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OLIEHKA CXOJICTBA OCHOBHBIX IMTOKA3ATEJIEH
®UTOIJIAHKTOHHOTI'O COOBIECTBA PAZHOTUITHBIX
BOJTHBIX DKOCUCTEM

JLI. CTEOAHSIHY, JI.P. TAMBAPSIH?

HI] 300102uu u euoposxonoeuu HAH PA; Hncmumym 2udposxkonocuu u uxmuonosuu,
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B 2015 r., ObUIH IPOBE/ICHBI HCCIIEIOBAHUS KOJMYECTBEHHBIX M KAYeCTBEHHBIX ITOKa3aTe-
nei (UTOINIAHKTOHA Pa3HOTHIHBIX BOJOEMOB: p. MapMapHk, MecTa CIUSHHS pek MapMmapuk u
Pa3nan 1 BomoxpaHmimina Axnapa. B u3y4eHHBIX MyHKTaX HAaOIIONCHHS U3 3apETrHMCTPUPOBAHHBIX
109 Bunos Bogopocieit 30 (29%) umenH BHICOKYIO YacTOTY BCTPEUaeMOCTH U SIBISUINCH BUAAMH C
IIUPOKOIT CTENEeHb0 ToNepaHTHOCTH. Hanboree BRICOKUE TIOKA3aTeNIM CXOJICTBA BUOBOTO COCTABA
¢uTOIUIAaHKTOHA OTMEUeHH! I p. Pa3nman u ero mpuroka p. Mapmapuk, 9To MO3BOJISIET CIENIaTh
BBIBOJ] O BIIMSIHUM THAPOGHU3NIECKUX U THAPOOHOIIOTHIECKHX MToKa3aTenel p. Mapmapuk Ha dop-
MHpOBaHHE ToKa3aTesell PUTOMmIaHKTOHHOTo coobuiecTBa p. Pasnan.

Dumonnaukmonnoe COO6W€CW!60 - KOGd)d)MMM@Hm CopeHceHa —yacmoma ecpedvaemocmu

2015 p. wuwnpyt, GU nwpwplnye hhnpninghwywu ntdhd niubgnn® Uwndwphy gbunh,
pwagnuwu b Uwpdwphy gbntbph fuwnUdwlu hwndwéh W Upiwwpw opwdpwph $hunnwwuynn-
LUwjht hwdwybgnipjwl pwlwlwywlu W npwywywl nrunwdUwuhpnipnibubp: Nuncduwuhpdwéd
nhunwytwnbpnd gpwugdwé onhdninlbphg 30-p (29%) niubghb 6U hwunhwJdwU pwpén hwow-
huwywuntentu W wnnGphwuwnnipjwu (wju uwhdwlubn nlubgnn wGuwyubn: Shunnwwuynnuwhu
hwdwybgnipjwl wnbuwywiht Ywquh JGs Udwuniejni gpwugdb) E Ipwgnwuh W Upw Juwy
Uwpdwphyh dhgl, npp wwjdwlwynpjwé £ ong dhwil hhnpndhghywywl W hhnpninghwywu
wwjdwulbph punhwupnipjwdp, wjpl pnyp £ wwihu Ggpwywgut, np Ipwgnuwu gbinh  $p-
nnwjwuywnnuh nbuwywiht Ywaquh dlwdnpdwl pw hp wgntgniejnilu niuh - Uwnpdwnphy gbunp
gonhunLnutph nGuwywihtu waqunp:

Shuinnuywllinnuwyghb hwdwlybgnipnil - UnpGUubUh gnpbdwlhg - hwunhwdwl hwowpiwlwuntpinil

The quantitative parameters and species composition of phytoplankton community in the
polytypic water bodies, namely Marmarik river, in the confluence of the Marmarik and Harzdan
rivers and Akhpara reservoir in 2015 were studied. At the studied observation sites the 30 algae
species (29 %) had a high frequency of occurrence and wide range of tolerance. High similarity of
phytoplankton composition was recorded between Hrazdan and its tributary — Marmarik river,
which is caused not only by the generality of hydrophysical and hydrological conditions but also
leads to a conclusion that the algae species of Marmarik river contributes to the formation of
phytoplankton composition of the Hrazdan river.

Phytoplankton community — Sorensen coefficient — frequency of occurrence




OLIEHKA CXOJICTBA OCHOBHBIX ITOKA3ATEJIEW ®UTOIIJIAHKTOHHOI'O COOBIIIECTBA PABHOTUIIHBIX BOJIHBIX. ..

DopMupoBaHUE KauecTBa BOJABI OOJBIINX PEK OBOJBHO CIOXKHEIA IMporece, B
KOTOPOM OOITBIIOE BIHSIHAE HMEIOT THAPOXUMHUYCCKIE U THAPOPU3HMIESCKIE TTOKA3aTeIH
BITAJAOMNX peK. OUTOIIAHKTOH KaK MEPBUYHOE aBTOTPO(PHOE 3BEHO OBICTPO pearupy-
€T Ha W3MEHEHHs BOTHOHN cpenbl, a (QUIyKTyarus W pazHooOpasme (UTOIUIAHKTOHHOTO
€0001IIeCTBa MIMPOKO UCHOIB3YIOTCS IPH OIEHKE OMOIOTHYECKUX IMOKa3aTelNeil KauecT-
Ba Boxbl. Ha pa3BuTHe mokaszarenell (PMTOIUIAHKTOHA BIHSET THAPOJIOTHUSCKHHA PEKUM
BOJIOEMOB, B YaCTHOCTH CKOPOCTh T€UEHUsI. TakuM 00pa3oM, KOJMYECTBEHHBIE XapaKTe-
PHUCTHKH, (JIOPUCTHYECKUI COCTaB (PUTOILTAHKTOHA B PA3HOTHITHBIX BOJHBIX YKOCHUCTE-
Max, B THAPOCHCTEME PEKa — BOJOXPAHUITUIIE JOJHKHBI OTIMYATHCS APYT OT apyra [4].

Hamu n3y4eHbl OCHOBHBIE MOKa3aTes (PUTOTUIAHKTOHA Pa3HOTUIIHBIX BOJIOEMOB
pp. Pa3man m Mapmapuk, a takke B-a Axnapa. Pa3man OGeper cBoe Hayajio u3 o3epa
CeBan, ee mmuHa cocTtaBisieT 141 kM, IUIOmags BOXOCOOpPHOTO OacceliHa OKOJIO
2560 km%. Bossl PEKU HCHOIB3YIOTCA B JHEPreTUYECKHX LeNsiX U opomeHus. CambIM
KpPYIHBIM TPUTOKOM p. Pa3maH sBisercst p. Mapmapuk (37 kM), miomans BomocOopa
427 KMZ, BOJBI €€ UCIob3ytoTes Uit opoweHus. Ha p. Pasnan B 1953 rony B sHepreTu-
YECKHUX IeISIX IOCTPOCHO B-Iie AXmapa, ¢ 06beMoM Boabl 5.6 MiH. M° [10].

Hccnenyemple THAPOIKOCUCTEMBI 110 THAPOJIIOTHIECKOMY PEKUMY SBILSIIOTCS pa3-
HOTHITHBIMH BOJHBIMH YKOCHCTEMaMH, U, CJIEJOBATEIbHO, (OPMHPOBAHHE OCHOBHBIX
rokasaresyiel (PUTOIUTAHKTOHA JOJIKHBI Pa3IHYaThCsl.

Lenp paboThl — U3y4YUTh KOJUUYECTBEHHBIC MMOKA3aTENM, BUIOBOW cOocTaB (hUTO-
IUTAaHKTOHA p. MapMapuK U BBISIBUTH €T0 BIHMSHKME Ha popMHpOBaHHE (PUTOILIAHKTOHA P.
Paznan, a Taxke CpaBHHTH (DIIOPHCTHYECKUH COCTaB BOJOPOCIHEH peK ¢ (uToruiaHk-
TOHOM B B-11le AXmapa.

Mamepuan u memoouxa. VI3yueHus THAPOOHOIOTHYECKHUX TTOKa3aTene p. MapMapuk i
B-mma Axmapa npoBogmwiuck ¢ 2003 mo 2005 rr. [2, 8]. UccnenoBanus pp. Pazgan, Mapmapuk u
B-la AXmapa, HaMd OBUTH MPOBEJICHBI BECHOW (Maif), TIeTOM (HIONB) M OCEeHbIO (CeHTOpH) 2015
roza. BeiOpansl crnenyromue myHKTH poOooTOOpa: HIDKHee TedeHue p. Mapmapuk (1), Mecto
ciusiHus pp. Mapmapuk u Pasnan (2), 6eperosast yacts B-1a Axmapa (3).

KoHcepBauus 1 00paboTka mpod MPOBOIMINCH COTIIACHO COBPEMEHHBIM T'HIPOOHOIIOTH-
yeckuM Metofam [1]. IIpoOer or6upamucs obsemom 1 11, dpuxcupoBanuck 40%-HbBIM PacTBOPOM
dopmanmna (0,4% okoHUaTenbHas KOHIEHTPAIHMA) W XPAHWINCh B TeMHOM MecTe. JlanbHelmne
HCCIIEO0BAHNS NIPOBOIIIIHCEH B TaOOPATOPHBIX YCIOBHAX. PacueT 4nCIeHHOCTH KIIETOK U HICHTH-
¢uKanys BUAOB OCYIIECTBILUINCH ¢ MOMoOIIp0 MuKpockorma XSZ-107 BN B kamepe Haxorrta
oovemom 0,01 mur.

Jns onpeneneHus BUIOBOIO COCTaBa BOAOPOCIIEH HCIIOIb30BAJICA PNl ONpeenauTenei [5,
7,9, 13].

CrerneHb CXOACTBA BUJIOBOTO COCTaBa (PUTOIUIAHKTOHA PEK U BOJOXPAHMIMILA PACCUHUTHI-
Baiack mo ko3 ¢dummenty Copencena [11]

K=2j/a+h,

rae & U b-ducno BHIOB, OOHAPYKEHHBIX B KaXKIOM M3 CPaBHHBAEMBIX OHOIIEHO30B, j-
YHCIIO OOIIMX JJISI HUX BUJIOB.

BbIn paccunTaH MHAEKC 4aCTOTHI BCTPEYaeMOCTH BUIOB [6] ¢uromnankroHa pp. Pa3nan,
Mapmapuk u B-1ja Axmnapa.

Pesynvmamut u oocyscoenue. B namux uccnenoanusx 2015 r. BBISIBICHO, UTO B
p. Mapmapuk, B Mecte cnusiHus pek Mapmapuk u Pa3an 0ocHOBHOM cOCTaB (hUTOIIIAHK-
ToHa ObLT 00pasoBan otaenamu: Bacillaryophyta (muaromossie), Chlorophyta (zenensie),
Cyanophyta (cunesenensie) u Euglenophyta (asrienossie). B Bogoxpanunuine Axmnapa
ocHoBHBIMU oTaenamu ObutH: Bacillaryophyta, Chlorophyta, Cyanophyta. Bo Bcex tpex
MyHKTaX Mpo600TOOpa MO KOMHYECTBEHHBIM U KAUECTBCHHBIM MMOKA3aTENIsIM JIOMHHUPO-
BaJId TMATOMOBBIE Bojopociu (puc. 1).
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Puc. 1. [lunamuka cpeIHUX MTOKa3aTeNeil BUIOBOTO COCTaBa(a), YUCICHHOCTU KII/JT
(6) 1 GroMacchl T/M° (B) Bozopocieit 1 —B p. Mapmapuk,
2- B MecTe ciusiHu pek MapMmapuk u Pa3nan u 3— B B-1ie Axmapa.

Ta6auna 1. BusoBoii coctaB pUTOIITAHKTOHA PA3HOTHITHBIX BOJIOEMOB.
1- p. Mapmapuk, 2- Mecto ciusiHEs pek Mapmapuk u Pasnan, 3- B-mie Axmapa [3].

Mecro Yacrora |IIpmypouyennocrs Kk
Buasl Bogopociei p-Mapma- CAMSTHAS B-me BCTpeYae- | MecTOOGHTAHHIO
pHK Axmnapa °
JABYX peK mocTH, % (uroniankTona
1 2 3 4 5 6
Otnea Cyanophyta
1. Aphanothece clathrata W. + + + 100 p*
2. Anabaena flos aquae (L.) Ralfs. + + 67 P
3. Microcystis aeruginosa (Kutz.) Kutz. + + + 100 P
4. Oscilatoria lauterbornii Schmidle + 33 -
5. Oscilatoria tenuis f. tenuis Ag. + 33 P-B*
6. Plectonema tomasinianum Gom. + 33 B *
7. Spirulina sp. + 33 -
Otaen Bacillariophyta

8. Achnantes microcephala (Kutz.) Grun. + + + 100 B
9. Achnantes minutissima Kutz. + 33 B
10. Amphora ovalis Kutz. + + 67 B
11. Amphypleura pellucida Kutz. + 33 B
12. Asrterionella formosa Hass. + + + 100 P
13. Caloneis amphishaena (Bory) Cleve + 33 B
14. Ceratoneis arcus (Ehrb.) Kutz. + + + 100 B
15. Closterium acerosum (Ehrb) Ralfs. + 33 -
16. Cocconeis placentula Ehrb. + + + 100 P-B
17. C. pediculus Ehrb. + + + 100 B
18. Cyclotella comta (Ehr.) Kutz. + + + 100 P
19. C. radiosa (Grun.) Lemm. + 33 P
20.Cymbella cistula (Ehrb.) Kirchn. + 33 B
21. C. lanceolata (Ehrb.) Kirchn. + + 67 B
22. C. linearis Ostrap. + 33 -
23. C. parva (W. Sm.) Kirchn. + 33 B
24. C. prostrata (Berk.) Cleve + + + 100 B
25. C. ventricosa var. ventricosa + + 67 B
26. Cymatopleura solea W. Sm. + + 67 -
27. Diatoma hiemale (Lyngb.) Heib. + + + 100 P-B
28. D. vulgare Bory + + + 100 P-B
29. D. elongatum (Lyngb.) Ag. + + + 100 P-B
30. Didmosphenia geminata (Lyngb) + + 67 B
31. Diploneis ovalis Cleve + 33 B
32. Eunotia arcus Ehrb. + 33 B
33. Fragilaria capucina Desm. + + + 100 B
34. F. construens (Ehrb.) Hust. + 33 P-B
35. F. crotonensis Kitt. + + + 100 P
36. F. islandica Grun. + 33 -
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1 2 3 4 5 6
37. Frustulia rhomboidis (Ehrb.) De Toni + 33 B
38. Gomphonema angustatum (Kutz.) Rbh. + 33 B
39.G. pumilum var. elegans Reichardt + + 67 -
40.G. olivaceum (Lyngh.) Kutz. + 33 B
41. Gyrosigma attenuatum (Kutz.) Rabenh. + 33 P-B
42. Hantzchia amphioxys (Ehrb.) Grun. + 33 B
43.Melosira varians Ag. + + + 100 P-B
44. Meridion circulare Ag. + 33 B
45. Navicula anglica (Greg.) Ralfs. + 33 B
46.N. cryptocephala (Kutz.) + + + 100 B
47.N. directa W. Sm. + 33 B
48. N. gastrum (Ehrb.) Kutz. + 33 B
49. N. gracilis Ehrb. + + 67 B
50. N. menisculus Schum. + 33 B
51. N. oblonga Kutz. + + 67 B
52. N. peregrine (Ehrb.) Kutz. + 33 B
53. N. pygmaea Kutz. + 33 B
54. N. radiosa Kutz. + + + 100 B
55. N. robusta (Ehrb.) + 33 B
56.N. rotaeana (Rabenh.) Grun + 33 -
57. N. rhyncocephala Kutz. + 33 B
58. Neidium affine (Ehrb.) Pfitz. + 33 B
59. N. iridis (Ehrb.) Cleve + 33 B
60. Nitzschia acicularis (Kutz.) W. Sm. + 33 P-B
61. N. amphibia Grun. + 33 P-B
62. N. angustata (W. Sm.) Grun. + 33 P
63. N. dissipata (Kutz.) Grun. + + + 100 B
64. N. fonticola Grun. + 33 B
65. N. hantzschiana Rabenh. + 33 B
66. N. kuetzingiana Hilse + 33 B
67. N. linearis (Ag.) W.Sm. + + 67 B
68. N. palea (Kutz.) W. Sm. + + 67 P-B
69. N. sigmoidea (Nitzsch) W. Sm. + 33 P-B
70. Pinnularia leptosoma (Grun.) CI. + 33 B
71. P. virdis (Nitzch.) Ehrb. + + + 100 P-B
72. Rhoicophenia curvata (Kutz.) Grun. + + + 100 P-B
73. Stephanodiscus astraea Grun + + + 100 P
74. S. hantzschii Grun + 33 P
75. Surirella angustata Kutz. + + + 100 B
76. S. ovata Kutz. + + + 100 B
77.S. robusta Ehrb. + + + 100 P-B
78. Stauroneis acuta W. Sm. + 33 B
79. S. anceps Ehrb. + + 67 P-B
80. S. phoenicentron (Nitzsch.) Ehrb. + + + 100 B
81. Synedra acus Kutz. + + + 100 P
82. S. ulna Kutz. + 33 P
83. Tabellaria fenestrata Kutz. + 33 P-B

Ortaen Chlorophyta

84. Ankistrodesmus acicularis Korsch. + + + 100 P
85. Ankistrodesmus falcatus Ralfs. + + + 100 P-B
86. Characium accuminatum A. Br. + + 67 -
87. Characium naegali A. Br. + 33 -
88. Characium sieboldii A. Br. + 33 -
89. Chlorella vulgaris Beijer. + + 67 P-B
90. Coelastrum reticulatum (Dang) Senn + 33 P-B
91. Dictioshphaerium pulchellum Wood + 33 P-B
92. Oocystis borgei Snow + 33 P-B
93. Oocystis solitaria Wittr. + 33 P
94. Pandorina morum Bory + 33 P
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1 2 3 4 5 6
95. Scenedesmus obtusus Meyen + 33 P-B
96. Scenedesmus quadricauda (Turp)
Breb. + + 67 P
97. Selenastrum gracile Reinsch + 33 -
98. Staurastrum boreale W. + + 67 -
99. S. sp. + 33 -
100. Tetraedron minimum (A. Br.) Hansg. + + 67 P-B
101. Volvox aureus Ehrb. + 33 P

Ortaen Euglenophyta

102. Trachelamonas volvocina Ehrb. [+ + | | 67 B

P*-naankmonnvie suowi, B*-6enmochvle 6udvt, P*-B- niankmonno-b6enmocnvle 6udol

B B-11e Axmnapa 0bi10 00Hapy>keHO 68 BHIIOB Bomopociieil, n3 koux 50 auaromo-
BEIe, 15 3enennle, 3 cuHesenensle. M3 obiiero komuuectBa BugoB 40% OeHrocHsie, 27%
IUTAHKTOHHO-OeHTOCHBIC U 21% muaHkToHHBIE (Ta0. 1).

[o xonuyecTBY BHIOB cpeau auaToMeit nomuHmpoBanu poasl Navicula (13 Bu-
noB), Nitzschia (10), Cymbella (6), a cpenu 3enensix—Characium (3 Buga) (tabam. 1).

Haubonpmme xoiauyecTBEeHHBIE IOKa3aTeNny (HUTOILIAHKTOHAa p. MapMmapuk Ha-
OIIOaNNCh B JICTHUH Tmepron, cymMmmapHo coctaBisist 1012500 k/n u 4.9 /™ o amc-
JICHHOCTH ¥ Ouomacce. JJOMUHHUPOBAIM IHATOMOBBIC BOJOPOCIH, COCTaBIsIA 66% OT
cyMMapHoi1 umciaeHHocTd 1 79% oT cymMapHOi 6nomacchl coobmmectsa (puc. 2). Takue
BBICOKHE ITOKA3aTeNN YHCICHHOCTH U OHoMacchl OBbUIM 00YCIOBJICHB! BEICOKUMH ITOKa-
satensmu Buzma Rhoicophenia curvata, guciernocTs koToporo cocrasisuta 202500 xi/i,
a Guomacca 0.8 r/m>.

HauMeHbline KoNMYEeCTBEHHBIE MOKa3aTeIH 3apernCTPUPOBAHbl BECHOM, COCTaB-
nsst 575000 61/ 1 2.5 /M [0 UMCIEHHOCTH H GHOMACCe COOTBETCTBEHHO. B anmbromeno-
3e JJOMMHHUPOBaJIM CHHe3eNeHble Bogopociu: Aphanotecea clathrata u Microcystis aeru-
ginosa — 53 % ot o61eit yncieHHocTH. ['pymima 3eleHbIX BOAOPOCTIEH B MEPUO]] HCCIIe-
JOBaHMsl cocTaBisuia 2-3 % OT KOJMYECTBEHHBIX IOKa3aTeliedl PeoruIaHKTOHa COo00-
uiectsa (puc. 2).

Kkn/n r/m?
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Puc. 2. [Tokazarenu uncienHoctH (a) n 6uomaccer (6) Bogopocieii 1- B p. Mapmapuk,
2- B MecTe cnusHUA pp. Mapmapuk u Paznan, 3-B B-me Axmapa.

Bo BTOpoM myHKTE mpo600TOOpa HAMBBICIINE MOKA3aTeIH BOAOPOCIEH Mo ymnc-
JIGHHOCTH ¥ GHOMACCe 3aperHCTPHPOBaHbl OCCHBIO: 632500 Ki1/1 1 4.9 r/™° cooTBeTCT-
BeHHO. Takue BBICOKHE MOKa3aTeld — pe3ysibTaT pa3ButHs BumoB: Diatoma hiemale
(60000 xn/m1, 0.27 /M%) u kpymHO# omHOKIeTouHON Bomopocin Cymbella prostrata
(60000 xx1/m u 1.85 /M%) 3 rpymmel EaToMOBEIX. HauMeHbIIHe KOTHYECTBEHHBIE TOKA-
3aTeny BOJIOpOCiel 3apernctpupoBansl jgeroM: 225000 ki/n uncnennoctd u 0.75 r/m?
ouomaccel. JlomuHantamu siBisuHch BuAbl — Aphanotecea clathrata u Microcystis aeru-
ginosa, koTopeie cocTaBIsuU 58% uncneHHocTH U 41% Ouomacchl coodiecTBa cymmap-
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HO. YBEIMYEHHUE KOJIMYECTBEHHBIX IIOKa3aTesieil CHHE3EJIEHBIX BOIOPOCIEH, MO BCel
BEPOSATHOCTH, CBSA3aHO C TMIOBBIIICHUEM TeMIIepaTy Pl BOAHI (Tabm. 2).

Ta0auna 2. [Tokazarenu Temneparypbl U CKOPOCTH T€UEHHS
B 3 myHKTax mpob6ooTbopa

CraHuuu Becna Jlero Ocenb
T°C | V(m/cex) | T°C V (m/cek) T°C | V (m/cex)
p. Mapmapuxk (1) 7 0,4 16 0,4 15 0,2

MecTto ciausaaus 7 0,5 16 0,5 14 0,3
pek Mapmapuk

u Paznan (2)

B-mie Axnapa 9 - 16 - 16 -

(©)

3enmeHble BOJOPOCIIH BO BCE CE30HBI MMENM HE3HAYUTEIBHBIC KOITHMYCCTBEHHBIC
nokasarenu u coctaBisuii oT 1 10 10% ot o0mux nokasartesneil OMoMacchl M YHCICHHOC-
TH PEOILTIAHKTOHA c0o0IIecTBa. Hu3kne KONMYeCTBEHHbIC TIOKa3aTeln B pekax oOHapy-
JKEHBI y 9BIIICHOBO# Bomopociu Trachelomonas volvocina, kotopast panee He ObLIa OT-
MeueHa B ¢uroruiankToHe [2]. B ampromenose B-ma Axmapa HaOII0[aI0Ch yBETHUCHHUE
KOJIMYECTBEHHBIX TIOKa3aTeNeil B Mepuo/| ¢ BECHBI 10 OCEHH, JOCTUTHYB MaKCUMyMa K
ocenu, cocrasiasag 1042500 kn/n u 7.25 r/mM® 110 umcneHHOCTH M GHOMAcce COOTBETCT-
BeHHO. [IOMMHUPOBAIN AMATOMOBBIE BOAOPOCIH, KOTOPBIE COCTAaBIsUIU 77% OT 0O0IIei
YHCICHHOCTH U 66% 0T 0011elt brnomaccel coodiiectsa (puc. 1). Bricokue mokaszaresu
YHUCIICHHOCTH W OmoMaccsl ObUTH OOyCIOBIeHBI pa3BuTHeM BumoB Melosira varians
(180000 xx/m 1 0.9 r/m>) 1 Stephanodiscus astraea (85000 xi/i u 0.4 r/m°). B Becennmii
mepro ObUTH 3apeTUCTPUPOBAHBI HAUMEHBIINE KOJHYCCTBEHHBIC MMOKA3aTeNH, JOMU-
HaHTHBIM BUI0M ObLT BUa Stephanodiscus astraea, kotopsiii coctasisit 19% ot obmieit
YUCIeHHOCTH U 15% oT 00mieit 6momaccel coodmiecTra [12]. UuCIIEHHOCTD 3€IEHBIX BO-
Jopocieil OblTa JOBOIBHO HHU3KOH, OJTHAKO IO MOKA3aTeNIM OMOMACCHl OHH JIOMHHHUPO-
BaJM HAJ[ CHHE3CICHBIMH BOJOPOCISAMH, YTO OBLTO OOYCIIOBIICHO Pa3BUTHEM TaKHUX
KPYIIHBIX KOJOHHATBHBIX BHIOB Kak Dictyosphaerium pulchellum, Volvox aureus u Pan-
dorina morum, xoTopble He ObUTH 0OHAPYKEHBI B COCTABE INIAHKTOHA B TIPEIBITYIINX HC-
CIIEZIOBaHMSX anbromeHo3a Axmapa [8]. BumoBoii cocTaB 3emeHbIX BOJOPOCIel B BOZOXpa-
HuHIe Axmnapa OuT 6oJiee pa3HooOpaseH, 4eM B pekax Mapmapuk u Pasnan (tabdm. 1).

Bo Bcex wuccienoBaHHBIX 3-X MYHKTax Mpo0ooTOopa u3 oOHapykeHHbIX 102
BHJIOB Bojopocicii okoio 30 BumoB (29%) MMEnH BBICOKYIO YacTOTY BCTPCUACMOCTH
(Tabu. 1). JlaHHBIC BHJIBI BCTPEYAIUCH BO BCEX HCCIICIOBAHHBIX BOJHBIX IKOCHCTEMAX, a
CJICJIOBATEIEHO UMEIOT BRICOKYIO CTEIICHb SKOJIOTHUCCKOW TOJIEPAHTHOCTH.

Hamu Obumn ipoBenieHs! pacueTsl kodddumnmenTa CopeHceHa, KOTOPBIH BBISBHI
BBICOKYIO CTEIICHb CXOJICTBAa BHJJOBOTO COCTaBa MEXIy IyHKTaMHU IpobooTdopa Mapma-
puk — Paznan (tadm. 3).

Taomuna 3. [Tokasarenu kodpduirenta CopeHceHa B HCCISJOBAHHBIX ITyHKTAX !
1 -p. Mapmapuk, 2 -mecTo ciausnust pp. Mapmapuk u Pasnan, 3 —B-me Axnapa.

p. Mapmapuk — MecTo ciusiaust pek Mapmapuk u Pasnan (1-2) 0,64
p. Mapmapuk — Bogoxpanmuine Axmapa (1-3) 0,57
Mecto cnusiaust pp. Mapmapuk u Pasnan — B-e Axmapa (2-3) 0,54

Kak BumHO U3 Tab1. 3, cpaBHUTEIFHO HU3KOE CXOICTBO BHUIOBOTO COCTaBa (hUTO-
IUTAHKTOHA HAOII0aI0Ch B IMyHKTE npobooTdopa Pazman — Axmapa. Ilo Bceit BeposiTHOC-
11
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TH, 3TO OOYCIIOBJIECHO pa3IMdMEM THAPOJIOTHYECKOTO PEXKMMA Pa3HOTHUITHBIX BOIHBIX
9KOCHCTEM, TaK KaK B MECTe CIHMAHUS ¢ pekoi Pa3maH ckopocTh TedeHHs Oblia BEIIIE,
4yeM B p. Mapmapuk (Tadi. 2).

Taxkum 00pa3oMm, B pe3ynbTaTe UCCIENOBAHNNA PA3HOTHITHBIX BOJHBIX 3KOCHCTEM
B pPa3iIMYHbIE CE30HBI, IPOBEAEHHBIX B p. MapMapuk, B MECTe CIUSHUA pp. MapMapuk u
Paznan, a Taxke B BOZOXpaHWIMIIE AXIapa, BBIIBICHO, YTO B THMAPOJIOTMYECKH OTIIH-
YaIOUIMXCSl PA3HOTHITHBIX BOJHBIX YKOCHCTEMax HauOoJbliee BHIOBOE CXOJCTBO (UTO-
IUTAHKTOHA HaOJI01aI0Ch B MecTe CIMsIHUA pek MapMmapuk u Pa3zgan. OT1o mo3Bosnser 3a-
KIIIOUUTb, YTO KayeCTBEHHBIH COCTaB (PUTOIIAHKTOHA peku Mapmapuk BiusieT Ha (op-
MHUpOBaHHE KaueCTBEHHBIX ITOKa3aTeNied (PUTOILIAHKTOHHOro coolmiectBa p. Pasman.
Haumensiiee BuoBoe cX0ACTBO HaOMIONaI0Ch B ITyHKTEe HaOmoaeHus Pa3nan-Axnapa,
YTO MOXKHO OOBSCHHUTH PA3IIMYHEM THIPOJIOTHYECKOro pekuMa. B M3ydeHHBIX ITyHKTaX
HaOmoneHns U3 3aperncTpupoBaHubix 102 BumoB Bomopocneit okono 30 Bumos (29%),
HMMEJH BBICOKYIO YacTOTY BCTPEYAEMOCTH M SIBISUINCH BHJAMH C IIMPOKOH CTETICHBIO
TOJIEpaHTHOCTHU. B cocTaBe PUTOIIIAHKTOHA PA3HOTHITHBIX BOJOEMOB IIPEBATHPYIOT OCH-
TOCHBIE BUIBI — 46%, Ha BTOPOM MeCTe INIAaHKTOHHO-OEHTOCHBIE BHIB — 23%, HAUMEHb-
IV IPOIIEHT COCTABHIIM IUTAHKTOHHBIE BUABI — 17%.
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HACEJIEHUE OBAHHABAHKA B 3I1OXY CPEJJHEBEKOBbS
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AHTpOTIONOTHS CPeTHEBEKOBOH ApMeHHHN (haKTUIECKH HE MCCIIEN0BAHA M3-3a OTCYTCTBHS
MarepuaioB. MccienoBaHne W3MEpHTEIBHBIX M JUCKPETHO-BaphUPYIOIIUX (HEMETPUUECKHX)
MIPU3HAKOB IT0KA3aJI0, YTO aHTPOIIOJIOTHYECKHH MaTepruas n3 OBaHHAaBaHKAa MMeeT O0COOCHHOCTH
apPMEHOUIHOM IPYNIBI MOMYJSIMU. B aHTPONOIOrHYecKoM BapuaHTe 3yOHOH CHCTEMBI MaKCH-
MaJIbHO BBIP@XKEHBI 3JIEMEHTHI 3allaJHOTO IMOJTHUIIA I0)KHOTO rpanuibHoro tuma. I[lo cBomM oco-
OCHHOCTSIM CPEIHEBEKOBAsi CEpUs 3aHMMAeT IIPOMEKYTOUYHOE MOJOKEHUE MEXY MaJe0aHTPOIIO-
JIOTHYECKUMH MaTepHalaMM 3M0XHU MO3JHell aHTHYHOCTH U COBPEMEHHBIMU apMsiHamu. Hammune
TaKHX MapKepoB CTpecca, KaK 3MaleBas THIOILIA3HsA, MOPOTHYECKHH THIEpOCTo3 M T.I.,
YKa3bIBaeT HA CHCTEMATHIHOE BO3JEHCTBHE HETATUBHEIX (PAKTOPOB cpeAbl (MHEKINH, Tapa3uThI,
TIEPHO/IBI TOIOAHNS).

Apmenus — OsanHaBank — cpeOHE8eK08be — AHMPONONO2Us

Uneh pwgwywjnipjwl wwwndwnny, dhplwnwnwl Iwjwuinwlh Jwpnwpwunieintup hw-
Jwnw nunwlbwuhpgwé sk NeuncdUwuhpnigjwu wpryniupned wwingqdby £, np 3ndhwllwywuph
dJwpnwpwuwywu Unieh swihwgpwywu W UWwpwgpwywu (nhuyptn) hwwnywuppubpp punpny Bu
wpdGunhn - wnpwhu:  Uwnwdlwpwunipjwl  hwdwywngh  wnwppbGpwyp  wnwybiwgnuu - Yspwny
wnpunwhwjnnd £ hwpwywihu gpwghy whwyh wpldnjwl Gupwwnhwh wwpptpp: bp - wnwlé-
LUwhwwnynipintuutnny  huwdwpnwpwlwywlu Uniep Jhpwlghy wtn £ gpwynid Iwjwunwuh np
wuwnhy nwpwppwth W dwdwuwywyhg hwjGph vhol: Wnwhuh hwwnywuhpubph wnywjnipintup
huswhuhp GBU' porotic hyperostosis, wnpdUwéwyh hhwynwwgahwlu W wyu yywjnd U wjit Jwuhl, np
wjuntnGopquilhquu Bupwnpydt) E wpunwehl inlwlwl wgntgnipintiltnh:

Swywuwnwl - Inyhwllwdwue - dwpnwpwuntpinLtt

The article is devoted to an anthropological characteristics of the population from Armenia
during the Age of Middle Ages. Anthropology of medieval Armenia is actually not investigated
due to lack of materials. The complex of morphological signs and discrete (non-metric) are
peculiar to the Armenoid people. The dental system in which the elements are expressed at most
is peculiar to the western subtype of the southern gracile type. According to its characteristics, it
occupies an intermediate position between paleoanthropological materials of the late antiquity and
the modern Armenians. The presence of these markers of stress as enamel hypoplasia,
porotic hyperostosis etc, indicates a systematic impact of negative environmental factors
(infections, parasites, periods of fasting).

Armenia — Hovhannavank — anthropology

OTHOCSIMICS K CPEeAHEBEKOBOMY NEPUOAY aHTPOIOJIOTHYECKUI MaTtepual ¢ Tep-
putopru ApMeHUM HeBelMK. [IpakTudecku MBI pacronaraeM €IMHHUYHBIMH YepernaMy U3
namsitaukoB [aphu [1], Bropakuna [23] u [lsuna [14]. Kpanuosnorudeckue 0COOCHHOCTH
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YEeperoB XapaKTepHU30BAIUCH KOMIIJIEKCOM TPH3HAKOB, CBUAETEIHCTBYIOIINX O MPUHAI-
JISKHOCTH MX K apPMEHOMJHOMY THITy. MBI CTaJKHBaeMcsl 3[€Ch C aHTPOIIOJIOTHIECKOI
YepTOH, KOTopast TaK XapaKkTepHa I (PU3NIECKOro 00JIMKa COBPEMEHHBIX apMsH — Opa-
xukpanueit [1, 14, 23]. [lo cpaBHeHHIO ¢ YepenaMu MO3IHEH aHTHYHOCTH HE HaOIona-
€Tcs 3aMETHBIX Pa3Ininii IPU3HAKOB JHLa U uepena. ClienoBaTenbHO, IPEEMCTBEHHOCTD
¢ Oornee paHHUM HaceJIeHHEM APMEHHH COXPAHSIETCS U B CPEAHEBEKOBDE.

K mno3nHeMy cpesHEeBEKOBBIO OTHOCHUTCSI HOBBIH aHTPOIOJIIOTHYECKHH Marepual
n3 OBanHaBaHka. OBaHHAaBaHK — OJMH U3 CPEIHEBEKOBBIX MOHACTBIPCKUX KOMILIEKCOB
ApMeHnH, KOTOPBIH PaclooKeH Ha Kparo CKaJHCTOro oOpbIBa yiuenbs peku Kacax, Ha-
npoTuB ropel Apamiep (2600 M.), B ApararoTackoii oomactu. CtpoutenscTBo OBaHHA-
BaHKa HapoaHoe npenanue npunuceiBaet [p. [IpocBeruremo (navyano |VB.). B ucropuo-
rpaduyeckoii ke auTeparype MoHacTeph OBaHHaBaHK (urypupyer yxe B VIIB. On yno-
muHaercs B “Kuure mocnanuit” (liber epistolarum VII-VIII BB.) [9]. CymectBoBanue
MoHacThIpst loaHHa oTMedaeTcsi 1 HICTOPUKOM X B. YxTaHecoM [4].

B nanno#i paboTe mpeAnpruHUMAETCs! HONBITKa KOMIUIEKCHO PACCMOTPETh aHTpPO-
MIOJIOTUYECKHE OCOOEHHOCTH M MOCIEACTBHUS (U3MOJOTMYECKON ajanTallii HACCICHUS
OBaHHaBaHKa.

Mamepuan u memoouka. B 2015 rony y uepku OBaHHaBaHK MPOBEIEHBI apXEOJIOrnIec-
kue packonku MHcTuTyTa apxeonoruu u 3tHorpadpun HAH PA. Apxeonoram A.C. YKaMkousiH u
H.T'. AKOIsiH NPHUIUIOCH OYUCTUTH U OCBOOOIHUTH OT 3eMIIM CTEHBI LIEPKBH. B pe3yibrare packo-
MoK ObUTM OOHApYKEHBI KOCTHBIE OCTAaHKHU 8 MHAWBUAOB (4 MYXX4MH, 2 JKeHIUUH, 2 neteit). s
MOJTyYCHHUSI AHTPOITOJIOTHYECKON XapaKTEPUCTHKU YePerioB CyMMUPYIOTCSI Pe3yIbTaThl IO U3yde-
HUIO MHOTHX CHCTEM MPU3HAKOB (KPaHHOJOTHUSI, TCHETHIECKHE MapKephl, OMOHTOIOT U, MaIeona-
TOJIOTHSL), T.€. IO IIHPOKOMY MPO(IITF0 aHTPOTIOJIIOTHYECKOTO aHAaJIH3a MOITYJISAIHIA, YTO B MOTHOMH
Mepe OTpaXkaeT BBICOKHI ypOBEHb COBPEMEHHOIO Pa3BHUTHS IaneoaHTpomnonoruu [2, 6, 7, 8, 10,
14, 15, 16, 27, 28]. beuta ucnonp3oBaHa npemiokeHHas JKupoBbiM [5] kmaccudukamus BUIOB
HCKYCCTBEHHOM JlepopMaIiu 4eperos.

Pezynomamul u o6cyyncoenue. B OBaHHaBaHKe Ha JIBYX MY)KCKHX deperax oOHa-
pyX€Ha HCKYCCTBEHHAas JOOHO-3aTbuToYHas nedopmanus. OObuail mpemHamepeHHOMH
KOJIBIIEBOM nedopMariui ToloBbl ObT m3BecTeH y anThuHOoro (bermmamun, Bapmbax,
Kapwmpaxap, Hlupakasan 1) [19, 20, 23] u pannecpennerexoBoro (bropakn) [22] Hacene-
nust [1upakckoit paBuunbl. Ha tepputopun [llupakckoit paBHuHbl HaOmonaercs aedop-
MaIust 3 THITOB: KOJIbIIEBasi JIOOHO-3aThUTOYHAS, MPHOIMKAIOMIASCS 10 (POpPME K KOHYCY,
KOJIBLIEBAsl JIOOHO-3aTBHUIOYHAs, OalleHHass M ToyeyHas. MOTHUBBI IpeAHAMEPEHHOH Je-
(opMaruu royIoBbl pa3iIMYHbIE: HENpeIHaAMEpEHHOE BO3JCHCTBHE ITpeaMeTa Obita (0co-
Oblif BU KOJBIOENH, MPUBOASIINI K YIUIONIEHHIO 3aThUIOYHOM KOCTH); MOTYEPKUBaHHE
COLMATILHOTO CTaTyca W OTIMYKE OT MHOPOIHBIX I'PYII; UCTIPAaBICHUE ‘‘HENPaBHILHON
(opMBI Yepera U MoJTydeHHe “‘KpacuBOi” (OPMBI TOJOBHI, YIOBJIETBOPSIONIEH ompere-
JICHHBIM 3CTETHYECKHM HOPMaM; BO3MOXKHOCTh M3MEHUTD IICUXOTHII YeJIoBEKa; HeoOXo-
JVMOCTh ITPUOCTAHOBUTH OBICTPBIN POCT MO3TOBOTO BELIECTBA; CTPEMIIEHHE YCKOPHUTH
TIPOIIeCC 3apacTaHUs POAHMUYKA; PE3YIBTaT Maccaxka (IUIs CHATHS TOJIOBHBIX OoJIeit); Jke-
JIAHWE 3aAIUTUTH TOJIOBY HOBOPOXKAEHHOTO OT MPUPOIAHBIX (haKTOPOB (XOJIOJ, BETEP, XKa-
pa) [3, 11,12].

prellHeHHLIe JAHHBIC 110 KPaHUOJIOTMYCCKOMY THUITY HACCICHUA OBaHHaBaHKa
npuBelieHbl B Ta0a. 1. Myckue dyeperna ¢ KoJbLeBOH JIOOHO-3aThUIOYHOM qedopmaniueii
HUMEIOT OpaxMKpaHHYIO YEPEIHYI0 KOPOOKY ¢ OYeHb MajIbIM IPOJIOIBHBIM, MAJIBIM MOTIe-
PEYHBIM, CpETHUM BBICOTHBIM JMaMeTpaMu. BricoTa 4yepena XapakTepH3yeTcsl THUIICHK-
paHuei u akpokpaHuei. JInmo Me3orHatHoe, CpeAHEIIUPOKOE, BBICOKOE, YILIOMIEHHOCTD
TOPU30HTAIILHOTO Mpoduist cpenHsist. OpOUTHI CpeTHENMPOKUE U BBICOKHE, XapaKTepH-
3YIOTCSI THIICHKOHXHBIM BBICOTHO-IIMPOTHBIM yKa3areiaeM. Hoc BEICOKHI M IIHPOKUiA,
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He6o y3Koe. Myxkckue ueperna (0e3 nedopmaiiui) IMEIOT OpaxuKpaHHYIO YePerHyo KO-
pPOOKy C OYEHb MaJIbIM MPOAOIBHBIM, CPEAHHM IMONEPESUHBIM M OYEHb OOJNBIIUM BHICOT-
HBIM IUaMeTpamu. Bpicota depema xapakTepu3yeTcsl THUIICHKpPaHHEH H aKpOKpaHHEH.
lupuHa 16a o4eHb OonbIIas, MIMPHUHA 3aThUIKA — CpeHss. JINIIo opTOrHaTHOE, CpenHe-
BBICOKOE U y3KO€, OPOUTHI BRICOKHE U IIMPOKHE, HOC Y3KHUH U CPEAHEBBICOKHUIA.

Tabuauna 1. CpenHue 3HaueHUs KPAHUOIOTUUECKUX IIPU3HAKOB U
ykasareneil B cepun OBaHHaBaHK

[pusnak 3 3
Hedbopmuposanusie | Henebopmuposanusie | Henepopmupoanusie
yepena yepena yepena
n X n X n X
1 IIponospHblil Auamerp 2 168,5 1 165,0 1 170,0
8 ITonepeunslii fuamerp 2 136,5 2 141,0 2 146,75
17 BbICOTHBII JramMeTp 2 134,5 1 142,0 2 129,0
20 BricoTHblil quameTp 2 130,4 1 137,9 1 127,0
5 JlnuHa oc. yepena 2 97,5 1 1015 1 98,5
9 Haumens1. mpuHa i16a 2 83,1 1 103,0 1 91,5
10 Haunbonpiuas mmpuHa j16a 2 119,0 1 127,0 1 122,0
11 Buaypukysip. mupuHa 2 125,0 2 119,5 2 1255
12 IlTupuna 3aTblIKa 2 110,25 2 107,5 2 113,0
29 JloGHas xopaa 2 1115 1 107,0 1 111,5
30 Temennast xopaa 2 101,5 2 109,5 2 103,5
31 3aTbuUIOYHAs X0paa 2 101,65 2 92,75 2 95,1
45 CKyJs10BO# HaMeTp 2 134,5 1 126,5 1 127,5
40 JlmuHa ocHOBaHMSI JHIA 2 99,4 1 88,0 1 83,5
48 BepxHsist BBICOTA JIHIIA 2 76,4 1 71,0 1 62,8
43 BepxHsis mmpuHa 1uia 2 104,0 1 107,0 1 97,0
46 CpepHsisl IIMpHHA JTHLA 2 96,75 1 89,5 1 90,5
60 JInuHa anpBeo. Iyru 2 54,5 1 48,0 1 47?
61 [IlupuHa aJIbBEON. TyTH 2 61,15 1 60,5 1 52,8
62 Jliuna Heba 2 46,35 1 38,0 1 37,8?
63 IHupuna Heba 2 34,75 1 31,0 1 31,0
55 Bricora HOoca 2 57,0 1 52,0 1 54,0
54 Iupuna Hoca 2 26,5 1 22,0 1 267
51 [Iupuna opouts mf 2 42,5 1 43,0 1 40,8
5la lupuna opbuts d 2 39,0 1 37,8 1 38,0
52 BeicoTa opOHTHI 2 36,75 1 36,0 1 35,5
Bumansp.mmpuna fmo-fmo 2 96,5 1 99,8 1 91,0
Bricora Ha3. fmo-fmo 2 15,25 1 21,5 1 17,5
3uro-max. IMpUHA 2 97,25 1 88,8 1 90,0
Bricora zm 2 30,5 1 25,0 1 23,5
DC JlakpuanbHast Xopja 2 245 1 27,0 1 18,5
DS JlakpuasbHasi BBICOTa 2 14,5 1 16,0 1 13,0
SC Cumotndeckas xopaa 2 11,35 1 10,2 1 9,0
SS CuMOTHYECKas BBICOTA 2 59 1 5,0 1 45
MC  MakcmunodpoHTaiis. Xopza 2 19,9 1 21,0 1 16,0
MS  MakcumiodppoHTaib. BeIcOTa 2 10,75 1 10,0 1 9,0
65 MBplIIeIKoBas IIHPUHA H.4. 2 118,0 1 114,0 1 114,0
66 buroHans.mupyHa H.4. 2 103,0 1 107,0 1 96,0
68 [poek.AnMHa H.4. 2 76,9 1 73,2,0 1 73,0
68(1) | JinHa H.9. OT MBIIIEIKOB 2 100,9 1 103,0 1 99,0
67 [lepennsis mupuHa 2 49,5 1 43,0 1 43,0
69 Bsicota cumdusa 2 29,75 1 32,8 1 27,0
69(1) | Beicora Tena H.4. 2 26,9 1 23,5 1 21,0
69(3) | Tommmua Tena H.4. 2 14,5 1 13,0 1 11,0
70 Bricora BeTBH 2 64,5 1 52,0 1 60,5
Tla HaunmeHbluas up.BeTBH 2 31,0 1 29,2 1 27,0
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32 VYroa 16a n-m 2 80,5 1 86,0 1 82,0
- VYron n6a g-m 2 73,0 1 82,0 1 80,0
72 OOt yrou Jauma 2 83,0 1 88,0 1 97?
73 VYron cpen.yact.auua 2 83,0 1 84,0 1 92,0
74 AJBBEOII.YTOJI JIHLA 2 88,0 1 98,0 1 106?
75 Vroi HaK. HOC. KOC. 2 50,0 1 56,0 1 66,0
75(1) | Vrox HOC.KOCTEIH 2 33,0 1 32,0 1 31,0
8:1 UYepenHoii ykazaTenb 2 81,01 1 84,85 1 87,36
17:1 | Belc.-ipoj. yKazaTeib 2 79,83 1 86,07 1 78,24
20:1 | Bblc.-npos. ykazareib 2 78,095 1 83,58 1 74,71
17:8 | Beic.-niom. yka3arenb 2 98,595 1 101,43 2 87,89
20:8 | Bsic.-mom. yka3areib 2 95,587 1 98,5 1 85,53
9:8 JloGHo-mom. yKka3areinb 2 68,33 1 73,58 1 61,62
48:45| Jluueoil yka3zarenb 2 56,82 1 56,13 1 49,26
54:55| HocoBoii ykazarenb 2 46,4 1 42,31 1 48,15
52:51| OpOutHblil yKa3aTenb 2 86,69 1 83,73 1 87,01
63:62| HeOHbIi ykaszaTelb 2 75,251 1 81,58 1 82,02
DS:DC| [akpuanpHblii yKazaTeib 2 58,55 1 59,26 1 70,28
SS:SC | Cumotrnuec. ykasaTeib 2 50,765 1 49,02 1 50,0

OcCTaHKM JKEHIIMH XapaKTepHU3yIOTCsl 00IIeil IpalMiIbHOCTBIO CTPOCHUS, C OYEHb
cnabo BBIpAXKEHHBIM penbeoM B 00JacTH HanOpoBbs. UepenHas kopoOka OpaxuKpaH-
Hasl, CO CPEJHUM IIPOAOJIEHBIM, OYEHb OOJBIINM ITOIIEPEYHBIM, CPEJIHHUM BBICOTHBIM
auameTpaMu. BreicoTa yepera XapakTepu3yeTcsl THIICHKpaHuel n MeTprokpanueil. Hau-
OonblIasi MHUPHHA JI0A — OUYeHBb OOJIbIIAs, HAUMEHbIIAs IMHPHUHA — cpeHsis. JIuo opTor-
HATHOE, HEBBICOKOE H CPETHEIIUPOKOE, OPOUTHI CPETHEBBICOKHE M CPEIHEIINPOKUE, BbI-
COTa HOCa — OYEeHb OOJIbINAs, IINPUHA — OOJIBILAS.

[pu comocTaBnennu nehOpMUPOBAHHBIX M HeNe)OPMUPOBAHHBIX YEPEIIOB OKa-
3anock 30 mpu3HaKkoB (U3 53) C ompeneeHHBIMU Pa3InIHAMHU (M3-32 MATOYHCICHHOCTH
ne(OpMUPOBAHHBIX YEPEHOB HENB3Sl TOBOPHTH O JAOCTOBEPHO 3HAYUMBIX DPA3IHUMAX).
HedopmupoBanHbie ueperna 0oiee y3KHe, NIHHHbBIC — JIOOHBIC, TEMEHHBIC U 3aThIJIOYHBIC
XOpAabl, BBICOKOC JIMIIO, BBIMIC Y HUX W HOCOBBLIC KOCTH. Tak kak moBsI3Ka Iia qepes
JIOOHYIO M 3aTBUIOYHYIO KOCTH, TO TIPOU30LIO CHU)KEHHE BBICOTHI M3TH0a ITHX KOCTEH.
JloGHas kocTh cranma mokaroi — ‘‘yoeratommit” Hazax 100. IloHMKEeHHE KPUBH3HBI
YeUIyH 3aThUIOYHOI KOCTH MPHUBENIO K MOBBIIICHHIO YEPEITHOTO CBOJIA.

