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Rwlpwwbwnniejwl gninwnuntunipjwl hwdwp nuwyp hwdwpdnd £ pniuwul uyhunw-
Unigh pwpén wwpnibwyniejwdp  wndtpwdnp hwwnhywplnbntu  Jywywpnyu: Uwywiu ybpghu
wnwphubphu hwupwwtwneentuncd wju wyynd b uwhdwlwihwy wnwpwénienllubph ypw, nph
wuwwdwnep wu Wwywpnguh pwpadp pGppwnne, nwppbp plwyihdwjwywl wwydwuutphu hwp-
Jwpywé unpinbph pwgwywyniniul k:

Utn Ynnuhg Upwpwinjwl nwpunh ywdwultpned ntuncduwuphpdt) £ nuwh hwdwphuwphwihu
hwywpwénihg puinpywé Juwnwhwu, pwpén pEppwinnt, Ywugniu Wdpkpn unpup, npp thnpadwnyyty £
hwlpwwGwnnipjuwl bwhiwGnuwiht W jGruwjht gnine wwydwuutpnud: Wu unpunh EYyninghwyw
thnpdwpynedp, gnuyg £ wndb, np wiu hp YEluwpwlwywlu b nunbuwywl gnigwuhubpnd gbipw-
quugntd E wnGnwywu dwihuh -6 unpunpu:

Nuw — unpun — Ywnwhwu — pwnén pbppwwnne — gnunuitnuunbuwlwl gninh

Bnarogapsi BRICOKOMY COZEpKAHUIO PACTUTEIBHOro Oelika, YeUeBHIA SIBISCTCA LEHHOM
3epHO0000BOIT KYIBTYpOIi ISl CEIBCKOTO XO03SUCTBa pecnyOiauku Apmenus. OIHAKO B MOCIE-
HUE TOJIbI B PECITyOJIMKe YeUEBHIA BO3/ICIIBIBACTCS Ha OIPAaHUYCHHBIX ILIOMIA X, IPUINHONW KOTO-
pOro SBJISETCS] OTCYTCTBUE BBICOKONPOIYKTHBHBIX, HSKOJOTHYECKH YCTOMUMBBIX M XOPOIIO aJiar-
THUPOBAHHBIX K MECTHBIM YCJIOBUSIM COPTOB TOH KYJIBTYPHI.

B ycnoBusix Apaparckoil paBHUHBI H3 MHPOBOH KOJUIEKIIMHM YEUEBUIBI M3y4YeH U OTOOpaH
PaHHECTIEIBIA, BEICOKOIIPOAYKTUBHBIHN, YCTONYUBHII K MOJIETaHUIO cOPT AMOEpA, KOTOPBIA HCITBI-
THIBAJICA TAKXK€ B MPEATOPHOW W TOPHOW 30HAX PECIyOIHKH. JKOJOTHYECKOE UCIIBITAHHE TOTO
COpTa IoKa3ao, YTO M0 OMOJOTHYECKUM H XO3SIHCTBEHHBIM IOKa3aTelsIM copT AmOepa mpeBoc-
XOJMUT MECTHBIN copT TanuHu-6.

Yeueguya — copm — pannecnensiil — 8bICOKONPOOYKMUBHDLIL — CEbCKOXO3SAUCMBEHHAS 30HA

Due to the high content of vegetable protein, lentils are a valuable leguminous crop for
agriculture in the Republic of Armenia. However, in recent years, lentils have been cultivated in
limited areas in the republic, the reason for which is the lack of varieties of this crop that are
highly productive, environmentally sustainable, and well adapted to local conditions.

In the conditions of the Ararat plain from the world lentil collection, an early-ripened,
highly productive, lodging resistant variety Amberd was studied and selected, which was also
tested in the foothill and mountain zones of the republic. An environmental test of this variety
showed that, in terms of biological economic indicators, the Amberd variety is superior to the local
Talini-6 variety.

Lentils — grade — early ripe — highly productive — agricultural zone
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Rwupwwbwnipjwl  gjninununbunijuwl  hwdwnp  hwnhywpunbnBUubpp, win
pYnd nuwp, hwdwpynd GU  hGnwlywpwhu b wpdbpwynn dpwywpentubp, uwywju
npwlg gwupwwnwpwénientlutpp fuhun uwhdwUwhwy BU pwpép pGppwnnt, wnwnptp
plwyhdwjwywl wwpdwulbphu hwpdwpywd unpinbph pwgwywjnipjwl wwwndwnny;
Swpdh wnubind wyju wywpnyubph Yeluwpwuwywl, wgpninbhuuhywywu, Yepwihu W
wwnpGuwjhu  gbpwqwug hwwnynipniuutnp, huswbu Uwl Upwlug pwgwnrhy nbpp
pnuwywl  uwhwwynigh  wyGugdwu  gnpénud,  wnwgUwhGpe £ nwnunwd
hwwhywpuntntu Wwywpnyubph Unp unpntph unwgnudp W UGpnpnudp hwlpw-
wGwnnipjwl tnwpptp gjnLnwnuntGuwywu gninputpned [1,2]:

Nuwp, npwtu hwnhywpunbntu Wwywpnyu wnwbduwunwd £ hp pwnan uwyhunw-
Unigh wwpnilwynpjwdp:Uwhunwynigh ywpniuwyniejntup nuwh hwnhynod Yuguned £
30 %, JhugnGn upubnh dnun wju 28 % E, ninnh Jnuin* 25 %:  Uwhwwynigh ww-
pntlwynepjwdp nuwp hwnhywpuntnbu ypwywpniubphg ghenid £ Jhwju unjwjhu, nph
hwwnhyntd wwpniuwyyned £ 40 % uwyhwnwyneg [3]:

Uyuhwjin E, np gjnunununtuwywu wywpnyubph pwgdwquuncpiniup, hwwn-
Ywuwtu hwnhywpuntntuutnny, fupwlu Yhwlunhuwlw uGthwywu wpunwnpnijwl hwyhu
puwynLejwlu wwhwugwnpyh pwywpwpdwup:

Nuwh Unp unpnbph unwgdwu nunnnLEjwdp Ywwnwnynn hGunwgnunwywl wphuw-
wnwupubpnd  Spypwgnpédnijwl ghnwlwu  YEuwnpnup  hwdwwnbn dpwaptp £ hpw-
Jwuwgunwd ICARDA JUhgwaggwihtu ghunwywu YyEuwnpnuph hGwun,nph  Lywwwyu E
neuncduwupnt] nuwh hwdwphuwphwiht hwywpewéniu, punpbp pwpép pGppwwnnc, hp-
Jwunntejntlltph Uywwndwdp Ywyntt Unp unpintn W unpuiwlidneputn, npnug ubpnpnudp
gnenununbuwywl wpunwnpnigjwl Jbe Juwwuwnh wju wpdGpwdnp  dowlwpnuh
gwlupwwnwpwénLentlutph punwpawydwlp:

Quwithwquwug Ywplnp  huunhp £ hwdwpynd IwbpwwtGuncpjwl inwppbp gjninw-
nunGuwywl gnnpubpnud nuwh Unp, pwpén pGppwwnne unpnbph UGpnpnwdp, npnup
wjntu GU wpuwehu  Jhowdwiph  wupwpGUwwun  wywydwluGppu bW whwnwuph  Gu
JbpGUwjwglwd pEppwhwywpeh hwdwn [5]:

Wju puunhputph (ncédwu hwdwp hwupwwbnnipjwl tpbe gjnunwnuntuwywl gn-
wnhutGpnd® Upwpwunjwl nupw, bwhiwiGrUwihu W (ErRuwihu  gninputGpnd  thnpdwnyybi
GU nuwh wwpptp, bywwwy nluGuwing hwupwwbunnejwl nwppbp puwyhdwjwywlu
wwjdwuutpnd wwnqbp nuwh wah nt qupgqugdwl, pGpph Junnigywdpwihu mmwpntnph W
pGppwwnyniejwl wnwudUwhwwnynip)nlultpp:

Unp W dbenn: NiuncdUwuhpnieintbutpp yuwnwnytbp U 2018-2019 pre: Upwnpwwnjwl nup-
wnh wwjdwllbpnud hGwnwgnunneentlilbpu hpwlwuwgybp Bu Gpypwgnpéniejwu ghnwlwl Y-
pnuh EgdhwéUh  thnpdwpwpwywl inunGunipniuncd: Nruncdbwuhpdtl £ nuwyh hwdwphuwnhwhu
hwywpwdnihg 30 unpunwdnubn, npnug Ube pungpyytp U gpunwnhdwgynil, ywnwhwu, Yuwugnllu
unpuintp: Wu wwydwuubpnud ncuncdbwuppwé 30 unpuwudnipubphg punpdbp £ UGy Ywugniu
Jwnwhuwu, pwpan pGppwwnnt unpn® Wpbpn wujwudwdp: Uju wpdbpwynp £ wju inGuwlyyntupg, np
Lwwwnwywhwpdwn £ Lwl JeeGuwjwywu pGppwhwdweh  hwdwp: Lpywé unpunp Eyninghwyw
thnpéwpydwu £ npytp hwupwwGunniejwl bwhuwtnUwiht W |Gruwjhu gninne wywjdwuuGpned:

LpJwsé gynunununbuwlwl gninhutpnud thnpdbpp npybp BU 10002 thnpéwdwngtpnud, tpbp
Unyunnnrpjwdp: Uwnighs £ hwunhuwgtbp wnGnwywu @Gwihup-6  unpwnp: Upwpwwnjwl nupunncd
guwupp Yuwuwnwpdb, £ wwphth wnwehtu nwubopwyned, huy UwhiwiGnUwihu W |GpUwjhu gnunnud®
wwphth yGpghu tnwulonjwyned:

Rwlpwwtwnniejwl GpGe gjnunwinuntuwywu gninhupnid uwnwnywé ncuncdUwuhpniejwl
wprnyntuputnp yyuwynud GU wju dwuhU, np tnwnptp plwy hdwjwywl ywydwluGpned nuwh Jhlcuncu
unpintpp wwywhnyned BU- YELuwpwuwywl W pGppwinynifejwl tnwpptn gnigwupputn:

Uwnnwgywd ptpgh wpnyntupUtpp Gupwpyyt) U dwptdwnpyuywl duydwl’ pun nhuwtp-
uhnu yGpineénipjwl Jbennh [4]:




WULRUPAUNSUL, L.Q.UUREBUNUSUL, 4.9.6URNSUL

Upmyniupubp U pUbwpynid: dnpéwpydwl wpryntuplbpp gnyg U wndbp, np
pninn puwyhdwjwywl ywjdwulbpnud wdtUwdts pwpannepniu (52, 42, 48 ud) nilbghg
E punpdwd Wdpbpn unpup: Anyubph - wjuwhuh pwpapnijwl nGwpend  unpunp wgeh £
puyL| Ywugniuniejwdp® yegbinwghwih pninp thngGpned (wn. 1):

Uryntuwy 1.
) 55 = E] . &
c = 3 S S . 3 2o = 5 S
Es | EE| €3 | 25| €2 | 24| 2 | & 2
QynLnw- c> | 52| 2< sS| 3¢ El a 5 =
Unpwnh 3a = S g 3 £ < 34 =2 a 3 =3
nunbuwywu as| & g 3 S ER= 5 2 EN
nunh wuyjwuntup 2 ENOY S3 23 'S_i = i 2% | 25§
4 Se| €| 23 | 53|25 |8°| = | & |3
& -5 | Za | EE| 2= |- - > 5
25 a
Upwpwinjul @uihth 6 | 49 3 97 103 | 470 | 456 [211,6 | 212 | -
AU Udptpn, | 52 4 121 | 154 | 580 | 37,6 |261.0 | 26,1 | 49
Twiiw- RWIpLh 6 | 39 3 70 103 | 470 | 456 [2043 | 204 | -
Lmethh Udpbpn | 42 35 105 | 167 | 550 | 426 |2475 | 247 | 43
LenUwjhU @upth 6 | 45 35 86 107 | 530 | 490 [2380 | 238 | -
gnunh Udptpn, | 48 45 140 | 229 | 650 | 284 [292,3 | 292 | 54

Upwpwuwjwl nwpwn UES05=2.6g/hw
Lwhuwitruwihu gninh UES05=3.9 g/hw
LGnUwjhu gnuinh UESO5=1.3g/hw

Cunpywd unpinp wnwldluwgt] £ Uwle 1 pnyuh gnnniulGph Jhghtu pUny: Cuwn
plwyhdwjwywl wwydwuutph wju gntgwuhpp WdpGpn unpnh Unin tnwwnwuyt £ 3,5-4,5
hwuw, huy unnighs unpinh Unin 3-3,5 hwwnh uwhdwulGpnud: Wuwhuny, nuwh punpywé
unpunp wndGpwynn E, pwuh np nGnwywu unpnh hwdbdwwnniejwdp wnwudluwunwd £
(wywagnuu  YGUuwpwlwywl gnigwupubpny, hugp Ywplnpynwd £ hwunhlywpuntnBu
dwlwpniutph punpniejwl dwudwlwly:

Upwpwunjwl nwpwnh wwjdwuutpnd Wdptpn unpnp wywhnyty £ pGpph Ywnnig-
Jwépwihu wnwpnpbph (wywgnylu wpnjniup, hugp wpnwhwjndbp £ bwle (GrUwhu W
UwhuwGrUwhu gnhinpuGpnid:

Un.1-h nJuwutpp hwunwwnnd Gu, np Udptpn unpunp hp wpynctuwyGunnjwudp
gbpwquwugb] E uwnghy hwunhuwgnn wnbnuywu Gwihuh -6 unpnpu ng  Jhwju
Upwpwunjwl nwawnh, wjle bwhuwiGnuwihtu W |Gnuwihu gnunne wwjdwuutGpnud Jawybihu:
RPEpph Ywnnigywdpwihu wnwnpbph wpnyniugubph  ybpnwéneeyniupg wwingyby £, np 1
pnyuh  nluntph W hwwhyubph ehdp, huswtbu bwle hwwnhyubph Yphrp punpdwé unpunp
Jnin pwnép £ unnghsh hwdGdwunnigjwdp: Cunn gninhutph WdpGpn unpinh 1 pnugup
nlunbph pwuwyp tnwwnwuynd £ 105-140 hwwn, niunnud hwuinphyubph phypt 154-229
hwuw, nctunnud hwinhyubph Yohnp 5,50-6,50q: Uwinnighs tnwppbpwynid wyn gnigwuhubpp
tnwwnwuyt] Gu hwdwwwwnwupuiwuwpwn® 70-97 hww, 103-107 hwwn W 4,70-5,30 q:

Udptipn unpwnh ptipph unnigdwépwihu wiwnptiph (wywgnul gnigwhubppn hpkug
wgnbgniejntlu - BU pnntp  pGpeh dLwynpdwl Jpw W wpnyniupnud  pGppwnynepsjwu
gnigwuhpp pninn plwyhdwjwywt wwpdwuuGpnd  gbpwqugbp £ wnGnwywl (dwhuh-6
unpwinh pbppwwnynijwup: Un. 1-h tnuiutpp gnyg Gu tnwhu, np puinpqué
unpwnh Uhghu pEnppp hGhywnwphg puwn gninhubph twwnwuyned £ 24,7-29,2 g, huy uinnighgnud
20,4-23,8 g: UWdGUwpwnép pbpe (29,2 g) wwwhnyt) £ Wdpbpn unpunp (GrUwihtu wwy-
dJuwuutnnd:

Upwpwunjwl nuunwdwiph wywydwuuGpnd nuwh  hwdwuwphwihu  hwywpw-
6nthg puinpwé pwpénp pbppwunne, Juwnwhwu, Ywugnit Udpkpn unpunph Eyninghwywu
thnpdwpynuwdp gnyg E wdG, np gnunununBuwywl  pninp - gninhuGpnud . wiu hp
yGLuwpwlwywu b nunGuwywl hwnywuhutpny gGpwgquugt) £ nGnwywu (Gw-
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thuh 6 unpwnhl: UWdpGpn unpunp wnbnwywu unpunh hwdGdwn  Upwpwwnjwl  nwpwnh
wwjdwuutpnd wwwhnyty £ 4,9 g/hw, Uwpuwtnuwihu gninnud® 4,3 g/hw, huy |[Enuwjhu
gnunt ywydwuutGpnud® 5,4 g/hw pbpph hwyGinud:

IGunwgnunnepynil ppwlwliwgyly £ 33 Qhwnpywl Yndpinbh  Shlwluwluwl
wpwlgnipywdp® 18T-4B3 12 dwélwanny qghunwlwl p&duwgh ppngwliwlubnpnid:

aruvyuunre3nru

1. Qwqupwl N.3. 3wnhywpuntnbu Wwywpniubph ubpdUuwpniénueintup W wynipjwl nkhu-
Uninghwl 33 Ujntupph Jwinpgh  gjnenuinunbuwywl  wpnwnpnepjwl — hhduwhiunhputpp:
Shwwnu. Ynud. Ynietn, Gplwu-Uhuhwl, 12-18 kg, 2008:

2. Uwpnifuwlywl U, 3wnhywpunbntU yywlwpngutbp: Ywlwg wpwhtGun by, Gplewl, 80 kg, 2010:

3. Tancmsan M.A. Dxonormdeckass (GyHKIUS O0OOBBIX B MPUPOJHBIX IKOCHCTEMAX U arporieHo-
3ax CeBaHckoro Oacceitna PecrmyOmuku Apmenus. “HeTpagunnoHHOE pacTEHHEBOJACTBO.
Cenekuus. OxpaHa TpUPOIBL. DHHOJOTUSA. DKOJIOTHA U 340poBbe”: Mar.- ae1 XVII  mexo.
cum., 13-21 cenrsops 2008r., r. Anymra. Cumdepornons, ¢.129-132, 2008.

4. Jocnexoeé Bb.A. Meroauka moiesoro omsita. M., “Komoc”, 336 ¢., 1973.

5. Enpemsan [oc.B., Kazapan P.I. Pe3ynbpTaTsl n3y4eHUs: COPTOOOPA3OB MHUPOBOH KOJUICKIHH
Ye4yeBUIBI B YCIOBHSIX Apaparckoil paBHUHBEL V3BectHs ApM. cenbxo3akaieMuu. 3-4,
ctp. 30-33, 2003.
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Lwjwunwbh Ghunieyntbbtph Ugquiht Uywnbdhw Cwjwunwih Yehuwpwlwywb {whnbu
HauuoHaAbHas Akaaemus Hayk ApmeHuu BuoAaoruueckul XypHaAa ApMeHuu
National Academy of Sciences of Armenia Biological Journal of Armenia

cOnpéwpwpwlwl b nbuwlwl hnnwélbpedxcnepumenmanvhvie u meopemuyecKue Cmampu®
*Experimental and theoretical articless

Swjwuwnwlh YEuuwp. hwunbu, 3 (72), 2020

yununrsh rUULUCh duUUuLUYUYRS QULUGhUN3C
/IGhrUUh UUM2, 3U3UUSUL/

L.3. AELN3UL’, U.$. arhQNM3UL’, U.U. UNULLL3UL? U.lv. AhMN3UL®

«Chnwl/h U. Lwypwlnjwup wbdwl wbwnwlwl hwdwpuwpwly hhduwnpwd
2 Uquh hotuwuh wuwpwnpubinp Jepwlwlqudwt b d4uwpniénipywl quipqugdwl hhduwnpwd
) Upnyjwuh wly. huyywhuwl wEnwywl Jwulwywnpdwlwl hwdwpuwpwl
liana.benoyan.1998@gmail.com

Lywpwanpwéd £ Ywnuniinh gpwdpwnned UGpYwinidu hwunhwnn wpéwperwhw) Yw-
pwuh Carassius gibelio (Bloch, 1782), wpl.GywU wnwnGhuhyh Alburnoides eichwaldii, UnLph
GUupwpEpwUh Chondrostoma cyri, wunipjwl Uppwalwl Pseudorasbora parva, uwhwwy
wuntnh Ctenopharyngodon idella dLwpwlwswihwlwl wnwldUwhwwinynip)nilutpp:Npnayt) £
win dYuwwnbuwyutphg npnpuGph  thnynpnh  Ligula intestinalis  wGpngbGpynhnutbpny
Juwpwyjwéniejwl  EpunbUuhynipintlu nu huntUuhynipynitp: AcuncdUwuhpnip)nibutph
hhdwlu ypw wnwewnyyned £ pwpdpwglt] Ywnuniinp gpwdpwph dyuwpnniwybnnceniup’
wjunbn ubpdnustindg W pnudtind wnunbuwwbu wnwyb] wpdbpwdnp dYUwnbuwyutn,
npwuny huy Uwwunbind gnnuwywl hwdwjupbbph  unghwp-nUnGuwywlu  Yuyniu
qupgwgdwup:

YwnUntinh gpnwdpwp — 3wjwuwnwl — d4Uwppuwnh — thnynpn Ligula intestinalis

Omnucansl MopdomeTpuyeckre ocobeHHOCTH cepebpsiHoro kapacst Carassius gibelio
(Bloch, 1782), Bocrounoii 6eictpsiku Alburnoides eichwaldii, kypurckoro nomgycra Chondrosto-
ma cyri, amypckoro debauka, Gemoro amypa Ctenopharyngodon idella u ompenenenst sxcrTen-
CHBHOCTh M MHTEHCHBHOCTH 3apakeHusi 0ObIKHOBeHHBIM pementiom Ligula intestinalis L., 1758
HEKOTOPBIX BHAOB 3THX pbI0. Ha OCHOBaHMHM WCCIENOBaHMI MPEIIAraeTcs MOBBICHTH PHIOOIPO-
JIYKTHBHOCTh KapHYTCKOrO BOJOXpaHWIIHINA ITyT€M BCEJICHHS XO3AMCTBEHHO 0oJee IEHHBIX
BHIOB PBIO, TEM CaMbIM CIIOCOOCTBYs CTaGHJIBHOMY COIMABHO-3KOHOMHUYECKOMY Pa3BHTHIO
CEJbCKUX OOIINH JAHHOTO PErHOHA.

Kapnymckoe 6o0oxpanunuwe — Apmenus — uxmuopayna — pemeney Ligula intestinalis

The article touches upon the morphological characteristics of Crucian carp Carassius
gibelio (Bloch, 1782), Kura chub Alburnoides eichwaldii, Kura nase Chondrostoma cyri, Stone
moroko Pseudorasbora parva, Grass carp Ctenopharyngodon idella currently found in the Karnut
Reservoir, as well as the extensity and intensity of infection of individual fish species such as
Ligula intestinalis with plerocercoid.

Based on the conducted studies, it is recommended to increas the fish productivity of the
Karnut Reservoir by importing and breeding the most economically valuable fish species, thus
contributing to the socio-economic sustainable development of rural communities.

Karnut Reservoir — Armenia — Ichthyofauna — Ligula intestinalis
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uununksh 2rUURUNh gUUULUUULRS QUULUSIUNIC /ChPULUh UUMD, IUSUUSUL/

Swjwuwnwund Ywnnigdty W uGpywynud pwhwgnpéynud £ pnpg 85 gpwidpwin,
npnug  JGd Jwuh  dYUwphuwphh  wGuwywiht  Ywaquh W wnwUbdhu  wnBuwyukph
Ytluwpwlwywl  wnwldlwhwwnyniejntuutph Jwuht - pwgwlwinud  EU hwywuwnh
ghnwywl Uywpwgpneeniuubpp: Uhtg wyidd wu Jhwju wnwUudhl inbntYynieintbutn
Uwwlunwpwuh, UWugbnwynph, Sninpuh, Swdph, Uqwunh, UWhunipjwup,  Swyniph,
Uwwpwuh, 2nnwuh gnwdpwnubpp puwytgunn dyuwwntuwyutph Jwupu [6, 8]: Glukiny
spwdpwputph d4uGph wbuwywihu Ywquh gnuypwgpdwl U Swjwunwlh Iwlpwwb-
wnnipjwl  d4uwihu  wwwputph  npnpuwl nwgquwywpwywl - wuhpwdtwnnipiniuhg,
wpnhwywl E ncuncdwuhptp bwle Ywnununh onwdwpwph dYuwhuwphp® npwBu uhpn-
nwywu dyunpuniejwl W dYuwpnidnipjwl hEnwulywnwihu qunpgwgdwl opjGywn:

YwnUuniinh gpwdpwpp guuynd £ Uhunpjuuh Gupwppwlh YwnUniin gjninh
nwpwéepnd® dwdwluwywynn hnup nlutgnn hwdwuniu gbnwhncuncd: 2puidpwpp uuyned
E bwnUnLwn, QuignLn qEwntphg, huswtu Lwle Chpwyh gpwiugeny Lanwmnguu_nn Uhuntpjwl
qgtwnh 9nbphg, npnug punhwunip wpBywu hnupp Ywaunwd £ 27,26 Jju J° [2]: Lpuidpwph
wwwywpp hnnwjhu k£, nluh 35 J pwpépnieinit W 731 J Gpywpneeindu: 2ph punhwunin
Swywip 22,6 U &, oquwlwpp* 21,8 Jlu u* Qnuwdpwnh pwup qpwnbguncd £ 220 hw
nwpwénLeintl: Ywnuniinh opwdpwpp 2whwgnpédwu £ hwuduyb) 1974p. [3]:

Unyu wphuwwnwuph Uywwnwyu £ YwnUnunh gpwdpwph dyuwbuwphh uknpywihu
nbuwywiht  Ywaguh  pwgwhwjnnudp’  wnwludhl  dyuwnGuwyutph  dLwpwlwywl
wnwuduwhwwynipynillbph W Jwywpnyéubpn  Juwpwyywsédnipjwl  Ujwpwgnpdwl
Uhgngnu:

Unip W dGpnn: Unyu wphuwwnwleph JuwnwndwU hwdwp hhdp £ hwunhuwgtp 2019@. ognu-
wnnu-Unjtuptp wuhuuGphu Ywnuniinh epwdpwnhg hwywedwéd dyUwpwlwywl Uiniep: QUUEPH npup
Ywwwnyty £ aYunpuwywu Ywppebpnd: Cunhwunip wndwdp  nwuncduwuhpdbp £ dyubph 50
wnwldljwy, npnup Wwwnywub] Eu hGwnlyw) tnbkuwyubppu. wpbwpwhw), Ywpwu (n=27), wnlbywl
wnwnbhuhy (n=13), Unph Gupwptpwlu (n=8), wunLpjwl Uppwénty (n=1), uwhwwy wdnp (N=1):
QUUuwpwlwywu Unceh dlwpwlwywl ncuntduwuhpdwl hwdwp ognwgnnéyt BU dYuwpwuniejwl
dbp wjunptU punniujwd Jbpnnubpp [8, 11, 12] QUwpwlwlwl sgwihnidubpp Ywwnwpdb, Bu
swithwywpyhuny' 0.1 JU unnipywdp: Ubigeh W htiwlgeh (nnwyutph gncnuidnnpdwé ybpghl Gpyn
dwnwaquw)rUENp, npnug nnLpu BU qwhu Uhuniju hhdghg, hwpydt) U npwbu JGY dwnwaquw)pe:

NruncdUwuphpywé wnwldljwlubph nbuwlwihu wwwnywubineentup npnpyt) £ pun 3wjwu-
wnwuh ayueph wbuwyubph npn2sh [9], huy wudwundubpp hwdwwwwnwupuwubgytp Bu dyukph
Gpw2huwynnywé hwytpbu wujwunwdubphu [4]:

Whuwwnwupnid oguinwgnpédyb) GU htunlyw) hwwwynidubpp. Q — dwpuuph quugywén (g), | —
dwpuuh unwUnwnpn Gpywpniiniup - (nbgh Swiphg Uhgle pithnlywp 6wéyh Ytingp) (UU), 11y -
Unnwagdh pbtihnilutph pwlwyp, 1l — Ynnwashg Jtipl ptihnilubph  wnetph pwlwyp, 13 -
Unnwadhg Utinple pEthnLYutRh 2wpebiph pwlwyn, 1l — wngh gnntuh Unw ginynn RthnLyutinh
pwlwyp, D — JUbgph [nnwyh Gnnwynpwé dwnwagwjpUtph pwlwyp, A — hGunwlugeh (nnwyh
gninwynpwé  dwnwaqwjplUbnh pwlwyp, P - Ypdph nnuyh dninudnpdwd  dwnwgwjeUbph
pwlwyp, V — thnph [nnwyh gincnuidnpywd dwnwagwjpUtph pwlwyp, sp.br. — funhywht wnkslbph
rhyl wnwehUu funhywjhtu wnbnh dpw wpwwehlbhg, Verta — hpwuwjhu nnGph pwlwyp, Vertc —
wnswiht nnGph pwlwyp, Vert — nnGph punhwuncp pwlwyp, aO — nUgsh Gpywpneentup, O — wgeh
nnwdwaghdp, Oop - gifuh hbwnwgewiht wwpwédpp, lc - gifuh Bpywpneegnip, he - gifup
pwpapniinilp, 0 — JhpwgpwihU  wwpwénipntp, aD - wlwnbnnpuw]  Awpuwynbwywhu/
mnwnwénLeintup, aP — nush dwyphg Uhusl Yndph (nnuyh hhuph hGnwynpnipiniup, aV — nush dwiphg
Jhlgle thnph [nnwiyh hhuph htnwynpniginilp, aA - ngh dwiphg Jhlge htitnwlgeh |nnwiyh hhdgeh
hGnwynpnipjniup, pD — hGndbgpwihtu /wynuinnnpuwy/ hGnwydnpnieiniup, H — Jwpduh wdtUwdts
pwpanpnteintlp, h — Jwpduh wdBbwihnpp pwpépnieiniup, Ipc — wnsh gnnniuh Gpywipnieiniup, 1D -
dtbgph [nnwyh hhdph GpYwpniejniup, hD — dbeph (nnwiyh wdBlwluts pwpépnieiniup, 1A -
hGwnwlgph |nnwyh hhdph Gpywnnieniup, hA — hGilnwugeh (nnwyh wdbuwdes pwnépnieniup, IP -
Undph (nnwyh Bpuwpnipgnilp, IV — thnph innwyh Bplwipniegnilp, PV - Yndph W thnph (nnuutiph
hhuptph Jhple puywé hGnwynpnienilp, VA — thnph W hGiwlugeh |nnwyubph Jhele  puyuwé
hGnwynpnepyniup, Cs — wngsh |nnwyh y6phtu pieh wdGuw Gpywp dwnwaqw)eh Gpywpnie)niup, Cm —
wngh (nnwiyh wdlwywnt  dwnwawjeh  Gpwpnieiniup, Ci - wngh |nwyh unnphl pieh
wuGUwEpywp dwnwagwjeh GpywpnejnLup, li — wnhutph Gpywpniejniup:
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Uunwgywd ndjwiubpp dpuyyt) Bu punnitbjwé yhtwywgnpwywu Jtennutpnyd [5,7,10], huy
Jhtwywagpwywu huwpdwpyubpp Ywwwpdtb U MS Excel 2016 hwdwywnpgswihu Spwgpny: 3nt-
nwpwlgnLp nGuwyh hwdwn hpwywuwgytb) £ uywpwgpwywl yhdwywapnieiniu, nph wprynitugned
hwpywnyyty £ pywpwlwywl Jhghup, dhghtu UGdnLpjwl upuwip, utnwunwpun 26nnwup, nhuwtpuhwl,
Ljwaquagntu L wnwybjwagniu wndtrutnp:

