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MATHEMATICAL MODELING OF THE HARMFUL EFFECTS
OF AUTOMOBILE TRANSPORTATION ON THE ENVIRONMENT
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Annomayus. PaccMaTpuBarOTCs MOAXOAB! K MATEMATUYECKOMY MOAEIMPOBAHUIO HEFATUBHOIO
BO3/1€HCTBHS aBTOMOOUIIBHOTO TPAHCIIOPTa Ha OKPY:KaOLIYI0 cpery. OCHOBHOE BHUMAHUE yAEIsIeTCs
MOJIEJISIM BBIOPOCOB 3arpsi3HAIONIMX BEILECTB, UX PACIPOCTPAHEHHIO B aTMOC(epe, a TAKKE OLIEHKE
9KOJIOTMYECKUX U CAHUTApHBIX PUCKOB. [I0Ka3aHO, YTO MareMarn4ecKkoe MOJAECIMPOBAHUE SIBIISETCS
3 PEKTUBHBIM HHCTPYMEHTOM JUIs aHAJIM3a, MPOTHO3UPOBAHUS M pa3pabOTKH Mep MO CHUKEHUIO
BPEIHOIO BO3ICHCTBUA aBTOTPAHCIIOPTA.

Abstract. This article examines approaches to mathematical modeling of the negative
environmental impacts of motor vehicles. It focuses on models of pollutant emissions, their
distribution in the atmosphere, and the assessment of environmental and sanitary risks. It
demonstrates that mathematical modeling is an effective tool for analyzing, forecasting, and
developing measures to reduce the harmful impacts of motor vehicles.

Knrouesvie cnosa: ABTOTPAHCIIOPT, 3arpss3HCHUC Oprmanmeﬁ CpCAabl, MAaTCMATUYCCKOC
MOICINPOBAHUEC, DKOJIOT U, FaYCCOBaH MOZECJIb PACCCUBAHUA.

Keywords: automobile transportation, environmental pollution, mathematical modeling,
ecology, Gaussian dispersion model.

[Ipu xayecTBEHHOM U KOJIMYECTBEHHOM M3YUYEHHH SKOCHCTEM ropaszio Hanbosee 3pGeKTUBHBI
METO/Ibl MaTEeMaTHYECKOr0 MOIETUpOBaHus. UTo *ke npeacTapiseT coooi MaTeMaTuiyeckasl MoAesnb?
Maremarndeckass MOJIeNIb €CTh MPUOIMKEHHOE OMUCaHUE KaKoro-Iubo Kiiacca SBJICHUN BHEIIHETOo
MHpa C IIOMOIIbI0 MAaTEMAaTUYECKOM CUMBOJIMKY. MareMaTndeckas MOIEIIN PEaIbHbIX UCCIENYEMBIX
MIPOLIECCOB CIOXHBI M BKIIOYAIOT CHCTEMbI HEIMHEWHBIX (YHKIHOHAIBHO — IuddepeHInaibHbIX
ypaBHeHHH. Sapo Mmarematnueckodl Monenu — AudQepeHIuanbHble YpaBHEHHS B YacTHBIX
[IPOU3BOAHBIX. [I3ydyeHHe MareMaTM4eCKUX MOJENEH IPOU3BOAUTCA HA OCHOBE METOOB
BBIYMCIIUTEIIBHON MATEMaTUKH, OCHOBBI KOTOPBIX COCTABIIAIOT PA3HOCTHBIE METO/IbI PEILICHU 3a/1a4
Matematudyeckoi ¢u3uku. CoBpeMEHHOM 3Tanm NPUKIATHOW MaTeMaTUKU XapaKTepHu3yeTcs
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MCCIIETOBAHUEM MaTeMaTHUEeCKUX MOJIeJIel C ITMPOKUM HCIIOIb30BAHUEM BBIYUCIUTEIBHBIX CPE/ICTB
[2].

Hcnonp3oBaHueM MojeNel BCerna W HEM30EKHO CBSI3aHO C YIPOIIECHUEM, HJeaTn3aueit
MojenupyeMoro oobekra. CamMa MoJeNlb He OXBaThIBae€T OObEKTa BO BCEU IMOJHOTE €ro CBOMCTB, a
OTpakaeT JUIIb HEKOTOpbIE €ro HccielyeMbIX XapakTepucTuku. Camoe BakHOE, MOAeNb Oolee
JOCTYITHA JIJIs UCCIICIOBAHMS, YeM MOJICTUPYeMblii 00bekTOB [1].

BrIcTphIil poCT KONIMYEeCTBa aBTOTPAHCIIOPTHBIX CPEIACTB SIBISAETCS OJHOM U3 KIIIOYEBBIX
MPUYMH YXYALICHUS SKOJIOTHYeCcKOoil 00CTaHOBKU B KPYITHBIX FOpoAax. ABTOMOOMIBHBIA TPAHCIOPT
SIBIISIETCS. ICTOYHUKOM BBIOPOCOB okcuioB azota (NO, ), okcuna yriepoga (CO), yriieBomIopoioB,
TBEPABIX YacTUIl U yriaekucioro raza (C0,). DTy 3arpa3HSIONINe BEleCTBa HETaTUBHO BIUSIOT Ha
3]I0pOBbE HACEJICHUSI U COCTOSHUE JKOCHUCTEM. B CBsi3M C 3TUM BO3HMKAaET HEOOXOAMMOCThH B
pa3paboTKe W MPUMEHEHUU MAaTeMATUYCCKUX MOJIENICH, TMO3BOJSIONINX KOJTHYECTBEHHO OIICHHUTH
YPOBEHb 3arps3HEHMs, CIPOrHO3MPOBATH €r0 HW3MEHEHHWE M OOOCHOBaTb MEpbl MO CHHXKEHUIO
BPEIHBIX BO3ACHCTBHIA. ABTOTPAHCIOPT OKa3bIBAET KOMIUIEKCHOE BO3JIEHCTBHE HA OKPYKAIOIIYIO
Cpely, BKIIOYAOIIEe: 3arpsi3HEHUE arMOC(EepHOro BO31yXa BBIXJIOMHBIMHU Ta3aMH; 3arps3HCHUE
MOYBBl M TOBEPXHOCTHBIX BOJ| MPOAYKTAaMH H3HOCA IIWH M JIOPOKHOTO TOKPBITUS; IIIYMOBOE
BO3JICICTBHE; BKJIA] B INI0OaJbHbIe KIMMaTHYecKue u3MeHeHus 3a cueT BoiopocoB CO2. B nanHoi
paboTe OCHOBHOE BHUMAaHUE YAETSETCS MOACTUPOBAHUIO 3arpsi3HEHUS aTMOC(HEPHOTo BO3AyXa.

MaremaTudeckue MOIeNi BHIOPOCOB aBTOTpaHcrnopTa. KoamdecTBo BRIOPOCOB 3arps3HSIOIINX
BEIIECTB YaCTO OMHUCHIBACTCS C MIOMOIIBIO OaTaHCOBBIX Mojene. [Ipocreiinias Moaeb n3MEHEHUS
KOHIICHTPAIIMH 3arps3HAIONIETO BEIIeCTBa UMEET BUI:

d—C =S —-kC M
dt

rae C(t) — xoHmeHTpanus 3arpsa3HuTens; E(t) — UHTeHCUBHOCTH BRIOPOCOB aBTOTPAHCIIOPTA;
k — ko3¢ duImeHT paccenBanus, OCAKICHHUS 1 XUMUYECKOTO paciaia.

OuU3NYEeCKU CMBICT: aBTOTPAHCIIOPT TIOCTOSIHHO JI0OABISIET 3arpsi3HeHHe; armocdepa
«OYMILAETCS 3a CYET paCCEUBAHUS U OCAXKICHUS.

PaccmoTpuM ynpoméHHy0 MOAENb W3MEHEHHUS KOHLEHTPALMU 3arpsi3HSIONIET0 BEIIECTBA.
Pemenue nannoro ypaBaenus (1) mo3BossieT ONnpenenuTh JMHAMUKY KOHIIEHTPAIIUHU 3arPsSI3HAIOIIETO
BEIIECTBA M OLICHUTHh BpPEMs JIOCTHIKEHHUS TMPEAENIbHO JOMYCTUMBIX KOHIEeHTparui. [lanHoe
ypaBHeHue (1) saBnsercs MuHeWHbIM TuddepeHIaTbHBIM ypaBHEHUEM MepBOTo nopsiika. Paznenum
NepeMEHHbIE

[IpounTerpupyem ode yacTu:

J dc _ f dt
S—kC ’
1
—ElnIS —kC|=t+C,.
Bo3pMeM dKCIIOHEHTY OT 00euX JacTei:
|S — kC| = C,e ¥t

S C
C(t)==—-"2¢

k k

—kt

s _
ITepeo6o3HaYMB MOCTOSHHYTO, TIotydaeM C(t) = ~+ Coe ke,
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Pemnrenue ¢ HavyansHBIM ycmoBrueM. Eciu 3anano Hagansaoe ycnosue: C(0) = Cj.

S
[ —

TO CO - E + CO

S S\ okt
OxonuarenbHOE pemenne umeet Bua: C(t) = ~+ c(0) — -)e .

s
Qusuueckas  CMBICH  PCLICHMS:  BEIMYMHA — —  YCTAHOBMBIIASCS  (CTALMOHApHas)
kt

KOHLCHTpaluA 3arpA3HAOIICIO BCEIICCTBA, 3KC1'IOHCHI_[I/IEL]'IBHOI71 MHOXUTEJIb € OIIMChIBACT

Ipolecc BBIXOJAa CHCTEMbl Ha paBHOBecue; mnpu k >0 KOHUEHTpaluus CO BpPEMEHEM
crabunusupyercs. [Ipu yBenuyenun BpemeHu KoHUeHTpauus C(t) cTpeMUTCs K yCTONYHMBOMY

s .
3HAUCHMIO — , HE3ABUCHMO OT HayalbHOro cocrostuus. Ilycrs B (1) S (t) = sin’t, k=05uC =4

TOorga UMECM:

dc ’
— =sin’t -2 ()
dt

Pemenue 3aBuUcCUT OT BpCMCHHU

3 1
C(t) = _Et_ZSiHZt—i_ Co, ecau C(0) =0,

YaCTHOC pCIICHUC

3 1 (2)
C(t) = —=t—-sin2t

() >t~ 3
rae C(t) — KOHIIEHTpauus 3arpsA3HSIONIEr0 BEIICCTBA, sin’t — MIEPEMEHHBIC BBIOPOCHI

. 3 . 1.
(Hampumep, CyTOUHBIH Tpaduk); — 5t — HeliHoe yObIBaHUE; — L sin 2t — xosebaHus; aMIUTUTYa

o1 . .
KOJIEOAHMUIA: 2> TIepros koneOanuii: . Beraucnum o merony Ditnepa 1o t = 0.5, a 3areM cpaBHUM C

AHAIUTUYECKUM PELICHUEM, T.€. ONPEAESUM MOrpeUIHOCTh. Tenepb 1Mo mMerony ODiliepa HaX0quM
npubIMKEeHHOE 3HaUYeHus uddepenimansHoro ypasaenus (1°).

Taomuua 1

A B C D E G
1 i t; sin®t Ci tn C(t)
2 0 0 0 0 -2 0
3 1 0,05 0,002497917 -0,1 -1,997502083 -0,099958354
4 2 0,1 0,009966711 -0,199875104 -1,990033289 -0,199667333
5 3 0,15 0,022331755 -0,299376769 -1,977668245 -0,298880052
6 4 0,2 0,039469503 -0,398260181 -1,960530497 -0,397354586
7 5 0,25 0,061208719 -0,496286706 -1,938791281 -0,494856385
8 6 0,3 0,087332193 -0,59322627 -1,912667807 -0,591160618
9 7 0,35 0,117578906 -0,68885966 -1,882421094 -0,686054422
10 8 0,4 0,151646645 -0,782980715 -1,848353355 -0,779339023
11 9 0,45 0,189195016 -0,875398382 -1,810804984 -0,870831727
12 | 10 0,5 0,229848847 -0,965938632 -1,770151153 -0,960367746

B mwmamazone Al:B12 3amonHseM s4elKM, KaK HOKa3aHo B Tabmune 1. B sueiikax D2
sanuceiBaeM HadanbHoe 3Hauenne C(0) = 0, a B C1 dynkuus sin’t;. 3arem BbiaenuM sueiiky C1u
MapKepoM 3aroJIHeHUE TPOoTaHeM BHU3 10 C12, B siueiikax E'1 3Hauenuu t;, a B G 1 3HaYEHUH TOUHOE
perenune ganHoro ypasuenust (1') [4].

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 16



Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne4 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/125

€(0,5) =~ —0.965938 (mo wmerony Diinepa). CpaBHEHHE C TOYHBIM (AHATHUTHYECKHM)
pEIICHUEM.

C(t) = 3t L 2t
= > 451n

mt = 0.5

3 1

€(0.5) = —50.5 - ZsinZ - 0.5 =-0,960367746.
£ =1-0,960367 + 0,870831| =~ 0,089536.
0
1 2 3 4 5 6 7 8 9 10 11

0,2 :
-0,4 =
0,6 N

=0=Pqn1 Pan2
-1,2

Pucynok. MaremaTudeckre MOJIeH BEIOPOCOB aBTOTPAaHCIIOPTA

Maremaruueckass MOZC/Ib H3MEHEHHUs KOHILIEHTpALMM 3arpsA3HSAIOIIErO BEUIECTBa, T.C.
muddepernnanbHoe ypaBHeHue (1) U 3HaYeHUs1 €ro TOYHOTO PELCHMs SBISETCS OYeHb OIM3KUMHU
IpyT K Apyry, uyTo BuAHO u3 Tabmuusl 1. [TosTomy Ha PucyHke aBa rpaduka pacroiaokeHbl OYE€Hb
Onmu3Ko Npyr K Apyry, a B Tabmuiue 2 ¢ ucmnonb3oBaHueMm ¢opmyny [aycca Obuia moctpoeHa
MareMaThdeckasi MOJIesIb KOHIIEHTPAIlUK BPEIHbBIX BEIIECTB, 3arps3HAIONIMX aTMOC(hepHOit Bo3ayxe.

KoHueHTpanus 3arpsA3HAOIIKAX BemecTs B Bosayxe. Mcmombesdyercs ['ayccoBa Monenb
paccenBaHue:

Q y? (z— H)? (z+ H)?
C(&y,z):mexp —E exp —T‘ZZ +exp _T

rie: C —KOHLEHTpanus, Mr/M3;  —MHTEHCHBHOCTH BBIOpOCaA, I/C; U — CKOPOCTh BETPA, M/C;
H — BbICOTa UCTOYHUKA; 0y,0, —KOd(hPUIHMEHTH paccenBanus. [I[pOCBOMB KOHKPETHBIE 3HAYEHHUS
BBIIIIEyKa3aHHBIM IIapaMeTpam, o Mozenu ['aycca MOXKHO onpeienuTh 00beM BPEIHBIX BHIOPOCOB OT
aBTomoOmteit B Excel.

OneHka OKONOTMYECKUX W CAHUTApPHBIX  PHUCKOB. Pe3ymbTarbl  MaTeMaTH4eCcKOro
MOJICTTUPOBAHMS HCIONB3YIOTCS JUISI OIEHKH PHCKa BO3ACUCTBUS 3arpsi3HSIONIMX BEIIECTB Ha
30pOBhe HacelieHUs. Ha OCHOBe pacCUMTaHHBIX KOHIICHTPAIMH OIPENEIsIeTCS BEPOSITHOCTH
MPEBBIICHUA NPCACIBHO AOIYCTHUMBIX KOHHGHTpaHI/II\/'I U OLCHUBACTCA YPOBCHB SKOJIOTHYECKOU
OIaCHOCTH BOJM3U aBTOMArucTpanei.

[Ipumenenune Mojeneid B  OKOJOTMYECKOM  YIpaBlIeHWU. Maremarudeckue Moenu
MNPUMCHAIOTCA OJId: OKOJOTHYECKOTO MOHHTOPHHTIA;, IIPOTHO3HUPOBAHUA 3arpiA3HCHUS BO3JYyXa,
OINITUMHU3AIUN TPAHCIIOPTHBIX ITOTOKOB, 000CHOBAHMSA DKOJIOTHUECKUX HOPMAaTHBOB U OFpaHquHHﬁ.
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Hcnonp3oBanue Mmozeneil Mo3BOISET MPUHUMATh OOOCHOBAaHHBIE YIPABICHUECKHE pEIIeHUs U
pa3pabatbiBaTh Y3PGEKTUBHBIE MEPHI IO CHUKEHUIO BPEAHOTO BO3/ICHCTBUS aBTOTPAHCIIOPTA.

Tabmuma 2

Q u H y z ay Oy Cy C, C(x,vy,2)
0,1 3 2 0,5 1 0,2 0,5 0,053319143 | 4,213365302 | 0,224653026
0,1 3,5 2,1 0,6 1,1 0,3 0,6 0,025676035 | 7,513936819 | 0,192928106
0,2 4 2,2 0,7 1,2 0,4 0,7 0,029557606 | 18,26040319 | 0,539733804
0,3 4.5 2.3 0,8 1,3 0,5 0,8 0,028735929 | 64,63376129 | 1,857311203
0,4 5 2,4 0,9 1,4 0,6 0,9 0,02728031 | 348,1092233 | 9,496527564
0,5 5,5 2,5 1 1,5 0,7 1 0,026408538 | 2982,606708 | 78,76628336
0,6 6 2,6 1,1 1,6 0,8 1,1 0,026638459 | 43141,57587 | 1149,225083
0,7 6,5 2,7 1,2 1,7 0,9 1,2 0,028436387 | 1131666,423 | 32180,50393
0,8 7 2,8 1,3 1,8 1 1,3 0,032573196 | 58246819,03 | 1897285,051
0,9 7,5 2,9 1,4 1,9 1,1 1,4 0,040595684 | 6397671931 | 259717867.,4
1 8 3 1,5 2 1,2 1,5 0,055850557 | 1,63882E+12 | 91529230754
1,1 8,5 3,1 1,6 2,1 1,3 1,6 0,086140857 | 1,07511E+15 | 9,2611E+13

2 _ 2 2
rae C; = T—— exp (— 2%), C,=exp (— (22:2? ) + exp (— (Z;:;) )

AHanM3 UCTOYHUKOB 3arpsS3HCHUS OKPYIKAIOIICH Cpellbl aBTOTPAHCIIOPTOM. ABTOMOOMITHHBIN
TPAHCHOPT SBISETCS OHUM U3 Hanboliee 3HAUMMBIX HICTOYHUKOB 3arpsiI3HEHUS OKPYKAIOIIEeH CpeIbl,
OCOOCHHO B YCJOBHSIX TOPOJCKOW 3aCTPOMKH M BBICOKOM IJIOTHOCTH TPAHCHOPTHBIX MOTOKOB.
Bpenroe Bo3neiicTBIE aBTOTpAaHCTIOPTa OOYCIIOBICHO COBOKYITHOCTBIO (DU3MYECKUX, XUMUICCKUX H
MEXaHUYEeCKUX (PAKTOPOB, BOZHMUKAIOIIMX B IMPOIECCE OKCIUTyaTallud TPAHCIOPTHBIX CPEICTB.
OCHOBHBIMU HMCTOYHMKAMHU 3arpsi3HEHHS] OKPYKAIOIIEH cpeabl aBTOTPAHCIIOPTOM  SIBISIFOTCSA
MPOLIECChl  CrOpaHusi TOIUIMBA B JBUTATENIIX BHYTPEHHETO CrOpaHus, HW3HOC 3JIEMEHTOB
TPAHCIIOPTHBIX CPEJCTB U JOPOKHOTO TTOKPBITUSI, & TAKIKE IKCILTyaTalIMOHHBIE YTEUKU TEXHUYECKUX
JKUJIKOCTEM.

3arpsi3HeHHe TOYBBI U BOMHBIX OOBEKTOB. 3arpsi3HEHUE TIOUYBBI U BOTHBIX PECYPCOB CBSI3aHO C:
yTEUKaMH MOTOPHBIX Macell, TOIJMBA U OXJAXKIAIIINUX >KUAKOCTEH; OCAKICHUEM TSAKEIBIX
METaJUIOB (CBMHEI, KaJMUM, ITUHK); CMBIBOM 3arps3HSIONIMX BEIIECTB C JOPOKHOTO MOKPBITUS
atMochepHbIMH ocagkaMu. HakorsieHue JaHHBIX 3arps3HUTENCH MPUBOAMT K JErpajallid IOYB,
CHIDKEHUIO UX OMOIOTHYECKON aKTUBHOCTH U 3aTrPS3HEHHUIO TTOBEPXHOCTHBIX U MO/I3EMHBIX BOJI.

[lIymoBbIe 3arpsizHeHHE. J[BHKEHNE aBTOTPAHCIIOPTA SIBISETCS OCHOBHBIM MCTOYHHMKOM IIymMa
B Topojax. YpoBeHb Imyma (opmupyercs 3a cu€r: pabOThl JBUTATENSI U BBIXJIOMHOW CUCTEMBI;
B3aUMOJICUCTBHSl IIUH C JIOPOKHBIM TIOKPBITHEM; a’pOAMHAMHUYECKHX S()(PEKTOB TPH BBICOKUX
CKOpOCTSX ABMKeHUs. [locTossHHOE MpeBbIIeHNE TOMYCTUMBIX YPOBHEH IITyMa HETaTUBHO BIMSET HA
3I0pPOBBE HACENIEHUsI, BHI3BIBAsI CTPECC, CHIDKEHUE pabOTOCIIOCOOHOCTH U 3a00JIEBaHUS CEpCUHO-
COCYIMCTON CUCTEMBI.

3arpsi3HEHHE BCJIEICTBHE HM3HOCA TPAHCIOPTHBIX CPEACTB. B mporecce sKcruryaTanuu
aBTOTPAHCIIOPTA TMPOMCXOIUT H3HOC: IMMH (00pa3oBaHUE MHUKPOYACTHII PE3UHBI); TOPMO3HBIX
KOJIOJOK (YacTUIbl MEOM U JAPYTUX METalJIOB); JOPOXKHOTO TOKphITHs. OOpasyromuecs
MUKPOYACTHIIBI TIOCTYMAIT B arMochepy W TOYBY, YCHUJIMBas AHTPONOTEHHYIO HArpy3ky Ha
OKPYXKAIOIILYIO CPENy.
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TermoBoe W ANEKTpOMarHuTHOE BozaelcTBHE. PaboTra aBTOMOOWIBHBIX —JIBUTATEICH
COTPOBOXK/IACTCS BBIJICJICHUEM TEIUIOBOM SHEPIHH, YTO MPUBOAUT K JIOKAJIHHOMY ITOBBIIIICHUIO
TEMIIepaTypbl BO3JyXa B TPAHCIOPTHHIX 30HaX. JlOMOTHUTENHHO COBPEMEHHBIE TPAHCIIOPTHHIC
CPEICTBA CO3JAIOT 3JCKTPOMATHUTHBIC TIOJIA, BIHMSHHE KOTOPBIX TpeOyeT JaibHEUITNX
HUCCJIENOBAHUN.