Hcnonp3oBaHue KpPaHUOCKOITMYECKHX (JMCKPETHO-BAPBUPYIONINX) IPHU3HAKOB
HETIOCPEJICTBEHHO CBSI3aHO C TOMYJISIHOHHBIMU HCCIIE0BAaHUAMHY, 3aHUMAIOIINMH BaXK-
HOE MECTO B MCCIICIOBAHUSIX dTHUYECKOW aHTpomojoruu. Y HaceneHust OBaHHABaHKA
3aBBIIICHHBIE YaCTOTHl TOPH30HTAIBGHOTO IIBA CKYJIOBOW KOCTH, MOAOOPOAOYHOTO OT-
BepcTus, nrepruoHa X-o0pa3Hoil (opMmel, BBICTyHaromeil (GOpMBI JaTEpaTbHOTO Kpas
JIOOHOTO OTPOCTKA CKYJIOBOH KOCTH, IOBHBIX KOCTOYEK B JIAMOIOBHIHOM, YELTyHIaTOM
IBaX, PE3LOBOTO IIBa, MPOHHUKAIOIIETO TEJIO KIMHOBUIHON KOCTH B OOJNACTH SIMKH TY-
PEIIKOTO Cejlia, OTPOCTKA 3aTBhUIOYHON KOCTH (proCessus paramastoideus), HemocTosH-
HBIX OTBEPCTHi 10341 3aThUIOUHBIX MbIieakoB (canalis condyloideus), BctaBroi Koc-
TH B 00JIaCTH TEMEHHOH BBIPE3KH, JJOOHOTO OTBEPCTHUSI U OTPOCTKA BUCOYHOH YEIlyH, BU-
COYHOT'O OTPOCTKa JIOOHOW KOCTH, OTBEPCTUH B 3aThIJIOYHO-COCIIEBU/IHOM IIIBE, TEMEH-
HBIX, J0OABOYHBIX KOCTOYEK HETPaBWIILHOM (POPMBI B 00JIACTH acTepUOHA, JIBYXCOCTAB-
HOTO 3aThUJIOYHOTO Mblmenka. Hacenenne xapakTepusyercsi yMEPEHHBIMH M HU3KUMHA
YaCcTOTaMH BCTPEYAEMOCTH HAATJIA3HUYHBIX, MTOJTTa3HUYHBIX, KPBIJIOOCTHCTBIX OTBEpC-
THii, IHKOBCKNX, MEXBUCOYBIX KOCTEH, MEHJO3HOTO IIBA, OTCYTCTBUS 3aJHEH CTEHKH
octuctoro oreepctus (foramen spinosum inco.). Y MHINBHAOB OTCYTCTBYIOT CIIEAYIO-
IMe JUCKPETHO Baphupyrorue mpusHaky: sutura frontalis, spina trochlearis, os parietale
bipartitum, os wormii suturae coronalis, 0os bregmaticum, os wormii suturae sagittalis, 0s
triquetrum, os quadratum, os apicis lambda, os interparietale s. sagittalis, propcessus in-
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terparietalis, manifestatio vertebrae occipitalis, tuberculum praecondylare, sulcus
mylohyoideus, foramina mandibularia.

Ta6auua 2. YacToThl KPaHUOCKOITUYECKUX NMPU3HAKOB Y UHAWBUIOB N3 OBaHHABaHKa

Ipusnak %
Foramina supraorbitalia 25 (4)
Foramina frontalia 25 (4)
Foramina zygomaticofacialia 100 (5)
Os zygomaticum bipartitum tripartitum 40 (5)
Spina processus frontalis 0ssis zugomatici
psaMoit
BBICTYII 100,0 (4)
OTPOCTOK
Stenocrotaphia
H-00p.
K-06p.
X-06p 100,0 (5)
Processus frontalis squamae temporalis 80,0 (5)
Processus temporalis ossis frontalis . 50,0 (4)
Os epiptericum 20,0 (5)
Os Wormii suturae squamosum 50,0 (8)
Os postsguamosum 66,57 (6)
Foramina parietalia 57,15 (7)
Os Incae completus 25,0 (8)
Os Wormii suturae lambdoidea 87,5 (8)
Sutura mendosa 14,29 (7)
Os asterion 42,86 (7)
Foramina mastoidea Ha IIBE 50,0 (8)
BHE IIIBa 62,5(8)
Sutura palatina transversa psIMOit 1
I1-06pa3HbIid 3
Sutura incisiva 75,0 (4)
Foramen pterygospinosum 25,0 (4)
Canalis craniopharyngeus 75,0 (4)
OrtcytctBue foramina spinosum 14,29 (7)
Condylus occipitalis bipartitum 33,34 (6)
Processus paramastoideus 80,0 (5)
Canalis condyloideus 50,0 (8)
Foramina mentalia 100,0 (4)

OIOHTONOTMYECKUH KOMIUIEKC XapakTepusyeT HaceneHne OBaHHaBaHKAa Kak
MIPEJCTaBUTENEH ‘‘3aImagHOTO” OIOHTOJOTHYECKOTO CTBOJNA. lloMydeHHBIE pe3yibTaThl
CBUJICTEJIBCTBYIOT O Npe00IajaHuK y HACEJICHUs MCATUI0AOHTHON (GopMbI mpukyca. Y
OJJHOTO WHJMBHJA BCTpedaeTcst Ja0unofoHTHas ¢opma. JluacteMbl MEXIy BEPXHUMHU
MCAUAJIbHBIMU PE31aMU HC BbIABJICHBI. 061_[[8.5[ JacToTa BCTPCYACMOCTU KpayJduHIa B
rpymme 33,34% (1/3). Ha narepanbHbIX pe3liax Jonaroo0pa3Hoit (opmbl 3apUKCHPOBa-
HBI y OTHOTO MHAWBUIYyMa. PeIyKIus THIIOKOHYca Ha BTOPBIX BEPXHUX MOJISIPAx BBISB-
neHa y 66,67% cyobektoB (2/3). Berpeuaemocts Oyropka Kapabemnu pasna 33,34%
(1/3). ®opma 3 mepBoii 60pO3/BI FIOKOHYCA HA TIEPBOM BEPXHEM MOJISIPE BBISBICHA Y Of-
Horo uHAMBUAA. OTCYTCTBYIOT MIECTHOYTOPKOBBIC ()OPMBI Ha MEPBBIX HIKHUX MOJISPAX,
MSATHOYTOPKOBBIE (POPMBI XapaKTEPHU3YIOTCSI BRICOKMMH YaCTOTaMU PaclpoCTPaHEHHOCTH
(75%, 3/4), aeTpipexOyropkoBbie (HOPMBI OTMEUEHBI Y OHOTO HHANBUILYyyMa. MexOyrop-
KOBBIE OOpO3IBI Ha MIEPBOM HIDKHEM MOJSipe (UKCHPYIOT BBICOKYIO 4acToTy “VY” Tum
y3o0pa. UeTsipexOyropkoBbie (POPMBI BTOPHIX HIPKHUX MOJISIPOB BBISIBIICHBI y 2 CYOBEKTOB
(66,67%, 2/3). MexOyropkoBbie OOpPO3/IbI HA BTOPOM HMXKHEM Mouisipe pukcupyror “X”
TN y30pa. Ha HiKHEH 4entocTH IpakTHYECKU MOTHOCTBIO OTCYTCTBYIOT IPU3HAKU BOC-
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TOYHOTO OJOHTOJIOTHMYECKOr0 CTBONA. [IpOTOCTHINI, AUCTANBHBIA TpeOeHb TPUTOHKAA,
6-OyropkoBble TIEpBbIe HW)KHHE MOJISIPBI, KOJICHYATAasl CKJIaJKa METaKOHH/A He BCTpede-
HBl. BHYTpeHHHI CpEIHWIA TOMOIHUTENBHBIA OYyrOpoK Ha IEepBOM HH)KHEM MOJLIpe 3a-
(uKCHpPOBaH y OMHOTO MHIMBUAYyMa. Bapuant “2” Bropoii 60po3/1bl METaKOHIIA TAKXKe
BCTPEYAETCS y OHOTO CyOBEKTa.

B nocnenHue roxsl manxeonaToNorus BXOJUT B COCTaB (PM3UYECKOH aHTPOIONO-
rud. Y skenmunabl 50-59 et (N 1) mabmromaercs miaarmonedanus (rped. plagios — ko-
COM, CKOLICHHBIIT) — aCHMMETpHsI TIPaBOil MOJOBHHBI YepenHoi kopooku. [Tnarnoneda-
Jist 00BIYHO ObIBaeT BpoxkaeHHOH [21]. [lnarnonedanus taxke oOHapykeHa y KEHIIHU-
HbI 18-22 neT U3 cpemHeBekoBoro mamsaTHuKa JIBuH (packomnku 2011r., apxeonor @.C.
Babasn) [13].

TpaBMbI ¢ pHU3HaKaMy 32)KUBJIEHHUS KOCTHOM TKaHU BCTPEYAIOTCS Y 5 WHIUBH-
10B (3 MyxumH, 2 xeHIIUH). K pa3psmgy JHLIEBBIX TpaBM MOXKHO OTHECTH: 3a)KHBIIHUI
nepenomM HocoBhix kocteit (N 3, &' 18-22 net; N 2, & 40-45 neT), mOBpeXkIeHAE HIDKHEN
gemrocty (aepen N 3, & 18-22 ner) u magopouransHoii oomactu (N 4, & 40-45 net; N 2,
& 40-45 net). TpaBMBI HOCOBBIX KOCTEHl MONYYEHBI OT y/Iapa CIIEBa, T.€. MHIUBUIbI TTbI-
TaJINCh YKIOHUTHCS, OTCTYIIIM YyTh Ha3al U BIpaBo. [loBpekneHne HIKHEH YeloCcTH
— 9TO MOCIENCTBUE yaapa Mo JIHIy B 001acTh mepenHux 3y0oB. A TpaBMBI B HaaopOu-
TAJILHON 00JIACTH TIOJyYEHBI OT KOHTAKTHOTO yJapa ¢ MpaBoil CTOPOHBI, T.€. MYKUUHBI
HE yCIIeNId oTpearupoBarh Ha yaap. K qpyromy BapraHTy MOKHO OTHECTH BJIABIEHHOE
MOBpEXIEHHE OT yapa TYIIBIM NPEJAMETOM B JIEBYIO CTOPOHY Jio6Ho# koctr (N 2, & 40-
49 ner). Criesibl 32KUBICHHS U OTCYTCTBHE MPH3HAKOB BOCTIAIUTEILHOTO TPOIIECCa CBU-
JIETEJILCTBYIOT O TOM, YTO TPaBMbI OBUIM MOJIyYEHBI 3aJ10Jr0 A0 CMEPTH MHIMBHAOB. B
IpyroM ciydae - mpogoirosarsii mpam (N 3, & 18-22 nert -gnuna py6ua 29vmm; N 2, &
40-49 ner - muHa pyOma 4,5MM) OT OpYAUS C OCTPHIM PEXKYIIAM KpaeM OOHApYKEH Ha
J00HOW KOCTH cieBa. J[Ba Npyrux BapuaHTa MOBPEXICHUI OTIMYAIOTCS OT TPEIbIIy-
IIMX JIOKAJIM3alUii: OHU BBIABJICHBI HA TEMEHHBIX KOCTSX M HA COCLIEBHUIIHOM OTPOCTKE.
VY myxunnbl (N 4, 50-595et) v y ABYX JKCHIIMH OTMEYEHBI CIEbl 3aXHBIIMX Mepe-
nomoB TemeHHBIX KocTei (N 1, @ 50-59met; N 5, @ 30-35met). ¥ myxuunst (N 4, 50-59
ner) u y ayx xenmmH (N 1, @ 50-591et; N 5, @ 30-351er) GUKCHPYIOTCS BAABICHUS
BEpXHEH MIACTHHKM TEMEHHOM KOCTH ¢ npapoii croponbl. ¥ asyx uxausunos (N 4, &
50-59net; N 5, @ 30-355eT) aedexTsl OOHAPYKEHBI C JIEBOH CTOPOHBL. OHHM HaHECEHBI
CrpaBa M MOBpeAnId TeMeHHble KocTh. Y sxermuusl (N 5, @ 30-355eT) Ha mpaBoM coc-
LEBUJHOM OTPOCTKE MMEETCSl IMOBEPXHOCTHOE HapylICHWE BHEIIHEH KOMITaKThI
(3%3mm). ['nyOuna sMku 3 MM. B 0o6macTu TpaBMbI HaOTFOIAIOTCS JIEMEHTBI CKIICPOTH-
3MpOBaHNUS KpaeB MOBPeKACHUNA. TpaBMBbI € JIeTanbHBIM HCcX0ooM B OBaHHaBaHKE HE 00-
Hapy>XCHBI.

B n3y4aemoii cepnu BBISIBIICHBI BBICOKHE ITOKA3aTEN BCTPEYaEMOCTH TaKoH 1aTo-
JIOTHH, KaK MmopoThHueckuii runepocto3 (50%). Y ommoro B3pocmoro uaauneuaa (N 1, 9
50-59:neT) ObLT 3aQUKCHPOBAH MOPOTHUYESCKUIN TUIEPOCTO3 Ma3HUIl. [0 JaHHBIM HEKOTO-
PBIX TIajeonaTooros, cribra orbitalia B GosbIIMHCTBE CllydaeB acCOUUPYETCS C HKee-
30[e(UIIUTHON aHEMHEH, KOTOpasi pa3BUBAETCS MPH XPOHUYECKOM TeUEeHHH UH(EKIHOH-
HBIX U Napa3uTapHbIX 3aboneBanuii [24, 26]. IlopoTuueckuii THIIEPOCTO3 KOCTEH CBOzIA
uepena 3aukcuposad Ha 3 uepenax (N 8, pedenok 2-3 ner; N 6, 3'30-355et; N 5, @ 30-
35net). Pan mccnenoBatesnell CYMTAET, YTO STH MATOJIOTUYECKUE MPOSIBICHHS Ha KOCTHBIX
OCTaHKaxX B3auMOCBs3aHbI [26, 18].

[Tpn oxmaxaeHNuH OTAENBHBIX YYacTKOB Tella IPOUCXOJUT paclIupeHue nepude-
pHUYECKHX KPOBEHOCHBIX cocynoB. [lopaxkenue (Tuna cribra) B 001acTi HapyKHBIX CIy-
XOBBIX MPOXOZIOB OTMEYEHB! Y 6 MHAMBUAOB. J[aHHOE MOpa)KeHUE MPEACTABISIET cOOOH
pe3ynbTaT ajanTaliy OpraHu3Ma K BEeTPSHBIM YCJIOBHSAM. B yITHBIX KaHanaX y OTMEUeH-
HBIX HHIVBHIOB OTMEYAIOTCS occeouTHBIE 00pa3oBanus.IlosBiIeHNE 0OCCEOUTHBIX 00-
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00pa30BaHuil CBSI3BIBACTCS C HANPSHKEHHEM HAJKOCTHHIBI U (DOPMHPOBAHUEM HOBOTO
KOCTe0Opa30BaHus MO/ IEHCTBHEM XOJOIHOM BOJbI, CIIOCOOCTBYIOMICH CYXKEHUIO KPO-
BEHOCHBIX COCYJIOB B YIIHOM KaHaine. Koppensius, 00HapyKeHHasT MEXy MOPaKCHUSI-
MH cribra B 00JIaCTH Hapy>KHBIX CITyXOBBIX IIPOXOJIOB U 0CCEO(PUTHRIMU 00pa30BAHUSIMH,
HE MOXXeT ObITh cirydaifHol. JlaHHBIA (DeHOMEH, BUANMO, OOBSICHSIETCS CHEeIHaTbHBIM
POJIOM eI TEIbHOCTU YeJIOBEKa, KOTOpas ObLila CBsI3aHa C TIOCTOSIHHBIM MPEeObIBAHUEM Ha
XOJIOTHOM BO3JIyXe.

Ha nesoit Temennoit koctu (N 1, @ 50-591eT) HUMEIOTCS 2 OCTEOMBI Pa3IUYHBIX
pasmepoB (oT 5 10 11 mm). OdeHb IIOTHBIC 00pa30BaHMs C TIaIKOH MOBEPXHOCTHIO MO
CBOEH CTPYKType HHYEM HE OTJIMYAIOTCS OT HOpPMaJIbHOHM KOCTHOHM TkaHu. Ocreoma —
J0OpOKaYeCTBEHHAsl OIyXOJb MOXKET BO3HUKHYTH IIOCJE TSDKEIOH TpaBMbl, HH(EK-
IIMOHHOTO MOPaXEHUS U T.JI. DKCIepTU30i BeIsiBIcHO y pedbenka (N 9, 1,4-1,6 met) Boc-
MaJieHue MPaBoOTo COCIEBUIHOTO OTPOCTKA BHCOYHOM KOCTH (MactouauT). Bocmanenue
SIYEEK COCIEBHIHOTO OTPOCTKA YAIIe SBISIETCS OCI0XKHEHHEM OCTPOr0 THOMHOTO BOCTIA-
JIeHus1 cpeHero yxa. [Ipu MactouanTe OakTepun MPOHUKAIOT U3 CPEIHETO yXa B sUSHKH
COCIIEBHIHOTO OTPOCTKA, I'/Ie BOCHAJICHUE IPHUBOUT K PAa3pyIICHUIO KOCTHBIX CTPYKTYD
[25]. ¥V sxenmmust (N 1, @ 50-59eT) 3ahMKCHPOBAHO OKOCTCHEHHE TOPTAHU WM Tpa-
xen. OKOCTEeHEeHHe TOPTaHU MM TPaXeH MOXKET OBbITh CBSI3aHO C PACIPOCTPAHEHUEM Pa3-
JIMYHBIX MHQEKIIMOHHBIX 3a00JIeBaHuU.

OmarneBas THIIOIUIA3US CBUACTEILCTBYET O PE3KOM CTPECCOBOM BO3/IEIHCTBHH, HC-
IIBITAHHOM HMHJIMBHJIOM B JIETCKOM BO3pacTe (Kak MpaBHJIO, B HHTEpBaje OT 6 mec. 10 7
net). Jledekt 3yOHOM sMany BeItBiaeH y TpeX uHauuaos (N 2, & 40-49 net, N 3, &' 18-
22 ner, N 4, & 50-5951et). Yante npusHak 3aGMKCHPOBaH Ha KIIBIKAX, MPEMOJIAPAX U Pe3-
nax. Y meyx uagueugos (N 1, @ 60-651et, N 4, & 50-591eT) hukcupyeTcs HapomIOHTO3.
[Mpu4rHON BO3HMKHOBEHUS JTAHHOTO 3a00JIEBaHHs MOTYT ObITh Pa3HOOOpa3HbIe (aKTo-
pBI: HHEKIMOHHbIE 3a001€BaHNs, HapyIIEHHE MUTAaHMsI, 0OMEHa BEIIECTB, PacCTPOCT-
Ba SHJIOKPHHHOW CHCTEMBI, BO3PACTHOW (aKTOp, HapyIllEHHE BUTAMHUHHOIO OalaHca,
IoXast opayibHas TUrHeHa, 0oraTas yriieBOJAaMU MHUIIA, PA3IHYHbIe aHOMAIIUKH POCTa 3Y-
00B, OCTIOKHEHUSI, BO3HUKAIOIINE BO BpeMs OepemenHoctu [17, 24]. IlapogonTo3 oOHa-
pyxen B o6nacti Momsipos (M? - N 4, & 50-591et; My u M, - N 1, @ 60-65mer). Yera-
HOBJICHO, YTO 3yOHOI KaMeHb U MapoJIOHTO3 — COIMYTCTBYIOLIKE JIPYT JPYTY MATOJIOTHH
3yoHoi cuctemsr [17]. Ilpusnak 3adukcuposan y 3 unausuaos (N 1, @ 60-65 xer, N 2,
3 40-49 ner, N 4, & 50-59 net). Cepl 0IOHTOTEHHOTO OCTEOMHUENUTA (AIb6EONSAPHbIIL
abeyecc) obHapysxkens! y apyx uaausuaos (N 2, 4 40-49 ner, N 4, & 50-591eT). Anb-
BEOJIAPHBIN abcuecc HaOmogaercs y myxunabl 50-59 ner (N 4) Ha mpaBoii cTOpoHE
BepXHeil uemocty B 06;1acTi M' 1 Ha 1TeBoit cTopoHe B oGnacTu M2y BTOPOI'O UHIMBHU-
na (N 2, 3 40-49 ner) npusHak 3aQUKCHPOBaH ¥ HA BEPXHEN YEMOCTH (Ha MIPABOM CTO-
poOHE B o0yacTu P%, M, na nesoit ctopone — C, P, Pz) U Ha HWKHEH (B obmactu I, /c
IIBYX CTOPOH/). ATTBbBEOJISIPHBIE a0CIIECCHl MOTYT OBITH CTIPOBOIIMPOBAHEI MTAPAJOHTUTOM,
TpaBMaMH ¥ HEKpO30M Tyiblisl. Dukcupyercst y Mmyxuauust 40-49 ner (N 2) matomorn-
gecKast CTepTocTh 3yOHOM Tkanu (P /mpaB/), BHI3BAHHAS, OYEBUIHO, HEHOPMUPOBAHHOM
Harpy3koi Ha 3y0odentocTHOM anmapart. [IpexneBpeMeHHOe CTUpaHre dMANIM U JCHTUHA
MOTJIO ObITh O0YCIIOBIICHO U JMETOM C HUCIIOJIB30BAHUEM JKECTKOW U rpyOOBOIOKHUCTOM
. TprkusHenHas yrpaTta 3y0os Habmomaercs y 3 uaausuaos (N 1, @ 60-65met, N
2, & 40-49 ner, N 4, & 50-59neT). Hanbonee vamie 6bU1M yTEPSHBI MOJIAPHL.

Wrak, marepuansl u3 OBaHHaBaHKa, NONYYCHHBIE B XOJI€ apXEOJOTHYECKUX pac-
korok B 20151, MO3BONHMIIM KOMIUICKCHO OINMCATh aHTPOIOJIOTHYEeCKHe OCOOCHHOCTH U
ajanTanuy HAceJeHUs MO3JHEro (eofalbHOro Ieproga K 3KOOMOJIOTMYECKHM U CO-
IUanbHEIM (hakTopam cperbl. MHPOpMaTHBHOCTE Marepuaia oOyCIIOBICHA KOMILIEKC-
HBIM aHTPOMOJIOTHYECKUM TMOJXOI0M K O0BEKTY HCClieoBaHUs. BKIIIOUCHHE B HAyYHBbIiH
000pOT HOBBIX MaTepHAIOB TIO3BOJISIET TOBOPHUTH 00 YCTOWYIHBOM (PeHOMEHE HCKYCCTBEH-
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HOW neopMaIiiuy YepenoB Ha TeppUTOpurd ApMEHHA. Y OTHOTO HHANBHIA HaOIIFOmaeTCs
utarnonedanisi, OXHOCTOPOHHSS aCHMMETPHs CBOAA depena. B crmcke BHIIOB marolno-
TMYECKUX HapyLIEHHH yepena OOJIbIIoe MECTO 3aHIUMAIOT TPaBMaTH3M M HEKOTOpBIE 3y0-
Hble Oorne3HU. TpaBMBI CBUAETENBCTBYIOT 00 arpeCCHBHOM COCTOSHMHU cpensl. Ilepeox-
JaKACHUE OpraHu3Ma Ha ()OHE XPOHMUYECKHX OYaroB CTa()MIOKOKKOBOHM M CTPENTOKOK-
KOBOW HPHPOABI MOIVIO MPOBOIMPOBATh BOCHAJIEHHE CpenHero yxa. PacmpocTpaneHue
TaKOro MapKepa 3MM30JHUYECKOr0 CTpecca, KaKk dMajeBas T'MIOIUIa3us, yKa3bIBaeT Ha
CUCTEMaTHYHOE BO3JEHCTBHE HEraTHBHBIX (haKTOPOB cpebl (MH(EKIUH, mapa3uThl, me-
pHUOABI rosiofanus). BeIsIBICHHBIE MapKephl CTpecca MOXKHO PACLIEHUBATh KaK KOMILIEKC
aaNTUBHBIX PpEaKluil, CIIOCOOCTBYIONIMX MOBBINIEHHUIO YCTOHYMBOCTH OpraHu3Ma K
BHEIIIHUM BO3JIEUCTBUSIM.
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B cocraBe upesBbruaiiHo Goratoil neHapoxomiekin EpeBaHckoro GoTaHHYecKoro canua
HAH PA Brinenens! 83 Buzia, pa3sHOBUAHOCTEH U CaZoOBBIX ()OPM JIPEBECHBIX HHTPOMYIEHTOB (U3
27 cemeHcTB U 54 polOB), KOTOPBIE OTIMYAIOTCS BBICOKOI JEKOPaTUBHOCTHIO IO (hopMe KPOHHI,
OKpacke, OOMJIMIO IIBETKOB M IUIOJIOB, OCEHHEH OKpacKe JHCTHEB, a TAKKe IO CpPOKaM M IIPo-
JOJDKUTEIBHOCTH [IBETEHUS.

JlaHa olleHKa NPUTOJHOCTH OTIENBHBIX BHUJOB IPEBECHBIX HHTPOAYLIEHTOB UIS IpU-
MEHEHHUS B PAa3IMYHBIX TUMAX O3EIE€HEHHs: B KaUeCTBE COIMTEPOB, IUIS yIHUYHBIX U alIeHHBIX, a
TaKKe IPYMIIOBBIX MOCAJOK, KUBBIX H3ropojel U OOpAIOpOB, BEPTUKAIBLHOTO 03€JICHEHHUS, CaZ0B
JUTUTENIBHOTO IIBETEHHS H T. II.

HHmpodyKuuﬂ - dpeeecnoe pacmenue — dekopamueﬁocmb — 03e/leHenlUe — 3eleHble HACANCOCHUS

33 QUU Splwuh pniuwpwlwywl wigne swthwqwug hwpniun nsunpndinpuwih Yugunwd
wnwldlwgywsé U ubpundywd Swnwpniubph 83 wnbuwy, twpwwnbuwy W wwpunbqwihu e (27
puwnwuhp, 54 gtin), npnup wgph GU puyunid pwpan gEnwqunnniEjwdp' uwnwprh dwny, Swnhyukph
U wwnnnubph gniuwynpdwdp nL wnwwnnipjwdp, Swnydwl dwdytnubpny W inlennnipjwdp, huswbu
Lwl nBpluEph wpbwuwihu gnibwynpdwdp:

QUwhwwnywsd £ ubpdnidywé dwnwpniyubph gGnwqwpnnientup, nnwbtu unthnkp W wnwp-
ptp whwh no uwntgnphwih (thnnngwjht tuywpyutpnwd, dwnninhuGpnd, fudpGpned, Yeunwuh
gwlywuwuwuwnbpnud, Gpywpwnle dwnynn wjghubpnid, ninnwéhg Ywlwswwwndwl dbe W wyly)
wjgtwnLpwywihu inuywnpyubpnud ogunwgnndtint hwdwip:

Lbndnionid - dwnwpnyu - ginwqupnnipynil - quliwswwywinned - Quiliwg inbyunly

Eighthy-three species, varieties and garden forms of wood plants (from 27 families and 54
genera) are registered in rich dendrocollection of Yerevan Botanical Garden of NAS of Armenia.
They are highly ornamental by foliage shape, color and abundance of flowers and fruits, autumn
color of leaves, as well as the timing and duration of flowering.

The suitability of certain types of exotic species of wood for use in landscaping types was
assessed to be used as the tapeworm, for street and alleys, as well as group plantings, hedges and
borders, vertical gardening, long flowering gardens, etc.

Introduction — woody plant — ornamentation — greening — green stand

WHTponyKiyst ApEeBECHBIX pacTeHUil B APMEHHUHU U CO3JaHHE€ UX IKCIO3ULUOH-
HBIX KOJUICKIMH HEMOCPEACTBEHHO CBSI3aHBI C JEATENILHOCTBIO OOTaHMYECKUX CaJl0B
HAH PA (EpeBanckwuii, Banangzopckuii n CeBanckuii). biaromapst ycunism 1 KponoTiu-
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BbICOKOJIEKOPATUBHbBIE JIPEBECHBIE PACTEHUS BOTAHUYECKOI'O CAJIA HAH APMEHHWMU JUIA IPUMEHEHNA B...

BOI paboTe CHENHANNCTOB HECKONBKHUX MOKOIEeHUH, B EpeBaHCKOM O0TaHHYECKOM cay
U B €r0 JBYX FOPHBIX OTACICHUIX CO3[JaHa Oorartas AEHIPOKOIIEKINS, HAKOIJIEH OIbIT
[0 TIPUBJICYCHHUIO M BBHIPANIMBAHUIO JPEBECHBIX PACTEHHWH, M3JaHbI MHOTOYHCIICHHBIE
LeHHble myonukanmuy [1, 7] mo uX MHTPOAYKUMHU M aKKIMMaTH3auuu. B 3ToM oTHOmIE-
HUM 0COOCHHO IICHHA U T0Jie3Ha MoHorpadus Bapaansua “Hay4yHble 0CHOBBI HHTPOIYK-
LU IPEBECHBIX PACTCHUH B ApMEHUH’, B KOTOPOM aeTcs OIEHKa MPUCIIOCOOIIEMOCTH
MIPEACTaBUTENECH Pa3IMYHBIX JEHIPOKOJUIEKIUH, a TaKKe CPaBHUTENIbHAS XapaKTepHUCTH-
Ka uX (hEHOPUTMOB B Pa3HBIX JCHIPOKIMMATHYCCKUX YCIOBUAX ApMeHuH [7].

JIeHAPOKOJUIEKIIMY CO3at0TCsl, UCXO/sl U3 1eJIEBOr0 Ha3HAYeHUs] OOTaHMYECKUX
Ca/loB B TEUCHUE HECKOIBKHX AecATIIICTHH. OCHOBHBIM MPHHIUIIOM HX CO3MAHHS SIBIIS-
eTcs TPaAWUIIMOHHBINA — 3KoJoro-reorpadudecknii. [lo Takomy ke mpuaImmy B 1950-x
rojax OBUIM CO3aHBI IKCITO3UIIMOHHbIE KOJUTeKINH aeHapoduiop Kaskasa, EBpocubupw,
CesepHoit Amepuku 1 Boctounoi A3un, B KOTOPBIX COCPEIOTOYCHA OCHOBHAS ACHIPO-
koimeknust EpeBanckoro 6otanmueckoro cama. B mampmeimem (1970-1990 rr.) Opumm
CO3J1aHbI KOJUICKIMHU 10 COBEPILCHHO Pa3HBIM IPUHIUIIAM: XBOHHBIX, IPEBECHBIX JIHaH,
KPacHUBOLBETYIIMX KyCTapHUKOB U CaJIOBBIX ()OPM, a TAKKe KOJUIEKI[MA HEKOTOPBIX WH-
TepecHbBIX 1 OOraThIX B BUIOBOM OTHOIICHHUH pomoB — Syringa, Juniperus, Lonicera, Spi-
raea u np. B coctaBe ykazaHHBIX JEHAPOKOJUIEKINM HacuuThiBaeTcs okoso 1100 Bugos,
Pa3HOBHIHOCTEH U CaqOBEIX opm [7].

Lenpro HacTosmIel pabOTHI SIBISUIOCH BHISBIEHHE BHICOKOJEKOPATHBHBIX JIpEeBEC-
HBIX HHTPOAYLIeHTOB EpeBaHCcKoro 60TaHMYECKOTo cajia ¢ OLEHKON MX AEKOPaTHBHOCTH
1o ¢opMe KpoH, 10 OKpacKe, OOMIINIO IBETKOB U IIIO/I0B, OCEHHEH OKpacKe JHCTHEB, a
TaKXe MMPUTOTHOCTH MMPUMEHEHHS OTECNIBHBIX BUAOB B PA3IUYHBIX THUIAX O3EICHEHUS U
Ca/I0BO-NIApKOBBIX KOMIO3UIMAX T. EpeBaHa.

Mamepuan u memoouxa. MatepuanoMm Jis JaHHBIX UCCIEA0BAHUIN CITYXKHUJI HHTPOIYLIHU-
POBaHHBII aCCOPTUMEHT APEBECHBIX PACTEHUH — MPEACTABUTENN PA3IHIHBIX IKCIIO3HIIHOHHBIX
neHapokoiiekunit EpeBanckoro 6otaHMYecKoro caja. B TedeHune BereTalmOHHOTO Meproa Haxg
HHTPOJYIIHPOBAHHBIMU PAaCTEHUSIMU HaMH IIPOBOIMIIICEH PETYIISIPHBIE (heHOTOTHIecKre Habmoe-
Hus (2014-2016 rr.) 1U1s OLIEHKH WX aJaNnTallHOHHBIX BO3MOXKHOCTEH M OCOOCHHOCTEH CE30HHOTO
Pa3BHUTHS, B YAaCTHOCTH, CPOKOB U IPOJODKUTENIBHOCTH OKPACKU IIBETKOB M OOMJIBHOCTH IIBETE-
HUST; OOMIIHS U OKPACKY IIJIOJIOB; OCEHHEH OKpACKH JINCTHEB U T. I1. [IpH onpeneneHnu KpuTeprues
0 OIIEHKE JIEKOPATHMBHOCTH JPEBECHBIX PACTEHHI MPUMEHSINCh METOJMYECKHE YKa3aHUs, PeKo-
MeHoBaHHbIe [TaBHBIM OoTaHndeckuM cagoM PAH [6, 8, 9], a Takke pabOThl OT€YECTBEHHBIX
yueHsIx [2-5].

ITpn 06paboTke MONyUYEHHBIX AAHHBIX HCIIOIB30BAHBI PE3YNIbTAThHl HAMIUX (hEHOIOTHYEC-
KuX HabmrogeHuit. OOMIBHOCTH [IBETEHHS OLICHUBAJNACh 1O pa3paboTaHHOW ApyTroHsHOM [2] 5-
GanpHOH mKane: | — kpoHa CIIomb MOKpPHITa IBeTKaMH; 11 — riBeTkaMu MOKPBITO 10 75 % KpOHHI,
Il — 10 50 %; IV — okomno 25 %; V — 1BeTkaMu OKPHITO 110 25 % kpoHbl. [Ipu 3TOM pekoMeH-
JyeMBII aCCOPTHMEHT APEBECHBIX MHTPOLYLEHTOB IS Ca/ia JIUTEIBHOTO IIBETEHHS HAMU CTPYII-
NHMPOBAaH CIICAYIOLUINM 00pa3om:

® BH/IBI, IIBETYIIUE OueHb 00mIbHO —| — |1 Gamna,

® BHJIBI CO cpeHel 00mIbHOCTRIO BeTeHus — |11 6amna,

® BHJIBI, IBeTyIIHE HeoOmIbHO —V — V Gamna.

Pezyniomamut u oocyscoenue. B niporiecce 00CyKACHUS PE3yIbTaTOB HCCIICI0BA-
HUS BBIZICTICHBI 83 BHJIa, PA3HOBUIHOCTEH 1 caioBbIX GopM u3 54 pomoB u 27 CEMEHCTB,
B UX yucie 12 XBOWHBIX U 71 JIMCTBEHHBIX TaKCOHOB. ACCOPTHUMEHT OTJIMYAETCS BBI-
COKOH 1I€KOPaTUBHOCTBIO U NMPEACTABIIEH CIEAYIOIIUMHU IPyIIaMH APEBECHBIX PaCTeHUN
10 UX IPUTOJTHOCTH JUIsSl IPUMEHEHUS B PA3IMUHBIX THUIAaX 3€JE€HbIX HACAXKACHUNA U KOM-
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MTO3UIIMOHHBIX 0(OPMIIEHUSX: TSI TPYIIIOBEIX ITOCAIOK, COTUTEPOB, YIUIHBIX U aJUIeH-
HBIX ITOCAAO0K, BEPTUKAJIBHOTO O3CJICHCHUSA, KUBBIX PI3FOp0,I[CI>'I u 60p,Z[IOp0B, CO31aHus
caga MINTEIIbHOIO IBETCHUS, a TAKKE KapJIMKOBBIC 1 HU3KOPOCIIBIE BUABI JJI POKapHUEB
anprirHapueB. IlogpoOHBIe MaHHBIE MO IEKOPATHBHBIM CBOWCTBAM YKa3aHHBIX TPYIII
0000111eHbI B Ta0M. 1.

B xauyecTBe COJIMTEPOB MPUTOAHBI OJWHOYHBIC BHICOKOJACKOPATUBHBIC JK3EMII-
JSpel 10 (popMe KPOHBI, IBETY WM OPHAMEHTY JIUCTA, a TaKXKe JepeBbs (PEIKO U KycC-
TapHUKH) 110 (popMe U OKpacKe LIBETKOB, BhIpAIIBAaEMbIE OTAEIBHO HA OTKPBHITOM MECTe,
OoublIel 4acThi0 Ha razoHe. OHU SBIISIIOTCS BaXKHBIM DJIEMEHTOM CKBCPOB U IIApKOB.
Yro xacaeTcsa COJIMTECPOB-KYCTaApHUKOB, TO OHU HOI[6I/IpaIOTCH " pacpeacsaroTCAa Ha Ie-
PEAHEM ITAHE OTKPLBITHIX IMTPOCTPAHCTB.

N3 83 BHUJOB BBICOKOJACKOPATUBHBIX APCBCCHBIX MHTPOAYLCHTOB B KA4CCTBE CO-
JIMTEPpa PEKOMCHAYEM CIICAYIOIIUEC, Y KOTOPBIX KPOHA OTIMYACTCA HpaBHJ'ILHOfI TreoOMCT-
pryeckoit (opmoit: maposuanoi (Robinia pseudoacacia f. compacta, Biota orientalis
f. globosa, Aesculus hippocastanum), mupamunansroit (Thuja occidentalis f. fastigiata,
Corylus colurna, Quercus robur f. fastigiata), mrakyqeii (Betula pendula f. Pendula, Salix
alba f. pendula) m np. U3 kycrapuukos-conmurepoB mpuroaHsl Berberis juliane,
B. vulgaris, B. v. f. atropurpurea, Cotoneaster horizontalis, Deutzia scabra, Forsythia
intermedia, Hibiscus syriacus, Philadelphus caucasicus, Pyracantha coccinea, mpemc-
taButean pomoB Chaenomeles, Spiraea, ,Syringa, Weigela u ap.

AJleliHble U yJIHYHbIe HAacaxaeHusA. B mapkoBoil KOMIO3UIIMUA MPUMEHSIFOTCS
T'JIaBHBIM 06p330M B BUJIC AIUIEHHBIX IIOCaJ0K, a TAKXXE B BUAC 3allIUTHBIX ITOJIOC B OAUH
HJIK HECKOJIBKO PsAAO0B IO I'paHHWIaM CaJ0B U MTAPKOB. I[J'IH YJIUYHBIX HaC&)KZ[eHI/Iﬁ neie-
c000pa3HO TOAOMPATh JNEepeBhs, y KOTOPHIX (popMa H (GakTypa KPOHBI COOTBETCTBYIOT
XapakTepy 3aCTPOHKH U 00IIEeMy apXUTEKTypHOMY aHCAMOIIO YITUIIHL.

Jnis anieHpIX M YIMYHBIX TTOCaloK T. EpeBaHa mpeiaraioTcs: u3 XBOWHBIX — JU-
niperus virginiana, Picea pungens f. glauca, Pinus pallasiana, a u3 nucreennsix — Acer
pseudoplatanus, A. ps. f. purpureum, Aesculus hippocastanum, Betula litwinowii, Catalpa
ovata, Cercis canadensis, Corylus colurna, Crataegus macracantha, Fraxinus excelsior, F.
ornus, Koelreuteria paniculata, Platanus acerifolia, P. orientalis, Populus bolleana, Quer-
cus castaneifolia, Q. robur f. fastigiata, Robinia pseudoacacia, R. ps. f. compacta, R. vis-
cosa, Sophora japonica, Sorbus aucuparia, Tilia caucasica.

7KuBble M3ropoau, O0pAIOPHI TAKKE CO3JAIOTCS B BUJIE JIMHEUHBIX HACAXKICHUH.
OHU UCHIONB3YIOTCS U1 BBIACIEHUS IOJOTHA JOPOT U Pa3rpaHUYEHUS MOJIOC ABHXKEHUS,
pasleneHus mapka Ha OTIENbHBIE YYACTKU. DTH KOMIO3UIMOHHBIE MOCAAKU CO3JaI0T
3¢ dexTHBIN (OH TSI MABIX ApXUTEKTYPHBIX (HOPM H CKYIBOTYD.

MHoroneTHuil ONbIT cCOeNUaIMcTOB boTaHMYecKOro caja MOATBEP)KIAET, YTO B
ycnoBusx EpeBaHa sKUBBIE M3ropoan U OOPIIOpPHI eIeco00pa3HO CO34aBaTh U3 CIEAYIO-
[IMX BUIOB, KOTOPHIE JIETKO MOAMaroTcs obpeske: Buxus sempervirens, Ligustrum vul-
gare, Mahonia aquifolium, Philadelphus caucasicus, npeacraButenu pojaoB Spiraea,
Symphoricarpos u ap.

Belromuecs qpeBecHble paCTeHHUs! SBISIOTCS HE3aMEHUMBIMHU JJIEMEHTaMU JJIs
BEPTUKAIBHOIO 03esieHeHHs. C OHOI CTOPOHBI, OHU UCHONB3YIOTCSA KAK CAMOCTOSATENb-
HBIH 3JIEMEHT Ca/I0BO-TIAPKOBOM KOMIO3UIMY B BUE COJIMTEPOB MM HEOOIBIINX TPYIIIT
Ha ra3oHEe U Ha OMNOpe, a C APYrod — CIyXKaT Ul JE€KOPUPOBaHMS CTEH COOPYKEHUIl,
YCTpOICTBA KPHITHIX aJuIel — epro u 0ecemox.
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Ta6auna 1. BeicokonekopaTHBHbIE APEBECHBIE MHTPOAYLICHTH EpeBaHCcKoro 60TaHHYeCKOro
cana HAH Apmennwu, mpuroHele 1uist IPUMEHEHHMS B Pa3IMYHbIX THIIAX o3eleHeHus T. EpeBana

== JlexopaTHBHOCTH IIpUroaHOCTH NPUMEHEHUs 10 THIIAM
s & 03CJICHEHUS.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14
XBoiiHbIC
Biota orientalis f. glo-| [Ixs i - - K - + + + - - - -
bosa Buora Boctou- 1-11
Has mapoBUIHasA
Cryptomeria japonica | xB TIm - - - JUIS + + + - - - -
f. elegans Kpunrome-
pus ANIOHCKAas dJICraHnT-
Has
Juniperus chinensis f. | JIxs TIm - - - - + + + - - - -
variegate MoxokeBernb-
HUK KUTaiCKUH 1ecT-
phlit
Juniperus sabina Kxs - - - Cu - + - + - - + -
MosxokeBenbHIK 1-11
Ka3alKui
Juniperus sabina f. Kxs - - - - - + - + - - + -
spicata-aurea M. Ka-
3aKHI KOJIOCHCTO-
30JIOTHCTBIN
Juniperus virginiana | [Ixs TIm - - Cu - + + + - - - -
MosxoKeBENbHUK BUP- 1-11
THHCKHUIT
Picea pungens f. glau- | JIxs Ku - - Kp, K - + + + - - - -
ca Enp komouas cuzast I-11
Pinus pallasiana JxB Im - - K - + + + - - - -
CocHa KpbIMCKasi 1-11
Pinus sylvestris JIxB 3 - - K - + + + - - - -
CocHa 00bIKHOBEHHAs! 11
Thuja occidentalis f. | JIxs TIm - - K - + + + - - - -
aureo-variegata Tys 1
3arajHas 30J10THCTO-
necTpas
Thuja occidentalis f. | JIxs TIm - - K - + + + - - - -
aurea Tys 3anajgHas 11
30/I0THCTAs
Thuja occidentalis f. | JIxs TIm - - K - + + + - - - -
fastigiata Tys 3anan- I-11
Has TipaMuJaJibHas
JInctBeHHbIe
Acer palmatum f. atro{ Jlan P 1 v I 1 + + - - - - B
purpurea Kien Beep- V-V (20-30 [ IV-V
HBIIl TEMHO-TTypITyp-
HBII
Acer pseudoplatanus | Jan €] xKs, \% K XK + + - - - - B
KiieH so)xHOIIaTaHo- 11 30 V-V
BBIH, IBOp
Acer pseudoplatanus | Jlan €] Kz, 30 K Ik | + + - - - - B
f. purpureum Kien 11 \% V-V
JIO)KHOIIIATAHOBBIH
GarpsHUCTBII
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1 2 3 4 5 6 7 10 11 12 13 14
Albizzia julibrissin Jl 3 P VI-IX K K + - - - JI
AnbOuLHS TCHKOPaH- I-11 110 I-11
CKasl, IIIeJIKOBAs aKa-
s
Berberis julianae Kus - X V-V Kp C + - - + B
bap6apuc Ommanst 1-11 20 11l
Berberis vulgaris Ko - X \Y% Kp K + - - + B
Bapbapuc o6bIkHO- 1-11 30 I-11
BEHHBIH
Berberis vulgaris f. | Kun - XK \ 1 1 + - - + B
atropurpurea Bap6a- I-11 30 11
pHC OOBIKH. IypITy-
POJIUCTHBIH
Betula litwinowii Jmn A - - K + - - - -
Bepesa JlurBunoBa 1-11
Betula pendula f. pen-| i I - - K XK - - - - -
dula Bepesa JIutBuno- 1-11
Ba I1aKy4Jas
Buddleia davidii Kun - C VII-XI - K + - - - J10
bynuies Jlapusia 1-11 120
Buxus sempervirens | Kis - - - K - + + - + -
CaMIIUT BeYHO3ele- 1
HBIH
Campsis radicans Jhm - (o) VI-IX K K - - + - J0
Kamncuc ykopenstio- 1-11 90 1-11
MiCs
Catalpa ovata Jin aicy K6 | VI-VIII K X + - - - J1
Karasnbna siiinesunasy 1-11 70 1-11
Cercis canadensis Tl It P V-V K XK + - - - B
Iepuuc kaHanCKui 1-11 20 1-11
Chaenomeles japonica | Kun - Kp V-V XK K + - - - B
XeHomernec SIMOHCKUIT 1-11 30 V-V
Chaenomeles maulei | Kiun - Oxp V-V XK XK + - - + B
Xenomenec Mayiest 1-11 30 V-V
Corylus colurna Jle- | dnn Im - - K XK + - - - -
LIMHA IPEBOBHIHAS, 11
MeZ[BC)Kl/lI‘;I OpPEUIHUK
Cotinus coggygria Jln i K6 V-VI K T + - - - BJI
CKyMIUS I Kell- 1 30 1l
THUHHUK
Cotoneaster horizon- | Kimn - P V-VI | Kp I - + - + BJI
talis Kusnibuuk 1-11 45 I-11
TOPU30HTAJIbHbBIH
Crataegus macracan- | I b \% Kp Ko + - - - B
tha BosipbILIHUK KpyTI- 1-11 20 1-11
HOKOJIFOYKOBBIH
Crataegus monogyna | [ Im P \ - K + - - - B
f. rosea Bosipbiank I-11 20
OJIHOTIECTHYHbIH PO-
30BbIH
Deutzia scabra Ko - b 45 - K + - - - BJI
Jeiiius wepiuasast 1-11 V-VI
Forsythia intermedia | Kin - X 1Hi-1v - K + + - - Ps
DOop3ULHs IPOMEXKY- 1-11 40
TOYHas, CpeAHAA
Fraxinus excelsior Jlnn 1 - - K + - - - -
SIceHb OOBIKHOBEHHBI 1-11
Fraxinus ornus Jlm A b V-VI K + - - - BJI
Slcenb Geblit 1-11 20 1-11
Hedera helix ITnronr | JIs - K3 VIII- q - - + - JIO
0ObIKHOBCHHBII 1-11 1X40 | I-I
Hibiscus syriacus Ko - B,® [VI-VIII | K + - - - I
T'ubuckyc cupuiickuii 1-11 70 1-11
Koelreuteria panicu- |l i K |[VIVII | K + - - - JI
lata Kenspeiitepust 1-11 15 I-11

MeTeJib4aras
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1 2 3 4 5 6 7 10 11 12 13 14
Ligustrum vulgare Ko - b V-VI q K + + - - BJI
Buprounna 06bIKHO- 1-11 30 I-11
BCHHas1
Lonicera caprifolium | Jlnn - K6 \ Okp | XK - - + - B
JKumonocts Kanpu- 1-11 30 11
¢doisb
Lonicera flava XKumo-| Jlnm - X V-VI | Kp X - - + - BJI
JIOCTb JKENTast 1-11 30 1l
Lonicera japonica JIs - B, K Vi q - - - + - JI
JKumonocTp simoHCKast 1-11 30 V-V
Mahonia aquifolium Kus - K v Cu 1 + + - - B
Marouust magy6ommcT- 1-11 20 I-11
Hasi
Padus avium Yepemy- | P b V-V q X + - - - B
Xa 0OBIKHOBEHHAs, 1-11 20 1-11
KHUCTEBAst
Parthenocissus quin- |JIx - X3 | VI-VII | CH n - - + - J1
quefolia JeBnunii Bu- 1-11 15 1-11
HOTpaj MATHIACTOY-
KOBBIH
Periploca graeca JIs - o] V-VI K - - - + - BJI
OOGBOWHHUK TPEYECKHUi 1-11 30 V-V
Philadelphus cauca- |Kin - b VI - K + + - - J1
sicus UyOymHuK KaB- 1-11 30
Ka3CKHH
Platanus acerifolias |y A - - K K - - - - -
Tlnarau 3anagHeli 1-11
Platanus orientalis | T aicy - - K X - - - - -
IlnaTan BOCTOYHBIH 1-11
Populus bolleana Jl s - - - K + - - - -
Tomnoas bome
Populus euphratica | [l It - - - K + - - - -
Tomnons eBparckuit
Pyracantha coccinea | Kin - b V-VI (0] - + - - - BJI
Tupakanra spko- I-11 25 I-11
KpacHast
Quercus castaneifolia | Jlan It - - K - - - - - -
Jly6 KalTaHOJIUCTHBIH 1-11
Quercus robur f. fasti- | Jun TIm - - K XK + - - - -
Giata {y6 netuuii mn- I-11
paMuIaTIbHbIH
Robinia pseudoacacia| P b \ K X + - - - B
PolOunus mkeakais 1-11 20 I-11
(Akauwust Gernast)
Robinia pseudoacacia| [ I - - - XK + - - - -
f. compacta PoGunust
JOKCaKalus KOMIIaKT-
Has
Robinia viscosa Jlm il P V-VI K + - - - BJI
PoGunus kieiikas 1-11 25 1-11
Rosa hemisphaerica | K - XK \% [0) + - - - B
Po3sa nonymaposu- 1-11 20 1-11
Has
Salix alba f. pendula | dnn I - - - + - - - -
HBa nuakyyas
Sambucus nigra f. alboq K - b V-VI q + - - - BJI
variegata By3una uep- 1-11 30 I-11
Hasi Geso-riectpast
Sambucus nigra f. la- | Kiun - b V-VI q XK + - - - BJI
ciniata BysuHa yepHast 1-11 30 1-11
PacC€UCHHOJIMCTHASA
Sophora japonica Jlmn I X6 [VII-VIII| K XK + - - - J1
Cogopa simoHcKast 1-11 40 1-11
Sorbus aucuparia Jlmn s b V-VI [Kp,O| Okp + - - - BJI
Psibrna 00BIKHOBEHHAs! I-11 20 1-11
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1 2 3 4 5 6 7 8 9 10 11 12 13 14
Spiraea chamaedryfo- | Kim - b \YAY] - Tk - + + + - - B
lia TaBosra my6pas- I-11 20
KOJIMCTHast
Spiraea douglassii Ko - P VI-1X - Tk - + + - - - JI0
Tasoura Jlyriaca I-11 100
Spiraea japonica K - P VI-1X - Tk + + + + - - JI0
Tasouira sImOHCKast I-11 90
Spiraea x vanhouttei | K - b V-VI - Tk + + + + - - BJI
Taponra Banryrra 1-11 30
Symphoricarpos albus | K - - - b K - - + + - - -
ICHEKHOSTOTHHUK OBl I-11
Symphoricarpos orbi- | Kim - - - P K + - + + - - -

culatus CuexHosiroa- 1-11
HHUK OKPYTJIBIH, OOBIK-
HOBEHHBIH

Syringa vulgaris (c K - C V-V - XK + + + - - - B
copramu) CupeHb I-11 20
0OBIKHOBEHHAS
Tilia caucasica Jlmn a Ko | VI-VII K XK + + + - - - JI
JIuna kaBkasckas I-11 30 11
Tilia cordata JIuna Jnn A K6 VI K XK + + + - - - J1
MEJIKOJIUCTHAs, CeplI- I-11 30 1]
LCBUIHAA
Viburnum opulus Kim - B IV-V | Kp | Oxp | + + + - - - B
KasirHa 0ObIKHOBEHHAs I-11 25 I-11
V. opulus f. roseum Kimn - b IV-v - Okp | + + + - - - B
KasmrHa 0ObIKHOBEHHAsS I-11 25
CHEXHbIi 1map
Vitis amurensis T - K3 \% 9 XK - - - - + - B
Bunorpaj amypckuit I-11 20 I-11
Weigela floribunda | K - Kp | V-V - XK + + + - - - BJI
Beiirena o6uibHOIBE- I-11 70
Tymast
Weigela florida Ko - P V-VI - XK + + + - - - BJI
Beiirena useryast I-11 30
Wisteria sinensis T - C \% K XK - - - - + - B
Bucrepus kuraiickas I-11 25 I-11
Yucca filamentosa Kins - b VI-VII - - + + + - - + JI
IOkxa HuTHaTas I-11 20

Ilpumeuanue: Kuznennan popma u ouonozuveckuii mun (cpagha 2) Jnn — nepeBo nucrona-
Hoe, J[xB — nepeBo xBoiHOe, KB — KyCTapHUK JIMCTBEHHBIH BedHO3eNeHbIH, Kium — kycTapHUK
JTUCTOMAHBINA, KXB — KycTapHHUK XBOIHBIH, JIB —1naHa BeuHo3eneHas, JImn — nuaHa JucTonaaHast.

