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CPABHUMTEJIBHASA DO®@PEKTUBHOCTDb HEKOTOPBIX
BUOCTUMVYJIATOPOB, IPUMEHSAEMBIX B
ZAKNBOTHOBOJACTBE

C.JI. TPUT'OPSAH, A.P. MKPTYSIH, M.A. CAPKUCSAH

Tocyoapcmeennwiil acpaphviil ynueepcumem Apmenuu, kagedpa snuzoomonozuu u
napazumonocuy

[IpuroToBieHHBI HAa OCHOBE MEKAPCKUX APONIKEH OMOCTUMYIATOp obOnagaeT
aKTHBUPYIOIIUM BIMSHIEM Ha OOMEHHBIE U 3alIUTHBIEC PEAaKIMU OPTaHU3Ma 2—Me-
CSIYHBIX KponbyaT. IIpemapar He BBI3BIBAET MOOOYHBIX HEXXENATENBHBIX (P (PEKTOB
y HOJOIBITHBIX XHUBOTHBIX M II0 CBOUM KAaYECTBEHHBIM II0KA3aTesIM HE YCTyIaeT
paHee UCIONb3yEMbIM B )KUBOTHOBOJICTBE TKAHEBBIM IIpeIapaTaM.

buocmumyasimop — kponvuama — Kpogs - memaboIu3M

zuguphidwt jpdnpuutybph hhiwt ypu yqunpuwungus YEuuwppwuhsp
wnwowginid k2 wduwluwb fwqupiubph dnn  ynipwhnuwbwlnieut
wpngkutbph ot pughwinip phdwngpnpujuinipjui gniguithpubph wnhyuw-
gnud: ®npdwplynn yuwwnpuwunnilp sh wpwewgnud YEunwihubph opqutihg-
Unud Ynnuuwlh wiguwtuh thnthnjpunipnibbp b hp wgnpkgnipyudp sh qhenid
whwubwwyuwhnipniinid twphtinid  oqunugnpéynn  hyniuduspuyght. yuwn-
puuwnnijubpht:

Gkhuwpupwihs — dwqupihbp — wpnil — dkpupnjpqlf

The biopreparation, made on yeast, stimulates methabolic and common
protective processes in young rabbits. It does not cause any common or local
undesirable effects in organism of experimental animals and could be re-
commended for using in animal husbandry as tissue preparations.

Biopreparation —young rabbits — blood — metabolism

Hcnonb3oBaHue OHOCTHMYISTOPOB B KHBOTHOBOJICTBE MPECNICAYET ETb
YCKOPHUTh POCT W Pa3BUTHC MOJOJHIKA CENbCKOXO3SHCTBEHHBIX KHBOTHBIX,
MOBBICUTh  KOJIIMYECTBCHHBIC W  KAYCCTBCHHBIC TII0KA3aTeld  IPOJYKTOB
JKUBOTHOBOJICTBA, TMOJHSTH OOIIYI CONPOTHUBISEMOCTh OpraHm3Ma K BO30y-
JUTENSIM 3apa3HbIX 3a00JIEBAaHUM W CHU3UTH NAJIek KUBOTHBIX. [IpuMeHeHUe
OMOCTHMYJISITOPOB SBJISICTCS JICHCTBEHHBIM METOJIOM B KOMILICKCE OOIIeh
Hecnenuduueckoi TpoPpuIakTUKU HHOEKIIMOHHBIX 00sIe3Hel MosoaHsKka [3]. B
HACTOSIIEE BPEMs C Pa3BUTHEM YaCTHO(DEPMEPCKOTO XO3IHCTBOBAHUS M BO3pac-
TaHWsS WHTEpeca MOTPEOUTENsT K 3KOJIOTMYECKHA YHCTON MPOJYKIUH >KUBOTHO-
BOJCTBa (epMephl OTAAIOT MPEANOUYTCHHIE JICIIeBbBIM, HO KaUYeCTBEHHBIM
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mpernaparaM MPUPOJAHOTO MPOUCXOXKICHHS, HE OO0JaTaroIuM OTPULIATSIIbHBIM
BJIMSTHHEM Ha OPTaHM3M JKUBOTHBIX M KQUECTBO MOJTy4aeMOW OT HUX HPOIYKIHH.
Tak, wHaOmromaeMbple eme B HEJABHEM IPOIUIOM MAcCOBBIC  CIIydYad
JUIEPTUYECKUX peakluil M HapylIeHWH oOMeHa BEUecTB CpeAH MoTpedurernei
KMBOTHOBOJYECKOW  MPOAYKUUH  3aCTaBWJIM  IPEKpaTuTh  NpPUMEHEHHE
TOPMOHAJBHBIX ~ TPENapaToB W  aHTHOMOTHUKOB B )KUBOTHOBOJACTBE H
NTUOEBOACTBE B OTKOPMOYHBIX LICIIAX.

Uenbto maHHOH paboThl sBIsIETCS W3Yy4YEeHHE BIHMAHUS TIpenapara,
NPUTOTOBJIEHHOTO Ha OCHOBE IEKAPCKUX JPOOKEH, a Takke TKaHEBOTo Mpera-
para, IpUTrOTOBJIIEHHOTO 10 MeToxy PuiaroBa, Ha POIEcCH 0OMEHa BEIIECTB U
00IIyI0 PEe3UCTEHTHOCTh KPOJIbYAT, ONpEAEICHUE CpPaBHUTENBHON 3(dexTHs-
HOCTH TPUMEHEHMs 3THX OHWONpenapaToB U, BKJIIOYas pa3pabOTKy CXEMBI,
ONITHMAIIBHYIO 7103y, KPaTHOCTh U METO/IbI BBE/ICHNS B OPTAaHU3M.

Mamepuan u memoouka. CpaBuurenbHyr0 3(PQEKTHBHOCT MPENapaToB
u3y4yajay Ha TNpHMepe KIMHUKO-(QHU3MOJOrHYecKUX (TemIepaTrypa, IyJbC, AbIXaHue,
KHMBOM BEC) M HEKOTOPHIX TI'€MaToJIOro-OMOXMMHYECKHX IoKa3zaTteneid ((popMeHHbIE
AJIEMEHTHI KPOBH, Jelikopopmyna, COD, remMorioOnH u oOmmii 6e7I0K KPOBH, IIBETHOM
MI0Ka3aTelb, TEMaTOKPHUT, KHCIOPOJHAS EMKOCTh M yJEIbHBIA BEC KPOBH).

IlpennoxxeHHbld HAMHU TIpenapar, CO3JaHHBIM Ha OCHOBE IEKApPCKUX IPOXKKEH,
NPEACTAaBISIET IPO3PAYHYIO IKHIKOCTh C JKEJNTOBAaTbIM OTTEHKOM M JIETKHM
BBIMAJAIOIIMAM OCAJKOM, Pa30HMBAIONIUMCS I[PH BCTPSIXHUBAHUU B OJHOPOIHYIO MYTh.
[Mpenapar cocTouT M3 pa3BeACHHOT0 (GPHU3NOIOTHIECKIM PacTBOPOM B COOTHOIIEHUH 1:1
aBTOJIN3ATA MEKapCKUX Opoxokei-50%, kamms homuna-1 %, xenatuHa u GopmaniHa 1mo
0.5 % ot oOmero obbema mpemnapata. sl IPUTrOTOBICHUS TKAaHEBOTO Ipemapara K
ceNne3eHKe KPYIHOTO POraroro CKOTA, BBIAEPIKAHHOW MpH Temreparype 4° B TeueHHe
48 4 W TpOmyIIEHHOH uepe3 MscOpyOKy, MpuOaBIsIM (U3MOJOTHYECKUI pacTBOp B
cootHoureHnu 1:10, cMemMBaIy U NPOLEXKUBAIIN Yepe3 4-CIIOWHBIA MapiieBblil QUIBTP.
K momy4yeHHOH TeMHO-KOPHMYHEBOW B3BECHM J00aBISJIM B KauyecTBE KOHCEpBaHTa
¢dopmamnn-0,3 % ot obmiero oovema ¢uIbTpaTa. ANPOOAMIO IIPENapaToB MIPOBOANIN
Ha 2-MEeCSYHBIX KpOJbUYaTax ¢ CPEJHNUM KMBBIM BECOM | KT, pa3ZelIeHHBIX Ha 4 TPyIIIbI
110 3 KHMBOTHBIX B Kax10H. JKUBOTHBIM 1-if rpynmbsl BBOAWIN TKAHEBOW MpeEmapar B J103€
0,1 mu/Kr Beca, a XXMBOTHBIM 2-i TPYNIIBI TOT € Iperapar BBOAWIN B J03e 3 MJ Ha
rojoBy. Kponbuatam 3 u 4-#f rpynn BBOAWIN IpOAOKEBON MpemapaT Mo TOH )Ke cXeme:
0.1 mi/kr Beca M 3 MJ Ha TOJOBY COOTBETCTBEHHO. lI3MepeHHe WHTErpajibHbIX
MOKa3aTeNed 1 MCCIEAOBAHNE KPOBH y KMBOTHBIX BCEX I'PYIII IPOBOIMIM O U Yepe3
60 MuH mocie BBeAeHUsI OMOCTUMYIIATOPOB. [IpenapaTsl BBOAWIN METOJOM ITOKOKHBIX
WHBEKINH, KpaTHOCTh BBeneHHs 3-4 mHbeKkuuu ¢ wmHTepBaioM 10 cyr. KpoBp mis
HcCcIe0BaHUH Opaiy U3 KpaeBOH yIIHOW BEHBI.

Pesynomamut u 06cysyncoenue. Y XKUBOTHBIX BCEX ONBITHBIX TPYIII YK€

HEMOCPEICTBEHHO  TIOCTe€  BBENCHUS  OWOCTHMYJATOPOB  Pa3BHBAIOTCA
HE3HAUYNTEIbHBIE W3MEHEHUS WHTETPANbHBIX IIOKaszaTeneld  (TaxuKapiws,
MoJIMIHOE, cyOdubpunurer), uzdesaronme depes 60 MUH MOCIC UHBEKIHU -
BpEeMsl JIOCTOBEPHBIX OTKJIOHEHWH B JAWHAMUKE MOPQOJIOTHYECKUX W (PU3HKO-
OMOXMMHUYECKHUX TIOKa3aTenei kpoBu (Tabm.1).
Tak, y xpompuar 1-ii TpymIbl yBEIMYMBAIOTCS IOKa3aTeNd KPacHOH KPOBH:
KOJINYECTBO 3puTpounToB Ha 1.3 %, cogepkanue remoriaobuna Ha 12.5 %. B to
K€ BpeMsl [BETHOW TIOKa3aTelb, T'€MAaTOKPHUT, KHCIOPOJHAs EMKOCTh W
YIENbHBIN BeC KPOBHU MOUTH HE U3MEHSAIOTCS. KOMM4ecTBO TIEHKOIIUTOB U OO
0EJIOK KpOBU YBEJIMYUBAIOTCSA COOTBeTCTBEHHO Ha 5.9 um 10.3 %, a B
nerKko(popMyIie OTMEYaeTCsl He3HAUUTENBHBIN JTUM(OLUTO3.
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CoBepiieHHO OTJIMYHAs NWHAMHUKA HCCIEIOBAaHHBIX ITOKa3zaTeleld KpPOBH
HAOJI0aeTCs Y )KUBOTHBIX 2-1 TPYIIIBI: KOJIUYECTBO IPUTPOIIUTOB, COJCPKAHUE
reMoriio0nHa, TeMaTOKPHT, IIBETHON MOKa3aTellb M KUCIOPOIHAS eMKOCTh KPOBH
YMEHBIIAIOTCS COOTBETCTBEHHO Ha 16; 66.6; 13.3; 40 m 69 %. B To ke Bpems
camwkenue COD Ha 28.6 % CBsA3aHO C yMCHBIIEHHEM OOIIEr0 KOJINYECTBA
SPUTPOIUTOB, a YMEHBIIICHHE 00mero Oenka kposu Ha 11.1 % npoucxonut Ha
(hoHE CHIDKEHUS YIEIBHOTO Beca KPOBH.

Tabauna 1. /luHamMyka reMaToNIOrM4ecKHX MoKaszaresnei Ha ()oHe BBEACHHS
ouoctumyisiTopos, ( Mtm), n=3, p<0.05

TxaHeBo# mpenapar JIpoxokeBoii npenapat
rpymnna rpynmna
ITokazaremm 1 11 1 11
110 nocne 110 nocne 710 nocne 110 nocne
BBEJICHUS. BBEJICHUS. BBEJICHHS BBEJICHUS. BBEJICHUS. BBEJICHUS BBEJICHUS. BBEJICHUS.
OpHTPOLUTHI
(Mut/MKT) 2.49+0.003 2.52 +0.006 2.84+0.003 2.45+0.005 2.2740.004 2.7+0.04 2.4+0.03 2.96+0.02
Hb (exunmu
Camn ) 40+0.2 45+0.04 50+0.06 30+0.05 30+0.3 55+0.2 35+0.03 60£0.02
I'ematokpur,
% 25+0.07 26+0.06 17+0.07 15+0.006 13+0.01 16+0.03 24+0.6 30+0.8
I[BeT.mokas.
(ezmHm) 0.9£0.03 0.9£0.02 1.4£0.03 1.0£0.02 1.3£0.003 1.7£0.04 0.8£0.003 1.0£0.03
0O, eMKOCTEH
KpoBH, % 5.0£0.05 5.6£0.01 6.3£0.06 3.73£0.06 3.73£0.02 6.9+0.6 4.4£0.2 7.4610.1
VY. Bec
KpOBH 1044+0.05 1045+0.06 1038+0.1 1037+0.06 1035+0.03 1038+0.07 1043+0.06 1047£0.1
JlekormTHI,
TBIC/MKIT 6.8£0.03 7.240.02 8.240.008 10.80.02 5.240.03 12.640.006 9.040.06 14.640.005
I1 2+0.2 2+0.3 2+0.02 4+0.02 2+0.1 8+0.06 2+0.2 1+0.02
-] C 3840.5 30+0.3 46+0.7 66+0.8 28+0.6 30+0.8 22+0.7 20+0.6
% E\ b 0 2+0.7 4+0.8 2+0.8 4+0.5 8+0.8 4+0.7 0
3
g & €] 0 1+0.1 4+1.0 0 2+0.7 4+0.8 4+0.2 0
= JI 56+0.3 64+0.1 42+0.2 26+0.02 64+0.6 42+0.2 64+0.6 77+0.7
M 4+0.5 1+0.02 2+0.7 2+0.2 0 8+0.2 4+0.5 1+0.01
O6mmit
Genok, T % 3.9+0.005 4.3+0.006 2.0+0.002 1.8+0.003 1.1+0.02 2.0+0.002 3.6+0.03 5.6+0.02
COD,
M/aAC 12+0.03 1240.2 9:0.2 7:0.2 60.02 8+0.02 12+0.06 140.04
Yucno
KpoBH (e11.) 16+0.2 17.6+0.02 27.140.02 2140.2 23.1+0.02 33.8+0.02 14.5+0.05 20.3£0.05

[NoBelmenne KonuvecTBa JedkonutoB Ha 31.8 %, HeWTpodumus wu
903MHO(MIHS CBUACTENHCTBYIOT O MEPEHANPSIKEHUH KICTOYHOTO UMMYHUTETA -
HeOMaronpUATHRIA MPU3HAK, XapaKTEepHBIN JUIS CTaAuM TPEBOTH MpH 0OIIeM
Hecnenu(puyeckoM CHHApoMe anantauuu - crpecce [2]. Takum oGpazom,
BBEJICHME TKaHEBOro mpemnapata B f03¢ 0.1 MJI/Kr Beca CTUMYNHPYET, a B J103€
3 MJI Ha rOJOBY - IOAABJISIET KPOBETBOPHYIO (PYHKIMIO OpraHH3Ma, yTHETaeT
OKUCIIUTENIbHO-BOCCTAHOBUTENBHBIE MPOLIECCHl W HMMYHHUTET. YKa3aHHbIE
M3MEHEHMs] BO3BPAIAIOTCS K HOpPME YK€ 4epe3 5-7 IHeH, OJHAKO OCTaBISAIOT
CBOW cClleJl, OTpaxasich Ha COCTOSHHU OOIIero Meradoimu3Ma KpojbuaT. Tak,
yepe3 10 jgHel mocie MHBEKIMM Macca Tena kposbuar 1,3 uw 4 rpynn
yBenuuuiiacb B cpenHeM Ha 500 r, a y Kposbdar 2-¥ Tpymmbl OcCTalach
HEU3MEHHOM.

Y KkuBOTHBIX 3 W 4-i rpynn oOHapyXKHBaeTcsl CXOokasg IWHAMHKA
W3MEHEHUM HCCIENOBAaHHBIX IIOKa3arenedl KpoBu. KoiaumdecTBO 3pUTpPOLUTOB,
COJepXKaHNe TeMOTJIO0MHa, TeMaTOKPUTHOE YHWCIO, LBETHOW TOKa3aTenb M
KHUCIIOpPOJHAsi EMKOCTh KPOBH YBEIWYUBAIOTCS COOTBETCTBEHHO Ha 4.6; 8.4; 24;
30.8 u 85 % y kponbuat 3-i, 24; 71.5; 25 u 69.5 % y kponpyar 4-if rpynmnsl.
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VYBenmuuenne oOmero Oeilka KpOBH y JKHBOTHBIX OOCHX TpyHI
COOTBETCTBEHHO Ha 89,2 m 55.5 % mNpOHMCXOOUT MApaIIENBHO YBEIHYEHUIO
YAEIBHOTO Beca KPOBHU, B TO k€ BpeMs noBbiieHHe COD COOTBETCTBEHHO HA
33.3 u 16.6 % o0bsACHSIEeTCSA NONUIUTEMHUEH U TunepraooynuHemueii. OCHOBHBIC
W3MEHEHUs B JielikoopMmysie XapakTepH3yIOTCs YMEpeHHOH HeHTpodunmmel u
s03uHO(MIMEN Yy KMBOTHBIX 3-H W HE3HAUUTEINbHBIM JUH(OIMTO30M Y
Kponp4aT 4-i Tpynmbl. M3 BBIIIEONHCAHHOTO CTAHOBUTCS OYEBHIHBIM, UTO
WHBEKLUS IPOXKIKEBOTO TMpernapara Kak B o3¢ 0.1 MII/KT KMBOTO Beca, Tak U B
KOJINYECTBE 3 MJI Ha IOJIOBY aKTUBUPYET OOMEHHBIE M 3allUTHBIEC MIPOLECCH B
OpraHu3Me KpojpdaT. AHaOolMYecKue CBOWCTBA JAaHHOIO IIpenapata,
MPOSIBJIIOIINECS] HE3aBUCHMO OT BBIIICIPUMEHSEMbIX 103, MOKHO OOBSICHUTH
KaK HaJM4ueM OMOTEeHHBIX BEIIECTB (AaMHHOKHCIOTHI, BUTAMHHBI, HOX), TaK M
OTCYTCTBHEM CJIOXKHBIX OE€JKOB, HEN30€KHO MNPUCYTCTBYIOIIUX B TKAaHEBBIX
npenaparax.

[lonpiTOXKMB [NaHHBIE MCCIEAOBAaHUNA, MOXHO CHENaTh CICAYIOIUE
BBIBOJBI:

1. OnTuManbHas 1032 TKAaHEBOI'O Mpemapara Kak CTHMYJISITOpa pOcCTa
kpospuat - 0.1 MJI/KT )KUBOTO Beca, B KOJIMYECTBE )K€ 3 MJI Ha TOJIOBY Tperapar
YrHETaeT TEMOIOITHYECKYI0 (QYHKIHIO ¥  M3BpaIllaeT OKHCIUTEIHHO-
BOCCTAaHOBHUTENbHBIE MPOLECCHl OpraHu3Ma, 4YTO KIMHMYECKH MPUBOIUT K
YTHETCHUIO, AHOPEKCHMH W TOPMOXKCHHMIO POCTa W PA3BUTHS TOMOMBITHBIX
KUBOTHBIX [1].

2. llpemnoxeHHBIH HaMH  JpOAOKEBOM  mIpemapar MO  CBOEMY
MOJIOKUTEIIFHOMY BJIMSHUIO HA OOMEHHbIC M 3alIMTHBIC MPOLECCHl OpPraHU3Ma
KpoJbyaT HE YCTYNaeT U Ja)ke MPEBOCXOIMT JIeHCTBHE TKAHEBOIO Ipenapara,
MIPUTOTOBJIIEHHOTO M3 CEJEe3eHKH KPYIMHOro poraroro ckora. Jlaxe B 1o3e,
30-kpaTHO NpEBBHIIIAIONICH HCXOIHYIO, APOXCKEBOW Ipemnapar aKTUBU3UPYET
IpoIlecChl METa0onM3Ma, HE BbI3bIBAS HEOJArONPUSTHBIX H3MEHEHHH B
NUHAMUKE HCCIEeIOBaHHBIX TIIOKa3zarened KpoBH. IlomgombITHRIE Kposibyarta
CTaHOBATCS aKTHBHEe, OBICTPO HAOMPAIOT B BECe.

3. [poxokeBoil OMOCTUMYIISTOP MMEET YIPOIICHHYIO PELENnTypy, MOXKET
OBbITH IPUTOTOBJIEH B YCIOBHSAX IIPOM3BOJCTBA 3a KOPOTKUIl CPOK B JHOOBIX
KOJIMYeCTBax 0e3 OIIyTHMBIX MaTepUalbHO-TEXHWYeCKuX 3arpar. llpemapar
MOJeET OBITh PEKOMEHIOBAH K MCIIOJI30BAHMIO B KUBOTHOBOJICTBE B KauecTBE
OHOCTUMYJISITOpa POCTa U Pa3BUTHSA MOJIOAHAKA.
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The fertile irrigated soils of the Mashavera valley, Georgia, have high
agricultural yield potential. The river water used for irrigation is polluted with
mining waste from a copper and gold mine situated in mountainous region of the
middle reaches of Mashavera River. Therefore the actual risk of Cd transfer into the
food chain is proven, which affects the local population as well as people in cities
up to capital Tbilisi, where crops from the Mashavera valley are sols at the open
markets.

Heavy metals - pollution of soils - irrigated and non-irrigated soils.

Jpuwutnwith Twowpwjw nuonwduyph phpph, nengtjh hnnbpp niaku ks
gnuquuntnbuwfut tkpnid: Nongdwt hwdwp oquwugnpdynn ghwnh epkipp
wununujus kt Uwowpwduw ghnh thohtt hnuwuph nwpwspnid quynn nuljnt b
wnudh (Eptw-hwipwhtt wpynmibwpbpuljuwi dknbwpynpyut puhnuibpny:
Ujn nupwspnid unnwugynn ubintinp b Yhpp qunygnud Eu swip dEnmwnubpny
wnununiwb Uks Juuwugh nwly, npt hp hipphtt Juwibgnud ' nknh b @hdihuh

puwlhstibph wpnnenipnip:
Owiip kwnwunlkp - hnpkpp wpinmnywdnipnili - npnglyh b ns-nnngly hnnkpp

Oponraemble IUIONOPOJIHbIE ITOYBBHI JONWHBI Mamasepa, ['pysus, uMeror
BBICOKMI CEINBCKOXO3SHCTBEHHBIII NOTEHIMan. Boabl pexu ucHosb3yemble Ui
OpOILEHUSI 3arPA3HEHB! OTX0AaMU FOPHO-J00BIBAIOIIEH MTPOMBIIITIEHHOCTH MEAU U
30]10Ta, KOTOpasi PacloNOKEHbl B TOPHOM PETHOHE B CPEIHEM TEUCHHH PEKU
MamraBepa. CyImecTByeT Cepbe3HBI PHCK 3arps3HEHMS] KOPMOB H IIPOTYKTOB
TIUTaHUS KaK I MECTHOTO HaCeJICHNs Tak U xuteneit Tommmcn.

Tsoicenvie memaiivt — 3aepiA3HeHue no4esl — opoutaemsvle U Heopouitaemvle nolevl

Georgia is rich in different mineral resources, which were already known
and mined over the past centuries. One of the most important and biggest
non-ferrous metal deposits is located in SE Georgia in the province Kvemo
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Kartli at the mountain fringe of the Small Caucasus. In the region of the small
town Bolnisi, located in the transition area between the middle and lower
reaches of the Mashavera river, poly-metallic ore deposits, mainly copper, zinc
and gold, have been mined since 1974 in a large opencast mine at the village of
Kazreti.

Another branch of economic activity is intensive agriculture on the fertile
soils of the alluvial and terrace plains of the Mashavera river. Due to the semi-
arid climate of East Georgia, with arid phases during the vegetation period,
sufficient yields of fruits and food crops from the fertile soils, mainly
kastanozems and chernozems, can only be obtained by irrigation with water
from the Mashavera. Then 2 to 3 yields per year are possible.

Decades of mining of copper and precious metals have caused severe
environmental problems. Mining waste, which is deposited on the mountain
slopes around the opencast mine as well as deposits of waste from a flotation
plant consisting of fine ground rock debris, cover an area of about 240 ha.
Mining and flotation wastes are rich in fines, which contain remains of
sulphides. Due to an extremely acid environment from sulfuric acid, caused by
oxidation of sulphides near recent surface deposits and the release of heavy
metals (HM), the stockpiles are investigated. Adequate measures to stabilize the
slopes by planting vegetation were never taken. Therefore, runoff from the
slopes leads to rill and gully erosion and severe contamination of the Kazretula
and other small creeks near Kazreti, which meet the Mashavera river, by fines
with adsorbed heavy metals and remnants of sulphides. The Mashavera presently
is one of the most polluted rivers of Georgia.

The use of the Mashavera waters for irrigation led to pollution of the fertile
soils by suspended fines, rich in heavy metals. The polluted soils, on the other
hand, can also be a potential source for the contamination of the food chain by
heavy metals.

According a research project, generously funded by German Volkswagen
Foundation, focused on amounts and spatial distribution of the heavy metals as a
consequence of deposition of mining wastes on irrigated soils of Mashavera
valley as well as on the eco-toxicological importance for the food chain.

The study area is situated in SE Georgia, about 60 km SW of the capital
Thbilisi, in the administrative district Bolnisi, and contains she middle and lower
reaches of the Mashavera valley.

Materials and methods. Soils samples were taken in fields, house gardens, grape
fields, vineyards and orchards from Ap horizon (0 — 30 cm) in 10 sites along double-
diagonal transects. Eight volume-equivalents cores were taken with an aluminum auger
within an area of 4 x 4 at each site. The fine earth (< 2mm) of the air dried samples,
ground in a porcelain mortar, was investigated in the laboratories of the Institute of Soil
Science and Soil Conservation of Justus-Liebig University in Giessen, Germany.

The pH was determined after DIN 10390 in suspension with 0,01 M CaCL, with a
pH-meter pH90 (WTW).

The amount of carbonates was determined by the gas-volunetric method using a
calcimeter, following DIN 18129.

Total amount of carbon (C1) and nitrogen (N1) were determined on fine ground
samples by gas-chromatography using a C-N-S element analyzer (Heraeus). Anorganic
C was calculated from the carbonate content by using the factor 0,1199, while the
amounts of organic carbon (Corg) resulted from the difference between Cl and
anorganic carbon. The amounts of organic matter were calculated by Corg . 1,724.
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Particle size distribution was determined by the combined sieving (and fractions)
and pipette method (silt and clay) after decomposition of carbonates (HCL) and organic
matter (H202) and dispersion in Na-Pyrophosphate 3,25, under dark conditions as
described in [3].

Pedogenic iron (Feox) and manganese (Mdcb) oxides extracted following the
procedure of Mehra & Jackson, as described in were determined by extraction with
buffered oxalic acid, pH 3,25, under dark conditions as described [3].

The mobile and exchangeable fractions of HM, which are eco-toxicologically
relevant because they are potentially plant available and easily leachable, were extracted
with NH4NO3, according [4,5]. They are designated in the text as HMAN.

The total amounts of subsequent deliverable HM, which is the supply fraction and
includes the soluble and exchangeable fractions as well as the HM strongly adsorbed to
carbonates, oxides and organic substances, were extracted by EDTA. Deviating from the
method described by [6], EDTA was dissolved in a buffered solution of ammonium
acerate at pH 7. Elements of this fraction are designated in the text as HMEDTA.

The total amounts of HM were extracted from finely ground samples by using
Aqua Regia following DIN ISO 11 466. Elements of this fraction are designated in the
text as HMAR.

Element concentrations in the extracts were determined with the atomic adsorption
spectrometer FAAS 4100 (Perkin Elmer). For determination of Cd in the NH4NO3
extracts a GFAAS SI(MAA 6000 spectrometer (Perkin Elmer) was used due to the low
concentrations.

Results and Discussion. The natural steppe vegetation formations [1] of the
Mashavera valley were changed by agriculture.

Due to the continental type of climate the typical main soil orders belong to
kastanozems and chernozems [2,3], which frequently degraded to phacozems as a
consequence of long periods of intensive irrigation. The main soils of the study area
cover calcic kastanozems, which show an accumulation of calcium carbonate in the
form of concretionary mottles in the subsoil but lower humus content and a more
brownish color than chernozem. They are associated with calci-vertic chernozens
with clay contents up to 65 mass-%. The medium to strong humic topsoils show a
blocky to polyhedral structure due to the high clay content. They are weakly alkaline
and have a rather high CEC.

The humus content decrease with increasing intensity of soil cultivation in the
sequence grape fields and vineyards, orchards, house garden and arable soils. As a
further reason for the high humus contents in topsoils of vineyards, a lower
mineralization rate can be assumed resulting from an accumulation of Cu die to
strong irrigation as well as from the use of copper hearing fungicides [2] (tab.1, 2).
Arable fields on the other hand, are subject to soil erosion during periods of rotation
fallow, which dinishes the humus content in slope positions and leads to the
formation of colluvium in depressions and on the flat valley floor. On slopes with
severe erosion, the calcic horizon is exposed at the surface and causes the formation
of calcisols.

The clay minerals of chernozems and kastanozems, mainly consist of chloric-
smectite mixed-layer minerals (corrensite) and the composition shows no difference
between the saprolite from pyroclastics (rhyolitic tuff and ignimtric) and the soil
horizons above, although the clay contents rise from 20 mass-% in the saprolite to
about 60 mass-% in the topsoil.
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Orientation in the field was based on Russian topographical military maps 1 :
500 000, Landsat TM 5 scenes and acrial photographs.

Table 1. Concentrations of heavy fractions in topsoils of irrigated vegeteble gardens of

the Mashavera valley and related soil data. AR = aqua regia exstract, EDTA = EDTA
exstract, AN = NH,NOj exstract, OM = organic matter; A/ / Fe / Mnpcp= free oxides,

Al/ Fe / Mnoy = amorphous traction of the free oxides.

Vegetable Gardens. Irigated (N=67)

Minimum Maximum Median

Cu (mg*kg™) 91.20 2,945.00 553.25
Cupprg (mg*kg™) 15.80 1371.00 227.05
Curpry ar % 17.00 55.00 39.50
Cu (mg*kg™") 0.27 7.92 1.44
Cu ) epra % 0.00 2.00 1.00
Zn (mg *kg™) 157.70 2,441.00 501.50
Zngpr, (mg *kg™) 18.10 585.00 94.45
ZNpra) ar % 10.00 60.00 20.00
Zn 4 (mg *kg™) 0.00 31.83 0.33
Zn 4y epra % 0.00 21.00 0.00
Cd (mg*kg™) 0.28 14.50 2.55
Cdpr, (mg*kg™) 0.13 11.16 2.00
Cdpra)ar % 46.00 95.00 79.00
Cd (mg*kg™") 0.00 0.56 0.03
Cd v epra % 0.00 14.00 1.00
pH(H, O) 6.67 8.23 7.76
pH(CaCl,) 5.99 7.68 7.37
EC 25 (uS *cm™) 83.00 1,297.00 201.50
CaCO, mass — % 0.00 15.50 1.70
OM mass — % 0.28 6.50 3.16
Alyy mg* g 0.50 1.78 1.07
Fepqp mg* g 5.46 15.30 8.83
Mn,, mg* g™ 0.32 1.06 0.67
Al mg* g 0.67 3.14 1.82
Fe,, mg* g™ 0.79 6.78 1.88
Mn,, mg* g™ 0.04 1.00 0.63
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Table 2. Concentrations of heavy fractions in topsoils of irrigated orchards and wine
gardens of the Mashavera valley and related soil data. AR = aqua regia exstract,
EDTA = EDTA exstract, AN = NH,NOj exstract, OM = organic matter; Al / Fe / Mnpcg
= free oxides, Al/Fe/Mnoy = amorphous traction of the free oxides.

Orchards.Wine Gardens. Irigated (N=49)
Minimum Maximum Median

-1 127.30 2,366.00 605.40
Cut (mg*kg™)

-1 56.90 1,006.00 280.10
Cut gy (mg*kg™)
CuEDTA/AR % 28.00 79.00 45.00

-1 0.23 6.59 1.22
Cu 4y (mg*kg™)
CMAN/EDTA % 0.00 1.00 0.00

-1 139.30 3,735.00 614.00
Zn 4 (mg*kg™)

-1 8.30 842.00 134.60
Zn gy (mg*kg™)
ZnEDTA/AR % 4.00 56.00 22.00

-1 0.00 19.30 1.15
Zn (mg*kg™)
7n L EDIA % 0.00 7.00 1.00

AN/ EDT.

-1 0.40 13.80 3.37
Cd (mg*kg™)

-1 0.17 7.87 2.76
Cd (mg*kg™)
Cd ) % 20.00 88.00 82.00

EDTA/ ar

-1 0.00 0.32 0.05
Cd (mg*kg™)
CdAN/EDTA % 1.00 6.00 2.00
pH(H2 0) 7.05 8.15 7.65
pH(CaClz) 6.49 7.54 7.20
EC 25 (uS*em™y | 10300 483.00 197.00
OM mass —% | 263 5.06 3.46

-1 0.71 2.33 1.14
Al ey mg*g

-1 7.17 12.43 10.00
Fepep mg*g

-1 0.45 1.03 0.85
Mncg mg*g

-1 1.39 3.57 1.80
Al mg*g

-1 0.33 4.19 1.65
Feyy mg*g

-1 0.42 1.00 0.82
Mn,,y, mg*g

First results from screening investigation of crops from house gardens as well
as field and pot experiments with wheat and spinach indicate a high uptake of Cu,

Zn and Cd in cereals and vegetable leaves that exceed tolerance thresholds for
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plants, animals and human beings. Although Cu is adsorbed specifically mainly
element in neutral to weakly alkaline soils (indicated by the results of the NH;NO3
extractions), the Cu contents in vegetation indicates a rather strong uptake.
According to [7] the mobility of Cu and other metal ions increases in alkaline soils
due to the formation of soluble organic complexes. In future studies the HM uptake
in food crops must be investigated systematically. Furthermore it should be
established that the characterization of the mobile fraction with the NH4NO3
extraction method after [4,5], which was developed for neutral to acid Middle
European soils, is also valid for alkaline soils. Due to the possible volatilization of
NHjs in an alkaline environment, the concentration of NHy is probably too low for
the exchange of weakly adsorbed HM. In a weakly alkaline milieu they could be
mobilized due to direct contact with plant roots by acid root exudates.

