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EtcOo dzj ded® detytf 5 yed QezO. 1 0 hdese ] ssMmistetsjddwy B
syjdeSd ftoddz dew dz 3j stsH f tsfypdzj Hise Olsj dz' dgr = ff ted B dzgd
d fdkkzyj dd Oomddkflstsisdyj MEoOw tyj SO0 dO dzj Ctlstst
tcOQo dzatso j Mdw . dzj bsfigzte R Wizfe0® tyj 2¢O f sHIse jtey HOJjIs wo
dzj flsts?2 ydo ts@ ts f sdztsy § deqd v tcOo dzgtso j ipd W . 1 sdzlz yj d
s Oted W BJ Ui MS IR §d Mse dO@ HJZOBISE fdmlsj dr
LOHjtYCO tojh jdedw.

Abstract.Examines a system of singularly perturbed differential equations with logarithmic
poles that possesses an equilibrium point. The stability of this equilibrium is lost at a certain value of
the slow variable. The phenomenon of delay of the solution afteygbef stability is investigatéd
namely, a situation in which the trajectory remains close to the unstable equilibrium for a finite time
interval. To carry out the analysis, the system is transformed into a complex form, which makes it
possibé to reduce it to an integral equation of a special type. Based on constructing a domain in the
complex plane and applying appropriate estimates through the method of successive approximations,
the existence of a solution is established and an asympstititage is obtained on a segment where
the equilibrium is partially unstable. The obtained estimate confirms the presence of the delay
phenomenon of the solution near the unstable equilibrium. The results refine the understanding of
how logarithmic polesifluence the system's dynamics and describe the region in which the delay of
the solution occurs.
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velocity inverse transport probl ems, since tFl
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sjrndtsdzsedu MEdds o ddi3zh j-Msesgdas @d geh hisOn dajziedd §
¢ dzv dzqd, ¢ s @ ¢ W siflskOddyddzls Oz W o dzv 8 Is fyw d dzls j§ dzfnd o dz
fsmdzj HizeE h OW B MisteOW WhsSkzdyydwy, BdEZOEtHO®B)Y, dn
ysts fsLotdvjls YsttkqesesOls! Bwd hdj Sdsf:w
LOGW L dgj dedWw otsH' d BMOHSCO f(tod dzj dL d3j dedetsfylsd My
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SYSTEMATI C ANAAIYiSé Bl. OIBPECI ES AND CONTEMPORARY
OF THEI'R USE (BASED ON REGI ONAL FLORI STI

EBabay.evaORCI-D0 48 7@K 6 , Ph. D.S;t aNeaek FUmmh ivears i t
Nakhc,€Aizevamsaai analadligymas a m

dgRUU[ [ OUuRrRY [ thg DY RNRT [Art enli.si a
R 101 (¢)J] rwmrEg) [[ 2?21 101RC
(1o Jfarv Ll traRrRL1OfP13IM AJJIRHUURY[HSRM Rub]

E1 OBOjORCLD:-00#BI¥® 7¢6Q dzH . B ( ts dz. zZokz¢, 1 0my
CsMizH OtcMise jdzdz" 2 Ekdzgdo jtcMmdlsjsaf cgr aglObhywe otz 9 b @

Abst. rTeheet art <cl e presents an anal ys s of

character st c¢s, and ut | zat Amt ednhireddasomnsbo:
the flora of the Nakhch van Autonomous Republ
| terature rev ew and f eld nAretse migait b elheng
the fam Iy Asteraceae, s represented by 15 s
Republ «c, antd ct hel as ssyfstceamma on has been <cl ar
wor mwood spec es asbemwerd ncg,nafl gr agses,e nfporoadd,u os ph g
pl ants was evaluated, and the r mult hffumetsuon
conf rm that sped eamasveh st gen demwasnt sc ent f
econom c mportance n the Nakhch van Autonom

¢ dzdzts Is @ tpdsVO.dz0 dzd Undfthtsg) @FRIs d yi M d2 MesMmMisOe, 1 € 5k
dzOf tc O9 dzj dzd W dmy sdz' L he ®degnll s fo@frHf doots fn) lictis@ @Y dzdz" -~ €
1 02 dyj @ Odzm € 52 ¢ 9 Is ts dats dzdats 2 td Mz dzd € d, dzO ts
dgmimdzi Hse Odzd?2. 16 tojLkd SOOR GBLStO ddlsj tcOlskts
tcsArteni.igj dgj 2o Or icganlsOodzj dz dzO Isjtetedlsstcdd
odqHOMB], Ekbtydy z06 dn MdMlsj BOdyYj MCoOw §azOmmdw d
dmf sdz' L s Odzd j CoOfH tsdzj COmedrIsdad] dzdz" - , LW dtetsd3OMmdzd yck
f tow-@asts ZOIsdyj MSdn, CtecOfmwh dn d MBsdzdmisr =7 t©OMIs|
Bdes e sW zdzC ydtsdzOdzd dz" di3d d ¢ jtemtf j CIsdoe dz" d3qd . tdLikd
Art enmi.ddzjas Is o Oy detsj L dzOy j-diddfy dzjSHCE o OHsqewz! @O s R dettc OB
fteOClsduj MCtsets AtsLw2Mmise j dzdesets fted s dzgj dzgdv o | O~

Key woArdtsemi sy st emat ¢ analys s, med ¢ .nal p

S dz¢ yJ dndzgsoAx t e mimg(imds j BOIsd uj Mcd2 OdzOdzdL , dzd ¢
L WdtesdzOMmdzd ydzr § twWOMIsj dedw, §sdzjL de § tOMmlsj dedw

The Nakhch van Autonomous Republ ¢, charact
c | mat e, and ar d ecolog cal cond t ons, poss
One of the plant fam | esn w hteh fal orr ac ho fs pNeack hecs
AsteraceaePBeslkchtThes fam |y s cons dered on
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advanced among d cotyledonous pl ant s n terr
Ast erfaamaley nclude annual, b enn al, and per

the fam |y are ma nly d str b-desdrt nl ape&sang aps
nd cates the r ©Onghodcohegl aabegpltaandcmbygt p
Aster aceaeAr tse mihselA agoema st he x &reoplpyhtytc campd asnd m
the reg onhe sgolencueersiasdda @ w de range of d str
capaWonrmwood spec es play a key role as major

semesert, and footh || | andscapes of Nakhch
eros on, conserv ng b od vers tygamanAr themins ina
spec es serve as ecolog cal nd cator plants
format on. The flor st ¢ r chness and natur al

observat on ofandcheeamwlrpd odalg calt aimi $hayefodr d
d str but on and ut Arteainsdh eadpdeoatas odf Ntarkeh cch
the focus of Asmoreqtudefculr eleartcsh,, Apé¢ e né s Glael c
of part cul ar mportance. Based on numerous s
that spec es of th s genus are ubear arsg ,medy &,
produc ng, and s@ctcer pdtand s .c drhfesrer dthdawp sriud ¢ s f
and the r h gh econom ¢ and sc ent f ¢ s gn f

o -blear ng, and forage plants.
Material and research met hods
Il n the course of the study, generally accep
met hods, as wel | as phenol og cal observat ons
|l terature sources and empvestabatdaoms owe @ae ne
objects ncluded var ous ‘terr tor es of t he

bel ong ng Atrd etidileni giehneusst udy ar ea, Adratteamniosnh awpe c
been repomumidelr noer at-uf@3]sources [ 3

|l dent f cat on of spec es and <clar f cat ¢
fundamental f1| orl osta o fwRArzdersabsaifd g fasMC aMhs @ s u ® vV «
Pl ant Wor |l d oa moAzde2cbtald g rash]

Recent taxonom ¢c updates were conducted b
(https:// about . vindrtlpdsf: |/ d rpaoomol; hstrcte pesnirc/ge/. wwewmv . oprng /. 0

Di scussion and conclusions of th

In the flora of the Nakhchivan Autonomous Republic, species belonging to theAgesmssia
represent one of the economically important groups of plants and play a significant role. Based on
the analysis of literature data and original field research materials, 15 species of thargamissa
L., belonging to the familyAsteraceae have been recorded in the territory of the Nakhchivan
Autonomous Republic. The systematic analysis of the species belonging to this genus is presented
below.

Fam:Asteraceadercht. & J.Presl, nom. cons. (= Composi&seke, nom. cons.

GenusArtemisial.

Sect.1 Artemisia

1(1) Artemisia vulgarid_.

1(2) A. abrotanundi.

1(3) A. chamaemelifolid/ill.

1(4) A. armeniacd.am.
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1(5) A. splendenyVvilld.

1(6) A. austriacalacq.

1(7)A. absinthiundL.

1(8) A. incanaDruce.

1(9) A. nachitshevanic®zazade.
1(10)A. fragranswilld.

1(11)A. lercheanaNeber ex Stechm
1(12)A. fasciculataHook. et Thomson ex Hook
Sect.2 DracunculusBess.

1(13)A. scopariaWaldst. & Kit
Sect.3. Seriphidium Bess.

1(14)A. araxinaTakht.

1(15)*A. dracunculug..

Med ¢ nal plants d str buted n the flora ¢
n a comprehens ve manner by botan sts, phar
cl n cal spec al sts, and tahescr eagplf acatbasn s
Among these plantArt eampiesb@bonfy hAet @reanahmsaEya ma
spec al place due to the r med ¢ nal s gn f ¢
th s ghenmusthwe tfl ora of the autonomous republ
relat vely w de[lJr,.ange of d str but on

Recent sc ent f ¢ stud es nd cate that res
gr eat nt er est n tAetemiveilssndgatvenach thedge
th s f eld. Notably, the pharmaceut cal prepa
d seases, was developed based on Ahtempsinmaesn

The nvest gat on ofArtkeedi afsalecz ®&ts an spot dnt
t he autonomous r epuibslucch ans vsapr coeu sp lda nrtesc,t noends

med ¢ ne, appl cat ons n cosmetology and | g
fal ong hwe tassessment of the r natural resource
of current research. Wor mwood spec es are chart
mortant chem cal compounds such as terpeno ¢
reason, the ant ox dant, ant paras t c, ant n

th s genus have been Thepsehens vaehge olvewodr m
plants has been noted Amtamiwsmmlew rdadglrgamdsest r f |

var ous reg ons of Azerba jan, s used as a f
ed f cator (dom nant) rol e n the format on o

I n the upper mounta n belt surround ng Payeé
Autonomous Republ ¢, plAantegpiriseédiaoom gn antge t on ttheer
reserves. The essent al o |Is obta ned from th
the r pl easant and spdbef susamaomable deaedop
economy and agr cultur al sectors necess tate:
nclud ng EBEesefuh 9| aotpose, speacteswieb éhosntgu dn ¢
nd v dually, and t was determ ned that repr
groups accord ng to the r ut | zat on d Arect

absint Al.unscopand austesaemearalng plAantfsr,fAgmalns
armeni aastnad chamaemsepetoebsaof techA.cdlraghpast g
arenarwha |l e thosd ulAred basAnspmtoagdmrdhdcadurfFulgus e
2) .
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Figure2. Artemisiachamaemelifolia

Spec es belondrngmirel wlhestgemws shed both by

natur al reserves and by the r chness of the
of these spec es has not yet been stud ed n
presenof sesqu terpene | actones, coumar ns, at
the genus, wh | e the quant tat ve var ab | ty
factors has also beenl tsomper dhems wne ltyh atn wvdeusrt 1
the 20th century, a s gn f cant proport on o
country were +sdarsewdeprferpamapg! amts. Dur ng t hat
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Art emiA.{ aabs,Ant Ao ma c,o pdard vau)l gverries ncl uded n
|l sts as off [43]l.1ed ¢ nal pl ant s

Among the pr nc pal act Aret ecdipspioanest ssesaqu
| actones occupy a prom nent pl ace. I n add t
compounds, tann ns, flavono ds, coumar ns, oOfr
Some spec eArpvémipentpeauelsdrsiiya Ldr, acauwrnec u udse | y
food ndustry. When added to d shes, th s sp
contr butes to prolonged shelf | fe of food |
vhuabl e due to the aromat ¢ propert es of the
A. dracuncusl unsa nly used fresh as a flavor ng
been dent f ed by us as a med ¢ nal plant po
Table
CLASSKFKCATKON OF USEFUL TYPES OF WORMWOOD FLC
— —
Species name é -§ % _g 5~-§ S S L% a
s W= a =
Artemisia vulgaris + + + + +
A. abrotanum + + + + + +
A. chamaemelifolia + + +
A. armeniaca + + +
A. splendens + + + +
A. austriaca + + +
A. absinthium + + + + + + +
A. incana + + +
A. nachitshevanica + + + + +
A. fragrans + + + + +
A. lercheana + + +
A. fasciculata + + + +
A. scoparia + + + + +
A. araxina + + +
A. dracunculus + + + + + + +

The analysis of the presented table indicates that species of theAgemsiadistributed in
the flora of the NakhchivaAutonomous Republic possess diverse directions of use in economic
activities and traditional medicine. The majority of the species are characterized as essential oil
bearing and medicinal plants, which demonstrates that wormwood species are rich iicaiiplog
active compounds and play an important role from a medical and pharmacological perspective.

As shown in the table, the essentiattmlaring property is observed in almost all spedfes (
vulgaris A. abrotanumA. absinthiumA. dracunculusetc.). At the same time, many species are used
as medicinal plants, with this characteristic being particularly pronouncéd absinthium A.
vulgaris A. dracunculusandA. abrotanum These species are well known in traditional medicine
for their effects on regulating the digestive system, as well as for theimBathmatory and
antiseptic properties.

Resinproducing characteristics are mainly typical of certain speddesabrotanum A.
splendens A. absinthium A. nachitshevanicaA. fragrans A. fasciculata A. scoparia A.
dracunculu¥, indicating the potential for their use for industrial and technical purposes. The number
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of species with dy@roducing properties is relatively limited and is mainly observéd abrotanum
A. absinthiumA. nachitshevanica. fragrans andA. dracunculus

Based on the data presented in the table, some species are also used as food and spice plants. |
particular,A. dracunculugtarragon) and\. vulgarisoccupy an important place among food and spice
plants. In additionA. absinthiumandA. dracunculusstand out as multifunctional species used for
food, spice, and medicinal purposEsrage value is mainly characteristic of certain species, and this
property has been recorded fAr vulgaris A. absinthium A. nachitshevanicaA. fragrans A.
fasciculata A. scoparig andA. dracunculusThis indicates the importance of wormwood species as
supplementary forage resources for livestock under arid anddesmit conditions.

Overall, the analysis demonstrates that species of the getersisiacan be considered
universal and promising plants in terms of their utilization potential. Their essentla@asihg,
medicinal, forage, food, and spice values confirm that these species possess significant potential for
both scientific research and pti@al economic use in the Nakhchivan Autonomous Republic.

To more clearly illustrate the economic and scientific importance of wormwood species, the
utilization directions ofArtemisia species were summarized and analyzed based on percentage
indicators. The diagram compiled for this purpose reflects the distributidkrtemisia species
occurring in the flora of the Nakhchivan Autonomous Republic according to their use as resin
producing, essential eilearing, dye, food, medicinal, forage, and spice pldidgi(e3).

2%

= Resin-producing
Essential oil- bearing
21% Dye-producing
Food
Medicinal
Forage
23% 6% 9% = Spice

21%

Figure 3. Percentage distribution of species of the geAugmisia according to their utilization
directions

Thus, the analysis of the diagram shows that species of the y¢amssiaare multifunctional
and promising plants in terms of their utilization potential, with their most important applications
being as medicinal and essentiatlm#laring plants.