Upnyniuputn W pUliwpynid: Ubtp  nwunwdbwuhpnepiniuGpnh - wpryniugned
Ywnuntinh gpwdpwpnd  hwynuwpbpytp Bu - dwéwlwihuutph puwnwuhghu (Cyprinidae
Fleming, 1822) wwuwywunn 5 d4uwwnbuwy’ wpdwewihw)) Ywnwu Carassius gibelio (Bloch,
1782), wnllbywu wnwnbhuhy Alburnoides eichwaldii (De Filippi, 1863), UnLph GUpwpGpwU
Chondrostoma cyri Kessler, 1877, wdJnLpjwUu Uppwénty Pseudorasbora parva (Temminck &
Schlegel, 1846), uwhwwy wdnp  Ctenopharyngodon idella (Valenciennes in Cuvier &
Valenciennes, 1844): UpwnwphUu wbuph W gnilwynpdwl wnwUdUwhwunynipjniultpny
ncuntdUwuppjwé  dYuwnbuwyubpl  Ewywunptl  s6U  nwppbpynid Iwjwunwup  wy
opwywiutphg  Uywpwagpwé hwdwudwl  dyuwwnGuwyutphg  [14], huy  Upwlg
AlLwpwlwswihwywl wrwlduwhwwnyniejntuutpp pEpdwéd BU wn. 1-nwd:

Unyniuwy 1. YwnUniinh gpwdpwnh dlUwntuwyubph dlwpwlwywl wnwuduwhwwnyneenlultpp

Zwnljmithy Upswpwthw)] Ywpwu UplEywl tnwntiuhy

M m min max n M m min max n
Q 106.92 7.68 49 183 26 7.92 0.91 4 13 12
| 141.09 3.06 115.1 173.0 27 71.32 2.23 62.5 83.8 12
1l 29.30 0.11 28 30 27 50.17 1.05 46 57 12
I, 5.67 0.11 5 7 27 9 - - - 12
13 6.30 0.12 5 7 27 5 - - - 12
1, 7.37 0.17 5 9 27 8.67 0.15 8 9 12
D 17.67 0.14 16 19 27 8 - - - 12
A 5.04 0.04 5 6 27 11.82 0.19 10 12 11
P 15.93 0.25 13 17 27 14.75 0.19 13 15 12
\ 7.85 0.07 7 8 27 7.33 0.24 7 9 12
Vert.a 19.93 0.08 18 20 27 20.33 0.24 20 22 12
Vert. ¢ 10.89 0.20 10 12 27 19.67 0.24 18 20 12
Vert. 30.81 0.20 30 32 27 40 - - - 12
Sp.br 43.78 0.59 40 49 27 35.58 0.39 34 38 12

% |

a0 7.73 0.13 6.76 9.21 27 6.77 0.15 6.12 7.73 12
[e] 7.03 0.11 6.29 8.60 27 8.09 0.25 6.95 9.35 12
Oop 13.85 0.30 9.89 16.10 27 11.40 0.23 9.67 12.32 12
Ic 27.56 0.40 22.02 30.34 27 25.31 0.39 23.39 27.52 12
hc 23.98 0.48 13.83 27.82 27 18.05 0.59 13.86 20.32 12
io 11.42 0.32 7.29 16.01 27 8.19 0.21 7.28 9.69 12
H 38.55 0.54 31.13 44.55 27 25.86 0.44 23.39 27.86 12
H 14.12 0.17 12.04 16.59 27 10.74 0.21 9.51 12.05 12
aD 50.04 0.40 44.58 54.21 27 53.16 0.90 44.64 56.86 12
pD - - - - - 34.46 0.67 30.67 38.09 12
Ipc 15.71 0.35 12.20 19.68 27 20.72 0.96 16.11 25.35 12
ID 35.57 0.31 32.57 39.27 27 13.97 0.32 12.05 15.84 12
hD 17.40 0.22 14.91 19.61 27 22.14 0.84 17.09 27.58 12
1A - - - - - 16.81 0.45 13.61 18.10 11
hA - - - - - 17.34 0.48 15.36 19.38 11
IP 18.86 0.26 16.08 21.77 27 21.91 0.34 20.24 23.83 12
% 20.79 0.27 16.51 23.00 27 17.57 0.55 14.67 21.64 12
PV 22.03 0.25 18.65 24.06 27 22.93 0.69 19.36 26.64 12
VA 30.14 0.42 24.59 34.30 27 20.31 1.05 14.27 25.54 12
aP 27.63 0.32 24.77 30.24 27 25.59 0.52 22.07 27.85 12
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av 47.10 0.44 | 43.02 52.55 27 46.11 141 | 33.66 53.75 12
aA 75.86 0.73 | 67.24 84.67 27 66.01 1.01 | 61.59 71.99 12
Cs 27.82 050 | 23.87 33.33 25 26.38 0.59 | 24.46 28.96 8
Ci 29.03 0.46 25.08 34.52 27 26.55 0.79 22.62 30.22 9
Cm 15.03 0.49 | 11.92 23.62 27 12.63 0.48 | 1027 15.61 11
Li 398.66 12.40 | 292.36 496.81 20 260.93 20.79 | 201.88 316.46 6
% Ic
a0 28.08 0.38 | 23.39 30.82 27 26.78 0.57 | 25.00 31.28 12
[¢] 25.60 0.45 22.33 30.49 27 32.00 0.99 28.08 38.27 12
Oop 50.14 0.52 | 43.69 55.26 27 45.04 055 | 41.33 48.28 12
hc 87.41 1.92 46.05 102.95 27 71.49 2.50 50.78 78.53 12
io 4141 0.96 28.68 54.97 27 32.42 0.97 28.489 38.89 12
Unntuwy 1. Quipnituwynceinil)
Swwnywuhy Unph BupwpGpwU UdnLpjwu Uwhwwy
UppwénLy wudninp
, (n=T1) (n=1)
M m min max n
Q 42.25 6.40 13 71 8 7.0 45.0
| 136.75 7.23 92.6 152.9 8 78.8 150.9
LY 55.88 0.68 53 57 8 40 44
I, 8.25 0.17 8 9 8 5 7
I3 5 - - - 8 4 4
I, 8.75 0.17 8 9 8 6 8
D 8 - - - 8 17 1118
A 9.75 0.44 8 12 8 117 117
P 13.13 0.47 11 15 8 111 117
vV 8.25 0.27 7 9 8 17 118
Vert.a 21.50 0.35 20 22 8 20 22
Vert. c 19.75 0.27 18 20 8 12 18
Vert. 41.25 0.39 40 42 8 32 40
Sp.br 42.38 0.60 40 45 8 39 41
% |
a0 5.46 0.19 5.05 6.59 8 6.72 5.43
o) 5.12 0.19 4.52 6.16 8 5.45 4.63
Oop 9.85 0.23 9.24 11.12 8 8.88 11.33
Ic 19.42 0.46 17.83 21.92 8 19.67 20.21
hc 14.34 0.51 12.71 16.95 8 13.32 13.20
io 7.38 0.20 6.69 8.03 8 8.62 7.88
H 21.98 0.99 19.21 27.21 8 18.27 20.67
h 8.50 0.26 7.58 9.50 8 9.26 8.94
aD 46.91 0.99 43.90 50.81 8 38.32 43.67
pD - - - - - 30.20 48.57
Ipc 19.14 0.40 17.77 20.99 8 16.87 18.55
ID 11.51 0.31 10.39 12.66 8 10.40 8.54
hD 17.00 0.52 15.51 19.98 8 16.75 14.38
1A 11.27 0.87 9.26 16.63 8 7.74 8.08
hA 13.57 0.42 11.72 15.55 8 12.81 11.72
IP 16.99 0.43 15.54 18.90 8 14.08 15.37
\Y 15.12 0.49 13.50 17.69 8 15.48 13.32
PV 29.09 1.12 23.54 32.24 8 16.49 23.12
VA 19.91 0.66 17.55 22.60 8 17.13 19.01
aP 21.27 0.54 19.21 23.27 8 22.46 20.47
aV 48.31 1.14 43.90 50.81 8 35.15 40.35
aA - - - - - 54.82 58.78
Cs 21.67 0.55 24.46 28.96 8 21.06 17.69
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Ci 22.85 0.62 22.62 30.22 9 20.55 18.75
Cm 10.72 0.22 10.27 15.61 11 12.43 10.38
li 210.39 11.13 | 201.88 | 316.46 6 139.59 165.67
% Ic
a0 28.09 0.55 26.28 30.05 8 34.19 26.88
0] 26.32 0.51 23.55 28.08 8 27.74 22.95
Oop 50.76 0.53 48.55 53.21 8 45.16 56.06
hc 73.75 1.05 69.28 77.34 8 67.74 65.90
io 38.18 1.53 30.54 43.32 8 43.87 39.01

Swny E Uk, np Ywnununh gpwdwpwnpnid Jbp Ynndhg hwjnbwpbpwéd dyuw-
wnGuwyubphg Jdhwju YUniph Bupwpbpwlu no wplGgwu wnwnGhupyu Gu hwunhuwunwd
nbnwplwly  wnGuwyutp: Updwpwithw) Ywpwup U wdnipjwl Uppwényp  hujwghy
wnbuwyubp Bu, npnup UGpYuynud  (wjunpbl Lwpwédwsd U Iwjwunwuh Iwupwwt-
wnnLjwl pninn Jwpgbph wdtbwwnwpptn gpwywiubpned [1, 8, 13, 14]: Uwyhwnwy wdnLpp,
nph  hwypGuhep hGnwynpwpllbywu gbwnbpu no |66pU GU, Iwjwuwnwuh  Bwywhu
inuwnbuntpniluGpnd jwjunpBu pnedynn dyUwwnbuwyubphg £ Wu wnbuwyp Iwjwuwnwuh
puwywu gpwywiubpnud sh pwadwuncd W wjuintn £ hwjnuynd ywnwhwywunptGu ud
LUwwwnwywihu ubpdnuddwl wpnyniupnid [8]: YwnUnwinh gpwdpwpnid uwyhwnwy wdniph
hwjnuyblp wdtUwju hwjwlwywunijwdp wnknh E nlubgbp uppnn dyunpuubph Yud
wUhww  dGnubpGgutph  Ynnuhg  win  dYUwwnGuwyh  Jwupwdyubph  Ubpdniddwl
hGunlwupny' i gpwdpwpnid uhpnnwywl dyunpunipjwl nGuwuyntuhg wpdbpwynp
aUuwwnGuwy nLluEUWNL Uwwwnwyny:

Stnhu E UG, np 3wjwutnwunid spwdpwpubph Uwhuwgddwu W Qwhwagnpédwl
pupwgentd undnpwpwn hwpdh sh wnbynd dYuwihu hwdwytgnieiniuubph dlLwdnpdwl
L npw hGunwgw huwpwdnp thnthnpuneenlluGpp epnwdpwph  epwjhu hwpybypnh
wwppGpwpwn  thnihnfunceyniulGph - wpnyndupned [8]: Uwulwynpwwtu, JGp  hGunw-
gnunipintlltph  pupwgenid  YwnUnunh  gpwdpwpnud - wwppGpwpwn nhunytp £ 9oph
pwlwyh Udwgnud, huspnp wwydwlwynpywé £ GnGp gpwdpwpnd  Ynunwlydwé oncpp
nnngdwl  Uwwwnwyny ogunwgnpdtint htwn: Qpudpwnh Jwywpnwyh Udwu Ywpndy
thnthnhunienilubnpu EwywunpBu wannud BU d4uwiht hwdwytgnienilutph plwywunu
alwynpdwu Ynpw, hush wpnyniupnd wyuintn gGpwpnnud BU Eyphphnuin L pwthnuwhu
AYLwnbuwyutpp' wpdwewthw) Ywnwup, wunipwl Uppwéniyp, wpllbywl wnwnthuhyn:
Ldwu hpwyhdwyp Uywwnyned £ Uwle Iwjwunwuh wy gpwdpwputpnud Lu [1, 8]:

Swwnywlpwywu E, np Iwjwunnwuh wnwUdht spwdpwputpnud puwyynn Swdw-
Lwaqgh dyUwuntuwyutph Unin pujwywl inwpwénd nlutu thnynpnh Ligula intestinalis L.,
1758 wGpngtpynhnutipp [8]: LUwl Gplnye LYwwnynd E Lwle Ywnuninh opwdpwpned
puwyynn W Jdtp Ynndhg ncuntduwuphpqwé wpdwpwihw), Ywnwuh, Yniph Gupwptpwuh W
wplwbywu  wwnbiuhyh  dnn: Wuwbu, wpéwpwihw) Ywpwuh thnynpnny  Jwnpwy-
Jwénipjwl Epuinbluuhynipnill wjuintn Ywagut) £ 33.3%, huy huntGuupynipiniup’ 5.11,
wnwwnwudGind  thnynpnh 2-hg Jhugle 11 wnwldlUjwy wpbwpwhw) Ywpwuh JGy
wnwUbdUjwyh dJnwn: YUniph  GupwptGpwUh  thnynpnn Jwpwyjwoéniejwl  Epuntl-
uhyntejntup Yuqut £ 37.5 %, huy huinbuuhynipyniup® 2.66, lnwwnwuytiny thnynpnh 1-hg
Jhusle 5 wnwudljwy YUniph Bupwptpwuh JEY wnwudUujwyh dnwn: dnynpnny wnwyb| utd
Jwpwyywénie)ntu Lywwnyt] £ wpllbywl wmwnGiuhyh Jdnn,  npntn Jupwyywéniejwl
EpuntlUuhynipiniup Ywagutp £ 50.0 %, huy huntUuhynieniup® 2.83, wnwwnwlybiny
thnynpnh  1-hg vhugle 6  wnwldlUjwy wpllbywl wnwnbhluhyh UGy wnwudbjwyh dnwn:
Qwjnuwptpwd thnynpnh wiGpngtpynhnutph GpUwinpnuentup twwnwudbp £ 2 ud-hg
UhUgle 36 ud: Ywhujwd thnynpnubph Bpywpnieiniuhg nt pwuwyhg®  nuuntdUwuhpywé
4yuGph UGpphUu opqwuubph Juwuywénipwl Jwywpnwyp wnwppbp £ BnGli: SppGuu
Utpphu opqwulipU wjupwUu yuwuywé Bu Gnbl, np wuhbwp Ep wyuwnhwnwpydwl vhen-
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gny npnpbtp dywl ubnp, wnhubph wwpnibwynieintup bW wyp YELuwpwlwlwu gnigw-
uhputp: ®nynpnny Jwpwyjwsdniejwl Udwl pwnan gnigwuhpubpp wwjdwuwynpywé Gu
ayutph gpwdpwputpnid puwyybine hwugwdwupny, npntn gph uwhdwUwthwy hnupp
pwpbUuwywun wwjdwuubp £ untnénid thnynpnh gnjunidwlt b wnwyb] nwpwéddwu
hwdJwp:

Wuwhuny, Ywnunwinh gpwdpwnnid uGpywynud hwunhwnud GU wplGywu tnwnt-
fuhyp, Yniph Bupwpbpwlp, wpbwewhw) Ywpwup, wdnipjwl Uppwaniyp, uwhunwy
wuntpp, npnughg Uhwju wnwghu Gpynt winGuwyu Bu punpn? Iwjwuinwuh nGnwplwy
AUUwphuwnhhu, huy duwgwsd bGpbep  wyp nmwpwéwppwllbphg ubpdnidywd dyutp Gu:
UhwdwdJdwuwy, nwnluwuppdwé  ayubph  wGuwyubph  Jd6é  dwup  pwnUwihu
AUUwwnbuwyutn BU W hGwnwpenepnipniu sEU UGpYwjwguncd hugwtu wpnynctbwgnpdwyw,
wjlwbu £ uhpnnuiywu dyunpuncEjwl wrenwdny: Wju inbuwuyntuhg Lywwnwywhwpdwp £
pwpapwgltp  YwnUnunh  onwdpwph  dYUwpnniuwybnnieintup  Jwuliwghnwywu
ncuncduwuppniinilubph W punphpnuwnygniejwl hhdwl ypw wjunbn Ubpunwdting W
pnLéGiny nunbuwwbu wnwyb] wpdGpwdnp dyUwwntGuwyutn, npnughg JGUp Ywpnn E
thuGp Swéwup Cyprinus carpio L., 1758, npwuny huy Uwwuwnbing gjninwyuwt
hwdwjuplbph  unghw-nunGuwywl  Yujniunipjwlu - wwwhnydwl,  Jwubwynpwwtu
uhpnnwywl dyunpuniejwl W EyngpnuwpgniEjwl qunpgwguwl dnwapbphu:
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ALTERATIONS OF RAT BRAIN CHROMATIN PHOSPHOLIPIDS
CONTENT UNDER THE SEPARATE AND JOINT ACTION OF
CISPLATIN AND ESTRADIOL
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The alterations in total amount of phospholipids and their individual fractions content in
chromatin preparations from female rat brain cells after the estradiol and cisplatin separate and
joint action were investigated. It was revealed that in case of separate action these drugs exhibit
opposite effects on total quantity of phospholipids as well as on absolute amount of individual
phospholipid fractions. Cisplatin and estradiol joint action restored the baseline value of chromatin
phospholipids total amount and had different impact on the content of its individual fractions.
These quantitative alterations of rat brain chromatin phospholipids may be helpful for reducing
cisplatin toxicity.

Cisplatin — estradiol — rat brain chromatin — phospholipids

IGwnwagnunyty £ Eqg wnubGwnubph qriunintnh ppndwnpluwihu $nudpnhwyhnutnh punhwuncp
wuwnniwynijwl W npwlg wnwudhu $pwyghwutph pwgwndwly pwlwlubph thnthnfuntejnilibpp
ghuyywwnhuh W Eunpwnhnh wnwuéht W hwdwwnbn wagnbgnieintuhg hGwnn: Mwpaqdt) £, np
wnwUdhu Yhpwntint nGwenid wju nenbpp npulenpnud BU hpBug punpn wgnbgnienLlbpp huswGu
ppndwnhbwhu $nudbnhwhnubph punhwuncp pwuwyh, wjuwbu £ npwlg wnwudhu $pwghwlbph
pwgwnawy wwpniuwynipjwl  Jpw:  Shuyjwwhuh W Eunpwnhnih hwdwwnbn  Yhpwnndp
JGpwywlqunid £ dnudnhwyhnubph punhwunip pwlwyh uwnnghy nwppbpwyh wnpdteubpp W
wnwnpbp  wgnbgnueyntu £ ponunud - $nudbnihyhnubph wnwldhl  $pwyghwubph  pwguwnwy
pwlwyutph  dJpw: UnUbwnh gliuntntnh  ppndwwnpluwihu $nudbnhwyhnubph pwlwywywu
thnthnfunipynillGpp wpnn BU Ywplnp UG ghuwjwwnhuh  wninpuphyniepjwl W wbgwuywih
ynnuuwjhtu wgnbgnieniuutph Ujwgbgdwl wnnidny:

Shuwjjwinhl — Eunnpwnhng — wnlbbwnp qifuninbinh ppndwnpl — $nudpnihwhnlibn

HccnenoBanoch comepxanne o0mux (ochOIUMUA0B U UX HWHAWBUAYAIBHBIX (paKIuil B
npernapaTax XpoMaTHHa KJIETOK TOJIOBHOTO MO3ra KpbIC CAaMOK TPH OTIENBHOM H COBMECTHOM
NPUMEHEHUH [MCIUIATHHA U ACcTpauoda. IToka3aHo, 4TO MPU OTACIBHOM IPUMEHEHHH 3TH JIeKap-
CTBa IPOSBIIIOT MPUCYIIHE UM BO3ICHCTBHS KaK Ha KOJMYECTBO TOTAJIBHBIX (POCOOIUINIOB XPO-
MaTHHa, TaK U Ha COJEpKaHUe OTAENBHBIX (ochomumuanbx ¢ppakiuil. COBMECTHOE IPUMEHEHNE
9CTpaZnoONa M IUCIUIATHHA BOCCTAHABIMBACT KOHTPOJBHBIH YPOBEHb TOTAJBHOI'O KOJIUYECTBA
(bocdomunuIoB XpoMaTHHa U MO Pa3HOMY BIHSET Ha COAEPKAHHE OTACIbHBIX (HOCOOIUMUAHBIX
Gbpakiyii. BoIsBIeHHbIE H3MEHEHHS KONHYECTBA XPOMAaTHHOBBIX (OCHOIIHITHIOB MO BCEH BEPOST-
HOCTH, MOTYT OBbITh CBSI3aHBI CO CHM)KCHHEM TOKCHYHOCTH LIMCIIATHHA M CMSIYCHHEM HeKeJa-
TENBHBIX TOOOYHBIX 3 (PEKTOB, BEI3BAHHBIX UM.

Lucnnamun — 3cmpaouon — Xxpomamun 20106H020 M0O32a Kpblc — ocgonunuodvl
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ALTERATIONS OF RAT BRAIN CHROMATIN PHOSPHOLIPIDS CONTENT UNDER THE SEPARATE AND JOINT ACTION OF...

Chromatin is a macromolecular complex composed of distinct molecules such as
DNA, proteins and certain amount of lipids [18]. These components are maintaining the
structure of chromatin and ensure its proper functioning. It is well known, that chromatin
state defines the functional genomic regulation, including activation or repression of
transcription, DNA replication, chromatin condensation etc. These processes are
regulated by covalent modifications of chromatin components, including DNA
methylation and various maodifications of histones, like methylation, acetylation,
phosphorylation and other modifications [18]. Generally, transcriptionally active or
euchromatic DNA regions are hypomethylated and are associated with hyper acetylated
histones, whereas inactive or heterochromatin contains hypermethylated DNA and
deacetylated and hypomethylated histones [18].

Nuclear phospholipids are involved in such processes as acetylation or
methylation [5, 7, 21]. Nuclear lipids modulate histone modifications by changing the
activity of enzymes catalyzing these modifications and thereby participate in gene
regulation [6, 16, 21]. Nuclear lipids don’t just modified or bind to histones, they can
also directly bind to DNA molecule. Lipids could directly affect DNA supercoiling,
which is important for transcription, replication, and recombination/repair. Tightly
bound to DNA lipids may represent a new information level or ‘lipid code” in genomic
DNA[6, 7, 16, 21]. The exact mechanism of how chromatin bound lipids, may influence
on state of chromatin is not yet known, but it is possible that lipid quantitative changes
may contribute to this [1, 8, 10, 20].

Nowadays it is well known that cisplatin (cis-diaminedichloroplatinum I1) is an
effective antitumor drug, which is widely used in chemotherapeutic practice. DNA is
considered as the primary target for cisplatin [2, 5, 17]. On the other hand it is well
known also that nuclear receptors of steroids are transcription factors and can interact
with chromatin [9, 13, 14]. Genomic effects of steroids involving migration of the
dimerised estrogen-receptor complexes to the cell nucleus, and direct interaction with
chromatin at specific DNA sequences known as estrogen response elements (ERES) [9,
13, 14]. Consequently chromatin and its certain components could be the potential sites
of these interactions. It cannot be excluded involvement of chromatin associated lipids in
molecular mechanisms of cisplatin and estradiol action. We postulate that it is possible
implementation of cisplatin and estradiol effects realization via quantity alterations of
chromatin phospholipids [10, 11].

In light of the foregoing it seems interesting to explore the cisplatin and estradiol
separate and joint in vivo action on phospholipids content of chromatin preparations
from rat brain cells.

In this paper the alterations of quantities of total phospholipids as well as changes
in their individual fractions content in chromatin preparations from rat brain cells after
cisplatin and estradiol separate and its joint in vivo action were investigated.

Materials and methods. The investigation was performed on adult female albino rats (120-
150 g weight). The animals were kept in 20-22°C and 12 hours dark/light conditions with free
access to water and food (animals were fed with commercial rat feed) in the animal house of
faculty of biology of Yerevan state university.

Experiences were carried out according to the “International Recommendations on
Carrying out of Biomedical Researches with use of Animals” (CIOMS, 1985), to the “Human
Rights and Biomedicine the Oviedo Convention” (CE, 1997), to the European Convention for the
Protection of Vertebral Animals Used for Experimental and Other Scientific Purposes (CE, 2005)
and approved by the National Center of Bioethics (Armenia).

The animals were divided into 4 groups. The group 1 was a control group of animals
without treatment. Animals of group 2 and group 4 received a single dose of cisplatin (8 mg/kg).
Cisplatin was injected peritoneal. Exposition time for cisplatin was 24 hours. The group 3 was
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treated with estradiol (200 mcg/kg, injected peritoneal). Exposition time for estradiol was 4 hours.
Animals from the group 4 were received the same single dose of estradiol within 20 hours after the
cisplatin injection (4 hours before decapitation). All animals were killed by decapitation through
appropriate time after the anesthesia with chloroform. Then, animals were sacrificed, and the brain
tissue was extracted from each group of animals and used for isolation of nuclei by the method of
Blobel and Potter [4].

The preparations of pure nuclei (all 4 variants) were used for the isolation of chromatin
[19]. Phospholipids of chromatin fraction from rat brain cells were extracted by Bligh and Dayer
[3]. The fractionation of phospholipids was performed by micro thin layer chromatography
(microTLC) using 6x9 sm? plates with silicagel L and chloroform — methanol — water in ratio
65:25:4 as a dividing mixture. After the chromatography the plates were dried up at room
temperature and were treated by 15.6 % CuSQO, in 8 % phosphoric acid. Then the elaborated plates
were heated at 180°C for 15 minutes. The quantitative estimation of separated and specific died
phospholipids was carried out by special computer software Fujifilm Science Lab 2001 Image
Gauge V42, which was designed for densitometry. Obtained results were treated by statistics and
expressed as M+m from 6 independent experiments. Statistical differences in the results between
groups were evaluated by the Student’s t-test.

Results and Discussion. Cisplatin in vivo action reliably decreases the total
amounts of phospholipids of chromatin preparations from rat brain cells by 24% [10]. At
the same time the steroid hormone estradiol increases the quantity of total phospholipids
in observed preparation up to 25%. However the joint action of cisplatin and estradiol
restored the baseline value of phospholipids total amount of chromatin preparations from
female rat brain. (tab. 1, fig.1).

Table 1. Total phospholipids content (in mcg/g of tissue) in nuclear preparations of rat brain
Cells in baseline and after the cisplatin and estradiol separate and joint in vivo action

*-p<0,05
Variants Phospholipids content
mcg/g tissue
Baseline 184,00+6,70
Cisplatin *140,00£3,65
Estradiol *230,00+4,00
Cisplatin+ Estradiol 178,00£5,64
i %
¥
120 I
100 I T
E
80 | - -
I
60 F
40 +— —
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% -P<0,05

Fig.1. Changes of total phospholipids content in nuclear preparation of rat brain cells
after the cisplatin and estradiol separate and joint treatment.
1 —baseline, 2 — after the cisplatin separate action [10], 3 — after the estradiol
separate action, 4 — after joint action of cisplatin and estradiol
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The results have shown that in case of separate action cisplatin and estradiol
exhibit opposite effects on total amount of chromatin phospholipids, whereas in case of
their joint action steroid neutralizes the suppressor effect of cisplatin (tab. 1, fig.1).

The fractionation of chromatin phospholipids by the microTLC method revealed
five individual phospholipids in baseline as well as after the cisplatin and estradiol
separate and joint action. (fig.2). Neither the separate nor the combination action of these
drugs does not cause qualitative changes of phospholipids (fig.2). Sphingomyelin,
phosphatidylinositol, phosphatidylcholine, phosphatidylethanolamine and cardiolipin
were obtained among the phospholipids of rat brain cells chromatin preparations (fig.2).

4302,00
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2868,00
/

2151,00 4

1434,00

717,00 +

T T T
0,00 31,40 62,80 94,20 125,60 157,00

A B

Fig.2A. Phospholipids content in nuclear preparation of rat brain cells

after the cisplatin and estradiol separate and joint treatment.

Fig. 2B. Chromatograms (I) and dencitograms (Il) of fractionated
by microTLC chromatin phospholipids from rat brain nuclei

1 — baseline; 2 — after the cisplatin separate action [10]; 3 —after the separate
action of estradiol; 4 — after the cisplatin and estradiol joint action.
SM - sphingomyelin, Phl — phosphatidylinositol, PhC — phosphatidylcholine,
PhE — phosphatidylethanolamine, C — cardiolipin.

The computer program Fujifilm Science Lab 2001 Image Gauge V42 allows
quantifying separated by microTLC phospholipids. The results are shown in the table 2
(tab. 2). Phosphatidylethanolamine and phosphatidylcholine were the major components
and formed about 58% of total phospholipids in all observed chromatin preparations of
rat brain, The relative content of sphingomyelin, phosphatidylinositol and cardiolipin
was correspondingly 12,4 %, 11,42 % and 18,54 % (tab. 2).

The most appreciable changes among the minor phospholipid fractions were
observed in case of cardiolipin (the difference was about 6 % after the estradiol separate
and joint with cisplatin action) (tab. 2). It is obvious that the obtained changes in
percentage content do not represent the reality of alteration in real content of
phospholipid individual fractions after the drugs action.

In order to clear up this problem the absolute quantities of individual phospholipids
(in micrograms per gram of brain tissue) in all observed chromatin preparations before and
after the drugs injection were determined (tab. 3). The results showed the reliable changes
in the absolute quantity of all individual phospholipids after the cisplatin and estradiol
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phospholipids were diminished, in different degrees (tab. 3) [10].

