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OIEHKA BJIMAHUA TPAHKBUJIN3ATOPA (JUA3EIIAM) HA
HOBEAEHYECKMUME ITPOABJIEHUA B 3ABUCHUMOCTH OT ITOJIA
KPBIC

I''T.CAPKHCOB, H.D.AKOIISIH, JI.M.KAPAIIETSAH

Hayunviii yenmp 300n02uu u cuopoarkonroeuu HAH PA,
1abopamopus GuuUoL02UY NOBEOEHUS HCUBOTNHBIX

sarkgagik@graffiti.net

HccnenoBanuch pa3nuyusi B IOBEICHHN CaMIIOB M CAMOK HEJMHEWHBIX KPBIC B YCIOBHSIX
CcBOOOTHOTO BHIOOpA HOBHM3HBI NP BBEJCHUM JKMBOTHBIM JMa3ernama B JHeBHoe Bpems. OOHapy-
KEH aHKCHOTEHHBIH 3({EeKT MCHOIb3yeMOro TPaHKBHIM3ATOPA, BBIPAXKAIOLIMIICA B CHWKCHUH
YHciIa BRINIAABIBAHUHN U3 “YKPBITHS, YMCHBLICHUH BPEMEHH MPEObIBAHUS )KUBOTHBIX B OTKPBITOM
MPOCTPAaHCTBE. AHKCHOTCHHBIN 3 (PEeKT ObLT OoJiee BEIPaKEH y CaMIIOB, YeM Y CAMOK.

Kpuvicvl — nonosvie paznuuus — ouazenam — ucciedo8amenbCekoe no8eoeHue

NuncdUwuhpydtp BU wpne W kg ng géwihU wnUGwnuGph uppwadwihu inwppbpnienlblltnp,
yeunwuhutphu gbpGYwihu  dwdtphu nhwqbwwuh UGpwpyJwu Unpnyeh  wqwun  punpniejwu
wwjdwuubpnud: Iwjntwptnytp £ yhpwnynn hngbubpgnndsh tnwgquwwwséhu EdGYn, npp npulnp-
ynid E«pwpuinnghg» nnipu Uwtint nGwetnh rpyh bjwgdwdp, yeunwuhutph pwg tnwpwénieinLuncd
gunuytint dwdwuwyh Yndwindwdp: Swquwwwdhlu EpGYnp wybih wun npultnpdt) £ wpniuGph, pwl
Eqbph Unwn:

Unltinltin — ubinuyhl tnwpptpnieintultn — nhwqbwwd — hGwnwpunignid

Differences in the behavior of non-linear male and female rats, in the condition of free
choice animals daytime diazepam's injection were investigated. The anxiogenic effect of used
tranquilizer was revealed, which is expressed in decreasing of the number of peeps from the "dark
box", as well as reducing the time of stay of animals in the open space. The anxiogenic effect was
more expressed in males than in females.

Rats — sexual differences — diazepam — exploratory behavior

B psne uccnenoBanmii ObLIO yCTAaHOBIIEHO, YTO CaMIlbl M CAMKH DKCIIEPUMEHTAITb-
HBIX JKUBOTHBIX JEMOHCTPHPYIOT PAa3IMYHOE TOBEICHHE U MO-Pa3HOMY pearhpyroT Ha
BBE/ICHHE UM TeX WM MHBIX (hapMakoyioruueckux mpemnaparos [1, 4, 5, 9, 10]. B aroii
CBSI3U, B YAaCTHOCTH, aKTyaJbHOW 3a7a4eli HeWpOOUOIOTUH CTABUTCSI M3YUEHHE TIOJIOBBIX
pa3uuuil IPM TECTHPOBAaHWH AaHKCHOJHMTHYECKHX IPENapaToB HA XHMBOTHBIX C IIEJBIO
MOCIEAYIOIEN ONTUMANIBHON TEpPAauK TPEBOKHOTO COCTOSHUS Y 4eTI0BeKa [2].

B HacTosmem cooOLIeHn TPeNCTaBICHBI PE3YNIbTaThl HCCIICTOBAHMUS TTOBE/ICH-
YECKMX MPOSABICHUH B 3aBUCHMOCTH OT I10J1a KPBIC TIPH BBEICHUHN KUBOTHBIM aHKCHOIIH-
THUYECKOTO MpernapaTa Ana3ernam.
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Mamepuan u memoouka. B onpITax UCHONB30BaNach HKCIICPHMEHTAIbHAS MOJIETb HCCIIe-
noBatensckoro noseaenus (OMMUIT), koropast npencrasisier co00i THOPHIHBIN BapHaHT “TEMHO-
CBETJION KaMepbl” U “OTKPBITOro noius’”. [6].

HanomuuM, 4TO cxeMa NpoBeieHHs OIBITOB ¢ Hcnonb3oBanueM DOMUII npeanonaraer,
YTO OOBEKT UCCIIEAO0BaHMsI, KPbICA MM MBIIIb, IPEABAPUTEILHO NOMEIIAeTCs] B KOM(MOPTHBIN ISt
HOPHBIX XHMBOTHBIX 3aTeMHEHHBII oTcek. [locne mepuona ananramuu (300c) oTKpBIBaeTCs JOCTYI
B OTKPBITOE NIPOCTPAHCTBO U MMEETCS BO3MOXHOCTD C TIOMOIIBIO BUAEO U KOMITBIOTEPHOTO MPOTO-
konupoBaHus noseneHus: B TedeHne 300 ¢ OIEHHUTH CTeeHb KOH(MINKTa MEXKTY MOTPEOHOCTHIO
KUBOTHOTO B NOTyYCHUH HOBOH MH(OpMAIMU (BBIXOJ U3 3KOJIOTHYECKH IPEIIOYNTAEMOTO TeM-
HOTO 3aMKHYTOTO YKPBITHS B “‘OTKPBITOE IT0J€”) M MOTPEOHOCTBIO “‘CaMOCOXpaHEHHs’, KOTOpOe
HMHUIUUPYET OLEHKY HOBOM CUTYallUU C TOYKH 3pEHUs IOTCHIUAIBHOM OMaCHOCTHU 7Sl OpraHu3Ma
(peaxuus TpeBOTN).

IIpu oueHke xapakTepa BIUSHHUS TPAaHKBHJIN3ATOpa Ha IOBEICHUYECKHUE MPOSBICHUS B 3a-
BHUCHMOCTH OT I0J1a XMBOTHBIX HCIIOIB30BAJICSA aHKCHONUTHIECKHH MpenapaT Aua3enaM (Ipou3-
BoauTens: Ankanousa AJl- Cxomnbe. Pecriy6iuka MakenoHus).

Kaxk u3BecTHO, 1razenam crocoOeH BEI3EIBATh AHKCHOIUTHIECKYIO aKTHBHOCTD, KyTIHPYTO-
IIyI0 CTPax, TPEBOTY, BHYTPEHHee OECHOKONHCTBO. YUUTHIBAs 3TO OOCTOATEIBCTBO, B HACTOSIIEM
HCCIIEIOBAHUN C IIENBI0 MOJyYEeHHs BHIPAXXEHHOTO aHKCHOJIUTHYIECKOTO 3¢ ¢eKTa NpH BBEACHUU
JKMBOTHBIM JMa3eriaMa MBI HCIIOJNB30BaIN JIAOOPATOPHBIX KPBIC C MACCHBHBIM ITOBEAEHUECKUM
MIPOSIBIICHUEM.

HccnenoBanus npoBOAMIINCH IOATAITHO B CIEYIOIIEH 0cIe 0BaTeIbHOCTH:

1. Ot6op XKMBOTHBIX C MACCHBHBIMH MOBEICHIECKIMH TPOSIBICHUSIMU TI0 CBEIECHUSAM, COO-
paHHBIM y paOOTHUKA BUBAPHUs, a TaKKe HA OCHOBAaHMU COOCTBEHHBIX HAONIOAEHUH 3a HX 300CO-
LUaTbHBIM OBEJCHHEM.

2. CopeprxaHue 0TOOpaHHBIX XKHBOTHBIX B TeUeHHE 15-TH CYTOK B 1aOOpaTOPHON KOMHATE
Ipu (PUKCHPOBAHHOM CBETOBOM PEXHMME B OJHOIIOJBIX TPyMINax Mo 4 ocoOM B KJIETKaX ¢ HEOrpa-
HUYEHHBIM JIOCTYIIOM K BOJIE U IHIIE.

3. OnHOKpaTHOE TeCTHPOBAaHHE MOBEJCHHS Ka)XKJ0TO XKUBOTHOTO (KOHTPOJILHEIE aHHBIC) B
ycnoBusix OMMUII o onucaHHOM BhIlE cXeMe.

4. Yepe3s ceMb CYyTOK BHOBb IIPOBOAUTCS TECTUPOBAHUE MTOBEICHUS KPBIC B ycnoBusax OMUII,
HO y’Ke TI0CJIe OTHOKPATHOTO BBEJCHHS KHUBOTHBIM 3TAJIOHHOTO TPAHKBHUIIN3aTOpa ANA3eIaMa.

B omnpITax ncnonb3oBanuch HeMMHEHHBIE Oenble KPhICH 000MX MOMIOB (4 camua u 4 caMKH)
C BBIPaXKEHHBIM TIPOSIBIICHUEM [TAaCCHBHOTO ITOBE/ICHHSI.

Juazenam (10 Mr/2 Mi1) pacTBOpsUIM B pacTBOpE IJISI MHBEKIMH M BBOJIIIM >KHBOTHBIM
BHYTpHOpIOmMHHO B 03¢ 0,5 Mr/kr 3a 30 MuH 0 TecTUpoBaHus B ycsoBusx DOMUIL.

OIIBITHI CTABHIIACH BO BpeMeHHOM uuTepBaie mexay 12%-15%,

Pa6oTy ¢ »KMBOTHBIMHU IIPOBOJMIM B COOTBETCTBUH C MpaBuiamu “EBporeiickoll KOHBEH-
MM O 3aIlUTe JKUBOTHBIX, NCIIOJB3yeMbIX B akcriepuMenTax” (upexkrusa 2010/63/EU).

Pe3ynemamut u oocyyicoenue. Ilpy IpoBeICHUN OIBITOB AKIIEHTHPOBAJIOCH BHH-
MaHHE Ha JIByX OCHOBHBIX NOKA3aTENIX TPEBOXHOCTH — YHMCIIO BBHITJIAIBIBAHUN U3 “yK-
PHITHS” M BpeMs, NMPOBEICHHOE B CBETJIOM OTCeKe. VIMEHHO YHCIIO BEHITJLIIBIBAHUN U3
3aKpBITOTO OTCEKa SBISETCA Hanbosee aleKBaTHBIM, HA/JIEKHBIM M BOCIPOU3BOIMMBIM
ITOKa3aTeJIeM TPEBOXKHOCTH — CHIYKEHHE 3TOTO MTOKa3aTeNsl PH ACHCTBUM TEX WM WHBIX
(hakTOpOB CBHIETEILCTBYET O TOBBIIICHHH YPOBHS TpeBoxHOCTH [3]. Kpome Toro, Bpe-
Msl, IPOBEACHHOE KUBOTHBIM B CBETJIOM OTCEKE, OUEBUIHO, TAK)KE MOXKET CIIY>KUTh IS
OIICHKU CTEINEHU TPEBOXKHOCTU — CHIIKEHUE ITOTO IOKa3aTens NMpH JEHCTBUU TeX WU
HHBIX CTPECCOTCHHBIX (PaKTOPOB CBUAETEIHCTBYET O TOJABICHUH HCCIIEI0BATEIBCKOTO
moBeIeHNs (YBEIHMUYCHHUE TPEBOKHOCTH) [8].

[IpoBencHHBIN aHATN3 BBIIBII MTOBeIeHUICCKUE (D (DEKTH JeCTBUS TPAaHKBUIIA3A-
Topa B ycroBusix SMMUIL, mpoTHBOIIOIOKHBIE TIPOTHOZUPYEMBIM (pHC. 1).

Kaxk BuzmHO U3 puc. 1, mpu TeCTUpOBaHUH MOBeACHUS B ycioBusx DMUIIT BmMecto
0KHJIAEMOTO0 aHKCHOJIMTHYECKOTO 3(PdeKTa HCIoIb3yeMOoro TPaHKBHIIN3aTOpa HaOIIo-
JAeTCSl aHKCUOTCHHBIHN 3P QeKT, BRIpaXaroMHUNCA B CHIDKEHUH YHCIIa BBITISABIBAHAN,
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YMEHBIICHHN BPEMEHH NPeOBbIBaHMS )KUBOTHBIX B OTKPBITOM IpOCTpaHCTBe. [IpumMeda-
TEJIFHO, YTO AHKCHOTECHHBIN 3 QeKT OBl Oosree BHIPaKeH y CaMIIOB, YEM Y CAMOK.

A B
camupl % -1 camubl o1
2 6 |
3 9
0 a
2] 0
5
1 - 0
0
5 - (0]
00
0 1 2 3 4 5
1 2 3 4 5
camkm o1 camku —o—1
2 =2 8
0
1 8
5 0
1 4
0
05 9
0
0 0
1 2 3 4 s 12 3 4 5

Puc. 1. lunamMuKa U3MEHEHHUS YKCIIA BBITISABIAHUN U3 YKPBITUS (A) U JUIMTEIBHOCTD NPEOBbIBAHUS
B cBeTiIOM oTceke (B) y KOHTpobHBIX KpbIC (1) M )KMBOTHBIX IIOC/IE BBEACHU Auasenama (2)
B TeueHue Bcero nepuoza rectuposanust (300 c); * - p<0,05 (X - kputepwuit).

WHTEpecHO OTMETHTH, YTO B MOBEACHUM XKMBOTHBIX MOCIIE BBEJICHHUS IIperapaTa
BHE DKCIIEPUMEHTAJIbHOW YCTAaHOBKM JI0 M Cpa3y IIOClie TECTHPOBaHMS Halirojanach
CPaBHUTEIIFHO BBICOKAS JIBUTATENbHAS aKTUBHOCTH, B OTICIBHBIX CIYYasX yCHIMBAIICH
arpecCUBHBIC TIPOSIBIICHISI, UMEITN MECTO TIOMBITKY TTOKWHYTH JTOMAIITHIOK KIIETKY.

TakuM oOpa3oM, TPOBEJCHHBIE HMCCICAOBAHUS BBISIBIUIM ‘‘aHKCHOTECHHBIA 3(-
(bexT auaszenamMa y KpbIC-CaMIIOB, B 3HAYMTENILHO MEHbIIEH CTENEeHH 3TOT dPQeKT Haod-
JIOAJICS Y KPhIC-CaMOK.

[ony4eHHble AaHHBIE COTVIACYIOTCSl C DKCIIEPUMEHTAIBHBIMU HaXOJKaMH, OITH-
CaHHBIMH B JIUTEpaType, IJie OTMeYaeTcsl ‘‘aHKCHOI€HHas” aKTHBHOCThH JHMa3ernaMa B
nueBHoe Bpems [4, 5]. Ilpu sToM jmomyckaeTcs, 4TO MPOTHBOMOJOKHBINA 3deKxT B
JICWCTBUU TPAHKBUIIN3ATOPA CBS3aH C OCOOCHHOCTSIMHU XPOHEPTHU M XPOHECTE3HH, a TaK-
JKE BITUSTHIEM TIOJIOBBIX CTCPOHJIOB.

Kak Obwio mokazano panee [l], B ycloBmsiX AEHCTBHUSI CTpeccopa — HOBH3HA
(ODMMUII) camku KpwIc OoJiee aKTHBHBI M MEHEE TPEBOXKHBI, 4YeM caMIlbl. B muteparype
MMEIOTCS TaHHBIE, IOKA3bIBAIOIINE, YTO dPPEKTH ACUCTBHUS “aHKCHOTEHHBIX (haKTOpPOB
(3MeKTpUYecKUil MOK WK BBEACHUE [3-KapOOIMHOB) OoJiee BEIPAKECHBI y CaMIIOB-KPEIC,
geM y caMok [9, 10]. B To ke Bpems aeiicTBHE aHKCHOMTHYIECKUX (PaKTOpOB (Tpenapat
MK-801) B ycmoBHSX “OTKPBITOrO MO U “KpecTOOOPa3HOTO MPHUIIOIHATOTO JTaOUPHH-
Ta” BBI3BIBACT 0O0JICC BBIPAKCHHBIN COOTBETCTBYIOMKH 3()(EeKT y caMOK-KpBIC, YeM Y
caMm11oB [7].

Takum 00pa3om, uccieqoBaHME BIUSIHUS TPAHKBUIIM3ATOpA Ha TOBEICHYECKHE
MIPOSIBJICHUST Y KPBIC HOATBEPXKJAIOT ITIOJIOKEHUSI O MOJIOBOM Pa3iHuuM B d(Qerrax
AQHKCHUOTPOITHBIX (PaKTOPOB PA3IMYHON NPUPOIBI.
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Nrunwilwuhpyty 6U wphGunwywl nwnhnuncythnueph (NL)° *°Sr, ®'Cs Ynunwiydwl wnwilié-
Uwhwuwnyniejntllbpu Upwpwwnjwl nunh  gnnwgnpwhpwihl, nwuwywl hhnpnwnuhywih W hnnh
wwjdwuubpnud ywyywé quugnip Yunwdpnud (Ywik) (Brassica oleracea var. sabellica L.): Mwpqyty E, np
gnnwepwhrwihl  hhnpnwnuhywih  wwydwlpnd  wabkgyws pngutpp *°Sr-h W %'Cs-h - wwipniuw-
Unrpjwdp ghgt BU nwuwywu hhnpnwnuhywih  dwywpnyutbphu 1,2-1,3 W 1,1-1,2 wugwd, huy hnnwjhu
Hwywpnyubph® 1,8-2,0 W 1,4-1,5 wugwd: Ujuhupl, gnnwonwphpwhlU hhnpnwnupy Gnwlwyu
wwwhnytp E nwnhntyninghwwbu wnwybp wugunwlg pniuwhndph  unwgnud, pwl  nwuwlwl
hhnpnwnupywu W hnnp: Uhwdwdwlwy, qwugnipn Junwdph  pniuwhnudpnd  JGpwhuyynn wp-
hGutnwlwl (FU-h (°Sr, %'Cs) wwpniuwynepinilp sh abpwquilighy UGu-u:

Quiignp Yunuwdp — wphbuwnwuwl nwnhnuncy hnbtn — gnnwgnpuwiphpuyhl
U nwuwlwl hhnpnunUhlyw — hnn

Wzyyanice 0COOCHHOCTH HAKOIUIEHHS MCKYCCTBEHHBIX paauoHykmunos (PH) %gr, ¥Cs B ka-
mycre KyapsiBoii (kane) (Brassica oleracea var. sabellica L.), BeipaleHHON B YCIOBUSIX BOJOCTPYHHOH,
KIIACCHYECKOH THPOTIOHNKH M MOYBBI ApapaTcKoi paBHUHBI. BBIICHMIIOCH, UTO 1O COAEPXKAHMIO ~ Of,
BCs pacremms  BOZOCTpYHHOM THIPOIOHHKH YCTYIANH PACTEHHSM KIIACCHUECKOM THIPOIOHHKH B
1,2-1,3 u 1,1-1,2 pasa, a pacreHusm noussl B 1,8-2,0 u 1,4-1,5 pasa. Takum o0Opa3om, BOAOCTPYHHBIH
TU/IPONIOHNYECKHUI METO 00ECTICYHIT TTOyUeHHE PaIuodKOIOrHIecKoro Oomnee Oe30MacHOro pacTUTENb-
HOI'0 CbIpbs, YEM KJIIaCCUYECKasd TIMAPONOHUKA U IOoYBa. OJIHOBpeMeHHO COZEPIKAHUE HNCKYCCTBECHHBIX
PH (®sr, ¥Cs) B pacTHTENBHOM CHIPhE KaIlyCThI Ky apsiBoii He npesbiniaio [T/IK.

Kanycma kyopsaeas — uckyccmeennvle paouoHykauobl — 6000CmMpYUHAs u
Kaaccuueckas 2uOPOnOHUKA — NOY6d

The accumulation particularities of artificial radionuclides (RN) ®Sr, *¥Cs in curly cabbage
(kale) (Brassica oleracea var. sabellica L.) cultivated in Ararat valley water stream, classical and soil
conditions were studied. It was found out that plants grown under water stream conditions have
1,2-1,3 and 1,1-1,2 times lower content of **Sr and **’Cs than the ones grown under classical
hydroponics, and 1,8-2,0 and 1,4-1,5 times lower than the plants grown in soil conditions. So the
water steram hydroponics is safer radio-ecological method for production of raw material, than
classical hydroponics and soil culture, at the same time the content of controlled artificial RN (*°Sr,
1¥7Cs) dont exceed MACL in plants of curly cabbage.

Curly cabbage - artificial radionuclides — water stream and classical hydroponics — soil
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UM3IBUSULUL NUAPNLNFYLRILENh UNESULUNFUC NFBNFS WUAWURNFU 3IhPNMNLRAYULUL SUMREE IUUWUUNAG h. ..

Ubluwpwlnptl wnnbughw| Uts Juuwlg U Ubpyujwgund Sr (4huwwnpnhdwl
wwpptpnLgnlup’ Ty, = 28,6 wwph) W ¥'Cs (Ty, = 30,1 wwph) wphbunwywl nw-
nhnuncyihnuGpp (ML), npnup  wGnwpwndyGind  wgpnhwdwytgnipnilubph - YGuuwbny-
pwphuhwywl nenghg oncp — hnn — pnyu W hhnpnwnuhlwih uncpuinpwn-uliunwnLéntE-pnLju
thnfuwugdwu 2npwutph dhgngny Yninnwydnid Gu pnyubpnud, dwulwynpwwtu, pulgwpuw-
pnyubpnud, hugh hGinlwugny Ywpnn BU UGppwthwlgtb] Jwpnne opgwuhgd®  wwinbwn
nwnUwiny qwuwqwu hhjwunntejntbltph wnwewgdwlnp [2, 9, 10, 11]:

Rwjywywl wwnndwihu EGYunpwywywup RUEY) gunuynd £ Upwpwunjwl nuunnd,
nph 30 YJ pwnwyhnny gnunhu hp utp UGpwnnd £ Spliwlp: Iwyh wnlbinyg y&pnupywén,
nwnhntyninghwwbu wnwyb| wuyunwug pniuwhnidph utnwgdwl bywwnwyny J&p ynndhg
nwnuluwuhpdbp B °Sr-h W ¥°Cs-h Ynnwyuwl - wnwlidUwhwinyniggniilbpp . gnnwsn-
w2hpw)hl, nwuwywl hhnpnwnupywih W hnnh wwjdwuubpnud wyywéd pwlgwnwpntju
qwugnp Junwdpnid:

Ynip W dEpnn: IGnwagnuncenillbnp Ywwwnyt) Bu 2015-2016 pr.  Ihnpnwnuhlywih wpnp-
\GUuGph huuwnhwnnunnud (Gpliwt) Upwpwwnjwu nwnned, npp gnbgned £ 6ngh dwytplnwgehg 850-900 U
pwpénpnigjwl Ypw: Ugeh E puyund snp dwjpgwdwpwihu Yhdwng, npuntn nwnptywl Jdhghtu ebpd-
wuwnhdwup hnhu-ognunnu wdhuubphu 25-26 °C E, wntnnuduGph twnpBywu Jdhghtu gnudwpp hwulnud £
UhUgl 200-300 UU [3]: Snnwgnwhrwihu hhnpnwnuhywu hp Ut UGnpwnt) £ pnyubph wuhnn wéabgdwu Gntbp
Gnwuwy' glwlwihl, wynuwihl, hwdwwnwpwé: Qwugnip Yunwdph (Brassica oleracea var. sabellica L.)
hhnpnwnuhy  Gnwuwyny  unwgwé  uwshubpp 1 dpw 8 pnyu hunniuejudp  wnuwnpyybp Gu
gnnwenwhpwihlu  Unnnuubpnd  nwuwywlu  hhnpnwnupy  Jbgbunwghnu - wunpUGpnud W hnnnud:
Ipnnpnwynuhyuyned npwbu (gwilynte Yhpwndt) £ Uwpuopng KMnO4-h 0,05 %-ng [nLdnyeny whutnwhwuyws,
3-15 Jd Jwuuhyutph npwdwagény hpwphuwihtu fjuwnwdp: SGhunwthnpétpnd Yhpwedb) £ Q.U. Ywypjwuh
Unnuhg  wnwpwnywd ulinwinwdnyep [6], hugp gnwzhpwiht - hhnpnwnupuwinud opdw  pupwgenLy
wwpptpwpwn (qupbwlp W wplwlp' 6-8 wugwd, huy wdnwlp' 10-20 wugwd hwédwhiwywlntejwdp W 10-
15 Jpy. nnnnnijwdp) 2heh duny wudbpwnwpa unyby £ pnguh wpdwnwplwy dhpwdw)n: Ushwuguwidjw
wpynn ndnyeh swihp Ywaut) £ qupuwup' 20-30, wdnwlp W wplwlp' 30-50 dp/pnyu: Ywuwywl
hhnpnwnuhyugned pniutnp uunigyt 6U guipiwp W wbwlp 1-2, huy wdnwup® 2-3 wuqwd: Innp Swnw)bg
E npwtGu uinnghg, npnud hnedneup Yugut £ 1,5-2,5 %, hwpniuwn £ $nudpnpnd b Ywihnedny: Innwhl dpw-
ynypnud wwhwwudt) Gu punniujwé wgpninbGhulhywywl juunUutpp (hnnh wwpwnunwgned, thhupbgned,
wwpptpwpwn gpncdutp® 3-4 opp 1 wiligwid, Unjwhunintph Jwepnid W wyil): Uinnwghgsh hnntpp nengytp Bu
wnuntqul opnd: IGLwgnunnieintlubnh  hwdwn  thnpdwudnpubp Bu yGpgdb) ulunwiniényeh wwwn-
nwundwl hwdwn oguwgnpéynn Gluwjhu wpwnbguwl 9nhg, ultnwintényrhg, hnntph 0-30 ud hnnw-
2Gninbphg, quiugnip ywnwdph yenpgbunbjw quugywédhg: @npdwldnpubnnud wphGunwywu NU-p npnyty
EU nwnhnghuhwywl Ubpnnutnng’ YM®-1500 thnpp $nlwihl uwpeh dhgngny [8]: Unnwgywé nyjwiutpp
hwdtdwundt) U 3wjwunnwuh hwupwwbnnigwl W Nnuwunwlh nupuniejwl punnibwé uwhdwliwghu
ey wwnnth funnuenlllbnh (UGtu) htwn [1, 2, 5, 71:

Upmyniupubp W pUlwpynid: Iwjnuh £, np NL-p UGppwthwugnd BU pnyubph UGy
wpUwwnltnh dhgngny' wpdwwnwplwy dhpwdwiphg W wnbpllutph dhgngnyd' onwijhtu wyw-
quuhg [2, 9, 10, 11]: Mwpqut| E, np hhnpnwnuhyw)nd wpdwwnubph dhgngny pnyutiph Jte
NU-h Ubppwihwlgdwl uygpUwnpnip £ dwnwjb ullinwiniényep, huy hnnnd® nnnghyg enLpp
W hnnp (wn. 1): YwpGh E Gupwnntl, np W hhnpnwnuhywncd, W hnnnd pnyubph yGpgbuntjw
opqwlltph JbGe wbnh E nubgh, bwle NU-h wpunwpdwunwihu UGppwthwugnd  onwjhu
wywqwuhg' JdpUnnpuwhu wnennwdutph, thnpnt, &tuh, uph, wepngnitph dlny: Ywnbih £
Gupwnnbl, np wpnwpdwnwiht swlwwwphnd *Cs-h Ubppwihwlgnwdp  pnyutph ybp-
gbwnljw opquiiibph Ute gbpwqulghy £ *°Sr-hl, pwlh np puwn gpulwntejwl ndjwiubph [2],
3UEY-h wpinwlbindubpnud gbpwlpnned £ *¥7Cs-p: Un. 1-h tnywiubpp gnuyg BU twhu, np
ubUnwinwonyenid ©Sr-h wwpniuwynieiniup 11, huy *'Cs -hup' 10 wlqud gbpwquiligh) £
Glwjhu wpnbgwl oph hwdwudwu gnigwuhputphl: Uw Lpwuwynwd E, np ulunwiniénieh
wwwpwundwl hwdwp ogunwgnpdywd phuvhwywu Unuebpp, wdtUwju  hwywuwywunt-
pjwUp, wwpnibwytb, Eu °Sr-h W ¥Cs-h dhwgnipnilubn: Upwnbgwl epncd *°Sr-h wywipnt-
uwynieinilp gbpwquiligh; £ 7Cs-hu 13, huy ullnwiniényenid® 15 wlqwd: b tnwppb-
nnieintl ulunwincdniyeh, hnnnud *7Cs-h wwpnilwynieintp gbpwquiighy £ %°Sr-hu 1,4 w-
qwu (hnnwtnunh funpnieynilp® 0-30 ud, Sr =7,2 Rp/lyq,**’Cs=10,0 Rp/lyq):
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Unynuwy 1. °Sr-h L *¥Cs-h wwpniiwynieinitlp wpinbgyw opned W ullinwignuényened

Ldnioh buwlp *Sr | ¥'Cs
Pp/|
Upwnbgjwu onip 0,04 0,003
Ulunwinéne 0,44 0,030
Ut hudtinL oph hwdwp [2, 7] 5,0 11,0

Nwnhnghdhwywl ybpnéniejwl wpnyntupubnp gnig Gu nydbl, np Upwpwwnjwl nwp-
wh Jhuunyu hnnw-yihdwjwywtu W nwnhntyninghwywl jwnpqwénipiwl wwjdwuubpned
(RUEY-h nEhilwdhu wagntgnipjwl 30 Yd wnwdhnny gnnh) Ywhudwsd Jywydwlu Gnwlwyhg
(hhnpnwnUhyw, hnn) quugnip Yunwdpp Yniinwytp £ vwpptp pwlwynigjudp AL (wn. 2):
Wjuhupl, pnyubph dowydwu GBnwlwyp npnpwyhnpBu wanbp £ pniuwhnudph  nwnhn-
wywnhynipjwl ypw: Cun npnud, hnnwihtu dywywpnyubpp gGpwquugbp GU hhnpnwnuhy
Uowlwpnyutphu *Sr-h wwpnilwynegjuwdp' 1,5-2,0 wlqud, *¥'Cs-h wwpnibwynipjwdp' 1,2-
1,5 wuqwd: NwnhnEyninghwwbu wnwytp wuywnwlug pniuwhnudp wwywhnyby £ gnnuignw-
2hpwihl- hhnpnunUhyuwl: Wuwtu, gnnwepwzhpwihl hhnpnwnUhywinid: pyutpp *°sr-h W
1¥7Cs-h wwpniuwynipjwup gheb) U huswbu nwuwywl hhnpnwnuhugnud (1,2-1,3 1 1,1-1,2
wuquwd), wjuwbu £ hnnwjhU wwjdwuubpnud wakgywéutphu (1,8-2,0 W 1,4-1,5 wuqud):

Ywnbh £ Bupwnptl, np gnnwgpwhpwihtu hhnpnwnuhjuwywl hwdwywpgnd  nw-
nhnEyninghwywu wpdwénipniup bwqb] £ (uuunwpwn (nednyeh Swhuuh  Yndwwnned,
pniubph  ulnigdwl 2hpwiht  Gnwuwy, ullnwpwp neenyeh W (gwunietph  2thdwl
dwytntGuh thnppwgntd), nph 2unphhy pnyubph wpdwwnwpuwy Jhewywinnid ujwqb) £ NL-h
wwpniuwynepintup W NU-h inGnwwpdp ulUnwpwp — (nwénye — pnyuh wpdwun 2newiny:
Uprynitupnid, gnnwgnwphrpwiht hhnpnwnupy Gnwlwyu wwwhndGp £ nwnhnEyninghwwtu
wdblh wudunwlug pniuwhnudph unwgnud, pwl nwuwywl hhnpnwynuphywu W hnnp: @EW
ulUnwinwényenid *°Sr-p gqbpwquiigh] £ *Cs-hu 15 wlqud (wn. 2), uwywit hhnpnwnuhy
tnwpptn hwdwywpgtpnud Wwlydws quiignip Ywnwdph pneuwhnedenid *°Sr-h wwpniuw-
yncpintup gbpwquugt) £ B¥7Cs-hu punwutlp 1,1-1,2 wlqud: 3nnnwd dwyws quiignin
Ywnwuph pniuwhnedenid Untuwtu *°Sr-h wwpniwynieintup gbpwqwighy £ *2¥Cs-hu, (1,5
wlqwu), pEl hnnnwd gbpwlpnty E (1,4 wlqud) *¥Cs-h wwpniiwynigintup: Cunn Bplngeh,
h hwjun BU GYG quugnip Yuwnwdph YGUuwpwlwywl wnwlUdUwhwwnynignitlubpp W
hwUpwjhUu ulbunwwnwnptpp puinpnnwpwn Yiwutine hwnyniejntuUutnpp: 3hnpnwnupy tnwpptp
hwdwywngtpnud quiignip Yunwdph pncuwhnedenid *©Sr-h wwpniuwyneenip gbpuquitigh
E *¥"Cs-hU punwutlp 1,1-1,2 wlqwd, huy hnnuihl Bwynyenid* 1,5 wlgwd:

Swywlwpwn, quugnip junwdph Jdbe NL-p Ubppwihwlgt, BU huswGu wpdwwnutph
dhgngny hhnpnunuhywjnud  ublnwinwényehg Ywd hnnhg W nenghs ¢onhg, wjuwbu £
JGpgbunlbjw opgwultph dhgngny wnpunwpdwunwihu Gnwluwyny onwjhu wjwqwuhg (UpUn-
(npuwhu tnBnnLdutp, hhnpn W wekpngniutn, thnh):

Swpdwnyp gnuyg £ wndb], np qulgnip unwdph hwdwp ubunwinednep-pnyu W hnn-
pnyu hwdwywpabpnud °Sr-2¥Cs qnigh nhndnn hwpwpbpwygnieiniilbph (A3) (°sr*¥Cs
pnijuntd, Sr/*¥Cs ullinwnuényenid Ywd hnnnud) wpdbpUutpp hhnpnwnuhywnwd Ywqub) Gu
0,07-0,08; huy hnnnwd* 2,1 [10]: WuhUgl' hhnpnwnuphyuynud N3<1-hg, hugn Lpwliwynid £, nn
Ubwlwpnyubpp ullnwintényehg wytih hutntluhy Yiwb Bu *'Cs-p, huy hnnhg *°Sr-p (win. 2):

Unyniuwly 2. ©°Sr-h W *Cs-h wwpnibwynieniup gwugnin Yuwnwdph pacuwhncdencd b NG-h
hwpwptGpwywu gnigwuhubpp hhnpnwnuhywnud W hnnnd

SUJ b w QOSI. | 137CS o . 908r | 137CS
nREnWY fellg 2, *Srl~'Cs 4a

Qulwjhu 9,9 8,7 0,08 22,5 290
Uynuwyhu 8,8 8,3 0,07 20,0 277
Swdwiwpwé 9,5 8,0 0,08 21,6 267
“Qwuwywu

hhnpnuwnbhlus 11,8 9,8 0,08 26,8 327
3nn (uinntghy) 17,6 11,9 2,1 2,4 1,2
Urh [1,5,7] 50 130 - - -
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UM3IBUSULUL NUAPNLNFYLRILENh UNESULUNFUC NFBNFS WUAWURNFU 3IhPNMNLRAYULUL SUMREE IUUWUUNAG h. ..

Uw hwunwwndb] £ NL-h Ynenwydwu gnpdwyhgutph (UQ) (NU-h pwlwyp pnijuncd,
Pp/yg: NL-h pwlwyp ulunwindnyenid, Rp/| Ywd hnnnd, Pp/yq) wndteubpny: QuwugnLp
Yunwuph hwdwp hhnpnwnuhbuynud '¥°Cs -h UQ > *°Sr -h 4Q-hg 12,2-13,8 wliqwd, huy
hnnnud *Sr -h YQ > *¥Cs-h YQ-hg 2,0 wliquid:

Wjuwhund, Unpwagntu gnnuenwphpwihu hhnpnwnuhy Gnwuwyp pnuwhnidph wp-
tnwnpdwu nwnhnEyninghwwtu wytih wuywnwug Yeuuwwnbuuninghwywu Gnwuwy E, pwl
nwuwywup W hnnwjhu Jawynyep: Wuywiu u%wuu-,uu Gnwlwyhg, qwlgnLp Yuwnwdph pnLuw-
hnwdpned Jtpwhuydnn wphtutwywl Nu-h (°Sr, *’Cs) wwipntuwynieiniup sh gbpwquiligh
Ufetu-u:

Qnpélwlwl wnwpwpl. Qwugnip Ywnwdph pniuwhnudph wpunwnpdwu  hwdwp
wnwyewnyyned £ gnnwenwhrwiht hhnpnwnuhy YEuuwwnGhuuninghwywu Gnwlwyp:

qaruvyuvniE@3ntu

1. RwpU wwnin pwlgwpbntup nEulhywywl ywunuwywng hwybyws. 33 Yunwduwpnipjwl
n&yunGdptph 21-h 1913-L npnnd, 2006:

2. 33 Ywnwywpnipjwll wnpletp Jhegntyuiht wujunwlgnipjwl  Yuwpgquynpdwl  wbnwywl

yYnuhwnth gnpéniubniejwl hwpytnygniejnit, 2014@.  www.anra.am/upload/Annu.

Jwjbuwl L.d. /fudp. 3wjwunwlh wqgwjhtu wwnjwu, W hwnnp, 6., 232 Ep, 2007:

babasn I'.5. T1ouBbl 1 npUpOAHBIE yCIoBUs JMIMKaHCKON JIECHOW arpOXMMHYECKOH CTaH-

n (JJUJIAC). CooGmennst HCTHTYTa arpoXUMHYEcKUX mpobieM u ruapornonuxu, N21,

c. 21-25, 1980.

5. T'mruenuueckue TpeOOBaHUS K OE30MACHOCTH M MHINEBOI IIEHHOCTH IHIIEBBIX NPOIYKTOB.
CanurtapHo-3nuaeMuonIornyeckue mpasuna 1 Hopmsl (CaHIIuH 2.3.2.1078-01). M., Mun-
3apas PO, 164 c., 2002.

6. /Jlagman I'.C. I'nppononnka. B.xa.: CripaBo4Hasi KHUTa 10 XUMH3ALUH CEITBCKOTO XO35HCT-
Ba. M., Komoc, c. 382-385, 1980.

7. Hopwmsl pagnanmonHoii 6e3omacHoctr (HPB-99): I'mruennueckue Hopmatusel. M., LleHTp
CaHUTAPHO-3MHAEMHOJIOTNIECKOT0 HOPMHUPOBAHHS THTHEHUYECKOH CepTU(HKAINU U JKC-
neptu3bl Munsapasa Poccun. M, 116 c., 1999.

8. Iasnoyxas @.M. MeToasl onpeneneHus 0gr u JIPYruX HM30TONOB. B kH.: ®U3MKO-XUMHU-
YECKUE METO/IbI HCCIIeq0Banus ouB. M., 126 c., 1966.

9. Ilepesonoykas T.B. PagnannoHHOE JIECOBOACTBO: OCHOBBI JICCHON PaTHOIKOIOTUH: MPAKT.
pyk-Bo juist crynentoB. ['omens, [TY nm. @. Cropunsl, 45 c., 2014.

10. Cenbcroxo3siicTBeHHas pamuodkonorus. [loxg pen. P.M. Anekcaxuna. H.A. KopueeBa. M.,
Oxonorus, 400 c., 1992.

11. Ghalachyan L.M., Asatryan A.Z., Kocharyan K.A., Tadevosyan L.S. The Accumulation of
Artificial Radionuclides in Spice Herbs in Different Zones under the impact of the ANPP,

“Bulletin” of State Agrarian University of Armenia, N 2, p. 17-20, 2014.
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Lwjwunwbh Ghunngntbbtph Ugquiyht Uywnbdhw {wjwunwoh YEtuwpwlwlwb <wbnbu
HauuoHaAbHana Akasaemus Hayk ApmeHuu BuoAaoruueckuu XypHaAa ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

cOnpdwpwpwlwl W inbuwlwl hnnwélbp «IxcnepumenmansHsle u meopemuuecKue Cmamoue
«Experimental and theoretical articless

Swjwuwmwuh YEuuwp. hwunbu, 4(69), 2017

ANLEShL GY dLEYYP 8GIAG P GAPNLY BLD
undGrh UrSU4YU2UYUSLehr UnuLavulusuni@3niuuere,
yune yuruLU3hL URGNMUSYNIRI3UL 3GS

U.4u. 3n43uLiLhusuu

Swywuwnwlh wqquihl wanwnpuwiht hwdwuwpwl
marinehovhannisyan1974@mail.ru

RGwnwgnuinieniup Yuwnwpdb, £ 2016 . 33 Ujntupph nwpwéwppwuh  «dwdweu»y UNC
JwrUwihu hwdwihpnwd, nph hwdwp Inpnhu W b16YYh gbnbphg Ywaguyt) £ Gpyne funidp: LeEpYnJwd
nippunwnjw duntpwiht wwhywéph  wwydwuutpnd  thnpdlwywu  fudpbph Y4ndbpp Yepwyndtbp no
hilwdytp BU wwhywéph Jhwludwlu wwjdwulGpnud: Sppnpn jwyunwghwih 305 opdw  pupwgenid
3npwhu gtinh Yndtph dnin YEunwuh quugqywédp 649,5 Yg En, Yeh pwlwyp' 7712 Yg, jntnh wwnpniuw-
Unipyniup 3,75 %, huy d164Up gbnh Yndtph Unin yeunwuh quugqwédp 617,5 Yg tp, Yhep' 5116 Yg W
jnnp’ 4,0 %, uyhwnwynigh wwpniuwyneeiniup® hwdwwwwnwupuwlwpwnp 3,24 % W 3,41 %:

Undtiph Yeh pwlwyh W Ynseh thweh uhgl pwwpwn hwdwhwpwpbpuygnipiwl gnpdwlhg
npulnpyt £ 3npunhu gtinh Yndtph dnin® r=0,763, huy di6YYh gtinh Ynytph hwdwhwpwpbpwygnipjwu
gnpéwyhgl punhwywnwyp gwép En'r =0,20:

Swlwlwqddwée — wpunwlwquywop — dwpduwdwutn — hwpwpbnwlgnienLl

Wccnenoanue npoBoauniock B 2016 roxy B MonoyHoM xo3siiictee OOO “Bamakc” B ycio-
BUSIX KPYIJIOTOJMYHOTO CTOMIJIOTO COJEpKaHWs 3aBE3€HHBIX KopoB mopox ['ommreitn u diexsn.
JKuBoTHBIE COZEPIKAIINCH B OTMHAKOBBIX YCJIOBUAX KOPMJIICHU .

Pe3yHbTaTbI I/ICCHe}lOBaHI/Iﬁ IMOoKa3aju, YTO KOPOBBI TOJIBIITUHCKOOM IopoAbl TPETHETO OTEIIA
0 XHUBOH Macce 649,5 Kr MPOSBHIM MOJOYHYIO NPOTYKTUBHOCTE 7712 Kr, copepKaHne MOJIOYHOTO
xupa cocTaBmio 3,75 %, a MOMOYHas MPOAYKTUBHOCTH KOpOB mopoxasl dmeksu (617,5 kr >xuBoit
Macchl) coctaBisier 5116 kr, coneprkanne MonogHoro xupa 4,0 %, Mo KoJIU4IecTBy Oenka COOTBETCT-
BeHHO — 3,24 % u 3,41 %. KoshdumueHT KOppensuuun Mexay yAoeM U 00XBaTOM TPyAd Y KOpOB
TOJIBIITHHCKOM Topobl coctaBisil I = 0,763, a'y kopos nopoast Gnexsu — r = 0,20.

3Kcmepbep — KOHCmumyyus — meJjocllodHcerHue — COOmuouierue

The research was carried out in 2016 in the dairy farm of LLC "Vamax" in conditions of year-
round stable care of imported cows of the 3rd lactation period from Holstein and Flekvy breed in two
groups. The imported experimental cows kept in a year-round manger conditions were fed and cared
in the same breeding conditions.

Analysis of the research results showed that the third-calf Holstein cattle in a live weight of
649.5 kg on the 305" lactation day demonstrated a milk productivity of 7712 kg, the milk fat content
was 3.75%. The milk productivity of the Flekvy cows (617.5 kg of live weight) was 5,116 kg, the
content of milk fat was 4.0%, and protein were 3,24 % and 3,41 % respectively. A sufficient
correlation coefficient between the amount of milk and the udder girth in the Holstein cows is
identified, which makes r = 0.763, and for the breeds of the Flekvy breed r = 0.20.

Exterior — constitution — measurement — stature — correlation
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3NLESPUL B9 dLEUYR 8BNE h GRPNNT BUL UNYENh UNPSWUU2UYUGEh UNULRLURUSUNHE3NFLLENE, WUNC UURLUShL...

SnhdwjhU wphuwwnwuph gnpbUwywlnwd Jwnnig oguwgnpdnd BU  YEunwuhubph
quwhwwnntdl pun wnpunwywgdywsédpeh W hwdwlwguywéeh, hhdp punniubiny Ysunwuhubph
inuinbuwlwl ognnwywp hwnywuhpubph bW hwdwywgdywéeh, wpunwywgdywédph Ywwp:

Oguybiny hwdwywauywéph b wpunwywagudwéph quwhwwndwl  wnpnyniuputnhg,
hGoinn £ punpbp gwuywih wnpwh YGunwuphutGphl, npnup odinjwé Gu pwyjwagnuu wnnn-
onLRjwUdp, pwywpwnp yepwpunwnpnnuywu nlbwynipjwdp W ntuBU pwpap Upbpwwnynie)nil:
Swppbp  JptGpwwynipintu nlubgnn  gbntpp  hGuninipjuwdp  quuwqwudnd 6L hpwphg
punhwuntp (hwphwnniuh) inGupny: Cuwn wpunwywquywéph YwrUwwnne Yyndtphu punptihu
wnwybntejntu U unwunwd wju Ynytpp, npnup nluBU Gpywp funpp Ynpde, nnbph pLe
npywoéde, hwyweywsé npndwjl, npnug Unin npwbu optup Yweh ubyptghwu wybih pwpan £
[1, 2]: RGnlwpwn Ynytph punpnidu pun wpnwyuwagdywéeh b hwdwlywgdgwéph Uywnwy
E hGunwwunnd pnidynn UwpuppuGpnud wd  gbnnud  nluGuwp wenng, wdnip  hwdw-
Jwquywépend, nhdwgynil, hwdwswih Jwpduwywagunijwdp W pwnén JdpGpwnynipjudp
yGunwuhutn:

Ynip L d&pnn: IGnwgnunnipniup juwunwpdbp £ 2016 . 33 Uinluhph  tiwpwéwnpswuh
«dwdwpuy UNC Yuwrlwihu hwdwihpned, nph hwdwp wqudt) £ Gpyne funcdp.