Nevertheless, the concentrations of the mobile Cd fraction exceed the
precaution, trigger and action values of [8] and the target and action values of the
“Dutch List” in topsoils of many sites (Tab. 1,2). According to the German Soil
Protection Law, land use restrictions and remediation measures would apply to 30%
of the investigated house gardens and to more than 50% of the grape fields,
vineyards and orchards with mixed cropping of vegetables. Therefore the actual risk
of Cd transfer into the food chain is proven, which affects the local population as
well as people in cities up to capital Thbilisi, where crops from the Mashavera valley
are sols at the open markets.
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UaNyrehaluul UGENILESD UbMUNU UL
U92168NhE3NPLL SGVLUOPL UNSNSYUD 2016
TtuulULULUTUL UGShYNRE3UL YU

Z. E. vU2USr3UL

Zuywumnmip wyhvnwlul wgpupuyhl hudwyuwpub

Znpjudnud pipdus E Jhghnnwughnt b nupwnwyhtt thnpdbph wpynibp-
ubkpp' ptwfwt dkjhnpwbwniubph (ghnthwn, nughnwhtt vinwd) b opqutwfwi
wupwpuwiynpbph (gndwnp, juuwhnidniu) wqpbgnipniup nmbjutwsh wy-
nnnyud hnntph fEhuwpwbwljut wljnhynipjut Jpu:

NMupqyty k np jhpundws dbkjhnpubntbpp tyguunnd Eu hnnh ptgwnnt-
Pt hinbkbupynipjut b $pdkinnughnt wnhympjut pupdpugdwip: Skju-
twshtt wnuinunjwsé hnnbph Jhluwpwtujub winpynipjut pupdpugdut hw-
dwp wpwgwplynud k hwdwwnbn Yhpunt] ptwlut JEhnpuptnitp b opqu-
twljut yupwpunwiyniphp:

Gkhuwpwimlul whnpynyentl - opqulnuuwl wupwmnuiynyelpn - ghnyhun
- pughwuuyhll wnnip - JEpunynpjugnid

IpuBeneHsl pe3yabTaThl BErCTALMOHHBIX M MOJEBBIX HCHBITAHHI BIHSHHSL
HPUPOJIHBIX MENHOPAHTOB (IICOJHT, JALMTOBBIA Ty()) M OpraHMYEcKHX yIOOpCeHHMiA
(HaBo3, OHOTrYMyC) Ha GHOJIOMMYECKYIO aKTHBHOCTD TEXHOTCHHO 3arPsI3HCHHBIX I10YB.

VCTaHOBIEHO, YTO MPHMEHSEMBIE MEIHOPAHTH CIIOCOOCTBYIOT YCHJICHHIO
aKTHBHOCTH (DEPMEHTOB M MHTCHCUBHOCTH [JBIXAHHS TOYBBL.

C wesbio yCHIeHHs! GHOTOrHYEeCKON aKTUBHOCTH TEXHOTCHHO 3arpsi3HEHHBIX
MOYB PEKOMCH/YETCSl COBMECTHO MpPUMCHATh IPUPOAHBIC MEJIHOPAHTHI U
OpraHuueckue ynoOpeHus.

Buonocuveckas akxmueHocmo - peKyibmueayus - opeanuyeckue yooOpeHus -
yeonum - 0ayumoswlll myeg

The article deals with the result of vegetational and field experiments - the
influence of joint application of natural meliorants (ceolite, dacitic tuff) and organic
fertilizers (manure, biohumus) on the biological activity of technogen — polluted soil.

It’s stated that the used meliorants increase the fermentative activity and the
intensity of the production of carbon dioxide from the soil.

On purpose of increasing the biological activity we suggest joint application of
natural meliorants and organic fertilizers.

Biological activity - recultivation - organic fertilizers - ceolite - dacitic tuff’

znnh Jhuuwpwbuljutt winhympniip ntumidbwuhpnd Bu towppbp
tywnwlubpny: tw Jupnn b jhul] wuppip wgpnphdhujut, wgpnunkath-
Julwt, JUbhnpuwnhy b wy dhgngurnidubph wgpbgnipjudp nbnh niubkgus
thnthnpunipnitiph hwdbdwwnwlwb ntunidbwuhpnipmnittp [4]:
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Qujuwnywith [2] punpnodwdp PEpdkinnuughntt ywpnghutkph hinnwgnunnt-
ptup mupplp ghutbnhjujui hnnwnhybipnd wwhu £ htwpuynpnipnt
oqurugnpst] nputg wjnhymipiniup npybu honbph pbpphnipjut guwhwn-
dwl (pugnighs nhuqunuwnply gnigutihy: dhpdbkunwghnt wljnhynipiniup gnyg
E riwjhu hnnmud pupwugnn JEuwphdhwlwb wypngbutubph ptnkuuh-Ynipmiut
ni. nnoippiap b Jupnng B ohwighuwbw) qquynit huighjuwnnp upw
JEuuwpwbwljut Jh&ulyh:

ZEnwugnunnipnitittiph tyuwnwli E ntuntdbwuhply] o wupgl) phwljui
Ubkhnpwbwnubph (ghnjhwn, nughnwht nind) b opqutwljut wwpwpunw-
wniptph (gnuwnp, YEtuwhnidnu) hwdwwnbn Yhpundwt wqpbgnipniup
nktwsht wnunudws hnntph Jiiuwpwbuuwt wnhynpjub Jpu:

Ynip b dEkpng: Niundbwuhpmpinibtph opyiun | hwiinhuwgl) Upwpunh
dwpgqh gbukunh gopbwpwuh thnont wqpbgnipjut wnwghti gnuint  wnkjutwshu
wnunuyuws hnnquuwpwspubtpp, npnbn  hnpbkph JEuuwpwtwuit  wlinhynipjuh
niuniduwuhpnipniuubpp wwpgl) Bo Bynnghwlwi hhduwibighpubph wpopbdwht
lwpnpunnphugh - Ynndhg  npjwés  nupnuyght qopdbpoud: - dkpnhhojmy hwpgp
nunidbwuhpbnt byuwunwlng gpdlp Bu bwb Jhighunnwughntt thnpdbp'  Zwjwuwnwih
whnwljul wgpupuhtt hwdwjuwpwih ¢bpdwwnwin Yhg pug gpoibnnd: bPusyhu
nuownwyhl, wjbwybu B Jhglinnwughnt thnpdtpp npdlyp Bu 7 wwppkpuljubpny:
@npduwnwpnh  hnnbpp  pun - Sphgnppubh  Ynnuhg  dpwldus  wwbgnuyh’ oy
wnunnnyus ki ghilyny (Zn), vhohtt' wnudny (Cu) b nidtn’ juwwpny (Pb):

®npdah upubdwb® 1. Unnighs, 2. ghnthwn 70 w/hw, 3. gknjhwn 70 w/hw + gnuwnp
40 w/hw, 4. gknjhwn1 70 w/hw + Jhbuwhnidniu 5 w/hw, 5. pughwnuyghtt wned 70 w/hw, 6.
nughwnughtt tinty 70 w/hw + gnuwnp 40 whw, 7. nughwuwhtt wnd 70 w/hu +
Yhuuwhnidniu 5 w/hu:

®npdtpp npyty Eu 3 Ypungnipyudp, hnpdwdwpgiph dwlptup ok £ 50 U

Onpdunuonnmd wdkgyl) knihly (unpup’ Lhw):

Uppynmiapakp b phlwplnul; Upupunh dwupgh ghdbunh gnpdwpuih
thnont wqpbkgnipjutt wnweht gninnid npyws nupwnwghtt thnpdbpp Juunwpyty
ki unp dbihnpugyué gqnpp  Jhuwwbwywwnwhtt  hnquuwhynid, npp
pumpugpynid £ hnnuobpinh  thnpp  hqnpnipjudp,  hnuwdniuh  gudp
wupntbwynipjudp (0,87 %), Juppnuwwntbtph JksS wwupnibwlnipjudp,
hhdtwyht phwlghuyny (pH=8,0): Uy hnntpp pny bt wywhnydws wgnuny®
(0,8 Ug 100 ¢ hnnnid), dhowly' $nudnpny (5,1 g 100 ¢ hnnnud) b juhnidny
(30,3 Ug 100 ¢ hnnid): ®npdwunuownh hnnt nitth wjwqujhtt UEpwihjulut
Juqud’ dhghjulut julp (< 0,01 dd-hg dwmuuhfubkpp) wdpnne hnnquobpunid
juqumd t 10,72-17,16 %, hull nhnuh wupnibwlnipemniup (< 0,001 dd-hg
dwutthfubpp) muwnwidnd £ 4,16-6,92 %-h vwhdwbbpnud:

Cuwn Enhwqupuih [3] Ynnuhg dpwljws vwinnuljh, tpp hidbpuowg
dtipdtunh wlnhynipjui gniguhputph uvpjuwh wnlnup sh ghpuquignid
5-7-p, wmyu nuowunp hwdwpynid £ dhwwwpp b Jupnn b oquugnpdyby
nuownuwjht thnpdtph hwdwp:
dhgbhinughnt  thnpdbtpp ppdbp Bu 12 | nupnpnipjudp yuundwub
winplbpnd, npnig dwljtpbup 0,0615 U? £ b dpwldby £ wotwmtwgu gnpk
(unpup' ‘LVwpph 68): Znnp (0-30 ud okpuihg) phpdl) | wytt thopdwhnnudwuhg,
npukn gpujws ko guonught thopdbpp: Utnpubpnud (gt & 12 Yq hng, npp
twhuybu  pwetdl] E phwluwb JEhnpubnubph U opqubiwlwib
wwpwpwiynipbph htwn: Cun npnud ginjhinh n1 pughwnwiht inidh pubiwlyp
Jtpgyt) £ 430 g (70 w/hw) hwoquplny, gnuwnphup’ 246 q (40 w/hw),
YEuuwhnudniuhp' 31 g 5 wwhw):
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Unniuwly 1. @npdwnuonh dhwwnwppnipjui  gniguithobpp

Hwphwghuyh Utuwyh Twpunh
8niguthpitip M(m gqnpédwljhgp, wnnlnup, | hwiwppnipnibp,
\ P P<7

npnonudubph phyp, n=6

budtpuiwmq | 5,7 ( 0,22 9,5 3,86 dhwwnwpp

®npdh nwppbpuutpnid hnnh jEuwpwbtuljut winhynipmiup
punpnonn® hnnuyhtt  dkpdkuwnmubph (hdbpuiwg,  Pnupunnwg, nipkwug,
Juwnwjuq) b hnnp stswnnipmitpn’ (hnnhg wpnwuquunyny CO2-h  pwbwlp)
npnobnt hwdwp, hnqwidnipubpp pun vwhdwijws dbpnghluygh JEpgyl) Eu
pippwhwjuphg wbdhpwuybu  htwn:  Znnuyhtt  Epdbunubtph b hngh
oswnnipjubt  hutnbktuhympjutt  wbwihqubpp  Juuwpdl; tu Gplhwth
whnwljut hwdwjuwpwih tyninghuyh b punipjut yuhywimpjut wdphnih
Jwpnpunnphuynid:

Unniuw]y 2. fuwljui dbjhnpuntph b opquiwljul wwpwpuwiyniptph
hwdwwntn Jhpundwb wqptgnipniip hnnh jEuwpwiuljut winhynipyu
thnthnjunipjui Jpu (Yeghinwghnt thnpd)

= =
g < £ E| = g,
o o S . o o o &
g g8 8 o8l 8 | 2 & 3 & 3 & @ g 5o
= -9 jan} A&l § O = % jan} S g O
®Onpah 2Elg 245 5°| 22| 2|27 80| 59
ggﬁ‘jﬁc,S:fgw = F A5 & | S B 3 o
wnuppkpuljubpp, [ 3 2 & 3 E Al s | B 2 G = § s 3
w/hw -1l = S gl A =
Iz g
~ ~N
2007 2008
1. Uninighy 5,7 25 | 0,61 3,4 13,1 53 2,8 0,53 3,7 13,9
2. 8knjhwn 70 48 [ 22 | 058 | 34 13,7 4,4 2,0 0,45 35 13,3
3. 8knjhwn 70 +
12,4 | 49 | 1,29 | 2,2 21,4 11,3 4,7 1,35 1,8 22,1
qnuwnp 40
4. 8knjhwn 70 +
96 | 38 | 098 | 3,0 18,2 7,0 33 0,82 2,7 17,7
JEtuwhnuiniu 5
5. Ttwghwnughl
8,8 32 |082 | 32 17,6 75 3,2 0,87 3,6 17,3
wnnrd 70
6. Twghwnuyht
nnd 70 + 14,1 | 55 1,94 | 25 22,6 14,3 5,1 1,78 2,2 21,4
gqnuwnp 40
7. twghwnughle
nnd 70 + 103 | 43 | 1,10 | 2,9 19,4 8,6 3,7 0,92 3,0 17,5
YLuuwhnudniu 5

bPuswbu Gpnd b wr. 2-h  pduyhtt  wdjujubphg, hudbpunwug,
dnudpwnmg, mpbwq dEpdkuntbph wlinhympjut b hnnh Suywnnipju
hunbuuhynipjutt wdktwpwpdp gnigutihpubpp tjunynd bt nughwnught
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und 70 whw + gndunp 40 whw b ginhnn 70 whw + gqnuwnp 40 w/hw
nwpphpuljubpnud, npunbn winmghs wwppbpuljh hudbdwnmpudp wjin Gplym
nwpyu vhohtt mfjujubpny wykjugh) B huwdwywnwuppwtupup hdbpunwg® 8,7
Ugq (159%) 1 6,4 Uq (115%), nudunnwq” 2,7 Uq (101%) b 2,2 Ug (82%), niptkwg ' 1,29 g
(227%) . 0,75 Ug (133%), hnnh stuswnnipmip’ 9 Ug (64%) b 8,3 Ug (61%):

Yhttuwhnudniu ipus nuppbpuljubpnud, hwnljuytu hblnwgnunnipyui
wnwehlt tnupnud, inyybu tjunyty k ykpnhhojuy bipdkuntbph wjnpynipju
L hnnh oWwwpniput  hunbkuhymput  wbwluwh  pupdpugnd, hugp
htnwugnumpyut tpypnpy wpnud npnowljh tjuql] b Ywunwwq dpdkunh
wlunhynipmniup ghon huljunwlyp, nughnughtt tined 70 w/hw + gndwnp 40 w/hw
b gknjhnn 70 whw + gnuwnp 40 whw wwppbpuljubpnud npnpwljh wjuqly L
dhpohtiu wuydwtwynpdws b opqubwljut yupupunuwiympipnd tpwtwljuyh
putwlnipjudp thunpuw, dnudwn, unydwwn, pnphy wbhnbubph b wy
dhwugmpniutbph  wupnitwlnpudp: Pugh npulithg opqutjuin
wupupunwiympbiph  hwipwjiugdwt  hEknbwiupny honnud  wbhnutbph
wupnibwlmpniip didwind . hsp b byuwunnud £ junuquq pdiunh
htwluinhjugdwin [2]:

Unniuwly 3. Fuwljwt dkjhnpubintibph b opquiiuljuitt yjuipupuwiyniphnh
hwdwintn fhpundw wqptgnipmniip hnnh jEtuwpwbului wijnhynppui
thnthnjunipjut ypu (pupwnwghtt thnopd)

g g
s g = ‘:E o g‘ = & QE
5 & 8 2| 3 &8 28 53 & B o 2| 5 a R
3| & S g O S| 8 ~ = o} Q
®npah éggwéz g‘% £0 gg:f%véz g% £
wuppbpultbpp, |F ]2 | &2 82| £S5 || E| 29| 2| RS
w/hw < B A s = o=l A 5 -
E g
& 4
2007 2008
1. Unimghy 56 | 26 | 0,58 3,7 12,8 59 2,2 0,55 3.3 14,1

2. 8tknjhwnn 70 50| 21 | 051 3,9 12,3 4,8 1,6 0,47 3,2 13,7

3.8k 70
70+ o a3 | 116 | 21 197 | 104 | 41 | 122 | 1,7 | 205
qnuunp 40
4. 8k 70
qhnulmhiumls 83 (35|08 | 31 | 162 | 72 | 29 | 070 | 25 | 157
5.% il
u‘iﬁg”;g”h 7529|070 | 35 | 148 | 71 | 27 | 068 | 31 | 156

6. twghwnuwghl inmp
70 + gnuunp 40
7. twghunughl inmp
70 + 9,4 | 3,8 | 094 3,0 17,3 7,5 3,0 0,79 3,2 16,0
YEuwhnudniu 5

12,8 | 48 | 1,68 1,8 20,1 11,8 4,5 1,63 2,0 20,2

by ykpwpbpynud £ dhuy ghinghwn 70 w/hw tipdws  wwwppbpulhly, wmuyu
wyuntn ny dh gpuljub hnthnjumpntt sh tjundtl): Cuphwljwpwlp, wjunkn
ujuundbk] b hudbpuwg, dnudpwinwg, nmipbwuq dEpdktnubph wlnhynipju
npnowljh tjuquut dhwinnid, husp sh Jupbjh wul] nughwmughtt tinid 70 w/hw
wnwppbpulh hwdwp:
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Uy mupphpulnud tjuwndby £ hhojwy dbpdbkunubph wjnhnipjut b
hnnh stswnpnipjut htnbuuhympjut pupdpugnid: Unwehth pbupmd wyn
hwbiquuwtpp puguwwnpynd t tpwny, np gbhnjhwp, nibbbwinyg hhdbught
ntwljghw, tywuwnnid E dhowduyph hhdttughtt nbwljghw niukgnn hnnkph b
wylh hhdbwjiugdwp, hisp ny tyuwunwdnp wyuydwiuikp £ unbndnid
Jtpnhhojuy Epdkunibnh Jhtuwgnpéniibnipjutt hwdwp: twghwnuyghtt tinidp,
lhutny dwlynunltt hwipwwnbuwl, pupkjudynud £ hnnh onuyht, opuyhtt b
obpduwyhtt nhkdhdukpp, hust § wbonipynn pupwinid E hnpgmid  plhpwugnn
JEuuwpubuljut ywpngkutbphu: [1]

buswhu Epind £ wr. 3-h puyhtt wdjuyubphg, quownuyghtt thopdbpnid
unwgyl) k tnyt ophtiwswithnipjudp, hisyhuhtt tjundl) Ep Jighnwughnt
thnpdbpnud: Fughwnwghtt nnid 70 w/hw + gndwnp 40 ww/hw b gknthwn 70
whw + gniunp 40 whw  wwppkpuljubpmd  unnighy  wmwppkpulh
hwdbdwwnnipyudp  tpynt wwpdu dhoht  wnjjujubpny  wydbjugl; L
huwdwywunwupwbwpup  pudbpnug’ 6,6 Ug (115%) b 5,1 uUg (88%),
Inudpwnwmg’ 2,3 g (95%) b 1,8 Uq (76%), niptwuq’ 1,1 dg (195%) L 0,63 Uq
(111%), hnnh ouiswnnipinit’ 6,7 Ug (47%) b 6,7 Uq (49%):

Gqpuljugmpniuutp b wpwewpynipniuutp

Bpynt  wwpdu  Jhghinnughnt U pupownwght | Ghnpdupupuljut
woumwnwbpubph wpnynipubpp hbtwpwynpnipnit Eu widl] hwbghnt  hk-
wnlyuy Eqpuljugnipniuubph.

1. Upwpuwunh dupgh ghdktnh gnpswpwth thnont wqpbignipjut wnweht
gnuint nbkputwsht wnunnnjws gnpy Jhuwwbwywwnwhtt hnnbpmud ptwljui
Uk hnpwbwnubph U opqubwlwb wuwpwpunwiympbph hwdwwnbn jhpundw
nhypnid tjuunynid k jEhiuwpwbwljut wnhympjut paupdpugnid, pung npnid
ginihnh b nughwnuyhtt inibh $nth Jpuw gndwnph wpynibwdbnnipmiup
wybih pupdn k pub jhuuwhnidniuptp:

2. Opqubwwt wuwpwpunwiynipbph (gonlwnp, JEtuwhnidniu) Jhpundwi
phypnid hnpnud pnyutinud £ junuugq $Epdbunh wljnhynipniup, npp
yujUutwynpjws b pgpuignmd  thunpwwn, dnudwn, unydwn, pnphn
wuhntuubph b wy Jhugnipmniiubph yupnibwlnipjudp:

Guunupjws munidbwuppnipnibitiph wpnyniupttpp hhdp i wwhu
wnwownllnt  wbkjubwsht  whpunudws  honkph JEpulnyuhjugdui
tywwnwlny hwdwwnbn fhpwok] ptwlju dkjhnpunibp (ginhw, pughunuwht
wnnrd) b opqubwlut yupupunuwiympbp (gnuwnp, jiuwhnidniu), punn npnd
dvhowduwynh hhdtwjhtt nkwlghw nitbkgnn hnpbpmid tyyuwunwlwhwpdwp b
Yhpwnt] nughwnwht wnd, pwlt ghnjhwn: bul] phwfwt  dEhnpwbnh
suthwpwbwlp jupwsé tpwuihg, phk nyju nuownnd hisyhup dowljwpnyu k
wdkgyknt b pwth mwph £ nupwnb qpunbgubint, Jupkh b thothnjuniput
Eupwupnlty:

GMrUuuvLNkhE3NkL
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OCOBEHHOCTH CBA3BIBAHUS EtBr U HOECHST 33258 C
JHK PA3JIMYHOI'O GC-COAEPKAHUA

I1.0. BAPJAEBAHSH, A.Il. AHTOHSIH, M.A. ITIAPCAJIAHSIH,
P.A. KAPAIIETSH, M.A. IIATUHAH

Epesanckuii cocyoapcmeennulii ynugepcumem, Ouonoeuueckull paxyiomen,
kageopa 6uopusuxu E-mail: biophys_dep@mail.ru

[okazano, uro Opommucteii stumuit (EtBr) m Hoechst 33258 (H33258)
csspiBatorest ¢ JJHK nByms cmocobammu: mpu HU3KOI MOHHOHW cuie pacTBopa oda
JWraHla WHTEPKAJIMPYIOT MEXAY IUIOCKOCTSIMH OCHOBaHuWid. JlanpHelee
YBEMTUUCHHE KOHLIEHTPALUH JIMTAHIOB B JAOMOJHEHNE K HHTEPKAJSIIMN TPUBOJHUT K
3JIEKTPOCTaTUYECKOMY B3aMMOJCHCTBUIO. Y BEIMUEHHE HOHHOM CUJIBI pacTBOpa HE
BiHseT Ha ocobenHocTH B3aumoseiicteus EtBr ¢ JIHK, B To BpeMs kak B ciiydae
H33258 wmmMeer MecTo KauecTBEHHOE M3MEHEHHE CIoco0a CBA3BIBAHUSA U
OPOSIBIISICTCS.  SIPKO  BBIPQKCHHAs  CHeUU(UYHOCT  JTOr0  JHMraHaa K
AT-nocnen0BaTenbHOCTSIM MOJUHYKICOTH IA.

bpomucmuvui smuouii (EtBr) - Hoechst 33258 (H33258) — {HK -
UHMEPKATAYUOHHOE 83aUMOOelicmeue

8nyg t npyty, np tphnhnwh ppndhyp (BER) b (H33258)-p FLE-h htwn
Juuynud b tpyme tnuwuwjubpny: Swsp hntwjwb nidny (nisnypubpnid
Epynt  (hquunubpt § Juwynud o ptnbpjupughnt  dhuwthqunyg
(ubpopynud o hhdpiph  hwppnipynibubph  dholl):  Lhqunubph
Unugkinmpughugh  dbkdwgdwiip gnigpipug  hunbplujughuh  hkwn
hwdwwntn b hwyn t quihu Yu@-h hbwn (hquunubph LEjunpuunwunpl
Ukjuwthquny thnpuwgnbkgnipeniip:

Lowdnyph hntwjwb nidh dkdwgnidp sh wqpnmud Yufe-h htnn ER-h
thnpuwugpbgnipjut wnwdbwhwnlnipnibubph Jpu, dhiyytn (H33258)-h
nhuypmd FuE-h htn juwdwt dkjpwbhqup npujuybu thnpynid b
npulinpynud k wnihtniljkninhnh AT-hwonpnwljunipjniitbph
tjuwndwdp Hoechst-h Jun wpnwhwjnyws uytkghdhlnipmiup:

Ephphnidh ppndpy (EF) - Hoechst 33258 (H33258) -
QUL - plunkpluwypughnl thnpnugnbgnipini i

It has been shown that EtBr as well as Hoechst 33258 (H33258) binds to
DNA by two modes. At low ionic strength of solution both ligands intercalate
between planes of bases.

Further increasing of ligands concentration leads to electrostatic interaction
as well. The increase in ionic strength of a solution does not influence features of
interaction EtBr with DNA while in case of H33258 qualitative change of a binding
way takes place and strongly expressed specificity of this ligand to AT-sequences
of polynucleotide is shown.

Ethydium bromide (EtBr) - Hoechst 33258 (H33258) - DNA -
intercalating interaction
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M3yuenne xoudopmarmu JHK ©u CTpyKTypHBIX TepeXxomoB B HEH
MOCITYXWJIH OCHOBOHM Uil MCCIENOBaHUI ee crelu(UIeckoro CBS3BIBAHUS C
OHMOJIOTMYECKU aKTUBHBIMH HU3KOMOJICKYJISIPHBIMH BEINECTBAMH - JIUTAHIAMH,
0e3 KOTOpOro He OCYIIECTBISETCS HU OJUH Ba)KHBIH T€HETHYECKUH IpOIecC B
kierke. [lpu B3aumogneiricteuu ¢ JIHK nuranasl MOryT mHOposiIBIATH SPKO
BEIpOKEHHBIC OWoJornyeckue W (HapMaKoIOTHYECKHE CBOWCTBA, MOITOMY
BEISIBIICHHE  (PU3UKO-XMMHUYECKHX  MEXaHH3MOB  KOMIUIEKCOOOpa3oBaHUS
aHaJoTHYHBIX coequHeHni ¢ JIHK BakHO Kak Uil BBIICHEHHS OCOOCHHOCTEH
pa3aMuYHBIX ~ CHOCOOOB  CBA3BIBAHUSA, Tak W A JajJbHEWIIero
YCOBEPILICHCTBOBAHUS XWUMHUYECKOTO CTPOSHUS W CHHTE3a HOBBIX, 0oJjee
3¢(eKTHBHO  JCWCTBYIOMIMX  OMOJOTHMYECKH  aKTHBHBIX  BEIIECTB  Ha
TeHeTHYeCKui ammapart kinetku [1,5,7,8].

OgauM w3 3(QQPEKTUBHBIX  IMyTeH  peUmICHHS OTOW  MPOOJIEMBI
MPEJICTABIIACTCS WCIONB30BAHNE JIMTAHIIOB, HE CBS3aHHBIX MEXIy COOOM
HEMOCPE/CTBEHHO, a WMEMMINX COTVIACOBAHHBIE KOMILIEKCOOOpa3yromie
cBoiictBa. OHON M3 TAKUX CHUCTEM MOXKET SBIATHCS COUYETaHHE OPOMHUCTOrO
stugus (EtBr) m Hoechst 33258 (H33258). DOtm jauraHasl HEKOBAJICHTHO
ces3piBaroTcs ¢ JIHK paznumaaeivMu ciocodamu. [lepBolii M3 HUX — KITACCHUSCKHAM
WHTEPKAIATOP, BTOPOH - HEUHTEPKAJSATOP, BHEIIHECBSI3BIBAIONIUNACS JIMTAH].
EtBr BxiuHUBaeTCS MEXIy COCEIHMMM TlapaMH OCHOBaHUM, BBI3BIBAS
3HAUUTEIbHBIE U3MEHEHUs CTpyKTypHOU opranuzauuu JHK [4,6,9,10]. H33258
JoKanu3yeTcs: B ManoM skenmobke JIHK, He MeHSsT MHTETpabHOCTh CTPYKTYPHI
nocnennel [2,3,11]. Paznuuus B xapakTepe cBA3bIBaHUS U CIIEU(YUIHOCTH 3TUX
JIMTaH/IOB MO3BOJUT B IIEJIOM, MIPH UX COBMECTHOM HCIOJIb30BaHUU, IMOBBICUTH
WH(GOPMATHBHOCTh HCCIENOBaHWA B cdepe W3y4YeHHS TEPMOAMHAMHUKH
B3auMoercTBus uranaos ¢ JTHK.

Lenpto HacTosIIEH PabOTHI SIBUJIOCH TEPMOJUHAMUYCCKOE HCCIICIOBAHUC
ces3biBanus EtBr m H33258 ¢ JIHK, pesynabrarbl KOTOPOTO BaXKHBI IS
MOHMMAaHUS MEXaHM3MOB KOMIUIEKCOOOPa30BaHUS MPH  OJHOBPEMEHHOM
B3aMMOJICHCTBUU  3TUX JIMTAHJIOB C MOnuHyKiIeoTunamu. [lomoOHbIe
WCCIAENOBAaHUS BaXHbl M AN JajJbHEHIIEro HU3Y4YEHUs] COBMECTHOTO
B3ammopencTBus JuraggoB ¢ JIHK, d9ro Moxer maTeb BO3MOXKHOCTH
CHUHTE3HpOBAaTh HOBBIE COEIWHEHHsS C OoJiee BBICOKON YYBCTBUTEIBHOCTHIO U
cnenupUIHOCTHIO K CyOCcTpary.

Mamepuan u memoouxka. Ipenapatel. B pabore 6bumn ucmons3oBans JHK
tumyca teneHka (T.1.) (cpemHee GC comepxanue — 42 %), (BBICOKOOYHIIICHHAS,
mob6e3no npenocrasiennas npod. .1O. Jlauno), JHK Clostridium perfringes (Cl.perf.)
(cpemnee GC conmepxanne — 31 %) u Micrococcus lysodeicticys (M.lys.) (cpennee GC
conepkanne — 72 %) (Sigma, CIIA), EtBr, H33258 (“Serva” I'epmanms). Bce
Mperaparsl WCIONB30BaHBl 0e3 momomHuTenbHON ouncTku. Konmenrpamun JHK u
JIUTaHJOB OIPEACISUIN CIEKTPO(OTOMETPHUECKH, HCIOB3YS clexyonme Kodhhunu-
EHTBI SKCTHHKIMHE: £360=6600 Mem™ s JHK T.1., £,58=7400 Mlem? s JHK CI.
perf, €6=6600 M'em? g JHK M. lys., £4=5600 M'cm! mus EtBr wu
g343 = 42000 M'lem? s H33258. Kommiekcst JHK c¢ nuranpamy momydanu
cmemenueM pactsopoB JHK, EtBr u H33258 B cooTBeTCTByrOmUX HPOHNOPLMAX:
cootHourenne konunenrparuid JJHK n nmurannos - 1, (r,=murang/JIHK) n3mensnocs B
HHTEpBaJIC 0< 1p,<0,33.
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IIpubopsl. [Tnasnenne JJHK u ee koMIIeKcoB ¢ TUraHaaMu OCYLIECTBIISIM Ha
cunektpoporomerpe PYE UNICAM-SP8-100 (Anrmms). CoekTpadbHbIE H3MEpPEHUS
IIPOBOAMIIN B TEPMETHYECKHU 3aKPBITHIX KBApLEBbIX KIOBETaX UIMHOM ONTHYECKOTO IIyTH
1 cM, KOTOpble TOMEHMIAIM B TEPMOCTATHPYEMBIE SUEHKH CHEKTpOGOTOMETpa M
HarpeBaiu co ckopocTeio 0,25 rpan/muH. JlaHHBIE TOTIOMIEHUS 00pa3IOB BRIBOIWIN Ha
mporpaMMupyemblit MuKpokanekymsatop Hawlett Packard 97S 1/0 (CILIA). M3mepenus
Ka)J0ro o0pasia NpOBOAWIN C 5-KPaTHBIM HOBTOPOM, ITOCJIE YETO JAAHHBIE YCPEIHSIIH.
OmmbKa 3KCTIepUMEHTAIBHBIX PEe3yIbTaTOB HE MpeBbImaia 5%.

Pesynomamut u oocysycoenue. N3sectHo, urto EtBr u H33258 spnstorcs
crabmm3aropamMu AByxienodeunoit (am-) crpykrypsl JAHK [3, 5, 6]. O6 sTom
CBUJIETEIBCTBYET TOT 3KCIIEPUMEHTAJbHBIN (DaKT, UYTO KpUBbIE IUIABICHUS
kommiekcoB JIHK c¢ mccnepyemplMu JMraHgaMu CMeIleHBl B o0nacTb Oonee
BBICOKMX TemmepaTyp Mo cpaBHeHuto c¢ uucrtod JIHK. Ha ocHoBanum
MOJTy4YeHHBIX HaMH KpuBbIX IuiaBieHus kommiekcos JJHK-EtBr u JITHK-H33258
OTIpeNeIIsI 3HAYCHHUS H3MEHEeHUs TeMnepaTypsl miaBieHust O(1/Ty)=1/Typ-1/Ty,
(tme Ty m T, temmeparypbl mmiaBineHus uncrod JHK u ee kommmiekcos
COOTBETCTBEHHO) KOMILIEKCOB OT I, mpu 2mM u 20mM Na'. Ha puc. 1
npuBeneHsl KpuBble 3apucuMmocT O(1/Tm) ot 1, s xomruiekcoB 1.1.JJHK ¢
EtBr (xp. 1), H33258 (xp. 2) npu noHHO#i cuite pactsopa 20mM Na'.

14 §(1/Tp) 107 1
s

12 - .

10

I'p

0 0.1 0.2 0.3 0.4

Puc. 1. 3aBucumocTy U3MEHEHHUs TeMIiepaTypsl masienus kommiekcos JJHK tumyca
tenenka ¢ EtBr (1) u H33258 (2) ot ry, nmpu p=20mM Na®; pH=6.9. Auanornyssie KpUBbIe
nory4ens! s komiekcoB EtBr u H33258 ¢ IHK Cl. perf. u M. lys.

