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Annomayus. PaccmarpuBaeTcsi CHCTEMa CHHTYISIPHO BO3MYIIEHHBIX AuddepeHnnanbHbIX
YpaBHEHHH C JIOTapU(PMHUYECKHMMHU TIOJNIIOCAMH KOTOpasi HMEEeT IOJIOKEHHE pPaBHOBECHE.
YCTOWYMBOCTD MOJIOKEHUSI pABHOBECHS HAPYIIIAETCS ITPU OAHOM 3HAUE€HUH MEJUIEHHO! IepeMEHHOM.
Hccnenyercss siBIeHHE 3aJC€PKKH PEIICHUS TOCIE TOTEPU YCTOMUYMBOCTH — CHUTYaIsi, KOI/a
TPAEKTOpHs OCTAaETCs BOJIU3M HEYCTOMYMBOIO PaBHOBECHSI HA KOHEYHOM HMHTEpBasie BpeMeHu. Jlis
aHaJM3a cucTeMa rmpeodpasyeTcs K KOMIUIEKCHOU (popMe, UTo 1M03BOJISIET CBECTH €€ K MHTETPaTbHOMY
YPaBHEHMIO cHenuaibHoro Buga. Ha ocHoBe mocTpoeHus o0nacTv B KOMITJIEKCHOM IUIOCKOCTH U
OIICHKHU ITPUMCEHAT MCTOA ITOCIICAOBATCIIbHBIX HpI/I6J'II/I)K€HI/II\/II YCTAHOBJICHO CYII€CTBOBAHUC PCIICHUSA
M TIOJTy4YEeHAa aCHMIITOTHYECKAash OlEHKAa Ha HEKOTOPOM OTpe3Ke, B YacTH KOTOPOTO ITOJIOKEHHE
paBHOBecus HeycTroiunBa. [lonydyeHHas olleHKa MOATBEPKAAET SIBICHHUE 3aJ€P>KKH pellIeHre BOIU3H
HEYCTOHUMBOrOo TMOJIOXKEHUs paBHOBecus. IlomyueHHble pe3yabTaTbl YTOYHSAIOT — BIMSIHHE
J'IOl"apI/I(i)MI/I‘IGCKI/IX IIOJIFOCOB Ha JUHAMUKY CHUCTEMBI W OIIMCBIBAIOT 06J'IaCTB, A€ MPOUCXOOUT
3ajieprKKa peleHusl.

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 after the loss of stability is investigated—
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
possible 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 asymptotic estimate 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 poles influence the system's dynamics and describe the region in which the delay of
the solution occurs.
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Kntouegvie cnosa: cuHTynSpHbIE BO3MYILIEHHUS, JIOTApU(PMUUYECKUN TIOIIOC, H3MEHEHHE
YCTOHYMBOCTH, ACUMIITOTUYECKHE OLICHKH, METO/I IIOCIIEI0BATENbHBIX MPUOIMKEHUH, TMHUNA YPOBHS
MOHOTOHHOCTb.

Keywords: singular perturbations, logarithmic pole, change of stability, asymptotic estimates,
method of successive approximations, level curves, monotonicity.

Ilocmanoska 3adauu.
Paccmotpum cucremy

ex' = A(y)X + f (%), (1)
y' =1, 2)
rme 0 <& — Manblii BEUNIECTBEHHBIM mapamerp; X = (Xq, .., X3,), X = (X1 — Y, X5, X3 —
V) Xay s Xzn—1 — Y, Xan), A(Y) = diag(Al(y), ---'An()’)),
y a;j

yi+a? y?+af

A](y) = ,j = 1,...,n,

2 2 2 2
\y taf y +aq
<oy <a, < <ap

Cucrema ObicTpbix jBmwkenuii B [1, 2] Touke (y,0,y,0,..,y,0) WMeeT IOIOKEHHE
paBHOBecue, Kotopas yctoWumBa g y < 0 m HeycroituuBa ans y > 0. Takum obpazom mpu
nepexoe 3HaueHus Y = 0, yCTOWIMBOCTD MOJIOKEHUSI PABHOBECHST MEHSIETCSI.

Onpeoenenue. Ecnu TONOXKEHHE DPABHOBECHUS CTAHOBUTCS HEYCTOWYMBBIM, HO pEIICHHE
CUCTEMBI OBICTPBIX JIBIXKEHUH, COMMPOBOXK/IAIOIINEE YCTONIHBOE TTOJI0KECHUE PAaBHOBECHE, HE cpasy
MMOKUJIACT BO3HHUKINEE HEYCTOWYMBOE ITOJIOKEHUE PABHOBECHS, a B TCUCHUH KOHEYHOTO BPEMEHU
octaeTcs BOIM3H HEro, OyleM TOBOPUTH, POUCXOAUT 3aJIepPKKa pelIeHus, Kpatko 3 P.

3aoaua. Vccnenosath pemenne (1) Ha 3aAepKKy pelIeHUs, KOTJa IMOJIOKEHUE PaBHOBECHS
CTAaHOBHUTCS HEYCTOMYUBBIM.

Takme 3amaum panee wuccienoBanbl B [3-5]. Ilpuyem paccMOTpeHbI ciay4auw, Koraa
YCTOMYHMBOCTh TIOJIOKEHHE PABHOBECHS OMPENENAeTCS OJHOW Mapod KOMILIEKCHO-COMPSKEHHBIX
COOCTBEHHBIX 3HAUEHUI MaTPUIIBI-(QYHKIIH IEPBOTO MPUOTMKEHUS.

B pabore «CHUHTYIspHO BO3MYIICHHBIC ypaBHEHUS C OCOOCHHOCTSMH B KOMILICKCHBIX
00J1acTsAX» pacCMOTPEHBI CIIy4au, KOrja MaTpULb-PyHKIIMYA IEPBOro NMPUOIMKEHUsT HUMEIoT Oolee
OJTHOM Mapbl KOMIUIEKCHO-COTPSDKEHHBIX COOCTBEHHBIX 3HAYCHHH M BCE OHH BIISIFOT HA YyCTOMYHNBOCTh
MOJIOKEHHE paBHOBecus [9].

Bce coOGcTBeHHBIE 3HaYeHHsS] UMEIOT TOJNbKO Hynau. Ciydau, Korja COOCTBEHHBIC 3HAYCHHS
UMEIOT HECKOJIBKO (> 2) MOJIOCOB paHee He MCCIENoBaHbl. VccienoBanne TakuX ClydaeB
COCTaBIISIET OCHOBHOE COZIEpKaHHUE JTaHHOW PaOOTHI.

Pemenne ypaBHenus (2) Bo3pMéM y = t. [locTaBieHHYIO 3a/a4y peIIdM TMPHU CIETYOIINX
MIPEITOJIOKEHHUSX :

V1. f(%) € Q(H) — npocTpancTBo aHamuTH4Yeckux GyHKIwmid B oomactu H = {(t,X),t €D C
C x|l <C.}, rtme D ={teC,|t]| <ry € R — MHOXKECTBO JIeCTBUTEJbHBIX Yuces, C —

MHOXECTBO KOMIIJIEKCHBIX ‘{I/ICGJ'I};

%Il = max|%|,j =1, ...,a™
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V2. £(0) = 0,v((&, %) € H(If &) — f(EDIl < ClIZ* — %*|lmax (12 I; 11%2]1)?)
3nece u nanee OykBamu Cy, Cy, ... OyaeM 0003HAUaTh TOJOXKHUTEIBHBIX IMOCTOSHHBIX HE

3aBUCALIMX OT €.
Jliisa pewenus cucremsl (1) paccMoTpum 3aiaqy

|%(to, )l < C3e, (3)
X(to, &) = (%0, %9, %3, %9).

1. IIpeoOpa3zoBanue 1 3aMeHa ypaBHEHUS

B cucreme (1) BBezieM HOBBIE (PYHKIIMH CIICTYIOITIM 00pa3oM
X =u= Uy, Uy, ..., Upp)-

B HOBBIX nepeMeHHbIX cuctema (1) umeer BuI

eu' = A)u+ f(u) — «a, 4

e a = (1,0,1,0, ...,1,0).
Jlnis petieHust cUCTeMBI (4) moy4uM, coriacHo (3), Ha4albHOE YCIOBUE

llu(to, O < Cse )

Cucremy (4) npeoOpasyeM Tak: B cucteme (4), monapHo, BO3bMEM ypaBHEHHS C HEYETHBIM U
MOCJIEAYIOIIEE ¢ YETHBIM HOMEPOM. YPaBHEHHUS C YETHBIMH HOMEPaMH YMHOKHUB Ha (+1) CIIOXKHUM C
MpebIIYIIUM YPaBHEHUEM C HEYETHBIM HO MEPOM M UMEEM ypaBHEHUE

ez' =At)z+ f1(z) — €b, (6)
C HaYaJIbHBIM yCIIOBHEM
z(to, Il = 112°]] < Cae, (7)

e A(t) = ()Ll(t),lz(t), ...,AZn(t)),b =(11,..,1),z = (21,23, -, Z2p),

20 =(20,..,23)).

Zyj—1 = Upjq1 + lUyj, Zyj = Ugj—q — lUyj;
1
Ayiqg=———,1,; = —,j=1,..,n
A J
Cucremy ypaBHeHUH (6) ¢ HauaIbHBIM ycloBUEM (7) 3aMEHUM CJIETYIOIUM WHTETPAIbHBIM
Ll ®)
z =z (ty, t, &) + z f V(t, t,e)[—eb + fi(2)]dr,
to

. (1t 1t
rne V(z,t,¢) = diag (; J. M (@ds, ..., ;ff AZn(T)dT).
JIns  joKa3aTenbcTBa CYNIECTBOBAHME M OLEHKM pemieHus (8) NPUMEHHM MeTON
TTOCIIEIOBATEBHBIX TIPHONIKEHNH, KOTOPBIE OMPEJIETHM CIIETYIONINM 00pa3oM

t 9)
1 (
Zm = z°V (o, t, &) + Z f V(t, t,e)[—eb+ fi(zm-1)]dT, 2o =0m=1,2,...

to

2. [locTpoenue obnactu
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J1J11 OLIEHKH U 0Ka3aTeIbCTBO CXOAUMOCTH (9) HCIONB3yeM METOA U3JIOKEHHBIN B psijie padoT
[5, 9]. [TocTpoum HekoTOpyIO obnacte Dy © D. JIyis 3TOM 1enH UCTIONb3yeM JTMHUU YPOBHS (DYHKITUN

Re ftz A;(t)dt (j = 1,...,2n). Bpeznem obo3HadeHus
Fyjq = ln(t + aji),FZj = ln(t — aji),j =1,..,2n.

1 1
ReFyj_y = ln (tlz + (e + aj)z),Rerj =5ln (tl2 + (¢, — aj)z).

Bo3bMEM uHUIO ypOBHS
t2 + (ty + ay)? = (ay, + ay)?.

Ortcrona onpezensieM KpUBYIO

Ki
t2=—an+\/(an+a1)2—t12. ( )
[IpoBepum yOwiBatoT mu ynkmuu ReF,;_; (j=1,..,n—1) mo xpusoii (K;). [dns storo
JOCTaTOYHO POBEPUTH (PYHKIIHH
2
FZj—lO = t12 + (tz + (Z]) .
Nmeem

2
Fpj_q0 =t7 + <—an +a; + \/(an + ;)% — tf) :

Ortcrona noay4um

(Fpjo10)' =2t + 2 (an —a; — J(an +a,)? — tf) X

t _ 2t1(an — aj)
X = .
Jiap +a)2—t2  (ap + ay)? —t?

Ortcrona cnenyet pynxmmu Fpj_q9 (j = 1,...,n — 1) y6sBator no (K;) npu t; < 0.

Tenepb paccMOTpuUM (byHKHI/HO
F10 = t12 + (tz + al)z.

JIuHuSIMHN YPOBHA 3TOM (I)YHKI_II/II/I SABJIAIOTCS KOHICHTPHUYCCKUEC OKPYKHOCTH C ICHTPOM B TOUKC

(0; —ay).
Brenem B paccMoTpeHne TUHUIO YPOBHS

t12 + (t; + a1)2 = (2a; — 5)2'

rae 0 < § — 10CTaTOYHO MaJIOE YUCIIO HE 3aBUCAIAs OT €.
Nmeem

K
t2=_a1+\/(2a1_5)2_t12 ( 2)

IIpoBepum MOHOTOHHOCTH GyHKIMH ReF,;_; (j = 2,..,n) Ha kpuBoit (K;). Kak Grur0
CKa3aHO BBIIIIE JIOCTATOYHO POBEPUTH (yHKIIHH

2 .,
FZj—lO = t12 + (tz + aj) ,(] = 2, ,Tl)
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Otcroma

(sz_lo)'t =2t; +2 (aj —a + \/(Zal —6)2— tf) X
1
_tl _Ztl(a] - al)
X = .
\/(Zal —6)2 — t12 \/(2a1 —6)%— tf

CnenoBarensno ¢ynkiun F,;_j, yossator npu t; > 0 no (K,).
Teneps paccCMOTpUM NPSAMYIO

1) K
t2:_t1+a1_z. ( 3)

Ha (K3) mpoBepum MOHOTOHHOCTH QyHKIWMM Fp;_10 (j = 1,...,m). UMeem

6 2
FZj—lO = t% + <_t1 +a1 _E"I‘a]) .

OTCIOIla (FZj—IO)' = 2t1 + 2 (tl - aj — + g) =2 (Ztl - a] — g + g) =4 (tl -

aj+a1—§
— . 3HAYUTh TIPH

(10)

t, <
1 2

ynxmn Fpj_q9 (j = 1, ..., n) yObiBator.
Haiinem BepxHioto rpanuily usmeHenus t; mo (K3). Dra rpanuna omnpexaensercs aduuccoi
Touku nepecedenus npsmoii (K3) u kpusoii (K;) Te.

10)
_a1+\/(2a1_6)2_tf = _t1+a1_§.

O1crona nMeeM

Qa; —8§)?*—t? = <t1 - <2a1 - g))z

) 5\’
(20!1 - 6)2 - t12 = t12 - 2t1 (2(11 _E) + (2“1 _E> )

2
t2 —t (Za —§>+1I(2a _§) - (2a —5)Zl=0
1 1 1 2 2 1 2 1 )

5 5\ 1 5\’ ,
t1(1,2)=a1_zi (%‘Z) 3 (20’1_E> — (2a; — 6)?|.

BoszpMéMm

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 18




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne2 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/123

HpI/I AO0CTAaTOYHO MAJIbIX 3HAYCHUAX IMOAKOPCHHOC BBIPAXKCHUC IMOJIOKUTCIIbHA U

6
€Y 4
Orcrona cnenyet, yro yciaosue (10) Bemmonnsiercs B yactd (K3) orpaHMuyeHHBIA TOYKaMU

A4, A, (PucyHoK).

t1

» —iXy

Pucynok. Kpussie (K;), (K3), (K3) u otpe3zok 414,

Kpusyio cocrasiennyio u3 (K;), (K,), (K3) o6o3naunm (K). (K) coemunsier touku (ty; 0),
e ty = —/ (an + @)% — a2, Ty = /Qa; — 6)2 — a?.
Onpenenum kpusyto (K), cummerpuunyio (K), oTHocuTensHO AeiicTBUTENbHOM ocu. Jlanee

CUMMeETpHIO OyfieM ToHuMarh Tak. O6nacts, orpaanuenssii (K) n (K) o603naunm D,.

[TocnenoBarenpHble MNpuUOIMKEHHsS paccMoTpuM B Dy . IloctaBuMm 3amady OIIGHKH U
JI0Ka3aTelbCTBO CXOMMMOCTH IOCIEIOBATeIbHBIX NPUOMKeHud. sl peanusanuy 3TOM 3amauu
BBIOEPEM ITYTH WHTETPUPOBAHHS.

Vt € Dy 1 KOMIIOHEHT: Zpj_14n (j = 1,...,1) myTs coctout u3 gactu (K) coenunsiomero
Touku ty u t € (K) u npsAMOIMHEHHOrO OTPE3Ka COEANHSIONIETO TOYKU & = t; + t, 1

t =1, +it, € Dy; 7, jm (j =1, ...,n) nyTh BEIOUpPAETCS CAMMETPHYHBIM K ITyTH IS Z5 j—1m-

CHauasia poOBE/IEM OIICHKY MMOCJEA0BATEIbHBIX MpHOMmKeHnid. CpaBeIMBO ClIeIyOIIee
yTBEPKICHUE:

V. Ilo BeiOpanseM myThaMm Qynkmuu  ReFj(t) (j =1,2,..,2n) He BO3POCTAIOT M 3TO
obecrieunBaeT OrpaHMYCHHOCTh

BOB | _ [ BO=FO,,

Jo = exp -

to

CHpaBeJIJIHBOCTI) OTOT0 YTBCPKIACHUSA BBITCKACT W3 IMPOBCACHHHBIX TCOMETPUUCCKUX
ITOCTPOCHMUIA.
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Ornenum niepBbie TpuOIKeHUS. MMeem
t
z; =z (t, ty,€) — b fV(T, t,e)dr.
to

Orcroza, HHTErpail B IPaBOM YacTH, IPOMHTErPUPYEM 110 YackTaM. O6nactb Dy HE CONEPKHUT
nomocos Gyuknuii Fj(t) 1 970 MOXHO IpOJeNnaTh.
JUis Z; UMEEM OLIEHKY

llz,]l < Cse. (11)
[TycTh cripaBeinBa OlEHKa
Izmll < am(e), t €Dy (12)

e a,y, (&) — HEKOTOPAas MONIOKHUTENIbHAs QYHKIMS OT € ¥ &4 (€) < Cse.
Nmeem

t
1
IZm+1 ()l < Izl +2 fIIV(T. t, Ol f1(zm-lldr| <
to

t
C
< Goe + 2 [1Gna PIV (6 Dlldr <

to

t
C .
< Cse+ ?am(e) |V (z,t, &)lldt|.
to
Ecnu yuects V. TO

t
fIIV(r, t,o)|ldr| < C,.

to
Torma

1
|Zmiall < Cse + ;Coczaan(S)-
Taxum 06pazom
1
Umi1(€) = Cse + ECOCZCX?TI(S)'
Orcrona nomyuum
a,(e) = Cse + CoC,C3e% = £(Cs + CoC,C3¢).

Iycts Cs + CoCrC3e < Coumm € < Lo=Cs

CoC2C3’
TOTrga az(g) S 668. a3(€) S CSS + COCZC63€2 = S(CS + COCZC63€)'
[Ipenmnonoxus
Ce — Cs (13)

£<——,
CoC,C3

[Monyuum a3 (e) < Cye.
[Mpomomxus npouece, npu yenosun (13), umeeM a,,,1(€) < Cge.
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Torna:
”Zm+1” < ng,m =0,1,..;t€e Do. (14)

Tenepb JOKaXEM paBHOMepHYIO CXOOUMOCTDh IIOCJIECAO0BATCIIbBHBIX HpI/I6J'II/I}KeHI/II71. IIJ'I?I 3TOIo
OLEHUM ||Zpy 41 — Zpy .
HNmeem

el (15)
2

1Zms1 = zmll < — flIV(T, t, )z — zm-1llmax{llznm|l, l|zm-1 11} dz|.

to

HYCTB ”Zm - Zm—l” = .Bm(g),
e B, (€)-HekoTopas monoxuTenbHast GyHKIus ot g, mpuueM f;1(e) < Cqe.
CornacHo, caiesaHHoro npeanoiaokenus u3 (15) momydum

G 2.2 2
|Zms1 — Zmll < ?ﬁm(g)ceg Co = CoCrC5ePm (o).

Torma
— 2
Pm+1(€) = CoCoCaefm(e), P1(€) < Coe.
1
Jasee, 110 HHIYKIAU MOAYIHM 41 (€) < o (CoCyC2e)™ I, m=0,1, ...
0+2%6

Ecmu CoC,Cle <1, 1o pan Ym—ollZm+1 — Zmll paBHOMepHO cxomutcsa Vit € Dy,
CIIEIOBATEIIBHO {Z,,} TAK)KE CXOAUTCS PAaBHOMEPHO, B Dy, k Hekotopoil dyHkmuu z(t, €), KoTopas
ABIIE€TCS peleHueM ypaBHeHus (8). YuureiBas (14) ais 3TOro pemeHust nojiyduM OLeHKY

lz(t, &)|| < Cye, t € D,. (16)
YuuTtbIBas NpoBeACHHbIE TpeoOpa3oBaHue i pemeHus 3anayuu (1), (3) umeem oneHKY
|1X(t, o)l < Cee, t € Dy. (17)

Taxum 00pa3oM JoKa3zaHa.

Teopema. Ilycts paccmarpuBaetcs 3a1aya (1), (3) npu ycnoBuu Y1., Y2, Torna cymectByeT
HekoTopasi obnactb Dy C D u pemenne 3ama4n (1), (3) onpenenennoe B D u Ans 3TOTO pelIeHUS
cnpaBeyrBa oreHke (17).

Cnencrsue. Eciau onienky (17) paccMOTpeTh Ha IeHCTBUTENBHOM OCH TO CIIPaBEAINBa OIIEHKA

1%t )l < Cee, to <t < T, (18)

to =+ (ay + )2 — a2, Ty = \/(Zal - 8?2 —ai.

Omenka (18) mokaspIBaeT, 4YTO 3aJCpP)KKa PEIICHHS, OKOJO HEYyCTOWYHMBOTO TOJIOKEHUS
paBHOBECHS, POMCXOAUT Ha oTpe3ke Bpemenu [0, Ty ].
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Aunomayua. B Teopunm 3amad MaTeMaTHUeCKOW (PU3MKH, CBS3aHHBIX C CHHIYJISIPHO
BO3MYULICHHBIMU ypPaBHEHMSMH, HAKOIUICHbl 3HAYUTEJbHbIE (yHAAMEHTAIbHbIE pPE3yJbTaThl,
MOCBSIIIEHHBIE IIPEXKE BCEro MPSIMBIM 33JadaM U UX aHAJIUTUYECKOMY HccienoBaHuio. OgHaKo
YKa3aHHOE€ B IIOJHOM Mepe HE OTHOCHUTCS K CHUHTYJISIPHO-BO3MYIIEHHBIM OOpPATHBIM 3aJa4aM
[IEpeHOCa B HEOTPAHMYEHHOH O00JIaCTH, YTO U ONPENEINSIET aKTyaJlbHOCTb MCCIEJIO0BaHUS JaHHON
paboThl. JlonoMHUTENbHBIE TPYIHOCTH BOSHUKAIOT MPH UCCIIEI0BAHUH MHOTOCKOPOCTHBIX OOpaTHBIX
3aJa4 MepeHoca, MOCKOIbKY pean3anus OONbIIMHCTBA U3BECTHBIX METOIOB UX PEIIEHUs CBsI3aHa ¢
HE00XOJMMOCTBIO MOCTPOCHHUS CIIEUATbHBIX KOOPAUHATHBIX CUCTEM, 3aBUCSILIUX OT 0COOCHHOCTEN
KOHKPETHBIX 3aJad. DTH CHUCTEMbl MOTYT OBITh KaK MPSMOYIOJIbHBIMHM JI€KaPTOBBIMH, B KOTOPBIX
UCXOHO (opMmynupyeTcs 3ajadya, TaKk W KPUBOJIMHEMHBIMH, B KOTOpBIE OCYIIECTBISETCS
COOTBETCTBYIOLIEee MpeoOpa3oBanue. Ilpu 3ToM TpeOyroTcs JAOMOIHUTENbHBIE YCIOBUS Ha HOBBIE
(GYHKIMM, TpU KOTOPBIX HOBBIE IE€PEMEHHBIE CBSI3aHbl MEXAYy Cco00il oOIpeneleHHbIMU
COOTHOIICHUSIMU, B 3aBUCHUMOCTH OT 3aJaHHBIX oOmacteil. B nmaHHOW crarbe wuccnemyercs n-
CKOPOCTHAsl CHHTYJISIpHO-BO3MYIIEHHAs: oOpaTHas 3aj1ada rnepeHoca tumna Kama B HeorpaHMueHHON
obnactu. [Ipeanaraemsiii METO pelIeHUs O3BOJISET OCTABAaThCs B IEKApPTOBOM cUCTEME KOOPIMHAT
HE3aBUCHMO OT YKCJla IEpEMEHHBIX (pa30BOr0 MPOCTPAHCTBA U TEM CaMbIM CYIIIECTBEHHO YIPOIIAET
AQHAJIMTUYECKOE HCCIEAOBAHME W  PACIIUPSAET BO3MOXKHOCTU IPAKTUYECKOTO IPUMEHEHUS
MOJIyYEHHBIX pe3ysbTaroB. /[ CUHTYIsIpHO-BO3MYIIEHHON 0OpaTHOM 3a1auu nepeHoca tuna Kama
B HEOTPAaHWYEHHOM 00JI1aCTH Pe3yNbTaThl MOJIy4YeHbl B BECOBOM IpocTpaHcTie. [locTpoenue perenus
OCHOBaHO Ha MOAMW(DUIIMPOBAHHOM METOAE ACHUMITOTHMYECKOTO XapakTepa. B pamkax aaHHOro
MOJX0/a JTOKa3aHbl OLEHKH OJM30CTH PELIEHUN CUHTYISIPHO-BO3MYIIEHHON OOpaTHOM 3anauu H
BBIPOX/IEHHOW 00paTHOM 3a/1auu B BHIOPAaHHOM BECOBOM IPOCTPAHCTBE.

Abstract. In the theory of problems of mathematical physics associated with singularly

perturbed equations, a substantial body of fundamental results has been accumulated, primarily
devoted to direct problems and their analytical investigation. However, this cannot be fully attributed
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to singularly perturbed inverse transport problems in an unbounded domain, which determines the
relevance of the research presented in this work. Additional difficulties arise in the study of multi-
velocity inverse transport problems, since the implementation of most known solution methods is
associated with the need to construct special coordinate systems that depend on the specific features
of the problem under consideration. These systems may be either rectangular Cartesian coordinates,
in which the problem is originally formulated, or curvilinear coordinates to which an appropriate
transformation is performed. In this case, additional conditions are required for new functions, in
which new variables are related to each other by certain relationships, depending on the given areas.
In this paper, an n-velocity singularly perturbed inverse Kac-type transport problem in an unbounded
domain is investigated. The proposed solution method makes it possible to remain within the
Cartesian coordinate system regardless of the number of phase space variables, thereby significantly
simplifying the analytical study and expanding the possibilities for practical application of the
obtained results. For a singularly perturbed inverse transport problem of the Katz type in an
unbounded domain, results are obtained in weighted space. The solution is constructed using a
modified asymptotic method. Within the framework of this approach, estimates of the proximity of
solutions of a singularly perturbed inverse problem and a degenerate inverse problem in a selected
weight space are proven.

Knroueswvie cnosa: ypaBHeHHE IEpeHOCa, MHOTOCKOPOCTHAs 00paTHas 3a/1a4a, €IMHCTBEHHOCTh
pelIeHus.

Keywords: transport equation, multi-velocity inverse problem, uniqueness of solution.

B teopuu nepeHoca B 00iacTU MEPEMEHHBIX YACTHI] MHOTOCKOPOCTHBIE 3a/1a4dl IEpeHoca
XapaKTepU3yIOTCS 3aBUCUMOCTBIO OT YHCiIa IPOCTHIX KOOPAUHAT O6e3 yuéTa BpeMEeHHOM NepeMeHHON
u ap. [1, 4].

Taxue 3a1aun BO3HUKAIOT IPU MOJIETUPOBAHUH CIOKHBIX (PU3NYECKUX MPOLIECCOB, B KOTOPBIX
JIBUKEHHME YaCTHI] OCYIIECTBIISETCS C HECKOJIBKUMH XapaKTEPHBIMH CKOPOCTSIMU, YTO CYILIECTBEHHO
YCIIOXHSIET MaTeMaTUYeCcKoe OMMCAaHUE U aHAJIU3 COOTBETCTBYIOMIMX Mojienell. OCOOeHHO 3aMEeTHO
3TO MPOSABISAETCS MPU PACCMOTPEHUH 33/1a4 B HEOTPAHUYEHHBIX 00J1aCTAX, TJ€ CTaHIapTHbIE METO/IbI
HCCIIEIOBaHMS OKa3bIBAIOTCSI HEOCTATOUHO (D PEKTUBHBIMH.