I-hU* Jwepwgtn hnpwnhu — 10 ginthu (h)

ll-pn’ dwenwigbin $aydh — 10 ginctu ($)

Gypnwwywl tpypubphg ubpypdwé, 2nippiiwpu Jdunipught wwhywéph  wwydwuutpnod
wokgynn W wwhynn thnpduwywu hudpbph Yndbpp YEpwyndtbp nu pulwddb) BU unbnéywd (wgwagneju
dhwldwl  wwydwlubpnd® puin - $hghninghwlwl  yhdwyh: Opwlwl uwnwgty &u 3015 U thn-
huwlwywjhu EuGpghw W 3,68 Yg Jwnubih wpnunthu:

NuncdUwuhpdb) £ hwdGdwwnynn gbnbph wpjwu (hGnncy hjnujwée) Jbe gunuynn punhwuncp
uwhwnwynigh, wipndhuh W ginpnihup pwlwyubpp, npnug fungnp ntp Bu fuwnnud  opgqwuhquh
YGUuwywunpBu uwplnp $nuyghwutph nEYwdwndwu gnpéned:

Unytph wpnwywaqudwséep b hwdwywaujwéepp quwhwngtb) £ Uywpwgpwywu (Jwpduh pun-
hwunip nGupp® hwphwnneu W dlp), gwithnudubph W pwjwihu guwhwndwl Jgennny [3]: Ogunwagnpédyt) £
LUwl odwunwy UGpnnp' nuuwllwpwhwldwl, npp pugptp B wpnwyuquwéph  dwupwdwul
Uywpwapniejntp W huwpwynpnepyniu £ wndbp tnywynpneeintl unwbwine quwhwwnynn  YEunwunc
dwuhU: Undbph Ynsh wlwwndhpwywt L sLwpwlwywl Ywadp, pwjwiht  quwhwwninwdp, Jb-
pElwjwyedwl whwnwubihniejntup nuncdbwuhpdtp £ hwdwédwju jwndhwywl  gjnnwinunGuwywu
wlwnbuhwih w2fuwnwyhgltph Ynnuhg Bawyws Ynsh quwhwindwl dtennhywih® Yehg wnwsy [4]:
Ltunwuh quugywép npnpyt) £ uwywyptneny (0,01 Guiinuejwdp), npp Wpnbintg wnwy fuliwdeny uinnigyby
U hwywuwpwipnyt £, wnwynnjwl' Ypbtintg htwunn, dpusle yepwyntp W ontip:

UpnwywaquJwéep b hwdwywauJwépp quwhwnytbp £ Gppnpn (wyunwghwih 2-pn wduncd:
Nwnpnieintu £ nwnaybp yeunwupubph Jwyh wnwéqwywlniejwl, dyncuncejwl, funUwynipjwl,
dwpyh gniuh W Upw Gupwdwywihu 2tnunh qupgwgdwl, Jwqwéwédynyeh, Gngjnipubph punyrh ypw:
LEUnwUhUGPh wpunwywgUywédpwihu wnwuduwhwunynieintlbph hwdtdwwnwywl ncuncduwuhpniejwu
Uwwwwyny  Ywuwwnpdty U Jwpduwdwubph  hGnlgwp  sgwhnwdUGpp. dunwydh  pwpanpnceniup,
gnuinyjwuwnbnh pwpépniejntlp, hpwuh pGe GpUwnpnipntup, quunnuyptph (wjuncentup, Uunwedptph
wjuninilp, bunwipdptnh pwpapnienilp, bwuwnwunwyh thwep, Yndeh thwep, Undeh funpnejniup,
Unédeh (wjuntejniup: Undtpht Yenwd Bu gbpdwlwlywl wpunwnpnipjwl «by
wntu H66» Yph uwnppwynpnidny, npp swhnud £ Ypywéd Yweh pwuwlyp, dwdwlwyp (Yeh wpwanipnt-
Up), Ywenwd wwnpniuwyynn jninh W uyhwnwynigh pwlwyubpp: Nunwdbwuhpdtbp £ hnpwnpu W $16YUh
gntph  Undtph  Gppnpn (wynwghwh  Ywelwiht - Jetpwndnieniup jnupwewbgnip wdhu,  nph
hwpywndwu wdthnth nguiubpp dwydtb, U yeluwswihwywu Gnwuwyny [5]:  «dwdweu» UNC
inuwnbuntpntul hp gnpéniubniewdp hwdwwwwnwupuwutgyb) £ Bypnuwywl swithwuhpubphu, npuntn
Yhpwnynwd £ huintuupy wnbhiuninghw' YEunwuputph  fulwdep, hhdbwywl nt odwlnwy wpngbultpp
thnuhwdwéwjuEgwé BU b hpwywlwgyned B hwwnny Uepuwlbnny:

Upmyneuplubp W pUubwpyned: Upjwl wiwquwih uyhwnwynigh wywpniuwynipjwl w-
nwyb] pwpap gnigwlhp ntuBU hnpwnpu gbnh Ynytpp' 8,01 %, npp gbpwquugnud £ $i6YYp
gbnh yndtppu 0,34 %-ny, wnwnppbpnipntup hwjwuwinh £ (p=0,95): Qnpnihuh pwlwyh
Uhggtinwjhtu tnwnptpnipintup Ywadnwd £ 0,01 %, npp hwywuwnh gk, huy wipnidhup pwuwyh
nwnpGpnntup hwdwwwwnwupwUwpwn' 0,33 % £ W p=0,95: 3npwhu b $itYYh gtintnh
ynytEph Jwpduwdwutph swihnudubpp pGpdwé BU wn. 1-nud:
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U.4. 3n43utuhusuu

Urgntuwy 1. 3nwinhl L diLydh gtintiph Gppnpn jwyuwghwih Yndtnh
Jwpuuwdwubph gwhnwdubpp, ud (n=10)

3nppupu | b EYyYh

Uﬂlﬁtuumumlru YELuwswhwwlu  gnigwUuhubpp

¢ no. Lim Mim s | CV% Lim Mim s | CV%
PwnapnLpintup

R 132..164 | 1445+3,13 | 9,91 | 6,85 | 130..146 | 139,041,826 | 577 | 4,15
Puwnénnejniun 139..163 | 148,642,109 | 6,67 | 4,49 | 139..150 | 1454+1,098 | 3,47 | 2,39
gnunywwnbnnd

Pwnépnpintup
Do 123..137 | 131,90+ 1,390 | 4,38 | 333 |[113,2..132| 122,1+2,12 | 6,71 5,49
Lwjunpntup
Tt 28..52 | 36,3+2,733 | 864 |23.80 | 22..30 | 26,93+0,744 | 2,35| 8,73
hpwuh e

e 140..166 | 152,943,526 | 11,15 | 7,29 | 138..167 | 148,8+2,897 | 9,16 | 6,16
LujUnueiniln 46..74 | 54,142,834 | 896 |1656 | 52..62 | 54.8+1,083 | 342| 625
quunuynptpnd

Undeh thwen 173..218 | 201,7- 5249 | 16,60 | 8,23 | 190..220 | 202,7%3,138 | 9,92 | 489
Undeh

. 42.81 | 659+3761 | 11,80 [1804 | 70..83 | 74,4+1,759 | 556 | 7,48
unéeh 48..66 | 555:2,207 | 698 |1258 | 45.50 | 47,7+0518 | 164| 343
|wjunipntlp
m’;g‘”‘““”‘w“h 21.24 | 226+0306 | 096 | 427 | 22.23 | 2240163 | 052| 2,30
HGlnuwln 550..770 | 649,5+24,59 | 77,76 |11,97 | 590..650 | 617,5+7,72 | 24,41 3,95
quigywdp, Yg

Mwnaut £ np dunwydh pwpapniegudp hnpnht ginh ynyepp gbpwquiigt Bu $ieyyh
gtnh Ynytphtu 5,5 ud Ywd 3,9% -ny, gninjuntnh pwpépnipjwdp’ 3,2 ud ud 2,20 %-ny,
hpwuh peEe Gpywpnieywup' 4,1 ud Ywd 2,76 %-ny, Ypdeh (wjuntpjudp’ 7,8 ud Ywd 14,05 %-
ny, bwhiwnwuwnwyh thweh swihnwing® 0,2 ud-ny Ywd 0,89 %-ny: Cuwn Yndeh thweh, Yndeh
funpniejwl W quuinnuypbph pwjuncejwu swithnuduGph hnpwnhu gbnp ghgnud £ $16EUYh gbnhu
hwJwwwwnwuhuwlwpwn -1; -8,5 W -0,7 ud-ny Yuwd 0,49; 12,89 W 1,29%-ny, ( wn. 2, Uy. 1):

Unniuwly 2. Sppnpn jwiynwghwih Yyndtph wpnwywquywsépwihu
Jwnuuwswihnudutnh hwdtdwwnnedp (n=10)

Uwppwgbnkp Swppbpnipnil

Quishnufnh wldwlnule, Wr Fpnpnp | pith | pwgupawy pdtpny | %- ny
Uunwyh pwpépnipjntup 1445 139,0 -55 -3,9
Qnuywwnbnh pwpapniejniup 148,6 1454 -3,2 -2,2
hpwuh pEe Gpywpnieintup 152,9 148,8 -4,1 -2,7
Duwnnuyntiph (wjunteintup 54,1 54,8 +0,7 +1,29
Unéeh thwpep 201,7 202,7 +1,0 +0,49
Lwhiwnwuwnwyh thwpep 22,6 22,4 -0,2 -0,89
Unéeh unpnientup 65,9 74,4 +8,5 +12,89
Undeh |wjunteniup 55,5 47,7 -7,8 -14,05
Luwnwpdptnh pwpénniejnlupn 131,9 122,1 9,8 -7,43
‘Luwnweupbnh (wjuntentup 36,3 26,93 -9,37 -25,81

Lwquyt, £ wpnwywagdwdpwihu wynpndhip, nph hwdwn hnpunpu gbnh dwenpwgtn
ynyGph swihnudubpp punniudbp BU 100%, nnipu B pbpdbp pwgwpéwly wnwppbpnee)niun,
$16YUh gbnh Jwpepwgtn Ynytiph swihnwlutph 2tnnudp inpdty £ %-ny* hnpunhuh Uywndwdp:
Npnayt] BU JwpdUuwywauh hunGeuutpp' wluwwnndhnpBl ppwp hGn juwywsd dwpduw-
dwutph sgwhbph hwpwpbpnieniup’ wpunwhwjnywé inynuutpny:
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LY. 1. Unybph wpnwywagdywéeh swthnwdubph gpwdhyuywl wwnytnp

Uwpduh quugywdh qupgugdwl jwywagnyu gnigwlhp E (Ggniuniejwl hunteup, npp
wwnhphlU gnigplipwg Gpynt gentiph Unin £ ophlwswith pwnénwgt £ W $iydh gtinp
gbpwaquugnd £ hnpuhu gbnh hwdwwwwnwupuwU gnigwuhphl: Unbpwyndpwihtu huntpuh
wnwnhpwihU thnthntuncpynllu ophbwgswith £, uwlwju Yndeh W quinnuyntph pwjuncencuutph
swihnwuGph wéh pupwgenid wnwytp wyuhwjn £ wéh UJwwnGh nwppGpwywuncegnaup:
UnLpwyndpwihtu hunteup hwJutdwwnwpwn gwén £ $eydh gbnh Unin W ghgnd E hnpwnhu
gbnht Ywplwjhu hwwnwuhubph quingugywsénipjwdp: UpdpwihU hunteup tpunt gbintiph
dnun £ hwdwgnp E: Gplupwagnipiwl Yud $npdwnh hunteup, npu wpunwhwjinynwd £ hpwuh
rebip GipYwinniejwl W dunwyh pwpanniejwl hwpwptpwygniejwdp (%), $Leuyh genh ll-pn Suh
yndtnh Unun wulpwu gbpwqulignid £ hnppwnnhu genhu:

Unyntuwy 3. Gppnpn (wynwghwih dwepwgtin Undtph
Jwnpuuwywauniejwl hunteultnp

8tntpp
0
huntpultipp, % Inpuhl SEuh
Gpywpnunijwu 54,39 46,47
Epywpwagnijwl 105,81 107,05
UnUpwyndpwihu 102,59 87,04
Unépwjhu 84,22 64,1
LEgnLuntejwlu 131,92 136,2
obquitguwdnipiwl 139,58 145,83
160
140
120
% 100 Anznht gbn
£ =0 DLEyyh ghin
E 60 +——
40
20
o] T T T T T
S S & S S &
I S I
& & F &
N G SN & Sa
SN & > ~ S
PN > o 5 &
RN o
Pee)

LY. 2. 3npwnnhu W d16YYh gbntph Yyndknph hunteuutph hwdtdwwnndp

Gpywpnuinpjwl W Ynupwyndpwihu hunGeultpny $i6LUYH gbnp ghgnwd E hnpwhu
gtnhu, wllpwu gbGpwquwugnd E GpUwpwégnipjwl hunteund, huy Yndpwihu huntpuny
hwywuwpwanp Gu: Swppbpniejntlu h ognuin $16YUH gbnh |Ggniunipjwl hunteuny Yuaquty
E 4,28 %, hul hodquiugywéniejwlp’ 6,25 %: Gpywpwagnipjwl Ywd dnpdwinh hunkeup,
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U.4. 3n43utuhusuu

npu wpnwhwjngnwd £ phpwuh pte Gpywpniejwlt W Junwyh  pwpépnipjwl  hwpw-
pGpwygniejwdp (%), unund E Gpyne gbntbph YweUw)hU nunnniejwl dwuhu (wn. 3, LY. 2):

Gnyne gbntiph Unwn £ Jwpduwdwubph hwpwptpwygneeintup opnhuwswih £ W punpny
YwplwjhU ninnniejwl gbntnphu: Utp hunwagnunniejwu wpnnitupubnp yywjnd Gu W Jhwdw-
dwuwy dhunnud ybpghu tnnwphutphu JGp hwupwwGnniejwu hpuwwnpwyjwsd gpuywunt-
pjwl thwuwnwnynwdutphu, np $16YYh gbinp wudwunwd BU uhdBUpw| W puntpwagnnd npwtu
Ywplw-JuwwnnL ntnnntpjwl gbn:

NrundUwuhpdwé Yynybph Ywpep YEuuwpwlwlywl pwpn phdhwywl yugdny henny
E, wwnniuwynwd £ 200 EGUGUwnuGn' 20 wdhUuwepent, 147 jnunwpent, 4 pwewn, 30 dwynn-
Jhynn wnwpntn, 23 Jhunwdhu, 20 gihgbphn, $nudwinhnutn, $EpdEunubp b whgutunubp:
Lwpel hp pninn pwnwnpwidwutpny wpnwnpynud £ Ywelwgtindh twhprbiwhu pghgutinh
ynnuhg: Unpéh Uhgny 1 | Yweh gnjwlwint hwdwn wtGwe £ wuguh 400-500 | wpniu: Ywpsh
Ywqup UGpyuwywgyned £ wn. 4-nLu:

Unyntuwy 4. 3npwnhl L $&Ydh gbntinh Gnpnpn (wynwghwih Yndtinh
Ywplwjhu Uetpwuwnyniejnilp, (n=10)

Ytluwswhwywl Enwbwyny Jawydwl gnigwlhutpp
Skntpp n | Lim | M+ m | o | C%
Lwywnwghwih 305 opdw Yhrep, Ug
3npwhu 10 5600... 9600 7712 +4277 1353 17,50
d16yyYh 10 3566 ... 6734 5116 + 363,2 1148 22,40
3ntnh wwpniuwynpniup, %
3npwnhu 10 37..38 3,75+0,017 0,0527 1,41
d16YyYh 10 3,7 ..4,15 4,01+ 0,06 0,18 4,50
Uwhwnwynigh wwpnibwynieiniup, %
3npwnhu 10 32..33 3,24+0,0163 0,0516 1,59
d16Ydh 10 3,36..35 3,41+0,02 0,05 1,47

Unytph Ywrlwhu debpwwnyniejwlu indjwiubph ybpnwdneiniup gnyg £ wdtg, np lii-pn
(wyinwghwih 305 opgw pUrwgenid hnpuhu gbnh Yndtph Unin YEunwuh quugywén 649,5 Ug
E, Yeh pwlwyp' 7712 Yg, jninh wwpniuwynieiniup® 3,75 %, huy $eyyh gbnh Yyndtph unwn'
yEunwuph quuqywép 6175 Yg E Ypep' 5116 UYg W jnnp’ 4,0 %, uwhwnwynigh
wwpniuwynipntup® hwdwwwwnwuppwlwpwp 3,24 % W 3,41 % : UGS Lpwlwynienit £ iyt
hnpainhu W $i6ydh gintiph Yndtph 305 opdw Ywrsh pwlwyh W Yndeh thwigh uhgl gnjninu
nlutgnn  hwdwhwpwpbpwygwywlu  Ywwh  npnadwln, nnp - wwdwluwynpywé £
dwnwuqwywuntejwdp W dh 2wne gnpdénultpny (Uy.3 W 4):

12000

> 0000 S
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%‘ 8000 r
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; 4000 y=611,6x+3341,
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2000 r=0.763
0 +—& & A A A A A A A » .
4] 2 4 6 3 10 12 14

Undeh thwrep, ud

LY. 3. 3npawinhU gbinh Yndtinh wreh pwlwyh W Yndeh thwyeh
Uhple hwdwhwpwptpwygwywu yuwwp
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LY. 4. d16Yyh gtinh Yndtiph Yweh pwlwyh L Yndeh thweh
dhole hwdwhwpwpbnwygwywu Yuwnp

LY. 3-hg Gplned E, np hnppuinhu ginh Yndtph Ypdeh thweh 0,763 ud wybjugdwu nbw-
pend Yweh pwlwyp wybiwunwd £ 1 Yg, huy uy. 4-nd uwl wytih eny| £ wpnwhwnyws®
r = 0,20, npp thwuwnnud £ $16YYN gtinh Yndeh thwreh Lwndwdp uGtyghw wnwubihu Yweh
pwlwyh wulpwl thnthnfudwl Jwuhu:

Ujuwhuny, wwpqupwlyty £, np dunwydh pwpépnipjwdp, hpwuh pte Gplwpnt-
Rjwdp, Updph (wiuntpjwdp, bwhwnwuwnwyh thweh swhnidutpng hnppnhu genh Yndtpp
gbpwquugnud BU $iEYYh gbinh Yndphl:  Updph funpnipjwl, Ypdph thwreh W quunnu-
Uptph (wjuniejwl swihnwdubpny hnpwnpu gbnp ghgnd £ $16YUh gbinhu hwdwww-
nmwuhuwlwpwn 8,5; 1 b 0,7 ud-ny: Inpnhu gbnp ghenud £ $16YYH gbnhl [EgnLunLejwl
L hoSquugywéniejwl hunteuutpny: Undbph Yeh pwlwyh W Ypéeh thwpeh vhole pw-
qupwp hwdwhwpwpGpwygnipjwu gnpdwyhg npulnpyt) £ hnpwnpu genp ynytpph dnn®
r =0,763, huy d$iydh gtinh Yndtinh hwdwhwpwptpwygnipjwl gnpédwyhgn punhwyw-
nwyp gwdp £ r=0,20:

Wuwhuny, hnpwnpu genh Yndtph UWwwndwdp wwnpdnn ubityghwnud Undeh thwreh
wybiwgndu nintygynd £ wplwwnynigjwl pwpépwgnudny:  3Inpunpu W $i6YYh gbnbph
JwnpdUwywaqunipjwl hwdGdwunwywl nwpptpniggniup hwuinwngnud £ uwle YynyGph wipjuiu
punhwuntp uwyhwnwynegh, wipnidhup W ginpnhup pwuwyutph tnwppGpniejwdp:
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THE EFFECT OF CISPLATIN AND HYDROCORTISONE CO-
ADMINISTRATION ON RAT LIVER CHROMATIN CONDENSATION

A.L. ASATRYAN, I.G. ARTSRUNI, K.S. MATINYAN, E.S. GEVORGYAN

Department of Biophysics, Yerevan State University
anush.asatryan@ysu.am

Cisplatin (cis-diammine-dichloro-platinum) is a broad-spectrum anticancer drug widely
used for treatment of malignancies. The drug interacts with DNA resulting to intra- and inter-
strand cross-links which contribute to cytotoxicity. To prevent nausea, vomiting and inflammation
in clinical practice the cisplatin most commonly is co-administrated with hydrocortisone to cancer
patients. It is well known that glucocorticoids exert biological action via interaction of hormone-
receptor complexes with genomic DNA. To address the question whether co-treatment with
cisplatin and hydrocortisone could modulate cisplatin-DNA interaction, the internucleosomal
fragmentation of rat liver DNA after treatment of rats with cisplatin and hydrocortisone was
investigated. The results of this study indicate that hydrocortisone—cisplatin interaction could
prevent loosening of chromatin in internucleosomal chromatin regions induced by cisplatin in 48
hours and might alter the drug cytotoxicity.

Hydrocortisone — cisplatin — DNase 1 — DNA fragmentation

Shuwwwhup (ghu-nhwdhu-nhenp-wwwnht) wJdtbwnwpwéywd hwywninnigewhu nbnw-
Udhgngutphg UtYu E: ®nfuwgnbind YUe-h Untynih hbwn, nEnwdhgngp wnwewgunwd E Ukp- W Uhg-
onpwjwywl Ywwtn, npnup wywjdwuwdnpnid U ghuwjwwnhUh ghnnunnguhyniejniup: Ipdwunutph
dnuin upinfuwnungp, thupunwdp W pnppnpwihb quipgwgnidutnp YwubuGine hwdwp pGunptpuwhwih
pupwgentd  ghuwwwhuh hGn  hwdwwtn  UGpwpydnd £ hhnpnynpuinhgnu:  Iwjnuh £, np
aqynLynynpuinhynphnutph  Yeluwpwluwywl wantgnipintup Uhgunpnynwd £ hnpdnu-nbgGwunnpwihu
hwdwihpubph W gBundwjht Yufe-h thnfuwgnbgniejwdp: Shuwwwhuh W hhnpnynpuinhgnuh hwdw-
wntn Yhpwndwl htwpwynp wagnbgnieintup ghuwwnhu-Yu@-wédwugjwiubph ypw ncuntdUwuhnpbine
hwdwp nyw] wphuwnwlpnid  hGinwgnndtp £ wnbBwnUGph  pwpnh  pgowynphqubph  YLfe-h
huwintpuncyGnundwjht $pwagdtunwynpndp ghuwjwwhuh W hhnpnynpuinhgnuh hwdwwntn Ukpwn-
ynwdhg hGuinn: 8nyg £ wpytl, np hhnpnynpunhgnuh W ghuwjwwnhuh hwdwwntn wgnbgnie)ntup Ywnnn
E Ywuhubl ghuwwwhuh UGpgnpénipjwdp wwjdwuwdnpwéd ppndwwnhuh  hunGpuncyGn-undwjhu
hwwndwdubph  wwwynuntuuwynpndp, npwund huy wagnbind nbnwdhgngh ghunnunngup-Yniejwt
Unuw:

3hnnnlynpunhgnl — ghuwjwnpl — Yowq 1 —010-h hunbpuncyGnundwyhU $pwaqdtunwynpnid

Hucnmatun (IHC-AUMaMUHO-AUXIIOPIUIATHH) SBISETCS MPOTHBOOIYXOJIEBBIM IIPEMapaToM
MIMPOKOTO AEHCTBHS, MPUMEHSIEMbIM TIPH JICUCHUH 3JI0KaYeCTBEHHBIX HOBOOOpa3oBanuid. [Ipemna-
par B3anmopeiictByet ¢ JJHK, 06pa3yst BHyTpH- 1 MEXIIETIOUETHBIC CBSI3H, YTO 00YCIIaBIMBACT €T0
IUTOTOKCHYHOCTb. J{JI IpeIOTBpAIeHHs TOITHOTEI, PBOTHI M PA3BUTHUS BOCIIAJIMTEIBHBIX MPOIEC-
COB B KJIMHHKE TPAKTUKYETCS] COBMECTHOE C IIMCIIATHHOM BBEJCHHE PAKOBBIM OOJBHBIM THIPO-
KOPTH30HA. Y CTaHOBJIEHO, YTO OMOJIOTHYECKOe JEeHCTBUE INIFOKOKOPTUKOMIOB 00YCIOBIEHO B3aH-
MoieiicTBHEM rOpMOH-peenTopHbIX KoMiuiekcoB ¢ renoMHo# JIHK. C uenbio BeisicHeHus ¢ dex-
Ta COBMECTHOTO NPUMEHEHUSI LIUCIUIATHHA U THAPOKOPTU30HA HAa XapaKTep CBSI3bIBAHUS LIUCTIIA-
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tuHa ¢ Monekyioi JTHK B Hacrosmeil paboTe mcciaenoBaH XapakTep MHTEPHYKICOCOMAIBHOTO
¢parmentrpoBanus JJHK simep kieTok medeHM KpbIc NPU €IMHOBPEMEHHOM BBEJCHUH LUCILIA-
THHA U TUAPOKOpTH30HA. [Toka3aHo, UTO COBMECTHOE BO3ACHCTBHE T'UIPOKOPTU30HA U LIUCILIATH-
Ha MOJKET IIPEIOTBPATUTh BBI3BAHHYIO LUCIUIATHHOM IEKOHIEHCAIMI0 WHTEPHYKJICOCOMAJIBHBIX
Y4YacTKOB XpOMaTHHA, TAKMM 00pa3oM JEeHCTBYs Ha €ro HIUTOTOKCHYHOCTb.

Tuopoxopmuzon — yucnnamun — [{Haza 1 — unmepuyxkneocomanvuasn ¢ppaecmenmayus JJTHK

Cisplatin [cis-diammine-dichloro-platinum] is one of the most commonly used
antitumor drugs and is recognized as highly effective cytotoxic agent, which forms
DNA-adducts due to chemical modification of nuclear DNA. Cisplatin cumulating in
normal tissues and organs in the course of treatment is responsible for severe adverse
effects emerging as secondary leukemia, thymomas and other pathologies of
hematopoietic and immune systems even considerable time after the drug treatment.
Thus, curative effect of cisplatin is attenuated due to dose-limiting toxicity and to
growing resistance of the cancer cells to the drug. To prevent inflammation, cisplatin-
induced allergic reaction, nausea and vomiting, the hydrocortisone is commonly co-
administered with cisplatin. Due to pro-apoptotic properties the hydrocortisone elicit
immunosuppressive supportive effect to tumour therapy in lymphoid cells. However, the
data regarding the impact of GCs treatment on cytotoxic effect of cisplatin treatment in
solid tumour cells are contradictive. Cell life or die decisions are multifactorial
phenomena, which depend on activation or suppression of broad spectrum of different
genetic programs. These programs could be triggered by modulation in the pattern of
chromatin condensation in cells that undergo cytotoxic insults. However, little is known
regarding the possible effect of co-treatment with cisplatin and hydrocortisone on
chromatin structure. Considering liver as the main organ responsible for detoxification of
pharmacologic agents, the present study is aimed at investigating the influence of co-
treament of rats with cisplatin and hydrocortisone on chromatin condensation in liver
nuclei.

It is recognized that DNA internucleosomal cleavage and DNase 1 accessibility
reflect structural features of chromatin [3]. Based on this, in present study it is assayed
whether co-administration of cisplatin and hydrocortisone is capable to affect the
accessibility of liver chromatin to DNase 1 and artificially activated endogenous
Ca”*/Mg**endonuclease.

Materials and methods. Animals Animals were treated according to regulations of
Committee for Bioethics of Yerevan State University.

Albino inbred 6 week old male rats were used throughout all experiments. The animals
were standardized by weight (to 100g). Cisplatin and other reagents were purchased from Sigma-
Aldrich. Vehicle (saline) and cisplatin (10mg/kg weight) and hydrocortisone (5mg/kg) were
injected intra-peritoneal. Hydrocortisone was injected repeatedly in 24 hours. Animals were
sacrificed under light ether anesthesia by decapitation after 48 h treatment with cisplatin and livers
were collected.

Liver nuclei isolation Liver nuclei were isolated according to Hewish and Burgoyne [2].
Sucrose solutions utilized throughout the nuclei isolation procedure were buffered with 20 mM
Tris containing 15 mM NaCl, 60 mM KCI, 0,15mM spermine and 0.5mM spermidine, pH 7,4.

DNA fragmentation assay 100 ul aliquote samples of nuclear suspension normalized to
1000 pg/ml DNA were transferred to the Eppendorf tubes and 60 mM MgCl, and 10mM CacCl,
were added to yield final concentrations of 6mM MgCl, and 1mM CacCl, in aliquoted probes. The
ions were added to activate endogenous Mg*? - and Ca*? /Mg*? -dependent nuclear endonucleases,
which initiated internucleosomal DNA cleavage [9]. DNA isolation was performed according to
standard protocol [4].

21



A.LASATRYAN, I.G. ARTSRUNI, K.S. MATINYAN, E.S. GEVORGYAN

Nuclear DNA was subjected to electrophoresis in 1,8 % agarose gels (8v/cm). DNA was
visualized by ethidium bromide staining and DNA fragmentation was assessed after gel
densitometry using Fuji Film Image Gauge ver.4.0 program for determination of relative content
of DNA fragments.

DNase | assay 1000 pl aliquots were removed from nuclear suspensions and placed in test
tubes. The tubes were heated to 37°C and 100 pl DNase | stock solutions were added (to final
concentrations of 10 Kunit/ml). DNase | stock solution was prepared in 25 mM Tris, pH 7,5). No
DNase 1 was added to blank sample. At the end of incubation the tubes were chilled in ice and
perchloric acid was added to final concentration 5%. The tubes were chilled for additional 10
minutes and undigested material was pelleted by centrifugation 6000 g 10 min. The amount of
acid-soluble DNA released by Dnase | digestion was assayed in supernatant. The percentage of
digestion was calculated as (Aggo X 100/ Ao the blank sample)-

Statistics All results were expressed as M + S.D. Statistical differences in the results
between groups were evaluated by the two-tailed Student’s t-test. A probability (p) value of < 0.05
was considered significant.

Results and Discussion. Ca"?/Mg**-dependent endonuclease is known to
efficiently create sharp DNA ladder composed of genomic DNA and is recognized to be
useful tool for chromatin research [7]. It was demonstrated that Mg**-dependent
endonucleases are involved in initial DNA cleavage in nuclei where they perform large
scale DNA fragmentation (DNA fragments exceeding 1000 b.p. in length), whilst
Ca**/Mg*?-dependent endonuclease is responsible mainly for olygonucleosomal DNA
fragmentation (1000-200 b.p. in length) [5,6]. To study whether DNA-binding of
hydrocortisone receptors can interfere with DNA-cisplatin adducts chromatin structure-
dependent assay was employed, using artificially activated intra-nuclear apoptotic Mg*
and Ca'™®Mg**-dependent endonucleases which are responsible for DNA
internucleosomal fragmentation (laddering) in apoptosis [8].

In present study it was revealed that in 48 hours of cisplatin administration to rats
the internucleosomal DNA ladder generated by endogenous Ca*’Mg®*endonuclease in
liver chromatin loses its characteristic sharpness and we detect widening of DNA bands
visualized by agarose gel electrophoresis (fig. 1).

2
o —

3
—_—

1000b.p. —»

200b.p. —>

Fig. 1. Rat liver DNA internucleosomal fragmentation in control (lanes 1,2) and after cisplatin
administration (lanes 3,4). Lanes 1 and 3- DNA after nuclei isolation, 2 and 4-nuclei incubated
with Ca*? (1 mM) and Mg*? (6mM) ions 60 min.
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However, changes in DNA ladder configuration after treatment of rats with

cisplatin were not accompanied by modulation in DNase 1 accessibility of chromatin
(fig. 2).
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g. 2. Kinetics of DNA cleavage in liver chromatin by DNase 1 after treatment of rats
with cisplatin and hydrocortisone

F

These data suggest that after cisplatin injection liver chromatin did not undergo
general loosening. We suppose that local unwinding of chromatin areas in vicinity of
DNA-cisplatin adducts has no appreciable effect on chromatin condensation in general [1].

Next, it was attempt to determine whether hydrocortisone administration to rats
can modulate chromatin condensation in early (4 hours) and late phases (24 hours) of
hormone action. Results presented in fig. 3 demonstrate that treatment of rats with
hydrocortisone did not alter DNA fragmentation in rat liver nuclei in 4 h.
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Fig. 3. Intensity of rat liver chromatin DNA internucleosomal fragmentation during different periods of
incubation of isolated nuclei in the presence of Ca*? (1 mM) and Mg* (6 mM) ions in control and after 4 hours of
hydrocortisone injection to animals. a-content of 200 b.p. fragments, b- fragments length exceeding 1000 b.p.

However, liver chromatin accessibility to DNase 1 show that it becomes more
resistant to DNase 1, which reflects chromatin condensation in 4 hours of hydrocortisone
administration to rats. Our data come to show that in 24 hours of treatment with hormone,
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susceptibility of chromatin to DNase 1 returns to level demonstrated by liver chromatin
of rats not treated with hydrocortisone (control group), while intensity of DNA

internucleosomal fragmentation was elevated nearly two-fold (fig. 4,5).
1 2 3 4 5 6 7

Fig. 4. Rat liver DNA internucleosomal fragmentation in control (lanes 2-4) and after 24 hours of
hydrocortisone injection to animals (lanes 5-7), lane 1- DNA ladder sample. Lane 2,5- DNA after nuclei
isolation, lanes 3,6- nuclei incubated 60 min with 0,15 mM spermine and 0.5 mM spermidine, lanes 4,7 -

nuclei incubated with Ca* (1 mM) and Mg*? (6mM) ions 60 min
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Fig. 5. Intensity of rat liver chromatin DNA internucleosomal fragmentation in control and
after 4 and 24 hours of hydrocortisone injection to animals. Fragments length exceeding 1000b.p.

The results of this study revealed permanent activation of DNA
internucleosomal fragmentation in 48 hours hydrocortisone injection (fig. 6), which can

reflect the loosening of chromatin in internucleosomal regions of the fiber.
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Fig. 6. Intensity of rat liver chromatm DNA mternucleosomal fragmentatlon in 1-control, 2-after treatment
of rats with hydrocortisone 4 hours, 3- treatment with hydrocortisone 24 hours, 4- treatment with
hydrocortisone 48 hours, 5-co-treatment with hydrocortisone and cisplatin.
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THE EFFECT OF CISPLATIN AND HYDROCORTISONE CO-ADMINISTRATION ON RAT LIVER CHROMATIN CONDENSATION

DNA internucleosomal fragmentation in liver chromatin of rats which were co-
treated with hydrocortisone and cisplatin is less intensive than in chromatin isolated from
animals treated only with hydrocortisone. This data indicate that hydrocortisone—
cisplatin interaction could prevent loosening of chromatin in internucleosomal chromatin

regions induced by cisplatin in 48 hours and might alter the drug cytotoxicity.
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ITnakyyects BUOoB pona Betula, Taike kak u y poma MOrus cesizaHa ¢ AesTEIbHOCTBIO
npokaMOust ¥ kKamOwms1. [yt makydel popMbl Oepe3sl XapaKkTepHa 3a/iepKKa B Pa3BUTHH JTy OSTHBIX
BOJIOKOH (O/THOH M3 MEXaHHYECKHX TKaHEeW CTeNbl) W 3aMeJUICHHE B CMBIKAHWH KOJbIIA IIPOBOMS-
e cucrembl. Y B.pendula moGeru 3amosHeHHs B OCHOBHOM “IUTaKyd4He”, YTO BBIPA3HJIOCH B
CXOJICTBE UX aHATOMHYECKHX CTPYKTYP IO 3aBEPIICHHH FOANYHOTO UK pocta. B.litwinowii ¢ ee
MPSMOCTOAIIUMHU Moberamu OoJIbIe OTIMYAETCS OT 3THX ABYX BUIOB Oepe3. Ha nmpumepe BumoB
Morus u Betula MOXHO TpUiiTH K 3aKJIFOYEHHIO, YTO PHYNHON “TUTAKYydYeCTH IPEBECHBIX GopM
SIBISTIOTCS BAPHAIIMU aKTHBHOCTHU ITPOKaMOUS M KaMOUSI ¥ MX TIPOM3BOIHBIX.

bepesa — nnaxyuue ghopmul — akmugnocmv npokambus u Kamobus

Betula gtinh jwgnn alh, huswytu Lwle Morus gtnh wgnn duh wnwswgnudp Yuwywés E wnn-
Jwdphnudh W Ywdphnwdh gnpéniubniejwu hbwn: WegnL (wgnn éh hwdwn punpny £ [nipwjhu
prthYuEph (R YEunpnuwywl gwuh, UGuwUhywywywu hnwywépubphg  Jtyp) nwgws
qupgugnidp W upbith onwyh nwgwsé dlewynpnudp: Betula pendula-h uwnwpep (pwgunn puéjnin-
UGnpu nLUBU (wgnn hwwnynpiniu, npnup  twpyw wddwu utgnuh ybpgnd dwuynd U huywywu
{wgnn wbuwyh wlwwnndhwywl Ywnenigdwépehl: Betula litwinowii-h ninnwahg wénn pudjninutpp
hptlug Ywnnigqwépny wybih U wmwpptpdnud depnhhpw 2 wikuwyubphg: Morus-h W Betula-h
ophuwyny Ywptih £ qu) GagpwhwlgUwu, np SwnwwnGuwyutnh (wgnn dWEpp npwle wpnywdphndhg
U wdphnwdhg wnwowgwé hjntugjwéputnh wynhyniejwl tnwnpbpniejwl wnnyniup Gu:

Ubsh — jwgnn &b — wpnwdphnidp L udphnidh wlnpynieiniu

Weeping form of birch, as of Morus species are related to procambium and cambium
activity. The stem of Birch weeping form have more slow differentiation of secondary phloem
(one of the mechanic tissues type) and ring of stele late formation. Betula pendula have weeping
shoots too and their anatomical structure has similarity with same structure of real weeping form
of Birch at the end of one year growing. Betula litwinowii with strong shoots is more different in
the shoots anatomical structure than two others. One can conclude that the cause of existence of
the weeping forms of trees is variability in procambium and cambium activity.

Birch — weeping form — procambium and cambium activity

[Tnakyune GhopMbl — N3TFOOJICHHBI OOBEKT JEKOPAaTHBHOTO CaJOBOJCTBA. Y Oe-
pe3 ectb Takas Qopma pocra. B kagecTBe MCXOIHOrO Marephajia 4acToO HCIOJB3YIOT
KyapTHBap Oepessl mosucioi — Betula pendula Roth. “Youngii” n mmakyuyto gopmy Ge-
pessr oste3noii — Betula utilis D. Don var. jacquemontii (Spach) H.J.P. Winkl. “Long
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trank”. TloGern Ky/nsTHBApOB Gepesbl UCIONB3YIOT B KAYeCTBE TPHUBOS HA CTBOJIHK HITH
KOPHEBYIO LICHKY MMOJBOSL.

[poucxoxaeHne MIaKyInx U Ipyrux GOpM, HCIIOIB3YEMBIX B ICKOPATHBHOM Ca-
JIOBOZICTBE, BEPOSITHEE BCETO, CBS3aHO C BBLABJICHHEM PELIECCHBHBIX '€HOB, TO €CTh 3TO
TeHETHYECKH NeTCPMUHUPOBAHHOE SIBICHHE. B €CTEeCTBEHHBIX MOMYJIIUAX MHOTUX BH-
JIOB JIePEBHEB BHIILEIUIAIOTCS 0COOU C OTIMYHON OT OOBIYHOM 171 BUAA (POPMOI KPOHEI.
[Ipu ceMeHHOM pa3MHOXKEHUH 3Ta 0COOCHHOCTh KPOHBI Hacienayetcs [2]. Hac untepecy-
I0T CTPYKTYpHbIE OCOOCHHOCTH IUTaKyduX (OpM, MEXaHH3M, 00ECIeYHBaIOIINl Te0TPO-
MHU3M UX TIOOETOBOI cuCcTeMbI Ha IpUMepe Oepesbl.

Mamepuan u memoouxka. MatepuanioM Uil HCCICAOBAHUS TOCIYXHWIH TOOETH
B. pendula (Gepesa moBucnast) u miakydeir popmbl Gepessl, MpUBUTONH Ha cTBOJMK B. pendula,
pactymux B 6oranuueckoM caay Muctutyra 6otannkn HAH PA. Tounoe npoucxoxaenue ¢op-
MBI Hen3BecTHO. Ho Mexy makydeit Gpopmoii 1 Gepe3oii MOBUCIIOI eCTh pa3nuuusi B oOEeroBoit
cucreme. [loberopas cucrema MocaeHEH COCTOUT U3 COUETAHMS XOPOIIO Pa3BUTHIX ayKCH- U Opa-
xubnactoB. CumnonuanbHas Gopma BETBICHUs JOMHUHHPYeT. Y miakydux ¢popM Her Opaxubiac-
TOB, UX IOOETH aKTUBHO HapacTaroT MoHomoananbHo. Cyns no ¢ororpadusM B HHTEpHETE, IUa-
Kyunii KynsTuBap “Long trank” Gepess! mone3Hoi TakKe He MMEeT YKOPOUSHHBIX M0Oeros — Oopa-
XHOJIacTOB.

MyKCcKHe CepexKH y Bcex Oepe3 pa3BUBAIOTCS U3 allMKaIBHBIX ITOYEK M00eroB. Yxe B ce-
penuHe neta oHH copmupoBaHbl. JKEHCKHE CEPEXKU MOSBILSIOTCS TOJBKO BECHOH CIIEIYIOMIErO
rozga. Y Gepe3bl IOBHCION OHM Pa3BHBAIOTCS M3 IOYEK, PACIIOJIOKEHHBIX Ha Opaxubiacrax, a y
H3yYeHHOU maKy4yel GpopMbl u3 OOKOBBIX moyek. J{iast 6epe3bl MOBUCIONW O4E€Hb XapaKTEPHO pas-
BUTHE MHOXECTBa IMOOETOB 00OTaIleHHs ¢ TE€OTPONHOM (IOBUCIION) GopMOil pocTa. DTO moOern
2-4 u manee MOPSIKOB.

st cpaBHeHMs n3ydanach takxke Oepesa Jlursunosa (B. litwinowii Doluch.). TTo6erosas
CHCTeMa 3TOr0 BHJA COCTaBJICHA ayKCHOJIacTaMH, BBIpOKEHHBIX OpaxuOiactoB HeT. MoHoIO-
JIHaNbHOE HapacTaHue 1-2 oceid, popMupyrOMUX KPOHY, XOPOLIO BEIPaXKEHO. Y BETBEH BTOPOTO,
TPETHEro MOPSIKOB TaKkKe MpeoliafaeT MOHOMOAWANbHOE HapacTanue. s moberoB oboraiie-
HUSI, HAUMHAs ¢ 4 TOpsaKa, XapakTepHa ciabas MOBHCIOCTh [3]. Y MOJOIBIX IEPEBHEB, TOJIBKO
(OPMHPYIOIINX OCHOBY KPOHBI, MOBHCIOCTh HE BBIPAKEHA.

Hcnonp30BaHb! CPAaBHUTENBEHO MOP(OIOrHUECKHil H CPaBHUTENbHO-AHATOMHYECKUH METO-
a6l V3ydeHo cTpoeHHe Ma3yNIHbIX MOYeK, CIeNaH CPABHUTENbHbIM MOYEUHBIH aHaIH3 U1 Gepe3bl
TIOBUCTIOH, mTaKkydelt Gpopmel 1 Gepessl JInTBHHOBA. [I3yd4eHbl aHATOMUYECKOE CTPOSHHE TOYEK POC-
Ta aykcubiacToB u AByJeTHHI Opaxubiact B. pendula (c6opst 29.02. u 26.08. 2016 r.; 12.05.2017),
noberu raky4eil hopmsl (Te jxe cpoku cbopa) u B. litwinowii (c6op 26.08.2016 r.;10.03.1 12.05.
2017 r.) na nonepeunsix (I1C), tanrentaneubx (TC) n paguanshbix (PC) cpesax. [Tapamerps! npo-
BOJSILIMX JJIEMEHTOB IPHBEACHBI HAa OCHOBE CPEJHECTATUCTUYECKUX AaHHBIX. lcmonb3oBanach
00bIYHAsE METOIMKA aHATOMHUYECKHX HCClieoBannii Ha Mukpockore “Olimpus”. KommbroTepHbie
(ororpaduu BHIMOIHEHBI ¢ MOMOIIBI0 Mukpockomna “Medisar”. Tlpe/enbHble apaMeTpbl SJIEMEH-
TOB KCHJIEMBI ¥ MEXaHWYECKHUX TKaHEH MPHUBEICHbI Ha OCHOBAHHHU He MeHee 10 n3MepeHui.

Pesynomamut u oocyncoenue. louxu. Iasymnsle mouku Gepe3 OTHOCATCS K 3a-
KpBITOMY THITy. Y Oepe3bl MOBHCIION MOYKa MPUKPHITA 8 )KECTKMMH KOPUYHEBBIMH He-
LIySIMH, KOTOpBIE, Tepsisl OKPAacKy, MOCTETICHHO YJUTMHSIOTCS M YTOHYAIOTCS. 3a HUMH
CIIEAYIOT 2 3€JEHBIX JIHCTOUKA, MEXIY KOTOPHIMH pa3BUBACTCA | Mpo3payHas delryika.
Bce aTH CTPYKTYpBI IPUKPHIBAIOT TOUKY pOCTa 1modera.

VY ma3ymHo# mouku Gepesbl JIMTBHHOBa Pa3sBUTH 4 KECTKHE KOPHUYHEBBIE He-
UIyHKH, 32 HUIMH — 4 Ooniee KpyMHbIE, MOCTEIICHHO TEPSIONINE IBET U COOTBETCTBEHHO
KECTKOCTh uemyiiku. 3ateM 1 mpospauHas demryiika, | 3eyeHbIH JHCT, 2 TpO3pavyHbIC
YemryWky u emiel 3eneHslil IMCT. DT CTPYKTYPHI MPUKPHIBAIOT TOYKY POCTA.

[Ma3zymHas nouka rutakydeld (OpMbI TaK)Ke OTIMYAETCs OT TaKOBOW Oepesbl Io-
BHUCIION YUCIIOM KECTKHX Hapy>KHbIX yenryi. [louka mpukpeiTa 2 )KECTKMMHU HapyKHbI-
MU YellysiMH, 3aTeM CIIEAYIOT 2 OoJiee JIMHHBIE U OoJiee TOHKHE Yelnyiiku. Yuco 3e-
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JICHBIX JINCTOYKOB C IPO3PAyHOM UYEIIyHKOW MEXIy HHUMH, HMPUKPHIBAIOIINMH TOUYKY
pOCTa, HE OTJIMYAETCSl OT TAKOBBIX y Oepe3bl MOBHUCION. To ecTh TOUKa pocTa Ma3ylnIHOH
MOYKH TUIaKy4eil (hopMbl HAMMEHee 3allUIIeHHas 110 CPAaBHEHHUIO C TAKOBBIMH y Oepe3bl
moBucoN u Oepe3sl JIutBuHOBA. Ho, Cyns Mo oAnHAKOBOMY KOJIMYECTBY Pa3BHUTHIX 3e-
JICHBIX JIUCTOYKOB, CTETIEHb TOTOBHOCTH IIOYEK K POCTY Y HUX CPaBHUMAS.

Betula pendula (6epesa mosucmas). C6op 12.05. 2017. IIC. Becennee orpacra-
HHUe mobera moja Toukoi pocta (puc. 1). DmuaepMa ¢ MHOTOYUCICHHBIME MTPOCTHIMHU H
JKENE3UCTHIMH IIUTOBUAHBIMU Bosiockamu [10], ¢ He3HaUMTENbHBIM YTONIIECHUEM Ha-
PY’KHOH KJIETOYHOHN CTEHKH M TOHKOHM KyTHKyJoH. Ilonm smumepmoil pacmomnaratorcst 3
ciost KoyieHXuMbl. O0Mas TOJIIMHA SMTUAEPMBI M KOJJICHXUMBI KOJIe0JIeTcst B TIpeiesiax
120 p. Yerpuia HeMHOTO4HCIEeHHBL. [TapeHxuMa Kopbl cocTaBieHa 5-6 ClIosMH, €CTh He-
OoJIbIINE CXU30TE€HHBIE ITOJIOCTH M PEIKUE MIU0OJACTBl C JPy3aMH KPUCTAIIIOB Kajlb-
ust. Haunnarotr dopMuposatsest yedeBnuku. Crena mydkoBas. Bosokna myba Beigemns-
IOTCSI TOJIBKO OTCYTCTBHEM cozepxuMoro. [IpoBoasimune 351eMeHTsl KCmieMbl 00pasyroT
panuanbHbBIe PAIbI, HHOTIA — TPYIIIBL, HO KIETKH HE MOJHOCTHIO copMupoBaHbl. He-
3HAYUTEIbHBIE, C1a00 JTUTHA(UINPOBAHHBIC YTOJIIEHNS KJIETOYHBIX CTEHOK OTMEUYEHBI
TOJIBKO y CaMBIX IMEPBBIX MIPOBOASAIINX 3JIEMEHTOB. B cnene nmcra TakoBeIX OT 2 110 4 B
pAAy, B OCTAIBHBIX ITyYKax CTEJHI OT 1 10 2. MaKkcuMaNbHBIA MPOAOIBHBIA pa3Mep moc-
TOSTHHOTO NPOBOAAIIETO Iy4yKa BapbUpyeT B mpexaenax 1,9-2,1MM, Torma kKak 3TOT pas-
Mep Iy4yKa JHCTOBOTO ciefa B mpeaenax 2,5-3 mm. OuepTaHus cepAleBUHBI Hempa-
BIIIBHOH (DOPMBI, B €€ KJIETKaxX BCTPEYAIOTCS JAPY3bl KPUCTAIIIOB KaJIBIIHS.

Puc. 1. bepesa nosucnas, asryct, Puc. 2. bepe3a nosucnas, Puc. 3. bepesa nosucnas,
¢dparment [1C, wmaii; x10. asryct, [1C Ttouku pocta; x 10. TIC ke Touku pocra; x 10.

Coop 26. 08. 2016. I1C. AnukansHas yacTp aykcubnacra (puc. 2). Knerkn snm-
IepMBI IO (OpMe CIieTKa pPaJHaNTbHO BHITSHYTHIC, C JKEITOBATHIM COACPKUMBIM. [lo
CpPaBHEHUIO C BECCHHUMH MOOETaMH KIICTOYHBIC CTCHKH y HUX 00JIee YTONMIICHHBIS, B OC-
TaJdbHOM — 03 m3Menenuil. [lox anmaepmoit — okoJ0 4-5 CII0eB IIaCTHHYATOMN KOJIICH-
XHUMBI, ganee — okono 10 coeB ¢ pa3sBUTBIMH MEKKICTHUKAMH W MHOTOYUCIICHHBIMH
uarobIacTaMu ¢ apy3aMH okcanara Kanbitis. Crena mygkoBasi. KilerogHsle CTEHKH JTy-
OSIHBIX BOJIOKOH HEMHOTO YTOJIICHBI. MHOTOYUCIICHHBIC MEXaHHUCCKUE DJICMEHTBI KCH-
JIEMBbI YJIOKEHBI B pajlialibHbIe PSAbl. Mexay psalaMu 3TUX KJIETOK MapeHXUMBI JIYYIeH.
B mapenxume cepiieBHHBI MHOTO MAMOOJIACTOB C JIpy3aMM OKcajlata Kaiblus. Huxe
anMKaIbHOW YacTH Ha pacctosHud ~lcMm (puc. 3) smuaepma 6e3 M3MEHEHHH, HO ee Co-
Jep)kuMoe Oosee IIOTHOE, SPKO-KpacHOro IiBera, moa Hed ~10 cioeB mepuuepmsl.
Krnetku ¢ennempl ¢ HE3HAYUTENBHBIM YTOJIICHUEM CTCHOK, JHIICHBI COJCPKIMOTO,
OecrBeTHEIC. 3a IEPUACPMON CICAYIOT 2 CI0sl KOJUIEHXUMBI, OKOJIO 7 CIIOEB KOPOBOH Ta-
PEHXHUMBI C Pa3BUTHIMU MEXKJIETHUKAMH, CXU30T'€HHBIMH ToJocTAMU. KiieTku TBepaoro
my0a OTJIMYAIOTCS IPE3BBIYAMHBIM YTONIICHHEM CTEHOK, UX KIJIETOYHAS TTOJIOCTh MIPaKTH-
YecKH HepazamduMa. Mexay TrpymnmaMu JTyOsHBIX BOJIOKOH, KOTOPHIE CKOHIIEHTPHUPOBA-
HBI HaJT (hII03MOH, pacIioNararoTcs KPyIMHOKICTOUHBIE CKIEPEUABI C TOPHCTHIM yTOJIIIIE-
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HHUEM KJIETOYHbIX CTeHOK. CTerna KosplieBasi. B kcuneme cocyzpl 00pasyloT paauaibHbIe
psnel u Tpynmbl. KOHTYpBI cocyioB KBaspaTHbIe, PSIMOYTOJIbHbIE, IATUTpaHHbIe. [lna-
MeTp KpymHBIX cocynoB paseH ~0,07-0,06 mm, menkux ~0,015 Mmm. BonmokHucThIe Tpaxen-
Il OOWJIBbHBIC, ApPEBECHAs IAPEHXMMa B OCHOBHOM aloTpaxeaibHas: TEpPMHHAJIbHAs,
muddysnas, nHOTIA — BasuLeHTprudecKas. Jlyun onHopsiaabie. CepAlieBHHA U3 KPYITHBIX
KJIIETOK OKPYTJIOH ()OPMBI, C TIOPUCTHIM YTOJIIEHHEM CTECHOK.

TC, PC. Cocyapl necTHHYHbIE C HEOOJBIIUM WIN 0o0Jiee MJTMHHBIM MOPHUCTHIM
KitoBUKOM. Ymcno nepexnanus Bapsupyet ot 3-6, 10-11 go 20-21. Berpeuatrores uie-
HUKU COCYIOB C BHJIBYATHIM KIIOBUKOM. BOKOBBIE CTEHKHM C OUepeTHOI MOPOBOCTHIO.
JUInHa 4IeHuKoB cocynoB BapbupyeT oT ~0,25 mm a0 ~0,75 mM. IIpoBoasimue sneMen-
ThI IPEBECUHBI MIPEICTABIECHBI TAK)KE TPAXEUAAMHU CO CIIMPATIbHBIM YTOJILEHHEM CTEHOK,
ouepeHON MOPOBOCTBIO, C JUIMHHBIMU M KOPOTKUMHU KOHUMKaMH. MexaHUueckue sie-
MEHTBI KCHJIEMBI COCTaBJICHbI BOJOKHHCTBIMH TpaxewnaMu. Jlydw omHOpsAHBIE, TOMO-
TeHHbIE, BBICOTa UX BapbUpyeT OT § 10 20 KIETOK.

Puc. 4. bepesa noBucnas, BecHa 2-T0 T0/1a, Puc. 5. bepesa nmoBucnas, BecHa 2-To T0/12,
BoJIoKHa Jiy0a. x 4. TIC. ¢dparment I1C. x 40.

Coop 29. 02. 2016 (puc. 4, 5). B Hauaye BTOporo roga pocra B CTpyKType mooe-
TOB €l COXpaHseTcs anuaepMa. J[Ba HapyKHbIX Cllos (eJuIeMbl HIMEIOT KPaCHOBATO-KO-
pPHYHEBOE COIEPKUMOE, OCTaJbHBbIE — 0e3 TakoBoro. YeueBHMUKM MpuCyTCTBYIOT. [lnac-
TUHYATasi KOJUICHXMMA M MapeHX1UMa KOopbl 0e3 0coObIX n3MeHeHui. EcTh nauodiacTsl ¢
Jpy3aM¥ KpucTaiuioB. Ha rpaHuiie co cTenol BBIIEISETCS CI0i SHI0IEPMBbI, KOTOPBIH
JI0 3TOro OBLT Mano3aMeTHHIM. BoJiokoHa J1y0a TOJICTOCTEHHbIE, CYAS 110 CTEIEHH OKpa-
LIMBaHUS OHU HE3HAYUTENBHO JIUTHU(PHIHUPOBaHBI. [IpeBecHHa paccesHHO-COCYIUCTasl.
B kcuiieMe BBIJICTSFOTCS paJidalibHbIC PS/Ibl B KOHTYPE B OCHOBHOM KBaJpaTHBIX MPOBO-
JUSIIUX 3JeMeHTOB. J[peBecHas mapeHXxuma TepMmuHanbHas, quddysnas. [eneHus B me-
PUMEAYJUIAPHO# 30HE, KOTOpasi U3HAYaIbHO ObLIa aKTUBHA, COXPAHSAIOTCS. THIbI U pa3-
MepbI KJIETOK KCHIeMbl 0e3 n3mMeHneHui. Jlydu ogHOpsIIHbIE TOMOT€HHbIC, BHICOTA BaphH-
pyet ot 4-5 no 10-15-18 knetok. JIydu MOTYT KOHTaKTHPOBaTh Cpa3y C ABYMS COCyJa-
MH, C COCYJIOM H BOJIOKHAMH.

Oco0o0 creayer OTMETUTh paJdalibHbIe pa3Mepbl O0IIEro MpupocTa KCHIeMBbI 3a
MIepBBIA roJ] Bereranuu. Y o0pa3ioB 3TOrO BHJa OH B CpPeAHEM cocTaBmia ot 1,6-1,9 Mm.

Bpaxubnactel GOpMHUPYIOTCS M3 Ma3yNIHBIX MMOYEK ayKCHOJIacTa Ha BTOPOW Troj
ero pa3BUTHS. Y IBYJETHEro Opaxubiiacrta, B OTIIMYKE OT ayKCcHOIacToB, Oojee MHOTO-
CIIO¥Has epuIepMa, 70 5 CI0eB MIACTHHYATON KOJUIEHXUMBI, MAPEHXMMa KOPbI TAKKE C
Pa3BUTHIMH MEXKJICTHUKAMUA U MHOXKECTBOM CXH30T€HHBIX MojocTei. JIyOsiHbIe BOJTOK-
Ha He 00pa3yroT 3HAYMTENBHBIX CKOIUICHUH Ha (pI03MOiA, a peCTaBIeHbl OT/eIbHbI-
MU kietkamu. CTena COMKHYTA.

Betula litwinowii (6epesa Juteunosa). C6op 12.05.2017. TIC. Becennee orpac-
TaHue modera o TouKoi pocta (puc. 6-8). nuaepma mog00Ha TaKOBOM OEpe3bl Mmo-
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BUCIIOW ¢ MHOTOYHCJICHHBIMU MPOCTHIMU U JKEJIE3UCTHIMH IIMTOBUIHBIMH BOJIOCKAMHU,
mocienHaue — enuHIYHBE. [To smmmepMoii pacmonaratotest 3-4 citost KoyuteHXuMBL. O0-
m1asi TONIIMHA STUACPMBI ¥ KOJUIGHXHMBI COCTaBIseT ~ 125 . YCThHIIa HEMHOTOYHC-
JieHHbl. [lapeHxuMa Kopbl COCTaBJIeHa 7-8 CIIOSMH KIIETOK, €CTh MOJOCTU U JIPY3bl KPHC-
TAJIOB Kalblys. [ paHuUIIbI OTJETBHBIX MPOBOASIIMX MTYYKOB CTENbI XOPOIIO OYEPUCHBI.