Kak BumHO W3 mpHBENEHHOTO PHUCYyHKA, KpuBbie 3aBHCUMOCTU O(1/Ty,)
pacTyT BO BCEM MHTEpPBaIe U3MEHEHHUS I}y, YTO 00YCIIOBICHO CTA0MIN3UPYFOIIUM
BIUSHHEM OOOMX JIMTAaHAOB Ha JByXIenoudeyHyio crpykrypy JHK
(aHayorMuYHBIE pE3yIbTATHl MOJTy4YeHHI B ciiydae koMmiuiekcoB EtBr ¢ HK T.1.
npu uoHHOi cune pactBopa 2mM Na® u JIHK Cl. perf. u M. lys. ¢ EtBr,
H33258, mpu 2mM Na* u 20mM Na' (kpuBble He NpUBENEHEI).
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Jlpyroii mapamerp kpuBbix miaBieHHS - O(AT/Twm’)=AT/Tm -A¢T/Tuw’,
(tme AT m A¢T mmpuwHa MHTEPBAJIOB IUTABJICHHUS KOoMIUTekcoB M guctor JIHK
cooTBeTcTBeHHO) KomruiekcoB H33258 c¢ /IHK Ttumyca tenenka, Cl. perf. u
M. lys. npu uoHHO# cuime pactBopa 2mM Na' pacTeT MOHOTOHHO BO BCEM
WHTEpBae H3MEHEHU 1y, (puc.2, kp. 1,2,3), B TO BpeMs KaK aHAIOTHYHAS KpUBas
B ciiyuae EtBr umeet xomokosnoo0pasuyo Gpopmy (puc.2, kp. 4).

30

S(AT/Ty) 107

0 0.1 0.2 0.3 0.4

Puc. 2. 3aBucuMocTH U3MEHEHUS IMPUHBI MHTEpBala IaBiaeHus komiuiekcoB H33258 ¢ JIHK
1.1. (1), CL perf. (2) u M. lys. (3) oT 1, Ipu HOHHOIA cuite pactBopa 2mM Na®, pH=6.9. Kpugas 4
COOTBETCTBYET U3MEHECHHUIO IIMPUHBI HHTepBaia 1miaBieHus kommiekcoB JJHK 1.1. ¢ EtBr ot 1y,

I/I3BeCTH0 YTO KOJIOKOJOOOpa3Has ¢QopMa KpHBOH 3aBHCHMOCTH
S(AT/Tw’) oT 1, xommiekcoB JJHK-EtBr o6ycioBneHa mepepacrpe/ieieHneM
MOJIEKYJI JJUTaH/a C ICHaTypUPOBAaHHBIX Ha eIle He IeHATYPHUPOBAHHBIE YIACTKH
JHK B xozme mepexona CHUPaTIb-KIyOOK, BCJIE/ICTBHE 4ETO NPH HU3KHMX
3HAYCHHUSX Ty, IPOLIECC TLIaBNeHNs 3aTaruBaercs (S(AT/Ty,’) yBenuunpaercs) [4].
W3-3a orpaHM4eHHOCTH 4YHCIa MECT CBA3BIBAaHUS Ui ckpemok Ha ai-/IHK
JanbHeilee  yBeNWYeHHWE I, TPUBOAUT K 3aTPyJHEHHIO  TIpoliecca
repepacipeiefieHns, Mo3TOMy M IIMPHHA WHTEpBAJIa IJIABJICHUS KOMIUIEKCOB
YMEHBIIAETCS. HonyquHHe HaMH JaHHbIE TIOKAa3bIBAIOT, YTO XOJ KPHUBOH
sapucumoctd  O(AT/Tn’) oT 1, Komiuekcos JIHK- "EtBr me npeTepreBact
3HAYUTENbHBIX HM3MEHEHUN TpU AECATUKPATHOM YBEIHMUYEHHH HOHHOW CHIIBI
pactBopa u cnabo 3aBucut ot GC-comepkanus JHK. Otu pesynprarhr
HaXOASTCS B XOPOIIEM COOTBETCTBHU C JAHHBIMH CIIEKTPO(POTOMETPHUECKHUX,
ruapoauHamuueckux, AMP uccrnenoBanuii, KOTOpble MOKa3bIBalOT, uTo EtBr
BKIIMHUBAETCSI MEXAY IUIOCKOCTSIMH Iap OCHOBAaHHU €O clabo BBIPaKEHHOU
IpeAnoYTUTENEHOCTEI0O K GC TOCIEI0BATEILHOCTSM JHK [1]. B cmygae xe
H33258 npu Hm3kMX 3HaueHmsx 1, O(AT/T,’) pacteT M JoCTHraet
HACBIIIEHHOCTH MIPU BBICOKUX 3HAUEHUSX Iy, (pHC.2, kpuBble 1,2,3). T naHHbBIE
yKa3bIBaloT Ha To, uTto EtBr u H33258 no-pasnomy ces3eiBatotrcs ¢ JJHK.

OKCIEpUMEHTANIbHbIE  UCCIENOBaHUsl MOKa3bpiBaloT, u4to H33258
MIPEAMOYTUTEIFHO CBsI3pIBaeTCI B MajoMm Jkenodke B-JIHK ¢ Beicokoit
crenupuIHOCTRI0O K AT - mociie10BaTeILHOCTIM, YTO CBSI3aHO ¢ (GopMoit
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MOJIEKYJIBI JUTaHa, KOTOpas XOpOIIo COBMamaeT ¢ (GopMoil Majoro xemoOka
JHK [6]. Omnako mnpu omnpenmencHHbXx yemoBusix H33258 ¢ JIHK
B3aMMOJICHCTBYET U MHTEPKAIALNOHHBIM criocoooM [3].

B obpazoBannn xomrmuiekcoB H33258 ¢ JIHK, mapsmy ¢ sHTpOUHHBEIM
(akTOpoM OMMONEKYJISIPHOTO B3aMMOJEUCTBUS, CYIIECTBEHHYIO POJIb UIPAOT
Hecrenuduyeckue deKTpocTarnyeckue cuibl [2]. ComocraBieHre NOTyYeHHBIX
HaMH JaHHBIX C JUTEPATYPHBIMH NMPHUBOIUT K BBHIBOIY O TOM, YTO IPH HHU3KUX
WOHHBIX CHIJIax, Hapsay ¢ uHTepkansauunonHbiM, H33258 ¢ JIHK cBsa3biBaetcs u
AIIEKTPOCTATHYECKMM  clocOoOOM,  HE  TpOsBISAA  cHenu(UYHOCTH K
onpeaencHHbpM napam ocHoBaHui JJHK [3]. O6 aToM cBHIETENbCTBYET elie u
TOT (hakT, uro m3meHeHne GC-conepxkanus JJHK cymecTBeHHO He MEHIET X0a
KkpuBoit 3aBucuMOcTH O(AT/Tw’) OT 1, TpH HoHHOM cuiae 2mM Na® (puc.2,
kp. 1,2,3).

s O(AT/Ty) 107

Iy

0.1 0.2 0.3 0.4

-101

Puc. 3 3aBucuMocTy H3MEHEHUsI [IMPUHBI HHTEpBaa 1aBieHns komruiekcoB H33258 ¢ IHK CL
M +
perf. (1) u 1.1. (2) 0T 1}, Ipu WOHHOI cuiie pacTBopa 20mM Na', pH=6.9. Kpusas 3 cooTBeTcTBYET
HU3MEHEHUIO IUPHHBI MHTepBana miasienus kommiekcos JJHK T.1. ¢ EtBr ot 1y,

VBenuyeHue HOHHOM CWIBl Ha MOPSIAOK pagUuKaIbHO MEHSET XOf
KpUBBIX 3aBHCHMOCTH O(AT/Tn?) oT 1, xommiekcoB JHK-H33258 (puc.3,
kp. 1,2,). Kak Buamo m3 puc.3 (xkp. 1,2), 3Hauenus Bemmumuel S(AT/Ty’) B
cirygae komuiekcoB H33258 ¢ JIHK Cl. perf. u T.T. npuHUMAIOT OTpHUIIATCIHHBIC
3HaYeHWs Ha BCEM HUHTepBaje H3MEHEHHS Ip. OTOT (PaKkT yKa3blBaeT Ha
npeanouytutenbHoe cBs3piBanue H33258 ¢ AT-nmocnenosatensHoctsimu JJHK,
BCIIEACTBUE YEr0 pa3HULla MEXAy TemmepaTrypamu mmiaBieHuss AT- u GC-
oorateix yuyactkoB (TAT-TGC) ymenbiiaercs. [loaromy mupuHa HHTEpBaia
MJIaBJICHUS] KOMILUIEKCOB yMeHblIlaeTrcsl 1o cpaBHeHUto ¢ AT uucroir JJTHK. B
paborax [2,10,11] moka3zano, uytro crneuudpuunocts H33258 k AT-mapam
OCHOBaHMH  oOycioBieHa  OONBLIOW  3IEKTPOOTPULATEIBHOCTHIO  3THX
nocnenoBaTensHocTel B MaioM xenobke /JIHK u cremeHpro ymopsaodeHHOCTH
MOJIEKYJI CBSA3aHHOM BOJIbl. Y BEJIMYEHUE NOHHOM CUIIBI IPUBOJUT K YBEIUYECHUIO
rugpatupoBaHHocTH AT-mocnenoBarenbHoCTel Manoro xenobka JHK u
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CIIEIOBATEIHHO CIIOCOOCTBYET IMPOSIBICHHUIO CIICIMHU(PUIHOCTH TUIAPOHOOHOTO
nmuraana H33258 k' AT-mocneoBaTenbHOCTSIM.

Takum O6p330M, OCHOBBIBAsICh HA PE3YyJIbTaTaX HAIIUX 3KCIICPUMCHTOB,

MOXXHO 3aKJIKOYHNTh:

1.

EtBr m H33258 cBaspiBatorest ¢ JIHK Gomee yem ogamM crmocoOoMm: mpu
HU3KOW WMOHHOW cwie 00a JMraHia HMHTEPKAIUPYIOT — MEXIY
IUIOCKOCTSIMA OCHOBaHMU. JlanmpHeilmee yBedwueHHE KOHIECHTPAIHH
JUTAaHIOB  TNPUBOIWUT B  JIOTIONIHEHWE K  HMHTEPKAANNNA K
JNEKTPOCTATUUECKOMY  B3aUMOJEHCTBHIO HX C  OTPUIATEIBHO
3apspkeHHbIME (pocdarabiMu rpynnamu JTHK;

YBenuueHre WOHHOM CHIJIBI pacTBOpa HE BIHMSIET Ha OCOOCHHOCTH
B3aumonericteust EtBr ¢ JIHK, B To Bpems kak B ciaydae H33258 spko
BBIp@KaeTcs  CrIequdHuyYecKoe  CBSA3BIBAHME OTOr0  JIMTaHga ¢
AT-nocnenoBaTeIbHOCTSIMU TTOTHHYKICOTH IA.

B 3akmoueHun HCOGXO}II/IMO OTMETUTH, YTO JaHHBIC IE€PEX0Ja CIInpalib-

kiyook JIHK-nmurana koMIuiekcoB He MOTYT NpPETEHIOBaTh Ha aOCOIOTHOCTH
KaKoW-TM00 MOJENM WM MEXaHHM3MOB KOMIIIEKCOOOpa30BaHUs, KOTOPHIE B
peanbHOCTH MOTYT OBITH OoJiee CIOKHBIMH, YeM MBI mpenmoiiaracM. OgHaKo
CONIOCTAaBJIEHUE IMOJYYEHHBIX HaMHM [AaHHBIX C PE3yJbTaTaMH MCCIENOBaHUMN
(yopuMEeTpUYeCKHM, CIIEKTPOPOTOMETPHUECKUM U JPYTHMH METOJaMHU
MO3BOJIMJIO HAM YCTAHOBHUTH HEKOTOPHIE BAKHBIE OCOOEHHOCTH CBSI3bIBAHHA
uccienoBanHbix aurannos ¢ JJHK.
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The PCR method for qualitative detection of GMOs was optimized. Primers,
namely 35S (35S-promoter, originated from cauliflower mosaic virus),
NOS (nopaline synthase-terminator, derived from Agrobacterium tumefaciens),
were used to identify the GM maize and GM soybeans. The data further confirm
that the PCR methods can be effectively used to differentiate GM soybeans and
maize from non-GM products.

GMOs — PCR — maize - soybean

QLuknhynpku JEpuhnjudus opquuthquutph (¥90) hpkunhdplhugdm
hwdwp oyyunnhdwgyt) t wynjhukpuquyht onpuyuljut rtwlghwh (NT0R) Jkpn-
nn: Yhpwedl] ku 35S wpndnunbph (B5S-wypnunubp Swnjulwnudph dn-
quhluyh Jhpniuhg) b NOS mkpdhttunnph (tnwuhtt uhipugh mkpuhtuwwnnp
Agrobacterium tumefaciens-hg) wpuwyubpubtpp: Unwugus wpyniupubpp k-
pwhwunwnmd ko wnhdkpuquyht onpuyuljut nbulghuyh dbpnnh Yhpw-

phjhnipniip qiubnhynptt Jkpuwihnfujws opquithquutinh hpkunhdphijugdwt
hwdwp:

QHO - NI} - Eghupumugnpkl - unju

AnantupoBaH Metox I[P wuneHTHdukanuum reHeTHYECKH MOAUDUIIN-
poBanHbIX oranu3MoB (I'MO). Hcmonw3oBaHbl mpaiimepsl mns 35S mpomoTepa
(35S-mpomoTep W3 BHpyca MoO3aMKH LBeTHOH KamycTsl) u NOS TepmmHaropa
(TepMHHATOp CHHTa3bl HomanuHa Agrobacterium tumefaciens). IlomydeHHBIC
pe3ynbTaThl moaTBepxkaaoT dpdexTrBHOCTE puMenenus [1LIP meTona mist uneH-
tudukanuy I'M KyKypy3bl ¥ cou.

I'MO — IIL]P — kyxypysa - cos

According to the EU legislation, the genetically modified organisms
(GMOs) are defined as “organisms, in which the genetic material has been
altered in a way that does not occur naturally by mating and/or natural
recombination” [5].
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Since the first experiments on tobacco in the 1980’s, several plant species,
including both monocots and dicots [3], have been genetically modified to
improve specific characteristics (e.g. yield, quality, pest resistance), through
adding one or more useful character previously not present in the non-modified
counterparts. Such changes are generally obtained by the insertion of one or
more genes using a range of available techniques defined as ‘‘gene transfer
technologies’” [8, 9, 20, 21]. These technologies include the following three
techniques:

1) Recombinant DNA techniques using vector systems;

2) Techniques involving the direct introduction into an organism of
heritable material by micro-injection, macro-injection and micro-encapsulation;

3) Cell fusion (including protoplast fusion) or hybridization techniques
where live cells with new combinations of heritable genetic material are formed
through the fusion of two or more cells by means of methods that do not occur
naturally.

Genetic modifications are carried out by the insertion of several smaller
pieces of DNA from various sources, into the genome of the plant to be
modified. The insert is a combination of several small pieces of DNA. In its
easiest format the gene construct composes of three elements: 1) the promoter
functions as an on/off switch for when and where the inserted or modified gene
is active in the recipient plant; 2) the inserted/modified gene (structural gene)
encodes a specifically selected trait; 3) the terminator functions as a stop signal
for transcribing the inserted/modified gene. In addition, the marker genes may be
present to distinguish GMOs from non-GMO during development.

Commercial cultivation of genetically modified (GM) crops has been
growing since 1996, reaching from 114,3 million hectares in 2007 up to
125 million hectares in 2008. The USA (63%), Argentina (21%), Canada (6%)
and Brazil (4%) are the countries with largest areas of GM crops [11]. Those
countries are called mega biotech countries and accounted for 99% of the total
GMO-growing area. The principal GM crops are four crop plants essentially
growing since 13 years. There are almost 65,8 % of GM soybeans, followed by
30% of maiz, 12% cotton, and than some 5% are oilseed rape, and two traits in
those plants including resistance to herbicides and insect damage [11]. In 2008,
the stacked double and triple traits occupied a larger area 22% of global biotech
crop area than insect resistant varieties at 15% [11]. But, great diversity of traits
and genetically engineered organisms (plants, animals and micro-organisms) are
under development. Most promising in terms of expected profits are
pharmaceutical traits (enzymes, vaccines, etc.), industrial products especially
these days for agro-fuels, but also other products (e.g. starch from amylopectin
producing potatoes, etc.). So, it is possible to assume that GMOs play a positive
role in sustainable agriculture, forestry, aquaculture, bioremediation, and
environmental management, both in developed and developing countries. There
are growing concerns about the impact of GM crops on the environment such as
vertical or horizontal gene flow, related ecological impacts especially on non-
target insects, effects on biodiversity and the impact of presence of GM
material on human health, which lead to the need for risk assessment and
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management (Haslberger, 2006). However, all nations have specific rules under
which new biotech products are evaluated for these risks and approved before
entering the market. In EU particularly, authorization to release a GM organism
in the environment is regulated by Directive 2001/18/EC [5], and only approved
GM cultivars are allowed to be cultivated. Furthermore, the rules for placing into
the market food or feed consisting of or containing GMO are stipulated by
Regulations (EC) No 1829/2003 [6] and (EC) No 1830/2003 [7]. EU legislation
requires detection and monitoring of GMOs to enable safety assessment and
enforce labeling, which leads to a high demand for reliable and easy to perform
GMO detection and identification methods.

In the Republic of Armenia the biosafety-related activities started in
1993, when the National Assembly of RA ratified the Convention on Biological
Diversity. The national and worldwide importance of biosafety in Armenia is
conditioned by a number of factors. Particularly the territory of Armenia is the
center of origin for different flora and fauna species, Armenia is located on the
cross-road of migration routs for a number of animal and bird species, and is a
habitat for some of them. In order to fulfill biosafety-related obligations under
the Cartagena Protocol to the Convention on Biological Diversity, Armenia has
recognized importance of pre-market safety testing and post-market testing in
support of monitoring of GMOs/LMOs, such as tests for the presence of
transgenic DNA or foreign proteins.

Analytical methods to detect (qualitative or yes/no answer) and quantify
(percentage content) GMOs fall into two main categories: protein analysis to
detect the specific protein expressed by the transgene in the GMO through the
use of ELISA (enzyme-linked immunosorbent analysis) and lateral flow strip
tests [17,18] or DNA analysis to detect the specific transgene in the GMO or
specific elements associated with the transgene [12,16]. Significant progress has
been achieved in the development of genetic analysis methods, such as high
technological methods based on the use of PCR. The PCR-based methods are the
most sensitive, reliable and easy to perform [2, 12]. Like all PCR techniques,
GMO testing tools are designed to target and visualize the presence of specific
transgene DNA fragments in plants and foods. Most of the early qualitative and
semi-quantitative methodologies have been designed to target regulatory DNA
sequences (promoters, terminators) common in many transgenic cultivars [14,
19]. By testing for the presence of these fragments, especially the cauliflower
mosaic virus (CaMV) 35S promoter and the NOS terminator from
Agrobacterium tumefaciens that are common to most of the GMOs authorized
by EU, the technique is versatile in screening for many different transgenic
cultivars in one step [22].

The most common procedures including GMO detection, identification
and quantification begin with sampling followed by DNA extraction and GMO
screening/detection (Fig. 1).
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DNA Extraction
(Food matrix specific)

Sampling —

GMO
Event-Specitic GMO Positive GMO Screening
Identification (Positive / Negative)
Illegal l Legal l GMO
GMOs GMOs Legal Positive
Quantity Event-Specific GMOs Quantify for 35S
GMOs (Total GMO content)

Fig.1. Scheme for DNA based GMO detection, identification and quantification

1) Screening. The purpose of screening is to determine whether a sample
contains GMOs. For this objective, a screening method can be used resulting in a
positive/negative statement. The screening methods are usually based on the
polymerase chain reaction (PCR).

2) Event specific identification. If there is a positive detection of GMOs,
further analysis is required to discover which GMO it is and thus whether the
GMO is approved within the EU. The only analytical methods, which
unequivocally may enable identification of each GMO variety are methods
based on PCR.

3) Quantification. If a product has been shown to contain GMO(s), the
next step is to assess compliance with the 1% threshold level (or the 0,3 or 0.5%
level, respectively for seeds) by the determination of the exact amount of each of
the GMOs present in the sample. Typically quantification is performed using
semi-quantitative PCR or Real-time PCR.

The objective of the study was to optimize the procedures for the detection
of genetically modified maize and soybean. At first, DNA extraction method
was checked and optimized, followed by the optimization of PCR conditions.

Materials and methods. Plant material. 10 samples of maize and soybean seeds
where obtained from the markets in Yerevan.

DNA extraction. Cotyledon samples were excised with a 6 mm diameter cork
borer. The extraction of DNA was done by CTAB method described in PN-EN ISO
21571:2006 [4]. To enhance the yield of genomic DNA from highly complex matrices
the RNase 10 mg/ml and proteinase K 20 mg/ml treatments were used.

The DNA extraction was carried out under sterile conditions in flow chamber. To
avoid contamination single-use equipment and decontamination solutions were used
during sample preparation.

PCR amplification and product analysis. The 48 pl of PCR mix contained 1X 10x
PCR Buffer, 2.5 mM MgCl, 0.025 U/ul Taqg, 0.2 mM dNTPs, 0.5 uM pM each primer.
PCR amplification was carried out using Apmly 25 termalcycler, Biokom. Amplification
conditions for PCR 35S and NOS promoter were 95°, 3 min; then 95°, 25 sec; 62°, 30
sec; 72°, 45 sec for 50 cycles and a final extension of 72°, 7 min.
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Oligonucleotide PCR primers for 35S promoter and NOS terminator were kindly
received from the University of Milan. All reactions were optimised as regards primers,
MgCl12, dNTP’s, and polymerase concentration. Moreover, thermal profile was also
optimised due to the profile of Amply 25 thermocycler

358 promoter: p35S-cf3 - 5’-CCACGTCTTCAAAGCAAGTGG-3’

p35S-cr4 - 5’>-TCCTCTCCAAATGAAATGAACTTCC-3’
NOS terminator: HA-nos 118-f - 5'-GCATGACGTTATTTATGAGATGGG-3’
HA-nos 118-r- 5-GACACCGCGCGCGATAATTTATCC-3’

As a positive control transgenic DNA was used containing no less than 100
samples per mkl of 35S promoter and NOS terminator (Syntol, Russia). As negative
control DNA from reference material (maize and soybean DNA with 0% of GM,
University of Milan). Negative control of the mastermix, in which water is used instead
of DNA also was used .

PCR product analyses were visualized by UV transillumination on a 1.5 %
agarose and TBE buffer. The gel was stained with ethidium bromide. Size markers (100
bp ladder) were electrophoresed in adjacent wells of the gel to allow accurate size
determination.

Results and Discussion. Two primers, 35S and NOS as listed below were
selected for PCR analysis. In 2008, 80% commercial GM crops were found to
contain 35S-promoter or NOS-terminator in their inserted genes. Theoretically,
using the primers specific to the above two genes for PCR analysis allows the
identical PCR products to be amplified and therefore the GMOs firstly can be
detected by using this method [15]. The PCR products with size 12bp (from
35S) and 118bp (from NOS) were obtained, but no PCR products are found from
regular maize and soybean (negative control, 0% GMO content). In 8 of 10
samples of maize the 35S promoter was amplified, from which in 5 samples
markers for NOS genes were identified also (Fig. 2). In two samples there
weren’t amplification products. In our study in all samples of soybeans studied,
35S promoter and NOS terminator were successfully amplified (Fig. 3). The
results obtained suggest that studied samples are different lines of GM maize
and GM soybeans.

Fig.2. The amplification of the p35S-cf3/p35S-cr4 primers for CaMV35S promoter using
genomic DNA of maize. M — DNA ladder (100 bp), K1 — Negative control with mastermix
without DNA, K2- Negative control with reference material (0% of GMO), K3 — positive
control (35S promoter), lanes 1-10 sample of maize seeds.
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M K1 K2 K3 1

Fig. 3. The amplification of the HA-nos118-f/HA-nos118 primers for NOS terminator using
genomic DNA of soybean. M — DNA ladder (100 bp), K1 — Negative control with mastermix
without DNA, K2- Negative control with reference material (0% of GMO), K3 — positive
control (NOS terminator), lanes 1-10 sample of soybean seeds.

From the literary data it is known that PCR analysis with 35S and NOS
primers could detect as low as 0.1% GM structures in GM soybeans and maize
[15]. According to the literature, the NOS primer is less sensitive in GMO
detection among the studied primers [13, 15]. So, primers for 35S promoter are
recommended to be used for detection of GM plants at the first stage of
screening of GMOs.

So, the results obtained shows that CTAB method used and optimized for
DNA extraction in this study has been reported to yield a higher quality DNA
extract. PCR conditions and profiles for identification of these very important
genetic structures of GM crops (35S and NOS) important for early identification
of GMOs were optimized. There is a need for further event specific
identification of GM inserts and their quantification in studied samples.

REFERENCES

1. Akritidis P., Pasentsis K., Athanasios S., Photini V., Polidoros N. Electronic
Journal of Biotechnology. 11, 2, 1-8, 2008.

2. Anklam E., Heinze P., Kay S., Van Den Eede G. Journal of AOAC International.
85, 3, 809-815, 2002.

3. Birch R. Annual Review of Plant Physiology and Plant Molecular Biology. 48,
297-326, 1997.

4. ENISO 21571. Foodstuffs - Methods of analysis for the detection of genetically
modified organisms and derived products - Nucleic acid extraction, 2005.

32



11.

12.

13.
14.

15.
16.
17.

18.
19.

20.
21.

22.

PCR BASED IDENTIFICATION AS SENSITIVE METHOD FOR QUALITATIVE DETECTION OF GENETICALLY ...

European Commission 2001. Directive 2001/18/EC of the European Parliament
and of the Council of 12 March 2001 on the deliberate release into the
environment of genetically modified organisms and repealing Council Directive
90/220/EEC. Official Journal, 106, 1-37,2001.

European Union. Regulation (EC) No. 1829/2003 of the European Parliament and
of the Council of 22 September 2003 on genetically modified food and feed
Official Journal of the European Union. 46, L268, 1-23, 2003.

European Union. Regulation (EC) No. 1830/2003 of the European Parliament and
of the Council of 22 September 2003 concerning the traceability and labelling of
genetically modified organisms and the traceability of food and feed products
produced from genetically modified organisms and amending Directive
2001/18/EC. Official Journal of the European Union. October 46, 1268, 24-28,
2003.

Gelvin S. Annual Review of Plant Physiology and Plant MolecularBiology 51,
223-256, 2000.

Hansen G., Wright M. Trends in Plant Science 4, 226-231, 1999.

. Haslberger A. Journal of Agricultural and Food Chemistry, 54, 9, 3173-3180,

2006.

James C. Global Status of Commercialized Biotech/GM Crops: 2008. ISA4AA
Brief No. 39. ISAAA: Ithaca, NY, 2008.

Jasbeer K., Ghazali F. M., Cheah Y. K., Son R. ASEAN Food Journal /35, 1,
1-25,2008.

Lin H. Y., Chiueh L. C., Shih D. Y. J. Food Drug Anal. 8, 200-207, 2000.

Lipp M., Anklam E., Brodmann P., Pietsch K., Pauwels J. Food Control., 10,
379-383, 1999.

Lipp M., BrodmannP., Pietsch K., Pauwels J., Anklam E. J. AOAC Int. 82, 923-
928, 1999.

Meyer R. Food Control. 10, 391-399, 1999.

Stave J. Food Control. 10, 367-374, 1999.

Stave J. Journal of AOAC International. 85, 3, 780-786, 2002.

Tozzini A., Martinez C., Lucca F., Rovere C., Distefano A., Del va M., Hopp E.
Electronic Journal of Biotechnology. 3, 2, Available from Internet:
http://www.ejbiotechnology.info/content/  vol2/issue3/full/3/index.html. ISSN
0717-3458, 2000.

Tzfira T., Citovsky V. Trends in Cell Biology /2, 121-129, 2002.

Van den Eede G., Aartsb H., Buhkc H-J, Corthierd G., Flinte H., Hammesf W.,
Jacobseng B., Midtvedth T., van der Vosseni J., von Wrightj A., Wackernagelk
W., Wilcksl A. Food and Chemical Toxicology 42, 1127-1156, 2004.

Wolf C., Scherzinger M.,Wurz A., Pauli U.,Hubner P., Luthy J. European Food
Research and Technology. 210, 5, 367-372, 2000.

Received 01.04.2009

33



Lwjwunwih Shinnpnibisph Ugguht Uywnbdhw {wjwurnwih YElvwpwliwwid {winbu
HauuoHaasHan Axkasemus Hayk ApMmeHuu Buoaoruuveckul XXypHaa ApMeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

*@npéwpwpwlwl L inbuwlwd hnndwdlbn« Ixcnepumenmanvhsle u meopemuyecKue cmamou®
*Experimental and Theoretical articlese

BuoJor. xypH. Apmennn, 2 (61), 2009

ABTOMATHU3NPOBAHHAS MHOI'OKAHAJIBHASA
NOHOMETPHYECKASA CUCTEMA

T. E. CE@EPSIH', B. JI. DJIBAKSIH?

Epesanckuii 2ocyoapcmeennulii ynugepcumemn,
I
Kkageopa buoguzuxu,
2
Kageopa onmuxu

HoHoMmeTpHyecKHe METOJbl UCCIE0BAaHNS HAIIIM HMIMPOKOE NPUMEHEHHE B
pa3HBIX 00NacTsAX OMONOrMH, XMMHU M (Gu3uKku. B naHHoil paboTte mpencrasieHa
HM3MEpHTENbHAs CUCTeMa, pa3paboTaHHas B cpele rpadUueckoro HMporpaMMHpPO-
Banust NI LabVIEW 1y1st oqHOBpeMEHHOH PerucTpanyuy KUHETHKH aKTHBHOCTH OT
OJHOTO JI0 TIATH Pa3INYHBIX HOHOB. VICIIOMB30BaHUE 3TONH CHCTEMBI O3BOJIUT UC-
CJIEIOBATENSAM U30€KaTh JOPOrOCTOAIIEH MOJEpHNU3AIUHN TPHOOPOB, OTHOBPEMEH-
HO nostyyast 6osee y00Hy10 HHGOPMATHBHYIO HCCIEI0BATENILCKYIO CHCTEMY.

Honomempus - NI LabVIEW - mnozoxananvhule usmepenust - 00HOKAHATbHbIE
UOHOMEMPYL - ABMOMAMU3AYUA IKCHEPUMEHMA

Pntwswhwluwt ntunidbwuhpdwt dbpogubpp juytt Jhpuenipmit G
quit YEhuwpwinipjui, phuhuyh b $hghjuyh vnuppbp ptuquunubpnud: Uju
wohiunwbipmd - ukphuyugdus k' NATIONAL INSTRUMENTS LabVIEW
qpudhiuljut spuqpuynpdwt vhpwquypnid gnpénn hwdwljupg, npp pnyp E
wnuhu vhwdwdwbwl qpuigk] Ukljhg hhtig wnwppbp hnbibph wlijnhynipjui
Yhubkinhljut: Uju Spwmgph Yhpwenudp pnyp £ wmwhu hinmwgnnnnubpht
Juntuwtht] vwppwynpnidubph publupdtp dnpbptthqugnidhg' dhwdudwiuy
unwbwny  wpwyl] hwpdwpwdbn, hudnpdwnpy  hEnwgnuulub
hwdwljupg:

Pniwsunhnid- NI LabVIEW- puiqunigh sunhnid- upninh pnbuisuip-
ghwnunhnpdp wyinndunnugnid

Ionometric methods are widely used in various aspects of biology, chemistry
and physics. In this paper we present a measuring device programmed in NI
LabVIEW graphical environment for simultaneous measurement of the kinetics of
activity of up to five different ions. The use of the presented device allows
researchers avoiding expensive equipment upgrades, and getting a more
convenient, informative measurement method.

lonometery- NI LabVIEW- multi-channel measuring- single-channel ion metrs-
automatization of experiment
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Honomerprueckne METOIbI, UMesl OOJNBIIYI0 YyBCTBUTEIBHOCT U Oy IyUH
MHGOPMATUBHBIMU METOJAMH HCCJICIOBaHMS, B HACTOSINEE BpeMs HAlUIH
NIMPOKOE NPUMEHEHHE B OMOJOTMYECKUX M XMMHUYECKHX HccienoBaHmsx. Kak
MpUMep OTMETHM HCCIIeZIOBaHNE KUHETHKH M3MEHEHHUS! KOHIIEHTPAIlWN HOHOB B
MeMOpaHHBIX Tporieccax (MemOpanHas nponuraeMocth Na, K, Ca, Cl noHOB,
tparcropt Hu T.11.) [2].

Omnpenenenue akKTHBHOCTH MOHOB OOBIYHO OCYILECTBISIETCS M3MEPEHHEM
AIIEKTPOABMKYIIECH CHJIBI TalbBaHUYECKOTO JJIEMEHTA, COCTOSILEro U3
MOHOCENECKTUBHOTO W CpPaBHUTENBHOrO  d3JekTpomoB  [1].  Bemwumna
ANEKTPOJIBIKYIIEH CHIIBI M3MEPSIeTCS NOHOMETPOM, U KHHETHKA €€ M3MEHEeHHS
PETUCTPUPYETCS C MMOMOIIBIO CAMOTIHIITYIIIUX MOTEHITMOMETPOB.

B mameli BpemMs MHMPOKO pacHpOCTpaHEHHBIE HWOHOMETPHI MOTYT
OJHOBPEMEHHO DPErHCTPUPOBATh OIUH MapamMeTp, peke Tpu. OJHAKO 4acTo B
OKCIEPUMEHTaX  HY)XKHO  OJHOBPEMEHHO  PETHCTPUPOBAaTb  HECKOJBKO
nokasaresied, ¥ IPUXOTUTCS OTKA3bIBAThCS OT CYHIECTBYIOIINX OJHOKAHAIBLHBIX
WA TPEXKaHAIBHBIX HOHOMETPOB.

B Hame#t pabore TIpeacCTaBIeH aBTOMATH3WPOBAHHBIA KOMILIEKC,
MO3BOJISIONINI PETUCTPUPOBATh KWHETHKY AKTUBHOCTH OT OJHOTO 0 TWSTH
Pa3INYHBIX MOHOB HA OCHOBE MEPCOHAIBHOIO KOMIIBIOTEpPA, YCTpOHCTBa cOopa
nanabiX (DAQ) ¥ OJHOKAHAIBHBIX HOHOMETPOB JIFOOOW MOJAETH, MMEKOIIUX
AHAJIOTOBBIN BBIXOJ] CHUTHAJIA.