Dopma Kponwl (zpagha 3) 3 — 3oaTHuHAsL, KH — konoHoBunHasA, [T — mnakyyas, [Im — upa-
mupanbHas, P — packumucras, LI — maposuanas, LT —marpoBugHas, D — smmntadeckas, S —
SAMLEeBUIHAS.

OKpacka ueemkos, ni0oos u aucmoes (paga 4, 6, 7) b — denas, XK — xenras, XK6 — xen-
ToBaro-Oenas, X3 — xxenroBaro-3eneHast, Ko — xento-opamxkenas, 3 — 3eneHas, K — kopuuHeBas,
Kp — xpachast, O — opamxeBas, Okp — opamkeBo-kpacHasi, I1 — mypnypHas, [k — mypmypHo-xen-
ToBaTtas, [Ik — myprnypHo-kopuuHeBasi, P — po3oBasi, C — cupeneBas, CH — cunsist, @ — ¢puoserosas,
Y — uepHas.

Cesonnocms ysemenus (cpagha 14) B — Becennuii acnext, BJI — BeceHHe-NeTHUI acmekT, JI
— netHUH acnekt, JIO — netHe-oceHHUH acniekT, PB — paHHEBECEHHHH acIeKT.

B ycnoBusx JUIMTENHLHOTO M kKapKoro jera B EpeBaHe kpaitHe HEOOX0IUMO Bep-
THUKAJbHOC 03CJICHCHHE JIPCBCCHBIMU JIMAHAMH, OJTHAKO, KaK TOKA3bIBACT OIBIT OOTaHU-
YECKOT0 CaJia, MOIaBIoIIee OOTBITUHCTBO HX TEIUIOIOONBBIC i ME30(DITHHBIC BUIIBI, 1
JIMIIb HEMHOTOYHUCIICHHBIE aJalTUPOBAINCH U YCIICIIHO BBIPAIIUBAIOTCS B PA3INYHBIX
THUIAX JIEKOpaTUBHBIX Hacakaenuit. K uum otHocstest 9 Buos: Campsis radicans, Hede-
ra helix, mekoTopsie npencrasuternn poaa Lonicera, Parthenocissus quinquefolia, Perip-
loca graeca, Vitis amurensis, Wisteria sinensis.
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Kpacusouserymmue Buabl. Kak 13BecTHO, BaXKHBIM IPHU3HAKOM JI€KOPATHBHOCTH
JIPEBECHBIX PACTEHUIT SIBISIETCS XapaKTep MX [BETSHUs U IUIOJIOHOIIeHUst. B GoTannyec-
KOM caJly MHTPOIYIIMPOBAHBI U aKKIMMAaTH3UPOBAHbI AECSATKH BHIOB M (OPM, KOTOPHIE
OTJIIMYAIOTCSI OOMIIBHBIM, KPACHBBIM M OOJIbIIIEH YaCThIO MTPOIOJDKUTEIBHBIM IIBETEHHEM.
Hx xonmuecTBO B TE€UEHHE BETeTALMOHHOIO MEPUOia CHUIBHO BapbupyeT. Eciau B Mae-
HIOHE OJTHOBPEMEHHO LIBETET 0K0JI0 30 BHIIOB, TO B OCTAJBbHBIE CE30HBI T0J1a YUCIIO IIBE-
TYIIUX BHUAOB PE3KO COKpamaercsi. A yxe B “MepTBOM ce30He” (HOsSOpb-MapT) B ycCJo-
BUAX PE3KO KOHTUHCHTAJIHLHOI'O KJIMMaTa EpeBaHa OBETYIIHUX APEBCCHBIX paCTeHI/Iﬁ HECT.
Jus nexopatuBHOTO 3¢deKTa menecooOdpasHo 3HAYUTENHHO YBEIUYHUTH YHCIO IIBETY-
IIMX BUIOB B KypTHHAX 3€JICHBIX HAaCAXCHUI ropoa.

Co3nanue caja JUIMTENBHOTO LIBETCHUS TPeOyeT 3HAHUSI IPEK/IE BCErO0 CPOKOB,
JUTUTENBHOCTH M XapaKTepa NBETEHUs KaXI0ro BUA, ISl CTPYNIIMPOBAaHUS PAaCTEHUN B
KOMITO3MIIMHM U JOCTIKEHHS MaKCHMabHOTO 3¢ ¢dexrta nexopatuBHocTH. Hamm nccie-
JIOBaHMS TIOKa3bIBAIOT, 4TO Oosiee 70% MHTPOAYLIMPOBAHHBIX B OOTAHMYECKOM Cajly Jpe-
BECHBIX paCTeHI/Iﬁ — KpPaCHUBOLBETYIUC, KOTOPLIC MO CPOKaM HBETCHHUA HaMU YCJIIOBHO
pacIpenerneHsl CIeayomuM o0pa3oM: pacTeHHs paHHeBeceHHero (1 Bmaa), BECEHHETO
(23), Becenne-netnero (16), nernero (11), nerHe-ocenHero (5) BeTeHusI.

Jnst coznanust cafia JUTUTENBHOTO [IBETEHHsT B)KHOE 3HAUCHUE MMEET TaKXkKe Mpo-
JOJDKUTENBHOCTE TocnenHero. B ycnoBusx EpeBana MHoOrme BUIBI IBETYT JOBOJBHO
JI0NT0. DTOMY CIIOCOOCTBYIOT TEIUIbIE, SICHBIE COJHEUHBIE JHU, IPOIODKUTEIBHBIH JIeT-
HUI NIEPUOJ, a TAKXKE PETYIISIPHBIA U 0OMIBHBINA NONUB. [10 MPOAOIIKUTETLHOCTH 1IBETE-
HUSI IPEBECHBIE PACTEHUS NIPUHATO TPYHIHPOBATH CIECAYIOIINM 00pa3oM:

® BH/IbI C JUTUTENBHBIM TieproaoM nBetenus (60-150 ameit), 8 Bumos: Albizzia
julibrissin, Buddleia davidii, Campsis radicans, Spiraea douglassii, S. japonica u mp.

® BHJIBI CO CPEIHUM TmeprooM Ieetenust (20-60 mmeir), 46 sumos: Aesculus hip-
pocastanum, Cercis canadensis, Berberis vulgaris, Chaenomeles japonica, Wisteria si-
nensis u ip.,

® BH/IBI C KOPOTKUM IepuoaoM Isererns (1o 20 mueit), 2 Buga: Koelreuteria pa-
niculata u Parthenocissus quinquefolia.

B ycnoBusix EpeBana y npeBeCHBIX MHTPOJIYLEHTOB Pa3MYHON TaKCOHOMHUYEC-
KOI MPUHAJUIe)KHOCTH HAaOII01aeTCst Oorarasi OCEHHsIsl OKpacka JIMCTheB. Terias cyxas u
MIPOJIOJDKUTENBHAST OCEHb CIIOCOOCTBYET TOSIBICHUIO Pa3HOOOPa3HBIX OKPACOK y pacTe-
HUI: OT JKENTOr0, 30JI0TUCTO-XKEJITOTO [[BETA JI0 MYPITypHOT0, KPACHOTO M TEMHO-KOPHY-
HeBoro. brnarogapst 3ToMy, co3iaeTcsi BO3MOXKHOCTD JIJIsl OCYILECTBICHHS BBICOKOICKO-
pPaTHUBHBIX COYETaHMH B CaJjax JAIMTEIBHOTO IIBETCHUS, 0COOEHHO OCEHBIO, KOT/a IBETY-
M€ PACTEHHS MOYTH OTCYTCTBYIOT. Y M3Y4EHHBIX HHTPOIYLIMPOBAaHHKIX 20 BU/IOB U ca-
JIOBBIX (POPM OCEHbIO HAOJIIOIaeTCs BeChbMa Pa3HOOOpa3Hash OKpacka JIMCThEB: IMOSIB-
JSIETCS HECTaHIApTHAs JKeNToBarasl, mypypHo-koprunesas (Cryptomeria japonica f.
elegans, Spiraea japonica, S. douglassii, S. X vanhouttei), nypmoypuas (Acer palmatum f.
atropurpurea, Berberis vulgaris f. atropurpurea, Cotinus coggygria, Cotoneaster hori-
zontalis, Parthenocissus quinquefolia), kpacuas (Berberis vulgaris, Forsythia interme-
dia, Symphoricarpos orbiculatus), opamxkeBo-kpachas (Sorbus aucuparia, Viburnum
opulus, V. op. f. roseum) u T.1.
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O0600mas pe3yabTaThl MHOTOJICTHIX HCCIIEOBAHUH IO OIIEHKE IEKOPAaTHBHOCTH

JIPEBECHBIX MHTPOYIICHTOB, MOXKHO YTBEPIKAaTh, YTO W3 UHTPOAYLIUPOBAHHBIX B OOTa-
HUYECKHE caJibl APMEHUH JPEBECHBIX PACTCHUI Pa3UuHOrO reorpaduveckoro Mpowuc-
xoxnaeHus 6omee yeMm 80 BHIIOB M Pa3HOBHIHOCTEH OTIMYAIOTCS BBHICOKOH JEKOPAaTHB-
HOCTBIO KaK Mo (popMe KPOHBI, OKpacke U OOWIIMIO IIBETKOB U IUIOIOB, TaK U IO CPOKaAM
nu HpOJIOH)KI/ITeJ'H)HOCTI/I IIBCTCHUA. 3TI/I L[eKOpaTI/IBHI)Ie KadyeCTBa paCTeHI/Iﬁ HeO6XOI[I/IMO
y'—II/ITI)IBaTI) HpI/I CO3JaHUHN Haca)K}IeHI/Iﬁ paSJ'II/I‘IHI)IX THUIIOB U KaTeI‘OpI/Iﬁ O3CJICHCHUA, a
TakKe pa3HOo00pa3HBIX CaI0BO-TTAPKOBBIX KOMIIO3HITUSIX.

© ©
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2015-2016 pR. pupwgend Gplwl pwnweh 12 Jwpswywl 2ngwllbph hwuwpwywywl Jw)-
ntnph hnnh JwywpnibwuwUhnwpwywU hGnwgnunneeniuubph wpnyniupned wwpgdby £, np hnnp pninn
Jwpswywu 2nppwlltpnd Juwpwyjwsd b yEunwuhubph W dwpnne Jwlwpnydubph ddbpnyg n uwnduw-
wwpytpny, hugu hpwywl Juwug E UbpYujwgund punmwuh YEunwlhuGph W wqgwplwysniejwl
wnnngntpjwl hwdwnp:

Pwnwpeh hwuwpwywywu Juiptph hnnh dwywpnyéubph wnbuwywihu ywauh niuncdUwuhpne-
RIntup eny £ vwihu quwhwntp win hwpneghgubph UWwwndwdp unbnéywéd hwdwswpwwpwlwywl
hpwyhdwyp W huwpwynpniejwl uwhdwulGpnid Ywupubp hnnh hGulnwgw wnununnwdp:

2pnuwygh — dwlwpnrdubn — Jupwlydwénipinil— dnt — uwnduwuwwnly

B pesysbrare caHHTapHO-NIAPa3UTONOTHYECKUX HCCIIEOBaHUN 00pa3loB MOYBBI, B3STBHIX U3
OOIIECTBEHHBIX MECT, PacloiOKeHHBIX B 12 aIMHHHCTPaTHUBHBIX paifoHax ropoma EpeBana, Obiia
BBISIBJIEHA 3apayKeHHOCTh BCEX MCCIIEJOBAaHHBIX PaliOHOB SIMIIAMHU M OOIMICTaMH MTAPAa3UTOB YEIOBEKA H
JKUBOTHBIX.

HccnenoBanne BHIOBOTO COCTaBa MapasuTodayHs! 00pa3IoB MOYBEL, B3STHIX U3 OOIIECTBEH-
HBIX MECT, JJa€T BO3MOKHOCTh OIIEHHTH CIIOKHBIIYIOCS B TOPOJIE SMH300TOJIOTMIECKYIO CHTYAIHUIO 110
OTZENBHBIM BO30yIUTEISIM 3a00JIEBaHMUM, a TaKKe MPOBECTH P MEPONPHUATHH, TPeIyIpexIaronnx
JlajbHENIIee 3apakeHre MOYBbI.

Ilapx — napazumol — 3apasxceHnocmy — AlUYa — ooyucma

As a result of sanitary and parasitological studies of soil samples taken from public places
located in 12 administrative districts of Yerevan, the infection of all studied areas by eggs and cysts
of human’s and animal’s parasites was found.

Research of species composition of parasites of the soil samples taken from public places
helps to reveal the current epidemic situation in the city against specific pathogens, as well as develop
measures for the prevention of further soil contamination.

Park — parasite — infection — egg — oocyst

Uwpnywjhu fungnp Yncnwynwdubpp uwhdwlwithwly nwpwépubpnud qquh wanb-
gnipintl BU ennunid 2ppwyw Jhgwydwinph ypw, fuwpuinbind tdngnighwih pupwgenid dliw-
ynpywé Eynhwdwywngbph hwdwuwpwypnnieiniup: Npnpwyh tnwpwéeutpnud Eynpgnighwih
pupwgenu dlwynpywd Jwlwpnidwihu hwdwywpgbpp Jwpnywihu gnpénilutinizjwl
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hGinliwlplubphu wpéwgwuenud GU hwdwihp hwywagnbgnientlubph twpwpunyp dlGpny,
nnpnughg pwwn-2wwnknp nEnliu ghnwywunptu nuncduwuhpywé geu:

Pwnuwpeltpnud Jwywpnidwihu hwdwywnpgbpp dlwdnpyned B YEugwnwihu pwihnu-
ubph, YEunwlwywu Swagnwd nitubgnn pwnUuGph (uwunwihu W Yeunwuwywu Swgnid
nlutgnn  Jpbtpputph  JGpwdpwydwl  dGnUwpynipinilubph,  hwuwpwywywl  ulunh
opjtywnutnh, Jpbpwhl huwuniUGph W onljwlbph pwihnuubph W wyuh), Ynpénnubknh,
uhUwlwnpny dhpwwnubph W pngnlluGph, npn2 ghwwnhgubph  pwnwewihlu  wnpwywjpGp
UbGppwihwlgbint hinlwupny[4] :

Cnpowyw Uhowywinh Jwywpnwbwihu qupwyywénipintup wwwndwn £ hwunhuwuncd
hujwaghnu hhjwunntejnilltpny wggqwplwysniejwu W yGunwuhubph  Jwpwydwu hwdwp:
Lbpywynidu wphuwphh pwnuwpewihu puwysniejwl W yEunwuhutph dnn wpdwuwgnynwd Gu
wjbwhuh  wwpwghwnnqutn, npnue ng hGnnt wugjuinud  pwnweutpnd  Gppbe  sGU
wnawuwapyb[10, 14-16]:

tunpnp pwnuwpeutpnd Jwywpenyéwihu hwdwywngbnh dlewynpdwup bwle bwwunned
GU pwthwnnn W nlwhu wwdwulubpnud pnudynn punnwlh ysunwuphubpp® Jubpp W Y-
nnubpp, npnug wpuwenpwlelubpny  wnunnunynud Bu pwnwpwhu  hwupwjhu gpnuwj-
ghubpp, nwpngutph W Jwuywwwpunbqutph twpwdpltpp, hwnywwbu pwgdwplwywpwlu
2GUpGph pwytpp: Cuwn vGpGuwih  ngwubph, nwpptp twphuGphu Unuyw pwnwenid
2utph griuwpwlwyp wwwnwuyned En 350 Jhugle TJjU 2pgwiiwyutpned, huy Ywwnnubphup®
150 hwquwp: Snipwpwlgnip op Upwup wpwnwehu  Jhowdwn U wpunwquunnud dnunwyn-
pwwbtu 270 wnnUUw Ynynwupl6,7]:

Gunwgnunnceinllubph - wpnyniupnud wwinqyty £, np jnpupwugnep YeGunwune 1g
ynynwuend hwjnnuwptnyt) £ wyn Unylu yEunwuwwnbuwyutph bW hwnywwtu dwpnne hw-
dwp hupunn Junwugqwynp hGdhuengqutph Jhusle 40000 én. U whunwdhu Uwhiwysunw-
uputph Jhusle TJjU uwnUwuwwpy [8]: LUwU hpwyhtwy Uywpwagpdt, £ Uwle Ywquuh,
REpGUghh W Uwnwaghh W nuiphutnph Yynnuhg bpwiuh fun2np pwnwieutnpnud [9, 11,12]:

Ppwaghihwih Uwl Mwnene pwnwencd 12 wdhuuGph pupwgenid 25 gpnuwjghutph
hnnh hGunwagnuiniejwl  wpryniupnud - wwpqybp £, np hGunwgnundwé opjeyuinutph 96%
Jwpwyywé Epu Toxocara spp hwpnighsh adtpnd: Innh JGY Udnwpnud hwyjinuwptbpdb) £ dhghu
1-398 Lpywé hwpnighgh anc: Iwny £ Uk, np ybpp Updwd hwpnighsh dytpp hnnnwd hptug
yGUuntuwynie)ntup Wwhwwunwd BU Jhugle 10 twinh [13]:

Lbpywjntdu  UG&  hGunwpepepnieintu BU UGpLywjwigunud Jubph W Ywwnndubph
hujwghnU hphJwunniejniluGpp: UN3 Gpypubpnd wyn YEunwuwwnGuwyutph Jnn wpdw-
Lwanyty GU 82 wnGuwyh JwlywpnysUubn, npnughg 32-p Ywpnn U Jwywpniéytp bwle Jwpn-
ywlg dnwn: Uwpnnt hwdwn wnwyblwagniu Jyunwug Bu UGpYwjwgunud  Toxocara canis u
Toxoplasma gondii hwpnighsuGpp[5]:

Ldwu hGunwgnunnientutp Yuwwwpytbp 6U bwle wpuwnhp fun2npugnuu pwunwput-
npnud, pungéGiny yGunwuhubph W Jwpnne wennonigjwl hwdwnp Upwlg  fuhun Yupln-
pnipynLup [11, 12,15]:

Cun Upwdjwuh ngwubph Gplwunwd 2ubph glhuwpwuwyp ybpghu 5 wnwphutph
pupwgenid 20000-hg hwut) E 40000-h: GUpnwwywl fun2np pwnweubph hwJutdwunne-
pjwdp Gplwunwd pwgwywjnud Bu wnbwjht wwjdwuuGpnud wywhynn 2ubph hwdwp Uw-
fjuwwntbujwsé  hwwnnly  gpnuwbhpwwwpwyutpp W wnpwdwUlbpp,  hGnlwpwn  npwlg
gpnuwlgh U hwund hwuwpwywywl Juypbpnwd, pwytpnud® Ywptih £ wubp wdBunon[1]:

GuGiny yepnhhjwihg' wpiuwwnwleh bwywwnwyl Ep hGnwgnnG] Gplwlu pwnwgeh
hwuwpwywywu JwjpGph  hnnwéwéyp YEunwuhuGph W Jwpnni wnnngnipjwl  hwdwn
Juwuquynp Jwlwpnidubph dytpnd, ppenupubpny, uwnduwwwnytpny Jupwyywéniejwl
LYwuwndwdp W nnwp npw wuwulwpnidwuwuhnwpwwl quwhwwnwywlp:

Ynip W dEpnn: Innh wuwulwpnidwuwUhinwpwywl wjuwhuh jwjuwdwyw| hGunwagnuninie)nitu
Gplwunwd Ywwnwndb) £ wnweht wugwd Jdbp Yynnuhg 2015-2016pe pupwgenid: IGnwagnuniejwl Gu
Gupwnyytp Gplwuh 12 Jupswywu pppwllbph pyny 28 gpnuwjghutiphg dbpgywé hnnh udnpubpp:
UpwithUjwy Jwngwywl 2pgwlncd hGwnwgnunyby U @nudwljwuh wujwu wigne, UgwithUjwy Jwnswywu
onpwlp  Swlquinjwl wnpwyh,  Wpwpyhp Jupswywl 2pswlp’ 3wnpwuwy gpnuwignt, Y."Ywypjwuh
wuywu wygnt, Uhpwhwpubph wignt, UJwu qupswywu 2pswlh’ Ancuwpwlwlywl wignt, Cutnwuheh
wjgnt, Mwypwtl Junpswywu 2nppwlp’ YwyrwtlU gpnuwgnt, EpGpniup Jupswywu 2pswuh’  Lhnup
wjgnt, Ywpnwywnh gpnuwjgnt, Lwlwetn-26jenil qupswywl 2pswup’ Htwyhe Wuhwneh wujwl
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gpnuwignt, M.ULwyh wygnt, YsUnpnUu Juwpswywl 2npewth’ Onwywéle gpnuwggne, Uwlwywl wygnt,
Uuglhwywu wjgnt, YUndhinnwuh wujwl wnipwyh, Uwuhuwywu Gpywpeninnt, Uwjwrhw-Utpwuinhw
Jwpswywl 2npswlh’ dwhwl 2wnhywuh wudwl wignt, Uwjpnigjwl gpnuwgnt, Lnp Lnpeh LwlutUph
wuywl wignt, YEunwlwpwlwywl wignt, LnLpwpwRtl Jupswywl 2pgwtp’ YEunpnUwywl gpnuwjgnL
W pehy 95 nuwpngh 2npwywyeh, Stuguyhe Jwngubwl 2ngwuh’ undhuniwuh wldwl gpnuwgnt,
Snnwywpeh gpnuwignt, U.Qunpg Gytntgnt 2npswywieh, Lnpe-Uwpw) Jwpswywl 2pgwuh’ Unipp
Uundwéwséhu Butnbgnt L phy 124 Jwuwwwpunbgh 2ppwywiph hnnh Udnubpp: Snipwewlgnin
Jwnswlwl ppgwung ybpgyti £ 10 Uunw, punhwunip wndwdp hGinnwgnunydt GU 120 Udnpukn:

3nnh hGunwgnunieintutpp ywwnwnytbp U 3wjwunwuh wqgwiht wgpwnpwjhu hwdwjuwpwuh
3. MGnpnujwuh  wudwu  hnnwghwnnijwl, wagnpnphvhwh W JGihnpwghwih  ghunwlwu - ysuwnpnu
dJwulwgninh W 3wjwuwnwuh  wqgwjht - wgpwpwiht  hwdwjuwpwuh  hwdwdwpwywpwunijuwl W
Jwywpniswpwlunipjwl  wdphnuh  Jwlwpnidwpwlwlwl  hGunwagnnngintlubph  jwpnpwwnnphwyned:
UhUuntju Udnipubpp hwdGdwwnwywl Ywnpgny hGnwagnunyby Gu Gpyne JGennutnnd® hnnnud hGdhuputnh
adJtph hwjinbwpbpdwl® pun Nndwutuynh [3] W hnnnud hGdhupUtph d4tph, wgbph W wnhpwihu
Uwhiwytunwupubph  uwnUUuwwwnpytph  hwjnuwpbpdwt - Jeennnd (2] Uwywpnidwpwlwlwlu
hGwnwagnuniejwu hwdwp hnnh jncpwewbgnip bdnwiht twnwéphg 10-20 ud funpniejntlhg Ybpgdt) £
dhsle  50-100g Udnpubp: 3Innhg  wnwlbdlwgywsd  JwlwpnyéUbph  adbpu no uwnUUwwwpytpp
hGwnwagnunyt BU Jwupwnhwwyh thngp fun2npugdw tnwy:

Upmyniupubp W plUbwpynid: 2015-2016pR. hGlwgnuinientlutph wpnjnctupnd
pninn Jwpswywu opswulbphg pGpdwé hnnh udnpubpnd hwjinuwpbpdt) BU yGunwuhubph
dnuin Jwlwpnidynn hGunlywy npntnh, UGdwwnnnubphg' Toxocara canis, Toxascaris leonina,
Trichochephalus vulpis, Uncinaria stenocephala, Ancylostoma caninum, guwnnnutnhg® Dipilidium
caninum, Taenia Hydatigena, Diphylibothrium latum-hp d4ytn, phuly UwpiwlyGUnwlplUEphg®
Neospora caninum,  Cystoisospora canis hwpnighsutph uwnUduwwwnytp: Uwpnne hwpne-
ghsubphg* Ancylostoma duodenale, Ascarls lumbricoldes, Trichocephalus trichiurus Yinp npntph
aybn, huy bwhuwytunwuhubphg' Entamoeba histolytica W Balantidium coli-h ghuwntn: Iwny E
pungdty, nnp Diphylibothrium latum npnh qupqugUwu hwdwp JGp hwupwwGwnnieniuncd
wwdwulbpp pwgwywynud  Gu: Lpqwéd hwpnighsh d4tGpp hwynbwptbpytp U SGugquyhe
Jupswywl 2ppwup® Undhinwuh wuywl gpnuwggnt twpwédentd, npinkn inwnhubn pwpniuwy
nbnwywjynwd Ep Iwjwuwnwu dwdwuwd 2npohy Ynytup: WdELwu  hwjwlwlywunipjudp
Unytuh wphuwwnwyhgubnu BU Jwpwyws tnbp wju hwpnighsnd Ywd E° Ypybup duwytp
yGunwuhutnp:

Unynuwy 1. Vwupwnhwwyh veY inGuwnwunnid hwjnuwptpwé
whunwdhu npnbph ytph pwuwyutpp

Uwjnwpwnweh hhduwywu Jupswywlu
Swpnighgutnh wudwunwdp 2npgwuubn
YUGUwpnu Upwpyhp LUnpp-Uwnuwy
Toxocara canis 17 14 2
Ancylostoma caninum 8 9 0
Dipilidium caninum 5 3 0
Ascarls lumbricoldes (Wwpnnt hwpntghg) 9 11 2
Trichocephalus trichiurus Jwpnnt hwpnighg) 4 6 2

Cuwn Gplwuh qupgwywl ppgwliutpht hGunwgnunwé hnnp whunwéhu npnkph ddtnpng
L uwnUuwwwpytpny wnwyt] Jwpwydwsd En' YEunpnu Jupswywl opgwuh Onwiywal
gpnuwjgnt, Ywuywywlu wjgnt, Uughwywu wygne, YUndhinwuh wujwl wnipwyh, Uwlyuwywl
Gpywpeninnt wjghuGpnud: dwpwyywénipjwdp Gpypnpn wnennd Ep Upwpyhp Jwpswywu
onppwuh’ Swnpwlwy qpnuwjgnt, Uppwhwpubph  wygny, Wwu  Jwpswywl  2pswup’
PnLuwpwlwywl wignt, HwyprwBl Jwnswywl 2pgwuh’ dwypwtU gpnuwgnt hnnp:

Uwpnnt b yeunwuutbph Jwywpnydubph ddbpnd W uwnduwwwnpytpn wnwyb| ghs
EhUu Jupwyjwé Gplwup Ueswithujwy, WJwl, Eptpniup, Uwjwehw-Ubpwunhw, Lnp Lnpg,
LUnpp-Uwnw Jwpswywl 2ngwllbph hwuwpwywywl Juptph hnnbpp: Wu thwuwnp YuptGih £
pwguwwnnb) Upwuny, np wnuwjhu YGunwuhutbph gifluwpwlwyp wyu 2ppwiGpnd wydbih ph £,
L Jwpswywu 2pgwllbph nEywywpnipiniup npwnpnieint £ nupdunud  hwuwpwywywu
Jwjntiph uwlhnwpwywl yhGwyh ypw:

Wjuwhuny, Gplewunwd pwgwyuwynd En npllE hwuwpwywywu Juwyp, np thnyhu wquwin
thutp yGunwuputph Ywd Jwpnne Jwywpnydubph dyGphg Ywd uwnUuwwwnpytnhg:
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3.2.LUNUGSUL, W.Nn. 3UUNR3UL, L3, arhanrsuy, |.L. Uluunusuy, U.d. 6rhrcUsUL

Gplwlh 12 Jwpswywu 2ppwllbnh hwuwpwywywu Jwinptph hnnh wnunundwént-
pntUp  ytunwuhutph, Jwpnne Jdwywpnysubph adtpny W uwnUuwwwpytbpn  wwjdw-
Lwynpywd £ pwnwpentd inbwjhu YEunwuhubph giuwpwuwyh wény, pwnweh dwupinwpny
wwluwhu  Ywlhuwngtlhs dhgngwnnudubph W wqqwplwysniejwl  2pgwuncd  inygjuig
hhdUuwpuunphu  yGpwpbpynn  wnbnGwunynipjwlt pwgwywinipjwdp: 2w pwnwgeh
hwdwwwwnwuhuwl dwpdhuubph huynnnipiniup, pwnuwenad pwugwywjnud BU Yeunwuhutph
hwdwn hwwnnty ywwnpwunygwé, guwbjuwwndwsd gpnuwhpuwwwpwyutbpp, swl wnwudhl
wnpwJwlutn® YEunwuhutph ynynwueh hwjwedwl W yEunpnuwgywd Ywngny hGunwqu
nsUswgdwl  hwdwp, YGunwlwwnbpbpp Swunp 56U wubwihu  Yeunwuhutph  wwhywéeh
wwjywuubpht W npwug hudwghnu  hhduunnieniuubnh - WYwndwdp  hpwywlwgynn
Ywuhuwnablhs Uhgngwnnidubnhu W dwdytunubphu, huy dwpnne hwnpnighsubpnd hnnh winwhup
Jwpwyywénienitup hEinliwle E hwuwpwywywl gniqupwllbph pugwywjniejwl:

Wuwhuny, Gpllwuh hwuwpwywywu Juyptph hnnp qqwh pwtwyny Jupwyjwé t
dwywpnysUbph adbpny W uwnuUwwwnytpnd, npp hpwywl Juwlg B UbGpyujwguncd
nuwjhu YEunwuhuGph W wgquplwyshipjwl wennenipjwl hwdwn: Lwnweh hwuwpwyw-
ywlu Jwjptph hnnh Jwywpnydubph wnbuwywihu Yuwguh nuuncdUwuhpnie)niup o) £ nwihu
quwhwuwntbp pwnwentd wjn hwpnighgubph UWywwndwdp unBndywd hwdwtwnwlwpwlwywl
hpwyhtwyp W huwpwynpnipjwl uwhdwultGnnid YwupuGp hnnh hGnwagw wnwunnunnwdp:

RGwnwgnunieinllubnp Yuwnwnyty Bu 33 whnwywu pingthg ghunwywu W ghnwinBlu-
Uhywywu gnpdniubnipiwl wwdwlwagnpwipl' 15T-4A030 swélwapny ptuwihu 2nswliwyutnnid:
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WWW.Pro-paws.org):
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USUYUUL SUreGr musuvuLLEGrh U2968nk@3NILE
GrtrudnMusnr 64 161USNr UGUYURNIBUGM MENTHA
PIPERITA L.-h 64 OCIMUM BASILICUM L.-h
ura3nruudesnie3uu Nk 3U4UOLUNLMIULSU3hL
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U.l. UU3PUMES3UL*, Y.lv. UUURUNL3BUL**, 2.U. ULGRUUL3UL®,
Uu.3. @N4UUU3UL*, U.lv. WUM3UAUN*, R.@. USEOUL3UL*
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Shnpnwnuphywywu twpptn Gnwuwyutph (gulwihl, wynuwihu, hwdwwnwnpwsé W nuwuwywl)
Yhpwndwdp wébkgwé wnuwbnwihu nwnah (Mentha piperita L.) W pnipwydtin nthwuh (Ocimum
basilicum L.) pniuwhnwdpp snp pwpny 1.2-2.7 L 1.8-2.7 wlqwd gbpwqugt) £ hnnwjhtu dw-
Unyreht: Uhwdwdwuwy, Gpypnpnwiht éwgdwu Ywplenpwgnuu gnigwlhpubph wnwyGiugnuu Gy
(1.6-3.1 wugwd), ynwEnwjhu nwnah pwpénp wpnntbwybnncpjwl punphhy, nhunyt) £ quuwhu W
nwuwywu hhnpnuynuhywywu hwdwywnpgbpnd, huy nGhwuh nGwend® gpwugdb) £ gwlwihu
hhnpnwnuhywywu hwdwywpgned (1.2-2.9 wugquwu):

Swywopuhnwuwnwiht wywnhyntejntup npn2bint hwdwp bpwé pniubphg unwgywé uwhnp-
nwjhu Epuinpuywnutph tnwpptbp swihwpwlwyubphg wnwyb] wpnyniuwybn punpyt) £ nwnéh dnin
5.0 dg/d|, nph ntwenwd [hwhnubph wqwwn nwnhlwiwihu opuhnwgdwl gnpéplurpwglutph dupnidp
Yuquty £ 68-84%, huy nEhwuh dnwn 1.0 dg/uj-h nbwenid* 23-31%:

Bnuwphpuwihl hhnpnwnuhlyw — wnuwtnuwyhl nwné — pnipwybun rbhwl —
Epuinnwiyinhy Uintplin — hwlwopuhnwlwn — wpnyniuwyGwnnepnil

JlekapcTBEHHOE CBIPHE MSATHI IMEPEYHON M Ga3MINKa MYIIMCTOTO, BHIPAIICHHBIX B Pa3HBIX
THIPOTIOHWYECKUX CHUCTEeMax /IIHHAPHYEecKas, O00p0o3I0Basi, CIUIOIIHAS U KiIacCHyecKas/ 1o Cy-
XOMY BECYy MPEBOCXOJUT MOYBEHHYIO KyibTypy B 1.2-2.7 u 1.8-2.7 pa3. OqHOBPEMEHHO HaWBBIC-
K BBIXOJ BAXKHEHIINX TT0Ka3aTeeld BTOPHYHOTO MIPONUCXOXKICHHS, G1aroapst BBICOKOH MPOIyK-
THBHOCTH MSTBI MEPEUHOM, HAOMIOJANICSA B LMJIMHAPUYECKONW U KIIACCHYECKOW THAPOITOHMYECKUX
cucremax (1.6-3.1 paza), a B ciyyae 0a3uiMKa — B HWIMHAPHYECKON THAPONOHUYECKOIH CHCTeMe
(1.2-2.9 pasza).

s ompeneneHus aHTHOKCHIAHTHOW aKTUBHOCTH W3 PasHBIX KOJIWYECTB CIIHPTOBBIX
9KCTPAKTOB YKa3aHHBIX pacTeHHH HanbOoiee d3PPEeKTUBHBIM OBUT s MATH 5.0 MI/MII, IPH KOTO-
POM TozaBiieHHE Tpoliecca cBOOOTHOPAANKATBHOTO OKUCIICHHS JUIMHIAOB cocTaBmiIO 68-84%, a
quist 6asmimka mpu 1.0 mr/mi — 23-31%.

Cmpyiinas 2UOpOnoOHUKA — MAMa Nepednast — 6a3uiuK OYUUCmblil — SKCMPAKMUBHbLE BeUeCmnEd —
AHMUOKCUOAHM — NPOOYKMUBHOCTIb

Dry raw material of both peppermint and sweet basil grown with the application of
different hydroponic methods (cylindrical, gully, continuous, classical) exceeds soil culture by
1.2-2.7 and 1.8-2.7 times. At the same time a high output by (1.6-3.1 times) of secondary origin
bioactive sub stances was observed in cylindrical and classical hydroponics systems due to the
high productivity of peppermint and in the case of basil in cylindrical hydroponics system by (1.2-
2.9 times).
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For determining antioxidant activity from different quantity of alcoholic extracts obtained
from the mentioned plants the more effective is chosen in peppermint 5.0 mg/ml in which case free
radical oxidation process of lipids is repressed from 68-84%, and in case of basil 1.0 mg/ml
23-31%.

Water stream hydroponics — peppermint — sweet basil — extractives — antioxidant — productivity

Cppwyw Jhswwnph wnunnunnudp uywrunid £ Jwpnn wnnngniejwup, pngubph no
yEunwuputph  wbuwywiht  pwguwqwuniejwl  huwpundwlp®  hwugbguting — Yy&u-
uwhwdwywpgh Unpdwy gnpéniubinejwu Juwnpwnwgdwup [11, 13]:

Lbpywynwdu 66 hGunwpepennieintl 6 Uepjujwgund YGLuwpwlwywl wywnhy
Unebph  wlpwdwlu Jwup Ywagunn hwlwopuhnwlwltnp, npnUp  punniuwy  Gu
UJwgbgutint UncinwgblUutph wgnbgnieiniup' ywpqwdnptiny wqwwn nwnhywuGph opu-
hnwgdwu plUpwgpp: Nunh  hwlwopuhnwuwnwihU  wywnhynieintu nlubgnn  puwywl
wnpnLpubph hwynnuwptpnudp W neuncdUwuppnepgndup UGpYwynudu - hwunhuwunwd £
hpwwww hilnhp: Cun gpwywuniejwu ngjuiubph, hwunuh G J66 pyny YblUuw-
pwuwywl wywnhy Uniebp, npnup upuptgunid Bu pnyutph Ynndhg L nlublu hw-
JwopuhnwuwnwihU wywnhyntpyntt: dpwughg GU o-innyndtpnip (Uhwnwdhlu E), wnwlhu-
UGpp, wuynpphuwpepenu (Yhunwdhu C), B-Ywpnuinhup, $EpdEunwiht wywnhyniejwdp Uh
wnp  uwhwnwynigwihu  Jhwgntejntuutn, $pwynunhnutp, wnihuwpiwnphnutp, wnbpwt-
Unhnutp, ynh$tuniwjhu Jhwgniejnluubp W wyu [9, 14, 17]:

Ldwlwwnhy hGunwgnuninienilutp Juunwpytbp U bwle wuhnn Jowynyeh (hhn-
pnuwnuhywih) wwdwuubpnd wabgdwd dwynunytu upnhniunh (Hypericum perforatum L.),
ning Jwnwih (Thymus marschalliamus Willd) W nuyt ptinhyh (Callisia fragrans (Lindl)
Woodson) pniuwhnudpnid: dnpdwnywd udnpubph  Epunpwyunubpp gnigwpbntp Gu
npuywu hwywnwnhywiwihu wywnhynipniu [10, 16]:

Swywopuhnwuwnubpp (wjiu Yyhpwnenipintt Gu gty pd2yniejwl, gjnunwwnuntunt-
pjwl Ubg, hUswbu Lwl phuhwywlu W ulunh wpnyniuwpbpniinluuGpnud: Opgwuhquncd
hwywopuhnwuwnltph  wwywup, huswbu wpnBu JGpp Upgtg, LUwwuwnnd £ wquin
nwnhywiwjhu gnpdpupwgutph wywnhywgdwup, npu £ hp hbEpphu wwwéwn £ nununcd
Jdh Jwpp whnwpwlwywl yJhdwyubph  wnwewgdwlu W qwpgwugdwl  hwdwn:
Rwywopuhnwuwnutph Jwywpnwyh Ywpgwynpnudp Uywuwnnd £ Juuph inlnnniejwlu
Gpywpwgdwlp, wdpwgunwd £ hdnctuwghu hwdwywnagp:

Mnwtnwjhu nwnép (Mentha piperita L.), pn.pwytn nEhwup (Ocimum basilicum L.)
2w nwpwédJwsd Grbpwjninwwnt W ntnwwne pnyubphg Bu Y. 1), npnup (wju Yh-
pwnnieintu ntuBU pdaynLejwl, nbnwgnpéniejwl nu obwubihph wpunwnpniejwu Jby,
Jhlunyu dwdwlwy ogunwgnpéynid BU npwbu hwdbdniup, pnipdtph, phjiph ény W
odinywé GU hwywopuhnwuwnwihu hwwnyniejwdp [12, 15]:

P
LY. 1. Pnipuybn nEhwp (w) W wnwBnwht nwnap (p) enwhpwihu hhnpnwnuhywih wuwyJwuuGnpnod
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Swpyh wnubiny wynwtnwihu nwnadh W pnipwytbin nhwuh huplUwwnhw hwnyne-
pjntultnp, Uwwwwy E npybp nunwUwuhptp Unpwagnuu epw2hpwhu  hhnpnwnuhywih
LnLunwLnbouUUbnh1 (glwuwhu, wynuwjhu, hwdwwnwpwsé), nwuwywl hhnpnwnuhywih
(7M3) W hnnwjhtu dwynyph (unnghy) wwjdwulbpnud wabgdwd wju Jpwywpniubph
wpnntlwybGunnipjwl, YGuuwphdhwywl gnigwlhpuGph no hwywopuhnwUuwnwihlu hwun-
yniejwl hwdtdwwnmwywl puncgwgnpnudp:

Unp W dbpnn: QShnwhnpdbpnid oguinwgnpéyty U hhnpnwnuhy Gnwuwyny unwgywd
wnuwtnwihu nwnadh W pnipwybin nbhwuh nuywujniep: Aninp hhnpnwynuhywywl hwdwywngbpned,
npwtu [gwunip oginwgnnpédyt) Gu 3-15 JU dwuluhyubph tnpwdwagéend hpwphuwihu Yupdhp uwpwd
lgwujnipp:  Rnyubph  uungnudp Yuwnwpdb, £ QW Ywypjuuph  ubunwinwdnyend [/ 2np  nb-
nwhnwdpnud GrebBpwjninh, Epunpwywnhy Uniptnh, nwpwnwunietph wwpniwyneeintup npnpyt) £
punn MY Xl-h [6], $rwynunhnubphup' punn Anphundh [4], huy Epuwnpwywnhy Uniebpnwd pniyutph
hwywopuhnwuwnwihu  wywhyniejntup ROW) npnpytp £ Jwinuwihu Gpywinthhnh  pwlwywywlu
npnuwl Gnwuwyny [5]:

MnwGnwjhu nwnah W pnipwytinn nGhwuh hwlwopuhnwuwnwihu hwwnynie)ntup npnGnL hw-
dwp ybpgyb) £ Upqwé pnyubiphg unwgywd Epunpwyinhy Uiniebph twpptn swhwewlwyutnp (0.5;
1.0; 2.0; 5.0 W 10.0 Ug/J}), npnughg npwbu wnwyt] wpnyntuwytun punnytp £ nwnéh dnin 5.0Ug/d],
huy nthwuh uUnin® 1.0 Jg/di: Nuncduwuhpnoeinibubpp ywwnwngtp U gwpnh  hndngBUwinned,
thwhnutiph gbpopuhnwjhl - opuhnwguwl  gnpéplpwgltinl - wywhdwgyty U Unph wnh (UU)
/FeS0,4+(NH,),S046H,0/ 0.5 U (15,7 dg/) gpwjhU |nénypeh Yhpwndwdp: Npwbu  huwpwynp
hwywopuhnwuwutn Yhpwnytp GU wnwbGnwihu nwnéh W pnipwydbn nEhwuh  uwhpunwhu
Epuinnpwywnutpp:

®npétbipp npdby BU 4-8 Ynpyunnnejwdp, tnyjwiutph Jwrtdwnhywywl duynidp Yuwnwpyb) £
puwn nuwthungh [8]:

Upmyniuplubp W pUlbwpyned:  Gnwgnindnn pnyubph wéh wnwuduwhwnynt-
pintlutnu nu wprynilwyGunneejwu gnigwuhubnp hhnpnwnupy W hnnujhu dpwyneh
wwjdwuutGpnud Ewywunpbu wwppbp Gu, hugl wpnntup £ hhnpnwnuhyuwjnd pnyutinh
wop, qupqwgnudp W wpryniwybunneentuu wwwhndnn Jh 2wpe gnpénuutph (Jwu-
LUwynpwwtu, ulunw-onw-gnwjhu ntdhuh) npnpwyh Ywnpgwynpdwu: Unnwuwy 1-h W 2-+h
JGninidnipiniuhg wyuhwyjinn £ nwpébp, np hhnpnunuphywywl wwppbp  Gnwuwyutph
yhpwndwdp unwgywsé W wynwbnwihu nwnéh, W pnipwybun nGhwuh pneuwhnedpp snp
puwpny 1.2-2.7 L 1.8-2.7 wuqwud gtpwquwugt] £ hnnwjhu dwynypehl: Uhwdwdwlwy
wnwGnwhl nwnah pwpén wpnntiwytunniejwl 2unphhd, thnpawpyyws hwdwywngtinhg
GrtGpwjnintph (1.6-2.6 wlguwd), Epunpwywhy Unetph (1.7-3.1 wugqwd), $rwynun-
hnutph (1.6-2.3 wugqwd), nwpwnwunietph (1.6-2.8 wuqwd) wnwybjwagniu Gintup Gu
wwwhnyb] gqulwhu W nwuwywl hhnpnuynupywywu hwdwywpgbpp, huy nthwup
nGwend  qwuwhu  hhnpnwnuhyuwynwd  yGpnhpjwp  JhwignieniulGph  Gndugen,
pwgwnnipjwdp nwpwnwuntetnph, 1 pnyup hwpdnd, thnpdwpyywé Un inwpptpwyutph
hwJbdwunnigwdp wybiwgt) £ 1.2-2.7; 1.5-2.8; 1.3-2.9 wlqwd, hwdwwwunwupuw-Uwpwn:

Uunwgywé nyjuiutph gbppneénceintuhg wwpgyned £, np dpwydwl wywjdwuutpp
npnawyhnpblu wagnbp BU wynwbnwihu nwnadh hwywopuhnwlwwihu wywnhyniwl Ypw:
Quuiwihu b hwdwwnwpwéd  hhnpnwnupywywl  hwdwywpgbpnd  wébgywd nwnéh
pnLuwhnudpl odnywé £ wybih gwén hwlwopuhnwuwnwhu hwwnynipjwdp W ghgnud £
djnu tnwippGpwyubphu 1.6-1.9 wuquwd: Uhugntn pnipwybn nGhwuh nGwpenwd inwppt-
npniejntup Ewlywl ¢ Uwywiu Gpyne nGwenwd £ Lywundb) £ (hyhnUGph wqwwn nwnp-
Jwiwjhu opuhnwgdwl gnpéplurwgltph dupnid:

Mnwtnwjht nwnéh 5 Jg/d| Epunpwyinh nbwentd wju Yuwqgdnud £ 68-84 %, huy
pnipwydbuin nEhwuh 1 Jg/dj-h nGwend® 23-31 %: Wuhpwdtwn £ UpLL bwl, np qulwhu
hhnpnwnupywywl hwdwywngnd thnpdwpyywd vwywpnyubph wnwybp pwpanp wpnynt-
wybwnipintup hp hbpehu Lwwuntl E yGpnhhyjw) vhwgnipjwu Ginctuph 1.6-4.9 U 1.2-2.6
wuqwu wybjwgdwup:

‘CnLJubnh wuhnn duynyreh nunbuwlywl wprynibwdbunigjwl pwpdpugdwl W npw jwju tnwpwddwlu
Jwplnp huunhputphg UByu £ hwdwpdnid £ uygpnibpwiht unp W Edwl hhnpnwnuhy hwdwywngbph dpwynidp:
pwlghg  wdtUwhGnwuywpwihup  2npg 25 wnwpgw  hGlwgnuneejniuubph - wprynitipned 33 QUU
Ihnpnwnuhywih  wpnpGdubph  huunpwinunnd - Wwyjwsd,  wnihdGpwiht - pwnwlueh  oguwagnpsdwdp
"snwphpwihu hhnpnuwnuhywywl hwdwywnpgu” £, npp enyp £ nwhu Yupny (5-6 wugquwd) ujwgbgub)
hhnpnwnuhyniuh Ywnnigdwl swhuutpp[1-3]:
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U.lu. UUSPUMES3UL, Y.lu. UUURUNLSUL, 2.U. ULERUULSUL, UW.3. @NYUUUSUL, U.lu. WNSUIUN, R.6. USEOUL3UL

Unynuwy 1. Mnwtnwihu nwnah ntnwehvhwywl wndtep wwjdwlwynpnn Untetph
wwnntuwynieintup W Gincupp hhnpnwynuhywywu wnwpptn hwdwywngtbph W hnnuihu dowynyeh

wuwjdwuubnned*
Swnpt- AGnwhnudph | Grbpwnin Epuwnnpwyunnhy Qnudwpwiht | Ywpwnuwunietp
pwiy &nn pw2n, UjnLptip dlwdnunhntip
g/pnLju % |g/pnyu % g/pniju % g/pnLju % g/pnLju
Quliwhu 155.0 39| 6.15 | 20.63 32.0 2.80 43 14.76 229
Uynuwjhu 83.7 41 | 3.48 | 18.16 15.2 3.0 25 13.96 11.7
Swdwinw- 69.7 39 | 274 | 20.20 141 3.16 2.2 14.34 10.0
pwé
a5 149.0 38 | 566 | 17.23 25.7 2.66 4.0 12.56 18.7
3nn 57.0 40 | 233 | 18.07 10.3 3.26 19 14.63 8.3
(unnighg)
UESoes 15.3

*Ptnynid U Epbp hwptph UhghU tndjuwbnp

Unyniuwly 2. Anpwytn nthwuh nnwehdhwywl wpdtep wwjdwuwydnnpnn Ujniptnh
wwnntuwynieintup W Gincupp hhnpnwynuhywywu wnwpptn hwdwywngtbph W hnnuihu dowynyeh

wuwjdwuubnnwd*
SwppGnpwy Abnwhnidph GpbpwnLn Epunnpwywnhy | Snudwpwihtu | Ywpwnuwune-
énp pwp, Uniptin drwynunhnutin RGN
a/pnLju
% g/pniju % g/pnyu| % [a/pnyu| % q/pniju
Quliwihu 85.3 0.77 0.66 26.78 228 | 2.72 2.3 |8.72 7.4
Uynuwjhu 75.2 0.74 0.56 18.45 139 | 2.10 1.6 [0.36 7.8
Rwdwnwpwsd 57.4 0.82 0.47 26.25 15.1 | 2.44 1.4 0.81 6.2
s 61.3 0.60 0.37 25.28 15.5 | 2.91 1.8 [8.18 5.0
3nn (unntghy) 31.3 0.78 0.24 26.30 8.2 242 | 0.8 |8.56 2.7
UESes 12.8

*PtnynLd U Epbp hwptph UhghU tndjubnp

Unyniuwly 3. Mnwtnwihu nwnéh W pnipwytn nEhwuh hwywopuhnwlwnwihu wywnhyneeiniup (%)
hhnpnwnuhywywl wnwnpptn hwdwywnabph W hnnwihu Bwynyreh ywdwuuGpnud

Swppbpwy enwhned- Epuinpwyunhy Qnudwpwihl  [Ywpwnwljnietp
ph gnn puipp| ERENUIN Unipbn $ruyntnhnln
g/pniju
% g/pnu % g/pnLju % g/pniju % g/pniu

Qulwjhl 85.3 0.77 0.66 | 26.78 | 22.8 2.72 2.3 8.72 7.4
Wynuwjhu 75.2 0.74 | 056 | 1845 | 13.9 2.10 1.6 10.36 7.8
Swdwinwpwé 57.4 0.82 047 | 26.25 | 15.1 2.44 1.4 10.81 6.2
s 61.3 0.60 0.37 | 25.28 | 155 291 1.8 8.18 5.0
3nn (uwinnighy) 31.3 0.78 0.24 | 26.30 8.2 2.42 0.8 8.56 2.7

UESos 12.8

Uunwgywé wprynitupubph hhdwl ypw Ywpbih £ unwpt) hbnlyw) Ggpuywgnipniu-

utnp.

