ Oe3pa3MepHBIM BpEeMEHEM T = wt, BBEACHBI 000-

3HAYCHUS
2 D 2 272
o =—| A+ i=12),
] pOhI: i !J’l:l ( )
4 4 1
k 12?002 ) Q:—za L:—za (27)
P/ 16p,w; Poho;
a o, o, poha.,
2 56 16
o, =—(e+1), o, =—(x+1), o, =—(x+1), 2.8
11 ( ) 12 45( ) 21 45( ) (2.8)
B =B, _n_z(ae"'l)’ B, = L3 (@+1), B, :—%(ae+1), (2.9)
40 70 70
4 4 4, 4 4, 4 4 4
u SIA U, AU A, W
Y11=_1+_1= Yio =Y =47, + -+, 22:_2"'_1:
ay,, 4y Ap, A, ay 4;  (2.10)

Ak,uz = all}\’? + (a66 —2a,, )7%2“5 + azzug’ (i = 1,3),
TJIe W1 U W, — 9aCTOTHI MIEPBOM M BTOPOI (POPMBI MaTBIX COOCTBEHHBIX KO-
ne0aHui IIaCTUHKY, ¥V — NPUBEAEHHBIM nmapaMeTp ckopoctu. CucreMa He-
JUHENHBIX ypaBHeHUH (2.6), onuckIBaroiias NOBEACHUE BO3MYIIEHH B Op-
TOTPOMHOM TJIaCTUHKE [5].

CootBerctBytomas (2.6) cucrema JHUHEHHBIX TubdepeHIINATbHBIX
ypaBHEHHUI IOIyCKaeT penienus B Buae X; = y; exp (A1). [loacrasiss yka-
3aHHBbIE PEUICHHS B JUHEHHYIO CHCTEMY, MOIy4aeM XapaKTepUCTUYECKOE
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ypaBHeHHe oTHOcuTenbHO A. CoracHo Teopeme ['ypBuiia, guiatrepHoe co-
CTOSTHUE TUIACTHHKH OyJIeT YCTOHYMBA, €CIIM JICHCTBUTEIBHBIC YaCTH BCEX
KOpHEH XapaKTEepUCTHUECKOTO YpaBHEHHUS OTPULIATEIIbHBL. 3HAUSHHE TTapa-
MeTpa V = V,, NPH KOTOPOM JIBa M3 XapPaKTEPUCTHUYECKHX ITOKa3aTele
CTaHOBSITCS YHCTO MHHUMHUMBI, & OCTAJIbHBIC TO-TIPEKHEMY JISXKAT B JICBOU
MOJYTIIIOCKOCTH, SIBJISICTCS. KPUTUYECKAM M COOTBETCTBYET KPUTHYECKOM

CKOPOCTH IMaHEJIbHOTO (hyraTTepa B JIMHEWHOW MMOCTAHOBKE ATOH 3a1a4u

« _3y3-1 2x2(y2+1)
V=T /1+ REERTR (2.11)

Pemenne MeTo10M rapMoOHH4ECKOro 0ajaHca
Cucrema (2.6) oTiiM4yaeTcst OT aHAJIOTUYHBIX CHCTEM YCTOWYMBOCTHU
FMOKMX IUIACTUH 3arpy’KeHHbIX KOHCEPBATHBHBIMHU CHJIAMM, HAJIUYHEM
YIEHOB C KBaJpPaTUYHBIMU HEIMHEHHOCTSIMHU. YKa3aHHbIE YJIEHBI, UMEIO-
LI1E a3pOJIMHAMUYECKOE ITPOUCXOKACHHUE, XapaKTepU3yIOT HECUMMETPUY-
HOCTb HEJIMHEMHOCTH, MPHUCYILIYI0 K 3aJayaM YCTOHYMBOCTH THOKHX
obomnouek. IlosaTomy, npuOIMKEHHOE TEPUOUUECKOE PEIICHUE CHCTEMBI
(2.6) Oynem McKaTh METOI0M rapMOHMYECKOTo OanaHca B BUae [5]:
x, =4 cos0t+Bsin0t+C, +...,
x,=A4,c0s0t+C, +... 3.1)

3necy A;,B,C; u (i = 1,2) — HeU3BECTHBIE MOCTOSHHBIC, TOYKAaMU 000-
3HA4YEeHBl YIEHBI, coepkalue rapmoHuku. Ctpykrypa pemenus (3.1) ot-
JMYaeTCs OT CyIIeCTBYIONMX [2, 3] HanmuureM cBOOOHBIX uiieHOB C; # 0,
MPUCYTCTBUE KOTOPBIX XapaKTepHA 3aJadaM C KBaJPATHYHOW HEIWHEH-
HOCTBIO.

[MoxcraBum pemienust (3.1) B cuctemy (2.6) U mpupaBHUM HYJITIO KO-
3¢ HULMEHTHI TTIPU CBOOOIHOM WiieHe, coS O T u sin 6 T (WieHsl, coaepxa-

e rapMoOHHKH, npeHeoperarotcs). [lomyuaromas npu 3ToM cucrema He-
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JUHENHBIX anreOpanyecKux ypaBHEHHM JOBOJBHO IPOMO3JKa IS Hcclie-

J0BaHUA U 31€Ch HC IIPHUBOJUTCA. HpI/I J0IMyHWICHUHA, YTO, KaK IMOKAa3aHO B

[2] A, = —A,, nonydaeMm cleayroliee ypaBHEeHUE OTHOCUTENBHO A [5]:
by A’ +b, At +b, A’ +b, =0. (3.2)
3nech
3
bo 16 (kv Bo QYO )[R12R21 - 1)121)21]’

1 *
b, ZEk(V—V )(R12R21 _P12Pz1)_

_%(Q'Yo _kV3B0){3(R21 +YZR12)+2|:3(B21 _B12)+Bzz _B11:|k2v4}_

1
_Z(kvz )2 {(Zan — 0y, )|:(0L” +0L]2)R21 +0L21‘E;2:|+(20L12 —-Q, )|:(X21R12 + (X‘l] +a12 :I}

b, =§k(v—v*){%(&1 +y2R12)+§k2V4 [3(621 _B12)+B22 _Bll]}_

_%(QYO —kvB, )('Yz +gk2v2j—(kv2 )2 {(2%1 — 0y, )(%Yz (o, +ou,) _%kvaﬂ}—'—

1 1
+(20le — 0y, )(EG‘ZI +§kV(OL” +0, )j}’

b3:§k( )(y +9k2 zj

R, =0(v, +3v,)-2kv'B,; B, =0y, —2kv’ (3, +B,) i # .

YucyieHHBIN aHAJIM3 3212494

VYpaBHeHue (3.2) pemICHO YMCICHHO MPH CICIYIOIUX HCXOJHBIX
JTAHHBIX: (IropanioMuHMi), (Bo3ayx). Ha ocHoBe 3TOrO0 HccienoBana 3aBu-
CUMOCTb aMIUTMTYbl YCTAHOBUBIIHMXCS (JIATTEPHBIX KOJICOAHHIA B 3aBUCH-
MOCTH OT IapameTpa V IS pa3HbIX 3Ha4eHWH napamerpoB h/a u a/b.

PGSYJIBTEITLI YUCJICHHOI'O aHajIku3a II0Ka3bIBAIOT, YTO:
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Ecnu mnacturka noctarodno Tojctas (h/a u h/b ogHOBpeMeHHO OOJIbIIIE
yeMm 1/60), TO BO3MOKHO TOJIBKO (GKECTKOE» BO30yxaeHue ¢uarrepa, T.K.
npu v < V" BbIONHSETCS HepaBeHCTBO 0A;/0v <0, a mpu v > v*
neiicTBUTeNnbHbIC 3HaUeHust A; oTcyTcTBYIOT [2]. (Puc. 1,a).

Ecnu mnactunka nocratouno ToHkas (h/a u h/b ogHOBpEeMEHHO
Menbie, yem 1/100), To Bo30ykneHne (aaTTepHbIX KOJIeOaHH HOCUT

«MATKUI» XapakTep, T.K. Opu V < V" JeWCTBUTENbHBbIC 3HaueHUs A,
0A
OTCYTCTBYIOT, @ TIpH V > V BbINOJHAETCSI HEPABEHCTBO a—vl > 0(Puc.1,6).

VYka3aHHbIE XapaKTephl 3aBUCUMOCTH «AMILTUTY/Ia-CKOPOCTh) BBISIBIICHBI B
[2].
Kpome ykazaHHBIX OOHOpPY)KEHBI TAKXKE CIICAYIOIINE HOBBIC THIIBI
3aBHCUMOCTH «aMILTUTYAa-CKOPOCTbY». A IMEHHO:
e FEciu nocTeneHHo yBEeIMYHUBATh CKOPOCTh OOTEKAIOIIEro MOTOKa,
TO MOKHO Ha0JII0/1aTh CIASAYIOLIYI0 KAPTUHY: PEKUM (PIIaTTepHBIX
KoJieOaHuil (KOTOPBIE HOCAT XapaKTep «¥KECTKOT0» BO30YKICHMS)
COXpaHsieTcs BIUIOTh JI0 V = V", re KoJeOaHHs «COPBYTCS» H
BOCCTAHOBUTCS HEBO3MYILIEHHOE COCTOSIHHUE IUIacTUHKH. [Ipum
CHIDKEHUU CKOpPOCTH HEBO3MYIIEHHOE COCTOSIHUE CTaHOBUTCS
ycroitunBoii moka v < v*. Ilpu v = v* amrmumryna ¢iaarTepHbIx
KOJIeOaHMIl CKaYKOM BO3pacTaeT J0 KOHeYHoro 3HaueHus A,. C
JMAIbHEUITUM YMEHBIICHHEM CKOPOCTH aMIUIMTYJa BO3pPacTaerT.
[Tocneanee ykas3plBaeT O BEIMUMHE aMIUIMTYJ BO3MYILIEHHUH, HE-
00XOIUMBIX JIJISl TOTO, 4TOOBI BHI3BATh HE3aTyXarolllne KoueOaHus
TUTACTHHKH TIPU JOKPETHYECKUX CKOPOCTSIX (IpUYeM, YeM MEHBIIIE
CKOpOCTBH MOTOKA, TeM OoJIbInas aMuintyia tpedyercs) (Puc. 1, B,
r).
e [lomumo ciyuaro «Msrkoro» Bo30yxaenus (Puc. 1, a), Bo3myrie-
HUSI KOHEYHBIE, HO JIOCTATOYHO Mallbie), BO3MOXKHA TAK)Ke MOTEPSI
yCTOMUMBOCTH «B O0JbIIOM». T.e. BOZMOXXHBI (hIaTTepHBIE KO-

neGaHusl B MaJoO OKPECTHOCTH V* CO CPaBHHUTENBHO OOJIBIION
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aMIUIUTy 101 (BepxHssi kpuBas Puc.1, 1, €). Hwxuue kpussie Puc.
1, A, € COOTBCTCTBYIOT CPAaBHUTCIIbHO MaJIbIM BO3MYUICHUAM.

e Ha Puc. 1, )k BO3MOXHO, 4TO KpUBbIE NEPECEKAIOTCS, H, CIEI0-
BaTEJIbHO, MOYKET OBITh BO3MOJKHO SIBJICHUE OM(ypKaruu (pa3BeT-
BJICHHUE).

OTtMmeTum CIIC pa3, 4YTO YKA3aHHBIC HOBLIC ABJICHUA B OCHOBHOM

CBSI3aHBI C KBAJIPaTUYHON a3POIMHAMHUYECKON HEJIMHEHHOCTBIO.

020f— 05
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I I I | I
1.00 1.02 1.04 1.06 1.08 1140

x) Y/,

Puc. 1. 3asucumocmp «amnaumyoa-cKopocmo)» HeJTUHEHHbIX (lammepHbvix

Konlebanuii moHKOU NAACMUHKU.
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plates fluttering at supersonic speeds. International Journal of Non-
Linear Mechanics,Volume 77, December 2015, Pages 51-60.

THE PROBLEM OF DYNAMIC INSTABILITY
OF RECTANGULAR PLATE IN SUPERSONIC GAS FLOW

H. Shmavonyan

The problem of nonlinear flutter of orthotropic rectangular plate in a
supersonic gas flow is considered. Investigations are done taking into account both
types of nonlinearity: aerodynamic (square and cubic) and geometrical (cubic). It
is shown that the account of aerodynamic nonlinearity (especially its asymmetrical
square part) brings to the appearance of new types of dependences “amplitude-
speed” as in up to critical stage, and the post-critical speeds.

Keywords: Flutter vibrations, dynamic instability of the plate.
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ABSTRACT

We aim to enhance the adequacy of models of systemic classifiers in
combinatorial chess-like problems that, currently, represent only the frames
of classifiers commonly used by experts. In combinatorial problems precise
records or texts of expert classifiers do not appear. Only the frames of
classifiers are given in the handbooks, while their tuning is based on
personalized learning, particularly, by cases. Taking into account the above
mentioned, in the paper we present our advances in enhancing the adequacy
of the frames of classifiers by integration with them the results of learning
by cases as well as letting them to be some fuzzy by Zadeh.

Keywords: Fuzzy, Knowledge Presentation, Personalization, Expert
Systems, Modelling

1. Introduction

We study the nature and the functions of cognition. There are different
lines of researches in this area, e.g., machine learning solutions, such as
neural networks concentrate on modeling of biological nature of human
brain. We concentrate on studying of the nature of cognitive functions and
the ways they are being processed.
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Suggested in [1] Theory of Mental Doings provides ways for
constructive and adequate models of various cognitive functions, e.g.,
classification, explanation, etc.

1.1 RGT Class and RGT Solver

We consider a class of combinatorial problems defined as problems
where spaces of solutions are Reproducible Game Trees (RGT). RGT class
includes important problems like computer networks intrusion protection,
optimal management and marketing strategy elaboration in competitive
environments, defense of military units from a variety types of attacks,
communication problems, certain types of teaching, chess and chess-like
games. [2]

In the continuous researches of our team a class of problems is defined
as a class of unsolved combinatorial problems [3]. The class named RGT is
a sub class of Optimal Strategy Provision (OSP) problems. RGT problems
meet the following requirements:

e there are (a) interacting actors (players, competitors, etc.)
performing (b) identified types of actions in the (c) specified types
of situations;

e there are identified utilities, goals for each actor;

e actions for each actor are defined.

Actors perform their actions in specified periods of times and do
affect situations by actions in time t by transforming them to new situations
in time t+1 trying to achieve the best utilities on that situations (goals) by
regularities defining these actions.

We have developed software, RGT Solver 2018, which can examine
developed models for systemic classifiers of reducible to each other
combinatorial problems, thus, letting to choose one of RGT problems, say
chess, as the kernel for convenient experimenting followed by transition the
results to other members of the class.

Algorithms and structures have been developed to provide an
adequate description of systemic classifiers and to ensure their
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correspondence [4], and their adequacy were demonstrated by experiments.
[5]

Anyway, there are some concepts, namely, some personalized
concepts, which cannot be described adequately in RGT Solver currently.

1.2 Fuzzy Logic and Related Work

Fuzzy logic emerged in the context of the theory of fuzzy sets,
introduced by Zadeh (1965). A fuzzy set assigns a degree of membership,
typically a real number from the interval [0,1], to elements of a universe.
Fuzzy logic arises by assigning degrees of truth to propositions. The
standard set of truth values (degrees) is [0,1], where O represents “totally
false”, 1 represents “totally true”, and the other numbers refer to partial
truth, i.e., intermediate degrees of truth. [6] (Fuzzy Logic, n.d.).

In [7], authors present a fuzzy implementation for the tactics of the
game of chess. It models chess expert knowledge and uses an extension of
fuzzy TPE systems to compute a fuzzy evaluation function for each chess
piece in each play.

In [8,9] it was demonstrated that the use of fuzzy logic helps in solving
problem of personalized concepts construction, allowing to define such
concepts.

The direction is developed in Armenia. V. Vahradyan in his works
[8,9] offers models of various personalized chess concepts. These models
are compared with human estimation by following way: several experts
were asked to estimate different situations (e.g., whether if there is a
‘beautiful mate’ or which fields are ‘weak’) and these results has been
compared to computer estimation (by defined fuzzy model). Some positive
results of comparison are provided in mentioned works.

In these works, some chess performances and solutions are observed,
and as far as we use chess mainly as an RGT problem, so here we will also
observe chess and chess concepts.

1.4 Current work

We aim to expand effectiveness of RGT Solver 18 by
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1. Enhancing the adequacy of the classifiers integrating their current
handbook based frames with personalized cases of the experts as well as
diminishing their rigidness be letting them to be fuzzy

2. Introducing algorithms of matching RGT situations to the fuzzy and
personalized classifiers

3. Provide experimental evidence that modified classifiers enhance
the effectiveness of RGT Solvers

In this work we A) aim to expand RGT Solver 18, so that we can
enhance definition of personalized classifiers, B) integrate their current
handbook based frames with personalized cases of the experts, C) as well
as diminishing their rigidness by letting them to be fuzzy by Zadeh D) for
which we use the fuzzy logic and machine learning and offer new types of
classifiers for them and E) introduce algorithms for matching them to
situations, as well as F) provide experimental evidence of adequacy of
modified classifiers.

2. Enhancing Classifiers by Fuzziness and Cases

We aim to enhance personalized RGT classifiers to make possible to
define and match fuzzy types, such as “‘unexpected move’, ‘weak field’, and
integrate them into Network of Classifiers of RGT Solver.

The current implementation of classifiers in RGT Solver do not
provide appropriate ways to define fuzzy personalized classifiers, thus we
integrated a new type of classifier and improved presentation of existing
classifiers by adding new methods to deal with them.

2.1 Enhanced chess classifiers

In [4,5] chess classifiers to define chess and chess related knowledge
were described, however they are not enough to present fuzzy personalized
chess knowledge mentioned above, thus we define new classifiers which
make possible using parameters required for fuzzy ones.

We start from integration of basic (nuclear) parametric chess concepts
—nominal value of a figure and the power of a figure, which is equal to the
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number of fields covered by that figure in a given position (hereafter we

will name this concept nominal power of a piece).

migme
Teype" i "compositeClassifier™,
parent™: ™",

"attributes": B[

1i.

"parameters": 3|

LTI
id®-"idl",

P ; womm
operation™: 2

"attribute™:"",

"FilterLi=st=: @I

Figure 1. Acquisition of nominal Figure 2. Construction of composite
value and nominal power classifiers with parameters

On figure 1 the classifier® figure with parameters’ is provided in json
form. This is a composite type, includes classifier ‘figure’ basic classifier
as attribute which is described as in the previous presentations and two more
nuclear classifiers are added— a) nominal value (nv), which is a popular
estimation of figure’s power(e.g. 1 for pawn, 3 for knight and bishop, etc.)
b) nominal power of a piece (np) (e.g., 2 for pawn, 27 for queen etc.).

2.2 Integration of ‘parameters’ method in classifiers

By investigating different subjective concepts’ fuzzy constructions
([8,9]) we concluded, that some classifiers will need to be connected with
already matched instances — for example, to calculate M-P estimation of the
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position we need to have all actual costs (will be described later in chapter
4) of figures. The idea is to include a set of classifiers with some condition
set by experts and to apply some operation(s) on them, which will return
some value for parametric classifier value (parameter).

We have added method ‘parameters’ in all types of classifiers to
handle this problem.

On figure 2 construction for composite classifier with new method is
given.

First 4 keys (‘id’, ‘type’, ‘parent’ and ‘attributes’) are the same as in
previous version. The connection between classifier and instances is
handled by ‘parameters’ section, which implements the following idea:
situation (as a classifier represents itself and the current matched in it other
classifier instances)can be used as an attribute for other classifiers which are
being matched on that situation. For example, a parameter can describe the
set of all classifier instances ‘field Under Attack’ on the given situation.

Methods can be applied on the retrieved from situation instances.
‘Parameters’ section represents a list. Each of items in the list has the
following fields: identifier (‘id”), operation type (‘operation’), which should
be applied on the set of received from situation instances. This part is similar
to group by method of SQL (The GROUP BY statement is often used with
aggregate functions to group the result-set by one or more columns [10]).
Operation are be applied over the attribute, which ID will be written in
“attribute” inside “parameters”. ‘Operation’ can be one of the following:

a) ‘Min’ - getting the minimal value of some attribute of all

instances with same condition

b) ‘Max’ — analogically

¢) ‘Sum’ — sum of all values of some attribute

d) ‘Count’ — count of instances satisfying given condition

If only certain part of instances is needed filters can be applied to
them.
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The usage of all the components is demonstrated during the
experiments.

2.3 Integration of Fuzzy classifiers in Solvers

We introduce a new type of classifiers (fuzzy classifier) that we
integrated in Solver analogous to fuzzy structures in [8, 9].

Fuzzy classifiers are similar to classifiers with parameters, which
were described in previous section, but also a list of rules, each of them must
be satisfied for classifier to be matched.

A rule consists of an expression, an operation (e.g., >, ‘<="etc.) and
a value (parameter).Finding of optimal value for the given rule is discussed
below.

2.4 Enhancing Adequacy of Classifiers by Cases

As described in chapter 2.3, each rule includes an expression and
some threshold, so if the expression value is above (or below, or equal etc.)
the threshold value, then the classifier is matched.

In [8, 9] experts provide their estimation of the threshold, so one of
the ways to set the threshold is get directly from experts. We provide an
enhanced solution calculates the threshold itself based on the input from
experts. After fuzzy classifier construction (with starting fuzzy parameter
set by expert) some cases are shown to the expert to estimate regarding to
what classifier is being tested (e.g., whether the given field is ‘weak’, or was
the move an ‘unexpected’ one etc.). After several examples and collected
data, machine learning algorithm calculates or adjusts the threshold value.

Afterwards, some more examples are shown to the experts for the
same purpose and the results are compared with previous ones to
experiment the enhanced classifier accuracy.

3. Matching of Fuzzy Classifiers and Classifiers with ‘parameters’

As described in chapter 2, classifiers used in Classifiers with
‘parameters’ (CWP) and newly added fuzzy classifiers must be matched

before considering the matching of CWP and fuzzies. This is done because
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already matched instances of the current situation are required for matching
the new ones.

Thus, matching of CWP and fuzzy classifiers cannot be done with a
regular matching approach as it is done for most of classifiers types. It
would be similar to matching of dynamic classifiers and matching of
negated concepts [11].

Matching of composite classifiers and dynamic CWP is done just as
previously, except the ‘parameters’ part.

The program will go through all elements of ‘parameters’ list. For
each of them, the program will get all instances which satisfy to all the filters
from the list ‘filters’ from the situation in which the current classifier is and
then will apply ‘operation’ on ‘attribute’.

Matching of fuzzy classifiers would be similar to CWP matching, but
with also checking the rule — if the rule is satisfied, than classifiers is
matched.

4. Experiments

We will go over acquisition and matching to fuzzy classifier
‘unexpected move’, which is described in [10].

4.1 Construction

4.1.1 Actual cost of piece

For mathematical formalization of mentioned concepts, authors use
the previously developed material-positional (M-P) estimate of the position
[12]. It is based on the fuzzy approach to the concept of "the presence of
pieces on the board" allowing, particularly

V(1) = V() * u(5F)
Where VN(ij) is the nominal cost of j piece of color ¢ and u(fjc)is the
membership function of fuzzy set. Nominal values for pieces are following:
pawn — 1, bishop/knight — 3, rook — 5, queen — 8, “The presence of pieces
on the board” was defined as follows:

_ Mg(f)
u(f) = Mo ()




N. Hakobyan 43

Where Mg (f) is the power of set of fields covered by the piece fin a given
position and M (f)— the power of usual set of fields covered by the piece f
on the center of empty chessboard. [§]

Nominal value of the piece and Mt(f) can be easily imported to
Solver as nuclears.

Issues appear while trying to integrateMg(f) to Solver. For each
figure X, we must get a set of classifiers, which contains all classifiers
‘move Figure’ (actions) for figure X. Method ‘Count’ on that set will
calculate number of fields under attack and be equal to Mg (f).The acquired
JSON presentation of this classifier is provided on figure 3.

Figure 3. Acquisition of power of figure

Matching of the ‘power of field’ is performed after all instances of
‘fields under attack’ are matched. As described before, previous classifiers
get matched in regular matching, after what the classifier ‘power of figure’
is matched.

On figure 4, acquisition of actual cost of a piece is introduced. The
classifier has attributes ‘power of figure’ and ‘figure’, where the figure must
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be same (it is being checked inside attributes of power Of Figure, the check
is hidden for the easiness). It has also a nuclear classifier as an attribute,
which value is equal multiplication of nominal value and power of the figure
divided by nominal power of the figure.

"id"

" ype

"parent”™

"attributes": B[

1e

"paren

"attributes"

"attribute"

"filterk

re _figure. fe=1"

"attribute"

"filterL

Figure 4. Acquisition of actual cost Figure 5. Acquisition of M-P estimate
of a piece of the position

Material-Positional (M-P) estimate of the position M-P estimate of
the position is calculated as the difference between the sums of real values
of pieces of both colors:

16 16
AVa(F) = D Velf) = Y Ve (Ff)
i=1 =1
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The formula shows the difference between the amount and activity of
the pieces of both sides.

On figure 5 acquisition of M-P estimate of the position is provided.

During the first iteration, the program matches mp Estimation . white
and mp Estimation. black which are summary of all figure’s actual costs
respectively for white and black players.

4.1.2 Unexpected Move

Then it comes estimation of the “degree of expected move” when the
change is positive as follows:

AVR(f,t) — AVp(f,t = 1)
Vv (Q)

WhereVy (Q)is the nominal value of the most valuable piece — the

pg(t) =

queen. In other words, the maximal possible loss (purchase) for one move
and Vx(f, t) is M—P estimate of the position after the move t.

The negative changes in this indicator can be considered as "the
degree of unexpectedness of the move" and specified as follows: g (t)

Classifier ‘unexpected Move’ is fuzzy but is also dynamic type, so it
would be the type ‘fuzzy-dynamic’, which will include all components from
dynamic classifier and ‘rule’ from fuzzy types. ‘rule’ will count difference
of mp-estimation of situation after the action (move figure) is applied and
mp-estimation of situation of situation before the action is applied and will
divide it all to 8 (nominal value of queen), as it is shown in the last equation.
The expression value will be compared with 0 (value set by expert) and if
the value is less then 0 classifier unexpected Move would be matched.

Acquisition of ‘unexpected Move’ is provided on figure 6.

5. Conclusion

A. New models and enhancements of classifiers for RGT problems
have been proposed, which allow to define and enhance personalized
classifiers.

B. Algorithms for matching described classifiers to situations and for

improvement of fuzzy classifier threshold values calculation are provided.
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Figure 6. Acquisition of unexpected move fuzzy classifier

C. Experiment was provided over personalized concept ‘unexpected
move’ to demonstrate enhanced adequacy of systemic classifiers by
personalized fuzzy classifiers and cases.
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HOBBIINEHUE AJIEKBATHOCTHU CUCTEMHBIX
KIIACCUPUKATOPOB C TIOMOLIBIO
HEPCOHAJIM3AIIMU U ITPUMEPOB

H.II. Axonan
AHHOTALUSA

B naHHOI cTaThe MBI CTPEMUIIUCH TIOBBICUTh aIEKBATHOCTh MOJEJIEH CHUC-
TEMHBIX KJIacCU(HUKATOPOB B KOMOMHATOPHBIX IIAXMATONOAOOHBIX 3a/1a4ax, KO-
TOpBIE B HACTOSILEE BPEMsl MPEACTABISIIOT TOJIBKO T€ PAMKH KJIaCCU(PHKATOPOB,
KOTOpbIe OOBIYHO HCHOJB3YIOTCS dKCHepTaMu. B KOMOMHATOpPHBIX 3ajayax TO4-
HBIE 3aIIUCH WM TEKCThI SKCIIEPTHBIX KIaccU(HUKATOpOB HEe BCTpeuaroTcs. B He-
KOTOPBIX PYKOBOJCTBAX MPUBEACHBI TOJIBKO paMKH KJIacCH(PHUKATOPOB, a UX HACT-
polika OCHOBaHA Ha MHAWBUAYAJbHOM OOyY€HHH, B YACTHOCTH, OOYUEHUH C IIO-
MOIIbIO TpUMEPOB. [IprHNMas BO BHUMaHUE BBILIEYIIOMSHYTOE, B CTaThE IPEJC-
TaBJIAIOTCS HAIIK JIOCTHKEHHS B TMTOBBIIICHUH aJIEKBATHOCTH CTPYKTYP Kiaccuu-
KaTOpOB IyTeM MHTErpallii C HUMH PE3yJIbTaTOB O0YUEHU 10 IpUMepam, a TaK-
JKe JIOIMyCKaeTcs HeYEeTKOCTh KiacCu(UKAaTOPOB COTIacHo 3ae.

