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EFFECT OF CaAND Mg IONS ON THE GROWTH AND
ANTIBACTERIAL ACTIVITY OF LACTOBACILLUS DELBRUECKII
SUBSP. BULGARICUS RIN-2003-LS

L.A. MATEVOSYAN

Yerevan State University, Department of Biochemistry, Microbiology and Biotechnology,
lusine.matevosyan@inbox.ru

The effect of Ca and Mg ions on the growth and antibacterial activity of Lactobacillus
delbrueckii subsp. bulgaricus RIN-2003-LS was studied. Stimulation of RIN-2003-LS growth and
antibacterial activity was confirmed. The strongest antibacterial activity of RIN-2003-LS was
revealed after addition to the medium 15 mM Ca®** or 5 mM Mgz+. However, simultaneous
addition of Ca®" and Mg®* to growth medium didn’t cause any change of antibacterial activity. So,
the strong antibacterial activity of studied strain can serve as a basis for its application as a starter
in production of dairy products and as a probiotic in production of antimicrobial drugs.

Lactic acid bacteria — Ca and Mg ions — antibacterial activity — probiotic

Neuncduwuhpyty £ Ca b Mg hnlilbph wgnbgnieiniup Lactobacillus delbrueckii subsp. bulga-
ricus RIN-2003-LS yunwudh wéh W hwywpwynbppwywl wynhynipiwt ypw: wunwndt) £ RIN-
2003-LS-h wah W hwywpwyntphwywl wynhyniejwl fupwunwdp: RIN-2003-LS-h wdtlwpwpan hw-
Ywpwywnbnphwywu wywnhynipniup npulnpdt £ ulunwdhpwdwnphu 15 JU Ca Ywd 5 UU Mg hnlutn
wybwgutinig htwn: Uwywju Ca L Mg hnlubph hwdwwnbn wybjwgndp wédwlu ulunwdhpwiywjphl
hwywpwyntphwywu  wywnphdnipjwl  Ewywl  ginhnfunipintt sh - wnwewgnb:  Wuwhund,
nuntduwuhpywd pnwdh npulinpwé pwpén hwywpwywntphwywl wynhynieiniup Ywpnn £ hhup
hwunhuwlwy wju 2unnwdh ogunwagnpduwl hwdwp Ywplwdrbngh wpunwnpniejwlu Uty npwtu UGpwu W
hwywdwuptwjhu nEnwdhgngutiph wnwnwnpnipjwu UG nnwbu wynpnphnunhy:

Ywplwpprywihl pwlntphwltn — Ca L Mg pnllbn — hwwpwlyinbppwlwl wlinhynepnt —
wjpnphninhly

Wsydanocs BiausHue MoHOB Ca M Mg Ha poCT M aHTHOAKTEpHAIbHYIO aKTHBHOCTH
Lactobacillus delbrueckii subsp. bulgaricus RIN-2003-LS. TToareepskaeHa CTUMYJISIHSA pOcTa U
anTubakTepuanbHoi akTuBHOCTH RIN-2003-LS. Camas Beicokast aHTHOAKTepHanbHasi aKTHBHOCTh
RIN-2003-LS 6su1a BbIsiBIICHA T0CIe T00ABICHHS B IUTATENbHYO cpeay noHoB Ca (15 mM) min
Mg (5 mM). Oxnako coBmecTHOE J00aBiicHuE B cpeay HOHOB Ca u M He BBIBHIIO HUKAKHX H3-
MEHEHHI aHTHOAKTepUaIbHOW akTHBHOCTH. TakuM 00pa3oM, BHICOKAs aHTHOAKTEpHAIbHAS aKTHB-
HOCTh M3YYCHHOTO LITAMMA MOXKET CTaTh OCHOBAaHHEM IS €r0 NPHMEHEHHs B KauyeCTBE CTapTO-
BOH KyJIBTYpPBI B IIPOM3BOJICTBE MOJIOYHBIX TIPOJIYKTOB, @ TAK)Ke KaK IPOOHOTHK ISl BO3MOXKHOTO
MPUMEHEHHS B IPOM3BOJCTBE aHTUMHUKPOOHBIX MPEMNaparTos.

Monounoxucnvie 6al<mepuu —uonwvt Cau Mg - aHmuﬁaKmepuaﬂbHaﬂ AKMueHocnmsv — npo6u0mm<
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Antibiotic resistance of pathogenic bacteria is the most important reason for search
and screening of new bacteria with high biological activity. The best candidates fulfilling
these requirements are lactic acid bacteria (LAB).

The great diversity of ecological-geographic conditions of Armenia with its exactly
determined vertical zoning contributes the development of unique associations of LAB in
traditional dairy products. During centuries Armenians have prepared traditional protein-
enriched dairy products such as matsoun, sour cream and different types of cheeses, having
substantial physiological, antagonistic, antioxidant and antiallergenic activity [2, 7].
Antibacterial activity is connected to synthesis of special substances-bacteriocins [9].
Bacteriocin producing LAB can be applied as a starter cultures in food fermentation or
added to fresh food as bio-preservatives.

Environmental pollution by different metal ions is due to technical development. By
accumulating in soil, they cause poisoning of plants, animals and people organism. That is
why study of possible ways to reduce the amount of metals is actual and prospective. Due
to ability to synthesize lactic acid, LAB acidify environment by causing accumulation of
different metal salts in soil and their chelation. Chelated metals don’t penetrate into the
cells and don’t cause toxic effect. But it is significant to differentiate the metals that are
essential for cell activity and included in composition of enzymes by ensuring their
functionality [10]. Such metals are calcium (Ca*") and magnesium (Mg?").

Therefore, the aim of this work was to investigate the effect of Ca** and Mg on
LAB growth, acid formation and antimicrobial activity which will allow regulating
bacteria growth conditions for maximal production of antimicrobial substances and
defining the mechanisms of LAB metallotolerance.

Materials and methods. Objects of investigation

The object of investigation was Lactobacillus delbrueckii subsp. bulgaricus RIN-2003-LS
strain isolated from salinized Armenian cheese “Lori”, village Gladzor, Vayots Dzor province,
Armenia, and stored in the Department of Biochemistry, Microbiology and Biotechnology.

Investigation of effects of different metal ions on biological properties of lactic acid
bacteria

To determine the stimulating effect of different metal ions (Ca®*, Co?*, Mg?*, Mn?*, Fe?,
Fe**, Ba** and Zn?*) on LAB antibacterial activity the primary screening was carried out. As a
source of ions the following salts were used — CaCl,, CoSO,4, MgCl,, MnSO,, Fe,(SO4)3, FeSOy,
BaCl,, ZnS. For study of metal ions effect on LAB biological properties MRS medium was
prepared containing 5, 10, 15 mM Ca and Mg ions. The optimal concentration of metal ions was
determined. Simultaneous effect of two ions on LAB growth, acid formation and antibacterial
activity was studied, too.

Growth curve construction and pH measurement

For construction of growth curve, optical density was measured by spectrophotometric
method, the wavelength was 595 nm (K®K-3 -“30M3”, Russia). Each measurement was carried
out every 3 h. pH measurement was carried out by potentiometric method using pH-meter (Knick
K-766, Germany).

Determination of antibacterial activity

Determination of LAB antibacterial activity was carried out by agar well-diffusion method
[8]. The following test-organisms were used: Pseudomonas aeruginosa 272786 (isolated from
clinical material and provided by “Prom-test” diagnostic center), Salmonella enterica K3 (isolated
from pig feces and provided by Institute of Molecular Biology, NAS RA), Staphylococcus aureus
MDC 5233, Escherichia coli VKPM M17, Bacillus subtilis WT-AL (isolated from a soil sample).
0.1 mL of overnight culture was added to wells and tested for antibacterial activity. Then Petri
dishes were placed in fridge for 2 h for diffusion of antibacterial substances. After 24 h of
incubation at the optimum temperature required for the test-culture growth, diameters of growth
inhibition zones were measured. A clear zone of inhibition of at least 2 mm in diameter was
recorded as positive.
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Results and Discussion. L. delbrueckii subsp. bulgaricus RIN-2003-LS strain was
revealed high antibacterial activity against Gram-positive and Gram-negative
microorganisms, as shown before [3]. To study the effect of different metal ions on
antibacterial activity of this strain 5 mM metal salts were used. The results are shown in
fig. 1.

Zones of growth inhibition, @ mm

%
’ . : :
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Control Ca(Il) Mn(II) Mg(IT) Fe(III) Fe(II) Ba(II) Co(IT) Zn(I)

Fig. 1. Dependence of antibacterial activity of Lactobacillus delbrueckii subsp.
bulgaricus RIN-2003-LS on presence of metal ions.

Ca®* and Mg®* induced antibacterial activity of L. delbrueckii subsp. bulgaricus
RIN-2003-LS, vice-versa Mn?*, Fe**, Fe?" and Zn*" inhibited its activity, and Baions didn’t
show any effect. That is why for further investigation Ca®* and Mg?" were selected (5, 10
and 15 mM). The results are shown in fig. 2.
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Fig. 2. The effect of different concentrations of Caand Mg ions on antibacterial activity
of L. delbrueckii subsp. bulgaricus RIN-2003-LS
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It was shown before that in case of incubation in milk antibacterial activity of some
LAB strains against S. aureus MDC 5233 was lower than in case of incubation in MRS [3].
As a rule, concentration of calcium in milk is approximately 15 mM [4]. The results showed
that high concentrations of Ca®" induced the antibacterial activity of RIN-2003-LS,
especially against Gram-positive test-organisms. It is interesting to note that residual
concentration of Ca®* in intestine is 5 mM [1]. Consequently, this allows concluding for
strong antibacterial activity of RIN-2003-LS in intestine additional source of calcium is
required. The Kinetics of L. delbrueckii subsp. bulgaricus RIN-2003-LS growth, acid
formation and antibacterial activity in different Ca®* and Mg®* concentrations had been
studied, too. The results are presented in figs. 3 and 4.
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Fig. 3. The effect of different concentrations of Ca®* on kinetics of growth, acid formation
and antibacterial activity of L. delbrueckii subsp. bulgaricus RIN-2003-LS
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Fig. 4. The effect of different concentrations of Mg?" on kinetics of growth, acid formation
and antibacterial activity of L. delbrueckii subsp. bulgaricus RIN-2003-LS

It is shown from fig. 3 that Ca** 15 mM in MRS has the strongest effect on these 3
properties. Interestingly, such concentration increases the synthesis of antibacterial
substances since 9™ hour. However, the stimulating effect of Mg?" was observed in 5 mM
concentration (fig. 4). Keryan and coauthors studied the effect of Caand Co ions on growth,
acid formation and antibacterial activity of L. delbrueckii subsp. lactis INRA-2010-4.2 and
L. crispatus INRA-2010-5.2 strains and showed that for both strains even 5 mM
concentration of Ca®* caused inhibition of growth [6].




L.A. MATEVOSYAN

For determination of combined effect of Ca and Mg ions 15 mM concentration of
Ca?" and 5 mM concentration of Mg®* were added to MRS medium but no significant
effect was revealed on antibacterial activity. The similar results were shown by Keryan and
coauthors in case of simultaneous addition of Caand Co ions [6].

Interesting results about antibacterial properties of magnesium were obtained by
Duane and coauthors [11]. Particularly, they investigated antibacterial properties of
magnesium against Gram-positive (S. aureus) and Gram-negative (E. coli and
P. aeruginosa) bacteria. As a source of Mg ions MgCl, salt was used which was added to
the growth medium of test-organisms. The pH of cultures growth medium was increased
by 1.0 N NaOH. Authors indicated that Mg metal has a significant effect on CFUs of both
Gram-positive and Gram-negative bacteria. Added to the growth media Mg corrosion
products would inhibit the growth of E. coli, P. aeruginosa and S. aureus but this is only a
hypothesis which needs confirmation.

Ca and Mg ions have other amazing properties. Particularly, it was shown that Ca?*
and Mg?* can influence on bacterial biofilm formation [5, 13]. In other work was observed
the role of Mg ions in the growth of Salmonella Phage Anti-R [14]. Interestingly, Ca*" and
Mg?* can also interact with antibiotics and protect the bacterial outer membrane from
damage [12].

However, these are not all properties of Ca®* and Mg?* investigated by researchers.
Undoubtedly, these metals have many other properties which are not detected yet, and the
further works will be devoted to discovery of them.

The obtained results showed that Ca and Mg ions stimulated the antibacterial
activity of L. delbrueckii subsp. bulgaricus RIN-2003-LS. The stimulating effects of Ca®*
and Mg®* were depended on their concentrations. Particularly, the best concentration for
Ca?®* was 15 mM and for Mg?* — 5 mM. However, the simultaneous addition of these ions
to growth medium didn’t show any crucial effect on antibacterial activity of studied strain.
So, it can be considered that in case of presence of two ions competition for entrance to cell
or chelation of metal ions occurs which can influence on metal access.
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MOJYYEHUE JUMOHHOM KAUCJIOThI U3 KJIYBHEN
TOIMNMHAMBYPA B IIPOIECCE KUBHEJAEATEJIBHOCTH
IVIECHEBOI'O I'PUBA BUJIA ASPERGILLUS NIGER
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Hacrosiee uccieqoBaHUE MOCBSAIICHO Pa3pabOTKE TEXHOJIOTMH BBIACICHHS JUMOHHOU
KHCIIOTBH W3 MHYJIMHCOIEpIKAIero dKCTpakTa kiyOne#t tromunambypa (Helianthus tuberosus) c
NpUMEHEeHHeM IuiecHeBbIX rpuboB Aspergillus niger. IToka3aHo,uT0O MHKPOOGHOJIOTHYECKOE MO-
JIy4eHHUEe JIMMOHHOM KHCIIOTHI M3 TONMHHAMOYpa SKOHOMHYECKH BBIFO/IHO, TIOCKOJIBKY €ro KIyOHH
conepkat okoiao 20% uHynIuHa.

Tonunambyp — uHyauH — naecHesbvlii 2pub —IUMOHHASL KUCIOMA

Sywy nruncduwuhpnieintup byhpdwé £ gbunbwhibdnph (Helianthus tuberosus) wwjwputph
huntihu wwpniuwynn (nedwdgqywgehg Yyhinpnuwpruh wuswindwl inGhuuninghwih - Bwydwup:Wju
Uwwwnwyny  ognwagnnpdynid £ Aspergillus  niger wnbuwyhtu  wwwnlwlnn  pnppnuwuntlyp:
QGunuwpuluénnhg Yhinpnuweryh Jwuptwpwlwywl unwgnudp inunbuwwbu dGpUwnnc £, pwuh np
Upw wywiwpuGpnd wywpniuwyyned £ Unn 20 % huncjhu:

Qtunlwpulidnp — hunihu — pnppnuwunculy — YhinpnUwyeent

This study is devoted to the development of technology for the isolation of citric acid using
mold fungi of the species Aspergillus niger from inulin-containing extract of Jerusalem artichoke
tubers (Helianthus tuberosus). It has been shown that microbiological synthesis of citric acid from
Jerusalem artichoke is economically beneficial, because tubers contain about 20% inulin.

Jerusalem artichoke- inulin-mold fungus-citric acid

Opranuyeckre KUCIOTHl HaXoJsAT HIMPOKOE NPUMEHEeHHE B (apManeBTHYECKOMH,
XUMHUYECKOH, MUIIEBOM, TEKCTUIBHOW M APYTUX OTPACISIX MpoMblluieHHOCTH. [InieBas
MIPOMBIIUICHHOCTh TPAJUIMOHHO SIBISETCS OCHOBHBIM MOTPEOWTENEM JMMOHHOM,
YKCyCHOW W MoJo4HOH kucmor [2, 4, 9]. K opranmueckuM KHCIIOTaM OTHOCSATCS
MIPEUMYILIECTBEHHO KapOOHOBBIE, MOJIEKYJIbI KOTOPBIX COJAEPXKAT OJHY MM HECKOJIBbKO
kapOokcwibHbIX rpynn COOH. B 3aBucuMoCTH OT Hanu4Msi KapOOKCHJIBHBIX TPYIII
pa3andaroT OJTHOOCHOBHBIC, IBYXOCHOBHBIC U TPEXOCHOBHBIC Kap6OHOBBIe KHUCJIOTHI.

JlumoHHas KHUCTOTa SBISETCS TPEXOCHOBHOM OKCHKHUCIIOTOH [2, 8].9T0 KpucTai-
JIMYECKOE BELIECTBO OEJIOro 1BETa, XOPOLIO paCTBOPHMO B BOJE U THUIIOBOM crupTe. B
HauOOobIIeH KOHIIEHTPAIUU OHA COJIEPXKHUTCS B Pse PACTEHHH: B IUI0/IaX IIUTPYCOBBIX,
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B SITOJaX, CTEOIAX M TUCThAX Tabaka. Cama JIMMOHHAS KHACIIOTA, KaK U e€ COJM — IIUTPATHI,
IIMPOKO HCIIONB3YETCS BO MHOTHX OTPACIIIX: B THIIEBOM MPOMBIIDICHHOCTH KaK BKYCOBas
no0aBKa, PETyISTOp KUCIOTHOCTH W KOHCepBaHT (rmmieBbie mo0aBku E330—E333), mma
TIPOU3BOJICTBA IUIABJIEHBIX CHIPOB, HAIMUTKOB, CYXHMX MIMITYYMX HAIIUTKOB, B MEIUMIIMHE B
Ka4ecTBE KOHCEPBaHTA IpPH MEPEIMBAaHWM KPOBH, B TOM YHCIIE B COCTaBE CpPE/CTB,
YITyUIIaloMMX SHEPreTHUecKril 00MeH, akTuBHpyeT nuki Kpebca, criocoOCTBYs yCKOpPEHHIO
Metabomm3ma. 11Iupoko ucmonb3yercss B OBITOBOH XMMHHM B KaueCTBE OUYMCTHTEIBHOTO
cpezcrsa [4,8].

Oxkozo 60 5eT Ha3aa JUMOHHYIO KUCIIOTY BBIACTSUTH MIPEUMYIIIECTBEHHO M3 ILIO-
JIOB IIUTPYCOBBIX pacTeHuil.HecMOTps Ha 3HAYMTENBHBIA MpOrpecc B 00JacTH OpraHu-
YEeCKOro CHHTE3a, B HACTOsIIEe BpeMs MHOTHE OPraHHYECKHE KUCIOTHI — JIMMOHHAS,
MOJIOYHAsI, YKCYCHAsl MOJy4YaloT MUKPOOHNOJIOInYecKUM CHHTe30M.OCHOBOW MHKpPOOHO-
JIOTHYECKOTO TIPOU3BOJICTBA B OHMOTEXHOJIOTHH SIBJISIETCSI MCIIONB30BAaHHE LITaMMOB-
MPOAYIEHTOB JUIS TOJYYEeHUS TOTO WIIM MHOTO TPOIYKTa B Iporecce Merabonm3ma.B
YaCTHOCTH, JIAMOHHYIO KHCJIOTY IIONy4YalOT IyTeM MHKPOOHMOJIOTHYECKOTO CHHTE3a C
UCIONb30BaHueM IuiecHeBoro rpuda Aspergillus niger u3 caxapucteix Bemects [10].
Aspergillus niger otHocuTcs K KiacCy cymuarsix rpuboB (Ascomycetes), cemeicTBy
acrieprimuutoBsix (Aspergillaceae), pomy Aspergillus, kotopsiii HacuwutsiBaeT cBbIme 120
BugoB [3]. Kax mpaBumo,rpuObpl pacTyT Ha OoraTteIXx yriepoaoMm cyoOcrparax. B
HaCcToAIIEC BpEMsA JHMMOHHAsA KHCJIOTa IMPOU3BOAUTCA C IMOMOIIBIO MI/IKpO6I/IO-
JIOTHYECKOT0 CHHTE3a, B Ka4eCTBE OCHOBHOTO CBHIPhSl MCIOJIB3YETCSl Menacca, SBIISIO-
LIAsICsl OTXOJOM CaxapHOI'o ITPOM3BOJACTBA M3 CaxapHOM CBEKIbI, KOTOpas COAEPIKHUT
40-46% caxapo3sl. [8,9]. OqHaKO OHA HE SIBJISIETCS €AMHCTBCHHBIM HCTOYHUKOM CBIPBS
JUISl TIOJTyYeHHUS! JIMMOHHOW KHCIJIOTHL. B TeYeHHMe MHOTHMX JECSATHIICTHH NPOBOJIIIINCH
HCCIIEIOBAaHHS IO MUKPOOHOJIOTHYECKOMY CHHTE3y JTMMOHHON KHCIOTHI M3 Pa3IMuHBIX
cyOcTpaToB: (PYyKTO3BI, TIIIOKO3bI, Caxapo3bl, KpaxMaia, LeJUTION03bl, YTIEBOIOPOIOB.
Bo3MoxHOCTh HWCTIONB30BaHUA KIyOHEH TonmHamMOypa sl TOJYyYeHHs JIMMOHHOM
KHCJIOTHI HA MOMEHT Hadana paboThl He Oblila M3ydeHa.

Tommuam6yp (Helianthus tuberosus )- sTo TpaBsHHCTOE pacTeHHe, KOTOpOE He
TpebyeT 0coboro yxoma. DTO HENPHXOTIMBOE, 3aCYyXOYCTOWYHBOE, MOPO30CTOWKOE
ypoaiiHoe pactenne. KiryOnu TonmaamOypa comepxart okoino 15-20% wunynuna. Uny-
JIMH — BBICOKOMOJICKYJISIPHBIN yTiIeBOA, mofucaxapua (IOJUMep) pacTUTENBHOTO Tpo-
HCXOXKICHHSI, MOHOMEPaMHU KOTOPOro sBIsIFOTCS (ppykrosza (97%) u rimokosa (3%). Ilo-
JOOHO Kpaxmaiy, WHYJIMH CIY)KUT 3alacHbIM BEIECTBOM, BCTpPEYaeTcs TJIaBHBIM 00-
pa3oM BO MHOTHX PacTEHMSX CEMEHCTBA CIIOKHOLBETHBIX: B KOPHIX TONMMHAaMOypa co-
JiepiKaHue MHYJIHHA 10X0auT 10 20%, B IMKOPHM M KIyOHSX reopruHsl po 15%, pen-
yaTroM Jiyke 110 2-5% [6]. YuuThIBas HENPHUXOTIMBOCTH TONMHAMOYpa M BBICOKOE CO-
Jiep)KaHue MHYJIMHA B €r0 KOPHSX, HAMH BIEPBBIC OBUT MPEIOKEH CHOCO0 MOTydeHHS
JMMOHHOW KUCJIOTHI MyTEM KYJIbTHBUPOBAHM IITAMMOB IiecHeBoro rpuda Aspergillus
niger Ha 9SKCTpaKTe, TMONYYEHHOM W3 WHYJHHCOACPIKAIIETO0 CHIPhS  KIyOHEH
TonmMHAMOYpa.

Mamepuan u memoouxa. B xadecTBe 00bEKTa HCCICIOBAHHS HCIOIB30BAIN IITAMM
IUIECHEBOTO Tpuba Aspergillus niger, TOMyYeHHBIH W3 KOJUIEKIUH KyJIbTYP MHUKPOOPTaHH3MOB
Lentpa nenonupusanus mukpoooB HIIL[ Apmbuorexnonoruss HAH PA.

Jnst modydeHHs JTUMOHHOM KHCIIOTHI IITaMM KyJIbTHBHPOBAIM HAa BOJHOM 3KCTpPaKTe
M3MeTbYEeHHBIX KIyOHeH TonmnHamMOypa.

[ItamMM KyJIbTHBHPOBAJICS HAa CHHTETHYECKOH cpene Yameka ciemyromero cocrasa (I/1):
NaNO; -2.0, KH,PO,-1.0, MgSO,.7H,0- 0.5, FeSO,4.7H,0- 0.01, KCI -0.5 [5].

KuCIOTHOCTB Onpeensiin HHANKATOPOM METHUIIOBBIM KpacHbIM (MeTwiiport) [1].

KonnuecTBeHHOE coacpKaHue JIMMOHHON KHMCJIOTBI onpeacysiii METOAOM TUTPOBAHUA
0,5N pacTBOpOM IHIPOKCHIA HATPHS O clexyrouei popmyie:
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I7ie X — IPOLEHTHOE COZlepKaHNe TUMOHHON KHCIOTHI (%), Ny — HOpManbHOCTh TUTPYEMO-
ro pacTBopa, V — 00beM TUTPYEMOro BelecTBa, Ey — SKBHBAJICHTHOE KOJIMYECTBO HUCCIIETYEMOTO
pactBopa, q — mpoba aHanM3upyeMoro BemecTsa [1].

CopepxaHue OPraHMYECKUX KUCJIOT B KyJIbTYPaIbHOH >KHIKOCTH ONpPENEISIA METOAOM
BBICOKOO((QEKTHBHON XHUAKOCTHOH xpomartorpaduu (BOXKX) ma mpubope "Water Separations
Modul 2695", CIIIA.

Pesynvmamot u o6cyscoenue. C 11eNbI0 BHISICHEHHUS BO3MOKHOCTH OMOKOHBEPCUHT
MHYJIMHA B JIMMOHHYIO KHCIJIOTY U IIOJy4€HHs €€ M3 KIyOHel TonnHaMOypa HaMH Ipo-
BOAWJIMICH MUKPOOHOJIOTHYECKIE B OnoXxuMmaeckue ucciuenpoBanus. s s dexruroro
OCYIIECTBICHHS JKCTPAaKIMKM Ha | Kr U3MEJbUCHHBIX KiIIyOHeW noGaBisud 2 J1 JTUC-
TWUTUPOBAHHOM BOBI M IPH NMOCTOSTHHOM II€peMENINBaHNH BBIJIEpKUBAJIH B TeueHue 30
muH npu Temneparype 70-75°C. CoOrnacHo TUTEpATypHBIM JaHHBIM, BHIXO HHY/IHHA
3HAUMTENbHO YyBenumumBaercss npu pH 6,0-6,5 [7]. Hdanee mnpoBogwiu ueHTpudy-
TMPOBaHME HJKCTPaKTa, HAJIOCAJOYHYIO XHIKOCTh C WHYJIMHOM OTACISUIM OT (yrara,
obecrBeUnBaIIM aKTHBUPOBAaHHBIM yriieM. KylbTHBHpOBaHUE TUIECHEBOTO rpubda Asper-
gilus niger Ha sKcTpakTe OCYIIECTBIAMN B TepMocTaTe mpu Temneparype 25°C. Vike Ha
2-3 cyT HaOMI0Aan0Ch MOJKUCICHNE Cpelbl. B KynbTypalbHYyIO KHAKOCTH A00aBIISIICS
KpacuTenb METHICHOBBIN KpacHbA: Ha 100 M1 muratensHOU cpemsr 1 mir 0,1 %-nHoro
cnupToBoro pactsopa. IIpu oOpa3oBaHMM KHCJIOTHI B IPOIECCE POCTA IITaMMa KyJIb-
TypalbHasi XHIKOCTh OKpAIIMBAIach B KPacHBIM MBET. MaKCHMaJbHOE KHCIOTOO00-
pa3oBaHue MPOUCXOANT Ha 4-5 cyT. 3Hauenue pH cHmwkaetcs ot 6.5 mo 3.5-3.0.

B pesynbrare nanHbIX, nonmyueHHBIX Ha BOXKX, B cOpokeHHOM pacTBOpe ObLia
oOHapy»eHa CMeCh OpPraHHYECKHX KHCJIOT — JIMMOHHOM U s0s0yHOi. KpoMe ynomsHy-
THIX OPraHUYECKUX KHCIIOT, B pPACTBOPE COAEPKAIUCH TAKKe APYTHe OpraHUYecKHe KHUC-
JIOTBI, KOTOpBIC HE UAeHTHHIUpOoBanuch (Tabmr. 1, puc. 1).

Ta6auua 1. Comepskanue OpraHMIecKuX KUCIOT B KYJIbTypanbHOi sxuakoctu Aspergillus niger

Ha3Banmue kuciaor Bpems aomans KoauuecrtBo,

BbIX01a BbIX0a %

JIuMoHHas KucioTa 8,049 3247150,56 5,8409
HeunentnduumpoBaHHas KHCIOTa 9,412 64512031 —
HewuneHTruumpoBaHHas KHCIOTa 11,221 7413,12 -

S16104Hasg KUCI0Ta 12,667 114321,12 1,2407
HewunenTuuumpoBaHHas KHCIOTa 14,312 788096,21 —
HeunpeHTHOUIMPOBaHHAs KHCIOTA 15,478 1024541,69 —

JThocommas

xxczora

310 =V

L) ._

2 4 €& 8 10 12 14 16 18 20 22 24 2%

Puc 1. Xpomarorpamma KynbTypanbHOi xuakoctd Aspergillus niger

14



TIOJIYYEHUE JIAIMOHHOM KUCJIOTBI M3 KJTYBHEN TOMMMHAMBYPA B ITPOLIECCE XU3HEJAEATEJILHOCTH TUIECHEBOTO...

B 11a6opaTopHBIX YCIOBHSX JIMMOHHYIO KHCJIOTY IIOJYYald IIYyTE€M KyJIbTHBHPO-
BaHus 1uiecHeBoro rpuba Aspergillus niger na cunreTnyeckoii cpene Yaneka ¢ nobas-
JIEHHEeM Da3IMYHBIX MCTOYHHKOB YIJIEPOJa, TAKUX KaK caxapo3a, HpyKTo3a U HHYIHH.
Pe3ynbraThl CBHACTENBCTBYIOT O BECbMa ONU3KHX BBIXOHAX JIMMOHHOM KHCIOTHI U3
YKa3aHHBIX CyOCTpaToB (pHc. 2), HO HAWIYYIIAM HMCXOJHBIM BEIIECTBOM UIs 00paso-
BaHUS JIMMOHHON KHCIIOTHI SBISIETCsl caxapo3a. OIHAKO, YIUTHIBAsL IOCTYIHOCTD HHY-
JIMHCOIEPIKAINETO ChIPhsI M3 KOpHEH TomMHAMOypa, MaabHEUIIHe HAIIH HCCICIOBAHUS
0 M0A0OPY MCTOYHHKA YIiiepo/ia ObLIN MPOJODKEHBI HMEHHO C HCIIOIb30BaHUEM ITOTO
CBIPBSI.

147
f 12
g 104 —&— Caxaposa
§ 8 - —@— ®pykTosa
g —a&— WHynuH
x 6
3
s 4
=
= 2
L

0 2 4 6 8 10 Cyrkm

Puc 2. CuHTE3 TMMOHHOM KMCJIOTHI Ha Pa3IMYHbIX MCTOYHUKAX YTIIEPOJIA C MCTIONIb30BAaHNEM
urramma Aspergillus niger.|

[Tpn 0600LICHNH MTONYYEHHBIX PE3YJIbTATOB BBISIBHIACH BO3MOXKHOCTH OMOKOH-
BEPCUM MHYJIMHA U MPOCTHIX CaxapoB, COJACPIKAIINXCS B DKCTpaAKTe KIyOHEeH TOMMHAM-
Oypa, B JMMOHHYIO KHCIJIOTY B IMPOIIECCE MOBEPXHOCTHBIX M TTyOHMHHBIX (epMeHTaIHi
mramMma A.niger. Heo6xoauMo OTMETHTb, YTO MPOU3BOACTBO JHUMOHHOW KHCIOTBI H3
9KCTpaKTa TOMMHAMOYpa SBISIETCST PEHTAOCNBHBIM, T.K. TONMHAMOYp HETPHXOTIHBOE,
ypo’KaifiHOe pacTeHHE,CTIOCOOHOE pacTH B Pa3HBIX yCIOBHAX. CpenHsis yposkalHOCTh
caxapHOH CBEKJIBbI — 22 T/ra, BBEIX0A caxapa cocTasisieT 10 % ot macchl ceipbst. Cpenusis
yposkaiHocTh KiyOHel TonuHamOypa — 40 1/ra, Beixoa caxapa (mo munumymy ) — 12 %
OT Macchl ChIpbsa. Mcxoas u3 3Toro, ¢ | ra caxapHOil CBEKIBI MOXKHO MONYyYUTh 2,2 T
caxapa(caxapo3sl), a ¢ | ra TonuHaMOypa — 4,8 T PPyKTO3HOTO caxapa, KOTOPBIA Ciamie
00bIuHOrO caxapa B 1,7-2 pasa.

Takum oOpa3om, BIIEpPBBIE OBLIO YCTAHOBJICHO, YTO WHYJIMHCOICPIKAIIHIA
OKCTPAKT KiIIyOHeH TomMHaMmOypa SIBISIETCS MEPCHEKTUBHBIM UCTOYHMKOM ISl MHKPO-
OMOJIOrMYECKOr0 MPOM3BOJICTBA JUMOHHOM KHCIOTHI C HCIIOJIb30BaHUEM ITaMMa ASper-
gillus niger.
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The increasing number of pathogens resistant to antibiotics requires the development of
alternative antibacterial strategies. One of the most promising and innovative approaches for the
destruction of pathogens is the photodynamic inactivation (PDI) of microorganisms. In order to
identify the ability of bacteria to develop resistance to PDI, studies have been conducted on strains
of Staphylococcus aureus 62-A and Escherichia coli K-12. Tetracationic Zn-mesotetra-[4-N-(2"-
butyl) pyridyl]porphyrin (Zn-TBut4PyP) was used as a photosensitizer (PS). After activation by
visible light the ability of Zn-TBut4PyP) to develop resistance in these strains was investigated. It
was shown that no resistant mutants were detected after successive 10-fold repetition of the PDI
procedures of microorganisms with Zn-TBut4PyP.

Photodynamic inactivation — porphyrin derivative — pathogens —
Staphylococcus aureus — Escherichia coli

Swywphnnhyutph LWjwndwdp uwintl ywengbl Jwuptubph pyh wép ywhwugnid £ hw-
Juwpwywnbnphw|  wjpunpwupwiht  Uninbgnudubph  duynwd:  MwpengtUubph  ngusgwgdwl  hwdwn
wnwyb] fununniduwihg W Unpwpwpwywl Unintgnidutbphg dGyp hwdwnpynid £ Uhypnopgqwuhquutnh
dninnnhuwdhy wwwwynhdwgnudp (M) DW-h Uywwndwdp pwyntphwubph  Yuwyniungeniu
qunpgwgutint  niuwynieintup  unnigbint bwwwnwynd  hpwywlwgdtb, B hGwnwgnuinie)nlbutn
Staphylococcus aureus 62-A W Escherichia coli K12 pwnwdutph pw: Npwtu $ninnutuuhphihqunnp
oginwgnnéyt b nbipwywinhnUwihl - Zn-Utgn-ntnpw[4-N-(2'-pncehy)  whnhnhjwnpdhphup (Zn-
TBut4PyP): NiuntdUwuhpdbp £ Zn-TBut4PyP-ny (nGuwlGh [nyuny wyunhjwgnidhg hGwnn) win
2nwudutnh dnin Yuyniunieint wnwwgubint nitbwynipniup: 8nuyg £ wpdtb, np Zn-TBut4PyP-ny
DW-h gnpdpupwgh hwenpnwywu 10 wuqwd YpYyunieintuhg hGunn Yuyntt dniinwunubp s6U
hwjnuwptnyt):

bninnnhlwdhly wwwwlinphdugnid — wynpndphnphlup wowlgywy — wwengbllbn —
Staphylococcus aureus — Escherichia coli

Bospacraroniee 4ncio MaToreHoB, YCTOWYMBBIX K aHTHOHMOTHKaM, TpeOyeT pa3paboTok
albTePHATUBHBIX aHTHOAKTEPHATBHBIX cTpaTeruit. OMHUM U3 HanOoiee MepCIeKTHBHBIX U HHHO-
BAaIlMOHHBIX MOAXOAOB JJIsI YHHUYTOXKEHUS MTaTOI€HOB SIBISIETCS (DOTOAMHAMHUYECKash MHAKTHBAIIHS
(dAN) muxpoopranu3MoB. C 11610 BBISIBICHUS CIIOCOOHOCTH OaKTepUid BBI3BIBATH YCTOHUMBOCTD
k ®JIN1 MUKpOOPraHU3MOB, HCCIIeI0BAaHUs ObLIH MTPOBEAEHBI Ha mrammax Staphylococcus aureus
62-A u Escherichia coli K12. Terpakatuonusiii Zn-me3zorerpa-[4-N-(2'-6ytun) nupumwni|nopdu-
puH (Zn-TBut4PyP) Obut uicrionb30Ban B KadecTBe (otocencudommmszaropa (OC). bouta ucciemo-
BaHa cnocoOHOcTh ZN-TBUt4PyP (mocine akTuBanmMy BUAMMBIM CBETOM) BBI3BAaTh YCTOWYHUBOCTH y
9THX mramMMmoB. ITokasaHo, 4To mocie mocienoBaTensHOro 10-KpaTHOrO MOBTOPEHHS NPOLERYp
OJIU ¢ Zn-TBUt4PyP ycToH4MBEIX MyTaHTOB HE OOHAPYKEHO.

DomoouHamuyeckas UHAKMUSAYUs — NPOU3600HBIIL NOPPUPUHA — NAMOSEHHb] —
Staphylococcus aureus — Escherichia coli
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The widespread and increasing antibiotic resistance among pathogenic bacteria
has forced researchers to find efficient alternative therapeutic methods against which the
bacteria are not able to easily develop resistance [4]. Photodynamic therapy could be one
of such alternative strategies, which is expected to be useful in the treatment of localized
infections [10, 15, 21]. The mechanism of PDI action is a multi-target damaging process
in contrast to those of antibiotics, which act very specifically on a definite target. PDI of
microorganisms is based on the concept that positively charged PSs can attach and/or
accumulate in or at the pathogen to induce irreversible damage upon light activation of
the PS [12]. This process of PDI involves the delivering light of the appropriate
wavelength to the PS molecule in order to bring it to an excited singlet state, which
subsequently crosses to a more stable triplet state with lower energy via intersystem
crossing. The interaction between the PS excited states and endogenous oxygen in the
immediate vicinity of the target cell provides cytotoxic effects due to the production of
highly toxic reactive oxygen species (ROS) such as singlet oxygen (*O,) and free
radicals like hydrogen peroxide (H,O,), superoxide radical anion (O,") and hydroxyl
radical (OH"), able to irreversibly alter vital components of cells resulting in oxidative
lethal damage [1, 8, 10, 11]. It should be mentioned that traditional antibiotics can also
use ROS to create lethality to bacteria [6], although such ROS are generated
endogenously, in contrast to PDI where the ROS are generated by PS. Another major
feature of PDI as compared to typical antibiotics is that PSs can attack bacteria at
multiple sites through binding to targets of extracellular or intracellular localization [12,
15]. Until now it has been questionable if bacteria can develop resistance to this peculiar
kind of stress [7, 15]. In order to dispel these doubts, it is necessary to conduct
multistage studies to investigate the ability of pathogenic strains to develop resistance
when exposed to PDI with tetracationic Zn-TBut4PyP. For this in vitro study the gram-
positive S. aureus 62-A and the gram-negative E. coli K-12 strains were selected.
Studies of bacterial resistance to PDI are generally based on sub-lethal treatments
followed by the growth of surviving colonies in repeated cycles under the same
conditions [1].

Materials and methods. Bacterial strains and growth procedures. In this study the
bacterial strains E. coli K-12 (from the collection of microorganisms of the Scientific and
Production Center "Armbiotechnology" of NAS of Armenia) and S. aureus 62-A (from the
collection of microorganisms of the A. Aleksanyan Research Institute of Epidemiology, Virology
and Medical Parasitology, RA Ministry of Health) were used. Luria-Bertani (LB) medium was
used as a complete liquid and solid medium [16]. Bacterial strains were grown in LB medium, at
37 °C with orbital shaking overnight. Cells were harvested by centrifugation (13,000 rpm for 10
min) and washed twice in phosphate-buffered saline (PBS), pH 7.4. The cells were then
resuspended in the same buffer to a final concentration of 108 CFU mL ™. The optical density (OD)
of cell suspension was measured with a spectrophotometer Shimadzu UV-Recording
Spectrophotometer UV-2100 (Japan) at a wavelength 540 nm.

Photosensitizer. The tetracationic Zn-TBut4PyP used as a PS was synthesized at the
Department of Chemistry, Pharmaceutical Faculty, Yerevan State Medical University and kindly
provided by Ph.D., associate professor R.K. Kazaryan [13]. The original solution of Zn-TBut4PyP
was prepared in sterile distilled water and stored at room temperature in the dark until use.

Light source. Irradiation was carried out using a 50 W tungsten lamp with an irradiation
range of 320-780 nm and an irradiation power density of 30 mW cm 2 for 30 min.

Phototoxicity assay. Samples for the study contained 0.1 ml of the PS solution of the
appropriate concentration (final concentrations of 0.5, 1, 0.2, 5, 10 and 20 pg mL ) and 0.9 ml of
suspension of microorganisms. Samples were incubated in the dark with appropriate
concentrations of Zn-TBut4PyP at room temperature for 10 minutes, and then all samples were
irradiated for 30 minutes with an irradiation power density of 30 mW cm™. Samples without
exposure and with/without Zn-TBut4PyP, as well as without Zn-TBut4PyP and with irradiation
served as controls.
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The sensitivity of each strain was determined in vitro by the method of serial dilutions
[18]. All experiments were performed in triplicate. After 24 h incubation at 37 °C, the number of
colony forming units (CFU) of strains was counted and the minimum bactericidal concentration
(MBC) was determined as the minimum concentration of Zn-TBut4PyP leading to more than
99.9 % cell killing (~3 log CFU mL™%).

Multistep selection of PDI-resistant microorganisms. For each strain, single colonies that
survived PDI in the presence of Zn-TBut4PyP in the concentration corresponding to the MBC was
selected from the plate, inoculated in 5 ml of appropriate medium, and grown at 37 °C. After 24 h,
the cells were harvested by centrifugation (13,000 rpm for 10 min) and washed twice in PBS, pH
7.4. Then the cells were suspended in the same buffer to a final concentration of 10% CFU mL™*
and the Zn-TBut4PyP in corresponding concentrations was added. Photodynamic inactivation was
repeated as described above. Following this protocol, 10 PDI procedures were performed for each
strain. Resistance selection was studied by determining the MBC every day.

Statistical analysis. The statistical parameters (average values, standard deviation) used in
the experiments were calculated using the MS Excel. Each experiment was conducted in triplicate.
The calculation was referred to untreated controls, which were neither incubated with
photosensitizer nor irradiated.