B nacrosmieil pabore paccMaTpuBaeTcsi nN-CKOPOCTHAsI CUHTYJIIPHO-BO3MYIIIEHHAs oOpaTHas
3ajjaya MNepeHoca B HeorpaHuyeHHoil obOmactu. [Ipu 3ToM OIM30CTh pelICHWH CHUHTYISIPHO-
BO3MYIIEHHOH 0OpaTHOU 3aaaun (CBO3) u BeIpokIeHHBIX 00paTHBIX 3a1a4 (BO3) onenuBaercs B
BecoBOM mpocTpaHcTse Tuna [uisdepra W2 (2, = (0,Ty) X R™), korna anpuopHas WHPOpMAIHs
3agaercs uslL?(R™).

Crnenyer OTMETHTb, YTO, HECMOTpPSI Ha HAJIWYHME 3HAYUTEIBHOTO 4Yucia (yHIaMEHTaIbHbIX
paboT Mo TeopuM MPAMBIX 3aJa4 MaTeMaTHYecKOll (PU3MKH, CBSI3aHHBIX C CHHIYJISIPHO-
BO3MYIIEHHbIMU ypaBHeHusMU (CBY) u pa3paboTaHHble B HHUX METOJIbI HE MOTYT OBITh
HENOCPEACTBEHHO IIPUMEHEHBI K UCCIIEI0BAHUIO yKa3aHHBIX kiaaccoB CBO3 [2, 3, 5].

[ToaTomy B nmanHO# pabote ans pemenust n-ckopoctHoit CBO3 mepenoca tuma Kama [6] B
HEOTpaHUUYEHHOM 00JacTH MpeasaraeTcss ajiropuT™, IMO3BOJSIOUINM OCTaBaThCsl B JIEKAPTOBOM
CHCTEME KOOpJMHAT HE3aBUCUMO OT YKcJia KOOpAuHAT. [Ipu 3TOM npeioKeHHbI TOAXO0/ SBISETCS
Mo udUKaImen pa3paboTaHHOTO aIroOpUTMa aCUMIITOTUYecKoro xapakrepa (AX) [7].

Paccmotpum n-ckopoctHytro O3 nepeHoca BUA:
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d 1
e [5 (B Ue) + U2, xl,...,xn)] + AE 0 Us + ho(xy, ..., %) U 1)
= Ze(xlf e xn)f(t)'
n
ul® =90, 2 2 @
(Ut x4, X)) |e=0 = (0,%1,..., %) +( a;x;e” ) exp - x]
j=1 j=1

V00, %10, 2%0) = ¢i(X1, ..., %), (i = 0,1), V(xy,...,%,) € R,

(W21 Yer = W + > Glerleer = GoCrn ) + G ), ©)
n =
Ve + z )t -t = go(x1,..., %), V(xy,...,x,) ER",
HpI/I 3TOM BBOAUTCSA I/IH(i)OpMaHI/Iﬂ OTHOCUTCIBbHO NCXOOHBIX TAHHBIX B BUJIC:

( : (4
19l 2qamy = ( J Rn|gg<x1,...,xn)|2do) < 4,(e), (dQ = dxy....dxy), )
1950t = @3t = ), — @n(t = DIz =

3
1= (supf | ge(x1 — ay(t —s),.. —au(t— 5))|2d5> 4;(€),(44,4; < Ao(f)
1U£(0, X1, -, %) = VO, X1y )l 2gany < (270262 = yoe2,

rne (Ug, Z,) - HeusBecTHbIe GYHKIMU. B yKka3aHHBIX YCIOBUSX TpeOyeTcs mokas3aTh OJIM30CTH
pemenuit CBO3 u BO3 B W/2(2,), 31eck:0 < hy(x), f(b), ¢i(x),go(x),gs(x), 0< aj, A=

const, (j =1,n), (x1,...,%,) =x € R, 0 < B < 271- aBnsd1oTcs N3BECTHBIMH, IPHYEM

( - 3 3 )
hy = z hi(x;) + h(x);0 < h < h = const, 0 < hy < hy = const, Vx € R",

j=1

A

2 .
( h(xl,...,xn)dQ> < ¥, = const; sup|fO(t)| < fy = const, (i =0,1),
RT [0.T]

T A
£(0)=0, f(T) #0; My(T,2,¢P) = f(T) —fo exp <_g_ﬁ(T — S))f'(s)ds * 0,
\Ve € (0,1), (¢=0); 0 <A™! = const << 1.

Mamepuan u memoOos ucciedo8anus
Humeepanuzayus Buipoocoennviii O3
N3zeectHO, uto ipu £ =0 u3 CBO3 (1) - (3) cnexyer BO3:

1,1,..1 1. (6)
E(a1 ..... an)V(t X1, xn) + = hO(xlr"'rxn)V = IZ(xl""'xn)f(t)J
Vt(” 0,x,....,x)=@(x,...,x,), ([ =0,1), V(x,,...,x,) e R", (7)
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(EGEt V) lemr = Go(Xnr-ves X)), V(x4,...,%n) € RY, ®)

rae  Bektop ¢yHkums @ = (V, Z ) sBJsieTCsl  Hew3BecTHBIM. 3neck V(¢ x), (x € R™)
npeacTaBisieT co00i N-CKOPOCTHYIO (YHKIMIO pacrlpelesieHus, a W3BECTHas HEOTpHIlaTeIbHas
byHkus hy(x),x € R™ aBIsSETCS 4aCTOTOM CTOJIKHOBEHHUI YaCTHUI[ C OKPYIKAIOIIIEH CPeIoi, IpuIeM
AIIEKTPOCTATUYIECKOE YCKOPEHHE MpernonaraeTces moctossHabiM 0 < a € R™. Tlpu stoM (QyHKIHs
Z(x)f(t) = F(t,x),(x €R™) omuceiBaeT BHYTpEHHHE MCTOUYHHKH, TJ€  COJACPIKUTCS
kod(durmentnas HemssecTHas (ymkmusa Z(x), (x € R™) . Ilostomy wmcxommas 3amada (1)-(3)
spissercss CB Mozenbio 3anaun (6)-(8). AnanarngHo oocyxaas, B ycinoBusx (5), (7), (8) u3 ypaBHeHUs
(6) cnemyet cucrema:

11,1 1 1 1 _ )
Bt oV + 2 hoCias e 2V = (FAN O [g0Crar o) + 2oV | = BV,
Z~(x1, .. .,xn) = (f(T))_l[Ago(xl, . .,Xn) + hoV(t, xl, vy xn)]
CrnenoBarenbHO, Ha OCHOBE
" (10)
V=0Q(txq,.-.,x,) €xpD | — z Ef hj(‘l,'j)d‘[j ,
j=t T
C yCJIOBUEM
Ry (11)
Qle=o0 = ¢Po(x1,-..,xp) €xp Z Ef hj(z)dz;
j=1 -
=YPo(x1,...,xn), Y(xq,...,%,) €ER™,
u3 (6) umeeM ypaBHEHHE BUJIA:
X (12)

n
1,1,..,1 _ 1 1
E(al,...,an)Q -1 z h(xl' T xn)V + (BOV) (t' Xiyenes xn) exp E

J
h] (T])dT] )

j=1

rae (11), (12) - 3agaua Ko otHOCcuTenbHO dyHkimu Q(¢,x), Vx € R". Torna u3 (2) cnenyer:

t n 1 xj—a]-t (13)
Q =vYo(x; —aqt,...,xp, — ayt) + f exp Z Ef hi(t)dt; | | X
0 = j /o0
X {=A"Th(x; —a(t=8),...,x, — ap(t — sV (s,x; — a;(t = 5),...,x, — a,(t
—-s))+

+(BoV)(s,x; —a(t —5),...,x, — ay(t — s))}ds.

[Toatomy, noncrasmss (13) B (10), umeem
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n (14)
V = ¢o(x; — aqt, —aut)exp|— Z /1—.]- h i(T)dT; ||+
t n 1 X
- hi(t))d — A h(x, - O Xn

+f0 exp ; Aa],f e ;(7;)dT;j (xy —ai(t=5s),...,x

- an(t =SV (s, %1 —
—a,(t—=5),...,x, —ap(t —5)) + (BoV) (5,1 — ay(t — G Xp — an(t —5))}ds

= BV

rae (14) siBnsercs HarpyxeHHbiM MY -2 otHocuTenbHo Gyukuuu V(t, x), x € R™. Tak kak 0 <
A7 = const << 1, T0 omepatop B HomycKaeT ycioBHs HpuHIMNa bamaxa [7], T.e. LY (14)
onHO3HayHO paspemumo B C(f2). A »To osHawaer, uto ¢yukuus V € Ct1-1(Q,) apnsercs
m3secTHOii. Torma, ¢ yuerom (9), u dynkmus Z(x),x € R™ cumTaercs m3BecTHOH. IIpu sToM

npennonoxum, uto Gyukuuu: (V; ), (ij)t € L2(0,T), (j = 1,n) mwis Bcex GUKCHPOBAHHBIX X € R™,

002
0

T 3 (15)
1V, IILzz(j|Vtz(t,x)|2 dtJ <C,,VxeR",

T 2
Ve ||L2=“ |V, (6.x) dtj <C,,,Vx e R",(C, =max(Cy,C, ), j =1,n).
0

Jlemma 1. Tlpu ycnosusx (5), (7), (8) Beipoknennoe YII (6), ¢ yuerom (9) ogHO3HAYHO

paspemmmo B C11+1(()), npuuem nomyckaercs ycnosue (15) ans dynxiwmii Ve, Vtxj, (J =1,n).

Pezynemamot u oocyscoenue
Oonosnaunas paspewumocms CBO3 u 6ausocms pewenuii CBO3 u BO3

CnepBa, 4TOOBI BBIACHUTH OJHO3HA4YHOH paspemmmoctd u3ydaemoir CBO3 mepenoca,
MIPUMEHUM IpescTaBiaeHne AX, T.e.:

n .—a.t 2 (16)
Ug(t,xl,...,xn):V+§g+exp[—z MJ,
J= ¢
Zg(xl,...,xn)=Z~+775(x1,...,xn).
Torma u3 (1), c yuerom (6), (16) BbITEKaeT:
r 2 (17)
0 v (x, —at)
P 5( . a)éj) V+§g+eXp(—ZI: J 8/ J] (lalllazas)g
| j=
n(x,—at)
+ho(x,y,2)[ei+exp -> % =1, (X5 x, ) () =" |V, +Z av,,
J=1

e (V, Z ) - pemenne BO3 (6) - (8), (&,,77, ) — ocTaTouHbie GyHKIMH, KOTOPBIE COAEPKATCS B

ypaBHeHuu (17) ¢ ycnousimu:

Dt 20,000 %0) im0 = 0, (i = 0,1), (18)
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(Blattyellemr = GeCruye X0, V(.. %) € R™.

.....

(19)

®aktuuecku ocratoynbie GyHkuuu (&g,7.) onpenenstores u3 O3 (17) - (19), rme (19)
SBJISIETCS  JOIOJHMTEILHON MHpOpMalel mas 5Tod 3amaud. [1odToMy, YTOOBI BBLISCHHUTH

OJIHO3HAYHOM pa3pelIMMOCTH 3TOM 3a/1a4yu, cHavana, (17) npeobpasyem K BUAY:

Bl e = S%Jexp(—giﬂ(r—s)j{—ho (OE(5,) 417,30/ (5) = &7 [2£, (5,) x

n

(x,—a.s)
X[V(s,x) + exp(— %J] +EX (s, ) }ds + Y, (t,x,8) = (Hofg)(t,x) +
: £

+Lﬂjexp(—iﬁ(t—S))/(S)dsxm(x)+Yl(t,x,e),[(t,x) €Q,,xeR"],
& 0 &

rae hyakuus Y (t, x4, ..., Xy, €) onpenensiercs mno popmyie:

t

ﬂ n
szexp(—g—ﬁ(t—s)j{—( Vsz(s,xl,...,xn)+z ajstj(S,xl,...,xn))—
j=1

0

_£V(s,x1 yeens X, )+ exp(—zn: MD ds.
‘ g

Jj=1

U3 ypasuenus (20), Ha ocHoBe (19) cienyeT ypaBHEeHHE:
17,(X5.sX,) =M(;1(T,/1,gﬁ){gg(xl,...,xn)—Yl(T,xl,...,xn,g)+(HO§S)(T,x1,...,xn)}.
CnenoBarenbHo, noactasisad (22) B (20) nomyyum:
B 38 = Ya(t, X1, ..., X, €) — (Ho&e) (6, X1, -, X)

1 ¢ pi
+ S_BJO exp (_g_ﬁ (t - S))f(S)dS X Mo_l(Hofs)(T: X1, .- "xn);

rac

I p .
Y2=Y1+€—BJ0 exp(—g—ﬁ(t—s))f(s) S
X My Hge(x1,..., %) = Yi(T, Xq1,..., %, &) }.

[TosTomy, ¢ yuerom (18) u3 (23) umeem:

Eu(t, X1y Xn) = fo (= (Ho&) (5,31 — ay(t = S),...) X — At — 5)) +

- A ds'x My1(H T
+€_Bf0 exp(—g—ﬁ(s—s')f(s') S"X Mg (Hoée)(T, x4 — ay(t —8),..., xp — An(t

—s))}ds +
+Y(t,x1,..., %0, €) = (PE)(t, X1, .., Xp),
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3/1ech
. 1 1 ' o (26)
Y= I{Yl(s,xl —a,(t=5),....X, —an(t—s),8)+—ﬂjexp ——/),(s—s ) | f(s"ds'x
0 & 0 3
XM(]_l[gg(xl —a)(t=5),....x,—a,(t=s)—-Y(T,x, —a,(t=s),....,x,—a,t—s),¢&)]}ds,
: 2
Y= 7.0(e)+7; (II gl ds] <7:01(8) +734,(8) =5, (9),
0
o =T+IM A7 7 =M AT
Jlemma 2. B ycnoBusix 1eMMbl 1 U cuCTEMBI
Lp <1, (27)
P:S, — Sy, (Sro = {&::|&| < 15 = comst, Y(t,xy,...,%,) € Qo}),
ypasHeHue (25) oanosHauHo paszpemumo BC (2,), npuuem
-1
1clle < (1= Lp) 82(o). 8)
CrnenoBaTenbHO, Ha OCHOBE (22) UMEET MeCTO:
(29)

1
|(||Us(x1»---»xn)||L§(Rn) < [Mg|(R)240(e) + Mg |86 ()yy + ¥1IMg Hya(1 = L) ™" X
1. .
{ X 8;(e) = 83(e), [3 (ho +2(To + 1) + (1 = L) 7'62(¢)) < ¥4l

||Ze — Z”Lﬁ(Rn) = ||775||L§(Rn)-

B camoM niene, pe3ynbTarhl JIEMMBI 2 OUEBH/IHBI, TaK KaK TP BBIIOIHEHUH (27) 1715 onepaTopa
P peanuzyrotcs ycinoBust banaxa, a 9To 03Hauaet, yTo ypaBHeHUE (25) 0JHO3HAYHO Pa3pelIuMo B

C(£,). Toraa, ¢ yuetom (22) umeeM oLeHKy Buja (29). UuT/I.
Jlanee, korma [js HUCCIENOBaHUS HCXOAHOW MHOrockopoctHoit CBO3 mpumensiercs

npencrasieaust AX (16), TO OTHOCUTENBHO BceX cinaraeMbix (GyHKIUN (16) BBITOTHSIIOTCS BBIBOJIBI
nemM 1;2. Tornma, Ha ocHOBe (16) ciemyeT olleHKa BUA:
(30)

= (.'X'] - ajt)z

Ve =VI< el +exp - ) =

j=1
. P .
[ToaTomy, yuuteiBas ycnosus eMm 1;2 u onenusas (30) B cmbicie HOpMbI L (€) , HOITydnM:

1U: = Vlliz < (1= Lp) ' 82()y:VT + yoV ehT = 6,(e) = 0. G1)

B utore, paccmaTtpuBasi COBOKYNHOCTH pe3ysbTatoB (29) u (31), u BMecTe C TeM y4uThIBas
Y= (Ug -V, Z, —Z), HUMEEM OLIEHKY:
th ('QO) = {(t' X1yeeey xn) € 'QO: lpl(t' Xiyeers xn) € L%z('QO)' 11[}2 (le ey xn) € L%(Rn)}l (32)
1Wllw2cap) = 11Ue = Vllizgag) + 12 = Zllzguny < 8:(&) + 64(2) = A(e) = 0.
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Teopema 1. B ycnoBusix nemMm 1, 2 u (32) CBO3 (1) - (4) uMeeT eAMHCTBEHHOE pPEIICHUE 10
npasuiy (16), IpuyeM JOMyCTHMAs HOTPEITHOCTh Mesk Iy pentenusvu CBO3 u BO3 W/ (2,) 6yner
nopsiika A ().

3axnouenue
B uzyuennoit CBO3 tuna Kaira B HeorpaHu4eHHOM 001aCTH Pe3yIbTaThl OJIYYCHBI B BECOBOM

npoctpanctse W, (Q),), Koraa anpuopHsie nHGOPMALUK 0 BXOAHBIX AaHHBIX 3axatrorcs B L' (R").
[Ipu 3TOM pemieHue MoCTpOeHO Ha OCHOBE Moaudukanuu paszpadoranHoro wmeroma AX [7], rae
ouenka 6imsoctr pewennit CBO3 u BO3 nokassiatores B W7 (€),) . [lomyuennble BBIBOABL, MOTYT

B OyayIIeM MO3BOJIMTH perrate MHOrockopocTHsie CBO3 mepeHoca, KOraa 3JeKTPOCTaTUYeCKHe
YCKOPCHUSA ABJIAKOTCA HCOTPULIATCIIbHBIMU q)YHKI_[I/ISIMI/I.
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OBTAINING CARBONIZED SORBENTS AFTER PURIFYING OILS WITH CLAYS
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©Gusupova G., SPIN-code: 7640-0321, Kyrgyz National Agrarian University
after K. I. Skryabin, Bishkek, Kyrgyzstan, Zhyldyz.zhusupova@mail.ru

Annomayus. PaccMOTpeHbl 0COOCHHOCTH KapOOHW3allMU HAyKaTCKOW OEHTOHUTOBOMW TIIUHBI,
OCHOBHBIE METOJIbI €€ (PU3NKO-XUMUYECKON MOAU(PHUKAINH, a TAKKE NMEPCHEKTUBBI NCIOIb30BaHUS
JAHHOTO TPUPOAHOIO ChIPbS B MPOLECCAX OYUCTKH INPHUPOIHBIX M CTOYHBIX BOJ Pa3INYHOIO
MPOUCXOKJICHNS. AKTYaJIbHOCTh UCCIIEA0BaHMsI 00yCIIOBIIEHa HEOOXOJUMOCTBIO MTOMCKA JOCTYITHBIX,
9KOJIOTUYECKH O€30IacCHBIX U AKOHOMHUYECKH 3((EKTUBHBIX aJCOPOCHTOB Ha OCHOBE MECTHBIX
MUHEpaJIbHBIX pecypcoB. Oco0oe BHUMAHHUE Y/IEIEHO KOMIUIEKCHOMY HM3Y4YEHMIO a/ICOPOIIMOHHBIX,
OTOETMBAIOIINX U OUYHUINAIOUIMX CBOWCTB HAyKaTCKOW OCHTOHMTOBOM INIMHBI, YTO MMEET BaKHOE
3HaueHWe JUisd pa3pabOTKM COBPEMEHHBIX TEXHOJIOTHMI BOJIOMOATOTOBKM M YTWIM3ALUU SKUIAKUX
otxonioB.Ha ocHOBe nMpoBenEHHBIX TPEIBAPUTEIbHBIX JJAOOPATOPHBIX HIKCIIEPUMEHTOB YCTaHOBJIEHO,
YTO HayKaTckas OEHTOHMUTOBas TJIMHA 00JaJaeT BBICOKOH CIOCOOHOCTbIO K IONIOLIEHUIO
OpPraHMYECKHX IPUMECEH, MOHOB 3arpsi3HAIOIIMX BEIIECTB U OKPAIICHHBIX KOMIIOHEHTOB, YTO
CIOCOOCTBYET 3aMETHOMY YIyYIIEHHIO (PU3UKO-XMMUYECKHUX MOKa3aTeiel ouniaeMon cpespl. 910
0COOEHHO HAIVISIHO MPOSIBISICTCSI NMPU OYUCTKE OTPabOTAHHBIX ABTOJIOB, TPAHC(HOPMATOPHBIX U
pPacTUTENBHBIX Macell, 7€ INHMHA JEeMOHCTPUPYET BBICOKYIO CTENEeHb OYUCTKH, YCTOWYUBBIM
afcopOImoHHelii dQdexT W BBIpaXeHHBIE OTOenmBaroImme cBoicTBa.llomydeHHbIe pe3ynbTaThl
CBHJIETEJILCTBYIOT O TOM, YTO HayKaTckas OCHTOHMTOBAs ITTMHA MOXeET 3((EKTUBHO MPUMEHSATHCS B
KauecTBE €CTECTBEHHOrO ajcopOeHTa 0e3 MpeaBapUTeNbHON XHUMHYECKOH aKTHBALUMH, YTO
CYLIECTBEHHO YIpPOIIAeT TEXHOJOIMUECKHH TMpollecc, CHUXKAeT »DSHepro3arparsl U OOIIyro
cebecTonMocTh OUUCTKU. [IpoBe€HHbIE 1a00PaTOPHO-TEXHOJIOTHUECKUE HCCIeI0BaHUS TOKa3allu,
YTO 1O YPOBHIO AaKTUBHOCTU JaHHBIM NPUPOAHBIM Marepuan He YCTyNaeT NPOMBIIIIIEHHBIM
copOeHTaM, TaKUM KakK 3MKEeBCKasl OIOKa, acKaHresib W Oyxapckuil 6eHTOHHT. Bonee Toro, mpu
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OUMCTKE Macesl HayKaTCKas [JMHa XapakTepuszyercs B 1,5 pa3za MeHbIIEH MaclIOEMKOCTBIO IO
CPaBHEHUIO C CEPHUITHO BBIMYCKA€MbIMH aJICOPOCHTaMM, YTO TIOBBIIIAET €€ SKOHOMUYECKYIO
3G(PEeKTUBHOCT, W TMPAKTHYECKYI0 3HAYUMOCTh. TakuM o00pa3oMm, pe3ylbTaTbl HUCCIIEAOBaHUS
MOATBCPKAAOT NCPCIICKTUBHOCTL HCIIOJIB30BaAHUA HayKaTCKOﬁ 6CHTOHHTOBOﬁ IJIMHBI B CUCTEMax
OYHCTKH BOJIbI, IEPEePaOOTKH KHUAKHX OTXOJ0B U CO3/IaHUU JOCTYITHBIX aJICOPOLIMOHHBIX MaTepHalIoB
9KOJIOTUYECKOr0 Ha3HAYCHHUSI.

Abstract. This article examines the features of carbonization of Naukats bentonite clay, the main
methods of its physicochemical modification, as well as the prospects for using this natural raw
material in the purification of natural and wastewater of various origins. The relevance of the study
is oOycnoBneHa the need to search for accessible, environmentally friendly, and cost-effective
adsorbents based on local mineral resources. Particular attention is paid to a comprehensive
investigation of the adsorption, bleaching, and purification properties of Naukats bentonite clay,
which is of great importance for the development of modern water treatment technologies and the
utilization of liquid waste. Based on preliminary laboratory experiments, it has been established that
Naukats bentonite clay has a high capacity for the adsorption of organic impurities, pollutant ions,
and colored components, which leads to a significant improvement in the physicochemical parameters
of the treated medium. This is especially evident in the treatment of used motor oils, transformer oils,
and vegetable oils, where the clay demonstrates a high degree of purification, stable adsorption
performance, and pronounced bleaching effects. The obtained results indicate that Naukats bentonite
clay can be effectively used as a natural adsorbent without prior chemical activation, which
significantly simplifies the technological process, reduces energy consumption, and lowers the overall
cost of purification. Laboratory and technological studies have shown that, in terms of activity, this
natural material is not inferior to industrial sorbents such as Zikeev opoka, Askangel, and Bukhara
bentonite. Moreover, in oil purification processes, Naukats clay exhibits a 1.5 times lower oil capacity
compared to commercially produced adsorbents, which enhances its economic efficiency and
practical value. Thus, the research results confirm the promising potential of Naukats bentonite clay
for application in water treatment systems, liquid waste processing, and the development of
environmentally safe and affordable adsorption materials.

Knrouesvle cnosa: TAMHO3€M, KOArylsHT, Cyidb(ar aHWIWHA, TUIPOKCUJl aATIOMUHHS,
KOJUIOMAHAST XUMUSL.

Keywords: alumina, coagulant, aniline sulfate, aluminum hydroxyl, colloid chemistry.

[IpoGnema OYMCTKM CTOYHBIX BOJ, HauMHas CO BTOpOM monoBuHBI 20 - Beka sBIsSETCS
aKTyaJbHOM /715 BceX cTpaH Mupa. OJHUMHU W3 OCHOBHBIX 3arpsA3HUTEINIEH IPUPOIHBIX BOJ SBIISIFOTCS
MOHBI TSHKEJBIX METAJUIOB, TOCTYMAIOIIUE CO CTOYHBIMU BOAAMHU IMPEINPUATHI FOpHOJOOBIBAIOIIECH
MPOMBIIIJIEHHOCTH, a TaK)K€ MOHBI, HOCTYTAIOIINE C TPOMBIIUIEHHBIMU U X035ICTBEHHO-OBITOBBIMU
CTOYHBIMH BOJIaMH, CTOKOM C CEJIbCKOX03SIMCTBEHHBIX YTOAUM U CO COPOCHBIMU BOJIaMU OPOIIAEMbIX
1oJiel, Ha KOTOPBIX NMPUMEHSIOTCS a30THBIE YI0OpeHUs. MeTOoJ0B OUYHCTKH CYIIECTBYET JOBOJIHHO
MHOTO, OJIHAaKO Haubosiee MPOCTHIMU U 3(PPEKTUBHBIMM METONAMHU OYMCTKU BOJBI SIBISIOTCS
aacopOuuonssie [ 1, 2].

[lepcrieKTUBHBIMU COpPOEHTAMU ISl OUYMCTKUA CTOYHBIX BOJ OT MOHOB TSKENBIX METAaJIOB
SBIISIOTCA IVIMHUCTBIE AaJIFOMOCHJIMKAaTHbIE MHHEpalbl, B OCHOBHOM OEHTOHUTOBBIE IJIMHBI
(MOHTMOPWJUIOHUT W OEWJeIMT) W KAOJMHUT. AJCOpOIMOHHAs AaKTUBHOCTb MHHEPAJIOB
o0yclioBlIeHa OCOOEHHOCTSIMH UX KPHUCTAIMYECKOTO CTPOEHHs, a Takke XUMHYECKUM U
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MUHEpaNorTuyeckuM cocTaBoM. C 1IeNIbl0 TIOBBIIMIEHHUS COPOLMOHHBIX CBOWCTB MaTepUalbl,
UCIIONIb3yeMble JJIi OYMCTKHU PACTBOPOB, COAEPIKAIIMX HOHBI TSDKEIBIX METaJUIOB, IOJBEPTaoT
paznuaHoro pona momudukanusam. [Ipoucxonmsiiyue mpu 3TOM HW3MEHEHUS CBOWCTB, BCIEICTBUE
pacTBOPEHUS OIPEACIICHHON YacTh OKCHOB MPHUBOJIUT K YBEIMUYEHHUIO YIACIbHOW MOBEPXHOCTU U
MMOPHUCTOCTU COPOEHTOB [3].

