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Onpdtiwfjutt fwhwyuphny YEiuwpbunu]npdut ogiinipjudp wuyugnmglty £ np wbdplinpytph (Eisenia rosea)
Uhounttiph npny fudpbiph — winwnuyh pbY Upgmiuubph (Cataglyphis nodus), pnomiljutph (Chrisops sgunctus, Haematopota
pallens) b qujudjuljutph (Dasyneura bayeri) pppniputiph winjbputnnipniap dhpwduyph wnunnunudmpyut ajundwdp
gudp E, b nputip upkih E hhpunk) npyjbu hnqughtt dhpwduyph wininnuinjuisnipjuits Etuwugnighstibip:

Ykhuwgnighshbp — Ehuwpluwn - Ephpuphnipblp — winghupwpbbnp

C moMoIIBI0 GMOTeCTUPOBAHMA SKCIIEPUMEHTAIbHBIM ITyTeM YCTaHOBJIEHO, YTO TOJEPAHTHOCTD JOXK/EBBIX
yepaeii (Eiseniarosea) u muIrHOK HEKOTOPHIX IPYIII HACEKOMBIX — PBIKHUX JeCHBbIX MypaBbeB (Cataglyphis nodus),
cenneit (Chrisops sgunctus, Haematopota pallens) u rayumuw (Dasyneura bayeri) k 3arpsA3HeHUIO Cpelbl HU3Kas 1
HX MOXXHO IIPUMEHSATH B Ka4eCTBe GUOMHANKATOPOB 3arPsA3HEHs II0YBEHHON CPefibl

Bronrzukaropsr — 6HOTECT — reOGHOHTEI — 6ECIIO3BOHOYHEIE

By biotesting it was established, that the tolerance of earthworms (Eisenia rosea) and the larvae of some
insect groups — red forest ants (Cataglyphis nodus), horseflies (Chrisops sejunctus, Haematopota pallens) and the gall
midges (Dasyneura bayeri) to contamination of the environment is low. It was concluded and they can be used as
bioindicators of soil environment pollution.

Bioindicators — boitest — geobionts — invertebrates

Qnuuunitnbuwljut (whunhghnitp, hbpphghnutp b wwpwpuwiymptp), wpynibwpbpuui b
npwtuynpuughtt wpnubknmdubpp phun wnununnd Ba opgpuju thowduypp: Funpyjut hwudwp ovnwap
wyn wpnwbtnndutphg swntpp YEunguh opquithqdutph, wyy pynd b dwpnm Jpu ponund B dnuinwgb
b Juigkpngkt wqpbgnipmnil, uvwljuyt uyn wnunnnhsutph wqpbgnipyut dwupt Jupkh b junuby dhuy -
phutp htwnn: 9kpp wudusdp hhdtwdnpmd £ uyt wignudp, np withpuwdtown £ hunnnipjut tmwl] wuhby
2pguiljut Uhgunjuyph, hunnfjuygbu mppugkingiibph Eymnghwljub hpunhdwlp:

Yhtuwphnupubph oqumipjudp upkh £ quyuthwp juquly dhpwduyph Eyninghwljuitt hpuhguiljh
dwuhti [1, 3, 4, 6, 13, 16, 17]:

U tyquinulnyg wnwby twguinwljwhwipdwp E jhpunt) huinhljughugh hinkqpws phun-dbkpnnibp
(on site) b kimuwih Yhwwpbunkp' Jriuwhinhunnp [2, 8], nph hpupmu phljws E dheujuyph wnun]ly
dwpnip wuydwbibpnud wpuynugws, vwljug thnpdh pipugpnid dudwbwljuynpuytu wnunnndus
dhpwuypnid huyjninjus opquithqutubph wnuwuunwughnt upptuh b $hqhninghwljus Jhguljh quuhwnnudp:
Utip Ynnuhg npuygku phnpluwn Eu punpy ) npupuinntibph atjundudp swhwuquitg qquynth wdplwnnpnbpp
(Lumbricidae), puqunuutthutipp (Myriapoda), dpgnititp (Formicidae)
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b bplplbp pnomiljibpp (Tabanidae) nu quuunfjuljsbpp (Cecidomyiidae), npniig qupquigumt upuuhwum
thnkpp pinuind kb hnnnu:

Ughmunwtiph tygunuiljn £ thnpdtimjut Swbuyquiphny puguwhwynt) dwbwdnp punuph mwppbp
$niujghniwy)  gnunpubipnid hwinhuynn  winnwowpubph  (wbdpunpnybp, pnondjubp,  qupudjulibp,
Upgnitiikp, pwqunuwthubp) YEuuwhinhjuunnp wkuwlubpp, npntg oqumpjudp, hppt Jhtuwpbuwntp,
hwpunp Yihuh npnoty thpwjuyph wnunnunjusnipjut wunh&uiip:

Umip b JEpny: Yktuwphnip hunhjuwnnp whuwlubph puguhwyndwb tyuwnwlny] dwiwdnph wwppkp
dnililjghntiuy gninhikiphg yEpgyus hnnnid funwpyty ku thopdkp:

Yhtwwpbunwynpiuwt  hwdwp  twhpwnbuduws  winnbwpwpbpp  hwdupylp i dwhwdnphg 20 Yu
hEnwynpnipjut Ypu quniynn Cwhwt mknuitdut winwrhg (dwuttwdnp-Ujwyipnh wdundwypninnig 1,5-2 u htinny):

Zuwpyk] kb winnuwpwnubph htwnlyuy jadplpp.

- Utdplwnpnbp’ (Annelida,Lumbricina) — Zisenia rosea (Savigny,1826) — hunjupity kit thojusph U pupbph iwljhg,

- pnnmllhhp\ (Diptera, Tabanidae) — Tabanus spectabilis, T.miki, Chrisops sejunctus Szil., Haematopota pallens.

£nnnijubiph pppenipttpp hwjwupyt) i wputhiyw hnnhg,
- ququljulikp’ (Diptera, Cecidomyiidae) — Dasineura bayeri R$bs. W Asphondylia verbasci Vall.: D. bayeri

ququdjuyh vyhinwljuni pppoipubpp noipu B phipdty Sisymbrium loeselii pnijuh Ypujhg hwjwpyws qutkiphg, huly
A. verbasci quyudjuljh twptgwgny ppenipbtnp Verbascum sp. pnijup quitiphg,

- Upgmitiukip (Himenoptera, Formicidae) Caraglyphis nodus Brulle (bicolor Sants.): Unpgjniuh pppniputipp ytpgyty
&l Upgliminghg,

- puqunuiiwlihibp’ (Myriapoda): Zwijupyty b pupbph nwlhg:

Zunupyws Yhigwh iynipp’ 5 op wuhyky Eumygh Juyphg ykpgdus hngnud, huwnntly wplynbph db,
uklywljuyhti obpdwunh&wth b itnpduy junbwynipyut wuydwhibpnud:

Uudpunpnbph, pnpnijubph b puqununwithuph hbn junwpws hopdbkpp wig bu jugdt) hwnwlnid wpqus
nnitwdughtt wbgpkpny, (30ud x 30ud x 20ud) thwynyu wplyntpnud, hull quudjulukph b Upginittinh pppnipubpp
(Gud x 5ud x 5ud) wplyntpnud, npnbg dke (gws Ep dwbwdnp pwnuph wwppkp $niblghntiwy gninhubliphg
(£hu.ynuphtiun b ipwithg 0,5 Y, 1,5 4, 3 Yu,5 Yd, 7 Yu b 20 Y htnne) uly.1) ypgdws hnn: Ywwnwpyk & 2-5 op
nbnnmpjudp jupdwdwdljin Jiiuwpbunnuynpnud (screening test):

Npuhku mnpuhnipjut suthwihy t pingniugly YEunwithubph (phun opjkljntikinh) 50% dwhwgnipnitip (J1s) b
npubig hnnh Uk sjupytint nt wplnhg gnipu unquint gnigwhop (avoidance test), puwn UCO unnwbgupuntkph [7, 9-
13]:

Upmymipakp b phinupynud: £hd.ndphtimnh hwpwljhg nmwpwspnid wudptnpntipp hwunhynud Eu
dhuyt dhohtt swithuh pwpbph wwl: Yndphtwwnhg  hEnpwbwnih qnigpiipug hnnnud  Juwuwlup
wpnuwbbnnudubph wgpgmpyut tWuqduwi gnigwthy  t hwinhuwinud  winptwpwpubph
JEuuwquiqush b vwjujuwinqui onuljwynp npptiph (Oligochaeta) pywpwwiljh wdp: fugupnipmnil
Eu juqunud puppupnun, wuquyhly, juuyht hontpp, npubkn wwdpbwnpgbpp unynpupwp skt hwb-
nhynid, b hunhjuwwnnp wkuwlubpp Jupnn Bu hnthnjudty:

@npd 1. Lhlyndphttwnh wwwpwdphg Yipgqus hnnnud wdplinpptpp hnnh ke mbnunptymg 1 ¢
htwnn wupinhwwn thnpdnd thit hinwbwy wiplynhg (avoidance test): 4-5 ¢ htwnn tipwig dwplh Jpu bphwt Ejuh
uyhniuy b Unig Jupdhp pstp, htinn bputg dupdih wngth dwup quipdwy vwjuquywnd b gpuitp pnunny
dwhwguti (acute toxicity):

Unyl wwpwdphg yipgyus hnnh dbe qupqugnn dpgmiubph, pnpnijubiph, b quudjwlukpp
prpnipubpp sykpusyting hwpubyulih b 2-3 op htinn dwhwguii:

Puqununuatihibpp 3-5 pnytihg hbnn noipu Bjut wnunnungws hnnhg (avoidance test):

Lhu.yndphtmnh nwpwspnid wbudphwnpnbpp b djniu ghnphnup nt Ukqnphntp winnbwownpubpp
hwunhynud ku Uhuyt vhoht swithubph pupkph nnwly (0,2 wnwtidiyuily/Af?):

@Pnpd 2. £hu Yndphtiwwnhg 500 U hEnwdnpnipnithg Ybipgyws honnud  wbnunpdus 10
wbdplwnpntphg 4-p qupdwt vwuwyuowpd b 6-7 ¢ htnn dwhwgub, hull dnwetbpp gnipu Bjut wplnhg:
Uwhwgué onuljuwynp nppbph dpu tjuuygnd  tht uwhwwl Yhwnbp b jupdhp pstp: Uju hnpnd
unbnunpjus wiunntwpwpubphg hpkug qupqugnidp wjwpunbtghtt dhuyt §wukh, hul punuipwplbph
Tabanus, Chrisops W Haematopota pnenijutiph b quuudjwljubiph ppeniputpp, swjupunbknyg hpkug qupqu-
gnudp, 20-25 d pupwugpmd dwhwguit: D. bayersr quudjuyh dwhwugws pppnipubph Jpu tjuungnd Bu




GQ.U. MU2USI UYL, 9. MUUS 38U, L.U. UPLNRUBUL, 9.U. 2092ULLPUSUL

uniq podtp, hulj A. verbasci Ypu — uyhwnwl b gnpy pstp: Puqununuuhubpp own wpwg hkpwgwt hnnhg
(avoidance test):

MNbwp k ok, np  phl.yndphtimunpg 500 U htnnt hnnnud hwinhynd Eu Jhuygtt ophpunhin nngbip b
fuudtph hwwn m YL ppenipitp: Utwgws ponp  ghnphnup nmo dbqnphnbpe  winniwpwpibpp
(wmudnlhwnpnbp, Ynnhugubp, wuwwniubkp, pqiqutp) hwinhynid Ea dhuyt junonp b dhehtt swthuh pupbkph
wnuly (0,2 wnwbidlyuly/u?):

@npd 3. Lhdindphttunp vnupwsphg 1,5 YU hknwynpnipiniihg (Ynyunnipuygh wwjwn, punupugh
qpnuuygh) ypgguwé hnnnid 10 wudplhwnpntnhg 2-p thnpdp uljubynig 15 ¢ hkwnn dwhwgui, 2-p wyypkght bu
13 d, hul dtpohtt 2-p dwhwgwt dUnn 26 ¢ htwn: Pnnp &wudbkph pppniputpp 30 wnwbdiywl)
hwgnnnipjudp hwpulyuljuynpytght b 3-5 op htwnn npuiighg nmipu Byt hwuntt fwugbp:

Upgymitiibph pppmplibpp” swjwpunbyng hpkug qupqugniup, 2-3 op htwn dwhwgwb: 7zbanus ghnh
pnonijuiph 10 pppniputphg 6-p hwennnipjudp hwpulywlunpytght, tptpp dwhwgut puljnbphuy
(Bacillus thuringensis), hul] Uklp utluyhl Jupwlhg: Chrisops & Haematopota pnnmljukph 10 pppnipliphg
ykgp 10-15 ¢ htwnn dwhwgul, huy hwpulywluynpdus 4 pppniputnhg 2-p Jipusytghtt hwuntuh, dnu
Epyniup dwhwgut: Fopnp 10 quyudjuljutinhg hwpuiyuljudnptghtt b hbnmwquynud hwuntuh JEpusytghu
A. verbasci twpugwugnyu 2 pppnip: Fuqununwthutpp 1-2 ¢ hbwnn hwdwenpkt thnpdnd Ehn - hnwtiuyg
(avoidance test) hnnhg:

U nhnudwunid bu wiunnbwowpubpp hwinhynwd tu dhuyt pupbph (1-2 wnwbdbyul/d?) b
thnubdph nul (4,5 wnwbdyuly/u?):

W Ehi.ynGphOwen 0,545
EEpnuip.genu. 1,540
EUrnluwud 3 46

B muwp .wygh 5 4G
Eufdtnp 7 4
ESwhul 20 4G

UYy. 1: Uhdplnpptiph pywpwbwlp (wpwbdbyul/d?) dwbwdnp punuph
phd.yntiphtimunh b tpw hwpwlhg mwpwspubpnud

@npd 4. Lhu.yndphimunh mwpwsdphg 3 YU  hbEnwynpmpiniihg (wjunjuyub b onjw) Jtpgdusd
hnnnud 10 wbdplwnpntphg 4-n 25-30 ¢ htinn  dwhwgwl, hull 6-p feunguh duwght dhist thnpdh wupunp
(5 op):

Fninp fwugkpp (30 wnwbdiywly) hwennnipjudp qupqugut Uhiph hwuntt:

C. nodus Upgmiuutph qupqugnudp pughungbtg 3-5 op hbwn: 7abanus ghnh pnomiljukph 10
pppniputphg 8-p hwpulywluynpytght, hulj 2-p dwhwgut pulnbphwy (Bacillus thuringiensis) qupulhg:
Mp hwpuiyuljutiphg hwuniuh 4Epusytghti 5-n, hul bptipp dwhwgwt puntphuy Jupwlhg: Haematopota
gtnh 10 pppnipikphg 4-p hupulpulwnpbght, puyg sqbpusykn] hwumh' dwhwgul, hul Chrisops ghnh
10 ppenipubpp b Haemaropota ghnhg 6-p dwhwgwt pppnipuyhtt thnynud: Suqudjwljubph ponp pppenip-
ulipp ywhwguit: Puqunuuuthubpp hnnh dbe duwght 3-4 d:

UpJws nwpwspnid wdpbnpnbpp hwinhuynmd tu dhugtt juyupwtwdbpd hpuwyupuljhtt hwpnn

wnipuynud, puptiph iy (6,8 wnwbdyuly/u?):
@npd 5. Lhd.nUphttmunh mmwpwésphg 5 Y hknunpnipniihg (pniuwpwiwlu wygh) Yipgdws hnnnid
nbnunpjuws 10 wudpunpntnhg 1-p 25-30 ¢ htwnn dwhwgu, hull 9-p thnpdh 5-pn opp nhnlu YEungwh
Eht: &mugbph pojnp 30 pppnipubpp, qupqugui htsh hwunit: 7abanus ghnh 10 pnnnijutphg vhist hwunta
qupqugui (7. spectabilis, T. miki) 8-, hul] 2-p hwpulyuuyht thnynd dwhwgut pulnbphwy qupulhg:
Ch. sejunctus 10 pppniputphg 5-p 10-12 ¢ htwn dwhwgut: A pallens pnnniljuliphg 6-p qupqugut dhtish
hwumt, hull 4-p dwhwgwt pppnipuyhtt thoynwd: D. bayers quudjmlutph pppnipubtphg hwuntih
JEpwdytght vhwy 2-p, huly A. verbasci pppniputphg — 4-p: C. nodus Upgniutiph 10 ppeniputiphg hpkug
qupqugnidp wjupunbkght 7-p: Fuqunuinuthitipp hnnmu dhwghtt dhtigh thnpdh wdupup:
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Poruwpwiujut wygnud wbwdptnpntipp hwiimhynud Bu pnpnp juytunbpl Swnkph il honnud b
thndudpnid (8,3 wnwbdyuly/u?):

Pnpd 6. Lhdlyndphttunp wnwpwdphg 7 Y htnwynpmipnithg (dwbwdnp) Jipguws hnpmd
unbnuypjus 10 whdptwnpytpp hwennnipjudp hwpdwpykght vidjuy hnnh phthuljub wuydwbbbtphb,
hupytght hnnh dke b Yhunwuh dtwght dhtsh thnpdh wupunp:

C. nodus 10 mnwunuyht okl Upgyniiutinhg dhtish thnpdh wjupunp YEunuuh duwght 6-p, huly 4-p 3-5
opju pupwgpmid dwhwgui: &wudkph pninp pppenwpubpp qupqugut dhigh hwumb: 7abanus ginh 10
prpniputphg 9-p qupquguin vhigh  hwumi, pulj 1-p dwhwguy pwlnbphuy Jupulhg: Ch. sejunctus
pnnnijutiph 10 ppeniputphg dhsh hwumb qupquguit 7-p, A. pallens pnnmljubiphg 8-p: D. bayers qujudjw-
Uh 5 pppnipubtphg hwunith Jhpusdykghtt 4-p, hul A. verbasci pninp 5 qujuujuljuipp wjupuntghtt hpkug
qupqugnidp b JEpusytghtt hwuntuh: Fuqunuinwtthutpp dhtish thnpdh tpep puptiytghtt hnnnud:

Juwbwdnph Jhpdnd wudphwnpybpp hwinhynwd Eu pojnp juyuntpl Swnkph twl, hnpmd b
thoywspnid (9,9 wnwtdtyuly/u?):

@npd 7. Cwhwl (Qwtwénp-Upudbpnh dwttwywpuwhwngush 20 Yd) mwupusphg Jtipgdus hnnnid
uknunpfws popnp wbdpinpytpt wypkght uhtsh inpdh Ytpep:

Swuskph, (7abanus W Haematopota) pnpniljubph ponp pppnipubpp Jtpusytghtt hwumuh: Ch.
sejunctus pnnnijutphg hwunith JEpwdybghtt dhuyt 8 pppnip, huly 2-p dwhwgui utuyghtt qupulyhg:
Quuujulubpp hwgnnnipyudp wjwpunbkght hpkg qupqugnudp,hul] puquninuthbpp Yeinuih duwght:

Uwnighy mmwpwsph hnnnud wbdplwnpnbpp hwinhynud Eu juyuntpl Swnkph vy, honnud b
thnduspnid (12 wnwbdyuly/u?):

Lintwyuwn, dudpwl] b Uwpwy gninkph wnwpwsphg Jipgyws hnpynid pnjnp winnuwpwpubph
qupqugdui pipugpp tdwb £ thnpd 7-h ndjuyubkpht:

Upuuhuny, wthmblyn] Jupdwdwdybn Yhiwpbunu]npiwh (screening  test) wpmynitipipp
Jupkh E Egpuijuguty, np hnnuyghtt Jhpwquyph dwppmipjutt wnwyl] hunnwl hunhjuwnnpughtt nwkuwly Bu
hwinhuwinud wbdpunpnbpp (tests for the habitat function of soil), npnup skt hwinhuymu phu.ynuphtiwinh
wpuwiknnudubpn] wnnnndus hnnnud [7,14,15]: Lhd.yndphiunnh tnwpwsdphg dhuyt 5 Y hkpudnpmpyui
Ypw hnnuyhtt  tdnwbbpnud hwinhynd Bo vwjujunquittp: Zknwgnuinnmipyut wpgymiapubpp hwd-
puljunud Eu thnpdh ndjujibpp htw, npntn phu.yndphtiwnhg dhuyt 5 Yd  hknwdnpnipnitthg yipgdus
hnynud  wbdplinpybpp (10-hg 9-p) ufubight wnuwwwuwgyl] honh phthwliwt wwpdwbubpht: b
wnuwpphpmipinit wbhdplinpntinh &wudkph (Diptera) ppeniputpp gniguppnid Eu pupdp ninjkpuinnipni b
upwp nhuwinud &u tnyuhul phl.yndphttunp wnwpwsphg Yhpgqus hnnmd b tputg Yupkih £ hwdwply
vhowuyph wnunnunjuénipyul Yhuuwgnighs: Upju pplbpp, hwdwpn hwupdwpdting wy) opquthquutph
hwdwp Eynnghwybu wbpupbiyuun  wuydwbbbpnd b smubkbwny ny dh dpgulhg, wwjhu tu
wbtwhunby we (pyuputuljh b jEiuwquitggush), npt b hktg dhpwjuyph winunnunjusnipjui jujugniyi
gnigulihy khwdwpynud:

®npdbph wpryniiptibphg Yupkh k kqpujuguty, np Ch. sefunctus H. pallens pnnniljubiph ppenipubpp
hnnuyhtt dhpwjuyph wnununjusnipjutn tjundwdp wybh qquynit b, put 7abanus ginh pnnnijubpp,
npntp wyr inyb yuydwbubpnud gnigupbpmud Bu wnwy bty pupdp ninjbpunnpyni:

®npdh Gupwpyqus A. verbasci quml[Lulllhbpb prpniputph qupqugdwt Jun hwuwlubpp pipuwimd
k' Verbascum sp, huy D. bayeri quyuijuljhup’ S, Joeselii Uky, npunbn dhgunjuyph gnpéntitkpp skl fupnn
nplt qquih wqnbgmpmit mubktw) tpuwbg qupqugiwi Jpu: Gunbphg nmipu Bjws ppenipubph
qupqugnudp pupwinwd £ hnquyht dhowuypnid b qunynid k upw wphnwnhly gnpénuttpnh dwdjhsh, huwn-
Yuytu phuhwljub mwppbph wqpkgnipjut vl

Zudwduyl thnpdbph wpymuputph, dhowuyph wnunnunjusnipjuwt tjundudp wnul) qquynit ku
D. bayeri uyjhinwljuinii ppenipubpp, npnig dwhwgnipjut ninynup wnunngus hnnmd wytih pupép | put
A. verbascituplguqnyu pppeniputphun [17]:

®npdkph myjuiiphg Yupkh b Gupunpl), np wwdplwnpnbnh, Cataglyphis nodus wnnwunuyght okl
dponiiubph, Ch. sejunctus W H. pallens pnonijubiph b D. bayeri ququ-djwljukph wunjbpuinnipmniup
dhgwuwyph wninnunjwsnpjub tjundwdp pupdp sk, b tputig Jupbih E §hpaunk] npybu hnnh phihwljub
wnunuyjudnipjul jEtuwhunhljunnpibp:
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Lwjwuunnwih Shunmupiniobsph Ugguphh Uywnbdhw _,—:mi[ Lwjwurmwih Yebuwpwlhwlwi Lwinbu

HauuoHaAasHan Akaasaemuna Hayk ApmeHuu Buoasoruveckuu MypHaa ApMmeHuu
National Academy of Sciences of Armenia : Biological Journal of Armenia

» Onpdwpupwljwd b nkuwlwd hnpjushkp « IKcmepuMeRTATBHEIE H TEOPETHIECKHE CTATHH *
*Experimental and theoretical articles

Zujuunutth YEuuwp. hwtinbu, 4(64), 2012

UG4ULU LEP U ULQUILNRU 2U8UUUUL SUNTGIPULESE (ALBURNOIDES
BIPUNCTATUS ARMENIENSIS (OSTEICHTHYES, CYPRINIDAE)
SUruoquonNkes8Nkhut 64 WtLUULULUYUL ALNREUAPCC

S, qUMUL3UL, L.E. AUNUBI3UL

22 QUU Yklmwihwpwhnipyul b Zhnpnkininghuyh ghunulub jkinnpnap

Zhgpokynnghuyh b djhwpwiniyepub phunpnnin,
vardtigran@mail.ru, nelka.84@bk.ru

Ulwbw 16h wjwquih &djuughtt hwipnyph nunudbwuppdwt tyuwwnwlnyg 2011p. Ywwwpylp b
Ajwpwiwljui hbnwgnunipjnibikp: Puguwhwynyk) k, np Upghdh, dwpnktthu b Guupwgbn ghnbkph unnph
hnuwtpubpmd b Zpwgnut ghnh wlimbpnd wpwghtt wihqud  hwynbwpbpdl] i huyjuljub  wwnkjuhlh
wnwbdbyuljulp: Qiukph Yhph hhutwlwh pununphy Juqdk) B hanwljughtt jeinuthubkpp, pugunnipjudp Upghdh
gtwnh vnnphtt hnuwbph, npunkn Yeph hhdbwlwb pununphs o juqudt] $hunyuiuntwght opquithqdutpp: Undw
hunbtuuhynmpjui b pujwdnipjutt  gniguihpubph  wwppbpmipmibibpp Uhwtw 1€ wduquith  wwppkp
hwnuwsubpnud wuydwbwynpjws tu Ykph punypny’ Yhph pwnunpphsubph pwbwlngy b juynphuubnipjudp:
Uluti 1£h wjuquimud Jupuljjusnipjui tpunkiuhynipjut wdbiwpupdp gniguhpp gpuiigly b &nud, Jupul-
Judnipjub hunkuhynipjut wdkiwpwpdp gniguithop' Quwugkn ghnh uinnphtt hnuwbpnid:

Zuylmljul inunkpiply — vhbnunnipinil — Uhwing 14 unjuquil

Jns usydenus wuxruodaymst 6Gacceiima o03. Cesan B 2011r ObUIM IPOBEeZEHBI HXTHOJIOTMYECKUE
HCCIeZOoBaHMA. BBIABIEHO, YTO B HIDKHHUX TedeHUAX pek Apruuu, Bapzenuc u I'aBaparer u B KaHaje peKu
Pasgan GbUtu OGHApyXeHBI OCOOM apMAHCKON ObICTpsSHKH. OCHOBHBIM KOMIIOHEHTOM IIHINK PHIO SABIIAINCH
ZTOHHBIe XUBOTHBIE, 33 MCKIIOUeHNEM HIDKHETO TeueHHA peKH APrudu, IIe OCHOBHBIM KOMIIOHEHTOM KOpMa
SBJSLINCH (PUTOIUIAHKTOHHBIE OPTaHW3MbI. Pasimyums ImokasaTesleil MHTEHCHBHOCTU IHUTAHUSA U YIHTAaHHOCTH B
Pa3IMYHBIX y4yacTKax GacceiiHa 03. CeBaH CBA3aHBI C XapaKTepOM KOpPMa — KOJIMYECTBOM KOMIIOHEHTOB ITHIIM U
KaJIOpUIHOCTHIO. BBICOKMIT ITOKa3aTeIb SKCTeHCUBHOCTY MHBAa3HK ObLI 3aperHMCTPHPOBAH B CaMOM O3€pe, BBICO-
KW II0Ka3aTe/b HHTeHCUBHOCTY NHBA3MK — B HIDKHEM TedeHUHU peku [I3kHarer.

ApMmarckag OpICTpAHKA — mHTaHHe — 6accerin 03.CeBaH

The ichthyological investigations for revealing the fish community in Lake Sevan in 2011 have been done.
Armenian sprilin has been founded in the lower flows of the rivers Argichi, Vardenis and Gavaraget and in the
upstream of the river Hrazdan for the first time. Bottom invertebrates are the main part of fish food in the whole
studied area except the lower flow of the river Argichi, where the main part of fish food is phytoplankton. The
differences in parameters of feeding intensity and condition factor in Lake Sevan are the nature of food- the quantity
of food components and calories. The highest rate of extensiveness of invasion - El has been recorded in the lake and
the highest rate of intensity of invasion has been recorded in the lower flow of the river Dzknaget.

Armenian Sprilin — feeding — Lake Sevan basin
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S.4. AULHULBUY, UE. FULUBNBUL

Zayuljul nunkuhlp npybu wpwbdht hpunbkuwl A. bipunctatus armeniensis Wjupugpty &
1972p.-ht’  Ywnhlyuth Ynnuhg [3]: Quuywihwlubt hwnluihputph Jipnsnipyul, huyyhu twb
Uunpynyjuunid hujjujmt b wpbbjut wnwnkhlutph wpbkwjubph ny  huwnuly
nwpuwpudwbuénipjui hhdwl Jpu wewewpydt) b huyuljwb wwwnkhYh Alburnoides bipunctatus
armeniensis Dadikyan, 1972 wmujwutnudp nhunwpyt] npybu wpbbpwut wwnbkhYh A/burnoides bipunctatus
eichwaldi (Filippi, 1863) Ypwwubkp hndwihy [9]: Pngninujuyugh b Ynwnh Ynnuhg hpwlubugdus
Jtpunniquuts hbnmbwpny wupqyby E np huyjuljut b wpbbpub wwnkuhubpp hndwihpubp B [15]:

Zugjuljub  mwnkjuhp nwpwdjws b Zuywunwih gphipk popp  opuwdpwpubpnud  (dnyh
dwljupnuyhg 2200 d pupdpnipjut Jpw), pugunnipjudp Uhwbw £dh wququih [3]: dudwbwljulhg
niunifbwuhpnipniiitinh wpyniipnid wpwghtt wiqud hwjjuwljwt tmwekuhl hwynbwpkpdt k 2007p.-
ht Ubwbh wjuquih 24uwgkn ghnmd [4]: Cun 2008p.-h nuunidbwuhpmpmibitph’ wwnkupyp
hwlinhwl £ Quinughn ghnp ghnwpbpuimd [14]: Cun 2010p.-h muntdbwuppmpmubbph’ huglulub
wnwntuhlp hwyntwpbpgt) |k twb Ubwbw (goud [1]:

Ulwtw (£nd huyjujut mwunbkiuhlp hwinhuwinud £ Jhowtlyuy wbp L. intestinalis twljupniysh
hwdwnp [1]:

Ushiwtnwiph tyquunwljt E pugwhuynt] Uhwbw (dh wjwquinid hwjjuljut wwwnkhhyh
nwpusfudnipintup b wy tpu JEluwpwtwlwb punipughpp:

Unip b UEpnn: 2011p. Ajuwpwtwlwt ntunidbwuhpnipyniiip o ppujubugyt) Ubhwbw (8nud, Upghdh
gbunnud, Qyuwgbnp b Fwdupwughn ghnkph unnphtt hnuwbpubpmd b Zpugnut ginh wynibupnud: Qyukph npube
Qunwpyby k dkntwpnnh dhongny, wuju $hpuyl) $npdwhih 4%-wting (nidnypny: Npnoyky k djukph dbwywihwljw
gnigwlihotbpp bpupnipitp (L-pighwimp b -uhish phthmlught swslh Yipep), quiqusp (G- piphwinig b g-
thnpnunhpp htpwgyws), pindusnipjut gnpswljhgp (pun Snynnth, pun Yuplh) [6, 7, 10, 13]:

QQiutph wnkunwdnpuuyhtt wpujnh wupnitbwlnipyut dowulnudp junwpdl)] b opujkuwpuinipjut Uk
punmijus dkpnnutipny [5, 12]: Ywwnwpdl Eupuljnh gqupmbwlnipyut pubtojuljub b npuljuljub Jipnisnipmni:

Qyubph ubdwb huinbkbuhympjut gnigwthy b hwinhuwgh] wnbunwidnpuuyght wpuljnh  (gJusnipjui
Runhwlnip hugbpun (%oco):

Uwljupniysbph hhwnwgninmipniiibph hwdwp oqunugnpéyly b dnpdwhing $hpudus aljubp: dhpghuiikpu
2 op wuwhyk] kb popws opnud® 2-3 dundp Ukl wyh thnjubiny (pugupnipjudp ghpbipyw dwdtph) [11]: dpwihg htwnn
Yuwnwpyt) k dhukph hipdnwd puwn pungnitdus dkpnnubph [2]: Uwlwpnysubtph npnpnudp juwnwpyk) £ npnohsutinh
oqunipjuidp [8]: Numdtwuhpyby k dhwy Ligula Intestinalis tajupnysubpny Jupuljudusnipjut gniguithykpp:

Qubph Jupuljuémpmip quwhuwnl) b Jupulpjusmput  tpunbiupympmit (4E), Jupulpfwsnipu
huwntiuhympnit (4h) b wpunmpyut hugtpu (UR) gniguithoubph dhengny [2]:

Upymépikp b phbwphmd:  Upghdh, dwppbthu b Qujupwgbn ghnbph Jiphtt b dhohtt
hnuwbipubipnd huguwljut nwunkjuhljubp skt hwtinhyt): Unwehtt wiquud hwjjuljutt imwnkuhljubkp Eu
huwypnbwpbpyt) Upgh&h, dwpgtthu b Qujunwugbn ghnbkph wnnphtt hnuwbptbpnud b Zpuqput ghnh
wlniipmd: Zpugnutt ghnh winiuipmy hwyntwpbpdty b huyuljub mwekjuhlh tpne tg wewbdywy, huy
Qujupwugbinmu’ dhuyt by wnwbdyuly: Uhwtw 1£h wuquinud nnumdtwuhpdwt b Eupupydt] huglw-
Yt nmunkpuhlh 133 wnwbdiyul: Numdtwuhpdnn djubph Epjupmput b qubqgush dwuht vjuyubpp
phEpqws B wn. 1-nud:

Unyniuuly 1. Ubwbw 18 wdwquinud hwyjulju wunkjuhljukph
Epjupnipjub b quiiqush gnigutholkipp

Onpawtninty Jhpgikn uypp unm;igﬁﬁ:l;lhpb bpllulplr:&p]mhg, Qulhq(;lmb]},
Ul 1h& 37 5,7-11,7 2,0-18,0
Quwughn ghinh unnpht hnuwp 56 4,0-11,5 0,6-20,0
Upgh&h ghknh uninphtt hnuwbp 16 6,0-10,8 2,0-10,5
Zpuqryuitt gliinh winiip 2 8,0-8,7 7,0-8,0
Jupnkihu ghinh vnnphtt hnuwbp 21 7,7-10,7 6,0-16,0
Qujwunwughn ginh unnphtt hnuwip 1 9.3 11,0
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UBYULU L& UdULQUUNEU 2U8UUUUL SUNGRPULENP (ALBURNOIDES BIPUNCTATUS ARMENIENSIS (OSTEICHTHYES. ..

bq wnwbdywyubph hudbdwwnwpup pupdp dwubwpudht tjungly b Qjuwugbn ginh uinnpht
hnuwbpnud (wn. 2):

Unpniuwy 2. Uhwbw 1£h wduquinid huyjuljui munkjuhlubph
tq wnwudyulutph dwubtwpwdhup, %

Eq wpwbdyulukph
®npdwtdniy Yhpgubnt quypp Udhu Sutnupudhtp, %
Ul 1hd hnijhu 35

duyghu- 44
Qyuugkn ghinh unnphtt hnuwp ubuunbphp
Upgh&h ghiinh uninphtt hnuwp ubuynbdpbp 38
Juwpnkihu ghnh unnpht hnuwbp ubyunblpkp 38

Ul 1£h wjuquimud hugjuiljuts nunkuhljubpp uifnd Bo hhdtwljuiinud hunwljughtn jEunuthbpnd,
hwumt Jhpwwnubpny U bhunyuulunuught opquithquubpny: Utdwt hunbkiupymput  wdbiwpupdp b
pdudnipjut wdkiugudp gmgwithpubpp qpuitgyly i Upgh&h ginh uinnphtt hnuwtiph wnwnkupljutph dnwn: b
wnwppbpnienil dnue phuwlinbph, wyuntn dyutph Yeph hhdtwlwb punqunphs juqut) e $hunnuguiuntught
opquithquutipp: Pudusnipyut wdkiwpwpdp gniguthop gpuiigyty E Ulwbw (8nud (wy. 3):

Ungmuuly 3. Uhwbw (£h wjwquiimd hwyjuljut nunkjahljubph YEph punungphsubpp,
Utidw, hpnbuuhdnipjub b pundwsnipjub gniguthpubpp

&

=
®npauw- E_, Pujudnipiniip

=Y

i 22§ Ykph pununphsik
yYpgltnu 5 =5 Cuwn P prnunppyttpp
Juypp 3 Cuwn dnuy-

e Hqwp- i

=l

= 4h

Pujuplitph pppnipbp (Trichoptera), pqquit
Ul (h4 0-300 1,63 2,18 uUndwljh pppnipttp (Chironomidae), hwunt
Uhowwn, Upgini

Pujupltph pppniptbp (Trichoptera), pqquit

Qyuwughn uUndwljh pppnipttp (Chironomidae), thopjuljh
qlinh 0-265 152 216 prpeniputip (Ephemeroptera), kpljuupnunt dndwly
unnphl ’ ’ (Tipulidae), vwjwwnqub npykip (Oligocheta),
hnuwtp qupniihlh ppeniptbp (Plecoptera), djulh

prppoipubp (Simuliidae), hwunt thguin

uwjuplbph ppeniputp (Trichoptera), pqquis

[ipqh&h undwljh pppnipubtp (Chironomidae), pqtqh
EmL;hhh 0-1020 1,44 1,81 prpniputp (Coleoptera), djwljh ppppnipubip
hnuLEh (Simuliidae), Uhopjuyh ppeniputip (Ephemeroptera),

P $hunnyuiljuintiwght opquithquukp
Zpuqrui 0-300 177 294 Ghunubwljuwi nhnphw, mnupknuynp
qlunh wlnip ’ ’ Jukggtntwtpytp (Cladocera)
Qujunu-
qlinn glinh 123 215 176 YUnnunntp (Gammaridae), dhopjulh pppenipikp
uwnnphb ’ ’ (Ephemeroptera), hwuntt Uhgwwn
hnuwlp

Pujupltiph ppenipbtp (Trichoptera), pqquitt

Jwpnkihu undwljh pppnipubtp (Chironomidae), pqtqh
qtinp 45-374 1.60 211 pnpenipubp (Coleoptera), jupuniiip (Gastropoda),
uwnnphl ’ ’ qupiwbwplhlh ppeniputp (Plecoptera), gpughlt
hnuwp uwpr (Hydracarina), hwunti thguin,

dhunyjubjunntiwghtt opquthquubtp
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S.4. AULHULBUY, UE. FULUBNBUL

Utdwt htnktuhynmipjut pupdp b pindusnipju gusp gniguithpubpp yuydwbwdnpjws tu Uhwtw
1$h wjuquih wwppbip hwnduwsitpnd YEuuwyuwydwibtph nwppipompudp, dwutwdnpuybu Yiph
runypny” Yhph pununnhsubph pwbwlng b jupnphwlobm ppodp:

Qquugbnn ghnh vnnphtt hnuwbtpmd Ayukph vbdwt wdbbhwpwpdp gnigutthop qputigdly b dughu
wduply, hul] wdkiwguspp' ubwynbdpbpht: Uhwtw dnud ubynbdpbpht utidwt hpiinktuhgmpjut gniguthop
w]bh pupdn E, pwt hnghuht (un. 4):

Ungnuuutly 4. Ubwbiu (&h wuquimud wnwuppbp wdhubbphtt wwunkhljubph
utnfwb htunkbuhynipgnip (%/oco)

®npdwiiniy Ypgubnu
Juypp

Ul 1hg - - 97 136
Quuwgkwn ghinp
uwnnpht hnuwbp
Unghé&h glanh wuinnph 244
hnuwlp
Jwpnkuhu ginh
unnpht hnuwbp

Uwghu | Znibhu zZnijhu | Ukwunbdpkp

100 65 75 8

- - - 160

Ulwtw 1&h wjuquimud gqpuigyt] b wwnbjuhYubph Ligula intestinalis — dwljwpnysubpny
Jupuljuénipmt: 9k (Qupuijusmpjui Epunbtuhymipnit) wdbiwpwpdp gnguihpp qpuiigyly b
Ulwbw &nud, vwjuyt 9b upuljjuénipjut htnbkuuhynipniy) wdbtwpupdn gniguthop qpuigdly b
Quuuytwn ghnh uninphtt hnuwbpnd (w. 5):

Upgnuuuly 5. Ubwiw (£h wjuquimud hugjuljut wunkuhlutph
Jupuljjudnipjut gniguthoutpp

Unwbdiyulutph o

®npdwininiy Jhpgubnt Juypp Pty qE, % 9b Uub
Ubwbw 1h& 37 59,5 0,8 0,3
Qyuughn ginh vnnpht 56 36 45 02
hnuwlp

Upgh&h gknh unnnphtt hnuwip 16 0,0 0,0 0,0
Zpugnuit ghinh wlnilp 2 50,0 1,0 0,5
Qujunwughn ghinh unnnpht 1 0.0 0.0 0.0
hnuwlp

Jupnkuhu ghinp unnph 21 0.0 0.0 0.0
hnuwlp

Uyuwhuny, Upghdh, 9wpnkihu b Qwjunrwugbn ghnbph uvnnpht hnuwbptbpnud b Zpuqnut ghnh
wlniipnid wnwghtt wiqud hwynbwpbpdt] o hujjuljub wwekjuhih wewbdiywljutp: A ubph Yiph
hhdttwjutt puqunphy Juquly i hwnwlughtt YEuguuhubpp, puguonipjudp Upghdh g uwnnpht
hnuwtph, npunbn Ybph hhdtwuwt pununphs o juqdl) $hunyubjuntught opquithquubpp: Undwb
htuntuuhympjub b prndusnipjut gniguthoutinh tmwupplipmpmniattpp Uhwta 1£h wjuquith nupptip hun-
Yudtbipnud yuydwbunpdws E Yhph punypny® Ytph pununphsubph pwitwyng b juynphuljunpudp:
Ulwbw 1£h wjuquund 9k wdktiwpupdp gnigwithop gpuitgyly E Ubwtw (8nud, hul 9P wdkapupdp
gniguiihop' Qyuugkn ghnh uninphtt hnuwbpnud:

ALUYULNREBNRL

1. Pwpubpgpubi UL, Ywppulpuh S.9. Ulhwtw (&h hwdwp tnp wnbuwl hwinhuwgnn  hugljuljub
wmwnkuhlikph ktuwpwbwlub pimipwghpp. Zujuunwih YEuuwp. hwnku, 63, 2, te 87-89, 2011:

2. bsxoBckag-IlasroBckas M E. Tlapasutst pei6. PykoBogcTso mo usyuenuto. JI., Hayka, 121 c.. 1985.
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Zuguwunwih nhunpndnpugh Yepupbpuy gpuijuimput ndyuyikph epndniejut hhdwb Jpu thnpd | wpdtyp
hutnuiljmpnih tinguk) nhjhljinughtt nkuwljubph jupqunh&uljh hupgnud: Puguhwpndly ko Zuyuuinuih nkinpndinpuygh
Alunnpuwlt b quipqugduit gnpépipugnid  npuilg nikgus nhph Yepupbppuy th owpp dwbipuiwutibp: Ukpljuynudu
Zuyuuinuth nkunpndinpuygh juqunud hwtinhynud Eu 19 piunwtthph b 20 ginh wunnljuiting 20 nkjhnughts nkuwlyinbp:

Q:hnppndinpur — poiuwlwiinipyn i — pkiplpnughl Swnwpnyulkp — §opfupnui b Applubpul pkpnighnid — Eppnppulul
Junlmlujuppow i

Ha ocHoBaHuM aHamu3a TUTEPATyPHBIX JAHHBIX 110 LeHIpoGdIope ApMeHNY C/e/laHa IOIBITKA BHECEHS
YeTKOCTH B CTaTyC U TEPMHUHOJOTHMIO PEJIUKTOBBIX BHZAOB. BBIACHEHBI HEKOTOpble IOZPOGHOCTH IIO
(hopMHMPOBAHMIO U Pa3BUTHUIO AeHApodaopel ApMeHuu. B HacTosmee BpeMs B cocTaBe AeHAPOGIOpsl ApMeHUU
penukrsl npexacrasienst 20 Buzamu u3 20 pogos u 19 cemeiicTs.