3axnouenue

MaremMaTtu4eckoe MOJCIHPOBAHUE  SBISETCS BAXKHBIM HMHCTPYMEHTOM aHalu3a |
MIPOTHO3UPOBAHUS BPEIHBIX BO3ICHCTBUN aBTOTPAHCIIOPTa HA OKpyXkarolryro cpeny. [IpuMenenue
MoJieJiel TI03BOJISIET KOMIUIEKCHO YYHUTBIBATh pa3iMuHble (DaKTOPHI, BIHUSAIONIME HA YpPOBEHb
3arpsi3HEHUs], U CIOCOOCTBYET MOBBIIICHHUIO YKOJIOTHUECKON 0€30MMaCHOCTH TOPOJICKUX TEPPUTOPHIA.
ABTOTpaHCTIOPT OKa3bIBAET KOMILJICKCHOE HETaTUBHOE BO3/ICHCTBHE HA OKPYIKAIOIIYIO CPEAY, SBISSICH
HMCTOYHUKOM aTMOC(HEpHOTO, MMOYBEHHOTO, BOJHOTO W IIIYMOBOTO 3arpsi3HEHHS. MHOTO()aKTOPHBIHA
XapakTep 3arpsi3HeHUI 00yCIOBINBAaET HEOOXOAUMOCTh IPUMEHEHHS MaTEMAaTUYECKUX MOJIEIeH AJis
KOJIMYCCTBCHHON OIICHKH WX TMOCJICACTBUH U pa3paboTku 3(P(PEKTUBHBIX MPUPOTOOXPAHHBIX
MEpONPHUITHH.
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Annomayus. IlpencraBieH KpaTkuii 0030p M aHAIN3 MapajuieIbHOT0 MeTo/1a (ha30BOro CABUTA
B LU(ppoBoii ronorpaduu, OpUEHTUPOBAHHBIA Ha 3a7a4l KOJIMYECTBEHHOIO HM3MepeHHUs (a30BbIX
00BEKTOB M OTpaKAOMINX TOBepXHOCTeH. [Tapannensubie MeTobI PazoBOTO clBHUra (00€CIIeYNBAIOT
OZHOKA/IPOBYIO PErMCTPALIMI0 HECKOJIBKUX Trojorpamm, (ha3bl KOTOPBIX CABHUHYTHI OTHOCHTEIHHO
Apyr Jpyra, B OJHOM OKCIO3UIMM, YTO YCTPAHUT HEOOXOAMMOCTb BO BpPEMEHHOMH
MIOCJIEZIOBATENIBHOCTU M JIEIaeT BO3MOXHBIMU BBICOKOTOYHBIE U3MEPEHHUS B YCIOBUSX IBUKEHUS,
NpO’KaHUs WM ObICTPONPOTEKAIOIINX MPOIECCOB. Takue MeTOAbl NOJYYMIH IIUPOKOE Pa3BUTHE B
MociielHue ToAbl Onarofapsi MOSBICHUIO CIEIUATU3UPOBAHHBIX JATYMKOB (HAIIPUMEp, ¢ MUKPO-
MOJSIPU3ALMOHHBIMU  3JIEMEHTaMU) M YIyYIIEHHBIM anroputmMam o0paboTku. PaccMmoTpensl
¢u3nyeckre MPUHIMIBI TAapaJUIeNbHOr0 (a30BOro CABUIa, MaTEMaTHYECKOE OMMCaHHE, OCHOBHbBIE
CXEMBbl peaju3allid C [POCTPAHCTBEHHBIM M TMOJSPU3ALMOHHBIM MYJIBTHILIEKCHPOBAHUEM,
QJITOPUTMBI BOCCTAHOBJICHUS (ha3bl U aMIUIUTYMbI, a TakXke crnenuduka npuMeHeHus K (a3oBbIM
cperaM M OTpaxarolmuMm oObekTaM. [IpuBoauTcs 0030p KIaCCHUYECKMX M COBPEMEHHBIX pador,
BKJIFOYAst METO/IbI C KAMEPOU MOIAPU3ALUOHHON MaTPUIIbl, CACTEMAMM C IBOMHOM MOJISIPU3AMOHHON
perucrpainueif, pacmupeHHeM MPOCTPAHCTBEHHON TOJOCHI MNPOMYCKaHWs M TPHUMEHEHUEM K
JUHAMUYECKHM 00BEKTaM. AHAIN3UPYIOTCS MPEUMYIIECTBA, OTPAHUYEHUS U IEPCIIEKTHUBBI Pa3BUTHS
METOAA.
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Abstract. This article presents a detailed review and analysis of the parallel phase-shifting
method in digital holography, focused on the tasks of quantitative measurement of phase objects and
reflective surfaces. Parallel phase-shifting methods (allow single-frame recording of multiple
holograms, whose phases are shifted relative to each other, in a single exposure), eliminating the need
for a time sequence and enabling high-precision measurements under conditions of motion, jitter, or
fast processes. Such methods have been widely developed in recent years thanks to the advent of
specialized sensors (e.g., with micro-polarization elements) and improved processing algorithms. The
physical principles of parallel phase shifting, its mathematical formulation, and the main
implementation schemes based on spatial and polarization multiplexing are discussed, along with
algorithms for phase and amplitude reconstruction and the specifics of application to phase media
and reflective objects. A review of classical and contemporary studies is provided, including methods
using polarization matrix cameras, dual-polarization recording systems, spatial bandwidth expansion,
and applications to dynamic objects. The advantages, limitations, and future development prospects
of the method are analyzed.

Knouesvie cnosa: mmdposas rtomorpadus, MapaUiebHBIA (a3oBeld CABUT, (a3oBas
PEKOHCTPYKILMS, OTpa)karollfe I[OBEPXHOCTH, MOJSIpU3AlMOHHAs Kamepa, MPOCTPAHCTBEHHOE
MYJIBTUIIIICKCHPOBAHHE.

Keywords: digital holography, parallel phase shifting, phase reconstruction, reflective surfaces,
polarization camera, spatial multiplexing.

udposass romorpadusi SBISIETCS MOIIHBIM HHCTPYMEHTOM OINTHYECKOH METpPOJIOTHH,
MO3BOJISIFOIIMM OJJHOBPEMEHHO PETUCTPUPOBATh AMIUTUTYY U (ha3y BOIHOBOTO ()POHTA, PACCESTHHOTO
00beKTOM. /[[71s1 MHOTMX MNPUIOKEHUH — Hampumep, H3MEpeHUs TOHKUX (Pa30BBIX OOBEKTOB
(OnoOTUYECKUX KIETOK, Ta30BBIX MOTOKOB, BOJHOBOIHBIX CTPYKTYp) [1] ¥ TouHOI Tomorpaduu
OTPaKAIOIINX TTOBEPXHOCTEH (MUKPOCKOIMYECKUE JIMH3BI, MUKPO-2JIEKTPOMEXaHHUYECKUE CHCTEMBI,
MPOMBITIUICHHBIEC NleTanu) [2, 3] — Tpelyercst konuuecTBeHHas (asoBas nHopmarusa. Metobl
¢$a3oBOro caBUra TPAJUIMOHHO HCIOJB3YIOTCS [UI TOYHOTO BOCCTAHOBJIEHHUS (ha3bl MYTEM
pEerucTpalyy HECKOIbKUX TOJOrpaMM MPHU Pa3iNYHbIX (a30BBIX CABUTAX OMOPHOUM BONHEI [4, 5].
OnHako mocIenoBaTeNIbHas PErHCTPALUs JeNIaeT TaKHe METONbl YyBCTBUTENBHBIMU K BHOpamusim,
(biyKTyanusM UCTOYHUKA U HETIPUTOAHBIMHU VISl JMHAMUYECKUX TTPoLieccoB [6, 7].

[TapannensHble MeToabl (pa30BOro ciasura (00ECHeYMBalOT OJHOKAJAPOBYIO PErHMCTPALUIO
HECKOJIbKHMX roJIorpaMM, (a3bl KOTOPHIX CABHHYTHI OTHOCUTENBHO IPYT APYTa, B OMHOM SKCIIO3UIIHH,
9TO YCTPAaHUT HEOOXOAMMOCTH BO BPEMEHHOW IOCIENIOBATEIBHOCTH M JENaeT BO3MOXKHBIMHU
BBICOKOTOUHBIC U3MEPEHUS B YCIIOBHSX ABMKEHHS, IPOXKAHHSI HITH OBICTPOIIPOTEKAIOIIUX ITPOIIECCOB.
Takue MeToapl MONYYMIIM IIUPOKOE pa3BUTHE B TOCIEAHHUE TOAbI Onarogapsi MOSBICHUIO
CHEIHMAM3UPOBAHHBIX JIaTYUKOB (HAMpuUMep, C MHUKPO-TIOISPU3ANMOHHBIMUA dJIEMEHTaMHU) |
YIAYYIICHHBIM aJrOpUTMaM 00paboTku [8].

Knaccuueckuii ghazoswiii cosue
B ocHoBe kiaccuueckoil cxeMbl (pa30BOTO CIIBUTA JIC)KUT PETUCTPALMS CEPUU TOJIOTPAMM
I.(x,y), Kaxaast U3 KOTOPBIX MOJy4deHa Mpu Ga3zoBoM cABHUre A OMOPHONU BOJIHBI OTHOCUTEIHHO
o6bektHOH [9-10]: I (x,y) = |0(x,y) + R(x,v,A0)|? , tne 0(x,y) = A,(x,y)eiPo*¥)
obbekTHast BomHa, R(X,y,A@;) = A,e'®r*4%) _ onopnas BomHa. Da30Bblii CHABHT OOBIYHO
BbIOMpaeTcss KpaTHbIM 7/2\pi/2m/2, M MO cepuu 4YeTHIPEX TOJOTPaMM MOXHO BBIYUCIUTH a3y
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. I—1
00BEKTHOM BONHBI Kak: @, (Xx,y) = arctan (ﬁ) u ammatyny A,(Xx,y) Mo COOTBETCTBYIOLINM
1713

KOMOHWHAIMAM. DTOT METOJl XOPOIIO IOAABISET HYJICBOH M CONPSOKEHHBIA MOPSIKHA, HO TpeOyer
pErUCTpaLi HECKOJIBKUX KaJIpOB BO BPEMEHHU.

THapannenvnoiii pazoswiii cosue.: obwas hopmynuposka
B mapamnenbHbIXx MeTomax (asoBbI CABUI peaiHM3yeTcs MNpPOCTPAHCTBEHHBIM WU
MOJISIPU3ALMOHHBIM MYJIBTUIIEKCHPOBAHUEM, YTO IO3BOJSET MOIYYHTh HECKOJIBKO TOJOrpaMM CO
cIIBUTOM (ha3bl OTHOCUTENHLHO APYT JIpyra 3a OAHY 3KCHOo3uImio. [Ipu 3ToM npocTpaHCTBEHHAS WK
NOJISIPU3aLMOHHAS CTPYKTYpa IaTYiKa pa30uBaeT perucTpupyeMyro o0acTb Ha OAKaHAIIbI, KaXKIbIi
U3 KOTOPBIX COOTBETCTBYET OTAENbHOMY (hasoBoMy casury. s N-maroBoro merosna ¢ (pa3oBbIMU
cnBuramu A@ = 2wk /N, KOMIIJIEKCHAs aMIUIATy/la OOBEKTHOW BOJHBI BOCCTAHABIMBACTCS Kak:

1 _ .
O(x,y) = N—ATZI,L& I, (x,y)e'4?x | rme wunTepBanbl (a3oBBIX CIBHIOB M Beca BBIOMpAIOTCS

CIICOUaJIbHO AJIA obecrneuyeHus OPTOIrOHAJIbHOCTHU U YCTOI‘/'I‘II/IBOCTI/I K IIyMYy.

Peanuzayuu napannenvnozo gpazoeozo cosuza

[Tonspuzanmonnsle kamepbl. Haubosnee pacnpocTpaHEHHBIM MOAXOA K MapajlieIbHOMY
($a3zoBOMy CHIBUTY peanu3yercs C HCIHOJIb30BAaHUEM JAaTYMKOB C MHMKPOMNOJISIPU3ALMOHHBIMU
SIIEMEHTaMHU, T/I€ MUKCEIH JaTdyuKa CHaOKEHbI BCTPOCHHBIMH MHUKPOIOJSPU3aTOPAMHU C Pa3HBIMHU
opuenTamusamu (0°, 45°, 90°, 135°). UnatepdepeHmus oObeKkTa M OMOPHOW BOJHBI ¢ KPYTOBOH
noJsipu3anuen, pazaenéHHON Ha YeTblpe KOMIIOHEHTA, IPUBOJUT K TOMY, UYTO KaKIbli MogHabop
nukceynel (UKCHUpYeT ToJIOrpaMMy C YHUKalIbHBIM (Da30BbIM CABUIOM. 3aTeM M3 OJHOM
€IMHCTBEHHOM YKCTIO3UIINH U3BIIEKAIOTCS YEThIPE (Pa30CMEIICHHBIX TOJIOTPAMMBI.

Ota peanu3anys MOJXOANUT KaK Ui MPO3PaYHbIX (a30BBIX OOBEKTOB, TAK M JUIS OTPAKAIOIIIX
MIOBEPXHOCTEH, IJe TpeOyeTcs BBICOKOE 3HAUEHHE OTHOLIEHHS CUTHAJ/IIyM U MPOCTPAHCTBEHHOE
paspeuieHue. PaboTbl MOCHEAHUX JIET JEMOHCTPUPYIOT U3MEpeHHE IUIOTHOCTH (a30BbIX
pacnpeneneHuii MUKPOCTPYKTYp W Tomorpauu MHKpPO-ONTHYECKUX 3JieMeHToB. Hampuwmep,
WCIIOJIb30BAaHUE TOJIIPU3ALMOHHON KaMmepbl JUIsl OIHOKAJApPOBOTO M3MEpeHMsl (a3bl MUKPOIMH3
MOKa3bIBAET OTHOCHUTEJbHbIE OIIMOKN HAa YPOBHE COTBIX JI0JI€H MPOLIEHTA.

[IpocTpancTBEHHOE  MyJbTHILIEKCMpOBaHME.  [Ipyroil  moaxox — 3akirodaeTcs B
MIPOCTPAHCTBEHHOM pa3lielleHUH (ha30CABUTaeMbIX HMHTEPPEPEHLIMOHHBIX KAPTHH Ha Pa3IUYHbIC
30HBI JIETEKTOpa. ITO MOXKET OBITh PeaIn30BaHO Yepe3 ONTUUECKUE IIEMEHTHI, TaKHe KakK (pa3oBble
PELIETKY, IEIUTENIN HAa OCHOBE MPU3M U MHOTOKaHAJIbHbIE HHTEP(HEPOMETPBI, KOTOpbIe (HOPMUPYIOT
HECKOJIBKO MapayjieNIbHbIX KONUM MHTEep(EepeHIMOHHON KapTHHBI C pa3HbIMHU (pa3aMu Ha OTHOU
Matpuue. Takol moaxos ObLI MPEATIOKEH, HAPUMED, AJISl CUCTEM C OOJIBIIMM MPOCTPAHCTBEHHBIM
JTara30HOM 3alHCH.

CucreMbpl ¢ HECKOJIBKUMH KamepaMu. MeToj Takke peaau3yercs 4depe3 HCIOJIb30BaHHe
HECKOJIbKMX CHHXPOHM3UPOBAaHHBIX NOJSPU3ALMOHHBIX KaMep, KaXkJ1as U3 KOTOPBIX PETUCTPUPYET
($ha30CcIBUHYTYI0O KOMIIOHEHTY UHTEP(HEPEHIIMOHHONW KapTHHBI. JTO MO3BOJISIET PACUIMPUTH 00IACTh
MIPUMEHEHUS HA aCUMMETPUYHbIE OOBEKTHI, I1ie TpedyeTcs A0NoJHUTeNbHas HHpopmanus o dase ¢
pa3HbIX HanpasieHwuii [9, 10].

Ipumenenue k ¢azosvim cpedam u ompaicarowum ooveKmam

®a3oBbie OOBEKTHI XAPAKTEPHU3YIOTCS TPOCTPAHCTBEHHBIM paCIpEIeICHUEM TOKa3aTels
npenomienust n(x,y,z) n(x,y,z) win toiammusl d(X,y) , TPH 3TOM aMIUTHTYyIa IPOIIEINIEro
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M3JIy4eHUST 0CTaéTCs MpakTHYeCcKu Hen3MeHHou. Mudopmanuio 06 oObekTe HecéT Ga3oBbIN CIIBHT:

o(x,y) == [(n(x,y,2) — no)dz.

TunuunbiMu  (a30BBIMH CpelaMH  SIBJISIFOTCS: IMPO3PAYHbIC TUDICKTPUKH; OHOIOTHYECKHE
o0Opa3ipl; Tra3oBble M JKUIKOCTHBIE IIOTOKH; TEPMUYECKHE ¢ KOHIICHTPAIMOHHBIE IOJI.
[IpeumymiecTBa mnapamienbHoro (as3oBoro ciaura s (a3oBbIX cpel  MPEenonpenesisioT
0coOeHHOCTH TPeOOBaHUI K 3alycH TojorpaMM Takux cpena. s (pa3oBbIX 00bEKTOB KPUTHUYHBI:
CTa0MIBHOCTh HMHTEp(EpPeHLINH; BBICOKOE 3HAUCHHE OTHOIICHUS CHTHAI/IIYM; OTCYTCTBUE
BpeMeHHbIX (rykryauuil. IlapamienbHblii MeTos B 3HAYUTENBHOM CTENEHH O00eCIeYrBacT
BBHITIOJTHEHHE ATHX TPEeOOBAaHUM, TaK KaK peau3yeT: OAHOBPEMEHHYIO PETUCTPALIMIO BeeX (ha30BbIX
COCTOSIHMI; TofjaBiieHre (ha30BbIX OUIMOOK, CBA3aHHBIX C Apei(hoM OMOPHOT0 MyyKa; BO3MOKHOCTh
UCCIIEeIOBaHUA OBICTPO HM3MEHsOUIMXCs (Pa3oBbIX pachpeneneHuid. Takue BO3MOXXHOCTH JaroOT
BO3MOXXHOCTh HM3y4yaTb METOAaMM IM(PPOBOM ronorpaguu JAWHAMHYECKHAE CpEIbl, TAaKHE Kak
TypOyJIEHTHBIX Cpe/bl, TEIUIOBBIE MOJs, OHMoAMHaMuYeckue mpouecchl. [lapamnenbhblii hazoBblii
C/BHT IIMPOKO MPUMEHsETCs B HU(PPOBOIi ronorpaduyeckoil MUKPOCKOITUU U ToMOrpaguu (pa3zoBbIX
cpen, rae TpedyeTcs BhICOKas BOCIIPOU3BOIUMOCTE (ha30BbIX u3Mepenuii [11, 12].

OnHokanpoBasi perucrpanusi IMO3BOJIIET NPOBOAUTb MHOTOMEPHYIO DPEKOHCTPYKLUIO 0€3
HAKOIUIEHUS OIMOOK Mexay kaapamu. [Ipu paccMOTpeHMHM OTpaXKaroUMX OOBEKTOB B MEPBYIO
odyepeab HEOOXOAUMO YUUTHIBATh, YTO JIJISl OTPAXKAIOIINUX OBEPXHOCTEH (ha30BbIi CIBUT HAPAMYIO

o 4T
CBsi3aH ¢ Tomorpadueil moBepxHocTu: @(x,y) = Th(x, y), tae h(x,y) — BbICOTa OBEPXHOCTH.

Merton napaniensHoro (ha30BOro CABHTa B IU(PPOBOH rosorpaduu No3BOISIET UCCIEN0BATh IIMPOKUN
KJIACC  OTPaXAIOUIMX TMOBEPXHOCTEH C BBICOKOM TOYHOCTBIO, TaKMX KaK MHKpPO- H
HAaHOCTPYKTYPHUPOBaHHbIE TMOBEPXHOCTH, OINTHYECKHE 3€pKajla W DJIEMEHThI, HH)KEHEpHbIE U
TEXHUYECKHE MOBEPXHOCTH. OTpakarolre 0O0bEKThl YaCTO MOJIBEPKEHBI BUOPALIUSIM, UMEIOT MaJIble
nedopMmaruu (HM—MKM) U TPeOYIOT BBICOKOH (ha30BOM 4yBCTBUTEIBHOCTH. [lapaniensHbiii (ha30BbIif
cABUT oOecredrBaeT TMOAaBIEHUE OMIMOOK M3-332 MEXaHWYECKUX KoNeOaHW, BBICOKYIO
BOCITPOU3BOAMMOCTH (ha30BbIX KapT U BOZMOXKHOCTh aHANN3a JUHAMUUYECKUX PEKUMOB PAOOTHI.

Ozpanuuenuss u ocobeHHocmu unmepnpemayuu
Memooa napaiienvio2o Gazoo2o cosuea 8 yugpposou 2onozpapuu

[Ipu mapamienbHOM (ha30BOM CABHUIE SHEPIrUs OMNOPHOrO Iy4yKa pPaCHpeAessieTcs MEXIy
HECKOJIbKMMM KaHajaMH, 4YTO HPUBOAUT K CHIDKEHUIO OTHOLICHMS CHUTHAI/IIYM KaKJOro
MHTEPPEPEHIIMOHHOTO  H300pakeHUs. OJTO0 TpeOdyeT ONTUMHU3ALMKM  ONTHYECKON  CXEMB,
WCTIOJIB30BaHMs KaMep C HHU3KHUM IIYMOM M KOPPEKTHOTO BbIOOpa skcro3ummu. st ¢a3oBbIX U
OTpaXKAaIOIIUX CpeJl UyBCTBUTEIbHBI OTKIOHEHHs ()a30BBIX CIABUIOB OT HOMUHAJIBHBIX 3HAYCHMH,
KpOCC-TIOMEXH MEX/y KaHajJaMHd M HECOBMAJeHHE HPOCTPAHCTBEHHBIX 4acTOT. OTH 3((eKTs
HEOOXOIMMO YYUTHIBATh IPU METPOJIOTHUECKOM aHAJIHM3€ U OLIEHKE IMOTPEITHOCTEH.

3axnouenue
[MapannensHblii  Meton (a30BOro CABHra SIBISETCS YHHUBEPCATbHBIM HHCTPYMEHTOM
KOJIMYECTBEHHOMU (ha30BOM BU3yaTM3alluU Kak JTsl (Pa30BBIX CPe, TaK U JJISI OTPAKAIOIMINUX OOBEKTOB.
Ero mpeumymiecTBa Hanbosee MOJHO MPOSBISIOTCS B YCIOBUAX IUHAMUKH, BUOpAlUAd U MaJIbIX
($a30BbIX W3MEHEHUH, 4YTO JAeNaeT METOA OCOOCHHO aKTyaJbHBIM [UIsI COBPEMEHHBIX 3a7a4
ONTHUYECKOW METPOJIOTUH U MUKPOCUCTEMHOM TEXHUKH.
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Annomayusn. OpgauM w3 cemeiicTB (opel HaxupiBanckodt ABToHOMHOW PecmyOnukw,
MMEIOIINX BaKHOE MPOMBIIIJICHHOE U JIEKApCTBEHHOE 3HaYEHUE, siBIsieTcs ceMeicTBo Gentianaceae
Juss. I'opeuaBkoBble. Bo BceM MHpe 3TO CEMENCTBO HACUUTHIBAET OKOJIO 65 ponoB u 10 800 BUIOB.
W3 nux Ha KaBkaze BcTpeuaetcst 28 BUAOB, B Azepbaiixane — 14, B TOM yuclie Ha TEPPUTOPUU
HaxubiBanckoit AP — 6 Bu0B. Buibl HCIIONB3YIOTCS B MEIUIIMHE KaK JICKAPCTBEHHBIE PACTEHUS, B
LIBETOBOZACTBE KakK JeKopaTuBHble. [IperncraBieHsl JaHHBIE O 3HAYEHMM BUAOB PACTEHHM pona
Gentiana L. wHa Tepputopun HaxubsiBanckoii ~ ABroHomHOW  PecnyOmuku.  M3ydeHbl
ouoMopdosornuecKkue, OMOIKOIOTHIECKHE OCOOCHHOCTH W TaKCOHOMHYECKHM COCTaB poja.
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HaubGonpmiee paznoobpasue ropedaBok HabOIIOMaeTCsl B TOPHBIX coodOmecTBax LlenTpansHoit Azun
(79 BUIOB), 1€ OHKM UTPAIOT 3aMETHYIO POJIb B CIIOKEHHH PACTUTEIHHOTO MMOKPOBA BHICOKOTOPHI.