Takum 06pazom, IMHBI 00JIAAI0T BHICOKOHM aJICOPOIIMOHHOI CIIOCOOHOCTHIO, U UX YCHEIIHO
MPUMEHSIIOT KaK €CTECTBCHHBIE OSKOJIOTHYECKHE Oaphepbl Uisi OOphOBI C pacmpOCTpaHEHHUEM
TEXHOTCHHBIX 3arpsi3HeHuil. llenpro paboThl SABISETCS HCCIENOBAaHUE aJCOPOIMOHHBIX CBOWCTB
OeHTOHUTOBOM rMHBI Haykarckoro paitona Omuickoit 00acTy.

Tabmuma 1
PE3VJIbTATBI ITIPOU3BOJCTBEHHOM OUYUCTKN MUHEPAJIbHBIX MACEJ I'NNIMHAMU
Yenosus onvima T onema=200"C, nasecxa =5%, T nepen. =30 MU
Iloxaszamenu 3 . §§) § %,: . g % §
S58 388 §ssd . I3
R3E 530 gE%s S
S SF €°% S =S8
Caexee macimo AC-10 He Hmwke  10+0,5 He 6omee 0,02 He MeHee
200°C 0,45
Macno orpadorannoe, ounmennoe AC/I-9,5 170 8,5 0,6 0,03
Hcx.oTpaboTaHH., Macio 75 6,19 0,23 0,05
Haykarckas rnuna 195 9, 60 0,09 0,047 234
3nuKeeBcKas OIoKa 193 9, 69 0,1 0,03 57
Coryra 199 9,18 0,11 0,039 28,9
Yoko-Bynak 196 9,16 0,1 0,045 30,6
TaOmuma 2

OYUCTKA TPAHCOOPMATOPHOI'O MACIJIA ITPUPOJHBIMU IN'IMHAMUA

Peoicum yemanoexu P=1000, T, onmama=80"C, nasecka =5%, T, nepe- =00 Mun, Cyno=<0,25 mm
Kucnommuoe BXKII]

,Z]uaﬂeicmp. nporuyaemocmss

‘§ N YUCI0 %;
= % S mekor /1 2 wacna § § o
Tokazamenu § § U § § S X QS.)
S S R S
< 3 S
CBexxee Macio HE HE He Oosee - HE ne 6oiee 0,3  He MeHee
Hwke 2 Ooiee 0,02 HIKE 0,3 25
9,6 135
Macno orpaboTranHOe 4 8.9 0,11 0,022 145 0,53 8,09 24
Hayxkarckas rimuHa 2 8,5 0,02 - 143 0,23 0,61 60
3uKeeBcKas OImoKa 2 8,6 0,07 - 146 - - 50
Coryra 2 8,6 0,02 0,01 144 0,1 0,3 50
Yoko-bymnak 2 8,6 0,06 - 146 0,1 0,3 50

BecbpMa s pexTuBHBIM CITOCOOOM TOBBIMICHUS] COPOITMOHHON CITIOCOOHOCTH TJIMHBI SIBIISIETCS
ux KapOonuzanus. [IpokanbiBaHWe TIHH, TNPEABAPUTEIBHO HCIOIB30BAHHBIX [UISI OYUCTKHU
MUHEpaJIbHbIX Macell, IPUBOJUT K 00pa30BaHHUIO HA MOBEPXHOCTH INIMHUCTOTO MUHEpaja KOKca U B
MOCJIEYIOIIEM, MPU €ro aKTUBALUM, TOHKOW yriepoaHo# mieHkd. [lomyueHHBIH TakuM oOpa3zoM
copOeHT mpuobperaer THAPOoPOOHBIE CBOMCTBA, 007a/a€T B OTIMYHME OT aKTHUBHUPOBAHHBIX YIJIEH,
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pPa3BUTOM  TEPEXOAHOM  TOPUCTOCTHIO, OOYCIABIMBAIONICH  TOBBIIIEHHYIO  COPOIMOHHYIO
CHOCOOHOCTH COPOEHTA, MPU OUYUCTKE CTOYHBIX BOJI OT MOHOB TSDKEJIBIX METAJIOB, Kpacutenei, [TAB
U ApYTUX KpyIHOpPa3MEPHBIX MOJIEKYJ puMecei [4].

Haubonee >ppexkTMBHBIME TPUPOAHBIMU COPOSHTAMH JJIsi OYUCTKH Macell, KaK W3BECTHO,
SIBJISIFOTCSI IIICJIOYHBIE OCHTOHUTOBBIC IIIMHBI [ py3un, Ykpaunsl u AzepOaiimkana [5-6].

Ho nonyyennsle npeaBapuTeNbHbIE TaHHBIE 00 aJICOPOLIMOHHBIX M OTOETMBAIOIINX CBOMCTBAX
HAyKaTCKOW TIMHBI MPU OYHUCTKE €10 OTPabOTaHHOTO aBTOJIA, TPaHC(HOPMATOPHOTO, XJIOMKOBOTO
Macia, CBHJICTEIbCTBYET O TOM, YTO OHA, 0€3 MpeABAPUTEIHHON XUMUYCCKOW AKTHBAIIMH, MOXET
OBITh MPUMEHEHA B KAYECTBE €CTECTBEHHOTO ajcopoenTa (Tadmuma 1, 2).

JIabopaTOpHO-TEXHOJIOTUYECKUMU HMCTBITAHUSIMU YCTAaHOBJIEHO, YTO MO CBOEH aKTUBHOCTH
HayKaTCKasi TIIMHA HE YCTYMaeT TEXHUYECKUM COPOCHTaM — 3HMKECBCKOW OIOKE, ACKAHTENI0 H
Oyxapckomy OEHTOHHUTY, 00Jaiasi Mpy OYMCTKE Maced B 1,5 pa3a MEHBIICH MacIOEMKOCTBHIO, YeM
MIPOMBIIICHHO BBITyCKaeMble aacopOeHThl. {151 mpoBepku OTOETMBAIOIIMX CBOMCTB MPUPOAHBIX
COpOEHTOB ObLIM MPOBEACHBI 1A0OPATOPHBIE UCIBITAHUS [JIMH MPU OYUCTKE KEPOCHHO-Ta30MIeBON
(bpaxiuu, TaHHBIC KOTOPBIX TIpeacTaBiIeHbl B Tadmuie 3.

Tabnuma 3
OTBEJIKA HEOTEITPOAYKTOB ITPUPOJIHBIMUA
T oneima =120°C, epems 15 mun, yeem no KH - 51
Haumenosanue Yenosus = Haumenosanue Yenosus =
= =
3 3
Q © Q ©
S 2 . o 3 2 .
> % e > % °
&~ 5 S &~ S S
§ 8 s 5
Kypmab (ormyueHHast) 110 2 2,1 Kypmrad 110 2 2,1
Hayxat (HeoT™MydeHHas) 110 2 2,4 bemkent 110 2 2,1
Kypmad 200 2 2,2 Kypmab 300 3 2,2
(HEeoTMYyUeHHAS)
bemxkent 300 3 1,3 bemkent 300 3 1,3
Kypmab +15% H,SO4 110 2 2,3 bemkent+15% 110 2 2,4
H,S04
Bemkent+15% H2SO4 110 2 2,3 Kypmra6 200 2 2,2
(HeoTMyueHHas)

1 KUCJIOTHO-AKTUBUPOBAHHBIMU TJIMHAMM (KEPOCUHO-T'ABOUJIEBASI ®PAKLIM )

Pacxon azacopbGeHTa BO Bcex ciydasx cocTaBisul 15% Ha KOHTpolIMpyeMoe Macio.
[IpuBeneHHbIE pe3yNbTaThl MO3BOJSAIOT JaTh KAUECTBEHHYIO M KOJUYECTBEHHYIO XapaKTEPHUCTUKU
oOecneunBaroliel crnocooHocTn copdeHToB. 1o cBoelt obecneunBaromiel ciocOOHOCTH PUPOIHAs
HayKaTCKas [JIMHA 3HAYUTEIHHO MTPEBOCXOAMT aICOPOSHTHI BCEX OCTAIBHBIX TUIIOB, IPHOIMKASICH TI0
CBOEMY JI€HCTBMIO K KHCJIOTHO-aKTHBHpOBaHHOMY benikeHTckoMy OeHTOHHTY. BbICOKyto
OTOETMBAIOILYI0 CIIOCOOHOCTh MPUPOAHBIX COPOSHTOB B €CTECTBEHHOM COCTOSIHUU CBSI3BIBAIOT,
00BIYHO, C colepkaHueM aMop(HON OKcHJa KpeMHHS WIH 00beMOM ImepexoaHbix mop 111.
Xopoumu 0TOeMBaIOLIIMMHI CBOMCTBAMU MPU KOHTAKTHON O4MCTKe Macen obnagaetr Kypuadbekuit
MaJIBITOPCKHT TIPU ero TepMoobpadoTke Ha 200°C. B mocieHue rojibl HOSBUIOCH Pl pabOT aBTOPHI
KOTOPBIX MpeAsaraloT MpOBOAUTH OTOEIKY paMHUPOBAHHOTO XJIOTIKOBOI'O Macja TEMHU WM UHBIMU
copbentamu [5-7].

C y4eToM BBIIIECKA3aHHOTO,  TAKXKE TIOYIEHHBIX TIOJIOKUTEILHBIX JAHHBIX TIPU peTeHepaIiin
HayKaTCKOW INIMHOW MHUHEpaJIbHBIX Macesl, Oblia MpoBeaeHa paboTa 1o oToenIKe papUHUPOBAHHOTO
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XJIOITKOBOTO Macila yKa3aHHOW TJTMHOW KOHTAaKTHBIM CIIOCOOOM B JlTabopaTopHBIX ycioBusx (Tabmuia
4). 3 maHHBIX BUAHO, YTO IIBETHOCTh Macia 12 kpacHbIx emnuHmI] (1 COPT) JOCTUTAETCS ITyTeM
oTOenKu (MIPOU3BOJACTBEHHOW IVIMHOM HAyKaTCKOTO MECTOpOXAeHust B komumdectBe 4% (mms
ontuManbHOro 3¢dexra ordenuBaHus mosaraercs 5%), MPOCYMICHHON JHIIb MPH KOMHATHON
TEeMIIepaType U ¢ pa3MepOM YacTUIl [TIMHBI FOpa3ao Ooibllel, YeM MPeayCMOTPEHO 10 UHCTPYKLIUU
[2-3].

Tabnuma 4

PE3YJIbTATBI IABOPATOPHBIX U ITPOM3BOJCTBEHHBIX WUCIIBITAHUI OTBEJIMBAFOIEN
CIIOCOBHOCTU HAYKATCKOU T'JIMHBI 11O PAONMHNPOBAHHOMY XJIOIIKOBOMY MACIIY

N9
Yenosus oneima SN Ljsem
N S = g; )
X , S 3 TII - 33
Tnuner cumo <0,63m < 3 = &3 Sy § 3 S §82
g NS : SNu =S S S8
Ny QS X &S £ x = S = =
S ¥ fT 8 3% i3
= 3 S 33 §% K% &%
= < =& = =
HcxomHoe padhuHHPOBAaHHOE MACIIO - - - - 0,14 23,0 70
Hayxkar 5 115 20 100 0,08 13,0 -
Haykar 5 80 20 20 0,1 12,0 -
Haykar 5 55 20 20 0,09 13,0 -
3uKeeBcKas OIoKa 5 80 20 20 0,1 10,0

B pesynbrare moka3aHo BO3MOXKHOCTh aACOPOLIMOHHON paduHAIMU PAaCTUTENLHOTO Macia
MECTHOM HayKaTCKoW ruHOW. Vcronab30BaHHE HAYKATCKOW TIIMHBI JUIsl OYUCTKH Maceml SBIsIeTCS
HSKOHOMHUYECKH A(PQPEKTUBHON C TMOCIEAYIONMM NPUMEHEHHEM OTpaOOTaHHBIX T[IUH IS
MIPOU3BOJCTBAa KapOOHM3UPOBAHHOTO copOeHTa. OpraHu3alys MPOU3BOACTBA KapOOHU3NPOBAHHBIX
copOEHTOB MO3BONIMIIO OBI HApsAy C pereHepalyeld oTpaboTaHHOTO aBTOJIA MPOU3BOAUTH OYHCTKY
CTOYHBIX BOJI MPEINPUATHS, YTO CIIOCOOCTBOBAJIO Obl OUHMINEHUIO BOAHOIO OacceiHa M COKPaTHIIO
CYIIECTBEHHO PacXObl 10 00E3BPEKUBAHUIO OUMIIIAEMO BOJIBI.

B paGote «AmcopOriust TsXKEIBIX METAJUIOB MOYBAMU U TOPHBIMU ITOPOJAMU» OBLJIO OTMEYEHO,
YTO Ha KPYIHBIX aMEpUKaHCKUX HedTernepepadbaThIBAIONIMX 3aBOJaX OTPAOOTAHHYIO JJISI OYUCTKU
Mace IHHY OOKUTAIOT U 3aTeM UCTIONB3YIOT ISl OYMCTKHU BOZABI OT SMYJIBTUPOBAHHON B Hell HeTH
B Ka4eCTBE MHEPTHOMN 3€PHUCTOM 3arpy3Kku B GUIBTPHI [5].

Ilyrem HarpeBaHusi IIMHBI YJA€TCSl JOCTHYb MEXaHWYECKOW NPOYHOCTH TpPaHyd MU HUX
HEpa3MOKAaeMOCTH B BOJI€ 3a cUeT ()a30BbIX KOHTAKTOB MEX/Iy NIMHUCTBIMM YaCTHIIAMH IPH HX
cnekanuu. boree MpaBWIBHBIN MOAXOA K YTHIM3ALUKA OTPAOOTAaHHBIX TIUHUCTHIX aJCOPOSHTOB
3aKJIFOYAeTCsl HE B BEDKUTAaHUU COPOMPOBAHHBIX OPraHMYECKUX BEUIECTB M 00Pa30BaBIIETOCS KOKCa,
a B €ro akTUBalMH, T.6. B MPHUJAHUU €My CBOWCTB, XapaKTEpHBIX JUISI AKTUBHBIX YIJIEH.
OOpazoBaBUIMiiCSI Ha TIOBEPXHOCTH AJIFOMOCHJIMKATOB KOKC-3TO OO€JHEHHBIE BOJOPOJOM
CMOJIOOOpAa3HbIE MTPOAYKTHI.

[Io XxuMHUECKOMY CTPOEHHUIO OHM SIBIISIFOTCSI BBICOKOKOHJEHCUPOBAHHBIMM apOMaTHUYECKUMU
YIJIEBOIOPOAAMH, MPUOTIKAIOIIUMHUCS K TpaduTty [6-8].

B cpenHeM Ha NOBEPXHOCTH MPHUPOIHBIX COPOEHTOB OTKIaAbiBaeTcs 3-7% Kokca IO
OTHOIIICHHIO K BeCy aloMocwinkara. JIis akTuBalMM KOKCa MPEUIOKEHO OTpaboTaHHbBIE
KaTaJan3aTopbl MpEABAPUTENILHO 00pabaThiBaTh pPacTBOPOM KayCTHUECKOH combl [5], wim
KapOOHU3HUPOBATH INIMHY COBMECTHO ¢ copoupoBaHHbIMU Maciamu ripu 400-5000C B Teuenue 6 yac
[1-4].
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[To nuTepaTrypHbIM JaHHBIM PabOT U3BECTHO, YTO B AMHAMHUYECKHUX YCJIOBHUSIX HCIOJIB3YETCS
TOJIBKO YacTh CTATHYECKON COPOITMOHHOM €MKOCTH aKTHBHBIX yrien [9-11].

BonbmuM mpenmMymiecTBOM KapOOHU3UPOBAHHBIX COPOEHTOB, y KOTOPBIX YTOJIb HAaHECEH
TOHKHM CIIOEM Ha OOJBIIYI0 MOBEPXHOCTh IIHHBI, SBISICTCS BO3MOXKHOCTH TOJTHOW OTPabOTKU
YTOJIBHOTO CJI051 B AMHAMUYECKUX YCIOBUAX MPU COPOLIMU KPYITHOPA3MEPHBIX MOJIEKYIT KpAaCUTENEH,
I[TAB n.r.n. Pa3zpaboTka u nmpakTuyeckoe BHEAPEHUE TAaKUX JCIIEBBIX HEYIIIEPOAHBIX MaTepUalioB
OTBEYAET COBPEMEHHBIM TEHICHIUSAM Pa3BUTHS KOJUIOUIHOM XUMHUU U TEXHOJOTHH OUYMUCTKHU BOJIBI.
Jlo HacTosAIEero BPEeMEHHM KOATYJISHT ISl OYUCTKH BOABI — Cyab(paT aHWIMH MPOU3BOIAT U3
JIOPOTOCTOSIILIET0 M JACPUIMTHOTO TUIAPOKCUAA aJIOMUHUS — MOIYNPOAYKTa MPU MOIYYCHHUH
METaJUIypru4ecKoro rmuHozema [9-12].

C uenpio yaeumeBiIeHUs NPOU3BOACTBA B IOCIEAHME TObl pa3padaThIBAE€TCsS TEXHOJIOTHS
MOJTy4eHUsl Cylb(ara alfOMUHHS W3 KAOJIMHOB W TJIMH, 3aachl KOTOPBHIX OTPOMHBI M 3QJICKH HX
pacnpocTpaHeHbl moBcemecTHo [12].

OpHaKo Mpu CEPHOKUCIOTHOM MepepadoTKe KAOIUHOB U INIMH BCTPEUAETCs DS/l 3aTPyIHEHU,
U I UX YCTPAHCHUS TPEMIOKEH CIOCO0 JBYXCTaJAUWHON Cynb(paTu3aiuu, KOTOPBIA TOJI0KEH B
OCHOBY HETIPEPHIBHOM TEXHOJIOTHH ITOJTyYCHHUS OUUIICHHOTO Cyb(haTa alFOMUHUS U3 KaoJIWHOB [11-
13].

CylIHOCTh 3TOM TEXHOJOTUHU 3aKIIOYaeTCs B TOM, YTO M3 KAOJMHA WM IJIMHBI U PacTBOpa
CEPHOM KUCJIOTHI TOTOBST ITYJIbITY, KOTOPYIO MOABEPTAIOT IPAHYISIITUOHHOMY CIIEKaHMIO B araparax
C TICEBJIOOKMKCHHBIM CII0eM. M3 000KEHHBIX TPaHyJl PaCTBOPOM CEPHOM KUCIIOTHI SKCTPATUPYIOT
ANMIOMHUHHM B 0apaOaHHBIX MPOTUBOTOYHBIX PEAKTOpPaxX HEMPEPHIBHOTO JICHCTBUS.

Taxkum 06pa3om, pe3ynbTaThl IPUBEICHHBIX UCCIEIOBAHUI CBUAECTEIBCTBYIOT O BOBMOKHOCTH
YTUJIN3alUA OTPAOOTAHHBIX [IJII OYMCTKHM CTOKOB KAOJWMHOB M TJIMH C IIEJIBIO MOCIEAYIOIIETO
MOJTyYEHUSI Ha KX OCHOBE IIMPOKO TIPUMEHSIEMOTO KOaryJsHTa — Cyib(ara aTrOMUHUS.

Komrinekc npuBeeHHBIX UCCIEOBAHUI MTOKa3aj, YTO CYIIECTBYIOT peajbHble MPEIIOCHUIKU
JUIS pa3BUTHS OE30TXOMHBIX TEXHOJOTHI OYHCTKU CTOYHBIX BOJ MPUPOIHBIMH COpOEHTaMH, a
MPUBOUMBIA IKCIEPUMEHTAIBHBIM MaTepHasl CIYXHUT JIOCTaTOYHO TMPOYHBIM OCHOBAaHUEM IS
MOCTPOCHUST B OnmwkaiimeM OyfaylieM TMpOW3BOJCTB, HE OKa3bIBAIOIIMX BO3ICHCTBHE HaA
oKpyxaroyto cpeny (PucyHox).

Co3laHue CcHUCTeM HCHOJIB30BAHUS BOJbI B IPOMBIIUIEHHOCTH 10 3aMKHYTOMY IHUKILY,
MMEIOIINX YKOHOMHYECKOE MPEHMYIIECTBa MEpe] CYHIECTBYIOIMMU CHUCTEMaMH, BO3MOXXHO TpPH
YCJIOBHUH: pa3paboTKa HAaydyHO-OOOCHOBAaHHBIX TPEOOBAHMI K Ka4eCTBY HCIOJIb3yeMOMl BOIBI Ha
Pa3HBIX CTaJIUAX MPOU3BOJCTBA MPOAYKTA, MPABUI UCIIOIB30BaHUS BOJBI M HAYYHO-000CHOBAHHBIX
HOPM BOAOIIOTPEOIEHUS U BOIOOTBEACHHUSI; KJIaCCU(UKAIIMS CTOUHBIX BOJ] KaK IO Ka4eCTBEHHOM, TaK
U 10 KOHIICHTPAIIMOHHOW XapaKTepUCTUKE, HAyuYHO-OOOCHOBAHHOW CHCTEMBI BOJIOOTBEICHMS,;
OYHMCTKA JIOKAJIbHBIX MOTOKOB CTOYHBIX BOJ C II€JIbI0 UX IMOBTOPHOTO HCIOJIB30BAHUS M CO3/IaHUS
JIOKAJIbHBIX 3aMKHYTHIX CHCTEM TEXHHUECKOTO BOJJOCHAOKEHHS; MHOTOKPATHOTO TIOCIIEI0BATEIEHOTO
WCIIONIb30BaHUSl BOJBI B OMEPAlMSIX W MPOU3BOACTBAX, TPEOYIOMMX 00Jjiee HU3KOTO €€ KauecTBa;
CO3/laHHEe €IMHON CHCTEMBI BOJHOTO XO35iCTBa, BKIIOYANOIIEH BOMOCHAOXKEHHE, BOIOOTBEICHHE,
OYHUCTKY CTOYHBIX BOJ KaK CTAJUIO MOATOTOBKH JUIsl KX TTOBTOPHOTO MCIONb30oBaHus. [lociennee B
paBHOW CTETMEHW OTHOCHUTCS K CTOYHBIM BOJaM, COACPIKAlIUM OPTaHWUYECKHE M MHUHEpaJIbHBIC
coenuHeHus. CIOXKHOCTh CO3/IaHMSI TAaKUX CHCTEM B HACTOSIIEE BPEMsI COCTOMT B TOM, UTO €Il
OBITYeT TOJOXKEHHEe, KOTJa TEXHOJOTHS OCHOBHOTO IIPOM3BOJCTBA M OYHCTKA CTOYHBIX BOJI
paccMaTpHUBaIOTCA KaK JBa CaMOCTOSITENIbBHBIX TIporiecca. [Ipr TeXHUKO-3KOHOMHUYECKOW OIICHKE
MPOM3BOJICTBA TPOAYKTAa HE YYUTBHIBAIOTCS 3aTpaThl HAa OYMUCTKY CTOYHBIX BOJA JO KadyecTBa,
MO3BOJIAIOIIETO BEPHYTh UX B MIPOM3BOACTBO U 3aTPaThl HA TOBEACHUE 0Opa3yIONIMXCS TIPU OYHUCTKE
CTOYHBIX BOJI OCAJIKOB JI0 TOBAPHOI'O MPOAYKTA HJIA BTOPUUHOTO CHIPbS.

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 38




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne2 2026

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/123
Koarynaut TIIHHA
(proxynaHT)
TIpecc Ans TIpece ang
l KHpIHYa naHeaei
BOIIOKHOYIOEHTeIb
PeaxTop ams gobasm.
CTIEI. KJIed H BOIOKOH
TIeCKOIOEKA ~
ancopoepsl [I
: [
YcpedHHTeOB
B KaHaIIH3allH0n
CTOKA
>
paHanbHbIN
OTCTOIIHIIK
cola PeakTop-Teds AIs IIHXTH cepa
VABTpaMApHHA
R yasTpamap t\\“
ITuraeHT 414 KPacKkH beryHe! Win HCTHPATETE CymmisHas KaMepa
H;80. C - —
g peakTop ) I&chomc: PacTBOp KoaryIfaHTa
AKTHBHPOBAHHEI YTOIb Al(SO4):

PI/IcyHOK. Cxema 6630TXOZ[HOI>1 OYHCTKH CTOKOB I''TMHaMH

HeoOxonumo pa3paboTka cHCTEM BOJHOTO XO3SIMCTBa MPOMBIIUIEHHBIX MNPEANPUATHH U
pailoHOB, UMEIOIIUX PKOHOMHUYECKHE MPEUMYIIEeCTBa Mepel] CYIECTBYIOIUMU cucTeMaMu. B Tex
Clly4asix, KOTJa CO3JaHUE€ 3aMKHYTHIX CHCTEM BOJOCHAOKEHHUS AUKTYETCS HKOJOTHYECKUMU
Tpe6OBaHI/I$IMI/I, JOJI’KEH 6I)ITI) OIpCaAcICH ONTUMAJTLHBIN BapHaHT C JKOHOMHYECKOI TOYKHA 3pCHHUA.
3aMKHYTI)I€ CUCTEMBI BOAHOTI'O X035ICTBa MMPOMBIINUICHHBIX paﬁOHOB " HEHTPOB 60.]'[66 3KOHOMMUWYHBEI,
4eM OTJIENbHBIX MNPEANpUATHN, TaK KaK MO3BOJSIOT HAauOOJee MOJHO BBHIMOIHUTH BCE YCIOBUA,
OTIPEIETISIONINE SKOHOMUYHOCTh TAKUX CUCTEM, UCIIONIb30BaTh MUHEPAIN30BaHHBIE CTOYHBIE BOBI B
MIPOU3BOJCTBE, & OUUIIICHHBIE CTOYHBIE BOABI HE TOJIBKO B MMPOU3BOACTBO, HO U IS TTOJIMBA 3€JIEHBIX
HaCaXJIEHUH, 3eMJICCIIBYECKUX TI0JIEH OPOIICHHS, OOBOTHEHUSI BOJJOEMOB U JIPYTUX IICJICH.

COSI[aHI/IC 3KOHOMHNYCCKHN panuoHaJIbHBIX 3aMKHYTBIX CUCTEM BOIHOTO X035iCcTBa
MPOMBIIUICHHBIX ~TPEANPUATUNA CIOXKHBI Tporiecc. Cpoku co3JaHHsl TaKUX CHUCTEM Ha
MPEPHUATHSIX 3aBUCST OT CIIOKHOCTH TEXHOJIOTHH, TEXHUUYECKOW OCHAIIIEHHOCTH, CPOKOB PEIICHUS
BCCX MEPCUMCICHHBIX BBIIIC 3a/a4. ECTeCTBeHHO, 4TO B IEPBYIO OYEPEIb B 3aMKHYTBLIC CHUCTCMBbI
BO}IOO6€CH€'—IGHI/I$I JOJIKHBI BHEAPATHCA B TEX ClTyUasdX, KOT/{a 3TO HE CBA3aHO C 6OJ'IBHII/IMI/I 3aTparaMu
CPEICTB U MaTepHasoB, HO B TO K€ BPEMsI X BHEJIPEHUE MO3BOJISIET COKPATUTH PACXO]] CHIPhHS (B TOM
YyClie W BOJbI) HA €IUHUILY TOBAPHOW MPOMYKIIMU M UCKIIOUUTH 00pa30BaHWE Pa3UYHOTO BHUA
oTx010B. C y4eToM TOro, YTO OCHOBHOE KOJIMYECTBO BOABI B MpOMbIIUIEHHOCTH (Oonee 75%)
WCIIONB3YETCsl Ha OXJIAXIACHHUE, IeJIecO00pa3HO B TEPBYIO OUYepe/lb, OYUIICHHBIE TOPOJCKHE H
MPOMBIIIUICHHBIE CTOYHBIE BOJBl HAMPABISITH B OOOPOTHBIE OXJAXKIAIONINE CHUCTEMBI st
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BOCIIOJIHEHUS 1TOTePb BOBI. TexHoIornueckue TpeOOBaHUs K Ka4eCTBY BOJbI 3aBUCUT OT yCIIOBUH
paboThl oxnaxaaromux cucreM. Ilpu pabore nmpenmpustuii 6e3 cOpoca CTOYHBIX BOJ B BOJOEM
nesnecoodpasHa paboTa 000POTHBIX OXJIAKIAIOIIUX CHCTEM Ha OECIIPOAYBOYHOM PEKUME.