KiroueBsble coBa: HeueTKasl JIOTUKA, IPEACTABICHUE 3HAHUI, TEpCOHA-
JIM3aLKsl, SKCIIEPTHBIE CUCTEMBI, MOJAEIUPOBAHUE.
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REMOTE SWAPPING MECHANISM OVER RDMA:
SPEED-UP MEMORY INTENSIVE APPLICATIONS
IN VIRTUALIZED ENVIRONMENTS

A. Kocharyan
Institute for Informatics and Automation Problems
ar_kocharyan@ipia.sci.am
ABSTRACT

Generally, the swapping is considered as an unwanted operation and
everybody tries to reduce the swap activity. However, in modern computing
infrastructures the networking technologies are providing high speed
connections to remote machines, especially to the memory of remote
machines. In this regard, it became efficient to use the memory of remote
machine as a swap device. In this paper we will introduce a remote swapping
mechanism which is capable to use various network technologies and
protocols. The solution aims to add a layer of swap device in Virtual
Machines (VMs) which is much faster than local disk and may help to
overcome the memory shortage of VMs, where the VM and the application
running in it are not aware of modifications.

Keywords: Virtualization, memory management, remote swapping.

1. Introduction
The permanent growth of the resource consumption by modern
scientific applications brings to large increase of the scientific
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computational infrastructures. The resource management and optimization
became a crucial for such e-infrastructures. In this regard, many of providers
adapt virtualization technologies to tackle this issue [1]. Virtualization
allows hosting several VMs on single host. The VMs run parallelly and
isolated one from another. Resource optimization in virtualized
environments achieved mainly via dynamic resource management, when
the resources are dynamically balanced among VMs depend on their needs
[2]. The most valuable resources in large scale datacenters are Memory and
CPU. Resource management in terms of Memory is much more complex
than in case of memory. It is straightforward to share CPU among VMs over
time and develop various schedulers to overcome this issue. However, it is
not the case with memory. It is hard to redistribute memory because wrong
distribution might cause a significant overhead in terms of running time of
the application [2]. Thus, the swapping to local disk is a bottleneck of every
system. All the providers try to minimize the swap activity and the main
reason is the extremely slow speed of read and write operations to local
disk. To overcome this issue, providers overprovision VMs with extra
memory taking into consideration the memory peaks they might face during
runtime. As a result, they end-up with the big chunks of unused memory in
every VM. The figure 1 shows the difference between reserved and used
resources in one of the datacenters maintained by Twitter. In this paper, it
is proposed a solution to overcome the issues of slow swapping. The paper
suggests to externalize the swap device and use fast memory on remote
device by exploiting the existing modern networking technologies (such as
Ethernet 1Gbit, Ethernet 10Gbit, InfiniBand 32Gbit).

The solution has been examined with various scientific applications
in real life conditions as well as with synthetic benchmarks where the
memory behavior of the application is known in advance and allows to
evaluate the speed of the remote memory.

During the experiments, the proposed solution proved the
effectiveness of the solution and helped to boost application up to 25%.
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Figure 1. Resource utilization over 30 days for a large production cluster at Twitter
managed with Mesos.

2. Background and Motivation

2.1 Swapping

Memory paging (or swapping) is a predicted behavior of operating
system (OS) [3] in case of memory shortage. When the OS sees that the
memory is not enough to store the page and page fault is occurred the OS
activates linux kernel module called kswapdwhich is responsible for paging
and it sends the pages to the local disk. In the meantime, it updates page
table to store the location of swapped pages. In case if the application wants
to access a swapped page the OS recall the page to the memory and swap it
with another page which is not used by any application at current moment.
Generally, OS may be assigned with several swap partitions or devices.
Every partition has its priority and OS sends pages to the device with the
highest priority.

2.2 Networking technologies

Modern networking technologies provide reliable connection
between several machines and maintain high speed network connection.
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The most popular type of network is Ethernet network and most of the
computers are equipped with ethernet cards nowadays. However, more
advanced networking technologies exist. Infiniband [4] is high bandwidth
and low latency network that interconnects HPC, Big data and many other
types of cluster worldwide. The nodes are connected using Host Channel
Adapters (HCA). The main advantage of InfiniBand networks is the Remote
Memory Direct Access (RDMA) [5] technologies. It allows to access the
data in the memory of remote host without interfering with the remote CPU.
This helps to decrease the overhead on the remote CPU and the data is
processed using processing power on the InfiniBand cards. This is a key
technology that speeds up many Big Data processing problems.

2.3 Motivation

Remote swapping is a key to amortize the overhead caused by
swapping activity. The modern technologies (such as RDMA) allow to
minimize the overhead on remote CPU and benefit from unused memory of
remote physical machine. The remote swapping mechanism configured to
work with various networking technologies is capable to optimize the
memory consumption in virtualized environments. A microbenchmark,
which is a simple application that maintain an array of pages and loops the
array accessing every page, has been developed to evaluate the latency
between various swapping technologies compared to local memory. The
Figure 2 shows the results of the comparison. It becomes obvious that even
general networking technologies such as 1Gbit Ethernet card is much faster
than local disk. Moreover, in case of InfiniBand network with RDMA
technologies the overhead is really insignificant compared to local disk and
it about 20 times faster than local disk.

The results prove that remote swapping may serve as superfast
swapping device and amortize the overhead of swap activity.
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Figure 2. Different swap device latency compared to local memory.

2.4 Related work

There have been many works dedicated to remote swapping. Most of
them are proposing solution based on ethernet networks [6,7]. However,
such network technologies may severe in extreme cases and would not bring
the desirable speed up to the application and may be used when the amount
of swapped data is small. On the other hand, there are solutions that use
InfiniBand network with RDMA technologies [8,9]. The main difference
between of proposed solution and existing solutions is the abstracted layer
of network technologies. The mechanism is capable to use any networking

facilities and even mount several devices using different network facilities.

3. Implementation

The solution is implemented in linux kernel as a loadable module.
This allows to load the module in the system without making intrusive
changes in the kernel of the OS.
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Figure 3. Architecture of the Remote Swapping mechanism

The solution is composed of two main parts: Serve-side and Client-
side. The server-side module is installed in on the machine which is going
to use (borrow) remote memory. The module will mount a swap device to
the Virtual Machine Manager (VMM) which will distribute remote swap
device resource among VMs. As soon as VM is equipped with remote swap
device and it has the highest priority among swap devices, the pages that
are sent to swap will be sent to the memory of remote machine. The Client-
side module should be running on client machine which is giving its
memory as swap device. The module will be in charge of granting access in
the memory of client machine which should be allocated in advance. The
Figure 3 is describing the architecture of remote swapping mechanism.

4. Evaluation

The above described results are the average of 10 experiments (each
experiment has been repeated 10 times). The standard deviations are not
presented due to its insignificance.

The following scientific application has been chosen to evaluate the
remote swapping mechanism:

e Grass [10] — Geo image processing application that has various
workload, in the paper presented the horizon angle computation, due to
its complex memory behavior.

e Blass [11] — is a library used for solving linear algebra equations. The
matrix multiplication case has been chosen as a use case.
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e Gromacs [12] — is a molecular dynamics package mainly designed for
simulations of proteins.
The performance degradation on client side has been evaluated using
HPL [13] benchmark which is the official benchmark of top 500 list.

30 :

T T
Swap over 1Gbit Ethernet
Swap over 10Gbit Ethernet
I Swap over Infiniband

20 - -

15 | -

i

Grass Blas Gromacs

Speed-up (%)
|
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Figure 4. Performance speed-up compared to unchanged system.

The figure 4 shows that the performance boost might go up to 25% in
case of remote swapping over RDMA which is the benefit of amortizing the
overhead of accessing local disk (which is about 20 times slower than
remote memory over RDMA).While the benefits of using remote memory
via 10Gbit ethernet network are varying between 9—12%, which is still
significant performance boost. Even in case of the general 1Gbit ethernet
network we can notice performance boot between 4—7%.

In the meantime, it is predictable that this operation should have side
effects on client machine. The performance degradation, in terms of
performed operation per time period, has been evaluated using HPL
benchmark. The results are presented in the Figure 5. Where we can notice

totally insignificance effect from swap over RDMA while the performance
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caused by swapping over Ethernet is below 5%, which is much lower than
the performance boost on the Server-side.

20
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Figure 5. Client-side machine performance degradation.

5. Conclusion

This paper introduces the remote swapping mechanism which is not
tied to any networking technologies. The proposed solution has been
designed and implemented in linux OS as a kernel module to reduce code
intrusiveness of the solution.The experiments showed that the remote
swapping mechanism may result up to 25% performance boot in case of
swap over RDMA while causing insignificant performance degradation
(<1%) on the silverside. It is planned to integrate the proposed solution to
memory management system and organize dynamic remote swapping
mechanize that will be abstracted in the OS level.
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VIAJEHHBIM MEXAHUW3M MOJKAUYKHA C TIOMOIIbIO RDMA:
YCKOPEHHUE ITPOT'PAMMBI, UCIIOJIB3YIOIIEE BOJIBIIOMN
OBBEM ITAMSATU B BUPTYAJIM3BUPOBAHHBIX CPEJAX

A.C. Kouapan
AHHOTANUS

B naHHOI cTaThe paccMaTpUBAETCS yAAJIEHHBIM MEXAHU3M IOJKAYKH C I10-
Mmoteio RDMA. OObIYHO Mo/IKauKa — HeXelaTellbHas OTepallysl, ¥ KaXK[bIi ITbI-
TaeTCs YMEHBIIUTH €€ aKTUBHOCTh. OJHAKO B COBPEMEHHBIX BBIYUCIUTEIBHBIX
MHPPACTPYKTYpax CETEBbIE TEXHOJIOTHH 00ECMEYNBAIOT BHICOKOCKOPOCTHOE COe-
JIMHEHHE C yIaJICHHBIMU MalllTMHaMH1, OCOOCHHO C TIaMSITHIO y/IaJIeHHbIX MallnuH. B
CBSI3H C ATUM CTajio 3G(HEKTUBHO UCITOJIH30BATh TAMSTH yAaJICHHOTO KOMITHIOTEPA
B KQUECTBE SWap-yCTpONCTBA.

B Hacrosiel cratbe NpeacTaBisgeTcss MEXaHU3M yJaJIE€HHON swap, KOTo-
pbBIl CIIOCOOCH MCIOJIB30BaTh PA3IMUHBIC CETEBBIC TEXHOJIOTUU U MPOTOKOJBI. -
Lenp pemeHust — 3T0 JOOABUTHh TAKOH MEXaHM3M IOJIKAYKHA B BUPTYaJbHbIC Ma-
bl (BM), KOTOpBI HAMHOTO OBICTpEE, YeM JIOKAIBHBIHN JTUCK, U TIOMOKET Ipe-
0/10JIE€Th HEXBATKY NaMSTH BUPTYaJIbHBIX MAIllMH, KOTJa BUPTYyaJbHasl MAIlllMHA U
paboTaroliee Ha Hell IPUIIOKEHNE He MOAU(DHUIIMPOBAHBL.

KiroueBble ciioBa: Bupryaim3ais, yrpasinenue O3V, yaaneHHas MoIKavka.
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LANGUAGE: INTRINSIC AND EXTRINSIC
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ABSTRACT

In this work, we evaluate and compare existing word embedding
models for the Armenian language, intrinsically and extrinsically. In
addition, new embeddings are presented, trained using GloVe, fastText,
CBOW, SkipGram algorithms. We adapt and use the word analogy task in
intrinsic evaluation of embeddings. For extrinsic evaluation two tasks are
employed: morphological tagging and text classification. Tagging is
performed on a deep neural network, using ArmTDP dataset. For text
classification, we created a corpus of news texts categorized into 7 classes.
The datasets are made public to serve as benchmarks for future models.

Keywords: word embeddings, word analogies, morphological
tagging, text classification

1. Introduction
Dense representations of words have become an essential part of
natural language processing systems. For many languages, there are various
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models available publicly for embedding a word to a continuous vector
space, and choosing which one to use for a given task might often be
problematic as embedding’s performance strongly depends on the nature of
the task. This work evaluates and compares the performance of word
embedding models available for the Armenian language, aiming to provide
insight into their performance on a diverse set of tasks. In addition,
benchmark datasets and methods are established for evaluation of future
models.

To the best of our knowledge, the first attempt to training dense
representations for Armenian words was the 2015 SkipGram model by
YerevaNN, trained on 2015 October 2 dump of Wikipedia. In 2017,
Facebook released fastText models trained on Wikipedia for 90 languages
[1], including Armenian. A year later, Facebook released another batch of
fastText embeddings, trained on Common Crawl and Wikipedia [2]. Other
publicly available embeddings include 4 models, released in 2018 as part of
the pioNER project [3], using GloVe method [4] and trained on
encyclopedia, fiction and news data. In addition to these 7 models, we
present newly trained GloVe, fastText, CBOW embeddings. All mentioned
models were included in our evaluation experiments.

There is no universal way to compare the quaility of word embeddings
[5]. Evaluation methods are grouped into two categories: (1) intrinsic,
which test word relationships directly through word vectors, and (2)
extrinsic, which test word vectors in downstream tasks such as
morhological tagging, syntactic parsing, entity recognition, text
categorization etc. For intrinsic evaluation, we proceeded with word
analogy questions. The Semantic-Syntactic Word Relationship test set
(hereinafter referred to as “word analogy task’) was first introduced in 2013
for English word vectors by Mikolov et al [6], then adapted for other
languages for Czech [7], German [8], Italian [9], French, Hindi, Polish [2]
etc. There are also analogy questions created for Armenian by YerevaNN,
but these are not a direct adaptation of the word analogy task and contain
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mostly semantic analogies!. In this work, we present and use a fully
translated and adapted version of the dataset.

In extrinsic evaluation, the performance of models varies depending
on the nature of task (e.g. syntactic vs semantic). With that in mind, we
selected 2 tasks for our experiments: morphological tagging and
classification of texts. The first is aimed to evaluate the applicability of
models in syntax-related tasks, while the second is mostly focused on
measuring their semantic properties. Morphological tagging experiments
are performed on a deep neural network, using the ArmTDP dataset [10].
For text classification, we created a dataset of over 12000 news articles
categorized into 7 classes: sport, politics, art, economy, accidents, weather,
society.

The main contributions of this paper are (I) the word analogy task
adapted for the Armenian language, (II) a corpus of categorized news texts,
(IIT) GloVe, fastText, CBOW, SkipGram word representations, and (IV)
performance evaluation of existing and proposed Armenian word
embeddings. The datasets and embeddings are available on GitHub?.

The paper has the following structure: the 2" section describes
existing and proposed models, the 3™ and 4" sections focus on the intrinsic
and extrinsic evaluation respectively, providing the results of experiments
at the end of each section.

2. Models

2.1. Existing Models. There already exist several trained models for
Armenian.

fastText Wiki%: Published by Facebook in 2017, these embeddings
were trained on Wikipedia, using SkipGram architecture [11] with window
size 5, dimension 300, and character n-grams up to length 5.

!https://github.com/Y erevaNN/word2vec-armenian-wiki/tree/master/analogies
2 https://github.com/ispras-texterra/word-embeddings-eval-hy
3 https://fasttext.cc/docs/en/pretrained-vectors.html
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fastText CC* Published by Facebook in 2018, these embeddings were
trained on Wikipedia and Common Crawl, using CBOW architecture with
window size 5, dimension 300, and character n-grams up to length 5.

SipGram YerevaNN®: Published by YerevaNN in 2015, these
embeddings were trained on Armenian Wikipedia using Skip-Gram with
dimension 100.

GloVe pioNER®: Four models released by ISP RAS team, trained for
50, 100, 200 and 300 dimensions, using Stanford’s GloVe algorithm with
window size 15. These were trained on Wikipedia, parts of The Armenian
Soviet Encyclopedia and EANC, news and blog texts.

2.2. Proposed Models. Apart from existing embeddings, we present
3 new models:

- 200-dimensional GloVe vectors, trained with window size 80;

- 300-dimensional CBOW and Skip Gram vectors, trained with
window size 5 and minimum word frequency threshold of 5;

- 200-dimensional fastText vectors, trained using SkipGram
architecture, window size 3 and character n-grams up to length 3.

The training data for these models was collected from various sources
(Fig. 1):

a. Wikipedia;

b. texts from news websites on the following topics: economics,
international events, art, art, sports, law, politics, as well as blogs and
interviews;

c. HC Corpora collected by Hans Christensen in 2011 from publicly
available blogs and news, using a web crawler;

d. fiction texts taken from the open part of the EANC corpus [12];

e. digitized and reviewed part of Armenian soviet encyclopedia (as
of February 2018) taken from Wikisource’.

4 https://fasttext.cc/docs/en/crawl-vectors.html

3 https://github.com/Y erevaNN/word2vec-armenian-wiki

6 https://github.com/ispras-texterra/pioner

7 https://hy.wikisource.org/wiki/ Zuyjujut_unytnwufub_hwbpughunwpub
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Figure 1. Origin of Training Data.

The texts were preprocessed by lowercasing all tokens and removing
punctuation, digits. The final dataset consisted of 90.5 million tokens. Using
the dataset, we trained word embeddings with GloVe, fastText, CBOW and
Skip-gram methods. The specified hyperparameters were chosen based on
the results on analogy questions.

All fastText models come in .text and .bin formats. To try to take
advantage of fastText’s ability to generate vectors for out-of-vocabulary
words, we separately tested .bin models as well.

3. Intrinsic Evaluation

To evaluate word vectors intrinsically we used an adaptation of the
word analogy task introduced by Mikolov et al in 2013 for English word
vectors. The original dataset contains 19544 semantic and syntactic
questions divided into 14 sections. A question represents two pairs of words
with the same analogy relationship: the first word is in the same relation
with the second one as the third one with the fourth. Sections are divided
into semantic and syntactic categories: first 5 sections test semantic
analogies, and the rest syntactic.

In order to make a similar set for our experiments, we mostly directly

translated original’s examples into Armenian, using dictionaries®® and

¥ https://bararanonline.com
? https://hy.wiktionary.org
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Wikipedia'® as a reference. Several issues arose during translation. In some
country-capital pairs, such as Algeria - Algiers, the country and its capital
have the same translation (Ujdfp), thus all lines including such pairs were
removed in order to restrict the task strictly to solving analogies. In other
sections, the examples that didn't have distinct Armenian translation (e.g.
he-she, his-her), were replaced by a different pair of words. Some country
or city names like Thailand have multiple translations in Armenian
(Pwpjulip, LPuyjuilip), and Wikipedia was used to resolve this kind of
situations. To make a localized adaptation, the city-in-state category was
replaced by regions of Armenia and their capitals, similar to adaptations for
other languages [2]. The comparative section was fully removed because
comparative adjectives in Armenian are multi-word expressions. In the
present-participle section, the participles in -n7 (kupuljuyuljui) were
used. While translating country-nationality analogies, we used

corresponding demonyms instead of the ethnic majority’s name.

Table 1. Sections of Word Analogy Task.

Section Questions Type

capital-common-countries 506 Semantic
capital-world 4369 Semantic
currency 866 Semantic
City-in-state 56 Semantic
family 506 Semantic
graml-adjective-to-adverb 992 Syntactic
gram2-opposite 812 Syntactic
gram3-superlative 1122 Syntactic
gramd-present-participle 1056 Syntactic
gramb-nationality-adjective 1599 Syntactic
gramg-past-tense 1560 Syntactic

10 https://hy.wikipedia.org
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gram7-plural 1332 Syntactic
gram8-plural-verbs 870 Syntactic

The obtained test set has 15646 questions and 13 sections (Table 1).
Similar to the original, translated word analogy task is not balanced in terms
of the number of questions per category and the sizes of semantic and
syntactic parts. For example, country-capital relations (e.g. Upkip ~
Znithwunwl = Quhppk ~ Eghwuinu) comprise over 70% of semantic
relations.

The accuracy of vectors on a question is determined as follows (WVi
denotes the word vector of i word in the question):

I. Calculate p=WV2—-WV|+WV;3
II. Check p =~ WV4 (this holds if p is closest to 4" word’s vector among
all words)

If the equation in II holds, the model is said to predict the question
correctly.

Results. To evaluate the accuracy of vectors, we used gensim's
evaluate word_analogies function'!. While computing the accuracy, the
vocabulary of models was restricted to 400000 words. Accuracy is
calculated on each section (Table 2) and all examples, alongside we provide
average accuracy over all sections (Table 3). Proposed fastText and GloVe
embeddings correctly predicted highest number of syntactic and semantic
examples respectively. However, GloVe’s score is clearly inflated by its
performance on country-capital examples.

On average, Facebook’s Common Crawl vectors produced higher
results in semantic sections and in total over all sections. As evidenced by
the marked difference in accuracy between .bin and .text formats, the ability
of .bin to generate vectors for out-of-vocabulary words greatly boosted its

performance.

! github.com/RaRe-Technologies/gensim/blob/develop/gensim/models/keyedvectors.py
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Table 2. Section-Wise Accuracy of Embeddings on Word Analogy Task.

Models capital- | capital- T, city- family | graml gram2 | gram3 oramd oram$ gramé | gram7 | gram8
Commaon world state
Fast Text[Wiki.text] 534% | 0.78% | 0% 0% 4.54% | 14.91% |30‘29% 39.57% | 7.19% | 44.21% |23.71% ‘29‘35% 0.45%
fastText] Wiki.bin] [334%  |077% | 0% 0% 4.54% | 16.53% | 30.29% | 27.98% | 7.19% | 47.52% |23.71% | 20.35% | 0.45%
fastText [CC textl Jzz 61% | 11420 | 2.77% | 7.14% | 13.83% | 22.07% | 30.66% | 43.76% | 4.45% | 41.38% | 18.33% | 19.96% |5.51%
fastText 1CC hinl | 72.53% | 39.28% | 11.55% | 48.21% | 47.83% | 25.2% |36.21% [49.64% | 19.7% |8.53% | 23.08% | 41.89% | 41.03%
fast Textnew text] [27.66% |81% | 01% | 179% |162% |28.02% |41.74% |48.3% |23.95% | 54.50% |50.51% | 53.67% | 6.09%
fastTextInew .bin] ‘ 27.67% 8.1% ‘ 1.03% 1.79% 16.2% 30.14% I4I 74% | 58.82% | 23.95% | 54.59% | 50.51% J 53.67% | 6.09%
SkinGraml YerevaNN| | 39.32% | 10.66% | 2.07% [ 893% | 5.73% | 4.03% |0.61% [3.74% |1.23% |23.57% |0.12% |578% |08%
SkinGram Inewl [36.17% [17.37% |2.3% |3.57% |17.79% |7.56% |12.43% [1639% [ 1.7% |37.77% |4.93% | 1681% |10.34%
CBOW [new| | 28.65% |13.04% | 1.5% | 536% | 29.05% | 10.48% | 14.77% | 17.91% |5.49% |24.26% [6.98% |28.6% |11.83%
Glave InioNER d501 | 8.1% 1.06% | 0.11% | 0% 6.71% | 3320% |246% |3.29% |0.94% [11.75% |1.02% |698% |1.26%
(HloVe InioNER d1001 ‘ 10.67% 1.67% ‘ 0.46% 3.57% 10.27% | 4.53% | 5.41% 4.72% 1.51% 16.51% | 1.15% ‘ 7.43% 3.9%
GloVe IpioNER 42001 | 10.67% | 2.28% | 0.8% | 7.14% | 11.66% o | 874% |7.13% | 1.32% |15.69% [1.02% |37% | 2.87%
GloVe IoioNER 3001 | 10.87% | 2.05% | 046% |536% [ 11.46% o |788% |579% |094% [13.75% [07% | 472% | 149%
GloVe Inew] | 733%  |49.04% | 219% |23.21% |158% |6.55% |11.2% |1274% |227% |47.71% [ 1.85% | 2049% | 5.4%
Table 3. Total and Section-Wise Average Accuracy of Embeddings
on Word Analogy Task.
Model Semantic | Syntactic Total Semantic Syntactic Total
(avg) (avg) (avg)
fastText [Wiki .text] 1.33% 24.88% 15.39% 2.13% 22.87% 14.89%
fastText [Wiki .bin] 1.33% 25.53% 15.78% 2.13% 23.71% 15.41%
fastText [CC .text] 12.08% 24.3% 19.38% 13.55% 23.29% 19.54%
fastText [CC .bin] 38.9% 35.96% 37.14% 43.88% 35.65% 38.81%
fastText [new .text] 9.29% 41.11% 28.29% 10.77% 38.35% 27.74%
fastText [new .bin] 9.3% 42.48% 29.11% 10.95% 39.93% 28.79%
SkipGram [YerevaNN] 11.37% 5.98% 8.15% 13.34% 4.98% 8.19%
SkipGram [new] 16.72% 14.69% 15.51% 15.44% 13.49% 14.24%
CBOW [new] 13.92% 15.66% 14.96% 15.52% 15.04% 15.22%
GloVe [pioNER dim50] 1.93% 4.36% 3.38% 3.19% 3.87% 3.61%
GloVe [pioNER dim100] 2.93% 6.13% 4.84% 5.33% 5.64% 5.52%
GloVe [pioNER dim200] 3.55% 6.07% 5.06% 6.51% 5.74% 6.04%
GloVe [pioNER dim300] 3.33% 5.11% 4.39% 6.04% 4.81% 5.28%
GloVe [new] 41.88% 15.35% 26.04% 33.12% 13.52% 21.06%
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4. Extrinsic Evaluation

The second way of comparing the quality of vectors is to use them in
downstream tasks. The comparison’s outcome depends on the nature of
these tasks and settings [5]. For that purpose, we performed experiments on
2 different tasks: morphological tagging and text classification.

4.1. Morphological Analysis. To check the quality of vectors in a
morphological task, we trained and evaluated a neural network-based tagger
on ArmTDP treebank, using word embeddings as input. The treebank’s
sentences are morphologically annotated, and the tagger’s task was to
predict the following 2 fields:

1. UPOS: universal part-of-speech tag.

2. FEATS: list of morphological features (number, case, animacy
etc).

For the tagger, we used a neural network with 1 sentence-level
bidirectional recurrent LSTM unit (Fig. 2). The pre-trained embeddings
were used as input to the network. Apart from word embeddings, the
network’s input included character-based features extracted through a
convolutional layer. The tagger was jointly trained to predict 2 tags for each
input token: its UPOS and the concatenation of FEATS tags.

embedding
word

p

@—‘

Figure 2. Morphological Tagger’s Neural Network.

biLSTM

As of v2.3, ArmTDP provides only train and test sets. We randomly
detached 20% of the original train set into a development set and used the
other 80% to train the network for 200 epochs, saving parameters after each
epoch. For optimization we used gradient descent with initial learning rate
of 0.6 and time-based decay of 0.05. For testing, the model with highest
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accuracy on the development set was used. The backpropagation of errors

to the word embeddings was blocked during training.