. Shnpnwynuhywywl twpptp Gnuwuwyubph Yhpwndwdp unwgywéd W wnuwtnw-
Jhu nwnah, W' pnpwytbn nEhwuh pniuwhndep snp pwpny 1.2-2.7 wugqwd gGpwaquugnid
E hnnwjhU ywyntjehl:

. Ipnpnynuhywywl wnwpptp hwdwywpgbpnwd webkgywéd wnuwtnwihu nwnah W
pnipwybin nEhwuh  pnwuwhnudenid unnwigdtp £ Gpypnpnwiht dwgdwu  YEuuwynhy
Uniebph 1.2-3.1 wuqwd pwpép Gincup:
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. hnpnwynupywywl wnwpptp hwdwywpgbph W hnnwihu wynyeh wwjdwuub-
pnud wokgywé nwndh W nEhwuh pnyubpp Ywpnn 6L hwunbu qwi npwbu hwywopuh-
nwlwnubph puwlwl wnpnpubp: Mnwbnwihu nwnadh 5dg/dp Epunpwynh nbwend
hwywopuhnwuwwjhu wywnhyntpintup Yuqut) £ 68-84%, huy pnipwytn nthwuh 1 dg/d)-
h nGwenud* 23-31%:
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PECULIARITIES OF ACRIDINE ORANGE BINDING WITH DNA

P.O. VARDEVANYAN, A.P. ANTONYAN, V.G. SAHAKYAN

YSU, Department of Biophysics,
p.vardevanyan@ysu.am

Absorption and fluorescence spectra of acridine orange (AO) complexes with DNA at 0.02
M ionic strength of the solution have been obtained. It was revealed that maximums of absorption
spectra of AO complexes with DNA at low concentrations of DNA decrease and are shifted to
longer wavelength region. At further enhancement of DNA concentration the absorption spectra of
AO-DNA complexes start increasing. Moreover, in the spectra of AO-DNA complexes an
isoshestic or pseudo-isosbestic point does not emerge. At the same conditions the fluorescence
spectra of the complexes enhance as compared to AO fluorescence spectrum, which indicates the
intercalation binding mode of AO with DNA.

DNA — acridine orange — AO-DNA complexes — absorption spectra — fluorescence spectra

Uwnwgyb] BU YUe-h hbin wyphnhu UwnpUugwaniuh (WL) Yndwbpultph Yiwldwu W $nin-
ntugblughwjh uwtywnnputpp (nényeh 0.02 U hnuwywu nidh wwydwulbpned: 8nyyg t wnpydbg, np Yu@-
h htwn UL-h YndwGeulbph Ywudwu uwblywnpubph JwpeuhdnwdUuGpp UWJwgnd GU YUG-h thnpp
ynugbuwnpwghwubph nGwpend W 2tnynud BU nEwh Gpywpwihg wnhpnye: Yu@-h YnugtUinpwghwih
hGnwaw wbh nBwenud UL-YUEG YndwGeulbph Yiwudwl uwtGyunputpp uyund BU wék): Cun npnd,
UL-YU@  YndwGeultbph uwblwpubph Jpw  hgnpGuwnhy Ywd  wulinnhgnpbuwnhy  YGwnbnp s6U
hwjwnuynid: Uhluneu ywjdwuutph nGwencd yndwGeuutnh $ininptugbughwih uwbyunputbnp wanwd
Gu UU-h Pininpbugblughwih uwtyunph hwdbdwwn, husp Jywinud £ Y@-h hGn UL-h Yuwdwu
hunGpywywghnu Enwuwyh Jwuhu:

I — whnhnhl bwnplgwaniil — UL-YUM6 Yndwbeulbn — wldwl uwtliuinputn — $ininpbugblghuyh
uwtlyinpubn

[NoyueHsI CIEKTPHI MOTJIOMIEHHS ¥ (ITyOPECIISHIIMN KOMILUIEKCOB aKPHIMHOBOTO OpaHKe-
Boro (AO) ¢ IHK npu nonHoit cuse pactsopa 0.02 M. BeigBieHO, 4TO MaKCUMYyMBbI CIIEKTPOB I10-
riomenust kommiekcoB AO ¢ JIHK npu HU3KHX KOHLEHTpaUusaX NOCIeIHEH YMEHbIIAI0TCs U Ipe-
TEpIEBalOT CABHT B JUIMHHOBOJIHOBYIO 001acTh. [Ipn fanpHeiIneM yBeNTHUSHHUH KOHIEHTPAIUN
JHK cnexrpsl nornomenus komiuiekcoB AO-/IHK naunnarot yBennunBaThes. [Ipu 3ToM B criekT-
pax AO-JIHK m3obectuueckast wim mceBmonzodecTHdeckas Touka He oOpasyercs. Ilpu Tex xe
YCIIOBHSX CIEKTPHI (PIyOpeceHINH KOMIUIEKCOB BO3PACTaIOT 10 CPAaBHEHHIO CO CIEKTPOM (uryo-
pecuennmu AO, 9TO yKa3bIBaeT HA HHTEPKAIAIMOHHBIN criocob ces3biBanus AO ¢ THK.

JHK — axpuounosutii opamndiceswiii — komnaexcovl AO-JHK — cnekmpul noznowenust —
cnekmpul Qyopecyenyuu

Nowadays biomacromolecules (DNA, proteins) are targets for numerous studies
connected to designing of nano-particles and nanotechnologies on their basis. DNA
molecule is one of the main elements in the development of new nano-materials [7, 11].

It is connected to DNA physical-chemical peculiarities and ability to self-
assemble and form highly ordered structures from separate nano-particles. Besides, DNA
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carries negative charge (is poly-anion), possesses certain rigidity (in short areas) [5, 7,
11,12, 18].

Many organic dyes (acridine orange (AO), ethidium bromide (EtBr), methylene
blue (MB) etc.) are biologically active compounds, since they can perform a photo-
dynamic effect. These phenomena can occur due to binding of the mentioned dyes with
DNA [5, 7, 11, 12, 18]. Particularly, AO (scheme 1) is applied as a fluorescence dye and
is intensively used for DNA staining in cell to study apoptosis in the latter [8]. The
interest to acridine dyes is conditioned by the fact that these compounds have different
properties. They have anti-bacterial or mutagenic activity. Their structure and ability to
bind with other biological molecules, including DNA, condition their cancerogenic
properties [7, 11]. Besides, several dyes, including AO, show metachromism, which lies
in the basis of wide application of this ligand in cytochemistry [4]. These properties of
AO can be the result of different binding modes with DNA.

ch\ll\l N/ rl\l,CHg
CHj3 CHg

Scheme 1. Structure of AO.

The aim of this work is to study the binding of AO to DNA by absorption and
fluorescence spectroscopy methods for revelation of interaction molecular mechanisms.

Materials and methods. Calf thymus DNA — D-1501 (“Sigma”, USA), AO (“Sigma”,
USA), NaCl, Na-citrate, EDTA (ethylenediamintetraacetate) (chemically pure) were used in
experiments. Preparations were used without further purification. Concentrations of DNA and AO
were determined spectrophotometrically using the following values of extinctions:
€260=6600 M™cm™ for DNA c.t. and €44,=35000 M*cm™ for AO. Experiments were carried out at
t=25°C and pH=7.0, 1=0.02 M.

Spectrophotometric measurements were carried out on double-beam spectrophotometer
UV-VIS Unicam-SP8-100 (England) and single-beam spectrophotometer UV-VIS Jenway 6715.
Absorption measurements were realized in quartz cuvettes with 1 cm optic pathway length and
similar optic parameters. Spectrophotometric titration of solutions was realized by 1 pl total
volume micropipette (“Hamilton”, USA). Fluorescence measurements were carried out on Varian
Cary Eclipse Fluorescence spectrophotometer (Australia).

Results and Discussion. Alterations in the absorption spectra of ligands at their
interaction with DNA really reflect those peculiarities that lie in the basis of molecular
mechanisms of these interactions. Particularly, at complex-formation of some
intercalators with DNA, one or more isosbestic points (IP) can be formed in the
absorption spectra [13-15]. Though the isosbestic point formed in spectra of different
compounds, in majority of cases, is rarely applied for qualitative or quantitative analysis
of information contained in studying system [2, 3, 9, 10, 16, 17]. It is accepted to
consider that IP emerges when one existing compound in the solution, which has certain
absorption, transits to other one with other absorption; moreover, the spectra of these
forms cross in one point (or points) which is called isosbestic [2, 3, 9, 10, 16, 17].
From this point of view, in the case of classical intercalator EtBr all the mentioned
representations are entirely maintained, because this ligand along with intercalation and
electrostatic modes, binds to DNA by semi-intercalation mode as well [13-15].
Simultaneous exhibition of these modes conditions the presence of the isosbestic point in
the spectra of DNA-EtBr complexes.
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From this point of view, it was considered earlier that the presence of IP in the
absorption spectra of DNA-ligand complexes is a sufficient argument for benefit of the
intercalation binding mechanism of the given ligand with DNA. Moreover, our studies
show that the presence of IP in the spectra of DNA-ligand complexes cannot be
considered as a sufficient condition for revelation of the intercalation mode. Particularly,
AO is an intercalator. It is indicated by the fluorescence spectra of the complexes of this
ligand with DNA that are presented in fig. 1.

8004

600+

4004

Intensity (a.u.)

2004

500 520 540 560 580
Wavelength (nm)
Fig.1. Fluorescence spectra of AO (1) and its complexes (2-19) with DNA
at 0.02 M ionic strength of the solution.

It is obvious from the presented figure that the fluorescence spectra of AO-DNA
complexes (curves 2-19) rise with enhancement of DNA concentration in the solution as
compared to AO spectrum (curve 1). This fact is conditioned both by parallel orientation
of this ligand molecules to planes of DNA base pairs (intercalation between planes of
these pairs) and by interaction through stacking contacts. Moreover, in intercalated state
molecules of AO are thoroughly screened from water (fluorescence quencher) [6]. It
should be mentioned that in the case of MB, which also belongs to acridine dyes,
analogous phenomenon is not observed [1], which in turn is conditioned by the fact that
MB is not entirely intercalated into DNA. We assume that the increase of AO
fluorescence intensity at complex-formation with DNA is the result of intercalation
binding mode of this ligand.

Absorption spectra of AO-DNA complexes in the wavelength interval
220<A<600 nm are presented in fig. 2. It is obvious from fig. 2 that IP is not formed in
the absorption spectra of these complexes.

It should be mentioned that the absorption spectra of AO-DNA complexes were
obtained against DNA spectra, moreover, its concentration in the presence and absence
of AO is similar (differential spectra). From the presented figure it is obvious that with
DNA concentration enhancement in the solution the absorption spectra of the complexes
(curves 2-26) decrease in minimums at 400<A<600 nm and are shifted to longer
wavelength region as relative to free AO spectrum (curve 1). It should be also noted that
at DNA low concentrations a monotonous decreasing of maximums of the spectra of
complexes take place, moreover, in these conditions a relevant shift to longer
wavelengths does not occur (this effect is not clearly reflected in the spectra due to
covering). With further enhancement of DNA concentration in the solution a reverse
image is observed — maximums in the absorption spectra of the complexes start
increasing and shifting to longer wavelengths by 15-20 nm in the mentioned interval of
changes.
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Absorption
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Fig.2. Absorption spectra of AO (1) and its complexes with DNA (2-26)
at 0.02 M ionic strength of the solution.

At the same time in the region of A=220-340 nm, at A=275-280 nm the absorption
spectra of the complexes decrease monotonously. This effect emerges along whole
interval of DNA concentration enhancement and indicates that the forming complexes
have less absorption as compared to free AO absorption. We assume that the displayed
hypochromism effect at short wavelengths (in UV region) is a result of parallel
arrangement (intercalation) of chromophore groups of AO molecules bound to DNA. In
the absence of DNA only dilution of AO solution takes place, which results in less
decreasing of maximums of the spectra that is not comparable to hypochromism effect
(spectra are not presented). On the basis of behavior of the absorption spectra of AO
complexes with DNA it is concluded that the absorption intensity decreasing at A=275-
280 nm and enhancement of maximums at A=500-520 nm are conditioned by
intercalation binding mode.

Based on the fact that in A=400-600 nm interval maximums of the spectra of the
complexes decrease at relatively low concentrations of DNA, we assume that AO binds
to DNA by more than one mode. Being a cationic in the solved state, the more probable
mechanism of this mode is electrostatic. Moreover, the other — for instance, stack-like
mode (this binding type corresponds to dimerization) by external side of DNA helix is
not excluded, at which in the fluorescence spectra minor peaks at longer wavelengths
relative to the main peak should appear. Such minor peaks are absent in the
fluorescence spectra presented in fig. 1 [6]. Consequently we assume that the external
stack-like binding does not appear in our experiment conditions, but the second — non-
intercalation mode is electrostatic mechanism at which positively charged ligand
molecules interact with negatively charged phosphate groups of DNA.

Therefore, the obtained data indicate that AO binds to DNA by two modes —
intercalation and electrostatic. It is also revealed that in the absorption spectra of AO-
DNA complexes IP is not formed despite the intercalation binding mode of this ligand.
Based on this it is concluded that this mode is not a reason of IP formation in the spectra
of some intercalators at binding with DNA. Most probably, in the spectra of these
intercalators the peaks emerging at longer wavelengths compared to the main peak are
the result of intercalation mode performance.

This work was supported by the RA MES State Committee of Science, in the
frames of the research project Ne 15T-1F105.
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The main purpose of this research was studying the peculiar features of frogs (Pelophylax
ridibundus) livers’ glandular cell nucleus and nucleolar (nucleolus) DNA quantity, mitotic activity,
and the formation peculiarities of micronuclei in them, which live in Hrazdan rivers’ surrounding
areas, characterized by different pollution degrees. Results of the study show that in the livers of
frogs which live near Hrazdan River with medium or heavy pollution status have acquired
adaptive, countervailing changes, which find their expression in proliferative activity of cells, in
activation of transcription processes and increase in body mass. At the same time in areas
described with the highest pollution — “bad” status/level a disruption of normal mitotic separation
process of cells is observed, the result of which is the formation of micronuclei.

Pelophylax ridibundus — liver -DNA quantity —mitotic activity — micronuclei

Whuwwnwupnid bwwnwy Ep npywé ncuncduwuhpt) 3pwgnwt gbnh wnunninwéntjwl inwn-
pbp wuwnhdwuutpny puncpwapynn hwwngwéubph oppwlwienid puwlyynn [dwagnpunh ywpnh gbndwihu
pehgltinh Unphquyht W Unphquiywyh YL@@-h pwliwyniejwl, Jhinnhly wyinhdntejwl, npwlgnid
dhypnynphqutiph wnwewgdwl wnwuduwhwwnynigniilbpp: Unwgdwséd ndjwiubpp Jywnud Bu wju
dwuhU, np 3pwgnwt gbinh wnuninjuwéniejwl «Uhpwy» W «Jwn» Ywpgwyhdwly nlubgnn hwindwé-
Utph 2ppwlywienid puwydnn gnpuntph ywpnnud nhnynd B hwpdwpnnwywl, ghnfuhwwnnignnuywl
thnthnfunipntllGp, npnup  hpGlg  wpunwhwjnnentull Gu quunwd ppholbph  wpnih$Gpwunhy
wywnhyniejwl, wnpwuynhwghwih wpngbuubph wywnhdwgdwl, opqwuh qwuglwéh uGdwguwl Uby:
Uhwdwdwuwy, wnunnunjwénipjuwl wdtlwpwpép' «quwn»  Yupguyhdwyny puncpwgpynn  hwwn-
Jwsélbpnud nhinynwd £ pphgltnh dhinninhly pwdwldwl wypngbulbph plwywunl pupwgeh fuwpwnned,
nph hGwnlewupp Uhypnynphqubph wnwgwgnidu E:

Pelophylax ridibundus — ywpn — 2@ pwlwynipint — dpinninply wnpynepgnit — dhypnnphqlibn

[lenbto Hacrosimieil pabOTHI SBISETCS M3y4YCHHE KOJNMYECTBA SIACPHOM M SAPBIIIKOBOM
JHK, MuTOTHYECKOI1 aKTHBHOCTH Te€MaTOLUTOB, a TAKXKE 0COOCHHOCTEH 00pa30BaHUS MUKPOSAED
B IeMaTOLUTaX O3€PHOM JIATYIIKH, OOUTAIONIEH B Pa3HBIX yYacTKax pekH Pa3jiaH, XapakTepu3ylo-
IIMXCS Pa3InYHON CTENEHBIO 3arps3HEHHOCTH. I10ydeHHBbIE JaHHBIE CBU/CTENBCTBYIOT O TOM,
YTO B NEYCHH JIATYLIEK, OOUTAIONMINX B y4acTKax CO “CpeAHUM” M “BBICOKMM’ YPOBHEM 3arpsi3HEH-
HOCTH, HaOJIOTAI0TCSI KOMIIEHCATOPHO — IMPHCHIOCOOUTENEHBIE PEaKINH, BEIPAXKAIOIIHECs B aKTH-
BaIlMU NposU(eparuy KIETOK, POIECCOB TPAHCKPHIIIMU M YBEIHYEHHN Macchl opraHa. OmHO-
BPEMEHHO y >KHBOTHBIX M3 YYaCTKOB C BBICOKOM CTETEHBIO 3arpsA3HEHHOCTH BOJBI HAaOIIOTAeTCs
00pa3oBaHHe MUKPOSIEP B PE3y/IbTaTe HapyIIEHHs POLIECCOB MUTOTHYECKOTO JEJICHUS KIIETOK.

Pelophylax ridibundus — neuens — konuuecmso JJHK — mumomuueckas akmugnocms — MUKpOAopa
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According to the data released by the Environmental Impact Monitoring Center
of the Ministry of Nature Protection of Armenia, water pollution is observed in different
sections of Hrazdan River [12].

In five sampling points of the Center (near Qaghsi, Argel, Darbnik, Geghanist
villages and down the Arzni Hydropower plant) in 2009 the following values of
indicators of pollution were recorded (tab. 1).

Table 1. Values of pollution parameters at different sampling points
on Hrazdan river for 2009

Water :ﬁ;gg?g; Poi_nts number MPC exceeded The number_of Overflow of thg
facility | themap (statlgn) of indicator’s name cases exceeding average concentrations
location samples MPC from MPC
0,5 km down vanadium 5 5,0
52 the village 5 manganese
Qaghsi ‘ 4 30
0,5 km down vanadium 5 9,0
53 the village 5
Argel manganese 5 3,0
0,5 km down manganese 5 9,0
the Arzni Hyd- chrome 3 2,0
4 reelectric - ° manganese 4 9,0
power station copper 3 2,0
Near the nitrite ion 11 7,0
village ammonium ion 12 29,3
Hrazdan Darbnik 12 e five-day bioche-
55 mical oxygen demand 11 34
vanadium 5 13,0
5 manganese 5 7,0
chrome 5 7,0
copper 5 5,0
nitrite ion 11 3,8
ammonium ion 12 6,3
Ngar the The five-day bioche
village mical oxygen demand 1 23
Geghanist -
vanadium 11 10,0
manganese 12 5,0
copper 12 4,0

According to the data shown above, the water near the villages Qaghsi and Argel
can be considered relatively clean because the maximum permissible concentration
exceeds only for vanadium and manganese ions.

In the samples taken from different sampling points at the river in 2014 the
general quality of water varied between 3™ (medium) to 5" (bad). The 3" water
pollution status was observed downstream the villages Qaghsi, Argel and Arzni HPP due
to chemical oxygen demand, phosphate and nitrate ions. With Waters near to villages
Geghanist and Darbnik, as well as waters near Hrazdan river source were characterized
by “bad” pollution status due to ammonium, phosphate and nitrate ions, total inorganic
nitrogen, and total phosphorus (12).

The method of morphophysiological indicators is nowadays successfully used to
study the unfavorable exposure of harmful environment components on organisms,
including humans.(1, 2, 3, 7).

Pylophylax ridibundus which runs the coastal as well as an aquatic lifestyle is a
very suitable object for assessing the environmental pollution exposure as it absorbs
various environmental pollutants with its skin during breathing and with water as well
as with food because it eats terrestrial and aquatic food. (5). Therefore the disruptions of
different morphophysiological features of these frogs can be used as a reliable testing
criteria for measuring terrestrial and aquatic environments harmful impact degree (4).
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THE KARYOLOGIC STUDY OF FROGS ( PELOPHYLAX RIDIBUNDUS) HEPATOCYTES LIVING IN DIFFERENT SURROUNDING...

The liver hepatocytes are extremely sensitive to the environmental impact of
man-made pollution, which plays an important role in maintenance of organisms’
homeostasis. (10,11):

The main purpose of the given work was to study the peculiar features of frogs
(Pylophylax ridibundus) livers’ glandular cell nucleus and nucleolar (nucleolus ) DNA
quantity, mitotic activity, and the formation peculiarities of micronuclei in them, which
lives near Hrazdan rivers’ surrounding areas, characterized by different pollution
degrees. Micronuclei test is successfully used to test/assess the environmental harmful
impact. The micronuclei appear in cells from nuclear chromatin because of different
harmful impact, when the processes of spindle formation and chromosome segregation
are violated. These are the round chromatin structures detected during the interphase in
the cytoplasm of cells which arise from the parts of chromosomes. Micronuclei may
include complete chromosomes as well as its separate parts.

Materials and methods. Bacteria, bacterial growth, membrane vesicles. As a material for
given work were used 15 frogs with weight of 15-20 g belonging to Pylophylax ridibundus. The
frogs were euthanized, smears were prepared from their livers, which were put in ethyl alcohol for
30 minutes and were painted by Schiff solution according to Feulgen.

The DNA quantity in nuclei and in nucleolar was decided in conventional units in575 nm
wavelength conditions, by the cells commensurate method, on image trace analyzer which was
created on the basis of SMP 05 Microscope photometer (OPTION, Germany) and was connected
to the computer.

The quantity of DNA in nuclei and nucleolar was determined in each animals liver’s 100 cells.

The peripheral blood lymphocytes and diploid hepatocytes of frogs living near Argel
village were used as a DNA diploid standard.

On the basis of comparison of DNA quantity with standards the hepatocytes distribution
was established by the nuclei ploidy, the surface of nuclei and nucleolar, DNA mass and the
quantity of nucleolar was also determined.

The photometric examination of samples/micro-preparations revealed that the quantity of
DNA varies no more than of 10 percent.

Mitotic activity of hepatocytes was determined and number of hepatocytes with
micronuclei was counted on the micro-samples of liver.

The numerical data were developed by a computer program Statistica, the degree of
differences probability between the compared values was also determined.

Results and Discussion. Anthropogenic pollution of water creates extreme
conditions for living organisms. This creates an additional load on organisms and the
level of metabolism is changed. The liver cells play a vital role for preserving
homeostasis and providing desintoxication.

The data obtained in our study prove the fact of increase in relative liver weight
of frogs living in Hrazdan rivers’ surrounding area-villages Geghanist and Darbnik
described with the highest water pollution level [fig.1]. There are numerous data in
literature which show that the presence of toxic substances in environment cause an
increase in relative liver weight [8, 10]:

As it follows from the karyologic study a considerable role belongs to DNA
synthesis and the increase of mitotic activity. The data form tab. 2 show the increase of
nucleolar quantity in hepatocytes of frogs living in Hrazdan river’s surrounding areas
characterised by high level of pollution.

This indicates the activation of transcription processes in cells. Besides that in
livers of frogs living in points down the Arzni power station, where the waters of
Hrazdan river have medium pollution level, the percentage increase of hepatocytes
having nucleus DNA 3c hepatocytes quantity is observed (fig 2). We may assume that
these are the cells that are in S phase of cell cycle, in which a DNA synthesis occurs.
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Geghanist Darbnik ArzniHPS Argel Qaghsi

Fig. 1. The relative liver weight of frogs living in Hrazdan river.

Table 2. Nucleolar quantity in hepatocytes of frogs living in Hrazdan river’s surrounding areas

Observatory name | 0 nucleolus 1 nucleolus 2 nucleolus Averagg number of
nucleoli per nucleus
Argel village
Qaghsi village 36 62 2 0.7+0.05
Arzni HPS 29 65 6 0,8+0,05
Geghanist village 30 64 6 0.8+0.06
Darbnik village 30 62 8 0,8+0,06
N (%) ‘ NH)
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20 20
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Fig. 2. Ploidy distribution of nuclei in frog liver cells from Hrazdan rivers’ surrounding
areas, characterized by different pollution degrees

This assumption is also confirmed by the existence of high level of mitotic
activity of cells in the livers of frogs caught from these observatories ( tab. 3).

In comparison to the livers of frogs living near Argel village this indicator has
statistically significant difference.

In cases of extremely high doses of toxic substances disruptive factors prevail
over the protective mechanisms.

In rivers’ areas described with the highest pollution level the mitotic activity of
hepatocytes is smaller in comparison to the livers of frogs living in areas with medium
pollution status. Moreover in the livers of the frogs living in this observatories the
amount of cells containing micronuclei is statistically significant.
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Table 3. The mitotic activity of hepatocytes in livers of frogs living in different surrounding areas

of Hrazdan rivers observatories

Observatory name Mitotic activity (%o) p
Argel village 8.67 +£3.56
Qaghsi village 6.67 £1.47 p > 0.05
Arzni HPS 17.00 +£0.71 p <0.05
Geghanist village 14.67 + 8.89 p > 0.05
Darbnik village 6.67 +£2.86 p >0.05

Table 4. The quantity of cells containing micronuclei in livers of frogs living in different
observatory surrounding areas of Hrazdan river.

Observatory name M £ m, %0 P

Argel village 8.00+1.41

Qaghsi village 8.67 +2.68 p>0.05

Arzni HPS 7.00 £ 0.71 p>0.05

Geghanist village 16.00 +2.45 p <0.05
Darbnik village 15.67 £2.20 p <0.05

This fact illustrates that the normal mitotic process of separation in that cells is
destroyed.

Thus the data obtained come to witness the fact that in the livers of frogs which
live near Hrazdan river waters with medium or bad pollution status have acquired
adaptive, countervailing changes, which find their expression in proliferative activity of
cells, in activation of transcription processes and increase in body mass.

At the same time in areas described with the highest pollution — “bad” status/level
a disruption of normal mitotic separation process of cells is observed, the result of which
is the formation of micronuclei.

REFERENCES

1. Alshehri Mohammad A. Studies on Clastogenic Effects of Alberk Swamp Water , Australian
Journal of Basic and Applied Sciences, 12, 6, 303-307, 2012.

2. Carlos Alberto Machado Da Rocha. The Micronucleus Test in Erythrocytes of Amphibian
Larvae as Tool for Xenobiotic Exposure Risk Assessment: A Brief Review and an Example
Using Lithobates catesbeianus Exposed to Copper Sulphate, Middle-East Journal of Scientific
Research, 8, 1, 23-29, 2011.

3. Kamel Ahmad, Jaber Saleh. Clastogenic studies on Tandaha Dam water in Asser. J. Black Sea.
Mediterranean Environment. 16, 1, 33-42, 2010.

4. XKyxoe T.H., Ileckosa T.FO. Peaxiys KpoBH O€CXBOCTHIX aM(pHUOMII Ha NECTHUIHIHOE
3arpsisHeHHe. Dkonorus, 4, c. 282-292, 1999.

5. 3apunosa @.®. Ananuz mnonuMmopdusma momynsuuMu o3epHoil Jysirymku  Pelophylas
ridibunda Pallas, 1771 (Anura, Amphibia) B Pecny6nuke Bamkoprocran. COOpHHK
noknanoB  XVI  MexayHapoaHo HaydyHOH KOH(EpEHIMH CTYJEHTOB, AaCIHPAHTOB H
MOJIoIBIX yueHbIx “JlomoHocoB-2009”, M., MI'VY, 2009.

6. Kanawnuxosa M.M., @adeesa E.O. OcoOeHHOCTH yIbTPAaCTPYKTYpHI KIETOK MEYEeHH rpadei,
obHTaromMX B AKoNOrmYeckH HeOmarompusTHbeIXx 3oHax // W3sectms PAH. Cepust Gmoio-
ruyeckas, 2. ¢. 133-141, 2006.

49



A.V.GRIGORYAN

7. Muneesa O.B., Munees A.K. Hapymenns Mop(hoJIOTHH SPUTPOLUUTOB MeprupepuiecKoi KpOBH
o3éproit arymkn RANA RIDIBUNDA PALLAS, 1771, UncturyT 3konmoruu Bomkckoro
6acceiina PAH, r. Tonesrth, 2010.

8. Onenes I'B. Ilacuunux H.M. Dxonorndeckuil aHanu3 (GeHOMEHa THIIEPTPOGHU CENe3eHKH C
YUYETOM THIIOB OHTOTCHE3a IIMKIOMOP(HBIX TPhI3YHOB. DKojorus, 3, ¢. 208-219, 2003.

9. Pomanosa E.B. Ouenka rurorenerndeckoro romeocrasa Rana ridibunda Pall. Yisszosckoit
obnactu . CoopHuK cTynendeckux crateil “Ilepsbie maru B Hayky” c. 45-48, 2008-2009.

10. Cnupuna E.B. Mopdodusuonornueckue amanrtamuu Rana ridibunda Pall. mox snusiauem 3a-
rpsi3HeHHs. BecTHHK AnTaiickoro rocyIapcTBEHHOTO arpapHoro yHuBepcutera, 62, 12, 2009.

11. Hluwxuna JI.H., Mamepuii J1.J]., Kyoawesa A.I"., 3acopckas H.I'., Tackaee A.U. CTpyKTypHO-
(byHKIMOHATBHBIC HApYIICHUS B TICUYCHH JUKUX IPHI3YHOB U3 pallOHOB aBapuu Ha YepHOOBLIb-
ckoii ADC. Pagnoduomnorus, 32. Beim. 1., ¢. 19-29. 1992.

12.Environmental Impact Monitoring Center of the Ministry of Nature Protection of
Armenia. URL: http//www.armmonitoring.am, 2014,

Received on 25.07.2016

50



Lwjwunnwth Ghunnigynibbtph Ugquyht Uywnbdhw Lwjwunwoh YEtuwpwlwwb <wlnbu
HauuoHaAbHas Akasaemus Hayk ApMeHuu Buoaoruueckul XypHaAa ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

c®npéwpwpwlwl b nbuwlwl hnnuélbp «Ixcnepumenmanvhvle u meopemudeckue Cmampue
«Experimental and theoretical articless

3wjwuwnwlh YEuuwp. hwunku, 4(68), 2016

nrnsé 3U24ua3nts fnfUUSEUUYLENh GY EYNIUUUMUCAGrh
NSGLhNIE@3NILLE YURYUD YLRUUSh dNPNNIE@3UL
YuvhustunruuLGrhs

S. Jd.ULGReUUL3UL

33 QUU Pnruwpwlntpywl huuwnpwncn, Gpypwpniuwpwlncyuwl
U Eyninghwlwli phahninghuyh puidhl
taron.aleksanyan@gmail.com

QUwhwwnynwd £ Quigninh |Gnuwlgeh hwpwyhg nwpwédend hwgywagniin Eynhwdwywngbphg

dGyh yhdwih  thnihnfunipjwt hwjwbwywl  wanbgnipniup: Npwbu  Eynhwdwlwpgh  hunhlwwnnn
ncuntdUwuhpnigjwl opjEyin BU hwunhuwgtb] 33 wnpdhp gpend gpwugwé 11 pniuwnbuwyutp:
Pluwywl wwjdwultbph thnthnpuncentlp wju nGuwyubph hwdwn dnnGuwdnnpdtp B YeLluwyhdwjwywu
dnnblubph dhgngnd, npintin ogunwgnpdyt £ yihdwih thnthnfuniejwl Juunwwnbuwywl ugsuwpubpp:

Eynhwdwlwnq — hwqywaqnun inGuwubn — Yihdwyh thnihnfuncynil —
yeluwyhdwywluwl dnnbiutn — 33 Ywndhn ghpe

O1eHEHO BEpOSTHOE BIMSHHE MPOTHO3WPYEMOTO0 M3MEHEHHWS KIMMara Ha OJHY M3 PEIKHX
JKOCHUCTEM ApMEHUH, pacnonoxeHHyto Ha [llupakckom xpedte 0113 [Ixamkypckoro nepesana. B ka-
YeCTBE MHIMKATOPOB M3MEHEHHUSI SKOCHUCTEMbI ObUTH UCCIIEeIOBaHbI 11 BUAOB pacTeHUH, BKIIOYSHHBIX
B Kpacnyro xaury Apmennn. M3mMeHeHHe NpUpPOIHBIX YCIOBHH MOAEIHPOBAIOCH C OMOIIBIO OMO-
KITUMAaTHYECKUX MOJIENIEH ¢ IECCHMUCTHYSCKUMU CIICHAPHAMHU U3MEHEHUS KITMMaTa.

Dkocucmema — peoxue 8Udbl — USMEHEHUe KIUMama —
buoxnumamuyeckue mooenu — Kpacnas knuea Apmenuu

In the article possible impact of climate change on one of important ecosystem of Armenia,
which is located near the Jajur pass was presented. 11 plant species included in the Red Data Book of
Armenia as indicators of ecosystem condition were investigated. In order to understand climate
change impact on these species suitability bioclimatic models with pessimistic scenarios of future
climate change were applyied.

Ecosystem — Rare species — Climate Change — Bioclimatic models — Red Book of Armenia

Gnyph Yihdwl wwpdwuwdnpgwé £ pupn plwywl wywjdwuutph hwdwihp wgnbgnt-
pjwdp: UwpnnL gnpéniubniejwl wpryniupnd yGpghtu tnwulwidjwyubpnud uywwnynud £
yihdwih thnthnfunipjwu nbdwbph wpwqugnd, npu £ hp hGpphu wgnnwd £ puwywu
Eynhwdwywpagbph ypw [9, 12]:

Whiwwnwupnd ncuncduwuppdb) £ Yyihdwih ginpw) wignbgnipjwl hGnlwueny (nYuwy
puwywl Jh Ywplnpwgnyl  Eynhwdwywpgh hwywlwywl thnthnfunweniup:  Nwuncd-
Uwuppnigjwl UG UGpwndG, GU 3wjwunwuh Ywpdhp gppnd pungpyywéd W Jdhlungu
Eynhwdwywpgnud wénn 11 pniuwnbuwyubn: Wu pniuwnbuwyutpp nuncduwuhpdbp GU pun
Uhdwih thnthnfuniejwl  Jwunwwnbuwywu  ugBuwph (RCP  8.5), npwntn UYhpwndbp Gu
nbuwyubph wwpwédwu dnnGlubpp: Qwgninh  nGhyunwihtu  wwthwuwnwup guuynd E
Chpwyh dhahyww2iuwphwgpwywl 2pgwund, Shpwyh (Gruwznpwih hwpwdwihu jwlgh
Qugntnh [EnUwlgph Unwn:
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Qw Gquyh Eynhwdwywpg £ Iwjwunnwlh hwdwnp, nph WdwuuGpp hwunhwnwd Gu
Quwywpupnid, Unylwuh hjnupu — wpldnwinpned W Appdned: Wunkn nGihedph dhghu Uhop
Juwaund E dnuin 2150 J: Quegninh nGhyunwht nwithwunwup UGpluywgywéd E nputu
hwqywagjnn pneuwwnbuwyutn UGpwnnn Jh yuplnpwagnyu Eynhwdwywpag, npp pungpyywé
E Swjwunwluh jwihwqwug hwgyuagniin puwydhpwywjputnh gwuynud — F2.33711-AM [4]:
Wjuntn pudwulwpwhu epyuwjwgywd Bu inwthwunwlwihb hwindwdltp, nwthwunwuwihu
pthnuinubn b pwpwgpnuwihu watwywyptn: Swihwunwlwihu pthnnubphg fjungnp fudpw-
ynpnudutp BU wnwgwglnid Spiraea crenata L. W Spiraea hypericifolia L., tnnwithwuwnwUwihu
hwwnywéutpnud Uspywyndu gbpwpnnid Bu Agropyron imbricatum Roem. et Schult., Koeleria
macrantha (Ledeb.) Schult., Festuca valesiaca Gaudin W ng U6 fudpwynpnidutpny hwunhwned £
Stipa pulcherrima K.Koch: Wjuintn wénwd 6U 11 hwgqywgjnn W Junnwugywé pniuwnBuwyutn,
npnup pungpywéd Bu Iwjwuwnwuh Ywpdhp gpend [17]: Sunphhy wju hwgywgjniin W
Euntuhy wnGuwyubph wnywjniejwup W Eynhwdwywngh hwqywagniin |hubinlu, niuncduw-
uhpynn nwnwéep wnwlduwunid E npwbu juplenpwgnuu pncuwpwlwywl inwpwée [3]: Wu
wnwewpydnwd £ npwtu Eyninghwywl «EdGpwin» gwugh wnwnpwée [6]: Utlp Gupwnpnud
Gup, np wju wnbuwyutph wuhGuwgnudp Ywd npwug UGpYwjwgywéniejwl hwpwpbpwy-
gniejwl  thnthnfunieintlp YwnwowgUh  Eynhwdwywngh  hGppwihnpund wy,  Eynhwdw-
Ywpagny: Y hdwh thnthntuniejwl wabgnieintup Eynhwdwywnagh ypw wywpgbint bwwwnwyny
ncuntdUwuhnyt) BU hGunwepennie)nu UepYwjwgunn ncpwewlgnip 11 pniuwnGuwyutnp:

Ynipe W dGpnn: Utp hGunwgnnniejwl Ut Ubkpwnyb GU hbunlyw) tnGuwyutpp.

Asphodeline taurica (Pall.) Kunth — yunnwugqwé (EN) wnbuwy £, Iwjwuwnwuncd hwunhwned E Gh-
pwyh W Lnnnt $inphunhlywlwl ppgwiiibpnud ($&): Paracaryum laxiflorum Trautv. — Ynhinhywywu (CR)
yhdwynd gunuynn ntuwy £, 33-nud hwunhwnwd £ Jhwju Shpwyh $&-nud: Tragopogon armeniacus
Kuthath. — quwugqwé (EN) nbuwy E, hwunhuwunid £ 3wjwuwnwuh Euntuhy, hwjnuh £ Shpwyh $&-hg:
Rhaponticoides tamanianae (Agababian) Agababian et Greuter — Ynhunhywywu (CR) dhGwynid gunuynn
wnbuwy E, hwunhuwunwd £ 3wjwuwnwuh EunGuhy, hwunhwnwd £ Shpwyh W Ywpbntghup $&-nud: Allium
struzlianum Ogan. — fungtih (VU) yhdwyncd gunuynn nbuwy E, hwunhuwunwd £ 3wjwunwUh EunGuhy,
nwpwsdywsé £ Shpwyh W Gpliwuh $&- nud: Allium rupestre  Steven — fungtith (VU) dh6wyncd gunuynn,
wnbuwy E, 3wjwunwuntd hwjintph weGwywyptpu Gu vEphu Wpunepjwuh W Shpwyh $&-utpp: Allium
oltense Grossh. — Jwwugqwé (EN) wnbuwy E, Iwjwunwund tnwpwédywsd £ Shpwyh, Uwwpwuh W
Epllwuh $&-nwd: Hedysarum elegans Boiss. et Huet — yunwugywé (EN) wnbuwy E, hwjunup £ Shpwyh W
Awntbntghuh $&-hg: Asperula affinis Boiss. et Huet — Jnnwugywé (EN) inGuwy E, hwunhwnud £ Jdbphu
Uhuntpjwuh W Shpwyh d&-nwd:Valeriana eriophylla (Ledeb.) Utkin — Juwugqwé (EN) wnbuwy E,
Jwjwunwuh nwpwédentd hwunhwned £ Ybphu Uunepjwup W Shpwyh $&-nwd: Rhaponticoides hajastana
(Tzvelev) Agababian et Greuter — Junwugywé (EN) wnbuwy E, hwunhuwunwd £ 3wjwuwnwuh Euntuny,
hwjwinuh £ Jhwju Shpwyh $&-nLd [171:

Ubpyw YELuwl hduwywlwl ingjugbn

dwdwlwywyhg Yihdwjwywl nguiubpp unwgyty b WorldClim gqinpwi Ysuuwyhdwjwywlu
pwquwyjhg [20], npnug nwnpwéwywu ndwswihp Yuagdnd £ 1 Yd: I6nwqw yepinedniejwl hwdwn ginpup
Swéynyph nywiutpp yepwdpwyyt Bu ArcGIS 10.1 dpwagnh dhengny:

Uwwaqw YELuwlhdwywuwl ingjuglbn

Gwnwgnnynn hwqywgjnin inbuwyutph Uwwuwnwynpn wwydwlubpny tnwpwépubpu npntinc
hwdwnp JdGp Ynnuhg oguwgnpéyt) U JpUninpinh punhwuncp ppgwilwnnigjwl Unnbjubphg (UCCU)
snpuhg unwgywé nyjuutp (CCSM4, GISS-E2-R, HadGEM2-A0 W GFDL-CM3) [12]: Whuwwnwlpnid
Ubpwnyt) BU Yihdwih thnthnfuniejwl Jwwnwgnuu ugtuwnh (RCP 8,5) wnjwiutipp: Oguwagnpdty up
2041-2060 pp. W 2061-2080 pR.yELUWYHUWWHWU wgwutpp [20]: UCCU  puwnpnieniup
wuwdwuwynnpjwsé £ wju Gupwnpnipjwdp, np Upwue Jhdjwlg UJwndwdp nlubu Uh pwpe pwlwywywl
U npwywywu tnwnppBpniejncultp [12]:

L&nUwagpwlwl U Enwdhly ingjugubn

LenUwgpwywl ngjuiubpp unnwgdt) Bu NASA-h W METI-h  hwdwwnbn Jwydwsd Unp nbhedh
pUwihu Jnnblh (DEM) Jbpniéniejwu wprynitupned [19]: NEhGDh pywihU Unnbihg uinwgdt Bu
Ynnuuwnnnipentlltph tnuiubpp: Innuiswédyh W jwunpwdnutbph nwpwédwywu nywiutpp ytpgyt) Gu
Swjywywt UUR wwnjwuhg [2], npnue pqwijuwgyt) W 6agnnytl U GIS hwdwywpgnid:

SGuwlubph tnwpwédwl Unn&iubn

Stuwyutph nwpwsddwu Unnbiubpp hwnywwbu oginwlwn «gnpdhpubip» BU nwpabp hwunny
wwhwwuynn wnwpwéplbph junwywpdwl, hwgqunbw W wuhGuwgnn nGuwyubph wwhwwudwlu
hwdwp: Ywup uplnp Lywlwynee)ntt BU nllbgbp bwle Eyninghwywl wdwhinnenwgh neuncduwupp-
Jwu W yhdwyh thnithnpuncpjwlu hGnbwupny plwlywl wywdwulutnh hwjwuwywlu thnthnpuntpjwl nLuncd-
UwuhpniejwU hwpgtnned:
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Whuwwnwupntd oginwgnpéyby £ R dpwgpwiynpdwu (Gqunid [15] huinbgndwé biomod 2 thwebiep
[18]: Stuwyutph wnwpwddwl dnnbiubphg puwnpyt) U Generalized Boosted Regression Models (GBR)
[16], Breiman and Cutler's random forests for classification and regression (RF) [7], Multivariate Adaptive
Regression Splines (MARS) [10] U Maximum Entropy (MAXENT) [14]: NtuntdUwuhpdnn tinwpwéenid
wjn Unnblubph wpnyniuwydGunneiniup wwwgnegytby £ wybih qun hpwwnwpwyjwsé wpuwnwupubpnid
[1, 5] Stuwyubph wwpwédwl Unnblubph hhdpnd puywéd b Iwpshuunuh EYninghwywu  funpph
gqunuwthwpp [8, T1]:

Upnyniupubipn W pulwpyncd: NeuncdUwuppynn ULCU wnyjwibtnh hwdtdwiinnegincu

Stuwyutph nwpwédwu Unnbubpnd YpYuwyh wgnbgnieintt ntubgnn nywiubph
wnywjnipintup pwgwntint bywwnwyny Mhpunup Ynnbywghwing hwpdwnyybp £ jpcpwpwu-
gnip thnthnpuwywuh YnnGywghwih gnpéwyhgp duwgwé thnihnpuwywuutph hGwn: Unnb-
(wynpdwl JGg oqunwgnnédyt) Gu vhwju 0,7 L gwdp Ynnbywghnu gnpdwyhg niubgnn wndjwi-
utpp:

= 1950-2000

120 — T 1 B CCSM+4 2041-2060
GFDL 2041-2060
70 — —— S GISS 2041-2060
HadGEM 2041-2060
20 = - - ~ W CCSM42061-2080
B GFDL 2061-2080
-3.0 m GISS 2061-2080
B HadGEM 2061-2080
-8.0

Swpklwi uhehla Uhghli wfuwljmui hanphpd Snipwn wdudw
stpUwuwnhawi phpwgp ujwqugnyi pkpUmunhgwih

LY. 1. 26pdwunhdwuwihu thnthnfuwywultpp pun Uunpdwih W UCEU-h thnthnfuntejwu
2041-2060 pr.Ww 2061-2080 Rl

Pninn Yhdwjwywtu Unnbiubph Jbpnedniejuwt wpnyniupnd wyuhwyn Bplencd £, np
2041-2060 e . 2061-2080 e . Uhghl tnwptywu stpdwuwnhdwln wénwd £, nnnughg wnwyb|
Jdté wpdtpubp nlubl GFDL W HadGEM uJnnbjutpp: Uhghu optlwu gbpdwunhtwuh
wnwppGpnuenluuGph  thnthnpunweintup  punpywé  UnnGluGpnud UngyUuwtu widkp £ Jhghunod
Unpdwjh LUywwndwdp 0,6°C 2041-2060 3. -hu L 1°C 2061-2080 fers-hu (LY. 1):

Cuwnn Yihdwjwywl unnGlutph juwupuwwntuynn JpUuninpunwihl inGnnidubpp wuhwdwubn
GU thnithnfugnud: Wuwnbn UnnGluGphg Gnyniup gnuyg Gu wnwihu, np dwdwuwyh pupwgenid
inGnnudutpp Ljwaned Bu, Uhugntn djinwu Gpyncup gpwilignud BU JUninpuwghu inGnnudutph wé
uy. 2x.

600.0

= 1950-2000

B CCSM# 2041-2060
GFDL 2041-2060
GISS 2041-2060

500.0 }7

400.0

300.0

HadGEM 2041-2060
W CCSM4 2061-2080
B GFDL 2061-2080
m GISS 2061-2080
W HadGEM 2061-2080

200.0

100.0 J

0.0

Uhght wnwpkiwh nknnudukp Sknnudubpp gnipn ukqnihia

LY. 2. Uplnnpuwiht inknnwdutph thnthnfuntejniup puin unpdwjh W UCEU-h 204 1-2060 .
W 2061-2080 e .-hu:

NAruntduwuppynn mbuwlutpp uupuwwnbuynn pwpElwywun gninphutp

Auncduwuppynn jnupwpwlgnep 11 wnGuwyh hwdwn hwqwnyytp 6u inGuwyutph
nwpwsddwlu dnnbjutn: Unnigdwu gnpéwyhgutph Jvhengny Unnbiubphg unwgywé nydjwi-
utpp pbnpytp U hwjwuwpwypnywéd wuuwdpiwihu dhehup [13]:

Wuuwdpiwihu inuiubphg unwgyt) £ jncpwpwugnip inGuwyh hwdwn UGpYw W wwyw-
qw puwynijwl pwntUwywuwn tnwpwdputph pwhujwédnienilup, npnup pwdwuyty Bu 1 x 1 yd
pwjny:
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Wjuwintn jncpwpwlgnip Y punipwagnnud £ hwqywgjnun inGuwyutph pwwyp 1 uu2
wnwpwopnd:  1950-2000 pe. wnywuutph  hwdwéwju, nwunctdUwuppynn  wnwpwéph
hwpwywjhu W hwpwy-wplednywu hwnywéned hGnwgningnn inGuwyuGph hwdwn wnlw Gu
hwdtdwwnwpwn pwpBuwywuwn ywydwuuGp Y. 3):

® o
‘(:3 Jajur
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LY. 3.36wnwagnunynn inbuwyubph nwpwédwl upubdwl neuncduuhpynn tnwpwépnid
(1950-2000 pre.)

