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PACHIEIIVIEHUEM U 3AMEHOU HAYAJIBHBIX YCJIOBUHU
HA INIEPEMEHHBIE HAYAJIBHBIE YCJIOBUSA
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STUDY OF SOLUTIONS OF SINGULARLY PERTURBED EQUATIONS BY SPLITTING
AND REPLACING INITIAL CONDITIONS WITH VARYING INITIAL CONDITIONS
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Annomayus. PaccmarpuBaeTcs CUHTYISApHO Bo3MyiieHHoe ypaBHenue (CBY) mnepBoro
nopsiika. OCHOBHas 3ajaya 3aKjIOYaeTCsl B PACHICIUICHUU PEIICHHS 3aJlaHHOTO YpaBHEHHUs Ha
HECKOJIbKO (KOHEYHBIX) COCTABIISIFOIINX, TaK YTOOBI Ka)asi COCTABIIAIONIAs Oblja JTIOMUHUPYIOIIEH
B pa3HBIX YACTAX pacCMaTpUBaeMOil KOMILJIEKCHOW OONacTH U yOPOCTHIIA TMPOBOAMMBIE
uccnenoBanus. Jns oOjerdeHuss MPOBOIMMBIX HCCIENOBAaHUI MpOBEIEHA 3aMeHa HavalbHBIX
YCJIOBHH Ha MEPEMEHHBIC HAUYaJIbHbBIE YCIIOBUS Ha HEKOTOPBIX JIMHHSX.

Abstract. In this paper, a singularly perturbed equation (SPE) of the first order is considered.
The main task is to split the solution of the given equation into several (finite) components, so that
each component is dominant in different parts of the considered complex region and simplifies the
conducted research. To facilitate the conducted research, the initial conditions are replaced by
variable initial conditions on some lines.

Kniouesvie cnosa: CUHTYISIPHO BO3MYLICHHBIE YPAaBHEHHUS, paclICIUICHHE pPELICHUH,
aHAIUTUYCKUE (PYHKIINU, TApMOHUYECKUE QYHKIIMH, aCUMITOTHYECKHE OLEHKH.

Keywords: singularly perturbed equations, splitting of solutions, analytic functions, harmonic
functions, asymptotic estimates.

B pannux paborax [1-4] OblTH MCClIeIOBAaHBI aCUMIITOTHYECKOE TToBeAeHUe pereHuit CBY B
KOMIUIEKCHBIX oOiactsix. Ilpu sToM ObuIO BBISBIEHO, 4TO pemieHHus paccmarpuBaembix CBY B
Pa3HBIX YaCTIX KOMIUIEKCHBIX oOnactell BeA€T cebst mo-pasHoMy. BenieacTBue 3Toro OblTH BBEIECHBI
MOHATHSI TOTPAHCIIOWHAS JIMHUSA, TOTPAHCIONHBIE O0JACTH CUHTYJSpHBIE, PEryjspHble 00JacTu,
oOmactu npuTsHKeHus. Bo3Hukia 3aaua, MOXKHO JIM ITPOU3BECTH paciuervienue pemenuii CBY Ha
HECKOJIBKO COCTAaBJIISIOIIMX, TaK YTOObI KaXKAas U3 HUX ONpEAessUId BBEIEHbIe MOHATHS. BriepBbie
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3Ta 3amada pemieHa B [5, 6]. Pemenus paccmarpuBaembix CBY pacmienieHbl Ha HECKOJBKO
COCTaBIISIIOIIMX, a TakKe€ pACCMOTPEHbI Clyyad, KOIZla HEBO3MYLICHHOE YpaBHEHHE HUMEET
pETyIsipHOE W UpPpEryIspHOe pemieHus. VccnemoBanue MpoBEAICHO 3aMeHOor auddepeHuanbHbIX
YpaBHEHHI WHTETPajbHBIMHU. PelieHus WHTETpajbHBIX YypaBHEHMH HCCIEJOBAHBI BHIOOPOM
OTIpe/IeTICHHBIX MyTel MHTerpupoBaHud. [Ipu 3ToM ObUTH MPOBEAEHBI TPOMO3AKUE BBIYHUCICHUS U
OLICHKH PEIICHUN Ha HECKOJBbKUX MyTSIX UHTETPUPOBAHHUSI.

OcHoBHas 11eJIb HACTOSIIEH pabOThI, MPUBECTH WHTETPATbHBIC YPABHEHUS K 0oJiee yIoOHOMY
A1 OLCHKU BHAY, 3aMEHOM HavaabHOI'O yCii0BUsA, Ha NCPECMCHHBLIC HAYaJIbHBIC YCJIIOBUS, Ha
HEKOTOPBIX JIMHUSAX.

Ilocmanoska 3adauu
[lyctb paccmarpuBaeTcst ypaBHEHHE

ex™ (t,e)=a(t)x(t,e)+e(b(t)+f(t,x(t,e)) 1)
C HavaJIbHBIM YCIIOBHEM
X(to, g) = xO, (2)

O0<e- rme Manblii BellecTBEHHBbIM mapamerp; X(t,&) — HeW3BecTHasl CKajspHas (YHKLHUS;
teDcC- MHOXXECTBO KOMIUIEKCHBIX YHcel, a D - HekoTopasi orpaHHueHHast 00J1acTh.

VYpaHenust Buaa (1) Ha3bIBalOTCS CUHTYJISIPHO BO3MYyIIeHHbIMU ypaBHeHusamu (CBY). B (1)
nosorast €=0 momyuyum HeBo3myuleHHoe ypaBHeHue (HY). B nannom ciyuae HY umeer nyneBoe
pelieHue.

[lycTb BBIOJHSAIOTCS YCIOBUS:

V1. a(t),b(t) € Q(D) — npocTpaHCTBO aHAIUTHYECKHUX (PyHKIHMH B D;

V2.Vt € D (a(t) # 0);

V3. f(t,x) € Q(H),H = {(t,x),t € D, |x| < ¢}, f(t,0) = 0;

BbykBamu ¢4, ¢, ... OyeM 0003HaYaTh MOJIOKUTENBHBIX TOCTOSIHHBIX, HE 3BUCAIINX OT €.

va.v((t),(t.7)) € H(F (6,2 - F(£.7)] < ca|% - F).

Pemenue 3amaun.

1. Pacmenienue pemeHus.
Jlnst peanuzaryu e B (1) — 3aME@HUM HEM3BECTHYIO (PYHKITHIO

x(t,e) = y(t, &) + (¢, €), 3)

e y(t,€),I1(t,€)- HOBbIe HeM3BeCTHBIC (DYHKIIUH.
(3) moacrapnsis B (1) momyuum

ell™ (t,e)=a(t)I1(t,e)+ef(t,I1(t,g)), 4)

M(ty, &) = x°; (5)

ey'(t,€) = a()y(t &) + £ [b(®) + (f(t.y(t. &) + 1I(t,8)) - F(LTI(t,©))] (6)
(tO’S) =0 (7)

Takum 00pazoM MpOBEACHO paclienieHHe pelieHus Ha JBa cocTansitomue. (4) — (5) u (6) —
(7) 3aMeHUM CcIenyOIMMH MHTETpaJbHBIMU YpaBHEHUSIMHU (ajiee apryMEHThl HEH3BECTHOM
¢byHKIuu Oy/1eM OIyCKaTh)

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 11
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; _ (8)
1= xoexp@+ ff(‘r, H)expwm',

(9)
A
f(b(f) +(fry +1ID - f(z,M))e xpu

me A() = J; a(®dr.
2. 'eoMeTprUYeCcKHE TOCTPOCHHS
[Ipu mocTpoeHusx wucnonbyeM MeToj u3ioxkeHHbld B [1]. IlpoBemem reomerpuueckue
noctpoeHus B obaactu D, ¢ ucrons3oBanneM TuHUM ypoBHS GyHKIUN ReA(t),ImA(t).
Onpeoenenue. MHOXECTBa
(p) = {t € D,ReA(t) = p — const },
(@) ={te D, ImA(t) =q — const}
Ha30BEM, COOTBETCTBEHHO JHMHUSAMH ypoBHA (QyHkuuit ReA(t), ImA(t). Oyukiuu
ReA(t) uImA(t) conpsokeHHO — TapMOHHMYECKHE, coracHo Y1, a WX JIMHUM ypPOBHSA —
ananutnaeckue kpussie [7-8]. U3 muoxkectsa {(p)}, {(q)} Bo3bMEM JTMHUYU ypOBHS

(po) = {t € D,ReA(t) =0},
(qo) = {t € D, ImA(t) = 0}.

Cormacio Y2 nuuum ypoBus (p),(q) He umeror touek BerBienus. Jluuuu (pg), (qo)
MIEPECEKAIOTCS B TOUKE t, M B3aMHO OPTOTOHAJIbHBI B TOUKE mepecedeHus [8].

JIunus (pg) pasmensier HEKOTOPYIO OKPECTHOCTh TOYKH t, Ha ABe 4acTu. He orpaHuumBas
OOIIHOCTH Oy/IeM CUHUTATh, YTO 3TA OKPECTHOCTh, 001acTh D (PucyHok 1).

(Po)

Pucynok 1. [lenenue obnactu

Yactu o603uaunm Dy, D,. Oyukimro ReA(t) paccmorpum Ha nmauu (q). Wssectro [8], ona
CTPOr0 MOHOTOHHA BOAbL JuHUKM (q), KoTopas mepecekaercs ¢ (pg). Touky mEepecedeHus
0003HauuM L.

vt € (py) (ReA(t) = 0) = ReA(t) = 0.
Torma Vt € D; (ReA(t) < 0 V ReA(t) = 0), npuueM paBeHCTBO HMEET MECTO TOJIBLKO JIJIsI
Vt € (py). s onpesenieHHOCTH GyIeM CUMTATh

vVt € D, ReA(t) < 0.. (10)
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Ecnu tak, To
Vt € D, ReA(t) = 0. (11)

BBeném TMHAN ypOBHSI
(p_(-¢) )={teD,ReA(t)= elne},
(p_&)={teD, IMA(t)=-clne}.
Juausimu (p_,), (p.) obmactu Dy, D, Taxxke pasgenstorcs Ha dactd Dig, Diq, Dyg, Dyq
(PucyHok 2).

(p-¢)
(Po)

()
Pucynok 2. O6mactu D4, D,

(8) — (9) Oymem paccmarpuBare B oOmactsix Dig, Diq, Dy, Dy . Ompenenum  myTu
UHTETPUPOBAHHS.