Abstract. One of the families of the Nakhchivan Autonomous Republic’s flora that is of
significant industrial and medicinal importance is the Gentianaceae family (Gentianaceae).
Worldwide, this family comprises approximately 65 genera and up to 800 species. Of these, 28 species
are found in the Caucasus, 14 in Azerbaijan, including six species in the Nakhchivan Autonomous
Republic. These species are used in medicine as medicinal plants and in floriculture as ornamental
plants. This article presents data on the significance of plant species of the genus Gentiana L. in the
Nakhchivan Autonomous Republic. The biomorphological and bioecological characteristics and
taxonomic composition of the genus are studied. The greatest diversity of gentians is observed in the
mountain communities of Central Asia (79 species), where they play a significant role in the
formation of highland vegetation.

Kniouesvie cnosa: ropeuaBka, cemeiictBo (Gentianaceae, (uiopa, JEKapCTBEHHOE pAaCTEHHE,
JEKOPaTUBHOE PAaCTEHUE.

Keywords: Gentian, family Gentianaceae, flora, medicinal plant, ornamental plant.

CornmacHO TOCIEIHUM HCCIEeIOBaHUAM, COBpeMeHHas ¢uiopa HaxdpiBaHCcKo ABTOHOMHON
PecnyOnuku npencrasiena 176 cemeiictBamu, 908 ponamu u 3021 Bugom pacrenuit. U3 vux 1050
BHJIOB PacIpOCTPAaHECHBI Ha paBHUHAX, 1869 BUI0B — B TOpHBIX paiioHax (400 BHIOB BCTpEUYarOTCS
KaK Ha paBHUHAX, TaKk U B ropax [7, 12].

Opnum u3 cemeiictB (prmopbl HaxubiBaHnckoi ABTOHOMHOUM PecnyOnuku, MMEIOMUX BaXKHOE
MIPOMBIIIICHHOE U JIEKAPCTBEHHOE 3HAaUYeHUE, sBIsieTcs cemeiicTBo Gentianaceae Juss. Bo Bcem mupe
3TO CEMEWCTBO HACUMUTHIBAET OKoyio 65 pomoB u 10 800 BuaoB. B Azepbaiimkane nmpouspacraet 23
BHJIa, OTHOCSIIMECS K 6 pomaMm JaHHOro cemeiicTBa. [lpencraBuTtenu cemelcTBa BCTPEUYAIOTCS
MPAaKTUYECKU HA BCEX KOHTUHEHTaX. HeKOTOphie BUIBI UCTIONB3YIOTCS B OPUITHATIHFHOM M HAPOTHOM
MEIUIIMHE KaK JIEKAPCTBEHHBIE PACTEHMS, APYTHe — B IIBETOBOACTBE KaK JEKOPAaTUBHBIE, a YaCTh
BHJIOB CUMTAETCS AIKaJIOHUI0- 1 BUTAMUHCOAEPKAIIUMU pacTeHusmu [17].

Mamepuan u memooonozus

Uccnenoanust nmpoBogmiuck B 2024-2025 1. B okpectHocTsix cen buuenek IllaxOysckoro
paifona (raro barabat) u Hroprior Opay6ackoro paitona HaxusiBaHckoit ABTOHOMHOM PecyOmuki.
OTU TEpPUTOPUU BXOJUT B COCTaB 3aHTE3ypCKOTO HaAlMOHAJIBHOTO mTapka. McciemoBaHus
npoBoamiIKCh Ha Toukax: 1). GPS: N 39°54'02.51"; E 45°80.'64.86", 2243 m H. y. m.; N 39°54'41.57";
E 45°80'35.34" 2251 M H. y. M.; N 39°54'55.45"; E 45°80'32.26" 2294 M H. y. M., paclOJI0KECHHBIX B
cyOanbnuiickoi 30He y mojnHoXxus ropbl Adpurap IlaxOy3ckoro paiiona; 2). Anbnuiickas 30Ha:
aJIBITUICKUE JIyra 1 KAaMEHHUCThIE CKJIOHBI BOKpYT o3epa ['ex-rens (Opaydan, okp. c. Hiopriot). GPS:
N 39°20'84.99", E 45°97'87.31", N 39°20'77.81", E 45°97'99.32", 3097 M H. y. M.

OcCHOBY HCCJIEIOBaHUM COCTaBWUJIM TepOapHbIE MaTepuaibl, COOpaHHBIE B XOJE€ TMOJEBBIX
UCCIIeIOBaHUM, (IIOpUCTUYECKHUE, (PUTOLEHONIOTHYECKHE TaHHbIE, MCCIIEI0BAaTeIbCKII MaTepHal,
XpaHsmuiicss B repbapHoM (OHJE, a TakXkKe JUTepaTypHble MCTOYHUKH. [loneBble ucciaenoBaHus

MIPOBOJIUIIUCH C UCIIOJIb30BaHUEM OOLIETIPUHATHIX (PIOPUCTHUECKUX U T€0O0TaHUYECKUX METOJIOB [ 8,
11].

Obcydrcoenue noryuenHbIx pe3yivmamos
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OpHako 10 HACTOSALIETO BpPEMEHM CBEIEHHUS O BHUIAX 3TOT0 CEMeWCTBa Ha TEPPUTOPUU
ABroHOMHOU PecnyOnuku Hocwin pparmeHTapHsbiid xapakrep [13, 14, 16].

Bo ¢mope HaxusiBanckoit AP u3BecTHO Beero 5 ponoB u 14 BunoB cemeiictpa [ 16]. Oqaum u3
Hanbosee BaKHBIX pOJOB ceMeilcTBa sBisgercs pon Gentiana L. B ceBepHOM monymapuu u
yYMepeHHOU 30He pacnpoctpaneHo 10 300 BuaoB »toro poaa. M3 nux na KaBkaze BcTpeuaercs 28
BHJIOB, B A3zepOaiimxane — 14, B ToM uucie Ha Tepputopuu HaxupiBanckoit AP — 6 BUIOB.
[IpencraBuTenu poja CUYMTAIOTCS LIEHHBIMU JIEKAPCTBEHHBIMH pAacTeHUsIMU. B HaponHOM MenuuuHe
KOpHEBHIA M CTEOIM HCHONB3YIOTCS KaK MPOTHBOMAJSIPUHHOE CpPEACTBO, B KaueCTBE TOPHKOU
MPUMPaBbl U TOBBIIICHUS amlleTuTa W YIydlleHus nuineBapenus. Kpome Toro, BuUIbsl pona
M3BECTHBI KaK JIEKOpaTHUBHbIE pacTeHus. B cTelsax, 0coOeHHO B JIMCThAX, CoAepKUTCS BUTaMUH C
[16, 17].

B 2023-2025 ropax Ha tepputopun HaxusiBanckoit AP (3aHre3ypckuil HallMOHaJIbHBIN MapK)
ObUTM  TPOBENEHBl  HUCCIEAOBAaHHSA, B  XOJE€  KOTOPBIX  H3y4eHbl  OHMOJKOJIOTMYECKHE,
(UTOLIEHOIOTUYECKHE M HEKOTOphIE MOJIe3HbIE CBOMCTBA BUNIOB poaa Gentiana L., oTHOCSIIUXCS K
cemeiictBy Gentianaceae Juss., pacmpocTpaHéHHBIX BO (ope permona. Hmxe mnpuBeneHs
TaKCOHOMUYECKOE IOJIOKEHUE U HOMEHKiarypa poja Gentiana L. u BXOASIIMX B HErO BUJOB
COTJIACHO COBPEMEHHBIM KJIacCHU(UKAIIMOHHBIM cucTeMaM [19-21].

Knaccudukanus. Regnum — Plantae. Divisio — Magnoliophyta. Classis — Magnoliopsida.
Ordo — Gentianales. Familia — Gentianaceae. Tribus — Gentianeae. Subtribus — Gentianinae.
Genus — Gentiana L.

Gentiana angulosa Bieb. (Pucynok 1). HeGonpimoe MHOTOJIETHEE TOJIOE 3€JIEHOE pacTEHUE.

KopueBumie TtoHkoe, kocoe, BerBuctoe. Crtebmu BbicoToii 1-3 (4) cM, OuYeHb KOpOTKHE,
MPSMOCTOSIUNE, YETHIPEXTPAHHBIC, 3aKAHUYHUBAIOTCS KPYITHBIM IIBETKOM. CTEOIEBBIX JTUCTHEB HEMHOTO
1-3 nmapbl, OHU y3KH€, Y OCHOBAHUS C KOPOTKUM BJarajuilleM, BEpXHss MMapa MpUJIEraeT K Yalleuke.
[{BeTkM KpynHbIE, OIMHOYHBIE, PACIIONIOKEHBI HAa BepXylIke cTebis. Yameuka TpyOuaras, B 2-3 paza
KOpOY€ BEHUHKa, pedpucTas, ¢ UPOKUMHU (2—4 MM) KPbUIbSIMH U JTAHIIETHBIMH, OCTPBIMH, PAaBHBIMU
110 JITMHE 3yOLlaMH OKOJIO 5 MM, KOTOpbIe B 3 pa3a kopoue TpyOku. Benunk anuHoit 30-40 mm, cBetiio-
royoo#, TpyOuaThliii. Peuiblie ecTuka BOPOHKOBUJIHO paciipeHHoe. KopoOouka mpogonrosaras,
Ha KOpoTKor HOxKke. CeMeHa oueHb Menkue, IiuHoi 0,5—0,7 MM, oBalibHBIE, 0€3 KPbUIhEB, Oyporo
uBera. [IBeTéT B Mae-ceHTIOpe, MIOAOHOCHUT B CEHTSI0pE [5, 6, 8].

Pucynoxk 1. Gentiana angulosa Bieb. ropedaBka yrioBaras
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OTHocuTCA K CpeqHea3uaTcKoMy TOpHOMY reorpadudeckoMy THUIy apeana. Bmepsble s
¢dnoper HaxusiBanckoit AP ykazana A. I'. Mcmawmnoseim [13].

B HaxupiBanckoir AP pacnpocTtpaHeHa B CyOanbIUIICKOM U albIHUICKOM mosicax (paiioH
Opny6an, ['ékrénb- 3065 M H.y.M., okpecTHOCTH [smwuras). Buja ¢ cokpamaromuMces apeaioM,
HaXOJAIIUICS 1O/ YTpO30il MCUe3HOBEHU S, BKITtOUEH B KpacHyto kuury HaxubiBanckoit AP [15].

Berpeuaercss Ha BBICOKOTOPHBIX JIyraxX, NPEUMYIIECTBEHHO Ha MIEOHHCTO-KAMEHUCTHIX
yuactkax [1-4].

Gentiana aquatica L. — ropedaBka BojsHas. OTHOCUTCS K CPEIHEA3MATCKOMY TOPHOMY TUITY
apeama. HebGomnbioe omHosieTHee cepoBaTo-3enéHoe pactenue. Crebmu BbicoTor 1-4 (15) cwm,
MHOTOYHMCIIEHHBIE WM OJMHOYHBIC, CHJIbHO Pa3BETBIEHHBIC, OAHOIBETKOBbIE. CTeOsIeBbIC JUCThS
y3kue, 1auHoi 3-5 (7) mm, mmpuHoi 1-2 MMm. HuxkHuE nucThs 0OpaTHOANWLIEBUIHBIE, CPEIHUE U
BEpXHHE — IpojosiroBarblie. [[BETKM OAMHOUYHBIE, NATUWIECHHBbIE, HE IOHUKaroue. Yameuka
TpyO4aras, Cy)Ke€HHas K OCHOBaHMIO, JUIMHOW 5—7 mMm. BeHumk B 1-2 pa3a njauHHEE Yalleyukw,
TpyOuaTo-OynaBoBUIHBIN, cuHe-Tony0o0i. Kopobouka oOpaTHOsIIEBUIHO-0BaIbHAS, JIIUMHOHN (4) 6
(9) MM, Ha JUTMHHOM, clieTKa yTOMMEHHON HOXKe. CeMeHa OKoyio 1 MM JUTHHOM, 0OpaTHOSHIIEBUIHO-
MIPOJIOJITOBATHIE, TOHKOCETYAThIE, 03 KphUIbeB. LIBETET B Mae—aBrycre, IUIOOHOCUT B HIOHE-aBTyCTE
[10, 11, 17].

B HaxusiBanckoii AP pacnpoctpaneHa B anbnuiickoM U cyOanbnuiickoMm nosicax. Berpeuaercs
B JIecaX, KyCTapHUKax, Ha BBICOKOTOPHBIX JIyrax U cKaJjlax.

Gentiana cruciata L. — ropedaBka kpectoBuHass. OTHOCUTCS K 3aaJHONAICAPKTUUECKOMY
TUIly apeana. MHoronetHee, OnemHo-3enéHoe, rojoe pacreHue. KopHeBuine yTomméHHOE, C
KOPOTKO# IIEHKON, OKPYKEHO BOJOKHUCTHIMH BIIarajuIllaMy CTapbIX JIUCcTheB. CTebmu BoicoToi (15)
20-50 (70) cm, kpemkue, MpsSMbIE WA CJIeTKa MPUIOIHUMAIOIIMECS, TYCTO OOJIMCTBEHHBIE.
CrebneBble JINCThS MHOTOUUCIICHHbIE, SSHIEBUHBIE WU MPOAOITrOBATO-IAHIETHbIE, IMHON 4—13
cM, mupuHoi 1,2-3,5 (4) cm, Tymsle, ¢ JUIMHHBIM BJarajiuiileM y ocHoBaHus. L[BeTku 6e3 6axpombl,
4- (pexe 5) uneHHbIe, cUasYNe, COOpaHbl B IJIOTHBIE MMyYKH B Ma3yXaX BEpPXHUX JUCThEB. Yareuka
KOJIOKOJIbUaTasi, JUIMHOU 5-8 MM, ¢ 4 3y0riamMu, TOHKOIUIEHOUHAsA, cBeTnas. Benunk mmHon 18-30
(35) MM, B 3—4 pa3a anuHHEe YallleuKW, CUHUMN, TpyO4aro-OynaBoBuiHbIA. KopoOouka moutu
cunsvast, AIMHON okono 16 mm. CeMmeHa JuinHOW okoio 1 MM, mpojoirosatsie, Onectsiue, 6e3
KpbUIbEB, KOpUUHEBBIE. L[BETET B MIOHE-UIONE, TUIOAOHOCHUT B aBrycte [11, 17].

B HaxubiBanckoit AP pacnpocTpaHeHa B cpelHEM TOPHOM U CyOaJbIUICKOM Mosicax.
Bcerpeuaercs B necax, KycTapHUKaXx, Ha MOJIsTHaX ¥ TOPHBIX Jiyrax [5-8].

Gentiana gelida M. Bieb. — ropeuaBka xonopocroiikas (Pucynok 2). Ctebnu BbicoToii 9-20
(40) cm, mpocTble, MHOTOYHCIICHHBIE, CJIerka MPUITOIHUMAIOLINECS, TYCTO OOMUCTBEHHBIE. JINCThs
MIPOCThIE, IMJIOCKUE, TIOYTH KOKUCTHIE, C BIArajulIeM Y OCHOBaHUs, ¢ 3 (pexe 5) kuikamu. LiBeTkn
coOpaHbl B BEpPXYIIECYHOE CIIOKHOE TOJIOBUATOE COILBETHE, 4HciioM 3-5 (8), MHOTIA OJUHOYHBIE.
Yameuka konmokonpuaTasi, [uHON 15-25 (27) mm. Benuuk pmunoit (30) 35-40 (43) mm, TpyOuarto-
OynaBoBuaHbIH. Kopobouka mpoponroBaras, ¢ KOPOTKUM HOCHKOM, PacloyIOKeHa Ha yTONIIEHHON
HoxkKe. CeMeHa SsIHIEBUAHbBIC, C UIMPOKHUMH KpbUIbsIMU. LIBeTéT B (Mtone) aBrycre-ceHTsope,
IUIOZIOHOCUT B CEHTA0pe-okTsi0pe OTHOCHTCS K NepeaHea3naTcKoMy TUIy apeana. MHorosietHee
rojoe 3el€HOe pPACTEHUE C YTOJIIEHHBIMH CTEOISIMH, IIHYPOBUIHBIMU KOPHSIMH U OypbIMU
ocTarkamu otMmepuux juctees [10, 11, 17].

B HaxusiBanckoit AP BcTpedaeTcst B cpeJHEM TOPHOM U CyOaIbIHiicKoM mosgcax. GUTOIEHO3bI,
B KOTOPBIX yYacCTBYIOT BU/Ibl TOPEYaBKH, BCTPEUYAIOTCS B pa3HbIX Mosicax peruoHa [14-16, 18].

Penxo BcTpeuaercst B paiionax IllaxOy3 (I'annbiréns, barabart), xynsda (demupnugar) u
Opny6an (oxpectHoctu I'€itrém). [Ipouspacraet B gecax v Ha rOpHbIX Jiyrax. Bkimtouena B Kpachyro
kHury HaxubsiBaHCcKolt AP Kak BUJ ¢ COKpAIAIONIMMCS apeaioM, OJM3KUN K MCUE3HOBEHUIO.
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Pucynok 2. Gentiana gelida M. Bieb. I'opedaBka xomomocToiikas

Gentiana septemfida Pall. — ropeuaBka cemupasnenbHas. Crebmu Boicotoit 10-40 (50) cwm,
MPOCThIe, MHOTOYHUCIIEHHBIC, CJerKa MPHUIOAHUMAIONIMECS WM CHadaja CTEIIOUINecs, TyCTO
oOnmucTBeHHBIC. JINCTBS cHAsYHe, C KOPOTKUM TPYOUaThIM BIIATAJIHILEM, TPOIOJITOBATO-IHIICBUIHBIC
WU STMLEBUIHO-TAaHIETHBIC, JumnHOU (1,5) 2-5 cMm, mmpunoi (0,5) 0,8-1,5 (2) cm, Tynsie. [[BeTkn
coOpaHbl B BEpXYIIEYHOE CIOKHOE TOJIOBYATOE COLBETHE, WHOTAA OJUHOYHBIC, OKPYKCHBI
BEPXYILIEUHBIMH JTUCThIMU. Yaieuka konokonasdaras, ;mnoi (0,9) 1,6-2 (2,5) cm. Benuuk anuHoi
(27) 40-50 MM, cunuid, OyraBoBuIHBINA. KopoOouka ATMHOM 0K0IO 25 MM, Ha O4CHBb KOPOTKOM HOKKE
(10-12 mm). Cemena mmuuoi 1-1,7 mm, moukoBuanble. L[BeTéT B wuione-aBrycre (ceHTIOpE),
TJIOAOHOCHT B ceHTs10pe-okTsope [10, 11, 17].

OTHOCHTCA K KaBKAa3CKOMY THUITy apeajia. MHOrojeTHee rojoe 3eJI€HOE PAaCTEeHHE C CHIIBHO
YTONIEHHBIMA KOPHEBUILIAMHU U IIHYPOBUIHBIMU KOpHsMH. B HaxubiBanckoit AP pacnpoctpanena
B cyOanpnuiickoM M anbpnuiickoM mnosicax (o 3600 wm). Bcerpewaercss Ha cyOanbnuUHCKUX U
QJIBITUICKUX JIyTax, MEeOHUCTHIX CKIIOHAX.

Gentiana verna subsp. pontica (Soltok.) Hayek (Gentiana pontica Soltok.) — ropeuaBka
BECEHHss, OJBUT TOHTHIICKUNA. Hebompiioe MHOTONETHEE Tojioe pacTeHue. KopHeBuile TOHKOE,
kocoe, BeTBucroe. Crebnu BoicoToi 1-3 (6) cM, OueHb KOPOTKHE, MPSAMOCTOSUHE, YETHIPEXTPAHHBIE.
ITpukopHeBbIe TUCThsI 00Pa3ylOT MJIOTHYIO PO3ETKY, SJUIMNTUYECKUE WM SULEBUAHBIE, TyIMbIE, C
TpeMs >KWIKaMH; HMX JJIuHa Juib B 1,5-2 pa3za mnpeBwllaeT MmUpUHY. L[BeTKM OIMHOUHEIE,
pacrnojokKeHbl Ha BepxXyllke cTelins, cBemio-ronyoOble. Yamieuka TpyOuaras, cierka B3IyTas,
pedpuctas, ¢ y3kumu KpbuibsiMu (1-3 mm). Benuuk mmnoit 30 (35)-40 (45) MM, cBeTi0-ros1y0o0i.
3aBs3b ¢ KOPOTKUM CTOJIOMKOM, pbUIbLie BOpOoHKOBUIHOE. KopoOouka mpononrosaras, cuasyasi, Ha
KOpOTKOH HOKKe. CeMeHa oueHb MEJIKUe, SJUTUITUYECKU-0BaIbHbIE, 03 KpbuIbeB, Oyphie. LIBeTéT B
HIOHE- aBTyCTe, TUIOOHOCUT B ceHTsaope [10, 11, 17].

B HaxusiBanckoii AP pacnipoctpanena B cyOaabIuiicKoM U ajabIuiickoM nosicax. Berpeuaercs
Ha CyXUX KaMEHHMCTBIX M MIEOHUCTHIX CKIOHAX.

3axnouenue

Takum 006pa3oM, ¢ y4€TOM IIEHHBIX JICUCOHBIX U IEKOPATUBHBIX CBOMCTB BUIIOB poaa Gentiana
L. enecooOpa3Ho BBEICHHE UX B KYJIBTYPY C IIETBI0 pa3MHOKEHUS U O0Jiee IeTATBbHOTO H3yUeHHUS.
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VYyuTteIBas yrpo3y MOCTENEeHHOI0 HCYE3HOBEHHS BUIOB 3TOTO poja, B OyayIleM BaKHO BKIIOUUTH X
HOBYIO0 u3laBaemMylo «KpacHyro xuHury» AsepOaiipkaHa U NPHUHITH HEOOXOIUMBIE MEPBI U UX
OXpaHbl.
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NEW DISTRIBUTION AREA OF Astragalus hamosus L. (Fabaceae Lindl.)
IN THE LESSER CAUCASUS (AZERBAIJAN)
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HOBBI APEAJI PACIIPOCTPAHEHWSI Astragalus hamosus L. (Fabaceae Lindl.)
HA MAJIOM KABKA3E (ABEPBAUJI)KAH)

©Acnanosa E., ORCID: 0009-0000-6393-2487, [ anoxcunckuil 20Cy0apCcmeenHvlil yHusepcument,
2. [anooica, Azepbaiiosican, yeganeaslanova7@mail.ru
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Haxuwvieanckuti 2ocyoapcmeennulil ynugepcumenm,
2. Haxviuesan, Asepbaiiodcan, dasqingenberov@ndu.edu.az

Abstract. Species Astragalus L. Family Fabaceae Lindl. Widely represented in the flora of
Azerbaijan. Descriptions of the species composition of Astragalus L. were previously made by the
authors. In 2025, new locations of some species were discovered during field research. For the first
time, new locations of Astragalus hamosus L. were discovered during research conducted near the
village of Sus in the Lachin district (June 17, 2025), on the left bank of the Khakari River, and in the
center of the village of Agaly in the Zangilan district (May 8, 2025). The morphological description
and exact coordinates of the detection locations are provided.