CCSM4-ny hwpqwpyqwséd inbuwyubph nmwpwédwu unntiubpp npn2 wuhwdwuwwwnwu-
fuwunLpyniultp U gnyg wwihu. bwhu pwpbUwwun gninpubpp Quigninh tnwipwéph hwpwy
W hwpwy-wpldwnjwl nnnniejnillGpny wwhwwuynud GU, wjunthGunle nwpwytbpghU wju
yuntGnwihnpuytt  hwpwdwhu  ninnnepjudp W Yuyudh pwpbUwywun gnunhutph
nGnwpw2huncd, npp Yuwuywétih £ Eynhwdwyuwpgnd Wwlwwnhy wpwg puwywl wwy-
dJwuubph thnthnpuniejntlp phy hwywuwywl E: Cunn GISS UCCU-hg utnwgwd ngjuubph
Quwontnnud  nhunynwd B Swjwuwnnwuh  Ywpdhp  gppwihu - wnGuwyutGph  puwynipjwlu
wuwdwuubph Jwunwgnid, Uwpu 2041-2060 pfe., wjunthGinnle win Jhnnwdp Yawpniuwydh
Uhusle 2061-2080 e :

Cuwn HadGEM UCSU-h hwpywnyutph 2041-2060 pr. wtuwyutph wwywgw nwpwé-
Jwu wprynituputpp Unpdwynd wju inGuwyutph pwpiujwédnijwl funneejwl wpnyntuputnhg
sUshu  wwppbpnugjwdp  pwpép  Bu: buswbu  GISS-p, wjuwtu £ HadGEM UCSU-h
Jwupuwwnbudwlu wpnyntuplbpp hwdpuyund Bu pE sEpdwuwnmhdwuh W G JpUninpuwihu
wnbnnudubph Uphly wydd Gnwé dpunwnhunwpydwl hbn: Uwywiu wju Yihdwjwywu dnnbih
Uhgngnd nuntdUwuhpdnn inGuwyubph nwpwédwl ndjuiutpp GISS dnnbih hwdbdwin
wdGlh  (wjwwbuwywl BU: Uuhwdwwwwwuluwuniejntllbpp J66 Bu GFDL  UCCU-h
Uhgngny uwnnwgywdé  nuntduwuppynn  wnGuwyubph  wwpwédwl  indjuiubpnud:  Wuinbn
nuntdUwuhpynn nGuwyubph pwuwyp JdGdwunwd £ 2041-2060 pRE.-hu, wjunthGnle wju
agntreb thnthnfunienlu sh Ynnd 2061-2080 pre-.:

NruntdUwupnGiny JpUninpinh punhwunip 2ppwbwnenigjwl W inGuwyubph tnwpwé-
Jwu JnnGlutph wpnniupUtbpp, JGup wnwyb, Uywwwlwhwnpdwn Gup quund Qugninh
nGhywnwiht tnwthwunwund W Upw 2ppwlwencd Iwjwunwuh Ywndhp gpenwd pungpyywé
nGuwyubph wwwaow pw2iujwéniejwlU  thnthnpuniintup nhuwpyt, hwdwawu GISS L
HadGEM unnt&jutph:

1.CCSM4 W GFDL unnblutph jwupuwwnbudwU wndjwiutpp, hwnywwbu dunnpuw-
Jhu wGnnwdutph thnthnfuntpjwu purwgentd, s6U hwdwwwwnwupuwuntd Uhtg wjdd Yuwnwp-
Jwd unwnhinwnydwl ngjuubph htwn:

2.61uGIny Upwuhg, np Eynhwdwywpgnd puwywu wwjdwuutph thnthnfunieiniup pb-
pnud £ npw dLwihnfudwl, hUgp pwgwuwlwl  Juwunpuwnwrbw  wjn  Eynhwdwywngnd
qunuynn inbuwyutph Yypw, nddwp rt Yhdwih thnthnfunitfuniejwl wpryntupnd J6p ynnuhg
nuntdUwuhpynn inGuwyutph hwdwp Jhwuqwdhg Uywuwnwynn wywjdwultn unbndytu:

3.GBR, RF, MARS W MAXENT wbtuwyutph wwpwédwl dnnblutph wndjwiubpnud
GISS L HadGEM Yhdwjwywl UnnGluGpu nlubgt) GU wnwdb) 62gnhin mwnpwédywénie)nil,
npUu ntuncdUwuhpybl £ pnpnp 11 tnnGuwyutph hwdwin:
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GISS GISS
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HadGEM HadGEM
2041-2060 2061-2080

GFDL GFDL
2041-2060 2061-2080

UY.4.2041-2060 ppr.W 2061-2080 pe . ntuntduwuhpynn wntuwyutbnph pwpbUwywuwn wakwywpny
gnwnhubpp, puinn CCSM4, GISS, HadGEM W GFDL JpUninpuinh punhwuntp 2ngwlwnniejwu dnnGih:

Uwywju wyu UCEU-h vhongny hwpywnywéd nbuwyutph hwdwnp wwywagwnd pluw-
ynpjwl wwydwlubpp Yywwnwuwl, npu £ hp wudhswywu wgnbgnipyntup ynctuGUw Eynhw-
Jwywpagh hGppwhnudwU Yud nguswgdwl gnpéncd:
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MATRILINEAL GENETIC STRUCTURE
OF ARMENIANS OF ARTSAKH
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The Armenians living in Artsakh, a landlocked region in the South Caucasus, are
characterized by strong and distinct national identity. The genetic legacy of this geographic group
is of particular scientific interest due to its reproductive isolation during many centuries. However,
there is no comprehensive study of matrilineal genetic variation of the Artsakh population so far.
Here, we have analyzed the high resolution mitochondrial DNA typing data of 44 unrelated males
from Artsakh and compared it with those of other neighboring Armenian and non-Armenian
populations. The results indicate that matrilinear gene pool of the Artsakh population
predominantly comprises the European lineages, while only weak traces of Central Asian genetic
influence were detected. In addition, along with other Armenian geographic groups, the Armenians
of Artsakh has close genetic affinity to the Near Eastern populations.

Artsakh Armenians — mtDNA — population genetics

Upgwfuntd, Iwpwywjhu Undywuh |Gruwjhu ppgwlncd, puwyynn hwjtpp, punipwanpdnid Gu
hunwy wpunwhwjnywéd wqgwiht hupuniejwdp: SYjw) whuwphwapwywl fudph gBUGnhywywu
Ywnnigdwédph ncuntdbwuhpniejniup pwgdwnuwnwl JEyntuwgdwl ywwntwnny wnwgwgunud £ JG6
ghinwywl hGwnwepepnieinit: Uwywju, Jhtug opu wdpnnonipjwdp  nuuncdUwuhpgwéd £ ndjwg
wnwnrjwghwih Jwjpwadwihu geuGnhyuywl pwquwquwunieiniup: Wuwntn Jeup Jbpinwstp Gup
Upgwhunid puwyynn 44 hwjpwywu gény ng wagwyhg wnnwdwpnyuwug vhinnpnunphndwjhtu Yufe-h
gbUwwnhwwynpdwl wpnniupltpp W hwdGdwnbp npwup hwjywywl W wnwpwdwnppwuh  wyy
wnunrywghwutph  hwdwwwwnwupuwl  nduubph  htwn: Unwgdwsd  wpnjniuplbph  hwdwawju
Upgwiuh wnwnijwghwih dwjpwadwiht gtundnunh gepwiznnn dwup pwnyugwsd b Gypnywywl
hwuwnfudptinhg, npw htwn JGYwntn Yeuinpnuwuhwywlu gEuGinhywywu hbwnetpp gpbret pwgwywinid
GU: Pwgh wn, hwytph w) wpuwphwapwywl fudptph hGwn JGYwntn, Upgwhuh wnwniywghwl ntuph
gbUGnhywywl wyuhwyn Udwunceintu depdwynpwplibywl ErUpywywu fudptph htwn:

Ungwfuh hwybnp — Upuinnenunphnidwyghl Y6 — wnwneyjwghnl qGUutiinhyw

ApwmsiHe Apuaxa, ropHoro peruona Ha FOxHom KaBkase, xapakrepu3yroTcs BbIpaXKeHHOH
HAIlMOHATIBHOU MJCHTHYHOCTBI0. MHOTOBEKOBas U30JIAIMS NaHHOM reorpaduuecKoil rpymbl Bbl-
3bIBaET NMPHUCTAIbHBIN HAYUYHBIH HHTEPEC K U3YUYECHUIO €€ MOMYJISIUUOHHON CTPYKTYpbl. OJIHAKO 10
HACTOSILLIEr0 BPEMEHH OTCYTCTBYIOT AJOCTATOYHO MOJIHbIE CBEIEHHS O MaTPUIMHEIHOM COCTaBIIsAIO-
el ee reHopoHaa. Mbl NpoaHATM3UPOBATIM Pe3yJbTaThl BHICOKOPA3PELIAIOLIEr0 M€HOTUIIHPO-
BaHus MutoxonapuanbHoit JJHK y 44 He poICTBEHHBIX MO OTLOBCKON JTMHUU MY>KYWH, )KATENEH
Apuaxa, 1 CpaBHWIN UX C COOTBETCTBYIOIINMH JAaHHBIMH 110 OCTAIBHBIM reorpauieckum rpyI-
maMm apMsiH W JPYTUX MOMmyJsiuii pernoHa. [loyueHHble pe3yJsibTaThl BBHISIBHJIM, 4TO OOJbIIAs
YacTh MAaTPWIMHEHHOro TreHo(oHIa MOMmyNsuuu Apliaxa NpeiCTaBlieHa eBPOMEHCKHMMHU Taruio
rpynrnaMu, B TO BpeMsl KaK LEHTpPalbHOA3UATCKHE POJOCIOBHBIC MPAKTHUYECKH OTCYTCTBYIOT B
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HeM. Kpome Toro, Hapsiay ¢ ApyruMH reorpaguuecKUMU IpyInamMy apMsiH, kKapadaxckasi MomyJis-
LIS XapaKTEePU3yeTCs] BEIPAKEHHBIM T'€HETUYECKHM CXOJCTBOM C 3THHYECKUMHM Ipynmnamu bimx-
Hero Bocrtoka.

Apmsine Apyaxa — mumoxonopuanvras [JHK — nonynisyuonnas cenemuxa

The origin of the population of Artsakh is among primary issues in the Armenian
studies and remains the subject of intensive debates for scholars of various disciplines.
According to the historical records, Artsakh was a part of the Greater Armenia and played
an important role in its administrative and cultural life [1, 2]. The region has its specific
background and peculiarities, being separated from the entire Armenia since the beginning
of V century AD with the preservation of unique ethno-national identity of the population.

The paucity of unequivocal linguistic, historical and archaeological data
necessitates the use of more sensitive and objective approaches to reconstruct the history of
this population. With the recent rapid development of molecular techniques, genetic studies
have been extensively applied to shed light on the genetic roots of Armenians from
Artsakh. Here, we have analyzed high resolution mitochondrial data and compared the
output with comparative datasets of other Armenian and neighboring populations from the
region.

Materials and methods. DNA samples from 44 unrelated individuals, whose ancestors
inhabited Artsakh region at least on the grandmother level, were collected and further typed for
mtDNA HVSI region. Additionally, for the analysis we used unpublished data of Armenians
representing different regions within the Armenian Highland: Salmast (n=200), central (n=85) and
western parts of the plateau (n=44). Our Armenian samples were compared with those of other ethnic
groups — Libyans (n=30), Tunisians (n=160), Syrians (n=230), Lebanese (n=970), Palestinians
(n=120) [3], Ashkenazi-Jews (n=583) [4], Chechens (n=176), Ingushs (n=103), Dargins (n=110)
[17], Georgians (n=104) [12, 15], Turks (n=104) [13, 15], Iranians (n=181) [6], Austrians (n=187),
Germans (n=527), Scottish (n=891) [11], Mongols (n=47), Buryats (n=295) [5].

Fsr genetic distances based on mtDNA haplogroup frequency data were assessed using
Arlequin v.3.5 package [8]. Principal Coordinate Analysis (PCA) was performed on similarity
matrices calculated as one minus genetic distance using Genstat software [16]. To assess the
summary statistics and gene diversity parameters of the samples, we have converted mtDNA
haplotypes obtained by RFLP into mtDNA HVRI sequences from 16024-16400 b.p. positions by
Haplosearch [10]. The mtDNA HVRI sequences were aligned with rCRS by multiple sequence
alignment tool MUSCLE [7] and further were used to calculate basic parameters of genetic diversity
of studied populations using the DnaSP v.5 software package [12].

Results and Discussion. The analysis of mitochondrial haplogroup distribution
(fig.1) demonstrates the prevalence of the H, U, T and J lineages, together accounting for
69% of the sampled group. According to the geographic distribution, these lineages are
considered as the European ones since these are found at very high proportions in the West
European ethnic groups. Specifically, haplogroup H, which supposed to be originated in
West Asia ca. 20-25 kya [9], is a modal matrilineal lineage in all Armenian populations.
Notable, Central and Eastern Asian haplogroups, namely the lineages A, B, C, D, F, G, M
and N, are not common in all Armenian populations and their aggregate frequency
encompasses less than 6%.

In the Armenian samples from Artsakh, 38 different haplotypes, 58 segregating
sites with total number of 58 mutations were observed. Highly negative value of Tajima’s
D parameter indicates the probable recent population expansion or the presence of
purifying selection of some variable sites in the Armenian population. On the contrast to
the Y chromosomal data [14], the gene diversity pattern in the population of Artsakh is
among the highest ones in the region, indicating the absence of reproductive isolation for
women.
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Population
CA  Artsakh Salmast WA
Haplogroups (0—85) (n=i4) (n=200) (n=44)

A - N N
B - - - -
c . " 0.010 "
D - . 0.010 .
F - - - -
G - - - -
H 0212 0227 0295 0205
HV 0082 0068 0073 0114
I 0.024 - 0.010  0.045
I 0106 014 0150 0130
K 0058 0091 0045 0023
L 0.012 X R X
M 0.012 . . .
N 047 0023 0030 0114
R 0.047 . 0.010  0.023
T 0165 018 0110 0136
U 0200 0205 0163 0139
v - - 0.003 -
w . 0.068 00350 0023
X 0035 0023 0033 -

Fig.1. mtDNA haplogroup composition of the Armenian populations studied.

(WA — Western Armenia, CA — Central Armenia).

To visualize genetic affinity between the populations studied, we have performed
principal coordinate analysis based on the values of Fsr genetic distance (fig. 2). The
results reveal strong regional clustering with the separation of African, East Asian,
European and Middle Eastern/Caucasus clusters. Within the PCA plot, Armenians are
appeared to be close to the populations from the Levant, indicating the genetic proximity of

these groups.

0.35 4
03 - Tunisia
@ Libya
0.25 - v
0.2
0.15 -
0.1 4 Austria @ Buryats
° Germany Y
0.05 - .. Palestine @ Mongolia
Scotland ®
0 Lebanen ® Syria
sal @ Ash.Jews
almast
0.05 | @ Artsakh ‘
ran
o0
o1 - Chechens @ CA! WA
Dargin @ Y
@Georgia
-0.15 - Turkey Ingush
-0.2 T T T T T T T T
-0.35 -0.25 -0.15 -0.05 0.05 0.15 0.25 0.35 0.45

Fig.2. Principal coordinates plots (first two axes) based on Fsr values calculated

from mtDNA haplogroup frequency data.

On the whole, matrilinear genetic structure of the population of Artsakh is
characterized with high genetic diversity pattern. Studies based on both uniparentally

transmitted genetic markers demonstrate close affinity of all Armenian and Near Eastern
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populations. Further studies with sufficiently large sample sizes from the Artsakh region
and using genome-wide data should provide further insights into the genetic peculiarities
of the population.
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IpuBeneHo MopdosornuecKkoe OIMCaHWE 30JI0THCTON IumoBku Sabanejewia aurata,
BIIEpBBIC OOHApYXXEHHOW B p. ArcrteB. [IpeanokeHbl peKOMEHJAalMM IO ee OXpaHe M Ompele-
JIEHUIO OXPAHHOTO CTaTyca.

3oromucmasn wunoska — Sabanejewia aurata — mopgonocuueckue npusnaxu — p. Aecmes

Lywpwgpywséd E Unuinle gbinnd wnwpht wuqud  hwyjinbwptpdwéd nuybgnuu swywuh
Sabanejewia aurata dlLwpwlwywl wnwldUwhwwnynieintutpp: Unwewnyywd BU Gpwpuwynpnt-
rjnLUUGP Upw wwhwwuniejwl, hUswtu bwl ywhwwUnipjwl Ywpgwyhdwyp npnpGine hwdwp:

Nulbgnuyl swiwl — Sabanejewia aurata — dlwpwliwlwl hunluwuppubn — Ununle gtun

The research of the morphological features of Golden spiny loach Sabanejewia aurata
found for the first time in Aghstev river was done. The recommendations for its protection and
determination of its protection status were purposed.

Golden spiny loach — Sabanejewia aurata — morphological characteristics — Aghstev river

B mocienHue ToApl MHTEHCHBHO M3ydYaeTcs HaMH MXTHO(ayHa p. ArcreB, rie
NPOJI0JDKACTCS OOHAPY)KEHNE HOBBIX IS TAHHOH peku BuaoB pui0. Tak, ecian JaauksH
[7] mst p. Arcres mpuBoauT 7 BHIOB pBIO — pyubeBas Gopens Salmo trutta fario L., kac-
muiickuit Tocock Salmo caspius Kessler, 1877, kypunckas xpamynbs Capoeta capoeta
capoeta (Giildenstadt, 1773), kypunckwuii ycau Barbus lacerta De Filippi, 1865, kaBkas-
ckuii romasnb Squalius orientalis Heckel, 1847, kypunckas yxieiika Alburnus filippii
Kessler, 1877, Boctounas Gsictpstika Alburnoides eichwaldii (De Filippi, 1863), To B
HacTosllee BpeMsi HAMU OOHapy)KEHbI CIEIYIOlIne BUABL pydbeBas (opesb, KypuH-
CKHIi ycady, KABKa3CKHH TOJaBlb, KypHHCKas U 3akaBkasckas Alburnus hohenackeri
Kessler, 1877 yxieiiku, BOCcTO4Has OBICTpsiHKA, KypHHCKas u ceBaHckas Capoeta
sevangi De Filippi, 1865 xpamymu, mypua Luciobarbus mursa (Giildenstadt, 1773), ky-
punckuii ronerr Oxynoemacheilus brandtii (Kessler, 1877), cepeopsinslii kapacs Caras-
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sius gibelio (Bloch, 1782), amypckuit uebagok Pseudorasbora parva Temminck &
Schlegel, 1846, xapn Cyprinus carpio Linnaeus, 1758, paxyxHas dopens Parasalmo
mykiss (Walbaum, 1792) [3, 10, 11, 12, 13].

HeoxxunaHHOCTBIO IUI HAC OKA3aJlaCh IIOMMKA IOJIOBO3PETION CaMKHU 30JI0TUCTON
munoBku Sabanejewia aurata (De Filippi, 1863) u3 umxkuero teuenust p. Arcres. Co-
[JIACHO JINTEPATypHBIM JaHHBIM [7, 16], 3Ta pbiOa, 3a HCKIIOYEHHEM TPUTOKOB 03. Ce-
BaH, paclpoCTpaHEHa IOYTH BO BCeX peKax APMEHHM, HO PEIKO BCTpedacTcsl U3-3a
CKpBITOr0 00pa3a >xu3Hu. OIHAKO HEKOTOpbIe aBTOPHI OTMEYAIOT TOJBKO €AMHHUYHBIE
MOMMKHU JaHHOTO BHUJA U3 OTAEIbHBIX MecTooOMTaHUH B Apmenuu. Tak, 3010THCTas
IIUITOBKA yKa3bIBaCTCs TONBKO s p. Menamop y ¢. Taponuk (3eiiBa) [4, 8], p. Apakc y
ycThs p. Akepsl [9], pp. Apakc u AxypsiH y ¢. Epannamar [9, 10].

300THCTAs IUITOBKA, KaK MCYE3aI0MINI 1 HEJJOCTATOYHO N3yYEeHHBIN BHJI, BKIIIO-
yeHa B KpacHyto kaury >xuBoTHBIX Apmernu (2010) u, cormacHo kpurepusm Kpacaoro
cnucka MCOII, craryc sToro Buna onpeneneH kak kareropus “HemocrarouHocTs naH-
uex” (DD).

Lenbro HacToOsMIEl pabOTHI ABISETCS ONMMCAaHUE HOBOTO ISl HXTHO(AYHBI p. Arc-
TEB BHJA 30JIOTUCTON IIUIIOBKH.

Mamepuan u memoouxa. ViccnenyeMslii Sk3eMInIsIp (camka, puc.l) ObLT MoMaH caukoM
Ha y4acTKe p. ATCTEB, pacroioxeHHoOM Mexay cenamu CeBkap u JlutaBan (TaByickas 06iacth,
CEeBEPO-BOCTOYHAs ApMEHUS) U moMeleH B 96%-Hblil pacTBOp 3TaHona. Mopdomerpuueckue us-
MEpeHUsI MPOBOIIIIM, COTJIACHO OOWICTIPUHATHIM MerogukaMm [S5, 14]. Ilocnenuue 2 BETBHCTHIX
Jy4a CIIMHHOTO ¥ aHAIBFHOTO ITABHUKOB IPUHUMAIH KaK OJHH.

Puc.1. Bonortucras munoska Sabanejewia aurata us p. Arcres, camka.

B paboTe ucnoab30Bany CIeayoIie COKPAIEHHs: A — YHCIIO JIy4el B aHaJIbHOM IIJIaBHU-
ke; a0 — umHa peuta; C — umcIo Jdyyell B XBOCTOBOM IulaBHUKe; CS — JuIMHA BepXHEH Jonactu
XBOCTOBOTO TuiaBHUKa; Ci - IIMHA HIKHEH JIOMACTH XBOCTOBOTO IUIaBHUKA; D — dmcno mydeii B
CIIMHHOM IUTaBHUKe; [ — HauOoJbIas BEICOTA Tela; h — HanMeHbIuas BeicoTa Tena; NC — BeicoTa
TOJIOBBI ¥ 3aTBUIKa; hA - BRICOTa aHABHOTO MIaBHUKA; hD — HanGoIbIIast BEICOTA CITMHHOTO TUIAB-
HHFKa; i0 — mmprHa 716a (MeXTIa3HHIHOTO IPOMEKYTKA), L — abcomoTHas iuHa Tena; [4 — miiHa
OCHOBaHHSI aHAJBHOTO IUIaBHKKA; IC — mnHa ros10BbL; |ID — AiMHa OCHOBaHMUS CIMHHOTO TITaBHH-
Ka; Ipc — mmHa xBocTOBOrO cTEOINsT; O — FOPU3OHTANBHBIA JUaMeTp riasa; Oop— 3aria3sHUYHOE
paccTOsIHUE TOJIOBBI; P — 4ucIio sty4eil B TpyJHOM IUIaBHUKe; SL — cTaHgapTHas 1IMHA (JUIMHA Te-
JIa OT BEpIUMHBI PbUIA 10 KOHIIA YEIIYfHOTro MOKpoBa); V — YKCIIo Jydeil B OPIOIIHOM IUIABHHKE;
VA — paccTostHre MEXy OCHOBAaHHSMH OPIONIHOTO U aHAJIBHOTO IIABHUKOB.
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Pesynomamot u obcyscoenue. Onucanue. Y HcCIeyeMOd 0COOH 30JOTHCTON
mumoBky L 72.2 mm, SL 62.7 mm, D 111 6, A 111 5, P19,V 11 6,C1121. JKabepHsie THI-
YHHKYA Ha TIEPBOM Iyre CHApPYXH OTCYTCTBYIOT, M3HYTPH HX 9. Temo MOoKpHITO METKoi
LIUKJIOUAHON ¢ 6oipmon (hokanpHON 30HOH denryeil. HanbomnpImas mmHa denryit Mexmy
CITUHHBIM TUTABHUKOM U O0KoBO# jmHHe# cocraBiser 0.4-0.6 mm. Temo ymnmnHEHHOE,
c)karoe ¢ OOKOB, TOJIIMHA €ro cocrasiiger 7.3 % SL, a TommuHa XBOCTOBOrO CTEOIS
(m3mepenHas mocepenune ero miuHbl) — 4.5 % SL. OT ocHOBaHMs OPIONIHOTO MTABHUKA
JI0 aHAJIBHOTO OTBEPCTHSI U Ha XBOCTOBOM CTEOJie CBEpXY M CHHU3Y HUMEETCSI XOPOILIO
BBIPaKCHHBIN KOXKUCTHIN rpeberb. [1o/ rima3oM uMeeTcst HanpaBJICHHBIN Ha3a [ ABYXBep-
LIMHHBINA CHIILHBIN IIUII, €ro Hanbosbinas aiuHa — 17.9 % Ic. JlucranbHbli KOHYUK 0/ -
IJIA3HUYHOTO IIWIA 3aXOAUT 3a 33JHUH Kpall Tia3a. AHTEJOpCAIFHOE PacCTOSHHE COC-
taBser 47.2 % SL, moctnopcansroe — 42.0 % SL, antenekropansroe — 21.2 % SL, aH-
teBeHTpanbHOE — 48.3 % SL, anTeanansHoe — 72.7 % SL, mexroBeHTpansHoe — 30.1 %
SL, BenTpoanansHoe — 26.8 % SL, mnmmHa xBocToBOTO cTeONst — 23.3 % SL. Hanbonkmas
BEICOTa Tena cocTtaBisieT 17.1 % SL, manmenspmas Beicota — 8.5 % SL. /InnHa ocHOBa-
HUS CIIMHHOTO IUTABHUKA U €ro BhIcOTa cooTBeTCTBeHHO — 9.3 % SL n 17.4 % SL. diuna
OCHOBaHMS aHAILHOTO IUIABHHUKA M €r0 BBICOTA, COOTBETCTBEHHO, 9.3 % SL m 14.5 % SL.
XBOCTOBOM IUIABHUK NPSIMO YCEUSHHBIH, IuHa ero sydeit 18.5 % SL. [lnuna rpyaHoro
raBHuka — 16.3 % SL, nymna OpromHoro ruiaBHuka — 17.2 % SL. Hauano OpromHbIx
IUIAaBHUKOB HAXOJMTCS TOJ Ha4yajloM CIMHHOTO IUIaBHUKA. /[IMHA TOJOBBI COCTABIISET
19.0 % SL, ee Boicota — 12.9 % SL. Peuto Tymoe, ero qiuna cocraBiusier 37.0 % lc,
MoCTOpOHUTANBEHOE paccTosiHKe To0BbI — 55.5 % Ic. I'na3 cpaBHUTENLHO MaTeHbKHIA, €0
TOPU3OHTAIBHBIN quaMeTp coctaBisier 18.5 % Ic. Mexria3HU4YHOE PACCTOSIHUE TOUYTH
paBHO IuameTpy riasa u cocrapisier 19.3 % Ic. Potr HywxHHME, OMyTyHHBIH, 0OpaMiIeH
XapaKTepHOW MSCHCTOH IBYJIOMACTHOW HIDKHEH Ty0oi M TpeMs mapaMu ycukoB. JlmnHa
MepBoii mapbl YCHKOB coctaBisiet 26.1 % Ic, nocturaror Ho3/peii. [liuHa BTOpoil mapsl
ycHKOB cocTaBisieT 34.5 % IC, mocTuraroT mepeaHero Kpas riasa, a JIHHA TPEThel ma-
pol yeukoB cocrasisiet 38.7 % ¢, mocturaror cpeaHei qactu riasa.

Ha Ookax Tema 15 TeMHBIX, HEpe3KO BBIPAKCHHBIX KPYITHBIX, HECKOJIBKO BBITSHY-
TBIX CBEPXY-BHHU3 IISITCH. BBIIIEe 3THX ISITEH MHOTO MEJKHX IIATHBIIICK, HE 00pa3yrOIIHX
NPOJOJIBHOTO psiia. Ha crivHe Briepeay CIIMHHOTO IUIaBHUKA 6, a M03aM ero — 7 KPYIHBIX
MONIEPEYHBIX MATEH. Y OCHOBAHUsI XBOCTOBOT'O IIABHUKA TEMHas! MONIEpEYHast y3Kasi 1oJIo-
ca, ocpeau npepBaHHas. Ha jrydax CIMHHOTO, XBOCTOBOT'O M OTYACTH aHAIBHOTO TUIABHU-
KOB MMEIOTCSl HECKOJIBKO TPOJIOJIrOBAaThIX TEMHBIX IISTEH, PACIIOJIOKEHHBIX B 3-5 psoB.
Ha OproniHeIX ¥ TpyIHBIX IUIABHUKAX, a TAKXKE HA OpIOXE IMSITHA OTCYTCTBYIOT.

CpaBHuTeabHbIe 3aMedanus. [1o raburycy u meTansM OKpacKd H3yYCHHBIA Ha-
MH 3K3EMIULIP CAMKH U3 p. ATCTEB 3aMETHO HE OTIMYACTCS OT 30JIOTUCTHIX IIIUITOBOK M3
Ipyrux BogoemoB [2, 4, 5, 6, 7, 8, 12, 15]. B To ke BpeMs HaOIIOAAOTCS HEKOTOPHIC
pasmuums MOpGOMETPUIECKUX MPHU3HAKOB HAMIETO JK3EMIUIIPa IO OTHOIICHHIO K BBHI-
6opkam 3omoTmcTol mmIoBKH u3 p. Kypa [2, 15]. Tak, y 30J0THCTOI IIHMIIOBKH .
ATCTEB HECKOJIbKO Ooublile Jiydel B TpyJHOM ILIaBHUKE, Ooyiee JUIMHHBIE XBOCTOBOW
cTeberb, OCHOBaHKE aHAIBHOTO TUIABHHUKA, TPYTHON M XBOCTOBOM IJIaBHUKH (Ta0I. 1).

Kak oTMeueHo Bblllie, 30JI0TUCTAs! IIUITOBKA BKIOUeHa B KpacHyr0 KHUTY jKHUBOT-
HbeIX Apmenun (2010) kak B[, HE ONPENIEICHHBIN 10 CTAaTyCy U3-3a OTCYTCTBUS JI0CTa-
TOYHBIX CBEJICHUN O COCTOSHUM €ro momyssinuid. B p. Menamop, rae 3ta peiba cuura-
Jack 0OBIYHOI [8], 10 HacTOsIIEro BpeMeH! He 0OHapyXeHa, HECMOTPSl Ha HAIld MHO-
TOJICTHUE UCCIIEIOBATEIbCKIE PAOOTHI U, BUANMO, MCUe31a W3 OBIBIIMX MECT OOMTAHUS.
[IprumHOI 3TOTO, MO BCEH BEPOSTHOCTH, SBISIOTCS pa3IHYHBIC (PAKTOPHI AaHTPOIIOTCH-
HOro BO3neiicTBrsa. Cpeny HUX, HA HAII B3TJIAM, HAaHOOJBIIEeE 3HAYCHUE UMEET CTPOU-
TEIBCTBO W AKCILTyaTaIUs THAPOTEXHIUECKUX O0OBEKTOB HPPUTALIMOHHOTO HA3HAUCHIS.
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Ta6auna 1. Mopdomerprudeckue NpU3HAKU 30J0THCTOMN MUITOBKH U3 Pa3THYHBIX
BogoemoB lOsxxHoro Kapkasa.

IIpuznaku p- Kypa y Munreuaypa p- Kypa, Pycrasu (Dnanunse, 1983), p. Arcres
(Ab6xypaxmanos, 1962), n=100 n=20 (Hammm
M m lim M m lim JaHHble) N=1
L, MM - - - 70.2 1.64 60.00-86.00 72.2
SL, MM 54.05| 0.32 38.0-72.0 60.25 1.64 50.00-74.00 62.7
D 6.17 0.04 11-1115-7 - - 11-111 (5) 6-7 116
A 5.12 0.03 11-111 5-6 - - 11-111 5-6 115
P 6.52 0.05 16-8 - - 16-8 19
\ 5.17 0.04 15-6 - - 115-6 116
C 13.29 0.05 12-14 - - 12-14 112 1
sp.br - - - - - 7-10 9
B % SL
a0 - - - 7.55 0.23 6.15-8.69 7.02
) - - - 2.65 0.14 1.72-3.13 3.51
Ic 19.00 0.07 17.5-21.0 17.8 0.23 16.13-19.61 18.98
hc - - - 11.50 0.23 9.70-13.72 12.90
io - - - 2.86 0.15 1.73-4.00 3.67
H 16.81 0.08 11.31-19.0 15.85 0.21 13.79-17.65 17.06
h 7.96 0.07 6.8-9.5 8.35 0.21 6.06-10.00 8.45
ab 48.53 0.06 45.0-52.0 47.60 0.29 46.27-50.98 47.21
pD 43.00 0.15 39.2-46.9 43.40 0.43 39.22-46.77 41.95
Ipc 17.92 0.10 14.7-21.1 - - - 23.29
ID 8.36 0.04 6.9-10.4 8.05 0.24 6.06-9.78 9.25
hD 16.03 0.12 13.3-19.2 14.70 0.36 11.11-17.65 17.38
1A 7.47 0.05 5.6-8.8 6.55 0.15 5.17-7.84 9.25
hA 12.69 0.09 10.0-16.7 13.15 0.26 10.77-15.69 14.51
1P 15.39 0.07 13.5-18.4 15.30 0.24 13.68-17.65 16.27
[\ 12.54 0.06 10.2-15.2 11.70 0.21 10.35-13.73 17.22
PV 28.82 0.13 26.8-33.7 28.65 0.41 25.00-31.03 30.14
VA 26.7 0.09 22.9-29.4 - - - 26.29
Cs 15.79 0.07 13.5-18.4 - - - 18.5
Ci 15.61 0.03 13.5-18.0 - - - 18.5
B % Ic
a0 43.36 0.27 36.0-52.8 - - - 36.97
) 18.07 0.12 13.3-20.0 13.90 0.52 10.00-18.18 18.49
hc 73.2 0.35 62.3-85.4 64.95 1.04 54.16-70.90 68.07
io 16.65 0.07 12.7-20.2 15.85 0.78 10.00-22.22 19.33
B % Ipc
h  J4450] - - - -] - 36.30

OTH 00BEKTHI OOBIYHO HE MMEIOT PHIOO3AIIUTHBIX U PHIOOMPOITYCKHBIX COOPYKCHHH,

BCJICACTBUC YCTO

TaKkMe MeEJIKHE PBIObI, Kak IIMIOBKA, HE MOTYT CBOOOXHO mepe-
MEIIAThCS U3 OJHOTO y4acTKa PEKU B APYrOM U C TEUEHHEM BPEMEHH MOTYT HCYE3HYTh
13 OTAETBHBIX MecT oonTaHui. VIcXoas U3 BBIMIEH3I0KEHHOTO, MBI TIpe/IjIaraeM MpoeK-
THPOBATh U CTPOUTH PHIOOIPOITYCKHBIE W PHIOO3ANIUTHBIC COOPYKECHHS Ha peKax, TIe
paHbpIlle WIA B HACTOsAMIeE BpeMs OOHapy)KeHa 30JI0THCTas IumoBKa (pp. Memamop,
ArcTeB), coriacHo pa3paboTaHHBIM paHee pekoMeHganusm [1]. B To ke Bpems HeoOxo-
JUMBI H&HBHGﬁHjHG HUCCICA0BAHUA I10 BBIABJICHHUIO BO3MOXXHBIX MECT 00HTaHHUS 30JI0THC-
TOH IIUIMOBKH U OIIEHKE YHCICHHOCTH €€ MOMYJISIIIHA, YTO 1acT BO3MOXKHOCTh pa3paboT-

KU1 npeﬂnomeﬂnﬁ 10 OKOHYATCJIbHOMY OXpaHHOMY CTAaTyCy JaHHOI'O BHU/Jia B ApMeHHH.
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uauruuh MLauunNLhRAIGLUSLL UNULKLUSH SrUYU
INGrh Uhurnsurregrnd uUnasns4udnie3Uu 36s uun4yud
tunLnahuyuuv NhUYGLP QLUIUSNIUL

4.u. 1U2Ur3uy, 3.U. Un4utusuy, 3.9. duulurauy, L.e. AU2UrsuL

&M3, Eyninghuyh b puntywl wwhwwlnpywl wdphnl
ghazaryank@mail.ru, hasmikmov@ysu.am, nairakazaryan@yahoo.com

NeuntdUwuhnyty BU Ugwpwyh wnUéwunihpntUwiht yndphUwwh (Uintuhph Jwpg) wnwybp
nhuwjhu hhug 2ppwlltpp: Bwup JGwwnubpny hnntph wnunnindwl Jwywpnwyp quuwhwwnybyp £
Unwunundwl gnpénultph (Cf), Ununnundwl wuwnpdwuh (Cd), dtnwynudnigwghwih gnigwuhph (1-geo)
L Swpuinwgdwl gnpénuh (EF) Yhpwndwdp: 36npwiht dbinwnubph pwhpdwl Gnwlwyp hnnh
YupJwéend hwdwéwiu Wpqwd gnigwupputph Jywnud £ hnnh (nipg wnunnundwu Jwupl: Nuncd-
Uwuppwé hwdwnw pninp nwnpwédgubpnud Cu-p, Mo-p, Pb-p W Cd-p hhduwywl wnwnunnn swup
dGuiwnutpu Ehu, bW nw wwydwlwynpdwéd £ Ugwpwyh wnudwdnihpnbuwihu YyndphUwwnh gnpéniutnt-
rjwdp:

Uqupwlh wynudwdnhpnbUwghl Yndphluwwn — dwlp dGunwnlutn — hnnbiph wnununcd —
hwpuwnwgdwl gnpént (EF)

V3y4eHbl MOYBHI ST HauboJIee YsI3BUMBIX y4acTKOB ArapakCKoro MeIHO-MOJHOICHOBO-
ro komOuHara (CIOHUKCKass 00JacTh). YPOBCHb 3arps3HCHHUS MOYB TSHKEIBIMA METaIaMH OBLT
OLICHEH C MOMOIIBI0 (akTopos 3arpsasuenust (Cf), crenenu 3arpssuenns (Cd), reoakkyMyJIsIHOH-
Horo nokazatens (I-geo) u ¢akropa oboramenus (EF). Monens pacnpeneneHus MeTaTHIECKAX
MHKPORJIEMEHTOB 110 MPO(HUITIO MTOYBBI COTVIACHO YKA3aHHBIM MTOKA3ATENSIM, BBISIBHIIA 3HAYUTEIb-
HOe 3arpsi3HeHue mo4uB. [1ouTr BO Beex MCCieoBaHHbIX yuactkax Cu, Mo, Pb u Cd sBisiuce oc-
HOBHBIMH 3arps3HSIONIMMU TSDKEIBIMA METaIaMH, H 9TO O0O0YCIIOBICHO (DYHKIHOHHPOBaHHEM
Arapakckoro MeJJHO-MOJINOAEHOBOIO KOMOHHATA.

Azapaxckuti MeOHO-MOIUOOEHOBbLIL KOMOUHAM — MAdHCENble MEMALLbL —
3azpssnenue nous — paxmop obozawenus (EF)

The soils from five the most risky sites of Agarak Copper Molybdenum Combine (Syunik
Province) were studied. The level of soil contamination by heavy metals was assessed by
Contamination factors (Cf), Degree of contamination (Cd), Geoaccumulation index (I-geo) and
Enrichment factor (EF). The distribution pattern of trace metals in the soil profile according to
mentioned parameters shows that the soil is significantly polluted. Almost at all studied sites Cu,
Mo, Pb and Cd were the main polluting heavy metals and this is conditioned by Agarak Copper
Molybdenum Combine activity.

Agarak Copper Molybdenum Combine - heavy metals — soil pollution —
Enrichment factor (EF)

3nnp' nhwbu gwdwpwiht Eynhwdwywnagtph Ywplnp dwu, yénwywu nkp niuh
wnwnptph 2ppwwynnyunnd: WU yeluwywu W ng Ytluwywu pwnwnphsuGph hndGnunw-
wnhy thnpuyuwwygywénientup wwywhnynn® wwhwwudwl, dwendwl, yepwihnfudwl
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uauruuh mMuLUUNLARYELUSPL UNURKLUSH Srauuld IN1E6rk Uhurnsurrernd UNSNSYUSNHE3UL 36S WUMJUG...
W pnidbpwiht Jhpwdwyn £ [9]: Upwwnpwywl wwppbp wpngGulbph wpnjniupnd®
hwupwpnntbwptpniejwl, dnydwl, hwibgdwl, quuwlwwwwndwl  wfuwwnwuplbnh,
EuGpghwih W Jwnbihph unwgdwu, EGYwnpwhwnnpnwygdwl, huntGuuhy gjnnuwwnunt-
unLpjwl, Yenunweptph hGnwgdwu W wy, éwup JGwnwnutpp JG6 pwlwyniejnilubpny
Untinwyyned U hnnnud [11, 16, 21, 26]: dbGpghu  wwulwdjwyutph pupwgenid
hwupwpnntuwptpnipjwl Juwlgwynn wanbgnipinitup |ngnptu dnwhngned £ wfuwphh
owwn Gpynpubph ghwnuwywuutbppu [7, 15, 17, 19, 24]: Upryntuwpbpnigjwu wyu §jnnp
LUwwuwnnwd £ hnnnud dwlp JGwnwnUbph plwywl wwpniiwyneejwu Yunpney wydbug-
dJwlp, hugp Jyuwunwd E Eynhwdwlwpgtphl, wnununnd JwytGpbGuwhu W unnpGpypjw
ontnp, ullnwdprtnpep W yunwugnud Jwpnywlg wenngniejniup [3, 4, 10, 12, 22, 23]:
JGpohlu wnwphubphu hwupwnpnynitbwpBpniejwu wpwag qungugdwl hGunlwlpny
hnntph wnununwdp éwup JGunwnuGpny |ntpg fulnhp £ nupdbp Lwle 3wjwunwuh
Rwupwwtwnipniuncd [5, 6] Swup JGunwnubpn  wnunnnwénLejwl  inwnwdnidp
hwupwdwnptph 2nipg W npw wuwnhdwup thnthnpuynud BU° Juwhujwé  hwupwprynituw-
pGpwywl wphuwwnwlplbph Swdwihg W wwpwéeh Gpypwehdhwywl punipwanptphg:
Nuinh dwlun JGwnwnubph Ynunnwydwl W wnwpwpwndh nuncdUwuhpneeiniup Upyuynod
swihwqwlug hpwwnwy E nupat: Ubnp hnwgnunneenilutph hhduwywl bywwnwyl E BnbL
éwup JGunwnutpn  Ugwpwyh  wnudwdnihpnbUwiht - YndphUwwinh  hwpuwnwgnighs
dwpphywih, pwg hwiph W wnswdpwnutiph 2ngwlywentd ginynn inwnpwéputph hnntiph
wnununyjwéniejwl  wunhtwluh quwhwwnudp: Unwgdwé  wpnyniupUubpp YuwwunBu
wnunundwl  Ujwqgbgdwult  nunnywé  nwquwywnniejwl  wydwup'  hwupwnpnniuw-
pGpwywl tnwnwdpubph 2npg wnunninhgutph mwpwénwdp Yyspwhuybinte Uywwnwyny:

Unipe W dBpnn: 1.Nuncdbwuppdwl tnwnwoe. Ugwnpwyh wnudwdnihpnbuwihU yndphUwinp
agunuynid £ 3wjwunwuh Iwlpwwtnniejwu hwpwy-wplGiend® Uintuhgh dwnpgned: Nwuncduwuhpdty
GU wjn tnwpwéeph wnwyb) nhuywihu hhug ppgwultnp®

e pwg hwuph 2nppwyw tnwpwéputpp (UUnubp NeNe 1-5),
e Ugqwpuwyh wnUéwdnhpntUwhu  yndphbwwnh  hwpuwnwgnighs  Swpphywih  hwpliwu

wnwnwépubnp (UUnpubp NeNe 6-7),

e “pwqwdh wywnhy wngwdpwnh 2pgwilwien (Udnwy Ne 8),
e «Yhnt - 2»-h nbYynLinhjugywé wnswdpwnp (UUnLy Ne 9),
e «Yyhnd - 3»-h nEYnLpinhjugywé wnswdpwnp (UUny Ne 10):

NruncdUwuhpdwl inBnwugh hnnwwnwpwéputnp wwwnywunwd GU nupgbwagnyu (Gnuwlnw-
nwjhu hnntph whwpl' npwug hGnlywy Gpyne Bupwwnhwipny. nwpiwgnuyu  (GRuwUnwnwihu
wnhwhy Udnpubp NeNe 1-5) L nwpsbwgnuu (Gnuwlnwnwihu Yuwppnuwwnwihu (Udnubp NeNe 6-10
W unnighs Uune): Iwjwunwund wju hnnuwnhwp nwpwsdywé £ ényh dwlywpnwyhg 500-1700 U
pwpépniintllbph uwhdwuutpnd, huy hwpwywihu nhppwnpniejwl  snpwjhu (wugtpnd npwlp
hwulnid GU Uhlgl 2400 J pwpanpniejw [1]:

AQwpslwagniu |Gnuwlnwnwihu wnhwhy hnntpp hpGug whuwphwagpwywl nhpeny, dlwpw-
Lwywu W $hahywehdhwywl puntpwantpny dhghu nhpe Bu qpwntgunid ywppnuwwnwihu W ypw-
gbpéywéd hnnbph Jhgl: InnGph wju wnhwp dbp nuuntdbwuhpdwéd wnwpwépubpnud, hwdtdwnwé
Ywppnuwwnwihu hnntph hGwn, hwunhwbtl £ wybih pwpépwnhp Jwutpnwd (1100-1300 J 6.U.p.), 0-35
wuwinhdwl ptenientlutpnud, vhypnnbihtdp hwpe En: Wu Gupwwnhwh hnntpp pGpph s6U W wn
wwwndwnny whwwlh 65U gjnenuwnuntbuniejwu hwdwp, pwgwnniejwdp Ne 4 W Ne 5 Udnipubinh:
Qwnguwgniu Gruwlwnwnwiht wppnUwwnwiht Gupwwnhwh hnnGpp hwunhwt, Gu 700-1000 U
6.U.p., 0-30° phenupnillbpnid, dhypnetihtdp hhulwywunid hwpe B Wu hnntpp hhdUwwncd
pwnpwpnu U, JwppnUwwnlbpp nwpwéywé G dwybpbuhg Jhusle tunpe: Inntph wju Gupwwnhwp
Unjuwbu ptpph sh W sh Ywpnn ogunwgnpédyt) gjninwinunbuntejwl hwdwn, pwgwnenijudp Ne 7 W
unnLghs Uunwutph:

2. 3nnbph Udnpwnned. Inntph nLuntdUwuhpneejwl Uwwwnwyny (2015 E.) puinpyb; Ep udne-
2wndwl 10 nwnpwée, unnighs Ynpdwédep wpdtl En hwpuinwgnighs $wpphywihg 2 yd htnwynpne-
rjwl Yypw' Ugwpwy pwnweh ninnnigjwdp (wdnndwjpninnitg 550 J hGnwynpniejwl ypw): LUnt-
2wndwu Ynnpnhuwwnutpp gpwugdt) Bu GPS hwdwywngnd: 3nntph Udnpwnendu hpwywuwgyt) £
nwuwywu Gnwuwyny: Lwpnpwwnnp W bdnpwndwl uwppwynpnidp UGy op wnwyp
LUwhiwwbu Buwyyt £ wgnunwywlu pryh 5%-ng [nonyeny, wjunthbnl (Jwgytb) pnpwé onnd* Jb-
nwnutph hGwnpwjhb pwlwynieintlubpp hbnwglbint bwywwnwyny: Innh bdnputpp Yepgyt| Bu 0-20
ud hunpnipjnthgt 20 J x 20 J Jwunwyh uwhdwuuGpnud® 5-wywl JGwnp dhpwlweny (Uunwnnidp
Ywwwnybl £5 J x 5 U Jwunwyutph ququwrltpnid): Yinpjwédpubnu wnytby GU dGnpny:

Jbpgqws udnpubpp hwywpeyt) U UUnpwndwl wnihEhiGUwiht tnnwpwyutph Jbe W wnk-
nwthnhudbl (wpnpwwnnphw: Wugwulwih ywnpnibwynieiniup (pwntp, pneuwywu Upnee W wjiu)
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htnwglbintg htwnn hnnh Udnipubpp snpwgyl BU ublwywihl wwjdwllbpnud (20-22°C), wipnpyby,
wuglwgyt] 1 Jd dwunny b wywhyb] wwywyjw wunpubpnd® hbnwaquwnd npwlg hwwnyniejnllubpp
npn2GInL hwdwip:

3. 3nnh Udnpubinnid  dwun dtwnwnubph pwlwlnceywl npnpned. Swup JGnwnUGph wwnne-
Uwynipintup hnnh Udnubpnud npnpgt)p £ wwnndwihu wpunppghnU uwGyunpwswithwihu dGennny’
UUU uwppeh dhgngny (AAS, Atomic-absorption spectrometer PG990 (PG Instruments LTD, UK))  wjn
Udnubpp hwdwwwunwupiwu wydwu Gupwpytinig htunn [25]:

4. dwlpn JGunwnlbpny wnunindwl quwhwwnned. Swun JGwnwnubpny hnnGph wnunnundwu
dwywpnwyp quwhwwnybp £ wnunundwl gnigwuhpubpng. Yhpwnytbp Gu - Unninindwl gnpénlltpp
(Contamination factors (Cf)), UnunnundwU wuwnh6wlp (Degree of contamination (Cd)), QtnwyncUniyw-
ghwjh gnigwuhpp (Geoaccumulation index (I-geo)) W Iwpuwnwgdwl gnpdnup (Enrichment factor (EF)):
Cfp W Cd-U hwpqwnydb) 6U hwdwabwju Iwywlunuh [8] hGunlyw| pwlwéltpny.

cf=Cs'/ICh (1)
cd=xcf @),

npuntn Cs'-U nuncdUwuhpywd i Ubtnwnh swihywd fuinnegnill £ hnnh Udnned W Ch-U i
Swun JGwnwnh $nuwjhb wpdtpl E swnnninwé hnnnud (uinnighy): Uktnwnubpnd wnunnindwu Jw-
Jwpnwyutpp quwhwwnbine hwdwnp Iwywlunup wnwewnyt, £ Cf-h gnpu Ywpg, hUuswbu gnyg E
npdwd wn. T-nd: Un bywwnwynd oginwgnpéyt) U bwle Cd-h wnwewnyywsé snpu Yuinbgnphw-
ubpp: Gpt Cd-h wpdbep 20-hg UGS E, wyw wuhpwdtyun £ wuhwwwn Jhgngubp dGnuwnpyt) dwun
JGunwnutnpnd hnntph wnwununnudp bJwqgbgutint bwwwnwyny:

UntiGph ynndhg [18] uwhdwuywé Qtnwyncdniywghwih gnigwuhpp (I-geo) hwpdwnydnid £
Uuwnywédpubph wnunnninwdp JGwnwnubpny npngGine W puncpwgntine bwwwnwyny® hwdbdwwntiny
UGpYwjhu fuinnienilutpp Jhugwnpunwnpuywl Jwywpnwyutph hgun.