Conclusions

Based on a compr ehensitveer nh iftieerladt usrteu drieevsi,e w 1
that the flora of the NakhI®hi y@merc iAe $AC ot fenido. hea adr«
bel onging tAct & haclhmemiel yspeci ed hare deadedmo fisis eac
Dracuncubedsi phi aMhune h play a significant rol e
regiondahefhpnabysis reVidharlteedmigsiddt sdamolbgt ¢ dhei n
the NakhchivanRARUY cacnpe ebBesanit n@l3do thimtvee medi
valdile% are used,6a% afso dfdo@ed ppld aasniydsz & @ $pamoedsuicni n g
pl aman8% as dyTehepleanrtessul tAs t e sipfeiceane st haate mul t
bi ologically active, and economically promisi
medi cinal raw materials and essential oil s.
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research was mainl-meadopihied dl bmeta diomvari® oty aeigre t a

and steppe vegetation types, as we l | as i n
Caryophyllacemaatdves. ineplasneé co2znmpoiint £s A
popul atMiomwardfi a (Bot ssnrMaabBand.eveal ed irrever
changes. A gradual Me c rienat speo piertd athh ® n s U Amar hao fy
adverse environmental factors were observed.
may completely dPasapmpeahli a TGhreseudkescij fasurrcd i n t
di strict within mourRtabphgteppeepme weget at in
|l ocalities. A decreasing trended,n mali nngu mbaen
measures necessary. This species is included
Direct observations and studies on popul ati or
ant hropogeni c fodcttohres, hatbhiet aguahlaist ydecl i ned ( 4
individuals were found to be at a | ow | evel
continuous decline (CIY.inhadi viheuabseweore elao &m
factors indicate a potential threat of extinc
the species should be monitored.
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The enchanting and unique region of Lachin,
remained under enemy occupation for nearly 3
Second Karabakh War, the Lachiondi aAtribe wase
pl ant species that adrsep eecnideesmitch aotn |layr et on QAtz efrcbuan
in thewewoel al so freed from the captivity of A

Guided by Clause 3 of Article 109 of the C
accordance with Decree No. 3378 of the Presid
approving-EtheomiSocDevel opmentc Sotrt aAegyb®difj arh
2026, 0 the AFirst State Program on the Great
Azerbaijanohtwamsaadioep taed f t a mewor k/ 50013

I n I'ine with the tasks arising o&praorm itchuilsa rd e
vegewatfi ome | i berated areas, including Lachin

Purpose of the Study
The main objective of the study iIs to dete
CaryophyYylukacedamily in various plant communi't
Lachin district,; to evaluate the i mpact of (
i nvestigat ef orhneiinrg ccoheanroascitser i st itchse, I|dins ttriinbgu tf
conserving rare and endangered species; and t

Materials and Met hods

The research was mainly carried out in the
and along the Hekari River in Lachin district,
of the species in theP6tudy(wwwawwrlsdtll aradmlei
Onl ihneg p(s: // www. wo) | ddhadr Bloel EneooMgd Pl ant Bas
For the study of bi oecol ogi cal characteristi
Azer bai jodnG@ahled pd @5. 2

Geobotanical descriptions w8Mlde2dPrepared usi

Based on the results of the conducted stuc
determined according to the criteria of the I
https:// ww2. bgbm. or) g/ EuroPl usMed/ query. asp

Results and Discussi on

The Lachin district i's |l ocated in the south
Kal bajar to the nort h, Khojaly, Shusha, and K
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to the west. The districtbdés terrain is mount a
t he Karabakh Range, the northeast on the sou
sout hwest on the KarabakhtPlGazeaboghizs (Bb§Hewswm
i s the Hekar.i and its tributari eams.adblwe sdii dtsr, i
mounf arest soi lrsi,clanmdowmtrdiomalbleack soils. The
and s patr smee afdoorwess,a vherdoandount ain forests (oak, f

and al pine meadows.

The research was conducted at altitudes bet
the vegetation types of the areas were identi
t hCtar yophyukkacedamily within these vegetation
were also referred to when afs&@4pbsing the gene

Il n the Lachin dmesatdroivcdtr,dltimhea dnow nweagent at i on
elevati dh300fmi1&®09. 1. (39A43Nj11.90nN; 46A40Nj67
type has been recogni zed elgyetladatiami atngd &sasa nait
any other vegetation classification.

Il n the Lach n dnesatdroiucettr,dl tivheeg entoautntcan nt ype h a:
due to ts phys ognom ¢ and phognrmcog npl oge <2 |
unl ke -hogrhbercammudn t esrata Ttecata oandegrret ofea
that th s vegetat on type was formed on the s
of AA. GrosBERhE6)mhas been establ shed-htelhdt vielgee t |}
cnta ns few el ements fr[o2vd]tHoewearc, e ®Br oSasht anr
Greater Caucasus r egdpoanr,t Teeultaralryd &redl c dcbtwc ned deratr
concentrated ma nly n f or es th ecrobe ncosnemsun Atl | e s
Azer ba | arcasranoforCa n.

Figure 1. Vegetation types in the Lachin dist(&fi Forestmeadow vegetation; BTall-herb meadow
vegetation; @ Steppe vegetation)

AA. Grosshe rmealbawvsegfeteas toal | nto pr mary a
herb vegetat on devel ops n places where both
Secondaey bt alkelget at on f or mnes boene ns ctuets dwhwenr eb yf ol
as n areas once culltnveahedstataody | at e a,-hacbraba d m
vegetat on s for mder abcyl e sime c& oessmiow s I ly Hialbeemnet a
cephalBontdisar,ast uumcFdmswch. exX. Shoéongn eBa cdteysl | s
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For mat on Grdwm:ndtogdve(eHdler acl et a)
Assoc at ons: SosnovH&ydsl ebagwsesnovsmkiyh ty
Rougpbaved hogweder aomenua J)tiyac¢hyl omae

For mat on Gr cdugom nvotnekds h(odocdon | et a)

Assoc at on: East erfc omoinlkesthao oodr iceonmnaulne ty (
Format on Greawved ddamenactuend ( Doron ceta mac
Assoc at-l eavedadgeon Dourno nciocnumu nmatcyr ol phy !l | um
Format on Grfoup n@BRa&gwiet a)pl atyphyl |l us
Assoc at-l eaveBr oadwdretn eccdrmompn atty p(hy!l | us
For mat ongChabkBsthDmgadows

For mat on -IGrkeps o Redeobm ond@rderalans{sgyr ost i c)jet a ar L
Assoc atl oke sRefetd br o oGreglraansasg rcoosmimusn atryu n(d i n e
Format on: Val es Fers tfuecsac)wea | cesmmwm ty (

Assoc at on: Scl éfrophwyd | ocBamntbo ooyngélhasiophy |
iBromus japonicus

Formsadow vegetat on d ffers from other pla
h gh spec es d vers ty, ow ng to var ous forr
natur al water sources. I n suchHhNP@I7Ta®®OnNEDP Mmmgme o
stud es were conducted start ng from an al'¢t
Mi nudrQedraa sct.Aruemlar [ @ap tl .arfiraddar yhphyubkacefham |y
recorded.

Steppe vegetat on n the Lach n d str c¢ct w
(39A37Nj59. 90nN; 46A31Nj9t8y B nEegetlant tdire, dstsapp «
dent f ed asf odroomm nnga tgerda sbsyée ssxoedr a p h y t esnt genpopoen, h aa
drsyt eppe comnaiwomr nt negsS.g tBeasstAsrraopBoohr 1, o atsl onee | |

shrubs, are constant components of the steppe
Overall, n the Lach n d str <ct, changes
nfl uence the compos t on of cQoaernyoospehsy,| I @&anccelaueck

cases, zonal ty s |l ost, and the vegetat on

steppe vegetat on forms as a result of the de

Il n our research, Careparmhwylnlsace deamn loy t dend
plant commun t es w th n the steppe vegetat o

Formation Class: Dry steppes

Formation Gridemt hestgniasgaa|lasks e ep) sn m

Association:ThBarg A<etat & @ aAgtarsasg acl oentivuurm i dteyn u(d
Stiposum capill ata

Formation iCbaksst &ppss

Formation Group: SFepebhargrass steppe (

Associati on: Pur e Hteiaptah ecragprialsisatcao mmuni ty (

Il n the steppe phytocoenoses around Ftelsa uHek ¢
scler Bdwhyylsl.a 8kl pashbh@naonoke&t Rpar hdlroser i&c Rai g
S. lesSingi akaRupria KTzrzehalh TadednvBriomopsi s
vari dBated . )Dakddlyu b s LgRlimeumt pkhd reBodiad elsull . B o a a
pratedsisetu@chiCditgimm &rgPetobsumex Charadze,
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the forbs, Tshpyeru se sk oBtosccshsyzasn&li.sHa lp€e U qairuisu m .Tp.ol T u
ori ebhtSxlug el | ar iGax osBehpeteasi Baussvet ReBupber a r |
(Bo ss.OenStaapfea WshiPdreosa um cFhislclhoph& | Cu . M
GaliumLvemrum more frequently found. The stepp
b col oTultiuga)pbi(F| cdafRe tOls| St eamt Kogal um, f ivsaa h eru
spec esAbf $pm) pnagd ot hers.

Depend ng on t he -sstlepmpes govreagde teantt ,0 nd ecsaenr tal s o
xerophyt ¢ sPpeters wHLDI cStedlplaar { Bao pEr.csH cccho n
ceras(tloi)eRdHreb .ni aan@C H.I(nsetBeevaesn)i foccur, alter n

of these coenoses. Someassnesc,att hese tspeet kasr
Silene walTlhiyontuisanlkot+ Celmyanuea) .sqRapresantat \
Caryophyll aceae hese. cbamuhytf esnwavere evaluat
1Ii2 po nt s.

Stud es and | terature data have shown that
cover a w de geograph ddl2,r dB8de and d fferent

As a result, geograph cally separate but ph
del m tat on of taxonom c¢c categor es correspo

dent f cat on of plamaxosnpenc cedboamdacl| as.f Tha
mportant for flor st ¢ stud 48] n compl ex an
Foll ow ng | berat on from occupat on, resea
I m t ng natur al factors affect ng some repr e
popul at on trends are dec] asngn Ouhengdthero
reg on, the flora of Lach n was explo ted d
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decreased (A2ac). The devel opment dynamics of
The absence of young individuals indicates a
was fouid,i mdilwi Bual s werld roefc arhdesd ipseranlO nndfi.
is at risk of extinction in the future. Ther e
control
Conclusion
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representatives of the Caryophyll aceae Juss.
mai nly carri ende aodudiu etmdbImoe a éddamd owounder gr owt hs
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declining trend in the number of the speci e
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Studies and direct observations on Silene <ce
ant hhropogenic fatcther sabitthat quad i ayswof decr eas
dynamics of individuals of the species were at
a continuous decline (C1). I n thi& ameavwdene:
found per 10 m]. Al of this is an indicatio
Therefore, the devel opment of the species mus
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SOME TYPES OF SUCKI NG PESTS OF STONE FRUI T
ZAKATALA REGI ON AND THEI R ENTOMOPHAGE
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Abstract.In Azerbaijan, and in the ShaKagatala region, rich in orchards, valuable stone fruit
trees are grown, which formed the basis of this work. The arstié fruit orchards is increasing
annually. To achieve higher yields, a pest protection plan wasapeed and implemented. A key
issue is the identification of stone fruit tree pests and the timely and effective implementation of
control measures. From 2001 to 2013, field and laboratory studies of stone fruit tree pests and their
entomophagewere conducted in the districts of Balakan, Zagatala, Shaki, Kash, Oguz, Gabala, and
Ismaili. The districts of Zagatala, Shaki, Ismaili, and Gabali were selected as permanent sites. The
study of the species composition, biological characteristics andmiosignificance of pests of fruit
and forest trees and their entomophages opens up opportunities for the use of entomophages in the
fight against harmful insects.

O dedzs s O W.L j B O2 HY Odz)),0C @ls oz g ©&d tsidzndPE @iz B
or wOh do O Ismw vy j dedz" | Comistsw C ted r jif tcthezfpH fpez” j o fiyfyi
Clstster j dzjecdzd o tsfydetdaditsh)@@zedgR s eOBas st f dzsHs9 T
iNdceBHdets ko j dzd yd o GgjtisdyvjfMm tskdesvlCsdzz @ udad®B tslsOdz d |
f zZO®h dilsr 1 Isdrn Hjtej.§H dedifdgtsle Oojtdzjj R If fdzp B totstse W o
ptejHdljdj2 CtMssySso' R fhsHse' & Hjtjo! jo d Mo
Btste! B" M dzeddsd. 1 fjtedsH M 2001 Yt 2013 GEBH 9
1] OBOkZO d RMBOddzd o § shzfjédtsd 6o tz0 g tz2f B)s tstf dzgdzj o 7
dgimimdzj Hso Odzad W ROIsjted Odztsea, MowL Odade" = M dL zyJ dad j
d dr { dzZstsdissW Oetsa. 1 COyjMmbej MOydtsdzOtedz » Iz d
R 5O d dzd d | OB 0dzO. RLEYyjelaffgdzse & d B Heigh O
L Cedsdi3d i MEses L dzOyj dedw otejHdIsjdzj 2 f dzsHts9 ' n
slsCtcr 90jls oL By desflsd HdzW dMf tsdz L s Odgd W 1 dzls 503

Keywords: fruit trees, fruit tree pests, Azerbaijan, tree protection.

sdzt yj or Jif dipatisenOtcjj dte J)HdIsj dzd f dzsHtsor 7 Hjtej o J o,
Hjtejo! jo.

According to recent literature data, up to 300 species of insects damage fruit trees, including
stone fruit trees, in Azerbaijan [1].
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Biological control against fruit pests in Azerbaijan was first applied in 1926, namely, for the
purpose of combating the woolly apple aphid in the Zaqgatala region, the aphelinus parasite was
brought from Italy by Rajabli and Meyer. Starting from 1960, iomaius research work has been
carried out under the conditions of Qelkhachmaz, ShakZaqatala, and Nakhchivan Autonomous
Republic on the study of garden pests and their entomopha@gs [2

Thus, the study of the species composition, bioecological characteristics, and economic
importance of garden pests and their entomophages creates broad opportunities for combating
harmful insects using entomophages.

Materials and Methods
I n th&Zaghake a, the collection and processi
stone fruit pests and their entomophages was

Qax, Oghuz, Gabala, and I smayilltithengei@r0fi320 @]
As stationary points, the districts of Zaqga
process of coll ecting material s, during the

identification,pources were used [

Results and their analysis

As a result of the entomological research carried out, it was determined that in the Shaki
Zaqatala region, 4 species of aphids belonging to the family Aphididae of the order Homoptera and
8 species of scale insects belonging to the family Coccidae aadsprstone fruit orchards and
cause damage to farms to varying degrees, and that the bioecological characteristics, economic
importance, parasites, and predators of some of them have been studied.

Plum aphidi Hyalopterus pruniGeoffr. The pest belongs to the order Homoptera, family
Aphididae. The wingless adult forms of the plum aphid are pale green in color, and on its body, there
are three dull green longitudinal stripes. Its head part is elongated in shape and covered with a white
wax layer. On the thorax and abdomen, two rows of white dots are arranged. The body length is 2.5
3 mm. In the winged individuals, the head and thorax are black, covered withlkevgray layer.

The abdomen is green. The larvansaller than the adult individuals and resembles them in external
appearance. The egg is small, black in color, and elongated. The plum aphid, by damaging plum,
peach, apricot, almond, cherry plum, and other stone fruit trees, is widely spread in gsharidre

fruit areas of the Shaldaqgatala zone. It is a migratory aphid; part of its life is spent on the fruit trees

it feeds on, and the rest on the reed plant. This pest overwinters at the fertilized egg stage on the edges
of buds of plum, peach, and agut trees, or in the cracks of the bark.