TpeGoBanusi K KauecTBY OOOPOTHOI BOIBI ONPEAEISIOTCS, C OAHOH CTOPOHBI, YCIOBHSIMHU
paboThl OXJAXKIAIOIIUX CHCTEM — OTCYTCTBHEM KOPPO3MM TEIUIOOOMEHHOIO 000pyIOBaHUS,
o0pa3oBaHME OTVIOKEHUH M OMOJIOrMYECKMX 0OpacTaHUi MPH UCIOIb30BAHUHM M3BECTHBIX METOIOB
KOHJUIIMOHUPOBAHUS ~ OOOpOTHOM  BOABI, C  JpPYyrod —  CaHUTApHO-TMTHEHUYECKOM,
SMHUIEMHUOIOTUYECKON U TOKCHKOJIOTUYECKOM XapaKTepUCTUKOW OOOpPOTHOW BOJABI M BEITUYMHOU
BBIHOCA KaleJabHOM BJIary U3 TPaUpeH C y4eTOM MPOTEKAIOIINX B HUX IIPOLIECCOB.

Ecnu MeToasl KOHIUIMOHUPOBAHUS 00OPOTHON BOJBI MOTYT ONpPEAETIEHbl UCXOs U3 HOHHOTO
COCTaBa MUHEpAJIbBHOM €€ 4YacTh, TO CAHUTapPHO-TUTMEHMYECKAass W  TOKCHUKOJOTMYECKas
XapaKTePUCTUKA 3aBUCAT OT OPraHMYECKUX COCTUHEHUH, MPUCYTCTBYIOIMX B JOOABOYHOM BO/IE, HX
KOHJMIIMOHUPOBAHUS U Pa3HOOOPA3HBIX IIPEBpAILleHNH (OKUCIEHHE, KOHEHCALUs, IOMUMEepU3aLus
U Jp.), TNpOTEKarolluX B OOOpPOTHOW cHCTEeME IOJ JEHCTBHEM TEMIIepaTypbl, KHCIOPOJa,
MUKpPOOPIaHNW3MOB U MOTYT OBbITh OIPEIEICHBI TOIBKO IKCIIEPUMEHTAIIBHO.

BolnonHeHHbIE 3KCIIEPUMEHTAIBHBIE MCCIEA0BAaHUS MO3BOJIMIIM ONPEIEIUTh TPEOOBaHUS K
KauecTBy J00aBOYHOI M 00OPOTHON BOABI, ONITUMAIbHBIE CXEMbI-yYaCTKH CTOYHBIX BOJ U YCIOBHH
paloThl I'paJupeH, MCKIIOYAIOLINe 3arpsi3HeHue Bo3ayliHoro OacceifHa. Ha psane mpennpustuii
IIPOMBIILIIEHHBIE CTOUHBIE BOJIbI, IOCTYTAIONIME HA BHETIJIOLA0UYHbIE COOPYKEHUS, COJIEPKAaT MHOTO
MUHEpaJIbHBIX coiiel. [lockosibKy OHM MOABEpPraroTCs COBMECTHON OYMCTKE CO CTOYHBIMHU BOJAMU
ropojia, BO3HMKAaeT HEOOXOJUMOCTh 0OeccoiluBaHUs O0JIbLIOro oObema CTOYHBIX BoX. Hepenku
Cllyual BBICOKOTO COJEp)KaHUS B IPOMBIIUIEHHBIX CTOYHBIX BOJAX, IOCTyHAOIUX Ha
BHEIUIOLIA/IOYHbIE OYHUCTHBIE COOPYKEHHUS OPraHUYECKUX COECIUHEHHM, TPYIHO MOANAIOLIUXCS
OMOXMMHUYECKOMY OKHCJICHHIO, COCIWHEHWH a3oTa, (ochopa, HEPTEIPOIYKTOB, UYTO TpeOyeT
CIEeLMaIbHBIX METOJJOB JOOYMCTKH OOIIETO OTOKA CTOYHBIX BOJI OrocopOLueil.

B cBsi3u ¢ BBIIEN3TI0)KEHHBIM MOXKHO CJI€IaTh CIEAYIOIINE BbIBOJIBL:

Bbicokue ancopOIMOHHBIE CBOMCTBA MPUPOAHBIX U MOAU(PUIMPOBAHHBIX TINIMHUCTBIX
a71copOEHTOB MO3BOJISET IHUPOKO UX HCHOIb30BATh JUIsl OMOCOPOIIMOHHON OYMCTKH CTOYHBIX BO/,
COZIEpIKaIllUX TPYIHOOKHUCIsAeMble Tpu OuoouucTtke Kpacurenu, IIAB, HedrenpomykTbl, HOHBI
TSOKEITBIX METAJIOB | Jp. cTOYHBIX BOA (80-100% ouncTKa CTOKOB OT 3arps3HEHHI).

B kauectBe HOcuTens-copOeHTa MpH OKM0aaACOPOLMOHHON OYMCTKE HaMU BIIEPBbIE, BMECTO
JOPOTOCTOSIIIUX M Je(UUUTHBIX AKTUBHBIX YIVIEH, MPEAJIOKEHBbl IIMPOKO pPACIPOCTPAaHEHHbBIE
OEHTOHUTONOAOOHBIE U MABITOPCKUTOBBIE IIIMHBI, KOTOPhIE COBMECTHO C NMPUMECSIMU OYHMIAeMOM
CTOYHOH BOJIBI JIETKO MOTYT OBITh YTHJIM3UPOBAHbI /ISl IPOU3BOCTBA CTPOMMATEpPHAIIOB, TOBAPOB
HapOAHOIO MOTPEeOJIeHUs, KOaryJlssHTOB U YTOJIbHO-MHHEpalbHbIX COpOeHTOB. CyllecTBEHHBIM
TEXHOJIOTMYECKUM MPEUMYLIECTBOM INIMHUCTOTO HOCHUTENSA-COPOEHTA IO CPABHEHUIO C AKTUBHBIMU
YIISIMH, KOAaryiassHTaMd W (QIOKYJISIHTaMH  SIBJISIIOTCS MHTEHCHUBHAs aCcOpOLMs 3arpsi3HEHHH,
nocieyomas 6bicTpas (QIoKyIsus, Onarofaps X 3HaYUTENLHON yaeabHOM Macce (10 2,3 r/em?),
YTO TMO03BOJIIET (OPMUPOBATH OOJBIIME XJOMbS M MCKIIOYAbl0 BO3MOXXHOCTH BTOPHUYHOTO
3arpsi3HEHUs] BOABI M OCaJiIka IMPU HEM3MEHHOCTH COJEBOTO COCTaBa CTOKAa B CHUJY IPOTEKAIOIIMX
MOHHOOOMEHHBIX BOAOYMSTUSIOIIMX MPOLECCOB U HHEPTHOCTH CaMoOro IMPHUPOIHOTO COpOEHTa,
00yCIIOBIIEHHAsI €T0 XUMHUYECKUM CTPOEHHEM. TexHOoNorusi 6noaacopOLMOHHON OYMCTKH CTOYHBIX
BOJI NIMHUCTBIMHU a/1COPOEHTaMH BeCbMa MPOCTa, He TPeOyeT JOMOTHUTEIBHBIX COOPYKEHUH.
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SYSTEMATIC ANALYSIS OF Artemisia L. SPECIES AND CONTEMPORARY ASPECTS
OF THEIR USE (BASED ON REGIONAL FLORISTIC STUDIES)
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CUCTEMATUYECKUMN AHAJIN3 BUIOB Artemisia L.
N HAITPABJIEHUA UX UCITOJIB3OBAHUA .
(HA OCHOBE PEI'’MTOHAJIBHBIX ®JIOPUCTUHYECKUX NCCJIEJOBAHHUN)

©babaesa C., ORCID: 0009-0004-4800-7276, xano. buon. nayx, Haxuvieanckutl
2ocyoapcmeennblil yrusepcumem, 2. Haxuviean, Azepoaiioscan, safuraaliyeval991@gmail.com

Abstract. The article presents an analysis of the systematic composition, ecological
characteristics, and utilization directions of species belonging to the genus Artemisia L. distributed in
the flora of the Nakhchivan Autonomous Republic, based on regional floristic studies. As a result of
literature review and field investigations, it was determined that the genus Artemisia L., belonging to
the family Asteraceae, is represented by 15 species in the territory of the Nakhchivan Autonomous
Republic, and their systematic classification has been clarified. During the study, the use of
wormwood species as medicinal, essential oil-bearing, forage, food, spice, dye, and resin-producing
plants was evaluated, and their multifunctional and promising nature was demonstrated. The results
confirm that species of the genus Artemisia have significant scientific, research, and practical-
economic importance in the Nakhchivan Autonomous Republic.

Annomayus. TlpoaHanu3upoBaH CHUCTEMATHYECKUA COCTaB, YKOJOTUYECKHUE OCOOCHHOCTH H
HampaBliEHUS HCIIONb30BaHUSI BHUAOB pona Artemisia L., pacnpocTpaH€HHBIX BO ¢uope
HaxuueBanckoii ABTOHOMHO# PecmyOnuku, Ha OCHOBE pPETHOHANBHBIX (PIOPUCTHUECKUX
uccnenoBannii. [lo pesynbraram 0630pa JUTEPATYphl U MOJEBBIX UCCIETOBAHUN YCTAHOBIICHO, UYTO
pon Artemisia L. cemelicTBa Asteraceae mpezactasieH Ha Teppuropun HaxuueBanckoir AP 15
BUJAMHU, YTOYHEHA HMX CHCTeMaTHdeckas Kiaccudukaius. B xome uccrieqoBaHus OIEHHBAIOCH
WCIONIb30BaHUE BUOB TOJBIHU KaK JIGKAPCTBEHHBIX, d(PHUPOMACTUYHBIX, KOPMOBBIX, MHIIEBbIX,
MPSTHO-apOMATHUECKUX, KPACSAIIUX M CMOJIUCTBIX PACTCHHM, MOKA3aHO, YTO STU BUIBI SIBISIIOTCS
MHOTO(YHKIIMOHATFHBIMU W TIEPCIEKTUBHBIMU. Pe3ynbrarbl MOATBEP)KIAIOT, YTO BHUIBI poOJa
Artemisia L. UMerOT BaKHOE 3HAUEHHUE KaK ISl HAYYHO-HCCIENOBATEIbCKOW padoThl, TaKk U s
MPaKTUYECKOTO X03iCTBEHHOTo puMeHeHus B HaxuueBanckoit AP.

Keywords: Artemisia, systematic analysis, medicinal plants, essential oil plants, useful plants.

Knwouesvie cnoea: Artemisia, CUCTEMaTUYECKUW aHalW3, JIEKApCTBEHHBIE pacCTEHMS,
3(pHUpPOMaCIINYHbIE PACTEHUS], [TOJIE3HbIE PACTECHUSI.

The Nakhchivan Autonomous Republic, characterized by its unique relief structure, continental
climate, and arid ecological conditions, possesses a vegetation cover of particular scientific interest.
One of the plant families with a rich species composition in the flora of Nakhchivan is the family
Asteraceae Bercht. et J. Presl. This family is considered one of the largest and most evolutionarily
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advanced among dicotyledonous plants in terms of species diversity. Representatives of the
Asteraceae family include annual, biennial, and perennial herbs, as well as subshrubs. Members of
the family are mainly distributed in open, sunny areas, dry and semi-desert landscapes, which
indicates their high ecological plasticity. One of the largest and most polymorphic genera of the family
Asteraceae is the genus Artemisia L. Among the xerophytic and semi-xerophytic plants distributed in
the region, species of the genus Artemisia have a wide range of distribution and high adaptive
capacity. Wormwood species play a key role as major components of phytocenoses in the desert,
semi-desert, and foothill landscapes of Nakhchivan. These plants are important in preventing soil
erosion, conserving biodiversity, and forming natural forage areas. At the same time, Artemisia
species serve as ecological indicator plants and are valuable for studying the history of landscape
formation. The floristic richness and natural isolation of the Nakhchivan territory allow for clearer
observation of the morphological and ecological variability of the genus Artemisia. Therefore, the
distribution and utilization aspects of the genus Artemisia in the flora of Nakhchivan have long been
the focus of scientific research. Among useful plants, species belonging to the genus Artemisia L. are
of particular importance. Based on numerous studies and literature sources, it has been established
that species of this genus are used as medicinal, food and forage, essential oil-bearing, dye, resin-
producing, and spice plants. These characteristics confirm the multifunctionality of Artemisia species
and their high economic and scientific significance in the region, especially as medicinal, essential
oil-bearing, and forage plants.

Material and research methods

In the course of the study, generally accepted floristic, geobotanical, bioecological, and related
methods, as well as phenological observations, were applied. As the main research material, both
literature sources and empirical data obtained during field investigations were used. The research
objects included various territories of the region, while the research material comprised species
belonging to the genus Artemisia L. In the study area, data on species of the genus Artemisia L. have
been reported in a number of literature sources [3-7, 10-13].

Identification of species and clarification of their nomenclature were carried out using
fundamental floristic works such as Flora of Azerbaijan, Flora of the Caucasus, and A. M. Asgarov’s
Plant World of Azerbaijan, among others [2, 8, 9].

Recent taxonomic updates were conducted based on the World Flora Online database
(https://about.worldfloraonline.org/; https://powo.science.kew.org/; https://www.ipni.org/).

Discussion and conclusions of the study

In the flora of the Nakhchivan Autonomous Republic, species belonging to the genus Artemisia
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 the genus Artemisia
L., belonging to the family Asteraceae, 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: Asteraceae Bercht. & J.Presl, nom. cons. (= Compositae Giseke, nom. cons.

Genus: Artemisia L.

Sect.1. Artemisia

1(1) Artemisia vulgaris L.

1(2) A. abrotanum L.

1(3) A. chamaemelifolia Vill.

1(4) A. armeniaca Lam.
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1(5) A. splendens Willd.

1(6) A. austriaca Jacq.

1(7) A. absinthium L.

1(8) A. incana Druce.

1(9) A. nachitshevanica Rzazade.

1(10) 4. fragrans Willd.

1(11) A. lercheana Weber ex Stechm.

1(12) A. fasciculata Hook. et Thomson ex Hook

Sect.2. Dracunculus Bess.

1(13) A. scoparia Waldst. & Kit

Sect.3. Seriphidium Bess.

1(14) A. araxina Takht.

1(15)*A. dracunculus L.

Medicinal plants distributed in the flora of the Nakhchivan Autonomous Republic are studied
in a comprehensive manner by botanists, pharmacognosists, phytochemists, pharmacologists, and
clinical specialists, and a scientific basis is being established for their application in medical practice.
Among these plants, species of the genus Artemisia L. belonging to the family Asteraceae occupy a
special place due to their medicinal significance. An analysis of the distribution of representatives of
this genus within the flora of the autonomous republic shows that medically valuable species have a
relatively wide range of distribution [1].

Recent scientific studies indicate that researchers, particularly Chinese scientists, have shown
great interest in the investigation of the genus Artemisia L. and have achieved important results in
this field. Notably, the pharmaceutical preparation caplarizin, used in the treatment of cardiovascular
diseases, was developed based on the coumarin derivative esculetin isolated from Artemisia species.

The investigation of the utilization potential of Artemisia L. species distributed in the flora of
the autonomous republic in various directions — such as spice plants, medicinal plants in traditional
medicine, applications in cosmetology and light industry, pharmaceuticals, as well as dye production
—along with the assessment of their natural resources, has been identified as one of the main priorities
of current research. Wormwood species are characterized by high biological activity, and they contain
important chemical compounds such as terpenoids, flavonoids, alkaloids, and glycosides. For this
reason, the antioxidant, antiparasitic, antimicrobial, and fungicidal properties of representatives of
this genus have been comprehensively investigated. The significance of wormwood species as forage
plants has been noted in a number of scientific sources. Artemisia fragrans, widely distributed across
various regions of Azerbaijan, is used as a forage plant in these areas and in some cases plays an
edificator (dominant) role in the formation of plant communities (Figure 1).

In the upper mountain belt surrounding Pay1z village of the Kangarli District of the Nakhchivan
Autonomous Republic, plants belonging to the genus Artemisia predominate in terms of natural
reserves. The essential oils obtained from the species distributed in these areas are distinguished by
their pleasant and specific aromatic characteristics. The sustainable development of the national
economy and agricultural sectors necessitates the rational and targeted use of natural resources,
including useful plants. For this purpose, species belonging to the genus Artemisia were studied
individually, and it was determined that representatives of the genus can be classified into different
groups according to their utilization directions. Thus, species used for medicinal purposes include A.
absinthium L., A. scoparia, and A. austriaca; essential oil-bearing plants include A. fragrans, A.
armeniaca, and A. chamaemelifolia; species of technical importance include A. fragrans and A.

arenaria; while those used as spices include 4. absinthium, A. scoparia, and A. dracunculus L (Figure
2).
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Figure 2. Artemisia chamaemelifolia

Species belonging to the genus Artemisia are distinguished both by the abundance of their
natural reserves and by the richness of their chemical composition. Nevertheless, a large proportion
of these species has not yet been studied in sufficient detail. Numerous studies have revealed the
presence of sesquiterpene lactones, coumarins, and essential oil components in individual species of
the genus, while the quantitative variability of chemical constituents under the influence of ecological
factors has also been comprehensively investigated. It is well known that during the second half of
the 20th century, a significant proportion of medicinal products used in medical practice in our
country were derived from plant-based preparations. During that period, several species of the genus
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Artemisia L. (A. absinthium, A. annua, A. scoparia, and A. vulgaris) were included in pharmacopoeial
lists as official medicinal plants [14, 15].

Among the principal active components characteristic of Artemisia species, sesquiterpene
lactones occupy a prominent place. In addition, these plants accumulate essential oils, phenolic
compounds, tannins, flavonoids, coumarins, organic acids, vitamins, and other valuable substances.
Some species of the genus Artemisia, particularly Artemisia dracunculus L., are widely used in the
food industry. When added to dishes, this species imparts a pleasant aroma and simultaneously
contributes to prolonged shelf life of food products. In general, wormwood plants are considered
valuable due to the aromatic properties of their roots, stems, leaves, flowers, and fruits. In this regard,
A. dracunculus L. is mainly used fresh as a flavoring agent in soups, whereas in dried form it has
been identified by us as a medicinal plant possessing antihelmintic activity (Table).

Table
CLASSIFICATION OF USEFUL TYPES OF WORMWOOD FLORA OF NAKHCHIVAN
0 ~
S '%0 E 'é < '%0 = .§ & 8
Species name 2 § S 5 3 L§ % g s
SN LE < S S oy %)
S 3 S8
Artemisia vulgaris + + + + +
A. abrotanum + + + + + T
A. chamaemelifolia + + T
A. armeniaca + + +
A. splendens + + + +
A. austriaca + + +
A. absinthium + + + + + + +
A. incana + + +
A. nachitshevanica + + + + +
A. fragrans + + + i n
A. lercheana + + +
A. fasciculata + i + T
A. scoparia + + + + +
A. araxina + + +
A. dracunculus + + + + + + +

The analysis of the presented table indicates that species of the genus Artemisia distributed in
the flora of the Nakhchivan Autonomous 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 in biologically
active compounds and play an important role from a medical and pharmacological perspective.

As shown in the table, the essential oil-bearing property is observed in almost all species (4.
vulgaris, A. abrotanum, A. absinthium, A. dracunculus, etc.). At the same time, many species are used
as medicinal plants, with this characteristic being particularly pronounced in A. absinthium, A.
vulgaris, A. dracunculus, and A. abrotanum. These species are well known in traditional medicine
for their effects on regulating the digestive system, as well as for their anti-inflammatory and
antiseptic properties.

Resin-producing characteristics are mainly typical of certain species (4. abrotanum, A.
splendens, A. absinthium, A. nachitshevanica, A. fragrans, A. fasciculata, A. scoparia, A.
dracunculus), indicating the potential for their use for industrial and technical purposes. The number
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of species with dye-producing properties is relatively limited and is mainly observed in A. abrotanum,
A. absinthium, A. nachitshevanica, A. fragrans, and A. dracunculus.

Based on the data presented in the table, some species are also used as food and spice plants. In
particular, A. dracunculus (tarragon) and A. vulgaris occupy an important place among food and spice
plants. In addition, A. absinthium and A. dracunculus stand out as multifunctional species used for
food, spice, and medicinal purposes. Forage value is mainly characteristic of certain species, and this
property has been recorded for A. vulgaris, A. absinthium, A. nachitshevanica, A. fragrans, A.
fasciculata, A. scoparia, and A. dracunculus. This indicates the importance of wormwood species as
supplementary forage resources for livestock under arid and semi-desert conditions.

Overall, the analysis demonstrates that species of the genus Artemisia can be considered
universal and promising plants in terms of their utilization potential. Their essential oil-bearing,
medicinal, forage, food, and spice values confirm that these species possess significant potential for
both scientific research and practical economic use in the Nakhchivan Autonomous Republic.

To more clearly illustrate the economic and scientific importance of wormwood species, the
utilization directions of Artemisia species were summarized and analyzed based on percentage
indicators. The diagram compiled for this purpose reflects the distribution of Artemisia species
occurring in the flora of the Nakhchivan Autonomous Republic according to their use as resin-
producing, essential oil-bearing, dye, food, medicinal, forage, and spice plants (Figure 3).

2%

= Resin-producing
21% Essential oil- bearing
21% Dye-producing
Food
= Medicinal
= Forage

23% 6% 9% = Spice

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

Thus, the analysis of the diagram shows that species of the genus Artemisia are multifunctional
and promising plants in terms of their utilization potential, with their most important applications
being as medicinal and essential oil-bearing plants.

Conclusions

Based on a comprehensive literature review and long-term field studies, it has been determined
that the flora of the Nakhchivan Autonomous Republic includes 15 species of the genus Artemisia L.
belonging to the family Asteraceae. These species are classified into three sections (Artemisia,
Dracunculus, and Seriphidium), which play a significant role in the systematic diversity of the
regional flora. The analysis revealed that among the 15 Artemisia species distributed in the flora of
the Nakhchivan Autonomous Republic, 21% are essential oil-bearing plants, 23% have medicinal
value, 21% are used as fodder plants, 6% as food plants, 8% as spice plants, 12% as resin-producing
plants, and 9% as dye plants. These results confirm that Artemisia species are multifunctional,
biologically active, and economically promising plants, with particular importance as sources of
medicinal raw materials and essential oils.
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Annomayus. Poct GONBHBIX MOJITMHO3aMH BO BCEM MHPE aKTyaJM3UPYyeT MexXITyHapOIHYIO
a’poduonornueckyro accoruaiuioo (IAA) BeimyckaTh ABa pa3a B roj. M3BecTHO, YTO CEMEMCTBO
Pinaceae Bkmtouaer 650 BuIOB, e€e mbUIbIA 00MamaeT CiIaOOBBIPAKEHHBIMH aJNIEPreHHBIMU
CBOMCTBaMU. XapaKTepUCTHKA YyKa3aHHOW TMbUIBLBI: KPYHHBIA pa3Mep, BBICOKAs JETYy4eCTh
Onmaromapsi BO3MYIIHBIM MEIIOYKAM, YHUKAIbHAS MAITUMOP(OIOTHS, BBICOKAS MBLIBICTIPOITYKITHS.
Ona mnoaBep)keHa BIUSHUIO M3MEHEHMsI KiUMara M 3arps3HEHMIO aHTPONOTEHHOW cpeabl, 4TO
BBIPAXKAETCSI B MEHSIOUIMXCS CPOKaX (PEHOJOTHH U MBUIBLIETIPOAYKIIMH PACTEHUH U alllIepreHHbIX
CBOWCTB, a TaKkke B MOsiBJIeHUH TeparoMopdoB. Llens HacTosIIel cTaTb — U3yYUTh KOHIICHTPAIUIO
nbUTbIEl Pinaceae B BO3myxe, UX MHTETPAaTUBHBIA BKJIaA B adpoOuonorudeckuii crektp r. Kapakon
KaK MOTEHIMAJIbHBIX TBUIBIEBBIX aljepreHoB. Bo3aymiHas mbliblia, OTHOCALIASCS K CEMEHCTBY
Pinaceae, O6buta coOpaHa u uaeHTHHIKMpOBaHa B nepuon 3-ietHei (2015-2017 rr.) nmporpammsl
a’pobuonornyeckoro MoHuTOpHHra B I. Kapako:n, Keipreizcran ¢ ncnons3oBaHueM 0Bk Lanzoni
VPPS 2000. B Teuenue uccienyemMoro neproia ObUIH 3aperucTpUpOBaHbl MEKIO/I0BbIE H3MEHEHNUS,
Kacaroluecs OOIIero rof0BOro MHJEKCAa NBUIBIBL, a TaKXKe JaT Hauyaja, MHWKa W OKOHYaHUSA
MBUIBIIEBOTO ce30HA. [IpoA0mKUTENBHOCTh CE30Ha, TaTUPOBAHUE MUKOBBIX JHEN M MakCUMaJbHbIE
CYTOUHBIE KOHIIEHTPALlMM TMBUIBIEBBIX 3€PEH B pa3HbIe TOAbl PA3NIHYAIUCh PE3KO, B CBS3H C
M3MEHEHUEM KJIMMara M O0COOEHHOCTHbIO MbUIBLETIPOAYKIMK B pasHble ronabl. Ilbuibna Pinaceae
JOMHUHHUPOBAJIa B MBUTHIIEBOM CIIEKTPE IPEBECHO-KYCTAPHUKOB U BapbUpoBaia B auamna3zoHe 68-75%
OT TOJIOBOTO CYMMAapHOTO Koju4ecTBa MbUIbIbl. OHAa HUpPKYyIHpoBaja B Bo3ayxe I. Kapakonm Bce
Ce30HbI uccaenoBanus u coctapisia ot 108 1o 130 guelt. CyTouHble MTUKA KOHUEHTPALUHU MBUIbIIBI
Pinus BBISBIEHBI B Mae-MIOHE, JOCTHras MakcUManabHOro umcna 4259 m.3./em®. Cpeameroposas
KOHIIEHTpaIus 3a 3 JISTHUI nepuop ucciaenoBanus cocrasmia 10555,3 n.3./cm>. CaMblii BBICOKHIA
rof0Boii ypoBeHb MbLIbIbI Pinus 6611 qocTurnyt B 2016 romy (16002 11.3./cM>), a camblil HU3KUIA — B
sKcTpeManbHo skapkom 2015 romy (1220 m.3./cm®). Takum o6pa3oM, y COCHBI 3aMKCHpPOBaH
OTHOCUTEIIbHO KOPOTKUU CE30H B CPABHEHHMH C MBUIBIOW BEIYIIMX adpOauIepreHOB (HAIpumep,
351akoB — 171 eHb), HO C BRICOKOW KOHIICHTPAIIMEH MBUTBIIBI. BhICOKast KOHIIEHTpaIys MbUIbIBI Pinus
B Bo3ayxe I Kapakon u ee mepekpecTHasi peakTUBHOCTh C MbUIBIION APYTUX PACTEHUN MO3BOJISIOT
OTHECTH TBUIBIYy Pinaceae k moTeHUManbHO ajuiepreHHo. KpymHbI pasmep MbUIbIBI U HU3KOE
cofiepaHue OENKOB, 3alUIIEHHBIX BOCKOBOW OOOJIOYKOMW, SIBISIOTCS OCHOBHBIMH IPHUYUHAMH,
OOBSCHAIOMMMHU €€ HU3KYI allJIepreHHOCTh. [lom BO37EHCTBMEM HEraTUBHBIX AHTPOIOTEHHBIX
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(akTOpoB W W3MEHEHHs KIMMaTa BOCKOBas OOOJIOYKa pa3pyliaeTcs, aIepreHHble OenKu
PaCKpBIBAIOTCS U JIETYe MPOHUKAIOT B CIIM3UCTHIC 000IOUKH, TIPOBOIUPYS AJTICPIHYCCKUE PEAKITHH.