I-geo = log,Cs'/ 1.5 Ch',  (3)

npunbn Cs-U i tnwpph  funLegntUl £ udnpUbpnud, Ch'-U 7 tiwpph - $nliwght wpdtgl k, huy 1,5 gnp-
énup ogquwgnpéyned £ (hpninghwywl huwpwynp tnwwnwuncdubpp hwyh welbine bywwnwyny: 1-
geo-h wpdbeubph pwnep W npwug pwgwwnpniejniup Unguwtu tnpdws BU wn. 1-nd:

EF wndtpp hwpdwnyyty £ Undhpnindh W hwdwhGnhuwyutnh [14] ynnuhg tnnpywé pwlwalh
Uhpwndwdp, npp Antwwn-Uklwpnh W 2Gpubibeh [2] wnwewnlywé hwjwuwpnipjwl dliwthnfujwé
wnwppGpwyu B EFp hhduwé E thnpéwpywéd  wnwpph  unwlnwnpunwgdwu  Jpw®  nplk
swithwudnwiht twpph hwdGdwnniejwdp: Quithwudnwiht Ywpnn £ hwdwnybp wju wwppp, npp
punLpwagnynid £ wwpniuwynepjwl thnpn tnwwnwunwdubpny [20]: Ubp nuunwdUwuhpniyniuuGpnud
npwtu swithwudnwiht twpp ogunwgnndyt| £ wynwdhup (Al), pwuh np wju wwwinywunwd £ hpndhy
wnwppbph 2wpehu W hnnuwhwpuwu dwdwuwy odnwéd £ pwpénp phdhwywl Ywjntuncejwdp: EF
wndtipp hwpquwnyyty £ hwdwawju hbnlyw| pwuwélh®

Cn/Crgp)

EF = ,
(Bn / Bret )

(4)

npintn C,-p n nwpph funneentll £ hnnnud, Cre-p swthwudnpwihb thwpph wwnniuwyniejnlul £
hnnnud, By-p ntuntdUwuhpdwd n wnwpph ywpniuwynegyniul £ unneghg hnnwudnipnid, huly Bre-p
swithwudnwihb tnwpph wwpnibwyneejnul £ uinnighg hnnwidnned:

5. Yhdwlwagpwlwl Jbnincdneynil. Senwuputbnh Uhele wun utwnwnutph dhghl funnienil-
UGpp hwdbdwwnGint hwdwnp ogqunwagnnpéyty £ Jwphwghnu JGpinudnieniup:  Yhdwlwagnpwywu
Jbnnuénepniup Yuwwnwpyty £ SPSS dnwagpwjhu thwebend, twwnpbpwy 15:

Upnyniuplubp W pUlwpyncd: NpnadG Gu V, Cr, Mn, Co, Ni, Cu, Zn, As, Mo, Pb L
Cd-h wwpnibwynipiniluGpp Uqupwyh wnUéwdnihpnGUwihu Yndphuwnph pwg hwuph
2npww hnntpnud, W quwhwwnyb) £ dwun JGwnwnubpny hnntph wnunnindwl wuwnhéwp:
Nuntduwuhpywé hhug tnwnpwépubpnd swup dGinwnutph dhghu fuinniejnilubph (Ua/yaq)
2wnep hGinlywiu En. V (8,2-16,3), Cr (0,6-6,8), Mn (39,2-184,5), Co (1,2-2,1), Ni (0,7-4,1), Cu
(17,4-145,5), Zn (4,4-19,2), As (0,4-1,6), Mo (0,6-13,2), Pb (0,6-6,4) L. Cd (0,01-0,22) (wn. 2):
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Unniuwly 1. Unnbubph tnwpptp tnhwGpp W hnnGph winunnunncdp
Uywpwaptbnt uwwnbgnphwubpp

Unnb Ywu Ljwpwgpnipntu Unpjnip
Unwnnundw Cf<1 Swén [8]
gnpénu 1<Cf<3 Quwithwynp
(€N 3<Cf<6 2quwih

6 <Cf Swwn pwpén
Unwnnundw Cd<11 Swon [8]
wuwnhéwl 11 <Cd <22 | Quithwynp
(Cd) 22 <Cd <33 | 2qwih

33<Cd Swwn pwnép
QtnwynuUniywghwih | 1-geo <0 Qununnywd [18]
gnigwitihy (I-geo) 0<l-geo <1 | Qunuininqwadhg' swihwynp wnununyws

1<l-geo <2 | Qwithwynn wnunininywé

2<l-geo <3 | Quihwynp wninninywéhg' tuhuin wnuininywd
3<l-geo <4 | lvhuwn wnunnywd

4 <l-geo <5 | uhunn wnunnunywéhg® pwwn fuhuin wnunnnywé

5 <lI-geo Swwn fuhuin wnunnywéd
Swnuwnwgdwu EF<2 Uwuwnnidhg' bjwquantu hwpuwnwgned, [13]
gnnénu (EF) Gupwnnynn YwJ Ujwqugnyu wnununncd

2<EF <5 Quithwynp hwpuwnwgntd, Gupwnnynn
swhwynp wnunnunnd

5<EF <20 |2quwih hwpuwnwgntd, hwdwpdnd E qquih
wnunundwl wgnwuhp

20 <EF <40 | Qwihwquwug hwpuwnwgywsd, hwdwpyned £
2w huhuin wnunnundwl wgnwlh)

EF > 40 Swjpwhtn hwpuwnwgyws, hwdwpynid £
Swypwhtn wnunundwl wgnwuhp

Pwuh np UGinwnutph wwpniuwyneenitup hnnnud uwtghdphy £ W ywhugwé £ hnnu
wnwpwgunn wwwputph Ywaquhg W hnnugnuwgdwl wwjJwulbnphg, www unwgyuwé
nyjwiutpp wnunninjwénipjwl Jwywpnwyp npn2Gine hwdwp hwdGdwwndb) Bu $nuwjhu
uwnncghg dni2h htwn:

1.Unnbywghnl YEpinLéonLynil

Wju yGpnudnipynup Gpyswith dtenn £, npu wpunwgninid £ Gpyne Yudwjwywl thn-
thnfuwywuubph Jdhole gnjniejntt ntubgnn uwuwh wuwnphdwup: YUnnbywghwih  JGYuw-
pwuncpintup wnpnn £ Swnwjb, npwtGu hnnh npwyh wpwg JUnuhnnphugh JGpnn: Un-
nbywghnu JGpineéniejwl hwdwn hnnh npwyh twuldby wywpwdtwpbph, wju £V, Cr,
Mn, Co, Ni, Cu, Zn, As, Mo, Pb . Cd-h Uhgl. hwpdwpyyt £ Uthhpdwuh wnwpwywpguwjhu
ynnGywghwh gnpéwyhgp (Spearman’s rank coefficient of correlation), hUuswGu pGpywé £ wn.
3-nd: UnnbGywghnu Jeninudnieiniup huwpwynpniejnitt £ wnwihu wywpgtl, wpnn’e dwln
JGwnwnutph  wwpniuwynie)ntlubph  thnthnfunee)nlluGpp wwppbp wmwpwéputnh
hnnGpnud nlUGL hwdwudwu Jhwnnd, @6 ng: Pwgh wyn, nudbn npwlywl YnnGywghwlu
wpnn E wnuinndwu Jhwulwywl wnpniph wnwjniejwl  gnigwuh) (hubp: Ndbn
npwywl Ynnbywghw (p>0,7) £ hwyinbwptnyt, Cu-h W Mo-h, Cr-h W Ni-h, Mn-h W Zn-h,
Mn-h W Pb-h, Mn-h W Cd-h, Zn-h L As-h, Zn-h W Pb-h, Zn-h L Cd-h, As-h . Pb-h, As-h L
Cd-h, Pb-h W Cd-h dhgl: UdGUwpwnép npwywlu Ynnbywghwu nhunwnpydt) £ hwnywwbu
Cu-h L Mo-h dhole, husp yywynud E wnuinindwl Jhwulwywl wnpniph wniuynejwl
Jwuhu b wwjdwluwynpywd E UpJwéd Swun dGunwnuGph pwpén  wywpniuwyneejwdp
hwupwpwpnud: WuntwdGUwjuhy, punhwunip wndwdp, yGpp Lpwéd dwun dGunwnutph
wybiwuwint  hwdwudwl Jhwnwdp Jwuwdp Jwupnn B wywdwlwynpywé  hubp
Gpypwehdhwywl gnpénuutpny:
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Unyniuwly 2. Npnp dwup dGwnwnutph dhghu tunnieiniup (Ug/yag)
hnntnh nLuntduwuppywé udnwubnpnud

\Y Cr Mn Co Ni Cu Zn As Mo Pb Cd

1 [125+434 |1,4404 |54,3£14,9 [2,1£0,4 | 1,3+0,4 | 53,3+18,0 [4,9+1,8 | 0,6£0,2| 5,2+1,7 | 1,1+0,3 | 0,03+0,01

16,3546 |0,6£0,2 | 61,5521,1 | 1,6£0,3 | 2,3+0,7 |145,5:35,8 [10,4+3,7 | 1,504 |13,2+3,8 | 2,3£0,7 | 0,06+0,02

11,9£2,9 |0,7+0,2 | 32,349,1 |1,3+0,3 | 0,7+0,2 |123,5+36,1|7,1+2,1 | 1,0+0,3| 8,5+3,0 | 3,9+0,9 |0,04+0,001

14,1+5,1 |3,8+1,1 | 99,9+24,5 | 2,1+0,5 | 4,1+1,1 | 23,4+6,0 |11,7+2,0]{ 0,8+0,3| 1,2+0,4 | 1,5+0,4 |0,05+0,002

11,243,1 |2,0+0,7 |184,5+34,9|1,6+0,4 | 1,7+0,4 | 56,2£16,9 |19,2+5,4| 1,6+0,5| 4,2+1,5 | 6,4+1,9 | 0,22+0,07

8,9+2,2 |1,3+0,4 [113,0+35,1]1,4+0,4 | 1,0+0,3 | 81,2+24,4 |10,8+3,8| 1,0+0,4| 6,2+2,0 | 3,5+1,4 | 0,04+0,01

2
3
4
5 7,5+1,8 [2,7+£0,9 | 70,0+19,2 | 1,3+0,2 | 2,2+0,6 | 25,3+5,4 |7,7+2,2 | 0,4+0,1| 1,5+0,4 | 1,7+0,4 | 0,03+0,01
6
7
8

95:3,0 |6,8+2,1 | 50,9112 | 1,6+0,5 | 4,141,3 | 35,4=13,1 | 6,651,9 | 0,8£0,2| 1,240,3 | 1,2£0,4 | 0,04+0,01

9 9,242,8 |6,0+1,6 | 49,0+12,4 |1,4+0,3 | 3,7+0,9 | 39,7+11,7 | 6,5+2,3 | 0,9+0,2| 0,9+0,2 | 1,4+0,4 | 0,05+0,02

10 8,2+3,1 2,8+0,5 | 39,2495 |1,2+0,3 | 1,7+0,5 | 17,4+4,9 |4,4+1,4 | 0,7+0,3| 0,6+0,2 | 0,6+0,2 |0,01+0,004

75514 [2,6+0,7 | 56,4+13,1 |1,3+0,4 | 2,020,7 | 9,5¢3,6 |8,0<1,7 |0,6+0,2| 0,5:0,2 | 0,8+0,3 |0,02£0,007

2. Ununnundwl quuwhwinnid Ununnindwl gnpénlliph (C) hhdwl Ypw

LY. 1-nud ptpgwé Bu Ununinindwu gnpénuuGpp (Cf), npnup hwdwpyjwé Bu hnnh
udnubGpnd npnwié dwup JGwnwnubph hwdwp: 3GnwgnunincenlllGph  pupwgenid
wwnpayby E, np hnnGph hwdwpuw pninp UdnUbpnud hhduwywl - wnuinninn dwup
JGunwnutn U hwunhuwunwd Cu-p, Mo-p, Pb-p W Cd-p: Uwulwynpwwtu, Cu-h nbwpnid
Cf-h wnwdbwgnyu wpdtep 15,32 Ep, Mo-h hwdwp® 26,4, Pb-h* 8,0, huy Cd-h* 11,0: Wu
pninp wpdtpubpp  hwdwwwwnwuhuwunwd BU wnunnindwu 2w pwnép Jwlwpnwyhu:
nntGph wjuwhuh wnuninnwdp nunnwyhnptlu wwydwuwynpqwé £ yGpp Lpwé dwup
JGwnwnutph pwpép wwpnilwynepjuwdp Ugupwyh wnuadwdnihpnGUwihu yndphUwwnned
JGpwdpwyynn hwlpwpwnnd: Yhunwpyynn éwun JdGunwnutph hwdwp Cf-h Jhghu
wndteubpp Ywaqunwd Ehu hGnlyw) UJwagnn 2wpep. Mo (9,36) > Cu (6,82) > Pb (3,19) > Cd
(3,11) > As (1,59) > V (1,5) > Mn (1,41) > Co (1,230) > Zn (1,18) > Ni (1,17) > Cr (1,08):

3. Ununnuindwl quwhwinned Unuinnindwl wuwnhdwUh (Cd) hhdwl Ypw
Ununnndwu  wuwnmhdwuh (Cd) wnpdGeuGpp UGpYwjwgywéd Bu UY. 2-nud: Cuwnn wju
gntgwuh2h Ujwquwl® hnnh nuntUwuhpywé 10 Udnwpubpp Yuqunwd U hGinlyw 2wpep
2>6>3>7>1>4>9>8>5>10: 3wdwdwju Cd wpdtputph® hnnh Udnwutph 10%-n
hwldwwwwwupuwunwd £ wnunnundwl gwédp Jwywpnuwyhu (Cd<11), 40%-p* swihwynn
Jwywpnwyhu (11<Cd<22), 10%-p* qqwih Jwywpnwyhu (22<Cd<33), huy Uudniputph
Juwgwd 40%-p* 2w pwndp Jwywpnwyhu (33<Cd):

4. Ununnundwl quwhwwnned 1-geo-h hhdwl ypw

QGnwynudniywghwih  gnigwupp  (I-geo) oguwgnpéyty, £ hnnGpnud  JGwnwnwihu
wnunnundwl wunmhdwup hwadwpyGine hwdwn (wn. 4): QGnwyncdniywghwih gnigwuhh
wnpdtputpp V-h hwdwp gnig Gu wnwihu, np Udnwputph 60 %-p hwdwwwunwupuwunid £
swnunninJwd nwuhl (<0), huy 40 %-p* swnuininnwéhg swithwynp  wnunninjwd nwuhu
(0-T): I-geo-h wpdGepubpp Cr-h hwdwp gnyg GU wwihu, np UdnUbph 80 %-p
hwJwwwwwuhuwunwd £ swnununwé nuuhl (<0), huy 20%-p* swninnunnjwdhg swithwydnn
wnunnywé nwuhtu  (0-1), Mn-h hwdwp gnyg EBU wwihu, np UdnUbph  70%-p
hwdwwwwnwupuwund £ gwnuinninnjwd nwuhu (<0), 20%-p* swnuinindwédhg  swithwynn
wnunnywé nwuht (0-1), huy 10%-p* swhwynp wnunnnnwd E (1-2), Co-h hwdwn gnig Gu
nwihu, np udnpubph 80%-p hwJdwwwwnwupuwunwd £ swnuininjwéd nwuhl (<0), huy
20%-p* swnunninjwéhg swthwynp wnuninywé nwuhu (0-1), Ni-h hwdwp gniyg Gu tnwihu,
nn Udnpubph 70%-p hwdwwwwnwupuwund £ gwnunininjwé nwuhlu (<0), huy 30%-p'
swnunninjwdhg swhwynp wnuninindwdé nuwupu (0-1), Cu-h hwdwp gnyg Gu wnwihu, np
udnputnh 30%-p hwdwwwwnwupuwlnwd £ sgwnunninjwdhg swhwynn wnunninwéd nwupl
(0-1), 40%-p* swihwydnp wnuinnywé nwuhtu (1-2), 10%-n* swihwdnp wnuninywéhg fuhuin
wnununywé nwuhu (2-3), huy 20%-p* fjuhuin winuninuingwé £ (3-4), Zn-h hwdwin gnuyg B twihu,
nn LUUnwpubiph 90%-p hwJdwwwwnwupuwunid E swnunnunnywéd nwupl (<0), huy 10%-p
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swnunninjwdhg swthwynp wnunnunjwé nwuhu (0-1), As-h hwdwn gnyg U wnwihu, np
udnpubph 60%-p hwdwwwwnwuppwunwtd £ swnuininjwé  nwupu  (<0), huy 40%-p’
swnunininJwdhg swithwynp wnunnunnjwé nwuhu (0-1), Mo-h hwdwn gnyg BU wwihu, np
udnpubph  10%-p  hwdwwwwnwuhuwlund £ gwnunininjwé  nwuhu  (<0),  40%-n
swnnunnJwdhg  swthwynp wnunininjwd nwuhu (0-1), 20%-p* swihwynp wnunnuinwdhg
hfuhuin wnunnunywé nuwupu (2-3), 20%-p* fuhuinn wnuinunnwé E (3-4), huy 10%-p fuhuwn
wnunnywéhg 2w fupuinn wnunnunywé £ (4-5), Pb-h hwdwp gnyg LU wwihu, np
udnpueph 30%-p  hwdwwwwwupuwund £ swnuinnnjwé  nwuptu (<0),  40%-p°
swnunninywdhg swhwynn wnunnunywé nwuhl (0-1), 20%-p* swthwynp wnunningwé £, huy
10%-p" swithwynn wnunnnywsdhg fuhun wnunninywé £ (2-3), Cd-h hwdwp gnug Gu wnwihu,
np  udnpubph  30%-p  hwdwwwwwupuwuntd £ gwnuininjwé  nwuhtu  (<0), 60%-p°
swnunninywdhg swhwynp wnunnunywé nwuht (0-1), huy 10%-p* swithwynp wnunninywédhg
hupuin wnununywé £ (2-3):

Unyniuwy 3. YUnnGywghwih dwwnphg

\ Cr Mn Co Ni Cu Zn As Mo Pb Cd

Cr_|-0,350 1

Mn [0,110| -0,164 1

Co [0,650| 0,027 | 0,241 1

Ni_[0,085| 0,847 | -0,064 | 0,318 1

Cu [0,645| -0,587 | -0,028 |-0,010 | -0,407| 1

Zn [0,292| -0,222 | 0,935 | 0,188 |-0,023| 0,175 1

As |0,565| -0,295| 0,551 | 0,061 |-0,115| 0,652 | 0,721 | 1

Mo 0,699 | -0,696 | 0,023 | 0,090 |-0,458]| 0,969 | 0,204|0,632 | 1

Pb |0,211| -0,409 | 0,746 |-0,053 |-0,409| 0,466 | 0,809 [0,746 0,419 1

Cd |0,238| -0,108 | 0,850 | 0,161 |-0,050| 0,152 | 0,888 [0,747 |0,154 | 0,839 1

70,00
cd
60,00
Pb
50,00 Mo
40,00 ~ : As
HZn
3000 — M |
1Cu
2000 +— —fFb— | N
10,00 < 1 E 1 = L | L = 1 b o 3 b 3 .CO
| B Mn
000 ITITIT.WH‘l‘l "R E
/ ‘ mCr
1 2 3 4 s 6 7 8 9 10

LY. 1. Swppbp dGnwnubph Ununnundwu gnpénuh (Cf) wpdteutpp Uqupwyh wynudwdnihpntuwhu
Yndphuwunh 2pgwyw tnwpwépubpnid
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50 7

40 +

mCd

20 A

10 A

LY. 2. Ununnindwl wuwinhdwup (Cd) Uqupwyh wnudwdnihpnbUwihu yndphuwwnh
2ngwyw tnwnwéputpnLd

Yhuinwnywé utwnwnutph 1-geo-h vhghu windbeubpp Ujwaquwlu Yupgny Ywqunud
thu hGwnlywy pwpep. Mo (1,83) > Cu (1,75) > Pb (0,65) > Cd (0,50) > As (-0,06) > V (-0,08) >
Co (-0,35) > Mn (-0,36) > Zn (-0,56) > Ni (-0,62) > Cr (-0,88): I-geo-h hwpqwpyywé ng Uh wip-
dbp ¢En gbpwquwugnd 5-p (wjuhupl' 2w fuhun wnunnunywé nuwu), L Jhwiu Udnw
Ne 2-nid Mo-h hwdwp npnpdwé UGBy wpdbelu Ep (4,14)  hwdwwwunwupuwunid fuhutn
wnunnywéhg 2w fuhun wnunnunywé nwupl:

5. Unuinndwl quwhwwnnd Iwpuinwgdwl gnpénup (EF) hhdwl ypw

3nntph ypw dwpnwédhu wagnbgniejwlu quwhwwndwl punnibjwé JGenn £ hwunh-
uwunwd JGunwnutph puinneenilutph hwdwp dhwutwywlUwgwéd Unpdwijwgdwd) EF-h
hwpyncup® swninninwd $nuwjhu dwywpnwyutph hwdbdwwnnejwdp:

6. Ununundwl quwhwwnnid 3wpuwnwgdwl gnpénUh (EF) hhdwl Ypw

EF-h hwpynidp Yuwnwpdnud E' UJwgbgubint hwdwp JGunwnubph wywpniwyneejwl thn-
thnfuwywuntejniup, npp wknh £ nluGuncd hnnnud Ywd/wjwg hwpwpGpwygniejwl nw-
tnwlunctdutph dwdwuwy: Wu hwpdwp gnpshe £ hwunhuwunwd ywyh W wjwagh hwpwpt-
pwygnLpjwl qquih tnwwnwunidubp niubgnn® J6é wptuwphwgpwywl tnwpwéputph Gpy-
nwehvhwywl  JdhinnwdUbpp wwwytpbine hwdwp:  Gmwagnnnepiniuutnh  pupwgenid
wwnpaybl £ (wn. 5), np hnnh pninp Udnubpnud 11 dwup JGunwnutph hwdwnp EF wp-
dtputinh 70%-p 2-hg thnen E Gnb|, W nw punipwanytb) £ npwbu wnunnindwl bjwqugneju
wuwnhdwl, EF wnpdbeubph 21%-p hwdwwwwnwuuwlb, £ wnunndwu  swthwynp
Jwywpnwyhu, huy 9 %-p wnuinndwu qqwih Jwlwpnwyhtu: EF-h  wJdGUwpwpép
wnpdtputpp nhunwnpyyty Gu Cu-h, Mo-h, Pb-h W Cd-h nbwenwd, hugp JdGYy wluqwd Wu
hwunwwnnd £ wju thwuwnp, np 4depp Wpqwéd dtwnwnubpp hwunhuwund GU  niuncd-
Uwuhpjwé tnwpwéeh hnntph hhduwywu wnunnunhsutpp:

Lwwnwnybl £ Ugwpwyh wynudwdnihpnGUwihu YyndphUuwwnh 2ppwywipnid puinpyuwé
wnwpwéplubph (pwg hwlp, hwpunwgnighy $wpphyw, wynhy wngwdpwn W Gpyno
nGynLinhdwgywé wnswdpwnutn) hnntph dwup JyGwnwnutpny (V, Cr, Mn, Co, Ni, Cu, Zn,
As, Mo, Pb UL Cd) wnunundwlu quwhwunnedp, hwdbdwwnbind npwle unnighs tnwnpwéph
htGwn:

Nruntdbwuhpynn nwnpwéenid juhun npuwywu YneGywghw E hwjinuwpGpdtp npnp
Swup JdGunwnutph Jhole: UdBELwnidbn npuywl YnnGywghwl hwjnuwptnyt £ Cu-h L
Mo-h Uhol, hugp wnunindwu Jhwulwywlu wnpjniph wnuw)jnigjwl Upwl £ hwunhuwuncd
U wwydwuwynpywé £ upywd swup JGinwnubph pwpan ywpniuwyniejwdp hwlpwpwnh
JGg: 36wnpwjhu UGinwnutph pwhipdwu Gnwlwyp hnnh yupgwépened, hwdwéwju Cf, Cd, I-
geo W EF wpdtputph, yywnd £, np hnnp pwywywuht wnunnundwé E: Nuncduwuhpywéd
72




uauruuh MLaAUUNLAAIGLUSHL UNURKLUSH CrRULUU INAENh UhurNSUNPErNY UNSNSYUBNHESUL 36S LUMYUGS...

hwdwnw pninp nwpwéputpnud Cu-p, Mo-p, Pb-p W Cd-p hhduwywl wnunwnnn dwln
JGunwnutnl thu: 3wdwawju EF wndtpUtph, wnununndp Lpqwé dGnwnutpnyg hnnh npnp
uunputpnud quwhwwndnid £ npwtu «gqquith winunnunwd»:

Unynuwy 4. Swup dGwnwnutpny hnntph Udnubph wnuinngwédniejwu
wuwnhdwlp' hwdwéwju dGnwyncdniywghwih gnigwitihph (1-geo)

Ldniph

V Cr Mn [Co |[Ni Cu | Zn As | Mo | Pb | Cd
rhup

1 015 -148 | -064 |0,11 |-1,21|1,90 |-1,29 |-0,58 | 2,79|-0,13 | 0,00

2 053 | -2,70 | -0,46 |-0,29|-0,38 3,35 [-0,21 | 0,74 | 4,14/ 0,94 | 1,00

3 0,08 | -248 | -1,39 |-0,58|-2,10|3,12 |-0,76 | 0,15 | 3,50| 1,70 | 0,42

4 0,33 | -004 | 0,24 |0,11 |0,45 /0,72 |-0,04 |-0,17 | 0,68/ 0,32 | 0,74
5 -0,58 | -0,53 | -0,27 |-0,58|-0,45|0,83 |-0,64 |-1,17 | 1,00|{ 0,50 | 0,00
6 -001|-09 | 1,12 |-0,29|-0,82|1,98 |0,68 | 0,83 | 2,49|2,42 | 2,87
7 -0,34| -158 | 042 |-0,48|-1,58|2,51 |-0,15 | 0,15 | 3,05]| 1,54 | 0,42
8 -0,24| 0,80 | -0,73 |-0,29|0,45 | 1,31 |-0,86 |-0,17 | 0,68] 0,00 | 0,42
9 -0,29| 062 | -0,79 |-0,48|0,30 {1,48 |-0,88 | 0,00 | 0,26]| 0,22 | 0,74

10 -0,46] -0,48 | -1,11 |-0,70(-0,820,29 |-1,45 |-0,36 | -0,32[-1,00 | -1,58

Unyntuwy 5. Swup dGwnwnutpny hnntph Udnubph wnuinngwédniejwu
wuwnhdwlp' hwdwébwju Iwpunwgdwl gnpénuh (EF)

unh 1 o | Mn [ co | Ni cu | zn | As | Mo | Po | cd
rhup
1 139 | 045 | 080 | 134 | 054 | 467 | 051 | 083 | 865 | 1.4 | 1.25
) 131 | 014 | 065 | 0,74 | 069 | 920 | 0,78 | 1,50 | 15,85 | 1,73 | 1,80
3 128 | 022 | 046 | 081 | 028 | 1048 | 0.72 | 1.34 | 13.70 | 3.93 | 1,61
4 185 | 143 | 174 | 159 | 201 | 242 | 144 | 131 | 236 | 1.84 | 2.45
5 092 | 096 | 1,14 | 092 | 1,01 | 245 | 089 | 061 | 2,76 | 1,96 | 1,38
6 117 | 060 | 257 | 007 | 067 | 464 | 1.88 | 209 | 6,59 | 6.28 | 8,63
. 101 | 043 | 171 | 092 | 043 | 7.9 | 115 | 142 | 1058 | 373 | 1.71
8 130 | 268 | 093 | 126 | 210 | 382 | 085 | 1.37 | 246 | 1,54 | 2,05
9 139 | 261 | 098 | 122 | 209 | 473 | 092 | 1,70 | 204 | 1,98 | 2,83
10 | 120 | 128 | 082 | 1,09 | 1,01 | 247 | 065 | 138 | 142 | 089 | 059

Unwnundwl  wuwnhéwuh (Cd) pwpép wpdbpubpp pwg hwlph 2ppwlwipnid
Jbpngqwdé hnnh Ne 2 L Ne 3 Udnpubpnud (57,27 W 43,21, hwdwwwwnwupuwlwpwn)
wwjdwuwynpywséd  Gu  nGhEdh  wnwudUwhwwnynipniuubpny,  Jwubwynpwwbu®
hwdtdwwnwpwn gwédn nhppwnpniejwdp ényh dwywpnwyhg W pwdnt nunnnipjwdp:

Unwunundwl wuinhdwuh (Cd) pwnén wpdtep hnnh Ne 6 Udnpnud uwywé £ wn
ytwh Unnwywienwd gnpénn  hwlpwpwnh wnuwgny: Spbp  wnswdpwpubphg Cd-h
wnwyblwagnuu wndtep nhunwpyyt, £ Ywpwquih wynhy wnswdpwnh dnnwyuwjenid
Jtpgwd hnnwudnwuGpnud, npp gnpénn wyngwidpwp E, W wyn wwwndwnny wnunnindwl
Jwywpnwyp wnuntn hwdtdwwnwpwn wytih pwpénp E:
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Rwpuh wnuGiny 4Gpp Updwép' wuhpwdtn £ hpwywuwgut, Ugwpwyh wnbbw-
UnthpntUwihu  yndphUuwwnp 2pgwywyeh hnntph 2wpnibwywywu JnUhwinnphug, huswGu
Lwl' dwytb, hnnh npwyh pwpbwydwl  wpyniuwydbn  JGennutp: Lpdwé  Up-
gngwnnidubpp swihwquwug Ywplnp U win nwpwéend  Eyninghwywl  hwywuwpw-
Uannipintlp Wwwhwwubint hwdwn, huswytu bwl hwupwiht wnenngniejwl ywhwwudwl
wnGuwlyntlhg, pwluh np dwup JGwmwnutGpp, hnnh Jhgngnd pungpyyting ulinwhu
onpwutph Jte, Ywpnn U Jwpnywug Jnn pwquwphy hhjwunnienilubGph wwwndwn
hwunhuwUwiy:

ErUSUQhSNFE3NFL

36unwqnunnipnll ppwlwliwgyly £ 33 WAL ghunnipywl wGwnwlwl Yndhinbh
wpwdwnpwé  pplwluwynpdwdp'  15T-4C251  dwdlwanpny  ghunwlwl  pt&duwh
onpwliwyubnnLd:
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THE UTILITY OF SUFFICIENTLY INFORMATIVE PROTEIN
MULTIPLE SEQUENCE ALIGNMENT FOR CANCER RISK
ASSESSMENT OF BRCA2 MISSENSE SUBSTITUTIONS
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Although the breast cancer risk, that is specific to BRCAL and BRCAZ2 genes, is similar
one to another, the analysis of missense substitutions has focused mainly on BRCAL. However,
more than 40% of BRCAZ2 full-sequence tests in which a reportable DNA sequence variant is
found present unclassified missense variants. The results of this study present amino acid sequence
conservation across BRCA2 protein using protein multiple sequence alignment of 12 BRCA2
orthologs capturing enough evolutionary time to predict the role of unclassified missense variants
of BRCA2 gene on BRCAZ2 protein function by means of bioinformatics analysis.

Missense substitutions — BRCA2 gene — protein multiple sequence alignment

QUuwjwé BRCAL L BRCA2 gbutphu punpnp t Ypdpwgbnéh pwngytnh qupgquguwl untjuw-
Udwu gtuGinhywywl nhuy, hhyuwywund nuncduwuppybp B BRCAL gbuh JhuublUu wnbnuyw-
\ndutGpp: WuntwdBuwjuhy, gEuinhjuywl ptuntph dhgngny hwjnuwptnywéd BRCA2 qtuh wdpnng
hwgnpnwywuntejwl thnthnpunieinlultph 40% hptughg Ubnpywjwgunid U snwuwywnpgywé Jhuutlu
wnwppGpwyutp: Wu  hGunwagnniniegjwl - wpnyniuplbpp gnyg G wwihu BRCA2  uwhwnwynigh
wdhUwpeplywiht  hwgnpnwywuniejwl  Ynuubpqughwl' 12 BRCA2 oppning  uwhwwynigutnh
pwquwyh hwgnpnwywluntejniuubnh hwdwnpdwu Yhpwndwdp: dvGpghup punagpynd £ pwydwpwn
Eyngnighnt dwdwuwywhwwnywsé' BRCA2  uwhwnwynigh  $niyghwh  Jpw BRCA2  gbunid
snwuwywngywé  JhuubUu  wnwpptpwyutph nbph ywUhunpnpdwl  hwdwp®  Ysuuwhupnpdwinhy
JGninidnipjwl Uhengny:

Uhuublu inbnwlwinidutn —BRCA2 qbl — uwypunwlyniglbiph pwquwlh hwenpnwlwntpinlulbph
hwdwnpnid

Myranuu reioB BRCA1 1 BRCA2 criocoOCTBYIOT MOBBINICHHOMY PHCKY Pa3BHTHS paka
MOJIOUHOH >Kkene3bl. [IoMck MHCCeHCc-MyTaluii ObII COCPEJOTOYCH TJIaBHBEIM 00pa3oM Ha TreHe
BRCAI. Tem He MeHee, TpU CEKBEHUPOBaHHUH mocienoBarenbHocTeld rena BRCA2 BoisiBieHO 60-
nee 40% HeKIacCU(PHUIIUPOBAHHBIX MUCCCHC-BAPHAHTOB. B TaHHOM HCCIIeIOBAHUH HCIIOIb30BAHbBI
METO/bI BHIPaBHUBAHUS TocieaoBaTensHocTeld 12 opronoros 6enka BRCA2 ¢ ncnonb3oBannem
6uonH(popMaTHIecKoro Merona. IlomydeHHBIE pe3yIbTaThl CBHAETENBCTBYIOT O CTaOMIBHOCTH
aMHHOKHCIIOTHOH TocienoBarenbHocTH Oenka BRCA2  Ha NMpOTSHKEHHH JUIMTENHEHOTO SBOJIO-
IMOHHOTO MEpHOoJa, JOCTATOYHOIO JUI MPOTHO3HPOBAHHS BIHMSHHUS HEKJIACCH(PHUIMPOBAHHEBIX
MmucceHc-BapuanToB reHa BRCA2 na ¢ynkimm 6enxa BRCA2.

Muccenc-3amenvt — ecen BRCA2 — mHooicecmsennvie suipasHuanus 6eikogvix
nocnedosamenbHocmet
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Since identification of BRCAL and BRCA genes, extensive research has been
carried out to elucidate their function in breast and ovarian cancer. BRCAL and BRCA2
are both tumor suppressor genes involved in the signaling and repair of DNA. To date,
more than 1000 and 500 deleterious mutations have been found in BRCA1 and BRCA2,
respectively. Mutations in either gene lead to a compromise of DNA repair [14],
resulting in DNA replication errors. In the current working model, this extra mutational
load ultimately leads to the development of breast or ovarian cancer [2].

Classifying missense variants is difficult because genetic testing is performed on
small families or isolated individuals in the contrary to large pedigrees. This makes it
difficult to use segregation analyses to classify. In addition, most of the unclassified
substitutions are too rare for standard genetic and/or epidemiological analyses. As
opposed to the linkage analysis, the sequence analysis of BRCA2 from a diverse set of
organisms allows identify positions within the alignments that are functionally
constrained or not-constrained. Sequence analysis/bioinformatics is a frequency-
independent way for the observed substitutions to be initially put in sets that are enriched
for neutral substitutions or deleterious substitutions using quantitative measures of
amino-acid physical-chemical similarity [1].

Thus, creation of “a sufficiently informative” protein multiple sequence alignment
(PMSA) capturing a combined evolutionary time (cladogram path length) of at least
2,000 million years is a prerequisite for such an analysis.

Materials and methods. Creation of BRCA2 PMSA: The BRCA2 PMSA was
constructed from existing full length sequences of 6 mammals (human, U43746; chimpanzee
XP_509619; monkey XP_001118184; rat, AAB71378; dog, NP_001006654; cow, XP_583622),
chicken (AALB89470), green spotted pufferfish (EF564374) and fugu pufferfish. Alignment was
prepared using the M-Coffee server (http://www.tcoffee.org/Projects/mcoffee/index.html), which
rather than computing a multiple sequence alignment on its own, it uses other packages to compute
the alignments. Using Mlalign_id_pair, Mslow_pair, Mmuscle_msa, Mclustalw_msa and
Mt_coffeee_msa methods, the server then used T-Coffee method to combine all these alignments
into one unique final alignment. The initial PMSA was then re-aligned using the Genetic Database
Environment program (version MacGDE 2.4), resulting in the alignment used for the analyses
presented here.

Assembling BRCA2 Sequence from the Genomic Sequences: Three new sequences -
opossum (Monodelphis domestica), frog (Xenopus tropicalis) and sea urchin (Strongylocentrotus
purpuratus) BRCA2 were also targeted for addition to the PMSA. For these, a combination of
tBLASTN (The National Center for Biotechnology Information) and splice junction prediction was
used to build initial gene models from the available genomic sequences. First, the ortholog protein
of more diverged organism was subjected to BLAST and gene orthologs were predicted. Genes
were referred to as unique if they do not satisfy the criteria of bi-directional best hits. Such a
unique gene prediction of a given organism was then searched against the genome of the other
model organism to exclude any missing prediction because of the limitation of the tBLASTn
program. Only when a unique gene and no other match were detected then the gene ortholog was
considered as unique and was taken into the PMSA.

Molecular genetic confirmation of low confidence segments: The parts of three gene
models with low rate of conservation were PCR-amplified from initially synthesized cDNAs and
sequenced by using the same primer sets and Dye-terminator sequencing reactions (BigDye
Terminator, version3.1, LifeTechnologies). Sequencing reaction products were then run on a 96-
capillary Spectrumedix Sequencer (Transgenomics) in accordance with the manufacturer’s
recommendations.

Analysis of sequence invariance in the alignment: Three statistical models were
considered for calculating, from the PMSA, the number of positions in the alignment where human
BRCA2 has a residue that remain invariant due to common ancestry and strong sequence
conservation as against those that are invariant due to common ancestry even though the position
is probably under weak functional constraint. In the Model 1, probability of missense substitutions
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does not depend on position in the sequence. In the Model 2, the alignment is treated as if it
consisted of two groups positions — invariant and variable positions. In the Model 3, the alignment
is treated as if it consisted of two groups positions — slowly and rapidly substituting positions. All
three models follow and the expected number of invariant positions for all three models was
calculated as explained in the Fitch’s development of the covarion hypothesis [3, 5, 6].

Results and Discussion. The contribution and significance of germline BRCA1&?2
mutations to breast cancer, both in high-risk patients and in the general population, is
still incomplete and remains unclear. In cases of clearly deleterious mutations
(frameshift, nonsense and splice junction mutations, large gene rearrangements), the test
results are of precious importance for subsequent clinical implication. However,
missense substitutions observed in these genes are a difficult challenge as their
classification as neutral variants or deleterious mutations presents a serious obstacle for
medical genetics. The most successful approaches used to date combine cross-species
sequence comparison of the gene of interest with analysis of the physical characteristics
of wild-type and mutant amino acids. The amino acid sequence of BRCAZ2 is poorly
conserved across mammalian species. For example, the sequence identity of human
BRCAZ2 with mouse Brca2 is 59% [13]. This is far below the average (>80% identity)
for human/mouse gene comparisons. Only the C-teminal DNA binding domain (DBD)
and BRC repeats in the central portion of BRCAZ2 are also somewhat well-conserved [4].

Therefore, the accurate assessment of unclassified and rare missense variations
identified across the BRCA2 gene would require creation of a sufficiently informative
PMSA of BRCAZ2 which is the central aim of this study.

Orthologs are genes in different species that evolved from a common ancestral
gene by speciation. Normally, orthologs retain the same function in the course of
evolution. Given the availability of complete genome sequences from related organisms,
the BRCA2 PMSA was constructed from 6 mammalian (human, chimpanzee, monkey,
rat, dog, and cow), chicken, green spotted and fugu pufferfish full length sequences.
However, identification of new orthologs is critical for the construction of the PMSA of
sufficient size for classification of missense variations. Therefore, the PMSA has to
sample enough sequences at sufficient evolutionary remove from each other (“alignment
depth”) to contribute missense substitutions analysis with reasonable sensitivity and
specificity.

For this reason, three model organisms — Monodelphis domestica, Xenopus
tropicalis, and Sea urchin with recently available genome sequences were included in the
developing BRCA2 PMSA. Opossums are the closest phylogenetic relatives of placental
mammals. Marsupial genomes are approximately the same size as other mammalian
genomes. The Monodelphis domestica is becoming an increasingly important model
organism for comparative genomic research. X. tropicalis is an important model
amphibian organism for the study of developmental genetics and vertebrate biology
which genome contains some gene segments well conserved from human to frog and
beyond. Sea urchin is a member of the Echinoids, invertebrate marine animals which are
useful in evolutionary studies as non-chordate deuterostomes. Regions of synteny
between sea urchins and mammals have been identified, and they are more closely
related to humans and other chordates than flies or nematodes.

An approach of BLAST analysis with sequence conservation providing important
clues for predicting gene structure was applied to achieve high quality gene prediction
for these three newly-sequenced species. The predicted sequences are exon by exon
predictions of BRCA2 gene which span only one sequence contig and are consequently
predicted by a single gene model. Because of the high variability of BRCA2 orthologs,
some predicted exons had wrong splice junctions or were missing from the predictions.
Furthermore, it was not observed one-to-one correspondence of human BRCA?2 with the
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predicted orthologs. These problems were overcome by careful molecular-genetic
analysis of cDNA of three model organisms and sequence confirmation of low
confidence segments. The final mRNA and protein sequences of three BRCA2
orphologs are reported in the GenBank [7-12]. The PMSA was created by M-Coffee
server and then was manually re-aligned by GDE software (fig. 1).

-

pommmMmMMMMMM

D
D
D
D
D
D
D
D
D

mmmmmmmmmm
Emmmmmmmmm

m

ol i ol i o i
ol o el e
ppomommmomm

MMM TTTITMTMTMITMT T M

o E-(
mzzﬂﬁmmmmmmm

0
<
™|
|

Fig. 1. A section of BRCAZ2 alignment from human residues 15-52 representing one well
conserved (in the left) and one variable (in the right) segments (both in the red frames).

The BLAST and experimental analysis of three new orthologs approved that the
genes actually encode all of the BRCA2 motifs documented in vertebrate BRCA2. The
Sea urchin’s BRCA2 is the most evolutionary distant BRCA2 gene currently known to
be a good structured analog to its human counterpart.

The statistical likelihood that an invariant amino acid position is truly
functionally constrained depends on the size of the evolutionary database used. The
minimum number of substitutions was calculated by the Fitch-type 3 rate constant model
of Fitch and Markowitz expressing as the number of substitutions per amino acid
position, averaged across all positions in the gene [3,5]. Comparison of the observed and
expected (based on the null hypothesis that variants should be uniformly distributed)
numbers of invariant amino acids reports on the alignment depth to be informative. In
general, if a PMSA contains >3.0 substitutions/position, then the probability that any
amino acid will be invariant is <5%.

First, we calculated the well-conserved DNA binding domain (DBD domain)
(human residues 2401-3110) segment of the alignment after the addition of the
experimentally determined sequences from the opossum, frog, and sea urchin BRCA2
orthologs. Based on a Fitch-type 3 rate constant model, approximately 45% of positions
in the concatenated DBD domain alignment were under functional constraint, and the
alignment had a maximum likelihood estimate of 3.3 substitutions per position. Given
the much greater cross-species sequence variability of the BRCA2 gene, the proportion
of truly conserved positions were smaller, requiring more substitutions per position. On
the other hand, if the BRCA2 PMSA contained only 9 vertebrate sequences, it had 124
observed invariant positions (about 3.6% of BRCA2’s 3418 amino acids), compared
with the expected number of 67.1. Thus, up to 50% of the invariant positions may still
have been invariant by chance. To reach that criterion required addition of three more
sequences (from opossum, frog and sea urchin), and pushed the total number of
substitutions per position past 5.

Consequently, the carefully constructed and curated BRCA2 PMSA containing
11 vertebrate and 1 invertebrate BRCA2 sequences captures enough evolutionary time
(about 2,500 million years), has about 5 substitutions per position, and >95% of
invariant positions are because of functional constraint. Therefore, the BRCA2 PMSA
fully satisfying the three criteria is considered sufficiently informative for further
classification of missense substitutions by bioinformatics alignment-based tools.
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[IpennoxxeH HOBBIA METON IS BBIACHEHUS H30UPATEIbHOCTH B3aUMOICHCTBUS JIUTAHIOB C
AT- u GC- nykneorunasiMu napamu JJHK. PaccmarpuBaercs BiusHIE HCCIeyeMOro JIMTaHAa Ha
TEPMOCTaOMIBHOCTh ONPEACICHHBIX ¢ pa3nuuHbiM GC-comepkaHiueM OJIOKOB OJTHOM U TOif ke Te-
teporennoi [THK. [TpeanoxeHHBIM crmocoOOM MCCIeIOBAaHO B3aHMO/ICHCTBHE MYyJTbTHMOTATEHOTO
nragna mutokcanTpona (MTX) na myxieornansie nmaps! JJHK. ITokaszaHo, 9To XapakTep B3auMo-
neiictBust MTX ¢ AT- u GC- mapaMu 3aBHCHT OT OTHOCHTENBHON KOHIICHTPAIMH JINTAHA, [IPU-
YeM C YBETMUYCHHEM KOHIICHTpAIUU JIMTaH/Aa HaOM0AaeTCa CHIbHOE OTKJIOHEHHE TePMOCTAOUIb-
Hoctr GC- GOraThix y4acTKOB OT JIMHEHHOCTH.

JHK- oughpepenyuanvnasn kpusas niaeienuss — MUMOKCAHMPOH — MEMNepamypa niaeieHust

Unwownyyby £ unp dGenn 2U6-h AT W GC gnug hhdpbph hGuin |hquunubph thnpuwqnbgnt-
rJwU punpnnuywuntpjwl wwpqwpwudwu hwdwn: b nwpptpnipint wpnBu gnjneeintu ntubgnn
Gnwuwyutnh, wnwewnyywé dtpnnnid punpnnuywuncentlp wwpquwpwuyned b neuncdUwuhpbing
Jhlunyl hGwnBpngbu YUufe-h wwpptp GC wwpniiwynipjwdp wnbnwdwubnp: Wu JGennny niuncd-
Uwuhpyb] £ pwgUwplnye |hqwunh' Jhnnpuwuwnpnuh (MTX) thnfuwgnbgnieiniup 2Ufe-h uniybn-
wnhnwjhu gnygbph hGw: Snyg £ wnpdwé, np uncyGninhnwihu gnygbph hGnn MTX-h  thnuwgnt-
gnLpjwl punyep Ywhujws E hquunh hwpwpbpwywl Ynugbunpwghwih wéh hbwn, pun npnud GC
hwpnruwn inBnwdwutph sEpdwywjniejwl wép ng gdwjhu t:

Mre-hwydwl nhdbnblughwy Ynp — dhinnpuwlinpnl — hwydwl gEpdwunphdwl

A new method for determination of the affinity of the ligands with AT- and GC-
nucleotide pairs of DNA is suggested. The effect of the testing ligand to the different GC- content
blocks of the same heterogen DNA is considered. It is shown that the nature of the
mitoxantron(MTX) interaction with AT- and GC- pairs depends on the relative concentrations of
the ligand and significant non linear increases of the thermal stability of GC- rich regions are
registereted.

DNA-the differential melting curve — mitoksantron — melting point

OpHuM U3 myTei 00HApY)KEHUSI 0COOCHHOCTEH B3aUMOJICHCTBHS JIUTAH/IOB C HYK-
JICOTUAHBIMA TIAPAMU SIBIISIETCS HCCIEIOBaHNE BIFSIHUA HaHHOTO ymranma Ha JJHK m3
Pa3IUYHBIX HCTOYHUKOB C OMpPEEIEHHBIMU MOCIEA0BATEIBHOCTIMU C Pa3IMYHBIMU
GC- conepxxanusimu. B psizie ciiydaeB BbISBISIIOTCS XapaKTEPHBIE OTIUYUSI, KOTOPBIE MO-
TyT OBITh HE3HAYUTEIBHBIMH M, YTOOBI U30CKATh CHCTEMATHYCCKHUX ONIMOOK, HYXKHO
paccMaTpHBaTh BIHSHUE HCCIIEAYEMOTO JINTaHIa Ha OIpeaeieHHbIe ¢ paznudasiM GC-
cojiep KaHMeM ydacTKu oiHO# u Toit xxe JJHK .
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[IporuBoomyxoneBoii mpenapat mutokcanTpoH (MTX) ¢ ycriexom nmpuMeHseTcs
B XUMHUOTepanuu omyxoiei [12,6]. OnrHako 10 HACTOSIIEro BPEMEHW MHOTHE BOIIPOCHI,
CBSI3aHHBIE C MEXaHW3MaMH1 M N30MpaTensHOCThIo B3anmoericTeus ¢ JIHK, ocratotcs He
BBELICHEHHBIMU. B paborax [8,5 | 6pU10 OKa3aHo, uTo mpu cBs3biBanuu MTX ¢ Hykieo-
tuaaeiMu napamu JIHK u3bupaTtensHOCTs MOYTH He HAOIIOJAeTCsl, XOTSA B JINTEPATYype
CYIIECTBYIOT AKCIIEPUMEHTAIIbHBIE TaHHBIE, I'7Ie ITOKAa3aHO, YTO B3aUMOJACHCTBHE C CHH-
TETUYECKUMH TIOJIMHYKICOTHAAMH, coepkamnuMu Tobko AT-mapsl, cnabee, yem ¢ GC-
mocuenoBareIbHOCTAMHU [4-7]. M3BecTHO, 4TO TpH Clabo TPOSIBICHHONH 0COOEHHOCTH
criocoOHOocTH B3aumozencTBus ¢ AT 1 GC-mapamu 00IEnpUHATEIN crtocod nccieaoBa-
HUSI 130MPaTENbHOCTH CBSA3BIBAHMS MHOTIA TIPUBOANT K HEKOPPEKTHBIM pe3yibpTaToM. B
JTaHHOH pabote Ha mpumepe MTX mpeanaraercs HOBBIN crtocod mccieqoBaHusSI N30Hpa-
TEJIFHOCTH CBSI3BIBAHUSI JIMT@H/IOB C HYKJICOTHUIHBIMHM IIapaMU Ha TMpPHMEpE IUIaBICHHS
komiutekcoB MTX Tomnbko ¢ ogauMm rereporeHssiM JJHK tumyca Tenenka.

Mamepuan u memoouxa. Vcnonszoamm JJHK tumyca Tenenka (Sigma) ¢ koadpunuen-
TOM SKCTHHKIHH €50 (P)=6550 M em™. Bee oGpasusr JIHK H3ydaiu B [MHTPATHO-CONCBOM PaCT-
Bope 0.1SSC (1 SSC =015M Na CI+0.015M mutpap Na), pH=7.3, [ Na*]=0.0195M. Konrentpa-
o MTX onpenensiii crieKTpooTOMETPHIECKH, YUUTHIBAs, YTO B MOHOMEPHOM COCTOSIHUH €T0
KO3 (PUIHEHT SKCTHHKIUN COCTABIIET €556=25900 M'ch'l[S].

Cnextpsl moriomenuss u kpusble miaBitennst JJHK momydamm Ha crexrpodoromerpe
Unicam SP 8-100 (Aurmius). ITnasnenre JJHK ocymiecTBIsioch IPH HENPEPHIBHOM HATPEBE PacT-
BOPOB CO CKOPOCTEIO ~0,25rpaa/MuH. M3MepeHus: MOBTOPSUTUCE 5-6 pa3, ¢ MOCICAYIONIEM yCpe-
nenneM. TOUHOCTS onpeeneHns Temeparypsl £0,05°C, a onTiyecko mwiotHoctH—10 onrruec-
KHX CJIMHHUII.

[Ipennaraemplii MeTO 3HAYUTENBHO UH(GOPMATHBHBIA U MO3BOMIAET C OONIBIIONW JOCTOBEP-
HOCTBIO OOHApYKHTh CHELM(PUIHOCTb CBSA3BIBAHUS B3aUMOACHCTBHUS MYJIBTUMOJAIBHOTO JIMT'aH/a
MTX c rereporennoit [JHK Ttumyca TeneHka. AHalu3 MOJTYYEHHBIX JAHHBIX MO3BOJISET 3aKIIIO-
YHUTH, YTO METO]] JOBOJFHO YHUBEPCANBHBIH M €r0 MOXKHO NMPUMEHSTH Ul OOHApY>KeHUS CIeIH-
(UYHOCTH B3aUMOJEHCTBHS IPYTHX MyJIBTHMOAAIBHBIX JIMTAHJOB ¢ rereporenHoi JJHK.

Juddepenunansasie kpusble 1aBieHus (JKII) Obutn monydeHBI IMyTeM YHCICHHOTO
G bepeHIMPOBaHNsS HOPMHUPOBAHHBIX KPHMBBIX IUIABJICHHS 10 CIELMaNbHON mporpamme. Ipo-
rpaMma InpefHa3HaueHa Ui MOJIyYeHHs CIVIaKCHHOH HOPMHUPOBAaHHOW KPHBOW IUIABICHUS U e
MepBOI MPOM3BOAHOW NPH TpexX pekuMax criaaxkuBanus. O mocroBepHOcTH monydeHHBIX JIKIT
JHK MoxHO cynmuTh, CpaBHHBas Mmoiay4deHHBIe B Hactosuield pabdote JKII ¢ yxe momydeHHBIMH
npyrumu criocobamu [10].

Pesynomamet u oocysycoenue. JJHK GonpiimHcTBa M3 BBICIIMX OPraHU3MOB COC-
TOSAT M3 OJIOKOB, MOCIIEA0BATEILHOCTD Map HYKJICOTHIOB KOTOPBIX OJIM3Ka K CIy4ailHOM
[3]. Kak nmpaBuiio, nx KpHBbIE IUIaBICHUS CTyIIEHYAThIe, OJJHAKO B OOJIBIIMHCTBE CIIyda-
€B, OHM (CTYNIEHbKH) Ha OIBITE TPYJHO PA3INYUMBI. ITO OOBSCHICTCS TEM, YTO OJIOKOB
CO CIIyYaiHBIMH IIOCIIEIOBATEIBHOCTSIMH JJOBOJIBHO MHOTrO, a GC-comepkaHue Takux
6710K0B J10BOJIBHO Oim3ku. OOBIYHO B 3THX CIydasx NMpou3BoauTcs muddepeHnmpona-
HUE KPUBBIX IJIaBieHus no temneparype. [lo nonoxenuto makcumymoB Ha JTHK omnpe-
nensiercst cpennee GC-comeprkanne JaHHOTO y4acTka (Habopa 61o0koB) JJHK. Haubomnee
JOCTOBEpHYIO mH(popManmio o HykieotuaHoM coctaBe JJHK maer meTton pasmoskeHus
JKII na rayccoBsle coctapisromue [1].