Cy1ecTByIOT OECKOHEYHOE MHOKECTBO ITyTed HHTerpupoBaHus. OCTaHOBUMCS TOJBKO Ha
omHoM Bapuanre. s t € D; wiu D, myTh coctout us: (pg)[te, ] U (@)L, t] (Pucynok 3). 3anuch

l[ﬁ f], 03HAYaeT YacTh KPUBOH [, COeUHAIOMAs TOUKU £ U L.

(Po)

Pucynok 3. ITytu uarerpuposanus st (1) u (11).

3. MccnenoBanue acCUMITOTHYECKOTO TIOBEACHHUS pEIIEHUH 3aMEHON HavyaJbHBIX YCIOBUHM Ha
IIEPEMEHHEIE.

HccnenoBanne acuMnToTHYeckoro mnoBeneHusi pemeHuid (8)-(9) mnposegeM MeToAOM
MOCIIEIOBATENIbHBIX MPUOIMKEHUN, KOTOPBIE ONPEIENINM CIEAYIOINUM 00pazoM
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: (12)
A(t A(t) —A(t
I, = xoexp% + ff(‘r, Hm_l)expudt,
to
[ly=0 m=1,2,...;
(13)

t ) y

Vo=0 m=1.2,..;

CHauaJia mpoBe/ieM OILICHKY M JIOK&KEM PaBHOMEPHYIO cxonuMocTh (12), 3aTeM paccMOTpUM
(13). OrpannuumMcs paccMoTpeHHeM BapuaHTa |, Tak kak BapwanT |l mcciemyercs aHaaoru4HO.
Cuauvasa pacemorpuM (12) wis Ve € (py).

VYpaBuenue (py) NpeACTaBUM B BHJIE

T = 171(5), T, = 175(s), tne s mmHa (py) or t, mo t, 0<s<sy, <400, npuuem
71(8), T2 (S) ABISATOTCS aHATUTHYECKUMU (DYHKIIUSMH.

C yuerom ypaBueHus (pg), (12) mpencraBum B Buze
At) - A(®) | (14)

&

A S
= x%ep "2+ [ £0), ey
0

X (71(3) + it5(3))dr1(3).
[TepBoe mpubIMKEHUE ONPEACIIICTCS TaK

I, = xOexp 2t M| = |x°
i =xlexp== u I =[x,

Jliig mocneayomux npuoamKeHni ClpaBeyivBa OlleHKa

(c3s)™

(m—1)!

15
l'lmslx°|<1+c35+---+ (15)

) < |x%|expcss.
JIy1st cripaBeTHBOCTH POBOIMMEBIX OTepaluii TomkHO ObITh |x°|expcss < c;.
Orcrofa noimydaeM OrpaHUYEHUE Ha S

s< 1 In-<L. (16)
c3  |x9]

YroOsl J0Ka3aTh cXOAUMOCTH (14), 10CTaTOYHO OLIEHUTH

I, — Mgl (M =1,2,..).
CnpaBeinBa OlleHKa

C35)M-1

(
My = Ty | < 12022, (17

m=12,..,

N3 (17) caenyer paBHOMmepHas cxomumocth (14), must Vt € (py) ¢ orpanuuenuem (16),
Hekortopoii dyrkimu I1(t, €), kotopas ssisiercs pemennem (14). Ecmu yuects (15)-(16), ms aToro
pEelIeHNs CIIpaBeIMBa OLICHKA

M(t, &) < |x°|expcss < ¢y, VE € (py). (18)

Ilycte t € D; ut & (py). ComtacHO BBIOPAHHOTO TYTH MHTErPUPOBaHUsL, (8) MpEaCTaBUM B
BUJIE
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= xoexp% + ftto f(z, 1) exp@dr + (1o (py)) + fftf(r, 1) exp@dr. (19)

B (18) nmpoBenem crenyroriee mpeodpa3oBaHue

A(t) — A(D) (20)
p—|x

1 =ex Mdr +

. t
Oexp%t) + f f(r, ) exp
t

(@o (o)) + J; f(r. M exp ™24z, (no (¢)

B (20), BelpaskeHue copepxaineecs B CKoOke [...], maet pemenne (8) Ha (p) C OrpaHUYCHHEM
(16) u ontenkoit (18).

Taxum 06pazoM, (20) MOXKHO Tepenucarb B BUC
(21)

A(t)

= H(f,s)exp%(f)+ff(r, IT) expwdr.
t

VYpasaenue (8) mpeoOpazoBaHO B ypaBHeHuEe (21) ¢ HaualdbHBIM YCIOBUEM Ha IJUHUU
(po), npuueM HadanbHOE 3HAYEHME T MEHAETCs B mpenenax orpanudenuii (16). Takum oGpazom
MIPOBEICHO 3aMEHAa MCXOJHOTO HAauaJbHOIO YCIOBUS Ha MepEeMEHHbIC HadyalbHbIE YCIOBHS HAa TUHUU
ypoBHs. Kak u B penpiaymieM ciayyae K (21) mpuMeHUM METO]I MOCJIE0BATEIbHBIX MPUOINKESHUH,
KOTOPbIE OIPEEIISIOTCS aHaJoru4Ho (12).

Jlj1g mocie100BaTeNbHbIX IPUOIMKEHUH CIIpaBeIiBa OLCHKa

(c30)™ "

(m—1)!

ReA(t) ReA(t) + €ocy (22)

Iy | < [TI(E, &) |exp

<1+c30+-~+ )S ITI(Z, &) |exp

£

[Tpu nonmydyennn oueHku (22), ypaBHeHHe (q) MpeACTaBIseTcsS B BHOAC T = T1(0),T, =
7,(0), 0 — nmna (@) ort no t u 0 < 0 < gy. B (22) orpannueHuii Ha ¢ HE CTABUTCSL.

HNmeeMm oneHKy
(czo)m 1 ReA(t)
(m—1)! N

Orcroma ciemyer paBHOMepHas cxonumocth {I1,,(t, €)} k Hekotopoit ¢yukumu [1(t, €) u sra
¢byskuus, pemenue (21). Yenu yuects (22), To cripaBeAsivBa OlleHKa

I, — Mg | < |TI(E, )] m=12,.. .

ReA(t)+eocs (23)

&

M, &) < [T(E &) |exp

U3 orpannuenus (16) BbiTekaeT cymiectBoBanue obnmactu DY € D; u ouenku (18), (23)
sepubl 11 DY, D conepsxut wactu Dy u Dy, KoTopbie 0603Hadnm DY, DY,

Torma DY = D, U DJ,.

N3 (18), (22) BeITEKAET CIIPABEMIIMBOCTD CIAEAYIOMICH OIEHKH

t € (po) U DY; (24)
gt € DY,.

1
T, ) < 6‘4{

Jlanee MOKHO paccMOTpeTh ciiyuaii t € D3, u DY) yactu D,, orpanuueHHsle ycrnosueM (16).
Ecmu t € DJ,, To 11s ayis pemenus (21) uMeeT MeCTO OleHKa
ITI(t, &)| < cy.
[ycts t € DY, Mpeamonoxum
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|H(t, E)l <cy <. (25)
Torna, u3 (21) umeem (B 3TOM citydae ypaBHeHHE (q) TaKkKe IPEICTAaBUM MapaMETPHUCCKH )

I (26)

ReA(t)
£

—ReA(t(c))
£

ITI(t, €)| = exp

IN(E £)] — 5 | f; INlexp

B (26)(—ReA(7(c)) < 0). CnenoBarebHO BEIpaXKEHHE COAEPIKAIIEECs B CKOOKE OrpaHHUYCHA.
Tak xak ReA(t) > 0, Torga

ITI(t, )| = co mpu & — 0.

MBI PUIIIH K IPOTHBOPEUHIO , OTCIoNa BhiTekaeT I1(t, &) —Heorpanuuena s t € DJ;.

Ha ocHOBe mpoBeIEHHBIX OLICHOK MOXKEM YTBEpXKIaTb, YTO ypaBHeHHe (8) ompexenser
HOTrPaHUYHbIC JINHUY U TOTPaHUYHbIe obnactu [2].

AHAJIIOTUYHO TPOBOAUTCS uccienoBanue ypaBHeHus (9). Bo wu3bexxanue MOBTOpEHHIA,
HaIUIIEM OKOHYATEJIbHBIN pe3yabpTar

ly(t,€)| < c3e,t € (py) UDY U DY, U DY,
ly(t, €)| —Heorpanuuena s t € DY;.

Ipu ouenke y(t, €), orpannucuue (16) cuumaercs. y(t, €) onpenenser 00aacTh MPUTHKCHUS

(OIN) pemrenus (1)-(2) k pereHNO0 HEBO3MYIIICHHOTO ypaBHeHHS [3].
Buisoo

[IpoeneHo pacuierienne penieHus 3agaun (1)-(2) Ha JBE COCTABISIONIME M OJHA U3 HUX
OTIpEIeNIICT TMOTPAHUYHbIC JIMHUM M TOrpaHuuHble obOnactu, a japyras OIL. Jlns oOnerdeHus
MIPOBOJAMMBIX HCCIICIOBAHMIA, HaYaIbHAs 3aj1a4a 3aMEHEeHa Ha 3a/1ady ¢ MePEeMEHHBIMU HaYaIbHBIMHU
YCIOBHSIMU Ha JIMHUAX YPOBHS TapMOHHUYECKUX (pyHKIMIA. ECTh OCHOBaHHS CUMTATh, TAKHE 3aMEHBI
MIPUCYIIH [T yPAaBHEHHUH, pACCMAaTPUBACMbBIX B KOMIUIEKCHBIX 00TaCTsX.
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PYTHON DEVELOPMENT OF ALGORITHM TO FIND SOLUTION
IN PURE STRATEGIES OF ANTAGONISTIC MATRIX GAME
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Aunomayus. llpuBeneH  anropuTM IOKMCKAa ONTHUMAJbHOTO  PELIEHUS  MaTpUYHOU
AHTOIOHHUCTUYECKOW WUIPbI B YUCTBIX CTpATEruxX. AJIFOPUTM pealu3yeT IMOUMCK BEpXHEW M HUXKHEH
LIEH MaTpUYHOM UIPBHl MOCPEICTBOM pEANU3alUd MAKCUMHUHHOM M MHMHHMMAKCHOW CTpaTerui
urpokoB. KoaupoBanue anroputmMa INpPOM3BEIEHO C IOMOINBIO  (PyHKIMOHANa  sA3bIKa
nporpaMmupoBanus Python. Anroputm npoTecTHpoBaH Ha YUCICHHOM IPHUMEpE.