Table 2. The relative content (in percentage) of individual fractions of phospholipids in nuclear

preparations of rat brain cells in baseline and after the cisplatin and estradiol

separate and joint action

N Phospholipids Baseline Cisplatin Estradiol Cisplatin and

Injection injection estradiol joint
[10] injection

1 |Sphingomyelin 12,40 + 0,60 13,00 £ 0,35 14,40+0,54 15,48+0,65

2 |Phosphatidylinositol 11,42 £ 0,64 11,67 £0,42 13,36+0,34 13,67+0,86

3 |Phosphatidylcholine 33,30+ 1,08 33,68 + 0,64 35,85+0,75 34,33+1,04

4 Phosphatidylethanolamine 24,34 + 1,00 21,00 + 0,84 23,87+0,43 23,67+0,80

5 |Cardiolipin 18,54 + 1,00 20,65+ 0,32 12,52+0,45 12,85+0,60

Total content 100 100 100 100

On the contrary estradiol separate injection increased the amount of 4 out of 5
phospholipids The exception is cardiolipin the absolute quantity of which was reduced
after the steroid separate treatment (tab. 3, fig.3). Estradiol separate treatment leads to
an increase in absolute content of sphingomyelin by 45 %, phosphatidylinositol by 46 %,
phosphatidylcholine 34 % and phosphatidylethanolamine 23 % (tab. 3 and fig.3). Along
with these changes, there has been a decline of cardiolipin content by 15 % as compared
to baseline (tab. 3, fig.3 ).

Cisplatin and estradiol joint action manifested the tendency of restoring the
baseline quantity of phosphatidylcholine and phosphatidylethanolamine, whereas the
amount of sphingomyelin and phosphatidylinositol was increased (respectively by 21 %
and 16 %) and the quantity of cardiolipin was decreased by about 33 % after the joint
action of these drugs (tab. 3, fig.3).

Table 3. The absolute quantities (in micrograms per gram of tissue) of individual
Phospholipid fractions in nuclear preparations of female rat brain cells in baseline
and after the cisplatin and estradiol separate and joint action.
*.p<0,05; **-p<0,10

N Phospholipids Baseline Cisplatin Estradiol Cisplatin and
Injection injection  |estradiol joint injection

1 | Sphingomyelin 22,82 + 1,10 *18,2%&1 0,50] *33,00+1,24 27,55+1,14

2 | Phosphatidylinositol 21,00 + 1,20 | *16,35 £ 0,60 *30,74+0,78 **24,35+0,86

3 | Phosphatidylcholine 61,38 £1,90 | *47,15+0,90| *82,46=+1,73 61,10+1,36

4 | Phosphatidylethanolamine | 44,80 + 1,85 | *29,40 + 0,84 | *55,00+1,10 42,13+1,80

5 | Cardiolipin 34,00 + 1,62 | *28,90 £ 0,32 |**28,80+0,92 *22,87+1,07
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Fig. 3. The alteration (in percent) in individual phospholipid quantities in rat brain chromatin
preparations after the cisplatin and estradiol separate and joint action.
1 —baseline, 2 — after the cisplatin separate action [10], 3 — after the estradiol
separate action, 4 — after joint action of cisplatin and estradiol
SM — sphingomyelin, Phl — phosphatidylinositol, PhC — phosphatidylcholine,
PhE — phosphatidylethanolamine, C — cardiolipin

Thus co-use of drugs with opposite effects actually restores the control level of
neutral phospholipids (phosphatidylcholine and phosphatidylethanolamine) and
manifests itself in different ways for acidic lipids (sphingomyelin, phosphatidylinositol
and cardiolipin) (tab. 3, fig.3).

These results revealed the antagonistic nature of the effects of cisplatin and
estradiol in relation to phospholipid metabolism in nuclear fractions of rat brain cells.
Since lipid metabolism participates in the regulation of many cellular processes such as
cell growth, proliferation, differentiation, apoptosis, chemotherapy response and drug
resistance etc. [1, 6, 16], our results take on considerable importance.

It is well known that chromatin phospholipids in dose dependent manner are
capable of regulating DNA replication, transcription and gene expression [1, 5, 16, 21].
Recent advances demonstrated the involvement of nuclear lipids in remodeling of
chromatin and epigenetic regulation of gene expression [5, 16, 21]. In light of the fact that
cell nuclei is a site of lipids active metabolism, one may conclude that these remarkable
changes in absolute quantities of individual phospholipid fractions may be the consequence
of investigated medications on lipid metabolic pathways in nuclei. These changes in turn
may offer some serious prerequisites for alteration the functioning those processes where
these phospholipids participated. It is known that phosphatidylethanolamine promotes the
decondensation of chromatin, induces transition of chromatin from solenoid to nucleosome
[16]. Likewise, alteration of DNA-bound cardiolipin quantity may effect on regulation of
activities of DNA topoisomerase, RNA polymerase, DNA replication as well as alters the
condensation of chromatin [5, 6, 16, 21].

It is known also that the chromatin structure could be regulated by
phosphoinositides via binding to the C-terminal tail of histone H1 [5, 8].Considering the
fact that sphingomyelin and phosphatidylinositol are the members of corresponding
nuclear signaling systems one can imagine the consequences of quantitative changes of
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these phospholipids [1, 5, 16, 21].

So, changes in absolute quantities of phospholipid fractions in chromatin caused by
cisplatin and estradiol separate action can mediate the own specific effects of these drugs.
It’s been proven that cisplatin causes undesirable side effects, which manifest in various
intoxications, including nephrotoxicity, ototoxicity, gastro toxicity, myelosuppression,
allergic reactions [2, 15, 17]. It was demonstrated that steroid hormones such as estradiol
and progesterone has a dose dependent effect on reducing cisplatin induced nephrotoxicity
[12].

It can be assumed that the revealed alterations in absolute quantities of chromatin
phospholipids separate fractions in case of joint action of cisplatin and estradiol have
contributed to extenuating of cisplatin toxic side effects by steroid hormone.

Cisplatin and estradiol separate action as well as its joint injection are capable to
provoke deep metabolic changes in brain cells. Alterations of chromatin phospholipids
absolute quantity are tools by which specific properties of cisplatin and estradiol are
represented in case of their separate action and revealed peculiar summation of its
antagonistic effects in case of joint action of these drugs.

All these effects confirm the supposition that alteration of phospholipids quantity
in chromatin of brain cells can effect on basic functions of nuclei: replication and
transcription.
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®OTOMETPUUYECKHI METO/I ONPEJAEJEHUA WHYJIUHA
B DKCTPAKTE KJIYBHE TOIIMHAMBYPA
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B pesynbprate mpoBeaeHHBIX UCCIEIOBAaHHUN pa3paboTaH OBICTPBIA, MPOCTON B HCIIOJHE-
HUM METOJl ONpeJeieHHs NHYINHA B PAaCTBOPE, B YACTHOCTH, B IKCTPaKTe KIIyOHEl TomnHaMOypa.
B ero ocHoBe neHuT 00pa30BaHNE OKPAIIEHHOTO KOMIUIEKCA CO CHENU(HUUECKAM PEareHToOM pe-
30pIMHA B COJITHOM KHCIIOTE ¢ MAaKCHMyMoM roruommenus npu 490 um. Ilpenmaraemslii MeTox Mo-
JKET YCHENTHO NPUMEHSATHCS KaK B TEXHOJIOTMYECKHX IIPoLeccaX, TaK U B HCCIEAOBAHUIX OMOKOH-
BEPCUU UHYJIMHA B PA3JIMYHbIC IPOTYKTHL.

TonuHaM6yp — IKCMPpAaKkm — UHYJIUH — Pe30PYUH — COJISIHASA Kucioma

IGwnwgnnnieynilutph wpnyniupnud gyt £ gbnbwpiuénph wwjwnputph Jbp unwgywéd
InLbwdqyuwépnid hunchuh npndwt wpwg, wwpq Ubenn: LUpw hhdpnud puywéd £ wnwepdh W
ntgnpghtph  hwwiny nGwynhdh hbGin gnibwygnp hwdwihp Jhwgnipjwu  dlwynpnidp,  nph
wnwyblwantu Yiwunwdp 490 UJ E: Unwewpyynn UGpnnp Yunpnn £ hwennnipjwdp Yhpwnyb) huswbu
wnbhiuninghwywl  gnpépUpwgutpnid,  wjlwbu  E wwpptp  wwpwuglubph  Jbp  hunihup
YEuuwynuytnpuhwih ntuncdUwuhpnipnluuGpned:

Qbwnlwaliénn — (nLéwidqyude — hunchl — niqnpghl —wnwyafent

As a result of the research, a fast, simple method for determining inulin in solution, in
particular in the extract of Jerusalem artichoke tubers, was developed. It is based on the formation
of a colored complex with a specific resorcine reagent in hydrochloric acid with a maximum
absorption at 490 nm. The proposed method can be successfully applied both in technological
processes and in studies of inulin bioconversion into different products.

Jerusalem artichoke — inulin — extract — resorcine — hydrochloric acid

WnynuH sBI€TCS €CTECTBEHHBIM BBICOKOMOJIEKYJISIPHBIM TOJIMCaxapuioM (I1o-
mudpykran), ¢ Monekynspraoit Maccoir 5000-6000 (CgH1oOg)n (puc.1). Monekyna uHy-
JUHA TIPEICTABIIET COOOH IMONMMEPHYIO IEMOuKy, cocrosmyio u3 30-35 ocraTkoB
¢pykTo3bl U 1-2 ocTaTKOB TIMOKO3EL. OcTaTku PPYKTO3BI COSAWHEHBI [-1-2-TMKo3ua-
HBIMH CBSI3IMH. B KOHIIE MOMTMMEpHOH 1IeITH MMEeeTCs] OMH OCTATOK TIoKo3bl. [Ipu run-
ponm3se 1moJ IeiicTBUEM KHCIOT 00pa3yeT ppyKTo3y M HEOOIBIIOE KOJMYECTBO TIFOKO3HI.

VHynuH IHMPOKO paclpoCTpaHeH B PACTCHUSIX, OTHOCSAILIMXCS K ceMelcTBam
CITOXHOIBETHBIX, JIMIICHHBIX, 31akoBbixX U T.1. (Compositae, Liliaceae, Cramineae). 3ua-
YHUTENIbHbIE €r0 KOJMYECTBAa COAEpIKAT KIyOHH TONMMHaMOypa, 'eOpruHa, apTHUINOKa, a
TaK)ke KOPHHU LUKOPHSI M OyBaHYMKa [2, 7].
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®OTOMETPUUYECKHI METO/] OINPEJEJIEHUS NHYJIMHA B DKCTPAKTE KJIYBHEN TOIIMHAMBYPA
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Puc.1. CtpykrypHas GopMyJia OBTOPSIOIIETOCs OTpe3Ka HHYJINHA

MrupoBoe Mpou3BOJICTBO MHYNIUHA A0X0AuT A0 100 Thic.TOHH B roa. bosnbimas
YacTh MHYJHMHA, PEIaraeéMoro noTpeduTeso, MPOU3BOIUTCS U3 KIIyOHel TomuHamOy-
pa. Tonunambyp unm 3emisHas rpyma (Helianthus tuberosus) — muoronerHee Tpass-
HUCTOE PacTeHHUE CEMENCTBA CIIOKHOLBETHBIX. BO3aenbpIBacTCs Kak LIEHHOE, KOPMOBOE,
TEXHUYECKOE M TPOIOBOIBCTBEHHOE PACTCHHE H HE TPeOyeT BBHICOKOI arpoTeXHUKH.
Jns BblAENEHUs MHYJIMHA HCIIOJIB3YETCS INalsIiasi TEXHOJOTHUSl, MAKCUMAJIbHO CcOXpa-
HSAIOILAs €ro LIeHHbIe cBoiicTBa. Ha BrIXo[e moyyaeTcsi KOHIEHTPUPOBAHHBIN MOPOIIOK
C BBICOKUM cojiepxanueM nonucaxapuia [3,4]. UHynuH sSBIsSETCS CHIPbEM UIS MPOU3-
BOJICTBA (DPYKTO3HI, 3TaHONA, (PPYKTO30 — TIFOKO3HOTO CHPOMA, Pa3sHBIX ONUTO(PYKTa-
HOB M UX NMPOU3BOAHBIX U T.A. [10]. MHYIHH npuMeHseTcs TakkKe B METUIIMHE I Jeye-
HUS ¥ IPOMUIIAKTHKH CaXxapHOro nuadera, aTepocKiepo3a, 0CTeonopo3a, AcOaKTepHo-
3a, IPU HEKOTOPBIX METOJaxX ONpeAeTeHHs Pa3INYHBIX 3a00JeBaHUIl B MOYe M IIIa3Me
KpoBHU. OH TaKKe SIBJISETCS CaMbIM IIUPOKO HCIIOJIB3yEeMbIM MpednoTnKoM B Mupe [11].

B Hacrosmiee Bpemst pa3paOoTaHbl pa3iHyHbIE METO/bI KOJIMYECTBEHHOTO OIpe-
JIEJIeHUsl COMIep)KaHUs MHYJIMHA B PacTUTENbHOM cChipbe [12]. B ommcaHHBIX MeToIax
WHYJIMH TIPEIBapUTEIBHO MOJBEPraeTCs XUMHUICCKOMY HIH (epMEHTaTUBHOMY THUIPO-
U3y C TIOMOIIbIO MHYJIMHA3El M Jajee 10 KOJMUYECTBY 0Opa30BaBIIMXCS MOHOCAaXapH-
JIOB, C MCIIOJIb30BAaHUEM BBICOKOA((EKTHBHOM KUIKOCTHOU Xpomatorpaduu, GpoTomer-
puy, peppaKTOMETPHH U JIP. METOJOB PACCUYUTHIBACTCS KOJUIECTBO MHY/IHHA.[8,9]. OT-
METUM, YTO HU3BECTHBIE METOJbl ONPEAENICHUSI KOJMYECTBA WHYJIMHA MHOTO3TAIlHBI,
00BEMHCTH U HE BCETIa YAOOHBI U IPUMEHEHHUS B TEXHOJIOTHIECKHUX IPOIECCaX U B
HccienoBaHUsAX OMOKOHBEpCHUU WMHYyNWHA. B Hacrosimel paboTe mpencraBiieH pa3pabo-
TaHHBIM HaMU OBICTPBIN, OJTHOITAITHBIA METOJI OTIPEICIICHUSI MHYJIUHA B DKCTPAKTE KIIyO-
Hell TonuHaMOypa. Pacyér KOHIEHTpalnu MPOBOJMICS C MCTIOIb30BaHUEM CTaHAAPTHO-
ro oOpasua unysuHa (Sigma).

Mamepuanvt u memoowl. [IpuroToBieHHe YKCTpaKTa KIIyOHEH TOMHHAMOYpa.

K IpOMBITBIM U W3MEJIBYEHHBIM KIyOHAM TONMMHAMOypa J00aBIsieTcss BoJa B COOTHOLIIE-
HuM 1:2 ¥ cMech IpH TIepEeMENINBaHNH BBIIEp)KUBacTCs B TeueHue 60 MuH npu Temreparype 70-
80°C. 3atem cMech GHIBTPYETCS ¢ TIOMOIIBIO GYMAKHOM MS3TH, GHIBTPAT OOECIBEUNBACTCS aK-
THBUPOBAHHBIM YTJIEM U 0CaoK ynainsercs nenrpudyruposanueM npu 8000 060poToB B MUHYTY.
[Mony4yeHHBIH YKCTPAKT MHYJIHHA Jajiee HCIIOJIb30BAIH ISl pa3pabOTKH KOJIMYECTBEHHOTO METOIa
onpeneneHus uayauHa [S]. B Tabn.1. npeacTaBaeHbl ONTHMAIbHBIE TAPAMETPHI MOTYUCHHS KCT-
pakra KiyOHel TonmuHamOypa.

Ta6auna 1.YcrioBus NOTydeHHs IKCTpaKTa KITyOHeH 3eMIISTHOH TpyIn

CreneHb CootHo- | Iponomxurens- | Temnepartypa | pH cpenst | Lentpudyru-
U3MENTbUCHHS | IIEHUE HOCTB HarpeBaHus (en) poBaHue
KITyOHe#H CBIPbS U HarpeBaHus ®) SKCTpaKTa
(MM) JKCTpa- (MuH) (06/MuH)
TEHTa
1.5-2.0 1:2 60 70-80 6.8 8000/1
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N.5. MEJIKYMSH

JIist pa3paboTKH MeTo/1a KOJIMYECTBEHHOTO ONpe/elIeHHs] HHYIMHA UCIONb30BalIH:

Crangaptabeiid pactBop: 100 Mr maynmuHa (Sigma) pactBopsiercs B 100 M quctminmpo-
BaHHOH BOJBI. VcciemyeMsli pacTBOp: B MepHYIO Koi0y BMecTHMocThi0 100 Mt momenmamn 1 M
9KcTpakTa. s TOYHOTO OTpeeNeHns] HHyJIMHA pacTBOp pa3dasisum B 100 pa3 IUCTHILTMPOBaH-
Ho# Bojoii. PeaktuB CenuBanoBa: 0.05 r pezopuuna pactBopsiercss B 100 mn 25 % -HOrO pacTBo-
pa COJISIHOM KHCIIOTHI B XPAHUTCSI B TeMHOM Mecte [ 1, 6]

CrekTpodoToMeTprIecKue onpe/eaeHus npoBouiy Ha criekrpodoromerpe (PERKLIN-
ELMER 550S) npu MakcuMaisHOM MOTJIOMIEHAH B 001acTi 490 HM.

Peszynemamut u oocyyncoenue. C 1eIbI0 ONPENCICHUS KOJINYECTBA MHYJINHA B
9KCTpaKTe KIyOHEH TommHaMOypa HpeABapUTEIHHO CTPOUTCS KaTUOpPOBOUYHAs KpHBas
cranmaptHoro pacteopa unynuHa (0.1 %). Pasmuunsie oobemsr (0.5, 1.0, 1,5 u 2.0 M)
CTaHJIapPTHOTO U HCCIIEIYyeMOro pacTBOPOB B MPOOHPKaX AOBOJWIN O 2 MJ BOJOH, 3a-
Tem nobaBisumi 1 mit peaktuBa CennBaHoBa. CMech HarpeBau B KUMsLIel BOJsSHOH Oa-
HE (1000C) B TeueHue 10 MMH, 3aTeM OXJIaXJald U U3MEPSUIN ONTHUYECKYIO IIOTHOCTh
OKpAIIEeHHOT0 KOMILIEKCca, 00pa30BaBIIErocs B pe3yabTaTe THAPOIN3a HHYIMHA C pe30p-
IIUHOM U COJITHOW KHCJIOTOM, Ha CHeKTpodoToMeTpe mpu uinHe BoJHB 490 HM (puc.1).
KannbOpoBouHbIit rpadMK CTPOMIN B CHCTEME KOOPIUHAT: KOHIICHTPALNS CTaHAAPTHOTO
pactBopa (Mr\mit) — ontudeckas mwiotHocts (OIT). B tabn. 2 mpeacraBieHa cxema mocT-
poeHUs KaTnOPOBOYHOW KPHBOH CTAHAAPTHOTO PACTBOpA HHYIHHA.

Ta6muma 2. Cxema MocTpoeHUs KaTMOPOBOYHON KPUBOH
cra”aaptHoro pactsopa unynuta (0.1 %)

KOHI.IGHTpa].[I/IH HWHYJIMHA 3HaYeHNE ONTHYCCKOH IIIOTHOCTH
(mr/Mi) pu 490 HM
0.5 0.024
1.0 0.05
15 0.08
2.0 0.115
0,14
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Puc.2. KanubGpoBouHnble rpaduku CTaHIAPTHOTO PACTBOPA HHYJIMHA U UCCIEYEMOro PacTBOpa
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WccnenoBanus II0Ka3ajiv, 4TO UMCCTCA JIMHEMHAs 3aBUCUMOCTh MECKIY OITUYCC-
KOH IUIOTHOCTBIO M KOJIMYECTBOM HUHYJIMHA. KOHHGHTpaHI/IIO AHAJIU3UPYEMOI'0 pacTBOpa
Cx HaXoJAT I10 KaJ’II/I6p0BO‘IHOMy Fpa(i)I/IKy IOCJIC OIIPEACICHUA €Iro OINTHUYECKOM IIJIOT-
HOCTH Dl B TCX KC YCJIOBUAX. B pganpHEHIMX HCcaeI0BaHUSIX pu OMpPCACIICHUN KOJIHU-
YeCTBAa MHYJIMHA HaMH OBLIO pEAJIOKCHO UCIIOJIb30BATh (bOpMyJ'Iy:

CxD1
D

Cx (%) = *K,
rane C — coxmepkaHHWe MHYIWHA CTaHAapTHOTO pactBopa(mr/mi) D; — omrmuec-
Kasi INIOTHOCTH HCCIEIyeMOro pactBopa, D — onrudeckas IUIOTHOCTH CTaHIApPTHOTO
pactBopa, K — koadpdummeHT pazdaBieHNs UCCIETyEeMOT0 PacTBOpa.
C mpumeHeHHEM pPa3pabOTaHHOW METONUKH OBLIO OIPENEeNIeHO KOJIMYECTBCHHOE
collepKaHre MHYJINHA B SKCTpaKTe KryOHel TomnHamOypa (Tabm. 3)

Ta6muna 3. CoxepkaHue HHYJIMHA B 9KCTPAKTEe KIIyOHEl TonmrnHamMOypa

DkcrpakT kinyOHed | OnTuyeckas INIOTHOCTD KommaectBo nnynnHa
TonmHHAMOYpa (M) pu 490 (aMm) (mr)

0.5 0.016 334

1.0 0.028 56

1.5 0.039 74

2.0 0.052 90

B pesynbraTe mpoBeneHHBIX HCCIIEOBaHUI pa3paboTaH OBICTPBI, MPOCTOH B
HCIIOJHEHUH METOJI OIpeAeIeHNUs UHYJINHA B PaCTBOPE, B YACTHOCTH B KCTpPaKTe KIyo-
Heii TonuHamMOypa. B ocHOBe pa3paboTaHHON METOANKH OBIJIO YCTaHOBJICHO, YTO HCCIIe-
JyeMBIH pacTBOP-IKCTPAKT, aHAJIOTUYHO cTaHaapTHOMY pacTBopy (0.1 % unynuna) npu
HarpeBaHUU TaKXe MOABEPraeTcsl TUAPOIN3Y B IPUCYTCTBUU KOHLIEHTPUPOBAHHOMN COJIS-
HOW KHCJIOTHI U PE30PIMHA, B PE3yJbTaTe 4ero o0pazoBaBIascs Gpykro3a Jerko oopa-
3yeT OKCUMETHI(QYypdyposl — KOMIUIEKC BUITHEBO KPAacHOTO IIBeTa [6], MMEIomuii Mak-
cuMasbHOe nornouienue B nuanazode 490 uMm. [lokazaHno, yTo JaHHAsi peakuus sSBIIETCS
BBICOKOCTICITU(IMYHBIM PEareHTOM UL olpeneneHus noiudpykraHoB. [Ipemmaraembrit
METOJI MOXKET YCHELIHO NMPUMEHITHCS KaK B TEXHOJOTMYECKUX IpoLeccax, Tak U B UC-
CJIeJOBaHUSIX OMOKOHBEPCUM UHYJIMHA B PA3INYHbIEC TPOAYKTHI.
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The treatment of low-grade ores which is considered as an important source of non-ferrous
and precious metals requires the development of high-efficient technologies for metal extraction
ensuring low impact on environment. The goal of the present work was to study the possibilities of
application of biohydrometallurgical approach for the processing of Kajaran low-grade copper-
molybdenum ore. Sulfide and oxidized ore samples containing 0.63 and 0.77 % of copper, 1.81
and 1.55 % of iron and 0.14 and 0.023 % of molybdenum, respectively were used. The
experiments were carried out in 250 ml flasks under shaking conditions as well as glass columns.
Indigenous and adapted bacterial consortia “Kajaran” and “Kavart” were used for bioleaching of
ore samples. The influence of particle size (PS), pulp density (PD), adaptation of culture on the
process of copper extraction was studied.

Sulfide and oxidized ores — bacterial consortia — adaptation — copper extraction —
column bioleaching

Swoépnpwy hwupwpwnbph Wywynwdp, npnup hwdwnpynud B gnitbwygnp W pwulwndte UG-
wnwnubph Yuplnp wnpnip, wwhwugnud £ dGunwnuGph 4npgdwl  pwpépwpnyniwybun - inbiu-
uninghwutph uwynd' dhwdwdwuwy wwwhnytind 2ppwyw dhpwdwiph ypw jwqugnu  wg-
nGgnientl: Ungu wpfuwwnwlph Uwwwnwyp BnGp £ Rwewpwuh gwépnpwy wnudwdnihpnbUwhu
hwlpwpwnh  uwydwlu hwdwnp YEuuwhhnpndGunwpipnghwywu - JninGgdwu - yhpwndwU — huw-
pwynpnienilltph  nuuncduwuppneeniup: Ogunwgnpdytp GU unipbhnwihu W opuhnwgwdé  hwu-
pwldnipubnp® wnuadh 0.63 W 0.77 %, Gpyweh 1.81 W 1.55 %, Unihpntuh 0.14 W 0.023 %  wwpnt-
Lwynipjudp, hwdwwywunwuhpiwbwpwn:  ®npdbpt hpwywlwgdlb, Bu 250 dp  YnppwlGpned®
rwthwhwndwl wwjdwuuGpned, husgwbu bwle (wpnpuwwnnpn wywjw wpnwpwyuGpned: 3wbpwpwnh
Udnipubph  Yeluwwnwppwinddwlu hwdwp oguwgnpéytp Bu «4wpbl» U «4wdwpuy Juiph
wnwwwnwgywd  pwywntphwy  Ynuunpghnudubpp: NwuncdUwuhpdlp B JwulhyuGph o swith,
wwwnwhuntuh  funnipjwl, pwynbphwubph  wnwwwnwgdwl  wgnbgnieintup wynudh  Ynpgdwu
gnpépupwgh Jnpw:

Untyphnuwihl I opupnuwgwé hwlpwpwntin — pwlwnbnhwlbnh Ynbupghnidubn —
wnuwwnwgned — wnlép Ynpgnid — wptnwpwluwihl tnwppwncénd

O06paboTKka HU3KOCOPTHBIX PYI, KOTOPBIE CYMTAIOTCS BaXKHBIM MCTOYHHKOM L[BETHBIX M
JParoleHHBIX METaJUIOB, TpeOyeT pa3paldOoTKH BBICOKO3()(EKTHBHBIX MOAXOJOB K HM3BJICYECHHUIO
METaJlJIOB, O00ECIeYNBAIOIIMX MHHHMAJIbHOE BO3JCHCTBHE Ha OKpYyXamlilylo cpexy. Llenbio
HacTosIel paboThl ObUIO M3yYeHHE BO3MOXHOCTEH MPUMEHEHHsS OHOTHAPOMETaLIyprH4ecKoro
noaxona mpu nepepaborke KamxapaHckod HH3KOCOPTHOW MEIHO-MOJIMOAEHOBOM PyIbL.
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Hcnonp3oBanuch 0o0pas3ubl cynbGUIHOH M OKHUCIEHHOH pynsl, conepxkamue 0,63 u
0,77% menu, 1,81 u 1,55% xenesza u 0,14 u 0,023% monnbaeHa COOTBETCTBEHHO. DKCIEPUMEHTHI
MIPOBOMINCH B KOOax Ha 250 MII B YCJIOBHSX BCTPSAXMBAHUS a TakkKe B Ja0OpaTOPHBIX
CTEKIITHHBIX KOJIOHKax. /{11 OnoBBIIIenaunBaHus 00pa3loB pyas! OBUIM HCIIONIB30BAHBI TUKHE U
aJanTHPOBaHHBIE OakTepHanbHble KoHcopuumyMmbl ‘Kamen” um “Kaapr”. M3ydeHo BnmsiHHE
pa3Mepa 4YacTHIl, IUIOTHOCTH ITyJbIIBI, agaNTaliy KyJIbTyp OakTephil Ha INPOIECC HM3BICUYCHHUS
MEJIH.

Cynvghuonsvie u oxucaenHvie pyovl — 6aKmepuaibvle KOHCOPYUYMbL — A0ANMAYUs- UsgedeHue
Meou — OUOBLIYENAUUBAHUE 8 KOTIOHKAX

Bioleaching is a biohydrometallurgical process which is mainly applied for the
treatment of low-grade ores (eg copper, zinc) with acidic solution and microorganisms
[1-3]. Recently, low-grade ores are considered as an important source of copper
connected with rapid depletion of high-grade ores [4, 5]. It is important to note that
copper in ores mainly exists as primary mineral chalcopyrite (CuFeS,). Chalcopyrite is
one of the most difficult minerals to be treated by bioleaching technology. Therefore, the
processing of such kind of ores requires the development of high-efficient approaches. It
is considered that bioleaching of sulfide minerals occurs by indirect non-contact and
contact mechanisms via ferric ion [6, 7]. Oxidation of chalcopyrite by ferric ion (indirect
mechanism) resulted in the generation of ferrous ion and elemental sulfur can be
presented by the reaction 1:

CuFeS, + 2Fe,(SOs); ——p  CuSO,+ 5 FeSO,+ 25° (1)

Thus, the contribution of microorganisms to the bioleaching of chalcopyrite is the
regeneration of oxidant — ferric ion (Fe*") and ensuring low pH condition [8-10]. Iron
and/ or sulfur oxidizing bacteria involved in bioleaching processes such as
Acidithiobacillus  ferrooxidans, Acidithiobacillius  thiooxidans, Leptospirillum
ferrooxidans, L. ferriphilum catalyze oxidation of ferrous ions and sulfur to ferric ions
(equation 2) and sulfuric acid (equation 3) respectively, that in turn significantly
increases the overall reaction rate of chalcopyrite biooxidation (Equation 1);

bacteria
4Fe® + O, + 4H" ——» 4Fe®* + 2H,0 (2)

bacteria
2S + 30, + 2H,0 ——— 250,% + 4H" 3)

The oxidation of pyrite could be served as a source of ferrous ion according to
following reaction:
FeS, + 8H, O + 14Fe®** —— 5Fe " + 250, % + 16H" (4)

Indirect contact mechanism presumes attachment of bacterial cells to mineral
surfaces that allows considerably increasing the rate of chalcopyrite bioleaching [11, 12].
The optimal growth and bioleaching activity of bacteria is strongly affected by physico-
chemical factors such as pH, substrate concentration, particle size, as well as bacterial
cell adhesion, adaptation and other properties [13-17].