Results. The experiments for all embeddings were carried out for 10
random seeds and then averaged. The results are reported in Table 4.
Facebook’s fastText models performed poorly in comparison to others. A
striking observation is that in contrast to analogies, here fastText .text
vectors outperformed .bin by a big margin, especially on FEATS. Overall,
proposed models demonstrated highest accuracy. The best was fastText,

followed by CBOW and GloVe.

Table 4. Taggers Accuracy on ArmTDP v2.3 Test Set.

Dev* Test
Model UPOS FEATS | UPOS | FEATS
fastText [Wiki .text] 92.99% 83.83% | 89.54% | 81.03%
fastText [Wiki .bin] 89.27% | 75.96% | 84.35% | 71.14%
fastText [CC .text] 91.86% | 79.85% | 88.38% | 75.44%
fastText [CC .bin] 91.54% | 77.78% | 87.59% | 73.29%
fastText [new .text] 94.64% 85.89% 93.35% 83.99%
fastText [new .bin] 91.43% 80.1% | 87.55% | 74.78%
SkipGram 91.44% 80.04% | 87.45% | 75.68%
SkipGram [new] 93.9% 86.45% | 91.6% | 83.77%
CBOW [new] 93.87% 85.39% | 92.72% | 84.07%
GloVe [pioNER 91.78% 82.42% | 89.12% | 80.18%
GloVe [pioNER 91.78% 82.95% | 89.06% | 80.51%
GloVe [pioNER 92.34% 83.77% | 88.90% | 80.07%
GloVe [pioNER 91.70% 83.19% | 89.09% | 80.78%
Glove [new] 94.09% 86.23% | 92.98% | 83.97%

*Dev refers to the 20% of original train set that we used for validation
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Table 5. News Texts Classification Scores (macro).

Model Accuracy | Precision | Recall F1
fastText [Wiki.text] 66.63 60.38 63.02 58.96
fastText [Wiki .bin] 65.79 59.78 63.97 58.15
fastText [CC .text] 65.75 59.15 63.68 57.03
fastText [CC .bin] 65.51 58.96 63.43 56.94
fastText [new .text] 63.34 56.97 59.81 55.18
fastText [new .bin] 60.12 53.66 55.4 51.96
SkipGram [YerevaNN] 64.34 57.87 59.73 56.28
SkipGram [new] 66.68 60.84 63.56 59.83
CBOW [new] 67.92 61.94 65.2 60.94
GloVe [pioNER dim50] 64.26 57.57 58.39 54.4
GloVe [pioNER dim100] 65.91 60.15 62.34 58.91
GloVe [pioNER dim200] 68.16 62.13 65.54 60.6
GloVe [pioNER dim300] 67.85 61.7 65.36 60.43
GloVe [new] 69.77 63.93 66.55 63.13

69

4.2. Text Classification. In order to check the quality of word vectors

in a classification task, we collected 12428 articles from ilur.am news

website!? and categorized into 7 topics: art, economy, sport, accidents,
politics, society and weather (2667299 tokens in total). The texts’ 80% were
used as train data and the other 20% as test data. All texts were preprocessed

by removing stop words!®. As features for the classifier the average of a

text’s word vectors was used with tf-idf weighting. Then, one-vs-rest

logistic regression classifier with liblinear solver was applied.

12 http://www.ilur.am/

13 https://github.com/stopwords-iso/stopwords-hy
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Figure 3. Categoriesin News Texts Dataset.

Results. The accuracy, precision, recall and F1 scores shown in Table
5, were computed for each model. Overall, proposed GloVe vectors
achieved highest scores in all metrics, outperforming fastText, SkipGram,
CBOW. Somewhat surprisingly, high-dimensional GloVe vectors from
pioNER project, which performed poorly on analogies, are among the top
performers here. It is also worthy to note that among fastText models, .bin
vectors again produced worse scores than .text.

Conclusion

This work evaluates and compares publicly available word
embeddings for the Armenian language on 3 different tasks. To that end, we
present benchmark datasets for intrinsic and extrinsic evaluation of word
embeddings. For intrinsic tests, the word analogy task is translated and
adapted. For extrinsic evaluation, a neural network-based morphological
tagger is employed, and a corpus of news texts is created for comparison of
performance in a classification task. Alongside, new embeddings are
released that outperform most of the existing models on these tasks.

Generally, fastText models produced better results in syntactic tasks,
while GloVe models were better in tasks sensitive to semantic information.
On analogy questions, Facebook’s Common Crawl vectors were the winner
by a big margin, but performed relatively poorly in morphological tagging
and text classification tasks. In latter tasks, proposed CBOW, fastText, and
GloVe models demonstrated noticeably higher accuracy. Overall, the
results also illustrate that accuracy on analogy questions is not a good
indicator of embeddings’ performance on downstream tasks.
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BEKTOPHBIE IIPEACTABJIEHUSA CJ0OB 1JIsI APMAHCKOI'O
A3BIKA:BHYTPEHHSAA U BHEIIIHSASI OHEHKA KAYECTBA

K. Agéemucsan, 1. I'ykacan
AHHOTANUA

B pabote BBINONIHSACTCSI BHYTPEHHSS 1 BHEIIHSS OLIEHKA KauecTBa CYLIECT-
BYIOIIMX BEKTOPHBIX MOJEIEH CIIOB apMSHCKOTO s13bIKa. BoOaBok mpemcraBis-
IOTCS HOBBIE MOJIETM BEKTOPOB, OOy4YeHHbIe C moMoibio MeronoB GloVe,
fastText, CBOW, SkipGram. J{ss1 BHyTpeHHEH OIEHKH aJanTHPYETCS U IPUMEHS-
ercs TecT aHajoruil. J{is BHENTHEN OIEHKH MOJIENN BEKTOPOB TECTUPYIOTCA B 3a-
Jadax MOp(OJIOrHYECcKOl pa3MEeTKH 1 Kilaccu(puKaluy TeKcToB. PazMeTka BBITOJ-
HSIETCSl C TIOMOIIBIO MCKYCCTBEHHOH HEHpPOHHOW CETH, UCIONB3Ys AJsl 00yUYCeHHUs
0ank nepeBbeB ArmTDP. [lnst xnaccudukanuy TEKCTOB MBI CO37]aeéM KOPITyC HO-
BOCTHBIX CTaTe, pa3OMTHIX Ha 7 KiaccoB. Ml ienaeM HaOOPhl TECTOBBIX TaHHBIX
00IIe TOCTYTHBIMY JIJISl KCTIOJIB30BaHUS B NATBHEUIITNX UCCIIETOBAHUIX.

KaroueBrble c10Ba: BEKTOPHI CIIOB, TECT aHAJIOTHA, MOp(oIoTHIecKast pa3-

MCTKa, KJ'IaCCI/I(I)I/IKaI_II/IH TCKCTOB.
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CHUHTE3 3EJIEHBIX HAHOYACTHUILI OKCH/I0OB
KEJIE3A U NCCJIEAOBAHUME UX
HUTOTOKCHYHOCTH"
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AHHOTALMS

Toxcrmanocts HanowacTul] (HY), cHHTE3npOBaHHBIX XUMHUIECKUMHU U
(u3MUEeCKUMHU METOAaMHU, SIBJISIETCS] OHOW M3 OCHOBHBIX IIPOOJIEM AT UX
npuMeHeHus. 3enénpie HY, cuHTe3npoBaHHBIE C UCIOIB30BAaHUEM PACTH-
TEJIbHBIX IKCTPAKTOB, SBJISIFOTCS. MEHEE TOKCUUHBIMU B CPABHEHHH C APYTHU-
MH METOJaMHU MX KOHTperauuu. B mannoii pabote Obuia M3ydeHa TOKCHY-
HOCTh HAMH CHHTE3UpOBaHHBIX 3eneHbix HY okcunos xenesa (RBC tect) u

HCCJICA0BaHa aHTI/I6aKT€pI/IaJ'IBHa$[ aKTUBHOCTH Ha BBDKHMBAECMOCTH OaKTe-

* Paboma ewinoanena npu unancosoii noooepicke PAY 3a cuem cpedcme cybcuouii
Munucmepcmea obpasosanus u nayku P.



74 Cunmes3 3enenvix Hanouacmuy OKCUO08 dicene3a u uccieo. HuUe ux uu. Kcuvynocmu

puii. Pe3yiabTaThl mokaszanu, 4to noixyueHHsle HU B TaHHBIX KOHIIEHTpAIlH-
SIX HE SABJISIFOTCSI TOKCUYHBIMHU 10 OTHOIIEHHIO K SPUTPOILIUTAM U OaKTEPHSIM
I'p(+) S.aureus u I'p(-) E.coli K-12, cnenoBatenbHO, MOTYT UMETh TIPUKJIA]T-
HOE 3HAYCHHE JIJIS NabHEHIINX i1 ViVo UCCIIeIOBaHUM.

KaroueBrnlie cioBa: HaHOOMOTEXHONOTHA, HaHOYacTHIlbl, RBC tecr,
S.aureus, E.coli K-12.

Jns u3ydyeHus AeMCTBHS MOJTYyYeHHBIX HaMu 3eieHbix HY okcumos
JKeye3a Ha pOCT OakTepwid MbI TIPOBEIH HCCIICIOBAHUE HA 2 PA3IMYHBIX
HITaMMax: TpaMOTpULATeNbHbIX OakTepuil E. coli K-12 v rpaMIonoxu-
TENBHBIX S. aureus.

Kaxk nokazanu Haiu pe3yJibTatsl, B in Vitro yCIOBUSIX CUHTE3UPOBAH-
Hele HaMmu HY okcuioB >kene3a He 00J1aJaloT BhIPaXXKEHHONW IIUTOTOKCHY-
HOCTBIO IO OTHOILICHUIO K UccienyeMbIM mtammam E. coli K-12 u S. aureus
HECMOTPSI Ha TO, UTO TIOJI0XKHUTETBHBII KOHTPOIb — colb Fe?’, mpuBoauT K
JIOBOJIbHO OoJibIIoN 30He nu3uca (Puc. 1; 2).

AHTHOaKTEpUaIbHYI0 aKTUBHOCTh NposiBWIM Tojibko HY Ha ocHOBe
96% sxcrpakTa H. perforatum 1o OTHOIICHUIO K S. aureus, IPA TOM 30HA
MOJTHOTO MHTHOMpOoBaHus paBHa 24 MM (yuuThIBas Kop arapa 9 mm) (Puc.2).
Takas anTHOaKTEpUAIbHAS AKTUBHOCTH MMPOTUB TPAMIIONOKUTEIbHBIX OaK-
Tepuii 00yCcIOBIeHa HAIMYMEM BBICOKOTO COJIEp>KaHUE TUIIEPHUIIMHA B COC-
taBe H. perforatum (5.7 MKT/T cyxoro Beca). MHruOupyromas KOHIIEHTpa-
s st HY cocraBuna 0,53 mr/mit. [TockoabKy Takyro K€ akTUBHOCTB IPO-
s 96% u 50% KOHTPOJBHBIC KCTPAKTHI H. perforatum, To mogo0OHas
aHTHOaKTepuaibHasi aKTUBHOCTh OOBSCHAETCS HAJIMYMEM B cocTaBe H.
perforatum MaXOpHOTO CHUPTOPACTBOPUMOTO KOMITOHEHTA — TUTICPULIMHA,
KOTOPBI MPOSBISIET aHTHOAKTEPHAIbHYIO0 aKTHBHOCTh 10 OTHOIICHHUIO K
S.aureus, 4TO TOATBEPKAAETCA TAKXKE JaHHBIMU JuTepatypsl [12; 10].

ToxcuunocTh 3kcTpakToB 1 HY Takke mccrienoBanach Ha SpUT-
poluuTax, B pe3ysibTaTe 4ero Onu10 onpesneneHo, yro HY okcunos xenesa,

TAaK¥XE, KaK U UCCIICAYEMBIC 3KCTPAKTEI, HE 06na11an1/1 TEMOJIUTUYCCKUMH
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cBoricTBamu. Uepes 24 4 B yCIOBUAX TEMHOBOW MHKYOAIMK BOJAHBIC DKCT-
paxtsl H.perforatum L. u O.basilicum L. mpakTHYECKU HE MPOSBISIIN Te-
MOJIUTUYECKOW aKTUBHOCTH U PE3UCTEHTHOCTh 3PUTPOLUTOB COCTaBJIsjIa
93% u 100% cootBercTBeHHO (PHC. 3).

B ycrnoBusix TemHoBOM mHKyOanmu HY Ha OCHOBE BOAHBIX 3K-
ctpaktoB O.basilicum L. uepe3 24 1 unkydaunu HY Ha 0cCHOBE BOJIHBIX 9K-
CTPAKTOB TAKXE HE IMPHUBEJIH K T€MOJIM3Y U PE3UCTEHTHOCTh 3PUTPOLIMTOB
coctaBisiia 100%, a HY Ha ocHoBe BogHOrO 3Kctpakra H.perforatum L.

MIPAKTUYECKH HE TIPUBEITN K TEMOJIM3Y U PE3UCTEHTHOCTh SPUTPOIIMTOB COC-
taBisuia 90% (Puc. 4).

3akiroueHue
Takum 00pa3om, U3 MOTyUYEHHBIX Pe3yJIbTATOB MOXKHO CJlIeaTh Clie-
IyIollye BbIBOIbI: cuHTe3upoBaHHble HY He 06nanatoT 6akTepuuaHbIM
JIEWCTBHEM 0 OTHOIIEHHUIO K mTammam E.coli K-12, cuHTe3upOoBaHHBIE
HY ne o6sanatoT OaKTepUIIMIHBIM ACHCTBUEM 10 OTHOIICHHIO K IITaM-
MaMm S.aureus, kpome HY, cuHTEe3MpOBaHHBIX HA OCHOBE 96% 3KCTpakTa
H.perforatum, 9To HaBepHsKa CBA3aHO C COAECp)KaHNUEM runepuimsa (5.7
MKT/T CyXOro Beca), BOJHbIC IKCTPakThl H.perforatum L. n O.basilicum L.
u nostyyeHHble HamMu HY okcuoB kee3a Ha X OCHOBE, MPAKTHYECKU HE
00J1a/1a10T TeMOJTUTHYECKON aKTUBHOCTHIO, HEIUTOTOKCUYHBIE «3EJICHBIE)

HY MoryT uMeTh MHUPOKUI CIEKTP MPHUKIAIHBIX TPUMEHEHUH.
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Puc. 1. [eticmeue 50%, 70%, 96% smanonvuvix sxcmpakmos 6azunuxa (gvicyut.) u 0.1
M Fe’* (a); HY oxcuda dscenesa na ocHoee pasuwvix skcmpaxmos basunuxa (6), na pocm
baxmepuu E.coli K-12.

a

Puc.2. /leticmeue 50%, 70%, 96% smanonvbuwix sxcmpaxmos 36epobos u 0.1 M Fe* (a);
HUY oxcuda sncenesza na ocHoge pasuvlx 3manobHulx sxcmpakmos H.perforatum L., na
pocm baxmepuil S. aureus.
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SYNTHESIS OF GREEN NANOPARTICLES OF IRON OXIDES
AND THE STUDY OF THEIR CYTOTOXICITY

L. Farsiyan, A. Hovhannisyan

ABSTRACT

Nanoparticles (NPs) are submicron — nanoscale fragments from inorganic
or organic materials, which have a variety of unique properties compared with bulk
materials. The toxicity of NPs synthesized by chemical and physical methods is
one of the main problems for their application. Green NPs synthesized by using
plant extracts are less toxic in comparison with other methods of their
congregation. In this series of experiments, we synthesized iron oxide NPs, studied
their toxicity for erythrocyte resistance (RBC test), and investigated the
antibacterial activity on the survival of Gr(+) S.aureus and Gr(-) E.coli K-12
bacteria. The results of the experiment showed that the obtained green NPs are not
toxic, and, therefore, can be used for further in vivo studies.

Keywords: nanobiotechnology, nanoparticles, RBC test, S.aureus, E.coli K-12.
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AHHOTALNMUA

AHTHOMOTHKOYCTOWYHMBEIC OAKTEPUH — HOBBIC MATOTCHHBIE MUKPOOP-
TaHU3MBI, Ybsl PE3UCTEHTHOCTh K AaHTHOMOTHKAM SIBJISIETCSA CEPbE3HOM Mpoo-
JIeMOH U1 CIePKUBAHUS UX paCIPOCTPaHEHU U BO3ICHCTBUS Ha YeTIOBEKa.
B nacrosiee Bpems 00JbIIoe BHUMaHUE yIEeNseTcs MOUCKY albTepHATHB-
HBIX METOZOB OOPHOBI ¢ TOAOOHBIMU MUKPOOpPTaHu3MaMu. OZHUM U3 TAKUX
METO/IOB SIBJISIETCS MCIIOJIb30BAHNE HAHOYACTHL, KOTOpPhIE BBUIY HEOOJIb-
MIMX Pa3MEpOB CIIOCOOHBI MPOHUKATh yepe3 OakTepuaibHble MeMOpaHbl. B

JAHHOW paboTe OBLIO UCCIIEIOBAHO JCUCTBIE HAHOYACTHUI] OKCHJIA JKelle3a

*
Paboma svinonnena 6 pamkax npedocmasnennoco MOH P® ¢unancuposanus HayuHo-
uccneoogamenvckou oessmenvHocmu PAY.
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Fe304 (B xoumenTpammm 50—250 MKT/MIT) Ha yASTBHYIO CKOPOCTE M ITPOJIOJT-
KHUTEIBHOCTh JIar-ha3bl pocta, pH M OKUCINTEIIbHO-BOCCTAHOBUTEIbHBIN
MIOTESHITNAI CPEIbl, a TAKXKe Ha BhIAeNeHue Bogopoaa (H,) ammummmmua-pe-
3MCTEHTHBIM ITaMMOM Escherichia coli DHS5a-pUC18. AMnuipimue —
IIMPOKO U3BECTHBIN P-TaKTaMHBIN aHTHOMOTHK, ITOAABIISIONINI CHHTE3 OaK-
TepUAIBFHON KJIETOYHOU cTeHkn. OOHapyeHO MHTHOHpYIoIlee IeHCTBHUE
HaHoyacthll Fe;O4 Ha aMIUIMIUTHH-PE3UCTEHTHBIN TaMM E. coli, BeIpaxa-
foleecs B CHIYKEHUH YJISIbHOM CKOPOCTH POCTa M YMEHBIIEHUH KOJIHIECT-
Ba 0aKTEepHATBHBIX KOJIOHHH, BRIPOCIITHX Ha TBEPIOH MATATEILHON cpeae, a
TaK)Ke B YBEJIUUYCHUH POIOJDKUTEIBLHOCTH Jiar-as3sl pocta. HaHouacTHIIb!
Fe;04 Taxxke mopaBisin MeMOpaHOCcBsizaHHOE Beigenenue H, E. coli, 4to
MOXET OBITh CBSI3aHO C aKTHBHOCTBIO THJIPOT€HA3bl U (HOPMUAT-BOAOPO/I-
JIMA3HBIX KOMILIEKCOB E. coli. Takum oOpa3om, HaHo4acTuIlel Fe;O4 posis-
JISIOT aHTHOAKTEPHAFHYI0 aKTHBHOCTH B OTHOIIIEHUH aMITHIIMILTHH-PE3UC-
TEHTHOW OaKTepWH, U MOTYT PacCMAaTPUBATHCS KaK aHTHOAKTepUabHEIE
areHTHl, YTO B OyAyIIeM IMO3BOJIUT UM 3aMEHUTh AaHTUOMOTHKHU B OMOMeEn-
[WHE TIPH JIEYCHNHN Pa3TUIHBIX HHPEKITMOHHBIX 3a00ICBaHAN.

KiroueBble c10Ba: HAHOYACTHIBI OKCHJA XKelle3a; aHTHOMOTHKOYC-

TOWYMBEIE OaKTEPHH; POCT OAKTEPUH; BBIICICHUE BOAOPOIA.

BBenenue

[Iupokoe 1 3a4acTy0 HEKOHTPOIUPYEMOE UCTIOIBb30BaHNE AaHTUONO-
TUKOB TMPHUBEJIO K TMOSBJICHUIO aHTHOMOTHKOYCTOWYMBBIX MHUKPOOPTaHU3-
MOB — OJTHOHM M3 OCHOBHBIX mpoosiem onomenunmnuabl X XI Beka. B HacTos-
1iee Bpemsi 00JIbIII0€ BHUMAaHHE yIESETCs TOMCKY albTePHATUBHBIX METO-
J1I0B 00pBbOBI € 0I0OHBIMU MUKpOOpranu3Mamu. OTHUM U3 TAKUX METOJIOB
SBIIIETCS Ucnonb3oBanue Hanovactuil (HY), koTopbie BBUAY HEOOMBIINUX
pa3MepoB CIIOCOOHBI TPOHUKATh uepe3 OakrepuaabHble MeMOpaHsbl. [Toka-
3aHO, 4T0 HY HEKOTOPBIX TSKENBIX METAJUIOB MPOSBIAIOT aHTUOAKTEPH-
QJIbHYI0 aKTUBHOCTH MPOTUB aHTUOMOTUKOYCTONUMBBIX OakTepuii [1, 2].

Onnumu u3 Hambosee mHoroobOemaromux HY nns mpumeHeHus B

OnoMeInIMHE 1 OMOTEXHOJIOTNU ABJISIFOTCS HAHOYACTHIILI OKCHUIA JKeJiesa
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FesO4 [2, 3]. BBuay Bbicokoit 6uocoBmectumoctd HYU FezOs moryT wuc-
10JIb30BAThCSA B CUCTEME JTOCTABKHU PA3JIUYHBIX JEKApPCTBEHHBIX IIperapa-
TOB TIPH JICUCHUH PA3HBIX BUJIOB paka [3, 4]. Kpome Toro, mokazaHo WHTH-
6upytomee neiicreue HY FesOs Ha popmupoBanue 6M0pHIEMOB aTOTCH-
HbIMH MHKpoopranu3mami [5]. [Ipeamnonaraercs, 4To aHTUOAKTEPHATLHOE
neiicteue HY MeTannos sBiseTcs pe3yabTaToM X B3aUMOJAEHCTBUS ¢ Oak-
TEepUATBLHOU MEMOpPaHOIl U TPOHUKHOBEHUS B KJIETKY, IPUBOISIINM K MOB-
pexaeHU0 MeMOpaHsbl U THOenn 6akTepuii [2, 6]. MexaHU3MBbI, JIeKaIre B
OCHOBE aHTHOaKkTepuanbHbIX 3 PexroB HY, HEe McciieJ0BaHbI IOJHOCTHIO,
U pa3nnyaroTcs B 3aBUcUMOocTH OT Buaa HY u 6akrepun. Bnussaune HY nHa
0aKTepuH 3aBUCUT OT MHOTHX (DAKTOPOB: CTPYKTYpbl HAHOYACTHIL, UX QOp-
MBI, CITIOCO0a MOTyYeHHsI, BUJa CTaOWIM3aTOpa U Ip. CBOMCTB [3, 6].

B nannoit pabote uccnenoano aeiicteue HYU oxcuna xeneza FesO4
Ha MmapameTpbl pocta (YIeIbHYI0 CKOPOCTh U POAOHKUTEIBHOCTS JIar-ga-
3bl pocTa, pH 1 OKMCINTENbHO-BOCCTAHOBUTENBHBIN MOTEHIIUAN Cpebl), a
TaK)ke Ha MeMOpaHOCBsI3aHHOE BblaeneHue Bojpopoaa (Hz) amnumminus-

pe3ucTeHTHBIM TaMMoM Escherichia coli DH5a-pUCI8.

MeToanl

baxmepuu u ux pocm. ViccnenoBanus NpOBOANUINCH HA aMITHLIUIIMH-
pesuctentHoM mrtamme E. Coli DH50-pUC18. bakrepust BeIpaiirBanach B
IPUCYTCTBUH M OTCYTCTBUU aHTUOMOTHKA — amnuiuiuinHa (100 Mxr/min) B
aHa’pOOHBIX YCIIOBHIX Ha MentoHHOU cpene (2 % menrtona, 0.5 % NaCl,
0.2 % KoHPOsu 0.2 % rmoko3sr) ipu 37 °C u pH 7.5 [7]. HY Fe3O4 B
koHIeHTpanuu oT 50 10 250 MKr/mMiT 10OaBIISIITM HEMOCPEACTBEHHO B POC-
TOBYIO cpenly. PocT GakTepuil KOHTpOIMpOBAJIN ITyTEM M3MEPEHUS ONTH-
yeckoit mnotHoctH (OIl) cycnensuu Ha cnekrpodoTomerpe SP-2000 UV
Visible (Ningbo Hinotek Instrument, China) npu anuae BomHbl 600 HM
(OIT600). Y nenpHYI0 CKOPOCTH pocTa (|L) ONpeaemsii Kak YaCTHOE OT Jiejie-
Hus 0.693 (In2) na Bpems ynoenust OIl B unTepBane, korjga U3MeHEHHE

OIl Bo BpeMeHH HOCHJIO JIMHEHHBIH XapakTep, U Bhpaxand B u! [7, 8].
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[TponomxuTensHOCTD J1ar-ga3bl pocTa ONpPEessin rpaguuecku, Kak Bpe-
Ml 10 Hadana jJorapugmuydeckoid (asbl pocra. [logcueT )Ku3HEeCTTOCOOHBIX
OakTepuil POBOJIUIM METOJIOM IIOCEBAa COOTBETCTBEHHO Pa3BEICHHOW B
ompesieieHHOM 00beMe OaKTepHUaTbHOW KYJIbTYphl HA TBEPAYIO MHTATEb-
HYIO cpeny B damiku [leTpu, a 3aTeM MoACYUTHIBAIU KOJIUYECTBO chopmu-
POBAaHHBIX KOJIOHHUH.

Onpedenenue pH, okuciumenbHo-60CCMAHOBUMENLHO2O NOMEHYUA-
n1a cpedsl, sHympukiemourno2o pH u evioenenus H>. pH cpenbl usmepsnu B
npouecce OakrepuanpHoro pocra ¢ nomouibto pH-merpa (HANNA
Instruments, Portugal) [8]. HauansHoe 3nauenue pH mopnepxuBanoch B
npenenax 7.5+0.1 ¢ momomrsio 0.1 M NaOH wmu 0.1 M HCI. Oxucnurens-
HO-BOccTaHOBHUTENbHBIN moTeHman (OBII) onpenensiiu ¢ ucmonb30BaHM-
€M Tapbl AMEKTPOAOB (IJIATHHOBOTO U TUTAaH-CHIMKATHOTO) [7, 8]. Brixon
H:> paccuutsiBanu no usmenenuto Benuunnbl OBII u BbIipakanu B MMOJb
Ho/n [7, 8]. 3nauenue BHyTpHKiIeTOUHOro pH omnpenensiiv no TyIIEHUIO
bayopecueniuu 9-amunoakpuauna (9-AA), kak onrcano panee [9]. U3me-
peHUS TTPOBOAMIIMCEH Ha criekTpoduryopumerpe Spectro-96 (MRC, Israel)

pu aiuHe BOJIHBI 460 HM [9].

Pe3yabTaTsl U 00Cy:KI1eHUE

beuto uccnenosano Biuaaue HY Fe3Os4 Ha mapameTpsl pocTa aHTH-
ouoTtukoycroitunBoro mramma E. coli. Kumieunasi najouka — UpoOKo U3-
BECTHAsl rpaMoTpHIaTesbHas OaKTepHs, XapaKTepU3YIOUIasicsi BBICOKOM
CKOPOCTBIO pocTa U 0oJiee WM MeHee HCCe0BaHHbIM MeTab0In3MOM |7,
8, 10]. Cpenu E. coli Taxxe BCTpEUarOTCs MaTOT€HHBIE (POPMBI, BBI3bIBAIO-
[IME Pa3IMYHbIC 3200JIEBaHUST MOUYETIOJIOBOW M IIEHTPAILHOW HEPBHOU CHC-
Ttem [11].