Abstract. The article provides an algorithm for finding the optimal solution to the matrix
antagonistic game in pure strategies. The algorithm implements the search for the upper and lower
prices of the matrix game by implementing the maximal and minimax strategies of the players. The
algorithm is encoded using the functionality of the Python programming language. The algorithm is
tested using a numerical example.

Knouesvie cnosa: maTpudHas Wrpa, ONTUMAIBHOE PEIICHHUE, YUCThIC CTPATETHH, aJlTOPUTM,
paspabotka, 5361k Python.

Keywords: matrix game, optimal solution, pure strategies, algorithm, development, Python
language.

Teopus urp sBISIETCSI OJHUM U3 MOLIHBIX MHCTPYMEHTOB IPHHSITHS ONTHUMAJIBHBIX PEIICHUN
KaK B YCJIOBHUSX B YCJIOBHSX MH()OPMATHBHOW OIpPENEeNeHHOCTH (KOHKYPEHLMH), TaK U YCIOBHSIX
HEONPEIEICHHOCTH. MeToabl M TEXHOJIOTMU TEOPUU UIP IO3BOJISIIOT MOJEIMPOBATH CIIOYKHBIC
B3aMMOJEWUCTBUS MEXIY YYacTHUKaMU U pa3pabaThIBaTh CTPATETHH, KOTOPHIE MOMOTAIOT JOCTHYb
ONTUMANIbHBIX PE3YJbTATOB B pa3pelieHUsX KOHQIMUKTOB. M3BECTHO, YTO MaTpUYHbIE HUIPHI C
HYJIEBOM CyMMOH SIBJISIFOTCS IPUMEPOM aHTOTOHHCTUYECKUX KOH(IMKTOB IBYX CTOPOH (MTPOKOB), B
KOTOPBIX 33/1a€TCsl MaTPHIIA BHIMTPHILIEH OHOTO M3 UTPOKOB, Yallle nepBoro urpoka [1-3].

B 370i1 paboTe npruBOAUTCS aITOPUTM ONPEAETICHHS ONTUMAIBHOTO PElIeHUs T0100HON UTPhI
B €€ YMCTBIX CTpaTrerux. AJITOPUTM pean3yeT MOMCK MAKCUMUHHOW CTPAaTErny IEPBOIO UIPOKA H
MUHHUMAKCHOM CTPaTe€ruu BTOPOrO0 UIPOKA, KOTOPBIE IIUPOKO HCIIOIB3YETCS B UIPAX C HYJIEBOU
cyMMOH. FIMEHHO METO/l «MUHUMAKC» («MAaKCHUMHUH») JTaeT BO3MOXHOCTbh UTPOKAaM BBIOpATh Takue
CTpaTeruu, KOTOpble MUHUMU3UPYIOT UX MaKCHUMaJIbHbIE MOTEPHU, YTO OCOOEHHO Ba)KHO B YCIOBUAX
KOH(JIMKTHBIX OTPaHUYEHHUH 1 HeolpeieneHHocTu [4; 51.
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JInst Toro 49ToOBI MOHATH, KaK 3TO PabOTaeT, PacCMOTPHM IIPOCTYIO 3agady, B KOTOPOH
Y4YacTBYIOT JIBa MIPOKa — JIB€ CTOPOHBI KOHQUIMKTA. Y KaKJIOr0 HMIPOKAa €CTh II0 HECKOJIBKO
CTpaTeruy, W3BECTHA MATPULECH BBIMIPBIIEH IIEPBOrO WIPOKa, KOTOpas B  JaHHOU
AHTOTHOHMUCTUYECKOW MIPE 33J1aeT OJTHOBPEMEHHO M MATPHUILy BBIUTPBIILICH BTOPOIO HI'POKA — JIMIIb
C IIPOTHBOIOJIOKHBIMH JIeMeHTaMu. KakIblil 2IeMEHT Takol IJIaTeKHON MaTpHIbI yKa3bIBaeT Ha
BBIUTPBIII UTPOKA | B 3aBUCHMOCTH OT BHIOPAHHBIX CTPATETHI 00OMMHU UTPOKAMH.

[Touck ONTUMAJIBHOTO PEIICHHS B YUCTHIX CTPATErHsX (€CIH TaKOe PEIICHUE CYLIECTBYET)
COCTOUT B TOM, YTO UTPOK | BBHIOMpAeT OJHY CBOIO CTPATETHIO (CTPOKY MAaTpHIIbl), a UTPOK 2 —
OJIHY CBOIO CTparteruio (croiberr), mpuyeM UIPOKU MPUHUMAIOT PEIICHUS, HCXO/s U3 TOr0, KaK OHU
MOT'YT MUHUMH3HPOBATh CBOM OTEPH M MAKCHMU3UPOBATH CBOU BBIMTPHIIIH.

[Ipu TakoM BBIOOpE O OJHOW CTPAaTErMU KAXKABIM M3 HWIPOKOB BO3MOYKHA CHTYAIMs
paspeiieHusi KOH(UIMKTA, KOTOpas yIOBJICTBOPHT HMHTEpecaM OO0OMX WIpOKOB. VIMeHHO Takas
CHUTYyaIHs, B KOTOPOH MaKCUMHHHOE 3HaYCHUE UTPhI (HIKHSAS [IEHA) COBIIAAAET C €€ MUHUMAKCHBIM
3HAUCHHWEM (BepXHEW ILIEHOH) M SIBISETCS CEAJIOBOW TOYKOW MAaTPUYHON WIPHI JBYX HIPOKOB C
HYJIEBOU CYyMMOM.

Peanuszanus anropurma npoBelE€HAa C IOMOIIBIO (YHKIMOHATA U OHOIMOTEK s3bIKa
nporpammuposanus Python (https://www.python.org/doc; https://www.pythonanywhere.com).

K anroputmy npruMeHHM B COBMECTHM Clieytonye (GyHKINN U KOAOBBIC KOMAH/IbI S3bIKa:

payoff_matrix.shape — Bo3BpaiaeT pasmepbl MaTpHIlbl (KOJHUECTBO CTPOK M CTOJIOIOB);

playerl_strategy[i] = max(payoff_matrix[i]) — nus kaxmaoii crpareruu urpoka 1 ompeznesnsem
MaKCHMAaJIbHbI BO3MOXKHBI BBIUTPHINI (HAWIYYIIMH HCXOM), KOTOPBIA OH MOET IOJIY4UTb,
HE3aBHCHMO OT TOT'0, KaKHe CTPAaTerHH BBIOEPET UTPOK 2;

player2_strategy[j] = min(payoff_matrix[:, j]) — mwis kaxmo#i crpareruu Urpoka 2 Haxoaum
MHUHUMAJIbHBIA BO3MOKHBIH MPOUIPBIII, TO €CTh HAMXYIIIMA UCXOM Ul Urpoka 1, Koraa Urpox 2
BBIOMPAET 3Ty CTPATETHIO;

playerl_best = min(playerl_strategy) — mocie TOro Kak ajis BCEX CTpaTeruii Mrpoka I
OIpe/IeeHbl MAaKCHMAIIbHBIC BBIMIPBIIIA, BbIOMpAaEM MHHUMAJbHBIA W3 HUX, YTOOBI HaNTH
ONTHMAIIBHYIO CTPATETHIO JUIS UrpoKa 1.

player2_best = max(player2_strategy) — s urpoka 2 Mbl BBIOMpPaeM MaKCHMAIbHBINA W3
MHHUMAJIbHBIX BBIUTPHIIICH, 9TOOBI OTIPEEIUTh €0 ONTUMAJIBHYIO CTPATETHIO.

OmnucaHHBI aITOPUTM TETIeph MPUMEHUM K CIICAYIOIIEMY YUCICHHOMY TIPHMEpY:

import numpy as np
payoff_matrix = np.array([[3, -1, 2],
[01 4; _2]’
[-1,2,3]])
def minimax(payoff_matrix):
rows, cols = payoff_matrix.shape
playerl strategy = np.zeros(rows)

player2_strategy = np.zeros(cols)

for i in range(rows):
playerl strategy[i] = max(payoff_matrix[i])

for j in range(cols):
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player2_strategy[j] = min(payoff_matrix[:, j])

playerl _best = min(playerl_strategy)
player2_best = max(player2_strategy)

return playerl best, player2_best

playerl best, player2_best = minimax(payoff_matrix)
print(f"Ontumanbras crpaterus s Mrpoka 1: {playerl best}")
print(f"Ontumanbhas crpaterus s Mrpoka 2: {player2 best}")

OnucaHHbBII METOJ MMHHMAaKca SIBISIETCS OJHUM M3 BaXKHEHWIIMX METOAOB TEOPUU WP, U
[IOMOTaeT HaWTH Takue IYTU PELICHUS AaHTOTOHUCTHMYECKOM MAaTPUYHOW WIphI, KOTOpas Oyner
HawTyyInei uis o00uX UTPOKOB B CaMbIX HEOJIAronpHUATHBIX YCIOBHUSX.

MeTo aKTUBHO HCIOJB3YETCS BO MHOTMX NPAKTUYECKUX U IMPOU3BOJCTBEHHBIX 00JIACTSX,
HCITOJIB3YIOIIMX aHAIN3 KOHKYPEHTHBIX CUTyallui U ONITUMHU3ALMIO BBIXOAO0B UX 3THX CUTYALUN.

B sxoHOMUKE, HalIpUMEp, OH IIOMOTAeT aHAIU3UPOBATh KOHKYPEHTHBIE CUTYAllUH, I/1€ BaXKHO
MUHMMU3UPOBaTh YOBITKM W MaKCUMH3UpOBaTh MpuUObLIb. B Ou3Hece MeToJ MOXKeT ObITh
HCIIOJIB30BaH ISl ONPEICIICHUs CTPATETUid Ha PBIHKE C KOHKYPEHIMEHN, a TaKKe JUIsl ONTUMHU3ALNH
LIEHOBBIX U IIPOM3BOJICTBEHHBIX PEIICHUN B YCIOBHIX HEONPEIEICHHOCTH.

B BOGHHBIX cTpaTerusx MeTo MUHUMAKCa TaKKe IPUMEHSETCS Ui IJIaHUPOBAHUS IEHCTBUI
B YCJIOBUSIX BO3MOXHBIX KOH(DIUKTOB. 371€Ch BaXKHO MPEICKa3aTh HAUXY NN UCXO I KaX 10U U3
CTOPOH U BbIOpaThb CTpPATETUIO, KOTOpass MHUHMMM3HPYET TMOTEpU. AHAJIOTUYHBIE IOJXOMbI
HCIIOJIB3YIOTCS B MIOJIUTHUKE, I/I€ IPUHATHE PELICHUM 4acTO 3aBUCUT OT JAEUCTBHUM APYTUX CTPaH WIH
IIOJINTUYECKUX CHIL.