Zlerapogropa — pacTHTeIEHOCTb — PETHKTOBBIE JPEBECHEIE PACTEHHA — KOJIXHACKHH H
THPKAaHCKHE pe@QyTruyM — TpeTHYHBIH IePHOL

An attempt of clarification of relict species Oand their terminology was carried out. Some details on the role
of the relict species in formation and development of dendrofiora of Armenia were identified. At present, the relicts
in the dendroflora of Armenia are presented by 20 species from 20 generaand 19 families.

Dendroflora —vegetation —relict arboreal plants — colchic and hyrcanic refugium —tertiary period

NGhYwnuGpp hhduwywunwd Gppnpnwywl dwdwuwyw2npgwUh wnnwywywl, wnnipguwjwywu b
huwagntju-dhebpypwéndjwt $inpwutinh ubpywjwgnighsubn Gu, npnup yGpwwptbp Bu n wihngGund W
wiGunngtund  pupwgnn  uwngwwwwldwlu U Jhguwnguwwundwl  dwdwlwlwpswllbph
wlpwpBUwwunn Yhdwjwywl wwjdwultnp, wwhwwuybnd YUngywuph nwpwsdwnswuntd,
gliuwynpwwbu Unffuhnywlu W 3ppjwljwl pEdnighnidubpnud  (wWwwuwnwpwulbpned):  Iwjwuwnwlp
aundtiny Rwihzh W Ynifuhnwih dhgly, Jh Ynndhg Bupwnydty £ Uniupnuwgh, djnw ynndhg® Bwih2h want-
gniejwup: Ynfuhnywl wnwpptpp Ueppwthwugt) BU wnwehu hGpehu hpGu uwhdwlwyhg Iwjwunwuh
hjnuhuwjhu  pppwllbpp,  huy  Ruihphup’  2wugbgnn:  Wn  wwwéwnn £, np  ubplunudu
hwUpwwbwnigjwu hjnwupuwpuGywl 2ppwuubph nGunpndnpwynd hwunhwnud U YUnjfuhnwl, huy
Quwlgbiqniph W UGnnnL nEunpndnpuynd’ @wh2jwl Rhpywjwl) tnwppkpp:

Swjwunwuh  UGpYwjhu  pnuwlywl  wphuwphh  pwgwqwuniejwu 2nipg 10 %-p Ywagunn
nEunpndnpwu pungpynd £ Unin 350 inGuwyh nunbuwwbu wpdtpwdnn, nEihywnwihu W Eunbuhy,
hUswbu Uwl hwqywagjniin hwunhwnn (33 Ywpdhp gppnid gpwugdwd) Swnwpniubn, npnug
ncuncduwuhpnie)ntul ntuph ghinwywu W gnpsuwywl Ywplnp Lpwuwyneeiniu: UpnphgtbUu dwnwpnyubph
Jwagunwd ghinwywl Utd hEinwpnpnnie)niu Gu UEpYwjwgunid nGhYywnwjhu inGuwyubnp:
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Swjwuwnwuh nEunpndnpwih nEhynubph hhupp uagunid Gu Acer laetum, Corylus colurna, Euonymus
velutina, Hedera helix, Pistacia mutica, Periploca graeca, Platanus orientalis, Populus euphratica, Smilax excelsa,
Saphylea pinnata, Taxus baccata, Zelkova carpinifolia inGuwyutpp, npnug 6Upnn JdGdwdwulnipintup npwbu
wuhtwnwgnn W hwgywgjniin ubpyuwynudu gpuwugywé £ 33 pnyutph Ywndhp gppned [1,2]: NGhYnwghu
Swntpu n pthtpp UEpYwjwgywé Bu 2 Eyninghwywu pudpny®

pubpnptpuhy (Punica granatum, Juglansregia, Pistacia mutica L nLp.),

rEnUnUGqndh| (Rhododendron caucasicum, Smilax excelsa, Hedera helix, Periploca graeca W nip.):

Swjwunwuh nEunpndinpwih dbwynpdwu gnpdpupwgnid wywnhy nkp GU juwnnud hwnywwbu 1-
hu fudph npn2 UbpYywjwgnighgutip [3,4]:

NGLhYwnwihtu inGuwyutph nunwdbwuhpnieiniup swihwqwlg Ywplnp nbnGynientu Ywpnn £
nw| Gpypwpwlwlywl Jwn dwdwuwyubnh Yrhdwjwywl wwyjdwulutph, $inpwutbph nt pniuwywuncpjwu
inhwbph W npwlg qupgwgdwl pupwgph yenwpebpjwy: Yw 2unphhd huwpwynp £ pwgwhwjnt, hwpwy-
Unyywujwl tnwpwsdwpewuubpnd tnwpptp Gpypwpwlwywu dwdwuwlw2pswuncd gnjnientl ntutgnn
$npwutph U pnuwywuncgywu dLwynpdwl nt qupgwgdwl nhuwdhywl® ujuwé nbrlu Ywysh nwpw-
2nswuh JGnpghg (100-90 UL tnwph wnwy):

Unep U dBpnn: NuntdUwuhpniejwlU opjGywn BU hwunhuwgb] Iwjwutnwuh nEunpndinpwih nbihynwjhu
nGuwyubpp, gpwywunipjwl  wnpnipubpnud . npwug  YGpwpbpjw)  pniuwpwllbph  Ynndhg  wnpjwéd
dGyuwpwuntpiniultpp, wwppbp  Gpypwpwlwlywl  dwdwlwywppwllbp  UGpYwjwgunn  wwwpubGpnd
hwjinuwpbpwé ppwédn Upneptpp, YUnyywuh ppwén pnyutph Ywunwingp W wyu [1-8,11,13]:

Unfuhrywu W Ippywljwl nEdnighndubph dhole punhwunip hwunhuwgnn pniuwnbBuwyutnp, huswbu
Lwl  Swjwuwnwuh  UGpYwihu  nEunpndinpwynd npwbg  wnywjnieintup pwgwhwjnbint Lwwwnwyny
niuntdUwuhpdty B Unffuhnwih W Bwihoh  $npwubph Ywaquph W pniuwwunigjwl  yGpwpbpw)  weyw
whuwwnnipintuutpp [11,13,14]: dbpndybp GU bwl G hYnwihtu tnEuwyubph Unpdninghwywt, YEbuwpwlwlwu
L Eyninghwywl Uh 2wpp wrwudUwhwwnyneeiniubn® juwylywé npwug nbplwywywl wywpptpuywunipjw,
nbplwpwthdwl, inGpuutph dlh, swnyuwl, wédwl inbtdwh W wj) hwinywuhpubph htwn [10,15-17,19]:

Upnymliplibp U pllupymed:  UGp  nuncdUwuhpnipjwl bwwwnwyu B BnGp wwpptp  heG-
mnwagnunnnubph  Ynnuhg wpwd  nbhynwiht - nbuwyubph  uwhdwunwubph  hwdbdwndwtu L
pUlwnwunwywl ybpindnipjwu dhgngny wnwp nEhyunwihtu inGuwyutph punhwupwywl ne pungpyncu
dGyuwpwunieintup’ npwlg  puniewagpnn  hhduwywu  wnwUdUwhwwnyngniiubpny:  Pwugwhwjnty
Swjwunnwuh nEunpndnpwih dbwdnpdwl L qupgugdwu gnpénd nGihyunwihu inGuwyubph nlubgwéd
nGph yGpwptpjwyp npn2 dwupwdwulbp: Wn bwywunwyny wnwehlu htpephu pulwpyyt Gu «nGhyun»
inGnpdhuh JEpwptpjwp wnjw dGyUuwpwunieinllutnp:

Uh 2wpp pnuwpwlltn npwtu nGhywn punncunwd GU bwpuyhunwd gnjnieintt ntugnn hbwgniu
Pinpwltph  hwlggnn, pwjpwyynn (RGgptuhy) dJuwgnpnutbpp [18]: UnwUdhUu nGwpbpnd £ wn
hwuywgnpintlt wytih £ UGnwgynid ywnpwwnhp hwdwpGind nGhynubph Ywwp hunhgBu $inpwih
htGwn: NG hYnuGph Udwl Ukn JEYuwpwuniejwl nGwpnid wybih Gup hGnwunwd npwug uygpuwywl W
ninnwyh hdwuwnhg, pwuh np hwjnuh £, np «nGihyn» nbpdhup pwnwgh pwpgdwuwéd Lpwlwynwd £
«duwgnpny, «yGpwwpwéx»: Iwdwhu Yupbh £ wub), np huwagnyu $inpwubph wyn tnkuwyubpp Uepyw;hu
unp wwjdwlutpnd hpBug (wy s6U npuunpnud® Ypdwnynid £ wpbwip, ujwgnd YEuuntuwynieynilp,
uwlwju nw punpn? ¢t pninp nGhynuBphl, pwuh np gnjnieintl nllBU Lwl wpngpGuhy quipgugnn
nthywnutn:

NGhywnutnph wpngptuhy qupgwgdwu hbwpwynpniejwu dwuhu gntp £ nGrlwu Unnjwunyp hp
Pwiywljwl ptpwyngnt nGihywnutphu Uyhpywéd wphuwwnnieiniunid: Uwlwju htnhuwyp Jdhusle ybpg ¢h
Junid hGinunnwywu W npwtu nGhywn Enhnwnpynid dhwju ntgpGuhy hUuwgniu nwpptpp [18]:

huswtu Upnud £ Ungywuh $ppwih funpnpwgneu ghinnwy Spnuhtiup, «... gnjncentu nltubu uh
awpp inbuwyutn, Unyuwbu nbhyunwihtu dwadwdp (nYjw] twpwéph hwdwp bwhiyhu W huwagnu
Jnpwltnht wwwnlwunn), npnup wjuntwdBuwjuhy UEpYw- Jnedu ng Uhwjl ¢6U Ypdwwnnd hpGug wnpGwip,
wjilk npuunpnud GU pwydwpwn aynunieynil W hwpdwpnnwywunipintu UGpywihu EYninghwywl W
wuinwnwdwl wwjdwulbpnud® gnigwptbptiny wypnaptuhy quipgugdwl pninp gétpp» [7]:
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Unuuh, wyy pynud b Zuywunwuh nhinpndinpugh pijhjnutpht puqiuphy woliunmpnibbbp G
whpqus [7,8,12,13]:

Ujuygku, Gpnubbjdu hp «Upbbpgul Uinpyndluuh phijhljntbppy wppunmpiniind. upnd £, np
nhijhjinubkpp punpnonn hwnljuithpubphg E juhun Yupngws wpbw) nibkiwgp: bu dhwdwdwbwly tond £, np
uwwpdwph Jippnid Unduup tmwpwswppowinid wippkt dbwdnpjws Bu tnkp Unjjuhnugh b Bwhoh
nEdnmghmlubpp, qluuynpuwtu punugus hubng nmpquyuljub wwuppkphg, npnip Eupwplying
npnouiljh JEputhnadwl, hwuby EBa dhgh dkp optipp [8]:

Uniqukgndp, ny wnwghut b (hwupdbp hhdtwynpuudp vl Undiuuph $npugh  qupqugdui
wuwwunmpub pupwgpp, tnud E np ppoppujubt dwdwbwluppowth  Jipenid b uwnguuyjundw
dudwiwluppowith uljgpnud Zuywuinwith wwpwspnid Eppoppujut whnweughtt swsyngp hwdwnwpus
Jipugl] | wwhwywidbng dhugt Unjjupnpuynd b Cuhpmd juhunn whuwluhnpujuws  nbjhljuught
Utwgnpnubph nkupny [12]:

Uwdwpnyp, Jtpmdtng Unjjuhnuyh phdnighnudh $npugh wuwundmpyniip, hwignud £ g
Eqpujugmpjut, np YUnjuhnhwt npubu  Eppoppujut dEpdwpbunupdught $inpuyh - wuwhywidw
YEnpnt diwdnpydty E pinlu bppoppujut dudwbuluppewtmud (JEpht whngkt) [13]:

Pupubnuip, numdbwuhpliny Zuywunwih tkplughu pouwfubt sSwdhnypp tpmud E, np dbp
hwiipuybnmpjut nwwpuwspnid hwinhynud o puqiuphy hwqugnun, jppuwhwnndy b phjhljunught
hwdwljbgnipiniuibp, wyn pymud Umthph dupgnid Ugqupuyh dnn, Upwpu ghnh wthht hwinhwnn dh swpp
wnkuwlubkp, npniip pugunhly hwquqmnun b ptjhljunugh Bu® Perzploca graeca, Populus euphratica, lt uj [1]:

Anjhuwpyphty, nuunltwuhpbnyg Uingpynduup ebhjinughtt mbuwlubpp (Fagus ortentalis, Zelcova
carpinifolia, Ficus carica, Rhododendron caucasicum, Diospyros lotus, Castanea sativa), uljunnbk) E, np npuip
hwpdwpybng tnp, tohnjujuws  Eynnghwuljut  wuydwbbpht'  dhwdudwbwl pwptiquws  Yhpynd
wuwhwwinud ki wpbwnupdught b dEpdwpbwnupdughtt nbuwlubphtt pinpny dh pwpp dwnwbiquijui
wnwbdiwhwnlmpmutbp: Lw wyy hwnlmpnibitphg b hwdwpl) Jeghinwughughg htivn snp wkiplikph
yuwhywimup, mbplwjupdwt guppkpujuimpniip, swnuut puquulhnpmniup, qupgqugdut nhpuh
wnwbdiwhwnlmpmnip, hsybu twb syupyuidus dbply pnnpneutph wnluympniup, wynibwdl poiip:
NEhunughtt mkuwlubph Jipp pqws wnwbdwhwinlmpmutbpp pugu-fuynud B pupbhiwntt gninne
ubipughu  wnwpughtt  Swnwwnbuwlubph Unw, npnlp dwnwbql] i phpbu  wphwnupdught b
Ukpdwplumupaught §jhduguljwt yuydwbitknhg [10,15-17,19]:

Uh owipp htinhtwlutp nkhjuubkph wplwunupdughtt Swquwt hunljuihputphg o hwdwply twub
widpnnowkqp nkplip, npp pinpny E Unplikjjut Banpynduuh nkjhljintibphg punnkpht [10,15,16]):

Ujuuthuny, ubkny kpp pwpunpjushg, Jupkh b kqpuiljuguby, np phjhnughtt Swmwpniyubph
plnpny hhduut hwinuitthpbph Ba

hiwugny Swgnudp (Wkngkuh, Jun ybunngtuh jud dhis vunguyundwut dudwbuljuppewtiitp),

hthunn fuinpunjws wpbunh wnljuynipiniin,

qluuynpuygbu npnpwih wyuwunwpuiibpnud (ebdnighnidutipnid) yuwhwywbjusnipniup,

ubpuynud ks nmwpusqudmpm mubkgnn $nughtt pnruwuwimpjut hhdtwluwb whybpht ny

wyipwits pinpny (hulip b npuybu utint hudbdwnwpwp unbuy wdbpuduyptipnud hwtinhwybp,
ghubinhynptt  wphwnupdught b dEpdwplwnupdughtt - whuwlubphtt  pinpny  dh owipp
wnwbdtwhwnlmpemuutph  wwhywindp b hwdwyuwunwupub - wuydwbtbph - wnjuyniput
nhypnud npubnpnudp [1,7-10,12-16]:

Cunhwipugibting wwppkp  hbnptiwyukph  Ynndhg junupdus  nuntduwuhpmpmmibinbnh
wpyniipibpp bt dninbkgnudubpp phjhuiughtt swewpnygubph Jepupbpuy, Jupbh b iqpuijugit], np
Zuyuwunwih nhunpndnpuyh phjhunutpp tbpuynudu tbpju jugqus u 19 punwihph b 20 ghnh
wuwluing 20 wbkuwlubpng (wn.l), npnup phugpndnpuygh Abwdnpdwit b qupqugdui
Epjpupwtuut b Jhdwyuluit  wwpptp  dwdwbwluoppwtitbpmd mibgh] o npnpwlph
dwubuygmpinil:
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Utplughu gitpngnpugh dbunfnpuwt hindpp gpty £ ghobu Guojdh qupugpgwih Jtpgmd,  tpp
dbpyuutpdtph dhophtiuy $inpuyhte thnpawphbtyne k Byt hnuuhuught jhuwqunnd (Qpiiquitimhw, huputmhu)
unp Swquis Swduubpdtph puquiuquit $npute: Ujn nupupppwiinid Undluup tbpljuynidu wupusdpt hpkihg
ubpluyugpty E U puth quopp Ynguuubp, npnip dmlp dwlwpguilh wwppkpupap hiognpudwi; hnbubpng
duduitiul) win dundwitnul) gudwpughtt uy B hwanunnty W\phuh, Fujuiyub phpulngne b Uhehtt Uuhwyh htan:
I pinphhy tpdws viupuspubiph thol hpuuitnugdnid Ep poruwntuwljubph tinpawbiuynieynd [9,13]:

Gppnpuljuitt dudwbuljugpewith 1-ht Yhuht' wupbngbund Zuyuunwitth $pputt punjugus th
wplunpupdughtt dpnunupup wkuwljubphg, npmud dts nhp bu junwply ynpunuwdujutt $npugh objhuughu
ubipuyugnmghsubpp (Fcus carica), vuhdwiuhul] duutujgnipynitt niikhtn inmpquijuljutt nkpbwpwt $npugh
nhjhywnubpp (Populus, Platanus): Zhnwuquuynud®  Eppnppuljul dudwiuljuppewith 2-pry Yhuht''  tbngbimd
Yihtwyujut funpp thnthnjunipmmibiitph” pubpnbhurugdut b vuekgdwt htnbwipny, npntp wuydwunnpdwsd
kil tink (Entugnjugdwt b Gpiph pigtpph swpdiwt gnpéplpwugutph, gudwpuyhtt nupusputph wnwgwigdu nu
Snjh dwjupnuijhg papdpugdut htn, qupqugdui b mwpusdwt Ubs wgqnuil b uvinwimd tnmipqujuiljuit (po-
pug) wbphwpuwh $npugh phjhynbbpp (Fagus, Acer, Diospyros): Upnymiipmd  ubinghth Jhponud  (Uhngkl)
Alwnpynud. £ dbpdwpunuipdughtt. poiumljuiinipyni, nph whuwlught juquh 50-60%-p juqumd  Bu
wnunujuijut $npugh tbpjuyugmghsibpp: Uy poiuwuitimpyutt quipqugdwn gnpdmud Ubs nhip o Juunwpty
nnipquyuiljuit npuyh wwpplp wkuwlubkp, npnip dwubuygl] o nkpbwpuh wtnunbph (whwut tkpjughu
Unuhnu-hhpljuiyutt nhyh winwebbpht) dbudnpduwbp, husybu bub hugnyu-dhobppusndyutt $npuygh b
pubpndhinughtt pouwwjutimpyut mwpptp: Uhngkuh Jipemd tbpljughu Unduuh tnupuswppowiip  hpkiihg
ubpuyuginud Ep hwipud-wiplitphg niuh hntuhu-wplidnonp dqus junpnp Yngh Budbinhnu), npp juungqus &
tnty hptthg hmuhu b hwpuy (Ppwt) puus nwupuspubtph htwn: Bwdbkinhnuyh gudwpught juwp Pputh
wnwpudwppewith, npuytu pubpndhinuyhtt buwljubph wpwewgdw junonp YEunpntiphg Ukl htw, huywybu
twl Yihdugh wpuphun gudwptgdui b vuekgdwb dhnnwdp, mpe wqruily ko hwtinhuwgl) Zuguuunumud
wphnuhlt poruwfutngpyutt mwpwsdw b pubpnbhinuyghtt nbuwjurugugldut nknuljut opwpititph dlugnp-
Uwt hunfup:

Mhngkund  gpbipt wdpnnompudp - wthbuwinud £ wnpuuduijwt - $input, hp wiknp  qhglyny
nnipquyuiljutl (hmuhuughty) b pubpndhinughtt pouwuimpyutin: Mjhngkth Jhpenud b wyljunngtimd. hpup
hwenprnn  uwnguyundwte thnytph htnbwipn] phjhiuught nkuwljubpl wdpnnempejudp Jepuimd Bu®
Uniuumd wwhwwigbny dhugt Ynjfuprguitt b hhpljuiyutt piymghndubpmd b gpuaig dholt puljus npny
dhowtljjuy phjhljuught opwipubibpnud: Zunfjuitpwlju £ twb wytt thwunp, np ohjhjuught nbuwljutph Jpu
puguuwpwn wqpkgnpenit Eu mubkgh) ny wjipwt vwunguuyunuwt, nppuitt dhguunguyjunndwtn putipndhunughta
thnybpp [5-7,9- 11]:

‘Ubpuynudu nhjhlpinkph dbs dwup vubdwbuthwl] tmwpusywdnipimb niuh: puip hwimhuynd Bu
hhttwuitnd hnruhu-wplityut hwdbdwnwpup unbuy witwpwddwb sppwtitbpnud” Swiniph Ut Lneny, huly
hwpu-wpbipnd” Yuywih (Oun]) dhowiljuy nhjhjuughtt dkiqndhy opwjuttbpmd (wn. 1): Zujuuwnwth
dudwiwljuljhg poiuwfutt Swslnyemd hwdbdwwnwpun qquyh gip Bo junwpmd pubpndhunught poiuw-
Jutmipjutt mhykpp, npnip h hwohy wtnumughtt hudwljgnmipmuibph, puupdwlmd Eu hpkug qpuntgpus
wnwpudpubipp: Tw wuydwtwnpdus t pubpnbhinughtt ppiuwuimpputs hwdwp Yihdwywlut b wbepnyngki
qnpénutph tyuununnp wuydwtiitbpny [1-3,5,6]:

Utip Ynnuhg nhjhljinughtt nbuwljubph yEpupbpuy wnlu wwppbp diyiwputmpmniatbph Jhpnisnipjut
wpyniipmd. hunuljigyly o gpuig pintpugpnn hhpdbwluwt wnwbdwhuwnympmatbpp: Zudwdwge nph,
ubpuynufu Zuguuinubh pouwljutt wphawphh, vwuudnpuygbu nhimpndnpugh juqunud, hwinhuynd Bu 19
puwnutthph b 20 ginh wjunnljuiing 20 nhjhuughtt nkuwlubp: npd t wpdly puguhwynty npuing niukgus ntpp
Zuguunwih  phippndnpugh  Abudnpdwt b qupquguiwt  gnpdnud,  hsybu  twlb  Ukpiuynudu npuity
nupudfusnipjuitn b phtudhljughtt wntsyny ftmhpubpp: Uy mumdtwuhpoeimbtttph wpyniupnud juptgh £
Eqpuiljugut), np Zuyuunwith poruwljutmipyuts hnwqu quipqugnudp Ypiputu pubipnbhinugdut mnhny, npp
puguuwpwp jubnpununiu dkqndhy nhjhjnughtt nbuwljubph phuljuint wgh ne qupqugdub gpu:
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Ungmuuwilyl. Zuguuwnwth ghinpndinpuygh nbjhljunughtt nbuwlubpp, npuitg nupusyusnipiniip Zujuunwind pun

hinphuwnhl spguitibph
Swpwsjwsmpnitp (pun|  Ykhuwkyninghwljwi b $hinngkuninhly
2/2 Stuwlh wijuunudp Yhuw-alp $inphunhly wnwbdbwhwinlnipinitbtkpp,
2nguiiitph) O. L p. (),
Poluutih (Poliwlih 900-1300 ,
. . opowluyp) bt Qi whwnwnubpnud, hjnuuhu-wplbut
= Castanea sativa Mill Ow qlqniph (Chynhny® |Enbwputignh, stqnp nkwljghw nikigny
whwnwlub wpgking) hnntipnid
500-700 d,
2. Cercis griffithii Boiss. Ow 4 Uhqp{l} (Cdgni.l];&np u Yhuwwbwywwnbkpnud, snp puppupnun
Jnujuinh (Entuwbgkpht
Polimtth (Ulipwp glinp
YEptiwququn, 1200-1500 u,
3. Corylus colurna L. Own:2 Qtwinwhnihwn, snp hwdwpynunught wnhugh
Bunpuuwl, winwnubpnud
Nuljkuup)
500-900 d,
, wnwthju witnwpibkpnid b pthnintkpnid,
4. Diospyros lotus L. Owu:2 Lnnny, Ulnpnu huntnntbiin swnbph nbupny® (plud
ujghbipnud
Quitigbqniph 700-800 d,
5. |Euonymus velutina Fisch. et Mey. w1 U qZu(}h:lI)‘ Jununt whnwreh kqpbphb, “Owy”-h ununt
) wnipulnud, hwdkdwnwpwp snp jubgkphl
Lnnnt, boliwmth, il 800-2000 u,
6. Fagus orientalis Lipsky Oun Quiigkqniph lwtnwnubpmd, Zu. (wbgkpht, hhttwlwuinid
(Upwpk), Aiuynpnud E dwipnip Swinnunttkp
bolimtth, Fwpuu- 400-1500 d,
7. Ficus carica L. Owus quugh, Quugkqniph,  [wphnught tnupwbinwnkpnid, ynp
Ubnpn wppwpnu (Entwjuigkphn
700-1000 ,
8. Hedera helix L. Lu boliuth Qunbw-pnpunt b wpwthiyuw winwnibpnud,
pthnuntbpnud
boliuuih, 400-2100 ,
9. Juglans regia L. Oun QYwpuwugjugh, Juntw-pnjunt winwnbbph kqphpht,
Quiuqkqmph, Uknpmt | wnwthiyjw winwnibpnid b pthnunbkpnud
400-1200 u,
10. Periploca graecal. T Polimih, Ulnpnu wnwthiju wthwebpnud b pthnuntbpnud,
pkin U Upwpu ghnkph hndhnubpnud,
400-1600 u,
Pistacia mutica Fisch. et Poliwtih, Bpluwti, Jhuwwbwyuwnibpnud b wnnunttkpnud, snp
11 Ows QYwpwjuqugh,
Mey. 9 puppwipnin (Entwutgbphl, jwytwntpl
wlqlqniph, Ubnpno
wphruiht tnupwinnunipnid
st b A 009001
12. Platanus orientalis L. Ou ) rwthiyu winwnubpnud, hwinhynd tawub
Swnkp Ununwulu
Junununubpnid
wlnwpnid)
Epluwth 500-1200 u,
13. Populus euphratica Oliv. Owus Quiigqniph, Uknpnt wnwihyuw wtnwettpnud, Upwpu glinh
withkiphl
400-1300 U,
14. Punica granatum L. Ows I"thhl{,}ﬁmi;cthqnlpb, wphnuht tnupwnunik-
i poud, snp (kntwjuipkph
Lnnnt (Puqnidh
. [Ertugnpw) b 2000-2400 d,
15. | Rhododendron caucasicum Pall. B Polutih (Pupulh  pbpauwuypul b wpuut dupgugbuhtibpnud
(ntwonpw)
g%h“ﬂf[h‘ i“lipmhgi 1500-2000 ,
16. Salix aegyptiaca L. Ows nuudu (Entbph, thnunwhtt fwgupnunibpnud, hwwnnijin
plwth, fwpwjugugh, P ! lef hnpp Jud Ilh ]
Quiighgniph, Uknpm P JutphD
(Tt Gt
17. Smilax excelsa L. T I‘gllluﬂf [I;.];cl:hl)m l.]l{ll?l) wlnwnubpnid,
Ujupm[m) > |huntwy] wdkwyuyptpnud, gintph whtpht
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600-950 U
boliwmtth (Poliwul, ?
ru h%ul lfulll 11(111% Ulipw Junw-pnunt wnwnbkpnud, ghnbph
18. Staphylea pinnata L. P n i I wihbphb, bpplidl (Pupbjudwdub gninh
Pugpuunupk,
Cunlpumpt) opowluyp) hwinhuwinud & tipwitnunh
qbiphofunn nkuwy
Poliwmtth (Untiwpuinh b 700-1500
nizﬁsmﬂl Eihur‘nu?ﬁll: " | Zynwuhuwght Zuywunwind hwbighynd k
19. Taxus baccata L. Oud 2 l s NG hwdwpkunt htin thwuht, huly
whnwnibkpnud) b Quib- .
qbqnip (Chlwhnn wh- hwpwjuyhunud® Jununt b pnjunt
\nuljul wpgk|ng) whnunubpnud
700-900 u,
. . Lnnh, Poluih, wnwthyu whthwettpnud b pthounttpnud,
2. Vitis sylvestris C. C. Gmel. Lun Quiigkqniph, Uknpnu hwdbdwnwpwp hwpniun b untug
hnnbpnud
OCwimpnipjnth.

Ouw — dwn nkplwputh, Owd - swn wubnuntpliugnp dpinunuyup, Bw - pouth nkplwpwt, By - pouh Wnwunupup, Le - hwb wkplwpwt,
Lu —1hwtt dpinunuyup:
01 -0+ —dwn 1-hg 4-pn Ubkdnipjub, 01— @3 — Bnuth 1-hg 3-pry Ukdnipyut:

0 N

11.
12.

13.
14.
15.
16.

17.

10.

ALUYULNREBNRL

FLPupukyui U.U. Zujwunwbh hwqugnun b wihknwgny pniuwljub hwudwljkgnipnibikpp b npuitg
wwhwywinpniip, oZujwunwih $npuygh b poruwlju swsynyph Jhdwljn ot wwhuwinipjniupo wynipkph
dnnnywsédnt, Gplwb, Ly 24-38, 1984:

22 Poyubiph Ywpdhp ghpp (poyubp b uilykp), Gplwb, 598 by, 2010:

Bappanamr 2K.A. JlepeBbs u KycTapHUKKM ApMeHUH B Ipupoge u Kyasrype. Epesan, 368 c., 2003.

Bapzarnga 2K.A. Pepkue n ucyesaromue BUASL feHApoduiopsl ApMmeHuu B EpeBaHCKOM GOTaHUYECKOM Cafy.
Bromn. I'BC, 146, c. 72-77, 1987.

Bapgauaa KA., Tabpwersa H.I. CpaBHuTenpHas XapaKTePHCTHKA WCKOIAeMOX ¥ COBPEMEHHOM
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U.U. UPLUUSUYL, L.U. Q6UNra8uy, 23S, URMUZUUSUL, O.h. UNUUSUL

Eplwbp whnhudluyuwpul, S, Unipkyyuih winjul dwpnpn: i

Ybtpulplibph $hapmnghuh undphnt
ah200588@gmail.com

Munultwuhpyl) B nuwbnnibph upnp phpdh jupquynpdwi dbuwthquubpp uvnunhuut $hghjulju
Swipupknifudnipjul wgnbgnmpiut (Mnidjth Unnhbhjugdus phun’ 30 Yputhuwn 40 Juypljuimid) yuylwbibpod: Cun
Nnudptih phunh tjundudp yuwwnwupwb nbwyghuygh punyph popnp hbnwgnudnnubpp pudwigby Eu 3 adph: Shqhljuljut
Swhipupkninjudnipiniithg htnn kpkp fudphpnud £ qpuiigyty | jupuisnipyui gnighsh dbdwgnud, hisugbu uul upinh nhpih
Jupqunpiwl  uhdwuphl] Ynnniph wljpinhympjut  dwpibpiubph  dkdwgnud, hul] wwpwuhudwywphl Guppught
hudwlupgh gmguihoutph (Mo, AX) dwljupruljubpp thnppughy B Shqhjujwi swipupbntifwsnipjut tljuwndundp
hupiupynqujut wewyl) oyunhdunidughtt httupuwynpnipiniiitipny odnjws i wnwehtt judph ntuwbnnubpp: Gpypnpn b
hunljuwbu bGppnpy fudpbiph muwbnnubph dnwn qupquind E opquithquh  gnpswnwlut  hwdwlwupgkph
wywlupquynpmd b dbwynpynid  hngiwdnipyni:

Unpwuip pppd — uvnwwnplulwi $hqhliulmi sSwbpupbniywénipintlh — uyklinpuyhl punnipmniia
— jupijwénipiul gnighs — Juphughnl wnyuusuhnid

ViccnemoBanuch MeXaHU3MBI CEPIEYHOTO PHTMa CTYJeHTOB IIPH CTaTU4eCKOi (u3MUecKoil Harpyske
(Mmopudunuposanusii Tect Pydre: 30 mpucenanuit 3a 40 c). Ilo peaknum Ha Tect Pydse Bce ucmsiTyemble
Iemunuck Ha Tpu rpynmsl. [loce dusudyeckoil Harpysku BO BCeX TPyTIax HAaGJIIOZAIOCH IOBBIIEHNE MHIEKCA
HaIpsKeHUA M MapKepoB aKTHBHOCTM CHMIIATMYECKOTO KOHTYpa peryJallud pPHUTMA CcepJlia, a YPOBeHb
IOKasaTesedl IapacuMIaTHdecKod HepBHO# cucremsr (Mo, AX) ymemsmancs. HawmGosee omrumansHBIMEI
alaNTallMOHHBIMUA BO3MOXXHOCTAMM (GYHKIIMOHAJIBHBIX CHCTEM OpraHH3Ma K (HM3UYecKOW HarpysKe 00JIafaiu
CTYJIeHTHI TIepBO¥ TpyNmsl. Y CTy/eHTOB BTOPOM H, B GONbIIel CTeIeHH, TpeThell rpymm mocie tecta Pydse
Ha6JII0/a/Iach AUCPETYIANNA QYHKIMOHATIBHBIX CHCTEM OPTaHM3Ma U Pa3BUBAIACh yCTAIOCTb.

Prury cepaira — crarnveckas gusnIeckas Harpy3sKa — CIIEKTPaIbHAA IIVIOTHOCTE —
HHZEKC HAIPAKCHHA — BADHALHOHHAA ITyTbCOMETPHA

The mechanisms of students' heart rythm regulation were investigated after static physical tension (Rufye’s
modified test: 30 squats during 40 seconds). According to reaction on the test of Rufye all examinees were
determined to three groups. After physical tension in all groups the increase of the tension index and the markers of
sympathetic mechanisms activity of cardiac rhythm was observed. But the level of parasympathetic nervous system
indicators (Mo, AX) was decreased. The students of the first group had more optimal adaptive capabilities of
organism functional systems to the physical tension. After Rufye’s test the disregulation of organism functional sys-
tems was observed in exeminees of the second and particularly thirth groups. In these groups fatigue was developed
after physical tension.

Heart rhythm — static physical tension —the spectral density —
index of tension — variation pulsometry
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Pupdpugny tuutughnwjut Yppuljui hwdwljupgh wdktuljuplnp fmunhpttphg b niunidowuljut
qnpdplupwghtt nuwbnnubph opquithquh wpyniwytn hwpdwpdwt wywhndnudp: ANPZ-nud nunignudp
thnpjund E nuwtnnubph opquuthquh hupdwupnpujut thnjuhunnignquijut dkpuwthquutph punypp [12]:
Nuunultwljut gnpdpupwugh mdquugdwt htn Juwdws gpuinpynd B hwpdwpdnquijub pinypeh qnpéw-
nwlul thnthnjunipnitiitp, npnup minkygynud Eu hwpdwpynqujwt-thnjuhunnignquijwt hwdwljwnpgkph
qquih (upjudnipjudp, hush mnnuihnpbt wgnnud b muwbinnubph ny dhugt hnghjut Jhg&wljh, wyh
dwpdtwluwt hwdwlupgbph Jpu dudwtwljh unmpjut yuydwbibpnud ks suuh nknkjunynipjut
mipugidwt wpymipmy  gnpswpnypuyhtt iwbqupmutbph  qupqugnudp, hsybu bwb wwuppkpupup
Yplyuynn hniquju-upptuuyghtt hpudhdwljubpp, npnip qquuphnpbt wkjwind Bu puuimpymuttph opgwtinid,
punnugunid Et hwpdwpdwb gnpdplpwugp [3, 7]:

Nughntwy $hghjuljuts wnhynipemniup b Jupdnipinititpp ny dhugtt wljnpy hwbiquinh dhong Eu
hwinhuwinwd, wpl wdlpuwinpnud bti  wonnempmbup, Jbkdwguinmd opquuhquh  gopswnwlui b
hwpdwpynqujutt  htwpudnpmpyiikpp [6]: Nwwnh  unygl  hbnwgqnunmput byunwl £ gl
nuunidtwuhpl] nmuwbnnubph upnh phpuh Jupquynpdut dbuwhquubpp vnunhuwt $hghjuljut
Swinupbntjuwdnipjutt wqnbgmput (dmdth dnnphdbhuguws phun’ 30 Ypwihuw, 40 Juypljutnud)
wuyudwbubpnud:

Ymp b dkpny: ZEnwugnuinmpjniiibipht dwubulgl) B 6N2 jhuwpuimpyut $wljnipintnnud unynpnn 20-21
wnwpklijub 30 wnohl;: Muwinnubph $hghiuwljwt qupqugdwui b opquithquh gnpswnwljwb Jhdwhh quuwhwwnnid
Juunwpdly E pun dupdtwswthwlwb (dupduh bpljupnipni, pup) gnigwihpubph: Annp ntunidbwuhpnipniiibph
Yuwnwpyl) ku putiwopewutph dholi pijws dudwbwljuwhwwndwusnud, puunipnibtph b unniquppubtph hwbdudundp
wuyiwbhunpyws uppbuwght gnpéntitbph wqpkgnipyut pugundwi btyunwlng:

Unpwh nhpdh jupquynpiwi dkjowthquibpt niunidbwuhpyby B upinh phpdh quphwghnt wynuuwswhdwb
Enubwlnyg [1]: Bijupwupunwghpp (EUQ) gqpuibgyl] £ wpwehtt unwinupn wpunwsdudp, tunws Jh&wlnid:
SYjuikiph Jhdwljugpujmt Jipnisnipyut hudwp oqinuugnpéyty ki gqpuiigyws EUS-h 5 pnybwing hunnjwstbp:
Upwh phpdp jupquynpnn dbuwihqdubtph gopéniubnipjut quuwhwndwi hwdwp hwenppulut jupnhnhuwnbp-
Juyubph Jipnusmpiut dwhwwwphny hwoqupydl; &t upnh phpdh nwnwinqujuinipyui  wyblupughb,
Jh&wljugpuljul b hhunngpubhljuljuie gmguithpubpp: dhpnisyk) ku upinh nhpuh hhunngpubhljuljwt htwnbyuyg
gniguiihpibpp' Mo—Unnu® wnwb] hwdwh hwinhwnn jupphnhtinbkpyuybph dbdnipmiipn Juypljjubikpny; AMo-
Unnpuyh  wwnwibwuwhdwt'  dngugh hwinhydwt  hwdwpmpeniip  (%-ny);  AX-Jquphwghnt puth’
Jupnhnhtnbpjuikph nuwnwitdwt wunhdwip quyputitpny; Vicupghnhntpqujubph nuwnwinnujuinipjui
gnpdwljhgp: dwphwghntt wnyuuswhdwl wdjujubph oqunipjudp hwoduplyk ki twlh upwnh nhpuh hbnljuy
hunbgpuuyhtt gniguthptipp. Ywpquynpnn hwdwlwpgbph jupdusnipyut gnighsp (L8); Yhqghnwwnhy hwduuw-
pulpppmpyuit gnighsp (428); nhpuh Ykghwnunpy gmghyp (+48); jupgquinplwt gnpdpipwghtph wnkjuinnipui
gnighsp (92UB):

Uy klunpughti-dudwiwlughtt Jepnisnipiniup junwpyl) k 0.003-0.04 2Zg-h uwhdwbbbkpnud: Cnpyk G
uwkljinph 3 puwdhuubp’ VLF (U42%,%), HF (Uy2%%), LF (Uy2%,%): Zwoduplt) bu bwlb uwybljnph pighwbnip hqopoipinip
Jud hwwunipyut wdpnng uykljnpp' TP (UY?) b Jiqgnwnhy thnjuhwpupbpmpub gnighsp (LE/HF):

Nmdjth phunh junwpdwt dudwbwl pnjnp gniguwhptph gpuignudp juunwpyty b ipyne hnyny® dhsh
swipupbriijuwdnipmiip  (phqhninghwljwtt tnpuw) b Swipwphntfwénmpnithg htwnn: Cunn upnh Ysynudukph
hwfwhnmput (U42) phtudhjugh 3 thopduwlwt  hpughfulubpmd  hwpqupldl]y £ Onidgk-TFhpunth
wphuinnibiulnipyu gnighsp ((+13):

Unugws ndjuyubpp upwpldl) o Jhdwujugpuljut Jtpnisnipyjut ,Statistika 6.0 for Windows C” spwigph
oqunipjup:

Upymapikp b phfnuphmd: Cun Nnidjkh phunh tjuundudp yunwujpwt nbwlghuygh pingph popnp
htnwgnuynnubtpp pudwidty Eu kpkp fudph: Unwghtt jadpnid pingpyydty ki wy niuwtinngubipp, npnig (F8-n
tnkp k <4 wd-hg (wouwwnnibwympjut juy gniguthg): Bplyponpn junwdpp juqudl) b wphunn iulnpyui
Uhohtt Ymjupnul niubkgnn winehlutphg (5<}18<9 w.u.): Gppnpy padph dke Uty ki wouiwinniimlnipyu
pujupup dwljupnul nibtgnn nuwbnnibpp (10<(¥18<14 w.d.): N8-h (wy dwljwpnuyp punpny | bk
htwnwgnunnubph 8.7%-ht, Uhohti' 52.2%-ht, hul pajupup dwjuppulp’ 39.1%-ht:

Muubnnubph vhpu-winpughtt hwdwlupgh Jiqbknunhy jupqugnpdwt Guljfinnughtt inhuh
Jtpnsmpitp gnyg E wdly, np (F8-h qu dwwupnul] nitubgnn wnohlubkpht (I junwdp) punpny E

23



U.U. UPLUUBUL, EU.3640a8UL, 28, URLUZUUBUL, O.b. UNUUSUL

Yhghnwnpy] upguyhtt hwdwlupgh (TL2) qupuuhdywphly puduh pupdp wlnhynipnil, puthunnng
uwpnh woplgnipyut diswgnud: Nputu gnpdwnwljut Jhdwljp punipuqpnn ddnipynih pugniugby £ 18-
n: I fudph hbnwgnuynnubph L8-p nmwwnwidb) b unpdwgh vwhdwbtbpnd (L8<60 wy.., Jugnunntihw):
Zuuqunh wuydwtkpnud tpwbg Unn nhnydl) o wpnwhwjndus ppunhljupnhw b upnh nhpdh pupdnp
nhuybkpuhw (55-66 quply/pnugk): II fudph hEwnmwgnunynnubph diswdwubinipyub b I jadph niuwtnnkph
unwn L8-p quudl) E hwupdwpnnuljut thnthnjunipniiiiph inhpnypnid (60<L8<150 up.d., tnpunwnniuhu)
(uy.1): Lpwbg upnh phpup nwwnwidt) b phwuint uhtintuwghtt nhpdh whpnypnud® npnpwlhnpki
otinws nhyh wwpihupphw (75-90 quply/pnwt): Pusywbu Jyuynid . upnh phpdp jupquynpnn
dbjuwthqdubph winhynipjui htnbgpujuhtt gniguhoutph dtp Ynndhg nhwdnn phtwdhlub,
NMmipjkh phuntt wnwy L phpnid opquithquh gnpéwnwljut Jphdwlh thnthnjunipmibtbp juydws tpu
hwpunhwiunip wljnhyugdwi htwn: dkpohtthu npubinpnidi £ upnh gnpéntubnipjut jupquynpdwi Jt-
pujunnignidp niyh uhdwywphl wqpkgnipniuubph whpnype snuwt hwoyht:

91.3%

100%
8,7%
u. R
Lh.1. Zknwgqnuynnutph puohunidt pun L8-h dkdnipjut $hqhjulul swipwpkpiijwsnipmniithg wnwy (U) b htwnn
)
- Ju@Bnthy,  tnpZ@nthly,  uptwwpnnnthy