The goal of the present work was to study the possibilities and effectiveness of
bioleaching for the processing of Kajaran low-grade copper-molybdenum ore. The
influence of particle size (PS), pulp density (PD), adaptation of culture on the process of
copper extraction from tested ore samples was investigated.
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Materials and methods. Ore samples. Sulfide and oxidized samples of Kajaran copper-
molybdenum ore were used for the present investigation. The chemical composition of the ore
samples was determined by Inductively Coupled Plasma — Mass Spectrometry (ICP-MS). The
results of ICP-MS analysis is shown in tab. 1.

Table 1. Chemical composition of the analyzed ore samples

N Samp|eS MO Totaly % CU Totaly % S Totaly % Fe Totaly % S|OZ Totaly %
1 Oxidized ore 0,023 0,77 0,49 0,49 1,55
2 Sulfide ore 0,145 0,63 13 13 1,51

The mineral composition of ore samples was studied in reflected light by polarizing
microscope up to 400 times magnification. Sulfide ore mineral composition was found to be as
follows: pyrite (euhedral)>>> chalcopyrite (anhedral) >bornite. Oxidized ore was comprised of
chalcopyrite (anhedral, replaced on margins by iron oxihydroxides), pyrite (partly euhedral) and
galena embedded in malachite. Malachite is supposed to replace chalcopyrite, while hematite
represents a typical replacement of pyrite.

Indigenous consortia of iron oxidizing bacteria. Acidophilic iron oxidizing bacterial
consortia “Kashen” and “Kavart” used in this study for the bioleaching of sulfide and oxidized
ores were obtained from acid mine drainage water of the appropriate copper ore deposits in
Armenia using enrichment technique. The consortia originally contained acidophilic sulfur
oxidizing At.thiooxidans, iron oxidizing At. ferrooxidans and Leptospirillum spp. bacteria. The
optimum pH and temperature ranges at which suitable growth of the isolated bacterial consortia
has been observed, are 1.8-2.0 and 30-35°C, respectively. The bacterial consortia were cultivated
and maintained in Mackintosh medium with ferrous iron as the source of energy [18].

Culture preparation. Bacterial consortia were transferred to Mackintosh medium
containing additionally 100 mg/L dissolved Cu and grown for 3-5 days prior to ore leaching tests.
In the logarithmic phase of growth the cells were collected by centrifugation at 6000g for 15 min.
Biomass collected was washed with acidified Mackintosh medium without Fe?" and resuspended
in the same medium. Bacterial cell number was determined by phase contrast microscopy using a
Thoma counting chamber, as well as by the method of tenfold dilutions. The most probable
number (MPN) of cells was calculated using the McCready Tables.

Bioleaching of ore samples. Sulfide and oxidized samples of Kajaran low-grade copper-
molybdenum ore were tested for bioleaching. The samples were ground in a porcelain mortar to
reach a size range between -3500 + 45um. The ore samples were passed through sieves to obtain
fractions of different sizes. Mineral grains were placed into Erlenmeyer’s flasks (250 ml),
moistened with water, and sterilized at 0.5 atm. for 30 min. Then 100 ml Mackintosh medium
without Fe?* pH adjusted to 2.0 with 10 N H,SO, was added. Consortia (bacterial suspension -
10%cells/ml) of “Kashen” and “Kavart” used for the bioleaching of ore samples were added to the
flasks. The bioleaching experiments were carried out at 37°C in the periodic mode and under
shaking conditions (170 rpm). Bioleaching of sulfide and oxidized ore samples was studied in the
range of pulp density from 10 to 20 % and particle sizes of 45-3500 um. The pulp density was
calculated as the ratio between solid and liquid. Sampling was performed at 24 h intervals and pH,
iron and copper ions were analyzed. The concentration of dissolved copper in the leaching solution
was determined by atomic absorption spectrometry (AAS 1N). The content of Fe®* and Fe** was
determined by the complexometric method with EDTA. The efficiency of bioleaching ore samples
was assessed according to dissolved iron and copper.

Column bioleaching. At the next stage of investigation the bioleaching of ore samples was
carried out in glass columns (percolators) with 35 mm in diameter and 220-230 mm in height
using “Kashen” and “Kavart” microbial consortia. Class columns were loaded with oxidized ore
samples with PS varying in the range of 0.8-3.5 mm and 9K medium (1:1). Percolation was
supplied by microcompressors. The experiments were performed at two stages. At the end of the
first stage pregnant sulutions were replaced with fresh medium.
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Results and Discussion. Influence of particle size. The influence of particle size

of ore samples on the bioleaching of copper by bacterial consortia was studied in the
range of 45-3000 pum (fig. 1).
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Fig.1. Effect of particle size on bioleaching of copper by “Kashen” consortium from sulfide
(a) and oxidized (b) ores of Kajaran deposit (PD — 20%, pH —1.8; t — 35°C, 180 rpm)

As presented in fig. 1, the rates of copper dissolution increased with decreasing
particle size from 3000 um to size fraction of +45 um. The obtained results showed that
the highest efficiency of copper extraction for both sulfide and oxidized ore samples was
observed at PS of 45 um. It can be explained that the decrease in the particle size leads to
an increase in the total surface area and consequently, the rate of sulfide mineral
oxidation and extent of copper dissolution.

Influence of pulp density (PD). In fig. 2 the effect of pulp density on copper
extraction during the bioleaching of sulfide and oxidized ore samples is presented. Pulp
densities of 10 and 20 % were tested. Data presented show that the amount of copper
transferred into the solution by both bacterial consortia increases about 2-3 times with
the increasing of PD from 10 to 20% (fig. 2).
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Fig.2. Recovery of copper from sulfide ore by “Kashen” consortium
(a) and oxide ore by “Kashen” and “Kavart” consortia at pulp density of 10 (Kash 10, Kav 10)
(b) and 20 % (Kash 20, Kav 20) (b) (PS - 63 pum, t—30 °C, 160 rpm)

However the extent of total copper extraction from sulfide and oxidized ore
samples at pulp density of 10 % is higher than at 20 % (tab. 2). It is suggested that the
pulp density has an important influence on the dissolution rate of samples because the
higher pulp density leads to the higher shearing force while the lower pulp density
cannot provide enough energy for the growth of bacteria. Besides, high pulp density can
enhance metal extraction but the dissolution of certain compounds which have an enhance
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metal extraction but the dissolution of certain compounds which have an inhibitory toxic
effect on the growth of leaching bacteria will also increase.

Copper extraction by isolated bacterial consortia. Comparative studies of the
activities of bacterial consortia “Kashen” and “Kavart” isolated from the corresponding
mines in bioleaching of copper from tested ore samples were performed. Testing of
different cultures for copper extraction was carried out at pulp densities of 10 and 20 %.

Table 2. Influence of pulp density on bioleaching of copper from Kajaran ore samples by
consortia “Kashen” and “Kavart” (PD — 10, 20 %, t — 30°C, 160 rpm)

Ore Pulp Bacterial Extracted Cu
N | Samples | density | consortia | mg/L for | mg/L for %
15 days 22 days 22 days

1 ° 10% “Kashen” 235 261 41,3
2| 2w “Kavart” 202 231 36,5
3 UE) © 20% “Kashen” 401 433 34,4
4 “Kavart” 318 334 26,5
5 10% “Kashen” 1257 1424 100
6|2 o “Kavart” 1193 1193 100
7!18° 20% | “Kashen” 1732 2677 100
8 “Kavart” 2355 3007 100

As shown in the presented data, “Kashen” consortium indicated higher activity of
copper extraction from sulfide ore at 20 % of PD and both tested ore samples at 10 % of
PD. (tab. 2). While “Kavart” culture was more active in bioleaching of oxidized ore
samples at 20% of PD (fig 2b, tab. 2). It is suggested that the pulp density has an
important influence on the dissolution rate of samples because the higher pulp density
leads to the higher shearing force while the lower pulp density could not provide enough
energy for the growth of bacteria. It is worth mentioning that high pulp density can
enhance metal extraction but the dissolution of certain compounds which have an
inhibitory toxic effect on the growth of leaching bacteria will also increase.

Copper extraction by adapted bacterial consortia. In the next series of the
experiment on bioleaching, “Kashen” and “Kavart” consortia adapted to the tested
samples by several passaging in the presence of gradually increasing concentrations of
ores were used.

Table 3. Bioleaching of copper from sulfide ore sample by adapted consortia “Kashen” and
“Kavart” (PD - 10 and 20 %, t — 30°C, 160 rpm)

Ore |Consortia Pulp Extracted Cu
N | Samples used density mg/L mg/L %
Initial 15 days 15 days
1 - 10 % 99,2 531 84 %
2| g “Kashen” 10 % 111 598 94 %
3| o “Kavart” 10 % 99,2 581 91 %
4] & - 20 % 81,3 631 50,1 %
5|13 “Kashen” 20 % 123 1242 98,6 %
6 “Kavart” 20 % 75,4 763 60,5 %
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Fig.3. Bioleaching of copper from sulfide (a) and oxidized (b) ore samples by adapted consortia
“Kashen” and “Kavart” (PD-20 %, t - 30 °C, 160 rpm)

The results obtained show that the use of adapted bacterial consortia allows to
increase copper extraction from sulfide ore up to 5 times, reaching 91-94 % at a density
of 10 % pulp and 98 % at a density of 20 % in 15 days (tab. 3, fig 3a).

In the case of oxidized ore, copper extraction is increased by about 2 times
through adapted consortia, reaching 100 % in 2-3 days (fig. 3b). Thus, the extent of
copper extraction from tested ore samples significantly increases (up to 94-100 %) when
adapted bacterial consortia are used.

Column bioleaching. At the next stage of investigation the bioleaching of ore
samples was carried out in glass columns (percolators) using “Kashen” and “Kavart”
microbial consortia. The experiments were performed at two stages. At the end of the
first stage pregnant sulutions were replaced with fresh medium. The obtained results
showed that for 13 days of bioleaching 18 and 26-28 % of copper was extracted in the
absence and presence of microbial consortia “Kashen”, respectively (fig. 4). At the
second stage additional 37-49 % of copper was extracted by microbial consortia.

Investigations showed that the column bioleaching was greatly affected by PS.
Thus, the reduction of PS to 0.8-1.6 mm led to the increase of copper extraction from
oxidized ores by about 3 times and reached 100 % in 9-12 days compared with that of
control without bacteria (84 %). The results suggest that bacterial leaching can be an
effective approach for the treatment of low-grade copper-molybdenum ores and is a
promising method for copper extraction.

Fig.4. Biolaching of oxidized ore by “Kashen” consortia: 1- control without bacteria,
2, 3-uninoculated by “Kashen” consortium (PD- 150: 120, pH 1.3, at room temperature)
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The obtained results showed that the highest efficiency of copper bioleaching by

the used bacterial consortia was observed at PS of 45 um and PD of 20 % for both
sulfide and oxidized ore samples. Besides, “Kashen” culture showed higher activity of
copper extraction from both tested ore samples at 20 % of PD. “Kavart” culture was
more active in bioleaching of oxidized ore samples at 10 % of PD. It was revealed that
the use of adapted cultures allowed increasing the extent of copper extraction up to 91-
94 % and 98 % from sulfide ore within 15 days at 10 and 20 % of PD. In case of the
oxidized ore, the extent of copper extraction by the mentioned adapted cultures was
doubled, reaching 100 % in 2-3 days. Experiments carried out in percolators suggested
that bacterial leaching can be effectively applied for the processing of Kajaran low-grade
copper-molybdenum ore and copper extraction.
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QUwhwwnyb] U Iwjwunwuh nwpwépnid wénn Jwdnirutpnud dUninpuniny inGnwithnfuynn
inhbgbpwshu  nwnhnuniyhn Be-7-h W wnbhilwéhu  Cs-137-h  wywnhynipjwl  Jwywpnwyubnp:
UwdntpUtph Uunpwnenidu hpwywlwgytby £ Bpyne dpwgnbph 2pgwliwywliibpnud” ICP Vegetation
(2016) 6pwanh W Iwjwuwnwlh wnwpwéeph nwnhntyninghwywl unupenphug thny | W 1 pEUdwnhy
Spwgnbph  (2016-2020) 2ppwlwlubpnid: Ldnpwndbp U 3wjwunwund wnwybp  twpwéeywé
dwdninUbnp (Bryum argenteum, Homalothecium philippeanum, Ptilium crista-castrensis, Syntrichia ruralis):
UwdninUGpnd  nwnhnuncyhnuGph - Unguwywlwgdwu b wywnhyniegjwl  Jwlwpnwyukph
quwhwwndwu hwdwp Yhpwndt) £ gbpdwenip gbpdwupnidhg nGuntyunnpny CANBERRA quddw
uwGyunpwswh:  NwnhnuncyhnuGph wynpdnigjwt W Udnpwnpdwl - wnbnwdwubph  pugwpéwy
pwpépniejwl dhple npuywu YnnGywghnt Yww UJwwndbp BU wnwldhl |GrUwjhUu 2pgwulbnh
wnndhubpnd: Be-7-h  wnwybjwgniu  wywinhyniginiup (7.546 Rp/g) gpwlgyby £ Iwjwunwuh
wnlbened, 1895 U 6nyh Jwlwpnwyhg pwpénipjwl Yypw: Cs-137-h wnwybiwagniu wywnhynieinup
Juquty £ 0.297 Pp/q, npp hwjnuwptpyt) £ Upwgwd [Gnuwquugqwsh nwpwéenid® 2600 U &.4.
pwpépnLejwl ypwi:

PUwlwl nwnpnunclyihnlbn — wbulwéhl nwnphnunclyhnlbn —
uplninpuniuwypl Lunbgnedutn — dwdninlbn

OneHeHbl YpOBHU aKTUBHOCTH KOCMOTeHHOTO Be-7 u rexnorenHoro Cs-137 Bo Mxax, mpo-
n3pacTaronmx Ha Tepputopun Apmennu. OTO60op MpoO MPOBOIMICS B paMKax JIBYX HPOEKTOB:
nporpammbl ICP Vegetation (2016) u TemMaTnueckux npoekToB “Paanonoruyeckuii MOHUTOPUHT
Ha Tepputopun Apmennu: craguu | u 11”7 (2016-2020). Beun oto6pansl Hanbonee pacnpocTpa-
HEeHHbIC BUBI MXOB B Apmenun (Bryum argenteum, Homalothecium philippeanum, Ptilium crista-
castrensis, Syntrichia ruralis). Unentudukanus u onpeeneHre akTHBHOCTH PaIHOHYKIHIOB BO
MXax MPOBOMINCE ¢ pUMeHeHneM ramma-criekrpomerpa CANBERRA Ha ocHOBe koakcHallbHO-
r0 TepMaHUEBOr0 AETeKTopa. I10I0XKUTeIbHAS KOPPETALMSI MEKITy aKTHBHOCTBIO PAJAHOHYKIUIOB
1 abCONIOTHON BBICOTON MecTa 0TOopa mpod Habmoganack B NpOQHIISIX OTAEIEHBIX TOPHBIX paio-
HOB. MakcuMaibHas akTUBHOCTE Be-7 (7.546 bk/r) Obiia 3admkcupoBaHa Ha BOCTOKE ApMEHHUH,
Ha BbicoTe 1895 M Hag yp. M. MakcumanbHas aktuBHOCTh CS-137 (0.297 Br/r) 3adukcupoBana Ha
TEepPUTOPUM MaccuBa Aparall, Ha BeicoTe 2600 M Hag yp. M.

Ipupoonvle paouoHyKIuobl — UCKYCCMEEHHbLE PAOUOHYKIUObL —
ammocghepHuvle 8bINA0CHUSL — MXU

Activity levels of airborne cosmogenic Be-7 and artificial Cs-137 were assessed in mosses
growing in the territory of Armenia. Sampling was carried out within the frames of two projects:
ICP Vegetation (2016) program and “Radiological monitoring in the territory of Armenia: Phase I
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and II” thematic project (2016-2020). The most abundant species in Armenia (Bryum argenteum,
Homalothecium philippeanum, Ptilium crista-castrensis, Syntrichia ruralis) were sampled. High
purity Germanium detector based gamma spectrometer by CANBERRA was used to identify the
activity of radionuclides in mosses using the. Positive correlation between radionuclides activity
and the absolute height of sampling location was observed within separate profiles of mountainous
regions. The maximum activity of Be-7 (7-546 Bqg/g) was recorded in the east of Armenia, at the
altitude of 1895 m above sea level. The maximum activity of Cs-137 (0.297 Bqg/g) was found in
the territory of Aragats massif, at 2600 m above sea level.

Natural radionuclides — artificial radionuclides — atmospheric fallout — mosses

Lwjiu nmwpwdjwénipjwl, Yhdwjwywl wnwppbp wwydwulbpnwd gnjunlidwu W
dpUninpinhg  winunnunhgutn  YwuGine nilwyniejwl 2unphhy  JdwdninUbpp  (wywagneju
ySuuwpunhywwptpu G JeUnininh  wnuninundwl  nuncdUwuhpdwUu  hwdwp: UG wy
wnwybinipyntu £ wyl, np Jwdninubpp ¢ntubl wpdwwnwhu hwdwywng, wjupupu y&-
LUuwywu wuhpwdtun Unebpp Ywunwd GU mwpyw pninp Gnwuwyubphu® wudhpwwtu
JpUninpunwihu  wnGnnudubphg Ywd ¢np Uuwnbgnudubphg' dwpduh nng  JwyGplnyeny
yiwudwl Jhgngny, hGinlwpwp onwjhlu wnununhgutph Ywudwlu Jupnnnieintup wybih
Jb6 £, pwl wy pnyubph dnuin [6, 17]: Uwdninubpp Yhpwnbih GU bwl nwnhnwywnhy
Unetpnd wnunnindwl lnwpwéwdwdwlwlwihtu ywwnytpp gpwugbine hwdwnp [9, 14]:
Uplninpinny  wnGnwihnfuynn W JeUninpinnhg  wnGnnudubpny W gnp - Lunbgnudubpny
hGnwgynn rE' puwywl, pE wnGUwshu nwnhnuncyhnubph UnuhenphUgp wuhpwdtwn
hpde E  hwunhuwund  2ppwyw  Jhowdwinh  nwnhwghnu  $nuh  nhuwdhywih
nruncdUwuhpdwu hwdwn:

SGhulwéhu Cs-137-h wnywjniejntlp 2ppwyw Jhewdwipnd hbinliwlp £ wlgjwy
nwnpnid Uhgntywihu qtuph thnpdwpynwdutinh, Jhentywihu Jpwnutnh W wwwwhwputph
[1, 3, 13 Uyuwsé 20pn nwph 40-wywu pr-hg Cs-137 nwpbwy ginpw| wnwununpg
dpUninpinny - wnGnwithnfugbint W wpunwubundwu  wnpjniphg  hGene vwpwépubn  wnk-
nwithnpudwu no Gpwpwphudwl  wpnyniupned: YGwnutUun JhewdwynpGpnud  (hnn, hw-
nwywjhu bunywdéeutn) Yninwydwl 2unphhy Cs-137 nupéwy Yeunwuh opgwuhquutph
gwudw Swnwgwjrwihu nnqwih dlwynpdwl gnpdnu: CSunphhy Yhuwwnpnhdwl UJtd
wwppGpnipjwu (30.2 wwph) W jhuGnd  Ywihnuwdh  phdhwywl wuwing, Cs-137-p
wdGlwywplnp b Junwlqwydnp wnbhubwéhUu nwnhuntyihuntphg £ [11, 12, 14, 16]:
QUujwd Jbpghtu  tnwulwdjwynud  gbghnudh wpinnwUGndwu  funpnp - wnpjnpubp shwu
(YGpghup'  dniyniupdw wwnndwlwjwuph  wwypynlul Ep 2011 @), Cs-137 nbnlu
GupwpyYnd £ tnpnhdwl W Junid E EYyninghwwytu Yuplenp winunnuinhg [10]:

Be-7 puwywl whGgGpwéhu nwnhnunityihn £, wnwgwlnwd £ yGphu npnwnudb-
pwjntd W uinpwwnnudtnwinud inhGgGpwlwl dwnwagwRrUEph W UUninpunwihu wgnunh W
prUwSoUh  thnfuwgnbgniejwl  wpryniupnwd:  Be-7-h - wwpnibwynientup . Jwhujwé  E
wnhbgGpwywl dwnwqguwjplUEnh hnuphg W wnGnwuph onGplnipwpwlwywlu gnpénUUtphg:
Be-7-h Yhuwwnpnhdwl wwppGpnieintup 53 op E: Wju wbnwihnpuynd £ dUninpuinnud®
wkpngniupht Ygwé, L wnbnnudubph nu gnp Luwnbgnidubph Jhgngny hwuunwd  Gpyph
dwytplnyp: Be-7-n wkpngnubphtu Ygynwd E Bupwdhypnuwiht swithubpny, hGnliwpwp,
Gupwyw E wnGnwihnfudwl W UuinGgdwl Unu gnpénultbph wqnbgnipjwlp, hugp ncuBu
wkpngnubpp, nwpdubny  wju  onwjhu  qwugywéutph  nu JUninpunwhtu  thnpnt
nuntduwuhpdwu wpdtewynn hgninnwwjhu hunhywwnnp [5, 8, 9, 18]:

LenUwjhU tnwpwéputpp wplenp nbp Gu fuwnnud dgUungnpuning wnknwithnnynn Cs-
137-h W Be-7-h Uhgpwghwih gnpépUpwgnid, pwuh np nwnund GU wwuwnut) onwjhu
quugywélbph  pGnUuwpwthdwl  hwdwn:  Cs-137-h  pwppujwénipintup  Gpyph  Jw-
yeplnipwiht 26pnnud ywpdwuwynpywé £ mwpwéph wnGnwnhpeny W wnnwywu Yyih-
Jwjwywu gnpénuubpny’ pwg W gnp Uunbgnidutp, npnug pwlwyp nwwnwuynud £ pun
pwpépnipjwu [1, 4, 13, 17]: 3wjwuwnwuh 3wlpwwbwunniejntup ntuh wnwybl pwpép
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ntbnwnhpe Wunpynyywuh duwgwé tpyputph hbin hwdtdwwnwé. dhghu pwnanpnieiniup
6ndh Jwywnpnwyhg' 1830 U E, huy wdtUwpwnép Yewp' Upwqwéd |Gl E (4090 U 6.U.): 33
pwpépwnhn 2pgwlilEnp hwunhuwunwd BU lwpwdwpgwuncd JUninpunny inknwthnfudnn
nwnhnunctythnuGph  JGpwpwpudwl  gnpénl,  npp thwunnud BU - Lwpuyhuncd
hpwywlwgdwsd pwqdwehy hGunwgnuineejnltluGph - wpnynlugubpp [1, 131 Wn huy
wwwndwnny 33-h W nng nwnpwdwpgwuh nwnhwghnu $nuh guwhwwndwl nGuwuyntlhg
Ywpwnp £ nwnhntyninghwywl - Untpenphlgp, nph - wwpwnwnhp - pwnwnphsu £
YGUuwhunhywghnu Upnwnhwnwpynedp: Cunn wynd, ungu whuwwnwuenid UspYuwjwgyncd
GU wjwuwnwuntd wénn JwdninUbpnud Cs-137 W Be-7 nwnhnuntyhnutph wywnhynipintup

U npw Ywhujwénieyniup inbnwliph pwugwpdwl pwpannipinluphg:

Ynip L dGpnn: 33-p nbnwlwjJwsd £ Undyuujwt (Gruwpnewih hwpwdwiht, Iwyuywl
LnUwphuwphh hjncupu-wplebywl dwuncd: Swpwéep hhduwywuned (Grbwihl £, éngh Jwywpnwyhg
dhghu pwpanpnientup 1830 J, wdBlwgwép Yewnp' 379 U (Upwpu gbinh Yhps), huy wdBlwpwnép
ytwnp Upwagwsd (Gnuwquuqyuél t, hjntuhuwhu 4090 J wdtlwpwpén quqweny: Yihdwl snp
gwdwpwhl £, punLpwgpwywl® Gpywp, 2ng wdwnutpny W gnipun ddtnutpnyg [2]:

Gtnwgnnniejwl hwdwp punpywé dwdnepUbpp Udnwneydbp Gu 2 dpwgntph 2ppwliwyut-
npnud* ICP vegetation (UNECE)™ «UpUninpinh wnunninjwéntpjwl wagnbgnieintp puwywu pniuw-
Jwuntpjuwlt W Jwywpniubph dpw» Jdhpwaqgquihu Spwaghp  (https://icpvegetation.ceh.ac.uk/) W 33
wnwnwéph  nwnhntyninghwywlu  Unuppnphug  (NEUU) pGdwwhy  Spwagph | W I thnybp
(http://cens.am/project/radioecological-monitoring-in-Armenia-phase-ii-rema-ii/radioecology):

UnwehUu Spwagph 2ppwliwyubpnid 2016 p-hUu Udnpwnytp U JwdnipUbph 35 UdniUbn
Swjwuwnwuh pninp Jwpgbphg: Ldnpwndwl tnwpwéph pwpapnieniup’ 468-2213 JU: 40 Udnwpubp
hwwpyty U 2016-2020 ppr-hu, NEUUW Spwagph  2ppwlwyutpnid, Udnwndwl  Yybwnkph
pwpépniejniup' 846-3200 U (LY. 1):

Muwjdwlwlwl Upwlutp -
ULunipwnuwl Yenkp  Pwpdpnupnu,
ub U

Muwydwlwlywl Lpwlutp
Lunizwnuuwl Yeinkp  Pwpdpncpncl,
ub u

@ CP-vegetation

@ NEUU b [J360-1000
Spwghn nwghn

e b [ 1 000- 1500
.. & Upwqud (Gn B
2, bn

s
{ [ vussasin

5

wsen
] vwnvatien

LY. 1. Uwdnnubph Udniawndwl Yewntpp Iwjwutnwluncd ICP Vegetation W
NEUU dpwantph 2pgwuwyuGpnid

Udnpwnyb] U Swjwunwund  wnwyb] wwpwdjwséd dwdninubph  wnbuwyubpp. Bryum
argenteum, Homalothecium philippeanum, Ptilium crista-castrensis, Syntrichia ruralis: UwdnLnUbph
Udnpwnndl hpwywtwgytb) b hwdwwwwnwupuwl Unndwjhu  Eubpghwih  Jhewqgwihu  gnpéw-
Yuwintpjwl (IAEA) pnijubph Udniawndwl ninbgniygh W UNECE ICP Vegetation Spwanh Jwudninubph
Udnpwnuwl wwhwlglbpht hwdwéwju [7, 15]: Ldnpwnbin,g hGunn dwdninubpp inbnwnpybp Bu
wn(htEphEUwhu tnnwnpwyutnh Jtp, wyhnwywynpdt) nt dwylpyt): Lwpnpwwnnphw wnBnwinfubinig
hGwnn Udnpubpp Jwendbp Bu hnnhg W wyp Uniuebphg W gnpwgybp uBUjwywihu sEpdwunhdwuncd®
dhlsle  hwuwnwwnnt quugdwéd: 2npugwéd Udnpubpp wjunchGunle pndbp BU W ibnwithniudby
wlwundwub tnwnpwutph Ub* nwppwintédwu hwdwp:

Nwnhnuncyhnutph Unyuwywuwgdwu W nGuwywywp wynhyniejwu quwhwndwu hwdwn
Yhpwnyt) £t quwudw uwtyunpwswihwywl hwdwywpg' CANBERRA, npp Ubpwnenid £ gbpdwentn
gbGpdwuhnidhg nGwnGywnnp W DSA-1000 pwquwihpwiht  wUwihqwwnn:  Unniquswithnidu  puwn
EuGpghwh hpwywuwgty £ Cs-137, Eu-155, Na-22 YGwnwjhu wnpjnLputph
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(CANBERRA) Yhpwndwdp, huy pun wpnnibwytbunniejwl® LabSOCS (Laboratory Sourceless
Calibration Software) épwaph wwwhnydwdp: UwbyunpGph Jeppnudnieyntlu hpwywuwgyty £ Genie
2000 Spwagnwihu Jhpwdwypnid:  Snipwpwlgnin Udnh  wnwppwinednidp Yuagdt, £ 30000 yny:
Quddw $nuh swihnudubplu hpwywlwgyt) GU wpwpep UGy wuqwd® Yhpwnbing Jwenip, nwwnwny
wnwppwintddwl tnwppwutn: Lwpnpwwnnp npwyh wwwhnddwu W yGpwhuyuwu hwdwp Uepnnytp £
dhgiwpnpwwnnp  thnpéwpydwl — Spwghpt 3UEYU-h Sppwlw  Jhpwdwiph  wwhwwuntpjwlu
lwpnpwwnnphwih  hGwn JhwupUu, npnud Yppwnytp £ hwdwbdwl  quddw  uwyBYunpwswthwywl
hwdwlywpg: Cs-137 W Be-7-h wywnhyntpintlubnp npnpdty Bu 477.6 W 661.7 e $ninnuyhyGpncd hwdw-
wwunwupuwlwpwn: Be-7-h wywnhynieyniup yepwhwpdwnyyty £ dhbsle wnwelwihu wywnhynipnlu®
Udnpwndwl W wnwppwintdwl wduwedtpp Yhpwetind: Unwgywd ndjwiubph  JGpneénipnul
hpwywlwgyby E IBM SPSS Statistics 6pwaph  Yhpwndwdp:  Nwnhnuntyhnubph - wynhynipjwu
nwpwéwpwhudwl pwninkqutpp Yuwaquyt) U ArcMap Spwgpwjhu dhpwywjnGpned:

UpnynLuplbip W puliwpyncd: Be-7-n hwjnuwptnyty £ udnputnh 45 %-nud, huy Cs-
137-p* 59 %-nwd: Be-7-h wywnhynigintup tnwwnwuynd En hwyiuwpGpdwl 2Edhg gwdp
(<MDA)" <0.005 Uhusl. 7.54 f~p/q uwhdwluubnpnid, 1.15 Rp/q UhghU wpdtpny: Sthuuwéhu
Cs-137-h hwdwn wywnhynipjwl dwywnpnwyutnph vhpwywiep Gnt| £ <0.001 (<MDA) Uhusl
0.297 Pp/q, huy unwgwd vhghu wndtep' 0.075 Pp/gq: UwdnipUbpnd pbphihnudh W
gbghnudh pwphujwéntejnilp ICP vegetation dpwgph Jwdnirubpnud pEpdwé Euy. 2-nwd:

hUswGu Gplnwd E UY. 2-hg, pGphithnudh pwnép wywnhdnieintu gpwugdt) Bu dw-
dncnutpnid, npnup hwyjwpewytb) BU wjwunnwuh YEunpnuwywl W wpllbywu Jwubphg:
Uywnhynrpjwl wdtUwpwnép Jwywpnwyubpp gpwugyt) U 1895 U-h Ypw, inbnwywjjwsd
UlLwuw [6h wnwpwéepnud: Cs-137-h wywnhyniejwl pwnép dwywpnwyp gpwugybp Gu
hhduwywunwd Swjwunwuh  wpldnengnid:  UdGUwpwnpén  wywnhynipiniupt 0.2 Pp/q,
gpwugyty £ 1075 J pwpapnipjwl Ypw: Iwjwunwuh nwpwéph nwnhntyninghwywu
Unuhenphug Spwagph JwdnipUbpnd gpwugywd nwnhnuncyhnubph pwpbujwédnieiniup
ptpJwé Euy. 3-nud:

L ]
Muydwlwlwl bpwltp

Cs-137 winhdnipyniln Pupdpnupind,
dwdnunbbpnu, Pplq U .