Ha puc. 1 npusenena JAKII THK tumyca TeneHka u ee pa3noxeHus Ha 5 raycco-
BBIX COCTaBIIAIONINX. VI3BECTHO, YTO KaXKIyIO rayCCOBYIO COCTABISIOIIYIO0 MOXKHO Tpe-
cTaBUTh Kak ompeneneHHsii yaactok JJHK ¢ mekoTopemm cpenamm GC-comepikaHuem
(cm. Hampumep [11]). TloaTomy, m3ydas MOBEICHHE 3THUX YYACTKOB MOJ JCHCTBHEM
MTX, Ha OCHOBE MOJYYEHHBIX JaHHBIX MOXKHO CYIHMTh 00 M30MPaTeIbHOCTU CBSI3bIBA-
Hus atoro juranga u ¢ GC-map ocuoBanusmu JJHK. Benencteue 60b10ro nepekpoisa-
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WUCCJIEJJOBAHUE U3BUPATEJILHOCTH CBA3BIBAHUSA JIMTAH/IOB C AT- M GC- [TAP OCHOBAHW [TPY TIOMOIIIN. ..

HUSI MECTOIIOJIOXKEHHE MaKCUMYMOB TIEPBBIX BYX I'ayCCOBBIX COCTABIIAIOMINX O TEMIIE-
parypHoii mkaine (Ty) He onpenenseTcss OHO3HAYHO, U TOATOMY AaXKe HE3HAUUTEIHHOE
n3menenne nonoxenus [JKII (B mpepenax ommOKH SKCIIEPUMEHTa) IPUBOIUT K Pa3iio-
KEHHUIO C MAKCUMYMaMH YK€ IIPU APYTUX TEMIIEpaTypax.

28 I
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Puc. 1. Iuddepennnansuas kpusas mwiasnerns JJHK tumyca TeneHka y ee pa3ioxeHus
Ha 5 rayCCOBBIX COCTABIIAIOIIUX.

YeTko pas3ziessiomuecs: TpeThs, YeTBepTas U IsITasg COCTABIAIONINE MOXHO HC-
MTOJTL30BAaTh KaK YYaCTOK C KBa3UCIyYaiHBIM paclpeIeiCcHUeM HYKICOTHIHBIX Map ¢ He-
kotopeiM cpenHuM GC-conepkanuem. Hcmons3yst ¢opmyny (1), 3Has Temmeparypy
rnasnenus (Ty,) cocraBmsrommx, MOKHO HalTH cpernHee GC-conmepkaHue JTaHHOTO
yuactka JJHK [10]

Tn=821+ X (40—141g[Na']) + 17,3 Ig[Na™"] (1)
rae X - g GC-comep:kaHue ydacTKa ¢ TeMIeparypoi muasieHus T,

PacueTsl nmoka3biBaloT, 4TO JIs TPETHEH, UeTBEPTOM U MsiTOM NMUKOB cpeanee GC-

coziepskaHne paBHO cooTBeTcTBeHHO X3 =0,5, X, =0,58 n X, = 0,66.
Meton pasnoxenus JKII JHK wucnone3yercsa ans BBISICHEHUS BIUSHHUS HPOTHBO-
omyxosesoro npernapara MTX na AT u GC-conepxkanne Hykineotuaubix map JHK. W3-
BecTHO, 4T0 MTX sIBIISICTCS TONYHHTECPKAIAIMOHBIM COCTMHCHAEM. BO3MOXHO Takxke
BHEIIIHEE CBS3BIBAHHE 00pa30BaHUS CTOMKOOOpa3HBIX CTPYKTyp Moiekydl MTX Booib
uenu JIHK [4,2]. Tlpu TakoM cBs3biBaHuH TepMocTtadbmiabHOCTh JJHK yBemuumBaeTcs

5,2].

’l‘lll

N

90

80 L4

70

0.01 0.02 0.03 0.04
[MTX]/[DNA]

Puc. 2. 3aBucuMOoCTh TeMIEpaTypsI IIaBIeHus TpeThelt (1), uerBeproit (2) u
msToit (3) cocrasistromux JAKIT THK ot otHOCHTEeNmBHO# KOHIIEHTpamn MTX.
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Ha puc. 2 noka3ana 3aBUCUMOCTb Ty, UCCIENYEMBIX COCTABIISIIOIIMX OT OTHOCH-
TenpHOM KOHUeHTpauuun MTX ([MT>y ) Kak crnemyer u3 puc. 2, ¢ yBeIHMueHUEM
[DNK]

koHueHTpauuu MTX T, yBennuuBaercs. YBeaumdeHnue Tp ropasno cuibHee s
GC-6oratbix 6moxoB. CnenoBarenbHo, MTX u30uparenbHO BIUSET Ha TEPMOCTAOMIIb-
HocTh AT- u GC- mykieoTunssix map. U3 puc. 2 cinemyer, 4To HaKJIOH KpuBo# Tp, oT

([MTX]) cuitbHO 3aBuUcHT 0T GC-coneprkanms, nmpuueM ¢ yBenmueHneM GC-conmepkaHus

[DNK]
YBENWYMBAETCS TAHTEHC yIjla HaKiIoHa. BeposTHee Bcero, 3T0 00yCIOBICHO TEM, UTO B
3aBUCUMOCTH OT KOHLEHTpPaluu JUraHga MexaHusMmel Bzaumozeiicteuss MTX ¢ AT- u
GC-napamu pe3ko OTIMYAIOTCS APYT OT Apyra [4,7].

Takum o6pa3oM, 0600mas BHIICTPUBEAEHHBIC YKCIIEPUMEHTAIBHBIEC JTaHHBIE H
CpaBHMBAsI MX C JIMTEPATYPHBIMHU JAHHBIMH [8-7], MOKHO 3aKJIIOYHTH, YTO MPEITI0KEH-
HBIA TIOJXOJ UMEET OIpeesIEHHBIE MPEUMYIIECTBA [0 CPABHEHUIO C JPYTUMH METOJa-
MH, TaK Kak He TpeOyeT mpoBeaenus skcrnepumenToB ¢ JIHK ¢ pasusiMu GC-comepika-
HUSIMH, W U30MpaTeIbHOCTh B3auMojaencTBus JurannoB ¢ AT- u GC-HyKIeOoTHTHBIMU
MapaMu MOYKHO BBISIBUTH HETIOCPEACTBEHHO C MPSAMOI0 SKCIEPUMEHTA Ha FeTepOreHHON

JTHK.
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The dependence of E. coli BW25113 wild type’s and JRG3621 (hyfB-R) mutant’s
membrane vesicles ATPase activity on glucose concentration and cooperation of FoF;-ATPase
with Hyd-4 (hyf) under different conditions were studied. Different values of the N,N-
dicyclohexylcarbodiimide (DCCD)-sensitive ATPase activity were observed upon 0.2% and 0.8 %
glucose fermentation conditions. These values depended on pH and K content in the assay
medium. DCCD-sensitive ATPase activity of 0.2 % glucose fermented hyfB-R mutant was lower
1.5-fold compared to wild type in K*-free medium, and slightly increased by 100 mM K*. The
wild type demonstrated lower ATPase activity in both case, in K*-free and in K*-present media at
pH 6.5, respectively ~1.5 and ~2-fold under 0.2% glucose fermentation, compared with pH 7.5.
Unlike 0.2 % glucose fermentation, K™ had suppressed effect on wild type's ATPase activity upon
0.8 % glucose fermentation at pH 6.5, whereas hyfB-R showed K* stimulated ATPase activity at
the same conditions. The results pointed out the FoF,-ATPase’s interaction with Hyd-4 and K*
uptake systems upon 0.2% glucose fermentation at pH 7.5 which is important for understanding
the role of FoF;and Hyd-4 under fermentation.

FoF-ATPase — membrane proteins — hydrogenases — Hyd-4 — glucose fermentation —
Escherichia coli

Niuncduwuhpyty £ E.coli-h BW25113 Jwph whwh W JRG3621 (hyfB-R) dniinwlwn pnwdh
pwnwupwhu panhlyubph Ubd-wquiht wywnhdnipiwl Ywhudwénieniup qyntyngh Ynugbunpuw-
ghwjhg L FoF1-UGd-wgh nL 3pn-4-h thnfuwgntgnieiniup fudnpdwl tnwppbp wwjdwuubpned: 0.2 %
W 0.8 % gynyngh hudnpdwl wwydwuubpnd N, N’ nhgynhGeuhiywnppnnhhdhn (Y84M)-qqwnit UG d-
waquwjhl wyhdnipintup' Ywhgws nbwyghnl hpwdwnh pH-hg W K*-h wwpniuwynieintuhg twpptn
E: 0.2 % gyniyngh puunpdwl  wwydwllbpnd (K™-hg gnipy Jhpwydwypnid) — E.coli-h hyfB-R
Udntinwitnh A84YM-gaunitl UGd-wquiht wyinpynieiniup® hwdbdwwnwd Juyph inhwyhu' gwén £ 1.5
wlquwd, W phs upwlyws 100 UU K*-h Ubpyuwyniejwdp: Ywjph mhwh Usd-wquijht wiinhynieintup
pH 6.5-h ntwentu* hwubdwwnws pH 7.5-h" gwsn £, huswbu K*-hg gnipl, wilwbu b K -wwpnibwynn
Uhgwywjntpnid, hwdwwwupuwlwpwn ~1.5 W ~2 wugwd: 0.8 % qgyntyngh fudnpdwl ntwencd (pH
6.5) Juiph wnhwh Ud-wquiht wywnhynieniip puysdt, £ K -h Ubpyuyniejwdp, Jhlgntn Unul
wwdwlutpnid hyfB-R dnunwlinnid nhuindty £ K -tupwldws Usd-wquiht wywnhynipinit: Wu
wnyjwiubpp gnyg GU wwihu 0.2 % gyniyngh fudnpdwl wwjdwuubpnud  pH 7.5 wndtph nbwenid
FoF1-UGd-wgh W 3pn-4-h, hUswbu Uwle K* Yuwunn hwdwhwpgbph thnpuwgnbgnieiniup, npl k.
Ywplnp £ hudnpdwt wwydwuubpnud FoFi-h W 3hn-4-h nbpp hwulwuwnt hwdwp:

FoFi- UES-wq — pwnwlpuihl uwhunwlnigltn — hhnpngbluwqubn —3hn-4 —
qunLyngh fudnpnid —Escherichia coli
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UccnenoBansl AT®-a3uas akTHBHOCTH MeMOpaHHbIX Be3uky: E. coli BW25113 aukoro
tuna 1 Mmytanta JRG3621 (hyfB-R) B 3aBHCHMOCTH OT KOHLICHTPALMH TJIFOKO3bI, H B3aHMOJICHCT-
Bue FoF-AT®-a3b1 ¢ ['un-4 npu pasinuyHbIX YCIOBHSAX cpeibl. MemOpaHHble Be3ukyisl E. coli
mposiBisuin pasnyto N,N’-gunuknorexcunkapoomuumun (JLIKJ)-uyscTBuTensayto ATd-a3nyro
aKkTUBHOCTB TpH copakuBanuu 0.2 % u 0.8 % rimoko3sl. ATda3Has akTHBHOCTB 3aBUcena ot PH u
mammuna K B peaxrmonnoii cpene. JIK/I-uyBcrBuTenshas ATd-a3nas aktuHocTh hyfB-R My-
TaHTa rnpu copaxuBanuu 0.2 % IIIFOK03bl MOHIKANACh B 1.5 pa3a [0 CpaBHEHUIO C JUKUM THUIIOM B
orcyrcreue K 1 BospacTana B mpucytereuel00 MM K. Jlukuif THI meMOHCTpHpOBan Gonee HII3-
kyto AT®-a3uyr0 aktHBHOCTH B ~1.5 pasa mpu pH 6.5, no cpaBaenuto ¢ pH 7.5 (~2 pa3), kak B
npucytctsun K*, Tak u npu oTCyTCTBMM JaHHOrO MoHa. Ilpu cOpaxusanuu 0.8 % rmokossl (pH
6.5) K" monasnsan ATd-a3Hyl0 akTMBHOCTb JIMKOTO THMa, B oTiuune oT 0.2 % IJII0KO3bI, a MpH
Tex ke ycnoBusx hyfB-R mokaseiBan K'-unpymuposannyio AT®-asHyio akTuBHOCTB. Ilomyden-
HBIE PE3yJbTaThl CBHICTEIBCTBYIOT O B3auMmoaeiicTBusix FoFi-AT®-a3el ¢ ['ma-4 u ¢ cuctemamu
nornomenus K npu copaxuparmu 0.2 % riiokossl mpu PH 7.5, 4To uMeeT BaxHOe 3HAUEHHE IS
BbIsIBIICHUS poi FoF; 1 ['na-4 npu ycrnoBusx OpoxeHus.

FoF1-AT®-aza — membpannvle benku — euopozernasvl — I uo-4 — bpodicenue 20K03bl —
Escherichia coli

Escherichia coli has capacity to anaerobically ferment different carbon sources,
such as glucose, glycerol, producing molecular hydrogen (H,); the latter is considered an
effective, ecologically clean and renewable energy source [13]. The genome of E.coli
encodes four membrane-associated enzymes — [Ni-Fe]-hydrogenases (Hyd) [7, 15], two
of which-Hyd-1(hya) and Hyd-2 (hyb) depend on carbon source and can function in
different mode: during glucose or glycerol fermentation they operate in H, uptake or
producing mode, respectively [15]. Hyd-3 (hyc) and Hyd-4 (hyf) are parts of two forms
of membrane-associated formate hydrogen lyase complex (FHL); the complex
containing Hyd-3 is considered as FHL-1, whereas Hyd-4 containing FHL is considered
as FHL-2 [1, 6, 15]. Hyd-4 activity have been shown to depend on glucose concentration
and seen during glucose low concentration [16, 18]. Interestingly, this finding is in favor
with that glucose in higher concentrations can inhibit H, production [11].

Hyd-3 encoded by hyc operon which contains 9 genes is composed of various
large and small subunits [8, 15]. Moreover, expression of this operon depends on pHgy,
formate concetration, and molybdenium [10]. It was shown that Hyd-4 is primarily
active at slightly alkaline pH and this enzyme is mainly responsible for H, production by
E. coli [6]. The hyf-focB operon encodes 10 putative subunits of Hyd-4 and, moreover,
the homologues of seven Hyd-3 subunits were encoded by hyf operon [1]. The hyfR gene
encodes a format-sensitive regulatory protein, and terminal focB encodes putative
formate transporter homologous with FocA [3, 15]. It is presumed that protein product of
hyfD, hyfE and hyfF genes give H*-translocating activity to Hyd-4 [1]. These Hyd
enzymes require the proton FoF;-ATPase [4, 5]: some interaction of Hyd with FoF; is
suggested to maintain proton motive force [17]. In such respect, FoF;-ATPase activity
dependence on glucose should be demonstrated.

Besides, under fermentative growth, in the absence of oxidative phosphorylation,
FoF1 seems to be implicated as an essential part of H* movement and ATP hydrolysis,
associated with secondary transporters, namely, the constitutive low affinity K* uptake
TrkA system, responsible for K* accumulation in the cells [12, 14]. But the dependence
of Hyd activity on K is not clear.

The main goal of the present paper was to study dependence of FoF;-ATPase
activity of E. coli on glucose concentration under different conditions and to determine
Hyd-4 input in such dependence if any.
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Materials and methods. Bacteria, bacterial growth, membrane vesicles

The E.coli BW25113 wild type and JRG3621mutant strains were used in this study (tab. 1).
Bacteria were grown under anaerobic conditions at 37°C for 18-20 h in high buffered peptone
medium (20 g L™ peptone, 15 g L™ K,HPO,, 1.08 g L™ KH,PO, 10 g L™NaCl) with different
concentrations of glucose (0.2% and 0.8%) in glass vessels with plastic press caps at different pHs
(pH 7.5 and pH 6.5), as described elsewhere [4, 5]. The growth medium pH was determined by a pH-
meter with a selective pH-electrode (HJ1131B, Hanna Instruments, Portugal) and adjusted using of
0.1 N HCl or 0.1 M NaOH if required.

Table 1. Characteristics of the E. coli wild type and mutant used

Strain Genotype Reference
BW 25113 lacl® rrnBrys AlacZwais hsdR514 AaraBADawzs Arha BAD p7s | Sanchez-Torrez et al., 2003
JRG3621 MC4100 A(hyfB-R)::spc Andrews et al., 1997

Membrane vesicles were isolated from lysozyme-treated bacteria by the method of Konings
and Kaback [4].

ATPase assay

ATPase activity of membrane vesicles was determined from the amount of inorganic
phosphate (P;) produced in the reaction of membrane vesicles with 5 mM ATP (pH 7.5 and 6.5) [3, 5]
in the assay mixture ( 50mM Tris-HCI buffer (pH 7.5 and 6.5) containing 1 mM MgSQO,). The ATPase
activity was expressed in nM Py/min (ug protein). P;was determined spectrophotometrically (with UV-
VIS Auto PS scanning spectrophotometer, LaboMed, USA) by the method of Tausski and Shorr as
described [3, 5].

N,N’-dicyclohexcylcarbodiimide (DCCD) was used as an inhibitor of FoF; [4, 12].
Membrane vesicles were treated by DCCD for 5 min prior to assay.

Other, Reagents and data processing

Protein levels were measured by the method of Lowry et al. (1951) using bovine serum
albumin (BSA\) as a standard [4]. All assays were done at 37 °C.

Agar, pepton, glucose, Tris-HCI (Carl Roth GmbH, Germany), ATP (Tris salt), DNAase 1,
DCCD (Sigma, USA) and other reagents of analytical grade were used.

Average data obtained from 2-3 independent assays were represented and standard deviation
of values did not exceed 3 %. For the differences between different series of experiments, Student
validity criteria (p) were determined using Microsoft Excel 2010; the difference was valid if
p<0.05.[4, 5]

Results and Discussion. ATPase activity of glucose (0.2% and 0.8%6) fermented
E. coli membrane vesicles at pH 7.5.

The overall ATPase activity of membrane vesicles from glucose-fermented E. coli
BW25113 wild type and JRG3621 (hyfB-R) mutant and its inhibition by DCCD were
investigated at different pHs. It is worth to mention that at pH 7.5 upon 0.2% glucose
fermentation ATPase activity of wild type of 350 nM Pi/min (ug protein) was similar with
previous results [3]. DCCD-sensitive ATPase activity was increased ~1.4-fold by
K* (100 mM) compared to that at the absence of K* (fig.1a). This finding pointed out a
close relationship of E.coli FoF;and TrkA under certain conditions. Note, 0.2 mM DCCD
strongly inhibited (5-fold, p< 0.001) ATPase activity in K*-free assay buffer, but inhibition
by DCCD was higher (.7-fold, p<0.002) at the presence of K" (tab. 2). Moreover, DCCD-
sensitive ATPase activity of 0.2 % glucose fermented hyfB-R mutant was 5-fold in
comparison with wild type in K*-free medium at pH 7.5. It was also shown that ATPase
activity of hyfB-R membrane vesicles increased ~1.2-fold (p>0.05) by 100 mM K~ (fig.1a).
These data confirmed a role of Hyd-4 during glucose fermentation at slightly alkaline pH
that is in maintaining of proton-motive force as suggested before [12, 17, 18]. It might be
explained by mediated role of this Hyd enzyme in the formation of FoF;-TrkA complex
and in direct transfer of energy from FoF; to TrkA [12].
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In contrast to 0.2% glucose fermentation at pH 7.5, during growth on 0.8% glucose
in K" -free medium, the overall and DCCD-sensitive ATPase activity of wild type, was
approximately 18-22% higher (fig.1a,1b). Note, DCCD inhibited significantly
(~7-fold, p<0.001) and (~4-fold, p<0.002) ATPase activity of wild type in K* -free and
K*-containing medium, respectively (tab. 2). However, it was worth to mentioning that
membrane vesicles of 0.8% glucose fermented wild type demonstrated lower DCCD-sen-
sitive ATPase activity in K*-containing medium compared with K* -free medium (fig.1b).
These results indicated that FoF;-ATPase activity is glucose-concentration dependent: FoF;
is active mainly at low concentration of glucose (0.2%) at pH 7.5. Probably, at higher
concentration of glucose (0.8%) there is no link between FoF; and TrkA. Then, upon
0.8 % glucose at pH 7.5 the membrane vesicles of hyfB-R demonstrated ~2.2-fold (p<0.01)
lower ATPase activity in K* -free medium, compared to wild type, and100 mM K* had no
effect on ATPase activity (fig. 1b). These results are likely to those suggesting a different
mode of TrkA depending on pH [14] and a role of Hyd-4 in association of FoF; with TrkA
complex [12, 17, 18].

(a) (b)
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Fig. 1. ATPase activity of membrane vesicles of E. coli wild type (wt) and hyfB-R mutant grown
on peptone medium supplemented with 0.2% glucose (a) and 0.8% glucose (b) at pH 7.5. The
DCCD (0.2mM) was added into the assay medium when indicated. The assays pH was the same as
growth pH. For the strains see tab. 1; for others, see Materials and methods.

ATPase activity of glucose (0.2% and 0.8%) fermented E. coli membrane
vesicles at pH 6.5.

The ATPase activity of E.coli wild type and hyfB-R was determined upon different
concentration of glucose (0.2% and 0.8%) at pH 6.5. Under 0.2% glucose fermentation
membrane vesicles of wild type demonstrated lower ATPase activity in both cases, in
K*-free and in K*-contented media at pH 6.5, compared with those at pH 7.5 (fig.2a, comp.
fig. 1a). 100mM K* was slight effect (~1.2-fold, p<0.02) on wild type DCCD-sensitive
ATPase activity, whereas DCCD markedly inhibited ATPase activity ~7-fold (p<0.001)
and ~12-fold (p<0.001) in K*-free and inK*-contented assay buffers, respectively (tab. 2).
Mutant, also showed similar DCCD-sensitive ATPase activity, as wild type, in K*-free
medium (fig. 2a). Note, that K* had no effect on ATPase activity of hyfB-R; moreover, it
was decreased in K*-containing medium (fig.2a). The obtained results allow suggestion of
a mediated role of Hyd-4 for FoF;-TrkA association.

Then, in 0.8% glucose fermented cells, compared with 0.2% glucose fermented
cells, DCCD-sensitive ATPase activity at pH 6.5 in K*-free medium, was lower ~1.2-fold
(p>0.05) in wild type and ~4-fold (p<0.01) in hyfB-R mutant (fig. 2a, 2b). It should be
noted that in K*-containing medium membrane vesicles of wild type showed ~1.6-fold
(p<0.02) lower ATPase activity compared with that in K*-free medium, whereas in mutant
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K" increased ATPase activity ~1.7-fold (p<0.05) (fig. 2b). These data pointed out a
relationship between FoF;-ATPase and K*-uptake upon 0.8% glucose fermentation at pH
6.5 but Hyd-4 had no any role. Note, the DCCD-sensitive ATPase activity of mutant was
~30 % of wild type activity (fig. 2a). DCCD suppressed ATPase activity of wild type ~7-
fold (p<0.02) and ~2.4-fold (p<0.01), respectively, in K*-free and K*-containing media

In comparison with wild type, the inhibition of mutant's ATPase activity by DCCD
in K*-present medium was significant - ~8-fold (p<0.02) (see tab. 2).

Table 2. DCCD-inhibited ATPase activities of membrane vesicles of E. coli wild type and mutant
grown under different concentrations of glucose fermentation (tab. 1).

DCCD-inhibited ATPase activity, %"
Strain pH7.5 pH 6.5
0.2% Glucose 0.8% Glucose 0.2%Glucose 0.8%Glucose
-K* +K* -K* +K* -K* +K* -K* +K*
wt 79+ 1 85+1 86+ 1 73+2 84+ 1 92+ 1 84+ 1 63 +2
hyfB-R 82+1 87+1 92+1 82+2 85+2 84 +1 67+ 1 87+2

(a) (b)
Glucose 0.2% o-K+ Glucose 0.8% a-K+
? 300 pH6.5 | +K+ ? pH6.5 m+K+
& & 200
8 ’g 250 g ’5 180
g2 20 §f w
B & & & 140
< = 150 < = 120
- £E 0
g = 100 G5 8
8% 15 @
aE % ge b
S g 2
a 0 a 0
wt  hyfB-R wt hyfB-R

Fig. 2. ATPase activity of membrane vesicles of E. coli wild type and hyfB-R mutant grown on
peptone medium supplemented with 0.2% glucose (a) and 0.8% glucose (b) at pH 6.5.
For the others, see Materials and methods and legends to fig. 1.

The present results allow suggesting that high concentration of glucose (0.8%)
impacts on E. coli FoF-ATPase activity and its association with Hyd-4, as well as with
secondary transporters, such as TrkA. 100mM K* increased ATPase activity of wild type
only at glucose limited conditions under fermentation at pH 7.5 and pH 6.5.

These findings support the FoF—TrkA association formed during fermentative
conditions at low concentration of glucose (0.2 %) and at alkaline pH in E. coli [12, 14,
17]. 1t was suggested that Hyd-4 could be linked to the FoF;-ATPase supplying reducing
equivalents for energy transfer [12, 17, 18]. The lower ATPase activity of hyfB-R upon
high concentration of glucose (0.8 %) at pH 6.5 can be presumably explained by high
production of formate, which is acidificated intracellular medium and as a result FoF;-
ATPase switches on regulatory mechanism suppressing ATPase activity.

Moreover, the lower ATPase activity of wild type in presence of K under 0.8 %
glucose fermentation at both pH 7.5 and pH 6.5, also showed that functional link between
FoFi-ATPase and secondary transport systems like TrkA is depended on glucose
concentration and external pH.
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Thus, the reported results pointed out the interaction of the FoF;-ATPase with Hyd-

4 and K" uptake systems which is important for understanding the role of FoF; and Hyd-4
under fermentation.
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The irrigation properties of the Voghji and its main tributaries — Artsvanik and Geghi
rivers and their agricultural risks according to the content of some heavy metals and dissolved
mineral salts were investigated. Water sampling was implemented in irrigation period (July) of
2016. The results of the study showed that waters in the Voghji river site located in the
downstream from Kapan town and in the area of the Artsvanik river mouth, according to
molybdenum, manganese, iron and sulfate contents, were unallowable for the use for irrigation
purpose and may pose agricultural risks.

Voghji river catchment basin — dissolved mineral salts — heavy metals —
irrigation properties — agricultural risks

NruncdUwuhpydtp U Nngh W Upw hhdbwywu Junwyubp® Updqwuhy n @bnh gbinbph nnnghy
hwuwnynientllbpp W npwug gjninwinbnbuwlwl rhuybpp puin npn dwup JGwnwnutph n nudqwéd
hwlpwihu wnbph wwpnibwynipjwl: pGph Udnpwnndt hpwywlwgdtb, £ 2016 . nnnguwu
2nswuncd (hnithu): Gnwgnunnijwl wpnyntupUutbpp gnyg Bu wdb, np Nngh gbiinh Ywwwu pwnwehg
Ubppl puywé W Upsywuhy gbinh gbunwpbpwuwihu hwndwéh eptpp, pun Unihpntuh, Jwugwuh,
Gpywpeh W unydwnh  wwpniiwynipjwl, wupnywwpGh Bu Gng nengwl  Uwwwnwyny
ogwgnpduywl hwdwp W uwpnn U wnwpwgub] gjninuntntuwywl nhuytn:

Nngh qbinh gpwhwywpe wywqul — nLédwé hwlpuwyhl wnbn — dwup JGunwnlbn —
nnnghs hwwnyntpntllbn — gnLnwwnunbGuwlwl nhulytn

3y4eHsl uppUrallioHHbIE CBOMCTBA peky BoXuu U ee OCHOBHBIX IPUTOKOB — APIIBAHUK U
FCXH, U UX CEJIbCKOXO3IMCTBECHHBIX PHUCKOB, IO COACPIKAHNUIO HEKOTOPBIX TSXKEJIbIX METAIJIOB U
PacTBOPEHHBIX MHUHEpaNbHBIX coieid. OTOop mpod BOABI OCYMIECTBISJICS B MONUBHOW MEPHON
(uromnp) 2016 roma. Pe3ynbraThl Hcclie10BaHUS TTOKa3alld, YTO BOABI B yUacTKe peku Boxum pacmo-
JIOXKEeHHOH Hibke ropoza KamaH 1 B ycThe pekd ApIBaHHK, 110 COJASPIKaHUIO MOJIHMOICHA, MapraH-
I1a, Jkele3a u cynab(aTa, OBUTH HEJOITyCTHMBI JUISl HCTIONb30BAHUS OPOCUTENBHBIX IeNied W MOTYT
CO3/1aBaTh CENbCKOXO3AHCTBEHHBIE PUCKH.

Booocbopnuiii bacceiin pexu Boxuu — pacmeopennvie MuHepanshvle Conu — magiceable Memauibl —
uppueayuoHHbvle C80LICMBA — CeNbCKOXO03AUCHEEHHble PUCKU
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Water, as it’s known, is a base of all the processes occurring on the Earth. It’s
also required in all the spheres of human economic activities. Irrigation water has also
high importance. Incorrect irrigation may cause the secondary salinisation, swamping
and technogenic matter pollution of the significant part of irrigated soils, as a results of
which, they become unallowable for use for agricultural purpose.

In many countries (USA, Germany, Czech Republic, etc.), the issues of the
assessment, monitoring and management of irrigation waters are under the governmental
control [18].

The irrigation properties of waters in the Republic of Armenia (RA) are slightly
studied, whereas the necessity for solving these problems is highlighted by the fact that
existing water resources are permanently exposed to pollution, as a result, they obtain
new irrigation properties [13, 18].

Surface waters in the Voghji river catchment area are mainly used for irrigation
and energetic purposes [17]. The results of our previous investigations showed that river
ecosystems in this area are under the impact of such anthropogenic factors as mining
industrial and household activities [3-5, 14, 15, 19, 20]. Due to the insufficient
management of anthropogenic discharges in the Voghji river catchment area, the
pollution of aquatic ecosystems may become the reason of the deterioration of the
irrigation properties of waters. Therefore, by performing hydrochemical investigation in
the risky sites of the Voghji river catchment area, it’s possible to characterize the water
irrigation properties and their possible agricultural risks.

The aim of the present study was to assess the agricultural risks of the heavy
metal and dissolved mineral salt pollution of the river ecosystems in the Voghji river
catchment area.

Materials and methods. The Voghji (length — 82 km), Geghi (length — 30 km) and
Artsvanik (length — 17 km) rivers in the Voghji river catchment area were investigated. The
Voghji river catchment area is situated in the south of the RA and includes the southern part of
Syunik Marz/Province in the territory of the RA. The surface area of the river catchment basin is
1175 km? (933 km? in the territory of the RA). The rivers in the area are mainly short, fast flowing,
shallow and belong to the catchment basin of the transboundary Araks river [17].

The investigations were conducted in 2016. Samples for hydrochemical analysis were
taken in irrigation period, in July (tab.1).

Table 1. Coordinates of the rivers investigated sites in the VVoghji river
catchment basin under investigation

Sampling site N/Lat E/Long River site location
number
1 39°0921.7" | 46°07'59.0" | Voghji river site located about 2.0 km upstream
from Kajaran town
2 39°09'01.8" | 46°11'34.3" Voghji river site located about 3.2 km
downstream from Kajaran town
3 39°1327.7" | 46°20'19.4" | Voghji river site located about 6.0 km upstream
from Kapan town
4 39°11'52.5" | 46°28'05.4" Voghji river site located about 5.4 km
downstream from Kapan town
5 39°11'55.0" | 46°28'05.2" Artsvanik river mouth
6 39°11'58.7" | 46°15'32.8" Geghi river mouth

Electrical conductivity (EC) values in the river waters were measured by “HI198129” multi-
parameter analyzer.
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The contents of calcium (oxalate method), magnesium (calmagite method), potassium
(turbidimetric tetraphenylborate method), sulfate (turbidimetric method), copper (bicinchoninate
method), molybdenum (mercaptoacetic acid method) ions as well as iron (phenanthroline method),
zinc (zincon method) and manganese (PAN method) elements were determined by “HI83200”
multiparameter photometer [6]. Chloride ion content was determined by the silvermetric method,
and the concentrations of carbonate and hydrocarbonate ions — by the titrimetric methods [21].
Prior to the molybdenum ion measurements, the water samples were evaporated to increase the
density of the metal in the water, which made it possible to increase the sensitivity of the metal
measurements. Due to the limited sulfate ion measurement range of the photometer, the water
samples in some cases were diluted to decrease the density of sulfates in the water.

The agricultural risks of river water pollution were assessed by comparing the registered
values of the parameters to the surface water quality norms accepted in the RA, as well as by the
residual sodium carbonate (RSC) index and the magnesium adsorption ratio (MAR) [1, 12, 16].

Individual heavy metal pollution degree for river water use for irrigation purpose was
assessed by the pollution index (PI) [11].

Integrated heavy metal pollution degree for river water use for irrigation purpose was
evaluated by the Nemerow and Sumitomo’s water pollution index (NSWPI) [7].

Results and Discussion. The values of some heavy metals (HM) and dissolved
mineral salts (DMS) contents, RSC index, MAR and EC in the river ecosystems of the
Voghji river catchment basin are presented in tab. 2.

Table 2. Some HM, DMS (mg/l) contents, RSC index (mea/l), MAR (%) and EC (mS/cm)
values in the waters of the Voghji, Artsvanik and Geghi rivers.

Observation site number

Parameter 1 2 3 4 5 6
ca* 20.0 35.0 35.0 50.0 85.0 30.0
BL 18.3 22.8
MPC 300.0

Mg** 50 | 100 | 50 | 100 100 | 5.0
BL 4.8 4.4
MPC 200.0
K 150 | 250 | 150 | 5.00 8.50 | 1.50
BL 1.45 1.12
MPC 11.62 8.96
Cl 070 | 127 | 564 | 222 | 1242 | 5.81
BL 6.00 3.53
MPC 200.00

S0% 2500 | 4500 | 30.00 ] 180.00 ] 375.00 | 25.00
BL 26.72 16.00
MPC 250.00

HCOy 943 | 1467 | 1540 | 1515 | 1314 | 142.6
BL -

MPC -

COs> absent
BL -

MPC -

RSC 014 | -016 | 037 | -083 | -2.91 | 0.43
MPC 2.50

MAR 202 | 320 ] 190 | 248 | 162 | 215
SL* 50.0
EC 90.0 | 1270 | 186.0 | 496.0 | 670.0 152.0
BL 168.5 182.6
MPC 1500.0
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Parameter 1 2 3 4 5 6
Cu? 0.006 0.019 | 0.017 ]| 0.094 | 0.043 0.003
BL** 0.004 0.002

MPC*** 0.100
Mo® 0.007 | 0046 | 0.043 J 0.137 ] o0.161 | 0.008
BL** 0.015 0.007

MPC*** 0.120 0.056
Mn 0.004 | 0017 | 0010 Jo0.172] o0.166 | 0.008
BL 0.004 0.005
MPC 0.032 0.040
Fe 0290 | 0550 | 0570 | 6.880 | 9.340 | 0.120
BL 0.031 0.063
MPC 1.000
Zn 0.040 | 0060 | 0.050 ] 0.090 | 0.100 | 0.020
BL 0.003 0.001
MPC 0.500

* safety level
** BL of the total content of the element
*** MPC of the total content of the element

The results of the study showed that DMS and HM contents in the investigated
river waters were conditioned by both natural and anthropogenic sources, as the
concentrations of different DMS ans HM in all the observation sites exceeded the
background level (BL), which confirmed the existence of anthropogenic pressure on the
river ecosystems (tab. 2). Tab. 2 shows that comparatively high concentrations of HM
and DMS were registered in the observation sites located in the downstream from
Kajaran, Kapan towns and Artsvanik tailing dump (Nos 2 —5), which were probably
conditioned by the impact of urban and mining industrial discharges.

According to DMS (Ca**, Mg®*, K*, CI', HCO5 and CO3%) content, RSC index,
MAR and EC values, the river waters in all the investigated observation sites were
allowable for use for irrigation purpose. Only the Artsvanik river waters in the
investigated observation site (No 5), according to sulfate ion content, were unallowable
for use for irrigation purpose. In this observation site, sulfate ion content exceeded the
maximum permissible concentration (MPC) for water use for irrigation purpose by 1.5
times (tab. 2). Although sulfate ion is one of components composing total DMS content
in irrigation waters and has high importance for increasing the productivity of crops,
however the unallowable content of sulfate ion in irrigation waters may negatively affect
the growth of plants growing on soils irrigated by these waters and can cause a decrease
in phosphorus availability for plants [8].

According to HM content, the river waters in the observation sites Nos 4 and 5
were unallowable for use for irrigation purpose, as molybdenum content exceeded the
MPC for water use for irrigation purpose by 1.1 and 1.3 times respectively, manganese
content — by 5.4 and 5.2 times respectively, and iron content — by 6.9 and 9.4 times
respectively (tab. 2). In these river sites, the river waters for the use for irrigation
purpose were estimated as “potentially polluted” according to molybdenum content and
“heavily polluted” according to manganese, iron, as well as integrated HM contents.
From the point of view of HM content, the river waters in other observation sites were
assessed as “non-polluted” for use for irrigation purpose (tab. 3).

Irrigation waters with high molybdenum content may cause the pollution of soils
and vegetation growing on them and toxically affect livestock through forage [2]. High
concentrations of manganese in irrigation waters can toxically affect crops causing the
swelling of cell walls, the withering of leafs and brown spots on leaves [2, 9, 10]. In
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case of irrigation with waters having the unallowable content of iron, soil acidification
and the loss of essential phosphorus and molybdenum may occur [2].

Table 3. HM pollution degree (for water use for irrigation purpose) in the Voghiji,
Avrtsvanik and Geghi rivers

Observation | Pley | PD | Plyo | PD | Plun | PD | Plge | PD | Plz, | PD | NSWPI | PD
site number
1 0.1 0.1 0.1 0.3 0.1 0.2
2 0.2 04 | NP 05 | NP |05 | NP | 01 0.4 NP
3 0.2 0.4 0.3 05 0.1 0.4
4 09 | NP 11 52 63 02 | NP [ a8
5 0.4 13 | PP [ 50 |HP [ 85 | HP | 02 6.4 HP
6 <0.1 01 [NP] 02 [NP] 01 [ NP] <01 0.2 NP

Although from the point of view of DMS (Ca**, Mg®, K*, CI', HCO; and CO5?)
content, RSC index, MAR and EC values, the investigated river waters were allowable
for use for irrigation purpose, however in case of individual salts, particularly sulfate ion
content, the irrigation waters of the Artsvanik river can pose agricultural risks.

Some HM (Mo®, Mn and Fe) contents in the Voghji river site located in the
downstream from Kapan town and in the mouth area of the Artsvanik river were risky
for water use for irrigation purpose and may cause the loss of crop productivity and
livestock production.
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In this study the neglected and endangered local grape varieties were rediscovered in
native areas of their cultivation. The genetic, morphological and enological diversity were
characterized. These results are giving a good perspective for endangered autochthonous grapevine
cultivars preservation and future use.

Grape — autochthonous — preservation — diversity

Uju wphuwwnwlpnd hpBlug plwywl wébwywiptpnd  hwynuwpbndt, W Uywpwapdtp Gu
fuwnnnh wuwntujwsé W dnnwgqwd dh pwpp wnunnfuinnt unpunbp:  Nwunwbwuhpdbp £ npug
gbluGnhywywl, dlwpwlwywl W Eunnghwywl  pwqdwqwuneintup: Unwgqwd  wprynieUltpp
Juplnp U W hGnwuywnwihU juwnnnh wninnpuinnu yunwlgywé unpinbph ywhwwunipjwl W npuug
hGwnwaqw ogunwagnpddwl hwdwp:

fvwnnn - wnuinnfuinnt - wwhwwunteynil - pwquwquiuntinl

B nanHOM wmccreoBaHMM OBUTH ONMUCAHHBI 3a0BITBIC M HCYE3AIOIINE MECTHBIC COpTa
BHHOTpAJia B MECTaX MX €CTECTBEHHOH KyibTHBanuu. OMHUCaHHO X TeHEeTHYecKoe, MOopdooru-
4ecKoe U dHOJIorHyeckoe pazHooOpasue. [lomyyeHHBIE pe3yabTaThl UMEIOT BaXKHOE 3HAUEHHE IS
COXpaHEHUS! HAaXOIIIMXCS TOA YIPO30H KCYE3HOBEHHUS MECTHBIX COPTOB BHHOTpaga M HX
HCTIONIb30BAHUS B OYIyIIEM.

Bunoepao - aymoxmonnulii — coxpanenue — pasnoobpasue

Armenia is one of the ancient cradles of viticulture and wine-making, with a rich
diversity of local varieties. Despite the economic significance and the possibility of
obtaining the very unique wines, many of these varieties are on the verge of extinction.

Current situation in the wine market, globalization and standardization of
production technologies gradually lead to reduction in the number of varieties
worldwide, resulting in the contraction of wine range.

Native grape varieties are of cultural, financial, social and environmental
significance. The study and evaluation of properties of local wine grape varieties tell that
we may increase the volume of indigenous varieties together with the production of
different types of wine and beverages with unique properties that can be valuable on the
international markets. Due to this effort, many forgotten wines with unique bouquets can
become competitive again and regain the attention of the consumers [4]. They may represent
the culture of the country and the certain areas of it just as historical monuments do.
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The aim of the present study is the detection, identification and recovery of
Armenian autochthonous neglected and endangered grape varieties, via eco geographical
survey, followed by the identified varieties ampelographic, genetic and enological
characterization.

Materials and methods. Literature survey: The research started by thorough literature
survey and available databases, as well as with interviews with oenologists and grapevine
professionals, in order to choose locations of vineyards in the region on the possible occurrence of
varieties, considering the age of vineyard as a limiting factor.

Field identification and ampelographic description: The sites of each grapevine discovery
were marked by GPS and mapped. Standard methods were used for the ampelographical
characterization as required by The International Organization of Vine and Wine (OIV) descriptors
[7]. A total of 24 descriptors were included.

Molecular characterization: The genetic analyses were implemented at Center of
Excellence in Applied Biosciences, Yerevan State University, (Yerevan, Armenia). Genomic DNA
was isolated according to the protocol for DNeasy Plant Mini Kit (Qiagen, Hilden,Germany). 23
polymorphic microsatellites considered as the most appropriate to evaluate the grapevines
(European project GENRES081, http://www.genres.de/vitis) were used.

Enological characterization: grape of each single cultivar was winemaking processed
following standardized steps for red and white wine production. Besides routine chemical tests,
that accompany the various phases of the working process, detailed analyses of the composition of
finished wines was carried out, including phenolic and aromatic compounds [5,8]. Sensory
evaluation of wines was performed according to the Consumer Test. For each sample were
evaluated colour, odour and taste. For each parameter a nine point hedonistic scale was used.

Results and Discussion. The 12 varieties were identified and investigated as
follows Arevik, Tchilar, Qrdi Tchakat, Mormor, Movuz, Movses, Mskhali, Tozot, Garan
Dmak, Xhatun Xhargi, Bananc, Lalvari. During field studies 5 unknown grape varieties
have been found, which are not described in any ampelography, within the local
communities these are known as: Bui Achg, Mer u Bala, Unknown, Spitak Khagog, and
were labeled, positioned by GPS and require detailed study.

Multi-crop passport descriptor data was collected for all above mentioned
varieties. For known grape varieties information were transformed from old local
ampelographies [1, 2] into standardized OIV [7] descriptors. For each variety 23 SSR
fingerprinting data were collected and analyzed. According to genetic data all the
varieties are considered to be true to type and are not clones. Microsatellite data analyses
shown high level of polymorphism among the studied varieties. Expected heterozigocity
for each locus ranged from 75.45% (VrZAG83) to 95, 25% (VVS 2), while observed
heterozigocity varied from 36,64% (VVIN73) to 85,26% (VVIP31). The high rate of
heterozigocity may be explained as a results of hybridization during grape domestication
process [6] and is considered as a commonly observed among clonally propagated,
outbreeding species [3]. Several OIV codes showed uniformity for characterized
cultivars, for example code 051 (Young leaf: color of upper side of blade (4" leaf)), 068
(Mature leaf: number of lobes), 151 (Flower: sexual organs), 209 (Bunch: number of
wings of the primary bunch), 502(Bunch: single bunch weight), 504(Yield per m?, 505
(sugar content of the must), for other OIV indicators, higher or smaller diversity was
determined.

Below are a number of common and rare grape varieties. Cultivation of some of
these varieties is not profitable due to low yields, but in compensation one may produce
fine wines of unique flavors that can be in great demand in domestic and foreign
markets.Descriptions of grape varieties and wines presented below are based on
ampelographic, genetic data and the enological description based on Consumer test data.

99


http://www.genres.de/vitis

N.A. HOVHANNISYAN, M.A. DALLAKYAN, S.S. ESOYAN, I. MANUKYAN, AH. YESAYAN

Arevik

Synonyms: Alaghurna, Arna grna, Spitak
arevik, Aldara

The name Arevik derives from Arevik
village in Meghri region. Variety is more
widely cultivated in Syuniq region: Meghri
and Kapan. Arevik is characterized by big or
medium size, conical, pretty dense bunches,
and big, round berries. The skin is thick,
covered by layer of epicuticular wax, the
flesh is dense, juicy and sweet. The clusters
grown under the shadow have greenish color,

: which are grown under the sun are light

amber color. Variety is late ripening and high productive.

Arevik is used to make white table wines with unique flavor, as well as strong/full-
bodied and fortified wines. Meghri’s region famous dessert wine was made from Arevik
variety.

Bananc

Synonyms: Spitak Khaghogh, Rundvejs

This variety typical to northeastern zone
and partly to Ararat Valley (Ararat, Armavir
and Aragatsotn regions) and belongs to
oriental eco-geographical group. Bananc is
characterized by big size, more often
cylindrical sometimes conical, quite dense
bunches and large, round, yellowish-green
berries. The skin is thick, covered with dense
; layer of epicuticular wax, the flesh is juicy,
TP S AN . 5. With some tartness. Variety is late ripening
;P ek S X " and high productive.

. S 20 gnp

Fully rip berries have low sweetness and acidity.
Bananc is used to make brandy, sparkling wines, table wines and juice. Variety gives
well balanced wines with harmonious bouquet of taste.

Tozot

Tozot mainly grows in old vineyards of
Vayots Dzor.

Tozot is characterized by different size,
dense, conical brunches and medium size,
black, slightly oval/elongated or ovate berries.
The skin is medium thickness/thick, covered
by a dense/bushy/heavy, bloom/epicuticular
wax, the flash is juicy with pleasant taste.
Variety is late ripening and high productive.
Fully ripe berries have high sweetness and
medium acidity.

Tozot is used to make wines with
uniquetaste and pleasant crispness.
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Garan dmak

Synonyms: Halivoruk, Anali khaghogh, Diq
khardgi, Ankotch khardgi, Cancar khardgi

Garan Dmak is common to Armavir and
Artashat community of Ararat Region.

Garan dmak is characterized by big or
medium size, usually dense, sometimes loose,
cylindrical bunches, sometimes with wings
and medium size, black, round, yellowish-
green berries, it the sunny sides are amber
colored. Because of the clusters, density/
looseness variety also received Cancar
(sparse) Kharji name. The skin is thick; the
flash is soft and juicy. Variety is late ripening
and high productive, gives first harvest in third year of planting. Fully ripe berries have
medium sweetness and acidity.

Garan dmak is used to make white wines: light or strong/light- or full bodied, depending on
terroir.

Lalvari

Synonyms: Glglan

This variety common to north-eastern
horticultural zone, mainly to Noyemberian
region. The name of the variety derives from

Lalvar Mountain.

Lalvari is characterized by big, dense;
conical bunches, sometimes with wings from
both sides and big, ovate berries. The clusters
grown under the shadow have greenish
berries, which are grown under the sun are
light amber colored. The skin is rough, with
small brown/grimy/dark spots covered by
bloom/epicuticular wax layer, the flash is soft
and juicy with unique taste, juice is colorless. Variety is medium ripening and low
productive. Fully ripe berries have low sweetness and high acidity.

Lalvari is used to make sparkling wines and light table wines well-balanced and tart. It
is used also as a table grape.

Khatun Khardgi

Khatun Khardgi may grow in old
vineyards of Vayots Dzor.

Khatun Khardgi is characterized by
medium size, medium dense, conical or
cylindrical bunches and medium size, round,
yellowish-green or yellow berries, with small
brown/grimy/dark spots. The skin is thick,
the flesh is juicy, with unique aroma, and the
juice is colorless. Variety is medium ripening
and high productive. Fully ripe berries have
high sweetness and moderate acidity.

Khatun Khardgi is wine variety, used to
make wines with unique taste and crispness.

Aromas and flavors include field flowers, honey, pumpkin and pineapple bouquet.
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Qrdi khaghogh

Synonyms: Qrdi tchakat

Qrdi Tchakat mainly grows in Vayots Dzor
region.

The bunch is medium size, cylindrical with

wings, medium dense. The berry is big or small
size, slight ellipsoid, greenish. The skin is
medium thick. The flash is juicy, with pleasant
and harmonious taste. The berries have low
level of sweetness and high acidity. Grape is
highly productive and late ripening variety.
Qrdi tchakat is characterized by medium size,
medium dense, cylindrical bunches, with wings
and big or small, greenish, slight ellipsoid berries. The skin is medium thick, the flash is juicy, with
pleasant and harmonious taste, Variety is late ripening and high productive. Fully ripe berries have
low sweetness and high acidity.

Qrdi tchakat is universal grapevine variety, is used for making assembled red wines, in blend
with other grapes varieties.

Tchilar

Synonyms: Tchilal, Tchilar, Skhtoruk, Aghvesi
poch

Tchilar is mostly cultivated in the regions
of Aragatsotn and Kotayk, also in communities
of Ashtarak and Etchmiadzin.

Tchilar is characterized by medium size,
dense or loose, cylindrical or cylindrical-conical
bunches, which looks like a fox tail/fox tail like,
where variety received Aghvesi potch (Fox tail)
name from. Berries are medium in size or large,
round/ellipsoid or ovate, greenish or yellowish-
green, on the sun side it has brown/grimy/dark
spots. The skin is thick, covered by a thin
bloom/layer of epicuticular wax, the flash is
juicy, with unique/special aroma, Variety is mid-late ripening and high productive. Fully ripe
berries have moderate sweetness and high acidity.

Tchilar is high quality wine variety and used to make table wines full-bodied, with
harmonious bouquet of taste and dessert wines, also fortified style wines.

Movuz

-

Synonyms: Milari, Milahi, Meleji, Sev urza,
Urdisi, Milay Chernyi, Milakhi, Urza Sev, Areni
Cernyi

Movuz is mainly grown in Ararat and
Vayots Dzor regions.

Movuz is characterized by medium size,
very dense, conical, sometimes cylindrical
bunches, with wings and large, black, broad
ellipsoid or ovate berries. The skin is thick and
rich colored, covered with medium thick/dense
layer of bloom/epicuticular wax, the flash is
very thick and colorless. Variety is late ripening
' and medium productive. Fully ripe berries have

high sweetness and low acidity.

Movuz is used to make light and full-bodied refined table wines with freshness, silky
roundness and a wonderful bouquet. Well balanced acidity and tannic wine finishes with notes of
honey, laurel and vanilla.
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Movses

Unique plants of Movses are preserved
in old vineyards of Vayots Dzor.

In Soviet times, it was attributed to over
100 years old vineyards of Vayots Dzor
region, community of Aghavnadzor.

Movses is characterized by big,
sometimes medium and small size, dense,
occasionally very or medium in density,
cylindrical, rarely conical bunches and large,
deep red, almost black, ovoid berries. The
skin is medium thick, covered with medium
thick/dense layer of bloom/ epicuticular wax,
the flash is juicy with harmonious and pleasant taste. Variety is late ripening and medium
productive. Fully ripe berries have low sweetness and low acidity.

Movses is wine variety, used to make wines with unique taste and crispness.

Mormor

Synonyms: Ampagujn khaghogh, Mokhragujn &= AT
khaghogh

Mormor is mainly preserved in old
vineyards of Vayots Dzor.
Mormor is characterized by medium size,
medium dense, conical bunches and medium,
rarely big, grey, ellipsoid berries. The skin is
medium thick, covered with thick/dense layer
of bloom/epicuticular wax, the flash is juicy
with harmonious and pleasant taste. Variety is
late ripening and medium productive. Fully
ripe berries have high sweetness and
moderate acidity.