Results and Discussion. The effectiveness of PDI of microorganisms with
tetracationic Zn-TBut4PyP was tested against two bacteria: the gram-positive S. aureus
62-A and the gram-negative E. coli K-12 strains. The effectiveness of Zn-TBut4PyP was
evaluated on the basis of determining the number of visible CFU mL* after
photoinactivation and the minimum MBC was determined as the minimum concentration
of Zn-TBut4PyP leading to more than 99.9 % cell killing (~3 log CFU mL ™).

Photoinactivation of the S. aureus 62-A strain by Zn-TBut4PyP led to a decrease
in viability upon irradiation for 30 min (fluence rate of 30 mW cm ?) depending on the
PS concentration. Zn-TBut4PyP at a concentration of 0.5 ug mL ™ resulted in 99.9 %
(MBC) cell death of the S. aureus strain (fig. 1).

The growth of the tested S. aureus 62-A strain without PS was not affected with
irradiation (light control), demonstrating that the light dose of 30 mW cm 2 used during
the experiments does not have an antibacterial effect itself (fig. 1). At the same time, the
S. aureus samples incubated with Zn-TBut4PyP but not irradiated (dark control) were
not affected, showing that Zn-TBut4PyP in the dark does not have antibacterial effect at
the concentrations used (fig. 1).
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PS concentration, pig mL

Fig. 1. Effectiveness of photoinactivation of S. aureus 62-A with Zn-TBut4PyP
1 —light control; 2 — dark control; 3 — photoinactivation of S. aureus 62-A

Irradiation of E. coli K-12 strain after incubation with Zn-TBut4PyP at a
concentration of 1 pg mL™" revealed a reduction in the number of viable colonies by
more than 99.9 % (MBC) (fig. 2). As in the previous case with S. aureus 62-A strain, the
light and dark controls showing that the viability of E. coli K-12 strain was neither
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affected by light alone nor by the Zn-TBut4PyP in the dark with the tested
concentrations (fig. 2).

CFU, %
x©
S

PS concentration, ug mL!

Fig. 2. Effectiveness of photoinactivation of E. coli K-12 with Zn-TBut4PyP
1 — light control; 2 — dark control; 3 — photoinactivation of E. coli K-12

In agreement with the data reported in the literature for other cationic PSs [2, 17],
S. aureus 62-A showed high susceptibility to PDI with Zn-TBut4PyP compared to
E. coli K-12.

To determine development of resistance to Zn-TBut4PyP with irradiation in the
experimental strains used, the variation of MBCs during 10 successive PDI procedures
was monitored. Data of the MBCs after PDI at days 5 and 10 are presented in tab. 1. No
significant variations in MBCs values were observed for the tested strains.

Table 1. Multistep selection of PDI-resistant microorganisms with Zn-TBut4PyP

Strain Initial MBC for Resistance selection
Zn-TBut4PyP (ug/ml) Day MBC (ug/ml)
5 0.5
S. aureus 62-A 0,5 10 05
. 5 1
E. coli K-12 1 10 1

Data are results of multistep resistance selection studies using Zn-TBut4PyP as photosensitizer
in the presence of light activation and repeated MBC determination after days 5 and 10.

Many traditional antimicrobial agents act by inhibiting metabolic processes and
therefore they need to be introduced and accumulated inside the cell to exert their action
within the cytoplasm. This process often requires transport mechanisms, such as porins,
which allow the influx of low molecular weight compounds (<700 Da) and exclude
compounds above this molecular weight [19]. For PDI cationic drugs with high molecular
weight, such as Zn-TBut4PyP (>1,000 Da), it is not necessary to penetrate the microbial
cell [5, 17]. Specific adhesion of PS to these structures is usually considered enough for
light-activated destruction of the target cells. Thus, target cells do not have a chance to
develop resistance by stopping uptake, increasing metabolic detoxification or increasing
active release (efflux) of the drugs [21]. The presence of multiple positive charges enables
the PS agent to interact with the negatively charged outer cell wall areas of bacteria, in
particular with the negatively charged lipopolysaccharides of Gram-negative bacteria,
increasing the efficiency of the photoinactivation processes [1].

In addition, none of the capabilities of resistant microorganisms listed above
protects against oxidative destruction of cell wall by singlet oxygen. Antioxidant enzymes
such as peroxide dismutase, catalase and peroxidase give protection against some ROS, but
not against the cytotoxic effect of singlet oxygen. Indeed, singlet oxygen has been shown
to inactivate these enzymes [14]. At present it is generally accepted that the production of
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singlet oxygen plays the key role in photosensitization, because a specific defense system
against singlet oxygen itself is not present in bacteria [15]. Therefore, one of the most
important features of the PS is to have a high 'O, quantum yield. In previous studies
Gyulkhandanyan et al. showed that Zn-TBut4PyP had a rather high quantum yield of
singlet oxygen (97%) and appeared as a promising PS for PDI of microorganisms [9].

Our experiments showed that the S. aureus 62-A and E. coli K-12 strains
photosensitized with this PS (Zn-TBut4PyP), after 10 successive photodynamic
procedures, did not develop resistance against the PDI. Despite the limited number of
strains used in this experiment, we did not find a trend towards the development of
resistance mechanisms after light activation with Zn-TBut4PyP. Few studies that tested the
possible development of microbial resistance to PDI also proved that, microorganisms are
not able to develop resistance [3, 20]. This suggests that PDI of microorganisms can be
considered as a convenient innovative strategy for the treatment of localized infections.

In conclusion, we will say that further research is needed with a large number of
microorganisms, as well as resistant strains in order to confirm these preliminary, but
encouraging results.
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HPOTUBOOITYXOJIEBBIE, AHTUOKCUJIAHTHBIE 1 AHTUBAKTE-
PUAJIBHBIE CBOMCTBA 4-TUAPOKCH-3-HUTPOBEH3UJIbHBIX
MPOU3BOJHBIX 4-AJVINJI- U 4-®EHUJI-3-[2-(4-AJIKOKCU®DE-
HUJI)XUHOJIUH-4-UJI]-4,5-TUT'NAPO-4H-1,2,4-TPUA30JI-5-
THUOHOB

M.A. UPAJSH, H.C. UPAJISIH, JI.A. MKPTYSIH, P.E. MYPAJISIH,
K.M. BYHUATAH, P.B. TAPOHUKAH, I'M. CTETAHAH

Hayuno-mexnonocuueckuti yenmp opeanuyeckou u gpapmayeemuyecxoui xumuu HAH PA,
Hnemumym monkoii opeanuyeckott xumuu um. A.JL.Mnoxcoana HAH PA
info.iradyan@gmail.com

VccneoBaHbl MPOTHBOOIYXOJICBAsi aKTHBHOCTh Ha capkoMe 180, aHTHOKCHIAaHTHbIC
CBOMiCTBa W aHTHOAKTEpHAalIbHAs aKTHBHOCTH 110 OTHOLICHHIO K IPAMIIONIOKUTEIBHBIM H TPaMOT-
PHIATENBHBIM GaKTePUsIM 4-TUIPOKCH-3-HUTPOOCH3MIBHBIX IPOU3BOHBIX 4-aIUTHi- U 4-heHu-3-
[2-(4-ankokcudenwn)xunonun-4-un]-4,5-muruapo-1H-1,2, 4-tpuaszon-5-tuonos. B xumuorepa-
MEBTHYECKUX OMbBITaX BBISBICHO, YTO HEKOTOPHIC COCAMHEHHS YTHETAIT pocT capkombl 180 Ha
41-47 %, uHrHOMpYIOT Tpouecc okuciaeHus B npenenax 30-35 % u mposBisioT cinadyio aH-
THOAKTEpPUATIbHYIO aKTHBHOCTH B OTHOIIEHHWH TIpamoTrpuuarenbHbix Oaxrepuii (Shigella flexneri
6858, Esherichia coli 0-55).

4-T'udpokcu-3-HumpobeHzunvHvle npouzsoousie — capkoma 180 — anmuokcudanmuule ceolicmea
— AHMUOAKMEPUATILHAS AKMUBHOCHTD

Gwnwagnngty £ 4-wihi- W 4-$6uhi-3-[2-(4-wiyopuhdtUuhuhunihu-4-hiJ-4,5-nhhhnnn-1H-1,2,4-
wnnhwqnp-5-phnultnh  4-hhnpopuh-3-UhwpnpEugh;  wéwugjwubnh  hwywnienigewiht - wywnhynt-
@JnLup in vivo wwjdwultGpnd, hwywopuhnwupwhlu hwwnynieinilltpp huswbu Lwl hwywpwy-
wnGphwp  wywnhdnieintup gpwdnpuywu b gpwdpwgwuwywl  pwynbphwubph  hwunGw:
Lhuhnebpwwliinhy thnpatpnud pwgwhwjinyty £, np npnp Jhwgniejnilutn dupnud BU uwnyndw 180-h
wop 41-47 % uwhdwuutnpnd, fjupwunid BU opuhnwgdwl gnpdpupwgp 30-35%-ny W gnigwpbpnid GU
rnLl hwywpwywnbphw) wywnhynipnit gpwdpwgwuwywl  pwynbphwubph Lywndwdp  (Shigella
flexneri 6858, Esherichia coli 0-55):

4-hhnnopup-3-Upinpnpblghy wowlugjuwibn — uwpyndw 180 — hwlwpwlnEnphw
wlywnpynipintt — hwlwopupnhs hwwnlynipintu

The antitumor activity of sarcoma 180, antioxidant properties and antibacterial activity
against gram-positive and gram-negative bacteria 4-hydroxy-3-nitrobenzyl derivatives of
4-allyl-  and  4-phenyl-3-[2-(4-alkoxyphenyl)quinoline-4-yl]-4,5-dihydro-1H-1,2 4-triazole-5-
thiones has been studied. In chemotherapeutic experiments, it was found that some compounds
inhibit the growth of sarcoma 180 by 41-47%, enhance the oxidation process within 30-35% and
showed an even antibacterial activity to gram-negative bacteria (Shigella flexneri 6858, Esherichia
coli 0-55).

4-Hydroxy-3-nitrobenzyl derivatives — sarcoma 180 — antioxidant properties —
antibacterial activity
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Panee ObuM W3y4eHBl MPOTHBOOIYXOJICBBIE CBOMCTBAa  (ypdYpUIIBHBIX
MIPOHU3BOIHBIX 4-ammnn-5-[2-(4-ankokcudernn)xunonna-4-un|-4H-1,2,4-tpuazoin-3-
THOJIOB (coenuueHus 1,2) U yCTAaHOBIICHO, YTO OHH 00JIaJal0T OMPEIeICHHbIM YPOBHEM
cponctBa k EGFR penenTopy THpO3WHKHMHA3bI, MOJaBIsisi ayTodochopuimpoBaHie
peuenTopa B PakKOBBIX KIETKaX 4Yepe3 HIKEPACIOJIOKEHHbIE NPOTEHHKHUHA3HI.
VYCTaHOBNIEHO, YTO MEHTHIOKCHIIPOM3BOAHOE B DSy (ypaHKapkapOOHOBBIX KHCIIOT
(coenuuenue 2, R=CsH;;) — Haubonee cunphbli uaruburop EGFR [7]. O6HapyxeHO
TaKXXe, 9TO 3TO COSTMHEHHE BBI3BIBAET 3HAYUTEIILHBIE CTPYKTYpHBIE H3MEHEHUSI B IIUTO-
razmarnyeckom nomeHe EGFR, Hapymaromme He TOJNBKO €ro KaTaJUTHYECKYIO
aKTUBHOCTh, HO ¥ B3amMmojeiictBue c OenkoM Hsp90o. M3ydeHme KonMMyHO-
NPELUNATAIMN TOATBEP)KAAeT, 4YTO ¢ yuMHeHHeM runpodoonoi nemoukn (CHpy)y
conepxanane komiurekca EGFR-Hsp90a B kieTkax yMmeHBIIaeTCs, YTO B KOHEYHOM
WTOTe MPUBOAMT K Aerpananun penentopa EGFR B pakoBbsIx kiieTkax [7].

HccnenoBaHo IUTOTOKCHYECKOE JieiicTBIE coeqMHEHHH 1 1 2 Ha KIIETOUHBIX JIU-
HUSIX paka MosouHoil sxenesst MDA MBA468 u HEeMeNKOKIIETOYHOrO paka JIErKOro
(NSCLC) A549 u npoTHBOOITYyXOJI€Basi aKTUBHOCTh HAa MBIIIUHBIX MOMAEISX CAPKOMBI
C-180 in vivo [3,7]. Usyueno Takxke BiusHHe 1,2 Ha YPOBEHb METUIMPOBAHUS OMYXO-
nesoir JIHK wa momenu C-180 in Vitro u BbISBICHa HEKOTOPAS KOPPEISILUS MEXIY
MIPOTHBOOITYXOJIEBOM aKTHBHOCTHIO M JIeMETIIIMpOBaHNeM omyxoieBoit Tkanu JTHK [3].
[IpoBenen nokuHr aHanu3 coeanHeHui 1,2 u moka3aHo, YTO PE3yNIBTAThl BUPTYaIbHOTO
aHaJIM3a COBIIA/IAIOT C 3KCIEPUMEHTAIBHBIMH JaHHBIMU B3aUMO/ICHCTBUS COETMHEHNH C
aktuBHBIME 1IeHTpaMu EGFR [3]. Huxe npuBenena obmias hopmyiia coeanHenuit 1,2.

1
RO

R'= CH; - CsH;;, R?>= OCH; (1); R*=OH (2)

WHTepecTHbIe OMOJIOTHYECKHE PE3YJIbTAThl, MOIyYCHHBbIE Il coeanHeHui 1,2
MIO3BOJIMIIM PACHIMPUTH KPYT MCCIIEAOBaHUI B 3TOW 00JacTH, M B NMPEJCTABICHHOW pa-
0oTe TpuBeneHbI Ounormyeckue cpoiictBa 4-amtui-1-(4-ruapokcu-3-HuUTpoOeH3 I )-3-
[2-(4-ankokcudenwn)-xunonuu-4-un|-4,5-nuruapo-4H-1,2,4-tpuazon-5-tuonos (coeau-
HeHust 3-7) U COOTBETCTBYIOIIMX 4-(peHMITBHBIX NPOU3BOAHBIX (coeaumHeHus 8-12). U3
MIPUBEICHHBIX HIKE (OPMYI BUIHO, YTO B COSAMHEHISIX 3-12 BMecTo PypdyprinbpHOTO
BBeICH 4-THIPOKCH-3-HUTPOOCH3WIbHBIN pajukan. VX CHUHTe3, NOKMHI aHalu3 H
HEKOTOpbIe OMOJIOTHYECKHE CBOIMCTBA OIMMCAHKI B padoTrax [4,5]. YcraHoBIeHO, YTO aj-
manbEbIe mpomsBoabie 4 (R'=C,Hs) 7 (R'=CsHy;) B skcriepuMenTax mokasamm yme-
PEHHYI0 TOKCHYHOCThH K OITyXOJIEBBIM KJIETKaM MOJIOYHOH >kene3wl (mtamm MJIA MB
468) 1 HeMEITKOKJIETOUHOTO paka jierkoro (mramm A549) [5].

JoxuHr ananms coeauHeHni 3-12 C mpUMEHEHHEM KOMIBIOTEPHON MPOrpaMMBbI
AutoDock Vina yka3zan Ha cHIbHOE B3aUMOJICHCTBHE MOJICKYJ C aKTHBHBIMHU [[CHTPAMHU
onkorennoro penentopa EGFR [4,5], uro mpenmonaraer BO3MOXHOCTH TPOSIBICHHS
MIPOTHUBOOITYXOJIEBBIX CBOWCTB y 3TUX COSITMHEHUMH.
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R! = CHs (3,8), CHs (4,9), CsH; (5,10), C4Hs (6,11) , CsHi, (7,12).

HccnemoBanbl Takke aHTHOKCHIAHTHBIE CBOMCTBA 4-(DEHHUIIBHBIX MPOU3BOIHBIX
(coenuuenuss 8-12) W yCTaHOBJIEHO, YTO HamOoJiee BBIPAKCHHOE AHTHOKCHAAHTHOE
JeficTBHE B KOHIIEHTPAIIH 10°M nposiBISIIOT coeanHenust 11,12, coorBeTcTBeHHO 36 1
19 % (p < 0.05) [4].

Iponomkas u3ydeHne OHOIOTMISCKUX CBOKMCTB, B pabOTe MPHUBEACHBI JaHHBIC O
MIPOTHUBOOITYX0JIEBOM aKTUBHOCTH Ha MbIIIax ¢ uMILiaHTupoBanHoi C-180, antmokcu-
JAHTHBIX CBOWCTBAaX AJUTMIIBHBIX MPOU3BOMHBIX 3-7 M aHTHOAKTCPUATLHOUW aKTUBHOCTH
coenuuennii 3-12.

Mamepuan u memoouxa. IIpoTUBOOIYXOJIeBbIE CBOWCTBA coeanHeHHH 3-12 u3ydanu Ha
MBIIIaxX ¢ mepeBrBaeMoit capkomoit C-180 mo meroauke [8]. BBuay mimoxoil pacTBOPUMOCTH coe-
JUHEHUS )KAUBOTHBIM BBOJWIN BHYTPHODIOIINHHO B BHJE CYCICH3HH, IIPUTOTOBICHHON eX tem-
porae B 0,5 %-HOM pacTBOpe KapOOKCHMETHIILIEIUTIONO3b], €XKEAHEBHO B TeUEHHE 6 THEH B 103ax
1/10-1/15 ot JId100. KoHTpOJIBHAS TpyIiNa )KUBOTHBIX MONyYaia PACTBOPHUTENL B TOM ke 00BbeMe.
B KkoHIIe ombITa BCEX JKMBOTHBIX YMEPTBISUIM HEPEAO3HUPOBKOI I(UPHOrO HApKO3a, OMpPEAeIIsUIN
Maccy JKHBOTHOTO M omyxonu. Kpurepuem tepameBTHUYecKoro 3¢dexra CIy) W1 MpOIEHT TOop-
MoxxeHus pocta ommyxonu (T %) mo cpaBHEHHIO ¢ KOHTPOJIEM.

AHTHOKCHUJAHTHAsI aKTHBHOCTb COCIMHEHHII ONpeseneHa MO BEIMYMHE WHTHOMPOBAHUS
CKOPOCTH acKop0aT3aBUCHMOTO IEPEKUCHOTO OKHCIICHHS SHJOTEHHBIX JIUIUIOB B TOMOTEHATaX
MO3rOBO#M TKaHH KpbIC iN Vitro mo meronukam [1,2]. TlepekucHoe okucnenue aunuaos (ITOJT)
OLIEHNBAJIOCH IO BBIXOJY OJHOTO M3 KOHEYHBIX NMPOIYKTOB — MaJoHOBOro auanmbiaeruga (MA),
KOTOpOE OIpE/eNSUIOCh OTHOIIEHHEM IOKa3aTelssl IUIOTHOCTH HCCIEAYeMBIX BEIIeCTB K KOH-
TPOJIIO, BBHIPOKEHHOMY B INpOIEHTaX. B KadecTBe KOHTPOJIS HCIOJIb30BaHa mpoba ¢ MHIYLHPO-
BaHHbIM [1OJI.

AHTHOAKTEpHANBHYI0 aKTUBHOCTh coeluHeHuid 3-12 wusywanu meromom "mauddysun B
arape" [6] mpu OakTepuaabHOI Harpy3ke 20 MITH MHUKpOOHBIX Tes Ha 1 mut cpenpl. B skcnepumen-
Tax WCHOJIB30BAIM JITAIOHHBIE IMITAMMBI MHKpPOOPraHW3MoB (I'0CymapCTBEHHBIN KOHTPOJIBHBIN
nactutyT uM JLLA TapaceBnua, MoCKBa), OTIIMYAIONIMECS IO UyBCTBHUTEIHFHOCTH K aHTHOAK-
TepHAlIbHBIM IpernaparaM JBa IITaMMa IPaMIIONIOKUTENbHBIX CTahuiIokokkoB (Staphylococcus
aureus 209p u S. aureus 1) u rpamorpunarensusie manouku (Shigella flexneri 6858, Esherichia
coli 0-55). PacTBOpBI COeMHEHHI U KOHTPOJILHOTO mpenaparta rotoswin B JIMCO B pasBeieHuu
1:20. B vamkax [letpu ¢ moceBaMu BBILIEYKa3aHHBIX INTAMMOB MHMKPOOPIaHH3MOB HaHOCHIIH
ucneityemsle Bemectsa mo 0,1 mur. Yuer pesynmbratoB mpoBoaman mo auamerpy (d, Mm) 30H
OTCYTCTBHS POCTa MHKPOOOB Ha MECTE€ HAHECEHMs BEIIECTBA IOCIE CYTOYHOTO BBIPAIIHMBAHMS
TecT-KymbTyp B Tepmoctate mpi 37 °C. B KauecTBe MONOKHTENBHOrO KOHTPOIS HCIONB30BAH
JIEKapCTBEHHBIH Mpenapat ¢ypa3onuoH.

Pezynomamol u o06cyrscoenue. ViccnenoBaHa NPOTHBOOIYXOJIEBask aKTHUBHOCTH
coeaunennit 3-12 na capkome C-180. IIpu u3ydyeHuHn oCTpOH TOKCHYHOCTH yCTaHOBJIE-
HO, 4TO coeauHeHus 3-12 cpaBHUTENBEHO MaOTOKCHYHBI. JI109 KOTEOMEeTCS B ipeenax
2000-2200 mr/kr. B XuMuOTEepameBTHYECKHX OIBITAX BBISIBICHO, YTO OOJIBIIMHCTBO
UCTIBITYyeMBIX BemiecTB B Jo3e 150-200 MI/Kr TposBISET IOCTOBEPHYIO NPOTH-
BOOITyXOJICBYIO aKTHBHOCTH Ha capkome C-180, yraeras pocT omyxonu B mpenenax 38-
45 % ¥ TOIBKO STOKCUTIPOM3BOIHBIE 4,9 OKa3aIuCh HeaKTUBHBIMHU (Tab. 1).
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Ta6suna 1. TOKCHYHOCTH U MPOTHBOOITYX0JIeBasi aKTUBHOCTH COeANHEeHUH 3-12

Ne Ocrtpas IIpoTuBoOIyX0JI€Basi aKTHUBHOCTD Ha
COEeUHEHUS TOKCUYHOCTH capkome 180
Tl | MIIT Jlosa, Mr/kr | T % P

3 2050 900 150 41,0 =0,05
4 2050 900 150 29,0 > 0,05
5 2100 1000 150 45,0 =0,05
6 2100 1050 150 45,7 =0,05
7 2200 1050 150 47,0 =0,05
8 2000 900 150 38,4 =0.05
9 2050 900 200 20,3 >0.05
10 2100 950 200 37.5 =0.05
11 2200 1000 200 45,3 <0.05
12 2200 1000 200 44 4 <0.05

W3yveHne aHTHOKCHAAHTHON aKTHBHOCTH B PAAY 4-aJUTHIBHBIX TIPOW3BOTHBIX
3-7 mokazaio, 4To Hanbojee BRIpaXCHHOE HHTMOMUPOBAHHE MIpoIlecca OKUCICHUS B KOH-
LIEHTPALHU 10°M ma 35% nabmonaercs y TIPOTOKCH- B OyTOKCHIIPOM3BOAHBIX (coe-
nuaenus 5,6) (P < 0,05), a1 octansHBIX TPOU3BOAHBIX (3,4,7) - B mpemenax 16-18 %.
HccnenoBanne aHTHOAKTEpUAIbHOW aKTHBHOCTH coequHeHuid 3-12 mokaszano, 4To oHH
HeakTHBHBI Ha mTamme Staphylococcus aureus w mposiBIsitOT €1abyi0 akTHBHOCTH B
ornomrenun Sh.flexneri 6858 u E.coli 0-55, momaBisas pocT MHKPOOPTaHM3MOB B 30HE
nuametpoM 10-14 MM, CyIIECTBEHHO YCTyTast KOHTPOJLHOMY Mpenapary Gpypa3oinuaony
(d=24-25 mm. HyxHO OTMeTHTH, 4YTO (eHMIbHBIC MPOHM3BOAHBIC 8-12 oOka3anuch Ha
WCIIOJIb30BaHHBIX IITAMMAX MMOJHOCTHIO0 HEAKTHBHBIMH.

Ha ocHOBaHMHM TOJyYEHHBIX pE3YJIbTATOB 3KCIIEPUMEHTOB MOYKHO 3aKIIIOUUTh,
YTO JJIMHA AJIKOKCHJIBHOTO 3aMECTHTENSI B OCH30JIbHOM KOJIBIE B 3HAYMTENILHOH CTere-
HU TIpeONpeeNsIeT HHrnonpyomuii 3¢ dexr coeanHenus. Cpenu UCCleTyeMbIX CTPYyK-
Typ OTHOCHTENILHO OOJIBIIEH IMPOTHBOOITYXOJEBOM M AHTHOKCHIAHTHOW aKTHBHOCTHIO
00namaroT OYTOKCH- W TIEHTHJIOKCHIIPOW3BOIHBIC. BEIIBIEHHas 3aKOHOMEPHOCTH B
IUTaHE CTPYKTYPHO-(PYHKIIMOHAIFHONW B3aMMOCBSI3M MOXET IPEICTABISATh HMHTEPEC B
JTATBHEHIITNX MCCIICIOBAHUSX.
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O0001IeH ONBIT MHBEHTAPHU3ALMH JECOB B APMEHHM U PAaCCMOTPEHBI IMEPCHEKTHBBI
CO3/IaHUSI KOMIUICKCHOH CHCTEMBI JICCOYYETHBIX paboT, OTBEYAIOLICH JIYYIIUM MHPOBBIM IpaK-
THKaM. [IpeqiararoTcst CieayroIue >IEMEHTHl CHCTEMBI: a) HAallMOHAlbHAs CHCTEMa HWHBEHTA-
pu3ayu JiecoB, 0) HalMOHANBHAs CHCTEMa JIECOyCTPOWCTBA, B) HAIIMOHAJIBHAS CHCTEMa ToOCy-
JApCTBEHHOTO ydeTa M KaJjacTpa JIECOB, I') HAIMOHaJbHAsi CHCTEMa MOHHTOPHHIA JIECOB, [) aB-
TOMAaTU3UPOBAaHHAs HaIMOHAJIbHAs cucTeMa yrpasieHus jecamu — CYBJI “JlecHsle pecypcbl Ap-
MeHHu”.

CTaTbsi MMEET Ba)KHOE METO/OJIOTMYECKOE 3HA4YeHHWE I PasBUTHS HAIMOHAIBHON
CHCTEMBI JIECOYYETHBIX PabOT B ApMEHHUH.

Hayuonanvhas cucmema uneenmapusayuu 1eco8 — Henpepbi8Hoe 1eCOyCMpPOUCmEo — 1eCHble
cmpamul — yuem u Kadacmp 1ecHo20 hoHOA — MOHUMOPUHE 1€CO8

Udthnthynwd £ wuwnwnwiht gnypwapdwl Iwjwuwnwuh thnpadp W nhunwpyynid BU Uh-
swaguwiht jwywanyl thnpdp pwywpwpnn wunwnewiht  hwpdwedwl  hwdwihp  hwdwywngbph
unbnddwl hGnwulwpubpp: Wnwownpyynud U hwdwywnpgh hGnljwp wwppbpp® w) wqguihu
wlwnwnwiht  gnuypwgnpdwl  hwdwywng, p)  wlnwnwhunipjwu — wqgwhu  hwdwywng,
q) wlwnwnwihu dnunh hwpywndwl W Ywnwuwnph wqgqwiht  hwdwywng, n) wUwnwnwihu
Wunwnhnwnpydwl wggwjht hwdwywng, n) wqgwjht wunwnwihU nGunipuutph Yunwywpdwl wy-
inndwwn hwdwywng' «3wjwunwuh wunwnwiht nEuncpultp» nbnElwnywywl puqu:

Innwél ntuh Ywpbinp  Jeennupwlwywl  Wywlwynientt Iwjwunnwuh - wuwnwnUbph
hwpqwnuwu wgquwjht hwdwywngh qupgwgdwu hwdwn:

Wunwnlbnph wqquyhl gnypwaondwl hwdwlwpq — pwpnibwywlwl wlnwnphUnceincl —
wltnwnlubnpp unpwnhdhlwghw — wlnwnwih $nunp hwpdwnnid b unwuwnp — wlnwnwihu
Unlprenphlq

The article summarizes the experience of forest inventory in Armenia and looks at the
prospects to build an integrated system of forest register that meets the best world practices. Five
key integrated elements will combine the system are: (a) the national system of statistical forest
inventory, (b) the system to stand forest inventory, (c) the national system of state registration and
the forest cadastre, (d) the national forest monitoring system, (e) the automated national forest
management system — the DBMS “Forest Resources of Armenia”.

The article has an important methodological implication for the development of the
national forest inventory system in Armenia.

National system of forest inventory — continuous forest inventory — forest strata allocation -
accounting and cadaster of forest estate — forest monitoring
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3AJZTAYM 1 TIEPCIIEKTUBbBI PASBUTHA NHBEHTAPU3ALIMU JIECOB APMEHUN

Jleca ApMeHHU, HECMOTpPSI HA WX OTHOCUTEIHHO HeOoubmme rwromanst (11,2 %
TEPPUTOPHUU CTPAHBI), UTPAIOT UCKIIOYUTEIHHO BAKHYIO POJb B COXPAaHCHUH U MOAEP-
YKaHWW BOJHOTO 0ajlaHca OKPYKaIOIINX TeppHUTOpHil. HEOIeHNMBI HX TIPOTHBOIPO3UOH-
Hasl, IOYBO3AIIUTHAS U KIMMATOPETYINPYIOIIas pOJib, a TAKKE YTIIepOA-IeTIOHIPYIOIIee
3HAaYCHWE W BKJIAJ B COXPAaHEHHWE W MOJACp)KaHHE €CTeCTBEHHOTO OHMOpa3HOOOpasus.
CoriacHO BTOpPOMY HAIlOHAJFHOMY NOKNIany ApMeHuH [4] 10 M3MEHEHHIO KInMaTa,
150-200 M moJyoCHI JIECOB Ha KOHTAKTE C QIBIIMHCKHMMHU H OCOOCHHO TOPHO-CTEIHBIMU
OKOCUCTCMAaMMU HCIIBITBIBAIOT CHJIBHOC BJIIUIAHUC KINMATHUYCCKHUX I/I3M6HCHHI>1. B
YaCTHOCTH, B HeHTpaﬂBHBIX " HOXHBIX peFI/IOHaX ApMeHI/II/I y‘-IaCTI/IJ'II/ICI) TaKUC SABJICHUA,
KaK MacCOBOE pa3MHOXKCHHE JICCHBIX BpEIUTENIeH, OOJIC3HH, a TAaKXKe JICCHBIC MoKaphl. B
cTpaHe BeayTCs pabOThI TO pa3pabOTKe Mep aJanTallMd JICCHBIX 3KOCHUCTEM K
BO3JICHCTBUIO M3MCHEHUS KJIMMaTa, HO, K COXKAJCHUIO, OHU IOKa (PparMeHTapHBI U B
OCHOBHOM TIPOBOJSITCS B paMKaX MEXITYHAPOJHBIX MPOEKTOB. Jleca SIBISIOTCS BOCIION-
HSEMBIM HCTOYHHKOM Pa3sHOOOpPAa3HBIX JIECHBIX MPOAYKTOB, BKJIIOUYAs JPEBECHHY, KO-
TOpasi 10 CHX MOP WIPACT BAXKHYIO POJb ISl CENBCKOTO HACENCHHS KaK MUCTOYHHK TOII-
JIMBHOM M [J€NOBOM IpeBeCUHBI. Bce BBIIECKAa3aHHOE MPENONPEAEIAET UCKIIOUUTEIb-
HYI0 Ba)XHOCTD TIOJTyYeHHS aKTYaJIbHOW M TOCTOBEpHOU WH(pOpMAIHH 0 jecax st Gpop-
MHpPOBaHHS HAMOHAJIHHOM JIECHOW IOJNUTHKH, IJIAHOB HCIONH30BAaHUS JIECOB HA TO-
CYJapCTBEHHOM U PETMOHAIBHOM YPOBHE.

Mamepuan u memoouka. B ocHOBy pa3pabOTKH HEPCIICKTUB Pa3BUTHS JIECOYIETHBIX paboT
B ApMCHHH TIOJIOKEH aHaIN3 IPAaBOBBIX M HOPMATHUBHBIX acIEKTOB ()YHKIMOHHPOBAHHS CHCTEM
ydera jecoB B ApMeHHH, cTpaHax ObiBmiero Coserckoro Coro3a u 3a IpeJelaMy IIOCTCOBETCKOTO
npoctpancTBa. Ha OCHOBaHWH MPOBEICHHOIO aHAIM3a M C YYETOM MHOTOJIETHErO OIbITa aBTOPOB
CTaTbl B O0ONACTH ydeTa JIECOB M COCTaBICHHUsA IUIAHOB YIIPaBICHHS pa3paboTaHa JeTajibHas
JIOPOXKHAs KapTa 110 CO3/IaHHI0 B APMEHHH COBPEMEHHOM CHCTEMBI y4eTa JIECOB.

Pesynemamut u oocyscoenue. A) O630p cywecmeyroweii npakmuKu yuema jiecos
6 Pecnybnuxe Apmenus.

ITo manHBIM rocymapcTBeHHOro ydera jiecoB 1993 r. muromans ecHoro ¢onzaa
PecrryOmmkn Apmenus coctasisia 460 Teic. ra [7], Ipy 3TOM Ha JIOJNIO0 HOKPHITHIX JIECOM
3emens npuxoauinock 334,1 Teic. ra (puc.l). CorylacHO OIEHKE, IPOBEICHHOHN B paMKax
MEXIYHAPOAHOTO MPOEKTA 10 MHTETPUPOBAHHOMY YIPABJICHHIO OMOpa3HOOOpa3neM B
ApmeHnn, (UHAHCHPOBAaHHOTO IIporpaMMoil MEXIyHApOIHOTO COTPYIHHUYECTBA
I'epmannu (GIZ), momanp necoB B 2011 r. cocraBmina 332 Thic. ra. OTa e IUIOIMAIb
oTpakeHa M B HamnuoHaabHOM mpokiage ®AO B 2015 mo omenke secoB [5, 6]. B
cootBercTBUM ¢ HarmonansHo# JlecHOi mporpammoii Pecriybmuku Apmenus [2] omru-
MaJlbHasl IUTOIIA/Ib JIECOB J0JDKHA OBITh yBelIWdeHa Ha 266.5 ThIC. Ta, B pe3yJIbTaTe Yero
JI0JIs1 IECOB B cTpaHe Bo3pacteT a0 20.1%.

B Pecny0Oinke ApMeHusi CyIeCTBYET I0pUANYECKH 3aKpeIyIeHHasi CUCTeMa JIeco-
YYETHBIX PadoT, BKIIOYAIOIIAsl CIEIYIONINE JJIEMEHTHI: a) JecoycTpoiicTBo, 0) rocy-
JIApCTBEHHBIN YUET JIECOB U JIECHBIX 3€MeJb, B) TOCYAApPCTBEHHBIN JIECHON KaaacTp U T)
TOCYTapCTBEHHEIN JIecHOH MOHHTOpUHT. Kak orMedanocs paree [1], momHOICHHAS cHc-
TeMa JIECOYCTPONUCTBA B COOTBETCTBUH C TPEOOBAHMSAMM JIECHOTO KOJEKCA B CTpaHE OT-
cyrctByeT. OCHOBHOM MpOOIEMON MPH 3TOM SIBISIETCS OTCYTCTBHE MECTHBIX KBaNIU(H-
IUPOBAHHBIX CIICIIMAINCTOB, CIIOCOOHBIX MPOBOANTH MOJTHOLIEHHBIE JIECOYCTPOUTEIHHbIC
paboThl, BKITIOUasi yCTAHOBJIICHHWE U OTTPAaHUYEHHE TPAHUI] JIECHBIX MACCHBOB, TAKCAIIHIO
JIECOB U Ha3HAYEHUE XO35HCTBEHHBIX MEPOIPUATU.

IMocnenuuit yyer necHoro ¢onma ObL1 mpoBeneH B 1993 roay, mocie vero maH-
HBIE B MacuITabax peciyOIuKyu He OOHOBIISUIUCE.

29



AN. BOHJIAPEB, O.41. CAAJISAH

Nerenpa

©% eca a seunsx 0OMT
TNeca rocypa,

Puc 1. Kapra necoB ApmeHuun

Eme oxHOM BaXKHOH TpoOIeMOil SBISIETCS OTTPaHUYCHHE TPAHHI] JIECHBIX MACCH-
BOB, KOTOPBIE UMECIOT Pa3JINYHBIC BUABI HAJIOKECHUH C 3eMJIIMH OOIIMH U JIaKe ¢ Tocy-
JApCTBEHHOH rpaHmiiel cTpanbl (puc.2). [Iporecc yrouHeHus TpaHUI] UMEET MECTO B
MIPOIIECCE COCTABJICHHS IUIAHOB yIpaBieHUA. [Ipu 3TOM TpaHMIBI COTJIACOBHIBAIOTCA
MPEACTABUTEINSIMHA OOIIMH U JIECX030B C COCTABICHHEM COOTBETCTBYIOIINX aKTOB, OJIHA-
KO 3TOT IPOIIECC AaleK OT 3aBEPILEHHUS.

B cootBercTBuu ¢ 3emenbHBIM KojekcoM PecryOnuku Apmenus [8] Bce cyObek-
Thl 3€MEJIbHBIX OTHOIICHWH MOJDKHBI OBITH IOCTAaBJICHBl Ha KaJacTPOBBIH YYeT H
3apernucTpUpoBaHbl B EAMHOM rocyaapcTBEHHOM KagacTpe HEIBH)KMMOTO MMYIIECTBA.
OnHAaKO TOYHOCTH OMNpPEAENICHHs] IPaHUIl B MPOLECCE JIECOYCTPONCTBA HE IO3BOJISET
IIPOBECTH PETUCTPALHIO JICCOB PECITyOINKH, M3-3a YeTr0 WX TPAHUIBI HE SBISIOTCS FOpH-
IMYECKH O()OPMIICHHBIMH.

B 3akoHOmaTENbHOM I0JIE U HA NMPAKTUKE OTCYTCTBYET TAKOW BA)KHBIM 3JIEMEHT
KaK CHCTeMa HallMOHAJIbHOM MHBEHTAPH3aINN JIECOB, OCHOBAHHASI HA CETH IOCTOSIHHBIX
Ha6J'IIO}IaTeJ'[I)HI)IX IIYHKTOB M IIO3BOJIAIOIIAaA Ha HepHO}lH‘ICCKOﬁ OCHOBEC OTCJIC’)KHUBATh
HU3MEHEHHS B JIECHOM (OHE Ha TOCYIapCTBCHHOM ypOBHE. BMecTe ¢ TeM, MOMBITKH €¢
Co3gaHusa TPECANPHUHUMATINCE. B »5»TOM OTHOLIEHHMH CTOUT YIOOMAHYTH HPOCKT,
peanu3oBanubii B 1998-1999 rr. mo olleHKE JieCHBIX pecypcoB Apmenun (Armenia
Forest Resources Assessment) Ha OCHOBE BBIOOPOYHON CTaTUCTUYECKOW OIEHKH Ha
rromaay 215 teic. ra. [IpoekT peann3oBeIBajICS IPH MOAICPIKKE HIBEJCKOTO areHTCTBA
o MexkayHapoaHomy coTpyaunuectBy (Swedish International Development cooperation
Agency (SIDA)).
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JNlereHpa KapTa 23mMmnoru30EaHnA i rpaxnua
rpaHMya NecHOro Y4YacTHa No AaHHEIA NG0B NO AFHHEN 2AMEILHOM K3A3CTPa
necoycTpoicTea 2005r, -

[ rpanmya nacHoro y4acTia no AaHHEM SPYIEA NACHHE MM
necoycTtpolictea 2017r. KYCTApHAK
naclmuwa
- Nauwxn
ApYMa samm

Puc 2. O6pazen HanoxkeHuit tecoyctoiicts ot 2005 1 ot 2017 rr. B HoembepstHCKOM Jtecxo3e
“Apmiiec” I'KAO (c neBoit CTOPOHBI) ¥ HX HAJIOXKEHHUE C ISUCTBYIONMMH KalaCTPOBHMH KapTaMbl (C
TIPaBOii CTOPOHBI):

OreHka MpOBOAMIIACH METOIOM JABYXCTYIIEHUATOH CTPaTH(UIMPOBAHHON BHIOOD-
ku. Bee neca ObutH paszaeneHsl HAa 9 cTpaT MO BO3PACTHBIM IPYINaM, B KOTOPBIX 3aKIa-
JIBIBAJIOCH OIIPE/IENICHHOE KOJIMYECTBO KPYTOBBIX IUIOIIAJIOK. Beero Obuto 3amoxeHo 249
miomanok. IlpeacraBneHHOCTh OHOM IUIOIAAKY B 3aBUCUMOCTH OT KOHKPETHOH CTpPaThl
cocraBwia ot 414 nmo 1552 ra. BaxHbIM pe3ysibTaTOM NpOEKTa SIBUJIACH pa3paboTka
MOAPOOHON METOAMKKM TPOBEICHHUS WHBEHTApU3aLUH IPUMEHHUTEIBHO K YCIOBUSIM
pecyOnuKy, pa3padoTka 0asbl TaHHBIX JUISl HAKOIUICHUS PE3yJIbTaTOB U3MEPEHHH, a Tak-
K€ TPEHUHT MECTHBIX CIIEIMAINCTOB TI0 3aKJIa/IKE YUETHBIX IUIOIAIOK.

B pesynbrare Obuta mojrydeHa CBOJHAS XapaKTEPHCTHKA 00CIEJOBAHHOW TeppH-
TOPHH TIO TIOPOJHOMY COCTaBY JIECOB, 3aIlacy JIPEBECHHBI, BO3PACTHOMY pacHpeserne-
HUIO, OLICHKA IPUPOCTA U PSIIL IPYTUX TTOKa3aTeNeH.