Puc. 6. bepesa JIutBrHOBa, hparMeHT Puc. 7. Bepesa JlutBuHoBa, Puc. 8. ®parment I[1C Touku
IIC Touku pocra, maii; x10. LIMTOBH/IHBIN JKeJIE3UCTBII pocra Oepe3bl JIuTBHHOBA,
BOJIOCOK; Maif, X 40. Mmaii, x4.

UyTh HIXKE Ha pacCTOSHUM ~ 1 cM HaOmrojaercsa Havajo Iporecca GopMUpOBa-
HUSI YeYEeBUYEK, YMCIIO CXU30T€HHBIX IIOJIOCTEH B KOPE YBEJIMUMBAETCS, pa3pacraeTcs
MEXITYYKOBasi MapeHxnMa. MaKkCHMallbHbIH pajuaibHbIA pa3Mep IIOCTOSHHOTO IPOBO-
JAIIero mydka ~ 1,6 MM, Torga Kak pasmep Iydka JIMCTOBOTO ciena ~ 2,2 MM. Hameua-
I0TCSI paJuajbHbIE PSIBI MPOBOIIINX 3JIeMeHTOB. HesHaunTenbHBIM, crabo Iurangu-
IIMPOBAaHHBIM YTOJIIEHNEM KJIETOYHBIX CTEHOK BBIACIAIOTCS 2-3 3JIEMEHTa KCHIIEMBI, B
ciee TNCTa UX HeMHOTo Ooubine — 10 4. OuepTaHus cepaIeBHHbBI IPHOOPETAIOT Hempa-
BUIIBHYIO (JOpMY, B €€ KIETKaX HOSBILIIOTCS APYy3bl KPUCTAIUIOB KAJIBLIUL.

Puc. 9. ®parment I1C Touku pocta 6epesbt Puc. 10. ®parment I1C crenst 6epesbt
JIuTBHHOBA, aBrycCT; yTONmeHu# 1yba Het; x 10. JIuTBHHOBA, UyTh HIKE TOUKH POCTA,
¢parment I1C. 3aMeTHO yToJmeHue Jry6a; x 40.

Co6op 26.08.2016. TIC (puc. 9, 10). Dnuaepma anukanbHON 4acTu modera ¢ MHO-
TOYHCIICHHBIMH TIPOCTHIMU U IIUTOBHIHBIMU BOJIOCKAaMH, YacTh U3 KOTOPBIX €IIe CoXpa-
HSIET KHMBOE COJCP)KUMOE KPacHOBATOTO IIBETa, MOP(OIIOTHYECKH CXOJHA C TAKOBOH Y
Oepe3bl TTOBHUCIION. YTONIIEHNS KJICTOYHBIX CTCHOK SMHAEPMBI OoJiee pa3BHUTHIE, YEM Y
nocnenHeil. [loa snupepmoil pa3zBuBarOTCS ~ 2-3 CJIOS IJIACTUHYATON KOJUIEHXUMBI,
CTEHKH KOTOPOH KpacHOBaTO-Kopu4HeBble. KopoBas mapeHxuMa u3 ~ 5-6 CI0EB KIETOK,
¢ HeOONBIIMMU MEXKIICTHUKAMHU, CXU30TE€HHBIE TIOJIOCTH HeOobIe, nx HeMHoro. Cre-
Jla COXPaHAET ITYYKOBOCTb, MEXKAY NMPOBOIAIINMH IMyYKaMH COXPaHSETCS MapeHXHMa,
CXOAHasl ¢ KOpOBOH mapeHXxuMoi. BonokHa iyba ToHKOCTeHHBIE. Kcmmema cocTout u3
COCYIIOB, YJIOKEHHBIX B paMajibHbIe Psijibl 10 2-3, MHOTAA JI0 6 KJIETOK B Psiy, IPEBECHOI
TTApEHXUMBI, BOJIOKHHCTHIX Tpaxena. OTMEUeHBI ICJICHNS B IEpIMETyJUIIPHON 30HE.
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CepaueBnHa COCTaBICHA U3 KPYITHBIX TOHKOCTEHHBIX KJIETOK, B OYEPTaHHM OHA
HETIPaBHIBHON (POPMBI.

Hwxe To4kHM pocta MOSBIAIOTCS HE3HAYUTENbHBIC YTOJIIEHHS KIETOYHBIX CTe-
HOK BTOPHYHOTO JIy0a, MEXaHWYIECKHE CBOIMCTBA KCWJIEMbI Oosblie BbIpaskeHbl. CTerna
MIOCTETICHHO MOJTHOCTBHIO CMBIKAETCSI.

C6op 10.03.2017. Bropoit rox Bererauuu. IIC (puc. 11). B anukansHO#l wacTn
nobera COXpaHsieTcsl SMKUIepMa ¢ MPOCTHIMHU BOJIOCKaMHU. 5-6 CIIOEB MEPUAEPMBI PaCIIo-
JIOKEHBI MOJT dMUAEepMOi. UHCIIO ClI0eB KOIJICHXUMBI ¢ KPaCHOBAaTO-KOPUYHEBBIMU KIle-
TOYHBIMU CTEHKaMH JocTuraeT 4. Hucno cioeB KOpoBOH MapeHXUMBI paBHO ~ 9. Cxu-
30T€HHBIE MOJIOCTH HeOobIKe U penkue. [IpoBoasiee KoabI0 COMKHYTO. BonokHa
MIEpPBUYHOTO JIy0a Takue xke, Kak y Oepe3bl MOBHUCIION yKe B aBr'yCTe MPe/IIECTBYIONIETO
rojia, HO pa3Mephl IPYIIl KIETOK JIy0a MeHbIIle, 4eM y Oepe3bl TOBUCIION. Mex Iy aTUMH
TpYIIIaMH TaKkKe Pa3BUBAIOTCS MaKpOCKIIEpEeHIbl. | paHHIBI TOIOBOTO KOJBIA KCHIEMBI
BBIJICNAIOTCS  TePMUHAIBHONH  HapeHXWMoH. JlpeBecHMHa  paccesHHO-COCYIUCTasl.
ITpocBeTs! cocynoB AOBONBHO OOJNBIINE, TUaMeTp HamOojee KPYNMHBIX COCYIOB JOC-
turaet 0,08 mm, menxux — 0,02 mm. Cocyasl B OCHOBHOM PACIIOJIOKEHEI B paJHaTbHBIX
psifax, BCTPEUaroTCsl OANHOYHBIE, UX KOHTYPHI KBaJIpaTHbIE, pexe — oBasbHbIe. CTEHKH
COCYJIOB YTOJIIEHBI HE3HAUUTENbHO. KpoMe TepMHHAIBHOI MapeHXUMbI €CThb JIydeBas,
BasulleHTpuyeckas. Jlyun MHorouucneHHble. [leneHuss B mepuMenyJUIIpHOM 30HE U
HEMPaBUJIBHBIC OYE€PTaHUA CEPALCBHUHBI COXPAHAIOTCA Knerku CEPAUCBUHBI C II0-
PHUCTBIMH yTOJIIEHUSMH KJIETOYHBIX CTEHOK.

Puc. 11. ®parment [1C roguusoro credist 6epessl JINTBUHOBA, BeCHA.
I'pynme! 1yOSHBIX BOJIOKOH CpaBHHUTENHFHO HeOompmme; X 10.

TC, PC. JIyun roMOTreHHBIE, OTHOPSIHBIE, UX BBICOTAa BaphHupyeT oT 13 mo 23 u
6onee kiaetok. Cocyabl IECTHUYHBIC, YHCIO MEpekaaauH B npeaenax 14-16. KimoBuku
COCYJIOB HEOOJIbIINE, HUHOT/IA TOYTH UX HET, IIOPOBOCTh OOKOBBIX CTEHOK — OYEpeaHasl.
JliiHa 9ieHHUKOB cocy 0B BapsupyeT 0,65-1 MM. BOJIOKHUCTBIC TpaxeH sl OOMIIbHBIC.

PaananeHbIi PUPOCT KCUIEMBI y 3TOTO BHUJIA 3a MEPBBIN I'oJl BEreTanul cocTa-
BWJI OT 3 MM JI0 6 MM.

Inakyyas ¢gopma 6epesbt. Coop 12.05.2017. TIC (puc. 12, 13). Knetku smu-
JIepMbI TaKue e, KaKk y JBYX BBIIICONMCAHHBIX BUAOB O€pe3bl, €CTh IIUTOBHIHbIE BO-
JIOCKH ¥ peJIKue MPOCThIe OHOKIeToYHbIe. KoJuleHxMa AByCIOiHasI, TapeHXuMa KOpbI
3 ~10 cioeB KIeTOK ¢ HEOOIBITUMH CXHU30TEHHBIMH IoyocTsMU. OcoOeHHOCTH TTyOsi-
HBIX BOJIOKOH M KCHWJIEMBl HE OTJIMYAIOTCA OT TAKOBBIX Y JBYX APYTMX BHJIOB, HO pa-
JMabHBIE pa3MEPhI MPOBOASIINX ITyYKOB — HOCTOSIHHBIX U ITyYKOB JINCTOBOTO Clea Kak
Mo pasMepy, Tak M IO KOJIMYECTBY YyXke C(HOPMHPOBAHHBIX MPOBOJSIIUX SJIEMEHTOB
MaJIo OTJIMYA0TCS APYT oT aApyra. OHK BappUpYIOT B npeaenax 2,3-2,1-1,6-1,8-2 mm.

C6op 26.08.2016. I1C. B anukansHO# yactu nobdera (puc. 14). Knerku snunepmbl
OTJIIMYAIOTCS OT TAKOBBIX B BECEHHUX 00pa3iiaX TOJIbKO HEMHOTO PaIualIbHO BBITSHYTON
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(hopMOii KJIETOK M 3HAYUTEIBHBIM YTOJIIEHHEM KIETOUHOH cTeHKH. COXpaHsSIoTCsS KO-
JICHXMMa, TapeHxuMa Kopel. CTena mydKkoBast, BOJIOKHA JTy0a 0e3 yTOIIeHHH.

Puc. 12. ®opwma, I[1C pparmenra Puc. 13. ®opwma, I[1C pparmenra
TOYKH POCTa, Mai, X 4. TOYKH POCTa, aBrycr, X 10.

Ha paccrosHnn HECKONBKUX MIJIZIUMETPOB OT TOUKH POCTA MEXIY DITUIEPMON 1
3 cIOSMU IIACTHHYATON KOJJICHXMMEI (hopMHpYeTCs mepuaepMa u3 5-6 cioes. Koposas
HapeHXUMa C Pa3BUTHIMU MEXKIETHUKAMH U CXM30TCHHBIMHU HOJIOCTAMH. Cpeny KIeToK
MapeHXUMbl OTMEUEHBI HANOOIACTEI C APYy3aMH KPUCTAJJIOB OKcalaTa Kaibiusa. Ctena
COXpaHseT IyYKOBOCTb, MEXAY IIydyKaMH — IapeHxuMma. BojokHa J1y0a MOCTEHNEeHHO
YTOJIIIAIOTCS, HO Ha ATOM CTaJAWU Pa3BUTHs MoOera OHM He 00pa3yioT OOJBIIMX IpyI,
CpaBHHMMBIX C rpynnaMu BojokoH Betula pendula. Kcunema cocraiena cocymamu, Tpa-
XenJaMy, BOJIOKHUCTBIMH Tpaxeuaamu. [lapeHxnma cepAleBHHBI C HEMHOTO YTOJIIIEH-
HBIMH TTOPHCTHIMH KJIETOYHBIMU CTeHKaMy. Cpein HUX €CTh MANOOJIACTHI C APY3aMH OK-
cajara KaJblusl.

Puc. 14. ®opma. Asrycrt. [IC pparmenra Puc. 15. ®opma. Becna Broporo roza.
CTeJBl HIKE TOYKH pocTa; X 40. ®parmenT anekca nmobera 10 Hayaia pocTa
Yronmenuit 1y6a Her. ¢ 2 moiocaMy MEXITYYKOBOW MapeHXUMbI X 10.

C6op 29.02.2016. TIC (puc. 15). B Hauane BToporo roja pa3BUTHS dIHAEPMa O~
Oera emie COXpaHAETCS NMPAKTHYECKH 0e3 M3MeHeHHH. OTMEUeHbI PeAKUe OIHOKIETOY-
HBIE TIPOCTHIE BOJIOCKH, uedeBHYKH. [Tox sanmaepmoit Te xke 5-6 cioeB nepuaepmsl. Liset
UX KIETOYHBIX CTEHOK OT mepudepun K Ooisiee rIyOOKHM CIIOSM MEHSETCSl OT KpacHO-
BaTO-KOPUYHEBOTO K jxentomy. [lox mepuaepmMoii pa3BuThl 2 €J10s MJIaCTHHYATON KOJI-
JICHXMMBI U3 KPYITHBIX OBaJIbHBIX KJIETOK C HE3HAYUTEILHBIM PABHOMEPHBIM yTOJIIICHHU-
€M KJIETOYHBIX CTEHOK, OKPalIeHHBIX TEMHO-)KEJITBIM I[BETOM. 6-7 CJOEB KOPOBOHW Ma-
PEHXHMMBI coXpaHsieTcsi 6e3 0coObIX M3MEHEeHHMH. Pa3BUT ci10il SHI0EPMBI ¢ KpaXMallb-
HBIM coziepkuMbIM. CTella COMKHYTasi, HO B OTJIMYME OT ABYX APYTHMX BUIOB Oepes, Mec-
TaMU 3Ta COMKHYTOCTh MPEPHIBACTCS PaIUATBbHON IPYIION (MOJIOCKON) U3 2-3 mapeH-
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xuMHBIX KieTok. Ha IIC n3yueHHBIX 00pa3noB Takux mojiocok O0buto 3-4. BomokHa nep-
BHYHOTO JTy0a Ha 3TOH CTaauu MpHOOPETAIOT CXOICTBO C TAKOBEIMH Y NIBYX NPYTHX BU-
JIOB, OHU 00pa3yroT Haj (I03MOH IpyIIEl U3 5-7 cloeB KIeToK. Mexay rpymmaMu Bo-
JIOKOH JIy0a — Makpockiepenabl. CTpyKTypa KCHIEMBl W CEPIIICBUHBI TaKas ke, KaK y
IBYX IPYTHUX BHIOB.

PC, TC. Dnunepma, mpoOKoBast TKaHb, KOJUIEHXHMA, TAPEHXUMa KOPHI TaKUe JKe,
Kak Ha rorepeuyHoM cpese. Ciion BOJOKOH Jy0a CO 3HAUUTENbHBIM, ¢1a00 JTUrHH(HUIH-
POBAHHBIM YTOJIICHUEM KJICTOYHBIX CTCHOK.

COCy,E[I)I KCHUJIEMbI C JICCTHUYHBIMU NEPCKIaAUHAMH U HC6OHI)I_HI/IM i Ooiee
JUTMHHBIM TTOPUCTHIM KITIOBUKOM. Umcino nepekiaauH Bapsupyet ot 3-6, 10-11 mo 20-21.
BcerpeuaroTest WieHNKH COCY/IOB C BHJIBYATBHIM KITIOBUKOM. I10pOBOCTE OOKOBBIX CTEHOK
cocyqloB ouepenHasd. Jluamerp cocyoB BapbupyeT oT ~251 10 ~50. JInvHa 4ieHuKkoB
TaKke BappupyeT oT ~0,25mMM 10 ~0,5MM.

B cocraBe kcuieMbl IPUCYTCTBYIOT TaKKe TPaXEUABI CO CITUPATbHBIM YTONIICHU-
€M CTCHOK, C JUTMHHBIMH M KOPOTKHMH KOHYHKAMH, BOJIOKHHCTBIC Tpaxeuasl. Jlyun ox-
HOpSAHBIE, TOMOTeHHBIE, BRICOTA UX BapbupyeT OT 4-5 mo 10-15-18 xierok. Jlyun moryt
KOHTAKTHPOBAaTh Cpa3y C ABYMsI COCYIaMH, C COCYJIOM ¥ BOJIOKHAMH.

PagmanbsHBII TPUPOCT KCHIIEMBI 3@ TIEPBBI IO BEreTali Y (OPMBI COCTaBIII B
cpeaneM ot 1,8 MM 10 2,5 MM.

[lo pe3ynpTaram CpaBHUTENHLHOTO M3YYEHHsI CTPYKTYPHI MOOEroB B TE€UEHHE T0-
JUYHOTO POCTa MOXKHO TPHUTH K BBIBOAY, YTO TPH COXPaHEHUH OOLIMX CTPYKTYPHBIX
ocoOeHHOCTeH (POPMHUPOBAHUS M POCTa CTEOIEBOM YacTH MOOEra eCTh OTIINYHMS B CPOKaX
U cTeneHu (OpPMHUPOBaHMS €ro MEXaHWUYecKoi cocraBistomei. Tak, 3aBepiienue ¢op-
MHUPOBaHHsI CHCTEMBI BTOPUYHOT'O J1y0a YK€ B aBryCTe€ XapaKTepHO TOJBbKO Juisi Oepe3sl
TTOBHCTION, TOTIa Kak Oepes3a JInTBMHOBA U (popMa XapaKTepU3yIOTCS M HE3HAUNTEIh-
HBIM YTOJIIIEHHEM KJIETOYHBIX CTEHOK 3TOH TKaHM (Oepes3a JINTBHHOBA), WM MOYTH OT-
cyrctBueM ytommeHu# (popma). MHTEepecHO, YTO MO 3aBEpIICHUH TOJMYHOTO IMKIA
BTOPUYHEIN Ty0 (popMBI 1 Oepe3sl OBUCIION BIIOIIHE CPAaBHUMEI JIPYT C JAPYTOM, TOTIa
KaK y O6epe3sl JINTBUHOBA TPYIIHI 3THX KIIETOK MEHee pa3BUTHL. MeXaHn4ecKas COCTaB-
JISIOMIAst KCHIIEMBI Y BCeX Tpex Oepe3 oaumHakoBas. Kpome JECTHUYHBIX COCYIOB, Kie-
TOYHBIC CTCHKU KOTOPBIX HE OTINYAIOTCA OCO6BIM YTOJIIIEHUEM, 3TO TPAXCHUIbI U 00HIIb-
HbIE BOJIOKHUCTBIE Tpaxeuapl. CaMblil 3HAUUTEIHHBIA paluaIbHBIA TOTUIHBIA TIPUPOCT
KCHJIEMbI OTMeueH y Oepe3sl JIuTBuHOBa (10 6 ¢M), majee mokasatensb y ¢opmsl (10 2,5
CM), caMbIii He3HAUYUTENbHBINA Y Oepe3sl noBucioi (1,9 cMm). Ecth emie oaun nmapamerp,
KOTOpBIN ompenenser popMy pocTa y 3TUX Oepe3. ITo BpeMs 00pa30BaHHsi COMKHYTOH
crenbl. Ecnu cpaBHHMTH aBryCTOBCKHME COOpBI, TO CMBIKAHHME CTENIbI B ayKcHOllacTax
Oepe3sl MOBHCIION HaOIIOMaeTCs Ha 0oJiee paHHUX CTaIUAX pocTa mobera, 4eMm y Oepessl
JIurBunoBa. Toraa kak y popMbI 3TO IPOUCXOMT €IIE MO3XKE.

MOo>KHO 3aKITIOYHTh, YTO TIOBUCHAs (hopMa pocTa y U3ydeHHOH “mmakyuqeii” Oepe-
3BI CBSI3aHA, MPEXKAE BCETO, C 3alePKKOH (POpMHUPOBAHHS MEXaHUIECKUX CBOMCTB BTO-
puaHOTo My0a 1 HOPMUPOBAHHS COMKHYTOH CTENBl. TO €cTh, KaK M B CIIydae ¢ TUIaKyqn-
MU popmamu 1menkoBUIlb [4], y “mtakyueit’” 6epes3bl HabJr01aeTCsl 3aMe/IIIeHHE MpolLiec-
coB nuddepeHuany Kak epBUYHbIX TKAHEH CTesbl (JyOsiHbIe BOJIOKHA MEPBOrO roja
pocta — 310 c(hOpMHUpPOBaAHHAS MIPOKaMOUEM TepBUYHAs ()JI03Ma), TAK ¥ BTOPUYHBIX, a
UMEHHO KcuiieMbl. O0a 3THX KOMIIOHEHTa CTPYKTYPBI CTeOJIs OTBETCTBEHHBI 32 €ro Me-
XaHUuYecKHue cBoiicTBa. HecMOTpst Ha TO 4TO KO BTOPOMY IOy POCTA 3TH OTIMYHS yXKe
CTHPAIOTCSl U CTPYKTYpPBI CTAHOBSTCS CXOJHBIMH, IUIaKkydas opma pocra — pe3yibrar
TIEpBOTO I'O/1a BEreTanuy nobdera coxpasercs. MHTepecHO 3aMeTnTh, YTO, BO3ZMOXKHO,
“IuTaky4ecTsh”’ MOOErOB HAIONHEHHs Oepe3bl MOBUCION CBsA3aHA C HAUMCHBIINM YpPOB-
HEM T'O/IOBOT'O NTPUPOCTA KCHIIEMBI y TPeX CpaBHHBaeMbIX Oepe3. C npyroii cTOpoHbl, He-
KOTOpOe OTCTaBaHUe TuddepeHmanun moderos 6epessl JINTBHHOBA B JIETHUI TEPHO.
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IIPEOJI0IEBAETCS] HANOOJIBIINM TOJIOBBIM PAHAIBbHBIM IPHPOCTOM €T0 MOOETOB, YTO OI-
penensier 0ObIYHYI0 GOPMY KPOHBI y 3TOTO BUAA.

O0630p nuTEpaTypsl MO pa3HBIM BHAAaM Oepe3 MoKa3al, YTo CTPYKTYPHBIE 0COOCH-
HOCTH KCHJIEMbI H3yUCHHBIX BUJOB COOTBETCTBYIOT ONMCAHUSIM KCHJIEMbI y MHOTHX Jpy-
rux BugoB Gepes [1, 5-8]. Ho oco6o ciemyer ormeruts 3amedanue Metcalf, Chalk [9],
CIIENTaHHOE 0 pe3yabraram pabotsr Cousins [8], koTopast 0GHapYXHIIa Pa3HyIO CTEIEHb
U pa3HOE PACIIONIOKEHUE CKIIEPEHXUMBI (DIIOOMBI, B pe3yJIbTaTe Yero MEHSUIUCh HEKO-
TOpBIE XapaKTePUCTHKH KcuieMmbl. Banuu [1], cpaBuuBas Oepesy Ilmuara (xene3Hyro
Oepe3y) ¢ Oepe3oii 0OBIKHOBEHHOH, MPHIIENT K BBIBOAY, YTO OCOOCHHOCTH IIEPBOW CBsI3a-
HBI TOJIBKO C pazMepaMy MHUKPOCKOIIMYECKUX AJIEMEHTOB MEXaHUUECKHX TKaHei Oepe3bl
Imuara. OHM GoJiee TOJCTOCTEHHBIE, C MEHBIINM IHaMeTpoM mosocteil. OueBHIHO,
JUISl BUJIOB 3TOTO poJia BapuabelbHOCTD 110 MEXaHHYECKUM COCTABIISIOIIUM CTEOJIS SIBIIS-
eTcsl XapaKTepHOH 0COOCHHOCTHIO, 00YCIIOBICHHOH crienn(UKOH aKTUBHOCTH TTPOU3BOI-
HBIX MIPOKaMOus 1 kamOus. VIMEHHO 3TO ¥ SABJIAETCS NPUYNHON (POPMHUPOBAHUS CaAMBIX
Pa3HBIX TUIIOB pocTa mobera.

VY panee H3y4eHHON HAMHU IMIETKOBHIEI Oeoif [4] reoTpOmI3M pOCTOBEIX TOOETOB
MIEPBOTO T'Of[a BETeTalHH, OTPENSIIIONINH ee “IaKkyduii” TabuTyc, SBISIETCS pe3yibTa-
TOM aCHMMETPHH TIpolieccoB IuddepeHranuy Npou3BOJHbIX IEPBUYHBIX U BTOPHU-
HBIX TKaHEH — MepUIMKIa U kamOus. Takum oOpa3om, Ha mpumepe Morus alba u Buos
Betula, MoxHO MPUITH K 3aKIIFOUEHHUIO, YTO MPUYHUHON “IIaKydecTH” APEBECHBIX HOpM
SIBJISIFOTCS] BAPHALIMH aKTUBHOCTH MIPOKaMOUS ¥ KaMOUsI M UX TIPOU3BOIHBIX.

HUccnenosanue BeimonHeHo npu ¢uHancoBoi nognepxxkke 'KH MOH B pamkax
Hay4yHO# nporpammsl 15T-1F325 “Dkonoro-0noaornueckue acCeKThl OICHKH JeKopa-
TUBHOCTH JIPEBECHBIX 1 MCIOIB30BAHUS HX B O3€TICHEHUH .
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33 QUU Yblnwlwpwunipywl L hhnpnEyninghuyh ghunwlwl YEUwnpnup
3hnpntyninghwih b d4Uwpwlncewl hLunpunncn
hripsimekobelyan@mail.ru

2015 p. Ipwqnwl gbwnh wwpptp nhnwytwnbpnd yuwwnwnytbp U Jwupfwpwlwywlu niuncd-
Lwuhpnieniultn: Uwwpndhwnn Jwuptubph W Ynih-hunteup hhdwu Jpw Ywwwpdb £ 9ph npwyh
quwhwuwnnwd: IGwgnuiniEjwl wpryniupnud wwnpqytbp E, np gGwnh unnphu hnuwupnd gnipu win-
nnundwd E yndntbwy Yeugwnwihu hnupwgntnny:

3nwqnuwl gt — uwuwpnndpin dwpkltn — Yngh-hunbeu — gnph npwy

B 2015 r. mpoBeneHb MHKPOOHOIOTHYECKIE MUCCICIOBAaHNS HA Pa3HBIX CTaHOUAX p.Pazman.
Ha ocHoBe konmdecTBa canpoUTHBIX OaKTepUil U KOMH-WHIEKCA MPOBEICHA OIICHKA KayecTBa ped-
HOI BoIbl. Pe3ynbTarhl MccienoBaHUs MOKa3aJid, YTO peyHas BOJa B HW)KHEM TEUEHUHU 3arpsi3HeHa
KOMMYHaJIbHO-ObITOBBIMH CTOYHBIMH BOJIAMH.

Pexa Pazoan — canpoghumnvie baxmepuu — KOIU-UHOEKC — KAYECMB0 800bl

In the 2015 microbiological investigations at the different sampling points of River Hrazdan
have been conducted. Based on the number of saprophytic bacteria and Coli index an assessment of
the river water quality has been conducted. According to the results the river water in the lower
streams was polluted by municipal wastewater.

Hrazdan River — saprophytic bacteria — coli-index — water quality

Ipwgnwu gbinp Upwpeu gbnh funpnp Junwutphg E: Ncuh 141 yd Bpyuipneegnit: UWjw-
qwuh Jwytntup 2650 uu2 E: Wb, uyhgp wnlbind Ulwuw |8hg, hnuntd £ 3wjwuwnwUh snpu
(AGnwneniupp, YUnwnw)e, Gplewl, Unpwnpwwn) dwpgtpny W pwtynud Upweu gbwn:

Ipwgnwl gbinh onbpu oginwgnpéynid Bu Eubpgbunhy, nnnguwl W ntypGwghnu LUwyw-
mwyutpny: Qbwnp Gupwpyynd E hgnp Jwpnwdht  wagnbgnigjwl:  Gynenuinuntbuwywl,
wnpryntuwpGpwywl W yEugwnwihu hnupwgptph wanbgnipjwl wpnniupnd  gGuinh ontnu
wnununyned U, huy hhnpnphnunutpp Gupwpyynid Bu [npg thnthnpunieynluutnh:

Qnuwjhu Eynhwdwywpgh wnuninyjwéniejwlu wnwyb, qgwnlu gnigwuh? £ uwwnn-
$hwn Jwuptubph wnywjnie)niup: Uwuptubpu qpwnbguncd BU hwwnniy Eyninghwywu funpy,
wwwhnyntd U pninp Ywplenp twpptph 2pgwtwnnieniup, wnwgwwnwn wnbn B qpw-
ntgunid opgwlwywu L wlopgwluwywu UinteEnh thnfuwybnyuwu gnpdnud® wnwewgutiny
hhnpnphnuwnuGph hwdwn hGwn jncpwgdnn Uhwignienluubn: 362wn jnipwgynn opgwliwywl
Unietph wulpwl  thnthnfunieintlp  hwlgbgunud £ uwwpndhin Jwuptubph  hwdwndte
thnthnfuniejwl: Utgndhy uwwnndhun dwlptubpp (24 d pupwgenid, 37°C wénn ) W Ynih-
hunGeup (wnhpwjhl gniwhbuph pwliwbyp 1 | gpncd) gpwhwidwywngtph uwlhnwnw-dwuntw-
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pwlwywlu yhdwyh quuwhwwndwlu gnigwup) G, pwuh np npwlg weywnientup puntpw-
gnpnud £ Jwpnyuwug W yGunwuhubph Ynnuhg hhnpnhwdwywng Ubpdndywé vhypndinpuwit:
Nuinh gbwnh ontph dwupEwpwlwlwl hGunwgnunie)niup fuhuin Ywplenn £ [5]:

Unipe W dBpnn: 2015 p-hu Ipwgnut gbinnwd Eyninquiuwbhnwpwywl ncuncdUwuhpneejniuutn
hpwywlwgutint Uywwnwyny qupntt — wntt dwdwuwywhwndwénd  Udnpwend £ Juwnwpyby
Ipwgnwu gbwnh 7° unnphb hnuwbp nhinwybnbphg Ipwgnuwu gbnh wyniup, Uwpdwphy W Ipwgnul
gbwntbph JhwhuwnUdwl hwndwsd, RoUh qninhg wnwy, ReUh gjnnhg htwnn, «Upquh» wnnnewnwlhg
hGwn, QGwnwdty qninh tnwpwée, Ipwgnuwl gbnh LY. 1):
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LY. 1. 3pwgnuwu gbinh wjwquwuh punpywd nhinwytntpp:

NruncdUwuhpneejntbutpu Yuwnwnybp U JwupEpwuniejwu UGy punniudwéd Ubranr}htnnqop, 6]
Uwwnndhuin dwlptubph pwewlwyp’ QUUA (qunnie wrwwglnn dwupkutn) npnpub £ 37°C, snp
ullnwpwn wquwnphg wywwnpwunwsd unwunwnun ubinwuhswdwjpnud, wéh hwt{wwwmwumwhwpwn
UGy opdw hwpywnynd, huy ynih-hunteup GUU/ (qunnie wnwewglnn dwuntutn)® dGdppwuwih $hiwnn-
Jwu Ubpnnny [2-4]: QGwnh onh npwyh quwhwunndp Yuwnwpyby £ pun Nndwutuynih [7]:

Upmyntuplubp W pulwpyned: 2015 p. juunwpjwséd Jwuptwpwbwywl hGunwgnune-
pInLUUEPh wpnynitupnd Ipwgnwl gbinh wyntupnd gpbrb nng twnhu gpwugytb) £ uww-
nndhuin JwupEutph thnpp pywpewuwy' 500-1200 QUUL Y. 2): Lpywéd nhunwybnnud
wnhpwjht gntwhy ¢h hwjinbwptpybl (wn. 1):

Uwnpdwnpphy W Ipwgnwl gbntph Jhwhuwnunwdhg hGunn uwwypndhin  Jwuptutph
pYwpwlwyp qqwihnptu wok) £, mwwnwuyting 1700-2600 QUU/J] uwhdwunid, wnhpwjhu

gntwhy ¢h hwjinbwpGnyt:
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LY. 2. 2015p. Ipwgnwl gbnh nnwpptp nhnwytnbnpnd uwwpndhuin JwupElbph pywewuwyp (SUU/Y)
1.3pwqnwl gbinh wyntlg, 2. Uwndwphy W Ipwgnwl gbntph Jhwhiwnudwu hwanyws,
3.RoUh gjnLnhg wnwy, 4.~uh gjnLnhg htwn, 5.Unpquh wnnngwpwuhg hGwn,
6. QGwnwdby (Uhugle Spliwt pwnwe Uwinutip), 7. Ipwgnwl gbinh unnphlu hnuwlg:

Unyniuwy 1. Ipwagnwl gbnh npn2 nhinwyGntpnud gph
sGndwuwnhdwup W Ynih-hunbeup QUU/ (2015 )

QupnLu Udwn UonLu
unih- Unih- Unih-
“hunwybinkn hunteu, T°C huntpu, T°C huntpu, T°C
QuUUA QuUA quUUA
Ipwanuwl gbinh wyncup - - 18 - 14
Uwpdwnhy gbwnp - 7 - 16 - 14
3nwgnuwl g-hu
huwnuytGinLg htunn
PoUh gjnLnhg wnwy - 10 - 13 - 15
PoUh qynLnhg hbwn 20 000 10 30 000 12 20 000 16
Upquh wnnnownwuhg - 12 - 16 - 18
hGwnn
Qbwnwdty ( Uhusle Gpliwu 10 000 12 - 20 10 000 19
pwnwpe Jwnubp)
Ipwagnwl gbinh unnphu 30 000 15 51000 22 50 000 18
hnuwlg

Pouh qnhg wnwg onipp Gnbp £ hwdbdwwnwpwn Jwenip: Wu  nhunwytGnnd
uwwnpndhwn Jwuptutph pwpwlwyp wnwwmwluytb £ 1000-2000 QUU/M] uwhdwunid: dGp-
9hUu, hwjwuwpwn, wnwwnn nbnnwdubph hGnbwue E: Unhpwjhu gniwhy sh hwynuwptnybi:
Pouh qjrnhg hGwn LJwwndb, E uwwpndhn  pwynbphwubph pywpwlwyh wd, npp
wwjdwuwynnwé t wuppnwngbl wanbgnipjwdp: Wu nhunwybnnud gbnh opnud gnbieb
pninp wdhultGphu hwyjnuwptpdty £ wnhpwjhu gniwhy: YUnih-huntGeup hwywuwnytp £ 20-30
hwq. QUU/: «Upquh» wnnnowpwuhg hGwnn puywé nhnwybnnwd gbinh gnipp hwugpt £ pw-
quywupt Jwendbl: Uwwpndhuin dwuptubph pwlwyp hwub) £ ujuqugniyup® 1000-1800
QUU/L: Unhpwjhu gntwhy sh hwjnuwpbnybi:

QLwnwdby (Uhusle Gplwl pwnwpe Jwnlbp) qininh tnwpwéepnid Ynpyhu wybiugty £
uwwnnphwinutph pwliwyp® 2000-4100 QUUM: Uwwpndhwn pwynbphwubph wdtUwpwpéap
pUwepwlwy gpwlgytp £ wplwlup' 4100 QUUME Qupluwl b wplwl wdhulbphU hwjn-
Uwptpytl £ wnhpwhu gniwhy, Ynih-hunteup hwywuwnyt £ 10000 QUUY:

Ipwagnwu gbinh unnphu hnuwugenid, IndunwptU gjntnhg hGunn, lwnpdw pninp Gnw-
LwyuGphu gnwugyt) £ uwwnpndhn pwyintphwutph hwdtdwwnwpwp 66 pwewlwly® 3-10
hwg. GUUM: LpJwé nhinwytwnnd wnwybiwgniu pwewlwy gpwugdb) £
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wplwup® 10 hwqg. QUUALE: Wu nhunwyGwnnd pninp wdhuluGphtu hwjnuwpGdt, £ wnhpwjhu
gnLwhy, Ynih-hunbeuh wndtep tnwwnwuyty £ 30-50 hwg. GUU/| uwhdwund:

2015 p. juunwpJwsd Juwuptwpwlwywl hGnwgnunneeiniuubph wpnniupUbpp gnug
GU wnyb|, np Ipwgnwl gbinnd uwwpndhuin dwupkubph wybih pwpép pYwewuwly gpuwugyty
E wplwlp: Wlwlp gnwihu  pniubph thindwu hGnlwupny  opnud wybiugb) £ opgqwliwywu
Unieh pwlwyp,pwgh wyn wudpliweptph hbin gt £ |gdb] bwl JGS pwlwynipjwdp
ongqwlwywl Ujne, npp Lwwuwnt) £ uwwpndhwn JwupEutph wéhu W qupqugdwup:

Wjuwhuny, Ywwwnpjwé nuncduwuppnieniiutph wpnyniupnd uwwpndhin pwy-
wnGphwubph LJwqugnyu pqwewlwy gnwugyt) £ Ipwgnwl gGinh wyniupned (3100-50000
QUU/MY, huy wnwybwagniu pywpewlwy’ unnphu hnuwugnd (5-10 hwa.) LY. 3):

LY. 3. 2015p. 3pwqgnuu gbinh wyncupnid W unnnphu hnuwugned
uwwnndhwn dwunptutph pwewliwyp:

Cun npnud uwwpndhwn pwynbphwubph pYwpwlwlyu wab| £ puwywyw)ptph hnupw-
ontnph wpnyniupned: IGinlwpwn, hwyh wnubiny uwwnndhwun pwynbphwubph pywewlwyp
U Ynih-hunteuph wpdteubpp Yupbih £ wubl, np Ipwgnwl gbinp Gupwpyyt) £ Jwpnwdhu
wqnbgniejwl (wn.1):

Rwdwbwjiu Nndwutuynh Jwybplnipwihu epbph npwyh  Eyninquiuwlhunwpuywu
nwuwywnguwu [3], GUGINY uwwpndhwn JwupkEubph pywepwluwyhg, 3Ipwgnuwl gbwnh onipp
JGphu hnuwugnd nwuyb £ «uwu dweniphg» — «.hndhu dwencpy» onGnh Ywpghl, dhghu
hnuwlUpnwd gbwnh onupp gupUuwup nwuyt) £ «dwenipy, huy wdnwUlu ne wpbwup® «puywpup
dwpnip» onbnh YupghU: Unnphu hnuwlgnid gupuwlp’ onipp nwiuyb £« wninningwéy,
wunwup® «swthwynp wnunnindwéy», wpliwlip' «un Yenwnnwn» gnbnph Yupghu:

aruuuvniE@3ntu

1. Shplqupuwl LU., Ulwgwhwlywl R.M., Unwpwpwl Y.UW., npdwgul 3.4. Iwjwunwluh
gbwnbph W [86ph gpwapnieinilp, Splewt, 2002, Ep 13:

2. Bapunosa C.C., Meosedesa JIL.A., Anucumoséa O.B. buopazHooOpazue BOmOpoCIeii-
HMHAUKATOPOB OKpyskatoieil cpensl, Tenb-ABus, 2006, c. 478.

3. Jlabunckas A.C. MUKpOOUOIOTHs C TEXHUKOH MHKPOOHOIIOTHYECKUX HCCIeaoBaHui. M.,
c. 303-314, 1978.

4. Mertoaudeckue yKa3aHHUS 110 CAaHHTAPHO-MHKPOOHOIOTHIECKOMY aHAJIH3y BOJBI IOBEPX-
HOCTHBIX BOJI0eMOB, M., ¢. 36., 1981

5. Ilpymmosa O.B., Caxno O.H. JlabopaTOpHBIA MPAKTHKyM IO OOIIEH MHKPOOHOIOTHH,

c. 6-15, 2005.

Poouna A.I'. Metozsl BozHO#M MuKpoouosoruu. M., c. 355, 1965.

Pomanenxo B.J]., Oxcurox O.I1. u Op. Dxonornueckas OleHKa BO3ISHCTBUS THAPOTEXHUYEC-

KOT'O CTPOMTEIbCTBA Ha BOAHBIE 00beKThI, Kues, c. 218-221, 1990.

~No

Uinwgyty £ 21.06.2017

38



LwjwunwOh Ghuinnigynibbtph Uqquiyhlt Uywnbdhw Cwjwunwbih Yelhuwpwlwlwb <wOnbu
HauuoHaAbHas Akaaemus Hayk ApmeHuu BuoAaoruueckulu XypHaan ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

o Onpdwpwpwlwl b nbuwlywl hnnwélubp «3xcnepumenmanshble u meopemuiecKue cmamou®
*Experimental and theoretical articlese

Biolog. Journal of Armenia, 4 (69), 2017

THE IDENTIFICATION OF CLASTOGENIC IMPACTS OF WATER IN
HRAZDAN RIVER BY STUDYING THE PERIPHERAL BLOOD
ERYTHROCYTES OF LAKE FROG (PELOPHYLAX RIDIBUNDUS)

A.V. GRIGORYAN, A.F. KARAPETYAN, K.A. JIVANYAN

Yerevan State University, Department of Zoology
annagrigoryan@ysu.am

To identify the possible clastogenic effects of the water environment in Hrazdan River, a
micronucleus test was used on erythrocytes of peripheral blood of the frogs living in its various
sections. Data on the effect of pollution of the aquatic environment were also obtained by studying
the morphological features of the nuclei of erythrocytes.

According to the data obtained, a large number of erythrocytes with micronuclei, relatively
high percentage of nuclei with protrusions, as well as vacuolated nuclei are found in frogs
inhabiting in the sections of Hrazdan River that are characterized with a high degree of pollution
(villages Darbnik and Geganist). A positive correlation was revealed between the data of the
micronucleus test and the data obtained as a result of study of the morphology of the nuclei of
erythrocytes.

Thus, the data obtained makes it possible to draw a conclusion on possible clastogenic
effect of the waters of Hrazdan River in the areas of the villages Darbnik and Geghanist.

Pelophylax ridibundus — Hrazdan river — clastogenic impact — erythrocytes

NruntdUwuhnyty £ opgqwuhgquutph Ypw Ipwgnwl gbinh gpwiht Jhpwdwiph  Yrwuwnngtu
wanbgnLeiwl huwpwynpnieintup' npw tnwpptn hwngwdsutpnud plwyynn [dwgnpunh Swipwdwuwjhl
wnwl Ephrepnghnttpnud hynnnphquiht gtunh Yhpwedwl dhgngny: Opgwuhquutiph Ypw gpuwjhu
Uhpwwjnh wnunnunnjuwénipjwl wagnbgnijwl dwuhl - wntntyuwnyneini Gup unwgbp bwle Ephepn-
ghwnutnh Ynphqubiph Unpdninghwlwl wnwudbwhwwnynieniuunph nuntduwuhpniejwdp:

Unwgywéd ndjuiubpp Jywynud U Q@nwuhuwnn W Ywppuhy gnintph Unuin Ipwgnuu gbunh
2npwywenid puwyynn [Gwgnpwnh Ephrepnghwnutpnd Jhypnynphqutnph pwdwywu Jbé pwlwyniejwu
wnywjniejwl Jwupl, pwdwywl Jd&6& wninynu BU Yugunid wpwnwthenwdubpnd Ynphgqubp niukgnn,
bwl Juyninpugywéd Ynphqutipny Ephrepnghwnitinp: ItGwwepehn £ UzGL, np Jhypnynphquiht euwnh
U Ephppnghwinutph Unpdninghwywt Lpdwé thnthnfunipnilubph niuncdUwuipnigjwu JGennny unwg-
Jwé nyjwiubph dhole wnyw £ npwywl Ynpbywghw:

Unwgywéd ndjwiutpp huwpwydnpnipintl GU tnwhu Ggpwugnieiniu wuk, GGnwuhun W
Awnpuhy gjnentph Unwn Ipwgnuit gtiinh entph huwpwynp Yiuwuwnngbl wgnbgniejwl yepwpbpjwi:

Pelophylax ridibundus — 3pwqnuwl qbwn — YjwuwnnqbGU wqnbgnipinil — Enhrepnghinlibn

J1s1 BBISIBIEHHSI BO3MOYKHOTO KJIACTOI€HHOT'O BO3JEMCTBUS BOAHOW cpenbl p. Pazman Ha
OpraHM3MBI HCIONB30BANN MHUKDPOSIEPHBII TECT Ha SPUTPONUTAX HepHpepHIecKod KpOBH
JIATYIIEK, OOUTAIONINX B €€ Pa3INYHbIX yyacTKaxX. JaHHbIe O BIMSHUM 3arPsA3HEHUS BOJHOM CPEIbI
OBUTM TIOJYYEHBI TAKKE B PE3YJIbTaTe HCCICIOBaHUs MOP(HOIOrHYECKUX OCOOCHHOCTEH sep
3PUTPOLIUTOB.
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A.V.GRIGORYAN, A.F. KARAPETYAN, K.A. IVANYAN

IomyueHHble DaHHBIE CBUAETENHCTBYIOT O HAIMYHU JIOBOJIBHO OOJBIIOTO KOJIHYECTBA
MUKpOSZIEp B 9PUTPOLUTAX, BBICOKOIO IPOLIEHTHOI'O COAEPKAHUS SIEp C IPOTPY3UAMHU, a TAKXKE
BaKyOJIM3UPOBAHHEIX SIEp B SPUTPOLUTAX KPOBH JITyNIEK, OOMTAIOMNX B paifoHax cen JJapOHHK
u 'eranucT, XapakTepU3yIOLIMXCs BEICOKON CTENEHbIO 3arpsA3HEHHOCTH. BBIABIEHA MOJIOKUTENb-
Hasi KOppesALus MeXTy JaHHBIMU MUKpPOSIICPHOI'O TeCTa U AaHHBIMU, IOJTy4YEHHBIMU B pe3yJIbTa-
Te BBIIIEYKa3aHHOTO UCCIEI0BAHUA MOP(OIOTHH AP SPUTPOLIUTOB.

IlomyueHHblE HaMU JaHHBIE JAIOT BO3MOXHOCTH CHAENAaTh 3aKJIIOUYEHHE O BO3MOXKHOM
knactoreHHOM 3¢ dekre Box p. Pasnan B paiionax cen lapOuuk u ['eranuct.

Pelophylax ridibundus — p.Pazoan — kiacmozennoe gosdeiicmeue — spumpoyumol

Amphibians are successfully used nowadays for the biological monitoring of
ecosystems [2, 3, 5-7]. In order to assess the degree of reservoirs’ pollution for the
identification of the mutagenic effect of the aquatic environment, the study of
morphological changes of different elements is used as a reliable indicator criterion. In
particular, the erythrocytes of the blood of amphibians are used, since they are very
sensitive to the influence of adverse environmental conditions, including pollution [3].

Among the studies conducted for this purpose, a valuable information is obtained
by using a micronucleus test on erythrocytes of the aquatic animals [5-9].

According to the data published by the Environmental Monitoring and
Information Center (EMIC) of the Ministry of Nature Protection of Armenia, different
sections of the Hrazdan River are characterized by different degrees of pollution.
Samples of waters taken from Qaghsi and Argel are characterized by the second class
("good status).

The waters of Darbnik are characterized by the fifth class of pollution (“poor
status™), which is caused by the existence of ions of an ammonium, phosphates and
nitrites, of the common inorganic nitrogen [10].

The relevance of studying the impact of water pollution on organisms is due to
the importance of Hrazdan River for the economy and the population of Armenia.

To identify the possible clastogenic effects of the water environment of the
Hrazdan River, a micronucleus test was used on erythrocytes of peripheral blood of the
frogs living in its various parts.

Data on the effect of pollution of the aquatic environment were also obtained by
studying the morphological features of the nuclei of erythrocytes.

Materials and methods. 35 frogs of Pelophylax Ridibundus weighting 15-20 g were used
in this research. The catching was carried out in 5 sections of Hrazdan River indicated by the
Ministry of Nature Protection of the Republic of Armenia, in 2009. As control used frogs, catching
from the Ttu jur (Sour water) near village Hangavan. Smears were prepared from the samples of
frogs' blood, which were fixed in ethyl alcohol for 30 min. The preparations were stained with
Schiff's solution according to Feulgen. Hydrolysis was carried out in 5 N H-HCI at 22°C for
60 min. The counting of erythrocytes with micronuclei and percentage of erythrocytes with
morphological anomalies of nuclei was carried out under the increase of microscope by 1000
times. 2,000 cells were counted on each animal’s blood smears. The acquired/ obtained data were
subjected to statistical processing using the computer program “Statistica 8” by the help of which
the mean value, the quadratic deviation, the reliability of the values, and the correlation were
determined.

Results and Discussion. Table 1 illustrates the obtained data on the number of
micronuclei in the erythrocytes of peripheral blood of the lake frog living in different
surrounding areas of Hrazdan River. The obtained data confirm the existence of a fairly
large number of micronuclei in the erythrocytes of frogs’ blood living in Hrazdan River
near the villages Darbnik and Geghanist.
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Table 1. The number of micronuclei in erythrocytes of peripheral blood
of frogs living in different parts of the Hrazdan River

Name of the plot/place Micronuclei number (%o) P

village Hangavan (Sour water) 0,50 +0,50 -

village Argel 1.333 +£ 0,441 p <0.05
village Qaghsi 1,833 £ 0,333 p <0.05
Arzni hydroelectric power station 0,667 £0,167 p >0.05
village Geghanist 3.333+0,167 p <0.05
village Darbnik 4,00 + 0,764 p <0.05

In comparison to erythrocytes of Pelophylax Ridibndus living near Hangavan
village there are statistically reliable difference.

As it is known, the micronuclei in cells are formed from nuclear chromatin, when
under the influence of various factors the processes of the formation of spindle formation
and chromosome segregation are disrupted.

Micronuclei are found in the cytoplasm of cells in the interphase and represent
rounded chromatin formations that are formed from chromosome parts.

Both the whole chromosomes and their certain parts can be included in
micronuclei.

According to the data, obtained in our work, a large number of erythrocytes with
micronuclei are found in frogs inhabiting in the parts of Hrazdan river which are
characterized with a high degree of pollution, caused by the exceeding maximum
permissible concentration of nitrite ions, ammonium ions, vanadium, manganese,
chromium, copper, the amount of oxygen and chemical oxygen demand.

Technogenic environmental pollution disrupts the stability of ontogenesis of
organisms and the ability of formation of genetically determined phenotype [4].

Thus the erythrocytes of frogs have an oval form. Under the influence of various
harmful factors, their form can be violated (fig.1).

Fig.1. Erythrocytes of Pelophylax Ridibundus. 1. Erythrocyte with micronuclei,
2. Erythrocyte with protrusion. Schiff's solution according to Feulgen, 1000-fold magnification
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The morphological study of the nuclei of erythrocytes of the lake frog, inhabiting in
different parts of the Hrazdan River, allowed us to identify the following changes: nuclei
with protrusions, vacuolated nuclei, picnotically altered nuclei. The data illustrated in
tab. 2 indicate the presence of a relatively high percentage of nuclei with protrusions, as
well as vacuolated nuclei in the erythrocytes (red blood cells) of frogs living in the areas
of the villages Darbnik and Geganist.

Table 2. The number of violated nuclei in erythrocytes of peripheral blood of frogs living in
different parts of the Hrazdan River

Observatory name Nucl_ei with Vacuolized nuclei Picnotic nuclei
protrusions (%o) (%0) (%0)
village Hangavan (sour water) 3,00 + 1,00 1.834+0.334 1.334+0.167
village Argel 4,67 + 1,167 1,00 + 0.289 2.50+0.764
p <0.05 p <0.05 p <0.05
village Qaghsi 6,167 +0.167 0.667 + 0.667 1.50 +0.289
p <0.05 p <0.05 p >0.05
Arzni hydroelectric power 2,50 0,289 0.834 +0.334 1.834+0.334
station p > 0.05 p <0.05 p >0.05
village Geghanist 11,33 + 1,856 3.834 £ 0.601 2.00 +0.50
p < 0.05 p <0.05 p <0.05
village Darbnik 15,00 + 2,517 3.334 +1.093 4.167 +1.424
p <0.05 p <0.05 p <0.05

It is interesting to note that a positive correlation was revealed between the data
of the micronucleus test and the data obtained as a result of the above stated study of the
morphology of the nuclei of erythrocytes. Based on this factor, it can be concluded that
the morphological study can also be used for environmental monitoring purposes.

Thus, the data obtained makes it possible to draw a conclusion about the possible
clastogenic effect of the waters of the Hrazdan River in the areas of the villages Darbnik
and Geghanist.
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KOCTH )KUBOTHBIX U3 INOTPEEEHUMI JIPEBHET O IIIMPAKA
(PACKOIIKH 2008-20151T.)

A.A.TEHIKAH, H.Y. MAHACEPSH, A.B. BATOSIH

Hayunwiii yenmp 300102uu u euoposxonozuu, Uncmumym soonoeuu HAH PA,
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IIpencraBneHsl pe3yiabTaThl 0030pa OCTEOIOTHYECKOT0 MaTepuana u3 morpebenmit I1In-
paxckoif obiacTH, natupyeMsix | moixoBuHoit I TEIC. 10 H. 3. B pe3ynbrare mpoBeAeHHBIX HCCIEno-
BaHMI OBUIO BBISBICHO 5 NUKUX M 7 NOMAIIHUX BHJOB )KUBOTHBIX. AHANIN3 KOJHIECTBEHHOTO CO-
OTHOILICHHUS KaK KOCTeil, Tak 1 ocobeil yka3piBaeT Ha peobiiajaHue JOMaIIHIX BHIIOB.