ITpu no6asnennu 50 Mxr/min HY ckopocTh pocTa GakTepuil mouTH He
MeHsJIach HU B MPUCYTCTBUM, HU B OTCYTCTBUU amnumwuinHa (Puc. 1A).

AMITUIUIUIAH — HIMPOKO U3BECTHBIN [-JIaKTaMHBIN aHTUOUOTHK, M0JIaBIs-
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IOIIUHA CHHTE3 OaKTepHUabHOM KJIeTOUHOUM cTeHKH [12]. OOHapykeHO WH-
rudupytomee neiicteue HY Fe3O4 (B konnenTpammm 100-250 Mxr/min) Ha
aMnuuuuIMH-pe3ucTeHTHoI mramMm E. Coli DHS5a-pUCI18. Kak BunHo u3
Puc.1A, makcumanbsubiit uHrHOUpYytouwmii 3¢gpdexr HY nabmonaercs npu
KOHIIEHTpauuu 250 MKr/Mit: yaeabHas CKOpOCTh pocTa E. coli monasisiiach
IpUMEpPHO B 2 pasa, ykas3biBas Ha OakrepunuaHoe aeiicrsue HU. B mpu-
CYTCTBMM aMIUIMIUIMHA 3 dekTuBHOCT, HU cHMXanach: yJenbHas CKO-
pocThb pocta O6akTepuu nojasisuiack B 1.4 paza (Puc. 1A).

JmuTensHOCTh TaTeHTHOM (J1ar) (ha3el pocTa 3HAYUTEIBHO BO3pacTa-
na B npucytctBuu HY Fe3O4, uTo Takke MMeNIo KOHLIEHTPALMOHHYIO 3aBU-
cumocts (Puc. 1B).

[pu nobasnennu 100 mxr/min HY Fe304 konmndaecTBO KU3HECTIOCOOHBIX
KOJIOHMH aMIMLWUIMH-PE3UCTEHTHOM E. coli ipu pocTe B OTCYTCTBUU U IIPHU-
CYTCTBMM aHTMOMOTHKA CHIXKAIOCh B 5—7 pa3, cooTBeTCTBeHHO (Puc. 2).

[Ipenmonaraercsi, 4T0 MPUIMHOW AHTUOAKTEPHATHHONH aKTHBHOCTH
HY spnsiroTcs akTuBHble GOpMBI KHcIoposa (cynepokcuanbiii (0%) u ruj-
poxcuanbiii papukansl (OHY), cunrnerusiii kucnopon (10%)), o6pasyemblie
HY Fe304[2, 6].

Poct 6aktepuii B aHapOOHBIX YCIOBHIX COMPOBOMKAAETCS MaJACHUEM
OBII oT oJI0KUTENBHBIX A0 PE3KO OTPULIATENbHBIX 3HaUeHuH [7, 8]. s
BbIsiBIIeHUs MexaHn3MoB ericTBus HY Fe3O4 Ha aHTHOMOTHKOYCTORYHMBBIN
mwramm E. coli Obina uccnenoBana kuietnka OBII B nponecce Oakrepuab-
Horo pocta. [lokazano, uto poct nanHoro mramma (6e3 HY u antubuoru-
KOB) B aHa’pOOHBIX yCIOBUSX B TeUeHUE 24 4acOB CONPOBOXKAAETCS CHU-
xeHueM 3HaueHus OBII ot nonoxurensHoi Bennuunsl (+120+10 MB) B
Havase jar-¢gassel pocta 10 —485+10 mB (Tabm. 1). [Tagerne OBII yka3bi-
BAeT Ha MOBBIIIEHNE HHTEHCUBHOCTH BOCCTAHOBUTENIBHBIX MPOLIECCOB, YTO
SBIISICTCSI TUITMYHBIM /1151 METa0OJIMUECKUX MPOLIECCOB BO BpeMsi pocTa Oak-
Tepuil B aHA3POOHBIX YCIOBUAX U MEMOpaHOCBsA3aHHOIO BblieneHus Ha[7,
8]. Hobasnenne HY npuBoaut k 3amennenuto naaeans OBII. Tak, B npu-
cyrctBuu 100 mxr/ma FesO4 snauenne OBII camxanoce no —427+5 mB.
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[Ipu pocte GakTepun B npucyTCTBUU amnuiuuimHa Besmunaa OBII moc-
turana —465+10 mB. Ilpu no6asnennn HY Fe3O4 OBII amnununus-pe-
3UCTEHTHOW OakTepun nmonHmkaics 10 —405+5 mB (Tabm. 1).

B3aunmocssi3b mexay camxenueM Bennunabl OBII v Beinenenuem Ha
ObuIa TIOKa3aHa Ui pa3HbIX OakTepuil B Hamiel naboparopun [7-9]. 13-
BECTHO, uTO BblAeneHue Ha E. coli cBsI3aHO ¢ aKTUBHOCTbIO MEMOPaHOCBSI-
3aHBIX (POPMHUAT-BOAOPOA-THA3HBIX KOMIIJIEKCOB, PACIIEIUIIONUX (HOpMU-
at Ha H2 u CO2[7]. HY Fe3O4 He oka3biBaiu CylIECTBEHHOTO BO3AECHCTBUS
Ha BbIxoJ] H2 E. coli, BbIpallleHHOW B OTCYTCTBUU aHTUOMOTHKA: BbIJIEJICHHUE
H> nopasisuiocs npuMepHo B 1.2 pa3a o cpaBHEHUIO ¢ KOHTPOJIbHBIM 00-
pastom (Tabm. 1). Ognako npu nericteun HY u amnuiuinHa HaOIr0 1a7cst
CHUHEPTrUYeCKUil 2PPEeKT: UX KOMOMHMPOBAHHOE MPUMEHEHHE BBI3BIBAJIO
nojasieHue Bbixoaa Ha mpumepHo B 2 pasa 1o cpaBHEHUIO ¢ OakTepuei,
BBIPALICHHON B IPUCYTCTBUH OAHOTO aHTHOUOTHKA (Tabum. 1).

Onpenensiyin Takke 3HaueHUe BHYTpukieTodHoro pH Gakrtepuii mo
TymeHuto payopecueHunu 9-AA [9]. Pacnipenenenue 9-AA mexay BHe- U
BHYTPUKJIETOYHBIM MPOCTPAHCTBAMH OaKTEPUAIbHOM KJIETKH NPUBOAUT K
coznanuio rpaauenta pH. Tymenue ¢yopecueHy B MpUCyTCTBUU OaK-
Tepuil HaOIro1aeTCsl, KOrjaa BHEKJIETOUHbIN pH BbIlIe, YeM BHYTPHKIETOY-
Heli pH. 3Hauenue BHyTpuKiIeTOYHOrOo pH aMIMIWIIMH-PE3UCTEHTHOIO
mramma E. coli DH5a-pUC18 cocrasnsno 7.50+0.05. 3nauenune pH nan-

HOT'O ITaMMa HC U3MCHAJIOCH IIpU ,Z[O6aBJ'IeHI/II/I HY.

3akirouenune

Hanouactunpl Fe3Os 1eMOHCTpUPYIOT aHTUOAKTEpUATIbHYIO aKTHUB-
HOCTb B OTHOLLIEHUH aMIHUIWUIMH-PE3UCTEHTHOTO mTamMma E. coli, nonas-
J5151 YAEJIbHYI0 CKOPOCTb pocTa U BelieneHue Ho, a Takxke yBennunBas npo-
JOJDKUTENIBHOCTD JIar-(ha3bl pocTa, 4TO CBUAETEIBCTBYET O TOM, YTO JIaH-

ueie HY B037€iicTBYIOT Ha OakTepualbHYI0 MEMOpaHy MyTeM W3MEHEHUs
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ee CTPYKTYpbI U NpoHuraeMoctu. Kpome Toro, 00Hapyke€HO cuHepruyec-
KO€ B3aMMOJICHCTBHE MEKAy HAHOYACTULIAMH U aHTHOMOTHUKOM: UX KOMOH-
HUPOBaHKE IPUBOJUT K MOJaBieHUI0 Bbixoaa Ha B E. coli.

Taxum o6pazom, HY okcuna xeneza MOTyT paccMaTpuBaThCs Kak aH-
TUOAKTepHUaIbHbIE areHTHl, YTO B OyyIlIeM MO3BOJIUT UM 3aMEHHUTh aHTH-
OMOTHKM B OMOMETUIIMHE MIPU JICUEHUH PA3IMYHbIX MH(PEKIIMOHHBIX 3200-
JICBaHUIA.

Ell Xontpons (Ges HY)

L2+ HUIFe 0, (50 mrr/mm)
+HY Fe,0, (100 MKr/ivm)

>

".‘;\ 044 (77 + H Fe 0, (150 xcrfvun)
\; E+Hu Fe O, (250 MKT/MIT)
=
o 03
g ° alos
= _
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S //
& 0.2
o 7
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=
[ =]
§ 0.1 4 g
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= 0.0 T
> 63 aMITAITHILTHHA € aAMITMIHIUIHHOM
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[Ipomo/sKHTENBHOCTS J1ar (hazbl pocTa (4)
(=] [\
l 1

f
Oes aMIIH WL THHA ¢ aMITHIHIUVIMHOM

Puc. 1. Bausanue pasnuunvix xonyenmpayuil H4 Fe3;O4 na yoenvnyio ckopocms (A4) u
npooondcUmenrsbHocmy aaz gasvl (b) pocma amMnuyuiiuH-pesucmenmno2o wmamma
E. coli DH50-pUCIS8.
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I Kourpons (Ges HY)
]+ chO:1 HY (100 mxr/mmn)
400
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(=2

=
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. 200

100

KonuuecTBo KH3HECTTOCOOHBIX
e ) 6
xononuii E. coli (*10°/mm)
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0e3 AMIINLIUIHHA C AMITHIHILIHHOM

Puc. 2. Konuuecmeo scuznecnocoOnbix KOIOHUI AMAUYULIUH-PESUCMEHMHO20 WMaMMd
E. coli DH5a-pUCI8 npu pocme 6 omcymcmesuu u npucymemeuu 100 mxe/mn H4 Fe;O..

Tabauya 1.

Bnuanue H9 Fe304na usmenenue OBII cpedul u evidenenue Hz amnuyuniun-
pezucmenmuvim wimammom E. coli DH5a-pUCI18 ¢ npouecce anapoonozo pocma.

Beixon H2 OBII (MB)

(MMOITB/7T)
E. coli (6e3 amnunnsuinHa) 1.41£0.05 —485+10
E. coli (6e3 amnummmuaa) + HY FesOs  1.20 £ 0.05 —427+5
E. coli (c amnmunumimHOM) 1.35+£0.05 —465+10

E. coli (c ammummummaom) + HY FesOs 0.74+0.03 —405+5
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ANTIBACTERIAL EFFECT OF IRON OXIDE NANOPARTICLES
ON ANTIBIOTIC-RESISTANT ESCHERICHIA COLI STRAIN

A. Harutyunyan, M. Timotina, L. Gabrielyan, L. Rshtuni,
A. Trchounian

Antibiotic-resistant bacteria are novel pathogens the resistance of which

presents a problem for containing their spread and their effect on humans.

Nowadays the finding of alternative approaches for overcoming antibiotic-

resistance of bacteria attracts great attention. One such approach is the use of

nanoparticles that can penetrate through bacterial membranes due to their small

size. In the present work the effects of iron oxide (Fe3;Os) nanoparticles (in
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concentration 50-250 pg/mL) on the specific growth rate and lag phase duration,
medium pH and redox potential, and hydrogen (H:) production by ampicillin-
resistant Escherichia coli DH5a-pUCI18 strain have been investigated. Ampicillin
is a known B-lactam antibiotic, which inhibits the synthesis of bacterial cell wall.
Fe;04 nanoparticles showed inhibitory effect on ampicillin-resistant E. coli strain.
Bacterial growth specific rate and colony forming units were decreased indicating
the nanoparticles’ antibacterial effect. Moreover, the lag phase duration was
increased in the presence of nanoparticles. Membrane-associated H, production by
E. coli was also lowered, which can be coupled with activity of hydrogenases and
formate hydrogen lyasecomplexes. Thus, Fe;O4 nanoparticles show antibacterial
activity against ampicillin-resistant bacteria, and these nanoparticles can be used
as antibacterial agents, which can substitute antibiotics for the treatment of
bacterial diseases in biomedicine.
Keywords: iron oxide nanoparticles, antibiotic-resistant bacteria, bacterial

growth, hydrogen production.
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OITPEAEJIEHUE CPEJHEI'O PASMEPA BE3UKYJI
HUOCOM KAK ®YHKIUU TEMIIEPATYPbI
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AHHOTALIUA

B nanHoit paboTe mpoBeAEHO HCCIeIOBaHNUE BIHUAHUS HarpeBa HUO-
COMaJIbHOM Jucniepcun Ha ocHOBe Span 60 Ha pasmeps! yactull. [lokaszano,
YTO MPH YBEIMYECHUH TEMIIEPaTyphl HAOMIOJAeTCsl YMEHBIICHUE CPEIHETO
JraMeTpa Be3UKYJ HIOCOM B cpegHeM Ha 25%.

Knioueewie cnoea: HuocomaneHas nucnepeusi, Span 60, Be3UKYJIbL

Breaenne

B TeueHue nocnenHuX IECATKOB JIET B 00JIACTH YCOBEPILIEHCTBOBA-
HUS (papManeBTUYECKUX CBOMCTB JIGKAPCTBEHHBIX MPETapaToOB MPOU3OIILIH
cepbesHble n3MeHeHus [1-5]. Pa3paboTaHbl NpUHIMITMAIBHO HOBBIE TO-
XO/Ibl, MTO3BOJIAIOIINE MEHATh CBOMCTBA JIEKAPCTBEHHBIX NPENAapaToB: Je-
nath ux Oosiee 3¢pPpeKTUBHBIMHU, NPUIABATH UM aJIPECHOCTh, CHUXKATh TO-
6ounble 3P dexTsl. 11 3TOro NPUMEHSIOT HAHO- U MUKPOPa3MEpHbIE HO-

CUTCJIU, TAKHUEC KaK JIMITIOCOMBI, HUOCOMBI, ICHAPHUMEPLI U AP. Haubonbmee
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pacnpocTpaHEeHHUE B HACTOSAIIEEe BpeMs MTOJIYYHUIIU JTUIOCOMBI (MUKPO- U Ha-
HOpa3MepHBIC KOJJIOUAHBIE c(hephl, KOTOPHIE COCTOSIT U3 JIUIUIHOTO CIIOS,
OKpY KaloIero aKTUBHOE JIEKAPCTBEHHOE CPEJCTBO) U KaK aJbTEpPHATHBA
UM — HIOCOMBI (MCKYCCTBEHHbIE OJHO- HJIM MHOT'OKaMEpHBIE BE3UKYJIbI, 00-
pa3oBaHHBIC JBYCIONHBIMU MEMOPAHHBIMH CTPYKTYPAMH, COCTOSIIIIMH U3
HEHMOHOT€HHBIX Cyp(hakTaHToB). OAHAKO HUOCOMBI 00JIa/1al0T PSIIOM MPEU-
MYUIECTB MO CPABHEHUIO JTUIIOCOMAMHM, YTO CBA3AHO C PsIOM HpHUUUH [6].
Bo-nepBbIx, B OTIIMYME OT JUIOCOM, HHOCOMBI HE MOJIBEPKEHbI OKHCIICHU-
10. BO-BTOpBIX, 7151 HUX HET HEOOXOIMMOCTH B CO3/IaHUH CTIEIUAIBHBIX Me-
TOJIOB OUYMCTKU U XpaHeHus. U, B-TpeTblX, HIOCOMBI XapaKTEpU3YIOTCS Bbl-

COKHM COOTHOIICHHEM I1eHA-2(PPEKTUBHOCTD.

Marepuajbl M1 MeTOABI

B kauectBe 00pa31ioB 115 UCCIIEJOBAHUS Mbl HCIIOJIb30BAJIA BOJIHYIO
HUOCOMAaJIbHYO IUCIIEPCHIO, COCTOSIIYIO U3 COpOMTaHMOHOCTeapara (Span
60), xonecrepuna, nonudtwieHrnmukonss PEG-4000 u nuuetundocdara B
MOJISIPHOM cooTHoIeHuu 35:27:1:5. Onpenenenue pa3MepoB YacCTHUIL TUC-
nepcHoi (a3pl IPOBOAMIUCH METO/IOM CKaHUPYIOIIEH 3JIEKTPOHHON MHUK-
pockonuu (TescanMira 3 Im). {nst 06paboOTKM MOTYUYEHHBIX MUKPOGOTOT-
paduii ucnonb3oBanu nporpammy ImagelJ [7]. Maremarudyeckue pacyeTsl
IPOBOJWINCH ¢ TpUMeHeHneM nakera MSExcel.

Jlnis onpesieneHyst BIMSHUS HarpeBa Ha pa3Mep U (opMy HUOCOMAJIb-
HBIX YaCTHII, KCCIIelyeMbIe 00pa3Iibl HarpeBaiu Ha BojsiHOM Oane (Unilab)
B unTepsane ot 25 °C 1o 50 °C. Ha puc. 1 npeacraBnessl MUKpodOTOrpa-
¢bun uccneayemMpIx 00pasoB, U3 KOTOPBIX BUAHO, YTO YACTHUIIBI JUCTIEPC-
HOU a3kl — monmaucnepcHas cpena. st KOppeKTHOTO OMUCAHUS TaKOM
JMCTIEPCHOM cHCTeMbl HeoOXouma HH(pOpMAaIs O pacrpeie]IeHud Yncia
4acTH 110 pa3MepaM. XapaKTEPUCTUKA JUCIIEPCHOIO COCTaBa BHIIIOJIHEHA C

MIOMOIIIBIO (DYHKITUH PACIIpeIeICH sl YHCIa YacTuIl o pasmepam f(§).



94 Onpedenenue cpednezo pazmepa 6e3uUKyll HUOCOM KAK QYHKUUU memnepamypol

Jlis ompezeneHus: 5KBUBAJEHTHOIO JMaMeTpa YacTHUIl HaXOIWIN
. . 4Sy
CPeIHHI MPOEKTUPOBAHHBIN AHaMeTp: O = — - Jns nonmyuyeHus: UH-

dbopMaiuu 0 pazMepe YacTHIl Ui KaXXJA0ro 3HAYCHUS TeMIepaTyphl, UCC-
JeloBanu pa3nyHble ppakiuu ¢ ooumm yrciaom 350, nanee cTpouiIu Tuc-
TOrpammsl (puc. 2), Aaroliue IpeacTaBIeHue O CTEeNEeHU MOJIUAUCIIEPCHOC-

TH aHAJIU3HUPYEMbBIX CUCTCM.

Pe3yabTaThl U 00Cy:KI€HUE

[IpoBeieHHBIN aHANINU3 OKA3bIBAET, YTO IPU U3MEHEHUN TEMIIEpaTy-
pu1 B uaTepBaie (25-50°C), B u3ydaeMbIX JMCIEPCHBIX CUCTEMAX, HAOIIHO-
JIA€TCsl yMEHBIIIEHUE CPEJIHETO AMaMeTpa YyacThll B cpeiHeM Ha 25%. Ilpu-
YHMHA 3TOr0, BO3MOKHO, COCTOMT B TOM, YTO pPa3Mephl BE3UKYJ KOHTPOJIH-
PYIOTCSl TEPMOJMHAMUYECKUMU (aKTOPAMH.

Heo0xoaumMo 0TMETUTD, YTO HUOCOMBI MaJIbIX pa3MepOB TEPMOIUHA-
MUYECKH HEYCTOWYMBBI, TOITOMY HX COJEp)KaHHE MOXHO OOHAapyXKUTb
TOJIBKO CITYCTSI KOPOTKOE BpeMs 0CJI€ IPUTOTOBJIEHMSI CYCIIEH3UMU, P yC-
JIOBMM HEOOJIBIIION €€ KOHLIEHTpallK. PaccTosiHue Mex /1y HHOCOMaMHu B ar-
perarax HacTOJIBKO MaJjlo, YTO MEX/1y HUMH BO3HUKAET CHIIBHOE MEXKBE3U-
KYJISIPHOE B3aUMOJIEHCTBUE. DTO COIPOBOXKIAETCS UCKPUBIEHUEM COIPH-
KacaroIIMuXcs IOBEPXHOCTEH U B JaJIbHEHIIEeM BeJleT K 00pa3oBaHuIo Oojee
BBIFOJTHBIX SHEPreTUUECKHU KPYITHBIX HUOCOM, T.€. IPOMCXOIUT UX CIIUSHUE.
[Tpu noBbIIIIEeHUH TEMIIEPATYPhI CIIUSHUE HUOCOM B arperarax 3aMeJysieTcs
MOJ1 BIUSHUEM CHJI OTTAJIKHWBAHUS CTPYKTYPHUPOBAHHOCTH BOJBI B IPOCT-
paHCTBE MEXKIY HUMHU U YBEJIMUYEHUEM OPOYHOBCKOT'O IBHIKEHUS.

[IpencraBineHHble pPe3yJIbTaThl MMO3BOJSIOT CYJUTh O YYBCTBUTENb-
HOCTH Pa3MepOB YAaCTHUIl HUCOMAJIbHOM AUCIIEPCUU HA OCHOBE COPOUTAHMO-

HocTeapaTta (Span 60), K U3MEHEHHUSIM TEMIIEpaTyphbI.

3aki0ueHue
HrocomasibHble MUKPOKOHTEMHEDBI SABJISIFOTCS MEPCIIEKTUBHON COB-

PEMEHHOW TEeXHOJIOTHEH MHKATICYTMPOBAHUS M BBEJICHHS Pa3IMYHBIX (ap-
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MaKOJIOTMYECKHX MpenaparoB. B cBsa3u ¢ 3Tum 0coly1o 3HaUMMOCTh MpH-

oOpeTaet uzy4eHne (PU3NKO-XMMHUIECKUX CBOMCTB ATUX CUCTEM.

T 1503 HL D4.1 xi6k T638HL D47 x10k  10um

Puc. 1 Muxpogpomoepaghuu 600rnoul ducnepcuu HUOCOM HA OCHOBe COPOUMAHMOHOCEA-
pama Span 60, norusmunenznuxoass PEG-4000 u ouyemuagocgama.

O6pazen Nel (25 °C) OGpasen Ne2 (35 °C)

YyacroTta

500 700 900 1100 1300 1500 1700 1900 500 700 900 1100 1300 1500 1700 1900
AHaMETP, HM AnameTp, HMm
Oopasen Ne3 (40 °C) Odpaszen Ned (50 °C)

yacroTta
yacrota

500 700 900 1100 1300 1500 1700
500 700 900 1100 1300

AnameTp, HM
ANaMeTp, HM

Puc. 2. Pazmepvl Huocom npu pasnudnslx memnepamypax.
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DETERMINATION OF THE AVERAGE SIZE VESIKUL NIOSOM
AS FUNCTIONS OF TEMPERATURE

K.S. Elbekyan, E.I. Diskaeva, O.V. Evening

ABSTRACT

In this paper, we studied the effect of heating niosom dispersion based on
Span 60 on particle sizes. It is shown that with increasing temperature a decrease
in the average diameter of vesicles by niosom is observed on average by 25%.
Keywords: niosomal dispersion, Span 60, vesicles.
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AHHOTALUA

Toxcuunocts HanouacTull (HY), cHHTE3UpOBaHHBIX pa3HBIMU (HU3H-
KO-XUMUYECKHMH METOIaMU SIBIISICTCS OJTHOU U3 OCHOBHBIX TIPOOIIEM JIJIs UX
npumeHenus. HU, cHHTe31upOBaHHbIE MTPU MOMOIIN PACTUTEIBHBIX SKCTPaK-
TOB «3enéupiey HY, aBnstoTCS MEHEE TOKCUYHBIMU B CPABHEHUH C APYTHUMU
METOJaMHU UX KOHIperanuu. B cBsi3u ¢ 3TUM, OYeHb aKTyaIbHBIM SIBISIETCS
CHHTe3 MeHee TOKCHUHBIX HU ¢ ucrmonp30BaHHEM pacTUTEIbHBIX SKCTPaK-
TOB M BBISIBJICHUE UX JCUCTBUS Ha pa3Hbie OMOJIOIMYECKUE CUCTEMBI.

[Monyuennsie Hamu «3enenbiey HY cepedpa (AgNP) ¢ momoribio
9KCTpaKTa Oasuivka apMsHckoro (O.araratum) ObUIA UCCIICIOBAHBI HA Ha-
JIMYUE IIUTO- U TEHOTOKCUYHBIX CBOMCTB. Pe3ynpraThl moka3anu, 4To COB-

MecTHoe BozzeicTBrHe AgNP ¢ SKCTpakTOM MpW TEMHOBOW MHKyOaIruu Ha

* Paboma evinonnena npu uuancosoti noodepicke PAY 3a cuem cpedcme cybcuouil
Munucmepcmea Obpaszosanus u Hayxku Poccutickoii @edepayuu.
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SPUTPOITUTHI YeJIOBEKA MPUBOAMIIO K TIOJTHOMY TeMOJHU3y depe3 24 4., 9To
00ycioBieHo MUTOTOKCHIHOCTRI0 AgNP. [Ipu rccmeqoBanuu mpsiMoro BO3-
nevictBusa 50% stanonsHoro O.araratum u AgNP Ha renomuyro JJTHK xire-
TOK capKoMbI S-180 He BBISIICHO HATMYUE T€HOTOKCUYHBIX CBOUCTB.
KaroueBsle cioBa: HaHouacTHIBI cepedpa, RBC Tect, muToTokcuy-

HocTb, [IHK perapnanus, reHOTOKCHYHOCTb.

BBEJIEHUE

HsBectHO, uTo HY 001a1a10T HECKOIBLKUMU ITOTEHIMAILHBIMHY OITAC-
HOCTSIMU, BKJIIOYasi KaHIEPOTE€HHOCTh, F€HOTOKCUYHOCTb, ITUTOTOKCHY-
HOCTh U OOIIYI0 TOKCHYHOCTh. Pa3mepsl MHKEHEPHBIX HAaHOMATEPHAIOB-
HY HacTonbko Maibl, 4TO MOTYT IIPOWTH CKBO3b KOXY, JIETKHE U KHIIECY-
HBII TPAKT C HEU3BECTHBIMU MOCIEACTBUSAMH IS 3A0POBbS yesioBeka [12].
B cBs13u ¢ 3TUM, OUEHB AKTyaJIbHOM TEMOU SBIISIETCS CUHTE3 MEHEE TOKCUY-
HeIX HY ¢ ncnonb30BaHUEM PacTUTENBHBIX 3KCTPAKTOB U BBISBICHHE UX
JEICTBUS HA pa3Hble OMOJIOTUYECKUE CUCTEMBI.

HanowacTuier cepebpa MMEIOT OTIWYUTEIBHBIE OaKTEPUITUHBIC
CBOMCTBA, KOTOPBIC MIPUBEJIH K MOSBJIICHUIO HOBBIX MPUMEHEHUI B OHOMe-
nunuae [17]. U3BectHo, uro AgNP uHIynmupyroT ObICTpoe 3a)KUBIICHUE
paH. OHU OKa3bIBAIOT MPOTUBOMUKPOOHBIE CBOMCTBA, YMEHBIIIAIOT BOCTIA-
JICHHE ¥ MOJYJIUPYIOT IKCIPECCUIO0 IIUTOKMHOB, TEM CaMbIM o0OecreynBast
HOBBIH TEpANEBTUYCCKUIA cTIOCO0 /1 JaeueHus paH [ 16, 19]. Menuuuackue
noJIuMepsbl, nponutanHble AgNPs, UCIoNIb3yIOTCS B KaU€CTBE MOKPBITUI
JUTS. MEUITMHCKOTO O0OpYAOBaHUS C 1EJbI0 YMEHBIICHUS BEPOSATHOCTH
pacrnipoctpanenuid nHekuii [6]. HecmoTpst Ha 3TO, €CTh CBEJIEHUS O IH-
TO- ¥ TEHOTOKCUYHOCTH HAHOYACTHUII cepedpa, YTO YMEHBIIIAET CIEKTP UX
npumenenus (2, 7, 10, 11, 20].