Kowmrmieke paboraer mona ympaBlICHHEM IPOTPaMMBI, pa3paboTaHHOW B
cpeme mporpammupoBaHus National Instruments LabVIEW, u mo3Bosser
OJTHOBPEMEHHO BECTH M3MEpPEHU 110 BOCBMH KaHajlaM, 3alHChIBasi pe3yJIbTaThl B
BUJC TaONMIIBI U BBIBOJS WX B BUJE TPaKOB HA MOHUTOP KOMIIBIOTEpA, a
TaKXe apXMBHPOBATh MOJIyUYeHHBIE NaHHbIe B popmate Text Document [8, 7].

bnok-cxema u3MepuUTENbHOTO KOMIUIEKCA IpUBEeHa Ha puc. 1, a Ha puc.
2 npuBeneHa (hpoHTAIBHAS MTaHETh IPOTPaMMHOTO HHTEpdeiica.

IMogxmrouenne MHOTOGYHKIIMOHAIBHOTO OJIoka cOopa maHHBIX (DAQ)
BBIIIOJIHEHO COTJIaCHO TEXHUYECKUM TpeOOBaHHUIM NATIONAL
INSTRUMENTS LabVIEW [6].

BaxHo#l 0COOGEHHOCTBIO MPOTPAMMHOTO 00ECTICUEeHUS! SBISACTCS HaTHMuue
(GYHKIMHN KaTHOPOBKH U3MEPUTEBHBIX KaHANOB. PaboTa QyHKIMH KanmuOpoBKU
3aKJII0YaeTcs B TOM, YTO JUIS KKAOTO KaHaia OMpPEeAelstoTcss KO PHUIIHMESHTHI
CTIIQXUBAIOMEH KaTHMOPOBOYHOW KpWUBOH  (ITOJIMHOM BTOPOW  CTETICHM),
MONyYeHHOW s YeThIpeX  CTaHAapTHBIX  pacTBOpoB.  [lomydeHHbIe
KO3 GUITMEHTH MOTYT OBITh COXpaHEHBI B (haiiyie yCTAaHOBOK CHUCTEMBI JJIS UX
WCTIONIB30BaHMsl B MOCHEAYIOMMX U3MepeHusX. llpoueaypy KannOpoBKH
JKeJlaTeIbHO TPOBOJUTH NMEPHOAMYECKH W OO0A3aTENbHO NpPU Kaxaoil 3ameHe
3NEKTPOJIA.

B mporpamme Takke mpeaycMOTpeHa — CHCTeMa s MapKHPOBaHUS
Pa3IMYHBIX ACWCTBUH, BBIMOIHAEMBIX UCCIEAOBATEIEM B MPOIIECCE U3MEPEHUH,
T.€. BBEICHHBI KOMMEHTAapHi 100aBIIsIeTCS K COOTBETCTBYIOLIEMY JJIEMEHTY
cepun m3MepeHuil (cromben; 8 Ha puc. 3), TakKe Kak U BpeMs BbINOJIHEHHUS
n3mepenus (crosoder 7).
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Puc. 1. brok-cxema U3MEpUTEIBHOTO KOMILIEKCA.

A - BapHaHT ¢ OAWHOYHBIMU HOHOCEJICKTUBHBIMH YJIEKTPOJaMH,

b - BapuaHT ¢ KOMOMHHMPOBAHHEIM 3JIEKTPOJOM, 1 - HarpeBaTe/ib-MarHUTHas MeIajKa,
2 - TEpMOPE3UCTOP, 3 - CPABHUTENBHBIH 3JIEKTPOJ, 4 - HOHOCEICKTUBHBIE QJIEKTPO/IBI,
5 - 3KCHepUMEHTAIbHAs KUIKOCTS, 6 - perne, 7 - HOHOMETD,

8 - ycrpoiictBo coopa nanubeix (DAQ), 9 - nepcoHaNbHBIA KOMIIBIOTED,

10 - KOMOMHUPOBAHHBIN 3JIEKTPOA.

Sandard Souters 1 ) [+
Stancard sokssone T g3 €2
O || N

TEEIEEYT UV I YUY AR NGRY A acs

Puc. 2. ®ponransHas naHeab IPOrpaMMBbl.

[IporpaMMa uMeeT TakKe BO3MOXHOCTH  PETYJIMPOBAaHHS W 3alUCH
TeMrepatypbl. M3MmepeHue  TeMmImeparypbl  BBIIOJIHAETCA C  IOMOILIBIO
TEPMHCTOPA, HAXOAIIETOCs B HCCIeLyeMOoM pacTBope. CHUTHAM, MOTydaeMbld ¢
TEPMOJATUNKA, CPABHUBACTCS C 3aJaHHBIM 3HAYCHHEM TEMIepaTyphbl, |
yrpasistronuii curaai (¢ DAQ) momaercs Ha pelie yrpaBieHUS HarpeBaTeeM.
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.015000
.015000
.015000

.015320
.015320
.015320

.024200 -0.032321 -0.032120 -23.000000 19:08:51 text
.024200 -0.032321 -0.032120 -23.000000 19:08:57 text
.024200 -0.032321 -0.032120 -23.000000 19:02:02 text

1 2 3 4 5 6 ik 8
0.010000 0.053200 0.042000 -0.323213-0.321200 -23.000000 19:07:47 text
0.010000 0.053200 0.042000 -0.323213-0.321200 -23.000000 19:07:53 text
0.010000 0.053200 0.042000 -0.323213-0.321200 -23.000000 19:07:59 text
0.010000 0.053200 0.042000 -0.323213 -0.321200 -23.000000 19:08:04 text
0.010000 0.053200 0.042000 -0.323213 -0.321200 -23.000000 19:08:10 text
0.010000 0.053200 0.042000 -0.323213-0.321200 -23.000000 19:08:16 text
0.010000 0.053200 0.042000 -0.323213-0.321200 -23.000000 19:08:22 text
0.010000 0.053200 0.042000 -0.323213-0.321200 -23.000000 19:08:28 text
0 0 0
0 0 0
0 0 0

Puc. 3. Iudposoii Bua perucrpauu.
1; 2; 3; 4; 5 - peructpupyemble apamMeTpsl, 6 - TeMIepaTypa,
7 - BpeMst U3MepeHus, 8 - KOMMEHTapHil K COOTBETCTBYOIIEMY H3MEPEHHUIO.

OmuH w3 QparMeHToB OJOK-TUarpaMMbl TPOTPAMMBI, OIUCAHHBIN B
HacTosIIeH padboTe, MpuBeIeH Ha puc. 4.

o M 01 0B T,

Puc. 4 OcHoBHasg yacTh OJIOK-AUArpaMMBbl IPOTPaMMBL.

CkopocTh cOOpa JaHHBIX 3KCIIEPUMEHTAIBHON YCTaHOBKH OMPEICISSTCS
CIEeIYIOIIUM ypaBHEHHEM:

V= fDAQ/O\IXn),

rae V- ckopocth, fpag - MakcumanbsHas yacrora O10ka coopa manHbX (DAQ),
N- ymci0 KaHaoB, n - 0KHO ycpenadenus. [l DAQ6008 V= 8,33 u3m./c .

B kauecTBe JAEMOHCTpAIMK MPUBOIUTCS TNPHUMEP 3aMHCH KHHCTHKH
n3MeHeHnus: aktuBHocTH HOoHOB Cl, Na m H B cycmeHsum ywmmocom, mpu
BO3/ICHCTBUU MOCTANICKTPOIU3HBIX CBOOOMHBIX panukaios (puc. 6). CycrneHsus
TUnocoM OblLIa TONydeHa YIBTPa3BYKOBOH 0OpabOTKOW CyCIIEH3WH BCETO
Habopa (ochonumumoB, BBIICICHHBIX M3 MO3ra KPYITHOTO POraToro CKOTa, B
kounentparuu 0,01 Mr/min B pacteope 0,9 MM NaCl [3].
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s ymenpmenust konnentpanuu Na, C1 u H B cpene 3a mpemenamu
JIUTIOCOM TIOJTy9IeHHAs CyCIieH3usI Obuta paz0aBieHa TUCTUUTMPOBAHHON BOJION B
cootHomeHuu 1:1.

B xavecTtBe cpenbl 11 MHIYKIIUU CBOOOMHBIX panukaioB Obu1 B3sT 0,1 M
pacteop KCI [3]. MunynmmpoBanue CBOOOIHBIX pPaTUKaIOB IPOU3BOIMIOCH
TOYCYHBIMH IJIATHHOBBIMH 3JICKTPOJIaMH, MorpyxeHHbiMu B pactBop KCI mpu
MIOCTOSIHHOM Hanpspkenuu 15 B u cune Toka 250 MA [5].

25

=
]

KOHLLEHT pauMA (mb)

o
m

WW

1 &80 99 148197 246 295 344 393 442 491 540 580 638 6AT
BpemMA (X4 cek.)

Puc. 6. 3anuck kuHETHKHN U3MeHeHHs KoHleHTpauu nonos Cl, Nau H
B CYCIICH3UH JIMIIOCOM IIPH BBEJECHHUH B CPEJLy MOCTIICKTPOJIM3HBIX
CcBOOOJHBIX PaJUKANIOB.

A- MOMEHT BBCIICHUS B CPEAY MOCTIJICKTPOJIU3HBIX CBO6OZ[HI:IX paauKaiaoB.

[Ipu mobaBnenun 3,33 MII MOCTANEKTPONU3HOTO pacTBopa Ha 20 M
CYCICH3MHU JIMIIOCOM HalmrofgaeTcsi yBenudeHue akTuBHOCTH HOHOB Cl, Na u
HE3HAYUTEIbHO HOHOB H.

B npeapinymux padoTax HaMH OBUIO MOKa3aHO, YTO MOCTAIIEKTPOIU3HBIE
CBOOOAHBIE PaAMKajbl BHI3BIBAIOT NEPEKUCHOE OKUCICHHE JIMIMIOB MEMOpaH,
TEM CaMbIM yBEJIHYUBAas IPOHULAEMOCTh Ha HECKOJIBKO NOPSAAKOB, YTO B CBOIO
ouepens MOXKET MIPUBECTH K HapyIIEHHUIO IIeTOCTHOCTH MeMOpaH [3, 4].

B nanHOM ciydae BO3EHCTBHE TOCTIIEKTPOIU3HBIX CBOOOAHBIX PaHKAIIOB
BBI3BAJIO YBEJIMUYCHHE NPOHUL[AEMOCTH MEMOpPaH JIMIIOCOM H, KaK CJICACTBHE 3TOr0,
yBennueHne konteHTparmu noHoB Cl, Na, Habnmromaemoe Ha puc. 6.

B cpaBHeHMH ¢ aHANOTMYHBIME CHCTEMaMH M3MEPEHUs U3BECTHBIX (QUPM,
takux kak Hanna Instruments USA, Uudpacnak-Ananut Poccust u ap., naHaas
CHCTEMa UMEET CIIeIYyOIHe IPEUMYyLIEeCTBa.

¢ Y00CTBO 3KCIUTyaTaluy - KOJ IPOrpaMMbl JAHHON CUCTEMBI OTKPBIT, U
WCCIIeZIOBATENbh UMEET BO3MOXKHOCTh U3MEHHUTh CHUCTEMY IS dKCIIepuMeHTa. B
CHCTEME HCHOdb3yeTcs yHHMBepcalbHeli USB mopr mis monakmodeHHs K
KOMIIBIOTEPY. AHQJIOTHYHBIE CHCTEMBl  JMOO HE MMEIT BO3MOXXHOCTH
COCIMHEHHS C KOMIBIOTEPOM, JHOO HE HUMEIOT BO3MOXKHOCTH H3MEHSTH
porpaMMHoe 00ecrieueHue.
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e llHpopMaTUBHOCT — B OTJAMYME OT AaHAJIOTMYHBIX CHCTEM, JaHHas
cHCTeMa JlaeT BO3MOXXHOCTb OJHOBPEMEHHO pErucTpHUpoBaThb KHHETHUKY
aKTUBHOCTU OT OJHOTO [0 IATH pPAa3IUYHBIX HOHOB, C OJHOBPEMEHHBIM
rpauuecKiM BBIBOJIOM, OOecIieunBas 0 8 H3MEPEHUH B CEKYHIY IO KaXKIOMY
KaHaJlIy ¢ OKHOM ycpenHeHus B 200 Touek.

e JOCTyIHOCTB - aHAJIOTUYHBIE CUCTEMBI CTOST HA MOPSAIOK JOPOXKE.

Y4uuThIBas BBINIECKAa3aHHOE, MOXHO 3aKIIOYUTh, YTO HCIOJIb30BAHUE
JAHHOTO H3MEPUTENIPHOTO KOMILJIEKCa II03BOJMT HCCIIEAOBATENAM HE
nproOpeTaTb AOPOTOCTOAIIEr0 000pyIOBaHMUS, OMHOBPEMEHHO Moyyasi Oonee
yA00HY10 1 HH)OPMATUBHYIO UCCIIEIOBATEILCKYIO CUCTEMY.
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HEVPOHHASI AKTUBHOCTD T'MITIIOKAMIIA,
OBYCJIOBJIEHHAS PA3JIMUHON BUOJIOTMYECKOM
SHAUYUMOCTBIO 3BYKOBOI'O PA3IPAKUTEJIA

B.A. TYMAHSIH, 1.H. KOBAJIb, H.93. AKOIISIH
Lenmp 300102uu u cudposxorocuu HAH PA

HccnenoBanack UMITYJIbCHAsE aKTHBHOCTh HEHPOHOB MMINOKAMIIA Y KPOJIHKOB
B IIpoliecce BBIPAOOTKM OOOPOHHTENILHOIO YCIOBHOrO pediexca Ha 3BYKOBOM
curnai. OOcykIaeTcst 3aBUCUMOCTb 3TOH aKTHBHOCTH OT CHUTHAJIBHOTO 3HAYCHUs
YCIIOBHOTO Pa3JpaXKUTEIs.

Yenosnuuii pegaexc - Hetiponnas akmusrocme

Munulbwuhpyty Ehhynudwh pehoubpnh huwnijuuyhtt wjnhynipniup
fuqupiutph  dnn  wuwrynwwltwlwb pbdipup  dywldwb  phpwugpnid:
Lutwplynud Lo wyn wliunhdmpjut  pmpwhwnlnippiaotpp’ judws
unnuljut gpgrhsh JEiuwpwbwljut bipwtwlnipnithg:

Nuydwlhwlwl phpyEpu - blgpniughl whnpynyentl

The hippocampal neuronal activity was investigated in the rabbits during the
conditioning of the avoidance behaviour toward the auditory signal. The
dependence of this activity on the biological significance of the sound is discussed.

Conditioned reflex - neuronal activity

B nammx mocnegaux pabortax [4,5] mpuBOIATCS AaHHBIE O 3aBHCHMOCTH
DIICKTPUUECKOW aKTHBHOCTH HEHPOHOB CIIYXOBOH 00JaCTH BHCOYHOM KOPBI OT
mapamMeTpoB  JEHCTBYIOUIETO  CIYXOBOro  paszapaxkwurens.  WMmynbcHas
AKTUBHOCTH ObLIa Pa3jMYHOW B 3aBUCHUMOCTH OT (PM3MYECKHX XapaKTEPHUCTUK
(cwta, 9acToTa) aKyCTHYECKOTO PA3APaKUTENSI W OMOJIOTHUECKON 3HAYUMOCTH
3BYKOBOTO CHTHajia. B TmociemHeM cioydae B OOOPOHHUTEIHLHOM YCIOBHOM
peduiekce, BhIpabaThHIBAEMOM Ha 3BYK Y KPOJIMKA, PETUCTPUPOBAIKCH PA3IINYHS B
KOJIMYECTBE PEarupyronux HEHPOHOB, pa3Hble JATEHTHHIE MEPHOABI M THUITBI
pearupoBaHusi B 3aBHCHMOCTH OT CTaJMH BBIPAOOTKH YCIOBHOPE(IICKTOPHOM
peakuMu Ha HAYaJbHOM OJTame, CTagud YOPOYCHUS U  CTa0WIu3aluu.
OTM4anuch TakKe CTaTUCTHUECKHE M WH()OPMAIMOHHBIC XapaKTEPUCTUKU
HEHPOHHBIX MOTOKOB 10 MEpe HapacCTaHWs CUTHAIHHON 3HAYMMOCTH YCIOBHOTO
paznpaxurens [3,4].
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B HacrosimemM cooOLIeHNH PUBOAMUTCS aHAIN3 UMITYJILCHOH aKTUBHOCTH
HEHpPOHOB THIIIIOKaMIa B TEX )K€ 3KCICPUMEHTAIBHBIX YCIOBHUSX, B KaKUX
M3Y4YaINCh HEHPOHBI BUCOYHOHN KOpHI. BRIOOp THIMIIOKaMIa B Ka4ecTBe 00BeKTa
WCCIIEJIOBaHNS He ObUI CIy4aiHbIM, ITOCKOJBKY CTPYKTYPHO OH SIBJSeTCA
BIABJICHHEM B MeIUAIbHYI0 00JacTh BHCOYHOM KOpPBI, a (yHKIHOHAIBHO
Oyayun “cepiueM JTUMONYECKO# cucTeMbr” [6], MpUHUMAET aKTUBHOE y4acThe B
aHallM3e CEHCOpPHOW WMHGpOpMAIlMK W B MEXaHU3MaX (OPMHPOBAHUS YCIOBHO-
pedaexToproro nosenenus [1,6].

Mamepuan u memoouxa. OnubiTbl TPOBOIMIA HA KpPOJIMKAX, YaCTUYHO
OTPaHMYEHHBIX B [BIJKCHHSAX B YCIOBHSAX XPOHHYECKOTO OIbITa. BhIpabarbiBaics
YCIIOBHBI JABUraTeNbHBIA pediekc crubaHus Jlambl Ha 3BYK [OpH  JCHCTBUH
ANEKTPOKOKHOTO pa3fpakeHus (mapamerpsl Toka — yactora 60 ', ammmuryga 25-40 B,
JUTATENBHOCTD KaXa0ro uMiynbea 0,2 Mc).

BHeKﬂeTO‘iHle HUMITYJIbCHYIO aKTUBHOCTb HeﬁpOHOB OTBOJUJIM CTEKIIIHHBIMHU
MHUKPOIUIETKaMu (uamerpoMm 2,5-3 MKM), 3amoiHeHHbIMH 2,5-3 M pactBopom KCI.
[Tpu uccnenoBanny HEWPOHOB MCIOJIB30BAHBI MUKPOITUIIETKH C YAJIMHEHHBIM KOHYCOM
(oxomo 15 mm).

JlocToBepHOCTB MOJTYYEHHBIX JaHHBIX OLEHUBAIH 110 OOLIEIPUHSTHIM KPUTEPUsM [2].

AHanu3upoBaiach UMITyJIbCHasl aKTHBHOCTh HEHPOHOB THMIIIOKaMIla Ha pa3HbIX
CTaausAX BEIPAOOTKH M CTAOMIN3AINH yCIOBHOTO pediekca [3].

Pesynomamovt u obcyyncoenue. bBbUIO BBISIBICHO, 4YTO HEWpPOHHAS
AKTUBHOCTh B THINMOKaMIle Obla pa3jiNyHOW B 3aBHCUMOCTH OT CTaJuU
BBIpabOTKH ycioBHOro peduiekca. Ha HadanpHOW cTaguu Ha 3BYKOBOM
pasmpaxurens pearupoBaym 153  kimerku, wu3 Hux 45,2% oTBewanu
BO30Yyx)AeHUEM, 54,8 % Topmoxkenuem (p « 0,05, puc.1, Tadm.1).

[lo mepe ympoyeHHs MBUTATEIHHOTO HaBBIKA BO30YAWTEIIbHAS PEAKIIHS
HEHPOHOB THMTOKaMIla OblUIa MEHee BBIpa)KeHa 10 CPABHEHWIO C HAYAIbHBIM
sTanmoM oOydeHus. Y KJICTOK C TOPMO3HBIM THIIOM pPEaKIUU HAOII0IaIOCh
HEKOTOPOE MOBBIIIEHNE aKTUBHOCTU. Ha cTamuu cradunmsanuy yBelInInBaioch
YHCIIO pearupyrommx Ha 3BYK KIETOK, MpHYeM Bo3pacTajlia  JOJI
BO30Y/UTENBHBIX KJIETOK, HO aKTUBHOCTh HECKOJIBKO CHHKANACh; JOJS
TOPMO3HBIX HEHPOHOB YMEHBINANACh, MPH 3TOM WX aKTUBHOCTh TaKkKe
CHIXKaJTach, 0OCOOCHHO TI0 CPpaBHEHHIO cO cTaawert ympoueHus (p < 0,01, puc.1,
Tabm1.1).

Bbuto Takke yCTaHOBIIEHO, YTO MaKCHMAallbHAs 4acTOTa PaspsoB Ha BCEX
CTaausX BBHIPAaOOTKM HaBbIKAa perucTpupoBanach cmycts 20-40 mc mocne
MIPEIbSBICHAS 3BYKOBOTO chuTHana (puc. 2). OTiHyanuch Ha pa3HBIX CTaTUIX
06yquH;1 JIATCHTHBIC TMIEPUOJAbl YaCTOTHBIX ITUKOB. TaK, Ha HadaJIbHOH craanu
MakCHMyM aKTHBallMd COBMAjal C HadajioM JEWCTBUS  3BYKOBOTO
pasapaxwurens. Ha Bropom sTame MakCHMyM akTHBHOCTH TIPOSIBIISIICS TBYMS
IMUKaM1 — OAWH MPUXOJUJICA Ha BpEMA BKIIIOYCHUA 3BYKOBOI'O CUT'HAJIA, BTOpOﬁ
COBMAJall CO BPEMEHEM JCHCTBHUS DJICKTPOKOXKHOTO pazapaxurens. llpu
CTaOMIH3alMK TPOUCXOIMIO CONMKEHHE MaKCUMYMOB aKTHBHOCTH HEHPOHOB
(puc.2).

ConocTaBjieHUE HMMITYJIbCHBIX OTBETOB HEPBHBIX KIETOK C BBI3BAHHBIM
MTOTEHITUAIIOM IT0KAa3aJI0, YTO UX COOTHOIIIEHUE C OTENBHBIME (pa3aMu Mmocie/-
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HETO0 HEOJMHAKOBO Ha CTaJuM YNPOYCHUS M CTamuu crabunnzanuu pediexca
(puc. 3). Tak, Ha cCTaguM YOPOYEHHUS TEPBBIA MaKCUMyM HEHPOHHOU
aKTMBHOCTU COBIAJajl C 3aBEpIICHHEM HETaTUBHOW BOJHBI BBI3BAHHOIO
MOTEHIMAlIa, & OCTaJbHbIE MAaKCHUMYyMBI HE COBMAJalM C ero KomnoHeHTamu. Ha
craguu crabwmmzanuu y 42.1% HEHpOHOB T'HNITOKaMIla MMITYJIBCHBIE Pa3psiabl
COBMAJANH C OTACIBHBIMU KOMIOHEHTaMH BBI3BAHHOTO OTeHIHMama (puc. 3).

Taoauna 1. CratucTuueckue noka3areay 4acTOThl UMITYJIbCAllUd HEHPOHOB
THUIIIIOKAMITa Ha Pa3HBIX ATarax BRIPaOOTKH 0OOPOHHUTEIHHOTO HAaBhIKA

Cranus
Tun HavaJIbHas ynpodeHust cTaduiIm3anun
o —— (1-30 coueTanuii) (31-120 coueTanmii) (60J1ee 120 coueTanmii)
peakimn Koin-Bo YacroTta Kon-Bo YacroTta Kon-Bo Yacrota
HEMpPOHOB, HMITYJTb- HEPOHOB, AMITYJIb- HEMpPOHOB, HMITYJTb-
% canuu % canuu % caiuu
BosGyan- 452 48,0+2,0 56,6 40,5+4,2 40 38,2+13
TEJILHBIN
TopMO3HOIH 54,8 15,8+1,2 43,4 21,342,8 60 13,1+1,7
Konungectso
DearvpyIOmHx 153 120 150
HEPOHOB
TUNMNOKaMIa

eI T | T s
w”ln oy | I w— mu T

0, 5me |
}’l’\ 0,2 cex

Riade - climmmim e ety

Puc. 1. Peakuus HEHpOHOB I'HITNIOKaMIIa Ha 3BYKOBOH cUTHAI: A — B Havyalie GOpMHUPOBaHUSA
YCIIOBHOPE(IEKTOPHOTO 000pOHUTENBHOTO pediiekca (4-s mpobda),
b - Ha craguu ynpouenus (37-s npo6a), B — Ha craguu crabmwmzanun (mocne 120 mpo6sr).
BepruxanbHble THHAN — OTMETKH Pa3paskKeHUsL.

Takum 00pazoM, B HACTOSINEM COOOLICHUW MPHUBOAATCS HOBBIE (DAKTHI,
yOexxgarone B TOM, YTO Pa3HOE CUTHAIBHOE 3HAUYEHHE 3BYKOBOTO pasipa-
KUTEJI NTHULIUHUPYET ONPEAEICHHYIO PEaKILUIO B HEHpOHaX IHIIIIOKaMIIa.

O 3HaueHHUHW TUTNTIOKaMIIa B 00pa3oBaHUM BPEMEHHBIX CBsi3eil nmucan Mak-
Jlun [6], KOoTOpBIH, 0000MIas CBOM SKCIEPUMEHTAIbHBIE PabOTHI, YTBEpKIAl,
YTO TIOCKOJNBKY BCE PEarupyloliyde CEHCOPHBIE NOJNA MNPOCUUpYITCS K
TUIINOKaMIaJbHOH (QopManuy, 3aHUMAIOLIEH CTEP)KHEBOE OJIO0XKEHUE B
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JUMOMYECKOH CHCTEeME, MOXHO MPENNOI0KUTh HAaIUYHEe MEXAaHU3MOB, IPH
MOMOIIM KOTOPBIX OJb(AKTOpHAs, AMIMCTUBHASA, COMAaTHYeCKas, CIyXxoBasd,
3pHUTENbHAS, MHTEPOLCNITHBHAS HH()OPMAIMK HANPABISIOTCS K TUIOTAIAMYCY
U Jpyr'MM  CTpPyKTypaM  CTBOJa  MO3Ta,  OCYUIECTBIISISI — PETYIIALHIO
MOTOBHUCIIEPAITHLHOM 1 SHIOKPUHHON (DyHKIHH [6)].
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Puc. 2. YacroTorpaMmsl HEHPOHHOM aKTUBHOCTY IMIIIIOKAaMIIa HA Pa3HbIX
JTamnax BeIpaOOTKHU HaBbIKa. A — HavajbHas cTaaus, b — cragus ynpouenus,
B — crapus crabmmmsanuu. ITo ocu abGeruce BpeMst B MCEK, 110 OCH OPJIMHAT YHUCIIO HOTECHIHAIOB
JeiicTBysl. BHU3Y OTMETKHU 3BYKOBOI'O CUI'HAla U JBUTaTEIbHON peaKIUu.

Ao, e

10me

Puc. 3. CBs3b pa3HbIX pa3paaoB HEHPOHOB TUIIIOKAMIIa ¢ KOMIIOHCHTAMH BBI3BAHHOTO
noteHuuana. CieBa — cTaJus ylnpoueHus, ClpaBa — CTaJus CTaOMIM3aLuH.
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dopMupoBaHre YCIOBHOPEPIECKTOPHOH BPEMEHHOW CBSI3U CIIOKHBIN
npouecc. Ilpu 3ToM 3anelcTBYIOTCSA pa3iIuyYHble KOPTHUKAIbHBIE OYard, MOJ-
KOPKOBBIE 00pa30BaHMsI, MHOTOUUCICHHBIE CBSI3H, MEKHEHPOHHbIE aHCaMOJIH,
MepecTparnBalOTC MEXKKIETOUHBIE OTHOIIEHUS M T. A. Kakum obpa3zom Moar,
BOCIIPHHUMAsSI pa3ApakuTelb OJHOH MOIajJbHOCTH, CIIOCOOCH ONPENENUTh €ro
OMOJOTMYECKYIO 3HAUUMOCTD CTAHET NMPEIMETOM OTIAEIBHOI0 00CYKICHUSI.
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PACITPOCTPAHEHUE U BUOJIOTUYECKAS OLHEHKA
IO KHOTI'O TIOJAKOBOHOCA RHINOLOPHUS EURYALE
HA KABKA3E

3.I. ABPYSIH', M.K. APYTIOHSIH?, C.A. CHMOHSIH',
B.T. AMPATIETSIH®

Lenmp 300n0euu u euoposxonocuu HAH PA

!Epesancruii 2ocynusepcumem, xagedpa 300102uu,
Poccuiicko-Apmanckuii (Crassinckuii) ynusepcumen,
Meouro-ouonoeuteckutl paxyromen,

3 Apyaxcruii 2ocynusepcumem, kagpedpa Guonozuu

PacnpocTpanenue u 610I0THA I0KHOTO MOAKOBOHOCA Rhinolophus euryale -
OJHOTO W3 MAaJIOYHCIEHHBIX, BKIIOYEHHBIX B Kpacuble kuurm crpan Kaskasza
BUJIOB PYKOKDBUIBIX, TPeOYIOT HanbHEHIIEro HakomieHWus AaHHBIX. CeromHs
W3BECTHBI JINIIB 37 TOYEeK HaxomoK: u3 Apmenun — 4, AzepOaiimxana — 4, I'py3nun
— 21, Apuaxa — 6 u Poccun — 2. HaOmogaercst TeHIEHIUS K CYXKCHHUIO apeana,
COKpALICHUIO Yucia yOexkull U oOLieil YUCIeHHOCTH BUA.

FOoscnviii nooxkosonoc — pacnpocmpanenue — Kasexaz — Kpacnas knuea

Unjyuwuh kphputph Ywpdhp gpptpnd gpuiigdws, wdkunip pswpwbmy’
hwpwuyhtt wwywnwphpp - Rhinolophus euryale, nith wwpwsdwb b
Jhuuwpwinipjut  Jhkpwupkpu) wdjujukph hbnwqu Ynunwuljdwt Juphp:
Ujuop Unyuunid hwynth b ppuig hwjnbwpbpdwt pugudbip 37 Yhn'
Zuyuwunnwinud — 4, Ungpphowinud - 4, dpwunwtnud - 21, Upguwjund - 6,
Mnruwunwind - 20 Vjunynud £ wpbwh tinugdwb, pwpuwnngubph b
nbkuwyh punhwinip pupwbwlh Ypdundut thunnud:

Zuwpurjuyhll yuypunwphpe - nnwpwénid - Ynylpwu - Qupdhp ghpp

The investigation of distribution and biology of the Mediterranean horseshoe
bat - Rhinolophus euryale, one of the multitudinous speacies, involved in Red
book of Caucasus countries, requests further accumulation of data.

At present in Caucasus only 37 dots of finding are known: 4 in Armenia, 21
in Georgia, 6 in Artsakh and 2 in Russian. The tendency of narrowing areal is
noticed, general number of refuges and species is decreased.

Mediterranean horseshoe — distribution - Caucasus - Red book

KosnoHnn 10XHOTO TOAKOBOHOCA (Rhinolophus euryale) B TIOI3EMHBIX
yOeXuIIax ¥ BCEBO3MOXKHBIX TMocTpoiikax Ha Kaskaze, B ApmMmeHuum B
YaCTHOCTH, VS3BUMBI, BCIICACTBHE YBEIMYHMBAIOLIETOCS OECIIOKOHCTBA HX
geroBeKoM. IloBceMecTHO MpooKaeTcesl COKpalleHUe Yrcia yOeKulIL.

3.I. AIBPYSIH, M.K. APYTIOHSIH, C.A. CAMOHSIH, B.T. AUPAIIETSIH

B Apwmenun, Haropnom Kapabaxe, Poccum u papyrux crpaHax
OTMEYaeTCsA MCUYE3HOBEHUE M3BECTHBIX, IOPOH MHOI'OYHCIEHHBIX B MPOIILIOM,
KOJIOHUH.
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Cratyc Buzna B Kpacaom cnucke MCOIL:VU. B 1996 roay ero craryc
oneHeH kak " ys3BuMBbIi " (VU A2c no Bepcun 1994r.).

» B AsepbaiimkaHe 10XKHBII MOJKOBOHOC BHECeH B KpacHyro KHHTY cO

crarycoMm: "Penmkmii, ManouMmcieHHbIH, mepudepuuecKuil BHI C

OTpaHMYCHHON  00nacThi0  pacmpoctpaneHus”. OJTHOBPEMEHHO
MECTOOOWTaHUS BHIA OXPaHSAIOTCS B COOTBETCTBUU C bepHCKoi
KonBeHnmuen.

» B Apmenun BHeceH B KpacHyro KHHTY >KMBOTHBIX, 1987T. [5], co
crarycom "B CCCP naxonutcs nepudepuiinas yactb apeana. Peaxuit
" MaJtounciaeHHbIA BuA. Brimouen B Kpacuayro kaury CCCP ". Kpome
TOTO, B YUCIIE APYTHX IpeAcTaBuTe’Ie GpayHsl APMEHHH OXPaHSCTCS
3akoHOM PA “O0 oxpaHe )KUBOTHOTO MHpa peciyOmku’.,

» B I'py3un 3TOMy BUIy B HallMOHaJIbHOM KpacHOM crvicke MpHCBOCH
cratyc "ys3Bumbii " - VU. KpoMme TOro, Kak u Bce pyKOKPBUIbIE, OH
oxpansiercsi B coorBeTcTBHU ¢ "CoTrjamleHHeM IO OXpaHe JIeTyduX
mbieit B EBporrie (EUROBATS)".

» B Apuaxe (HKP) — osroT BHO He OXpaHSeTCS, HECMOTPS Ha
oOpallieHusI 10 ’TOMY TIOBOJY CIEIUATIMCTOR [8] B COOTBETCTBYIOIIHE
OpraHbl. 3/1eCh I0KHBIH MOJIKOBOHOC HYXKIaeTcsl B 0CO00 oxpaHe.

» B Poccuu Rhinolophus euryale He oxpaHseTcs Ha (enepaaibHOM
ypoBHe. B KpacHoli kauure KpacHogapckoro kpasi €ro craTyc OLEHEH
kak "O" — "BeposATHO, UCUE3HYBIINH ".

PervoHanbHbld CcTaTyc MO OKCHEPTHBIM OLIGHKAM HCClieloBaTeen
(2008) [9] — "naxomutcs mox yrpo3oit ucuesHosenus " (EN).