Puswbiu pinud E wn.1-hg, wnehlukph poinp tptp judplipnid $hghjuljut Swipwpbntjusdnipyu
wqpbignipjudp nhundbkp E L8-h hwjuwuwnh dedwugnid 30.4%-ny (p<0.02), 78.3%-ny (p<0.02) L 58.2%-ny
(p<0.05) hwlwywwnwupwbwpwp: dbpohtiu Yyuynud t upnp phpdp Jupquynpnny  dkpjpwthquubph
upduédnipiui b upnh nhpdh jupquynplub jEunpniwgdwt dwuht: Fpw dwupt b Jiugnid bub upnh
phpuh Jupquynpdwt uhdwywphly Ynuuniph wlinphynipjud dwplbputph dkdwgnidp. AMo-u pninp
hdptipnid wdl] o hudwywunwupimbwpup  5.6%-ny, 20.9%-ny (p<0.001) b 8.6%-ny: Uhuwwphl
Ubkjumithquubph wiwnhjugdwt dwupt £ Jiupud bwb Vi-h hwjwuwnh thoppugnudp: Ldwbwnhy
thnthnfumpmibiibp nhudl] Bu twl (098-h, 928-h b YQAUS-h dksmipjnibubpnud: Qupquynplwi
uhudwuphly dJblwbhquubph  winphynipjut dkdwgdwt  Juynipmnint £ hwinhuwind  twb
htunwqnunnubph ponp judpipnid phindnn uwpuwuhdwywehl upnuyhtt hwdwljwupgh gniguithoubph
(Mo, AX) Ukdnipniutinh thnppugnudp (wn.1):

Cun  dkp Ynnuhg unmwgduws wduyukph  $hqhjuljui  Swipwpknujwdnipiniithg hbwnn
YEpujubqunnuljub gpowtnid uhpin-winpuwhtt hwdwlupgp gnpst) k wiugnidughtt nkdhuny: Fhunydty ku
Epynt mbuwlh pbwlghwibp' Gulbnwht gniguhoubphtt wpwuq b guinwn  Jipugupd: Unwehtip
hhutwljwinud nhwnyk) | ptujubnt hupdupnqujunipjut yninkughw) niikgnn wnweht fudph htinnw-
qnuynnutph Unwn: Lwpduénipjul whpnypnd qudnn hwpdwpnpuljuinipyu ynnkighw) nitikgnn
htunwgnuynnubph (hhdtwwinwd II fjudph hbnwgnuynnukp) uvhpn-winpughtt hwdwlwupgh gnigw-
uhoubph JEpunupdp fpulbnught dwwpgulh pt Ewdbh nbwluob pinygpe:

Upnp  pppdh  wnmwunwinpuliuimpuit  wyblupughtt  gmgwihoutph  thndhnjunieniaikph
Jipnudmpniip Onudyth Swbpwpbntuwdnipjutt phunhg htwnn gnyg k wdk), np b uljqpuitt mwppbp
Yhghinnwnhy jupjusnipni niikgnny hbnwgnuynnubpp hupdwpdwi gnpéppugh ke ukipgpudymud
wnuwppbp diiny: Zwpy k ok, np ndjuy jupquynpnn hwdwljupgnud popnph hwdwnp pughwing £ uhdyuphly
wqntgnipiniiibph nudtinugnudp, vwuyh yugnunnuhjutph dnn tpgws nbulghw poy E wpnwhwyngmd,
huy uhdywpnwunnuhlutph Uunn' ndtn (wn.1):
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Ungyuuwly. 1. Qruwbingubph upinh nhpuh hnbgpupughtt gmguthpttiph phwdhljut $hghuljut Swpupkntijwsm pyut

wuydwbbtipmd
8niguithpibkp Tudplip
1 11 111
Mo 1 0,924(0,019 0,779(0,026 0,611(0,018
Q) 2 0,689(0,029* 0,594(0,019* 0,544(0,021*
AMo 1 30,98(3,82 31,92(2,11 38,64(3,82
(%) 2 32,84(0,96 38,30(2,68* 42,24(3,11
AX 1 0,329(0,011 0,372(0,028 0,432(0,070
Q) 2 0,318(0,034 0,332(0,026 0,265(0,019*
Vk 1 14,32(0,99 11,04(1,60 10,21(1,41
(n.d.) 2 7,74(0,80" 9,65(0,59 8,82(0,79*
L3 1 48,68(4,62 63,01(7,09 104,32(13,68
(n.d.) 2 64,75(2,02* 115,62(12,62* 164,52(16,31
08 1 2,92(0,21 3,82(0,31 5,12(0,91
() 2 2,12(0,03 5,64(1,82* 7,48(0,82*
4yqus8 1 36,10(2,79 41,24(3,25 64,86(5,88
(n.d.) 2 37,50(2,01 64,52(8,65* 78,39(7,28
928 1 96,02(13,61 92,62(9,48 124,31(17,21
(n.d.) 2 109,82(9,08 138,96(12,40* 165,82(13,69
TP 1 7591.7(189.42 6231.0(250.23 5854.5(298.6
(ug?) 2 5691.2(192.14* 7064.20(265.14* 6842.4(252.41*
HF 1 3048.0(164.5 1812.0(108.85 2260.0(128.2
(g 2 1120.8(112.3** 1415.0(112.8* 2538.5(121.8*
LF 1 2740.2(128.3 2250.0(120.34 2328.3(136.8
() 2 3440.7(160.8" 2425.0(178.32 1864.2(148.20*
VLF 1 1097.5(108.34 2175.5(112.88 1390.2(98.61
(Ug?) 2 1131.0(90.3 3223.0(131.22* 2468.6(102.22*
HF 1 40.2(2.82 29.13.15 38.60(1.02
(%) 2 19.7(4.14 20.0(3.96 37.12(1.29
LF 1 36.11(1.25 36.13(2.09 39.80(1.38
(%) 2 60.50(3.81 34.32(2.04 27.23(1.1
VLF 1 14.50(2.82 50.94(3.20 23.72(1.81
(%) 2 19.92(2.14 59.80(3.41 36.12(1.12
LF/HF 1 0.89(0.04 1.24(0.03 0.97(1.03
2 3.07(0.32 1.72(0.03 0.78(0.73*

Owlnpmpintt’ 1-unpdw, 2-0nidjth phunhg widhgwybu htnn
*- p<0.05, *- p<0.01, **-p<0.001

N8-h b @98-h quy dwljwpyuly mukgnn wnwehti hudph wnehljutph Unn mdth phunh Jhpundwi
wuydwttbpmd nhngl) E upnh phpdh pighwimp wybunph (TP) tinppugnid TU2-h wupuuhdwwphy Yntinnmph
wljinhynipinitip pinipugpnn pupdpwhwéua whputph (HF) hgnpoipjut hwpdht, uwljugt L8-h nhudnn pupép dw-
Jupnulp yuydwbunpgus k gusdp (LF) b pun gusp (VLF) hwdwnmput pununphsutph uybljnph dbsugdudp
(ur.): Uh pupp htnnwgnunnubph nfuyiubkph hudwduyt wWlwt yqunuupuutp Juynud £ Shghjulju swipu-
ptintjudn pjut uhunndwdp opquithquh winkljun ntwlghuyh dwuhi [4, 9]:

Upwh nhpth Jupquynpdui dbwthqumd jEinpniujut b hipudup Yntnnmipibph - wijinhympyut
oynhunifuyhtt pupdpugnuip Jyuynud b hinwgnunynnubph wdjuy judph hupdwpnnuijutn htwpunpoieimuttph
wnuypugnyt dwjupnuljh dwuhi:

Nmdjth phunhg htin Epiypnpn fudph hfnwgnuignnutph don gmudwpughs wybupoued ghudl) | gusp (LF) b
oun guisp (VLE) pumuuphstbph ugbpnph wpuwhwpngws pupdpugnud, wie ghugpoud, bpp wwpuuhdwwphl
Yupquunpulut Yntwnniph wihpubph hqnpuipymip (HF) Yupndy bty k(239 3.15-hg uipdly k155 3.96): (knudjth phunp
Junwipnudp nfjuy pypmyd hhdtwlutmd wnbnh E mubimd hnudnpug-igmpuaghinjuwitinjughtt wqnbgnipyniiubph (VLF)
huwpyhiy, hugp Jyuynid E swtipupbinii]wdni pjuitt gnpdplipuugnid hupuwpnnuijut dkhnutthqlubph jupdusnipjut twuht
(.20, .28, wm.1): Swdp hqnpmipymts mubgnn HF uygkljunpp gnyg b wughu gpupuuhduuphly tjupnughtt hunfuwljupgh
gudp wlinhympemip b tpuw wohunnwiph Juwimbundnp  Jupquidnpuiwt - puguljuympmip: - dudwbwlwulhg
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yuwnlkpugnidubph hudwdwyn uhpun-winpught vy kiuph twt nkuwlp juyyws E upnh ehpuh Jpu Ea-
puljtinuuyhtt YEbwnpnuh ghpulyonnn wantgnipyudp, npp hudwdwjubgymd b Jugndnuinp whpubph htwn:
Upu ghypnd Jupquynpnudt hpuljwbwinwd £ hpdtwlwinud  Jkgbnwnpy wppughtt hwdwlupgh
uhdwuwphy onulph vhengny [2]: Mwpuwuhdywphl winhynmpuit wpnwhwpndus hoppugnidp upnh
phpuh wihpwyhtt uykupmd hwiqiginud E jupqudnpdwt £apw-nhdbpuuyhtt dkjpwihquutph puwjundwi
b hwinhuwtind £ upinh winwpuimpjut qupqugdut twhiuangpyuy [8]: LF-h uwybklnpughtt hgnpnipjui
pupdpugnuip  HF  whpnyph  wihpubph  hgnpmpjutt wjuquub $nth  Jpu hqhluljub
Swipupkntjwdnipjut wpuydwtbpnud nhindby kb hnwpugh hbnwgninnnubph §nnudhg [10]:

+R

Wben SO |y power 002 W Poer S0

BR . 19015 (P 1300182 UF Poner 100252

HestRatetesn HOBR |y popesr 4ORE F Power 250052
vesthae 2. St We [13% wefizn
RS 40 rzm% o
g 14 2 W6

e 0 (F 35 (F3mna

R Tengudr I 44 2300 Wz 40
e 320ms 15pe 0% (081

NERR) 473 102 gaE I 21795

o (sec) 0 623923 R 49478
o ame vee 7550
B 218 B 51,8671
B FASR 55,9765
Maxtln 0531538 o1 ps7asss
Mecitin 36174 Nicca 5
Aol 37,4207 @

02 180ms.

U.2U. II fudph niuwting U.U-h upnh nhpdh uybljunpught gniguhpukpp
plujuiint wuydwbubpnud
1-hhuwinghp, 2-ujuwwntpghp, 3-uybljnpuqpkp

Zkwnwugnuynnubph kppopn jodpnd nudikh phiunhg hbnn pinhwimi uyknpnud phnygnud £ upinp
phpuh jupquynpdwt uhdwuphl Yntnniph wljnhynipjut wpnwhwpnyws thnppugmd (LE-p 33.5°1.38%-
hg nuntnud E 23.7°1.1%): Clyy npoud upinp phpdh Ypw wupuupduwphl wqpbgmpmibibph dwljupgulp
thnthnumpjut sh Lipwplynud: Thunynd b twb  hnudnpup-impunpnuwtualjughtt b YEtnpnbwljub-
Epgnunpny wqnbgnipymiilibph mdbnugnd (VLF-p 2390.2°98.6 Uy2-hg (34.8%) dkswtmd k Uptish 3468.6°102.2
Uy? (44.6%)): Cunn Pwiiulyne b Uh owpp wyp hbnhtwljubph  wuwunwuppwt pkwlghuh wnuhuh nbuwlp
Yyuynud E Jupquynpnn dkjuwmbthqdubph wpnwhwjndus jupjuwsmput b hinwgnuynnubph wdjuy
Judpnud hwpdwpdwt puquljut pupdp ,$hqhninghwljwt quhk dwuht [1]:

dhghnwnhy thnjuhwpwpbpmipjutt gnighsp (LF/HF) I jadph hkinwgnuinynnubph dnwn $hghljuljui
Swipwpbnijwdnmpinithg htnin qquihnpbt dbdwind E, psp Juynud E upnh nhpuh Jupquynpuwi
Ubhiwthquubpnud uhdwwphl Yntunniph wnhyni- pjub pupdpugdut dwuht, wyt nhwypnud, Gpp I b III
huiptipnid phindnud £ LE/HF-h ifwgnud: dhpohtiu tu wwugnignud b uyl Bipunpmpnitip, np (mdykh
ptunph Juuwpnuip I b OI jdpbph hbnwgnunynnubphtt npynud £ howdnpuyg-ymputhnjuubtiwuyght b
YEunpniwlju-tpgninpny dUkjuutthquubph tkpgpuduwi hwpyht (ly.2 £):

Puguwhwynygl] k, np obywnwljub wihpubph hqnpmipiniip dhghjujut Swipwpknijwdnipniihg
htn uhdwywpnunnuhlubph Unin wdbjh wpnwhwpndus k, pub Jugn- b unpuninnuhljukphiip: Cuwn
tplinypht uhdwywpephy wijnhynpuit wpnwhuynyws wdht gniquhtn pupdpuimd | puthwonn tyupnh
wqnbgnpmip (HF-p L I 1 1T fadplpmd hudwggunnuufrabupun Guquly b 1120.8°112.3 W), 1415.0112.8 Ui,
2538.5°121.8 U?):
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UY.28. IT jadph niuwting U.U.-h upnh phpdh uykunpught gnigutihpubph
thnthnfumpiniiibpp knidjkh phiunhg htinn
1-hhuwinghp, 2-ujuwwntpghp, 3-uybljnpugpkp

Cunhwiump uwbluph (TP), huywbu twl HF-h, LF-h b VLF-h gmguuhoutph wpunwhwjngusd
thnppugnudp  qpuijwinipjut wyjuubph  hwdwduwgn Jyuynud £ opquihquh  gnpbunwljui  gudp
htwpunpnipmmiiibph dwuhti: Uhspln todws gniguwithpubph wpnwhwyngus dkdwgnudp twhwubipwt £
hnquwbnipjut qupqugdwt b opquithquh gnpswnwlju hudwljupgbph wywljupgquynpdwi dwuht [3, 5]:

Qpulwtnmput ndjujibph hudwdwyt  huptwqup, uhdywpenunpbiuqughl, Eupunbuwpnidp-
dwlninbnuyht, Wwppuyhtt b uppn-winpughtt hwdwwpgbph phwljnhynpniip yuypdwiwynpjuws k|
yYtpghuiinhu gnpswnwljut Jhwlh thnthnjumpiniitinh wunh&uing $hqhljuljui Swpwpbknifwsnipjui
wuydwutbpnud [4, 11]: Utp Ynnuhg unwgyus wpyniuptbpp hwdwywnwupminad Bu gpuiljunipyut
nyjuubphty, npnup Jyuynid B, np nuwtinnubph Unn hgpwtn pupdn b jupquynpdui jEtnpniwgdw
dwljupnulp, uyipub gusp k gnpéwnwljuts wwowpubpp dnphihqugubint opquthquh hwpwnpnipnitp b
wykih wpnwhuwpnjws b wyuljupquynpuiuin nuppbp npubinpnudubpp: Ywpqugnpdwt huptiuunp inhy
niutignn ntuwtinnubph dnwn wbjh pupédp k opquithquh wuwpwputip oquuuugnpstiine hiwpwynpnipeniup [9]:

Shqhjujub sSwpwpknijwénipjuti ninklignn onuljjug b whonuljjug qnpépupwugubpp npuljut
wqnlignipynit kb ponunud undnpnnubph opquithquh gnpdwnwljut yh&wlh Jpu jupgus nknkjunduljut
Swipwpbnijwdmpjutt  wuylwtbbpnud  [4): Unwgqws wfjujukpp hhdp i wnughu wink, np
hwpdupnquijut wewyl) oywhunidughtt htwpwydnpnipnitibpnyg odndus L I fudph nuwbnnubpp: I o
hwwnljuwtu III fudpbiph nuuwtnnubph Unn qupquiunid t opquithquh gnpéwnwjutt hwdwlupgbph wwyw-
Jupquynpnid b Abudnpynud | hnqudnipyndi:

Ujuyhuny, punn uwnwugjus Omyt-Thpunih gqonpdwlgh Yuwpbjh b bqpuugul), np quy
uphuinniiulmpjut dwjupnul mubkgnn ntuwbnnubpp punmpugpynud o hwpdwpnpujut pupdp
htwpwynpnipymbibpny  dhohtt b pwdwpup wwnmbwlnmpuit  dwlwpnul mbbkgnn  hpkug
hwuwlulhgutph hudbdwnnipyudp:
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SUMMUEEIUSHL ONUYENNRULEST LACTOBACILLUS RHAMNOSUS-h
PUNULELELNRU

U.2. PEON3UL, T. TUZLULD, Q.U QUUNUN3UYL, U.9. AhaNr3vy

22 whnwlpwl wgpupuyhl hudwyuwpul
achonagrigoryan@mail. ru

Munultuhpty £ hughgus b shughgus Swpupuppeniibph wqnkgmpniip Lacrobacillus rhamnosus-h punuiipught
otipinh hwnmpynitibph Jpu

Munmdtwuhpmpiniibph wpyniipnud hwyntwptpdty E np fupyuppduyhtt hnpwipynwdubpp L. rhamnosus-h
punuipuyhl ppunnud juwyyws tu husybu dhpwduyph Swpyuppniitph wnunppghntt hunnmpyniitph htw, wybybu b
wpnphnnhlh punubpttpnd fwpyuppniutph wlinhy hnppwbwnpeyut htwn, hugp Juonn b wqpb) dwiptubph b
wnhpuht jnpdwpuinuibiph thnfugnpsubm pyub Ypu:

MRS-tpowuyp — hugbgué b shugkgué Qwpuuppntikp — ypnphnupl — Lactobacillus rhamnosus

Visygasoch BIWSHWE HACHINIEHHBIX ¥ HEHACBIEHHBIX JKUPHBIX KUCIOT Ha MeMOpaHHBIE CBOMCTBa
Lactobacillus rhamnosus.

BBIABIIEHO, YTO B 3aBUCUMOCTH OT COCTABa CPeZbl )KUPHOKMCIOTHBIE IIPEBPAlleHNsI B MEMOPAHHbIX CJIOSX
L. rhamnosus cBS3aHbI KaK C aJCOPOLIOHHBIMU CBOWCTBAMY YKUPHBIX KUCJIOT CPE/ibl, TAK ¥ C aKTUBHBIM 06MEHOM
JKUPHBIX KHCJIOT B MeMOpaHax IpOGUOTHKA, YTO B KOHEYHOM MTOTe MOXKET BJIMATH Ha B3aUMOZeicTBre GakTepun
U CIM3UCTOM 060JIOYKY KMIIeTHHKa.

MRS —Cpé€Ja — HaChIIlJ€ HHbI€ H HEHAChIIIJ€ HHbIC >KHPHbIE KHC/IIOTHI — HpOﬁHOTHI( it
Lactobacillus rhamnosus

The effect of saturated and unsaturated fatty acids on the membrane properties of Lactobacillus rhamnosus
was studied.

It was found that, depending on the fatty acid composition of the medium the transformations of membrane
layers and L. rhamnosus were related both to the adsorption properties of fatty acids of the medium and to the active
exchange of fatty acids in the membrane of a probiotic, which can ultimately affect the interaction between the
bacteria and the intestinal mucosa.

MRS-environment — saturated and unsaturated fatty acids — probiotic —Lactobacillus rhamnosus

dhpohtt  dudwbwlubpmd  wnhpughtt  dpypndnpuyght wepbyynn  own  hbnwgnuumpmiatbp
hwnjuwbu  Jhpuwpkpmd  Eu  wpnphnnhlubph  noumdbwuhpoipputip: Apnphnnpluiphg  LAB-Lpp
quiguénpll oquuugnpdynn wpnphnunhljubkpt o dpwbp Yupnn b wywhndl) Yplouyh $ntbyghu’
Swnwynud i npyytiu juptwdpbpph yunpuundwt hudwp pununphsubp b hwinhuwinud Eu wnnnempjut
pupbjudut hwnmpjudp odnjws dhypnopquithquubp [5]: Unynpwpwp jwljinnpughijubpp, npnip Yug-
und B dwipnm Ynlnuiiph dnwn 1 %-p b winhubkph ypnpuhdwy hwndush dkswpwwl puljnbphwibp b,
nhunynud Eu npuygbu Yihuhuybu widunwig dwipkutp [6]: Uwljuyl, npybu owynpuintthuinhly whinwshutbp,
(uyunnpughjubptt puymbwl Eu bwb wnwewgul) hudpbklghwbp, hyybu huntinpbuptuhy dwpnljuig unwn,
wyiybu b, hwqjunby, unpdwy hunth hwdwljupgng hhjuunubph dnw [1):
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Muunultwuhpmpniiubpp gnyg o vdly, np jwljnnpughjitph punuipuhtt hwnlmpmnibtbpp
qquihnpkl mgnnud Bu pulpinkphwtitiph b winhbph (npdwpunuipuyht gbpinh thnjowgnbgnipjut puw, pln
npnud hhnpndnp jujuinpughjubptt wdth wdnip o wngbqynud wnhubph tyhptih ypw, put hhnpndhyubpp:
Ztnpuwyubtph Ynmilhg gnyg & wply dhgunjuyph shwqbgus dwpyuppmibph wqnkgnipmbn juljnnpu-
ghjutph punupuyhtt hwnlmpmuubph Jpu [3]:

Zupyh wrtbkng Ybipnhhpjuyp’  bhpluw numdtwuppmpmitbbiph tgunwlt kgl hbnwgnnty
vhoujuyph hwghguws b shughguws dwpyuppyughtt hudbnulubph wopbgmpniip MRS dhowuypnid
wdkgus Juptwdpbkppmd oquiugnpdynn wpnphninhly L. rhamnosus-h punuupuyht
hwnympnitbph pu:

Ynip o dkpng: Zbnwgnunnmipiui hwdwp hhdbwlwt opjijnn b hwunhuwgly L. rhamnosus GG ownundp
(Lactobacillus GG; ATCC 53103): Pulubphwibpt wdkgdl] i wnwlg dwpwwppyught hwytnulubph MRS
Uhgujuypnud, MRS dhow]uypmu’ wbjugus 5 Ulq U wququhnpiwppn b unbwphtwppn, MRS dhgu]ugpnid’
wbjugquws 5 dhq U wuwpdhnhtwppny, unbwphtwppnt, ojkhtwppent, |hunjwppnt, y-jhunkhwpent, o-hunthw-
ppot b wpwpuhnnuwppnt:

Puljntphwitph pwnuiupuwht  fwpyuppniibiph  mundbwuhpnipiniut hpwwbwgyl; E ququyht
ppnuunnngpuibhuigh thgngny [3]:

Jhdwlugpulub YEpndnipnibt ppufjubugdl) b jnduynuntpuyghl “two-tailed paired t” phuwh, StatView
4.57 gwugpulub thwpbph, (2x4) dulunnphw) Yhpnsnipjul ogunipjudp: P<0.05-p hwdwpyt) b yhwljugpnpta
hwjuuwnh:

Upmymilipllp b phfnuplnid: UhowJuyph fwpuyuppniiubph wpgjulhs jud jupwiths wqptignipniup
Juyunnpughiubph wéh b qupquguut gpu npnpgnud £ hiswbu pulpntphu punupitph $hghljuphihulut
hwnlmpmuubpny, wiwybu k' dwpyuppemibkph  Yphuwyh  uwbph  wnbpbnppdhuny [2] b
hwgbgquénipjul wunhdwiny nt wspnmgnwstuyht onpuyh Epupnipyudp [4]:

Waltidy pusdnbphi
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Uh. 1. &wpyuwppniitph npuljuljub b putwlwlwh yuqup L. rhamnosus—h
punuiiplbpnid MRS ubinudhguuypnud w&kgiibkihu:

Puswtu gnyyg mykghtt hbnwgninmpiniuibph wpynitpubpn (aly.1), 5 Uyq U qujdhnhtwppyh b5 dyq
Ul unbwphtwppedh wdbjugnuip  pulunbtphwitph wdkgdwt  dhpwduyp punuiptbpmd  pipnud E
dupyuppyughtt juquh  mpe  qoinjumpmibph,  qrignpnlm]  wuwplhnhwppdh b ojkhtwpph
wkjugjus putljmpnititipp punuiipibpnid y-htinjkiwppyh putwlnipmibitnh tjuquw htn: Uhw-
dudwtiuy tjunnymd k, np juwunp /adbyugqus 5 dyq U yuydhnhtwpepnt, unbtwphtiwppnt, ojkhtwppent,
thimuppen, y-thunjkiwppent, o-thunjtiwppent, b wpwihynuwppent / MRS dhpwuypnud L. rhamnosus-h
punuippnd  hudwpuw  wihnnjp E dund  vnbwphtwppdh  pwbwlmpmip wdbjuinud  Gu
wudhwinhtupepyh, ojkhttppyh b thinjuppyh putulmpmnidattpp, b wugnud Ey-1hinkuwpend:

Ul. 2-nud ujupugpynid k fwpwuppniubph iinlnuught pununpnipniip L. rhamnosus-h
punuupttpnid: Upyniupubpp Jyuynid b, np L. rhamnosus-h punuipubpnid wuwjdhnhtwppnth
ghpulornn fwpuyuppnit b Lwbwulnmpjudp bpub wbbpwb qhenn y-jhunktwppyh wnijuynipniip
puluntphuyh punuupubpmud juhunn qqunit Ewddwt dhowyuyph tfundwdp: Gpt ojkhtwppeniu b
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unbkwphbiwppni wrwtg fupyuppyuyhtt hwytnudutph MRS dhpwdupnid wdtgutihu wpnphnnhyh
punuuputpmu quuynid ki hudwpuw hwjuuwnp pwbwlnipniiibpny b hpktg ninnuughtt yupniw-
Ympjudp owwn sk ghgmu y-jhumbtwpepdht, wyw hwgbguws gwpuyupeniubph wbjugnudp dhewduygp
tywunnud  puljnbphwih punuipbtpnud ojkhttwppyh nnlnuuyhtt pununpni-pjut wykjugdwin (16%-h
nfuwpkl’ 25%), wjt ghugpnud, Epp Gupndy payamd b y-hingkiwppdh wnnuaght putalp’ 29%-h tinjuw-
nkt’ 9%, b hunfwpu stsht innlnuny wfkuimud Ewuyihnhiuppnit’ 32%-h ofowpkb’ 37%:

w/
d- | hOnyGOwppnt wjL % M dhwhiwppnt
3% 2% B Uunbwphiwppnt
y- |hGn|EOwppnt \_Muwdhuwhbwppn 0 O|thGwppnt
29% J 32% OLhOnjwppnL
By- (hinthwppnt
LhOnpuwppnt O d= hOn Glwppnt
3% By
Oythluipen.___ Uwnbwnhlwppnt
16% 15%
1
wy 8 M dhunhGwpeny
a- [hﬁn;t;[mppm.\ 9% T dhwhGuwppnt A Umnbwphlwppnt
; 37% O hlwppnt
y- |hOnGiwppnt ¥ LhOnjwppnt
9% lh(Jm;ppm =y- lrl:[?q:;uu“m
3 Oa- | hinGlwppnt
muj|
O bhlwppnyy . UwmnbwphOwppnt
25% .
¢/
a wjy = M dhunhluwppnt
. 16% =
hOnGOwppnt 3, Mwithwhbwppnt - &ﬁnmlmpmnuipml
y 29, 34% & LhOnjwppnt
- =y- EOwppnt
lhﬁni:i:l;wpm/” : oo |II!:0[Irr|;luuu;P’:u
LhOnjwppnt = wi
7% :
s, UwnbiwphOwppnt
O[I:-hLn.umam_._-f-""“> 10%
20%

Ul 2. Swpyuppniiubph mninuwght pununpnipiniip L. rhamnosus-h punuiipttpnud MRS uttinudhywuypnud
wékgubjhu' w. wnwtg hubmdubph dhowuyp, p. 5 dlq U wupdhnhtwppquyht b uinbwphwppduht
hugtnuing, g. 5 g - wuihnhbwppduht, wnkwphtwppguhl, ofkhtuppiuht, hunjuppught, y-
lhunjEuwpepywyhi, a-jhunjkiwppyuyhtt b

wpwjuhnntwppyuyht hwybnudng

Zhwnwppppulut ko twb pulunbphw] punuiptbpmd fupywuppdughtt hnjpwypynwdutpp, Epp
wddwl vhpwjuyp i wykugymu Jhwdwudwbwl] hwghgus b shwghgus fwpuuppniubp (Ul 2 q):
Zudwdwyt  gpuljut wfjunbph,  hwqbgws  dwpwuwppniutppt  juwpwquppent,  juwypnbwppnt,
unbwphbwppnt, wupdhnhtwppne b wyb, wbh sun hwubghynod B GEiuiulwb fupybpmd’ juglbng
nyfuwph bt mwjwuph fwpwwpepniutph dhigh 50%-p: Zwynuh £ np nppuitt pupdp b fwpuwppntutph dnly-
ohnp, ugupwtt pupdp b npubg hupdwb ghpdwunpdwin, b wju fwpyuppniubptt wdjh nddup Lo
mipugynid: Upniu Ynnuhg, unbwphtuppydh’ wput dk junjbunbphh dwjupnulp spupdpugutint huwn-
Ympniip pny; £ wiughu hbnwgnuunnubphtt Bupunptim, np unbwphwppenit jupkh b oquuuqgnpsty
ubiuupyntwpbpmpjut Ukp npytiu shughgus fwpyuppniiutph thnpjowphng: VY. 2-h wdyuyutpp gnyg
Eu wmwihu, np L. rhamnosus-h punuupwihtt wwjdhwnhttwppyh b unbwphtiwppyh, htyybu bwb
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a-1hunktwpeyh nnynuughtt putwlmpmnibtkpp hwdbdwnwpup winwppbp o wpinwpht dhpwduypnud
Supuuppyuihtt juquh tjundwdp, h wwuppkpnipmit y-1hunjkiwppilh, ojkhtiuppih L
lhtnpuppdh:  Cun - gpufjubmpyut wjpuiubph,  wpnphnnhughtt  quljunpughjutph® - wnhpuyght
Inpdupunup wngkqhwt hhdtwwind pugunpynud E juljuinpughiibpnid hayntwpbpduws hhduwljut
wqun wnh- jud ghpshwgkgus Supuuppnibph ojkhtwppnt, (hunwppnt, b (hinktiwppnt  wqnkgni-
pjadp: Umiu Ynnuhg, ghpshwgbgus dwpuuppniubpp dnimd B twb swpulguljub hjpiugusph b
upnuyhtt phtph dhkhtught punubpitpmd, dwutulgnd Bu dwljpnopquithqunid  junjkuwnbphtih
thnfuwbwlnipjutp, upwimd tpw opuhnugnidp bt opqui- thquhg htinwgnudp, puptpup wqptgnipmnih niuku
wpmbunnun winpibph wunkph Jpu pupdpugitn] Huunhympmip b wdpmpmip, upabmd
opquithquh wuonwwiwlwh Ukjuwhqukpp, mukl jhynnpny wqpkgmpit’ Juihmud & upgh &wp-
wuyhlt hubhpinpughwb, Uks tpwtwlmpimb mukth UUZ hhjuunmpnibubph poiddwt b juthwupgbdwb
gqnpdnud:

Uyuwhuny,  wpunwphtt  dpgufuyph  juquhg  qupnfws  Swpyuppduhtt qoooulipygnadibpn
L.rhamnosush punubputpnud, wuydwiunpqus hukny pt dhpwquyph dwpujuppeniubph wnunppghnt
hwwnlmpmiuttpny b pk punutpnid fwpuyuppniutph wljnhy hnppwbwlnipyudp, npnpwljhnptt Jupnn £
wqnkl pulntphugh' winhubph npdwpunuiph htn hnpwugntgniput Ypu: Zknwugqnuueiniiibpp Jugnod
&t nupplp uhdphninhljuyhtt yunpuwunndjuiph vnwgdwt dwdwbul uhdphninhljuyhtt wpnphnnhlubtph
punuipuyhtt $hghjuphuhuljut hwnmpniaibph nuunudtwuhpuiwt withpudbpnnipmiup:
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KAPIVUOTEMOJIVHAMMUYECKUE ITOKA3ATEJIN JEBOYEK MJIAIIIIETO
IITKOJIBHOTO BO3PACTA (5-11) ITP COBETCKOM M EBPOIIEMICKOM
CUCTEMAX OBIIIETO CPEJTHETO OBPA3OBAHU S

M.JL JIDKAHTUPAH

Apnaxckuii rocyHHBepCHTET
vsargsyan@neur oscience.am

Y mxonsrnkos HKP 5-11 ser (1100 geBouex) u3ydeHs! CABUTHM KapAHOTeMOAUMHAMUYECKHUX IIOKA3aTeIei:
gacTotsl ceppeunsix coxkpamernit (YCC), CHCTOMNYeCKOro U AMaCTOINIeCKOro aprepuanbusix gasiaenuit (CAZ,
AT, cpemnemuHamudeckoro aprepuansHoro gapnenus (CHAJL), yZapHOTO ¥ MUHYTHOIO OGBEMOB KPOBU
(YOK, MOK) npu y4eGuoit Harpyske. IlokasaHo, 4T0 KapAuoreMouHaMUYeCKUe IIOKA3aTell y IUIKOJbHUKOB,
o6y4aBIINXCA IIO €BPOIEICKOM cucTeMe 0O6s3aTelbHOTO OOpasoBaHMA, OBUIM CJI€TKA IIOBBIUIEHHBIMU IIO
CPaBHEHMUIO C aHAJTOTHMYHBIMY ITOKA3aTeSIMU YYAIIIXCA IPU COBETCKOM crucTeMe oOydeHus. Mcxons U3 COBUTOB
KapZHOoTeMOIMHAMUYECKUX ITOKasaTejael ydaluxcs, CHeIaHO IIPeIIIoNOXKeHHe, YTO afalTalud IOCIeTHUX K
06euM cucTeMaM 06pa30BaHUS OCYLIECTBIIAETCA Ha yPOBHE HOPMBIL.

KapzaroremozuHaMHIeCKHe ITOKa3aTeTH — 9aCTOTa CEPAEYHBIX COKPAIEHHH —
aprepraIsHOe JaBTeHHe — YAaPHBEIH 00BeM KPOBH — MHHYTHBIH 005eM KPOBH

Muunultwuhpdlp B TAZ2-h 5-11 wwpbljwb wpwlbpnibph (1100 wnehltkp) Juwpnhnhbunphwdhljugh
gmguithoubph' upwnh Ydymudukph hwdwnmpnit (U42), vhunnjuyghtt b nhwunnpught quplpuluyhtt £upnudutph
(UK, 12KX), uhghti nphumdhljuiljut quipykpuljughtt Lupuwt (UQK), wpyub hwpdusughtt b pnybwljwt swnjunikph
(UZ0, UL0) thnhnunipnibitkpp nuumdtuljut Swpupkniusnipjut yuydwbubpnud: 8nyg L npyty, np bfpnyulub
whwh Yppwlwh sSpugpny unnpnqbph jupghnhtinnhtudhugh gniguthpibph dwlwprulp junphphuyght Spugpng
unynpnnubph tnyh gmguhpubph hudbdunn Enty £ dh thopp pupdn: Glukny] undnpnntbph jupnphnhbunphtithljugh
gniguihpbph thnthnjumpiniiibphg Gupunpty E np Eplme Yppwlwb huwdwlwpgbph tjundudp  hwpudwupnudp
hpufutwtnud £ inpdugh vwhdwbithpnud:

Yuipphnphbhwdhfuyh gnigubpolkp — upnp §éqnidikph hwdwjunipinil — qupyEpulughi
Alonid — wyul hwupyuwduyghl Swyjuy — wpyul pny bwlwh Swyjuy

In NKR the cardiohemodynamic parameters (heart contraction frequency (HC), systolic blood pressure (SBP),
average dynamic arteria pressure (ADAP), stroke volume of blood (SVB), minute volume of blood (MVB)) of 1100
girls at the age of 5-10 were investigated in condition of academic load. It was shown, that the girls' cardiohemodynamic
parameters studying on the European system of compulsory education compared with the similar indicators of the pupils
under the Soviet system of education were dlightly elevated. In genera cardiodynamic and blood indexes of the pupils
learning by European system of compulsory education dlightly increased compared to the Soviet system. According to
shifts of cardiohemodynamic indexes of examinees was concluded, that their adaptation to the both educational systems
performed at the level of norms.

Cardiohemodynamic parameters — heart rate - blood pressure —
stroke volume of blood — minute volume of blood
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ITpoGrema ajanmranuy IIKOJIBHUKOB PasHBIX BO3PACTHBIX KATETOPUM K yCIOBHSIM OOy4eHUS
IIPeACTaB/IsSeT OFHY U3 BAXHBIX IIPOOaeM (DU3MOJIOTMU U CBS3aHHBIX C HEH APYTUX JUCLUILIMH.
VicceoBaHUAMY IIOCTIESHUX AECATUIETHH YCTAHOBJIEHBI CYIECTBEHHBIE CIBUIH aIalTal[MOHHBIX
BO3MOJXXHOCTe}! IIKOJIBHUKOB, BOSHUKAIOLIKE TI0/ BIUAHUEeM y4e6GHOIl Harpysku. [Ipu sToM B KauecTBe
MHIMKATOPa a/aNTAllIOHHBIX BO3MOXXHOCTEN JeTeil MCIOIB30BAIOCh (PYHKIMOHAIBHOE COCTOSHUE
KapJUOpeCIIMPaTOPHOM CHCTeMbI, HaXOAlIeHCcs IO, YIIpaBIeHHeM 1eHTPalbHOY HEPBHOM CHCTEMBL.
IMocnennss cBsA3bIBAa€T OPTAHU3M C OKPY’KAIOLIEH CPeZoil 1 dyepe3 HEPBHOTYMOPAIBHYIO PETy/IALUI0 YII-
PaBJIsieT BCeMHU ero COMaTUYeCKUMY, BETeTaTUBHBIMU U IICHXIYeCKUMU mponeccamu [1, 4, 6, 7, 10].

V3yyeHue afanTUBHBIX U Pe3€PBHBIX BO3MOXKHOCTEHN KapAUOreMOAMHAMUYECKHX IIOKa3aTeIen
MJIQZIIINX IOIKOJIBHWKOB BBI3BIBAET HEOCTIA0EBAIONIMII MHTEpPeC B CBI3M C TEM, YTO STOT BO3PACT
OT/INYAETCA HEYCTOMYMBOCTBIO AJANTHBHBIX MEXAaHM3MOB K BBICOKOM HOABIIKHOCTBIO (DYHKIIVI.
VimenHO B 5TOM BO3pacTe y4eOHas Harpyska, He COOTBETCTBYIOLIAs BO3PACTHBIM OCOOEHHOCTIM,
ABlgeTcA OFZHMM U3 (aKTOpPOB, IPUBOAAMMX K YXyAIIEHWIO 370poBbi. CaBuru B
KapJuoreMOJAMHAMUYEeCKHUX II0Ka3aTe X MOTYT OBITh OOYCIOBIEHBI U PALOM JPYTHX COIMYTCTBYIOMUX
(daxkTOpoB: HEZOCTATOYHAsA [BUTAaTeNbHAs aAKTUBHOCTb, YCJIOXHEHHWE Y4eGHBIX IIPOrPaMM,
HEepPaIMOHAIBHBIM PEXUM [AHS, HEIPaBUIbHOE IUTaHHe, GOJIE3HM, YMCTBEHHOE HAIpsKEHUEe U PAf
(axTopoB OKpyxKamoueit cpexst [2, 3,5, 9, 12].

PesyspraTsl HCCIENOBAHWUN IIOCHEAHBIX JIET IIOKA3aJad BBIP@KEHHbIE CHBUTH KapJuO-
reMOAMHAMUYECKUX IIOKa3aTesJeidl yYalluXCs IIKOJI M CTy/ZeHTOB HaKaHyHe U B IEPUOJ, 3aYeTHO-
9K3aMeHAI[MOHHBIX CeCCUii, B JUHAMUKe y4e6GHoro roza (8, 11].

Vicxoms w3 BBIIIEH3IOXEHHOTO, B JAaHHON paboTe U3y4eHBI CABUTU  KapAUOTeMOAU-
HaMWYeCKUX IOKasarenel 5-11-meTHux meBovek, oOydarOmKXCsa B 00LIe00pa3soBaTeIbHBIX CPELHUX
IIKOJIaX COBETCKOM 00Ie00pasoBaTe/bHOM CHCTEMBI X €BPOIeHCKON Mozenu o0uiero o6pa3oBaHus.
HoBas eBpomeiickas Mogens oOLIero OOpa3sOBaHUs HMeeT psfi HOBOBBeZeHHIl (OLleHKa 3HAHUM
yYamuXCs II0 JecATHOAaNbHOM CHCTeMe, TeCTOBBIE, TeMaTHYeCKHe U IIPAaKTHYeCKHe paboTsl,
[IOJIyTOZOBbIE IIPOBEPKM 3HAHWN YYaIUXCs), KOTOpble MOTYT CTaTh NPUYMHON BO3HUKHOBEHUS
HEKOTOPBIX C/IBUIOB B KAPAMOTeMOIMHAMIYECKIX [T0Ka3aTeIaX AeTel.

Mareprar u Merogrka. Vccnemosanus mpoBefensl B mkoiaax N2 u N11 r. CremaHakepra B yTpeHHHE
gacsr (9:00 - 12:00). M3amepsinucy Kak KapAuoreMOAWHAMHWYECKHe, TaK M ITOKa3aTeld (pU3NIECKOTO PasBHUTHUSA.
Bce ucmsITyemsle GbLIH aGCOIIOTHO 30POBEI.

Ornpegenanucs Cefyonie KapAXOoreMOANHAMIYECKYe II0KAa3aTeN: YacTOTa CepIeYHbIX COKpalleHUi
(UCC); cucronmveckoe wu pumacronudeckoe aprepuansHoe aasienue (CAJ, JTAJl); myinscoBoe apTepHaIbHOE
nasrerve (ITA]l); cpenuenunamudeckoe aprepuanshoe gasienue (CHAJ); yzapusiit o6sem kposu (YOK);
MuHYTHBIH 06BeM Kposu (MOK).

YCC ompegmensmace manpnatopHo. Cocrapnsiomue aprepuansHoro gasrenus (CAJZL u  JA7)
onpegensaauck MamkeTHIM MerozoM Kopotkosa. ITAJl, COAZ, YO, MOK BBYMCISINCH IO CIELHMaTbHBIM

dbopmymam:

1. TAI=(CAL-[IALL);

2. COAL = JALI+0.43 9 (CAZ-IATT);

3. YOK=90.97 +(0.54 Y ITAl) — (0.5449 A 1)-0.614B), rze B — BospacT mozpocTKoB;
4. MOK=YOKY4CC

[lapnenue, Imymbc, a TakKe KapAMOTeMOJMHAMHIYECKHe IOKAa3aTeTH OIpefle/IluCh 3 Pasa: OCEeHBIO,
3uMOii U BecHOH. B manHO# paboTe mpezCTaBIeHE CpeHUe 3HAYeHUS 3-X M3MepPeHMH.
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Bcero 651710 uccnenosano 6onee 1100 zeBouex. Marepuains: ncciefoBaHusa 06paboTaHbl GHOMETPUYECKH
no 11-BapuaHTHBIM TpymmnaM mo 50 BapHaHTOB B KaKAOH. B KaZoM BapHaHTe OIpe/ieIeHO CpelHee 3HaUeHUe
WM yCJIOBHBIE (MaTeMaTHIeCKHUe):

Y
Cpenmue noxasarenu (M1= —, rme ((— cymMa TmoKasaTesieif, 1 — YMCJIO BADHAHTOB), ypaBHOBEIIEHHOe

cpenHee (M=M1‘Tﬂ, r7ie d— OTKJIOHEHNUA OT CPeJHeil, p — YHCIIO CIIydaes),

e gdm

g A

CpegHEeKBaApAaTUYECKUE OTKIOHEHUA [V = = =5
omubKa cpefHeypaBHOBEIIEHHOH KBagparudeckoil (M =T1/vn), >

TXLDD,

1 u

K03bbUIMeHT Bapuauu (L) =
M, M,

JOCTOBEPHOCTD pasHul, [ =

B MezunuHCKMX , GHOJOTrMYECKUX W APYTUX HAyKax 3HAUYEHHe ! JOCTOBEPHO, €CIU £ > 3 , IPU ITOM
p<0.01.