B Pecny6nike ApMmeHust co3gaHa KOMIUIEKCHAsI CHCTEMa JIECHOTO MOHUTOPHUHTA,
kotopeiii mpoBoautcss [HKO “LleHTp necHOTO rocymapcTBEHHOTO MOHHTOpPWHTA™.
®ynkuuoHan LleHTpa 1 M03BONSIET OTCIIEKUBATh BECH CIIEKTP U3MEHEHUH B Jiecax pec-
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myOnukn. [Ipu 3TOM HCIIONB3YIOTCA KaKk METOABI aHau3a JaHHBIX /(33 (IucTaHIIMOHHO-
TO 30HAMPOBaHU 3eMIIN), TaK M HATYpHBIC OOCICIOBaHHUSA YYIaCTKOB, TJIe TaKUEe M3Me-
HEHUsI BEIABIICHBL. BMmecTe ¢ TeM, MaHHBIEe, IOJTYYCHHBIC B PE3yNIbTaTe MPOBEACHUS MO-
HUTOPHHTA, IOKa HUKAK HE UCIOJIB3YIOTCS IPH BEACHUH FOCYIapCTBEHHOTO YUeTa JIECOB
1 JIECHOTO KaJacTpa, a TakKe IMPH aKTyalIn3alliil MaTepHaIOB JIECOYCTPOICTBA.

b) Pexomenoayuu no co30anuro HAYUOHATLHOU cmpamecuu UHBEHMAapuzayuu
necoe 6 Pecnybonuxe Apmenus

PexoMenpanuu no co3ganuio HannoHanbHON CHUCTEMBI MHBEHTAapU3alMK JIECOB
ApMeHI/II/I COCTaBJICHBI C YYETOM MaKCHUMAaJILHOM MPEEMCTBEHHOCTU UMCIOIINXCA B CTpa-
HE DJIEMEHTOB JIECOYYETHBIX PadoT, CIOXHUBIIEHCS NPaKTUKE yNpPaBJICHUS JIecaMH, HO
BMECTE C TEM OTBCUAIOT COBPEMEHHBIM TPEOOBAHUSAM M JYUIIUM MHPOBBIM NPAKTHKAM
WHBEHTapH3allMK JiecOB. B OCHOBY mpelaraeMoil CHCTEMBI 3aJIOKE€H IPHHIUII
MUHUMH3ALWHN 3aTpaT U UCKIIOUSHHS TyOIMpoBaHus padoT MpH peatn3aliuil pa3IndHbIX
AJIEMEHTOB CHCTEMBI.

K oCHOBHEIM 37eMEHTaM TpeaiiaracMoi CHCTEMBI OTHOCSTCS: a) HaI[MOHAIIbHAS
CHCTE€Ma MHBEHTapU3aIlNH JeCOB, 0) HAIMOHAJBbHAS CHCTEMA JIECOyCTPOICTBa, B) Ha-
LHOHAIBHAS CHCTEMa TOCYNAapCTBEHHOTO ydeTa M KaJacTpa JIECOB, B) HAIMOHAJIHHAS
CHCT€Ma MOHUTOPHHTIA JIECOB, T) aBTOMAaTH3MPOBAHHAS HAIIMOHAJIHHAS CHCTEMa yIIpaB-
nenus necamu — CYBJ] “JlecHble pecypchl ApMeHun”.

[IpenycnoBueM co3aaHusi CHCTEMBI SIBIISIETCS] PETHCTPALMsSl BCEX JIECOB CTPaHbI B
EnnHOM rocymapcTBeHHOM KaJacTpe HEIBHKMMOI'O HMMYIIECTBA B COOTBETCTBHU C
JEUCTBYIOIINUM 3€MEIbHBIM 3aKOHOJaTEILCTBOM.

Hayuonanvnas cucmema unsenmapusayuu 1ecoe.

3amadeii co3maHWS HAIMOHAIBGHOW CHCTEMBI WHBCHTAPU3ALUHU JIECOB SIBIICTCS
MTONTyYeHHEe Ha MEPUOINIECKON OCHOBE CTATHCTUYECKH JOCTOBEPHOW KadeCTBEHHOH H
KOJIMYECTBEHHON HWH(OpMAIMK O JIecaxX CTPAHBI, BKIFOYAs HMHBEHTAPU3AIMIO yTICPOI-
HBIX ITYJIOB W MAPHUKOBBIX T'a30B B JIECHBIX SKOCHCTEMAaxX B IEJSIX (OPMHPOBAHUS JIeC-
HOW MOJIUTHKY ¥ CTPATETHH PAa3BUTHUS JIECHOTO KOMIUIEKCA B PA3IMYHBIX €r0 acleKTax.

C y4eToM MHpOBOTO OITBITA TPAKTHUKH HCIIONB30BAHMS JIECOB B CTPaHE M MUHU-
MU3AlMU 3aTpaT CIUIOUIHYK) HMHBEHTapU3allMI0 LEeJIecCO00pa3HO MPOBOIUTH HE pExke
oxnoro pasa B 10 net. [lpu peanu3zanuy KOHIEMIUN CO3J]aHUS CUCTEMBI HAITMOHATHHON
WHBEHTApH3allMK JIECOB BO3MOXKHBI JBa Mojaxoza. IlepBblil 3akmiodaercs B pa3OHBKe
TEPPUTOPHU CTpPaAHbl CETKOW KBaJpaToB OMpEAEICHHON pa3MepHOCTH, HaIpumep,
2Xx2 KM, TIpH TONaJaHWu¥ y3JI0B KOTOPOl Ha TEPPUTOPHUIO JIECHBIX MAacCHBOB B HHUX
3aKJIaJ(bIBACTCSl OJIHA MM HECKOJIbKO (KJIACTEPHBIH MOJX0J) KPYTOBBIX IUIOMIAZOK T10C-
TOSIHHOTO pajiyca, Ha KOTOPBIX B CBOIO O4Yepe/lb MPOUCXOIUT 3aMep psaa MapaMeTpos,
MTO3BOJISIONINX COCTABHTH XapPaKTEPUCTUKY JiecoB. [Ipu Takom moaxoje obecrieunBaeTcst
PaBHOMEPHOCTB HOKPBITHS MMPOOHBIMH TUIOIIAISIMHA TEPPUTOPUH JICCHBIX MACCHBOB.

MeTton OOCTaTOYHO XOPOII B CIIyYae 3HAYUTEIBHBIX I10 IUIOMIAH TOMOTEHHBIX
JIECHBIX MAaCCHBOB, TIOKPHIBAIOIINX CYIICCTBEHHYIO TEPPUTOPHIO CTpaHbl. B ciydae Ap-
MEHHH, KOT/Ja Jieca 3aHUMArOT Juiib 11% TeppuTopuu CTpaHbl, BBICOKOH (parMeHTap-
HOCTH JIECHBIX KOHTYPOB, CIIOXHOTO BO3PACTHOTO U IOPOJHOTO COCTaBa, BJOOABOK OC-
JIOKHEHHBIX TOPHBIM peiibeoM, GOPMHUPYIONIMM crielu(UIecKHe 3aKOHOMEPHOCTH B
pacripeielIeHH IPEBECHO PacTUTENLHOCTH, IPUMEHEHHE 3TOr0 METOAa MOXKET IpH-
BECTH K TOMY, YTO 3HaYMTEJIbHBIE 10 IUIOIIAIH, HO (hparMEHTUPOBAHHBIE YUACTKHU JIECOB
He OyAyT MMEThb COOTBETCTBYIOLIEH CBOEW IUIOMIAZM NPENCTaBICHHOCTH B IPOM3-
BEJICHHOW BBIOOpKe. M30exaTh 3TOr0 BO3SMOXKHO CTYIICHHEM CETKH KBaJpaToOB M MpO-
MTOPITMOHAEHBIM YBEITMUCHHEM KOJMYECTBA NMPOOHBIX IUTOMIANEH, YTO YpeBaTO 3Ha-
YUTENILHBIM yBEJIWYEHHEM 00beMa paboT M COOTBETCTBEHHO MX CTOMMOCTH. B1o6aBok,
TOPHEIH penbed) CYIECTBEHHO YBEIMINBACT TPYIOEMKOCTE padboT. Hakorer, momoOHBIH
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MOJXOJ HE IIO3BOJMT OLIEHWBATh IUIOLIAIHBIE HM3MEHEHHs, MPOHMCXOMSIINE B Jecax
CTpaHBbI.

C y4eToM BBIIIECKa3aHHOTO ONTHMAIBHBIM MPEACTABISETCS TOX0, KOTAA yJeT-
HBIE TUIOIA/IKN 3aKJIaJbIBAIOTCA C COOMIOACHUEM MPUHIIMIIA PABHOMEPHOCTH, HO yXKE B
Ipefenax MpeABAPUTENbHO CTPATU(GHULIMPOBAHHBIX 110 OINPEICICHHBIM IPU3HAKaM
(cTpatu¢uipoBaHHas BEIOOPKA) JIECHBIX MAacCHBOB. B oTin4me oT MeTona BBIACICHUS
CTpaT MO BO3PAacTHBIM TpynmaM Hpu HHBEeHTapuzamuu 1998-1999 rr., mpemmaraercs
HCIIONIb30BATh KIIACCU(HUKALIUIO JIECOB IO MOPOJaM C Y4E€TOM HMX €CTECTBEHHOW NpH-
YPOYEHHOCTH K TE€M WJIM MHBIM YCIIOBUSIM IIpou3pacTanus. B To jxe BpeMs kiaccu-
¢uKanus JoMKHA MAaKCHMAIBHO KOPPECIIOHANPOBATH MOpa3AeIeH IO JIECOB MIPH BeJe-
HUM TOCY/AapCTBEHHOTO ydera jiecoB. Hampumep, nepBbIM KitacCH(UKAIIMOHHBIM YPOB-
HEM MOTYT OBIThb TPYHIIBI HOPOJ: XBOWHBIE, TBEPJOJIUCTBEHHBIE, MIATKOJIHCTBEHHBIE W
KyCTapHHUKH, KOTOpBIE, B CBOIO Ouepenb, OyOyT MOApas3JensaTbess Ha Oosee MeJKHe
CTpaThbl. B XBOWHHBIX 3TO MOTYT OBITH COCHOBBIE  MOJGKEBEIJIOBBIE JIeca.

Crpatudukanny T0JDKEH NPEIIecTBOBAThH TIIATENbHBIA aHaIN3 (OHIOBBIX Ma-
TEpUasoB Ui ONPEAEIEHHS ONTHMAJIbHOIO KOJIMYECTBA CTPAT, ONUCHIBAIOLIUX pa3-
HOOOpasue JiecoB CTpaHbl. B KadecTBEe MPUHIMIIOB BBIAEIEHHUA CTPAT MOXKHO OTMETHUTH
CIIEAYIOIINE: OTHOCUTEIbHAs TOMOICHHOCTh, NPHYPOYEHHOCTh CTpaThl K OIpese-
JICHHOMY THITy YCJIOBHH MeCTONpou3pacTanus (OMOTONMMYECKUIl IPUHIIHIT) 1 HAJACKHYIO
UACHTU(DHUKAIMIO CTPAT Ha KOCOCHUMKAX CpenHero pasperieHust (2.5-10 m).

[ony4eHHbIe pe3yJIbTaThl AOJDKHBI OTBEYATh MEXKAYHAPOJHBIM CHCTEMaM ydyeTa
JIECOB, B YacTHOCTH, pekomeHganusM ®AO 1o HaIMOHANBHOW oOleHKe jecoB [9].
BwMmecre ¢ TeM, HCKIIIOYUTENHHO BaKHA KOMIUIEMEHTAPHOCTH MOJIY4aeMbIX B pe3yJIbTaTe
WHBEHTApH3allUH JIECOB ITOKa3aTeNled ¢ TaKOBBHIMH, MOJIYYaeMbIMU B pe3yJbTaTe JIeco-
YCTpOMCTBA.

Jns 00paboTKM TaHHBIX WHBEHTAPH3ALMHM HE0O0XOJIMMa pa3paboTKa CTPYKTYpHI
0a3bl JAHHBIX XPAHEHMST COOPAHHBIX ITOKa3aTesIeil 1 MPOrpaMMHOTO 00ECIICUSHHUS TS UX
00paboTKH.

[ToBTOpHAs MHBEHTApU3AIMA BKIIOYACT SN (PPHPOBAHIE KOCMOCHUMKOB C MaK-
CHUMaJbHO BO3MOXKHBIM COXPaHEHHEM TpaHMIl paHee BBIACICHHBIX CTpaT, aHAIU3 IUIO-
LIaJHBIX W3MEHEHHH, TIOBTOPHBIE 3aMepbl Ha YYETHBIX IIOIIAJKaX, OOHOBJIEHHE Oa3bl
JIAHHBIX W3MEPEHHBIX IOKa3areliei, uX 00pabOTKy, MOoJydeHHe Pe3yJbTaTOB M BBISB-
JIEHWE TUHAMMKH TT0Ka3aTeeil 3a IpoLIe i ITepro/I.

B kadecTBe HCIONHHUTENBFHOTO areHTCTBA, OCYLIECTBIISIONIEIO HAIIMOHAIBHYIO
WHBEHTApH3alMIO JIECOB, B HACTOSIEE BPEMsi MOXKHO paccMaTpHBaTh CYIIECTBYIONIMNA
Ilentp necHOro rocynapCTBEHHOTO MOHHUTOPHHTA C COOTBETCTBYIOUIMM YKpEIJICHHEM
€ro KaJpoBOTO M TEXHWYECKOro noreHuuaia. [Ipm 3TOoM ciemyeTr MOMHHTH, YTO Ha-
LIMOHAJIbHAS! MHBEHTAPHU3ALMs JIECOB SABISIETCS (QYHKIHEH ToCy1apcTBa M MepeaaBaTh e
Ha KOHKYPCHOH OCHOBE KOMMEPUYECKHM OpPraHW3alMsAM HEIEIecO00pa3Ho, BO BCIKOM
CiTydyae, Ha Ha9aJIbHOM JTarle.

B mmaHe HOPMAaTHBHOTO PETYIMPOBAHMS MOTpedyeTcst pa3paboTKa M yTBEpXKIe-
HUe MeToMKH HAallMOHAJIbHOW MHBEHTAPU3alUH JIECOB APMEHHH.

Hayuonanvnas cucmema necoycmpoiicmaa.

B ormnnune oT HanMOHATBHON WHBEHTApH3alLlUH JIECOB, KOTOpasi B CTpaHe B HAC-
TOsIIIIee BPEMsI HE CYIIECTBYET, JIECOYCTPOUTENIbHBIE paOOTHI B CTpaHE MPOBOSTCS B 1ie-
JISIX OOHOBJICHUS TUTAHOB YIIPABIICHHS JIECX03aMH U TEMaTHUECKHX JIECHBIX KapT.

[TockonbKy rocynapcTBeHHas COOCTBEHHOCTh Ha JIeca B CTPaHE COXPAHHUTCS, oUe-
BUJIHO, €Ie JO0CTaTOYHO JOJITO€ BPEMs, TO OCHOBHBIM OOBEKTOM IUIAHMPOBAHMS HC-
I0JI30BAHMS JIECOB OCTAHETCS JIECX03, a B ClIydae 0c000 OXpaHsIEMBIX TIPUPOAHBIX TEp-
putopuii (OOIIT) — 3amoBeqHUK WM HAIIMOHANBHBIN mapk. [lepBoodepentoii 3amaueit
MIPEACTABISAETCS yCTAaHOBJICHHUE/3aKPEIUICHHE TPAHMIL JIECOB B COOTBETCTBHUH C IEHCTBY-
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IOIIMM 3aKOHOAATEIbCTBOM CTpaHBbI ImyTeM perucrpanyn jiecxo3oB 1 OOIIT B Enqunom
TOCYAAapCTBEHHOM KaJlacTpe HEJABMKMMOTO MMYIIIECTBA.

YcnoBueM U1 peTHCTpaIiK ABJISIETCSI IPOBEICHUE PadOT MO MEKEBaHUIO T'pa-
HHUII ¢ TpeOyeMOil TOYHOCTBIO, KOTOpast B cTpane cocrarisieT 40 cM uist GUKCAIHH TTOBO-
POTHBIX IyHKTOB M I'PaHMI] MEXIy cyObeKTaMH KajacTpoBoro ydera. K coskanenuto,
COBpPEMEHHbIE KOCMOCHHMKH JaK€ BBICOKOTO Da3pelIeHUs] HE IO3BOJIIOT JOCTHYb
NOAOOHOM TOYHOCTH, IO3TOMY pEKOMEHIyeTcss IpoBelneHue wLudpoBoil aspodoro-
cbeMku (ADC) necoB, MO3BOJISIIOLIEH 00eCIeYUTh TpeOyeMyro TOYHOCTh. Jlomoi-
HUTENBHBIM NPEUMYILECTBOM TAKMX MaTEPUAJIOB SBJISIETCS BO3MOXKHOCTH MOCTPOEHMS
mudposoii Monenu penseda (LIMP) ¢ marom 1o 1 M, KoTopast OyaeT Ucroabp30BaHa s
MOCIEAYIOIEeH WAeHTU(UKAINI/KOPPEKTUPOBKH BBIJEIIOB IIyTEM JEIIU(QPUPOBAHUS
MmarepuanoB A®C. Kpome TOro, cromMoCTb MaTepHaIOB a’po(OTOCHEMKH Ha COB-
PEMEHHOM 3Tale CyIIEeCTBEHHO HI)KE CTOMMOCTH JINIAPHOH (J1a3epHON) CHEMKH.

AHaIM3 MPaKTUKU MIPOBEICHNUS JIECOYCTPOUTEIBHBIX PadOT B pPecIyOirKe MoKa-
3aJI, YTO OCHOBHBIM METOJIOM SIBIISIETCS] aHAJIN3 TAaHHBIX JIECOYCTPOWCTBA COBETCKOTO
NIEpUO/a U BHECEHHE U3MEHEHNH B TAKCAI[MOHHBIE XaPAKTEPUCTUKH, IIPU 3TOM KOHTYPBI
BBIJICNIOB AJIEKO HE BCETAA M3MEHSIOTCS.

BwMmecte ¢ TeM ecTh U IONIOKUTENbHbIe IPHUMEpHl. B yacTHOCTH, IpH OOHOBIICHHH
IUIaHOB ympaBieHus MmkeBanckoro 1 HoeMOepsHCKOTo J1ecX030B Ha OCHOBE HCIIONb-
30BaHUSA KOCMHYECKUX CHUMKOB BBICOKOTO Pa3pelIeHUs] U MapIIPyTHBIX MOJIEBBIX H3bIC-
KaHM ObUIN BBISIBJICHBI JOMOJHUTEIBHBIC JIECHBIE KOHTYPBI U IPOBEJCHO 00jIee TOYHOE
BBIJICJICHNE T'PaHMI] TaKCAlMOHHBIX BBIIEIOB, B pe3yjbrare udero, Hampumep B Hoewm-
OEpsIHCKOM JIecX03€, KOJMYECTBO BBIJENIOB IO CPAaBHEHHWIO C MaTepuallaMH JIeco-
ycrpoiictBa 2005 1. yBennunnocs B 1,5 pasa (puc.3).

Naranaa
= 1 Mo matapnanam
macoycTpoAcTea 2005 r
[onorHNTEMEHEE NACHEE
Y4ECTEN MO pasyMbTATEM
mcoyctpodcTea 2017 re
HoamBapsaHckom nacxoa

Puc 3. YBenmuenue miomany 1 KOJIMIECTBA JICCHBIX YIAaCTKOB TI0 JJAHHBIM JIECOyCTPOHCTBA
2017r. o cpaBHeHuIo ¢ MaTepuanamu 2005 T.

J1s pacmpeHus 3ToH NpaKTUKK TpeOyeTcst MPOBEIECHNE KaueCTBEHHOTO 0a30BOro
nemudpupoBaHus JecoB cTpaHbl. B aTux nemsax nenxecooOpasHo ucnons3oBats LIMP u
A®C BBICOKOTO pa3pelleHus, MOoJydyeHHble Npu mnocTaHoBke Jyecxo3oB U OOIIT nHa
KajacTpoBbli yuer. [Tpu aemmdprpoBaHiy BaXKHO COONIOACHHE JIBYX YCIOBHH.
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[lepBBIM ycroBHEM SBIISETCS NIEPEHOC U yTOUYHEHUE TPAHUIL CTPAT, BBIJCICHHBIX
Ha cperHeMacmTabHBIX KOC mpu mpoBeneHNWM MHBEHTApU3aIlMU JIECOB. VneanpHBIM
BapHaHTOM SIBIIICTCS COBIAJCHHE 3THX TPAHMIl, YTO IO3BOJIMUT B JaJbHEHIIEM IpH
MIPOBEJCHUH TAKCAIMHU JIECOB B IIPOIIECCE JIECOYCTPOHCTBA MONTydYaTh YTOUHEHHYIO Xa-
PaKTEPUCTHUKY BBIJICIICHHBIX CTpaT.

BTopBIM Ba)XHBIM YCIIOBHEM SBISIETCS JeMIM(PUPOBAHUE C YIETOM IIOYBEHHO-TH-
MOJIOTUYECKUX YCJIOBUM M penbeda MECTHOCTH, YTO TO3BOJHT B KAaueCTBE JIECOTaKCa-
LMOHHBIX BBIIEIOB C(hOPMHUPOBATH XO3HCTBEHHBIE YUACTKU, XapaKTEPUIYIOIINECS €JTH-
HBIM TEHE3MCOM HACaXACHUs U KOMIUIEKCOM HEOOXOIUMBIX JIECOXO3SIMCTBEHHBIX Me-
ponpusiTrii. B nnane ynpasneHus ciaeayeT CTpEMUTHCS K TOMY, YTOOBI B JIECOXO-
351ICTBEHHBIE MEPOIPHUSATHUS 110 BO3MOKHOCTH BOBJIEKAJICS BECH BBIJEJN, a HE €T0 4acTh.
Co0TBETCTBEHHO CpeHUI pa3Mep Bhlela He JOKeH ObITh 0onbinuM (3-5 ra). 910 1mo3-
BOJIUT M30€eraTh M3MEHEHHUs] KOHTYPOB BBHIJEIIOB B CpeIHECpPOUHOH mepcrektuse. [1o3-
UTHBHBIM (DaKTOPOM MIJIsI 3TOTO SIBIISETCS 3aKOHOAATEIBHOE 3alpelleHHe B CTpaHe
CIUIOUIHBIX pyOOK, B 3HAUYUTENBHON CTENEHN (parMeHTHPYIOMHNX JecHble MaccuBhl. Ko-
HEYHO, 3TO UJEaIbHBIN BAPUAHT, HO K HEMY HaJl0 CTPEMUTHCS.

AKTyanmpHON 3ajadeil SBISAETCS AOCTATOYHO OBICTPOE OOHOBIEHHE TAaKCAIIMOH-
HBIX XapaKTepUCTHK OTAeNbHBIX Jiecxo30B U OOIIT. TpamumuoHHo 3Ta 3agada pemia-
€TCsl IOCTETIEHHBIM MTPOBEJICHUEM JIECOYCTPOICTBA B OTAEIBHBIX 00BEKTaX TaKUM 00pa-
30M, 4TOOBI 32 10-IeTHHUI Meproa ObUT 3aKOHUYCH UK JIECOYCTPOMCTBA JICCOB CTPAHBI.
Jns Apmenun, rae umeercs 19 necxo3oB u 5 rocygapctseHHbslx OOIIT, 310 o3Haugaer,
YTO €XKETOTHO JIOJKHO IMPOBOJIUTHCS JIECOYCTPOUCTBO 2-3 00BekToB. Ilpum 3ToM oc-
HOBHOW 00BEM COCTaBIISIIOT IIOJIEBBIE, JOCTATOYHO TPYJOEMKHE palboThl, IPOBEACHHE
KOTOPBIX BIO0ABOK CONPSDKEHO C JOCTATOYHO 3HAYMTENBHBIMU (DUHAHCOBBIMHU 3aT-
patamu ¥ OrpaHHYEHO M0 BPEMEHU OECCHEKHBIM MEPHOIOM.

Hannune xauectBenHbIx MaTepuanoB ADC ¢ ucnons3oanuem [IMP nossomut B
3HAYUTETBHONW CTENEHU YCKOPHUTH ITPOBEJCHUE 3THX PabOT M COKPATUTH TPYIOEMKOCTh
32 cYeT KOMIBIOTEPHOH 00pabOTKM M300pa)KeHWH, THIU3AIUHN BBIACIOB, MOCTPOCHHS
MaTpHIBl JUATHOCTHUECKUX NPHU3HAKOB B 3aBHCUMOCTH OT IOYBEHHO-THITOJIOTHYECKHX
YCJIOBUIA U MPUYPOUYCHHOCTH JIPEBOCTOEB K OMPECIICHHBIM JIEMEHTaM penbeda.

[TosTOMY CIIONIHYIO0 HA3€MHYIO TAKCAIUIO JIECOB MOXHO OyJIeT 3aMEHUTH BBIOO-
POYHOW Takcalyed THIHYHBIX BBIJEIOB, MOJIKPEIUVICHHYIO pe3yjbTaTaMi O00pa0oTKH
(oTonpoO, AJst 3aKNAAKH KOTOPBIX 1eJIeCO00pa3HO MCIOIb30BaHNe OECITMIOTHBIX JIeTa-
tenpHbIX anmaparoB (BITJIA). B mpenmenax 2-3 ner ¢ ucCrnoib30BaHHEM HHCTPYMEH-
TaJBHBIX METOJIOB 00paboTku MarepuanoB J[33 u BbIOOpouHON Bepudukanuu Takca-
LIMOHHBIX XapaKTEPUCTUK Ha (OTONpoOax MOKHO OOHOBHTH BCIO MH(OPMALHIO O Jecax
CTpaHbI Ha MO-BBIAEIBHOM YPOBHE.

[IpoBenenne 6a30BOTO JIeCOYCTPOICTBA O OIMUCAHHOH BBIIE CXeMe MOTpedyer
BHECEHHSI KOPPEKTUB B YK€ pa3paOOTaHHbIE IJIAHBI YIPABICHUS IS OTICIBHBIX JECXO0-
30B 1 OOIIT, a Takke OOHOBIICHUS TEMaTHYECKHUX JICCHBIX KapT.

B nmanpHeifmeM MOXXHO pEKOMEHIOBAaTh TEXHOJIOTHIO HENPEPHIBHOTO JIECOYCT-
poiicTaa.

HenpepsiBHOE J1€COYCTPOWCTBO 3aKIIOYAETCS B EXKErOJAHOM 00CIeI0BaHUU
Y4YacTKOB, BOBJIEUCHHBIX B XO3IHCTBEHHBIH 000POT, B KOTOPBIX MPOU3OIUIN T€ W UHBIE
MIPUPOJIHBIE WM aHTPOIOTeHHbIe HapymeHus. daktuyeckn sTa pabora He sBISETCA
HOBOH sl pecnyOJMKH, €10 JIOCTaTOYHO YCNeIHO 3aHuMmaercst LleHTp siecHOro ro-
CyJapcTBEHHOT0 MoHHTOpHHTa. OIHAKO NMPUHOWIHWATGHBIM MOMEHTOM SIBISETCS J10-
BEJICHHE PE3YJIbTaTOB OOCIIENOBaHUS /0 JIOTHYECKOTO 3aBEpIICHHs, a MMEHHO, OTpa-
XKEHHE MX B KapTorpaduueckoil u aTpuOyTuBHOI 0a3ax maHHbBIX. [Ipu 3TOM QyHKIHIO
MIPEABAPUTENHHOTO HAKOIUICHNSI I3MEHEHUH M0 Pe3yIbTaTaM XO3SIHCTBEHHOH NesITeNb-

35



AN. BOHJIAPEB, O.4. CAA/ISIH

HOcTH cienyer nmenerupoBats jecxo3am U OOIIT, a 3a ILleHTpoM OcTaBUTH (YHKIIHIO
Bepr(UKAINH Pe3yIbTaTOB U BHECEHHS N3MEHEHHH B YIIOMSHYTbIE 0a3bl TaHHBIX. 3/1€Ch
MOYKHO HCIIOIB30BaTh ONBIT YKPauHbI, I/Ie HOZ0OHas cucTeMa BHeApeHa u pas B 10 ner
IIPOU3BOANTCSA OOHOBIICHNE JIECHBIX KapT Y INIAHOB YIPABICHUSI.

Jns BexeHuss paboT MO HENPEPHIBHOMY JIECOYCTPOWCTBY IPEATONAraeTcsi Mc-
mons30Barne VH(popManmoHHOH cuctemsl ypasienus itecamu (FMIS), koropas B Hac-
TOAIIEE BPEMA TCCTUPYETCA B CTpaHE. Bre 3aBucumoctu ot PEIYJIBTATOB TCCTUPOBAHUA
HEoOXOoAMM aHaM3 ee (PyHKIMOHANAa M BO3MOXKHOCTEH B CpPaBHEHHU C YK€ JaBHO
(YHKIMOHHUPYIOIIUMH aHAJIOTHYHBIME crcTeMamu B Poccum winw/m benapycu, nmero-
IIMX aHAJIOTHYHYIO METOJIOJIOTHIO JIECOYCTPOUTEBHBIX padoT, U BHECCHNE U3MEHEHUH B
cilyyae HEOOXOAMMOCTH, ITIOCKOJIBKY JIOBEAEHHE CHCTEMBI 10 pPabouyero COCTOSHHMS
OOBIYHO 3aHUMAET 3HAUYMTEIHHO OOJbIIee BpeMs, 4eM ee pa3padoTKa. JTO MO3BOJHUT
CYIIECTBEHHO COKOHOMUTH BPEMSI JUISl BBEJICHUS B IEHCTBHE CO3/1aBAEMOH CHCTEMBI.

B GonpmmaCcTBE cTpan ObiBiero CCCP snecoycrponTenbHble paboTh TOCYAapCT-
BEHHBIX JIECOB MPOBOSATCS TOCYAPCTBEHHBIMH HEKOMMEPYECKUMH IPEINPUITAIME Ha
KOHKYPCHOH OCHOBE WJIM B paMKax TOCYAapCTBEHHOrO 3ajaHus (3akasza). Taxas
MpaKkTHKa coxpaHmwiack gaxe B Jluree [9]. KomMepueckue KOMIIaHUH BBIIOTHSIOT pa-
0O0TBI 1O JIECOYCTPOMCTBY Halle I YacTHBIX JIECOBIaAENbIeB (cTpanbl bantim) nmm
apennatopoB (Poccus).

Jlnst ApMeHUH MOKHO PEKOMEHIOBATh aHAJIOTMYHBIN BapUaHT — JIECOYCTPOMCTBO
TOCYAapCTBEHHBIX IMPEANPHATHH MPOBOAUTCS T'OCYIAapPCTBEHHOH HEKOMMEPYECKOW Op-
ranuzanueii. B atom ciydae TpeOyercst co3gaHue He3aBUCHMOMN OT YIpaBJICHHUS JIECaMH
CTPYKTYPHI 110 TIPOBEAEHUIO JIecoycTpolicTBa. Hanbosee moaxonsimumMy Uit 3TOW 1enn
OpraHu3alsIMHU, 00NaIal0MNMH HEOOXOMUMOH TeXHWIeCKOoH 0a30i M COBpPEMEHHBIMH
HaBBIKaMH 00paboTKH Matepuanos J[33, co3manHus ¥ HoAaep KaHUsS IPOCTPAHCTBEHHBIX
n arpuOyTHBHBIX 0a3 JaHHBIX SBIAIOTCS LleHTp JecHOro TrocyaapcTBEHHOTO
MoHHMTOpHHTa u WHCTHTYT Teomesmn wu 3emieyctpoiictBa (UIMU3) mpu To-
cynapctBeHHoM Komurere Kanactpa. Ilpu ogHON M3 3TUX CTPYKTYp MOKHO CO3/aTh
JIECOYCTPOUTENBHYIO TPYIMITy, KOTOpas OyAeT 3aHUMAThCS JIECOYyCTPOMTEIBHBIMU pa-
0oTaMu, a TaKKe BEACHHEM JIECHOTO peecTpa M ydera JiecoB. B miiaHe HOPMaTHBHOTO
peryJMpoBaHus IPOBEACHHUS JIECOYCTPOICTBA, BO3MOKHO, OTPEOyeTCsl IOMOIHUTEIBHO
K CyILIECTBYIOIIEMY 3aKOHOJATENILCTBY pa3paboTKa W YTBEP)KICHHUE METOAWKHU Jie-
coycTpoiicTBa Ha OcHOBe 00pabOoTku MaTepuanoB J33 U HENpephIBHOIO JIECOYCT-
poiicTaa.

Hayuonanvnas cucmema 20cyoapcmeeHHo20 yuema u Kaoacmpa 1ecoe

B mpemmaraemoil cxeme opraHu3annM JIECOYYETHBIX paboT B ApMEHHH rocy-
JApCTBEHHBIA KaJacTp W y4ET JIECOB IO CYIIECTBY SIBISIOTCS (DYHKIMSIMH OITMCAHHBIX
BBIIIIE CUCTEM HAIMOHAJIBHOW WHBEHTApH3alllK JIECOB M JIECOYCTpOlcTBa. V3HavansHO
JAHHBIE 0 KaJacTpe JecoB POPMHUPYIOTCS B Iporiecce perucrparun Jecxo3oB 1 OOIIT
B EnmHOM rocymapcTBEHHOM KaJacTpe HEABIKHMMOTO MMYILIECTBA, a AAHHBIEC MO YUETY
necHoro (oHAa B mpolecce MPOBEAEHHS 0a30BOr0 JIECOYCTPOWCTBA M CO3JAHHUS Ha-
IIMOHAJILHON CUCTEMbI HHBEHTapU3aIl1H JIECOB.

HpI/IHHI/IHI/IaI[BHI)IM MOMECHTOM SBJIACTCA (bOpMI/IpOBaHI/Ie JABYX pas3IMYHbIX, XOTA
U KOMIUIEMEHTapHBIX JPYT APYry YpPOBHEH KaaacTpa u ydera jecoB. OauH dopmupy-
€TCsl Ha HAIlMOHAJIBHOM ypPOBHE I10 pe3yJbTaTaM HallMOHAIBLHON MHBEHTApU3aIMH JIECOB
u obHoBseTcs pa3 B 10 net, npyroif popMupyercs Ha ypoBHE OTJEIBHOIO JIeCX03a UIH
OOIIT m oOHOBIsETCS EXETOAHO B IIPOIECCE IPOBEICHHS HENPEPHIBHOIO JIECO-
YCTpOMCTBA.
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Jns oprannzanyu paboT 1O JIECHOMY KaJacTpy M y4deTy JIECOB TpeOyeTcst HopMa-
TUBHBIA aKT, ONPEEISIONINH TOPSA0K BEICHNS 3THX paboT Ha 000MX YPOBHSX C IpH-
JOXKeHHeM (opM, KOTOpBIE JOJDKHBI 3alONHATHCS B 3aBUCHMOCTH OT YpOBHS HX Be-
JeHust. [ HalMoHANbHOTO ypOBHS (DOPMBI JTOJDKHBI COJEPKATh IEpEeUeHb IMOKa3are-
JIeH, COOTBETCTBYIOIINX MEXIYHApOIHBIM CTaHAApTaM ydeTa JiecoB. [ ypoBHs nec-
X032 3TO MOTYT OBITh TPaIUIIMOHHEIE (POPMEI yueTa JIeCHOTO ()OHIa, HaIpuMep, pacmpe-
JIeNIeHHE JIECOB IO KaTeropusM 3eMejlb, paclpesieieHHe MOKPBHITBIX JECOM 3eMeNb U
3aI1aCOB 110 BO3PACTHBIM I'PYIIIaM H IIp.

Hayuonanvnas cucmema MOHUMOPpUH2A J1€CO6

B cTpane cymecTByer equHas cucteMa MOHUTOPHHTIA JIECOB, (PYHKIIMOHUPOBAHUE
KoTopoii oOecrieunBaer L{eHTp JIeCHOTO roCyIapcTBEHHOTO MOHUTOpWHra. B kauectse
MIPEJIOKEHNH TI0 €€ COBEpIICHCTBOBAHMIO MOXHO IPEJIONKHUTH Oojiee IUIOTHYIO ee
MHTETPalMio B CHCTEMYy HEIPEpHIBHOIO JIECOYCTPOICTBA, KOTOPOW OHAa B HACTOSIIEE
BpeMs MPAKTHUECKH ITOJHOCTBIO COOTBETCTBYET, M B CHCTEMY JIECHOTO KaJacTpa H
yd4eTa JIECOB C BBIJICJICHHEM OITMCAHHBIX BBINIE YPOBHEH — HAIIMOHAIBHOTO U JIOKAJIb-
HOro. JlocTarodyHo KpUTHYHBIM (akTopoM It obecredeHus] (YHKIHOHHPOBAHH
CHCTEMBI MOHHUTOPHHTA SIBIISIETCA pa3paboTKa cooTBeTCTBYyIomEro Moyt B FMIS nmm
ee aHajore.

Aemomamusuposannas Hayuonanvras cucmema ynpasnenus aecamu — CYBJ]
“Jlecnvie pecypcor Apmenuu”

Jlorn4eckuM HTOTOM CO3/IaBa€MON CHCTEMBI JIECOYUYETHBIX paboT B ApMEHUH,
HMHTETPUPYIOIINM BCE OMMCAHHBIE BBIIIE AJIEMEHTBHI, SIBJISIETCS] CO3JJaHUE CIICIHAIN3UPO-
BaHHOM cucteMbl ynpasienus 6azamu nanubsix (CYBJI) “JlecHbie pecypcbl ApMeHun”.
ITpn 5TOM MOXHO HCIIOJIB30BATH OITBIT YK€ CO3AAHHBIX MOJOOHBIX CHCTEM, HAIlpUMep B
Benopycu, u mocienyiomyro X afanTanuio K yCIOBHAM CTpaHbl. ONTHMaIbHBIM TIPH
co3manuu HanuoHanpHOM CVYBJ] sBiseTcst BbIIENEHUE JBYX YpOBHEHW aHamu3a
nHpOpMAIMN W TPUHATHA YIpaBlIeHUYECKHMX pemieHuil. [lepBbiii — cTpaTermueckuii,
Oasmpyrommiics Ha JaHHBIX HAMOHAJIBHOM WHBEHTAPH3AIWU JIECOB, M BTOPOA —
OTIEPaTHBHBINA, OCHOBY KOTOPOTO COCTABIISIOT AAHHBIE JIECOYCTPOWCTBA M MOHUTOPHHTA
necoB. Ilpemmaraemas cucrtema OpraHM3alldd JIeCOy4eTHBIX pabor B PA xapakre-
pU3yeTcsl BBICOKOM NMPEEeMCTBEHHOCTBIO K CIIOKHUBLICHCS MPAKTHKE, UHTEIPUPYET COB-
PEMEHHBIN ONBIT Pa3BUTHIX CTPAH U SIBJISETCS HAMMEHEE 3aTPaTHOM.

Takum 00pazom, peanuzaiys NPEAIOKEHHOTO MOAXO0Ja MO3BOJUT MOIYYUTH U
MOJ/IEPKUBATh B aKTYaJIbHOM COCTOSIHMM WH(OpMAaIHUIO 0 BCeX jJecax ApMEHHH, BKIIO-
Yyas HE YYTCHHBIC B HACTOsIEEe BpeMs Jjeca Ha 3eMIIsIX OOIIMH 3a IMpeaeiaMu rocy-
JlapCTBEHHOTO JiecHOoro (oHna Pecrryomuku. Taxoke OyyT ycTaHOBICHBI M IOPHIMYECKA
o opMIIEHBI B COOTBETCTBHH C JICHCTBYIOIINM 3aKOHOJIATEIECTBOM I'DaHUIIBI JIECX030B,
HallMOHAIBHBIX IApKOB M 3allOBEHWKOB, YTO TIIO3BOJMT H30€XaTh Jerpajallidl H
YHHYTOKCHHUS JIECOB B Pe3yJIbTaTe KOMMEPUIECKON AEATENIbHOCTH. Pe3ymbTaTsl cO3aaHus
HAIlMOHAJIPHON CHCTEMBl HMHBEHTApU3aIllMM JIECOB JIATYT B OCHOBY (POPMHUPOBAHUSA
}IOHFOCpO‘IHOﬁ JICCHOM TIOJIMTUKUA H CTpaTerunu pa3BUTHUA BCETO JICCHOI'O KOMIIJIEKCA
cTpanbl. HarmumoHnanpHast cucreMa WHBEHTapU3alldd JIECOB CO3/IaCT HHCTPYMEHT JUIS
JOJITOCPOYHOTO MOHHTOPHHTA JIECOB HAa HALMOHAIBHOM YPOBHE, BKJIIOYAs PECYpPCHI
JIPEBECHHBI, HEJJPEBECHBIC PECYPCHI, TMHAMUKY JICTIOHUPOBAHUS yIIIepoia pa3inuHbIMU
KOMITOHEHTaMH JIECHBIX JKOCHUCTEM M OHopa3zHooOpasus. bynyT momydeHsl peajbHbIE
JaHHBIE JUIS  OMNpEJCJCHUS BO3MOXHOTO 0ObEMa HCIOJNB30BaHUS JIECOB Ha
HallMOHAIIFHOM YpPOBHE, YTO B CBOIO OY€pEIb CO3IACT YCIOBHSI JJISl yCTOHYMBOTO pa-
LIMOHAJILHOTO HMCIIOJIBb30BaHMs UX. VIHBEHTapu3amnus JIECOB Ha 3eMJIIX OOIIUH TTO3BOJIUT
cOo3/1aTh peajbHyI0 BO3MOXKHOCTH IIOSIBIICHHSI OOIIMHHBIX JIECOB B COOTBETCTBHU C
JlecapiM  komekcoM PecrmyOmmkm ApMeHHS ©, Kak CIIEACTBHE, HEOOXOAUMOCTH
YIpaBJICHNS MM Ha YPOBHE OOIINH, YTO MPEACTABISIET cOO0H BO3MOXXHOCTh BOBJICYE-
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HUE B YNpPaBICHHE JIECAMHM MIMPOKOTO Kpyra MECTHBIX 3aMHTEPECOBAHHBIX JIWI.
Pe3ynbpraTel WHBEHTapH3alWHM MO3BOJIIT BBIIBUTH IOTEHIMAJIBHBIE TEPPUTOPHU JUIA
JIECOBOCCTAHOBIICHHSI W JIECOPAa3BEICHMS, TEM CaMbIM CO37aBas YCIOBHS IJIS peanu-
3alKu TocTaBieHHON B HanmoHanbpHOM JlecHOM mporpamMMe pecryOianku ApMeHHs 3a-
Ja4yn yBenuueHus mromanu jgecos go 20.1 % teppuropun crpaHsl. Briepseie Oyzner mo-
Ty4deHa udpoBast KapTa JECOB PECITyOIUKH.