Abstract. The rise in hay fever cases worldwide prompts the International Association of
Aerobiology (IAA) to publish the International Aerobiology Newsletter twice a year, announcing
international congresses and educational programs for professionals. The Pinaceae family,
comprising 650 species, is known to have mildly allergenic pollen. This pollen is characterized by its
large size, high volatility due to air sacs, unique palymorphology, and high pollen production. It is
susceptible to climate change and environmental pollution, which is reflected in changing timing of
plant phenology and pollen production, allergenic properties, and the emergence of teratomorphs.
The purpose is to study the concentration of Pinaceae pollen in the air and their integrative
contribution to the aerobiological spectrum of Karakol as potential pollen allergens. Airborne pollen
belonging to the Pinaceae family was collected and identified during a 3-year (2015-2017)
aerobiological monitoring program in Karakol, Kyrgyzstan, using a Lanzoni VPPS 2000 trap. During
the study period, interannual variations in the total annual pollen index, as well as the dates of the
beginning, peak, and end of the pollen season, were recorded. Season length, peak day dating, and
maximum daily pollen concentrations varied significantly between years due to climate change and
the peculiarities of pollen production in different years. Pinaceae pollen dominated the pollen
spectrum of trees and shrubs, accounting for 68—75% of the annual total pollen count. It circulated in
the air of Karakol throughout all study seasons, lasting from 108 to 130 days. Daily peaks in Pinus
pollen concentration were recorded in May—June, reaching a maximum of 4,259 pollen grains/cm?.
The average annual concentration over the 3-year study period was 10,555.3 pollen grains/cm?. The
highest annual Pinus pollen level was reached in 2016 (16,002 pollen grains/cm?®), and the lowest in
the extremely hot year of 2015 (1,220 pollen grains/cm3). Thus, pine has a relatively short pollen
season compared to pollen of leading aeroallergens (e.g., cereals — 171 days), but with a high pollen
concentration. The high concentration of Pinus pollen in the air of Karakol and its cross-reactivity
with other plant pollen allow Pinaceae pollen to be classified as potentially allergenic. The large
pollen size and low protein content protected by a waxy coat are the main reasons for its low
allergenicity. Under the influence of adverse anthropogenic factors and climate change, the waxy coat
is destroyed, opening up allergenic proteins and allowing them to more easily penetrate mucous
membranes, triggering allergic reactions.

Knrouesvle cnosa: mpinblia pactenuii, Pinaceae, moimmHo3, M3MEHEHUE KIIMMaTa, ypoaHu3aIus,
3arpsi3HEHUE.

Keywords: plant pollen, Pinaceae, hay fever, climate change, environmental pollution.

Poct OonbHBIX MONJIMHO3aMH BO BCEM MHpE aKkTyanusupyer MexayHapoaHyko
aspobuonornyeckyro accouuanuio (IAA) Beimyckath JBa pa3za B rox  MexIyHapOIHBIN
MH(OPMAITMOHHBINA OIOJUIETEHB MO a3POOMOIOTHH, COOOIIAOIINI O YMEXTYHAPOIHBIX KOHTpeccax u
oOpa3oBareibHbIX TporpaMMax uid cnernuanuctos. Cinenyromuii (13-if) MexayHapoaHblii KOHTpecc
1o a3pobuoinoruu npoiaer B Kanskyrre, Unaus, ¢ 25 mo 29 nosti6pst 2026 roxa. 21 mapta 2025 rona,
no ciaydaro XVIII HanuonansHoro pmHs mneuiblbl B Mramuu, BeICIIMI MHCTUTYT OXpaHBbI
OKpY>Karolllel cpelbl U HuccienoBaHui u temarnyeckas cetb POLLnet SNPA mpoBenu cemunap
«A3pOOHONIOTUYECKUN  MOHUTOPUHI MEXIy NPUPOAHBIM HACIEAUEM M  HCKYyCCTBEHHBIM
MHTEJUIEKTOM». HalpaBlIeHHbII Ha MOMYJISpU3alUI0 a’poOHONOrMK  Kak (pyHIaMEHTaJIbHON
JMCLUIUIMHBI B U3YYEHUH HKOJIOTHYECKUX MPOOIeM, CBI3aHHBIX C MHTEPIIPETAllUeH aliepruyeckix
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3a0oseBaHui. A’poOMOIOrMYECKUIT MOHUTOPHHT C NPUMEHEHUEM BOJIOMETPHUYECKUX JIOBYLIEK U
uACHTUGUKALMEN a’pOaJUIEpPreHOB 0] MUKPOCKOIIOM 4YenoBekoM, a He MM, ocraercst 3010ThIM
CTaH/IapTOM HCCIIEOBaHMs. B Mupe mupoko pacrpocTpaHeHa ceTh OMOJOTMYECKOI0 MOHUTOPUHIA
KauecTBa BO3/yXa, BKIIOYAIONIAS HM3YYCHHUE KOHIIEHTPALUHU MBUIBIBI PACTEHUN U criop rpudos. B
peaJlbHOM BPEMEHHM OHJIANH-THEBHHUKH IbUIbIBI 1 MOOUJIBbHBIE MPUIIOKEHUS MO3BOJISAIOT JIETKO U
OBICTPO JOKYMEHTHPOBATh CUMIITOMBI IbUIbLIEBOM amiepruu. Takue KpayniCOpCHUHIOBBIE JaHHBIE O
CUMIITOMAax JaroT MIPEICTaBICHUE O Pa3BUTUM U HayaJle NbUIbLEBON ayepruu [1].

Uepe3 mpuiokKeHHE Ha MOOMIBHOM TeneoHE MOXKHO Y3HATh NPOTHO3 MEPUOJOB
MaKCHMaJbHOI'O PHCKA, B TEUEHHUE KOTOPBIX KOHKPETHBIE OOJIbHBIE IOJUIMHO30M IOJBEPraroTCs
BO3JICHCTBHIO BEAYIIUX a’poasuiepreHoB. M3BecTHO, 4To cemeiicTBo Pinaceae BkitouaeT 650 BUIOB,
ee mbpUIbIa 00nagaeT craboBBIPaKEHHBIMH AJUIEPTEHHBIMH CBOWCTBAMH. XapaKTEPUCTHUKA TBUIBLIBI
Pinus: kpymHbI pa3Mep, BBICOKas JIETy4ecTh Onaroiaps BO3AYIIHBIM MeEIIOYKaM (KpBUIbSIM),
YHHMKaJIbHast HAIMMOPQOIIOTUs, BEICOKAs MbLUIbLENpoayKLusa. OHa MOABEP/KEHA BIUSHUIO U3MEHEHUS
KJIUMaTa W 3arpsA3HEHUI0 AHTPOIIOTEHHOM Cpelbl, YTO BBIPAKAETCS B MEHSIOLIMXCS CpPOKax
(eHOIOTHN M BUTBIETPOAYKIIMU PACTCHUN U aJUIEPTEHHBIX CBOMCTB, MOSBICHUIO TEPATOMOP(OB.

Lenp HacToOsmIeH cTaThl — HM3YYWUTh KOHIIEHTPAIMIO MBUIBIBI Pinaceae B BO3myxe, WX
MHTETPAaTUBHBIN BKJIaJ B a3poOuoornyeckuil cnekTp r. Kapakos Kak MOTEHLIUANbHBIX MbLIbLIEBBIX
aJJIEpPreHoB.

Mamepuan u memoowl ucciedosanus

Kapaxon (Kuprusus) pacnonoxes B cpenHeropbe Ha Boicote 1 800 m Han y. m. (HYM) na toro-
BocToke Mccebik-Kynbekoil obnactu, y ceBepHOro momHoxesi xpedta Tepckeit Amna-Too. T'opHbie
enoBble Jieca Keiprezckoit PecniyOnuku npecTaBieHbl INIaBHOM JIECO00Pa3y O MOpOa0H — €JbI0
TAHb-1IAHbCKOM (Picea Schrenkiana), Ha nomio kotopoi npuxoautcs 12,7% oT Bceit mioiaau JIecoB.
OCHOBHBIE MAaCCUBBHI €JI0BBIX JIECOB COCPEAOTOUYCHBI B CEBEPHON YaCTH PECIyOIHUKH MO CKIIOHAM TOp,
okaiimisromux o3epo Uccrik-Kynp 1 mo 6acceliny peku Hapsin. B HUX mpouspacrtaeT 3aHeceHHas B
Kpacnyto kaury Keipreizckoit Peciyonuku nuxra CemenoBa (Abies semonovii) (3,4 TbIc. ra). 31ech
K€ MPOU3PacCTalOT MHTPOAYLHMPOBAHHBIE MOPOJBI: Oepe3a IMOBHUCHIAs, COCHAa OOBIKHOBEHHAS,
TucTBeHHUIa cubupckas. CpenHeronoBas Temrmeparypa B ropoze Kapakon 3a Oonee HemaBHMI
nepuon (¢ 2010 mo 2025 r) ysemuuunach B cpeaHeM Ha 1,9°C, a romoBoe KONMYECTBO OCAIKOB
YMEHBIINUIIOCH TPUMEPHO Ha 22,7%.

Merton nccnenoBaHMs: BOJIOMETPUUYECKUN ¢ TPUMEHEHUEM CTaHAapTU3UPOBAHHOM JIOBYIIKU
JlaH30HM, yCTAaHOBJIEHHOM Ha KpBILIE 3[aHMs B Npeesax ropoickod ueptel Kapakon, Bmamu ot
MApKOBBIX 30H U MPOMBIIUIEHHBIX NPEANPUATHI, Ha BbICOTE 13 METPOB HaJ ypOBHEM IMOYBHI.

Muxkpockonusi. WaeHtuduxanuss ¥ TOACYET NBUIBLEBBIX 3€pEH, BKIOYas COCHOBBIX,
MIPOU3BOAMIINCH O] cBeTOBBIMU MuKpockonamu “Carl Zeiss” (I'epmanus) 1 MEUI (Anonus) ¢ 100-
400x-KpaTHBIM yBeln4eHueM. [ 3Toro MpUMEHSUIMCh CIIEUalIbHBIE ONpPEACTUTENN U aTIachl
IBLIBIIB, BKJIIOYAs aBTOpcKUe pa3padbotku (Tabmuma 1).

WUnentudukanus. IleuibneBsle 3epHa Pinaceae MMEIOT KpymHBIE pa3sMepbl M3-3a CBOUX
BO3YIIHBIX MEIIOYKOB WJIM MY3bIpEH, KOTOpbIE NENal0T WX OAHMMH W3 CaMbIX y3HAaBaeMBIX IS
UIACHTU(QUKAIMY THUIbLIEBbIX 3epeH. braromapss UM OHM NEPEHOCATCS BETPOM Ha OoJjbllne
paccrosiHus. Cpenu KpbUIaThIX MBUIBLEBBIX 3€peH Teno uMeeT (opMmy oT cyOchepounanbHOil 10
[IMPOKO-3IUTMIICOUTAIbHON. Bo3yiHbIe MeIIoukH 0OBIYHO ceT4aThlie UM HHOT/A Iakue. Pazmep
MBUTBIEBBIX 3epeH BapbupyeT oT 80 10 130 Mxm. OHM perucTpupyroTcs B o011ei rpade — cemeicTra
Pinaceae ¢ muddepennmposkoit 10 poaa. Cratuctudeckas o0padoTka u rpadudeckoe n3oOpaxeHne
MOPYYEHHBIX PE3yJbTaTOB a’3pOOHOJIOTMYECKOr0 MOHHUTOPHHIA MPOBOAMINCH Ha OCHOBE IaKeTa
nporpammsl «Microsoft Exel» (Pucynok 1).
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Konnentparnus neuibiiel Pinaceae B Bo3ayxe Oblia BRIpakeHa B BHJIE MbLIbIIeBOTO nHIekca (111
— IIPOLICHT OT TOJIOBOM CYMMBI THUIIOB ITBUIBITBI 32 00T iepuoa otoopa mpod 2015-2017 rr.).

. Tabaumna 1
I[I/ICDQDEPEHL[I/IROBAHHBH/I OHPE{[EHI/ITEHB
HOPMAJIBHO PA3BUTOMU I1bIJIbLII CEMENCTBA COCHOBBIE

MenkoOyropuaro-sim4aaTast 5k3uHa 113 ogquHOUHBIE KpymHBIE, 80—130
MKM, OHIaTepanbHO-CUMMETPHYHEIE, C
BO3/AYIIHBIMU MEIIKaMH W Oe3.

COCHOBBIE

TosuHa 3K3MHbI TPOKCUMAJIbHON YaCTH IUTA MPEBBIIIAET 5 MKM:
Menkobyrop Illut paBHOMepHO yTOmmEeH. I13

4aTo- 120-130 MkM. Bo3nyminbie memku
AMYaTas B MECT€ IPUKPEIUIEHUs] 00pa3yroT
MOYTH pa3BepHyThld yroa 180

rpagycoB
Eunb Picea

Menkobyrop Llut paBHOMepHO yTtommeH. II3

qaras 120-130 mMxM. Bo3mymiHabie Memkn
B MECTE NPUKpEIUICHUs 00pa3yroT
yrona 90 rpagycoB

Cocna Pinus

[Iut HepaBHOMepHO yToumeH. 13
129-132 MM B JMaMerpe,
MEIIKOBBIE, IIPOKO
3JUTATICOUTANTbHBIE,

ITuxrta Abies

Menkobyrop I13 80-90 MM B amamerpe,

yaras chepouanbHbIe, 1-nenTroMHBIE,
Oe3memkoBele.  Jlentoma cmabo
3aMETHasl, MOTPYKEeHHAs

JInctBennunmna Larix

WuTerpanbHast OlleHKa )KU3HECITOCOOHOCTH U (PEPTUIIHHOCTH MBUIBIBI €T ObLTa MPOU3BEICHA
¢ nomouibto Mmerona lllapmakoBa. XKu3HecnmocoOHOCTh MBUIBLIBI — 3TO CIIOCOOHOCTH MYKCKOTO
raMeropuTa K POCTY HA COOTBETCTBYIOIIMX TKaHSAX NeCTUKA. Takke MCKIIOYUTENbHas
KHU3HECIIOCOOHOCTh CHOCOOCTBYET pPacCEMBaHUIO THUIBIBI Ha Janekue pacctosHus. [ms storo
HCIIOJIb3YETCs IBETHASI PEaKitsl, B XOJ€ KOTOPOM MbUIbLIEBBIE 3€pHA, Y KOTOPBIX BHICOKAsl aKTUBHOCTD
MEePOKCHUIa3bl, OKPAIIMBAETCS B SPKO-KPACHBINA LIBET, KPACHOBATHIA WJIM MAJIMHOBBIN 1BET. [IblabIIa
OeclBeTHAsI WM OJIETHO-)KEITOr0 1IBETa UMEET HU3KYIO MEPOKCHUIA3HYI0 aKTUBHOCTD WUJIH TOJIHOE €€
OTCYTCTBHE, IOATOMY CUUTAETCSI CTEPUIILHOM.
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HccnenoBanus mpoBonuianch Ha 0aze ruapomMereoposiorudeckoro cramuonapa Yon-Kei3pui-
Cyy, Ha BeicoTe 2555 HYM (/IxeTsI-Ory3ckuii paifioH pacmiosioxeH B 35 KM K 3amaay ot I. Kapakoon).
JIsi OLIEHKH PEe3yJabTaToB a’pOOMOJIOTMUYECKOTO0 MOHUTOPUMHIA HMCIOJIBb30BATh MbLIBIEBLIC
WHJIEKChI, UMEIOIINE OTHOIIEHUE K 3/I0POBbIO: TOI0BOM MbUIbIIeBOM nHTerpan (APIn), natel Hauana
1 OKOHYAHMS CE€30HA M IMPOJOJKUTENBHOCTh ce30Ha. APIn koppenupyer ¢ TAXKEeCTbI0 CUMIITOMOB
AJUICPTUH Y CEHCUOMITM3UPOBAHHBIX JIUIT [2].

/TlbiNblUeBble 38pHA  COGHBI  UMEIoT

MEeLKOBWAHYK (hOpPMY C BO3AYLWHBIMK

Mewo4yKaMn —  KpynHeiMi  noneiMKu

BBIPOCTaMM, OSpaSDBaHHbIMH

3K3uHOW. OHW  pacnonoweHsl Ha
| OMCTankHOM  KOHLUE  MbiNbLEBOro |

“.3epHa

Hopma: ceeToBOi
MWKPOCKON

Hopma: ckaHMpyHOLWMA 3NeKTPOHHLIN
Mukpockon (C3M)

|_. Mpadha: nbinbUa Pinaceae .

MNenexwe

WzobpaxeHue TepatomopdoB

MARSDACb N Willis K., 2019

TNoeywka NlaH3oHn NbINbUI

Pucynok 1. I'padmdeckoe pesrome. ANTOPUTM U AW3aIH MIPOBEICHHOTO HCCIIETOBAH

Pezynomamot u ux obcyscoenue

B Boznymneit cpeze r. Kapakoi B TeueHne Tpex C€30HOB HAOMIOACHUS [TUPKYITUPOBaAJia MbLIbIA
35 TakcoHOB pacTeHHul, a UMeHHO: 20 TaKCOHOB JPEBECHO-KYCTAPHUKOBBIX pacTeHUi (5 TaKCOHOB
nopsiika XBoMHbIX Pinopsida), 15 TakcoHOB TpaB. I3 HUX 7 TaKCOHOB pacT€HUIl JOMHMHHUPOBAIIH:
MONIBIHG (Artemisia sp.), cocHa (Pinus sp.), enw (Picea sp.), mapeBbie (Chenopodiaceae), 31akoBble
(Poaceae), xonomnessie (Cannabiaceae), actpoBbie (Asteraceae), kunapucosbie (Cupressaceae).

[Tpu mpUHSATHAYN pelIeHHst O TOM, KaKHe€ THUTIBI ITBUTBIBI B BO3IyXE SBIISTIOTCS HanbOoJiee BaXKHBIMU
B pPEruoHe, HEOOXOAMMO YUUTBIBATh Psii GAKTOPOB, BKIIOUAs aJUIEPTEHHYIO CIIOCOOHOCTD, a TAKKe
NBUIBIENPOAYKIUIO. BHbI cemeiicTBa COCHOBBIE OMBUISIOTCS ¢ MOMOIIbIO BETPa, BHOCSA OOJIBIION
BKJIQ/I B TTOJICYET MBUIBIIBI, H YaCTO MPECTABIISAS BUAUMBIC CIIOM Ha YJIHIAX U OKHAaX aBTOMOOWIIEH B
Ce30H TbUIeHHA. [lofcunMTaHo, YTO YMCIIO TBUTBIEBBIX 3€PEH JMCTBEHHBIX JepeBbeB B 2015 T
coctaBuio 767 (35%), 2016 . — 6031 (25%), 2017 r. — 33596 (32%) 1. 3./cM>, XBOHHBIX JepeBLEB
1419 (65), 18124 n.3./cm? (75%), 22855 (68%) criekTpa COOTBETCTBEHHO B Te ke Tofb! (PucyHoK 2).

Panee cumtasioch, yto mbBUIBLA Pinaceae ob6nanaer ciiabOBBIPAKEHHBIMU aJJIEPreHHBIMU
CBOWCTBAMH W HE OTHOCHUTCS K TNPUYMHHO-3HAYMMBIM adpoajuiepreHaM. PacrnpocTpaHeHHOCTh
NBUIBIBI Pinaceae B BO3JlyXe PETMOHOB M €€ INMEPEKPECTHas PEaKTUBHOCTb C MBUIBIIOH IPyrux
pacTeHuil MO3BOJSAIOT OTHECTH NMbUIbLYY Pinaceae K OTEHIUAIBHO ajlIepreHHo [3].

KpynHsblit pazmep nbUIbIbl U HU3KOE CoiepKaHie OeNTKOB, 3alUIIIEHHBIX BOCKOBOM 000JI0UKO,
SIBIISTIOTCSI OCHOBHBIMU NTPHUYMHAMH, OOBSCHSIOMNME €€ HU3KYIO aJUIEPTeHHOCTh. B mociieaane rombt
y OOJBHBIX B pa3IMYHBIX Treorpaduueckux paioHax MUpPa Pe3KO BO3POC YPOBEHb CEHCUOMIU3AINH K
Pinales (Cupressaceae u Pinaceae). I1lon Bo31eiCTBEM HETaTUBHBIX aHTPOIOTEHHBIX (DAKTOPOB U
M3MEHEHHUsl KJIMMaTa BOCKOBasi 000JI0YKa MBUIbIEI Pinaceae paspyliaercs, ajjiepreHHble Oelku
PaCKpBIBAIOTCSL U JIETYe MPOHUKAIOT B CIM3UCTHIE 000JIOUKH, TIPOBOIUPYS AJIEPTHUECKAE PEAKINN
[4-9].
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Pucynok 2. KonnuecTBeHHBI COCTaB MBUIBIIH JHUCTBEHHBIX W XBOWHBIX JiepeBbeB (%) B BO3AyXe T.
Kapakon

B nacrosiiiee Bpems ykazaHHas IbUIbLIA BKJItOYeHA B [1bu1b1ieBO MOHUTOPHUHT U pa3paboTaHbl
TeCThl JUIs onpeaeneHus crenuduueckux IgE-anturen. KonnuecTBeHHble TEHAESHIIMM B BapHUaLUsIX
nokasatesiell IbUIbLbl Pinus (Iepuoj] MOSBICHUS, IPOJOJIKUTENILHOCTh, MAaKCUMaJbHasl CyTOUHAs
KOHLIEHTPAIHsI ¥ TIMKOBBIN JIeHB) MpUBeeHBI B Tabmuie 2.

Tabauna 2
BAPUALIMU B BHAUEHUAX, XAPAKTEPU3VYIOLIME CE30HBI ITBIJIBLIBI Pinus sp.
Pezucmpupyemvie noxazamenu 2015 2016 2017

Hauano ce3oHa npuieHUs 23 anpens 17 ampenst 3 mas
OKOHYaHUE Ce30Ha MbUICHUS 12 aBrycta 3 aBrycra 10 ceHTsA0ps
UYucno aHel mpUCcyTCTBUA B BO3AYXE 110 108 130
MakcumanbHast CyTo4Hasi KOHIEHTPALU 11.3./cM> 681 4259 8017
Hata peructpauuu 15 urons 3 mas 30 mas
Bcero 3a ce30H nbuieHus 1. 3./cM° 1220 16002 14444
[Ieip1IEBOI MHACKC % OT IPEBECHO-KYCTApHUKOBOTO criektpa 1,42 17,5 13

B armocdepe 1. Kapakon B BeceHHe-JIeTHUH MEPHO TaKXKe PErucTpUpOBaiach KOHIEHTpAIHs
NbUTBLBI Apyrux BuaoB (Larix, Abies) cemeilictBa Pinaceae, HO Cpelyd HUX TO KOJIHYECTBY
nuaupoBaiia Picea, conepikaiascs B Bo3ayxe 88 qHeH, cyMMapHOe KOJMYECTBO BapbUPOBajo oT 715
(2017) o 1026 (216) m.3./cM> ¢ MaKCUMATBLHBIM CyTOUHBIM YKcIoM B Ipeaenax 300 m. 3./cm’. Takum
00pa3zoM, B a3pONATMHOIOTNYECKOM CIIEKTPE MO KOJIMYECTBEHHBIM XapaKTepucTHKaM Ipeoliagana
IBUIbIIA COCHBI, IO CPaBHEHUIO C TMBUIBIONW €M, YTO OOYyCJIOBJIEHO HX OMOJIOTHYECKUMHU
OCOOEHHOCTSIMU JIEPEBBEB U CIIOCOOHOCTBIO K PACHpPOCTPAHEHMIO MBUIBIBI. Y COCHBI OOMJIbHAs
MBUTBLENTPOAYKIIMSA: OfHA BeTKa MOKeT BbIycTUTh 10 300 MiH., a enu — oxono 100 miH.
IBLIBIEBBIX 3epeH. [IbuIblia COCHBI UMEET JBa XapaKTEPHBIX BO3AYIIHBIX MeIIOYKa (Kpbliia), KOTOpbIE
3HAUUTENIHO YBEJIMUMBAIOT €€ MapyCHOCTh, CIIOCOOCTBYIOT TOPU30HTAILHOMY IIEPEHOCY BETPOM Ha
O4YEeHB OOJIBIITNE PACCTOSTHUS, MHOT/IA HA COTHU KUJIOMETPOB OT UCTOYHUKA [4].

Jns mbUIbIBI JE€PEBBEB CYIIECTBYET CIEAYIONIAsl OLEHOYHas Tpaganus ypoBHein: 0-14 —
HU3Kui, 15-89 — cpennuii, 90—1499 — Bricokuii, >1500 1.3./cM> — o4eHb BhICOKHiA. [Tbutbna Pinus
B MEPHOJI MacCOBOTO €€ LIBETEeHHs CTaOMIbHO HaXOAMJIAach B BBICOKMX Juana3oHax B Bozayxe. C
y4ETOM TOT0, uTO KoHIeHTpanus >1500 m.3./cM> OTHOCHTCS K OYEHb BHICOKMM YPOBHSM, TO CaMblii
BBICOKHW CYTOYHBI MAakCUMyM 3a TpHW roja IpeBblal ero B 5,3 pas3a. M3BecTHO, 4TO CpOKH U
MHTEHCUBHOCTb TIBUIBIIEBOTO CE30HA OINPENEISIIOTCS CaMOM TE€HETUKOW BHJIOB, TOYHEE
0COOEHHOCTSIMH TBUIBLIENIPOAYKIIMK, HO (DEHOJOTHsS pACTEHHHM TakKe 3aBHCUT OT H3MEHEHUS
KJINMAaTa, BO3ACHCTBYIOIIETO HAa CAMHM PACTEHUH M KOHIIEHTPALMIO BO3AYIUHOM MNbUIbIEL. Takum
o0pa3oM, MbUIBLIBI COCHBI CTaOWJIBHO IIMPKyJIupoBajga B Bo3ayxe TI. Kapakonm Bce ce30HBI
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uccienoBanus U cocrasisiia or 108 no 130 guei. E€ MakcuManbHbIE CYTOYHBIE KOHILIEHTpAIMU
BBISIBJICHBI B Mae-HIoHe, gocturas 4259 m.3./cm. CpenHeronoBasi KOHLIEHTpaIus 3a 3 JIETHUN IEPUOJT
uccnenosanus cocTapuiaa 10 555,3 m.3./cm>. B cpaBHEHNM ¢ aHATOTUYHBIMU HCCIEIOBAHUAMH, TIe
CpeIHerofioBasi KOHIICHTpALMs 3a S JeT ucciaenoBanus B Tumuinoape, PyMbIHUSI ¢ HCTIOJIB30BaHUEM
nosymku Lanzoni VPPS 2000, cocraBuna 452,8 m.3./cm® [5].