In early spring (at the end of March, at the beginning of April), the larvae emerging from the
overwintered eggs move to the buds that have just begun to open and suck their internal contents.
Until the end of the flowering of the trees, the developmettiefarvae that emerged from the eggs
is completed and they turn into female individuals that continue the generation. These individuals
give birth to live larvae. Usually, the number of larvae of the first generation is not large. Starting
from the secod generation, the quantity of larvae increases considerably and they live on the leaves
in the form of colonies. From June onwards, a part of the winged forms of this generation move onto
the reed plants located at the edges of the canals and there imeyh& beginning of a new
generation. Thus, the plum aphid develops simultaneously both on fruit trees and on reed plants
during the entire summer period. In Septern@&tober, the individuals continuing the generation of
the aphid on the reed plant ard mery productive. During their or@onth lifetime, they lay up to
10 eggs and then die. The formed larvae develop and turn into normal female individuals. They mate
with male individuals, fertilize, and within 1@2 days lay up to 5 eggs, covering thenthva wax
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like liquid. These eggs overwinter. The plum aphid is a serious pest of stone fruit trees. As a result of
the trees being infected by it, the leaves curl, in such leaves the area of the photosynthetic surface
sharply decreases, and even in some casesslaeadeflowers fall to the ground massively. On the
other hand, when the aphid feeds, it secretes a sticky substance, on which saprophytic fungi develop
and multiply, polluting and destroying the branches and leaves.

According to the conducted research, among the aphid colonies on the leaves, the larvae of
chrysopids (lacewings), coccinellids (lady beetles), and syrphid flies were detected. The larvae of
these beneficial entomophages feed in a complex manner on e apd reduce their number by
181 22%.

Green peach aphidMyzodes persicaBulz. This pest also belongs to the order Homoptera. It
is a migratory aphid. It is large, grayibhown in color. On its back there is a longitudinal row of
black warts. The pest lives in large clusters on the bark of the trunks and on the lower surfaces of the
branches of peach, almond, apricot, and chpluyn trees. The development of the larvae is
completed at the end of March and in the first ten days of April when the average daily air temperature
is 15 16°C. Forthem to pass into the adult stagej 3® days are required. The first lHearing
winged females are encountered in May, and during the summer season they increase. They can alsc
be encountered at the end of September and even at the beginning of Gataledt.is a permanent
species, depending on the season, it is more often encountered on fruit treedayiingggmales,
the reproduction ability is high. The number of eggs reachies81T hey lay their eggs on the lower
sides of branches, in shaglaces. For the development of the eggs, the optimal temperature is
considered to be 228°C. The overwintering period is completed at the egg stage. During the year,
it gives 8 9 generations.

In the ShakiZagatala region, being considered the most dangerous pest of peach and almond
trees, the sooty mold that forms as a result of the liquid it secretes also causes serious damage to thes
trees. Among its natural enemies, the-spotted lady bedke, the colosoma beetle, and the larvae of
lacewings can be mentioned. The beetles, in a complex manner, act at a high degree in the
bi oregul ation of the pestdéds number.

Plum scale inse@t Sphaerolecanium prunastf. In ShakiZaqatala, it causes serious damage
to plum and peach trees. It is mainly considered a pest of stone fruit trees belonging to the genus
Prunus Apart from fruit trees, it also damages ornamental plants.

The body of the female individual of the plum scale insect is elongated. The front part of the
body is narrow. It has a dark brown color. The shell is yellowish in the front part. Its length is 3
mm, and its width is13.2 mm. In the dorsal area there amall hairs. The antennae of the female
individual consist of six segments. The male individual is winged, reddish in color, its legs are
covered with hairs, it has thin, long antennae consisting of ten segments. The length of its body is
1.51.8 mm.

According to observations, the scale insects appear at the end of March and the beginning of
April. The male individuals begin to fly in May. The female individuals gradually begin to lay eggs
TAt o gi vatthebendrot May) The eggs laid by the &enindividual are reddish in color, their
length is 0.4 mm, and their width is 0.3 mm. At the time of laying, there are already mature larvae
inside them. The first instar larvae are reddish in color, elongated in shape. They have antennae
consisting of x segments. On the edges of the body there are thirteen pairs of hairs. The second
instar larvae are oval in shape. Their surface is slightly swollen. Their color is yellow, sometimes
reddish, with black dots on them. On the edges of the body therenatear pairs of hairs. The
surface of the body is covered with secretions. They overwinter in the second instar larval stage.

When the trees begin to blossom, they awaken from winter sleep and start feeding on the sap
of the plant. In May, male individuals appear. During this period, fertilization takes place. Within one
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month, the female individual begins to lay eggs. They are capable of laying up to 3000 eggs. Then
larvae emerge from the eggs. In August, second instar larvae are encountered, which attach
themselves to the branches and overwinter. It gives one gengratigear.

Peach scale insettParthenolecanium persicde. The body of the female individual of the
peach false scale inse@drthenolecanium persicde) is oval in shape. It has a dark brown color.

In young females, there are stripes on the body, which after some time disappear, and the body
becomes completely brown in color. Its length is 3 mm, and its widthii2.Z.5nm. It has long thin

legs and dng antennae. The antennae usually consist of eight segments. The edge of the body is
covered with small hairdccording to the research, in the Shakigatala region it develops in one
generation. They mainly overwinter in the second instar larval stage. The larvae gradually begin to
awaken in April. Egdaying takes place at the end of May, and the emergencevaélaccurs in the

middle of June. During eglgying, the female individuals enlarge, and the underside of the shell
becomes filled with eggs. The eggs are yellow in color. The developing eggs change their color,
turning into orangireddish.

In the region, one female individual lays up to 2500 eggs. The trees, in the second half of
summer, become infected with first instar larvae. As a result, the leaves dry and turn yellow. The first
instar larvae live on the veins on the underside of theetgavhile the older larvae and females live
on the trunk and branches. Within dtveo months, the larvae develop and pass into the second instar
stage. On both sides of the body of the larvae there are thihkedkreads. Until autumn, the second
insta larvae remain on the leaves. Then they move to the branches to overwinter (Table 1).

Table 1
PHENOLOGY OF THE PEACH SCALE INSEC{Parthenolecanium persicde)
IN THE SHAKI-ZAQATALA REGION (2022 2023)

Observed  march april may june july august  september
place 12312 3 1 2 3 1 2 3 1231231 2 3

S S § S S

d d d
(d) (d) (d)
Shaki als als als
S S S S S S S S S S s s s
S. S. S. s
S § § s
S S s s s s
d d d d
(d) (d (d) (d)
Zaqatala als als als
S S S S S S S s s
S. S. S S
S § s

Note s- | instar larvaes.- Il instar larvaes- lll instar larvae; d female individual (young)d) - egg
laying females; a/siwander er so under the egg

In the ShakiZagatala area, 6 species of entomophdgestioning in the reduction of the
number of the peach scale insect have been identified. The peach false scale insect has been recorde
in the Russian Federation, the Caucasus, Kazakhstan, Turkey, Iran, India, Australia, and other
countries 1, 4, 6, 711].
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In 2022 2023, as a result of the study of the entomophages of sucking pests of trees in the forest
and orchard agrocenoses of the Shé&dgatala area, the following species were determined to be
widely spread and more effective.

Adalia bipunctataL. The twospotted Adalia lady beetle is widely spread in every district of
the ShakiZagatala region, occupying one of the main places in the bioregulation of forest and fruit
tree pests. This predatory beetle is considered the primary enemy of the gdeapied. Unlike
other lady beetle species, they are not encountered on other agriculturalTpiaregg of the two
spotted Adalia is 0i171.0 mm in size, narrow, reshaped; the color of fertilized eggs is light yellow,
while the cdor of unfertilized ones is light orange. Its larvae are broad (especially in the front part)
and somewhat flattened, light brown in color, with white or yellow spots on them. The length of the
larva in the last instar (4th instar) is8& mm. The sides dhe head capsule are dark brown, and the
prothorax is broad. The head, mouthparts, and antennae of the adult Adalia are light brown in color,
the femur and tibia are mainly white, and the elytra are red. On each elytron there is one black spot;
sometimeshey are reddisilack, and in such cases the spot appears red. The length of the beetle is
3.5'5.0 mm.In addition, under laboratory conditions, the lifespan of female individuals of the two
spotted Adalia and the reproductive capacity of each female have been determined (Table 2).

Table 2
EGGLAYKNG CAPACKTY -OFOTTHED TRMORAKEET ( KN DKFFEREN

Experiment time Lifespan Number of eggs laid per da=  The number of eggs laid by one female

Min Max
2022 27 1517 402 460
2023 28 16-17 431 470

Twelve eggs of the lady beetle were encountered in nature in June 2022 in the Oguz district, in
a household plot, among a cluster of aphids on plum leaves. In the experiments, the female Adalia
lived at most 28 days, during which it laid 476 eggs, on aeect® 16 eggs per day. Alongside the
egglaying ability of the twespotted Adalia, its voracity was also studied under laboratory conditions.

Both female and male individuals, as well as the larvae of the beetle, were fed with peach and
plum aphids. The feeding of the imago and of the larvae at different instars was specially recorded.
The results of these experiments are given in the folloteibig (Table 3).

Table 3
VORACITY OF THE TWOSPOTTED LADY BEETLE(Adalia bipunctata..)
ACROSS DIFFERENT YEARS

Type Lifesp Quantity of aphids eaten by lady beetles at different  Quantity of

of food an of developmental stages aphids eaten
the Eaten by imago Eaten by larvae (at Summa  during the
imago different instars) development o
During the day Sum | Tl v one generation
2022  Aphid 27 51 1377 24 30 71 128 253 1630
2023 - 28 60 1680 21 29 67 124 241 1921

As can be seen from the table, one female Adalia (imago) consumed on average 51 aphids per
day, and during its lifetime (27 days) ate 1377 aphids. Its larvae, in the first instar, consumed 24
aphids; in the second instar, 30 aphids; in the third instaaplids; and in the fourth instar, 128
aphids. One larva, throughout its entire development, consumed a total of 248 Bphiadg.the
research, the developmental dynamics of thedpatted lady beetle were also studied. The newly
laid eggs of the Adalideetle are yellow in color. After two days, their color becomes somewhat
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lighter, while inside they darken slightly. This condition indicates that the embryo inside the egg has
already begun to form. Therefore, such eggs generally appear somewhat darkened.

The young larvae of Adalia mainly attack small aphids. Older larvae, especially those in the
fourth instar, attack both wingless females and winged aphids, greedily consuming them and sucking
the sap from their bodieéfter hatching from the egg, the larvae of Adalia pass through four instars
during their development, molting three times. As seen from the above information, the development
of one generation of the twapotted lady beetle lasts iZl days, including %6 days for egg
development, 1i0L1 daydor larval development, and 6 days for pupal development (at an average
daily temperature of 22°C).

Chilocorus bipustulatu&. In the fruit orchards of the Shéldagatala region, the Chilocorus
beetle, especially from the family Coccinellidae, is considered more promising in regulating the host
population. In the nymph stage (not yet sexually mature), they overwinter underkhe baes.

When the average daily temperature is13 AC and humi di ty i s 6 0 ¢
overwintering between April I25. After feeding for several days, they begin mating. One to two
days after mating, they lay eggsafle 4).

Table 4
PHENOLOGY OF THE TWGSPOTTED CHILOCORUSChilocorus bipustulatuk.)
IN THE SHAKI-ZAGATALA REGION

Year and place Months
of the experimen | Il M v Vv VI VIl VIl IX X Xl Xl
A A A + 1 + + + + + + A AA
A A A +q _ + 0 + + A A A
2022 A A q - 0 " & %
Shaki = =
0 ﬂ +
+ 1
A A A + i 0 + o+ + 4 + A AA
A A A 4+ + 0 + + A A A
2023 A A A 1 _ + _0 + A A
Zaqatala _ + +
— 1
1

Note: T egg,-larva, 0 pupa, + imaqd) overwintering beetle

They lay their eggs on the thin branches of trees and on the underside of leaves in places where
scale insects are settled. When the average daily temperatuiel& d5and humidity is 710r5%,
the egg stage lastsills days, the larval stageiZXb days, lte pupal stagei® days, and the imago
stage 3540 days. The development of one generation také454@ays. Under the conditions of
Shaki Zagatala, the beetle produces two generations perlggatural conditions, the young larvae
consume #12 scale isects, while the older larvae consumé&2®Bscale insects. In the imago stage,
they feed on 2530 scale insects per dayhe beetle is widely distributed in the forests and orchards
of the region and has great economgportance.

Chrysopa carne&teph.The common lacewing is distributed in the districts of the Shaki
Zagatala region in lowland, foothill, and partly mountainous areas. Under natural conditions, it is the
most useful and effective predator regulating the population dynamics of pestsoteiaaticeable
in the lower tiers of stonrfuit trees in orchards and forest areas. In the evenings, they eagerly gather
around electric lights. In stationary experimental plots, many observations were made on the
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bioecological characteristics and economic importance of this predator lacewing, and the following
issues were studied. The adult individuals (imago) of the common lacewing are ‘gtegshin

color, and from May until October in orchards and forest atte@g reproduce and destroy pests,
especially sucking pests (aphids and scales). The eggs and larvae of this beneficial predator are most
often found on the leaves of apricot, cherry plum, plum, peach, and forest trees. They feed mainly on
aphids.

Under room conditions at 226°C, the egg stage of the common lacewing develop$3n 2
days, the larval stage i Y0 days, the pupal stage in18 days, and the complete development of
one generation takes 1127 days. Under orchard conditions, based osenlations on branches
enclosed in gauze bags, egg development lasts 3 days, larval development 21 days, pupal
development 9 days, and the complete development of one generation takes Bdgkagse mostly
laid near clusters of aphids so that the lavaiehing from them can feed aphids. Observations
have shown that young larvae feed mainly on pest eggs and young aphids, while older larvae feed on
small caterpillars of various sizes and large aphids. After feeding fow8eks, the larvae in their
final instar turn into pupae. Pae can be found under tree bark in the form of white silk balls. Adult
individuals, after emerging from pupae, mate, and after a few daysléys) begin to lay eggs. Their
adult forms overwinter mainly under tree barkgdyror in groups, with each group numbering from
2i 3 up to 5060 individuals. In spring, at the end of April and the beginning of May, adults emerging
from overwintering sites feed on flower nectar and pollen, as well as the sweet liquid secreted by
aphids The common lacewing is capable of laying i3#0 eggs. According to calculations carried
out on fruit plants, one lacewing larva feeds oi3baphids per day, and throughout its lifetime
consumes 4Q@50 aphids. They show particularly strong predatativay on apricot, peach, and
plum aphids. They molt twice: the first molt lasts 3 days, and the second molt lasts 7 days.

The common lacewing is highly active in reducing peach, plum aphids, and other pests. From
this point of view, it can be concluded that, considering the preservation of the common lacewing in
nature and its role in regulating the number of pests, it isaole to reduce the amount of chemicals
sprayed in the fields and to carry out control measures on a scientific basis.

Thus, the study of the species composition, biological characteristics, and economic importance
of orchard and forest tree pests and their entomophages creates opportunities for using entomophages
in the fight against harmful insects.
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safety and to strengthen cooperati ©he wpt édsert
article provides the results of microbiologic.
rivers | ocated in the Eastern Zangezur econo
Basitchay, t he BargushAaghaRihwaer., Danrd ngt & heéeri
mi crobiologi-claémianal phyasli xyoves were carried ou
their water gwalsittudiieddi cators wer

I nitiallys;chéemecalhyproperties of t he river

temperatur e, transparency, pH val ue, t he amol
el ements (such as nitrites, nietlrlataess heammo med
(Fe), molybdenum (Mo), copder a(d@u)t,i oanl,u mii rcu o by
were conducted on samples collected from bot
riverbeds. Thesre saprdaterso pfhoicai,greaidi ngndgpbengt
bacteria. Among pathogenic microorganisms, th
col i, Sal monel | a, anfcheSHiigwdlilnagsweareev eah &ldy z enck
transboundary rivers are already contaminated
agricultural residues, heavy metals, and othe

terri fThhiyp poses a sersbasushotatheorepheoacothb
heal t h.