CoBpeMeHHas cucTeMa JIeCOyCTPOHCTBA 00eCIIeYnT Ha COBPEMEHHON TEXHOJIOTH-
YyecKoi U TeXHHYecKol 6ase mpoezeHre padoT Mo TaKCcalluy JIECOB, COCTABICHUIO IIIa-
HOB yrpanienus jgecxo3amu H OOIIT, 0OHOBJICHHIO TEMAaTHUYECKUX JIECHBIX KapT. Mck-
JIIOYUTEIBHO BXKHBIM PE3YJBTaTOM IPOEKTa CTaHeT co3paHue HamwmoHambHOTO y4eo-
HOTO IIEHTpA 10 IOATOTOBKE COOCTBEHHBIX CIELHAIMCTOB B 00JIACTH MHBEHTAPH3AINH
JIecoB, OOy4YeHHsS COTPYIHHUKOB JIECHOTO CEKTOpa WCIIOJIb30BAHUIO COBPEMEHHBIX
TEXHUYECKHUX CPEACTB IIPH OpraHU3alNy X03IHCTBEHHOM AesTenbHOCTH. Tem ca-

MBIM OyJIeT CYIIIECTBEHHO COKpallleHa HEOOXOIMMOCTh NPHUBJICYCHHUS] HHOCTPAHHBIX CIIe-
IUATIMCTOB ¥ HKCTIEPTOB JJIsI ”HBEHTAPHU3ALIUH JIECOB.

Hccnedosanue nod2omoeneHo Ha OCHO8e OAQHHLIX, COOPAHHBIX 6 PAMKAX
npedocmasiienst KOHCYIbMAYUOHHbIX YCiye Ot npoekma “VYnpaenenue — 3HanusMu U
paszeumue nomewyuana 6 pamkax napmuepcmea Poccuu u Ilpoepammer  pazeumus
OOH”, npoexm unancupyemces IIpasumenvcmeom Poccuiickot @edepayuu.
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CISPLATIN AND ESTRADIOL SEPARATE AND JOINT IN VIVO
ACTION ON RAT LIVER NUCLEAR PHOSPHOLIPIDS CONTENT
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G.A. AVAGYAN, E.G. SARGSYAN, E.S. GEVORGYAN
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gevorgyan_emil@yahoo.com

The alterations in quantities of total phospholipids and changes in their individual fractions
content in nuclear preparations from rat liver cells after the estradiol separate and combined with
cisplatin in vivo action were investigated. It was shown that in contrast to cisplatin separate action,
which leads to decrease the total amount of rat liver cells nuclear phospholipids, estradiol separate
treatment increased phospholipids absolute quantity by 62 %. In the case of combined use of
cisplatin and estradiol, the total quantity of nuclear phospholipids increased by about 13 %. These
changes had different impact on the content of individual fractions of phospholipids. Among these
changes the alterations obtained in case of cisplatin and estradiol combined treatment deserved
greater attention since they most likely have a positive effect and may be helpful for reducing the
cisplatin toxicity and eliminating its undesirable spillovers.

Cisplatin — estradiol — rat liver — phospholipids

3Gwnwagnunytp GU wnutwh ywpnh Ynphqwihu $nudpnhwhnutph punhwuntp Wwpniuwynt-
pntup W npwug wnwUbdht $pwyghwubph pwgwpéwly pwlwywywl thnthnpuniejntutpp Euwn-
pwnhnih wnwudht W ghuwwwnhuh hbn hwdwwntn in vivo wanbgnieiniuhg htunn: Mwpaqyt £, np h
wnwppbpnie)ntl ghuwjwwnhuh  wgnbgnipjwl, npp hwugbgund En wnUGwnh gwpnh  Ynphquwjhu
dnudbnihwyhnutph  punbwunp  pwlwyh  Ynpdwwndwup, tunpwnhnh  wnwUudhl  wanbgnipjwu
wpryntupnud gpwugynud £ $nudbnihwhnbph pwgwnéwly wwpnibwyniejwl wéd 62 %-ny: Shu-
wwwhuh W Eunpwnhnih hwdwwtn Yhpwndwu ntwend $nudnhwhnubph punhwunp pwlwyu
wénw E punwdtup 13 %-ny: Qpwugqwé thnthnfuntejntllbpp wwpptp Yepw U wunpwnwnuncd
wnwudht $pwyghwlbph pwgwnpéwly pwlwyubph Yypw: Unwyb U6s npwnpnipjuwl Bu wpdwuh
ghuywwnhuh W tunpwnhnh hwdwwntn wgnbgnipjwl dwdwlwy unwgdwd thnthnfunieinlulbnp,
npnup, wdtUwju hwywlwywunipjwdp, Ywnpnn U Ywplnp [hubp ghuwwwnhuh wnnpupynipjul W
wugwuywih ynnuuwjhtu wagnbgniejntuutph UJwgbgdwl wnniuny:

Shuwjjwinhl — Eutnpwnpny — wnltwnh ywpn — $nudnhwyhnutn

HccnenoBanoch copepxanie o0mux GpochonunuaoB U UX MHANBUAYAIbHBIX (Qpakiuii B
npernaparax sjaep KICTOK MEYEHH KPbIC MpH iN VIVO OTAEIbHOM BO3ACHCTBHU SCTPAaHOia U IpH
KOMOMHHMPOBAHHOM C IIMCIDIATHHOM ero npuMeHeHuH. [1oka3aHo, 4To B OTIMYHE OT BO3JEHCTBHUS
oUcCIJiaTuHa, KOTOPOC NMPUBOAUT K COKPAIICHUIO TOTAJIBHOI'O COACPKAHUA AACPBIX JIUITUI0B, B PE-
3yJbTAaTEC OTACJIBHOT'O NIPUMEHEHUS SCTPpaOJIa PErUCTPUPYETCA TTOBBILICHNUE 06].].[61"0 KOJIM4YECTBa
simepHbIX pochonmumuaos Ha 62 %. [Ipu coBMECTHOM MPUMEHEHHUH 3CTpaauoia U IUCIIaTHHA 00-
Imee KOJIMYIECTBO SIIEPHBIX (HOCGONUNIIOB MOBbIIIaeTcs Bcero Ha 13 %. DTu n3MeHeHus mo-pas-
HOMY BIHSIOT Ha COZEp)KaHWEe MHIMBHAYaJIbHBIX (paknuil suepHbIx dochomumunos. Cpenu BI-
SIBICHHBIX H3MEHEHUH OO0JIbIIEro BHUMAaHHUS 3aCIIyKHUBAIOT CIBUTH, 0OHAPY>KUBAaeMbIe IIPH COB-
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CISPLATIN AND ESTRADIOL SEPARATE AND JOINT IN VIVO ACTION ON RAT LIVER NUCLEAR PHOSPHOLIPIDS CONTENT

MECTHOM BO3/CHCTBHHU IUCIUIATHHA U ACTPAIUO0JIA, IIOCKOJIBKY OHH, IO BCEH BEPOSITHOCTH, MOTYT
OBITH CBSI3aHBI CO CHI)KEHHEM TOKCHYHOCTH IIMCIUIATHHA M CMSTYCHHEM HEeKelaTeNIbHBIX
00OYHBIX 3()(hEeKTOB, BHI3BAHHBIX HM.

Lucnnamun — scmpaouon — neyensb Kpvicsl — pochorunudvt

It is well known that the platinum drug cisplatin (cis-diaminedichloroplatinum
(1)) is widely used for the treatment of many malignancies. Cisplatin is clinically used
as adjuvant therapy of cancers aiming to induce tumor cells death [6, 7]. However, it
should be noted that cisplatin damages tumor cells and normal ones. Cisplatin induces
citotoxicity by alterations of transcription, DNA replication processes, via induction of
all pathways of apoptosis [6, 7]. The effectiveness of cisplatin is dose-dependent,
although its use in higher concentrations is limited by several side effects, such as
nephrotoxicity, neurotoxicity, ototoxicity and others. These side effects might lead
to intoxication of the whole body [11, 14, 16]. It was revealed that the joint use of steroid
hormone (estradiol/progesterone) and cisplatin resulted to reduced cisplatin-induced
toxicities [5, 9, 10, 15].

At present it is well known that nuclear lipids are major regulators of many
essential cellular processes such as DNA replication, transcription and gene expression
[1, 2, 17]. Recent advances demonstrated the involvement of nuclear lipids in
remodeling of chromatin and epigenetic regulation of gene expression [12, 13]. It seems
impossible to exclude the significance of nuclear lipids quantitative alterations for
cisplatin antitumor effects [8].

Our previous results showed the reliable changes in total quantities of nuclear
phospholipids and in content of their individual fractions of rat liver cells after the
cisplatin in vivo action [8]. Regulatory role of nuclear phospholipids via their
implications in DNA replication, transcription, chromatin assembly, acetylation and
methylation of histones, and in other distinct nuclear processes is well-known. Taking
into consideration the cisplatin-depended nuclear phospholipid alterations, it is assumed
that the implementation of cisplatin antitumor effects through these changes could not be
excluded. On the other hand, it has already shown, that estradiol and progesterone
showed a beneficial effect in elimination of cisplatin-induced nephrotoxicity [10]. In
view of the above developments it seems interesting to explore the cisplatin and estradiol
separate and joint in vivo action on rat liver nuclear phospholipids content.

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

Materials and methods. The investigation was performed on adult female albino rats (120-
150 g weight). The animals were divided into 4 groups. Group 1 is a control group of animals without
treatment. Animals of groups 2 and 4 received single dose of cisplatin (8 mg/kg). Cisplatin was
injected peritoneal. Exposition time for cisplatin was 24 hours. Group 3 was treated with estradiol
(200 mcg/kg, injected peritoneal). Exposition time for estradiol was 4 hours. Animals from Group 4
within 20 hours after the cisplatin injection (4 hours before decapitation) received the same single
dose of estradiol. All animals were killed by decapitation through corresponding time. Before
extraction of the liver, perfusion through the portal vein with ice-cold saline was done in order to
remove the remaining blood. Rat liver nuclei were isolated by the method of Blobel and Potter [4].
Phospholipid extraction was carried out by Bligh and Dayer [3]. The fractionation of phospholipids
was performed by micro thin layer chromatography (micro TLC) using 6x9 sm? plates with
L silicagel and chloroform-methanol-water in ratio 65:25:4 as a dividing mixture. After the
chromatography the plates were dried up at20°C and were treated by 15.6% CuSO, in 8% phosphoric
acid. Then the elaborated plates were heated at 180°C for 15 minutes. The quantitative estimation of
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separated and specific died phospholipids was carried out by special computer software FUGIFILM
Science Lab 2001 Image Gauge V 4.0, which was destined for densitometry. Obtained results were
treated by statistics.

Results and Discussion. The total quantities of rat liver cells nuclear
phospholipids in baseline and after the cisplatin and estradiol separate and joint in vivo
action are provided in tab. 1 (tab.1). The total amount of rat liver cells nuclear
phospholipids after treatment with the antitumor drug cisplatin decreased by 10% [8].
On the contrary, estrogen treatment leads to increase of phospholipids content by 62% in
rat liver nuclear fraction (tab.1). The combined injection of cisplatin and estradiol
increased the quantity of nuclear total phospholipids by 13.5% in comparison to
baseline, although in comparison with estradiol received group of animals, it was
reduced by 48.5 % (tab.1 and fig.1). The results confirm that cisplatin and estradiol were
demonstrated opposite effects on total quantity of nuclear phospholipids. However, in
the case of joint action these effects were summed up (tab. 1 and fig.1).

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

Variants Baseline Cisplatin Estradiol Cisplatin+
Estradiol

mcg/g tissue | 3700,00+61,50 *#3337,00£51,30" | *6000,00 £172,57 | *4200 £145,00
1-our previous results* — p<0,05
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Fig. 1. Changes in total phospholipids content in nuclear preparation of rat liver cells
in baseline and after the cisplatin and estradiol separate and joint treatment.
1 — baseline, 2 — after the cisplatin action, 3 — after estradiol action,
4 — after joint action of cisplatin and estradiol

The fractionation of nuclear phospholipids by the microTLC method revealed
seven individual phospholipids in baseline and in the case of cisplatin and estradiol
separate and joint action. This means that neither cisplatin and estradiol separate nor
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combined action cause qualitative changes. Phosphatidylserine, sphingomyelin,
phosphatidylinositol, phosphatidylcholine, phosphatidylethanolamine, cardiolipin and
phosphatidic acid were obtained among the phospholipids of rat liver cells nuclei
preparations. Phosphatidylcholine and phosphatidylethanolamine were the major
components to form more than 65% of total phospholipids amount in baseline, while the
percentage of the other five fractions varied within the range of 4-10%. (tab. 2).

Table 2. The relative content (in percentage) of individual fractions of phospholipids in
nuclear preparations of rat liver cells in baseline and after the cisplatin and
estradiol separate and joint action.

N Phospholipids Baseline Cisplatin Estradiol Cisplatin+
Estradiol
1 | Phosphatidylserine 5.80+0.34 3.90+0.28 3.32+0.22 5.35+0.23
2 | Sphingomyelin 7.60+0.33 5.60+0.22 4.58+0.24 7.40+0.1
3 | Phosphatidylinositol 10.40+0.24 11.10+0.25 5.40+0.42 9.04+0.21
4 | Phosphatidylcholine 39.70+£0.40 | 45.80+0.42 51.24+1.07 40.20+1.23
5 | Phosphatidylethanolamine | 26.10+0.28 26.00+0.39 26.30+0.43 23.60+0.87
6 | Cardiolipin 4.80+0.21 3.90+0.23 3.63+0.27 5.24+0.33
7 | Phosphatidic acid 5.60+0.20 3.70+0.15 5.53+0.26 9.17+0.45
Total content 100 100 100 100

It is characteristic that the relative content of these individual fractions was not
exposed to considerable alterations after the cisplatin and estradiol separate action as
well as in case of its combined treatment. It must be mentioned that more significant
changes undergo the relative content of phosphatidylcholine, which increased under the
separate action of cisplatin and estradiol. On the other hand, after the joint action of
cisplatin and estradiol, the baseline level of phosphatidylcholine relative content was
restored (tab. 2).

Taking into consideration the significant changes in total nuclear phospholipids
content after the cisplatin and estradiol separate and joint in vivo action the necessity
arises to determine the changes in absolute quantities of individual fraction of lipids in
all variants. Calculation results are presented in tab. 3. Individual fractions of
phospholipids of rat nuclei exhibit different sensitivity to cisplatin treatment. The
absolute content of phosphatidylinositol and phosphatidylcholine remained unchanged
after the cisplatin action, while the quantities of all the other decreased reliably. Absolute
content of phosphatidylserine, sphingomyelin, phosphatidylethanolamine, cardiolipin
and phosphatidic acid reduced by 41.4%, 35.5%, 15.2%, 33.3% and 41.3% respectively.
These obtained alterations in lipid quantity of rat liver nuclei cells are consequences of
deep and multiform transformation of nuclear lipids metabolism caused by antitumor
drug cisplatin [8]. After the estradiol alone action as well as in case of cisplatin and
estradiol joint treatment the absolute quantity of phosphatidylserine and sphingomyelin
remained unchanged. Changes were not found in quantity of phosphatidylinositol after
the joint action of cisplatin and estradiol, while estradiol alone action decreased the
content of this phospholipid by 15%. Among the nuclear phospholipids, the phospha-
tidylcholine exhibits the greatest susceptibility to estradiol alone action. The absolute
quantity of this phospholipid increased by 110% in comparison with baseline as well as
with cisplatin separate action. However, it should be noted that cisplatin and estradiol
joint action lead to increased quantity of phosphatidylcholine only about 18 % (tab.3 and
fig.2).
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Table 3. The absolute quantities (in micrograms per gram of tissue) of individual phospholipid
fractions in nuclear preparations of rat liver cells in baseline and after the cisplatin and estradiol
separate and joint action

hospholipids Baseline Cisplatin Estradiol Cisplatin+Estradiol
Phosphatidylserine 215.00+16.00 *126.00+14.00 199.00+13.16 222.00+9.66
Sphingomyelin 290.00+20.00 *187.00+£20.00 275.00+14.4 307.00 +8.83
Phosphatidylinositol 382.00+22.00 374.00+33.00 *%324.004+25.2 391.00 +8.80
Phosphatidylcholine 1465.00+53.00 | 1592.00+£16.00 | *3074.00+62.20 *1726.00 £51.65
Phosphatidylethanolamine 962.00+28.00 *816.00+£38.00 | *1578.00+25.80 950.00 £36.53
Cardiolipin 180.00+15.00 *120.00+18.50 *218.00+16.21 *220.00 £16.00
Phosphatidic acid 208.00+13.00 *122.00+10.00 *332.00£15.60 *384.00 £19.00

*-p<0.05; **-p<0.1,

200

100 %
\ > =
*
w* * ‘ | %*
50 ‘ { {
| |
|
{ | |
1 1
{ {
. - {
SM

PhS Phl PhC PhE C Ph.A.

M - baseline, [7]- cisplatin, []- estradiol, [7]- cisplatin + estradiol
* - P<0.05, %-P<0,1

Fig.2. Changes (in %) of absolute quantity of rat liver nuclear phospholipids individual
fractions after the cisplatinand estradiol separate and joint action

PhS — phosphatidylserine, SM - sphingomyelin, Phl — phosphatidylinositol,
PhC - phosphatidylcholine, PhE— phosphatidylethanolamine,
C — cardiolipin, Ph.A. — phosphatidic acid

The absolute content of another nuclear phospholipid phosphatidylethanolamine
has also been significantly increased by about 64 % after estradiol separate action, whereas
the joint action of cisplatin and estradiol lead to recovery reference level. Cardiolipin and
phosphatidic acid absolute content has been increased by 21 % and 60 % respectively after
the estradiol separate action (tab. 3 and fig. 2). Estradiol and cisplatin combined treatment
revealed increase of cardiolipin quantity as well as phosphatidic acid absolute content by
22 % and about 85 % respectively (tab.3 and fig.2).

It is well known, that nuclear lipids are components of the intranuclear structures,
such as nuclear membrane, nuclear matrix, nucleolus and chromatin. These lipids are
involved in numerous biological processes, including signal transduction and a variety of
metabolic pathways [2, 17]. It is worthy to mention that metabolism of nuclear lipids is
regulated independently of that of cytoplasm. Furthermore, the modification of lipid
metabolism is involved in cell proliferation or apoptotic processes induced by different
stimuli, including hormones and drug action. As result of lipids metabolism secondary
messengers are produced in the cell nucleus, which play a pivotal role in multiple signaling
networks as well as in chromatin organization and transcription control [2, 12, 13, 17].
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The quantitative changes in nuclear phospholipids in case of cisplatin alone action
should be considered negative side effects. However, the changes obtained in case of
cisplatin and estradiol joint treatment most likely have a positive effect and may be helpful
for reducing the cisplatin toxicity and eliminating its undesirable spillovers. Thus, it can be
concluded that nuclear lipids are key elements for the correct functioning of all nuclear
processes. The quantitative changes, that were identified, have served to elucidate how
cisplatin and estradiol are show their impact in case of separate and joint action.
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8nyg £ npdws, np D-wdhUwerywht opuhnwgp Swgwph wnwpptp opgwllbpnud nluh jwju
Glwuntpwihu  jnupwhwnyneegnit: - 3Gnwgnunwé 7 D-wdhUwepenliubphg  wpunwhwjunywé
nidqunipjwdp nEquuhuwgyt) Bu D-wjwuhup, Dphpnghup W D-wpghuhup: Nuncdbwuhpyb £ dwun
Utinwnutbph hnlubph (Ni*,Fe?,Cu?" , Zn*,Cd*, Co®) wantgnipiniup D-wuhlwperywihlu opuhnwah
wywnhyniejwl ypw dwaqwnh ninGnned, ywnpnnd W Gphywdubpned:

D-wdhlwypppyuyhl opuhnwq- D-wdhlwpepeni—éwln JGunwnlbph hnulbn

B HEKOTOpBIX OpraHax KpOJIMKa BbIsBIeHa D-aMUHOKHCIOTHAs okcupaasa. [IokazaHo, 4To
(hepMeHT NMeeT UIMPOKYIO cyOcTpaTHyIo ciennduyHoCTb. M3 nccnempoBanubix 7-mu D-amuHOKMC-
70T GoJiee MHTEHCHBHO JIe3aMUHUPOBaIKCh D-anannn, D-tuposun u D-aprunun. M3ydeHo Bivs-
HUE psiJla HOHOB TSDKEJIBIX METaJLIOB (NiZJ’,FeZJ',Cu2+ , Zn**,Cd?*, C02+) Ha aKTUBHOCTH D-aMuHO-
KHMCJIOTHOM OKCHIa3kl IEUYEHH, TIOUYEK U MO3Ta.

D-amunoxucnromnas oxcuoaza -D-amunoxucioma — uonvt msagicenvix Memanios

The D-amino acid oxidase was detected in a number of rabbit organs. It has been shown
that the enzyme has broad substrate specificity. Out of 7 D-amino acids studied, the D-alanine,
D-tyrosine and D-arginine amino acids were more intensively deaminated. The effects of a number
of heavy metal ions (Ni?*,Fe?",Cu?", Zn?",Cd?*, Co?") on the D-amino acid oxidase activity of the
liver, kidneys and brain were studied.

D-amino acid oxidase — D-amino acid — heavy metal ions

Udhlwppnlubph thnfuwlwyntpjwu punhwuntp ophUwswihnientlltnhgt Upwug opuhnwjhu
nGquuhtwgnudp' L- W D-wJdhUwpprywihU opuhnwqutph Jwulwygnipjudp: D-wdhUwepywihu
opuhnwap [wjunptl  wnwpwdywé £ punipjwl Ube' Uhypnopgwuhquutphg  Jhusle YwelUwuniuutn,
uwywju Upwlg dhahninghwywt nbpp nEnlu wdpnnenipjwdp wwpqupwluyws sk:

Rwjinuh £ D-wdhuwerywiht opuhnwgh wudhswywl dwulwygnipintup dhynnopquwuhqu-
Utph  UpnLpwhnpuwlwyniejwl, huswybu  Lwl  YwplbwuntuUbph  Eunngtu  D-wdhUweeniubph
Uninwydwt, Uwpnwihu  hwdwywngh  wuwwnwueh  Jwpgwdnpdwu b éGpwgdwl  gnpé-
pupwgltpnud [3,4,7]: Uh 2wpp hhdwunnipnibutph ntwentd Uywpnwiht  hjncujwéencd, wpjwu
2héniynid, nnuninGnwihu henniyntd Uywpwgnywé Bu huswbu D-wuhUweeniubph pwlwynpjwl,
wjlwbu £ Upwlg opuhnwqutph wywnhynipjwl thnthnpuncenlltn: 8Snyg £ wnpdb, np Wywnpnwhu
hwdwywngh Wwpnwywpgwynphg D-uGphuh pwlwyh ywpqwynpnidp D-wdhlwpeeywihu opuhnwgh
Jwulwygnipjwdp Juplnp Lpwuwynipyntu nluh 2hgndptUhwih, Mwpyhuunuh, Wighbiutph W wy
hhjwunntpntuutph pniddwu hwdwn [4,7,9]:
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8nug £ wnyt| bwl D-wJhUwpeywiht opuhnwah Ywnplnp ntpp wnhpwjht Jhypnphnuwih
hndGnuwnwgh Ywpgwynpdwl gnpéncd [10]:

JbpghU wwphubphu $EpdGUNnh Lywwndwdp hGwnwepepnieniup Jedwgb) £ juwjwsd  wju
thwuwinh hbwn,  np Rhodotorulla gracilisl.Trigonopsis variabilis fudnpwutytpnid  hwjnuwpBnywé
D-wJhuwperywiht opuhnwagp Yuwwwihgnd £ gidwinuwynphu C-hg 7-wdhuwgbdwinuwynphuweryh
wnwewgdwl Gpydtnpdtunwihu gnpdplewgh wnwsehu thnyp: “bpghuu hwdwpdnwd £ pwquwehy
Yhuwuhuptunhy hwywphnnhyubph wnpjnep [2,13]:

Uté pyny hbinwgnunniegyniuubp BU hpwywlwgynid hwnyuwtu dwpnnt D-wdhUwepywihu
opuhnwah YGUuwuhupbgh EwhgGUGnhywywl Ywpgwynpdwl W peswihlu Jwywpnwyny hGwn-
wnpwluygwghnu  dbwthnfunwdubph  nbph - wwpqupwudwl  nuinnnepjwdp [9: YBLUWpWUWywU
Udnubpnd  D-wJdhUwpeenutph W Upwlg  opuhnwqUbph  wywnhynipjwl  npnpdwl  qguiynil
dGennutph Yhpwnenidp hhde £ Ywpnn hwunhuwUwy npn hhjwunnienitlutph Jun whunnpnadwu W
UnUuhenphugh hwdwp [12]:

Nruinh  wpnpwywlu  GU  wiu  hGnwgnunienillGpp, npnup nupnywé  BU wnwpptp
opgwuhquutpnd D-wuhUwerywiht opuhnwqutph GluunipwihUu jnipwhwwnynipjwl pugwhwjn-
dJwup [1]:

Utn Uwwwwyu E Gnbp nuunwduwuphpbp dwgwph npn opgqwuutpnud (Gphywdutn, pwpn,
ntntn) D-wJuhuwerywihu opuhnwah GlwunipwhU jnupwhwwnynientup nwnptp D-wJdhUwerenlutph
Uywwndwdp, huswbu bwl hGnwgnutp npnp dwup  JGwnwnubph hnuubph wanbgnientup $Epdtunp
wywnhyniejwl ypw:

Unip W dGpnn: 3Gnwgnunnignillbpl hpwywuwgytbp Gu ubdwu W pubwdeh Jhlcunigu
wwjdwuubpnud gunugnn 2-2.5 Yg quaguywé ncutgnn Orictologus cuniculus domesticus dwaqwnukph
Jpw: YBunwuhubph glluwwnndhg hGnn wpwg wlupwwndtb) BU ywpnp, Gphywdubpp W nwntnp,
wwwpwuwinytp £ 10%-wung hndngGuwwn 0,1 U Na-bnudwuwjhupnidptpnd (pH 8,3): LUnph-
qujhubpwyghwt L hjneujwépwihu Juwgnpnubpp hGrwgubint bwywwnwyny hndngbUwwnp gbluwn-
nhdnigytl £ 4000 g wpwgniejwdp 15 pnwb:

D-wdhUwerywihu opuhanp wywnhdnieintup npn2Gint Uwwinwiyny 1 U $EpdGUtnwihu
wwwpwuwnntyp puynipwgdl) £ 37°C-nd, 60 pnwbtUbph plupwgenid, 1.5 Jp Na-bnudwwnwihu
pndptpnud (pH 8,3) hwdwwwwnwufuwl 50 dydnp Guuunietph (D-wiwuhl, D-ywihtu, D-hgniGghu,
D-phpnght,  D-wpghUhl, D-hght, D-wuwwpwghl) wnywjniejwdp: 60 pnwt wlg nGwyghwl
Jwugqutgyty, £ 1 U 20%-ng GRR-nY, wnwpwgwsd wdnuhwyh pwlwynipintupn npnpdtp E
Uhynpnnhdnighnt Ubennny: dtpdtunh wynhynientup Ubpyuwjwgdb) £ wnwewgwd NHs-h pwuwyny®
1 g uwhwnwynigh hwdwn: D-wdhUwprdwihu opuhnwah Ypw oSwup dGunwnubph hnUutph
(Ni**,Fe*" ,Cu*, Zn*,Cd*, Co*) wagntgnLpjnilp hGnwgnnbint Lwywwnwyny huynipwgynn fuwnunipnhl
wyblwgyk) £ UGwnwnh hnu (25 Jydnp /dp udnipnid):

Uunwgywé nyjuubpp upwnydt) U Jhdwywgpwywu duydwlu “BIOSTAT” hwdwywng-
swihUu dpwgnny: Iwydwuwnhnipintup npnayti £ pun UinjnunBuwnh t swithwuhph:

Upmyniuplubn W pUbwpynid:D-wdhuwperywihu opuphnuagn dUN-Ywhujw| opuh-
nwqutph gnpénlubnipjwlu  JGhuwlhquuGph  hhduwywu  ophUwswihnieintlubph  hi-
nwgnundwl Jwnpytpwihu $bpdtunn t: Iwdwdwju gpwywuniejwu ngjwutph [9], Jwpnnt
D-wdhUwperywihtu opuhnwgh hwdwp (wywagnyu Giuwunuetp U hhnpndnp W swywiniu
wuhUwpprnLUEtnp, huy gihghup W ginttnwdhbweenlu epdtunh Ynndhg s6U Bupwnyynid
nGquuhuwgduwu:

Utn ynnuhg nwunwbwuhpytbp £ dwqwpph gwpnh, Gphywdh W ninnh D-wdhUw-
prRYwhU opuhnwah Glwuntewihu jnLpwhwnyniinilp: Iwdwadwju unwgywd inyjwiutph
(wn. 1), D-wdhuwpprywhlu opuhnwagh wywnhynipintt  hwjnbwpetpdGy £ pnnnp
hGnwagnunywd opqwlltnned, npnkn Glwujnietpp wwpptndtbp GU hpeug nEqudhuwgdwu
wuwnhdwuny:  3Gwnwgnunywéd 7 wdhbwpeenutphg  D-wjwuhuh, D-phpnghth W
D-wpghuhup nGwpend $EpdGUnp npultnpti £ pujwywuht pwpép wynhynepiniu: LpJwé
wuhlwppnUtnU wnwytb) ntdght nGqudhuwgytb] Bu nintnnid, pun npnwd D-phpnghUp
nGwend $EpdEUINh wynhynieiniup Yuqut, £ 43.05, D-wjwuhuh nGwenwd* 24.35, huy
D-wnghUhuh nGwentd* 34 Jydng NH3 1 g uwyhunwynigh hwpqwpyny:

Pninp  hGunwgnunjwéd  wdhUwppenlutphg  wdblwgwép  wynhynipjwdp nbqu-
Jhuwgyt, GU nunGnnud® D-ywihu, Gphywdnwd® D-thghu, pwpnnd® D-hgnibight wdh-
Uwpenutpp (wn. 1): LQupnnd pun nbquuhlwgdwl  wuwnhdwlh  hGnwgnunjwéd
wJUhUwpepniubph  hGppwywlunipnilu tntp B D-wpghuhu > D-hghu > D-wuww-
nwghUwreent > D-wjwlhU> D-Jwht> D-phpnghl> D-hgnitjghu: D-hanitjghl wuhlwreeyh
wnwnppbpwynd $EpdEunh wyinhynieintup D-wnghuhUh hwdGdwwnnipjudp Bnbp £ 4.2
wuqwd wyth gwédn (wn. 1):
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Unyniuwy 1.D-wdhbwerywiht opuhnwagh wywnhynpintup dwagwnh twpptp opguuutpnid
(n=5, p<0,05)

DEpdEUNH wyinhynipyniu /dydng NHs1 g uwhunwynignid/

opquwu
Glwunip yuwnn Gphywd nLntn
D-wjwuhu 11.29+0.33 22.82 +0.68 24.35+0.73
D-Jwihl 8.23 +0.24 21.16 + 0.63 0.94 +0.02
D- hqn|Gjghlu 7.05+0.21 15.05 + 0.45 4.94+0.14
D-phpnghl 10.35£0.31 17.64+0.52 43.05+1.29
D-wpghuhu 29.48+0.88 15.52+0.46 34 +1.02
D-{hghlu 24.7+0.74 5.88+0.17 11.76 £0.35
D-wuwwpwghUwppnt 18.35+0.55 8.94+0.26 36.7 +1.10

Gphywund nbqudhUwgdwl wJdtUwpwpép gnigwuhy £ gpwugybp D-wiwuhuh
wnwnpbpwynd® 22.82 Jydnp NHs, hugp 3.9 wugqwd wybih pwpép £ D-thghup hwdbdwin:
dEpdGunh wywinhynie)niup Giwunish Uywwndwdp Gphywdnud UepYwywgywé E hGuinlywg
2wnpny D-|hghlu >D-wuwwnwghlwpeent > D-hanijght >D-wnghuhU> D-phpnghl > D-
Jwihu> D-wjwuhu:

Wuwhuny, wwpayt £, np Gwqunh ywnpnh, Gphywdh W nintinh D-wJhlwrerywihu
opuhnuwql odnywé E jwju Gulnipw)hu jnupwhwwnynipjwdp: Iwdwbdwju gpulwuntejwl
wnywiutnh, wnwpptp  wnpnuputphg . wbpwnywéd  D-wdhlwerywihu - opuhnuqutph
wuhlwpprywht  hwenpnwywunipjwu UG  hwjnbwpGpwéd B wwhwwunnwywl
hwwnywdsélubn (189-202, 299-312 L 326-341), npnup  dlwynpnud U wywnhy YEunpnuh
Jwwnwihinhy hwwnydwdp, npinkn wnbknwynpwd Bu uwnwihgh hwdwn ywwnwupuwlwwnnc
Wul192, Upg302 L @hp326 wdhuwpeenutpp [1]: UnwlbdUuwhwwnny £ wju thwuwnp, nn
Ung302 wdhuwereyh -C-wwnndh 2wpdniwynienilp pujwywuht uwhdwUwithwy E Yhg
gunuynn Mpn303 W ¢hp326 wdhUwperywihl Juwgnpnubpny, npnup wwwhnynwd GU
Glwuneh Uninpp wywnhy YEuwnpnu: Wju gnpépupwgnud Jwuliwygnud £ bwle Qh327-n:
dEpdunh Gluwune ywwnn nndtuncd wpunwhwjindwé hndninghw sh hwjinuwpbpyws,
husnd wwydwUwynpywd E wnwppbp wnpjnipubphg wugwwndwéd $epdtunubph (wju Glw-
UnLpwjhu jncpwhwunyneeiniup, npp twiinwuyned £ pwdwywuhu (wibu winhpnyened [17:

Cnowyw dhgwywipp wnwunwninn Uncetnh 2wpend hwwnndy ntn Bu qpwnbguncd
éwup Jtwwnutpp, pwluh np h wwppbpneintt wuywyntt W wpwg  YGpwhnpuynn
wnunnnn wjp Ynebph dwup JGwnwnubph Jhwgnieiniuubpp Gpywpwnle dwdwuwyh
pupwgenid wwhwwuntd GU hptlug pnllwynp  wanbgnieniup: Swup  JGunwnutph
hwyGyw| pwlwyniejwl Juwunn wgnbgnip niup Yeunwuh opgwuhquuGpnd Ywpnn £
wnwyp ptpb.  hwlpwihu  Unietph  Jnunph W wnGnwpwhudwu  puwuqupnedutn,
dbpdGUUEPh wywnhynejwu wpgbwynid:

Utn Ynnuhg nwuniduwuhpyby £ npnp dwlp Jiwnubph (Ni2* Fe",Cu® , zZn?*,Cd*,
Co?) wantgnipiniup  D-wuhlwperywihl  opuhnugh  wyinhynipjwl  dpw:  Nputu
Glwunetn puwnpdty Gu D-wwupu, D-phpnght W D-wpghUhu  wJhUwrpeeniutnp:
GwnwagnuinieintllGph wpnjnlupluGpp UeEpYwjwgywsé Bu gdwwwwnytp 1, 2 W 3-nwd:

hUswtu Gplnd EUY. 1-hg, Gphywdnid D-wjwuhuh nEquUhbwgdwu wywnmhynijwl
Upw wdtlwpwpén wpgbwynn wanbgnieyntu npulinpby £ Ni2*p' 55.7% -nd, huy Fe?*-h
nGwend wjn gnigwuhpp Yuqut £ 35.1%, Juwgwd hnuubph wpgbiwynn wgntgnienup
Gnt, E gwdp: D-wpghUhuh nGwenwd  hnUUGph  puyénn  wanbgnieintl $EpdGUNH
wywnhynipiwl Ynw nhindby E puin hnlyw) hwenpnwuwlinupjwl Ni¢* > Fe?* > Co®*> Cu®
> Zn*" > Cd?*: D-rhpnghlh nbquuhlwguwl wiinhynipjwl Ynw wubbwpwpén wpgbjw-
ynn wgnbgnLentl nlubgh; U Co*W Zn?* hnllbpp hwdwwwnwuhuwUwpwn 35.94% L
33.10%-ny:

Ljwpnnwd Ni**,cd®, co®™ W Fe®* hnllbpp gpbeb wupnnenipjulp wnpgbjwytb) Gu
D-wjwlhlp ntqwuhlwglnn $EpUGUINh  wywhynieiniup, pwgh zn**hnlltphg, npnlg
Pbnutunnp puydt) Bu Uhwju 56.5%-n4:
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ULY.1. Swup Jdtwwnutph hnuutph wagntgnipiniup D-wdhUwerywiht opuhnugh wywnhyniejwu ynpw
(dwawnph Gnhywd, n=5, p<0,05):

= =Upghbht ~ Ujmbht ™ Bhpnqph
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LY. 2.6wup JGinnwnutph hnuutph wanbgniejniup D-wdhUwprywhlu opuhnwgh wywnhyniejwu ynw
(Gwgwnh gwpn, n=5, p<0,05)

dnpéwpyywsd hnuubphg D-wpghUuphup nGqudhuwgunn $EpdEUINh wynhyniejwl
dnpw pluydnn wanbgnie)nu gnigwptnt) Gu Cd?* L C02+hnUUbnn,u1Jngtu6 hnuutpp wulpwu
wanbkgnLeintl BU pnntl $EnUGLUIND wlinhynipiwl Ypw: Cd**hnlilkpp 16.3 %-ny  fupwlb)
GU D-phpnght  wJhtwpryh nbqwuhuwgndp, huy Udjnwu  thnpéwpyywé  hnulbph
wngblwyJwl wuinhéwlp Uspywjwgynid £ htwnlywy 2wpeny NiZ* >zn* > Co* > Cu?* >
Fe?" > Cd*(uy. 2):

huswbu Gplnd £ gdwwwwnybp 3-hg, NiZ*le Cu?*hnlubpp pninp wdhlweenlubph
wnwnpGpwyubpnud gnigwptintp Gu puydnn wgnbgnipntt $epdEunh wynhynipjwl ypw:
Zn*-p hupwlb], U (125 %) D-phpnghl wdhUwpereyh, Cd*-n (44.5%) W Co® (63.1 %)
D-wjwuhuh nEquuhuwgJdwl gnpépupwgubnp:

Nuntdbwuhpdwé gpuywunipjwlu Jbe D-wdhUuwprywhu opuhnwgh wywnhynt-
rJjwl Ypw Swln JGwnwnutph wagnbgniejwl yGpwptnwy hGunwgnunipyniuutpp pugw-
uynud Bu: Uy $EpdGUInUGphu Uhpywé wphuwinwlpubpnud gnyg £ wipdwé, np wywnhy
yGuwipnund guinuynn SH-fudptpp dwup dGinwnutph hnuutph hwdwn Yupnn BU uwnwptg
jnLpwhwiwinnly thqwunutph nbp [5]: 3wjnuh £ Uwl, np éwup JGwnwnutph hnUubpp wpnn
GU wdnip hwdwihpubp wnwewgub) rhn fudptp wwpnuwynn YGuuwdniGynLubph htun:
Wnwhuh hwdwihpubpp Yuynu Bu W $EpdEunh wpgbiwynwdp dbnp £ pbpnud ng nwpatih
punyyre [14]:

Utp hGunwgnunipintuutph wpnyniupubph yepneényeniup hwugbgunud £ Upuwl,
nn Swup UGwnwnutbph hnbutph wpgbluwynn wagnbgnieiniup D-wJhUwereywiht opuhnwagh
wywhdniejwlu Jpw htwpwynp £ wyuwjdwbwdnpqwéd £ dbpdGunwiht - uwhuinwynigh
nwnwéwywu Yuwnnigywédeh thnthnpuniejnctubpng W wnwUdht ghnpwihtu fudptph pw
nlubgwé wanbgniejwdp:
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Urwmbg hnt  Fe2s+ HNi2+ Cu2+ Zn2+ Cd2+ Co2+

LY. 3.6wlp JGwnwnutph hnuutph wanbgnieintup D-wdhUwerywht opuhnwagh wywnhynipjwl ypw
dwaqwnh nnGnnud (n=5, p<0,05)

Gwnwgnnnie nlultph wpnyniupUubpp yywynd GU wju Jwuhl, np D-wJdhUwpryw-
Jhu opuhnwagh wywnhyniejntup dwawph wnwpptp opgqwuutpnud Ywhujwé £ huswbu
GnyywiBuwn JGinwnh hnuh, wjuwBu £ hjncujwéeh nGuwyhg:

D-wJhUuwperywhu opuhnuqutph (wju GiulnipwihU jnupwhwwnyneeintup wnw-
swnyynwd £ Yyphpwnb] YSuuwutGUunpUbph uwnbnédwl hwdwp ulunwdpebpputpnd W
hudhgeutpnud hwdwywngwihu dlnd wdhuwpreniubph D-hgnutputph wwpniuwyneentup
npn2Gint Lwwwwyny, pwuh np D-wdhUwpenUbpp (wnwehu  hGpphlu  D-wjwuhup)
pwywnbphwubph  ppowwwinh  pwnwnphgubpn  GU, nwwh  Upwlg  wnywnipntup
ullnwJprtpputpnid hwunhuwunwd £ pwynGphwihb yupwydwu gnigwup [11]:
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NruncdUwuhpdt) £ bwjywywl Uncdinup W dnudinu x punwup nghuwp inpwdwpuwgnidhg
uinwgywé hhpphnutph wibinunhwbnu nu guninhwbplu pun tpwuubtphup (Tf), gbpninwwaquhup
(Cp), hGunginphuph (Hb) [nynwultph W nghuwpubph pUwywu nhdwnpnnwywunientup nwpwnh
Ujwwndwdp: 8nyg E wpdb, np dhpniuh whunpp wdbUwgwénu E Tf-CC, Cp-AA L Hb-BC
gtUninhwtpny hhpphnUuGph Unwn, npnup gnigwptbpnd GU puwywu pwpép nhdwnpnnwywunceniu
nwpwnh Ljwwndwup:

Upywl uwpinwlyneglbn — wyby — (nyncu — uwhwnwyniglbinh puquwaélinepynil —
Untdinl — nwipwin

VI3y4eHbl aJUICNIOTUITBI U T€HOTHUIBI apMSHCKUX My(JIOHOB M rHOpuaoB (MyGoH X 10-
MallHsisi oBua) mo Jokycam tpaHcheppuna (Tf), nepynomnasmuna (Cp), remornobuna (Hb) u
€CTECTBEHHAsl YCTOMUMBOCTD OBElLl K ALYpY. bblIO MOKa3aHO, YTO TUTP BUPYCA CAMBIM HU3KHH y
rubpuoB ¢ redorunamu Tf-CC, Cp-AA u Hb-BC, KoTOpbIe TIPOSIBIAIOT €CTECTBEHHYIO BHICOKYIO
YCTOWYHMBOCTS K SILYPY.

benxu kposu — annenv — noxkyc — nonumopghuzm denxos — Mygnon — awyp

Study of allelotypes and genotypes of armenianmouflon and hybrids (Mouflon X Domestic
Sheep) according to Transferrin (Tf), Ceruloplasmin (Cp) and Hemoglobin (Hb) loci and relation
with natural immunity to murrain were carried out. It was shown that the virus titer is the lowest in
hybrids with Tf-CC, Cp-AA and Hb-BC genotypes, which produce a natural high resistance to
murrain.