Pesysrarsr m obcyxgerre. Kak BugHo u3 Tabnr. 1, ¢ BospactoM y AeBoueK HabIIOZaIoch
ymensuenne YCC. B Bospacre 5 seT y feBouek 06uIeo0pa3oBaTeIbHOM IIKOJIBI COBETCKOTO THIA OHA
cocrasisuia (ya./mun) B cpepsaeM 102; 6-u meTHUX — 101.9; 7-netaux — 100,7; 8-meTHHX —
97,9; 9-neruux — 95.8; 10-nmernux — 90; 11-metux — 82.8. Y meBouek eBpOMEMCKON IIPOTPaMMBbI
06y4eHNU 5T MMOKa3aTeau OBLIM HECKOIBKO BhIle: y meBouek 5-Tu et YCC cocrasmana 106 yz./muH;
6-tu — 105,2; 7-mu — 102.6; 8-mm — 100,4; 9-tux — 96,8; 10-t; — 94; 11-t; — 88. OgHOBpPeMeHHO y
neBouek 5-11 jet, 06y4aBmuxcs B IIKOJIAX KaK II0 COBETCKOM, TaK U IO eBPOIIEICKOI crucTeMe 00Iero
obpasoBanmst ¢ BospacroM HaGmomanoce mossimenwe CAJl, JIAJl, CJIA]J, meckonbko Goiee
BBID)KEHHOE IIPH €BPOINEMCKOil Mojenu oOydeHHA. Y 5-JeTHHX [geBoueK, OOydaBIIMXCA IIO
coBeTcKoii cucreme obpasoBanusa, CAJl cocrasun (MM pr.cT.) 86,2; y 6-nmetHux — 90,3; y 7-rmeTHHX —
94,6; y 8-netuux — 97,2; y 9-neruux — 97,6; y 10-n1etrux — 104,9; y 11-rerrux — 106; B To BpeMs Kak y
ZeBoueK, 00y4aBIIMXCA II0 CHCTeMe eBpollefickoro obpasoBaHus, mokaszarenu CAJl cocTaBiaau cooT-
BETCTBEHHO (MM PT.CT.) 5 ner — 89; 6 ner — 94,2; 7 ner — 98; 8 ner — 102; 9 ner — 104; 10 ner -
105; 11 ner — 107. B obeux rpynmax ucnsiTyeMsix casuru mokasareneit Al u ITA]l umenu anamo-
rUYHbIM xapaktep (Tabm.l). Y 5-11-meTHux meBodYeK, 3aHMMAIOLUIUXCA IO COBETCKOM CHCTeMe
o6Gpasosanust, mokasarexu CJA/JL cocraBmsuin coorBercTBeHHO (MM pr.cT.): 66,5,70,2,72,8, 75,1, 76,1,
81,2 u 83,2, Torza Kaxk y AeBOYEK 3aHMMAIONIMXCA IO CHCTEMe eBPOIIeHiCKOro oOpasoBaHUA, OHU
HaXOJUJIKCh Ha ypoBHe 68.5,72.5,75.4, 78, 80, 81, 84,5 cooTBeTCTBEeHHO.

B orindme OT BBILIEM3TIOKEHHBIX IIOKa3aTesei, C BO3PACTOM Yy HCIIBITyeMBIX HabJII0ZanIoch
HeKoTopoe noHmwxeHue yposHe#t YOK u MOK, Heckonpko 6osiee BEIpaskeH-
HOE y IIKOJBHWKOB, 3aHMMAIOIUXCS 110 €BPOIEICKOM mporpaMmme oOydeHus. Y geBodek 5 -11 ser,
3aHMMAIOIIUXCS 110 cOBeTCKOM cucreme obydenus, YOK cocraBisan coorBercrBerHo (M1): 78.4, 76.3,
77.3,76,73.9,73.7 1 71.1, a y IIKOTBHUKOB, 0Oy4YaBIUIMXCA IIO eBpomeiickoii cucreme — 78.7, 77.9, 78,
75.7, 75.8, 747 un 68.3. Iloxazatemu xe MOK y meBoyek COBETCKOH IIKOJIBI COCTABJLIN
coorBeTcTBeHHO (1): 7.8, 7.8, 7.8, 7.4, 7.1, 6.6, 5.9, Torma Kax y NIKOJIBHHUI, OOYdYaBIIUXCA IIO
eBPOIIeHCKOIl cucTeMe 00IIero o6pa3oBaHus, 5TH IMOKasarenu cocrtasmsuiu 8.3, 8.1, 8, 7.6, 7.3, 7.2, 6
COOTBETCTBEHHO.
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M.JL IDKAHTUPAH

Ta6muma 1. KapanoremoguHaMuecKyie OKA3aTeH U IIOKA3aTe M KPOBH MIAZIIAX
WIKOJIBHULL IIPY COBETCKOM ¥ €BPOIEHCKOM CHCTEMBI IIKOJIBHOTO 06pa30oBaHUsA

Bospacr, Coserckas cucrema Espomeifickas cucrema
Jer Ioxasaremn IIKOJIBHOTO 06Pa3OBaHHUsL IIKOJIBHOTO 00pasaBaHus
M v m M v m
1 2 3 4 5 6 7 8
4CccC 102 7.6 1.07 106 7.8 1.1
CAL 86.2 6.3 0.91 89 6.4 0.9
5 JAL 52.0 4.3 0.61 53 4.4 0.62
AL 34.2 43 0.61 36 45 0.64
CIOAL 66.5 6.2 0.88 68.5 6.4 0.9
YOK 78.4 7.4 1.0 78.7 7.6 1.1
MOK 7.8 8.0 1.13 8.3 6.8 0.9
4qccC 101.9 8.4 1.18 105.2 8.8 12
CAL 90.3 6.5 0.92 94.2 6.8 0.96
6 JAL 55.0 4.5 0.63 56 5.2 0.74
AL 35.3 45 0.63 38.2 4.8 0.68
CIOAL 70.2 7.0 0.99 725 7.2 1.0
YOK 76.3 7.1 1.0 77.9 7.5 1.06
MOK 7.8 12 1.16 8.1 13 0.18
4ccC 100.7 8.8 1.24 102.6 8.8 1.24
CAL 94.6 6.9 0.98 98 7.2 1.0
7 JALL 56 49 0.69 58 5.2 0.74
TIALL 38.6 4.5 0.62 40 5.0 0.70
CIOAL 72.8 7.5 1.06 75.4 7.6 1.1
YOK 77.3 7.5 1.06 78 7.8 1.1
MOK 7.8 1.35 0.19 8 1.4 1.1
4cc 97.9 85 1.20 100.4 8.6 12
CALl 97.2 7.7 1.10 102 7.7 1.1
3 JALL 58 5.1 0.72 59 5.3 0.74
TIALL 39.2 5.5 0.8 43 5.8 1.24
CIOAL 75.1 7.9 111 78.0 8.2 1.15
YOK 76.0 8.6 121 75.7 8.4 1.19
MOK 74 1.12 0.15 7.6 1.4 0.2
4CcC 95.8 8.4 12 96.8 8.6 1.2
CAL 97.6 8.6 1.2 104.0 8.8 12
9 JAL 59.5 55 0.8 61 5.6 0.79
TIALL 38.1 4.3 0.6 43 4.5 0.64
CIOALL 76.1 7.7 1.1 80 7.6 1.1
YOK 73.9 6.3 0.89 75.8 6.4 0.9
MOK 7.1 112 0.15 7.3 14 0.2
4qccC 90 8.4 1.2 94.0 8.6 1.2
CAL 104.9 8.0 1.13 105 8.1 1.1
10 JOALL 62.6 6.1 0.85 62.0 6.4 0.9
TIALL 423 55 0.8 43 5.2 0.74
CIOAL 81.2 8.2 1.15 81.0 8.5 1.2
YOK 73.7 8.6 1.21 74.7 8.8 1.24
MOK 6.6 1.07 0.1 7.2 1.3 0.2
4ccC 82.8 8.8 1.24 88 7.8 1.1
CAL 106.0 8.1 1.1 107 8.8 12
1 JOALL 65.5 7.1 1.0 67 7.6 1.1
TIALL 40.5 6.5 0.92 40 6.8 0.96
CIOAL 83.2 6.6 0.93 845 6.7 0.90
YOK 71.1 8.4 1.19 68.3 8.5 12
MOK 5.9 1.06 0.11 6.0 1.2 0.16
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Taxum 06P830M, Ha OCHOBAaHHHM dHAJN3d IIOJYYE€HHBIX MdHHBIX MOXHO 3daKJIIOYHUTH, UYTO C

BO3paCTOM Yy HIIKOJIBPHHIL, HE3dBHCHMO OT CHCTEMbI O6PEI3OB3HI/IFI, Ha6)'IIO,ILaIOTCF[ COBUTH TOKa3aTeien

KapJuoreMOAWHAMUKY, Kak B cropony moBsineHus (YCC u aprepuaabHOTO [aBIEHWU), TaK U
moumwkenus (YOK u MOK), naubonee BbIpaXKeHHOe IIpU eBPOIEHCKOM cucTeMe 00Iero
o6pasoBauusi. HeckoIpKO BBICOKME MOKA3aTeId KapJUOTeMOAWHAMUKY Yy WIKOJIBHIIL, OOYYaBIIIXCS

II0 eBPOIIEMCKON MOJEeIM, MBI PacCMAaTPUBAEM KaK €CTECTBEHHYIO NPUCIOCOOUTENIBHYIO PeaKIHIo

OpraHM3Ma K IIOBBILNIEHHOH y4eGHOM HarpyskKe.
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In the current study the products of Rana ridibunda adult frog liver arginase hydrolysis by trypsin were
investigated in order to obtain information about the polypeptide chain scroll level, as well as conformation of the
enzyme under consideration. The results revealed that under the influence of trypsin (18 hour, pH=9.5, 25°C) 4
relatively large fragments were appeared. The augmentation of divalent ions’ Mn, Co, Ni, Mg in liver extracts
increases both the enzyme activity and the sensitivity towards proteolytic inactivation. According to the results, Mg
ions do not have an effect on the sensitivity of the enzyme towards proteolysis and are partly considered a protector
against the effect of trypsin, which probably is the result of the changes in enzyme’s conformation, which leads to
trypsin’s sensitive bonds blockade.

Arginase — bivalent cations — limited trypsinolysis

dh-phinpughuyh Enwbwlnyg (Sephadex G-200) htwwqnudby &u Rana ridibunda hwunmt gnpuh jwpnh
wuphwuhtny  hpgpnihgh  wpquuhplbpp, byunuy nbkbun] wnwbag nfuitp woghybynhguihe onpagh
wupnipdw wunhfwith b hknwgnungnn  dhpdbinh Ynudnplughwh dwuht: 8nyg £ wpyws, np wphwuhith
wgntgnipjudp (18 d, pH=9.5, 25°C) juwnwpynid £ wnjhybwwhnuyht snpuyh 4 hudbdwnwpup ungnp hwngwusttph
wnwewgnid: Gpyuykun hnbukph' Mn?, Co*, Ni%, Mg* wkjugnidp jupnh Epunpulnitpht pipnd b $Epdkunh
wlnhjugdwipn b dhwdudwbwl] wpnnbknhinhl] htwlhnhjugdut tjundwlp qquunipjut  pupdpugduinp:
Bpyu ki Mg*-hnubbpp skt wgnmd gyupnh wpghtwgh ypnnbnhnply htwlnhjugdut qquyinipyut Jpu b npny
swthny niukb wupwnwwihy nip wphyuhth wqpbgmput tjundwdp, hsp hujuwbwpwp juwydws b SEpdkunh
uniklniyh Ynbubnplwghnt thnthnjumipiniiibph htwn, npp pipmd b wphwuhtth tjwndudp qquynitt wjbwnhnuyht
Yuytph opgwihwluwbp:

Upgplinug — Eplyuy Elnn Junnpnbbbp — vwhdwhuhul] iphwupinghq

C uesbio mosydeHus MHGOPMALUU O CTEIEHH CBEPHYTOCTH IOJHUIENTHAHON Leld U 0 KOH(GOpMAIUK
MaKpOMOJIEKY/Ibl apruHashl II€YeHU B3POCIBIX JIATywleK Rana ridibunda wmeromoM reis-GIUIBTpAlUKM Ha
KoJoHKax ¢ cedazexcom G-200 mcciefoBasy MPOLYKTHI TPUITUYECKOTO THAPOIN3a U3y4aeMOro (hepMeHTa.
IokasaHo, 4TO mOZ IekcTBueM TpuicuHa B TedeHue 18 u mpu pH 9.5 u 25°C mpoucxozpuno oGpasosanue 4
¢dparmenTOB. B pesysnbTaTe MHKYOHPOBAaHUA SKCTPAKTOB IeveHM B mpucyTcTBuu Mn?+, Co?, Ni?* mpoucxozmiia
AKTHUBALlUA apI‘I/IHaSBI, HPI/I 3TOM BO3PaCTaJIa IIyBCTBI/ITe)'H:HOCTI) ee K HpOTeOHHTH‘IeCKOﬁ HWHAKTHUBALIUH. I/IOHBI
Mg?* He BIMSAIM Ha YyBCTBUTEIBHOCHTH ()epMEHTa K TPUIICHHY U B ONpe/ie/IeHHOH Mepe BBICTYIAlIU B POJIH
IIPOTEKTOpA, YTO, OYEBUAHO, CBA3AHO C KOH(GOPMAIIOHHBIMU M3MEHEHWSIMU B MOJEKyJe (epMeHTa, KOTOpbIe
IIPUBOJAT K GIOKAPOBAHHIO HEKOTOPBIX IYBCTBUTEIBHBIX K TPUIICHHY IIEIITHIHBIX CBI3€.

APTHHES’E — ABYXBA/IEHTHbI€ KATHOHBI — 9aCTH YHBIH TPHIICHHOJIH3
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Studies on the subject of reversible inactivation of frog liver arginase conducted at the Chair of
Biochemistry of YSU have revealed the structural characteristics of native and reactivated enzyme’s
subunits. It has been shown, that studied enzyme has structural and consequently functional
characteristics, which distinguishes it from various arginases in different levels of evolution development
[1, 2, 3]. The native protein limited proteolysis is considered one of the prevailing methods for
investigation of proteins and isoproteins structural and functional characteristics. The mentioned method
allows determining the position of the sensitive bonds towards proteases, which exists on the surface of
the molecule. Research about the type and quantity of derived fragments may provide valuable infor-
mation about the polypeptide chain scroll level, as well as conformation of macromolecules. Different
proteins display diverse sensitivity towards the influence of proteases, for instance, serum albumin splits
into relatively 4 large fragments by trypsine [4], meanwhile one of the molecular forms of
glycogensynthase gets completely degradated into low molecular fragments after 30 min. of trypsinolysis
[5]. This method was successfully used to investigate structural and functional features of certain
enzymes such as, creatine kinase [6], adenosine triphosphatase [7], myosin [8] and bovine liver arginase
[9].

Herein the effects of several bivalent cations (Mn®', Co>", Ni*', Mg®") on the sensitivity of Rana
ridibunda frog liver arginase towards proteolysis is described.

Materials and methods. Rana ridibunda Pallas adult frogs are used as a research object. The study was
implemented in accordance with the Helsinki convention on animal studies. The Rana ridibunda frog liver arginase
preparation final concentration is 5 %, which were prepared by distilled water. Enzyme activity was measured by Ratner and
Pappas method [10], subsequently the urea, which emerges by substrate dissection, was measured according to the method of
Archibald, which was modified by Moore and Kauffinan [10]. The absorbance of protein was measured in a
spectrophotometer (Genesys 10S UV-VIS) at 280 nm. The molecular weights of fragments were determined by Gel-filtration
method (Sephadex G-200, Uppsala, Sweden). The equilibration and elution was done with buffer solution containing 0.05
mol glycine-NaoH (pH=9.5) in 25°C, elution velocity is 20 ml per hour.

Marker proteins (urease, alcohol dehydrogenase, human serum albumin, pepsin, trypsin and ribonuclease) are used
for determining the molecular masses (fig. 1). During the experiments we used purified, chymotrypsin free trypsin
preparations, which was added by 1 mg/ml concentration to 5 % enzyme preparation. The reaction stopped by soybean
antitrypsin, with 0.2% concentration in the solution. Bivalent cations were added 25 umol per 1 ml to the studied sample.

Velution

4 W5 5 i

Log.molecular weights

Fig.1. Molecular weights of Rana ridibunda frog liver arginase determined by gel-filtration method
(Sephadex G-200).
1.Urease, 2.alcohol dehydrogenase, 3.human serum albumin, 4.pepsin, 5.trypsin, 6.ribonuclease, * Arginase

Results and Discussion. In the present report, we investigated the effect of several bivalent cations’
Mn?**, Co*, Ni**, Mg*" on the sensitivity of liver arginase inactivity. Mn®" ions are necessary for the
stability of enzyme, activity expression and maintenance of molecular charge and olygomer structure.
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At the begining, 2 hours pre-incubation of arginase in the presence of studied cations has been done. As
shown in tab. 1 and fig.2 after 2 hours of pre-incubation with Mn*" ions arginase activity increases by
97%.

Table 1. The effect of several bivalent ions Mn**, Co*", Ni**, Mg”" on the sensitivity of arginase inactivity n=5

Control Activation per 1 ml
(without ion) Activation and inhibition %
Mn2® Co> Ni2t Mg2+
34 6.7 4.7 3.94 2.54
Increase of activity (%) +97 +38 +16 -25.3

Fig.2. The effect of several bivalent ions Mn2+, Co2+, Ni2+, Mg2+ on the proteolytic inactivation of arginase.

As one can notice from the results, 2 hours pre-incubation of arginase with Co?" and Ni*" also activates
the enzyme 38% and 16%, respectively, in the case when Mg ion inhibit the activation by 25.3%. The
indispensable time for providing complete restoration of activity depends on the ion concentration, temperature
and pH. According to the author, the enzyme connection segment is inaccessible and for ion connection it
requires the reunion of the atoms [9].

Subsequently after enzyme pre-incubation with bivalent cations, hydrolysis is performed by trypsine, of
which brief characteristics are presented in tab. 2.

Table 2. The effect of Mn*" ions on the sensitivity of Rana ridibunda adult frog liver arginase towards
proteolytic inactivation (Initial activity 29000 pmol/g)

Limited proteolysis by trypsin without pre- Limited proteolysis by trypsin after pre-
incubation by Mn* incubation by Mn**
Activation 0 8700
Sample Extent of Molecular weights of Extent of Molecular weights of
trypsinolysis fragments trypsinolysis fragments
Pa_rtly 2 85000, 35000 2 68000, 36000, 25000
purified

4 85000, 24000 4 68000, 36000, 13700
8 82000, 40000, 13700 8 35000, 25000, 13700
36000, 30000, 13700,

18 62000, 40000, 33000, 13700 18 10000, 8000

Unlike the non-incubated samples by Mn*', in pre-incubated samples the activation is preserved for
30%. In pre-incubated samples by Mn?*, after 2 hours hydrolysis, appeared 3 fragments, which molecular
weights are less than molecular weights of non incubated preparations (tab. 2, fig. 3-6, Blue dextran and
trypsin corresponding peaks ere not represented in the curves). After 4 hours of trypsinolysis the
fragments with 68000, 36000 and 13700 Da molecular weights were appeared, which means the further dissect-
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tion of the 3" fragment. As well as, after 8 hours 3 fragments with lower molecular weights (35000,
25000 and 13700 Da) were appeared. Furthermore, after 18 hours trypsinolysis 5 fragments with 36000,
33000, 13700, 10000 and 8000 Da molecular weights were appeared.

It has been previously shown in tab. 1 that, Mn ions increases the sensitivity of studied enzyme
towards trypsin activity, and inactivates the pre-incubated samples. The increase in the number of
fragments and decrease of fragments weights proves that point. Probably, after pre-incubation by Mn?"
conformation changes occur in arginase, which reflects in the sensitivity of enzyme towards proteolysis.
The results indicate that although the initial activation of enzyme (Co”" 38%, Ni*"
increase the sensitivity of arginase towards the influence of trypsin more than Mn*" (fig. 7, 8, 9).
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Fig 3. Trypmﬂnlyma after 2 hours
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Fig.7. Effect of Co ions (After 18 h
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Fig 8. Effact of Ni ions (After 18h
trypsinolysis)

Fig.3. The effect of Mn ions on the sensitivity of Rana ridibunda liver arginase towards proteolysis
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Compared to the Mn?", trypsin shows a stronger degradation effect on Co®" and Ni*". In addition, pre-
incubation by Mg”" prohibits the arginase activation by 25.3%; nevertheless,it is considered a protector
during the limited trypsinolysis by protecting arginase from trypsin’s proteolytic effect therefore, quantity
of fragments decreases to 3, which supposedly is considered as the result of changes in enzyme’s
conformation (tab.3).

Table3.The effect of of bivalent cations on the sensitivity of Rana ridibunda frog liver arginase towards proteolytic
inactivation (Extent of trypsinolysis’ 18 hours) n=4

Ions Molecular weights of fragments Ne of
fragments
- . 2
Trypsinolysis without |, 6q) 40960 33740 | 12320
pre-incubation by ions
Mn** 36000 30000 13700 10000 8000 5
Co” 44700 37500 19800 13700 10300 | 8200 6
N 40600 34500 26000 15800 11800 | 8000 6
ng 72860 28180 16790 3

It is notable, that our results do not coincide with the reports of Bond relating to bull liver arginase,
where it is noted that Mg2+ does not activate enzyme and does not effect on inactivation sensitivity.
However, it corresponds with the Bond results about rat liver arginase, according to pre-incubation with
Mn?" and Co®" increases enzyme sensitivity against proteolytic inactivation [11]. There is evidence that
Mn*" is considered as a protector for rat liver arginase against protease effects [12]. In human liver
arginase loss of Mn®" makes the enzyme more sensitive towards proteolytic inactivation [13]. Thus, it can
be stated that Mn®" and Co”" ions are stimulating the activity of Rana ridibunda liver arginase, but do not
protect enzyme against the effect of trypsin during the limited inactivation, which coincides with the
evidence reported by Carvajal relating to human liver arginase [13], and do not coincide with the Diez
studies about rat liver arginase [12].

In conclusion, we consider that it is necessary to carefully transfer particular data of arginases by
different origins from one class of animal to another. Further studies will allow discovering the molecular
variation in similar enzyme, structural and dimensional disposal differences and simultaneously
investigate the species specificity.
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In the study on early lactating dairy cows, it was shown the influence of vitamin E on some indices
including milk yield, DMI (dry matter intake), BWC (body weight change), and NEFA (non-esterified fatty
acids) while feeding diet with or without supplemental vitamin E. In control and treated group DMI had
positive correlations with milk production. BWC had negative correlations with milk and DMI. NEFA had
positive correlations with milk. NEFA had negative correlations with DMI and BWC. The correlations were
significant for some values. These findings indicate that oral administration of vitamin E can be useful for
improvement of milk yield and DMI, and reduction of BWC and NEFA in the cows.

Milk yield — DMI — BWC — NEFA — lactating cow — vitamin E

Jun jujunughnt pppwinid nuunidbwuhpyt) E Jhunwdht E-h hwgbjdwh wqpbgnipniip jupbwnnt
Ynytph wybyhuh gniguihptibph ypw hugwhupp Bo* Yph sop yymph Yubnudp, dwpduh igubh quiqush
thnthnjunipnibibpp, juptwnynipniip b wppub wyuqduyh skupbphdhugqus dwpuyuppniutph (QEKGY)
wupnibwlnipenibp: Pusybu uinnighynud (wpwbg Jhnwdht E-h) wytybu b thnpdtwub judpnid qpubigyt) &
npuljui Ynphpughw YEph snp ymph jlutdwt b juptwnynpyut dhol: Uhhtnyt dwudwbwl tpynud
puguwuwlub Ynpbpjughw pdws gnigwhpubph b Yhunuuh quiqyush dholi: QELM-h wpyut wjwquuyh pw-
twlp npubinpmu E ngpujut §npkjjughw juptungnipjut b puguuwului® snp ymph jlubdwb b jrunuth
quiiqush thnhnpunipyut htwn: YUnphjghwt hwjuwunh E npnp dkdnipnibikph hwdwp: Unwugqus wdjuyukpp
Jyuynud B Jhunnwdht E-h gpujut wqpkgnipjub dwuht Yeph snp niph Jubdwt b jupbunynppub puw,
npp qnignpnynid £ QR&E-h pubwlh b fEunuth quiiqush thnthnunipjut tduquudp:

Quiplunmnipinil — jhph snp yniph Gruinid — jEapubh qubgqyus — OEK0 —
Juplhunnnt §nykp — Jhununlpi E

B pamHUi mepuo, JaKTauMK GbLIO U3y4eHO BIMAHNe CKapMJIMBaHUA BUTaMUHOM E Ha HekoTopsIe
TIOKa3aTeay MOJIOYHBIX KOPOB, BKJIIOYAs IOTJIOIEHHE CYXOTO BellleCTBa KOpMa, M3MeHeHMe MacChl Tea,
nmpogykuuio Mosoka u cogepxkanre HOJKK B mmasme kposu. Kak B xonTpose (6e3 ButamuHa E), Tak u B
OIIBITE OTMEYasach IIOJIOXHTENbHAs KOPPeIAlUs MeXZIy IIOTJIOeHNeM CYXOro BellleCcTBA KOpMa M
MOJIOYHOH IIPOAYKTHUBHOCTBIO.  PerucTpupyeTcs OTpUIaTeNbHAs KOPPEIALMA MeXIy H3MeHeHUIMU
JKMBOM MacChl M BhINIeyKasaHHRIMM IHoKasaTensmu. Kornmentpamua HOXKK B mrasme xpoBu HaxoguTcs B
TIOJIO>KUTEIPHOM KOPPEeNAIMI C MOJIOYHOM IMPOSYKTHBHOCTBIO U OTPUIATEIBHON C IIOIJIOLIEHIEM CYXOTo
BellleCTBa KOpMa U M3MeHeHHeM MaccChl Tesa. Koppendius noctoBepHa i pAZa BelWduH. IlorydeHHbIe
JaHHBIE YKa3bIBAaIOT Ha IIOJIOKUTEJIbHOe BIMAHME CKapM/IMBaHMA BUTaMMHOM E Ha moriomenwue cyxoro
BellleCTBa KOPMa U MOJIOYHYIO IPOZYKTUBHOCTB, COIIPOBOXaeMoe yMeHblreHHeM cogepxkanua HOXK B
CBIBOPOTKE KPOBM M M3MEHEHU MacChI TeJa.

ITIpozyKymsa MoJIOKa — ITOIVIOLEHHE CYXOr0 BeIjecTsa KOpMa — H3MEHEHHE MaCCH! Tead —
HOKK — rakxrupyrommne KopoBsI — BuTaMuH F
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In early lactating dairy cows, increasing milk production greatly increases demands for
energy at a time when DMI (dry matter intake) has not reached its maximum, because the
increase in milk production occurs prior to a sufficient increase in dry matter intake, Therefore,
dairy cows undergo tremendous adaptive changes during early lactation period. The majority of
cows cannot meet their energy requirements for milk production and are forced to mobilize
body fat to attempt to meet their energy needs [8]. Adipose tissue provides energy in the form
of non-esterified fatty acids (NEFA) [6]. The high amount of mobilized fat enters the liver. It is
converted to ketone bodies to supply energy. Thus, maintaining optimal liver function is central
to the ability of cows to have a smooth early lactation period. Fat infiltration is a principal
factor leading to development of fatty liver and ketosis [7]. Fatty liver and ketosis are metabo-
lic disorders which affect lactating cows and cause economic losses due to reduction pro-
ductivity. As the degree of fat infiltration increases, normal function of liver is affected
adversely. The situation becomes a problem when dry matter intake does not increase suf-
ficiently in early lactation to support energy needs and reduce fat mobilization.

Milk yield, dry matter intake (DMI), body weight change (BWC) and some metabolite
concentrations in blood reflect the nutrient status and productivity of an early lactating cow.

Since vitamin E is a powerful antioxidant which can prevent lipid peroxidation and
improve hepatocyte function [10, 12], we studied the influence of feeding supplemental
vitamin E on correlations between milk yield (based on FCM), dry matter intake, body weight
change and NEFA in early lactating dairy cows.

Materials and methods. Cows, treatments, and data collection. Sixteen primiparous and
multiparous Holstein cows were used in our study for one month beginning five weeks postpartum. Cows
were housed in individual tie stalls. Selection of cows for initializing this experiment was based on
parity, milk yield of previous lactation (milk yield of dams for the cows in their first lactation) and body
condition score (BCS). Therefore, the similarity of production and BCS was used as selection criterion of
dairy cows for starting the study. Cows were fed for ad libitum intake the total mixed ration (TMR). The
cows received diet with or without supplemental vitamin E (the amount of vitamin E was 4400 IU/d for
treated group). The diet was formulated to production intensity, and consisted of ordinary alfalfa hay,
silage, beet pulp, and concentrate (including barley, corn, canola meal, cottonseed, wheat bran,
cottonseed meal, wheat grain, corn glutton meal, soybean meal, sodium bicarbonate, fat meal, limestone
and vitamin-mineral supplement). The vitamin E was top-dressed onto the TMR.

Sampling and statistical analysis. Cows were milked thrice daily at 8 hour intervals, with no
provision of water or concentrate while milking. Milk yield was measured everyday for all cows. The
milk samples from individual cows were analyzed for milk contents. The following formula was used for
the calculation of FCM (fat corrected milk) of each cow [4]: FCM= [(0-4xkg milk) + (0-15xkg milkx fat
g/kg)]. Gaines’s formula is an attempt to relate the energy required to produce milks of different fat
contents by adjusting the yield to that of 4% butterfat milk. Samples of TMR and ort for both control
and treated group were taken for analysis of dry matter. All samples were dried at 60 °C for 72 h, and
then weighed to determine moisture loss. Blood samples were obtained before morning meal from the
coccygeal vein on the last day of experiment and then were collected in heparinized Vacutainer tubes
(heparin as anticoagulant) (Becton Dickinson, Franklin Lakes, NJ). Blood samples were placed on ice
immediately following collection. Plasma was harvested after centrifugation of the blood at 3000 g for 15
min. Then they were both stored at —20 °C for 24 hours until subsequent analysis for NEFA. The NEFA
was measured on “BT 1500 auto-analyzer” through spectrophotometer method, using kits produced by
“Farasamed Co, Ltd. Tehran, Iran.

For statistical analysis, experimental data normality was verified, and then data were submitted to
analysis of correlation, using SAS (2002) software package.

Results and Discussion. The raw data and the correlations between the values for the
control and treated group (which received vitamin E) are shown in the following tables (1 & 2).
In our study, in control and treated group, DMI had positive correlations with milk

(0.35 and 0.75 respectively). BWC had negative correlations with milk (-0.48 and -0.20
respectively) and DMI (-0.28 and -0.07 respectively). NEFA had positive correlations with
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milk (0.50 and 0.11 respectively). NEFA had negative correlations with DMI (-0.43 and -0.09
respectively) and BWC (-0.41 and -0.11 respectively). The values between 0.4 and 0.8 as well as -0.4
and -0.8 are significant.

Table 1. The influences of vitamin E on some indices in early lactation dairy cows

Groups Control Vitamin E
Milk (kg/d) 34.70 £3.57 36.75+3.00
DMI (kg) 2243 +£2.15 23.26 £3.58
BW (kg) -13.40 + 1.85 -6.14 £2.54
NEFA (mmol/l) 0.32+0.05 0.25+0.03

Table 2. The correlation between some values in the control and treated cows (with vitamin E)

Groups Control Vitamin E
Correlation Milk DMI BW Milk DMI BWC
DMI 0.35 U [ — 075" | - | e
BWC 048" | -028 | - -0.20 007 | -
NEFA 050" | -0437 | -041° 0.11 -0.09 -0.11

* Significant

Dairy cows during early lactation period are at high risk for different metabolic disorders, in-
cluding fatty liver and ketosis [2]. Consequences of fatty liver and ketosis include losing weight, de-
creasing dry matter intake and milk yield [8].

To support milk production, the cows mobilizes adipose tissue, therefore NEFA concentra-
tion is elevated during early lactation which are associated with hepatic triglyceride accumulation
and increased production of ketone bodies [14]. Liver uptake of NEFA is proportionate to portal
blood supply [11]. The liver does not have sufficient capacity to completely dispose of NEFA
through export into the blood or catabolism for energy [3]; therefore, when large amounts of NEFA
are released into the blood, the liver begins to accumulate and store NEFA as triglycerides, resulting
in fatty liver. Early lactating cows mostly rely on gluconeogenesis in the liver to meet their glucose
requirements. But the level of blood glucose decreases during early lactation due to high demands
for lactose synthesis as well as insufficient gluconeogenesis [1]. Reduction in gluconeogenesis by
the liver, due to accumulation of fat in the liver, lower blood glucose levels and decrease insulin
secretion, which would support greater lipid mobilization and increase rate of fatty acid uptake by
the liver and increase ketogenesis [5]. An increase in plasma glucose during early lactation will like-
ly increase insulin and decrease NEFA concentration.

In cows, plasma concentration of a-tocopherol (vitamin E) decrease during early lactation pe-
riod [15], and low concentration of plasma vitamin E is associated with increased incidence of fatty
liver [9]. Supplemental vitamin E can decrease inflammatory cytokine production [10] and improve
liver antioxidant status in mice with fatty liver [13], supplemental vitamin E also improves liver
function in early lactation cows.

In human, vitamin E supplementation significantly improved liver health in steatohepatitis
patients compared to placebo [12].

The results of our study indicate that feeding supplemental vitamin E revealed tendency to decrease
BWC loss, NEFA as well as increasing milk production and DMI. In this case vitamin E probably
improved liver function due to increase glucose in the blood and then by stimulation of insulin
secretion suppresses fat mobilization from adipose tissue. Therefore the treated group lost less
weight than that of the control group. The reduction

in fat mobilization causes to decrease the amount of NEFA in the blood and consequently make the
influx of NEFA into the liver slow, thus the liver has fewer problems for oxidation of NEFA, and as
a consequence, accumulation of fat in the liver decreases. Besides due to improvement of liver
function, more NEFA oxidized in the liver and so the level of beta-hydroxy butyric acid (BHBA)
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decrease in the blood. But when NEFA increases in the blood, liver does not have the capacity to
oxidize them or export them as VLDL, therefore they convert to fat and store in the liver or they
convert to BHBA. when NEFA and BHBA increase in the blood the pH of blood decreases, and
increase in NEFA concentration effect on hypothalamus which causes to decrease appetite (because
appetite is controlled specifically by hypothalamus), and as a result, dry matter intake decreases in
cows with fatty liver and ketosis, therefore DMI cannot support milk production, thus in our study,
the cows in control group lost more weight compared to the treated group.

In conclusion, feeding vitamin E might be useful for early lactating dairy cows due to impro-
vement of liver function, milk yield and DMI and reduction of BWC and NEFA.
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PaccmarpuBaioTcst MopdoorndecKkue HapyLUleHUs YacTeil POTOBOTO ammapara TUIHHOK XUPOHOMHUJ U3
nmopcemeiicts Diamesinae u Orthocladiinae n3 BomoemoB Apmenuu. VIx gacrora cocrasiser B cpeaHeM 7.25%,
YTO He IIpeBBINIAeT OOLIeNpHHATYI0 HOpMy. OTMedaeTcs He3HAUWTEIbHAs POJIb 3aTPA3HAIOIINX BEIECTB B
o6GpasoBaHUU abepparuii.

Chironomidae — BogoemsI ApMeHHH — DOTOBOH aIIIapar THYHHOK

Qhudnud ki phpwth wwywpwwnh dnpdnnghwljut phnnudubpp  Zujwunwih  opudpwpubpnd  plualpdnn
Orthocladiinae & Diamesinae Gupwpuinwthpitphtt wwwnlwinng pqqui-undwlh pppoipbkph  Unw:  Lpubg
hwdwhuljuinipiniip uqunud kdhohtip 7,25%, npp sh gipuquiignud pipniiws unplwi: Lpynud £ wnnnwunnn iympkph
wblipwh nipp wpknwghwubtph Abwynpdwt Uke:

Chironomidae — Zuywmunwith gpuljuybilp — ppenipbbph phpubh wwyupun

Morphological distortions of mouth parts of chironomid larvae of Orthocladiinae and Diamesinae subfamilies
from reservoirs in Armenia were discussed. Their frequency was in average of 7.25%, which does not exceed the
generally accepted norm. There is an insignificant role of pollutants in the formation of aberrations.

Chironomidae — reservoirs of Armenia— mouth parts of larvae

B mHacrosmee BpeMsa MHOrO BHUMAHUS VIelseTcs 3arpA3HEHUAM BOAHOHM cCpefbl, Ha-
KaIlTMBAIOIell IOJUTIOTAHTHI AHTPOIIOTEHHOTO ¥ IIPUPOIHOTO XapaKTepa B JOHHBIX OTIOXeHusX. [Ipu
IIPOBeIEHUU TUAPOOUOIOTUYECKUX M TOKCHKOJIOTMYECKUX HCCIeZOBAHUN aKTyaJlbHBIMH ABJIAIOTCA
paboTsl mo m3ydeHHIo Mopdosornyeckux medopmanuii Tesa JUYMHOK xuponomupz [1, 11, 12]. B
Poccun mopoGHsre wucciemoBaHus [0 cux Inop exzuHuyHsl [1, 2]. B xome wuccremoBanus
TeHOTOKCHYECKOTO BIMAHHUA THKENBIX METAIOB HA IOIUTEHHbIE XPOMOCOMBI CTIOHHBIX JKEJIE3 JMUYMHOK
XHPOHOMUJ, 1 Ha MOp(l)O]IOFI/I‘IeCKI/Ie XapaKTEPUCTUKH JIMYNHOK Y HEKOTOPBIX OCO6eI;’I 6I)I]II/I O6Hapy)l(eHBI ae-
dopManuy OT/ZENBHBIX dacTeidl TOJOBHOM KamCynsl. Takue oco6u OKas3aauch HEMHOTOUMCIEHHBIMHU, H

48



MOP®OJIOTUYECKHUE IEGOPMAILIMU POTOBOT'O AIIIIAPATA Y HEKOTOPBIX BUJIOB ITOJICEMEVCTB ORTHOCLADIINAEV ...

HapyLIeHHs KacaJuCh TOJIBKO POTOBOTO allllapaTta — MeHTyMa 1160 MaHAuOy1. B HacTosmei paGore
PpaCcCMaTpHUBAIOTCSA HEKOTOPBIE€ THIIBI MOp(bOJIOI‘I/I‘IeCKI/IX a6eppau1/11‘/'1 Y JIHUYHUHOK XWPOHOMHJ H
06Cy)K,I[aIOTCH BO3MOJXHBIE€ IIPUINHBI MX BOSHUKHOBEHHM .

Mareprar u mMerogmka. JluuusKu XupoHOMHJ, cobupanu B Bojoemax Apmenuu c 21.04.2010 r. mo
09.09.2010 r. B GacceiiHe rJIaBHOM M HauBaXHeHme# Aad pernoHa p. Paspman, a Taxxe B monuue p. Kacax,
pacIooxxeHHO# 3amagHee. BricoTa MeCTHOCTH HaZ, ypPOBHEM MOPS B TOUKax COOPOB cocTasiisna oT 842 m mo 1890
M, pH cpezs! BapsupoBaia ot 5.5 1o 7.0. JImunHOK coOMpaIu caukoM ¢ AuaMeTpoM 15 cM, IpOMBIBaIN MaTepHasl
Ha MecTe c6opa IIpX IIOMOIIY IOYBEHHOTO cuTa ¢ auameTpoM sueu 0.5 Mm. CKOpOCTh TeueHMs B MecTax cGopa
COCTaBJIsATIA OT 2 M/C IO IOJIHOTO OTCYTCTBUA TedeHus. COopst mpoBoauancs Ha riryounax 0.1-0.5 m. [l uccie-
ZOBaHU OTOMpPAIUCh JIUIMHKK mopceMeiicTB Diamesinae u Orthocladiinae. Onu BeTpevanucs B coobliecTsax,
HaCeJIMIOMNX CTa00TeKylie BOJOEMSBIL C HI3KOM CTeleHb0 9BTPOdUKAIMY Ha CyGCTpare U3 TOHKOTO CJIOSL CEPOro
WIa C NOACTUIAIOMIMM KAMEHUCTHIM WM IecyaHsiM rpyHTOM. COOpaHHbIH Marepuan GUKCHPOBAICT Ha MeCTe
c6opa B xuzkoctu Kapuya (3 wactr 96%-Horo sTHI0BOTrO CIIMpTa + 1 YacTh Ie/AHOM YKCYCHOM KHCTOTEI).

Jlna KaxJoi JUMYMHKU TOTOBMJIM MOPQOJOTMYeCKHe IpelapaTsl, KOTOPble COCTOATIHM U3 OTZAEIbHBIX
YyacTeil TOJIOBHOM KaICyJabl M IOCAeSHUX 7-9 OpIONIHBIX cerMeHTOB Tena. Mopdooruueckue IpemapaTsl
TOTOBUJIH IIO OOIIEIPUHATHIM MeTozuKaM [2, 9]. Obiee KonuyecTBO INYUHOK cocTaBuio 138 ocobeit, n3 Hux 10
r“MeH MopdoIoruiecKye HapyeHus.

Pesynsrarsr u obcyxxgenne. Beiny u3ydeHbl JUYMHKY XUPOHOMHJ, HMeIOIIMe Te HIN HHbIe
Mopdosoruueckue JepopMaluy POTOBOTO allapara, a MMEHHO He3HAYWTeIbHAas BhIIEPOIeHHOCTh
cpepuHHOro 3ybOua MeHTyma y Cricotopus curtus (puc. la), CKOJ IeHTpaabHOM YacTH CPeJUHHOTO U
mepBoii Iapsl GOKOBBIX 3y010B y Diamesa insignipes (puc. 1 6), aCHMMETPUYHOCTh CPELMHHOTO U IIE€PBBIX
GOKOBBIX 3yOLOB MeHTyMa y Lappodiamesa davisi (puc. 1B), acCHMMeTpHYHOCTh I€HTPaJbHOI YacTH
mentyma y Diamesa sp. (puc. 1 r), ckos meHTpanbHON yactu MeHTyMa y D. tsutsul (puc. 1x), acummer-
PHYHOCTH MEHTYMa BCJIE[CTBHME PAasHOTO KOJIHWYeCTBa GOKOBBIX 3yOuoB y Cricotopus ex gr. bicinctus (puc.l
€), CKOJI BepIIMHBI TPEThero UCTUHHOTO 3y6ua MaHAuOy sl y Diamesa sp. (puc. 1 ), ckos Gosblieil 4acTu
TPeThero MCTUHHOTrO 3y6ua Mauaulynst y Cricotopus ex gr. bicinctus (puc.l 3), OTCYTCTBHE HECKOJBKUX
HCTUHHBIX 3y010B MaHAUOYIb! ¥ Diamesa aberrata (puc. 1 u) u Orthocladius sp. (puc. 1 x).

AGeppaluy 3aTparvBaal Te YacTH TOJOBHOM KaIICyJIbl, KOTOPble IIPMHUMAIOT HEIOCPeACTBEHHOe
ydJacTue B COCKaGIMBAHUY U PasMeIbUeHUH MUUIEBbIX YaCTHI, — CPeAUHHEIHM 3y6el MEHTyMa U HaCTOALIVe
3y6usl MaHAuOY Bl CTelleHb IOBpeX/IeHH BapbHpPOBaja OT e[Ba 3aMeTHBIX lepOuH MeHTyMa (Cricotopus
curtus) IO OTCYTCTBHS LenbIX 3y6uoB MaHzauOyast (Cricotopus bicinctus). Y HeEKOTOPBIX o0coGei
IIOBPEXXAEHUA IBHO BOSHUKIIM B IIPOIieCCe KU3HeLesITeTbHOCTH — CKOGIEHH CyOCcTpaTa U IepeMasIbIBaHis
TBEPZABIX YACTHUI, KaK, HAIPUMeD, CKOJIBI MEHTyMa M MaHaubynsl y Diamesa insignipes, D. tsutsui u
Diamesa sp. Y ppyrux IU4WHOK, Hampumep MeHTyM y Cricotopus ex gr. bicinctus, niu MaHzubyna y
Diamesa aberrata u Orthocladius sp. BRITIAAT KaK HapylUIeHUd, BOSHUKIINE B XoZe oHTOreHe3a. M3 138
M3yYeHHEBIX ocobeli HapymeHus Opuim oTMedeHs! y 10 jumamHOK, 4TO cocTtaBmio 7,25% oT obmero
KOJIMYeCTBa.