[IpencrarneHHbIC PE3yJIHTATH OTPAKAIOT MPEOOITAIAIONIYI0 YHUMOAAIBbHYIO KOH(DUTYpaIIHIO B
KOHIIEHTPAIlMU TBUIBIEI Pinus, 3a uckimouenuemM naHHbix 2016 (PucyHok 3).
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Pucynoxk 3. KpuBas xoHIeHTpanuy neutblbl Pinus (10 gexamaM) B Bo3myxe T. Kapakon

Camblil BbICOKHI TofioBOM ypoBeHb MbuUIbLbI Pinus Obu1 gocturnyt B 2016 romy (16002
m.3./cM’), a camplif HU3KHIT — B dKCTpeManbHO kapkuit 2015 rox (1220 m.3./cm?). Temneparypsl B
30,1°C B 2015 rogy HeraTuBHO MOBIMSUIA HA MbUTbLIETIPOAYKIHIO Pinus (3,8% OT Bceil mbUIbIBI 32
TPU BEreTAllMOHHBIX ce30Ha). Kpoe Toro, monHoe OTCYTCTBUE MbUIbLBI Y XBOHHBIX JI€PEBHEB B
OT/AENIbHBbIE TOJbl MOXKET OBbITh CBSI3aHO C Pa3iIMYHbIMH (PaKTOpaMH, BKJIIOYAsl MOTOAHbBIE YCIOBHS,
BO3pacT JI€PEBBEB MWIIM CTPECCOBBIE CHUTYyallMH, INIABHBIM M3 KOTOPBIX — 3KOHOMHUSI PECYPCOB
nepeBoM. CocHa (Kak M MHOTHE JApPYTHe BETPOOINbUIIEMBbIE JEPEBbs) HE MOXKET MO3BOJIMUTH cede
€XKEroflHO TPaTUTh OTIPOMHBIE CHJIBI Ha MakcUMaybHOe IBeTeHue. ClenoBaTeNbHO, Y COCHBI
OTHOCHUTEJIbHO KOPOTKUHM CE30H, IO CPABHEHMIO C MBLIBIOW BEAYLIMX a’pOaJIEpPreHoB (Harpumep,
31makoB — 171 J1eHB), HO ¢ BEICOKOM KOHIIEHTpAIUEH MbUIbLIBI. J[715 OIeHKH MOTEHIIMAIBHOTO BKJIa1a
nelIbLEl Pinaceae B aspoOuonoruyeckyro cutyanuio I. Kapakon UCHOIb30BaId WHTETPUPOBAHHBIN
MHJIeKC BKIaaa meuiblibl (Pucynok 3). OH 6a3upyercs Ha CIeIyIONUX TapaMeTpax: CpOKax I[BETCHUS,
pasmepe mbUIbIEBbIX 3epeH (80—130 MxM), oOMIMKU BUIOB B PETrHOHE W MPOAYKIIUW TBUIBIBI U
XapaKTEPU3YIOT ATy MbUIbLY KakK IIOTEHLMAaJIbHbIE ajuieprensl [10].

CornacHo (unoreHeTHUECKOM Kiaccu(uKalnuu, XBOWHbIE AEPEBbsI COCTOST U3 OJHOTO KJlacca,
Pinopsida, n onucano cemb ceMeUcTB: Araucariaceae, Podocarpaceae, Sciadopityaceae,
Cupressaceae/Cephalotaxaceae/Taxaceae u Pinaceae. XBoOWHBIE, OT IJIATUHCKOTO CJIOBA,
O3HAYAIOIEr0 «HOCUTENb IIHUIIEK», BKIIOYAOT 0K0JIO 650 BUAOB, MIMPOKO PacpOCTPAHEHHBIX I10
BceMy Mupy [11], Hanbosee N3BeCTHBIE CPEIU HUX: €], COCHBI, KHTIAPHUCHI, MOK)KEBEITHHUKH, TUCHI,
JUCTBEHHUIIBI, MUXTHI. CaMylo ajyiepreHHyIo MbUIbLly BblAeNseT ceMelicTBo Cupressaceae/Taxaceae
C ATHIO TTIaBHBIMU ponamu. Cupressus, Hesperocyparis, Juniperus, Cryptomeria u Chamaecyparis.
[IbTblIa COCHOBBIX XapaKTEPU3YETCS HaJMYMeM BO3AYIIHBIX MEIIOYKOB (CakKH), KpOMe
JIMCTBEHHUIIBI, KOTOPBIE BBIMOJIHSAIOT a3POIMHAMUYECKYIO (DYHKIIHIO, CIIOCOOCTBYsI €€ mepeHocy U
pacrmpoctpaneHuto B atmocdepe [12, 13].
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Pucynok 3. HTErpaTUBHBIN MHIEKC BKJIala IMBLUIBIEI COCHOBBIX B a3POOHOIOTHYECKYIO CHTYAITHIO T.
Kapaxkon

HecMoTpst Ha MOBBINIEHHYIO MBUTBIEBYIO MPOIYKIIUIO, KOTOPasi, 10 pacyeTam, COCTABIISIET OT
20,9x106 1o 32,3x106 ObUIBIEBBIX 3€pEH HA JIEPEBO VISl COCHBI MPUMOPCKOI U ee aHeMO(DUIbHYIO
MIPUPOY, OHA OOBIYHO HE CUMTAETCS BaXKHBIM ajuiepreHoM. [IpuBoasTcs pa3nuyHble TPUUUHBL €€
HU3KOM aJUIepPreHHOCTH: OOJIBIIION pa3Mep MbUIBIIEBBIX 3€PEH, YTO MPEMSITCTBYET €€ TPOHUKHOBEHUIO
B JIbIXarenbpHble myTH [ 14, 15].

Tabnuna 3
CPABHUTEJIBHA S ITAJIMHOMOP®OJIOI' MYECKAA XAPAKTEPUCTUKA Pinaceae
Ipusnak Env (Picea) Cocna (Pinus) Tuxma (Abies) Jlucmeennuya
(Larix)
BoznymHsie JBa (6ucakkaTHOE Ba [Ba (bucakkatHoe  OTCyTCTBYIOT
MEIITKH 3epHO) (bucakkaTHOE 3€pHO) (asneTHOE 3€pHO)
3€pHO)

Paszmep 113 120-130 mMxm 120-130 MM 90-120 MM 70-100 MxM
VYron [Toutu pazepuyThiii  I[Ipsmotii (90°) Octpprii (< 90°) H/
MIPUKPEIICHUS (180%)
VYromuenne muta  PaBHOMepHOE PaBHOMEpHOE HepaBuomepHnoe, H/O

OYCHBb TOJICTOC

B uctoununkax nureparypbl cooOIaeTcs 0 BO3AEHCTBUM M3MEHEHUS KiIMMara (TeMnepaTyphbl)
U 3arpsA3HEHUsl OKpy’Karomied cpelsl Ha KojeOaHHWsl KOHIIEHTPALMU MbUIbIBI COCHOBBIX, YTO
MPOSIBIISUIOCH B JETPAJAllMU MbUIBLEBBIX 3€PEH U MOSBICHUM MOBPEXKIECHHBIX U HEOMPEIEIEHHBIX
Oouonmornueckux vactui [15].

V3MeHUnBOCTh  MBUIBLBI  COCHBI (Kak MOP(OJOTHYECKUX NPU3HAKOB, TaKk M €€
KHU3HECTIOCOOHOCTH/XUMUYECKOTO COCTaBa) 3aBUCUT OT IIENIOr0 psja (hakTOpOB, KOTOPHIE MOXKHO
pa3fenuTh Ha HECKOJIBKO OCHOBHBIX OJIOKOB: MOTOAHO-KJIMMAaTuyecKHue, TeXHOTeHHbIE, 3(dexT
«paspaKUTeNIss» U CUHIPOM «IIbUIbLIEBOTO 3epHa-HOocUTeNs» (PucyHok 4).
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Pucynok 4. Cxema BO3IeHCTBUSL U3MEHEHHS KJIMMAaTa M 3arps3HEHUS] Cpeibl OOWTaHUS 4eJOBEKa Ha
neuIbLly Pinus Sp.

Ocnognvie ghakmopul, enusowjue Ha USMEHYUBOCHb NbLIbYbLL COCHbL. 110TOTHO-KIMMaTH4eCKHe
YCIOBHA: BO3JACUCTBYIOT B THEepuoA (OPMUPOBaHMS, CO3PEBAaHMS M PACCEUBAHMS IbUIBLBI.
Temneparypa: kpuTHueckuil (hakTop, BIMSIOIIMHA Ha pa3sBUTHE M JKU3HECHOCOOHOCTb MbUIbLIBI
(cIoCOOHOCTH K MPOPACTaHUIO) U KOHIIEHTPAIMI0, 0COOEHHO Ba)KEH B CBSI3M C M3BMEHEHHEM KJIMMaTa.
BnaxxHOCTh M OCaJKu: BIMSIIOT HAa BBKUBAEMOCTb IbUIBLIEBBIX 3€peH. Jl0K/Ib BO BpeMs OIbLICHUS
MOXET BBIMBIBAaTh IbUIbIYY U3 aTMOC(hepbl U HEraTUBHO BO3ECHCTBOBATH HA MPOLECC ONBUICHUS U
KauecTBa NbUIbLBIL, M €€ KoHueHTpauutoo. ConHeuHas paauanus (Bxiarodas Y®-B): Bauser Ha
MOP(OJIOTHIO TBUIBIBI (HampUMep, TOJIIMHY CTEHOK) M HakorieHue Y®-abcopOupyromux
COEMHEHMI BHYTpH 3epHa. BeTep: ero ckopocTh U HalpaBiIeHUE BIUAIOT Ha JalIbHOCTh IIEPEHOCa U,
Kak CJeJICTBHE, Ha MOTEHIMAJbHOE T'€HETHYeCKoe pa3HooOpas3ue (IPUTOK MbUIBLBI M3 APYTHX
MOMYJANMIA). YCIOBHUSL OKpYXarolleil cpesibl ¢ BBICOKUM YPOBHEM aHTPOINOTE€HHOTrO BO3JEHCTBHUS
BBI3bIBAIOT 3HAUUTENIbHbIE M3MEHEHMsS] B KayeCTBE M XapaKTEPUCTHKAX IMbUIbLIBI. 3arpsi3HEHHE
BO3/yXa: TSDKEJIbIE METaJIbl, TUOKCH]T CEPBI, 030H, OKCUBI a30Ta U APYTrue, 0COOEHHO B TOPOACKUX
WM TPOMBIIUIEHHO Pa3BUTHIX paliOHAaX, CHUKAIOT (PEPTHIIBHOCTh (KHU3HECIIOCOOHOCTH) MBLIBIBI,
BBI3BIBAIOT MOP(OJIOTHYECKHEe AaHOMAJIUU U IUTOT€HETUYECKUE U3MEHEHMS.

ITvinvya kax 6uounouxamop anmponoyernosos. Conepxanue TepatoMoppHON MelIbIB Pinus.
sylvestris B mpobax ropoga Amnatutbhl oueHb Bbicokoe (80,4-90,4%). DTO CBHUIETENBCTBYIOT O
BBICOKOM YPOBHE 3arpsi3HeHus okpyskaromiei cpeapl. Cpeau uIeHTUPUIMPOBAHHBIX 23 TUIIOB Yalle
BCETO BCTPEYAIOTCSl IBUIBLIEBBIE 3€PHA HOPMAJIbHBIX, KapJIMKOBBIX M TMIFAaHTCKHUX pa3MEpOB C
Pa3IMYHBIMU AHOMAJIMSMHU BO3IYIIHBIX MEIIOYKOB [17].

AHaJOrMYHOE UCCIIEZIOBaHNE MTPOAEMOHCTPUPOBAIIO B ropoaax Mypmancke, MaHuuropcke —
11 TunoB TteparoMopdoB MBUIBIEL: 0Oe3 TmpoToruiacta (HEOKpallleHHas, CTepuibHas), ¢
IUIa3MOJIM3UPOBAHHBIM ~ TPOTOIJIACTOM ~ (HEpPaBHOMEPHO  OKpalleHHas), 0e3 MEIIOYKOB, ¢
pEnAyLMPOBAaHHBIMA MEUIOYKaMH, C OJHHUM MELIOYKOM, C JIByMs Pa3HOPOAHBIMU MEIIOYKAMHM,
runepTpoupoBaHHas C TpeMs MEIHIOYKaMH, C Pa3pblBOM JK3MHBI, KapjiUKOBas, TWTaHTCKas W
KapiukoBasi ¢ BbIpocTaMu. Ileimbia Pinus sylvestris MokeT OBITH HCIIONIB30BaHA B KauecTBE
OMOMOHMTOPA IS BBIBICHUS (PUTOTOKCUYECKOTO M MyTareHHOTo AeHCTBHsI 3arpsiHuTeneii [18, 19].

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 59




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne2 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/123

VYpbanuzupoeannas cpeoa: IepeBbs, pPacTyllMe B 4epTe ropona, MOABEprarTcs OoJbleMy
CTpeccy, 4TO BbIpakaeTcd B 0ojiee HU3KOM >KM3HECIIOCOOHOCTH IbUIbIBI 110 CPaBHEHUIO C
9KOJIOTUYECKH YUCTHIMU TeppuTopusiMu.llpu oleHke )KU3HECTIOCOOHOCTH B HAILIUX MCCIIEJOBAHUAX
MOYTH BCS MbLIbIA OKpamuBaiach (92,6%), 4To TOBOPUT O BEICOKOM €€ KaueCTBeE.

«Opgexm pazopasicumensny u nepexkpecmuas peaxyus. MeXaHMUECKOE M XUMHUYECKOE
pasfpaXeHHe: MbUIBLIEBBIE 3€pHA COCHBI KPYIHBIE U TKENbIE, HO OHM MOTYT MEXaHWYECKH
paszipakarb CIM3UCTBIE OOOJIOYKM HOCA M TJIa3, OCOOCHHO Yy JIONEH €  TOJUIMHO30M WU
OpoHxuanbHON acTMoi). Cama IbUIbLIa MOXKET TIEPEHOCUTh HA CBOCH MOBEPXHOCTH 3arps3HSIONIINE
BemlectBa. [lepekpecTHas ayuieprusi: y MHOIMX OOJIBHBIX € ajlIepruel Ha nbuiblly Oepesbl (KoTopas
OYEHb paclpoCTPaHEHa U BHICOKOAJUIEPIeHHA) BO3HUKAET IIEPEKPECTHAs Peakliys Ha MbUIbIYY APYTHX
pacTeHuil, HapuMep COCHBI.

Cunopom «nwinvyego2o sepra-rwocumensy. Takke Kak MbUIbLA MTOJIBIHYU, IbUIBLIA COCHBI MOXET
OBITh «TaKCH» (TPAHCIOPTOM) Ul 00Jiee MEJIKUX M BBICOKOAUICPIeHHBIX YacTUI] HAa CBOIO JIMIKYIO
MOBEPXHOCTb 3K3MHBI MOXKET aJCOpPOMPOBATH AJIEPreHbl U3 MBLIbIBI APYTUX pacTeHuil (Hanpumep,
37IaKOB, [IBETYIINX B TOT XK€ IMIEPHOJ), a TAK)KE CIIOPHI IIIeCHEBBIX rpuboB (Alternaria, Cladosporium),
KOHIIGHTpAIUsl KOTOPBIX TAaK)K€ pacTeT B TEIUIbIA Ce30H. MOXKEeT NEepEeHOCUTh Ha cede 4YacTHUIlb
aTMOC(EPHBIX 3arpsi3HEHUN (IU3eJIbHBIE BBIXJIONbI, IPOLYKTHI CTOPAaHUs, TSHKEIbIe METallIbl). DOTH
3arpsA3HUTENIN CaMU 10 ce0e pa3paXkaroT CIU3UCTBIE, a TAKXKe MOTYT MOAM(DULIUPOBATh CTPYKTYPY
OEJIKOB MBUIBLIBL, JAeTast UX 00Jee arpeCCUBHBIMHU I UMMYHHON CHCTEMBI.

Bu1600wb1

[Ieb1ty Pinus cienyeT paccMaTpuBaTh Kak NOTECHIMATIBHO aJUIEPIeHHYI0, 0COOCHHO B MeCTax
e€ 0OMJIbHOM KOHILIEHTpAIUH, B CBSI3U C LIMPOKUM PacIpoCTpaHEHUEM BUI0B. BblsiBieHe 00b1110r0
yyclia MalMeHTOB C MOHOCEHCHMOWIM3alMeld K IbUIbLE COCHbI U NEPEKPECTHOM IOJIMBAaJICHTHON
PEaKTUBHOCTBIO C APYroil MbUIbLION (XBOHHBIE, MOJIbIHb, aMOPO3Us, 3J1aKH) MO3BOJISIET IPOBOAUTH
ceun(uyecKyro AMarHocTuky (Asuiepren tl6 — cocna Oenas, IgE, UDA) u nedyenus Takux
MAlMEHTOB € TIOMOILBIO crienu(PUYECKO UMMYHOTEpAIUU.

Hcxons U3 MOMy4YeHHBIX pPE3YJIbTAaTOB a3poOMOSIOTHYECKUX HccienoBaHuii B I Kapakod,
CIIEYIOT BBIBOJBI:

1. ITsutbua Pinus npeoGnagana cpeau Bcex Pinaceae u mupkynuposaina B Bozayxe I. Kapakon
BCE TPHU CE30HBI UCCiIeoBaHus U cocTapiisiia oT 108 mo 130 aneil.

2. llomexagHast KpuBas KOHILIGHTpPAIlMM TMbUIBLBI COCHBI ~ HOCHUT HPEUMYIIECTBEHHO
YHUMOAAJIBHBIM XapakTep, 3a HCKIoYeHHeM  JaHHeIX 2016. EE€ MmakcuMallbHBIE CyTOYHBIE
KOHIIEHTpaIuu 3auKCUPOBaHbl B Mae-utoHe (3598 m. 3./cM3).

3. IIpu sToM HabIIO1aTaCh CUIIbHAS MEKIO/10Basi U3MEHYUBOCTh aTMOC(EPHON KOHIIEHTpAluU
neUIblbl Pinus, 3aBUCHMMas OT METEOPOJIOTHUYECKHUX MapaMEeTpOB, OCOOEHHO OT TeMIlepaTyphl U
OCAaJIKOB, a TAK)Ke OT M MbUIbLIEBOI Npoaykiu. CaMblif BBICOKHI T010BOM ypoBeHb NMbUIbII Pinus
6bu1 tocTUrHyT B 2016 roxy (16002 1. 3./cM3), a caMblii HU3KHUI - B 9KCTpeMalibHO >xkapkuii 2015 ron
(1220 m. 3./cM3), Tak Kak BbIcokHe Temmeparypsl mas B 30,1°C HeraTMBHO MOBIUSIIM Ha
neuTbIlenpoaykiuio Pinus (3,8% oT Bceill MbUTBIIBI 3@ TPHU BET€TAIIMOHHBIX CE30HA).

4. Ha KOHUEHTpaLHWI0 U CTPYKTYypy HbUIbIE Pinaceae B Bo3ayXe BIUSIOT aHTPONOTE€HHBIE
(dakTopbl: M3MEHEHHUs KiIMMaTa (TeMmIepaTrypbl) M 3arps3HEHHs OKPY)KAIOLIeH cpenpl, dYTo
MIPOSBIISUIOCH B J€Tpaslaliii NbUIBLIEBBIX 3€PEH U IOSIBICHUS MOBPEXKIEHHBIX U HEONPEIEIEHHBIX
OMoYacTHII.
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CURRENT STATUS OF Caryophyllaceae Juss. IN THE LACHIN DISTRICT
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COBPEMEHHOE COCTOSIHUE Caryophyllaceae Juss. B JJAUMHCKOM PAHOHE
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Abstract The article provides information on the biological, ecological, and coenosis-forming
characteristics of representatives of the Caryophyllaceae Juss. family found in the Lachin district,
their distribution patterns, and limiting factors for the protection of rare and endangered species. The
research was mainly carried out in mountain-meadow tall-herb meadows, forest-meadow vegetation,
and steppe vegetation types, as well as in various plant communities. The abundance of
Caryophyllaceae Juss. representatives in plant communities was assessed at 1-2 points. Studies on
populations of Minuartia intermedia (Boiss.) Hand.-Mazz. revealed irreversible unidirectional
changes. A gradual decrease in the number of M. intermedia populations and high sensitivity to
adverse environmental factors were observed. Without timely conservation measures, the populations
may completely disappear. The species Paronychia azerbaijanica Chaudhri was found in the Lachin
district within mountain steppe and mountain-xerophyte steppe vegetation types in the form of
localities. A decreasing trend in the number of individuals was observed, making conservation
measures necessary. This species is included in the third edition of the “Red Book™ of Azerbaijan.
Direct observations and studies on populations of Silene cephalantha Boiss. revealed that, due to
anthropogenic factors, the quality of the habitat has declined (A2ac). The growth dynamics of
individuals were found to be at a low level. The absence of young individuals indicates an ongoing
continuous decline (C1). In the observed area, only 3—5 individuals were found per 10 m?. All these
factors indicate a potential threat of extinction in the future. Therefore, the development dynamics of
the species should be monitored.

Annomayus. IlpencraBiaeHbl CBEEHUS O OMOTOTUYECKUX, IKOJIOTHIECKHUX U IIEHO00pa3yIonnx
JTaHHBIX TpencraButeneit cemeiictBa Caryophyllaceae Juss., mpouspacraronux B JlaunHckOM
paiioHe, 3aKOHOMEPHOCTAX HUX PACHPOCTPAHEHHUS M JUMHUTHUPYIOIMIUX (haKTOpax OXpaHbl PEIKHX U
HAXOJSAIINXCS TOJ yTPO30M MCYE3HOBEHUS BUIOB. VccrnenoBaHus MPOBOAUIUCH TPEUMYIIIECTBEHHO
Ha TOPHO-YTOBBIX BBICOKOTPABHBIX JIyraxX, JECO-TYIrOBOH pPACTUTCIBHOCTH ¥  CTEITHOM
pPaCTHTENFHOCTH, a TakKXe B Pa3IUYHBIX PACTHTEIBHBIX CcooOmecTBaX. YHCICHHOCTh
npencraButeneir Caryophyllaceae Juss. B pacTUTENBHBIX COOOIIECTBAX OllEHUBANIAch B 1—2 MyHKTA.
Uccnenoanust nonynsitiuii Minuartia intermedia (Boiss.) Hand.-Mazz. BbisiBUIM HeoOpaTuMeble
OJTHOHAIpaBlIEHHbIE U3MeHeHus. Halmomanock TOCTENEeHHOEe COKpalleHHWE YUCICHHOCTH
nonynsauuid M. intermedia W BbICOKas 4YYBCTBUTEIBHOCTb K HEOIAronpusiTHbIM (akropam
OKpY Karomen cpeapl. be3 CBOEBpEeMEHHBIX MEp M0 COXPAaHEHUIO MOMYJSIIIUH MOTYT MOJHOCTHIO
ucue3nyTh. Bun Paronychia azerbaijanica Chaudhri 6611 0o6HapysxeH B JIa4MHCKOM paiioHe B TOPHO-
CTETHBIX U TOPHO-KCEPO(PUTOBBIX CTEMHBIX THIAX PACTUTEIHHOCTH B BUIEC MECTOHAXOXICHUU.
HaGnronanace TeHIEHIIMS K COKPAIICHUIO YHCIEHHOCTH 0CO0€H, 4TO /IejaeT HeOOXOAMMBIMH MEPHI
M0 COXPaHEHUIO BHAA. DTOT BHJ BKIIOUEH B TpeThe m3nanue «KpacHoil kHuUTH» A3zepOaiimkana.
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[Ipsimbie HaOMIONEHHS U UccaenoBanus nomyisnuii Silene cephalantha Boiss. mokazamm, 4to u3-3a
aHTPONOTEHHBIX (PaKTOPOB KAYECTBO Cpeibl 00UTaHUA yXyamuiaoch (A2ac). [lunamuka pocra ocodeit
oKazanach HU3KoW. OTCYTCTBHE MOJIONBIX O0COOEl yKa3bIBaeT HA MPOODKAIOIIEECS HEMPEPHIBHOE
cokpamienne yucienHoctd (Cl). Ha nHaOmiomaemolt Tepputopun ObIIO 0OHApYyKEHO BCEro 3—5
ocobeii Ha 10 M2 Bce 3Tu (akTophl yKa3bplBalOT Ha MOTCHIHMAIBHYIO YIpO3y HMCUE3HOBEHUS B
Oynyuiem. [ToaToMmy HE0OX0UMO OTCIIEKHUBATH JUHAMUKY Pa3BUTHUS BUA.

Keywords: meadow, habitat, vegetation type, mountain vegetation, association.

Knrouesvie cnosa: JIyT, MeCT006I/ITaHI/IC, TUII PACTHUTCIIbBHOCTH, TOpHAad pPaACTUTCIBbHOCTD,
acconuanys.

The enchanting and unique region of Lachin, with its distinctive climate and rich vegetation,
remained under enemy occupation for nearly 30 years. As a result of the victory achieved in the
Second Karabakh War, the Lachin district was liberated from occupation. At the same time, many
plant species that are endemic only to Azerbaijan—species that are not found naturally anywhere else
in the world—were also freed from the captivity of Armenian vandalism.

Guided by Clause 3 of Article 109 of the Constitution of the Republic of Azerbaijan and in
accordance with Decree No. 3378 of the President of the Republic of Azerbaijan dated July 22, 2022,
approving the “Socio-Economic Development Strategy of the Republic of Azerbaijan for 2022-
2026,” the “First State Program on the Great Return to the Liberated Territories of the Republic of
Azerbaijan” was adopted (https://e-qanun.az/framework/50013).

In line with the tasks arising from this decree, the study of natural resources—particularly the
vegetation—of the liberated areas, including Lachin district, is among the priority objectives.

Purpose of the Study
The main objective of the study is to determine the place and role of representatives of the
Caryophyllaceae Juss. family in various plant communities under different ecological conditions in
Lachin district; to evaluate the impact of environmental factors on species morphogenesis; to
investigate their coenosis-forming characteristics, distribution patterns, and the limiting factors in
conserving rare and endangered species; and to develop conservation measures.

Materials and Methods

The research was mainly carried out in the villages of Sus and Zabux, in the vicinity of Turshsu,
and along the Hekari River in Lachin district, across various vegetation types. The systematic position
of the species in the study area was clarified using APG IV (www.worldfloraonline.org), World Flora
Online (https://www.worldfloraonline.org/), and The Euro+Med PlantBase (http://ww2.bgbm.org/).
For the study of bioecological characteristics of plant communities, references such as Flora of
Azerbaijan, Flora of the Caucasus [1-7, 25].

Geobotanical descriptions were prepared using modern methods [8-11, 19-24].

Based on the results of the conducted studies, the conservation status of rare species was
determined according to the criteria of the [IUCN Red Data Book and the Red Book of Azerbaijan
(https://ww2.bgbm.org/EuroPlusMed/query.asp).

Results and Discussion

The Lachin district is located in the southwest of Azerbaijan, in a mountainous area. It borders
Kalbajar to the north, Khojaly, Shusha, and Khojavend to the east, Qubadli to the south, and Armenia
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to the west. The district’s terrain is mountainous: its northern part lies on the southwestern slopes of
the Karabakh Range, the northeast on the southeastern slopes of the Mikhtoken Range, and the
southwest on the Karabakh Plateau. Its highest peak is Mount Gizilbogaz (3594 m). The main river
is the Hekari and its tributaries. The district is dominated by soddy mountain-meadow soils, brown
mountain-forest soils, and carbonate-rich mountain black soils. The vegetation consists of shrublands
and sparse forest meadows, broad-leaved mountain forests (oak, hornbeam, beech), and subalpine
and alpine meadows.

The research was conducted at altitudes between 871 and 1804 meters above sea level. First,
the vegetation types of the areas were identified, and then the position and role of representatives of
the Caryophyllaceae Juss. family within these vegetation types were studied. A number of literatures
were also referred to when assessing the general status of the species [8-14].

In the Lachin district, the mountain-meadow tall-herb meadow vegetation type is distributed at
elevations of 1500-1900 m a.s.1. (39°43'11.90"N; 46°40'67.20"E; elevation 1,557 m). This vegetation
type has been recognized by botanists as a distinct type of vegetation and has not been included in
any other vegetation classification.