Blood proteins — allele — locus — polymorphism of proteins —mouflon—-murrain

Qnnwnuntuwywl Yeunwuhlbph gtubinhynptl wwjdwtwynpywd hdntupintnp Ubpywynidu
hwdpunhwuncp hhduwhwng E, huy pwquwgbUwht wywjdwuwynpguwénieinit ntlbgnn  hwwnywuhph
hwdwn gEUGnhywywu Jwpytpubph pwgwhwjnnudp fuhun widdbwywu £ W ntn Gpywp dwdwuwy
Yuuw wywnniwy [4, 6]:

Gwnwgnunnieinluubpp yywyned Gu [3], np gnjnieiniu ntup npuwu YnnBywnhy Yuw uwh-
wnwyntgh  wwpptBn  |nynwitbph,  wiGutph  hwwhiwywuntejwl, hndnghgninn W hGwnGpnghgnun
Jhéwyubph no nbnbuwywu oguwywp hwwnywuhpubph  Jpple: Cuwnn Jbg hwuwéd  nguiubph
wnpwludtbphuh W gbpnynwwagquhup (nynwuubph wenwdnyg UJwu - neuncdUwuhpneggniuln phy G
Jwuwwnybl, uwywiu gnnieintt nlubgnnutphg nwnpnupjwl B wpdwuh Uwnhynyndh W Yhdh
hGwnwgnuntejnluuGnp: Lpwlg niuncdUwuhpnipjwl wpryntupnud wwnaqdb) £, np TFCC-CpBB, TfAC-
CpAB gbuninhwny YEunwuhutph hwdbdwwnnipjwdp nghuwnutph nbgbpjwu génh Tf AC-CpBB,
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Tf CC-CpAB gtununhwny YEunwuhubpu ntubgb) U pwpan uywunwiht Gie W 1-hu inbuwyh Jubnhpe:
Unnng ubpunh uwnwgndp W Jwwnwph wwhwwunwp  wlwubwpnednijwl  Yuplenp Yeu-
uwwnlnbuwywl b wnBhuuninghwywl hwwnywuhubp Bu: Nghuwph $hllwywl jwunpwu génh Tf AB
gbunuinhwny Yunwuptpp WpJwéd gnigwupputpny gbpwquugnd BU Juwgwd pninp - gEuninhwtipny
yeunwuhutphu [3]: MpGynu gbnh nghuwnpubph Tf BC gGununhwny Jwehubpp wgeh Gu puyuncd
pwquwwwnnnipjwlp W Jwinnwh ywhwwunipjuwdp [1]:

UYuhwywn £, np wbwubwpndnijwl tnwnptp §)nintph huinGUuhywgnidp nunnwyh Yww ntup
wnwnptp hhjwunnientultph YwuhiwngGdwu W pniddwl hGwn, pwuh np yGplhUuGpu YEunwuhutph
dnin wnwyp BU pbpnd qquih wnunGuwywu  Juwulbp, npnup  wwdwuwynpwé Bu o Upwlg
dptpwwnynipjwu W wyunnwunyniejwl wuydwdp, unwgynn Jrtpputnh npwyh W pwlwyh bjwquwdp,
wnnhdwjhU w2fuwwwugh hwdwn Upwug ng whunwuGhnipjwdp W wjit: Undnpwpwn Jdhynnpwjhu
hhywunniejnilubpp wbuwlwpwn Yend Jbs wnbn Gu gpwynd wju nbwenwd, Gpp UGpyunidu
wnwyb] wwuwmpwd wnbn £ hwwnyuwgynd  YEunwuhubph gbUGnhywywl nhdwnpnnuywuntejwu
pwnapwgdwl hhduwhwnpgbphu: Wu ninnniejwdp Jenp Ynndhg Yuwnwpywé ncuncduwuhpnieinilubpp
JYywynud BU, np Jhwju bywwnwlwdtn puinpwubpdwdp W wnwlg [pugnighs Swhuubph hbwpwynp £
ytunwuhutphu qbpé wwht| pwquwehy hhjwunnieniuutnhg:

Unip W dbpnn: 3wjywywu Jwjph Jnidinuhg wpjwl Udnpwnnudp ywwnwnytp £ Gplwup
ytunwuwpwlwywu wignud 4 nwnptywu 3 wpn Unudnlbphg, huy dnudinup W puinwlh nghuwnh
hhpphnhg wpjwu Udnipp hip wywnhywwnnp wwpniuwynn Juyndwiht  thnpéwuneUbph dhengny
dtpgyty £33 AUU Ysunwuwpwuntejwl W hhnpnEyninghwih ghnwywu ysEuinpnuh thnpéwpwpwywu
pwqwjnd pnedynn 1.5-2 wwptywu 17 ginihu YEunwuhuGph (6wihu Gpwyhg: Upjwu 2hényp W
hndnhquwnp unwgyt) £ hwywiuh dGennutnh unphhd:

ElGUunpndnntgh vhgngny ntuntdbwuhnyb £ nghuwnutph wpyuu Tf, Cp W Hb uwhwwynigutph
pwquwaélLnipnLup:

ElGywnpndnptap hpwywlwgdt) £ Ydhuh dGennny [5] 10 %-wung wnihwyphiwdhnwihl dt-
Lh Upw, Biometra Shpdwjh “Multigel-long” $npbigh wwwpwwnny (wn. 1):

Unynruwy 1.Upjwt 2hdntyh Tf, Cp W Hb uwhwwynigutph ElGYnpndnpkgh
wUhpwdtwn wwjdwuukpp

PnLdGnp
cl > =
o S| 4 i 3
=
? X § E E c g
= ° c < = T =
3 =) c S 3 Jé c
s| 5| 2| s Jbwht ElEytnpnnughl £ &
5 ° 5 c o S
3 5 5 = c
= = > 3 c
5 2 3
i) < E
0,05MwnhuHCL 0,016 Mwphughghu
Tf 10 12 1:2 DH 8,8 DH 8,7 280 3
. 0,18 MunphuHCL 0,016 MwnphupnpwwnpH
Cp 10 12 11 pH 8.8 9.0 290 2,5
. 0,2M wnphu-ghinpwun 0,06wnhu-pnpwin
Hb 10 12 11 pHS 85 pH 8,75 250 3,5

dnptgh wywnwnhg hGwnn dbp 60 pnwt wnlnnnupjwdp $heuyt) £ Epwln], pwgwhuwepent,
pnpwd onin (40:10:60) [nuonyenwd, nphg hbwnn 30-60 pnwb Ubpyyb, E ynwwuh G-250 ubpyny,
wjunthGuinle 3 wuquid [Jwgyb) (ywgnn pnedtpny (pwgwhuwrepyh 10%-wung |nLényjp):

dnpGgpwdh  wpryniupubpp  JGpnedybp U hwdwwwwnwupuwl - pwlwadlbph  Jhengny:
Qtununhwtph W wibubph hwiwiwywunieintup npnpyt) £ henlyw) pwuwéauny’

npuntn’ Pi-U | wibh hwwhuwywunipnluu k,
Ni— 0° nw wibLp Ypnn Ysunwuhutiph ehup,
N —p* hGwwgnunynn Yeunwuhutph punhwuncp phyp:
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USUULUUL UNFDLNLL B4 3IPRPRILENh (UNFDLNAL x CLSUWLN NRuUN) UMSUL NPNS UNhSUWUNESLENh...

WnwudhU |nynulbph  hwdwp  gBuninhwbph  hndnghgnwniniejwl  pwdhup  npnpdbp £
hGunwgnunynn Yeunwuhubph punhwuncp ryh unynpuywu hwdwdwulniejwl uygpniupny:
Uwhwnwynigutinh pwquwaélnipjwl gnigwuhutnny hndnghgnunniejwl wuwinhdwup npnayt £

3GnEpdwuh pwlwalny®
H, —H)?
S GA)
n

npuntn * SH-p Uh pwuh inynwutibpny hnunghgnunniejwl uhghl gnigwppl k,
H —p ncuntdUwuhpynn hndnghgnunntpejwu uhghu gnigwuppu E,
n—np ncuntdbwuhnpynn (nynculibph pwliwlyu E:

Utn ynnuhg wnwehu wuqwd puunhp E npytbp niuncduwuhpt) hwjywywu dnidinuh W Upw
hhpphnUGnh wwpptin gGuninhwtpny (puin Tf, Cp, Al |nynLuliiph) nghuwnltiph, wnthunpd  uuh-
wnwyniglbph W wpuwu phénynd Yuwnenigwdpwiht W ng unniguwépwihlu  uwhwmwynigubnh
wnywjncejntup, npp hpwywbwgyt) £ hdniundGpdGUinwihu wuwihgh (ELISA-At) Jheongny: LUwu
inbuwintpp huwpwynpnieinu BU pudtrnud pwgwhwjnt) nwpwnh Jhpniuh 2ppwwnniunp qgujnituwy
yGunwuhutnph opquuhqunty:

Upnyniupubp L pUbwpynid: IGnwgnunnipnilubph Jepinudnieiniuhg (wn. 2)
wyUhwywn £ nununid, np lipwludtphuh (nyncup hhpphnutph dnn wnihdnpd £ Yuguywé
A, C b D witubphg, npnug hwdwhuwywuntejntup hwdwwwwnwupuwlwpwp hwywuwn £
0.42; 0.52 W 0.05: Cun npnuwd, A wiblp hwunbu E quihu 2° AA (0.12) L AB (0.2)
qtununhwny: C wibp unyuwtu dbwynpnud £ 2 gbunnhy® CC (0.2) L CD (0.23): hug
yGpwptpnd £ D wibhl, www whwne £ Uyt np wju hwuntu £ quihu UGy gtuninhwny’
DD: Lnyncup hndnghgnunntejniup Yuaguned £ 47%:

Unyniuwly 2.3hpphnutph (Untdinl x putnwuh nghuwn) gGuGnhywywl
Junnigdwdpl puwn Tf, Cp W Hb |nynLuliGph

Rwobwhuwywuniejniup, P, Anunghgninnipjwl
Lnyniup n wuwnhwup, %
QGunwnhwbtpp, % U6iupp pun pun
wnwlshl Tf, Cp.Hb
aa |aB| B8 | Bc [cc| @ |DD| Ao | B || p [Unumwbbnh) inbnwbbnh
Tf inpuitugtphi/ 17 0,12 | 0,2 - - 02| 023 | 005 042 0,52| 0,05 47 e
Cp /ghpnunuymquhiy/ 17 0,17 | 0,41 | 0,27 0,23 - - - 0,58 | 0,42 - - 353

Hb htunginpht/ 17 055|064 | 0 030 | - - - 070 03| - - 59

Stpninwwgquhup (nynup Unyuwbu wnihdnpd B Yuguywé A (0.58) WL B (0.42)
wibGlubphg: A wibp hwuntu £ quihu UGY hndnghgnun® AA (0.17) W UGy hGwinkpnghgnun® AB
(0.41) gGunwinhwny:

8tpninwwquhuph (nynwuh hndnghgnuiniejwl wuwnhdwup hwywuwn £ 35.3 %:
3GUngnphuh 0 [nYynLup wenwdnyg wtwe E WG, np wju unyuwtu wnihdnpd £ ugdqws
A(0.70) L B (0.30) wytubphg: 3ppphnutph Unwn htdnginphuh A witip dbwydnpnid £ Gpynt
qbuninhw’ AA (0.55) W AB (0.64), huy B witip' punwdtup Uty gbunwnhw' BC, nph
hwiwhiwywuncpyntup hwdwuwp £ Uunyl wibh hwwhiwywunepjwup (0.30): Lnyniup
hnudnghgnuntejwl wunhdwup hwywuwp £ 5.9 %:

Nuncduwuhnynn Gpbe |nYnwulbph hhpphnuGph hndnghgnunniejwl  wunhdwup
hwywuwn £ 29.5%:

hus ybpwptnynd £ 3wjywywl dnudinup nwuncduwuhpywd nynculbphu (wn. 3),
wbwne £ WG, np hUuswtu npwludbphup, wjuwbu £ gbpnynwwquhuu nu hGungnphup
Unundnnpd GU' Yuquywé hwdwwwunwuppwlwpwn TfA, CpA L HbA wiGlutphg, npnug
hwiwhiwywuncpntup hwywuwn £ 1-h: Snipwpwugnip wibp npulenpynd £ 1 gGununhwh
wntGupny' TfAB, CpAB WL HbAB, npnug hwwhiwywuntejntup Unyuwtu hwywuwn £ 1-h:
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Unyniuwy 3.9dwjph Unudnuh gbuEinhyuywu Yunnigywdpeu pun Tf, Cp W Hb (nynLuliiph

QtUnwinhwtnp, 3ndnghgnunLe)nll pun
Lnynup n % Ukiutnn wnwilahUNYnLubtnh, %
Tf /impwludbphu/ | 3 AB A 0
3 BC B 0
Cp
/gGnnLnwwquhu/
Hb /htunginphu/ | 3 AB A 0

Ldwl wnpwwn wibindnun W qBunnnhw nluBuwp punn Gplnyehu wywydwlwynp-
Jwé bt Gpywpwdwdytin  hupphnhugny, hugut wnyw £ YEunwlwpwlwywl  wygned:
Rwjywywu dncdinuh nuntdbwuhpywé (nynulnh hndnghgnunnieintup hwdwuwn £ 0%-h:

Unyniuwly 4.3hpphnutiph (Untdnl X puinwith nghuwn) gtubnhlwywt Yunnigywépl pun Tf, Cp L Hb
Inynrutbnph W Yuwp Ywnrnigwépwiht W ng Yunnigwépwihl uwyhwnwynigutph hbwn

LnynLup/hwlwdwndhubtnn n QtUninhutnn %
AA AB BB BC CcC CD DD
T Yuwnnigywépwjhu 3 0 0 - - 0 0 0
ns unnigywédpwjhu 3 9.8 10.2 - - 75 12.2 11.8
Ccp Yuwnnigdwépwjhu 3 0 0 0 0 - - -
ng unnigywépwhu 3 8.7 11.3 13.6 114 - -
Hb Yuwnnigdwépwjhu 3 0 0 0 0 - -
ns yuwnnigywépwjhu 3| 125 21.2 175 9.4 - -

Un. 4-h myjwubph Jyepneénepintuhg wyuhwjn £ nwnuncd, np thnpéuwywu YEu-
nwuhutbphg wpjwu Udnwnnid Yuwnwnpbint y&g wdhulbph pupwgenid hwywnwpwnwihu
wwwndwuwnnwd sh hpwywuwgdb), pwuh np pninp gBununhwtGpnyd  yEunwuhubph Unun
Ywnnigdwdpwihu uwyhunwynigubph (wnwewuntd U nwpwnh Uywwndwdp qguynituwy
yGunwuhubphu nwpwnh nEU Wwndwuwnbinig htunn) inhunpp puwgwywy)ty E:

hUs yGpwpGpynd £ ng Junnigywépwihu uwyhwnwynigutphu (3ABC — hwjinUw-
pGpynud GU YEUnwunt wnjwu 2hénynd nwpwnh yhpniuny Juwpwyybinig 2 2wpwe wug),
npnup wnwyewund U opqwuhgunid yhpniup wniwjnipjwl nGwpenud® wtwnp £ WEL, np
dhpntuh wnhunpp wdBlwgwénu £ TF-CC (7.5), Cp-AA (8.7) L Hb -BC (9.4) qEunuinhwbpny
hhpphnutGph Unwn: vGpghuu yywynd £ wju Jwuhl, np nwpwnh yhpniuh 2pswwynnguinh
wnuwjniejwl nGwpenud® wnwlg punpn Yihuhywh yGpnujwy gGuninpwny yGunwuhubpp
gnigwpbpnud  GU puwywlu  pwpénp  nhdwnpnnuywuncpnit Lpwéd  hhjwunniejwu
uywwundwdp:

Uhlunyu dwdwlwy wbwe E UG, np Jplunyu wwdwuutpnd pwpép nhdw-
npnnuywuntentu ntlbgnn YEunwuhUuGph ng Ywnrnigdwdpwihu uwhwnwynigubph wnnhwnpp
thuncd E pwun gudp Ywd pwgwlywyned E [7]:

Rwjjwywl dnidnup nunwuwuhpdwé (nynwultpp Unundnpd Bu, npunkn hn-
Unghgnunipjwl wunmhdwup hwywuwnp £ 0 %-h,huy hhpphnutph Unwn hndnghgnunniejniup
Jwaunwd £ 29.5 %:

Qwpwnh Uywwndwdp pbwywl pwpép nhdwnpnnuywunipintt Gu gnigwpGpnud
Tf-CC (7.5), Cp-AA (8.7) L Hb -BC (9.4) qEuninhwtinny hhpphnutpp:

Uunwgywé wpnynibpubnp, npwtu qtubnhywywu Jwpytputbp, Ywnpbh £ ogunw-
gnnéb nghuwpuGph punpwutpdwu gnpépupwgnid:
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uunhruub (SPIRAEA L.) LEAUNIBYUD SGUUYLENh AU2UUSUUL
unuvavulusunre3nruLere Greduuvh ANFUURULUYUL U3ant
ausuvuLLErNU

L.L. Uniruasuu

33 QUU U. Pwhutnwgjwlp wly. Pniuwpwlntjwl huuwnpwnnian
muradyann@list.ru

NruncdUwuhpyb] BU wuwhpwy gbnh (Spiraea L.) pwgqUwgdwu wnGuwyubph huwpwynpne-
rjnLUUGPD Spliwuh pneuwpwlwywu wigne ywjdwuuGpned: Uuwhpwyh nuywunieh unwgdwl wut-
Uwwpryntbwybun - Gnwuwyutphg U Yyupnuwdnpndp W ubpdGpny pwquwgnudp:  PwgUwgdwu
wnwuduwhwwnynipntllbph  nuuntdUwuhpneenilbpp yuwwnwngbp U Gplwuh  pniuwpwlwywu
wjgnud uGpunidywé gbnwquinn wuwhpwyubph Yupnuutpng W wnwppbp pniuwwfuwnhwgnpwywu
Jwngbphg unwgywé ubpdtnpny:

Uwhdwuyt] E nwunudUwuhpynn wnBuwyubph ubGpdGpny pwquwgdwu W Yunpnuwynpdwl
wnrynibwybun dwdytunubpp:

Lbnuniénid — pwquwgnid — hwpdwpnnuwlwunepyntt — upnuwynpned —wipdwianwluwned

V3ydamuch 0COOEHHOCTH Pa3MHOKEHHs BHIOB poia Tasosru (Spiraea L.) B ycnoBusx
EpeBanckoro Ooranmyeckoro caga. Haubonee adpdekTuBHBIME criOCOOaMU MONTYyYEHHS MOCAT04-
HOTO MaTepuaia SBIISIOTCS YEPEHKOBAHME W CEMEHHOE pasMHOXeHHe. VcclieoBaHus TIPOBOIH-
JIUCh HAa JEKOPATHUBHBIX BHAAX TABOJTH, HHTPOAYLHPOBAaHHBIX B EpeBaHckuii OoTaHnueckuil can
panee. CeMeHa AJIsl MHTPOLYKLHMHK OBLIHM MOMTYYESHBI U3 Pa3INuHbIX OOTAHUKO-TeorpadUIecKux pe-
THOHOB MHPA.

VeraHoBneHbl 3QQEKTHBHBIE CPOKH YEPEHKOBAHHMS W CEMEHHOTO Pa3MHOMKEHHS M3YydeH-
HBIX BUJIOB.

Hnmpooykyus — pasmuooicenue — adanmayusi — 4epeHKo8aHue — yKopeHeHue

Possibilities of reproduction of the species of genus Spiraea L. in the conditions of the
Yerevan Botanical Garden were studied. The most effective methods to obtain planting material
are propagation by cutting and seed breeding. The pecularities of reproduction were investigated
on the slips of decorative Spiraea species introduced in the Yerevan Botanical Garden earlier and
on seeds obtained from different phyto-geographic regions. Effective periods for propagation by
cutting and seed breeding of these species were found.

Introduction — breeding — adaptation — propagation by cutting — implanting

Pniutph UGpUniédwt wphuwwnwuputnnd Yuplenpwagnuu pulnhp £ Swnwpnyutnh
hwnpdwpnnwywuntejwlU  nwuncdUwuppndp gnjnuejwu - Unp - wwydwuuGpnd,  wndjwy
nEwend Iwjwunwuh pniuwpwlwywu wjghutpnd: Abnwqwnn rttph ubpdnddwl W
utpnudwu  hwennniejntup  Juwlwswwwwndwl  wpwynhywnwd Uté swihnd  wywydww-
ynpqwé E pwgdwgdwl wpnntbwybin Gnwlwyutph Yhpwndwdp:

Rwjwutnwlh hwupwwGwnngwl pwnweutph b puwywywiptph Yulwswwwundwu
nGuwywpwpnd Yuplnp nkn £ gpuntgund wuwhpwyp, nph pwpép gnwqupnne-
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pintup W hwpdwpnnwywunieintup  wwpptp  hnnw-Yihdwjwywl - wwjdwuubphu  huw-
pwynpntentl Gu tnwihu wytbih 2wwn inGuwyubp pungpyt) pneuwpwuwywl wyghutpnud W
wnwppbp inhwyh Yulwg tnuywpyuspned [1,2]:

Spiraea gtinh Ubnpywjwgnighsubph Jté Jdwul nlubu gbintighy W huplwwnhw uw-
nwnp, htunniejwdp puquwunud Gu W wnwldUwwbu wywhwugynwn 58U wadwl wwjdwl-
Utph Uywwndwdp:

PwqUwgdwl wnwphU thnpdbpp wynipjwu Jbe Juwwpdb U XVI nupnud
(Spiraea flexuosa Fisch.), 200 nwph wug dwynipjwl Ut BU dingyt S. media Fr. Schmidt,
S. chamaedryfolia L. L S. betulifolia Pall. inGuwyutpp [5]:

PwqUwgldwl Gnwuwyubph Bwynwp bwwuwnnd £ pwpép npwyh W wuhpwdtwn
pwlwyh wnuywuneph unwgdwlp: Wuwhpwyubpp pwgqdwlnud Bu utGpdtpnyd, Yuwpnu-
utpnd, wpdwwnwihu Jwgwnubpn W pthh yhudwdp: UGpdGpnd wnBh E pwgduglt)
wuwhpwyh pnipp - wbuwlubpp,  pwgwenipjwdp  hhpphnwiht - Swgdwu — pniubph:
Jbpghultphu Unuin npwbu wunUu ubpdtp s6U dlwydnpynd ywd &incuwly sEU [huncd, huy
olntuwy [hubne nGwenud wwhwwuynwd GU Jhwju JBY Sunnuiywu dwh hwwnlwuhpubpp:
Un wwwdwnny £ hhppphnwiht wnGuwyutbpp pwgUwund Bu  Jhwju  gGgGunwnhy
Swuwwwnphny' Yunpnuubpny W wpdwwnwhu dwgwnutnny:

Unip W dEpnn: Wuwhpwy gbnh pwguwgdwu W wnnuywujnieh unwgdwl wdBuwwnnyniuw-
b Bnwlwyutphg Gu Yupnuwynpnudp W ubpdtpny pwquwgnidp: ®npétpp Yuwnwpb) Gup ybpghu
2-3 tnwnhubph pupwgenLy:

JYbgbwnwunhy pwauwgdwl Gnwuwyutnhg utp Ynndhg Yhpwnyt| £ ynpwuwydnpnidp: Ywnpnu-
ubpny pwquwguwu hwdwp Guunie Gu Swnw)tp Gplwlh pniuwpwlwywl  wygnL  wmwppbp
Eyningnwipiuwphwgnpwywl hnnwdwubpnud wénn wuwhpwyubph wnbuwyubpp (Spiraea japonica
L. f., S. douglasii Hook., S. chamaedryfolia, S. x vanhouttei (Briot) Zbl., S. trilobata L.):

Utpdtpny pwauwgdwl thnpdtpp Ywwnwpyby £ henlgw) nbuwyutph dnnt Spiraea alpina
Pall., S. tomentosa L., S. decumbens W. Koch, S. betulifolia, S. sargentiana Rehd., S. media,
S. mongolica Maxim., S. rosthornii Pritz., S. alba Du Roi, S. trichocarpa Nakai, S. fritschiana
C. K. Schneid, S. blumei G. Don, S. salicifolia L., S. pubescens Turcz., S. douglasii v menziesii
(Hook.) Presl. L wju: Lpywé wbuwyubph ubpdbpp unwgb) Bup ubpdbph  thnfuwlwydwl
gniguijuph 2unphhy (wuwphh wipptn $nphunhy dwnatiphg):

Upmyniupubn W pUlwpyncd: UbpdGnny pwgUuignudl wdGlwwwng W wdGlwwp-
mntbwybwn Gnwuwyu E, nph dwdwuwy pnyubph dnuin wy dlwynpynud £ wpdwwnwhu
hwJdwywpgp, Swnynwu wyblh wnww E hunud: PwqUugdwl wju Gnwuwyu wytih
Gpywpwwnle E, pwuh np wnwehu wnwpnud dbwynpynud £ JBY hgnp puéjnin, ubnd-
Uwpniuwyp nwpdw yGpenid hwuund £ punwdtup 5-10 ud pwpépniejwl: Gpypnpn
wnwnpnud uyuynud £ wpdwwnwihu hwdwywpgh wynhy wép W dbwynpyned £ enethp:
Swnynudp ntbnh £ nluGunwd 3-4-pn tnwinpnd: UGpduwihu pwgquwgdwl ppnceiniul wiu E,
nn ubpdtph JUté Jwup 6intbwy ¢EU huncd:

Swlpubpp Ywwwnyb, Bu Bpyne dwdytnny® qupuwuwihu (3-5 1V) L wplwlw-
1hu(26-30 X): Uuwhpwyubph ubpdtph 6intbwynieiniup wywhwwuyned £ Jhugle Gpynt tnw-
ph: UGpdGpp 6inwd Bu 2-4 Jwpwpyw pupwgenid: UGp wwdwuluGpnud pwnpén &int-
Lwyntejwdp (80-100%) wgeh GU puyt) hGwnlywy tnGuwyutnp® Spiraea alpina, S. betulifolia,
S. media, S. sargentiana, S. mongolica, S. blumei: Snluwynipjwl UheghU gnigwuhy (50-
80%) t gpwugyty S. fritschiana, S. rosthornii inGuwyutph Unw, gwdp winynu GU Yuguned
(20-50%) S. tomentosa, S. decumbens, S. trichocarpa W wj) wbuwyuth ubpdbnpp:
S. nipponica Maxim., S. pubescens, S. x cinerea Zbl. inGuwyutph utpdtpny pwqUwgdwl
wpnntbplbpp Gnbp GU pwgwuwywu (wdElwju hwywlwywuniejwdp uGpdGpp Nnpwiyjw
s6u bnbp):  UGpdeph  npuyp  wwydwuwdnpdwé B hugwybu  iBGuwyhu  punpnp
wnwUdUwhwwnynepintuutpny, wjuwtu £ uGpdbph dLwynpdwl nwpnd Gnwwywhu
wwjdwuutpny:

Gplwuh pnuwpwlwywl wignud Yuwwnwnywé thnpdbpp gnyg Gu wndb, np quip-
Lwup Jwwnwnpywé gwlpubph nGwend wyGih jwy wpnyniue £ gpwugdb:

Jbgbunwwnhy pwgdwgnudp J6é Lpwuwyniejntt nluph pnyubph UGpdnisdwl gnp-
onud: Lenpdndywé pnyutnp Unp hnnw-yhdwjwywu wwjdwuuGpned wnnn GU n Junubg
Swnyuwu L wwnuwpbpdwu 2ppwt, hGnlwpwn win pnyubph pwgdwgnudp huwpwynp
yihup vhwju ybgbuinwwnhy dwuwwwnphny:
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Unyniuwl 1. Spiraea L. gbnh Ununtdywé inGuwyutph upduwjhu pwquwgdwl wpnjnctuplbpp

Skuwl Puwlywl nwpwddwl wpbw Swupuh | Ontuwynip)nel,
dwulybwn %
Spiraea alpina Uplbywu Wuhw, Upphn 3-51V 80-100
S. tomentosa 3jneu. UdGphyuw 3-51V 20-50
S. decumbens SUpnww 3-51V 20-50
S. betulifolia Upl. Uuhw, 3jnLu. UdGphyw 3-51V 80-100
S. sargentiana Uplbywu Wuhw 3-51V 80-100
S. media Uplbywt Wupw, Gypnuyw 3-51V 80-100
S. mongolica Uplbywu Uuhw 3-51V 80-100
S. rosthornii Uplbywu Uuhw 26-30 X 50-80
S. alba 3jntu. Udbphyw 10-12 IV 20-50
S. trichocarpa UnplGywu Wuhw 10-12 IV 20-50
S. fritschiana Uplbywu Wuhw 10-12 IV 50-80
S. blumei Uplbywu Wuhw 10-12 IV 80-100
S. salicifolia Uple. Uuhw, 3jnLu. UdGphyw 26-30 X 20-50
S. nipponica Uplbywu Uuhw 3-51V -
S. pubescens Uplbywu Uuhw 26-30 X -
S. X cinerea Ihpphnwjht dl 26-30 X -
S. douglasii v menziesii 3jnu. Udbphyw 3-51V 20-50

JdGgbwnmwwnhy pwgdwgdwl wnwybinieintup Yuwjwunwd £ Upwunud, np ywhwwu-
Jnud £ Jwyn pnyuh pninp gEnwquinn hwnywuhutpp, swnynwdp wybih Jun £ uyuyned:

Lbpywyntdu Yunpnuwynpnwdp gbnwquwipn plthtph pwgugdwl hhduwywu Gnw-
Uwyubphg E: CUnLnUGph punpdwl  (wywagnyu dwdyGunp Jwn qwpniuu B Jhugl
hjnpwywndh uyuybip W pnnpngubph pwgybip: YunpnUwynpdwt hwdwp thwjnwgwsd
puéjntnutpp Jbpgntp Gup Jwn qwpuwup® Uwhunpn vwpdw puéninbbphg 8-10 ud
Gnywpniejwdp:  3nujwéplbph - wnwybiwagnyu  funbwywgdwl  hwdwn  Yunpnuutpp
18-24 ¢ nnlnnniejwdp wwhynwd Bu g9ph JGg, nphg hGwnn inGnwithnfuynid uwnp dhpwywjn
W npynud junbwy wyjwgh ute: Undwwnwyhu hjncujwéputbph dlewynnybintg hbinn pniuwyp
wnbnwhnpuynd £ hnnh Jbe: Updwwwihu hwdwywpgh adlwynpndp wwpungnud £
Gpypnpn wpnwd: Updwwnwlwidwl hwgnnnipintup whudwé £ Yunpnuubph Jptpdwl
dwdytinhg, dwjp pnuyuh wnwnphehg, dhahninghwywl yhéwlhg, hugwbu Uwl’ onh
9Gndwunhdwuhg W lunbwyntejnituhg [3]:

Updwunwlwiwé Yunpnuubnu wuhpwdtywn £ wnuyt pwg gpnibnnud, hwpdh wn-
UGind wnwehu adtnndhg hGwnn ywhwwudwé wnulywunieh wnnynup, Jbgbunwghwih
yGpond wpdwwnwihu hwdwywpgh yhdwyp W Gpypnpn tnwipyw wap:

Unyniuwy 2. Spiraea L. gtinh Ubpdnidywé inbuwyubph ubpduwght Yupnuwynpdwl wpnyntupltpp

Stuwly PUwywl nwpwddwl wpbwy Yupnuwynpdwl Unpdwwnwlw)ned,
dwuybwn %
Spiraea japonica | Upl. Wuhw, 3pdwiwjutp 10-15 IV 70-80
S. douglasii 3jnLu. Wdbphyw 10-15 IV 70-80
S. chamaedryfolia | Upl.., YeUwn. Wuhw, Gypnww 5-10 IV 55-70
S. trilobata Uple., Ysuwn. Uuhw, Uhphn 10-15 IV 55-70
S. x vanhouttei Ibpphnwyht al 5-10 IV 70-80

Uunwgywé wpnyntuplbpp gnyg Bu wwihu, np thnpdwpyywé pninp inbuwyubpp
(wy U pwquwunwd Yupnuwynpdwl Gnwuwyny: Updwwnwywidwu jwy gnigwuhutp
(70-80 %) LU gpwugdb] hwwnywwbu hGnljw) nbuwyubph Unin — Spiraea japonica,
S. douglasii, S. x vanhouttei:

Jdbgbwnwwnhy pwquwgndp hbwpwynpnieint £ viwihu yuptd dwdwuwywhwn-
Jwénid unnwuwy UGS pwlwynipjwdp npwlyjwi inuyuwujnepe:
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Spiraea L. gbnh Utpunwbywé inbuwyutpp jwy U pwgdwunid Uwl wpdwnwihu
dwgwnutnny: Unpdwwnwiht dwgwnelbn wnwint nilwynugjudp wgeh Bu pulunid Spiraea
douglasii, S. chamaedryfolia, S. mongolica, S. japonica, S. x vanhouttei W Uh pwne wj| inGuwy-
ubp: Wu Gnwuwyny pwadwgdwl wpryntupubpp gnyg GU wwihu, np nppwu 2wwn Gl
alwynnynud wpdwwnwihu Jwgwnlbpp, wjupwl wydbih Gpywpwywg £ jhunwd e,
uwlyuwji wpdwunwjhu JwgwnUtbphg dlwynpdwé pnyup gnnnilubph Gpywipwytgnieniup
wyblh wnd E jhunwd: Uwyp pnyuhg wnwudbwgywé wndwwnwihu Jwgwnlbpp 2wwn jwy
wonwd W wpwg dlwynpyned BU npwGu hupunwpnuu pnuyu [6]:

Uuwhpwy gbnh Ubpdnbywé pninp inGuwyubpp wwhwlgynn ¢6U hnnh Ujwun-
Jwdp, uwywji puwywlwpwp wybh (wy wénwd, pwgdwund W wnwwn Swnynd Bu
ubunwujncetbpny hwpnwun hnntGpnwd: Updwunwihu hwdwywpgp JwybpGuwhu £, wjn
wwwndwnny snn Enuwlwywihu wwjdwlubnpnd wuhpwdtw E Ywunuwynp onti, hwlwnwy
nGwenud® dwnynwdp enyg Yihth, huy swnhyutpph gnuup fuwdpwé [4]:

Uunwgywé wnpnyntlplbpp enyp 6U mwhu quwhwntGp neuncdUuwuppynn inGuwy-
utph gGnwquwpn hwwnywuhutpp, hwpdwpnnwywunieintp twpptp hnnw-yihdwjwywu
wwjdwuutph Uywwndwdp:

LYwwwnywé thnpébph W unwgywd wpnjntuplubph hhdwu ypw YwnGih £ Ggpuw-
Jwgub|, np gbnwaqwnpn wuwhpwyubph wprynibwdbin pwquugdwl hwdwn wbwp E
hwpyh wnubp yunpnuwdnpdwu W gwlpuh dwdytGunubpp, ubGpdbph npwywywu hwnyw-
upputpp, Yunpnuwynpdwu hwdwp dwjn pnyuh twphep, $hahninghwywl yhdwyp: Cuwn
thnpdbph  wprnyntuputph - YupnuuGph - wpdwwnwywinedp  twwnwlyned £ 55-80 %-h
uwhdwuubnpnud, ubpdtph dintbwynieiniup® 20-100%:

Spiraea L. gbnh gtnwaquwpn Unp wnbuwyutph Ubpunwddwl, pwguugdwl whuw-
wnwlplbnp 2wpnilwydnd GU W unwgqwéd Unp nywubpp Yhpwwwpwydtu Jep he-
nwgw whuwinwugutpned:
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KOMBHHHMPOBAHHUE MOHOB Mg(11) B Fe(11) KAK TTOIXO/T
K MOBBIIIEHUIO BEIXOIA BOJOPOJIA
B RHODOBACTER SPHAEROIDES

JI.C. TABPHUEJISAH

Epesancxuii cocynueepcumem, kagedpa ouoxumuu, MUKpoOUuono2uu u 6UOmMexHoI02ul
Igabrielyan@ysu.am

HccnenoBano BausiHne noHOB MetaioB (Mg u Fe) B pa3iHyHbIX KOHIIEHTPAIHMAX U COYe-
TaHUsX Ha QoTodepMeHTaTHBHOE BhiAeneHue Bogopoaa (H,) mypnypHoit Gakrepueit Rhodobacter
sphaeroides MDC6522. Jene30 U MarHuii OTHOCATCSI K MHKPOSJIEMEHTaM, HEOOXOAUMBIM JIJIst
pocra u merabonusma myprypHbeix Oaktepuii. Kombunuposantoe aeiicteue 5 MM Mg(ll) u 80
MkM Fe(ll) moBbimano poct 6akrepun B 1.5 pasa mo cpaBHEHHUIO ¢ KOHTPOJIBbHBIM 06pasiom. IIpu
atoMm, BeiIxoq Hp B Rh. sphaeroides Bospacran B 2.3 pa3a, BeposSTHO, 3a CYET aKTHBAIUH
COOTBETCTBYIOIIEro (epMeHTa — HUTporeHaswl. s onpenenenus ponu nporoHHOH AT®azsr B
3TOM TIpolecce OBUTO MCCIICIOBAHO KOMOMHUPOBAHHOE ACHCTBUE NaHHBIX HOHOB Ha ATda3znyro
aKTUBHOCTh MeMOpaHHbIX Be3ukya Rh. sphaeroides. B mpucyrcteuu 5 MM Mg(ll) u 80 MxM
Fe(ll) AT®a3Hast akTHBHOCTH Bo3pactana Ha 67 %, CBHIETENBCTBYS O B3aMMOCBS3H MEXIY
BbixogoM H, m AT®a3Ho#i akTuBHOCTBIO. TakuMm 00pa3oM, KOMOWHHPOBAaHHE MOHOB jKele3a U
MmarHus crocoberByer dotoBbiaenenuo Hy Rh. sphaeroides. IonydenHble pe3yiabTaThl BayKHBI
ISl BBISIBJICHUSI PETYISATOPHBIX MyTeil MeTaboian3ma Hy B mypypHBIX OakTepHsX.

Honvt memannoe — gpomosvloenenue 6000pooa — napamempvl pocma —
Rhodobacter sphaeroides

NruntdUwuhnyb) £ UGinwnubph (Mg b Fe) hnuubph wwpptp Ynugtunpughwubph hwdwyg-
Jwéd wanbgnieintup  Rhodobacter sphaeroides MDC6522 Shpwlwgniu  pwlywnbphwubpnud - $n-
wnnfudnpdwu pupwgpentd 9pwélh (H,) wpnwnnnigjwu ypw: Gpywep b dwqubghndp vhypnunwnptp
GU, npnup wuhpwdtpwn Gu Shpwlwgniu pwyntphwlbph wéh W UjnLpwihnuwlwynLjwl hwdwp:
5 JdU Mg(ll) b 80 JyuU Fe(ll) hwdwygnidp fupwunid Ep pwynbphwih wédwlu wpwgniejntup 1.5
wugwd uinntghsh hwdGdwnnijwdp: UdEhu, Hx-h Giep Rh. sphaeroides-nid wk) £ 2.3 wugquwd, husp
Jupnn b ywjdwuwynpywsé hubp hwdwwwwnwupuwl $Epdtunp® Uhinpngbuwgh wynhywgdwl hiwn:
Uju gnpéplpwgnd wpninnuwjhu Usdwah nbph wwpqwpwldwlu hwdwn ncuncdUwuhnybp £ ngjug
hnuutph hwdwygywé wanbgnieinitup Rh. sphaeroides-h pwnwupwihU panhlutph USdwquihu
wywnhyniejwl Yynpw: 5 U Mg(ll) W 80 YU Fe(ll) wnywjniejwdp UGdwquihu wynhynieintup wét) £
67 %-J, JywEind Hx-h Geh LW Ubdwqwihu wynhynigjwl thnpujuwwwygdwdnipjwl  Jdwuhl:
Wuwhuny, Gpyweh W Jwqutghndh hnuubph hwdwygnudp fupwunwd £ Rh. sphaeroides-nid Hy-h
Pnuinnwpuwnpneejniup: Unwgywd ndjwiubpp Yuplnp BU Shpwuwagnyu pwyinbphwutpnud Hy-h
UnLpwithnfuwlwyniejwl Ywpgwynpdwl ninhubph wwpqwpwudwUu hwdwn:

UtinwnlUbinh hnuubn — gnwélp dninnwnunwnpnynil — wadwl swihwpplbn —
Rhodobacter sphaeroides

The effect of metal (Mg and Fe) ions in different concentrations and combinations on
photo-fermentative H, production by purple bacteria Rhodobacter sphaeroides MDC6522 has
been determined. Iron and magnesium are microelements, which are necessary for the growth and
metabolism of purple bacteria. The simultaneous addition of 5 mM Mg(1l) and 80 uM Fe(ll)
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enhanced bacterial growth rate by ~1.5-fold, in comparison to control sample. Moreover, the H,
yield in Rh. sphaeroides was enhanced by ~2.3-fold, which can be connected with activation of the
corresponding enzyme, nitrogenase. For revealing the role of proton ATPase the effect of these
metal ions combination on ATPase activity of Rh. sphaeroides membrane vesicles has been
studied. In the presence of 5 mM Mg(ll) and 80 uM Fe(ll) stimulation of ATPase activity by 67 %
was observed, testifying a relationship between the yield of H, and ATPase activity. Thus, the
combination of iron and magnesium ions stimulates the H, photoproduction by Rh. sphaeroides.
The obtained results are significant for revealing the regulatory pathways of H, metabolism in
purple bacteria.