Apxeosoonoeusa — nocpedenus — Lllupaxckuii map3 — Oukue u OOMawiHue HCU8OMHuvle

Ubpywjwgywé BU Shpwyh Jwpgh nwdpwpwultphg (U.p.w. 1-hU hwqupwdjwyh 1-hu Yytu)
hwjinuwptpqwé  nuypwpwlwywl  Uncebph  dbpinwdniejwl wpnyniupubp:  NuncdUwuhpniejwl
wpryniupnd hwynuwpbpdt, G 5 Juwiph GL 7 punwuh yEunwuwwnbuwyukn: buswGu nuyptbph,
wjlwbu E wnwudbjwyubph pwlwywywl hwpwpbpwygnipjwl dGpinwdniejntup Jywynd £ nuid-
pwpwultpnud punwuh Yeunwuhutph gBpwynniejwl Jwuhl:

Sutwybunwlwpwlnipintt — Shpwlh dwpq — nwdpwpwllbn — Juwjph W puinwuh Yeunwupubn

The results of survey of osteological materials from the burials of Shirak region dated back
1% part of 1% millennium B.C. were presented. Based on study results, 5 wild and 7 domestic
animals were identified. Analysis of the quantitative ratio of both bones and individuals showed
predominance of domestic animal species.

Archaezoology — burials — Shirak region — wild and domestic animal

B cBA3u ¢ BeieHUEM MHTEHCUBHBIX apX€OJIOTMUECKUX PACKOMNOK Ha TEPPUTOPUU
[upaxkckoit obnacty (ceBepo-3amasHas 4acTh ApMEHHN) B KOJJIEKIMOHHBIH (o MHc-
tutyTa 3001n0rud HAH PA nepuoauuecku NocTynaroT HOBBIE apXE€0300JI0THYECKHE Ma-
TepHaJIbl, BUIOBOM COCTaB KOTOPBIX MPEICTABIICH B psize pabor [3-5, 7].

IIpn nccnenoBanny (hayHUCTHUECKHX MAaTEpUAlIOB M3 apXEOJOTMYECKUX PacKo-
MIOK YPE3BBIYAHHO BAXKHYIO POJIb UMEET NMPABUIBHOE OIPEACICHHUE U BBISIBICHNUE KOJH-
YECTBEHHOT'O U KaUeCTBEHHOTO COOTHOIICHMS OTAEIBbHBIX KUBOTHBIX B TEX MM HMHBIX
MaMATHHUKAX, YTO MO3BOJISIET OCBEIIATh Ba)KHBIC CTOPOHBI XO3IHCTBEHHOM JesTeNbHOC-
TH APEBHETO HACEJICHHUS.

B nanHO# paboTe MpUBOASTCS pe3yNIbTaThl ONPEAEICHNS BUIOBOI MPUHAIIEKHOC-
TH W CTaTHCTHYECKOTO aHallM3a KOCTHBIX OCTaTKOB >KUBOTHBIX, OOHAPY)KCHHBIX B XOJIe
packoriok 2008-15 rr. u3 mectd apxeonorudeckux namsaTHUKoB llIupakckoit obnacty,
TIPE/ICTABISFONIMX COOOH MorpedeH s, TaTUPyeMbIe TIEPBOH OJIIOBUHOM | ThIC. 10 H.9.
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KOCTH J)KUBOTHBIX 13 ITOT PEBEHUI JIPEBHEIO ILIMPAKA (PACKOITKH 2008-2015TT")

Mamepuan u memoouka. OCTeONOTHIECKUE MAaTEPHAIBI B3SITHI U3 PACKOIIOK apXeO0JIorH-
yeckux naMaTHUKOB AsataH (VIII-VI 6s. 0o m.3.), WlupakaBan (XI-Vies. 0o w..), Hdxpamu
(VII-VT 6s. 00 n.5.), T'tompu (Inonosuna Imuic. 0o n.3.), Maucsa (VII-VI 66. do n.2.) n Alikanzop
(VII-V 66. 00 H.2.) (packonku 2012-2014 rr.). JlaTHpOBKa MaMATHHKOB IPEIOCTABICHA apXeoJiora-
mu XavarpsiH ¥ EransH [1, 6]. B o6mieit cinosxkHocTH paccMoTpero cBbimie 1500 KOCTHBIX OCTaTKOB
JKMBOTHBIX: IOMHUHAIIBHBIX TPU3H U JKepTBONpHHOIIeHU. OnpeaeneHus NpoBeJeHBI 110 00IIeIpH-
HATOH MeTtoauke [9]. M3-3a 0TCYTCTBUS 4epenoB U IJIOXOH COXpaHHOCTU KOCTEH MOCTKpaHHab-
HOro ckesera auddepeHIralms ocTaTKOB OBEIl U KO3 He BCer/ia MpeaCcTaBIsuiach BO3MOXKHOM [8]
U MaTepual, npuHamexamuii pogam Ovis u Capra, B naHHOi paboTe paccMaTpuBaeTcs oA pyo6-
PHKOM MeNKHi poraTsiif cKoT. CliefyeT Takke OTMETUTD, YTO W3-3a CHIIBHON pa3IpoOIICHHOCTH He
ompesiesieHbl 10 BU/Ia OCTaTKH IpeAcTaBuTenei poxa Canis.

Pezynomamor u oocyscoenue. B KoIMIeCTBEHHOM COOTHOILLIEHUH MaTepUall pac-
IIpeaesseTcs Mo OTASIbHBIM MaMATHUKAM JTOBOJIHO HEpaBHOMEPHO (Tabi. 1).

Ta6auua 1. CocTaB KOCTHEIX OCTAaTKOB YKHBOTHBIX

IamMsaTHHK
Yacru ckenera IupakaBan A3zaraH Jixpanu T'iompn Maucsau Alikaazop

Lensie uepena - 1 - - - -
@DparMeHTsI yeperna 26 4 17 1 17 16
Hwxnaue gemoctn 32 11 50 4 14 25
Bepxuue uentoctu 2 4 10 - 1 22
Crep)KHU POroB 2 1 4 - -

ATIaHThI - 5 1 1 - 3
Onucrpoden 1 3 8 1 - 9
[InegeBsie KocTH 3 18 27 3 3 30
Kocru npenmieybs 8 15 33 7 - 14
BenpeHHbie KOCTH 3 6 14 6 - 29
BeprioBble KocTH 4 16 24 5 3 24
TapaHHBIE KOCTH 2 19 34 3 1 4
Meranoxun 20 43 53 12 1 37
Jlonatku 8 12 16 6 - 8
Koctu raza 7 7 19 7 2 18
dananru nansles 67 78 59 10 5 8
IIsTouHbIe KOCTH 1 10 7 2 - 6
Bcero kocreii 186 253 359 68 47 253

Onpenenennbie 10 Buaa 6omee 1100 KOCTHBIX OCTATKOB MPUHAICKAT S5 BUAAM
JMKHUX U 7 BUJAM JIOMAIIHUX KUBOTHBIX, MUHUMAJIbHOE KOJHMYECTBO 0COOCH KOTOPHIX
npesbrmaeT 130 equaut (Tadam. 2).

Hamamnux Ilupakasan. Octeonornueckuii Matepuan Obll OOHAapyKeH B
niectu norpedenusx, narupyemsix XI-VI BB. 1o H. 3. B o01eit cnoxuoct 6onee 68 %
KOCTEH COCTaBIISIOT OCTATKH OBEI[ U K03, OKoao 30 % momaau u Menee 2 %
(hayHUCTHYECKHUX OCTATKOB MPUHAIICKAT KPYITHOMY POraTOMy CKOTY.

Toepebenuss N4, 7, 8; 9, 11 (VIII -VI 6. 0o H. 3.). Bech bayHuctuyeckuii
MaTeprall HaXOIWICA B KePaMHYCCKHX COCYJaX Pa3HOTO THIA M TMPEICTABIST COOOM
OCTATKH JKUBOTHBIX, HCIOJNB3YEMBIX B PUTYaIbHBIX OOpsAax WM B TIOMHHAIBHBIX
Tpu3Hax. BecbMa 3HAYHUTENBHBIA MPOIEHT KOCTEH COCTABISUIM MOJOABIC 0coOu. Beuto
onpexnencHo 110 KocTel, MPOUCXOMSINX MIHAUMAIIBHO OT 7 0cOOel MEIKOTo poraTtoro
CKOTa. AHANIM3 OCTCOMETPHUYECKOW O0OpabOTKM IENBIX METalogui TOATBEPANIT
MIPUHAUIEKHOCTD OCIEAHUX poay Ovis [2].
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Ta6auna 2. BugoBoii cocTaB KOCTHEIX OCTaTKOB

IlInpakaBan A3zaran Jxpanu T'ompu Maucsu Alikanzop
JKuBoTtHbIE XI-VIBs. VII-VI VIl -VIes. || nomosuna VI -VI VII -V BB.
J10 H.. BB. JIO H.9. JI0 H.9. | ThiC. 10 H.3. | BB. JIO H.D. JIO H. 9.
HamsTHAK KOCTH | 0cOOH | KOCTH | 0COOH | KOCTH | 0COOH | KOCTH | 0COOH | KOCTH | 0cOOH | KOCTH | 0cO0H
bbIku /KopoBel | 3 1 53 7 210 | 19 29 5 36 5 7 1
Osupl/ Koser | 128 11 50 7 113 18 14 4 11 3 2 1
] CBHHBH - - 7 2 3 3 - - 1 1
E Jlomaan 55 1 127 9 16 4 18 2 - - 1 1
% Ocbl - - 2 1 - - - - - - -
= Bcero 186 13 239 26 342 44 61 11 47 8 11 4
JOMAIIHHX
Canis - - - - 16 4 - - - - 241 15
JIucuist - - 6 1 5 2 7 1 - - - -
® Bapcyku - - - - - - - - - - 1 1
g KyHuust - - 4 1 - - - - - - -
= Ouenu - - 4 3 11 3 - - - - - -
Kocymu - - - - 1 1 - - - - - -
Bceero nukux - - 14 5 17 6 7 1 - - 1 1
B o01mem 186 13 253 31 375 54 68 12 47 8 253 20

Hozcpedenue N 1 (XI-VIII 6. 0o n. 5.). OGHapyKEeHBI KOCTH MEJIKOTO, KPYITHOTO
pOraToro CKOTa H JIOIIA/1, OCTaTKH KoTopoit (72,3 %) npuHaaiexaT oxHoit ocobu. Om-
penenieHbl BCe YacTH IMOCTKPAaHHAIBHOTO CKeleTa, a Takke (parMeHTHl yeperna |
HIKHHX democTeld. OcTaTky KPYIMHOTO poraTtoro CKoTa, TakKe MpUHaUIeKallue OgHON
oco0u, MpeacTaBIeHbl B BUIE ABYX (DParMEHTOB JIy4eBBIX KOCTEH M ONHOM (haslaHTH.
Hecmotpst Ha MmanmouncieHHOCTh KocTeil (18 (hparMeHTOB) MEJNKOro poraToro CKorTa,
ObLTa yCTaHOBJICHA IPUHAICKHOCTD MOCTIETHUX 4 0cO0sM.

Crnenyer OTMETHTH,UTO HH B OJHOM M3 BBIMICHIEPEUNCICHHBIX MOrpeOeHNit He
00HapyKEHO OCTATKOB JUKOU (hayHBI.

Hamamnuk Azaman ( V1l -VI 66. do n. 3.) Onpeneneno Gonee 250 ¢par-
MEHTOB KOCTEH MJICKOMUTAIOIIUX M3 packomok Tpex morpedenuit (N1-3 ). Beusieno 3
BHJIa TUKUX (JIUCHUIIA, KYHUIIA, OJaropoaHbINA 0JIeHb) U 6 BUIOB JOMAIIHUX XUBOTHBIX —
KPYIHBIA (OBIKM/KOPOBBI ) ¥ MEJIKHH (OBIBI, KO3bI) POraThlii CKOT, CBUHbSI, JIOMIAAb U
ocesl. B MpolLeHTHOM COOTHOIIEHHH KOCTH JIOMAIIHHUX KHUBOTHBIX oOpasytor 94,5 % day-
HUCTHYECKHX OCTATKOB, B KOTOPBIX Oostee 50 % COCTaBISIOT OCTaTKH Jomaek (Tadi. 4).

B morpe6enun N 1 oOHapyXeHBI yepen M HECKOJIbKO KOCTEH MOCTKpaHWallb-
HOTO cKeera JIcHIIEI (1 0co0b), 3 KOCTH KOHEUHOCTEH U Ta30Bast KOCTh KyHHUIIEI (1 0co0b),
a Taroke 2 parMeHTa IIFOCHEBBIX KOCTEH, IPOUCXOISIIHX OT JIBYX 0COOEH OJIeHs..

B mporieHTHOM COOTHOIIIEHHH OCTaTKH KPYITHOTO (2 0COOM) M MEJIKOTO pOraTtoro
ckoTa (3 ocobn) moutu paBHEI, cocTaBiss 6onee 70% oT Bcex (payHHCTHYECKHX OCTaTKOB
n3 gaHaOrO Norpedenus. Jlomans (2 ocobn) mpeacTaBiIeHa eMUHNIHBIMA ()parMEHTaMH de-
pena, HIKHUX YeJIFOCTe M KOCTe KOHEUHOCTE!. /[Be MscTHBIe KOCTH MPUHAIEKAT OCIY.

B norpedennn N 2 u3 o6HapyxeHHbIX 171 KOCTEH AMKUM BHIAM MPUHAIEKAT
JHIIb 2 (haJlaHr NanblieB 0JaropoIHOTO OJICHS.

Cpenu  oOmIpeNeNeHHBIX OCTaTKOB JOMAIIHMX JKUBOTHBIX okono 70%
MIPUHAJUIEKAT JOIAAIM MUHUMAIBLHO OT 7 ocobeil. OnpeneneHsl OCTaTKu BCeX 4acTen
MIOCTKPAaHUAIBHOTO ~ CKelleTa, 4YacTh KOTOPBIX HMMEET OTHOCHTENBHO XOPOIIYIO
COXpaHHOCTb. [10THOCTBIO OTCYTCTBYIOT (hparMeHTHI UEPETOB M HIDKHUX YEITFOCTEH.
OcraTku Kak KpynHoro (3 ocobu), Tak ¥ MEJIKOTr0 poraToro ckora (2 ocoOu) mpeacras-
JICHBI B BUZI€ KOCTCH KOHEYHOCTEH, MPUHAJIEKAIINX B OCHOBHOM MOJIOIBIM XHBOTHBIM.
B mpomeHTHOM COOTHOIIEHHH KOCTH TOCIEIHHUX COCTaBISIOT COOTBETCTBEHHO 15,4 m
12,4 % or BCceX OCTATKOB JAOMAIIHMX >XUBOTHBIX. OCTaTKU OZHOM OCOOM CBHMHBH, €IHU-
HUYHBIC (PparMeHThl HI)KHHX YEIIFOCTEH M (hajlaHr MAaIbLEB COCTaBISIOT MeHee 3 %
KOCTHOTO MaTepHana.
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THoepebenue N 3. Onpenenensl 3 (parmeHTa BepXHEH 4emtocTH KpymHoro (1
0co0p) m 4 (¢parMeHTa MeTamoauii MedaKoro poratoro ckora (1 ocoOw), a Takxke 2
(amanTH ameIeB cBUHBH (1 0cO0B).

Hamamnuxk /Iocpanu (nozpeoansvhoe none V1l -V1 g6. 0o n. 3.). Konnaectso
OTIpeIeTICHHBIX 10 BHAAa KOcTel cocraBiuster 359 eamHun, w3 HUX 16 ¢parMeHTOB
OTIpEJENCHBI 10 POAA.

bonee wuyethipex mporieHTOB (4,7) ONpENENeHHOTO N0 BHAAa MaTepuasa
MPOUCXOIUT OT AUKHX BHUIOB, CPEIH KOTOPBIX MPEBATHPYIOT OCTATKH oJeHel (64,7 %) .
3HaYNUTEIHLHO MEHBLIYIO YaCTh COCTABIISIOT €IMHUYHBIC KOCTH JIUCHI] U KOCYJIH.
OCHOBHYIO Maccy KOCTHBIX OCTaTKOB 00pa3yroT KOCTH JOMAIIHHUX XMBOTHBIX, KPYITHOTO
U MEJIKOTO poratoro ckota (94,4 %). B konn4ecTBEeHHOM COOTHOIICHUHU KOCTEH OBIKOB U
KOpPOB HOYTH BJIBOE OOJIBIIE OCTaTKOB MEJIKOTO POraToro CKOTa, B TO BPeMs KaK KOJIH-
YeCcTBO UX 0CO0e moUTH ouHaKoBOE (Ta0l. 4).

U3 ocratkoB nmomamu (4 ocobm) ompemeneHo 15 ¢parmMeHTOB KocTeit
KOHEYHOCTeH M ofuH (parMeHT HIKHEH dyemocTH. CBUHBS MPEACTABIICHA JHIIb IBYMs
TapaHHBIMU KOCTSMH U ()parMEHTOM BEPXHEN YENIOCTH.

Hamamnux I'tompu (ya. lupakayu). OcTaTKN XKUBOTHBIX OOHApy>KEHBI B 2
morpebernsax (N 1 u N 3 ) ( 1. I'rompn, yn. llupakann), natupyemsix | momoBunoit |
TBIC. JI0 H.J.

OmnpeneneHo 68 ¢GpparMeHTOB KOCTEH, MPUHAISKAIIUX JIUCULE, KPYITHOMY H
MEJIKOMY pOraToMy CKOTy M Jomand. KomuuecTBO KOCTeH HOMAamIHUX YKUBOTHBIX
cocrasisier 89,7 % (tabn. 3). VI3 mociaeaHux Kak Mo KonudecTBy Kocreit (47,5 %), Tak u
ocobeit (41,7 %) MOMUHHPYET KPYIHBIH poraThlii cKOT. OCTadbHYIO YacTh OCTATKOB
COCTaBJISIFOT KOCTH MENKOTro poraroro ckora (23 %) um momamm (29,5 %), HO O
KOJIMYECTBY 0co0eii oBell U K03 Ooubire, coctamss 33,3 % u 25 % coOOTBETCTBEHHO.

B morpe6ennn N 1 kocreil quknx *XKMBOTHBIX He OOHapykeHo. OmpeeneHsl
OCTaTKH JBYX B3pPOCIBIX M ABYX MOJOABIX 0COOEH KPYHMHOTO pOraTroro CKOTa, COCTaB-
msrome 53 % dayHucTHueckoro Matepuana. OCTaTKH MEJIKOI'O POTaToro cKoTa mpen-
CTaBJICHBI 6 (parMeHTaMH TPYOUYATHIX KOCTEH OT NIBYX MOJOIBIX ocoOei. KommdecTBo
KocrTeit Jiomaneil B Matepuaie coctapisier 35,3 %. Onpezesnensl kak GpparMeHThl, Tak 1
XOpOIIO COXPAHMBIINECS KOCTH KOHEYHOCTEH M HU)KHUE YENIOCTH, MPOUCXOIAIIUX OT
MOJIOZION U B3POCIION 0COOH.

B morpe6enun N 2 ocrartku aukoit (ayHbI npencTaBieHbl ceMblo parMeHTaMu
Koctel scuibl. Taroke onpeaeneHs! napa Anadu3oB MIeYeBol KOCTH KPYITHOTO pOraToro
ckoTa U 8 (parMeHTOB TpyOUaThIX KOCTEH MEJIKOrO pOraroro CKoTa, MpUHaIexalie 2
0c00sIM.

Hamamuux Maucan (nocpebenusn VIl -V 6. 0o n.3.). aynucruueckue
ocratku oOHapyxeHsl B morpebenmsx N 3, 5-7. Omnpeznenenst 47 ¢parMeHTOB KocTel
kpymaoro (76,6 %) u menkoro poratoro ckota (23,4 %), IpOHCXOMAMMX MUHUMAIBHO
ot 8 ocobeii, cpet KOTOPBIX TaKkKe TPeodanaroT ObIKK U KOpoBHI (62,5 %).

B matepuane n3 norpedenns N 3 u3 onpeneneHHsix 27 koctei 18 mpunamexar
3 0co0siM KpyMmHOTo poratoro ckora. OmnpeneneHbl ()parMEHThI pa3HbIX YacTel uepera:
HIDKHUX 4YeNtocTeid, 2 (¢parMeHTa JieBoil OepiioBoit koctu , 2 dparmenTa taza. OTHOCH-
TEJILHO XOPOILIYIO0 COXPaHHOCTh MMEET HIDKHSS JIeBas YellfocTb, Ha KOTOPOH YIaloch
cenarh npomepbl. OCTaTKH MEIIKOTO POraToro CKOTa MPENCTaBISIIOT COOOH eTMHIYHbIC
(parMeHThl TpyO4aThIX KOCTEH M (hajaHr TaibleB, MPOUCXOISAIINX MHHHUMAIBHO OT 2
ocobei.

B morpe6enun N 5 u N 6 ompenenensl 7 ¢pparMeHTOB Yepena M 2 HUKHHUE
YeIIOCTH OAHOW 0coOM M 9 (parMeHTOB dUepena M HIDKHHX YENIOCTeH KPYITHOTO
poraToro ckoTa COOTBETCTBEHHO. OCTAaTKH MEIKOTO POraToro CKOTa MPECTABICHBI B
BUZE IBYX (pparMeHTOB IJIEUEBHIX KOCTEH, MPUHAMIIEKAIINX OJHON 0coOu.
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B morpe6ernu N 7 ompeneneHsl oguH (PparMeHT OepIiOBOl KOCTH KPYITHOTO
poraToro ckoTa ¥ 8 (parMeHTOB KOHEYHOCTEH OBEl MM KO3, HPOUCXOMISIINX
MUHUMAJBHO OT 3 0COOEH.

Hamamnux Aiikaozop (VI -V 66. 0o wu. 3.). llo nmanHBRIM apxeojora
A. Xauatpssa B 2014 1. BO BpeMs pacKOIIOK KpemocTn ANKaa30p y 3alagHOi CTEHBI
OblTa OoOHapy)KeHa sMa C MHOXECTBEHHBIMH KOCTSIMU JKUBOTHBIX, KOTOpPBIE IIO
MIPEATNOIOKE-HAI apXeoyiora MOTYT OBITh OCTAaTKaMH KEPTBONPHHOUICHHH WIN
TIOMHWHAJIbHBIX TPU3H. OcTatku JOMallHUX BUOB MPEACTABICHBI CITUHUYHBIMU KOCTAMU
kpymHoro (63,3 %) u Meskoro poraroro ckota (18,2 %), momaau (9,1 %) u ceunbu (9,1 %).

Obpamaer Ha ceOs BHMMaHHe OOWIMEe KocTed mpencraBuTeneil poma Canis.
OcraTkyu TOCTEIHUX COCTaBISIOT Ooiee 95% dayHHCTHYECKOTO MaTepuana, MHUHH-
MasibHO OT 15 ocoGeii. OnpeneneHbl KOCTH BCEX 4YacTe 0CeBOro W MepudepHyecKkoro
CKeleTa, Cpelyl KOTOPBIX MMEIOTCSI XOPOLIO COXpaHWBIIMECS JK3eMIULIphl. Yepema u
HIDKHUE YETIOCTH CHJIBHO DPa3pyLICHBI, YTO 3aTPYHHSAET ONpENeSiCHHe MOCICIHUX M0
Bupa. K octaTkam OUKHX )KUBOTHBIX OTHOCHTCS Ta30Basi KOCTh Oapcyka.

OG6o0uieHne U CpaBHEHHE MONTYyYESHHBIX TaHHBIX U3 Pa3HBIX MaMATHUKOB IIPUBO-
ST K CIIEeMYTOIuM trdpam (tabi. 3, 4).

Ta6auna 3. [IporeHTHOE COOTHOIIIEHHE KOCTEH M 0COOCH TUKHX U JOMANIHUX BUIOB

Tlamsmuuxu B ToMm uncie, %
Jlomamraue BuabI Jvkvie BUIIBI
KOCTH ocobu KOCTH ocobu
Hlupaxasan - X1-VIgs. 00 n. 5. 100 100 - -
Azaman - VI -VI 6. 00 1. 5. 94,5 83,9 55 16,1
Horcpanu - VI -V 68. 0o n. 9. 95,3 88 47 12
tompu I nonosuna Imvic. 00 H. 5. 89,7 92,3 10,3 7,7
Maucsn - VI -VI gs. 00 n. 5. 100 100 - -
Aiixaozop - VIl -V 68. do H. 5. 91,7 80 8,3 20

Ta6auna 4. [IpoueHTHOE COOTHOIIEHHE KOCTEH M 0co0eit
CENIbCKOXO3SIIICTBEHHBIX BUOB

B ToM uncie, %
[TamsaTHHKH Kpymnusrit Menkuit CBuHBH Jlomamn Ocibl
porarslif CKOT | poratblif CKOT
(Bbixn/kopoBsl) | (OBIBI/KO3bI)
KOCTH |0cobu |koctu [ocobu |kocte |ocobum |koctm |ocobu |KocTH |ocobu
[IIupakaBan 1,6 7,7 68,8 84,6 - - 29,6 7,7 - -
A3zaraH 22,2 26,9 20,9 26,9 2,9 7,7 53,1 34,6 0,8 3,9
Jlxpamu 61,4 | 432 33 409 | 0,9 6,8 4,7 9,1 - -
T'rompu 47,5 41,7 23 33,3 - - 29,5 25 - -
Maucsu 76,6 62,5 23,4 37,5 - - - -
Afixanzop 63,6 25 18,2 25 9,1 25 9,1 25 - -

AHanu3 npeicTaBIeHHOT0 MaTepHaliad IPUBOIUT K BBIBOJY, YTO OCHOBHYIO 4aCTh
(ayHHCTHYECKUX OCTAaTKOB W3 IorpedeHuil 00pa3yloT KOCTH JOMAIIHUX >KUBOTHBIX:
KPYIHBIA U MEJIKUI poraThlii CKOT, JIOIIa (b, CBUHBS, Ocell. Jlukas dayHa, mTOMHUMO MaTe-
puanoB u3 namsaTHUkoB IllupakaBan m MaucsH, npeacTaBleHa €AUHUYHBIMU KOCTIMHU
671aropoiHBIX OJICHEH, JIMCcHLL, Oapcyka, KyHUIBI X KOCYJIH.

B mamstankax I'tompu, [Dxpamu u MancstH ocHOBHOH ()OH KOCTEH DOMAaIIHUX
JKMBOTHBIX COCTaBJISIFOT OCTATKU KPYMHOI'O pOraToro CKoTa, B TO BpeMs Kak B A3aTaH-
CKHX TOTPeOEHHAX KakK M0 KOJMYECTBY KOCTEH, Tak M 0COOCH ITOMUHMPYIOIIEE IOJIO0-
JKeHHE 3aHNMaeT Jomank. B morpebenmsix [llnpakaBana OOIBITMHCTBO KOCTEH MPHUHA-
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JIe)KaT MEJIKOMY pOraroMy CKOTY M Jioliagu. B namsTHuke AHKan3op cpeau KocTeu, on-
pEIeNeHHBIX JI0 BU/A, JOMUHUPYIOT KOCTH KPYITHOT'O POraToro cKoTa.
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COMPARATIVE INVESTIGATION OF THE RIVER
PHYTOPLANKTON OF THE DEBED RIVER CATCHMENT
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Phytoplankton quantitative and qualitative parameters in the Kachachkut, Alaverdi
(Lalvar), Akhtala and Shnogh rivers of the Debed river catchment basin were investigated in 2017.
Comparative analysis of the river phytoplankton composition of mining and non-mining areas
showed comparatively low phytoplankton diversity in the Alaverdi, Akhtala and Shnogh rivers
being at the risk of mining impact. Phytoplankton community in the risky sites, especially in the
Alaverdi and Akhtala rivers was stressed.

Rivers — phytoplankton — mining activity — risks

2017 p. Ywwwnyb £ Yepbn qbnh opwhwdwe wywqwuh Ywswaynen, Wwytpnh (Lwigwn),
Uhupwiw W &unn gbwntph $hunnwwuyunnuh pwlwywywl b npuywywl gnigwlhubph nLunwdUw-
uhpnynil: Iwlpwprynilwptpuywl W ng hwbpwpnniuwpbpuywl  twpwépubph $huinnuywuyunn-
Uwjht Ywauh hwdtdwwnwywlu Jbpinwdniegyntlp gnyg £ gl $hunwwlynnuph - hwdtdwnwpwn
wnewwn  pwquwquwunteintt - hwlpwpyniuwptpnigjwl - wgnbgnuejwl  nhuywjunipint nlubgnn,
Ujwytbpnh, Uupwiw W &unn gbinbpnud: Shunnwjwuyunnuwiht hwdwytgnieintup nhuwiht hwindwé-
ubpnud, dwulwydnpwwbu® Yjwytbnpnh W Uhupwiw gbnbpnud gunuygned Ep 6Upqwé yhGwynid:

Qtiinkn — $hunnuywtyinnl — hwlpwpnyntiwpbnwlwl gnpénLlbnienit — nhuljGn

B 2017 romy ObuM HCCIICIOBaHBI KOJHMUYCCTBEHHBIC M KAaYeCTBCHHBIC MapaMeTphl (GUTO-
maHkToHa B pekax Kawaukyr, AnaBepau (JlanmBap), Axrtana, IlIHor, BogocGopHoro Oacceiina
p. Jeben. CpaBHUTEIBHBIN aHAIM3 COCTaBa (PUTOIUIAHKTOHA TOPHOIOOBIBAIOIINX W HETOPHOIOOBI-
BAIOLIMX TEPPUTOPHI TOKa3ajl CPaBHUTEIBHO HU3KOE pPa3HOOOpa3we (HUTOIUIAHKTOHA B PEKax
Amnasepau, Axrana u l1IHOT, mMOABEPrarOIUXCs PHCKY BO3AEHCTBHA TOPHOJOOBIBAIOIIECH MTPOMBIIII-
neHHocTH. CooOmIecTBO (PUTOTUIAHKTOHA Ha PUCKOBAHHBIX YYaCTKax, OCOOCHHO B pekax AJaBep-
I 1 AXTana, ObUTH B CTPECCOBOM COCTOSTHHHU.

Pexu — ghumonnankmon — 20pH0006bISAIOWAS OESIMENbHOCTD — DUCKU
The Debed river catchment area is situated in Lori Marz (administrative district)

located in the north of the Republic of Armenia. This area is considered one of industrial
centers in Armenia where mining and metallurgical industries are highly developed.
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Giving priority to the development of economic sphere, the possible environmental
effects of metallurgical industrial activities have been ignored or little attention has been
paid. The insufficient management of discharges induced by mining activities in the
Debed river catchment area has become a serious threat to aquatic ecosystems and
biocommunities. Water in contact with mine deposits often contains large amounts of
pollutants such as heavy metals. This can have a devastating impact on surrounding
aquatic environments [11]. There are many studies on the hydrobiological effects of
mining activities. Investigations carried out by different authors showed that
metallurgical industrial activities affecting different types of water bodies caused the loss
of the diversity of benthic and planktonic communities [10, 11, 14, 15, 18, 19].
Planktonic algae are microscopic plants living in the aquatic environments. They are
vital primary producers for both marine and freshwater ecosystems. Algae are frequently
found in polluted and unpolluted water and reflect the average ecological condition of
the water environments. Their growth is influenced by many different processes ranging
from physical, chemical to biological and ecological processes and more [13]. The
impact of mining industrial activities on algal growth can be expressed by the violation
of the processes of photosynthesis, respiratory metabolism, secondary metabolite
synthesis [5]. The aim of the present study was to conduct the comparative analysis of
the river phytoplankton composition of the Debed river catchment basin’s mining and
non-mining areas.

Materials and methods. Phytoplankton community in the Kachachkut, Alaverdi (Lalvar),
Akhtala and Shnogh rivers of the Debed river catchment basin was investigated. Phytoplankton
samples were taken from the risky (Alaverdi, Akhtala and Shnogh) and non-risky (Kachachkut)
river sites of the Debed river catchment area in April, July and September of 2017 (tab. 1).

Table 1. Coordinates of rivers investigated site

River site location N/Lat E/Long
Kachachkut river mouth 41°04'55.2" 44°37'07.2"
Alaverdi river mouth 41°05'56.8" 44°39'28.8"
Akhtala river site located near the river mouth 41°08'57.3" 44°46'56.0"
Shnogh river site located near the mouth 41°09'04.1" 44°49'49 3"

A 1-liter water sample taken from each site was preserved with 40% formaldehyde
solution (0.4% final concentration) and stored in a dark place. Further study was carried out under
laboratory conditions. The fixed phytoplankton samples were settled in a dark space for 10-12
days, and then the volume of the experimental samples was decreased from 1000 ml to 100 ml by
a siphon (50 pm). Repeating the same process for the second time, the volume of the experimental
samples was reduced to 10 ml [3]. The qualitative and quantitative analyses of phytoplankton were
executed under a microscope (XSZ-107BN-C) using Nageotte chamber. Taxonomic groups of
phytoplankton were identified by using the keys/determinants of freshwater systems [6, 7, 9, 20,
21]. The diversity status of phytoplankton community in the river ecosystems was assessed by
Shannon-Wiener diversity index [16]. The comparative analysis of the phytoplankton species
composition of the investigated rivers was performed by Sorensen similarity index [17].

Results and Discussion. During the investigation period, 31 species from the
groups Bacillariophyta (diatom algae), Cyanophyta (blue-green algae), Chlorophyta (green
algae) and Euglenophyta (euglenoids) were registered in the Kachachkut river (tab. 2).
Diatoms were a quantitatively and qualitatively dominant group, which is typical for
mountainous rivers (tab. 2, fig. 1). This is explained by the fact that diatoms, compared to
green and blue-green algae, are well adapted for river biotopes (due to certain adaptive
mechanisms) and can survive in unstable hydrological conditions of rivers [1].
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Table 1. Number of phytoplankton species registered in the investigated
rivers during the investigation period

Phytoplankton groups

Rivers Bacillariophyta Cyanophyta Chlorophyta Euglenophyta Total
Kachachkut 24 4 1 2 31

Alaverdi 8 4 NR NR 12

Akhtala 8 4 NR 1 13

Shnogh 14 3 1 NR 18
NR — not registered
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Fig.1. Quantitative parameters of phytoplankton in the Kachachkut river
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The Alaverdi river was characterized by comparatively low phytoplankton diversity
(12 species) (tab.1). The results of the study of phytoplankton community in the Alaverdi
river showed that the picture of phytoplankton development was significantly different from
the regularities of phytoplankton development in other Armenian rivers [1, 2, 4, 8]. Only
diatom and blue-green algae were recorded, and blue-green algae had a big quantitative
advantage during whole period of the investigation (fig. 2). Such dominancy of blue-green
algae in the river phytoplankton community was also registered in the southern mining areas
of Armenia, especially in highly polluted sites which indicated about high tolerance of this
algal group to heavy metal pollution [12]. All of this allows to conclude about heavy metal
pollution and phytoplankton community stress in the Alaverdi river.
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Fig.2. Quantitative parameters of phytoplankton in the Alaverdi river

During the investigation period, 13 species from the groups Bacillariophyta,
Cyanophyta and Euglenophyta were recorded in the Akhtala river (tab. 1). Diatoms were a
qualitatively dominant group, however blue-green algae had a big quantitative advantage
(tab. 1, fig. 3). Despite high quantitative values, the phytoplankton community in the
Akhtala river was stressed, and the quantitative composition was mainly conditioned by
blue-green algae (fig. 3).
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The phytoplankton was extremely stressed especially in September when partly
decomposed colonies and detritus were registered, and the recorded species were small
sized and morphologically modified. Unfavorable conditions for phytoplankton growth
may have been conditioned by high level of heavy metal pollution induced by mining
activities in the river catchment area.
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Fig.3. Quantitative parameters of phytoplankton in the Akhtala river
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18 diatom, green and blue-green algae species were recorded in the Shnogh river
during the investigation period (tab. 1). Diatoms were a quantitatively and qualitatively
dominant group (tab.1, fig. 4).
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Fig.4. Quantitative parameters of phytoplankton in the Shnogh river
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The river phytoplankton diversity status, expressed as Shannon-Wiener diversity
index, is presented in fig. 5. The investigated river ecosystems can be ranked according
to phytoplankton diversity decreasing order as follows: Kachachkut-Shnogh-Akhtala-
Alaverdi. The richest phytoplankton diversity was registered in the Kachachkut river,
and the lowest diversity — in the Alaverdi river, where, according to the results of our
previous investigations, the ecosystem was highly polluted with heavy metals resulted
from mining activities [11]. Compared to the algal diversity in the Kachachkut river not
being at the risk of mining impact, the slight loss of phytoplankton diversity in the
Shnogh river, and the significant diversity loss in the Alaverdi and Akhtala rivers are
explained by the impact of mining activities in the river catchment basins (fig. 5).

The Sorensen similarity index values for phytoplankton in the investigated rivers
showed that firstly Akhtala and Alaverdi, and secondary Alaverdi and Shnogh were the
most similar rivers according to the phytoplankton species composition (tab. 3). All of
this indicated about the similarity of living conditions in the rivers being at the risk of
mining impact.

Thus, the comparative investigation of the river phytoplankton composition of the
Debed river catchment basin’s mining and non-mining areas showed that the Alaverdi,
Akhtala and Shnogh rivers located in the risky territories were characterized by
comparatively low phytoplankton diversity which was probably conditioned by the
impact of mining activities in the river catchment areas.
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Fig.5. Mean values of Shannon-Wiener diversity index for phytoplankton in the investigated rivers

Table 3. Sorensen similarity index values for phytoplankton in the investigated rivers

Kachachkut Alaverdi Akhtala Shnogh
Kachachkut -
Alaverdi 0.32 -
Akhtala 0.36 0.64 -
Shnogh 0.49 0.53 0.51 -

The results of the study indicated phytoplankton community stress in the Akhtala

and Alaverdi rivers being at high risk of the impact of Alaverdi copper smelter
(including tailing damp) and Akhtala mountain enrichment combine (including tailing
damp) activities [11]. In general, it can be noted that the metabolic progress of
phytoplankton cenosis being at the risk of the mining impact occurred on the account of
the ecological regression of the community.
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BACTERIAL COMMUNITY STRUCTURE OF ARMENIAN MINING
TERRITORIES REVEALED BY PCR-DGGE FINGERPRINTING
A.A. MARGARYAN
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arminemargaryan@ysu.am

The bacterial community structure in the stone rock samples collected from Zangezur
copper and molybdenum mine, Sotck gold mine, Shamlugh copper mine, as well as in the sludge
sample collected from Alaverdi copper mine were investigated by PCR-DGGE fingerprinting. The
presence of the phylum Actinobacteria, Bacteroidetes and Proteobacteria in the studied samples
has been detected. The results give a snapshot of the microbial community structure and diversity
in the Armenian mining areas.

Bacterial community — copper and gold mine — PCR-DGGE

AGUwwnnLpwgunn gpwnhtUnwhu d6p ElEYnpwdnntgh (HYadkE) Ubennh Yhpwndwdp niuncd-
Uwuhpdb] E pwynbphwubph hwdwybgniejwl Ywaqup 2wugbgniph wynudwdnihpntUwihl, Unpph
nuynt W Swdintnh wnuah dwupwhitwihu hwupwwwph hnnwjht, hugwtu bwl Uwybpnne wnuéh
hwlpwdwjph pwthnuwihtu Udnpubpnud: Pwgwhwyndt) £, np nwuncduwuppdwé  hwupwywintnp
hwpnuin BU Actinobacteria, Bacteroidetes W Proteobacteria $hintdutph Upyujwgnighsubpny:
SYjwiubpp wbnGywwnyniejntt U twihu Iwjwunnwlh hwupwywinpGpnud pwyntphwy hwdwybgne-
rJnLLUGPh Yuaquh W pwquwquwuntejwl dwuhl:

FPulnbphulmi hunlwlkgnipini i — wyniadp b nulni hwbpuwwuphkp — 1C1-295E

Vcnonp30BaHreM MeTO/a ASHATYPUPYIOIIETO I'PaJMeHTHOTO0 refb dekTpodopesa (AI'TI)
[IOKa3aHa CTPYKTypa OaKkTepHaJbHOro cooOIecTBa B 00pa3lax MOYB C I'PaBUEM PYAHBIX HOPOJX
3aHre3ypcKoro MeaHO-MOIHOIeHOBOro koMmOruHara, COTCKOM MECTOpOXKIeHUH 30110Ta, [1lamiyre-
KOM MEIHOM PyJHHKE U ITaMa AJIaBep/ICKOT0 MEIHOro pyIHHKa. B ncenenyembix odpasuax 06-
Hapy>kKeHO MPUCYTCTBHE OakTepralbHBIX (un Actinobacteria, Bacteroidetes u Proteobacteria. Pe-
3yJbTaThl JAIOT HHPOPMAIHIO O CTPYKTYPE U Pa3HO0Opa3uu OaKTepUaNbHBIX COOOLIECTB B MECTO-
POXKICHUSX LIBETHBIX METAJIIOB APMEHHUH.

baxmepuanvroe coobuecmso — pyonvle nopoost meou u 3onoma — HIP-JJI'TO

The development of industrial processes such as smelting, mining, metal forging
and etc. results in release of heavy metals to the environment and disruption of
ecological balance in most ecosystems [8]. Metal-rich natural habitats have become an
extreme environment for the development and evolution of unique microbial
communities [6]. The diverse bacterial groups have developed abilities to deal with the
toxic levels of the metals by detoxification, metal absorption, uptake and accumulation,
extracellular precipitation, efflux of heavy metals from the cells [11, 12].

Study of microbial diversity in different environments based on cultivable approach can
provide quantitative yields and specific information on diversity of microbial communities [2, 23].
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However, different studies in environment demonstrated that less than 1% of the
total microbial community members are cultivable and applying culture-dependent
methods will only reveal information about the very small fraction of microorganism
able to grow under the given condition [5, 21]. Different fingerprint methods using 16S
rRNA gene have been developed to study total microbial diversity [6, 14]. The use of
molecular methods gives an opportunity to collect information on the composition of
microbial communities [6, 14, 15].

Armenia has significant reserves of copper, molybdenum and gold, as well as
lead, silver and zinc [9, 18]. Development of mining and smelting industry leads to
increasing emissions of large amounts of waste into the environment which is the
primary pollutants of heavy metals in Armenia.

The objective of this study was to determine the bacterial community structure in
the stone rock samples collected from Zangezur copper and molybdenum mine
(Kajaran), Sotk gold mine, Shamlugh copper mine, as well as in the sludge sample
collected from Alaverdi copper smelter based on PCR-DGGE fingerprinting.

Materials and methods. Sampling sites. The stone rock and sludge samples were taken
from Zangezur copper and molybdenum mine, Sotck gold mine, Alaverdi copper smelter and
Shamlugh copper mine (fig. 1). The pH was measured using a portable potentiometer (HANNA,
HI198129 pH/Conductivity/TDS Tester). Coordinates of studied sites was determined by GPS
(Garmin GPSMAP 64s). Zangezur copper and molybdenum mine is located in Armenia’s southern
Syunik region and the coordinate is E46°08'54.28" N39°09'13.15" (elevation is 1865 m).
The Sotck gold mine is one of the largest deposits in Armenia and located 20 km east of the city
Vardenis (E45°58'00.76" N40°13'52.20", elevation is 2477 m). Alaverdi copper smelter and
Shamlugh copper mine are located at Armenia’s northern Lori province (E44°39'41.96"
N41°5'58.79" and E44°44.470' N41°09.121' correspondingly, elevation 778 m).

Collected samples were stored in the cooling bag and transported to the laboratory for
nucleotide acid extraction.
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Fig. 1. Location of study sites. Maps of Armenia showing the locations of studied mining territories with red
marks. Close up photograph of A. Sludge of Alaverdi copper smelter, B. Shamlugh copper mine, C. Sotck gold
mine and D. Zangezur copper and molybdenum mine. The source of the map: http://map-caucasus.com/

DNA extraction and PCR-DGGE

DNA was extracted from 0.5g soil/sediments using Fast DNA SPIN Kit for Soil (MP
Biomedicals, USA) according to the manual. The bacterial community structure in the soil and
sludge samples were studied using PCR Denaturing Gradient Gel Electrophoresis (DGGE) as
described by [10]. The extracted DNA was used as template for amplification of the V3 region of
16S rRNA gene sequence by using L340F and K517R primer sets [1, 4].

The DGGE analysis of PCR products were performed using TV-400-DGGE System
(Topac Inc., USA) with 8% (w/v) polyacrylamide gel (37.5:1 acrylamide/bisacrylamide) in 0.5x
TAE (20 mM Tris-HCI, 10 mM Acetat, 0.5 mM EDTA) buffer and denaturants (100 % denaturant
contain 7 M urea an 40 % deionized formamide). A denaturant gradient was 30-70 %.
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Sequencing and Phylogeny

Sequencing for DGGE bend amplicons were performed on ABI PRISM capillary
sequencer according to the protocol of the ABI Prism BigDye Terminator kit (Perkin Elmer). Raw
data of DNA sequences were analyzed with program Chromas and BioEdit. Closest matches for
the partial 16S rDNA sequences were identified by basic local alignmentsearch tool (BLAST) with
nucleotide database in NCBI (http://blast.nchi.nIm.nih.gov/Blast.cgi). Alignment for phylogenetic
analysis was made by using ClustalW [20]. Phylogenetic tree was constructed using the neighbor
joining method with MEGA 6.10 [19]. Bootstraping analysis for 1000 replicates was performed to
estimate the confidence of tree topologies [3].

Results and Discussion. PCR-DGGE based analysis of the extracted
environmental DNA was done to provide a snapshot of the microbial communities’
structure in the studied samples. DGGE patters showed the occurrence of complex
bacterial communities in the analyzed samples. Difference of microbial communities
was obtained from different samples of Armenian mines (fig. 2).

1 2 3 4
H . 30%
1-1 &n ! i
!
10 uﬂg
:4-2
a3
a2
45
a5
&7
45
a3l L 3
T0%
3-7

Fig. 2. Bacterial community profile determined with PCR-DGGE of partial 16S rRNA genes
fragments from environmental DNA (1- Sotck gold mine, 2- Zangezur copper and molybdenum mine,
3- Alaverdi copper mine, 4- Shamlugh copper mine.

Aiming to identify the dominant taxa associated with the PCR-DGGE profiles
several DGGE bands were excised from the gel. The successful sequencing of partial
16S rRNA gene could be obtained only for 24 bands of the DGGE gel. Most of the
bacteria detected by DGGE fingerprinting was mainly closely related to uncultivated
organisms (tab. 1) and shared less than 95 % identity with their closest match in
GenBank indicating a unique community of studied samples.

The stone rock samples of Sotck Gold mine rich with the members of the phylum
Proteobacteria (50%) and Actinobacteria (50%). The bacterial groups belonged to
phylum Bacteroidetes (10%) and Actinobacteria (90%) were found in the samples of
Zangezur copper and molybdenum mine.

The sequences derived from the extracted DNA of the bands from line 3-1 to line
3-7 (the sludge sample of Alaverdi copper mine) belonging to the phylum
Actinobacteria, which includes bacterial genus of Micromonospora, Geodermatophilus,
Cryptosporangium, Rhodococcus, Saccharomonospora and Blastococcus usually
founding in the soil (tab. 1). The members of the phylum Actinobacteria are widely
distributed in the soil and have found in the different mining areas. They were
characterized with heavy metals resistance and bioaccumulation potential.
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Table 1. Closest phylogenetic affiliation of the bacterial 16S rRNA gene based
on BLAST comparison to the GenBank database

(=]
c
S 8| Band S?S#etr;]ce Closest phylogenetic match Closest culture phylogenetic match Identity
E W ID Y |Accession| |Accession| %
3 (bp)
) Uncultured alpha proteobacterium
1-1 174 DGGE 16-2 |LN681342] Pseudomonas sp. TF7(2013) [KC906191| | 99/95
Uncultured alpha proteobacterium
fé 1-2 178 DGGE 16-2 |LN681342] Pseudomonas sp. TF7(2013) [KC906191| | 97/96
3 Uncultured bacterium DGGE 16-8 | Nocardioides sp. strain HBUM200119
2 -
13 163 |[LN681348| |KY945743| 98/99
Uncultured bacterium DGGE 16-8 | Nocardioides sp. HCA3-17_Pa |
1-4 164 |LN681348| KX419031] 99/100
Uncultured bacterium DGGE gel - . .
2-1 159 1.2 |LN649247] Propionibacterium sp. Taian [GU332269| | 96/95
= Uncultured bacterium clone Arz- .
35 -
5‘.’7 2-2 180 B-45 | JQ929036)| Owenweeksia sp. TH136 | KT826316| 99/95
= 2.3 160 Uncultured Streptomyces sp. Nocardia sp. strain AC376_FSS578 95/99
N DGGE gel 10 |[LN649246| | KX928418|
) Uncultured Streptomyces sp. _— . .
2-4 171 DGGE gel 10 |LN649246| Propionibacterium sp. Taian | GU332269| | 95/92
Micromonospora sp. WMMA2015
3-1 131 IKY015165| Same as CPM 98
: Cryptosporangium japonicum
3-2 139 IAB006168)| Same as CPM 92
Rhodococcus sp.
= 3-3 156 ADC4|DQ272471] Same as CPM 98
3 ) Geodermatophilus sp. RKEM 688
3 34 159 IKU198754] Same as CPM 98
< Saccharomonospora xinjiangensis
3-5 140 ST187 [KM588177] Same as CPM 96
Uncultured bacterium clone
3-6 137 OTU233 [KY466264] Blastococcus sp. URHDO003 |[LN876424| | 98/98
R Geodermatophilus sp. RKEM 688
3-7 179 IKU198754] Same as CPM 99
) Uncultured beta proteobacterium Georgfuchsia toluolica strain G5G6
41| 160 | ione beta3 [KP714254) INR_115995| 89/89
Uncultured bacterium clone . -
4-2 164 F5K2Q4C04IVUVQ [GU912975| Klebsiella oxytoca strain J7 [KT767956| 85/85
Uncultured bacterium clone Enterobacteriaceae bacterium KRT2
43 | 183 | 047160164499 IAB703086| 8o/87
Uncultured bacterium clone . . .
44 169 | CarbonSeq02a_030410_A10 ﬁéggg‘l"‘ld;gl'aceae bacterium FMACT] 87/84
§, |KC605441]
€ 45 161 Uncultured bacterium clone Georgfuchsia toluolica strain G5G6 89/89
8 QKAB3ZF121 |KJ707428| INR_115995|
» 4.6 165 Uncultured beta proteobacterium Limnobacter thiooxidans Nb15RA-1 93/93
clone J45-69 16S |KC603355| |[KP296193]
Uncultured bacterium isolate . . .
4-7 157 DGGE gel band S27 [KU497528) Thiobacillus thioparus [HQ693548| 95/93
] Uncultured Thiobacillus sp. clone | Rhodocyclaceae bacterium KABU2
48 | 159 | o107 [KF517403] |LC094733] 90/88
Uncultured bacterium clone
4-9 166 dldaqud [KC820023| Rhodococcus sp. ADC4 |DQ272471| 92/91

CPM- Closest phylogenetic match
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The bacterial community in the stone rock samples of Shamlogh copper mine
contains bacteria from the phylum Proteobacteria (90%) and Actinobacteria (10%). The
phylum Proteobacteria is represented with anaerobic bacterium of the genus
Georgfuchsia, aerobic thiosulfate-oxidizing bacteria belonging to the genus Limnobacter
and Thiobacillus and soil bacterium of the genus Klebsiella (tabl. 1). The phylum
Actinobacteria represents only with bacterium from the genus Rhodococcus.

Phylogenetic analyses of the 16S rDNA sequences derived from DGGE profiles
and their closes matches in the GenBank has showed that the bacterial community
representatives of Sotck gold mine involved in the cluster with Propionibacterium sp.
and uncultured bacterium. The DGGE gel bands derived from Zangezure copper and
molybdenum stone rock samples involved in the clusters with Nocardia fluminea and
some uncultured bacterial groups (fig. 3). The bacterial phylum of Actinobacteria is
more frequently found in the soil samples, as well as in the contaminated environments.
It is therefore possible that these bacteria were widely present in the soil of the different
mining regions and resisted to the impact of the heavy metals [13].

| varjonio)

1566511 UN

Fig. 3. Circular phylogram showing the phylogenetic affiliation of 16S rDNA sequences derived from DGGE
profiles (e-Sotck gold mine, o- Zangezur copper and molybdenum mine, - Alaverdi copper mine,
0- Shamlugh copper mine). The bootstrap values per 100 bootstrap analyses are presented on the tree.
Scale bar represents 0.1 substitutions per site.

The bacterial sequences derived from the sludge of Alaverdi copper smelter and
stone rock of Shamlughe copper mine is mostly involved in separate clusters which are
indicated on the uniqueness of the studied samples.

Aerobic thiosulfate-oxidizing bacteria belonging to the genus Limnobacter and
Thiobacillus have been found in moderated acidic sample of the Shamlugh copper mine
stone rock. Only two species of the genus Limnobacter (L. thiooxidans and L. litoralis)
are known and firstly were isolated from sediment of the littoral zone of a freshwater
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lake (Lake Chiemsee, Bavaria, Germany) [17], while L. litoralis was isolated from a 22-
year-old volcanic deposit at a site lacking vegetation on the island of Miyake, Japan [7].