MeTton MUHMMaKca TakKe aKTHBHO MPUMEHSETCS B CUTyalUsX, TJie He0O0XO0AUMO yUUTHIBATh
HECKOJIbKO ()aKTOPOB OJJHOBPEMEHHO (HAIIpUMeEp, B MHOTOKPUTEPUAIbHBIX 3a/1a4ax), YTO JAETAET €ro
YHUBEPCAIbHBIM HHCTPYMEHTOM IS IPUHATHS PELICHUH B YCIOBUAX HEOIIPEIEIEHHOCTH.

Takum oOpazom, pa3pabOTaHHBIA A7 aBTOMATH3alMM METO/a MHHHUMakca (MakCHMMUHA)
anroput™ Ha Python MOXHO OTHECTM K OHOMY W3 HHCTPYMEHTOB aHajiM3a WU ONTUMM3ALUU
CTpAaTeTuil B UIPax C HYJIEBOW CyMMOH. JlaJibHeMWIIee pacIIMpEeHUE aIropuTMa BO3MOXKHO B €O
paciiupeHuy Jii IOpUMEHEHUs B 0ojiee CIIOKHBIX MHOTONOJb30BATEIbCKUX HIpax U Oosee
JETAJIBHOIO aHAIM3a B3aUMOJACHCTBUN MEXI1Y MHOKECTBOM yUYaCTHUKOB.
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Abstract. In the flora of the Nakhchivan Autonomous Republic, the Lamiaceae family
includes the genus Thymus, which includes the most common aromatic species in the world. The
chapter is characterized by 135 species in 31 genera. In Azerbaijan, there are 16 species of this
genus, and in the Nakhchivan region — 7 species. Thymus L. — species of the genus Thymus are
found in different areas of the mountain belt. The species included in the genus are used as
medicinal, ecological, economic, food and spice plants. Taking all this into account, the study of the
taxonomic composition of the genus thyme and the directions of its use is recognized as a relevant
topic. The authors draw conclusions about the prospects for using the species.

Annomayusa. Bo ¢nope HaxusiBaHckoil ABTOHOMHOI PecnyOnuku ceMeicTBO SICHOTKOBBIX
BKJIto4aeT pox TUMbsAH (Thymus), Bkmrowaromuii B ceOs Hambosiee paclpoCTpaHEHHbIE B MHpe
apomarudeckue Buabl. Paznmen xapaxrtepusyercs 135 Bumamu B 31 pome. B AsepOaitmkane
BcTpeuaeTcst 16 BumoB 3TOro pona, a B HaxusiBanckom pernone — 7 BujoB. Thymus L. — Busl
poia TUMbSIH BCTPEYAIOTCS B Pa3HBIX 30HAX FOPHOro nosica. Bunpl, BXoAsIue B pof, HCIOJIB3YIOTCS
KaK JIEKapCTBEHHBIE, DKOJIOIMYECKHUE, XO3SANUCTBEHHBIC, MUILEBbIE U NPSHBIE PACTEHUs. YUUTHIBas
BCE 3TO, U3yYEHNE TAKCOHOMUYECKOTO COCTaBa POJA TUMbSH M HAIIPaBJICHUI €ro MCIOJIb30BaHUs
MIPU3HAHO aKTyaJIbHOW TEMOM. ABTOPBHI IEJIAI0T BBIBOJIBI O NMEPCIEKTUBAX UCIIOIb30BaHUS BUIOB.

Keywords: Thymus L., taxonomic structure, genus, species.
Kniouesvie cnosa: Thymus L., TakKCOHOMHUYECKUI COCTaB, POJI, BHU/I.

The Nakhchivan Autonomous Republic stands out for its nature, diverse biogeographic
features and rich ecosystems. The region is a combination of mountain, desert and semi-desert
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landscapes. The flora of the region has a deep historical origin, has undergone a complex natural-
historical process of development and has reached its current state, undergoing changes from time
to time as a result of various physical and anthropogenic impacts.

In the flora of the Nakhchivan Autonomous Republic, the Lamiaceae family includes the
genus Thymus, which includes the most common aromatic species in the world. The chapter is
characterized by 135 species in 31 genera. In Azerbaijan, there are 16 species of this genus, and in
the Nakhchivan region — 7 species. Thymus L. — species of the genus Thymus are found in
different areas of the mountain belt. The species included in the genus are used as medicinal,
ecological, economic, food and spice plants. Taking all this into account, the study of the taxonomic
composition of the genus thyme and the directions of its use is recognized as a relevant topic.

Research material and methodology.

The research was conducted in various areas of the Nakhchivan MR in 2023-2024.

Literary sources, factual data obtained during field research were named as the main research
material, and thyme species were taken as the object of the study. The designation of species,
clarification of their names and changes in nomenclature are based on the works of A. M. Askerov
"Plants of Azerbaijan" [2] and "Flora of Azerbaijan™ [11].

Recent  taxonomic  changes  were  verified using World Flora  Online
(https://www.worldfloraonline.org/).

Discussion and conclusions of the research
In the flora of the Nakhchivan Autonomous Republic, Thymus L. is one of the genera with a
diverse species composition. The genus Thymus contributes to an increase in biodiversity and
ecosystem sustainability. There are 16 species of this genus in Azerbaijan, and 7 species in the
Nakhchivan region. The systematic composition of the species included in the genus, ecological
groups, range, flowering and fruiting phases are given in the table below (Table).

Table
TAXONOMIC COMPOSITION OF SPECIES OF THE GENUS Thymus L.
Species name Environmental Area class Flowering and
groups fruiting phase
Thymus karamarjanicus Klok. & Schost. Xerophyte North Atropatan V-VII
Thymus migricus Bieb. Xerophyte Northern Iran VI-VIII
Thymus collinus Bieb. Xerophyte Caucasus VI-VIII
Thymus rariflorus C.Koch Xerophyte Asia Minor VI-VIII
Thymus nummularius Bieb Mesophyte Caucasus-Colchis mountain VI, VIII, IX
Thymus kotschyanus Boiss. & Hohen. Xerophyte Front Asian mountain VI-VII
Thymus transcaucasicus Ronn. Xerophyte Unknown VI-VIII

Since external environmental conditions are constantly changing, water is an important
ecological factor in the distribution of plants over large areas in different climatic conditions and the
formation of different groups. Thus, such changes affect each species differently, and they
themselves can change the environment.

Mesophytes occupy an intermediate position between hygrophytes and xerophytes in relation
to moisture and its needs. Mesophytic plants are represented mainly by forest, shrub, subalpine,
alpine plants and are more common. When analyzing the ecological groups of species included in
the genus, it was found that the species T. nummularius is a mesophyte.
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Xerophytic species include plants common in arid areas. Xerophytes are mainly found on
southern slopes, which are hotter and less humid. Species of the genus T. karamarjanicus, T.
migricus, T. collinus, T. rariflorus, T. kotschyanus and T. transcaucasicus are xerophytic plants.

Based on the literature sources used and our own field studies, the genus species were
assigned to different range classes, which allows us to determine the migration routes of the species
to the territory. The analysis of the species of the genus Thymus L., common in the study area, was
carried out according to 6 range classes according to zonal and regional principles. It is known that
the species is widespread in Northern Atropatena, Northern Iran, the Caucasus, Asia Minor, and in
the mountainous regions of the Caucasus-Colchis. The range class of the species T. transcaucasicus
is unknown (Figure 1).

Caucasus North Atropatan
17%

16%

Caucasus-Colchis
Northern Iran

mountain o
17% 16%
Front Asian
mountain Asia Minor
17% 17%

Figure 1. Ranges of Thymus L. species

Thymus L. is a subshrub plant, the leaves are completely bordered, rarely serrated. The calyx
is cylindrical or bell-shaped, with two lips, the lower lip is divided into two parts, the upper lip has
3 teeth. The mouth of the calyx is rigidly pubescent. The crown has two lips of purple, lilac or white
color, the upper lip is grooved, the lower is three-lobed. It has 4 males.

The species T. kamarajanicus is common in rocky areas of the middle mountain belt. The
species plays an important role in medicine, food industry, cosmetics and beekeeping.

The species T. migricus is common in rocky areas of the middle mountain belt. The
composition of the species is rich in antioxidants, polyphenols and essential fatty compounds. The
plant has potential use in pharmacology and the food industry.

The species T. kotschyanus is common in rocky areas of the high mountain zone. In addition
to being a spice, medicinal and ornamental plant, this species has aromatherapeutic properties.

The species T. transcaucasicus is common in rocky areas of the mid and high mountain zones.
Extracts obtained from the above-ground part of the species have antioxidant, antimicrobial and
antiviral properties. The plant is also known as an important spice and medicinal species.

The species T. nummularius is common in alpine meadows. The aromatic leaves of this
species are used as a spice in the kitchen, as a medicine in traditional medicine and as an
ornamental plant in gardens.

The species T. collinus is common in rocky areas of the middle mountain and subalpine belts.
This species is used as an ornamental plant in gardens and as a culinary spice. It is also used to treat
digestive problems, respiratory problems, and skin diseases (Figure 2).

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 24



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 11. Nel 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/110

The species T. rariflorus is common in rocky areas of the mid-mountain zone. This species is
a rare flowering plant containing medicinal, spicy and essential oil compounds, used ingardens as
an ornamental plant and in the treatment of antimicrobial diseases.

In the flora of the Nakhchivan MR, which is the study area, xerophytic vegetation is of great
importance for the conservation of biological diversity, ensuring the sustainability of the region's
ecosystems. This type of plant plays an important role in increasing soil fertility and ecosystem
circulation [12, 21].

Nakhchivan has a rich flora, unique climate and geographical location. The vegetation in the
region forms diverse groups with a wide variety of grass, shrub and tree species, as well as
numerous endemic and rare species. The ecosystem is dominated by groups formed by different
herbaceous plants. These groups are closely related to climate, soil type, water resources and biotic
factors. Thus, in the study areas, species included in the genus form groups of different forms with
plants belonging to other families [1, 8, 20, 22, 23].

Figure 2. Thymus collinus M. Bieb.