Muydwlwywl Lpwlltp

Be-7 whnhdnupiniln  Pwpbpnipincl,
dwinunbbnnud, Pelg U 5. o

LY. 2. Be-7 lu Cs-137 nwnhnuntythnubnh pwphujwédnieiniup
ICP vegetation 6pwgnh dwdninuGpnud

Muyuibiwlul bzwlltn % ¢ Muydwbwlwl Lzwlitp -

Be-7 wiinhdnupinlin  Fwpdpnipnil,
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LY. 3. Be-7 L. Cs-137 nwnhnuntyhnutnh pwptudwédnieiniup NEUU Spwgnh dwdninuGpnud
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LY. 3-hg wwnpg E nwnuncd, np pGphthnudh wynhyniejwl pwpan Jwywpnwyutpp
gnpwugyty U hhduwywund Gpyph hppwuphnd W hwpwynid:  Be-7-h - wdGUwpwnén
wywhyniejntup gpwugyt) £ 1417 J-h Jpw, Upwdwgn 1Grwl nwpwéphg Udnwnywé
dwdntnntd:

Cs-137-h hwdwn wywnhynipjwu pwpép Jwywpnwyp gpwugyty £ hhduwywuncd
Upwawéd |Gnuwqwugywséh wnwpwéend® 20000 b b wydbp  pwpépniejnculbpned:
UJBLwpwpan wywnhynipiniup gpwugyt) £ 2600 J-h ypw (0.297 Pp/g): Upwaqwd |Gnwl
nwpwéepned Jwdnenubpnd wynhynigjwl Jwywpnuwyp wénwd £ pwpépnigjwl wéhu
gnigpUprwg, pwuh np Udnpwrenudp hpwywuwgyby £ pun pwpannipwl® jnipwepwlgnin
200 J-hg Uty uunwy:

Upnniupubph  Jhdwywgpwywl  gGpinwdneeiniup  (Shapiro-Wilk  Normality — test,
p<0.05) gnijg nytg puwnpwuenid wpunpdwp pwbujwénieniu: WUpdGeutph pwphudwont-
rJwl ypw wagnned U pEphihnudh puinpwupnud EpuinptGdnidutinp (extreme), huy  Cs-137-h
punpwupnid® pwphujwéniejwlu inhpnyrehg nnipu puywd wndbeutp (outlier), npp wyubpl
Euy. 4-nud pepdwd pnpuwninbphg:

T
Be7 Cs137

Uy. 4. Be-7 L. Cs-137-h dwudninubpnud pwhujwhuntjwl pnpuwnuntn

LY. 5 W 6-hg wwpq £ nwnunid, np wdpnng punpwugh hwdwn sywl puwugwént-
pjwlU punhwuntp L wdpnnpwlwl  oppUwswhnipntluGp  JwdnipUGpnud  nwinhn-
unLyhnutph wywnhynipjwu dwywpnwyutph W bdnwndwl YGsntph pwpépniejwl dhel:
Ldwl  ophlUwswihniejniuubp Wwwnydbl U wnwUudhu  wpndhubpnud, pwuh np RL
pephthnwdh W pE gbighnwih wnwyb pwpép wynhdnipniu gpwgyty £ pwpépwnhnp
2npswililGnh JwdninUGpned:

Be-7
8.0 4000
6.0 3000
o S
CBLl 4.0 2000 g
20 I I I I 1000
0o W_-m_ -I-III w_mflacallanl. . Bansl.n 0
Luniputn
Pwgwndwy pwpapniynlt  ® Be-7

LY. 5. Be-7 wywnhyntejnilp punn pwpapniejwu
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LY. 6. Cs-137 wywnhyniejnilp puin pwpépntejwl

UhUWUniu Udnipwndwl YGwnhg hwjwpdwd wnwppbp nbuwyubph JwdninUbph
udnpubpnd hwdtGdwwnnipintup  hGwnwgnuningnn  nwnhnuncyihnutph - wywmhyniejwlu
Jdwywpnwyh twpptpnepjwl nbuwytunhg bpwlwywih sk:

UwdnLruGpnud nwnhnuncyhnuGph Yniinwydwu Udwlwunhw hGnwgnunnipynluutn
hpwywuwgyty Gu  wwpptp  nwpwswpppwultpnd:  Wn hGnwgnnne)nliutnh
wpnntupubpp hwdbdwwndtp Bu unyu hnnjwéh 2pgwuwyutpnud unwgywé nyjwubph
hGwn: Wuwbu, Intbwunnwuh hjnuhund JwdninUGpnud Be-7 W Cs-137-h wywnhyniejwl
UhohUu Jwlwpnwyp uwagunwd £ 388 Rp/yg L 35 Rp/lg, hwdwwwwnwuhuwuwpwn [14], hugp
hwdwnptGih £ unyu hGunwgnunigjwu JGe Be-7 W Cs-137-h  wywnhynipjwu  dhghu
Jwywpnwyutnh htGw, npnup Ywaqunud Gu 1.15 Pp/g (Ywd 1150 ~p/yg) W 0.075 Rp/g (Yl
75 Pp/yq), hwdwwwuwnwupwlwpwn: UBY wy hGunwgnunnienipjwu Jbe pGpdwé b
Uhdwjwywl wwnppbp gnunhubphhg (UBpphw W hwpwdwiht Gwhiwun) Udnpwnjwé
Jwdninubpnd Upywéd nwnhuncyihnubph wyinhynipiwlu Jwywpnwyh hwdbdwnnigniu
[10]: UpryntupUuGpp gnuyg Gu wndb, np UGpphwynud  Be-7-h  wywnhyniejwl  Uhghu
Jwywpnwyp dwdniputpnd Ywagdt) £ 314 ~p/yg, huy Rwhiwunnwd 226 Fp/yqg: Cs-137-h
hwdwp Jhlunyu  hGunwgnunepjwu  Jte  wpnniupUubpp pwywywuhu  wwppbp G
([Gwhiwunh hwpwynd Cs-137  sh  gpwugyty JwdninuGpnud, huy  UGpphwned,
punhwywnwyp, gpwugyt| tu pwpép Wwpniuwynientbubp: Iwdtdwwnbinyg wjwunwlh
hwdwn unwgywsé ndjwiubpp Lpywd nwpwépubpnid unnwgywéd wpnyntuplubph htwn,
Ywptih £ Bupwnpb, np Jeuninpuwht pwunhnuncyinhutnh pwpfudwénieniup Gpyph
Jwybplnipwihu 26pnh Uhgwdwntpnud tnwpptn B wywjdwuwynpwd ingjup tnwnpwéeh
w2huwphwgpwywl jnipwhwinynipiniulGpny: 3wjwunwunctd gpwlgwé Be-7-h pwinép
wywnhyniejntup wwidwuwynpywé £ inwpwéeph pwpap inbnwnhpend, npp wybih pwnép £
Wywé  Gpynlbnh  ntnwnhpehg:  Cs-137-h  gpwlgywd — wywhynipjwl  pwnép
Jwywpnwyutpp  Swjwunwuh  JdwdnpUGpnd Uunguwbu wwpdwuwgnpwé E
wuwphwapwywl jnipwhwwnynieinluubnny, pwig Ywpnn £ uwle hGinliwlg |hub] wugjwy
nwnnd  Uhgntywjhu dpwnubphg 3jntuhuwihu Yhuwgunh nwnhnwynpyd wnunnndwl,
pwUh np gbghnudh wywhynipintup nbnlu Lywuwywih E' 2unphhy Yhuwwnpnhdwl JG6
wwppGpnigjwu (30.2 wwph): Wuwhund, wywpg E nwnunwd, np JwdnipUbpp hGnw-
Uywpwihu opjtywnn BU wptuwphwgpwywl nwppGp Lwpwéeputpnud JpUninpunwihu hnu-
pbpny wnGnwithnfuynn nwnhnuntyhnutph wywnhyniejwl nwpwéwdwdwlwywihu quw-
hwwndwu hwdwp: Fwgh wjn, wmthulwdhu ghghndh hwdwnp JwdninUbph hGunwgnunt-
pintlutnp Ywpnn Bu Lywpwant géghnudh dpUninpuwihu uhgpwghnu nunhutGnpp W yGpw-
pwhundp tnwipptp tnwpwéegubpned:

Wohuwwnwuph hhduwywu Ggpwywgnieintup wju £, np sh gpwligdty Lpwlwywih
ynpGwghw dwdninutpnd Be-7 W Cs-137 nwnhnuntyhnutph wynhyniejwu dwywpnwyh
W wnwpwéph pwgwnéwly pwpannijwl vholt wdpnng Uunwubph hwdwn: @6 Be-7, W pb
Cs-137-h hwdwn Uywwnyb] £ wndbpubph pwohujwénipjwl UGS thnthnfuwywlncpniu.
<MDA (0.005) Jhugl 7.546 L. <MDA (0.001) Jhusl. 0.297 Rp/q, hwdwwwwnwupuwlwpwn:
Ldnpwndwl wnwudhtu Jwjptpnud (Upwagwéh (Eruwquuqywd, Upwdwgn (Gr) Updwé
nwnhnunLyhnubph wywnhynijwl pwpép dwywpnwyp gpwugdtb) £ udnpwndwl
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nwpwéph wdblwpwpan Yewntpnud: Be-7-h wynhynigjwl wnwybiwgnuyu Jwywpnwyp
ghwugdty E 1895 J 64U ypw' wbnwyuwpywé Swjwuwnwuh  wplbiend: Cs-137-h
wywhyniejwlt  wnwybiwgnuu Jwywpnwyp gpwugdt) £ Upwqwé |Gnuwquugywsh
wnwpwoépnud® 2600 U 6.U. pwpapnipjwl ypw: LGnUwihU wnwpwéplbpnud gpuugywé
wywnhyniejwl pwpan dwywpnuwyp wwdwlbwynpdwsd £ dgUuninpuwihlu inknndubph Jté
pwlwyny b nwnhnwywhy Uuwnbgndubph Jb6 hUwpwynpnipjwdp: IGnwgnunipjwu
hwdwn punpqwé wnwppbp nbuwyh Jwdnenubpnud Upqwé nwnhnunwyihnubph hwdwp
gnpwugwd wynhyniejwl Jwywpnwyh Ewywl wnwpptpnieint sh nhndby, suwjwsd, wytbih
JG6 pwlwyh Jwdninh Udnpubp GU hwpywynp nwnhnuncyhnuGph Yuwudwu inGdwGpu
nruncduwuhnGine hwdwn: Ungu hGnwgnunneeniup hwdwipnud £ 3wjwuwnwuh Nwnhn-
Eyninghwywl nyjwiutph pwqwl’ wdbugubind (njup b tnwpwéwnswlwihu Ywnplnpnt-
pjwu punype Ynpnn wnbnGywunynipintt® JwdninUbph Giuytunwht nwnhnwywnhyniejwu
Jwywpnwyh Jwuhl:

GwnwgnnnLe Nl hpwywuwgyt) £ 33 WAL Ghunnipjwl wEnwywl yndhnth $h-
LUwluwynpuwdp' Qwjwuinwlh  tnwpwéeh nwnhnEyninghwywu Unuhpnphug: | W I
thniGp»  # I5T-IE061 W # 18T-1E311 Swélywaptpny ghinwywl ptdwultph 2pgwuwyut-
pnud, hUugwBu Uwle ICP Vegetation JwuntnUGph hGwnwagnunnipjwu Spwanph 2ngwbwyubpnud®
hpwywuwgywé 2016p. 33 AUU EYyninqulnnudbinwihu hGinnwgnunnieintluGph Yeuwnpnuh
Unnuhg:
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1. Pbywliw 0., Unuhywl U., &neulniywl Y., Uwnuwptywl W. Cs-137 pwtujwédnipiniup
Upwaguwéh  hnnGpnud W ¢np JdeUnpinpuiwght - LunbgnuduGpnud. 33 QUU SknGlwaghp,
Qhunntpnlutp Spyph Jwupu, 2, 57-66, 2019:

2. Jwpnwlywl U., YwiGwwl L., 3wjwunwuh Ugquihu Uwnjwu, 2006.

3. Balonov M. The Chernobyl accident as a source of new radiological knowledge: Implications
for Fukushima rehabilitation and research programmes. J Radiol Prot. 2013.
doi:10.1088/0952-4746/33/1/27.

4.  Belivermis M., Cotuk Y. Radioactivity measurements in moss (Hypnum cupressiforme) and
lichen (Cladonia rangiformis) samples collected from Marmara region of Turkey. J Environ
Radioact. 101, 945-951, 2010. doi:10.1016/j.jenvrad.2010.06.012.

5. Doering C., Akber R. Beryllium-7 in near-surface air and deposition at Brisbane, Australia. J
Environ. Radioact., 99, 461-467, 2008. doi:10.1016/j.jenvrad.2007.08.017.

6. Harmens H., Norris D.A., Steinnes E., Kubin, J. Piispanen, R. Alber, Y. Aleksiayenak, O.
Blum, M. Coskun, M. Damh, L. De Temmerman, J.A. Fernandez, M. Frolova, M.
Frontasyeva, L. Gonzalez- Miqueom, K. Grodzinska, Z. Jeran, S. Korzekwa, M. Krmar, K.
Kvietkus, S. Leblond, S. Liiv, S.H. Magnusson, B.Mankovskd, R. Peschw, A Riihling, J M.
Santamariam, W. Schréderw, Z. Spiric, I. Suchara, L. Théni, V. Urumov, L. Yurukova, H.G.
Zechmeister. Mosses as biomonitors of atmospheric heavy metal deposition: Spatial patterns
and temporal trends in Europe. Environ. Pollut., 158, 3144-3156, 2010.

7. 1AEA. Guidelines on soil and vegetation sampling for radiological monitoring. (2019).

8.  loannidou A, Papastefanou C. Precipitation scavenging of 7 Be and radionuclides in air.
J. Environ. Radioact., 85, 121-126, 2006.

9. Krmar M., Mihailovi¢ D.T., Arseni¢ I, Radnovi¢ D., Pap |. Beryllium-7 and 210Pb
atmospheric deposition measured in moss and dependence on cumulative precipitation. Sci
Total Environ., 541, 941-948, 2016. doi:10.1016/j.scitotenv.2015.09.083.

10. Krmar M., Wattanavatee K., Radnovi¢ D., Slivka J., Bhongsuwan T., Frontasyeva M.V.,
Pavlov S.S. Airborne radionuclides in mosses collected at different latitudes. J Environ
Radioact., 117, 45-48, 2013.

43


10.1088/0952-4746/33/1/27․
10.1016/j.jenvrad.2010.06.012․
10.1016/j.jenvrad.2007.08.017․
10.1016/j.scitotenv.2015.09.083․

11.

12.

13.

14.

15.

16.

17.

18.

L.E. Un4uhUsuL

Mitrovi¢ B., Ajti¢ J., Lazi¢ M., Andri¢ V., Krsti¢ N., Vranjes B., Vicentijevi¢ M. Natural and
anthropogenic radioactivity in the environment of Kopaonik mountain, Serbia. Environ
Pollut., 215, 273-279, 2016.

Mréz T., Lokas E., Kocurek J., Ggsiorek M. Atmospheric fallout radionuclides in peatland
from  Southern  Poland. J.  Environ. Radioact. 175-176, 25-33, 2017.
doi:10.1016/j.jenvrad.2017.04.012.

Pyuskyulyan K., LaMont S.P., Atoyan V., Belyaeva O., Movsisyan N., Saghatelyan A.
Altitude-dependent distribution of 137Cs in the environment: a case study of Aragats massif,
Armenia. Acta Geochim. 2019. doi: 10.1007/s11631-019-00334-0.

Sawidis T., Tsikritzis L., Tsigaridas K. Cesium-137 monitoring using mosses from W.
Macedonia, N. Greece. J. Environ. Manage, 90, 2620-2627, 20009.

UNECE Monitoring Manual. Heavy metals, nitrogen and POPs in European mosses: 2015
survey. Monitoring manual. 2015.

UNSCEAR 2008 report. Sources and Effects of lonizing Radiation. Report of the United
Nations Scientific Committee on the Effects of Atomic Radiation to the General Assembly.
United Nations. 2008.

Wattanavatee K., Krmar M., Bhongsuwan T. A survey of natural terrestrial and airborne
radionuclides in moss samples from the peninsular Thailand. J. Environ. Radioact., 177, 113-
127, 2017. doi: 10.1016/j.jenvrad.2017.06.009.

Zhong Q., Du J., Puigcorbé V., Wang J., Wang Q., Deng B., Zhang F. Accumulation of
natural and anthropogenic radionuclides in body profiles of Bryidae, a subgroup of mosses.
Environ. Sci. Pollut. Res., 26, 27872-27887, 2019.

Uwnwgyt £ 16.06.2020

44


10.1016/j.jenvrad.2017.04.012․
10.1007/s11631-019-00334-0․
10.1016/j.jenvrad.2017.06.009․

Lwjwunwbh Ghunieyntbbtph Ugquiht Uywnbdhw Cwjwunwih Yehuwpwlwywb {whnbu
HauuoHaAbHas Akaaemus Hayk ApmeHuu BuoAaoruueckul XypHaAa ApMeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

cOnpéwpwpwlwl b nbuwlwl hnnwélbpedxcnepumenmanvhvie u meopemuyecKue Cmampu®
*Experimental and theoretical articless

Swjwuwnwlh YEuuwp. hwunbu, 3 (72), 2020

AZOTOBACTER CHROOCOCCUM-h ULUUNIR3UL
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Gpwdjw hnwgnunnieniultpny hwuwnwwnywé E, np Bacillus thuringiensis (Bt) tnGuwyh pwy-
wnbphwywt Jhpwinwuwwulbpny gnnyuwé W ggnnywé (uinnighg) wlnwnwiht nupguwagnuu hnntnph
Azotobacter chroococcum-h qwnniUEph pwlwynipinilp E2ph wqwnpwiht ulunwdhpwywjph Ypw
hntuhuhg uBwwbdptp Ynpnd £ nhuwdhywywu thnthnpunteintt. wnwyGuagnyu W udwquagniju
pwlwyntpinilutnp npulenpytiny hwdwwwwnwuhuwlwpwn hnituhuht W uGwunGdptphu:

Pwywnbphwywl vhgwinwuwwuutpny gnndwsé b ggnnwéd wunwnwihlu nupgbwagnu hn-
ntphg JUbyntuwgdwéd Az.chroococcum-h dLwpwlwywl W $hghninghwywl gnigwuhpubpp Gnbp Gu
Unijuwywu:

®npéh upuwih W UinjnnBuinh twgwnn-h gniguthutpny hwutnwndwé £, np ghnwhnpatph
wpryntlpUbpp hwjwuwnp BU W Bt wbuwyh pwyntphwubpny gnndwéd W ggnnywé  (uinnighy)
wuwnwnwiht  nwpguwagnu  hnnGpnud wnw Az, chroococcum-h  pwlwyniejntuGph  Jhole  shw
hwywuwnh wnnwnptpnipiniu:

Bacillus thuringiensis wnbuwh uhgwwnwuwwllbn — gnnnid — Az. chroococcum — wlitnwinwijhl
nwpglwaqnyl hnntn —yhdwlwgnpwlwl gniguwlippubn

JIByXJICTHMH HCCIIEAOBAHUSMH YCTAHOBIICHO, YTO B HEOMPBICHYTHIX (KOHTPOJIb) M OI-
PBICHYTHIX OakTepuanbHbiME HMHCeKkTHUIHAamMu Buaa Bacillus thuringiensis (Bt) xopuuseBsix sec-
HBIX TI0YBax KOJIMUECTBO KoyoHuii Azotobacter chroococcum wa DuiGu arapoBoii cpeje npereprie-
BaeT TUHAMHUYCCKHE U3MCHEHUSI: MAKCUMAJIbHOEC U MHHUMAIIbHOE KOJTMYECTBO HAOIOIAeTCs COOT-
BETCTBEHHO B UIOHE U CEHTIOpE.

Az. chroococcum, BbIIeIEHHbBIE U3 ONPBICHYTHIX M HEOMPBICHYTHIX (KOHTPOJIb) KOpPUYHE-
BBIX JIECHBIX TI0YB, 10 MOP(OIOr0-(PU3HOIOTHIECKIM TOKA3aTENsIM ObUTH UICHTHIHBIMH.

C moMOIIBIO OIIHOOK OMBITA U tyyrepus CTHIOIEHTA YCTAHOBIIEHO, YTO PE3YJILTATHI ONBITOB
JOCTOBEPHBI U HET [OCTOBEPHBIX PA3IMuMii MEXAY YUCICHHOCTHIO AZ. Chr00COCCUM B HEOTpPBIC-
HYTBIX M ONPBICHYTHIX Bt GakTepusiMu KOPUYHEBBIX JIECHBIX TOYBAX.

Hncexmuyuowt suoa Bacillus thuringiensis — onpeickusanue — Az. chroococcum — kopuunesvie
JIECHbLE NOYEbL — CIMAMUCTMUYECKUE NOKA3AMeNu
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Upon the two-year investigations it has been proved that in the unsprayed brown forest
soils (control) and in those sprayed with bacterial insecticides of Bacillus thuringiensis (Bt) type,
the quantity in the colonies of the Azotobacter chroococcum is undergoing dynamical changes
from June to September, demonstrating maximum and minimum amounts in June and September
respectively.

The morphological and physiological indicators of the Az. chroococcum isolated from the
unsprayed brown soils and from those sprayed with the bacterial insecticides have been proved
identical.

Through the indices of experimental error and Student’s t-test it has been proved that the
results of the scientific experiments are valid and that there isn’t any significant difference
between the colonial quantities of Az. chroococcum in unsprayed brown forest soils and in those
sprayed with the bacterial insecticide of Bt type.

Insecticides of Bacillus thuringiensis type — spraying — Az. chroococcum —
brown forest soils - statistical indices

Ugnup YEuuwshu Ywplenp tnwpp £, npp UGpwndwé £ pnyubph W yEunwupubph
YGuuwpwunptl Yuwplenp Lpwlwynie)ntl nlubgnn Jhwgniejnlulbph  (wdhuubn, wbw-
wnhnutn, wdJhUwppenutp, uwhwnwynigutbp, UuncyGhUwppniutpn, npn2  YhwwdhuuGp,
wJhnutn, Upinphiubp W wyt) Yugdned [12, 20]: L2jwy twppp Jwulwygnieiniu ntuh bwl
pnijubph $nuinuhurebgh W pUswnniejwl wpngtultpnud [20]:

Ugnwh wwwpp puncpjwl Ube suwjwé wluwwn k£, wjunthwunbpa, pnyutpp hw-
dwhu wanwh unip Yuppe Gu qgnud L Upwug gwén pGppwwnynieinitup hhduwywunwd
wuwjdwuwynpywsd £ wgnnh wwywuniejwdp: Yw pwgwwnpdnid £ Upwund, np pnijutpu
odinjwd sEU onh Unityniwihu wgnunp $heubint (Guwbiny W wjit Jwwngbih wgnunp
thnfuwnyBint ntbwynipjwdp [13]:

Upuninpunwhu wgnuinh uwnidp W wju pnyubph hwdwp Jwwngbih dlh yepwénwdp
Jwwwnynd £ hghyn-phvhwywt [3, 14] b YEuuwpwlwywl [14, 2 T}-Gnwlwyutpny:
dhahyn-ppdhwyw Gnwuwyny Ywwynwd E dniGyniwihu wgnunp gushu pwliwyp, npp
Ujnietnph punhwunip 2pgwlwnniejwl wynpngtGunid Lpwlwlwihg nGpwywwmwnnd gniuh [3],
huy YGUuwpwlwywlu Gnwlwyny gqwquwihlu wgnunh Pheuntdp nunbuwywl funnp
Lpwluwyntejntt nlubgnn wnngtu E, nph 2unphpd pwnGlwyynwd £ hnnh pGpphnte)niun:
LEUUWpwWUWywl Gnwuwyny dniGyniwihu wgnunh Lpwlwywihg pwuwynieintt juwned
GU uhdphnunhy wwiwpwpwynbGphwubpu nt wqwwn wwpnn hnnwplwy npn2 JwuptuGpp
[3, 14, 21]:

Qwuwnwwnywsé E, np hnnwplwy wqwwn wwpnn Jwuptubphg hnnp uwwywd wagn-
wnny wnwyblwwtu hwpuwnwgunwd Bu Azotobacter gbnh UGpywjwgnighsuGpp, npnup 1 g
ogqunwgnnpédywé pwpwnh nhdwg Jwwnd Bu Jhugle 20 Jg wgnuin [18]: Cun npnud,
dniGyniwihu - wgnunp Juwyblhu  pwyuntGphwywu  pegnd  ulygphg  upupbqund  E
gyntinwdhlwpent, nph hhdwu Ypw bwle Juwgwd wdhbwpeeniutph tnbuwywupu, ytp-
shuutnhu wnywnipjwup Lwl uwyhwnwynigutpp [11]:

Pwgh wyn, hwjwnuh £ Uwle, np Juwuwywp JhpwinuGph nGd wwjpwph Lywwnwyny
ogunwgnpdynn huubyunhghnutph  wulpwu Jwul E pungnud  JUwuwwinniubphl, huy
hhJuwywu swihwpwdhup (60-99 %) wwpptp nwnhuGpnd® gnnbihu, wuanpliwentpny
gnnwd uwnuwppep Ywgdtbihu  [17, 19], Jwhwgwé ppenipubph W hwpubjwyubph
Jwnuhuutiphg [6] h y&pgn puyuncd E hnn;

Utn hGwnwagnuinientuubph wpryniupltbpnud hwunwndwé E, np YEuuwgbunghg
JGp Yynnuhg wlugwwnwé Bacillus thuringiensis (Bt) wGuwyh Jhgwwnwuwwl 2nwdubpp
gnnuwl wpryntupnid wunwnwjhu nwpguwagnyu hnn puyuBihu, pwlwyniejwl Ujwgdwl
Jhunnudnyd wwhwwuyned 6U 4 wdhu [2]: Neuwnh, Glubind yGpnupdwéhg, fuunhp Bup nnby
Gpywdjw (2018-2019 pe.) htwagnuiniejnitultpnny  pwgwhwjintp gnndwu wpnniugnid
hnn puywsé pwynbphwywl Jhgwwnwuwwlubph  wgnbgnieintup hnnh  pbpphniejwu
gnLgwluhy hwunhuwgnn Azotobacter chroococcum-h pwuwyntejwl Ynw:
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Unip W dbpenn: IGnwgninnipjul Unie GU hwunhuwgb) wagpngtGungnud  puwywunpBu
Jwhwgwé ppreniputnhg dp Ynnuhg dwuptwpwlwywu Gnwuwyny [8] wugwinwé Bt tnGuwyh pwy-
wnbGphwywl Btecns-68, Btecns-73, Btecns-92 Uhgwunwuwwllbpp Quwdltph wbudwluwyngnidp JGp
ynnuhg), NnLuwunnwuh Ywplnigyniunid ennuinyywé (twhnnghn (3000 UWUG) pwyinbphwywlu
wwwnnpwuwnntyp, Uwwpwlh  wnwpwéwyppwuh  Qnpwginiju  hwdwjuphl  hwpwyhg  wlwnwnwihu
nwnguwagniu  hnntpp, JUnGyniwihu - wgnun  $heunn  hnnwplwl Azotobacter chroococcum-p:
Wuwnwnthnpdwnbnwdwutpnid wunwnwihu nupgwgniu hnnh A hnphgnuncd (2-14-ud nLnnwéhg
funpnipenLl) hnidniuh wwpnibwynientup Yuaqut) E 6,3 %, pH-p* 6,4:

Azotobacter chroococcum-h dllwynpwé qunniUbph pwlwyniejwl nhtwdhywt ybgbunw-
ghwyjh 2pgwuncd npn2yt| £ E2ph wgwpwjhu ulunwdhgwywinph dpw, nnh ywwnpwuwnnedp Yunwpyb) £
puwn [8,15] Ubpnnwlwl dbnUwnyutph: Bt nbuwyh pwynbphwywl Jhpwinwuwwulbpny sgnnywé
(unnghy) W gnnwd  (thnpdlwywu  wnwppbpwyutp)  wUnwnwiht  nupguwagnu hnnkphg
dGyniuwgywé Az, chroococcum pwlywnbGphwywl ppheubnh  swithwagpndubpp ywwnwpybp Bu puwn
dwuptwpwunigjwl gnpéUwywl W neundbwdbnnwywl  dnuwplutph [1,10], pwynbphwywlu
dwnpwyubph UGpynwdp W wgnuninpwywnbph  Ynndhg  wéhuwenbph  jnipugnudp npnpdbp £ punn
Lwphuuywjwih [7], UhnnpwwnUtph W Upinnphunutph yGpwywugunidp, Yunwjwquwhu, opuhnwquiht W
wuhwqwjhu wywnhynipjwl npnanidu pun® [10], dGjwwnhuh hGnniywgnedl® puwn [1, 10] UGpnnwywl
abnUwnyutnh:

Uwnnighs tnwppbpwly wnwudlwgywd wunwnwihu nwpsuwgnuu hnnp gnnybp £ inushgny®
onny, npp Uhpwinwuwwl pwynbphwlwl Ywiunye wywwnpwuwnbihu Wu dwnwjbp E npwGu |nudhg:
Ulinwninbnwdwubpnid gnndwé Ynepinnipwy henniyh inhwipp (fuinnueyniup) Bnkp £ 600 Jiu uwnp/dy,
huy whuwwnwlpwhu htnniyh dwhuup® 1000 /hw: Wunwnintnwdwubpnd gnnnudubpp Yuwmwpyby
GU OBT-1A Jwyuh2h npwyinnpwihl, wnwubht nbwetpnud® Ozdesan Jwluhoh Ubgph upuyhsutpny:
Azotobacter chroococcum-p dlwynpwéd qunnipUbph pwlwlwlwl gnigwuhpubpp Gupwpydt, Gu
Jhdwywagnpwywu yenineénpjwl [4, 5):