The presence of anaerobic bacterium Georgfuchsia toluolica belonged to the
phylum Betaproteobacteria in the stone rock sample of Shamlugh copper mine is also
interesting. A bacterium (strain G5G6) that grow with toluene and utilizes Fe(lll),
Mn(1V), while using nitrate as terminal electron acceptors for growth on aromatic
compounds, does not grow on sugars, lactate or acetate, was isolated from a polluted
aquifer (Banisveld, the Netherlands) [22]. The strain G5G6 (DSMZ 19032(T)=JCM
14632(T)) is a novel taxon of the Betaproteobacteria.

The low similarity (89-93%) of the DNA sequences extracted from DGGE gel
bands with L. thiooxidans Nb15RA-1 and G. toluolica G5G6 strains (see table 2) could
be promising for isolation of a new species or sub-species of newly described genera of
the Betaproteobacteria from Shamlugh copper mine.

Although diversity of dominant bacterial groups was detected, the active
microbial population in the studied metal-rich niche is not identified. Generally, the
modern techniques of microbial community analysis, including all their limitations, seem
to be suitable for determination of changes in the community structure exposed to the
impact of pollutants.
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qu4unuatcs 4 auLuatEs aGstrr vuurnuunavusuruverh
3uvuuGsnNiE3UL UG2nLUshL 2UurqusuvuL
unuvavulusunrE3nruLere 4 2rkh NruYe

S.4. PNG3UL

33 QUU YbLnwlwpwunipjwl b hhnpnEyninghuyh ghunwlwl YEUwpNL,
3hnpntyninghwyh L d4Uwpwlnceywl hLunpunncn
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2015 p. Ywwwpdb b QUuwgbnh L Qwjwnwagbnh hwwnwywht Jwypnwunnuwwnpubph
nuncdUwuhpnipnilubp: fhninhy hunGeultph gnigwuhputph hhdwu ypw npnpyty £ gbntnh 9ph npwyp:
QUuwagbwnnid hGnwgnunipjwu pupwgenid 9ph npwyp twwnwuyb) £ «wihwynp Jwwn»-hg «qbpwquiug»
nwutnh uwhdwlutpned, huy Swywnwgbnnd® «un»-hg «ng pupap»-h uwhdwuubpnd:

UliwUh wywquh qbintn — dwypnwunnUuwpwnplbn — phninhly hunEeultn — sph npwly

B 2015 r. mpoBeeHEI Hccief0BaHAs MaKpOOECIO3BOHOUHBIX pek J[3kHareT u ["aBaparer. Om-
pelesieHO KayecTBO BOABI MO OMOTHYECKUM HHAEKcaM. B Xone uccieqoBaHMN BBIIBICHO, YTO B
p. [A3kHarer kauecTBO BOJBI KOje0aloch B Ipeenax oT “HEeBBICOKOTo” mo “Bbicokoro”, B p. ['aBapa-
reT — OT “TIOXOro” 0 “HeBBICOKOTo”.

Pexu baccetina ozepa Ceéan — Makpobecno360HouHble — OuomuiecKue UHOeKChbl — Kauecmseo 600bl

Study of macroinvertebrates of Dzknaget and Gavaraget rivers was carried out in 2015. The
water quality was determined based on biotic indices. During the study the water quality in the
Dzknaget River was in the range of from “moderate” to “excellent” level, in the Gavaraget River the
water quality was in the range of from “bad” to “poor” level.

Sevan basin rivers — macroinvertebrates — biotic indices — water quality

SunbGuwywu gnpéniubnLejwl wénn gjninwnbntbuwywl b Yeugwnwiht Jwupunwp-
utpp hptlug pwgwuwywl wagnbgnipntu GU pnnund 9pwjht Eynhwdwywngbph Ypw:
Swwunywuwbu fungbih Gu thnpp gbwntGpp, npnugny hwpniuwn £ 3wjwuwnwup:

Quywnwgbun W QUuugbun gbintpp Wwnywunwd U Uwlw [6h ophwywe wjwqu-
Upu W Ywplnp Lpwlwyniejntu nltuBu (8h hhnpninghwywu ntdhdh, hugwtu bwle 9ph npwiyh
alwynpdwu gnpénid:

Quywnuwagbunp gphwywpe wjwqwuh dwytptuh utdnLejwdp (480 uuz) GpUnnpn, huy
onwjhu nGunLpuuGph pwlwyny (120 ULU.LI3) Gppnpn gbinb £ Ullwuh wywquwunwd: QGwnp
uyhgp £ wnunwt Qbnwdw [GRuwywhwUh hwpwywihu jwugtphg' 3130 U pwpapnipinlupg:
Quwywnwagtunh Gpywpnipintup Enwpentuhe Junwyh hGn Jhwuhu onepg 50 yd E: Ulnwdp
unnpBpynjw £ (83 %): ntnpu ogunwgnpéynid U nnnguwl W EutpgGunhy bwwwnwyubpny [1]:

QUUwagbwnp uyhgp £ wnunwd UpGgniuh (ErUw2newih hjntupu wnpllGiehg, wju Gwyw-
nwagbtwnhg htunn ®npn Ulwu pwihynn l:nlinnnr} onwnwwn gtwnu £ Lpw Gplwpnepynitup 22 yd
E, ophwywp wjwqwuh Jwytptup 90,5 yd~:
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QbGwh ulnwp hhybwywunwd hwingewjhu W wudplwjhu E: Qupuwup QUUwgbnl
ndtn Jwpwnpnd £, nph pUupwgenud wugunwd £ wnwpGlwl hnuph 2nipg 80 %-p: QLunu
wdnwUp W dunwlp fuhuwn swudwnnud £: ntpl oginwgnpdynid Bu nengUwl bwywiinwyny [17:

Unip W dbpenn: 2015p. qupuwl, wdnwl b wplwl wdhulbphtu juwwnwnpdt Bu Quuwagtunh L
Quywnwagbunh hwwnwywihu Jwypnwunnuwpwnutph npwywywu b pwlwywywl niuntdUwuhpnepniu-
utn: QGwntbph enh npwyp W npwyh nwup npnRGint hwdwp Yhpwnyt) Gu hGnlyw) gnighsubpp® BMWP
(Biological Monitoring Working Party Index), ASPT (Average Score Per Taxon Index) L IBE (Indice Biotico
Esteso) [7, 9]:

NuncdUwuhpneejwl pupwgend gbwnbph Jtphu, JdhghU, uinnphU hnuwuglbph wwpptp phn-
wnnwtphg hwywpedt) £ 9 thnpdwldnt)® puin gpwytluwpwuntejwl Ute punnituwé dbrnnutnh [2, 4, 6, 91:
Swunwywihu wunnuwwn YEunwuhubph nmBuwywiht ywnywubinieintup npn2dt) £ hwdwwwwnwuhuwl
npnzhgutinny (3, 8]:

Upmyniuplubp b pulwpynid: Qunpuwlup QUUugbnh JeEphu hnuwlpnwd pun pwpw-
Uwyh gbpwypnty Bu pqqu Undwlyutpp (Chironomidae-41 %): UhghU hnuwupnid puwhnnnid
wyblwgt), E wnpnuh pwlwynieinilp, hUusp Uwwuwnbp £ wju nhnwytGunnd  wbinntndht
uwywywhunqwu npnGph (Oligochaeta) pwuwywywl gnigwlhpuGph woéhu®  6-hg 37%:
unnphu hnuwugnwd pGUuenuwihl wunnuwwpubph yuwaqunwd nndhuwuwn Gu Gntp Jhophyutbpp
(Ephemeroptera — 75%) (Uy. 1):
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JEpht dhoht | unnphli | kpht dhohtt | uwnpht  kphl uhohlt | uwnnphl

Quipnily Udun Upnth

LY. 1. QUuwagbnh hwwnwywiht $wnlwjh tnnynuwihtu hwpwptpwygnienitup
(2015 e. qunntl, wdwn W wpntl)

Udnwup gbwunph wdpnng Gpywjupny nnuhuwuwntb) U Jhophyubpp: vdbGphu hnuwupnud
Upwp Jwqut| BU punhwunip pwewlwyh 34 %, dhghuntd® 43 %, huly unnnphuncd® 46 %-p:

Wlwup intnh £ nllbgt] pEupndwniuwih nnupuwuwn ywauh thnthnfunieint (wn. 1):
hUsp, hwywuwpwn, wwdwuwynpywsé £ GnGp wddhphnunn  hwnwlwihu  Yeunwuhutph
Ywugh thniGph thnthnfudwdp® epenwpwhu thnihg wugnud hwuntu yhdwyh: Nunh Gphu
hnuwupnud  gbpwipnt, Bu  Wwwywl  Yndwynubunn  hwlnhuwgnn  thnpnunwuhubpp
(Mollusca-51 %): Uhghu hnuwupnid gGpwyw)t) U JhophyutGpp (34 %), huy uwnnphu hnuwu-
pnLd’ pgqwu Undwyh ppenutpp (41 %) Y. 1):

hUswEu gnug 6U twhu hwwnwywihtu YEunwuhuGph jupgwpwlwywu W pwlwlwywlu
gnLgwuhpubph yGpineéniejnilutpp, niuncdUwuppniejwl pupwgenid QUuUwgbunnud ptuen-
Swnilwgh hhduwywl Ywagdp dlwynpb) Bu thpnntndhy YGunwuhutpp: YbgtGunwghnu 2nsw-
Unw W wdnwup hhduwywunwd gbpwypnt) Bu Uhophyubph W pgqwu Undwyh ppenupubpp,
huy wpuwup dLwynnyb) £ hwwnwywihu wunnuuwwnpubph Ywguh thnthnpunceynli® yuwwsé
hwuntu 4Wbph prhseh htwn (wn. 1):

Lwwnwnywsd hGinwgnunneinillbpp W hunbeulbph wpdbeutpp gnyg  Bu iyt nn,
pEW gbwh wwpptp hwwnjwédubpnd W ubgnuubphtu gpwugdb) Bu tnwpwplnye Ywpgwpw-
LUwywl fudptph UGpYwjwgnighsubn, wjuniwdBuwjuhy pun wunnUwpwp  Yeunwuhutph
npwywywl b pwlwlwywl gnigwuhpubpht QUuuwgbnh nuncduwuhpwéd hwnyjwsubpnud
nhinyL GU- gnh npwyh pwndn wnpdtigutin (wn. 2):
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Unynruwy 1. QUuwgtinh 2015 e. qupuwl, wdnwl W wpbwl wdhubbph hwwnwywihu $wncbwih
npwywywl b pwbwywywu Yuadp (pwpwlwy (wnwhé./dz))

Ywpg Cuwnwuhp Jbphu hnuwlup UhphU hnuwlup UwnnphU hnuwlp
Jwjhu [hnyhu | hnyw. | dwjhu hni. | hnyw. | Jwjpu | hnipu | hnyw.
Seriata Dugesiidae 2 26 22 - - 15 - 2 -
Veneroida Pisiididae 7 - - 13 - 35 - 2
Lymnaeidae - - - - - 4 4 -
Gastropoda Planorbidae 4 - 237 2 15 - - 2 -
Amphipoda Gammaridae 62 151 18 2 46 53 - 281 50
Lumbricidae 24 - - - 4 - 6 - -
Lumbriculidae 2 - - - - - - -
Naididae 2 - - - - - - -
Oligochaeta Tubificidae 37 - 6 158 2 - 11 -
Arhynchobdellida | Erpobdellidae - - - - 25 - - -
Rhynchobdellida | Glossiphoniidae - - - 37 - - 2
Heptageniidae 2 193 33 4 276 138 69 93 4
Ephemerellidae - 17 - 28 - - 47
Caenidae - - 4 - 18 4 15 175 2
Ephemeroptera Baetidae 156 77 11 47 318 141 634 232 86
Leuctridae - 7 2 - - 4 - - -
Nemouridae - - 4 2 6 - -
Plecoptera Perlidae - 24 2 2 - - 2 2
ditiscidae - - - 6 35 7 - 7
Coleoptera Elmidae 7 202 28 6 42 2 39 19
Heteroptera Corixidae - - - 9 - 2 - - -
Diptera Chironomidae 420 29 9 133 128 114 183 13 339
Limoniidae - - 13 4 - - - - -
Psychodidae - - 15 - - 86 - 4 4
Tabanidae 2 - - 2 - - - - -
Simuliidae - - - - 40 2 - 4 213
Tipulidae 29 23 - 2 33 101 2 42 13
Trichoptera Rhyacophilidae 6 42 6 - 2 - - - 4
Hydropsychidae 136 6 59 7 484 77 11 217 79
Limnephilidae 123 24 - 39 11 2 13 15 -
Leptoceridae - - - 39 2 - - -
Psychomyiidae - - - 4 - 2 - - -
CunwdJtup 1021 821 469 465 1485 863 957 1172 822

Unyniuwy 2. QUuwgbnh b Guywnwagbinh 9ph npwyh ubgnuwjhu thnthnfuniejntultpp

Qupntu Udwn Upniu
BMWP ASPT 1BI BMWP ASPT 1BI BMWP ASPT 1BI
E 1 Ly 2w Jwy | Ly gbpwqulg | Ly gbpwqulg |
§ 2 Ly 2w Jwy | 2w (wy gbpwqulg | Ly gbpwqulg |
¢ 3 Ly swhwynp Jwin | Ly lwy | Ly lwy |
% 1 Jwwn Jwwn \Y - - = - - T
% 2 Jwwn swihwynp Jwn Il | ng pupép Uhghu I Jwwn Jwuwn -
g 3 Jwun swihwynp ywin I Jwun swihwynp Jwuwn | I ng pwpén lwy,

Quywnwagbunud, h nmwppGpnieintt QUuuwagtinh, qupuwll wpéwuwagnytbp £ hwwnw-
YwjhU Jwypnwunnuwwnutph wytbih thnpp pwguwquwuncpinil (wn. 4), hugp wuwydwuwynn-
Jwé t qupuwlwihu Jwpwpnwdubph hbGnliwueny gbinh wju hwndwénid  hnuph wpw-
gniEjwl pwpdpwgdwdp (wn. 3) W, npwtu hGnlwe, gGinh Yynpun hnuph wyGugdwdp:

QLwnh yGphu hnuwupnd qupuwup gepwpnt) GU pgqu Undwlubnp, npnup Juguby
GU punhwlunip pwpwlwyh 60 %-p: Uhghu W uwmnphU hnuwlputbpnud nndhUwuwnbp Gu
$dhwinnbndh Ynnwinntpp (Gammaridae-52%), huy unnphuncd® 69 % (LY. 2):
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Unyniuwly 3. IGnnwgnunjwd nhinwybntpnid hnuph wpwgniejwu W gtpdwuinhdwuh gnigwuhpubpp

Qupntu Udwn Uoniu
Vv T QGwnh hwwnwyh Y, T | Qtwh hwwwyh QGwnh hwwnwyh
U | (o) Yuwnnigwépp (Un) (C) | Ywnnigywépp VUN) [T(CC) [Ywnnigwbpp
Qlwpwn,
fuGwpwn
glwpwn, fuGwpwn Uwlpwfuhg,
E 1 1.2 10 Jwupwpuht 0.45 13 winhnu 0.5 9 -
g glwpwn, fudwpwn
5|21 14 10 | dwilpwupg, npnd 0.5 17 -Il- 0.3 10 -II-
R Qlpwn,
fuwpun,
qlwpwn, fuGwpun, wywg,inhnd
3 2.2 11 wywg,nhnd 0.25 17 dwypndhwn 0.7 12 -
S wiwq, fuGwpwn,
= [ 7.5 9 winpnJ
E wwaq, dwbpwuh,
33, 2 1.2 11 wnhnu,dwypndhun 0.55 16 /I 0.1 9.5 -I-
3 nndwywq,
g |3 2.4 12,5 | dwypndphwn 0.3 16 /I 0.6 11 -

Unynruwy 4. 2015p. quplwl, wdnwl U wplwl wdhuubph Qwywnwagbnh hwwnwywihu $wnibwih
npwywywl b pwbwywywu wadp (pwpwlwy (ququhc‘)./d2 ):

Jbphu hnuwup Uhghu hnuwup Uwnnphu hnuwlp
Ywng Cuwnwuhp Jwjhu hn|. hnyun. Jwjhu hny. hnyu. Jwjhu hnyy. hnyuwn.
Veneroida Pisiididae 18 90 59 5 5
Gastropoda Planorbidae 7
Amphipoda Gammaridae 810 | 6112 | 1043 | 1185 | 1313 445
Lumbricidae 5 5 13 5 822
Oligochaeta Lumbriculidae 16 137
Tubificidae 2 8 26 | 246 | 208 | €503 | 823
Arhynchobdellida | Erpobdellidae 7 7
Rhynchobdellida | Glossiphoniidae 3
Ephemeroptera Baetidae 77 66 31 68 6 4
Coleoptera ditiscidae 26
Diptera Chironomidae 31 641 1026 22 118 % 2018
Limoniidae 7 198
Simuliidae 17 1352 68
Elnultlp 52 1572 | 8699 | 1471 | 1718 | 7927 4345

Udnwup b wn wplwlp Qwwnwabnhg nnnqgdwl Lwwwnwyny juwnwnpdb) £ opwn,
gbwnh yGphu hnuwuph hniup gnp £ GnGl, nLunh yGphu hnuwupnid Udnwnnud hpwywuwgyby
E Jhwju qupuwup:

Wunwup W wpuwup vhohu hnuwupnwd gbpwyntp U ynnwinntpp' 70 W 71 %: Uwnn-
nhu hnuwupnd wdnwup gbpwipnt, GU uwywywhunqwU npntpp (82 %), wplwup' pggqul
Unéwyh eprenLpltnp (46 %) Y. 2):

Quywnwagbwnd wnwwnnpBu lnwpwédwd dwynpndhwntibph dwgwnniinubpp yywyned
GUu opgqwlwlwl Unieh wnywjnipjwu Jwuhlu: QGnh nwunwdUwuhpdwé  hwndwsubpnid
dlwynpyt] BU hhyuwywunwd nwunwnwhnu W wnindwjhu phninnwGphu punpn  hwinwywhu
yeunwuhutp (wn. 3):
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LY. 2. Quyjwnwagbnh hwnwywiht $wnlwih ninynuwjhu hwpwpetpwygnipiniup (2015p.)

NruncdUwuhpnigjwl pupwgenid Gwywnwagbnh wunnuwpwn eunwuhubph nbuw-
Jwihtu Ywaguh W pwlwywywl gnigwuhpubph yGpinednieniubpp gnyg wnygbghlu, np puwn
phnuinhy hunbpultph® gbnh nLunwdbwuhpgwé pninp hwndwsdlubpnud wpdwuwgagnyt) Gu 9ph
npwyh gwédp wnpdtpubp (wn. 2): Unwgwéd wndjwip Jwuywdtih E, pwlh np gbphu
hnuwlpnud gpwpwlwywl ntdhuh wnwldlwhwnyniejwl wwwndwnny niuntduwuhpywsé
hwdwybgnipintup ntnlu dlwynpdwt thnyned E GnGp W hunnwy Ggpwywgnie)ntu wub onh
npwyh Jwuhu Lywwnwywhwnpdwp sk:

QUuwagbwnh ptupndwniuwih hhduwywl Ywgdp dlwynpbp BU wnununyjwénipjwu
Uywwndwdp wyblh qquiniu fudptph Jwypnwunnuuwpwnputpp, huy Qwywnwagbnh ptupn-
Swnuwh gbpwypnnn Jwup® wnunninjwéniejwl Uywndwdp wyth Yuwynu judpbnp:

Ujuwyhuny, punn hwwnwlwihu JwypnwunnUwpwnubph gnigwuhubnh, Quuwagbuncd
onh npwyp hwdwwwwnwupuwlub £ IBE nuwuwywnquwu | nwuhl, husp wwjdwluwynpywé k£
gbinh wjwquwunwd Jwpnwéhu gnpénup enyp Swupwpbnujwéniejwdp, nph wpnyniupnid
gbwnp hwuglnud £ huplwdwpenyby:

b wnwpptpnieintt QUUwgbnh, Swywnwagtnnud hhduwywunwd nhnytGp £ 9pph Jwin
npwy: 2nh npwyh nwup nwwnwuyty £ V-1- b uwhdwUutGpnud, hugp, hwyjwUwpwn, wwyj-
dwbwynpywséd E ng Jhwjiu gbwind wuppnwngblu  Swupwptnujwénipjwdp, wyle ytphu
hnuwugnwd gbiuinh hntuh ppwhundwdp W, npwBu hGunliwuge, gGunh opwtynhwdwywnpgh enwjhu
ntdhuh thnthnfudwdp:
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33 QUU «®npéwpllntpinllbph wqquighl pncpny MNUY-p
«3Innwahunwyuwl b ELuwpwlwlwl thnpdwpllntpnLultGny pudhlu
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Uwonhuh Swnwhwwnidutpp Iwjwunwlh Iwlpwwbnnipjul  dwdwlwlywyhg wunwnwhu
wnuwnbunipjwl fuunhpubphg Gu: Ywwnwlwl nBunpnfupnuninghwt dwdwlwywyhg wnGhubhywih hiun
JGywntn enyp £ viwhu dlwybpwt, hwunwndwé thnpdwghunwlwlu Ggpwywgnieniuubn wuwmwnwihu
ninpunind hwugwanpédncenillbph hGnwelUnigjwu W pwgwhwjindwl ninnneejwdp: Uwlwju vhugle opu
Rwjwunnwuh IwupwwGnnieniuncd sywl  nBunpnfupnuninghwih  ghnwhGunwgnunwywl  JGpnnwywl
pwqw W hwdwwwwnwupuwl thnpdwghinwywl wypwynhyw:

nnyuwénid Ubpyuwjwgywé BU nwwnwywl ntunpnfupnuninghwih dtpnnh wnwewgdwl wwwnunt-
rjntup W npw Yhpwendp wunwnwihu npnpuined inbnh nctubgnn hpwwhuwpunndubph pwgwhwjndwl
hwdwp wuhpwdtwun thnpdwpuunie)ntuutph Jte:

Twwnwlwl nEunpnfupnuninghw — wwophUh Swnwhwwnntdubn — nuwinwlwl
thnpéwpllntenLlubn — wlinwnuwihl wé — uwswdle dwdwlwlwannepyntl

OnHOit U3 mpo6IeM COBPEMEHHOTO JIECHOTO XO03sHcTBa PecrryOmikn ApMeHus sSBISIOTCS He-
JeraibHble pyOkH jgecoB. OHAKO IO CHX MOpP HE CYIIECTBYET METOJMYECKON 0a3bl HAyIHO-HCCIeI0-
BaTEJIbCKON JIEHIPOXPOHOIOTHA U COOTBETCTBYIOLIEH dKcIepTHON npakTuku. CyzneOHas IeHIpOXpo-
HOJIOTHSI B KOMIUIEKCE C COBPEMEHHBIM 000pYyJOBaHHUEM IT03BOJISIET C(HOPMHUPOBATH YTBEPAUTEILHBIE
SKCIEPTHBIE BBIBOJIbI IIPU PACKPBITUU U PACCIICAOBAHUY [IPABOHAPYILICHUH B IECHOM CEKTOpE.

B crarbe mpencraBieHa UCTOPHUS BOSHUKHOBEHHS CyIeOHOro AEHAPOXPOHOIOTHYECKOro Me-
TOJIa ¥ MCIIOJIb30BAaHHE €ro B HEOOXOIMMBIX IKCIIEPTH3aX AJs pa300siaueHusl HapyIICHUH B JIECHOIT

cepe.

Cyoebnas 0enopoxpononocus — He3akoHHvle pyoKu — cyoebnvle IKCHepmu3sbl —
npUPOCmblL OPesecUunbl — NepPeKpecnuas OamuposKa

One of the problems of forestry of the Republic of Armenia is the illegal logging of forests.
However, until now there is no methodological base of research in dendrochronology and appropriate
peer practices. Trial dendrochronology in combination with modern equipment, allow formalating
affirmative expert conclusions at disclosing and investigation of crimes in the forestry sector.

The article presents the history of the court dendrochronological method and its use in the
necessary expertise to expose the crimes in the forestry sector.

Forensic dendrokhronologia - illegal logging — forensic examinations —
forest growth — cross chronology

68



AL NRUANLNLNGRULUUL UBRNILENAE OGSUANMENFUL HISUUUL oNNrQURLLNFE@SUL UG

ABunpnpupnuninghwu ghinnepynlu £, npu neuncduwuppnud £ Swnbph wedwlu nwnt-
ywl onwyutpp, gpwnynwd £ npwug swhdwdp, npuwugnid ywpniuwyynn inbnGlwnynipjwu
dwdwlwlwagnniwdp W dGppneéncejwdp [12]: A8Uunpnfupnuninghwt hwdwpynd £ dwnbph
wnwpBlwu onwyutph hGnwgnundwl  dwdwlwywyhg Gnwlwy, uwywju  wju ghuntpjwu
wwwdniejntup  pwjwywuhu funpp wpdwwnutn nluh, pwUh np huwgnyu  dwdwlwyw-
2npwlhg uyuwé nwntywu onwyutph nLunwlUwuhpnipjwdp unwgyt) Bu Uh pwne hwpgtph
wwwnwupuwukn, npnup nyw] dwdwbwlwhwwngwénd  wuhwulywlwih Ehu  Jwpnywlg
hwdwn: Oppuwy® Lenuwpnn nw “hushh W Ywn) Lhuugh Ynnuhg wnwwpyyt] £ tnwntywlu
onwyutph vhgngny wugjwinid Gnwuwywiht wwjdwuutph Jepwwwnytnpdwu dhinep [8]:

Qwuwywu nBunpnfupnuninghwih hhduwnhpu  hwdwnpynud £ wdGphywugh wuwnnw-
gbin W.G.Anquuup: AEunpnfupnuninghwih duncunhu Uwpunpnty £ wnwpblwl onwyutph
yGpwpbnwy huyuwjwdwywy ghinbihpubph Ynunwynedp: Swppbn Gpypubpnud nGunpnfupnun-
(nghwl wywnhy qupgugnd £ wunt 19-pn nwiph Gpbypnpn Ytuhg Uhgl 20-pn nwiph uyhg-
pn [5]:

AGunpnpupnuninghwywl  ndyuutph UGpwndwl  wuhpwdtunnipntup  nunwywu
hGwnwpelUnipnllubpnd - dwabp, £ wwppbp  hwlugwgnpédnipnillbn’  uwwuncenlultn,
wnlwugnud, wwonphuh wunwnwhwwnndubp W wju hGunwpeulutihu, npinbn npwtu opjGywn
hwunbtu E GY&| thwjnwuynipp [10]:

Swdwywngswihu wnGhuupyuwih qunpgwgdwu hGn uwdwé h hwjn Bu GBYE Jwulw-
ghunnwgdwé  uwnppwynpnudubp nGunpntupnuninghwih  JGennh hwdwp, nph  hGunlwuepny
gnpSUwywlunwd  hwdwwwwmwupuwl nwunwywl  thnpdweluninitlubpnud Fwwbu wek, £
thnpdwpluniejwl  wwwgnignnuywl  Wwlwyniejnttp W htwpwynphtu  pwgwnytp  E
dwpnywjhu gnpénuh wgnbgniejnitup [11]:

Lbpywyndu thwjinwuyneh thnpdwudnh inwpheh 62gphin npnandp W dwinwhwin-
Jwl Jwnbuntpjuwl wywpgnudp npwtu uunlb wuhpwdtwn £ wwonphuh wuwnwnwhwwnnwdutnh
hGn Juuwywsd guwuywgwd nbweph dwdwluwy, npp wwhwugdwé thnpdwghunwywlu hwng E
33-nud, nph (nedéndp huwpwynp £ nwp yhpwntGind Jhwju nunpnpupnuninghwih dGennp:

Wunthwunbpéd Iwjwuwnwuncd Uhusgle opu syw nGunpnupnuninghwywu thnpdwgelunt-
pjwl ghinwhGunwgnunwywl JGennninghwywl pwqw W thnpdwghnwlwl  wpwynhyw:
Uwywii  Yw hwdwwwwwupuwl optup, punn nph Jwpgwynpynwd £ Sdwnbph wwophuh
hwwnnudp: WU Jupgwynpnynd £ 33 Ppbwlywl OpGluugpeh 296-pn hnnywény, puwin nph
«Gwnbnh, pttph L pneuwdwéyh wwonphuh hwwnnudpy  hwdwnynd £ ppenpBU ywwndGh W
wwwdynd £ nintquitipny’ UJwqugniu wpiuwwnwywpdh yeghwnnipuwwwnhyhg hwquipw-
wwwhyp sgwihny, Ywd Yuiwueny' wnwybiwgnyup Gpbe wdhu dwdybnny, Ywd wqunw-
gnyuwdp’ wnwytiwgniup Gpynt tnwnh dwdybnng® npnwyh wwpwnnuubp gpwnbgutine ud
npnpwyh gnpénlubnipjwdp gpwnytint hpwyniughg qnytind’ wnwybiwagnuup Gpbe wnwnh
dwdytwnny Ywd wnwlg npw: Lnyu wpwpeUtpp, npnlp wnwewgptbp BU wnwludlwwbtu
fjunpnp Juwu' wwwndynd U Juwueny' wnwyblwagniup Gpee wdhu dwdybnnd, Yud
wquwwnwgnyuwdp' wnwytiwgnuyup hhug wwph dwdytwnnd' npnwyh wwwnnulbp qpu-
ntgubnt Ywd npnpwyh gnpéniubnuejwdp qpwnytine ppwynctuphg gpytiny’ wnwybjwaniup
GpGe nwnh dwJytunny ywd wnwlug npw [1]:

Upntu puy 2wwn wpunwuwhdwljwu nGunpnfupnuninghwywl (wpnpwnnphwuGpnud
Yhpwnynwd BU uwpptp, npnup wynndwwn Yepwny gpwugnud BU onwyh [wjunipnlup’
hGwnwagnunnh Ynnuhg inGunnuywl $hpuwghwihg htwnn [18]:

Iwny E Uk, np nwunwywlu thnpéwplunceinlultph  ninpuined nEunpnhupnuninghwjh
UGennh Yhpwnnudp ghnwntGhubhywywu qupqugdwu Uepywihu thnend pnu) £ nwihu.

1. Fwwbu punjwjut] wwwgnygutph pwqwl' wwophuh dwnwhwwnnwdutph ybpw-

ptnjwy hwugwagnpénie)nu hGwnwpeUltihu,

2. yGpwhwpywpyty hwjnwunieh W wuinwnwihu Unetph ng ophUwywl 2pgwliwi-

nnLejnLup,

3. wuntnnwyh Yepwny wanty Gpypnud Eyninghwywt Jhdwyh pwnbjwydwlp,

4. wwophuh éwnwhwwnwdubph Gpwptnwy gnnpé pultihu hwéwhu hwply £ (huncd

npn2t| Swnh tnwphep W YEuuwdhdwyp hwndwu wwhhu [9]:

Uh 2wpp wpunnwuwhdwljwu GpypuGpnud wnwyb) Jwn, dhUgle hGiwgnundwlu ntBun-
pnfupnuninghwywu  JGennh Yhpwnnudp, thnpdwgbnubpp hwéwpe npnpnd Ehu - Swinh
nGuwyp, hwndwl dwdwlwwhwwnywép /wdwn-ddGn/, jwd UnyUwywuwgunid EhU
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wdpnnewywup Jwutph hGwn, pwig Jhwiu hwndwl wdpnne géh wniwjnipjwl nbwenid
/inBnwwnninghwywu Jtrenn/ [13,15]: Mbwne E UG, np nbwpetph dGtéwdwulniejwl dwdwlwy
thnpdwplunLejwu wju nbuwyp Enyp £ nwihu unbndt] vhwjil wwwgnygubph wunwnnwyh
pwqw, pwuh np hwowpu huwpwynpnieintl gyw wdpnnowywl hwndwép Jwu wn Jwu
hGunwagnuG: Yw pwgwwnpynud £ Upwlny, np thnpdwgbGunubphu npwdwnpynud £ wniw
wdpnnewywl hwwndwé ¢nlubignn thnpdwludnwubn, ophtwy dwnh yepuwdwuhg Ywd Yndnhg
Udh hwwndwé [6, 21]: Nrunh thnpdwelUnipjwl pupwgenid wuhpwdtunnienil £ wnwowlncd
62gphin Wwwnwuhuwub] wju hwpgbphtu, pE hUgewl E dwnh hwwndwu JwnGUuniejniup,
nnunknhg £ hwwndb) Swnp W WwUwwnhw wy* hGnpluynn gnpsh hwdwp Ywplenp hwpgtph,
npnug  wnwyb] t2gnpunniwdp W pwpép wpnyniuwybunnuzjwdp huwpwynpnipnit £ wnwihu
wwwnwupuwlbl nwunwywl neunpnupnuninghwjh UGennp [31:

AYwnwihnpéwghnwywlu hGunwgnunieintlubnh wnwudUwhwwnynieiniup GupwnpnLd
E ghnwwntGhuhywywu dGpghu  UjwaénwduGph  Yhpwnenod, npwlg  hwpdwpGgnd  thnp-
dwghnwywl  whuwwnwuplbph Uwwwnwyhu W puunhputppu, Unp JGennutph Jowyned:
AGunpnpupnuninghwywl  Jbennp Yhpwnynd £ hwwnjwé Swnbph  nwunwdUwuhpnijwu
hwdwp, Jh 2wpe Lywuubpny YwpGh E hGunnptu npntp hwndwu wwhhu wju Gnbp £
shpwgwé pL Yeuuntuwy, huy wnwybp hudnpdwwnhy Lpwl E hwunhuwund wuhdhywghnu
wwwnpwwp [11]: ®dnpdp gnyg £ wnwhu, np nbwpebph dupnn JGéwdwulnipjwl dwdwuwy
thnpdwgbwnp unhwyywéd E (hund wphuwwnbp dwnh thnpéwldnph htw, npp gquldb) E
hwugwagnnpénipjwu Juwiphg henni [7]: dGpnwpwnpwy huunhpubph (nuddwu hwdwp dwnh
thnpéwuuniph htn wphuwntGhu huwpwydnp £ Yhpwntp swnh nwptywu onwyubph fuwswél
dwdwlwywagpntpjwl JGrennp, wjuhuglu nGunpnpupnuninghwywu JUGpnnp, nnp ey £ twihu
hunnwy npnpGL gnnniuh Ywdphwy gnpéniuGniejwl punhwndwl dwdwUwyp, huglu £ hp
hGpeht  wwwnwuhuwunwd £ Swnwhwwndwl dwdwuwyh JGpwpbpjup hwpghl: Iwwndwl
hunwy dwdwuwyp npnpGintg hGwnn JGennp enyp £ wwihu npnpt, _E wpnyng Gwnp
snpwgwé E Gnt) hwwndwlu wwhhpu, @G ng [14,16]:

LUbpywynudu hwdwlwngswihu nGpuuhywih qupgugdwl htn Yuwdwd h hwjn Bu
GUG, Jwulwghunwgywé uwppwydnpnidubp nGunpnfupnuninghwih  Jbennh  hwdwp, nph
hGinlwlpny gnpélwywunwd  hwdwwwwnwupuwl  nunwywl  thnpdwpllncpinctuuGnpnid
Fwwbu wok], E thnpdwplUniejwl  wwwgnignnuiywu Lpwuwyniejntup W huwpwynphluu
pwgwnyt] E Jwpnywhu gnpénuh  wgnbgnientup L npw hpwywlwgdwl  hwdwp
wUhpwdtn BU dwdwlwywyhg uwppwynpnudubn, npnughg Ublyu E «LINTAB»-p, npp
untnét) £ 24tn wunmwnwwwh OYytunp: Wu Jwyytbp £ gEpdwlwywu RINNTECH $hp-
dwjnud . Nhuunih Ynnuhg 1991 pdwywuplu b Jhugle hhdw pwpnitwynd £ Juinwpt-
(wagnnédyty [2]: 2009 pywywuhl uwpep utpunhdhlywgyt b «SEuuhyuywl Yupqwynpdwl W
swithwghwnnipjwU Ywplwihu gnpdwywiniencuncd» [19]:

Uunnple UEpYujwgywé £ «LINTAB» uwppwynpdwl oginwgnpédwl UGpnnhywl nGu-
nnnupnunnghwwywl utGennh yhpwndwu hwdwp:

«LINTAB» uwppwynpnidp TSAP-Win épwanph htwn Jhwuhu Ubpyuwjwgund £ Jh hw-
dwywng, npp Uwhiwwnbujwéd £ Yhuwwdunndwnn Yspwyny  nEunpnfupnuninghwywl k-
nGywuwnynipjwl unwgdwu U npwug unwwhunhy b gpwdphywywl  hGunwgnunniejwu
hwdwn [17]:

Uwpph wnwybniejnilubphg UGyp ogunwgnpédwu wwpgnepynill E: 3Gunwgnunygnn
opjtywnh  Jwytplnypeh swihnudubphg wnwyp tunphnepn £ wnipgnud wju fjunbwyGguGp opny,
Jwpenbp woébihn bW wwwnt, ywydsh thnphny: LUWU Lwhiwwwinpwunnepgniup bywunnd £
tnwntywu onwyutph wyGh (wy wbuwubhnipjwup: Whwwnwlpwihu hwenpn  thnuntd
opGywnp dhpuynid £ uwpph wininynn wuwnwlupw)hu ubnwuh Yypw:

dnpéwlidnp nuuncduwuppynd £ owywnphywywl Jdwupwnhuinwynd, huy yGpghuhu
oynLywputiphg UGYhu thwygywd uwunnwyp pnyp £ vwhu swhb)p thnpéwldny Swnwint-
uwyh nwptlwl onwyutph wwpwdbwnptpp: 2Qwihnwdubph pupwgenud wdtl wugqwd, Gpp
oyntywph Jwquaghép hwwnnd B nwpGlwl onwyh Ggpwadhl, ubnutiny Jdyuhyh uwntnup
uwppp $hpuntd £ nwnpGywu onwyh (wjbpp: Spwgpwiht wwwhnydwu Ywpguwynpnudubpp
enL| BU twihu swithtbl nwpBlwl onwyubnh jwjupp unnple UeEpYwjwgywé ¢gnpu Bnuwtwyny’

. w2huwwnwupwihu ubnwuh nbnwownd wey,
inbnwpwnd dwhu,

nwntywl onwyutph hwpynud Yenlhg ujuwéd
hwpywiny Uhgntyhg uyuwsd

N
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Shduybind Upqwéd wwpwdbwpbph  wwppbp  hwdwygnwdubph Jpw® tnwpBlwu
onwyutph swhdwu gpwdbhyp hwjnmuynd £ hwdwywngswihu Eypwupl, wjuhupl npwlp
unwlwint hwdwp wuhpwdtn £ uwpehu Jhwgubp hwdwywpghs, npp wwwhndwé Yhuh
TSAP-Win 6pwgpwihtu  thwpbeny: TSAP-Win 6pwgpwiht  thwpebpep enyp £ wwihu
hpwywuwgUt] wnwpwplnye  unwnhunhywywu Jepnednienllltn dwnwagqwjrwihl  woh
JGpwpbnuwy, UGpwrjwp npwlg huwswél dwdwlwywagpniejwl npnpned,  hbswbu Lwl
wwwhnyned £ &Y wy $npdwinh wugned, opnhwy® wligned Microsoft Excel-h [4]:

hUswbu hwjnuh E hGnwgnuniniejnlluGph pwnthwgnn  hpwywuwgdwlu W 82gphwn
hubnpdwghwjh unwgdwl hhdlwywu gpwjwywll E thnpdwldnph 6honn punpnieniup:
Wuhpwdtpwnn £ pungéti, nn thnpéwghnwywl hGnwgnunieintlubph hwdwp thnpadwudnh
punpniejwlU JGrnnninghwywu Gnwuwyubpp Jppuin qquih wtwpptpdnud GU ElnwpnUwhu
nGunpnuwlnnwyh Yuwrnigdwl hwdwn Swnwunbuwlubph UdnUEph puwnpneejwl JGenn-
ubphg, pwlh nn wnwpptp nGuwyh thnpdweulniiniubpnud npwuep Yupnn Bu thnthnfudt)®
Juwhugwé hGinwgnunynn fulinphg W hGinnwgnundwl opjtyunubph dwwngbihniginiuhg:

ALUnnpninghwywl thnpdwdunipubph hhduwywu inbkuwyuknu Gu.

1. wdpnnowywl Yupywséeutn,

2. Yupqwéplubph hwndwéltn

3. hnpwwndwlu vhgnLyutn

Uunnple npwte Upyuwywgynid Bu wnwyt) dwlupwdwul.

Lwnpdwéenp dwnh (wjuwyh hwwnywé Jwuh Udnipu E, npp 4Gpgynud £ Swnh ywyjwé
Juwd gpwyjwsd  Swnwplhg, UYndnhg YJuwd wlwnwnwihu  duwgniyubphg: LUwnpdwéeh
hwuwnnientlp wtwnpe £ jhuth 3-5 ud /hwpdwpwybn nGnwtnpudwl, duwydwu L
nuntUUwuhpniejwl hwdwp/, npp utnwgyned £ unngh dhengny: 4nénhg Yunpdwée ybpgynid
tE gbunuhg 0.3-0.5 U pwpépnigjwu Jpw, huy wlwnwnwiht Jduwgnpnubphg W gnnniuhg®
wyJBLwhwuwn Jwuhg:

YnpJwéph  hwndwép' thwjnwuneeh wuyntuwihu - (wjuwyh Yunpdwépu £, npp
unwgynd £ bwhiwwbu yunpdwsd thwynwunieh hblnwqw wydwl wpnyniupned: Unwg-
Jwl uygpwlwywl Enwwlbpp UepYwjwgdwsé Bu dGplned: Uju wGwne E JbBpgubp thwy-
wnwujneh Ut wnpwdwghéd nlbgnn Yunpdwéehg, pun npnud wpnbu - Yupdwé hwndwsdh
wnpwdwaghép wbwne £ (hup 20 ud, huy hwuwnnientup 5 ud-hg ng wwywu: Ynpdwdputnp
wnynd GU unngh Ywd Ywuguh dhgngny, uwywju wjuwyhuh Udnph unwgndp wuhpwdtun £
Juuwnwpbl UG qgnipniejwdp, npwtugh wywhwywuytl ytunpnuwywl tinwptywl onwyutpp:

Inpwndwl ywd thnpdwéph  Jhenty' thwjinwujnieph guwuwdle dnw, npp yepgynud £
Swnwplhg hnpwwndwl uwpeh (6yp)-h dhgngny, 4-5 Jd wnpwdwgdny W 10-50 ud Gp-
upnijwup' ywhujwd hnpwndwl uwpeh nGuwyhg W swnwplth npwdwagshg: Unynpwpwnp
uwpeh Uvhongny qulwéle Jhgniyutpp ybpgynud BU wnwpluh wdblUwwju Jwuhg, pwlh np
Gupwnpynd E, np Swnwwnbuwyh Jwuhl wnwybp 2w wnbntywwnygnipniu Ywpnn £
wwnnibwyb, wnwyby (wju hwindwép: b nwppbpneeiniu yupdwéeh, npp ybpgynud £ 1
ophuwyhg, hnpwwnywsd Jdhentyutpp yGpgynid Gu 2-4 ophuwyhg, pwuh np Swnwplhg
hnpwwndwU uwpph Jhgngnd vhentyh unnwgndp  gnpSUwywuncd Juwwnwnyned E «ynipnpBuy,
nuinh wbwnp £ hnpwndwl uwpep wjlwybu nGnwnptl, np wju wuguh SwnwpUh wnwlgeh
Uhony: Grb nw huwpwynnp thup, www wnwhuh udnh Uh ophuwy wdpnnenyhtu pwywpwp £
thnpéwpuuntejwlu hwdwn [7]:

Wjuwhuh uwppwynpnidutn wtuwphnd wpunwnpynud G tnwpptp puyGpnepyncuutnh
ynnuhg, vwywju wnwyb] hwjnuh Bu Cybnwywu Haglof L $hulwywl Suunto puyGpne-
rjnLuutnp:

AGunpnhupnuninghwywu  JdGennh Yhpwndwdp  unwgywé nbnGywwnynipinllutpp
uptlh £ ogunwgnnédtp Lbwle wydd pninu qupqugnid wwpnn Eyninghwywt thnpawpeuunt-
pnLlUEGnh Ywinwpuwl W wbinwnwihl inunbuncejwl hwnljwy iunhputpp (nwdtihu

1. Swnwuwnbuwyutph W dwnwwnntuytph wédwu hinwgnunniiniu

2. Uunwnwihu wédh dbwynpdwl ypw Eyninghwywlu gnpénulbph wgnbgniejwl
hGunwnwné nLuntduwuhpnie)nlu
Wuwwnh W Swntbph yhdwyh ywlupuwwnGunid
UUwnwnh wéh ypw wupwntUwwuwnn gnpénlutnh wgnbgniejwu guwhwunnud
Uuwnwnwjhu inuntGuntpjwl vhongwnnidubph wpnntbwytunnipjwl guwhwnnd
Swntph gnpwgdwl wwwndwnutph nwuncdbwuhpned

o0k w
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7. SBwnh Yenh uwdphw| wynhynipjwu punhwwndwl hunwy dwdwuwywagpnijwlu
dowynd

8. Iwwnywé dwnh dSwadwl hnEunhdhywgned

9. Ush nwppbp thneGpnd Swnh wnEhulhywywl  hwwnywuhUueph quwhwwnnd

10. Lnywy hwindwénid wuwnwnh $hinngtungh yGpwywuguned,

11.UGpwynwntiwghnt  EYyninghwywl  dwnwugquywl hwwnywuhpubph  nuuntdbwuh-
nnLpjnLu [20]:

UwonhUuh wuwnwnwhwwnndubpp undnpwpwp uwwnwnynd GU ng wlyuhwjn wuwydwu-

ubpnud W npwug pwgwhwjndwl hwdwp wuhpwdtun BU hwwnndy ghnbihputn: Swnbph
onwlutph fupnuninghwh fuwswéle dwdwlwywgpneejwl Utnnp hncuwih thnpéwghunwywl
gnpShe E, npp Yyhpwndwlu wpnynibwybn wywwndnieintt nluh wpinwuwhdwUjwl hGwnwagn-
tnwywl hwdwwwunwupuwl ninpunuGpnud, huswbu bwle nuinwywu wypwyunhywyned:

Oquwgnpétiny nwwnwywl nEunpnfupnuninghwih Jtennutbpp thnpdweulnteiniulbph

dtp huwpwynp £ nwnund® yupd dwdwbwlwhwwndwénid wnwyb UGd Gxgpunnipjuwdp W
wybih pwnén npwyny wwwnwupuwlb] hGnlywy ywplnp hwnpgtpp®

h7Ug puinwuhgh Swnwwnbuwyutn Gu UGpYwjwgywd thnpdweplUnLejwl:

2. NLUBU wpryne punhwunp wwwnywuGhnieintt hwugwagnpdniejwl uinhg
yGngdwsd udnipubpp hwndwd dwnbph htun :

3. N nwpnd W lnwpdw n’p Gnwuwyhu £ hwwndb) Swnp/Swnwpuncdpp: W) hwndwé
Swnbph htwn hwdtdwwnwé pwUh tnwph wnwe/htwnn £ Yunnybg
Swnp/Swnwhuncdpp:

4. dwdwlwywihU huswyh®uh tnwppbpnjwdp U hwingbp swntpp Uhdjwlg hbn

hwJutdwwnwé:

5. PwUh nwpGywl £ dwnp (hunwy tnwntrhy)

6. Unwdb] Jwn thnpdwpllnipjwl Uepyuwjwgywé thnpdwldnpubpp hwunhuwuncd
GU wpnn’e Uhlunyu SwnwwinbGuwyh Yunnputn:

7. buswhu’h YELuwywu yhdwyned E Gnkp Swnp hwndwl dwdwuwy:

Wuwhuny® Yhpwnbiny nEunpnfupnuninghwywt dGennutpp nwnwywl thnpdwgeuunt-

pjwu Jbp, huwpwynp Yhuph Ewwbu dGdwglb thnpédwplUnipwl  wwwgnignnuywl
Lpwlwynipiniup W huwpwynphuu pwgwntp Jwpnywihu gnpénuh  wgnbgnieniup:

Lo
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KAPUOJIOI'MYECKOE N3YUYEHUE JUKOPACTYLIEI'O
I'PAHATA APMEHUH (PUNICA GRANATUM L.)

H.II. CTEITAHSIH-TAHAWJISTH

Hnemumym 6omanuxu umenu A. Taxmaoocsna HAH PA
ninastep.gand1@gmail.com

IpencraBneHsl  pe3ynbTaThl  KapHOJIOTMYECKOTO HCCICJOBAHMS, IIPOBEICHHOIO Ha
Marepuaie JuKopactyiero rpaHara (Punica granatum L.), mpou3spacTaromero Ha TEppHUTOPHH
Apmennu. JlaHHble 0 ducae xpomocoM P. granatum, mpuBoauMEbIE B JIUTEpaType, BeCbMa MPOTH-
BopednBHl (2n = 2x = 16 wim 18). [lonummonaus oTMedeHa JIMIIb B KyJIbType TKAaHU y KyJIbTHBA-
poB. Hammmu uccnenoBanmsamu MeTadasHbIX INTACTHHOK B MepHCcTeMe Kopenkos P. granatum ot-
MedaeTcs Haludue B Habope Mmapbl CPaBHUTENBEHO KPYIHBIX METaleHTpHYeckuXx xpoMmocoM. Ouge-
BUJIHO, IUIEYH 3TUX METALCHTPHKOB HCCIIEOBATENN YacTO IPHHUMAIH 32 OT/EIbHBIE XPOMOCOMBI
W BCIEJCTBHUE ATOTO MOJIAralld, YTO YHCIO XpoMocoM B Habope 18. OmHako TOT dakT, 4To Ipu
n3y4yeHnu mMeio3a B MI Bcerna oT4eTIMBO IIPOCMATPUBAIOTCS 8 OMBAJICHTOB, ONPEACICHHO CBHIC-
TEJIbCTBYET O MPUCYTCTBUU B KAPHOTHUIIE IpaHaTa He 9-Tu, a §-Mu nap xpomocoM. Takum oOpazom,
y P. granatum ocuoBHoe uucio x = 8, 2n = 16. Takke 0OTMEUEHO HAJIMYUE KPYIHBIX XPOMOLCHT-
POB B ITOKOSIIEMCS SIApe, yKa3bIBaIoOIee Ha MPHCYTCTBHE B XPOMOCOMaX KPYHHBIX T€TepoXpoMa-
THHOBBIX CETMEHTOB. UHCII0 X y pa3HBIX 00pa3oB BapeupyeT ot 2 10 10-12.

Hurxopacmywuii epanamuux — Punica granatum — yucio xpomocom — xpomoyenmpol

Wdihnthywd GU 3wjwunwuncd wénn, Juwyph Unutune (Punica granatum L., Punicaceae) yw-
nphninghwywU nunwduwuhpniejwU wpnntuplbpp: P.granatum-h ppndnundwiht pyht ybpwptpnn
gnpwywuntejwl Ube wnyw wndjwiutnp pwywywuht hwlywuwywl BU (2n = 2x = 16 Ywd 18): Uwyndh
unubunt Unn Upynd BU Uwl wnihwinpn dubp: Utp Ynnuhg Ywwwpws P. granatum-h
JGnwdwaquwihtu phrtnutnh ntuntduwuppdwl wpnniupnid nhinwpyyt, U hwdGdwnwpwn fun2np,
djntu ppndnundutphg  hpbug  swithBnnd  qqwihnpBu  wwnptnpgnn, JGunwgbunphy ppndnundubn:
Rwywlwpwn, wjn epndnundutnh pUEpp hElnwgnnnnutpp hwdwpnud EhU wnwUdhU ppndnundltp W
wjn wwwndwnny Yunénd, np ppndnundutph phyp 18 £ Uwywju wju thwuwnp, np UGingh dwdwuwy
Uhouin wywpg Gpnd BU 8 phdwitunutn, unnig Yepwny yywind £ unbbunt yuwphnunhwnd ng G 9,
wjl 8 ppndnundutph gnugbph wnywjniejwu JwuhlU: Wuwhuny, P. granatum-h ppndnundutph rhyp
Jwaunwd £ x = 8, 2n = 16: hunbpdwaqwihu Ynphand nhunwnyytp Bu funpnp ppndnyGuwnpnuutn, npp
Jywjnwd E quugqwétn hGnbpnppndwnhuwiht hwnywéubph wnlwjniejwl dwuhl: Ywlg rhyp
wnwnpbp UUnUEph Unin tnwinnwiugnud £ 2-hg Jhugle 10-12-p:

Juwynwa uncn — Punica granatum — gnndnundwjhl phy — ppndnyGUinpnultn

The results of the caryological study of the wild pomegranate (Punica granatum L.,
Punicaceae) growing on the territory of Armenia are reported. The data on chromosome number at
P. granatum in literature is rather contradictory (2n = 2x = 16 or 18). The polyploidy forms are
reported only at the cultivated P. granatum. By our investigation of the metaphase chromosomes,
implemented on the meristematic tissue of the pomegranate’s roots, the presence of the pair of
large metacentric chromosomes, was revealed that much differ in size from others.

