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2016-18pp. Inwgnwl gbwnnd hpwywlwgyt) U gpwytluwpwlwywl W gpwehdhwywl n-
untdUwuppnepynilutn, nph wpryniupnud quwhwwnydb) £ gbinp Eyninghwywtu dhdwyp, Jwulwyn-
nwwbu uwwnndhunn pwynbphwutph pywewluwyh b phdhwywl gnigwuhubnh hhdwu ypw npndtp
E onh npwyp gbinh wnwppbp hwwndwsélbpnd: Pwgwhwjindt) Bu Eynhwdwlwngh dpw wagnnn
hhuuwywl gnpénultpp:

Uwwipnghwn puwlyinbppwlbn — 4nih-hunbpu — oph npuwy

B 2016-2018 rr. Ha pexe Pazman ObutM mpoBeleHBI TUAPOOHOIOTHYECKHE W THIPOXH-
MHYECKHE MCCIIE/IOBAHMS, B PE3yJIbTaTe KOTOPHIX OBUIO OLEHEHO €€ HKOJIOTHYECKOE COCTOSIHUE, U
B YaCTHOCTH, HAa OCHOBE HCCIICIOBaHMSI XMMHUYECKUX MOKa3aTeNeil U YHCIICHHOCTH CanpopUTHBIX
GakTepuii OBUIO OMPEEeTeHO Ka4eCTBO BOABI B PA3IMYHBIX YJacTKaX PEeKH. BBIBICHB! OCHOBHBIE
(aKTOpBI, BIUSIONINE HA SIKOCHCTEMY.

Canpogumnsie bakmepuu — KOAU-UHOCKC — KA4ecmeo 600bl

In 2016-18, hydrobiological and hydrochemical studies were carried out on the Hrazdan
River, as a result of which its ecological state was assessed, in particular, on the basis of studies of
chemical indicators and the number of saprophytic bacteria in different parts of the river, water
quality was determined. The main factors influencing the ecosystem of the river are identified.

Saprophytic bacteria — coli-index — water quality

Ipwagnwu gbunp uUth £ wnunwd Ulkwuw [8hg, ntuh 141 Yd Gpywnnipniu, wyw-
quuh dJwybpbup 2650 Yd° E: 3nunwd B hwpwyjwpldnwl nennniejwdp, wugunid
QGnwpeniuhgh, Ununweh dwngtpny, Spllwl pwnweny, Upwpwunh Jupgny W pwthynid
Upwpeu gt [2]:

Wohuwwnwuph Uwwwnwyu £ Jwuptwpwuwywl W phdphwywl gnigwuhputph hhdwl
Jnpw quuhwwnt Ipwgnwl gbnh Eyninguuwuhnwpwywu yhdwyp:

Uwwpndhin pwyntbphwubpp, hwunhuwlwiny gpwihu Eynhwdwywngh Yuwplnp
pwnwnphg, UG& nbp nlubu Uneh W EuGpghwih 2pswujinnyinh gnpénud: Lpwlg — ukipn-
pnudp UGS E bwle gGinh huplwdwenpdwl W 9ph npwyh pwpGiuydwu gnpéplupwgnid [9]:
Pwywntphwubnu hptlg 6YncunLejwu Qunphhy hwunbu BU qwihu npwGu 2pswyw
uhgwywinh thnthnfunieniiliph (wy gnighy: Pwlywntphngtunquph wpdwaqwlpn gpwijhu
Eynhwdwywpgl wnwnnunnn Unwetph Wwundwdp wpwnwgndned £
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dwuptuGph wju Eyninghwywu W wnpndhy  hudpbph  qupqugdwl  pwlwywywl W
$nilyghnuwy gnigwlhpubph thnthnpuniejwdp, npnue ogunwgnpénd BU wyn Uncebpp
npwtu EuEpgbunhy W ywnnignnwywl pwnwnnhg [10]:

9nh npwyh quwhwwndwl Uwwwnwyny nruncdbwuhnydt) U UGgndhy uwwpndhwn
pwlwntphwltph pwlwlwywl gnigwlhpUbpp (wekgdws 37°C 24 dwdyw plpwgentd),
npn2ytiL £ Ynih-hunteup (wnhpwjht gntwhyutph pwlwyp 1 gnned), npp puntewgnnid £
dwpnywlug W Yytunwuhubph ynnuhg hhnpnEynhwdwlywpg ubpdnsywsd Jhynndnnw:
QGwnh gpnud npnpdbp BU Lwl wdnupnud, Uhwpww, Uhwnphun, $nudwin  hnulbph
ynugtuinpwghwutpp, b Yuwwnwpyty £ oph npwyh quwhwwnned:

Unip W dGpnn: 2016-18pp. Ipwqnul gbinnd hhnpnEyninghwywl nrunctdbwuhpnepe)niu-
utp hpwywlwgubnt bywwnwyny gupnib-wpnit dwdwlwywhwwnywédnid Udnpwnned b Yunwpyby
Ipwgnwl gGwnh 5 nhwnwybwnbphg' Ipwgnwl gbinh wynibp, Reuh qyninhg hGwin, «Upquh»
wnnnpwpwuh nwpwdp, Ubpwghw dwepdwl YuwjwUhg hGwnn, Ipwgnwl gbinh unnphu hnuwup
Rnyuwptl gynnp twnwée): LUnwenwdp Yuwwnwnybp £ Jwupbwgbnd wtnwpwubpnd, Jwupkbw-
pwlnLpjwl Ubp punniujwsé Ubpnnubph hwdwéwu [4: Ubgndhy uwwpndhin dwlptubph (37°C)
rYwpwlUwyp npnaytp £ snp ullinwpwn wqwphg wwwnpwunywsd unwununun ulbnwdhgwywpned,
waéh Uty ondw hwpywpynd, huy ynih-hunteup’ dedppwlwihu $hpinpdwl dbpnnnd [5, 7] Qbwnh oph
npwyh Eyninquuwthinwpwywl quwhwwnnedp Ywwnwpyty E pun NndwuBuyngh [6]:

Lhuhwywu Unctph $nudwwn, Uhinphin L wdnuhnud hnUuGph YnugGUinpwghwl npnayty £
uwtywnpndnuiindbinphy Enwitiwyny, huy Upnpwun hnlutph Ynugbunpughwu' gpndwnngnpuwdny:

Upnyniuplbip W puliwpyncd: Ipwgnwl gGinh wynitupnid gBinh hnuep gnbret pw-
gwywjnud E, gpwpwlwywl gnigwuppuGpnd wju hwndwdp wnwyb) Ubdwu E (dwhu
Eynhwdwywngbppu:

2016-18 pr. Jwuwpywd hGunwgnnnienllubph pupwgentd Ipwagnuwl gbnh
wynctupnd uwwpndhin pwynmbphwubph nwpblwu Jhohu pdwpwlwyp wnwwnwuytb, £
606-1470 QUU/-h (qunnie wnwwgunn Uhwynp) uwhdwuncd Y. 1):

Uunypndpun pulpnbphubibp 550165 |

3"‘ 20000 1 2017p
% 15000 — s
o) ' |

§ 10000 1

§L 5000 +

T, Lefle 808 e .

| 1 11 v Vv

LY. 1. 2016-2018pfe. Inwanwl gbinh npnp nhinwytwnbpnd gpwlgqwd uwwpndhn
pwywntnphwutnh (QUU]) tnwnblwu dhghl pywewlwyp’ -3pwgnwl gbnh wyniug,
lI-R9Uh gjnLnhg htwnn, 1l-Upquh wnnnownpwUh tnwpwoe,

IV-UGpwghw dwendwl Ywjwuhg hGwnn, V-3pwgnwl gbwnh unnphU hnuwug:

Swdbdwwnwpwn pwpép pUwewlwy (3520 QUUN]) gpwlgyty £ 2017p. wdnwlp,
husp wwydwuwynpywéd Ep oph pwnpép gbpdwuwnhdwluny  (22°C): Ipwgnwl  gbiwnh
wyniupnud yuwwnwpywé  nuncduwuhpneegniiutph pupwgend  wnhpwihu  gniwyhy  sh
hwjnbwptpytp  UY.2):  Phdhwywlu  Unetph  YnugGUwpwghwl  th gbpwquiughi
uwhdwlwjhU pnijjwwnnth Uunpdtnp:
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LY. 2. 2016-2018pfe. Inwanwl gbwnh npnp nhinwytwnbpnd gpwugqwé Ynih-hunteuh (QUU/Y)
nwpbywu Uhght pywewuwyn® I_pwgnwl gbnh wyniug, 1-RsUh gjntnhg htwnn, -Upqup

wnnnewnwuh

wnwpwép, IV-UGpwghw Jwpenpdwl Yuwjwuhg htunn,

V-3pwqnwl gbwinh unnphu hnuwug:

PoUh gJnLnhg hGwnn gbnp pwdwywuhtu wpwqwhnu E: Uju nhinnwyGunnwd Reuh gjnt-
nh ynninweptpp pwihynd Gu Ipwgnwl gbn, nph wpnyniupnd opnd widGiwuncd £
onqwuwywu Ujnch dwywip' hwugbgubiny uwwpndhunn pwynbphwltph W Ynih-huntbeuh
wndtputph wytwgdwu, thnfuyned £ bwle gGinh oph npwyp: YUwwpndhwn pwynbphwlubnh
rYwpwlwyp nwwnwuytbl £ 1430-1933 QUUM|-h uwhdwunwd (Y. 1): Unih-hunteuh dhghu
wndbeubpp Ywqutp Bu 6333-12000 QUU/ (LY. 2): Qupluwl b wpbwl wdhulGphu oph
Swlwih wybGlugdwu hGwnlbwupny gpwugdt) Gu Ynih-hunGeuh hwdbdwwnwpwn guén
wndtiputp (5-10 hwg. AUUY):

PoUh gJnLnhg hGwn gnbreb YpYuwyh wytiwunwd U Lwl phvhwywl UjnEtnh Ynu-
gGuwnpwghwutpp: dnudwwn hnuh Yynugbunpwghwl thnihnfuyty £ 0.19-0.27dg/|-h uwh-
dwuntd, Uhnpwwn hnuhup® 1.39-1.94 dg/|, Uihinphwn hnuphup® 0.02-0.06 Jg/|, huy wdnuhned

hnuh Ynugtuwnpwghwu* 0.21

-0.23 Jg/-h uwhdwuncd (Uy.3):

50
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Udnuhowd hnt dgN/g m2016p.

2017p-
m2018p.

LY. 3. 2016-2018pr. Ipwgnwl gbinh npn2 nhinwytwnbpnud gpuwugywé wdnuhned hnuh twinpGywu
Uhghu Ynugtunpwghw'® I-_pwgnwl gtnh wyniug, I-RgUh gjnnhg hwnn, -Upqup wnnngwpwlh
nwnpwép, IV-Ubpwghw dwpenpdwl Yuwjwuhg hGwnn, V-3pwgnuwl gbinh unnnphu hnuwlge:

uRY -

uwhdJwUwjhu pnyjwwnpGih ynugGunpughw:

NruncdUwuhpywé phdhwywl gnigwlhpubphg Jhwiu $nudwn hnuh Ynugbunpw-

ghwu E gbpwquugb]

uwhdwlwjhu  pnywwpth - UnpdGpp Jdnn

(0.27 da/), hugn YnjnLnwigntinh wantgniejwl wpryntug £ UY.4):

2

wlgqwuJ

8
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bnupmw hnuPlq/1 w2016p.
10 2017p.
g B-2018p.
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LY. 4. 2016-2018ppr. Inwgnwl gtiinh npn nhunwytwntpnd gpuwugwé wunupnid hnuh tnwpblywu
dhghu YnugbUinpwghwl® I-3pwgnwt gbnh wyntug, 1I-RgUh gninhg htwn, Nl-Upquh wennswnwup
wnwnwép, IV-Utpwghw dwenpdwl uwjwlhg htwnn, V-3pwgnuwl gtnh unnphl hnuwlg:

U3y - uwhdwlwjhU pnijjwwnntih ynugBunpwghw:

«Upquh» wrnnewnwuh UGpadwywenid Ipwgnwu gbiwnp hnunwd £ funp Yhpény,
hnuplU wjunnbn nwunuwn E, gpniuinp® pwpwjht, wjwagh pwdbbdwup wllpwu E: QGwnp
hniup pwunywé E, wihtphu Jwuwwpynd GU ohUwpwpwywl  whuwwnwlplbp: Rolh
gjnnhg hGunn' UhUsle Upgunt nhuinwytwn, gbnp gnipp hwugunwd £ hupuwdwendb), pugh
win wu hwwndwsénwd gbnpu U Jhwund  hwupwihu  wnpjneputp, nph - wipyniupnud
UJwgnd U opgwlwywl  wnuinnjwénieintup W hwdwwwunwupiwlwpwp  Uwl
uwwnndhwn pwyinbphwubph funnie)ntup: Uwwpndhwn pwynbphwubph tnwpblywu dhghu
pUwpwlwyp wu nhunwytwnnd wnwwnwudt, £ 903-1700 QUUM,  Unih-hunteuh
wnpdteputpp thnthnpuyb| U 6-8 hwq. QUU/|-h uwhdwuutpnd:

$nudwwn hnuh Ynugbunpwghwl thnthnpudby £ 0.21-0.34 Jg/j-h, bhinpwwn hnupup®
2.16-3.53 Jg/|, Uhinphinphup® 0.01-0.06 Ug/|, huy wdnuhnwd hnuh YnugBuwnpwghwu 0.15-
0.17 Jo/|I-h uvwhdwluGpnwd: dnudwwn hnuh YnugGunpwghwl pniwnptih Unpdbpp
gbpwquugt] £ 10 wugqwd (0.33 Jg/): Nuntduwuhpywé gnigwuhubph hwdbdwunwpwnp
pwnan wpdtpubn gpwugyb) Bu 2018p., husp Ywwywé E EnbL oph dwywih Ujwquwl htwn
(uy. 4):

Rwgnpn nhinwytunp gunuynd £ UGpwghw Jwepdwl yuwjwluhg gbwnh hntuny Unun
200U Ubppl: 3nupwgptph pwnwpewhtu Jdwepdwl Ywjwup Ywwnwpnd £ Jhwju JG-
huwuhywywu dwepnud: Wju nhnwytnnd gbinh hntup W whwdBpd hwndwép dainwiwtu
wnunnjwé U YEugwnuwihu wnpny: QGwnh hnupp nwunwn E, gniptu nctuh tnhwéd hnun:
Uwluptwpwlwywl hGwnwgnunincpynluuGph - wpnniugned . wwnpgytbp £, np uwwpndhwn
pwywntphwubph wwpbywu Jdhght pwewlwyp wwwnwuyt, £ 15000-18900 QUU/J-H
uwhdwuutpnid: Unih-huntGeuh (47666 QUU/) L uwwpndhin pwynbphwubph (18900
QUUM) wnwybwgnuyu wpdteubp gpwlgdb) Gu 2017, wdnwlp, hugp wwjdwlwynp-
Jwsd £ onh Swywih bjwgqdwdp:

LJwé nhunwybinnud Uwpunpn nhunwytnbph hwdbdwn wéakp U bwle Ynih-hu-
ntGeuh UhghU wndtpUtpp: Unih-hunteuh pwpén wpdbeutp GU ghwugyt| (31444-47666
QUU/) ncuntduwuphpdwé pninp tnwiphubpht, uwyuwju 2017@.-hu LpJwé gnigwlhpp Gnb) £
wnwyblwantjup (47666 QUU/):

Ehdhwywl Ujnptnhg $nudwin hnuh Ynugbunpwghwubpp thnthntugtbp Gu 4.17-
8.74dqg/|, Upupwwn hnup* 0.29-0.54Uq/|, Uhnphwnp' 0.01-0.06 Jg/|, huy wdnuhntd hnuh
UnugtlUwnpwghwl' 34.82-53.84 dg/|-h uwhdwuutpnud: Wdnupnd W Uhwphin hnUlbph
UnugblUwnpwghwl' pwpén £ bntp 2016p.-hu, $nudwn hnup YnugGunpwghwt® 2018p.,
Uhwpwwn hnuh YnugtUunpwghwu pwpén £ tntp 2017.-hu: Neuncduwuhpdwé YEuuwshu
wnwpnpBphg $nudwin hnuph YnugbUuinpwghwt URY-U gbpwquugt] £ uninwynpwwtu 50,
huy wdnuhncd hnup* 100 wugwd (LY. 4):
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UhUsle Indunwpbl gjninh tnwpwépe gbnhu Gu Jhwunwd d4uwpniswnwlutph ynn-
Uhg ogunwgnpéywéd wpuinbigul optp, nph hGnlewlpeny Uh pwuh wuqwd wybGwuncd £
gbwnh oph Sdwywip: Pwpépwunid £ prywduh YnugbUunpwghwl, L pwynbphwlbph
ytLUuwgnpéniubniejwl 2unphhy wknh £ nlubund opuhnwybpwywugudwl gnpdplewg®
UGpwghwjnid pwunn UGS pwlwynd gpwugwéd wdnuhwyp yGpwéddnd £ Uhwnpwnh:
Lwwwnywéd nuntduwuhpnieinlbutph pUupwgenid  uwwpndhun pwynbphwltbph pYw-
pwlwyp wnwwnwlybp £ 9800-13450 QUUM-h uwhdwunwd: 3wdbdwwnwpwn pwpap
wndtp ghwugyt] £ 2017pR. (13450 QUU)), hugsp Ywwyws E Gnbp oph dwdwih UJwgdwl
htwn: Ubpwghw Jwepdwl Yuwjwuhg hGnn' Uwuhuh tnwpwédwppgwuncd, dtdwunwd £
wnunnjwénijwl  wuwnhdwup: YUnih-hunteuh Jhghu wpdbpubpp Yuwagut, Gu 18900-
24666 QUU/|: wdtdwwnwpwp pwnép wpdbputpn hhduwywunwd gpwugytbp Gu wdnwl
wyJhultphu, hugp wwydwuwynpywé £ Gnt onh swywih UjwgUwdp (24666 QUU/)):

Unnphu  hnuwupnud Udwqb] £ Uwl phdhwywu Uncpetnh  ynugBunpwghw:
NruncdUwuhpnieinillph  plepwgenid $nudwnn hnuh YnugGUnpwghwt thnthnfudt) E
0.75-1.16Ug/|, Uhinpwn hnup* 4.15-5.59 Jq/, Uhnphwp' 0.12-0.26Uq/, huy wdnuhnid
hnuh YnugEuwnpwghwu 1.04-6.77Uq/|-h uwhdwulutpnud: IGtnwgnnjwd dwdwlwywhwwn-
Jwénwd $nudwwn hnuh dhghu Ynugtunpwghwtu URY-U gbpwquugt] £ 9 wuqwu (0,95
Jg/]), wunuhnwd hnup' 8,7 wugwy (3,49 Jg/), Uhunnpwwn hnup' 2 wuqwd (4,84 Jg/]), huy
Upwnphinn hnup' 3 wuqwd (0,19 Jg/), LY. 3-6): Ipwgnwl gtwnh unnphu hnuwupnid
Upunpwwn W Upinnphwn hnuUtGph Ynugtunpwghwu hwywlwpwn wybiwgtb) £ Upunpwnwihu
wwpwpuwuntetph yphpwndwl wpnniupned: Ipwgnwl gbnh gnpGpu winunnunygnud Gu
hwpwyhg plwywdwjnptph YEugwnwiht W gjniquuntnbuwywl, huswbu bwl dYuw-
pnidwpwulbph hnupweptnpny: Uwenpdwl Yuwjwulubph pwgwywjnieiwl W puwywywiptph
snwhGnwgdwl  hwdwywpgh  Jwpdwoénigjwl  wpnniupnd - wpnnibwpbpuywu - W
yeugwnuwihtu Yenuwentph 90-95%-p wnwug Jwepytint fuwnuynd U JwyGplniewihu
hnuptphu:

‘ChuphnNdgq/p  ®2016p
2017p

0.3 wW2018p

LY. 5. 2016-2018ppe. Inwanuwu gtwnh npn2 nhinwytwntnpnid gpwugywd Uhnphun hnuh tnwpGlywu
dhghtu Ynugbuinpwghw: I-3pwqnwu gbinh wyntlg, lI-~9Uh gjnnhg htwnn, H-Upquh wnnnswnpwuh
nwnwép, IV-Utpwghw dwendwl Ywjwlhg hwnn, V-3pwgnuwu gbnh unnnphu hnuwlge:

2016 1
‘Uhwpmwn hnuNdg/y .201711;

LY. 6. 2016-2018pe. Ipwagnwl gtwnh npnp nhtnwytwntpnid gpwlgywd Uhnphin hnuh tnwpBywu
dhghu Ynugbuinpwghw: I-3pwagnwu gbinh wynilg, lI-~9Uh gjnnhg htwnn, -Upquh wnnnswnpwuh
nwnwép, IV-Uepwghw dwpenpdwl Yuwjwuhg hGwnn, V-3pwgnwl gbinh unnnphu hnuwlg:

10
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Ipwgnwu gbwinh ybphu hnuwuphg unnphu hnuwlp opqwuwlwl wnunnunywdnt-
rJwl wéhu gniqwhtbn gpwugyt| £ uwwpndhwn pwynbphwubph  pywewlwyh wé: Un
Jwuhtu £ Jywynd Ubwle uwwpndhwn pwyintphwutbph W Uphinpwwn, Uhnphwn, wdnuphnd W
P$nudwin hnuubph yhdwywagpwywl ybpineénieinitup: Lpqwéd phuhwlywu gnigwuhpubph W
uwwpndhin pwlinphwtph Uhgl pugwhwpindt) E npuiwl Ywhdwsnieniu (R%=0,8),
uy.7y.

(=3
=1

*
y=0.000x-0.172
RZ=0.8

*

$Snudpwn hndg/y
(=] N - (=2 [--]

e

T 1

0 5000 10000 15000 20000
Vs fiviphin i b AT SO

LY. 7. 2016-2018pr. Ipwgnwl gtwnnd gpulgywé uwwnndhwn pwyinbphwubnh
W $nudwwn hnuh wpdbputph  YnpGywghnu YeninLénpniu:

NuntdUwuhpywé gnigwuhpubph hwdwn Juwwpdbp £ pwgUwswth  yhdwyw-
gnwywt Jtpnénieinit (grfuwydnp pwnwnphgubph  JGenn): Utennh Uwwwwyu Ep
gnigwuh2utipp - fudpwynptl Gpynt gluwydnn - wnwlgpwihl - pwnwnphgubph - Jhgngny®
hhdudting Upwlg Jvhole pwgwhwjnywséd Ywwbnph Jpw: udpwynpnudp hwdwpynud £
hwennywé, Grbt wn wnwugpwihlu pwnwnphsubpu pungpynud BU weyw wnyjwiubph
Jwnphwghwutnph U6& dwup (>70%): “bnnidnieiniup Yuwwnwnyb] £ yhdwwagpwywu SPSS
thwrebieh oquniejwup (UY.8), [8]:

.20 7

e E winOhntd
— 0.40 1 hno
S ] UwpnSh
o 0.20 1 o ® e
8 b pwywntph o
'g 5 ] whbkp
a’\l l;!ﬂl |hl 10 0
e O zﬁv:v" h
2 &= .
< i

_'"|'4‘flluiqu.|qpllz1 (31%)

LY.8. 2016-2018pfe. Inwgnwl gtwnh gpnid hpwwlwgywé niuncduwuhpnieinillbph
wpnynLtuputph hunGgpwy Jyennudnepnll® pugquwiswth yhdwywagnpuywu
JGninLéniejwl oguniejwdp:

Wjuwhuny, Ipwagnwl gbinh uinnphu hnuwuph JwuptwpwUwywl W gpwphdhwywl
hGunwgnunieinllubpp gnyg wnybghtu, np Gpllwl pwnwpehg Jhugle uinnnphu  hnuwlp
wybGiwunwd Bu gbin pwihynn hnupwonptph W Ynw-yGugwnuwihtu no - wpunwnpuywl
pwhnuutph pwlwyubpp, nph hGnlbwupny gbwnwihu Eynhwdwlwpgp sh  hwugund
lhwndtp hpwywlwgub, hupbwdwepdwlu gnpépUurwgp: Upyniupnd wyGjwuncd £ gbwnh
onh  wnununywoéniejwl dwywpnwyp: Wn Jdwupu Gu Jywjnud unnphlu  hnuwugnid
gpwugywsd uwwnpndhin pwyinbphwubph W Yuuwsdhu uncebph pwpép wndteutpp:

11
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Rwdwbdwjiu Nndwutuynih Jwytplenipwihlu ontph Eyninguuwlhnwpwywu guw-
hwwndwU, puin Utgndh) uwwynpndhin pwyinbphwutbph W ynih-hunbeuh vhohu wndteubph,
Ipwgnwl gbinh gnipu wynitupnd nwudb) £ «dwenipy (2-pn nwu) gnbph nwupu: Reuh
gjntnhg hGwnn' Upquh wrnnpwpwlh wnwpwépnud, «pwdwnwp Jdweniny (3-nn nwu),
Ubpwghw dwpepdwl Yuwjwlhg hGinn' «bnnnny (5-nn nwu), huy 3Indunwbl gjninhg
wnwg* «wnunnywéd» (4-nn nwu) spkph nwupu [3, 6]:

Swdwédwju 33 Ywnwywnpniejwl Jwytpnipwihu optph Eyninghwywl Unpdtnh,
pun gpwphvhwywlu gnigwlhpubph' 3pwgnwl gGnh wynitupnd gnipp nwuyb) £ «uid»
(2-pn. nwu) ontiph nwuhu: ReUh gjntnhg htwnn nhunwybunp, wwjdwuwynpgwé Uhnpwn W
wunuphnwd  hnuuGpnd, nwudbp £ «uy», huy pun pnudwwnn W Uhunphin  hnUlbph
ynugbunpwghwih' «hgwly» (3-nn nwu) npwyh' Upquh wrnnswpwuh  wnwpwédencd
gwnuynn nhwnwybnp' $nudwwn, Uhnpphin W Upinpwwn  hnultpny  wwjdwuwynpyws,
nwuyt £ opGph «dhowy» (3-nn nwu), huy, pun wdnuhnd hnuh YnugGunpwghwih, nwuybp
E «qwd» (2pn nwu) npwyh: UGpwghw dwpepdwl Yuwjwluhg hGwnn  nhunwytunp,
wwjdwuwynpywéd dInudwin W wunupnd hnuutpny, nwudtbp £ «Jwwny (5-nn nwu),
Uhwnphin hnuny® wupwywpuwn, huy, pun Uphunpwwn hnuh YnugbUunpwghwih «uwd» (2-pn
nwu) npwyh: Ipwgnwl gbinh uinnphu hnuwuep, wwjdwuwynpjwsd $nudwn b wdnupned
hnuutGph ynugGuwnpwghwny, nwuyt| £ «Jwwy (5-nn nwu), huy puin Uhinpwwn W Uhnphun
hnuutGph* «wupwywnwny» (4-pn nwu) onkph nwupu [1]:

aruvyuunre3nru
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fULAUNUPNIBU Uh2NILUBh (BRASSICA JUNCEA VAR. JAPONICA)
usgsuuuL Ivurudnrnre3ntue 64 pGreUSYNHR3NILE
~USOM3U IrArNNNLAYUSNIU

U.h. UUSrUMGS3UL, U.. AUM3UAUR, U.3. @UYGUNUSUL,
2.U. ULGRUULS3UYL, R.@. USEOUL3UL, U.3. @NYUUU3UL

33 QUU Q.U. Ywuypyuwlh wldwl hhnpnwnUhlyuyh wnpnpi&dutinh huunpwnncan
Daryadarmahsa0@gmail.com

UnweohU wuqwd pwgopjw hhrgnntunUhijh wwjdwuutbnnid ntuntdUwuhpybp £ ubdwu
Jwytptuph (100, 90, 80, 70 pnrju/U?) wagnbgnipintlp Jhgnilwjh wadwl, qupguwgdwl W
wpnniuwybnniejwlu Jpw: Mwpgybp E, np hhnpnwynupywywl Jowynypnid dhgnibwih
pwpap pGppwinynipjwl hwdwp, yegbnmwghwih 2 2ppwultpnid, pwpEUwywun wwjdwultn £
wwwhnybp 90 anJu/LI2 ubdwl Jwybptuny wnwppbpwyp (1.3-2.17 wugqwd): Uhwdwdwlwy
nuwpyh wwpptp punniejwt wwpdwlubpnud unwgywé pniuwhnudpp gbpwquugt) E
hnnwjhu dywynijep 1.1-2.3 wugwd: Uhgniuwjh wmGpllUbpnd Ca-h pwuwynieniup 9-64 %-
ny pwpép £ GnkL 80 L 90 an]u/LI2 uudwu Uwutybunq wnwppGpwyubpnud: L yhinwdhu C-
h gwén wwpniuwynee)nilu r].thL{l]l_zt 90 pniju/U* nwppbpwyned (24-46 %-ny), uwlwju Giny
wju ¢h ghety 100 W 70 pnyu/d® wnwppGpwyutpphl, dJhwdwdwlwy djniu wnwppGpwyhu
gbpwquwugb] £ 1.4-1.7 wuguwd:

Uhgntuw — hhnpnwynUuplw — ubdwl Jwlybptu — pGppwwnynieintl — Jhuinwdhl C - Ca

Brepseie 6bu10 HccnenoBanHO BiausgHUe wromaau mutarus (100, 90, 80, 70 p/MZ) Ha pOCT,
pa3BHUTHE U MPOJYKTHBHOCTH MHU3YHBI B YCIOBHSIX OTKPBITOM I'MAPONOHMKH. B Xoxe mccimenoBa-
HUH BBISICHWIH, YTO B 000MX NEpPHOJax BEreTalyii, BEHICOKYIO YPOXKaHHOCTh 00ECTIeU I BAPHUAHT C
miomazpio mutanrns 90 p/ M® (1.3-2.1 pasa). B To e Bpems, MOIY4EHHOE PACTUTENLHOE CHIPBE,
MIPU Pa3IMIHbIX YCIOBHUAX T'YCTOTHI IIOCAIKH, MPEBBICHIIO MOYBEHHYIO KyIbTypy 1.1-2.3 paza. Ber-
cokoe comepxanue (Ha 9-64%) Ca B JIUCThIX MU3YHBI OBLIO B BapHAHTAX C IUIOMIAbIO TUTAHUSI
80 u 90 p/m°. Hecmotps Ha Hm3Koe cofepxanue Butamuna C (Ha 24-64%) B Bapuante 90 p/m?,
JAHHEIA BApHAHT He YCTYIaT BBIXOJOM ChIPbs BapranTaM 100 i 70 p/M%, HO B ToXe BpeMs mpe-
BbIcUII BapuaHT 80 p/MZ.

Mu3syna — eudpononuxa — niowads numanus — ypoxcatinocms — eumamutr C — Ca

For the first time the influence of the nutrition surface of 100, 90, 80, and 70 (plants/mz)
on the mizuna’s growth, development and productivity (efficiency) was studied in open-air
hydroponics conditions. It was revealed that during 2 vegetation periods the variant of 90
plants/m? nutrition surface provides favorable conditions (1.3 times-2.1 times) for the high yield of
mizuna in hydroponic culture. At the same time, plant raw material, received in conditions of
different planting concentrations, exceeded soil culture 1.1 times-2.3 times. In mizuna leaves the
amount of Ca was higher in 9%-64 % in the variants of 80 plants/m? and 90 plants/m? nourishment
surface. Although the low content of Vitamin C was observed in a variant 90 plants/m? (in 24 %-
46 %), but it wasn’t inferior the 100 plants/m? and 70 plants/m? varieties with the output, at the
same time it exceeded the other variants 1.4-1.7 times.

Mizuna- Open-air hydroponics- Nutrition surface- Yield- Vitamin C- Ca
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LwnwdJpwagghutpp wplenp pwlswpwpnyutn Bu, npnup wéakgynud U L oguw-
gnpéynid wdpnng wphuwphnud: Ypwlp UG nbp BU fuwnnud Jwpnnt Uwpnwiht hw-
Jwywnpgh, Jwpunnnipjwl W wyp opgwlutph gnpénibtnupywu ywunuwynpdwl gnpénid,
pwpépwguncd BU opqwuhquh nhdwnpnnwywuncejnitup [7, 101 Mwpqyby £, np shuwywl
Yuwnwdpp W Jdhgniuwu punpdtp 6U° Uhpwgguwiht wnhGgbpwywu Jujwund wébgutint
Uwwuwwyny [13]: 8nyg E wnnybl, np Brassica inGuwyh 5 pwlpwnbntU, wjn pynid Lwl
Jhgnituwl, Ywpnn GU hwdwnytGp ynihdBunubph wnpynp [14]:

Unwohl wugwd Swjwuwnwl £ Ubpdnedyt, b hwuwnwndb] junwdpwagghUubph
(hvwgwéwnywynpubnh-Cruciferae) puwnwuhpht  wwwnlwunn  wnpdbewdnn, wnbplewynp
Jwlwg pwlpwnwpniu Jhgnilwgh /Brassica juncea var. japonica/ wuhnn woétgdwu huw-
pwynpnipintup W hGnwllywpwjunce)niup: Lywwnwy £ npdtGp hhnppwnuphywywu  w-
ynyend nuncduwuhpGine nuywnyh puinniejwl wantgnieintlp wju wlwpnguh wbh,
qupgwguwl b wpnniuwyBwnniejwl Yynpw:

Uhgntuwlu dwgnudny 2hUuwuwnwuhg E, pwjg Upw hwyptuhpp hwdwnpynwd £ dw-
wnuhwl: BSwwnUwghubpp hwjwnuh U pptlg hwjwuwpwipnjwsd W wennp  ullnw-
Jwngnd, nph JGp Jwnunwd E Uwl dhgnibwl: UsGgynid E Ijncupuwghu WUdGBphyuwih,
GUpnwwih W Wuphwih Jh 2wpe Gpypubpnud: Wu Jowywpenyup hwpnun £ YEuuwynpy
Unetpny, yhunwdhuutpny (B-Ywpnunht, C, By, B,, K, PP W wyll), hwupwjhu UjnLebpny W
Jdhypnunwpptpny (K, Fe, Se, Ca L  wj): Uhgniuwih 100q pwpd pniuwhnidpp
wwpniuwynwd £ 115 dg Ca, Jtd pwlwynipjudp jnn, dnwpryh, dEunutpp,
dlwynunhnutph wnpncp £ [6, 8]: Odinywé £ pwpan hwywopuhnwlwnwihu hwwnyniejwdp:
Mwnpguby E, np Jhgniuwu punnibwy b ynunwyGine 100 %-nd wdGlh  Juighnod
YtUuwhwpunwgywé ulunwiniényrUtphg [9]: Rhdvhwywl Yuqul wjupwl hwpniuwn E, np
Upw wwppbpwpwp ogunwgnpénudu ntuwly £ thnpuwphubine pwquwphy  phuvhwywl
nGnwdhgngutinh: Adynipjwl Ut wju pnyup Uwwuwnnd B wpjwu JwywnpnGihniejwlp,
nuynpubph  wdpniejwlp, wnGunnnipjwl  (wywgdwup, pwpépwgunud £ opquwuhquh
nhdwnpnnwywunceniup LY. 1), [5,12]:

w) R) q)
LY. 1. UhgntuwU hhnpnwnuhy (w, p) L hnnwjht (q) wynyeh wwjdwuluGpned

Unipe L dbpnn: dnpdbpp npyty U hhnpnunupuywl Jtgbinwghnt wunpUbpnud (2u?)*
70, 80, 90, 100 anJu/LI2 uldwU Jwybptuny: Npwtu [gwunie ogunwagnpdyty £ 3-15 JU dwulhyutph
wnpwdwagdny hpwphuwht uwpwd+guewn 1:1 hwpwpbpniejwdp fuwnUnipnp: Rniubph ubunignudp
Juwwnwnyt £ Ywydpjwuh ubunwindnyeny [2], opwywl 2 wugqwd: Uhgnilwl Junwhwu E (35-40 on),
wjn huy ywwndwnny Ytgbinwghwih pupwgencd thnpatpp npyty Gu 2 wh%wd‘ qupuwup® wwnhihu, W
wdnwup® ognuwinnuht: Uwnwghs £ Swnwjbp hnnwihu Bwynyep 1 J*-h* 70 pnyu [11], npunkn
wwhwwuyb| U punniujwd wgpninbulhywywl Ywunuutpp [4]:

JbgGwnwghwih pupwgentd Juwnwnpytbp Gu YeuuwdBinphy swihnudubn W YEuuwehdhwywu
Jbnineénenillbn: Rnijuh inbpliutpnud Ybpgbunbjw dwuncd npnpyti U yhinwdhu C-h wwpnilw-
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PULRUNURNFSU Uh2NFLUSH (BRASSICA JUNCEA VAR. JAPONICA) USESUUL ILUNUYNPNFRSNFLE. ..

yniejniup’ punn Gpdwyngh [3] W Ca-h pwlwyniejnilp’ pun Quuwwnjwuh [1]: Unwgywé ndjwiubnp
dowyyb| BU puwn GraphPad Prism 6 yhdwwagpwlwl dpwanh:

Upmyniuplutp L pUulwpyncd: Qhunwithnpébph wnpnynluplbpp gnig Gu wnybp
(wn. 1), nn uJUhnn dowynyeh wwjdwuutpnwd 1-hu 2ppwuncd vhgniuwjh 80, 90,
100 anju/d nuywpyh punnipjwu nGwenud pwpd pnuwhnudph Giny qulh
ophuwgwthneentlubp 56U wpéwlwagnyb], vwlywju gbpwqwugk] Gu 70 anJu/d
wnwppGpwyp 2nipg 15 W hnnwjhu uwnighgp 1,6-1,7 wluqwd, huly Gpynpnnpn
2pgwunid 90 anJu/d nuywpyh punnipjwl nEwend gbpwquwugtb] £ wnuywpyh
hunniejwUu Jjntu hhnpnwnuhYy wwppGpwyutpp 1,3 -2,1 W hnnwjhu unnighgp 2,3
wugqwu: UY.2-h  dGpndnieintbhg wwpgqytbp £ Uwl, np hhnpnwnUhlwih
wwjdwuutpnud 90 anJu/u2 uldwlu  Jwybpbuny wwppbpwyp pnyubph
pwpépnipjwdp W 6jninbph pwlwyny gbpwquugb] £ wuywpyh hunnipjwu Jjnwu
wnwppGpwyutpp 1.7-1.3 L 1.2-1.5 wlqwd:

Unyniuwly 1.
Uhgntuwjh pniuwhnedph pwpd pwpp yegbinwghwih pupwgenid, g/pniju
Sujwnyh punnrejnil, £nLuwhniuph pwnd pwop, g/pniju
an]u/LI2 1-hu opswit 2-pn 2pswil
100 63.3° 53.6°°
90 66.7° 78.7°
80 65.0° 61.1%
70 43.3° 38.0™
3nn (unnighy) 38.3° 33.5°
£nyuh pupdpnipynth &ninkph pwbwlp, hun
‘ ;
1 y
pougu/z S0PRYUAZ 80pmyu/i2 i ../.1% -
(nmL:Inq.h)i 100 90pnyu/u2 80pnyu/ui2 70pnyu/l2  Zon

70 pmyuAR2 pouyu/id2 (unmghs) ,:._,m

Lywp 2. Uhgntlwih YELuwswthwywl gnigwuhpubpp

Uowywpniunwd Jhunwuhu C-h W Ca-h wwpniuwyniejntiubpp npnpygtp GU wpliwlp®
Gpypnpn  ybgbuwwghnu pswuh hwdwp: Unwgywé  wprnyniugubnh  ybppneénipe)nilphg
wwpqybl £ (wn. 2), np Ca-h pwlwyniejntup pwpép £ Gntp 80 L 90 anJu/LI2 utdwu
dJwytpbuny wwppbGpwyutpnd  (9-64 %nu_) Ca-h Glp, 2unphhy pnuyubph JG6  php-
pwwnynipjwl, pwpép £ Bnb 90 anJu/d ubdwu Jwytptuny mwnpbannLu (1.4-3.4
wuqud): [EWL Jhnwdhu C-h  gwédn wwpniwynieintl nhunytb, £ 90 anJu/d nwppk-
pwynwd (24-46%-ny), uwywiu Giny wju ¢h qhgbp 100 L. 80 anJu/LI nwppBpwyutppu,
Jhwdwdwlwy UjnLu tnwpptpwyutbpp gGpwquugt £ 1.4-1.7 wuqwd:

Wjuwhuny, Jhgntlwih pwpén pbppwnynipjwl huJLIUJn ytgbunwghwih 2 2pgwu-
utGpnd pwpbUwywun wwjdwlubp £ wwwhnytbp 90 anJu/LI ubdwu Jwybpbuny wnwnp-
pGpwyp: Uhgniuwgh  wnbwpyh wwpptp funngjut ywpdwulGpnud - unwgywd  pni-
uwhndpp yGgbunwghnu 2 2ppwunid qGpwquugt) E hnnwihUu ywynyep:
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Unyniuwly 2.