Ocimum (6a3unuK) BKItodaet 6osee 150 BUIOB U CUMTACTCS OJTHUM
13 KpyIHEeHIX poJ1oB cemeiictBa Lamiaceae (SIcHoTKOBBIE). Bee Gombie
BO3pACTaeT MHTEPEC K U3yUEHHUIO CBOMCTB PACTEHUU 3TOTO POJia B CBA3U C

IMUPOKHUM PACIIPOCTPAHCHHUEM, YaCTbIM HCIIOJIb30BAHHEM B HaHHOHaHBHOﬁ



100 Hcceneoosanue HUUMOMOKCUYECKUX U CEHOMOKCUHYECKUX C6OIICME «3e1eHbIX)» HaHowacmuy cepeﬁpa

KyXHE U TPaJIMLIMOHHON MEIULIMHE Pa3HbIX HAPOJIOB, T.K. COAECPKHUT OO0JIb-
IO CHEKTP BTOPUYHBIX METAa00JIUTOB [15]. [ TaBHBIMU BTOPUYHBIMU MeE-
tabomutamu poga Ocimum SBISIOTCA dPUpPHBIE Macia, (PeHOIbHBIE KOM-
MOHEHTHI U aHTOLMAaHMHEI [5]. B 6a3unuke oOHapy>KeHBI TaK)Ke PO3Mapu-
HOBasg U Ko(elHast KUCIOTHI, 00Jafatoue CHIBHBIMU aHTHOAKTepUalb-
HBIMU U TMPOTHBOBOCHAIUTEIBHBIMU CBOMCTBamMu [14]. dnaBoHOUIBI U
npyrue (eHOIbHbIE KOMIOHEHTHI 0a3minka 00Jaal0T MHUPOKUM CIIEKT-
POM CBOMCTB, a Tako# Kiiacc (1aBOHOUIOB, KaK aHTOIIMAHUHBI 00ECTICUH-
BalOT XapaKTEepHbIN LBET MyPIYypPHBIX BUA0B JaHHOTO poja [4].

Lenbto npecTaBieHHON pabOThI OBLIO i1 Vifro UCCIIEOBAHUE LIUTO-
TOKCHUYECKUX U TEHOTOKCHUYECKUX CBOMCTB «3€JIEHBIX» HAHOYACTHI] cepeo-
pa B3aUMOJEHCTBUEM C 3pUTPOLIMTAMHU YesoBeka U ¢ reHoMHoi JIHK pako-
BOM JTMHUM capKoMbl S-180.

MATEPHUAJIBI U METO/bI

ITosryyeHue pacTuTeIbHBIX IKCTPAKTOB

bazunuk apmstackuii (Ocimum araratum), Obl1 cCOOpaH B MEPUOJ
usetenus: 2016-2017 rogoB B Apapatckoir oOmactu Apmenuu. Crebmu
pacTeHus 1ocie MpeiBapUTEIbHOI IPOMBIBKH cTEepUiIn30Baiu B 1% pact-
BOpE I'MITOXJIOpUTA HAaTpUs U BeIcyuBaiu 10 10% Brnaxxnoctu. Pacturens-
HbI MaTepuan OblI M3MENbYEH /10 IMOJIyYEeHHUS OAHOPOJHOrO IMOPOIIKA.
CMemunBaiy ¢ 3KCTPareHToM B COOTHoIeHuH 1:30, B kKauecTBe dKCTpareH-
ta mpumensuics 50% ostaHON, pa3daBiaeHHBIN GdochaTHEIM Oydepom
(pH=7.4, 0.1MM), nanee B3Bechb 15 MUH NOJBEPraju yJIbTPa3BYKOBOMY
Bozneiicteuio mipu 75BT (Ultrasonic Homogenizer, Sonic-150W, MRC,
W3paunsb), nocne yero 24y nHKyOUpOBaIM Ha KayaJKe B TEMHOBBIX yCJIO-
Busix (60—70 06/MuH), OTGUIBTPOBBIBAIN U LEHTPUPYTHPOBATH 15 MUHYT
npu 3000 o6/mMun Ha uentpudyre Jouan GR412 (I'epmanus). [lo ananuzy
BOXX B 50% sTanonbHOM 3KCTpakTe Ocimum araratum, oOHapy»XeHa

po3mapunoBas kuciota (PK) B konnenrpanuu 5,43 MKr/miL.
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IHosryyeHnne HaHOYACTHI] cepedpa ¢ HOMOIIBIO ITAHOJIBHOIO

3KcTpakTa Ocimum araratum

PacTuTenbHBIN AKCTPAKT HO0ABISUIA K pacTBOPY HUTpara cepedpa.
Iepexon Ag'' no Ag® noareepskaancs M3MeHEHUEM IIBETAa PacTBOPa OT
OecuBeTHOroO 10 KopruuHeBoro. Ero oOpasoBanue Taxke ObLIO MOATBEPK-
JICHO CTIEKTPOCKOMUYECKUM MeT010M. CIieKTpaibHbIi aHAINU3 TPOBOAUIN
¢ ucnonb3oBanueM crekrpodoromerpa UV/Vis (JENWAY 6405, 1seii-
uapusi). CUHTE3 HaHOYaCTHUI] IPOUCXOAUT MPU KOMHATHOM TemrepaType U
3aBepIIAeTCs 32 HECKOJIbKO MUHYT. Jiisa momydenus 3enenbix HY cepebpa
6611 BBIOpaH 50% 3TaHONBHBIN 3KCTpakT Ocimum araratum B CBS3H C TEM,
4yTO npeaBapuTeabHblii CKpUHUHT APA 1 OC® pa3HbIX 9KCTPAKTOB BbIf-
BUI MakcumasibHOe 3HaueHue APA m OC® MMEHHO y 3TOro 3KCTpakTa

(TaHHBIC HE IPUBOAATCS).

RBC TtecT onpeneeHus1 HUTOTOKCHYHOCTH IKCTPAKTA

U HAHOYACTHI]

JUJ1s IOy YeHuUst S3pUTPOLIUTOB KPOBH 3/I0POBBIX JOHOPOB LEHTPUDY-
rupoBainy rpu 1500 06/MuH B TeueHUE 5 MUH, Jjaliee OCAKACHHBIE YPUTPO-
IUTHI ABAXK]IbI OTMBIBATIN LIEHTPU(PYTUPOBAHUEM TPHU TEX K€ YCIOBUSIX B
¢uznonornueckom pactBope. OcaxieHHbIE YPUTPOLMTHI PECyCIeHANPO-
Banu B pocdarHom Oydepe (137 MM NaCl; 2.7 MM KCI; 8.1 MM Na2HPO4;
1.5 MM KH2PO4). OnTrueckas mioTHOCTh CYCIIEH3HH SPUTPOLIUTOB COC-
tansna 0.7 ontuueckux eaunuil (6.2+10°%/Mi1 S5pUTPOIUTOB).

Pe3ucrenTHOCTD (YCTOMUMBOCTH) SPUTPOLIUTOB OLIEHUBAJIH 110 U3ME-
HEHUIO ONTUYECKON IUIOTHOCTHU CYCIIEH3UU SpUTPOLUTOB IIpu 680 HM B Te-
yenue 10—15 muH, cHuMas noka3anus depes Kaxasie 30 cek, Ha CIEKTPo-
dotomerpe UV/Vis JENWAY 6405, lIseiinapus). [leficTBue SKCTpaKkToB
Y HaHOYACTHUI] Ha SPUTPOLIUTHI OLIEHUBAJIOCh UX PE3UCTEHTHOCTHIO (P), om-

peaeneHnue KOToporo NpoOBOAUIH 1o GhopMyIie:

P = Ax/(Ao-Ar)-100%,
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rae Ax — ontuueckas mioTHocTs (OIT) oOpa3ua nocne obmyueHus B
TeueHue X BpemeHu; Ao — OIl HereMonM3upoBaHHOM CYCIIEH3UH IPUTPO-
uToB, Ar — OIl 006pa3ua nocie NoJIHOro reMoan3a, KoTopas He IOCTUraeT

HYJICBOT'O 3HAUCHUA N3-3a O6paSOBaHI/I$I reMuxpoma.

IHonyuenue mooenu capkomot S-180 y muvtueit

HccnenoBanus npoBeaeHbl Ha OeIbIX 0€CIIOPOIHBIX MbIIIAX-CaMIIaX
(Bec 25 £ 2 1). Mpimm 661111 0TOOpaHb! U3 BuBapuyma MucTuTyTa Quzno-
noruu uMm. JI.LA. Op6enn HAH PA. Bce nelicTBusi poBOAMINCE B COOT-
BercTBUM ¢ [IpuHnunamu nabopatopHoro yxoja 3a >kMBOTHbIMU B Komu-
TEeTE 10 3TUKEe EpeBaHCKOro rocyAapCTBEHHOTO MEAUIIMHCKOTO YHUBEPCH-
teta (EpeBan, ApMeHHs) U B COOTBETCTBHHU C PELICHUEM OT 22 CEHTAOps
2010 roma Cosera eBporetickux coodmiects (2010/63/EU).

JI1st npUroToBIIEHUS IIpenapara K YUCTOU KyJIbType capkomsl S-180
0€3 KPOBEHOCHBIX COCYJI0B 00aBIIsIN 3 MJT (PU3UYECKOTO pacTBOpa U MPO-
BOJIMJIM TOMOreHn3anuio Tkand. 0.5 mi1 kinetok capkomsl S-180 TpaHcn-
JAHTUPOBAJIA MOJKOXKHO Kaxaod Mblu. Yepes 11 nHelt u3 5-tu Mbliei
M3BIMAJIM TKaHb CApKOMBI U roToBwiM npenaparsl JJHK u3 kierok capko-
MbI S-180.

Ixcmpazuposanue 2enomuoit /IHK u3z knemok capkomut S-180

W3omsmust renomuoit JIHK mpoBoaunace ¢ momomibio Habopa
apeqGOLD MicroSpin Tissue DNA Kit (PeQ lab Biotechinologie
GmbHErlangen, 'epmanus).

Meton perapaanun JJHK

Uccnenoanue npsimoro B3aumoaerctBus 50% 3TaHONBHOTO KCTA-
paxta 6asunuka Ocimum araratum u H4 Ag c renomuoii JJHK knetok cap-
KOMbI S-180 B 3aBUCHUMOCTH OT KOHILEHTPAIIMU MPOBOJUIA U3MEPEHUEM
anekTpodopernyeckoi nmoasrmxHocTH reHomHon JJHK B 0.8%-om arapos-

HoM renie. Iy npuroroBieHus 0y(depHbIX pacTBOPOB UCIIOIB30BAIH TPUC-
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aneratHbil Oydepnsiii pactBop (TAE). Hns npurotosnenust 1 XTAE 0Oy-
depa k 20 mn konneaTpupoanaoro S0 XTAE Oydepa nodaBnsiim qUCTHII-
JUPOBAHHYIO BOIY M, THIATEJILHO MepeMeninBasi, J0BoawiIn 10 lia. 0.8 r
arapo3ssl pactBopsuiu B 100 mut 1 XTAE 6ydepa [Wang et al., 2012]. Dnexr-
podopes Ha arapo3nom remne npooawiu npu 100 B, 60 muH.

CraTucTuyeckas o0padoTka pe3y/ibTaTOB

MeTtoaamu NopsAAKOBOM CTATUCTUKHU TPOBOMIIN aHAIHU3 JaHHbIX, 110-
JTy4YEeHHBIX B pe3yibrare crekrpodoromeTpun. [Ipu HOpMambHOM paciipe-
JIeJICHUH JAHHBIX PUMEHSIIA METOIbI TApaMETHYECKON CTATUCTUKH, B TOM
YHUCJe MOPSAAKOBYIO CTAaTUCTUKY U HemapHbIi t-rect CTbiojeHTa. Boruuc-
JIeHUs IPOBOIWIIMCH ¢ MpUMeHeHueM nporpamMmel Microsoft Office Excel
2007. CTaTUCTHYECKH 3HAYUMBIM 3HaueHueM ObLIo npuHATo p<0.05. bu-
0JIOTUYECKasi TOBTOPHOCTh OMNBITOB 4—6 KpaTHas MpuU MPOBEACHUM 2—3
cepuii onbITOB B Kaxa0M. CpeaHe apudMeTndecKue U CTaHAapTHbIE OIIHO-

KM MIPUBOJIATCS Ha rpadukax, Tabnuuax u auarpammax (n = 8—12).

PE3YJIBTATBI U OBCYXJIEHHUE

RBC 1ect HU Ag B 50% 3TaHO0JILHOM 3KCTPaKTe

Ocimum araratum

JIJ1 OLIEHKM IUTOTOKCHYECKOM aKTUBHOCTH dKCTPAKTa U CUHTE3UPO-
BaHHbIX HY cepebpa, nmpooamin RBC Tect. 'emonuruueckoe neictaue
sKcTpakToB (1,75 MKI/MJI cTaHIapTU30BaHHbIE [0 PO3MAaPHUHOBOM KHCIIOTE)
u HY uccnenoBanu mpu TEMHOBOM MHKYOAIIMU C SpUTPOLIUTAPHOMN B3BECHIO
31I0pOBBIX JOHOPOB. Hamo ormernts, uto PK He obmagaer remonuruyec-
KOI aKTUBHOCTBIO, TaK Kak 00J1ajaeT MeMOpPaHONPOTEKTOPHBIMU CBOMCT-
Bamu [1]. Pe3ynbraTel nuccnenoBanus npuseaeHsl Ha Puc. 1.

ITpu TemHOBBIX ycnoBusAx remosu3 50% 3TaHOIBHOIO DKCTPAKTA

Ocimum araratum HaunHAICS ¢ 15 MuH, a K 60 MUH MPaKTUYECKH HAOIO-
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Jancs noiaHsld remoaus. AgNP nonydeHnHsle HenocpeacTBeHHO ¢ 50% 3ta-
HOJIBHBIM 3KCTpakToM Ocimum araratum yepe3 20 MUHYT PUBOIUIH K T€-
Moisinzy Ha 28%. Ilo npoucmectBuo 60 MUHYT HacTymaeT IeMOJIU3 Ha
npubnuzutensHo 16%.

HeiictBue 50% atanonbHOrO 3kcTpakra Ocimum araratum u H4 Ag
yepes 24 yaca NpUBOAMIIO K MOJTHOMY T'€MOJIH3Y, YTO O0YCIOBIICHO IIUTO-

TOKCHUYHOCTBIO KaK 3KCTpPAKTa, TAK U HY Ag

Bzaumooeiicmeue 50% rmanonvnozo sxkcmapakma 6azunuxka

u H4 Ag c cenomnon /IHK onyxoneevix knemox.

UccnenoBanue npsimoro B3aumojericteus renoMHor JIHK kierok
capkombl S-180 ¢ 50% sTaHoNBHBIM 3KcTapakToMm Oaszmnuka 1 HU Ag B
3aBUCUMOCTH OT KOHILIEHTpPAlMM IPOBOAMIM MeTtofoM petapaauuu JTHK
[9]. ITpuBenens! pesyasTathl JJHK snexTpodopesa B 3aBUCHMOCTH OT KOH-
HeHTpanuu 3kcTpakra 6asuwnnka u HY Ag npu 30-MuHyTHON MHKyOaIruu
(Puc. 2).

Hcnonb3yembiM MeTooM perapnanuu ¢pparmentoB IHK B arapos-
HOM reJjie HaMU [T0Ka3aHo, YTO HEMOCPECTBEHHOIO B3aUMOJICHCTBUS C Te-
HoMmHO#i JIHK kiietok pakoBoil nmuHuu capkomsl S-180 B mpenenax KoH-
HeHTpanuii skcrpakta 6asunuka Ocimum araratum (1.75 mxr/mn) 1 HU
cepedpa ot 0,56 mr/mi — 4,5 mr/mi u npu uakyOauu 10 30 MuH He Hab-
monaerca. HY Ag tak ke He cBsa3biBatores ¢ JIHK, uto yka3biBaeT Ha HU3-
KYIO0 T€eHOTOKCUYHOCTb 3TUX MPEnapaToB.

OtHocutenbHO npsimoro aencteud HY Ag Ha renomuyro /JJTHK ects
IIPOTUBOPEUMBBIE JaHHbIE. B 11€10M, MHOTHE HCCIIEI0BaHUs, OIyOJINKO-
BaHHBIE /IO CHX TIOp, COOOMIAIOT O T€HOTOKCHYHOCTH ISl Pa3IHYHBIX
AgNPs. HexoTopbsle U3 HUX pa3bsICHAIOT BO3MOXHBIE 3aBUCALINE OT pas3-
mepa 3¢ dexTol, JeMoHCTpUpYs yBennuenue nospexaenus JJHK kopenu-
pytouue ot pazmepoB HY, Bapsupytromue B npenenax 10—75 HM, NOKpsbI-

ThIe TIUTpaToM, win 50-200 um 6e3 mokpeiTus [3, 18].
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B nHacrosiiem uccienoBaHuM Mbl HE HAOJIIOJAIU FEHOTOKCUYHOCTD
«3eneHbrx» HY cepebpa ¢ HemocpeICTBEHHBIM B3aUMOICHCTBHEM T€HOM-
nout JIHK xnertox S-180, nmpuBossiiee k noBpexaenusm JIHK, uro Bo3-
MO>KHO 3aBHUCHUT OT pa3MepOB UCCIIEJOBAHHBIX HaHOYaCcTUL (12+5HM).

Ha ocHOBe moiryd4eHHBIX PE3yJIbTaTOB, MOKHO CKa3aTh, YTO «3eJle-
Hbele» HU Ag ¢ skcTpakTOoM Oa3miinka sSBISIOTCS IUTOTOKCUYHBIMU, HO HE
T€HOTOKCUYHBIMH, YTO PaCIIMPSAET BO3MOXKHOCTU NpuMeHeHus tux HY
KAK HOBBIX T€PAIIEBTUYECKUX ar€HTOB.

m50% O. araratum B 50% O. araratum+HY Ag

100 T T

80

60

40

I'emo1u3 s3putpountos (%)

20

Omur Swvur 10wmuH 15 MuH 20 Mpa 25 MuH 30 Mua 60 MuH

Bpewms

Puc. 1. Bozoeiicmsue 600Ho-cnupmoswvix sxcmpakmoe Ocimum araratum ¢ H4 Ag npu

MEeMHOBOLL uHRy6auuu Ha cemMonus spumpoyumaoe.
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Puc. 2. Inexmpogopemuueckas noosusicnocms 2enomuot JJHK kiemox paxosoti nunuu
capkomul S-180: 1 — eenomnasn JJHK capxomwr S-180 be3 0obasnenuu skempaxma u H4
(xoHmponw); 2 — npu 30 mun unkydayuu ¢ skempaxmom oasuruxa, u npu 30 mun
UHKYOayuu ¢ SKCMpaKxmom 6asunuka u ¢ éospacmarowumu konyenmpayuamu H4 Ag:
3—0,56 me/mn; 4 — 1,125 me/mn; 5 — 2,25 me/mn; 6 — 4,5 me/ma.
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STUDY OF CYTOTOXIC AND GENOTOXIC PROPERTIES
OF “GREEN” NANOPARTICLES OF SILVER

T. Gevorgyan, S. Oganian, M. Petrosyan, G. Kirakosyan,
A. Hovhannisyan, N. Ayvazyan

ABSTRACT

The toxicity of the synthesized nanoparticles (NPs) by various
physicochemical methods is one of the main problems for their application. NPs
which are synthesized by using plants extracts “Green” NPs are less toxic in
comparison with other methods of their congregation. Due to this, using less toxic
plants extract for NPs synthesis and identification of their action on different
biological systems is more relevant.

The “green” silver NPs (AgNP) obtained by us with the aid of an extract of
Armenian basil (O. araratum) was investigated for the presence of cyto- and
genotoxic properties. The results showed that the combined effect of AgNP with
the extract during dark incubation on human erythrocytes led to complete
hemolysis after 24 hours, due to the cytotoxicity of AgNP. When studying the
direct effect of 50% ethanol O.araratum and AgNP on the genomic DNA of S-180
sarcoma cells, the presence of genotoxic properties was not revealed.

Keywords: silver nanoparticles, RBC test, cytotoxic, DNA retardation,
genotoxic.
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AHHOTALIMUA

Bcemupnast opranuzaiusi 31paBOOXpaHEHUsT OOBSBUJIA CIIHCOK Ca-
MBIX OMACHBIX OAKTEpHiA, TJe CPEI IPUOPUTETHBIX ObLIa CHHETHOWHAS T1a-
nouka (Pseudomonas aeruginosa) — ONMOPTYHHUCTUYECKUIA MMATOTEH YeNO-
Beka. KBOpyM-CEHCHHT — 3TO cHCTeMa KOOPJMHAIIUU TPYIIIIOBOTO TOBEIe-
HUS, KOTOPas KOHTPOIUPYET oOpa3oBanue (akKTOPOB BUPYICHTHOCTH U O1-
OTUIEHOK y CHHETHOMHOM Nanoyku. bbul mpoBe/ieH BUPTYaJIbHBIM CKPUHUHT
(1)J'IaBOHOB " UX MPOU3BOJHBIX JJIA HAXOXKACHUSA JIMTaHA0B, KOTOPLIC MOT'YT
WHTUOMpOBaTh KBOPYM-CEHCHHT Pseudomonas aeruginosa mpu B3auMo-
JICCTBUU C OCHOBHBIM PETyJISITOPOM TpaHcKpuriiuu — 6enkom LasR.

KaroueBrblie c/ioBa: BUPTYalIbHBII CKPUHUHT, ()JIABOHBI, CHHETHOM-

Has najouka, LasR, kBopyM-ceHCHHT.

BBenenne
CuHerHoiHas najoyka siBJISIETCS OJIHUM M3 CaMbIX paclpoCTpaHEH-

HBIX BO30YyIUTENCH HO30KOMHAIBHBIX MH(MEKIN, 0COOEHHO JIETKO Topa-
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YKAIOIIKX JIUIT ¢ OCJIa0JIEHHBIM UMMYHHBIM cTatycoM [1]. bakrepun cuner-
HOMHOH MaJ0YKH Pa3MHOXKAIOTCA B OPTaHU3Me X0351MHA, HE HAHOCSA yIep-
0a, HO ITPU TOCTH>KEHUH ONPEEIEHHON KOHIIEHTPAL[UN OHU 00bEIUHSAIOTCS
B coo01iecTBa (OMOIUICHKA), TJI€, CEKPETUPYSI MOJIEKYJISIPHbIE CUTHAJIBI, OT-
BETCTBEHHBIE 32 KJIIETOYHYI0 KOMMYHHUKaLUIO (KBOpyM-ceHCUHT (QS)) [2—
3] u skcmpeccupysi TeHbl BUPYJIEHTHOCTH, MOTYT COBMECTHO IPUHUMATh
peleHust Ui OIpUcocoOIeHUsT K OCOOCHHOCTSM Cpefibl M 3aluThl [4-5].
dopmupyemasi TakuM CIIOocoO0M OMOTUIEHKA 3aIIMINACT BCIO MOMYJISIUIO
KJIETOK OT POHUKHOBEHHUS B HEE BPE/IHBIX BELLECTB, B TOM YUCIIE U aHTH-
OMOTUKOB, CUJIBHO 3aTpyAHsIs jeueHue [6—7]. OcHOBHas cucTteMa perysis-
TOpHOM ceTn QS-a CHHErHOMHOM NalouKK BKIIOYAET PELEeNTOPHBIN OeI0K
LasR [8]. B 2017 roxy BcemupHast opranuszanust 3ApaBoOXpaHeHus1 00bsi-
BUJIa CIIMCOK HanboJiee ONacHbIX cynepOakTepuil, rie cpeu caMbIX MpUo-
PUTETHBIX ObLIA TaKke CHHETHOIHas nanouka (Pseudomonas aeruginosa)
[9].

Leabio npeacTaBieHHON pabOTHI SBISETCS MOUCK HU3KOMOJIEKYJISIP-
HBIX COCTUHEHUH, cBs3bIBaroIuxcs ¢ LasR ¢ Beicokoii ahpuHHOCTHIO, UTO
MOXKET IIPUBECTH K MHIMOMpoBaHMIO QS MeTofaMM CTPYKTypHOH OHMOMH-
¢dopmatuku. B nanpHeiem 31 coeAMHEHHUSI MOTYT OBITh HCIIOJIb30BAHbI B
KayecTBE OCHOBBI JIJIs pa3padOTKU aHTUMH(EKIIMOHHOM Tepanyy, OCHOBAH-

HOM Ha QS CHHETHOMHOM MaJ0YKH.

MarepuaJibl 1 METObI

B xauecTBe MuIlIeHU BrepBble Oblia B35Ta MOJHASI CTPYKTYpa PEry-
asiTopa TpaHckpunuuu Oenka LasR, BUpTyaabHO pEeKOHCTpyUpOBaHHas B
Hame# taboparopuu [10] (Puc.1).
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LBD

Nurang
CBAILIBAKILMA
DomenH

CEA3LIBAKILMA
Jomen

Pucynox 1. Tpexmepnas nonanas pexoncmpyuposannas cmpykmypa peyenmopa LasR.

N3BectHO, 4TO (hpraBOHBI 00J1aAaI0T aHTHOAKTEPUAIBHBIM JEHCTBH-
€M, II0ATOMY HaMHU ObLT IPOBEIEH BUPTYaAJIbHbII CKPUHUHT (DJIABOHOB U UX
npon3BoAHBIX (52000 coeqrHEHUI) I HAXOXKICHHUSI JINTAH/IA, C BEICOKOM
cnenn(UIHOCTHIO cBsA3bIBatomierocs ¢ Lask.

beuta mcronk3oBaHa 0a3a JMaHHBIX HU3KOMOJICKYISIPHBIX JIMTAH/IOB
PubChem [11], orkyna meTomom Substructure 6su1u 0T00panst 51 675 dna-
BOHOB U UX MPOU3BOAHBIX. Jlasiee ocymiecTBIsIach GUIbTPAIIHS TOTYYCH-
HOM 0a3nl JaHHBIX ¢ Kcroab3oBanueM Rule of five u Chemical Vendors, B
pe3yabTaTe Yero KOJIMYECTBO COEIUMHEHUH cokpatwioch 10 21 232 u
10 532, coorBercTBeHHO. OOpabOTKa JaHHBIX OCYIIECTBIISLIACH TIOCPE/ICT-
BOM mporpammHuoro nakera OpenBabel v2.4.0 [12].

MoJiekyJasipablii JOKUHT: OCyIIECTBISUIOCH ONPEACIICHUE MPOCT-
PaHCTBCHHO-DHEPTCTHUYSCKUX ITOKA3aTeNied MCCIEAYEeMbIX COCIUHEHUI
(MONEKYyISpHBIA JOKHHT) C IBYMSI aKTUBHBIMH LIEHTPAMH PEKOHCTPYHPO-

BaHHOro peuenrtopa LasR: nurann csssiBatomuM gomenom (ligand
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binding domain, LBD) u JIHK cBsssiBatomum gomenom (DNA binding
domain, DBD) ¢ ucnionb3oBanuem nporpamMmmHbix nakeroB AutoDockVina
[13] u AutoDockTools [14].

Pe3yabTaTsl M 00CyKIeHHE

[Tony4eHHble pe3ynbTaThl JOKUHT-aHATN3a CBUIETEIBLCTBYIOT O TOM,
YTO CBSI3bIBAaHME HU3KOMOJICKYJISIPHBIX JIMTAHJIOB MPOUCXOIUT CUIIbHEE C
LBD, gem ¢ DBD (Ta6:.1), mosTomy nanpHEHIIME UCCIEIOBAHUS TIPOBO-
mui uMmenHo ¢ LBD LasR.