Regardless of the studied environment, herbaceous plants in all areas closely interact with
species of a number of families and form different groups [9, 10, 14].

Complex forests and shrubs are ecosystems in which different plant species are found. In
these forests, there are complex interactions between herbaceous plants, shrubs and trees. Grasses
have a significant impact on the dynamics, structure and functions of these ecosystems. The
dominant species in active phytocenoses are legumes, mallows, rosaceae and many other families
[3-7, 13, 15-18].

Thus, it does not fully reflect the directions of use of species belonging to the above-
mentioned genus Thymus L. In our further studies, we consider it appropriate to comprehensively
study all the features of the studied species.
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Conclusion

1. In the course of the conducted research it was concluded that 7 species of the genus Thymus
L. were found in the flora of the Nakhchivan Autonomous Republic. It was established that 3
species included in the genus are decorative, 1 type is cosmetic, 1 type is spicy, 1 type is beekeeping
and all species are medicinal.

2. In the analysis of ecological groups of species included in the genus, it was established that
6 species of the genus are xerophytic and 1 species is mesophytic. According to the analysis of
geographical classes of the range, 1 species of the genus is Northern Atropatene, 1 species is
Northern Iran, 1 species is the Caucasus, 1 species is Asia Minor, 1 species is Caucasian-Colchis-
Mountain and 1 species is unknown.
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Abstract. The systematic composition of the genus Nepeta L. of the flora of the Nakhchivan
Autonomous Republic is presented. This is one of the most widespread genera of the flora of the
Nakhchivan Autonomous Republic. The genus Nepeta is a perennial herbaceous plant cultivated in
many regions of the world, especially in mountainous and semi-desert zones. The section is
represented by 31 genera and 135 species. In Azerbaijan, 26 species of this genus are found. Nepeta
L. is common on rocky-stony and roadside roadsides of the region. The species included in the
genus are used in medical, ecological, decorative and cosmetic practice. As a result of the studies, it
was established that 15 species of this genus were found in the flora of the Nakhchivan Republic.
The species belonging to the genus are used in medical, ecological, decorative and cosmetic fields.

Annomayus. IlpencraBien cucrtemarnueckuil cocta poga Nepeta L. ¢nopsl HaxusiBanckoi
aBTOHOMHON PecnyOnuku. Oto oauH u3 Hauboliee pacHpOCTPAHEHHBIX PoONOB  (Iopsl
HaxubiBanckoii aBroHOMHOM Pecny6nuku. Pon Nepeta — mHoronerHee TpaBSHUCTOE pacTeHHE,
BO3/IEJIbIBAEMOE BO MHOTUX PETHOHAX MHpa, OCOOCHHO B TOPHBIX U MOJYIMYCTHIHHBIX 30HaX. Paznen
npezcrasieH 31 ponom u 135 Bunamu. B AzepOaiipkane Bctpedaercs 26 BuioB 3Toro poaa. Nepeta
L. pacpocTpaHeH Ha KaMEHUCTO-KaMEHUCTBIX U MPUIOPOKHBIX 000YMHAX J0pOr pernoHa. Bunpl,
BXOJIAIIINE B POJI, UCIIOJIB3YIOTCSI B MEAUIIMHCKOM, SKOJIOTHYECKOM, IEKOPATUBHON U KOCMETUYECKOM
npakTuke. B pesynbrare npoBeAeHHBIX UCCIIEAOBAaHUM YCTAaHOBJIEHO, 4TO BO (priope HaxubiBaHCKOM
PecnyOonuku oOHapyxkeHo 15 BumoB 3Toro poaa. Buiael wucnonb3yloTcss B MEIULUHCKOM,
JIEKOPaTUBHOM M KOCMETHUYECKOH cepax.

Keywords: Nepeta L., taxonomic composition, plants.
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The flora of the Nakhchivan Autonomous Republic is quite rich due to its geographical
location and various climatic conditions. Nakhchivan is one of the regions with the most diverse
vegetation in Azerbaijan, with different ecosystems: highlands, plains and steppes. These diverse
conditions provide the presence of more than 2,000 plant species in the region. The protection of
natural resources and the maintenance of ecological balance are the main factors for the sustainable
development of Nakhchivan.

Nepeta is one of the common plant species in the flora of the Nakhchivan Autonomous
Republic. The genus Nepeta is a perennial herbaceous plant cultivated in many regions of the
world, especially in mountainous and semi-desert areas. The chapter is represented by 31 genera
and 135 species. There are 26 species of this genus in Azerbaijan, and 15 species in the Nakhchivan
region. Nepeta L. — species of the genus atnipare found on rocky-rocky and roadside roadsides of
the region. Species included in the genus are used in the medical, ecological, decorative and
cosmetic fields. Taking all this into account, the study of the taxonomic composition of the genus
Nepeta L. — Catnip and the directions of use is recognized as a relevant topic.

Material and methodology of the study
The studies were conducted in various areas of the Nakhchivan MR in 2023-2024. The object
of the study was stony-rocky and roadside roadsides of the region, and the material was the species
of the genus Nepeta L. The definition and clarification of the names of species belonging to the
genus Nepeta L. are given on the basis of the books of A. Aserov "Plants of Azerbaijan" [2], "Flora
of Azerbaijan" [12] and other works. Recent taxonomic changes were verified using World Flora
Online (https://www.worldfloraonline.org/).

Discussion and conclusions of the study
In the Nakhchivan Autonomous Republic, the genus Nepeta is one of the important plant
species included in the rich flora of the region. There are 26 species of this genus in Azerbaijan, and
15 species in the flora of the Nakhchivan MR. The systematic composition of species included in
the genus, ecological groups, areal class, altitudinal zone, flowering and fruiting phases are given in
the table below (Table).

Table
TAXONOMIC COMPOSITION OF SPECIES OF THE GENUS Nepeta L.
Species name Ecological Areal class Altitudinal zone Flowering
groups and
fruiting
phase
Nepeta amoena (N. micrantha) Stapf. Xerophyte Eastern Mid-mountain and V-VIII
Caucasus subalpine belt
Nepeta betonicifolia C.A. Mey. Xerophyte Northern Subalpine and alpine  V-VIII
Iran belt
Nepeta buschii Sosn. & Manden. Xerophyte Atropaten Subalpine and alpine  VII, VIII
belt
Nepeta cataria L. Xerophyte Western Middle mountain belt ~ VI-X
Palearctic
Nepeta cyanea Stev. Xerophyte Dagestan Subalpine and alpine VI, VIII-
belt IX
Nepeta erivanensis Grossh. Xerophyte Atropaten Subalpine and alpine  V-VIII
belt
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Species name Ecological Areal class Altitudinal zone Flowering
groups and
fruiting
phase
Nepeta grandiflora Bieb. Mesophyte Caucasus Mid-mountain and VI-IX
subalpine belt
Nepeta meyeri Benth. Mesophyte Caucasus Middle and subalpine  VI-IX
zone
Nepeta mussinii Spreng. Xerophyte Iberia Middle mountain belt ~ VI-IX
Nepeta noraschenica Grossh. Xerophyte Atropaten Middle mountain belt ~ VI-1X
Nepeta schischkinii Pojark. Xerophyte Albania Middle mountain belt  V-VIII
Nepeta strictifolia Pojark. Mesophyte Atropaten Mid-mountain and V-VII
subalpine belt
Nepeta sulphurea C.Koch Mesoxerophyte Asia Minor  Middle mountain belt ~ VI-VIII
Nepeta trautvetteri Boiss. & Buhse. Mesophyte Atropaten Mid-mountain and VI-VIII
subalpine belt
Nepeta zangezura Grossh. Mesophyte Atropatan- Middle mountain belt ~ VII
Qaradagh

When analyzing the ecological groups of species included in the genus, it was found that the
xerophytic ecological group is widespread in the study area and is represented by 9 species, which
makes up 60% of the entire flora, the mesophytic ecological group with 5 species — 33%, the

mesoxerophytic ecological group — 7%.

Based on the literature sources obtained and our own field studies, it was established that the
species of the genus belong to different range classes, which allows us to determine the migration
routes of the species to the region. According to the zonal and regional principle, it was known that
the species included in the genus are grouped into 10 range classes. As can be seen from the table,
the range classes Atropatene 5, Asia Minor 2, Caucasus 2, Atropatene- Karadag, Eastern Caucasus,
Northern Iran, Western Palearctic, Albania, Dagestan, Iberian ranges are represented by 1 species

each (Figure 1).

. Albania
Western Palearctic. .. 70

Northern Iran
7%

Eastern Caucasus
7%

Atropatan-Qaradagh
7%

Iberia
7%

Dagestan
6%

Figure 1. Distribution of studied species by range classes
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Nepeta L. — Calyx 15-veined, straight or slightly curved, obliquely or straight 5-toothed. The
crown is more or less long-tubular, with two lips, the upper lip is slightly curved and grooved, the
lower lip is 3-segmented, the middle feather is serrated, flat, curved, larger than the lateral ones. The
stamens are located close to the upper lip, and the middle ones are longer than the lateral ones.
There are 26 species of this genus in Azerbaijan, and 15 species in the Nakhchivan region.

The N.buschii species is common in rocky areas of the subalpine and alpine belt. The plant
has a wide range of uses: from gardening to medical and cosmetic use. The decorative features and
environmental benefits of this species are limitless. Catnip tea is used to relieve stomach and
digestive problems, headaches and stress.

The N. cyanea species is common in rocky and stony areas of the subalpine and alpine belt.
The plant is grown for both medicinal and ornamental purposes. In addition to being an ornamental
plant in gardens and parks, this species is used in traditional medicine to treat anxiety and insomnia.
In addition to these properties, the plant is used in perfumery and cosmetics due to the essential oil
it contains.

The N. stricitifolia species is common in meadow and forest areas of the mid-alpine and
subalpine zones. This species is used as a multipurpose plant for decorative, ecological, and some
traditional medicinal purposes.

The N. sulfurea species is common in grassy and stony areas of the mid-mountain zone. This
species is used to increase biodiversity.

The N. meyeri species is common in coastal and mountain meadows of the mid- and subalpine
zones. The species is used in garden and park landscapes, as well as for medicinal purposes. It is
also used in the perfume industry.

The N. trautvetteri species is common in rocky and stony areas of the middle and subalpine
zones. The plant is a multifunctional plant, widely used in various fields. The species is known for
its ornamental, ecological, aromatic, natural pesticide properties, and also has a stimulating effect
on cats. At the same time, it plays an important role in traditional medicine and increasing
biodiversity. It has a wide range of applications in gardening due to its unpretentiousness in care,
drought resistance and soil conservation properties.