Ca-h W yhinwdhu C-h wwpniuwynipinitup (Ug%) W Gip (Ug/pniju) dhgnibwih pniuwhnedenid

dwydwl tnwppbp wwjJwuluGpnid
Suywnyh ﬂr&uuh Ca o\J.htnuJUhU C
Ne hutnniejnLl, rprund pw2n, . Jg% Ug/pnLju
an]U/U2 q/pnLju Ug% dg/pniyu
1. 100 53.6 83+£242 445 162.6 £2.64 87.1
2. 90 78.7 133 +1.92 104.7 111.1 +4.62 84.4
3. 80 61.1 136 £3.04 745 153.6 £1.95 84.1
4. 70 38.0 122 +£4.28 51.9 137.7 £3.06 58.4
5. 3nn (unntghg) 33.5 92 +5.40 30.8 149.0 +£5.29 49.9

Lwighnwh pwpép  wwpniuwynieintt nhndbp  E 80 L 90 pnyuid?

wnwppbpwyutpnud, huy yhunwdhu C-h gwép wwpniuwyneeintu nhundt, £ 90 anJu/LI2
wnwppGpwyney:

10.
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CHANGES IN MALONDIALDEHYDE LEVEL IN FEMALE RATS
BRAIN, KIDNEY AND LIVER CELLS AFTER THE SEPARATE AND
JOINT ACTION OF CISPLATIN AND STEROIDS

ZH.V. YAVROYAN, A.G. HOVHANNISYAN, N.R. HAKOBYAN,
E.S.GEVORGYAN

Yerevan State University, Department of Biophysics,
gevorgyan_emil@yahoo.com

The aim of this research was to explore the alterations in malondialdehyde
(MDA) quantity in the rat brain, kidney and liver tissues after the cisplatin, estradiol and
progesterone separate and joint action. The results confirm that MDA concentration
significantly increased in all tissues of female rats after the cisplatin separate.action.

Steroids affect MDA quantity in different ways: either they, similar to estradiol,
reduce it in the kidneys and liver, and progesterone in the brain, or they do not affect on
the content of this aldehyde.

Cisplatin and steroids joint action manifested the tendency of restoring the
baseline quantity of MDA in the tissues of female rats. Steroidal hormones exhibit
themselves as antioxidants and essentially neutralize the stimulating action of cisplatin.

In case of joint action the estradiol and progesterone steroid hormones are in
competition. It seems to be the result of “crosstalk” between two steroid hormones at the
molecular level resolved in favor of either estradiol or progesterone.

The obtained results may be helpful for explaining the estradiol and progesterone
attenuating effects in case of their joint use with cisplatin.

Cisplatin-estradiol-progesterone-oxidative stress-malondialdehyde (MDA)

SYyw| ncunwdUwuhpnigjwl Uwwwnwyu E hGinwgnnt, kg welbwubph ghunintnh,
Gpnhywuutph W pwpnh hnwujwépubpnud Jwinuwjhu Gpywinthpnh (UBW) pwlwywlywl
thnthnfunpyntliubpp ghuwwwnhuh, tunpwnhnih W wpngbunbpnuh wnwbdht W hwdwntn
wagnbgnienituuph Ukpen: SYywubpp Jywinud  Bu, np  ghuwwwhuh  wqnbgnipjwu
wnpnyniupnud - UGU-h pwlwlu  wénd B Eg  wnUGwUGph  pninp hGuwgnuynn
hjnLujuéputpnud: Uintpnhn hnpdnuubpp tnwppBpwyjwé wgnbgnientu GBU pnnuncd. jud
ypdwwinnwd U UGU-h pwlwlyp, phUswbu Eunpwnhnpp GphywduGpnud no gwpnnud W
wpngbuwntpnup gihunwnBnnud, Ywd £ s6U thnfuncd wyn winthhnh pwuwyp:

Shuwwuwnhuh L untpnhnutph  hwdwwnbn yhpwndwl ntwpenid hGunwagnunynn pn-
(np hjncujwspubpnd UGU-h pwlwyh uinnighs tnwppbpwyh wipdtputph dGpwywugudwlu
dhwnnwd £ gpwugyned: UnBpnhnutGnpu hptug npulenpnd B npwybu hwywopuhnhsubp W
hhduwywuntd gEgnpwgunid U ghuwjwwnhuh fupwlhg wgntgninLup:

Swdwwnbn yphpwnbihu Gpyne uintpnhn hnpdnuutbpp dpgwygnud Gu: Swdwlwpwn
nw uwntpnhn hnpdnuUtGph® UniGynywihu Jwlwpnwyned tnwnynn «pwlwygnieiniu-
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utiph» wpnyniug £, npu wjwpwnydnud £ Ywd Eunpwnhnih, wd wypngGuntpnuh ogunhl:

Uunwgywé ndjuilplu oginwywn Ywpnn Bu [hub) hwdwwnbn yhpwndwl nGwenid
ghuywwhuh  wnwewgpwé wugwuywih wagnbgnipnllubpp  unbpnhnutph  Ynnuhg
Jbnutint Ukpgnpéneintllbpp wwpquwpwlbine hwpgned:

Shuwjjuwinpl — Euinnpwnpng — wynpnqbuwnbnnl — opuhnwiwnpy upntu —
Uwinuwypl Gplywinthhn (UEBUW)

Lenpro maHHOTO HCCIENOBAaHUS ObUIO M3y4YeHHE U3MECHEHHS KOJMYECTBA MAJIOHOBOTO /IU-
anpaeruna (MZIA) B TKaHAX TOJOBHOI'O MO3ra, MOYEK M IMEYCHH CaMOK KpBIC MPU OTIACIBHOM H
COBMECTHOM BO3JCHCTBHM IHUCIUIATHHA, SCTPAIHOJIa U IporecTepoHa. Pe3ynbTaTsl MOKa3bIBAIOT,
YTO NPH OTAEIBHOM IPUMEHEHHUH IMCIUIATHH 3HAYMTENbHO MOBBIIIAECT KOHIEHTpauuio MJIA Bo
BCEX TKaHIX KpbIC caMOK. CTepoubl PU OTAEIHLHOM NMPUMEHEHHH T0-pa3HOMY BIIUSIOT Ha KOJIH-
gectBO MJIA: THOO OHUM COKPAIIAIOT €0 KOJIMYECTBO KaK 3CTPAIHOI B IOYKAX, ICYCHH H MPOTec-
TEPOH B MO3Ie, JIH0O OHH HE BIUAIOT HA COJICPKAHUE JAHHOTO aJIbJICTH/IA.

CoBMecCTHOE JIeHCTBHE WMCIUIATHHA M CTEPOUIOB IPOJEMOHCTPUPOBAIO TEHACHIHUIO
BOCCTaHOBJICHHS KOHTPOJIBHOTO YpOBHS KommdecTBa MJIA B TkaHsAX Kpbic caMOK. CTepouaHbIe
TOPMOHBI TIPOSIBIIIOT ce0sl KaK aHTHOKCHAAHTHI M IO CYTH HEWTPATM3YIOT CTHUMYJIHpYOLIee
JIeUCTBHE MUCIUIATHHA.

[Ipu coBMEeCTHOM EHCTBUH CTEPOUIHBIE TOPMOHBI 3CTPAINON U MIPOTeCTEPOH KOHKYPHUPY-
1oT1. [To BUIUMOMY 3TO pe3ysbTaT “IeperoBOpoB” Ha MOJIEKYJISIPHOM YPOBHE MEXIY JIBYMs CTe-
POUIHBIMU TOPMOHAMHU, KOTOPBIE 3aBEPILIAOTCS B MOJIB3Y ACTPAIHOIa WIH MPOrecTepoHa.

[Mony4eHHbIe pe3yabTaThl MOTYT OBITh MOJIC3HBI IS Pa3bsICHEHHS cMsIrvaroriero agdekra
3CTpaJHoIIa U IMPOTreCTepOHa MPU COBMECTHOM C LIUCIUIATUHOM IPUMEHEHHH.

Llucnramun — 5cmpaouon — npo2ecmepon — OKCUOAMUGHBLIL cmpecc —
ManoHoswll ouanvoecuo (MIA)

Cisplatin is one of the most commonly used cytotoxic agents in the treatment of a
variety of tumors [1, 5, 13]. Although treatment with this drug is often effective, serious
side effects such as nausea, nephrotoxicity, neurotoxicity, hepatotoxicity and ototoxicity
often occur [1, 5, 13, 16].

Cisplatin has a high cytostatic and cytotoxic effect towards tumor cells. Cisplatin
kills cancer cells by damaging DNA, inhibiting replication, transcription, activation of
multiple pathways of apoptosis and by inducing oxidative stress [1, 5, 13, 16]. Several
mechanisms are believed to mediate cisplatin-induced apoptosis [1, 5, 16]. The
“traditional” mechanism involves covalent binding of cisplatin to guanine bases on
DNA, formation of inter- and intra-strand chain cross-linking, induction of p53, cell
cycle arrest and apoptosis [1, 13, 16]. Moreover, it is suggested that there is also another
mechanism of cisplatin cytotoxicity, associated with the oxidative stress and reactive
oxygen species (ROS) formation [1, 13]. Antiproliferative and cytotoxic effects of
cisplatin are linked to ROS-induced damage and its ability to increase oxidative stress.
[1, 16]. It has been shown that ROS generated by cisplatin could increase lipid
peroxidation, which in turn alters DNA molecule, enzymes and structural proteins and
directs the cell to an apoptotic pathway [1, 16].

Oxidative stress is caused by an imbalance between the production of reactive
oxygen species and biological system’s ability to readily detoxify the reactive
intermediates or easily repair the resulting damage [9, 23]. Reactive oxygen species
express a variety of molecules and free radicals physiologically generated from the me-
tabolism of molecular oxygen, including superoxide anion, which is the precursor of
most ROS [9, 23].
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Disturbances in normal redox state can cause toxic effects through the production
of peroxides and free radicals that damage all components of the cell, including proteins,
lipids and DNA. Oxidative stress plays a key role in the pathogenesis of many diseases
[9, 18, 23].

The main targets of ROS and free radicals are polyunsaturated fatty acids that
involve one or more double bindings. ROS and free radicals attack both free and
incorporated in various lipids fatty acids. These interactions result in formation of lipid
oxidation products [2, 6]. The latter undergo fragmentation to produce a broad range of
reactive carbonyl intermediates such as unsaturated aldehydes. Malondialdehyde (MDA)
is one of these intermediates [2, 4, 6]. Malondialdehyde that is formed from
decomposition of lipid peroxidation products is the most frequently used biomarker of
oxidative stress [4]. The intensity of oxidative stress is determined by the quantity of
malondialdehyde [4, 15].

Oxidative stress and resulting lipid peroxidation are involved in numerous
pathological states [6, 21]. Oxidative stress and the formation of free radicals are
accompanying effects of various drugs action, including cisplatin [3, 23]. Moreover,
oxidative stress is the main cause of the intoxication in cisplatin therapy of tumors [10, 23].

Nowadays many efforts have been made to employ drugs and other medicines as
candidate adjuvants to cisplatin to minimize its undesirable influence. Steroid hormones
such as estradiol and progesterone are presently considered the best adjuvants to
cisplatin which are able to prevent intoxication [7, 8, 10, 17]. The ability of steroids to
mitigate unwanted side effects of cisplatin due to their antioxidant properties is well
known [7, 8, 12, 17]. Steroids can reduce oxidative stress at two levels, by preventing
ROS generation and by scavenging free radicals [12, 17, 19]. As already mentioned the
intensity of oxidative stress is determined by the quantity of malondialdehyde [4, 15].

In light of the foregoing it seems interesting to explore the level of oxidative
stress by the quantity of malondialdehyde in rat kidney and brain cells after the separate
and joint action of cisplatin, estradiol and progesterone.

Materials and methods. The investigation was performed on adult female albino rats (120-
150 g weight). The animals were divided into 7 groups. The group 1 was a control group of
animals without treatment. Animals of groups 2, 4 and 6 received a single dose of cisplatin
(8 mg/kg). Cisplatin was injected peritoneally. Exposition time for cisplatin was 24 hours. The
group 3 was treated with estradiol (200 mcg/kg, injected peritoneally), the group 5 received a
single dose of progesterone (30 mcg/kg, injected peritoneally). Exposition time for steroids was 4
hours. Animals from the groups 4 and 6 were received the same single dose of estradiol and
progesterone respectively within 20 hours after the cisplatin injection (4 hours before
decapitation). The animals of group 7 were simultaneously treated with estradiol and progesterone
(respectively 200 mcg/kg and 30 mcg/kg, injected peritoneally). Exposition time for steroids was
4 hours (tab.1).

All animals were killed by decapitation through appropriate time, after the inhalation
anesthesia with chloroform. Then, animals were sacrificed, brain, kidneys and liver from each
group of animals were used for 10% homogenate preparation. For homogenization 25 mM Tris-
HCI buffer (pH 7, 4), 0,175 M KCI was used. Half of each homogenate was kept in the refrigerator
and the other half was used for centrifugation 15 min at 1000 g. We use the homogenate and
supernatant for estimation of MDA amount. Quantitative determination of protein in samples of
investigated preparations was carried by spectrophotometric method [14].

Malondialdehyde (MDA) amount was estimated by method [22]. The assay is based on a
condensation reaction of two molecules of thiobarbituric acid with one molecule of MDA, in
which the reaction rate depends on temperature, pH and concentration of thiobarbituric acid. The
reaction is carried out in acidic solution and temperature of 100°C within one hour time course
and most of MDA is produced during reaction process from decomposition of products of lipid

peroxidation.
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The MDA and other aldehydes have been reacting with TBA to give a pink coloured species
that absorbs at 532 nm. The method involved heating of biological samples with thiobarbituric acid
reagent for 20 min in a boiling water bath. The reaction mixture contains 30% trichloroacetic acid, 5
N HCI, 0, 8% solution of thiobarbituric acid and biological sample. After cooling the solution was
centrifuged at 3000 rpm/min for 10 min and the precipitate obtained was removed [22]. The
absorbance of the supernatant was determined at 532 nm against a blank that contained all the
reagents without the biological sample. The MDA concentration was calculated by formula

C :ixd
elm

where C is MDA concentration, (nM/ mg protein);
D is optical density of the studied sample;
¢ is extinction coefficient: 1,56x105 M~* cm™ at 532 nm wavelength;
m is amount of protein in biological samples;
I is light optic pathway length | sm
d is measure of dilution

The obtained results were treated by statistics and expressed as M+m from 4 independent
experiments. Statistical differences in the results between groups were evaluated by the Student’s t-test.

Results and Discussion. The concentration of MDA in the brain, kidney and liver
tissues of female rats are shown in Table 1 (tab.1). It should be noted that in brain and
kidney of control group of rats approximately the same quantities of MDA were
obtained. On the contrary, in the rat liver the concentration of this aldehyde is
substantially higher. These differences in MDA content in different rat tissues is likely
linked to specificity of metabolism. On the other hand the MDA is considered main
biomarker of oxidative stress [4]. Therefore it can be assumed that the brain and kidney
tissues of female rats have the nearly same basic level of oxidative stress. On the
contrary, in the liver tissue the basic level of oxidative stress is much higher.

Table 1.
MDA concentration in the rat brain, kidney and liver tissues of control and experimental
groups (in nM/ mg protein) *-p<0.05

Experimental groups Brain Kidney Liver

Baseline 1.50+0.03 1.26+0.071 2.65+0.17
Cisplatin 2.03+0.05 *1.74+0.07 *3.40+0.25
Estradiol 1.44+0.03 *1.10+£0.031 *1.74+0.21
Cisplatin + Estradiol 1.58+0.02 *1.02+0.036 *2.11+0.10
Progesterone 1.10+0.02 1.28+0.035 2.40+0.02
Cisplatin + Progesterone 1.46+0.02 1.20+0.036 2.40+0.15
Estradiol + Progesterone 1.48+0.02 1.17+0.060 *2.34+0.05

The results confirm that MDA concentration significantly increased in the brain
and kidney as well as in the liver of female rats after the cisplatin separate administration
compared to the baseline (tab.1). Changes in MDA quantities of rat brain, kidney and
liver tissues caused by cisplatin expressed as a percentage are presented in the Figure 1
(fig.1).

Those results show that the quantity of MDA in brain increased by 35 %, in
kidney increased by 38 % and in liver by 28 % compared to baseline (fig.1). It is
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interesting to note that in tissues with a relatively low basic oxidative stress level, the
change in MDA quantity is greater, than in the liver, where the initial level of oxidative
stress is rather high (fig.1).
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Fig. 1. The alteration (in percent) of MDA concentration in the rat brain, kidney and
liver of control and experimental groups
CP — after the cisplatin separate action, E — after the estradiol separate action,
Pr — after the progesterone separate action

It is well known that cisplatin is able to induce oxidative stress by stimulating the
formation of reactive oxygen species [5, 11, 16]. Cisplatin is capable of stimulating the
oxidative stress by suppressing the activity of the enzymes of the antioxidant system of
the cell and thus contributing to the accumulation of ROS [11, 24]. These reactive
oxygen species in turn trigger cell death by damaging DNA and other important cell
molecules [11, 16, 20]. Furthermore there is suggestion that the induction of ROS is one
of the major mechanisms of cisplatin cytotoxic action [9, 23].

However it should be noted, that oxidative stress is the main cause of undesirable
side effects accompanying cisplatin therapy [23]. Furthermore there is suggestion that
the induction of ROS is one of the major mechanisms of cisplatin cytotoxic action [9,
23]. In this respect the increase of MDA quantity after the cisplatin action is quite
understandable.
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Fig. 2. The alteration (in percentage) of MDA concentration in the rat brain, kidney and
liver of control and experimental groups
CP+E — after joint action of cisplatin and estradiol, CP +Pr — after joint action
of cisplatin and progesterone,
E + Pr — after the joint action of estradiol and progesterone

Steroids have been shown to be antioxidants and capable of suppressing oxidative
stress at two levels, by preventing ROS generation and by scavenging free radicals [7, 8,
17, 19]. The antioxidant properties of steroids are also evidenced by the results of our
research [24]. The data on the separate action of estradiol show that the quantity of
MDA decreased in the kidney and liver, whereas alterations that were obtained in the
brain were unreliable (tab.1). These alterations expressed as a percentage are accounted
for 12,7 % and 34,4 % in rat kidney and liver respectively (fig.1). On the contrary, the
other steroid hormone progesterone injection decreased the MDA quantity only in the
brain (by about 27 %), while in the other two tissues the amount of MDA remains
unchanged or are not altered (tab.1 and fig.1).

The results we’ve obtained point to differences in antioxidant properties of these
steroids as well as to its selective effects in cells of different rat tissues (tab.1 and fig.1).
Taking into account that steroid hormones works as antioxidants and are able to prevent
cisplatin toxicity we decided to investigate their combined effect on the
malondialdehyde quantity.
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Cisplatin and estradiol joint action manifested the tendency of restoring the
baseline quantity of MDA in the brain of rat. In case of rat kidney and liver the MDA
content was even decreased by 18 % and 20 % respectively (tab.1 and fig.2). In fact,
estradiol does not only neutralize the stimulating effect of cisplatin in the kidneys and
liver, but also suppresses the formation of malondialdehyde in these tissues (tab.1 and
fig.2). Joint action of cisplatin and progesterone leads to the restoration of the baseline
level of malondialdehyde quantity in all investigated tissues (tab.1 and fig.2). Thus,
these steroids, due to their antioxidant properties, neutralize the stimulating action of
cisplatin.

Significantly high antioxidant properties of estradiol and progesterone are
detected when comparing the results of the co-use of cisplatin and hormones with the
data of cisplatin separate injection (taking these for 100 %) (tab.1 and fig.3). In case of
cisplatin and estradiol joint action the quantity of MDA decreased in the brain by 22 %,
in the kidney by 41 %, and in the liver by 38 %. (tab.1 and fig.3).

Cisplatin and progesterone joint action leads to decrease in the amount of MDA
by 27 %, 33 % and 32 % in brain, kidney and liver respectively by comparison to
cisplatin separate action (tab.1 and fig.3). These results demonstrate the strong
antioxidant properties of steroid hormones, which are more evident in case of joint
action with cisplatin.

We also explored the joint action of two steroid hormones estradiol and
progesterone on content of MDA in the brain, kidney and liver tissues of rat. In this case
there is a perceptible change (by 12 %) in MDA quantity of rat liver tissue, whereas in
the brain and kidney of rat obtained changes were negligible and unreliable (tab.1 and
fig.2). Quantitative changes in MDA reveal some competition in the behavior of these
hormones. Results suggest that the effect of estradiol is predominating in the brain tissue
of rat in case of joint action of two steroids. Estradiol neutralizes the suppressive effect
of progesterone and restores the basic level of MDA. In the rat kidney cells, the
progesterone advantage neutralizes the suppressive effect of estradiol, while in the liver
cells of female rat’s estradiol effect is again dominant. The foregoing seems to be the
result of “crosstalk” between two steroid hormones at the molecular level resolved in
favor of estradiol or progesterone.

% | *-p<0,05
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Fig.3. The alteration (in percentage) of MDA concentration in the rat brain, kidney and
liver tissue. Data of cisplatin separate action was taking for 100 %
Cisplatin — after the cisplatin separate action, Cisplatin +Estradiol — after joint action
of cisplatin and estradiol,
Cisplatin +Progesterone — after joint action of cisplatin and progesterone.
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Thus, when used separately, cisplatin stimulates the formation of MDA, and

hence oxidative stress in all investigated tissues. Estradiol separate injection does not
affect the quantity of MDA in the brain, but reduces its amount in the kidney and in the
liver tissues. Progesterone, when used separately, reduces the amount of MDA in the
brain, and does not affect its quantity in the kidney and liver cells. In case of joint action
cisplatin and estradiol as well as progesterone neutralize the stimulating effect of
cisplatin. The estradiol and progesterone steroid hormones are in competition in case of
joint action.

The obtained results may be helpful for explaining the estradiol and progesterone

attenuating effects in case of their joint use with cisplatin.
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GnywUjw (2019-2020 epe.) htnwgnunnienLuutpny hwutnwwnywd E, np wpunwpeswihu Yw-
nwjwagh wywnhynieintup Bt wmGuwyh pwyntphwywl  Jhpwwnwuwwultbpny  (Btecps-68, Btecus-73,
Btecns-92, |Gwhnnghn) wnwuahu gnnwé W ggnnywé (unnighg) wuinwnwihtu nwnguwagntu hnnGpnd
hniuhuhg ubwwbUdptp Ypnud £ nhuwdhywywl  thinthnfunuggnlt® wnwyGiugnuu W jwquigniu
wywnhynientltn npultnpbiny hwdwwwwnwupuwlwpwn hnihuptu W uGwyunGdpBphu:

®npéh utuwih, nwwnwldwu gnpéwygh W UnjninBuinh tuwgun-h gnigwuh2utpnyd hwuwnwn-
Jwd £, np ghinwthnpabph wpnniuputpp hwywuwnh U, W Bt wnGuwyh pwyntphwutpny gnnué W
sgnnywé (unnighg) wunwnwiht nupsuwgnuu hnnGpnd Yuwnwiwagh wynhyneeniliibph dhole syw
wpdwlwhwywuwn thwpptpnejnlu:

Uwnwgywd wpnyniuplbpp huwpwynpnugyniu BU pudtnnud thnpéwpyywéd Bt nGuwyh pwy-
nGphwywu  Jhpwnwuwwulbpp  hwdwpGint wuwnwneh nbplwytp Juwuwywn Jhgwwnubph nGu
Eyninghwwbu wudwnwug wwjpwnph dhgngutn:

Bt wGuwlh dhgpwinwuwwl pwlinbphwlbn — wlnwnuyghl nupguwgnyl hnnbp — wpunwpgsuyhl
Ywiinwpwagh wlywnhynepnil — gnnned — yhdwlwagnpulywl gnigwlppubin

JByxnetHumu (2019-2020 rr.) nccnenoBaHsMU YCTaHOBJIICHO, YTO BHEKJICTOUHAs KaTajas-
Hasl aKTHBHOCTh B HEONPBICHYTHIX (KOHTPOJIb) M OMPBICHYTHIX O0aKTepUATHHBIMUA MHCCKTHUIUIAMH
suzaa Bacillus thuringiensis (Bt) (Btechs-68, Btechs-73, Btechs-92, nenumonua) B KOPUYIHEBBIX
JIECHBIX TOYBaX C HIOHS MO CEHTAOPh MPETEPICBAIOT TUHAMHUYCCKHE U3MCHEHHS: MaKCHMaTbHAs
MPOSIBIISIETCS B MIOHE, MUHUMAIbHAsI — B CEHTIOPE.

C nmomompio 0mMOO0K ONEITa, KOd(PHHUIMEHTa BAPUAMH H {yrepus CTHIONIEHTA YCTaHOBIIEHO,
YTO pe3yNbTaThl ONBITOB IOCTOBEPHBI M HET NOCTOBEPHBIX Pa3IM4Mil B KaTajla3HOW aKTHBHOCTH
MEK/Ty HEOTIPBICHYTHIMH U OTIPBICHYTHIMU Bt OakTepusiMu KOpUIHEBBHIMH JIECHBIMU TTOYBAMH.

[lonmy4yeHHbIEe pe3ynbTaThl JAlOT BO3MOXKHOCTh CYHTATh HCIBITAaHHBIE OaKTepUalbHBIE
WHCEKTUIMIbBI Bua Bt kak sxonormyecku Ge3omacHbie cpeicTBa O0pbOBI MPOTUB JIMCTOTPHI3YLIMX
BpeuTene geca.

EaKmepuaﬂbele uHC@KmMMMabl 6uoda Bt — KopuuHeeble JIeCHble NOoY6bl — 6HEKIemouras
Kamanda3sHas akmueHoCnb — ONpoulCKUeAaHUue — cmamucmudyecKkue nokasameiu

Upon the two-year (2019-2020) investigations it has been proved that the activity of the
extracellular catalase undergoes dynamic changes from June to September in the brown forest soils
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sprayed with bacterial insecticides of Bt type ( (Btgcps-68, Btechs-73, Btecns-92, lepidocide) and
in those of unsprayed soils (control), demonstrating maximum and minimum activity in July and
September respectively.

Through the indices of experimental error, variation coefficient and Student’s t-test it has
been stated that the outcomes of scientific experiments are true and that there isn’t any significant
difference between the unsprayed brown forest soils (control) and those sprayed with bacterial
insecticide of Bt type in terms of catalase activities.

The obtained results enable to consider the bacterial insecticides of Bt type as ecologically
safe struggling measures against the harmful insects.

Insecticidal bacteria of Bt type — brown forest soils — activity of the extracellular catalase —
spraying — statistical indices

Ywwnwiwagp opuhnwytpwywuqunn $EnpdGunltphg E, npp Gpypwnwnpwdwu £
YuagUuwé uwhwwynighg W hGdhbwihtu (hunwpnuthn) Yuquwén wywnhd tudphg [8, 171
dbputUINUEND (Win rUNLU Ywwnwiwagp) hnnnwd s6U uhupbgunLd, W npwlg hnn U Jinguncd
ytunwuh onpqwuhquubpp' hnnwplwy dwuntutnp, pnyubph wpdwwwihu hwdwywngp W
wunnuwpwpwynn YGunwuhubpu hptug YEunwuniejwu opng L Jwhhg hGwnn' pphoubph
wywnnihgh wpryntupned [14, 19]: UpnwpgewihU Juwnwiwap hnnnud inGnwithwyyned £ 0,25
Ju-hg pwnép swihtp niubgnn dwulpyuGpny [23]: Lpdwé $EpdGUnh YELuwpwliwywu
wnwlduwhwwnynieintuu wju £, np wjl, gpwélh gbpopuhnp (H202) thnhuwpytiny onh W
wqwwn  pErYywsluh, wwpunwwund E hnnwpbwy opgwuhquubphu gnwélh gbpopuhnh
JUwuwywp wagnbgniejnupg [8, 12, 13]:

Qnwoélh gbpopuhnu wnwsewunid £ hnnnud wnyw opgqwlwywu Unebph (uwyhwnw-
Unrgutin, dwpwtp, wéhuweptp W wjl) pwjpwinidhg [13]:

Lwwnwiwagh wywnhyniejntup hwdwpynid £ hnnh uwnwihinhy huwpwynpnipncu-
Utpp W pGpphnieintup punipwannn gnigwuhy [9, 11, 13]: Swunwunywd E npuywl
hwdwhwpwpGpwygwywt Yww Juwwiwgh wynhynipjwu W hnnnud wnlw  hnednwup
pwlwynepjwlu Jhel [11]:

Innwjhu $tpdtunutnu punhwunip wndwdp wwwhnyned BU YeLuwGpypwgtungh
wdpnnewywuniejntup [18, 24] W punipwgpnid hnnh npwywywu yhdéwyp [22, 26]:
Swwnywlpwywu E, np hnntph opquuwywu hnphgnuutpnwd, gnwdwpwihl Juwnwihwnhy
wywnhyniejwl 2ppwlwyncd, Yuwnwiwagh wywlnp Ywgdnud £ 47-55 % [14]:

Upuiwpgowihu tpdbunutph wywnhynipintup hnnbph ng Uhwju pGpphniejwt, wy
gtuGinhywywl  wnphwtnh, Epngquéniput, wnwywdwu W wiwihwgdwl, Swln
Jbinwnubpny  wnpnuinwénipjwl, hnntph Jpw® oguwagnpdywd  wwpwpunwuniptph,
huuGyunhghnuGph W hGpphghnutph wqnbgniejwl wuwnhéwlup punipwagnnn gnigwuhy E
[1,2,5,8, 16]:

Swjnup E, np ywpwph bywwnwyny yuwuwywn dhpwwnlutph nbd ogunwagnnéywéd
huuGyunhghnuGph  wubpwu dwubt E pungnd  Juwuwwnniubphl, huy hhdbwywl  sw-
thwpwdhup (60-99 %) wnwpptn nunhuGpnd® gnnbihu, wuaplwentpny gnnwé uwnwnep
(Ywgybihu [20, 21], Jwhwgwd epenwputph W hwpuljwyubph Jwpdhuutphg [10] h YGpgn
puyuncd £ hnn;

Utn hGunwgnunieinituubph wpryncupbtpng hwunwnygwé £, np gnndwu wipnyncu-
pnud Bacillus thuringiensis (Bt) wGuwyh Jhgwunwuwwl pwynbphwlbpu  wunwnwihl
nwnsuwagnuu hnn puyutihu Wjwaquwl Jhnnwdng wwhwwuynd 6U 4 wdhu [3]: Nwuwnh,
GlukGiny yGpnupdwshg, fuunhp Bup nnby Gpywdjw (2019-2020 ere.) hGuwgnunnieintlubpny
pwgwhwjnGint gnnUwlu wpnynitupnud hnn puywé pwyntGphwywl  Jhpwwnwuwwuutph
wantgnieintup Ywwnwiwagh wywnhynipjwl ypw' npwtu hnnh pGpphnigjwu gnigwuh):

Gwnwgnnnipjwl wpryntuplbpp huwpwynpnee)nu Ypudbntu punpbine Juwuw-
Jwn Jvhpwwnlbph nbd YeUuwpwlwywl pwpép wpnnibwyGunnipjwdp odnwé, Eynin-
ghwwtu wuynwug Bt nnGuwyh pwyntphwywl Jhpwinwuwwuubp:
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Bt wbuwyh pwynbGphwywl vhgwinwuwwlUbph (Btgens-68, Btecns-73, Btecns-92)
Ytluwpwlwywl  wpnynituwdbinnipjwl nuubpp Uepyuwywgywéd BU - wnwudhu hpw-
wwpwynwdubpned [4, 25]:

Unip W dGpnn: IGnwgnuncejwl Ujnie U hwunhuwgt) dwuptwpwlwywu Gnwbwyny Yuw-
nwdph pdhyh (Mamestra brassicae L.), jwnwuph dGndwlywphptnh (Pieris brassicae L.) W huudnpbunt
gbkgh (Hyponomeuta malinellus Z.) puwlwunptlu Jwhwgwé pprnipubphg dyuwtwwnnuwiht wgwph
ynw Jtip Yynnuhg wnwudluwgywé Bacillus thuringiensis (Bt) tnGuwyh hwdwwwnwufuwlwpwn® Btecps-
68, Btecns-73, W Btecrs-92 (wljwlwynsnidp JBp Ynnuhg) pwynbGphwywu Jhgwnwuwwl pnwdutpp,
lGwhnnghn (MW 3000 UWU/Mg wwuwpwuwnntywiht  thngned)  pwynbGphwywl — wnliinpwihu
wwwpwuwnntyp, Upwgwéninuh dwpgh Qnpwgntpu hwdwjupht  hwpwyhg Ywnunin  wlwnweh
wlwnwnwhl nunslwagnul hnnbpp (A 2-14 ud nunnwahg funpnienLuncd hnudniup Yuquty £ 6,3%, pH-
n' 6,4), wuinwnwjhu nwpsbwagniju hnnnud gunudnn winunwpgewht Yuwinwjwq $Enpdtunp:

Ywwnwiwgh wywnhynieintup npnayby £ 2019-2020 pre. Bt inGuwyh pwynbphwywu vhpwwnwu-
wuwuubpny wnwudhu gnnywé W ggnnwé (unnighg) wunnwnwihu nupsuwgniu hnnGpnud (pwnd
onwgnn), hntlhuhg uGwwbGdpbp ((wpnpwwnnp wwdwultbp)' hwdwawju UGennwywl denuwnyh [9]:
dbpdtunh wywnhynieinlll wpnwhwyndtp £ 1g hnnnud, JG4y pnwtnud . wuswindwé  prywduh
ewliwyny (uu® Oy):

Ulwinwnthnpdwinbnwdwutpnid gnnnudubpp uwnwnytb) U OBT-1A dwyuh2h tnpwywnnpuwyhl,
wnwldhtu nbwpetpnd® Ozdesan Jdwyuhph ubgph upuyhgubpny: Snnwé Ynipinnipwy  henniyutph
wnhwnp (unncejniup) Bntp £ 600 Jiu uwynp/dy, huy wphuwwnwlupwihU hbnnlyh Swhuup® 1000 /hw:
IGnwgnninywt - wpnyniuplutpp Bupwpydt, G dhéwywgpwywl  dGppnudnigjwl pun
hwudUwnpwpwywuuknh [6, 7]:

Upnyniuplubpn L pUlwpynid: Bt inGuwyh pwywnbGnhwywl vhowwnwuwwlubpny
(Btechs-68, Btechs 73, Blecns-92, |Gwhnnghn) wnwUdhl gnnywé L ¢gnnywd  (unnighy)
wunwnwiht nupguwagnyu hnnGpnud wpdwlwgnywd Yuwnwiwgh wywnhynipiwl Gpyuwdjw
(2019-2020 ppE.) uUhghu gnigwuhpubpp UGpYwjwgywé Bu gbébwwwunytn  1-nwd, nph
wnyjwiubphg Gplnd £, np $Epdbunh wywnhyneynitup Lpdwéd hnnbpnud Ybgbunwghwih
2ngswiuncd (hntuhuhg uGwwnBuptn) Ynb| £ thnthnfuniejncu:

0o

~

'l
2 = Uninighy
'555 l BtecHs-68
=
2 g BtecHs-73
=5 B BtecHs-92
34
= LEwhnnghy
e3
o
2
5§21
2
1. 1
5

0 —— —— — .-

\ vil Vil IX Unfhutibp

Qswwywwnytbp 1. UWupwindws prywsuh dwywih Gpywdjw (2019-2020pR.) Uhohu
gnLgwuhpubpp Bt tnGuwyh pwyinbphwywl vhpwinwuwwuutpny gnnjwd W
sgnnywé wunwnwihu nupsuwagnu hnnGpnud

SwppGpwyutpnud  wpéwlwgpywé  Yuwunwiwgh  wynhyngwl  gnigwlihubpp
hniuhuhg  wyblwgtb], wnwybwagnuyup £ hwub, hnyhupu b wunhdwbwpwp  Ljwqgby
ognuwnnuhg ubwwnbuptn:
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Bt wmGuwyh pwywnbppwywl vhewwnwuwwultbpny gnnywé W ggnnywé (unnighg)
wuwnwnwihu nwpsbuwagntu hnnGpnud wpdwlwgnywd uwnwiwgh wynhyniejwl Gpywdjw
UhghU wwppGpwywjhu gnigwuhubpp hntuhupl, hnihuhl, oghuwnnupu W ubmmbdyhnhh
nwwnwuyt] b hwdwwwwnwuppwuwpwp' 4,3-5,9; 6,1-7,6; 3,7-50 W 2,5-3,5 ud” Ox-h
uwhdwuuGpnud®  wnwytiwagnuu  wynhynieintt npulenpGing  hnihuht, ujwqugngup®
uGwwntUpbphu:

Uunnighs tnwppGpwynud Juwnwwgh wywnhynipjwl Gpywdjw vhghu gnigwuhubpp
Yuwqut] U hwdwwwwnwuppwlwpwn® 5,0; 6,7; 45 2,9 I Oz/pnwytnud (qéwwwnytp 1):
Qéwwwnybn 1-hu punpny ophlUwswhnientt® Yuwinwiwgh wynhyniejwl thnthnpunte)nlu
Jbgbwnwghwih 2npgwuncd wnpdwlwanpyb) Ebwl 20 19-h ghnwithnpdbpned (wn. 1):

Unyniuwy 1.