Tabn.1. Pesynomamul doxkune-ananuza 10 coeounenuii ¢ camou 8biCOKOU IHepeuel
ceazviganuss ¢ LBD (cnesa) u DBD (cnpaea) LasR.

PubChem CID: Energy PubChem CID: Energy
(kcal/mol) (kcal/mol)

1. 108786935 -12.6 1. 60617261 -10.9
2. 108754324 -12.3 2. 46684079 -10.5
3. 108787038 -12.2 3. 108773117 -10.2
4. 108800047 -12.2 4. 16297521 -10.2
5. 1695677 -12.0 5. 24335408 -10.1
6. 108802999 -12.0 6. 16505442 -10.0
7. 108790351 -11.9 7. 108773119 -10.0
8. 108803145 -11.9 8. 31836827 -10.0
9. 108800021 -11.8 9. 41418450 -10.0
10. 108786994 -11.8 10. 52655891 -9.9

CoBpeMeHHbIE TPOIPaMMBbI JOKHHTA HE SIBISIOTCS COBEPLIECHHBIMH,
TaK KaK JUIsl CBOMX PacuyeTOB OHH HCIIOJIb3YIOT YIPOIIEHHBIE MOJIETIH KBaH-
TOBO-XMMHUYECKHUX B3aMMOJCHCTBUI U MEHEe pecypco3aTpaTHbIe alropuT-
MBI [ osmydeHus 0ojiee JOCTOBEPHBIX PE3yIbTaTOB ObLI MPOBEAEH MO-
JeKyJIapHbIA TOKUHT Tex ke 10532 coenunenuit ¢ LBD LasR ¢ ucnosns3o-

BaHUEM JIpyroro nporpamMmmuoro nakera rDock [15]. BaxxHo oTMeTuTh 4TO
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rDock [15] cam no cebGe He mpeaycMaTpUBaET BO3MOKHOCTH MPOBEACHUS
BUPTYaJIbHOTO CKPUHUHTA U C ATOH LEbI0 ObLJI HAMCaH HEOOJBIION CK-
punt Ha nporpaMMHOM si3bike Python 3.6 [16] ¢ ucnonp3oBaHuemM UHTET-
pupoBannoii cpeasl PyCharm [17]. Takxke rDock [15] sBisiercst ogHomno-
TOYHBIM IPOTPAMMHBIM 00ECIIeUeHHEM, a IIOCKOJIbKY COBPEMEHHbBIE KOMII-
BIOTEPbI MHOT'OIIPOLIECCOPHBIE, TO AJIs NapajiensHoro 3amycka rDock [15]
Ha 8 mporeccopax OblI HANMCaH ele OAUH CKpUNT. Takum crnoco6om Ham
YAQJIOCh COKPaTUTh BpeMs paboThl mporpamMmbl oT 80 1o 10 gHelt.

Tak kak HaMHU UCII0JIb30BAJIUCH JIBE Pa3IMUHbIE IPOTPAMMBbI IOKUHTa,
BO3HHMKJIA HEOOXOAMMOCTh 0OpaOOTKH IMOIy9eHHONH OHOJIOTHYECKON WH-
dopmanuu. beina pazpaborana MeToaMKa MICHTU(DUKALMU, CPAaBHEHUS U
ABTOMATHUYECKOW HOpMaIH3aluy OMOJIOTrHYecKOr MH(pOPMAIUK IS IPOT-
pamm rDock[15] u AutoDockVina [13], paGoTtaromux B 00J1acTi JOKHUHT-
aHanu3a.

[lepBbiii mar pazpaObOTaHHON METOJMKH BKJIIOYAET HOPMAaJIU3ALUIO
MOJIYYEHHBIX PE3YJIbTATOB W CO3JaHUE OOIICH OIEHOYHOUW cucTteMbl. B
Tab1n.2. nmpencrasneHs! 10 coeqMHEHUI U3 TIOTHOTO CITUCKA, BKITFOYAOIIETO

10 532 HanMeHOBaHUIA.

Tab6n.2. Coedunenust, noKazasuiue 8blCOKYI0 HOPMATUZOBAHHYIO OYEHKY CEA3bIBAHUS C
LBD no rDock [15] (cneea) u AutoDockVina [13] (cnpasa).

W pupchemcn: | N [pubchema: |

1. 16801690 20.0 1. 108786995 20.0

2. 2817219 19.7588 2. 108754324 19.24

3. 18568736 19.168 3. 108787038 18.9867
4. 82046503 19.1276 4. 108800047 18.9867
5:00 125555952 18.9768 5. 1695677 18.48

6. 93713806 18.9573 6. 108802999 18.48

7. 21000649 18.9465 7. 108790351 18.2267
8. 18568755 18.9408 8. 108803145 18.2267
9. 93713804 18.7121 9. 108800021 17.9733
10. 108811376 18.6545 10. 108786994 17.9733
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BTopbIM 1Iarom SIBJISUIOCH CYMMHUPOBAHHE HOPMATM30BAHHBIX OIle-
HOK IJId KaXXJI0ro XUMHUYCCKOIro COCANHCHUA, ITOJTYYCHHBIX IpOorpaMMaMi
rDock [15] u AutoDockVina [13] (Puc.2).

rDock Autodock

Pucynox 2. Cxema pabomur arzopumma.

TpeTbuM IIarom SBJIAIOCH PAHKUPOBAHUE COCIUHEHHUU 10 UX CyM-
MapHoii ouieHke. To ecTh B BepXHEH 4acTH CIIUCKA HAXOAATCS COSAMHEHUS,
MOJTyYMBILKE XOPOIIYIO MPEICKA3aTeIbHYI0 OLEHKY 00eMMHU MporpaMma-
Mu. B 1abn.3. npencrasnens! 10 coeanHeH U3 NOIHOTO CIUCKA.

Kak Bugno u3 Ta6mn.3, ¢ LasR LBD nauOonee CHIIBHO CBSI3BIBAETCS
N-(1,3-benzodioxol-5-ylmethyl)-4-(6,8-dimethyl-4-oxochromen-2-
yl)benzamide (PubChem CID: 108786995). IlonyueHHbIC HAMU PE3yJIbTaA-
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ThI COIVIACYIOTCSI C IKCIIEPUMEHTAIbHBIMU JIaHHBIMU O CHJIBHOM aHTHOAaK-
TEpUAJIbLHOM JAeicTBUM OeH3amMui0B [18] KOoTOpble MpHU 3TOM YCHUJIMBAIOT

aHTI/I6I/IOHHeHO‘~IHYIO AKTUBHOCTH aHTHOHMOTHKOB.

Ta6n.3. Coedunenus, nonyuusuiue xopouiue oyenku npoepammamu rDock [15] u

AutoDockVina [13].

N | PubChem CID: | Autodock rDock SUM

1. 108786995 20.0 16.3784 36.3784
2. 108754324 19.24 16.6034 35.8434
3. 108800047 18.9867 15.227 34.2137
4. 108786994 18.9867 16.2301 34.2034
5. 108787038 18.48 15.182 34.1687
6. 108754330 18.48 17.2745 33.7278
7. 108802999 18.2267 15.2046 33.6846
8. 108773119 18.2267 17.2077 33.661

9. 108811376 17.9733 18.6545 33.5878
10. 108800021 17.9733 15.323 33.2963

Ha pucysxke 3 npencrasnen gokuHr N-(1,3-benzodioxol-5-ylmethyl)-
4-(6,8-dimethyl-4-oxochromen-2-yl)benzamide ¢ LBD LasR.

Jlyig BU3yanuuauu AaHHBIX HUCIIOJIb30BAJIUMCH MPOrPaMMHBIE MaKETh
MarvinSketch [19], PyMOL[20] u VMDJ[21].

[Tpu ananuze koHpoOpManuu, MOIydeHHOH mporpammoii AutoDock
[13], okazanock, uto CID 108786995 obpa3yeT BOAOPOAHYIO CBSI3b C BbI-
cokokoHcepBaTuBHbIM Tyr64 LBD LasR. A npu ananuze xoHdopmaiuu,
noiy4yeHHoi nporpammoit rDock [15], okazanocs yto CID 108786995 06-
pa3yeT BOJOPOAHYIO cBs3b ¢ Tyr 64, a Takke npeackazaHa BO3MOXHOCTb
00pa3oBaHUs BOJIOPOIHOM CBS3U C BBICOKOKOHCepBaTHBHBIM Trp60 LBD
LasR (Puc.3).
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108786995 rDock

Pucynok 3. [lokune N-(1,3-benzodioxol-5-ylmethyl)-4-(6,8-dimethyl-4-oxochromen-2-yl)
benzamide ¢ LBD LasR (cneea). Ananus cudpoghobuuix e3aumooeticmsuut i 6000POOHbIX

ceszeti CID 108786995 ¢ LBD LasR, nonyuennulil 6 pesyivmame 0OKUH2A RPOSPAMMOU
rDock [15] (cnpasa).

3akiiroueHue

CornacHo MoJy4eHHBIM HAMH pe3yJibTaTaM, MOKHO MPUNTH K BBIBO-
Ny, 4TO OOJBUIMHCTBO HCCIEIYyEMbIX HHU3KOMOJIEKYJISIPHBIX JUTaHJOB,
paccMaTpuBaeMbIX B Ka4eCTBE MOTEHIIMATBHBIX aHTHOAKTEPUATHHBIX JIe-
KapCTBEHHBIX COCIMHEHUH, B3aumMoiecTBYOT ¢ LBD LasR P. aeruginosa
¢ Oonbiieit sHeprueil cBs3pBanus, Hexenu ¢ DBD. Pesynbrats! pazpabo-
TaHHOW HAaMH METOJIMKH BUPTYaJIbHOI'O CKPUHHUHTIA COIIACYIOTCS C HEAAB-
HO OnyOJIMKOBaHHBIMU IKCIEPUMEHTAIBHBIMU JTaHHBIMH, CBUICTEILCTBY-
IOIIMMH O BBICOKOH aHTHOAKTEPHAIbHON aKTUBHOCTH OeH3aMH10B [9]. D10
SIBJIIETCS BBICOKOM OIIEHKOM KOMIIETEHTHOCTH Hallleil METOANKH B HAYYHO-
HCCIIEIOBATENIbCKON U MPAKTUYECKON o0nacTax apar-ausaiiHa. BaxHo oT-
METUTh, YTO OTOOpPaHHBIE B pe3yJIbTaTe BUPTYaJIbHOIO CKPUHUHIA COEIU-

HCHUSA YIAOBJICTBOPAIOT KPUTCPUAM, H€O6XOHI/IMBIM AJId UX pacCMOTPCHUA
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B Ka4eCTBE JICKapCTBEHHBIX. OHU MOTYT B JaJbHEHIIEM HUCIIOJIb30BaTHCS B
in vitro u in vivo 3KCIIEpUMEHTaX JJIsl pa3pad0TKU COBPEMEHHOM aHTHHH-
(eKLMOHHOW Tepanuy, OCHOBAaHHOW Ha CTpaTerni MHTMOMPOBAHUS PEryisi-

TOPHOM CETU CHUCTEMBI KBOPYM-CEHCHUHTa P. aeruginosa.

JIMTEPATYPA

1. De Bentzmann, Sophie, and Patrick Plésiat. The Pseudomonas
aeruginosa opportunistic  pathogen and human infections.
Environmental microbiology 13.7 (2011): 1655-1665.

2. Williams, Paul, and Miguel Cdmara. Quorum sensing and
environmental adaptation in Pseudomonas aeruginosa: a tale of
regulatory networks and multifunctional signal molecules. Current
opinion in microbiology 12.2 (2009): 182—-191.

3. Rutherford, Steven T., and Bonnie L. Bassler. Bacterial quorum
sensing: its role in virulence and possibilities for its control. Cold
Spring Harbor perspectives in medicine 2.11 (2012): a012427.

4. Moré, Margret I, et al. Enzymatic synthesis of a quorum-sensing
autoinducer through use of defined substrates. Science 272.5268
(1996): 1655-1658.

5. Parsek, Matthew R., et al. Acyl homoserine-lactone quorum-sensing
signal generation. Proceedings of the National Academy of Sciences
96.8 (1999): 4360-4365.

6. Ochsner, Urs A., Armin Fiechter, and Jakob Reiser. Isolation,
characterrization, and expression in Escherichia coli of the
Pseudomonas aeruginosa rhlAB genes encoding a rhamnosyltrans-
ferase involved in rhamnolipid biosurfactant synthesis. Journal of
Biological Chemistry 269.31 (1994): 19787-19795.



H.H. Avenan 119

10.

11.

12.

13.

14.

15.

16.

Pearson, James P., et al. A second N-acylhomoserine lactone signal
produced by Pseudomonas aeruginosa.Proceedings of the National
Academy of Sciences 92.5 (1995): 1490-1494.

Pérez-Pérez, Martin, et al. Quorum sensing inhibition in Pseudomonas
aeruginosa biofilms: new insights through network mining. Biofouling
33.2(2017): 128-142.

World Health Organization: WHO
http://www.who.int/news-room/detail/27-02-2017-who-publishes-list-
of-bacteria-for-which-new-antibiotics-are-urgently-needed

Grabski H. et al. Interaction of N-3-oxododecanoyl homoserine lactone
with transcriptional regulator LasR of Pseudomonas aeruginosa:
Insights from molecular docking and dynamics simulations //bioRxiv.
2017. CC. 121-681.

Pawson, Adam J., et al. The IUPHAR/BPS Guide to
PHARMACOLOGY:: an expert-driven knowledgebase of drug targets
and their ligands.Nucleic acids research 42.D1 (2013): D1098-D1106.
O'Boyle, Noel M., et al. Open Babel: An open chemical toolbox //
Journal of cheminformatics 3.1 (2011): 33.

Trott, Oleg, and Arthur J. Olson. Auto Dock Vina: improving the speed
and accuracy of docking with a new scoring function, efficient
optimization, and multithreading //Journal of computational chemistry
31.2 (2010): 455-461.

Morris, Garrett M., et al. AutoDock4d and AutoDockTools4:
Automated docking with selective receptor flexibility. Journal of
computational chemistry 30.16: 2785-2791 (2009).

Li, Li, Rong Chen, and Zhiping Weng. RDOCK: refinement of rigid-
body protein docking predictions." Proteins: Structure, Function, and
Bioinformatics 53.3 (2003): 693-707.

Van Rossum, Guido, and Fred L. Drake. Python tutorial. Open
Documents Library, 1999.



120
17.

18.

19.

20.

21.

Bupmyanvnuiii ckpununz (p1a6ono6 u ux npou3c00HbIX KAK UHZUOUMOPOE pecynamopa ...

Prata, David N., et al. "Social Data Analysis of Brazilian's Mood from
Twitter. International Journal of Social Science and Humanity 6.3
(2016): 179.

Maura, Damien, and Laurence G. Rahme. Pharmacological inhibition
of the Pseudomonas aeruginosa MvfR quorum-sensing system
interferes with biofilm formation and potentiates antibiotic-mediated
biofilm disruption. Antimicrobial agents and chemotherapy 61.12
(2017): e01362-17.

Csizmadia, Ferenc. J.Chem: Java applets and modules supporting
chemical database handling from web browsers // Journal of Chemical
Information and Computer Sciences 40.2 (2000): 323-324.

DeLano, Warren L. The PyMOL user’s manual. DeLano Scientific,
San Carlos, CA 452 (2002).

Humphrey, William, Andrew Dalke, and Klaus Schulten. VMD: visual
molecular dynamics // Journal of molecular graphics 14.1 (1996): 33-38.

VIRTUAL SCREENING OF FLAVONES AND THEIR DERIVATIVES
FOR INHIBITION OF TRANSCRIPTIONAL REGULATOR LASR OF

PSEUDOMONAS AERUGINOSA

N. Abelyan

ABSTRACT

World Health Organization has announced the list of the most dangerous

superbugs and among them is Pseudomonas aeruginosa, an opportunistic human

pathogen. Quorum sensing is a cell-cell communication system and it controls the

production of virulence factors and biofilm formation. Virtual screening of natural

flavones and their derivatives was performed to search for ligands which can serve

as quorum sensing inhibitors.

Keywords: virtual screening, flavones, Pseudomonas aeruginosa, LasR,

quorum sensing.
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AHHOTALHS

CemeiicTBO coHEBBIX (Myoxidae) HamMeHEe MaJlo HWCCIEIOBAHHAS
TPYyIIIa CpeIn OTpsiia TPBI3YHOB (Rodentia) kKak B ApMEHUH, TaK U BO BCEM
mupe. OCOOCHHOCTH WX SKOJIOTHH, TOJIOTHH, SMOPHOHAIBHOTO M ITOCTAMO-
PHOHAJIBHOTO Pa3BUTHS, PAIMOHA U T.J. OCTABAJIUCH MAJI0 OCBEIICHHBIMHU
NJIM HEU3BCCTHBIMU 0 HACTOALICTO BPEMCHMU. Cratps IMOCBAIIICHA U3YyYC-
HUIO palllioHa MUTaHUS TIPEACTaBUTENCH CeMEHCTBA COHEBBIX ApMeHuH. Pe-
3yJIBTATHI IAHHOW CTaThU UMEIOT OOJIBIIYI0 TEOPUTUYECKYIO M NPAKTUYEC-
KYI0 3HAYMMOCTb B H3YYCHUH SKOJIOTHH CEMEHCTBA COHEBBIX.

KaroueBblie cjioBa: OTpsI TPHI3YHbI, COHEBBIC, PAIIMOH, PACTHTEINb-
Hasl MTUIA, XKUBOTHAS TIHIIA.

BBenenue

Bce 26 Buna cemeiicTBo coHeBBIX (Myoxidae), cOTIacHO UX PALIMOHY
MUTAHUS, MOYKHO YCIIOBHO Pa3/IeIUTh Ha 3 OOJIbIINE IPYTIIbL;, TPEUMYIIECT-
BCHHO ITUTAIOIINECS PACTUTEIBHON MHIIEH, TPENMYIIECTBEHHO TUTAIOIIH-
€Csl MUIIeH )KUBOTHOTO MPOUCXOKIICHHSI, & TAK)KE THIIEH CMEIIaHHOTO TH-

na. K rpymme npeuMyniecTBEHHO MUTAOIIUECS PACTUTENIBHOW TMHUILEH,
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MOHO oTHecTH 3 Buna: Muscardinus, Myoxus n Glirulus. K rpynrme, mipe-
MMYIIECTBEHHO MUTAIOIINXCS MMUIIECH )KHBOTHOTO IIPOUCXOXKICHHS, HY KHO,
B [IEPBYIO OYepeib, OTHECTU IIPEJICTaBUTENIEH poja Selevinia 1 HEKOTOPbIX
npezncraButeneit poga Graphiurus. Bee octanbHble BUIBI OTHOCSTCA K ca-
MO OOJBIION U3 TPy, T/ MPeodIaiaeT CMEIIaHHbIN (PACTUTEIBHBIN U
JKUBOTHBIN) THIT MUTaHUA [6].

B xogne paGoThl u3yuyanuch coiepxumoe xeny1koB 43 ocobeit, 20 u3
KOTOPBIX C TIOMOIIBIO OTPEACTUTENCH HHACHTU(DHUITMPOBAIN KaK BUJI JIEC-
Has coHst (Dryomys nitedula), 20 — 6onbias cons (Glis glis) n 3 — kak ca-
noBasi const (Eliomys quercinus).

VY rpyIiiel CMEIIAHHOTO THUTIA TUTAHUS TIEPEXO/T OT MUY KUBOTHOTO
MPOMCXOXKACHUS K PACTUTEIBHOMY U €r0 COOTHOIIEHHE 3aBUCST OT Hec-
KOJIBKUX (DAKTOPOB — TaKUX, KakK: BpeMs roja, OMoToN u T.1.

Hano otmeruts, 4TO AaHHOE pa3jielieHHE YCIOBHO, TaK Kak B ce-
MEHCTBE COHEBBIX HET TAKUX BHJIOB, KOTOPBIC MUTAIUCH OBl TOJBKO TTHIIEH
’KHBOTHOTO HJTM PACTHTEIBHOTO MTPOUCXOXKICHHS.

[IpencraBurenn ceMelcTBa COHEBBIX, MPEUMYIICCTBEHHO ITHTAIO-
LIMXCSA PACTUTEJIBHOM MHILEH, MPEANOYUTAIOT B CBOEM PALIMOHE: OPEXHU,
KETYIH, CEMEHA, ATOJIbI, (PPYKTHI, a TAKIKE BET€TATUBHBIC YACTH PACTCHUH.

CemeiicTaBO COHEBBIX MTUTAETCS PA3TUYHBIMHU TUI0/1aMHU, B OCHOBHOM
BECHOI 1 JIETOM, MMOATrOTaBINBast ce0s K CIISTUKE, @ BEr€TaTUBHBIMH YaCTIMU
pacTeHuii (HampuMep: MOJOJbIMU MoOeraMu XBOMHBIX JE€PEBBHEB) — YKE
OCEHbIO.

[IpencraBuTenu cemeiicTBa coHEBBIX (Myoxidae), TpeuMyIECTBEHHO
MUTAIONIUXCS KUBOTHOM MUILEH, TPEAITOYUTAIOT HACEKOMBIX U JIPyTUX Oec-
MIO3BOHOYHBIX, B TOM YHCJIE MEIIKUX IIO3BOHOYHBIX KUBOTHBIX H SIAIIA IITHII.

3Ha4yMuTeNeH TOT (PAaKT, 4YTO U3 BCEX TPEX BUJOB COHb, BCTPEUAIOLIHX-
cs1 B PA, Tonbko canoBast cons (Eliomys quercinus) G0JbIle BCEro CKIIOHHA
K XUIIIHUYECTBY, OCOOEHHO B OMOTOMNAaxX, I/ie MpeodiaatoT XBOWHBIE JIepe-
BbSI, TOCKOJIBKY TaKHe MECTHOCTH HEOOTaThl MUIIEH PAaCTUTEITHLHOTO ITPOUC-

XOXKIACHUS JJI MUTAaHUA COOTBECTCTBYIOLICTO BHUAA.
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Metoabl: aHaNM3 KEIYJKOB B MOJIE€ MPOBOJUINCH MOJIb3YIOCh MaK-
POCKOINYECKON TEXHUKOM, a B JJabopaTOpuu MpuOeraiu K MoMoIy MHUK-
pockona. B 000oux ciay4asx OCHOBHOE BHUMaHHE YJEISIIOCh TOYHOMY OII-
pEeAENEHUIO BXKHENILINX Pyl KOPMOB — CEMEHAM, BET€TaTUBHBIM YacTsIM
pacTeHui, HACEKOMBIM U T.JI.

Pexomennyercs pa3bupaTh comepKUMOE KeIyJKa B CBEXEM BHUJIE,
TaK KaK CBEKUU MaTepHall siBISeTCA HauOoJiee MOJHOICHHBIM, U B TEXHU-
YECKOM OTHOLIEHUH HanboJsiee yJ0OHBIM. XOpOIlIO COXPAaHUBLIASICS CTPYK-
Typa OTACTBHBIX (PPAKIU COMEPKIUMOTO, X €CTECTBEHHBIN LBET U 3arax
JIeTKO 1 6€301TMO0YHO ITO3BOJISIFOT OTPECIIATh BUIOBOM cocTaB muimu. [1o-
JeBasi METOJIMKA COCTOMT B cieaytouieM. JKely 10k COHU OTAENSAETCS OT IH-
LIEBOJIAa M KUIIEYHNKA, B3BEILINBAETCS UJIU OIIyCKAeTCsl B MEH3YPKY JUIS OIl-
peneneHus ero oobeMa. 3aTeM HOKHHUIIAMH BCKPBIBAETCS CTEHKA KENIyKa,
U COACPKIMOE OCTOPOKHO BBIKIIABIBAETCS B CYXYIO0 BAHHOUKY TaK, YTOOBI
€CTECTBEHHOE PACIOJIOKEHUE OTACIbHBIX KOMIIOHEHTOB MUIIIM HE HapylIa-
nock. CocTaBHbIE YAaCcTH MUINM, OTIMYAIONIMECS MO LBETY, 3aMaxy U KOH-
CUCTEHIIMH, OTAEIIAIOTCS OJIHA OT APYroil ¢ MOMOIIIbIO MUHLIETA U ITPenapo-
BaJIbHOW WTIBI WK cKaybens. O0beM KakI0W (Qpakiuu OmpenesisieTcs
IJ1a30MEPHO, HAIPUMED, KIIOJIOBUHA», «TPU YETBEPTU» U T.I. B kemyakax,
OTHOCUTEJILHO CUJIbHO HamlOJHEHHbIX (BecoM cBhimie 15-20r), paznopoa-
Hasl MUILA pacroiaraeTcs 00bIYHO XOPOIIO 000COOICHHBIMU CIIOSIMH, B CO-
OTBETCTBUU C OYEPEAHOCTHIO €€ moeaanus [4], [5].

O60co0eHHbIE PACTUTEIBHBIE 3JIEMEHTHI (OCTATKH STOM, JINIIAHU-
KM, KYCOUKH KOPBI, MEJIKHE CTe0eNIbKHI, XBOMHKH U T.II.) BHIOMPAIOTCS TUH-
LIETOM U UIJIOHN Cpeau BCe Macchl MUILM, MOJCUYUTHIBAIOTCS U POCMATPH-
BaroTcs 1o rynoi. Takast ske paboTa MPOM3BOANUTCS U B OTHOIICHUH Pa3-
JIMYHBIX J)KUBOTHBIX OCTaTKOB — YAaCTUL[ XUTUHOBOI'O MOKPOBA, OTIEIbHBIX
YJICHUKOB HACEKOMBIX U UX JINYMHOK, KJIOYKOB IEpCTH U T.11. OOpasisl pas-
JUYHBIX (PpaKUMN U YaCTHUI] COJAEPKUMOTO CKJIAJbIBAIOTCS B MPOOUPKH U

¢ukcupyrotes cniuptoM. Kaxkngas nmpoOupka cHabkaeTcsi COOTBETCTBYIO-
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e ATUKETKOM, 1101 OOIIIMM JIs XKETyIKa HoMepoM. TexHudeckas pa3oop-
Ka COJIEP’KUMOTrO >KEJTYJIKOB Ha 3TOM M 3aKkaHuuBaeTcd. [lanee, no BHELIHE-
My BUy OIPEACINAETCS PO/ MMUILK, TyTEM CpaBHEHUS C 3apaHee MPUTOTOB-
JICHHOM KOJUIEKIIUEH Hanboee THMUYHBIX 00Pa3I[0B CONECPKUMOTO JKeTy/I-
KOB, COCTaB KOTOPBIX 3aBe0OMO ObLT 3BecTeH. Takue o0pasiisl 6epyTes u3
JKEJIYJKOB COHb, BBICIICKEHHBIX Ha KOPMEXKE W JOOBITBIX Ha CBEXel
noeau. benoBaTyro, MaciassHUCTYI0 MacCy CEMsSH XBOWHBIX C IEPBOIO Ke
B3IUIs11a JIETKO OTJIMYMUTh OT MpoYero coaepxkumoro. [loa cunbHOM JTynoun
MOHO PaCCMOTPETH OT/ACIIbHBIC YACTHUIIBI SIIEPHOTO BEIIECTBA CEMSH, MEJI-
KHE TEMHBIC BKJIIOYCHHS M3 KYCOYKOB CKOPIIYIIKM U OKOJIOTUIOJHON 000-
JIOUKH, a TAK)KE MHOKECTBO CBETJIO-’KENTHIX KUPOBBIX Karesek. Pe3ynbra-

Thl aHAJIN3a 3alIMChIBAOTCA Ha PCTUCTPALIMOHHYIO KApTOYKY.

PesyabTaTsl

bonbmas cons (Glis glis). [lpeanoyntaer B OCHOBHOM PaCTUTENIbHYIO
MUY, HO B TO JK€ BPEMSI B €€ paIlOHE MTOYTH BCETIa €CTh )KMBOTHAS TTHIIA.
[To Bceit BeposATHOCTH, I )KHBOTHOTO MIPOMCXOXKACHUS HTPAET BAKHYIO
POJIb B )KM3HENEATEIbHOCTU OOJIBILION COHU.