The N. zangezura species is common in forests and along river banks in the mid-mountain
zone. Its beautiful and attractive flowers are used for ornamental purposes in gardening. It plays an
important role in pollination, attracting bees and beneficial insects. In medicine, it is used as an
important plant in the prevention of erosion and in the treatment of various diseases.

The N. grandiflora species is common in riverine and mountain meadows of the mid-alpine
and subalpine belts. The species is cultivated as an ornamental plant in gardens and parks due to its
beautiful and attractive flowers. It is used in traditional medicine and some cosmetic areas due to
the essential compounds it contains. In addition to these properties, the plant has a pesticidal effect
and plays an important role in repelling some insects and bugs (Figure 2).

The N. amoena species is common in high-mountain and rocky areas of the mid-alpine and
subalpine zones. The species is one of the universal plants used for decorative, ecological and some
medicinal purposes, in garden and park landscapes, as well as in folk medicine.

The N. betonicifolia species is common in the foothills and rocky areas of the subalpine and
alpine belts. The species is known as a multifunctional and versatile plant species. The plant is
widely used not only in gardening, but also in ecology, cosmetics and natural medicine.

The N. cataria species is common in the meadows of the mid-mountain belt. The drug is
included in the composition of capsules and tablets based on various properties, such as sleep
problems and stress reduction, fighting inflammation and infections.
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The N. erivanensis species is common in the high-mountain and rocky areas of the subalpine
and alpine belt. The plant has a wide range of applications in gardening and ecosystem protection
due to its decorative, ecological, natural peptidic and medicinal properties. In traditional medicine,
it is used as a medicinal plant for a number of problems such as stress, insomnia, intestinal
discomfort, muscle pain, headache and digestive disorders.

The N. mussini species is common in rocky and stony areas of the mid-mountain zone. This
species has antibacterial and antiseptic properties, preventing soil erosion, and also has attractive
aromatic and aromatic compounds (Figure 3).

Figure 2. Nepeta grandiflora Figure 3. Nepeta mussinii

The N. noraschenica species is common in the mountainous and rocky areas of the mid-
mountain belt. This species is used in the treatment of a number of diseases, such as colds,
inflammations, skin diseases, heart and circulatory diseases.

The N. schischkinii species is common in the foothills and rocky areas of the mid-mountain
belt. The species is used in the cosmetic industry as an ecological and ornamental plant. It is used as
a medicinal plant for general cleansing of the body and strengthening the immune system.

Xerophytic vegetation of the Nakhchivan MR research area creates an ecosystem that ensures
sustainability of life in the dry climate of the region. These plants contribute to the stability of the
ecosystem. Xerophytic plants play an important role in protecting the environment in drought
conditions and ensuring sustainable agricultural development. The xerophytic ecosystem of
Nakhchivan is an important resource that forms the basis of both natural life and economic
development (Figure 4) [13, 22].

The herbs in the flora of Nakhchivan have created unique groups in various ecosystems in
close connection with the climatic and geographical conditions of the region. In the desert, semi-
desert and mountainous areas of the region, herbaceous plants are widespread and form various
plant groups adapted to climatic conditions. The main function of these plants is to cover the soil,
prevent erosion, support local fauna and create a favorable environment for local agricultural
activities [1, 8, 10, 20-24].

Regardless of the studied area, herbaceous plants in all territories closely interact with species
of a number of families and form different groups [9, 11, 15, 25].
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One of the special biotic groups of the Nakhchivan flora is the forest-shrub complex
herbaceous ecosystems. This complex grows in mountainous and foothill areas, covering
ecosystems consisting of a mixture of forest and shrub cover. The cultivated complex is formed as a
result of the interaction of different plant species. In addition to forest and shrub plants, herbaceous
plants are widespread in these territories, forming a complex ecosystem. These ecosystems provide
important support to the local flora and fauna and at the same time play a key role in maintaining
the ecological balance. Thus, in the forming phytocenoses, the dominant species are plants
belonging to Fabaceae, Malvaceae, Rosaceae and many other families [3-7, 14, 16-19].

Ether

Medical

Decorative
Ecological

Cosmetic

Figure 4. Directions for use of Nepeta L.

Erosion

Thus, it does not fully reflect the directions of use of the above-mentioned species of the
genus Nepeta L. In our fu rther research, we consider it appropriate to comprehensively study all the
features of the studied breed.

Conclusion

1. The conducted research showed that there are 15 species of the genus Nepeta L. in the flora
of the Nakhchivan Autonomous Republic. It was found that all species belonging to the genus are
decorative, medicinal and ecological. Also important are 3 types of pesticides and cosmetics. Some
species included in the genus are also used in erosion and perfumery.

2. When analyzing the ecological groups of species included in the genus, it was found that 9
species of the genus are xerophytic, 5 species are mesophytic and 1 species is mesoxerophytic.
According to the analysis of the classes of the geographical range, the genus is monotypic: 5 species
from Atropatene, 2 species from the Caucasus, 1 species from Atropatene-Karadag, 1 species from
Eastern Caucasus, 1 species from Northern Iran, 1 species from Western Palearctic, 1 species from
Albania 1 species from Asia Minor, 1 species from Iberia and 1 species from Dagestan.
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FREE-LIVING PROTOZOA (CILIATES AND TESTATE AMOEBAE)
IN THE FRESHWATERS OF THE NAKHCHIVAN AUTONOMOUS REPUBLIC

©Seyidova L., Nakhchivan State University,
Nakhchivan, Azerbaijan, leylaseyidova2012@gmail.com

CBOBO/ITHOKUBYIIUE NPOCTEUIINE (MH®Y30PUU 1 PAKOBUHHBIE AMEEBHI)
B IIPECHBIX BOJAX HAXYBIBAHCKO ABTOHOMHOM PECITYBJIUKHA

©Ceuoosa JI. M., Haxuvieanckuil 20Cy0apcmeenHblil YHugepcumem,
2. Haxuwiean, Azepbaiioscan, leylaseyidova2012@gmail.com

Abstract. In the period from 2017 to 2022, ciliated protozoa and testate amoebae were studied
in freshwater ecosystems of the Nakhchivan Autonomous Republic. 110 species of ciliates and 65
species of amoebae were identified. The species diversity of ciliates in freshwater is almost twice as
high as in soil. The differences in species diversity between aquatic and soil amoebae are relatively
small. The need for standardization of the methods used by researchers is emphasized. Further
studies of these groups of protozoa are necessary to obtain more accurate conclusions about their
ecological role, relationships, and their importance in various biological processes.

Annomayusa. B nepuon ¢ 2017 nmo 2022 rom B mpecHOBOAHBIX sKocucTemMax HaxubiBaHCKOH
ABTOHOMHO# PecnyOmuky mpoBOAMIOCH H3y4eHue nmpocteimux. Brisisiaeno 110 BunoB uapy30pmii
u 65 BumoB ame0. BunoBoe paznooOpazue MHQPY30pHii B IPECHON BOJIE MOYTH B J[BA pa3a BHIIIE,
yeM B moyBe. Pa3nmuuus B BHJIOBOM pa3HOOOpa3uu MeEXIy BOJHBIMH W TIOYBEHHBIMH ameO0aMu
OTHOCHUTENILHO HeBeNUKHU. JanmpHeillme uccieaoBanus dTHX TPYII MPOCTEHIINX HEOOXOAUMBI JIJIs
MOJTy4yeHus1 00Jiee TOUHBIX BBIBOJOB 00 MX IKOJIOIMUECKOM pOJIM, B3aMMOCBA3SX M MX 3HAYEHHH B
Pa3IMYHBIX OMOJIOTMYECKHUX MPoLeccax.

Keywords: infusoria, testate amoebae, freshwater, soils, Azerbaijan.
Knrouesvie cnosa: nady3opuu, pakOBUHHBIE aMeOBbl, TPECHBIE BOJIbI, MTOYBHI, A3epOan1KaH.

Among other protozoan groups, free-living ciliates and amoebae play a pivotal role in the
transformation of organic matter [8, 9].

These unicellular organisms serve as primary consumers and, in turn, as a food source for
many small aquatic organisms; they actively contribute to the production and decomposition of
organic matter at the primary trophic levels [14, 15].

It has long been established that free-living ciliates exhibit rapid responses to even minor
environmental changes, making them valuable tools for bioanalysis at both the cellular and
community levels [16].

Despite the recognized importance of studying ciliates and testate amoebae, these two
primitive groups—particularly testate amoebae—remain under-researched in Azerbaijan compared
to Russia. In contrast, amoebae have been extensively studied by numerous foreign researchers [6,
10, 11, 13, 19].

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 40



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 11. Nel 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/110

The earliest information on these protozoan groups in Azerbaijan can be found in the works of
Weisig (1940) and Alizade (1939; 1942) [5, 6]. Based on their findings, it was established that prior
to the modern era of research, approximately 70 species of ciliates and 28 species of testate
amoebae were documented in Azerbaijan's fauna. Currently, the study of ciliates in the region has
reached a relatively satisfactory level [3, 4].

It should be mentioned that according to recent estimates, 757 species of ciliates and 265
species of amoebae have been recorded in the waters and soils of Azerbaijan [5].

Building on this data, we conducted a comparative study of the species diversity, distribution,
and ecological characteristics of these primitive groups of free-living ciliates and amoebae in the
freshwaters of the autonomous republic. The classification system for free-living ciliates followed
Lynn (2008), while the taxonomy of testate amoebae was based on the eukaryotic system proposed
by an international team of experts [1].

Quantitative analysis of both ciliates and testate amoebae was carried out using the 'non-
concentrated' live sample counting method [3].

To determine the species composition of ciliates, the kinetome impregnation techniques using
nitrate [7] and silver proteinate [2] were widely employed. Identification of testate amoebae was
performed using a scanning electron microscope (JCM 6000, JEOL). The similarity of species
diversity between protozoan groups in aquatic biotopes across different regions was evaluated using
Bray-Curtis cluster analysis [17].

The species' quantitative ratio was calculated as the ratio of individual species counts to the
total number of species (N) in the sample. Based on the results, ciliates and testate amoebae were
classified into groups according to Tischler's classification [18]:

1. The group of dominating species — up to n/N 5%.

2. The group of sub-dominating species — up to 2% n/N.

3. The group of presedent species — up to n/N 1% (small).

4. The group of sub-presedent species — less than n/N 1% (random).

All the results were processed through Biodiversity Professional 2 computer.