Annomayua. Bunwl Astragalus L. cemeilictBa Fabaceae Lindl. llupoko npeacTaBieHbl BO
dope Aszepbaifkana. OmnucaHuss BUIOBOTO cocTaBa Astragalus L. OblIo paHee BBIIIOTHEHO
aBTopamu. B 2025 r. B xoze moyieBbIX MCCIEI0BaHUN OBLIU BBISBICHBI HOBBIE MECTOHAXOXICHUS
HEKOTOPBIX BUJIOB. BriepBhie HOBBIE MECTOHAXOXKACHUS Astragalus hamosus L. 66110 0OHApYKEHO B
XOlle HCCTeNoBaHul, mpoBeneHHbIX BOMu3u cena Cyc JlaumnHckoro paiiona (17.06.2025), Bmons
neBoro Oepera pexku Xakapu, U B IEHTpe cena Aranbl 3aHruianckoro paiiona (08.05.2025).
[IpuBeneno Mopgoaornueckoe onrcaHrue U TOYHbIE KOOPINHATHI MECTa OOHAPYKEHUSI.

Keywords: Astragalus, flora, location, plant communities, Lesser Caucasus.

Knrouesvie cnosa: acrparain, ¢iopa, MECTOHAXOXKICHUE, PACTUTEIBHBIE COOOIIEeCcTBa, MaJblii
Kagkas.

The richness of the flora and the diversity of vegetation cover in the territory of Azerbaijan are
related to the variety of its physical-geographical and natural-historical conditions, as well as its
complex history formed under the influence of extensive floristic regions. This rich vegetation has
always attracted the attention of researchers worldwide. Plant communities occur across all relief
forms, water bodies, river valley slopes, and gorges, ravines, and semi-desert vegetation zones. Often,
they form completely independent phytocenoses and various types of plant assemblages. This is
evidently associated with optimal soil-climatic conditions and the strong dissection of the relief,
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which creates numerous diverse ecotopes. In the formation of regional vegetation, the emergence of
diverse plant communities, and the enrichment of species composition, species belonging to the genus
Astragalus L. of the family Fabaceae Lindl. occupy a special place.

Our studies have made it possible to identify important characteristics typical for species of the
genus Astragalus of the family Fabaceae Lindl. distributed in the study area. Investigating species of
the genus Astragalus occurring in the region, determining the plant communities they form, and
identifying their new distribution areas are considered relevant.

Materials and Methods

During the research, generally accepted floristic, geobotanical, and bioecological methods, as
well as phenological observations and route surveys, were applied. Literary sources and factual data
obtained during field studies served as the main research material. Taxonomically rich genera of the
family Fabaceae Lindl. were analyzed separately. Among these genera, species of the genus
* Astragalus™ L., distinguished by high species diversity, are of particular scientific interest.

Species identification was carried out using “Flora of Azerbaijan” and the works of other
researchers [1, 4, 8—15].

According to literature data, the genus comprises 2400 species worldwide, 988 species in the
former USSR, 235 species in the Caucasus, 142 species in the flora of Azerbaijan, and 84 species in
the flora of the Nakhchivan Autonomous Republic [1-3, 5-8].

One of these species is Astragalus hamosus L.

Discussion and Results

Among the plants widely distributed in the flora of Azerbaijan, species of the genus Astragalus
belonging to the family Fabaceae deserve special mention. As noted above, the genus includes 2400
species worldwide, 988 species in the former USSR, 235 species in the Caucasus, 142 species in
Azerbaijan, and 84 species in Nakhchivan AR. One of these species is Astragalus hamosus L. [1-3,
5-71.

Based on literature data and personal field research materials, two subgenera of the genus
Astragalus were identified in the study area, and the floristic analysis of Astragalus hamosus L. by
section is presented below [16].

Section Astragalus

Sect. Buceras Bunge: 4. hamosus L.

Species name: Astragalus hamosus L.

Synonym: Astragalus buceras Willd.

Life form (Raunkiaer): Therophyte (annual herb)

Flowering period: March—April

Flower color: White, yellowish

Fruiting period: May—June (https://www.maltawildplants.com/)

Etymology: Astragalus derives from the Greek name of the ankle bone, referring to plants with
knotted, spine-like roots; hamosus refers to the strongly curved pods resembling a hook.

Botanical description: Stem up to 60 cm; leaves 5-10 cm long; leaflets 9—-11 pairs, oblong,
obtuse or truncate; lower surface pubescent, upper surface glabrous. Inflorescence with 5—14 flowers.
Calyx 5-6 mm. Corolla white or pale yellow; standard 7-8 mm; stamens 10. Pods 20-50 mm long
and 2-3 mm wide, linear, apex acute, nearly semicircularly curved, laterally compressed.

The study of the distribution of Astragalus species across botanical-geographical regions of
Azerbaijan is of great importance. Therefore, five distinct botanical-geographical regions were
selected to determine the distribution of the studied species within the national flora, and comparative
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analyses were conducted. According to literature data, Astragalus hamosus L. is distributed in the
Greater Caucasus and Nakhchivan Autonomous Republic botanical-geographical regions. This
species has not been reported in the literature for the flora of the Little Caucasus. During floristic,
geobotanical, and ethnobotanical studies conducted in 2024-2025, a new locality of Astragalus
hamosus L. was identified by us for the first time. The newly discovered habitats are presented below.

1. Agali village area, Zangilan district. The species was recorded in dry roadside habitats in the
territory of Agali village, Zangilan district of the Republic of Azerbaijan. The average altitude of the
site is 360 m.

Figure 1. Astragalus hamosus L. (39°11'03" N, 46°45'15" E), 08.05.2025

2. Near Sus village, Lachin district, along the left bank of the Hakari River. The Hakari River
is a left tributary of the Araz River and is the second largest river in the Azerbaijani part of the Little
Caucasus after the Tartar River. It flows through the territories of Lachin, Gubadli, and Zangilan
districts and joins the Araz River in Zangilan distri

3

Figure 2. Bank of the Hakari River 39.628398, 46.533507 (39°37'35.9" N, 46°31'59.5" E), 17.06.2025
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Thus, as a result of the conducted research, the taxonomic composition of the genus Astragalus
L. in the flora of Azerbaijan was determined, and new distribution areas of certain species were
investigated. The research results constitute an important scientific basis for studying the vegetation
of the region.

Conclusions
Based on the conducted research, the sectional taxonomic composition of Astragalus species
belonging to the family Fabaceae was determined, and new distribution areas of Astragalus hamosus
L. were identified by us for the Little Caucasus botanical-geographical region.
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IOPEKTUBHOCTD UCITOJBb30OBAHUSA Medicago L. B BUOPEMEJINALIUN
HE®TE3AI'PA3HEHHBIX CEPO-BYPBIX I1IOYB AIIINEPOHCKOT'O ITIOJIYOCTPOBA
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EFFECTIVENESS OF USING Medicago L. SPECIES IN BIOREMEDIATION
TECHNOLOGIES FOR OIL-CONTAMINATED GRAY-BROWN SOILS
OF THE ABSHERON PENINSULA
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©Guliyeva L., ORCID:0009-0004-6935-9297, Baku State University,
Baku, Azerbaijan, lemanezizIli2016(@gmail.com

Annomayusn. PaccmoTpeHa BO3MOXHOCTh HCHONb30BaHus Medicago L. B mponecce
¢buTopemennanuu HepTe3arpsI3HEHHBIX CePO-0yphIX MOUB AMNIIEPOHCKOro MOIyOoCcTpoBa. BrlsBieHo,
YTO YUCICHHOCTb FeTePOTPOPHBIX MUKPOOPIaHU3MOB B pu3ocdepe 1 pu30IUIaHe PaCTEHUH, a TaKkkKe
YHCIICHHOCTh MUKPOOPTaHU3MOB (DU3HOIOTHYECKHX TPYIIT PACTYIINX HA 3arpsi3HEHHOH 1mouBe Oblia
3HAYUTEIBHO BBILIE, YEM B HE3arpsA3HEHHON MouBe, Oyaronapsi aKTUBHOCTH KOTOPBIX IpOLECC
CaMOOYMILICHHUsT He(Te3arpsi3HEHHbIX MOYB OT YIVIEBOLOPOJOB yckopsiercs. ConepikaHue oOLIMX
YIIIEBOAOPOIOB B 30HE pU30Cc(epsl JIFOLEpHbI cocTansio Beero 1,5 1/100 r nouBsl, Ipu coiepKaHuu
yreBonopoaoB B nouse 7,9 1/100 T mouBbl, YTO MOATBEPKIAIOT 3()(PEKTUBHOCTD MCIOIb30BAHUS
Medicago L. B mpouieccax OYMCTKH U BOCCTAHOBJIEHUS HEPTE3arpsA3HEHHbBIX MTOYB.

Abstract. The potential use of Medicago L. in the phytoremediation of oil-contaminated gray-
brown soils on the Absheron Peninsula is explored. The number of heterotrophic microorganisms in
the rhizosphere and rhizoplane of plants, as well as the number of microorganisms of physiological
groups growing in contaminated soil, was significantly higher than in uncontaminated soil. Their
activity accelerates the self-purification of hydrocarbons from oil-contaminated soils. The total
hydrocarbon content in the alfalfa rhizosphere was only 1.5 g/100 g of soil, compared to 7.9 g/100 g
of'soil, confirming the effectiveness of Medicago L. in the cleanup and restoration of oil-contaminated
soils.

Knioueswvie cnosa: nouBbl; He(Th; 3arps3HEHNE; PACTEHUS; MUKPOOPTaHU3MbI; CAMOOYHILECHHE;
YCTOMUYNBOE Pa3BUTHE.

Keywords: soils; oil; pollution; plants; microorganisms; self-purification; sustainable
development.

3arpsizHeHue JaHAmadToB HePThIO U HEPTENPOIYKTAMH MPEJCTABISIET CEPbE3HBIM PUCK KaK
JUIS 3I0pPOBbs YEJIOBEKA, TaK U JUIsl CAMOM IPUPOAHOM cpensl [4].
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duropemenuanys WK 3eleHas OnopemMenuanus — 3T0 COBPEMEHHAs TEXHOJIOTHsI, UMEroIas
OoJibLIME MEPCIEKTUBBI Ul pelleHus] IpolieM ¢ KceHoOmoTtukamu, orxonamu. duropemenuanus
MPECTaBIsIeT COO0N OMOMOTHYECKYIO OUHUCTKY C MCIIOb30BaHUEM pacTenuid [7, 9, 14.].

B ocHOBe 3TOM TEXHOIOTHY JIGKUT pu30chepHbIi 23PPEKT, KOTOPHII U yCUINBACT ICTPaTAIII0
3arpsA3HUTENs B pu3ocdepe B pe3yibrare yBEIUYEHHUS IUIOTHOCTH M aKTMBHOCTH MHUKPOOHBIX
HoNyJsAUiA. PacTeHuss 1 MUKPOOPIraHU3MBbl CIIOCOOHBI pa3pyIiaTh MOUIFOTAHTHI HE3aBUCUMO JIPYT OT
Apyra, OTHAKO TIEPBOCTEICHHOE 3HAYEHUE JUIA OHOAErpajalilii YCTOMUYMBBIX COCIWHEHHN B
pu3ocdepe OTBOAUTCS MyTYIUCTHUYECKUM PACTUTEIBHO-MUKPOOHBIM B3anMOOTHOIIEHUsM [ 1, 10].

ANIIEPOHCKUI NPOMBINUICHHBI PEruoH XapakTepu3yeTcs KpaliHe HeOIaronpHusTHbIMU
SKOJIOTUYECKUMHU TTOKazaressimu [3].

XoTs,, B HACTOALIEE BpeMs Ha TEPPUTOPUU ATIIEPOHCKOTO IPOMBIIIJIEHHOIO pPEruoHa
MIPOBOJSITCS MEPOTIPUATHS IO peadbuauTanu HedTe3arps3HeHHbIX yyacTkoB. OIHAKO, JaXKe Mocie
OYMCTKH OT OCHOBHOW YacTH TEXHOTEHHBIX YIVIEBOJIOPOJOB OMOJOTMYECKHE U arpOXUMHUYECKUE
CBOMCTBA IIOYB OCTAIOTCS HAPYIIEHHBIMHU — BBICOKas THIPO(OOHOCTH (B CHITy cBOel ruapododHOCTH
TaKWe TOYBBI XapaKTEPHU3YIOTCS IUIOXOH CMauyuBaeMOCTBIO), ciabasi adpanusi, CiaOblid a30THBIH,
(bocdopHbIii U yIIIEBOAHBIN 0OMEH, ITOYTH ITOJIHOE OTCYTCTBHE TTOYBEHHOU (p1opHI U (hayHBI, CHITBHOE
CHIKEHHME aKTUBHOCTH IMOYBEHHBIX ()EpPMEHTOB. B CBS3M ¢ 3TUM C OHOI CTOPOHBI OMOJIOrHYEeCcKast
IPONYKTUBHOCTH MOYBBI CHUKEHA 10 MUHMUMYMA, C APYTOil - 3TH 3eMJIM OTPHUILATENILHO BIUAIOT Ha
9KOJIOTHIO OKpY»Karouiei cpeapl. Eciau npuHATH BO BHUMAaHUE, YTO COIVIACHO JaHHBIM okoso 14500
ra B JaHHOM pETHOHE 3arps3HeHbl He(ThIO, M3YYEHHE PACTUTEIBHBIX COOOINECTB, Hanboiee
IPUCIIOCOOTIECHHBIX JUId  (DYHKUIMOHUPOBAaHMA B YCIOBHUAX 3arpsA3HEHUS I[IOYB PETHOHA
yIIeBoAOpoiaMu U BblIOOp HambOonee 3(GQGEKTUBHBIX M3 HUX IS Pa3pabOTKH TEXHOJIOIMH
dbuTopeMenuany  TpeACTaBIseT o0coOblii wHTEpec. MccnenoBaHWs B 3TOM  HalpaBICHUU
MPEICTABISIIOT 0COOYI0 HAYYHYIO 3HAYMMOCTD JJIsl IPUPOIHO-KIMMATHIECKOW 30HBI ATIIIEPOHCKOTO
I-0BA, XapaKTEePU3YIOLIETrocs ONpe/leIeHHbIMU KIMMaTH4eCKUMH (PaKTOPaMHU M COOTBETCTBYIOLIMMHU
JUI HUX COOOIIECTBAMH BBICIINX PACTEHUMN, IPUCIOCOOIEHHBIX K 3TUM IOYBEHHO-KJIMMATHYECKUM
ycinoBusiM. llenbio wuccnenoBaHuil sBisieTcs BblsBIEHHE poiau Medicago L. B mponeccax
CaMOOUHMIICHUS HE(TE 3arpsi3HEHHBIX cepo-0yphIX MoYBaxX AMNIIEPOHCKOTO MOIYOCTPOBA.

Mamepuan u memoOos ucciedo8anus

OObexT wuccnenoBaHU — cepoOypble 3arps3HEHHbIE HE(TbIO MMOYBBI AMIIEPOHCKOTO
nosryoctpoBa. OTOOp MOYBEHHBIX 00pa3LIOB MPOBOJWIA METO/ «KOHBEpTa», ¢ Topu3oHTOB 0-20 cM
[5].

Mukpobronoruueckue Uccie0BaHus, B TOM YUCiIe MUKPOOHUOJIOTHUECKU aHanu3 o0pas3ioB
pusocdepsl pacTeHUH TPOBOAMIIN 110 CTAaHAAPTHBIM MeToAuKaM [3, §].

AHanu3 copepkaHusi HeTH B MOYBE MPOBOAMIN TPaBUMETPUUYECKUM METO/IOM B ammapare
Coxcrnera nmocie 3KCTpakIMUCMEChIo TekcaH: xsopodopM (1:106.%) no Jlypse [6].

O1eHKy yCTOMYMBOCTH JIOIEPHBI K 3arpsA3HEHUIO HEPTHIO AJIS JabHEHIIEro UCIoIb30BaHUs
ee B (puTopemMenuanuy MpoOBOJMIM B COOTBETCTBUHM C MEXKIYyHApOAHBIM cTaHaaproM ISO 11269-2
[12].

Bce naGopaTtopHbie SKCTIepUMEHTHI TPOBOMIIM B TPEX MOBTOPHOCTAX. CTarnueckas 00padoTka
Pe3yNbTaToB MPOU3BOIMIIACH C IPUMEHeHHneM mporpamm Statistica V6.0 s Windows, Excel-2003.

Pesynomamot u obcyscoenue
[IpoBenenHbIe HaMK KCClIETOBAaHUS (MOHUTOPUHT) PACTUTEILHBIX COOOIIECTB HATEPPUTOPHUIX
pacnionoxkenuss HIJIY mokazan, 4ro B COCTaBe pPAaCTUTENBHBIX AaCCOLMALMM, pacTylIuX Ha
TEXHOTEHHO 3arps3HEHHBIX TIOYBAX MPOU3PACTAET JIOIEpHa. B cocTaBe pacTUTETBHBIX COOOIIECTB B
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3TUX IouBax oOHa cocrasisger okoio 0,5-1,2%. IlpuHuMMas BO BHHMaHHWE pOJIb PACTEHUH B
aCCUMWISILIMOHHOM NOTeHIMae JaHamadToB ObLUTH IPOBEACHBI I€TaJbHbIE NCCIEOBAHUS C LEIbIO
BBISIBUTH MMOTCHIIMALHOE 3HAYEHUE ATOTO BHUJIAB IMPOIECCaX CaMOOYHUICHUS HedTe3arpsa3HeHHBIX
cepo-Oypeix nous [3, 11].

Medicago L. (mouepHa) — MHorojieTHee 0000BO€ pacTeHHE, B IIOCEBAaX OHA JOJTOBEYHA,
criocoOHa Mpou3pacTarh B CTEMHOM 30He 3-4 To/1a, B IecOCTenHON — 5-6 j1eT. CreOeb TpaBsIHUCTHIH,
CWIIBHO BETBUTCS, KOpeHb CTEpKHEBOW C XOPOIIO Pa3BUTBIMH OOKOBBIMH KOPHSIMH, Oliaromaps
KOTOpPBIM  JIIOLIEPHY OTHOCAT K  3aCyXOyCTOWYMBBIM  PACTCHUSIM, XapaKTepU3YIOTCS U
COJICYCTOMYMBOCTBIO. MolliHasi KOpHEBas CHUCTEMa I103BOJISET JIIOIEpHE HAKAIJIMBaThb B IOYBE
00JIbIIIOE KOJUYECTBO KOPHEBBIX OCTATKOB, OHH CIYXKHT OCHOBHBIM HCTOYHHKOM OpraHHMYecKOi
Macchl Uit 00pa3oBaHusi Tymyca. MUKpPOOHOIOTHYECKHI aHann3 00pa3IoB MOYBBI IPEACTABICH B
Tabnuue 1.
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Pucynok. BnusiHue 3arpsi3HeHns: NOYBBI HEPTHIO HA U3MEHEHHE OOLIeH YHCIEHHOCTH reTepoTPOdHBIX
MTOYBEHHBIX MUKPOOPTaHU3MOB

Pesynprarel mokaszanu, 4Tro 00IIAs YHMCIEHHOCTh TIeTePOTPOPHBIX MHUKPOOPTraHU3MOB B
pu3ocdepe 1 pU30IIaHe PACTCHUN JTIOLIEPHBI, a TAKXKE YUCIEHHOCTh MUKPOOPTraHM3MOB HEKOTOPBIX
(U3MOIOrMYECKUX IPYIIT PACTYIIMX Ha TEXHOI'€HHO 3arps3HEHHON MoYBe OblIa 3HAYMTEIBHO BBILIE,
YeM B He3arpsi3HEHHOW MOYBE, YTO CBUAETEILCTBYET O CO3JaHUM Oojiee OIaronpUsITHBIX YCIOBHUSIX
JUIS MUKpPOOPTaHW3MOB. BiMsHHe pacTeHHH JIOIepHbl BBIPAXKAJIOCh B TOM, YTO IUIOTHOCTH
MPAKTUYECKH BCEX aHAIM3MPYEMBIX TPYNI MHKPOOPTaHM3MOB B pu3ocdepe mpeBbllana
YHUCJICHHOCTh COOTBETCTBYIOLIMX MUKPOOHBIX MOMYJIALMI B IOUBE O€3 pacTeHUil, 4TO MOATBEPKAAIIO
Hanuune «puzocheproro 3pexran. Takum 00pazoM, ITOT BUA PACTEHUH CTUMYIHUPOBAJ OOIIYIO
(YHKIMOHAJIBHYIO aKTUBHOCTh MUKPOQIIOpkI ouBbl. Kak mpaBuiio, pacTeHus, ciocoOHbIe pacTH Ha
HedTe3arps3HEeHHBIX MM0YBaX, UCIOIb3YIOT HEPTSIHBIE YIIIEBOAOPOIbI B KaU€CTBE JIOMOIHUTEIHFHOTO
UCTOYHUKA THUTAHUS W DHEPrUH, CIHOCOOCTBYIOT YIIYUIIEHHIO BO3IYLIHOTO peXHMa IIOYB U
O0OraleHHI0 €€ COeIUHEHHUSMHU, B HMTOIe YBEIMYUBACTCS YHUCIECHHOCTh MHKPOOPIaHU3MOB U
CKOPOCTb pa3zioxeHus Hedtu u HepTenponykros [1, 13].
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DOTO TIOJNIOKEHHWE  TOATBEP)KIACTCS  pe3yJibTaTaMd  aHalM30B  COACpXKAHUA  OOMIMX
YIJICBOJIOPOOB B IMOYBE O€3 PACTEHHI U 30HE PAaCIpOCTpaHEHUs pacTeHUi JrotiepHsbI (Tabdmn.1). Kak
BHUJIHO, COJEp)KaHUE OOIIUX YIIEBOAOPOAOB B 30HE pu30C(hEphl IIOLEPHBI COCTaBIsIa BCETO
1,5r/100r mouBkl, B TO BpeMsi KaK B HETMOCPEICTBEHHOM OJIM30CTH OT PACTCHUH, HA PACCTOSHUM HE
6omee 20-30cM KOJIMYECTBO OOIIMX YIIIEBOAOPOIOB COCTABIUIO yike mopsiaka 7,9 r/ 100 T mouBsbl.

Tabmuma 1
COJIEPXXAHME YTJIEBOJJOPOJIOB B CEPO-BYPOI ITOYBE (1/100 r rmoussr)
Bapuanm Hesaepsizuennas nousa (gon) 3aepasnennas nousa
Koutpomns 0,1 7.9
C mrouiepHoit 0,07 1,5

Pesynbrarel MccieqoBaHUM IMOKa3anM, 4TO CTENEHb IPOPACTAEMOCTH CEMSH JIOLEpPHBI
HAXOAMTCS B MPSAMON 3aBUCUMOCTHOT CTEIIEHH 3arpsa3HeHus nouskl (Tabmuma 2).