Mopdonoruyeckue fedeKTsl POTOBOTO aIapara JUYMHOK MOTYT IIPEACTaBIATh COGO
MHAYIUPOBaHHbIe M3MEHEHNs, BOHUKIINE B OHTOTeHe3e IIOf ZeliCTBUeM aHTPOIIOTEeHHBIX 3arpsA3HUTeNei
— MOHOB U COeIUHEHNH THKebIX MeTaIIOB, IECTUIU/O0B, IIOBEPXHOCTHO-aKTUBHBIX BEIeCTB U T.II. B aToM
clydae TIOBPEXJEHMA XapaKTePUSYIOTCA «3aKUBJIEHHBIMU» KpasgMU PpasjJOMOB U TpeUIMH, KOTOpBIe
CIJIAXMBAIOTCA II0 Mepe pocTa Ju4MHKU. Ho B pAze ciydaeB st fAedopmanuu Gosblle ITOXOXK Ha
HCKYCCTBEHHO BBI3BaHHbIE HeJlaBHUE MeXaHW4YeCKUe U3MEHEHU - IIOJOMKU UJIM CTUpaHue 3y6I0B BO Bpe-
Ms CKOOJEHHs TBEepAOro cyOcTpata B JOHHBIX OTJIOXEHHAX, TeM Oojee YTO MOACTUIAIONIUM [JHO
cy6cTpaToM, dale BCEro, CIy)KaT IIeCOK M TajibKa. Takue abGeppaluy XapaKTe-PHU3YIOTCA UeTKOW JIMHUeH
Pa3JIoMa 3TeMEeHTOB POTOBOTO AIlIIAPaTa.
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Puc. 1. PasznuuHble THIBI U cTelleHb MOP(OJIOrMYECKUX OTKIOHEHWH B CTPOEHHH dYacTeil POTOBOrO ammapara y
JMMYMHOK XMPOHOMMZ: a. HeGOJIBIION CKOJ cpefuHHOrO 3yGia MentyMa (Cricotopus curtus); 6. CKOI CPeIMHHOTO U
11epBoro 6oKoBoro 3y610B MeHTyMa (Diamesa sp.); B. CKOJI CpeJHHHOTO ¥ IIePBOro G0KOBOro 3y61oB MeHTyMa (Diamesa
davisi); T. iepBble GOKOBbIe 3yOI[bI MEHTYMa pasHOM AnuHsl (Diamesa sp.); I. CKOJI CPeAIUHHOIO U IEPBOr0 GOKOBOTO
3y6uoB MeHTyMa (Diamesa tsutsui); . aCHMMeTPUS B CTPOEHUH IIePBBIX GOKOBBIX 3y0OLoB MeHTyMa (Cricotopus sp. ex gr.
bicinctus); . CKOJI 4acTy 3-TO MCTUHHOTO 3y6ua MaHAuOyasl (Diamesa sp.); 3. CKOJI GObLIEN YaCTH 3-TO UCTHHHOTO
3ybua mauzubymnsr (Cricotopus sp. ex gr. bicinctus); u. OTCyTCTBHe 3-TO HCTHHHOTO 3y6ua MaHAuOyisl (Diamesa
aberrata); x. oTcyTcTBYE 3-TO UCTHHHOTO 3y61ia MaHAuGYys! (Orthocladius sp.).
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Cryuait acummerpun MeHTyMa y Cricotopus sp. ex gr. bicinctus HamoMuHaeT KIacCU4YeCKU
Tepar - HapylleHWe, BO3HHKAIOIlee B XOJe OHTOTeHe3a CIydaifHBIM 0Opa3oM, BHe 3aBHCHMOCTU OT
BO3/I€1ICTBUA aHTPOIIOT€HHBIX 3aIPA3HUTEIIeH.

YacroTa abeppauuii poTOBOTO ammapara y JIMYUHOK M3 ADMEHUU He IPEeBBIUIAeT CpefHui
mpoueHT gedopMaruii, XapaKTepHBIH A crabosarpssHeHHbIx obmacreit — 8 [11]. B Apmenun B
TOPHBIX Py4YbsX M pedYKax IpeJiesbHO gonycrumse KoHnerTpanuu (IIJK) sarpsasuaromux BemecTs He
IIPEBBIUIAIOT HOPMY, He BBISBIEHO U30BITOYHOMN KOHLEHTPALUY TSKEIBIX META/UIOB M OPraHUYeCKUX
BemecTB. [l TOpPHBIX PaliOHOB ADMEHHUU MaJOBEPOSTHO AHTPOIIOTEHHOE 3arps3HEeHUe TsKeIbIMU
MeTa/UlaMM M CUHTeTHYeCKH-TTOBEPXHOCTHbIMU akTuBHBIMU BemjectBamu (CIIAB). OcroBHO# c6poc
3arpA3HUTeNIel OTHOCHUTCA K OKpPeCTHOCTAM EpeBaHa, TZe BOZOEMBI ITOJBEPTaioTCA AEHCTBHIO IIPO-
MBIIUIEHHBIX U GBITOBBIX COPOCOB U, KaK CJI€ACTBUE, IPOXOAAT YCKOPEHHBIN IIPOLIECC SBTPOGMUKAIIMIH.
JlaHHBIe  HACTOSAINETO  WCCIEIOBAHUS  IO3BOJIIOT  IPEAINONAraTh  HE3HAYWTEJBHYI  POJb
3arpsA3HAIONINX areHTOB B BOSHUKHOBEHU! BBILNIEOMUCAHHBIX MOP()OTIOrNIECKUX Ne(eKTOB.

Vi3BecTHO, YTO Ha NOSIBJIEHWE MOPQOIOTHYECKUX OTKJIOHEHWH Yy XUPOHOMHZ, MOTYT BIIHSTH
abuormyeckre u Guorndeckue ¢axkropsl. K mepBeiM OTHOCATCA TeMIepaTypa ¥ XMMUYECKHUH COCTaB
BOJHOH CpeZbl, CKOPOCTh TeYeHIs, IOCTIIAMOME JHO IPYHTHI, @ TAKXKe 3arPSI3HUTENH - TSDKeJIble
MeTaJUIbl ¥ HeKOTOpble opraHmdeckue BemecTsa (mectunuzasi, CITABer) [1, 7]. CepBua c coaBTropamMmu
[10] moxasam Ce30HHYIO WM3MEHYMBOCTh IOABIEHUA IOZOOHBIX MAedeKTOB: HAMOOJBIIAS YaCTOTA
ocobeit ¢ medexramu GbIIa B caMble XOJIOLHBIE IIEPHUOIBI FO/A, & HAUMeHbIIas — 1eToM. Ko BTopsim,
GUOTHYECKUM, OTHOCSTCS BO3PACT JIMYMHOK, CTAJII KU3HEHHOTO I[UKJIA, NHBAa3uu, HH(eKuuu u 1p.,
KOTOpBIe OCIA0ISIOT WIH yCHUIMBAIOT JeiCTBIE a0MOTUIEeCKUX (PaKTOPOB.

TenpeHnus mosiBiaeHus NedeKTOB B OTBET HA PAasHOTO POJA 3arps3HEHMs CHJIBHO BapbUpyeT
CpeAu PasIMYHBIX TaKCOHOB xupoHomuy, (3, 10]. Tak, nanpumep, y Chironomus riparius u3 obaacTu
Canrena (VTtanus) oco6u ¢ MOP(OIOTHIECKIMY OTKIOHEHUMH BCTPEYaIHCh ¢ yacroroit 3,8 % [6], y
C. plumosos n3 Quunsupuu (U3 paiioHa, re cOpPachIBAIOT CTOYHbIE BOZBI I1I€JIIIOJIO3HO-OyMaXKHbIE
KOMOMHATHI) JIUYMHKU C JedeKTaMHU POTOBOTO aimmapara oGHapykeHsI ¢ wactoroil 9% [5], a y C
acidophilus 3 Bogoéma ¢ xucioit cpegoii (Bemuko6puranust) 6b11u 06HAPYKeHb! TeOpMUPOBaHHBIE
JIMYWHKY ¢ dacToToi 5.7% [4]. Hazaposa [1] mpuBomur Tabauiy co CBOZHBIMU JAHHBIMU, COIJIACHO
KOTOPBIM pa3Hble 3arps3HSIOIUE areHThl WHIYLUPYIOT Mopdosorudeckre nedeKTbl B IIMPOKOM
muamnasone — ot 1,9% mzo 100%.

BeposTHee Oyzer sakioueHHe, YTO B BojoeMax ApMeHuu abeppaliii BO3BHHMKAIOT IIOJ,
ZeliCTBUEM eCTeCTBEHHBIX IPUYNH. B GOIBIIMHCTBE — MEXaHUYeCKUe TOBPEXAEHUA IIPU KOHTaKTe C
TBepPABIMM dYaCTHLIAMM CyOCTpaTa, M HM3peJKa — B pe3yJbTaTe BePOATHOCTHBIX COOEB IIPOTrpPaMMBI
MHIVBUAyaIbHOTO pasBuTusA. Habiomaemslil mporeHT ocobeii ¢ abeppalusMy He IO3BOJIAET CAEIATh
6ostee-MeHee OOOCHOBAHHBIN BBIBOJ, 00 SKOJIOTHYECKOM COCTOSHUU BOJOEMOB U3YYEHHOTO PETHOHA.
[t ycTaHOB/IEHHS 3aBHCHMOCTH MEX/Y CTEIIeHbBIO 3aTpPSI3HEHUS U 9acTOTOH AedeKTHBIX 0cobei, a
TaKKe CIenuUIHOCTH HEeUCTBUS TOTO WIM MHOTO areHTa TPeOYIOTCS THIPOXUMIYECKIe aHAIU3bI
Cpefbl C y4eToM reorpaduyecKoro IOJIOXKEeHHUsS MeCTOPOXKIEHWH HNOJTUMETALINYECKUX Py, YTOGHI
HCKJIIOYHTD BIIMAHIE €CTeCTBEHHBIX (PAKTOPOB Ha pe3yJIbTaT UCCIe0BaHMUA.

Pabora BeimonHeHa mpu ¢uHaHcoBoi moggepxke dorza MHTII (Mexnynapogsiii Hayuto-
Texuuveckuit neHTp), mpoekT #A-1662, a Takke IIporpaMm ¢yHIaMeHTaNBHBIX HCCIEJOBAHUN
ITpesupsnyma PAH “Tenodonnsr u reHetmdeckoe pasHooOpasue” u “IIpoucxoxpenue Guocdeps: u
SBOJIIOLYA Te0-OMOJIOrMYeCKUX CUCTEM .
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Znmpjudsnud ubpljuyugjus b Lhnbughtt Qwpwpunh Zubpuybinmpnimd. gmuntnbuwljut Jhimwuthukph
ppmghpngh whuinnpnodwt dkpnniutpp b hwdw&wpuljughtt ngpulinpnudutpp 2007-2011 puljutiibiph ppwugpnud: Ziquidju
htinwgninmipniuiiph wpyniupmd wupqyty B op pun dwipbwputimlut b ph&niljupuitiuljut hbinwgninmpnitkph
wpryniipbibph, hwipuybinmpniind uintndly b ppoighyngh hudwdwpuilfh jupdus hpunfhgwly: Quumdiuuhpdwt wp-
yniupubpny YEunwuhutph hhquinugnipju gniguwthop wnwyl) pupdn £ Uwpunting, htyybu twb Sniphh b Uultpuh
nwpuswopowtikpnud:

Uwbpk — wgynunplnugnid - papbighw - ppnighyng — hpyjwinnipinil — wppul ppdniy

B crarhe MpHMBOAATCA METOABI AMATHOCTUKM M aCHeKTHl SIHM300THYECKOTo IIPOABIeHMA Gpyleiuiesa
CeJTbCKOXO03ACTBeHHBIX JKUBOTHBIX B Haropuo-KapaGaxckoit Pecmy6mukxe sa 2007-2011 rr. B pesynsrare
NATHUIETHUX HCCIe0OBaHMH BBIABIEHO, YTO, COTJACHO IAHHBIM OaKTePHONOTHYECKHX M CEepPOOTHYECKHX
HCCIIe/IOBAaHUI, B PecIyGIMKe CIOKM/IACh HAIPsKeHHAs SIIM300THYeCKas CHTyalus mo 6pyuemnesy. HauGomee
BBICOKaA 3a60/1eBa€MOCTh JKHBOTHBIX OTMedanack B MaprynuHckom, a Taxoke B IlymmHcKoM M AcCKepaHCKOM
parioHax.

DBaxrepHs — arr/IlOTHHALHA — HHQEKIHA — OpyIie1e3 — 00/1e3H5 — CEIBOPOTKa KPOBH

Methods for diagnostics, and epidemic expression of farm animal brucellosis in Republic of Mountainous
Karabakh during 2007 to 2011 years are described in the article. Five-year investigations show that, according to
bacteriological and serological examinations, the epidemic situation of brucellosisin the republic is complicated. The
highest morbidity of the animals has been registered in Martuni, as well as Shushi and Askeran region.

Bacteria — aggl utination — infection — brucellosis — disease — blood serum

Ppmghpngp, nputu YEunuihubph b Jwppljug dwtp pipwgp niubgnn Jupulhy hhjuimmpymb,
whinuwhwpnud | ns Uhuygh ubpwljuits hunfwiljuipgp, wyjb widpnng opquithqup [1,2]:

Ppmghpngh Wundwdp juthiupgbpdw b wjugpuiph vhgngunmuubnh wipnpymtwybnmpiniip juhaws b
Jupulh Jun whiunnpnonidhg: Zudwwpujupuinuljub, dwbpbuputuljut b shdmijupubnuljut tpuuljubpng
wpunnpnodwtt wpgmipmd  pugwbwpuly £ np Lintught Twpwpunh ponp nupuswopowiitph  plw-
Jujuyptph dbswdwutmipmip wtugquhn] Ba - ppmghpngh hwpmghsh wiuppbp wnhwbph b wwppbpuljubph
undulp: Uwtipbwpwtujut. wjpinnpnodw tyjunnuljny wubupmdwljuitt jwpnpunnphw £ myupldy
upywd hhywinmpjut yuwngwnny Jhdjws Yhuputhubph wyunmnp, wyunupunubplbpp, wnudnpup, jupgh b
thugdwnh Junpubp: Shédnmjupwtlutt whinnpnodwts uyunnujny jupnpunnnphw £ nmuplly juuljusynn Yhinw-
upubph wpyut oh&myp b upep' wqymunhtht b Ynuptdtinn juwnn hwljudwpdhiiubph wpuwynipiniin npnpknu
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hwdwp: Unwpubwlwt ynmph dky ppnighpnquyhtt pujnbkphwubph weuynipmniip hwynbwpbpbino
tyuwnwlny jpipupwiynip tuniohg yuwnpwuwnyb] k' 2-wljub punmip-wpunwinugusp b ubknybknig hknn
ukplt] pun Spudh, Ynqnyuljnt b Snyjulh:

Ump b dbpny: Zhjuunmput hwupmghsh wdbgdwt hwudwp oguugnpéyl) b duwybyunnbw-jjupnught
wpquiuwl], vuwybyuntuhtt wpqutwl), duwybywuntwhtt wqup, hiswhu twb ppmighjw-wqup: Twipbwlwh
guliputpp npyty b phpdnunwn 37°C wunhdwh yuydwbbbpmd 30 op whnnmpjudp: Uwiptwlut wlkg]wusph
uwnnighs nhunudibpp Jjuwwpglp t 24 4 hbkwun, wjunithtnb 3-4 op  pupdhgnudny, wwppbpwpwp  dhush
uttinuuhgwuyppnid pinpny wgh hwpntbp: Twiptwpuwbwlwt hbnwgninnipjubip qnigpipug junwupgby L iwb
JEuuwpwwljw thnpd énjwpungnijutph Ypu:

Ppmghpngh shdntjuwpwtwljut whnnpnynudp juwnwpyl) b uinnigdnn jhunuihubph wppub ohgniynd
mipuwhwwnnty hwjwdwpdhtiitiph hupntwpbpdwt hwdwp:

Upymépikp b phlnupynid;  Zhnwugnunnipjul wpnyniipbbpp gnyg i imwihu, np upuonh puytpphg b
Ubpphlt wwpbtphiwinng opquiiibphg wigunty £ ppoiglyngh hupmghyp wihtn utbuyhtt dhgunfuyph
dwltptuht: Udkguépubpp wpwowgund o dwibp, thuymb, hwjuuwp bqpbpn]  wpunwhuwpndws
qunniplbp: Upquiwlh dkp ppmghjuiitpp wnwpgwugmu b hajuuwpwswith wynunpmipinit b wnywnugh
onul, npp pwpdp b wpqublh dwlwpnulhg: Zknwuquynd thnpdwtnph huwnwlmd wpwgwimd £
tunwdp:

Onpdwinpuihtt tnubwlny wgpnunhtugdwt nbujghugh hudwp juunwpyly £ junpnp Enebpuynp
YLunguhubph wpub phdniyh 4 tnupugnid 2 gnpdwlgny® 1:50, 1:100, 1:200, 1:400: Zwynuh hwlwsunyg wppub
oh&nijubipmu wihwyn hwuuwdwpdhutbpp hwyntwpbpdly o ponp tnupugnudutpnud, vwljughn gpuljut
wfunnnpnphsy wihup E hwdwpybt) wpyut ohdnijh 1:100 b pupdp inupugnudubpp: ‘Ungup junwpyly b awub
nsuwpbph wpubt ohdmbh htw, dhuyt uwgh wwppbpmpudp, np wju phypmd wput  ohdniljp
$hqhnnghwjutl jnidnypnud itnupugyty £ 1:25, 1:50, 1:100 b 1:200: Uju nhypmd npuljut winnpnohy wnhwnn b
hudwpdty ohdmyh 1:50 b pupdp tnupugnidubpp: Zknwgnuynny wpyub shdnmjutpp npuijut ko hwljugnby
50-75 L 100%-n1:

Ujuythuny  Lhnbughtt QGwpwpwnh Zubpugbnmput imwpuspnid - pugwhuwyintiny  ppmigkyingh
wruynipjniup, junwngty Euwnnpl pipynn hadwdwpujupuiuljub hbnwgnuinnipincaibp:

Zudwdwpuyh pupwgph nhtwdyhugh Yupbnp punjugnighs dwu i hudwpdnud hhduitnugnpiniup
b ogwhiwgunipejwts gnpdwlhgp: Zhjwinugmpmniip npnpwlh wuwnltpugnmd b nwihu, tph wy npnpyoud &
unju) hhyutymipyut tjundwdp pujuyniiuy YEunuuhtubph tmupkiut dhohtt qjuupwbiwmlh tljundwdp:
Unynpupwip uyn gniguthop npnonud B 100,1000, 10000,100000 giniju Yhunwuthbph hwpynd 2,5]:

Ogwuuyjumpyut gnpswlyhgp gnyg k vnuhu  nidjuy qupswljut nupuspnud, whwwywhny Yhnnud
(huduyip, nupudwopewily, Uwipg, hwtipuytnnpeni) hhjuin YEinguuhubtph dhehtt gjluwpwiuljp: ‘Lodus
gniguiihoutipny npnpnud B hwdwdwpulh jupjusdnipniit nu ptnbkuhympniipn: dhpnidmpjut wju
Enutwlp Yupnn b Jubjunpnot) hudwdwpulh hbnwqu pupwgpp, qupqugmup, nmidtnugnudp fud
poyugnudp, npnip Juyqws ki hwdwdwpuljuyhtt pipwgph Yhwwpwbwlw pwipdhs nidbph wljnpyne-
pmithg b tpwbtg Jpw wqnnn gqonpénubitphg: Upm wgnuljubpp upnn o hul jEuowpwbwljub,
puwwphiunhwgpujut b unghw-ntnbuwljut [3,4]:

Zudwdwpuhiutph il wupwph hwdwlupgnd  Jupbnp  wiwlmpmb  Eip wwhu  ugh
qopdnutbphl, npnip wpghjulynud B huptlghwibkph wnwewgnidp, qupqugnudp b wwpwsnudp: Uynuhuh
gqnpdnubphtt Eu wuunwinud hhquinmpmuubph juihupgpdwt b wuypuph wewbdtwhwnndy b
punhwunip dhongutipp [6,7]:

LEntughtt Twpwpunh Zutpuybinnipiniind junonp b dwiip bngbpudnp Yunuuhubph ppmghjngh
hwdwdwpujwpwwljut dh pwith gmguithputph puguhwjndw yuwnfbpp pipynud £ wr. 1-nud:

Cunmubing  opwhiujimpjutt  gnpéwligh wpwbdtwhwnnly Ywpbnpmpmip  hudwdwpulh
Rupwgph owupdh quuhwindwt hwdwp, wynruulnud pipdws Jepniswljut wnfjuutkpp hwinghy YEpuny
gnyg kbt mwhu wyy gniguthoh hwpwpbpulu npubinpmditpp ph nupuwswppewttpnd b pt wupnne
hwipwwytnnipmniinud [5,8]:
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Unwbidhtt wnwpwdwopowiibiph opwhiwjunipjutt  gniguwithop  Yyuynid k, np  ppmighyngh
nwpwsdwt ndqunipmiip wnwdl] pupdp b Uullputh wwpwswopowunid: Ujuws 2007p-hg
qquihnpkt wybkjugk] & hhduin b ppmighpnquyphtt hwlwsuh wjuwndwdp npulwt hwljuqnnn
Yhunwuhubph phyp, 154-hg hbtnwqu mwphtbpht hwutikng 195, 293, 481 L qphpt wyn vwjupnulyh ypu
wuwhuwwiyk k2011 pyuljubht: Zknmwgninnipjub Bupwlw 5 mwphukph phpwugpmu opwhiwyunipjul
gnpéulhgp 2010 b 2011pp. hwdwwwnwupwbwpup juqdk £ 12,0 b 10,2, npp pupdp gniguithy Gup
hwdwpnud  ppmghpngh hwdwp: Ubkp  Jupshpny wjnuhuh hunbiuhy Jpkpp hhnbwip E
hwdwjipubpnid  juquuibpysujui  wtnbuwljuwt b wlwubwpnidu-uwbthnwpwlut — gusp
dwjupnpuljh dhgnguenidubph: Uh Ynndhg sh Juwnwpygl] hhquin jEunguuhtubtph jununwbnad,  dniu
Ynnuhg Lt sh ppuwjwiwugdl] wuwydwbwlwd wonne YEunwuhubph  Juwpulnudp  juukgunng
vhongunnidutip:

Zhuwinmpjut  wibwhpwugby wwpwsdwt  ophtwly E  hwdwpymd twb  Zwnpmiph
wnwpwswopowlip, npunkn ogwpwjunipjui gnpswlhgp 2011 p. Juquk] £ 18,5: buy Jhpupbpnud k
Uwpuniint mwpuswopowtht, wyyw hknwgqnunnipjub Yipehti , 2011 p. Uk whwwwhny Enht pudht
E puyty 4,12 hhquuny Yhunwh, npp shugws twpunppubph hwdbdwnnipjudp qquihnptt gusp phy L,
hwoyh wnukny, np Hulknwht 3-4 nuphubph gniguthop Yuquly b pugudkup 1-2 hhdwn jeuguih,
wyw hbunwqu wipujupup dhongupnidubph wpmyniupnid 2011 p. wpdwbwgpyl] £ Jupulh
nuwpwdnudp  Yyuynn  pupdp  gnigwihy: Ubwugws Jupsuluwt  nwpwspubpnud, dwubwynpuwbu
Lwowpunh, Uupnultpnh b Snighh mupwswopownibpnid nhwingb) £ hwdwdwpwuyh hunkuuhynipjut
ujuqnid hwmnjuuybu hbnnugnunnipjut Jipghtt mwuphukpht:

Npnowhh nupwnpnipjut b wpdwbh ppnighngh owipdh hwbpwybwnwlwb gniguhop pun
opwhiwjunipjul gnpswljgh: Mumdtwuhpdwt Gupwlw pnnp wmwphubphtt nhndl) b pjunibwly
Yhunuhutph qupuldwi inp nhwptp: 2007 p. Jupuldus YEuguihutph phyp juqut) k395 qnihy, huly
htwnwqu wwphtbphtt hhuwinmput hwpnighsh thnpwbgdwt mwppbp gnpéntiubph b Jupuljdwt
nupyuubbph hwdwlgnipjudp wyit juqul) k491, wjinithbnb 616 b 846: Oowuwyunipjut gnpéu-
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Yhgp hudwyuwnwujupmtwpwp juqul) k3,115 3,87; 4,81 b 6,66: Uhuyt hbnnwgnunipjut yipohtt tnupnid
thnpp-hbs wjuql E upqus gniguthop b jnipupwiginip whwwywhny fhnnwd uoydky k5,41 qnipu hhjwig b
npuljut hwjuqnnn Eunwih:

Uwnwugus nfjuyutpp gnyg ki viwhu, np jnipupuisnip nupnid hwynbwpbpqus ppoigkjuljhp
Yhunwthubpp skt junnwtdt] hwpunhp vwgwinh Eupwpybnt Jhengny, nph htnbwipny b tpwig
pwbljup ny phk bjuqhy, wy wkugt] Ewhpinhwn Jupul-dwb dhengny:

Ujuyhuny, hwbpwybnmpjut dhohti gnigwthop Yuqul) k4,78, npht ghpuquignid E dhuyg
Uulkpwih b Tniphh mwpwswopowiiinh hwdwunit thoht gniguiithoubipn:

Ujdd hwpduplutipp mwupynud ki hhjunugnipjut npnodwt ninnnipjudp:

Un.2. Zhjuiimpugmpjuits gnpswligh npnonidp

2/h | Swpudwppowi 2007 | 2008 2009 | 2010 2011 L.

1 Uulbpul 0,032 | 0,027 0,037 | 0,066 | 0,077 0,048

2 Lupwpun 0,028 | 0,010 0,016 | 0,095 0,028 0,035

3 Uwpunulbtpun 0,020 | 0,033 0,017 | 0,017 | 0,028 0,023

4 Uwpuniih 0,038 | 0,039 0,083 | 0,076 | 0,037 0,054

5 Zumpnip - - 0,027 | 0,041 0,011 0,026

6 Cnuoh 0,017 | 0,079 0,052 | 0,031 | 0,067 0,049
Cunuukup 0,027 | 0,037 0,062 | 0,065 | 0,049 0,039

Un. 2-h wjjuwjubph hwdwdwyt, pun mupwswopewuitph 2010p. hhyuinugnipjut wdktwpwnpdp
gniguthop Juqut) 0,065, npp puuljwitht pupdp b nuunidtwuhpynn hudblighuyh hwdwp: Zknwugqu
wmwnhubpht wyn gnpswlhgp twqby £ 5 mwphubph dhohtt gnigwithop Yuquty £ 0,039:

by ybpwpkpnid £ hhyuwinugnipjut mwpuswppowiwght gniguihpibpht, wyw wjthwyn k, np
wdbkbwpupdp dwuupnuyp ot B Twpuntint nupwswopowunid® 0,054: 2-pn hnphgqnuwfuit k
qpuintgunid hhywiinugnipjut hwdkdwwnwpwp pupdp dujuppuljng:

Ujuwhuny, dwipbwpwiwlwl, shdnjupwbuut b YEuwwpwbwlut  Epwbwlubpng
wjunnpnodwt - wpynibpmud pugwhwyndl) £ onp Lhebwghtt Qwpwpwunh  Zwbpuybnmppub
ptwuwquyptph dbdwdwubnipjut junonp b dwbp bpebpwynp YEunwuhubpp whnwhwpdus tu
ppniglyngh hwpnighsh twppbp nhuygbpny:

Ugpnunhttmughugh b Yndybdbinh juywlgdwt nbwlghwibpny hwuwnwdbk k, np wmwppkp
Yhunuuhubtph wpwb shdnijubpp 1:200 b pupdp whnptkpny gpujuinpku u hwjwgnb] ppnigbinquyhc
hwljusth tjundwdp: Zujudwpdhtttph wnwhuh dbs pubwlnipmnit wpjwt shgdnynud Juynud k, np
ppnighpngh hwpnighsp  hhJwun  Yhugwuhubkph  opquihquhg wpuwquuynd L wwppkp
wpnwpnpubpltph, hiywbu twb Yuph dhengny:

Uhkunwuhukph hhyuinugnipjut wdktwpwupdnp dhohtt gniguihop wpdwtwgpyty E Uwpunniihnid
b Juquly k 0,054: Bplypnpn b Eppnpny hnphqnuwlubtbpt 0,049 b 0,048 gnpéwlhgutpny qpuntgunid L
hwdwywunwupwbwpwp  Tniphh U Uulbpwih  wwpwdwoppwbbpp:  Zhwwgnunipjut  pninp
wnwphubphi tpdws Jqupsuljul mupwsputipnid nhnygb) kjupdws hwdwdwpuljughtt hpuyghguwly:
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Two thermophilic bacilli strains isolated from geothermal soil samples collected from Gandom-
Beryan in Lut desert, Iran, were identified based on phenotypic and phylogenetic approaches and
designed as Bacillus sp. Iranian S1 and Bacillus sp. Iranian S2. They both grew aerobicaly at 15-80 °C
(optimum 56°C) and at pH 3-10 (optimum pH 7) and could tolerate up to 20% NaCl (optimum 2.5%).
The 16S rRNA gene sequences of strains Bacillus sp. Iranian S1 and Bacillus sp. Iranian S2 have been
deposited in the GenBank under accession numbers HQ823666 and HQ823667, respectively.

Thermophiles — geothermal soil bacilli —16S rRNA genes — phylogenetic analysis

Lot whwwywnh (Ppul) Quwinnd-Phpjub Eppuetpduyghtt wnudwuh hnnhg dijniuwgyt) Bu o
$hunnhyuljub ot $pingkubnhjujwt punipugptph hhdwt Jpu inytwlwbwgyl) ko pipdndhy wkpnp
Eunnuunp wpwgwgnn puljinkphwbph tplnt pgwwdubp® Bacillus sp. Iranian S1 b Bacillus. sp. Iranian S2:
Ukyniuwgyus snwdibpph wénidbh 15-80'C ghpuwunpdwiughtt Uhgwluypnid (oupnhunudp’ 50'C), pH-h
3-10 dhpwljuypnid (oyyinhunidp 7), punnitimy Eu phdwluykjne NaCl-h dhtsh 20 % Ynughunpughwubpht
(owwnpuinudp’ 2.5%): Bacillus sp. Iranian S1 b Bacillus sp. Iranian S2 owwdubkphl6S nFLE ghkubph
umlyknnhnuyhtt  hwenppuljwimpenibibpt wjwinunpdl] G GenBank wjuubph  puquymd
hwdwywinwujpwbwpunp HQ823666 L HQ823667 hwidwputpnd:

LEpundpybkp - Epgpuekpduyhl hnpkph pulinbppwiakp — 165 p(FUE qhukp — $pynglilnplului
ykpyniénipinil

W3 mous yuactka ['angom-Bepsan mycrsinu JlyT, MpaH, u30mupoBaHs! u 10 GeHOTUIIYECKAM
1 GHUIOTeHeTHYECKUM XapaKTePUCTUKAM MAEeHTU(GUIMPOBAHbL ABa IITaMMa adpPOGHBIX TepMOGIIb-
HBIX DHZOCIOpooGpasymomux Gakrepuil, 0603HaYeHHbIX KaK Bacillus sp. Iranian S1 u Bacillus sp.
Iranian S2. M3onarsr pactyT npu temneparype 15-80°C (omrumansnas temneparypa 56°C), pH3-10
(omrumansusiit pH 7), TomepanTasl k 20% - Homy NaCl (onrumansmsiit mpu pocre 2.5% NaCl).
ITocnenoBarensuoctu reHa 16Sp PHK mrammos Bacillus sp. Iranian S1 u Bacillus sp. Iranian S2
IeTTOHUPOBaHs! B Oase ganHbx GenBank mozx nxBenTapHsiMu Homepamu HQ823666 u HQ823667.

Tepmogmrsr —6aKTepHH re0TEPMAaIEHEIX 10YB — re 16S pPHK — gpriorenermyeckusi anarms
A number of aerobic thermophiles have been isolated from variety of geotherma

environments such as terrestrial hot springs and hydrothermal vents, sulfataric fields, volcanic
area[5, 8]. Hot habitats other than geothermal are solar-heated soils and deserts.
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The deserts represent extreme environments for microorganisms [9]. Although the conditions
of deserts vary strongly in the different regions of the world, al of them are characterized by a
combination of extreme temperatures and desiccation, high soil sdinity, low nutrient levels,
high summer UV radiation levels, and physical instability caused by strong winds. Several
investigations based on culture-dependant and molecular methods showed a unique and
extraordinary microbial diversity in desert soils [3, 6, 12, 13]. The great majority of the
bacteria isolated from desert soils was proved to be aerobic endospore-forming bacteria
belonging to the genus Bacillus and related genera[9].

At the present study two bacilli strains from geothermalsoil of Gandom-Beryan in Lut
desert, Iran were isolated and identified based on phenotypic and phylogenetic approaches.

Materials and methods. Sudy site and sampling. Gandom-Beryan (meaning “ Scorched Wheat”
in Persian) is a 480 km? large plateau covered with dark volcanic lava that made extreme atmosphere of
climate in this area (fig.1). Temperatures can often reach even 71°C and pH 6.2 [14]. Soil samples were
collected using sterile glass flasks and mentioned it at 4°C until processed at laboratory.

Fig. 1. Location of Gandom Beryan in Lut Desert on map [11].

Enrichment and isolation. Samples were incubated in the medium contained (gram per liter)
sodium chloride, 5; glucose, 20; yeast extract, 5; peptone, 10; CaCOs, 6; agar-agar, 20; pH 7.2. One gram
of soil sample was suspended in 9 ml sterile distilled water and by means of seria dilutions
concentrations of 10%-10° were prepared. Then 1ml of each aiquot was spread on medium and
incubated at 56°C for 24h. The pure cultures were obtained by plating the enrichment culture onto
nutrient agar with subsequent subculturing [1].

Phenotypic characteristics. Phenotypic characteristics of the isolates were studied by standard
methods described in [1, 2]. Morphological features of strains were investigated using a Nikon light
microscope and TEM Zeiss EM 10 electron microscope. Characterization of each bacterial isolate was
performed morphologically according to colony color, size, elevation, margin and Gram staining [1]. To
determine the ability of the strains to grow at different temperature (10-70°C) and pH (3-10) values and
with different NaCl concentrations (0-22%) the same liquid medium mentioned above was applied.
Growth was tested by measuring the optical density (OD) of cell suspension at 600 nm with a
spectrophotometer (Model 722G UV-Visible). Hydrolitic activities were determined using as substrates
milk, tween-80 and soluble starch [1, 2].

Phylogenetic analysis Totd DNA from pure culture was done by the CTAB/NaCl method described in[10].
The 16S rRNA gene fragments were PCR-amplified applying becterid specificorimers PIB16F  (5-
AGAGTTTGATCCTGGCTCAG-3) and MIB16R (5-GGCTGCTGGCACGTAGTTAG-3).
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The PCR conditions used were an initial denaturation at 94°C for 2 min, followed by 35 cycles
of denaturation at 95°C for one minute, annealing at 55°C for one minute then a final extension was
given at 72°C for ten minute. The identity of the isolates was determined through a BLAST search [4].
Nucleotide sequences of the PCR products were sent to SinaGene Company of lranian order to
determine DNA sequencing (www.cinnaGen.com).

Phylogenetic analyses were conducted using MEGA version 5 software package and GeneBank
database (http://www.ncbi.nim.nih.gov) as a source for DNA sequences of closely related species. The
phylogenetic tree was constructed by the neighbour-joining method using the distance matrix from the
aignment [7]. The 16S rRNA gene sequences reported in this study have been deposited in the GenBank
database under accession numbers HQ823666 and HQ823667.

Results and Discussion. Two isolates of aerobic endospore-forming Gram-positive,
rod shaped becilli designated as Iranian S1 andlranian S2, respectively, were isolated and
further characterized from the soil samples of Gandom-Beryanarea in Lut Desert of Iran.
Colonies of isolate Iranian S1 were flat, very small, transparent, and without color. Colonies
of isolate Iranian S2 were flat, with a denticulate edge, irregular shape and whitish.

Electronic microscopic studies of strains revealed that all endospores formation stages
and envelopes during the stages were typical to spore-forming bacteria. The cell morphology
of isolate Iranian S1 was differed from that of Iranian S2 grown under similar conditions. The
cells of isolate Iranian S1 were short cylindrical, whereas cells of isolate Iranian S2 were short
filamentous (fig. 2). In the cells of studied strains, elliptic endospores were located centrally
and terminally (Iranian S1) or subterminaly (Iranian S1) along the cell axis. Sporangium
wasn’t swollen for both strains.

Fig. 2. Electron microscope images of isolates (x21000).

The growth rates of isolates Iranian S1 and Iranian S2 were determined at the tem-
perature range of 20-80°C. For Iranian S1 the highest maximum growth rate was at 75°C,
while isolate Iranian S2 had the highest maximum growth rate at 65°C. The optimum growth
temperature was 56°C for both isolates. Iranian S1 was unable to grow at 70°C or below 25°C,
and Iranian S2 was unable to grow above 75°C or below 25°C (fig. 3). Regarding
the pH growth limitation, both isolates were grown in medium that had a range of pH values
between 3 and 10. A pH range around neutrality favored optimal growth of the both isolates.
The isolates did not grow at pH lower than pH 3. The maximum growth at pH 9 and 9.5 was
noted for Iranian S1 and S2, respectively (fig.4). Both isolates grew with 0-22 % NaCl. The
Iranian S1 was grown at a NaCl concentration up to 22%, and Iranian S2 was able to grow at
20% NaCl (fig.5). Thus, our isolates grew within the temperature and the pH ranges
characteristic to their habitat [8].
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Fig. 5. Growth of strains in the presence of NaCl

Results of the biochemical properties of isolates are presented in Table 1 below.
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Table 1. Biochemical characteristic of thermophilic isolates

Biochemical characteristic Strains
S1 S2

Oxidase + +
Urease -- -
Catalase + +
Methyl Red test + --
V ogesProskauer test w w
Production of :

Indole -- --
Hydrolysis of :

Tween-80 + +

Gelatin + +

Starch + +

Citrate utilization -- -
Gas production from glucose
Acid formation from:

Glucose

Galactose

Lactose

Maltose

Sucrose

D-manitol

D-sorbitol

Sdlicin + +
Designation: (+), (-) and w for positive, negative and slight positive reaction

+
+

+ o+ o+ +

A phylogenetic tree was constructed by the neighbor-joining method identified that both
isolates were part of the cluster of genus Bacillus (fig.6).

Brevibacterium halotolerans. StDS302
B subtils StNRRL 823049

B mojavensis SUFO15718
B.subtils.StOSWID
B.amyloliquefaciens. SNBRC15535

Bualismortis $tOSM 11031

Battophaeus SEICH90T0

B.sonorensis. StNRRL-B-23154

Jcms7at

4‘— B.oleronius. SLATTC 700005

B.marisflavi.§1. TF 12
4‘—: R

| Batatospherius SLATKFZ)

1 o asrophus s 28

0 630 0, U=25 uﬁzo 0 615 uu‘w UD’ES 0. SUU
Fig.6. Phylogenetic tree was constructed by the neighbour-joining method using the
distance matrix from the alignment.

Both strains were catalase- and oxidase-positive, able to utilize carbon sources such as
glucose, maltose, sucrose, galactose, lactose and sdicin, unable to produce indole from
tryptophan. Only Iranian S1 showed a positive reaction in the methyl red experiment. Iranian
S2 strain unable utilized D-manitol, D-sorbitol. |solates were unable to utilize citrate, and
were urease negative. Strains were showed positive results for starch, tween-80 and casein
(milk) hydrolysis.
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Based on their morphological, physiologica and biochemica properties, isolates

Iranian S1 and S2 were tentatively identified as Bacillus species. Comparative analysis of 16S
rRNA gene nucleotide sequences of isolates Iranian S1 and S2 confirmed their close
homology to the members of the genus Bacillus. The strain S1 was identified as Bacillus sp.
LS04 (99%) and strain S2was identified as Bacillus sp.DY 17 (98%) (tab. 2).

Table 2. Closest sequences and % similarity of studied isolates

Strain no Thelengthsof the | Closest Sequence Similarity Accession no
DNA fragments, %
(bp.)
Iranian S1 527 Bacillus sp. LS04 99 GU972598.1
Iranian S2 527 Bacillussp. DY17 98 DQ821489.1

Although studied strains based on 16S rRNA genes sequences showed 98% homology

values to Bacillus spp. and related species, this need to be further confirmed by fatty acid
analysis, DNA-DNA hybridization, etc. While these results are important for further taxonomic
work, positive results on lipolitic, caseinolitic and amylolitic activities are indicative of
potential application of these bacterial cultures.

10.
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14.
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Tospexaenns JHK y ppi6 SABIAIOTCA IyBCTBUTEIBHBIMM GMOMapKepaMK TeHOTOKCHYECKOTO [eHCTBHUIL
3arpsAsHUTeNel OKpykamouel cpensl. [IpoBeseHa cpaBHUTENbHAS OIleHKa ypoBHelt mospexxaenuit JHK B sput-
pouutax Kapaceit (Carassius auratus gibelio), obuTalOmKX B pasIUYHBIX ydacTkax o3. CesaH, merogzom JTHK-
xomer. JloctoBepHoe moBsIuteHue ypoBHs moBpexzaenuit THK oGHapy»xeHo y psib u3 ycrseB pek ['aBaparer u
Jl3xkHarer, mo cpaBHeHMIO ¢ pbibamu u3 03. CeBaH. OJHMM M3 OCHOBHBIX De3YJIbTaTOB PabOTHI SBUJIOCH
BBIABIEHUE [OCTOBEDHOM IIOJIOXUTEIBHOM KOpperiluyu MeXny ypoBHaAMu mnoBpexzeHuii JHK y psi6 u
coZiep>KaHHeM Pa3IMYHBIX XMMHYECKHX COeJUHEHHUI B MCCIeJOBaHHBIX BOZoeMaX. IlolyueHHbIe pe3ysbTaThI
CBUIETETBCTBYIOT O TOM, 4To MeToz JJHK-KoMeT ABIgeTcsa 4yBCTBUTENIBHBIM, 5)GEKTUBHBIM U OBICTPHIM TECTOM
IJIL UIOeHTH(GUKAIUY 5KOreHOTOKCHUKAHTOB, a Kapach SBJISETCS YyBCTBUTEIBHBIM OHOMHIMKATOPOM OLI€HKH
3arpA3HEHHOCTH BOJZOEMOB ApMeHUH.

SarpasHerme BOJHOH Cpefsl — FeHOTOKCHYHOCTS — meTog /JHK-xomer

YUE-h Juuujwsplbpp djubkph dnin opughtt vhowjuyph wnunninhsubph ghiwpniiiught wgnbkgnipju qquuymi
YEuuudwplbpubp B Gunwpdly B YuE-h Juwuduspubph dwuppuljh hudbdwnwlut guwhwnnd Uhwbw 18h
wnwppbp Yhnbpmd phwljynn Yupwuh (Carassius auratus gibelio) tpnhppnghinubpnid FYuE-ndbn dbkpnnny: Zujnwbpbkpdty
E Yul-h Juwuquspubph hwjuunh pupdpugmd Gujunwghinh b Qyuugknh opkipmud plwljynn dljubph dUnn,
hudbdwinws Ulwbw 1gh ahubph htwn: Upfjownwiph hhtftiwljwt wpyniipubphg b obnl) dyukph Unin YuE-h
Yuwuqusépubph b oph phupwfub  punuppmpui dhol npufwt Ynphpyughugh  huwynbwpbpnudp: Unwugdus
wpnibpubpp Juynd Eu wyt dwuhb, np PuE-Yndtn dbpnnp hwinhuwinud B wpymbwdtn b wpug phun
ghtwpniiughtt Uhwgnipim tkph quuthwnbne hwdwp, hul) jupwup qquynih jEhuwhinhjuwnnp b 2Zuyuunwuih gpudu-
quitibph wnunnunuénmpntip quwhwwnbne wonudng:

Lpuyhl dpowuyph wyunnuyjwénipnt i — glhwpnt iuypl wgnkgniypenti —2U-Gndkwn Ukpnn

DNA damage in fish can be used as sensitive biomarkers of genotoxic action of environmenta contamination. The goal
of this study was the comparative assessment of levels of DNA damage in erythrocytes of fish (Carassius auratus gibelio), living
in certain partsof Lake Sevan, by the comet assay. A significant increase of the level of DNA damage in fish from the Rivers
Gavaraget and Dzknaget compared to DNA damage in fish from Lake Sevanwas revealed. One of the basic results
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of the study was the detection of the positive correlation between the DNA damage in fish and the results of the chemical
analysis of water. The obtained results show, that the application of the comet assay in erythrocytes of Carassius auratus
gibelio, isan efficient, fast and sensitive method for the estimation of genotoxicity of water bodies of Armenia.