Metal ions — hydrogen photoproduction — growth properties — Rhodobacter sphaeroides

Monekynsipusiii Bogopoa (Hp) sBisiercst mepCrekKTHBHBIM UCTOYHHKOM SKOJIOTH-
YEeCKH YHCTON DHEPIHMH W MOXKET ChIIpaTh BAXKHYIO POJIb B YHEPrOTEXHOJIOTHSIX Oymy-
uiero. [lepBbie paboThl 0 OUONOTHYECKOM BBIACICHUH MOJEKYJSIpHOTO Bojoposaa (Hy)
TIOCBSIEHBI MyPITypHBIM OaKTEPHsIM, MTPEJCTABUTENIN KOTOPBIX CIIOCOOHBI BBLAEIATH Hj
B (oToreTepoTpodHBIX YCIOBHUSX, a Taike npu asordukcanun [1,2,10,14]. Brnepssie
I'ect m Kamen ommcanm mnpomecc cBeTO3aBUCHMOTO BblmeneHuss H, myprypHoOi
6akrepueit Rhodospirillum rubrum, monmyuwBiimii Ha3BaHue “POTOBBIIECICHUS BOIO-
poxa” [1]. B mpomecce 6eckuciaoponHoro GorocnHTe3a, OCYIIECTBIIEMOrO MypITypHBI-
MU OaKTEePHSIMH, PA3TUIHBIE OPTaHUIECKHUE KUCIOTHI (SIHTapHAas, I0J0YHAS U Jp.) MOTYT
pacmersteest 10 nportoroB, CO, u H, [2,5,14]. Tlocie mOTJOMCHAsT KBaHTa CBETa
CBETOCOOMPAIOIUM KOMIIJIEKCOM JHEPrus BO30YyXKAEHHS JOCTUTACT PEAKIOHHOTO
[EHTpa M 3JEKTPOH MEPEHOCHTCS K yOMXWHOHY U KOMIUICKCY mnutoxpom bcp. Iluk-
JIMYECKUH TIEPEHOC AJIEKTPOHA 3aBepIIaeTcsi BOCCTaHOBJIEHUEM (hoTookucieHHoro PL]
LUTOXPOMOM C, M TeHepalyell MPOTOHHOTO TPAlUEeHTa, KOTOPBIA HCIONb3YeTCs JUIs
MepeHoca DJJICKTPOHOB K (epeloKcuHy, a Takxke i cuHte3a AT® mporoHHOM
ATd®a3zoii. 3atem pepenokcud u AT® ydyacTByIoT B ipon3BojcTBe Hy pu yyacTun HUT-

XL

poreHassl. DTO Tak Ha3bIBaeMbIi “‘(hoTodepMEHTATHBHBIN MyTh BBIJAEICHUS BOIOpPOJA
[5,10,14].

Wons! MeTamios, Takux kak »xenes3o (Fe), marauit (Mg), mombaen (Mo) u npyrue,
HEOOXOIMMBI IS pocTa B MeTaboii3Ma OOBIIMHCTBA MUKPOOPTaHU3MOB [3, 4, 7, 13, 15].
Fe u Mg sBnsitoTCS KOMIIOHEHTaMU TIHTATEIBHOM Cpelbl IypIypHBIX Oaktepuii [3, 6, 8, 9].
Fe Bxomautr B coctaB (epMeHTOB, ydyacTBYIOIIMX B MerabomusmMe H, B IyprmypHBIX
OakTepusiX, HUTPOTeHa3bl M MeMOpPaHOCBS3aHHOM T'MApOreHasbl, a TaKKe B COCTaB
MEPEHOCUYMKOB (POTOCHHTETHUYECKON 3JIEKTPOHTPAHCIOPTHOW Iien — (DeppeoKCHHA |
uToXpoMoB [2, 3, 8, 9]. loH Maraus sBIsieTcst aKTHBATOPOM Pa3HBIX (PEPMEHTOB, a TAKKe
BXOJIUT B COCTaB KJIETOYHBIX CTEHOK, IUIa3MaTH4YECKUX MeMOpaH U (POTOCHHTETHYECKUX
MMUTMEHTOB — XJIOPO(UILIOB M OAKTEPUOXIOPOPHIIOB [6,9].

B psize pabot ucciaenoBaHO AEHCTBHE MOHOB pasHBIX METAIIOB Ha MapaMeTphl
pOCTa ¥ KU3HEACSITENbHOCTD Pa3iH4HbIX OakTepuid [7-9,14]. TpuyHSIHOM U cCOaBTOpaMu
[12] moxa3ano cTuMynupyrolee JEUCTBUE HOHOB Pa3HBbIX METAJUIOB U UX COYETaHHUN Ha
mporiecchl TeMHoBoro Beimenenusi H, Escherichia coli. Omgnako nanubie o komOu-
HUPOBAaHHOM [IeHCTBHM HWOHOB METAUIOB Ha (poToPepMEeHTATHBHOE BBIAcIeHHE H,
OTCYTCTBYIOT.

enpto Hactosmieit paboTsl siBisiercss usyuenue Biustaust Mg(1l) u Fe(ll) B pas-
JMYHBIX KOHIIEHTPAIMAX M COUCTaHUsX Ha poTodepmenTaTuBHOe Boiaeneaue H, Rhodo-
bacter sphaeroides MDC6522, BbimenieHHOW M3 MHHEPATBHBIX MCTOYHUKOB APMCHHH.
JlanHOe wmccneoBaHNe MOMOXKET HalTH ONTHMaJIbHbIE KOMOMHAIIMM MOHOB JKelie3a U
MarHus Juist yBenuueHus dQdekTuBHocTH npousBoacTtBa Hy. [lomydeHHble pe3ynbrars
BaYKHBI TS BBISIBJICHHS! PETYJIATOPHBIX ITyTeil MeTabosm3Ma H, B myprypHbIX OakTepusix.
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Mamepuan u memoouka. B pabote ucmonp30Banach mypiypHas HecepHas Oakrepust Rh.
sphaeroides, urr. MDC6522 (Ilentp nemonupoBanust MukpoopranuzmoB HAH Apmenun, Epesan,
Apwmenns, WDCMB803). Rh. sphaeroides BeipammBanuce B aHa’pOOHBIX YCIOBUSAX HA ITH-
TarenbHOit cpene Opmepona, coxepxarieit cykiuaat (30 MM) B KauecTBE HCTOYHUKA YIIepoaa U
JPOJOKEBBIN AKCTPaKT (2 /1) B Ka4ecTBE MCTOYHHKA a30Ta M BHUTAMHHOB, B TEPMOCTaTe THIA
TIIC-3 mpu pH 7.5+0.2, temmeparype 30+0.2 °C u ocsemennn 2000 mokc [4,5]. YaensHyto
CKOpOCTH pocTa (L) onmpenersuti kKak gacTHoe oT aeneHust 0.693 (In2) Ha Bpemst ynsoenus OII B
uHTepBane, korma usMeHenue OIl Bo BpeMeHH HOCHJIO JHHEHHBIA xapakrep: | = 0.693/t, rae
T — Bpems yasoenust OII cycriensuu G6akrepuii [4,5]. JIjist ocBeleHHMs HCIONIB30BAIN IaJOTCHOBEIC
namisl (MomHocTh — 60 BT). MHTeHCHBHOCTD cBeTa M3Mepsiin Jirokemerpom LM37 (Carl Roth,
Germany). Poct Rh. sphaeroides konTponupoBamu myTeM H3MEPEHHs ONTHYECKOIl ILIOTHOCTH
(OIl) cycnensun Ha crektpodoTomerpe Spectro UV-Vis Auto (Labomed, CIIIA) npu mnmunHe
BostHBL 660 [4,5]. MoHBI MeTayuioB H00ABISIIM HEMOCPEACTBEHHO B MHUTATEIBHYIO CpEly B BHIE
comneii (FeSO47H,0 u MgSO,-7H,0): Mg(ll) B koruentparwmu 1, 5 u 10 MM; Fe(ll) — 40 u 80 mxM.

Jli1st onpezienieH s BENUYMHBI OKUCIUTEIBHO-BOCCTAaHOBUTENbHOTO ToTeHnuata (OBIT) uc-
nonb3oBay HppoBsie noHOMEpHl M-160 MIT (I'oMenbckuil 3aBoJ M3MEPUTENBHBIX MPHOOPOB,
r. ['omens, Benapycs) ¢ mnarnaoBEIM (DI1B-01) 1 TuTaH-crukaTHBIM (D0-21) 37eKTpogaMu, Kak
omucaHo panee [4,5]. Boixox H, paccunthiBanu no n3meHeHuto Benundnabl OBIT u BbIpaxkanu B
mMmonb  Hyo/n kynbryper [4,6]. AT®da3Hyi0 aKTHBHOCTb OMNPENE/SUIM 10 BBICBOOOXKICHUIO
Heopranudeckoro gocgopa (P,) mocie peakuun CycrneH3uH MeMOpaHHBIX Be3ukyl ¢ AT® u
BbIpakalu B KosmyectBe P, BHICBOOOXKIAEMOro B €MHUILY BpeMeHH Ha Mr Oenka. KommyecTtBo
@, onpezensu KOIopUMeTprdeckn 1o metony Taycku u lllopa [4, 5].

B pa6ote ucnonp3oBanu peaktuBbl aHamutHdeckoi unctorsl (Carl Roth GmbH, I'epma-
uust, Sigma Aldrich, CIIIA). TlpuBoasitcst cpenHue AaHHbIC U3 3-5 HE3aBHCHUMBIX dKCIEPUMEHTOB
€O CTaHIAPTHOW oIMOKOH [4].

Pesynomamot u oocyxcoenue. B nannoii pabote uccienoBaaId KOMOMHUPOBAHHOE
JISUCTBHE pa3nniHbiX KoHueHTpaiwmii noHoB Mg(Il) u Fe(ll) na mapamerpst pocra (on-
TUYECKasl IUIOTHOCTbh, ylelibHasi ckopocTh pocta 1 OBII cpensr) mypnypHoli 6akrepuu
Rh. sphaeroides MDC6522. Fe(ll) u Mg(ll) sBasttoTCS KOMITOHEHTAMH THTATEIBHOH CPEIbI
Opmepon myprypHbIx 6axtepuii (B kormenTparnun 1 MM Mg(l1) u 40 mxM Fe(11)).

Bce komOuHanum noHOB cTuMynupoBanu poct Rh. sphaeroides, uro ykaseiBaer
Ha 1o, uro Mg(ll) u Fe(ll) cmocoberByroT pocty dororpodubix Gaktepuit (puc. 1A).
HHTepecHBIM sBIsIETCS TOT (akT, 4TO NaHHbBIA mwTamm Rh. sphaeroides He crocoOeH k
pocty B orcyrcteue oo Mg(Il), moarBepkmas HEOOXOAMMOCTH JaHHOTO HOHA ISt
¢dorocuHTe3UpYyIOMUX OakTepuii [6]. Kak m3BeCTHO, MarHuii BXOJUT B COCTaB OCHOBHO-
ro GOTOCHMHTETHYECKOTO MUTMEHTA MyPIyPHBIX OakTepuil — OaKkTeproxiIopoduILIa.

Taxke ObUIO MCCIIENOBAaHO ICHCTBHE MOHOB METAIJIOB Ha Y/ACNBHYIO CKOPOCTh
pocra Rh. sphaeroides. B npucyrcteun 80 MxM Fe(ll) u pasubix koruentpanuii Mg(Il)
yIenbHas CKOPOCTh POCTa Oblia BBIIIE, YeM y KOHTpoJbHOTro oopasua (40 MxM Fe(ll) u
1 MM Mg(Il)) (puc. 1B). Hanbosee MHTEHCHBHBINA pocT HabmrOqaCs B pUCcyTCTBAE 80
MM Fe(ll) u 5 MM Mg(ll): ymenpHas ckopocTh pocTa MpeBbIlIaga CKOPOCTh POCTa
KoHTpons B ~1.5 pasa (puc. 1B). B E. coli Fe(ll) moxer mepeHnocutses He-
crenupuyeckot cuctemoit neperoca maraust CorA Hapsimy ¢ Mg(Il) [11]. Hanuuue Ta-
KHX CHCTEM BayKHO JJIst OaKTepHit, JKUBYIIMX B aHAPOOHBIX ycmoBusx [11].

Kak u3BectHo, B mporecce (otorpoduoro pocra Rh. sphaeroides uabmomaercs
CHHTE3 (POTOCHHTETHYECKOTO ariapara, KOTOPBIi MPeCTaBIeH ABYMS CBETOCOOUPAIOIIH-
mu komruiekcamu (B800-850 and B875), okpy»karonmmu peakiinoHHbIH meHTp [12].

B coctaB cBeTOCOOMPAIOMIMX KOMIUIEKCOB BXOAAT OCIKH M (POTOCHHTETHICCKUE
nurMenThl (Oaxreproxiopodmin (bxim) a u xaporuHouapn). st uccnenoBanus AeHCTBUS
HWOHOB METAIOB Ha (popMHpoBaHHE (OTOCHHTETHYECKOTO ammapara OB ITOy9YeHBI
criektpbl moryomienuss kiaerok Rh. sphaeroides, Beipamienssix B npucytcersun Fe(ll) u
Mg(ll).

Kak nokaszaHo Ha puc. 2, BO BCeX CIEKTpax MOIJIONIEHHUS B TUara3oHe JJIHH BOJIH
400-1000 HM HaOIIOMAIOTCS HECKOJIbKO MAKCHMYMOB, THIHYHBIX MJISI MyPITyPHBIX
Gakrepuii [6,12].
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Bpemsi KyabTHBHPOBAHMS, 9

/=40 MM Fe(II) + 1 mM Mg(IT) (konrpoas)
77— @ =40 mxM Fe(Il) + 5 mM Mg(11)
<= =40 MM Fe(II) + 10 M Mg(I1)
@80 MM Fe(Il) + 1 mM Mg(Il)
-A=-80 mxM Fe(Il) + 5 mM Mg(l1l)
————— 80 MM Fe(IT) + 10 mM Mg(IT)

VeabHas CKOpoCTh pocta, 4

Puc. 1. Vi3sMeHeHne oNTHYECKOH MIOTHOCTH (A) M yzaenbHOI ckopocth pocta (B) Rh. sphaeroides
MDC6522 npu kombuHupoBaHHoM aericteun Fe(1I) u Mg(II)

OTH MaKCHMYMBI YKa3bIBAaIOT Ha HaJIHmIue KapoTuHOUAoB (450, 478 u 510 HM) 1
bxm a (590, 800, 850 u 875 HM), COOTBETCTBEHHO.

Kak mokasano Ha puc. 2, pasusie konuenrpauu Fe(ll) u Mg(ll) saustor Ha dhop-
MEpoBaHHe poTocuHTeTHUecknx nmurmenToB Rh. sphaeroides. ITpu no6asnennn 80 MkM
Fe(ll) u 5 MM Mg(ll) HabmomaeTcss pOCT MaKCUMYMOB TIOTJIOIIEHHS], TUITMIHBIX IS
KapoTHHOW/IOB, M ypoBHs komiuiekca B800-850 (puc. 2). M3BecTHO, YTO KOMILIEKC
B800-850 yuacTByeT B akKyMyJsSIIMM M Ieperade CBETOBOW SHEPTUHM PEaKLMOHHOMY
LEHTY.

Iornomenne

——40 MM Fe(II) + 1 MM Mg(II) =
----- 40 mxM Fe(II) + 5 MM Mg(II) o
= = 80 MM Fe(II) + 1 MM Mg(II)
o0 ' 80 .\le\llF(‘(lll) ¥ 5I MM IMg(lll)

T T T T T 1
400 450 500 550 600 650 700 750 800 850 900 950 1000

A, HM

0.54

Puc. 2. Cnekrpsl noromenus cycrensuu Rh. sphaeroides MDC6522, BeipaiiieHHOH B
aHa3pOOHBIX yCIIOBUSIX NpH ocBenieHud B npucytereud Fe(ll) u Mg(Il)

OxwucnurensHo-BoccTanoBUTENbHBIH noTeHnnan (OBII) cpexpr — BaxHbIi mapa-
METp, ONPEIENAIONINI aHadpOOHbIH poct Oaktepwit [5,13,15]. OBII cycnensuu Rh. sphae-
roides, u3MepsieMblii TIATHHOBBIM JJIEKTPOAOM, TIOCTEIICHHO MOHIKAJICS MPH HAJTHYUH B
cpene noHoB MeTawioB. [lamenne OBII 6su10 Hanboee HHTEHCHBHBIM (—725+20 MB) B
npucyrcreun 80 MM Fe(ll) u 5 MM Mg(ll) (puc. 3A).

[Magerne OBII yka3piBaeT Ha TOBBIMICHHE BOCCTAHOBHTEIBHBIX IIPOIECCOB,
CBSI3aHHBIX C (DOPMHUPOBAHHMEM KOHEYHBIX MPOJYKTOB OpOXKEHUs, a TaKKe MOMKET
CBUJIETEIBCTBOBATH 0 IpousBojacTae Hy [5, 13].
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—=—40 MM Fe(I1) + 1 MM Mg(Il) (konrpoas)
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Puc. 3. Kombunuposautoe aeiictsue Fe(l1) u Mg(l1) ma OBII cpenst u Beixoa Hy B
Rh. sphaeroides MDC6522 B mporiecce aHaspoOHOTO pocTa MpH OCBELICHUH

O6HapykeHo, uto Beixoq Hy B cpene ¢ 80 MmxM Fe(ll) u 5 MM Mg(ll) B 2.3 pasa
MIPEBBIIAET BBIXOJ BOJIOPOJA B KOHTpoabHOM obpasie (40 mxM Fe(ll) u 1 MM Mg(Il))
(puc. 3B). Beixoa Hy B cpene ¢ 40 mxM Fe(ll) u 10 MM Mg(ll) coBrianan ¢ BeiaeIeHHEM
H, B xonTponpHOM oOpasme (puc. 3b). YBenumuenne Bhixoma H,; BO3MOXKHO 3a cuer
aKTHUBALlMM COOTBETCTBYIOILETO (h)epMEHTa — HUTPOTeHa3bl. MIHTEpECHBIM SIBISAETCS TOT
¢akr, uro B orcyrcreue B cpeme Fe(ll) Beimenenns H, He mpoucxoamio (He TOKa3aHo).
TakuM 00pa3oM, YyBEIHYEHHEC KOHICHTPAMM HOHOB JKelie3a W MarHus U WX
KOMOMHHpPOBaHHE 3aMETHO MOBbImarT Beixoa H, B Rh. sphaeroides B npouecce anas-
POOHOIO pOCTa IPH OCBEIICHHUH.

s onpeneneHus MexaHU3MOB BbLaesneHus Hp 1 ponu npotonHoi FoFi-AT®da3zsr
B OTOM Mporecce ObUIO HCCIeNOBaHO KOMOWHUpOBaHHOe neiicTBue noHoB Fe(ll) u
Mg(ll) ma N,N’-gunuknorexcuiakapoomuumua (JLIK/)-uyBctButenpuyo AT®da3znyro
aKTHBHOCTh MeMOpaHHbIX Be3ukyn Rh. sphaeroides. IIpu nob6asnenun 80 MxM Fe(ll) u
1-5 MM Mg(Il) ATda3nas akTHBHOCTB Bo3pacTtana Ha 33 u 67 %, COOTBETCTBEHHO (pHC.
4). Tlony4eHHBIC JaHHBIC CBHACTEIBCTBYIOT O B3aUMOCBS3H MEXIY BBIXOJOM BOJOPOIa
u AT®a3Hoil akTUBHOCTBIO. KpomMe TOro, OTMEUYEHHBIE HMOHBI METaIOB MOTYT
B3aMMO/ICHCTBOBATh HEMOCPEACTBEHHO ¢ MpoToHHOW AT®daz0ii, moBeimas BeIxox Hs.

I 40 vxcM Fe(IT) + 1 MM Mg(II) (KonTpo.in)
025 ]- 40 MKM Fe(IT) + 5 mM Mg(II)

[ 80 MxM Fe(II) + 1 MM Mg(II)
180 MxM Fe(IT) + 5 MM Mg(Il)

Oenka
(=]
-
1

Bl
MKT'
©

1

-1

AT®a3nan aKTUBHOCTD,
.
o
h

MM <l1I MHH

0.0+

Puc 4. AT®a3Has akTHBHOCTh MeMOpaHHbIX Be3uky:1 Rh. sphaeroides mpu
xomGuHHpoBanHOM jeiictein Fe(ll) u Mg(ll)
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Takum 00pa3oMm, TONyUEHHBIE TaHHBIE CBHIETEIBCTBYIOT 0 Tom, uto Fe(ll) u
Mg(Il) Brusitor Ha dotoTpodHsiit poct GakTepun Rh. sphaeroides. KomGunupoBantoe
JIefiCTBIE HOHOB METaJIOB BeIpakaeTcs B MoBhIIIeHHH Bbinenenus H, Rh. Sphaeroides.
B orcyrcreue Fe(ll) Beimenenus Hy He MPOUCXOANT, UTO MOATBEPKIAET BAKHYIO POJIH
JAHHOTO MOHA B NPOMU3BOCTBE BOfopoaa. bomee Toro, mpu KOMOMHHUPOBAaHHOM JEHCT-
BUH HAOJIONACTCS POCT MAKCUMYMOB IOTJIOIIEHHS, TUIMHYHBIX AJISI KApOTHHOWIOB, H
ypoBHsI cBeTocoOuparonux kKomiiekcoB B800-850. DT KOMIIEKCHI Y4acTBYIOT B
AKKyMyJISIIIMK W Tiepe/iaye CBETOBOW DJHEPTUHM PEaKIMOHHOMY IIGHTPY, TE€M CaMbIM
noBbimas BbixoJ H,. Kpome Toro, nannsie monsl Biusitor Ha JIL[K/[-uyBcTBUTENBHYIO
ATda3Hy0 akTHBHOCTh MeMOpaHHBIX Be3ukyn Rh. sphaeroides, cBumerenbcTBys 0
B3aNMOCBSI3M MEXKIY BBIXOJIOM BOJIOPOAA M MeMOpaHOCBsI3aHHOH poToHHOH AT®a30ii.

[Tytn noBeienus Berxona H, mypnypHBIMU OakTepusIMU BKITIOYAIOT HCCIIEI0Ba-
HUSI HOBBIX aCIIEKTOB B METAa0OJIM3MeE BOIOpOJAa IMyTeM PperyIHpOBAaHHS aKTHBHOCTH
MeMOpaHOCBsI3aHHBIX (epMeHTOB. [loiydeHHbIE AaHHbIE NOMOTYT HaWTH HOBBIE ITyTH
perymsinun ¢otoBbineneHns Hy.
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nfuuvnaLEGrh UrSh NhRUPL SNSULLGLENP
onenkNiER3NILLENP YGLLAFONPE3NILL OrUYUL
ntunruLuYuL SULNrURENLYUUDNIER3UL GY UMrNUUGSUUUL
auauvuLLerntu

E.U. aG4nraauy, 6.h. UMUU3UL, U.U. UhLUU3UL, L.E. 1NFYUUSUL

&M3, S. Unppbinqwlh wudwl dwpnne b yeUnwupubnh $hqhninghwyh wdphnu
emma.gevorkyan@ysu.am

NruntUbwywl Swupwptnujwéniejwl pupwgenid W bwnpnnuh Gebpwjninny wpndwpwnydwlu
wwdwulbpnud  nwunwdbwupnybp BU nuwunnUtph upinh rhpuh  Ywpgwynphs  JGhuwuhquutph
wywhynieintlp  punpnpnn  gnigwuhubph - thnhnfunceynilubpp:  NuntdUwywu  gnpdpUpwgh  Ute
opqwUhquh gnpéwnwywl  hwdwywpgbph  UGpgpwddwl  pupwgenid  Uwpnnuh  GeGpwjninh
Uhpwnndu  wnenng nwuwunnubph upnh rhpUh gnigwuhutph Jpw ennunud £ Ewywl 2nynn
wagnbgnieinil, wwhwwubiny uhdwwehy Ljwpnwhu hwdwywpgp gGpwpdwénteiniuhg:

Ununh nhpu—ncuncdUwlwl swupwptrUywéntpinii-Grbpuwynin —Uwnpnnu

B mpornecce y4eOHON Harpy3ku M HpH apOMaKOPPEKIHH S(GHPHBIM MAacIOM JIaBaHIbI
M3y4eHBI CIBUTH TOKa3aTeled akTUBHOCTH PETYJIITOPHBIX MEXaHU3MOB PHTMA CEpJIIia CTyICHTOB.
[Noka3aHo, YTO MCHONB30BaHHE Macia JIaBaH/bl B IIEPUOJ BOBJICUCHHUS (DYHKIIMOHAIBHBIX CHCTEM
opraHn3Ma B IpolecC OOydYeHWs 3allMIIAeT CHMIIATHYECKYl0 HEpBHYIO CHCTEMY OT
HepeHaINPXKEHUs, OKa3blBasg TEM CaMbIM KOppETUpYIOLee BIUSHUE Ha MOKa3aTely PUTMa ceplia
3JI0POBBIX CTYJICHTOB.

Pumm cepoya — yuebnas nazpysxa — sghuprHoe mMacio — 1a8anoa

The alterations in the activity indicators of the regulatory mechanisms of the heart rhythm
of students have been studied during the cognitive load and under aromatic correction by essential
oil of lavender. It is shown that the use of lavender oil during the period of involvement of the
body's functional systems in the learning process protects the sympathetic nervous system from
overexertion, thus providing a corrective effect on the heart rate indicators of healthy students.

heart rhythm — cognitive load — essential oil — lavender

JbpghUu tnwphuGphu ncuwunnuGph 2pgwuncd nhindnwd £ tnwpwwnbuwy hngGuwnd-
LUwywu hhdwunnipiniuutph qquih wé: Unynpnnutph hngtdbhghninghwywu yhdwyh Jpw
wunpwnwneunwd EU wwpwwntuwy gnpénlutp’ wennpwywl  yhéwyp, wwphep, ubnp,
whuwwinnituwynipiniup, opdw ntdhdp W wjt: Nuwunnutph hwdwn (npg thnpéneeniu £
hwunhuwunwd Uwle nBnEYwnywywu gbppEnudwénieinup, npp hwéwhu hwugbgunud £
dwdwlwyh wwywuh W npwtu htnliwue® qupgqugnn hnqUwéniejwdp wwuwlwynpywd
wphuwwnniiwynipjwl  wuydwt  [5,6,9, 11 Nwnwbwywu  opdw  plupwgend
wphuwwnntuwynipjwl - gnpdplupwgp  puntewanynd £ Gpbe  thnytpny' Ubpgpuiyntd,
Juwjntiwgnud W wuynwd: Swpwpwywl nuncdUwywlu  gnpépupwgnd  Jnwynp whuw-
wnniiwynipntup puntpwgpynd £ gnpdwnwywl  hwdwywngbph  Ubpgpwyydwdp’
nLuntUlwywu onjw W pwpwpyw uygpnd W hnguwéniejwl quipguguwdp' yepgned [1, 3]
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NruncfUwywl  SwupwpGnUwénipjwl  pwgwuwywl — wgnbgnuentup  2inyGinc
Uwwwwyny Yphpwnynd U Jh 2wpe ng ntnnpwjpwihu Gnwlwyubp: Innwytun unwetnh
Ywpagwynphs  wagnbgnipintup wwydwuwynpdwéd £ opqwuhguh  hwpdwpnnuywu W
gnpéwnwywu  huwpwydnpnieinilubph  Yeunpnuwgdwl  hGwn: Ubp Lwwwnwyu £ Bnbp
nuntdUwuhptp nuwlnnutnph upinh nhedh Ywpgwynphs dGuwuhguubph wywnhynieiniup
punpn2nn gnigwuhputph thnthntunientluGpp opwywu neunwdbwywl Swunpwptnuywént-
pwl pUpwgend W Uwpnnuh GrGpwninny  wpndwunydwl ywjdwuuGpnd: Lwpnnup
hgGgunud £ wpjwl 2héncyh JGe Ynpuinhgnih pwitwyp W pwpGpuugned wpjwl hnupp [12, 14],
niuh hwlguwnwglnn wagntgnipintu W wpnn £ npwywl wunpwnwnuw] onqwuhquh Jh
2wng gnpéwnnyrutph Ynuw:

Ynip U dEpnn:RGnwgnnnienillbpp Ywuwpdt, G 6M3-h YEuuwpwlnipjwl  wynej-
inbwnutph 18-19 wnwnptywu 20 jwdwynp nuwlnnubGph dpw: Pninp hGunwgnungnnubpp Gnbp Gu
wnnng, uwlwju nwubphg wnwye nlutgt U npnp hngGdwpUuwywl pnnneutn’ nwqUuwwjunieintu,
wuhwluquunnipnll, (wpduénientt W wyll: 3Gnwgnuiniegnill hpwywlwgyby £ Gpbe  tnyny®
wnwghl nwuhg wnwyp, wnwhlu nwuhg hGwnn, JGpghU nwuhg hGwnn: IGnwgnnincenllltnp
hpwywlwgyt, 6Gu Unyu nwuwunnuGph  Ypw  Gpyne  wnwppGpuyny:  Unwehtu  wnwppGpuyncd
gnigwuhpubpp gnpwugdt] BU wnwug nplt UBpgnpédniejwl W hwdwnpdt, GU uwnnighs: Spynnpn
tnwnpGpwynd hpwywlwgytb) £ wpndwunynid® ncuwunnubpp (uwpwunid wnwghl nwuh pupwgenid
uwnp huhwjwghwih vhgngny Bupwnyytp U bwpnnuh Grbpwininh wanbgniejwun: Ogunwagnnéyt £
Uwpnnuh Jwenip Gebpwinin (wpnwnpnn® ARC «RUwywl jnintip», TY 9158-004-08628011-00):
NruncdUwuhpnee)nilGpp hpwywuwgytbp U Gpynwpreh optphl: Uhpwn-wunpwiht  hwdwywngh
gnpSwnwywl huwpwynpnigintuutph qguwhwwndwu hwdwn hpwywlwgdt, £ EUG-h gpwlgnd W
dGpindnipnit Pwleuyne Jwphwghntu wniuwswihdwu Gnwtwynd: Wn bwywwwyny Yhpweyt) £
Spwanpwiht hwdwihp, npu hp Ubg dhwynpnid £ “Bio-Arm 0017 Unnbih wpdwywu EjGYwnpnupwnwanhs
W hwdwywpghs' odinjwd EUQ-h wynndwn gpwlgdwl W upinh nheuh JwphwghnU wnijuwswihdwl
Jennudnipywu Spwaptpnd: Snupwpwugnin hGnwgnunwywu hpwyhdwynid wdtl hGwwgnunynnh
hwdwn y&pneddt) U EUG-h GpEpwywl 5 pnwbwung hwwndwéubn: EUG-h niuntdbwuhpniejwu W
Jdepindnipjwl Spwigntpp Ywqudt, U Upnwpwuniejwt Gdpnuwywl wunghwghwih W EGYwn-
nndhghninghwih W wnhrUninghwih 3jncupu-Udtphyjwl wunghwghwih swithwuhpubph hwdwéwju:

NruncdUwuhpyb) BU hGwnlyw) gnigwuhubpp® pNN50 (%)- JhJjwughg wytbih pwu 50 dy-ny
wnwnppGpdnn hpwn hwgnpnnn unpdw) R—R hunGpgwiutph (N-N hunBpgwiutn) mnynup, wpunwgnind
E wwpwuhdwwpehy Uwpnwiht hwdwywpgh wynhynipjwup; RMSSD (UY) — wpuwgninud
wwpwuhdwywehy Uwpnwht  hwdwywpgh wagnbgnieinitup upnh rhpuh Jpw L 2Uswnwywlu
upuntuwjhu wnhpUhwU;hhunngpwdhy' Mo (U) — Unnw, Ywpnhnhunbndwiutph wnwytb] hwdwhu
hwunhwnn JdGénLeintup; AMo (%)- unnwjh tnwwnwlwuwhdwU, dnnuwih hwunhwJwU hwéwhunteniup
wnnynuny;  Ax(J) - Jwphwghnu pEwth, YJuwpnhnphunGpwitbnh  Jweupdw) W Jhuhdwy
Lpwlwynipintlubph  Jhple  wwppGpnieiniup;  phunbGgpwiwhu L8 —  jwpjwédnipjwu  gnighg,
wnuwgnind £ upnh rhpdh Ywpgwynpdwl YEunpnuwgdwl  wuwnhdwlup; 438 - yGgbunwwnhy
hwjwuwnwynenijwl gnighs; WAUS — Ywpgwynpnn gnpdpUpwgltnh wnbyywunniejwl gnighs;
NJU8 — nhpeuh Jtgbiwwnhy gnighg; uwbyunpw)' HF (dq2 Jud %) — uwGlywnph hgnpnientlp pwpéan
hwéwhunipjwu whpnyend  (0,15-0,4 3g); LF (UL2{2 wd %) - uwblYwph hgnpniejntuip gwén
hwéwfuntejwl nhpnyenwd (0,04-0,15 3g); VLF (UY° Ywd %) — uwBlywnph hgnpniejniup pwn gwuén
wnhpnyenwd (0,003-0,04 3g); TP (uqz) — uwbywnph punhwuncp hgnpniejnlu, puntpwanpnud £ upwinp
nhrUh nwwnwlunnwywuntpjwl wuwnhdwup, ywpwuhdwwehy onwyh wywnhywgnidp hwugbgunid £
TP-h wndteh JGdwgdwup, huy updwywrehy Uwpnwht hwdwywpgh wagnbgnipjwu nbwpenid
nhunynwd £ hwywnwy wpnjniug; LF/HF- uhdwwpen-ywpwuhdwwehy hwjwuwnwynniejwlu gnighs:

Rwywnyyb) Bu bwl' SD1, SD2- uwtywnpwagntpnud wywinnntgptuhnu wdwh swithtGpp; YW3WUS
= Yupgwynpnn hwdwywnatph wywnhyniejwl gnighsp:

Nruwunnubph hngbdwpduwywu yhdwyp quwhwwndt BU wbhwwwywl hwpgdwl Gnw-
uwyny: Unwywséd wndjwiubph Jhdwywagpwlywl dpwynudp Ywwnwpdtp £ “Biostat” dpwanpny, puwn
UwnjntnGuwnh t swithwuh:

Upnyniupubp W pulwpynid:36nwgninnie)nilltnhg wnwyg  hGunwagnunynnutbpp
nlubgb, GU hniquiwl (wpwénejwlu pwnép  gnigwuhuGp: Uwnnghg  fudpnud  hi-
wnwgnuntpntlubph  pupwgenid unpwnh nhpdh twwnwlunnwywunipjwl  punipwantph
nhuwuhywih dGpineéniejntup gnyg £ wdb, np JGydwdjw  nuunwdbwywl  Swlinw-
pGnujwéntpentuhg hbwunn (Uspgpwydwl 2pgwl) ntuwlnnutph JE6 Jwuh dnuin Uywwnyned £
upinh  nhpuh  Ywpquwynphy  Jbfuwlhquubph  jwpwéniendu,  hugp npunpdty b
ybgbunwwnhy  Yupgwynpdwlu gnpépUpwgnid  hwjwuwpwipnnipjwu  2tndwdp  nbwh
uhdwwphy wywnhynipjwl gGpwywnienil, nph yywyneeiniul £ hwunhuwunwd wnwehu
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nwuhg hGwnn nhngnn UY43-h (90,3+£3,1 g/p (p<0,01), wép Unpdwjh hwdtdwwn® 9,7%),
huswtu Uwl L8-h npnwyh pwpéan dwywpnuwyp (216,2+42.4 w.J. (p<0,001), wép Unpdwjh
hwdtJwuwn® 19,6%):

Lwpqwynpdwu updwywpehy Jdthuwuhquubph jwpwéniejwlu oginhu U ywynud
LUwl uhdwwpehy ynuwnniph wywhynieinip puncpwagpnn wyp Jwnpytpubpht 4Qus-h,
J38-h, NY8-h L AMo-h wép win 2pgwuncd 12,1%-ny (p<0,001), 23,3%-ny (p<0,001),
32,1%-ny (p<0,001) L 10,8%-ny (p<0,01) hwdwwwinwupuwlwpwn (wn. 1); NrunwdUwywl
gnpbUpwgh  UGpgpwydwl  pppwlnud  JGhuwUhquubph  jwpdwénipjwl  wpryniup
hwunhuwunwd Uwle Y3IUS-h nbnwpwnpdp hwpdwnpdwu wnhpnyehg nbwh gnpéwnwywu
hwdwywnabnh (wpywénipjwl inhpnyye:

Unyniuwly 1.NuwunnUutph upwnh rhpUh gnigwlhputnh thnthnfuniejntluGpp nuncdbwywu
SwupwpbnUjwdnipwl wwjdwuubpnud

Uwnnghs funwdp dnpdlwywl funwdp
8nLguilihzun “hwutphg Unwghlu Jkgtpnpn Ywutphg Unwghlu
wnwg nwuhg nwuhg wnuwgp nwuhg Jtgtinnnn
(Unpdw) htwnn hGwn (UnpJw) hGwnn nwuhg htn
UU3 (a/n) 82,3+2.8 90,343,1 76,1£2,20%* 82,60+2,40 84,5+4,10 80,30+3,20*
LS (w.U) 180,7+31,4 216,2+42.4 1352428, 1 *** 181,3+42,6 204,3+38,2 156,70+24,6%**
AMo (%) 72,3+11,2 80,1+5,2 62,0+3,10%* 72,6+3,80 78,10+£3,20 70,4+2,80%*
Mo (1) 0,72+0,02 0,70+0,03 0,78+0,02* 0,72+0,11 0,71+0,02 0,75+0,02*
Ax (U) 0,28+0,03 0,27+0,01 0,32+0,01%* 0,28+0,02 0,26+0,01 0,30+0,01**
Yaus (w.u.) 100,4+6,8 112,547,1 79,31+3,90%** 100,8+5,90 108,1£2,40 94,04£2,80%**
938 (w.u) 258,2+24.3 318,4+32.3 197,1£19, 1*** 260,4+26,2 300,4+28,30 | 235,60+19,8**
M8 (w.U.) 5,24+0,50 6,92+0,40 4,12+0,90%** 5,28+0,40 5,80+0,20 4,28+0,30%**
U3US (w.U.) 2,4%0,10 5,3+0,20 3,30+£0,20%** 2,40£0,10 4.20+0,20 3,00£0,1%*
TP (Ullz) 2100,6+148,3 1828,8+£192,9 |2680,0£161,2*%* | 2126,2+151,3 |1980,8+£182,4 | 2384,6+£102,2**
LF (%) 55,4423 62,0+3,1 46,6+2,1 55,60£3,0 58,2+2.4 50,40+2,5
HF (%) 32,3%1,9 254+2,0 42,5424 31,918 28,1+1,1 39,20+2.4
VLF (%) 12,4+0,5 13,3+0,8 11,2+0,6 12,540,5 12,9+0,8 10,50+0,6
LF/HF 1,70+0,02 2,4+0,02 1,20+0,01** 1,70+0,02 2,1+0,01 1,3040,01 ***
SD; 40,2+1,9 30,4+2,3 46,0+2,80 38,6+1,80 342+14 40,6+2,0
SD, 70,5522 60,7+3,10 85,844,380 69,9+2,30 65,32, 1 76,10+3,20
RMSSD (Uy) 32,4+2.1 26,8+1,82 40,90+2,40%** 33,7042,2 29,6424 36,80+1,80%**
pNN50 (%) 14,3+1,4 12,5+1,91 17,9042,60%*** 14,5+1,20 13,1+1.3 15,6+1,10%*

Bwlnpnpinll' *p<0,05; *p<0,01; **-p<0,001

JdbGpghulGpu  nuntygybp Gu YL hnuwdnpwp W wwpwupdwywwhly  JdGluwuhquutph
wywhyniejntup wnpunwgninn hhunngpwdhy gnigwuppubph Jwywpnwyubph' Mo-hle Ax-h
wllpwu  Wwaquwdp hwdwwwunwupwuwpwp  2,8% W 3,6%: Upwnh  nhpuh
nuntdUwuhpdwl  unwiinhuinhy  gnigwuppubph  JGpinedneggniup Lu gnyg £ wdbg
wwpwuhdwwuwhy JGhuwuhquubph  wywhynieinilp  punipwgpnn' RMSSD L pNN5SO0
gnighsubph hgbgnud Lwhilwywu Jwywpnwyutph hwdbdwun  hwdwwwwnwuhuwlwpwn
17,3%-ny (p<0,001)lL12,6%-ny (p<0,01): RMSSD W pNN50 gnighsubph thnppwgnidp
Jywjnd £ upinh nheuh upgquynpdwu hupbwdwn ynuinniph wwpwuhdwwehy onwyh
wywnhynejwl bjwquwl JwuhU: Upinh nhpuh Yuwpquynpdwl uwGlwnpwy gnigwuhubph
Jbpinénepnitup gnyg £ wngb, np JEydwdjw neuncduwlwu dwupwpbnuywénie)ntuhg
hGwn  (UGpgpwydwu  2ppwl)  hGwnwgninynnuGph  Unnn nhindnn  (wpywéniejniup
wpwnwgnytp £ bwl JGpghuGphu nhuwdhywnd: Ljwwndt, £ TP-h' upwnh rhpuh
gnudwnwjhu uwtywnph hgnpniejwl hwyjwuwnh ujwagnud 13,0%-ny (p<0,01): Uwtlwnph
punhwuntp  Ywnnigwéend nhwndtp £ gwép (LF) L pwwn gwdp (VLF) hwwhuw-
ywunrpjwl wihputph uwtbyunph hwwuwnh wéd 11,9%-nd W 7,3%-ny (p<0,05): dbpghlu
Jywynid £, np indjw; wwpwagwnd upwinh nhpuh upgwynpnudp ywjdwbuwynpgwé £ uwl
wj” degbunwnhy - Jupguynpuwl - wwpwuhdwwrehy  onwyh  enywgdwdp,  hugu £
wwwhnynwd £ yGgbunwwnhy hwywuwpwipnnigjwl  inGnuwwnpd  uhdwywunnunnUhwih
ninnniEjwdp: Upw  wwwgnygu B hwunhuwund  punhwUnip  uwBYunpnud  pwpén
hwawhunipjwdp (HF) pwnwnphsh uwGlwph thnppwgndp 21,4%-ny (p<0,001), huswGu
Lwl yGgGunwinhy thnfuhwpwptnnipjwu gnighsh® LF/HF-h wtp 41,2%-ny (p<0,001):
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Uhdwwrehy Jshuwuhquutph wywmhyniejwl pwpépugdwl ognhu £ yyuwynid Lwl
uGnpgpwydwu 2pgwunwd  uwnnighg  fudph  hGwnwgnunynnubph  Jdnin nhunygnn - wywnn-
ntigntuwht wdwh nhuwbpuhwih thnppuwgnudp® (SDy-h, SDo-h):