Materi al and Met hods

During the research, samples were collecte
Bargushad, Basitchay, and Aghachay rivers wusi
the hydrobiological and mi cr whito laa g itchael fsotlaltow
Okhchuchay: Shayi fl i, BuAuaku Riaed: JAbhbgndb:
poi Basgushad River: Dil al BaMiuts&laay i Bala rSlair a
village, and t he BasAgthcahcahya yn a tSuarnep | reess ewevree acro
points along the middl evaared lamwerserde aneme s sa@afmy
seasonally during fieldwork. Sampl es were ta

refrigerated containers to ensure preservatio
chemical biaolhd gnip@ar @ met er s.

Water temperature (AC) was measured using
was determined in the-200elporusabhge aHMmewauke
di ssolved oxygen (DO, mg/ L) was mexysaerdamuasli yn
Bi ogenic el ements nitrite (NO ), nitrate (1
analyzed by the photometric method using a Pa
(Fe), molybdenum (Mo)),capdenth€u) poakaomi albmny

determined using the same Palintest 7100 devi
were included in all analyses, and the accur a

For mi crobi ol ogi cal anal yses, the attracti
fungal -lankle ymiastoorgani sms, samples wer&SDAul ti
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mi cr oscopYiEcP Df u nYgia.st Extract Peptone Dextr os¢
conditions for tRétgegrowthle cful y e aatt i fomngpirocess
at a t empi3rOadQu rfeorp 63 2thche7 rckasul ting col oni es v
identification based on their-r mor phol ogi cal C
etc.), and the totlal kdehsngiyy wasfewnagl uatwedrmsas
(CHFCol ony Formhegi didemnttisf)i,cati on of yeast fungi
out using an MT 5200 L microscope. During the
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ot her morphol ogical features wer e alsos eesnsseud et o
reliability of the experimental results, the

Results and discussion
The study ocfhetnhe aphyysiogpoerti es of rivers |

ecosystems, assessing their sustainability, e
change, and other ecological factors. sThvad @g h
temperatur e, pH, di ssolved oxygen, and bioger
aquatic environment can be determined. Wi t hin
chemical characteristicsroaondabil smenipar el emkee
mi cromycetes were thoroughly investigated.
Table 1

PHYSICOCHEMICAL PROPERTIES OF TRANSBOUNDARY RIVER WATERS
IN THE EASTERN ZANGEZUR ECONOMIC REGION

River Season Temperature (°C)  Dissolved Oxygen (mg/L pH
Okhchuchay  Winter 7.88.3 7.7-8.1 8.385
Spring 17.818.5 6.1-6.4 8.08.2
Summer 26.527.5 5.7-6.0 7.88.0
Autumn 16.517.0 6.56.7 7.37.9
Araz River Winter 7.27.8 8.08.4 8.1-8.3
Spring 16.517.5 6.67.0 7.98.1
Summer 26.027.0 5.35.7 7.7-7.9
Autumn 15.215.8 6.06.4 8.4-8.6
Basitchay Winter 6.67.0 8.38.7 7.88.0
Spring 15.816.5 6.87.2 7.7-7.9
Summer 245255 5.86.2 7.57.7
Autumn 14.515.0 6.56.9 8.1-8.3
Bargushadchay Winter 7.07.4 7.88.2 7.98.1
Spring 17.518.0 6.36.7 8.01 8.2
Summer 25.526.5 5.66.0 7.6 7.8
Autumn 14.715.2 6.2-6.6 8.3 85
Aghachay Winter 6.87.2 8.1-8.5 8.2-8.4
Spring 16.216.8 6.4-6.8 7.88.0
Summer 25.026.0 5.45.8 7.4 7.6
Autumn 14.2214.8 6.36.7 8.08.2
As shown in Table 1, the water teiffp.elrAt uirr
wi nt eirl,8. 26A.C8 i ni2s7pArCi ngn, su4iibBr SAEn 8 1 8 u 2 umn
Water temperature has a direct i mpact on t|
temperature of water increases, its ability t
this is that at hi gher tempaepatduyeswewherr ng
bonds between them. As a result, oxygen mol ec!

thereby reducing the o®@erahk ovbheentmatdiowcobd
more stabyebamdled, gdltllowi ng them to retain mo
di fferences can significantly affect t he 0 X )
ecosystems. Partemmpérmat yr aand@md ihtiigdhns t hex y g dre
functions of aquatic organisms, |l eading to st
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Therefore, oxygen scarcity canDioscscoulrv eidn oexcyo
water directly influences the | ife processes
essenti al for maintaining their nor mal functi
role in the biobogssast parrfedavdouobnip rivers.
ot her mi croorgani sms utilize oxygen to -break
purificatdamd toHe riimpprevememus oft hweatamo ugrutal a ft y«
water i s not only vital for the health of the
sustainable functBasedgoaf theventay ptrement ed
di ssolved oxygen in the studied river waters
ranged from 7.7 to 8.5 mg/L in winter, 6.25 1t
to 6.9 mg/ L i nbialuittuynni.s Trhaisnlvyarneal ated to wat
water temperature increases, I'ts capacity to
of dissolved oxygen is | ower in the summer mo

Il n general, for river waters and other fl
concentration between 8 and 10 mg/L is consid
for the survival of aquatic ondamasm$ai susg al
stability. | f the dissolved oxygen concentr ai
deficient state and a sign of serious poll uti
i n aquatic ecdstyhsrteeanise nmanyg fsatcree slsi, and 4185 educ
2 325.

Furthermore, Table 1 shows the seasonal dyn
river waters. The pH ranged from 8.1 to 8.4 i
9.5 to 10.5 in autumn. Threatp H nv aalbuoeu tp rtohvei daecsi d
water and its fluctuations can be influenced
processes (such as rock weathering, | eaching
acti vi tryga(nmiscnr onbet abol i sm, respiration, and pl
industrial waste, agricultur al r uno fTfh)e, oand nta
pH range in water is generally considered to
conditions for mo st organisms |iving in rive
acidification or stlryormdg faelckaltihrei tsy,abddn trye gpdt
activities. oSuowmh gamndaginti ons may | ead to the di
mi crobial community structure,[d@dahd overal/l di

Di ssodwyeglen and pH | evels play a <cruci al r
sustainability of river ecosystems, and monit
surveil FIi gonRieogleeni co el emanés, nitrites, ammoni L
key components of the hydrosphere and signifi
and the devel opment of mi croorgani sms. These
facstdarn t he nsesteasb odfi cmiparoccer gani s ms, especiall
at opti mal |l evel s I n t he aqguatic environme
mi croorgani sms, but concentrations ouf2sdid.e t h

Analyses conducted on water sampl es taken
guantities of these biogenic el ements. Hi gh ¢
associated with anthropogeni cr si nupsaecdt si n saugcrhi ca
di scharge of industrial and domestic waste int

are mainly considered i[®%*dh.cators of biologica
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Figure 1. Water indicators in rivers

Table 2

CHEMICAL ANALYSIS RESULTS OF THE TRANSBOUNDARY RIVER WATERS IN THE EASTERN

ZANGEZUR ECONOMIC REGIONALL VALUES ARE GIVEN IN mg/L

Parameter Okhchuchay Basitchay Araz Bargushadchay  Aghachay
N O 0.55 0.00 0.23 0.02 0.03
N O 5.50 2.60 4.50 2.13 6.30
N H 1.13 0.05 0.75 0.75 0.03
PO 0.60 0.10 0.50 1.25 0.21
Fe 0.02 0.00 0.02 0.02 0.00
Mo 0.457 0.006 0.197 0.606 1.164
Cu 0.04 0.00 0.05 0.08 0.06
Al 0.02 0.05 0.02 0.025 0.00
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According to the Maxi muki tPreirtmd 86 KO Imay)/ ILi, miNti
(NOO 45. 0 FPMgddphor wWsO .(OPOOL jmg /)L, Amrmnbo.n5 umyg /(LNH P h
00.001 mg/ 1. img/ ,Z8Glo.pp emg /(LCu)Ad OmiBnimgmL( Al
(Fé&0Y.3 mg/ L, Molyh dDén@ad (LMe) 2)

mm Okhchuchay
=

mmm Bargushadchay
mmm Aghachay

Concentration (mg/L)

Nitrite (NOz) Nitrate (NOs)  Ammonium (NHs) Phosphate (POa) Iron (Fe) Molybdenum (Mo)  Copper (Cu) Aluminium (Al)
Chemical Substance

Figure2. Biogenic elements in river waters

The variability in the concentrations of tfF
and factors such as proximity to pollution so
rivers. Excessive |l evels ywydemidgmrinetci cubseé¢ @atinrc
some cases, toxic effects in aquatic environm
but al so organisms at higher trophiCwonlsevaleq,t |
moni torciomg raond i ng the | evels of biogenic subs
t he ecol ogi cal sustainability of river water s
ecosyd®uemag the study, mi crobi ol ogi cal anal ys
rivers of t he Eastern Zangezur economi c reg
mi croscopic fungi. These fungi not a8l y mpodt
bi oindicators c¢har adt éryidziorbg otl beg i «c@an distyisd e ms .
i nclude: Aspergill us, Penicillium, Mucor , F
Cl adospori um, Chaet omi um, Scopul ariopsi s, R
Geotrichum, staemr8iolMgac.ef i &dhes e diuanlgliy Aspergil l u
Candpassess opportunistic pathogenic characte
ani mal health. Other genera, such asompocscihtoidet
of organic matter in soil and aquatic ecosys
bal aMiyccee.l i a smhercihl represents vegetative struc
mor phol ogically indistinct forms that are ne

condif[I8®ns

The diversity and abundance of these micros
of organic pollution, the intensity of anthro
the river(TeklsyIt ems

Based on the quantity of saprotrophic bact

i mpact, pollution | evel, and saprobic degree
number of saprotrophic brasctiesr il g, taned stthueds e
ecologically to the fAhighly pollutedd water c
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of saprotrophic
1000; and in

highly [p@Pl ut ed

bacteria s

poll uted

water, it

hould not excéed

exceeds

Table 3

MICROBIOLOGICAL INDICATORS OF THE TRANSBOUNDARY RIVER WATERS IN THE
EASTERN ZANGEZUR ECONOMIC REGION

Indicator

Okhchuchay Basitchay

(water/soil)  (water/soil)

Araz

(water/soil)

Bargushadchay
(water/soil)

Aghachay
(water/soil)

Saprotrophic bacteria

2000/34,000 5800/47,000 5400/530,000 1600/33,000 1800/144,00C

Azotobacter 120/140 100/300 70/120 300/700 2400/3600

Clostridium 102/102 10%/102 10103 10/ 1 10%/102

pasteurianum

Denitrifying bacteria 10%/102 10%/102 10%/108 10/ 1 10 /1

Phenoldegrading 103/102 103/103 10) /1 10%/102 10%/103

bacteria

Oil-degrading bacteria 10%/102 102/108 10/ 1 10%/102 102/ 103

Escherichia coli 9/35 17/+++ A5/+++ T/+ ++/+++

Salmonella/Shigell&SS) T/+ +/+ +/+ Th T+

104} ! River
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I- Araz
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Figure3. Biogenic elements in river waters
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Additionally, a high concentration of aerol
cycle was observed, which is an indicator of
rivers. The presence of Cflioxsitrrg,diaunma epracshtiecu,r iaan
feeding bacterium was [A8corded at all studied

Oi | andlegheardaolng bacteria were also identif]
presence of industrial and domestic organic f|
coli, Salmonell a, and Shicgealtlaani nwahlii om dre m rhd
sources, were detected at $Sbeecsnhadatutcbed, salbie
the transboundary rivers | ocatedOkihr htbbkaylEasdH-A
Basitchay, BadgAghaeblmgyeady in a significant
the territory of Azerbaijan. This pollution
activities in Armenia and other up sotfr evannt r cecau
wastewater into the rivers. Physi cochemical é
|l evel s of water temperature, pH, dissolved o0x
mi croorBantsmel arl y danmtimg, tihrec rseuarsmeed tne mper a:
in dissolved oxygen | evel s, causing biologioc
i mpacting the vital activities of aquatic org
such haesr iEcslci a col i, Sal monell a, and Shigell a

It i s essential to establish sustainabl e at
technol ogi es. These -tsynet earsss ecame etn a wif e wrae a&Ir
identificationl o$tpabliogiandsopecasing modern
transboundary rivers enter the country wild/l
Expanding the scope of studies on transboundalil

| ayers, fliosac¢cranidalf auma, assessing tTHhleesafstnrae
the protection of river ecosystem health reqlt
al so the comprehensive i mplementation of | egal
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E1tsotolzL sSQRAL.DMOOGBH D762 ,-Cyeitg.dz | ¢1 oL j 6B O2HY
Hte BdBdz. dOEZC, JvwdHyddhcd?2 ctmMizHnOmilse j

G. [ WdzH Y O, ¢ 1antiosvQ Dgzyetda) z
E1 O2 tcORS.oQRCH .D:¢0 0 BBGOBAL 8H3s, B ditsdz. dzOkC, | W dzH ) C
GtsmkzH Otefise jdadz" 2 kZdzdo jtemdlsabay€eampwde@ @mbo e |
ERMBOddzsg O VY dzH fi JdeM S 2 etz Otemise j dzdzr 2 kded o j to

Abstidactc.connection with the practical i mp |
Strategy 0f28r0,2 @dHroved by the Decree of the P
March 19, 2025, an International BEoOhRer Enteaere

in Shusha this year. After the conference, a ¢
Hakar i River in the Lachin district. This yea
di strictwamoonatoredgout on the main plant gro
critical survey of the flora biodiversity of
of species, taxonomic Sstructruarcet eweirset icclsarwefriee
found that the flora biodiversity of the Hak:
families and 74 gener a. The vegetation of the
associatiandy WPaisent idfait@a has been coll ected f
in the Hakar: river basi n, identification of
changes, and protection of biodiiveg.sity throu

¢ dzdztsls@Qydnpe.w L d M toj OdzdL Oydj 2 culstcOjedd tOL 9
2029028 eB8H"T e, bklsojteyHjdedzts?2 vCOLBA I tejLdH] dzlsO
2025 ¢, o zkhj MW &zOM! [ i HEZdZOteH dOw ¢ tsdaW
zzyh j e s BlzHRIMdejsel sdzf j 6] dzydd B"™ dzO st Odzd L 59 OdzO
ey $d mOSCOted o [ Onpdsiehd iy dE@Pisidajd yd j 2 o ) Odzc d dzO«
fteso jH dz dIsdzdIststed dzc Bdetso dz' = ctekzff tOMisj dzd 2,
ltetse j Wndgez) Hso Oded ] BIBOL dessBteOL dW W dztster B OfMMJ
Elstsydzj 20 kOSCMsdasdzd yd M Ov MstezCbktc® d dL Ekzyj dzr
EMmls Odets o dzj dzts, Ylsts BdBteOL dzssB e OL (4 W dztste T B OfMmfy.
ftoed dzOH dzj 3D gERBSE2Mlsoa O3 d 74 ttsHOA.  Ofmisdlsj dz' dzts
14 wstedzOyd?2 d 47 OmMmsydoyd?2. 1 dov Mmdhlsj 3OduJ
BOMMj2dzi t©di<¢d mOCOted, dqHjdsJWdECOydd ttiHSdms d
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yd mdzj dgdetsmisd §fsfzdzvyd?2 d L OMdIlsr BdBtcOL detssB teOL C
ddzls j dzdzj $1s© B dzd MBBteOdzr dzOzydets tsBEMmdztseo Odedz” § H

Keyworridwser basin, ecological status, Red Bo

Sdzs Yo jiojiudEsR0:B OMMj2ds, {CtdsedujmMSd?2 MsOkk:

The Hakar. river basin is a floristically :
Azerbaijan. This basin creates favorable cond
and is of particular 1 mposéeaumati on. tenmseeoént
flora of the region, monitoring population s
become one of the main priorities of research
plant tdi ver sihe Hakar.i river basi n, identi fy
changes, and coll ect scientifically based d:
intelligence technol ogi es, and pgyyptagmdti ione otf h
articles, dat abases, and ecosystem management

floristic and phytocenotic research methods a
idepth and adcuhaet ecolif ogy cal sfate of the Hak

Figure. Hakari RiveBasin

Il n connection with the practical i mpl ement
2029280, approved by the Decree of the Presid
2025, the I nternational Shus hlan t@&dn fi egreennccee foonr

was held this year. After the conference, a s
Hakar i River in the Lachin district. At the s
groups diisnrtbbatkdakar. River basin during the

The Hakar. River Basin is a watershed in s
l eft tributary of the Araz River, coll ects we
Zangilan regions. 1 ts | enogft R2,i5s8 01 1n8, k3m.5 Iktm beea
peak, south of the Mikhtoken ridge, at the co
m), and merges with the Araz River in the Zan
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Materi al met hodol ogy of the stu
Pl ant diversity in the Haekaavreid rmovuenrt abi ans ifno r
meadowsdesseermii and steppe areas, shrub and sp:
features and 1d0ompshembstepdsicitberd @mdiomtgs teéree H=a
and vegetation monitoring is carried out at e
using artificial intelligence are determined
fl ower s,d sfereuwdist san By analyzing t he vi sual C |
identification and nami ng ar e possi bl e. Thr
intel-bagedcsystems, users can 1instantcdamerreac.o ¢
With the help of artificial intelligence, it I
the natur al pl ant groups where plants I|iving
ecosystems t hr onuegh nsaagteesl.| ilthne naantdurdarlo f |l or a, wi
species identification can be carried out by
of trees and other plants, the dfhfiesctmedfhowi nda

applied in monitor3ipq .forest ecosystems]| 2,
The proclamation of 2024 as the "Year of S
President o f the Republic of Azerbaijan date

met hodol ogy f or protecting biodiVAmrti ftiyciaald I
Strategy".