Tabnuua 2
IMTOKA3ATEJIM BCXOXECTU CEMSH 1 BUOMACCHI
Cmenenv 3aepasuenus, % Bexoowcecmov ceman, % Buomacca nobezos, 2
KonTtpons 9 +1 152+0.2
0.5 89+2 14.6 £0.6
1,0 77+2 11.3+0.1
5.0 47+3 72+0.5
10.0 30£2 53+0.3

HauOonpas npopactaeMoCTb CeMsiH 0OHapyx eHO 110 1% cTeneHu 3arpsi3HeHUs I0YB ChIpO
He(Thi0. [loBBIIICHNE CONEpKaHUSI B MOYBE YITIEBONOPOAOB BhImE 1% OKa3bIBajo yrHETAroIee
BO3/ICIICTBHE HA MPOPACTAHUE CEMSIH, YTO CBUJIETENICTBYET O BBICOKOW CTENIEHU 4yBCTBUTEIBHOCTU
3€peH JIOLepHBI K HEPTIHOMY 3arpsi3HEHUIO.

Bv16oo

JlrouiepHy BO3MOXKHO OTHECTH K KaT€rOpUM pyIAepajbHBIX PAaCTEHHM, aKTUBHO 3aCElSIOIINX
cepo-0ypyro MOYBY IOCJE TOr0, KaK OCTaTOYHOE CoJepKaHue HEe(TAHBIX yINIEBOAOPOAOB B MOYBE
JOCTUTAEeT II0KA3aTesisl PE3UCTEHTHOCTH JTOr0 BHAA K JAaHHOMY IOJUIIOTaHTy. FIMeHHO
TOJIEPAHTHOCTBIO 3TOTO PACTEHHUS K OTIPe/IeIEHHON KOHIIEHTPAllUU B CepO-0yphIX MOUBaX HE(PTIHBIX
YIJIEBOAOPOAOB MOKHO OOBSCHUTH MO3aWYHBIN XapaKTep PACTUTEIBHOIO MOKPOBA Ha TEPPUTOPHSIX
pacnoioxkeHuss HedTera3ofgoObIBAOIIUX MPEeaNpHUITH Ha AMNIIEpOHCKOM MoiayocTpoBe. Ecnu
IPUHATH BO BHUMaHKE HEOIAroNnpHusTHbIE YCIOBUS Cpebl OOMTaHUs 3TOro Bua (1IeI0YHast peakius
M0YB, CJIA0BIH OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIN MOTEHIMAJ, 3aCOJIEHHOCTh, HEOIaronpusTHbINA
THAPOTEPMUUYECKUIM PEXUM U JIp.) pOJIb 3TOTO PACTEHHUS KaK MHOHEpPa-3aCeIUTeNIs HECOMHEHHO
BbICOKa. braromapsi akTUBHOCTHM MHUKPOOPTaHU3MOB, (QYHKIMOHUPYIOIIMX B pu3ochepHOd u
PH30IIJIAaHOBOM cpejie OOUTaHHUs JIIOLEPHBI IPOLIECC CAMOOUHUIIIEHUS TEXHOTEHHO 3arps3HEHHBIX MI0YB
OT YINIEBOJOPOAOB YCKOPSAETCS. DTO MOATBEPKAACTCS Pe3ysIbTaTaMi aHAJIN30B COJEP KaHUs OOLINX
YIJIEBOAOPOAOB B MOUBE O€3 pacTeHUl M B 30HE paclpocTpaHeHUs 3Tux pacreHuit. CopepxaHue
0o0IIUX yIIeBOJOPOIOB B 30HE pu3ocdepsl mromepHbl cocTapisiio Becero 1,5 1/100 T mouBsl, B TO
BpeMs KaK B HEMOCPEACTBEHHOW OJIM30CTH OT PAacTeHWi, B mouBax Oe3 pacTeHHil (KOHTPOJb) —
KOJIMYECTBO OOIIUX YIIIEBOAOPOAOB cocTaBisuio 7,9 1/100 r mouBbl. DTU JNaHHBIE TOATBEPKAAIOT
BO3MOXKHOCTH U 3(h(pekTUBHOCTh Mcnonb3oBaHust Medicago L. (JrouiepHbI) B MpoLecCax OUYUCTKU U
BOCCTAHOBJICHUSI He(Te3arps3HEHHbIX IMOYB JJIS MEPCIEKTUBHOIO YIpaBieHUs JaHamadraMu B
pamMKax KOHLENIHUH « YCTOMUUBOTO Pa3BUTHUS».
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STUDY OF PHYTOCENOSIS WITH DOMINANCE OF SPECIES OF THE FAMILY
Brassicaceae Burnett IN THE NAKHCHIVAN AUTONOMOUS REPUBLIC
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HCCJEIOBAHUE ®UTOIEHO3A C JOMUHUPOBAHUEM BUJIOB CEMEHCTBA
Brassicaceae Burnett B HAXUBIBAHCKOM ABTOHOMHOM PECITYBJIUKE
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Annomayus. PaccMmartpuBaeTcss  (HUTOIIEGHO3 C JIOMUHUPOBAaHHEM BHJOB CeMeicTBa
Brassicaceae Burnett. B aToM cooO1iecTBe Beylue no3uliuy 3aHUMAaroT BUbI U3 poaoB Alyssum L.,
Arabidopsis (DC.) Heynh., Chorispora R. Br. ex DC., Conringia Adans., Lepidium L., Neslia Desv.,
Sinapis L. u Sisymbrium L. B wuccnemoBanuum oco0oe BHUMaHuE yAeNeHO BuAaM Alyssum
turkestanicum Regel & Schmalh. (cun. A. desertorum Stapf), Arabidopsis Thaliana (L.) Heynh.,
Chorispora tenella (Pall.) DC., Conringia orientalis (L.) Dumort., Lepidium draba L., Lepidium
vesicarium L., Neslia paniculata (L.) Desv., Sinapis arvensis L. u Sisymbrium Irio L., a Taxxe
COITYTCTBYIOIMM BHJIaM DPACTCHHI, COBMECTHO BCTPEYANOIIUMCS B JAaHHOW cpelne OOUTaHWS.
Cocrapnena tabnuna ¢ uHpopManuein 0 pacTeHUAX, GOPMHUPYIOMIHMX (DUTOIEHO3, UX KHU3HCHHBIX
(dhopMax M FKOJIOTHUECKHX TPYIIAX.

Abstract. The article concerns a phytocoenosis dominated by species belonging to the family
Brassicaceae Burnett. Within this community, species from the genera Alyssum L., Arabidopsis (DC.)
Heynh., Chorispora R. Br. ex DC., Conringia Adans., Lepidium L., Neslia Desv., Sinapis L., and
Sisymbrium L. occupy leading positions. The study focuses on species such as Alyssum turkestanicum
Regel & Schmalh. (syn. 4. desertorum Stapf), Arabidopsis Thaliana (L.) Heynh., Chorispora tenella
(Pall.) DC., Conringia orientalis (L.) Dumort., Lepidium draba L., Lepidium vesicarium L., Neslia
paniculata (L.) Desv., Sinapis arvensis L., and Sisymbrium Irio L., as well as associated plant species
co-occurring within the same habitat. A table has been prepared to provide information on the plant
species forming the phytocoenosis, their life forms, and ecological groupings.

Knrouesvie cnosa: Brassicaceae Burnett., putorieHo3, ceMeicTBo, BHUI, PaCTCHHE.

Keywords: Brassicaceae Burnett., phytocoenosis, family, species, plant.

Plants in nature do not occur individually, but rather in specific groupings known as
phytocoenoses. A phytocoenosis, which is the totality of plant species coexisting within a certain area,
plays a key role in the structure of the landscape, the maintenance of ecological balance, and the
formation of habitats for living organisms. Naturally, plant species belonging to various families are

represented within these phytocoenoses [1, 2, 9].

Materials and methods
The object of the study is a phytocoenosis dominated by species belonging to the family
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Brassicaceae Burnett., including Alyssum turkestanicum Regel & Schmalh. (syn. A. desertorum
Stapf), Arabidopsis thaliana (L.) Heynh., Chorispora tenella (Pall.) DC., Conringia orientalis (L.)
Dumort., Lepidium draba L., Lepidium vesicarium L., Neslia paniculata (L.) Desv., Sinapis arvensis
L., and Sisymbrium irio L. The latin names of the species were recorded based on literature sources
[2-7].

Based on long-term research, the life forms and ecological groupings of the species forming the
phytocoenosis, in relation to moisture preference, were determined. The species within the
phytocoenosis were identified and verified using diagnostic keys [8, 9].

Discussion

During the research, a phytocoenosis was identified in which species of the family Brassicaceae
Burnett were particularly abundant within the local flora. This phytocoenosis includes species from
the genera Alyssum L., Arabidopsis (DC.) Heynh., Chorispora R. Br. ex DC., Conringia Adans.,
Lepidium L., Neslia Desv., Sinapis L., and Sisymbrium L. In the flora of the Nakhchivan Autonomous
Republic, there are 13 species of the genus Alyssum L., 3 species of Arabidopsis (DC.) Heynh., 2
species of Chorispora R. Br. ex DC., 4 species of Conringia Adans., 10 species of Lepidium L., 2
species of Neslia Desv., 1 species of Sinapis L., and 4 species of Sisymbrium L. [2].

The phytocoenosis includes the following species: Alyssum turkestanicum Regel & Schmalh.
(syn. A. desertorum Stapf), Arabidopsis thaliana (L.) Heynh., Chorispora tenella (Pall.) DC.,
Conringia orientalis (L.) Dumort., Lepidium draba L., Lepidium vesicarium L., Neslia paniculata
(L.) Desv., Sinapis arvensis L., and Sisymbrium irio L. Information regarding the species composition
of the phytocoenosis involving the mentioned species is presented in the following Table.

Table
THE SPECIES COMPOSITION OF THE PHYTOCOENOSIS DOMINATED BY SPECIES
OF THE Brassicaceae Burnett. FAMILY
No Familia Genus Species Life form Ecogroup
1. Aceraceae Juss. Acer L. Acer sacchorinum L. Tree Mesophyte
2. Salicaceae Mirb. Populus L. Populus gracilis Tree Mesophyte
Grossh.
3.  Elaeagnaceae Elaeagnus L. Elaeagnus angustifolia Tree Mesoxerophyte
Adans. L.
4. Tamaricaceae Tamarix L. Tamarix ramosissima  Shrub Xerophyte
Link. Ledeb.
5. Zygophyllaceae Zygophyllum L. Zygophyllum fabago Shrub Xerophyte
R.Br. L.
6. Rosaseae Juss. Holodiscus dumosus Holodiscus dumosus Shrub Mesophyte
(K.Koch) Maxim (Nutt ex Hook)
A.Heller
7. Poaceae Barnhart  Hordeum L. Hordeum murinum L. Annual Mesoxerophyte
8. Poaceae Barnhart  Anthoxanthum L. Anthoxanthum Perennial Mesophyte
odoratum L.
9. Poaceae Barnhart ~ Bromus L. Bromus arvensis L. Annual Mesophyte
10. Poaceae Barnhart  Elytrigia Desv. Elytrigia repens (L.) Perennial =~ Xeromesophyte
Nevski
11. Poaceae Barnhart  Phleum L. Phleum Bertolonii DC  Perennial Mesophyte
12.  Boraginaceae Onosma Levin Onosma caucasica Perennial ~ Xerophyte
Juss. Levin
13. Boraginaceae Lappula Moench Lappula patula  Annual Xerophyte
Juss. Menyharth
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No Familia Genus Species Life form Ecogroup
14. Caryophyllaceae =~ Arenaria L. Arenaria serpyllifolia  Annual Xerophyte
Juss. L.
15. Caryophyllaceae Cerastium L. Cerastium Szowitsii Perennial =~ Xerophyte
Juss. Boiss
16. Euphorbiaceae Euphorbia L. Euphorbia helioscopia  Annual Mesophyte.
Juss. L.
17. Asteraceae Bercht. Artemisia L. Artemisia vulgaris L. Perennial =~ Mesoxerophyte
& J.Presl
18. Asteraceae Bercht. Senecio L. Senecio vernalis Annual Xeromesophyte
& J.Presl Waldst. & Kit.
19. Asteraceae Bercht. Senecio L. Senecio orientalis Perennial ~ Mesophyte
& J.Presl Willd.
20. Asteraceae Bercht. Senecio L. Senecio Lipskyi Perennial Xerophyte
& J.Presl Lomak.
21. Asteraceae Bercht. Taraxacum Wigg. Taraxacum officinale =~ Perennial =~ Mesophyte
& J.Presl Wigg.
22. Asteraceae Bercht. Achillea L. Achillea millefolium L. Perennial ~ Xeromesophyte
& J.Presl
23. Asteraceae Bercht. Carduus L. Carduus nervosus Perennial ~ Xerophyte
& J.Presl C.Koch
24. Asteraceae Bercht.  Pyrrhopappus DC. Pyrrhopappus Annual Mesoxerophyte
& J.Presl carolinianus (Walter)
DC.
25. Asteraceae Bercht.  Tussilago L. Tussilago farfara L. Perennial ~ Mesophyte
& J.Presl
26. Asteraceae Bercht. Erigeron L. Erigeron caucasicus Perennial ~ Xerophyte
& J.Presl Stev.
27. Asteraceae Bercht.  Nothocalais (A.Gray) Nothocalais alpestris ~ Perennial ~ Xerophyte
& J.Presl Greene (A.Gray) K.L.
Chambers
28. Asteraceae Bercht.  Sonchus L. Sonchus oleraceus L. Annual Xeromesophyte
& J.Presl
29. Apiaceae Lindl. Daucus L. Daucus carota L. Biennial Mesophyte
30. Rubiaceae Juss. Galium L. Galium aparine L. Annual or  Mesophyte
perennial
31. Geraniaceae Juss.  Erodium L’Her. Erodium cicutarium Annual Xeromesophyte
(L.) L’Her.
32. Fabaceae Lindl. Medicago L. Medicago sativa L. Perennial ~ Mesophyte
33. Fabaceae Lindl. Chrysaspis Desv. Chrysaspis campestris ~ Perennial ~ Mesophyte
(Schreb.) Desv.
34. Fabaceae Lindl. Lathyrus L. Lathyrus sphaericus Perennial ~ Mesophyte
Retz.
35.  Papaveraceae Papaver L. Papaver rhoeas L. Annual Xeromesophyte
Juss.
36. Polygonaceae Rumex L. Rumex acetosella L. Perennial =~ Mesoxerophyte
Juss.
37. Scrophulariaceae  Veronica L. Veronica arvensis L. Annual Xeromesophyte
Juss.
38. Scrophulariaceae  Euphrasia L. Euphrasia caucasica Perennial ~ Mesophyte
Juss. Juz.
39. Linaceae DC. ex Linum L. Linum tenuifolium L. Perennial Xerophyte

Perleb
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Figure 1. Alyssum Heynh turkestanicum Regel Figure 2. Arabidopsis Thaliana (L.) Heynh
& Schmalh.

Figure 3. Conringia orientalis (L.) Figure 4. Lepidium vesicarium L.
Dumort.

Figure 5. Neslia paniculata (L.) Desv. Figure 6. Sinapis arvensis L.
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The coordinates of the area with the phytocoenosis dominated by species of the Brassicaceae
Burnett family were precisely determined using GPS: 39°4'56.172" N, 45°33'47.42388" E, 956 m a.s.l.
39°4'56.17128" N, 45°33'47.42352" E, 956 m a.s.l.

Conclusion

In the phytocoenosis dominated by species of the Brassicaceae Burnett. family, 20 species are
perennial (51.28%), 11 species are annual (28.20%), one species is biennial (2.56%), one species is
either annual or perennial (2.56%), 3 species are trees (7.69%), and 3 species are shrubs (7.69%).
Among these plants, 16 species belong to the mesophyte ecological group (41.02%), 11 species to
xerophytes (28.20%), 7 species to xeromesophytes (17.94%), and 5 species to mesoxerophytes
(12.82%). According to life form, perennials predominate, while according to ecological groups,
mesophyte plants are dominant. Among the families present in the phytocoenosis, Asteraceae Bercht.
& J.Presl is the most represented, accounting for 12 species (30.76%).
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RELATIONSHIP OF TEST-BASED AMOEBAS AND CILIA WITH ENVIRONMENTAL
FACTORS IN WATER BODIES OF THE NAKHCHIVAN AUTONOMOUS REPUBLIC

©Seyidova L., ORCID: 0009-0002-2206-7823, Nakhchivan State University,
Nakhchivan, Azerbaijan, leylaseyidova2(012@gmail.com

CBs13b PAKOBUHHBIX AMEB 1 I/IH(I)Y3OPI/[I7I C ®PAKTOPAMH OKPYXKAIOIIEN
CPEJbBI B BOHIOEMAX HAXYBIBAHCKOU ABTOHOMHOMU PECITYBJIMKH

©Ceuoosa JI. M., ORCID: 0009-0002-2206-7823, Haxuviganckuii 20cyoapcmeenHbiii
VyHusepcumem, 2. Haxviuesan, Azepoaiiocan, leylaseyidova2012(@gmail.com

Abstract. Testate amoebae (Testacea) and ciliates (Ciliophora) are widespread in the freshwater
ecosystems of the Nakhchivan Autonomous Republic. The distribution, abundance, and species
diversity of these protozoans are influenced by various environmental factors. Temperature, water
depth, gas conditions, and trophic interactions play a particularly important role. The optimal
temperature range for both groups is from 15°C to 28°C. Testate amoebae are typically highly active
at temperatures of 20-25°C. In bodies of water, when water temperatures exceed 30°C, the
reproductive rate of testate amoebae decreases. Ciliates exhibit maximum reproductive capacity at
temperatures of 18°C to 26°C. At temperatures approaching 35°C, protein denaturation occurs,
leading to a rapid population decline. At lower temperatures (0—4°C), vital processes cease, but some
species can survive for extended periods as cysts.

Annomayus. PaxoBunnele ameObl (Testacea) u undyzopun (Ciliophora) mmpoko
pacrpocTpaHeHbl B OMOTOIIaX MPECHOBOAHBIX 3kocucTeM HaxubiBaHckol ABTOHOMHO PecnyOnuku.
Ha pacnpoctpanenue, YuCI€HHOCTh U BUIOBOE Pa3HOOOpazve MPOCTEUIINX BIHAIOT pa3iIHyuHbIE
sKojoruueckue (pakropbl. OcoOEHHO BaXKHYIO POJIb UTPAIOT TEMIlepaTypa, ITyOnuHa BOAbI, Fa30BbIN
pexuM U Tpopuueckue B3auMoaeHcTBHs. ONTHMaNbHBIM TeMIEpaTypHbIH Juamna3oH Uil 00enx
rpynn cocraBiger oT 15°C go 28°C. PakoBuHOBHIHBIE amMeObl OOBIYHO HPOSIBISIOT BBICOKYIO
aKTUBHOCTBH IpHu TeMmneparype 20-25°C. B Bogoemax, korja temmneparypa Boabl npesbimaeTr 30°C,
CKOpPOCTb pPa3MHOXKEHHUSI PaKOBUHHBIX ame0 cHuxkaercs. MHQy3opun oOmagaroT MakcMMalabHOU
penpoayKTUBHOU criocoOHOCThIO Mpu Temmeparype oT 18°C no 26°C. Ilpu npubnmxenuun x 35°C
MIPOUCXONIUT JIeHaTypalus OEIKOB, YTO MPUBOAUT K OBICTPOMY COKpalleHHIo nonyisiuu. [Ipu 6omee
Hu3kux Temneparypax (0-4°C) »u3HeHHbIE TPOLECCH MPEKPAIAIOTCs, HO HEKOTOPbIE BUBI MOTYT
BBDKMBAThH B TEUEHUE JIJIUTEILHOTO BpEMEHHU B (JOPME LIUCT.

Keywords: testate amoebae, ciliates, freshwater ecosystems, temperature influence, aquatic
biotopes.

Knrouegvie cnosa: pakoBuUHHbIE amMeObl, HHPY30pHUH, MIPECHOBOAHBIE 3KOCUCTEMBI, BIMSHHE
TEMIEPaTyPhl, BOAHBIE OMOTOIIHI.

Free-living protozoa-testate amoebae (7estacea) and ciliates (Ciliophora) are microscopic
organisms in the hydrosphere that show high sensitivity to the physical and chemical characteristics
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of water, with their biological rhythms closely linked to temperature. Temperature is one of the key
ecological factors influencing metabolism rate, reproduction frequency, and species diversity [4, 5].

Observations show that the optimal temperature range for both groups is between 15-28°C.
Testate amoebae (Arcella, Centropyxis, Difflugia) generally exhibit high activity at temperatures of
20-25°C. Ciliates, especially species such as Paramecium and Colpoda, have maximal reproductive
capacity at temperatures between 18-26°C [1-3].

When the temperature exceeds 30°C, population density decreases, and at 35°C, mortality rates
rise. Lower temperatures (5°C and below) weaken metabolic processes and stimulate cyst formation.
The seasonal variations in temperature affect the abundance and species diversity of protozoa:

Spring-Summer: With increasing temperature and sunlight intensity, photosynthesis is
enhanced, bacterial biomass increases, and consequently, the numbers of ciliates and testate amoebae
sharply rise.

Autumn: As temperatures decrease, there is a decline in ciliate populations, and some species
enter the cyst stage.

Winter: When temperatures fall below 5—10°C, the activity of protozoa diminishes, with many
testate amoebae entering diapause or cyst forms.

Temperature and Metabolic Indicators. As temperature increases, the rate of respiration,
intracellular enzyme activity, and osmotic regulation processes in protozoa accelerate. Short-term
heat stress (e.g., 30—32°C) can lead to intracellular vacuolization and lysis in some species (Fenchel
& Finlay, 2004). The Qo effect (where the metabolic rate doubles for every 10°C rise in temperature)
is also observed in ciliates.

Impact of Excessive Temperature. Temperature is one of the most important abiotic factors in
aquatic ecosystems. Even small fluctuations in temperature can significantly affect the development
and distribution of many organisms. Temperature directly influences the rate of metabolic processes
in testate amoebae. While some species are capable of tolerating significant temperature changes,
most species have adapted to the warmer seasons. Each species has an optimal temperature range.
When the temperature exceeds this optimal range, newly formed individuals during division tend to
have smaller shells and fewer projections. In water bodies, when water temperature exceeds 30°C,
the reproductive rate of testate amoebae declines. Approaching 35°C, protein denaturation occurs,
leading to a rapid decrease in population. At lower temperatures (0—4°C), life processes stop, but
some species (e.g., Arcella) can survive for long periods in cyst form [10, 11].

Discussion of Results

The testate amoebae fauna in the natural region of the Autonomous Republic can be classified
into three ecological complexes based on temperature dependence (Table 1).

1. Group of Eurythermal Species Found Mainly Throughout the Year. The group of eurythermal
species includes Arcella vulgaris, Arcella discoides, Arcella artocrea, Centropyxis aculeata, Difflugia
acuminata, Difflugia corona.These species are found across a wide temperature range throughout the
year.

2. Group of Thermophilic Species Found Only in High-Temperature Intervals. Thermophilic
species are found only during the warmer months, from the beginning of summer to the middle of
autumn. This group includes Pontigulasia compressa and others. These species thrive in higher
temperature ranges.