Bt wnbuwyh dhpwinwuwwuubnpny gnnywé L ggnnywé wunwnwihb nwnpguwantu hnnGpnd
Juwnwiwgh wynhynipjwl yhdwywagpwywu gnigwuhpubnp (2019p.)

Jhdwywgpwlywl gnigwuhpubn
3nnwudnip- Uupwinywéd Lwnw- Swinw- Uhghu onpah Uwnjnt-
Swp- utph prRYwoUh ynt- Juwl uhuwip utuwyp, ntluwnh
pb- dtngutinc swlwp, ud® 0, uwghl qnpow- % tuputyh
nwy- dwultnp obnnuup Uhgn, hwzqwn-
ubp % Ywjhu
gnLgwlhp-
utnp
X g \ oy P
3ntupu 53 0,297 5,60 0,133 2,5 1,195
Btechs- 3nthu 6,9 0,651 9,43 0,291 4,2 1,529
68 Ognuwnnu 35 0,379 10,83 0,169 4,8 2,522
UbwwnBUuptbp 2,6 0,141 5,42 0,063 2,4 1,581
3nLuhu 4.8 0,283 5,90 0,127 2,6 0,810
Btechs- 3nihu 6,5 0,494 7,60 0,221 34 0,606
73 Ognuwnnu 3,8 0,329 8,66 0,147 3,9 1,534
Ubwwnbuptp 2,6 0,219 8,42 0,098 3,8 1,447
3ntuhu 4,4 0,559 12,70 0,250 57 1,739
Btechs- 3nthu 6,5 0,738 11,35 0,330 5,1 0,466
92 Ognuwnnu 47 0,219 4,66 0,098 2,1 2,172
UbwwnBUuptbp 34 0,329 9,68 0,147 4,3 2,076
3nLpu 5,7 0,518 9,09 0,232 4,1 2,130
LGwh- 3nLhu 6,0 0,363 6,05 0,162 2,7 1,054
nnghn Ognuwnu 4,0 0,310 7,75 0,139 35 0,784
UbwwnbUuptp 3,1 0,210 6,77 0,094 3,0 0,976
3ntupu 5,0 0,405 8,10 0,181 3,6 -
Uwnnighg 3nihu 6,3 0,438 6,95 0,196 3,1
(:gnnywd) Ognuwnnu 4,2 0,405 9,64 0,181 4,3
UbwwnBUuptbp 2,9 0,352 12,14 0,157 54

Swunpwgpnipntl. «-» hwpywpyubpu hpwlwluwglbihu unnighsh nyjwiubpp Ubpwnywé Gu
UwinntnBuinh tupuun-h pwlwalncd

Un. 1-h myywiubphg Gplned £, np 2019 R.-h Lpwd $tpdGuinh wynhyniejwu Uh-
9hU gnigwuhpubpp ghwwthnpébpnud hntuhupl, hnihupl, ognuwinnupl W ubwwnBUptphu
punhwunip wedwdp nwwnwuyt) B hwdwwwwnwuppwlwpwp' 4,4-5,7; 6,0-6,9; 3,5-4,7 L
2,6-3,4 ud’ 0Oy-h  uwhdwllbpnud®  $EpdEUnnh wnwybuwgnyu L ujwquagneju
wywnhynipntuuGpp Wu npulcnpytGind  hwdwwwwnwupuwlwpwn  hnihupu W uGwunbu-
pGph:

Npn2 hGnhuwyutph wunJwdp, hnnwplbwy JwlpEuGph punhwunip  pwlwyne-
pintup, hnnh opgwungtunie)nilp, sGpdwuwnhdwlp, funbwynipiniup, hnnwudny ytng-
UGNt dwdytwnp hwdwnpynd U Juwwnwiwgh wywmhynigjwl nhuwdhlywih npn2hs gnp-
énuubp [14, 151 Iwdwlwpwp, ybgGunwghwih 2ppwund Jybpp Upgwé gnpdnllbpny
wwjdwuwynpywé £ yunwiwgh wywnhynipjwu nhuwdhywl Bt inuwyh pwyintnhwlywu
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Uhpwinwuwwuubpny wnwldhu gnnywd W sgnnywéd (uinnighg) wlinwnwihu nupsuwagneu
hnnGpnLu:

Jhdwywgpwywu y&pnwdnipywl wpnyniupubnny hwuinwwndwé £, np thnpéh upuw-
(0 twwnwuybiny 2,1-5,7 %-h L tnwwnwludwl gnpéwyhgp 4,66-12,70 %-h uwhdwuubpnid
hwunnwwntb] GU ghinwthnpdbph wprnyniupubph hwjwuwnp (huGine thwuwnp: Unjninbunp
tuwun-h hwzduipuijhl gnigwilhutipp (0,466-2,522) Pogs n=5-h ntiwpnid |hlGiny thnenp
UwnjntnBuinh - tuguun-h - wgnuuwughu 2,571 gnghshg hwuwnwwnGp Bu, np o shw
wndwUwhwywwn nwppbpneeintt gnnywé W ggnnywé wunwnwihu nwpsuwaniu hnnGph
pGnphniejwl gnigwuh hwunhuwgnn uwmwiwgh wywnhyniejntultph dhele:

Un. 1-nud UGpYwjwgdwd vhghu upuwih (ox Ywd m) gnigwlhpubpp Gnbp GU thnpp W
nwwnwlyb) 6U 0,063-0,330-h uwhdwulGpned, huy pwnwyniuwihl 26ndwl gnigwupubnp
(o) nwwnwuyty U 0,141-0,738-h uwhdwuutpned, W Upywd wwpwdtnpp oguinwgnpéyty £
Uwl vhghU utuwih b UnjnenBunh twguun-h hwpadwnpyuihb gnigwihubpp npnpGihu:

Ujuwhuny, hGunwgnunniejwl wpnniupubphg GYGp Gup hGwnlnipjwl, np uwnw-
(wgh wywhyniejntup gnnué b ggnnywd  wlunwnwihu nupgwgnuu  hnnGpnud  Y6-
gbwwghwih 2ppwlnd Ynpnd BU nhUwdhywywl thnithnfunipinll® npulinpGind - wnw-
yGwagnyu W ujwquwaniu wyinhyniejnil:

Jhowywgpwywl yGnnuéniejwl wpnntupubpny hwunwnywé E, np ghnwthnp-
4Gph wpnniupUubpp hwywuwinh BU, W gyw wpdwuwhwywwnn inwppGpnientu Bt inGuwyh
Uhgpwinwuwwuubpny gnnywé W sggnnywd wunmwnwiht nwpguwgnuu hnnbph Yuwnwiwg
dEpUGUINN wyinhynientuubph Jhelw:
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NEW THERAPEUTIC APPROACHES IN BREAST ANTICANCER
TREATMENT USING ARMENIAN HERBAL EXTRACTS

H.G. JAVRUSHYAN?, N.V. AVTANDILYAN!?, M.M. GINOVYAN?,
IA.H. TRCHOUNIANP

YLaboratory of Biochemistry, Research Institute of Biology, Faculty of Biology, Yerevan State University,
Department of Biochemistry, Microbiology and Biotechnology, Faculty of Biology, Yerevan State University,
hg.javrushyan@ysu.am

Armenia has a large diversity of flora, which is not properly explored for the discovery of
new biologically active extracts or compounds with promising anticancer therapeutic value. In this
work, we investigated the anticancer potential of two Armenian herbal extracts; H. alpestre and
R. obtusifolius, against 7,12-dimethylbenz(a)anthracene-induced mammary carcinogenesis in rats.
According to obtained data, H. alpestre and R. obtusifolius methanol extracts can affect the
regulation of cancer cell metabolism, which have been reflected in changes of tumors size, weight,
numbers, and mortality rate. Therefore, tested two Armenian plant extracts could have high
therapeutic potential during breast cancer treatment.

Herbal extract — H. alpestre and R. obtusifolius — anticancer activity — breast cancer

Swjwutnwllu ntbh pniuwlwu wphuwphp 66 pwgUwqwunienilu, npp wywwnwd  nuncd-
Uwuppywéd & hwywpwngytnwihu  fununnudUwihg  pncdwywt Lpwlwynegyntt nlukgnn Unp
yeluwpwunpbU wywnhy |nLbwdgquéplbnh wd Jhwgnipiniulbph  hwjnuwptpdwl  hwdwp: Uju
wphuwwnwlph pupwgentd niuntduwuhpgbp £ Bpyne hwjyuwywu nbnwpngutph® H. alpestre W R.
obtusifolius  [nLbwdgwéplbph  hwywpwngytnwiht  UGpnudp' punnbd  7,12-nhdbphiptu-
quUwnpwgtuny hwpnigywé wnlbwnubph Yndpwabinéh pwngytinh: Unnwgywé inyjwibnh hwdwawiu,
H. alpestre W R. obtusifolius UGpwunjwihu |nLébwdqyuépltpp Yupnn Gu wagnbp pwnglytnh peheutiph
UnLpwihnjuwlwynipjwl  wpgwdnpdwl dpw, npu wpuwgndnd £ nienigpUbph  swithh, Uanh,
pwlwyh W Jwhwgnigjwl wuwnhSwlh thnthnfuncegnclutpnud: IGnlwpwn® thnpdwpyywd Gpyne
hwjjwywu nbnwpnyutph  (nLbwdquéplubpp wpnn GU pwpép ptpwwlnhy Ubpnid nlutlwyg
Unépwabnah pwngytnh pniddwl pupwgenLy:

Yenwpnrubph (nLéwdqyuée — H. alpestre 4 R. obtusifolius — hwlwpewngltinuwyhl whwnhynipinilt —
Undpwaqtnéh punglitin

B Apmennu nmeercst 6ombioe pazHooOpasme (Iopel, KOTopas He UCCIeI0BaHa JOIDKHBIM
00pa3oM Uil OTKPBITHSI HOBBIX OMOJIOTHYECKH aKTHBHBIX 9KCTPAKTOB MM COCIMHEHUH C MHOTO-
obemraromeil TPOTHBOPAKOBOM TepaneBTHYECKON LEHHOCThIO. B 3T0i paboTe MBI McclenoBaIu
MPOTHBOPAKOBBIA IMOTEHIHAI JBYX AapMAHCKHX pACTHTENbHBIX OJKcTpakToB; H. alpestre wu
R. obtusifolius mporus 7,12-aumeTnnGens (a) aHTpaleH-UHIYIMPOBAHHOTO KAHIIEPOr€HE3a MO-
JIOYHOM >Kkene3bl y Kpbic. COracHO IMONYYeHHBIM JaHHBIM, 9KCTpakThl MeraHonma H. alpestre n
R. obtusifolius MOTYT BIHATE Ha PETYISIIIO METa0OIN3Ma PAKOBBIX KIIETOK, YTO OTPa3WIIOCh Ha
W3MCHEHHM pa3Mepa, Beca, KOJHYECTBa OIyXoJied M CMEpTHOCTH. TakuM o0pas3oM, mporec-
THPOBAHHBIC SKCTPAKTBI ABYX apMSHCKHX DACTEHHHl MOI'YT UMETh BBICOKHIl TepaneBTHYECKHi
HOTEHIIMAJ [IPH JICYCHUH PaKa MOJIOYHOM JKeJIe3bl.

Pacmumenvnwiii sxcmpakm — H. alpestre u R. obtusifolius — npomugopakosas akmusHocms —
PAK MOJOUHOIL dicene3vl
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NEW THERAPEUTIC APPROACHES IN BREAST ANTICANCER TREATMENT USING ARMENIAN HERBAL EXTRACTS

It is well-known that plants synthesize compounds with enormous diversity,
which can possess high biological activity including anticancer properties. In recent
years, the use of herbal products in anticancer therapy has increased significantly, even
concomitantly to conventional chemotherapeutic treatment. Consequently, plants are
considered a promising source for new anticancer compounds [1, 2]. There are several
widely known plant-derived anticancer agents, including paclitaxel, vincristine,
vinblastine, camptothecin, etc., which are currently successfully used during the
treatment of various types of cancers. Plant-derived anticancer compounds are also
considered to be safer compared with synthetic compounds because of their natural
origin [3]. Several plant products, such as alkaloids, flavonoids, lignans, saponins,
terpenes, taxanes, vitamins, minerals, glycosides, gums, oils, biomolecules, and other
primary and secondary metabolites play significant role by inhibiting cancer cell-
activating proteins, enzymes, and signaling pathways. In many researches, high
anticancer activity of different plant extracts and isolated compounds were shown in the
breast cancer model. Particularly, it was reported that garlic and several compounds
isolated from it has inhibitory activity in the rats’ mammary cancer model. They have
also reduced the side effects of other anticancer agents [4]. In several in vivo
experiments efficiency of terpenoids isolated from various plant species during treatment
of breast cancer was shown [5]. It was reported that gingerol the compound isolated
from ginseng inhibit the development of metastasis in human MDA-MB-231 breast
cancer [6].

Despite the relatively small area, Armenia has a large diversity of flora, which is
not properly explored for the discovery of new biologically active extracts or compounds
with promising therapeutic value [7]. Consequently, investigation of anticancer
properties of Armenian flora can be very interesting. Two wild herb extracts, which have
been widely used in Armenian traditional medicine were used in the research program as
follows: Hypericum alpestre subsp. polygonifolium (Rupr.) Avet. & Takht. (aerial part)
and Rumex obtusifolius L. (seed). The species belonging to the genus Hypericum well-
known for their healing properties and are widely used in the traditional medicine of
various regions over the world. The extracts of these plants used for their anti-
inflammatory, wound healing, diuretic, cholagogal, worm expeller properties, etc. In
recent two decades, high antidepressant, antiviral, antibacterial and anticancer properties
of Hypericum spp. were shown in many research works [8-10]. Plants within genus
Rumex are also widely used in folk medicine. They have been used for the treatment of
diabetes, various infectious diseases, diarrhea, jaundice, different inflammatory disease,
etc. [11]. Rumex spp. well-known for their high pharmacological effects, including
homeostatic, anti-inflammatory, anti-allergic, antimicrobial, antioxidant,
neuroprotective, and anticancer actions. For instance, promising anticancer activity of
extracts from R. vesicarius in rats’ mammary cancer model was reported [12].

Taking into account the above mentioned, in this project, we will research the
anticancer potential of Armenian herbal extracts (H. alpestre and R. obtusifolius, 2,4
mg/kg/day, i.p.) administered for 8 weeks (after tumors development, every 4™ day)
against 7,12-dimethylbenz(a)anthracene (DMBA)-induced mammary carcinogenesis in
rats.

Materials and methods. Chemicals. 7,12-Dimethylbenz[a]anthracene (DMBA, Sigma-
Aldrich, Cas number 57-97-6) and all reagents were purchased from Sigma-Aldrich Co. Ltd. and
Carl Roth GmbH + Co. KG. Animals and tumor induction. By using the protocol, laboratory
Wistar rats weighing 120-150 g were randomized into 8 different groups (eight rats in each group)
(tab. 1). Mammary gland tumors were induced by a single dose of 25 mg of DMBA diluted in soy
oil (1 mL) given intragastrically by gavage. All rats in cancer groups were received the chemical
carcinogen at the age of 60-65 days. Each group was housed in a cage (3500 cm?) and in a well-
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ventilated room at 25°C. Animals have been left one week for acclimatization. Rats were kept at
constant environmental and nutritional conditions with room humidity (50-55%) at 12 h light/12 h
dark cycle and were fed a standard pellet diet and with water ad libitum (Animal care houethse,
Yerevan State University YSU)). All surgical and experimental procedures were approved by the
National Center of Bioethics (Armenia) and were in accordance with procedures outlined in the
“Guide for Care and Use of Laboratory Animals” (NIH publication 80-23) [13, 14]. The possible
effective anticancer concentration and treatment model (duration and frequency) of plant extracts
were chosen based on literature data [15-17]. Experiments were concluded 145 days after DMBA
administration. At the end of the 170 days (at the 24" week, after 7,12-DMBA administration),
rats in all groups were killed under anesthesia [13, 18, 19].
Tumor inhibition study. The experimental design and treatment scheme is shown in tab. 1. The
concentrations of plant extracts were chosen based on literature data [9, 20]. The experimental rats
were regularly monitored for food and water consumption, the apparent signs of toxicity, weight
loss, or mortality. All the animals will be sacrificed after 170 days (24 weeks after administration
by DMBA).
Plant materials. The methanol extracts of Hypericum alpestre subsp. polygonifolium (Rupr.) Avet.
& Takht. (aerial part) (ERCB 13206: numbers of Voucher specimens, which were deposited to the
Herbarium of YSU) and Rumex obtusifolius L. (seed) (ERCB 13208) were used during the study.
The plant materials were harvested from Tavush region of Armenia (900-1600m above sea level).
Identification of plant materials was done at the Department of Botany and Mycology, YSU
(Armenia) [21].
Preparation of plant crude extracts. Plant crude extracts were prepared by maceration technique
using methanol (98%) at 10:1 solvent-to-sample ratio (v/w) [22]. The stock solutions of the
samples have been prepared by dissolving crude dried extracts in pure dimethyl sulfoxide (DMSO)
(Sigma-Aldrich).
Intraperitoneal injection into the Laboratory Rat. Intraperitoneal injections of H. alpestre and
R. obtusifolius extracts, nor-NOHA, L-NAME into the laboratory rat was performed by “The
Laboratory Rat” protocol [19, 23].

Table 1.

Experimental design and treatment

Number of Treatment by H. alpestre

. ] . . 25 mg/ml oil per and R. obtusifolius
Grouping ratsrlcr;ueach Experimental design rat, 7.12-DMBA 2. amglkg/day in 0,25
group saline
Group | 8 Normal control (NC) - -
DMBA control (Breast in 60" day, a

Group Il 10 cancer) single dose
Group Il 8 Normal control + Saline -

Normal control +
Group IV 8 DMSO/salin

Normal control + administered for 8 weeks
Group V 8 (after tumor development in

Hypericum 8" week, every 4" day)

administered for 8 weeks

Group VI 8 Normal control + Rumex - (after tumor development in
8" week, every 4" day)

administered for 8 weeks

H th
Group VII 8 DMBA + H. alpestre m.60| (:jay, a (after tumor development in
single dose 8" week, every 4" day)
in 60" day, a administered for 8 weeks
Group VIII 8 DMBA + R. obtusifolius - ! (after tumor development in
single dose

8" week, every 4" day)

Results and Discussion. During the experiments (registered at the 24" week),
was registered 0 death in the control group, Saline, DMSO/saline, Rumex and
Hypericum control groups, 8 deaths (80%) of animals in DMBA group (Group Il), 4
death (50%) in Hyp+DMBA (Group VII) and 3 death (37.5%) in Rumex+DMBA
(Group V) groups (fig. 1).
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Fig. 1. Survivability (%) in DMBA (Group I1), Hyp/DMBA (Group V1I) and Rumex/DMBA
(Group VIII) groups at 24 weeks after 7,12-DMBA administration

H. alpestre and R. obtusifolius extract significantly decreased tumor multiplicity
(fig. 2). Rats were palpated every day to check for tumor appearance. The first tumor
was detected approximately after 32 days (at 4-5 weeks) of 7,12-DMBA administration
in the DMBA group and 37 days (at 5-6 weeks) in Hyp+DMBA and Rumex+DMBA
groups. Tumor multiplicity values were greater for the DMBA group compared with
Hyp+DMBA and Rumex+DMBA treatment groups (fig. 2).
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Fig. 2. Tumor multiplicity in DMBA (Group I1), Hyp/DMBA (Group V1)
and Rumex/DMBA (Group VIII) groups

The quantitative analysis of tumors after 24 weeks of 7,12-DMBA administration
showed that in Hyp+DMBA and Rumex+DMBA groups rats’ tumors quantity and size
were significantly decreased compared to DMBA group rats (tab. 2 and fig. 3).
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Table 2.

Size (cm®)/numbers of tumors in each rat at 24 weeks after 7,12-DMBA administration in

DMBA (Group I1), Hyp/DMBA (Group VI1I) and Rumex/DMBA (Group V1)

groups (32 weeks old rats)

RATS DMBA HYP+DMBA RUMEX+DMBA
1 10.45/2 8.37/2 3.67/2
2 12.54/2 3.05 4.27
3 10.98/3 1.74 1.57
4 9.42/1 2.093 4.88
5 0.87

Fig. 3. Breast cancer appearances at 24" week after 7,12-DMBA administration of
DMBA (a) Hyp/DMBA (b), Rumex/DMBA (c) groups animals.

Particularly, after 24 weeks of the 7,12-DMBA administration in Hyp+DMBA
and Rumex+DMBA groups total tumors’ numbers were decreased about 44% (total size
was decreased about 63%), compared to DMBA group (tab. 2 and fig. 3).
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Our results showed that the effect of H. alpestre and R. obtusifolius extracts can
affect the regulation of cancer cell metabolism, which have been reflected in changes of
tumor size, weight, numbers, and mortality rate. Therefore, the obtained results could
have huge therapeutic potential taking into account that plant products can be safer, eco-
friendly, low-cost, fast, simple, and less toxic compared with conventional treatment
methods. Moreover, the obtained results can serve as a base to use our model for the
determination of the productive and non-cytotoxic anti-tumor concentrations of
anticancer agents.

This study was supported by the Science Committee, Ministry of Education,
Science, Culture and Sport RA, in the frames of Basic support to Research Institute of
Biology, Yerevan State University, and Research grants to NA (no. 18T-1F267 and
19YR-1F042). This work also was made possible in part by a research grant from the
Yervant Terzian Armenian National Science and Education Fund (ANSEF, biochem-
2284) based in New York, USA.
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QjnLnwnunbuwywl wywpnuubph uwuwwnmnubph W hhdwunnipyniluph nbU oglnw-
gnpédynn wwjpwnh wnbhiuninghwubpnd swthwqwug Ywplenp £ Yhpwnynn  ywwnpwuwnnlyubph
hwdwwnbnbhnLejwl ywpqwpwunidp:

Swjwunnwuh  Swlpwwbwnnieniund - wenwywlu  gpwugnd unnwgwséd W ogunwgnpddwl
hwdwnp  pnyuwnpwsé  pngubpp wuwpnwwunipjwlu  phdhwywt b YEluwpwlwlwl  Jhengubnph
wujwlwgwuyned pungnpyywséd Bu wydbih pwu 1000 wnlinnpwihu wujwudwdp wywwnpwuwnnLyuen,
uwywju npwughg hhduwywuncd Ukpypdnid Bu 2nipg 200 inbuwyp: YbpghUubpu wpunwnpynud Bu
wnwppbp GpypuGpned, W npwug Jtp 2wwn Gu dhllungu wagnnn Uncetpp wwpnibwynnubpp:

Wn huy wnbuwuyniuhg hGunwagnunnieintlubpl wnwytbp Uwywwnwlwihu nwnpdubine hwdwn
nLuntduwuhpneejnilubn hpwywuwgyby 6U' hhdp punniubing wwwnpwuwnnLyubph wagnnn Uinietpp,
wy| ng _E wnlinpwihu wujwuncdutnp:

Utp Ynnuhg Yuuwnwpywé thnpdwpynidubph wpryniupnud - wpdwlwagndbp U Uh pwpe fuwn-
unLpnutn, npnup pwgwnéwy wuhwdwwntntih U, W npwug Yhpwndwl hnlwupny ywywpniubpp
unwunid BU wyndwéputn, nwnwpned £ pngutph wép, W hwdwhu npwe gnpwuncd Gu:

Upwlwpnrjubn —hhywunnieintubn — Juwuwwnniubn — wbuwnpghnlbn — hwdwinbn&ihnieintu

CHHCOK XUMHUYECKUX U OMOJIOTHIECKUX CPEJICTB 3aI[UTHl PACTCHUI, Pa3pelIeHHBIX K PHMe-
HeHuto B PecyOmmke Apmenust, BkimrodaeT 6osee 1000 mpenapaToB ¢ TOProBEIMI HANMEHOBAHHUSIMH,
HO okojo 200 u3 HUX B OCHOBHOM MMIOpTUpYrOTCs. Crenyer oTMeTuTh, uTo 31U 200 BUAOB
TIPOU3BOJIATCS B Pa3HBIX CTPaHAX, MHOTHE U3 HUX UMEIOT OIMHAKOBBIE IEHCTBYIOLINE BEIIECTRA.

C 3TO0i TOUKH 3peHus, YTOObI ClIeTaTh HCCIENA0BaHUs OoJiee LeJIeHaNPaBICHHBIMH OCHO-
BBIBAINCH HA aKTHBHBIX WHIPEIUCHTAX MpenaparoB (IEHCTBYIONMX BELIECTBax), a HE Ha TOPro-
BBIX Ha3BaHMSX.

B pesynpTaTe Hammx 3KCHEPUMEHTOB OBUI BBIABIEH PSJ CMeced, KOTOpBIE SIBISIOTCS a0-
COJIOTHO HECOBMECTUMBIMH, B PE3YJIbTAaTe NX MCIOIb30BAHHS SKCIIEPUMEHTAIBHBIE PACTEHHS MO-
Jy9aloT 0XKOTH, TPEKPAIIACTCS X POCT, a 3a49aCTYI0 M 3aChIXAIOT.

Kynomypol — 60ne3nu — epedument — necmuyuobl — COBMeCMUMOCb

The list of chemical and biological plant protection products permitted for use in the
Republic of Armenia includes more than 1,000 drugs with trade names, but about 200 of them are
mainly imported. It should be noted that these 200 species are produced in different countries,
many of them have the same active ingredient.

39


mailto:hlt_arm@yahoo.com

3.L. BENLEUB23UL, U.U. UUrQuUsUy, 3.3, 3UMNFE3NFLUL, 3.L.UUNS3UL

From this point of view, in order to make the research more focused, it was based on the
active ingredients of the drugs, and not on the brand names.

As a result of our experiments, a number of mixtures were identified that are absolutely
incompatible, as a result of their use, experimental plants get burned, their growth stops, and often
dry up.

Crops — diseases — pests — chemical preparations — pesticides — compatibility

MGBuwinhghnubphg  $hwnpniuwynpnudp  nbplllGph - wjpdwtu  wnbupny  wpunw-
hwjinynid £ upuyndhg  htwnn® 2-3 opjw pupwgpenid, huy wnbpllubph, dwnhyutph Yud
wwintnutbnh pwihytip' pniddwl wywnunhg 7-10 op wug Ywd wytih nip [8]:

Uhuntn pnluwphdhywwutnh  hwdwwbn @hpin ogunwgnpddwdp huwnpwynp E
pwnapwglt] Yuwuwywnp opgwuhquutph nbd Yhpwndnn wphuwwmwlpwihl nényeh
pniuntbwyniejntlup, nudbnwgulb]  wwunwwunn pnuyubph nhdwnpnnwywunteiniun,
puniwjuty npwlg wgnbgnipjwu 2npwbwypn W wprynibwybwnipjuwl  wnlnnniejnlup®
UJjwgbgutiny éwhuuynn dwdwuwyp W dhgngutpp [9]:

Swny E UG, np pwpwjhUu fuwnUnLpnubn wwwnpwuwnbihu ywpunwnhp wywpdwu £
uygpned thnph wwiinpwuwinneyp (nuéty onpned, dhwiju hGnn henneyp: Uwlwju wuhpwdtoun
ntnGywwnynipjwl ywywuh wywwndwnny wju W Jh 2wpe wy ywunuubp hhduwywunwd gGu
wwhwwuynd dEpdGpuEph Ynnuhg:

Swlpwwbunnipjwlu  $EpUGPwhl 2w nunbunientuubpnud Juwuwwnubph W
hhdwunnrejnllubph nbd wwjpwph wpfuwwnwuplbnu  hpwywlwgynd Bu ng [hwpdte,
wuwpynwd £ wGuinhghnutph ufuwp  puwnpnieinit, hwéwhe fuwpuingnd - BU npwlg
hwJdwwtn Yppwndwl  wwdwllbpp, oguwgnpédwl  hwdwp uwhdwujwé — sw-
thwpwluwyubpp, npp pGpnwd B pGppnud pnllwungetph hwdwp wnwewnyynn
Suwwudwl dwdytwnutp;-h thnthnpuntpincuutnh:

Ylwuwywn opgqwuhquutph ntd - wwjpwn Ywquwybpwtihu uh 2wpe wugwlywih
hGinliwuplbphg  tunuwthGint hwdwp  Lpwuwywih  npwnpnipjwu £ wpdwlwgb)
phUhwywup htn Lwl Jwuptwpwlwywl W hnpdnUwp wwwpwuwnnyutph  hwdwwntn
Uhpwnnipjniup [2-4]: Ywpwnpgnd £ Uwle Jh pwlh wwuinpwunntyubph  unipGuwg
pwlwynipniuutph hwdwwnkn oginwagnpénidp [11:

Ynip W dEpnn: ®dnpdwnynidutpp Ywwnwndb) U punniuwé Jeennubnph hwdwawju [5-7],
tnpnL pniubph ypw: Wn Lwywwnwynd wwwnpwundtbp BU twpptp wtunhghnUbph fuwnunipnutn,
nphg  wudhpwwbu hGnn Ywwwnpdty Gu  JhypnnhuwGpuhnU  upuynudubp®  fuwnunipnubph
dhuinnghnwijhu hwwnyntpintlubnp dntint hwdwn:

3nLpwpwlgnin fuwnunipn thnpéwnpyyby £ wwuwnhy qugnuubpnud hwanny fjuwnuncpnh Jtp
wbdbkgywsé npn 4-wywu pnyup Ypw: WAL wnwppbpwyned Ypyunnnepyntiubph ehdp tnbp £ 5:
Uwnnghs BU hwunhuwgtp dwenip onny gnnywid (npne pnujubipp: IGtnwgnnncginilubph pupwgenid
punhwunip wndwdp thnpéwnpyytp  BU pnyubph wwpunwwunijwl nwpptp dhgnguGph 1584
wnwppGpwyutp (npne wytbh pwl 38000 pnijubph Ypw:

Swpywnenidubpp Ywwnwnyt BU upuynidubphg 1, 3,5, 10 W 15 op hGwn:

UpJwoplbn Ywd wUuhwdwwnbnbihnipywu wy Lpwlubp wpdwlwgpywé wnwppGpwyutnnid
thnpétpp Ynpyuytp Bu Lu Gpyne wuqwid:

Rwdwwnbnbih fuwnunipnutpp thnpdwpyyb) U bwl nwpwnwihtu wwjdwuubpnid tnwpptn yw-
Ywpniubph Jpw: Un bwywwnwynd whwtwnh oquniejwdp fubdnpBunt, fuwnnnh Jwgh, Juwpniugh W
Inthyh wbepllubph Jypw Ywpebgnty BU wwppbp fuwnUnipnutp, W wwppbpwpwp uwnwnybp Gu
wUhpwdtun hwpgwnnidutbn:

Upnyniuplutp W puliwpynud: buswbu gnyg U ndb, Yuunwpdwd hGunwgnunnt-
pintlutnp, ng pninp wtuwinhghnutnu Bu, np Ywpbh £ hwdwwnbn Yphpwntp pwpewjhu fuwn-
UnLpnutph alny:

Gnwyh Yypyugwsd thnpbwnyndubph wpnyniupnd wwywgnegyty £, np wgnnn Une
dinpGunpwdhnp hwdwwtntlh s JGehpwdh, wpwdtywnhuh, nhdEunynuwagnih,
pinpwLunpuiththwpnth, ghwpnnhthih htun:
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Ujpjwéputnhg funtuwithbine bwwwnwyny  wpwdtyunhup  sh Yupbih hwdwwnbnbg
wnhwyinwphnh, whndwlwwn Jtehih, pinpwhphdnuh,  dincptunhwdhnh htwn, nhut-
wnnwuwp' §6Uph, huy EdwdByunhu peugnwunp® wtuynuwanih hGwn:

Gpywdjw  nuncdUwuhpniejnilbuGph wpryniupned wwwignigytbp £, np 66nudpp,
pwgh nhdGunnwunhg, wuhwdwwnbnbih £ lwl $EUwquiupuh, $ELuwphunth b inhndwlwn
JGrhih hGwn:

Untqopuhd Utphip wpdwédpubn £ wmwihu ypnwwnghwh htbwn, wynuah ungbwn +
uwig. hhnpopuhn, Jwjwpehnu, Jdwuyngtp, dwuyngbp + nhdGnndnpd, dGunwiwpuhp +
dJwuyngbp wgnnn Uncebpu wuhwdwwnbnblh Bu wnuédh pinpopuhnh, huy ybpghuu gh
Jwntih puwnlb, Uwl wGpniynuwanih, wnhndwluwwn JGehth W pinpuwhphdnuh  hbn
pwpwihl fuwnunipnnd  Yhpwnbint Uwywwnwyny: dbpghuu  wuhwdwwnbnblh £ Lwl
inGpnLynuwgnih, nhndwuwwn UGrehih htn hwdwwnbn Yhpwnbine wywnpwagw)nid:

MEUShShILENh IUUUSEIELPNFE@3UL UN3SNFUUY
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Ywwwnywé nuntduwuhpnieinlblGpnh wpnyniupnd wwwgnegyt) £, np wnuah
hhnpopupnp  sh Ywnbih fuwnunipnh dlny Yhpwnti ghnw-gewbndtunphuh,wpnwhyn-tw-
qnih, inhwynwphnh W pinpwhphdnuh hw:

Mnuadh unipwin + Yuig. hhnpopuhnp wluhwdwwnbnbih £ gpwdpnwghhwinwnphup,
wnpnwwnghwnph W $EUJwGpwnh hbwn:

hUswbu Gpnud £ wrynuwynd UspYuwjwgywé ndjwiubphg, Edwdbynpu ptu-
gnwwnh b JGehpwdh huwnunipnp Unyuwtu wnwwgunid £ wjpwéputn:

Utn Yynndhg Ywwnwnpywé thnpdwpynwdutph pupwgenid wnpdwlwagpdt) U nbw-
ptn, Gpp wyL wnpniputGpnud ptpgnn hwdwwnBnGihnepjwl wyniuwyubph indyuutpp stu
hwdwwwwwupuwlt] hpwywunipjwup: Uwulwdnpwwtu Wwd E, np nnhndwlwwn
JGphtnGunwdbinpht wwpniuwynn fuwnUnipnp wuhwdwwnbntih £ W wypjwéputn
wnwpwgund, uwywiu dJtp Jh  pwlh wlqwd YpYudwsd hbwnwgnunienllltph
wnryntupubnpny wwwgnigywé £, np Lpdwé huwnunipnu punhwlpwwbu wnqwépubp sh
wnwyewguntd, nLunp thnyhu hwdwwnbnbih E:

Wuwhuny, Ywuwnwpywsd thnpdwpyndubph W neuncdUwuppneeniiltph wpnyniu-
pnud Ywquyt| £ wGunhghnubph hwdwwnbnGihniejwl wnntuwy: “epghuu wwnniuwynid
E ghnnwywu Unpnye, Jwulwdnpwwbu niuntdbuwuhpdt) GU pwadwehy wBunhghnutn,
npnug eUnd wnyw Bu ybpghUu utpunh pwqlwehy pnilwphdhywwnmlbpn, W dwndb) E
npwug $hahywywu b phuphwywl hwdwwnbnGihnie)niup:

LUbpywjwgynn wryniuwyu nibh bwle Yuplenp  ghtnwgnpéUwlwu Lpwlwyniniu
dEpdbputnh  Ynnuhg pnyubph wuwunwwunipjwl  Jhongwnnidubn  hpwywlwguGine
pupwgenid dhounn Yynndunpndbint W wnwytbp wpnniuwdbn wywpwnh Jdhgngwnnidutp
YuaUwytnpwtnt inGuwulynuhg:

Lwquywé wrynuwyhg 6hpin ogundbint ntwpend Ypwpépwlw pnyubph  pbp-
pwwnynieniup, Ypwntiwddh uwwudtihe ptipph npwip, pwuh np juwwhnyyh wnwun b
phuhwlwu wipdwéplubphg qbtpé wpunwnpwleh utnwgnudp: “Ywl gnigwhtn [pwgnighy
dhuwluwywl nuwnbuncdubp Ywpdwlwgnytu hnnogwnwgnpénnutph Unw, pwUh np,
pwgh wnww W npwyuwy pGpephg, hwdwwnbnbind  wbGuwnhghnUutpp,  Yypdwunytu
upuyncdubph pwlwyp' ubiwyGiny gqguith $huwliuwywu vhgngubin:

Uniyu hGwnwgnunncgynitibnp yunwndy 6U, U wnyncuwyp Yuqdyby £33 Q4UU
Uwhuwpwnpnipywl ghunncpywl Yndhinbh Ynndhg hlwlbivwynpywd 18T-4C015
Swoélwagnny ptdwh pppwliuyubnpnid:
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4.u. 1UrubbuuL3uy, U.L. Uurs23uy, U.u. uuruynusuv,
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Swywunwup wqquihl wonwnpuwyht hwdwuwnpwu
karen.kar.97@gmail.com, a.l.m.2012@mail.ru, marine.markosyan@inbox.ru,
sare.galstyan@gmail.com, galstyan.merujan@mail.ru

Ubpyuwjwgywé U opqulwhwlpwiht wwpwpuwUnietph, génthunph W hnnh uydwu wwp-
pbp Gnwuwyubph wanbgniejwdp wplwlwgwl gnptuh wéh, qupgugdwl W pEppwnynijwl Ynwé
thnthnpunipynilubph YGpwpbpwp yuwnwngwé neuncdUwuppneegniuubnh - wpnyniugUtpp: Ununwgeh
dwngh 3Ipwgnwuh nwpwéwppwlh wugnnh Gpypwagnpénipywlu wwjdwuubpnid 2019-2020 pp.
hGunwagnunniyniulGpny wywnaqdty £, np ulbwhnnGpnd wplwlwgwl gnpBuh Jawyniejniup, hnnh
dwydwu thnpdwpyyws tnyne Gnwliwyutnhg (funp Jwp' 22-26 ud, dhwju ujudwnwyned® 10-12 ud)
wpyntbwdbunp Jhwiu hnnp uuwwnwydwdp  thhupGgnudu £, huy  opqulwhwupw)hu
wuwnwpunwuniebph W gbnthinh Yhpwndwl  nGhuuninghwlbphg  jwjwagnuup  PgoKee $nlh  Ypw
gbnihuinh (2 w/hw), gndwnph (10 w/hw) W Nsp-h Yhpwnnedu £, npnug nGwenid pwnGiudyned Bu hnnh
wagnnuGihnpwwnhy hwwnyniejnilutpp, W yGpguwpnyniupnid utnwgdnud £ 55.0 g/hw hwuinhyh pepe,
npu £ wnwowpyyned £ wpunwnpniejntuncd UGpnUGnL hwdwp:

3nnp Duwynid — opqulwhwlpwyhl wwnwpwnwlniptn U gbnihin — wwnp&Uwihl wuywnwlgnepinil
— wplwlwgwl gnpblu — pbpph pwlwly

[IpencraBieHsl pe3yibTaThl UCCISJOBAHUI O BIMSHUU OPraHOMHHEPAIbHBIX yIOOpeHHI,
[[EOJIUTA U PA3IMYHBIX CIIOCOOOB OOPabOTKM MOYB HA POCT, Pa3BUTHE M YPOXKAHHOCTH O3MMOIt
TIICHUIIE] B KOHTEKCTE YKOIOTHIECKON 0e30TTaCHOCTH OKPY KaIoMIeH TPUPOTHON CPeb.
HUccnenosanue, mposenenabie B 2019-2020 1. B ycnmoBusx OorapHOro 3emienenus PasmaHckoro
paifona Koralikckoro Map3a, TTOKa3aiu, 4TO MPHU BO3/CIBIBAHIH 03UMOM MIIEHHIB HAa YePHO3EMax
U3 JIByX MCCIEIYeMBIX CHOCOO0OB 00paboTKM TOuBHI (TIIyOoKoe Bcmamika 22-26 cM, TOJBKO
poixnenne 10-12 cm) Hanbosee Y3 PEeKTHBHBIM SIBISIETCS PBIXJICHHE, a U3 YI0OPUTEIbHBIX TEXHO-
JIOTHH HaWIydmuM BapuaHtoM Ha (GoHe PgoKgy mnpumenenue tmeomura (2 T1/ra), HaBo3a
(10 1/ra) u nopkopmku a3oTHbIM yaoopenueM (Nsg), KOTOpbIE M0 CPaBHEHUIO € TIIyOOKOM BCHa-
KO oKa3aio Ooiiee OIaronpusITHOE BO3JCHCTBHE HA arpOMEIMOPATUBHBIE CBONCTBA MOYBBI, CIIO-
co0cTBOBANIO €€ TIOAOPOANIO M B KOHEUHOM HTOTe 00eCHednIo moaydeHne 55 1/ra ypoxas 3epHa
YTO MpeJuIaraeTcs s BHEAPEHHS B IPOU3BO/ICTBO.

Obpabomka noussl — OpeaHOMUHEPATbHbIE YOOOPEHUs U YeOUm — NPOO0BOTbCINEEHHASA
0e30nacHocmb — 03UMAs NUEHUYA — KOTUHLECTNBO YPOHCAs
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The article presents the results of studies on the influence of organic fertilizers, zeolite and
various methods of soil cultivation on the growth, development and productivity of winter wheat
in the context of the environmental safety of the natural environment.

Investigations carried out in 2019-2020 under dry agricultural conditions at the Hrazdan
province of the Kotayk region have disclosed that out of the two tested soil cultivation variants
(deep ploughing, single disk harrowing), soil loosening with the single disk harrowing is the most
efficient variant for the winter wheat cultivated in the black soils, while out of the applied
technologies (organomineral fertilizers and zeolite), that of the zeolite, manure and N, applied on
the background of PgoKg is the best variant. When applying this variant the soil agro-meliorative
properties improve and 55.0 c/ha grain yield is harvested. Thus the mentioned variant is
recommended for the introduction in the agricultural production.

Soil tillage — organo-mineral fertilizers and zeolite — food security — winter wheat — yield amount

Gnypwaqunh hnnwjhu nGunipultpp fuhun uwhdwlwdthwy Bu, huy ullunwdrtneh
gbpwypnnn Jwup gjninuinunbuwywu Swgnud nluh, bW wwpGUuwhu wudunwugniejniuu
wwwhnydynud £ gjnenuinunbuwywl wpnwnpnipjwu Jhgngnd: Yw Lpwlwynwd E, np
dwpnynieintp wtwne £ wpniuwyh gnjuunllt] Gnwé hnnwihu nBuncpuutph hwpyhu®
pwpépwgubiny npwug uwynipjwu dwywnpnwyp W Jdhwynp tnwpwdphg wpunwnpwugh
pwlwyp' Ujwgbgubiny uwnmwgywé dJebppubph Jpw  Ywuwnwpynn  Swhuunwdubpp W
hupluwndtigp, wju hwuwubh nwpdubinyg puwysnejwl (wiu quugywshu:

Utn Uninpwyh ypw wetbgynd £ wybh pwl 80 wnbuwy pwywpnyu: Uuunh Jw-
nwywpwpdwlu 80 %-p wwwhnynd GU 11 pniuwwnbBuwyutn, npnug Uty wwwnywnbih
pwdhup  wwwywunwd £ hwgwhwwnhlwiht  dowywpnyubphl:  Iwgwhwunhywjhu
Dwywpnyubplu wwywhnynwd BU wpnnbhuh nu EuGpghwih, puswtu bwle hwdwuwphwhu
hwgh wpunwnpnipjwu 50%-p, huy Get hwpdh welyh Uwl hwnhywht wuwubwytpp,
www wju jwadnd £ 75%: Wuwnbnhg hGunlnieiniu, np wwpGuwjhtu wuynwugniejwl W
wnewwniejwl Ujwgbgdwl gnpdpUupwgltpnd  swihwquwlug Ywplnp £ pwpapugub)
huswtGu gnLnuwnuntuniejwu gifuwynp hhduwywu Jdhgngh' hnnh pGpphniejniup, wjuwbtu
£ watgynn pwywpnyubph (UG wwpwagwjnid wpbwlwgwl gnpBuh) pGppwwnynieinilp:

Wlwlwgwu gnnptup pwywywlwswith wwhwugynun £ dhpwdwinh wwjdwuutnh
LUywuwndwdp (funbwynte)nLl, onwjhu, ulbunwnwn wnwnptp W wjiu):

Unwu hwgwhwwnhywiht dpuywpentutph hbin hwdtdwnwéd wplwlwgwu gnpbuh
pniubpu hptug wéh Jwn 2ppwunid niuGunud BU enyp qupgugwéd wpdwwnwihu hw-
Jwywng, Jhwdwdwlwly pnyubph punbuupy ullnwnnipjwl  dwdwlwlywhwwnywsl
wyblh wpd £ (Ununwynpwwtu 2 wdhu), nLunh wyn wywpnyuhg pwpdp ne uwjncu pbpe
unwlwint hwJdwp wUhpwdtn £ pnyubph wédh no qupgwugdwl ulygphg npuwlg
wwwhnyb| pwnGiwy onwgpwihu W ulunwpwnp dhgwywpny:

Annnud wju Ywd wyu Eynpnghwyw wywydwuh wybigniyp Ywd wwywup npnaw-
UhnpElU wpgbwynwd £ pnyuh opgqwlutpnud wnbnh niubgnn YGLuwehdhwywl gnné-
purpwgutnp, npnue W, pun wdBuwjuh, pugwuwpwn GU wunpwnuwrunwd huswtu pniutnh
wbh, qupgugdwl, ptpph Ywrnigwdpwihu wtwpptph dlwynpdwl, wjuwbu £ pbpeh
pwlwyh nL npwyh ypw [1, 2, 9J:

Pwquwphy hGunwgnunnnutp hUusgwbu Jdtp Gpypnwd, wjuwbu £ wpunwuwhdwuncd
[1, 7, 9] gnyg GU wnyb, np hwlpwihu ublnwunwppGpu no Jhewjwyph  wwjdwuuGpp
npnwyh wagnbgnipyniu BU nluBUnud wpUwlwgwlu gnptuh pbpph Ywnnigywépw)hu
wnwppGph pw: 3nhuwyutpp  Upnd Gu, np pnyubpp $nudpnpny W Ywihnudny hiug
uygphg wwwhnybint gnpéplewgp 2wwn unplnp £ Upwund, np wju ubunwwnwppbnpp
Lwwuwnnwd BU pnyubph - wpdwunwnwewgdwl nudguniejuwl Jedwgdwlup, hwdbpw)tu
Sintwynipjwlp U wdblh 2w pwpwnpuGph  Ynunwydwlp, npp Lwle  gpuw-
nhdwgyniunigjwl hnwuwih Gpwppupe B 3Gnlwpwn® gwllwgwd nuuncdUwuhpnie)nil,
npp Jhundwé £ wplwbwgwu gnptuh qupgwgdwl hwdwnp wuhpwdtwn Jhgwdwiph
wnwowguwlul nL ubunwwwppbph wwwhnydwup, wpnpwywl £ W pfunud £ hwupwwG-
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wnnipjwl  gjnnwnbnbuniEjwl  qunpgwgdwl nwquwywnnipjuwdp uwhdwuwsé plwy-
snLRjwl wwnBuwhtu wuwnwugniejwl wwwhnydwl wywhwlsutnhg:

Y W dbenn: NundUwuhpnienillGpp Ywwnwnpyb, Bu 2016-2020 pre. Unnwieh dwngh
Ipwanwlh  nwpwsdwppwuh  Wwthwpu  hwdwjuph  wwdwuubpnud:  6inwgnunnegnitiubph pnnp
wnwphubphu nuipnwhtu thnpdbpp npdtp B Ypwabpdywd unynpuywl ullwhnntph Ypw, npp punc-
rpwonwywu £ 3pwgnwuh nwpwdwngwuh hwdwn, W wplwbwgwl hwgwhwwnhlwihu Bwywpenubnp
(hhduwywunwd  wplwlwgwl  gnptl)  duwydnd  BU wyn  hnnwwhwh  Jpw, npntn  hnwdnwuh
wwnntbwynieintup yupBluptpund Ywaunwd £ 5.8 %, ntutBu stgnehlu Unuin dhpwldwiph nGwyghw (pH
6.9-7.1), htoin hhnpnihqunn wignunh wwpniuwyntgyniup® 4.39 g, $nudpnpp® 6.5 Ug, huy thnpuwlwywhl
Ywihnwdpt 38 dg 100 gpwd hnnnud: ®npéwnuwpwunh hnnGpp hnednunyg vhewy BU wwwhndyuws,
wgnwuiny’* entjl, huy $nudnpny W Ywihndny jwy [4]:

3Gwnwagnunipnilutpp Lwywwnwy U htnwwunt) nwpwédwppgwunid wnwehlt wuqwd niuncd-
Uwuhpbint opqwuwhwlUpwiht  wwpwpunwniptnh, gbnhnph W hnnh wydwu wnwppbp Gnw-
Lwyubph wagnbgnipiniup wyynn wplwlwgwl gnptuh «RGgnunwjw-1» unpunh wéh, qupqugdwl
W pEppwwnynipjwl Yypw, pwgwhwjinbint ywpwpnwgdwl, hnnudpwydwl b unwgwéd pbpgh
Lwywagniu tnwpptpwyp gjnLnununGuwywl wpnwnpniejnLuncd UGpnuGine hwdwn:

Awpwnwihu thnpdtpp npygtg Bu Bpbe Ypyunnnigjwdp, jncpupwugnep thnpdw-dwpgp Yuqutg £
100 U2, htwilyw] nwppspwlutbpny. 1. unnighg (wnwlg wwpwpunwgdwl); 2. PgpKg-dnU; 3. $nl +
gndwnp 15 w/hw; 4. $nu + gndwnp 15 wn/hw + gbinthin 2n/hw; 5. $nu + gndwnp 10 n/hw + Ngp +
gbnthin 2in/hw; 6. PgoKeo + Ngo + gbinthun 2wn/hw:

Mwpwpunwunietph Updwé wnwnpbpwyutpp Yhpwndtbp U hnnh wydwl wwppbp Gnw-
Uwyutph® funp yunh (22-26 ud) W dhwju thiuptguwl (uywywnrwyned® 10-12 ud) nbwebpnd:

Wlwlwgwlu gnptuh gwugh, hGnwaqw dywynwdubph W pGppwhwdweh wphuwwnwupubnp
hpwywuwgyby GU nwpwswppwuncd punnigwé wgpnywunuutph hwdwéawiju:

dnudbnpwywl, Juihnudwywl wwpwpunwunietpp, htswtu bwle gndwnph no génthinh |nhy
unpdwutpp npdt BU wplwlp® hnnh' tlwpptp Gnwbwyutpny Bwynidubph dwdwuwy, huy 5-pn W 6-
nn wnwppGpwyuGpnd - wgnunwywl - ywpwpuowUnuep'  qupuwup  uuncgdwdp: 3nnGph - wagpn-
phupwywl L wagpndhghywlwu gnigwuppubpp npnpygtp G hwdpunhwunip JGennutpnd, npnup
ptpdwé Bu AU, Swgnnhuh fudpwgnnipjwdp hpwwnwnpwyjwsd wgpnghdhwih  wuwihqutnph JtG-
pnnwywu dbnuwpyncd [5, 10]: Wlwlwgwu gnptUh ptpph pwlwlyp npnpyt) £ pGppwhwyweh dw-
Jwlwy hwdwwnwpwsd ptpph hwpqwndwl Ubennnd: Rtppwwnynipjwl nuiutpp Bupwnyytp Gu
Jwptdwwnhywywl yeninidncejwl, thnpdh utuwih (Sx,%) W wdtlwkEwlwl tnwppBpniejwl (UESp 95 g)
npn2ndny, nhuwGpuhnu yGpneéniejwl Jbennny [8]:

Upmyniuplutp L pUliwipyncd:  NuncdUwuhpnie)nibutphg wywnqub £, np hbswGu
Pnudbnpwywl nt Ywihnwdwywl  wwpwpunwunietpp, wjuwbu £ npwug $nuh ypw
Uhpwndwé gndwnph, gndwnph W gbnihnh nt wgnunwywl wywpwpunwunceh, huswtu
LUwl wwpwséwppwunid Yhpwnynn hwlpwht wywpwpunwlnetph  swithwpewlwyubpp
npnwyh wanbgnieintt U niubgh] wplwlwgwl gnpGuh wéh, qwpgwgdwl, pGpgh
Ywnnigwdépwihu tnwnptph L pwlwyh Yypw:

Gnynt mwpyw dhghu inuiubpny (wn. 1) $nudnpwywl ne yuihndwywl wwpwp-
wnwlniebph $nuh Ypw, Gpp Yppwnytbp £ gndwnp 15 w/hw swhwpwlwyp, pnyubph
pwpépnipintup unynpwywu Junph nbwend uaqutp £ 104.5ud, huy uywywnwydwlu
wnwppGpwynd® 109 ud, bhwulwyhp gnnnilltph phyp W hwuyh GpYwpnienup
unynpwlywu Juph W uyuywnwydwl wnwppGpwyutpnud (JGY JEnp pwnwyniunt hwpyny)
hwdwwwwwupiwlwpwp' 360 L 5.7; 390 hwwn W 6.2 ud: Unyniuwyh wnyjwiuGphg
Jhlunyu dwdwlwy Gplnwd £, np Gpp PK $nuh ypw gndwnp 15 w/hw swithwpwuwyhu
wybjwgt) £ 2.0 w/hw Unpdwynd gbnhin W www N3p Ya/hw, win wwpwgwnid huswtu
unynpwywl Jwnh, wjuwtu £ Jhwju uyuywnwynd wnwppbpwyutpnud pnyutbpu wybih
thwppwd U wak|, ntlbgt] U wnwyt| Unig Ywlwg gnuu W pnyubph pwpépnepjwdp (5-8
ud), 1 pwn. JGnph Jpw hwulwyhp gnnniuutph pUny (26-60 hww), UGy hwuyh
Gpywpniejwdp (0.9-1.6 ud) wyb| gnigwuhubn BU wwwhnyb], pwl Uwhunpn twnpGpwyh
hwdwudwl gnigwuhutpp:

Wju hwuqwdwlpp pwgwwnpynd £ Upwuny, np gbnthnh wnyuwgnepntup hnnned
wnwyt] pwpGwy  onwepwihu - wwjdwuuGp B wwwhndbp pnyutGph Unpdwp  wéh
niqupgwgldwu hwdwpn, huy wgnunh wnlwnieintup bwwuint) £ pnyubph JbgGunwwnhy
quugywéh pun wdtlwjuh qupqugdwup:
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Unyniuwly 1.
Opgqwlwhwupwjht ywpwpunwljnietnh, génihinph W hnnh Jwydwl tnwpptp Gnwuwyutnh
wqnbgniintup wplwlwgwl gnptuh, wéh qupgugdwu W pbpph Yunnigywépwhu
wnwpntph Ypw (2019-2020pr. Uhghuny)

h/h Swuywyhp
Swnpt- 3nnh gnnnLulGph - } - .
nwyutnp | dwy- [ phdp, pwné- 3 2o g | g o
Jwu hwn/d® | poe., ud | o 54 g | 5 =
Enw- g 2 5| = a
Lwyp 3 35 = 2
= c s = = N
5 35S s | = S
s |25 |28 |s
3 El= =] s3 | 22
3 55 [S] F o<
e 53 =} ; 5 o o
1. Uwnntahg Undnpw-| 340 +2 935+25 4.9 0.40 + 0.6 38.0 | 20.1 36.2+2.0
(wnwlg ywl
wwnpwp- Ujwyw- | 346+3 96.5+1.8 5.2 0.45+0.5 388 | 224 39.0+£2.5
nwg.) nwynd
2. PgoKgo- Undnpw-| 351+3 98.0+ 1.9 5.3 0.50+£0.2 39.8 | 26.0 393+3.0
$nu yuwu
Uywyw- | 359+4 99.5+2.1 5.6 0.53+£0.2 41.0 | 285 46.4+2.5
nwyncd
3. dnu+ Undnpw-| 360 +2 1045+ 14 5.7 0.58+0.15 | 45.0| 47.2 65.8+4.0

gndwnp Yuwu
15wn/hw Uywyw- | 390+3 109.0+ 1.6 6.2 0.63 £0.1 46.0 | 49.4 70.5+3.0
nwyncd
4. dnu+ Undnpw-| 386 +2 1095+ 1.6 6.5 0.68£0.05 | 47.2 | 48.9 71.0+2.5
gndwnp Jwu
15n/hw Ujwdw- | 423+3 1120+24 7.0 0.69 £ 0.1 47.6 | 51.6 79.6+2.5
+gbnhwn nwynwd
2un/hw
5. dnu + Undnpw-| 386+5 115.0£2.7 6.9 0.70 £ 0.1 479 | 51.7 79.0+2.5
gndwnp Yuwu
10 w/hw Uywdw- | 450+5 118.5+£2.0 8.1 0.71+£0.05 | 50.0 | 54.8 89.0+2.0

+ Ngo+ nwynid
gbinihwn
2un/hw
6. dnu + Unynpw- | 422+3 107.5£ 1.7 7.6 0.68+0.05 | 47.6 | 48.6 73.6+3.0
Ngo Jwu
Ujwlw- | 428 +4 1120+ 2.1 7.8 0.69 £ 0.1 48.4 | 50.8 75.0+0.9
nwynd

Lunpwihu fupdtph dGjuwuhywywl wuwihghg wwnauby £, np $nudbnpuyw W
Juhnudwywl wwpwpuwujniptph $nuh ypw gndwnpeh, gndwnph L génthwnh, hugwBu bwl
gndwnph, gtnhnh WL wgnunwywl  wwpwnpuwunetph  Yhpwnnieintup npnwyh
wqgnbgnientl £ nlubgh] wplwuwgwu gnptuh pGpph unnigwépwihu twnpptph ynw:
Awpwnwihu thnpdGph pninp twphubphtu WpJwé ywpwnpuwunetbph W gbnihinh wnwubhu-
wnwUdhu W hwdwwntn yhpwndwdp wybiwgt) £ wpbwlwgwl gnptuh hwuynwd hwwnhyubph
U wnhwuwpwy 1000 hwwnhyh quugwsh puwpp: Wuwbu, Geb wnwug wwpwpunwgdwl
(unnighg) nwppGpwynd (ungnpwywu Jwph nGwencd) JGY hwuynud  hwwnhyuGph Yhnp
Ywaqut| £ 0.40 gnwd, 1000 hwwnhyh Yhnp' 38.0 gpwd, W hEywnwphg unwgyt) £ punwdtup
20.1 g hwwnhyh W 36.2 g énnunh pbipe, $nu twpptpwynid wyn gnigwuhpubpp Ywaqubp Bu
hwJwwwwnwuhuwlwpwn 0.50; 39.8; 26.0 g hwuwnhyh W 39.3 g é6nnnh pbpp, www wn
unyu $nup ypw gndwnph 15 whw swhwewlwy Yhpwntind' Jey hwuynd hwwnpyutph
U2hnp $nup hwdbdwwn wytwgt) £ 0.8 gpwuny’ Ywautiny 0.58 g, 1000 hwuwnhyh pwpp'
45 g, W wprynctupned hwuinhyh pbpep Yuqutg £47.2 g, huy énninpup* 65.8 g:

hgjup gnigwlpubph wyGiwgnudu wnwybp wyuhwn £ Uywnytl, Gpp $nup ypw
npjwé gndwnph jwihwpwlwyhu wybwgdb, £ Jh nGwenwd gbnthnp 2.0 w/hw sw-
thwpwlwy, Ujinwu nbwenwd gbnihnp Ungyu unpdwih hGn npdb) £ wgnunuwywu wywpwp-
wnwujnte (N3o wagnnn Unceh hwayny), win nmwppGpwyutpnud $nu+gndwnp 15 in/hw
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wnwpptpwyh hwdtdwwnnigjwdp hwuynd hwwnhyubph pwyp wybjwgt) £ hwdwwwwnwu-
fuwlwpwn 16.6 L 21.1 %-nd, 1000 hwwnhyh quugqwdn' 4.85-6.4 %-ny, hwwnhyh ptnpeu
wybwgty £ 34.9-54.0, 6nnuinhup® 16.7-51.2%-n4:

Rwunywlpwywlu E, np opquwlwywl wwpwpunwunieh W npw hGn lwl wgn-
nwywl  wwpwnunwunieh Yppweniejntup $nudnpuyut b juihnudwywu - wywpwp-
wnwlnebph $nuh Ypw hnnh dwyniejwl nwpptp Gnwlwyubph® undnpwywu Juph W
Jhwj uywdwnwynd  wnwppGpwyutpnud, Stwjwd  wplwlwgwl gnpGuh  wsh, quip-
qwgdwl, pGpph Ywenigywépwihu wwpnptph W pGppwnynipjwl ypw wdBUnipte
npwywl wagnbgniejwlup, twpptp £ GnG: Upnwwbu Updwé hnnwpwpbiwdhsubpp hnnh
wydwl uywlwnwywihtu tnuwuwyh ntwentd wybih pwpan wpnniup Bu wwwhnybp, pwl
unynpwywu Jwph nGwenwd, W wpryniupnud $nl tnwpptpwyned, Gt ungnpwywlu Jwph
dwdwlwy gnptuh ptpep Yuaqutp £ 26.0 g/hw, ujwywnwydwl nbwend' 28.5 g/hw:
REppwwnyniwl tnnwpptpnijwl gntet Unylu ophUwswithnientlutnp Uywwnygtp U Lwle
wwpwnunwgdwl  Jjnwu wnwppbGpwyubpnud,  wdBunipe . wwpwnuwgdwl - Ungu
wnbGhuuninghwl uywywnwydwdp hnnh wynwdu wnwyt] pwpép pbpe £ wwwhnyb, pwl
Jdhwiu unynpwywlu Jwpph nbwend: Wuwbu, Get PK $nuh Jpw gndwnph 15 w/hw
swithwpwUwyh Yhpwndwdp unynpwywl yunh nGwenud unwgdtb) £ 47.2 g/hw hwwnhyh W
65.8 ghw o6nnunh  pbpe, www wwpwpunwgdwl  Ungu  wnkhuuninghwu — dhwju
uywywnwydwdp hnnh wydwu nwend JEY hGywnwnhg  wwwhnyby E gnpGuh hwunhyh
49.4 g, huy énnuinh pbpep Ywaquty £ 70.5 g: REppwwnynipjwl pwpdpwgdwl hwdwldwl
ophUwswthnieintluGp  LJwwndb, B Lwle  wwpwnpunwgdwl  Jjnwu twippGpwyutnned,
wjuhUpl* wwpwpunwguwl hwdwuwnp Unpdwutpny Yhpwrywd wiu Yud wju inGhuuninghwt
hnnh  Jhwju  ujwywnwynwiny dwydwl nbwend  wywunwywl  (ungnpwywl) Jwnh
Gnwuwyh hwdtdwwn 2.5-3.1 gGunubpnd pwpépwgb] £ wplwlwgwu gnptUh  hwwnhyh
pGppwwnynieintp W 71-100 %-ny* 6nninh pGpep (wn. 2):

Unjniuwy 2.
OpgqwlwhwUpwhU wwpwnpwwljnietnh, génthinh W hnnh wydwl tnwpptn Gnuwuwyutnh
wagnbgneintup wpbwuwgwl gnptuh pGpgh ypw puin tnwinhlubph

h/h Swwnhyh pEpep puin Swwnhyh Rwybnwdp
Swppbpwyubpp 3nnh wnwphUbph, g/hw Uhghu
dwydwu 2019 2020 ptnep, g/hw %
Gnwuwyp g/hw

1 UwnnLaghg unynpwywl 21.0+1.2 19.2+1.0 20.1 - -

(wnwlg ujwywnwynLd 220+14 | 228+11 22.4 2.3 114
wwpwpuwg.)
2 PgoKgo-dnlU unynpwywu 252+10 | 26.8+13 26.0 5.9 29.3
ujwywnwynLd 285+15 | 285+14 28.5 6.1 27.2
3 dnu+ gndwnp unynpwywl 46.9+1.3 | 475+1.2 47.2 27.1 134.8
15w/hw uywywnwynd | 49.9+12 [ 49.0+13 49.4 27.1 | 120.9
4 dnu+gndwnp unynpwywl 485 £1.2 | 493+11 48.9 26.8 133.3
15w/hw uywywnwynd | 50.6=1.0 | 52.6+1.3 51.6 29.2 | 130.4
+gbnihwn 2n/hw
5 dnu + gndwnp unynpwywl 516+12 | 51.8+14 51.7 31.6 157.2
10 w/hw + gbnthin | uquywrwynid 546+15 | 55.0+1.1 54.8 324 | 1446
2in/hw + N3y
6 dnU + Ngg unynpwywl 48.0+15 | 493 +1.3 48.6 28.5 141.8
ujwywnwynid 50.2+1.3 | 514 +15 50.8 284 | 126.8
Sx, % 1.0 0.8

UES 0.95, g 14 13

Annh wydwlu wwpptp Gnwuwyutph waqnbgniejwdp Udwl  wnwppbpnieintup
pwgwwnynd £ Upwuny, np dwup nGuuhywih Jhgngny hnnh wnlbwywl dwynipjwl
wnngtuntd hnntph wdpwgnudu wnwyg £ pGpnd gpwpwthwugbihnipjwu pniwgned, W
UdwUwwhw hnnGpnud pngubph wpdwwnubpp wuhwdwswith Gu inGnwpwhugnid  hnnh
wpndhind Ywd punhwupwwbu funp s6U lwpwéynid, hGnliwpwp® ungdnpwywl Junh
dwdwuwy pnyutph wpdwwmwihu hwdwywpgh hwdwp wupwpGwy Jhpwydwiph wnw-
swguwl ywwndwnny wplwuwgwu pnijutpp dhwju ujwdwnwydwdp wydwu hwdtdwwn
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wnwyt] Ljwqg wé nL qungugnd U wwwhnytb] b wprynitupnd wnwyb) wwywu hwwnhyh
W énninh pbpgh pwlwynieiniu:

hUswGu gnyg GBu wdbp wnwppbp hGnhuwyubph  hGwnwgnunniejnluuGph - wp-
nynctuputinp, wpuwluwgwl gnpGuh  pnuubph Lundwmhbnn ndjwpnipjwdp U UbGppw-
thwugnid thénLj[ ulLwhnnGph hnnwtpnny 1.42 q/uu wdpwgywoénipjwl nGwenid, huy
1.50 q/uu wJpwgywénipjwl nGwend punhwupwwbtu $6U pwithwugnid [3]

Gnhuwyutpp wwngbl BU, np hnnh wJpwgywénieiniup 0.1 q/ud -ny JGSwuwnt
nGwpenid punhwunip wndwdp wywpnuyubph pepep bJwaned £ 6-8%-ny, hwgwhwwnhyh
ptpep' 2-10 g/hw, Ywpundhhup' 15-25 g/hw W wyu:

Utn nuuncdUwuhpnigniluGph dwdwlwy (unnwghg LnLunpbnuJUnLd) unynpwywu
Jwph nGwenwd hnnh LudnLugL{LudnLrajnLUn Jwqut) £ 1.43 q/uu huy Jhwju ujwyw-
nwydwlu nbwend* 1.39 q/ud nph wwwdwnny wplwuwgwuh pniubpp undnpuywl
Jwnh nGwenud® unnghgnid Gpyne tnwpdw dhghuny wiwwhnytp BU 11.4 %-ny hwwnhyh
wwywu pGpp, pwl Jhwju ujwywnwyuwhu dwydwu nbwpenwd, W win Ungyu opp-
Uwswihnieinilu - wdBunipbe wwhwwudtb] £ wywpwpunwgdwl  wnGhuuninghwubph  Yh-
pwnUwl wnwppGpwyubpnud’ wjwunwywu Ywd undnpuwywl Jwnph hwdtdwwn  Jhwju
ujuwywnwydwdp hnnh  wyuwlu nGwend  wpUwlwgwl gnptuh  hwwhyh  pGpeh
hwybGnidp Yuquty £ 2.5-3.1 g/huw, huy énnuinhup* 7.1-10.0 g/hwi:

Wjuwhuny, gtinthuinp, (huGinyg puwywu dwenwp hwupwihU hnudpwntGuwy, 2unphhy hp
Yrwunnwywl hwwnyniwl, wugpnh Gpypwgnpdniejwl Juwpdwl wwydwulbpnud hnnhg
giwunwd nt wwhnwd £ wyGigniywihu funbwdnieiniup W yegbinwghwih pupwgenid win
funUwynieiniup thnfuwugnd hnnuihu Jhgwidwin, Lwwuwnwynp wwjdwlubn £ unbnénud
pniubph Unpdw) wéh n qupquguwl hwdwn W wpryniupnud EwwunpBu wgnnud £
Bwywpnyubph  pGppwnyniejwl - wybjugdwu  Jpw:  YUnunwieh  dwngh  3Ipwgqnwlh
wnwpwoéwnowuh ultwhnnwhu gnunne wugpnh Gpynpwagnpénipjwu Juwpdwl wwydwuubnpnud
dwyynn wplwlwgwl gnptuhg pwpén no Juniu pbpp wwwhndBine hwdwnp  hnnh
Bwynwlu  hpwywlwgut, Jhwju  thhupbgdwl  Gnwuwyny® hnnp  thhupGguy 10-12 ud
funpniejwdp, npp funp Ywd unynpwywl Jwph (22-26 ud) hwdtdwwnnigjwdp Uywuwnned £
hnnh wgpnutihnpwwnhy hwwnyniejnllubph pwnbuydwup W pGpphnugqwt pwpanpwgdwp:
3nnh  ujwjwnwywiht  wylwl nbwend  wplwlwgwu  gnpBuh  wwpwpunwgdwu
whuwwnwlputnp  wguwytpwtihu  wuhpwdtn £ dnudbnpwywt b Yuhnedwywu
wuwnwpuwuniebph hbwn (PgKge) wplwlp hnn dingutp gndwnp (10 w/hwy), gbinihun (2 w/hw
swithwpwlwyny), huy gwpuwlp uunigt] wgnunwywl wwpwpuwuneeny (Nsg), wpynctupned
unnwgyned £ 55.0 g/hw hwuinhyh pbpe: Ununwiph Jwpgh Ipwgnwuh ultwhnnwihu gnunncd,
huswbu Lwl hwdwudwu hnnwihu nu Yihdwjwywt wwdwulGpned, wplwlwgwu gnptuhg
pwnén nt wynitt ptpe wwywhnybine hwdwp wnwwnyynwd £ hpuywlwgut) Jhwju thiupbg-
Jwl Gnwluwyny (hnnp thfupbgut, 10-12 ud funpnipjwdp), huy wwpwnpunwgndp' $nu-
Pnpwywl nt juihnudwywl wywnpwpunwlneetph (PgKee) hbin UhwuhU wplwlup hnn Jingutg
gndwnp (10 whw) L gbnhn (2 whw), quplUwlp ulnigbp wgnunwywl  wwpwn-
wnwunetpny (N3g): 3nnh wydwlu b wwpwpunwgdwl  Wpywéd  inGhuuninghwlbph
Uhpwnnudp  Yuwwuwnh  nwpwéwnowuh  puwysniejwl  wwpbuwiht - wuywnwugnijuwp,
unghw|-inuinbuwywl yhdwyh pwntwddwlp W wnpwwnniejwu bjwgbgdwln:

aruvyuunte3ntu

1. Quyuuywt U.3. Wuwlwgwu gnptuh W ywpunindhih wywnpwpunwgdwl wpnnctbwyGunnepniup
Ulwuh wywquwuh wwjdwuutnned, Gplewl, Lhdne, 156 kg, 2007:

2. Quiuumywl U.3., reniywl Q.Q., Uwlppnuwl Q.U. dSnudnpuywl b Ywihnidwlwl wwnpwp-
wnwunetph  Yhpwndwl - dwdytwnlbph  wagnbgnienilp . wplwlwgwl  gnpBuh  inunGuw-
Eyninghwywl gnigwuhputph ypw Ynwnwiph Jwpgh Ipwgnwuh inwpwédwpnswlh wwydwulbnpnod:
Swjwuwnwh YEluwpwlwywl hwuntu, LXX; 1, 28-35 kp, 2018:

3. Swipwwbuywlu EU., Chpplywl W.4. UgnpnEyninghw: “Ywuwghpe, 3GU ncuwunnutph hwdwn,
GplLw, 408 Ey, 2003:
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11.