Water pollution — genotoxicity — comet assay

IToBbInIeHMe YPOBHS 3arpA3HEHHOCTH BOJO€MOB BBI3BIBA€T HETaTUBHBIE U3MEHEHHUSI Yy BOAHBIX
OpraHM3MOB, @ TaKXXe IIPIMO HJIM KOCBEHHO BpeAUT 370poBbio denoBeka [10]. 3arpsasHurtenn
OKPY>KaIollel Cpexbl MOTYT BbI3BIBATh IIOBPEXIEHUS reHOMA, UAeHTU(DHKALNS KOTOPHIX IIO3BOJIIET
KOHTPOJIMPOBATh YPOBEHb 3arpPA3HEHHOCTH U OLEHWBATh IIOCIEICTBUA UX BIMSHUA Ha JKUBBIE
OPraHU3MBI ¥ DKOCHCTEMEI B I[€JIOM.

OpuuM u3 5bPeKTUBHBIX MeTOZ0B MOHHUTOPMHTA WIMPOKOTro cmekTpa mospexzenuit JHK,
BBI3BAHHBIX (pakTOpaMu OKpy>katouieil cpeasl, aBiagerca Meror JHK-komer umu rems-smextpodopesa
JIM3VPOBAHHBIX €JUHUYHBIX KIeTOK. MeTos 03BOIIET OIleHUBaTh NOBpexAeHuA u penapanuio JHK
Ha YPOBHE OTZEJIBHBIX KJIETOK U MOXXeT OBITh IPHMMEeHeH [JII OLeHKU MHTEIPaJbHOM IIeIOCTHOCTU
resoma [4].

Meron [JHK-xomeT OCHOBaH Ha PpeTHCTpalliy YpOBHA Murpanuu mnoBpexzenHoi [IHK,
cofiepxxaleil OZHOHUTEBbIE U AByHUTEBbIE PA3phIBbI, B JJIEKTPHUYECKOM IIOJIE, B pe3ysbTaTe KOTOPOil
obpasyercs HamoMuHammas Komery crpykrypa. Kommuecrso [JHK, wmwmrpuposasBmeii 1mo
HAIIPaBIeHUIO K aHOZY, MOXET fABJIATBCA IIOKasaTeleM YPOBHA IIOBPEXIEHUN ero B M3ydYaeMBIX
wreTkax. [IpeumymectBamu Meroza JHK-komer ABIAIOTCA BO3MOXHOCTH OIIEHKU ITOBPEXAEHUH
JHK B n1065IX KJIETOYHBIX ITOMYJIALUAX, HEOOIBIIOE KOINIECTBO SKCIIEPUMEHTAIBHOTO MaTepHaia, a
TaKOKe OTCYTCTBHE HeOOXOAMMOCTU B HAJIWYUU Ipoaudepupyomux xietok [18]. B mocresnue rogst
merog, THK-komer 6511 ycnemno nmpumeHen s onenku nospexzennit JTHK y pasasix pacrurens-
HBIX ¥ XXHBOTHBIX OPraHU3MOB [6, 8, 9], B ToM 4ucie y psi6 [5].

Pri6p1 cunratorcs Hamboslee afeKBaTHBIM OOBEKTOM [JI OLIEHKU 3arpsasHuTeneil BOIBL C
MyTareHHBIM M KaHIIEPOTEHHBIM IIOTEHIINAJIOM, IIOCKOJIBKY MeTabOJIM3MPYIOT W HAKAIUIMBAIOT B
OpraHM3Me CcofiepXalfuecsi B BOJe XUMHYECKHe COeJHMHeHMA. Tak Kak pBIOBI pearupyloT Ha
TOKCHYECKUEe COeIWHEHMsS AaHAJOTMYHO BHICIIMM IIO3BOHOYHBIM, OHM MOTYT IIPUMEHATHCA MAJIT
CKPUHUHTA XUMHUYECKUX COeJUHEHU, TOTEHIINAIbHO MYTareHHBIX U KaHIEPOTEHHBIX JJII YeOBeKa
[1].

ITo mamubBIM snuTeparypsl, ypoBerb moBpexzenuii JJHK y oburaromux B BOJe OpraHm3MOB
ABAeTca OBICTPBIM X YyBCTBUTEIBHBIM MHIUKATOPOM 3arpAsHeHus cpeabl. OGHapykeHa
3aBUCUMOCTH ypoBH: noBpexxgenuii JJHK B sputporutax pei6 Cyprinus carpio, OGUTAIOWIMUX B peKax
Bpasunuu, or ypoBHsf ux 3arpssHeHHOCTH [15]. BrlaBieHa Koppesuus MeXZy 3arpsA3sHEHHOCTHIO
03epa, pacHOJIOXKEHHOTO B paliOHe MeTPONOJIUTeHa B Dpasuiuy, ¥ IOBBIIIEHHEM YPOBHA
nospexxgenuit JIHK y psi6 Tilapia rendalli [11]. Ha ocHOBe pe3yJIpTaroB OLEHKH  yPOBHS
mospexzenuit JJHK B xierkax xposu, xabep u mevenu merozom JHK-xomer 6bur0 mokasaHo, 4TO
psi6a Squalius cephalus L. 1758, oburatomas B pexkax CepGuu, mpezcrasiser co6oil addexTusHy0
MOZeJIb MOHUTOPHUHTA BOAHBIX SKOCHUCTEM. HOKHBHHO, q9To )KH6PBI SABIISIOTCA HanboJee YYBCTBUTEJIBHBIM, a
KpOBb — HaMeHee YyBCTBUTEIbHBIM GMOMHIUKATOPOM, BEPOSTHO, B CBA3U C PETYJIAPHBIM OOHOBIEHHUEM ee
COCTaBa, W, TAKHM O6p330M, MOFyT IIPUMEHATHCA NPENMYIIECTBEHHO IIPU BBICOKHX yPOBHHX 3arpA3HEeHNA
[17]. TloBsimennsiit yposens nospexzenuit JJHK 6bir obHapy:keH B Kierkax kposu Cyprinus carpio,
o6uraromeii B 03. Morau B Typuuu, rie JOKaIN30BaHA KaHAJIU3AUMOHHAS CHCTEMA TOpOJa U KyZa cOpa-
CBIBAIOTCSI TIECTUIIUABI, HCIIOIb3yeMble B CEIBCKOM X03siicTBe. McceoBaHys TOKA3bIBAIOT, YTO 03. Morax
MOXKeT OBITh 3aTpPsI3HEHO BeIljeCTBAMU, KOTOPbIe BBI3BIBAIOT reHOTOKCcHYecKue a¢ddexTs! [3].
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Ilenpio Hamreit paborsl OblTa paspaboTka OHOMAapKepOB TeHETHYeCKOTO MOHUTOPHHTA
3arpA3HeHHHOCTH BozoeMoB Apmenmu. /[lnia ee peammsanum yposHM mnospexzenuit JHK B
apuTponuTax Kapaceii (Carassius auratus gibelio), obutaromux B 03. CeBaH, y nmoryocrposa o3. CepaH,
B ycThax pek l'aBparer u /[IskHarer, 6sutn omenexsl MerozoMm JIHK-komer u comocraBieHBI €
IDAHHBIMU O COZEPXKAHUU B OTUX BOJOEMAX Pa3IMYHBIX XUMUIECKAX COeJUHEHUH.

Mareprar u Merogura. Tecrupyemsre sxuporasre. Ilospexaenus [IHK ounenuBanu B 5puTpoOnMTaX CeMu

kapaceii (C. auratus gibelio) us o3. CeBaH, 1ecTu Kapaceii 13 Boj, B61usu moxyocTposa o3. CeBaH, IATH Kapaceii
u3 ycTha p. 'aBaparer u mecTn Kapaceit u3 ycrbs p. J3kuarer (puc. 1). Bospacr psi6 Bapsuposai ot 4 1o 6 ier.

Jsknarer

Puc. 1. Bogoemsr ApmeHuy ¢ yKasaHHeM JIOKaIH3aIiil MeCT GHOMOHUTOPUHTIA PBIO
Touku Ha KapTe

X3

.0

1 - x 1ory ot cena Illop:ka (03. CeBaH-KOHTpPOJIbHAS TPYIIIA)

X3

’0

2 - mosyoctpos 03. CeBaH

X3

.0

3 - ycree p. 'aBaparer

<o

* 4 -ycree p. [I3kHarer

OGpasupl KpoBU Opajuch OT KaxAOW psObl u3 cepaua (dorsal aorta) wim XBOCTOBO# BeHsI (caudal
venous). 'enmapuHu3upoBaHHas Kposs pazbasnanacs PBS (phosphate-buffered saline) B cootHomenuu 1:50.

Pri6B1 719 SKCIEpHMEHTAIBHBIX MCCIeNOBAaHUII ObUIM J1I00e3HO mpepocraBieHsl Hayuneim IlenTpom
3oostoruu u rugpoakosorur HAH PA.

Merog /[HK-xomer. B paGore wucmons3oBasach IenovHas Mopumbukanus Meroza Komer [16] ¢
He6GOIBIIIMY MOZU(DUKAIUAMHE.

TlpenmerHbIe cTeKIa, MOKPHITEIE coeM 1%-HOro pacTBOpa arapossl, OCTaBIANM Ha HOYh B TepPMOCTaTe
npu 37°C gys 3atBepieBanus. 10 mxi paszbasrenHoit B PBS xposu c remapunom (1:50) cmemwnsamu ¢ 90 M
pacrBopa serkoruaBkoit araposer (LMA). 100 mxn cmecu kiaerok ¢ LMA kamaau Ha IpeMeTHbIE CTEKJIa.
ITpemapatsr ocraBnanu Ha 10 mun npu 4°C g1a 3aTBepZeBaHUA BTOPOTO CJIOA M IIOMEIIAIH B JIM3UPYIONUIMI
pacreop (2.5 M NaCl, 100 MM EDTA, 10 MM Tpuc, pH 10.0 ¢ Tpurorom X-100) Ha 1 u npu 4°C g1 paspymeHus
IIPOTEMHOB U KJIETOYHBIX MeM6paH. [To oKoHUaHMY Ju3KCa ITpeIapaTsl HOTPY>KajIH B allIlapar AJId 3IeKTpodope-
3a, comepxamuii memrognoit 6ydep (300 MM NaOH u 1 MM D/ITA), na 20 mus a1s packpyuusanus uemeit JHK.
DnexTpodopes mpoBomyiu npu Hanpmxenuu 26 B um cume Toka 300 MA B Tewemme 15 mmm. Ilocie
aJIeKTpodopesa IIpemapaTbl MPOMBIBAIM HefiTpanusanuoHHsiM Oydepom (0.4 mxr/mn Tpuc, pH 7.5) u
OKpaIIuBanty GPOMUCTBIM STHAYEM (4 MKI/MII).

ABTOMaTHYECKUI aHAIHN3 H306pa)KeHHfI KOMET MPOBOAMIIN C IPUMEHEHHEM KOMMeP‘IeCKOfI IIpOrpaMMBbl Comet
Assay VI. Perucrpuposanu aBa mapamerpa nospexzgenuit JHK — % JTHK B xBocte KomeTsr u MomeHT xBocTa OnuBe,
PaBHBbI IPOU3BEIEHHIO PACCTOSHUA OT LEHTpA AZApa [0 LeHTpa IToTHOCTH XBocTa Kometsl Ha % JTHK B xBocte [13, 14].

Cratucrudeckas o6paboTka HAaHHBIX Obla IIpOBefieHA C IIPUMEHEHHEM HellapaMeTpPUYecKOro TecTa
Manna-YUTHH U KOPPeAIMOHHOTO aHaIu3a CTaTUCTHYeCKOo# mpo-rpamMmoit Statgraphics PLUS 2.1.
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Pesynprarsr m obcyxzgenne. Yposuu mnospexzenuit JHK B spurpouurax kapaceif u3 03.
CesaH, Boz mosxyocTpoBa 03. CeBaH, ycTba pek I'aBaparer u /I3kHarer onenuBamu MerozoMm JHK-
xoMer 1o napameTpam % JJHK B xBocTe komers! 1 MoMmeHT xBocTa OnuBe. IlorydeHHbIe pe3yIbTaThI
mpezncTBiaeHsl Ha puc. 2 u 3 u B Tabn. 1. O3. CeBaH ABifeTcs HauMeHee 3arpA3HEHHBIM BOZ0EMOM
ApmeHnu, mosTOMYy rpyIma psi6 u3 03. CeBaH pacCMaTpUBaIACh KAK KOHTPOJIBHAS.

-

Oaepa Toxyocrpon Yerue pem Yerue pew

Conan osepa Ceman Tasaparer Jagmarer

ED'I
o+

Puc. 2. Yposuu nospexzenwuit JHK (% JJHK B xBocTe KOMeTHI Ha OCH OpSUHAT) y pbI6, obuTaromux B 03. CeBaH,
y mosryocrposa o3. CeBaH u B ycThsx pp. I'aBaparer u JI3kHarer

Howepa
pub

®1

= S %6

, Al d E .
QOzepo ITomyocTpon Ycre pexn Ycrnepexn
Cesar o3sepa Cesan Tasaparer M 3gmarer

Puc. 3. Yposuu nospexxzpenuit JJHK (moment xBocra OnuBe Ha OCH OpAUHAT) Y PbI6, OGUTAIOMINX
B 03. CeBaH, y mosxyocrposa o3. CeBaH u B ycTbsx pp. I'aBaparer u JI3kHareT

O6HapyxeHO AOCTOBepHOe IOBbIeHMe ypoBHsA moBpexzeHuit JHK y pri6, oburaromux B
ycrbax pp. I'aaparer u [I3kHareT, o cpaBHeHHUIO ¢ KoHTposieM 1o mapamerpam %/JHK B xBocTe u
MoMeHT xBocta Onuse.

Y ps16, obuTatomux B Bogax moayocTposa o3. CeBaH, moBbIleHusA ypoBHs noBpexzaenuii JHK
II0 CPaBHEHMIO C KOHTPOJIeM He 06HapyxeHO (Tabir. 1).

Ta6. 1. Cpezuue yposuu mospexzgenuii JJHK B rpynmax psi6, o6uraronmux
B 03. CeBaH, y mosryoctposa 03. CeBaH u B ycTbax pp. I'aBaparer u J[3xHareT

Cpepa oburaHus Kommuecrso psi6 % JHK B xBoCTE MowmenT xBocta Osnuse
Cpennee + | Mezuana | Cpeznnee + Mepuana
CT. omm6Ka CT. omm6Ka
Os. Cepan 7 13,88+1,19 9,24 3,89+0,39 2,49
(KOHTpOIBHAS TPYTIIA)
Iomyoctpos 03. CeBan 6 17,36+1,49 13,17 7,63+0,82 5,19
VYcrpe p. 'aBaparer 5 35,99+2,28 29,87* 22,48+1,89 14,97*
VYerse p. J3kHarer 6 46,69+1,95 43,33* 23,52+1,41 19,24*

*p<0.01 mocroBepHas pasHHIA C KOHTPOJIEM
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C wmenpio uAeHTUOUKAIYMYM TeHOTOKCHYECKMX COEJMHEHMH, BBI3BIBAIOIIMX IIOBBIIEHHUE
ypoBHeit mospexzennit [THK, 6p1u mpoaHanu3MpoBaHBI JAaHHBIE XMMHWYECKOTO aHAIM3a BOABI B
yeThIpeX TouKax 03. CeBaH, KOTOpbIe COBIIAZAIOT C 30HAMM OTJIOBa PhIO, 3a 6-nmeTHumit mepuog (2006-
2011rr.), mo6e3HO IpenoOCTaBIeHHble ADMAHCKHM IIeHTPOM MOHMTODHHIA OKPY’KAIOWleil cpezsl.
Bei6op aTOro mepmoza BpeMeHU GBUI OOYCJIOBJIEH BO3PAcTOM PHIO, KOTOPBIM BappupoBaux or 4 mo 6
JleT, TaKuUM O00pasoM [JeiicTBMe XMMHYECKUX D5JIEMEHTOB YUHTHIBAJIOCH B TeueHHe BCei
IIPOAOIKUTEIBPHOCTH UX XKU3HU.

CpaBHUTEIPHBIN aHAIU3 COAEPXKAHNA 3aTPA3HUTEIIEl B YeThIpeX BOJOeMax II0Kas3as, 4To B
ycTbe p. ['aBaparer comepiaHie HUTPAT HOHOB, KpeMHus, pocdopa U MapraHia JOCTOBEPHO BhIIIe
KOHTpOJIbHOTO ypoBHs (B 03. CeBaH). B ycrse p. [I3kHarer comep:xanue HUTPAT HOHOB, KDEMHUH,
QJIIOMUHMS, XeJjle3a, MapraHiia X MeJU JOCTOBEPHO IIpeBhIIIaeT KOHTPOJIbHBII ypoBeHb. B Bogax
mosryocTposa 03. CeBaH cofiepikaHUe BCeX OTMEUYEHHBIX DJIeMEHTOB He IIPEBHIIIaeT KOHTPOIbHBIH
ypoBens (puc. 4).
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Yeree pesn Jdaxmarer
*p <0.05, *p<0.01, **p<0.001 mocToBepHas pasHHIIA C KOHTPOIEM

Puc. 4. Xumuyeckuie TIOKasaTe v KA4e€CTBA BOABI B MCCJIEOBAHHBIX BOZOEMAX
Apwmennu 3a ieprog, spemenu ¢ 2006 mo 2011 rr. o cpareHuto ¢ kouTposeM (03. Cepa).
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O6HapyxeHa JOCTOBepHas Koppenauus Mexay ypoHamu mnospexzenuii JHK (% JHK B
XBOCTe KOMeTHI) U ypoBHeM cogepxanus Mmexu (r=0,98, p=0,02), a rtaxxe Mexzy ypOBHIMHU
mospexxgenuit JTHK (momenT xBocra OnuBe) u ypoBHeM cozepkanus xenesa (r=0,94, p=0,049) u
mapranra (r=0,98, p=0,02).

INonydyeHHBIEe [aHHBIE IO3BOJAIOT IIPEAIOJIOXKUTH, UYTO IIOBBIIIEHHOE COZEpXKaHHe MeAH,
JKese3a ¥ Maprauua B pp. ['aBaparer u /I3kHareT MOXXeT BBI3BIBATH IIOBBIIIEHNE YPOBHS IIOBPEXIEHUN
JHK B spuTpormuTax psIo.

Cpenu 3arpsasHuTeseil OKpYy’Kalolleil Cpembl MeTaUIBI BBI3BIBAIOT OCOOYIO 03a60YeHHOCTH B
CBA3U C UX IIOTEHIIUAIBHBIM TOKCUYECKUM 3P (PEKTOM U CIIOCOGHOCTIO K GMOaKKYMYIALUN B BOJHBIX
sKocucTeMax. IIo ZaHHBIM JTUTEPaTypbl, TeHOTOKCHMYHOCTh MEAX U IIMHKA IIOKa3aHa IIPU PasfebHOM
U COBMECTHOM [elICTBUM Yy ABYX BUIOB psib Synodontis clarias u Tilapia nilotica ¢ ncrnons3oBaHuEM
MUKpOsZepHOro tecta [12], Mezpb BbI3bIBAaeT MOBBILIEHIE YPOBHA MUKpOsiziep y peiosl Oncorhynchus
mykiss [2]. Iloperenue yposus nospexxaenuit JJHK B spurporurax psi6sr Prochilodus lineatus npu
IeiicTBuM amoMuHUA HokasaHO MeTozoM JIHK-xomer [7]. Bo3aMOXHBIM MeXaHM3MOM TOKCHYHOCTU
xKese3a MoxeT ObiTh MHAyKIus moBpexzenuii JIHK 3a cuer remepaunuu cBOGOAHBIX pafuKanioB
KHCJIOPOJia, KOTOpble MOTYT CTaTh IPUYMHON CalT-Clenu(UYHBIX OKHUCIUTENBHBIX INOBPEXAEHUIN
[20]. HecmoTps Ha HIMPOKYIO PacIpOCTPaHEHHOCTh, POJIb MapraHiia B IPECHOBOJHBIX DKOCHCTEMAaX
[IOKa Maj0 M3ydeHa M 3HAHMUA O MEXaHH3MaX ero TOKCHYECKOrO [eHCTBUSA Ha PHI6 OrpaHHUYEHSL.
HVccnemoBanus Ha peibax Carassius auratus IOKa3aay, YTO MapraHell BBI3BIBAeT OKUCIUTENIBHbIN CTpecc
[18].

IMony4yeHHBIe HaMK Pe3yJIbTATH COIJIACYIOTCA C JIMTEPATYPHBIMHM JAHHBIMH O IOBBILIEHHH
YPOBHA MOBPEXeHUI TeHOMa y BOAHBIX OPTaHU3MOB B YCJIIOBUAX IOBBIIIEHHOTO COZEP>KaHUA MeZIH,
)Keje3a M MapraHiia B BOZHOM cpefie W IOATBEPXKIAIOT 11€71€COO0PasHOCTh NMPUMEHEHUs PbIO It
TeHeTHIeCKOro MOHMTOpHHTa. Ha 0cHOBe 1oTy4eHHBIX JaHHBIX MOXKHO 3aKJIIOYUTH, I4TO MeTox JIHK-
KOMET SBIAETCI UyBCTBUTEIBHBIM U 3(P(PEKTUBHBIM IIOAXOZOM A OLEHKH SKOT€HOTOKCHYHOCTU
BOZHOI cpensr, a kapace (Carassius auratus gibelio), oburaromuii B BogoeMax ApMEHHH, MOXeT
CJTYXXHUTb YyBCTBUTEIbHBIM GHOMHANKATOPOM OLIEHKH UX 3aTPI3HEHHOCTH.
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OCOBEHHOCTHU BOAHOI'O PEXXMMA JIYBA
KPYITHOITBIVIBHUKOBOT'O B 3ABUCHMMOCTH OT BBICOTEI
ITPOU3PACTAHMSA Y [TIOPOCJIEBOY HATPY3KU
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ViccnemoBasics BOZHBIN PeXXUM CPYOJIeHHBIX JPEBOCTOEB Ly6a KPYIHONBUIBHIKOBOTO Ha Pa3HBIX BBICOTAX
IIPOM3PACTaHUA M B 3aBUCHUMOCTH OT IIOPOCJIeBON Harpysku. IIokasaHo, WTO C BO3pacTaHHMEM BBICOTHI Hap
YPOBHEM MOpsA  cofepXaHHe oOmell M CBOGOZHOM BOABI YMEHBIIAeTCA, a CBA3AHHOM — yBeJIMYMBAETCA.
IMapannensHO BO3pacTaioT BOZHEIH AeUIUT, MHTEHCUBHOCTh TPAHCIIMPAIUM U KOHIEHTPAIUA KJIETOYHOTO
coka. XapakTep M3MeHeHMA OSTHX IIOKa3aTesell 3aBHCHT TaKKe OT IOpocCieBoi Harpysku. IlociemoparenpHoe
yMeHbIIeHNe IOCAefHel MPUBOAUT K CPAaBHUTETBHOMY YBEIHYEHMIO OOlLIeil U CBOGOZHOM BOZBI, TOIZA KaK
BBIIIEOTMEYEHHbIe OCTAIbHbIE IOKa3aTe i 3aKOHOMEPHO YOBIBAIOT.

TonyueHHbIe pe3yIbTaThl OOCY)KAAIOTCA C TOUYKH 3PEHUA U3MEHEHMs KINMAaTHIeCKUX (HaKTOPOB TOPHBIX
JIECOB 1 KOPPEJIAIMOHHBIX B3aMMOOTHOIIEHUH IIOPOCIe.

Zly6 KpyITHOIBLIE HIKOBBIH — IIOPOC/Th — BEICOTA HAZ YPOBHEM MODA — BOJHBIH DEXHM

Muunultwuhpdlyp £ jungnpuinky junune hwndws  Swenunubph opughtt phdhdp  wdkywduypiph wwppbp
pupdpnipinibitpnd b juhjws ndnuoduyghtt swipwpkntjuénipiniihg: 8nyg E wipqws, np éndh dwybtplnyphg
pupdpnipul dkbwgdwt htn qgmigpupug wuwlwund b pinhwinip b wquwn 9ph wupnibwlmpenibp, hul] juwydwus
ophtt’ wfkjwinud: Qniquihtnwpwp wénud £ gpuyhtt nhdhghinp, npuwbiuwhpughuwgh hinkuhgnipinit o poowhyniph
honmpmip: Utjwh wdkjwduyph pupdpnipiniithg wyn gnigwthputph punypp thnfuynud £ jupujws Yndnupduyhte
Swiinupkniudmpinithg: dpw tuqkgnuip hwighginud E pinhwinip b wqun gph hudbdunwljwb wbjugdwbt wy
nhwpnud, ipp Ykpnhhojun diniu gniguitholipp ophtiwswth wwljwunud s

Uwnwugjus gnigwhpubpp putwplynud Eu jintiught winwnibph jihdwjulub gnpsnuutph  thnthnjunipjut b
Und&nupykph Ynnkjjughnt thnjuhwpwpbkpnipmiiibph nkuwblyniithg:

Quinlip pinpnpunly — twgun — Snijh dwlkphnyph pupdpnipinti — gpughll nkdpd

The water regime of felled ticket of Quercus macranthera. on different levels of vegetation depending on
shoot load was investigated. It is shown that while increasing of height over sea level, the content of total and free water
was reducing, but adhesive water was increasing. Parallel water deficit, transpiration intensity and cellular fluid
concentration were growing.

Irrespective of height vegetation, the character of these indexes changes varied depending on shoots load.
Consecutive reduce of the last one brought to the increase of total and free water, while as above mentioned other
indexes were naturally reducing.

Obtained data are discussed from the point of view of changes of mountain forests' climatic factors and shoots
correlation.

Quercus macranthera — coopice shoot — heigt above sea level — water regime

71



|B.A, JABTSH, B.B. KABAPAH, A.A. FPI/IFOPﬂHl

TTocne maccoBoii BeIpyOxu AyOpaB B CeBepHOI ApMeHHU BO3HUKJIA HEOOXOAUMOCTH OBICTPOTO
BOCCTAaHOBJIEHUsI CPYOJIEHHBIX JAPEBOCTOEB BereTaTUBHBIM IyTeM. C STOM LEIb0 HaMH OBLIO
HCCJIeJOBAHO BIWAHUE ITHEBOH IIOPOCIEBOM HArPysKM HAa JIMCTOBYIO aKTHBHOCTh, KOPHEBYIO
IesiTeJIbHOCTh U pocT Ay6os [5, 7, 8].

DTy OmBITHI OBLIM paHee IpoBefeHsl Hamu Ha BbicoTe 1500 M Haz yp. MOps, MeXZy TeM
nyoossie neca B CeepHoii ApMeHnu mpouspacraioT Ha Beicotax oT 1300 zo 1900 m. B cBasu c stum
IJISL IOCTOBEPHOCTH IIOJIyYeHHBIX Pe3y/IBTATOB IO IIOPOCIEBOM HArpy3Ke OIIBITHI OBLIM 3aJI0KEHBI Ha
Bercorax 1300, 1500 u 1900 m Haz yp. mops.

C Bo3pacTaHueM BBICOTHI IIPOU3PACTAHUS PEe3KO MEHSIOTCS YCJIOBUS Cpefbl. B umciie BaKHBIX
KJIMMaTHYeCKUX XapaKTePHCTHK B TOPHBIX YCIOBHSX OCOGEHHO SIPKO IIPOSIBISIOTCS BBICOKAs
HMHTEHCHBHOCTh COJHEYHOW pajguanuu u fosa YP wmamydenus, HusKoe arMochepHOe [aBIeHIE,
Gosipurast [gHEBHAs AMIUIMTYJa TEMIIEPAaTypsl BO3AyXa, KOPOTKUM Iepuop Bererauuu u T.4.[12].
Pacrenus MOTyT BBDKUBATh B OTHX YCIOBUAX, €C/IM IIPUOOPEIN CBOMCTBA, COOTBETCTBYIOLIME AAHHOMY
MecTonpouspacraHuio [8]. B aTux ycnmoBusx oZHOMN W3 IIaBHBIX 0COGEHHOCTeH (YHKIMOHUPOBAHUS
OpraHu3Ma SABJISeTCS aJalTanus BOLHOTo pexxuma [5, 7].

Mareprar u merogura. OO6GBeKTaMM HCCIeJOBaHHUA CIYXWIM BhIpyOneHHBle B 1993 r. npeBocrom  my6a
KpynHomsLIbHUKOBOTO (Quercus macranthera Fisch et Mey), npouspacratomue B CeBepHoit Apmenuu (Banagsopckoe
secHuYecTBO I'yrapkckoro yrecxosa) Ha Bercorax 1300, 1500 u 1900m Hapg yp. mopsi.

ITau ny6a moABepraIuch MOPOCIEBON HATPysKe IO CAEeAYIOUMM BapHaHTaM: 1- KOHTpPOJIb,

2 - 4eThIpe IOPOCIH, 3 - TP IIOPOCIH , 4 - IBe TOPOCIH, 5 - OfHA.

ViccnenoBaHus MPOBOJSMINCH B IEPHUOZ, GyPHOTO POCTa C OZHOBPEMEHHBIM (MKCHPOBAHHEM HAIPSKEHHOCTU
$baKTOpOB Cpezibl M BIAKHOCTH IOYBHI (IIpeACTaBIeHbI CPefHVE TaHHBIE 33 HIOHB, HIONb, aBrycT). Comepxanue dpopm
BOZBI, UHTEHCHUBHOCTD TPAHCIIMPALUK U BOSHBIN AeUIUT OIpeAe/UIUCh 1o I'yceBy [3], HHTEHCUBHOCTD OCBEINEHHS —
miokcmerpom [O-116, oTHOCHTETBHAA BIAXXHOCTD BO3ZyXa — IIOJIEBBIM IICHMXPOMETPOM, IIOJTHAs II0JeBas BJIarOeMKOCTh
mousst (II11B) mo YeGorapesy [14]. [loBropHOCTB OIpezeeH il IO HAIPSHKEHHOCTH (haKTOPOB CPefibl 10-u, a mo
[I0Ka3aTe/IIM BOZHOTO PEXMMa 4-KpaTHasl.

Pesynprarsr m obcyxzerHre. Pe3ynbraTsl onpezeneHHs HAIPSDKEHHOCTH (aKTOPOB Cpezbl
IpescTaBieHs! B Tab. 1.

Ta6muua 1. ATMocdepHbIe U TOYBEHHbIE IIOKA3aTeIH B MECTOIPOM3PACTAHUAX
cpy6eHHBIX AyOpas ( 21-23 momsa 2011 r. )

Bercora Ocsemen-| Temmeparypa | Ornocur. | IIIIB BraxxnocTs Temmnepatypa
HaJl ypOBHEM HOCTb, Bo3zyxa, {C | BI@XHOCTH |IIOYBSHL, TIOYBBI moussl ,2 C
MOps, M K mrokc Bosgyxa, % | % %  |% or ITIIB
1300 66.8 215 58 443 | 19.6 44.2 19.0
1500 68.6 20.7 62 36.6 | 19.8 54.1 20.2
1900 73.2 19.3 67 414 | 319 77.0 23.0

IIpuBenennsie B Tabaule NaHHbIE MEHSIOTCS IO Mepe BO3PACTAHUs BBHICOTHOCTH IIPOM3PACTAHUS,
YTO 3aKOHOMEPHO JJIsI TOPHBIX JIecoB [16].

B aTHX yCIOBUAX MMeIN MECTO M3MeHEHHU B copepxaHuu GopM Bogs! (TabiL. 2).

Kak BupHO u3 Tabi. 2, BCIeACTBME IIOBBILIEHMS BBICOTHI IIPOM3pPACTAHMUSA HAZ YPOBHEM MOPS
[IOHIKAETCS COJepKaHue oOmedl U CBOGOZHOW BOJBI, YBEIMYUBAETCS CBA3AHHAS, IPUYUHON Yero
SBJIAIOTCS, C OZHOIM CTOPOHSBI, YCUJIEHHWE COJTHEYHOM HHCOJAIMM, CHIBI BETpa, C APYroil — yBelnudeHUe
yucna ycrbun, U ux AubdysuonHoi mposogumoctu [1, 16]. IloBbimeHye comep:kaHus CBSI3aHHON BOZBI
CllefiyeT pacCMaTpUBATH KaK 3AIUTHYIO PEAKIMIO pPacTeHWH Ha oTH u3MeHeHusd. Ha msmenenwe dopm
BOZbI, GE3yCJIOBHO, OKA3bIBAaeT BIMSHHE TaKKe IIOpocieBas Harpyska. C yMeHbIIEHHMeM YKCIa ITOpPOC-
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Jel Ha IHe yBeJIMYMBaeTCs 00Ias 1 cBoOOJHAA BOJA IIPYU OJHOBPEMEHHOM YMEHBIIEHUN CBA3aHHOIL.
B pesyspraTe nMeeT MeCTO IIOBBIIIEHNE COOTHOLUIEHHUS CBOOOJHOM U CBA3aHHON BOZBL.

Ta6nuia 2. Cozeprxarue GOPM BOABI B IUCTHAX Ay0a KPYIHOIBLIIBHIKOBOTO
IIpX Pa3JIMYHOHN IOPOCIEBON Harpyske

BapuanTst Dopmer Bogsl, % Ha CHIP. BeC
KonuuecTtso O6mas | Co6ognas | Csaszamnas |Cso6GozHas
Topociei
CBsI3aHHAs
1300 M Hazm yp. Mmops
KOHTPOJIb 68.7 39.8 28.9 1.38
4 70.2 41.6 28.6 1.45
3 71.2 42.9 28.3 1.52
2 71.8 44.1 27.7 1.59
1 72.9 45.6 27.3 1.67
1500 m Haz yp. Mops
KOHTPOJIb 66.5 36.7 29.8 1.23
4 68.1 385 29.6 1.30
3 70.1 40.8 29.3 1.39
2 70.6 41.8 28.8 1.45
1 71.3 43.1 28.2 1.53
1900 m Hag yp. Mops
KOHTPOJIb 64.8 34.2 30.6 1.12
4 66.4 36.4 30.0 1.21
3 67.2 375 29.7 1.26
2 68.4 39.1 29.3 133
1 69.7 40.6 29.1 1.40
rOpHBIe KINMaTU49eCKHe YC/JIOBHA OKAa3bIBAIOT 3HAYUTEJIbHOE BIIHIHUE Ha TIIpomecc

TPaHCIMPAIlMH KaK OJHMH H3 OCHOBHBIX PeryJHPYIOIIMX BHYTPeHHHX (aKTOPOB BOJZHOrO OasaHca
pacrenuit. Hamwm wuccremoBaHus B 3TOM acCIeKTe IIOKas3add, YTO C YyBeJIHMYeHHEM BBICOTHI
IIpOU3paCTaHUs HHTEHCHBHOCTH TPAHCIIMPALUY 3aKOHOMEPHO BO3pacTaeT BO BCex BapHaHTax (puc. 1).
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Puc. 1. IHTeHCHBHOCTS TPAaHCIMPAIUH Ay0a KPYITHONBIIBHUKOBOTO Ha Pa3HBIX BEICOTAX
mpouspacranus (A- 1300m; B- 1500m; B- 1900 Haz yp. MOpst) IIpu pasiuvHOM MOpOCIeBoil Harpyske mHei. K-
KOHTPOJIb; 4,3,2,1- COOTBETCTBEHHO YHCJIO ITOPOCIIei Ha TTHe.

Kax wu3BecTHO, M3MeHeHMe HMHTEHCHBHOCTH TPAHCIMpPALMM 3aBUCHT OT YCTBMYHBIX IBIDKeHH#. Mx
OTKpbIBAaHKE CBA3aHO C comepxanuem CO:2 B BO3myxe, 3al0JIHAIONMEM ITOLYCTBUYHYIO BO3AYLIHYIO IOIOCTh [4]. C
BBICOTOM HaZ ypoBHeM Mops kounenTtpauusa CO: B Boszyxe magaer [2, 10], mpu sToM Typrop 3aMbIKaIOUIMX
KJIETOK YBEJIMYMBAETCS W YCTBUIBI OTKPHIBAIOTCSA, TEM CaMbIM BJIMSAS Ha BeIMYMHY WHTEHCHBHOCTU TPAHC-
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nupanuu. OTO fABJIeHWe He O000COGIeHHOe M HAXOJUTCA B TECHOM CBSI3M C KOHIleHTpaiueil
KJIETOYHOTO COKA ¥ BOAHBIM JepUIINTOM, YTO GBLIO BELABJIEHO B HAIIUX MCCIEAOBAHUSIX (PHUC. 2).
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Puc. 2. Bogusiit geduunT 1 KOHIEHTPAUI KIETOYHOTO COKa Ay0a KPYIHOIBIIBHUKOBOIO
B 3aBUCHMOCTH OT BBICOTHI IIPOM3PACTAHUS U IOPOCIEBOM HATPY3KHU.
OGo3HavyeHue Te xe, 4TO U Ha puc.l.

Kak BupHO M3 pmc. 2, Mo Mepe TOBBIIEHMS BBICOTHI ITPOM3PACTAHUA HAJ, YPOBHEM MOpH,
KOHIIeHTpallMs KJIeTOYHOTO COKAa JIMCTheB YBeIHMYMBAETCA BO BCeX BApMAHTAaX OIBITA, a IPH
yMeHBIIeHUHU TTOPOCIeBOM HAarpy3KU MMeeT MecTo obpaTHsIil addexr. CremoBarensHo, HabIIOmaeTCA
IIPUYMHHO-CJIe/ICTBEHHAs CBA3b MeXZy KOHIIEHTpalyel KJIeTOYHOTO COKA, BOAHBIM JeduuuTOM U
MHTeHCHBHOCTBIO TPAaHCIIMPAIUH.

ITpu sTOM Hemp3sd He YYUTHIBATh POJb BOJHOTO JedHIMTa B IPOILECCe TPaHCIUPAIMH, 60
M3BECTHO, YTO OH SBJILETCS OZHUM U3 PETyIUpPYIOMUX (PaKTOPOB HHTEHCUBHOCTY TpaHCcIupanuu [9).

JlanHbIe puc. 2 CBUIETENBCTBYIOT 00 YBEIMYEHUU BOTZHOTO JedUIIUTa IO Mepe IHOBBINIEHUA
BBICOTHI IPOM3PACTAHMA, YTO OOYCIOBIEHO IIOHIDKEHHOH aTMocdepHOH  BIaXXHOCTBIO BO3JYyXa,
yCHUIeHUEM COJTHEYHOM pafuaIiuy, CHION BeTpa U HCIAPsIeMOCThIO C TOBEPXHOCTH MOYBsI [11] .

IToxasaremu BOJHOTO PeXHMa JIHCTbEB OMNBITHBIX IIOPOCHAeH C BO3pACTaHHMEM BBICOTHI
IIPOM3PACTaHUA WM3MEHAIOTCA C TAKOH )Xe 3aKOHOMEPHOCTBIO, KaK M Yy KOHTPOJBHBIX BAPHAHTOB.
Pasuuiia npospifeTca TOJIBKO B TOM, UTO C IIApaJUIeJbHBIM yMeHBIIEHHeM IIOPOC/IeBOM HAarpy3KHu B
JIUCTBAX IIOBBINIAETCA COJiep)kKaHMe OOWed M CBOOOAHOM BOZBI, a IIOKAa3aTeIH CBA3AaHHOW BOZBI,
BOJHOTO fedHUIINTa U TPAHCIMPALIUY aAI0T.

OTH M3MeHeHH:d B BOJHOM OOMeHe IIOpOCJIel, IPOMCXOAINYe II0J BO3/EICTBHEM YCIOBHUI
BBICOKOTODBS, KOPPEIATUBHO IIepelaloTCs KOPHAM U HOCAT aJalTUBHBIN XapaKTep.

Takxum o6pasoM, 06001as IOIyIeHHbIE Pe3yIbTAThl, MOXKHO NMPUATH K 3aKJIIOUEHHUIO, ITO YPOBEHb
HCCIIe[IOBAaHHBIX MOKasaTejlel BOAHOTO PeXMMa IPH OFHOM M TOH )Ke IIOpOCJIeBOM HAarpyske MeHAeTCA B
3aBHCHMOCTH OT BBICOTHI MECTHOCTH.

OT0 06CTOATENBCTBO HEOOXOAUMO YUUTHIBATh IIPU BBIGOPE OITHMAJIBHOTO YMCJIA IIOPOCIeil Ha ITHe
IIyT/JIM BETeTaTUBHOTO BO30GHOBIEHNA CPYOIeHHBIX JyOpaB Ha Pa3JIMIHBIX BEICOTaX IIPOU3PACTAHMUA.
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W3yueHBI aHTHOKCHUJAHTHBIE CBOMCTBA HEKOTODBIX JIEKAPCTBEHHBIX PACTeHUH KaK [JI1 SKHUPO-
PacTBOPUMBIX, TaK U JJid BOJOPACTBOPUMBIX coefuHeHuil. IlomyyeHHBIe JaHHBIE ITOKA3pIBAIOT, YTO JJIA
JKHPOPACTBOPUMBIX COeUHEHUI BBICOKON aHTMOKCHAAHTHOIN aKTUBHOCTBIO 06JaZiaeT AeBACKI, 34 HUM CJIeZyeT
kajeHgyna. [l BOZOPacTBOPUMBIX COeIMHEHHUM aHTHMOKCHAAHTHAS aKTHBHOCTH BBICOKA B KaJeHZYyJe, 3aTeM B
Ioyumie u B pomanke. CaMo#f HM3KOM aHTHOKCHAAHTHOI aKTHBHOCTBIO 06afaer comozka. O6oburast, MOXHO
CKa3aTh, 4YTO MJIA >KAPOPACTBOPUMBIX U BOZOPACTBOPHUMBIX COeJUHEHHIl BBICOKONH aHTHOKCHUIAHTHOMN
aKTHBHOCTBIO 06JIa/IalOT AeBACKI U KaJeHAyJIa, MeHbIIel aKTHBHOCTHIO — KpalluBa 1 3BepoGOii.

./]E‘KHPCTBE‘HHLIGPHCTEHHH - CBOﬁO,Z[HbIEPH,ZIHKH/IbI — AHTHOKCHZAHTHI — BUTAMHHbI

Munudtwuhpyt) B npnp ninupnyubph hwwopuhnuinnuyht hwnlnipynintpp hyybu opunis, wytybu b
Swpuunis vhwgnipinibtiph hudwp: Unwugdws wdpuitkpp gnyg Eu wwghu, np dupuyunys dhugnmpmiiubph hudwp
pupdp  hwhwopuhnuitnughtt hwnlmpjudp odndws bt Ynuntjup, nphtt hbnbnwd £ Jupbbwlp:  Qpuns
dhwgmpnittiph hwdwp pwpdp hwjwopuhnubnuyghtt hwnlnipmt £t hwynbwpbpyl] Jupbiwuynud, wjunthbnb
Juujuwswnynud b Ephgniynid: Udkwgusp hwljuwopuhnuinnuyghtt hwnnipjudp odnjws b dunnunwlp: Cunhwipug-
b Yuwpkh B owul), np hywbu  fwpuuynis, wjigbu b ogpunis  dhwgmpnitubph  hwdwp  pupdp
huljwopuhnuinnuht whnhnupyudp odnws ki Ynuntup b Junbiwp, gusp wljnhymppudp Enhiigp b upnhmbnp:

nupnyukp — wquin punhfuybkp — hulwopupnuinnibp — Jhunwdhbbkp

The antioxidant properties of some herbs for water- soluble and fat -soluble compounds have been studied. The
facts show that for fat-soluble compounds Inula L. has high antioxidant properties, whom follows Calendula officinalis
L. For water-soluble compounds Calendula officinalis L. has high antioxidant properties whom follow Origanum
wulgare L. and Matricaria chamomila L. The Glycyrrhiza glabra L. has the lowest antioxidant properties. At lagt, for fat-
soluble and water-soluble compounds Inula L. and Calendula officinalis L. have high antioxidant activities. The Urtica
dioica L. and Hypericum perforatum L. have low activities.