Di scussiwomkof the

The territory is very suitable for the pres
as a result of monitoring, 30 species of trees:s
in the Hakar.i river basinriVee ban&stweral dma
Ar meni an i nvader s for abodidse3d3d sy aards . StA rpteet m
characteristic ofGatgheeca Hydkaacrka arhiswpelf. j bkd@ddnh i s
punctSutlieavtean .,.€xr usndBRalJloni per as Wi ¢ Ltdiedding i hha n u
L.,Festuca kaMushsaafjhdeinga skaGabashenspampd onhlcér s |
rar e sSpadcviieas .k aPabaesdhmemasrisAss ar at i Ral@axit mar e a
karaba&behaxws haceatathe main plant groups ol

Orient @Il agplaamamnes L@O) j eAQat adadkha(Re@ueerakud .nuyubr &
LoAgave@QrodkiKech. ), Geirlge @ineéadba@ué oLki pwmkwnl i
Celtis WialulchsiEaGt eos miLpRteaiho $t YyRIB TS, Imudri idagne rma p |
i bermMicaBe,i bAr alzl mailsm arak)hpywraus s &Aljtuinfiopleira f or m
forests. I n these Abrephaxilxles pipmegrsavc i Bdireibdas
Caucasidnuismaddeaherursy miCrdcaMpREpha&8driasinter
Schrenk &bQsA. jMaegynwminrumL] Rhamecas &p aslclhasi&i C. A.
anBal i ur«wahr dMpiairae nyatdiuirsatirli but ed. Shrubby and

br clacdaved mountain forests (oak, beechPi nluesec
syl vest r@mskb(a , h&CramipeamsMd) |l ehTinllieaa d@aypYadasi c
mapl e, SwlLi)}lxowel m, acaci a, popl ar, juni per, C
predominateFbn the 6obabpsne zone, dry sl opes
relatively humid sl opes, and various herbacect
areas, there are many4dmgdicinal pl ants are fo

Phrygana ahgpeenbphet @ave formed in the Hak

48 species of diatoms have been identified

According to biological char actTeerritsitaircys raenlc
the Hakari nrciPwetmmedasai nborrer i, P. omphal odes,
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Bacidia muscorum, Lecidea | apicida, Aspicilia
badi a, Acarosporpa badibifapecmaa, SO¢éto€amiaa salkic
Thelidium papul are, StCar e@d alcan teltpioswpm,r a,Oc h
Ri zocar ponet &lppica elsa ,Assupcihci b B a, Cal opl aca, Pl
Der matocarpon, Gyrophora, eltecc. i daerae, dA csa rroi sbpuotread
basi n. species of the genera f orDmcgymuwan, asTow

Amby |l as tRatdt i a

Considering the rich diversity of the fl ore:
study of the species composition, areas, phyt
increasing activity of ilmvsassiove bploadntv esrpsectiye s
field studies to determine their status and t
resul ts i n exalsltitnhgi sdasghadwlstkesbe t he main topi
t hean fOnt wWrrey. st ony sboprGalathir @ zWinlaka giQe @t al 1 s
mut ,jAcaer |jWlemuisc aar avhtli chadfwPye ars E)a,l iand ojlurmi per
forests. I n these forests, xerophytieg€rshtels
whitelCermpusé¢ miEprmedarap aiSctherremekdi Bley. ,C. bW Ash | a
JQasminum) frRhamams pall adchriand Baki ae®@prapi

The flora of the Hakari river baséates odnd
for taking special medder Haktaoi protvvect blaiso di
ecologically rich area | ocated in the sout hwe

2 shrubs, and 37 herbaceous plant

of trees, 2
artifioitall
protnecdfi obi odi versit

igence makes a great contribution

Y, and the management of
vegetation of the region will help maintain t
these technol ogies, fI ra r efsieairalh icrmatne lelnit gga n «
to identify plants in forest and meadow eco
determine the distribution areas of rare pl al
prot exytsitoenmati ¢ study of the flora of the Hok:
in existing databases should be considered a

(0]
(0]

relict species and contineossuthorst awil hgabtkot
basis for future ecology, phytocenotics and p
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ECOLOGI CAL MONI TORI NG OF BREEDI NG POPUL/
OF ANATI NAE I N THE ABSHERON PENI NSULA (A
EHus ey NnORCIRDO @M 617 BFH 40P kchod e6-65 5 2,
Sumgayit State Univeraftyg, h6emyanygpva@sdbnoee
EAgayeORKRCIZD: 000D@IB67,CcORPENLIIA0,
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Csdf {4 rRY[r#sRrRE [ J1RUJTIRLL L1017 L13m 3P [1ufcC
ANATI NAE ¢zt fresdf V{Jofaovt Ll (oYt osy

ElkMmj2.dRCID:-00 B6HWEBFH 40 ,-C BRI NBHBR7, wkdicOdlms d
CsmMikzHOteMmlse j dzedz" 2 Ekdzd o j tefmd Isrjdsf, i .z3eOafysn o ha @stedBL
E0COj.HAC) D: 000IMDMAB67, C8RI NBHD4 wbBeOdlsms (2
csMizH OtMmlise j dzdz" 2 kdzd o j tcfmd Iszj dsr, d aahiz. dgegohddsy, e vpa. @steoBU

Abst Faom. 2018 te o2a0mas ;sppfegeaemoni toring of

Al heron Peninsula was conducted, covering bot
obtained allowed us to identify certain spec
ant hropogenically transformedear stercaddil € Biha
mal lpaorpdul at i on. For the first ti me, the socio
resources were examined, and recommendilei ons
information obtained significantly compl ement
adjust hunting parameters in suburban hunting

O dzdzslsOmyd2018 s 2025 cetsH ftesotsHddazhw Ctolkzced
Besdzd sstcddze SteWwCo dz2O ¢fh jtesdMicd fsdzkshistetso j ,
Cdzsyjord OfmMfiClsr Bdodsedd. 1} tsdzyjddz j HOdzdz |
~nOtOCIsjtedmisd S dy, dife i3 dzdztsB JIsOdzd j d3 9 Odzlstetst 56§
HtsMisse jtodets f totsH | Bsdzmistcedtetse Ols! MmEh j Miseatseo Odedy -~
I'fjwerj Brdd dLRESEREBHERYHOdG] dzhdase v Jhf sdz' L
tcj Mztcmtse BE lss(C , H Oflz toj Ssd3j dzH Oydd 5 Lk tcOo dzj dz
dde stedzOydw L dzOydlsd dz' dets HEsf tsdzdgw jIs fMkh jMlsekzs h dJ
dmMf sdz! Lso OO Hdzv CBtetcj SIsdesoCd §f OtcOd3j stetso tsafs

Keywoercdosl:ogi ceadg glrooywipmag | | ati on, .ecomonitori:

sdzt yjor g twsedds e d yj Me dJ ctelzd fr , w2yj ¢ dzOH € C
Gdzj LHBBO Odzd § .

Ducks, one of the most I mportant trawonm@édound
50 countries worl dwi de, i ncludi (gurddd Therehnhsr
monitoring waterfowl and their habitats is of
of monitoring in populated areas and other te
specially pr ot eacrtee dd uncakt uhraabli taartesa.s Roeultat ed t o t
of amadcemi ¢ | andscapes| Rdarticularly wurban ar ¢
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Figure 1. Study area in Absheron Peninsula (40.191935, 49.491381, 40.338410, 49.838480; 40.213140,
49.55747040.064757, 49.42013fnd others Note: Red pointste| aces wher e mal |l ards @

Due to increasing anthropogenic pressur e,
studies are being conducted in many pl aces, C
arelans.accordance with the Feder al Law "On Envi
being actively created around cities. Priorit
protection, protection oft esndisvadideumtli fniact urread e
educatioem depdetopment. Thereforepaanksgseemab
becoming essential and, in our case, all ows u
when considering this belt -aanstphegoeaser vandl aot
areas, -ppahrek foporreeesnt belt serves as a per manent h
economic, reserve (for dispersal), and ecol og
user of t H3*5s]le resources

Met hods

The date of first egg |l aying and the start
incubation times and the number of eggs in tt}
analyzed using standar me teh @ad s .o nTsdch i fpa chielt iwteaetne
indicators, the number of days el apsed from a
the onset of positive average daily air tempe
statighmhniftiatamde of relationships between abur
met eorol ogi cal factors were asses®Bedtaopesng WE
described visually during popul ation <censuse
ecotopi c, biotic, and anthropogenic factors t
habiTlhda si. nages were then processed using our
"CountDucks." This ptberammalkrows$ [j&]mal escand

g
h
d

Resul ts
Mal | ards, as a partially synanthropic speci
as early adsayt hpeertihodr doft esnept ember. During this
combined molt, which t ooek opblsaecrev ewdi.t hlinn Qchteo bcei
fairly |l arge -3bambareodbpaived (dhamphban owat wa twe
t hes Mér on Peninsula, we observgd]J]up to 25 pai.
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The degree of overgrowth of a reservoir, w
only in natewarnadalhrapdgenmaitar aleservoirs; in resi
reservoirs withoutTheaenyhigdhdesttalp owad attad toinond.ens
autumn migration period on natur al water bodi
residential areal h40b®t. 2ecicodhidvihadbtal sfFhapril,
ends, andeefni gratlse sbeatre quite rare. I n May and
number s. I'n Jul vy, pairs are quite rare. Pair ¢
Mal es and uncaught females tMWenrffcomdgdouwe f
a male mallard participating in raising a broa

2024, on the (shhiaggeesl mfbotalkshmases, the chicks
When threatened,l etdhgee ,f emhallee wohuwel dnal e woul d ca
usual I(Y¥u e eaxn.d B)
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I Matural reservoirs

Figure 2. Summer population mallards dynamics on the Absheron Peninsula from 2018 to 2025
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Figure 3. Correlation analysis of the number of wintering mallards in two polynyas with average winter
season temperature (A) and open water area (B)

During autumn migrations, injured mall ards
remained for the winter. The most common spec
and tail feathers, broken or mdD268)ng femal eaw

with a broken (arirgo@Wecmyhduckeclwi th torn | eggl
spotted, which were sub#&dégeenbhwgl gksagl ehe fe
at ponds, we determined the approxi mate dates
seconddayt egneri od of April
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Comparing these dates with the start of 1inc
generally match. This confirms that(fogur @ ad)r
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Figure 4. Clutch size per mallard nest as a function of nest height, vegetation height, distance between
nests of conspecifics, water depth below the nest, and distance to the water depths and shore in the Caspian
Sea (Absheron Peninsul@ote: Lines represent a linear regression with a Poisson GLM distribution and a
96% confidence interval, highlighted in light gray
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Figure 5. Relationships between nest spacing, clutch size, and nest density in mallards on the Caspian
Sea coast (Absheron Peninsulddte: The solid line represents a linear regression with a Gaussian fit (upper
line) and a Poisson fit (lower line), with the 96% confidence interval highlighted in light gray
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Mal |l ard and teal nests were found near bod
Finding nests in urban ar eacamoawsf lqaug et et hdeinmi fmac
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examines auwrhr eomt trheesepacot ent i al therapeutic us
cardiovascular, and neurodegenerative di sease
of the role of ascorbic acid in maintaining h

sdzt YyJ o JL Hifpdetdse0@ ., BdSBIHJYddzO, odlsOdzddzr , O
Key wohredasb:t amedi tamin, ascorbic acid, bioche!

l JlsOgddz o sHistcOMIse sted 3" 2 o dls Odzqd dg, Colstster 2 dz
Yyj dztse j €O, tssibtsddz jets sk djdd] {tddshls: s
BdBadd@dud ME OV tsdz OMmMEtsteBddsots?2 CdMmdztslsr L OC dz#
Ylsts  Hj dz@j IsOdgjvded d3¥ o3 kY Ofmls deg Gitdyls @datsfahcfids]jlsdp dalz dits
dOHY syd yded C On, fJuddzd, cdf sy diijdQ@iyddssjLde jdzts tsedzfy
Htekzc d n s ¢ Odav =, ybsts ffoHyYtSdooOjls jets Ctodlsdy
dzj 2tetsd3y Hd Ols tstEis ® dzlid dz®2ds ) BE fls § |

VUV YJjdzse 4 $ O M dzsted3sOdz! dgf o3 § tslstej Bdzj dzd 4 d3 o d Is ©d3d
>28 B¢ Bsdz-0,d® ddxgf/ HOdz 4] 2] . v yYyjdzsea jSO f HIWIydl
Ctesod MMisOoadzw jIs ©ls 110, 38 238/ ezdizsdrsistz o gzdzts @

v ddzd yJ G: 4tofibution 4.0 International (CC BY 4.0) 111



18 dzdzj dz Bzifdie © € 19 BUledfin of Science and Practice U .2 1220%
https://www.bulletennauki.ru https://doi.org/10.33619/2412948/123

Emlsts?2 ydoe, odlsOdizddz o WwWodzw jlsmpw dzj L Odzj deddz" &3 d o
Colstesj B' Mistets o atsHdIlsMW dL Bt OdzdL BO. 1 jtod tsSH
16 Hdgj?2,; jMmdzd jets ftedjdz ftsdzdesfls' ¢ ftoj CtedEsdIs! ,
40 Hdzj 2. Mmtslsw  Ektotse j dz o fdzOL 3y Ctetsod Mmdedy O]
tcOLodo O IsMW EtsteOLHB Htsdz hj. 1 dzv ftojHBIsateOM j dzd
ftedded d30OIs! 10 e odlsOdrddzO w4 ({1 Ists ftojHBISo WSOMN Of Is
Cosdzdyd Mso © Hdzvw HEtsMisdy j dzdv dzstedzOdz? dztse s ktetso dzv
tcOdzdzd n M B ssdstse syj dz@ daj M j ydW¥ dud dzz bkMmlsOdshls:
) BdMmddalsg L d ¢ Otedzd Is d dzO, Mtsd Hddzj dzd v , dzj 5B R SH
stcOdzmlf stclsdteso € d HAzdddsyd § sy ude' » Y dtede » € d Mmdzs
HiWdydlsO oadlsOodsddzO w4 MowL Oder M CtdzdzOG j detsdz, o Oy
Csfmisj?2 d Styd [7].