12.

UGienywl 4.Q., Mwqupuwt 3.1., Uwlniywl M. Qnonuinunbuwyuwt lpwuwyniejwl
hnntph  Eyninghwywt  wpnh  yhdwyp, hnnogunwgnpddwl  dwlwpnwyp, Ywnwywndwl
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Rwjwuinwuh  Swlpwwbunnipniunud: - Gpliwl, Innuwg., wagpnehd. W JGihnpwg. ghunwlywu
ytuwinpnu, 54 kg, 2004:
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Bwaqwph wpjwu dGp W npn2 opguuliGpnud ncuncdbwuphnyty U thwhnubph gtpopuhnwgdwu
gnpépupwgltph W Ywwnwiwg nt U0 dEpdEuinutph wyinhyniejniuutph thnthnfunte)ntluph oph-
UwswithnipniuuGpp 30-opjw hhwnyhuGghwih wwydwuuGpnd: Snyg £ wpdb, np dwqwph wpwu Jty
Lhwhnutnh gbnopuhnwgUwl wnwytjwagniju dwywpnwy nhunygnd E uenbuh wgnbgniejwu 20-pn opp:

Bwaquwph gwpnned W nuntnnd hhwynyhutghwih wgnbgneejwl wwjdwlutpnid wpdwlwgnyby
E Yuwuwwg/UOY hwnpwpbpniejwl pwpdpwgnid, husp hwwlwpwn  Uwwuwnnud £ opgwuhquh
hwpdwnynnwywunipjwu pwpapwgdwup:

Jwlwopuhnwuwnwhu $tpdeuinutph wywnhyniejwu thnthnfuntejnluubph ophUwgswthnienLu-
ubph pwgwhwjnnudp Ywpnn £ hhdp  hwunhuwbw] hhwnyhtubghwiny  wywpdwuwdnpjwd  wfu-
nwpwlwlwl gnpépupwgltnh uwuhuwpgtdwup Uywuwnnn inwnptp dhgngubiph uintnédwu hwdwp:

Uwluwyuwpwpdnpini — jhwhnubph qbpopupnwgnid — Juwnwiwg — U0

VI3yyeHbl 3aKOHOMEPHOCTH HM3MEHEHMs MHpoliecca MEPEKUCHOTO OKHCICHHS JUIHAOB M
aktuBHOCTH Kartanazel u COJ] B KpOBHM M HEKOTOPBIX OPraHOB KpONWKOB Tpu 30-mIHEBHOI
THIIOKUHE3UH.

IMoka3aHo, YTO MaKCHMaJIbHBI yPOBEHb MEPEKUCHOTO OKHMCIICHUS JIMIHIOB HAOII0aeTCs
B KPOBH KpOJIMKOB Ha 20-1i 1eHb cTpecca.

B medeHH M B MO3re KpOJIMKa I10J] BIMSHHEM THIIOKHHE3WH HaOIIOAAETCs MOBBILICHUE
cooTHomenus GepmentoB karanaza/COJl, 4To, BO3MOXKHO, CIIOCOOCTBYET aJaNTalluy OpraHu3Ma.
BesicHeHHe XapakTepa HM3MEHEHHs aKTHMBHOCTM aHTHOKCHIAHTHBIX (EPMEHTOB MOXET CTaTh
OCHOBOW JUIsi CO3JaHMS B JajbHEHIIEeM pasIMYHBIX CpPEJCTB, NPEAOTBPALIAIONINX pa3BUTHE
MAaTOJIOTHYECKUX MPOIIECCOB, BHI3BAHHBIX THIIOKHHE3UEH.

Tunoxunesus — nepexucHoe oxucienue aunuoog — xkamanaza — CO/

The regularities of changes in the process of lipid peroxidation and the activity of catalase
and SOD in the blood and some organs of rabbits under 30-day hypokinesia were studied.

It was shown that the maximum level of lipid peroxidation is observed in the blood of
rabbits on the 20" day of stress.

In the liver and brain of the rabbit, under the influence of hypokinesia, an increase in the
ratio of the enzymes catalase / SOD is observed, which possibly contributes to the adaptation of
the organism. Elucidation of the nature of the change in the activity of antioxidant enzymes can
become the basis for the creation of various means in the future that prevent the development of
pathological processes caused by hypokinesia.

Hypokinesia — process of lipid peroxidation — catalase — SOD
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Uwpnnt YGuuwytpwh Yupny  thnthnfunipniup  hwugbgunud £ Qwpdnnuiyw
wywnhynrejwl uwhdwlwthwydwl, hugp wwydwuwdnpdwé £ ghinwnGhuuhyulywl wnwy-
pupwgny, huy Gpywpwunle wlpwndnipntlu ne Junwydnp (wpdwénigintll wnwy B
pGpnd  upptuwhu  nGwyghw, hush wpryniupnd  quipquuntd  BU wpgwdnphs  JG-
fjuwuhquuGph  (wpywénie)nl, Unipwihnpuwlwynipjwl  huwlgwnpnudubp, hounwd  Gu
onqwuhguh wwhniunnwiht  huwpwynpnipynilutpp, dupynud Gu Eubpghwlywu  gnpé-
pupwgltpp’ wwwndwn hwunhuwlwiny whinwpwlwywl gnpépupwgutnh qupqugdwlu
hwdwn [4, 11, 13]: Uu wnGuwytinhg wpnhwywl E wjuwhuh upptuutph hGunwgnunwdp,
hUgwhuhg BU hunphihquigniuU nt hhunyhltghwi:

UppGuwiht gnpénulbph wgnbgnipjwl nbwend opgwuhquh hwpdwpynnuywu
wupnwwuwywu nbwyghwubph dbwynpdwl gnpénid wplnp nbpp wwwnywunwd £
hwywopuhnwuwnwihu  $Epdtunwht hwdwywpgbphu, npnup  prYywduh  wynhy
Uhwgntejntuubphg Utppgewht wwpwnwwuntpjwl wnrwehlt onwyu Bu, npnug pryhu Gu
wwwnywunwd  unLwtpopupnnhudniinwap, Ywuwnwiwagp, giptpwnhnuwtpnopuhnwan W
Upwug hgndlbpp [2, 3, 8, 9] Unpdwinud hwhnutph gbpopuhnwihl opuhnwgJuwl
gnpépupwgUtph nudquniejwu W hwlwopuhnwuwnwiht hwdwywngh dhgle gnjnientu
nLluh npnwyh hwywuwpwynrnie)nil, npp uwpungned £ wnwnpptbp uppGuwihu gnpénuutph
wgnbgniejwu  hGnlwleny W hnwujwépubpnud - wnwewgund  Yunnigwépwihu W
gnpéwnnipwihu  fuwlgwpnidubp [3,12]: Nwuwnh Ywplnpynd £ uepbu  nGwyghwubph
nyuwu W YwUpuwpgbidwu Jheongutph  niuncduwuhpniggniup, npnbp  Ypwpdpwgutu
onqwuhgquh Ywjniuniejntlp  upptu  gnpénuutph  hwunbw W YuwwuwnBl  upptu
uwhdwlwthwynn hwdwywpgbph wynhyjwgdwln:

IGwnwgnunieintlubph Uwwwnwyu £ 6nb dwquph wpwu JdGg W npn opgqwuliGpnud
niuncdbwuhpbl [hwyhnUGph gtpopuhnwgdwl gnpépUpwgutnh nudqunientup W wnwghu
g6h  hwywopuhnwuwmwihu  $tpdEunubph®  untwtpopuhnnhudniinwgh W Yuwwnwiwgh
wywhyntpentuutph thnthnfuntpjniulph ophuwswhniinluutnp 30-onjw uw-
Juywpwndnipjwl wwjdwulGpned:

UnLp W dEpnn: IGnwgnunnipntllbpp ywwnwnytp 6 Jplungu ubeh, Uorh, ubdwl W
fulwdeh Unuju wywydwuutpnud gunuynn Oryctolagus cuniculus domesticus Gwqwpubph Upw:

Ybunwuhubph 2wndnnwywl wywnhynieiniup uwhdwUwthwyGne bwywwnwyny upwue 30 on
opwywu 20 d nlnnnipjwdp wwhyb) Bu hptug swihbphu hwdwwwwnwuhuwunn thnpawpwnwywl
wnynnud: Uwnnghg fudpnud W uppbuh wagnbgnipjwup  Bupwnywé YGunwuhubph wpuwu  Jtp
jnupwpwlgnin 5 opp UGy npnpdbp B JwinuwihU - Gpywinthpnh  pwlwyniejnttp L
unLwtpopuhnnhudntinwg L uwnwiwg $epdtuinubph wynhynieniup:

YBunwuhutpp Bupwnyyt) U nEYwwhwnwghwih, npu hpwywuwgyt) E Grbn-pinpndnpd fuwn-
Unipnny - wugqgujwgubintg hGwnn: Mwhwwldtb, U Yeluwpwlwywl  Eghlwih  uygpnilpltpp®
hwdwéwju GYpnuywywl Jhnipjwl gnignidutnh (86/609 EEC) L 3G uhuywlu nbhwnwghwih: Ljwp-
nnud, Gppywdubpnud W nenGnnud JwpnUwhu  Gpywinthhnh pwlwynieiniup W $EpdtunuEph
wywnhyniejntup npnayt GU 10, 20 W 30 op upptuh Bupwnyywé YEunwuphubphu giluwwntinig hbwnn:
Uwnuwjht Gpywnthhnh pwuwynieintup npnadb) £ gnilwswhwywu [7], huy Yuwnwiwgh W UOY-h
wywnhyniejntpt hwdwwwwnwupuwlwpwp Jwlguwlwswhwywu w uwynpwswthwywu
Gnwuwyutnny [5]:

Uwnwgywd ngyultpp Gupwnyytp U yhéwywgnpwywl bwydwu “BIOSTAT” hwdwlwng-
swihu 6pwgnny;: Iwywuinhnieniup npnytp £ puin UinjnunBuwnh t swthwuhph [15]:

Upnyniuplutip W pUuliwpynid: IGnwgnnnipnllutph wnwghu thnyntd nLuncd-
LUwuhpyb| GU 30-onjw uwlwywwpdniejwl wagnbgniejwl wwjdwulbpnid
yGunwuhutph wpjwu Jbp Jdwinuwjhu Gpywinthhnh pwlwynipejwl, husgwbu Lwl
untwbpopuhnnhudniinwagh W Jwuwnwiwgh wywnhynieniuutph thnthnpunipintultnh
ophuwswihnipntluGpp: Unwgywéd wpnjniupubpu wdthnthwé Bu uy. 1-nud:
Upryniuplubph JGpinidnipiniuhg hGwnlnwd E, np hhwynyhubghwih Gupwnpyywd
yGunwuhutph Jnw, upptuh wqntgniejwl 5-nn opjwuhg uluwd, nhwnydb) E
lhwhnutph gbpopuhnwjht  opuhnwgdwt YLpgwywl wpgwuhp hwunhuwgnn
dwinuwjht  Gpywinthhnh  pwlwynipjwl  wybiwgnd:  Wpuwbu, uppbuh
wqntgnieintlhg 5 op wug ybEpghuhu pwlwyu wpjwu JGe wybiwgk) £
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60 %-ny, 15-nn opp* 89 %-ny, 20-pn onp' 97 %-ny, www ulub| £ ujwqb|, 30-pn
onp JwinUwjhu Gpywinthhnh pwuwyp Unpdwih hwdtdwwn pwpép £ BEnGp 28 %-ny:
Uwinuwjhu Gpywinthhnh pwuwynipjwl wjuwyhuh thnthnpunipintup Jywnid £ wjt
JwuhU, np 2wpdnnuywu wynhynipjwlt vwhdwlwihwynwdp YEunwuhubph Jnun
wnwyp E  pbpnud  |hwhnuBph  gqbGpopuhnwgdwl  wywnhdwgnid, nphg hGwn
hwywUwpwp uyuynud B hwpdwpynnwyuwu gnpéplewglbp W JwinUwjhu
Gpywinthhnh pwuwyniejwl wunmhdwlwywl bjwagned:
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LY. 1. Uwywywwndnipjwl wagnbgnieintup JwinUwjhu Gnluwinthhnh pwlwyniejw,
UOMh L Ywwnwiwgh wywnhyniejwl ynpw dwawnh wpjwl Ubg (n=3, p<0,05)

hUs yGpwptpnud £ hwywopuhnuwuwnwihu  $EpdGunubph wywnpynipywup Y. 1),
www upnptuh 5-onjw  wagnbgnieintuhg  hGunn juwnwiwagh  wywnhdniintup - Unpdwih
hwdtdwwnnipjudp wybiwgt) £ 32 %-ny, npp wwhwwuyb) £ Jhusle upptuh wgnbgniejwlu
10-nn opp, nphg hGwn uyub) E UJuwgb), W 25 op wpdnnuywl wywnhyniejwl uwh-
Jwlwihwydwl ywydwuutpnud gpwugdt) £ wynhyneejwu bjwagnd 8,8 %-ny:

UOY-p wnwybiwgniu swihny pupwuynud £ uppbuh wgnbgnipjwu 15-pn opp* 17
%-ny, 20-pn onp qntret YGpwywuqunid £ Unpdwjh gnigwuh2p, huy 30-pn onp Unpdwjh
hwdtGJwuwn hounwd 23 %-ny:

Npn2 htnhuwyubph Ynnuhg gnyg £ npdtp UON-h wynhynipjwl pwnépuwgned, hug-
wbtu Lwl Fe-UOYh W Mn-UOYh h-NuRGph Ynunwynd wyp upptGuwihlu gnpénultph
wagnbgnipjwl wwjdwuutpnud, nnu wwwgnignud £ wju $EpdBunh W Upwug Ynnwynpnn
qgtUutph nbpp opquwuhgquh hwpdwnynnwwuniejwl pwupépwgdwl gnpénd [1]:

UdithnthGiny hGwnwgnnnepniulGph wju thnh wipngncuputppt ywpGth £ UG, np
upptuh nlnnnipjwl JGéwgdwlup gnigpUupwg (hwyhnubph gbpopupnwiht opuhnugdwl
ndqunieniup Junwd £ Unpdwjhg pwnén Unguhuy uppbuh wantgniejwl  30-pn onp, huy
hwywopuhnwuwwihu  $GpdGunutph  wywnphyniejntup  upptup Jwn  tnyGpnud
pwpapwund £, www Gpywpwnle wgntgnipiwu ntwencd® hguncd Unpdw- Jhg: Iwdwéwiu
npn2  hGunwgnunnnubph®  uppbuh  GpUwpwwle  wagnbgnuejwl  nGwend  Gwnpwbph
gbpopuhnwihlu opuhnwgUwl wngwuhpUtbnh fuinniejwl pwpépwgnidp dupnn wagnbgnieintu
E ennUnd hwywopuhnwlwnwihu $tpdtunutnh wynhyniejwl ypw [2, 10]:

Gwnwagnuinieintluph hwenpn thnind JdGp Ynndhg nwuncduwuhpdby £ wnpdnnw-
Jwu wywnhynipjwl uwhdwlwthwydwl wagnbgnipintup (hwhnutph gGpopupnwjhu op-
uhnwgdwl niwdquniejwl, hUsgwtGu Uwl  hwywopuhnwuwnwihu  $EpdEUNUEPHh  wywnh-
yniejniultph  thnthnpunueynluuGph ypw dwquwph Gpphywdned, nunGnnud W gwpnned:
Uwnwgywé wpnyniupubnp Uepyuwjwgdwsé B uy. 2-nid, 3-nud W 4-nLd:
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LY. 2. Uwywyuwpwpdnipjwl wanbgniejntup JwinUwjhu Gnywinthhnh pwlwynipjwl, Yuwnwiwgh
L UON-h wywinhynpjwl ypw dwagwph gwpnned  (n=3, p<0,05)

hUswGu Gplnud EUY. 2-hg, pwpnnud uwywywwndniejwl wgnbgnipjwu 10-nn opp
lhwhnutGph gbpopuhnuwjhu opuhnuwgnidp Unpdwjh hwdGdwwn pwpapwunwd £ 15.8 %-nd,
30-nn onp' 43 %-ny: Ljwpnnd hwywopuhnwuwnwihu  $EpdEUNUEph wynhynie)ntup
upptuh uygpUwywl thninwd ubunwd £ pwpépwlwyl, npu hp wnwybGwagnuu  wnpdtehu
hwulntd E upntuh wgntgnipjwu 20-pn onp: Ywwnwiwgh wywnhyntentbl wjn pupwgenLy
gbpwquwugnud £ Unpdwu 21,6 %-nd, huy UOYMh wywhynipjnilp hwdwwwwnw-
ufuwlwpwn® 14-%-nd: Upptuh wgnbgniejwl wnlnnnipjwl Gpwpwgdwl  nGuencd
nhwnynd £ $EpdEUNUERH wynhyniejwl wuyned wjbwGu, np Juwnwiwgh wywnhynipintup
gpbrt YyGpwnwnunud E Unpdwjh uwhdwuutphu, huy UOYh wywnhynipniup puydynd £
27 %-ny:
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LY. 3. Uwywywpwnpdniejwl wanbgniejntp dwinbwhu Gpywinthhnh pwuwyntjwl,
UOMh L Ywwnwwagh wynhynipjwl ypw dwagwph Gphywdned (- (n=3, p<0,05)

Snhywdnid uppbuh wnlnnniejwl GpYwpwgdwup gngpupwg thwhnutph gbpop-
uhnwjhtu opuhnwgdwlu gnpéplrwgltnu wytbh nidght BU pupwuncd, pwl gwpnnd (LY.
3-nLu):

Lwwnwiwgh wywnhyniejntup dwgwph Gphywdnud wdbuwpwnan gnigwuh2hu hwu-
unud £ upntup wgntgniejwl 10-nn opp’ Unpdwl gbpwquiugtiny 22.7 %-ny, www uyuncd
Eujwaqb]' 30-pn opp yGpwnwnuwiny Uunpdwjh uwhdwulGnphu:

LY. 4-nd UGpYuwjwgywd hGunwgnunnienlluGph wpnntupUubpp gnig GU twthu, nn
nLnGnnud uppbuh wanbgniejwl wwjdwuubpnwd thyhnubph gGnopuhnwiht opuhnwgdwl
gnpépurwgltph W hwywopuhnwlwnwihu $EpdGUnUEph wynhyniejwl thnthnfunt-
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rInLUUtGph ophuwswithnientlutpp Udwl U dwgwph gwpnnud unwgywd wnpnynluputphl:
Upnptuh  wqgnbgnipjwu  wwpdwulbpnd  uwuwwgh — wywnhynipiniup UOYh
hwdbdwwnnigjwdp wyblh nudghtu b pupwuynud, huy Yuunwiwg/UODY hwnwptnnigjwu
pwpépwgnidu wyblh wyuwnne £ nupdund UON-h  hwdbdwunnipjuwdp  Juwnwiwgh
wwunwwuwywu gnpbwnnypep, pwuh np UOY-h Gluwuniep' untwbpopuhn  wuhnu-
nwnhywip, wjnpwu wnepuhy sk, nppwl untwbGpopuhnnhudninmwgdwu  wpnniupnid
wnwgwgnn gnwdlh wepopuhnp, nph pwpép YnugbUinpughwutiph wanbignipjwdp Ywpnn
E nhinyt] ywunwjwah wywwynhywgned:
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Lnpdw 10 op 200n 300n
Uppkuh nbnympymip

LY. 4. Uwhwyuwpwpdniejwl wanbgnientp dwinbwhu Gpywinthhnh pwuwyntpjwl,
uwnwiwgh W UOY-h wywnhyntejwl ypw dwagwnph nunGnned ( (n=3, p<0,05)

Pwgh wjn, gnwdlh wbpopuhnp Ywpnn £ ubhgp wwl wnwdt) Ynwlgwynp
hhnpopuhy nwnhywih wnwewgdwl, nwunh UOTY-h hwdbdwwnipjudp  Ywwnwiwgh
wnwyb] pwpan wywnhyniejntup  pehoubpp wwpunwwund £ opuhnwihUu  upptuh
Juwuwywp wagnbgnipintuhg, huwpwynpnieintt £ wwihu  hwnpwhwnpGint  uppGuh
hGwnlwupubpp [6, 8]: Pwgh wn gpwduh wbtpopuhnh yYbpwywlugudwl gnpéplpwgp
dniGyniwihu prywdluh |pwgnighy wnpnp £, bW uwwiwqp, hpwywluwgubiny  hw-
Jwopuhnwlwwjhu gnpéwnnye, bwle pwpépwglnwd £ Eubpghwywl Uwwwnwyutpny EY-
gngtl perywduh jnpugdwl ogqunwlwn gnpdéwyhgp, pwuh np opuhnuwjhlu  $nudn-
phiwgdwu 2npw E yGpwnwnpdunwd JdhwEGyunpnuwiht  Jepwywugudwl  Bupwpyqwé
prywshun [3, 9I:

Ujuwyhuny, opuhnwjht gnpépUpwgltph W hwywopuhnwlwnwihlu $EpdEunltbph
wywnhyniejwl thnthnfuncpnilltnh punypeh  wywpqwpwunwdp  upnpBuwihu  gnpénlltph
wanbgniejwl wwpdwulutGpnd hhdp Ywpnn £ hwunhuwlw] prywduh wynhy altph
wgnbgniejwup wwjdwuwynpywé hhywunnipynilutph ywlpuwpgbintdu wwwhnynn unp
Uhgngubph untnédwl hwdwp:
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3U3UuusuLh dLAMUSNIU YU3Ch UBND ULNGELh UGJh
(CRATAEGUS NIGRA L)) usuvursudnrnruu cus
Ludnruunie3uL snriuLhoLENrh

U.U. QUPN3UL’, U.1. NUYULSBULZ U.N. UhRUSLL3UL?
U.3. BUSNIMP3UL?, U.J. unnrndaus '

26me3, i)wnde/annqhw/h wdphnl, 6M3, $wndwghuwyh huutnpwnncan,
EMA3, nGnwaghunwlwl $wyniyintn,
26M3, pwpdwghwih hlunpunin

Ywwnwnyby £ 3wjwunnwuh $inpwgh Ununwgeh dwpghg (. Ipwgnut) Uptpywéd winétuh ulth
wwnnubph (fructus Crataegi nigrae), dwnhyutph (flores Crataegi nigrae), wnGpllutph (folia Crataegi
nigrae), Ynphqutbiph (lapis Crataegi nigrae) [wynpwynipjwl gnigwuhputph npnanud: Uju nbnwhnudph
lwynpwyntpjwl quuwhwwndwl hunwy gnigwuhpubpp npnpdtGght wwypwlpwghunwywl Jwulwyh
deninuonipjudp: Iwunwnydbght  funbwynipjwl, punhwuncp Unfuph, 10 %  pinpwgnpwélwywl
rrYnLd gnéynn Untuph, hwlpwjhU fuwnunipnUtph, gnnniluGph no ynnuuwghu §nentph L
opguwlwywl huwnunipnutph npwyh pywiht gnigwlhpubnp:

Wynabuh ule — unnwunwpunwynpned — npwlh pYuihl gnigwlppubn

Inst cranmapausanun uBetkoB (flores Crataegi nigrae), mionos (fructus Crataegi nigrae),
mucteeB (folia Crataegi nigrae), koctouek (lapis Crataegi nigrae) GOsSpBIITHAKA YEPHOTO, 3ar0TOB-
nerHoro B Koraiikckom pernone (1. Pazman) ¢nopsr Apmennu, ObUT TPOBEIEH TOBAPOBEIIECKUI
aHain3. B pamkax ToBapoBeAYECKOTro aHalIn3a MPOBE/IeHA MACHTH(HKAIMS JIEKAPCTBEHHOTO pac-
TUTENBHOTO CHIPbs. BBIIM MOATBEp KIEHBI CIENYIONHe NU(pPOBBIE TOKAa3aTeNH KayecTBa: BIax-
HOCTB, o01mast 3011a, HepactBopuMas B 10 %-Hoii COJISTHOM KUCIIOTE 30512, MUHEPAIbHBIE CMECH, Op-
raHMYEeCKUE CMECH, CTeOIM H.BETKH.

EOﬂpleHuK '-leprlIZ - cmam)apdusauuﬂ — Hucjioevle nokasameau Kkavecmed.

Quality indices of the flowers (flores Crataegi nigrae), leaves (folia Crataegi nigrae), fruits
(fructus Crataegi nigrae), stones (lapis Crataegi nigrae) of Hawthorn black harvested from Kotayk
region (c. Hrazdan) of the flora of Armenia have been determined. The following merchandizing
indices of the raw material were confirmed: moisture, total ash, ash insoluble in 10 % hydrochloric
acid, mineral mixtures, organic mixtures, stems, and lateral branches.

Hawthorn black — standardization — quality digital indices

Pniuwywl Sdwadwl hwpGuwywu  wpunwnpnipjwu  Upgnilwly  nEnwwwwnpwu-
wnnLyubph wynwdu wyuon wpnh puunhp £ Ywwywé ytpghuhu hbwn® dGnUwdniiu Gnwp
Unp nt hGnwuywpwjhu nGnwhnwdptph npnudwUu L hGinwgnunncpjwup:
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Upnyncbwybun hnedpwjhU puwquih uinbnédwl hwdwn npg Uwhuwnnjuiubn hwunhuwgnn
nGnwpniuwywu hnwdptph W npwug wwwpubph wwpwlpwaghnwywl, $huinnphvhwyw,
hnudpwpwlwywl pwagnid fuunhputiph (nuddwu hhdpned puywé £ nGnwpniuwywu hnedptph
unwunwnpwwynpnudp®  gnpdplpwg, npp  htwpwynpnentt £ wwihu, punn npwyh
gnLgwuhputbph, tnwnpBpwybine W quwhwnGine nEnwhnwdetpp [2]:

JYbpohl dwdwuwyw2nowunid Jwiph wann W Jwyynn pnyubph wpnniuwybunnt-
pjwl, dhghninghwywu W YeUuwphdhwywl wnwludUwhwwnynientlubph  yGpwptnjuw
thwuwnnn ghinwywlu yeppneéneejncliubplu wnwyt] hwéwhu yGpwpbpnud Gu pniuwhnidph
npwyh rpywihu gnLgwuhputph nruncdUwuhnpnjwun® pnijup woedwu
wnwuduwhwuwnynipyniuubpny W puwy hdwjwlywu gnpénuutpny wwjdwuwynnpyws, npnup
L hhdp hwunhuwgwu JGn hGunwgnunniejwl hwdwp [10]:

Qhinwywl 2w hGunwgnunipintlutn wunpwnwpdby U winétunt, hwnywwbu
thonin (Crataegus oxyacantha) W wpUwlywndhn (Crataegus sanguinea) wnbGuwlutphu, huy
npwbu hndp® ncuncduwuhnyt Bu wwninenUuBnpu n swnhyubpp [6, 12, 13, 14]: Yw winéBunt
onpg 250 wbGuwy, nphg 200-p hhybwywunwd wénwd £ 3jncupuwiht UdEphywyned,
djncutpp® Upldinjwl - Gypnwwynud, Wuhwned, Mncuwunwuncd W wyinep [7, 8]: Uwlwju
hwjywywu $inpwih Eunbdhy wju nbuwyp® winétuh ulp, nbrlu nuuncdUwuhpgwé ke
Gynpnwwywu Gpynputph ghunwywu hGwnwgnuniejnlultpnp yGpehupu yGpwpbpjwp uwywy
GU Ywd gpbpt pwgwlwind BU: Pnyup wwuwnlwunwd E JuwpnwqghUbph (Rosaceae)
puwnwluhght [1,3]: @ncth £ Jwd dwn: Swnhyu ntuh JuwhwlwUdwu dwnywpeny), hwjwencd
GU dwnyuwu uygpned, Gpp pwgywé £ dwnhyutph vh Jwup: Swnhyubpp juwunuwynp Gu,
hugwswih: Swnytwuwyh rEpehyutpp hnwdpnud nenuwyniu Bu, weksutpp (RUYny 20)°
pnunpwgntu thnpwuneUtnny: wpd dwnhyutph wunnwp hnunp, npp Wwjdwuwynpywsé £
wnphdbehiwdhuny, hnwdpnid gpbeb ¢h qqugynid: Iwdp nwrUwynu E, |npdwjhu:
Munnnutpp Yinpwynit U, wpuwywpdhp, ule jud bwpugwagniu, yepuwéwypnud ypned Gu
huquwwwd pwdwyh dJuwgnpn: Lwnplgwagniu wwnwdhup wwpnibwyned B Yunén,
Gnwuyntbwél, funpandwynp, pwg nbnuwynitu Ynphqutn: YUnphqubph rhyp Ywhujws E
wnbuwyhg W Ywpnn E hwuubp punhniy Jhugle 7-h: MunncnuGph hnunp pwwn ey E,
nnLpElywU, hwdp' pwngpwyntu [5]:

Unip W dBpnn: IGnwgnuiniejwl Unie U éwnwjtp 2020p. Jwpw-dwjhu wdhuuGphu YUn-
wnwjph dwnghg (p. Ipwqnut) Jptpywé windtuh ulth wwnnunutpp (fructus Crataegi nigrae), swnhyutpp
(flores Crataegi nigrae), nGpllutipp (folia Crataegi nigrae), Unphqutpp (lapis Crataegi nigrae): Uptpdwu
gnpéplpwgn Ywquwytpwdt, £ URYW GACP hwdwwwwnwupuwl hpwhwugqutbph hwdwawju [11]:
Swywpeh opwgnigwiht dwdybinubpp hwuwnwingdtbp BU jnupupwUgnip hnwdeh hwdwp wnwUahu
(wwnnupp W Ynphqubpp'  wuwnwywdwu, wbplp'  dwnydwl, SwnhlutGpp®  Jhugdwnydwl
dwdwlwy): Unwglwjhu dwynwdhg (opgwlwlwl W hwupwiht huwnUnipnutphg Jdwepnud) W
plwywl®  unybpwiht - wwydwlubpnud  gnpugnudhg  hGnn - debpdwdé  hnuwdpp  Bupwnyybp E
unwunwnpuwynpdw:

Wuwihinhy thnpdwudnnid npnpytp BU nenwpniuwywt hnwdph npwyh pywihu gnigwlipp-
UGpp' unbwdnteiniup, punhwunip Unfuhpp, 10 % wnuwpereynid gntéynn Unfuhpp, hwupwjhu fuwn-
unLpnutiph, gnnniulbph nu ynnduwjhu gjntntph W opquwlwywl fuwnunipnutGnh wwpniuwyntpiniup

17:

[

UnaGuh ulth tnwipptn hnudptph wwypwlpwghnwywl hGnwgnuniejwl wpnyniupUutnh dw-
Unudp b dhdwywgpwywl yGpinwdniejntll hpwywlwgyt) Bu SPSS Statistics 21 dpwagph hwdwéawiju,
Excel 6pwagnh Jhgngny [9]:

Upnyniuplubp L pubwpyned: UndGuh ulth unwunwnpuwynpdwu puunph (pLénLdl
wdthnthytg  (wdnpwynipjwl  qguwhwwndwl  hunwy  gnigwuppubpnyd, npnup  hwu-
nwwnybght wwpwupwaghnwywl Jwulwyh yepinednpjwdp:

Gwnwagnuinipjwl wpnynituputnp gnig wnykghu, np Ununwieh Jwpghg Jptpdwé
winétuh ulth dwnhyutpnud funbwynijwl, 10% pinpwgnwdlwywl prYnd gntédnn
Jdntuph, punhwuncp  dnfuph, hwlpwjhU huwnunipnubph, gnnniuutGph no - Ynnduwhu
gjnnGph W opgqwluwywl fuwnunipnutGph ywpniuwyneentup  hwdwwwwnwuhuwlwpwn
Ywaqunwd £ 9,2 %, 3,1 %, 4,5 %, 0,73 %, 5,42 %, 0,42 %, wwntnutpnid* 8,9 %, 0,4 %,
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U.U QUAN3UL, U.D. NUUULSUL, W.N. UPRUSEL3UL, W3, SUSNFNSUL, Wd. UnarnysuL

3 %, 0,56 %, 1,78 %, 0,28 %, wmGpuuGpnd* 11 %, 2,4 %, 4 %, 0,3 %, 4,4 %, 0,46 %,
swnhyubpnud W wwnenubpnud JhwupU® 8,63 %, 2,73 %, 4,7 %, pwgwlwjnipjwdp
hwlUpwjhu fuwnunipnutph, gnnniluBph no ynnduwihu  §nnGph W opgqwliwywlu
fuwnUncpnubph wwpniuwynejwlu (gnigwupubpu welw Gu 6wnyh W wwnh hwdwp
wnwUdhU wpdwlwapdwd Jennlpjwy gnigwuhpubnned): Unphqutpnud gpwiugdbghu Jhwju
funuwdnipjwt, 10 % prppwonwédlwywlu ereynid ¢nidynn Unfuph, punhwunip dnpuph
gnigwluhputbpp, npnup hnwdpnud hwdwwwwnwupuwUwpwn Juaqutghu 6,1 %, 0,6 %, 2,3 %
(wn. 1):

Unjniuwy 1.
Swjwunwuh Ynwnwieh Jwpghg (e. Ipwgnut) Uptpwé windtUh ulLh (Crataegus nigrae L.)
tnwinpGn hndptiph npwyh rywjht gnigwlhUbpp

3nLdp
Npwyh pYwhu Swnhy MunLn Swnhy W wwnnn, Sknl Unphq
gnLgwuhputn — — pu— — —
X +SE X +SE X +SE X +SE X +SE
thULULlrELBJg)LU, % 9.2+0.24 8.9+0.37 8.63+0.33 11£0.59 | 6.1£0.44
n=l

10% HCI-nL ¢|nL6- 3.1+0.44 0.4+0.25 2.73+0.22 2.4+0.2 0.6+0.28
ynn Unpupp, % (n=6)
gh(nhtg;mm untuhn, 4.5+0.32 3+0.29 4.7+0.28 4+0.28 2.3+0.26

o (N=
wlpw)hl fuwn- 0.73+0.03 0.56+0.1 - 0.3+0.055 -
unLpnutp, % (n=5)
Snnnillbp W ynnd- | 5.42+0.16 | 1.78+0.19 - 4.4+0.24 -
Uwjhu gjnLntp, %
(n=5)

Opqulwlwl fuwn- | 0.42+0.04 | 0.28+0.16 - 0.46+0.18 -
unLpnutp, % (n=5)

funuwynLejwl, 10 % pinpwgpwédlwywl rrYNLU ¢néYnn Unfuph, punhwuntp unpu-
nh, hwlupwjhU puwnunipnutph, gnnniuuGph no Yynnuuwihu §nunGph W opgwlwywl
fjuwnuncpnutGph npwyh  pUwihu  gnigwuppubph'  wGwmwywl nEnwgpewhu - wnyw
wwhwugubpp YGpwptpnud GU Jhwju windbune Swnhyubphu nu wwnininuGphu [5]: Utp
hGunwagnunipjudp quwhwwndtg  Iwjwuwnmwuh $ppwynd Juynph wdnn (Ununwjph Jwng)
winétuh ulth wwnwnubph (fructus Crataegi nigrae), dwnhyutph (flores Crataegi nigrae),
wnGnlubph (folia Crataegi nigrae), ynphqutinh (lapis Crataegi nigrae) |wynpwyntpinitup: Wu
hGunwagnunipjudp  hwunwnywd  winéEuh  ulth hnwdptph wwypwupwghunwywl
gnigwuhubpp Ywpnn G hpdp hwUnhuwlw]  wwwagwinud — wnwewnpyytihp
Swpdwynwbwywlu hnnwéh Lwhuwagsdh hwdwp, npp hwennniejwdp Ywpnn £ ubpwnyby
33 wggwjhu nnwdwwnjwu (nph unbnénudp hpwwnwy £):

aruvyuunte3ntu

—

PnLuwywu nkntph wgguwyhu dwwnjwu, hpwun.«3wynp UGnwwwnuy, Gnplewl, 2001:

2. Unnpnqjwt W.A., Shsnywl U.2., Quyuuywl 3.U. 3wjwunwlh tnwpptp dwpgbpnud Jwyph wénn
fulywéwnhy unynpwywuh funuinh (Herba Origani vulgaris L.) unnwunwpuwynpnudp: 6MR3I
Swpbywu hwpytwnne ghinwdnnny. Ghunwlwl hnnjwdltph dnnnjwént, Gplwl, GMAI, E9 55-
61,2013:

3. Nuwgndw L.d., Uncuwbywt U.U. Yenunnt pniubph wuncuubph jwwnhubntU, nniubpBu-

hwjGnEU pwnwpwl, Gplwt, 1997:
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QUALITATIVE AND QUANTITATIVE ASSESSMENT OF OXIDATIVE
STRESS IN HUMAN LIVING ERYTHROCYTES USING TWO-
PHOTON MICROSCOPY IMAGING TECHNIQUE

G.V. TSAKANOVA?" L.A. MATEVOSSIAN? E.A. ARAKELOVAL,
V.A. AYVAZYAN!, A.E. AYVAZYAN? S.SH. TATIKYAN?,
A.S. YEREMYAN? A.A. ARAKELYAN!