3. Group of Stenothermal Cryophilic Species Found in Relatively Low Temperatures (4-9°C).
Stenothermal cryophilic species, such as Difflugia lobostama and Difflugia globularis, are found to
have maximum development in relatively low temperatures ranging from 4-9°C. The overall number
of testate amoebae species and their maximum species richness were observed from May to October.
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This indicates that the majority of the testate amoebae species prevalent in the area’s water bodies are
thermophilic. As shown in Table 1, the temperature range for eurythermal species is broad, varying
from 5°C to 32°C. The temperature range for stenothermic thermophilic species is between 10-
29.5°C, while for stenothermic cryophilic species, the temperature range is between 5-9°C. Among
the recorded species of testate amoebae, 6 species were categorized as eurythermal, 1 species as
thermophilic, and 2 species as cryophilic [6-9].

Table 1
FAUNA OF PROTOZOA
Ecological Species Temperature Optimum Season of Ecological notes
group range, °C  temperature, °C  occurrence

Eurythermic  Arcella 8-31 18-22 All year High adaptability to
vulgaris round temperature fluctuations

Eurythermic  Arcella 7,5-32 22-30 Summer High activity in surface
discoides layers

Eurythermic  Arcella 5,1-28 15-23 Spring and Benthic and periphytic
artocrea summer communities

Eurythermic  Centropyxis 5-32 16-21 Spring— Wide ecological
aculeata Autumn amplitude

Eurythermic  Difflugia 6-31,5 24-31 Highest Benthic sediments,
acuminata abundance in periphyton, and among

spring and aquatic vegetation
summer

Eurythermic  Difflugia 6-31 15-20 All year Common benthic form
corona round

Thermophilic  Pontigulasia  22,1-29,5 25-30 Summer Prefers warm stagnant
compressa waters

Stenothermic  Difflugia 5,4-9,3 5-11 Winter— Sensitive to temperature

cryophilic globularis Early spring  increase

Stenothermic  Difflugia 5-9,5 5-12 Winter Occurs in cold and

cryophilic lobostoma deeper layers

Significance in the Context of Climate Change
Climate change and the warming of water bodies affect the phenology and biogeography of
protozoa. Contemporary research shows that a 2-3°C increase in water temperature in Arctic and
temperate zones accelerates the phenotypic adaptation of infusorians [18-20].
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Figure 1. The Effect of Temperature on the Population Density of Infusorians and Testate Amoebae
(Graph: Y-axis — Population density (n/mL), X-axis — Temperature (°C). The optimal zone shows maximum
growth between 18-25°C)
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Studies have demonstrated that for Paramecium caudatum, the reproduction cycle lasts 12 hours
at 25°C, but at 15°C, it extends to 48 hours [12, 13].

Testate amoebae dominate in microzones within sediment where the temperature remains more
stable (Figure 1).

Relation to Water Depth

The depth gradient of water boies creates sharp variations in light, temperature, and gas
regimes, which directly impact the distribution of protozoans. In the epilimnion zone (0—2 m), the
abundance of light and oxygen facilitates the proliferation of infusorians. Species such as Paramecium
caudatum, Stentor coeruleus and Spirostomum minus dominate this zone [14, 15].

Testate amoebae, on the other hand, primarily exhibit benthic lifestyles. They are more
commonly found in substrates rich in silt and detritus, at depths ranging from 0.5-2 meters (e.g.,
Difflugia oblonga, Centropyxis aculeata). In the hypolimnion, oxygen depletion results in reduced
species diversity, with only anaerobic infusorian species (such as Metopus contortus) being found
[16, 17].
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Figure 2. Diagram of Protozoan Distribution by Depth (Epilimnion — high species diversity,
Hypolimnion — fewer species, only anaerobic forms)

Relation to Gas Regime in Water
Dissolved oxygen (O:) and carbon dioxide (CO2) play crucial roles in the life activities of
protozoans. Most infusorians are aerobic, and they develop optimally at O- concentrations of 5—8
mg/L [15].

Table 2
WATER GAS REGIME AND ADAPTATION OF PROTOZOA
Parametr Optimal saviyya Adapted species
0O: 5-8 mg/L Paramecium, Euplotes
CO2 0,2-0,5 mg/L Suitable for many species
H.S 0 mg/L Only anaerobs

A reduction in oxygen levels promotes the dominance of anaerobic species (e.g., Metopus,
Spathidium). The CO: concentration influences the pH level of the water. Neutral (pH 7) and slightly
alkaline (pH 7.5-8.5) environments are ideal for infusorians. However, the presence of H.S and
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ammonia can be toxic to protozoans, with only some anaerobic species capable of surviving under
such conditions (Table 2).

Food Relationships with Other Aquatic Organisms. Protozoa Form the Key Link in the
Microbial Food Chain of Hydroecosystems (Figure 3).

fish

Bacteria | /Jmplankmﬁ'/ﬂ—/'
Tl

infusoria
Small algae

Detrit

™~

Testae amehae

Figure 3. Trophic Relationships in the Hydroecosystem

Their food spectrum is wide:

Bacteriovores: Paramecium, Colpidium feed on bacteria.

Algivores: Euplotes, Frontonia consume small green algae.

Predators: Didinium, Lacrymaria feed on other infusorians. These trophic relationships are
crucial for the cycling of organic matter and energy flow in the ecosystem [18].

Food Relationships with Other Aquatic Organisms. Testate amoebae (Testacea) and ciliates
(Ciliophora) are considered the main components of the microbial trophic network in
hydroecosystems. They play an essential role in the cycling of organic matter by acting as both
consumers and, in some cases, predators. In terms of food relationships, protozoa can be classified
into several functional groups: bacteriovores, algivores, detritivores, and predator forms [7-10].

Bacterivory. A large proportion of testate amoebae and ciliates feed on bacteria. This
characteristic makes them an important link in the microbial food chain. Paramecium, Colpidium are
examples of bacteriovorous infusorians.

Testate amoebae (Difflugia oblonga, Arcella vulgaris) feed on bacterial biofilms in sediment.
Bacterivory accelerates the mineralization of organic matter and the nitrogen-phosphorus cycle in
aquatic ecosystems.

Algivory. Some infusorians and occasionally amoebae consume microscopic algae and
phytoplankton. Euplotes, Frontonia, and Stentor species feed on chlorophyllous algae. This
interaction is important for regulating phytoplankton populations and maintaining the balance of the
trophic structure in the water.

Predation (Protozoa — Protozoa). Some large infusorians feed on other protozoans, leading to
intra-guild predation. Didinium nasutum is a classic predator and often feeds on Paramecium.
Lacrymaria olor uses a phagocytosis method to ingest other protozoans. These relationships directly
influence the dynamics and species diversity of protozoan populations (Figure 4).
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Detritivory and Use of Organic Particles. Testate amoebae feed on organic remains and detritus
accumulated in sediments and mud. Centropyxis aculeata and Difflugia corona consume saprophytic
material from sediment layers to obtain energy and nutrients. This process plays a key role in the
cycling of organic matter in benthic biotopes.

Bacterofag
Algofag
Pridaton

Detritofag

Figure 4. Distribution of Food Strategies in Protozoans

Role in the Food Web of the Ecosystem. Testate amoebae and ciliates act as consumers in the
microbial food loop and are the main link in transferring bacterial biomass to higher trophic levels.
They serve as a food source for zooplankton (rotifers, copepods), which ensures the flow of energy
and cycling of matter [15-20].

These interactions help maintain the stability and functionality of aquatic ecosystems and the
cycling of biogenic elements.

Trophic Relationships Diagram:

Bacteria — Ciliates — Zooplankton — Fish

Detritus — Testate Amoebae — Higher Organisms

Importance as Bioindicators. The food spectrum and species composition of protozoans are
used as bioindicator indicators to assess the trophic state and degree of pollution in water bodies [19,

20].
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Abstract. The present study is based on materials collected in the Gazakh District of Azerbaijan
during the period from 2013 to 2022. The conducted research shows that the spider fauna of this area
comprises 75 species belonging to 18 families. An annotated list is provided. The specimens are
currently housed in the collection of the Institute of Zoology of the Ministry of Science and Education
of the Republic of Azerbaijan.

Annomayusa. Hacrosiiee ucciieoBaHie OCHOBAHO Ha Marepuanax, coOpaHHbIX B ['azaxckom
paitone A3zepOaiimkana B nepuoa ¢ 2013 r mo 2022 r. Ompeneneno, 4yTo QgayHa NmaykoB JaHHOTO
pailoHa Bkito4aeT 75 BUIOB, oTHOcsmMXcs K 18 cemelictBaMm. IlpencraBieH aHHOTHPOBAHHBIM
cnucok. B Hacrosiiiee Bpemst 00pasiibl XpaHaTcs B kojuiekuuu MHctutyra 3000run MuHucTepeTBa
HayKd U oOpa3oBanus AsepOaiimxaHckoit PecriyOnuku.

Keywords: Araneae, spiders, Gazakh district, Azerbaijan.
Knrouesvie cnosa: Araneae, mayku, ['azaxckuii paiioH, A3epOaikaH.

Gazakh district is located in the western part of Azerbaijan, extending from the slopes of the
Lesser Caucasus Mountains along the right bank of the Kura River in the eastern part of the Ganja—
Gazakh plain. It borders the Republic of Georgia to the northwest (9 km) and Armenia to the
southwest (168 km). The terrain is mainly flat, while the southern part is low mountainous. The
elevation ranges from 300 to 800 meters above sea level.

Until 2013, the spider fauna of Gazakh district was poorly studied. Between 1982 and 2004,
various researchers recorded only 13 species belonging to 5 families [1, 2, 4-7].

After 2013, studies conducted by Khasayeva significantly expanded the knowledge of the
district’s spider fauna, increasing the number of recorded species to 75, representing 18 families [3].
The list of these species is presented below.

Materials and methods
The studied materials were collected in the Gazakh district during the spring, summer, and
autumn seasons of 2013-2022. The specimens are currently deposited in the collection of the Institute
of Zoology of the Ministry of Science and Education of the Republic of Azerbaijan. The global
distribution of the species is provided based on the World Spider Catalog [8].

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 61




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne4 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/125

Results

Araneidae Clerck, 1757.

Agalenatea redii (Scopoli, 1763). Distribution: Azores, Europe, North Africa, Turkey,
Caucasus, Russia (Europe to South Siberia), Jordan, Irag, Iran, Kazakhstan, Central Asia, China.

Araneus diadematus (Clerck, 1757). Distribution: Europe, Middle East, Turkey, Caucasus,
Russia (Europe to Far East), Iran, Central Asia, China, Japan. Introduced to North America.

Araniella opisthographa (Kulczynski, 1905). Distribution: Europe, Turkey, Caucasus, Russia
(Europe) to Central Asia, Iran.

Hypsosinga pygmaea (Sundevall, 1831). Distribution: North America, Europe, Turkey, Israel,
Caucasus, Russia (Europe to Far East), Iran, Central Asia, China, Korea, Japan. Introduced to South
Africa.

Mangora acalypha (Walckenaer, 1802). Distribution: Azores, Madeira, Europe, North Africa,
Turkey, Caucasus, Russia (Europe to South Siberia), Middle East, Kazakhstan, Central Asia, China.

Singa hamata (Clerck, 1757). Distribution: Europe, Turkey, Russia (Europe to Far East),
Caucasus to Central Asia, China, Korea, Japan.

Zygiella x-notata (Clerck, 1757). Distribution: Europe, Turkey, Caucasus. Introduced to North
America, Chile, Uruguay, Argentina, St. Helena, Reunion, Azores, China, Japan.

Cheiracanthiidae Wagner, 1887.

Cheiracanthium erraticum (Walckenaer, 1802). Distribution: Azores, Europe, Turkey,
Caucasus, Russia (Europe to Far East), Iran, Central Asia, China, Korea, Japan.

C. mildei L. Koch, 1864. Distribution: Azores, Europe, North Africa, Turkey, Middle East,
Caucasus, Russia (Europe) to Central Asia. Introduced to North America, Argentina.

Clubionidae Simon, 1878.
Clubiona corticalis (Walckenaer, 1802). Distribution: Europe, Turkey, Caucasus.

Dysderidae C. L. Koch, 1837.
Dysdera azerbajdzhanica Charitonov, 1956. Distribution: Caucasus (Russia, Georgia,
Azerbaijan).

Gnaphosidae Banks, 1892.

Aphantaulax trifasciata (O. Pickard-Cambridge, 1872). Distribution: Southern Europe, North
Africa, Turkey, Caucasus, Russia (Europe) to Central Asia, Israel, Iran, China, Japan.

Civizelotes caucasius (L. Koch, 1866). Distribution: Europe, Turkey, Caucasus, Kazakhstan,
Iran, Central Asia, China.

Gnaphosa lucifuga (Walckenaer, 1802). Distribution: Europe, Turkey, Caucasus, Iran, Russia
(Europe to South Siberia), Kazakhstan, Pakistan, China.

Haplodrassus dalmatensis (L. Koch, 1866). Distribution: Europe, North Africa, Ethiopia,
Turkey, Caucasus, Middle East, Russia (Europe) to Central Asia.

H. signifer (C.L. Koch, 1839). Distribution: North America, Europe, North Africa, Turkey,
Caucasus, Russia (Europe to Far East), Israel, Iraq, Iran, Kazakhstan, Central Asia, China, Korea.

Marinarozelotes barbatus (L. Koch, 1866). Distribution: Mediterranean to Caucasus.
Introduced to USA.

M. malkini (Platnick & Murphy, 1984). Distribution: Romania, Albania, North Macedonia,
Bulgaria, Greece, Ukraine, Russia (Europe, Caucasus), Turkey, Georgia, Iran, Kazakhstan.

Micaria fulgens (Walckenaer, 1802). Distribution: Europe, Turkey, Caucasus, Russia (Europe
to South Siberia), Iran, Kazakhstan, Central Asia, China.
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Nomisia ripariensis (O. Pickard-Cambridge, 1872). Distribution: Bulgaria, Greece (incl. Crete),
Turkey, Caucasus (Russia, Georgia, Azerbaijan), Syria, Lebanon, Israel, Iran.

Zelotes longipes (L. Koch, 1866). Distribution: Europe, Turkey, Caucasus, Russia (Europe to
Far East), Iran, Kazakhstan, Central Asia, Mongolia, China, Korea.

Linyphiidae Blackwall, 1859.

Diplocephalus picinus (Blackwall, 1841). Distribution: Europe, Turkey, Caucasus, Russia
(Europe to West Siberia), Iran.

Linyphia hortensis Sundevall, 1830. Distribution: Europe, Turkey, Caucasus, Russia (Europe
to Far East), Kazakhstan, Iran, Central Asia.

Neriene peltata (Wider, 1834). Distribution: Greenland, Europe, Caucasus, Russia (Europe to
South Siberia), Iran.

Walckenaeria antica (Wider, 1834). Distribution: Europe, Turkey, Caucasus, Russia (Europe to
South Siberia), Kyrgyzstan, China, Korea, Japan.

Lycosidae Sundevall, 1833.

Alopecosa aculeata (Clerck, 1757). Distribution: North America, Europe, Turkey, Caucasus,
Russia (Europe to Far East), Iran, Central Asia, China, Japan.

A. striatipes (C. L. Koch, 1839). Distribution: Europe, Turkey, Caucasus.

Alopecosa farinosa (Herman, 1879). Distribution: Europe, Turkey, Caucasus, Russia (Europe
to Far East), Iran, Kazakhstan.

Arctosa tbilisiensis Mcheidze, 1946. Distribution: Greece, Bulgaria, Turkey, Caucasus (Russia,
Georgia, Azerbaijan), Iraq, Iran, Afghanistan.

Aulonia kratochvili Dunin, Buchar & Absolon, 1986. Distribution: Greece, Cyprus, Turkey,
Israel, Caucasus (Russia, Georgia, Azerbaijan), Iran, Turkmenistan.

Pardosa atomaria (C. L. Koch, 1847). Distribution: Southern Europe, Ukraine, Cyprus, Turkey,
Caucasus, Iran.

P. hortensis (Thorell, 1872). Distribution: Europe, Turkey, Caucasus, Russia (Europe to South
Siberia), Iran, Japan.

Xerolycosa nemoralis (Westring, 1861). Distribution: Europe, Turkey, Caucasus, Russia
(Europe to Far East), Kazakhstan, Central Asia, China, Korea, Japan.

Oecobiidae Blackwall, 1862.
Oecobius putus O. Pickard-Cambridge, 1876. Distribution: South Africa, Egypt, Cyprus, Sudan
to Iran, Azerbaijan, Afghanistan, India. Introduced to USA, Mexico.

Oxyopidae Thorell, 1869.
Oxyopes heterophthalmus (Latreille, 1804). Distribution: Europe, North Africa to Middle East,
Turkey, Caucasus, Kazakhstan, China.

Philodromidae Thorell, 1869.

Emargidromus emarginatus (Schrank, 1803). Distribution: Europe, Caucasus, Russia (Europe
to Far East), Kazakhstan, Iran, Central Asia, Mongolia, China, Korea.

Thanatus kitabensis Charitonov, 1946. Distribution: Russia (Europe to West Siberia),
Azerbaijan, Iran, Kazakhstan, Uzbekistan, Turkmenistan, Tajikistan.

T’ vulgaris Simon, 1870. Distribution: Europe, North Africa, Turkey, Caucasus, Russia (Europe
to Far East), Middle East, Iran, Kazakhstan, Central Asia, China, Korea, Japan. Introduced to North
America, South Africa, Australia.
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Pholcidae C. L. Koch, 1850.

Holocnemus pluchei (Scopoli, 1763). Distribution: Europe, North Africa, Turkey, Caucasus,
Middle East. Introduced to USA, Argentina, Japan, Australia.

Salticidae Blackwall, 1841.

Asianellus festivus (C.L. Koch, 1834). Distribution: Europe, Caucasus, Russia (Europe to Far
East), Kazakhstan, China, Korea, Japan.

Attulus ammophilus (Thorell, 1875). Distribution: Romania, Ukraine, Russia (Europe), Turkey,
Caucasus, Iran, Kazakhstan, Central Asia, Afghanistan. Indroduced to Canada, USA.

Bianor albobimaculatus (Lucas, 1846). Distribution: Africa, Mediterranean to Russia (Europe),
Georgia, Azerbaijan, Kazakhstan, Iran, Central Asia, Afghanistan, Pakistan, India, Nepal.

Chalcoscirtus infimus (Simon, 1868). Distribution: Azores, Mediterranean, Central and south-
eastern Europe, Russia (Europe), Caucasus, Iran, Kazakhstan, Central Asia.

Cyrba algerina (Lucas, 1846). Distribution: Canary Is. to Central Asia.

Evarcha arcuata (Clerck, 1757). Distribution: Europe, Turkey, Caucasus, Russia (Europe to Far
East), Kazakhstan, Iran, Central Asia, China, Japan.

E. laetabunda (C. L. Koch, 1846). Distribution: Europe, North Africa, Turkey, Caucasus, Russia
(Europe to Far East), Kazakhstan, China.

Heliophanus auratus C. L. Koch, 1835. Distribution: Europe, Turkey, Caucasus, Russia
(Europe to South Siberia), Kazakhstan, Central Asia, China.

H. equester L. Koch, 1867. Distribution: Italy to Azerbaijan, Iran.

H. mordax (O.Pickard-Cambridge, 1872). Distribution: Greece and Egypt to Central Asia, Iran,
Afghanistan.

Menemerus semilimbatus (Hahn, 1829). Distribution: Canary Is., Mediterranean, Eastern
Europe, Turkey, Caucasus, Iran. Introduced to Argentina, Chile, USA.

M. taeniatus (L. Koch, 1867). Distribution: Mediterranean to Caucasus. Introduced to
Argentina.

Philaeus chrysops (Poda, 1761). Distribution: Europe (not Scandinavia), North Africa to
Middle East, Turkey, Caucasus, Russia (Europe to Far East), Iran, Kazakhstan, Central Asia,
Afghanistan, China, Mongolia, Korea.

Phlegra fasciata (Hahn, 1826). Distribution: Europe, Turkey, Caucasus, Russia (Europe to Far
East), Kazakhstan, Central Asia, Iran, Afghanistan, India, China, Mongolia, Korea, Japan.

Pseudeuophrys obsoleta (Simon, 1868). Distribution: Europe (not Scandinavia), Turkey,
Caucasus, Russia (Europe to Far East), Iran, Kazakhstan, Central Asia, China.

Scytodidae Blackwall, 1852

Scytodes thoracica (Latreille, 1802). Distribution: Europe, North Africa, Turkey, Iran,
temperate Asia to China, Korea, Japan. Introduced to North America, Argentina, South Africa, India,
Australia, New Zealand.

Sparassidae Bertkau, 1872.

Micrommata virescens (Clerck, 1757). Distribution: Europe, Turkey, Caucasus, Russia (Europe
to Far East), Iran, Kazakhstan, Central Asia, China, Korea, Japan.

Tetragnathidae Menge, 1866.

Pachygnatha clercki Sundevall, 1823. Distribution: Azores, Europe, Turkey, Caucasus, Russia
(Europe to Far East), Iran, Central Asia, China.

P. degeeri Sundevall, 1830. Distribution: North America, Europe, Caucasus, Russia (Europe to
Far East), Kazakhstan, Iran, Central Asia, China, Korea, Japan.
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Theridiidae Sundevall, 1833.

Asagena phalerata (Panzer, 1800). Distribution: Europe, Algeria, Tunisia, Turkey, Caucasus,
Russia (Europe to Far East), Kazakhstan, Iran, Central Asia, China, Korea.

Enoplognatha latimana Hippa & Oksala, 1982. Distribution: Europe, North Africa, Turkey,
Caucasus, Russia (Europe) to Central Asia, Iran. Introduced to Canada.

E. oelandica (Thorell, 1875). Distribution: Europe, Caucasus, Kazakhstan, China.

E. ovata (Clerck, 1757). Distribution: Europe, Turkey, Caucasus, Russia (Europe to Middle
Siberia), Kazakhstan, Iran, Central Asia, Korea, Japan. Introduced to North America.

E. quadripunctata Simon, 1885. Distribution: Mediterranean, Caucasus, Iran, Kazakhstan.

Parasteatoda tepidariorum (C. L. Koch, 1841). Distribution: Asia. Introduced to Canada, USA,
South America, Europe, Morocco, Turkey, Caucasus, Russia (Europe to Far East), St. Helena, South
Africa, Seychelles, New Zealand, Hawaii.

Steatoda castanea (Clerck, 1757). Distribution: Europe, Turkey, Russia (Europe to Far East),
Caucasus, Iran, Central Asia, China. Introduced to Canada.

S. grossa (C. L. Koch, 1838). Distribution: Europe, Turkey, Russia (Europe to Far East),
Caucasus, Iran, Kazakhstan, Central Asia, China, Korea, Japan. Introduced to North and South
America, Macaronesia, St. Helena, Africa, New Zealand, Hawaii.

S. paykulliana (Walckenaer, 1806). Distribution: Europe, Mediterranean to Central Asia, India.

S. triangulosa (Walckenaer, 1802). Distribution: Europe, North Africa, Turkey, Caucasus,
Russia (Europe to Far East), Jordan, Iraq, Iran, Kazakhstan, Central Asia, India, China, Korea.
Introduced to Canada, USA, Argentina, Canary Is., South Africa.

Theridion melanurum Hahn, 1831. Distribution: Macaronesia, North Africa, Europe, Turkey,
Caucasus, Russia (Europe to Middle Siberia), Middle East. Introduced to Canada, USA.