Apean 10)XKHOTO0 HMOJKOBOHOCA OXBAaTHIBAET KapCTOBBIC pailoHBI cEeBEPO-
3amama Adpuxu, FOxnoit EBpombr, KaBkaza, Manoii, [lepenneit u Cpenneit
A3un, Ha BBICOTaxX (3a pelKuM HcKiIoueHueMm: Apmenus, 1236 m) He Goree
800 M wmam yp.m. IlpakTuuecku mMOBCIOAY B 3amagHOM 3aKaBKa3he ITH
TEPPUTOPUH 3aHATHI CaJaMM, YalHBIMU IUIAHTAUMSAMH W TOJSIMH, H3pelKa
YepeAyIOUIMMHCI C €CTECTBEHHBIMH JIeCAaMH M HCKYCCTBEHHBIMH JIECHBIMH
HacaxXJIeHUAMU [4].

Ha KaBka3ze [0XHBI HOAKOBOHOC pAacHpeAeieH HEPaBHOMEPHO, OH
Be3Je, 3a uckiodeHueM ['pys3un, manouncnened. Camast kpynHas Ha KaBkaze
BBIBOAKOBAs KoJoHUS B 300 ocobeit B 2006 roay 3aperucTpupoBaHa B meImepe
Hyuxsatu VII.

B mennom, Ha KaBkasze Bunx m3BecTeH u3 37 TOYEK: MO 4eThIpe (4) TOUKH B
Apmennu u Azepbaiimkane; B I'py3un u3 21 touku (u3 xoux 0 3 3amamHoif
I'py3un); B Apuaxe (HKP) u3 6 Touex; B Poccun panee ObLIM M3BECTHBI BCETO
2 Touku Omu3 r. Coun. B nmampneiimem, Gonee 10 meT BuA Ha TEppUTOPHUU
Poccun He ObLT OOHAPYIKEH, W JIWIIB BO BpeMsl TOATOTOBKHU “Tlimana meicTBuit
Mo oxpaHe PyKOKpbUTbIX KaBkasza” Obl1 0OHapyKeH B ABYX IPYTUX TOUKAaX.

B Apmennu panee 3TOT BHJ ObLT 00HapykeH u3 14 Todek (CM. KapTy).

PACITIPOCTPAHEHME W BUOJIOI'MYECKAS OLIEHKA FOJKHOI'O ITOJIKOBOHOCA RHINOLOPHUS EURYALE HA KABKA3E

Kapta pacnpocTrpaHeHus 105KHOT0 NOAKOBOHOca Rhinolophus euryale B Apmennn
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YcinoBHBIE 0003HAYEHMS:
1. +1- Touku OBUIBIX HAXOMOK, T1e R.euryale B HacTOsIIIEE BPEMsI OTCYTCTBYET.
2. - MecTa COBPEMEHHBIX HAaXOI0K, KOTOPBIC OTMEUAIINCh M PAHEE.

Opnako 3a TMociegHHE TOAbl M 32 TEepuoj] pabdoOThl B COCTaBe
MEXIyHApOJIHBIX JKcHepToB B mporpamme '[lman nelicTBuil mo oxpaHe
pyKOKpeUTBIX KaBkaza" 3aMKCHpOBaHO 3aMETHOE CYXKCHHE apeaia o
ucuezHoBeHue ux u3 10 paHee CpaBHUTENBHO MHOT'OYHCICHHBIX YOCKHIIL.
YeTpIpe cerogHsIIIHAE UX YOESKHUILA OTMEUCHBI Ha KapTe KPYKKOM.

IOxHBI TOAKOBOHOC — OCEMIBIA BHUJA, €r0 OCHOBHBIE yOexuma —
Memepsl, TPOTHl, BCEBO3MOXKHBIE (ECTECTBEHHBIE W  HCKYCCTBEHHBIC)
MoJ3eMeNbsl, YepakH, peke Apyrue CTpOoeHHs 4deroBeka. Ero wame MoHO
BCTPETUTh BMECTE C JPYTMMH BHJAMH JIETyYHUX MBIIIEH: OOBIKHOBEHHBIM
JUTMHHOKPEUTOM  (Miniopterus schreibersii), octpoyxoit HounuIeil (Myotis
blythii), TpexuBeTHoi HOuHHUIECH (Myotis emarginatus), a TaKKe IPYTUMH
MpeNICTaBUTENAME ceMeicTBa Rhinolophidae v ponos Plecotus v Barbastella.

OdeHb pefKo MOKHO HAaWTH "dUCTYI" TpymIry (KOJOHHUIO), COCTOSIIYIO
WCKJIIOYUTEIHHO U3 I0KHBIX MTOJIKOBOHOCOB.

B menom Ouonorus BUAa HEAOCTATOYHO HCCIENOBaHA, HECMOTPS Ha TO
yto B ApMmeHuu u HKP ona ynomunaercst B Tpynax psaa aropos [1,2,3,6,7].

Ponbl ero mpoucxoasT B HIOHE - Hayaje HIOJs, T.€. B CaMbIil pasrap
Ce30Ha TIOCEIICHUs TMelep M HCTOPHUYECKUX MaMATHUKOB TYpPHUCTaMU H
JIPYTUMH "TIOOUTEISIME TIPUPOIET .

BrIBOIKOBBIE KOJIOHUH WIJIM TPYIITEI B HECKOIBKO JECATKOB, PEXKE COTEH
oco0eif, pacnonararoTcsi B XOpOILIO MPOTPEeBaEMbIX YOESKHUIAX. 3UMYIOT OHH
TaKke HeOonpIMMH Tpynmnamu B 2-70 ocoOeil, HEpeaKo ¢ IPYTMMH BUAAMHU
PYKOKPBLUTBIX.

CaMKH C JeTeHBIIaMH, W B IIEJIOM BCS KOJIOHHSA, BHCAT HE CKPBIBAsCh,
3a0UBIIMCH B KAaKOW-HUOYJb TEMHBIA yroil yOexXwWIina, a OTKPHITO Ha BHIY
XUIIHUKOB U JIpYruX "MOceTUTeNel" meuiepbl. IT0 JeNaeT UX YA3BUMBIMH, U

MMO3TOMY TIPOIIEHT X THOENH 10 CPABHEHHUIO C IPYTUMHE BHIAMH BBICOKHIA.
3.I. ABPYSH, M.K. APYTIOHSIH, C.A. CHMOHSIH, B.T. AUPATIETSH

[Momumo denmoBeka, 3TUX OCO0O YYBCTBHTEIBHBIX K OECIIOKOWCTBY
3BEPHKOB B YOCKHUINAX YHHUYTOXKAIOT XHUINMHUKHU: JIACKH, KYHHIbI, TICPEBSI3KH,
KOIIKH (IMKUE U JJOMAIIHKE), a TAaK)Ke 3MeH (TIop3a, T0JI03) M KPHICH.

Tak Kak FOXKHBIM TOJKOBOHOC peXEe BCTPEYaeTCsd B IMOCTpOMKax
YeJI0BEKa, CEPhE3HBIX MPOOJIEM, YTPOKAIOMINX CYIIECTBOBAHUIO BUA, Y HETO C
X03s5I€BaMHU ATHX 3J[aHUN HE BO3HHUKAET.

VYuuThIBas BBINIECKA3aHHOE, MPH BBHIPAOOTKE MCHCTBUM JJIsi OXpPaHbI
BUJA, TPEATOKCHUN, PEKOMEHIAIMA W TIEPBOOUEPEAHBIX 3a1ad, HAJo
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MMOMHHUTH, YTO TIIOBCEMECTHO FOKHBIA IIOAKOBOHOC MAaJIOYUCIIEHEH BBHILY
OTPaHWYCHHOCTH MECTOOOWTAaHWHA B PETMOHAX, MPUTOIHBIX IS MEe30(HIBHBIX

BHJIOB.
B Apmenun, kak ¥ BO BCEX OCTAIbHBIX cTpaHax KaBkasa, CyIeCTBEHHOE

BO3ﬂCﬁCTBH€ Ha YHUCIEHHOCTH M OMOJIOTHIO I03KHOIO IIOJKOBOHOCA OKa3bIBaIOT:

AHTpPOTNIOTCHHBIC U3MEHEHUS CPEeibl BOKPYT yOexkwuIa (BKItOYas
CTPYKTYPBI PaCTUTEIILHOTO TOKPOBA) M HA IMyTSIX KOPMEXKKH H
mpoJieta (KO4eBOK);

[IpumeHeHue SIMOXUMUKATOB B CEIBCKOM M JIECHOM XO3SICTBaX,
MIpUBOAAIICE K ru0enu HaCEKOMBIX U BBI3BIBAIOIICC COKpAIICHUE
KOPMOBO# 0a3bl PYKOKPBUIBIX B pe3yJIbTaTe  OTPABICHUS
3BEPHKOB Uepe3 MUY U BOAY (MEPEHOC MO MUILEBOH IIETOYKE);
Poct  mocemaemoctn = yOexwm; u WHTeHCU(DUKALIUS
IKCIUTyaTaIiu KYJIBTOBBIX COOpYKEHUH, JUTATENBHOE
BO3JCHCTBHE IymMa MW BHOpamWid TPU  CTPOUTEIHCTBE,
IIPOM3BOJICTBE U apXEO0JIOT0-IIATEOHTOIOTMYECKUX paboTax Kak B
camux yOeKHIIax, Tak U B HEMOCPEICTBEHHON OJM30CTH OT HUX;
W3MmeHeHne MUKpOKJIMMAaTa B yOEXKHINAX, CBA3aHHOE C YaCTHIM
MOCeNeHHeM ¢ IpuMeHeHneM (pakenoB, GpoHapel, KypeHHs, cBed
Y TIp. ¥ TJI00aTbHBIM N3MEHEHHEM KITMMaTa.

HecMmoTpst Ha TO 4YTO IOXKHBIM IOAKOBOHOC B crTpaHax KaBkasza

oxpansiercss 3akoHOM ¢ 70-80 rr. XX cronerus, peajabHbIE IIAard MO OXpaHe
CaMMX 3BEPHKOB M MX MECTOOOUTAHHI HE MPEATNPUHUMAIOTCA. JTO JaXKE B TOM
ciydae, KOrja 4acTh MECTOOOUTAHUH FKHOTO TIOJKOBOHOCA (TI0 KpaifHel Mepe
B ApMmenun) BkioueHa B coctaB OOIIT.
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IKOJOrusi 1 PACIIPOCTPAHEHHUE BOJISAHOM
3EMJIEPOUKMU (KYTOPDBI) NEOMYS FODIENS B APMEHUHU

A.A. ABATSH

Epesanckuii 2ocynueepcumem, xagedpa 300102uu

DKoJIOTHsI M paclpocTpaHeHHe KyTopbl Neomys fodiens, B 4acTHOCTH B
ApmeHHH, MaJo uccienoBaHbl. B HacTosmen myOnuKanuu NpuBOAATCS JaHHBIE 00
UX KOJIOTHH, PACIIPOCTPAHECHNH, TIOBEJICHHU 1 COCTaBE KOpMa.

Kymopa — 3emnepotixu - pacnpocmpanenue

Ununnpuwyh Neomys fodiens tininghwt b wwpwsudnipmniup
htnnugnuujus  skt: Sfjup  wppuwumnwbpnid  phipynd o wdjuyukip
dwutwynpuybu Zuwjwunwinid bpuig Fyninghuyh, nwpuwsjusnipjul,
Yupph b utitinh juquh qEpuptpyu:

Yniunnpuw - upplswiakp - tmupwénid

Ecology and distribution of Neomys fodiens are not investigated particulary
in Armenia. In this publication data on their ecology, distribution, behavior and
nourishment are shown.

Neomys fodiens — sheews - distribution

Buonorust KyTopbl, TOro Ype3BbIUAHO PEAKOTO H MAIOYUCICHHOTO B
B APMEHUH NPAaKTUYCCKHU HE UCCIICAOBAHA.

JanHple, mTpeACTaBIeHHBIE B HACTOSIIEM COOOIIEHWH, SBISIOTCS
pe3yJbTaTOM YETBIPEXJICTHUX HCCICIOBAHUH, TMPOBEACHHBIX O] PYKOBOJ-
CTBOM 11.0.H., ipodeccopa D. SBpysiHa.

Pon BomsHBIX 3emiepoek (KyTop) B ApMEHHH, 1O BCEH BEPOSTHOCTH,
MIPEJICTaBIIEH ABYMS CaMOCTOSITETIHHBIMU BUAAMHU ceMeicTBa Soricidae oTpsna
HACEKOMOSIIHBIX (/nsectivora) Kilacca MIIEKOITUTAIONINX: KYyTOpa OOBIKHOBEHHAS
- Neomys fodiens n xytopa lllenkoBHukoBa - Neomys schelkovnikovi. Onnako
710 BBISICHEHHS BUAOBOH NMPUHAIEKHOCTH MBI OYZEeM TOBOPUTH O KyTOpe, Kak 00
OOBIKHOBEHHOU N. fodiens Schreb., Tounee o N. f. leptodactilus Sat. (muH-
HOXBOCTOH OOBIKHOBEHHOU KyTOpE).

OTU KUBOTHBIE CUUTAIOTCS CaMOM NpeBHEH IPyNIOM MIICKOMUTAIOLIUX.
OHM OBLIM BEPOATHBIMU OYCBUALIAMU BBIMUPAHUS JIWHO3aBPOB Ha HAaIICH
mianere [2].

49



A.A. ABATSH

KapTa pacnpocTpadedna kyTops (Neomys fodiens) & Apnadnu

no HAWMM HaGmeonesuAM

N NATERATYDHBIM O2HMBIM

Ha rtepputopun ApMeHHH BOJSIHBIE 3€MJIEPOMKHM  BCTpEYArOTCA
MPaKTUYECKN TOBCIONY, OJHAKO HMX apeajl MMEET BBIPAKCHHYIO 0YaroBOCTh
(cMm. xapty). Yame KyTOp MOXKHO BCTPETHTh Ha ceBepe cTpaHsl [1], ogHako
HepeaKu oHU U Ha fore [3]. Ix MoxHO HabmoaTh 0JIM3 BOJOEMOB, HAYMHAS OT
950 M Ham yp.Mm. OacceitHa p. Apakc mo 2550 M Ham yp.M. Ha CKIIOHaX
Aperynuiickoro u CeBaHckoro XxpeOToB OacceiiHa o3epa CeBaH.

OO0uTaeT KyTOpa B pEYHBIX JIOJUHAX, IPEANOYNTas Oepera MEJKUX PeK U
PY4YBEB C YHCTOW BOJOW M OBICTphIM TedeHHeM. OJHaKO Hepeaka OHAa W Ha
HEKOTOPOM YAAJIEHWH OT BOJOEMOB, B MECTaxX C XOPOIIO Pa3BUTOM BIAKHOM
MOACTUIIKOH (Jieca, yIIeabs U.T.1.).

Bompeku cBoemMy Ha3BaHMIO, 3€MIICPOMKH OYEHb PEAKO POIOT HOPHI,
Yamle OHHM 3aHMMAIOT TOKWHYTHIE XOABI KPOTOB, TPBI3YHOB, TPEIIUHBI U
MTyCTOTHI B TOYBE, INOO TIEPEABHUTAIOTCS IO/ CIOEM JIECHOM IMOJCTHIIKH WIIH
CHera, yCTpauBasi BPEMCHHBIC CTOSTHKU-YOeKUIIIA.

3uMOM OHU MOYTH HE BBIXOJST U3-TOJ CHETa, HO B CIISTYKY HE BIAJAIOT.
[ToncHexXHBIE XOABI BCEX 3eMIIEPOEK, B TOM YHCIIE B KyTOp, OYCHb Y3KHE, 10 2
cM. Ecnm cHer He MOKPHIT HACTOM, TO Ha HEM OCTAeTCS YETKHH OTIEYaTOK
XBOCTa, ¥ TaK KaK KyTOpHI Yallle MEepeBUTAIOTCS HE MPBDKKAMU, a I1aroMm, U
CIeI00IMHOYHBIN 3UT3ar.

B xonoxHbIE MalOCHEXKHBIE 3UMBI KyTOpaM MPUXOIUTCS MHOTO OeraTh U
MonOMpaTh TPYHBl 3aMEp3IIMX HACEKOMBIX, YepBeH, JATYmIEK W APyTUX
JKUBOTHBIX. XOTS TMPHHATO CUYUTATh, YTO 3EMJICPOMKHA pACTEHUSIMH HE
MUTAIOTCSI, OHW TMOpPOHM, TpU Oco0OW HEXBaTKE MHUIIM, MOTYT IUTAThCS
MPOMEP3IINMU YACTSIMH PACTEHUH U CEMEHAMH.

Ecmu kyTOpHI, KaKk 1 Bce HaCEKOMOSTHbIE, MHOTO M 9acTO He OyIyT ecTb,
OHM MOTYT 3aMEpP3HYTh M MOTHOHYTh. [IpaKkTHYeCKM OHU BCErla B IOHCKaX
MUIIHA U3-32 BBICOKOTO ypPOBHS MeTabonm3Mma ux opraHu3ma. OHU aKTHBHEI B
mo0oe BpeMs rojia  CyTOK, HO HauOoJbIas WX aKTUBHOCTH MPUXOIUTCS Ha
HOYHOE BpeMsl.

KyTopsl mpekpacHO IUTaBarOT W HBIPSIOT, OCTABasCh IOJ BOAOU IO
30-35 c. BeayT nonyBoaHbIi 00pa3 KU3HU.
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DKOJIOTUA U PACIIPOCTPAHEHUE BOJISTHOM 3EMJIEPOMKH (KYTOPBI) NEOMYS FODIENS B APMEHUI

3HAUNUTENBHYIO YacTh MUIIM KYTOPHI JOOBIBAIOT B BOJE, OJHAKO BCETaa
noenaoT ee Ha cyme. [lumeill 11 3THX 3BEPHKOB CIIy>KaT BCEBO3MOXHBIC
HaCEKOMbIE M MX JIMYMHKH, AOKIECBBIC 4YEPBH, MOJUIIOCKH, MEJKas pbl0a,
TOJIOBACTUKHM JLATYIIEK M uUX HKpa. HecMoTpst Ha cpaBHHUTENbHO HeOOJbIINE
pa3Mepbl, 3TO arpecCUBHBIM XHWIHHMK, KOTOPBIH MOXKET HamacTh Ha pBIO,
JSTYIIEK 3HAYUTENbHO KpymHee ceOsi. OTMEUeHBI Cilydyad HamaJeHus KyTOpHI
Ha JpYTUX INpeAcTaBUTENeH CBOETO poJa, a TAKKE MEJIKUX BHJOB TPBI3YHOB
(JIecHast MBIILb, KYCTapHUKOBAS MOJIEBKA) U UX AeTeHblmel. CIroHa ee SI0BUTA.
YKyc napaiusyer XKepTBY, OJHAKO OCTaBJISIET ee kuBoil. [loaTomy B xomax, y
“XpaHWIUI]  HOP KyTOp HEPEOKO CKAIUIMBAIOTCS Telna O00€3IBMKCHHBIX
KUBOTHBIX (YepBeil, HACEKOMBIX, PBIO, JIATYIIEK, UX CEroJeTOK M JETEHBIIIeH
MBILICBUIHBIX TPBI3YHOB). XpaHEHHE KOpMa B TaKOM BHIE HEOOXOAMMO H
OUYCHb BAXHO B TEPHOJ 3MMHUX XOJIOJOB, JETHEH 3aCyXH WJIH MO KaKoH-TH0o
NpUYMHE OTCYTCTBHA MUIIK. KyTOphl, Kak 1 OOJBIIMHCTBO MCCIEIOBAHHBIX Ha-
MU B ApMEHHH 3eMJIEpOeK, BeAyT OIUHOUYHBIN 00pa3 HU3HM, pearupys Ha Ipu-
CYTCTBHE OJIU3 CBOETO YKPBITHA Uy’Kaka CBUpETOi aTakoil. [Ipn sTom oHM m3a-
IOT PE3KUil W OYEHb BBICOKHI CBHUCT, KOTOPBIM MPUHATO HA3bIBAaTh ‘‘IIeOETOM
KyTopel” [2]. B cpaBHeHMM ¢ JIpYTrMMH 3€MJICPOMKAMH, KYTOPBI JOBOJILHO
KpyTNHbIe 3BephKHU: JyIMHA Tena 65-100 MM, xBocTa 54-65 MM, macca Tena 10.0-
22.5 r (tabn. 1). T'omoBa BBITAHYTa B HEOONBIION XOOOTOK, YCa)KEHHBIH
KECTKUMH OCSA3aTENIbHBIMU LIETUHKAMH, YIIHBIE PAKOBHUHBI MaJ€HbKHE, HO
3aMETHBIE, T1a3a MaJIeHbKHE, MEX KOPOTKUH, OapXaTHCTHIN U TYCTOM.

X

bl oy

Puc. 1. O6uuit Bun Neomys fodiens

Oxpacka Tena IBYXIBETHAs, CHJILHO KOHTpAacTHas: CIIMHA YepHO-0ypast, ¢
MPUMECKIO MENeNIbHO-CEPhIX TOHOB (cemasi), OPIOIIKO CepoBaTO-0esI0e, HEPEIKO
C JKeNTOBaTO-KOpHYHeBBIM HayeTtoM (puc.l). KopoTkwe mnsTHmangsie HOTH
BOOPY’KEHBI OYEHb OCTPBIMH KOTTSMHU, XBOCT OOBIYHO KOpPOUYE YEeM Y MBIIICH
(JtecHO#, KeNTOTOpIJION), HO MOXET OBITh JJINMHHEE XBOCTA XOMSIKOB H
HEKOTOPBIX ITOJIEBOK (CHEXHOM, OOBIKHOBEHHOH, obOmiecTBeHHoil). Ha HixHel
CTOPOHE XBOCTa UMEETCSI KHJIb U3 Y/UIMHEHHBIX MIETUHOK, MHOTIA U IUTHHKY.

Kuctn 1 ymuimHeHHBIE CTYNHHM J1al MO OOKaM MOKPBITHL YIJIOMICHHBIMH
IIETUHKaMH, KOTOpBbIE 00pa3yloT CBOEOOpa3HyI 0axpoMy, YBEIHMYHBAIOIIYIO
TIaBaTeIbHYIO TTOBEPXHOCTD JIAll M CIIOCOOCTBYIOMIYIO OBICTPOMY IEpelBUKE-
HUIO 3BEPHKA MOJT BOJIOMH.

Yepen OTHOCUTENIBHO KPYIHBIN, ¢ paCIIMPEHHBIM MO3rOBbIM oTAeIoM. Ha
HEM XOpOWIO BBIP&KEHHBIE JIIMOJOWAATIBHBIE W CArUTTANbHBIE TPEOHH.
Bepumnsl 3y00B KpacHOBaTO-OyphIe.
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A.A. ABATSH

Tadaunua 1. [Ipomepst (Mm) u Mmacca (1) Kytop Neomys fodiens,
oOBITEIX B Apmenun (2004-2008 rr.)

] ] < = '
Q < = %
S8 T | 25 | £ g SE | 85% g 5 g
5 = o = Q. = 5 RS 520 5 o £
= O S = < O = S =K 5 IS 2 2 o
Sf |2 |2 E |2 |EF |5 : -
= S S = - S¢ = =
1 82 28 66 2 19 6 -
2 71 28 61 2 19 6,5 - 2
3 73 275 57 2 18 7 - . 5
4 70 27,5 545 2 17 8,5 - =<8
3 64 28 60 2 13 8.5 - g &3
6 80 28 59 2 17 7 - < 3%
7 83 29 63 2 17 8 - g £ 3
g
8 86 29 69 2 20 9 - E8 &
9 81 29 65 2 17 3 - =t é &
g
Cpemnee 76,7 28,2 61,6 2 18 7.6 - e
75 28 64 2 19 75 -
2 82 275 67 2 18 8 - -
3 85 28 66 2 18 7 - EE88
B l-ﬂ 2=
Cpemnee 80,7 2738 65,7 2 18,3 75 - Hags
1 62 28 60 1,9 19 9 113
2 88 295 67 2 20 9 21,5 £°3
3 82 29 63 2 18 8,5 19,5 8 g
4 79 28 61 2 18 7,5 18,0 <58
< o=
Zz 3 -
Cpemice 778 28,6 62,8 1,98 18,8 8,5 17,6 £ §
S

Ham ynmanock BEISICHHTB, YTO KyTOPBI Pa3MHOXAIOTCSI C BECHBI 0 OCEHU
(Maii-aBrycT), TPHHOCSA IO TpeX TOMETOB MO 4-10 meTeHBIma B KaXKIOM.
Bepemennocts gmurcs 19-24 cyt. CockoB y camku - 5 map. [Ipomomxurens-
HOCTH Jaktauuu 37-40 cyT.

YacTp MOJOIBIX MOXKET y4acTBOBaTh B Pa3MHOKEHHWH YXKe Ha IEPBOM
roxy u3HH. IIpOAOJDKUTENBHOCTh JKHU3HM B IPHUPOAE - 1O ABYX JieT. B
n1a00paTOPHBIX YCIOBUAX OBUIM CIy4au, KOTJla OHH XKHJIH JI0 YeThIpeX JeT [4].

[
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IODOEKTHI MAJIBIX 103 WOAMETHJIATA 2 —
((AMMETUJIAMMHUHO) 3THJIOBOI'O 9®PUPA N — (N -
METOKCHUBEH30MJI) — DL - PEHUJIAJTAHUHA HA
BBI3BAHHYIO QJIEKTPUYECKYIO AKTUBHOCTD
OJIMHOYHBLIX MOTOHEHPOHOB CIIMHHOI'O
MO3I'A KPBIC IIPU JIATEPAJIbHO TEMUCEKIIUM
CIIMHHOI'O MO3T'A

T.C. XAYATPSH, B.O. TOITY35IH, U.P. KAPAIIETSH,
3.10. APYTIOHSH, T.K. KHTIPUSTH

Hucmumym ¢puzuonoauu um. JI. A. Opbenu HAH PA
Hnemumym monkoii opeanuueckou xumuu um. A.JI. Muoaxcosina HAH PA

OOcysxmaeTcsi BOIPOC NMPUMEHEHUS] MalbIX 103 Hoamerwnara 2—(IUMeETHII-
aMuHO) 3THI0BOro 3¢dupa N—(n—metoxcnbensomn)-DL—denunananuna y Kpsic B
HOpME M TIPH TeMHUCEKIMU CIIMHHOTO Mo3ra. [Tomy4yeHHbIe pe3ysibTaThl CBHAETENb-
CTBYIOT O MPOTEKTOpHOM 3¢ dekTe Manbix 103 ioxmermnara 2—(IUMETHIAMHUHO)
stunoBoro 3¢upa N—(n—merokcubenzomnn)-DL—dennnanannHa Ha BbI3BaHHYIO
SNIEKTPUYECKYI0 AKTHBHOCTbH OJMHOYHBIX MOTOHEHPOHOB BEHTPAJIBbHOTO poOra
CIIMHHOTO MO3ra KPBIC IPU TeMHUCEKIMU CIIMHHOTO MO3ra. Perucrpaiiys v aHajin3
BBI3BAHHOM AKTHBHOCTH OJWHOYHBIX MOTOHEHPOHOB CIIMHHOTO MO3ra IIPOBOJH-
JIMCH OCPEJICTBOM CHEIUATBHBIX KOMITBIOTEPHBIX IIPOTPaMM B pexuMe on-line.

Hoomemunam 2—(0umemunamuno) smunogozo sgpupa N —(n—memoxcubenzoun)—
DL—penunaranuna - MOMOHEUPOHbl - 6bI36AHHASL AKMUSHOCTb - CHUHHOU MO32 -
2eMucexkyust

SYjwy hbnwugnuunipinitbpnud ntunidtwuppyly b npdbphjun 2-(nhut-
wpjudhin) tphp N-(n-utwunpuhpkuqnhy)-DI-kupjwjmupup  tpbkph tinpp
nhnuswihbinh wqnkgnipniut wnubnbph npunintnh wnwtdht swpdwkpnt-
ubph hpwhpyws HEynpulwt winhynipjut hothnjunipjui ypu inpduwynud b
nnunintnh Jhuwhwndwd dudwbwl): Unwgws wpyniupubpp gnyg Gu
wnuhu npdtphjun 2- nhdtnhjudhun) tph) N—(n—Ukwnnpuhpkiqnhy)-DL-$t-
uhjwuuhth Epbph guwdp phnuyuthtp unnwugnn wnbbwnubph dnwn npunintnh
wnwtdht pwpdwlypnuubph hpwhpyws wljnhynipjub unnyq pupbjuynudp:
Nnunmintnh wpwbdht owpdwubkpnuubph LEjunpuljut winhynipiut qpui-
gnudp Juwnwpyb) ki on-line nkdhunud:

Bnnulppjunn 2- (phubnpjunlhin) Ephy N-(n-ukunpuppkiqnpy —
DIL-$Eapjuyylihlih Eplp - pupdwbbpnibkp - hpuhpyws wlnpyniyemnt i -
nphninky - jhuwhunnnid
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In these series of investigations the question of the use of less dosages of
iodmethylate 2—(dimethylamino) ethyl N—(n—metoxybenzoil)-DL—fenilalanyn ester
on rats in norm and with the hemisection of spinal cord is discussed. The obtained
results show the protective effect of less dosages of iodmethylate 2—(dimethylami-
no) ethyl N—(n—metoxybenzoil)-DL—fenilalanyn ester on evoked activity of single
spinal motoneurons of rats with the hemisection of spinal cord. The registration and
analysis of the evoked activity of single motoneurons of spinal cord of rats is done
using a special computer software on—line.

lodmethylate 2—(dimeylamino) ethyl N—(n—metoxybenzoil)-DL —
fenilalanyn — motoneurons - evoked activity - spinal cord - hemisection

W3BecTHO, 4YTO XONMHOBBIE 3(UPHI 3aCHyKHBAIOT CYLIECTBEHHOTO
BHUMaHHUS C TOYKH 3PCHUS OCOOCHHOCTEH WX CHUHTE3a M OHOJIOTHYECKOM
aktuBHOCTH [1]. CormacHo pe3ysbTaTaM HCCIEAOBAHUM MOCIEOHUX JET [3, 4, 5,
7], XOnWMHOBBIMH d(HUpaMU OCYIICCTBISICTCS PsA BaXHEHMMX (YHKIHHA B
OpraHu3Me YeJIOBEKa U JKUBOTHBIX, TaK KaK OHH IO CBOCH CTPYKTypE SIBISIOTCS
BelecTBaMH, OJM3KUMU K alleTHIIXOJIMHY. BMecTe ¢ TeM OTCYTCTBYIOT CBEICHHS
OTHOCHTEIHHO MPUMEHEHHSI MaJIbIX /103 3(UPOB XOJIMHA MPH CIIMHHOMO3TOBBIX
MTOBPEXKICHUSAX PA3IMIHON CTETICHU BBHIPAXKEHHOCTH M PE3yJLTAaTOB B MPOIECCE
pereHepanuy MOBPEXAEHHON 3pEoi HEPBHOW CUCTEMBl. B Hacrosileld craTbe
MIPEACTABICHbl PE3yJNbTAaThl HUCCICNOBAHUN, TMPOBEACHHBIX HA KpbICaX C
JeBOCTOpOHHEH narepanbHoil remucekimeit ([MC) CM, a Taxke UX TOAPOOHBIH
aHaNIM3, KacCaIOUIWICS BIUSHUS MaJlbIX 103 HoaMeTwiaaTa 2 — (IUMETUIAMUHO)
stunoBoro 3¢upa N — (n — merokcubenzomn) — DL — ¢enunanannna (JI2®) na
M3MCHECHHE DIICKTPHUECKONW AaKTUBHOCTH OJMHOYHBIX MOTOHEHpoHOB (MH)
criuHHOTO Mo3ra (CM).

Mamepuan u memoouxa. DKcriepuMeHTHI IpoBeeHbI Ha 30 GeNbIX Kpbicax
— camuax Maccoit 200-230 r, pa3nenéHHbIX Ha 3 3KCIepUMEHTaIbHbIE TPyHnbl: 1—1 —
10 5K3. — UHTaKTHBIC KUBOTHBIE; 2—51 — 10 9K3. — JKUBOTHBIE C JIEBOCTOPOHHEH J1aTepalib-
Hoit I'MC CM Ha ypoBHe T8-T9; 3—s1 — 10 3K3. — )KUBOTHBIE C JIEBOCTOPOHHEH Jare-
pansHoii TMC CM Ha ypoBre T8-T9, nonyudasmvie B TeueHue 2 Mec. uHbekuuu 00
(o3a — 50 MKI/KTI Macchl )KHBOTHOTO, K&KI0€ KHBOTHOE MHIUBHIYAJILHO) B MECTO ITOB-
pexxnenus CM. B oTBeT Ha pa3apakeHHe CelINIHOTO HEPBa MPOU3BOIMIN SKCTpaKIIe-
TOYHYIO PETHCTPAIlMIO BBI3BAHHOHM 3JNeKTpuueckoil aktumBHOCTH (BA) mamnoro MH.
OTBeneHue akTHBHOCTH HccienyeMblx MH mpoBoamny — CTEKISSHHBIMH - MHKPO-
ANIEKTPOJAMH C TUAMETPOM KOHUYMKa 2—3 MKM, 3anoidHeHHbIMU 2 M pactBopoM NaCl, B
JIOP30BEHTPAIIEHOM HANpAaBICHUH B CEPOM BEILECTBE IMEPEAHMX POTrOB MOSCHUYHOTO
ornena CM B obmactu MH (IX mmactina o Pekceny). Peructparmro BA oxnHOYHBIX
MH npoBoauian ¢ MOMOIIBIO CIEMUATBHO pa3padOTaHHOW MpOrpaMMbl, oOecrednBa-
oned B pexxume on-line celieKkIMio CHaikoB ITOCPEICTBOM aMIUIMTYIHOH JUCKpH-
MHHaIMH CHalKoB H MocjacayronmuMm MnoCTpOCHUEM KyMyJ'IHTPIBHOﬁ HMHyJ’IbCHOﬁ Jana-
rpaMMBbl Uil BBIOOpa HEoOXomuMoro pekuma 3anucd BA oxmnounoro MH. Anamus
MOJYYEHHBIX JJAHHBIX OCYLIECTBIISUIN 110 MTOPOOHO OMMCAHHOMY JITOPUTMY [2].