YInstitute of Molecular Biology NAS RA
2CANDLE Synchrotron Research Institute
g_tsakanova@mb.sci.am

Red blood cells (RBCs) are unceasingly exposed to exogenous reactive oxygen species
(ROS) during their passage through the circulatory system. Nevertheless, RBCs have a large
antioxidant system including ascorbate, vitamin E, catalase, superoxide dismutase, ergothioneine,
glutathione, glutathione peroxidase and peroxiredoxin, which are assumed to eliminate ROS. The
purpose of this study is to design a new effective method for evaluation of oxidative stress in
human living RBCs using two-photon microscopy imaging. For imitation of oxidative stress in
human living RBCs, an in vitro model was created and imaged by two-photon microscopy. The
results showed that oxidative stress is obvious on the two-photon microscopy images of RBCs
under oxidative stress in comparison with the absence of fluorescence in control samples (P<0.05).
This new approach for estimation of oxidative stress in human living RBCs could be successfully
applied in various fields of clinical research and analysis of antioxidant components.

Oxidative stress — red blood cells — two-photon microscopy

Ywndhp wpjwu pphoubnp (MWUR) 2ppwliwunniejwl hwdwywpgny hpbug wugdwu pupwgpnid
wlnwnwn Gupwnyyntd Bu Eygngbu ppeywdth wynhy aubph (BUR) wgnbgniejwup: Wunt-
wuJGUwjuhy, YUR-UGPU ntUBU UGS hwywopuhnwluwnwihu hwdwywpg, npp UGpwnenud £ wuynp-
phuwppent, Jhunwdhu E, Juwunwiwg, uniwybGpopuhn nhudniwinwg, EpgnehnutGhl, gqpninwphnl,
glninwphnl wtpopuhnwg W wbnopuhntnopuhl, npnup, Gupwnpwpwp, hGnwgund Bu FUR-Gpp:
Syjwy hGunwgnunnigjwl bywwwyu £ duytp unp wpyniwybun JGenn’ Jwpnne yeunwuph UUR-
utpnud  opuhnwwnhy upptup quwhwwdwu hwdwp' Yhpwnetinyg  Gpydnnnt Jwupwnhunwnpydwl
wuwwnytpnidp: Uwpnnt YEunwuh WUR-UEpnLU opuhnwwnhy upptuh hdhinwghwih hwdwp unbndyt) £
in vitro Unnb W wwuwytnytbp Gnydbnnntu dwlpwnhunwyh ogunipjwdp: Upnyniuplbnp gnug Gu gy,
nn opuhnwwnhy upptuh wwdwulbpnud  uwyjwsé Jbennny  opuhnwwnhy  uppbul  wyuhwjn
gnwugynid £ LUUR-UGph Bpydnuint Jwupwnhunwpydwl wwwnytpubpnid® hwdbdwwnwd  unnighg
Udnipubpnud (nLuwpéwyuwt pwgwywjnipjwl  htwn (p<0.05): Uwpnnt  YEunwuph  YUR-UGpnud
opuhnwwnhy upentuh quwhwwndwu hwdwnp wju Unp dnintgnidp Ywnnn £ hwgnnniejwdp Yhpwnyt)
Uihupywywl  hGwnwgnuninienltllbph W hwywopuhnwuwmwiht  pwnwnphsubph  4GpnLéneejwu
qulwquwl puwgwywnutpned:

Opuhnuwinhy upnbu — Yuwnpdhn wpjwl pgholibn — Gplydninnl dwlpwnpwnwnpyncd

Kpacusre kpossabie Tensprna (KKT) Bo BpeMst mpoxoskaeHns uepe3 cHcTeMy KpoBooOparie-
HUS TIOCTOSTHHO MOABEPTaloTCs BO3ICHCTBUIO 9K30T€HHBIX aKTHBHBIX (opM kuciopoaa (ADK).
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QUALITATIVE AND QUANTITATIVE ASSESSMENT OF OXIDATIVE STRESS IN HUMAN LIVING ERYTHROCYTES USING TWO...

Tem ne meree, KKT umeror GONBIIyI0 aHTHOKCHIAHTHYIO CHCTEMY, BKIIFOYast acCKopOart, BUTAMUH
E, xaranasy, CymepoKCHAAUCMYTa3y, JPrOTHOHEHH, [NIyTaTHOH, TIyTATHOHIEPOKCHIA3y U MEepPOK-
CHPEOKCHH, KOTOpble, Kak mpenmnonaraercs, ycrpansiior ADK. Ilensio gaHHOTO HCCIeIOBaHHS
SIBISIETCsL pa3paboTka HOBOTO 3P (PEeKTHBHOr0 METO/a OLEHKH OKHCIHTEIBHOTO CTpecca B JKUBBIX
KKT uenoBeka ¢ UCMOIb30BAHUEM ABYX(POTOHHONH MHKPOCKOIHH. J[JIsi MMUTAIIMH OKUCIUTEIHHO-
ro crpecca B xuBbix KKT yenoBeka Oblia co3ana MOIeNb iN VIitr0, KOTOPYIO BH3yalM3UPOBAIA C
MTOMOIIBIO TBYX(OTOHHOI MUKpOCKOTIHHU. Pe3ylbTaThl OKA3aJId, YTO OKUCITUTEIBHBIN CTPECC ove-
BUJICH Ha M300pakeHUsAX NBYyX(PoToHHON MuKpockonmud KKT B yClIOBHSIX OKHCIUTEIHHOTO CTpEC-
ca o CPaBHEHUIO C OTCYTCTBUEM (HIIyOPECICHIINK B KOHTPOJBHBIX oOpasmax (p<0.05). Pa3zpabo-
TAHHBII HOBBIM MOAXOJ K OLIEHKE OKHUCIUTENBHOTO cTpecca B xuBbix KKT uenoBeka MOXKeT ObITh
YCIEILIHO MPUMEHEH B Pa3lUYHbIX 00JACTAX KIMHHYECKUX HCCICHOBAHHN M aHAIM3a aHTHOKCH-
JAHTHBIX KOMIIOHEHTOB.

Oxucaumenbublil cmpecc — KpacHvle Kpossinbie menvlyd — 08YX(OmMOHHAS MUKPOCKONUS

Oxidative stress is connected to the enhancement of oxidizing agents’ production
and a sharp decrease in the effectiveness of antioxidants [28]. This can be a serious
reason for the development of age-related human diseases, such as neurological diseases,
ulcers, pneumonia, cataract, cancer, diabetes, rheumatoid arthritis, cardiovascular
disorders, glaucoma and human aging [15, 25, 26].

Red blood cells (RBCs) are one of the first cells exposed to endogenous and
exogenous reactive oxygen species (ROS) [2, 30]. But, at the same time, erythrocytes
have strong antioxidant system which allows keeping the oxidant/antioxidant balance in
the organism [18]. Nevertheless, various pathological states can lead to crucial changes
in this antioxidant system and enzymes activity [1, 6].

That is why it is very important to study and evaluate the mechanism of oxidative
stress in RBCs in disease states. There are many different published works devoted to
study the effects of ROS in RBCs [9, 19, 27, 32, 33]. In pathological conditions, ROS-
induced damage of RBC membrane compounds considered to increase erythrocyte
membrane fragility and rigidity, followed by intravascular hemolysis, release of
hemoglobin into the plasma and systemic nitric oxide scavenging [9]. Recently, a group
of researchers conducted a very interesting work about the assessment of oxidative stress
and the effects of ROS in critically ill patients with COVID-19 [19]. It was shown that
excessive levels of ROS lead to the misbalance of neutrophil to lymphocyte ratio, tissue
damage, thrombosis and RBCs dysfunction, as well as increase the severity of COVID-
19 disease in these patients [19]. Most techniques for ROS study in RBCs consider
measuring of the end product of oxidation or cell’s antioxidant activity and use the
products of RBCs lysis but not the cells [32, 33]. It is also significant to mention that
various methods and ways have been designed for visualization of RBCs [3, 12, 24].

Nowadays, application of two-photon microscopy becomes more and more
actual. Two-photon microscopy is a fluorescence imaging technique that allows imaging
of living tissue up to a very high depth, about one millimeter. Being a special variation
of the multiphoton fluorescence microscope, it uses red-shifted excitation light which
can also excite fluorescent dyes. It is a brilliant research tool for investigation of
biological samples, including cells, tissues, organs and even the whole organism due to
its deeper tissue penetration, efficient light detection and reduced photo toxicity [7].
Two-photon microscopy has many applications in various fields, such as biomedicine,
biochemistry, biophysics, biotechnology, microbiology, molecular biology, histology,
drug design, material and life sciences, etc.

What concerns study the human living erythrocytes, two-photon microscopy is
used for their optical trapping [22]. But experiments in this field are still limited.
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Consequently, the main goal of present work is not only the analysis of RBCs
using Two-photon microscopy imaging, but also the qualitative and quantitative
assessment of oxidative stress which will open new perspectives for the development of
new and effective anti-aging substances.

Materials and methods. Experimental design. Isolated human living RBCs were exposed
to H,O, to imitate oxidative stress. Two-photon microscopy imaging was performed by using a
ROS-sensitive membrane-permeable fluorescent dye, 5(6)-carboxy-2',7'-dichlorofluorescein
diacetate (carboxy-DCFDA, Sigma-Aldrich Chemie GmbH, Germany).

Study subjects. A total of 20 healthy volunteers (mean age + SD: 30 + 9 years, females/
males: 10/10) from the Institute of Molecular Biology NAS RA were enrolled in this study. All
subjects were healthy, active and living independently at home, reporting no serious medical
disorder or treatment during the past 12 months. All subjects gave their informed consent to
participate in the study, which was approved by the Ethical Committee of the Institute of
Molecular Biology NAS RA (IRB #00004079).

Blood collection and erythrocyte isolation. Practically fasting blood samples (~2 ml each)
were collected by venipuncture in EDTA containing tubes using plastic syringe and relatively
wide-bore needle according to the WHO guidelines on drawing blood [37]. To isolate RBCs,
immediately after blood collection the blood samples (200 pl) were washed twice in isotonic saline
solution (0.9% NaCl) and once in isotonic phosphate-buffered saline (PBS; NaH2PO4-2H20 123
mmol/l, Na2HPO4 27 mmol/l, NaCl 123 mmol/l; pH 7.4) at 2000 g at 4°C for 5 minutes. The
blood components, plasma and buffy coat, were removed by aspiration after the first wash, leaving
RBCs at the bottom of the centrifuge tube. After the washing procedures, a suspension of RBCs
was prepared by adding PBS to the washed and aliquoted RBCs (RBC-PBS solution) to obtain 1 to
10 dilutions [31].

Generation of an in vitro model of oxidative stress. The RBC-PBS suspension was used as
the negative control for oxidative stress. In vitro oxidative stress was generated by addition of
peroxide to 40 ul of RBC-PBS solution (RBC-PBS-H,0,). After the incubation at 37°C for 40
minutes, the samples were washed twice in PBS under the above described conditions [34, 35].

Imaging of oxidative stress in RBCs by two-photon laser scanning microscopy. For the
detection of oxidative stress inside living cells, the intact RBC-PBS and RBC-PBS-H,0, samples
were treated with a carboxy-DCFDA, most commonly used for detection of changes in redox state
in a cell [4, 11]. While not excited, carboxy-DCFDA is colorless and non-fluorescent. However,
upon cleavage of two acetate groups by intracellular esterases and conversion to fluorescent
fluorophore, 5(6)-carboxy-2',7'-dichlorofluorescein, it emits bright green fluorescence proportional
to ROS generation intensity. Ten pl of 100 uM carboxy-DCFDA diluted in DMSO were added to
each sample with the subsequent incubation at 37°C for 30 minutes. After washing with PBS, the
stained cells were resuspended in 40 pl PBS and were immediately prepared for two-photon
microscopy imaging [34, 35].

Laser source. The laser source used for the two-photon scanning fluorescence microscopy
is a diode-pumped Yb:KGW ultrafast oscillator (“t-pulse”, Amplitude Systems, France) available
at the AREAL facility [36]. The laser generates a high-repetition-rate (50 MHz) train of ultra-short
(240 fs) pulses of quasi-monochromatic (~5 nm bandwidth) light at 1030 nm wavelength. The
output average power of the oscillator is 1.1 W (energy per pulse ~22 nJ) which is too high for
safe imaging of the samples. The power of the excitation is therefore regulated using a PC-
controlled power attenuation kit placed in the beam path to maintain final power of 300 mW at the
sample.

Two-photon fluorescence laser scanning microscopy system. The two-photon laser
scanning upright microscope (MOM - Movable Objective Microscope, Sutter Instruments, USA)
with 20x water immersion objective and numerical aperture of 1.0 and 2.0 mm working distance
was used to capture microscopy images of RBCs.

Beam splitter mounted into laser beam path allows to change laser power at the surface of
the samples in wide range (3-500 mW), which provides acquiring good contrast without detectable
morphological changes in RBCs during the time of the experiment (30—60 min). The fluorescence
of carboxy-DCFDA was detected using two-channel system with green (Full Width at Half
Maximum (FWHM): 70 nm; Maximum transmission: 525 nm; Average transmision: 92%) filter
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and a photomultiplier (R6357; Hamamatsu Photonics Deutschland GmbH, Herrsching, Germany)
with 185 — 900 nm bandwidth.

For the spatial investigation, z-stack image analysis of cells was performed with 30-45
cross-sections for each field of view in AVI Movie format with the z-scanning depth of 12 um.

RBC images were obtained by x, y galvanometric scanner in standard (512x512 pixels;
3.05 fps frame rate) and hi-quality (1024x1024 pixels, 0.76 fps frame rate,) modes on 12 bits
photomultiplier with pixel clock of 1000 ns and magnification of 4x. The images were false color
coded for display. Image capturing and processing was conducted by the MOM microscope and
Image J [29] software.

Image processing and data analysis. Image processing was performed using Fiji/Image J
software (Image J 1.50i NIH, Bethesda, MD, USA) [29]. For the quantitative analysis of the cells
fluorescence intensity in arbitrary units (AU) the acquired images were converted to 8 bit
grayscale images. Afterwards, raw images were segmented by adaptive thresholding to facilitate
automatic cell detection [17]. The 0-255 normalized scale was used for the selected images, where
0 corresponds to the black and 255 to the white color. The image intensity was calculated as a sum
of intensities of all the cells from the ROI. Volume Viewer and 3D Viewer plugins were used for
3D deconvolution of two-photon microscopy z-stack images of cells [21].

Statistical analysis was performed using “GraphPad Prism 3.03” (GraphPad Software Inc.,
USA). The paired Student t-test was used to compare two conditions (with and without oxidative
stress) using the original data. Groups’ statistics is presented in dot plot graph. The 95%
confidence interval and Pearson’s value (P-value) were calculated to evaluate the effects of any
difference. P-values less than 0.05 were considered statistically significant.

Results and Discussion. In the current study a novel modern approach of two-
photon microscopy imaging was described for the in vitro analysis and evaluation of
oxidative stress in human living RBCs. Erythrocytes were isolated from the blood
samples of healthy volunteers and were used for the main investigation. RBCs were
exposed to hydrogen peroxide for the in vitro imitation of oxidative stress. To estimate
the intensity of oxidative processes in RBCs carboxy-DCFDA and two-photon laser
scanning microscopy were used.
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Fig. 1. Two-photon fluorescence intensity images of carboxy-DCFDA treated RBCs before (A)
and after (B) the H,O, exposure, as well as their 3D deconvolution z-stack images (C and D).
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Before the main experiments, visualization of intact RBC samples was performed
to ensure the presence of normal biconcave disk-shaped cells in samples. By the imaging
of negative samples (without oxidative stress or H,O,) we ensured that we have normal
RBCs with a shape of biconcave disk, but not crenated or spherical. Samples that
primarily showed variations in the RBC morphology were not processed further. These
were 2 samples initially demonstrating crenated RBCs that were excluded (fig. 1).

Thus, one of the negative effects of oxidative stress on erythrocytes is the obvious
modification of their morphology. The change of morphology can be caused by
oxidation of membrane lipids and proteins. The similar results have been obtained by
another group of researchers that confirmed that morphologically abnormal erythrocytes
were significantly correlated with oxidative stress and chronic inflammation markers.
Due to increased oxidative stress the percentages of biconcave cells were decreased [14].

The application of two-photon microscopy imaging technique for the study of
oxidative stress in human living RBCs highlights the novelty and specificity of the
present work. Nowadays, investigations of oxidative stress in RBCs are very important
to deeply understand the pathological states of the organism and also to estimate its
antioxidant ability. Therefore, this novel approach can be very useful not only for the
study of various diseases’ mechanisms, but also for the assessment of the effects of
different drugs, extracts, agents and irradiation on human living RBCs.

It was also important to count the cells in intact RBCs and RBCs after the H,0,
exposure. The results showed crucial changes in number of cells in RBCs. The cell count
in intact RBCs was more than 4*10°, whereas after the H,0, exposure the number of
cells was significantly decreased (Fig. 2). Obtained results prove the fact that during
oxidative stress, excess free radicals can damage structures inside cells and even cause
cell death.
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Fig. 2. Cell count in the samples of RBCs before and after the H,O, exposure.

Similarly, the percentage of living cells notably varies between the intact RBCs
and the RBCs after H,O, exposure (tab. 1).

Various age-related human diseases are generally caused by oxidative stress [1, 2,
6, 15, 19, 25-27]. ROS are generated as a natural byproduct of the normal aerobic
metabolism of oxygen and play important roles in cell signaling and homeostasis [8, 10].
ROS are inherent to cellular functioning and are present at low and stationary levels in
normal cells. In vegetables, ROS are involved in metabolic processes related to photo
protection and tolerance to different types of stress [13]. However, ROS can cause
irreversible damage to DNA as they oxidize and modify some cellular components.
Thus, ROS have a dual role, whether they will act as harmful, protective or signaling
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factors, depends on the balance between ROS production and disposal at the right time
and place [10]. In other words, oxygen toxicity can arise both from uncontrolled
production and from the inefficient elimination of ROS by the antioxidant system.

Table 1.
The percentage of living cells in samples of RBCs before and after the H,0, exposure.
The number of dead cells varies between 0-3 in all studied samples.

Group Percentage of living RBCs
Intact RBCs 100+ 0.0
RBCs + H,0, 99.94 £ 0.036

The results of the quantitative analysis of the carboxy-DCFDA fluorescence
intensities revealed that the fluorescence intensity of carboxy-DCFDA is reverse
comparative with the cell count in RBCs. With the decrease of fluorescence intensity of
carboxy-DCFDA the cell count in RBCs increased up to 8*10° (fig. 3). Thereby, the
enhancement of fluorescence intensity leads to the magnification of cells’ damage, and,
consequently, decreases the number of cells. Vice-versa, the attenuation of fluorescence
allows minimization the damage of cells and keeping the normal quantity of intact cells.
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Fig. 3. Correlation analysis of two-photon fluorescent intensity in human RBCs
vs. cell count (number of participants).

The method of two-photon microscopy imaging has a great significance for
evaluation of oxidative stress in recent years. A group of researchers studied the plasma
membrane fluidity alterations of macrophages caused by oxidative stress using Laurdan
fluorescent dye [5]. Another interesting research is devoted to study the oxidative stress-
mediated cell death in Candida albicans by two-photon microscopy [20]. Interestingly,
cellular oxidative stress was studied by two-photon microscopy imaging using not only
fluorescent dyes, but also pro-fluorescent nitroxides [16]. The method of two-photon
microscopy was also used for the imaging of fluorescence lifetime of retinal pigment
epithelial cells under normal and oxidative stress conditions [23].

Nevertheless, there is still a necessity to design effective and precise methods for
detection of oxidative stress both in RBCs and living cells. In this study, we have
concentrated our efforts on RBCs as they are unique mobile free radical scavengers
owing to their ability to provide antioxidant protection not only to themselves but also all
the cells in the organism by supplying with oxygen [30]. Besides, RBCs are not widely
used in the studies, as it is very difficult to extract them and keep in native condition.
Thereby, enhanced oxidative stress can be imaged in living RBCs by two-photon laser
scanning microscopy making this a potentially useful and reliable approach to follow
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oxidative stress lengthwise in the human living RBCs. Typically, the intentional,
prolonged exposure to 1030 nm excitation pulses for imaging over 15 minutes did not
induce measurable photo bleaching or photo damage to the RBCs.

The application of this novel approach can be limited by the need of using RBCs
freshly isolated from blood samples. Moreover, it is important to note that the RBCs’
antioxidant system is specific for each organism and varies from population to
population.

Conclusion. In conclusion we proposed a novel approach for the qualitative and
quantitative estimation of oxidative stress in human living RBCs that could successfully
be applied in clinical research and testing of antioxidant compounds. Besides, it was
shown that two-photon laser scanning imaging is a valuable tool for studying oxidative
stress in living RBCs under oxidative stress related different pathological states.
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unahdhyushnu ondnkvuyudLNIE3NILE AU PRULD BY 2GR
nnUhNCh ANFBUG b YrU' YURYUS Uh2UYUSrh
EunLnahuyuL MU3VULLEGMrRS

4Y.U. uunhy3uu

33 EU pwlpwnwpnunwlwihl b inGubhyulwl dHwlwpnyubnh ghunwlwl GEUwnpnl,
karuine_sarikyan@mail.ru

Innwédnud Ubpyujwgywd U hwupwwtunniejwl gnwgbpdwihtu nGunipubbnny hnwphg nwn-
ptpynn Gnynt hhduwywu Upwpwwnjwu hwppwdwip® Upwpwwnh Jwpg, W hncuhuwnlltGgwl® Swynph
dwng gnunhubpnd wekgywé, dbp Ynnuhg punpwubpywé pwnphowlh uyhinwywwnnin Swyn W
Upwpwujwl hwppwywph pwg nwnn b wwunwwldwsd  (eGpdwnnil) gpniunubpnud wekgywé
dwUpwwuwinin®  sGph - wndhnnph - 2Genil hwjywywu  unpnbph wwninuGph  $EUNhwwhu
thnthnfuwywuntpjwl wpunwhwjundwu yGpwptnwy hGunwagnunnienctuutpp:

Pwnphpwl — wyndhnnn — Eyninghwlwl wuydwllbn — pwg nwpw — gbpdwiinnil — $EUninpuy —
unnhdhlyuughnt thnihnfuwlwuncpnLl

B cratbe mpexcTaBieHsl HcclIeN0BaHNS (PEHOTHIHYECKON M3MEHUYMBOCTH Y BBIBEICHHOTO
HaMu OenorutogHOro copra TaByml, BBIPAIIEHHOTO B JBYX OTJIMYAIONIMECS APYr OT Apyra IO
THIPOTEPMAIIBHEIM PecypcaM OCHOBHBIX 30HaX pecmyOnuku (ApapaTckas gojiiHa — ApapaTcKuit
Map3, U ceBepo-BOCTOK — TaByIICKHI Map3), U Y apMSAHCKOTO COPTa MENKOILUIOAHOTO TOMaTa uep-
pu 3eiTyH, BBIPAIIEHHOTO B YCIOBHSX OTKPBITOTO U 3aIIUIIEHHOTO (TEIUINIA) TPYHTA.

Baxaadican — momam — 3K0N02UYECKUE YCAOBUSL — OMKPLIMbLIL 2PYHM — MEeNnIuyd — peHomun —
MOOUPDUKAYUOHHAS USMEHUUBOCID

The article presents studies of the manifestations of phenotypic variability in the bred by
us white-fruited variety ‘Tavush’, which was grown in two main zones of the republic that differ
from each other in hydrothermal resources (Ararat valley — Ararat marz, and northeast — Tavush
marz), and in the Armenian variety of small-fruited cherry tomato ‘Zeitun’, which was cultivated
in open soil and protected ground (greenhouse) conditions.

Eggplant - tomato — ecological conditions — open ground — greenhouse —
phenotype — modification variability

Wohuwwnwuputbpp Ywwnwnbine pupwgenid hwpyh £ wnuybp wju hwuqwdwlpep, np
ublEyghnutiputph wnele wjdd fuinhp E npynud puinpbp W uinbnédby pwpép pGppwwnnt, hh-
Jwunntpjniuubph W Juwuwwnniutph Wywwndwdp wnwyb) nhdwgyniu, npuwywywl pwnép
gnigwuhpubpny  odinjwé unpnbp W hhpphnubp, npnup  Eyninghwywu  wnwpptp
wuwjdwuubpnud Jywytihu ygnigwptptl pwpénp wpnniuwydbunneeniu: Lywwnh nluBuwny
nunbuwywl  Ywpnp  Lpwlwynigintt nltlbgnn wju hwpgh  wpnhwywuneeniup®
pwlowntntUh wpunwnpniejwl U Upw nGuwywunt wyGugdwu gnpénd yuplenpyned G
wnwntgunwnph wénn W jwju ywhwugwny ntubgnn pwnphowuh nL yndhnnph d2wydwlu Unn
gnunhutph pwgwhwjnnidp, gwupwwnwpwéntpintlutnh wytwgnedp, npnup uGpunnptu
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Juwwywsd U gy gnnnt yuwydwuuGpnud hwpdwnwé dubph wnwudluwgdwl hGwn:
Pwnphowu W wnuhnnp oguwgnpénud U pwglwehy dnnnynipnutp, W dowyynd Gu
wphuwphh gnpbpt pninp Gpyputph pwg N Wwunwwuywé gpncunuGpned [17:

QjnLnwnunbuntpjwl  hunGUuhjwgdwl  hGnwuywpwihu  ninnniejncllubph Uty
uGpywynudu  Ywplenpynud  GU pwnphswuph W wndhnnph  unpuninuntdUwuhpniincun,
ubiEyghwl, ubpduwpneénientup W wydwu  inGpuuninghwl:  Upwlg  Ujwwndwdp
hGwnwgnunnubph  Wunwywl  hGnwepepnientup wwpdwlwynpywd £ Upwlund, np
pwnphowlp W wyndhnnpp YGUuwpwunpBU pwpapwndte ullnwdptpeutp Gu, hwnpniuwn Gu
pwaUwuwhuh Jhwnwdhuutpny, wuthnfuwphubih wJhuwpeeniutnny, hwupwhu wnbpny,
Jhypn W JwypnEGuuwnutpny, wédhuwentnny, opqwlwlywlu penlubpny, pwyntphnghn
hwwyniejntl nlubgnn wByunhuwihu Unwebpny, pGunnw Ywpnunpund, jnnh wywpniuw-
Unigjwdp: Ugeh BU puyunwd nhGuinpy, pndhg, hUusgwbu LUwle  hwywopuhnwlwnwihu
hwuwnyniejntuutpny:

Pwnphgwll nluh opqwuhquh gnwthnfuwlwydwl Unpdwjwgdwup W upnwdywuh
w2huwwnwlph pwpbiwydwup Uwwuwnnn hwnyniginil: Lpw oguwgnpdndp Yunlenpyned
E wpuwu Jtp hunGuntphuh pwuwyh Ujwquwl hwdwp: Upinnwhu W wpniuwunGné
onqwultph  hhwunnipynilutnh nGU hpwywlwgdnn  pnidhy  dhgngwnnidubph
hwdwywnpgntd Ywplenp nkn £ hwnywgdwd pwnphgwuh ogunwgnpddwlp, nph Uty
wwpnituwynn Gpyweh wnbpp GpyywiEun Bpywep) UE6 Lpwuwynie)ntl nlubu wpjwu JGp
hGungnphuh ywpgwynpdwl hwdwp [2]:

Mndhnnph wpunwnpneenltunud ogunwgnpdynid BU hhduwywunwd Upw uBnwuh
(rwny), YGpwdowydwlu hwdwp Uwhiwwnbujwéd wjwunwywu éh unpinbpp W hhp-
nphnutipp: vdbpghu wmwphuGphu $GpdGpuGph W uhpnn pwlgwpwpnydutnh 2ppwuncd UGS
hGunwepepepnieintl £ wnwowgt], yndhnnph (pun wyunneinuph Jwupwwwnniejwl 6uh W
wnwpptp gnilwynpnudubph) nGuwywuhu punwjuBine ninnniejwdp: Wu nbuwybnhg
Yunlnpynid £ wyndhnnph' snh, wywniubph twpptn gniuwdnpdwdp, pGunnw Yupnunhu
wwpntbwynn unp nmwpwwntGuwyutph UEpnpnedp hwupwwGwnnee)nluncy:

Sunphhy wwnpniuwynn wmwpwpunye pnidhs W hwdwihu Unebph, hunBuuhy wwy-
6wn gntuwynpnudubph nu gbintghy albph, Upwug uuntunp nwpdunwd U whunpdwih W
ryncpwdwpu, Uwwuwnnud  Bu Jwpnywug opquuhgund  Jh 2wpp  hhjwunniencuutnh,
hwwnyuwwtu uyhwnwynigwihu pwngh W wyhwnwdhungh Ypdwndwln [5]:

Wohuwwnwlph Lywwnwlyu E BnG) UGp hwupwwtunnipjwl wqguplwysnipjwl Ynnuhg
ullnh Jtp [wjunptlu oquwgnpéynn pwlgwpwihu hhduwywl dwywpenyutph' pwnphowlh
W wnJhnnnh (I[v) quuwhwuwnby inwnptp hwunywuhputph Unnhdhywghnu
thnthnhuwwiunLeinitlutpp Ywhujwé Eyninghwywt wwjdwutph wgnbgnipnlupg:

Ynip W dGpnn: PuqUwdjw tnwphubph ubiByghwih W ghnwhBunwgnunuywl wpuwwnwle-
utph pupwgenid juwwnwnywsd niuncduwuppnipnillbph 2unphhy nhinwpydb) B hwupwwbBunniejwu
onwetndwjhu nGuntpuubpnd hpwphg wwpptpynn Gpyne hhduwywu  (Upwpwwnjwl  hwppwdwp®
Upwpwwnh Jwpg, W hnpwhuwplbywl® Swdnph Jwpg) gninpubpnud wekgyws, Jbp  Ynnuhg
punpwutpywé pwnphpwuh uyhnwlwwwnnin Swynwy, W Upwpwnjwl hwppwdwiph pwg nwwn W
wuwunywujwsd (eEpdwwnnil) gpniunubpnd wetgywéd Jwupwwwnnen® sGph - wndhnnph 26jencu
hwjywywu unpintph pnyubph W wuninuGph $EUninhwwiht thnhnfuwywunceinltuubnp: Iwdwpw-
6nth Yeluwpwlwywl, unpdninghwywl b nnbuwlwl wpdbpwynp hwnwuhpubnpu nruncduw-
uppyt, quwhwuwdb, W punipwgnyty U wndphnnpph W pwnphpwuh hwdwp® Uwhiwnbudwé
Uhpwgquwjhu UGennwywl gnigntdubphl hwdwwwwnwupuwl [7, 8]:

Upnynibplutp W pUbwpyncd: Uwhunwwunnin pwnphswuh Swyn bW Jwupw-
wuwnen sGph wndhnnph 26jentu unpuinbpp pnudyly BU JBp Ynndhg Eyninghwywl no
wnuwuwwhy ubEyghwih dwdwuwywyhg dGennubphl hwdwwwwnwuhuwl: Rwnphowlh
Swyny unpnnu  nibth Swjwuwnwuh  Swlpwwbunnejwl  wnpnnuwghp W Uukduh
wujwunwdng® NnLuwutnwuh Ywpuniejwl wpnnuwghp, W Utq hGin hwdwhGnhuwy Gu
Pwlgwpwpniéniejwl nwlwihu ghinwywu Ysunpnuh (Unuyyw) ubGyghnubputn:

26ph wndhnnph 2GjenU unpunnu NLUp 3wjwuinwuh 3wlpwwbunniejwl wpwnn-
Uwghp W J&gq hGwn hwdwhGnhuwy U Afwlgwntntuh hwdw2huwphwihu Yeuwnpnuh
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(AVRDC, fewjJwl) ubleyghnubpubp: Uwnnpl pGpgnd £ Upwlg hwdwnennn UJwpw-
gpnLpnLup:

Swyni: dwnwhwu E, quugqwéwihu &intdhg Uhugle wuinninubph inGhulhywywl
hwuntuwgnudp nened £ 100 op: f@thh pwpépnieintup 115,5 ud E, hwjwpe, Jwugniu:
RPEppwwnynieintup Yugdnwd £ Uhghup® 700 g/hw: Mnninutnh alp Gpyunwynil giulwél
E, 25 ud Gpywpniejwl: Mwnninubph gnyup wnGhuupywywt  hwuntiwgdwU  2pgwlincd
uwhwwy E: Minncnutpp nGhubhyuwywl hwuntwgdwl ppgwuncd wwpnibwyned GU 9,7 %
snp Unuebn, 4,0 % wpwpltn, 6,55 Ug % yJhwwdhu C: “Yhdwgynu E ulywihl,
pwywntbphwy hhdwunnientuuGph Uywwndwdp LY. 1 W 2) [3, 6]:

LY. 1. Upwpwunjwu hwppwywipnud LY. 2. 3jnLuhuwpllbywl gnuinnud
wbdkgywd pwnphpwuh Swyntp wodkgwé pwnphpwuh Swynt) unpuinh
unpunh pnijup W wynnenutpp pnijup W wywnnenuGpp

26jpnil: Ubpdtph quitgywéwihl 6intdhg Uhusle wyunnnubph hwuntuwgnudp inlncd
£ 100 on: REppwwnynipnitlp Ywaunwd £ Uhghup® 300 g/hw: @nLthp huntuntpdhUwln E, dup’
Yhuwthnqwd, pwpénniginiup’ 120,5 ud: Munnnp uwpnpwall £ Qhwuntbwgwd wunnh gnyup
Ywlwg uyhunwywyntu E, huy hwuntu wywnnhup' Ywpdhn, dwpyh dwybntup thwynlu £: Minnh
UhghUu pwpépnieniup’ 1,2-1,4 ud, uhghu jwjunieiniup’ 0,4-0,6 ud: Pwpép thnpuwnpuntwy
E, jwd wwhnuwly: Muninubpp hwuntbwgdwu oppwunud wwpniuwynd BU 6,4 % ¢np
unLptn, 3,3 % wpewputn, 36,0 Ug % yhunwdhu C, prynteintup' 0,48 %: Yhdwgyniu £
ulywyhu, pwyintphwy hhjwunnieiniuutph W yuwuwwnniubph Uyuwndwdp Y. 3 W 4), [4]:

Niuntdbwuhpybp b hwdGdwungb) BU vwppGp Eyninghwywt wywydwuuGpnud w-
dbgywé pwnphowuh W wndhnnph  wwninubph hwwnwuhutnpp: NcuncdUwuhpnig)niu-
utph wpnyntuplutbpp gpwugytby BU wn. 1-nud: Wn. 1-nud pEpdwé indjwubpp gnyg Gu inyby,
np pwnphowUh wwnninutpp Upwpwwnjwl hwppwdwipnud wynigjwlu nbwend wybih
Jwpd Gu (7ud), pwl hjncuhuwnplGywu gnunne wwjdwulGpnd uiyneejwl hwdGdwun, W
punhwywnwyp wybih pwpép GU° JBY wwnh Jdhght quiugwény (25 gpuwd) W Uty wwnnh
dbe wwpniuwyynn ubpdtph pwuwyny (350 hww): UL wywnnwynenid wwpnilwyynn
thtph  pwlwyny wdbh £ Upwpwunywl hwppwdwiph wywdwuuGpnd  douyniejwu
nGwend: Wu wdbup enyp U wndb bhwugbp wu  Ggpwlwgnipjwu, np o Udwu
Unnhdhywghnu thnthnfuwywunLjwu wwwdwrp  Upwpwunjwl hwprwyw)nph
hnnuyhdwjwywu  wwjdwllbpp, pwpép gbpdwuwnhdwup, 2ng wwdwulbpp, [nLuh
wwjéwn huintGuuhynipe)niup, mwpptp npwyh gptpny nengnudutpp W hjntuhuwpllGywu
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gnunint hnnwyhdwjwywu wwjdwultbpp, wdbh gwoép gepdwumnhdwup, hnd wwydwluGnp,
Ingup swthwynp huinGuuhynieiniup, twpptp npwyh gntpny nengnuduGpl Bu:

LY. 3. Pwg nwpwnind wdkgyws sbph
wnuhnnph 2GjRnLU unpunnh wwninLnutpp

LY. 4. Q6pdwnwup wekgyws stph yndhnnph
2bjenLlU unpwnh wwnnLnubpp

UnynLuwy 1. Pniubph hwnywuhpubnp' ywhudwé Eyninghwlywl wwydwuubphg

Pniuh
udniputbn

Eyninghwywl
wuwjdwuubn

Swwnywuhpubph Uywinynn,
wnwppGnnienctultpp

Unnhdhywghnl
thnthnuwywuntjwlu
wwwdwnp

Pwnphpwl

Mwnnnutn

*1

Ugtlh Ywpé BU, niubu Jhugle 20 ud Bplw-
npniejnil, wwnnh vhghu Jwup wytih hwuwn E,
pwl Swjpp: Mwnnh adup Ywpd gutwél E:
Munh Jwlp L wwnwdhup §ntbwdbpdwy
uyhwwy BU, wyblh ynann: Minnh Swypp unip
t: UGY wwnh Uvhght quugywép 220 gpwd E:
UtY wuwnh Jdbp wwpnibwyynd £ 1100 hwwn
ubpd: UGY wwnwynend wywpnibwyynid Gu
wyblh pwl 12 hwwn W 3 JU hwuwn thpkp:

Innwyhdwjwywu wwj-
dJwuutp, pwpép gbpdwu-
wnhéwl, 2ng  wuwjdwuubn,
Inyuh  wwjbwn huwntuup-
dnip)nt, wwpptp npwyh
ontnpny nnngnLdutbn

]

Ugtlh Bpywp Bu, nlubu Uhugle 27 ud Bpyw-
nniejntl, wwnnp - Jhghu dwunwd wybih
hwyjwuwpwswth £ Minnh dup Gpywpwyncu
qulwaéle £ Munh Jwpyp W wwnwdhup
Juwprlwynl uwhwnwy GlU, thwyntt: Munnh
Swjnp pnue EUGY wunh Uhght quugywén
195gpwd E: UBY wwnh Jbe wwpniuwyynwd
t 850 hww ubpd: UGy wwnwynpnid
wuwpniuwyynd U wyblh pwlu 6 hwwn W 1
Jud hwuwn thpbip:

Innwyhdwjwywu
wwdwuutp, wybh gwén
gGnJwunhdwl, hny
wwjdwuutn,
swihwynp
huwnBuuhdnip)ncu,
wnwppGnp  npwh - gntipny
nnngntdutn

nyuh

Mndhnnp

Mwnnnukn

*1

Uytlh wpé BU, nlubu 0.5 Jhuge 1.5 ud Gp-
Jupnip)nit, UGy Swnywpniyntd wunninutph
rhypn 12hww £, nphg 5 hwwin wwnntnubpu Gu
wuwpntuwynwd  ubpdbp: Munh - Jupyp W
wwnwdhup Ywpdhp Bu, thwyntu: Munnwdhul
wnwlg uwhwnwy entnh E: Minnnp uwnpwale
t, qbjenctuh Udwu, dwjpp untp £ UGY wwnh
UhphU qulugqwép 5-10 gpwd E: UBY wwinh
Jbp wwpniuwyynid £ 5-15 hwwn ubpd:

Innwyhdwjwywl wwy-
dJwuubp, pwpan gbpdwu-
inh6wl, 2ng wwjdwuubp,
InLjuh wwjdwn huwntu-
uhyntejntl, tnwpptbp
npwyh gptnpny nengnudutn

&P

Ugtih pywn Bu, nlubu 2.0 Uhugle 2.5 ud
Gpywpnieyntt, JBY Swnywpnynd  wwnin-
utph ehdp 16 hwuwn k£, nphg 10 hwwn wywnnen-
utpu BU Wwpniuwynwd ubpdbn: Munnh Jwpyp
L wwnwdhup  Ywpdhp  BU,  thwgniu:
Munwdhup  wnwlg uwhwnwy enbph E
Munntnp uwnpwadle k, gbjenuh Ldwu, éwipp
unip £ UBY wwnh Jhght quugwép 15
gpwd £ UGY wwnh Jbp wwpniuwyynd E
10-15 hwwn ubpd:

Qpdwnwl  wwydwliutn,
wyblh gwén W unpgquwynp-
ynn gEpUwuinhéwl,

hny wwydwlutp, |nyuh sw-
thwynp  huntuuhyntnt,
wwnptp npwyh

ontpny W wwpwpunwljnt-
prtnny nnngnudutip

Pwnphgwlp hwdwp* *1- Upwpwuywl hwppwduwyp, **2 — 3ntuhuwplebywl gninp
MNndpnnph hwdwn* *1 - Pwg nupw, **2 — bpdwnntl
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Mndhnnph nuncdUwuhpniinillGpp gnug B indtl, np Ewywu thnthnfunieynillbp W
pwnén wpryntuplbp BU gpwugdtp sEpdwwnwup wydwd wndhnnph wwninutGph Unun,
wjuwtu Upwup wybih funpnp BU W Gpywp, dwnlwpenytpnud wunninubph ghyu wdb £ 2
hwuwny, huy wwnh Uhghl quiigywép' 5 gnpuwdny (wn. 1):

Pwg nupunnud W gbpdwwnwup wndhnnph wyniejwl nbwend wwnnnuGph unnh-
dhywghnl thnihnfuwywuniejwl wwwndwnp pug nuwwnh hnnwyhdwjwywu wwjdwultpp,
pwnan sGpdwuwnhdwlp, 2ng wwjdwluGpu Gu, (nyup wwydwn hunGuuhynieniup, twppbp
npwyh 9optpnd nengnudutpp, huy gEpdwwnwlp’ Upw  wwjdwluGpp, wdbh gwoép L
ywnqwynpynn gtpndwuwnhdwup, hny wwdwuutnp, nyuph swthwynn hunBuupynie)niup,
wnwpptp npwyh gopGpnyd W wwpwpunwungetpnyg  nengnudutGpp (wn. 1); NunwdUw-
uhpniynilltph wpryncupUbpp Ywplenp Bu ubityghnu gnpépupwgnid Yhpwndwl wnnedny,
npp RNy Yww Unp unpinbp W hhpphnutbp pnust) Yihdwih thnthnpunugqut wwydwuubpned
dawynipjwl Uywwnwyny:

aruvyuunre3ntu

1. Uwnplywl .U., Gnhwqumuwl U.Q. Pulswnwpnidnipjwl qupqugnidu n hnwuywpubpp 33
[GnuwwUnwnwihu gnnnt wWwpdwuutpnud: 33 QL, 3QU-h L UWUUL-H QninnbywnunwdGunp
«Ugpwpwjhu ghwunnieynill ne pwpGthnpuncdubpp 21-nn nwph Uwhiwbdhu» - Jhpwigauwihu
ghwnwdnnnyh Unietn, Gpliwl, Ep 297-299, 1998:

2. Uwnplywl Y.U. Swenkbn W pwnphowl Wwywpniubph ubGyghwt Eyninghwywl tnwppbp wwy-
dwllbpnud: 33 QU, 3QU-h L UUUL-h QjninnbywnunwdBunh «Ugnpwpwiht ghunneentll nu
pwpbGthnfuncdubpp 2 1-nn nuph bwhiwptdhu» Jhewgguwihu ghnwdnnnyh Uniebn, Gpliwl, ky
299-301,1998:

3. Uwnplywl Y.U. Pwunphgwlh Unp hGnwulwpwihu unpunn «Swynw»: Ugpnghuinieinu, h. 2,
Gnllwl, k9 139-142, 1999:

4.  Uwnhlywl Y.U. 26nh wndhnnph Unp unpinbph nLuncdUwuhpneejwl wpnyniuplbpp 33 Upw-
nwwnjwl hwppwyw)nh ywdwuutpnud: Ugpnghwnnieiniy, h.11-12, Gpliwt, Ep 617-620, 2013:

5. Uwnplyuwl 4.U., Uwpquuwl Q.¢. Iwjwunwlh Unpdwqgh (SOLANACEAE JUSS) pwlgwpwjhUu
dwlwpnijubph YeluwpwaqUwaquunipntup: Shinwywl ynudbpwuuh Uncebph dnnndwént, «33
YGuuwpwquwqwuniejwl W wagpnytUuwpwquwqwuniejwl hgnpnepynctlutph quwhwwnndp W
yeluwwuyinwlgniejwl wwwhnyuwu ghnwynppwywu hhdnltupUtph UGpnpnedpy), UnjGdptn 29-
30, Gplwy, Ep 151-154, 2018:

6. Capuxan K.M. VicxonHplii marepuan W celekius OaxiakaHoB B ApMeHHH. Marepuais

Mexaynaponuoit koH(pepennnn HUMOX-a mocesmennsnii 100-meTHro co THS POKACHUS

akagemnka KBacumkosa, M., ¢.132-133, 1998.

Descriptor for Tomato— IPGRI, page 120, 1980.

8. AVRDC-CRSU characterization record sheet (tomato, eggplant, pepper), page 10-25, 2007.

~
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urvacuhy (PHILADELPHUS L))" nArMGU Urgteudnr
r”OUSEUUYLEG b GLUL3NIE, IUSUUSULP ANFUURLULUYUL
usabhutr verunroeLNr 3uUuUr

d.3. YurMuL3UL, U.U. arpanrauu

33 QUU U..ewhinwgjwlh wuywl pniuwpwlncpywl huunpwnneca,
pnLjutinh UGpuncddwl pwdhl
botinst@sci.am

Uplugtunt (Philadelphus L.) hwdwhuwphwjht geundnunh W pniuwwphuwphwgpwywl tnwnwéd-
Jwénipjwl Jbpnednipjudp pwgwhwjnywé £, np Gpypwgunh pwpbhuwnb gnnne tnwippbp nw-
nwéwppwllbnnd  hwunhwnid £ gbnh 2nipg 70 nbuwy: “Hpwlp nwpwéedws BU wnwdbwwtu
3jnuhuwihu Wdtphywyh (40 nbuwy) W Gypwuhwih tnwpptn $inphuinhy 2pswiultpned (37):

Rwjwuinwlh pniuwpwuwywl wighutpnud W nBunpnwwnybpnud wugwd wybih pwu 80 wnw-
nhubph pupwgentd Ubnpdnidybp W Yhdwjwdwndbgybp Bu dnuin 40 wnbuwyh pwpép gbnuqupn
unpugtUhutn, npnug UGS Jwup nwpptbp wywwndwnubpny sh wwhwwuyt) hwjwpwéniubph Yugdned:
Unyu wphuwwnwupny dtp ynnuhg thnpéd £ wpynd LUywinwywhu hGinwgnnnigini- hpwywlwgut®
qUwhwwnbnt upugbunt hwdwphuwphwiht gtundnunp’ npwtu wpdtewynp Gwunie, Iwjwunwlh
pnLuwpwlwywu wighubp Ubpdnustine hwdwn:

Ownwpniyu — UepdnLénud — ihdwywywndtgnid — qbundnun — hwywpwént

AHanm30M MHPOBOTO IeHO(pOHa U OOTAHHKO-TeOrpOPHIECKOI PacpoCTpaHEHHOCTH Y-
6ymnuka (Philadelphus L.) BbisiBieHO, YTO B pasiMYHBIX PErMOHAX YMEPEHHOH 30HBI 3eMIIH
BcTpedaroTest okoso 70 BunoB poma. OHM pacrpoCcTpaHEHBI TIaBHEIM 00pa3oM B pa3MHIHBIX (I1o-
puctudeckux peruonax CesepHoit Amepuku (40 BunoB) u Espazuu (37).

B Gorannveckux camax M JeHIpOMapkax ApMeHHH B TedeHue Oonee yem 80 neT mHTpO-
IYIUPOBaHBl W aKKIMMAaTH3HUPOBaHBI OKOJO 40 BRICOKOAEKOPATHBHBIX BHIOB UyOyIIHHKA, OOIb-
1as 4acTh KOTOPBIX MO Pa3HbIM IIPUYKMHAM HE COXPAHEHA B COCTaBe KoyuleKuuu. JlanHOH paboToit
MBI ITBITAEMCSI OCYLIECTBUTD IIEJICHAIIPABICHHbIE HCCISIOBAHMUS ISl OLEHKH MHPOBOTO T€HO(OH-
Jla pojJia KaK HCXOIHOTO MaTepuaia C [eIbl0 HHTPOAYKIMH B OOTaHUUECKUE Calbl APMEHUH.

Jlpesecnoe pacmenue — unmpooykyus — akKIuMamusayus — 2eHOQPOHO — KONIeKYUsl

The analysis of the global gene pool phyto-geographical distribution of the species of
genus Philadelphus L. showed that there are about 70 species of the genus in different regions of
the temperate zone of the Earth. They are distributed mainly in steppe and forest-steppe zones of
North America (40 species) and Evrasia (37 species).

About 40 highly ornamental species of genus philadelphus L. have been introduced and
acclimatized in botanical gardens and dendroparks of Armenia during last 80 years, most of which
have not been preserved in the collection for various reasons. With our research we aim to assess
the international gene pool of genus as an valuable substance to introduction to Armenian
botanical gardens.

Woody plants — introduction — acclimatization — gene pool - collection
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Pwnwpwphunipjwl  qupgwgdwu  UGpyw  thnynud  puwywywiptph  Yubwgw-
wwwndwu wpwyunhyuwnud sgwihwqwlg Yunplnp £ wnbwpyuGph nBunpnyugdnud pwnén
gbnwqwpn W qtnbghy ©&wnynn pEhwwbuwyutph huwpwynphbu  hwpneun - UG-
Jwjwgywénipjniup  wwpptp  Yndwnghghnu  dLwynpnudlbpn b Gpywpwnle dwnynn
Jwupwwncpwlyutn unknsdtint hwdwn:

Wjn wnnuny Jtp hwupwwbwnnigniunid - pncuwpwuwlwl wjghubph gnpdncutnt-
pjwl wnwulwdjwyutph pupwgenid, éwnwgbn  Jwulwgbwnlbph Ynnuhg wwnppbp
w2huwphwgpwywu dwgdwu W tnwpunundhwlwl wwnywlbinieintu ntubgnn onwnwéhu
Swnwpnyutph UGpunisdwl pupwgenid wnwuduwhwwnniy Ywplnpyby W Uywnwyuwihu
nuntdUwuhpniejwl wnwnpyw GU nupdby Jh pwpe qbnbghy éwnunn plhwwnbuwyutn
Syringa, Lonicera, Spiraea [22,12,24]: SGhwwlwU npnpwyh hGwnwpepepnipjwdp W hUpUW-
inhy gbnwqupnnijwdp £ odinwé Uwle Philadelphus L. gbnp, npu nluh whuwphwagpw-
Jwu wnwpwéwédnipwl pwjwywl punwnéwy wpbwp W hwpnun tnwpunundhwywl
Jwqgu: 36ug wn hwlgwdwlpl £ hwydh  wnelbnd® npwbu  Uwwwnwywhu
nruncdUwuhpnepjwl opjGlywn puwnpt Bup upugtuhu:

Upugtlnt jwwnhubpEu wudwunwdp® “Philadelphus”, wnyt) £ Sghwwnuh wppw
MNunndtnu ®hwnbithnuh wwwnyghu, npp gpwnynid Ep plwghunnipjwdp bW bywunned Ep
ghwnnijwl qupqugdwup [2]: NnLuwuwnwund punniugwé £ upugtune thwjinhg tnwpptp
Shuwthnntn  wwuwpwuwinb), wjuwnbnhg £ nnwbpbu  “Yy6Gymauk”  wujwlnwdp:  buy
Swjwunwuntd upugBunt thwjinhg wwunpwuwnned BU uphuqutp:

Upugbuh (Philadelphus L.) gbnp wwwywunwd £ Ywhunnwdwpnwagghutph (Hydran-
geaceae) puinwuhghl: Swppbn gpwywu wnpnipubph hwdwéawju® gbnu pungnynwd £ 50-70
inbGuwyutp, npnug puwywunpbu wwpwédwéd Bu Intupuwihtu UdtGphywynd, Wpledunjwu
GUpnuwnud, Upllbywu Wuhwynud W 36nwydnp UplGienud: Lwpuypu vU3U-nd puwiyw-
unpbu wénwd BU 2 inbuwyutp, wyn pynd 1-p° Ynyyuwuned, Ujnwa 2-p° I6nwdnp Uplbenod
[9, 14, 16, 17, 20, 33, 34]:

NnLuwunwuncd® YUndywuh [GRUwhu wuwnwneutph unnpnunnud, hwunhwnod Gu
ynyywujwt (Ph. caucasicus Kohne) L wuwlwynp (Ph. coronarius L.) upugtuhutinp: I6nw-
ynp Uplbieh wlwmwnubpnud® Wdnep gbinh wjwquwunwd, twpwéywé BU upwwnbple (Ph.
tenuifolius Rupr. Et Maxim) W &pGuyh (Ph. Schrenkii Rupr.et Maxim) innGuwyutpp: Upugbunt
hwpniun  nGuwywiht pwquwqwunceintu £ hwunhwnod 3jnuhuwihu WdGphywynud W
Qhuwuwnwlunwd:  dbpghupu  Jwjph  wnbuwyubph nwuwywl  dwbpp  hwdwngnud  Gu
3)nLuhuwihb WJGphywih pniuwywu wbuwphp UGpYwjwgnighgubn® u. Wuhnwn (Ph. inodorus
L.), u. ywihdnnuhwywu (Ph. californicus Benth), u. dwupwuwtpl (Ph. microphyllus Gray.), u.
thwihywdwag (Ph. pubescens Loisel) L wyjju [16, 25, 26]:

Wohuwphwgpwywl nwpwsywédnipjwdp upugtUhlu ntuh wuhwJbdwwn Jd6é wpbwg
[29]: Lpw wphuwphwgpwywl wnwpwdédwl Jepineénipiniup gnuyg £ wwihu, np hw-
dJwphuwphwjhu qbundnunp Yuwaqunn wnGuwyubph JGéwdwulnieiniup hwunhwnd Gu
3jnLuhuwihu Wdtphywjnud (40), wjunthbnle  2hUwuwmwuncd (22): WuhwdBdwwn wnpwun
GU Upldimjwu Bypnwwu (5), I6nwynp Uplbiep (4), Uhghu Wuhwl (2), dwwnUhwl (2),
ShdwwjuGpp (1) W YUndywup (1), [15, 16, 17, 32, 34, 35]: Iwjwunwuncd puwywlnptu
wénd £ Jhwju Yndywujwl upugtupu (Ph. caucasicus Koehne): 3wunhwnwd E hjne-
uhuwnlbywu  pppwlilbpnd®  Jwnunt, hwbdwptuny, pnfunt unnphu wlnwnRwhu
gnunhutpnud W pthnunutpnud [10,28]:

L. Lhuubjh dwdwuwyubphg h ybp upugbuhu nupab) £ hwynipjwu Jbg  (wjunptu
Uhpwnynn pniuwwntuwy: LwhiwhUlubwu gpwywuncEjwl Ut wju hwuntu £ GYEL nnwtu
Syringa Tournefort, Frutex coronaries Clusius YwdJ Philadelphus Arthenaci et Rivinii:
CyGjgwpwgh  YGUuwpwl, pUwgbnn PwnthhUu  wnwehUl  Ep, nd  JGEYUwpwlbg
UwpiwihuuGjwu “Syringa alba”-U* npwtu hntuwptu Philadelphus: 2hdnpnh W Nuthuwwgh
wjghuGpnud gwnuynn pwnd Uniehg LhulGp wnbnByniejniuubp £ hwdwel)  upugbunc
wuwlwynp (Ph. coronaries) wbGuwyh dJwuhlU: “wwbing LhUuGh  hGppwphnudnud
wwhwwudwdé UinLebphg, Uw dhown E npn2tp wju npwytu Frutex coronaries Clusius [32, 34]:

R.W. Chaney (1939) W C. Condit (1944) hwuwwuwnt] U dhghUu dhngtunwd Bpypw-
yenlh Uunjwépwjhu wwwnputpnud upugtUnt ppwén dJuwgnpnutbph wnbwynepniup:
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Swjnuwptbpyb) £ wnbpullbph UJwuniejntup ppwén Ph. nevadensis (Knowlton) Chaney
W UWUU-h hjntuhu-wnledneingnd hwunhwnn Ph. lewisii Pursh inGuwyutph uhsle [32]:

UnugbUuhu ypwyntpjwlu Jte £ dingyty XIH-XIT nwnpGpnd WsUnpnuwywu WJGBph-
Yuynid, ®nep Wuhwynud W Uplbgwu Wuhwinud: Ancuwutnwuncd XVI-XVI nwinGpned wjn
pnyubpp Lwpwéwsd Ehu pwawynpuywl wwpunbqubpnd: Gypnwwjnud wdGphlyjwu W
wuhwywl éwgdwdp upugbUhubpp hwyinuwptpdbp U XIX nwnh wnwghu Ytubphu [2]:

1792 p.-hu wuwywynn upugbuhu (Ph. coronarius L.) UGnpunitéyt) W Yhdwywywp-
dtgyt| £ 3ntuhuwihtu WdGnphywih pwnbhuwnu gninputn: XIX-XX nwnpGpnud tnGuwyutnh
Jtdwdwuunipntup hwynbdb) £ Gypnuywwu pniuwpwuwywu wyghubpned [18]: Lwhuyhu
fuU3U-nwd ntnleu 1738 e. onnwpwdhl upugbUuhUtphg UGpdnuddt) BU wuhnun (Ph. inodorus
L.), wjunthGuinl (1800 p.) |wjuwwntple inGuwyutpp (Ph. latifolius Schrad) W hGunwagwnid bwl
npw  ng wupwl gpuwnhdwgynit Ph. latifolius x P. coronarius  (Ph. nivalis Jaques), Ph.
latifolius x iaxus (Ph. pendulifolius Carr.) hhpphnwjhu alGpp [17]:

1920 p.-h ybpghu tnwpeunundhwihg pwgh pniuwpwlwywl wy) hGunwgnunieginiiubn
punjwjutghtu upugtbun. JwuhU ghwblhputpp: 1929 p.-hu Rwlughtdp hpwwwpwybg hp
nLuntUbwuhnnteintllGnh wpryntupltnp upugtUh génh ppndnundwihu Ywaquh dwuht [32]:

Upugtunt ubiGyghnt wpuwwnwueltpp Lwwwnwywninndwd Yndwwywn, Gpywp no
wnwwn dwnynn, [hwebpe dSwnhyutpny pthep unwlwint ninnnipjwdp nwpdbp U XX
nwph yGpgtphg uyuwé: dpwluhwgh ubltyghnubp Jdhyunnp LGdnhup 1884-1927 ppe.
ubndnét] W Uywpwanpty £ UGS pwlwynipjwdp inGuwyukn, unbndt,  Jhpunbuwywihu
hhpphnUGp W unpuntn: Lpwl wwwnywunn puyGpnepniup uinwgty E Unwn 40-50 unpuntp W
Ubé pwlwynipjwdp hhpphnutn [17, 25, 36]: Upugtunt ubiGyghnUu wphuwwnwuglubpnud
JG6 uGpnpnud nibth Lwle  nnwe uGlyghnubp LY. dBhundp, nd, hp wphuwwnwupl
hpwywuwgutind Lhwybgyh wlwnwnwiht thnpéwlwjwuncd, 1930-1940-wywl pywlwl-
uGphu uwntbnédb| £ gnpwnhdwgyntt b gnunwnhdwgynil upuguputph Unp hhpphnwjhu
alkn [2,11,18]:

Rwjwuwnwuntd onwnwdhl upugBUhUGPh NLnNLEjwUp wnwehl whuwwnwlpubnp
uwwywé Bu Gplwuh, wjunthGnle dYwuwénph b Ulwuh pniuwpwlwlwl wighubnh,
huswtu bwl nwpptp nBunpnwwpytph untnédwlu hbwn, pwuh np Iwjwuwnwuh pnLuw-
pwlwywl wyghutnu nu nEunpnwwpytpu hptug Gpywpwnle gnpéniubnuejwl pupwgenLd
qpwnyb| GU hjnLuhuwihu Yhuwgunh pwpGhuwnl gninne tinwpptn pniuww?fuwnhwagpuywu
nwpwoéwnpgwllbnhg wnunbuwwbu wpdbGewynp W pwpanp gbnwquwnn dwnwpniubph
uGpdnsdwdp W Yihdwjwdwndbgdwdp, hUsgwbu Lwle npwlg Julwswwwwndwl wypwy-
inhywynd UGpnUGNL uunhputpny:

Gplwl pwnweh W Upw Jtpdwlyw Ywluws inuywpyutpnid oginwgnnét) bu UGS pw-
Lwyniejwdp swnwwntuwyutp, dhugntn pwnép gbnwaquwpn, hwnywwbu gbnbghy dwnynn
pthEph oguwgnpédwlp phy npwnpnuenll £ nwpadytl: Glubing npwuhg® Jtpghu 2
nwulwdjwyutph  plpwgend  pniuwpwlwlwl  wigne  Swnwagbn  JwulwgbGnubnp
LUwwuwwy BU nlubgbp 33 pniuwpwlwywl wighUubpnud uinbnét) qbntighy dwnynn pthtnph
hwpniunn  hwyjwpwént, nuncdUwuhpGine nputg  YELuwpwlwywl  wnwldUwhwn-
ynrejnilutbpp, pwgwhwjnGine Gpllwuh fuhun gwdwpwihu Yihdwjwywl  wywdwuluGphu
hwpdwpynnwywunigintup W wnwydbp,  nhdwgyntu n jwyjwanuu - hwwnynegynluupny
odinyjwd inbuwyubpp Ubpnubine Ywuws inuywpyubph wnbuwywpwpnud: Wnwhuh pwpan
gbnwquwpn W gqtinbghy éwnynn pthwwnbuwyutnph pwpenid Yuwplenpdb £ bwl upugbuhu,
nph hwpnun nwpunundhwywl Yugdu no Eyninghwyw 6yniunceiniup, huswtu bwl
punapyntt - wpiuwphwgpwywl  nwpwéywédnieintup  huwpwynpnugnlt B gt
nhwnwpytine wiu® npwbu  wpdbpwynp nu hGnwlywpwihlu  Gwunie, Iwjwunwln
pwquwqwl  nEunpnyiphdwjwywl  wwjdwlubpnud  uGpdnwdbine hwdwpn:  Qpwywl
wnJjwilkpp gnyg Gu wwihu, np 1940-wywl pYwywllbphg Ubpdnbdwl  wnwpptp
ogwpultbpnd  thnpéwpyybp Gu upugtunL twppGp wnbuwyutbp [1, 23, 30, 31]: Gplwup
pniuwpwlwywu wygnd 1985-1990-wywl pywywllbphu 2nipg 1200 wunlu pungnynn
nEunpnhwywpwéntubph  Yuqunud Ubpywjwgywd GBu Gnk) Philadelphus gbnhu
wwwywunn 28 wbtuwyutp, 7 hhpphnutbp, 3 unpwnbp, 2 wyniejwu UG hwunhwnn
pniutbp [5, 271
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Ujuwhuny, upugbuh gbnh (Philadelphus L.) hwdwphuwphwihu gGundnunh W pni-
uwwiuwnhwgpwywu tnwpwdjwéniejwl yepindniejwdp pugwhwjndwd E, np Gpypw-
qunh pwpGhuwnU gninn wppbp nwpwéwppwultpnud hwunhwnid £ 2nepg 70 inGuwy:
Cun npnud nbuwlwihu Jté pwgUwquuncejwdp hwpneun BU 3jncuhuwihu UWdtphywu W
Qhbwunwlp: Iwjwunnwluh pniuwpwlwywl wjghubpnud W nBunpnwwnytpnud Jhug wjdd
utpdnioytp W yhdwyjwywndbgytp U Uunin 40 inbuwyh pwpép gbnuqunn upugbuhutn,
nnpnug qquwih Jwup nwppbp ywwndwrubpny wugwd 2-3 nwulwdjwyubph pupwgenid
wnehg nnipu BU BUGL [wn. 1]

Unyniuwly 1. Philadelphus L. 8tnh hhuuwywl Ubpyuwjwgnighsubnh wpuwnphwgpwywl nwnwé-
Jwéniejnilu ni Ubpdnidywé inGuwyubph Uepyujwgywénienitup 33 pniuwpwlwlwl wighubpnud W

nGunpnwwny&npnLd
UnYywyniLpjnilp
U2luwphwgpuwywl PnLuwpwlwlwl AEURPNWwn
nwpwédjwédnipyntup wjghubpnud
YEpnd 5
]
Skuw 3
£ 3 3| S
2 § 3 5 < = o
— = 5 3 3
33| 3| 5 = 3, [ =
55| 3| 3| 3| = 3| 3 5 -g B
HEEEEEIEE RN g
z5| 3| 5 E 2|32 |3 |32 |3 |8z
=SS 2 & 5 5§ | 2 = 3 3 2 S =
~3 35 bl |S|*F | D|D|F | |33
1 2 314]|5]|6 7 8 9 10 11 12 13 14
Philadelphus affinis Schitdl. +
Ph. argyrocalyx Wooton +
Ph. asperifolius Kocrn. +
Ph. austromexicanus S.Y. Hu +
Ph. bifidus (C.L.Hitchc.) S.Y.Hu +
Ph. brachybotrys Koehne + +
Ph. californicus Bent. + + +
Ph. caucasicus Koehne + + + + + + +
Ph. caudatus S. M. Hwang +
Ph. confusus Piper +
Ph. cordifolius Lange + + +
Ph. coronarius L. + + + + + + +
Ph. coulteri S. Watson + + +
Ph .crinitus (C. L. Hitchc) S.Y.Hu | +
Ph. dasycalyx (Rehder) S.Y. Hu +
Ph. Delavayi L. Henry +
Ph. Ernestii S.Y.Hu +
Ph. floribundus Schrad. + | + + + + +
Ph. Gattingeri S.Y.Hu +
Ph. glabripetalus S.Y.Hu +
Philadelphus gordonianus Lindl. + + + + +
Ph. grandiflorus Willd. + + + + + +
Ph. Henryi Koehne + + +
Ph. hirsutus Nutt. + + +
Ph. hitchcockianus S.Y. Hu +
Ph. incanus Koehne + + + + +
Ph. inodorus L. +
Ph. insignis Carr. +
Ph. kansuensis (Rehder) S.Y. Hu +
Ph. karwinskyanus Koehne +
Ph. kunmingensis S.M. Hwang +
Ph. latifolius Schrad. + + + + + +
Ph. laxiflorus Rehder +
Ph. lewisii Pursh + + + + +
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2 3[4 )56 7 8 9 10 11 12 13 14

Ph lushuiensis T.C.Ku & S.M.
Hwang

Ph. maculatus (C. L. Hitchc.) +
S.Y.Hu
Ph. madrensis Hemsl. +
Ph. Magdalenae Koehne + + + + +
Ph. mearnsii W.H.Evans ex Rydb
Ph. mexicanus Schitdl.
Ph. microphyllus A. Gray.
Ph. myrtoides Bertol.
Ph. nepalensis Koehne + | + + + +
Ph. oblongifolius S. Y. Hu
Ph. occidentalis A. Nelson
Ph. oreganus Nutt ex Torr.Gray
Ph. osmanthus S. Y. Hu
Ph. pallidus Hayek + + + +
Ph. palmeri Rydb. +
Ph. pekinensis Rupr. + |+ |+ + +
Ph. Pringleri S. Y. Hu +
Ph. pubescen Loisel. +
Ph. pueblanus S.Y. Hu +
Ph .purpurascens (Koehne)Rehder + + + + +
Ph. reevesianus S. Y. Hu +
Ph. sargentianus S. Y. Hu +
Ph. satsumanus Miq. + + + + +
Ph. Schrenkii Rupr. + + + + + +
Ph. sericanthus Koehne + + + + +
Ph. serpyllifolius A. Gray +
Ph. subcanus Koehne + + +
Ph. tenuifolius Rupr. Et Max. + + + + +

Philadelphus tetragonus S. M. +
Hwang
Ph. texensis S. Y. Hu +
Ph. tomentosus Wall. Ex G. Don + + + + + +
Ph. tsianschanensis Wang et Li +
Ph. verrucosus Schrad. + + + +
Ph. Wootonii S. Y. Hu
Ph. Zeyheri Schrad. + + +
Ph. zhejiangensis S. M. Hwarg +

+|+ |+ ]+

+|+ |+ ]+

+

QUuwjwé wju hwugwdwlphu, np upugtUh gbinh Ubpdnwddwu W Yihdwyjwywpdtgdwu
htinn Yuwlwsd pwjwywlhtu wphuwwnwlp E Ywwnwpdt, no hwjwedwd  hGnwepephn
hwlwpwénthg npn nbuwyutbn thwppwd wok], wnwwn dwnytp n. wwnnwpbpb, Bu Jbp
hwupwwbwnipjwl  hnwhuwpt' dwuwénph,  UnGthwuwdwuh, Updwdhph  dwpgned,
wjuntwdtuwjuhy  hwupwwbwnnipjwu  Ywlws  nlywnyubpp UGpywjwgunn  gGnwqupn
pnyubph wnbuwywwpnud upugtUpubpu pun pwgquwélinLejwlu wuhpwdtn npwnpnLejwl
s6U wpdwuwgt): Iwupwwbunnigwl pniuwpwlwywl wighuGpnud W nGunpnuwinyspnud
yeunpnuwgywé E gbnh hGwwepphp wbuwyubph hwywpwént' ubpdnisywsé  nwpptp
dinphunhy  Jwpgbphg, wjuhly  Ywlwswwwwndwl - wpwynmhywinud  oquwgnpéyty E
hhdlwywunwd 2 wnbuwy® u. Ynyywujwl (Ph. Caucasicus Koehne) W u. wuwlwynnp (Ph.
coronarius L.), [6-8, 21]: Lpywd wbuwlubphg Yulwswwwn wnwpwdpubpnd  hwdtuw-
tnwpwn 2wwn nwpwénwd nlubl - wuwlwynp upugbuhu W Upw hhpphnwhu dWwkpp: Ypwilp
(wjunptl ognwgnpéynd BU Ywlwswwwwndwl  wpwynhyuwynud, hudptpnd ywd npwtu
unthinbp Swnyuuwwnubqwihu  dlwynpnidubpnd: Nunh hwpy Bup hwdwpnud wybih
Jwupwdwul Ywlg wnlb] wu Gpynt inGuwyubph YEuuwkEyninghwywu npn2 wnwudUwhwn-
ynipjnlultph ypwi:

Unylwujwl upugbuhu (Ph. caucasicus Kochne) Iwjwuwmwuncd puwywunpBlu wénn
nGplwpewth, dhusle 3 J pwpépniejwdp vhwy wnGuwyu E: SEpllubpp GEpywpwygniu G,
Elhyuwéle, upwoéw)p, wwnwduwbgp: Swnhyubpp uwhunwywynu Bu, punpnp, hwaébih
hnunny: Munncnp snn, wuyncuwgnn wnnchhy £: Swnynud £ dwjhu, hnluhu wdhuutphu:
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Auwywunptl nwpwsywsd £ Undywund W Pnpp Wupwynud: Iwjwunwuncd
hwunhwnud £ hjncuhuwihu 2pgwlilGpned, Ywnune, hwwnpBunt, pnfunt Gupwlwnwnubpned,
pthnunutpnud 6.J Jhugle 1000-1500 U pwpépnipjwl uwhdwulubpnud: Wgeh £ puyuncd
pwywpwnp (puwuppnjwdp W gnpunhdwgyniunejwdp,  hnnh - WJwndwdp  phy
wwhwlgynwn E[10]:

hUswGu wpnbu Updbg, hwupwwbwnniejwl Ywlwswwywwndwl  wpwynhywjned
oquwagnpdynid E uGpdndqwd UGy wy inbuwly' wuwywynn upugbUpu (Ph. coronarius L.),
npp Unyuwbu wgph £ pubunid pwpép gbnuqupnnipjwdp nt pwquwehy wwpunhqwihu
albph wnyuwyniejwdp: Stpllwpewth rnuh £ Uhtugl 3 pwpapnepjwdp: Cudininutbpp Jbpy
GU, Gphunwuwpn nwphend® Jwaqugniywwwn: 3pU §nentph Yenlp nwinpsguwagnpwyndu
dwpeéepnn: SkplLUbpp djwél BU Ywd Gpwpwdnu dwadle, upwéw)n ququeny, (wjl
ubwwal Ywd Ynpwynu hhdeny, wwnwduwbgp, ybplhg' dbny, utpplhg® thugwynp,
sntph wuyniuutpnud® wnywdwquwwwn: Swnhlubpp uwhnwywyniu Gu, swihwquwlg
pnipnudUwybun, dqwal wuwywpebpehyutpny, hwjwpdwéd 5-9-wywlu nnyniqulidwu
swnywpnyGpnd: Swnwyhpp W pwdwywprtprhyutpp Jepy Bu jwd Jwgugniyuwwn,
unUwyp ubpnwbdwsé t hp U6 dwuny: Swnynwd £ hntuhupU, wyunnwptpnud £ ognuwnnupl:
Auwywl wwjdwuubpnud wénwd £ Upldinjwu Gypnuwyned: Iwjwuwnwuncd uiyynud E
wdtunipte, Ynyywujwu upugbunt htin Jhwuht: Nuh pwgqUwehy wwpunhqwihu aukp,
npnup  wnwppbpdnd BU pwpépnipjwdp (Quép w6, pwpép),  dwnhyutph
LlhwetpehUniejwdp, wtplllbph gnuuny (nuytntnhl, uwhwnwy tphqudnn), nGpllutph
alny (UEN Lpnwpwél) b wyiu: Quithwqwug wndGpwynn nGynpwinhy pneth £ 15, 16]:

Unugbuhutph JGéwdwulnipyniup (wy £ wénwd  pwywpwn hunbwy hnnGpned,
gpniuinwghu opbph wnjuynuejwu wwjdwuubpnud: “hdwunwd U pwnwpeutph W wp-
nnilwpbpwywu dGrUwnynieincultph 2pgwlwiph onh winuninunywéntejwln, npw hwdwnp
£l Jhwjuwy, fudptpny wd ytunwuh gwlywwwn untndtint hwdwn ogquwgnpéyncd Gu
Juwlwswwwwndwl ninpuned: Swnynud  GU Jwjhu, hniuhu  wJdhuuGphu Jdnin 30 on
nlnnnipjwdp:  Ubnpwwne Bu, dwnhlyutpu oguwgnpdynid BU swnywjhu dlewynpdwl,
huswGu Uwle wwpdnudtphwih wpunwnpnipjuwu Jbe: PwqUwund Bu ubpdtpny, pthh
pwdwudwdp, yinpnuuGpny, wpdwwnwiht dwgwnutpny [17]:

Unugbunt hwdwp wéh pwywpwn wwjdwultn ywu bwl Gplwlph pnuwpwlwywl
wjgntd, npuinbn nGnndutph nwnpGywu pwlwynie)nillu punwdtup 300-350 JU E, wdwnp
ong nL ognp k, dubnp’ gnipun, hnnp' thnpp hgnpnipjwt W wdpnigqwit: Wn JwuhUu G
thwuwnnwd 1985 pe.-h gpwlwuntejwl Uty weryw ngjwiutpp, pun npp' Gpllwlh pniuwpw-
LUwywl wjgnt wwydwuubpnd thnpéwpyyt| Gu upugtunc 2nipe 23 inbuwyubp, npnug ukp-
JGpp uwnwgbp GU Lwhuyhu U3U-h W wpnwuwhdwUjwl Gpypubph twppbp pnwuw-
pwlwywl wjghutphg: Ywwnwpywsé thnpdtph wpnniupnd unnwigyt] BU - pwywywupu
pwnan gnigwupubn Yihdwjwyjwndbgdwl wuwwpbgnid Ujnwu pniuwpwbwlwl wyghutph
wnyjwiubph hGwn hwdbdwwnws: Yjuinbnhg hbinlneeiniu £ wpdby, np Yihdwjwywndtgdwl
wnngbup wwjdwuwdnnpwé £ ng b wnwpptp gbnbphg UGpdndywé ubpdbph nu nyjwy
wnbuwyh wphuwphwgpwywt Swagdwdp, wy wnywp gbnh Eyninghwywl  wnwlbluw-
hwuwnyniejwdp [21]:

Qtntghy Swnynn rthtiph UtpUnLoNLUL wjl $Inphunhy 2pgwiliinhg Yuwd Upwlig
yihdwjwdwndtgnudp  huwpwdnp £, Get wjwp wbuwyh Eyninghwywl  wwhwugp
hwdwwwwwupuwunuwd £ wédwu Unp  wwjdwluGpht: Un  wnbuwybnhg  Yihdwjw-
Jwnpdbgdwu JGé huwpwynpnientt £ gnigwpbpt)  upugbUhU:  Swppbp  twpwéw-
2nswllbphg UGpUnéywé upugbuhubpu punhwunip wndwdp JGnp ywjdwulubpnud wgeh Gu
puyuncd gnpwnhdwgyniuncejwdp, gnuinwnhdwgyniuniejwdp, Swnynwd W wwnnwpbpnud BU
wnwuw, ubpdtpp  |phd 6ntbwly BU,  YupnUubpp nupunwhu - wwydwulbpnud
wpUwwnwywind Bu hBunnugjwdp W wpwgws Bu: Wju hwuqudwugutphg GluGiny® ywntih
E Ggpwywglt|, np uplugtunL Eyninghwlwl wwhwlep hwdwwwwnwuhuwund £ JGp
hwlpwwtGwnniejwl hnnwyhdwjwlywl wwjdwuutphu:
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Rwjwuwnwlh YEUuwp. hwunbku, 1 (73), 2021

nuabnLAYLPILENh UNESUUNIUC Ubh 2ULL QGU2UMY BUNGRh
SuuhlLtGrh SEPEYLEMNIU UQUNrUS3UL YWGSh GY YhLhULD
uusunushu ansnk ausvuLLErNU

L.U. Q1ULU23UL, U.3. RUALUNUSUL, U.3. 3n4UG®3UL|, U.U.
3UUNRRULS3UL, U.U. ELN3UL, U.U. 51hU2Ur3UL

33 QUU Q.U.Yuypywlp wudwl hhnpnunupyugh wpnpGdubph huuwnhwnnian
lauraghalachyan@yahoo.com.

Nruntduwuhpyb) GU gnudwpwihu B-nwnhnwynhyniejwl wnwldUwhwwnynipniuubpp W y6-
pwhulynn wnbhilwshlu nwnhnuncythnUbph (ML) ©Sr (Ty,=28,6 wwnh), *Cs (Tw2=30,1 wnwph) YynL-
wnwyntdp 3Mh-h tnwpwéph Rwiuywu UEY-h RUEY) 30 YU pwnwynny gnwnh) b Hhihpwuh wu-
wnwnwjhu thnpéwywjwuh encp-hnn-pniju, ulUnwinénie-pnuju Eynhwdwywnpgbpnud: Mwpgyby £, np
wnlbywl Yeuuwdwnh wnuyhubph wnbpllubpp gnidwpwiht B-nwnhnwywnhynipjwdp gbpwquugt) Bu
Jwnunt, ununt, ghhnt, Unphuguwjh Untjuwwnhw opjGYwnutphu: Nuwinh, genwqupn thpwwnbple wpllEywu
ytluwdwnp' npwtu NL-h plwywl Yninwyhg, wnwewpyyned £ yhpwnt) Ywuws 2huwnwpneejwl utbe*
Ywlwy gninhubnh, wnLpwyubph, wunwnUbph untnédwl hwdwp:

Suyhubn — gnLp-hnn-pniyu — inGluliudht NU — gnedwpuyht B-nwnhnwlwnpyncpnil — gnpélwlywl
wnwpwnly

HccnenoBanuch 0COOEHHOCTH CyMMapHOW [-paJloakTHBHOCTH M HAKOIUICHHS! KOHTPOJIH-
DPYeMbIX TexHOTeHHBIX pamgronykiaos (PH): *Sr (T1,,=28,6 rona) n **'Cs (T1,=30,1 roza) B 5Ko0-
cUcTeMax BOJa-NIOYBa-pacTeHUE, NMUTATENbHBIN pacTBOp-pacTeHue B okpectHocTax UIIIT (3oHa
ApwmsHckoit ADC (AADC) paguycom 30 kM) u J{unnxaHCKON J1eCHOH ONBITHOM cTaHIMU. Bpid-
CHMJIOCH, YTO JIMCTBSI Ca)KEHIIEB BOCTOYHOM TYH, II0 CyMMapHOW [-paJfoakTUBHOCTH, NMPEBOCXO-
QWM aHaJOTMYHbIe OOBEKTH My0a, IiaTaHa, MOXOKEBEJIbHUKA, MOPHHTHU. [lo3TOMYy AexopaTHB-
HYIO XBOIHYIO BOCTOUHYIO TYIO, KaK €CTeCTBEHHBIH Hakonutenb PH, pekoMenayeTcs mpuMeHsTh B
3€JIeHOM CTPOHTENBCTBE IS CO3AAHMS 3€TIE€HBIX 30H, CKBEPOB, JIECOB.

Caoicenybl — 600a-nousa-pacmenue — mexnozenuvie PH — cymmapnas f-paouoaxmugrnocms —
NpaKmuyecKkas pekomeHoayus

The specificities of total p-radioactivity and accumulation of controlled technogenic
radionuclides (RN) *°Sr (T,=28,6 years) and **'Cs (T,=30,1 years) have been studied in the water-
soil-plant and nutrition solution-plant ecosystems of the IHP (the zone of Armenian Nuclear Power
Plant (ANPP) with 30 km radius) and Dilijan forest experimental station. It was revealed that leaves
of oriental thuja’s saplings prevail the similar objects of oak, plane tree, juniper and moringa by the
total B-radioactivity. Therefore, ornamental coniferous oriental thuja is proposed to be used in the
green building As a natural accumulator of RN to create green zones, public gardens and forests.

Saplings — water-soil-plant — technogenic RN - total g-radioactivity — practical recommendations
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Rwjinuh £, np wunwnwihu pnuwhwdwybgnienctuGpu nuph?  Eynhwdwywpgtbph
hwutdwwn punniuwly BU - Ynenwybine wydtblh J6é pwlwyny  nwnhnuncyhnutn (NL):
Uplninpinhg wuwnwnh ypw pwhywd NU-h 40-90 %-p Ywpnn Bu wwhbl Sdwnbph
uwnuwpprutnp: WunthGwnle  JdpUninpunwihu - wbnnudutph, pwdnt W pwiynn wnBpllUGph
dhgngny NL-p (90 %) nbnwpwnpdynd Gu nGwh hnnh dwytpbu: Cun npnud ML wwhbine
wdblwuts punniuwynienill nlubu thpwinbple dwnbpp: Pownbple wutnwnend  NL-H
nbnwwndp wnunwd £ 3-5, huy (wjuwwGpund® 1 wwph: 3wpqwpyws E, np 1 tnwnpyw
pupwgenid 1 hw wuwnwnep, Ywiujwéd Swnwinbuwyhg, Yunpnn £ onhg hGnwgub) uhusgle 50-
70 wn  nwnhnwywnhy thph: Wupupel'  wlwnweh  Eyninghwywt - wdBuwywplinp
Lpwlwynipinitlu wjl £, np yGpghuu YGuuwGpypwehvhwywu wpgbe £ yEuuninpunnud NU-h
nwpwédwl W inGnwpwnddwlu hwdwp [3, 5, 6, 8, 10-12, 15, 16]:

Swjwunwll wnewwn £ wuwnwnubpny, npwue jugdnid U hwupwwGunnipjwlu nw-
pwoéeph Unin 11,2 %-p Ywd 334,17 hwq hw: Cun npnud Iwjwunnwup wwwnwunwd E snp
Uhdw nwubgnn Gpypubph  rUYhU, npnbn  wunwnUbph  hupbwyBpwywlqudwu  huw-
pwynpnieintup Swjnwhtn gwén E: NLuwnh, wnndwlwjwl ntubgnn Iwjwuinwuh (Rujywlywl
UEY-p AUEY nbnwywpywsd E Upwpwinjwl nwwnnwd, 2whwagnpéyty £ 1976-1989p00.,
JEpwpwhwagnpéyty £ 1995p.) hwdwnp wnwlwhbpp hiunhpubp B wlwnwnubnh,
pwnuwpeutph wuwg gninputph nL wynpwyutnh yGpwywugundp W punpuuncdp:

Swpyh wrlbiny ybpp Updwédp' nwnhntyninghwwbu wewyb] bywuwnwynp dwnw-
wnbuwyh pwgwhwjndwl Uwywwnwyny Jtp Ynnuhg nuncdbwupndbp 6B gnudwpuhu B-
nwnhnwywinhynigywt W JGpwhuyynn  nbpilwshu NL-h* Psr (T,,=28,6 wwph), *¥'Cs
(Ty»=30,1 nwph) Yncnwyuwl wnwuduwhwinynipntultpp 3Mb-h tnwpwdeph W Yhihgwuh
wunwnwiht  thnpdwywjwuh  (ADY)  enip-hnn-pnyu,  ullinwinénye-pnuyu  Eynhwdw-
Ywpgbpnud: Uw ntuh gnpébwywu Lpwlwynieinil, pwuh np rwnhnEyninghwwtu wnwybi
Uwwunwynp Swnwwnbuwyh Yppwnndp Jwlws gninhubph, wuwnwnlUtnh, wnipwyutph
uinbnéuwu hwdwp YntubEuw puwwwhwywuwywl Lpwuwynip)nil:

Ynip W dbpnn: I6inwgnuinnieinlllbpl hpwywuwgyt) Bu 2017-2020p. Upwpwunjwl nup-
wnnd (e, Gplwt, 3NMh-h nwpwéep) L AWOY-nd: Upwpwwnjwl nupunp gunuynd £ 6ndh dwyt-
plnirehg Unin 850-900 U pwpdpnipjwl ynw, 2newwwnywd £ hwpwy-wnluniinghg W hwpwyhg'
Utd W dnpp Upwpwwnutpny, hincuhu-wnldniinghg® Upwqwé (Geny W hynwuhu-wipllbiehg” Nepgh W
Qbnwdw |Gruwpnprwltnny: Iwny E UG, np win nwpwéwppwunid Yhdwlu fuhun gwdwpewihu E,
wnwpBywu vhghu sGpdwunpdwlp 11,0-1 1,8°Ct, hwpwpbnpwywu funuwynipniup® 40 %, wmennudutph
mwpbywu Jdhghu gnidwpp' 200-300 ud: 3Nb-h 2npswlw hnntpp Yhuwwlwwwwnwhu Bu, epnyh,
JwppnUwwnwjhl, npnud hnedneup Yuqutl £ 1,5-2,5 %, hwpneun £ $nudbnpnyd W wihnednd: HDPY-U
gunuynd £ Yhihowl pumwgzh dnwn® 6nyh dwytplnyehg 1400-1500 J pwpapniejwl Ypw: Swptywu
dhghUu gGpdwuwinhéwup 8,1°C E, wnbnnidubph pwlwlyp nwpblwu Ywagdnid £ 660-750 JU: HUdY-h
wuwnwnwiht nwpguwagniu hnnGph yGphu hnphgnunid hnudniup Ywagdnud £ 9,0-9,3 %, wyn hnntpp
hwpniunn BU Ywihnwdnyg, wnpwwn Bu wgnnind W $nudnpny [2, 4]: Ipnpnuynupyuynud Swnkph
inuyhubpp utnitgyty GU Q.U. Ywydjwuh Ynnuhg wnwewnyywé ulunwiniényeny [9]: Ullnwiniéniph
wwwnpwundwl hwdwp npwbu Giughu gnup 3Mh-h twpwédenid Yhpwnyb) £ wpunbGguu gnep, huy
APY-nLd* Snpwyh gnip: Npwbu [gwljnie Yhpwndbp B bwhuopng KMnO4-h 0,05 %-ng |nLénijeny
whunwhwuyws, 3-15 Jd wnpwdwgény dwulhyubp nlbbgnn guewnp, hpwphuwhu fuwpwdp W
npwlg fuwnuncpnp (1:1, pun Swywih):

IGnwgnninienlllbph hwdwp thnpéwudnubn B dbpgytbp wpnbgyuu L HYOY-h Snpwyh
ontiphg, ullnwiniényrehg, 0-30 ud hwuwnnipudp hnnwptipntphg, Uh 2wnpe gbnuaqupn dwnbph
wnuyhubph (Yunup' Quércus L., unuh wnplbywl® Platanus orientalis L., ghhh JhpghUjwU® Juniperus
virginiana L., ycuuwdéwn wnlbywl® Biota orientalis Endl., Unphugqw jnunwwnnc® Moringa oleifera Lam.,
wwynyuhw® Pauléwnia) inbplllbphg: ®npéwldniUbpnd NL-h (°Sr, ¥7Cs) wwpnilwynieiniup W
gnidwpwihu B-nwnhnwywmhynieintup npnpytp U nwnhnphdhwywl JGpnnubpny thnpp $nuwjhu
YM®-1500 nwnhndGnph Jhgongny [14]: Unwgywé wdjwiutpp hwdtdwwndb, G uwhdwlw-
pnywwpblh funnupniliubph (URt) hGin [1, 10, 13]: Qhunwihnpdbph  wpryniugnid unwgywé
wnyjwiubnp Bupwnyyt) U yhdwywagpwywl dwydwu GraphPad Prism 6-h Uhgngnuy:

Upmyniupltn W puliwipynid: YUOY-U gunbynid E wnwwn nbnndubph gnunned, W
wluwnwrh Yypw NL-h pwihytbip 6wntph Ut npwlg Ubppwihwugdwlu hhduwywu ninhl E:
Lwnbh E Bupwnntl, np YWY-nLd Swntph wtuyhutpp ML Ywubp U onwihu wjwquwuhg
JrUnnpuwjhu inGnnudutp-inGpllubp W dpuninpunwghu inGnnudutp-inGpllutnp-hnn-pnijun
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wndwn 2npwlutph dhgngnd, huy Upwpwwnjwl nwwnnid® onwihu wjwqwuhg yGpgtunujw
quugwséh W nnnghs gnip-hnn-pnyuph wpdwun 2newih Jhgngnd: 6°4  Upwpwunjwl
nwwnned, W Yhihpwlh wunwnwihUu gnunned, pwgorjw hhnpnwnuhywih wwjdwuuGpnwd
éwnbph Jbp NUL-p UGppwthwlgh, GU  Jhwdwdwlwly onwhu  wdwqwuhg W
ullnwincénirhg (wn. 1):

Unyniuwy 1.
OSr-h W *¥Cs-h wwpniuwynepyniup 3Mb-h tnwpwéeh W HPY-h puwlwl gptpncd,
ullnwincényened, hnnGpnud

9DSr | 137(:S

Lunpwndwl wnknp ‘Lunph inbuwyp o/l PeliG
wpunbqwl gnLp 0,044 + 0,002 0,003 = 0,0001
3MNh-h nwpwode ullnwnényp 0,44 + 0,030 0,030 + 0,001
gnnp, Ypwynyh hnn* 6,9* + 0,27 8,0* + 0,25

. Snpwyh enip 0,037+ 0,002 0,002+ 0,0001

OLN nwinwisp wlwinwnwjhu nupsbwgniu hnn* 11,9*+0,30 7,0%£20

JG[nL gpnud 5,0 11,0
R [1, 10, 13] : hrErlnfS* 55,0* 185,0*

3Nh-U gunuynd £ IUEY-h inGhulwdhu wgnbgniejwu 30 Yd wnwynny gnuntd,
huy MWoY-Uu' IUEYU-hg Unin 3,5 wlgwd wybh hGenl: Niuwnh, nwnhnEyninghwywlu
wnnudny npwgnpwy £ win gninhutph puwywl eptph, hnntph, Swnwpnyubph nbpllubph
nwnhnwlunhyniejwl hwdtdwwnnieintup: Mwnquti £, np wpnbgut encpp ©sr-h W ¥Cs-h
wuwnniuwynejwdp gbpwqulgt) E(1,2 W 1,5 wugqud) YPY-h Gnpwyh onphu (wn. 1):

Unjniuwy 2.
QGnwqunn dwnbph tuyhubph wnkpllubnph gnudwpwihl B-nwnhnwywnhyniejntup
hhnpnwnuhy W hnnwjhtu Wwynyened, 3Mb-h lnwpwépnd L YUOY-nLd

Swnh Uwynipjwlu Qnudwpwjhu B-nwnhn-
Luniunduwl ntnp wilywntp Enuilwlp wywhynipjnilp, Pelyg
yUuwéwn hhnpnwnuhy 320426
wplGywlu hnn 210+26
ghhh hhnpnwnuhy 240422
dhnpghujwu hnn 180+22
hhnpnwnuhy 180+22
3Mh-h wpwop Yuinip hnn 160+20
Unphugqw hhnpnwnlhy 250422
jnLnuinnt hnn, 140+22
unuh
wplibyuwil hhnpnwnuhy 260+22
hhnpnwnuhy 300+20
WuiindUnw hnn 200222
yluwséwn
wplibjuil hnn 190+22
Yunuh hnn 140+26
APU-h tnwpwée ghhh h U 180420
Jhpghljw hnnnwnupy
unuh
wnlbywl hhnnpnwnuhy 210+22

3wjnlh E, np puwywU eptpnud NU-hg gbpwlpenud £ *°Sr-p [7], npp wwjuwlw-
dnpJwé E ybpghuhu Utd wpdnilwynipjwdp: Upnbguu W YWOY-h dnpwyh optGpnud
95r/8%7Cs hwpwpbpnieintup Juqut) £ 14,7, 18,5" hwdwwwwnwuhuwlwpwp, hUsp untju-
wbu Yywyned £ wyn dwuhl: Mwpquty £, np 3Mb-h 2psww hnnbpned gbpwlpnt; £ 37Cs-h,
huy MWdY-h hnntpned® *°Sr-h wwipnibwynieiniup (wn.1): 3Mh-h twpwédeph dwnbpp
wnGpulbph  gnwdwpwipt B-nwnhnwywnhynipjudp  1,1-1,3 wuqwd gbpwquugt) Gu
Ahihgwlh wuwnwnh Swnbphu (wn. 2):
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Cuwn Gplnyehl, uw yywynwd £ YGuuninpinh ypw IUEY-h inEhubwéhlu pugwuwywu
wgnbgnijwu JwupU: @G WoOYU-nd W pE 3INh-h nwpwédend wnwldhu  dwnw-
wnGuwyubph wtGplllbpp Ynenwytp B nwppbp pwlwyniejwl AL, prEL Jwyytbp Gu
Jhlunyu hnnwiythdwjwywu W nwnhntyninghwyw jwpgwénipjwl wwydwulbpnud: Iw-
Jwlwpwn, nw wwjdwuwynpywsd £ pwgdwrehy wmwpwplnye gnpénultph JhwdwJdwlw-
Yw hwdwwbn wagnbgnipjwdp, Jwubwdnpwwbu Swnwwnbuwyubph YeUuwpwlwywl
wnwUdUwhwwnynientuubnpny:

Qpuywuncpjwu nguiutpp yywynwd U, np thpwnbple Gnllupu W unéhu puwthw)-
wnntd 2Sr-h, ¥Cs-h wwpniuwynipjwdp gbpwquilignid BU Ywnuniu [8, 16]: Ukp Ynnuhg
unwgywé wnguiubpp hwdpuyuned Bu  ybpnhpjuih hGwn: 3Mb-h - twpwéend  hhn-
pnuynuphywjnud  wpllbgwu  YeUuwswnh  thywwntpllubpp  gnwdwpwihu - B-nwnhnwywnp-
Unipejwdp gbGpwquwugt) BU ununt, dnphuguwyih, ghhnt, Jwnunt wnGpllbGphu® 1,2, 1,3, 1,3,
1,8, huy hnnnwd* ghhnt, wununt wnGpllutppu® 1,2, 1,3 wuqwyd' hwdwwwwnwupiwlwpwn
(wn. 2): Eynnghwywt  wnnwdnyg YGUuwédwnUu nluh Uwle niph  wnwybinienluutn
(wjuwwnbpliwynp dwntph hwdbdwwn. $ninnuhletq £ Yuwwnwpned Unguhuy ddnwlp, 1,5
wuqwd wdbh thnph E Yuwund, wpunwnpnd £ $hwinughnutp, hnnnwd thnppwguncd £
¥Cs-h  wmbnwpwndp [3, 101 Wuhupl' tyninghwywl wenidng  Yuwliws  gnunhltph,
wnipwyubph  unbnédwu  hwdwp  YeUuwdwnu  wybh  UwhpunpGlh £, pwl
(wjbwwnEplewynp dwnbpp:

Cunn gpwywunipjwl wnyjwutph® wwyinyuhwu hwjnuh £ npwtu EYyninghwiwbu
wnwyt] Uwwuwnwynn Swnwpnyu, huy  jniqwinne dnphugwl’ npybu wnpdbewynp
nGnwpntu, nph nGplllGpu odnywé U nwnhnww2unwwu hwnyniejwdp [6, 17-21]: Cun
Jdép  ynndhg  unwgywéd wnyuwiubpht  wwyindupwh o wnbplluGpp gnwdwpuhu - B-
nwnhnwywnhynijwdp hhnpnwnupywyned W hnnnud gGpwquitgt] Bu (pwgwnniejwdp
yGuuwédwnh) Jnphugqwyh, Ywnunt, ghhnt wGpllGpht 1,2 W 14, 1,7 W 1,2, 1,2 L 1,1
wuqwu® hwdwwwwnwupiwlwpwn (wn. 2):

Pwgwhwynyt) £, np hhnpnwnuhy éwnwpnyutpp gEpwquugtk) Gu hnnwjhu wwy-
dwuubpnd  wobgywéd  Swnwpnyubphl - wGpllUGpnud Ynenwywés NL-h pwlbwyny®
dnphuqwl® 1,8, yeuwséwnp W wwyinyupwt® 1,5, ghhpt® 1,3, ywnuht' 1,1 wugwd (wn.
2): 3wjwinuh k£, np NL-hg wdbuwdES B-nwunhnwywnhynie)ntt nluh puwywl rwnhnuncyhn
“K-p [5]: Nuwnh, Ywnblh E Gupwnnty, np hnnnud dowlyws swnwpnubph wnkpllubph
hwJtJwwnniejwdp hhnpnwnUhy dwetph nkplUGpnud Ywihnedh (“°K) wwpniuwynegnill
wyblh pwpan £ Bnbl, hush hGinlwuepny gnudwpwihu B-nwnhnwywnhyniejntup uncjuwtu
pwpén k:

Qnpélwlwl  wnwpwpl: Atnwqwpn  thwwnbple  Ubpdnudywd  Swnwnbuwly
wplGywu YGuuwdwnp' npwbu NL-h plwywl Ynenwyhg, wnwewnyyned £ Yhpwntp juliwg
gnuinhutiph, wynipwyutph, wunwnutph untnédwl hwdwp:
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Ytluwdbhghywih  wdpphnund®  npwbu  ghunwbuwwnnn®  gnpénindbing W ghwnw-
hGunwgnunwywl w2huwnwlp juwnwpbiny, nwuwpununtinituutpny hwuntu qwiny UWUL-
h, Swwnuhwjh, Wughwh, QGndwlhwh W wj) Gpyplbph wnwglwywng ghinwyppwywl
ycunpnuutGpnud: 1993 pywywuhg UpdGUu  @ngniljwlp  YeLuwdbhghywih  wdphnUh
wpnytunp tn:

2001-2002 pywywulbnhU bw wphuwwnwlueh £ wugund npwtu 33 UQL ghnnigjwu
U ghnwdwuywywndwywl Ywnptph wwunpwundwl Jwpsgnipjwl wiwn, huy 2002-2010
pqwywlutpht® 33 pwpbpwagnuu  npuywynpdwl  hwuduwdnnnyh  Uwhiwgwh:  Wu
nwulwdjwyu wnpdwuwhhwwnwy £ wju wnenwdny, np win nwphutphu npultnpytghu Unpdtu
Enlujwup  ghnwywguwytpugwywlu — npp nliwynipnlultpp’ hpwywlwgubing
wwwnwupuwlwwnne Junswpwpwywl w2fuwnwlpubn Uwhuwpwpnegncuncd, bw ng Jhwju
shugbg Ywwp hwpwqww  wdphnuh hGwn, w)l wpnibwynd  En nuuwdwuntp  hw-
Jwpuwpwunwd b Jhwdwdwuwy hwennnipjwdp nGlwdwnt, yGuuwdbhghywih wdphnup
ghunwhGunwgnunuwywl jwpnpwwnnphwnd gnpdnn hp ghinnwywu funwdpp, wunwd En wdtBu
hug, npwbGugh pdph ghunwhuwwnnnubnp  shebguBu  hGwnwgnunieinllubnh  huwnBuuh-
dnpnLup:

YGpwnwnuwiny hwpwqww hwdwpuwpwu® bw 2011 pdwywuhg nEywjwpnud £
Jwuptwpwuntpjwu, pnyubph W dwuptutph YGUuwwnBhuuninghwih wdphnup, wjunthGunl
duwyniinbinh Gpynt wdphnuutph Jhwgdwl wpryntupnid punpyned £ YeLuuwphdhwih,
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Jwuptwpwunipjwl W YEuuwwnGhuuninghwjh Jhwgjwy wdphnuh qwnhg, npuintn wphuwnnid
E UhUgle Ywiiph Ytingp:

Updtlu fngnilyjwup 2015p.-hg qpwnbgunwd £ Lwle 5N YELuwpwlnipjwl pw-
yncpinbinned gnpénn Yeluwpwunipjwlu g/h hUuunhwnnunh JwuptwpwUnipjwl, Ytuuw-
EuGngbwnhywih W YGEuuwwntGhuuninghwih ghinwywlu (wpnpwwnnphwih nGYwdwph wwy-
wnnup:

Unutl [Bngnlujwup funpnnp ghunbwywl En, ghunwyppwywl gnpéniubniejwl hdnwn
YwaUwybpwhs, qupdwuwh W wuGpbwywblh pwpép  wpnniuwyGunneent nlugnn
Jwulwgbw: bp wybh pwu 40-wdjw ghinwynpwywl gnpénilbniejwl pupwgend 700-hg
wyblh  hpwwnwpwyneejnluubph - henpuwy  Enp, npwug pynd® ghiwywlu  hnnguwsutn,
ghwnwdnnnyubph Unuetp, prtghultp, JGUwgpniginiuutp, hUswtu Lwl pnthwywu W
nwpngwywu nwuwgpetn nu dGnUwpyubp: Updwlwhhpwwnwyu wiu £, np ghuwywu
hnnqwéutph Utdwdwulnipiniup hpwwnwpwyywé £ wpunwuwhdwljwl pwnpén ghinwywl
Jwpywuhy nlubgnn wduwgpGpnud: Wu swihwuhpnd UpdBu @ngnilljwlp  hwjwuwnwugh
puwgtun-ghnbwywuubph  wnwgwwnwpu Ep yGpghu  twubwdjwynwd, husnd YupGih E
hwunqyt|* Swunpwuwny 33 GUU wunwdutnh nwpBywu hwyhpé hwpytunygnipnluutphu:

Lw uwnkndt| E ghnnywl Jbg nupnuyu wjwunnyrUtpny nwnpng: Wuduwgnpn uyh-
pnudny Yppbl £ pwquwehy Gphunwuwpnutph, Ywueph ynghp JwupEwpwlunipjwl, YyGu-
uwphuhwih, YeuuwwnGhuuninghwh, YEuuwdbhghywih puwgwywnlbpnd wnbnwywu W
dhpwqawjht  Lpwlwynipjwl  ghunwyppwywl pwqlwehy Uwhiwgétbp:  Mpndbunn
(dnsniljwuh  hunphpnwunynipjwdp W nGywdwpnipjudp dnin Gpbe  tnwuljwly  Jwu-
Lwqgbwnutbp ywwnwwlbp U nnunnpuywl b ptluwéniwywl wntUwhununie)nllutp: Lw
wunwuwygt] £ wnbnwywu W Jhswggwihu pwqlwehy ghunwywl puyGpnieiniuutnh,
hwunhuwgt| £ hGnhuwywynp Jhswgawihtu wduwagntph pudpwagpwywl ynGghwutnh
wlnwu:

Mpndtunp @Rgntujwlh ghnwyppwlywl gnpénLutnientll pun wpdwuynuu guw-
hwwndb £ pE Iwjwuwnwuncd, W 6 Upw uwhdwUubphg nnipu: Wjuwtu, 2003 pywywuhl
Uw wpdwlwgt) E puwghnnigjwl wuwwpbgnid 33 Uwhuwgwhh JUpgwuwyhu, 2006
pywywuhu punpdb) £33 QGUU pnrwyhg wunwd, 2019-hu wnpdwuwgtb) £ 33 ghunniejwl
Jwunwlwynp gnpésh Yngdwu: Mpndbunp @ngntljwll wpdwlwgl) £ bwl 3wjwuwnwlh
UG Uwhiwpwnnipjwl, Iwjwunnwuh &g pnchtph W wyp juquwybnwnientuutph dnun UGy
wnwuljwy nuyt denwiutph W hnpwdtnwiutph: Unwludlwwbtu tnwwynphs U wpndtunp
(éngniljwlh unwgwéd wnunwuwhdwljwl wywnqllbpp, npnue Unguwtu pwquwehy Bu W
Jywjnid  6U Jhswggwihu  ghunwywl  hwupnyenid  wypndbunp  @ngnilljwlh  pwnép
hGnhuwynipjwu  Jwuptu:  “Ypwug pyYnd  BU' Qpwdélh  Eubpghwih  Jhowqgwihu
wunghwghwjh «WYuwnnt dwnwjniyntllph hwdwn» dpgwuwyp (2014p.), Wdtphywih
Ytluwgpwywl  huunhnnunh - QGpwquugniEjwl ghuwywl  Jpgwuwyp  (2011R.),
UdEphywjh Jwuptwpwunigjwlu puytpnigwl «Ungbihn SEhuntph wudwu Jpgwlwypy»®
Jwuptwpwuwywl  ghwnipjwl,  Ypenigjwu W wbhulninghwubph  wnwepUupwghu
UwwuwnGnt hwdwp, UdEphywih JwupEwpwunigwl puyGpneejwl dpgwuwyp® ghunwywl
Ywnnbph nEYw-Jwpuwl hwdwp (2011e.): Updwlwgb] £ Lwl pwauwehy 2pwlpwlilbph’
Ubhtuwihy Lndnunundh (Mnuwuinwl, 2007p.), Mwunyn  lvwgh  (@Gpdwupw, 2004p.),
pwquwpehy JGnwutph' NnpGpn Unfuh (2011R.), Nwgwwnip Upngjwuh (2010,
NnLuwuwnwuh hwyBph Uhniejwu hnpGywlwywu (20 10w.), Uwnw) Fwnpudjwuh (20097s.),
JYjwnhdhp Legnjuynt (2008.), NnLnnpd Uhppungh (2003.), wywntuhynu Uhuwljwlh
(2007p.) L. wyl:

Quithwquug dwywintt £ W pwgquwpnjwunwy wypndtunnp UpdBu @ngnujwup gh-
nwyppwywl gnpéniubnientup: Lw Yupnnugwy ghnwywu |npg  hwennnipnlUUGph
hwult]' nwnUwind hp ninpnp - Jhpwggquiht - jwju dwbwgnid  nitlbgnn - ghinbwyw:
MNwuwhwywu gk, np Upw Junwdwd Jwhp npwnpniejwl wpdwlwgwy Uwle wpuw-
uwhdwunud. Up6U Jwulwynpwwbtu dwhwhunuwywlltbpp “FEMS Micribiology Letters”
wduwagpned, huswbu bwl “Hydrogen Energy” wduwapntd, npuintn pwpan qguwhwunwywlu
E wnipynud Upw ghinnwyppwywlu gnpéncubniejwln, “...he was a big man for science making
it public...”, wuynwd E Gpypnpn Jwhwpuinuwywunwd, wjunthGnle Ggpuihwytbind, np
«UpJBU f@ngnlujwtp punuhauin Yuuw Jtn hhonnnepncuutGpnud npwtu EuGpghwny (h,
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yGuuwfuhun, fuunwwwhwle ghnwywu dninbgnidutn nlubgnn Jwpn, nud wlpunby L
wlWwhwhiunhp swuptpu ninnwdé Ehu nGwh ghwnngjwl  qupqugnid...»: 3hpwyh,
62anhin quwhwwnwywl: UdGwgued Uwl, np hhdp punnuGind 33 Jupswwbunh
dhgunpnniejniup, 33 Uwhiwqwhh hpwdwuwagpny ghnniejwu W Ypenipjwl  puwguw-
JwnuGpnud  UGpnpwé wdwunh W Gpwpwdjw wudunipwg  wphuwwnwlph  hwdwnp
wnndtunp Updtu @ngniljwlp hGndwhne wwpqliwwnnybg hwiptuhght Jwnnigwd dw-
nwjntpntluGph hwdwn 1-hU wunhdwuh JGnwiny:

UpJutGu f@ngniljwup Gpgwuhy Ep bwle punwuhenud® gGpwquug wdnwuht W gGpw-
quwlg hwjp: Lpw npnhu' YwpBu rgntbjwup, ghnnweNLluGph Gphnwuwnn nnyunnp £ L
hp hnp wpdwuh hGwnlnpnp: LepYwynd Lw  thnfuwphunwd £ WUpdGBU  @ngniujwupu®
nGYwdwnbind wdphnup L ghunwywl (wpnpwwnnphwt: 3Inwuny GU, np Lw wdphnuph L
ghunwywl jwpnpwwnnphwih fununnuduwihg Jwulwgbwnutph hGun Jhwuhu Yowpnilwyh
hnp wdwunnypUtpp® gnigwptntiny wphuwwnwuhpnie)nil, Uwywwnwlwujwgnipniu, funp
ghwnbiheutn, Wwwnwupuwlbwwnynipjwl U6d qqugnid’ wju wdtup, hugu wnwybl punpny En
UpJEU 3wdpwpénidh @ngntljwlnl:

&EM3 LELuwpwlnipywl $wlyniyinbinp nELwl’®

33 QUU pnprwlhg wunwd E.U.Qlnpgjwl
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