T pictum (Walckenaer, 1802). Distribution: North America, Europe, North Africa, Caucasus,
Russia (Europe to Far East), Kazakhstan, Turkemenistan, China, Japan. Introduced to South Africa.

Thomisidae Sundevall, 1833.

Runcinia grammica (C. L. Koch, 1837). Distribution: Europe, North Africa, Middle East to
Iran, Russia (Europe to West Siberia), Kazakhstan, Central Asia, China, Japan. Introduced to St.
Helena, South Africa, Lesotho.

Synema globosum (Fabricius, 1775). Distribution: Europe, North Africa, Turkey, Caucasus,
Russia (Europe to Far East), Israel, Iran, Kazakhstan, Central Asia, China, Korea, Japan.

Xysticus kochi Thorell, 1872. Distribution: Europe, Mediterranean to Central Asia.

X. ulmi (Hahn, 1831). Distribution: Europe, Turkey, Caucasus, Russia (Europe to Middle and
South Siberia), Central Asia, China.

Zodariidae Thorell, 1881.
Zodarion caucasicum Dunin & Nenilin, 1987. Distribution: Azerbaijan.
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Annomayus. TIpOAyKTBI JKMBOTHOTO NPOMCXOXACHHUS, B TOM YHCJIE TIIaHTBI Mapala
HCIIOJIB3YIOTCA B TpaI[I/IIII/IOHHOﬁ MCEAUIIMHE N B KAa4ECTBC OHMOJIOTHYECKH aKTHBHBIX I[O6aBOK. UM
MIPUIHCHIBAIOTCS a/IalTOreHHEIE, UMMYHOCTUMYJIUPYIOIIHE, 00IIeYKpeIUISIONIHe u
OMOJIa)KMBAIOIIIE CBOMCTBA, a TAKXKE MOJIOKHUTEIbHOE BIUSHUE Ha CEPACYHO-COCYUCTYIO, HEPBHYIO
U PENpONyKTHBHYIO cHCTeMbl. H ecMOTpsi Ha yCTOWYHMBYIO TOIYJSPHOCTH TMOAOOHBIX CPE/CTB,
BOIIPOC HAJINYHUA I[OKaSaHHOﬁ MMOJIb3bl  JJId  30pPOBbLA ocTaércs AUCKYCCHOHHBIM. HGJ'II/I
MCCIIEIOBaHMS: IPOAHAIM3UPOBATh UMEIOIINECS HAayUHbIe IJaHHbIE O IPUMEHEHUH MMaHTOB Mapaja
JIPYTUX >KUBOTHBIX U OLEHUTHh HAIMYUE JOKA3aHHOW MOJB3bI Ul 3[0POBBS YEIOBEKA C MO3UIUIN
COBPEMEHHOM J0Ka3aTeNbHOM MenuuuHbl. PaccmarpuBaroTcs OHOJIIOIMYECKHE XapaKTepUCTUKU
IMAaHTOB Mapajia U APpYTHUX )XKUBOTHBIX, UX XUMHYECKHI COCTaB, a TAKKC NpCANOJaracMbIiC MCXaHNU3MbI
JecTBUSL Ha opraHu3M yenoBeka. Ocoboe BHUMAaHUE yIENSIETCs aHAIU3y HKCIEPUMEHTANbHBIX U
KJIMHUYECKUX HCCIEI0BaHUM, OIMyOJIMKOBaHHBIX B OTEYECTBEHHBIX M 3apyOeXHBIX Hay4HbIX
HCTOYHHKAX. OIICHI/IB&CTC?[ YPOBECHb OOKA3aTCIbHOCTU 3asBJICHHBIX Bq)(l)eKTOB C 1'[03I/IIII/II71
COBPEMEHHOM JI0Ka3aTeIbHOM MEIUIIMHBI, BKJIIOUasi JaHHBIE 1N Vitro, UCCJIEI0BaHMS HAa )KUBOTHBIX U
OrpaHUYEHHbIE KIMHWYecKue HaOmoneHus. OOCYXIAIOTCs pa3iuyus MeXAy TpaJlulMOHHBIM
MCIOJIb30BAHNEM ITAHTOB B HAPOIHOM M BOCTOYHOM MEIMLIMHE U UX HHTepIpeTaneil B COBpeMEeHHOM
dapmakonorun. OTOEIBPHO pacCMaTPUBAIOTCS BOMPOCHI 0€30MacCHOCTH, BO3MOKHBIE TOOOYHBIC
Bq)(i)eKTBI, OTUYCCKHUE ACICKTBI 3arOTOBKU CBIPbA JKUBOTHOT'O NPOUCXOXKIACHUA U HpaBOBOﬁ CTaTyc
IIPernapaToB Ha OCHOBE MAHTOB B Pa3HbIX cTpaHaX. HecMOTps Ha HanMuue OMOJIOTMUYECKH aKTUBHBIX
BEIIECTB B COCTaBE MAHTOB, HAa CETOAHSAIIHMNA JEHb CYIIECTBYET HEIOCTaTOYHOE KOJIMYECTBO
BBICOKOKAQUECTBCHHBIX KIMHHNYCCKHUX I/ICCJ'IGI[OBaHI/II\/'I, MNOATBCPKAAIOIIUX HMX BBIPAXKCHHYIO H
YHHUBEPCATBHYIO TOJIB3Y IS 37I0POBBS desioBeka. HeoOXoauMbl qampHeHIe MeX IMCIUTITHHAPHbIE
Huccjaea0BaHuAa " OCTOpO)KHI)II\/'I nmoaxoJa K NMpUMEHCHUIO NIPOAYKTOB Ha OCHOBE IMAHTOB Mapaja u
JPYTUX KUBOTHBIX B MEUIIUHCKON MPAKTHKE.

Abstract. In recent decades, animal-derived products, including antlers of maral deer and other
representatives of the deer family, have been widely used in traditional medicine and as dietary
supplements. They are attributed adaptogenic, immunostimulatory, tonic, and anti-aging properties,
as well as beneficial effects on the cardiovascular, nervous, and reproductive systems. Despite the
sustained popularity of such products, the question of their scientifically proven health benefits
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remains debatable. Research objectives: research aims to analyze the available scientific data on the
use of maral deer antlers and antlers of other animals and to assess the presence of scientifically
proven health benefits from the perspective of modern evidence-based medicine. This article
examines the biological characteristics of maral deer antlers and antlers of other animals, their
chemical composition, and the proposed mechanisms of action on the human body. Particular
attention is paid to the analysis of experimental and clinical studies published in domestic and
international scientific sources. The level of evidence for the claimed effects is assessed from the
standpoint of evidence-based medicine, including in vitro data, animal studies, and limited clinical
observations. Differences between the traditional use of antlers in folk and Eastern medicine and their
interpretation in modern pharmacology are discussed. Issues of safety, potential adverse effects,
ethical aspects of animal-derived raw material harvesting, and the legal status of antler-based products
in different countries are also considered. Despite the presence of biologically active substances in
antlers, there is currently an insufficient number of high-quality clinical studies confirming their
pronounced and universal health benefits for humans. Further interdisciplinary research is required,
and a cautious approach to the use of products based on maral deer antlers and antlers of other animals
in medical practice is recommended.

Knrouesvie ciosa: maHThI MapaJia, IMaHThl )KUBOTHBIX, IPOAYKTBI J)KUBOTHOI'O IIPOUCXOKACHH,
OHOJIOTHYECKU aKTUBHbBIE I[O6aBKI/I, TpagullMOHHAasA MCAUIIMHA.

Keywords: maral deer antlers, animal antlers, animal-derived products, dietary supplements,
traditional medicine.

Hcnonp30BaHne IPOAYKTOB )KUBOTHOTO IPOMCXOXKICHUS B MEUIIMHCKUX M 03I0POBUTEIBHBIX
LEeJIIX UMEET MHOTOBEKOBYIO UCTOPHUIO U OCTaETCs aKTyaJIbHBIM B COBpeMEHHOM ob1ecTe. Ocoboe
MECTO CpeAM TaKuX CpEICTB 3aHMMAIOT HAHThl Mapaja M JPyTrux IpeJIcTaBUTENel cemelcTBa
OJICHEBBIX, KOTOpPbIC TPAJWIIMOHHO TMPHMEHSIOTCS B HAPOJHOW W BOCTOYHOW MEIWIIMHE CTpaH
HentpansHoit u Boctounoit Asum. Ilantbl mnpenctaBisitoT co00il HEOKOCTEHEBLIME pOra,
HaxXoJdlLIMecs B CTQAMM aKTHUBHOTO POCTa U OTJIMYAIOLIMECS BBHICOKHM YpOBHEM MeTaboJIM4ecKoi
aKTUBHOCTH, 4TO 00YCIIOBIMBAET UX OMOJOTHYECKYIO LIEHHOCTh U YCTOMYMBBIM HHTEPEC CO CTOPOHBI
uccneaoBarenel u norpedurenei [1].

B nocnenaue gecsAaTHIIETHS IpenapaThl © OMOJIOTUYECKH aKTHBHBIE JJOOABKH HA OCHOBE MTaHTOB
MOJYyYWIM IIUPOKOE pPACIPOCTPAaHEHHE HE TOJNBKO B TPAJUIUOHHOW, HO M B KOMMEpPYECKOH
MEIULMHCKOW NpakTuke. VM OpPUIUCBHIBAIOTCS  aJalTOreHHble, HMMMYHOCTHMYJIHPYIOLIHE,
OOLIEYKpEIUISIIOIIME W OMOJIQXKHMBAIOIIME CBOICTBAa, a TaKKe CIHOCOOHOCTh  YJIydIlaTh
(YHKIIMOHATIBHOE COCTOSTHUE CEPAEUHO-COCYIUCTON, HEPBHON M pENPOAYKTUBHON CUCTEM [2].

Ha ¢one pactymiero crpoca Ha HaTypaJibHbIE U «aJIbTEPHATUBHBIE)» CPEICTBA 0370POBJICHHUS
MaHThl Mapajia BCE yalle MO3MLUOHUPYIOTCS Kak 3(QQEeKTUBHbI KOMIOHEHT MNPO(UIAKTUKU U
KOPPEKIUH pa3InyHbIX (YHKIHOHAIBHBIX HapymeHui (https://clc.li/JculZ).

OMHOBpPEMEHHO C ATHM B HAYYHOM COOOIIECTBE COXPAHSETCS JUCKYCCHS OTHOCHUTEIHHO
CTETeHN 000CHOBaHHOCTH 3asBICHHBIX 3(pdekToB. HecMoTpst Ha Hanu4Ke TaHHBIX O COICPIKaHUH B
MAHTOBBIX TKaHAX AaMHHOKHUCIOT, TENTHAOB, JIMIUAOB, MHKPO- M  MaKpOdJIEMEHTOB,
TOPMOHOITO/TIOOHBIX BEIIECTB U ()aKTOPOB POCTA, MEXaHU3MBI UX BO3/IEHCTBHSI HA OPraHU3M YeI0BeKa
OCTAIOTCSI HEIOCTATOYHO M3YYCHHBIMU. 3HAYMTEIbHAS YaCTh MUMEIOIIUXCS HMCCIEOBAHUN HOCHUT
AKCIIEPUMEHTAIBHBIN XapaKTep, MPOBOAMUTCS in Vitro WM Ha KMBOTHBIX MOJEISX, a KIMHUYECKUE
JIaHHBIE 3a4acTyl0 OrPaHUYEHbl HEOOIBITUMH BHIOOPKAMU U HEOJAHOPOIHBIMU METO/10JIOTHYECKUMU
nojxoaamu [3].
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JIOTIOJTHUTENBHYIO CIIOKHOCTh MPECTABIIAET PA3JINYUE B HHTEPIPETALIMH PE3YIbTATOB MEXKIY
TPAIUITMOHHON MEUITMHON U COBpEeMEHHOM (papMakosiorueii. B To BpeMs kak B HApOAHOM TPaKTHUKE
3¢ (GEKTUBHOCTh NAHTOB OLIEHUBACTCS IPEHMYIIECTBEHHO HAa OCHOBE SMITUPUYECKOTO OIIBITA,
J0Ka3aTelnbHass MEOUIMHAa TpeOyeT HaJuuus  BOCHPOU3BOJUMBIX, KOHTPOJHPYEMBIX U
CTAaTHUCTUYECKH 3HAUMMBIX KJIMHMYECKHUX  HCCIEeNOBaHMH. OTO  0OCTOSTENBCTBO  JeNaeT
HEO0OXOIUMBIM KPUTHYECKHI aHaIN3 CYIIECTBYIOIIUX HAYUHbIX MyOIUKAIMH ¢ 1EebI0 00bEKTUBHON
OLIEHKH MMOTEHIINAFHOM MOJIB3bI M PUCKOB MIPUMEHEHHSI ITAHTOB Mapalia U IpyTuX >KUBOTHBIX. Kpome
BONPOCOB 3 (EeKTUBHOCTH, BCE Oobllee 3HAUEHUE NPHUOOpeTaroT mpodiieMbl 0e30MacHOCTH,
STUYHOCTH 3arOTOBKH CBIPBSl JKMUBOTHOTO MPOUCXOXKJIEHHUS, a TaKXe IMPaBOBOrO PEryIMpOBaHUS
000pOTa MaHTOBOW MPOYKIIHH.

B pasHpIX cTpaHax mpemapartbl Ha OCHOBE IAHTOB MOTYT KJIACCH(HIMPOBATHCS Kak
JIEKapCTBEHHBIE CPECTBA, OMOJOTHYECKN aKTUBHBIEC 100AaBKHM WM TPaJUIIMOHHBIC MIPETapaThl, YTO
oTpakaeTcss Ha TpeOOBaHUSAX K UX KadecTBY, 3(P(HEKTHBHOCTH M KOHTpOIO. B CcBA3M C 3TUM
MPEJICTABISIETCSl  aKTyallbHBIM  KOMIUIEKCHBI  aHalli3 COBPEMEHHBIX HAY4YHBIX JIAaHHBIX,
MOCBAMIEHHBIX MPUMEHEHUIO TAHTOB Mapaja W JAPYIHX JKUBOTHBIX, C TO3HMIMWH JTOKa3aTeIbHON
MeaUIUHBL. Takoi MOAXOA TO3BOJSIET HE TOJNBKO OOOOIIMTH WMEIOIIMECs CBEACHUS, HO U
ONpeAENUuTh MpPOoOeNnbl B 3HAHMSIX, OOO3HAYUTH IEPCIEKTHUBHBIC HAMpPABICHUS AalbHEHIINX
uccienoBanuii U chopmupoBarh 0Oojiee B3BEIIEHHOE OTHOIIEHHWE K HCIOJIB30BAHUIO JIaHHBIX
MPOAYKTOB B MEAMIIMHCKOW M O3JOPOBUTEIBHON MTPAKTUKE.

Mamepuan u memoowl ucciedosanus

MarepuaaoM HCCIIEOBaHUS MOCITYXXHIIM HAy4YHbIE MyOJMKAlUU, TOCBANICHHBIC H3yUYCHHIO
MaHTOB, Mapajia M JPYTHX >KHBOTHBIX, KX XUMHUYCCKOTO COCTaBa, OMOJOTUYECKOW aKTUBHOCTH U
BIIUSTHUS HA OPTAHU3M YelloBeKa. B 0030p ObLIN BKIFOYCHBI OTCUSCTBEHHBIC U 3apyOeKHBIC HAYIHBIC
CTaThH, 0030pPbI, pE3yJIbTaThl SKCIICPUMEHTAIBHBIX U KIIMHUYECKUX UCCIICIOBAHUIA.

KpoMe Toro, B HCCIECIOBAaHUU HCIOJIB30BAICS METOJ KA4eCTBEHHOTO aHaju3a Juis
COITOCTABJICHUS JTAHHBIX TPATUIIMOHHON MEIHMIIMHBI M COBPEMEHHOW (papMaKOJIOTHH, a TAKXKe IS
OIICHKM JSTHUYECKMX aCIeKTOB 3aroTOBKH ITAHTOB M MPABOBOTO CTaTyca COOTBETCTBYIOIINUX
MpernapaToB B Pa3IUYHBIX CTPAHAX.

Pezynemamut u oocyscoenue

AHann3 MMEIOIIUXCS HAyYHBIX JAaHHBIX MOKa3all, YTO TAHTOBBIC TKaHW Mapajia H JAPYTUX
MIpe/ICTAaBUTENEH CeMENCTBA OJICHEBBIX NEHCTBUTENHHO COMEPKAT IUPOKHUMA CIIEKTP OMOIOTHYECKH
AKTUBHBIX COCTUHEHHH, BKIIOYas O€NKH, aMUHOKHUCIIOTHI, JIUMUIBI, MUKPO- U MaKpOAIEMEHTHI,
HU3KOMOJICKYJISIPHBIC TICTITHTBI ¥ IPYTUE BEIIECTBA, TOTSHITHAIBHO BIUSIONINE HA (PU3HOIOTUICCKUC
MIPOIIECCHI B OPTaHW3Me YeJIOBeKa M )KHBOTHBIX. TaKue TaHHbIC TIOATBEPKICHBI UCCIICOBAHUSIMH, B
KOTOpPBIX H3ydadn OWOXMMHUYECKHUH COCTaB BEIIECTB, BBIJCICHHBIX W3 MaHTOB, Mapala U HX
KOMITOHEHTBI, BKJTFOUasi BBICOKME YPOBHH MPOTEHHA U aMUHOKHUCIIOT B Pa3HBIX (PpakiusIX aHTenepa
(manTta) Mapana [4]. OCHOBHBIE CBEJICHUS O COCTABE, MPEANonaraeMbix A (heKkrax maHTOB MPUBEICHBI
B Ta0Omune 1.

OKCIIepUMEHTAIBHBIC  WCCICJAOBAaHUS  HAa  KUBOTHBIX ~ MOJCIAX  JICMOHCTPUPYIOT
aHTH(PUOPO3HBIE, TPOTUBOBOCTIATUTENLHEIE U a1aITOTeHHbIE 2P PEKTHI SKCTPAKTOB OJICHBUX TTAHTOB.
Hanpumep, B Mozenu peBMaTOMIHOTO apTpUTa y MBI OBLJIO MOKa3aHO, YTO IKCTPAKT MaHTa
CIOCOOCH CHIDKATh YPOBHH TPOBOCIAIUTEIBHBIX ITUTOKHHOB M YMEHBIIATH IaTOJIOTHYECKUE
W3MEHEHHUS B CycTaBax. [[pyrue sKCIiepuMEeHTAIbHBIC UCCIICIOBAaHUS HA KUBOTHBIX MMOKA3aJd, YTO
KOMITOHEHTHI OJICHBUX MAHTOB MOTYT yCHJIWBAaTh MMMYHHBIM OTBET M YMEHBIIATh YCTalOCTh,
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CTUMYJHpPOBaTh CHHTE3 TJUKOI€Ha B MBIIIIAX, YTO CBHUJAETEIbCTBYET O BO3MOXKHBIX
AHTH-YCTAJIOCTHBIX 1 UMMYHOMOIYJIUPYIOIUX 3 dexTax y Moaeneit ;kMBOTHBIX [5].

Tabmuma 1
BUOJIOI'NMYECKAA AKTUBHOCTD U JIOKA3ATEJIbHASI BA3A ITAHTOB
Tun OcHosHoie BAB Ilpeononazaemvle Vposenw Hcmounuk
uccneo08anus aghpexmoi odoxazamenbHoOCmuU
TTanTsI AMUHOKHCIIOTEHI, CtuMy IS KIE€TOIHOTO DKCIIepUMEHTATbHBIC 5,6
Mapana (in TIETITU/IBI, MeTabonu3ma, JTaHHBIE
vitro) TOPMOHONOAOOHBIE  aHTHOKCHIAHTHAS
BEIIECTBA AKTUBHOCTH
ITanTo [IporenHOBEIC AanToreHHBIE, DKCIIepUMEHTATBHBIC 5,6
Mapaia AKCTPAKTHI, IUMUABl MMMYHOCTUMYJIMPYIOIINUE,  HCCICIOBAHUS HA
(’KMBOTHEIE) aHTU(GUOPOo3HBIC ZDGDEKTHI  KUBOTHBIX
ITanTHI OKCTpaKTHI TaHTA YactryHoe ymydIieHne OrpaHuveHHbIE 7,8
Mapaina HMMYHHOTO CcTaTyca, KITMHAYECKHE
(uenoBek) CHIDKCHHE YCTaJIOCTH UCCIIEIOBAHUS;
HeOOJIbIIINE BRIOOPKH
ITaHTBI benku, IToTenuumansHas DKCIEepUMEHTANbHbBIE 6
JIPYTHX MHUKPO3JICMEHTHI, AHTHCTPECCOBAs U JaHHbIC
oJNieHeH ¢akTopsl pocta aJanToreHHas aKTHBHOCTh
(>KMBOTHEIC)
ITaHTBI OKCTPAKTHI Bo3mokHoe ynyunieHue Henocrarouno 7
JIPYTHX OJICHBUX TTAaHTOB PENPOAYKTUBHON QDYHKIIUM  KIMHHUYSCKUX JaHHBIX,
oneHei 1 paboToCIOCOOHOCTH pe3yIbTaThl
("gemoBeK) MTPOTHBOPEYHBEI

Ilpumeuanue: ypoBeHb JOKA3aTEILHOCTH OICHUBACTCS IO MPUHIIMIIAM COBPEMEHHON JOKa3aTeIbHOM
MEIUIHHEL: i1 Vitro — Nab0paTOPHBIE UCCIIEIOBAHUS; HCUBOMHble — JTOKIMHUUYECKUE MOJCIH; Yel08eK —
KIIMHUYECKHEe HaOMIOACHNS U PaHAOMU3NPOBAHHBIC UCCIIEAOBAHUS

JlaHHBIE paHIOMU3UPOBAHHBIX KOHTPOJIMPYEMBIX UCCIIEOBAHHH Ha JIFOJs1X OoJiee OrpaHUYEHbI
u HeopHoponaHbl. Cuctemarudeckuil 0630p RCT-uccnenoBanuii mo MCHoiIb30BAHUIO J00ABOK U3
OJIEHBPUX TAHTOB HE BBIABHJI YOEIUTENbHBIX J0Ka3aTE€IbCTB 3HAYMMOM MOJIB3bI 11 OOJIBIINHCTBA
M3y4aeMbIX COCTOSIHUH, BKJIIOUasi pEBMAaTOMIHBIN apTPUT, OCTE0APTPUT, CEKCYyabHYI0 (PYHKIHIO U
CIOPTUBHYIO pab0TOCIIOCOOHOCTH. TONBKO B HECKOJIBKUX UCCIIEAOBAHUAX HAOIIOANNCh YACTUYHbBIE
MOJIOKUTETbHBIE () (HEKTHI, HO OHU HE OBUIM CTATUCTHUYECKU YOS TUTEIbHBIMHU [6].

buonornuecku aktuBHbIe 1006aBku (BAJl) Ha OCHOBE MaHTOB Mapasia MOJIYYHIIA 3HAUUTEITLHOE
pacnpocTtpaHeHue kak B Poccum, Tak u 3a pyOexxoMm, Tabi.2. DTu mnpenapaThl BBIIYCKalOTCS B
pa3nuyHbIX (OpMax, BKIOYAs KarcCylsbl, TaOJIETKU, XHUJKHE SKCTPAKThl M MOPOLIKH, IPU 3TOM
OCHOBHBIM AKTHUBHBIM KOMIIOHEHTOM SIBJII€TCSI MOPOIIOK MM HSKCTPAKT IaHTa Mapaia, 4acTo
oOoraiéHHbI BUTAMUHAMU, MUHEPAJIaMH, aMUHOKHCIIOTAMU U APYTUMHU OMOJIOTUYECKU aKTUBHBIMU
BeniecTBaMu. OCHOBHBIMH ITPOU3BOAUTENSIMU B Poccun, ocoOeHHO B ANTaliCKOM peruoHe, BISI0TCS
Oopenasl Pantovital, Pantocrin, Maral Siberia u Altai Maral, koTopble UCIIONIB3YIOT NMAHTHI Mapaja ¢
MECTHBIX MapasioBbIX (epMm. Ot BAJIpI MO3UIMOHHUPYIOTCS Kak oONajgaroliue aJanTOreHHBIM,
MMMYHOCTUMYJIUPYIOIIUM, OOIIEYKPEIUIAIONMM M OMOJIQ)KMBAIOLIUM JICHCTBHEM, a TaKXkKe Kak
CIOCOOHBIE OJIOKUTENBHO BIUATH HAa (PYHKIMOHAIbEHOE COCTOSIHUE CEPACUYHO-COCYTUCTON, HEPBHOM
U pEenpoayKTHUBHOW cHcTeM. MeXIayHapoJaHble aHaioru, takue kak Antler Velvet ot Planetary
Herbals, npousBoastcs B HoBolt 3enmaHaum M Opyrux CTpaHax C Pa3BUTOM OTPACIbIO OJEHBErO
xo3giicTBa. HecMOTpst Ha MIMPOKOE UCTIONb30BaHUE, KIMHIUUECKUE J10Ka3aTeNbCTBa 3()(HEKTUBHOCTH
3TUX J100aBOK y YEJIOBEKa OCTAIOTCSI OTPaHMYEHHBIMU, U MX JEUCTBHE B OCHOBHOM OCHOBAaHO Ha
TPaJULIMOHHOM IPUMEHEHNHU U TOKIMHUYECKUX HCCIIE0BaHUSX.