Il dlsOdkdde v dzgjtsBatsHdd HAzVW HtosdzddedHtesS d dzOL !
BdtsMddzlsj L O ftesCsdzd&zOcj d20), O jet HIJWdydl ftedoets
[ 4, 8].

Clss ftedoeatsHdls ¢ 9" f OH J ded ® LB 59, Btsdzw d3 o
MsjHdded Isj dz' dets?2 IsCOded, § zsnitsddz L Oy dodzj deds tcOdz
slsj COd3, SCtBodLdadwddwds, cddedodlsiz d MfdtOdzj o

10ydz §j dfmlstsydedSd OS] MEdqea{Epdj &z gisdzz s B, § Bl
BBz ddIls j sO, tjckzdzvydd otmf Oddlsjd dr s sy Mt
Cdzj stsyde" 7 o5 BBtcOdz. t Ofmh dtcjdede” j] dMMmdzj Hise Oded v
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Abstract This paper considers the ecological condition of Khojasan Lake on the Absheron
Peninsula by drawing together available monitoring data and technical reports that describe recent
changes in the | ak-patametavmdnimnng gragrarhme svignpleméntednio | t |
2023 2025, covering 41 physicochemical and hydrochemical indicators measured at three water
depths. The analysis reflects how lestgnding industrial use of the territory, rapid urban expansion,
and alterations of natural dragesystems have shaped the current hydrochemical profile of the lake.
The discussion focuses on several groups of indicators that are commonly applied in environmental
assessmendssalinity, nutrient enrichment, organic load, and suspended hditsrause thy
provide the clearest picture of ongoing degradation processes. In parallel, the paper reviews
technological options that have been proposed for improving water quality in arid andrgemi
regions, with particular attention to sefaowered treatmentnits, modified filtration systems, and
low-maintenance monitoring devices suitable for continuous observation. A pilot MMF unit supplied
by a photovoltaic array was operated under real field conditions. The treatment demonstrated
substantial improvements ikey performance metrics, including marked decreases in turbidity,
chemical oxygen demand, and biochemical oxygen demand, and notable reductions in dissolved
metals such as iron, manganese, zinc, and others. Bringing these strands together makeds it possib
to identify the pressures that are most influential for Khojasan Lake today and to outline practical
directions for future monitoring and management. The material is intended to serve as a consolidated
reference for specialists involved in the restoratf inland water bodies on the Absheron Peninsula.
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The Absheron Peninsula occupies a distinctive place in the physical geography of Azerbaijan.
Within a relatively compact territory of about two thousand square kilometres lies an unusually dense
network of lakes, shallow depressions, and intermittent Wwatties. Their origin is far from uniform.

Some emerged through natural tectonic movements or the gradual isolation of former coastal lagoons,
while others took shape as a result of lbeign human interference with the landscape [1].

Today, roughly one hundred lakes are recorded across the peninsula, which is substantially
higher than both the national average and the global proportion efdaleeed land. This density
alone indicates that Abshei@nlimnological setting cannot be understood without considering a
combination of climatic, geological, and anthropogenic factors.

Climatic conditions are among the most decisive influences on local hydrology. The peninsula
lies within a dry, moderately warm sentesert zone. Annual precipitation remains -ywically
between 150 and 300 millimetraad is spread unevenly throughdw year. In contrast, evaporation
rates are extremely high, often three to four times greater than incoming precipitation. Such an
imbalance leaves most closed basins in a state of chronic water deficit. Over time, this leads to
elevated mineralisation, uttuating water levels, and marked sensitivity to the slightest shift in
hydrological inputs. As a result, nearby lakes may differ considerably in salinity, nutrient
concentrations, and biological productivity despite their geographic proximity.
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Morphological differences reinforce this variability. Some lakes are shallow water bodies with
a limited littoral zone, whereas others exhibit thick sequences of accumulated sediments. These
deposits, which reach ten metres in Masazir Lake and severasnretBoyukshor and Mirzaladi,
reflect a long history of sedimentation shaped by changing climates, past Caspian Sea levels, and
human land use. Today, these sediments not only preserve information about past environmental
conditions but also influence aent geochemical and thermal processes within the lakes.

Anthropogenic activity, however, is the factor that has most profoundly reshaped the
peninsul@& aquatic systems. Since the nineteenth century, Absheron has served as a centre of
industrial developmenhitially for oil extraction and later for a wide range of urban and economic
activities. Wastewater from households and industry entered manyftakescades without any
form of treatment. In some cases, this led to an expansion of water surface area and a reduction in
salinity due to continuous dilutiom others, lakes were partially filled or drained entirely to make
space for roads, residential districts, or industrial sites. These changes have fundamentally altered
hydrological patterns and accelerated ecological degrad@immical pollution remains one of the
most serious concerns. Petroleum residues, heavy metals such as lead, cadmium, mercury, and
chromium, and persistent organic pollutants have accumulated in both water and sediments [2].

Equally problematic is nutriestch runoff from surrounding urban areas, carrying nitrates,
phosphates, detergents, microplastics, and pesticide residues. The penetration of mineralised
groundwater, often triggered by the disruption of natural aquifeysiributes to secondary
salinisation and shifts in ionic composition. These processes have collectively led to a decline in
biodiversity, increased eutrophication, and a reduction in the ecological stability of many lakes [3].

Given this variety of pressures, Abshe&lakes can be divided into two broad groups: those
that retain features of relatively undisturbed ecosystems and those whose structures have been deeply
altered by human activity. The second category, unfortunately, now dominates. What makes these
lakes m@rticularly noteworthy is the way natural and hurdaiven forces intertwine, creating
ecological systems that cannot be managed effectively without acknowledging this dual character.

In this context, the lakes of the Absheron Peninsula offer a rare opportunity for integrated
environmental study. They serve as examples of howcandate hydrology, geomorphological
diversity, industrial development, and modern urbanisation interacinvat confined geographical
space. Understanding their evolution and present condition is essential not only for assessing
ecological risks but also for identifying realistic pathways for restoration and sustainable management
in semtarid coastal environents.

Materials and Methods

Purpose and Research TasK$ie current watemanagement context in arid and semd
regionsd including the Absheron Peninsulshows that longtanding approaches to agricultural
water supply no longer meet modern ecological and technological demands. Increasing solar
exposure, low natural humidity, and the extensive anthropogenic transfornfdtioal evater bodies
have created a setting in which traditional irrigation sources are no longer sustainable. This situation
requires the development of adapt resourceefficient, and renewable solutions. The climatic
conditions of Absheron, where high solar irradiance is combined with progressive degradation of lake
ecosystems, make the region an appropriate testing ground forpswalared watetreatment
technologiesThe purpose of this research is to develop a scientifically grounded and technically
feasible model for treating lake water using a selargydriven multimedia filtration system
tailored to the needs of regional agriculture [4].

Achieving this objective involves several interconnected tasks: identifying the dominant
pollutants in lake water; designing and testing a modified Hlangsx multimedia filter capable of
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autonomous operation using photovoltaic energy; and comparing the treated water with national and
international quality standards for irrigation. These comparisons allow for an assessment of the
wateiGs suitability for agricultural use, the formulation of operational regimes for the filtration unit,
and the calculation of key environmental and economic sustainability indicators such as Water Use
Efficiency (WUE), Energy Return on Investment (EROI), &atbon Offset Potential (COp). The
research also aime propose policy recommendations aligned with the United Nations Sustainable
Development Goals, especially SDG 6 (Clean Water and Sanitation) and SDG 7 (Affordable and
Clean Energy).The study introduces an original configuration of the multimedia filter (MMF)
combined with a solar power system designed to ensure full energy independence of the treatment
process. The system is optimized for conditions relevant to irrigation: salhénance, reduced
toxicity, and minimal clogging risk for drip and spriaksystems.

Monitoring Framework and Sampling Design

Fieldwork was conducted at Lake Khojasan, one of the most ecologically vulnerable and
industrially stressed water bodies on the Absheron Peninsula. Monitoring followed-levéio
design. A fixed index station located at 40.4080 49.7722 E was sampled during every field
campaign, ensuring continuity of observations. In addition, two extended profiles with vertical
sampling were completed to capture seasonal stratification and internal loading processes.
Measurements were taken at threetde 0.5 m, 20 m, and 3.7 nd corresponding respectively
to the photic surface layer, the ndépth representative of the I&keaypical profile, and the near
bottom layer positioned approximately 30 cm above the sediment boundary (Table 1).

Table 1
COORDINATES OF MONITORING STATIONS

Code Position Coordinates Rationale
KHS-1 (central Deepwater 4 0. 4R,0 Minimalinfluencefrom shorelinenputs;controlof

station) core 4 9. 7E 8 backgroundherationandstratification.

KHS-2 Indexcoastal 4 0. 4 N,4 Areaof maximumanthropogenitoadfrom
(inflow/drainage  zone 49 . 7E 2 settlementrainageandstormwatermonitoring
sector) Aii npwal i ty. o

KHS-3 Downwind 4 0. 38,5 Typicalzonefor sedimentatiomndaccumulatiorof
(accumulative deposition 4 9. 7B 4 dissolvedpollutants;assessmerfii e p @ i nt
coastakector) zone quality.

All samples were registered through a field logbook and a @fatastody (CoC) system. The
full analytical suite included 41 parameters, covering turbidity, COD, BOD, chloride ions,
surfactants, phenols, and a range of heavy metals. Laboratory anatyseserformed in certified
Baku laboratories following WH&@ligned procedures. Initial water quality was classified as critical:
COD reached up to 250 mg/L, turbidity exceeded 30 NTU, and iron and chloride concentrations were
significantly above regulatotymits.

Experimental Filtration SysteniThe field experiments employed a modified multimedia
filtration system with three layers: anthracite, fine sand, and coarse sand. The filtration unit was
powered by photovoltaic panels with a total installed capacity of 50 kW, supplying energy for
pumpingand for the automated backwashing system. Water quality was monitored before and after
each filtration stage. The system achieved a 97.5 percent reduction in COD, a reduction of turbidity
by more than 95 percent, and a daseein heawnetal concentrations to below detection limits. The
removal of surfactants and phenols was comparatively less efficient, indicating the need for an
additional polishing step such as activated carbon or ozonation.
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Implementation SiteLake Khojasarranks among the most polluted lakes on the Absheron
Peninsula, a condition shaped by decades of sustained industrial and domestic pressure (Figure 1).
Numerous environmental assessments show that several Absheron lakes, including Khojasan, contain
extremédy high concentrations of petroleum residues, volatile organic compounds such as benzene
and toluene, polycyclic aromatic hydrocarbons, heavy metals, and a range of secondary contaminants.
The lake continues to receive untreated wastewater from neaitbynsetits, stormwater from densely
urbanized surfaces, and, in some cases, direct discharges from active oil wells in the surrounding area.

Figure 1. Location of Khojasan Lake

These inputs have resulted in elevated turbidity, significant organic contamination, and
systematic exceedances of acceptable limits for multiple chemical indicators. Before filtration, the
surface waters exhibited extremely high turbidity, together vi@baged concentrations of chlorides
and iror® clear signs of advanced mineralisation and {targh technogenic pollution. From an
engineering and ecological perspective, Lake Khojasan encapsulates the full spectrum of challenges
typical for the region: oitlerived contamination, domestic sewage inflows, eutrophication, and
salinisation. Together, these factors render the water unsuitable for irrigation without prior treatment.
Addressing such a complex contamination profile underscores the relevance gindeplgilot
multimedia filtration (MMF) system; demonstrating effective removal of petroletganic
compounds and heavy metals under real and severe pollution conditions would serve as a strong
indicator of the technology practical viability.

The lake and its surrounding territory are also subject to substantiatwgatpressure, which
increases the strategic importance of reclaiming water for productive use. The catchment area of
roughly 5.3 kmz includes both urban settlements and agrialfilots. Approximately 321 hectares
of green space depend on irrigation; of these, about 200 hectares represent farmlands, orchards, anc
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plantations requiring regular watering, while the remairdngl21 hectares consist of parks and
recreational zones. In semiid climates, irrigation needs are estimated at around 50 m3 per hectare
per day according to FAO recommendations, implying a total daily demand exceeding 10,000 m?3 [4].
Supplying this volume fohigh-quality water is impossible without effective treatment and rational
waterresource management.

Infrastructure around the lake remains insufficient for ensuring environmental safety, which
paradoxically strengthens its relevance as a pilot site. The settlement of Khojasan lacks a centralized
sewage system, and historically both domestic wastewadestarm runoff discharged directly into
the lake. OHextraction infrastructure nearby has also contributed to contamination. Although
governmental agencies have begun remediation effantduding shoreline cleanps and plans for
municipal wastewater teémend these initiatives are not yet complete. A mobile sptavered
MMF system can therefore effectively bridge this gap: while large treatment plants are being designed
and constructed, a localized filtration unit can provide immediate improvementen queality for
agricultural and municipal use. The presence of a single regulated outflow at the southern end of the
lake simplifies engineering arrangements for water intake and distribution through the system.

From a technical standpoint, the size and morphology of Lake Khojasan make it well suited for
a pilot deployment. With an area of about 1.82 km2 and an average depth of roughly four meters, the
lake is compact enough to permit efficient monitoring andalladion yet large enough to
meaningfully test filtration performance under field conditions. These features make the lake a
practical testing ground: the need for clean water is clear, basic operational conditions exist, and
treated water can be appliedmediately to nearby agricultural land and public green areas.

Beyond technical considerations, the lake holds ecological and social significance. Located in
the western part of Baku, Khojasan historically formed part of the local natural landscape and offered
recreational value to residents. Although degraded, #eedall hosts various species of flora and
fauna, including semesert plants and migratory birds. Tamarisk and reed communities are present,
and protective belts of Eldar pine have been planted along parts of the shoreline. Winter months often
attract dverse bird species. Improving water quality would therefore directly support biodiversity and
the ecological stability of the surrounding area.

For local communities, the benefits of restoring the lake are tangible. Evaporation from polluted
surfaces can release unpleasant odours and airborne contaminants, posing risks to public health anc
reducing the attractiveness of residential areas. Clemagsr would enhance the environment,
increase recreational potential, and support the use of treated water for household gardens, public
parks, urban plantings, and agricultural production. In combination, these effects carry considerable
socioeconomic vale: roughly 200 hectares of pemban agricultural land could be supplied with
irrigation water, while recreational assets and nearby property values would also benefit. A
demonstrated improvement in water quality through the MMF pilot would likely geenstiaong
public support and serve as a model for sustainable environmental practices elsewhere in the region.

Importantly, Lake Khojasan represents a typical case within Absheron. Many lakes on the
peninsula face similar pressudesil-industry legacy pollution, domestic wastewater inflow, and
salinisation driven by the serarid climate. Khojasan appears alongsii®yukshor, Binagadi,
Lokbatan, and others on the list of the most problematic water bodies, all of which show comparable
contaminant profiles. Successfully operating an integrated treatment system at Khojasan would
therefore provide knowledge and techhiegperience applicable to other contaminated lakes in the
region. If the MMF system proves capable of treating water to irrigation standards here, it can be
confidently proposed for broader replication.