Upnyniupubpn W pUulwpynid:  Gpywdjw  (2018-2019pE.)  |wpnpwwninp
hGwnwagnunipnilutpny pwgwhwynwé k£, np E2ph wguwpwjhu ulunwdJdhgwdwinph ypw
hnnwjhu Yudhyubphg &Lwynpdwé (wbwd) Azotobacter chroococcum-h  qunniUtph
pwlwynipjntup Bt wnbuwyh pwynbphwlywl wnwudhtu Jhpwinwuwwlutnny (Btgchs-68,
Btecns-73, Btecns-92, (Guhnnghn) gnnyuwé U sgnnywé (unnighy) wliinwnwihl nupguwgniju
hnntpnwd, yGgbunnwghwih (pniuwddwl) ppgwuncd’  (hntuhuhg  ubwwnbdptp) Ypnwd £
nhuwJhywywu thnthnfuntpyniu:

QSwwwwytn 1-h wngwubphg Gplnwd E, np pUlwpywé wnwppbpuwyuGpnud
Azotobacter-h qunnieUtph Gpywdjw wnwybiwgnuyu Jdhghl pwlwynipniulbpl winbw-
Uwanytp BU hntuhupl, Ujwquwagniup® uGwwnBdpEphu. U2Jwp wJdhuuGphu Gpywdjw Uhghu
gntgwuhpubpp  twppGpwyutpnud nmwwnwuyting  hwdwwwunwupuwlwpwn 25,8-29,1 L
8,0-9,5 quwnniph uwhdwuutpnud: Inctlhuph hwdGdwwn, hnihupu W ognunnuhu nhuinyty £
duwynpywéd qunnipUGph  pwlwynijwl  wunhtwlwpwp Ujwagnud  (Gpwdjw Jhghu
gnigwuhpubpp Lwwnwuybiny hwdwwwunwupiwuwpwn 17,9-21,4 W 13,5-15,5 qunnieh
uwhdJwuutpntd):

Azotobacter chroococcum-h pwlwynipjwl Gpywdjw uhghU gnigwuhpubpp unnighy
(sgnnywé) nwppGpwynwd hntuhuhl, hnihupl, ognunnupl L ubwwnBUpGphU Yuqutp Bu
hwdwwwwwupiwlwpwp 27,6; 19,2; 14,8 W 8,5 qunnip:

Gwnwgnunncentultpny hwumwwnywd £ uwl, np Azotobacter-h qunniUtnph Uhghu
pwlwynipiniulbph - Udwanudp  hnihupl, ognuwnnupl W ubwuwnGdpbGphlu, hnluhup
hwdtJwuwn, Juqut] E hwdwwwunwuhuwuwpwn 28,1, 46,4 W 67,7 %:

Nnpn2 htnhuwyutph wundwdp, hnnh junuwyniejniup [16, 22] L gGpunipiniup [9]
hwdwpynwd BU hnnwplbwy wgnunnpwyntputph  pwlwyniejwl nhuwdhywh npn2hg
gnpénuutn:  SwdwlUwpwn, Jbgbwnwghwih  2ppwlnud  JBpp Lpdwé  gnpénulbpny
wwjdwuwynpywé £ Azotobacter chroococcum-+ pwlwynipjwl nhuwdhywlu Uwl Bt
wnbuwyh pwyntphwywl vhpwnwuwwulbpny gnnywé W ggnnywé wuwnmwnwihu nwps-
Lwagntju hnnGpned:

LY. T-nid UGpYuwywgwé Bu Epph wqwpwihtu ubunwdhswdwiph ypw, hnntG
yuéhyutph 2nipgp hntuhupu dlwynpywé Az. chroococcum-h quinniUtnp:
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Qéwwwwnybp 1. Azotobacter chroococcum-h quinniUGPh GpYwdjw (2018-2019 ee.)
UhghUu pwlwyntpintlubpp Bt tnGuwyh pwyntphwywu Jhpwnwuwwuubnny
gnnyuwé W ggnnyué wlnwnwihu nwpguwagntu hnnGpnud

3nnt Yudhyubphg dlwynpywd Azotobacter chroococcum-h quinniUbph pwlwynt-
Rjwl 2018 p. ghinwithnpabph wpnyntuplutph yhéwywagpwywl ybpnudnieiniupg wwpqyby
E, np wwuwnwudwlu gnpéwlygh W thnpéh ubuwh gnigwuppubpp pULwpYwé  nwp-
pGpwyutpnud  hntuhuhg uBwwnbBUptp punhwunp wndwdp  wwwnwuybing  hwdwww-
nwupuwlwpwn 5,10-12,67 W 2,3-5,7 %-h uwhdwulutpnd hwuwnwinty Gu, np ghiwthnp-
4Gph wpryntuputpp hwywuwnh Bu:

u

LYwnp 1. E2ph wgwpwjhu ulunwdhpwywiph ypw Bt inGuwyh dhpwinwuwwlutpny gnnywé (W) W
sgnnywd (uinnghy) (R) hnnt Yuahyutbph 2nipgp dllwynpwd Az. chroococcum-h quinniUbn

2018p. hGwwagnuinipjwl nwiutph UnjninBuinh tugwun-h hwdwpywihu gne-
gwuhputpp, Poos L n=5 wwpwdtwnptph nbwenwd, punhwunip wndwdp nwwnwuytGinyg
0,272-2,236-h uwhdwulGpnud W (huGind thnpp UnjninBunh tuguun-h - wirgnLuwyughu
2,571 gnighthg hwuwnwwnGp Bu, np Bt wnGuwyh pwynbphwywl Jhgwinwuwwlubpny
wnwudhtu gnnywé W ggnnywd (uinnighy) tnwppbpwyutpnud wpdwlwgnpywé Azotobacter
chroococcum-h  qunnieUtnh  pwlwywywl gnigwuhpubph  Uhgl, hwdwwwwnwupuwl
wuJhulbph Yupgwéeny, syw wpdwlwhwywwn tnwnppbpninil:

Qhwnwthnpétph wpnyniuputpny hwunnwunywé £ bwl, np Bt tnGuwyh pwyntphw-
Jwu Jhpwuinwuwwulutpnny gnnywé wlnwnwihu nwpsuwagnuu hnntphg JGyniuwgywéd
Azotobacter chroococcum-p wwhwwut, £ ggnnywéd  (unnighg) wlwnwnwihu  hnnhg
JbynLuwgywé Az. chroococcum-hu punpny dlwpwlwlwl W $hghninghwlywl wnwld
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LUwhwwynipinilubpp: UwulwynpwwtGu, hnnnd Juwgntg  hGnin - wgnuninpwyinGph
Gphwwuwpn peholbpp Wwhwwubp GU dannhywéle inbupp, Unpwyutnh wnywjniejnlll nu
awndnitbwynepiniup, bwl' peeh 3,6 x 2,1 JyJU Gpywjbwywu W jwjlwywu JhohU swithGpp:
DQwpqwgldwl hGwnwagw thnend (uubunwdhpwdwiph ypw wébinig 38 d wug) pgheutnu
punniutp GU ojwjwél. wbup (npwdwghép' 1,7-2,0 Jyd)® Jhwdwdwuwy Ynpgubiny
duinpwyubpu n Qupdniuwynipiniup:

®npéwunbnwdwubphg JGyntuwgywé Az. chroococcum-h pghoutpp (nuwjhl Jdwl-
nwnhnwyh nbuwnwwnnd Gpliwgb] Gu JEYwywu, gnuygnd, 2nprwutph wd wuywunu

ynwnkph inGupny UY.2):
T
k- ﬁ e
A ke
.’ e

v , il
S PPN
R SURR I
8 ie ol

L. 2. Azotobacter chroococcum-h pghoutinp (nLuwjhu dwlpwnhunwyh inbuwnwpunnd

Ush uygpuwywu thnind wgnuninpwywntbpp E2ph wqwpwihu ulunwdhowydwynh
Jpw dlwynnty £ ninnighy, npduwiht wugnuu qwnnipUtbn, npnug Uhghu inpwdwahdp
Ywaqutl E 1,8 U LY. 3):

LY. 3. Azotobacter chroococcum-h 3 opwlywu qunntpUtnp

Qwpgqwglwl hGnwagw thnenud qunniUtpp ukpydty U hpBug huy Ynnuhg uhu-
rbqwé ullnwuhswywinpp subpynn Unig-gnppwyniu gniiwuynieny:  Yhunwnyndubpny
hwuwnwwnyby £, np qunniUbph dbwynpndp E2ph wgwpwihb ulunwJdhswywiph ypw
uluyt] £ gwlpuhg 9 d wlg:
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Utn hGunwgnunnigjwu wpnyntpnd hwunwndwé £, np pwyunbphwywu Jhpw-
inwuwwuubpny gnnywé W ggnnywé (uinnighg) wunmwnwihu nwpguwagniu hnntphg whun
ullunwuhswywjph ypw vtyntuwgywé Az. chroococcump jnpwgunid £ Jhw- (Jwllhun,
nGpuwnnng, 1GYnLing, wpwphung), Gpy- (Uwinng, (wywning) U pwquwpwewnutn (oufw),
wgnwh wnpnipubphg  (Unyniwihu - wgnunhg  pwgh)t Upunnpwwnutp W Uhwnphwnutn,
dGiwwhup  sh  hennijugund  (odnywd  s£ wpnnbnhnhy  wynhynipjwdp):
Ulunwdhpwdwiph  ypw  dlwynpdwé  wgnnnpwyinbph  qgunniubpu odinjwd  Gu
Juwwwiwqwihu W opuhnwquiht wywnhynijwdp: Lojwy Yninnipul odinjwé £ uwl
wuhnihinhy wynhyniejwdp: Cun npnud, hUswbu pwyntGphwywu Jhgwnwuwwuubpny
gnnyuwd, wjlwbu Ef ggnnywé (uinnighg) wlunwnwihu nwpsuwagnuu hnntphg Utyntuwgywé
Az. chroococcum-h UniinnipwuGpp  wnwUudhu  thnpéh  uwhdwunwd  $hghninghwywu
wnngbulbpu hpwywuwgntl Bu Uncu hunBuuhyniejwdp:

Ujuwhuny, Bt nGuwyh pwynbphwywl Jhgwinwuwwuutpny gnnywéd W sgnnywd
(unnighg) wunwnwihu nwpsuwagnuu hnntphg JGynwuwgywé W E2ph wqwpwjhu ulunw-
dhpwdwinh ypw wodwé Az. chroococcum-h qunnipUtph Gpywdjw Jdhghtu pwlwynipenLu-
UGpp ybgbwnwghwih 2ppwunud Ynbp GU thnthnfuneentl® wnwydbiwgnyu W UJwqugniju
pwlwyntpintultpp npultnnytiny hwdwwwwunwupuwuwpwp hntuhupu W uGwwnBdptppu:

®npéh upuwih W nwwnwudwl gnpéwygh gnigwupputpny hwuwmwwndtb) £, np gh-
wnwthnpatph wpryntupUtpp hwyjwuwnh Gu:

UwnjntnBuinh taupuun-nY hwuwnwndy E, np Bt tnGuwyh pwywnbphwywu dhpwwnw-
uwwluubpny wnwudhu gnndwd W ggnnywé (uinnighg) tnwnpGpwyutpnud wpdwuwgnyuwé
Az. chroococcum-h qunniUEph pwlwlwywl gnigwuhpubph Uvhole slw wpdwlwhwywn
wnwnpbpnLejnLu:

®dnpéwntnwdwubph (gnnywé W ggnnywd) hnnbphg Jtyniuwgywé Az, chroo-
coccum Ynrpinnpwilibpp dLwpwbwywu b $hghninghwywl hwinwuhubnpnd gnigwpbptp
6U Uhwuwnhw npulLhpnuduGp:
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SUBFOSSIL PALYNOLOGICAL SPECTRA FROM THE
SURROUNDINGS OF THE VILLAGE TSOVINAR
(LAKE SEVAN, ARMENIA)
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The palynological study of modern soils formed on the former bottom of Lake Sevan as a
result of its artificial drainage is of great importance since many aspects of replacement of
vegetation of aquatic ecosystems by continental vegetation are reflected in the palynological
spectra. These processes having taken place over the past 90 years, caused by the artificial
lowering of the level of Lake Sevan by 18 meters can be considered as a model of development of
lakeshore vegetation under conditions of natural regression of the waters of Lake Sevan. The study
has allowed us to define new markers for identifying regressive phases according to palynological
data. Despite the presence of redeposited pollen and non-pollen palynomorphs (NPPs), the
palynological spectra of soils correctly reflect existing vegetation of the cultural and natural
landscapes of the study area.

Pollen — non-pollen palynomorphs — remains — pollen spectrum

UphGunnwywl gpwhBnwgdwl wpnyniupnud Uwlw 16h Uwhuyhu hwwnwyhtu dlwynpyuwé
dwdwuwywyhg hnnh wwihuninghwywl niuncdbwuhpnieniup 66 Lpwlwynieinu niuh, pwuh np
onwjhtu Eynhwdwywpgbph pniuwywunceintlp gwdwpwihu pniuwlwunijudp thnfuwphUGine 2w
wuwtywnubp wpunwgnwé U wwihuninghwywt uwtlywpnud: Wugwé 90 wwphubph pupwgenid
nbnh nlubgwé wyu gnpdplewgutpp, npnup wWwjdwlwynpwé b Ukwlw [6h Jwlwpnwyh 18
JGuinpny wphGunwywu hgbgdwdp, Ulwuw [6h ontph plwywl nGgpGuhwih wywydwuuGpned Yupnn
GU hwdwnyb] wthwdtpd pniuwywuncejwl qupgugdwl dnntp: NuncdUwuhpneeniup enyp £ wndby
Utig uwhdwut) unp gnighsutn® wwihuninghwywl wndjwutph hwdwéwiu ntgptuhy thnutpp npnpting
hwdwn: QUuwjwd Ypyhtu Yninmwyjwsd dwnluihmne W ng dwnwihnpwihu duwgnpnutph (NSU)
wnywjniejwlp hnntph wwihuninghwywl uwGlywnpp 6hunnpel wipnwignind £ nuncdUwiuhpynn
inwnwéph Buynyh b plwlwl jwunpwdinlbph wniw pnLuwywunteniln:

Swnlwihnph — ng dwnlwhnpwihl wwihundnpdutin — duwgnpnltin — dwnlwhnpnt uwytliunnn

[MamHoNOTHYEeCcKOe H3ydeHNE COBPEMEHHBIX MTOYB, 00Pa30BaBIINXCS Ha OBIBIIEM JTHE 03€-
pa CeBaH B pe3ysbTaTe €ro NCKyCCTBEHHOTO OCYIICHNS, IMeeT OOJbIIOe 3HAaUeHHE, TaK KaK MHO-
rHe acleKThl 3aMEIEHHUsS PACTUTEIbHOCTHM BOJHBIX 3KOCHCTEM KOHTHHEHTAJIbHOH pacTUTelNb-
HOCTBIO OTPa)KEHbI B NAJMHOJOTMYECKUX CIEKTPaX. DTH MPOLECCHI, IPOU3OIIEANINE 3a TOCICTHIE
90 neT U BbI3BaHHBIE UCKYCCTBEHHBIM ITOHIXEHUEM YpOBHS o3epa CeBaH Ha 18 MeTpoB, MOXXET
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SUBFOSSIL PALYNOLOGICAL SPECTRA FROM THE SURROUNDINGS OF THE VILLAGE TSOVINAR (LAKE SEVAN, ARMENIA)

paccMaTpHUBaThCs KaK MOJIENb Pa3BUTHA MPUOPEKHON paCTHTENLHOCTH B YCIOBUSAX €CTECTBEHHOM
perpeccun Box o3epa CeaH. VccienoBaHue MO3BOIMIO HaM ONPEIEIUTh HOBBIE MapKephl IS
BBISIBJICHHSI PETPECCHUBHBIX (Da3 COTIIaCHO MaJMHOJIOTHMYECKUM MaHHBEIM. HecMoTps Ha Hanmmume
MIEPEOTIOKCHHON NBUTBIEI M HENbUIbLEBOI nammHoMopda (ADC), MaaHMHOIOTHYECKHE CIIEKTPHI
[I0YB IPaBHJIBHO OTPAXKAIOT CYLIECTBYIOLIYIO PACTUTEIBLHOCTh KYJIBTYPHBIX M IIPUPOIHBIX JIAH[-
maTOB UCCIIELyeMOH TEPPUTOPHHL.

ITvinbya — nenvinvbyesvle NAAUHOMOPGbI — OCMAMKU — CHEKMP NbLIbYbL

Studies of recent deposits by the method of spore-pollen analysis started in the
South Caucasus in the 70s of the last century. Within the Lesser Caucasus, in the
territory of Georgia, N. B. Klopotovskaya investigated recent soil samples in the
Akhaltsikhe basin, on the southern slopes of Adjara-Imereti ridge and the northern part
of Erusheti Highland (Klopotovskaya 1973). The preservation of pollen of Caucasian
species of woody plants, their pollen productivity and many other questions of
methodology were studied by this author. The conclusion was made that recent pollen
spectra reflect the existing vegetation of the South Caucasus adequately.

The number of publications studying recent pollen spectra increased significantly
by the end of the 20™ century in the study region. Many nature reserves of the Caucasus
and Georgia were studied in detail (Stuchlik & Kvavadze 1987; Kvavadze & Stuchlik
1990; 1993). It turned out that pollen dispersal from one vegetation zone to another is
limited in forested areas of South Caucasus. However, pollen transport increases
distinctly in open environments, i.e. the subalpine and alpine zones as well as in steppe
regions of East Georgia as well (Kvavadze 1993; 1999; Kvavadze & Stuchlik 1993;
Stuchlik & Kvavadze 1993; 1998).

Research on recent pollen spectra has not yet been conducted in Armenia despite
the fact that paleopalynological studies began here in the 40s of the last century
(Takhtajyan 1941; Delle 1962; Sayadyan & Aljoshinskaya 1993; Sayadyan et al., 1974;
Tumajanov & Tumanyan, 1973; Scharrer 2013; Leroyer et al. 2016). Also, NPPs have not
been investigated yet.

Here, we present the first palynological analysis of Armenian soil samples to study
the effect of lake level regression on pollen and NPP spectra in newly formed soils.

Materials and methods. Six samples of modern soil and one sample of cow dung were
selected near the former shoreline of Lake Sevan near the village Tsovinar (province
Gegharkunik), in the surroundings of Holocene peat bog deposits. The samples were taken both on
plots with natural vegetation and on agricultural fields. Material was processed in the
Polynological Laboratory of National Museum of Georgia in accordance with the modern standard
methodology (Moore et al. 1991). The organic residue was studied in liquid glycerin under an
Olympus BX43 microscope. Two full slides were counted. Pollen and NPP diagrams are drawn
using Tilia 2.1.1 (Grimm 2016).

Results and Discussion. The palynological content of the six soil samples and
one dung sample reflects the natural and cultural vegetation of the sampling area. In the
following, the results for each sample are described in detail.

Sample Ne 1 was taken on a meadow where various herbs grow with a
predominance of species of the family Poaceae. Wild oat (Avena sp.) dominates the grass
cover. Many species of Chenopodiaceae grow there as well. The pollen spectrum of this
sample is characterized by its rich content of pollen grains (fig.1 a). Pinus sp. dominates in
the group of woody plants, with 30 % of all pollen counted. Pollen of Juniperus sp.,
Ephedra sp., Juglans regia, Fagus orientalis. are represented by single grains (Pl.1 a).

53



sp.

N.A. HAYRAPETYAN, E.V. KVAVADZE, |.I. SHATILOVA, |.G. GABRIELYAN, AW. BRUCH

Representatives of Poaceae and Chenopodiaceae prevail among the pollen of
herbaceous plants. The palynological spectrum also has a rather high content of
Polygonum aviculare pollen. Pollen of higher aquatic and wetland plants Myriophyllum
, Typha sp., Sparganium sp. were discovered (Pl.1 a). Spores of Botrychium sp. were
found here as well. Microscopic remains of starch grains occur in the NPP spectrum.
There are also many phytoliths of Cerealia, as well as charred parenchymal cells of

wood (charcoal).
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Fig.1 a. Pollen diagram of modern soil of Tsovinar
b. Non-pollen palynomorps diagram of modern soil of Tsovinar
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Plate 1. a. Pollen grains of from modern soil of Tsovinar: 1-Picea sp.; 2-Alnus sp.; 3-Ephedra sp.;
4-Juglans regia; 5-Carpinus sp.; 6-Fagus orientalis; 7-Quercus sp.; 8-Menyanthes trifoliata;
9-Polygonum amphibium; 10,14-Myriophyllum sp.; 11-Sparganium sp.; 12,13-Typha sp.

b. Non-pollen palynomorphs from modern soil of Tsovinar: 1-Pediastrum; 2-Gloeotrichia;
3-Diatom; 4-sponge spicule; 5-Acari; 6-Spirogyra (Zygnemataceae); 7-Filinia egg (Rotifera);
8,10-Botryococcus; 9-spore of Glomus; 11-spore of Alternaria.

There are many microscopic remains of zoological material in the spectrum of
sample Ne 1. These are mainly epidermis, bristles, hairs and claw of insects, mites and
other invertebrates. Spores of various fungi occur in high amounts, dominated by
Alternaria. Quite interesting is that microscopic remains of lake sponges (sponge
spicule) were found in sample Ne 1.

Sample Ne 2 was collected in cereal crops, where weeds Chenopodium album is
also quite common. Pollen of Chenopodiaceae, Cyperaceae, Cichorioideae, Artemisia
reach rather high contents. Besides fern spores of Polypodiaceae and Botrychium sp.
pollen of wetland and aquatic plants Sparganium sp., Typha sp., Myriophyllum sp.,
Potamogeton sp. occur in this sample. Pollen of pine prevails among woody plants. But,
unlike sample Ne 1, pollen grains of Picea sp. and Carpinus sp. appear in the spectrum
(P11 a). Starch grains (Fig.1 b) and tracheid cells of wood dominate the group of NPPs.
There are many ascospores and particularly the fungal spores of Alternaria and Glomus
(P1.1 b). Spores of dung fungi Sporormiella and Sordaria appear as well.

While the number of remnants of freshwater green algae and cyanobacteria
Zygnemataceae, Botryococcus, and Gloeotrichia is higher.

Sample Ne 3 was taken on a pasture meadow with a lot of Artemisia bushes. The
pollen spectrum of this sample is similar to those of samples Ne 1 and 2. Pollen of Pinus
dominates among woody plants, Picea sp., Juniperus sp., Ephedra sp., Fagus orientalis
and Carpinus sp. are represented by single pollen grains. The spectrum of herbaceous
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plants is also similar. Among higher aquatic plants Myriophyllum sp., Potamogeton sp.,
and Menyanthes trifoliata are detected. Starch, charred cells of wood and other parts of
plants also occur in the NPP group, as well as phytoliths of Cerealia. There are many
spores of fungus Alternaria. Spores of Arnium and Glomus occur in higher amounts.
Also, the number of remains of Zygnemataceae, Lake sponges is higher in comparison to
sample Ne 2 (Fig.1 a, b).

Sample Ne 4 was taken at a country road, on both sides of which Polygonum
aviculare grows abundantly. In the pollen spectrum, Pinus sp. dominates among woody
plants. Pollen of Juglans regia and Quercus sp. is observed in small quantities.
Polygonum aviculare clearly prevails the pollen of herbaceous plants, its amount being
nearly 35% of all pollen. But also, the content of pollen of Chenopodiaceae, Poaceae,
Cyperaceae, and Artemisia is rather high in the palynological spectrum.

Charred tracheid cells of wood prevail in the NPP group. Spores of fungi
Alternaria and Glomus are observed in large quantities. Botryococcus, Pediastrum
dominate the spectrum of green algae and Gloeotrichia (cyanobacteria) as well.
Zoological material is less frequent, but remains of mites were found here. Eggs of
rotifer Filinia were found in this sample (Fig.1 a, b; P.1 b,). Rotifers as a component of
zoobenthos are always present in lake reservoirs and are good food for fish (Das et al.
2012)).

Sample Ne 5 was collected in the pasture. Of woody plants, pollen of Pinus sp.
dominates the assemblage. Species of the family Chenopodiaceae dominate the
herbaceous component. Pollen grains of Cyperaceae, Polygonum aviculare, P.
persicaria, P. amphibium, Cichorioideae, and Artemisia sp. are detected as well. All
higher aquatic and wetland plants which were found in the previous samples are also
present here. Alternaria prevails in ascospores. Spores of mould fungi Mucoraceae were
also found in sample Ne 5. There are many remnants of green algae and lake sponges
(Fig.1 a, b).

Sample Ne 6 is selected under a thicket of Urtica dioica. The pollen spectrum of
this sample is characterized by a rather rich composition of pollen of herbaceous plants.
Besides Pinus sp., which dominates among woody plants here as well, pollen grains of
Betula sp., Fagus orientalis, Ulmus sp., Alnus sp., Juniperus sp. and Ephedra sp. were
found in the spectrum (Fig. 1 a). Pollen of Poaceae prevail in the group of herbaceous
plants. The amount of pollen of Chenopodiaceae, Cyperaceae, Polygonum aviculare, and
Polygonaceae is rather large in the spectrum. Pollen grains of Artemisia, Cichorioidae
and other species of herbs were found as well together with many higher aquatic and
wetland plants (Fig. 1 a).

Charred remnants of parenchymal cells of wood dominate the NPP group. There
are many phytoliths, partly from Cerealia, and starch grains.

As in the other samples, here there are many remains of green algae, particularly
those of Zygnemataceae (Fig. 1 b; PL1.1 b,).

Sample Ne 7 is a piece of cow dung, selected not far from the place where sample
Ne2 was taken. Unlike the soil spectra, the palynologoical spectrum of dung has quite a
different character. There is nearly no pollen of woody plants. Only single pollen grains
of pine were found. Pollen of Poaceae (70%) and Cerealia (25%) dominate the group of
herbaceous plants. The content of pollen of Polygonum aviculare and Cichorioidae is
insignificant. Of higher aquatic plants, only pollen of Myriophyllum sp. was found.
Starch grains dominate the NPP group. Spores of dung fungus Sordaria were found here,
but no spores of Alternaria. Remnants of freshwater algae Botryococcus were found in
small numbers (Fig.1 a, b).

Generally, subfossil pollen spectra of soils show the domination of pollen of
plants related to anthropogenic indicators. These are, first of all, elements of agriculture,
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to which, in addition to pollen of cultural cereals, weeds accompanying them also belong
(Behre 1981). In the material studied here, Cerealia are littered with Chenopodium
album, Polygonum aviculare, Polygonum persicaria, pollen of which were well reflected
in almost every palynological spectrum.

The second category of anthropogenic indicators in the palynological spectra is
ruderal plants growing near human settlements, on roadsides and weedy places (Behre
1981). Artemisia sp., Polygonum sp., Cichorioidea, Urtica dioica belong to such weeds
in the surroundings of the village Tsovinar. Pollen of these plants is fully reflected in the
palynological spectra.

But in the palynological spectra, the natural vegetation of the upland steppes is
also displayed, which surround the southern part of the coast and where wild grasses and
sedges dominate. These two components of the steppes were well reflected in all
subfossil pollen spectra (Fig.1 a, b).

Intensive impact of human economic activity on vegetation is seen clearly also in
the composition of NPPs. Spores of fungus Glomus are a good indicator of agriculture
and plowed lands (van Geel 1998). Spores of fungus Alternaria affecting ears, stalks and
leaves of Cerealia, are markers of grain farming (Tralamazza et al. 2018). Spores of
dung fungi Sordaria, Arnium, Sporormiella, Cercophora, Podospora growing on
excrements of ruminant and ungulate animals (van Geel, Aptroot 2006; van Geel et al.
2003, 2011; van Leeuwen 2006) indicate the development of cattle-breeding in Tsovinar
and its surroundings.

As it has already been noted, pollen of plants not existing on the plots is present
in the spectra. They are not in the landscape near the study area, either. This is the pollen
of higher aquatic and semi-aquatic plants Polygonum amphibium, Typha sp.,
Myriophyllum sp., Menyanthes trifoliata, Sparganium sp., and Potamogeton sp. Their
pollen, as well as remnants of freshwater green algae in the group of NPP (Pediastrum,
Spirogyra, Gloetrichia, Botryococcus), got into the spectra of soils as a result of
contamination with lake and lake-march deposits of Sevan, left here after the drainage in
1930. After recent soils formed on the lake deposits, the sediments easily mixed with the
new soil, for example by plowing. Such contamination may partially have happened as a
result of peat extraction as well. According to the local population, in 1991-1995, during
the big energy crisis in Armenia, peat layers of Tsovinar were used as fuel.

Acknowledgment. This work was supported by the German Ministry of
Education and Research, grant project ‘“Plant Biodiversity in Time and Space — Changes
of vegetation and plant resources in the Southern Caucasus (PlantBITES)”. We are
grateful also to the project members for their assistance and help during fieldwork

REFERENCES

1. Axonsn T.X., Menux-baxwsn Cm.T., bapceesan O.I'. CnoBapb TONOHUMOB APMEHUHU U
npuneratonx obnacreit. Epesanckuit 'ocymapcTBenHblit YHuBepcuret. 2, 991 crp.,
1988.

2. [Memnne I'®. K Bompocy 00 HCTOpPHH JIECHOH PAacTHTENFHOCTH B OacceiiHe o3epa CeBaH.
Boranndeckwii xxypnan, 47, 8, ctp.108, 1962.

3. Kunonomosckass H.B. OcHosHbie 3aKOHOMEPHOCIU (OPMUPOBAHUSL CROPOBO-NbLIYEGIX
cnekmpog 6 copuwix pavionax Kasxaza-AH I'CCP, Hu-m 2ceoep. Um Baxywmu. Téunucu
"Merauepe6ba”, 184 ctp., 1973.

4. Caaosn FO.B., Anewunckas 3.B., Paboea E.M. T0101I€HOBBIE OTJIOXKEHUS 3aagHOro
nobepexbs o3epa Cesan. "M3B. AH ApmCCP. Hayku o 3emie", 6, ctp. 3-10, 1974,

57



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

N.A. HAYRAPETYAN, E.V. KVAVADZE, |.I. SHATILOVA, I.G. GABRIELYAN, AW. BRUCH

Taxmaoocan A.JI. boranuko-reorpagudeckuii ouepk ApMeHHH. Tpyzael 60T. HHCTUTYTA
ApM®AH, Epesan-Toumuc, 180 ctp., 1941.