B xoze nccnenoBanuii )KenyIKOB MOMMaHHBIX 0c00€ei O0IBIION COHU
(Glis glis) npubnusutensHo y 60% ocobeit comepKumMoe KemyIKka COCTaB-
JSI0 TOJIBKO pacTutenbHas numa, a y 40%, kpoMe pacTUTENbHOW MHUILH,
0OHapYKUJIM TAaK)KE OCTATKU MUIIH KUBOTHOTO IPOUCXOXKICHUS.

J1OJIst NI )KUBOTHOTO TIPOMCXOXKICHUS B UX XKEIyIKaX COCTaBIISLIA
15-35% ot cyxoit Macchl COAEPKUMOrO U B 3aBUCUMOCTH OT CE€30HA U MeC-
Ta NOUMKH. OCTaTKU HACEKOMBIX B JKely/IKaX BcTpeyanuch noutu 'y 20% u
JIMIIB B MAJIBIX KOJTMYECTBAX.

HccnenoBanust COAEPKUMOTO KeITyIKOB OOJbIIOW COHHM IOKAa3alu,
YTO U3 PACTUTENLHOW MHIIM MPEINOYTCHNUE OTAACTCS: OpexaM, >KeIyIsiM,
pa3IMYHBIM CEMEHaM, CIIeNbIM PpyKTaM, SIro/iaM, KOCTOUKaM Aroj u Gpyk-

TOB, MOJIOABIM BETCTATUBHBIM YaCTAM paCTCHUA U T. 1.
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VYuuThiBasi HEHACHITHBIN aIMEeTUT OONBIIONW COHU, MOXKHO TpEICTa-
BUTh, KAKOH BpEJl OHa MOKET HAHECTH CEIbCKOMY XO3SIIICTBY U arpapHOMY
CEKTOpY.

W3 nuiy 5KMBOTHOTO MTPOUCXOKICHHUS OOJIBIIE BCETO BCTPEUAIOTCS
OCTaTKH HACEKOMBIX U JIPYT'HX OECII03BOHOYHBIX KMBOTHBIX, €IE PEKEe —
OCTAaTKU MEJIKUX TO3BOHOYHBIX.

B xone uccnenoBanus Takke ObUIO 10Ka3aHO, YTO COCTaB U COJEp-
YKUMOE IUILY 3aBUCAT HE TOJIKO OT ce30Ha. B To ke Bpems rosia B pa3ind-
HbIX peruoHax PA panuon 6onpmux conb (Glis glis) BecbMa oTiIM4aeTcs
apyr ot apyra. Kak npasuio, NUIIEN B PETMOHE CITY>KHUT TO, 4TO JIETKO J10-
OBITh U IIUPOKO PacIpPOCTPAHEHHO.

3T0 A0KA3aJI0 NPUUYHHY, TOYEMY COACP)KUMOE KETYIKOB Y OOJBIINX
COHb, MOWMaHHBIX Ha TeppuTopur CeBepHOW ApPMEHHH, BECbMa OTJIMYa-
JIOCh OT MOMMAaHHBIX OOJBIINX COHb B FO’KHOM YaCcTH APMEHUU B 32 TOT K€

nepuon (Tabmmma 1).

Tabnuya 1.

Pe3ynvmamut ucciedosanue co0epiucumozo rieenyorkos donvuiux cous (Glis glis),
noumannvix na meppumopuu Cegepnoii u IOxcnoii Apmenuu

6 3asUucumocmu om 6pemenu 200a.

ITuwa/ pecuon
Cegep/secna FO:z/secna Cesep/oceny FOz/ocens
epems 200a
[Muma pactu-
TEJBHOTO MPOUC-
85% 80% 75% 75%

XOXKJACHUA

IInma »xuBoTHO-

TO HPOHUCXOXKC-
15% 20% 25% 25%
HUS
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I[To pe3ynbraTaM TaOIUIBI BUIHO, YTO MUIA PACTUTEILHOTO IPOUC-
XOXICHHS TIPEeo0IIaiacT B pallioHe Y 0co0ei OOJIBINOI COHM KaK BECHOM,
TaK ¥ OCEHBIO.

Jlecnas cous (Dryomys nitedula). Paumon nmuTaHus JIECHOM COHHU
(Dryomys nitedula) ouenb moxox Ha paniroH 60b10i conu (Glis glis); ona
TAKXKe MUTACTCS Pa3IUYHON MUILNEH PACTHTEIBHOTO U )KMUBOTHOTO IPOWUC-
XOXKIICHHSI, U UX COOTHOIICHUE TAK)KE 3aBHCUT OT MECT OOUTaHHUS U BpeMe-
HU Toza. JIecHast COHsl, IO CPAaBHEHUIO C MPEIBIIYIUM BUIOM, B PallMOHE
MUTAHUSI B OCHOBHOM HUCIIOJIb3YET MHILY KHBOTHOTO MPOUCXOXKACHUS, YTO
JIOKa3bIBaeT 00Jiee BHIPAKEHHYIO 3aBUCHMOCTD OT IMUIIHA )KUBOTHOTO IPO-
UCXOXKICHUS.

Wrak, 3a meproj 0THOTO U3 TAKUX UCCIICOBAHHUM O/THA U3 CAMOK, KO-
Topas B TeueHue 10 nHei momyyana OOMIBHYO paCTUTENILHY IO MHIILY, Chella
COOCTBEHHBIX JICTCHBIIICH, a OCTAJIbHBIE 0COOM HCTOIIMIINCH U CTAIIN OoJjIee
BsUTBIMH [2].

[To GonpIIOMY CUETY, palliOH JIECHON COHU COCTABIISIET TO XKE CaMoe,
YTO ¥ NIHUIIA 00IBIION COHM. V3 THIIN pacTUTEIHHOTO POUCXOKACHUS OHH
NPENOYHUTAIOT pa3InyHble PPYKTHI U UX KOCTOUKH, SITOJIbI, CEMEHA, MOJIO-
JIble BET€TaTUBHBIC YACTH PACTCHUM, OpeXH, KeIyAu u T.A. M3 numm xu-
BOTHOT'O MPOUCXOXKJICHHS MPEANOUTEHHUS OTIAIOTCS HACEKOMBIM U IPYTHM
0eCI03BOHOYHBIM, MEJIKUM ITO3BOHOYHBIMHU )KUBOTHBIM U stiliaM mtuil. 13-
BECTHBI TAaK)Ke CIIy4au, ]I MUILIEH /IS JICCHOW COHM CIYXHJIU NTHIBI U
JIPyTHE TPBI3YHHI [3].

B xome wucciemoBaHUs CONEPKUMOTO IKEITYJIKOB JIECHBIX COHb
(Dryomys nitedula) ocTaTKi NUILU KUBOTHOTO MTPOUCXOXKACHUS ObUIN 00-
HapyxeHbl Y 90% moiiMaHHBIX oco0Oeil. B To BpeMst Kak 0CTaTKH MUTIIH KH-
BOTHOT'O IIPOMCXOXK/ICHUS BCTpEUaInch ToNbKO y 40% ocobeit 6011b11101 co-
uu (Glis glis) (Tabnuna 2).
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Tabauya 2.
Pesynvmamol uccnedosanue co0epicuMozo HceiayoKoe 1eCHbIX COHb
(Dryomys nitedula), noiimannsix na meppumopuu Cesepnoii u FOxcnoi Apmenuu

6 3aeUcumMocmu om 6pemenu 200a.

Muma/ peruon
CeBep/BecHa IOr/BecHa CeBep/oceHb KOr/ocenn
BpeMsl roj1a

[Iuma pacturens-
HOTO MPOUCXOXK- 75% 70% 70% 65%

JNeHus

IInma >kuBOTHOTO
25% 30% 30% 35%

ITPOUCXOXKIACHUA

[lo pesynpTaTam TaOIMILBI BUJHO, YTO Y OCOOEH, MPOKHUBAIOIINX B
10’)KkHOM yacTu PA, npolieHTHOE cosiep)KaHNe IUILU )KUBOTHOTO MTPOUCXOXK-
JICHUS B palioHe peo0aiaeT o CPaBHEHHIO C OCOOSIMH CEBEPHON YacCTH.

Canosas const (Eliomys quercinus). Kak u 1Ba Ipyrux Buja CeMeucT-
Ba COHEBBIX, cajioBas coHs (Eliomys quercinus) Take MUTAETCS KaK pac-
TUTEJILHOM, TaK U )KUBOTHOMU nuiuel. Ho, mo cpaBHEHUIO ¢ 1ByMs BbILLIEIIE-
peuHCcIeHHBIMU BUAAMHU, CaJl0Basi COHs 0ojiee CKIIOHHA K XUIIHUYECTBY U
MOYTH HE MUTAETCS PACTUTEIBHOM muIei [1].

W3 mumm KUBOTHOTO TMPOUCXOXKIACHUSI cajioBble coHU (Eliomys
quercinus) TaKKe MUTAIOTCS HACEKOMBIMH M MEJIKUMHU O€CII03BOHOYHBIMU
KUBOTHbIMU. Hasj0 0OTMETUTB, YTO N3BECTHBI TAKXKE CIIyyau, KOI/1a ATH KH-
BOTHBIE IUTAJIMCh OoJiee KPYIHBIMH KUBOTHBIMHU. B "acTHOCTH, B Hccie-
JIOBaHUH COACPKUMOTO JKEIYJKOB COHb, IOMMaHHBIX Ha Pa3HbIX TEPPUTO-
pusix, ObLIM 0OHAPYKEHBI OCTATKH IPHI3YHOB, 3MEH, MepbeB NTHIL U T.1.[7],
[8]. Ha repputopun Mcnanuu Takxe BCTpEYAINCh CITy4aH, KOTJa B COAEp-
XKUMOM >KeJTyJIKa ObUIN HalJIeHbl B OOJIBIIOM KOJIMYECTBE OCTATKH KPOJIH-
Ka, HO JIO CHX IO HE ICHO, OXOTHJIUCH JIU OHU CAMOCTOSTEIbHO WJIM ITUTAa-
JUCh Maaanbio [9].

K coxanenuro, KOIMYECTBO NOWMAHHBIX HAaMM CaJOBbIX COHb

(Eliomys quercinus) ObII0 HEIOCTATOYHO, YTOOBI CENAaTh ONPECICHHBIC
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BBIBOJIBI 10 PAIIMOHY MX IIUTAHUS, HO Mbl MOXKEM OTMETHUTh, YTO Y BCEX TPEX
0co0eii B coepKIMOM >KeTyIKa Obli1a 0OHAPYKEHO THINA )KHBOTHOTO IPO-

MCXOK/ICHHUS, YTO COCTaBIIsI0 42—48% OT BCeil CyX0il MaccChl.

BriBoabl

Cymmupyst pe3ynbTaThl HAIIMX MCCIEAOBAHUN C TEOPETUYECKUMU
JAaHHBIMU, MOXXHO MPHUUTH K BBIBOJIY, UYTO M3 CEMEHCTBA COHEBBIX
(Mioxidae) npenMylIeCTBEHHO CKJIOHHBI K XHWIIIHMYECTBY JIECHAs COHS
(Dryomys nitedula) n canosast cous (Eliomys quercinus), 94To e1ie pa3 CBH-
JIETETIHCTBYET O BOBMOXKHBIX POJICTBEHHBIX CBSI3€H 3THX JABYX BHIOB.

Cpenu npencraBuTenel iecHbIX coHb (Dryomys nitedula) u camoBbix
conb (Eliomys quercinus) 66111 0co0H, B ey IKax KOTOPBIX COAepKaIach
TOJIBKO THIIA 5KUBOTHOTO MTPOUCXOXKACHHUS, B TO BpeMs KakK y ocoOeil 6011b-
II0M COHU TaKOTO HE HaOJII0AaNIO0Ch.
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DIET OF REPRESENTATIVES OF THE DORMOUSE FAMILY
(MYOXIDAE) OF ARMENIA

H. Sargsyan

The family of dormouse (Myoxidae) is the least studied group among the

rodent group (Rodentia), as in the Armenia and throughout the world. The features

of their ecology, ethology, embryonic and postembryonic development, diet, etc.,

remain poorly lit or unknown until now. The article is devoted to the study of the

diet of the dormouse family of Armenia. The results of this article have a great

theoretical and practical value in the study of the ecology of the dormouse family.

Keywords: rodent group, dormouse, diet, plant food, animal food.
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AHHOTAIASA

daxTopaM# IPOTHO3A ¥ JIEICHUS MTPH PA3TUIHBIX 3JI0KA4€CTBEHHBIX
HOBOOOPa30BaHUAX ABIAIOTCS BepMeHTHI ITuKIIookcurenassl (COX), uHTH-
OHMpoBaHME KOTOPBIX MOKHO MPUMEHATH B IPO(HIAKTHKE U Tepanuu KaH-
Leporenesa. B antuomyxoneBoil Tepanuu paccMaTpUBarOTCs PACTUTENbHBIE
COEMHEHHUs KaK noTeHuuanbuble nHruoutopel COX. B pesynbrare npoae-
JIAHHBIX in Silico SKCTIEPUMEHTOB BIEPBBIC BHISIBICHO BO3MOKHOE B3aHMO-
neiictue u uarnoupoBanne COX-1 u COX-2 KBepUETHHOM U 3-METHII-
KBepueTHHOM. /{11 cpaBHEHUS IOMYYEHHBIX PE3YJIbTaTOB OBLIN B3SATHI IIpe-
Mapathl aCIIMPHH U NENeKOKCHO. Bhlin BBISBICHBI BEPOSTHBIE OHOIOTHYEC-
KHE aKTUBHOCTH M BO3MOJKHBIE TOO0YHBIC 3PP eKTH TuTanaoB. l{erexokcno
He MPOSBIISET aKTUBHOCTD Ha MCCIIEI0BaHHBIE KIIETOYHBIC INHUH, a KBepIle-
THH 1 3-METUJIKBEPIIETHH MPOSIBIISIIOT OOJBIITYI0 AKTHBHOCTH MO CPABHEHHIO
C acTIIPHHOM.

Kuarouessble cioBa: COX-1, COX-2, kBepleTUH, 3-METHIKBEPICTHH,
ACTIMPHH, LEIEKOKCHO, MOJIEKYISIPHBIN TOKHUHT.

* Paboma 6vbinonnena 6 pamkax npedocmagiennozo 6a3o6020 gunancuposanus I'K MOH
PAN 10-2/I-1.
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Beenenue

[TornMaHMe OCHOB MHIYKIUHU KIETOYHOH Mpoiudepaniu B yCIOBU-
X HEOIUIACTHYECKOW TpaHC(HOpPMALUU SBISIETCS HEOTHEMIIEMOM YacThiO
MoAxoJa K MPOPUIAKTHKE U JICUCHUIO OHKOJIOTMYECKUX 3a00JIeBaHUM.
Huknookcurenassl (COX) ABIAIOTCA OAHUMU U3 MAPKEPOB MIPOTHO3a U MU-
HICHSMH JICYCHHS 3JI0KaYECTBEHHBIX HOBOOOpazoBaHuii [1; 4; 8; 9]. dep-
MenTel COX (pasHoBumHoctu COX-1 u COX-2) Kataau3upyroT MepBbIi
aTan cuHTe3a npocrarananHoB (PGs), TpOMOOKCaHOB M MMPOCTAITUKIINHOB.
[IpocTarnananHbl aKTUBU3UPYIOT crieluduueckue penentopsl — G 6e10K
ces3annbie peuentopsl (GPCR) [9]. PGs kiierounbie MeuaTopsl Bocmae-
HUS, HapylIeHHe OMOCHHTE3a KOTOPBIX MOXKET CTaTh MPUYMHON pa3BUTHS
TSKEJIBIX TATOJIOTUYECKUX COCTOSHUI: YYacTHE B peaJIN3alluy JUCILIACTH-
YECKUX U HEOITACTUUECKHX MPOIECCOB, @ UMEHHO, B MOJaBJICHUHU aIlOINTO-
TUYECKOW KIETOYHON rHOeu, MaTOJIOTHYECKOM HEOAHTHOT€HEe3€ U NHBA3H-
1, a TAK)KEe OTMOCPE0BaHUE UMMYHOCYIIPECCUBHBIX QyHKIUH [7; 8].

COX-1 skcrmpeccupyercs NpakTUYECKH BO BCEX TKaHAX. B To ke Bpe-
M, COX-2 OpICTPO aKTUBUPYETCSI B OTBET HAa LIUTOKUHBI, AaKTUBUPYETCS
CBOOOJTHBIMHU PaJMKaJIaMH, JIUTIOMOINCAXapUAaMHU, aKTUBATOPAMHU TKaHE-
BOT'0 TUIA3MUHOT€HA, MUTOT€HHBIMU (DAKTOpaMH U JIP. IPOBOCTIATUTEIbHBI-
MU MEIMAaTOpaMUu U MUTOTE€HHBIMU cTUMYJsTOpamH [14]. CHuxkeHue yac-
TOTHI PEIIMBOB MHOTHX OITyXOJIeW OTMEYaNoch MpU MprUeMe HeCTEePOusI-
HBIX POTUBOBOCHANIUTENBbHBIX MTpenapaToB (NSAIDs), koTopsie SBISIOTCS
unruduropamu COX-2, HO BCe 3TH COEIMHEHUSI BMECTE C MHTUOUPOBaHHEM
COX-2 rtak xe noaasisitorT akTuBHOCTh COX-1, 4TO MPUBOJIUT K OTpHULIA-
TEJILHOMY BIIMSTHUIO HA peasIn3aliuio GU3N0IOrMYECKUX MPOIIECCOB B Opra-
Hu3Me. Takum 006pa3oM, MOUCK HETOKCHYHBIX M 3(PPEKTUBHBIX WHTUOHUTO-
poB COX-2 nmponioikaercs 1o cei aeHs [8; 11].

B nocneanee Bpemst uccaenoBaTeau yAensoT 0co00e BHUIMAHUE CO-
€AMHEHUSAM TPUPOIHOTO MPOUCXOXKICHHUSI, 00JIaJaI0ONIM TPOTHBOOIMYXO-

JIeBOM aKTUBHOCTHIO U CIOCOOHBIM M30MpPATEIbHO MHTMOMPOBATH aKTHB-
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HocTh COX-2 [11]. OnHUMHU U3 TaKKX COCAMHEHU MOTYT SIBJIATHCS KBEP-
LETUH U 3-METUIIKBEPLIETHH. B X016 MHOTOUKCIIEHHBIX UCCIIEA0BaHUH ObI-
JIO BBISIBJICHO aHTHKAHIIEPOT€HHOE JICUCTBUE KBEPIIETUHA U 3-METUIIKBEP-
[ETUHA, KOTOPbIE MOTYT MPEJOTBPAIIATh YHAOTEIUATBHYIO AUC(YHKIIHIO,
MPOJYLIMPOBAHKUE CYMEPOKCUIA, BEI3BAHHOTO aHTHOTEH3MHOM II, MHrnou-
pOBaTh NpOIUEpaIrIo OIYXO0JIEBBIX KJIETOK, BBI3bIBAS allONTO3 KJIETOK [2;
7; 10].

Lenpro maHHOM pabOTHI SIBISETCS MCCIEIOBAHUE BEPOSTHOTO B3au-
MOJICHCTBUSI KBEPIIETUHA U 3-METUIIKBEPIIETHA METOJOM MOJEKYJISIPHOTO
nokunra ¢ COX-1 u COX-2, B cpaBHBHUU C ACHUPUHOM M I[EJIEKOKCHOOM
[8; 11; 13].

MeTtoasbl uccjie10BaHusA

[Tonck nTUraHa0B U MUIIEHEH OCYIIECTBISJICS HA OCHOBE IIPOBEPEH-
HBIX cTaTed u3 6anka nanHbix Pubmed. CtpykrypHBbIe hOpPMYJIIBI TUTAaHIOB
obutn B3sTHI U3 Pub Chem [CID: 5280343, 5281654, 2244, 2662]. beuun
OTIpeIeTICHBI BCE BO3MOXKHBIC MHUILICHH JJIS1 KaXK0ro Jiuranaa [14].

N3 npubnuzurensuo 650 MuiieHei ObUTH yaaieHbl TOBTOPBI U OTOO-
paHbl 25 MulleHe, i npuHaexaumx H.sapiens. VI3 oToOpaHHbIX 25 Mu-
menei 6putn uccnenoBanbl COX-1 u COX-2. MonenupoBaHue MUIICHEH
MPOBOAMIIOCH HA OCHOBE MOJICKYJISIPHBIX MOJIETIEH TPEXMEPHBIX CTPYKTYP
PDB RCSB [ID: 3KK6, 5F19]. C nomompio Swiss ADME 06butn onpee-
JIeHbl PU3UKO-XUMUYecKue napamerpsl (tadu. 1) [6]. s kaxxaoro nuranaa
¢ momotibio Autodock Vina 611 mpoBe/IeH TOKKUHT aHAJIN3, TOCTOBEPHOCTh
KoToporo obecneunBanach 40-KpaTHOM MOBTOPSIEMOCTHIO /IJIs1 KaXK0TO JIU-
ranza [12]. beuin paccunTaHbl KOHCTAHTBI CBSI3bIBAHUS.

Craructuueckuil aHanu3 mMaTepualia MpPOBOJUIN HA OCHOBE KOMII-
JIEKCHOT'O MPUMEHEHHMSI CTAaHJAAPTHBIX CTATUCTUYECKUX METOJOB: BbIUMCIIC-
HUS CPETHUX 3HAYEHHH, CTAHAPTHBIX OTKJIOHEHUH, CTAaHAAPTHBIX CPETHUX

OIIHUOOK.
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Pe3yabTaThl U 00CyKICHTE

Jlg netanbHOroO M3y4eHHs B3aUMOICHCTBUS JIUTaHI0B C MUILIEHIMHU
ObLT IPOBEJICH JOKUHI aHAJIU3 C BBISIBJIEHHMEM BO3MOKHBIX CAMTOB CBSI3bI-
BaHUs (Tabi. 2) U SHEPreTHUECKUX XapaKTepUCTUK (Tadim. 3, 5).

AxtuBHbie caiitel COX-1 n COX-2 cxoxu — a.0. R120, Y355, E524
— 3TH aMUHOKHCIIOTHI 00pasytoT kapmad. B otnmuune or COX-1 y COX-2
npowusonnia 3amena 1523 na V523 u R513 na H513, uro nmpuBoaut k oOpa-
30BaHUIO JIONOJHUTEILHOTO OOKOBOI'O KapMaHa, U3-3a Yero akTUBHBIN cailT
y COX-2 cranoBuTcs 60j1€€ TOCTYIHBIM, KPOME TOT'O, IMOCIEAHIS CIIUPaIb
D 3akpyuuBaercs BBepX U yHpoIlaeT A0CTyn cBsa3biBaHus ¢ R120 (puc. 1).

Karanutnueckue nentpel y COX-1 u COX-2 takxke cX0XH 1 00pa-
3ytoTcs a.0. Y385 u S530.

bruio BIsSIBIEHO, YTO MpH B3aumozeicTeun uranaoB ¢ COX-1, Bce
CBSI3BIBAJIMCH C aKTUBHBIM CaiTOM— a.K.0. Y385, R120, Tak:ke Bce TUrasbl
KpoMe KBepleTHHa CBs3bIBaloTCa ¢ a.K.0. H90, obpasys ruapoduiibHbie
cBsa3u. KBepeTun n 3-MeTUIKBEpLETHH CBA3BIBAIOTCS € a.K.0.V349, a ne-
nexokcud ¢ a.x.0. F381, o6pasys runpododusie cszu (Puc. 2).

B cimywae COX-2 nurannsl oOpa3yrOT THAPOGUIBHBIC CBSI3U C
a.0.V523, KOTOpBII SABISIETCS TOMOIHUTEIBHBIM KapMaHOM KaTaJIUTHYEC-
KOTO LIEHTpa. ACIUPUH M LEJIEKOKCHO 00pa3yroT THAPOQHUIbHBIC CBSI3U C
a.x.0. R120 u Y385. KBepueTuH u 3-METUIIKBEPLIETHH, B OTJIUYHE OT acIu-
pYHA U IIeJIeKOKCHOa, B3auMOJIEHCTBYIOT ¢ a.K.0. R513 u P156, kotopsie
y4acTBYIOT B OpraHM3alMM KaTanuThuaeckoro neHtpa (Puc. 3).

[TosrydyeHHbIe JaHHBIE CBUJIETEIBCTBYIOT O BO3MOXKHOM CBSI3bIBAHUU
BCEX JIMTaHJI0B C MULIEHIMH.

Jlns kaxaoro nurasiaa obU10 NPOBEAECHO MPOTHO3UPOBAHNE IIUTOTOK-
CHUECKOTO ACUCTBUS XUMHUYECKUX COSAMHEHHUH ¢ HETPpaHC(HOPMHUPOBAHHBI-
mu (HaCaT) u tpancopmupoBanubiMu (Hs683) KieTOUHBIMY JTUHUSMU, B
pe3ynbTare 4ero ObLTU BBISIBICHBI BEPOSTHBIE OMOJIOTMYECKHE aKTUBHOCTH

1 BO3MOXHBIE TOO0UHBIE 3 dekThl muranaos (Tadm. 3, 4). [IpumedarensHo
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TO, 4TO HeHeKOKCI/I6 HC MPOABJIACT aKTUBHOCTH HAa UCCIICAOBAHHBIC KJIIETOY-

HBIC JIMHUH, a4 KBCPLUCTHH U 3-MCTI/IJIKBepII€TI/IH IPOABJIAIOT 6OJII)IIIYIO aK-

TUBHOCTB 110 CPABHCHHIO C ACIIMPUHOM.

N3 pe3ynpTaToB CIELYET, YTO KBEPLETUH U €r0 METUIIPOU3BOIHOE

OTJIMYAIOTCSI HU3KOW LUTOTOKCHUYHOCTBIO JJIsi HEeTpaHc()OpMUPOBAHHBIX

KJIETOK, Takke B3aumozeicreue ¢ mumeHsMu — COX-1 u COX-2 Gonee

CHUJIBHOC, YEM C aCIIMPUHOM U I_IeJ'IeKOKCI/I6OM.

Tabn.1.
Du3uKo-xumuuecKue napamempuvl 1U2aHo086
DusuKo-
XHMHHECIHE AcnupuH Henexoxcnd Kgepuernn 3-Merua-
napamMeTpbl KBepPUETHH
JIMTAHJI0B
Imn. dpopmy.ia C9oH304 C17H14F3N3028 Ci15H1007 Ci6H1207
T 234
2- cyipheny dihydroxyphenyl) | dihydroxyphenyl)
3(trifluoromethy .
acetyloxybe -3,5,7- -5,7-dihydroxy-3-
e )pyrazol-1- .
nzoic acid trihydroxychrome | methoxychromen-
yl]benzenesulfo
. n-4-one 4-one
namide
Yucsio Bpai. cB. 3 4 1 2
H-akuentopsi; 41 7:1 7:5 7: 4
JAOHOPbI
02 1.04 e 0.1 03
PacTBOPUMOCTH 2.54 ¢ 02 2.11¢ 4.07 e
GI absorbtion BBICOKAsI BBICOKast BBICOKAs! BBICOKAsI
BBB
na HET HET HET
MPOXOKAEHHE
Log Kp
(IpOHHKHOBEHHUE -6.55 -6.21 -7.05 -6.31
B KOKY) sm/s
Kpurepnn a a a a
JInnuuckoro a a 8 8
Kpurepuu Ghose za HET na na
Kpurepuu Veber na za za za
Tokasareas 0.56 0.55 0.55 0.55
0MOIOCTYIIHOCTH
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Tabn.2.
Caiimul c6a3b16aHUA TUZAHO08 C MULLEHAMU
Mumens AcnupuH Hesexoxkcud Kgepuerun 3-Metui-
KBepUEeTHH
COX-1 S530; R120; S530;R120; Y355; V349; Y355; V349; Y385;
Y385; H90; P156 | Y385; H90; F381 Y385; R120 R120, H90
COX-2 S530; R120; V523; R120; P156; H39; G135;P156; H39;
Y385; V523; H0; Y355; Y385; P153, V523, R513 | V523,P153,R513
P156 S530; H90

Tabn.3.