Pezynomamor u oécyncoenue. Ha puc. 1 mnpuBeneHbl NpUMeEpHI
KyMYJISATUBHBIX (pHc. 1, myHKTHI 1-3, a, 0) 1 CyMMHUpPOBaHHBIX (pHUC. 1, MyHKTHI
1-3, B) mpecTUMyNBHBIX M MOCTCTUMYJIBHBIX nuarpamm BA ommHOuHOTO MH
CM (rnybuna 1400 MKM) Yy MHTaKTHBIX JKHBOTHBIX (IIYHKT 1, a, 0, B); y KHBOT-
HBIX ¢ JIeBocTopoHHe natepansHoii [MC CM (rmy6una 1400 MkM, myHKT 2, a,
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SODEKTHI MAJIBIX JIO3 UOJMETUIIATA 2 — (IUMETUJIAMUAHO) STUJIOBOI'O S®UPA N — (N - METOKCUBEH30M) ...

0, B); Y JKMBOTHBIX C JIeBocTopoHHel natepanbHoii [MC CM, momyyaBmumx
Maneie 7036l JID® (50 MKI/Kr Macchl JKMBOTHOTO, KaXJ0€ JKHBOTHOE
WHIUBUIyallbHO) B TE€UCHHE 2 Mec. B MecTo noBpexnenus CM (rmybuna 1200
MKM, TIYHKT 3, a, 0, B).

al . 202 B 100

17 nen.

A T S S B |
0 Yucao munyascon Ao (1) 1 nocae (2) CTHMYANIN 10e
|1 T
o 1 LU 111 L
VIMOYAREH HOCAE CTHMYARIIN 500mc

Puc. 1. KymynsarusHble (a) 1 CyMMHPOBaHHBIE (B) IIPe — M TIOCTCTUMYJIbHBIC THAarPaMMBI
BHEKJICTOYHOW (DOHOBOM ¥ BBI3BAHHOW AKTHBHOCTH OJMHOYHOTO MOTOHEHpOHa (TiIyOuHA
1400 MKM) BEHTpaJbHOIO pora CIHMHHOTO MO3ra Kpelc B HopMme (puc. 1, myHkT | a, 6, B); onu-
HOYHOTO MOTOHeHpoHa (riay6una 1400 MKM) BEHTpPaJbHOI'O POra CIMHHOIO MO3ra KpBIC IPH
JICBOCTOPOHHEH JlaTepajbHOW TeMUCEKIIMU CIHMHHOTO Mosra (puc. 1, myHKT 2 a, 6, B) U oau-
HOYHOTO MOTOHe#poHa (TimyOuHa 1400 MKM) BEHTPAIFHOTO pOra CIMHHOTO MO3ra Y KpBIC,
MOJTy4YaBIIMX B TeYEHHE 2 MEC. €KCIHEBHO MHBEKIMN MaJIBIX J103 HoaMeTHiIaTa 2—(IMMeTHIaM1-
HO) oTmioBoro 3¢upa N—(n—mertoxcnOenzomn)-DL—deHmnanannHa B MeCTO ITOBPEKICHUS
(puc. 1, mynkr 3 a, 6, B). Ha “a”: opanHaTa — 4MCIIO MMITYyJIbCOB JIO M MOCJIE CTUMYJISLIMU HEpBa,
abcicca — BpeMsl PETUCTPAli UMITYJILCHOTO MoToka. Ha “0”: kapTHHA MMITYJIBCHOTO MOTOKA

e,

Hocje CTUMYJISIMK HepBa B M30paHHOM HHTepBaje BpeMeHu. Ha “B”: opanHaTa — NMpPOLEHT UM-
myJbCoB (B OMHAX) OT yKcIia npob, abcuucca — Mocie10BaTeIbHOCTh OMHOB

W3 npuBeaEHHOTO PUCYHKA CIIEAYET, YTO MOCIEACTBUS JIEBOCTOPOHHEH
natepansHoit 'MC CM mnposiBisrores B Buae ypexenus BA oannounoro MH
M0 CPaBHEHMIO C HOPMOW. AHANOTUYHBIN 3P (EKT XOpoIIo BUACH Ha KyMYJISTHB-
HOW TpecTUMYIbHON nuarpamme (puc. 1, MyHKT 2, a), T1e UMEET MECTO YMEHb-
LIEHUE YHCia UMITYJIbCOB B IIAYKE, U Ha MPECTUMYJIBHON YacTH CyMMUPOBaHHOM
(17 ucn.) nuarpammsl (puc. 1, MyHKT 2, B).
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B oTtHomenuun nocrctumysbHOoro oreera MH oueBUIHO Takxke ypexe-
HHE TMOCTCTUMYJIFHOTO BBI3BAHHOTO MMITYJLCHOTO MOTOKa (puc. 1, myHKT 2, 0).
[Tocne BBeaeHusa Manbix 103 JO® y kpbic ¢ reBocTopoHHEH narepanbHoit [MC
CM mnpoucxomuT pe3Koe ydalleHHe KakK MPECTUMYJIBHOW, TaK M MOCTCTHUMYJIb-
HOM akTuBHOCTH MH, compoBoaaronieecs UCUE3HOBEHUEM IMAYE€UHOW aKTHB-
HocTH (puc. 1, myHkT 3, a, 0, B) U mepexonsiiee B OJM3KYI0 K KapTuHe BA y
WHTAKTHBIX )KUBOTHBIX (pHcC. 1, myHKT 1, a, 0, B). [locienyrommuii aHanus npose-
INEHHBIX MCCIIENOBAaHUH CBUAETEIBCTBYET B IOJIB3Y TOTO, YTO B LIEJIOM HAOIIIO-
JlaeTCsl TOJNIOKUTENbHBIN 3 dekT oT npuMeHeHns: Manbix 103 19 npu opranu-
yeckux nospexaeHusx CM y Kpsic.

Janubie nutepaTypsl [6, 8, 9], a TakKe HACTOSIIET0 UCCIE0BAaHUS ICH-
crBus Manbix 103 JIO® rva BA ogmHounbix MH moBpexaéaroro CM KphIC 1103~
BOJIAIOT CHEeJaTh BBIBOA O NPOTEKTOPHOM JEHCTBUM Manblx 103 DD mpu
neBocTopoHHel naTepansHoit TMC CM.
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FAFUULUL NsUNFPULENh OgQSUanNrontuc
a3nruUSLSEUNHE3UL PLSELUPYUSUUL B4 RACUNFHB3UL
Ut 3U3uusuuntu acSuutuu2nNp orpuuund

N.3. 67N3UL, L.4. 6AN3UL

dwlwdnpp Iny. Pndwlywlh wiywl whnwlwl dwilwdwndwlwl plunpunnian,
pnLuwipwlnipyuwl ni wyfuwphwannipjwl b pdrluwghunnipywl wdphnllbn

Nuntilwuppytp &6 qbwnGwfuGdnph nbnulwb wnwniywghwbpp b
wpwnbpypw unpintip L hppppnbbp: Ywlp  thnpdwnpydbp G0 Iwjwunnwbh
wmuwpptp tYynpnghwlwb wwypdwbbEpnd (gynenunlbnbuwlwb 4 gnuinhGbpncd):
Uwynipjwlb pninp wibjwwmtbntpnid unwgdby b pwnpdp pbpp L YGph wun
Uhwynp: QGnGwfuGdnnpb oquwagnnédbp £ hwGpwpnidwpwlwihG  wwjdwa-
Gopnud wpwpwhunny hhjwlnlbph pniddwl hwdwnp L wwpqybp £ np
GUwunynud £ hhdwlnGbph wpywb dGy qpyniyngh pwlwynipjwl Gugnid L
Gpwhg YtOuniGwynipjwb pwpdpwgnil: GLnGwfubGdnpp Iwjwunwbh hwdwn
hwdwpnynid b wibklGwhbunbGuhy dwlwpngup, npp wpdtpwdnp wlwubwytn,
ulGbnwyht L wbhuOpywywb dwywpnyu tE: Unwowpyynid £ wyl GepnObp
gJntnuwnbunbiunipjwb vky, oqunwagnnpétiiny Gwbl npwbu YEGuwywnbhph hnuip
L Eyninghwywb Guwwinwybbpny: tinGwiuGdnph Gepnpnudng quipy Yupdp Gub
nhtwnhy uGGnwpmyniGwptpnipjwlbp: Ywnpbh £ Yugiwytpwt] Gwl $pniyinngh
L uyhpwnh wpunwnpnipnil:

Qlunbwifulidnn - Eynynghw - gnunwnhdwglyniG — hlnuy hG - nhwpbiin

W3yueHbl MecTHBIE TMOMYJSIOMU W 3apyOeXHBIE cOpTa M THOPHIBI
TONMMHaMOypa, KOTOPBIE UCIBITHIBATIMCH B Pa3HBIX 3KOJIOTHUECKHUX YCIOBHUIX
Apmennn (B 4 cellbCKOXO35MCTBEHHBIX 30HaX). Bo Bcex ombITax mosydeHs!
BBICOKHH ypo>Kaii ¥ OoJbliIasi KOpMOBasl €IMHHUIIA C TEKTapa.

TornmHamMOyp WCIONB30BAJICA JUIA JieYCHHUS OOJNBHBIX JHA0CTOM B
YCIIOBUSX MOJIMKIIMHUKHY, TaK KaK B KPOBU [lI/la6eTl/IKOB OH CHWXKACT COACPIKaHUEC
IJIIOKO3bI M YJIy4IlIaeT CaMO4yBCTBUE OONBHBIX. TonmmMHamOyp cuuraercs mis
ApMeHMM caMOW WHTEHCHBHOW TIMIIEBOM ¥ TEXHHYECKOW KYIBTYPOH.
[Ipemnaraercss BHEOPUT B MPOM3BOJACTBO Kak ChIPbE I  IOTydCHUS
OuOdHEpruy, a TAKKEe MCIIONB30BaTh B SKOJIOTMUECKUX LEMAX. BHexpenue
TOMMHaMOypa MOXET 3aJI0XKUTh OCHOBY [UIS TIPOM3BOZICTBA JIHETHYECKOTO
MIMTAHWS, @ TAKKE OpraHU3alH IPOU3BOACTBA (PPYKTO3BI U CIIHPTA.

Tonunambyp — 9Kon02Us1 — MOPO30CMOUKOCHb — UHYIIUH - Ouabem

In this article some considerations on the use of Jerusalem artichoke in Armenia are
presented. These cultured plants with various types and hybrids have been thoroughly
studied and put to the test under different ecological conditions (in 4 agricultural zones of
Armenia). As a result a heavy crop is registered. The Jerusalem artichoke has already been
used for the treatment of diabetes as a result of which glucose lowering and vitality
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rising among the examined patients became obvious. The Jerusalem artichoke is considered
the most intensive cultured plant, so it is offered to be inserted in the agriculture field as raw
materials as well as for ecological purposes. The Jerusalem artichoke application will also
stimulate the diet food industry and spirits production, which will surely allay financial
crisis consequences in the republic to some extent.

Jerusalem artichoke - ecology — frost—resistance - inulin - diabet

funphpnwihG Ywpqbpp thincqybpnig L pnijujwywl hwpwptGpnipynlGlt-
np GLwynpybiinig htiinn, hGswbu wpnyniOwpbpnepjw, wjlwbu £ gjninuinbunk-
untpjwl UG9 wbnh nubbgwl |nipe thnthnfunipyntGGbp, npnGg wprynilpnid
uyutighG &dLwynpdbp wpmynibGwpbpnipjwlb L gyninunbunbiuncpjwlb wjlwhuh
gjnintip, npnp hGGwé thG hhdGwywlnid nbnwywh hnwdph Jpw, hwyyh
wnOGny Gwl pniyuwjh wwhwOpwnyp:

Ndwpniepynibbtin untinéytighlG hwwnwwbu qyninunbunbuncpjwb plw-
qwywnnd Yuwwywé hnnh utithwlwlwGnphdwd, dwlwpnuutbph dwydwb L
fubwiph wpfuwwnwbpbbph dbpbGwjwgiwb, Jwebihph dtnpptpdwl L Jwwn
hwlqwiwbpbtph hGwn:

3nnp hwfuninG duny hwhdGbiny qjninwgnil, npn? 2nwwnnuywlnipjwl b
2w hwlquwdwbplbp hwyyh swnbbine nu thnpdh wwlwuh wpryncGpncd, thnpphy
hnnwywnnpbp  unwlwing  gjninughlt nupéwy  ubthwlwlwnbp,  pwyg
squpnnuigwy tpwlwpnyubph gulph b fuGwdph wfuwnwbpbtpp dGpttwjwglby
tnwppbip wwwndwrGbpny (hnpphy hnnuyunnp, dtpbGwjwgdwb dhGh dtpbGwtphp
pwgwluwynipintl) L nph wprynipnid 0hGske dtipdbpwhG nlnbuncpntbbph L
gninughwywb  YnbywhyGbpp  unbnénidp, pnyubph Opwydwld  wdpnno
wpfuwwinwlpp Ywwwnynd Ep dGepny: Uh wpp dwpgbipnid  Ypdwinytighl
wywlnwywb dwywpnyutiph gwlpwwnwpwdénipyntbltpp, npnbp dinwhnghs GO L
wwhwwOynd GG 6hGs opu: Wu wnenuwing twywb Gowlwynipjnth nlGbguwy
dtpdtpwihb nGunbuncpyntGbtiph Yuwgdwybpwndp, npnGp wyth wprynibwytiun GG
wpfuwwnned hwinyuwwbu wiwubwwwhnepjub plwquywnniy:

Swjwunnwlp pwg [wpnpwwnnphw £ GpyGeh wwly, npwntn gnpénid |
ninnwhwjwg gnunhwlywlnipjnilGp: Onydh dwlywpnwyph GUwwmdwdp  pwpdpnt-
pjwl htGwn thnfugnid GG Ywlwpnyubiph Yuenigqwépp™ hnnp, onipp, pnijup,
YGanwha, GnyGhuy dwpnp [3]:

Pninp dwiwbwybbph hwdwp Ywpbnp fulnhp £ qjninuunGunbunipjwb
hGunGGuhdhlwgnidp, npp hGwpwynpnepynih £ vwihu dhwynp hnnuwnwpwé-
phg unwlw wybh 2w Bywdnun [12]: Wuwnbn ninpGbpp 2wwn GG uluwoé
Gowywpniyutiph wgpnunbiuGhYwih Yuwwmwnpbiwagnpédnidhg dhbsl Gnp pppwwnnt
hdntG unpuintiph GEpnpnudp L gyninunbGunbuwywb Swywpngubph dGowydwb
nbfuGninghwbbph  Ywwwpbiwqgnpéndp, fubwdph, hhwbnnigjniGGtiph,
JOwuwwnniGbph nGd wwjpwph, wfuwnwbpbtph dGpGOwjwgnidp, dawlyw-
pnijubiph ywpwpunwgniip:

Uju wnbiuvwybtinhg Ywplbnp £ Owb pniuwlwb nbuncpulbiph rwghnbwg
oqunwagnnpéntdp, Gnp hGunkGuhy Bwlwpnyutiph Gepnpnudp:

Swyyh wnbbny dhowqgquihl ghnwlwb ntuncdGwuppnigynlGGbph wnlw
Oyneplipp, qGwhwwnbing gyninwnlbunbuncpynilnid  unbnéywsd  hpwyhdwyn,
Gpw wpryntGwybnnipjwb pwpdpwgiwl hpwiwywywb whhpwdtwnnipjnilp L
dtp ppwlwb hGwpwdnpnepyntGGbpp, nwuncdGwuphpdwl opjtywnn bpgptighlp
qtwnlwfubGénpn [6,8,9,13,16]:

QtuinGwhubGdnph (Heliantus tuberosus L.) hwjptlbhpp 3yntuhuwyhb
Udtppywa t: Gdpnwuwynid ulubp b dwydbp XVI, MniuwuwnwOnid XV
nwptiphg, huy Iwjwunwbnd qbnbwpubdnpp uppnnuywb Guwnwybbpny (ng
wpryntbwpbpwwb Gwbwynpywb) dowyyned £ wbhpoGih dwdwbwybbphg:
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Ujuop b Fwjwunwbh wnwGdhb dwpgbpnud wwhwwGynid GG qbinOw-
fuGdnph nwppbp nbnwywb wynwniywghwbn:

QLunGwfubGdnpp gJninunbunbunipgyniGnud GepnGGnt hwdwp dwdwOwyhb
npyb] 60 hwiwwwwnwufuwb hwbdbwpwpwywbGtp: CanniGytp £ «SnwyhlGwd-
pnip»  Spwghp (1999 p.): Uwlwyh dphGs opu dGp Gpypnid dnnndpnwywa
Ywplnp Gulwynepynil nibGbgnn wju dwwpnijup niwnpnepyntbhg nnpu £ b
wyb (hnyhG sh ntuncdGwuhpybi:

Swywinbp £, np hwiwfuwphwihlG tpypwanpénipjwb Oy qbinnGwfubGénpp
gpwnbglnid k 2nipe 2,5 dhhnG hGyunwn nwpwép [3,5]:

Shwynypwwnp dwiwlwyhl wub b «UGnLGnp wbwnp £ |hGh nbin, huy nbnp
ulniln»: Uw wuygwé t qghinbwfuGdnph hwidwn:

Pwny hyntpp oquwagnpéyned £ unwinpuh ppdwjlnipynilp Gwgbglbint
hwdwp, wypngplbph dwiwbwy: Ywpgwynpnid t dwpunnnepyniln, Guuwuwnntd
L pnudnud b wynthwpunphunp: Ypwlwb £ wgnnid uhpinnwbnpuwihG hwidwlwngh
ypw, ogunwlwn L wpbtipnuytipngh, hwiwjuwupunnipjwl  (mwfuhlwpnhw),
upwinh hatidhy hhqwlnnipjwl, hhwbpunGhwih, gwpnh dh wpp hhywbnnt-
pjnLGGGph hwiwn: 4GnGwiuGdnpp oqlnud £ dhqupwpuwihG hhywlnnipjwa,
uwlwywpninepjwl, wnuwjht YninwynudbGbph, Swpwywywpowb nGd: o
hotiglnwd £ qiniyngh pwlwynip)ntGh wpjwh vbe, pwnpdpwglnid E hdngnphlh
pwlwyp, hotiglnud t qupybpwyuwyhG dGynudp: Ypwywld £ wagnnd Glhpw-
utnwinpuwjhb qtindh Gnpdwy qnpénLlbnipjwl Yypw: Odnywéd E hwlwwnnpuhly
hwwnynipynLbGbtipny, opqwGhqihg nnipu £ pbpnud whp dGwnwnGBpp, nwnhn-
wyuwhy EeaGGnGEpp, pnyltpp, nwnhnGnuyhnbtpp, funGuntphGh wydbigniyp:
Lpw  wwjwnplGtpp hnnhg GOhwnpwunbbph  gqbipyninnwynid 366 Juwnwpnid,
Yrwbdwsbtbnh £ wpwag ybpwihnfunid £ wbybwu dhwgnepyniGGbph, npnbGghg
uhGpbqnid G0 whthnfuwphGGih wdhGwppniObp, YGuwpwlwlywb wynhy Gyne-
pbip: AtnOwfubGénph wwiwpbbpp ub G s60 WwpnLGwyney, pwjg Gwywuwnnid GG
utilGGh Ywbdwbp, npny fungplnnunygnid £ opqulhqdnid swpnpwly gnjugnt-
pjnLGbtph wnwewgnidp [1,2,3,5,6,16,17]:

QtuinGwhubGénpp wlwwjiwld wbwnp Lt dnglhp dwpnne Ypwpwdbh
(nwghnbh) vby [8,9,12,15,171:

Utp nwuntdOwuppnepjwb gnpdtwywb n wnbuwlwl GowGwynipynilp L
wnpnhwwbnepyntGb wylb £, np 0hGsk wydd ghnbwlwbGGpp, qyninuunbunb-
untpjwl plwqwywnh wfuwwnnnbbpp wyu Y2wlwpniuhl hwdbGdwwnwpwn phs
GO wlnpwnuwnéb: 3GnhGwyGbphg dayh nGYwywnpnipjwip, Uwphlywbh L
Gtynjwbh hGwn  dhwuhG thnpéb] GGp hhdGnghG wpdlnpbp qbunGwhuGdnpp
npwtu Iwjwunwbh Iwlpwwbinnipjwl hwdwp hGrwOyuwpwihG wpdtpwynn
hGuntGGuhy vwlwpntju [3]:

Ump L OGpnp:  Ninnwdhg gnunhwlwlnipjwl  wwydwGGbpnid  wiwpptip
gninunlunbuwywb gnunpGGpnid 1990-2006 pp. pOpwgpnid nuncdlwuhptp GOp
mbnwywba oh wpp wnwnigwghwlbp, Uwjynwhg L Nypwhbwihg GGpdnieywé
ubilyghnlG unpunbip L hhpphnbtp: SdbGp GGp nuntdbwuhpwd  wnwniywghwGph,
wnwGdhG unpuinbiph nu hhpphnbtph pniuwpwOwlwb Gupwagpnepynilbp, YeGuwtynpn-
ghwywl wddwl L qupqugiwl nhGwdhywh, huy dnwu hGnhGwyp™ tGnnyphbning
L. 6nnyulbp, wwpwpbbpl oquwqgnpéb L oquwgnpdnid £ wpwywhy pdynipjwb dby,
nwny npwbp 2wpwnpwfunny hhjwbnbtph:

QbinlOwfuGdnph Ywlydwl dwiwlwy gwlph dwdiybwnp whwnp £ hwpdwpbglb
nwp Juyph wyl dwdwlwyhb, Gpp wwiwplbph wnGyowl funpnegjnlGnud hnnh
pipdwuwnpswip 5-6° £, hul wybih wpwag &6t nbwpny” 8-10° t: Uwiinnwy Shibpp
nhowGnid 66 quplwh -3-4° gpnpG, huy wGwlp pngup nhdwGned £ -5-6° gpuinhG
[3,6,10]: Mwjwnltpp hnnnud nhdwlnud GG -35-40° gnunh nbwpnid ywhwwlnud GG
6 nLbwynepynibn:
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Npwbu ubpiwlnp ybpgptp GOp 30-50 q quwlqqwény wuwiwplbp, by
htywnwnphG 18-20 g, gwlp Ywwnwnpb| GGp 60-70 ud dhewpwjhG L 50-60 ud dhpplw)hh
mwpwénitpjwip: Nwjwnpbbph wnlynwip L gwlpp Ywwnwpb GOp YJupunndhiwgw
wnpwgwlny L dbnpny’ jnipwpwbsynip plnid gwlbiny 2 wwiwp: Opnwip wnbnud k
12-25 op: Gpp 6hiiph pwpdpnipynilp hwubp £ 13-15 ud, Ywuwwpbp GOop wnwehl
pwnhw( thfuptignid™ 8-10 ud funpnipjwip: Gpypnpn thfupbignudp  Ywwnwpbp GOp
wnwohlhg 3 wpwp htwnn, huy Gpp gnnnibGbph pwpépnipjnilp hwubp £ 25-30 uy,
Jwuwuwpt GOp pneyhg: bwlws qubqwéh ptippwhwywpp Ywwnwnpb Glp wnwehb pney|
gninbphg htwn, huy wwiwpGtpp hwjwpt] funp wbwlp (Ywpbih £ hwjwpt] Gub
qunOwap) [3,6]:

33 tynpnghwywl wnwppbp wwjdwbbbpnd nuncdbwuhptp Glp qbnbGwiuGanph
12-pg wybith unpwntip L hhppphnbtp, wbnwfudpbp, ywpgbp Gpwlg wah L qupqugiw
nhOwihywb: NeuncdOwuppb G0p Gwb 3wjwutnwbnid wann npn wynwniywghwbin:

Stnwywl  wnwnigwghwlbpp  hwdwpt] Llp wdw] wnwpwdéph wwppbp
inbinwnpniiGtphg: Swynizh dwpgnid gbnGwiuGdnph wnwniygwghwlbpp wlihwibdwn
2w 60T hwwnywuwbu CwiwnhbGh (Ywpdhph L Lwyniph gyninuywl hwdw)Gpltn),
holuwlh (Unnwbh L Uswoph qyninuywl hwdw)lpltin) L LnGdptpwbh wwpwéw-
2nowlbbpnud (PGpnwywOh L 2inpbuwbh  gyninuiub  hwiow)Gpltp), hOoswbu Gwl
Qniqupph nwpwéwpowlh Cwhnidjwbh L LGpdnGuningh gyninuiub hwiw)Gpbbpned:
Qtinwppntbhph dwpghg nbnwywl wnwniywghwlbp GYwpwagnyt] L niuntdGuuppyb
G0 Upwulnubiuyh 2powlbh QLwnhyh gyninuywl hwdwjlpnid: Uju pninp wnwnipyw-
ghwltpp nwuniiGwuhptp GOp Gplwlh pniuwpwlwlywl wigne nwpwdépnid, npunbin
gwlpp Ywwwpb| GOp wlwbp: Stnwlwl wnwniywghwbbpp ncuncdbwupnb) GGp snpu
gnunhbbpnid Lu:

UpryniGplbn L pGawnplnid: NiunidGwuhpnepyntGlGbphg wwpayby E, np
wnwldht wnwpwéwypowlltphg dJbpgpdwéd wwjwnplbpp wwpptbpyt) GO
$tlndwgbiph wnbnnnipjwdp, wjuwnbin wwjwnpltph 6ntihg GhGsk hujwywh
nbplGtph wnwowgnidp wbb) £ Guqugnybp 9 (Thihowbh pniuwpwlwywb
wjgh), wnwybjwagnrGp® 24 op (Ontdwbywbh 2npwbh qjnin GGnn): 8nnnubGGph
wnwowgntip hwiwwwwnwufuwbwpwn 21 (Yhhowbh pniuwpwGuwlywb wygh) b
34 op (Lnjtdptpywbh 2ppwlh Anptwbh hwdwylp): UnynGwywintdp 6 dwh
ulgphg wnwybiwagnbp wnbby £ 176, huly GuquagneyGp 159 on: 2Qwbqywéwyihl
Swnynuip wnwppbp wnwnigwghwlbph dnn nmwwnwGynid £ 181-194 opdw
uwhdwObtpnid: Uju ophGwswithnipynilp Ynyayned £ dynu gninpGepned:

Swpyh  weGbind  wl  hwOqwdwbpp, np  wnbnuywb  pninp
wnwniywghwtpp hptibg hhdlGwlwh gnigwbhybbpny ghebip GO GGpdnLéwé
unpinbtiphG L hhpphnbtphG, npwGg nyuibbpp sklp  pbpnud: Q0wywd wyh
Junéhphb tGp, np wjn wnwniywghwltnpp npnawlh htitnwppppnepnil upnn
GG OGpYuwywglt) qGnGwiuGdnph ub Gyghw)h hwdwp:

QtunGwpubGdnph  pnyubph  pwpépnipintlp  npnwyhnptb  wwppbp
wwjdwbwynpywd wabjwdwynpny (wn. 1):

hGswbu Gplnid £ wryniuwyhg, pnyubiph pwpépnepynbp tnwnwbyned k
180-340 ud-h uwhdwbbtpnid: Swpptip G0 wGplGGph 0G6nLp)nLGGENp Lw:

UGp nuunudGuuppnepyncGGbpnid npnpwyp wnbuwwb L gnpéGuywa
htGunwppppnepynth GG GGpYwywglned 33 4 gnuinphGGpnud qbinGuifuGdnph twp-
ptipn unpnbph no hhpphnGGph  pnyutiph pwpépnipjwl hbn Owb YwbOws
qulgwdéh L wwiwnplbtph pbppwnynipjwlb gnigwbhaGtpp: UGGhuwphdhwywh
L dh 2wpp wy gnigwOh0G6phb nyjw w2fuwwnnipnilGnd Guwnwwhwpdwn
s60p hwiwpnd wlnpwnwrlw:
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SYwbtph  hwydwuwhnepnilp  hhdGwynpywéd GG dwpbdwwnhlywlywb
wlwihgny, npnadb) £ dhohl pwnwyniuwihG 2tinnudp b nnipu £ pbipdtp thnpéh
G2wnipniln:

Ujuwhuny, qbinbwfubGénphg unwgynid £ Ywlws qubqush 340-672,
huy wwjwph 160-392 g/hw pbpp, npp Gpt YGpwétlp YGph dhwynpp
hwiwwwwnwufuwlwpwp  Yywaqih 11488 L 24410 Ubph dhwynp dkY
hGywnmwnphg:  dGnlwpuGdnpp  Ywpbh t oquwagnpétp npwbu  ulniln,
wlwulwytbp, hGswbu Gul nbuGhyuwlywb Guwnwybbpny:

Uryniuwy 1. @GnGwfubGdnph wnwpptip unpintiph L hhpphnGGph pnyubph
pwnépnipjntlp, Ywlws qubqwéh nt wwjwnbbph pipph GJuquagnyG
L wnwybiwagnyb nyjwGbpp (1990-2000 pp.)

Pnyubipph Lwlws qubgywéh Muwwpbbph pbppep,
Ustwdwnp pwpdnnip)nibp, ud ptippp, g/hw g/hw
Ljwqu- Unwybijw- Lywquw- | Unwydbiw- | LYwqw- | Unwybjw-
qn)l qniyl qnyyl qnl qn)l qn)l
GpluwG (UJwa) 180 308 340 640 162 391
Lnjtdptnyw
™ 1 200 340 381 635 160 392
dwlwjwb
Jwlwdnph
prLULL- 180 308 381 640 167 392
pwlwywab
wjgh
3wa
hwtgwrjj[?p 220 310 405 672 198 381
(UwpuniGh)

QtiinGuwfubGénphg Ywnbih £ dwpnne hwiwp npwtiu ulneln ywwnpwunbp
Glhwé qbinbwiubdnp, Ywpny qbwnbGwiuGdnp, dphyh Gnwlwyny nwwwyws,
untdil, Ywpbih t wyl nwwwyty dynd, wwnpwunbp fuwdhwn, wnghngn,
unynpwlwbl bGnwlwyny wwwwyb, wwwpwuwnbp shwu, nhGwnhly unipg,
unwbw wynep [1,2]:

dwlwdénnph phy 1 hwlpwpnidwpwbned thnpdtip G0 wpybp gnGwfubGdnph
wwwnbbpb oquwgnpéti| wpwnpwfunny hhdwOnlGtph pneddwb hwdwp:

Wn hhqwlnGtphG funphnipn £ wnpdb]p ogunwgnpétp pwnd L ppnt npwé
wwiwnbtp, pwpd wwiwplbphg unwgdwdé hjnepp: Uju Gpyne nbwpnid
hhdwbnGGph dnun Gwwndb| £ npulywh wnbnwwnpd: Un dhinnudp wwhwwOyb) £
Guwl, Gpp hhqwOnObpG oqunwgnnét GO ppnt npwdéd wwiwpbbp L pwnpd wyynipk:
Wu swlwwwphny hpywOnbtph wpjwb dbp qpyniyngh pwlwyp wwlwub)
1,5-4 %:

Fninp nGwptpnud GYwwndbp £ wpwb 3G qyniyngh pwlwyh hotignid L
hhdwnGbph YGGuniGwynipjwl pwpdpwgnty:

Cuwpuwpwfunny wwn hhwlnlbbp qbunbGwpuGdnpp dwngpbp GG phptlg
YGpwpwdbnLd:

Ujuwhuny, qbinbwfuGdnpp npwtiu wpdtipwynp wlwubwytin, uGlnwjha L
nbuthywywb  Swlwpnyu  wewowplyynd £ dwinglbp Swywuwnwbh
gntnwwnbwnbunipjwb b9, npwbtiu whthnfuwphGbih L hGuGGuhy dwlwpniu:
Uja Ywpbp t oginwgnpétp Gub npwtiu YaGuwdwnebihph hnwip L Eyninghwywd
Gwwuwwybbpny [3,4,14,16,17]:
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QGwnGwfudnph GGpnpnudnyd qupy Yupgh Gul nhbnhy uGnwipbippltiph
wpuwnpnipjwlp, npp GnyGutu Gnpnyp £ 3wjwuwnmwbh hwdwn: COnwyGiwh
nbGwpntd Yuptih £t wpunwnpt) Gwb $pncynng, hnehb L uyhpunn [4,5,13], npny
Yuinbnéybl Gnp wpfuwwnwwmtintp, npp L Yoéwnwih Gwl wnpwwnipjw
yGpwgdwlp hwuinywwbiu $hlwluwlwb dqhwdwih wyu dwudwbwyniy:

Wu pninph hhdpny dbp Ynndhg dpwydbp £ GGpnpdwl pniybn no
GGpywjwgyt] ywunwb dwpdhGGGphb wyb GGpnbGGne hwdwp:

10.
11.
12.
13.

14.
15.
16.

17.

aruwuunt@3ntu

Uypplywl( Ud., Jwhynpywl U3, Iwjwunwbh YGGuwp. hwlnbu, 54, 1-2, tp
115-119, 2002.

Uynpplyw( UA., Jwlhnppwl U.3. 77 UU IwjwunwOh Yabuwp. hwlnbu, 54, 1-
2, tp 120-124, 2002.

Gnmywl N.3., Uynplywl U.dA., CGhynywl 3.7 AbnlGwunwbé (AbinGwhuGanp), 33
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COMPUTATIONAL MODELING OF TWO-ENZYME CHAIN IN
PRESENCE OF A NON-COMPETITIVE INHIBITOR AND WITH
ISOLATED AND COM IELNEZ)%IVINEI'SIT:RACTI ON BETWEEN

A.G.TAKGYOZYAN
Yerevan State University, E-mail: armen_takgyozyan@yahoo.com

The paper investigates the kinetics of two-enzyme reaction chain both with isolated
behaviour and complex interaction between the enzymes, in presence of a non-
competitive inhibitor. The comparative analysis of concentration changes of different
parameters is presented. The simulation was implemented based on the two models
constructed within the Stella Dynamic Modelling Package. The models are tested using
the same values of initial concentrations for the substrate, enzymes and the inhibitor.
The outcomes present several valuable conclusions on the behaviour of the non-
competitive inhibitor of isolated and complex interaction of enzymes.