Finally, Khojasan offers a full set of conditions needed to test the durability and adaptability of
a sustainable treatment technology. The lake contains different groups of pdligaspended
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solids, organic matter, and dissolved me&taddlowing evaluation of the filtés performance across

a wide range of contaminants. Seasonal climatic variability, from intense summer radiance to cooler
windy winter conditions, challenges the sedsrergy subsystem and provides insight intoyeand
reliability. Existing infrastructug limitations allow for a genuine assessment of the system
autonomy. In this sense, the pilot project at Khojasan provides maximum representativeness: it
encompasses environntal, technical, and operational factors characteristic of the wider region.

Given its location, size, ecological condition, and strategic relevance, Lake Khojasan offers an
optimal environment for testing and validating a s@lewered multimedia filtration system. Its
proximity to Baku simplifies logistics and monitoring, whilagming governmental remediation
initiatives create favourable conditions for integrating innovative solutions. Together, these factors
make Khojasan not only a practical pilot site but also a meaningful demonstration platform for
sustainable watdreatmem technologies across Absheron.

Structure and Operating Principles of the Filtration Systértegrating solar energy into the
operation of multimedia filtration (MMF) systems represents a promising and resdficant
approach for improving the quality of surface water intended for agricultural use. Such technologies
are particularly relevann arid and semarid region$ including the Absheron Peninsélavhere
access to clean irrigation water is limited and water bodies are subjected to continuous anthropogenic
stress. The use of remable energy not only reduces operating costs but also lowers the carbon
footprint of watertreatment processes, aligning the system with the objectives of sustainable
development (SDG 6 and SDG 7) and national strategies for emission reduction.

Water treatment begins with the intake of raw lake water into a preliminary storage reservoir.
This step facilitates the settling of suspended solids and helps stapdrseilic flow before filtration.

The preparatory stage is widely adopted in international viistatment practice because it protects
downstream filtration components from hydraulic overload. From the reservoir, water is pumped
through the system usiraysolaspowered pump supplied by photovoltaic (PV) modules. The pump
maintains the steady pressure and flow rate required for achieving uniform filtration velocities.

At the core of the technological scheme is a multimedia filtration unit composed of sequential
layers of coarse quartz sand, fine sand, and anthracite (Figure 2).

This configuration enables a gradual removal of suspended particles, organic compounds, and
dissolved heawnetal ions. As water passes through the filter bed, turbidity decreases, chemical and
biochemical oxygen demand (COD and BOD) are reduced, andrtoateens of chlorides and other
toxic contaminants decline. Comparable MMF systems have been applied in regions with similar
climatic constraint® for example in Iran and Indiawhere they successfully removed suspended
matter, iron, and various organic jppants to levels meeting FAO irrigation standards.

The filtration mechanism relies on the stepwise capture of contaminants. Anthracite, which has
high sorption capacity and low density, effectively traps larger organic fractions and fine particulates.
The finesand layer enhances purification by captunpagticles as small as 10 micrometres. The
lower layer of coarse sand provides additional removal of large solids and ensures a more even
distribution of water across the filter bed. Together, these layers achievguailify filtration while
maintaining lalanced hydraulic resistané an important feature when the system operates on
variable renewablenergy inputs.A key component of the systémenergy autonomy is the
photovoltaic array, which converts solar radiation into electricity used to power both the main pump
and the anblower unit responsible for regenerating the filtration media. Periodic backwashing is
essential for restoring the peeability and sorption capacity of the filter layers. In this installation,
backwashing is performed automatigalpreventing clogging and enabling leterm operation
without the need for frequent manual maintenance.
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After passing through the filtration layers, treated water collects in a secondary storage tank,
where it undergoes routine quality control (Figure 3). Parameters such as turbidity, pH, chloride
concentration, salinity, and residual organic contaminatierchecked to ensure compliance with
international irrigatiorwater guidelines (FAO, 1985).
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Figure 3. Modified Multimedia filter
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The target valued turbidity below 5 NTU, COD below 10 mg/L, chloride concentration not
exceeding 350 mg/L, and the absence of detectable heavy Metalffect criteria that safeguard
both agricultural soils and crop health.

The engineering schematic presented in Figure 6 illustrates the complete technological
sequencé from initial water abstraction to the distribution of treated water. The layout demonstrates
the integration of mechanical, energetic, and service componemtsumnified, sustainable platform.

The modular design of the filtration unit supports both scalability and adaptability: the system can be
installed in small agricultural holdings or at municipal facilities, and its productivity can be increased
by operaing multiple filtration modules in parallel.

Taken together, this solpowered MMF installation represents a representative model of
sustainable water treatment for seamid environments. By combining advances in photovoltaic
energy conversion, hydraulic filtration, and environmental engineetirdgnnonstrates that even
severely polluted lake water can be reliably treated to irrigation standards without connection to
central utilities and with minimal operational costs.

Comparative Analysis of Lake Khojasan Water Quality Prior to and Following MMF
Filtration. The paired datasets for 202925, measured at three depths before and after passage
through the modified multimedia filter (MMF), show that the system delivers a substantial
improvement in most key physianemical parameters relevant to irrigation water.

From a physical perspective, the filter behaves exactly as expected for a granular multimedia
system. Mean turbidity decreases from approximately 31.4 NTU in untreated lake water to about 1.4
NTU after MMF treatment, corresponding to a removal efficiencyoaghly 95%. This level of
clarification is consistent with published performance of properly designed multimedia filters, which
routinely achieve high removal of suspended solids and colloids by combining layers of anthracite
and sand. The significargduction infresidue at 10626 (a proxy for total d
solids) from about 1660 mg/L to 1200 mg/L indicates that the system also reduces the overall mass
of dissolvedsalt and particulate load, though to a lesser extent than turbidity, which is dominated by
particulate removal.

Chemi cal oxygen demand (COD) and biochemic
robust improvements. Depthv er aged COD declines from about
approxi mate reduction of 70 %. BOD i s rleld,u ceae d

decrease of roughly threpiarters. These values bring the treated water close to, or within, the COD
and BOD thresholds typically used in surfagater reuse standards and national norms. Such
behaviour is characteristic of multimedia filtration dases where a significant fraction of organic
matter is present in particulate or colloidal form; the filter removes much of the phdiahel organic
load, while truly dissolved refractory organic compounds are only partially affected.

The evolution of nutrient and organmaicropollutant indicators highlights both the strengths
and the limits of the MMF configuration. Nitratetrogen remains low in both datasets, with only a
slight increase in mean concentration after treatment, whicloe interpreted as within the range of
analytical and seasonal variability. Nitrtgrogen, by contrast, drops by about a factor of four,
indicating effective oxidation or removal of reduced nitrogen species, which is favourable from a
toxicity standpmt. Phosphat@hosphorus concentrations decline from an average of roughly 3.4
mg/L to about 1.3 mg/L, suggesting that the mineral media provide some sorptive capacity for
phosphate or that a portion of particulate phosphorus is removed together wehdadsgolids.
These postreatment levels fall below many reuse guideline values for phosphorus in irrigation water,
which primarily aim to prevent excessive eutrophication and clogging of distribution systems [5].

The behaviour of surfactants (MBAS) and phenols is more conservative. Anionic surfactants
remain in the 1)51.8 mg/L range before and after treatment, significantly above typical guideline
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values around 0.5 mg/L for surfavater reuse. Phenols are reported below detection limits in both
datasets, making it difficult to draw firm conclusions about their removal. This pattern is consistent
with broader experience: granular multimedia filtare not primarily designed for the removal of
dissolved synthetic organics, and effective treatment of surfactants and trace organics usually requires
additional steps such as activated carbon adsorption or advanced oxidation [6].

The residual MBAS concentration therefore supports your recommendation to integrate a
polishing stage (e.g., GAC or ozonation) if the water is to be used in more sensitive applications or
where national requirements for surfactants are sgatinity and majoion chemistry are central for
assessing suitability for irrigation according to FAO and related guidelines [4].

Average salinity decreases modestly from a
placing the treated water near the lower boundary dighei ght t o moder ateodo s al
for many crops, depending on soil texture and crop salt tolerance. Chloride concentrations show a
more pronounced improvement: the deptferaged value falls from roughly 523 mg/L to about 289
mg/L, representing reduction of ~45% and bringing the water below the 350 mg/L limit adopted in
the national standard. Atéhsame time, sodium concentrations remain high, only slightly reduced
from ~236 mg/L to ~208 mg/L on average. Given the relatively moderate levels of calcium and
magnesium, this implies that the sodium adsorption ratio (8ARhough not explicitly calcutad
heréd may still be of concern for loagrm irrigation on sensitive soils, in line with FAO guidance
on sodicity and specifion toxicity [4].

In practical terms, the MMF clearly improves salinity and chloride toxicity risk, but the water
would still need careful management (e.g., blending, leaching fractiontylsadint crops) to avoid
gradual soil degradation [7].

Heavy metals and trace elements show some of the most striking changes. The average iron
concentration falls from approximately 83 pg/L to about 7 pg/L, corresponding to more than 90 %
removal. Manganese is reduced from around 135 pg/L to below 3 ug/la removal efficiency on
the order of 98 %. Zinc drops into the low sindigit ug/L range and remains below the national
limit. These results are consistent with reports that multimedia filters, especially when combined with
appropriate media and redoanditions, are effective in removing particulate and colbmdnd iron,
manganese, and similar metals [8].

Vanadium concentrations, which were initially low, fall below detection limits after treatment.
Boron, an important parameter for irrigation water because of its toxicity to many crops at relatively
|l ow concentrations, declines from an average
(4 376 Og/L). Thi s i s @ treatedgvaliie$ stiltlie oldse td an plightlyv e me
above the threshold at which more sensitive crops may start to show yield reductions, according to
FAO and othemternational guidance [4].

In practice, this means that the MMF substantially mitigates boron hazard but does not fully
eliminate it; crop selection and irrigation management remain important.

Not all traceelement trends are favourable. Arsenic and barium exhibit apparent increases in
concentration after treatment, particularly at depth. Several mechanisms may contribute to this
behaviour, including desorption from filter media, changes inxegb@ciation, or concentration
effects due to partial removal of other components. Similar phenomena have been reported in studies
where filtration or adsorption processes alter speciation and mobilize previously immobilized
elements [9]. In the presentrdext, even the highest measured arsenic concentrations (up to 37 pug/L
at depth) still fall near or above the 10 pg/L drinkingter guideline but are less critical in an
irrigation setting; nevertheless, they warrant attention if any future reuse opéposd irrigation
are considered, or if local regulations for irrigation water include stricteré&lac@ent criteria.
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Taken together, the prand postreatment data confirm that the sefowered MMF system
behaves as an effective advanced pretreatment unit for highly degraded lake water. It delivers strong
reductions in turbidity, s wjanpse,rddeselvera athen niewls, CC
and significantly improves chloride, phosphate, and boron levels. These outcomes are consistent with
the broader literature on multimedia filters and on sptawered filtration systems for water reuse in
arid and semarid regions, which report high robustness, low operating costs, and good compatibility
with decentralized applications [9]. At the same time, the system is less effective for dissolved

surfactants and some trace elements, underscoring the need for congigp@ishing steps where
stricter standards or more sensitive uses are envisaged (Table 2, 3).

Table 2
MEAN WATER-QUALITY PARAMETERS OF LAKE KHOJASAN (20282025)
BEFORE TREATMENT BY THE MODIFIED MULTIMEDIA FILTER (MMF)
Parameter Unit Surface Mid-depth Bottom Limit (MAC) Standard
pH T 7.98 7.88 7.79 6.5'8.5 AZS 929:2013
Turbidity NTU 31.0 30.8 32.3 050 GOST335%:74
Salinity a 1.24 1.27 1.27 01.0 EPA SecondanReg.
COD mgO [/ L 102 250 19 030 AZS 929:2013
BOD mgO /L 50 60 5 03 AZS 929:2013
Chlorides mg/L 803 383.4 383 0350 AZS 929:2013
Sulfates( S O mg/L 153 186 0 0500 AZS 929:2013
Freechlorine mg/L 0 0 0 0.3 AZS 581:2009
Nitrate-N mg/L 0.50 <0.40 0.48 010 AZS 929:2013
Nitrite-N mg/L 0.12 <0.006 <0.006 00.08 AZS 929:2013
Cyanides mg/L <0.01 <0.01 <0.01 00.035 EPA822R-01-001
MBAS mg/L 1.44 1.83 1.62 00.5 GOST2706586
Phenols mg/L <0.005 <0.005 <0.005 00.001 GOST2765388
Phosphates mg/L 3.2 3.0 4.1 03.5 GOST
Total alkalinity mg-eq/L 6.66 6.86 6.10 0 GOST
Carbonates mg/L 0 0 0 o) GOST
Bicarbonates mg/L 406 406 425 o} GOST
Totalhardness mg/LCa C(C 417 420 414 O7 mg-eq/L AZS 929:2013
Residuel 0 5 /£ mg/L 1470 1488 2034 ) GOST
Aluminium Og/ L 33 6 41.4 0500 EPA
Arsenic Og/ L <1 3.9 3.0 10 EPAMCL
Vanadium Og/ L 4.6 45 3.0 100 AZS
Boron Og/ L 875 890 880 500 EPADWEL
Iron Og/ L 61 55 132 300 AZS
Manganese Og/ L 133 133 139 100 AZS
Zinc Og/ L 14 15 14 10 AZS
Chromium Og/ L 25 3.4 5.1 50( Cr EPAMCL
Barium Og/ L 38 56 50 2000 EPA
Strontium Og/ L 1089 1103 1081 o} EPADWEL
Potassium mg/L 16.2 <5 19.8 o} o}
Sodium mg/L 235 237.7 236.4 200 EPA SecondanReg.
Calcium mg/L 23.3 29.1 26.9 180 GOST
Magnesium mg/L 7.3 8.6 8.5 40 GOST
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Table 3
MEAN WATER-QUALITY PARAMETERS OF LAKE KHOJASAN (20282025)
AFTER TREATMENT BY THE MODIFIED MULTIMEDIA FILTER (MMF)
Parameter Unit Surface Mid-depth Bottom Limit Standard
(MAC)
pH i 8.22 8.23 8.25 6.58.5 AZS 929:2013
Turbidity NTU 0.93 0.60 2.75 050 GOST335174
Salinity a 1.07 1.00 1.00 01.0 EPA SecondanReg.
COD mgO /L 294 39.2 39.2 030 AZS 929:2013
BOD mgO /L 0.6 0.9 28.0 03 AZS 929:2013
Chlorides mg/L 304 275 289 0350 AZS 929:2013
Sulfates mg/L 191 153 197 0500 AZS 929:2013
Freechlorine mg/L 0 0 0 0.3 AZS 581:2009
Nitrate-N mg/L 0.48 0.48 0.87 010 AZS 929:2013
Nitrite-N mg/L 12 12 10 00.08 AZS 929:2013
Cyanides mg/L <0.01 <0.01 <0.01 00.035 EPA
MBAS mg/L 1.7 1.55 0 00.5 GOST2706586
Phenols mg/L <0.01 <0.01 <0.01 00.001 GOST2765388
Phosphates mg/L 1.41 1.38 1.03 03.5 GOST
Total alkalinity mg-eq/L 8.6 8.64 6.68 0 GOST
Carbonates mg/L 7.0 7.0 7.0 o} GOST
Bicarbonates mg/L 388 389 396 o} GOST
Totalhardness mg/LCa C( 396 420 396 O7 mg-eq/L AZS
Residuel 0 5 / mg/L 1230 1164 1204 0 GOST
Aluminium Og/ L 6.3 8.1 1.2 500 EPA
Arsenic Og/ L 2.0 24.0 37.0 10 EPA
Vanadium Og/ L <1 <1 <1 100 AZS
Boron Og/ L 405 446 277 500 EPADWEL
Iron Og/ L 4.9 10.4 5.8 300 AZS
Manganese Og/ L 18 3.4 3.4 100 AZS
zZinc Og/ L 38 5.8 9.3 10 AZS
Chromium Og/ L <1 <1 <1 50( Cr EPA
Barium Og/ L 279 432 432 2000 EPA
Strontium Og/ L 1076 1041 977 0 EPADWEL
Potassium mg/L 11.3 21.4 17.8 o} o}
Sodium mg/L 218.6 199.6 206.5 200 EPA SecondanReg.