In the Lachin district, the mountain-meadow tall-herb vegetation type has a distinctive structure
due to its physiognomic and phytocoenological characteristics. The sod-forming process is weak, and
unlike other tall-herb communities, a certain degree of stratification is noticeable. Research has shown
that this vegetation type was formed on the sites of destroyed forests. Based on our studies and those
of A. A. Grossheim (1936), it has been established that the species composition of tall-herb vegetation
contains few elements from the ancient Tertiary period [24]. However, Grossheim notes that in the
Greater Caucasus region, Tertiary relict elements—particularly Colchic elements—are abundant and
concentrated mainly in forest coenoses. All the plants found in the tall-herb communities formed in
Azerbaijan are of Caucasian origin.

Figure 1. Vegetation types in the Lachin district (A — Forest-meadow vegetation; B — Tall-herb meadow
vegetation; C — Steppe vegetation)

A. A. Grossheim classifies tall-herb vegetation into primary and secondary types. Primary tall-
herb vegetation develops in places where both moisture is abundant and the relief forms depressions.
Secondary tall-herb vegetation forms on sites where forests have been cut down by humans, as well
as in areas once cultivated and later abandoned. In the study area, the main bulk of the tall-herb
vegetation is formed by species such as Heracleum sosnovskyi, Aconitum orientale, Silene
cephalantha Boiss., Cerastium davuricum Fisch. ex Spreng., C. holosteoides Fries, Dactylis
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glomerata, Cephalaria gigantea, Knautia montana, Symphytum asperum, Senecio platyphyllus,
Senecio lampsanoides, and Delphinium flexuosum.

Formation Class: Tall-herb meadows

Formation Group: Hogweed-dominated (Heracleta)

Associations: Sosnovsky’s hogweed community (Heracleta sosnovskyi),

Rough-leaved hogweed community (Heracleta trachylomae)

Formation Group: Monkshood-dominated (Aconileta)

Association: Eastern monkshood community (4Aconileta orientale)

Formation Group: Large-leaved doronicum-dominated (Doroniceta macrophyllum)

Association: Large-leaved doronicum community (Doronicum macrophyllum)

Formation Group: Ragwort-dominated (Senecieta platyphyllus)

Association: Broad-leaved ragwort community (Senecio platyphyllus)

Formation Class: Dry-grass tall-herb meadows

Formation Group: Reed-like soft broomgrass-dominated (Calamagrosticeta arundinacea)

Association: Reed-like soft broomgrass community (Calamagrostis arundinacea)

Formation: Valesian fescue community (Festuca valesiaca)

Association: Sclerophyllous broomgrass—fescue community (Festuca valesiaca f. sclerophylla
— Bromus japonicus)

Forest-meadow vegetation differs from other plant communities by its complex coenoses and
high species diversity, owing to various forms of atmospheric precipitation and the abundance of
natural water sources. In such plant communities (39°40'30.10"N; 46°35'97.60"E), geobotanical
studies were conducted starting from an altitude of 1,314 m a.s.l. Representatives of the genera
Minuartia L., Cerastium L., Arenaria L., and Stellaria L. from the Caryophyllaceae Juss. family were
recorded.

Steppe vegetation in the Lachin district was studied beginning at an altitude of 871 m a.s.l.
(39°37'59.90"N; 46°31'98.80"E). In the district’s steppe-type vegetation, steppe phytocoenoses were
identified as dominated by sod-forming grasses, including mountain-xerophyte, mountain-steppe, and
dry-steppe communities. Sod-forming grasses, Stipa, Festuca, Agropyron, Bothriochloa, as well as
shrubs, are constant components of the steppe.

Overall, in the Lachin district, changes in ecological conditions along the vertical gradient
influence the composition of coenoses, including the species diversity of Caryophyllaceae. In some
cases, zonality is lost, and the vegetation appears in patches. Some literature sources indicate that
steppe vegetation forms as a result of the destruction of forest vegetation.

In our research, representatives of the Caryophyllaceae Juss. family found in the following
plant communities within the steppe vegetation type were studied and their status evaluated:

Formation Class: Dry steppes

Formation Group: Astragalus—feathergrass steppe (Astragaletum—Stiposum)

Association: Bare Astragalus—hairy feathergrass community (4stragaletum denudata—
Stiposum capillata)

Formation Class: Grass—forb steppes

Formation Group: Feathergrass steppe (Stipeta)

Association: Pure feathergrass community (Stipa capillata)

In the steppe phytocoenoses around the Hekari River, the dominant plant species are Festuca
sclerophylla Boiss. ex Bisch., Stipa hohenackeriana Trin. & Rupr., Stipa holosericea Trin. & Rupr.,
S. lessingiana Trin. & Rupr., Koeleria bitzenachica (Tzvel.) Tzvel., K. albovii Domin, Bromopsis
variegata (Bieb.) Holub, Dactylis glomerata L., Phleum phleoides Karst, Poa bulbosa L., Poa
pratensis L., Trisetum rigidum Schult, Cirsium argielosum V. Petrov ex Charadze, and others. Among
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the forbs, species such as Thymus kotschyanus Boiss. & Hohen., T. collinus, Teucrium polium L., T.
orientale L., Scutellaria sevanensis Grossh., Nepeta trautvetteri Boiss. & Buhse, Ziziphora rigida
(Boiss.) Stapf, Centaurea squarrosa Willd., Pyrethrum chillophyllum Fisch. & C.A. Mey., and
Galium verum L. are more frequently found. The steppe also harbors widespread species such as the
bicolor tulip (Tulipa biflora), Fischer’s star-of-Bethlehem (Ornithogalum fischerianum), various
species of onion (A/lium spp.), and others.

Depending on the slope gradient, desert-steppe vegetation can also be found. In these areas,
xerophytic species such as Silene wallichiana Klotzsch, Stellaria persica Boiss., Dichodon
cerastoides (L.) Rchb., and Herniaria cinerea DC. (H. stevenii Sims) occur, altering the physiognomy
of these coenoses. Sometimes, these species form micro-associations together with other forbs (e.g.,
Silene wallichiana + Thymus kotschyanus + Centaurea squarrosa). Representatives of the
Caryophyllaceae Juss. family found in these communities were evaluated at an abundance score of
1-2 points.

Studies and literature data have shown that morphological variation is often found in taxa that
cover a wide geographical range and different altitudes [12, 13].

As aresult, geographically separate but phylogenetically distinct populations are identified. The
delimitation of taxonomic categories corresponds to different floristic regions, which requires precise
identification of plant species and clarification of taxonomic boundaries. This process is especially
important for floristic studies in complex and poorly studied regions [14-18].

Following liberation from occupation, research conducted in the Lachin district revealed certain
limiting natural factors affecting some representatives of the Caryophyllaceae Juss. family whose
population trends are declining. During the occupation period, as in other districts of the Karabakh
region, the flora of Lachin was exploited destructively. Therefore, the current status of some
Caryophyllaceae Juss. species found in various vegetation types in the Lachin district was assessed.

Minuartia intermedia (Boiss.) Hand.-Mazz. — In the flora of Azerbaijan, this species occurs
only in the Lesser Caucasus. In our research, it was studied in subalpine meadow vegetation in the
Lachin district (39°41'66.40"N; 46°38'86.80"E) at an altitude of 1,904 m a.s.l. Studies on its
populations revealed irreversible unidirectional changes, with successions occurring in the sample
plots during the final stage. Due to the reduced density of M. intermedia populations, young
individuals disappear, resulting in an increased proportion of old individuals, ultimately leading to
the extinction of the coenopopulation. Such irreversible unidirectional changes are highly dangerous
for Lachin district, as these areas are constantly exposed to various impacts. A gradual decline in M.
intermedia populations and a high sensitivity to adverse environmental factors were observed. The
significant reduction in individual numbers was determined through direct observations (a) and
abundance index assessments (b). Without timely conservation measures, the number of populations
may decrease to the point of complete disappearance. Other articles also provide information about
the status of the species in the flora of Azerbaijan [19-14].

Paronychia azerbaijanica Chaudhri — Based on our research and literature data, there is little
comprehensive information available on this species. In the Lachin district, P azerbaijanica was
found in steppe vegetation types—specifically in mountain-steppe and mountain-xerophyte steppe—
occurring in localities. Its position within plant communities was determined, and observations on
ontogenetic individuals were conducted. A decreasing trend in population numbers was observed.
Therefore, conservation measures are necessary. This species is included in the third edition of the
“Red Book™ of Azerbaijan.

Silene cephalantha Boiss. — This species was found in the Lachin district within various
formation classes of the steppe vegetation type. Direct observations and studies on its populations
revealed that, as a result of the impact of anthropogenic factors, the quality of its habitat has also
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decreased (A2ac). The development dynamics of the individuals of the species were at a low level.
The absence of young individuals indicates a continuous decline (C1). In the area where the species
was found, only 3-5 individuals were recorded per 10 m?. All of this is an indication that the species
is at risk of extinction in the future. Therefore, the development of the species must be kept under
control.

Conclusion

For the first time, after the liberation of the Lachin district from occupation, the current state of
representatives of the Caryophyllaceae Juss. family was studied and assessed. The research was
mainly carried out in mountain-meadow tall-herb meadows, forest-meadow undergrowths, and steppe
vegetation types, in various plant communities. In these plant communities, the abundance of
representatives of the Caryophyllaceae Juss. family was evaluated at 1-2 points. Studies were
conducted on populations of Minuartia intermedia (Boiss.) Hand.-Mazz., and irreversible
unidirectional changes were observed. A gradual decrease in the number of M. intermedia populations
and high sensitivity to the negative effects of environmental factors were noted. If timely conservation
measures are not taken, the population numbers will decrease completely.

The species Paronychia azerbaijanica Chaudhri was found in the Lachin district within the
mountain steppe and mountain-xerophytic steppe vegetation types in the form of localities. A
declining trend in the number of the species was observed. Therefore, the implementation of
conservation measures is essential. It is included in the third edition of the Red Book of Azerbaijan.
Studies and direct observations on Silene cephalantha Boiss. revealed that, due to the impact of
anthropogenic factors, the quality of the habitat had also decreased (A2ac). The development
dynamics of individuals of the species were at a low level. The absence of young individuals indicates
a continuous decline (C1). In the area where the species was recorded, only 3—5 individuals were
found per 10 m?. All of this is an indication that the species is at risk of extinction in the future.
Therefore, the development of the species must be kept under control.
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SOME TYPES OF SUCKING PESTS OF STONE FRUIT TREES IN THE SHAKI-
ZAKATALA REGION AND THEIR ENTOMOPHAGE
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Baku, Azerbaijan, elnara.muradova@rambler.ru

HEKOTOPBIE BU/Ibl COCYIIIUX BPEJIUTEJIENA KOCTOUYKOBBIX ILTIOJIOBBIX
JEPEBBEB B PAMOHE IITAKH-3AKATAJIA 1 UX S9HTOMO®AI'

©Mpypaoosa E., ORCID: 0000-0002-5268-6521, Azepbatiosncanckuii 20cy0apCcmeerHblll
nedazocuueckutl ynugeepcumem, 2. baxy, Azepoaiiocan, elnara.muradova@rambler.ru

Abstract. In Azerbaijan, and in the Shaki-Zagatala region, rich in orchards, valuable stone fruit
trees are grown, which formed the basis of this work. The area of stone fruit orchards is increasing
annually. To achieve higher yields, a pest protection plan was developed 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
entomophages were 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 and economic significance of pests of fruit
and forest trees and their entomophages opens up opportunities for the use of entomophages in the
fight against harmful insects.

Annomayusn. B A3zepOaiimxane, u B Illaku-3akartajickom peruone, OoraroM cajamw,
BBIPALIMBAIOTCS IIEHHbIE KOCTOYKOBBIE IUIO/IOBbIE JEpEBbsi ObUIM MPOBEIECHBI HCCIEAOBAHUSA,
KOTOpBIE JIETJIN B OCHOBY AaHHOM pa0oThl. Ilnmomazbs cagoB KOCTOUKOBBIX IUIOJOBBIX JIE€PEBHEB
€XEerofHo yBenuuuBaercs. /i noiaydeHus 6osiee BBICOKOTO ypokas Obul pa3paboTaH U pean30BaH
IUJIaH 3alIUTHI TUX AEPEBBEB OT BpeauTenel. OJHUM U3 BaKHENIINX BOIIPOCOB SIBJISIETCS BBISIBICHHE
BpEAUTENIEH KOCTOUKOBBIX IJIOJIOBBIX IEPEBHEB U CBOEBPEMEHHOE U 3P (HEKTUBHOE IPUMEHEHUE MEP
60pr0b1 ¢ HUMH. B nepron ¢ 2001 o 2013 rox B paitonax banaken, 3akarana, [1laku, Kami, Orys,
I"abana u Vicmaniy B 1oyieBbIX U 1a00paTOPHBIX YCIOBUSAX MPOBOIMINCH MOJIEBbIE U J1JaOOPaTOPHBIE
HCCIIEIOBaHNS MaTEpUAJIOB, CBSI3aHHBIX C U3YYEHHUEM BPEAUTEIEH KOCTOYKOBBIX IIJI0JJOBBIX IEPEBLEB
U X 3HTOMOdaroB. B kauecTBe cTallMOHApHBIX IIYHKTOB ObLIM BbIOpaHb! paiionsl 3akarana, [1laku,
Uemannmu wu  T'abama. W3yueHwe BHAOBOrO COCTaBa, OMOJOTMYECKHX XapaKTEPUCTHK U
HSKOHOMHYECKOT0 3HAU€HUs] BPEOUTENeH IUIOJOBBIX M JIECHBIX JEPeBbEB U HX 3HTOMO(AroB
OTKPBIBAET BO3MOXKHOCTH JJIS1 HCIIOJIb30BaHMs SHTOMO(}AroB B 60pb0e ¢ BpeJHBIMU HACEKOMBIMH.

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

Knioueswie cnosa: THIOAOBBIC ACPEBbA, BPCAUTEIHN IJIOJOBBIX ICPCBLCB, A3ep6a171;[>i<aH, 3aluTa
ACPCBLCB.

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 Zagatala region, the aphelinus parasite was
brought from Italy by Rajabli and Meyer. Starting from 1960, continuous research work has been
carried out under the conditions of Quba-Khachmaz, Shaki-Zaqatala, and Nakhchivan Autonomous
Republic on the study of garden pests and their entomophages [2-7].

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
In the Shaki-Zaqatala area, the collection and processing of materials related to the study of
stone fruit pests and their entomophages was carried out in the districts of Balaken, Zaqatala, Shaki,
Qax, Oghuz, Gabala, and Ismayilli under field and laboratory conditions during the years 2001-2013.
As stationary points, the districts of Zaqatala, Shaki, Ismayilli, and Gabala were selected. In the
process of collecting materials, during the identification of pests and entomophages, special
identification sources were used [3, 6].

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 are spread in stone 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 aphid — Hyalopterus pruni Geoffr. 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 with a wax-like gray layer.
The abdomen is green. The larva is smaller 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 the forest and
fruit areas of the Shaki-Zaqatala 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 apricot 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 development of the larvae 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 second 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 they form the 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 September—October, the individuals continuing the generation of
the aphid on the reed plant are not very productive. During their one-month 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 10—12 days lay up to 5 eggs, covering them with a 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 cases leaves and flowers 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 the aphids and reduce their number by
18-22%.

Green peach aphid — Myzodes persicae Sulz. This pest also belongs to the order Homoptera. It
is a migratory aphid. It is large, grayish-brown 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 cherry-plum 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. For them to pass into the adult stage, 16-30 days are required. The first live-bearing
winged females are encountered in May, and during the summer season they increase. They can also
be encountered at the end of September and even at the beginning of October. Since it is a permanent
species, depending on the season, it is more often encountered on fruit trees. In egg-laying females,
the reproduction ability is high. The number of eggs reaches 13—18. They lay their eggs on the lower
sides of branches, in shady places. For the development of the eggs, the optimal temperature is
considered to be 25-28°C. The overwintering period is completed at the egg stage. During the year,
it gives 8-9 generations.

In the Shaki-Zagqatala 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 these
trees. Among its natural enemies, the two-spotted lady beetle, the colosoma beetle, and the larvae of
lacewings can be mentioned. The beetles, in a complex manner, act at a high degree in the
bioregulation of the pest’s number.

Plum scale insect — Sphaerolecanium prunastri F. In Shaki-Zagqatala, 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—4
mm, and its width is 3-3.2 mm. In the dorsal area there are small 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
1.5-1.8 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
— “to give birth” — at the end of May. The eggs laid by the female individual 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 six 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 there are nineteen 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 generation per year.

Peach scale insect — Parthenolecanium persicae F. The body of the female individual of the
peach false scale insect (Parthenolecanium persicae F.) 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 width is 2.5-2.7 mm. It has long thin
legs and long antennae. The antennae usually consist of eight segments. The edge of the body is
covered with small hairs. According to the research, in the Shaki-Zagatala region it develops in one
generation. They mainly overwinter in the second instar larval stage. The larvae gradually begin to
awaken in April. Egg-laying takes place at the end of May, and the emergence of larvae occurs in the
middle of June. During egg-laying, 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 orange—reddish.

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 the leaves, while the older larvae and females live
on the trunk and branches. Within one—two months, the larvae develop and pass into the second instar
stage. On both sides of the body of the larvae there are thin wax-like threads. Until autumn, the second
instar larvae remain on the leaves. Then they move to the branches to overwinter (Table 1).

Table 1
PHENOLOGY OF THE PEACH SCALE INSECT (Parthenolecanium persicae F.)
IN THE SHAKI-ZAQATALA REGION (2022-2023)
Observed  march april may June July august  september

place /231712 3 1 2 3 1 2 3 1231 2 3 1 2 3
S s s s s

d d d
(d (d) (@
Shaki a/s als als
S s s S S S S S s s s S8 s
S. S. S. S.
S S S 8
S S s s s s
d d d d
(d (@ (@ (@
Zaqatala a/s a/s als
s S S S s s s s s
S. 8. 8. S
S S 8

Note: s - L instar larvae; s. - Il instar larvae; s - III instar larvae; d - female individual (young); (d) - egg-
laying females; a/s - “wanderers” under the egg

In the Shaki-Zaqatala area, 6 species of entomophages functioning in the reduction of the
number of the peach scale insect have been identified. The peach false scale insect has been recorded
in the Russian Federation, the Caucasus, Kazakhstan, Turkey, Iran, India, Australia, and other
countries [1, 4, 6, 7-11].
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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 Shaki-Zaqatala area, the following species were determined to be
widely spread and more effective.

Adalia bipu nctata L. The two-spotted Adalia lady beetle is widely spread in every district of
the Shaki-Zaqatala 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 green peach aphid. Unlike
other lady beetle species, they are not encountered on other agricultural plants. The egg of the two-
spotted Adalia is 0.7-1.0 mm in size, narrow, rod-shaped; the color of fertilized eggs is light yellow,
while the color 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) is 7-8 mm. The sides of the 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;
sometimes they are reddish-black, 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
EGG-LAYING CAPACITY OF THE TWO-SPOTTED PARAKEET (IN DIFFERENT YEARS)

Experiment time  Lifespan ~ Number of eggs laid per day The number of eggs laid by one female

Min Max
2022 27 15-17 402 460
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 average 15—-16 eggs per day. Alongside the
egg-laying ability of the two-spotted 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 following table (Table 3).

Table 3
VORACITY OF THE TWO-SPOTTED LADY BEETLE (4dalia bipunctata L.)
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 of
During the day ~ Sum 1 in uar mw 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 instar, 71 aphids; and in the fourth instar, 128
aphids. One larva, throughout its entire development, consumed a total of 248 aphids. During the
research, the developmental dynamics of the two-spotted lady beetle were also studied. The newly
laid eggs of the Adalia beetle 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 bodies. After 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 two-spotted lady beetle lasts 20-21 days, including 4-5 days for egg
development, 10—11 days for larval development, and 5—6 days for pupal development (at an average
daily temperature of 22°C).

Chilocorus bipustulatus L. In the fruit orchards of the Shaki—Zagatala 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 under the bark of trees.
When the average daily temperature is 12—-16°C and humidity is 60%, they emerge from
overwintering between April 12—-15. After feeding for several days, they begin mating. One to two
days after mating, they lay eggs (Table 4).

Table 4
PHENOLOGY OF THE TWO-SPOTTED CHILOCORUS (Chilocorus bipustulatus L.)
IN THE SHAKI-ZAGATALA REGION
Year and place Months
of the experiment 1 Vi 1l 1w V Vi vire vl IX X Xl Xl
@ @ @ + . + +_ ++ + + ® o
2002 @ S ® +e _ + 0 + + S S @
+ +
Shaki S @ . _ _0 <) S
0 ° +
+ °
® @ S + . 0 + ++ + + @ o
@ S) ® +e + 0 + + @ S) @
2023 ® S S . _ + _0 + S) ®
Zaqatala + +

Note: ® egg, -larva, 0 pupa, + imaqo, @ 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 temperature is 15-18°C and humidity is 70-75%,
the egg stage lasts 12—15 days, the larval stage 24-26 days, the pupal stage 68 days, and the imago
stage 35-40 days. The development of one generation takes 40—45 days. Under the conditions of
Shaki—Zagatala, the beetle produces two generations per year. In natural conditions, the young larvae
consume 4—12 scale insects, while the older larvae consume 18-20 scale insects. In the imago stage,
they feed on 25-30 scale insects per day. The beetle is widely distributed in the forests and orchards
of the region and has great economic importance.

Chrysopa carnea Steph. 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 pests. It is more noticeable
in the lower tiers of stone-fruit 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 whitish-green in
color, and from May until October in orchards and forest areas they 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 24-26°C, the egg stage of the common lacewing develops in 2-3
days, the larval stage in 7—10 days, the pupal stage in 8—14 days, and the complete development of
one generation takes 17-27 days. Under orchard conditions, based on observations 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 33 days. Eggs are mostly
laid near clusters of aphids so that the larvae hatching from them can feed on 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 for 3—4 weeks, the larvae in their
final instar turn into pupae. Pupae can be found under tree bark in the form of white silk balls. Adult
individuals, after emerging from pupae, mate, and after a few days (2—3 days) begin to lay eggs. Their
adult forms overwinter mainly under tree bark, singly or in groups, with each group numbering from
2-3 up to 50-60 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 350-650 eggs. According to calculations carried
out on fruit plants, one lacewing larva feeds on 25-30 aphids per day, and throughout its lifetime
consumes 400-850 aphids. They show particularly strong predatory activity 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 is advisable 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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MICROBIOLOGICAL INVESTIGATION OF THE TRANSBOUNDARY RIVERS
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MUKPOBUOJIOI'NMYECKOE UCCJIEJOBAHUE TPAHCIT'PAHUYHbBIX PEK
BOCTOYHO-3AHT'E3YPCKOI'O SKOHOMHUYECKOI'O PAMOHA

©Aboynnaesa C. A., ORCID: 0009-0002-2623-8925, Hucmumym Muxpobuonocuu Munucmepcmea
Hayku u obpazosanus, 2. baxy, Aszepbatiodcan, susanabdullayeva92@gmail.com
©Hupunosa I. @., ORCID: 0009-0008-5128-605X, kano. 6uon. Hayk,
A3epbaiiodicanckuil 20Cy0apCcmeeH bl YHUSepcumen Hemu u npomMuluLienHOCmU,
2. baky, Azepbatioscan, gulnar.shirinova@asoiu.edu.az

Abstract. The article presents the results of research conducted on water and sediment samples
collected from transboundary rivers located in the Eastern Zangezur economic region of the Republic
of Azerbaijan. Microbiological and physicochemical analyses were carried out on the samples,
revealing that temperature varied seasonally between 6.8—-27°C, pH ranged from 7.7 to 10.5, and
dissolved oxygen levels ranged from 5.6 to 8.5 mg/L. Among the biogenic elements, the
concentrations of nitrate (NOs~) and phosphate (PO4*") exceeded permissible limits. Among the heavy
metals, the amount of molybdenum (Mo) was found to be above acceptable levels. These findings
indicate that the rivers are exposed to pollution from industrial and agricultural sources.
Microbiological analyses revealed a high concentration of saprotrophic bacteria, as well as aerobic
and anaerobic bacteria involved in the nitrogen cycle. In all the studied rivers, oil- and phenol-
degrading bacteria were also detected. Additionally, bacteria of the genera Escherichia coli,
Salmonella, and Shigella, which are indicators of fecal contamination, were found. The results
provide important insights into the ecological condition of the studied water bodies and hold both
scientific and practical significance for the protection of water resources in these areas.

Annomayus. IlpencraBieHbl pe3ylbTaTbl HCCIEI0BaHUM, MPOBEAEHHBIX Ha MpoOax BOIBI U
JIOHHBIX OTJIOXKEHHM, OTOOpaHHBIX M3 TPAHCTPAHUYHBIX PEK, PaCIONIOKEHHbIX B BocrouHo-
3aHre3ypckoM HSKOHOMHYECKOM paiioHe AsepOaiimkaHckoil PecmyOnmuku. IIpoBenénnbie
MUKpPOOHOJIOTUYECKHUE U (PU3UKO-XUMUUECKUE aHAIN3BI I0Ka3aJli, YTO TEMIEpaTypa BOJbl CE30HHO
u3MeHsutach B mpexaenax 6,8-27°C, 3nauenusst pH xonebamucwy ot 7,7 mo 10,5, a comepkanmue
PacTBOPEHHOTO KUCIIOPOIa COCTaBIsIO0 5,6—8,5 mr/in. Cpenu OMOTEHHBIX JIEMEHTOB KOHIICHTPAITUH
HutpatoB (NOs") u docdaroB (PO+*") mpeBblany JOMyCcTUMbIE HOPMBL. M3 TSHKEIBIX METaIOB
MIPEBBIILICHHUE MPEIEIbHO JTOIMYCTUMbIX KOHLEHTpaIHii 0110 3adukcupoBano s moiaudaeHa (Mo).
[lomydyeHHble JaHHBIE CBHJIETENBCTBYIOT O BO3JAEHCTBUU Ha HCCIEAYEMbIE PEKU 3arpsi3HEeHus
MPOMBIIUIEHHOTO U CEJIbCKOXO3SMCTBEHHOTO  MPOMCXOXKJAEHUSA.  MHKpOOHOIOrHuecKue
MCCIIEIOBAaHNS BBISIBUJIM BBICOKYIO YHMCIEHHOCTb CanpoTpOHBIX OAKTEpUid, a TakkKe a’dpOOHBIX U
aHadpPOOHBIX OakTepuil, y4acTBYIOLUIMX B KPYroBOpoTe a30Ta. Bo Bcex M3yuYeHHBIX peKax ObLIH
oOHapyxeHbl HepTe- u heHomnerpaaupyromnme 6akrepuu. Kpome Toro, BEISIBICHBI OaKTEpUH POIOB
Escherichia coli, Salmonella u Shigella, sBnsiouecs MHAUKaTOpaMu (EKaTbHOTO 3arps3HEHHUS.
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PCSYJ'IBTaTI)I HCCICOOBAHUS ITO3BOJIAOT JaTb OLCHKY O3KOJOI'MYCCKOIO0 COCTOSAHHUA HCCIICAYCEMBIX
BOJOHBIX 00OBEKTOB.

Keywords: rivers, microbiological monitoring, pollution, water quality, ecological status.

Knroueswvie cnosa: PEKHU, MI/IKpO6I/IOJ'IOFI/I‘IeCKI/II71 MOHHUTOPHHI, 3arpsA3HCHUC, KAa4C€CTBO BO/bI,
OKOJIOTHYCCKOC COCTOSAHMUCE.

One of the major global challenges of the modern era is the depletion of freshwater resources
and the pollution of existing water bodies. Reports by organizations such as the United Nations (UN),
the World Health Organization (WHO), UNESCO, and the International Water Resources Association
emphasize the growing concern over freshwater scarcity.(4-5) Effective management and control of
water resources particularly transboundary rivers and lakes are crucial. According to recent UN
reports, the water crisis is no longer solely an environmental issue but has become a global socio-
economic and strategic security concern. These reports indicate that global water demand is expected
to increase by approximately 55% between the year 2000 and 2050. This rise is primarily driven by
rapid population growth, urbanization, industrial expansion, and intensive water use in agriculture [1-
3].