Tymaoacanoe U.U., Tymanan M.P.. HoBble naHHBIE K HCTOPHU PacTUTENBHOCTH Mac-
PHHCKOH paBHHHEI B rojoneHe, buonor. xxypH. Apmenny, 26, 12, ctp. 24-28, 1973.
Behre K.-E. The interpretation of anthropogenic indicators in pollen diagrams. Pollen et
Spores, XXIII, 2, pp. 225-245, 1981.

Das P., Mandal S.C., Bhagabati S.K., Akhtar M.S., Sign S.K. Important live food
organisms and their role in aquaculture. In: M.Sukham (ed). Frontiers in Aquaculture.
Narendra Publishing Haus, pp. 69-86, 2012.

Grimm E.C. Tilia 2.1.1, lllinois State Museum, Research and Collections Centre,
Springfield, USA, 2016.

Kvavadze E. On the interpretation of subfossil spore-pollen spectra in the mountains.
Acta Palaeobotanica, 33, 1, pp. 347-350, 1993.

Kvavadze E. The first results of Pollen Monitoring Program in the Caucasus mountains
(Georgia). Acta Palaeobot., 39, 1, pp. 171-177, 1999.

Kvavadze E, Stuchlik L. Subrecent spore-pollen spectra and their relation to recent
vegetation in Abkhazia (North-Western Georgia, USSR). Acta Palaeobotanica, 30, 1/2,
pp.227-257, 1990.

Kvavadze E. V., Stuchlik L. Subfossil pollen spectra of the steppe regions of East
Georgia. Acta Palaeobot., 33, 1, pp. 365-376, 1993.

Leroyer C., Joannin S., Aoustin D., Ali A. A., Peyron O., Ollivier V., Tozalakyan P.,
Karakhanyan A., Jude F. Mid Holocene vegetation reconstruction from Vanevan peat
(south-eastern shore of Lake Sevan, Armenia) Quaternary International 395, pp. 5-18,
2016.

Moore P.D., Webb J.A, Collinson M.E. Pollen Analysis.Blackwell Scientific
Publications, Oxford, 1991.

Stuchlik L., Kvavadze E. Subrecent spore-pollen spectra and their relation to recent forest
vegetation of Colchis (Western Georgia, USSR). Palaeontographica. B, 207: Lfg.1-6, pp.
133-151, 1987.

Stuchlik L., Kvavadze E.V. Spore-pollen spectra of surface samples from Zelkova forest
in the Babaneuri Reservation. Acta Palaeobot. 33, 1, pp. 357-364, 1993.

Stuchlik L., Kvavadze E. Subfossil pollen spectra of flood-plain forest of Pterocarya
pterocarpa in the Alazani Valley (East Georgia). Acta Palaeobot. 38, pp. 217-222, 1998.
Tralamezza S.M., Piacentini K.C., Iwase C., Roche L.O. Toxigenic Alternaria species:
impact in cereals worldwide. Carrent Opinion in Food Science, 23, Oct.2018, pp. 57-63,
2018.

Van Geel B. In: van Hoeve, M.L., Henndrikse, M. (Eds.), A Study of Non-pollen
Objects in Pollen Slides (The Types as Described by Dr Bas Van Geel and Colleagues).
Utrecht, 1998.

Van Geel B., Buurman J., Brinkkemper O., Schelvis J., Aptroot A., van Reenen G.,
Hakbijl T. Environmental reconstruction of a Roman Period settlement site in Uitgeest
(The Netherlands), with special reference to coprophilous fungi. Journal of
Archaeological Science, 30, pp. 873-883, 2003.

Van Geel, B., Gelorini, V., Lyarun, A., Aptroot, A., Rucina, S., Marchant, R., Damste,
J.S.S., Verschuren, D. Diversity and ecology of tropical African fungal spores from a
25000-year palaeoenvironmental record in southeastern Kenya. Review of Palaeobotany
and Palynology, 164, pp. 174-190, 2011.

Van Leeuwen J. Spores of fungi on dung in pollen traps in the Swiss Alps and sediments
from Alps, Bhutan, and the Azores. Palyno-Bulletin, 2, 1-4, p. 72, 2006.

Scharrer S. Friihpleistozine Vegetationsentwicklung im Siidlichen Kaukasus.
Pollenanalytische Untersuchungen an Seesedimenten im Vorotan-Becken (Armenien).
PhD Thesis, Frankfurt University (availabel online), 2013.

Received on 28.07.2020

58



Lwjwunwbh Ghunieyntbbtph Ugquiht Uywnbdhw Cwjwunwih Yehuwpwlwywb {whnbu
HauuoHaAbHas Akaaemus Hayk ApmeHuu BuoAaoruueckul XypHaAa ApMeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

cOnpéwpwpwlwl b nbuwlwl hnnwélbpedxcnepumenmanvhvie u meopemuyecKue Cmampu®
*Experimental and theoretical articless

Swjwuwnwlh YEuuwp. hwunbu, 3 (72), 2020

Uh 2ULPh USUUURLNIBUG P AGSU-NUYPNUYShYNHR3NILE
~USOMR3U I rNMNLAYUSH BU 3NAUSPL USUUNI3@h
au3uvuLLErNU UrUrUS3UL AUESNIU

L.U. 1ULU23UVL, U.3. #UNG4YNUSUL, 2.U. ULGRUUL3UL, U.3.
PNYUUUSUL, U.h. WUr3UNIN, @.U. QUUAUN3UL,
U.U. USEoUL3UL, U.U. 3UuUNeUL3UL

33 QUU Q.U.Yuypywlh wudwl hhnpnwnUpluwih wpnpGdubph huunpwnncan
lauraghalachyan@yahoo.com., anntadevosyan@yahoo.com

Nwnhnghvhwywl nLuncduwuppnieniuutnh wpnyniugned wwingyby £, np Upwpwwnywu nup-
wnnd Rujyuywl UEY-h wgnbgniejuu 30 Yd pwnwynny gnunh), wllwpu duynipjul Gnwlwyhg
(hhnpnwnuhlw® epuhpwihl, nwuwlwl W hnn) W wwjdwlutphg ((gwlnie'giupwn, hpwphuwhu
fjuwpwd W npwlg huwnelnipnp, ullnwinuényph funnuenit® 05 N, 0,75 N, 1,0 N, 1,25 N),
ntnwpniutph (Gntpnwy undnpwlywl® Cichorium intybus L., ophunp JdhwdJjw® Artemisia annua L.) W
pwlpwnwpniubph (nwnd Jwpnyynwywu' Mentha spicatavar. Crispa, Marokko, Uhgniuw® Brassica
juncea var. Japonica, nntynjw’* Selvatika) pnLuwhnidpp nwnhntyninghwwtu wuywnwlg k, pwlh np npw
gndwpwiht B-nwnhnwywnhyniejnilp sh gbpwquugt) 1,0 Ap/q uwhdwlp [22]:

Yenwpnyubn b pwlgwpwpniyubn —gnidwpuwihl B-nwnhnwlwnpynepnil —
gnuphpwihl b nuuwlwl hhnpnunUpljw — hnn

B pesynbraTte panioXMMHUECKUX MCCIIEOBAHUIA BBISICHHIOCH, YTO B ApapaTcKoi JOJIHHE
(3ona BrustHUS ApmsaHckoid ADC B pagmyce 30 kM), BHE 3aBHCUMOCTH OT CII0C00a (THAPOIIOHHKA -
BOJOCTpPY¥iHasl, KIaCCHYeCKasi ¥ M04Ba) U yCIoBHl (CyOCTpar — rpaBuil, ByJTKAHHYECKHH IUIAK U
WX CMech; KOHIIeHTpanus nuratensHoro pacteopa — 0,5 N, 0,75 N, 1,0 N, 1,25 N) BeipamuBanus,
pacTuTenbHOE ChIPhE JIeKapCTBEHHBIX (muKopuii 00bikHOBeHHBIH — Cichorium intybus L., monsias
o0bIKHOBEeHHBIH — Artemisia annua L.) u oBomHbIxX (Msita MapokkaHckas — Mentha spicatavar.
Crispa, Marokko, wmusyna-Brassica juncea var. Japonica, pykoma — Selvatika) pacrennii
panrodKoJIoTnUecku Oe30macHoe, MOCKOJBKY ero cyMMapHas [-paJnoakTHBHOCTh He MPEBBICHIIA
npenen 1,0 Br/r [22].

Jlexapcmeennvle u 0680uHble pacmenus — CyMMapHas ff — paouoaxmueHoCms —
8000CMPYIHAS U KIACCUYECKAs 2UOPONOHUKA — NOYBA

In the result of radio-chemical studies it was revealed that in Ararat Valley (zone of
influence of Armenian NPP with 30 km radius), despite of growth ways (hydroponics —
waterstream, classical and soil) and conditions (substrat — gravel, volcanic slag and their mix;
nutrition solution concentration — 0,5N, 0,75N, 1,0N, 1,25N), the plant raw material of medicinal
plants (common chicory — Cichorium intybus L., artemisia annua — Artemisia annua L.) and
vegetables (moroccan mint — Mentha spicatavar. Crispa, Marokko, mizuna — Brassica juncea var.
Japonica, arugula — Selvatika) may be estimated radioecologically safe, as their total B-
radioactivity does not exceed limit of 1,0 Bg/g [22].
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Medicinal plants and vegetables — fotal f-radioactivity — waterstream
and classical hydroponics — soil

Swjwinuh E, np inbGhubwéhu W puwywlu nwnhnunitythnubpp (NL) wgpnhwdwybgne-
pintulGnh nnnghg onp — hnn — pnyu W hhnpnwnuhywih ullnwinLéniye — unLputpwn —
pnju pnewutnh Uhgngny Ywpnn Gu Ubppwihwlgt, Jwpnnt opgwUhgd® hwugbgutiny
Junwlugqwynp hhjwunnipniuubnh wnwpwgdwl: Niuwnh, pniuwhnidpnid B—-6wnwaguw)enn
nbhulwshU °Sr, 8sr, ¥ Cs, *4Cs L wyib) L plwywl (K, 2*Th, Z1Th, 2%b L wjl) NL-h
wwpnilwynepjwu - yGpwhuynwdp W nwnphnEyninghwwtu  wuwnwug  pniuwhnidph
unwgnudp gGpwyw huunhpubp Gu [1, 5, 6, 8,9, 11, 13, 14, 16, 18-23]: Jwjywywl WUEY-p
gunuynd £ UpwpwwjwUu nuwpunnud, nph wgnbgniejwl 30 yd pwnwyhnnd gnunpu hp dtGg
UGpwnnd £ Gplwup: 3wpdyh wnlbin JyGpp Updwép, nwnhnEyninghwwbu wnwyby
wuyunwlg pniuwhndph utnwgdwl Uwywwnwyny Jen Ynndhg nuncduwuhpdby £ Jh pwne
pwuswnwpntjubph u nGnwpnjutnh gnudwpwjhu B-nwnhnwywnhyntpntup
hhnpnwnuhywjh (epw2hrpw)hl, nwuwywl) W hnnwhu wynyph wwjdwuuGnned:

Unip W dEpnn: IGunwgnunnipynilubnp Ywwnwpdtbp Gu 2018-2019 pr. Ihnnnunuhlwih
wnnplGUuGnh huunhunnwnnud (p. Gplewt), Upwpwwnjwl nwpwnncd, npp ginudned ényh dwytplngehg
Unin 850-900 J pwpépnipjwl Ypw: Iwny £ UG, np win wwpwdwpswunid  Yhdwl  fuhuwn
gwdwpwihu kE, onh wduwywu Jhghtu stpdwuwnhéwlp hnihu-ognuinu wdhulubphu 25-26° C L,
wintbnndutph twpblywu vhehu gnudwpp hwulnwd £ Uhugle 300 JU [2]:

Npwtu (gwnie Yhpwnyt) Gu bwhuopng KMnO,-h 0,05 %-ng |nLéntjreny whunwhwlyws, 3-
15 JU npwdwaény Jwulhyubp niukgnn giupwnp, hpwphuwiht fuwpwdp W npwg fuwnuncpnp /1:1
puwn Swywih/: Shwnwithnpdtpnud Yhpwndt) £ Q.U. Ywdrjwuh Yynndhg wnwpwpyjwd ulunwiniéntep
[3], hugn gpwzhpwiht hhnpnwnuhywinud opdw plpwgenid wwpptpwpwn (qupliwlp W wplwlp® 6-8
wlqwd, huy wunwup® 10-20 wugwd hwiwhuwywunipjwdp W 10-15 4py mlnnniejwdp) 2heh dlwny
wuybpwnwpéd dndtp £ pnyup wpdwwnwptwy dhpwywn: UG wlqwdjw wnpgnn (nudnyph swthp
Jwqut] t qwpuwup® 20-30, wdnwlp W wplwlp' 30-50 dp/pnyu: Hwuwlwl  hhnpnwnupyuyncd
pnLubpp uunigyt) BU gunpuwup W wlwup 1-2, huy wdnwlp® 2-3 wuqwd: 3Innp dwnwjb| £ npwtu
unncghg, npnd hnedneup Yugqutp £ 1,5-2,5%, hwpniun £ $nudbnpny W Ywihnednd: 3nnwijhu
Buwynyenid  wwhwwuytp U wgpnnGiuuhyuywl YwunUubpp (hnnh  thfuptgnud, Jnjwhunwntph
hGnwgntd, wwppGnwpwn gpncdutn® 3-4 opp 1 wugqwd, wwpwpuwgned):

Gwnwagnunienilutph hwdwp thnpdwudnUbp Bu Ybpgyt) ullnwinudnieh wwnpwundwl
hwdwp ogunwgnpdynn wnunbgwu onphg (nenghg onip), ublnwiniénehg, 0-30 ud hwuwnnipjwdp
hnnwptnwntnhg, Uh pwne pwlgwpwpnijubph (nwnad Jwpnyynjulywl® Mentha spicatavar. Crispa, Marokko,
nnLynw® Selvatika, Uhgniuw® Brassica juncea var. Japonica,), ntnwpniubph (GnGpnwly unynpuywl®
Cichorium intybus L. ophunn Uhwdjw® Artemisia annua L.) y&ngbuinUjw quiigywdhg: Rnyubph gnidwnwihu
B-nwnhnwlwnhynipinitp U wutlwywnwlquynp Jepwhulynn (U-h (°Sr, *Cs) wwpniuwynigynilu
wnunbgul gnpnud, ubunwpwn (neényend W hnnnud npnpyt) £ nwnhnphdhwywu dGennutpny thnep
$nuwjhi YM®-1500 nwnhndtwnph uhgngny [4]: Shunwithnpdbph wipryntupnud unnwigywé  inyjwiubpp
Gupwpydty U Jhdwywgpwywl dwydwu GraphPad Prism 6-h uJhgngnd: Uwnwgywé wnyjwiubpp
hwutdwinyby U Utu-h htwn [1, 22]:

LY.1. Uhgntuwl (w, p) W pnLyniwu (g, n) hhnpnwnuhy W hnnwihu wynyeph wywjdwuuGpnd
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Uy.2. Unynpww Bntipnwyp (w, p) W dwpnyynjwywl nwnan (g n) hhnpnwnuhy
W hnnwjhu dwyntjeh wwjdwulbpnwd

(w) )

LY.3. Uhwdjw o2hunnp hhnpnwnuhy (w) W hnnwjhu (p) Jwynyreh wwjdwulGpnid

Uhgnibwu L pniynwl junwdpwqghUbph punnwuhphtu wwwnlwunn nGpliwynp pwlgwinuw-
pnyubp GU (LY. 1) Ypwup hwpnunn BU YGLuwynhy Uneebpnd, JhunwdhuuGpng, hwupwjhu
Untetpnd: Uhgntbwl hwunhuwuncd £ $njwpryh, $tunubph, $iwynunhnubph wnpjnep [10], nne-
Uniwt pwpapwgunud £ hdntuhintbunp, ntuh hwwdwUptwihu W funppuwptp hwwnyneegyniu, oguncd £
Jwpwpwiht nhwptwn niubgnn Jwpnywug [15]: Uwpnyynuywl nwndp wwwnywund £ 2pplw-
Swnywynpubph putnwuhphtu @Y. 2.): WU wwpniuwynd £ 0,7-1,8 % bGrbpwnin, yhwnwdhuutp,
opquwlwywl prenLutn, hwupwihu Unietn, ntuh hwywpnppnpw)hu, hwywnbwpbuwjht wanbgnienLu
[12]: Unynpwlwl bGnGpnwyp  wunnwéwnlwaqghubph  punwupphl - wwwnywunn  pwquwdjw
ntnwpnuu £ QY. 2): Ancddwl Uwywnwyny ogunwgnpdnid BU wdpnng pnijup, pwjg hhduwywuncd®
wnUwuwnp [17]: Uhwdjw ophunpp wunnwédwnyugghubph punwlhphl wywwnlwunn Gebpwjninwwnne
nGnwpnyu £ Y. 3): Sunphhy hwpniun dGunwihu Ywqgdh, Gebpwninh W wywhy pwnuwnnhs
wnwubuhghuphuh  wwpnitbwynipjwl, wiu nuh  hwywopuhnhs, hwywpnppnpwihl, hwywuluywjhl,
hwywyhpniuwjht, hwywewngytnwjhu hwwnyniejnuubn [7]:

Upnyniupltp W pUuliwpyncd: NuncdUwuhpnijnluuGpp gnyg G g, np hhnpn-
wnuhy wwjdwuutbpnud wakgqwé pnyubph Ut NL-p UGppwihwlugh) G ulunwiniényehg
wpdwwutph dhengnd, huy hnnnud wébgqwd pnuyutph Ute' nnngdwl ophg W hnnhg (wn.
1): 3wjwinuh E, np NLp Ubppwthwlgnd BU pnyubph YGpgbujw opqullGph UGy Uwle
onwjhu wywquwuhg [T Cuwnn unwgywéd wndwubph® NL-h  pwnhnwywnhdnientup
Bwywpnyubpnd gwép £, nunh Ywpbih £ Bupwnptb, np uywpnyubph yGpgbunujw
quugywéh Uty onwihU wjwqwuhg (UrUninpunwihu wbnnudubp, énthu, dnip) NL- h
rwithwugwsd pwliwlyp sughu £ Gnbl (wn. 2, 3): Mwpqyb] £, np nwuwywu hhnpnwnuhyuwynud
W hnnnud Bowywé pwlswnwpnyubpp, pun gnudwpwihb B-nwnhnwywnhyniejwl, Yugdb)
Gu JhUlnuyu UJwgnn pwpep’ dpgnilw > nwnd Jwppnynuywlu > epnlynw, huy
nGnwpnyutpp®  ungnpuywu  GnGpnwy > Jhwdjw  ophunp: Cun  npnud,  nuuwywl
hhnpnwnupy  EBnwuwyny Jwywsd pninp uwywpnyubpp B-rwnhnwynhynipjwdp
gbpwquwugb) U hnnwihu wwjdwuutpnud wékgwé pnuyubphu. unynpuywl Gnbpnwyp’
1,2; Uhwdjw ophunpp® 2,3; pnLynpuil’ 1,4; dhgnt bwil® 1,7; dwpnyyniuywl nwindp® 1,4 wuguwd:
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Swywlwpwn, wju  wnwppbpneeintup wwydwuwynpdwé £ hhnpnwnuhluwynud
wlwpnyubph Ynnuhg wybih uts pwliwyniejudp MU, ophlwy Ywihnid (*°K) Yuulbine
hwwyniejwdp:  Swjnuh  E, np pnyubph  gnidwpwihbu  B-nwnhnwywnhynepiniup
hhulwywuntd  wuwydwUwynpdws £ K-h (PK) wwpnibwynipjwdp, pwlh np NU-hg
wdbLwUES B-nwnhnwywnhynteintt ntuh °K-p (89,33 %) [21, 23]:

Unyneuwly 1. °Sr-h L *¥Cs-h wwpnibwynipintll wpinboywil gpnd,
uttnwincénienid W 3Mh-h onswlw hnnbpnud

QOSr | 137Cs
Ldnh inGuwyp ol Pella”
Unwnbgjwl gnLp /nnnghs onp/ 0,044 + 0,002 0,003 +0,0001
UlunwinLénijp 0,44 + 0,030 0,030 + 0,001
3nn /0-30 ud/ 6,9* +0,27 8,0* + 0,25
Ufdtu, fudGint oph hwdwin [1] 5,0 11,0

Unynuwy 2. Uhgnitbwih W nncyniwih gnudwpwihu g-nwnhnwyunhynceiniup
hhnpnwnuhy W hnnwjhu Wwynjpnid

UowlnLpjwl Ullinwynténieh Uhgntuw | NnLynjw
Gnwuwyp hunnipnLup B-nwnhnwywnhynipinLl, Pp/yqg
0,5N 720+35 630+35
0,75N 740+35 630435
3hnnnuintiny 10N 77035 65032
1,25N 760+32 650+32
3nn - 670+32 470+20
Ut [22] 1000 1000

Unyntuwy 3. Unynpwywt Gntpnwyh, vhwdjw ohunph W dwpnyynjuywu nwnéh
gnidwpwihu B-nwnhnwywnhynteintup hhnpnwnuhy W hnnuijhu uiynepnd

Uowynipjwu Swpptnpwy Gntnnwy Qwna Ozhunp
Gnwuwyp unynpwywiu Jwnny- Jhwdjw
Unjuywu
B-nwnhnwywnhynpinLl, Rp/4qg
nuighpwihu glwlwjhu 520+32 380422 -
hhnpnwnuhy wynuwjhu 890+38 380+22 -
hwldwwnwpwé 620+35 620435 -
Qwuwywu qlupwn 750+35 - 660+32
hhnpnwnuhy huwpwJ 840+32 - 770+35
qlwpwn+ 700+38 680+22 630+29
huwpwJ
3nn - 630+35 500+20 300+20
Utu [22] - 1000 1000 1000

Un. 2-h nyywiukpp gnug Gu wnwihu, np rE hhnpnwnuphywynud, W @& hnnnud unnwg-
Jwé nniyniwih pniuwhnudpp nwnhnEyninghwwtu wytih wugwnwug £, pwu dhgnituwghlup:
Cun npnud, hhnpnwnuhywynud Jowyjwé nnuyniwt W Jhgntbwl nwnhnwywnhyniejwdp
gbpwquugt] Gu hnnnud wyJwsd Wwywpnyubpht, hwdwwwwnwuhuwbwpwp, 1,1 W 1,4
wuqwd: 3pnpnwnuhy  wwydwluGpnud  webkgwé dhgniuwjh W enyniwih  nwnhn-
Eyninghwwtu wybih wudwnwug pniuwhnudp wwwhnytBp U Unup ullnwiniényEUtpn:

Un. 3-h ngjwiubphg wyuhwyn E, np nwuwywl hhnpnwnuphywih wwppbn (gwunt-
ptpnd W hnnnud wyywéd undnpuywl Gntpnwyp gbpwquwugtb) £ Jhwdjw ophun phu,
hwJwwwunwupiwuwpwp, 1,1 W 2,7 wuqwd: Uhwdwdwlwy, wwppbp jgwlnitGpnid
Bwyjwé rE unynpwywu Gnbpnwyh, W et dhwdjw ophunph nwnhnEyninghwwtu wybih
wlywnwlg pneuwhnedp wwwhnyby £ glupwnh W fuwpwdh fuwnuncpnp:
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Uwywjl, unynpwywl GnGpnwyh W Jwpnyynuywl nwndh rwnhntyninghwwtu
wnwyt] wuywnwlug pniuwhnwdp unwgyt) £ gpwphpwihu hhnpnwnuphywih guuwihu W
wynuwjhu  wnwpptGpwyuGpnud, npnugnd  pniuwhnudph gnidwpwihtu B-nwnhnwyunhynt-
pintUp hnnh hwdtGdwwn Ujwab) £, hwdwwwunwuhuwbwpwn, 1,2 W 1,3 wuqwd: Uw Yuntih
E pwgwuwnt, gpwphpwhu hhnpnwynuhy  hwdwlwngnd  pnyubph - wpdwnwplwy
UhgwiJwjnpnud nunhnwpywéniejwlu nnn? eniwgnuiny’ yuwwdwd ulunwiniényeh dwhuuh
Yndwindwl, hugwtu bwle j[gwjnieEnh hbwn ulunwinényeh 2thdwl Jwytbntuh thnppwgdwl
hGwn: Yw  hGnliwtpeny pnyubph wpdwwnwplwy Jhpwdwypnud  wnbnh £ nlubgtp NU-h
pwuwyh Ujwaned: Pwlswpwpniubph W nGnwpnyutphg unwgywé pnuwhnudep, wulwiu
Bwynipjwu  wwjdwllubphg L Gnwuwyhg, YwnGh tE quuwhwwntb nwnhnEyninghwwtu
wuydwnwlg, pwlh np npw gnidwpwihu B-nwnhnwywnhynipiniup sh gGpwaquugt) 1,0 Pp/g
uwhdwlp [22]:

Qnpélwlwl  wnwpwplhubp: Uhwdjw ophunph, nniynuih W Jdhgniuwgh
hhnpnwnuhy  Wuwyniywl hwdwn npwbu ulunwindnye Yppwntb, .U, Ywdpjwuh
Unnuhg wnwewnyywsd ullnwindnypp, huy npwbu jgwunie' gquwewph W fuwpwdh
fuwnuncpnp: Nnyniuwgh W Jhgnitbwgh wyneejwu hwdwn yppwet, 05 N W 0,75 N
fuinniejwdp  ulunwinénye: Uwpnyynuywl nwndh dwyniejwl hwdwp  Yhpwnbp
glwlwhtu b wynuwiht, huy unynpwywl GnGpnwyh dpwynipjwlu hwdwn® giulwhu
gnw2hpwhl hhnpnwnuhywu:
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Innqwénid wdthnthywé Bu hnnh YELuwpwlwywl wynhynieiniup puncpwgnnn $tpdtun-
utph nL npwlg Ubpgnpéniejwl wnwlduwhwwnynientbbtnp: Lwpwapywé £ hnnnud wwpnibwyynn
wnwppbp - bpdtunubph Ywwp  hnnh  hwwnynipynilltph,  nGdhdutph,  ulUnwwnwppGph  no
Bwlwpnyubph  pbppwnynipjul  gnigwlhputph  hGwn:  Lntuwpwudwd  BU - hnnwjhu - wtwpptp
dbpdtuinubph - wywhdnipjwl  gnigwuhpubph  Yhpwnwywl  huwpwydnpnienillpp® Juwywé
wnunninywéd - wnwlwiwd  hnnuunwpwépubph  pwpbuyguwl,  pbgwbu  Uwl  punhwuncp
wnunwnpnnuywuntjwl pwpapwgdwl hiwn:

3nnh YELuwpwlwlwl wlywnhynipnil — $GpdtUWhU wlinhynipywl gnigulihy —
wnwununywd hnn — dwln JGuwn

B nanHo# 0030pHOH cTaThe 0000IIEHBI 0COOCHHOCTH (PEPMEHTOB M MX BO3IEHCTBHH, Xa-
pakTepusyroune OHOJIOTHYECKYI0 aKTHBHOCTh MOYBBL. OMHCaHA CBsI3b PA3IMYHBIX MOYBEHHBIX
(epMEeHTOB €O CBOWCTBAMH IOYBBI, PSKUMAMH, MHTATCIbHBIMH BEIICCTBAMH M IOKAa3aTEISIMU
ypoxaitHocTh. [1poIeMOHCTPHPOBAHBI BO3MOKHOCTH TIPAKTHIECKOTO TPHUMEHEHHs MOKa3aTelneit
AKTHBHOCTH PA3NIMYHBIX (PEPMEHTOB MOYBHI IS YIyUILICHHS 3arPI3HEHHBIX M 3aCOJICHHBIX TI0YB, a
TaK)Ke ISl OBBIIEHHMSI 00 POIyKTUBHOCTH.

buonoeuueckas akmusrnocmos nousvi — nokazameis d)epMeHmamu@HozZ akmuerHocmu —
3aepA3HEeHHas no4ea — MSLHCENbLU MEemall

This article summarizes the peculiarities of enzymes and their effects that characterize soil
biological activity. The connection of different soil enzymes with soil properties, regimes,
nutrients and indices of crop yields is described. The practical application capabilities of indices of
soil various enzyme activities are demonstrated to improve polluted and saline soils, as well as to
increase overall productivity.