Obviously, the arms of those metacentric chromosomes were accepted by some researchers
as the separate chromosomes, and consequently the number of chromosomes was reported to be 18.
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However the fact, that during study of the meiosis 8 bivalents are always visible, it
definitely testifies to the existence in the karyotype of the 8, and not of the 9 pairs of
chromosomes. Thus the basic chromosome number at the P. granatum is x = 8, 2n = 16. In the
interphase nucleuses the occurrence of the large chromocenters was visible, which indicates the
presence of the heterochromatic regions in the chromosomes of P. granatum. The number of the
chromocenters at the different specimen was varied from 2 to 10-12.

Wild pomegranate — Punica granatum— chromosome number — chromocenters

Jannble 0 kapuotune P. granatum HEMHOTOYMCIICHHBI M KacaroTCsi B OCHOBHOM
grcna XxpomocoM. HecMoTpst Ha TO 9TO YHCIIO XPOMOCOM y I'paHaTa HEBEIHKO, ITPHUBO-
oUMas B JIUTepaType WHGOpManus O HUX BECbMa MPOTHBOPEYHBA. JTO OOBACHACTCA
OueHb MalbIMH pazMepaMu xpomocoM (0,5 — 1,0 MKM), CYIIIECTBEHHO 3aTPyIHSIOIIUMHU
UX UCCIIE0BAHUE.

[epBbie U3BECTHBIE HAM JIaHHBIE O YUCIIe XpoMocoM y P. granatum npuBoasTcs B
pabore Morinaga et al. [14], rue npu uccaeq0BaHUUA MEHOTHIECKOTO JIC/ICHUsT Ha MaTe-
puane KynpTypHOro rpanata B Meradase | (M) ykasbiBaercss 8 GuBaneHTOB, TO €CTh 2N
= 16. Oxgnako B cienyomeii no Bpemenu pabore Kocroa u ap. [1], n3yuusmmx 18
KyJIBTHBapoB 1 2 o0pasma AnkopacTymiero rpanara (AsepOaiiukan), 1 BCeX M3ydeH-
HBIX 00pa3noB ykas3biBaercst 2N = 18. Mccnemyst KapuOTHIT KyJIBTHBAPOB U JTUKHUX (HOpPM
rpanata, [loBonmouko [2] moguepknBaeT MX MaJeHbKHE pa3Mephl M NIPHUBOIHUT pasjielie-
HHE XPOMOCOM II0 TPyIIIaM, OTMedas MeTareHTprueckue (M) u cyOMeTarieHTpuIecKie
(SM) xpoMoCoMBI, HX BapbUPOBAHHE HE TOJBKO IO COOTHOLICHHIO IUICY, HO W 10 pas-
Mepy. [IpoBens kapuosormyeckoe HccielOBaHHE KyJIbTHBapoB rpanata u3 CpernHeid
Azun, [Ipyce [3] mpuBoguT 2n = 18, oTMedas MpH 3TOM, YTO BBUAY OYEHb MaEHBKHX
pa3MepoB XpOMOCOM MOP(OJIOrHYEeCKUe Pa3IyKsl BBISIBUTH HE yIalOCh.

[Mocnemyromye uccaea0BaTeN , 3a UCKIIoUeHrneM pabotel Raman et al. [16], cBou
HaOJIIO/IeHNsT TIPOBOAMIIM Ha KyJIbTHBapax, u3ydas Meradasbl MMepBOro MeHOTHYECKOro
neneuus (MI) u ormeuas oOpa3zoBanue 8 OMBaNeHTOB, TO ecTh, y P. granatum 2n = 16. B
psne pabor [6, 7, 11, 12, 20] yxa3pIBaercsi Ha TPHCYTCTBHE B KapHOTHUIIE TpaHaTta
B-xpomocom (1o 7 B-xpomocom). Tlomumronanst otMedaeTcst Wb B KyJIbType TKaHH Y
Bo3enbIBaeMbIx (opm P. granatum [10, 17 u np.]. ¥ xynsruBapos B MI nabmopaercs no-
SIBJICHUE MYJIGTHBAICHTOB, YTO TOBOPUT O HAINYUH CTPYKTYPHBIX IIEPECTPOEK XPOMOCOM.

Hamu Oputo mpoBemeHO WCCIEeOBaHHE XPOMOCOMHOro Habopa 00pa3moB
P. granatum, coOpaHHBIX B MECTaX MX €CTECTBCHHOTO MPOM3PACTaHUSI HA TEPPUTOPUHI
ApmMmeHunu.

Mamepuan u memoouxa. CeMeHHOI MaTepuan Uil KapUOJIOIMYECKOr0 U3yUYEeHUs TUKO-
pactymero rpanata (P. granatum) 6sut co6pad B 2006 — 2010 rr. u3 4 momyJsIiui, mpou3pacTaro-
IIMX Ha TEPPUTOPHUHU IOT0-BOCTOYHOI ApMeHHH: MerpuHckuil paiioH, okp. ¢. LlIBaHua30p, cKanuc-
ThI€ CKJIOHBI, B IIUOJIsKE cpeau 3apocieit Paliurus spina-christi, N 38°55' — 38°56', E 046°21' —
046°22', h 625 — 814 ™M Hax yp. M.; MerpuHckuii paiioH, okpecTHocTH ¢. HpHaazop (mpexHee Ha3-
Banmne HioBaan), cyxue kameHuctble ckiIoHbl, N 38°55', E 046°26', h 783 — 816 m Hag yp. m.; Ka-
(anckuii paiion, okp. ¢. Hepkun Anpa, Illnkaxoxckuii 3aroBeJHUK, XOPOLIO OCBEIICHHOE PEAKO-
necbe, N 39°01' — 39°02', E 046°29', h 950 — 966 Han yp. m.; ['opucckuii paiioH, OKpeCTHOCTH ce-
na Bopotan, cyxue cxitonbl, N 39°26', E 046°23' — 046°24', h 749 — 830 Hag yp. M.

C nenbio ucciaenoBaHus MeTa(asHBIX IUIACTHHOK MPOBOMIACE (DHKCAIUS MepUcTeMa-
THYeckoi TkaHu P. granatum. [{is 3Toro uepeHkKH, MONydeHHBIE U3 CesHIEB AUKOpacTyero P.
granatum, noMmemniaauce B BOAY JUJIsl YKOPEHECHMS. [locne mpopacTaHusi KOPEIIKOB, UX KOHYUKHU 00-
pabatbiBanuch koaxuuHoM (0,2 %-Hbli, B TeueHHe 2 4 IpU KOMHATHOM TeMmeparype) ¢ mocie-
Iyroliel GUKcanreil B CMECH CIUPTA U JIEAIHON YKCyCcHOM kucnotel (3:1). 3arem mpoBoamiics
ropstunid Tuapoin3 B 1 N HCI 15 mun npu 60-62°C, ruaponus B 1 N HCI 15 mun npu 60-62°C, ma
Tepuain okpamusaics pactBopoM IlIndda. [Toce mpoMbIBKY B TEIUION BOJIe KOHIUKH KOPEIIKOB
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pa3naBauBanuCh B 45 %-HOW yKCyCHOIl KHCIOTE U TOCIIe IPOCMOTpa M OTOPaKOBKH, IPOBES de-
pe3 Oy THIIOBBIIT CIUPT M KCHIION, IIPENapaThl 3aKII0YAIHCh B Gaib3aM.

VccnenoBanust MetadasHbIX IUTACTHHOK MPOBOAMINCH Ha MHKpockomne Laboval-4 mpu yBe-
mgern X 10, x 100. Mukpodororpaduu ocymectisuuch poroanmaparom Canon Digital Ixus 40.

Pe3ynomamut u oocyxncoenue.B npuseneHnoii tadbmune (tadm. 1) 0600meHs u3-
BECTHBIE HaM JaHHBIE [10 YMCIaM XpomocoM P. granatum.

Tadmauma 1. Yucna xpomocom P. granatum Ha 0CHOBaHHMH JIUTEPaTypPHBIX JaHHBIX

T'anjionaHoe YHCI0 JlunJiougHoe YUCI0 ABTOpBI
xpomocom (n) xpomocom (2n)
8 — Morinaga T. et al., 1929 [14]
— 18 Kocros [I. u coasr., 1935 [1]
- 16 Yasui K., 1936 [28]
— 16 IMososouko I1. A., 1937 [2]
- 18 Ipycc A.T., 1938 [3]
- 16 Delay C., 1947 [5]
— 16 Tjio J. H., 1948 [25]
- 16 Thombre M. V., 1959 [24]
— 16 Miége J., 1960 [13]
8 16 Sharma A., 1970 [18]
- 18 Raman V. et al., 1971 [16]
- 16 + 4B Mehra P., 1972 [11]
8+1-3B - Mehra P., 1976 [12]
8+0-7B - Gill B. et al., 1981 [6]
- 16 +0-4B Gill B. etal., 1984 [7]
- 16 Jadka K., Mehra P., 1986 [10]
8 - Tobe M. et al., 1986 [26]
- 16 Xu H.-Y. etal., 1992 [28]
8 — Shedai M., 2005 [19]
8 - Shedai M. et al., 2005 [22]
16 Shedai, Nooenohammadi, 2005 [23]
- 16 + 3B Shedai M., 2007 [20]
— 16 Shedai M. et al., 2008 [21]
16 Neveen A., Mona H., 2013 [15]

Kak BumHO U3 Ta01.1, GOJIBIIMHCTBO UCCICIOBATECH MPUBOIAT JUIUIOUTHOC YUC-
710 XpoMocoM (2N, 2X). Yucno xpoMocom konebiercs ot 16 go 18: 2n = 2x = 16 wm 18.
[Momummonust oTMEYaeTcs JHIb B KyIbTYpe TKaHHW y BO3JENbIBacMBIX gopm P. gra-
natum [10, 17 u ap.].

JlanHble, mMoMyYeHHBIE HAMH TPH H3YYeHHH MeTada3HBIX IUTAaCTHHOK P. grana-
tum, moarBepkmaroT maHHble [oBOMOYKO [2] OTHOCHTENBFHO HAMWM4YWSA B HAOOpe Mapbl
CPaBHUTEIFHO KPYITHBIX METAIlCHTPUYECKUX XPOMOCOM, 3HAUUTEIFHO OTIMYAIOMINXCS
oT octanbHbIX (puc. 1 a, b).

BBuay oueHb MENKHX pa3MEpPOB XPOMOCOM M CBS3aHHBIX C 3TUM 3aTPYyJIHEHUI
MIPH UX W3YYCHHH, TUICYH ITUX METAIICHTPUKOB HCCJICIOBATEIN, OYCBHIHO, YaCTO TPH-
HUMAJU 32 OTJCIbHBIC XPOMOCOMBI. BCle/CTBHE 3TOr0, HEKOTOPHIC aBTOPHI MMOJIArajy,
YTO YHCJIO XPOMOCOM B Habope He 16, a 18. Cnenyer oTMETUTB, YTO, COTJIACHO JIATE-
paTypHBIM JaHHBIM, IPY U3yYCHUH Meiio3a B M| Bcerzia OT4eTIIMBO POCMATPUBAIOTCS 8
OWMBAJICHTOB, HECMOTPS HAa WX HE3HAUHTEIHFHYIO BEIMYHHY. DTOT (aKT OIpeIeICHHO
CBUJICTENBCTBYET O MPUCYTCTBUH B KAPHOTHIIC TpaHaTa HE 9-TH, a §-MHU TTap XPOMOCOM.

Takum 00pa3oM, OCHOBHOE YHCJIO XPOMOCOM y IuKopacrtyiero P. granatum, yc-
TaHOBJICHHOE Ha 00pasiax u3 Apmenuu, X = 8, 2n = 16. D10 4ncio — 6a30B0E OCHOBHOE
YHCII0 XPOMOCOM B ceMeiicTe Lythraceae, koTopoe sBisieTCsl poICTBEHHBIM Punicaceae
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KAPUOJIOTMYECKOE U3YYEHME JIUKOPACTYIIEI'O TPAHATA APMEHUM (PUNICA GRANATUM L.)

[8, 9]. B cemetictre Lythraceae, cormacHo maHHBIM yKa3aHHBIX aBTOPOB, KpoMe 6a30B0-
TO OCHOBHOTO YHCJIa X = 8, IMEIOTCS BTOPUYHBIC OCHOBHBIC UMCIa, Kak X = 15, 16, 24,
28, 32. 3mMeHeHne XpOMOCOMHOIO YKCJa HA OCHOBE BO3HHMKHOBEHHUS BTOPHUYHBIX OC-
HOBHBIX YHCEII OTMEYEHO /ISl TPABSTHUCTHIX MHOTOJIETHHUKOB, Y KOTOPBIX HMHTEHCUBHBINA
TpoIiecc BHI00OPa30BaHUS COMPOBOXKIAIICS MMOMUILTONaN3aueld. YTo kKacaercs qpeBec-
HBIX POJOB, TO, KAK OTMEUAIOT aBTOPHI [8, 9], y HUX BHA0OOpa30BaHIE HE COMPOBOXK/IA-
€TCS U3MEHEHHEM YHCiIa XpoMOcoM. [IpHBOAMMEIC JaHHBIC CIPABEIJIUBBI U B OTHOIIIC-
Hue P. granatum.

®

b
Puc. 1. MerarienTpryeckie XxpoMocoMbl Ha MeTada3HbIX iactuHkax P. granatum
a. MeTadazHas IIIACTHHKA B MEPHCTEME KOpellika IpaHaTa (MacuitabHast iiuHelka = 10 um).
b. meradasnas nmnactunka P. granatum, peKoHCTPYKIHS.

B xoze xapronornyeckoro U3y4eHusi MEpUCTEMBI KOPEIIKOB I'paHaTa TakKe Ha-
MU OBUIO 00OHApYKEHO HANWYME KPYITHBIX XPOMOILIEHTPOB B TIOKOsIIEMCs siipe (puc. 23,
D). Hamuume XpoMOIIEHTPOB YKa3bIBACT HA MPUCYTCTBHUE B XPOMOCOMAX KPYIHBIX reTe-
POXPOMAaTHHOBBIX CETMEHTOB. UHCIIO MX y pa3HbIX 00pa3unoB Bapeupyer oT 2 o 10-12
[4]. BappupoBanue 4yncia XpoMOLICHTPOB MPOUCXONT 32 CUET CIMSHUS T€TePOITUKHOTH-
YECKHUX YYaCTKOB XPOMOCOM C 00pa30BaHNEM CJIOKHBIX XPOMOIIEHTPOB.

N Al
-

Puc. 2. CnoxxHbIE XPOMOIIEHTPHI, 00pa30BaBIINeECs B Pe3yIbTaTe CIUSHUSL
TreTepONUKHOTUYECKUX Y4ACTKOB XPOMOCOM.

HUccnenoBanusamu MeTada3HbIX IIIACTUHOK B MEPUCTEME KOPELIKOB INKOPACTY-
IIEero rpaHara, NpOU3pacTaoUIero Ha TEPPUTOPUN APMEHHH, ObUIO BBISIBIICHO, YTO JINT-
JIOMJTHOE YUCIIO XpoMocoM y P. granatum 2n = 16, a ocHoBHOe uunciio x = 8. B kapuoTu-
nie P. granatum orMeueHo HaJIMYMeE Mapbl KPYIHBIX METALICHTPUYECKUX XPOMOCOM, 3Ha-
YHUTENILHO MPEBBIIIAIONINX M0 BEITMYNHE OCTANbHBIE. Takke 00HapyXeHo O0JIbIIoe Yuc-
710 (2-12) XpOMOIIEHTPOB B TIOKOSIIEMCS SITIpE.
Paboma nposedena noo pyrosoocmeom u npu cooeticmsus 00OKm. OUOL. HAYK
D.A4. Hazaposoti, 3a ymo asmop 8blpasicaem 800 UCKPEHHIOW 01a200apHOCHb
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Q.9. uurqursuuv

Upgwtuh wEwnwywl hwdwuwpwl
gayanegeorgevnal98l@mail.ru,

Upgwhund Juwnwpywé hEinwgnunuwwl wphuwwnwlplbph wpnjniupned (2014-2017R.) hwjwn-
Lwptbpyty nu hnBuinhdhywgytp U YynynnpbUuhu W hwnwpebUhU whunwhwpnn 8 wnGuwyh ullwjhu
hhqwunntejnil /wipwgnn, wuwnpwlyung, utwwnnphng, dwugwuntuy, dnfupwanju W UnuhhUwhu thinned,
wuynfuhwinng, pwnwdnd/:

Muwpqwpwlytp U Lpdwé uuybph qupgugdwl YEluwpwlwlwl wnwlbduwhwwnyniejniulbnp,
winbp-pnyubph puywintuwyneintup hhjwunwéhu uuybph bywndwdp W hwpdwpdwénientuu Upgwiuh
plwy hJwjwywl wwjdwulbphu:

Ungwhu — inbp-pnyu — dwlwpnyé ublytn — ubluyghl hhyjwunnientulbn

B pesynbrate npoBeneHHbIX B 2014-2017 rr. B Apiaxe paOoT BBISBICHO U HICHTH(UIIIPOBA-
HO 8 BUJOB I'pHOHEIX 00JIe3HEH, MOPAXKAIONMX KPBDKOBHUK M CMOPOANHY (MyYHHCTasi poca, aHTpak-
HO3, CENITOPHO3, P>KaBUKHA, Cepasi  MOHWIMAIbHAs THUIb, ACKOXUTO3, YBSIAaHUE).

BrIssicHeHBI OHOJIOTHUYECKHE 3aKOHOMEPHOCTH Pa3BUTHS YKa3aHHBIX I'pHOOB, BOCIIPUUMYU-
BOCTb PAaCTEHHH-X035€B [10 OTHOLICHUIO K rpudaM-napa3uTaM U UX aJanTaiys K IpUPOIHO-KIMMAaTH-
YECKHUM YCJIOBHSAM ApIiaxa.

Apyax — pacmenue-xo3saun — epubvi-napazumsl — cpudHvle 3a001e8aHUA

In 2014-2017, as a result of the research in Artsakh eight fungal diseases on the currant and
gooseberry were identified. They are powdery mildew, anthracnose, septoriose, rust fungi, gray and
monilia rot, Ascochyta disease and wilting.

The article reveals the biological peculiarities of the development of the mentioned fungi, the
perception of host-plants on the pathogenic mushrooms and the adaptation to the climatic conditions
of Artsakh.

Artsakh — host plants — parasitic fungi — fungal diseases

uuytph wphuwphnd Jhypndhgbunutbpu hptug Yeluwpwlwywl wnwUduwhwinynt-
pintuuGpny jnupwhwnney fundp BU Ywqunud: Wu uuytph  neuncdUwuhpniegniup fuhuwn
wUhpwdtwn E, pwuh np hubing dwywpenyéutn, npwupe hGuniejwdp Jwpwynid G puquw-
rhy Jujph W dwynyh pnyubph, Wjwgtgubiny pGppwnynieniup, nnugnpéwywl U nt-
ynpwwnhy LpwuwyntpjnLup, ulunwihu npwyp, Ytpwihu wpdtep W wyu [1]:

Lwuh np Upgwhuh pniuwywl wpfuwphp W plwyhdwjwywl wywdwlubpp pupt-
Uwwuwnn U Jwywpnyd Jh pwpp ulybph qupgugdwl hwdwp  wUhpwdtunnieniu
wnwowgwy nLuntduwupptp LJwé nwpwdwppgwuh Bwynyh pnyubnl’ win pynud plhbnpu
whunwhwpnn ubuywjhu hhjwunncejnlultnp:

Innyuwidnid Ubpywywgyned BU Ynynnptunt L hwnwpgtune Ypw Jwywpniénn, Ungw-
funcd hwjinuwptpgwé ubywihu hhqwunnigjntulbph yepwptnywy npn2 inbntGyneenlultn:
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4.9. uuraursuu

Swpy £ WG, np ynynnptuhu W hwnwpgtuhu hhdUwywunwd Jupwyyned U Uniu
ubywihu hhywunnigynibubnny, pwyg h wnwnppGpnuintu hwnwngtunt' Ynynnptune ypw npnp
ulywjhu hhjwunnipjniuutpu wybih wpwa Gu nmwpwdynd W huntuuhynptUu quipgwuncd,
huy wnnne wwntnutph W pwpép pGpph wwwhnydwu Uywwwyny fuhuin uplnpynwd E
6hown dwdwlwyhu ubywjhu hhjwunniejntlubph nwpwénudp W wlhunwdp:

Unep W dEpnn: I6nwgnndwl Ujnie U hwunhuwgt) ynynnptUh W hwnwngBuh inGp-pnyutpp’
JwpwyJws wnwppbp uuywihu hhqwunniegincuutpny: 2014-2017 ppE. Jtp Ynndhg Upgwpunud hpw-
Jwuwgywéd hbnwgnunwywl wptuwwnwlplbph wprhyntupnud hwynbwptpdtp W hnEunh$hywgdb) Gu
UJwé wnbp-pnyubpt whunnwhwpnn 8 wnbuwyh uulwihu hhywunnienil, npnup hnGunhdhywgyty Gu
uljwpwlwywlu hwdpunhwunip  JGennutpny, ogquwgnpdytp Gu pwquwpehy npn2hgutp:  Uuytbph
wlyjwuncdubpp hwdwwwwnwuhuwlwgyt) Gu dwdwlwywyhg Ywpgwpwlunigjwlp [2-7]:

UpmynLupubp W pUlwpynid: IGnwgnindwt Unie hwunhuwgnn Ynynnp6uh W hw-
nwngtUh nGp-pnyubpu puywniwy U Jh 2wpe uuwihu hhjwunnipinctbuGph Uwndwdp,
huswhupg GU  wpwgnnp, uGwwnphngp /uwyhunwy  péwydnpnienl/,  wlwnpwlyungp,
dwlgwunctuyp W wyu: dGpghultphu quipqugnudp ng Uhwju ujwgbgunid E wnGp-pnyutnh
pGppwwnynieinitup W wannud pGpph npwyh ypw, wyp Ywpnn £ hwugbgubp pnyuph Jwulwyh
ywd phy ngugwgdwl: Uwlwpnyd uuytph nGuwywiht Yuwgquh pwgwhwjinnudp juplenp W
npn2hs Lpwuwynipintt nluh npwiug n&J wpnynitbwygGun, 6hon wwjpwn hpwywlwgubine
hwpgnud: Iwjnuwpbpywsd uuytph qupgugdwl  wnwudlUwhwnynipintuubph  wwpqwpw-
Unudp huwpwynpnipintu juw uquwytpwt, npwug nbd wpnniwydbun wwjewpu huswGu
ngw| Jegbunwghwnd, wjuwtu £ hGwmwaqw wwphubphu: Unnple UepJujwgynud  Bu
hwjunuwpGpdwé ulywihu hhjwunniejntlubph Jwuhb dwupwdwul inbnGynpincuutnp.

1.Ujpwignn - Podosphaera mors-uvae (Schwein.) U.Braun & S.Takam., puwnwlUhp
Erysiphaceae: Untuyu whunnwhwnnd £ inGp-pnyup inBpllutGpp W wwnnenutGpp: 3pqwlinnijwu
wnwghU whinwlwluGpu h hwjin GU quihu gupuwup pngup Swnynudhg wudhgwwtu hGwn:
Uwuwnnwy pugninutpp W wnbpllutGpp swéyynud GU uwhwnwy, fupin thwnnd, npp uygpnid
hGaunnipjwdp wynyynud E: WjunthGnle hhjwunneeynill wpwag  qupgwunwd £ W tnwpwéynid
wwnnutnh, huswtu Lwle wdpnng rthh ypw: dwpwyjwd pugininutpp dbwpuwpunyned G,
fuwlgwpynud £ npwlg Unpdwy waép, GppbUu nhunynud £ pudninubph Jwulwyh ¢gnpuugned:
Upunnwhwnywé wynninuenpu wdpnngnigjwdp wywwnynd U uwyhunwy thweny' uuwdwnuund,
nph wpnynitupnud nwnwpnud £ wywnninUGph wép: LUwl nGwebpnud wyunninUGpp Ynpgunwd Gu
nGnwgnpéwywu, ulunwihl, wpunwnpuywu Lwlwynntup W wwpwupwihu  wnpdben:
Rwdwh Jwpwyjws wwnnnubpp ywwnnynd U W pwnwdnud: Uuywdwpdhup (gwd E
yGjuinninGghnudutinnd, npnup nllbl wwpg hwyGipwdubn W 1 wwyneuwy' wuly: QGupuwlp
wwjntuwyubpp pwgynd U W wuynuwynpubpp nnipu GBU quihu wpnwehu  dhpwdwyp,
nwpwdynd pwdnt Uhgngny® wnwewgltiny hhjwunnipjwu Unp ogwpultn: Ipgwlinniejwl
qunpgwgUwup Uwwuwnnd £ funbwy untpunnpuinp W ungbpnin twpwéep: 2np W 2ng
Gnwlwlywhu wwjdwlltpp hwdtdwwnwpwp dupnd B hhjwunnipjwl  qupgugdwl
pupwgep: Lywnpwanynn ubyh uwnpubpp Gpuwunwnhdwgynt W gpunwnhdwgyniu Bu: Wn
wwwdwnny wuhpwdtun £ wipwgnnh nGd wwjewnpp uyubp ywn qupuwup W 2wpnilwybi
dhugle n wpnil: Swywnwy nbwend Juwpwyh ypyudwu wpnyniupnud 2-3 wnwnnig htGunn
pthEpp Ywpnn U wdpnnoniejwdp nsuswlwy: Uncuyu Upgwpunud tnwpwéywé inbuwy E:
Swjinbwptpybp £ hGunwgnnniuejwu pninp wwphutphu WuytGpwuh, Uwpunnduneg, Uwpunw-
yGpwnnh, Iwnpnieh 2ppgwlltph Jh 2wpe hwdwjupuGpnd W UnGhhwuwytpn  pwnupencd
ynynnotunt W hwnwngtunt Ypw:

2.Uuwnpwlung - Drepanopeziza ribis (Rehm ex Kleb.) Hohn., puwn. Dermateaceae: Ny
wwywu Juwuwptp untuy £, pwl wipwgnnp: Uuinwhwpynd U hwnwnpgtune W ynynntunt
inbpllubpp, npnug Ypw wnwwlnwd GU dwup, nGwh nnipu thpdwé, wuwunu, nwpsuwgniu
Jwd unig gnppwyniu pdtp: Ipduiunnipjwl  hunbuuhy qupqugdwl dwdwuwy pétnpp
Jhwhiwnuyned Gu, inGplluGpp gnppwitined W gnpwiuncd, inGpliwehptnutpp Yudnningnwd GU L
nbpllubph Ggpuwtpuntbpp YodYUnwd U nbwh ybp: Upuinwhwnpwé inbpllubpp dwdwuwyhg
ontn - pwhynd  BU: Ipdwunnipjwl opwpulbGp  Ywpnn  BU hwjnuwpbpdb bwl
nbplwynpenlltph, Ywlwg puéninuGph W wwnwyneniuutph  Jpw: dbpghuutphu Ypw
wnwpwuntd BU fungbp: Ihdwun wnkp-pnyubph puédninutph wép Yunpney nwunwnnud E, hugp
pwgwuwpwn E wunpwnwnunud pGppwndnipjwl U wwininuGph npwyh  /pungpniejwl
UJwgnd/ Ypw: Wunpwyungh qupquguwup Uywuwnnd BU inblwywl wuanplutGpp, funbw-
yniejwl  wnywjnipyniup: 3pdwunnipiniup unynpwpwn nwpwédynud £ wdnwlu YGubphu
ynuhnhnwdutph dhgngny: Wuwnpwyungh bjwwndwdp wnwyb] puywintuwy Eu Ywpdhp
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hwnwpgGUnL unpntpp, hwdtdwwnwpwnp phs BU whunwhwnynd hwnwpgBune ull nL uwhwnwy
unpntpp W Ynynnptunt pihtnp:

Drepanopeziza ribis uuyh qungugnidu pupwuntd £ Gpynt thniiny' ynuhnhwy W wuwynt-
uwywynn: Ynuhnhwy thnip uyuynd £ wdnwup W ybegGunwghwih pupwgenid wwihu £ dh
pwlh uGpniun: YUnuhnhwy uwynpwypniintup nhnygnwd £ wnGpullbph W w)p wpunwhwpywé
ogwhilbnph Jpw uwhwnwywynitt  thwjntt pwpdhyubph  wnwgwgdwdp:  Unuhnhndubpp
Jhwpphg GU W wugnuu: Untuyp outnnd £ hhdwun U pwihwéd wnbGplUbph Yud wy
pniuwywl Juwgnpnubph Jpw: QupUwup wwnuntghnh wnbupnd qupgwunwd £ ulyh
wwnywdnp thnyp W dbwdnpynud BU wuynuwnpubpp: vGpghuuGpu hwpnignud U wuwn-
pwyungh wnwgbwihu Jwpwy: Ypyuwyh Jupwyu hpwywuwgdned £ ynuhnhndutnnd, npnug
wnwewuncd GU whunwhwnpywé nGpllubph EwhnGpdhuh nwly nGnwywywsé uuywdwnduncd:
Unuhnhntdubph hwuntuwgdwl wpnyniupnud nGplluGph yGphu JwyGpGulbphu wnwgwuncd
GU yGpthpnidutn, npuntn EwhntGnpdhup YnuhnhnuduGph dLpdwlup gnhdwlwinyg wwwnnyned E:
MNwuwnnywéplbphg nnipu prwé Ynuhnhnudubpp hwowpu wudpleh Ywehih hGun JdhwangyGiny
whunwhwnpnd Bu Unp ogwhultn: dbgGwnwghwih thnynd Jwuuwjwywl Juwpwyh wnw-
swgdwl W wwpwédwu dty hhduwlwu nGpp YnuphnhnuduGphuu E: Ipdwlnnipjuu nGd
wwjpwnp UnyUwlwlwgyned £ wipwgnnh nGd Yugdwytpuwynn dhgngwnnidutph hGwn:

Lywpwapynn untuyu Upgwhuntd tnnwpwéywé inbuwy E: Iwjnuwpbpyt) £ hGnwgn-
nnLEjwl pninp twphuGpht, hhduwywunwd WuyGpwuh W Uwpunnune 2pgwultph Jh 2wppe
hwdwjupltpnd, hUsgwGu Lwl  UnGhwlwybpn pwnwend hwnwpgBunt ypw: wjn-
LUwpbnytp £ Uwle 2016p. WuytGpwuh 2npgwuh UWyuwnpnip W UgGwnwpwung gjninGpnud
ynynntunt Yynw:

3. Ubwyuwinphng Ywd uyhwnwy pdwynpnipynil - Mycosphaerella ribis (Sacc.) Lindau,
puw. Mycosphaerellaceae: Uhuinwhwpnidubpu /pétpp/ wnwewunwd GU wnGplluGph, pudjnun-
utnh, GppGUu Uwl wwninUGph ypw: Réwynpnipintup npulenpynud £ wnGplluGph Ypw
Yinpwynt ud  wuynibwéle nupguwgnuu péGph - wnwewgdwdp, npnup  hGunwaquinud
ughunwynwd U W Junwd nwpsuwagnyu  Ggpwagdtpny: 3pdwun  wnGpllUbph gnuyg  Jw-
yGpGuutphu Uywwnynd BU ule whyuhnutbp® whyunuwnputpny: Uwnpubpu wugnuyu U W
pGlwludwu, npnug Jhgngny wdnwup  Jwpwyp wwpwséynd £ Ipgwlnnipjwl hunBuuhy
npulenpdwu wpnyniupnud hwnwipgBune W ynynnGunt inGplllbpp dwdwuwyhg onun puwith-
ynwd GU W supyned E pnyuh wép: Uuyh huntuuhd qupgwgnudp Ywnpnn E nunGygytr ynynn-
2t6UnL pthh Ubpywgnudny: Ywpwyu pudjnnutph ypw wpunwhwjnynd £ Gplwpwygncu égyus
pétph wnwwgdwdp, npnue YEuwnpnunud nluBU pwg gniuwygnpneeintt W Ggpwgdywé Bu
dnig 2Gpwnny: Uhunwhwpwé puéninubph  pbpwéh  wpryniupnd jwgnud £ pbppw-
nynieinilp W wwininutph wwpwupwhu wpdtep: Ipwun ywnninutph ypw nhungnud Gu
thnep, hwpe, gnn2 pdtp, npnup hGwnwquwinud uwhwnwynd Bu: Untuyp édtnnud £ ubw-
wnnphngny hhdwun pniuwywl Juwgnpnutbph ypw: Wlwlp nGplubph unnphu dwytntu-
Ubphu wnwewund BU pwquwphy thnpn wywunnwdwnpuhluGp® wulinninbghnudubp /quingquig-
JuwUu wwnpywynp thnry/, npuntn hwuytpnd hwuntuwunwd BU wuynuwnputpp: Ipdwlnniejwlu
qupquglwup Uwwuwnnwd £ funbwy Bnwlwyp, dend sEpdwuwmhéwup W gnpwgnn pthtnp:
Utwwinphngh dwuuwjwywl tnnwpwéncd nhinynud £ wdnwl Gpypnpn YGuhu:

Untuyu Upgwhunid tnwpwéywd inbuwy E: Iwjnuwptnyt) £ 2015-2016pR. Wuybnw-
Uh, Uwpuniunt b UwpunwyGpunh, 2ppwlltph Jdh 2wpe hwdwjuplubpnud  hwnwpgtune W
ynynnotunt ynw:

4. dwlquwuntly - Puccinia ribesii-caricis Kleb., puwn. Pucciniaceae: Lywpwagnpynn uuyh
hwpnighsp Ywnpnn £ whuinwhwpt) nkp-pnyutph pninp opquilipnp® wbpllutpp, Gphunwuwnn
2hdtnp, swnhyutpp W wwnninubpp: Uuyh huinbuuhy qupqugnidp Uywnbihnptu ujwagbguncd
E pGppwwinynieintup W wgnnud pnyup YGuuwagnpdnlubnuejw Ypw:

Pnyuh whinnwhwpywé opwputubpnid dlewynpyned GU Uwpuowagnuu Ywd nenUwaniju
pétn, npnup wnwyt] wpunwhwjnywé Gu |hunwd hhywun wnGpllutph ypw: vdepghuutphu yb-
nhu JwytptGupu Uywuwynwd £ Jwn gnibwynpniejwdp opwhulbn, npnugnud wnyw Bu ul
yGwhyutbp: Upunmwhwpywd nbplluGph unnphu Jwybpbuubphu inGnwywwé Bu nknhu
pwpadhyutp'ulyh uwynpwypnipnllutp, npnug npny dwdwluwy wlg uwnwuntd GU thnpphy
22hyutph inGupe: Uuyh qupgugdwlp gnigplrewg thnhuynid £ whpunnwhwnywé opwhultph
gntbwynpnipintup, wju nGnuwdnituhg nwnunwd £ nupguwagniu, wjunthGunle gnppwunud E,
yGunpnunw utnwuwiny uwyhwnwywynt gnitbwynpnud: dwugwuuyny hhywun wnGpllubpp
dLwihnfuynud BU, puéjnnutpp’ wnbpliwgpyynid, dndnynd W g6U ddGnnid, huy wwninubph
qungwgndl whunwhwpJwd opwhunid Ynnpwihu supdnd E: Uhwynnuwuh qupgwgdwl
wpryntupnud dbwynpynid BU inéle wnnenUtp, npnug wép nwnwpned E:
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4.9. uuraursuu

Uhunwhwpywé ogwpulbpnud dlwynpynd U ulyh uwynpubpp, npnup wwpwéytiny
wnwgpwgunid GU Jwpwyh Unp opwhuutn: Uwtpdwagnuhnwdubpp udptpny GU, inGnwyuwywé
GU mGpWUEph uinnpphu Jwytptulutphu, dEnpwntnuwaniu Bu: Eghnhndutph Yniinwynidubpp
hwJuGdwwnwpwn JGs tudpGpny BU, npnup wnbnwywpywé Bu gnnnillbph, wnbplubph W
hpdUuwywu 9nGph  Yypw: Unwowgunid GU  Yupny  wpunwhwjingwéd  dlwhniunce)nil:
EghnhnudUutGpp pwdwlwldwlu GBU, nGnhu, wGphnhnwh G Swiywd uwhwnwy Swjpny:
Eghnhnuwnputpp Yinpwynit 6U Ywd pwquwuynil, pwg Uwnpbgwagnu, Jwln th2hluwwn:
NipGnhupnwdutpp wbplluGph  unnnphu JwyGpGuuGphu Gu, ojwjwaéle GU, thpwd, pug
gnpawyntu, Gpywn dwdwlwy Junwd G EwyhnGpdhuny swéyywé: SEhnudubpp inGnwiywyywé
GU wGpWUGph uwnnphu Jdwunwd, Jnig nwpguwagnuu  Gu:  SGihnuwnputGpp  unynpwpwp
pnpngwudwl GU, pwg gnppwynil, pwnwuep hwpe E, nnhyp wdnip W nGnUwyniu:
Upgwpuntd hwqywntw hwunhwnn nGuwy E: bnEunhdhywgyt) £ 3 wugwd /10.06.2014p.,
5.06.2015p., 24.05.2017=./ WuyGpwuh 2ngwuh nnn2 hwdwjuputnpneu:

5. Uuynjuhwinnq — Ascochyta ribesia Sacc. & Fautrey, puwn. Didymellaceae: Wpuinwhwn-
ynd 6U nkpllutpp, npnug ypw quipgwuncd 6U gnn2, uyhunwywynitt Ywd gnilwn nGnuw-
gnuyu W gnp2 Ggpwagdywé pétn, npnug YEunpnund hGunwquind wnwowunwd GU RGelL
Swipwynn opwhultn: Wn opwpilGpnid hjntujwéputnp gnpwuwiny dweédenid W wnyynd Gu:
RSGpp Ywpnn BU (huGp Yypopwdntt Ywd wuynibwéle b wuhwunt  nuuwynpnejwl:
Jwpwywsd hwwndwséubph Jpw Ywl ule whyuhnutp, npnup thnpp B W qunwaéle: Un-
Uhnhwyhpubpt wugnyu Bu W nlUEU wwpg Ywenigwép: Unuhnhnidubpu Ehwyunhnwy Gu
wd gulwél, pnyl nbnUwywlwswynll, bl pny; dgwéeny dhgunpd, Gpypehe GU°
SwynGpnud Ynpwguwé:

Lywpwapywséd uuynd wybih hwowh whunwhwpynd Gu Yupdhp hwnwngh pthbnp:
Ihqwlnnipjwl huntuupy qunpqwugnid £ nhindnd wdnwl Yeubphu W pwpniuwyyned £ Jhusl
np wpncl: Untuyp ddtinnud B whuinwhwnpywé pniuwywl duwgnpnubph ypw whyupnutbph W
whyunuwnputph  wbupny: Ipduunnipjwl  qupgwgdwup Uwwuwnnud £ pwpép  punbw-
Jniejntp W wbp-pnyubph pnyp YeluwgnpénwutGnieiniup:  Wuynpuhuiningh  huinBuuhy
wnpunwhwjnwénientlu wnwwgunud £ hhdwun  pnyubph Junwdwd  inbpliwpwth:
Shdwunnipinilu wnwghu wtwpnd peppwwnynipjwl ypw wpunwhwjnwéd  pwgwuwywl
wagnbgnipynt sh pnnunwd, uwlwiu wnwptg wwph  Ypyuybing, udwgbgund £ pniup
yGUuwgnpéniubnLe)nilp,  hGunbwpwn  Uwl  pGppwwnynieniup: Untuyu  Upgwhuncd
hwjnuwpbpytb £ hGunwgnunnipjwu pninp tnwphutppu GuyGpwuh W Uwnundune 2pgwluGph
Uh 2wpp hwdwjuputpnd ynynnztunt W hwnwpgtunt ypwi:

6.Unfupwgniju pnppnuwudwl thiinwd — Botrytis cinerea Pers., puwn. Sclerotiniaceae:
Botrytis cinerea uuyny hhduwywuntd whunwhwnpynd U wyunninUbpp nunnud W wwhwwu-
Jwl dwdwlwy: Lywnpwanynn uuyh qwpwyp nhwndtb £ huswybu inbp-pnuyup yGgbunwghwih
thnynd, wjuwtu £ pepph hwywedwu, inGnwthnudwl W wwhwywudwU dw-
dwlwy: Uhunwhwpywé yunnwewnwupp hwewh wwwnnyned E: Minnwhwunhlyubph Jupwyp
hhJuwywunwd uyuynd £ wyunnh W Yneniup wdpwgdwl hwngwéhg Ywd JEhuwlhlywywl
Juwuywépny opwhuhg:

3pdwun wwninubpp hwpnighsh pwihwlgdwl wwhhg ujuwd wpwg thwhynad L
Swéyund BU Unpupwgnuu thweny® ubyp Ynuhnhw| uwnpwypnipjwdp: Ynuhnhwyhpubpu
nlutl  Jpdlwldwl  §ninwynpnud, npnug  quqwehl  wnwewlntd  BU - Ynuhnhnd UGpp
fuwynputp/: Uwynputpp dhwpgh Gu, wugnyu W ojwjwal, Gpptdu dlwynpnud U ule Ywd gnpp
uyltpnghnwdubp:  Ubhuwupywywu  Juwudwépubnnd, enyp  YEuuwgnpéniubngyudp W
gtphwunu wwnnnUuEpUu wyth puywintuwy Gu Uywpwagnynn uuyh Lywndwdp: Swe b uwnp
sGpdwuwnhdwuutbnh wuywunu hGppwinfup hwdwnynd £ uuyh qupgugdwu hhduwywl
wwwbdwnp: Unluyp wnwpwédywéd nbuwly E, hwjinbwpbpdtbp £ nwunwdUwuhpnijwl pninp
tnwnhuGphu WuytGpwuh, Uwnpwniung, Uwpunwybpinp npn hwdwjupuGpnd b UnGihwlw-
yGpwn pwnweh wywunnwn-pwlswnptntUutph Jwiawnwytuntnnd:

7.dEpnhghyniinqujht pwnwunwd - Verticillium dahliae Kleb., puw. Plectosphae-
rellaceae: Ihjwunnieintp hwunhwb) £ wyth 2wwn hwnwnpgbunt, pwl Ynynntunt ypw: Uhu-
nwhwpywd rthph wép Lywwnbh nwppGpynid Ep wnnng pnyutbphg, upwywé nkpllubnp
gnitbwwnynd BU, wunhdwuwpwp pwrwdnd W Gpywn dwdwuwy dunwd BU 2hybphu Yuywé:
Uygpnud pwnwdnid BU uinnphu inbplluGpp, wjunthGunle Juwpwyp tnwpwéynud £ Gphnwuwnn
2hdytph ypw: dwpwyyned U bwle yinninutpp, npnue pwnwdned W Junwd Bu phdGphu Yuywé:
pqwlnnipjwl 2-3 wwnph Yphudbp hwugbgund £ pnyup ngugwgdwl: Verticillium dahliae
Kleb. uuyhu punpn? hwwnywuh? £ nGp-pnyuh hjneujwépubnh gnppwgnedp: Upunwhwnywéd
2hdGph wjtwyh Yunpwépnid wnbuwlbih U puwthwynh UGYpninhy opwipulbn® wnwlahu
yGwntph Yuwd wdpnnowlwl onwyh intGupny: Lwpwagpynn ulyh hwpnighsp pwthwugnud £
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wnbp-pnyup  hjneujwépubpu wpdwwnutph Jhongny: dwpwyjwd pnyubpp dwhwunwd B,
pwlh np hwnpnighsh Ynnuhg wpunwnpyned GU pnyutp, npnugp fuhun pwgwuwpwn GU wgnned
pniuh YEuuwgnpénluBnLeywu ypw: Anyuh ullnwiht Unietph inbnwpwndp nbwh dwunnuw)
2hytn nwnwnpnud £, nph wprynitupnd wnwwunid £ pwng W und, wpnniupnid yGgGunwnhy
pudjnnutpp puGnnynud Bu, huy wpdwunwihu hwdwywngl wunhdwlwpwp gnppwuncd W gn-
pwunwd E: Lywpwanynn untuyu niuh (wju $hingtubinhy dwubwaghunwgnid W pwgh hwnww-
innwjhuutphg Ywpnn £ whunwhwnpt] bwl wwnnin pwuswpbnGuwihu wy Wwywpngutbn: Wn
pnijubph Jwpwyjwsé duwgnpnubph dpw uuyh hwpnighgp adtnnud £ Jhypnuypnghnidutph
nbupny W Ywpnn £ hp YeLuuntbwyniejntup wywhwwub) 8-10 wwnph: Uhypnuytpnghnidutnu
wébiny  wnwowglnud U ulywdwpdhu, npp Jwpwynwd £ wnbp-pnyup’ pwthwlgbing
Gphunwuwnn wpdwwnutph dGg: Uuyh huwnbUuhy wpunwhwjinjwénipjwu ntwend Ywpnn £
nguswuwy pnyuh yGpgGunujw quugywéh 20-30 wnnynup: Untuyp nwpwédywsd nbuwy E,
hwjnuwpbpyt, £ hwnwpgtunt ypw nuncduwuppniejwu  pninp tnwphubppu WuyGpwuh,
Uwpuniunt, UwpunwytGpinh npny hwdweutpnd, huy ynynntunt ypw hwjnuwptbnyty £
2015 p. W 2017 . wunwl Ytubphu' Wuytpwuh 2pgwun npn hwdwjuglubpned:

8. UnUuhpwjhu thwnintd - Monilinia laxa (Aderh. & Ruhland) Honey, plu.
Sclerotiniaceae: Upunnwhwpynid GU wyunnnutpp: Ipgwln hwwnwwwnninubpp gnibwngnud W
pnmnunLd BU: Munnwipwnwupep denpynd £ W dlwynpynud GU pwg Unpupwanuu pwpadhyutp®
uuyh uwnpwypnientuutn: Uujwdwpdhup pwithwugnud £ wywnnwduh Jdby W dwdwuwyh
pupwgenid whuinwhwpdwd wwnninUubpp ¢gnpwlnwd BU, Unudhdhywgynid W hhduwywuncd
dund BU gjnuntphg Ywhudwd, huy npnpubpp Yupnn BU bwle pwihytb: UnbhwghU thinned
ublywjhu hhjwunnientll huintbuphy nwpwédwl wpnyniupned wpnn £ hwlgbgutp pGpeh
dwulwyh Ynpneunh: Uuyh qupgqugdwup bwywuwnnud 6U tnlbwywl wudplluGpp W onh pwinén
funuwynrejnitup: Lywnpwanynn hhjwunniejwl Juwuwptpnipntuu Upgwhuncd qquih sk Wu
hwjinuwpbpyty £ nuunudUwuppnipjwl pninp wnwphutpphu - WuyGpwuh,  Uwpundunc,
Uwpunwytpwnh 2ppwliuGph Jh 2wpe ginentpnud W hpjwunnieintup dwuuwjwywl punype sEp
ypned:

Wjuwhund, gnpuwdjw hGrwgnnnepntbltph pupwgenid hwjnuwpbpdt, W wywpqw-
pwuyt] E YnynrnpGunt nu hwnwpgbunt Jpw hnGunhdhyugywd Jwywpnyd uuytbph quip-
gwgdwu YGuuwpwlwlywl wnwludUwhwwnynipintlutpp, wpunwehlu gnpénultph wqnbgnt-
piIntup npwlug ypw, wGp-pnyubph puyuintuwynieniup hhjwunwéhu ubybph Uywndwdp
U hwpdwpywéntpiniuu Upgwhuh puwyhdwjwywl wwjdwuuGphu:

Swny E UG, np ynynnUnt W hwnuwpgtunt wakgdwl, nnwyjwy nL pwpép pbpp unw-
Uwint, huswtu bwl UWwpwagpywé ullwihu hhywunnipniuutph nGd wwjpwnpbint hwdwp
wUhpwdtn £ ng Jhwjl dpuybp nu pwgdwgltp ethtpp, w)p bwl hwwnny pubwde hpw-
ywluwgub, npu wuwwdwu wtwe £ gniquygdh wagpninGhuuhjuywt, YEuuwpwlwywu W
ehvhwywl wwjewph dtennutph Yhpwndwdp:

RGwnwgnuninLenlll hpwywuwgyt, £ U3 4WQU Uwhuwpwpnigjwlu Ynndhg wnpwdw-
nnynn $huwlivwywu wewygnipjwl 2unphhy' NeSCS 15.10-003 «Uwynyh pniubph ubywihu
hhjwunniejnlUuGph nLuncdUwuppneentup LenUwjht Wwpwpwnh tnwnwéenidy»  ghinwlwlu
rGUw)h 2npwliwyutnnd:
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INTERACTION OF MESO-TETRA-(4N-ALLYLPYRIDYL)
PORPHYRIN AND ITS Cu-, Co- AND Zn- CONTAINING
DERIVATIVES WITH DNA

V.G. BARKHUDARYAN*, G.V. ANANYAN

Department of Molecular Physics, Yerevan State University,
Vbarkhudaryan@gmail.com

The influence of water soluble cationic meso-tetra-(4N-allylpyridyl) porphyrin
(H,TAIPYP4) and its metal complexes with Cu-, Co- and Zn- on hydrodynamic and spectral
behaviour of ct-DNA solutions has been studied by viscometry and UV-VIS spectrophotometry
methods. The results obtained were compared with the results of previously conducted similar
studies on meso-tetra-(3N-allylpyridyl) porphyrin (H,TAIPyP3). It has been shown that the change
in position of peripheral radicals on pyridylic ring has absolutely no effect on rules of interaction
of investigated porphyrins with DNA in case of outside binders CoTAIPyP4 and ZnTAIPyP4.
Planar porphyrin H,TAIPyP4 interacts with DNA predominantly by intercalation mode at low
relative concentrations of r (r = [Porphyrin] / [DNA]) and by external binding mode at high
values of r. Unusual behaviour shows CuTAIPyP4, which interacts with DNA via non-classical
(partial) binding mode. It was shown that H,TAIPyP3 and its metal complexes bind to DNA much
more intensely than H,TAIPyP4 and its metal complexes.

Porphyrin — ct-DNA — Viscometry — intercalation — outside binding — partial intercalation

Uwoénighywswihnigjuwt W uwGyunpndnuinndGuinphwih JGpnnubpny hGunwgnunytbp £ gpwind
Jwwnhnuwjhu Utgn-inGunpw-(4N-withiwhnhnhy) wnpdhphuh (H2TAIPYP4) W Cu-h, Co-h W Zn-h hGwn
Upw hwdwihpuGph  wanbgnieniup Yu@-h  [nudnypUtph  hhnpnnhtwJuhywywlu W uwGyunpwy
hwuwnynieniuttph ypw: Unwgywd wpnyntuplbnp hwdbdwwnyt) Bu Ubgn-inGunpw-3N-withiwhphnhy)
wnpbhphuph (H,TAIPYyP4) htwn Uwhyhund hpwywlwgwsd Udwlwwnhy hGnwgnnnienlllutph
wpryntupltiph htwn: 8nyg £ wipdbl, np- whphnhiwjht onwynid: Ynnulwjht nwnhwiutph nhpeh
thnthnfuniejntlp pwgwpdwywwtu  ¢h wannd  hGnwagnngnn - wynpdhphUubpht  AUR-h  htwn
thnfuwgnbgniejwlu ophUwswihnientlubph Ypw wpunwpehuhg juwwynn CoTAIPyP4-h L. ZnTAIPyP4-h
nGwenid: 3wpe Ywrenigwéeny H,TAIPYP4-ynpdhphup YUMR-h hbn wnwybiwwbu thnfuwagnnd £
huintbpywidwl Junewadény gwsdn r (r = [Porphyrin] / [DNA]) hwpwpbpwywl ynugtunpwghwltnh
U wpunweht juwnuwdny® U6 YnugGunpwghwutbph nbwenwd: Wuungnp Juwppwaghé £ npulcnpnud
CuTAIPyP4-p, nnp YUfB-h htwn thnjuwgnnud £ ng nwuwywu (Jwulwyh) juwdwlu nbdhdnd: Snyg E
wnnyb, np HTAIPYP3-p W Upw  JGwmwnwyndwGeulbpp YUM@-h hGin wybih phuntUuuhy Gu
thnfuwgnnd, pwU H,TAIPYP4-p W Upw UGnwnwyndwGeulbnp:

MNnndhphl — Mre, dwonLghwswthnipini — hunbpyuwinid — wpwnwpehl uwnd —
dwulwyh hunbnplwnid

MeToaMy BUCKO3UMETPHH M CHIEKTPO(GOTOMETPHU M3yUYEHO BIMSHHE BOJOPACTBOPHMOTO
KaTHOHHOTO Me30-Tetpa-(4N-ammnnupuann) nopdupuna (H,TAIPyP4) u ero komruiekcos ¢ Cu-,
Co- 1 Zn- Ha THAPOAMHAMHUYECKOE U CIIeKTpanbHoe noBeneHune pactsopos JJHK. [Tomydyennsie pe-
3yJILTAThl CPAaBHUBAJIHCH C PE3YJIbTATaAMH paHee MPOBEACHHBIX aHAIOTHYHBIX MCCIIEIOBAaHN Me30-
terpa-(3N-ammmupuann) nopdupuna (H, TAIPYP3).
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INoka3aHo, 4TO W3MEHEHHE IOJOXKEHHS HEepU(PEPHUIECKUX PATMKATIOB HA IHPHIHIOBOM
KOJIbIIe a0COTIOTHO HE BIMSIET Ha 3aKOHOMEPHOCTH B3aNMOJIEHCTBHS UCCIIEJOBAHHBIX ITOP(QUPHHOB C
JHK B cmyuae BHemmHux cBsyonmx CoTAIPyP4 u ZnTAIPyP4. Ilnanapusii mopdupua
H,TAIPyP4 B3aumopeiicteyer ¢ JIHK mnpenMyliecTBEeHHO HHTEpPKASIMOHHBIM DPEKHMOM IIPH
HHU3KHX OTHOCHTEJbHBIX KOoHUeHTpaimsix ¢ (r = [Porphyrin] / [DNA]) u BHEmIHHM peXHMOM
CBSI3BIBAHUS NPU BBICOKMX 3Ha4yeHUsX I. HeoObrunoe nosenenue npossisier CuTAIPyP4, kotopsrit
B3aumozeiicteyer ¢ JIHK mo HekmaccumdeckoMy (YacTHYHOMY) PEKHMY CBSI3bIBaHUS. bbUTo
mokazano, uto H,TAIPyP3 u ero mMeramiokominiekcs! cBs3bBatoTesa ¢ JJHK HamHOTO MHTCHCHBHEE,
yeM H,;TAIPyP4 1 ero MeTamiokOMIUIEKCHI.