The “World Water Development Report” published in 2024 states that around 2.2 billion people
worldwide currently lack access to safely managed drinking water. This issue is not confined to
developing countries alone but also poses serious concerns in regions with unequal distribution of
water resources. (16-17)Water scarcity is also a pressing issue for Azerbaijan. Due to its geographical
position and natural conditions, the country is classified as water-scarce. One of the most critical
aspects is that approximately 70% of Azerbaijan’s total water resources are formed outside its borders
mainly through transboundary rivers. This situation renders the country’s water security highly
dependent on external factors. One of the most serious environmental problems related to
transboundary rivers in Azerbaijan is the excessive pollution of these water bodies. The Kura and
Araz rivers, which are among the main water sources of our country, enter Azerbaijan after passing
through the territories of foreign countries, and the factors that significantly affect water quality are
formed in those countries. The Araz River originates in the territory of Turkey, then flows through
Armenia and Iran before joining the Kura River in the area known as Sugovushan, near the Sabirabad
district of Azerbaijan, and together they flow into the Caspian Sea. During this process, industrial and
agricultural activities carried out in the upstream countries of the Araz River, as well as the discharge
of untreated wastewater into the river, lead to a decrease in water quality [4-6].

One of the most concerning issues for Azerbaijan is that the Republic of Armenia has not joined
the Helsinki Convention, which is one of the key international agreements on the protection of
transboundary water resources. This significantly hinders the joint and environmentally sustainable
management of transboundary water resources in the region. In contrast, Azerbaijan has undertaken
significant commitments in this area and is a party to 17 different international environmental
conventions, including documents related to the protection of transboundary waters. However,
Armenia’s failure to accede to this convention and its exclusion from international legal mechanisms
make it much more difficult to protect transboundary water resources and ensure environmental
security in the region. Currently, Azerbaijan does not possess any international legal instruments to
compel Armenia’s participation in such matters. For this reason, it is of great importance to establish
permanent and systematic monitoring of the biological safety of transboundary rivers that flow
through Armenia before entering Azerbaijan particularly the Okhchuchay, Araz, Basitchay, and other
water bodies. Alongside this, there is a need to develop new and modern principles of biological
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safety and to strengthen cooperation with regional and international organizations. The presented
article provides the results of microbiological research conducted on several important transboundary
rivers located in the Eastern Zangezur economic region namely the Araz River, Okhchuchay,
Basitchay, the Bargushad River, and its tributary Aghachay. During the research, various
microbiological and physico-chemical analyses were carried out on the waters of these rivers, and
their water quality indicators were studied.

Initially, the physico-chemical properties of the river water were assessed including
temperature, transparency, pH value, the amount of dissolved oxygen, and the levels of biogenic
elements (such as nitrites, nitrates, ammonium ions, and phosphates) as well as heavy metals like iron
(Fe), molybdenum (Mo), copper (Cu), aluminum (Al), and others. In addition, microbiological studies
were conducted on samples collected from both the river water and the sediment layers of the
riverbeds. These studies focused on saprotrophic, oil and phenol-degrading, and nitrogen-cycling
bacteria. Among pathogenic microorganisms, the presence and spread of species such as Escherichia
coli, Salmonella, and Shigella were analyzed. The findings revealed that all of the mentioned
transboundary rivers are already contaminated with various pollutants including household waste,
agricultural residues, heavy metals, and other toxic substances by the time they enter Azerbaijan’s

territory. This poses a serious threat to the ecological status of the region, the environment, and public
health.

Material and Methods

During the research, samples were collected from various points of the Okhchuchay, Araz,
Bargushad, Basitchay, and Aghachay rivers using a selective sampling method. In order to analyze
the hydrobiological and microbiological status, fieldwork was carried out at the following stations:
Okhchuchay: Shayifli, Burunlu, and Jahangirbeyli points; Araz River: Aghbend and Khudafarin
points; Bargushad River: Dilali Muskanli and Saray points; Basitchay: Baharli village, Ordekli
village, and the Basitchay nature reserve areas; Aghachay: Samples were collected from selected
points along the middle and lower reaches of the river. Water and sediment samples were collected
seasonally during fieldwork. Samples were taken in sterile glass bottles and transported using
refrigerated containers to ensure preservation. Various instruments were used to measure the physico-
chemical and microbiological parameters.

Water temperature (°C) was measured using a classical mercury thermometer. The pH value
was determined in the field using a Milwaukee pH-200 portable pH meter. The concentration of
dissolved oxygen (DO, mg/L) was measured using a Milwaukee MW600 portable oxygen analyzer.
Biogenic elements nitrite (NO2"), nitrate (NOs"), ammonium (NH4"), and phosphate (PO+*") were
analyzed by the photometric method using a Palintest 7100 photometer. Heavy metals such as iron
(Fe), molybdenum (Mo), copper (Cu), aluminum (Al), and other potentially toxic elements were also
determined using the same Palintest 7100 device. For quality control, blank and duplicate samples
were included in all analyses, and the accuracy of the results was verified using statistical methods.

For microbiological analyses, the attraction (enrichment) method was applied. To identify
fungal and yeast-like microorganisms, samples were cultivated on the following nutrient media: SDA
(Sabouraud Dextrose Agar): This medium provides a selective environment for the growth of
microscopic fungi. YEPD (Yeast Extract Peptone Dextrose): This medium provides optimal
conditions for the growth of yeast fungi. After the cultivation process, the Petri dishes were incubated
at a temperature of 25-30°C for 3 to 7 days. The resulting colonies were subjected to preliminary
identification based on their morphological characteristics (such as color, shape, colony structure,
etc.), and the total density of fungi and yeast-like fungi was evaluated based on the number of colonies
(CFU — Colony Forming Units). The identification of yeast fungi isolated into pure culture was carried
out using an MT 5200 L microscope. During these microscopic observations, cell shape, size, and
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other morphological features were assessed to ensure accurate species identification. To ensure the
reliability of the experimental results, the formula S/M =P < 0.05 was used as a basis.

Results and discussion

The study of the physico-chemical properties of rivers is essential for understanding river
ecosystems, assessing their sustainability, and evaluating the impact of human activities, climate
change, and other ecological factors. Through systematic measurement of parameters such as water
temperature, pH, dissolved oxygen, and biogenic elements, the overall health and stability of the
aquatic environment can be determined. Within the scope of this research, the effects of physico-
chemical characteristics and biogenic elements on microorganisms particularly bacteria and
micromycetes were thoroughly investigated.

Table 1
PHYSICO-CHEMICAL PROPERTIES OF TRANSBOUNDARY RIVER WATERS
IN THE EASTERN ZANGEZUR ECONOMIC REGION
River Season Temperature (°C) Dissolved Oxygen (mg/L) pH
Okhchuchay Winter 7.8-8.3 7.7-8.1 8.3-8.5
Spring 17.8-18.5 6.1-6.4 8.0-8.2
Summer 26.5-27.5 5.7-6.0 7.8-8.0
Autumn 16.5-17.0 6.5-6.7 7.3-7.9
Araz River Winter 7.2-7.8 8.0-8.4 8.1-8.3
Spring 16.5-17.5 6.6-7.0 7.9-8.1
Summer 26.0-27.0 5.3-5.7 7.7-71.9
Autumn 15.2-15.8 6.0-6.4 8.4-8.6
Basitchay Winter 6.6-7.0 8.3-8.7 7.8-8.0
Spring 15.8-16.5 6.8-7.2 7.7-7.9
Summer 24.5-25.5 5.8-6.2 7.5-7.7
Autumn 14.5-15.0 6.5-6.9 8.1-8.3
Bargushadchay Winter 7.0-7.4 7.8-8.2 7.9-8.1
Spring 17.5-18.0 6.3-6.7 8.0-8.2
Summer 25.5-26.5 5.6-6.0 7.6- 7.8
Autumn 14.7-15.2 6.2-6.6 8.3-8.5
Aghachay Winter 6.8-7.2 8.1-8.5 8.2-8.4
Spring 16.2-16.8 6.4-6.8 7.8-8.0
Summer 25.0-26.0 5.4-5.8 7.4-17.6
Autumn 14.2-14.8 6.3-6.7 8.0-8.2

As shown in Table 1, the water temperature in the studied rivers ranged from 6.8—8.1°C in
winter, 16.8—18.2°C in spring, 24.5-27°C in summer, and 15.2—-16.8°C in autumn [8].

Water temperature has a direct impact on the amount of dissolved oxygen. In general, as the
temperature of water increases, its ability to retain dissolved oxygen decreases. The main reason for
this is that at higher temperatures, water molecules move more rapidly, weakening the hydrogen
bonds between them. As a result, oxygen molecules are released from the water and rise to the surface,
thereby reducing the overall concentration of oxygen. On the other hand, cold water molecules are
more stable and tightly bonded, allowing them to retain more dissolved oxygen. These temperature
differences can significantly affect the oxygen demand of aquatic organisms living in river
ecosystems. Particularly under high-temperature conditions, oxygen deficiency can impair the life
functions of aquatic organisms, leading to stress and potential mortality.
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Therefore, oxygen scarcity can occur in ecosystems under thermal stress. Dissolved oxygen in
water directly influences the life processes of various organisms living in river ecosystems and is
essential for maintaining their normal functioning. At the same time, dissolved oxygen plays a key
role in the biological purification processes carried out in rivers. During these processes, bacteria and
other microorganisms utilize oxygen to break down organic matter, contributing to the self-
purification of rivers and the improvement of water quality. Thus, the amount of oxygen present in
water is not only vital for the health of the ecosystem, but also for ensuring nutrient cycling and the
sustainable functioning of river systems. Based on the data presented in Table 1, the amount of
dissolved oxygen in the studied river waters showed seasonal variation. Specifically, this parameter
ranged from 7.7 to 8.5 mg/L in winter, 6.25 to 6.7 mg/L in spring, 5.6 to 5.9 mg/L in summer, and 6.6
to 6.9 mg/L in autumn. This variability is mainly related to water temperature. It is known that as
water temperature increases, its capacity to dissolve oxygen decreases. This explains why the amount
of dissolved oxygen is lower in the summer months compared to other seasons.

In general, for river waters and other flowing water environments, a dissolved oxygen
concentration between 8 and 10 mg/L is considered high quality. This range is regarded as optimal
for the survival of aquatic organisms, sustaining metabolic processes, and maintaining ecosystem
stability. If the dissolved oxygen concentration falls below 3 mg/L, it is considered an oxygen-
deficient state and a sign of serious pollution. Under such conditions, many sensitive species living
in aquatic ecosystems may face life-threatening stress, and a reduction in biodiversity may occur [15-
23, 25].

Furthermore, Table 1 shows the seasonal dynamics of pH values across stations in the studied
river waters. The pH ranged from 8.1 to 8.4 in winter, 7.9 to 8.1 in spring, 7.7 to 7.9 in summer, and
9.5 to 10.5 in autumn. The pH value provides important information about the acidity or alkalinity of
water and its fluctuations can be influenced by both abiotic and biotic factors. Natural geochemical
processes (such as rock weathering, leaching of carbonates and other ions from soil), biological
activity (microorganism metabolism, respiration, and photosynthesis), anthropogenic impacts (e.g.,
industrial waste, agricultural runoff), and climate changes can all cause variations in pH. The optimal
pH range in water is generally considered to be between 6.5 and 8.5. This range provides favorable
conditions for most organisms living in river ecosystems. Deviations from this range, especially
acidification or strong alkalinity, can negatively affect the stability of aquatic ecosystems and the life
activities of organisms. Such conditions may lead to the disappearance of certain species, changes in
microbial community structure, and overall disruption of the trophic chain [7].

Dissolved oxygen and pH levels play a crucial role in assessing the overall health and
sustainability of river ecosystems, and monitoring their dynamics is essential for water environment
surveillance (Figure 1). Biogenic elements — nitrates, nitrites, ammonium ions, and phosphates are
key components of the hydrosphere and significantly affect the ecological condition of water bodies
and the development of microorganisms. These substances are particularly important regulatory
factors in the metabolic processes of microorganisms, especially bacteria and fungi. Their presence
at optimal levels in the aquatic environment stimulates the growth and reproduction of
microorganisms, but concentrations outside the normal range can disrupt ecosystem balance [21-24].

Analyses conducted on water samples taken from the rivers we studied determined the
quantities of these biogenic elements. High concentrations of nitrates and phosphates are sometimes
associated with anthropogenic impacts such as the leaching of fertilizers used in agriculture and the
discharge of industrial and domestic waste into water bodies. Increases in ammonium ions and nitrites
are mainly considered indicators of biological pollution [9-12].
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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 REGION ALL VALUES ARE GIVEN IN mg/L
Parameter Okhchuchay Basitchay Araz Bargushadchay Aghachay
NO:2 0.55 0.00 0.23 0.02 0.03
NOs 5.50 2.60 4.50 2.13 6.30
NH4 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 Maximum Permissible Limits (MPL): Nitrite (NO2") — 3.3 mg/L, Nitrate
(NOs™) — 45.0 mg/L, Phosphorus (PO+*~ ) — 0.001 mg/L, Ammonium (NH+") — 0.5 mg/L, Phenol
—0.001 mg/L, Zinc (Zn) — 1.0 mg/L, Copper (Cu) — 1.0 mg/L, Aluminium (Al) — 0.5 mg/L, Iron
(Fe) — 0.3 mg/L, Molybdenum (Mo) — 0.05 mg/L (Figure 2).
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Figure 2. Biogenic elements in river waters

The variability in the concentrations of these elements can depend on both seasonal dynamics
and factors such as proximity to pollution sources and the hydromorphological characteristics of the
rivers. Excessive levels of biogenic substances may lead to oxygen depletion, eutrophication, and, in
some cases, toxic effects in aquatic environments, which negatively impact not only microorganisms
but also organisms at higher trophic levels, such as fish and other aquatic life forms. Consequently,
monitoring and controlling the levels of biogenic substances is of critical importance for maintaining
the ecological sustainability of river waters and preserving the microbiological balance of aquatic
ecosystems. During the study, microbiological analysis of samples collected from the transboundary
rivers of the Eastern Zangezur economic region revealed the presence of various genera of
microscopic fungi. These fungi not only indicate pollution levels but also serve as important
bioindicators characterizing the condition of hydrobiological systems. The identified fungal genera
include: Aspergillus, Penicillium, Mucor, Fusarium, Trichoderma, Alternaria, Acremonium,
Cladosporium, Chaetomium, Scopulariopsis, Rhizopus, Rhodotorula, Bipolaris, Candida,
Geotrichum, and Mycelia sterilia. Some of these fungi — especially Aspergillus, Penicillium, and
Candida-possess opportunistic pathogenic characteristics and pose potential risks to human and
animal health. Other genera, such as Trichoderma and Chaetomium, participate in the decomposition
of organic matter in soil and aquatic ecosystems, playing a vital role in maintaining ecological
balance. Mycelia sterilia, which represents vegetative structures that do not produce spores, includes
morphologically indistinct forms that are nevertheless important bioindicators of environmental
conditions [18, 19].

The diversity and abundance of these microscopic fungi provide valuable insights into the level
of organic pollution, the intensity of anthropogenic impacts, and the overall microbiological status of
the river ecosystems (Table 3).

Based on the quantity of saprotrophic bacteria, it is possible to determine the anthropogenic
impact, pollution level, and saprobic degree of water bodies. According to the results in the table, the
number of saprotrophic bacteria in the studied river waters is high, and these values correspond
ecologically to the “highly polluted” water category. Specifically, in 1 ml of clean water, the number
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of saprotrophic bacteria should not exceed 100; in slightly polluted water, it ranges between 100—
1000; and in polluted water, it exceeds 1000. The obtained results indicate that these river waters are

highly polluted [14-20].

Table 3

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

Indicator Okhchuchay  Basitchay Araz Bargushadchay — Aghachay
(water/soil)  (water/soil) (water/soil) (water/soil) (water/soil)
Saprotrophic bacteria 2000/34,000 5800/47,000 5400/530,000  1600/33,000  1800/144,000
Azotobacter 120/140 100/300 70/120 300/700 2400/3600
Clostridium 10%/10? 10Y/10? 10Y/10? 10%/10* 10'/10?
pasteurianum
Denitrifying bacteria 10'/10? 10'/102 10%/103 104104 104/10*
Phenol-degrading 10%/10? 10%/10° 10%/10* 101/10? 10¥/10°
bacteria
Oil-degrading bacteria 10'/102 104103 10%/10% 10'/10? 102/ 103
Escherichia coli 9/35 17/+++ 45/4+++ —/+ ++/+++
Salmonella/Shigella (SS) —/+ +/+ +/+ —/— —/+
104} ’ River
mmm Okhchuchay
— Basitchay
| N Araz
mmm Bargushadchay
,5 r | Aghachay
o 10°}
z
g 102}
@
101 =
60 <\\(.. ‘Olbé‘?} l@(\\}& (S.\\(\Q
© & & &
S ¥ & F
o
—-— 6xchuchay
I Besitchay
. Araz
] e i:;i‘i“;““ay :
%‘ 10*
B ook
102 -

Figure 3. Biogenic elements in river waters
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Additionally, a high concentration of aerobic and anaerobic bacteria involved in the nitrogen
cycle was observed, which is an indicator of organic matter pollution and biological activity in the
rivers. The presence of Clostridium pasteurianum a nitrogen-fixing, anaerobic, and heterotrophically
feeding bacterium was recorded at all studied stations [13].

Oil and phenol-degrading bacteria were also identified at all observation points, indicating the
presence of industrial and domestic organic pollutants in the ecosystem. Furthermore, Escherichia
coli, Salmonella, and Shigella, which are indicators of fecal contamination from human and animal
sources, were detected at some stations, albeit in low quantities. The conducted studies indicate that
the transboundary rivers located in the Eastern Zangazur economic region-Okhchuchay, Araz,
Basitchay, Bargushadchay, and Aghachay-are already in a significantly polluted state upon entering
the territory of Azerbaijan. This pollution primarily originates from industrial and agricultural
activities in Armenia and other upstream countries, as well as the direct discharge of untreated
wastewater into the rivers. Physicochemical and microbiological analyses have revealed elevated
levels of water temperature, pH, dissolved oxygen, biogenic elements, heavy metals, and pathogenic
microorganisms. Particularly during the summer months, increased temperatures lead to a decrease
in dissolved oxygen levels, causing biological stress within river ecosystems and negatively
impacting the vital activities of aquatic organisms. Additionally, the presence of pathogenic bacteria
such as Escherichia coli, Salmonella, and Shigella poses a serious threat to human health.

It is essential to establish sustainable and coordinated monitoring programs based on modern
technologies. These systems can enable real-time assessment of water quality and timely
identification of pollution sources. Installing and operating modern treatment facilities in areas where
transboundary rivers enter the country will allow for the preliminary purification of river water.
Expanding the scope of studies on transboundary rivers, including detailed investigations of sediment
layers, flora, and fauna, is crucial for assessing the sustainability of aquatic ecosystems. Therefore,
the protection of river ecosystem health requires not only technical and ecological approaches but
also the comprehensive implementation of legal, political, and international cooperation mechanisms.
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Abstract. In connection with the practical implementation of the ‘“Artificial Intelligence
Strategy for 2025-2028”, approved by the Decree of the President of the Republic of Azerbaijan dated
March 19, 2025, an International Conference on “Artificial Intelligence for a Better Future” was held
in Shusha this year. After the conference, a scientific expedition was organized along the banks of the
Hakari River in the Lachin district. This year, at the same time, during the expedition in the Zangilan
district, monitoring was carried out on the main plant groups distributed in the Hakari river basin. A
critical survey of the flora biodiversity of the Hakari river basin was carried out, the invertarization
of species, taxonomic structure were clarified, and bioecological characteristics were studied. It was
found that the flora biodiversity of the Hakari river basin consists of 107 species belonging to 32
families and 74 genera. The vegetation of the Hakari river basin consists of 14 formations and 47
associations. Scientifically based data has been collected for the systematic study of plant diversity
in the Hakari river basin, identification of rare and endemic species, monitoring of population
changes, and protection of biodiversity through artificial intelligence technologies.

Annomayus. B cBs3u ¢ peanuszanueil «Ctpareruu pa3BUTHSI UCKYCCTBEHHOTO MHTEIJIEKTa Ha
2025-2028 roasl», yrBepaxaeHHol Ykazom [Ipesunenra AzepOaiimxanckoil PecriyOnuku ot 19 mapra
2025 1, B lyme cocrosnack MexnyHapoaHas koHdpepeHIMs «VICKycCTBEHHBIH WHTEIUIEKT JUIs
myuiero Oyayiero». ITocne koHpepeHy Obli1a OpraHu30BaHa Hay4yHasi SKCIE UM BIOJIb OEperoB
pexu Xakapu B JlaunHckoM paiione. OHOBpPEMEHHO ¢ SKCHeNuIel B 3aHIMIIaHCKOM paiioHe, Obu1
MIPOBEJICH MOHUTOPUHT OCHOBHBIX TPYIIN pacTEHUM, paclipocTpaHeHHbIX B OacceiiHe peku Xakapu.
[IpoBeneno uccnenoBanme OnopazHooOpasus GIopsl acceiiHa peKnu XaKapu, MHBEPTU3AIUS BUIOB,
YTOYHEHAa TaKCOHOMHYECKas CTPYKTypa M HM3y4eHbl OMOIKOJOTHMYECKHE XapaKTEpPUCTHKHU. bBbuio
YCTaHOBJICHO, 4TO OuopazHooOpaszue ¢opbl OacceitHa pekn Xakapu Biiaroyaer 107 BHIOB,
pUHaIexKanmx kK 32 cemeiictBam u 74 ponam. PactutenbHocTh OacceiiHa peku Xakapu COCTOUT U3
14 ¢popmanuii u 47 accoumauuif. [[ns cuctemarnyeckoro M3y4deHHsl pazHOOOpa3usi pacTeHUH B
Oacceiine pexkn Xakapu, UICHTU(DUKALMY PEIKUX U SHIAEMUYHBIX BUIOB, MOHUTOPHHTA U3MEHEHUI
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YUCIICHHOCTH TIOMYJISIUA ¥ 3alUThl OMOPa3HOOOPa3Hs C MOMOIIBIO TEXHOJIOTHH HMCKYCCTBEHHOTO
MHTEJJIEKTa ObUTH cOOpaHbl HAyYHO OOOCHOBAaHHBIE JaHHbIE.

Keywords: river basin, ecological status, Red Book.
Knrouesvie cnosa: peunoii 6acceiin, sxonorudeckuii craryc, Kpacnas kaura.

The Hakari river basin is a floristically and ecologically rich area located in the southwest of
Azerbaijan. This basin creates favorable conditions for the spread of rare and endemic plant species
and is of particular importance in terms of biodiversity conservation. In recent years, studying the
flora of the region, monitoring population structures and assessing the state of ecosystems have
become one of the main priorities of research. The aim of the current study is to systematically study
plant diversity in the Hakari river basin, identify rare and endemic species, monitor population
changes, and collect scientifically based data for biodiversity conservation through artificial
intelligence technologies, and systematize the obtained data for use in the preparation of scientific
articles, databases, and ecosystem management strategies. This approach, combining both classical
floristic and phytocenotic research methods and artificial intelligence technologies, allows for a more
in-depth and accurate study of the ecological state of the Hakari river basin [2].

Figure. Hakari River Basin

In connection with the practical implementation of the “Artificial Intelligence Strategy for
2025-2028”, approved by the Decree of the President of the Republic of Azerbaijan dated March 19,
2025, the International Shusha Conference on the topic “Artificial Intelligence for a Better Future”
was held this year. After the conference, a scientific expedition was organized along the banks of the
Hakari River in the Lachin district. At the same time, monitoring was carried out on the main plant
groups distributed in the Hakari River basin during the expedition in the Zangilan district this year.

The Hakari River Basin is a watershed in southwestern Azerbaijan, where the Hakari River, a
left tributary of the Araz River, collects water. This basin flows through the Lachin, Gubadli, and
Zangilan regions. Its length is 113 km. It begins at an altitude of 2,580 m, 3.5 km east of the Shishtepe
peak, south of the Mikhtoken ridge, at the confluence of the Shelva River and Hocazsu Rivers (950
m), and merges with the Araz River in the Zangilan region.
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Material methodology of the study

Plant diversity in the Hakari river basin consists of broad-leaved mountain forests, subalpine
meadows, semi-desert and steppe areas, shrub and sparse forests. Taking into account the relief
features and ecosystem types, 5—10 main observation points are selected along the Hakari river basin,
and vegetation monitoring is carried out at each point. The main methods used in determining plants
using artificial intelligence are determined and plants are identified based on the shapes of leaves,
flowers, seeds and fruits. By analyzing the visual characteristics of plants, their automatic
identification and naming are possible. Through modern mobile applications and artificial
intelligence-based systems, users can instantly recognize plants by scanning them with a camera.
With the help of artificial intelligence, it is possible to monitor the distribution of plants, their location,
the natural plant groups where plants living in a certain area interact, and the main components of
ecosystems through satellite and drone images. In natural flora, with the help of artificial intelligence,
species identification can be carried out by analyzing bioacoustic data such as the rustling of leaves
of trees and other plants, the effect of wind, and even the circulation of water. This method is mostly
applied in monitoring forest ecosystems|2, 3, 6, 8].

The proclamation of 2024 as the "Year of Solidarity for a Green World" by the Decree of the
President of the Republic of Azerbaijan dated December 25, 2023 laid the foundation for the
methodology for protecting biodiversity and ecological forecasting of the "Artificial Intelligence
Strategy".

Discussion of the work

The territory is very suitable for the preservation of rare relict and endemic species. In general,
as a result of monitoring, 30 species of trees, 22 shrubs and 37 herbaceous plant species were recorded
in the Hakari river basin. The forests along the Hakari river bank were brutally plundered by the
Armenian invaders for about 30 years. Artemisetum semi-deserts and Stipetum steppes are
characteristic of the Hakari river basin. Gagea glacialis K. Koch, Tulipa julia K. Koch, Orchis
punctulata Steven ex Lindl., Pyrus salicifolia Pall., Juniperus foetidissima Willd., Paeonia tenuifolia
L., Festuca karabaghensis Mussajev, Tulipa karabachensis Grossh., p.p. incl. typo. and others are
rare species. Salvia karabachensis Pobed., S. nemoralis L., Astaratia maxima Pall., Centaurea
karabachensis Sosn., Taxus baccata L. are the main plant groups of the Haraki River.

Oriental plane (Platanus orientalis L.), Araz oak (Q. araxina L.), Red oak (Quercus rubra L.),
Long-leaved oak (Q. robur K. Koch.), Georgian oak (Q. iberica Stev.), (Fagus orientalis Lipsky),
Celtis caucasica Willd, Eastern beech (C. orientalis L.), Pterostylis mutica R. Br., Iberian maple (Acer
iberica M. Beib.), Araz elm (Ulmus araxina Takht.), Pyrus salicifolia Pall., juniper form sparse
forests. In these forests, xerophytic shrubs Atraphaxis spinosa L., Lonicera iberica M. Bieb.,
Caucasian small-fruited cherry (Cerasus microcarpa (C.A. Mey.) Boiss.), Ephedra intermedia
Schrenk & C.A. Mey., bush jasmine (Jasminum fruticans L.), Rhamnus pallasii Fisch. & C.A. Mey.
and Paliurus spina-christi Mill. are naturally distributed. Shrubby and sparsely wooded meadows,
broad-leaved mountain forests (oak, beech, beech) are widespread along the coast. Pine (Pinus
sylvestris L.), oak (Q. rubra L.), hornbeam (Carpinus orientalis Mill.), linden (7ilia caucasica Rupr.),
maple, willow (Salix L.), elm, acacia, poplar, juniper, chestnut, Taxus baccata, and pear trees
predominate in the forests. For the subalpine zone, dry slopes, mesophilous meadows of steppe and
relatively humid slopes, and various herbaceous meadows dominate for the alpine zone. In these
areas, there are many medicinal plants are found [1, 4, 5].

Phrygana and xerophyte-type algae have formed in the Hakari River basin [2].

48 species of diatoms have