NruncdUwlwl nwupUpwght Uepgpwyddwl ppgwlncd thnpdUwywl fudph hGunw-
gnunynnubph neuncdUwuhpdwé gnigwuhpubph gGppneéneeiniup gnyg £ wdb, np Jep-
shuutpu uwnnighsh htwn YnGp BU Jhwninnwé punyp, uwlwiu unnwghs fudph nLuw-
unnutiph Untju gnigwuhputph hwdtdwnniejwdp thnthnfuniinitlubpu BntGp G wdbih oy
wnunwhwjnywsd:  bunbgpwiwhu W hhunngpwdhy  gnigwuphpubph  ybppneéniejwl
wnryntupnid wwnqdby £, np LS-h wép Unpdwih hwdbdwun Yuqgdt) £ 12,7% (p<0,001), huy
UU3-h waép' punwdtlup 2,3% (uwnighs hudpnud® 19,6% W 9,7% hwdwwwnwuhiwUwpwin):
Uhdwwehy Ynuinniph wynhynipiniup puncgwagpnn wyp dwpytbpubph® 4WQUs-h, 438-h,
MN48-h, AMo-h wop thnpduwywu fudpnud Yuagub), E punwdtup 7,2% (p<0,001),15,4%
(p<0,001), 9,8% (p<0,001), 7,6% (p<0,01) hwdwwwwnwupuwlwpwn (wn. 1): dbpghuu
nnGlygyty £ YU hnudnpwy JGhuwuhgquutGnh wywnhdnieintup wpunwgninn hhunngpwdhy
gnigwuhpht Mo-h  dwywpnwyh  wllbpwu  Ujwgdwdp (1,3%) L  wwpwuhdwywehy
wywnhyniejwl gnigsh® Ax-h thnppwgdwidp 7,2%-ny. (p<0,01): Upwinh nhpuh unwwnhuwnnhy
gnighsubph® RMSSD W pNN50 gnighgubph  niuntdUwuhpnudp  thnpéuwywl  fudpnud
pwgwhwynt E hebgnud Uwpilwywl Jwywpnwyutph  hwdtdww, hwdwwwunwu-
fuwlwpwp 12,2%-ny (p<0,001)lL9,7%-ny (p<0,01): RMSSD, pNN50 gnighsubph W Ax-h
thnepwgnudp  Yywinwd  GU upnp nhpdh  Ywpgwynpdwl  hupbwdwn  Ynuwnncph
wwpwuhdwwehy onwyh wywnphynipjwl  Ujwguwl  JwuhUu: bUs  yGpwpbpdnd  E
uwBywnpwy gnigwuhpUubphlu, www punhwunip uwtGywnph TP-h hgnpnipintup Udwqb) E
punhwdtup 7,0%-ny (p<0,01):UwtyYwnph punhwunip Ywnnigdwdenid Uywwndb) £ gwén
(LF), 2wwn gwédp (VLF) W pwpép (HF) hwdwhiwywunipjwu wihpUbph uwtGlywnph wytih
el wpnwhwjnwd wndtp, pwl uwnnighs uupnd: L8-h, AMo-h,TP-h nhwnynn thn-
thnfuniynillGpp Jywyned Bu, np thnpéUuwywl  fudpnd  nuntdUwywl  gnpdpuwghu
Ubpgpwynwdp hpwywuwunwd £ uhdwywwnhy dhwuhguubph wybih oy wpnwhwjnjws
(wpywénijwl hwpyhu, pwl unnighsned, husp Ywpnn £ wywjdwuwynpgwé |hub) bwpnnuh
Grbpwininh  2nynn - wanbgniejwdp, nunjwéd  uhdwwrehy  Ljwpnwiht - hwdwywngh
wwhwwudwup qgEpiwnpywéneenluhg: vGpghuhu Jwupu £ Jywynud Lwle uhdwwpen-
wwpwuhdwwrehy thnfuhwpwpbpniginctultph gnpéwygh® LF/HF-h hwdGdwwnwpwn Ywjncu
dwywnpnwyp:

Awutph wjwnuhg hGunn hGunwgnuniejnlluGph Gpyne mwpptpwynud £ nhndb £
uhdwwrzhy Wwpnwjht hwdwlwpgh wywnhynigniup puniewagnnn pninp gnigwihutnh
Jwywpnwyutph ujwgned: Uinnighg fudpnud inBnh £ nlubgt) L8-h, U43-h L uhdwwwnhy
Ywpnwihu hwdwywngh wywnhynipyntup wpunwgninn  JwpyGputpht 4QuWs-h, 438-h,
MNJ48-h, AMo-hwndtpubphujwanud Unpdwjh hwdGdwwn  25,2%-ny  (p<0,001), 7,5%-ny
(p<0,01), 20,0%-ny (p<0,001), 23,7%-nd (p<0,001), 21,4%-ny (p<0,001), 14,2%-ny (p<0,01)
hwdwwwwwupuwlUwpwn:  dnpdlwywl  hudph  hGunwgningnnubph dnin - wyn
thnthnpuncpynilutnp Gnbp BU wyGih ey wpunwhwnywé: vepghuu nuntlygyt £ hnudnpug
U wwnwupdwywrphy Ywpgwynpnn JGhuwluhquubph wywnhynipintup wpwwgninn Mo-h,
Ax-h, RMSSD,pNN50 gnighsubph wéany Uunpdwjnd nhindwd Jwywpnwyutph hwdbdwn
unnighs  hudpnud® 8,3% (p<0,05), 14,3% (p<0,01), 26,2% (p<0,001), 25,2% (p<0,001)
thnpdlwywunwd®  42%  (p<0,05), 7,1% (p<0,01), 9,1% (p<0,001), 7,6% (p<0,01):
MNwpwuhdwwpehy Wwpnwiht  hwdwywpgh  wywnhyniejwl  pwpépwgdwl  nguinhu Gu
Jywjnid - LUwl.  nwubpp wywnuhu nhinynn  uwbGyunpwihu  gnigwuhpubph
thnthnpunip)niulpp’ TP-h nL pwpép (HF) hwwhwywuniejwdp wihpubph uwByunph
wnunwhwjunywd wép b gwdn (LF) nL 2w gwép (VLF) hwdwhiwlwunipjwdp wihpubnh
uwtyunph L updwwen-wwpwuhdwwehy thnfuhwpwptpneeinllutph gnpdwygh' LF/HF-h
thnpnpwgnudp: buswbu Gpunwd £ utnwgwd ndjwiutphg, nwutph wywnpunhu uinnwghg
fudpnud thnpdUwywuh hwdtdwwn nhingnud £ uhdwwehy duwuhgquutph wywnhyniejwl
Upyuwyh wytth wpunwhwjnywsé ujwgned b wwpwupdwywehy Uywpnwihu hwdwywngh
wywnhyniejntup wpunwgninn gnigwuhubph waé:
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Qpuywl  nguwueph  hwdwbdwiu  opqwuhquh  hwpdwpnudp  neuncduwywl
Swupwptnujwénipjwup  hpwywlwunid £ YU3-h  updwywwnhy  JGhuwUhquutph
wywnhdwgdwu hwpdhu: Opdw ytpened Ubp Ynndhg nhunynn thnthnpuncejnitubpp yywyncd
GU uwnighs hudph hGwnwgnpynnubph Uninn qupqugnn  hnquwéniejwl  Jwuhl, npu
pwqdwyh ypyugbing Ywpnn £ nwnlwp gbphnquwéniyuwt ywwndwn [2, 6, 7, 10]:
dnpduwywl  fudpnud  nhnynn uhdwwehy W wywpwuhdwwehy  JGhuwuhguutph
wywnhyniejwl gnigwupputph wydbh Jend thnthnfunueinilubpp wywydwuwydnpdwé Gu
LUwpnnuh jntnh 2nynn wagnGgnipjudp W ninnwé BU YwuhuwpgbGint hnquwéniejwu
qungwgnuup onpgwuhqunud, Uwwuwnbiny nunuduwywl  gnpdpUpwghu wytbih  hGun
hwnJdwnpdJwp:

Utn ynnuhg utnwgdwd wpnyntputpp hwdwhnibs 6U Jh 2wpe hnhuwybnph nyjw-
utphu: Uhghu nwnngh ntunighgubph unwn nuncduwywu Swupwptnujwénieinituhg htunn
pGpgwdnuwnh hninh wagntgniejwdp Ljwwndnid £ qupyGpwywht dupdwl pwnwnphgutph
W UY43-h bqwagned, pwnép (HF) hwawhiwywunipjuwdp pwnwnphsh hgnpniejwl JEGwgnid,
gwoép (LF) hwwhiwywuniejwdp pwnuwnphsh hgnpniejwl Unpdwiwgnid, hugp yywynd £
Jbgbwnwwnhy gnpéwnnipUutph Ywpgwynpdwl uhdwywehy wagntgnipniulbph bjwaqdwl,
wwpwuhdwwehyh ndbnugdwl W hngbhniquiywu jwpqwéniejwl wunhdwlh pnLwg-
Jwl Jwuhl: Upinh nheuh Ywpqwynpdwu Udwwwnhw thnthnpunpincbutn pwgwhwjnydby
GU Lwl wy hGnhuwyubph Ynnuhg Uwpnnuh hnunh UGPUsUWL dwdwuwy [8, 12, 13]:
GrtGnwjninp (wdwgund £ dhnywpnh hwnnpnGihniejwl gnpépupwgutnp, hwnywwbu
wnwppbp  punyph  Swupwpbnujwénienililbph wwydwuubpnd:  Upndwebpwwhwl
npwywu £ wgnnid bwle EUGQ-h gnigwuhputph Yypw [4, 8]: WuntwdtGUuwjuhy, wpndwptnw-
whwih wgnuwlu JGhuwuhgup vhusle wydd yGpguwluwlwwbu wywpg ¢E: Innwytun jnuntph
2nynn - wqnbgnieiniluip opquihquh  gnpéwnwywl - Jhdwyh  dpw Yupnn Eowuwy-
Jwuwynpywé [hubp Upwuny, np hnintph puywidwu W hninnwnwywl inGnGywwnyniejwl
wydwu Jbp J&é nbp GBU Ywwwpnud ghunintnh  wdtlbwywplnp  hwndwdlUbphg
npnoubpp’ Swywwnwiht Yenlp, hhwynpwiwdniup, Lywhwdwihpp W wjiu, npntn nGnw-
Jujywé U Lwl opquwuhquh pwpépwagnyl yGgbnwunhy YeunpnUutbpp: Iwdwawju
Lhynjwluynt injwiubppu [8] hninwytwn Uhgngutpny hnuinwnwlywl ubuunp hwdwywngh
gpgnnudp Ywpnn E nuntygdb YLI-h JBnhwwnpwihl  wunBGhunpwuhu-, uGpnunnUpu-,
Eunnpdputpghwywu  onwyutph  wywnpynipjwlu  thnihnpudwdp:  Inunwybn  Unetph
JdniGynLiuGpp UGpédynd BU peh  [npéwpwnwlreh JwquwuneUbph, huy  wjuwnbnhg
punhwuntp  wpuwu  JUbp: L.U. UGsEundh wldwlu Ujwpnwpwlwywl  hhywlnwungh
ghuinwhbunwgnunuwywl  huunhwnniinh - wphuwwnnnubph  hGrnwagnunnepynluutpp gnyg Gu
wnybl, np bwpnnuh W Yhunpnuh Gebpwinintpp pwpépwglncd Bu WUI-h wynhyniejniup,
hwugbguntd hhonnnipjwt wdpwwundwup, ynndunpndwt  dwdwuwyh ujwqgbgdwup
[12]:

Wuwhuny, Uwpnnuh Grtpwninh Ywlhiwngbihg Yyppwnnudp Uwwuwnnud £ niuw-
unnutph  opqwuhquh hwnpdwpnnuywu hUuwpwynnpnejntuubph pwpénpwgdwln,
Ywpgwynphs  JGhuwuhquubph  gnpéwnnypwiht owwnhdwjwgdwup,  hngGhniquiywl
SwunpwpbnUwénientuubnh hwuntw nhdwnpnnwywuniejwl pwpapwgdwlp:
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HONBITKA INPEAYHNPEXAEHUSA SKCIIEPUMEHTAJIBHOI'O
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JlobaBreHne B KOPM B TEUCHHE Mecslla MOHTMOPWJIOHHUTA M [-aJJaHMHA ¢ MHTHOUTOPOM
IF'AMK-T sranonamus-O-cynsdatom (30OC) ¢ MUTHEBOH BOJOI NMPeROTBpAIlaeT THUIIEPTIHKEMH-
qeckui 3(QeKT BHYTPHUOPIOIINHHOTO BBEICHUS XUMHUYECKOTO JHAa0EeTOreHa CTPENTO30TONMHA.
IMocnemHuii py BBEICHUM MHTAKTHBIM KPBICAM CHIDKAET KOHLCHTPALUIO HEHPOAKTUBHBIX aMHHO-
KHCIIOT B MO3Te U IOJPKEITyIOYHOM jkenese, 4eMy NpensTCIBYeT MecsuHasi IOAKOpPMKa KOPMOBOM
n00aBKOH, KOTOpas HHUBENHpPYET WHTUOMpYIomlee nelcTBHe AuabeToreHa Ha YTUIIM3ALUIO
IIyTamaTa TOMOT€HaTaMK MO3Ta U MOXKeTyA0YHOH ene3bl. [loydeHHbIe JaHHbIE CBUACTENbCT-
BYIOT O IPEBEHTUBHOM JCHCTBHH BBIIMICYKa3aHHOH KOMIUIEKCHOI MOAKOPMKM Ha HHUIMAIHIO
I1adeTa CTPENTO30TOLHOM.

Cmpenmozomoyun — ouabem — moummopunonum — f-ananun — ' AMK — mo3e — nodoacenydounas
oncenesa

Unuwndnphinupwiwihu Yepwypwihu hwybinudp W hudGine 9ph hGn B-wiwupuh b QUU(G-
innwluwdhUwagh wnabwyhs Epwunwdhu-O-untpdwinh Updnidénidp 1 wdujw pupwgenid Yuupuncd
E phdpwlwl pwpwpwhutnwsdhl unpbwwnngninnghuh Uepnpndwjuwiht Uepwpydwl hhwbpghysuhy
wgnbgniejniup: vdbpghUuu hutnwywn wnutwnubphu Uepwnydwu nBwenud Jhdwywagpnptu hwywuwinh
hgtguncd £ Ujwpnwwywnhy wJuhuweenutph funnieniup ninGnnd b Gupwuwnwunpuwihu gbnéntd,
hushu hwywagnnwd £ JGpnugjwp hwdwipwihu hwytbinudng Jhwdujw YEpwypnudp: Ydbpghuu Uwl
pnLwglund £ unpbwwnngnininghuh wngblwyhs wagnbgnipiniup gifunintnh W Gupwuwnwdnpuwhu
gtindh hnungGUwwnutbph Ynnuhg qyniinwdhuweryh jnipugdwl ypw: Unwgywé ngjuitpp Jyuyned
Gu JGpnUjw| hwdwipwihu Yepwypwihu hwyGdwu Ywluhuhs wagnbgnipjwl JwuhU  unpGwunn-
qnuninghUh Ynnuhg thnpdwpwpwywl 2wpwpwhun wnwowgubint ntbwyntejwl Yynpw:

Uwnpbuyinngninnghl — nhwptin — dnuwndnppinupun — B-wjwupl — QUYU — ninkn -
Gupwuwnwdnpuuyhl qtiné

The administration of montmorilonit with food and B-alanine and GABA-T inhibitor
ethanolamine-O-sulfate (EOS) with water to rats prevents the hyperglycemic effect of chemical
diabetogen streptozotocin intraperitoneal injection. Streptozotocin injection to intact rats
statisticaly proven decreases the level of neuroactive amino acids in brain and pancreas. Referred
to above food additive prevents such effect of streptozotocin and its inhibitory action on the
glutamate utilization by brain and pancreas homogenates. Obtained data testify the preventive
action of used food additive on the diabetes mellitus initiation by streptozotocin.

Streptozotocin — diabet — montmorilonit — g-alanine — GABA — brain — pancreas

O 3nayenun AMK B GyHKIMSAX MOPKENYIOYHON Kejle3bl CBUAETEIbCTBYET
psin pador [3-5, 11, 13-15]. [ToxyepkuBaeTcst poiib STOr0 TOPMO3HOTO TPAHCMHUTTEPA KaK
B OHJIOKPUHHOW, TaK U IK30KPHUHHON (YHKIUSIX, TO-BUIMMOMY, TECHO B3aHMMOCBSI3aH-
HBIX [22].
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Ocoboe 3Hauenne npunuceiBaercs poiarn [AMK B QyHKIMSX mpoIynu-pyrOmuX
uHCyuH B-kietok [4, 12-15]. TlokazaHo HaidM4Me CPaBHHMBIX C MO3TOM KOHIICHTpa-
it TAMK B nmaHkpeace, COCpPEIOTOUCHHBIX B OCHOBHOM B [3-KJIETKax, KaK B BE3UKYJIaxX
HEPBHBIX OKOHYAaHWH, TaK M B MHCYILIPHBIX IpaHyiax [13-15]. Bericaeno, uro TAMK
crmocoOCTBYeT CHHTE3Y MW BEICBOOOXkIeHHIO WHcynuHa[12-15]. BosHumk Bompoc o
BO3MOXKHOH 3((EKTHBHOCTH 3TOW aMHUHOKHCIOTHI TpH Iuabere, TeM Oojee dTO
MPOAYLHUPYIOMNH ee (pepMEeHT ITyTaMaTaeKapOOKCHiIa3a SIBISIETCSl OMHOW W3 MUIICHEH
ayTOMMMYHHOTO TIPOIIecca, MPUBOAAIICTO K THOETN OCTPOBKOBBIX (-KJIeTOK [55], T.€. K
pasButnio amabera meporo Tuma (T1[). OmnpeneneHne aKTUBHOCTH AHTHTEN K
(bepMeHTyY HcIoIb3yeTcs B JoKInHIYeckoi auarnoctike T1J] [11, 16].

Psn uccnenoBareneli npuaepKUBaETCsl MHEHMS, YTO HJI€aIbHOM UMMYHOTEpaNuen
T1J1 sBAseTcs yMEHbIIEHHE IPOBOCHAIMTENBHBIX AYTOMMMYHBIX OTBETOB, YCHUJICHHE
PETYJISITOPHBIX OTBETOB W TOBBIIIEHHE BEDKMBAEMOCTH M peIUIMKanuu B-KieTok [26, 27].
I'AMK BnomHe 060CHOBaHO paccMaTpuBaeTcsl B KauecTBe I(QEKTUBHOTO MIPETEHICHTa Ha
oty posb [27]. BBegenue TAMK NOD wpbliaM MOKET MOJAABJISATh BOCHAIUTENbHBIE U
YCHIINBATH PETyIATOpHBIE T-KIETOYHBIE OTBETHI, CIIOCOOCTBOBATH PETUIMKAINK  P-KJIETOK
U COXpaHATh B TEUYCHHE ONPEEICHHOTO BPEMEHHM HOpPMOITIHKeMH0. (OcoOeHHO
spdextnBHa TTAMK B codeTaHmm ¢ TIOCaXEHHBIM HA KBAaclbl IPOWHCYJIHHOM,
BBI3BIBAIOIINM CHCTEMHYIO ayTOMMMYHHYyI0 peakiuio. Pome TAMK mpm stom 3aximio-
YaeTcsl B CHATHUM IPOBOCTIAINTENBHBIX T-KIETOYHBIX OTBETOB C COXPAaHEHHEM WIIH JJaXKe
YCHWJICHHEM DETyJISATOPHOTO KOMIIOHEHTa CHCTEMHOI'O ayTOMMMYHHUTETA C PEIUIHKAIeH
OCTPOBKOBBIX [B-KJIETOK U JJIUTEIBHBIM MOAJIEPKaHHEM HOPMOOTTTUKEMHH.

B mpexue#t Hamel paboTe MBI HCCIeIOBaIM BIUsSHHE reHepupyroumx I'AMK
(axTopoB, riyramuHa u dranonamMmuH-O-cynbdara (DOC) Ha conepkaHre HEHPOAKTUB-
HBIX AMHUHOKHCJIOT B OpraHax KpbIC B HOPME€ U NPHU SKCHEPUMEHTAIbHOM CTPENTO30-
TounHoBOM auabere [3]. I[lockonbKy B ombITax in vitro Ha KyJnbType B-KJIETOK HaHKpea-
ca B HalllUX OMbITaX Hauboyee BBIPAKEHHYIO (IIIOOPECHCHIMIO WHCYJIMHA BBI3BIBAJIO
nob6asnenne DOC, B HacTosIEei paboTe MBI HCIOIB30BAIM €T0 B KAYECTBE BO3MOXKHOTO
aHTH/IMa0ETOreHHOTO areHTa Ha CTPENTO30TOLIMHOBOM MOJIETH KpbIC,

Bwmecre ¢ tem, ucxons nz romonorun ¢ TAMK [B-ananuna, TpaHCaMHUHHPOBAHMS
ero TAMK-T [6], yqacTust B CHHTe3¢ aHTHOKCHIAHTOB KapHO3WHA W aHcepuHa [7,8] u
WHTHOUTOPHBIX TPAHCMUTTEPHBIX CBOMCTB MBI HCIHOJNB30BAIM 3Ty AMHHOKHCIOTY B
kadecTBe Bo3MoOxkHOro 3amecturens ['TAMK. U, nakoHen, y4yuTbiBas 3HAa4€HHE KH-
nreyHoi MuKpodIopsl B okuperun u ummyHutere [9, 10], MbI HCTIOMB30BaTM MOHTMO-
PWJIOHHT B KaueCTBE MMOJKOPMKH ITOIOTBITHBIX KUBOTHBIX, YIyUIIAONIEH MUIIEBapeHNE
U CBSI3BIBAOIICH TOKCHHBI MATOICHHOW MUKpOQIIOpsI [1].

Mamepuan u memoouka. OUBITH TPOBOMMIM Ha OENBIX KPBICAX-CAMIIAX Maccoif
180-200 r. J)KuBoTHBIE coepKaIUCh Ha OOBIYHOM IHIIEBOM PAIMIOHE B YCIIOBUSX BuBapus MHc-
tutyta 6noxumun HAH PA. XKuBoTHble ObutH pa3siieneHbl Ha Tpu rpymmbl: I — nmomydana oObrd-
HbIi parmoH, 11 u 11l — k o6sraHOMY parony 6601 mpuMeman 1 % moHTMOpHIoHuTa. Kpome Toro,
onu noayvanu ¢ Boxoi DOC (150 mr/n) u B-amanun (50 mr/m). Yepes 1 mecsan kpsicam 1 u 111
TpyNIl BHYTPUOPIONIMHHO BBOIMIIM | MJI CTPENTO30TOIMHA B IUTpatHOM Oydepe (40 Mr/kr) m
4epe3 TpU IHs OIPEeIUIN INMIOKO3y B KPOBHU ¢ HMOMOIIbI0 riurokomerpa Accu-Chek (Germany).
3areM, IpH BHIPAXKEHHOW TMIEPIIIMKEMHUH B | rpymme Kpbic 3a0MBaIM MOA JETKUM d(PUPHBIM Hap-
KO30M, yJalsUTd OpraHbl (MO3T, IODKEIyJOoYHas )Kele3a), TOMOT€HH3MpOoBanu B 6%-HOM Tep-
xyopate [23], pa3aensim aMHHOKHCIIOTHI SKCTPAKTOB METOOM BEICOKOBOJIBTHOTO 3JIEKTpoopesa
U OIpefeNsIM UX HUHTUAPHHOBBIM MeTOAOM [2]. B oTaenbHON cepuu ONBITOB HCCIIEAOBAIU
YTHIM3ALHUIO TJIyTaMara B TOMOIEHAaTax MO3ra M IaHKpeaca. Pe3ynbTaThl MOABEPrHYTHI CTa-
THCTHYECKON 00paboTKe ¢ momomisio nakera nporpamm GraphPad InStat.

Pesynomamuvt  u  oocyrycoenue. IlpencraBieHHple B TaOm. |  pe3ynbTaThl
OTIpeCIICHUS TIFOKO3BI KPOBH ITOIOTBITHBIX )KHBOTHBIX CBHJICTEILCTBYIOT O TOM, YTO
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JUTATENbHAs TIOJKOPMKAa MOHTMOPHIIOHHTOM, [B-amanuHoM u DOC MOYTH TOIHOCTHIO
NPESATCTBYET THIEePrIMKEMHYSCKOMY ACHCTBHIO CTPENTO30TOLMHA. Tak, B TpymIe ¢
MOAKOPMKaMHU, HO 0e3 BBeJCHHS CTpenTo30TourHa (rpymnma 1) KoHIeHTpanus rIoKO36I
cocraisier 7.0£0.8 MM/n, a B III rpymnme ¢ BBemeHHEM CTPENTO30TOIIMHA Ha (OHE TOA-
kopMku 9.9+1,6 MM/n. PazHuma Mexay rpymnmaMu CTaTUCTHYECKH HEIOCTOBEpHA, T.C.
UCIIOJIb30BaHHAS HAMH IIOJKOPMKA NPENOTBPALIAET PE3KHH T'MIEPIIMKEeMHUYECKUi 3¢-
(EeKT CTPEenTo30TOIHHA.

Ta6auua 1. CoagepxaHue TIIIOKO3bI KPOBHU KPBIC

I'pynna ['mroxo3a, MM/t
| 28. 8+1,8
1 7.0+0.8*
1l 9.9+1,6 *

[TockombKy MOAKOPMKA MPEIIONIOKHUTENBHO JI0JDKHA ObUIa BIMATH Ha [-KIIETKH,
nyteMm reHepaunn 'TAMK ompenensinach KoHUETpauus HEUPOAKTHBHBIX AMHHOKHCIOT
ceMeiCTBa IIIyTaMHHA B MO3Te U IOJUKEITyI0YHOH kenese. [Ipencrasnennsie B Tabm. 2
JaHHBIC TTOKa3bIBAIOT, YTO BHYTPHOPIOIIMHHOE BBEACHHE CTPENTO30TONMHA KphICaM Ha
(oHE MONKOPMKH HE OKa3bIBaeT JOCTOBEPHOTO MOHIDKaomero 3ddexkra Ha ypOBEHb
HEHPOAKTUBHBIX aMIHOKHCIIOT B MO3T€ U MODKEITYA04HOH xkenese (cp. rpymms 1T u I1),
TOrAa Kak BBEJCHUE CTPENTO30TOIMHA MHTAKTHBIM KpbICAaM, HE MOIydYaBIIUM
MOJKOPMKY, B CPaBHEHHUHM C IIOJly4aBIIMMHU TOAKOPMKY 0€3 W C TOCIEAYHOLHM
BBeneHueM crpenrto3oToruHa (II u III rpynmser), BEI3bIBaeT JOCTOBEPHOE yMEHBIIEHUE
comepkanmss miytamata U [AMK B Mo3re um momkenyJqouHoi xkeneze. Tak,
KOHIIEHTpALUs [NyTaMaTa B MO3T'€ MHTAKTHBIX KPBIC [TOCJIE BBEJECHUS CTPENTO30TOLMHA
cocraBisier 6.4 MKM/T cBexel TKaHM, TOTJa Kak Ha ()OHE MOJKOPMKH 3Ta BeNIWYMHA
nocturaer 7.7 MkM. Ypoenr 'AMK B yka3aHHBIX Ipynmax COCTaBISIE€T COOTBETCT-
BeHHO 1.6 m 2.9 MKM/r cBexel TKaHH, YTO CBUAETEILCTBYET O 3HAUUTEIHHOM IIPOTEK-
TOPHOM 3P PEKTe TTOTKOPMKH OT ASHCTBHUS CTPENTO30TOIMHA. AHAJIOTHYHOE OTMEYaeTCs
U B OTHOIICHWH MOPKEIYJOYHOH JKENe3bl, TJEe MOAKOPMKA TaKkKe YJEpPKHUBACT
KOHIIEHTPALMIO YKa3aHHBIX aMHHOKHCIJIOT U TUIyTaMHHAa HA YPOBHE, HE OTJIMYAIOIIEMCS
CTaTUCTUYECKH 3HAYMMO OT MX COJEPXKAHUS Y KPbIC C MOJKOPMKOH, HO Oe3 BBEICHHMS
crpenTo3oToruua (cp. II rpymmy c III).

Takum 00pa3oM, MBI UMeEEM COIPSKCHHbBIN MPEBEHTHBHBIN OHOHATIPABIICHHBIN
3¢ EKT NOAKOPMKH Ha COJIepKaHHe TIFOKO3bI B KPOBH U HEHPOAKTHBHBIX aMHHOKHCIIOT,
B yacTHocTd 'AMK, B Mo3re u HopKenyAo4HON *kKene3e KPhIC, YTO AaeT OCHOBAHUE C
JIOCTaTOYHOW JI0NeH BEpOSTHOCTH NPHUIMCHIBATh €il 3aiuTHBIA 3(dekT oT BBeaeHUS
crpenTto3oTonHa. OJHAKO B MPEXHUX HAIIMX SKCIEPUMEHTAaX C KPAaTKOBPEMEHHBIM
IIpeIBapUTENIbHBIM BBEJCHHEM KpbicaM mpeamectBeHHMka ['AMK rmyramuna u
naruouropa TAMK-T D0C anamorndnoe win gaxe Oonbinee moBeimenne 'AMK B
oprasax COMPOBOXKIAIOCHh TOpa3[ 0 MEHEE BBIPAXKEHHBIM TUIOINIHKEMUYECKUM
neiictBueM [3], 9TO CBUACTENBCTBYET W O IPYTUX BO3MOXHBIX (DaKTOpax AEUCTBHS
MOJKOPMKH, B YaCTHOCTH TaKMX €ro KOMIIOHEHTOB KakK [3-alaHMH W MOHTMOPHJIOHHT.
[epssrii, ckopee Bcero, mogodHo 'AMK, oka3piBaeT mpOTHBOBOCTIANUTENBHBIN YD HEKT,
a dYepe3 CBOM MeTaOOJMT KApHO3WH W AHTHOKCHIAHTHOC ICHCTBHE, BTOPOM CTa-
OwnM3upyer padoTy KHIIEYHHKA M KaK COPOCHT CBS3bIBAET TOKCHHBI MATOT€HHOW
MHUKPOGDIOPHIL.
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Tabauna 2. ConepxaHnne aMHHOKHCIIOT B MO3Te U MTAHKpeace KPbIC

'K I'H AK I'AMK
Ppynnbt [ 651 DK MO3r DK MO3r DK MO3r DK
| 6.4£0.4 | 2.5+0.2 | 2.8+0.2 [3.0+0.27 1.74£0.2 1.1£0.2 | 1.6+0.2 1.1£0.1
1 8.240.2 | 3.6+0.35|4.2+0.37 | 3.7+0.3 1.9+0.2 1.3£0.06 | 3.2+0.25 2.8+0.14
11l 7.7+£0.4 | 3.3+0.25] 3.7+0.35 | 3.6+0.1 2.0+0.25 | 1.0+£0.07 | 2.9+0.25 2.5+0.17
Kupnvie yugppuvi-p<0.05 no cpasnenuio c I epynnoti

W3ydenne yTunmzanuu HemocpeAcTBeHHoro mnpeamectBeHHuka [TAMK rimyra-
Mara B roMoreHatrax Mo3ra M mojpkenynouHoit skenessl kpeic 11 u I rpynn nmokaszaso,
910 1 AT® 1, B 0COOCHHOCTH, TUPUAOKCATE(HOCHAT YCHITUBAIOT YTHIIN3AIUIO TITyTaMa-
Ta B TOMOTreHaTax o0oux opranoB Il rpymms! kpeic. [IepBrIii Ipu 3TOM YCHIMBAET BBIXOT
acmaptara, a Bropoit — TAMK. Kak BuaHO W3 maHHBIX Tabn. 3 u 4, CTPENTO30TOIHMH
3HAYUTENBHO TOAABIsET cTuMyimpyromnme 3¢dekter AT® u mupumokcambdocdara,
YTO, BO3MOXKHO, CBS3aHO C IOJABJIEHHUEM CTPENTO30TOLMHOM MHUTOXOHAPHAIBHBIX
(epMEeHTOB, OTBETCTBEHHBIX 3a OKHCIIEHHWE TIyTamara, Win aedparMeHTarueid Mu-
ToxoHapuaisHoi JTHK.

Ta6muma 3. YTunmusanus 5K30reHHoro rifyramara u oopasoBanue 'AMK n acnaprara B
TrOMOI'€HaTax MO3ra KpbIC

I'pynnst II rpynna 11 rpynna
AM-TBI I'K I'AMK AK 'K 'AMK AK
bes nnkybaruu | 24.9+0.9 0.96+0.11 0.91£0.06 25.4+1.1 1.1£0.1 0.85+0.07
Wuky6amms 22.5¢0.9 1.19+0.2 1.27+0.05* | 24.2+0.8 | 1.0£0.08 | 0.9+0.06
ATD 19.3+ 0.5%* | 1.02+0.06 | 1.52+0.07** | 23.2+0.9 | 0.9+0.08 1.1+0.08
oo 13.2£0.9%* | 3.75+0.2* | 1.86+0.14** | 18.6+0.7** | 1.6+0.1** | 1.2+0.09
ATO+HID 12.0+£ 0.8%* | 4.15+0.25% | 2.1+ 0.15%* | 19.0+£1.2%* |1.5+0.07** | 1.240.1

5

*-p<0.05 6 cpasnenuu c “Oes unkybayuu” : **-n<0.05 6 cpasnenuu ¢ "unkyoayusn”

Ta6auna 4. YTunuzamnus 5K30reHHOro rimytamata U oopasoBanne 'AMK u acmapraTa B
rOMOT€HaTaX MOKENTYJOUHOMN KeJIe3bl KPBIC

I'pynmsl Il rpynna 111 rpynma
AM-TBI I'K TAMK AK 'K 'AMK AK
Bes 26.2+1.7 | 0.78+0.09 | 0.83+£0.08 | 25.8+1.5 | 0.9+0.1 0.9+0.1
HHKyOarum

WnkyGarmst | 23.4+1.3 | 0.9240.15 [1.15+0.09*| 24.4+1.2 1.2+0.1 0.95+0.08
ATD 18.54+1.5%* 1.0+0.1 1.4540.1 21.6£1.7 [0.95+0.07 1.22+0.08
1D 15.6£1.1%* | 2.954£0.2%* | 1.75+0.15* | 17.2+ 0.9%* | 1.4+0.1 1.2+0.1
ATOHID | 14.540.9%* | 3.45+ 3** | 2.3+£0.3%*% |17.0+ 1.4%*| 1.6+ 0.09%*| 1.3+0.1%*
To ace, umo u 6 maon. 3

O HapyLIeHUH CTPENTO30TOIIMHOM MPOIIECCOB OKUCIICHHUS TITIOKO3BI, [TyTaMHHA U
rilyTaMaTa B TOMOT€HaTaX M MUTOXOHJPHSX TOKEIYZOUHOH JKelle3bl M3BECTHO JaBHO
[12, 18-20]. JIocKOHAJILHO M3Yy4YEHBI TAKXKE MEXAHU3MbI JEHCTBUSI STOTO qHabeTOreHa,
CBSI3aHHBIE C AQIKWIMPOBAHUEM MAaKpPOMOJICKYJl M TeHepalHeidl akKTHBHBIX (opM
KHCIIOpOJa, OJHAKO Majo W3BECTHO O 3aIUTHBIX MEXaHH3Max OT aeiicTBHs Iuade-
TOTeHa.

[Tony4eHHbIe B TOM HaNpaBJieHUH JIAHHBIE TTO3BOJISIFOT TOBOPUTH 00 3 dexTrs-
HOCTH HCIOJb30BAaHHOW HaMH TOAKOPMKH Kak CpEJCTBa, MPEayNpexIaroNiero rurep-
rimkeMudeckuii agpdekt crpenrozoropHa. IHHEKT MOJKOPMKA KOMOWHUPOBAHHBIN H,
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CKOpPEEC BCErO, CBA3aH C BO3MOXHBIMU €€ NPOTUBOBOCIHAIUTCIBHBIMH, aHTUTOKCH-
YCCKHMMH U aHTUOKCUIaHTHBIMH CBOMCTBaMH.
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Ywlwg nuywpyubph wejwiniejwl hwdtdwwnwywl Jenpnuénipjwdp wwpqupwlyws E,
nn punhwunip wedwdp dwjpwpwnuwentd (862 hw) W dwubwynpwwbu npw wnwudht Jwngwywl
oppwiliibpnud - wupwywpwp £ punhwunip  oguwgnpddwl Ywlwswuwwnn  tnwpwbdputpny
wwwhnyywéniejniup: Qwithwqwug gwép £ bwl win gnigwuhpp puwlysnipiwl JBY 2ush hLUZLLnL{\
7.8 0% wju nGwenid, Gpp Jhpwqguwjhu swthwuhpubpny Spliwuh hwdwn wju wGwe £ |huh 21 d° ng
wwlwu: Unwdb, wudpuhpwp E Jhtwyp EpGpnibh W Lnpp-Uwnpw) Jwpswywl 2pgwllbnnid:
Gpliwunud Yuwbwswwwundwl qupgwgdwl Spwaghp dpwytihu wuhpwdtywn £ hwpyh wnlb, npw
wnwUdht  hwwndwsdubpnd - weyw  wupwdwpwp  Jhdwyp U Yulbwswwywn  nwpwéplbph
punwjudwl huwpwynpnepnlulbnp:

Aunpnlyhdwywlwl wuydwllbn —ywlws inblwply — qnwqunpnnipntl — dwn L pnLth —
Eyninghwluwl hwpdwpnnwlwuntenLl

B pesynbrare cpaBHUTEIBHOrO aHaIM3a UMEIOIIUXCS B HAJIMUUM 3€JIEHBIX HACAXKICHUI
BBISIBIICHO, 4TO B 0011ei croxxHoctr B Epeane (862 ra) u, B 4aCTHOCTH, B aIMHHHCTPATUBHBIX
paiioHax CTOJHMIIBI, 0OSCIICYCHHOCTh O3€ICHEHHBIMH TEPPUTOPHSIMH OOIIEro IMONb30BaHUs He-
nocratouHa. OueHb HU30K MTOKA3aTeNNb 00ECTIEUeHHOCTH 03€JICHEHHBIMH TEPPHUTOPUSIMHU 00IIEro
TONB30BAHMS HA IyNIy HACETEHHsS — 7,8 M, TOrMa Kak 10 MEKIYHAPOIHBIM CTAHZAPTAM A
EpeBaHa 5TOT II0Ka3aTelb JOJIKEH COCTABIATH He MeHee 21 M2 . OCOBEHHO MIOXO AeT0 06CTOUT
B aAMHHUCTPATUBHBIX paifonax Jpebynn n Hopk-Mapam. IIpu pa3paboTke mporpaMmel pa3Bu-
THS O3€JICHEHHBIX TeppUTOpHil o0mmero nons3oBanusi EpeBaHa HEOOXOANMO YYHTHIBATH HAIH-
yle HEyJOBJICTBOPUTEIBHOIO COCTOSIHUSL O3€JIEHEHUS OTJENBbHBIX YYaCTKOB M BO3MOXKHOCTh
paclIMpeHus: 03eIEeHEHHBIX TEPPUTOPUH.

ﬂeHdpommamuqe‘CKMe yciosus — 3ejienble Hacaxcoenus — Oekopamuenocmb - Oepeeo u Kycm
— 9KoJlo2uveckas }’lpuC}’lOCO6ﬂ€HHOCmb

As a result of the comparative analysis of the available green spaces, it was revealed
that, in general, the availability of green areas of common use is insufficient in Yerevan (862
hectares) and, in particular, in the administrative districts of the capital. There is a very low rate
of security of green areas of common use per capita — 7.8 m?, whereas this figure for Yerevan
should be at least 21 m? according to international standards. The situation is especially bad in
Erebuni and Nork-Marash administrative districts. When developing a program for the
development of green areas of common use of Yerevan city, it is necessary to take into account
the unsatisfactory state of greening of individual plots and the possibility of expanding green
areas.