Topgupun — mm-JJHK — euckosumempus — unmepraniyus — HeUIHee CES3bI6aAHUe —
YacmuuHas UHMepPKaIIYust

Cationic porphyrin macrocycles represent a large class of compounds which are
applied in photodynamic therapy of cancer and in biology [30]. The interaction of
porphyrins and metalloporphyrins with DNA has a considerable interest due to their
medical applications. DNA provides a range of binding sites and binding modes for
covalent and non-covalent interactions. The non-covalent interactions include
intercalation, partial intercalation, groove binding and electrostatic bonding with metal
complexes [1, 11, 12].

Study of cationic DNA interaction with porphyrin in solutions shows that
intercalation of porphyrin into DNA requires planar conformation of porphyrin
molecule. Groove binding is typical for porphyrins that cannot fit between nucleotides
due to steric blockage, i.e. porphyrins having bulky side radicals or axial ligands on the
central ion [23-25, 9]. In this case the side of the porphyrin ring fits into the minor
groove of the helix or is located in the major groove by electrostatic interaction between
the negatively charged phosphate group and the positively charged pyridinium rings.

The strength of binding porphyrin to the DNA is one of important parameters of
its efficacy. It is well known, that number of drugs bases their biological activity on
intercalation to DNA, so the studies of molecular interactions between drugs and DNA
have great importance for studying their biological activity [28, 29].

Under appropriate conditions, intercalation of porphyrins causes a significant
increase in viscosity of DNA solutions due to increase in separation of base pairs at
intercalation sites and subsequent increase in overall DNA contour length [11]. In
contrast, porphyrin molecules that binds exclusively in DNA grooves under same
conditions, typically cause less pronounced (positive or negative) or no changes in DNA
solution viscosity [18-20, 26].

In this paper, we discuss the factors affecting the character of porphyrin binding
to DNA. The research tactics are as follows: the molecular configuration of porphyrins
slightly changes, so that the ability of this porphyrin to interact can be correlated with the
planarity and effective width of porphyrin molecules. Our basic expectation is to identify
the conditions under which the degree of interaction of porphyrins with DNA is
maximal. However, the main goal of this series of research is the development and
demonstration of viscometry opportunities for similar purposes, as it is one of the most
sensitive methods to changes of conformation and configuration of macromolecular
compounds.

We already reported the results of investigations of the interaction of water
soluble cationic meso-tetra-(4N-hidroxyethylpyridyl) porphyrin (H,THOEtPyP4) and its
metal complexes with Ni, Cu, Zn and Co on hydrodynamic and spectral behaviour of
ultrapure solutions from ct-DNA. It was shown, that presence of planar porphyrins
H,THOEPyP4, NiTHOEPyP4 and CuTHOEPyP4 leads to increase in viscosity at
relatively small concentrations, and then decreases to stable values, which was explained
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by intercalation of these porphyrins in DNA helical structure. In porphyrins with axial
ligands, such as CoTOEPyP4 and ZnTOEPyP4, the hydrodynamic parameters slightly
decrease, which is explained by outside binding of these parameters in DNA surface
[6-8].

The influence of porphyrin molecules configuration on their ability to affect on the
DNA structure — water soluble cationic meso-tetra-(3N-hidroxyethylpyridyl) porphyrin
(H,THOEtPyP3) and its metal complexes with Ni, Cu, Co, Zn were also investigated,
where we applied the same experimental approach. It was shown, that the change in
position of peripheral radicals on pyridylic ring has no effect on laws of interaction of
investigated porphyrins with DNA in case of outside binders CoTHOEPYP3 and
ZnTHOEPyP3. Planar porphyrins H,THOEtPyP3 and CuTHOEPYP3 interact with DNA in
intercalation mode. It was obtained, that the hidroxyethyl group at 3N-position is
favourably located relative to the DNA helix axis than at 4N-position [4].

The effect of the chemical structure (presence of double bond) of a side radical of
porphyrins on their ability to affect the DNA structure has also been investigated. Water-
soluble cationic meso-tetra-(3N-allylpyridyl) porphyrin (H,TAIPyP3) and its Cu- Co- and
Zn-containing derivatives were studied using UV/VIS absorption spectroscopy and
viscometry. The change of the chemical structure of side radical of porphyrins has no
effect on the regularity of interaction of outside binders CoTAIPYyP3 and ZnTAIPyP3.
Planar porphyrins H,TAIPyP3 and CuTAIPyP3 interact with DNA considerably more
intensively than H,THOEtPyP3 and CuTHOEtPyP3. In particular, the maximum value of
interaction intensity sharply increases and moves to the high porphyrin content values in
DNA solution. The fact of better interactions of H,TAIPyP3 than H,THOEtPyP3 with
DNA is explained by presence of double bond in side radicals contributes to a more
favourable location of porphyrins into DNA groove binding [5].

In this paper we describe the results of UV/VIS absorption spectroscopy and
viscometry analysis of the configuration and effective width of the peripheral radicals of
cationic meso-tetra-(4N-allylpyridyl) porphyrin (H,TAIPyP4), its Cu-, Co- and Zn-
containing derivatives on their ability to affect the DNA structure. The collected data have
been compared to our recent results on the influence of H,TAIPyP3 and its Cu, Co and Zn
metal complexes on hydrodynamic and spectral behaviour of DNA solutions, where we
applied the same experimental approach [4].

Materials and methods. Ultra-pure DNA from calf thymus (protein < 0.1 %, RNA <
0.2 %, m.m. > 30 MDa: GC = 42 %) was a kind gift from Institute of Bioorganic Chemistry
(Minsk, Belarus). Porphyrins were synthesized in the Department of Chemistry of Pharmacy
Faculty, Yerevan State Medical University [22]. The structure of cationic meso-tetra-(4N-
allylpyridyl) porphyrin (H,TAIPyP4) is shown in fig.1.

Fig.1. Chemical structure of meso-tetra-(4N-allylpyridyl) porphyrin. M=2H, Cu, Zn, Co, R = — CH,~CH=CH,.
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The concentrations of investigated porphyrins were determined spectrophotometrically.
All conditions for spectral and viscometry measurements are the same as in [4-6].

Visible absorption spectra of porphyrins in the Soret region in the absence and presence of
DNA were measured at 20°C using Perkin Elmer Lambda 800 UV/VIS spectrophotometer.

To explore the interaction between the porphyrin to DNA, viscosity measurements were
carried out by keeping the DNA concentration as constant and varying the concentration of
porphyrin. Viscosity measurements were carried out in a thermo stated bath at a temperature of
22+40.01°C, equipped with an Ubbelohde capillary viscometer (capillary's diameter is 0.56 mm).
6.0 ml of phosphate buffer was transferred to the viscometer to obtain the reading of efflux time.
The efflux time of solvent in these conditions was 87.6 sec. The experimental errors were in
allowed limits and did not exceed 1%.

Results and Discussion. Absorption spectra. The spectral features of studied
porphyrins at complex formation with DNA and their binding parameters (binding
constant K, and exclusion parameter n) are shown in tab. 1. Details of representation and
calculation of spectral data are discussed in [6]. K, and n were calculated using the
titration curves in Soret region. They are not represented in order to reduce the
workload.

Table 1. The spectral and binding parameters of complexes H,TAIPyP4, CuTAIPyP4,
CoTAIPyP4 and ZnTAIPyP4 porphyrins with DNA, [Na*] = 0.02, pH 7.0

Porphyrin | Apa (NM) Apnm) [H % | Ky x10/(M1 | n
H,TAIPyP4 424 13 53 1.02 1.85
CuTAIPyP4 426 3 33 4.08 1.81
CoTAIPyP4 437 -3 31 0.136 0.54
ZnTAIPyP4 440 2 24.5 0.7 1.0

The induced CD spectra of DNA in the presence of CuTAIPyP4 and
CoTAIPyP4 porphyrins were shown in fig. 2.
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Fig.2. Induced CD spectra of CUTAIPyP4 and CoTAIPyP4 in presence of DNA
at different relative concentrations, [Na+] =0.02, pH 7.0.

As seen from tab. 1, the binding of H,TAIPyP4 to DNA is accompanied by red shift
of the Soret maximum (AA=13nm) and pronounced hypochromicity (53%), which argue in
favour of intercalation binding mode. The forceful evidence for intercalative binding is the
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induced CD spectra, which demonstrate both negative (at low r < 0, 01) and conservative
(at relatively high r > 0, 01) spectra (fig. 2a). On the basis of obtained data, it was supposed
that the observed significant changes in CD spectra were connected to an altered DNA
conformation initiated by intercalation of porphyrin H,TAIPyP4 into DNA.

In case of CuTAIPyP4, the spectral parameters exhibit unusual behaviour for
planar molecules contrary to our expectation. It is known, that coordination number is 4
for Cu-porphyrins and they have not axial ligation [22]. However, the spectral
characteristics of CuTAIPyP4 in complex with DNA are different from the usual
intercalators: small hypochromicity (33 %) and bathochrom shift (AA=13nm) are
observed. At very low relative concentrations, the Soret band is not shifted. It is known,
that such behaviour is typical for porphyrins with axial ligands as Co-, Fe-, and Mn-
porphyrins. Moreover, the induced CD spectra in the Soret band substantially are
positive (at r < 0, 4) and conservative (at r > 0, 4) (fig. 2b). In addition, one cannot
exclude the possibility of implementing a partial intercalation binding mode, which is
realized when n < 2and is more pronounced in case of Cu-porphyrins [23].

The porphyrins CoTAIPYyP4 and ZnTAIPyP4 used in our work are fifth
coordinated and have one axial ligand, show the usual behaviour for outside binders
[22]. Small hypochromicity (24, 5 %) and small bathochrom shift (AA=2nm) are
observed for ZnTAIPyP4. However, CoTAIPyP4 at complex formation with DNA
demonstrates 31% hypochromicity (greater then CoTAIPyP3 [6]) and blue shift
(AA= —3nm) Both porphyrins CoTAIPyP4 and ZnTAIPyP4 exhibit only positively
induced CD spectra in Soret band, which confirm outside arrangement of this porphyrin
molecules on the surface of DNA helix. The induced CD spectra of fifth coordinated
ZnTAIPyP4 and CoTAIPyP4 [22] are a good evidence for external ordered binding
mode.

Viscosity measurement

As a means for further exploring the binding of the porphyrins to DNA, viscosity
measurements were carried out with a fixed concentration of DNA by varying the
concentration of the added porphyrins. The viscosity values were calculated from the
observed flow time of DNA containing solutions with porphyrin (t) duly corrected for that
of the DNA solution alone (tp). The changes in the viscosity of DNA in the presence of
H,TAIPyP4, CuTAIPyP4, CoTAIPYP4 and ZnTAIPyP4 porphyrins were shown in fig. 3.
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Fig.3. Plots of the relative viscosity of DNA vs. r values of H2TAIPyP4, CuTAIPyP4, ZnTAIPyP4
and CoTAIPyP4 porphyrins in phosphate buffer. The inserted graph present the enlarged plot of
the relative viscosity of DNA versus r values of CuTAIPyP4.
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We characterize the viscosity behaviour of DNA-porphyrin solution through the
relative viscosity, defined as the ratio (7/n,) where 17, and 7 are the specific viscosity
contributions of DNA in the absence and in the presence of the porphyrin, respectively.
Obtained data were presented as (7/ ) versus r (r= [Porphyrin]/[DNAJ).

As it seen from fig. 3 the relative viscosity decreases with the addition of
ZnTAIPyP4 and CoTAIPyP4 to the buffer solution of DNA. This decrease corresponds
to the external binding mode and the type of central metal in porphyrin cavity is not
important. Such behaviour was also observed in case of ZnTAIPyP3 and CoTAIPyP3 at
complexation with DNA at same conditions [5].

The relative viscosity of DNA shows small growth with increase in concentration
of the H,TAIPYP4 up to concentration range r ~ 0,7 and decreases thereafter. Of course,
the processes of intercalation and external binding of porphyrin preceede simultaneously,
but apparently, at initial dozes, porphyrin intercalation process prevails. As a result, by
intercalation of porphyrins into the double helix of DNA, the distance between base pairs is
increased, due to which an increase in viscosity is observed. Furthermore, in concentration
range r > 0,7 due to saturation of intercalation sites, added amounts porphyrin molecules
are located predominately on the surface of the DNA helix. As a result, the relative
viscosity of H,TAIPyP4 decreases monotonically in high concentration range up to
constant values. That is why we can prove it by presence of two types of binding
porphyrins to DNA.

On the basis of obtained data, it was supposed that the observed dependence of
viscosity on r is connected to an altered DNA conformation initiated by intercalation of
porphyrin H,TAIPYP4 into base pairs of DNA. These results are in good agreement with
optical absorption experiments.

The unusual behaviour displays the CuTAIPyP4 porphyrin at complexation with
DNA. The relative viscosity decreases even at low concentrations of CuTAIPyP4, which
means that this porphyrin shows the behaviour typical of outside binder such as
externally binding porphyrins ZnTAIPyP4 and CoTAIPyP4. However, the decrease is
not monotonic (fig.3, enlarged plot of the relative viscosity of DNA versus r values of
CuTAIPyP4). At first, the relative viscosity decreases up to r < 0,2, afterwards it
remains constant in concentration range 0,2 < r < 0,5 and thereafter decreases again.
Coordination number for Cu is four [22] hence the CuTAIPyP4 molecule is flat, which
means that this molecule must act as an intercalators. However, as seen in fig.3 the
behaviour of CuTAIPyP4 does not correspond to classical view of traditional
intercalators. In comparison with the above spectral studies, which suggest that this
porphyrin interacts with DNA via non-classical or partial intercalation, we can assume
that predominantly partial intercalation takes place in concentration range 0,2 <r <0,5.
The induced CD spectra confirm this assumption: only positive spectra are observed up
to r < 0,2 and the conservative spectra are observed starting from values of r < 0,3. These
results certainly reflect the substantial difference between binding modes of H,TAIPy4
and CuTAIPyP4 porphyrins.

Partial intercalations of small molecules and DNA were discussed in many works
[2, 10, 14, 17, 21, 23, 27].

A classical intercalation model demands, that the DNA helix lengthens as base
pairs are separated to accommodate the bound ligands, leading to the increase of DNA
viscosity. In contrast, a partial, non-classical intercalation of ligands could bend the
DNA helix, reducing its length and, respectively, its viscosity. In addition, complexes
that binds exclusively in the DNA grooves by partial (non-classical) intercalation, under
the same conditions, typically cause less pronounced (positive or negative) or no change
in DNA solution viscosity [18, 20, 26].
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Partial intercalators also reduce the axial length observed as a reduction in
relative viscosity, whereas the classical organic intercalators such as ethidium bromide
increase the axial length of the DNA and make it more rigid [10, 17, 21, 27] resulting in
increase in relative viscosity.

We have developed two possible interpretations for reasons of partial
intercalation mode of CuTAIPyP4 with DNA. Binding of CuTAIPyP4 with DNA by
partial intercalation mod can be the result of the bulkiness/rigidness of the side radicals
of CuTAIPyP4 (steric blockage). Second interpretation implies, that it is possible to
expand the coordination number of Cu during the synthesis/processing in manner
described in [3, 15] about the extending of coordination numbers of some metal ions by
cation interaction with H,O or other molecules. If this happens with Cu, the presence of
axial ligands will not facilitate the intercalation of CuTAIPyP4 into base pairs of the
nucleic acid. This may explain the partial intercalating properties of CuTAIPyP4. A
similar explanation was applied to explain the binding mode of AgTAIPyP4 with poly
(rA) poly (rU) and poly (rl) poly (rC) homopolymer RNA duplexes [16].

We prefer the first version of the interpretation, since earlier we conducted
similar studies with CuTAIPyP3. The only difference between CuTAIPyP4 and the
CuTAIPyP3 is the position of the side radical. Our studies showed that CuTAIPyP3
possesses the most pronounced properties of classical intercalation among all studied
porphyrins, whereas, in case of validity of our second interpretation, CuTAIPyP3 also
had to bind to DNA by a partial intercalation mode.

Data collected have been compared with the previously conducted results of
similar studies for H,TAIPyP3 and its metal complexes with Cu, Co and Zn [5]. A
comparative plot of the relative viscosity of DNA versus r -values: a—H,TAIPyP3 and
H,TAIPyP4; b-CuTAIPyP3 and CuTAIPyP4; ¢ -ZnTAIPyP3 and ZnTAIPyP4;
d-CoTAIPyP3 an{ds CoTAIPyP4 are shown in fig. 4.
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Fig.4. A comparative plots of the relative viscosity of DNA in phosphate buffer in presence of porphyrins:
a—H2TAIPyP3 and H2TalPyP4; b—CuTAIPyP3 and CuTAIPyP4; c-ZnTAIPYP3 and ZnTAIPyP4;

d-CoTAIPyP3 and CoTAIPyP4. On (b) the inserted graph present the enlarged plot of the
relative viscosity of DNA versus r values of CuTAIPyP4.
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The results reflected in fig. 4 clearly show, that the change of the configuration of
porphyrins has no effect on the regularity of interaction of investigated porphyrins with
DNA in case of outside binders CoTAIPyP4 and ZnTAIPyP4. This result is consistent
with the binding parameters (see tab. 1) and, in our opinion, is quite logical. Such results
were also obtained when similar investigations were conducted with porphyrins
H,THOEtPyP4, H,THOEtPYP3 and H,TAIPyP3 [4-6].

Planar porphyrins H,TAIPyP4 and CuTAIPyP4 interact with DNA considerably
less intensively than H,TAIPyP3 and CuTAIPyP3 (fig. 4, a, b). This fact may be
explained by presence of double bond in side radicals, as increase in rigidness and
effective width of side radicals contributes to a less favourable location of porphyrins
into DNA groove binding as it follows from CD spectra also (fig. 2).

Thus in this work, we employed the spectrophotometry and viscometry
measurements to study the binding of novel water-soluble porphyrins meso-tetra-(4N-
allylpyridyl) porphyrin (H,TAIPyP4), and its Cu-, Co- and Zn-containing derivatives to
the ct-DNA. Taken together, the spectroscopic and hydrodynamic data provided strong
evidence that CoTAIPyP4 and ZnTAIPyP4 porphyrins bind to DNA by outside binding
mode; H,TAIPyP4 is bound with DNA predominately by intercalative mode. For the
interaction of CuTAIPyP4 with DNA the partial or non-classical intercalative mode was
attributed that may be realized via hydrophobic interaction between the porphyrin and
DNA. Data collected have been compared with the previously conducted results of
similar studies for H,TAIPyP3 and its metal complexes with Cu, Co and Zn. The greater
increase in viscosity is observed for H,TAIPyP3 compared to the H,TAIPyP4 likely due

to the lower binding constant of the latter to DNA (2.2x107"M "against1.02x107"M ™).
The fact of better interactions of H,TAIPyP3 than H,TAIPyP4 with DNA was explained
by suggesting that presence of double bond in side radicals, increasing the rigidness and
effective width of side radicals contributes to a less favourable location of porphyrins
into DNA groove binding as it also follows from CD spectra. Comparison of different
locations of peripheral radicals on pyridylic rings leads to the conclusion that
H,TALPyP3 and its metal complexes bind to DNA much more intense than H,TALPyP4
and its metal complexes.

The above research demonstrates, that viscometry is an effective tool to
investigate the binding mode of small molecules and DNA and provides assertive results
for intercalative DNA-binding mode.
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2015 . wpnilwyyt) U Ulwlw |6h utnwghnuwn funpgnjw YuywluGnpnud $hunnuwjuwuyunnuwhu
hwdwybgnipjwlt  npwywywlu U pwlwlwywl gnigwlhpubph  nruncdUwuhpnieinibubpp: Iwdw-
ytgnrpiniunid nhunytp Bu nhwwnndwihu gnhdnnUGph npwywywl gGpwywnid, $hinnwwuyinnup ey
pwlwywywu qupgugntd, Uh 2wpe wnGuwyubnh nbph thnthnfuntpniu:

UlLwlw [hg — gph dwlwpnwly — $hunnwywliyinnt — inGuwluhu uqud —
RYwpwlwl - GLuwqulqywd

B 2015 r. npomomkanock HccieJOBaHNE KAYeCTBEHHBIX U KOJIWYECTBEHHBIX MOKa3arenei ¢u-
TOIJTAHKTOHHOTO COOOIIECTBA B CTAIIMOHAPHBIX TIIyOOKOBOAHBIX cTaHIUAX 03. CeBaH. B coobmiecTBe
MPOCIEKUBAIOCH KaUeCTBEHHOE NMPEBAIMPOBAHUE JIHATOMOBBIX BOZOpOCIEii, Habmonanocs ciadoe
KOJIMYECTBEHHOE pa3BHUTHE (UTOIIAHKTOHA, H3MEHEHHE POJIH HEKOTOPHIX BUJIOB.

03. Cesan — yposetb 600bl — YUMONIAHKMOH — BUO0BOI COCMAG — YUCTICHHOCb — Ouomacca

In 2015, investigation of qualitative and quantitative parameters of phytoplankton community
at deepwater sampling points of Lake Sevan was continued. Diatom algae was a qualitatively
dominant group in the community; there was a weak quantitative development of phytoplankton, and
some changes in the role of certain species.

Lake Sevan — water level — phytoplankton — species composition — quantity —biomass

UlLwluw thép Wunpynyywuh wdbtlwdts |heu £ ~1262 uu2 dwytpbuny, nEnwywjywé
E Pwirhy ényh Jwywpnwyhg 1916 J pwpépniejwl ypw: Leh wjwqwul hptuhg ubpyuwjwg-
Unw E hujuwjwywu wByunnuwywl hoywéde' Juquywéd hwdtdwnwpwp Swudwn UGS
Uliwuhg W wybih funpp ®nen Ullwuhg [10, 171

Uugjwl nwph 30-wywl pwywllbphg uyuwd wju hhnpnEynhwdwywnap wywppGpw-
pwp Gupwpydb, £ ynwhun wuppnwngbu waqnbgniejwl. 9ph Jwywpnwyh wphGunwywu
hgtgnLdutn, gpwjhu W YeLuwpwlwywl nbuncpuubph spnwnwwnywséd pwhwgnpéned, 9pw-
hwjwp  wljwqwunwd  wnbnbuwywl  gnpéniubnijwl  hunbuuhyniejwl  UGdwgdwdp
wuwjdwuwynnpgwé hduntynhwdwywngh ypw swupwpbnugwédniejwl wé W wyl: Wu wdtup
ywpnn E hwugbguGp [6h nGgpwnwghwih, nph wpnyniupned Iwjwuwnwuncd (huswtu W nng
nwpwéwpowunid) Ywpnn U nGnh nluGUwp EYyninghwywl yhdwyh wlnwnUwh pwgw-
uwywl thnthnpunte)nibubn [4, 10]:

L6h dpw Udwu wagnbgnipjwl wnwohl puwgwuwywl hGnlwuputpp nhnytghu wn-
nEu 1950-wywu pp., Gnp onh Jwywpnwyu hetgyt En 12 J-ny. wjn 2pgwunid wnwugpewjhu
thnthnfuniejnlllGpn Ehu inbnh  nlubgb),  hhnpnEynhwdwywpagh  gpwpwuwywl, opwdhgh-
Jwywl, gpwehdhwlwl gnigwlhputpnd, npnup wnunwhwjnytghl inGuwywihu untygbuhw-
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utpnd  (hwdwybgnipjwu  hwpunwgnd  Unp  wnGuwyuBpny  gphdninubph  gpbrt  pninp
fudptnhg), hwdwytgniejwl nnuphlwlwn YndwGeuh ubgnuwiht yGpwlwnnignidubpnd, (gh
puwywu ntdhuhu punpn? Jh 2wpe wnbuwyubph nnipudndwdp W unptph nkph JGdwgnudny,
nwpblwu Jhght pwlwywywl wpdtputph dwdwuwywynp wény b hGunwqw ujwuqdwdp:
Pwgh wyn, 6 wndwlwagpdbg «Swnynud» Juwwnwlywuws gphuninutph Enpndwgdwl
gnigwuh hwunhuwgnn npn? tnGuwyutpnd, npu wytih pwl wnwu wnwnph Yujnu punye Yntbg
[3,5,7,8, 13]

Eynhwdwywpgh ybpwywugdwulu ninnwé pwquwdjw gwlpbpp, husgwbtu Uwl Jh
2wne wyj hGwmwagnunnutph nundbwuhpnipjwu wpyntupubpp gnyg wnytghu, np (6h nG-
EJnpndwgdwl hwdwp wuhpwdtn £ wnuwql 6 JGnpny pwpanpwgut oph Jwlwnpnwyp W
JGpwywuquty hhwnihduhnuh 26pwnp, husgwbu Uwle (@h gpwhwywpe wywqwuh nwnpwdenid
dGpwlw)tp b wunuwywpgb] unghwp-inuinGuwywu nng gnpéncubnienip [4, 10]: 2002
rUwywlhg h dtp (8h gnh dwywpnwyp ububy £ pwpdpwlwy, hugu hp htpehu hwugkgnt £
unp  thnthnpunieintlubph - $hninwwuyuninuwht hwdwybgnieintund (nBuwywihlu - unp
untygbuhwutin, nnupuwuwn YndwGeuh hwdwhuwyh ubgnuwihu W wnwnpGywu yGpwywnne-
gndutp, pwlwywywl wndteutph thnthnfuncjncuutp, oph «dwnynud» Juwwnwlwlws 9ph-
dninutpny, wGiwaghy $hunnwwuyinnup hwpunwgnd Uh 2wpp pEurhy W wGphdhnnuwihu
aukpny) 1,9, 12

Uju wphuwwinwueh Lbwwwnwyu £ pupnibwyt, Ubwuw 18h $hinnuywuynnuh quipgug-
Jwl wnwUdUwhwwnyniejntlubph hGnwgnuninweniup [6h oph Jwwpnwyh 2wpnibwywywu
pwnapwgdwl wwjdwuubpned:

Ui W dGpnn: Ugninghwwlu hGinwgnunngjwu Unetpp hwdwedt) B Jwjhupu W UnjGupt-
nhu Ulwlw |6h GpGe hunpgnjw YuwjwuuGphg' ®npnp Ullwuh Ned4 W UGS Ulwlh Ne22 W Ne24 Yuwjwu-
utphg (LY. T1): ph Ldnputpp Yyepgytl BU NnLnuGph pwnndGunpnd wGwaghwih hGnlyw) hnphgnuutphg®
JwytpGuwyhu 26nwn, 10 U, 20 J (30 U ®npp Ullwl) b hwwnwywdbnd 26pn: Ldnwenwdp W dnubph
hGwnwagw uwynwp Ywuwwpyty £ hhnpnEyninghwynd punniujwé unwunwpun JGpnnutph hwdwéawju
[15]: @phdninUbph nbuwlwiht wWwwnywubnieintup npnpbint Uwwwnwyny oginwgnpsyty Bu Uh wpe
npnghsubp [6, 14, 16, 20]: LuUnpubph pwlwlwywl wuwihgp Ywwnwpdb, £ Lwdnnnh YwdBpwyned
(V=0.1 J)), jnipwpwlgnip Udnph 3-5-wlqudjw  hGwnwgnunniejwdp:  YsLuwquugywsdh  hwpdwpyp
Ywwwnybl E jnipuwpwtgnip nmbuwyh wuhwwnwywl swywiutph hhdwu ypw, pun npnwd gphuninubph
inbuwywpwn Yhrp punniuyty £ hwjwuwn 1-h: i nGuwyh Yebuwgquugywép hwpdwnyyt) £ hnlgwy B;
=N; x Vi pwlwalny, npntn Bi-U i nGuwyh Yebuwqwugywdl £, Ni-U* npw pwpwlwyp W V; -U' ppoh
Uhghtu 6wywip [15]:

LY. 1. Ulwlw [6h hGinwgnuniniejwu nhinwyGuntnh pwpuntg
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Upmyniupubp W plUbwpynid:  I6nwgnnwd  oppwund  npwywywl — wlwihgh
wprynitupnud wnpdwuwgnyty £ gphdninuGph 63 inGuwy, npnughg 29-p (46%) wwwnywlb) E
nhwwnndwihu gnhdnnUtbph (Bacillariophyta) fudphu, Gpypnpn wnbnnd hwunbu BU GYG Yuliwg
sphunLrUutnp (Chlorophyta)’ 23 (36%), Juuwwwlwlws sphuntnUtph funwpp (Cyanophyta) Ubp-
Jwjwgywé £ GnGp 7 nGuwyny, npp Yuqutp £ punhwuniph 11%-p: Upédwlwapdty £ Uwle 4
inbuwy EJgiEuwihu (Euglenophyta) gnhdninubphg, husgwbu Lwl UGy wnGuwly nhundhuinwihu
(Dinoflagellata) opnhunnUGphg: “Yhwwnndwhu gphdninubnph fudph npwywwBu gEpwywynwdp (8h
#nh dwlwpnwyh pwpapwgduw 2pgwlhl punpnz gétinhg £ [1, 9, 12]:

Shunnywuyunnuwihu hwdwytgnipiniunud Gquiyh (N24 Juywuh hwwnwwdtpd gpw-
26punnd) wpdwuwanyty £ Oedogonium capillare (Linnaeus) Kiitz. inGuwyp Ywuws gnhuninutbiphg,
npp sh hwunpwbp hUswbu dJGp UdnUGpnud, wjuwbu £ Jjnwu  hGuwgnunnnuGph  wp-
fuwwnwueutpnud, Jhwiu Ywnhdppndwih ynnuhg Uliwuw |6h Gl6Luwih gpwpunnpnd Y-
tnwpywé htnwgninnuentlubph wpnyntugnwd Updtg £ wju gbnh Uty thweunl’™ Oedogonium sp.,
nph nGuwywiht wwwnywuGinieintup npnpdwéd skn [2]: Oedogonium gtinh UGpywjwgnighsubpp
unynpwpwn hwunhynd Bu dwudwn gntpnud, wdpwgwé Bu |hunwd wyp pnyubph, GppGdu
wqwun |nnugnn quugywéh wintupny hwunhwnd U Uwle opwptpunind [22]: Ywnplenp £ UG
LUwl, np UGS Ulwund wpuwup nhndbp B Juwuwywlws pGwudwl  gphunipubnh,
hhJuwywunwd® Nostoc punctiforme-h W N.verrucosum-h n&nph npnawyh UGdwgnid, npnup hwjwnuh
GU npwbu dniEYnywn wagnunp $hpunn wnGuwyubp [21]: UpWunyu dwdwlwy [©@h ¢nh
dwlwpnwyh pwpépwgdwu 2npwuncd Unp wpdwlwagpywé Jh pwpe nbuwyubp, wn pynd®
ptuehy YBuuwybpwy Jwpnn (hUswhuhu Gu Cymbella, Navicula, Gomphonema, Fragilaria,
Cocconeis, Amphora, Achnanthes, Synedra, Rhoicosphaenia, Pinnularia, Nitzschia gtntph ubtp-
Yujwgnighgutinp), npnlig funpgpjw hnphgnlilGn BU wlighy 16h gpwhwiduwe wywqulihg Ywd npw
wthwdtnéd hwndwélUbphg, nwpdbp GU hwdwytgniejwu Wnwywu puwyhsubn W wpdwlwanyby
Uwl wju tnwph [1, 9, 11, 12, 18, 19]: Lywuwnwynn wWwjdwuutph wrjwniejwu nEwencd npwup
wpnn GU Lwl pwlwywwbu Yuplnp nhpp gpwntbgut) hwdwybgniginiunwd, huswbu nhindbg
2013 p. wplwup ®npn Ulwunwd [12]: EdgiGuwihu gphuninUtphg Trachelomonas hispida-hu
gniqwhtn (npu wju Lwph wpdwuwagpytp £ pninp nhunwybnbpned) npny  pwlwyneejwdp
hwunhwtp U wju gbnh Wu Gpynt wnGuwyutn® T.armata W T.volvocina: Iwdwfu hwunhwnn Gu
LUwl EdgiGuwjhulGph Phacus gbnh P. pleuronectes W P.sp. wnGuwyutpp: “Yhwuinndwjhuutphg
ptUehy YGUuwlybpywy YJwnpnn Ceratoneis arcus-U  wnwphU  wlqwd phs  pwlwyniejwdp
wpéwuwapyty £ 2005 ., huy hGunwquinud nnipu Unybp hwdwytgnieiniuhg: Wu tnwph wju
Gqwyh wpédwlwagnyt, £ ®npp Ulwund:

Gnwagnunwé pppwiunid Shunnuywiyunnuh pwlwywywl qupgwgnudp 2w ey £
Gnbl, husp 4GpghUu 2ppwuncd |6h Shunnwywuywnnuh punpny qétphg Jtyu E [12]: Wu wnwph
$huinnwywuyinnup Jhghu pwliyuwywl wpdteutpp [6nwd Yuqutp Gu ~213 hwgq. pp./| W 0.54 qju3,
pun npnud |6h Gpynt hwwndwéubpnd Yeluwqwugywéh gnigwuhpp UnyUlu E Bnbj, Jhugntn
pUwpwlwyh gnigwlh2p thnpp-hus Uts E tnbp Uks UlLwiunLd:

Lwquanyu pwlwynieintt nhundtbp £ Jwjhupu wjiu nGwenud, Gpp 2007 W 2009
pwywuutphtu hGug wju wdupUu Ep nhwndb, gphdninUbph  qupqugdwl  wnwdGwgniu
gnigwlh2p nwpyw Yunpywsdeny [1, 9]: Vhwdwdwuwy unjGdpGphu Jwjhuh hwdGdwun nhnytby £
$hunnwwuyunnuh pwlwywywl JGpGe, uwywiu wywuywnnuwihu gphdnnubph pwliwywywu
wndtputpp punhwuncp wedwdp gwédp Bu Gnbi:

Uwjhuhu ®npp Uliwunwd $hunnwywuyunnup Jhghu pwuwywywu gnigwuhpubpp Yuqubg
GUu 103 hwgq. p./ W 0.23 quI3: Qbpwlwjb, BU Yuwwmwywlwy gphuncpUtnp, GupwnnUhUwluwn
funwdp BU hwunhuwgt] nhwwnndwihu gphdninltpp, EYgiGuwhuutGpp hwuntu Bu GYG, npwtu
Gnypnpn untpnnuhbwlwn funwdp (LY. 2):

UnwybGlugniu uGpnpnud wnwudhu inGuwlubphg niubgt) b Yuwwnwlwuws sphdnin Mic-
rocystis aeruginosa-U* Jwaqubiny punhwunip pywpwlwyh 29% W YtUuwqwugwsdh 30%-p:
GUpwnnuhlwlwnubn U hwunhuwgtbp nhwwndwihu Cyclotella kuetzingiana W EygiGuwjhu
Trachelemonas hispida wnGuwyutpp' hwdwwwunwupiwbwpwp Ywaqubing punhwunip pyw-
pwlwyh W YGUuwquugywsdh 24 W 28%-p: Wph GBU puytp LUwl Aphanothece clathrata-u
Juuwwnwywlwglbphg (11 W 12%) W Peridinium sp.-n nhundhwnwjhu gphdninuphg (4 W 7%):
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O Bacillariophyta
M Chlorophyta

B Cyanophyta
oy

28% DOBacillariophyta
= M Chlorophyta
B Cyanophyta
ouy

8%

LY. 2. ®npp UlLwlh huinnuywuyinnuh fudpbph pwlwyuwywlu
(1 - pqwpwlwy, 2 - Yeluwqwlgywd) dwuliwpwdhuutpp 2015 . Jwjhuhu

Uwjhuhtu UGS Ulwunid wwunytpp thnpp-hug wy £ Gnbl. Wu gEpwyw nhppnud hwuntu
GU GYGL Juwunwlwlwys ophdnputnp LY. 3): N22 Yujwunwd Yuwuwg b nhwwnndwihU gphunwn-
utnu punhwunip pYwpwlwyned ntubgbp GU hwywuwp UGpnpned, winwhuny hwuntu guny
GUurwnnUhUwuw nhpend, huy pun YELuwgqwugywéh gnigwuh2h® nhwwnndwihUutph funwdpp
thnpn-hUg ghgt) E Ywluwg enhdninubphl: Unwldhl inbuwlubphg wdtlwpwnép pwlwywywl
wndbpubp nwubgbp Gu Cyclotella gbnh UtGpyuwjwgnighsgubpp pun pwewlwyh (26%) L
Aphanothece clathrata-l (27%) puwn YGluwqulqywsh: UhUlnuyu dwdwUwy A.clathrata-u
hwuntu E GUE| GupwnnuhUwUuwn nhppnd pun pYwewlwyh (23%), huy Cyclotella gbnh
ubpywywgnighsubpp® punn YELuwquwugywséh (17%): WUsgeh Bu puybp Uwle Ankistrodesmus
acicularis W A. spiralis (hwdwwwuwnwupuwUwpwn' 10 W 6%), Ankyra anchora (6 W 7%),
Dictyosphaerium ehrenbergianum (7 W 5%), Oocystis lacustris (2 W 6%) inGuwyuGpp Ywuwg oph-
dnLnubiphg, M.aeruginosa (6 W 7%) W Dactylococcopsis rhaphidioides wnGuwyubpp® Yuwwnw-
wuwgsubph fudphg, Melosira granulata-u (1.9 W 5%) nhwwndwjhu W Phacus pleuronectes-p (1.9
v 4%)‘ EdgiGUwjhu gphdnLnutinh fudpBphg:

O Bacillariophyta
W Chlorophyta

B Cyanophyta
ouy

DO Bacillariophyta
W Chlorophyta

B Cyanophyta
ouy

D Bacillariophyta
m Chlorophyta

B Cyanophyta
ouy

0O Bacillariophyta
15% m Chlorophyta

B Cyanophyta

oy

LY. 3. ULS Ulwuh $huinnwwtiynnup fudptph pwlbwywywl (1 - pwpewlwy, 2 - jeluwqulgywd)
Jwulwpwdhuutpp 2015 . dwjhuhU. | = N22 Juywu, 11 = N24 Jujwu

Ut6é UlLwuh Ujncu Yuywund Yuwwnwwuwg ophuninutph gGpwyw nhpelu wytih guwy-
wnnwu £ BnGL (UY. 3): Yhwwnndwihu ophdninUtGph UGpnpnedU punhwunip pwlwynieniuncd
Gnbl £ 21 L 13 %, huy Ywlws gphuntnubpu nubgb) Bu 11 W 15 % JwulwpwdhU: YndhUwlwn
nhpentd  (hUswbu W ®nep Uliwlnwd) hwlnbu £ BYE Yuwwwwlywlws M.aeruginosa-u'
hwdwwwunwupuwlwpwn Ywaqdbind punhwunwph 44 W 46 %-p, Gpypnpn wbnnud Gnbp £
A.clathrata-u (20 W 19 %): Cuwn pywpwlwyh Gnynpnpn unipnndhbwln inbuwy E hwunhuwgt)
Cyclotella spp.-n (19 %), pun Yeuuwquwugywsdh® Ywlws gphdnin Oocystis lacustris-p (10 %):
Npn2 swihnd wgeh BU puyby Ankistrodesmus gbnh UGpYwjwgnighgubpp (2.8 W 1.5%),
EJgiGuwjhu inGuwy Trachelemonas hispida-u (1.9 W 3%), Jwuws gnhuntn Palmodictyon viride-u
(1.9 L 2.3%):
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LnjtdpGphu ®npn Ullwunwd Jwjhuh hwdbGdwwnm $hinnwwuynnup pdwpewlwyp UG-
6wgb, £ wybh pwu 2 wuqwd, huy YEuuwqwugwép' ~4 wlgwd: QAGpwyw)by U nhw-
unndwjhu  eonphdninUtpp’ waqutiny punhwunp pwpwlwyh 80 UL YGUuwqwlgywéh
82 %-p (Uy. 4): Cun pywpwlwyh qbpwywit, Gu Cyclotella gbnh UGpYwjwgnighsutnp
(46 %), hwwnywwtu UG6 £ Bnb Ulwlw [6h dnnwywu hhnpnphnuwn C. kutzingiana-h UGpnpnt-
Jp, puwn YELuwquugywéh wnwewwnwn nhpend hwuntu E GYG, Melosira granulata-u hp Gpynt
Gupwwntuwyutpny' M. granulata (Ehr.) Ralfs var. granulata L M. granulata var. Angustissima
O.Miiller, npnug Jwulwpwdhup Jwqut, E punhwunip YELuwqwugywdh 50 %-p: Uhw-
dwdwlwy Melosira-u hwuntu E GYE| GupwnnUhbwuwn nhppnd puwnn pYwewluwyh (29 %), huy
Cyclotella-U* puwn YEuuwquugywéh (12.8 %): Gpynpnpn GupwnnUhuwuwnh nhpe £ gpuyby
Juwuwunwlwlws wnbuwy Microcystis aeruginosa-u (10.8% W 8.6%), wgeh GU puyt, Lwl
nhwwndwjhu Stephanodiscus astrae-U (3.2 W 5%), Juuwunwlwluwy Aphanothece clathrata-u (2.7
2%), Edg6UwjhU Trachelomonas hispida-U (3.2 W 4.6%):

O Bacillariophyta
B Chlorophyta

B Cyanophyta
oy

DO Bacillariophyta
B Chlorophyta

B Cyanophyta
ouy

O Bacillariophyta
H Chlorophyta

B Cyanophyta
oy

O Bacillariophyta
M Chlorophyta
B Cyanophyta
oy

61%

LY. 4. Ullwlw [6h $hunnwywuynnuh fudpbph pwlwlwywl
(1 - pYwpwlwy, 2 - YEuuwquugywsé) Jwulwpwdhuutpp 2015 . UnjGUptppl.
| — ®npp UlLwuh N4 Yujw, Il - UGS Uliwth N22 Yujwu

Ut6 UlLwuh N24 Jujwuncd nhwwnndwjhu gphuninutpnh JwulwpwdhUp Yuquby £ 82 %
nuin pUwpwlwyh W 93 % pun YLuwquugqwsh Y. 4): Unipnndhlwln nhpe gnwyby t
Juwwunwywlwg onhdninubph funwdpp (15 b 3%), Ljwquwagnuu uGpnpnud nlubgl) BU Yuiliwg
onhuninutpp: QGpwlw nhppnud hwuntu £ GYGL Melosira granulata-U* Yuqutiny punhwuncp
wndbpubph 52 W 79%-p: Cuwn pywpwluwyh uncpnnupuwlwn Cyclotella spp.-h UGpnpnudp
Jwquty E 19 %, pun YGUuwquwuqywsh uncpnnuhbwuwn hwunhuwgt) GU Fragilaria gGnh
ubpywjwgnighsubpp® Lu nhwwnndwjhuubph fudphg (7%), npnup Jhwdwdwlwy Ywaqut) Gu
hwJdwybgnipjwl pywpwlwyh 8.7 %-p: 2quwih £ Gnbl Lwl juwwwmwywlwg ntuwy Nostoc
microsporicum-h UGpnpnudp punhwunip pdwpwuwyned® 12 %, Jhlugnbn YGLuwquwugywéh
wndtpnd wju nGuwyh Jwulwpwdhul wulpwu E Gnb* 1.3 %:

U6 Ulwuh N22 Jujwuncd nhwwnndwjhuutph funwdpp Ywgdt) £ punhwunp pwlw-
ynrpjwl 61 W 73.6%-n, Ywlws sphuninubpp® 6.6 W 9.7%, Juwunwlwlwsutpp® hwdwwwwnwu-
fjuwlwpwp 21.4 W 8.4%-p W EdgiEuwjhu gphdnnubpp’ 11.3 W 8.4%: Unwowwwp nhppned,
huswtu W Jjntu nhinwytunGpned, Gntp U Melosira granulata-u (28.4 W 56%) W Cyclotella spp.-p
(27.4 W 8.7%), nhwwnndwjhu gphdninutinhg wgeh £ puyt) bwle Stephanodiscus astrae-U (4.5 W
8%): Lwlwg ¢ophuninUbphg qqwih E GnGp Dictyosphaerium pulchellum-h  UGpnpnudp
hwdwytgniejwl  YEuuwquugywédnid® 18.8 %, npnauyhnpbUu wgeh E puyt, bwle Coelastrum
reticulatum-p (4 W 2.6 %): LYwwwwlwlws ophdnnUtph hudphg UGS E Gnkp Nostoc-h
dwulwpwdhup hwdwybgnipjuwl pwpwlwynid (13.8 %), Jvhugntn pun YGUuwqwugywsh
wju Yuwadt, E punwdtGup 1.9 %: Wu hudph djnwu UGpYuwjwgnighsp® M. aeruginosa-U,
hwdwwwunwupuwlwpwn Yuwaqdt) £ punhwunwp pwbwyniejwl 6.7 W 6 %-p: Wju nhunwytGunnud
qquih E Gnb Lwl EgiEuwhuuGphg Phacus sp.-h (9.3 WL 5 %) W Trachelomonas hispida-h (2 L
3.2 %) ubpnnndp: LpGue, nn wplwlwjhu wwuywnnunwd Melosira granulata-h gGpwywjnid |6h
onh Jwlwnpnwyh pwnpapwgdwl 2pgwuncd nhunyby £ 2005 ., hwgnpn tnwpywlhg wju Ynpgnbg
E hp nhpep, nu UGpe pun Jbpe punanpyybp £ hwdwybgnipjuwu Jwuuwjwlywl nbuwyutnh
2upenid ywd GppGdu hwunbu GYGL npwtu BupwnnUhuwlwn: Uhugntn Uwpunpn 4 tnwphutphu
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UGJULU Lok $hSNMLULUSNLA 2UMAUSUUL UNULRLUIRUSUNH@3NFLLENE 2015 @

wpUwlwihu  nndhlwlwnuGpu  Gu  GnG' Ywlws 9nphdninUbp  Binuclearia  lauterbornii,
Dictyosphaerium pulchellum (2010 p.), Ywuwwwywlws nGuwyubp Microcystis aeruginosa W
Anabaena flos-aquae ®npp Ulwuntd W nhwwindwjhlu Cyclotella spp. nu Fragilaria spp.” Ukd
vlbwunwd (2011 p.), Yuwwwwywuwg Aphanothece clathrata (2012 g.), nhwwnndwjhu Navicula
spp. ®npp Ullwunwd W Juwwwnwywlwg Aphanizomenon flos-aquae W YwUwg Dictyosphaerium
pulchellum’ Uté UlLwiuinty (2013 f2.), nhwwnndwihl ephuntn Cyclotella kuetzingiana (2014 B [1
12]:

Swpblywu Yupdwéeny 16h Gpyne hwnyguwéubpnud b pwlwlwwbu gbpwyw nhpe Gu
gnwyb, nhwwndwjhu gphuninUtGpp, GupwnndhUwuwn Gnbp GU Jwwwwywlwsutnp, ®nepp
Uliwunwd UJwqugniu JwulwpwdhUu £ nlubgh) Ywuwg ephunirutnh funwdpp, Jhugntn UGS
vlwunid wju funcdpp gpwiyty £ Gppnpn tnbnp (LY. 5):

O Bacillariophyta
m Chlorophyta
B8 Cyanophyta
oy

D Bacillariophyta
m Chlorophyta
B Cyanophyta
oy

@ Bacillariophyta
m Chlorophyta

B Cyanophyta
ou

@ Bacillariophyta
m Chlorophyta
B Cyanophyta
ol

52%

D Bacillariophyta 10% @ Bacillariophyta
u Chloropr:\vta m Chlorophyta

B Cyanophyta

auy B Cyanophyta

LY. 5 Ulwlw [6h $hinnwwiuyinnup fudpbph pwlwywyw (I — pwewluwy,
Il - YEuuwquwugywd) Jwulwpwdhulutpp 2015 E. 1 - ®npp Ullwl, 2 — UGS Ulw, 3 — Ulwlw |hé

3wy E Uk, np Uwhunpn tnwphutppu Wu [6h Gpyne hwnygwsubpnud $huinnuywuynnup
fudptph pwuwywywl JwulwpwdhUutpp npnuyhnptu tinwpptipyty Gu:

Wuwhuny, Ulwuw [gdnwd 2wpnibwyynid £ wpnh 2pgwiuhu punpn? nhwwnndwihu onh-
dninuGph  npuywywl  gGpwywynudp, hugwbu Uwle  wwuywnnuwhu  ophdnnUGph L
pwlwywlwl quwnpgwgnudp, Gpp wpéwlwgnynud U ohgnunpnd |6Gphu punpn gwén
wndtiputn: Wunthwuntné, Jhwlpwuwy stlp Ywpnn Ggpwywguby, np ybpghu 2pswuncd nnknh
E ntlbgt (6h ipndwijunieiwl hpbignid W onh npwyh jwydwgnid, pwlh np (6h tnpndhy 2nrwih
hwdwwwpthwy ncuntduwuhpnieiniup yephwuty Ep yGpwywnnigndutn djntu onwiyuGpnud W
npwlg hbwpwynn wagnbgnipintup Shinnwywuynnup pny; pwlwywywlu qupgugdwl Ypw:
Ujnu Yynndhg nwapwy £ wju thwuwnp, np [@Gnd nnwywlu puwynepgntt GU hwunwnt
dwhawgnn W wnunnywé ontphu punpn? wGuwyutn® EYgltuwhu gphdninUtph fudphg,
npnup JGpe pun JGpe pungpyynd Gu  hwdwybgnipjuwl  nndhUwuwn  YyndwGepuntd:
Swdwytgntpintuntd qquihnpBu bjwab] £ wluws gnhdninbph dwubwpwdhup tnwpBywu
pwlwlwywu wnpdtGeubpnd wju nGwenwd, Gpp 2007-2009 pre. wju hundplu wnwgwnwn
nhpe En gpwdnud, huy hGnwquinud, rbwbn  wnwpblwlu  Jhghuwgwéd  nguiubpny
gpwnbguntd Ep Gpypnpn wnbnp nhwwnndwihUutph fudphg hGwnn, npn tmwphubph [6h wju Yud
wju hwindwénud (UGS Ywd dnpp Uliwunwd) hwunhuwunwd Ep nnupbwwn funwdpp: Swipbg-
nwnph  hwdwytgniejntunid  wnbnh  nlubgnn wbuwywihu  untygbuhwubpu  nL - $nLy-
nntwghwlubpp, 86 hGunwgnunupywt wju Ywd  wju  2ppwlhu  punpn?  wnBuwyutph
wwppbGpwpwp wnbnh nlubgnn nnipudnnudp W Jjnwuubph nbph JGéwignudp, huswbu Lwil
hwdwytgnLejwl ubgnuwihu N wnpEywu nndhUwuwnutph hwtwhuwyh yepwlwnnignidubpp
wpnn GBU Jywyb (@nwd pupwgnn  wpngbulbph  wuhwyjwuwpwynnipjwu W nGdhuh
thnthnfunipyntluGph JwuhpU: Leh nGdhuh thnthnfunipjwUu Jhindwu dwuphU ywpnn £ 4yt
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uc4uuu Lah dhSnNALULYSNLL INFh2NLUYUL
AUSYUDNIR3UL LUYUrUGhrC 2016 (0.