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 70




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice
https://www.bulletennauki.ru

T. 12. Ne4 2026

https://doi.org/10.33619/2414-2948/125

Tabmuma 2
I[MPUMEPBI EAZIOB HA OCHOBE I[TAHTOB MAPAJIA:
[MPOU3BOAUTEJIN, ®OPMA BBIITYCKA 1 OCOBEHHOCTH
Haszsanue FAJ/[  Ilpouzeoou Cmpana OcHosHule Ocobennocmu
menb npou3so0Ccmaa, KOMNOHEeHmMbl
gopma svinycka
Pantovital Plus Pantovital Poccus (Anrait), Ilopomox IIpousBoasTcs B YIIMOHCKOM
KarcyJibl MaHTOB Mapaja, JIOJNUHE Ha AJTae ¢
BUTAMUHBI, UCIIOJIb30BaHUEM SHAEMUYHBIX
KHUPHBIE pacTeHwuii; OPUEHTHUPOBAHBI HA
KHCIIOTBI AMMYHHUTET H DHEPTUIO
(pantovital.ru)
Pantocrin / Evalar (umu  Poccus, xugkuii  DKCTpakT TpaguIoHHBIN afanToreH,
Pantocrinum JIpyrue 3KCTPAKT, MaHTOB Mapajia, 3aperucTpupoBaHHbIN B Poccuu;
OpeHIbI) TaOJICTKH MHKPOJIEMECHTHl  IITUPOKO TIpuUMeHseTCs Kak BAJ]
/ nexapctBo (Nzt lab)
Altai Maral WNmnopt/akc  Poccus (ceip€  [lanTel Mapana  [Ipeamonaraemoe
Antler Velvet &  mopTHBIE u3 Anras), + HCTIONTE30BaHUE TSl 001
Panthogematogen mocTaBmIUK  KarcyJbl MIAHTOT€MATOI'eH TOHM3ALMU; ChIPHE Yallle BCEro
u u3 Anras
(globalhealingweb.com)
Maral-Siberia Maral Poccus [lanTe! Mapana, [IpomsBoacTBo 6a3upyercs Ha
products Siberia (Anraiickuit KpOBb Mapaia MapayoBOJUECKUX XO3SCTBaX B
Kpaii), KarcyJibl, AnraiickoM kpae (peptide-
ITOPOITIOK shop.com)
Antler Velvet Planetary Hogas Onenpn maHTel  [IpOyKT HA OCHOBE OJICHBUX
(Planetary Herbals 3enanus, (pa3Hble BHIBI MAHTOB, CEPTUPHUIINPOBAHHBIN
Herbals) TaOJICTKH OJICHEH ) rponsBoauTens n3 HoBoit

3enmaHaun
(planetaryherbals.com)

Yro kacaeTcs BONPOCOB 0OE30MAaCHOCTH,

HEJAaBHO OIyOJIMKOBAHHOE KOHTPOJIUPYEMOE

KJIMHUYECKOE MCCIIEJOBAHNE OIICHHMBAaeT O€30MacHOCTh HKCTPAKTa OJIEHBErO MaHTa y JeTed B
yCIOBUAX 12-HeNeNnbHOro MPUMEHEHHsI U He OOHApYKWIO CepbE3HBIX MOOOYHBIX 3((PeKToB, YTO
YKa3bIBae€T HAa OTHOCUTEJIbHYIO 0€30IaCHOCTh MCIOJIb30BAHUS B M3YYEHHBIX JO3UpoBKax. OmgHaKo
TaKHe JJaHHbIE OCTAIOTCSI €AMHUYHBIMU, U JJI1 OKOHYATEIbHBIX BBIBOJOB HEOOXOAUMBI AajIbHEHIIINE
KpyHHbIE UCCIIe0BaHus [7].

[TockonbKy MHOTHE TMOJOXUTENbHbIE 3((EKThl OTMEYATUCh B HKCHEPUMEHTAIbHBIX U
JOKJIIMHUYECKUX UCCIIEOBAHUSX, HO HE MOJIYyYMIIU YOEIUTENbHOIO MOATBEPKACHNS B KAU€CTBEHHBIX
KJIIMHUYECKUX MCIBITAHUSAX Ha JTIOASIX, MOKHO 3aKJIIOYUTh, YTO CYLIECTBYIOIIAs JJOKa3aTelbHas 6a3a
MIOKa He MO3BOJIIET PEKOMEH/I0BAaTh MPOJYKThl HA OCHOBE MAHTOB Mapaja M JAPYIMX *KMBOTHBIX Kak
YHUBEPCAIBHOE CPENCTBO I 03I0POBJICHUS U JiedeHUs. [Ipy 3TOM TpaauLIMOHHOE UCIIOJIb30BAHNE
U KyJbTYPHBIE MPEACTABIEHUS O IMOJIb3€ MaHThl OCTAIOTCS BaXKHBIM KOHTEKCTOM, HO HE 3aMEHSIOT
CTpOTv€ Hay4yHbI€ JOKa3aTeslbcTBa [8].

Bui6o0wi
[TanTel Mapana U Apyrux MpecTaBUTENEH CEMENCTBA OJICHEBBIX COJIEPKAT IIUPOKUAN CIIEKTP
OMOJIOTMYECKN aKTHBHBIX COCIWHEHUM, BKIIOYAs aMHUHOKHUCIOTBI, TIENTHIBI, JUMUILI, MUKPO- H
MakKpOd3JIEMEHTHI, TOPMOHOIMOA00HBIE BellecTBa W (PAKTOPBI POCTA, YTO OOBICHIET HUX JONTYIO
HCTOPUIO MPUMEHEHUS B TPATUIIMOHHON MEIUIIMHE U Ka4ecTBe OMOIOTHYECKH aKTUBHBIX JI00aBOK.
DKCIEepUMEHTAIBHBIC UCCIEAOBAHUS in Vitro W Ha >KUBOTHBIX MOJEISAX TMOITBEPKIAIOT HaJTUYHE
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onpeAenéHHON OMOJIOTHYeCKOl aKTMBHOCTM IIaHTOB, BKIIIOYas CTUMYJIHMPYIOIIEEe BIMSHHE Ha
KJIETOYHBIN MeTa00JIM3M, UMMYHOCTUMYJIUpYIOLIee AeiicTBUE U aganToreHubie 3¢ dextsl. HecmoTps
Ha 9TU JIaHHBIE, COBPEMEHHAsl JI0Ka3aTelbHas 0a3a JUlsl IPUMEHEHHs TAaHTOB Y YelIOBeKa OCcTaérest
orpaHuueHHoW. KimHHueckue wucciaenoBaHus HOCAT HEOOJbIIME BBIOOPKH, KpPaTKOBPEMEHHBIE
HaOJIOEHNs U HEJOCTATOYHBIA KOHTPOJIb COMYTCTBYIOIIMX (DPAKTOPOB, YTO HE MO3BOJSET JENaTh
OJTHO3HAYHBIE BBIBOJIBI O BHIPAXKEHHOW U YHUBEPCAIBHOM M0JIb3€ MAHTOB IS 310POBbSI.

[IpumeHeHre TPOAYKTOB HAa OCHOBE MAHTOB TpeOyeT OCTOPOXKHOTO MOAXONA, YYHUTHIBas
MOTEHIMATIbHBIE TT0O00UHBIE 3()(EeKThI, HHANBUIYAIBHYIO HENIEPEHOCUMOCTh U ATUYECKUE ACHEKTHI
3aroTOBKM >KMBOTHOTO CbIpbs. s (opMupoBanus 0OOCHOBAHHBIX PEKOMEHIALUUN HEOOXOAMMO
MIPOBE/ICHUE KAYECTBEHHBIX PAHIOMH3UPOBAHHBIX KIMHUYECKUX MCCIEJOBAaHUM C JIOCTATOYHOU
BBIOOPKOH, CTAaHAAPTU3UPOBAHHBIMH METOJAaMHU TNPUMEHEHUS W JJIUTEIbHbIM HaOmonenuem. Ha
JAHHBI MOMEHT IAaHThl Mapajia W APYTHX *KUBOTHBIX MOTYT PacCMaTPHBATHCS KaK OMOJIOTHYECKU
aKTUBHbIE JOOABKM C TOTEHUUATbHBIMU dS(dexTamu, 4YeM KakK JI0Ka3aHHOE CPEACTBO JUIS
poUTAKTUKY WM JIeYeHUS 3a00IeBaHUIA.
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Abstract. The present study was conducted during 2022-2024 in the territory of Lake Sarisu,
the second largest lake in the Republic of Azerbaijan. During the research, a floristic checklist of the
plant species recorded in the study area was compiled. The checklist reflects the taxonomic structure
of the flora, life forms, geographical and areal types, ecological groups, and endemism. Herbarium
specimens of the identified plant species were prepared, photographs of plants in their natural habitats
were taken, and GPS coordinates were recorded. The study revealed one vegetation formation
(Phragmiteta australis) and four associations within the vegetation cover of Lake Sarisu: Phragmites
australis + Ceratophyllum demersum; Phragmites australis + Typha angustifolia; Phragmites
australis + Tamarix ramosissima; and Tamarix ramosissima + Tamarix hohenackeri. The
investigation of the current state of flora and vegetation highlights the necessity of assessing the
impacts of global ecological problems, including anthropogenic factors, on plant diversity. This issue
is of particular relevance for future geobotanical and phytocoenological studies to be conducted in
Lake Sarisu and its surrounding areas.

Annomayus. VccnegoBanue nposoaunochk B 2022-2024 rr. Ha tepputopun o3zepa Capsicy -
BTOPOTO 110 Ben4nHe o3epa AzepOaiipkanckoi Pecy6nuku. B xoze uccnenoBanus 01 cOCTaBIIeH
(bopucTHYECKUI KOHCIIEKT BUIOB, BCTPEUAIOLIUXCS B HCCIEyEMOM paiioHe, B KOTOPOM OTpPaKEeHBI
TaKCOHOMMYECKasi CTPYKTypa (iopsl, ku3HeHHbIE (opMBbl, Teorpaduyueckie U apeanbHble THIIBI,
9KOJIOTMUECKHE TPYMIbI, a TakKXke YypoBEHb OHJIeMu3Ma. Jlns BUAOB, BKIIOYEHHBIX BO
(bopucTHUECKUN KOHCTIEKT, ObLIIN MOATOTOBIEHBI TepbapHbie 00pa3iibl, BbINOIHEHA (poToPUKCcaIT
B ECTECTBEHHBIX YCJIOBMSX mpou3pactaHus M omnpezneneHsl GPS-koopaunatel. B pesynbrate
UCCIIEIOBAaHU B pacTUTENbHOM TIOKpoBe o3epa Capbicy ObUIa BbISBIEHA OJHA Qopmanus
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(Phragmiteta australis) n detbipe accounanuu: Phragmites australis + Ceratophyllum demersum,
Phragmites australis + Typha angustifolia; B npubpexunoit 3oue — Phragmites australis + Tamarix
ramosissima; Tamarix ramosissima + Tamarix hohenackeri. I3yuenue cOBpeMEHHOT'O COCTOSIHUS
BUJIOB, BCTPEYAIOMIMXCS BO ()JIOpPEe M PACTUTEIBHOCTH HCCIEILYyEeMOH TEpPPUTOPHHU, MOAUEPKUBAET
HEOOXOUMOCTh OIEHKH BO3JEHCTBUS TJIOOAJbHBIX JKOJIOTUYECKUX MpoOjeM, B TOM 4YHCIE
AHTPONOTeHHBIX (PAaKTOPOB. DTO MPUIAET OCOOYIO aKTYaJbHOCTh JANbHEHIINM re000TAHUYECKUM U
(UTOCOLMOTOTUYECKUM UCCIIEIOBAaHUSAM, IUTAHUPYEMbIM Ha 03epe CappiCy U B IPUIETAIOIIUX K HEMY
TEPPUTOPUSIX.

Keywords: areal, phytocoenology, anthropogenic impacts, flora, vegetation cover; floristic
composition, taxonomic structure

Kntouesvie cnosa: apean, (UTOLICHONIOTHS, AaHTPOIOIEHHbIE BO3ACHCTBUSA, (ropa,
PaCTUTENBHBIN MOKPOB, (IOPUCTUYECKUN COCTAB, TAKCOHOMUYECKAs! CTPYKTYpa.

Lake Sarisu is one of the largest lakes in the Republic of Azerbaijan in terms of surface area
and water volume. It is located along the banks of the Kur River within the territories of Imishli,
Sabirabad, and Saatli districts and extends for approximately 22 km from northwest to southeast.
Notably, Lake Sarisu is one of four interconnected lakes within the study area [7, 11].

The lake is mainly fed by floodwaters of the Kur and Araz rivers, and an increase in its water
volume is primarily observed during spring and autumn [9, 19].

Seasonal fluctuations in water level directly influence the surrounding vegetation cover, often
leading to the decline of valuable plant species and changes in species composition. Climate
variability and anthropogenic pressures further contribute to the degradation of rare, endangered, and
threatened plant species in the area. These ongoing changes in the flora and vegetation of Lake Sarisu
underline the necessity of conducting regular phytocoenological and geobotanical studies.

The vegetation of the study area is predominantly represented by aquatic and marsh plant
communities. During the research, species belonging mainly to the families Poaceae Barnhart,
Cyperaceae Juss., Ranunculaceae Juss., Asteraceae Dumort. and Typhaceae Juss. were found to be
dominant. Many of these species possess economic value, including food, forage, medicinal, dye, and
ornamental properties. Therefore, studying their current ecological condition is of significant
scientific and practical importance.

Materials and Methods

The main objective of this study was to assess the current state of the vegetation cover of Lake
Sarisu during 2022-2024. A comprehensive floristic checklist of plant species recorded in the study
area was compiled, and the bioecological characteristics of selected species were analyzed.
Geobotanical research was conducted using generally accepted field methods for vegetation studies
[3, 12-14].

Plant species nomenclature and taxonomic classification were standardized according to the
APG 1V system and the International Plant Names Index (IPNI) and World Flora Online (WFO)
(https://wtoplantlist.org/) [1, 2, 5].

The identification and assessment of endemic, rare, and endangered plant species were based
on The Plant World of Azerbaijan and the Red Book of the Republic of Azerbaijan 8, 10, 17, 19].

Collected plant samples were processed as herbarium specimens and identified according to
systematic taxa. Modern geobotanical methods were applied during field surveys to classify
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vegetation units, including formations and associations, based on dominant genera and species [4, 6,
15, 16].

Species abundance and distribution patterns were also recorded following standard
phytocoenological approaches.

Results and Discussion
The study area, Lake Sarisu, is located within the territories of Imishli, Sabirabad, and Saatli
districts of the Republic of Azerbaijan and extends for approximately 22 km along the Kur River
from northwest to southeast. The lake represents one of four interconnected water bodies in the region
(Figure).

| CabupaGan
" AR

Figure. Lake Sarisu

Geobotanical investigations conducted in the flora and vegetation of Lake Sarisu identified a
wide range of annual, perennial, and rhizomatous plant species. Among the recorded taxa were
Cyperus fuscus L., C.glaber L., C.longus L., C.rotundus L., C.esculentus L.; Typha angustifolia L.,
Sparganium erectum L., Juncus subulatus Forssk., J.gerardii Loisel., J.litoralis C.A.Mey., J.acutus
L.; Potamogeton crispus L., P.intramongolicus Ma, P.nodosus Poir.; Tamarix ramosissima Ledeb.,
T.hohenackeri Bunge; Aeluropus littoralis (Gouan) Parl., Tripolium pannonicum (Jacq.) Dobrocz.,
Lythrum salicaria L., Puccinellia gigantea Grossh., Eleocharis palustris (L.) Roem. & Schult.,
Mentha aquatica L., and Polygonum aviculare L.

The bioecological characteristics and economic importance of selected plant species were
analyzed based on field observations and available literature data [18, 20, 21].
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Bioecological Characteristics of Selected Species

Cyperus longus L. is a perennial species with long aromatic rhizomes and an upright,
unbranched, light-green stem covered with variegated leaves. The leaves are linear, slightly
broadened, and have rough margins. The inflorescence is umbellate, composed of 3-10 spikelets
measuring 5-15 mm in length. Flowering occurs from June to September. The fruit is a trigonous
nutlet, 1.2—-1.5 mm long. The rhizomes possess a bitter taste and aromatic properties and are
traditionally used as a spice.

Tripolium pannonicum (Jacq.) Dobrocz. is a biennial plant with linear to slightly fleshy leaves.
The inflorescence is a capitulum composed of ligulate female marginal florets, which are blue or pale
pink, and tubular bisexual central florets. The achenes are elongated, and the pappus bristles are
rough. This species occurs not only in the study area but also in plains, coastal sands, saline soils, and
occasionally in agricultural fields.

Potamogeton intramongolicus Ma is a perennial aquatic plant with an upward-branching stem
and filamentous, branched rhizomes. The leaves are fully submerged, linear, 2-5 cm long, with acute
apices. The inflorescence is spike-like and approximately 5 cm long. Flowering takes place in June,
while fruiting occurs from June to July. The crescent-shaped fruits are 3.5-5 mm long. This species
is used as forage for livestock and birds and is also applied as green manure in agricultural practice.

Potamogeton nodosus Poir. is a perennial aquatic plant with a long, strongly branched stem.
Submerged leaves are linear-lanceolate, thin, and fragile, measuring 10-30 cm in length, while
floating leaves are elliptic to lanceolate. The spike-like inflorescences (2-6 cm long) are borne on
elongated peduncles. Flowering occurs from June to July, and fruiting from July to August. The
nutlet-shaped fruits are 2-2.5 mm long. This species is considered rare and is occasionally used as an
ornamental plant.

Polygonum aviculare L. is an annual plant with erect, ascending, or prostrate stems, 15-40 cm
long. Leaves are elliptic, oval, or sometimes linear. The inconspicuous flowers are located in the leaf
axils, with white or pinkish perianth segments. Flowering continues from May to October. The dark-
colored, triangular seeds are 2-3 mm long. This species is a recognized medicinal plant included in
pharmacopoeias and is widely used in traditional medicine due to its antioxidant, anti-inflammatory,
diuretic, hemostatic, and antimicrobial properties.

Discussion

The vegetation of Lake Sarisu is represented by a single formation, Phragmiteta australis,
which includes four associations: Phragmites australis + Ceratophyllum demersum; Phragmites
australis + Typha angustifolia; Phragmites australis + Tamarix ramosissima; and Tamarix
ramosissima + Tamarix hohenackeri. Field observations indicate a gradual decline in the
development dynamics of plant species within the lake ecosystem, primarily due to recent climate
warming and increasing anthropogenic pressure.

Currently, Phragmites australis maintains its status as the edificator species of Lake Sarisu.
This species is widely distributed across various lakes and wetlands in Azerbaijan and plays a
dominant role in forming different plant associations and formations.

The vegetation cover of Lake Sarisu includes true aquatic plants (hydrophytes and hygrophytes)
as well as moisture-loving species (hygromesophytes). Among hydrophytes and hygrophytes, Typha
angustifolia (2-3 abundance points), Potamogeton pectinatus (2 points), P. crispus (2 points),
Sparganium neglectum (1-2 points), and Ceratophyllum demersum (1-2 points) were recorded. In the
surrounding areas, dominant species of Azerbaijan such as Tamarix ramosissima and Tamarix
hohenackeri (2-4 points) were observed.
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Hygromesophytic species forming the background vegetation in moist habitats around the lake
include Aeluropus littoralis (2-3 points), Aster tripolium (2 points), Lythrum salicaria (2-3 points),
Puccinellia gigantea (2-3 points), Eleocharis palustris (2 points), Mentha aquatica (1-2 points), and
Batrachium trichophyllum (2-3 points).

Conclusions

The conducted research demonstrates that Lake Sarisu represents a significant center of aquatic
and marsh vegetation diversity within the Republic of Azerbaijan. The floristic analysis carried out
during 2022-2024 revealed that the vegetation cover of the lake is dominated by the Phragmiteta
australis formation, represented by four well-defined associations. The dominant role of Phragmites
australis as an edificator species confirms its key structural and functional importance in shaping the
phytocoenotic structure of the lake ecosystem.

The study indicates a gradual decline in the development dynamics of several plant species
inhabiting the lake and its surrounding areas. This trend is primarily associated with ongoing climate
warming, hydrological fluctuations, and increasing anthropogenic pressure. Seasonal changes in
water level significantly affect species composition, leading to the reduction or local disappearance
of certain valuable and ecologically sensitive taxa.

The presence of hydrophytes, hygrophytes, and hygromesophytes, represented by annual,
perennial, and shrubby life forms, reflects the ecological heterogeneity of the study area. The
identification of rare, economically valuable, and medicinal plant species highlights the scientific
importance of continuous monitoring and conservation-oriented research in the region.

Practical Significance

The flora and vegetation of Lake Sarisu possess substantial ecological and economic value.
Many of the recorded plant species serve as important raw materials for cellulose and fiber
production, paper manufacturing, construction materials, fodder resources, and wildlife habitats. The
findings of this study emphasize the necessity of implementing regular environmental monitoring
programs and developing effective conservation strategies aimed at preserving the floristic diversity
and ecological stability of Lake Sarisu and its adjacent territories.

Furthermore, the results obtained can serve as a scientific basis for future geobotanical,
phytocoenological, and environmental management studies, as well as for biodiversity conservation
planning at the regional level.
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