Herbs - free radicals — antioxidants - vitamins

I/I3BeCTHO, YTO IIOL BOB,Z[efICTBI/IeM KHCJIOpOAa BBIAEJIAIOTCA MOGOYHbIE IIPOAYKTHI IIpomecca
OKHCJ/IEHHA, TaK Ha3bIBa€MbI€ CBO60,HHI)I€ PpaAiKabl. O,ZLHaKO B OpraHmusMe CyILIeCTBYIOT ME€XaHH3MBbI
ux HefITpaJIHSHHHI/I, IIO3BOJIAIOMINIE €My MAKCHMAJIbHO HCIIOJIb30BATh KHMCJIOPO/J, M OCTATHCA B JKMBBIX.
,Z[J'I}I 9TOT'O MCIIOJB3YIOTCA CIIEIIMa/JIbHbIE 3alIUTHbIE
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CpeZCTBa IO/, HAa3BaHUEM aHTHOKCHUIAHTSI, IIOCTYTAONIIe B OPTaHU3M C nmuuleit. bes HIX
OpTraHM3M He IIPOXKIII ObI ¥ HECKOJIBKUX CEKYH],.

K 4mcny BakHeHINX aHTUOKCHZAHTOB B IIOC/IEfHEEe BPeMs OTHOCAT, moMumo ButamMuuHoB C u E,
TaKKe BUTAMHH A M Jpyrve KapOTHHOHUABI, I[UHK, CeJleH, IIyTaTHOH,  N-aleTUIIUCTeHH, TaypHH,
nunoesyio kuciaory, kodpepment Q10 [7]. MsBectHo, uro BuTamMuH C BOCCTaHABIMBAET OKUCIEHUE
BUTaMMHA E, TeM cambIM oGeceuuBas cofiep>KaHHe STOTO BUTAMMHA B KJIETOYHBIX MeMOpaHax. ITommmo
aToro, ButaMuH C, ABJAICH BOZOPACTBOPUMEIM COefUHEHHEM, B3aMMOZEICTBYeT C aKTUBHBIMU (OpMaMu
xucnopoza (Oz2, H202, OH) [2,4].

Kak moxasanu ucCIeoOBaHWA, aHTHOKCHUZAHTHI He TOJIBKO CHIDKAIOT PHCK Pa3BUTHA MHOTHX
3a6oyeBaHU, HO U 3aMeIJIAIOT IIPOIlecC cTapeHud. Pak, cepfedHO-coCynucTsie 3a60IeBaHUA, APTPHUTSL,
GonesHb AJblreiiMepa U IpeXXAeBpeMeHHOe CTapeHHe - BOT JIMIIb KOPOTKHI CIIMCOK 3a00JIeBaHUIA
PasBUBAIOIUXCSA B pe3yJabTaTe HeZOCTATOYHOM 3alUTBI OPraHM3Ma OT CBOOOZHBIX pPafuKaloB. Bce
CKa3aHHOe OTHIOZb He yMajsgeT BaOXHOCTH KHCJIOpPOZA - dJIeMeHTa JXu3HM. JI0CTaTOuHOe IOCTYILIEHUe
KHCJIOPOZa HeOOXOUMO I KU3HU U 3[J0POBbS KJIETOK, 2 HeXBaTKa €r0 HeCOBMECTHMA C XXH3HBIO [1].

Taxum 06pa3oM, 4TOGHI MOMYYNUTh MAaKCUMAJIBHYIO IIOJIB3Y JJIS 3L0POBbsI, HEOOXOAUMO 00eCIeduTh
OpPraHM3M KHCJIOPOZOM B COYETAHMM C aHTHOKCHJAaHTaMH. KHCIOpOZ, MOXHO CpaBHMBATh C
3JIEKPUYECTBOM, @ aHTHOKCHJAHTBI- C U30JIAIME.

Mareprar n merogmka. Hamu 6bsuin uccienoBausl caegytomue 10  pacrenumit: messicun Bbicokuit (/nula
helenium L.), conopka ronast (Glycyrrhiza glabra L.), 3ssepo6oit (Hypericum perforatum L.), kaneHgyna seKapcTBeHHas
(Calendula officinalis L.), wandent (Salvia officinalis L.), xpanuBa psymomuas (Urtica dioica L.), pomamixa
nexapcrBenHas (Matricaria chamomilla L.), gymuna (Origanum vulgare L.), masens ansnuiickuit (Rumex alpinus L.),
nukopuit oosikHOBeHHbIN (Cichorium intybus L.). AHTHOKCHIAHTHYIO aKTUBHOCTD M3MEPSUIN 110 MHTUOHPOBAaHHOMY
BJIMAHWIO HA JIIOMUHECIeHIINIO, CpaBHI/IBaf[ co CTaHZ[apTOM. ’ZLJIH OHpeﬂeﬂeHI/IH AHTUOKCUOAHTHBIX CBOMCTB B C]Iyqae BO-
ZOPaCTBOPHUMBIX COAMHEHHH B KayeCcTBe CTaHJapTa Opas aCKOPOMHOBYIO KHCIOTY, @ B CIydae YKHPOPACTBOPUMBIX -
TPOJIOKC.

PesyasraTsr # ob6cyxzeHHe. VI3yyanyu aHTHOKCHJAHTHBIE CBOMCTBA PaCTEHHUI KaK I BOZOPACTBOPUMBIX,
TaK U JJI KMPOPACTBOPUMBIX COeiiHe !, PesyrpraTs! mokasans! B Ta6i.1, 2.

Ta6ymua 1. AHTHOKCHIaHTHbIe CBOXCTBA JIEKAPCTBEHHBIX PACTEHHI
IJL XXMPOPACTBOPUMBIX COeIMHEHHUH, N=5

AHTHOKCHZAHTHbIE CBOMCTBA II0 CPaBHEHHUIO C
JlekapcTBeHHOE pacTeHue
Tpostokcom, HMosp
JleBsicuI BBICOKUIT 2,931+0,32
Cosnopxa romas 1,915+0,25
3Bepoboit 1,438+0,21
Kamenpgysa mexapcTBeHHas 2,339+0,30
Kpanusa gsyzonnas 1,493+0,21
Pomamrka sexapcTBeHHas 0,871+0,05
Ilukopuit OGBIKHOBEHHBIH 0,393+0,03

Paz6asrenue sxcrpaxra B 10 pas, p < 0,001

IlonydyenHble paHHBIE IIOKA3bIBAIOT, YTO JJII >KMPOPAaCTBOPUMBIX COeJUHEHMH BBICOKOH
AaHTUOKCHUJAHTHOM aKTUBHOCTBIO 00JafaeT IEBACHJ BBICOKMH, 3a HUM CJlIeLyeT KaJeHZIyja
JeKapcTBeHHas. VIHTepecHO, YTO COIO/KA TOJIas YCTyTaeT YKa3aHHBIM PaCTeHUAM.
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Ta6numa 2. AHTHOKCHIaHTHBIE CBOMCTBA JI€KaPCTBEHHBIX PACTEHUI
(@11 BOZOPACTBOPUMBIX COeAUHEHHIA) =5

JlexapcTBeHHOE AHTHOKCHI@HTHbIE CBOMCTBA 110
pacTeHue cpasHermio ¢ BuT.C, EMons
JleBsACHIT BEICOKUH 0,558+0,04
Cosopxka roias 0,197+0,01
3Bepoboit 1,267+0,14
Kanengyma 2,175+0,31
JIeKapCTBEHHAS

Mandeit 0,790+0,05
Kpanusa aByzonHas 0,548+0,04
Pomamrka rekapcrBeHHas 1,643+0,23
Jymmia 1,785+0,23
ITlasenn 0,342+0,03

Pas6asmenue axcrpakra B 10 pas, p < 0,001

W3 1abn.2 BUHO, YTO [ BOLOPACTBOPUMBIX COeSUHEHUN aHTUOKCHUJAHTHASI aKTUBHOCTH BBICOKA B
KaJleHZyJIe, 3a Hell CJIeJyIOT AyIIUIla ¥ POMAIKa, a CAaMOi HU3KO aKTUBHOCTBIO 00JIaZlaeT COI0AKa.

CTOI/IT O6paTI/ITL BHUMaHHE Ha IIOJIOXKHUTEJIbHOEe rJfLeI>'ICTBI/Ie AeBsACHJIa BBICOKOI'O H KaJIEH,Z[yJILI

JIeKapCcTBeHHOI. JluTepaTypHble [JaHHBIE CBHUAETENIBCTBYIOT O CHIDKEHUU CEKPEeTOPHOHM aKTHBHOCTH
KHIIeYHHWKa 1 O perynnpy}omeM BIIMAHUUN OEBACHJIA HA €ro MOTOPI/IKy [6] BBIJ’[O yCTaHOBJIeHO, 9TO II0n
HeﬁCTBHeM HaACTOA [OeBACHJIA yMeHI)H_IaIOTCS{ HePI/ICTa)II)TI/IKa nu CereTOpHaS[ dKTHUBHOCTh KHIIEYHHWKA,
OOHAKO ITIOBBIIIAETCA )KeJI‘IeO6Pa3OB3HHe nu 3aMEeTHO YCHUInBaeTCAa JKesr4eoTaesIeHue B
ABEHAAIATUIIEPCTHYIO KUIIKY. HpenapaTLl AE€BACHIIa TAKXe CHMXXAIOT CEKPETOPHYIO aKTHBHOCTH 6POHXOB
¥ OKa3bIBAIOT OTXapKUBaloliee neicTeue [3,4].
HonyquHme HaMM JOJaHHBbI€e OTHOCHTEJIBHO BBICOKOM aHTHOKCH,Z[aHTHOfI AKTUBHOCTU KaJIEHAYJIbI AAIOT
BO3MOJXXHOCTH IIpUMEHATH 3TOT IIpe€lapar IIpU pAane 3aboseBaHuii. OTMEYEHO TOJIOKUTEIHEHOE ﬂef/‘ICTBI/Ie
IIpenapaToB KaJIEHAYyJIbl IIPDK CEPAETHO-COCY AUCTBIX 38.60JIeBaHI/IiIX, COIIPOBOXKAAIOIINXCSA Cep,zme61/1eHHeM,
OTZIBINIKOM, OTeKkaMu. B racTposHTeposornueckoil mpakTHKe KaJeHZYTy IIPUMEeHAIOT KaK IIPOTHBOBOCIIO-
JIUTEIbHOE, PAHO3XKUBIIAIONIEe, CIIa3MOIUTUIECKOe ¥ XKeTYeroHHOe CpeAcTBO [5]. B mBerkax KameHzyIIst
cozep>kuTcst GOJIBLIOe KOJIUYIECTBO KapOTHHOHZOB, (HIaBOHOHUZAOB, BuTaMuHa C M OpPraHMYeCKuX KHCJIOT,
KOTOPBIe O6yCJIaBJIHBaIOT (IJYHKI.LI/II/I IIe4YeHH, ynquanT COCTaB JXeJIYHu B Hef[, IIOHMKAIOT KOHHeHTpaHHIO
OGuIMpyOMHA U XOJIeCTeDHHA, IOBBINIAIOT CEKPETOPHYIO U BBIIEIMTENBHYIO (QYHKIWHM. JTH CBOMCTBA
KaJIeHZyJIbl OOYCIOBJIEHHBI OUYeHb BBICOKOM KOHIleHTpanueil BuramMuHa C Kak aHTHOKcHAaHTa. COIOAKY
IIPUMEHAIOT B ME,E[I/ILH/IHCKOfI IIpaKTHUKEe B Ka49eCTBE€ OTXapKHBAIOLIETO, 06BOJIaKI/IBaIOH.IEI‘O 1 CMATYaouero
Kallrejab CPe,I[CTBa HPI/I SHGOHeBaHI/IS{X BePXHI/IX AbIXaTE€JIbHBIX HyTeﬁ, OCO6€HHO y ,ILeTeﬁ W JIUI, IIOXKHUJIOTO
Bospacta. KopeHb COJOAKM Ha3HAYAIOT TAK)Ke IIPU A3BEHHON GOJIE3HU JKeMyZKa M JBeHaALaTUIIePCTHOM
KHIIKY, IIPY XPOHHUYECKUX BOCHAJIHUTEIBHBIX COCTOAHUAX JKEIYAOYHO-KHUIIEIHOTO TPaKTa, OCOGEHHO IIpu
IIOBBILIEHHON KHMCIOTHOCTHU JKETyJOYHOTO COKa. M3 KOpHA COMOAKU IIpu GPOHXHAIBHOM acTMe CpefiHeit
TAXKEeCTHU FHHHHPHM CHOCOGCTByeT JUKBU AT 6POHXOCH83M3, BOCCTAaHOBJIEHHIO q)yHK—I_LI/II/I BHEIIHETO
ABIXaHWA, YMEHBIIEHHUIO YK CJIa BOSI/IHO(l)I/I)IOB B nepmbepw{ecxoﬁ KpOBH.

O606mas ckasaHHOe, MOXXHO NPUATU K OOIeMy 3aKIIOYeHHIO, YTO B M3yUeHHBIX HaMU
pacTeHHUAX  BBICOKOM AaHTHOKCHUAAHTHOH aKTUBHOCTBIO OOJAQFAIOT  JEBACHII BBICOKHI
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¥ KajeH/lyJIa, MeHbIlIeH KpaIiBa U 3Bepo0Oi, POJIb KOTOPBIX IIPY JIeYeHUH PasIHYHBIX 3a00J€BAHUI
MBI He 00CyXaeM.
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It is shown that long-chain fatty acids (palmitate, stearate) can compete with the porphyrins for
binding sites on molecules of serum albumin and hemoglobin, significantly reducing the level of binding of
protein-porphyrin pairs. It is also shown that the main carrier protein of porphyrins in blood is the serum
albumin.

Proteins — fatty acids — porphyrins — serum albumin — hemoglobin — spectroscopy

8nyg £ inpws, np kpupugnpw fwpyupeniubpp (wupdhnhwpenil, unbwuphwpenit) jupnn
ku  dpgulgh] wnpdhphutbph juwwdwb wbknkph hwdwp  ohdnijuyhtt wypnidhth b htdngnphuh
Unkniyubkpnid, hgp qquuphnpkt hokgunud £ uyhinwlynig-ynpbhphtt gnyglph juypdwb wunh&wbp: 8nyg b
npyws bwl, np wpywb dkp wnpdhphuukph hhdtwluw vyhnwlnig mbknuihnhhsp oh&ntuyhts wypnudhii k:

Uy hunwulnighlp — dwpwwppniibp - wynpppphbblp — phdntjuypl uypnidhl -
hlngnphl — vy bunpnulnuypu

ITokaszaro, 4TO [IWHHOIENIOYEYHble >XUPHbIE KHCJIOTHI (IIAJIBMIHOBASs, CTEAPUHOBAsA) MOTYT
KOHKYPHpPOBaTh C HOPGUPHHAMH 32 MECTa CBA3BIBAHUA Ha MOJIEKYJIaX CHBIBOPOTOYHOTO aIbOyMUHA K
TeMOrJI06MHA, YTO 3HAYUTENTBPHO CHIDKAET YPOBEHb CBs3bIBAHWS Iapsl Gemok-mopdupuH. Ilokaszano
TaKXKe, YTO OCHOBHBIM GeJIKOM-HOCHUTeIeM TOPQUPHUHOB B KPOBH ABJIAETCS CHIBOPO-TOYHBIH alb0yMUH.

Benxu — srcupmvle Kuciomul — nopupuHbl - Cb160pOMOUHbLIL ANLOYMUH — 2eMo2100un
— CNeKmpOoCKonus

Blood proteome is a medium, which rapidly respond to a variety of changes in an or-
ganism, including diseases. In photodynamic therapy of tumors (PDT) binding and delivery of
photosensitizers (PS) to the tumor is one of the important tasks of this method [7]. Delivery of PS
was implemented through the blood and such proteins as serum albumin, hemoglobin, and
lipoproteins play a key role in this problem [1, 9, 10, 12]. Presence of ligands, including fatty
acids, greatly complicates the solution of tasks in relation to the possible competition of the two
ligands (porphyrin and fatty acid) for binding sites on carrier proteins. Among photosensitizers
for photodynamic therapy of the most actively being explored cationic porphyrins [7, 13].
Previously methods were developed and a series of cationic porphyrins with different peripheral groups and

80



ACTION OF FATTY ACIDS ON THE BINDING CAPACITY OF PORPHYRINS TO BLOOD PROTEINS: I. SPECTRAL INVESTIGATIONS

central metals (more than 80 compounds) were synthesized [11, 3]. The aim of this study was to
investigate the influence of long-chain fatty acids (FA) on the binding of porphyrins to
macromolecule of carrier proteins and determination of the most probable carrier protein of
porphyrins in the blood.

Presented problems we solved in two steps: 1) study the photophysical properties of
porphyrins and selection of suitable porphyrins by criterion of generation of singlet oxygen and
2) study of the binding of selected porphyrins to carrier proteins. To solve the problems of the
first stage the studies and detailed analysis of the photophysical properties of new porphyrins and
metalloporphyrins (total 21 compounds) were conducted. The problems of the second stage were
resolved via methods of optical spectroscopy and molecular docking.

Materials and methods. Bovine serum albumin (BSA), bovine serum albumin free fatty acid
(BCA, FFA), human serum albumin-free fatty acid (HSA), human hemoglobin (Hb), sodium salts of fatty
acids (palmitic and stearic) were purchased from Sigma-Aldrich Chemical Co. (USA). Water-soluble
cationic porphyrins and metalloporphyrins with different central metal atoms (Zn, Ag, Co, Fe, Mn, Cu, etc.)
and various peripheral functional groups (hydroxyethyl-, butyl-, allyl-, methallyl-) were synthesized at the
Yerevan State Medical University in accordance with the procedures described in [11, 3]. The structure of
synthesized compounds was investigated and confirmed by NMR, IR, and absorption spectroscopy. In fig. 1
shows the basic structure of the investigated porphyrins:

M =H,, Ag(Il), Zn(ID), Cu(ID), Ni(II), Pd(IL)

R= CH,-CH,-CH,-CH; TBut4PyP _\j
R= CH,-CH,-OH TOEt4PyP e o
R= CH,-CH=CH, TAII4PyP it

X =Cl,Br, NOs

Fig.1. Basic structure of cationic porphyrins.

All other reagents were analytical clean grade.

For studies of photophysical properties of porphyrin solutions were prepared in distilled water and
studied at room temperature in 10 mm quartz cuvette. To determine the fluorescence quantum yield we used
a relative method. As a standard solution we used of Zn-tetraphenylporphin in toluene with the fluorescence
quantum yield 3.0%. The quantum yields of singlet oxygen (y,) we were determined by a relative method.
As a standard we used meso-tetra [4-N-metilpiridil] porphyrin (TM4PyP) with y, = 77% [2].

Luminescence spectra were recorded on the laser fluorometer, created in the laboratory of Photonics
of molecules of the Institute of Physics, NAS of Belarus. In standard configuration, excitation of samples
was carrying out by laser pulses with energies of 4 uJ and duration 0.7 ns, with the frequency of 1 kHz at a
wavelength of 531 nm.

Absorption spectra and binding constants of porphyrins with proteins was determined by the method
described in [5]. Fatty acids were injected with the proteins in the appropriate ratio (the ratio of protein-fatty
acid ranged from 1:1 to 1:5). The binding constant (K) of protein-porphyrin pairs (as well as protein-
porphyrin-fatty acid) was determined by analyzing the decrease in the absorption of the Soret band when
increasing concentrations of the corresponding protein (or protein-fatty acid) were added to the porphyrin
solution, according to the modified equation of Kapp et al. [8]:

AJAA=11K[Cpoi] + UF 1

where A, and A are the porphyrin solution absorbance in the absence and presence of the protein,
respectively. The value of K was defined from an adsorption isotherm. On the adsorption isotherm A /A,-A
(ordinate) vs. 1/[C,yo] (abscissa), the value 1/fis a segment on the axis A,/A,-A
corresponding to a point 1/[Cp] = 0.
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The experimental results were statistically processed using a Student test.

Results and Discussion. /. Luminescent properties of new cationic porphyrins. For all 21
compounds absorption and fluorescence spectra were measured. Moreover, for all complexes of
metalloporphyrins containing atoms of Co, Ag, Fe and Cu, were not found own glow of complex
or the impurity luminescence of free-base porphyrin. For other compounds - free porphyrins and
their complexes with Zn atoms characteristically a significant fluorescence. All the studied
compounds were photostable.

2. The quantum yields of singlet oxygen and triplet characteristics of water-soluble
cationic porphyrins. From the set of all new porphyrins maximum close of spectral absorption
characteristics to the known porphyrin TM4PyP had TBut4PyP. The quantum yields of singlet
oxygen, and kinetic characteristics of the glow of singlet oxygen for TM4PyP were investigated
in tris-buffer and for TBut4PyP in various aqueous solutions (tris-buffer, deionized, distilled and
redistilled water): for TM4PyP y,=77%, for TBut4PyP y,=78-79%. Table 1 shows the quantum
yields of singlet oxygen, and kinetic characteristics of the glow of singlet oxygen of solution of
zinc porphyrin complexes which investigated in distilled water at room temperature.

We note that there are the differences in rise time (tr) of signal of singlet oxygen for 3-N-
pyridyl and 4-N-pyridyl of derivatives and of free bases. In solutions of metalloporphyrins
similar were only durations of Iuminescence quenching of singlet oxygen (t,). Perhaps the
introduction of the metal ion has significantly changed the triplet characteristics of porphyrins,
which reflected in the differing for all metallocomplexes values v, and tr.

Table 1*. The quantum yields of singlet oxygen production of porphyrins

Compound Ya, Yo Tr, mKs Tp, MKS
H,TByt4PyP 78 1.9 3.7
ZnTByt4PyP 90 2.7 3.9
ZnTByt3PyP 84 3.0 3.9
ZnTOEt4PyP 87 2.8 3.7
ZnTOEt3PyP 87 2.5 3.6
ZnTAII4PyP 91 2.6 3.7

*The sta

ndard deviation does not exceed 5%

3. The influence of fatty acids on the binding of porphyrins with carrier proteins.
Previously [4-6], we investigated the binding of cationic porphyrins with carrier-proteins of
ligands in the blood (serum albumin and hemoglobin) and it was shown that the binding is non-
specific and reversible, and also depends on the pH. So for ZnTByt4PyP porphyrin the binding
constants with BSA changed from 6.0x10* M to 2.0x10° M™" at pH 4.0 and 9.5, respectively [5].
Relatively low binding constants of porphyrins and metalloporphyrins (0.95-3.5x10° M™)
indicate the electrostatic character of interactions of cationic porphyrins with negatively charged
molecule of BSA [4]. At the same time it is well known that a major function of serum albumin
in blood is the binding and transport of fatty acids. In this connection we investigated the effect
of long chain fatty acids (palmitic and stearic) on binding of porphyrins with carrier-proteins.
Using the received binding constants for the two porphyrins (TBut4PyP and Zn-TBut4PyP) and two
proteins (HSA Fatty Acid free and Hb) in the absence of fatty acids [5, 6], we assessed changes in the
binding constant in the presence of fatty acids (palmitic and stearic). The results for two proteins and two
porphyrins indicate a clear tendency to reduce the binding constant with increasing ratio fatty acid/protein in a
solution of porphyrin (tab. 2 and 3). In this case, the binding constant of pair porphyrin TBut4PyP-HAS with
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competition of fatty acid (at a ratio of fatty acid/protein = 1:1) according spectral data is reduced
in the 1.3-1.6 times, whereas for Hb the decrease is more significant: in the 2.2-2.4 times. From
these data an important conclusion follows that the fatty acids (palmitic and stearic) play an
essential role in the binding of ligands for SA and Hb. Tables testifies also that binding with
porphyrins in the presence of fatty acids compared with the BSA in the case of Hb in solution
occurs the more significant decrease of binding constants. This testifies that the main carrier
protein of porphyrins in blood is serum albumin.

Table2*. Evaluation of binding constants for HSA/porphyrin pairs in the
presence of fatty acids.

* Each value
e HSA (Zn-TBut4PyP) HSA (TBut4PyP)
Ratio FA: K (x10°M™) K (x10°M™)
protein Na palmitate Na stearate Na palmitate Na stearate

1:1 2.07 1.68 2.43 1.87

2:1 1.65 1.47 0.77 1.02

4:1 1.11 1.22 0.70 0.64

5:1 0.74 1.0 0.31 0.57

average of 4 experiments. The standard deviation does not exceed 5%.

Table3*. Evaluation of binding constants for human Hb/porphyrin pairs in the presence
of fatty acids.

Ratio FA: Hb (Zn-TBut4PyP) Hb (TBut4PyP)

protein K (x10° M) K (x10° M™)
Na palmitate Na stearate Na palmitate Na stearate
1:1 1.35 1.28 1.36 1.24
2:1 1.08 1.26 1.23 1.18
4:1 0.81 1.19 1.14 1.15
5:1 0.69 1.05 0.92 0.86
*

Each value is the average of 4 experiments. The standard deviation does not exceed 5%.

Based on studies of photophysical and spectral properties of porphyrins have made the
following conclusions:

1. Free base porphyrins and their zinc complexes exhibits high photosensitizing activity.

2. The nature of the aqueous solution has no effect on the high efficiency of singled
oxygen of studied porphyrins.

3. The most promising porphyrins for photodynamic investigations by criterion of ge-
nerating singlet oxygen are metalloporphyrins ZnTByt4PyP and ZnTAIlI4PyP.

4. It is shown that long-chain fatty acids (palmitate, stearate) can compete with the
porphyrins for binding sites on molecules of serum albumin and hemoglobin, significantly
reducing the level of binding of protein-porphyrin pair. This fact should be considered when
applied the method of PDT of tumor and photosensitizer dose calculations must consider the
level of fatty acids in blood.

5. Results testify that binding with porphyrins in the presence of fatty acids compared
with the BSA in the case of Hb in solution occur the more significant decrease of binding
constants. This testifies that the main carrier protein of porphyrins in blood is serum albumin.

This work was supported by grants from the State Committee of Science of the Ministry
of Education and Science of Armenia (Project 11RB-016) and the Foundation for Fundamental
Research of the Republic of Belarus (Project F11ARM-017).
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VicenenoBano B3auMojelcTBUe HeGeIKOBBIX aMUHOKHCIOT C TPUICHHOM U mporenHasoir K. Meromom
JOKMHT aHanu3a BhLABIEHO, 4TO (2R,3S)-f-ruppoxcmiednnH CBs3bIBaeTCA C aclapa-TMHOBOM KHUCIOTOH!'S
TPUIICHHA, BXOZAIIEH B LEHTpP CBI3BIBAHMA C Cy6CTpaToM (epMeHTa, M MOKA3aHO, YTO AaKTUBHOCTH TPHUIICHHA B
npucyrcrsun 2 MM (2R,3S)-B-rugpokcuneiinyHa mogas-isercs Ha 56,9%. JloGaBreHne B peaKIIMOHHYIO CMECh
(S)-B-(N-6ensmramuHo)-ananuHa, (S)-a-me-tun-p-dpennnanannaa uin (R)-o-merun-p-dennnanannna IpUBOLUT
K yCHWIEHHIO MHrubupymome-ro meicrsus (2R,3S)-f- rumpoxcuneiinuna Ha tpuncuH. (R)-B-umupasonun-(S)-
QJIaHUH CHIDKaeT HpOUeHT wuHrubuposaHus TtpuncuHa (2R,3S)- B-rupgpoxcrreiinuaom na 38,4. CoriacHo
IAaHHBIM JOKHHI aHanw3a, (S)-a/UImi-alaHuH obpasyeT BOZOPOAHBIE CBSI3U C CEPUHOM'S2, BXOAIIIMM B LIEHTP
CBA3BIBaHUA ¢ cy6erparoM mporerHass K, a (R)-o-Mertun-p-deHiiaTaHuH CBA3bIBAETCA C CEPUHOM?24, BXOAAIIUM
B KaTanuTudeckuil nentp mporemnassl K. (S)-amwmmn-amanun (3MM) u (R)-o-mermn-p-denmnaranus (4mMM)
MHrH6UpyIoT 1o oTmensHocTH npoTemHasy K Ha 50%, a mpu mx COBMeCTHOM BO3ZEHCTBUM HHTMOHPOBaHUe
depmenTa ycunusaercs Ha 25%.

O6cyxmaercss BOBMOXKHOCTb KCIIOJIb30BAHUA CMeceil HeGeIKOBBIX aMUHOKHUCIOT s 3(-(peKTHBHOrO
MHrEGUPOBAHUS TPUIICUHA U IpoTenHass! K.

HebenxoBsre aMHHOKHCIOTH — JOKHHT — TPHIICHH — IpoTenHasa K — HHruoOnpoparme

Muunultwuhpyly E ny uyhnwlnigughtt wdhtwppeniubph hnpwugpbignipmiip iphwuhtth b wpnunkhiiwg K-h
htwn: “Tnphtiq wiwphgh Ukpnnn] pugwhwyudly E np (2R, 3S)-p-hhnpopuhtjghip  Ywwynud E  wphuuhuh
wuwyupughiuppyhl89 htwn, npp pingpldws b dhpdbnh umpunpunh htn juyuwt jEinnpnuh juqunud: 8nyg L
wnpywsd, np wphujuhtth whnhynipiniup 2 Ung (2R, 3S)- B-hhnpopuhyghtth kpljuynipudp tdugnid 56,9 %-ny: (S)-p-(N-
phughjudhun)-wjwuhth, (S)-o-dbkphi-f-dhuhjuquhth jud (R)-o-dbphi-f- dhuhjuuihth wkjugnudp nbwljghnt p-
gunjuypht phpnud Ewnphuyuhth wpgkulpdwi mdtqugdwin (2R,35)-f-hhnpopuhytightng: (R)-B-huhnuqnyjy-(S)-wwhip
poyugund E inphyuhth wpgbjuynudp (2R,3S)-p-hhnpopupytjghting 38,4 %-ny: Zudwdauyh nnphq wbuhgh wyuukph
(S)-wh-wyqwihup gpwstughtt Yuwbp b hwunmwnnd wpnnbhtwg K-h unipunpunh htn juudwt fEnpnunad
quinjnn ubphtl32 htw, hul (R)-o-dbph-p-phuhjuputhip juupnud £ wpninkhiug K-h juwnwghnhly YEunpnuncd
quinnn ukpht? —h htn: 3 Unp b (S)-whp-wjuthup b 4 Unp (R)-a-dbph-p-phuhjuputhip wpgljulymd b wypnnkhtug
K-t 50 %-ny, hul tipwtg hunlwinkn wqntgnipniup 25 %-n nidtnuginud t ppdknh wpghjulynudp: Lutwplpdnud oy
uyhnuyniguyhtt wdhtwpeniubph jpwptnippubtph oguugnpsdwt htwpwynpuieiniip wphwuhth b ywpnnkhiwq K-h
wpiyniiwyn wpgljuljdwt hwdwp:

15 uyhinuniguyhll wdplnuppniikp — gnphhq — nphyupl — ypninkpinug K — wpgljulnid
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The interaction of nonprotein amino acids with trypsin and proteinase K has been studied. It was revealed by
docking analysis that (2R,3S)-f-hydroxyleucine binds with aspartic acid189 in the substrate binding site of trypsin.
(2R.39-B-hydroxyleucine inhibits the activity of trypsin a 56.9%. (S-B-(N-benzylamino)-alanine, (S-o-metyl-p-
phenylalanine and (R)-o-metyl-p-phenylalanine streng-then the inhibition of trypsin by (2R,3S)--hydroxyleucine. (R)-f-
imidazolyl-(S)-alanine decreases the inhibition of trypsin by (2R 39-B-hydroxyleucine a 38.4 %. According to the
docking analysis (§-allyl-alanine forms hydrogen bonds with serine ™ in the substrate binding site of proteinase K, and
(R)-a-metyl-B-phenylalanine forms hydrogen bonds with serine™* in the catalytic site of proteinase K. (S-allyl-alanine (3
mM) and (R)-a-metyl-B-phenylalanine (4 mM) inhibit proteinase K used separately increase a 50%, but if used together,
the inhibition increases by 25 %. The possible using of nonprotein amino acids mixture for effective inhibition of trypsin
and proteinase K is discussed.

Nonprotein amino acids — docking — trypsin — proteinase K — inhibition

OnTryeckn aKTHBHble HeOEIKOBBlE O-aMHHOKHCJIOTBL BCTPEYAlOTCS B IPHUPOZE Kak B
CBOOOZHOM BHJE, TAK U B COCTaBe OENKOB, aHTHOMOTMKOB W [PYyTHMX MaKpoMoyeKya. Braromaps
IIMPOKOMY CIIEKTPY OHMOJOTMYeCKO} AaKTHBHOCTH, OHH YCIIENIHO IPHMEHSIOTCS B MeIWIUHE,
dapmakosorny, MUKpPOOHONIOrMKM M Ipyrux obmacTsax Haykd. OfHUM HM3 BaXHBIX CBOMCTB
HeGeIKOBbIX AMIHOKHCIIOT SIBJISE€TCS CIIOCOGHOCTD ITOJABIIATh aKTUBHOCTH PA3IMYHbIX (hepMEHTOB.

ITpoTeass!l 3aHMMAIOT KJIIOYEBble IIO3UIMKM B PA3MIUYHBIX (DU3HOIOTMYECKUX IIPOIECCax,
IIPOTEKAMIUX B OpPraHM3Me, YTO IO3BOJILET WX PACCMATPUBATH B KadeCTBe YILOOHBIX MHULIEHEH It
JIEKAPCTBEHHBIX IIpeIapaToB. TpurcuH u nporenHasa K oTHOCATCS K Kiaccy ceprHOBBIX mporeas. K
9TOMY KJIACCY OTHOCSTCS TaK)Ke IIPOTeasbl HEKOTOPBIX BUPYCOB [4]. VHruOGUTOpHI BUPYCHBIX IIpOTEa3
ImyTeM IOZAaBIeHMsS (OPMHPOBAHWS KaICHZA BUPHUOHOB OCTAHABIMBAIOT IIPOLIECC PA3MHOXEHUs
BUPYCHBIX YaCTHIl, B CBA3M C 4YeM pacCMaTPUBAIOTCA KaK I€PCIEeKTHBHbIE IIPOTHBOBUPYCHBIE
npenaparsl. K gncry Takux HHrHOHUTOPOB, IIXPOKO HCIONB3YEMBIX B MEHIIMHCKOM IIPaKTHKe, OTHO-
CATCSA TENTHZBI, B COCTaB KOTOPHIX BXOZAT HeOeaKoBble aMUHOKUCIOTHL [7-9]. Kpome Toro, Tax
Ha3bIBaeMbIe «KOKTEUIH», COCTOSINME U3 HaOOpa MHIMOGUTOPOB PA3INYHbIX IIPOTEas, UCIOIb3YIOTCS B
9KCIIEpUMEHTAX, IIPOBOJUMBIX IIPpU HCCaefoBaHuax mporeoma [2]. ITomck HOBBIX HMHIHOGUTOPOB
[IpoTea3 pacIIupsieT BO3MOXKHOCTH pa3pabOTKU M yCOBEPIIEHCTBOBAHYS JIEKAPCTBEHHBIX IIPENapaTos.

Panee ucciemoBaHus GHOJIOTMYECKON aKTHBHOCTHM OITHYECKM AKTHBHBIX HeGEeIKOBBIX O-
AMUHOKHCJIOT C COZEpXKaHHeM Pa3IWYHbIX anrndaTHIeCKUX, apOMAaTUIECKUX U TeTePOLUKINIeCKIX
3aMecTHTeNedl IIO3BOJWMIM BBIABUTH M OXapaKT€PHU30BaTh HOBblE WHTUOWTOPHI TPUIICHHA K
mporennass! K [3]. Oxaszamocs, 4To Hanbosee CHIIBPHBIM MHTHOUPYIOIUM BO3JefCTBIEM Ha TPUIICUH
oGrazaior oba crepeonzoMepa P-TUAPOKCHIENIMHA, a TakkKe Aumentugs N-dopMmui-MeTHOHMII-
(2S,3R)-B-ruppokcuneiinus.  (2S,3R)-B-rugpokcuneiinun, (R)- u (S)-ammwr-asaHuH nposBuIN
MHTrHOUpYyIOlIKe CBOMCTBA [0 OTHOLIeHHIO K npoTenHase K. urepecno, uto (R)-, (S)-a-meTu-p-de-
wunananud, (R)-, (S)-ammwn-rmunus, (R)-, (S)-awmw-ananuy, (2S,3R)-, (2R,3S)-B-ruapokcuieiinus B
BHJe CBOOOZHBIX aMUHOKHCJIOT II0JaBI/LIIOT aKTHBHOCTD ITpoTenHassl K, 0ZHAKO B cOCTaBe IUIENTHAOB
TEpSIOT 9TO CBOMCTBO. B Hacrosmeil paGoTe MCCIELOBAaHO BIMSHUE PA3IMIHBIX CMecedl HeOeIKOBBIX
AMHHOKUCJIOT HA TPUIICKH U Ha nporenHasy K.

Mareprar u Merozwka. B pabore WHCIIONB30BAIM ClIeAyiomye HeGeIKOBble aMUHOKHUCIOTH: (R)-B-
UMuga30uI-(S)-aIaHuH, napa-¢rop-(R)-benmmantuH, (R)-a-MeTu-p-beHUTATHUH, (S)-o-mermn-B-
denunanuuy, (S)-B-(N-GeHsmiaMuno)-anaHuH. DT coequHenus cuntesuposauns! B HITIT “Apm6uorexHonorus”
HAH PA. Berumii Tpuncus, 6s14uii CBIBOPOTOUHBIN anbOyMuH, mporeunasa K Tritirachium album Limber u
Ipyrue peareHTsI mpuobperens! y upmsr Sigma (USA).
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H3mepeHHe aKTHBHOCTH ()epMEHTOB.

AKXTHBHOCTh TPHIICMHA OIpefe/sIN 10 Meroxy, mnpezanoxennomy “Millipore Corporation” [11]
(Worthington 1977). 3a ezuHuMIly aKTMBHOCTM TPUIICMHA IIPHHMMAeTCI KOJIHMYECTBO TPHUIICHHA,
rugponusupyiomero 1 MM TAME 3za 1mun mpu 25°C, pH 8,2, 8 mpucyrcrsun 0,01 M noHOB KaabIjys.

AxTHBHOCTB IpoTenHassl K ompesie/suld IyTeM M3MepeHHs KOJIUYeCTBA CBOOOIHBIX aMHUHOTPYIII IO
opro-dranansgerugHomy (OPA) merony, onucantomy Ieiin u Bpayn [1]. Peakunonnas cmecs cogepskur 0,1 M
docdarnsrit 6ydep, pH 7,2, 0,2% SDS, 0,02 M mepxanTostanos, 10 Mr/Mir GbIuMii CBIBOPOTOYHBIH anbOyMUH 1
0,4 mr/mn mporeunasst K. Or6upaerca mpo6a (50 mxui), ocrampHas cmech uHKyOupyerca 30 mun mpu 37°C.
Peaxuus ocranaBimmBaercs moGasieHueM 6-Ti MuUKponuTpoB 30%-Hoi TpuxmopykcycHo#t kuciaorsl (TXY).
Konuenrpanus cBOGOZHBIX aMUHOTPYIII B PeaKI[MOHHOM cpejie onpegensgercs ¢ mo-mompio OPA pearenTa. B 50
MKJ peakiuoHHO# cmecu gmoGasmsercs 1,5 mu OPA pearenra m 1,5 mua H20. Msmepenume mnoriomeHus
mpoBogutcs depes 15 Mun unky6anuu mpu 340 HM.

Mozgerupoparme.

CTpyKTypsl aMUHOKHCJIOT U IEeNTHAO0B HOoCcTpoeHs! ¢ momoirsio mporpaMmsl ChemOffice 2005 (Chem3D
Ultra9.0). Cro6opHas sHeprus JIuraHza MUHUMHUsKMpoBaHa MeTozoM Newton-Raphson. CTpykTyps! kpucTamios
TPHUIICMHA U TpoTewHaspl K B3ATEI u3 web caiita http://www.rcsb/org. JIoKMHT jMraHza ¢ MaKpOMOJIEKyIOH
IIPOBOZVIIH C MCIONb30BaHueM mpor-pammsr AutoGrid4, AutoDock4 (http//autodock.scripps.edu). AdpdurrOCTS
CBSI3BIBAHUS JIMTAHZA OLIEHMBAETCS C IIOMOLIBIO (BYHKI[UM, OCHOBAaHHOW Ha CYMTHIBAHUU ['MOCOBCKOW dHEpPruu
CBA3BI-BAHHUA JIMTAHZA C MakpoMmosekysoii. IIporpamma AutoDock ncmosnp3yeT aMapKOBCKMil TeHeTH-YeCKHit
anropurM [6]. KorcranTa mHrHGHupoBaHMA BEIYUC/IAIACH IO CIemylomeii bopmyre:

KI = exp ((AG x 1000)/(Rcal x TK)), rme
Rcal=1.98719 cal/(mol x K) (razoBast koHCTaHTa),
TK =298.15 K (xomuaTHas Temneparypa no Kenssumy).

Pesyasrarsr u obcyxgenue. /lericrare (S)-a-amrmnaranuaa u (R)-o-meTur-f-perniarannma
Ha aKTHBHOCTH mporenHassi K. BsaumopeiicTBue HeGeNKOBBIX aMHUHOKMCIOT ¢ ImporenHasoit K
HU3y4YeHO MeTOIOM MAOKUHT aHanau3a. Pe3yimpTaTsl aHamusa mpuBefeHbl B Tabn. 1. OrpunarensHsle
3HAYeHHs CBOOOJHOMN SHEPrUU CBS3BIBAHUA CBUAETEIBCTBYIOT O crocobHocTH (S)-ajrui-ajaHuHa U
(R)-o-metun-p-denrutanannaa B3auMogeiicTBoBaTh ¢ mporenHasoil K (tabn. 2). [laHHble FOKMHT
aHaJM3a MOKa3ajIM, YTO BOZOPOIHAs CBsI3b oOpasyercs mexzay N koHiessiM asoroMm (R)-o-mermn-f-
(deHMIAIaHWHA U KUCJIOPOAOM TMIPOKCUIBHOM rpymmsl cepuna??. NHa- rpymma (S)-anmun-amranuna
CBsA3bIBaeTCA BoZopogHbIMU cBsa3amu ¢ —COO- rpymnmnoit cepuna'® (puc.1) [5].

HOH35 /I e

Y160

Puc. 1. Kommnexc nporentasst K ¢ (S)-anmunaraHusHoM.
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Omnpepensanu aktuBHOCTS npoTerHassl K 8 mpucyrcrsuu 4 MM (S)-ayutnn-amannsa, 3mMM (R)-o-mermn-f-
deHmIaaHMHA, a TAKKe B IIPUCYTCTBUHM CMECH STHUX [BYX aMHHOKHMCJIOT. BpIGpaHa Takas KOHIEHTPAILH
aMHUHOKHCJIOT, IPU KOTOPOH KaKAas aMWHOKHCIOTA B OTZENBHOCTH HHruOupyer mporemnasy K
IIpUGIUBUTENTPHO OANHAKOBO (0K0o 50%). Pesy praTsl OpesieieHIss akKTUBHOCTH IpoTerHassl K npuBesieHs! B
Tabir. 1.