Results of the study

The studies conducted by us revealed that only 10 species of ciliates and 75 species of testate
amoebae were identified in the water bodies of the autonomous republic. The species composition
and distribution of these protozoan groups are detailed. The findings indicate that the species
composition of amoebae across the three collection sites varies significantly, ranging from a
minimum of 31 species to a maximum of 43 species in freshwater habitats.

Additionally, it should be noted that certain groups of free-living ciliates and testate amoebae
show a clear preference for either aquatic or terrestrial biotopes. During the study period, the
following ciliate species were consistently observed in all freshwater environments: Anigsteinia
salinara, Blepharisma tardum, B. hyalinum, Condylostoma reichi, Spirostomum teres, Urostyla
grandis, U. magna, Halteria grandinella, and Aspidisca steini.

Among the testate amoebae identified in water bodies, the following species were recorded:
Cyclopyxis eurystoma, C. penardi, Trigonopyxis arcula, Centropyxis aculeata var. oblonga, C.
minuta, C. elongata, Difflugia difficilis, D. oblonga, D. labiosa, Pentagonia azerbaijanica, P.
compressa, and others.

Long-term observations of seasonal changes in freshwater ciliate colonies revealed a
predominantly dual pattern in their qualitative and quantitative development. In small, temporary
reservoirs that often dry up during summer, the maximum abundance of ciliates was typically
observed in the spring. However, in autumn, when rainwater refilled these reservoirs and increased
their total volume, no significant growth in species diversity or abundance was noted.
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The generalized results of assessing the significance of ciliate species in freshwater
ecosystems revealed a distinct group of species that are present in water bodies almost year-round,
occasionally disappearing from communities only during the winter season. These species include
Oxytricha tenella, Euplotes harpa, E. balteatus, Lacrymaria olor, Coleps cucullus, Cilodonella
spiralis, Paramecium caudatum, Cyclidium citrullus, and Uronema elegans. Notably, these
background species, despite their consistent presence, are typically found in low numbers as single
specimens. Their population tends to increase alongside other species during the warmer months.

Regarding the quantitatively dominant species in freshwater communities, it is important to
note that the core of dominant and subdominant species often varies significantly between different
water bodies. This variation is reflected in the replacement of certain dominant species in one water
body by others, which may be subdominant or even rare in neighboring water bodies. Additionally,
species dominance is often restricted to specific seasons. For instance, members of the genera
Euplotes and Aspidisca, along with lower-group ciliates such as Halteria grandinella,
Heterostrombidium calkinsi, and Strombidium conicoides, exhibit peak quantitative growth in the
spring. Conversely, species such as Oxytricha tenella, Lacrymaria kahli, Mesodinium acarus,
Uronema nigricans, and Carchesium aselli become numerically dominant in the autumn.

For freshwater testate amoebae, similar patterns observed in ciliates also apply. Background
species in freshwater communities are primarily represented by the genera Arcella, Cyclopyxis,
Centropyxis, and Difflugia. Dominant and subdominant groups in these environments include
Arcella hemispherica, A. diskoides, Cyclopyxis eurystoma, Centropyxis aculeata, and the
particularly abundant genus Difflugia.

To summarize the above, it can be noted that the species diversity of free-living ciliates (110
species) and testate amoebae (65 species) in the water bodies of the autonomous republic was found
to be notably high.
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OIIEHKA BO3JIEACTBUSA I'OPHOJAOBBIBAIOIIEN ITPOMBIINIJIEHHOCTH
HA OKPYXAIOIIYIO CPEAY

©Abacos b. A., ORCID: 0009-0003-0273-0314, Azepbaiioscanckuii 20CyoapcmeeH bl
azpapmulil ynusepcumem, 2. Ianooica, Azepbaiioscan, behruz.abasov.1992@gmail.com

ASSESSING THE ENVIRONMENTAL IMPACT OF THE MINING INDUSTRY

©Abasov B., ORCID: 0009-0003-0273-0314, Azerbaijan State
Agrarian University, Ganja, Azerbaijan, behruz.abasov.1992@gmail.com

Annomayus. JloObl4a MOJE3HBIX MCKOMAEMBIX HMMEET XM3HEHHO Ba)KHOE 3HAYEHUE s
IIPOM3BOACTBA TOBApOB, YCIYr U MH(PACTPYKTYphl; OHA MOBBIIIAET KAU€CTBO KU3HU B OOILECTBE.
OnHako BO3MOXHAsi ONACHOCTh OTXOAOB U PaJMOaKTUBHOCTH, OOpasyroIIMXcs Npu A00bIYe
MOJIE3HBIX MCKOMAEeMBIX, cOpoce OTXOIOB M XpPaHEHUWH XBOCTOB, IpHU3Bajia OOIIECTBO HAWUTHU
crocoObl MOMCKA CPEICTB MPABOBOM 3alUTHI, KOTOpble OyAyT aleKBaTHO 00padarhiBaTh OTXOAbI
NOOBIYM U3 OTBAJIOB, XBOCTOB M 3a0polIeHHBIX IMIaxT. [loBTOpHOE MCHOIb30BaHUE U IepepadboTKa
OTXOJI0B J00BIYM B TOPHOAOOBIBAIOIIEH IMPOMBIIIJIEHHOCTH MOTYT 00€CIEYUTh 3KOHOMUYECKHU
3pQeKTUBHbIE MPEUMYIIECTBA 3a CUET KOMIIEHCAIlMM HOTpeOHOCTEHl B ChIphE MU COKpAILEHUS
00bEMOB OTXO/IOB, MOJUIEkKAIMX YyHpaBieHuto. Bo3neiictBue m MexaHusMm ymepba OT 100bYU
MIOJIE3HBIX HCKONAEMBIX Ha OKPYXAIOIIyl0 Cpely HalpsMyl0 CBf3aHO C [pUHIUIAMU
pexynsTuBaumu. Ilpemnaratorcss npakTUYecKUE CHOCOOBI KOHTPOJISL 32 Pa3BEAKOM IOJIE3HBIX
MCKOIIaeMbIX M 3KOJIOTMUYECKOH OIICHKOIA.

Abstract. Mining is very vital to the production of goods, services and infrastructure; it
advances the quality of lives in the society. However, the possible hazard of waste and radioactivity
generated by mining, dumping and tailing, has called on the society to find ways of seeking remedy
that will adequately treat mining waste from mine dump, tailing and abandoned mine. Mine waste
reuse and recycling in mining industries could offer cost-effective benefits through offsetting raw
material requirements and decreasing the volumes of waste to be managed. Impact and mechanism
of mine damage to the environment was discussed together with the remediation principles.
Practical ways in which country’s state authority and civil society can keep a close watch and
enhance the enforcement of laws and regulations were highlighted. The prediction for the control of
mineral exploration and environmental assessment was also discussed for executing a specific
control to take preventive measures.

Knroueswvie cnosa: OKpyKaromas cpeaa, MOHUTOPUHI, OTXOABbI.
Keywords: environment, monitoring, waste.

AKTHBHAs WIH JCUCTBYIOIIAs 30Ha JOOBIYM BKIIOUAET 3eMENbHBIC YUACTKU, PACIIOIOKCHHbBIE
MO/l WU HaJ TOBEPXHOCTBIO 3EMJIHM, HCIIOIB3yeMbIe ISl JTOOBUM METAITMYECKOW PyAbl U3 €€
MPUPOIHBIX MECTOPOXKICHUM C TOMOIIBIO JOCTYMHOTO METO/Aa MOOBIYH; HAmpUMeEp, BTOPUUIHOE
W3BJICYCHUE METAJUIMYECKOM pyabl W3 OTBAJIOB XPAHEHUs, OTBAJIOB IOPOABI U XBOCTOB
oboratutensHOW (aOpUKH, TONYYEHHBIX B pe3yibrare AOOBIYM, OYHCTKH W KOHIICHTPAIUU
MeTAUTMIeCKUX pyxa. OTBan MIaxThl — 3TO OOJbINAas Ky4a OCTAaTKOB WJIM XOJIM OTXOJOB TOPHOM
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MIPOMBIIIUICHHOCTH (OCOOCHHO W3 3a0pOIIECHHOW IaxThl) HAa TOBEPXHOCTH IaxThl. OCHOBHOM
po6seMoil, BbI3bIBaIOIIEH OECHOKOWCTBO B OTHOLIEHWM OTBajla LIAXThI, SBJSIETCA OTBAJ ILAXTHI,
KOTOPBIA COCTOMT W3 pa3AaBICHHBIX I€CYAHBIX OTXOJOB IOOOYHOTO MPOAYKTa, HAa3bIBAEMBIX
XBOCTaMH, KOTOpbIE 00pa3yroTCs B X0jie TOPHOI0ObIBaroLIeH oneparmu [1-3].

YroObl CHU3UTH MOJOOHBIE HETaTUBHBIE MOCIEACTBUSA MPH IOUCKE, 100bIYe, nepepaboTke U
TPAHCIOPTUPOBKE YINIEBOJOPOAHBIX PECYpPCOB, OCYIIECTBISIFOTCA KPYIHbIE KAalUTAJIOBJIOXKEHUS B
peanu3aiuio JIOOBIX MPOEKTOB B IEPEJOBBIX CTpaHax. B MPOTHBHOM cily4ae TIOCTOSHHO
Pa3BUBAIOIIASCS TOPHOAOOBIBAIOIIAS MPOMBIIUIEHHOCTh CTOJIKHETCS C emle 0osee IUIaueBHBIM
yiepOoM s OKpyXarolled cpelpl M COLUAIbHOW Cpebl, OOLIecTBa, a TakKXKe 3J0pOBbs U
Oe3omacHoCTH JroacH [6].