Mormor is wine variety, used to make wines with unique taste. Compound and refined/
delicate, well-balanced with red berries taste and silky roundness. Also used in blend with
other grapes varieties.

Mskhali

Synonyms: Dolband, Spitak khaghogh

Mskhali mainly grows in Armavir and
Avrarat regions.

Mskhali is characterized by medium size,
loose or dense, cylindrical-conical or conical,
bunches sometimes with wings and big or
medium, white with yellowish or yellowish-
green hue, round berries. The skin is thick,
transparent, covered by a slight bloom/ epicu-
ticular wax and brown points/spots, the flash
is juicy, squashy, and colorless with pleasant
taste. Variety is late ripening and high
productive, gives first harvest in third to
fourth year of planting and goes into complete fertility in the seventh to eighth year. Fully
ripe berries have low sweetness and medium acidity.

Mskhaly from foothills are used to make soft table wines crispy, harmonious/balanced,
refreshing and from plains, strong/full-bodied table wines with well balanced. Also used as a
raw material for brandy and juice production. Sometimes is used also as a table grape and in
raisins production.
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Nruntduwuhnyby £ hhnpndhiwiht hwnyniejwdp odindwéd 87C wnihdtph wanbgnieintup Yhih-
swlh wunwnwihu wugpnh gnnnud Ypwnuywé Gpbp nwptywu Ywnune hhnpnwnuhy wuyhutph
Jwgnnwywuntpjwu W wah Jpw:

Muwnqyty £, np yGpwnbydwl dwdwuwy inuyhubph wpdwwnwplwy hnnwptpnhu 87C wnih-
Jdtnh hwytndp® 30 g/pnuju swithwpwluwyny wwwhndb) £ Yunune tnuyhutph 92 % Ywsnnwywuntejniu W
16 ud nwntywu dhghu wa:

3hnpnwnuplyw — Juinup — ity — wlinwn — wnhdtpughl hwyGruwtyne

W3zyueno Bnusinue ruapoduibHoro 87 C monuMepa Ha MPHKHBAEMOCTh U POCT 3-IE€THUX THJ-
POTIOHNYECKUX Ca)KeHLIEB y0a, IepecakeHHBIX B HEOPOIIAEMYIO JIECHYIO 30HY Jlummkana.
Brrsacanocs, uro Bo Bpems rnepecanku nobasnenne 87 C momumepa B KOpHEOOUTAEMYIO 30HY
caxxeHnes B 703¢ 30 r/pact. obecrieumino 92 % mpmKHBaeMOCTH CaXKEHIIEB U 16 CM CpeHero ro10Bo-
ro MpHUpoCTa.
T'uopononuxa — 0yb — cascerney — iec — nOIUMEPHAsL 000A8KA

Influence of 87 C polymer with hydrophilic properties on 3 years replanted hydroponic oak
saplings' sticking and growth abilities in Dilijan forest waterless area was studied.

It turned out, that 87 C polymer addition on the root — inhabited zone of soil for the saplings
(30g/plant) ensured 92 % sticking ability and 16 cm average annual growth of oak saplings during the
replanting.

Hydroponics — oak — sapling — forest — polymer additives

Utp hwupwwbwnniejniund huintuuhy wuwnwnoguwgnpédwl, wwophuh dwnwhw-
wnncdubph W wyp ghpdnuubph hEnliwupny Yuwlwswwwn tnwnpwéputpp 2nipg 1/3-ny Ypdwin-
ybp Gu: Ipylwywl hwdwybgnipinitlubph® junununutph W hwdwpynwnutbph, hbugwbu bwl
Jjn,u wnGuwyutph  hupbwybpwywugudwl  nibwynepintup W plwwwhwwlwywl  hwwn-
yncpyncuutnp fuhuwn bjwqb Gu:

Swupwwbwnpjwlu nGhedh fuhunn Yupunjwéniejwl, uwlwy wunwnwwwnyw-
onpjwl W EpuntUuhd hnnwagnpénipjwl hGunliwluepny hnntph wuwwwwnwgnudp hwubp £
hunznp swithtinh:

bpnnniejnl £, np uwjwywlnwn Iwjwunwunwd wuplw  wunwnwhwwndwl hG-
nlwlpny qqwihnpEl puwpwnyt, G wunwnwihu  YEuuwBpypwhwdwytgnienlultnp:
Uhwju 1992-1995 pre. Juwuyb] £ Unin 27000 hw wluwnnwn juwd wlunwnwdwdly nwpwéph
8 %-p, huy Unn 7000 hw hwwdtb, £ hwdwwmwpwé: LeEpywjnudu plwywl wlwnwnutph
70 %-p Ywquwintdywé E [5]:

105


mailto:hydrop@netsys.am

U3 3NYUESSUL, u.U.UUSNrUNES3UL, G.8.MNMNUSUL, U.UWLELNSUL, W.U.BNhU2UNr3UL

Swywihu wju £, np Yuwwnwnpybl 6U ng Jhwji uwuhwnwnpwywl hwnnedubp, wyle npwug
htwnn  Jhwuhu hwwnytp U wpdbewynp  Swnwwnbuwyukn, npnug  thnfuwpbu  wébkp Gu
dnjwhununwiht éwnbp: Ubp hwupwwbGunneenilu ncup gnp, Jbpdwpliwnwpéwihu yihdw W
6ndh Jwytplnyrehg dhbgle 1500-1600U pwpapnipiniuubph gninp2hwigdwu nluwyneejncup
2-4 wuqwd wyblh E, pwlu JeUninpunwhl wnbnndUbpp: Nuwnp, wunwneh hupbwyGpw-
Ywlguuwu huwpwynpnigniup Swipwhtn gwén £ W jncpupwlgnp Ynpneun® wunwnuwih [1,
2,5,6,8]:

LoJwd puunph (ncédwiu gnpénid hp nepngu inknU ntup pngutph wuhnn dwiynyep [3,
9], npp huwpwynpniejnitl £ wnwihu Yunéd dwdybnnud (2-3 wnwpned) Juquwytnwbp tnwnptp
Swnwpthwnbuwyubph  wnuywunieh  wpwgwgdwséd  wnunwnpneenitt,  hugp Yuwwunh
Swjwuwnwuh Unupwgywé wuwnwnlbph, wjghubph nt Ywuws wynipwyutph yepwywlgudwup:

Swjwutnwund wuwnwnutpp hhduwywunwtd Yugdwynpwé Bu jwjuwwnbpl, wdnup W
pwlywndte puwithwjin niutbgnn Swnwwnbuwyubphg (YuwnUh — Quercus L., hwéwnptuh — Fagus
L., pnfuBUh — Garpinus L., rfuyh — Acer L., hwgtuh — Fraxinus L. L. wyiu) [1, 6, 8]:

Swjwuwnwunwd  plwywl  wwjdwuubpnd  hwunhwnn  Jwnunt hhug wnGuwyubphg
(wplGywu — Quercus macranthera, ypwgwlywl — Q. iberica, wpwpujwl — Q. araxina, GpYwnw-
Yneejnitl — Q. longipes W nuytgniu — Q. hypochrysa) thnpdwnydb) £ wplGywup, npp gnunw-
nhdwgynt L Gpupwnwnhdwgynil £, wwhwlgynun ¢E hnnh Uywwndwdp: YwnUhu waénwd £ ng
Jdhwiu wlwnwnuGpnud, wylk npwtu nGynpwwnhy W $hinughnwiht  hwwnyneniultpny
odinjwé dwnwwntuwy, yunnig h y&n ogunnwgnpéynid £ puwywyuwiptph Juliwgwwwndwl
hwdwn: WU wnwudlwwbu (wlu Yhpwnend niuh - wphGunwywl - wUnwnwwwndwlu
puwgwywnniy:

GluGiny wunwnwdéwséyhg W ununt inuyhutnh pwpép wwhwugwnyhg' wpnhwywu £
Uwl npwug wnuyhutph wuhnn wabkguwu YGuuwwnBhuuninghwjh ywynwdp:

Swjwnup £ ununt 2ntpg 10 nnGuwy, npnue twpwéywéd Bu 3 nupuwihu WUGphywynud W
UhgGnypwywlu 6ndh wpwywl Gpynubphg Jhugle 3unywghb: Lwpuyhu WUIU-nd W Jbp
hwUpwwtGwnientunctd owyyned £ unune 3 wnGuwy® U. wplGywu (Platanus orientalis L.), U.
wnldwnjwl (P. occidentalis L.) W U. hhpphnwjhu (P. hibrida YwJ P. accrifolia), npp, hwjwUw-
pwpn, LUwhunpn 2 wtuwyutph hhpphnu £ [1, 4] Lpdwd wnGuwyubphg thnpdwnydt) £ Unuh
wpl.Gywup:

Unuhlu qbntghy, hgnp éwn E, pnuwywu wphuwnphh huywutGphg, wpwg £ wanwd: Lpw
nuyhubpp  (wjunpel  ognwgnpéynd  GU hwUpwwbwnnigjwlu  puwywdwiptph Yuliw-
swwwwndwl puwgwywnnid:

Whwwwuph Uwwwwyu E hphnpnwnupy Ywnune W ununt wnuyhubpnyg Uwwuwnty
wluwnwnubph yepwywlgudwup® thnpéwpGiny wnihdGpwihu hwyGwugnish wantgnieiniup:

Ut W dbpnn: NiunidUwuhpnienillbpp Ywwnwpdtbp BU Ipnpnwnuhywih wpnpiGdutnh huu-
inhwinntinh “hihpwlh wuinwnwiht thnpdwywjwuncd (AUDL): AWOY-U gunuyned £ Iwjwutnwuh hjntuhu
wplbywl Jwunwd, 6ndh Jwytpunyphg 1400-1500 J pwpépniejwl  Ypw, wnbnnudubph pwlwyp
wnwpBywu Yuagunwd £ 660-750 JU [7]: 3Gwnwgnunnizjwl opjtyn BU hwunhuwgb] Yunuh wpllGywup —
Q. orientalis L., npp wywuwywunw E hwdwnpwqghutph (Fagaceae) puwnwuhphlu W unuh wplGywup —
Platanus orientalis L., npp wwwywunwd £ unuwqghUubiph (Platanaceae) puwnwuhghu:

2009 p-hg niuntduwuhnpdt) £ hhnpnunuphywywl thnpdwpwpwywl Ywjwuh R3PY) hpwphuwihu
fuwpwd (guljniend wikgywd' tpbe lwptywu Yunune (32 hww) L Gpyne twpblwu ununt (16 hwwn)
hhnpnwnuhy wnuyhutph ypwwnuywpyndp YWOY-h wugpnh gnuinncd:

JGnpwwntywpydwl dwdwlwy wnuyhubph wpdwwnwplwy hnnwtGnunplu, npwtu  hwyGlwunip,
wyblwgyt) £ «Gpwwunwnihdtp»y RC-nd uhUptqywé, hhnpndhiwihu hwnyniejwdp odinywé 87C
wnthutipp 30a/pniju swithwewlwyny (LY. 1):

R6nwagnndt) £ Lpdws wnihdtph yhpwndwl wanbgnieinitup wnuyhutbph ughnwywuniejwu W
hGlwagw wwphubph  wéh Jpw: Ubp Ynnuhg Uwhuyhund Yuwnwnpdwé  hGinwgnnnieintuutph
wpnniupnud wwnaqytbp £, np wnuyhubph ugsnnwywunipjwl hwdwp bwywunwynn wywjdwuubp Gu
wwwhnytl 87 C wnihdtph 30-50 g/pnLju swithwpwdhUutpp [3]:

Glubiny wwphubph thnpdhg, Yhihpwuh wuwnwnwihu gninnd  wnuyhubph  YEpwwnuywnydwu
dwdwuwy wpdtb, £ 30 g/pnyu sgwihwpwuwyp: Unnighs BU hwunhuwgb, wnwlug 87C wnihuGph
nuywpywsd inuyhubpp:

Upmyniupubp W pUbwpynid: Qhunwhnpétph wpnyniupnud wwnqyby £ (wn.1), np
wnuyhubph yGpwnuywpyuwl dwdwuwy  wpdwwnwpuwy 26pnnad 30 g/pnyu 87C wnhub-
pwiht  hwyGwuinieh Yhpwendp “Yhihgwuh  YELuwEpYpwhwdwybgnipjwu wugpnh  wwy-
dwuutpnud wuwwhnygnid £ Yunune tnbypubph tnuywnpyuwl wnwehu tnwnnwd 96 %, Gpypnpn
L hGnwqw wwphubpnd 92 % Juwgnnwywunigntt W pwdwpwp wéd (2009-2015 pre.
mnwntywl Jhghu wép Ywuqub| £ 16 ud):
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LY. 1. Ununt tnuyhutiph tnuywnyh dwdwuwy wnihdtph wytjwgnidu wpdwwnwplwy hnnwtpunhu

Unyniuwy 1. “hihpwth YELuwGnpypwhwdwytgniejwl wugpnh wwjdwultpnwd 87 C
wnLhutiph wantgnientup hhnpnwnuhy nbyhutph Yugnnwywuniejwl b wéh ypw

Swptywl Jhghu
q?&ﬁ:gqﬁb Ywsnnwlwunipynilp, % Suyhutiph wép, 2015p. wép
Swpp. | Subhubnh n 2009-2015pp.
Suyhutip T pwlwyp, | pwpé- | puh pwnd- | puh §jninph | uwnwp- | pwpé- pUh
hwwn pNLR- wnpw- 2009p. | 2010p. | 2011p pNLR- wnpw- pwlwyp, | ph2ppw- | pnip- wnpw-
jniup, | Jwgh- . . © | ynup, | Jwgh- hwwn ghép, ud | jniup, Jwgh-
ud op, Ud ud op, Ud ud 6p, Ud
wnihutp,
— 30g/pnuu 24 118 17 96 92 92 228 35 12 221 16 26
uunnighg 8 118 17 50 25
wnihutn,
il 30g/pnyu 8 163 23 25
unngh 8 163 | 23 12

UnunL Unuu tnnwppGpuwyh Yugnnuywuneeiniup wnwehu wwnnud Ywadb) £ 25 %,
uwywiu Bpypnpn nwnpw wpbwup  wnuyhubpp wdpnneniejwdp  ¢hpwigh) Gu: UhlWuniu
wwjJwultpnid unnighs tinwppGpwynd Yunune inuyhubpp snpwgtp U Gpypnpn tnwinpned, huy
unuphU' wnwghU nwnyw wpuwup (wn. 1): QuhUpl, wnihdGph Yhpwnendp unune tnuyhutinh
Yugnnwiwntpjwl Ynw npwywl wanbgnipnil ¢h ennb:

2009-2015 pp. unwgywéd nyjwutpp pnyp U twihu hwjwunGing, np Yhhgwuh
YeLUuwEnpypwhwdwytgniejwlu wugnnh wwjdwuutpnd 87C wnihdtph (30 g/pniju) wgnbkgnt-
rInLUp hhnpnwnuhy Ywnunt tnuyhubph ugnnwywuniejwu W wddwUu ypw wpnjntbwybun £ no
hGnwuywpwjhu: NFuntdUwuhpnuejnlUUGph - wipyniuplbpp ey U twihu YuwnwpBine
dEswoéwyw| wnpunwnpwywl thnpdwnyncdubp:

qaruuuuniE@3niL

1. Swpnepyniywl Ld., Swpnipntlywl U.L. SwjwunwUh nBunpndinpwl, Shunwhwlpwdwwngbih wylwny,
Gnliwl, wnwghU Jwu, 440 kg, 1985:

2. 3nqubthywl W.3., Eiywt W.W., Mnnnuywt Q.3., VUwpwwbuywl h.U., Nuijwlywt N.U. Uplbgwl Jununt
hhnpnwnuhy wnuyhutph thnpadwpynwdp HYhihgwuh YELuwbpypwhwdwybgnipjwl wwjdwuutpnid, 33 a4UU
Rwh «Iwnnpnnwdubn», N 31, Gpliwl, £ 69-73, 2007:

3. 3nyubthywl U.3., Uwpwwbuywl . U., Epywl WU, Tnnnwwl Q.3. 3pnpnunuhly tiuyhutph W wnihdbpwghu
hwyGlwujnieh thnpdwnpynwdp Yhihpwuh wlnwnwihu gnnnwd, MaTepransl MeXIyHapOAHON Hay4HOU

koH(pepeHimy, ['ocynapcTBeHHbII arpapHsblit yHuBepcuTeT Apmenuu, Epesan, c. 132-135, 2011.

4. 3Indubhywt W.3., Mnnnuywl Q.3., Uwpwwbuywl b U., Einywt U.W. Ununt tnuwiuynieh hhnpnwnuhyuwywu

wnunwnpnijwl huwnpwynpniejntlu ne wpnyniuwyGunneeniup, Ugpnghwnncegyndu, N 3-4, Ep 208-211, 2013:

5. 33 gQjninuununbuniejwl Uwhiwpwnpniejwl, Wunwnwiht wnunbunwgjwl, 33 wunwnubph puncpwahpp,
www.minagro.am /anton.asp/, 2006:

6. Jwpnwlywl d.3. Swnwghwntpentl, Gplwl, 3QU, 370 kg, 2005:

7. dwjbuywu L.d. /ludp. 3wjwunnwuh wggwiht wlwnwne, W hwwnn, Gplew, 232 Ep, 2007:

8. Ipueopsan A.A. lleHHble BUIBI IePEeBbEB U KYCTapHHUKOB JiecoB Apmenu, Epesan, 230c, 1973.

9. Maiipaneman C.X. KympTypa 3bHpOMACIMYHBIX PACTCHHH B YCIOBHAX OTKPHITOH T'HAPONOHUKH,

Epesan, 313c, 1989.
Uunwgyly £ 27.05.2016
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LwjwunwOh GhunngntbGtph Uqquyhlt Uywntdhw Cwjwunmwih YEltuwpwlwlwbh {winbu
HauuoHaAnbHaa Akaaemus Hayk ApmeHuu Buoanoruueckuu XypHaAa ApMeHuu
National Academy of Sciences of Armenia Biological Journal of Armenia

Buoaor. :xkypH. Apmenuu, 4 (68), 2016

APYTIOH XPUCTO®OPOBHNY CAPKNCOB - OCHOBOIIOJIO’KHUK
BETEPUHAPHON MUKOJIOTUM I MUKOTOKCHKOJIOT A

C umenem A.X. CapkucoBa cBsi3aHa Lenasl 310Xa B
pPa3BUTUM  MHKOJIOTHYECKOW Haykd. MM ObUIM 3aJI0KEHBI
TEOPETHYECKHE M METOIUYECKHE OCHOBBI BCECTOPOHHETO
W3y4YeHUs] TPUOOB, BBHI3BIBAIOIIUX MHKO3bl Yy JKHBOTHBIX,
CO3/JaHO HOBOE B MHKOJIOTHUECKON HAyKe HaIlpaBICHHE —
MHUKOTOKCHKOJIOTHSI, Pa3pabOTaHbl U MPEUIOKEHBI TSI TIpaK-
THYECKOTO HCIHOJIB30BaHUS II€J0€ ITOKOJEHHE BaKIMHHBIX
NpenapaToB M aHTHOMOTHUKOB JUI JIMKBHIALMHM OIACHBIX
OoJie3Hel >KUBOTHBIX.

Apytion Xpucrodoposuu pommics B 1908 r. B T.
baky. B 1931 r. oxoHumn 3akaBKa3CKHIl BeTepUHAPHBIN
HHCTUTYT (T.DpuBaHb). B TOombl y4eOBl 3TOT MHCTUTYT IO
npoduiio ObUT AMHCTBEHHBIM HE TOJBKO B 3aKaBKa3be, HO U
B Ommkaiimmx pernoHax, Bkiodas CpenHioro Asmio. 3aech
IIpEeNoAaBaIi KPyIHbBIE YUeHble, oyduBIe oopasoBanue B EBpone. C 1932 mo 1934
rogel C.X. CapkucoB pabotax B AzepOaii/DKaHCKOM HayYHO-HCCIEI0BATEIHCKOM
BETEPUHAPHOM MHCTUTYTE MIIAAUIMM HaydHbIM coTpyaHukoM. C 1934 mo 1939 rr. on
CTapliuii Hay4dHbId COTPYJIHUK ['0CynapCTBEHHOIO Hay4YHO-KOHTPOJBHOTO MHCTUTYTA
no BerepuHapubeiM npenaparam (IHKU, r. Mocksa). C 1939 no 1955 rr. — nupexTop
Bcecoro3Ho#t mabopatopuu MO0 HM3YyYEHHIO TOKCHYHBIX TpuOoB. B 1956 r. — 3aB.
Jlabopatopueii mo koutposo antudbuorukoB 'HKU. C 1957 r. — 3aB. Jlaboparopueit
MUKOIIOTUM W aHTHOMOTHKOB BcecorosHoro (HbIHE Bcepoccuiickoro) Hay4HO-
HCCIIeIOBAaTEILCKOTO HHCTUTYTa AKCIepUMeHTanbHON BetepuHapun. C 1989 r. — coer-
HUK TIPH AUPEKIHH 3TOTO HHCTHUTYTA.

B 1937 r. A.X. CapkucoB BO3IJIaBHJI HAYYHYIO SKCHEIUIHIO [0 U3YyYCHHIO MPHU-
YMH MaccoBOW rubenu jomaseil B YkpanHe. 1o ObII epro], Koria KOHHHUIIA OblIa Be-
Jylieil B BoopykeHHbIX cuiax CoBerckoii apmun. EMy yianoch BBISCHUTH TIPHYUHY TH-
Oenu )KMBOTHBIX OT rpuba Stachybotrys alternans u npoxyuupyemoro um Tokcuna. Bos-
rnaBuB B 1939 . mepByro Bcecoro3Hyo HaydyHO-HCCIENOBATENbCKYI0 TaOOPATOPHIO TI0
N3yYECHUIO TOKCUTEHHBIX TprOoB, A.X. CapKicoB (pakTHUECKH 3aJI05KHIT OCHOBBI BETEPH-
HapHON MUKOJIOTUH.

B roas! Benukoit OteuecTBeHHO!N BOMHBI CapKHUCOB BO3IIABHII IBE IKCIIECAULIUU
Ha AnTaii ¢ Uenbio paciigpoBaTh MPUYMHY CMEPTEIHHO OMACHOTO, ITUPOKO PACIPOCT-
PaHEHHOTO 3a00JIEBAHMS JIIOJICH M JKMBOTHBIX, BBI3BIBAIOIIETO ATMMEHTapHO-TOKCHYEC-
Kyto ajneiikuto. Bo3Oymurensmu OOne3HH OKa3alkCh TOKCHHBI, 00pa3yemble BUIaMH
poma Fusarium. B 1944 r. um ObII NPEATIOKEH TEPMUH “‘MHUKOTOKCHKO3”, KOTOPBIit
IIPOYHO BOIIENT B MEPOBYIO HAyYHYIO JTUTEpaTypy. PaboTa ¢ TOKCHUYECKMMH MUKPOMHIIE-
TaMU IIpHUBeEJIa K CO3JJaHUI0 HOBOI'O MUKOTOKCHKOJIOTHYECKOTO HalpaBJICHUS] B MUKOJIO-
THH, CyTh KOTOPOTO BIIEPBBIC OblIa M3JI0KEHA B KPYHMHEHIIEM MOHOTPa(HUIECKOM TPYZAE
“Mukotokcuko3sl” (1954). A.X. CapkucoB BriepBbIe MOJpa3Aeinil MUKOTHYECKHE 3200-
JIEBAHUSI Ha JBE TPYIIIBI: MUKO3bI 1 MUKOTOKCHKO3HI.

Hccnenosanus mo BerepuHapHOW Mukonoruu mnposoaunuchk A.X. CapKuCOBBIM
110 TPEM HAIIPABJICHHUSM: MUKOTOKCHKOJIOTHS, MMMYHOJIOTHS, CO3JaHNE U NMPUMCHEHHE
AQHTUOMOTHKOB IIUPOKOTO CIIEKTPa JACHCTBUSL.
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MUKOTOKCHKOJIOTHUECKHE PA0OTHI ObUIM HAIpaBJICHbl HA N3yYEHUE IIPHYMH Mac-
COBOTO OTPABJICHHUS JKMBOTHBIX M YeJIOBEKa TOKCHT'€HHBIMH IprOaMu U3 pomos Stachy-
botrys, Fusarium, Aspergillus u ap. ITox pyxoBoactBom A.X. CapKrcoBa pa3BepHYIIUCH
paboTHI 1O BBISIBIEHHIO TOKCHYHBIX TPUOOB B 3epHE M KOPMaX, ObIIM pa3paboTaHbl Me-
TOJIBI BBISBJICHUSI TOKCHHOB B OPraHM3ME YXMBOTHBIX, 3HAUUTEIbHOE BHHUMAaHHE yJelisi-
JIOCh M3YYCHHIO MEXaHU3MOB TOKCHHOOOPA30BaHUSL.

Ha ocHoBe yuenns o MukoTokcnko3ax A.X. CapKHCOBBIM M €r0 MIKOJOH OBLIO
pa3paboTaHO MMMYHOJIOTHYECKOE HaIpaBlieHHe B NpoQuiIakTiKe O0oJie3HEeH KUBOTHBIX.
Bb11 co3nan u pazpaboTaH METOJ MPOMBIIUICHHOTO MPOU3BOJICTBA BHICOKOMMMYHOT€H-
Horo mnpemnapata Td-130. Bosbioe BHMaHue B paboTax Jlaboparopuu, BO3IiaBiIseMoM
A.X. CapKHCOBBIM, YIEIIOCH pa3paboTKe U BHEAPEHUIO B IPAKTUKY CPENICTB CHEU(H-
YeCKOH MPOQMIaKTHKK OoJie3HeH KMBOTHBIX. CO31aBaIMCh BAKLIHBI IPOTHB MUKPOCIIO-
pHUH KPYIHOTO POTraToro CKOTa, JIOMIazeH, OBell, co0aK, KOIIeK, KPOJIMKOB, ITyIIHbIX 3Be-
peii. B 1983r. B 'ocynapcteerHoM peectpe CCCP ObLI0 3aperiucTpupoBaHO TEPBOC OTK-
pBITHE B 00JIacTH BeTeprHApuH “PackpriTHe paHee HEN3BECTHBIX CBOWCTB MMMYHOTE€HHOC-
TH y KJIETOK BO30ymurelns cTpuryiuero Jmmas”. Co3aHHbIe Ha OCHOBE 3TOTO OTKPBITHS
BaKIMHBI PE3KO CHU3MIN 3a00/1€BAEMOCTh KHBOTHBIX.

3a JOCTUTHYTHIE YCIIEXU B CO3/IaHUM BaKIWH ITPOTHUB AepMaToMuKo30B A.X. Cap-
KHCOB OBLT HarpaXkaeH 3010Toi Menansio BeceMupHOM opraHu3aiil HHTEIUIEKTYaTbHOM’
cobctennoct OOH. BriepBrie B BeTepuHApHUU CTAJIU TPUMEHSATHCS aHTUOMOTHKH C BbI-
coknM TepareBTrudeckuM dddexrom. [Tox pyxoBoactBom A.X. CapkucoBa ObUIH pa3pa-
OoTaHbl HOBbIE (DOPMBI aHTHOMOTHUKOB, 3()()EKTHBHBIC NPH TEpPaNuu U MPOGUIAKTHKE
peCIMpaTOpHBIX M KETyAOUYHO-KHIIEYHbIX 3a001eBaHUN )KHUBOTHBIX.

A.X. Capkucos aBrop 6osee 200 Hay4ynbix cratedd u 10 MoHOrpaduii, U3JaHHBIX B
CCCP u 3apy6esxom, okoino 40 n300peTeHnit 1 nateHToB. MHOTO CHII M SHEPTUH OTIaBall
A.X. CapKucoB MOJATrOTOBKE Hay4HBIX KaapoB. VM moarotomieHo Oosee 60 TOKTOPOB U
KaHIuaaToB HayK. OH OKa3pIBaJl MOCTOSIHHOE BHUMaHUE BCEM, KTO B TOM WJIM MHOW cTe-
MeHU paboTal ¢ TOKCHYHBIMA MHUKPOMHMIIETAMU. 32 BBIIAIOLIMICS BKJIaJ] B pa3BUTHE OHO-
JIOTUYECKOW HayKW, BHEAPEHHE Hay4YHBIX JIOCTI)KEHHH B TIPOHM3BOJICTBO M TIOITOTOBKY
Hay4HBIX KagpoB A.X. CapkucoBy OblIo mpHcBoeHO 3BaHue ['eposs ConmamucTHuecKoro
Tpyna. Ero tpynst 6summ ynocroens! I'ocynapersennoit npemun CCCP. On 6bu1 n30pan
axanemukom BACXHUJIL. Ero Hay4Hble paboThl B 00JIACTH BETEPHUHAPHOW MUKOJIOTHH U
MHKOTOKCHKOJIOTHH COCTABIISIIOT OZIHY M3 CIIaBHBIX CTPAHUI] MUPOBOM HayKH.

HecmoTtps Ha cBoii yxe npekinoHHbIi Bo3pacT (ymep C.X. CapkucoB B Bo3pacTe
92 7er), OH IPOSIBIISUT JKUBOM MHTEPEC K JTIOOBIM MHUKOTOKCHKOJIOTHYECKHM HCCIIEI0Ba-
HUSIM, HA4MHASA OT BUIOBOTO COCTaBa (PUTOMATOTEHHBIX TPHOOB, MPOAYIHUPYIOIINX TOK-
CHHBI, BIUIOTH JI0O MEPOTIPHUSTHIA 1O 3alMTE 3€PHOBBIX KYJIbTYp OT Oone3neil. C Henccs-
KaeMOl aKTHBHOCTBIO M HAaCTOWYHMBOCTBHIO OH HA BCEX YPOBHSX JOKa3bIBaJl HEOOXOIH-
MOCTh PacUIMPEHUS] MHKOTOKCHKOJIOTHYECKHX paloT, CO3AaHMs HOBBIX J1abopaTopuii,
MOJATOTOBKH KaIpOB MUKOTOKCHKOJIOTOB.

A . X. CapKucoB IOCTOSIHHO MOJAEPKUBAII CBA3b C HAYYHBIM KOJUIEKTHBOM ajlbMa-
Marep — EpeBaHCKOrO 300TEXHHYIECKO-BETEPHHAPHOTO MHCTHTYTa M COJEHCTBOBAN yC-
MEITHOMY Pa3BUTHIO HAYYHBIX HCCIIEIOBaHUH B 00JIACTM MHKOTOKCHKOJIOTHYECKOH Oe-
30TTaCHOCTH KOPMOB W MHKOTOKCHKO30B CEIbCKOXO3SHCTBEHHBIX KMBOTHBIX. Heorenu-
MO €ro BJIMSHUE U Ha BOSHUKHOBEHHE W Pa3BUTHE UCCIIEIOBAaHNI B 001aCTH MUKOTOKCH-
KOJIOTHYECKOM O€30MIaCHOCTH TMHINEBBIX NMPOAYKTOB B EpeBaHCKOM TrocyIapCTBEHHOM
YHHMBEpCHUTETE, CTaBIIUMU 0JHUMHU 13 nepBbix B CCCP.

Ot0 OblIa SIpKast IMYHOCTh, YEIOBEK BBICOKOH KYIBTYpBI, TaKTa, NCKIIOUYNTEIb-
HOW MHTEIIMreHTHOCTH. [lamsats 06 ApyTtione XpucrodopoBuue CapKucoBe COXpaHUT-
Csl y MHOTHX 3HaBIIMX €ro JojJeH. BaxkHo, 4TOOBI 1 OyayIine MOKOJIEHHs MOMHIIN U
ITOYUTAIIN 3TOTO BBIJAIOIIETOCS YUEHOTO.

JLJI. Ocunsan, axanemuk HAH PA, nokrop GHoioruueckux Hayk, mpodeccop
M. M.Jlegumun, axanemux PAP, nokrop Ononornueckux Hayk, mpodeccop
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YUYEHBIA-MUKPOBHOJIOI U U3OBPETATEJIb JIEYUEBHO-
JAUETUYECKOI'O MOJIOKA “HAPUHY”

(x 110-nemuto co omnst posicoenus JIL.A. Epszunxsna)

B 2016r. ucnonaunoce 110 netr co AHSA pokaeHHs
OJJHOTO W3 BEIYIIMX CIEHHUAINCTOB B O0JACTH MHKPO-
OMOIOTHM W TEXHOJIOTUM MOJIOKA M MOJIOYHBIX HPOIYKTOB,
3aCIy’>KeHHOTO M300peraTenst peciyONuKH, JOKTopa Onoso-
TMYECKHX HayK, podeccopa JleBona AxormoBnya Ep3uHksiHa.

JLLA. Ep3uHKSH yYHIICS B IPOMBIIIJIEHHOM TEXHUKYME
B TOmmicy y BeImaromerocs xumuka Yranbabuaa, 3aTeM — B
EpeBanckom rocynusepcurere u Bo BHUM xuBoTHOBOA-
CTBa, CTaJ KPYIHBIM YYE€HBIM-MHKpoOHoaoroM. OH — aBTOp
cBbie 250 HaydHBIX paboT, 4-x MoHOrpaduii, 18 aBTOpCKIX
ceuzietenbctB CCCP, 15-TH panyoHaIN3aTOPCKUX TPEIo-
keHnHd W cBbie 10-TH METOAMYECKUX PEKOMEHIAIMK TI0
OKOJIOTUM HOBBIX BHJIOB M IITAMMOB MOJIOYHOKHUCIBIX Oak-
TepUi U UX NPUMEHEHUIO B MEIMIIMHE, )KUBOTHOBOACTBE W MOJIOYHOH HPOMBIIIIIEHHOCTH.
“Ero OTJAMYUTEILHONH OCOOEHHOCTBIO SIBISIOCH TIOCTOSIHHOE CTPEMIICHHE TECHO YBSI3BIBATH
CBOM PabOTBl C MPAaKTHKOW M BHEIPSTH Pe3yJbTaThl MCCIEAO0BAaHUI B TPOM3BOJCTBO” —
otMmedan akagemuk O.I". A}puksH.

C nmenamu Ep3uHKsIHA M €ro Cynpyru — 3aciy’KeHHOTO JIeTeNsl HayKH peciyOuu-
KH, TOKTOpa OHOJIOrMYECKUX Hayk, npodeccopa Paparnozem [ eopeuesnvr Capyxansn (110-
JIeTHE CO IHS POXKACHHS KOTOPOH Taroke mcrmonHsercs B 2016r.) cBI3aHO CTaHOBJIICHHE U
pa3BuTHE B ApMeHNH O0IIIeH U MPUKIIaAHON, B TOM YHCIIEC CETbCKOX03IHCTBEHHON U TEXHH-
4eckoit Mukpoouonoru. Ocoboe 3HaUeHUE UMENU MX PadOThI MO HUCIIONB30BAHUIO MOJIOU-
HOKHCIIBIX OakTepuii B IPOM3BOJCTBE KHUCIIOCIMBOYHOTO Macjia M HEKOTOPBIX COPTOB pac-
COJIbHBIX U €BPONEHCKUX (IIBEHIIAPCKHX) CHIPOB, OBBIIICHHIO HX KAYeCTBA U COKPAILICHHUIO
CPOKOB CO3pPEBaHMUS.

JI. Ep3unksiH Obu1 niepBbiM, KT0 B 30-40 rr. 1BaguaToro CTojeTHs Ha MpuMepe Mo-
JIOYHOKHCIIBIX OAKTEpHH OTKPBUI 9Py NMPOOHOTUKOB U YCIIELITHO MCIOIb30BAI UX B MEUIIH-
He JUIs TPO(MITaKTHKY U JIeYeHHs1 OOIIMPHOTOo Kpyra 3abosneBanuid. 3acmyra JI. Epsunksna
B TOM, YTO OH pa3padoTall MCTOJIMKY BBIJIETICHHS] BHICOKOAKTUBHBIX IITAMMOB MOJIOYHOKHC-
JBIX OakTepuii BoOOIIE u araoQIIBHEIX OakTepuii B yacTHOCTH. K KoHITy 40-X TOIOB MM
pa3paboTaH M HOBBI MeETOX anuAO(WIOTEpanuy: OH ONPENETHI HOPMBI KOPMIICHHS
anuI0(MIGHBIM MOJIOKOM JIETEH, BKITIOYAsi TPYIHOTO BO3PAcTa, U B3POCIBIX. DTOT METOX
TIOMYYMII TIOJICPKKY Bpadeld pa3NuuHbIX crenuamsHocTeid. B 1966r. IIpaBuTenscTBO
ApMeHHH TpHHSIIO MocTaHoBjeHHe “O0 opraHu3alvK MPOM3BOJCTBA JICYEOHOTO allujo-
¢uIpHOTO MOJIOKA 1 MoJIoKa ‘““‘Hapuna” B ieTckux OONBHUIAX M Ha MOJIOYHBIX 3aBOJAX .

B 1987 r. 6buta pazpaboTaHa OMOTEXHOJIOTHSI MUTATENBHOW M JIe4eOHOM KHCIo-
Monoutoi cmecu “Hapuua-3” Ha ocHoe mramma Lactobacillus acidophilus 317/402 “Ha-
pHUHY”. DTa TEXHOIOTHsl YCHEIIHO UCMOJb3YeTCsl BO MHOTHUX CTpaHax. B mocnenHue romst
MOKa3aHO TaKKe UMMYHOCTUMYJHpYyolee AericTere “Hapuns”.
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YYEHBIA-MHUKPOBHOJIOT U U30BPETATEJIb JIEHEBHO-JIMETUYECKOIO MOJIOKA «HAPUHD»

MonouHokucisie OakTepuu, BblneneHHble JI.A. Ep3WHKSIHOM W OTIWYAIONIHECS
CBOMMH KyJIbTYPaJIbHBIMH, (PU3HOJIOTHUECKUMU 1 OMOXUMHUYECKUMU CBOWCTBAMH, TIOJIyqH-
JIM TIPUMEHEHHUE TaKoKe MPU MPOM3BOICTBE AETCKOTO MaltyHa “Haupu™ u pyroro KMcioMo-
JIOUHOTO MPOJYKTa — HOTypTa.

Cpenu MHOXKECTBa MOJIOUHOKHUCIBIX Gaktepuii mrramm L. acidophilus Ep-317/402,
BhIeneHHbI JI.A. Ep3unksHoM Gornee 50 jeT Ha3aa, Ha OCHOBE KOTOPOTO Jajiee ObUT pas-
paboTaH KHCIOMOJIOUHBIA NpoayKT “HapuH3”, 3aKperieHHBI aBTOPCKUM CBHIETEIHCT-
BOM, KOTOPBIH BBI3BaJI IIMPOKUI HHTEPEC MUKPOOUOIIOTOB, OMOTEXHOJIOTOB U Bpauel. Ta-
KOW MHTepec 00yCIIOBJIEH KPH3WCOM, BBI3BAHHBIM Pa3BUTHEM YCTOHYMBOCTH MHKPOOpIa-
HM3MOB K aHTHOWOTHKAaM, KOTJa MOJIOYHOKHCIIbIE OaKTEpPHH CTAHOBSITCS IEPCHEKTHBHBIM
CpencTBOM OOPBOBI C PA3IIIMYHBIMY 3200JIEBAaHUSMU U TSI COXPAHEHWSI 37I0POBbS YETOBEKA.

A.A. TPYYHAH,
Ynen-xopp. HAH PA, 0okmop 6uonocuyueckux Hayk, npogeccop
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QhSNiE3UL GJd ureNie3UuL GruksSudnre
(33 AUU pnprwlhg wunwd NnipGlU Uhpwytih Swnpnipynclywlp 70-wdjw hnpbywuh wnphy)

NnpEU UhpwjGlh Iwpnieiniujwup suytp £ 1946p.
uGwwnbuptnph 23-hu Gplwuncd, Jinwynpwywlubph puunw-
Uppnud: 1964. gbpwquugniejwdp wywnunbind Splwup
MNnyhuh wujwl ehy 8 dhglwlwng nuinngp, punniuyty
Eplwlh wEnwywl hwdwuwpwl® YEuuwpwuniejwl $w-
yniinGun: M6n nuwbnnwywu wnwphutphg Lw wnwuduw-
Unwd Ep ghwblhe dGnppbnGint hp wuhwg gwuynipjwdp,
pwpén wnwewnhuniejwdp, ghinwhGunwgnunuwywu wohuw-
inwlp Juwnwpbine ntbwyniejwdp W wwnpytw, yhpe wywh-
Jwépny: Wn hwwnywuhubpp sEhu Ywpnn wllywwm duwg
SwynrinGinh nEywywnniejwl Ynndhg, W onuinny NincpBu
Rwpnpntyjwuht enywwpynd £ wuglb] wuhwwnwywu
wwluny nunigdwl: 1969p. gbpwquugnipjwup wywnunt-
ny hwdwuwpwlp b unwlwind YGuuwpwlh npuyuwyn-
npnd qEuGnhyw Jwulwghwnwgdwdp, Uw punniudnud £
Unuyywih Pdjwywlu qbubnhywih huunhwninunh wuwhpwuwnnipw W 1972p ywown-
wwlunwd rEYUWSNLWYWU wnbUwhununieintu wywntuhynu L.RnsYnyh nEywywpnipjwdp:
JdbpwnwnUwin wjwunnwl NnpbU Iwpneenlyywlp npwbu  ghunwhuwnnn - whuw-
wnwlph £ wugund 5M3 gEuGinhywih W ppewpwlniejwl wdphnUhu Yhg gnpénn wnnpt-
Jwjhu (wpnpwnnphwjnd® hp hGnwgw ghnwdwluywywndwywl nng gnpénilbnie)niup
Jwwtiny hwpwqwu wdphnuh hGwn: Lwwwnwywuwg ghunwywl  w2huwwnwuplu  wd-
phnunud, ghinnwywl unwdwynpndp UWUL-nwd, ghinnwywl uGpun hwdwagnpdwygnipiniup
Unuyjwjh Rdywywu gtutinhywh huunhuinunh W wjp ghnwywu yEunpnuubph Jwuliw-
gbwnlGph hGn wuwydbghU hwennniejwdp, W 1981 pqwywuhl, 35 twpGywuncd, NnLptl
Swpniejntbjwup wwunwwund £ nnuninpuywt wnbUwpnuneenit: Snunny bw wdphn-
UhU Yhg gnpénn wpnpGdwhl jwpnpwwnnphwih nGywdwnl Ep, huy 1991 pwlwuhg uhlg
opu’ gbUbwnhywih W ppswpwlniejwl wdphnuh Juphsu £ 2006 pwywuht wypndbunp
NnLpBU Iwpnieintyjwll punpynud £ 33 QUU pnrwyhg wunwd: dYtpghu 10 tnwphutph
purpwgenid wynpndtunp NnLpBU Iwpnepyntbjwlp hwdwwnGnnipjwdp w2fuwnnd £ uwl 33
QUU UnGyniwihu YEuuwpwuniejwl huunhnnwinned, huy wju nwpyjwuhg bwle 33 aUU
Lwhiwgwhnieniuntd’ npwtu Auwywu ghwnneynillbph pwdwudniuph  wywn&uhynu-
pununinLwn:

Lbpywyntdu wypndtunp N 3wpnepinibjwlp 3wjwutnwund gGUGnhywih puwgu-
Jwnh wnwowwnwn ghunbwywll E, JdGqwund qBuGnhywih, dwulwynpwwtu® Eynin-
ghwywl b pnilwpwlwywt geUtnhywih nu UniGyntjwihu ppewgtUtinhywih nunpngh hhd-
Lwnhp:

PwqUwplnype £ Upw ghunwlwl hGunwgnunienluubph 2ppwlwyp: Lpw nGYw-
Juwpnipjwdp wnwuljwy wnwphubp 2wpnibwy hpwywuwgdtp £ 3wjwunwuh Juwuwywnp
wpunwnpnipintuuGpnd UGpgpwyywéd  whuwwnnnubph poswgbUGinhjuywu W qBUGwnp-
Jwywu Unuphrenppug, huy dpwuuhwih W bupwytth ghnbwywultph hGn hwdwwnbn wnw-
9hu wuqwu pwgwhwynt| £ ywppGpwywu hhwunniejwdp nwnwwnnuGph wnwu wjwag-
Jwjnwd dncinwgbu gnpénuh wnuwynientup: Mpndtunp N.3wpnienlujwlh wudhpwywl
Uwhiwabnuniejwdp Iwjwuinwuh Qtrunphth |hyyhnwwnnputph fudpnud nuncdbuwuhpybi
E hwywopuhnwuwnutnh pnidhs wagnbgnienitup, UWunpynylywunid wnweht wlqud
utpnpdty £ 16)ynqutiph UniGyniwhu-peewigBUGINhywywu whunnpnanid, hugh 2unphhy wp-
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jwu pwngytnny wwnwwnn hwpnipwynp hhywunUbp wwphubp Jwpniuwy wuddwp
unwgb] U YGuuwywunptl ywnplenp nGnwdhgng: Mpndtunp N.3wpnientljwll wewlyghy
E 3wjwuinwlnud ypGuwwnwy ppewagtuGinhywywl whunnpndwl Uspnpdwlp, hpwagnpdty
E bwl poowgbUGhywywu ndyuiutnh Jwetdwwnhywywu dnnGwynpdwl ntuncdUwuh-
pnLejntlutn W wylu:

Mpndbunp N 3wpnientljwbh W hp w2huwwnwyhgubph swuptnnd Ubpnpywé Jb-
pnnwywl Uninbgnudubpp huwpwynpniejniu intght hpwywuwglt] 3wjwutnwuh nwp-
ptn oppwiiitph onph W hnnh wnuninnjwéniejwl gbuGnhywywu nhuyh qguwhwwnnedp® Yh-
pwntiny wmbnwplwy yEunwuwywu Yeuuwgnighgubp: Wn hGnwagnunieniulbpp NnLuwu-
wnwlh Ywplnipjwl ghinbwlywlubph hGn hwdwagnpéwygniejwu hhdp nwpéwu, husu Ew-
wtu punwjubg Ulwlw [@h W wy opwihu Eynhwdwywngbph wnunnnjwénipjwul
ninnywé ncuncdUwuhpnipinlluGph uwBYwpp: NnLpBU Iwnnipintujwuh Ynndhg nuntdlw-
uhpniejwl Unp Unuibgnudubp 6U Jowydtb] Lwle pnyubph gGuGnhywih plwgwywnnid,
npnup hhup hwunhuwgwlu wjn ninpunined bunwhwih, huywupwih W QGpdwUhwih nwp-
pGn wnwwwnwn ghinwywl YeUuinpnulGph hbn Yuyntu hwdwgnpdwlygniejwu:

Mnndtunn NnLptU Iwpnueinijwuh Lwywwnwywuiwg ghinwhGunwgnunwywl gnp-
onlubnLeintup Uhpin nuntlgytp Eopwpjwé W pwgUwplnge nuwuwhinuwywl whuw-
nwlpny: Wuguwhwwblh £ Upw dwuywywpdwywl wywunu' ninnywé Gphunwuwpn
utpunh Yppdwup W ghnwywl wnwgplpwghU: Lpw swuptpny pwquwehy nuwlnnutp
W Gphnwuwpn ghnbwywuubn huwpwynpnipintt U unwgtb] nunwdp pwpniuwyGine
hpwywlwgUbint wdpnng 2wnpe ghunwywu nuncdUwuhpnie)ntlubn wpunwuwhdwUjwu
wnwowwnwn hwdwuwpwuuGpnd W ghnwywl yeunpnuuGpned:

Mpndbunn  NRwpnipntUjwlp  nwuwpununientllbp £ Ywpnugtbp  tnwualjwy
Gpypubpnud: Lw Jwulwygtb] £ wpnwuwhdwUjwu nwppbp npwdwunphutpnyg $huwl-
uwynnpynn ghinnwywl W ncuncduwyw Spwgntph Yuwnwndwlp, juquwytnwt, E NATO-h
ghunwdnnny WUL-nud® uyppywé gbuGinphyuywl pnilwpwuniejwl Unpwgnuyl JGenn-
uGphu: N 3wpniejntbjwlp wjwuwnwuh UepYwjwgnighsl £ Ninuwuwnwuh ghwnnieiniu-
utnh wywnbuhwih nwnhnyEuuwpwuntpjwu fjunphpnnud, W yGpghu tnwphubphu pwquhgu
hpwyhpybl £ dnplw dwnwawjprwihlu gbuGnhywh wuwwpbgnud nwuwfununieintuutn
Ywpnuwint: Lw bwle Gpynt Jhowqaquwihu wduwagnptnh fudpwgpwywu Ynghwutph wunwd
E, «2wjwunwuh YGuuwpwlwywu hwuntuhy» gihuwynp fudpwgph tnbnwyuwg:

Mpndtunn N 3wpniejnlyjwlh  ghnwywl hGnwgnuninwejnluuGph wpnynlugutpp,
pwquwprhy dJhpwagqwiht ghwnwdnnnutpnud gqGynigubpp pbpGp Bu Upwu hpwywdp
Uhowqguwjht dwlwsned: Uncinwytinyg ghinwdwuywywnpdwywl gnpéniubniejwl hwpniun
thnpd, Ynenipjwl W ghunniejwu ninpunincd Uepnutiny unpwpwpwywl dninbgnidubn, Uw
ghinwywu qtynygubpny W nwuwfununieintlubpny hwuntu £ GuG UUL, dpwuuhwih,
QGpdwupwyh, Nnuwunwuh W wy Gpypubph wnwgwwnwp ghnwywu YEunpnuutGpnd W
hwJwpuwpwulutpnd® pwpéan wwhtinyg hwjwunwUjwu ghnnipjwu b Splwuh wybnwywu
hwdwuwpwuh hGnhuwyniejntup: Lpw wpgwuwptp gnpénLuGnLEjwWU wWwwgngu wyth
pwlu 290 ghunwywl whuwwnnienillbpu Gu, win pYnd® 4 JBUwgpnipintt W
nuntdUwywu dGnbwnyutpp, 170 ghnwywu hnndwdlbpp, npnughg 60-p Uhgwqaquwjhu
gpwhunuynn  wduwantpnid, Springer Jhpwaqquihl  hpwwnwpwysnieintund - wugtnptu
l&qyny (nyu pudwjwéd hwywdniinwgbutgh ophuwswihnie nluubphu Uyhpgwé nctupyuwy Jb-
Uwgpniginiup W wyu: Mpndbunp N 3wpneentljwlt wpnynitwybn ghunwywlu gnpént-
ubnipjwl pupwgend nGlwywptp £ pGYUwédnLwywlu 20 wwntGUwhununieinil, GnGp nny-
nnpuwywl 2 wwnbUwhununigjwl  ghunwywl funphpnwwnne: Lw YGpghUu  wnwphubphu
wlpundte 33 UQL Ghwnejwu Yndpinbh Ynnuhg Yugqdwytpwynn ghnwywl pwnén
wpnntbwybunnipintt nitubgnn ghnbwywuubph  dpgnypeh  hwnennubph  pwpenwd
pwquhgu wndwlwgt) £ hwupwwbwnniejwl W 6M3 pwnpép wwpgllbph, denwiutph:

«Quwjwunwlh Yeluwpwlwywl hwunbuhy  pudpwagpnigjwl  Ynnuhg hnpGywup
wnphy 2unphwynptind ghunwywu (wju Jnwhnphgnt W Jwpnywihu hdwje ntubgnn
hwnabh wypndtunphUu Jwnenw Gup pwyp wnnngnieintl, Gphunwuwpnwywu  wyndu,
shuwdnnn uwlnwywnnieintl W wdtUwju pwphg:

E.U. @64Nrqa3uv
«Jwjwuinwup YeLuwpwlwlwl hwunbupy

qihuwdnp fudpwghp, 33 QUU pnpwlhg wlnwd
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