Enzyme — non-competitive inhibitor — complex interaction of enzymes

Ushmwwnwpnid  nuunmdbwuhpynud £ Gpydbpdbinughtt  nhwljghugh
onpuyh  Yhuknhwb, $bpdbuntubph  dEjniuwugws b Yndubkpuught
thnpwugpbgni-pyutt wuydwbibpnd,  ny  dpgulguyht puhhphwuinph
wnjuynipjudp: Ywwnwp-yk £ nwuppbp qupudbnpbph Ynugkinpughwubtph
thnthnpudw hudbdwnw-jut ytpnidnipnii: Zudwljupgswyhty
Unphjuynpnudp ppuljubug]ly b Stella nhtwdhly dnphjuynpuiwt hupbpny:
Unnljubpp thnpdwpldty B unipunpw-nh, $ipdkuntbph b huthhphwnnputph
dhliingt  ulqpwlut  wpdbpubph  UbkpUnisdwdp:  Ukphuyugdl;  Gu
dEpdkunbph  Yndypkpuughtt thnjuwqpbgni-pput wnunipjuit b
puguljumpjut  nhuyptpnud  ny Upgwhguyhtt - huhhph-iinph - Juppp
punipwqpnn Uh pwtth Eqpujugnipniutibp:

BEpdtinn — ns Upguliguyhl pabpphung - YEpdtiwnbkph
iy bpuuypll thnpnugnlbgnipnti

PaGora mocBsiieHa HCCIIENOBAaHUIO KHHETHKM JABYX(EpPMEHTHOH LenHu B
NPUCYTCTBUM M OTCYTCTBUHM KOMIUIEKCHOTO B3aUMOJEHCTBUS (EPMEHTOB M B
NPHUCYTCTBUH HEKOHKYPEHTHOro MHrHOuTOpa. IIpeacTaBneHo CpaBHUTENBHBIN aHAIN3
KOHIICHpAIMY Pa3HBIX MapaMeTpoB. KoMIroTepHOe MOZIEMPOBAaHUE OCYIIECTBICHO C
MOMOLII0 TaKeTa JUHAMHMYECKOro MojenupoBaHusi Stella. IlocTpoeHHBIe MoOAENH
anpoOMpOBaHbI BBEICHNEM OMHAKOBBIX HauaIbHBIX 3HAYEHUH cyOcTpaTa, (epMEHTOB
u uHruburopa. CpaBHUTENBHBIH aHAIM3 PE3YJBTATOB IPUBET K DALY BBIBOAOB
OTHOCHTEJIGHO KHHETHKH HEKOHKYPEHTHOTO HWHTHOMPOBAaHWS B IIPUCYTCTBHU U
OTCYTCTBHHM KOMILIEKCHOTO B3aUMOJEHCTBHUS (DePMEHTOB.

DepmeHm — HEKOHKYDEHMHbIIL UHSUOUMOD — KOMNIIEKCHOE 83AUMOOCUCMEUs]
Gepmenmos
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INTRODUCTION

Classical theory of MichadlisMenten: According to the classical theory of
Michaelis-Menten, the enzymatic reaction can be presented as a combination of two
parallel reactions.

S+E__ES ES™ "P+E

b

where S is the free concentration of substrate, E is the free concentration of
enzyme, ES is the concentration of enzyme-substrate complex, P is the product
concentration, K1, K3 and K2, K4 are rate constants for forward and backward
reactions respectively [1]. The Michaelis-Menten equation is valid when reaction is
in stationary or equilibrium state. In this case the rate of the formation of ES
complex equals to the rate of its destruction, i.e. in each instant moment of time the
ES concentration is constant. Thus, the Michaelis-Menten equation binds the initial
reaction rate VO, maximum reaction rate VMAX and the initial concentration of
substrate S.

*[S]1+K,,
The initial reaction rate is defined as the rate of ES complex destruction and
equals to

V, = K;[ES]
KM is the Michaelis constant and is equal to
K, - K, +K,
K,

The physical meaning of KM is that it equals to the substrate concentration
when reaction's initial rate is equal to the half of maximum rate (VO=VMAX/2). The
kinetics of multi-enzyme systems and systems with different inhibitors is based on
the theory of Michaelis-Menten. It also works for each reaction within the enzymatic
chains both with isolated enzymes and enzymes in complex interactions.

Non-competitive inhibition: The presence of this type of inhibitor in the
enzymatic system does not affect the dissociation constant of the enzyme-substrate
complex, instead the maximal reaction rate is reduced [1]. The inhibition that takes
place shows that the inhibitor binds to the enzyme, and the stability of the
dissociation constant of the enzyme-substrate complex is because the inhibitor and
the substrate bind to different structural units of the enzyme. For the non-
competitive inhibition it can be theoretically assumed that the enzyme’s catalytic
and binding centres are not the same. In this case binding to the catalytic centre the
inhibitor reduces the enzyme’s activity, but does not influence on the formation of
the enzyme-substrate complex. It is also possible that the catalytic and binding
centres of the enzyme are located in the same place and the inhibitor binds to
another structural unit of the enzyme, which changes the latter’s conformation and
makes it difficult to fulfil the catalytic reaction. For the complete non-competitive
reaction the following elementary reactions can be assumed:
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where ESI is the concentration of the enzyme-substrate-inhibitor complex.

Complex interaction of enzymes: Summarizing several definitions from
literature [4,5] it can be stated that enzymes interact in a complex when the
activity of one enzyme influences the kinetic parameters of the end product
formed by another enzyme in the chain. Thus, complex interactions of enzymes
make it impossible to consider them as independent catalysers [5]. There are
several types of enzyme-enzyme complex interactions discussed in literature.
One of the most common types is called “group transferring chains” [6]. In these
structures individual preferential transfer of metabolites occurs from one enzyme
of the complex to the other. This phenomenon of transfer is called “metabolic
channelling” and is well described in literature [7]. The advantages and
disadvantages of the phenomenon are stated in detail in J.Ovadi’s work [6],
where metabolic channelling is considered as the primary mechanism of
enzymes organization.

In the sequential chains of reactions metabolic channelling is represented
by preferential transfer of the end-product of one enzymatic reaction to the other
enzyme to serve as the substrate of the latter, without interaction with the
solution in between [6]. In other words, the molecule of the intermediate product
immediately interacts with the next enzyme, and does not add to the
concentration of the product itself. Thus, it can be stated that the channelling of
metabolites occurs throughout the chain when the step of release of the
intermediate product’s molecule is skipped [8]. This occurs due to several
reasons from which the most important are the ability of complex interaction of
participating enzymes and considerable concentration of the intermediate
product at the same moment [2, 9].

In case of complex interaction of enzymes in the multi-enzymatic system,
the influence of one enzyme on the other is characterised by the global and local
parameters of metabolic control analysis [3]. The complex interaction of
enzymes can be characterized by following the equation through introduction of
an elasticity parameter (denoted as €):

, Olnv
Ep =
" OlnE,
where v is the local rate of the enzymatic reaction, £; is the concentration of

the i" enzyme. The complex interaction of enzymes is characterized by two
equations, i.e. the first enzyme’s influence on the second’s activity and vice versa.

h

Materials. Simulation of enzymatic chains was organized by STELLA dynamic
modeling package [10], where the kinetics of enzymatic reactions is presented by
differential equations. The following two models were constructed within the Stella
package: (1) isolated two-enzyme chain plus non-competitive inhibitor, (2) two-
enzyme chain with complex interaction between enzymes plus non-competitive
inhibitor.
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Simulation of the models is closely connected with true understanding of an idea
of time. Usually the duration of the actual biological reaction does not correspond with
the simulation time of the model. Thus, introduction of the notion of “conventional
time” becomes necessary for detailed description of the model's steps during the
simulation. Simulations were done for 4000 conventional time units. Prior simulation
of the constructed models selection of a mathematical method for calculation was
implemented. As no high variation of any parameter was expected, the Euler method of
integration was used. Initial values of parameters are presented in the Tab. 1 below.

Table 1. Initial values of different parameters for simulation of the constructed models (K1, K3,
K5,K7,K9, K10, K11, K12, K13, K14 are rate constants of forward reactions, and K2, K4 K6,
K8, K10 are rate constants for backward reactions).

Unit of Reactions in the chain
Parameter

mesurement first second
Substrate concentration 100 -
Enzyme concentration mmol 10 15
Inhibitor concentration 15 -
K1 local rate coefficient 0.0005
K2 local rate coefficient 0.0006
K3 local rate coefficient 0.05
K4 local rate coefficient 0.013
K5 local rate coefficient 0.0006
K6 local rate coefficient 0.0007

K7 local rate coefficient (sec* mmol)-1 0.07
K8 local rate coefficient 0.014
K9 local rate coefficient 0.005
K10 local rate coefficient 0.0006
K11 local rate coefficient 0.0001
K12 local rate coefficient 0.00008
K13 local rate coefficient 0.0001
K14 local rate coefficient 0.00008

Results and discussion. In two enzyme chain, in case of absence of
complex interaction between enzymes, concentration of the first reaction product
increases until the 200" conventional time unit, and reaches the value of local
maximum. Then it decreases until the 1200™ conventional time unit. This can be
explained by accumulation of the concentration of the first reaction product
(which serves as a substrate for second reaction enzyme) before 200"
conventional time unit. After the 1200™ conventional time unit concentration of
first reaction product starts increasing slowly. At the end of observed time period
it accepts value of 4.26 mmol. (Fig. 1).

After the 400" conventional time unit, the concentration of product of
the first reaction shows sharp fluctuations, which is a result of competition
between enzymes. One can notice that those sharp fluctuations in concentration
of the first product appear in specific time period and disappear when there is
considerable accumulation of product concentration, which breaks competition
between enzymes by transferring main course of chain from one enzyme to
another. At the end of observed time period in case of complex interaction
between enzymes the concentration of the first reaction is more than in case of
isolated enzymes for 23%.
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Fig. 1. Dynamics of the first reaction product concentration change, with presence
of a non-competitive inhibitor in case of isolated (P1 I) and complex
interaction (P1 II) between enzymes.

It is interesting to notice that in case of complex interaction of enzymes,
sharp variations in dynamics of the first reaction products concentration are
corresponding in that conventional units of time, when concentrations of first
reaction enzyme and first reaction enzyme-substrate complex are approximately
equal to each other (400™ and 2800™ conventional time units) (Fig. 2).
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Fig. 2. Dynamics of the first reaction enzyme (E1) and enzyme-substrate complex (E1S)
concentrations change, with presence of a non-competitive inhibitor in case of complex
interaction between enzymes.

In case of complex interaction of enzymes, concentration of product of the
second reaction increases faster than in case of isolated enzymes. There are
sharp variations in dynamics of the second product concentration change, which
is a result of sharp variations of first reaction product concentration (Fig. 3).
Similar to first reaction products, product of second reaction in case of complex
interaction of enzymes, is more than in case of isolated enzymes approximately
for 23%.
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Fig. 3. Dynamics of the second reaction product concentration change, with presence of a non-
competitive inhibitor in case of isolated (P1 I) and complex interaction (P1 II) between enzymes

As it shown in figure 4, change dynamics of concentration of inhibitor,
in presence and absence of complex interaction between enzymes is
approximately the same. In both cases, until 300" conventional time unit it
sharply decreases by accepting 6,25 mmol. value of concentration, then
increases to approximately 7 mmol. and remains constant until the end of
observed time period.

In fact, complex interaction of enzymes brings to addition of end
product of the system, but it not affects to dynamics of inhibitor concentration
change, i.e. it directly affects to efficiency of enzyme’s functioning.
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Fig. 4. Dynamics of inhibitor concentration change, with presence of a non-competitive inhibitor
and within isolated and complex interaction between enzymes.

CONCLUSIONS

Based on the analysis and comparison of simulation data of computational
models the following conclusions were done for the case of two-enzyme reaction
chain:
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in case of presence of a non-competitive inhibitor, the complex
interaction of enzymes results to the addition of concentrations of
products;

the presence of complex interaction of enzymes does not affect to
change dynamics of concentration of inhibitor.

the presence of complex interaction of enzymes makes sharp
variations in concentrations of products due to competition between
two enzymes.
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YPOBEHb CEPOTOHMHA B PA3JIMYHBIX OTAEJIAX
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HccnenoBanus  CEpOTOHMHOBOM  CHCTEMBI  TPH  SKCIEPHMEHTAIBHOM
TPUXHUHEIUIE3e KPbIC OOHAPY)KMBAIOT 3HAYMTEIbHBIC W3MEHEHUs B KOHICHTPALH
CEpOTOHUHA B Pa3IMYHBIX OTAEIAX TOJOBHOIO MO3ra 3apa)KCHHBIX JKHUBOTHBIX IO
CPaBHECHUIO C HOPMOH. DTU U3MEHEHUsI CBUIETEILCTBYIOT O TOM, YTO B IIaTOICHE3
TPUXUHEIIE30B BOBJICUCHBI HApyIICHHS (DYHKIMOHAJIBHOTO CTAaTyCa CEpOTOHHH-
3PrU4ecKoil TPaHCMHCCHU XO3(MHA, YTO NMPUBOAUT K M3MEHEHHUIO TOBEICHUECKUX
peaxuuid, OOMEHHBIX IIPOLIECCOB U PA3INYHBIX QYHKINH OpraHu3Ma.

Tonosnoii moze — CepOMmMOHUH — MPUXUHETLTIES.

Ukpnunthtiwghtt  hwdwlupgh nwuniduwuhpnipniibpp wntubnubph
thnpdwpupuluwt wphjuhttbingh dwudwbwl h huyn G pipnud ubpnunnthth
Ynugkbnpughugh  qquih  toninjumpnibibp Jupulduws  Yhugwbhubph
qiunintnh  wwppkp  hwnduwsubpnud®  tnpduwgh  hwdbdwnnmpudp: Uy
thnthnpjunipjniitipp Jiuynud &b, np wphjuhibingh wwpnqkubkqnud
ubpgnuyduwd bt whpng ubpnunthubpghl wpwbudhuhugh  $niuljghniug
Jupquypdwlh ppwjunnidubpp, husp hwbighgunid E Juppuyht nbwljghwubph,
ynipwithnjuwbwlnipjut b opquthquh nwuppkp $niuyghwbph thnhinfudwin:

Qfuninky - ubpnuinbpl - nppfupibing

The study of serotonin system in rats with experimental trichinellosis reveals
considerable changes in the concentration of serotonin in different parts of the brain
of infected animals in comparison to norm. These changes indicate that
pathogenesis of helmintosis is accompanied by disturbances in the functional state
of the host's serotoninergic transmission leading to changes in behavioral reactions,
metabolism and different functions of the organism.

Brain — serotonin — trichinellosis

3aboneBaHus, BBI3BIBACMBIC TEIBMHUHTAMH, OCTAIOTCS OIHOM U3 aK-
TyalbHBIX MPOOJIEM COBPEMEHHOM MEIUITMHBI M CETBCKOTO XO3SMCTBA, HAHOCS
3HAUUTEIBHBIA Bped 3J0POBBIO YENIOBEKA M KUBOTHBIX W SIBISACH IMPUUYUHOMN
0O0JIBIIINX YKOHOMUYECKHX TTIOTEPh B CEILCKOM X03siicTBe [1, 4, 5].

TpuxuHeIIe3pl  COMPOBOXKIAIOTCS  PAa3IUYHBIMU  CTPYKTYpHBIMH U
(GYHKIMOHANPHBIMA HApYIMIEHUSIMA B OpPraHax W TKaHAX WHBa3HPOBAaHHBIX
KUBOTHBIX. K HacTosmeMy BpeMEHH HaKOIUICHa OTpPOMHas WH(OpMaIus,
Kacaromrasicsl TeX M3MEHEHUHN, KOTOPhIC MPOUCXOIAT B OPTaHU3ME XO3SIMHA IO
BIMSHUEM WHBa3WH TPUXUHEILIAMHU. DTHU JaHHBIC KacatoTcsi MOP(OQyHKIMOHAITE-
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HBIX, THCTONATOJIOTHYCCKUX, OMOXUMHUYECKHUX, (PHU3NOJIOTHICCKHUX, T'€MaTOJIO-
THYECKUX W MHOXKECTBA IPYTUX HM3MEHEHHUH B OpraHu3Me HHBA3HPOBAHHOTO
reIbMUHTaMH XO35iMHa [2-4]. B nuTeparype HMeEIOTCA TakKe OTIENIbHBIC
paboThl, KOCBEHHO YKa3bIBAIOIIME HA BOBJCYCHHUE HAPYUICHHN HAa YpPOBHE
HEUPOMEINAaTOPHON W FOPMOHAIBHON PETyJISIUU B MATOrCHE3 TPUXUHEIUIC30B.
Tak, psn NaHHBIX CBUAETENBCTBYET O TOM, YTO WHBA3Ws Mapa3uTaMH MOXKET
CONPOBOXKAATHCS HW3MCHCHHSIMH B ITOBCICHYECCKUX PEAKIUAX XO3sAMHA, B
comepkaHuy  (PU3UOIOTHUSCKA AKTHBHBIX BEIIECTB B KPOBH M Pa3IMYHBIX
opraHax [6, 7, 9, 10]. OmnmHako BOMPOCH O BIUSHUW WHBAa3UH Ha
HEUpPOMEIMATOPHBIE W TOPMOHAJIBHBIE CHUCTEMBl OpraHu3Ma XO3siMHa 10
HACTOSIIETO BPEMEHH OCTAIOTCSI OTKPBITHIMHU.

YuuTeiBas MUPOKAH AWAara3oH (U3NOIOTHIECKOTO JCHCTBUS —HEH-
poMenHnaTopa — CEpOTOHWHA W HaApYIIEHHE €ro MeTa0oJM3Ma, CEKPEIuH M
PETYIAIMNA TIPH MHOTHX ITaTOJIOTHYCCKUX COCTOSHHSAX OpTraHw3Ma, HaMHd B
HaCTOsIICH paboTe Oblia MCCIICOBaHA CEPOTOHUHOBAs CUCTEMa MO3ra opra-
HH3Ma XO31HA MIPU TPUXUHEIJIC3HON NHBA3HH.

Mamepuan u memooduxa. ViccienoBanusi IPOBOMIINA Ha SKCIEPUMEHTAIBHON
MOJIENA TPUXHUHEIIE3a, MOIYYCHHOW OJHOBPEMEHHBIM BBEICHHEM per 0S JHUYHHOK
Trichinella spiralis mabo Trichinella pseudospiralis GenbIM KpbIcamM-caMIlaM JTUHUH
Bucrap maccoii Tena 130-150 r (mo 10 auyMHOK KaXIoro BuJa Ha | T Macchl Tena
XKHMBOTHOTO). B  kadecTBe KOHTPOJIFHOH TpPYHIIBI  HCHOJB30BAJM  MHTAKTHBIX,
He3apaKeHHBIX JKUBOTHBIX. B KaXK1yro TpymIly BXOIWIO JECSTh KMBOTHBIX. JIMUMHKH
TPUXUHEIUT OBUIH IIONYyYeHHI M3 OOpa0OTAaHHOWM IETICHHOM MBIIMICYHON TKaHU KPBIC,
pasznmenbHO 3apaxeHHBIX 1. spiralis m T. pseudospiralis. YXuBOTHBIX 3a0MBaH
JieKanuTaien moj 3pUpHbIM Hapko3oM Ha 40-i JeHb Mocie 3apaKeHUs] U BBIICIISUIH
HEOOXOAMMBIE OTHEIBl MO3ra, BKIIIOYasi CPEIHWII MO3T, THIINOKAMI, POIOJITOBAaTHINA
MO3T' U KOpPY OOJIBIIMX MOJyIIapHi.

KonmuecTBeHHOE ompejiesieHne CEpOTOHMHA B PA3IMYHBIX OTAETaX MO3ra KpbIC
npoBoamid Mo meroxy Maickel et al. [8], ocHOBaHHOMY Ha M3MepeHUH (HITyOpECIEeHINH
MPOAYKTa B3aWMOJEIHCTBHS CEPOTOHHMHA C OPTO(PTATUEBBIM aNbACTHAOM (MaKCH-
MajbHas JUIMHA BOJHBI BO30yxneHus 355 M, puyopecuenunn - 480 HM).

CTaTUCTUYECKUH aHalu3 JaHHBIX MPOBOAWIM 1O t-kputepuio CThIo/EHTA.
3navenus p<0.05 ObLIM NPUHATHI KaK CTATUCTUYECKH JOCTOBEPHBIE.

Pezynomamut u oocyycoenue. Kak mnokazanu pe3yiabTaThl UCCIACIOBAHUS, Y
KpbIC, 3apaXeHHbIX 1. spiralis, ypOBEeHb CEPOTOHMHA BO BCEX MHCCJIEHOBAHHBIX
o0acTsxX Mo3ra OBUT HIDKE, YeM B KOHTPOJBHOHM Tpymme >KUBOTHBIX. HambGoiee
3HAYHTEIbHBIE CTATUCTHYECKH JIOCTOBEPHBIC Pa3fiMiMsi ObUTH 3apErUCTPUPOBAHBI B
CpelHEM MO3re U THIIIOKaMIIEe, TAe B CpeAHEM YpoBHHU cepoToHnHa Ha 30% u 20%
COOTBETCTBEHHO OBLIM HMKE TAKOBBIX Y KOHTPOJIBLHON IPYMITBI )KUBOTHBIX .

MeHee BBIpaXCHHBIC pa3IM4yMsi B YPOBHE CEPOTOHWHA MEXIY KOHT-
POJBHBIMH U HHBa3UPOBAHHBIMHU JKMBOTHBIMU HAOJIONANNCh B MO3I€ KPBIC,
3apaxeHHBIX 1. pseudospiralis. OqHaKO M B 3TOM CiIydae TakKe HaOII0Ialoch
HEKOTOpOE, XOTSI M CTaTUCTHYECKH HEJOCTOBEPHOE, CHM)XEHHE KOHIEHTpAIHH
CEpPOTOHHMHA B CPEAHEM MO3T€ M THIIIOKAMIIE TI0 CPaBHEHHUIO C KOHTpOJeM (Tad. 1).

[Tony4yeHHble NaHHBIE CBUAETENBCTBYIOT O TOM, YTO HMHBa3UPOBAHHOCTH
TPUXHMHEIJIAMHA NPUBOIUT K HApYIIEHHIO IPOLIECCOB CHHTE3a CEPOTOHMHA B
CpeAHEM MO3reé U THIIIOKaMIle. YUHUThIBas pOJIb, KOTOPYIO BBINOJHSIET
CEpOTOHUH B OCYLIECTBICHUH (U3UONIOTHUYEeCKUX (YHKLIUN MO3ra, B peryssiiaun
Pa3IMYHBIX IPOLECCOB M KU3HEAEATENIHHOCTH OpTraHM3Ma B LEJIOM, MOXKHO
NPEANONIOKUTh, YTO OTMEUCHHbIE HW3MEHEHUS MOTYT SIBIATHCS Ba)KHBIM
NMaTOTeHHBIM  (PaKTOPOM,  BBI3BIBAIOLUIMM  pa3lIMuHble  (PYHKIMOHAJbLHEIC
paccTpoiicTBa B OpraHM3Me WHBa3UPOBAHHBIX >KUBOTHBIX, BKIIOUAs M3MEHEHHE
MOBEICHUYECKUX PEaKIIHi.
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Taonuua 1. Bimusaune nnaBasuu 1. spiralis u T. pseudospiralis Ha conepxanue
CEpOTOHUHA B Pa3JIMUHbBIX OT/EJIaX MO3ra KpbIC.

Copeprxanne cepoToHnHa (M=*m), MKI/T TKaHU
Otnenst HBa3npoBaHHbIE KUBOTHEIE
Kontpons
Mosra T. spiralis T. pseudospiralis
Cpennuit 1,013 +0,120 0,701 £ 0,048* 0,849 £ 0,168
Trmmo-—1 4 719 1 0,056 | 0,571 40,058 0,665 = 0,080
KaMIl
Hponon- |4 7131 083 0,621 = 0,060 0,734 + 0,029
roBaThlif
Kopa 0,704 £ 0,043 0,628 + 0,018 0,727 £0,111

%2 p<0.05.

C npyroil cTOpOHBI, WM3BECTHO, YTO TPHUXUHENJE3 IO TSHKECTH KIWHU-
YEeCKOro TEUEHHs, OCIOKHEHHSIM U YHCIY JIETAJIbHBIX HMCXOJOB OTHOCHUTCA K
rpynmne HauOoJiee OIAaCHBIX TMapa3WTapHbIX 3aboneBanuii [5]. PesynprarTsr
IIPOBEICHHBIX HAMU HCCIIEIOBAHUI YKa3bIBalOT HA HEOOXOANMOCTh KOPPEKIUH
HEHPOMEANATOPHBIX CUCTEM XO035MHA IIPU TPUXUHEIIIE3aX TSDKEJIOrO TeUSHHUS.

BriBoasl

1. MuBa3uHams TpUXUHEIUIAMH MPUBOAUT K HAPYIICHUIO IMPOILIECCOB
CHUHTE3a CEPOTOHMHA B CPETHEM MO3I€ U THIIIOKAMIIE.

2. Hapyuienue mpoiieccCoB CHHTE3a CEPOTOHHMHA B CPEIHEM MO3re U
TUNTIOKaMIIE TP TPUXHHEIUIE3aX MOXKET OBITh OTBETCTBEHHO 3a pa3BUTHE
(YHKITMOHAJIBHBIX PACCTPOMCTB B OpraHM3ME HWHBa3HPOBAHHBIX JKHUBOTHBIX,
BKJIIOUYasd U3MEHEHUE NOBEIECHYECKUX PEaKUH.

3. TepaneBTuueckass KOPpPEKLMsI CEPOTOHMHOBOM CHCTEMBI XO3SHHA
MOKET 0Ka3aThCs ACMCTBEHHOW MEPOU MPH JICUEHUH TPUXUHEIIE30B.
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BJIUAHUE INNVIATUPUJ/IMHA HA TEPMOPEI'YJIATOPHBIE
MEXAHMUW3MBbI KPbIC

P.A. APYTIOHSH, X.0. HATAIIETSAH, C.III. MAPTUPOCSH

Hnemumym ¢usuonoeuu um. JI.A.Opberu HAH PA

Ioka3aHo, YTO CHCTEMHOE BBEIEHHE IUIATH(HUIMHA B OPTaHU3M pPEryJHpyeT
TeMIIepaTypHBIH TOMEOCTa3, NeHCTBYsI Ha MEXaHH3MBI (PU3NUSCKOH M XMMHUUECKOH
Tepmoperymsaun. OH aKTUBHPYET KaJIOPUTCHHBIE MEXaHU3MbI KaK HECOKPATHTEIb-
HOT0, TAK U COKPaTUTEIBHOTO TEPMOIeHe3a, MOBBIIIAsk TEMIIEPATypy B BUCLEpAIIb-
HBIX OpraHax U COMaTUYeCKUX MbImuax. [InaTnuiany qedcTByeT n Ha COCYINCThIS
TEPMOPETYIATOPHBIE MEXaHI3MBI, BBI3BIBAsI CI1A0YI0 Ba30KOHCTPHKIIHIO.

Tepmopezynayus - memnepamypHulii 20Meocmas - NAAMUDUIUN

MNuwnhdpihuh hwdwlupquyhtt tbkpupynudp jupquynpnid t opquithquh
otpdughtt  hndbnuwnwuqp, wqpbng  obpdwjwupquynpdwi phqhjului b
phthwwit Ukjpwthquubph pu: Ujn winpquginud £ hswybu ny hsynquljui,
wjiytiu bwl Ysynnujut ghpdwsinipju dkjuwithquutpp, pupdpugubng pu-
nhpujhtt opquutikph b Ydwjpwiht dqwutubph obpunipinitipn: Muwnhdhihul
wgnmud £ bwb  okpUwljupquynpdut winpuyghtt  dkjowthquubph  Jpu,
hwpnigkiny pny] wpnwhwynjus winpuwubnunid:

LEpdwmlpupgunnpnid - pkpdughll Andknuunug - wyjunnpphhl

It has been shown that systemic administration of platiphillin regulates the
temperature homeostasis in organism, impacting the mechanism of physical and
clinical homeostasis. It activates calorigenic mechanisms of noncontractible ther-
mogenesis and increases the temperature in visceral organs, decreases the activity
of contractible thermogenesis and decreases the temperature in somal muscles.
Platiphillin also affects vascular thermoregulatory mechanisms and leads to vaso-
constriction.

Thermoregulatory mechanisms — temperature homeostasis — platiphillin

Uzyuenne BnusHUS (papMaKOIOTHUECKUX IPENapaToB Ha TEPMOpPETYJs-
TOpHBIE MEXaHW3Mbl OpPraHU3Ma IPHUBIIEKAJO BHUMAHHE MHOTHUX HCCIEI0Ba-
Teneii [4,6,7]. YcraHoBieHO, 4To 3((GEKThI BIMSHUS Pa3InYHbIX MTPENapaToB Ha
MEXaHU3MBI TEPMOPETYJIALUHN, MOANEPKHUBAIOIINE TeMIEpaTypHbI roMeocras
OpraHu3Ma >KUBOTHBIX, 3aBUCIT OT MHOTHX OMOTHYECKUX M aOHOTHYECKUX (ak-
TOPOB, B TOM YMCJIE OT A03bl U MyTeH BBEIECHUS B OPraHHU3M, OT TEMIIEPATypHI
OKpyKaroIlel cpefibl, OT UCXOJHON TeMIIepaTyphl «aapa» U T.n.

YcTaHOBNIEHO, YTO YBENWYCHHWE KOHLEHTpAaUWW JeWIUH-dHKe]aInHa B
KPOBU W THUIIOTANaMyCe BBI3BIBACT THIIOTEPMHUYECCKUN 3PQEKT, B TO BpeMs Kak
BBEJICHWE THUCTaMHHAa B KpPOBb BBHI3BIBACT rumeprepMuueckuii s¢dekr, a B
TEPMOPETYJIATOPHBIE [IEHTPHI THIIOTaJaMyca — TMIoTepMuueckuit [1].
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I[Ipu wu3yueHWM poOJNIM aMUHOKHCIOTHI TaypHHAa B  PETYJISIUU
TEMIIEPaTypHOTO TOMEOCTa3a HaMHU JIOKa3aHO, YTO y KpBIC OH BBI3BIBACT
rurnoTepMudeckuii 3pHeKT, AeUCTBYs KaKk Ha XUMHYECKUE, TaK U HA (PU3NIECKHE
MEXaHM3MBl  TEPMOPETYJISIMH, CHIDKAeT  TeliooOpa3oBaHWE  Kak B
COMAaTHUYECKHX MBIIIIAX, TaK M B BHUCIEPAJIbHBIX OpraHax, BbI3bIBACT
Ba30WIIATAIIMIO TMEePU(PEPUUESCKUX COCYZOB M YBEIUYMBACT paJMAlMOHHO-
KOHBEKI[MOHHYIO TEIUIOOTAauy U3 opranusma [3].

[Ipyn w3yueHWW BIWSHWS aMWHa3WHAa M KOEerHa Ha TeMIepaTypHBIN
TOMEOCTa3 y KpbhIC YCTaHOBJEHO, YTO CHUMIIATOJIUTHK aMWHA3WH BEHI3bIBACT
runotepMudeckuii 3G heKT, OIOKupys ACHCTBHE [-aApEeHOPEIENTOPOB, & CHM-
MAaTOMUMETHK KO(EUH THIICPTEPMHUCCKUN MyTeM aKTHBAlMH CUMIIATHYCCKOU
HEPBHOM CHCTEMBI U MOBBIICHUS TEIUI000Pa30BaHUs B opranusme [2].

DapMakoJIOTUYECKIE KCCIACIOBAHMS, TITOCBSIICHHBIC HW3YYCHUIO POIU
mwiaTuQuiInHa B MEXaHM3MaxX peryJsnud  (PU3HOIOTHUECKUX  (YHKITHHA
oprann3Ma HejoctaTo4Hbl. COTJIACHO JHUTEPAaTyPHBIM JaHHBIM, OH OKa3bIBaeT
YCHOKaWBaoIIee NEeHCTBHE Ha COCYAOABHTaTeNbHBIC NEHTPHI MO3Ta, O0NamaeT
CHa3MOJIUTHYCCKUMH CBOWCTBAMU U YTHETAE€T XOJMHOPCAKTUBHBIC CHUCTEMBI
BETETaTUBHBIX y3JI0B [5].

Uro kacaeTcs BIUSIHUS TUIATH(UIMHA Ha TEMICPATypHBIH TOMEOCTa3, TO
3TOT BONPOC HYXKIAeTcs B ACTAILHOM U3y4YeHHWH. B CBS3M C 3TUM B HACTOSIIEH
paboTe NpUBOIATCS PE3yNbTaThl H3YYCeHUs BIUSHUS TUIATH(HUINHA Ha aKTUBHOCTb
COKpPATHTEIIFHOTO W HECOKPAaTHTEIBHOTO TEpMOTeHe3a, Ha TeMIeparypy
nepru)epruIecKUX COCYJIOB, a TAKKe Ha TEIJI000pa30BaHUE B OpraHU3Me.

Mamepuan u memoouka. DKCIEPUMEHTBI HOCHIIM XPOHHYECKHI XapaKkTep H
MIPOBOAMIINCH HA OOIPCTBYIOIIMX, YaCTHYHO OOE3/BIKEHHBIX KpBICAX CO CpexHEH
maccoit 270 r. B Teuenune mepBbix 30 MUH mocnie (DUKCAMM JKUBOTHBIX IMPOBOIMIIN
TepMorpaupoBaHUE HCCIEAYEMBIX TOKa3aTeliedl - TeMrepaTypbl 000J0YHOM KHILIKH,
CKEJIETHOW MBIIIIIBI U ITOJKOXKHBIX cOCyN0B. Kakaplil sKCIepuMeHT MPOBOIMIN Ha Tpex
KpBICaX - JIBYX OIBITHBIX, KOTOPBIM BBOAWIN TuIaTHGMIMH B 103e 4 Mkr/100 r maccel, B
ooseme 0,2 ™mi/100 r wMaccel W ONHOW KOHTPOJBHOH, KOTOPOH BBOAMIH
(PU3NOTIOTHYECKUI PAaCTBOP B TOM e 00beMe. 3aTeM MPOBOIWIN TepMOTrpadUpOBaHHE B
TeyeHue 60 MHH. OKCIIEPUMEHTHI MPOBOAWIM Ha 9 Kkpbicax (6 ONBITHBIX H 3
KOHTPOJIBHBIX) TSI TUKPATHO.

CoKpaTuUTeNbHBIN MBIIIEYHBII TEpMOTeHe3 M HECOKPATUTEIbHBIN KeTyIJ04YHO-
KUIICYHBIA TEPMOTE€HE3 OMNpENesUId METOAOM OeCHpEepBhIBHBIX PErucTpaluii Temmepa-
TYpHBIX TIOKa3aTenell OeIpeHHOW MEIMIBI U O00OZOYHOW KHUIIKH C TOYHOCTBHIO 0,010.
«Paboune» cmam TepMomnap, perHCTPUPYIOLINE MBIMICYHBIH COKPATHUTENBHBIN TepMore-
HE3, C IOMOINBI0 MHBEKIMOHHON HWITIBI BBOAWIM B MSIKOTh OCOPEHHONW MBIIIIBI Ha
ryouny 1,5-2 cM, a Afid perucTpalnud HEeCOKPATUTEIBHOIO >KETYyJO0YHO-KUIIEYHOTO
TepMOreHe3a — B 000MOUYHYIO KHUINKY Ha TriyOuHy 5-6 cm. Temnepatypy mnepudepu-
YECKUX COCYIOB M3MEPSUIN C TIOBEPXHOCTH LIEHTPAILHO-XBOCTOBOH apTepHH.