In the specific case of Lake Khojasan, the gdBtF water quality, when compared with
international irrigation guidance (FAO 29, EU and national reuse frameworks), can be considered
generally acceptable for irrigation of moderately-salitrant crops onustable soils, provided that
agronomic management (leaching fraction, crop selection, soil monitoring) is implemented [6].

The analysis of the two tables therefore supports the central claim of the study: a properly
designed soladriven multimedia filtration system can transform severely polluted lake water into a
resource that is, with some caveats, technically compatitteswstainable agricultural use in semi
arid coastal environments.

Results and Discussion
The efficiency table shows that the segtewered MMF unit substantially improves the quality
of Khojasan lake water for most priority parameters.
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Suspended solids and organic loddwrbidity drops from an average of about 31 NTU to 1.4
NTU, corresponding to a95% removal . -metidfikersf i t s
used for wastewater and greywater polishing, where turbidity removali 8985 is typical when
anthiacite and sand are combined in a ddlew configuration [8].

CODandBOBare reduced by &471% and a474% respec:
multimediafilter studies (COD 6884%, BOD 67 80% removal) [8].

This indicates that a large fraction of organics in the raw lake water is associated with particulate
and colloidal matter that is effectively removed in the granularMagbr ions and salinityChloride
concentration decreases by about 45 %, from ~523 to ~289 mg/L, bringing the mean value below the
350 mg/L |imt adopted in AZS 929:2013 and wi
for irrigation in FAO guidance. FAOHome+1 Total dised solids (represented by residue at 105°C)
show a more modest reduction of ~28%, which is expected because MMF is primarily a physical
sorption process and not a desalination technology (Figure 4).
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Figure 4. Treatment Efficiency of MMF Systd20232025)

For irrigation, this means the treatment significantly eases chloride toxicity risk but does not
fully eliminate salinity constraints; management of leaching fraction and crop salt tolerance is still
needed in line with FAO and other irrigation qualitynfi@wvorks [4].

Phosphate phosphorus declines by about 63%, from 3.43 to 1.27 mg/L. This reduction is
beneficial from both eutrophication and clogging perspectives, and it is consistent with literature
where multimedia filters remove particulate and some sorbed formBospporus together with
suspended solids [8].

Boron concentrations are nearly halved (7157
according to FAO and recent irrigatiovater reviews, sensitive crops can already show yield
reduction above ~0.3 mg/L B, while tolerant crops can still be irrigztt€d75 1.0 mg/L [4]

Thus, the MMF clearly mitigates boron hazard but does not remove it completely; crop
selection and soil monitoring remain important for laagn use.

TracemetalsThe filter i1 s particularly effective
% and Mn by 498 %, both well below national
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these metals is typical for media filters, as Fe and Mn are often present in oxidized, particulate or
strongly sorbed forms that are readily captured by granular media [8].

Zinc also shows a meaningful reduction (~56 %), with final concentrations comfortably below
AZS limits. Overall, the tracenetal data confirm that the MMF configuration performs well as a
polishing step for metaich lake water (Table 4).

Table 4
TREATMENT EFFICIENCY OF THE MODIFIED MULTIMEDIA FILTER (MMF)
FOR KEY PARAMETERSmean for surface, midepth and bottom; Lake Khojasan, 202325)

Parameter Unit Meanbefore Meanafter Treatment

MMF MMF efficiency %*
Turbidity NTU 31.37 1.43 95.5
COD mgO [/ 123.67 35.93 70.9
BOD mgO / 38.33 9.83 74.3
Chlorides mg/L 523.13 289.33 447
Phosphat® mg/L 3.43 1.27 62.9
Residueat 105A GTDS proxy) mg/L 1664.00 1199.33 27.9
Boron Og/ L 881.67 376.00 57.4
Iron Og/ L 82.67 7.03 91.5
Manganese Og/ L 135.00 2.87 97.9
Zinc Og/ L 14.33 6.30 56.0

*Efficiency calculated as  —2eleRBéteh o p

before

Overall performance in the context of reuse
FAO irrigation water guidelines and more rece
|l ake water from a clearly probl emgantccsatebe
met al s) toward t he range of mar gi nal but u

management : sal ini

ty and boron still require
brought to | eveWwist hh

mbstreecoepht améwor ks.

Concl usi on

The research presented in this paper set o
Absheron Peni-tnerurh ade grhaed altamgh of |l ake ecosys:
pressur e, and the growing neemg@ad ifdorcl i enlaitaebl!l d ai
was selected as a representativereibabéedsand 0
poll ution with a clear and quantified demand
recreati Agail nstr ealsi. s background, ptolwer sttudnyp dt
mul ti media filtration system <coul d provi de
contaminated | ake water to waterTlhé m@momgiutadi iy
for 12028 confirmed that untreated water i n Lé
several key parameters, including turbidity,
passage through tWwa&s MMéE&dobuwaeatp,p rtowri bmad ietlyy 95 %,
abou75%0 and iron and manganese by more than
al most hal f, phosphatki develandebdr dry waooumad
These shiftsfrnovea tche awdtyerunsui tabl e category
wi dely wusevatierriggatdieon nes, can be conoil keagraeand
crops on appropriate soil s, provildedconmnihtadr il rec
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Abstract.The article presents the results of mathematical modeling of the coherent combustion
process for brown coals from the Alai cddaring region (Chukur, Noruskol, KyzBulak, Belalma,
and Kozhokelen deposits in the Kyrgyz Republic). The study aimed tordie¢eoptimal combustion
parameters considering the technical characteristics of southern Kyrgyz coals. Using a system of
differential equations (NavieBtokes, heat transfer, combustible particle mass, and Arrhenius), key
parameters were calculated: totmimbustion time, burning rate, and thermal efficiency. It was
established that the elevated ash content and moisture levels of certain coals in the-B&aruogl
region necessitate adjustments to temperature regimes and grinding fineness (dispgérsion).
optimal particle size for achieving combustion efficiency >95%igl2%um at temperatures of 1450
1550°C. The results provide practical recommendations for designing burner systems and operational
regimes for boiler installations in the Kyrgyz Repabl
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oL Od s g d M

Cotsdzt ydv fd L so Ols jddz b dd&j Jifiasts g § 2 s dzj ¥ d o O
fesctej MO, ds J tkteOyjddj {eotd ydd mishssts
1l jtejnratsH Bl ddalsjteW j2Mtse, tstdj desdtetseo Odzedzr 7 dz®@ OH
d ddakjjCkkOd d &5 MmdMmksj BOB §sCOLT 90jls, §OC o
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gqdzH o dHEZOdz! dgr 2 YtsHAatH, kEdjddj MmMdmisj i Eydlr o O
I dzOh d Hded ddzsj ¥ j2Mr 1etd ydsddtekyls, §jtjrsH
OChkdodzsets StBBzdd S OYyddzdzsets f Otelsdzj 6®. [ dzd
f sdzOlstgaky, fjHMCOLr 90! jcets Hj2Mlsoadw d ¢ da
Mdlszoyd: .

] Oy dzsfyls! HOdzdets?2 sj a7 GBEMdss dzj dzO dzlH 8B TR HIEOR &
¢ dzsor B toj Odkzdw B yqihtesets?2 {fsnd. {OLOBBSSO
qdzs j c6Oydd L dzOded?2 dL ©OLd&dyds & Bd&OMlSj2, IsC
dzd dz¢ o d Ml deR@ dH | e sdsBdS O, Hd&W HsMisdyj ddy yYj d
[ OdzdzO" ©OBBO fojHMlsOodvjlk M2 MPHB | BOBGHJ
Ocbdsj dzsqelzjls oOydetsfls! EyjkO StddsjSMmksO d Skd
fsd Ltso Ol jduzg)fd¥ j 2 s o Mot ) dedg s ts oyfdiiiQaysdonr
STte’ L MisOdzj HJdOd3d etftsc jty @zj edgfzo AnjlischplrS,  odatg sty ) s
COC yYydWtktsets] dzgj tcOo j dgMmlsots, dzgj HsMIsOLsYdOWw yYdW tcts
Hesmiskzy ¢ ddzasjteW j2MOd3 dzO dzOyd sdzOdz! defrAs ! W LHM Chdaals. «
ZOf 600 dzj dzd™ t©OLodlsdw shtejddes of MECO. vy jh
dMCkmMmise j dedetsds qazlsj dzdzj Slsj, fjHfdkOCOjls OHOYfISC
1l Oy dets EZydlsr 9 Ols!  vinsrd§ ts ofj t5jy duusi§ tizrlyy dgdets dz” | IstcOH dyd
flsjfjdd HBOjtedW dHj2 € IsjRdsdsedw ds.

Il T o9BHT

utSLHOded ] ddalsj dzdzj SlszOdzt dz 7 ddalsj oW j 2 mtse OH O
WedCydji2 §jeemsdoddL oydd, CslkstOv f§sLotsddls &yd
HOYJ ©0O2Bdtso .

] ©O®RSOr UXida PO o s’ e’ L MksOdsj §tjHEOCO]
MydudOoddL qteze h djmy dzO0 §sd Lo 0Oljd MEdna dMmMmdzj
fMlstcOdzr . Sld &OBsEOlsedd BkHkls MNfshsemse so Ols!
ftoj HiMisOodtz] &) Ps®®dzj dzd?2 d MsydOd df o Mdsjo d&Ofn

HisL HOdzd § BjlssHdC, fsLotdYY h dn fetso j oW ls!
fsd LcoOljd MSdE ddsjthj2Mmse, f OCy,j dstsd dzO
Ftoctso jdz@ otsodzj yj dedetsfylsd d EZHtsedzj lseo tstej dedetsfyls! ff tsdz

tOLodisdy ¢ WY USH 22y j ydOdzdmistse tshikzh j fMise dz
focccORdE sBkyjddY, ©jOddLEzjd & COC cshmkhOkfle
St Odzd L Oyd W d3q .

ldzij Htcjdedj ddzlsj dzdzj SlskzOdz' dzr = ddzlsj teW j 2 s HEBd&
MW jtcOR: ®BKOLBOOddd, LHKOstsanteOdzs dzdd, dBzdedydy

vOCdd SBLOLd, dJdilsj ddjClskod drF j ddzsj el j 2 ir
d MydsChkdz Isztedz" &3 W Jj detsdzj detsd3. R~A GtoOMBsls zOW tcOL |
tifmMfzedzdSd dsyilk Mismsemsetss Ol! da bkod S kdb
fwsrhjdzds tBh jets kRZtetsodzw ydWwttsets?2 Clkzdz skter d Htse
dfdzj Hse Oded™ o 1 Is2 ©B&OMsd HEdyd BTl &O
ftojHaztsy jdedzr & tejh jded?2, obodzjuyjdedj §od LisoOlsj dz
Hisfislz fddgsd2s, L ddo dets?2 d 1 WW JjClsdodes?2 ydqWttsets?2 Mmtcj HT .

sfdmMss dzdlsj tOlizter :
ludsdtodztseo ¢ . [ ., ZJ &z dzyd 9 0 . o . { d dzd d&30 dz
Isj dzH j dzyd?2 d VIV jRdad®telas@nsitsdzdz” | Isj mdzsdzsedd d Isg
“1(1) . https://doi.org/10. 18454/ itech.2024. 1.
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ddzdzts Is O yRfyvt. h & @ dzv j Is pw tsH dzd d3 gL dzOdB tsdzj J 9
ftesctcOBBdtss Odzd Y B ZOEH Oy fsmisslsy fMmddidsO¢ mdm
ftoddztsy | dzd 2 fy CtOW dud MCdd3  ddals Pig¥t h dufrsdipls b2 ff s dz
MfjudodzdL detse Odadz’ § ddemistelzadzj dalsr, tBJ MY Jjyudoe O
sBOBBICE Mtserlsd?2 d bkftOodjddj Gltedmse s 1 dz
Mt j dedzs s d dzOd SW Mz B daf{Bshfsii Rryedi V@ sOCy j ddzMmistslz
QtDesi gmMe€r east o€tsdzlsj CMisj M tce&ip® gl &z® O ¥zts tc dzj dzdz’ ~
ftoddzsy jJdafde.j Hjd fteddit tj OddLOoydd §toddtsyj ded"
dmyf sdz L 59 OddDjeds i ifshye@¢

AbstPwtthon is currently one of tdhuee nmoos ti tpso ps
syntax and highly readabl e code. Pyt hon offer

enabling the creation of Vi sualoveompdrree ntesn,d e
el ements. This article examines 0tThke nfteeart, u rPeysQt
Ki wyas wel | as Qt Designer and Qt -Llretaftoorm deas
applicati omdg. iAmpleexreernmplieng an application for

PyQt 6 is also provided.
sdzt yj o jPyfldaster@® d ud MSdJ TERdmizgwsls] PYQt 6, Kivy,
Key woRydtshon, graphical i braries, Tkinter,

CL'C fscttOBB] bba@Gd]ve ' MsCskztesoadzj o’ 2, &z k
Jadzls jteftejlsdtelzj " 2 wiLr ¢ ®Bh jEts dzOL dgOyj dedv, ©tedj
d o' MisSkzs ftosdLotHdlj d desfls! tOL©BOBBEYdSO [ 1]

| &zOo dz" &3 f tej dRIFANhyolimtzy SEEMY  fesMisslsO d &sh dzOw
Csdzdyj Msotsds csktsoa’' n BdBddtslsjS d OSkdody &3 MGt
tojhjdedj Mmdzsydz' @ LOHOY d BBRZYjdedj tsMmdeso Oz H Odzdz

v ddzd y j GA: Atafibution 4.0 International (CC BY 4.0) 158



18 dzdzj dz Bzifdie © € 19 BUledfin of Science and Practice U .2 1220%
https://www.bulletennauki.ru https://doi.org/10.33619/2412948/123

l t©0OBtlsOr R. . JOHJjds, A. A. 1 0Oodktss0O, 7.
d CtOlSdj "OwOSl,tdflsdCPd t o jSeas {atdflalmiOdsd s & o O dz

bolstste’ s BdzG Odigts.o DIz d &zl OW o Motsj 2 tOBBIS] HJ BE
BdBdzd STekjiSrft e toj OdzdL Oydd f totsfdstsRd Sdf@te’  ¢ssi wmljj ipls
HeMiskzf desfmils! Hdzw dzOydddds " dr t©OL KOBSISYd<tse

bolsstc Hicz 91O dzg @2 - 2ls O dz3 &O.tc dA 15 94 ©O.tc jHHodOM " o Ok Is
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0ClskzOd dztsfls dqMMdzj Hiso Odzd ™ tBEMdSs dzj &ZO (O]
sBJ M jujdedi o tc@LEAEta@r o GREEPMIsWHRtcOo Scn tcOdzj dzd d
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ftoesctcOBBdtetso Oded v . Kjdz s dmmdzy H s OdzdWw WwWodzw j IsT
shdzts oG d B dzd BB Ko ® SOCY] HtOClsdyd MO ] OdzdL ©
My slsmdj dese M dMYf sdz’ L RDC@dzd 4 d3 & d dzipl§ 56 B S dels Otc o W

[ JItsHT dMMmdz]j H s Oded W
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dZz2okz ydzts?2 d Ijrdzdyd MEts?2 dzdlsj teOlskzter . [ OMMdBZOIstcd o O
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