Dendroclimatic conditions — green spaces — decorative — tree and bush — ecological
adaptability
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Jwldwlwywyhg pwnwgeutbpp, ptwywywintnp W wpnnibwptpwywl ysunpnu-
utpp nhunwpyynd BU npwbu twpptp Uhypn- W JGgnyhdwjwywl ywjdwuutn ntubgnn
pwnn Eynhwdwywngbip:

Pwnwpwjhu hunbuupy Yunnigwwwwndwl  wpnniupnud 2w nGwebpnud
yYnéwwnyned BU ulwg nbywpyubph gpwntgpwéd tnwnpwédputnp, ujwagnud npwug Eyn-
(nghwywl hwpdwpnnuywuncpyntup W gEnwqupnnieintup: LUWU  hpwyhdwyuGpnd
wyGwunw GU gGpdwywlnn, thnh wnwowgunn W w) Juwuwlwp wnbhulwsdhl
opjGyinutpp: Pwgh wyn, wpryntbwpbpwywl Yeuwnpnuubph L JGeGUwubph  wpuw-
quuwéd quqatphg wydbwund £ JeUninpunind  entlwynp  Jhwgnieiniulbph, Jwu-
Lwynpwuwbtu, wéhuweent qwgh pwlwyp: 36ug npwuny £ wwpdwuwynpdwd, np
uGnpywjhu pwnuwgeutpu nu wpnntbwpbpwywl YEunpnuubpp nddwn £ ywwnytpwguty
wnwug pwpép gEnwqunnnipjwdp odinywd inbywpyutbph W Ywluws gnuinhubph, npnup
Jhwdwdwuwy pwpGuynwd Gu 2ppwyw Jhewdwinph Jhypnyhdwjwywl W uwlhwnw-
pwhhghGUhYy wwjdwuutpp:

Rwjinth E, np 2w Swnwpnyubp odnywd GU thnpbywnuwwl, guquiwwpn-
wwl, Shuwwwunwwu LW wnUuwuwwunwwl  hwnynieyniulbpnd: QptGet  pnnn
Swnwpnyutphlu (wnwghU hGpphU wubnUwwntple wGuwyutphU® ghhh, unth, EnNyw,
Gnuluh W wy) punpn2 E gunnn Unebph ($huiinughnubn) wnywjnipintup, npnup
odnjwd GU wdtlwywnsd dwdwluwywhwwnywénid nguswgul) onnd wnyw Jdwunkut-
phu: Swnwpnyubph Jh Jwul £] odinjwéd B ququwuwpnuwt b wnduwwpunwwl
hwuwnynpjntultpny:

Jdbpohu wybih pwl hwnnupudjw pwnwpewhunipjwl qupgugdwl puwgenid
Gplwunw unbnéyt] Gu quuwqwl wnhwh Ywlwg nubwpyubn, wnopwyutn no gpn-
uwjghutn, npnug JG6 Jwup Yuwywé Gu GnGp Unp pUuwyGih pwnwdwubph nu Jhy-
pn2npwllph, hUswbu Lwl thnnnguGph nL wnnnuwubph unBnédwu nu Ywnnigw-
wuwwndwl hGwn: Upryntupnud 1920, punwdtup 14.2 hw qpwnbgnwé Jwlwgs wnw-
pwéputph  thnfuwnbl, hGunwqund® uguwéd  1950-wlwl  pywywlutphg JGd pwth
unwgwsd  Yurenigwwwwndwlp  gniqwhtn Jwjpwewnwend  uinbnéybght unp Yu-
Uwswquwinn gnuinhubn nu wyghubp, npnugnud oguinwgnnéynid Ehu wybiih pwl 200 inbuwyh
6wn ni enuh’ Ubpdnieywéd  hjntuhuwghu Yhuwgunh  pwpbhuwnl  gnnne  wnwppbp
pnLuwwuwnhwgnwywu  nwpwdéwnswlltphg: Uwywju, punhwunip wndwdp nbnlu
1980-wywl pywywuutpht Gpliwu pwnwentd wnlw Ywlws wnuywpyutph qpwnbgpwé
wnwnwépp henne En pwdwpwp  hwdwpydbineg W jncpwpwtgnp pbwysh - hwpdny
Uhgwaguwihl gwihwlhzupny uwhdwlyws Unpdwihg: Awgh npwlihg, 20-nn nwiph Ytipghu
hwupwwbwnnieniunutd  unbnéywéd  Eubpgbnhy  6quwdwdh  dwlp  wwnphubphu,
puwysnijwl Ynnuhg Junbihph hwjpwjpdwl Uwwwnwyny wlbwhiwnbw Ynpniunn Ypwéd
wlwnwnwihu nuwntuntejwl hbn wudwul gduwght bwle Gplewuh ulwg tnuupyubpu no
pwnwpwutpd  wunwnwnipwyutpp® nrGyptwghnl  gninhubpp:  Upnyniupnud wipnbu
dquuwdwuh wyjwnunhu (1996¢s.) UGY puwysh hwyny Yulwswwwn inwpwépp Yndwnytg
hwultiny Upusle 4.5-5.0 U1, 4]:

Ynepe W dbpnn:NiuntdUwuhpniejwl opjblwn BU Swnwjb) Gpllwt pwnwpeh nwpptp tinhwh
U Jwwnbgnphwih Ywuws nuyuwnyutpp, npwugnud oguinwgnndywé gbnwqupn dwntpu nu pthtpp:
Ujn bwywwwyny Ywwnwpydty £t dSwnwpniubph tnwpunundhwywt Yuwgdh ghunwywu gnypwagpned®
unwghnuwn Gpeninwiht JdGennny: NwuncdUwuhpniginiulbpp Ywnwnpdbp Gu huswbu wnwUdhu
Jwpswywu 2nppwllbph wnwpwéputpnd wniw Jwlwg wnuywpyutpnud, wjuwbu £ Wunwpwyh
futninnwd, Gnwpiniph - wunwewnpuynud W Jh wpp wyp Julwswwwn  nwpwéplbnnud:
3nipwpwlgnin nbwenwd  wnwppbp  ubgnUwjhu  dwdyGunubpnd  Swnwpnyubphg  yGpgybp Gu
hGppwphnwdwihU Udnipubp® Gainbint npwlg nbuwywiht wwwnywubinientup: Wn bywnwyny
oglnwgnnédyt) EU hwupwhwjn npnphslbnpu nL inbnEywndwywl gpwywl wnpjniputnp. [6,8,9,11]:

Cunhwuntp wndwdp neuncdUwuhpneeiniultnh pupwgenid Gpliwl twppbp nhwh Yuliwg
wnuywnyuGpnud - wnw  Jdnin 160  Swnwpethwhu  wnGuwyutphg  yGpgptp Gup  Jdnin 100
hGppwphnidwjhu Udnubp W npnptp npwlg inbuwywiht wwwnywubneginitup: vYepgqwé udnplbpp
wwuwnywund Bu Aceraceae, Fabaceae, Fagaceae, Betulaceae, Buxaceae, Pinaceae, Rosaceae,
Solanaceag, Platanaceael. w)| puwnwuhpubph:

WnwudhUu Jwpswywl 2ppwulbpnd weiw Yuwlws wnuywnpyubph ybpwpbpwp nbntywn-
Jwywlu Uncebp dbnp BU pbpdbp Gplwluh pwnwpwwbnwpwlh wiuwwnwlywquh puwwwhwyw-
Untejwl Jwngniejnilhg:
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Upmyniupubn W pUbwpynid: UbpJwynudu  Gplwuh  wwppbn Junpswywu
onpwlliGpnd wniw  Ywuws wnwpwépubpp' UGpwnjw) punhwunp W uwhdwUwthwy
oquwgnpédwl, huswtu bwle hwwnndy Lpwuwyniejwl Ywlwy inulywnpyutpp uagund Gu
onng 6800 hw, wyn pYnwd 850 hw' punhwunip ogunwgnpédwl: UhUgntn Gpluwlp,
nluGLUwiny wybh pwl UGy Jhihnu puwyhg, nwudnid E 2w funpnp pwnweutnh nwupl W,
hGnlwpwp, JGYy pUwysh bhwpynd punbhwunp pwnwpewihu oqqunybdwh Yuiliwg
wnwpwéep, hwdwéwju punniujwé unwunwnuutph, wtwe £ waquh 10 J°, huy puwyth
gnunnd* 14u* Cunhwuntp oginwgnnpédwl hwdwn® 24 dz:bnuuﬂjh nthtdp 2w wuhwpe
E 9w wdtUwgwénwnhn YGunp guugnd £ 6ndh  Jwywpnuwyhg 900 J, huy
wJGUwpwpénwnhpp' 1350 J pwgwpdwy pwpépnigjwl pw: Cuwn Enpjwl, wjl
Swpwywjhu YUnyywuh wdBlwwphnwhu ppgwulbnhg E: Yhdwu fuhun gudwewhu £ W
Uhuwwlwwwwnwiht® pwgwnéwy Ujwquanuyu sEpdwunhéwuh (-28°C) W pwgwpawy
wnwytGiwanuh (+41.2°C) tnwwnwuntdp Yupnn £ hwult) punhniwy Uhugle 68-70°C-h:

Gplwunwd Ywlwg tnbywnpyutph punwindwynwdp, hugwGu bwle nEunpnywaqup unp,
pwnép qtnwaqunn Swnwpnyubpnd  hwdwiptp  swhwqwlg nddwp B Yuwdwd
Uhuwwlwwwwnwihu gnnnt fuhunn gwdwpwihtu Yihvwjwywl wwjdwulubph hGwn. 2ng,
gnbpt wbnnwuwagnipy wdwnUbph W 2w hwéwhu 6wl 26pnh  pwgwyw)nipjwdp
uwnUwdwUhpny  &dGnubph, gwépnpwy, ulbnwlnietpny  wnpwwn  hnnupbpunh
wuwwndwneny: Wuwnkn adtnutpp pun Enupjul Gpyne inhwh Bu. Ubpdwpliwnwpéwhu®
wnwp, Gpp pwgwpéwy Ujwquagnyu gepdwuwnpdwln sh hpunwd-5-10 (12)°C-hg W inhwhy
hjnLuhuwiht, Gpp pwgwnéwy Ujwquwanuu gEpdwunhdwup hwuunwd £ -20-25(28)°C:
Gpliwunwd npwbu Ywunu gbpwypnnud Bu tnwe ddtnUGpp® 10-15 twphu UGy ophUwswih
Utpwny hGppwihntuybing  whwhy  hjncuhuwht - ddteubpny:  Upnynienwtd  tnwiphubn
2wnniuwy EYyninghwywt wwydwuubpht hwpdwpywé wnwudht dwnwpnyubpp nguswuncd
W pwpehg nnipu B quihu(Cedrus deodora Loud., Metasequoia glyptostroboides Hu et
Cheng, Cupressus sempervirens f. pyramidalis Targ., Parrotia persica C.A. Mey luwyu):
Cunhwuntp wndwdp  Gplwu  pwnwep, quudGnd 6ndh  dwywpnwyhg 900-hg
(Lnpwqwdhe, Qunppwiu ) Jhugle 1350 U (Rwlwpetn, 2pytd vhypnpgwlilin) puwgwpdwly
pwnapnpjwl  uwhdwuutpnud, hhwundGuiphy Ybnbph Jhele Gnwé  wnwppbpnipniup
uwgqunuid E onpg 450 J: LJwu  ppwdhtwynwd  dlwydnpynud  BU npnwiyh
nGunpnypdwjwywt  wwydwlutn, npntn  wnwpptp wphuwphwgpuwywu - dwagnud W
wnwpunundhwywl  wwwywlubhnipjntu nlubgnn - Swnwpnyubpp plwywlwpwn
npulenpnud GU ng uWlwlwwnhw Eyninghwywt hwpdwpnnwiywunieniu: 64 ywwnwhwywu
sE, np pwnweh hwpwydwihu gwéspwnhn vhypnyhdwjwywl wwydwuutpnud® dhugle 1000 J
pwpanpnipjwl  Jpw  (CEuqudhe, EpbGpniup,  Uwjwphw-UGpwuwnhw,  YGUwnpnu),
Yuwlwswwwindwl Jdte hwunhwnn LEUupnpuwiljwU wiphghwl Ywd dGnweuwdwnp(Albizzia
julibrissin Durazz.) GwuwnUwywu hiEupu (Euonymus japonica L.), hhdwjwjwu Jwjphu
(Cedrus deodora Loud.), Swwnuwlwl fubdwihhéhu (Larix leptolepis Gord.) W wjlu, npnlp
npulnpnud U pwywnwp EYyninghwwu hwpdwnnnwywunce)nil, puwpanpwnhp upswywu
onswllbph (WJwl, Pwuwpebn-26jeniu, Lnp-Lnpp) Ywlwswwwwndwl Uty (Upusle 1200-
1300 J), Unyuphuy pniuwpwlwywl wigne (12004) ntunpnhwywpwséniubph Ywugunod
UWpJwsd W Jh 2wne w) onwpwéhu dwnwpnyubp pwgwywnud BU gwén dunwnhdwgyuw-
Unipjwl wwwndwnny: Rwnwewihu pninp yuwnswywl 2pgwlutph tnwppbp winhwh ne Y-
wntgnphwih uwlwg inuywpyutpnud Jbp ynndhg Ywwnwpywd nuncduwuhpneeinluutph pu-
pwgentd hunwy Gplnud E nEunpnywquh wyn wnwuduwhwwnynieintup® juwywd wnwu-
4hU Uhypn2pgwiuibnh Yihdwjwywl wwdwlutph hGwn:

Cuwn ybpghtu' 2017R. gnypwagpdwl nyjwiutnh, Gplwl pwnweh wmwpptn Jup-
swywlu oppwlilbpnd unbnéyb, GU Unp  wnuwpUubp no gbnwquwnpn  ogwhuubn, nph
wnnyntupnd punhwunip ogunwgnnpéuwl Juliwswwjwin inwpuwéep Ubpywinidu uagunud £
862 hw, wjn pyntd gpnuwjghttp W wnpwyubp® 213 hw, uhqudwngbn® 165hw, dwn-
Yuwjhu opwhuutn® 7,3hw, Ipwagnuuh Yhnpd' 248 hw L wunwnwnipwyutn® 228,6 hw:2quw-
thnpEu pwpGwyytp E nenguwl gwugp, punywjudb, W JGpwunpngyby Bu dnin 75yd
snwnnwpn  funnnwywwn, Unp wyndwywywjwuutn W pfunpewjhu  hnptp:  LepYwyndu
nnngUwl gwugh punhwunip Gpywpneeintup Yuadnud £ 2nepg 470Ud, huy nnngbih
nwnwéep' 517hw:Rwdwéwju Ubp Ynndhg 2017-2018pkp. uwnwnywé gnipwagndwl wp-
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nntuputph, Gpliwu pwnweh twnptp nhwh W Yuwwbgnphwh wuywpyutpned, wyn puncd
yeuwnpnuwywu thnnngutpnd W wnnnunwutnpnud (wjunpBlu ogunwgnpdynd BU- hGunlywi
Swnwnbuwyutnp. unuh wplbywu (Platanus orientalis L.), hwgtuh unynpwywt (Fraxinus
excelsior L.)h. wtUuhiwujwu(F. Pennsylvanica March.), unuh wdJdwnwihlu (Quercus
robur L.),pwpnh pnyth (Populus bolleana Lauche),nnphUhw Utnéwywghw (Robinia
pseudoacacia L.),nnphuhw Ytndwywghw qunwal. (Robinia pseudoacacia f. Compacta
hort.), undnpw Gwwnbwywu (Sophora japonica L.), f@nijw wnplduinjwl (Thuja occidentalis
L) W wjl: Qbnwaqupn pthwntbuwyubnhg (wju Yhpwenieintu nlubu wuwhpwyutpp
(Spiraea), undnpwywl Yhwpnup (Ligustrum wvulgare L.), Unywuwl upugbuhu
(Philadelphus caucasicus Koehne.),dnpuhghwl (Forsythia),6wwnuwywl pubundtbup
(Chaenomeles japonica (Thunb.) Lin.), Undnpwywu GnpliwUhu (Syringa vulgaris L.),
unynpwywl Ydnpunpp (Berberis vulgaris L.), ul. Yuwnytuphu (Sambucus nigra L.),
Upinwinwiwn nnuwhup (Buxus sempervirens L. ), gwhiwytnwultpp (Lonicera ), uwhwnwy
swuwyhu (Cornus alba L.), wplbywl YEuuwéwnp (Biota orientalis Endl.) W wyju:Gpghu
onng 50-wdjw wwwndnipjwl  pupwgend  Splwl pwnweh  Yuwlwswwwundwl
wnwywnhywnd punhwuncp wndwdp thnpdwnyyty £ wpnphgbUule Uspunudywé onepe 800
wnGuwyh dwnwpnyu [2, 3, 10], uwywu UGpYwyNWu wppBn whwh N YuwnGgnphwih
wnuywpyutpnud wénwd BU punwdtup 250-260 wnwytb] pwpénp hwpdwpnnwywunipiniu
gnLgwpbpwé gnwaqunn dwnbn nu ptp W npwug wwnunhquwihu k1, 5, 6, 7]:Uwnnpl
UGnyuwjwgyned BU Gpliwu pwnweh Junswywl 2ppwlliGnnud wnjuw Yuwliwg tnwnpwéplbnh
YGpwpbpwp wdthnth nduiuep’ punhwunctp nwpwéep, puwysngwu  pywewliwyp,
Julwswwwwn nwpwden, nengdwl guwugh wnbwnieiniup b dwdwiubnp, huswybu Lwl
wnLpwyutph, qpnuwjghubph W wyp punyeh uwuws gninhutph pwbwynieiniup (wn. 1):

Unynruwy 1.Ywlwswwwwn nwnpwéplbph pwpiujwénieiniup Spliwlncd
puwn Jwngwywl 2pgwlilbnh W nunnwahg gninhwywuntjwu
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Upwithljwy Uhlsl. 1000J 2582 109.3 40.11 33.2 5
Ugwu 1200U-hg pwpép 726 52.9 27.97 28.8 14
Upwpyhp 1000-1200U 1329 115.0 72.09 74.5 4
Qwypuwptl 1200d-hg pwnén 647 424 31.49 343 2
Epbpniup 1000-1200U 4749 127.8 20.6 19.5 2
Vwjwphw-Ubpwuwnhw 1000-1200uU 2516 1375 90.01 40.07 9
Lnp-Lnpp 1200d-hg pwnén 1411 131.7 65.2 35.1 23
LUnpp-Uwnpwy 1000-1200uU 476 11.7 151 14.8 1
UnLpwpwpbl 1000-1200uU 1724 9.8 4.83 6.4 2
Skuqwypp Uhupl. 1000U 4060 140.0 62.58 | 105.3 4
Pwuwpbn-26jpnLU 1200J-hg pwpan 773 74.4 44.76 14.3 4
Ykuwnpnu 1000-1200U 1335 125.5 49 50.1 18
Ipwanwlh yhpd - - 248.85 - 1
Ghétnuwywpbpn - - 103 15 1
CunwdJtup 22328 107,8 862 471,37 90

PEpJwé nyjwubpp yywynud Bu, np Gpliwit pwnweh YUY 12 Jupswywu 2npswl-
Ubphg wJtlwUtS wnwpwép gpwnbgund £ EpGpniupU’ 4749 hw, nph puwygnieniup
Jwagunwd £ 127800 dwpn: buy wdtUwithnpp wnwnpwép gpunbgund £ Lnpp-Uwnwp)
Jwpswywl 2ppwp' 476 hw inwpwédpeny® 11700 puwysnipjwdp:
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hus yGpwptpnd £ ulwswwwn inwnpwéplbphl, www wdtUwpwnap gnigwuh)
ntuh Uwjwpehw-Ubkpwuwnhwl® 90 hw Ywlwys tnwpwépny: Iwdbtdwnwpwn pwnép £ wn
gnigwuhpp Upwpyhpnud' 72,09 hw, Lnp-Lnppnd® 65,2hw W SGuquiyhpnd® 62,58hw:
Lwlwg inwpwépltpny wnpwwn Gu EpGpncupl® 20,6 hw, UWJwup' 27,97hw W Ywighpwt-
Up' 31,49hw: Ywlwg nuywnyutphg gnbret gnupy £ Lnpe-Uwnuwpp' 1,5 Thw W Lnpwpw-
2G6Up* 4,83 hw: Uudhuhpwn £ yhtwyp swihwquwlg fuhin puwybgywé Yeunpnu Junswywu
2nswiunid® 49 hw: Iwwnywlpwywl E, np ywlwy tnwpwéplutph 2nipg 40 %-p (351,85 hwi)
qpwntgunud BU 3Ipwgnuwuh yhpdu no GhébGnUwywptpnh hnpwhwdwihph JGpdwyw
qpnuwjghu: Ywlwg nuywnyutnh, wynipwyubph ne hwuguunjwu gnuinputph pUny wnwyb|
hwpniuwnp Unp-Lnppl E23hw, wjunthGunl YEUWPNUP* 18hw:

Cunhwupwgutbiny Gplwuh Julwswwwn  nwpwdpubpnd  wwywhnyywénigjwl
UGpwptnwy  gnigwuhubph - Yennwdnueiniup puin Juingwywl 2pgwiiibph,  Juinptih E
Ganwywgltb, np wnwlug pwgwnniejwl pninp nGwpetpnd £ wnw E Julwswwwwn
wnwnwéplutph nbdhghin: Iwdwéwju dhswqquiht  swithwuhpubph, uwhdwUdwé E, np
wnwnpbnp Wpwuwynejwl Jwuwg gnnputph wnGuwywpwn YPhep wtue £ |huh pwnweh
gpunbgnwé wnwpwodph ng wwlwu 40%-p, huy punhwlnp oguwgnpddwl  hwdwp
Lwiuwwnbuyws Yuiliws inwnwsdeUtnp jinupwewlgnip puwlsh hupyny® 21 U

Jwngwywlu 2nppwlutnh thwuwnwgh W wuhpwdbu Yulwswwwwn inwpwdputbph
hwJGdwwnwywu gnigwuhputpp pGpndwéd GU wn. 2-nud:

Unyniuwy 2.owunwgh W wuhpwdtn Julwswwwwn tnwnpwédputnh hwdtdwwnwywl
gnLgwluhputpp puin Gpliwuh Junswywu opgwilGnh

£
o
5 s
2 | 5 |
3 & 5 33
2 3 S 3
N 55 3 =5 ®
) 3 Ey 35 o
3 S 3 E Sa =
= = 2 5 g c
é: c 3 = ©
[y =1 =] B 3 =
3 3 3 32 5
E = = = 3
=] > 5 =
d 3 5 E‘
3 5
3
3 3
UpwithUjwy 2582 40.11 229.53 17.4
Ugwlu 726 27.97 111.09 25.2
Upwpyhp 1329 72.09 2415 29.8
Twypuwptl 647 31.49 89.04 35.4
EpGpniup 4749 20.6 268.38 7.67
Vwjwphw-Utpwuinhw 2516 90.01 288.75 31.17
Lnp-Lnpe 1411 65.2 276.57 235
LUnpp-Uwpwp 476 151 24.57 6.14
LUnLpwpuwpbl 1724 4.83 20.58 23.4
Stugwypp 4060 62.58 294 21.3
Pwlwptn-26jRNLU 773 44.76 156.24 28.64
Yklnpnu 1335 49 263.55 18.6

Un. 2-hg ywpq E nwnuntd, np Gpllwbih pninp yupswywl 2ppwlubph wwwhny-
Jweénipntup Ywuwg wnbywnpyubpny gunuyned £ ng pupyne yhdwynid: IwdGdwwnwpwn
pwpyne U UJwu, Upwpyhp, Mwyhpw2tl, Uwjwrphw-Utpwunhw W Pwlwpebn-26)jeniu
Jwnswywl 2ppwultnp, npnug wwwhnyywénieniup Yuwuwg wnuyuwpyutpnyg Yuaqunud E
25.2-35.4%: Uhghlu wwwhnyywénipintt ntubU UewithUjwy, Lnp-Lnpe, Lnipwpuwptl,
Stuquyhre ywnswywl 2pswultnp’ 17.4-23.5%:

Swjpwhtn dwun yhdwynwd EU wjn wnenwuny EnGpnibph W Lnpp-Uwnwy Jwnswywl
2ngwililibnp, npnug wwwhnyywénientup hwdwwwwnwuhuwlwpwn Yugdnwd BU 7.67% W
6.14%: Qbpéwupwptnuywé W fuhin puwybgywé YtUwnpnu  Jupswywl  2pgwilincd
punhwunp  ogunwgnpdUwl Yuwlwys  wnbwpyutpnd - wwwhndywénipjwl  gnigwuhpp
Unyuwtu gwép £ Yuagubiny puhwdtup 18.6%:
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WdthnthEiny Gpliwt pwnwienid Yuwlwswwwwn inwpwdpubph wnywjniejwl W puin

Jwpswywl 2upwliutph npwlg pwphujwédnieiwl Yyesnwptnwy yepindneeniup, Ywntih £
Ggnpwywguty, np punhwunp wndwdp Jwjpwewnwend W dwulwydnpuwbu wnwuahu
JhypnzpgwiilGpnud - wupwywpwn £ Julwswwwndwl  Jwywpnwyp:  2Qwithwqulg
dwinwhnghs £ yhdwyp EpGpniuh W Unpp-Uwnpw Jwnswywl 2ppwllGpnd W Lnp-Lnpg,
Stuquyhre ywnswywl 2pgwlitph npn Jhypn2pgwililiGnnid:

Ujn hwugqwdwlpp wuhpwdtown £ hwyh wnUbp dninwyw 3-5 tnwphubph hwdwn

Jwlwg wuywnpyubph JGpwywnenigdwu W Gplwuh  Julwswwwndwl  qupgwgdwl
Spwahp dawytihu:

Ne)

11.

aruvyuuniE@3nru

dwpnwlywl d.3., Quupywu Q.U., Qppgnpwl U.U., Quyuywl Sni. &. QGnwaqunn
Swnbp W phtn Ywlwswwywwndwu hwdwp, Gplewu, 361 kg, 2015:

Swpnepynilywl Lo, Ywlwswwwnynn opjtyuinubph bwhuiwgddwl hhdniuplbpp, Spliwl,
265 kg, 1977:

Apymionan JI.B. IHTpogyKIus APEBECHBIX B APMEHHIO METOJOM 9K30TOB-HHAUKATO-
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DETERMINATION OF THE SPECIES COMPOSITION OF THE
DORMOUSE FAMILY (MYOXIDAE) OF ARMENIA THROUGH
GENETIC ANALYSIS
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Scientific Center of Zoology and Hydroecology NAS RA
hayk.s.mdd@gmail.com

In our previous articles we have mentioned about the fact, that the family of dormouse
(Myoxidae) is the least studied representatives of rodents not only in Armenia, but also throughout
the region. In 1954, S.K. Dahl presented only two types of dormouses, namely edible dormouse
(Glis glis) and forest dormouse (Dryomys nitedula) for the Armenian Mammal's Fauna, but later
our scientific group disocovered and described species which had never been described before, the
garden dormouse (Eliomys quercinus).

In this article the goals, methods and results of cytogenetic research on representatives of
the dormouse family are presented. The research was conducted in the scope of grant with the
Institute of Zoology of the PAN in Warsaw.

Rodent group(Rodenita) — dormouse family (Myoxidae) — edible dormouse (Glis glis) — forest
dormouse (Dryomys nitedula) — garden dormouse (Eliomys quercinus)

Utn Lwhunpn hnnjwéubpnud JBup Lot Bup, np pUwdyubph puwnwuhep (Myoxidae) Yndnn-
ubph Yungh (Rodenita) wJutUwehs nLuntduuhpywé fudpGphg JGYU £ ng Uhwju Iwjwunwuncd, w)) bwl
nne wnwpwswppwluncd: 1954 p-hu Ywip, Iwjwunwlh YwplwunlUbph  $wnwyh  hwdwn,
ubpywjwgpt) £ puwdyutph 2 nbuwy® J6& pbwdny (Glis glis) W wuwnwnwihu puwdncy (Dryomys
nitedula), pwyg wybh np dGp ghrwywl hunwdpp hwnUwpbpby W puniewgntp £ Jhug wyn
spunLewanpywé inbuwy® wigne puwdney (Eliomys quercinus):

Uju hnnwénud Uepywjwgynid BU 3wjwuwnwuh Swnibwih puwdlutbnh puinwuheh (Myoxidae)
uGpywjwgnighsnh  pppwgtubnnhy  hGuwgnuinieinilubph Lwwwwyubpp,  dJGennutpp L
wnryntupubnp, npnup hpwywluwgyt) Gu Jhwulwywl gpwuwinh 2ppwuwyutpnud  Lehwuwmwuh QU
YEunwuwpwuntEjwlu huunhwnntinh hGn hwdwwintn:

Undnnltinh Ywpq (Rodenita) — plwdlyulinh puunwlpe (Myoxidae)— Ut puwdncl (Glis glis) —
wlnwnwihU puwdncl (Dryomys nitedula) — wygnt pUwdncl (Eliomys quercinus)

B Hammx OpeaplaynuxX CTaThsIX Mbl YIIOMHHAIH O TOM, YTO CEMEHCTBO coHeBbIX (MyoXi-
dae) sBIsIeTCSl HAMMEHEe U3YUCHHBIM MPEICTaBUTENIEM CPEIH IPHI3YHOB HE TOJBKO B APMEHHH, HO
u Bo BceM pernoHe. B 1954 r. C.K. [danp mist dayHbl apMSIHCKMX MIICKOIMTAIOMINX MPEICTaBHII
TOJIBKO JIBa THIIA COHEBBIX: cOHA-TIOYOoK (Glis glis) u necHas const (Dryomys nitedula), Ho mo3xe
Hallla Hay4YHas rpymnmna 06Hapy>x<1/ma " omnucaljia BUN, KOTOprﬁ paHE€C HUKOrJa HE OIUCBIBAJICA —
canoBas cons (Eliomys quercinus).

B sToii craTthe NPEACTABJIICHbl LEJIA, METOAbl U PE3YyJIbTaTbl HUTOTCHETHUYCCKHUX HC-
cIeI0BaHUM MTPeICTaBUTENEH ceMEeNCTBA COHEBBIX, KOTOPBIE MBI ITPOBEIM B paMKax rpanra ¢ Muc-
TutyToM 300J0ruu [IAH B Bapmiage.
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Ompsio epvicynog (Rodenita) — cemeticmso conesvix (Myoxidae) — cons-nonuok (Glis glis) —
necnas cous (Dryomys nitedula) — caooeas cons (Eliomys quercinus)

As we have mentioned in our previous articles, the family of dormouse
(Myoxidae) is the least studied representatives of rodents not only in Armenia, but also
throughout the region. In 1954, Dahl presented only two types of dormouses, namely
edible dormouse (Glis glis) and forest dormouse (Dryomys nitedula) for the Armenian
Mammals' Fauna, [1]. Later, our scientific group disocovered and described by using
qualifiers, the garden dormouse (Eliomys quercinus), about which we periodically have
mentioned in our previous articles [2]. It is well-known, that the standards of the species
are typical for the biological species (morphological, physiological, geographical,
ecological, biochemical, genetic and other). However, no one of these is absolute and in
order to attribute specimen to one or another type it is necessary for specimen to comply
with all standards of the kind assigned to it. That is the reason that in the scope of joint
grant, our scientific group decided to send the representatives of the dormouse family
(Myoxidae), which were hunted according to the license given by the Ministry of Nature
Protection of RA, to the Institute of Zoology of the PAN in Warsaw. In the institute the
samples with local specialists were undergone cytogenetic research. The cytogenetic
researches pursued 2 main goals:

1.Genetically confirm the existence of 2 types of the dormouse family in nature of
RA, described for the Armenian Mammal’s Fauna, which are edible dormouse (Glis glis)
and forest dormouse (Dryomys nitedula)

2.Genetically confirm the existence of the third type of the dormouse family in
nature of RA, described for the Armenian Mammal’s Fauna, which is garden dormouse
(Eliomys quercinus) described by our scientific group.

It necessary to mention that the cytogenetic research has never been done before
on the representatives of the familiy of dormouse of the Armenian Fauna and in essence,
the mentioned work itself is a scientific novelty.

Materials and methods. Works were done with interruptions (from 2011 to 2013) and
resumed in 2016. During the mentioned period traps and peters were used in order to hunt, fix and
mark the animals. The samples of animals prepared, numbered and fixed by us in the field
according to accepted standards. Samples were stored in 70 % ethanol solution. In order to decide
the accurate affiliation of the type of the numbered and fixed specimen, we used DNA barcoding
with our colleagues from the Institute of Zoology of the PAN in Warsaw. Cytochrome C oxidase
subunit | (hereafter COl) gene received from the tissues of the sampled specimen has been
subjected to a singular analysis [3], and the received digital code of the gene has been compared
with the other samples’ digital codes available in the international database with the BLAST
(Basic Local Alignment Search Tool). As a result, we have confirmed the species affiliation of the
specimen.

Results and Discussion. In total 31 collected and fixed specimen was taken to the
Institute of Zoology of the PAN in Warsaw for cytogenetic research: 10 of which were

preliminary characterized as Edible dormouse (Glis glis) by us through morphometric
DETERMINATION OF THE SPECIES COMPOSITION OF THE DORMOUSE FAMILY (MYOXIDAE) OF ARMENIA THROUGH GENETIC...

measurements, 18 of which as forest dormouse (Dryomys nitedula) and 3 of which as
garden dormouse (Eliomys quercinus). Unfortunately, after laboratory analysis of 31
samples, COI the digital code of the mitochondrial gene has been received only from 23
samples: 9 edible dormouse (Glis glis) and 15 garden dormouse (Eliomys quercinus). It
iS necessary to mention, that there is always a chance to receive a negative result. The
reason for the negative results can be any mistake made during any period of the work
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process either in the field (sample taking and fixing) or in the laboratory (separation of
DNA, PCR realization, sequencing). For example, it is not always possible to keep the
right portion of the 70 % ethanol for the sample keeping and in the laboratory the
reasons for mistakes are too many. For example, not enough amount of DNA or primers,
lost of DNA in the cleaning phase, wrong thermal parameters of the PCR reaction, etc.
The digital codes, taken during the sequencing of the cytochrome C oxidase subunit |
(COI) of the mitochondrial genes of 23 samples, later at computer processing stage, were
compared with the other digital codes available in the international database. The results
are the following.

Table 1. The results of the cytogenetic study of the family of dormouse

Type _ Identification
Min Max
Edible dormouse - Glis glis Linnaeus, 1758 88% 99%
Forest dormouse - Dryomys nitedula Pallas, 1779 86% 98%

As we can see in the table above, the maximum results of the identification of the
edible dormouse (Glis glis) and forest dormouse (Dryomys nitedula) are accordingly
99 % and 98 %, which is pretty much high indicator.

As we already have mentioned the cytogenetic research was aimed to: ()
genetically reconfirm the existence of 2 types of the dormouse family in nature of RA,
described for the Armenian Mammal’s Fauna, which are edible dormouse (Glis glis) and
forest dormouse (Dryomys nitedula); and (b) genetically reconfirm the existence of 3rd
type of the dormouse family in nature of RA, described for the Armenian Mammal’s
Fauna, which is garden dormouse (Eliomys quercinus) described by our scientific group.

As a result of our research, we were able to accomplish only the first objective.
Due to some reasons, we were not succed to get COI mitochondrial gene of garden
dormouse during the experiments, which was described by us earlier. Now, we discuss
the possibility to resume our experiments with our colleagues from the Institute of
Zoology of the PAN in Warsaw. However, although we could reach only one goal, this
work has a big scientific value, because the representatives of the family of dormouse
(Myoxidae) were subjected to cytogenetic research for the first time.
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B TAMATD O 3BAMEYATEJIbBHOM YYEHOM

3aMmeuaTenbHbIl apMSIHCKHH YyYEHBIii-
Mukpobouonor Buner NapernroBina Hukorocsa
pomuiics 16 urons 1932 r. B EpeBane. OkoHUNB
B 1951 1. EpeBaHCKYIO CPEIHIOIO IIKOIy WM.
26 Kommuccapos, oH noctymnaer B EpeBanckuit
CEIIbCKOXO035IICTBEHHBI MHCTUTYT Ha (aKyJib-
TeT BUHOIPAAapCTBa U IIJIOJOBOJACTBA, KOTO-
pBIi ycnemHo 3akaH4uuBaeT B 1956 r. MIMenHo
B roJisl yueObl GOpMUPYIOTCSI OCHOBHBIE Hayd-
Hele wuHTepecsl B.I'. Huxorocsna, mnpen-
OTIPEJIENMBIINE BCIO €r0 JAIBHEHIIyI0 TBOp-
YEeCKyIo Cyan0y.

Cpazy mocne OKOHYaHHWS HWHCTHUTYTA
Hukorocsa B.I'. mocrymaer mHa paboty B
HayuHo-uccnenoBarenbCKuii MHCTUTYT BHHO-
JIenus, BUHOTPaAapcTBa M IUIOAOBOJCTBA B
KayecTBe Ipernaparopa, 3aTeM JabopaHTa B
oTIeNe MHUKPOOMOJIIOTMH U, HAaKOHEl, 3aBe-
JIYIOIETO My3€eM KyJIbTyp MHUKPOOPTaHU3MOB.

B 1961 r. B.I'. HukorocsiH npuHuMaeT npuriamienue akajgemuka J.I". Adpuks-
Ha ¥ mepexoauT Ha paboTy B MHcTuTyT Mukpoononorun AH Apm.CCP. 3xech oH mpo-
paboTtan 6e3 Masoro 55 neT, oT JJabopaHTa JI0 3aBEIYIOIICTO 1adopaTopueii.

[lepBBIie camocTosITENBHBIE HAYYHBIE TPY/bl YYEHOTO OBLIM IOCBAIICHBI H3yUe-
HUIO BHJIOBOTO cocTaBa JHmaiHukoB ApmMsHckoir CCP u nx Mukpodiopsl. B mepuon ¢
1963 o 1967 rr. B.I'. HukorocsiHom ObLIO BBIIBIEHO 00jee 95 BUIOB IUIIAHHUKOB, U3
KOTOpBIX OKoslo 30-TH, Mpom3pacTaromux B ApMEHHH, ONMCaHbI Brepsbie. [Ipn sToMm,
HEKOTOPbIE POABI W BUABI JHWIIAHHUKOB OBIITM WM ONMCAHbI BIIEPBBIE HE TOJBKO Kak
npeacraButenn ¢iopsl Kaskasza, Ho u CCCP B nienmom, B ToM uncie HoBbIH Bux Derma-
tocarpon cineritectum Nikog.sp.nov. ITo pe3ynbraram 3THX HCCIIEAOBAHUM yUESHbIH My0-
TuKyeT 6osiee 15 Hay4YHBIX TPYAOB, YacTh M3 KOTOPBIX COXPAHUIM CBOIO aKTyalbHOCTh
10 HACTOsIIEe BpeMsI.

B 1967 r. B.I'. HuxorocsiHy Obuia IprcBOCHA y4eHas CTENEHb KaHAuaaTa Ouoso-
THYECKUX HayK.

Jansreitmme padots! B.I'. HukorocsiHa 6putH MOCBSIIEHB! (PU3HOJIOT0-ONOXUMHU-
YEeCKUM OCHOBaM MHTeHcH(uKammu Ouonormueckoil (ukcanmy atMmocdepHOro aszora
MTOYBEHHBIMH OJINTOHUTPO(GWIBHBIMA MHKPOOpPraHU3MaMu. B wacTHoCTH, MM OBIIM H3Y-
YeHBl pacmpocTpaHeHue, gpusnonorndeckne ocooennoctu (1974 r.) m BUOOBOH COCTaB
(1976 r.) oMUroHUTPOPUIEHEIX MHKPOOPTAHU3MOB B TIOUBaX APMEHHH U TIOKa3aHBI COC-
TaBbl CHHTE3HPYEMBIX IMU aMHHOKHCIOT (1976 1.).

Oco00oro BHUMaHUS 3acayXuBatOT padotel B.I'. HukorocsHa, mocBsIIEHHbBIC UC-
CJICZIOBAaHUIO CBOOOJHOXHBYIIUX a30oTdukcupyromux Oakrepuii. Tak, B 1981-1982 rr.
Y4€HBIM OIYOJHMKOBAaH Psii OCHOBOIIOJIATAIOIIUX TPYJIOB O MHKPOOHOIOTMYECKUX IPO-
Leccax Kpyropopora a3ora B [o4Bax B paiioHe 03. CeBaH, pacrpoCTpaHeHUH CBOOOHO
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KHUBYIINX a30TQHUKCUPYIONINX OAaKTEpHi B PAa3IMUYHBIX MOYBAX APMEHHMH, UX 3KOJOTH-
YECKHX M OMOJIOTMUECKNX CBOHCTBAaX, OCOOCHHOCTAX OMpEeNICHHS K OCOOEHHOCTAX OII-
peneneHnss ¥ JTUHAMHKE IPOSBICHUS HUTpOreHa3HoH aktuBHOcTH. B.I'. Hukorocsaom
OblTa yCTaHOBJIEHA a30TUKCHPYIONIas akTHBHOCTE KyabpTyp Azotobacter chroococcum,
MOTy4EHBl MX HOBBIE MYTaHTHBIC IITAMMBI, pa3paboTaH METOJ CENEKIHMH AKTUBHBIX
KyJIBTYp alleTHJICHOBBIM METO/IOM U 110 001IeMy a30Ty. B manbpHelem 3tu paboThI j1er-
JI B OCHOBY ITOJTy4eHUS S(PPEKTUBHBIX OHMOIOTHUECKHX CTHMYJISITOPOB POCTa CENBCKO-
XO3SIMCTBEHHBIX PacTeHHH, a 1Mo ux pesynbraTaM B 1999 r. B.I'. Hukorocsany perienuem
CneunanusupoBaHHoro coera Muctutyta mukpobuonornu HAH PA mpucyxnaercs
yueHasi CTeIeHb JJOKTOPa OMOJIOTNYEeCKUX HayK.

[TeITIMBBIA YM U CTpeMIIEHHE K HOBBIM 3HAHWSM, NMPU3BaHKE K aHAM3Y U 0000-
LIeHUI0 MaTepuaia Bceraa otaudanu B.I'. HukorocsaHa, uTo mo3BoamiIo eMy cTaTh aBTO-
POM MHOTHX PaIMOHATM3ATOPCKUX MPEUIOKEHIH, n300peTeHnid 1 okoao 100 HaydHBIX
TPYZIOB B 00JIaCTH MUKPOOHOIOTHH ¥ OMOTEXHOJIOTHH.

B.I'. HuxorocsiH mpuHAMaN akTHBHOE Y9YacTHE B MOATOTOBKE HAYYHBIX KaJpOB,
SBISISICE WIEHOM JIMCCEpTAI[IOHHOTO COBETa MO0 MHUKPOOHOJIOTHM U OHOTEXHOJIOTHH
HIILT “Apmobuorexnomorus” HAH PA.

MHororpanHas Hay4HO-OpraHu3aTropckas aestenbHocTh B.I. Hukorocsna otme-
YeHa MHOTOYHCIICHHBIMU PaBUTEIHCTBEHHBIMU HArPaJgaMHu M TOYETHBIMUA T'PaMOTaMH.

Bricokast spynunusi, Hay4dHas IIENeTHJIbHOCTh, HEOOBIKHOBEHHAs] OTBETCTBEH-
HOCTb, 00513aTEIBHOCTD U B TO K€ BPEMsI HHTEJUTUTEHTHOCTD, JOOpO’KeIaTeIbHOE U TaK-
TUYHOE OTHOIIECHHE K JIIOJSM JIEKAIH B OCHOBE 3aCIIy’)KEHHOTO YBa)KEHUS U aBTOpPHUTETa
B.T". HuxorocsiHa cpey KOJUJIET.

Caetnast mamats o Bunene ["apernnoBrnde Hukorocsiae, 3aMedyaTeIbHOM YeJIOBe-
Ke, yUuTele, yYeHOM HaBCerJa COXPAaHHTCS B CEpALaX €ro y4eHWKOB, KOJUIET, ApY3eH,
BCEX, KTO 3HAI ¥ paboTaj BMECTE ¢ HUM.

Konnexmue HIIL] “Apmbuomexnonoeus” HAH PA
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