Temnoo6pasosanue onpenensu o dopmyne Q = m-c-°t, rae m — Macca Tena,
C — CpemHssA TEIUIOEMKOCTh Teia, paBHas 0,83 kam/r, °t — cpemHsist Temreparypa
eIy I0OYHO-KUIIEYHOTO TpakTa [3].

Perucrpamyro uccnenyemMpix nokaszatesiaeld IpOBOIMIN MEIHO-KOHCTAHTaHOBBIMU
TepMojartuukamMu  aumamerpoM 100 MkM  Ha  12-KaHanbHOM  CaMOIUINYILIEM
noreniuomerpe tumna ®-116/2 ¢ ayBcrBuTensHOCTHIO 0,01°.

Pe3ynrvmamot u 0ocyyicoenue. Pe3ynbprarbl SKCIIEPUMEHTOB MOKa3ald, YTO
MIATUGUINH aKTUBUPYET KAJIOPUTCHHBIC MEXaHU3MBI HECOKPATUTEIHHOTO
TEPMOT€HE3a B OpPraHM3ME W  BBI3BIBACT THUICPTEPMHUUYCCKUI  IPQEKT.
[oBeiieHHe TeMIepaTypbl OOOJOYHON KHINKM B TeueHue 60 MHH TOCie
BBEJIEHHS TIATH(UIMHA 0Ka3aJI0Ch BhIlIe UCXOAHOro Ha 0,32° - mOBBINIAIach OT
38,08 1o 38,40° (Tabm.)
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Tadanua. BnusiHue ruiatuduiinHa Ha TEPMOPETYIIATOPHBIE MEXaHU3MBI KPbIC

. Temneparypa rocie BBeleHUs IIaTUQUINHA,
Hccnenyemerit KonTpor 4 mxr/100r mMaccel Tena, Yepe3 MHH
opra”
15 30 45 60
Oi"yﬁf{i‘;a" 38,08 38,07 38.40 38,40 38.38
At0,01 | At+032 | At+0,32 | At+031
C;;;ﬁ“‘;e 36,68 36,86 36,69 36,71 36,71
1l AtH0,18 | At+0,01 | At+0,03 | At+0,03
HEEZ“BSE"‘*;C‘ 3001 29,23 29,63 29,44 2938
ya ’ At-0,98 At-0,58 At-0,77 At-0,83
Temnoobpa3zoBanue,
«an/100 r MacoKL 3160 3183 3187 3185 3182

Yro kacaeTcsi MEXaHU3MOB COKPATUTEILHOTO TEPMOTEHE3a M COCYIUCTOM
TEPMOPETYIATOPHOW peakiuu, TO TIUIATH()UIMH, Kak BHUIAHO U3 TaONHUIBI,
MOHW)KAET €r0 aKTHMBHOCTh W CHIDKACT TEMIIEPATYPy B CKEJCTHBIX MBIIIIAX B
npenenax 0,1° - or 36,78 1o 36,68° u uHAyHUpYET CIa0yH Ba30KOHCTPHUKIIMIO,
CHIDKAsl COCYIHCTYIO TeMmepaTypy B mpexenax 1,58° - or 30,21 mo 28,63°. U3
JAHHBIX TAOJUIBI SBCTBYET TAKXKE, YTO MIATH(GUINH ACHCTBYET HE TOJIBKO Ha
¢du3nyuecKue, HO U Ha XMMHYECKHE MEXaHWU3MBI, YYaCTBYIOIINE B PETYISAIMU
TEMIIEPaTypHOTO TOMEOCTa3a OpraHW3Ma - YBEJIMYMBACT TEIUIO0O0pa3oBaHUE
OpraHu3Ma 10 CpaBHEHWIO ¢ KOHTposeM Ha 22-27 xan/100 r - ot 3160 mo 3187
kai/100 T Macchl.

PestoMupysi TOJNyYeHHBIE pe3yNbTaThl, MOXHO 3aKIIOYUTh, YTO
THIIEPTEPMUYCCKUI apdext TuTaTHQUIMHA BBI3BaH aKTHBALIUEH
METa00IMYECKUX MPOLIECCOB B BUCIIEPATIBHBIX OpraHax, B TOM YHCJe B OpraHax
KENYJOYHO-KHIIICYHOTO TpaKkTa, TJe, M0 JIUTSPATyPHBIM JaHHBIM, B TICPHOJ
OCHOBHOTO oOMeHa obOpaszyercss 10% Temna ot oOmiero TemuooOpa3oBaHHUS B
opranm3me. ['mnorepmuueckuii dSQQGeKT miarnuiInHa CBA3aH C OCIadlIcHHEM
COKpaTUTENBHOrO TEepMOTeHe3a M o00pa3oBaHMEM Tella B COMAaTHYECKUX
MBIIIIAaX, TAe B MEpUOJl OCHOBHOTO OOMeHa oOpasyercs mo 25 % Teruia ot
o01mero TerroodpazoBaHus B opranusme [2,3].

UYro kacaeTcs MeXaHU3Ma Ba30KOHCTPHKIIUY, TO CIENyeT MPEAINoaraTh,
9T0 TIAaTU(UINH JACHCTBYET Ha aJpEHEPrHYEcKHe PeUenTOpbl, B YacTHOCTH
0-aJPEHOIICTITOPHI  KPOBEHOCHBIX COCYJIOB, BO30YXKJICHHE KOTOPBIX BBI3BIBACT
c1a0bIil Ba30KOHCTPHUKITHOHHBIH 3P (HEKT.
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2.2.LUNUGC8UY, L.2. &rpaNr3vu

Zuywuwnwih yhvnwluwl wgpupuyhl hudwyuwpub

Uwplynyunngny wphbunwjut fwtwwuphny Jupuljjus dmqupubpp
Udnwnn htwnlbbny hpquinmpjut qupqugdut Yhuthjujwt wpunwhwyndu-
dnipjuitin wupqut k np inglipp tkpypuwi hwngwshg (pkputh opgwluyp) dky
wduju pupwgpnid mupwdynud ku pph, wspkph, qiluh, wlwtgh hhuph, hisytu
twl  Jhpowynpnipnittph, npnduyth b okph  hwwjusubph  Jpu
Uhwdwdwbwl] tjuwnynd E twb phywpmipjut U upnp quplhh hwdwpiw-
Juunipjul wpuqugnid:

Zudwduwyh hknwqnuinipymiiibph wpymbptbph wwpynuungny phw-
Juwt fwtwwuwuphny Jupuljws dwqupbbph dnn hhjuwinnipjub punpny
Yihuhjulut towtubpp (Mwquputhnipmniy, puldusnipinil, pnp, dwolh
Jupdpnipyni, Yhnkp b wyl) undnpupup woweowind i dwpduh wwppbp
hwwndusubpnud:

Ujuytu, dhiph 3 wdumjut dunnupubph Unin vwpynuinng hhjwunni-
pintup hhdtwwumd ujuynid £ qiluh nhdughtt hwnguwshg: ULy wwwpbiuihg
pupap kgbph U wpmbbkph dnn uvwplnwunngp ufumd £ wngh, hbkwnhb
Ytpowynpnipiniiitinh, okpuyhtt b npnuyuh hwwndwsubphg hEnwquynid
winwpwtwlwb wypngtuh Uk pungpltny JEunwunt nne dupdhbp:

Kwquip - wwplnupnng - pnu - [jhbhlwlub dowi

HabmroneHust 3a pasBUTHEM IIPOLECCA Y OIKCICPHMEHTAIBHO 3apaKCHHBIX
CapKOITO30M KPOJIMKOB IIOKa3ad, YTO B TEYCHHE Mecsla KICIU U3 NePBUYHOTO
ogara (001acTh pTa) pacIpoCTPAHSIOTCS HA COCEOHHE YYAaCTKH - OOJIaCTH HOCa,
IJjla3, TOJIOBBI, OCHOBAHWs YIIHBIX PaKOBHH, a TaKkKe Ha KOHEYHOCTH, 00JacTh
JKHBOT2 U HPOMEXHOCTh >KMBOTHBIX. OJHOBPEMEHHO HAOJIOJAeTCs YydalleHUE
IyJIbCa U JIBIXaHUsL.

CoriacHO  pe3yipTaTaM  HCCICHOBAHMS, y  KPOJIMKOB, 3apa3sHBIIMXCS
CapKONTO30M €CTECTBEHHBIM IyTEM, XapakTepHblE KIMHUYECKHE HpPU3HAKU
3a00seBaHusl (aJomenus, amaTs, 3yJA, MOKpacCHEHHE KOXH, KOPKHA T.A.) MOTYT
HPOSIBIATBCS HA PAa3IMYHBIX y4yacTKax Teyia. Y KpojbyaT B BO3pacTe 10 3 Mec.
MPOLIECC HAYWHACTCS C JIMLIEBOH YaCTH TOJIOBBL. Y KPOJIMKOB CTapIle TOfa MPoLece
HAYMHAETCsI C 00JAaCTH XBOCTA, 33aHUX KOHEYHOCTEH, IIPOMEKHOCTH M OpIOIIHOM
obnacTu, B JabHEHIIEM PaclpoCTPaHsIsACh Ha BCE TEIO.

Kpomm — capkonmos — uyecomka — KAUHUYECKULL CUMNMOM

The research of pathological process in rabbits artificially infected by sarcoptic
mange, shows that mites are spread from the primary focus, a head region, on the
neighboured areas, such as nose, eyes, head, basis of pinnae, as well as limbs, belly, and
perineal area. Tachycardia and tachypnoe are also observed.

According to the results of our observation, in rabbits naturally infected by
sarcoptic mange, characteristic clinical signs (alopecia, lethargy, itch, skin erythema and
crusts) can appear in different areas. In younger rabbits (up to 3 months old) the process
starts from face region of head. In animals older than one year, process usually begins
from tail, hind limbs, perineum, and belly, spreading all over the body.

Rabbit - sarcoptosis — mange - clinical sign
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KUQUULE UULYNMSNek YLhLPUUUUL ULSUZUSSIUONRE3NRLE

Swqupubph vwpynuunhnnqubpp Uks umdp pnuught hhywtigmpniubp
klu, npnughg Zwjuuwnwth wuydwbibpod wowdl) poy) ntumdbwuhpdusp
uwnpynunngu k:

Cunn  Zuywuwnwbh whnwluwlh  wgpupughtt hwdwuwpuih  (2MU2)
hudwdupujupuimput b dujupmbswputmputt wdphnuh wnduyibph, ubp-
Yuynidu &wquipibiph vwpynuungh kpunbuhynepnitp tpjpmd juqimd | 20-22%:

1972 1 1988 pp. Puwhumd juunwupjus hbnwgqnumpmpibibph
wpniupnid Yihuhynpku dwquptbph dnn nuppbpuljly Bu gjuh b wjwbeubph
pnu hhjutmnipiniin: Gqjuh pnup hwpmglt) & Sarcoptes cuniculi, Notoedres cuniculi
. Demodex cuniculiwnqtiph Ynnuhg [1]:

Lnuh nghpp hnjuwbgynud o h JEuguing dpluhtt pyygbu nignuljh
othdwl, wytiytu ] mwdph wnwplutkph dhengny b YEungutthutph dwolh Jpu
nbnuljuyynud kb oguifulibpny:

NMupqyl E np vwplnuungh ghypnid jeuguthutph dnn wowewinud k
nidbn poppnpnid, h hugn B qujhu puquuphy wigptp jud jumnuljutp, npnup
1gdws b qupqugdut nmuppbp thnybpmud qutnn puquuphy wgbpny: Uwolh
thnthnjunipnibibpp tjuwwnynud Bt nunpbph, wnsh, pph, wspkph b wljwbeubph
hwwndusubpnud [2]:

Puquuphy wdjuutph hhdwt Jpu  Yupbh b bqpuljugub;, np
qhhthhhhpb b dwpnljuwig vwplynynnhynqubpp juwyunpbt mwpusjws tu nne
wphiwnhnd: Quuyws puquuphy ghnwljut niumdtwuhpmpnibubph Yhugw-
uhutiph pnuwghtt hhwunmpenitutph Jpwpbpuy juit swn Jh&whwpnyg
hupgbp, huy hty Ybpwpbpynud £ dwquptibph uwplynupnnhnnqubpht, gputg
Y1huhjuubt wpnwhwpnjusnipniup hudbdwnwpwp phy Entunmidtwuhpgus:

Ujuwhuny wupqnud E, np b vnuppbpmipnit wy) jEunpubwnbuwlubph,
Swqupubph vwpynuunnhnnquyhtt hpquunnipoibibpp uphp nibkt junpp m
puquujnnuuith hbnwgnunmipyui:

Uolmunwiph byquwwnwljn B mumidtwuhply dwquptbph  uwplnujunngh
Yihuhjulut wpnwhwynguénipniin:

Unip b UEpnn: Swquputph uvwpynyungh Yihvhjulwt wpnwhwpngwsn-
pintup niuntdbwuhpyby Ewwpptp hwuwluyghtt pdpbiph yuwnlwinn vwpynywnnhnught
wnqtpny wphtunwlui b ptuwi fwbwwywphubpny qupuljus fwqupibtph pue

Uphtunwljut qupuidwt tyuunwlny hbinwgdt) ki Yhuguuhubph nhuuyght

hwwndJwsh dwgbpp, wyw Jhunuuh ngbp wupnitwynn Yenbkpp Yupsnit duwquykp
oqunipjudp wdpugyl) L fwqupubph dwolhtt b 5 op wlg quiky E hhjwinnipjuu
qupquguwi pupwgpp:

Guunupyl] B uvwpynyunngny Jqupuljws fwquptbph pinphwinip Yhuhjuui
quunud, npnpyty E dwpduh punhwinip obpdwunpgup, hyybu twlb 1 p upnh qupyh b
otuswunnipjut hwdwhiwlwintpiniip:

Upnibpakp b pabwploid: Munidbwuhpmipiniiubph wpyniipnid

wupqyby b np hhquunnmipyut Yihuhulwt spwhubpp dhbtunygu fjudph hEunw-
uhubph dnwn h huyn & quhu wphbunwlwt Jupulnidhg 10 op wug: Uju

phuypnid qunutth oppwuth wbnnnipmitp jupdwsd L wwupdu bnuuwlhg,
ubpnpué nqkph pwbwlhg, YEunuiunt opquuhquh phdwunpnnpujutnipini-

Uhg, dwqupuingh wwhywsph duhg, dhypnljhdwihg, Yepuypmihg b wy
gnpédnuutiphg:

Yktinuuhttph dnwn ulqpnid tjuunydnmd £ pnp, wbhwbghun Jhgwl,
wpnpdwlh wulnid, dwpduh obpdwunpdwh pupdpugnud 0,2°, hulj hwenpn
optiphtt nhiuyhtt hwndwénid® hhdtwljunid snippbph onipep, hwynuynud Eu
ny Uks hwgnygubp, dwoljh Jupdpmpinit b wynniguénipnii: dwpuldwi
uljqprhg 18-20 op wig whinnwhwpynud Eu twbt pph, wynbkph hwndusubkpp b
wspbph opowluypp: Zhjwunnipju junpugdwt htnbwipny hwignygubpp
htwnghtint Jip Eu wéynud ponbkph, npnup hbhnwqunmd hwuntbwbwinyg
pugynid Et: Fpwughg mpnuquunyus Epuniquunp puntgbjny Yenunh b typ-
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2.2.LUNUTSUY, L.2. &rheNrsuu

nhpdhuh Jjuquuihnuws pohoutph htin snputnid nt Jkpwsynid k£ 0,1-0,5 ud
hwunnipjudp uywhwnwlw-unfupwynib Yhnbkph:

Juwpuwlnidhg 23-24 op wig whinwpwbwlwi ypngkup tkpgpudnud
twl qiuh wy] hwndusubpp b wiwbgh hhdpp, tWjuwndmd b susunnipjui
hwfwpuljutnipjut wpuqugnid 41%, upnh quplhh hwdwpwlwuunipu
wpuqugnid 14.6%: Upjpnwpwbwlwt ypnghuph junpugdwip qnigpupwug pnpp
uwunfuwinud k:

Upyniuwtly 1. Uupynuyunngny hhguin b wenng Swquipubtph npng Yihuhjulwub
gniguithoubph hwdbdwnwlwh ghwhwnwluip

n=6,M(m
8niguthputip Uwplynyunngny hhguiy
Unnn9 Lmqupbp Swuquptibp
Qtpuwunhgwl, (C 39,0 ( 0,11 39,2(0,13
Quiny (1 pnuy.) 132,6 (2,26 152 (1,29*
Cluywnmipnil (1 pny.) 43,6 (1,13 615(1,29*
*p (0,05

Swqupubpp  dwpduth whnwhupjws  hwundusutpp pumd B
Juinulubphy, Ybpuwdwbiubpht, wnimd o JEpounpmpmbubpnd b wypi:
Qhobpughtt dwdbkphtt pnpp wybh £ uwunuinud, nph hEnbwipny wnunnyu
dudtphtt YEunwuhutph dnun hwyntwpbpnud i wppibwhnunn jud - wpjub
dwljupnning yuwngws hwnqusubp:

Ykunuhubpp Yippunnpmipmititbpny pnpkny qiuph hwndwsh dwolh
wpunwbhwpduws hwndusttpp, tyuwununp wuydwbbp Bu wnbpdnud twl
Jtippuwynpmipmiitbph - dwplh wwpinuyungnd wponwhwpdwt hwdwp:
Unynpupwp, Ybippwynpmipniiibph, npnuyuth b ghipught  hwnqusubph
wfuinwhwipnudp buunymd B gjfuh hwindush whinwhwpnidhg 6-10 op wg:

Ujuyhuny, uwwpynuyungny wphbunwlut fubwwywphny  Jupuljdws
Suqupbtph Unnn  hbnbbng hhquunmput qupqugdut huhjujut wpnw-
huwyunudm putin wwpqty £ np ingtipp tkpnypuwt hwndushg (piputh opowljuyp)
Ukl wduu pupugpmy nmwpwsymu tu prh, wsptph, qiuh, wljuteh hhuph, husybu
bt JEpounnpmpniuibph, npnjuyh b obiph hunnduisubph Jpur Uhwdudwul
uuuynud £ il ptswnnipyut b upinh quph hwdwhuuim pjut wpuqugnid:

Zudwduyt hbnwgqnuunmpnibubph wpnymibpubph vwpnuungny ptwlui
Swtwyyuphny Jupuljjuwé Swquputph dnin hhpqutmmpyut pinpny Yihthulut
wpwtinbpp (fwquputhnipny, puddwsnipni, pop, dwplh updpnieind, Yhnkp b
wyy] i) unynpupup wnwewiinid ki dwpduh tnupptp hwngusubipnud:

Upuwbu, dhtsh 3 wduwfut dwwnnupubph dnnn  uwplnupunngp
hhdtwjuimyd  ujumd  t qup  ghduwghtt  hwnduwshg, npp  hwjubwpup
wuyUwbwynpjus £ hwdwntny  wwhdwsdpny, Ybph pugoiddwt dudwtul
YEunuuhubph ottt hwdwhujuunipjut dbdugnidng b uyb:

Ukl wwupbljwithg pupdp Egbiph b wpniibph dnn vwpnuungp ujuynud £
wngh, hbwht JEppwynpmpnitibph, okpughtt b npnduyup  hwnqusutphg
htnwgquymu whinwpwiuljutt ypngkuh dbe puggpltnyg fhugutnt nne dwpdhtp:
Uwpduh tpdws hwndusutph wpnwhwupnudp haduiwpup  wnwewtmd  E
Eunuihubph gnuquynpuuit dadwbul] wtdhpwljuit othdwt hknbwtipny:

A UuUuLNRE3NEL
1. Bortato M. Lotta alle parasitosi in coniglicoltura Inform. Zootecn. 35, 2,
39-41, 1988.
2. Kangas J. Skabb. Finsk palstidskrift. 72, 12, 493-494, 1974.

Uinwgyty t 19.12.2008
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Luwjwuwnwbh Shunugnubbbph Ugguyhl Uhwnbdhuw Lwjwunmwbh Yeslhvwpwliwwh {wihnbu
HauuoHaasHan Axkasemus Hayk ApMmeHuu ""'l Buoaoruueckud XypHaa ApmeHuu
National Academy of Sciences of Armenia Biological Journal of Armenia

(Cwdwnnwn hunnppnifbkp ( Kparxwue coobmerna ( Short communications(

Zwyuunwh YEluwp. hwinku, 2 (61), 2009

UrsnbuufuLUauy 8Nh8ULPCULE P
ONONNRE3NPULLENE NN BNRESMUY N
ULuuNkuLLElh 60U 2hNNIELUUSNh YU LVUMIBLUUL
unrsNuuuyh UhUNUUL duUUL0Y

U. U. Uuh@UNM3UL

Zuywuwnwih yhvwluwl wgpupuyhl hudwyuwpub

Swjwph hhynpkpdwwnngh Juipupgbdwt btywwnwlnyg ponkph prhsph
uljqpht, YEuguint wngh hhuph dwolhtt wdpugynid ' nnwjuph npupunus, 18
x 1,8 ud swthh uknghnnih 60% [nidnypny ubkpsdqus Juoyh Yuinp b pnnudnud £
dhtist pnebph pehsph wjwpup, npp uijoupglnud b uknpwhwuntt pnnkph
AJunpnuip b hnpptph Unwnn hhwynpbpdwnngh  wpwgwgnudp:  Uowljdwb
htunbwpn] Yhugwbhutph wput Ephppnghntbph  pwbwlynipyut U
htunqnphtth wupnibwlnipjut thnthnjunipniatbp skt tjunynid:

Shwynpkpuunnng - wujup - pon - pppnip

C nenpio NpoHIaKTUKH THIOPAEpPMaTo3a KPyITHOrO pOraToro CKOTa B Havae
néTa OBOJOB K OCHOBAaHMIO XBOCTAa >KHBOTHBIX NPHUKPEIUIUTH Kycodek myOrieHoi
koxu pasmepom 18 x 1,8 cm, mponuransblii 60%-HOH sMyibcuell Heoluoia,
OCTaBJISAsA €ro0 A0 KOHIA JETa HACEKOMBIX, YTO IPEAOTBpAIacT SUIEKIAAKy Y
MI0JIOBO3PEJIBIX CaMOK OBOJOB U pa3BUTHE TuIojepmaro3a y Teiar. M3menenuit
KOJIMYECTBA IPUTPOLUTOB U COAEPKAHHUS T'€MOTNIOOMHA B KPOBH JKHBOTHBIX IPH
00paboTKe HE HAOIIOaeTCS.

Tunodepmamos — Kpynmwiii poeamoiii CKom — 0600 — JUYUHKA

The pieces of leather 18 x 1.8 cm barked and soaked by the 60% emulsion of
neocidole, have been sewed to the basic part of the tail since the start of gadfly flight till
its finish to prevent the cattle hypodermatosis. It prevents the oviposition of mature
female gadflies and appearance of hypodermatosis in calves. There were not any changes
in red blood cells and hemoglobin quantity in treated animals.

Hypodermatosis — cattle - gadfly - larva

Swjuwpwpnidnipiniup hwighuwimd bt Zujuunwih whwubwwwhnput
qiuwnp b quipquignn &imntiphg dkyp:

Swjwpuwpnisnipjul qupqugduip junspunnunmd Eu hduqhnt hhgwb-
pnipnibttpp, hwmnjuybu tupwudwoljuyhtt pnnh pppnwpubph Ynndhg hwupnig-
ynn hhwynpbkpdwwnng hhyutnnipmniup:

Zhwynptpdwwnngp jupnuthjujwt hhuunnipniy , npp wpunwhwyngnid
E hwpnighsh pppnipubph wbnuiuwydwt Jupnud wpwowgnn pnppnpujhly
tplnyputpny, opquuhquh puphwinip pottwynpdwit b dpkpunynipput
wildwb ywlbbpny: Zwjnuh k, np hhynpipdwwnngny hhywuy Yndtph dnn
Juph Ynpniunp nupbjut juqdnd £ 90-200 4q, duhup' 13-18 g, hul
Yuokhnudphup' 8 % [1, 2]:

Zhjuunmpiniup hwpmgynid £ pnph tpynt wbuwlubph® Hypoderma
bovis (unynpujutt pnn) b A /lneatum (Yhkpwyputhnnuyht pnn) pppnipubph
Ynnuhg: Uwpuyhtt pnnh wyu Eplynt nkuwjubph fjuuph wbhnynipiniup
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U. U. UvbEUr3UL

unudkup Ukl opwgniyguyhtt mwph £ n 10 wdhup upwup ulh wgunid
Emr} mEhEOpqglhE 1? ng 111?11 dhmIgl]Illub hII; ?n 1111[]11?]} Eulplllnulphh hgull-lul]gand,
nnhg htwn ngt uﬂmL

Uwpluyht Pnnh gt wuygpuph wpnpikdp oun Junmg b qpuaby
dwubwgbnubph npwnpnipmniup: tenbu htwgnyt dudwbwlubphg pneh nbid
wujpuph hwdwp oquugnpsht] Lu LmuEulphnL]p dhownwuwwn  ynipkp
wupnibwlnn  odwikihplitip, l{bh hutuwnt puniputipn, thnohubkp, quqbp,
EUnyjupwitp b wyji: Uhuyt JbEpohtt nuwubwdjulubpnid  wpwewpldly Gu

wquw niuwljul, pinpopqutwlut b $nudnpopqumljun Wuwnpwu-
EmL thIalI,ldﬁul;llm]h 11I}quhglllgpnI;quhll]}llodun]Lulé‘;]? ZkQ)plylgE;}pAmlllldhgmuLlnmulllth
hwwnlnipyudp [3-5]:

Uolmwwnwiph bwuwwwlu Ep dowll] b thnpdwplbt; wmwduph hhwn-
phpdwwnngh jujpupgljdwt tnp Epwbwly b ntunidbwuhpl) wyn Epubwlng
Yhkunwuhubph opquihqu hhpdanl{nq niptph wqpbkgnipniip tpubg wpub
Alwpwbwlwt uquh Jpu:

Ynip b dkpnp: Zknwgnunipmibbbpp  Juunwpdl Buo 2005-2006  pp.
Upwquénnuh dwpqh Udub goinp dEpdbpuyht wmbnbumpoibbbpnid: Uju b
nwpwswonpowith wy] ntnbkunipmnibitpnid nwjuph hhynnkpdwwnngp jpipupwignip
wnwph qquih Juwu b owwndwonid  phpdbpubpht: ZEnbwpwp, hhynpipdwnngp
Juippupgbjdut  tyyuwunwlny dkup thnpdkghp dhownmwuww yymptpny dowldus
Juoyt Junpubpp wdpwgly ny ph YEunwuhutnh wwpwinght, hyybu nu wpynud L
oukiph U Yuwnittiph dnw, wy] ynsh hhuphl, puth np Gupwdwoluypht pnnp hp ddkpu
wdpugunid £ nwuph wnsh hwngush b wqpptph htnht dwybpbuh dwqbphte

Npybtu dhpwmwuww ynip puwnpdb] £ ks pwmbwljubpny ubkpypynn b pupan
dhpwnwuywt wpynibwbnnipjudp odnjws uknghnny yuwnpwuwnnilp: Ykunuih-
utiphtt dowllnig wnwye hwpdh E wnebdl, ph wyrn wnmwpwswoppwunid, Jupudus
Y1htuwyulwi wuydwuukphg, bpp Eujuynid b wjwpunygnid pantph prhspp:

Zhynpkpdwwnngh juwijwupgbdwt tyuwnwlng thnpdbpp juunwpdl) Bo oy
wnwpnid Suyws hnpphph Ypw, npnip twjuopnp pudwuytky G 4 fudph, pipupuynipnid
6 Yhugwuh: Ywwwpl] bGup Yhugwuhubph wpuwt  Alwpwbwlub uquh
htunwqnuinipynil: Zwpyt) kup wpjub Ephppnghnutph b htdngnphth pwbwynipniup
dhtsh YEunuuhutpht Upwltip b dpwltnig 7 op, 20 op bt 7 wmihu wg:

Unwgohti fudph Ykunwthubpp dowljdty Eu hbwnbjw) Yupgny. hnijhuh uljqppt
(pnntph pnhsph ulqphtt) unyt wnwpnd Sujws hnpptph wnsh hhudphtt nkwnhup
oqunipjudp wupwgyty Eu 18 x 1,8 ud swihh ubnghnnih 60% jninuyht (nidnypeny
ubpddyws Yunpubp b ponudtp dhtsh  hnubdptph  dtpep, wjuhtpt  wdjuy
nupudwppgwht  punpny,  pookph - pehyph  wwpunp  (Yunpubpp ool B
jmpupuitginip 15 op): Bplypnpy judph Yrunwihukpht wpnunwiht ppgwth ulqppt b nne
wpnuwghlt opowinid 25 opp Ukl Juwnwpyl) k gnqupynud pinpndnup 1%-whng opuyhte
nwdnypeny, jnmipupwbgnip gijup hwdwp dwhiubng 16 ] ymsnyp: Gppnpn hadph
ykunwuhukpht tnyb Ypy 25 opp Ukl Juwnwpyt) b gnnuplnid uknghnnih 60%-wing
opuyht ndnypny, mipwpwisnip gqiup hwdwp Swhiubng 16 U] jmsnyp: 2nppnpy
(unnighy) judpnid puggpyyus tht tnyhybu tnyt hwuwlhtt Wuwnljwing YEuguhubp,
uwluy gpuitp vhpwwnmwuywi ny Uh wumpuwuwnnijukpny sk dowlyt:

meiphkp b phbwpynu; 2npu udpkph  Yhuguihubph u1 ulh
Ahulpulhul wb Juquh' Ephpponghwntbph 11 htungnphty Lbn}ump]mh
ppyws Ewnniuwly 1-nud:

busytu Eplinud l:unumuuﬂ.]]E pUuy wwnltph ulhhhhphh utinghryniny

Uowiljlinig 7 on wig ujuwnynud [apn;%m bp wybjugmy 25, 111111
h dnanpbhh pwblp’ 24 %-ny, np]} Epuljutigin] nu[ 1: 20 op wiig, hulj 7 wilhu

g 4plyhtt mbnh G mbbkimd thnthnjunip; mhhhp Ep}lppngbmhhph pwtiuljp
impl[ul hg wybputmid £ 12 %-n, huly htn an]-}llhhh]}

‘Lnyuwtdwt yuwnltp Eunwugmd twb pin nfl)nu 1% 1mdnypny dpwiljdwt
dudwitiuly N 7 op wlg hppng hwubph pwtwlp wfbjuwind £ 21,3 %, huy
htungnphuth putwlp w huﬂmu[l:157°/o 200 wtg wyt ykpujuugmd £, huly 7
1111{]11? %uﬁb lli:phppngEmh%E ml{huuimuf k1 22 %,Il huly hdnq%n%-hl]l} 6%;}:) bk

whu bplmd k niuw wy] wuulbkp b ubknghgnind dowljdus
dmululllh%.l]} mdpmghh]_hu LI unut ‘lﬁzph Unun wpjut dwpwbwlut juquh ny
Uh thnthnjunipnib sh tuwnyby:
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UrsNRFLURTLUYUL 8NRSULPCULELP ONONNRE3NRULENT MEU ZPNNYELUUSNP YULMUMAELUTL LA BNULUYR
YbrunuUUL...

Ungniuwtly 1. Zwynth b wpwgwplynn knuwtwlubpny dowldus hnpplph wpju
Alwpwtuuw juquh hiinwgnunipniup
M(m,n=6

®np- Uhusl thnpdp 7 op wg 20 op wg 7 wdhu wig

dwpldwd - hbun- Ephpepn hbun- Ephppn- hkun- Ephppn- hbun-
nbnu- ghn qinphtt - qinpht ghn qinpht ghn qinpht
uniptip 107 91 ghwn o 102/ ol 102/ el

10/

‘Ukngh-
nnh
0,05%- 7,25(0,08 108( 1,1 9,06(0,11 134(1,2 7,86( 0,06 117(1,0 6,35( 0,19 98(0,8
wling
nudnyp

‘Ulingh-
nny | 726009 | 107613 | 728008 | 108(1,6 7,41(0,11 109,1( 1,4 7,4(0,16 | 1083(0.9
Uouljdud
duuyufk

£|npn-

$nup 7,5(0,06 107(1,1 | 9,1(0,06 12908 7,63(0,08 | 1083(0,96 585(0,12 | 100(1,6
1%-wing
[nLdnyp

Utnnighs 7410016 | 10,5(22 7,38(0,12 109,8(1,7 | 7.4(0,09 110,8(2,4 5,36(0,19 95,6(0,9
Junudp

2nppnpn fadph Yhtmuithtbph wppub juqdh gogompgo bty E7 wdha
witg: Ephppnghwnitiph puttwlyp wdbjugty k25 %-nd, huly htidngnphuthip® 13 %:

Pugh wyy hwenpn wwph quptwbp Yhunuihubphtt vinmgbihu, Gpypnpg
Tuiph Yktmwiihtbph dwyh ypw hhyngtpuunngh hwpnighsh tppopn wanhdwith
prepniputph hpdujubp skt huynbwptpgt): Unwehtt judph YEunwuhubkph dnn
haJujubph puttwlip hudbdwnws uinmghs adph Jeiuihubph® juqinod tp 45,4
%, huly kppnpryhup 33 %:

Ujuyhuny tbnghnmh 60 % jminujhtt mdnyph dby wwhjws Yuodk
Yunpubph oquuwugnpénudp, b wwppbpnipmt whwubwpmdmput by wjub-
nupup  oquuugnpéinn  wunpuunmlikph Gknghnmh U dowlpiwbt  dlikph’
gnmupynud  jud  pnugnud, wpynibudbn Eosh wgymd Ephppnghnttph b
htiungnphuth pwtuljuljut juquh dpw, phy wphtwnwnwn k b, np wdbtwljuplinp
E, wnwowplynn tnuttwp htwpunpmipinit £ nwjhu ntnbunipniiibpp dh putth
wnwphubiph ppwugpniu jhnghtt wquuint) hhynpbpduwnngh hwpmghsubphg:
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