Ta61.1. urubupyomee geiictue (S)-o-aiIii-aTaHuHA 1
(R)-a-metun-B-dennnananusa Ha mpoTenHasy K

CoemuHeHnA AG Ku HHaru6uposa-
KKaJI/MOJIb MM Hue (%)

(8)-a-amnmunananus (4 MM) -491 0,25 49,8
(R)-a-metuin-B-dennnananus (3 MM) -3,34 3,55 49,5
(8)-o-ammmn-anauun(4mM), - - 75,3
(R)-a-mernn-p-dpennnananus (3 MM)

(8)-o-amnun-ananun(8 MM), - - 94,5
(R)-a-metnn-p-dpennnananus (3 MM)

BeisBreHo, 4ro mpu wucmonb3oBaHuM cMecH (S)-o-anmmia-anmaHuHa u (R)-o-mermn-B-deHnnanraHuHa
MHTHGMpOBaHMe TpoTenHasbl K mpomcxogur cuibHee NpuOIM3UTENBHO Ha 25 %, YeM IIpM HCIOJIB30BAHUM
Ka)KZ[0i U3 aMMHOKHUCJIOT B OTZeJIbHOCTH M B TOIf ke KoHUeHTpanuu. CleyeT OTMETHUTb, YTO HAauGOJIbIIee UH-
rubuposanue npotenHassl K (1o 92,5 %) mocruraercs npu xouuenrpanuu (S)-a-amnuia-ananuna go 8 MM u (R)-
o-metmn-p-dennnananuna 3 MM. IToseimenue koumenrpanuu (R)-o-merun-p-dbennnasaHuna B peaKIMOHHOM
CMecH He OKa3bIBaeT 3HAUUTEeIBHOTO BIMAHUA Ha MHTUOUPOBaHYe (epMeHTa.

Bruarme HeOeJIKOBFIX AMHHOKHCIOT HAa HHIHOHpoBanme tpuicHHA (Z2R,3S)-f-ruzpoxcurednutom.
HMccnenoano B3amMogelicTBue HeGeIKOBBIX aMMHOKHMCJIOT a TPHUIICMHA MeTOZOM [OKHMHTA. BBIuucieHsr
3HaYeHMA CBOOOmHOM >Heprum cBaspiBaHua AG um koHcranTa mHruGuposanusa KI. PesysraTer Beramcienmii
TpUBeZeHbl B Ta0II. 2.

Ta6x.2. UHruGrupoBaHue TPUIICHHA HeOEIKOBBIME AMIHOKHUCIOTaMU

CoenuHeHus AG Ki WurnGuposanue

KKaJI/MOJIb MM (%)

B-umupasonmn-(S)-amanus(5MM) -5,59 80,41 16,7

B-rmupasonui-(S)-amanus (SMM), - - 18,5

(2R, 35)-rugpokcumneiinus (2MM)

p-brop-(R)-benmnanannx +25,00 - 22

p-drop-(R)-dpernnananun(5 MM), - - 56,4

(2R, 35)-rugpokcmineiiuns (2mM)

(R)-a-merwn-p-dennnananns (5SMM) -6,93 8,26 0

(R)-a-metwn-p-dpernnananus (5 MM), - - 86,6

(2R, 3S)-rugpoxcuneiius (2 MM)

(5)-o-mermn-B-dennnananus (5 MM) -6,57 15,3 0

(5)-a-mernn-p-dpennnananus (5 MM), - - 72,4

(2R, 35)-p-ruppoxcuneiuys (2 MM)

(8)-B-(N-6ensunamuno)-amauu# (5 mM) -6,0 11,3 0

(8)-B-(N-6ensunamuno)-amaund (5 MM), - - 79,1

(2R, 35)-rugpoxkcumneiinns (2 MM)

(2R, 35)-B-ruppoxcuineiinus (2 MM) -6,91 12,02 56,9

[ wmccnemoBaHus BIMAHUS HeOEMKOBBIX AMHUHOKHCJIOT Ha HHrubuposanue TtpuncuHa (ZR,35)- f-
TUAPOKCIIIEMIITHOM aMUHOKFIIC/IOTHI CMEIIMBAJIY B TAKMX COOTHOLIEHFSIX, IPX KOTOPBIX KOHEYHAs KOHI[EHTPALHs
(2R,3S)- B-ruppoxcuneiinyuHa B peaKIMOHHOM cMecu cocrasiana 2 MM. [Ipyriie aMMHOKHCIOTHI JOOAaBIATA B
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peakuuoHHy0 cMech B KoHIeHTtpauusu 5 MM. Ilormyuernsie pesysibrarsl IpuBefeHsI B TabuI. 2.
ViamMepeHre aKTUBHOCTH CBUJETENBCTBYIOT O TOM, 4TO p-(TOp-(R)-dheHMIaTaHUH CIab0 MHIHOGHpYyeT
TPUIICHH ¥ He OKa3bIBaeT HHMKAaKOrO BIMAHUSA Ha HHruGuposanue depmenra(ZR,3S5)-B-ruz-po-
xcunednuHoM. (S)-B-(N-OeH3mIaMUHO)-aTaHUH CIOCOGeH B3aMMOJENCTBOBATh C TPUIICHHOM, HO Ha
aKTUBHOCTh (bepMeHTa He OKa3bIBAaeT BJIUAHHA, XOTA COTJIACHO JAHHBIM JOKMHT aHAIHM3a, OTHHM U3
BO3MOXXHBIX CAifTOB CBs3bIBaHUS sBisercs raunue'®2 (S5)-f-(N-GeHsriamuHO)-alaHUMH B CMECH C
(2R, 35)-B-rumpoxcunefinHOM yCHINBaeT UHruOupo-BaHHe mocmenHero. (S)- u  (R)-o-mermia-f-
(deHMIATaHVH B3aMMOZENCTBYIOT C TPUIICHHOM, OJHAKO He OKa3bIBAIOT BIMSHUSA HA AKTUBHOCTDH
rtpurncuHa. [Ipu wucnomesoBanuu  (S)- u (R)-o-mermwn-f-denmnananuna smecre ¢ (2R,3S)-B-
TUIPOKCHIEHITNHOM MHTHOMpPOBaHUe TPUIICHHA 3HAYUTEIBHO YCHIMBaeTCs. B-uMuAasonun-(S)-aIaHuH
CII0COGeH B3a-UMOZEHCTBOBATH ¢ TpulicuHOM (AG=-5,59), c1a6o uHrubupyer dpepMeHT, OZHAKO IIPU JO-
GaB/IeHUU B PEAKLMOHHYIO CMeCh CHIDKaeT mpoueHT uHrubuposarus (2R,3S)-f-rugpoxcuineiinaom
mourH Ha 38.

ViccnemoBanus mOCHeSHUX JIeT IIOKA3alId, YTO (pepMEHTHI, B YaCTHOCTH IIPOTEA3bI, BCE dalle
OKa3bIBAIOTCA B POJIM YAOOHBIX MHUIIEHEH [ JIEeKapCTBEHHBIX IIpermapaToB. IlyremM CKpuHHMHTa
HeGeJIKOBBIX aMUHOKHUCIOT HaMU ObLIY BBISBJIEHBI M OXaPaKT€PU30BaHbI HOBbIE HHTUOUTOPHI TPHIICHHA
u nporennassl K [3]. B Hacrostmeit paGore uccienosaso BiausHue (R)-a-metuin-B-benunamannsa u (S)-
a/IWI-alaHYHA Ha aKTHUBHOCTH 1poTemHassl K. CoryacHO JaHHBIM, IOTyYeHHBIM IyTe€M JOKUHT
anamu3a, (R)-o-MeTia-f-heHunatanuH o6pasyeT BOJOPOAHBIE CBSI3U C CEPUHOM?* KaTaIMTHYECKOTO
meHtpa mporemHassl K, B TO Bpemsf Kak (S)-a/Umiui-aaHUH (GOPMUPYeT BOLOPOIHbBIE CBS3U C
cepuHOM'®2, KOTOpHIil BMecTe ¢ Tupo3uHoM104 BXOAUT B LIEHTp CBA3BIBAHUA C cyOcTpaToM depmeHTa . B
KaTaIUTUYecKuil neHtp mporewHassl K Bxomur cepun®?, ructumue® [5). M3mepeHume axruBHOCTH
mporennass: K mokasanu, uro cmecs, cocrosmas u3 (R)-o-merni-f-denmnananuna (4 MM) ¢ (S)-ammmr-
amannHa (3 MM) muruGupyer mnporemnasy K na 75,3%, B TO BpeMs KakK IO OTZEJIBHOCTH OTH
aMMHOKUCJIOTE HHruoupyior depmeHT moutu Ha 50%. Bo3aMoXxHO, ycuIeHHe WHIHOGHPOBAHUA
aKTUBHOCTH (epMeHTa IPOUCXOUT 32 CIET OJHOBPEMEHHOTO OIOKMPOBAaHMA KaTaIUTUIECKOTO caiiTa U
caiiTa CBA3BIBAaHUS C cyberpaToM mporerHassl K.

Panee 6puro moxasamo, uro (ZR,3S)-TMApPOKCHIEHINH HHTHOUPYeT TPUIICHH CO 3HAYeHHEeM
IC50=1,92 MM. [laHHBle ROKHHI aHanusa IOKasamu, 4To (ZR,3S)-TuApoKcuIeduH o6pasyer
BOJIOPOAHYIO CBA3b C aCIIAParMHOBOM KUCJIOTOH!'® IeHTpa CBA3BIBAHMA C CyGCTPATOM TPHIICHHA (PHC. 2)

3].

Y160

Puc. 2. Kommnexc Tpuncusa c (2R,3S)-rugpokcrteiuHom.
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IleHTp CBA3BIBaHUA C CyGCTPATOM TPHUIICHHA BKJIIOYAET aCIapariHOBYIO KUCIOTY'® u raumun!®,
Karmurideckuii eHTp TPHIICHHA BKIIOYAeT cepuH %, acmaparuHoByio kucmoTy'®? u ructugus [10].
VizBecTHbBIe MHTMOUTOPSI TPHUIICKHA TAKKe 0OPasyiOT BOZOPOLHYIO CBA3b C aCIaparkHOBOI KUCIOTOH!®
rtpuncuna [12]. Ilpu xomOuumpoBanuu (ZR,3S)-ruppoxcuneiinyHa B KoHueHTpaumu 2 MM c
pas3IMYHBIMU HeOEeJIKOBBIMM aMHUHOKHCIOTAMK OKas3ajoCh, YTO IIOJABJIEHME AKTUBHOCTH (epMeHTa
yCHUIMBaeTCs, KOTAA B PeaKIMOHHON cpefie mpucyrcrByer (S)-f-(N-GeHsrmiaMuHo)-amaHuH, (S)-o-
Metun-PB-dbenmnananue  win  (R)-o-mermwi-pf-benmnananus.  Crefyer  OTMETHTh, UTO  3TH
aMUHOKUCIOTEL Ge3 (ZR,3S)-ruppoKciiefinHa Ha aKTUBHOCTD TPHUIICHHA He AeiicTByioT. CoriacHo
pesynbraTaM JokuHTa, (S)-B-(N-GeHsunamuno)-amaHuH, (S)-o-Metuna-pf-bennnananusa win (R)-a-me-
Ti-f-eHriaaHus  crocoGHer (opMmupoBats Komiurekchr ¢ TpumcuHOM. K Tomy xe (S)-B-(N-
GeH3MIaMIHO)-AJIAHVH, BO3MOXXHO, CBSI3BIBAETCS C IJIMIMHOM!®2, KOTOPBI HaxXOZUTCSI B IEHTpPe
CBS3BIBAHUS C CyOCTpaToM (epMeHTa, YTO MOXKET OKasaTbCs IIPHMYMHON YCHJIEHWUS WHIHOWPOBAHUS
¢depmenra. VIHruOupoBaHue aKTHBHOCTH TPHUIICHHA 3aMETHO CyabeeT IIPY MICIIOIB30BAaHUK CMecH [3-
umuzasonui-(S)-amanuna ¢ (2R,3S)-ruppokcuneiinuaom. VHTepecHo, 9T0O f06aBIeHNe B-UMUAA30III-
(5)-anaHuHA B peaKIMOHHYIO CPeAy HOTHOCTHIO ogasiseT abdexr (ZR,35)-rugpoxcureinyHa.
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Omnpegenens! ypoBHM Gejika aHHeKCHHA-AD B CHIBODOTKE KPOBM XPOHMYECKMX GOJBHBIX IIM30(ppeHuei,
IPUHMMABIINX THIMYEeCKHe HeHDOJIENTHKH, B CPaBHEHMH C II€DBUYHBIMM OOJIBHBIMH, He HPHHUMABIIMMH
HeHPOJeNTHUKH, U CO 37O0poBbIMU aunaMu. COrIacHO MOTydeHHBIM JAHHBIM, B KDOBU KaK XPOHHYECKHX, TaK U
IepBUYHBIX OGONBHBIX IIM30bpeHMel HAGIIOJANINUCh IIOBBIUIEHHBIE, IO CPABHEHHMIO C HOPMOH, YPOBHH
anHexkcuHa-A5. Tlpu aToM ypoBHM aHHeKCHHA-AS5 y IepBUYHBIX GOJBHBIX OBLIM BBINIE, Y€M y XPOHUYECKHX.
CrenaH BEIBOZI, UTO MM30(PeHHs XapaKTepusyeTcs runepdyHKIMeH amonTosa, YTO Topaszo 6ojee BEIPAKEHO y
TIepBUYHEIX GONBHEIX, He IIPMHUMABIINX HeHPOJIENTHKH, YeM y XPOHMYECKHX OOJBHBIX, TIPHHIMAIOMIUX THITH-
JecKHe HeHpOIeNTHKH.

Anzexcur-A5 — anonros — mazopperua

Npnoyws & wkpupti-A5 uyhwnwlnmgh dwljuppuljitkpp whwhly uypoibupnhlubp pugninn shqndplthuyng
wnwnwwnn ppnthy hhduinubph wpuwbt oh&nlynud, hwdbdwnnmpudp thpnbyuhlubp spunnibws  woweluyhy
hhjwinutph & wenne wbdwig hbwn: Zudwduyt vnwgus wdpuibph, hswbu ppnuhl, wjiybu b wewetught
hhjwtnubkph wpjut ke unpuuyh hudbudunn, gpuitigyl) kb whkpuhti- A5-h pupdp dwljupnuljitkp: Cun npnud, whkpuht-
A5-h dwljupnujulpp wnwetuyhtt hhqutnubph dnwn wdbjh pupdp Ehs pub ppnithly hhywiimubph dnwn: Gqpujugynud L,
np ohqndphhwl punpnoymud t wwynujnngh hhubkpdnityghuyny, hugh wnwyl) wpnwhwpnqus b ulpnbynhliukp
spunnibws wnwetughtt hhywnubkph, pwt whyhy tpntuywnhlukp punniinn ppnuhly hhwnubph dnwn:

Ubkpupli — A5 — wynuuing - phqnppkipu

The levels of annexin-A5 protein in the blood serum of chronic patients with schizophrenia treated with typical
neuroleptics were determined in comparison with the first-episode neuroleptic-free schizophrenia patients and healthy
subjects. According to obtained data, in the blood of both chronic and first-episode patients increased levels of annexin-
AS were detected, as compared to healthy subjects. The levels of annexin-A5 in the blood of first-episode patients were
higher than in chronic patients. The conclusion has been drawn that schizophrenia is characterized by apoptosis
hyperfunction, which is more pronounced in first-episode neuroleptic free patients than in chronic patients treated with
typical neuroleptics.

Annexin-A5 — apoptosis — schizophrenia

Pap sKCIIepUMeHTATbHBIX ¥ KIMHIMYECKUX JAHHBIX CBU/IETEIBCTBYET O BaXKHOMN POJIM aHOMAJIBHOTO
amonTo3a B IIATOreHe3e MHOTMX IICHXWYECKMX 3aboieBanwii, BKiarodas musoppenmio (IIP) [5, 9].
Pe30HHO IPeANOIOXUTH, YTO HapylIeHHe Ha yPOBHE aIloOIITO3a MOXET ABJIATHCA OZHUM U3 (aKTOPOB,
OTBETCTBEHHBIX 3a xapakTepHsle Ajg III® medexTs! cunanTryeckoi miactuasocTH [4, 14], npuBozsmue K
HapYIIeHWIO KOTHUTUBHBIX GyHKIMI [8], 3a pasBuTHe HelipomereHepaTUBHBIX Ipoueccos [1], nedexTsr
I[UTOAPXUTEKTOHUKY Mo3ra[3] u AucdyHKIIIO0 HUMMyHHOM cucTeMsI [11]. OzHako mpsMble JOKa3aTelbCTBA
BOBJI€YEHVsS AHOMAJIBHOIO amonTo3a B maroMexaHwsMmbl 1[IQ Ha cerofHAWHMI [eHb IPAKTUYECKU
OTCYTCTBYIOT.
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AHHEKCHH-A5 KAK MAPKEP TUITEP®YHKIIIM ATIOTITO3A ITPY IIM30®PEHN

B mocmemmme roppl BHHMMaHHe MHOTHX MCCJIeJOBATEIBCKMX TPYIII COCPEJOTOYEHO Ha H3ydeHHH
GUOJIOTHYECKON aKTHBHOCTH MapKepa aIonTo3a — pacTBopuMoil opme Geika aHHEKCHH-AS, MCTOYHUKOM
KOTOPOTO SIBJIIOTCA anonroTudeckue xretku [10, 12].

B macrosuieit pabGore olpezeseHbl YPOBHM aHHEKCHHa-A5 B CBIBOPOTKE KPOBH OTHOCHUTEIBHO
GOJIBLIO KOTOPTHI XpOHMYeCKUX 6onbHbIX 11D, npuHNMaBIINX TUIINYECKHE HEWPOIENTHKU, B CPABHEHUN
C IepBUYHBIMU OOIBHBIMHE, He IPUHUMABIINMI HEHPOIENITHKY, ¥ CO 3OPOBBIMU JIHUI[AMHU.

Mazrepuar # Merogmxka. B wucciepoBamue ObLIM BOBIeYeHBI OOJIbHBIe IapaHoupHo# ¢opmoit IO,
IMarHOCTUPOBaHHbIe Bpayamu Icuxuarpamu Hopkckoit kimuauky Ilcuxuarpuyeckoro MegumuHcKoro neHtpa M3 PA
Ha OCHOBe KpuTepueB MexayHapozaroit kaaccuduxaruu 6oresueit (MKB-10; xoa: F20.0) [13]. KonTponsuyto rpymmry
busuuecku ¥ TCHXMYECKM 37I0POBBIX JuI, Ge3 HacieAcTBeHHOH orsaromenHocty 1113 cocraBuan LOHOpSI
Mepuuusnckoro uenrpa OpeGynu M3 PA. B wuccresoBanue G6biio BoBiedeHo 122 xponmdyeckux OGosnpubix IO,
[IPHHUMABIIMX THIIHYECKHe HeHpoienTuky (MyxduHsl/keHIMHSL: 87/35; cpemuuii Bospact (M+8): 45,65+8,89 ier;
cpenHss maBHOCTH 3aboneBanus (Mz8): 16,68+10,49 ner; mepsas mamudecranus saboneBanus: 28,97+11,05 ner), 10
nepBuyHbIX GombHbIX [IIQ, He NpUHUMABIINX HEHPOIENTUKH (My>KIMHBI/ KeHIIUHEL: 5/5; MaHudecTanys 3a60IeBaHUIL
(M6): 26,2+9,1 net) u 81 3m0poBoe nuLO (My>XYUHbI/>KeHIUHbL: 17/64; cpepuuii Bospact (M+8): 40,77+11,19 ner). Ha
IIpPOBe/leHUe HACTOANIETO MCCIeOBAHMUA OBUIO HMOMyueHO paspemreHue Komurera mo stuke MHCTHTYyTa MONEKyISpHOM
6uonoruu HAH PA (IRB #00004079).

3a6op kposu mposogwan B 9:00-10:00 u yTpa HaTOmAK IyHKIMeH M3 JOKTEBOi BeHsI. IIpoGBI KpoBU cpasy ke
noMemany Ha jef, 3areM IenTpudyruposany mpu 3000 g x 10 MuH M OTOMpANH CHIBOPOTKY, KOTOPYIO HCIIONB30BAM B
HOCIIeYIONUX DKCIepuMeHTax. KoHeHTparuio aHHeKcHHa-AS B CBIBOPOTKE KPOBH OIIpeZiesIsIi METOZOM TBepA0dasHOro
nvmyHodepmenTHoro anammsa (MPA) mpu ucnosnssoBaHuu komMepdeckoro HaGopa pearentoB (Uscn Life Science, Inc.) B
COOTBETCTBHY C MHCTPYKIIMEH IIPOM3BOIMTE]IS U BRIPAXKAIN B HAHOIPaMMaX Ha 1 MJI ChIBOPOTKH (HI/MII).

CrarucTidyeckyio o6paGoOTKy MOJYYeHHBIX JAHHBIX IPOBOJYUIM, MCIOJIB3Ys IporpaMMHbi maker “GraphPad
Prism 3.03” (GraphPad Software, Inc., CIIIA), mpu momomu HeapaMeTPUYECKOTO aHamu3a. IIpu OJHOBpeMEeHHOM
CPaBHEHMH TpeX IPYII TOCTOBEPHOCTH DAsIMYM OIpejessiach Ha OCHOBAHUHM OJHO(PAKTOPHOTO IHCIIEPCHOHHOTO
anammsa (H-recr  Kpyckama-Yomnuca). MHOXecTBeHHbIe CpaBHEHMA MeXIy TpyINIaMH IPOBOZMIM  C
ucnons3oBanreM kpurepus Janna (Q-tect). 3nadenus p<0,05 GbLIM IPUHATHI KAK CTATUCTUYECKU JOCTOBEPHEIE.

Pesynsrarsr n obcyxzgerne. COracHO TONYYeHHBIM JaHHBIM, KOHIEHTDAIUsS aHHeKCHHA-AS5 B
KPOBU XPOHWYeCKHX U IepBudHbIx OonbHbIX III® B cpesmem B 2,3 pasa (p<0,001, Q-recr) u 3,7 pasa
(p<0,001, Q-TecT) COOTBETCTBEHHO CTATUCTHYECKHU 3HAUMMO IIPEeBBINIANA aHAJTOTUYHEIN IIapaMeTp B IPyIie
3HOPOBBIX JHI,. IIpy 5TOM YpOBHM aHHEKCHHA-AS5 B KPOBM II€PBUYHBIX GOJBHBIX B 1,6 pas cTaTUCTUYECKU
3HAYMMO IIPeBHIIIANN COflepXKaHMe 3TOro GeslKa B KpoBU XpoHuYeckux 60mbHbIX (p<0,01, Q-TecT).

TTonyueHHbIe HaHHBIE IPEACTABIEHbI B Ta0I. 1.

Ta6nuua 1. Yposuu annekcuna-A5 (ur/mi) B kposu GonbHbx I1I® u 3m0poBsx siui,

Wccnepyemas rpynna

Bonpusie 11O
XpOHHYECKHe TIepBUYHEIe
1,7 (1,37-2,27) 3,94 (1,29-5,9) 6,22 (4,57-7,37)
JaxHsre npegcrasieHs B Buge MegHaHsI (Me) u naTepkBapra/IsHOTO pasmaxa (MKP)
B granasore 25% u 75% nporenturess; p (H-rect) < 0,0001.

[Annexkcuu-A5], Me (MKP) | 3pmopossie muina

INorydyenHble JaHHbIE ITO3BOJLAIOT 3aKIIOYHUTH, YTO It GomsHbix 1I® xapakrepHa rumepbyHKINL
aronTo3a, KOTOpas Topasfo Goiee BHIpaKeHA y IEPBUYHBIX GONBHBIX, He TIPUHUMABIINX HEHPOIENTUKY,
YeM Y XpOHUYECKHX GOJIBHBIX, IPHHUMABIINX THIIMYECKHEe HeHPOJIeNTHKY.
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JuchyHkums amomrosa (Kak THIIO-, TAaK M TUIEp-) BOBIEYEHA B IIATOreHe3 MHOTHX IICH-
xudeckux 3aboseBanuii [6]. Bricokue ypOBHH alONTOTHYECKOrO MapKepa aHHEKCHHa-A5 B KpoBu
GonpHbIx 11O MOryT ABIATHCS Pe3yNbTATOM WHTEHCUGMKALUM IIPOLECCOB 3aIPOrpaMMUPOBAHHOMN
rubeny KIeTOK, IMPKYJIUPYOIUX B KPOBHU, KaK 9TO HAaOJIIONAETCs B Ciydae IIyOoKoi genpeccuu [2],
WM OTPaXaTh HApyIIeHWe Ha YypOBHe HeHPOHAIBHOTO aloNTO3a, YTO HAOIIOZAeTCS IIpU
MaHMaKaJIbHO-AEIIPECCUBHOM Iicuxo3e [7]. Pasinyne B ypoBHIX aHHEKCHMHA-AS MeX[y ITepBHYHBIMU
M XPOHHYECKUMH OONBHBIMK MOXET SBJIATBCA Pe3yJIbTaTOM  BO3LEHCTBUS  TUIUYIECKUX
HeHpOJIEeNTUKOB JUOO0 OTpaXaTh BO3[eiiCTBHMEe APYIMX (AaKTOPOB, CBA3AHHBIX C XPOHUYECKUM
TedyeHHeM STOTO 3a00IeBaHuUA.

ITarorenes IIIP xapakrepusyercs runepdyHKIHei anonTosa, 4T0 ropasgo Gosee BEIPAXKEHO Y
IEepBUYHBIX OOJBHBIX, He IPUHUMABIINX HEHPOJENTUKH, UYeM Y XPOHHYECKHX OOJBHBIX,
IMIPUHUMAIOIUX TUIIMYeCKH1e HeHPOIeNTHKY.

ABrop BbIpakaer 6JIaroZapHOCTh CBOEMY HAYYHOMY PYKOBOZHTETIIO H COTIPYJHHKAM Ja00paTOpHH
MaKpOMOJIEKyIADHEIX ~KoMilexcoB HHcruryta MosxexynapHos 6uorormn HAH PA, pykosogureram o
MeHIHHCKOMY mepcoHany Hoprckor KauHHKH [ICHXHATpHYECKOro MeIHIHHCKOro reHTpa H Meguinmckoro
gerrpa Spebyrn M3 PA 3a cogericraue B IpOBEAEHHH HACTOAIIEH PAOOTEL, 4 TAKKe OOIEHBIM H 340POBBIM JIHLAM,
BOBJIEYE€HHBIM B JdHHOE HCCJIEZOBAHHE.
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EFFECT OF HIGH LEVELSOF ZINC ON ANTIBODY RESPONSE
AND TOTAL WHITE BLOOD CELL IN BROILER CHICKS
VACCINATED AGAINST COCCIDIOSIS
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In this study one-day-old broiler chicks were used with three dietary zinc (40, 120 and
200 mg/kg). At 2, 22, 32, 42 days of age, the blood serums were tested for antibody titer against
Newcastle disease vaccination (NDV), using the standard Haemagglutination Inhibition (HI) test.
On 42 d, total white blood cells (WBC) were counted using a hemocytometer. At 42 d, levels of
120 and 200 mg Zn kg -1 diet were similar and significantly increased the antibody titer against
NDV. Also both these two levels had a significant effect on total WBC, and increased it in
compare with control group (P< 0.05). It seems that the use of these levelsin broilers diet could be
considered a natural promoter of immune system against diseases.

Antibody titer — broiler — performance — white blood cell —zinc

8huljh 120 b 200 Uq/ljq swthwpwphuubpny ppnjjkp &nkpht jpulpdwb nhupnd 42-pn opp
wuundb] E ynipuwupgwt hhjuinmpjub tjundwdp Juljghtiughntt hwwdwpdhuitph whwnph
pupdpugmy b wpyub dky (kynghnubph punhwinip pwhwlmpjut wybjugnid: 8hulh tpus
swthwpwdhubpny ppoykpubphtt Yhpuypoudp Jupbh b hwdwpk) opquithquh ptwljub huni-
twhapwiihs:

Zwlunlwpdhbbbph npinp - ppny bp — wd b qupgquignid - jEjnghu - ghily

Hamumu uccieoBaHMAMHE YCTaHOBJIEHO, YTO CKAPMJIMBAHKE LBIIIATAM IMHKA B /[03aX
120 1 200 Mr/Kr TpUBOAWT K 3HAYMTETBHOMY IIOBBIUIEHMIO THTPA BAKIMHAIIMOHHBIX AHTHUTEJ
nporus GonesHu Hpiokacma u o0meMy KOIMYECTBY J€HKONUTOB B KpoBM Ha 42-i IeHb.
Vicronp3oBaHue yKasaHHBIX J03 ILMHKA MOXHO pPacCMaTpUBaTh KaK eCTeCTBEHHYIO
HMMMYHOCTUMYIALAIO OPTraHU3Ma.

Tutp a"THTET — OPOHIED — POCT H Pa3BHTHE — JIEHKOI[HT — IIHHK

Coccidiosisis recognized as the parasitic disease that has the greatest economic impact
on poultry production. The intestina parasitism is a major stress factor that can lead to
malnutrition and lowered performance. Depending on the localization, disease in
poultry has two forms: coccidiosis of the caecum that is caused by Eimeriatenellaand in-
testina coccidiosis that is caused by a number of parasites: E. necatrix, E. acervulina, E.
maxima, E. brunetti, E. mitis, E. mivati, E. praecox and E. hagani. Immunity against coc-
cidiosisis highly specific and cross protection has not been documented. That means that
different species of the parasite can cause disease in susceptible birds (Hofstad, 1984).
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Having a healthy immune system will lead to prevention of diseases and increase
of poultry's resistance. Balance of the nutrients is directly involved in optimizing the
production function and variation in their levels can have a substantia impact on
immune systems (Van der Zijpp, 1983). The objective of this study was to evaluate of
effect of high levels of zinc on antibody titer against Newcastle disease vaccination and
total white blood cells count in broiler vaccinated against coccidiosis.

Materials and methods. Birds and treatments. One hundred and forty-four one-day-old
Ross 308 broiler chicks were used according to a completely randomized design, with three dietary
zinc (Zn-So4) levels and four replicates of 12 birds. Three zinc levels (40, 120 and 200 mg/kg)
were added to the basal diet (tabl. 1) to establish the treatments. On day 7, al broilers were vacci-
nated against coccidiosis (Livacox Q®, Merial) via oral administration. Birds were kept in floor
pens, and diets and fresh water were provided ad libitum from day one. The lighting program used
was 24 hours of artificial light during the entire experimental period, which lasted 42 days.

Table 1. Ingredients and cal culated composition of the starter and finisher diets

Ingredients Starter, % Finisher, %

Corn 53.55 59.57
Soybean meal 44%CP 38.93 33.34
Monodibasic Phosphate 1.43 121
Limestone 1.35 1.38
Vegetable oil 3.84 351
Salt 0.41 0.43
DL-methionine 0.207 0.214
L-LysineHCI 0.129 0.197
Choline HCI 60% 0.06 0.05
Mineral-vitamin premix* 0.1 0.1
Tota 100 100
Calculated Nutrients

Crude protein % 22 20
ME, kcal/kg 3,050 3,100
Calcium, % 0.9 0.85
Available phosphorus, % 0.4 0.35
Sodium, % 0.2 0.21
Chloride, % 0.27 0.29
Digestible Lys, % 1.15 1.07
Digestible Met,, % 0.49 0.48
Digestible Met+Cys % 0.81 0.77
Digestible Thr, % 0.78 0.71
Choline, mg/kg 1,420 1,300

1 - Composition (per kg): manganese, 75,000 mg; iron, 50,000 mg; copper, 8,000 mg; iodine,
750 mg; vitamin A, 8,000 klU; vitamin D3, 2,000 klU; vitamin K3, 1,800 mg; vitamin B1;
1,800 mg; vitamin B2, 6,000 mg; vitamin B6, 2,800 mg; vitamin B12, 12,000 ug; pantothenic
acid, 10,000 mg; niacin, 40,000 mg; folic acid, 1,000 mg; biotin. 60,000 pg; selenium, 0.3
mg/kg. Basal diets Zn measured by atomic absorption spectrometer and Zinc contents were 74
and 72 mg/kg in starting and finishing basal diets.

Antibody responses .Birds of al groups were intramuscularly injected with 0.1 ml of killed New-
cadtle disease vaccine (Cevac®Broiler NDK) et eight days of age. Two blood samples from each replicate
were collected a 2, 22, 32, 42 days of age. All the blood samples obtained from wing vein and serums
were separated by 3000 rpm centrifuging for 15 min. The serums were tested for antibody against NDV,
using the standard Haemagglutination Inhibition (HI) test and the results were expressed aslog 2.
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Total white blood cells (WBC) count On 42d, blood samples were collected from wing vein using sterile
lancet. Briefly, 490u / of brilliant cresly blue dye was mixed with 10u / whole blood sample and total leukocytes were
counted using ahemocytometer.

Satidtical Analyss. Experimenta data normdity wes verified, and then data were submitted to andyss of
variance, using SAS (1997) software package. Meanswere compared using Duncan multipletest.

Results and Discussion. Antibody responses. Fig. 1 shows the effects of graded levels of Zn on
antibody titer against Newcastle disease vaccination (NDV). At 22 and 32 d of age, broilers
supplemented with 200 and 120 mg Zn showed a higher response respectively, wheress a 42 d, levels
of 120 and 200 mg were similar and significantly increased the antibody titer against NDV (p< 0.05).
Bartlett and Smith (2003) reported the broilers receiving 68 and 181 mg Zn had a higher response for
total, IgM, and 1gG antibodies.

ra n T

Fig.1. Antibody response of broilers fed different levels of zinc

Total white blood cells (WBC) count. Fig. 2 displays the effects of Zn supplementation on
white blood cell count (WBC). Results shows that levels of 120 and 200 mg significantly
increased WBC in compare with control. It can be due to effects of Zn on different parts of WBC
including lymphocytes (Tanaka et a., 1990), monocytes (James et al., 1987) and neutrophils
(Sunzel et al., 1995).

Fig.2. Effects of Zn supplementation on white blood cell count.
25Columns that do not share the same letters differ significantly (p<0.05)

The overall results of this study showed that both levels of 120 amd 200 mg Zn kg-1 diet
seems to increase antibody titer against NDV and total WBC. The use of these levels in broilers
diet could be considered as a natural promoter of immune system against diseases.
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Opuhnuyhtt gnpépupwgitptt nmumdbwuhpdl) Eu Ephriwuwpn (3-4 wduwlwb) oo skp (25-27 wduwljwi)
wnlbwntiktph Unwn: Obp wnbnbbph qumintnh dhinnpnunphmuduyhtt $puljghwmud npudly © (huwjhnubph  wquin
nunhljuyuhi opuhnugdwi nbwlghwbph (Wwntuyght puynthhnh b hhnppngbpopuhnutph) wykjugnid b wgnwnh opuhnh
Ynunulnud: Unwugdus ndjuykpp gnygg ki wughu, np nuphph hbn fuljwinpbt wfbpuimd o wquin punhljuyuyght
qnpépupughbp, npnip Jupnn ki hwtgkgiih) opuhnughtt upptuh qupqugdwin:

Okpugnid — dpwnnpninphnilalp — gkpopupniikn — wgnunp opupin

ViccnemoBanu OKMCIMTENbHBIE IIPOIECCH y MONOABIX (3-4 Mecama) u crapsix (25-27 mecsnes) KpEIC.
OTMmedeHO yBelIUYeHNe PeaKuuil CBOGOLHOPAANKAIBHOTO OKACIEHNS JIUIUAOB (TUApOIepeKICceil 1 MaJIOHOBOTO
IVanbAernaa) ¥ HAKOIUIEHME OKHCH a30Ta B MUTOXOHAPHUAIBHON (PaKUUU TOJOBHOTO MO3ra CTaphIX KpBIC.
IlonyueHHble HaHHBIE CBUAETENBCTBYIOT O CYyLIECTBEHHOM YBEJIWYEHUH IPH CTAPEHUU AaKTUBHOCTH
CBOGOZHOPA/UKAIBHBIX IIPOLIECCOB, KOTOPbIe MOTYT IPUBOJLUTH K Pa3BUTHIO OKUCIHUTETFHOIO CTpecca.

CTHPE‘HHE — MHTOXOHZDHH — IIEPEKHCH — OKHCH d307Ta

The oxidative processes in young (3-4 months old) and old (25-27 months old) rats were studied. An increase
of free radical oxidation reactions of lipids (hydroperoxides and maleic dialdehyde) and accumulation of nitric oxide
were observed in the mitochondrial fraction of old rat's brain. These results testify an essential increase of activity of
free radical processes which can during agingthat can lead to development of oxidative stress.

Aging — mitochondria — peroxides — nitric oxide

Otpugnudp pupy JEhuwpwbwlub $Eundth E, npt pp dby tkpuonud £ wiwpplp $hqhnnghuljui
gqnpdpupwgutnh wpngpbupy Ynpnuwnp: Opquithquh Shpugmut minklgymd E wwphph htn wungjus
wpinwpwbuljut  gnpéplipugubph qupquguudp, huswhupp i swpnpul] gnjugnudubpp, Bumipht b
hunttughtt  puwpinmdubpp, ufpopbqiubpunhy  jowbqupoduabpp [1]: TUhwdwdwbwy  skpugdwt b
wnwphpuyhlt hudnighwibph whnwpwiimput JEtuwpubuljut Jbuwihqdutpp ginbu pujupup ne-
untdtwuhpyws sk

Lwy hwynth E np wquun nunhuuyhtt opuhnugdwt gnpspupwugubpp juplunp php G jpugnd
pooughi ynipuwthnjuwbuynipiub yke: Uqun nwunhluyubph wpnunpdwt h-nbbuhympniip diswind E
wnwphph htn b hpkuhg tbpluyugimd t opuhnuyhtt upptiuh qupqugduit yuwwndwnubphg dbyp: Ugnuinh
opuhnut hpkuhg ubpjuyugund £ wqun nunghljujuyhtt dhwugnipmnit, pwih np bpu ppldwsth wnndt nith
sqniquuynpyuwd EiEjupnt: Bpqusth wy) wlnhy dutph (uniybpopupn wuhnb, hhnpnpuhp npwnhluwy) htwn
vhwuptt  Uhwpnpupjughtt  punhljunh wpwgwgnudp  pohgubph  YEuuwpwnuiptutph  wwyw  jw-
nnigjwdpuiugduh wnwtigpuyhtt onuiljn £ vnuuppbp wpinwpwbaljut wgnbgmpinitubph dudwbal [2]:
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dbkpp uodwshg bjukny, tkpu hbnwgninmpub tygunwlju | k) Ephunwuwnn b $kp wntbntbph
qunintinh  dhnnpnunphnidughtt - $puljghuyymd  hyhnubph  wquun  pwnhlujuyht - opuhnugdwn L
uyhrnumgubph opuhnuyhtt Unnhbhughwitph ntumdbwuhpoipynibp:

Ymp & dbkpny: NMunudbwuhpnpniip Juunwpdl] £ 150-230q quiiqudny ny qduyhltt weknukph Jpu:
NMuumubwuhpdl) kb tphnwuwpy (3-4 wduwlwb, uvinnighy junwdp) b sp (25-27 wduwljut) wetbnbp:

Qqunintinh dhnnpnunphmuubpt whgundly ki 0.25 U uwhiwpng b 0.01 U wphu-HCL poidbp yupnibwlng
Uhgujuypnud, nhpbpkighur ghnphdniquwl Ukpnnny 13000 g wuydwhiubkpnud, Ynphqukph' 600 g wpugnipjul wul
tuntgnidhg htinn: [4]

Lhyhnutph gbpopupnugdwui (L) winhympjut dwuht nuwnyl) t hhgpngbpopuhnubph (29) b dwintwght
Epunkhhnh (UBU) wnwowgdwt pwhwlnipjudp: 23-u npnodly E wdnuhnudh phnghwbwnh htn gnibudnpdwi
nhwghuyny, uwklnpndnnnibnph Ubpngny Yubdwh 480 @l wihph Epjupmpniinud [5]: UBU-i npnoby b
phopupphnnipupeyh phwlghuwyny [5]: Uyhwnwulnigh puwbwlnipniip npnpdt) E Lnniphh dkpnnnd [8]:

Uqnuh  opuhnh  wwpnibwlmpniit npnpykp - Qphuup  phkwlunhdh (1%  unydwihjudhny, 0.1%
twdphubpudht, 2.5% dnudpnpuljub ppni) dhengny, hull nmsnyph wpunppghwb swihdkp L 546 wd wphph
Epupnipiub nwl [3]:

Unugdws nfjuikpp Jhdugqpuljuinpbi dowlyt o Unyninkunh t-swthwihoh oguinugnpduundp:

Upympakp b phinuplhmid: Sphunwuwpn wntbntbph qunimbnnud pugwhuyndt] B wquun
nunhljuuyhtt phwlghwutph htnbkuuhynipjut npnpulh unnwghnwp dwlwpnpuly: Otp wntbkwniubph
qunintnh vhunnpnungphniduwghtt $puljghuwynid opupnuyhtt gnpépipugubph niuntdbwuhpnipnibp poyg
ujkg  pwgwhwynty  jhyhnukph - gkpnpuppugdwt - gnpépupugh  winhjugiwt - JEpglwlut
wpquuhpbphg Ukyh UBU-h U 29-h wwpnibwlnipyut wkjugnid wetbnibph qunintnh dhinnpnb-
phnudwghtt dpulyghuynid (uly. 1):

9 *

8

g‘?
36 i
25

=4
£,

c
32 :

1

ol il |

« usu NO

OUwnnigh; BOEpwgnud
Ul.1. Zknwgnuynnbph opuhnuyhtt gnpspipugitph wpquuhpubph pwbwlmpniop - phnwuwnn (3-4 wduwlui)
b 8bip (25-27 wduwlwi) wnubknbbph gunmbnnud (n=7):
Zwpquiplyp Junupby k1 dq uuhwulnigh Ypu:
29 - hhnpngbpopuhnubp, UGU - dwntught ipljuynthhn, NO — wgnunh opuhn:
*- p<0.001

Qqunintnh dhwnnpnunphnidughtt $pwljghwynid  thyhnubph qhkpopuhnubph wwpnibwlnipyut
wykjugdwip bywuwnnid i tpuwinud htiown opuhnugnn unipunpuntbph, hiswhuhp G wynhshwghgus
Swpwuwppniubpp, pupdp yupnibwlnipmniup, hasybu bwb LS-h jupwhs hwinhuwgnn ny htdhtwght
Epuph wniunipmniup: Uy quydwbbbpnud EEjnpntttph nknutnpdwi dhinnpnunphniduyght onpwt
wiluymb m suthhg gnipu phwlghnintbwy dknwpnjhnibph pelwsth wlnh] dukph wrwgwgduh
hqnp wnpnip E nununud:

Ugnunp opuhnh wupnitwlnipjui ntuntdbwuhpmpjudp pugwhwynygt) k itpw yupnibwlnipjut
wykjugnudp skp wobknbbph gunintnh dpnnpninphnidught $paljghugnid: NO-h' untwbpopuhy
wuhnuh hbwn tnhwgpbgnipyut phuypnid wpwowimd tu wlwnpy dhwgnipnitubp, ptusyhuhtt L
qpopuhtihinppuinp (ONOO-) [7]:
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Qtpopuhhnphintt odnjwé t wykih Uké nhwlghnunibwlnipjudp, pwt NO-u ni umwybpopuhn
nunhlup, tpw wnpuhl wgplignipmnittt wpnwhuwyndnd - dhunpnugphnidughtt $Epduntbph
wpghjuldwdp, npp hwghgind £ UED-h wpnwunpnipjut tjuquuip: Udkjugus nugkiinpughwtph
nhupnid gipopuhtthinphwnp thnpuwqpynud £ piywnwlwit pnpugh Ynudwipuibph htin (ghwinppndopuhnug,
niphphunt), npp wpyniupnid nkinh k nitkunud UBD-h uptipkqh wilnud [6], b opuhnuyhtt uppbu k qup-
quitnid:

Upjuyhuny, unwgquws wfjujubpp Jyuynd i wquun  pwnhlwjuyhtt  gopépupwgubph
wlnhympjut  wwphpughtt  twlwt  thnthnpjnipjut dwuh, nph wpyniipt £ hwighuwinud
glpopuhnuguwt wpquuhpubph b wgninh opuhnh yupnitwnipjut wykjugnudp:
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