Soil biological activity — indicator of enzymatic activity — polluted soil — heavy metal

3nnnud depdBuinutph wnpjnip U hwunhuwunwd pnyutinp, UhypnopgwuhquutGpp W
hnnwjhu $wnitbwl: YEUnwUh opgqwuhquutph Jwhhg hGwnn npwug pghgubph wywnihgh
wpryntupnid Epdtunubph Jh dwup huwyunhywuncd £ W pwjpwyned, huy Ujnu Jwup
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ywuynwd E bnnh whun dwgh ynndhg W Gpywp dwdwlwy wwhwwuntd hp
wywhyntejniun [6, 22, 24]:

dEpdtunwihu wypngtuutph hwwnndy nbpp wwydwuwynpywé £ Upwuny, np $bp-
JBuwnutpp, hwunhuwtwiny Ywwnwihquwnputn, wwwhnynwd Bu opgwluwywl Ujnebph
thnfuwyGpwuwu  nGwyghwutph 10%-10" wuqwd wytlh pwpdp wpwgnipnl, pwl
hwJwudwUu phuhwywU nGwyghwutnp [19]:

wjwnuh E, np hnnnud wnyw wytih pwu 2500 hwjnuh $GpdEunubphg pGunwynp-
JG| £ ng wyGh pwl 50-h wywnhynipeniup: Innnd hwjnuph $EpdGunwihu wynhyniejwlu
6dupnn JGéwdwulniejntup ubpyuwjwgywé £ wnnwpptp hhnpnihnhy wynhynigwdp, pwyg
Jwu wbnGynLejnlUUEn  opuhnwnbnnLywnwquwiht, wpwludbpwquyhl, hwqwhu W
hgnuGpwquwihu wywmhyniejwl yepwptpjwy, npnue ntnlu funpneejwdp nuuncdUwuhpywé
s6U [18]:

3Enhuwyutph punpnadwdp, dEpdtunwihu wnngbuutph hGnwagnuinieintup nwn-
pGp qBuGnhywywl hnnwwhwGpnd nwihu £ hbwpwynpniejntt oginwgnndtint npwug
wywnhyntpintup  nputu hnntiph - pepphniejwl Jwywpnwyh  (pugnighs  nhwgununhy
gnigwuhy:  dEpdGunwiht - wywnhynipintup gnyg £ wwihu hnnnd  pupwgnn  YGu-
uwphuvhwywl wpngbuutnh huntGUuhynipintll nL nunnnepntup W Ywpnn £ hwunhuwbwg
npw Yeluwpwlwywl yhdwyh gquynit hunhywwnnn [5, 6, 71

Qphgnpjwth W Quiuwnjwuh [6, 8] Ywnpsdheny dtpdEunubph wyinhynipintup hwu-
nhuwunwtd £ hnnh Swanudp punipwagpnn hwdtdwwnwpwnp wybih Yuwnu W qguyncu
gnigwlh, pwu ophtwy, JwuptwytUuwpwlwywl wnpngbulbph huwnBuuhdnieniup,
hnnhg wpunwquunynn wéhuwpent qwgh pwlwyp, Jdhynndinpwih L gnndwniuwih
pwlwyntpintll nL pwgdwquiuntpinilup:

3nnh W JeUninpwnh Jhgle Upinwwtu inBnh ntutgnn ququithnfuwlwynipiniup UW.G.
Anjuptuynu wudwutg hnnh «@Uswnnientuy»: Wdd hnnh «Uswnnieintu» wnbpdhUuh tnwy
hwuywgynd £ wéhuwppent quwgh wnwydbiwgnyl  wpunwquundp  hnnhg:  3nnnud
wnwpwgnn wéhuwprreNL qugh pwlwynieintup utpunnpbl yuwywé £ yEuuwpwlwywl W
YGluwphdhwywlu wpngbultph  hGwn, L wju Ywpnn E pUniewapby ng  Jhwju
qwquwthnpuwuwyniejwu huntGuuhynieiniup, w)p bwle hnnh punhwuncp YELUWpwWlUwywu
wywnhynrpjwl dwywnnwyp [15]:

3Gnhuwlyutpp [3, 25] Upnwd BU, np Greb hnnh JUswnnipjwu huinGuuhyniejnilp plunc-
pwanpnid £ hnnh punhwuncp YeLuwpwlwywl wynhynienilp, www, ncuncduwuhpGiny
PEpdEUINWhU - wywnhynipindup, YwpGlh E nwwnnnieniuutn wubp hnnh - wdn-
uhdhywgdwl W Uhinphphywgdwl nllwyniejwl Yepwpbpjwy:

3nnh $EpUEUINWhU wynhynipjwl nu pGpphneejwl Uhole gnjnieynitt nctuh npuiywl
ynpGywghnt Yuww W dEpdGunwiht wywmhynipintup hwdwpynud £ hnnh pGpphnipincup
punpn2nn swithwuhpubphg dGyp: SEpdtuinwihu wywnhynipintup gunuynd £ dncuyghnuw
Jwhijwénipjwlu  Jbp hnnh  YeLuwpwlwywl Jhéwyhg, W win  wwwbéwnny npnp
dEpdBUnUED, npnup UGS nbp BU puwnnud wqgnunh, $nudbnph nL wdhuwsuh 2now-
wwnywnned, Ywptih £ ogunwgnpétp npnwtu hnnp W npw Eyninghwywu yhdéwyp punpnann
hunhywuwnputp: 3nnh  $tpdGUnwhu - wynhynipjwu W pGpphngjwl Jhole  Yuwp
Juwjwunwd E Upwlunwd, np hwdwwywwnwupuwl  $tpdGunh wynhy  Jwuliwygnipjudp
pnyubph hwdwn ng Jwwngbh wgnwn, $nudnp, wéhuwshu W wy nwppbp wwpniuwynn
opquwlwywl  Jhwgnipiniuubpp pwjpwjynid BU, dGpwédbing pnyubph ullnwnnipjwu
hwdwn Jwwgbih lkph, hugp nluh gnpSUwywl Lpwuwyneeyniu [17, 31]:

hudtpuwg, $nudwinwg Epdtunubph wyinhyniejwu W hnnnud hnwdneuh, ullnw-
wnwnpptph wwpniuwynepjwu ne gjnenuinunbGuwywu wywpengubph  pGppwwnynipjwl
Uhple wnyw E npwywl Ynpbywghnu Yuy [2, 8]:

Swunwwnywsd E npuwywl ynpGywghnu Yuy' nudwnwg dEpdtunh wynpyne-
pjwu W huybGpunwg, nipbwg, Juwnwiwg $EpdEunubph wynhynienlluGph, dhypnopgqu-
Uhquutph punhwunyp  pwlwynipjwl W hnnnud pwpdniu ulunwwwppeph® Jwubiw-
ynpwwbu $nudpnph vhgle [4,10]:

3nnh pGpphniejwl Lpwlwlwih Jwywpnwyp dbwdnpgnd £ npwunwd plpwgnn
YGELuwphdhwywl wypngGulbph wpnyniupned, npnuge inbnh GU nltuBunwd pwquwphy
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PEpdEUnLEPh wynhy  Jwulwygnipjuup: 3Gunlwpwp, $GpdGUnwihl wynhyniejwu
nuntdUwuppnudp inbhulwéhu Uncetpny. wnuninindwé hnnnud nluh tbuwywu W gnpé-
Lwywl Jt6 Upwuwynipntl, npu opjtyinhynptl Ywpnn E punipwanptp pwpbiuduwl
Jwywpnwyp [21, 24]:

Gwnwgnunnutbph [9, 13, 27] hwywuwhwgdwdp hnnh Yeluwpwlwywl wyinhynt-
Rntup  nunwdUwuppnud U nwpptp UwwnwyuGpnd: “w Jwpnn BU |hukp wwppep
wagnpnphuhwywl, wagpnunbGhulhywywu Ywd JGihnpwwnhy dhgngwnnidubph wgnbgniejwdp
winGnh nlubgwé thnthntuntejnilubnh hwdtdwwnwlwu ncunctdUwuhpneejnilltn:

3nnh YELuwpwlwlywl wywnhynipjwl pwpépwgndp unynpwpwn nintygynd E
Uhypnopgwuhquutph pywpwlwyh wybiwgdwdp, npp wuywulywsd, wywdwbwynpywsd
PEpdEUIWhU wywnhynipjwl fupwunn hwnynipjudp: Uhwdwdwuwy wyGwuncd £ wjl
Uhypnopgwuhgquubph pwlwyp, npnup wybih pwpan wjntuneenu GU gnigwpbpnud dwup
JGinwnutnh ninpuhy wanbgniejwl Uywwndwdp [23, 29]:

Quumwuh [6] punpndwdp hnnh YwppnUwwnwjunieniup hwunhuwunwd £ wju
Ywnlnp gnpénliubinhg Utyp, npp wywnhdwgunwd £ npnz Jhypnopqwhquutinh fudptiph
YGLUuwgnnéniutnienilp, JwuptwytUuwpwlwywl wpngtultpp W nudbnugunid hnnhg
COz-h wpunwquwndwl huinbuuphynipniup:

Uppwhwdjwuh [5] hwywunhwgdwdp, hnnwihu Jhswdwiph nGwyghwih thnthn-
funipintup hp hGpphu wgnnd £ Jhypnopquwlhquutnh  YeLuwgnpéniubnigywl  Ypw'
wynhywgunwd £ npn2 fudptppu W vhwdwdwuwy supnud Jjnculbphu: 36nlcwpwn, hnnp
dEpdEULwhu - wywnhynipjwlt  Jwywpnwyp uGé swhny Jwhpiwé £ Jhpwywypnud
gnwlwhu hnuh hunnipinLtUhg:

Innwjhu $EpdBUIUEPhg JnLpwewUgnipp wynhy gnpénud £ hpBu punpny pH-h Uh-
swywjenid, npp nYwy IEpdEunh hwdwp yngynd £ owywinpdwy: Uhgwdwiph nGwyghwih
thnthnpunipjwl dwdwluwy owwnhdwihg prywht Ywd hhdbwihu Jdhgwlwje, npunbn
dtpdtuinh UniEyniubpp dtnp U pbpnud npwywl Ywd pwgwuwywl thge, Ujwwnynid E
PEpUEUINh wyinhyniejwl Ujwgned Ywd Unguhuy |phy Ynpneuwn [13, 22, 301

Sthulwshu wnunninwé hnntpnud dwup JGinwnubnp, huswbu hwuwnwnned Bu Uh
2wnp hGunwgnuniinlUubph wpnyniuplutnp, puwgwuwlwl wagntgnie)nl BU pnnuncd Lwle
hnnh  YGUuwpwlwywl  wywnhynentup  punpnann dtpdGunutph  (huybpunwg,
dnudwinwg, nipbwqg, Yuwnwiwg) wynphynipjwl W hnnh 2uswnniejwu huinBuuhyniejwu
Upu:

Suwup Jbinwnutpny wnunnunywsé hnnbpnud huybpuinwg, $nudwiinwg, nupbwg pep-
JGuwnuGph wywnhynepiniup W hnnh 2uswnniejwu hunBuuhynieinitup thnthnpuyned GU jwiju
uwhdwuubpnid, hugp Yuhujwd £ Ginwnh tnbuwyhg nt wnunninjwéniejwl wuinhéwuhg:

nnnud wwpniuwyynn dwun JGwnwnuBph thnen hunnieniup, npwtu Jhypnunwp-
ptp, Uywuwnnd £ hnnh $EpdtUuinwihu wynhynipyjwl pwpépwgdwln, huy npwug pwpép
fuinnrejntlubpp  hwunhuwunwd U huhpphwinputp, hwugbgubin hnnwjhu Uh Jwppe
dEpdEUIUEph wywnhynipjwu bjwqdwl [12, 26, 28]:

Upwulnjwu [14] dwup JGwmwnUGph thnep funnieinllubph wanbgniejwl Ukpen
$bnpuGunwihu wywmhynipjwl nudtnwgndp pwgwwnpnd £ wwppbn wwwndwnutpny'
Jwulwynpwwtu, JGnwnutpp punnibwy BU Uwwuwnbp $EpdEUNh wywnnhy YEuwnpnuph W
unLpuinpwwnh  Jhple  Ynnpnhtwghntu  Ywwtph wnwpwgdwlp, wwhwwlb] $GpdGunh
dniGynih ywnnigywéph W npw wywnhy YGunpnuh npnwiyh  jncpwhwinyneeyniulGnp,
thnpubp $EpUEULWHU nEwyghwih hwwuwpwyznniejwl hwuwnwwnniup Yud $EpdGunh
uwhwnwynigwjhu Jwuh dwybpGuwhu thgep: Rwgh npwuhg, UGtnwnutph hnultpp Yunpnn
GU Uhgwdwjphg hGnwglt| huhhphwnnputphl, Ywwbind npwug Yndwbeuh ntupnd, Ywd
Uwwuwnb, npwtugh yGpghuubpu JGpwédbu Lundwéph: Swun dGunwnubph pwpép
fuinniejnlUubph  6lpnn  wagnbgnipintup hnnh  $6pdGULwht - wywnhdnipjwl  Ypw
pwgwwnynd £ Upwluny, np npwlp uwyhwnwynigubph hwdwp  hwunhuwund  Gu
LUunywédpwgnyugunnubn: Lpqwséd Gplunyep Ywwywd b wii hwuqwdwuph hGwn, np
JGuiwnutph hnultGpp Jhwunid GU phnjwhu, wdhuwihu W ywppnpuhpwihu fudptppu:
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Cuwn Ypwuunywyih [14], npn2 éwup JGwnwnubph upwunn wgnbgnijwu YeLuw-
phdhwywu Encpjniup Yuwywunwd £ Upwlned, np wjn JGunwnuGpp wynhjwgunud Bu $bp-
Jtuwnutbphu, dwnwjtiny ytpeghuubphu hwdwp npwtu wynhywwnnputp: Wuwbu, Juwwnpp
hwunhuwunwd £ wywnhdwwnnp  $nudngyncyndniinwgh, Ywndhnudp'  Yuppnguhiwah,
ghuypn' Ywnpnepuhiwah, tunjwgh W hhuuwihu $nudwnwgh hwdwn:

3nnh $EpdGUIwiht wynhdniejwl ypw dwup JGnwnubph wminpuhy wagnbgnipjwu
wuwnhdwlp Lpwbwywih sgwhnd Ywhuijwd E hnnwuhwhg W hwwnywwbu npwuncd
wwnpnibwyynn hnednup pwlwyneeniupg [1, 3, 8]

Rwnwywihu ultwhnntpnud Yuwwwnh' 1000 dg/yg W Ywndhnwdp' 50 dg/yg fuwnnt-
pjwl nGwpenwd Ujwand E pninp $EpdEUINUERH wywnhynipinitup, pwig win pugwuwywlu
wanbgniejwlp wybh pwwn Bupwpyynid £ dnudwinwg pbpdtlunp, bW wybh wwywu'
Jwuwiwagp: Uhypnpngtunqubph pwnunpniejwl  thnthnpunepintt LUwnynud £ hnnnud
wwpnibwydnn Yuwwph 30-100dg/Yg huinniejnilhg uuwd: buy Yuwwwnph 1000dg/yg
funnipintup pGpnud £ hnnh $EpdGLULMWHAL wywnhynipjwl wlunwnUwih thnthnfuntejwu,
nnp sh yGpwywuguynid wdpnng tnwnyw purpwgentd [23]:

Lopenlwih W nphpubph [16] Yynnuhg Ywwwnpdwé Jbgbunwghnu  thnpdbph
wpnntupubpp Jywynud G, np Swup  JGuwnuGpn  wnuninnywéd  adw-wnngniwjhu
hnnGnpnud Ypwwwnwpuwgdwl Uhengny vhswywph ntwyghwl® pH-p, 4,5-hg uhusle 6,5
pwnapwgltihu nipbwg $Epdtuinh wynhynipeiniup Jedwunwd £ Cd wwpph 20 dg/yg
funnipjwl ntwend 30-35 %-ny, Zn-h 500 dg/yg ntGwend* 1,3-2,5 wuqwd, huy Pb-h
100dg/Yyg wwpniuwynLpjwl nbwencd® 35 %-ny:

Swup JGinwnutph puinpnnuywu wanbgniejwl npulenpnudp $EpdtUuinwihu uwh-
wnwynigutph ypw Jwnbwlpyb) £ Jwnnig: Ophuwy, Yunuhnudp npwtu enilwdnp tnwpp
hwynwd nluh  pnywglbine $nudwnwg  ptpdunh  wynhynieintup, huy Yuwwpp'
Juunwiwg dEpdGUnh wynhynieinitup: Ywwnwiwg $pdEunh wynhyniejwu ujwgnid
uywunynd £ Ywwwpp® 50 Jglyg hunnipjul nbwenud  hGnwgnunygnn - pnnp
hnnwwhwtpnid, pwgh YwppnUwwnwihu ultwhnntphg, huy Ywnuhnwdh' 5dg/yg punniejwl
nGwend® pninp hnnwunhwGpnud: dnudwiinwg L wypninbwg tpdGuinutph wynhyniegjwl
thnthnpuntpyntu inknh £ nluBuncd wyn tnwipptph wytih pwpép wwnpniuwyniejwl nGwenid
[23]:

Qnphgnpjwlp [1, 8] wnwewnyt £ dwup dGunwnutpny hnntph wnunnunywéniejwlu
wuwnhdwuh npndwl Jh uwunnuwy, npp wywjdwuwynpywé £ huybpinwg W $nudwinwg
dEpUGUINUEPh wywnhyniejwu dwywnpnwyny (wn. T1):

Unyniuwy 1. Swup dGwnwnutnny hnnh wnunnnjwédniejwl guwhwwndwl uwunnwy, pun hudtpunwq
U $nudwnwg ptpdGuinutbph wynhyniejw [1, 8]

dGpdGunuGph wynhynipjwu bjwgnidp (%)
Ununnunyjwéniejwl swnuninywé hnntph hwdtdwwnniejwdp
wuwnhdwlp
huydtpunwqg dnudwinwq
fny)| wnununywoé <25 <20
UhghUu wnunuinjwéd 25-50 20-45
NLdtin wnunninjwé >50 > 45

Nipbwght wdtbwggunitu $EpdEunh wynhyniginiup Yuntih £ oginwgnnéty np-
wtu hnntph Séwup dJGunwnutpny  wnuininjuwénipjwl  whuinnpndwl  (nhwgqunuwnhl)
gnigwuhy: Uwlwju gnjnieynit ntbu bwle hnnwihu wyp wwjdwuubp, npunbn wnwybp UGd
qawjntunceintt W wywnpynipntu B gnigwptpnud puybpunwg bW Snudwiinwig
dEpdEunutpp [1, 81
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Gnhwqwnuup [11] wwnab, E, np huybpunwg $Gpdtunh wynhynientup hwl-
nhuwunwd E 2w Yuyntt gnigwup? W wju wnpGh £ ogquwgnpdt) thnpdwnwpwntph
Jhwuwnwppnipyntup wwpgbine hwdwp: Wn Uywwnwyny thnpdwnwunh nwppbp  hwan-
Jwdlbphg ybpgynid BU hnnwudnwubp W npnpynud £ pugbpunwg $EpdEunh wyinp-
Uniejniup: Cuwn hGnhuwyh, Gpp hudGpunwg $epdGunh wynhynipjwl gnigwlhpubph
ufuwih wnynup sh gBpwquwugnd 5-7 %-p, nwpwp Yuwpbh E hwdwnpt, Jhwwnwpp W
oquwagnndt) nuwwnwhu thnpdtph hwdwip:

3nnGph YELUWPpWUWYWU wywnhynipjwl thnthnfunteintuutpnp guwhwunbine hwdwn
Ebh. Quuuwunyh b U.Q. Uwwhndh ynndhg dowydb, E hnnh  YELuuwpwlwywl
wywnhynrejwl quuwhwwndwl pwjwiht uwunnwy (wn. 2) [20]:

Cuwn ytpnpdwé pwwhl uwnnwyh® wpwlduwgynid £ 5 wunhdwlwynpnud® w)
2w L, p) RN, 6) Unghl, n) pwpén, B) 2w pwpén: 3nnh $Epdtlinwiht wyinhyneejwl
L hnnhg  wpunwquuynn  woéhuweent  qwgh  hunBUuhynipjwl  gnigwuhubph
thnthnfuniejniuliGpp ey B wtwihu Yuwnwntb, hnnh YGuuwpwlwlywl wynhynipjwl
hwdtJwwnwywu quwhwwnnwdutn [20]:

Cuwn hudbpunwg $EpdGUnh gnigwuppubph® uwhdwugwé £ hnnh YELuwpwlwywu
wynhynipjwl quwhwwndwu uwunnwy, nph nGwpnud wtwp £ hwyh wnUb] thnjuw-
Uwywihu YwuwnhnUubph Ywgund wynidhup wwpniuwyneyniup hhdptpny shwgbgwé, huy
Uwwnphnwh wwpniuwyneeniup® hhdpbpnd hwgbgwé hnnbpnud: Ihdetpny shwabgwé
hnnGpp nLUBU pwpép Yeluwpwlwywl wywmhynieinil, Gpp wynudhUh ywpniuwyneenup
Jwaqunwd £ thnhuwbwywiht YwunhnUubph gnidwpuwiht wywpniwyneejwl dhtugle 10 %-p,
Uhghu* 10-20 %-p W gwdn' 20 %-hg wybihh nGwend:

Unyniuwly 2. Innh YELUWpwWUWHwWU wynhynipjwl hwdGdwwnwywl
quwhwwnJwl uwunnuy [20]

1-hu R o . 5-nn’
Snigwlihzutn 2uitn ?am jhgr?h pmgn G
RNLJ pwpén

COz-h wnpunwquiwnned,
Jg CO»/10 g/opn
Yuwwnwwq,
ud® 0, la/pnwyt
AEhhnpngtuwg, Uy
Ha/q/op
dnudpwinwgq, Ug
P,0s/10 g/dwd
NipGwq, Ug
N-NH3/10 g/op
Mnpnuntwg, Ug
wpnLUpL/ 10 q/dw 0-05 | 05-10 1,0-2,0| 2,0-3,0 >3,0

huyGpunwg, Ug gynLyng/glon <5 5-15 15 -50 50 -150 > 150

0-5 5-10 10-15 15-25 >25

<1 1-3 3-10 10-30 > 30

0-3 3-7 7-15 15-22 >22

0-05 (05-15 |15-50 5-15 >15

<3 3-10 10-30 30-100 > 100

3hUptnny hwagbgwéd hnnbpp nllbu pwpép Yeluwpwlwywu wynhyniejnil, Gpp
LUwuwnphnuwh wywpniuwynepntup yuaunwd £ thnpuwuwlwihU YwwhnUuGph gnudwinughu
wuwnpnibwyneejwl vhusle 5 %-p, dhghu* 5-10 %-p, gwén® 10-20 %-p W pwwn gwdp 20 %-hg
wytlhh nGwpned:

3nnh wnwywywéniejwl wunhdwuh npndwl uwunnwyh hwdwéwjl, pny| wnw-
Juwénipjwl nbwenud, hwdtdwwnwé  swnwywwéh htwn, huybpunwg  $EpdEunh
wywnhyniejwl UJwgnidp Ywaund £ dhUsle 35 %, vhghu wnwywiwénipjwl nbwenid
35-70 %, huy nLdtin wnwywwoéniejwl nGwenid* 70 %-hg wybih [5]:

Wjuwhuny, wdthnhtiny pwgdwehy hGnwgnnnutph  nunwdUwuhpnigniuutnh
wnpryntuputnp, ywntih £ Junwhwpwn wubi, np hnnh $Epdtunwhb wynhyniejwu
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Determination of a number of spectral parameters of cationic porphyrins for their
identification in absorption and fluorescence spectra, as well as in complexes with proteins, is an
urgent task in connection with their use in photodynamic therapy of tumors. We have carried out
studies and these parameters have been determined for a number of cationic porphyrins and
metalloporphyrins.

Cationic porphyrins and metalloporphyrins — photodynamic therapy of tumors — molar extinction
coefficient — fluorescence emission wavelength

Ywwnhnuwihtu wynpbhphuubph Jh 2wpe uwbiunpw) wwpwdGunptph npnanudp npwitg uny-
Lwlywlwgdwl hwdwnp Juuudwu b $nenpbugbunwihu uwGyunpubpnud, huswybu Lwle uwhnw-
yncgubph Yndwbeultbpnid, hpwwnww huunhp £ Juwywé npuug ogunwgnpddwl hbin ninnigputnh
dninnnhuwdhy pGpwwhwjnd: UtGp Y4nnuhg hpwywbwgnpty GU  nuncdUwuppnepinilbn W win
wwpwJbwnptnpp npn2yty BU Uh 2winpe Ywnhnuwihu wynpdhphulbph W JGnwnwuwnpdhpuubph hwdwn:

YuwiinpnUuwyhl wnpdhphulitn L JGinwnwwnpdhphulbn — nLpnigplubnh $ninnnhlwdhly ppwuwhw —
Unywn Epuinhlipghuyh gnpéwiihg — $yninpbugblghuyh tdhuhugh wiheh Gphwpnipyuwl

Omnpefenenne psaa CIeKTPATbHBIX TapaMeTPOB KATHOHHBIX MOPGUPHHOB [UISL MX HICHTH-
(uKaIMKU B CIEKTPax MOTJIONMICHUS U (DIYOPECICHITNH, a TAKKE B KOMIUIEKCAaxX ¢ OCIKaMU SIBIISAETCS
aKTyalbHOU 3a/aueil B CBS3H C X MPUMEHEHHUEM B ()OTOAMHAMUYCCKON Teparuu omyxoiei. Hamu
OBLTH MTPOBEICHBI UCCIICIOBAHUS U OTH MapaMeTphl OBUTH ONPECICHBI TS PsAZa KATHOHHBIX MOP-
(UPUHOB 1 METAIIIONOP(PHUPHHOB.

Kamuonnvie nopupunvl u memannonophupursl — pomoouHamuyeckas mepanus onyxonei —
K03 uyuenm MoAapHoOL SIKCMUHKYUL — OTUHA BOJIHBI IMUCCUU (TyOpecyeHyuu

Photodynamic therapy (PDT) of tumors is one of the most promising and rapidly
developing areas in the treatment of oncological diseases [2, 4]. In PDT, photosensitizers
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(PS) are used as anticancer drugs, mainly cationic porphyrins [8], which selectively
accumulate in tumors [1, 8] and, under the influence of light, cause the formation of
singlet oxygen and free cytotoxic radicals, leading to cell death [1, 4, 8]. The binding
and delivery of porphyrins (photosensitizers) to the tumor is one of the important tasks
of the PDT method [8]. Delivery is carried out through such blood proteins as serum
albumin, hemoglobin and lipoproteins, which play a big role in this problem [3, 9, 10,
12]. Among photosensitizers for PDT, cationic porphyrins are currently most actively
studied and used [8, 14]. Earlier in Armenia, a number of cationic porphyrins with
various peripheral groups (oxyethyl-, butyl-, allyl-, metallil-) and central metal atoms
(2Zn, Ag, Co, Cu, etc.) were synthesized [11, 13].

Materials and methods. The absorption and fluorescence spectra  of
porphyrins/metalloporphyrins and their complexes with proteins by absorption and fluorescence
spectroscopy were studied. The absorption spectra of porphyrins and their complexes with proteins
on a Shimadzu UV-VISIBLE Recording Spectrophotometer UV-2100 (Japan) in a quartz cuvette
(0.1 or 1 cm) were recorded. Changes in the absorption spectra of cationic porphyrins and
metalloporphyrins were recorded for the Soret band (420-440 nm) with an accuracy of 0.1 nm.
Fluorescence spectra on an MPF 44 spectrofluorimeter (Perkin-Elmer, USA) in a quartz cuvette
(0.1 or 1 cm) were recorded. All measurements at room temperature were carried out.

Statistical analysis. Statistical parameters (mean values, standard deviation) were
calculated using Microsoft Excel and Origin 7.0 software (Origin Lab Corporation). Tab. 1 shows
the average values of five independent experiments (n = 5). The standard deviation of the values
did not exceed 5%. p<0.05.

Results and Discussion. Currently, cationic porphyrins are also synthesized in a
number of international companies in America (USA), Europe (UK) and Asia (Japan).
The possible use of cationic porphyrins in PDT has also been demonstrated in our recent
works, where their complexation with such important blood proteins as transferrin and
ceruloplasmin was shown [5-7]. In fig. 1 shows the spectra of one of the cationic
porphyrins and its binding to the ceruloplasmin as an example.
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Fig. 1. Absorption spectra of cationic metalloporphyrin Zn-TOEt4PyP and its change upon
binding to ceruloplasmin (CP). 1 - 1.6 x 10™* M Zn-TOEt4PyP in 0.01 M phosphate buffer (PBS),
pH 7.2; 2 - spectrum of the complex [CP + Zn-TOEt4PyP] 3 min after binding of the protein with

porphyrin (in 0.01 M PBS pH 7.2).

From the fig. 1 it can be seen that, upon binding of metalloporphyrin Zn-
TOEt4PyP (curve 1) with ceruloplasmin, the absorption decreases and the absorption of
the Soret peak (439 nm) shifts to longer wavelengths (curve 2), indicating the
complexation of porphyrin with the protein. Such changes in the protein-porphyrin
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binding spectra require precise determination of the position of the spectral peaks and
their changes.

In connection with the important aspects of the application of cationic porphyrins
in PDT and their wide range of production, the determination of a number of spectral
parameters of cationic porphyrins for their identification in absorption and fluorescence
spectra, as well as in complexes with proteins, is an urgent task. As such spectral
parameters, can serve with high accuracy defined the absorption values of the maxima of
the Soret absorption band (420-440 nm), the values of the molar extinction coefficient,
as well as the emission wavelengths of such compounds in a fluorescence spectra. We
have carried out studies and these parameters have been determined for a number of
cationic porphyrins and metalloporphyrins produced in Armenia and the UK (tab. 1).

Table 1*. Spectral parameters of cationic porphyrins and metalloporphyrins

NN| Porphyrins, Maximum absorption | Molar Fluorescence
metalloporphyrins of the Soret peak, extinction emission wavelength,
Amax, NM coefficient, & | Aem, NM
M'.cm™
1 | TOEt4PyP (Arm) 423.8 1.823 - 10° 710.0 (=424 nm)
2 | TOEt4PyP (UK) 4235 1.681 - 10° 712.0 (Ae=424 nM)
3 | TBut4PyP (Arm) 4215 3.182 - 10° 710.0 (Ae=424 NM)
4 | TBut3PyP (Arm) 417.0 3.084 - 10° 662.0 and 708.0
(Aex=424 nm)
5 | Zn-TOEt4PyP 439.4 1.469 - 10° 637.0 (hex=440 Nm)
(Arm)
6 | Zn-TOEt4PyP (UK) 439.0 1.433 - 10° 637.0 (Aex=440 nm)
7 | Zn-TBut4PyP (Arm) 436.8 1.754 - 10° 637.0 (Aex=440 nm)
8 | Zn-TBut4PyP (UK) 438.0 1.928 - 10° 637.0 (Aex=440 nm)
9 | Zn-TBut3PyP (Arm) 429.5 1.958 - 10° 610.0 and 662.0
(Aex=424 nm)
10 | Ag-TOEt4PyP 432,0 1.679 - 10° 712.0 (Ae=424 nm)
(Arm)
11 | Ag-TOEH4PyP (UK) 4335 1.931 - 10° 685.0 (Aex=424 Nm)
12 | Ag-TBut4PyP (UK) 432.0 1.607 - 10° 685.0 (A,=440 nm)
13 | Ag-TAII4PyP (UK) 4335 1.544 - 10° 685.0 (Ae=424 NM)
14 | Ag-TAII3PyP (UK) 427.0 1.920 - 10° 670.0 and 720.0
(Aex=424 nm)
15 | Co-TAII4PyP (Arm) 4355 1.048 - 10° 712.0 (Ae=424 nM)
16 | Cu-TAII4PyP (Arm) 4255 1.186 - 10° 695.0 (Ae=424 NM)
Absolutely negligible
peak of fluorescence
17 | Cu-TOEt3PyP 420.0 2.101 - 10° No emission
(Arm) (Aex=424 nm)

*In Table shows the average values of five independent experiments (n = 5). The standard
deviation of the values did not exceed 5%. p<0.05.

Thus, spectral parameters of a number of cationic porphyrins and

metalloporphyrins, determined with high accuracy, will make it possible to carry out
their identification during complexation with proteins.
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