Dnepzemuueckue napamemput e3aumooeiicmeusn auzanoos ¢ COX-lu COX-2

CpeaHsist MHH. KoHcTaHTbI CpenHsist MHH. Koncranrsl
JHeprus cBsi3bIBaHus | 3Heprusi ['ud6ca CBSI3bIBAHUS
Jluranpg
I'n66ca Kb (10%) (xKaa/M) Kb (10%)
(xKan/M)

Acnupun -6.5+0.05 7,8 -6.5+0.05 7,8
eaexoxkcno -9.1+0.05 11,2 -8.8+0.05 10,8
KBepuerux -9.4+0.05 11,4 -9.7+0.05 11,7

3-M -

e -8.540.05 10,5 -9.740.05 1,7
KBEpUEeTHH
TabnA4.
Bepoammnvie duonozuueckue akmueHocmu 1uzanoos
Kaerku KepaTtunousi
Jlurann rianomeivosra(Hs683) (HaCaT)
Acnupun 0.450 0.234
eaexoxkcuod - -
Kgepuerun 0.458 0.205
3-MeTHIKBepIEeTHH 0.399 0.177
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Puc. 2. Bsaumooeticmeue c COX-1: a) acnupun, b) yenexoxcuo, c) keepyemun,

d) 3-memunkeepyemun
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Puc. 3. Bzaumooeiicmeue ¢ COX-2: a) acnupun, b) yenexoxcub, c) keepyemun,

d) 3-memunxeepyemun
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DOKING ANALYSIS FOR POTENTIAL INHIBITORS OF
CYCLOOXYGENASE

A. Manukyan
ABSTRACT

The markers of neoplasia are COX enzymes, the inhibition of which can be
used in the carcinogenesis prevention and treatment. COX-1 and COX-2 are
considered targets for tumor inhibition. In antitumor therapy, plant compounds that
can inhibit COX-2 activity are considered. Such compounds are quercetin and 3-
methylquercetin. For the comparison of the obtained results, preparations aspirin
and celecoxib were taken. As a result of in silico experiments carried out the
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possible interaction and inhibition of COX-1 and COX-2 by quercetin and 3-
methylquercetin has been revealed for the first time. Probable biological activities
and possible side effects of ligands were identified. It is noteworthy that celecoxib
does not show activity on the studied cell lines, and quercetin and 3-
methylquercetin are more active than aspirin.

Keywords: COX-1, COX-2, quercetin, 3-methylquercetin, aspirin,

celecoxib, molecular docking.
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METOJIA MOJIEKYJIIPHOU IMHAMUKH

I'.B. Yununzapan, H.H. Abenan
Poccuticko-Apmanckuii (Cnaeanckuii) Ynueepcumem

garri.chilingaryan@rau.am, narek.abelyan@rau.am
AHHOTANUA

G-KBaIpyIIeKe CTaOMIU3UPYIOLINE JTUTaHbl IPOSBIAIOT HUTOTOK-
CHYHOCTb B OTHOIIEHUH POCTA PAKOBBIX KJIETOK B i71 VIVO U inl VilrO MOJEIAX.
B pesynbraTte necATUNETHUX UCCIENOBAHUN B3aUMOJECHCTBUS HU3KOMOJIE-
KYJISIPHBIX TUTAaHA0B ¢ G-KBaJPYIUIEKCHBIMH CTPYKTYpamu OBLIO0 BBISBICHO
BCETr0 OJIHO COEAMHEHUE, NOCTUTIIEE KIMHUYECKUX UCTIBITAHUNA. OCHOBHBI-
MU NPUYUHAMU 3TOrO SIBISIOTCS: OTCYTCTBUE CTPYKTYPHBIX TaHHBIX BBICO-
KOTO paspelueHus MHOkecTBa G-KBaJAPYIUIEKCHBIX (OPM, a TaKKe HHU3Kas
CEJIEKTUBHOCTh UCCJIETyEMBIX JINTAHIOB.

Hamu Oputo mpoBeneHa MOJEKYIAPHO-TUHAMUYECKAS CUMYJIISIINS
B3anMO/IecTBUS TakcuonnHa ¢ TennomepHoi G-kBanpyruiekcuoi JIHK ve-
JoBeKa ¢ MponorkuTenbHocThio 400 He. B pesynbrate ObLTH BBISBICHBI
CalThl CBA3BIBAHUS M PACCUMTAHBl SHEPreTUUYecKue napaMmerpsl. B3anmo-
neiicteue TakcudosmHa ¢ neriedl G-KBaapyIuiekca HarlsiHO JeMOHCTPHU-
PYET pOJIb HE3HAUUTEIBHBIX Pa3IU4YMi B XUMHUYECKON CTPYKTYpE JINTaHA0B
B UX MOJI€ CBS3bIBAHUS.

KiroueBsle cnoBa: G-kBaapyIiekc, TEIOMEPHI, TOJIEKYJIIPHO-IHHA-
MUYECKHUE CUMYJISLINY, PaK.
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BBenenue

Tenomeps! npeACTaBISAIOT COOON yUaCTOK MOBTOPSIFOIMXCS HYKIIE€O-
TUJHBIX MOCJIEAO0BATEILHOCTENH Ha KOHIIE XPOMOCOM, KOTOPbIE MPEMsATCT-
BYET UX HETOMOJIOTHYHOMY CIIApUMBAHUIO, TOBPEXKICHHUIO BO BPEMSI KJI€TOY-
HOTO JICJICHUS, SK30HYKJICa3HOW M Jura3Ho aktuBHOCTAM [1]. Temomep-
Hble KoHIIbI /IHK yenoBeka cocTosT U3 TaHIEMHBIX IOBTOPOB T'€KCaHYyKJIe-
otuanbIx nocnenoBarenbHocTedt d (TTAGGG) n 5-10 kb, kotopsie oOpa-
3YIOT OJHOIeTIouedHyro 3'-KoHIeByt0 4acTh [2]. CTpykTypa U cTaOuib-
HOCTb TEJIOMEP CBSI3aHA C PAKOM, CTApEHUEM, OJJEPKAaHUEM F€HOMa U Ie-
HeTnyeckor ctabuibHOCTRIO [3]. CTpykTyphl G-KBaapyIiekca, KOTOphIe
00pa3yroTcs Ha AUCTaIbHOM 3'-KOHIIE TEeJIOMEp YesIOBeKa, PE0TBPAIIal0T
ruOpuam3anuo ogHou renu JJHK ¢ marpuneit PHK tenomepassr u, ciemno-
BaTEJIbHO, PACCMATPUBAIOTCS KaK MOTCHIIMAIbHAS MHUILICHb ISl HOBOH MPO-
THUBOOIYXO0JIEBOM Tepaliy, OCHOBAHHOW Ha UCIIOJIb30BAHUU HU3KOMOJIEKY-
nspHbIX TuranaoB [4]. Ctabunusupyromue G-KBaapyIUIeKC JIUTaHAbI TIPO-
JEMOHCTPUPOBAIH CBOIO CIIOCOOHOCTh YMEHBIIATh POCT KJIETOK B i Vitro u
in vivo Mozeinsx paka [35, 6].

Hcxons u3 MOJeKyIIpHON CTPYKTYpbI U GyHKIUH, TaKCUPOIUH (IH-
THJIPOKBEPLIETHH) OJM30K K KBEPLUETHHY U PYTHHY, OJTHAKO MPEBOCXOAUT
uX 1o GapMako-OHOIOTHUECKON aKTUBHOCTU: OH MEHEE TOKCHUYEH U HE SB-
JIA€TCS MyTar€éHOM B CPaBHEHHMH C YIIOMSIHYTBIMU COeTUHEHUsAMH [7]. Tak-
cu(doIrH U3BECTEH CBOMMH aHTUIIposinpepaTuBHbIMU 3P (HEeKTaMu Ha pas-
JIMYHBbIE TUIbI PAKOBBIX KJIETOK, MOCPEICTBOM MHTMOMPOBAHUS MEXaHH3-
MOB JIMTIOTE€HE3a PAKOBBIX KJIIETOK [8].

[locne Gonee yem ecsATH J€T UCCIeA0BaHNMN, HAIIPABJIEHHBIX HA I10-
MCK HU3KOMOJICKYJISIPHBIX JIUTAHJIOB CIICNN()UISCKU B3AUMOACHCTBYIONUX
¢ G-KBaJpyIJIEKCHBIMU CTPYKTYpaMu TOJIbKO, OJIMH KaHJIUJAT MPOIIET 0
CTaJIMM KIMHUYECKUX UcnbITaHui [9]. OnHON M3 NpUYMH HU3KOM IPOAYK-
TUBHOCTHU 3TUX UCCIIEIOBAHUM SIBJIETCSI OTCYTCTBHE CTPYKTYPHBIX JaHHBIX
BBICOKOTO pa3perieHus Juisi MHOTUX G-KBaJIpYIJICKCHBIX (OpPM, a TaKxke
HU3Kas CeNeKTUBHOCTh (G-KBaJPYIUIEKC CBA3BIBAIOLIMX JUTaHAOB. Jlpyras
npobiieMa — 3TO CTPYKTYPHBIN MOIUMOPGU3M ITUX OMOMOJIEKYJT U OTpaHH-
YeHUsI TPATUIIMOHHBIX OMO(PU3NYECKUX METOJIOB MPH U3YUEHUU ITOTO SB-
nenus [10]. CnekTpoCKONMMYECKUE METOMbl HU3KOTO PAa3pelICHUs], TAKUE
Kak KpyroBoM AUXpou3M uiu Y D-CHEeKTPOCKOIHUS, HEIOCTATOYHO TOYHBI,
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YTOOBI OTIPEICITHUTD PA3THUYUS MEXKILy CTPYKTYPHBIMH KOH(pOpMEpaMu B aH-
cambiie. MeTopl BBICOKOTO pa3pelieHus, HapuMep sAepPHO-MarHUTHBIN
pe3onanc (IMP) u kpucramnorpadusi, Takxe IpegoCTaBIISIOT OTPAHUYCH-
HYI0 UH(QOPMALIMIO NPH UCCIEIOBAaHUU CTPYKTYpPHOTO MoiMMoppu3Ma CT-
pykryp G-JAHK [11].

MouiekyispHOE MOJIETMPOBAHUE U MOJIEKYJIIPHO-IUHAMHYECKHUE CH-
MYJISLUU SBISIOTCS MOIIHBIMH MHCTPYMEHTaMU JJIsl TIOJy4YeHUs TOapo0-
HOUM CTPYKTYpHOU MH(MOPMAIIUU C LIETBI0 UCCIEIOBAHUS B3aMMOICHCTBUS
G-AHK-nurang [12]. B aToM HccieaoBaHUU Mbl IPOBEJIM MOJICIIMPOBAHUE
MOJIEKYJISIPHON AMHAMUKH CO CBOOOHBIM JIMTAHJIOM, C LIEJIbI0 UCCIIEI0BA-
HUS CTIOCOOOB CBSI3BIBAHUS U OCOOCHHOCTEH B3aUMOJICHCTBUS TaKCU(ou-
Ha, B CPAaBHEHUH C KBEPLETHUHOM, C BHyTPUMOJIEKYJISIPHON TEJIOMEPHOM CT-
pyktypoii G-kBaapyIuiekca yeaoBeka. OCHOBHbIE CaliThl CBSI3bIBAHUS ObLIN
UACHTU(UIMPOBAHBI U ICTAIM3UPOBAHO OTMIMCAHBI ITYTH CBSI3bIBAHUSI.

MarepuaJibl 1 METObI

Crpykrypa tenomepHori G-JIHK Obuia monmyuena u3 6aHka JTaHHBIX
PDB (ID PDB: 2HY9) [13]. Oto rubpuanas tononorus G-/{HK, dopmu-
pytomasica B pactBope K +. Ota Tononorus takxke umeer Tpumier AAA,
KOTOPBIM MEPEKPHIBAET BEPXHIOK TeTpaay TejaoMepHoro G-KBajpyruiekca
ruOpuaHoro tumna. M3BecTHO, YTO aJICHUHOBBIM TPUIUIET UTPAET BAXKHYIO
poJib B GOPMUPOBAHUU U CTAOWIIM3ALMH CTPYKTYPhI UEJIOBEUECKOTO TENO-
MepHoro G-kBaapyriekca B pactBope K +[14]. 2D takcudonmnna Ob11a 1mo-
aydena u3 6a3sl naHHbIX PubChem [15]. TpexmepHbie mapamMeTpbl TaKCH-
donuHa YIS MOJIEKYJISIPHO-IUHAMHYECKOTO MOJICITMPOBAHUS OBUIH TMOITY-
YeHBI C WCIOJIb30BAaHUEM WHCTpyMeHTa acpype [16] mis General Amber
Force Field [17] ¢ wactmunsiMu 3apsimamu AMI1-BCC. ACPYPE
(AnteChamber PYthon Parser interfacE) —3to ckpunt Python B mporpamm-
HoM obecnieuenut ANTECHAMBER, koTopslii reHepHpyeT TOIOJIOTHH
napameTpsl Majbix MoJeKyJ Juis nporpamMmbl GROMACS. Pucynku B3au-
MojieicTBuUs uranaoB ¢ G-kBajpyriekcHoi ctpykrypoit JIHK 6butm mo-
Jy4Y€HBI C UCIONb30BaHueM uHcTpymeHTa VMD [18]. Iuarpammsl u rpa-
(UKH AIEKTPOCTATUYECKON U BaH-JIep-BaasibcoBoil (VAW) suepruit Obuin
MOJYYEHbI ¢ UCMOJIb30BaHUEM Moaysi xmgrace nporpammbl GROMACS.
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JuarpaMma uaeHTU(HUKAIMA BOJOPOIHBIX CBsI3eil ObLIa MOJydeHa C TOo-
moisio matplotlib [19]. Ml mpoBenu MoJIeKyJIIpHO-THHAMHYECKYIO CUMY-
im0 G-JIHK ¢ takcudonnnoM ¢ ucnonp30BaHHEM IPOTPaMMHOTO TMaKe-
ta GROMACS, v 2016.5 [20]. dns MoaenupoBaHusi ObLIO MCIOIB30BaHO
cusooe nosie Amber ff99SB-ILDN [21]. Particle Mesh Ewald (PME) 6b11
UCMOJIb30BaH JJIsl pacueTa 3JIEKTPOCTATUKU Ha OOJIBIIMX PACCTOSIHUSX.
BpemeHnHoii mar B 2 ¢ ucnoabp30Baics Bo BpeMs sKBuMOpanun. JlaHHble
perucTpupoBaInuCh Kaxable 2nc. CTpyKTypbl ObUIM MTOMEILEHBI B J10JeKa-
SAPOHOBBIN O0KC ¢ Mozaenbio Boasl TIP3P, B koTopyto ObuIM 100aBIECHBI
JonoHUTENbHbIe HOHBI K + st HelTpanu3auuun cuctemsl. [locie atoro
ObUIa NPOBEJICHa MMHUMU3ALMSI SHEPTUH, a 3aT€M JIByXdTallHasl SKBHINO-
panus cuctembl. Mdtraj uConbp30BaIy UIst HACHTU(DUKAUN 00pa30BaHHS
BOJIOPOJIHBIX CBSI3€H MEXIy TaKCU(POIMHOM U TernoMepHbIM G-KBaapym-
JIEKCOM 4YeJloBeKa. DHepreTuyeckuil Moayiab Gromacs ObUl MCIOJIb30BaH
i pacyetoB VAW U 3JI€KTPOCTAaTUYECKON PHEPTUH, a rms MOAYJb ObLI
UCIoJb30BaH A pacueta RMSD.

OO0cy:xneHne pe3yibTaTOB

B panHuX uccnenoBaHusX HaMu ObUT MPOBENEH aHAINU3 B3aUMO-
JercTBUs KBepueThHa ¢ tenomepHoi G-kBanapymiekcHo JHK [22]. B
STOM HCCJIEIOBAaHUU HaMU ObLIO OOHApY’>KEHO, YTO KBEPLETHH B3aUMO-
nericteyet ¢ G-JIHK B o6mactu 6opo3aku. [Ipu »ToM OH N3HaYaIBHO B3aU-
MOJIEUCTBYET ¢ BepXHUM (G-KBApTETOM CTPYKTYpBI, IIOCJE YETO MPOUCXO-
IST KOH(pOpPMaMOHHbBIE (DIYKTyaruu, BCIEACTBUE YETro KBEPLETHH Mepe-
Merniaercs B oonacts 60posnku G-kBaapymiekcHnoit JJHK, rie u pukcupy-
eTcs. BzanmonelictBue kBepueruHa ¢ 6oposakoit G-JIHK nocpeactsom
AJIEKTPOCTATUYECKUX B3aUMOJIECHCTBUM U CTaOMIN3UPYETCS KaK MUHUMYM
JIBYMsI BOJIOPOJHBIMH CBSI3SIMU.

B cpaBHeHMM ¢ KBEpIETUHOM, TaKCHU(OJIWH W3HAYAILHO B3aUMO-
neiictByer ¢ BepxHeit yacteio G-JIHK, nannumnpys koHpopManroHHbIe U3-
MeHeHus B AAA 1ietsie, B YaCTHOCTH aJiecHuHa 26 u aaeHuHa 15 (Puc. 1B).
O6e Monekysbl Obutn cTabuiIbHBI B TedeHnu 200 He. cumynsanuu (Puc. 2E).
OcHoBBIBasICh Ha JTaHHBIC 0 Ban-nep-BaanscoBwix cunax (Puc. 1F), anexr-
poctarnueckux pacuerax (Puc. 1G) u ananuza BO3MOXKHOCTH (POPMHUPOBA-
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Husl BojopoaHbix cBszel (Puc 1H), MOXHO cienaTe BBIBOJ, YTO B3aUMO-
neiicrBue takcudonmna ¢ G-kBagpymiekcHoi JJHK mo Gombiueit yactu
OIIOCPEIOBAHHO 3JIEKTPOCTaTUYECKUMU CUJIaMHM. {7151 MOATBEpKAECHUS KO-
HEYHOTO caiiTa CBSI3bIBAHUS TAKCU(OIMHA, CUMYJIALNS ObUIa MPOAJICHA J10
400 HC, B TEUEHUH KOTOPBIX TAKCU(OJIUH COXPAHSIET CBOE U3HAYAIILHOE T10-
JI0’)KEHHUE B3aUMOJEHCTBYS ¢ AAA mnetinei.

05

C iﬁ E &
P abtlass | Bait
& = ‘{l S50 100 150 200
Time (ns)
i . o H

Pucynox 1. A) Hauanvruas mouxa cumyasyuu, maxcu@onur (HUsiCHUIl npasviil yeoi)
68 Hecssi3anHoM cocmosnuu. B) Bzaumoodeiicmeue maxcugponuna
¢ adenunom26 u adenunomlS.
C u D) Cavim ceasvisanus maxcugonuna va menomeprou G-xeaopyniexcuou [JJHK.
F) /lannvie o anekmpocmamuueckux nokasamensx.
G) Iokasamenu suepeuu Ban-dep-Baanvca.
H) Bosmooicnoe gpopmuposanue 6000poousix cesseil (1 crabas 6000pooHas cesnzo
dopmupyemcs 6 meuenuu 200 He).

B nanHOM MccnenoBaHuU, MBI ITPOBEIU MOJIEKYJISIPHO JHMHaMUYecC-
KyI0 CUMYJISIIIMIO C IEJIBI0 aHAJIN3a caiiTa CBA3BIBAHUS M OCOOEHHOCTEH B3a-
UMOJICHCTBUS TakcH(OIMHA ¢ BHY TPUMOJIEKYJISIpHOI TenomepHoi G-KBa/I-
pymnexkcHoil JIHK uenoseka.
bout unentudunuposan caiit cesa3piBanus Takcudonrna Ha G-IHK u po-
BEJICH aHANIN3 (PU3NKO-XUMHUYECKUX XapaKTEPUCTUK B3aUMOICHCTBHSL.
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OnHOI U3 BaXHEWIINX MPOOIeM B TIOJOOHBIX UCCIIETOBAHUSIX BBIC-
TyHaeT HU3Kas CEJEKTUBHOCTb HU3KOMOJIEKYJISIPHBIX JIMTAHJIOB 110 OTHO-
menuto Kk G-kBaapymuiekcHoi JIHK. G-kBaznpymniekc cBsi3pIBaroIMe JINTaH-
JIbl Takke B3auMojeicTByto ¢ B-popmoii JIHK, 3auactyto mocpenctBom
MHTEPKAIALNHU, YTO MIPUBOJAUT K IUTOTOKCUYHOCTH. braromaps cTpykryp-
HbIM ocoOeHHocTsIM G-kBanpyruiekcHou JIHK, murangsl MoryT B3aumo-
JEHCTBOBATh C JAHHBIMHU CTPYKTYpaMU OTJIMYHBIMU OT WHTEPKAJIALIUU ITy-
TssmMu. Hanpumep, mocpeacTBOM CTEKMHIA B BEPXHEH WJIM HMXKHEH 4acTu
CTPYKTYPBI, a TAK)Ke IMOCPEICTBOM B3aUMOJICUCTBUSA € METIISIMU U J1p. Tak-
cudoauH (IeTUaIPOKBEPIIETHH) SBISCTCA CTPYKTYPHBIM aHAJIOTOM KBEpIle-
THUHA, OJJHAKO HeOoublas MOIU(UKALMSI XUMUYECKOW CTPYKTYpPbI TaKCH-
(oJIMHA MOBBIIIAET CEIEKTUBHOCTD JAHHOI'O COEAMHEHHUS 110 OTHOILIEHUIO K
G-KBaJpyIUIEKCHBIM CTPYKTypaM U MPUBOJAUT K OOJIee HU3KUM MOKa3aTe-
JSIM IUTOTOKCUYHOCTH. [loimyueHHble JaHHBIE MTOJIYEPKUBAIOT HEOOXO0IU-
MOCTB MIOUCKA U JU3aiiHa HU3KOMOJIEKYJISIPHBIX JIMTaH/I0B, KOTOphIE 00a-
JIAI0T BO3MOYKHOCTBIO K B3aMMOJEHCTBHIO ¢ G-KBaApYyIUIEKCHBIMU CTPYK-
TypaMU OTJIMYHBIMH OT MHTEPKAJSILMM ITyTSIMH, YTO UMEET MEPBOCTEIIEH-
HYIO 3HQUUMOCTbH ISl CEJIEKTUBHOCTH M HU3KO TOKCHUYHOCTU ITHUX COCIH-
HEHUH.
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TAXIFOLIN INTERACTION WITH HUMAN TELOMERIC
G-QUADRUPLEX DNA HYBRID FORM BASED
ON MOLECULAR DYNAMIC SIMULATIONS

G. Chilingaryan, N. Abelyan
ABSTRACT

G-quadruplex stabilizing ligands have demonstrated their capability to
decrease cell growth in vitro and in vivo cancer models. After more than a decade
of investigations aimed at targeting telomeric G-quadruplexes, the development of
G-quadruplex-based binding ligands has progressed slowly with only one
candidate making it to clinical trials. The most urgent problems are the lack of
high-resolution structural data for many G-quadruplex forms and small molecules’
low selectivity.

One 400 ns molecular dynamics simulation of the taxifolin interactions with
hybrid form of human telomeric G-quadruplex DNA was conducted. Binding
modes of ligands were identified. Energetic parameters and hydrogen bonds
formations were calculated. The interaction of taxifolin with G-quadruplex loop is
an obvious example how a slight difference between chemical compounds could
define binding mode.

Keywords: G-quadruplex, telomeres, molecular dynamic simulation,
cancer.
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T'ykacsn L. MarucTpast BTOporo roja o0yuenus Mucruryra
MaTeMaTHKH U HH(GOPMATUKY 10 HATIPABJICHHIO
noarotoBku «lIpukinagnas MmaTreMaTuka u
nHpopmaTtka» PAY

AuckaeBa E.N. K.(.-M.H., 3aBeqyrormas kadeapoit GU3uKN U
MareMaTuku CTaBpOIOIBCKOTO TOCYIapCTBEHHOTO
MEJIUIIMHCKOTO YHUBEPCUTETA

Kupaxkocsau I. K.0.H., HAy4HbII coTpynHuK MHCTHTYTA (hrsnonorun
mM.JI.Op6ern HAH PA
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Kouapsu A.C.

ManyksiH A.9J.

OranecsaH A.A.

Oransgn C. A.

Ierpocsin M.C.

Puirynu JL.P.

Capresn A.M.

Tumoruna M.U.

TpuyHsiH A.A.

Dapcusin JI.M.

XayaTpsin A.A.

Xavatpsan A.X.

actipanT MHCTHTYTa Tpo0ieM HHPOPMATHKH
aBroMmatm3anmu HAH PA

Hay4YHBINA cOTpYIHUK 0a30B0oit Tembl 'K MOH PA Ne
10-2/1-1.

K.0.H., JIOIICHT, 3aBeAyolIas KaQeapoi MeIUIIUHCKOM
OMOXUMMU U OMoTexHoaoruu PAY

CTYJICHT IIecTOro Kypca MHCTHTyTa GMOMEIUIIMHBI 1
(hapMaryu 1o CreruaaIbHOCTH «MeTUIIMHCKAs
OHOXUMMUSD

nabopaHT 1aboPaTOPUN aHATTUTHYECKOW OMOXIMHH U
ouortexnomoruu PAY

nabopaHT jaboparopuu duoxumuu PAY

acniupant HayuHoro nieHTpa 30070ruu u
rugpoakosniorun HAH PA

CTYJICHT YeTBEpPTOro Kypca MHCTUTYTa OMOMEUIIUHBI U
(hapmanuu 1o cnenuaibHOCTH «MenuImHCcKas
OHOXUMMUSD

1.6.H., mpodeccop, wieH-koppecrmonaeaT HAH PA,
npodeccop kadeapsl onopusuxu EI'Y, mpodeccop
KadeIpbl MeTUITUHCKOW OMOXUMHH U OMOTEXHOJIOTHH
PAY

na0opaHT Kadeapbl MEAUIIMHCKON OHOXUMUY U
OMOTEXHOJIOTUU

K.(p.-M.H., accucTeHT Kadeapsl BEICIIEH MaTEMATHKH 1
TEOPETHUECKON MEXaHUKH APMSHCKOT'O HAIllHOHAJIEHOTO
arpapHoOro yHUBEPCUTETA

I.¢.-M.H., ipodeccop, 3aB.Kadenpoii BeICIIEeH
MAaTEMAaTHUKH U TEOPETUYECKON MEXaHUKU APMSIHCKOTO
HAIMOHAJIBHOTO arpapHOr0 YHUBEPCHUTETA
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XauvaTpsan X.A. I.¢.-M.H, cTapmuii Hay9IHBIH coTpyIHUK MHCTHTYTA
matematuku HAH PA

Yusmuarapsau [.B.  HayuHslil corpyaauk 6a3oBoii Temel ' K MOH PA

HImaBonsiH A.A. MarucTpaHT BTOporo roja obyuenus Macturyra
MaTeMaTHKH U HHPOPMATUKH 110 HATIPABJICHHIO
noarotoBku «IIpuxiagHas MaremaTka u
WH(POpPMATHKA»

AabbexbsH K.C. 1.0.H., 3aBenyromias kadeapoi odmei n
ouonornueckoi xuMur CTaBpOIOIBECKOTO
roCy1apCTBEHHOIO METUIIMHCKOTO YHHBEPCHTETA
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