U.U. UUUSUL', L.n. 3UURUM3UL" @.Q. hU2h4U3UL’,
L.Q, USEoUuL3UuL’

33 QuU YElnwlwpwlnteywl W Ipnnntyninghuwyh ghnwwl YeUinpnup Ipnpntyninghuwgh L
AyLwpwlnipywl huutnpunnin
a_mamyan@mail.ru, lusine.hambaryan@ysu.am, tkhachikyan@mail.ru, listeus@yahoo.com
263, Eyninghwyh L plwwwhwwuntpyul wdphnl

2016 p. Juwuwpdt) U Ulwuw gh (UGS W ®npp Ulwl) henpwy, unipihpnpw) W wbiwghwg
hwwnywdubnh $hunnwwlyunnuwiht hwdwytgnijwu nuncdbwuhpnieiniubpn: Mwnaqdb) £, np [6h Gpyne
hwwndwdutbph  huinnuyywuyuninuwht hwdwybgnienitllbpp npnwyhnptu wwpptpdtp BU nndhUwun
Jwaquny W pwlwywywu gnigwuhpubpny: ®npp Uwuh $hunnuyuwuyinnuncd Yuwyntu nhpp BU gpwyty
nhwwndwjhuutnp, huy UGS Ulwunwd nhundb) £ Juwunwywuws W EYglEuwht gphdnirUbph wlywl-
fuwwntubh hGppwihnfu: Lwhunpn wpyw hwdtdwn UGS Uwuh whwdtbpéd hwndwséubpnud Uywwnyby
t EdglGUuwihu gnphdninUGph pwlwlwlwlu W npwywlwu gnigwuppubph wé, hUswbu Uwl wnwpwé-
Jwénipjwl punjwjuncd: @npn UlLwunwd wpdwlwagnpyb) £ ywuws ophuninUbph dwulwpwdUh wa:

Dhwnnwywtlyinnl — hnphgnuwlwl pupfudwédnipinil — gph «Swnlyncdy — nndpluwln Yuqd

B 2016 r. mpoBemeHbI wccnenOBaHUS (UTOIUIAHKTOHHOTO COOOIIECTBA JIUTOPAJIBHOH, CyO-
JIUTOpaNbHOW M menarnansHONH wacted o3epa CeBan (Bombmioit m Mansrit CeBan). BrriBieno, drto
(PUTOITAaHKTOHHBIE COOOIIECTBA 00EUX JacTeil 03epa HECKOJIBKO OTIIMYAINCH MO KOJMYECTBEHHBIM I10-
Ka3aTeJsIM U COCTaBy JOMUHAHTOB. B coctaBe duromnankrona Manoro CeBaHa yCTOHYMBOE HOJIOXKEHUE
3aHUMaIN JAUAaTOMOBBIE Bozopociu, a B bombmom CeBane Halmromanach Hempenckasyemas CMEHa
CHHE3eJICHBIX U 3BIVIEHOBBIX Bojopocieil. B Bospmom CeBaHe, 0 CpaBHEHUIO C MPOLUIOTOAHUMU
JAHHBIMU HaOMIOAanoch yBEIMYEHHE KaueCTBEHHBIX IIOKa3aTeledl M PacIIMpeHHe paclpoCTpaHeHUS
3BIIIEHOBBIX Bojiopocieid. B Manom CeBaHe BBISABIEHO YBEIHYECHHE IO 3€IEHBIX BOIOPOCTCH.

DumonIanKmoH — 20pU30HMAIbHOE pacnpedenenue — “‘yeemenue”’ 6006l — OOMUHAHMHBIU COCNAG

Investigations of phytoplankton community of littoral, sublittoral and pelagial zones of Lake
Sevan (Major and Minor Sevan) was conducted in 2016. It was revealed that phytoplankton
communities of both parts of the lake vary in terms of quantitative parameters and dominant complex.
Diatomic algae had stabile position in the phytoplankton community of Minor Sevan and
unpredictable changes were observed between blue-green and euglenic algae in Major Sevan. The
quantitative and qualitative parameters and expansion of the spread of euglenic algae were increase in
Major Sevan compared to previous year’s data. Increase in the proportion of green algae in
phytoplankton community of Minor Sevan was registered.

Phytoplankton — horizontal distribution — water “bloom” — dominant composition
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W.U. UUUSUY, L.N. 3UURUMSUL, 3.9. U2hU3UL, L.G, USEOUL3UL

Ulwlw [6h (huuntynhwdwywngh yGpwywlgudwl Uwwwnwyny, Guting 33 quu
Uliwuh gpnwybluwpwlwywl Yuywlnwd UEpLYwyndu Y3EQY hhnpnEyninghwih W dYuwpw-
untpjwl  huunhwnnn) hpwywlwgwsd pwquwdjw hwdwihp  hGnwgnuneenluubph wp-
njntbpltiphg, hhduwdnnytp £ (8h Jwywpnwyh pwpépwgdwl wUhpwdtunnieintup, huy
2001p. punniuyty £ «Uliww [6h JwuhU 33 ontupp», nph wpnyntupnud ulub) £ pwnanpwlwg
UlLwlw |6h oph Jwywpnuwyp [6]: 2ph dwlywpnwyh pwpapwgdwl wwjdwuubnnd punwjudby
GU [6h whwdbpd hwwnygwélbpp® wnwwglbiny Unp 9pwdwély tnwpwdéplutbn, npnup hnptug
wgagnbgnipintll - U pnnunwd  |6h  hhnpninghwywu  nGdhdh,  gpwytluwpwlwywlu L
onwphuhwywl gnigwlhpubph dlwdnpdwl Yypw: 2015p. hpwywuwgyt) Gu dbwdnpgwé unp
onwdwoéy nwnwséeplbph npn2 hwnywéutph opwytuuwpwlwlywu nuuncdUwuhpne-pynculGn
[1]: 2016 R. hGunwgnuniniejntluGpp 2wpnibwyybp BU' pungpytiny UGS W ®npp Ullwuh
thrnpwy, untpthenpw, husgwbu Uwle wEwghwy gninhubph wwpptp hwnywdséutn:

LhduntEynhwdwywnpagbph hGwnwagnunncpntuuGpnd $hinnwywuyunnuwiht hwdwybgn-
Lpjwl  ubgnUuwjhu nhuwdJhywih, wwpptp nGuwyubph qupqugdwl  wnwudUwhwwnyne-
pintlutph W hUwpwynp Swnylwl ogwhultnh pwgwhwjndwu hwdwp Ywplnp £ $h-
nnywuynnup hugwbu nunnwhwjwg, wjuwbu £ hnphgnuwywl pwphujwéniejwl niuncd-
Uwuhpnipjncup:

Whuwwnwuph Uwywwnwyu £ Ulwuw |6h thpnpwy, untpihpnpwp W wGiwaghw gnuinhub-
pnud - hunnuwjwlynnuwiht  hwdwybgnipjwlt pwlwywywl W npwywywu gnigwuhpubph
hnphgnuwywl pwpiudwoéniejwlu W ubgnuwihl qupquguwl  wnwluduwhwwnynpniuutph
ncuncduwuhnpnieintll ne hwdGdwnwywu yepinénieniup:

Unip W dbpnn: 2016p. Shnnwwuyunnuh nuuntdUwuphpneeiniulbnt Ywwnwnydbp 6B quipuwl,
wdnwl U wpUwl ubgnuubpht: Ldnpwnnwdu hpwywuwgyt] £ énpp Ukwuh 10 bW UGS Ulwuh 12
nhuwytntph  UY.T) (henpwy, untpihenpwy W whiwghwy gnuhubph  dwytpunypwht 2tnintphg:
MujdwlwywunpBUu npwtu thpnpwy puwnpyt U 2-10 d, uncpihenpw® 10-15 d, huy wbiwghwih 20-30 U
hunpniejwl hwnywdlbpp:

LY. 1. Uwlw (6h Winwrdwl nhunwytntph pununtq (UY. Y. SELntpESwUh).

Rwywpwagnyby W neuntduwuhpyb £ wytih pwl 310 thnpdwldnw: dnpdwludniubnh Uwhulwywu
U hGnwaqw (wpnpwwnnp wynwdu hpwywuwgyb £ opwytluwpwlnipjwl dwdwuwlywyhg Utpnnutpny
[4]: Qphuninubph  wbuwywihu  Ywaquh npmpnudp Ywwwpdt £ hwdpunhwuny dwuwgnd  quwd
npn2hsuph W nuintgnugubph ogunipjwdp [5, 7, 9, 10, 11]:

UpmynLuplubp W pulwipyncd: NuncdUwuhpnienctuGph wpyniupnud Ulwlw (8h he-
nwgnunywé gninhubpnud gnwugdt) Bu Bacillariophyta (nhwwnndwyht), Chlorophyta (YuUwg),
Cyanophyta (Yuuwwnwywlwsg), Euglenophyta (EUgiGuwjhl), Xanthophyta (nEnuwlwuwg), Dinophyta
(nhundhunwhl), Charophyta (luwnwjhu) fudpGpht ywwnywunn 9phdninutn:

Ulwlw 16h Gpynt hwndwéubpnd wwuyunnuwihu gphdnnbph quipgugnudp pu-
pwgt| £ pwlwlwywl b ywnnigdwdpwihu npnp tnwppbpneejnltutnny:

Qunuwup UGS Ulwuh nuncdbuwuhpywé hwnygwénud tbhmnm[uJUL{anQ rYwpwlw-
yh L YyEuuwquwugdwsdh vhghu gnigwlhpubpp Yuqut) Bu 205 000 pg/; W 0.8 g/U”: QGpwyw)bl
GU Juuwuwlwlws onhdninubpp (140 000 po/i L 0.4 q/d3), huy unpnnuhlwln GU GnGp
nhwwndwjhUutpp (37 000 pe/L W 0.18 q/d3) UYy. 2): 3wpy £ LG, np 2015R. UGS Ulwlnud
gwpuwlup pun  pwpwlwyh qGpwywty Ehu  nhwwndwihl, pun  YGuuwqwlgywéh®
Eg|GUwhU ophunLpUtnp, untpnnuhbwln Ehu hwunhuwgtb] puwn pwewlwyp’ Yuwww Yutivg,
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punn YELuwquugywshnhwwnndwihtu gphdnwpubpp [1], wjuhUpl, 2016p. nhindtp £ $huinn-
wwuywnnuh nnuhbwlwn Yuauh thnthnpunig)niu:

@ Bacillariophyta @ Bacillariophyta

[ Cyanophyta
O Cyanophyta M Chlorophyta
W Chlorophyta DO Euglenophyta
[ Euglenophyta [@Xanthophyta
[ Xanthophyta

LY. 2. UGS Ullwiuh qupuwuwihu $huinnuwjjuuyinnup tnwpptp fudptph
Jwulwpwdhup puwn dhght pwepwlwyn(w) W YEuuwquugywséh (p)

Cuwn hnphgnuwywl pwujwénipjwl, $hinnwwlynnuh wnwybjwagnyu pYWRW-
lwyp* 257 000 py/| (O.93q/d3), gpwlgyty £ unipthpnpw) hwwndwéncd, npuntn gtpuwyw)tp Gu
Juwwuwywlwg  eonphdninubpp: Wnwybiwgnyu  YeLuwquaqywép® 1 0,/LI3 (117000 po/)),
wnéwlwagnyty £ wGwghwp hwwndwéned, h hwphy funpnpwephe EJgiGuwihu gphdninubnh
pwnan pwlwyntpjwu:

Qunuwlup ®npp Ukwund $hinnwwuyinnuh dhghl pwlwwywl gnigwuhputpp Gnbp
EU wybih gwén pwill UGS Ulwlinud® Yuqutiny 126 000 pg/i W 0.62 g/u*: Cuwn rau_wpwhwlih
L yeUuwqwugywéh gbpwywity U nhwwnndwihu gphdnnUtpp (75 000 p/i W 0.32g/U°),
untpnndhlwUwn GU BntGp pun pywpwlwyh Yuwwmwywlwgutbpp (27 000pp/, W 0.1 1q/d3), huy
punn Yeluwquwuqywsh® (0.15 quI3 L 16 000 py/)) Ywlws enhuninUbpp (LY. 3): 2015p.
gwpuwup pun pwpwlwyh W YtUuwqwugywéh gbpwywitp EpU nhwwnndwhl, huy
unLpnnUhlwlwn Ehu hwunhuwgtb] Ywwwmwywuws gnhdninubpp [1]: 2016 . Juwunwywlwg
onhdninUtiphg gGpwyw)bp G Microcystits aeruginosa, Aphanothece clathrata, A. stagnina
inBuwyubpp: udpnud gpuugyt) BU Uwle Dactylococcopsis sp., M. wessenbergii, M. pulveria,
Lyngbya limnetica, Spirulina platensis, Merismopedia tenuissima W Oscillatoria limnetica
nGuwyubpp: Yhwwnndwihu  ophdninubph  fudpnud  nndhuwln YndwGeup  Yuaqub, Gu
Stephanodiscus astraea, S. hantzchii, Fragilaria capucina, Nitzschia dissipata, N. linearis, Diatoma
hiemale, D. vulgare, Cyclotella comta, Melosira varians, Cymbella ventricosa, Amphora ovalis,
Rhoicosphenia curvata, Navicula distans inGuwyutnp:

2016 . nhwwnndwjhu ephuncnubnhg gbipwyw)ti £ Melosira granulata-u, wpédwuwagpyby
GU Uwl Eunotia arcus, S. hantzschii, Fragilaria crotonensis, Pinnularia gibba, Rhoicosphenia
curvata, Tabelaria fenestrata-t, Melosira varians, Cyclotella kuetzingiana, Diatoma hiemale, D.
vulgare, Rhoicosphenia curvata, Cyclotella comta, Cocconeis placentula, Stephanodiscus astraea,
Eunotia arcus, Surirella ovata, Epithemia argus wnGuwyutbpp: Ywwwnwywlws gphunirUGpp
ubpywjwgb) Bu Aphanothece clathrata, A. stagnina, Microcystis aeruginosa, M. wessenbergii,
Phormidium foveolarum, Chroococcus turgidus, Oscillatoria limnetica, Merismopedia elegans
nGuwyubnpny: Ywlwg onhuninutbphg gpwugyty Gu Eudorina elegans, Oocystis solitaria, O. sp.,
Sphaerocystis schroeteri, Tetraedron minimum-:

1% 7% 3% 3%

12% [ Bacillariophyta 24% @ Bacillariophyte
0 Cyanophyta R Cyanophyta
B Chlorophyta W Chlorophyta
@ Euglenophyta B Euglenophyta

OXanthophyta O Xanthophyta

18%

m F

LY. 3. ®npp Ulwlh qupuwlwiht $hinnwywlyunnuh tnwnpptn fudptph dwulwpwdhup
punn Uhght pywewliwyh(w) W YEuuwqugywsh (p)
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dhunnwwuywnnuh wnwyb] pwpénp pwlwywywl gnigwuhpubn wpdwuwagpyt) Gu |h-
pnpw| hwwnywénid® 188 000 pe/| L O.9q/d3, npuntn gGpwyw)tp Gu nhwwnndwhu gphdnin-
utnp:

Wdnwup UGS Uliwunwd  phunnywuynnuph  dhght  pwlwlwywl gnigwlhputnp
guwpuwu hwdGdwwn npnauyhnpBlu Ujwab, GU* 117 000 pe/ W 0.5 q/d3: Cuwn pYwpwluwyh
owpnilwyybl £ uwunwywuws ephuninubph gbpwywjnipiniup’ 64 000 pe/l, huy puwn
yEluwqwugywsh  gbpwywyb BU Ywuwgubpp® 0.210,/LI3: Yhwwnndwjhu - 9phdniRUtnp
wwhwwub| GU unLpnnUhuwuwn nhpep (17 000 pe/f W 0.1 1q/LI3) uy. 4):

Uwwwnwywuwg  enpdnnutph tudpnud gbpwywtp  Bu Microcystis — aeruginosa,
M. wessenbergii inGuwyutnp, gpwugyt] Gu bwl. Aphanothece clathrata, Merismopedia tenuissi-
ma-l: UWdnwup Ywluws gnhdninubnh pwlwywywl gnigwlhputnh wybiwugndp wywjdwuw-
ynpywé E bnb| Coelastrum microporum, Chlorococcum humicola, Dictiosphaerium pulchellum
nGuwyubph qupqugdwdp: “hwwnndwihu gphdnirUbph  hhdbuwlwu inGuwyutpu GU Bnbg
Fragilaria crotonensis, Diatoma vulgare W Melosira granulata-u:

1%

@ Bacillariophyta O Bacillariophyta

D Cyanophyta
M Chlorophyta
OXanthophyta

8 Cyanophyta
W Chlorophyta
O Xanthophyta

55%
w P

LY. 4. UL6 Ullwuh wdwnwihu $huinnwywuynnuh tnwpptn udptiph dwulwpwdhup
puwn Uhghl pywpwliwyh(w) U YEluwquiigwsh (p)

dShunnywuyunnuh wnwybiwagnu pwewuwy* 144 000 pp/| (0.5 q/u3), gnwugyt| £
thenpwy hwwndwénd, npnbn gbpwywity U Yuwwnwywlws gphuncpUtpp, huy wnwyb-
(wagnyu YGuuwqwugywé* 0.78 qju3 (115 000 p9/}), gpwugdb) £ wEwghwind W wwjdw-
Lwynpywé E Gnb Ywuwg ophdninutph gunnipwihu dlbph qungqugdwdp:

®npnp Ulwunwd wdnwup $hinnujjwyinnuph Jhght pwlwywywl gnigwlhpubnp gwp-
LUwl hwdbdwwn wakp U Jhghunwd Ywagdting 253 000py/L W 1.15 quI3: “hunybl £ nndhuwun
W unLpnnudhuwlwn fudpGph thnthnfunienilt: Cunn pwewlwyh gbpwyw)bp Gu Yuwwnwywlwg
onhdntrutpp (157 000 pe/ ), huy puwn YGuuwqwlugywédh' Ywuwgubpp 0.5 q./LI3 uy. 5):
Lwwwnwlwuwg ephdnnutph funwdpp hwdwinyty £ Oscillatoria putrida, Microcystis pulveria,
Microcystis wessenbergii, Spirulina platensis, Lyngbya limnetica, Phormidium sp. wnGuwlyutnpny,
uwywiu gbpwywit B Ubwuw [h Shnnwwuynnuh $nuwiht inbuwyutp Aphanothece
clathrata W Microcystis aeruginosa-u: Ywuwgs ophuninUtphg gpwugybp Gu Ankyra judayi,
Sphaerocistis schroeteri, Monoraphidium grifithii, Coelastrum reticulatum, Botryococcus braunii
nBuwyutnp: Hhwwnndwjhu gphuncnbnp wdnwp oy G qupqugt] 28 000 pe/f W 0.2 q/u3:
Qpuwlgyb] 6u hhduwywunwd Cyclotella comta, Stephanodiscus astrae, Cocconeis placentuala,
Cymbella prostrata, C. ventricosa, Fragilaria capucina wGuwlutpp: QGpwyw)b, Bu gbuwinphy
nhwwndwjhuutp® Cyclotella comta W Stephanodiscus astrae-Uu:

@ Bacillariophyta
@ Bacillariophyta

R Cyanophyta o ‘
t
m Chlorophyta yanophyta
B Chlorophyta
O Xanthophyta s

LU. 5. ®npp Ullwth wdwnwihu $hunnwjwuynnup tnwpptp fudptnh Jwulwpwdhup
pun Uhghl pywpwlwlh(w) W YELuwquiigwsdh (p)
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dhuinnywuynnnup lunl.ut]_b[u.l%nL]U pwlwywywlu gnigwuhubpp nhndt Gu wEwahwy
hwwnyguwéncd® 339 000 py/L W 1.9 g/U”, npinkn gbpwywyt) BU Juwunwywlwg ephdninutnp:

Wlwup (6h Gpynt hwndwsubpnud nhindbp £ oph dwnynud twpptp tnbuwyutpnyg’
Melosira granulata (UGS W ®npnp Ullwl) W Anabaena flos-aquae (UGS Ullwl): UGS Ullwund
Swnynuwd £ wpdwlwapyb] wEwaghw] Wunwywl Yuywuutph hwndwénd, npinkn Anabaena
flos-aquae-h pwlwywywl gnigwuhpubpp Ywagdt, Bu 3 Jiu po/p L 2.09 q/u3 [3]: vGpghuu
hwunhuwunwd £ JpUninpuwght - wgnnn Ywunn  nGuwy, Upw qgbpqunpqugndp  onpnud
hwugtgunwd E 186h Gpypnpnwiht wnunnindwu® Jh Yynnuhg pwjpwjynn gnhdninUbph YGu-
uwquwugywén, huy Ujnwu Ynndhg dpUninpunhg Yiwbdwsé wgnunp jpwgnighs hwnuwnwguncd 6U
onwihUu Jhpwywypp [8]: UGS Uliwunwd Anabaena flos-aquae-h «Swnyuwup» wdbh gwén
sEpUwunmhdwluwihu wwpdwuuGpnud (hnyunGdptph yGpg) hwenpnbl £ nhwwnndwihu Melosira
granulata wnbuwyh «Swnynwdp»: 3wpy £ WG, np 2015 p. Lu UGS Ulwuh $hun-
wlwuywnnund pwpanp pwbwlwywlu gnigwuhpubnnd gpwugytby Gu Melosira granulata U M.
varians inGuwlyutnp, npnup [6h Jwywpnwyh pwpapwgdwu bwhunpn tnwphutphu hwunhwbi
GU wybh gwén pwuwywywl gnigwuhpubpnyg [1]:

Wlwup UGS Ulwuh nunwdUwuhpywé hwndwénd huinnujiwliyinnup dhghu pwliw-
Juywu gnigwuhubpp Ywaqut) Gu 326 000 py/; L 1.8 q/d3: Grb 2015p. wplwup UGS Ulw-
Unwd gbpwyw)) BU nhwwnndwjhl, huy untpnndhlwlwn BU hwunhuwgt Ywuws onhunLnubpn,
www 2016pR. pun pYwepwlwyh gbpwywt] Bu uwwwnwywluws enhuninutpp® 150 000 py/|
(0.31 q/u3), puwn YEuuquiigywsdh gbpwywnn Bu nwnpéb| tygituwhultpp’0.86 q/u3 (45 000
po/):  L6h  $hunwwlywmnuwihu  hwdwytgniejntuncd r}PwmndehU onhUnLnubpp
uncpnndhlwlUwn nhpe GU qpwnbgnr (113 000 po/ W 0.45 g/d”) (LY. 6): Uplwlup Anabaena
flos-aquae-h hGwnn  JhwuhU pwpép pwlwlwywl gnigwuppubpnd gpwugdt) GU Lwl
Aphanothece clathrata L. Microcystis aeruginosa inGuwyutnp:

Swunyuwlpwywl £ wplwup EYgltuwihu gphuninuGph pninl wép W Upwlg Jwulw-
pwdlh JGéwgnudp punhwunip $hunnwywuyinnuncd LY. 6): EUgiEuwhUu opnpuninUGph pwpép
pwlwynipintt £ wpédwuwgnyty 18h whwdtpd hwinjwdutpnud® Yugdbing 728 000 p/| W
14.6 quI3 (Uwnwntuh 24), 276 000pg/ W 5.5 o,/u3 (Upthw 24), uwywju npn2 nhunwytunbpnud
EJglGuwjhtuGph  pwlwywywl pwpép qupgugnd £ nhndtb bwl 6h wyGh  funp-
pwjhU'wyblwaghw) hwwndwsubpnd® uguting 172 000 py/| punn pywewlwyh W 3.4 (J,/LI3 puwn
yeluwqwugywsdh (Lnpwinnwu 25 J): unwdpp UGpYwjwgbp £ Trachelomonas volovocina,
T. hispida, T. armata, T. oblonga Eyunpnd nGuwyutnny: HYhwinndwjhUubphg Ynyhu gGpuyuwyty
BU gbuwnnhy nGuwyutnp® Cyclotella comta, Stephanodiscus astrae:

1%

25% O Bacillariophyta
O Cyanophyta
M Chlorophyta

B Euglenophyta
3% ’ B Xanthophyta

@ Bacillariophyta
N Cyanophyta
W Chlorophyta

LY. 6. ULS UlLwuh wplwlwiht $hunnwywliyinnuh tinwnptn fudptph Jwulwpwdhup
puwn Uhghl pywpwlwyh(w) W YELuwquiigdwdh (p)

Uté Ulwunwd wplwlp hnnwwuynnuph wnwybiwgnyu pywpwlwy nhunybp E
whbwghw] hwwnywénwd® 424 000 po/| (1.91 q/u3), npintn gbpwywtp B nhwwnndwjhu
onhuninutnp: Uwpuniuh nhnwybinh wbwghw hwnwénd pwgdwpghg qunniUbph dlny
wndwlwagpyb) 6u Melosira granulata W Fragilaria construens wnGuwlubpp, npnug hwpyhu k|
nhwwndwjhuutpp wnwybnieintt BU unnwgl), UGS Ulwuh hwdwytgnipiniunid nndhUwu-
nnn Juwwmwywuwy ephdnnutbph Uywwndwdp: Unwybjwgnyu YEuuwquuqywép® 3.23 q/LI3
(389 000 pg/), nhindby £ (henpw| hwwnywsédnid, npnbn gbpwywyty U funpnpuwpghy
EJgiGUwhUu 9phdnLnutpp:
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Onpn UlLwunwd  wplwup  $hunnwwuyinnuph  dhoht pwlwywywl gnigwlhubpp
Ywquty U 851 000 py/| pun pYwpwluwyh W 2.3 0,/LI3 gum YeUuwqwugywéh: Atnpwyw)tp Gu
nhwwndwjhu gnhdninubpp (770 000 pp/i W 3.7 g/U°) (UY. 7): “YhwwnndwjhUubph pwpép
pwlwywywl gnigwuhubpp wwjdwuwynpdwé B Gnb wpdwlwgnywé «Swnynidny», npp
nhingt, £ 3wjpwdwup 2 J nhunwybwnnud: Wuwbn qbpquinpqugt, £ Melosira granulata
nbGuwyp® Yuaqutiny 2 016 000 po/| (7 1%) pun pwepwlwyh W 10.08 q/LI3 puwn Ytuuwquwlg-
Jwéh: Yhwuinndwihu ephdnenubph fudpnud gpwugdb) BU Lwle Melosira varians, Eunotia arcus,
Cyclotella kuetzingiana, C. comta, Stephanodiscus astrae, St. hantzchii, Diatoma hiemale, Rhoico-
sphenia curvata, Cocconeis placentula, Fragilaria crotonensis, Pinnularia gibba, Eunotia arcus,
Surirella ovata, Epitemia argus, Amphora ovalis, Rhoicosphenia curvata, Stauroneis anceps, Cym-
bella helvetica, Gomphonema acuminatum wnGuwyutpp:

0%
3% 6% 1%

D Bacillariophyta
R Cyanophyta

H Chlorophyta
B Euglenophyta
aUy

O Bacillariophyta
O Cyanophyta

m Chlorophyta
B Euglenophyta
8Uy

w F

LY. 7. ®npp Ullwlh wpbwlwhu Shinnuywuyunnuh tnwpptn fudptph dwulwpwdhup
pun Uhght pywewlwyh(w) W Yeluwquigywdh (p)

UntpnnuhuwlUwn BU GnGp Ywuwg ephdninutnp (45000 pe/| W 0.5 quI3): Wndwuwagpyby
GUu Oocystis solitaria, Binuclearia lauterbornii, Ankistrodesmus falcatus W Dictiosphaerum pul-
chellum, Pediastrum duplex wnGuwyutpp:

Ywwwnwywlws gphdninuGph fudpnud gpwugytp Bu (dh $hunnwyuwiiyinnup upnwywu
ubpywjwgnighsutip Aphanothece clathrata, Microcystis aeruginosa-u: Unwuahu nhunwyGwntpnid
hwunhwt| Gu Aphanothece stagnina, Chroococcus turgidis W Phormidium foveolarum
ntGuwyubnp:

Swny E UG, np 2015 e wpUwup Wu Pnpp ULwunwd gGpwyw)t) GU nhwwnndwghu epp-
JnLnubpp, uwyuwju untpnnuhbwlwn Gu GnG| yuwwnwywlwgubpp [1]:

Wlwup $huinnywuynnuh wnwybwagnuyt puwpwlwllu wpdwlwagpytby £ [hpnpwg
hwwndwénwd* 917 000 pe/ (2.15 q/d3), npwnbn gbpwyw)b, U nhwwnndwihu gpnhuncrUbnp, huy
wnwybiwagnyu YEuuwqwugywép® 2.52 q/d3 (748 000 pg/)) nhinyt| £ wEwaghwy hwndwéncd
UL wwdwuwynpwsé E Gnbl Ywlws sphdninUbph junpwipwpehe W gunniewhu tnkuwyutnh
qupqugJwdp:

Wjuwhuny, 2016p. hpwywuwgywé niuncduwuhpnieintlubph wpnniupnud wwnqybg
E, np 16h Gpynt hwwndjwélbpnd  $hinnuyputyinnuwiht hwdwytgnieinitlubpp nndhuwlwn
Jwquny W pwlwywywlu gnigwlhutpny npnawyhnpbu wnwpptndty Gu: NruncdUwuhpywé
2npwilinud 16h Gpyne hwwndwéubpnud nhindGp £ oph «Swinynud»  EJinipndwgdwl  gnighg
hwunhuwgnn wnbuwyutpnd® Anabaena f-a (UGd Ullwl), Melosira granulata (UGS W ®npp
Ulwl):

®npp Ulwlh $huinnwyiutiynnuncd Yuynu nhpe Bu gpwiyty nhwwnndwjhuutpp, uwywju
Uwhunpn lnwnyw hwdtdwwn  nhindt) E ywlwg opnpuninubph JwulwpwdUh wyGugned: UGS
Ubwuh wthwdtpé hwndwédubpnud nhndbp £ EdgiEuwihu  ephdninUbph pwlwywywu,
npwywywl gnigwuhpubph wé U nwpwédJwonipjwl  punjwjunwd:  IGNwgnnniejwl
pupwgenid wpdwlwagnyb] £ Juwunwywlws b EdgiGuwihu gphunitnubph wuwuhuwwnGutih
htGprwihnpu, husp Ywpnn £ yyw)t) Eynhwdwywpgh wuywyncu yhdwyh dwuhl:

Shuinnywuywnnuh wnwydbjwgnyt  pwbwlwywu  gnigwuppubp  wpéwlwagnybp Gu
wpuwup: Cun hnphgnuwywl pwphudwédniejwl 6h Gpyne hwndwdubpnud $hinnwywulyinnup
wnwyb] (wy qupqwugnd t nhndtbp thpnpwp L wGwghwy gninhubpnud: ®npp Ulwlh
dhuinnwwuynnunid gbpwywynn fudph UEpnpnudp punn pwlwywywl W npwywywu gne-
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gwuhuGph hhdUuwywunwd GnG| £ Jhwwnwpp: 3wdwytgnipiniuncd UGS UGpnpnud BU nlubgt
nhwwndwjhu W uwunwywlwg gnhdninUbpp: UGS Ulwunwd pwlwywwbu W npulwwbu
gbpwlywjt| Gu onhunLnuEph twpptp pudptp® nhwwnndwghu, Juwunwywlws W Egtuwghl:

I6wnwagnuinLejnlulepu hpwywuwgdtby Bu «Yhdwih thnthnpudwu b Ulwuw |6h

dwywpnwyh pwpapwgdwt ywydwuubpnud 3wjwunwuh hwdwp pwgdwywpwywl Upwlw-
yncpintl ntubgnn [dwjhu Eynhwdwywngh yhdwyh W Upw YEuuwnGunipuubph Ywphninghw-
yuwu hGwnwgnunidy Uwwnwywihu dpwgnh 2ppwuwyutpned:

10.

11.

aruvuuuniE@3ntu

Swdpwpywl L. N., Vwdjwt W.U., vwshlywl @.Q. Ulwluw |6h [hpnpwp ghnnt $hinnujwuy-
wnnuwjhu  hwdwytgniejwl  hnphgnuwlwl  pwhujwénipiwl  punipwghpp. Iwjwuwnwlh
ytluwp. hwuntu, 68, 3, tp 6-11, 2016:

Swdpwpwl L.N., Cwhwahquwl b.d. Rwngnwhwd optph gphuninutph gtinkph hwdwnnun
npn2hg, Gpluwl, 6M3, 61k, 2014:

33 QUU Yblnwuwpwuniejwl W 3hnpnEyninghwih ghinwywu Ysuwnpnuh, 3pnpnEyninghwih W
dUUwpwUntejwl huunhwnnuinh twpblywu hwpydtwnygnie)ncu, 2016:

Abakymos B.A. PykoBOJICTBO MO METOJaM THAPOOHOIOTHYCCKOTO aHAJH3a TIOBEPXHOCTHBIX
BOJI ¥ IOHHBIX OoTJIOKeHHH, JI., “Tunpomereonsmatr”, c. 78- 86, 1983.

Kucenes WM.A., 3unoBa A.Jl., KypcanoB JLU. Omnpenenurtens HHU3IMIKUX PacTCHUH.
Bomopocau. M., Cos. Hayka, 2, 312 c., 1953.

“O3epo CeBaH. DKOJIOTHYECKOE COCTOSHUE B IEPHOA U3MEHEHUsI YPOBHA BOIBI” SIpociaBib.
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The article refers to anthropogenic conflicts occurring in the forest landscapes of Tavush
region pf Armenia. It is shown that a number of environmental issues have emerged as a result of
unsustainable management of forest landscapes leading to a decrease in the continuous flow of
forest ecosystem services. This analysis can have a great practical importance for solving the
existing problems.

Forest landscapes — anthropogenic conflicts — sustainable forest management

Innywdp YEpwpbpnud £ Swdnh Jwpgh wlunwnwihl jwunpwdnutpnid wnyw dwpnwéhu
ynudihywnuphl: Snyg £ wnipdwd, np dwpgh wunwnwihu jwunpwdwnutph ng yuyntu junwywpdwl
wnpryntugned h hwjin BU GYG] plwwwhwywlwywu pwquwrehd hhduwpiunhputn, npnug hwugbgnt) Gu
wuwnwnrh Ynnuhg wnpwdwnpynn  Eynhwdwlwpgwiht - Swnwjnueinctlutph  pwpniwywywl  hnuph
UJwquwup: Wu gGpinwdnieiniup Ywpnn £ Yunplenp gnpduwlwu Lpwuwynipntt nlubUw wnyw hhuuw-
huunhputph (PLSUwU hwdwin:

Wltnwnuyhl jwlnpwdinubn — dwpnwdhl Ynudihlyintubn — wlinwnlbph Yuyni Gunwdwpned

CTaThst OTHOCHUTCS K aHTPOIIOTEHHBIM KOH(UIMKTaM B JIECHBIX JaHAmadTax TaBymickoro
peruona. [TokazaHO, 94TO B pe3yNbTaTe HEYCTOWINBOTO YIIPABICHUS JIECHBIMH JIaHIapTaMA BO3-
HUKJIO MHOXKECTBO IKOJIOTHYECKHX IPOOIIEM, KOTOpHIE NMPUBEIN K YMEHBIICHHIO HETPEPHIBHOIO
MOTOKA YCIYT JISCHBIX 9KOCHCTEM. DTOT aHAJIN3 MOXET MMETh OOJIBIIOE IIPAKTUUECKOE 3HAUCHUE
JUIsL PELLIEHUS CYIECTBYIOIHX IPoOIIeM.

Jlecnvie nanowagmer — anmponozenvie KOHPAUKMbL — YCMOUYUBoe ynpasienue iecamu

Numerous natural and anthropogenic conflicts do exist in the forest landscapes
of Tavush region of Armenia. While the region is distinguished by almost half forested
territory and the absence of industrial enterprises, nevertheless, the main environmental
problem of the region is considered to be relating to the unsustainable forest resources
use. It can be stated that due to ineffective management and unsustainable use of forests
various negative phenomena have emerged. Taking into consideration the above-
mentioned, the article highlights the existing anthropogenic conflicts in the forest
landscapes of the region proposing ways of solving them, which are to contribute to the
improvement of the management of forest landscapes and the increase of the flow of
ecosystem services provided by forests in the region.

108


mailto:gorik.avetisyan@ysu.am
mailto:elmira.vardanyan22@mail.ru

ISSUES RELATED TO THE IMPROVEMENT OF FOREST LANDSCAPE MANAGEMENT IN TAVUSH REGION

Materials and methods. Forests of Tavush region cover an area of 139980 hectares, which
are under the subordination of two state administration bodies, namely the Ministry of Agriculture
(represented by the four branches of “Armforest” SNCO covering 115150 hectares) and the
Ministry of Nature Protection (Specially Protected Areas (SPA) system covering 24830 hectares)
[8-10].

An analysis of the present-day management system of forest landscapes in Tavush region,
informational materials on forest inventory and forest management plans have been prepared.
Anthropogenic conflicts have been identified and methods to resolve them have been suggested
using these materials in combination to the field studies. This work is based on historical,
statistical, modern cartographic (GIS), and comparative-geographical methods.

Results and Discussion. The article identified the following anthropogenic
conflicts in the forest landscapes of Tavush region:

1. Adjustment and demarcation of boundaries of forest enterprises, SPAs and

forests adjacent to communities,

2. Absence of clearly separated functional and transitional (buffer) zones of
specially protected natural areas,

3. lllegal and unregulated felling, planned felling in non-production forests (on
high slopes, water protection buffer zones of rivers, in protected areas, green
zones, and etc.),

4. Lack of information on the location and condition of natural monuments,
absence of information signs. Often natural monuments cannot be found and
clearly separated and recognized,

5. Scarcity of integrated information sources on forests and sometimes their
complete absence.

The first precondition for improving forest management is the adjustment of
borders of the forest enterprises. Correction of the borders of the forest enterprises using
and combining different sources of forest related information, including satellite images
of the given area, topographic maps, cadastral maps of land use and ownership forms,
forest tablets, etc. is a priority. In addition to these works, field studies using global
positioning system (GPS) and topographic conditions should be carried out aiming at the
correction of borders of the forest enterprises.

Demarcation of borders in natural conditions through development of
demarcation scheme and placement of border posts is necessary to be carried out after
the adjustment and mapping of the borders of the forest enterprises and protected areas.
Border posts should be installed not only between community lands and forest
enterprises (or protected area), but also between forest enterprises and specially
protected areas.

Currently, UNDP-GEF "Mainstreaming Sustainable Land and Forest
Management in Mountain Landscapes of North-Eastern Armenia’’ project carries out the
adjustment of borders of ljevan and Noyemberyan forest enterprises. Within the
framework of the said project 200 border posts were installed on the borders of
community lands and forest enterprises, as well as on the borders of forest enterprises
and SPAs [5].

Protected areas under the subordination of the Ministry of Nature Protection
("Dilijan" National Park and "Zikatar" SS) encompass 24830 hectares of Tavush region
forests, while ljevan Sanctuary is within ljevan Forestry Enterprise. Most forest SPAS in
the forest enterprises are currently treated as part of the forest enterprise without the use
of appropriate conservation regime with no special attention being paid to the existing
biodiversity and ecosystem values. Since forest ecosystems do exist not only in the
territory of the SPAs, but also beyond their boundaries, it is expedient to separate the
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buffer zone with an appropriate protection regime for the complete protection of the
ecosystems outside the protected areas. Conservation zones adjusted around the SPAs [6,
7] are intended for the conservation of the biodiversity, but most often do not have clear
boundaries and no respective protection regimes are being applied.

Important anthropogenic conflicts include irregular and illegal forest logging,
which has resulted in significant degradation of forest landscapes, intensive erosion of
the soil cover, activation of landslides, reduction of the carbon dioxide absorption
potential by 50% [2, 3] and violation of the continuous flow of forest ecosystem
services. Irreversible damage has been done to valuable tree species, especially beech
and oak. Preserved low-value tree species cannot ensure the regular forest regrowth and
healthy regeneration of the desired species.
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Fig.1. Forests and nature monuments of Tavush region

Elimination of vegetation contributed to the weakening of surface flow
regulation, which led to increased activation of landslides and mudflows [4]. At present,
irregular logging continues and is particularly active in nearby communities and on
forest roads. This conflict is also a social issue, as the population of the forested
communities receives firewood from the forest while the wastewood available for sale in
the forest meets the 30 % of the minimum demand of the firewood of the population.
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Programs aiming at the revenue increase are necessary to be implemented so the
population of the adjacent communities will be able to use gas during the heating season
which will decrease the minimum demand for firewood in rural areas per 1 household from
7 cubic meters to 3-4 cubic meters leading to a significant reduction in illegal logging. It is
also necessary to establish planting of fast growing tree and shrub plantations (poplar,
acacia etc.), which will replace some of the population's firewood demand.

In some cases forest landscapes are also damaged by the planned logging
implemented by the forest enterprise, this includes logging on 30° degree and higher
slopes and in the water-protective buffer zones of the rivers. Endemic and Red book
species existing in the area are not considered and being carelessly destroyed during
these works.

There is a lack of adequate information about the natural monuments in Tavush
region. These are generally excluded from the tourist routes and information signs,
signboards are not at place which makes the nature monuments of the area
unrecognizable. Most of the monuments are in poor state. It is necessary to make
investments in improving the area of monuments, making them recognizable through
installation of booths, information signs and engagement in tourist routes.

It is required to create an integrated forest database (based on the GIS),
integrating the results of the programs implemented by the various national and
international organizations in the forest sector.

Thus, the solution of these anthropogenic conflicts will contribute to the
improvement of the management of forest landscapes and to the increase of the
continuous flow of ecosystem services provided by the forests in the Tavush Region. In
particular, it is possible to increase the recreational potential of forest landscapes by
increasing the recognition of natural monuments, preventing illegal felling and
increasing the flow of touristic services (spiritual and cultural ecosystem services).
Elimination of illegal logging and the improvement of the forest protection will result in
the increase of carbon dioxide (CO,) absorption by forest and the flow of regulating
services of the forest. Meanwhile, the means collected through the introduction of
ecosystem services payment system in the forest sector can be directed to the protection
of forests and natural monuments.
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NTOKTOP BUOJIOTUYECKHNX HAYK P.I'. KAMAJISIH
BCTPEYAET 80-JIETHUM FOBUJIEI!

(x 80-neTuro co qHS POXKACHHS)

7 Hos0ps1 2017 rona ucnonaMIoch 80 et
Pomany ['yprenoBuuy Kamansny — mokrtopy
OHMOJIOTHUYECKUX HayK, Mpodeccopy Kadempbl
OMOXUMHH, MHUKPOOHOIOTHH W BUPYCOJOTHH
HanponansHOro arpapHoro yHMBepcuTera Ap-
menuu. P.I'. Kamansn ponuics B ropoae Epe-
BaH B ceMbe ciykamux. B 1962 r. rogy mocne
OKOH4YaHHS EpeBaHCKOro TIocylapCTBEHHOTO
MEIUIIMHCKOTO MHCTHTYTa pPadOTall Jeyarum
BpayoM caHaTopus Kypopra Ap3Hu. B 1968r.

npu Hucruryre Omoxummu AH Apm CCP
P.I'. KamansH 3amuTui KaHAMOATCKYIO JUCCEpTalMi0 HAa TeMy ‘“HekoTopwie CTOpoHBI 0OMeHa
JKkapOoHOBBIX aMuHOKKCIOT 1 TAMK B MuTOXOHApHANBHON (paknum mMo3ra”, a B 1985 — awc-
CepTalMi0 Ha COMCKAHHWE YYECHOW CTENeHH [OKTopa OMONOrMYecKHX HayKk Ha TeMmy “‘Pomb
JTaHOJAMHMHA M €ro MPOM3BOJHBIX B MpoIEccax OOMEHa BEIIEeCTB B HOpME M maTtojioruu’”. Poman
I'yprenoBud siBisiercss aBTOpoM 155 HaydHBIX paboT, 3-X aBTOPCKUX CBHJETENBCTB, S-TH PEKO-
MeHIanui, 2-x y4eOHnkoB. OH ObUT KOHCYJIBTAaHTOM OTHOM NOKTOPCKOW W pyKoBoauTenem 11
KaHIUJAaTCKUX JUCCEePTalHii.

C 1970 r. P.I'. KamansH 3aBeoBajl OTAEIOM aMHHOB MPOOJIEMHOM 1abopaTopin oOMeHa Be-
mectB mnpu BcecorosHom EpeBanckom  300BerepuHapHoM — uHcTuTtyTe (Ep3BU), a ¢
1980-1993 rr. sBisIICS HAYYHBIM PYKOBOAWTENEM JabopaTopun oOMeHa BemiectB. B 1975-1992 rr.
SIBILSUICS. PEIAKTOPOM COOpHHKA OUOJIOTHYECKUX TPY 0B EpeBaHCKOro 300BeTepHHAPHOTO MHCTUTYTA.

P.I'. KamansH BHecC CymIecTBEHHBIH BKJIAJA B Je0 OHOXMMUYECKOH MOATOTOBKH CHEIHa-
JIUCTOB Pa3IMYHOTO MPodUIIs, KOTOpBIE pabOTAIOT Kak B APMEHHH, TaK U B OBIBIIUX PECITyOIHKax
Coserckoro Coroza. C 1986 r. o cerogHsIIIHUN IeHb B Pa3HOE BpeMs IIPenoiaBajl OpraHu4ecKyto
XMMHIO, OHOXMMHIO M KIMHHYECKYI0O OMOXMMHIO Ha pasinn4HbeIX (akynererax Ep3BU u
ApPMSHCKOTO HallMOHAJIBHOTO arpapHoro yHusepcutera (AHAY), Helipoxumuio Ha Ouosorudec-
KoM (akynpTeTe EpeBaHCKOTO TOCYIapCcTBEHHOTO YHHBEPCHTETa, broXuMmudeckiue OCHOBHI aTo-
XAMHUYECKUX TIporeccoB B Poccuiicko-Apmsuackom (CraBsHckoM) yHuBepcutere. B 1998 r.
P.I'. Kamansn paboran B HotmHremMckoMm yHuBepcuteTe BennkoOpuranny, ObI1 y9aCTHHKOM MHO-
THX MEXTyHapOIHBIX, PECITyOIIMKAHCKUX HAyYHBIX KOH(EPEHNIHNH, B pa3NIudHbIe TOABI ObLT dire-
HOM CIICIMATU3UPOBaHHbBIX yueHbIX coBeToB Ep3BU, AHAY, EI'Y, Uncturyta 6noxumun HAH
PA, obmectBa 6moxumukos PA, meifpoxumukoB Espomsr. C 1993-2017 rr. 3aBegoBan maboparo-
pueit perymsiuu oomeHa BeniectB MuctuTyTa 6noxumun uM. bynsitsna HAH PA, B 2000-2013 rr.
pykoBomun kadenpoit 6moxumun AHAY. HeHe sBnsercs mpodeccopoM kadeapbl OHOXHUMHH,
MuKpoouosnorun u supycoiaornn AHAY. HeonHokpaTHO ObLT IpeacenaTeneM rocyIapcTBEHHON
3K3aMeHauHOHHOﬁ KOMHCCHH T'OCYAAapCTBEHHBIX BBIITYCKHBIX J3K3aME€HOB W 3allIMThI JUINIOMHBIX
pabot o 6uoxumun 6nonormueckoro Qakynasrera EIY.

Hayunsie untepecs! P.I'. Kamansana cocpenorodeHs B chepe oOMena u GpyHKIuiA 61oo-
TMYECKH aKTHBHBIX aMHHOB M HEHPOAKTHBHBIX aMHHOKHCIIOT, MX y4acTHs B y3JIOBBIX IIpOIeccax
MeTaboImu3Ma, BIUSHIUS Ha )KU3HEHHO BayKHbIE ()YHKIUH B HOPME U ITPU MATOJIOTUHL.
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HUccnenoanus P.I'. KamansHa no MeTaboiu3My HEWPOAKTHBHBIX aMHHOKHUCIIOT B MHTO-
XOHJPHUSX MO3Ta ITO3BOJIMIIN PACKPBITh OCOOCHHOCTH UX yJacTHs B YHEPreTHIECKOM OOMEHE MO3-
ra, PeryJsTOpHYIO POJib MUPUAMHOBBIX HYKJICOTHAOB, MUpHIOKcanbdochaTa 1 HOHOB MarHusl B
HX B3auMOJEHCTBHH ¢ IuKIoM Kpebca, perynsTopHoe 3HaUeHHE acapTaTTPaHCAMHHA3HI B 3aBH-
CHMOM OT OKHCIICHUSI CYKI[HATa MOTJIOIEHUH HOHOB KalbIUs MUTOXOHAPUSIMU MO3Ta U CEpALa.

P.I. KamansHoM oOHapyeHa oOpaTHMasl peakIus aleTHINPOBAHMS STaHOJAMHUHA B
opraHu3Me, IOKa3aHO CTUMYIHpYIoIlee JeHcTBrue N-aleTUIITaHOIaMUHA HA Pa3BUTHE KypHHOTO
SMOpPHOHA M POCT LBILIAT, BBIIBICHBI IPOTHBOIIOKOBOE IEHCTBHE JTaHOJIAMHHA, aHTHAILIEp-
rudeckre 3(GeKTsl 3TaHOTaMHHA U ero N-aleTHINPOW3BOJHOTO, aHTHUCTPECCOPHOE MCHCTBHE
O-cynbho3TaHOIaMUHA, KOTOPBIH OBLT MPEUIOKEH B KAUECTBE CPEACTBA MPEAyIPEKICHUS TPaHC-
MIOPTHOTO CTpecca MPH NEePeBO3Ke U KOMIIJIEKCHOM COAEPKaHUU TEJIAT.

P.I'. KamanssHOM OBUTH pacKpBITHl HEHpPO-TOPMOHAIBHBIE MEXaHU3MBI (DH3HOJIOTHYECKOM
AaKTUBHOCTHU 3TaHOJAMUHA U €ro IIPOM3BOHBIX, BBIABICHB! €r0 B3aUMOACHCTBUSA C CHCTEMaMH Ka-
TexoJaMHHOB, aueTwixonuHa 1 TAMK. Baxusim paznenom uccnenosanuit P.Kamansna sBunoch
9KCHEPUMEHTAIbHOE IIOATBEPKICHUE BBIIBUHYTOH UM TIMIIOTE3bl ajJbTEPHATHUBHOIO CHHTE3a
IF'AMK nytem mpsiMoro iexapOOKCHIMPOBAHUS TIIyTaMHUHA C IIPOMEKYTOUYHBIM 00pa3oBaHHEM
'AMK-amuza, KOTOpBIH U OBLT OOHAPYKEH B MO3TE KPBICHL.

VccnenoBanus MOCIETHEro NSCATHICTHS ObLIM MOCBSIIEHB! H3yYSHUIO NEHCTBUS MOTEH-
UanbHO 3()(HEKTUBHBIX NPOTHBOOIYXOJICBBIX M aHTUANAOCTHUECKUX (haKTOPOB HA SKCICPHMEH-
TAJILHBIX MOJISIISIX ONyXOJiel u uadeTa. Y Ianoch MoKas3aTh IOJABJICHHE POCTa HKCIICPHMEHTAITb-
HOU capkoMbI-40 o aeficTBreM ObIdbeil criepMbl. Ha Xumudecknx Moesax quabera ObUIo oKa-
3aHO cMmsrgaroniee BiussHue ['AMK-reHepupyIoIux areHToB Ha JUa0eTOreHHOE U THUIEPTITHKEMH-
4YecKoe JeHCTBHE aJUIOKCAHA U CTPENTO30TOLMHA.

OOmecTBeHHas M Hay4YHO-TIeJarorudeckas aeareabHocTh Kamansana P.I'. 6puta ormedeHa
psanom IloueTHsx rpamoT MuHnucTepceTBa cenbekoro xo3saiicrsa CCCP, MuHucrepcrBa ceabcKoro
xo3sictBa ApmsiHCcko CCP, MuumcrepctBa obpa3oBanmsi W Hayku PA, 3070TOH Menmanbio
arpapHoro yHuBepcureTa. TBopueckas aestensHocTh P.I'. KamansHa He orpaHnumBaeTcst HayKoOH,
UM B pa3HbIe TObI Oy OJIMKOBAHB COOPHHUKHN JIMPUYECKHUX U IPasKTaHCKUX CTHXOB.

Komnextus xadenpbl OHOXUMUH, MUKPOOHOIOTHH U BUPYCOJIOTHH arpapHoOro YHHBEPCH-
TeTa U CTYIEHTHl OT BCeH AYIIM MO3APaBIIOT gopororo Pomana I'ypreHoBrn4a co 3HaMeHaTeNb-
HBIM co0bITHeM! Ero 4ecTHOCTB, OT3BIBUYMBOCTD, HCKIIIOUNTENbHAS OTBETCTBEHHOCTh M IPHHIIH-
NHAJbHOCTh CHUCKAIM €My IIyOOKOe yBa)KeHHE KaK CO CTOPOHBI IpernojaBaTeneil, aciupaHTOB,
TaK M CTYJEHTOB. 3a rojpl paboThl B yHHBepcuTere P.I'. KamansHOM moaroToBieHa He OfHA COTHS
BBICOKOKBATN(HUIIMPOBAHHBIX CIIENHMATHCTOB. ETo 3HaHUS, 11€1€yCTPEMICHHOCTD BBI3BIBAIOT HCK-
PEHHEE NNPU3HAHUE U CBUACTEIILCTBYIOT O BBICOKHUX l'lpOCbeCCI/IOHaJ'[beIX U JIMYHBIX KaduecTBax. Po-
Many ['yprenoBudy KamainsHy keaeM KpemKoro 340pOBBsI, ONTHMHI3MA M SHEPTHH Ha JOJITHE To-
JIbl, TAJIbHEHIINX yCIIEX0B B HAy4YHO-TIEJaroruueckoi esTenbHOCTH !

3asedyrowuil kagedpoii Guoxumuu, MUKPOOUOIOSUU U BUPYCONOSUU
AHAY, doxkmop 6uonoeuueckuii nayk, ooyenm I".FO.Mapmapsan
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