B mpormecce pa3paboTKu pecypcoB yIIEBOAOPOAOB, MPEXKAE BCEro, MPOBOISATCS OypOBbIE
paboThl MO MX HW3BJICYCHUIO M3 DIIYOOKMX CIIOEB 3eMiIM. B TO ke Bpems yTWIHM3alus BpPEIHBIX
OTXOJIOB CTAHOBHUTCS aKTyaJbHOW mpoOnemoil. Kak npaBuio, mpeanpuatusi He CKJIOHHBI HECTH
JIONIOJTHUTENbHBIE 3aTpaThl Ha oOpallleHhe ¢ TakUMU OTXojaMu. B pesynbrare cepbe3Hoe
BO3/ICHCTBHE JTHUX OTXOJOB Ha OKPYXKAWOIIyI0 cpeay emie Ooinbine Bo3pactaeT. HeratmBHoe
BO3/I€MCTBHE HA IKOJIOIMUYECKYIO U COLIMATIBHYIO Cpely HEM30EKHO MPU TPAHCIOPTUPOBKE JOOBITHIX
pecypcoB, Oyib TO B IIAXTaxX C 30HAMU JOOBIYM WIJIM MPH CTPOUTEIbHBIX paboTax, IPOBOAUMBIX Ha
TPAHCHIOPTUPYEMBIX MAapLIpyTax, MPEUMYILECTBEHHO B KOPUJOpax, IO KOTOPHIM IPOXOAIST
TpyOonpoBoabl. Cepbe3Hble IOCIEACTBUS, 3a(pUKCHPOBAaHHBIE B TIEPHOA CTPOUTENBCTBA U
OKCIUTyaTaluy, MPEIbSBISIOT BAKHBIE M PEIINTENbHBIE TPEOOBAaHUS K KaXKIOMY TPKIAHUHY B
00JIaCTH OXpaHbl NMPHUPOIBl U IPUPOIONOJIB30BaHUS U, IPEXKJE BCEro, NOAUYEPKHUBAIOT BAXKHOCTD
OOIIIECTBEHHOTO KOHTPOJIS 3a YIy4IIEHHEM COCTOSHMs OKpyxarouei cpensl. Ilo 3Toil mpuuune
OXpaHa TMOJIE3HBIX HCKOMaeMbIX, MX 3((EKTUBHOE HCIIOIB30BAHNUE, YCHIICHHE OOIIECTBEHHOTO
KOHTPOJIA 3a OJIarONpUsTHBIM CAHUTAPHO-IKOJOTHYECKUM COCTOSIHUEM OKPYXKArOIeH Cpesbl,
peanu3anus €AMHOM HAyYHO-TEXHUYECKOW TIOJIMTUKM B OOJACTH OXpaHbl IPHUPOABI U
UCMOJIb30BaHUS TPUPOIHBIX PECYpCOB 3aHMMAIOT IVIABHOE MECTO. MECTO B HAI[MOHAIBHBIX
nporpaMMax Hallero TOCydapcTBa. B COOTBETCTBHM € AITHMH TPOTPaMMaMH  IOATOTOBIICHBI
pecryOiIMKaHCKHe DSKOJOTHUYECKHE TMpaBHiIa, CTAaHAAPTBl M HOPMBI IO OXpaHe MPHUPOABI U
MCIOJIb30BAaHUIO IPUPOAHBIX PECYPCOB, KOHTPOJIIO 3arpsizHEHUs] 00bEKTOB MPUPOAHOI cpeabl. [lpu
ITOM MEPBOHAYAIBLHO M3y4aliCs OIbIT, HAKOIUICHHBIN B peciyOiike u 3a pyodeskom [3].

HccnenoBanus Takke TOKA3bIBAIOT, YTO TPUPOTHAs Cpeda B pailoHaX JOOBIYM TIOJIE3HBIX
MCKOMIAeMbIX IIOCTOSIHHO MEHSETCS, HAHOCS TpHpOAE 3HAYMTENbHBIA ymep0d. B pesymbrare
OKKYIUPYIOTCSI TOJIE3HbIE 3€MJIM, OTBEICHHBIE MOJ IMPOU3BOJICTBEHHBIE IUIOIIAAN M CEIbCKOE
XO35IUCTBO, Ha 3TUX TEPPUTOPUSX MPOMCXOIAT CEPbE3HbIE KOJOTHUECKUE, T'€03IKOJIOTHYECKUe U
reOXUMHUECKHEe M3MeHeHus. J[axxe mouBa mepemMeniana ¢ BpeJIHBIMH BEIIECTBAMH U XUMHUECKUMHU
AIIEMEHTaMHU, 3arPS3HEHBI U BOJOEMBI. Y UHTHIBAs BHIMIEH3IOKEHHOE, OXPaHa OKPYKAIOMIEH Cpeibl
B FOPHOOOBIBAIOIIMX palioHaX, a Takke BOCCTAHOBIIEHHE 3POJMPOBAHHBIX MOYB U IPPEKTUBHOE
UCIIONTb30BaHKE JIETPaIMPOBAHHBIX TIOUB CTAHOBSATCS OJJHUMH M3 TIIaBHBIX BOIIPOCOB [1].

Poct HaceneHus Mupa, NMOCTOSHHOE YBEJIWYEHHUE HCIIOIB30BAHUS MHHEPAIBHOTO CBIPbS,
BHE/IPEHHE HOBBIX TEXHOJIOTHIA B MTPOMBIIIICHHOCTH W PACIIMPEHIE MTPOU3BOJICTBA TAKKE MMPHUBOJISAT
K YCWJCHHIO JaBICHHS Ha OKpPYKAaIONIyl0 cpemy. B mocriemHee BpeMsi OTKpbITas pa3padoTka
MECTOPOXKJICHUHN SIBISIETCS OJJHOM U3 OCHOBHBIX MPUYMH, OKA3bIBAIOIIUX CEPbE3HOE BO3/EHCTBHE HA
OKpyXarolyro cpeny. B Takux cnydasx s 3¢ddekTuBHOro obecrnedeHus HCIOIb30BAHUS
MPUPOAHBIX PECYpCOB W 3alIMTHl OKPYKAIOUICH Cpeapl MPUHSATHE 3allUTHBIX Mep CUUTAeTCs
OCHOBHBIM BompocoM. K Takum MepaM MOXKHO OTHECTH HCIIOJIb30BaHHE OTXOAOB, BOCCTAHOBIICHHUE
3eMeNb, OCHOBHAas (yHKIMS KOTOPHIX HapylleHa, a TaKKe HCIOIb30BaHUE IPOCTPAHCTB,
00pa3oBaBIINXCS TOCIE TOPHBIX PadOT, B pa3IMYHBIX LENsiX. B 3To BpeMms ama MenuopaTuBHBIX
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paboT sBIsieTcs OOHOW M3 DVABHBIX MpoOieM. B 3aBUCMMOCTHM OT Ha3HAY€HUs BBIIEISIOT
CIIElyIOIlME€ OCHOBHBIE HAIPABIECHUS pPEKYJIbTUBALMM: TOcaaka (IIOCEB) Ha HapyIIEHHOH
TEPPUTOPUH, NOCAAKA CAJOB, LEIEBBIX U IKCIUIyaTallMOHHO Ba)KHBIX JIECOB; O3EJICHEHUE MapKOB,
KOHCEPBAllUU WM O3EJICHEHMs ILIACTOB OTXOJOB, 3arpA3HSIOIIUX OKPYKAIOLIYI0 Cpely; CO3JaHHe
BOJJOEMOB pPa3JIMYHOIO HA3HAUEHMs; CO3JAaHUE IIOCTPOEK JKWIBIX M JPYyTUX TEPpPUTOpUIl Ha
HapyLIEHHbIX TEPPUTOPHSIX.

[IpennaraeTcss Takke JOCTHYh OSKOHOMHUYECKOM U  dKojormueckor s¢ddexruBHOCTH
UCTIOJNB30BAaHMUSL  CHIPBS, TOBBICUTH CJIOKHOCTH JO ONTHUMAJIBHOIO YPOBHS, O0ECIEYUTh
BOCIIPOU3BOJICTBO  NPUPOJIHBIX PECYPCOB M  OXpaHy OKpY)KaloLled cpenbl, BBIIOJHUTH
HaCHOPTH3ALHIO OTXOI0B TOPHOAOOBIBAIOLICH TPOMBIIIIIEHHOCTH 110 KOJIIMYECTBY U KauecTBy [5].

[ToMuMO Bcero 3Toro, peanu3anus MEpPONPUSTHIA MO0 CO3AAHUI0 IepepadaThIBAIONINX 3aBOJIOB,
00€3BPEeKUBAIOIINX OTXOJBI MPOU3BOJCTBA, TAK)KE JAae€T OCHOBAHUE CIEJIaTh BHIBOA O CHUIKECHUHU
HEraTUBHOIO BO3/IEMCTBUS TOPHOAOOBIBAIOIIEH IPOMBIIUIEHHOCTH Ha OKPYXKAIOLIYI0 Cpemy.
T'oBopsT, uro i 3PdeKTuBHOrO obecrneyeHus: UCIOIb30BaHUS MPUPOJHBIX PECYPCOB U 3alUTHI
OKpY>KaloIllel Cpezbl BBIMOJIHEHWE Ba)XKHBIX MEP 10 OXpPaHE BBIIBUIAETCA B Kau€CTBE OCHOBHOI'O
BOITPOCA BO BCEX TOCYAAPCTBEHHBIX MTporpammax [4].

I'opHonoOpIBaroast  JESITENbHOCTb, BKJIIOYAs pa3BEAKY MECTOPOXKACHUH, pa3BelKY,
CTPOUTENBCTBO, IKCILTyaTallMl0, TEXHUYECKOE OOCIyKUBaHHUE, pacIIUpEHUE, 3aKpbITHE, BBIBOJ U3
HKCIUTyaTalluy U MepenpoUINpPOBaHIE, MOXKET BIUATh HA COIMAIBHBIC U IKOJIOTUIECKHE CUCTEMBI
PSIOM  TIOJIOKUTENBHBIX WM OTPHULATEIBHBIX, TPSAMBIX W KOCBEHHBIX crocoOoB. Pa3Benka,
CTPOUTENBCTBO, FKCIUTyaTallus U TEXHUUECKOe 00CIIyKUBAaHHUE 1IaXT MOTYT IPUBECTU K U3MEHEHHIO
3eMJICTIONb30BaHUS M HEOJAronpHsATHOMY BO3JCHCTBUIO Ha OKpPYXKAIOUIYIO Cpeay, BKIIKOYas
BBIPYOKY JIECOB, SPO3HI0, 3arpsi3HEHUE W M3MEHEHHE MPO(UIIS TOUBEI, 3arpsi3HEHNE MECTHBIX PEK U
BOJIHO-OOJIOTHBIX YTOAMM, a TAaK)K€ MOBBIIIEHHBIM IIyM. YPOBEHb, IbUIb U BBIOPOCHI (Hampumep).
3aKpeITHE, BBIBOJ M3 SKCIUIyaTallMM U [EpPEeHANpaBIEHUE IIAXT TaKXe MOTYT IIPUBECTH K CTOJb )K€
3HAUUTENIbHBIM MOCIEICTBUAM JJIsl OKpY’Karolled Cpesbl, TAKUM KakK 3arpsi3HEHHE MOYBBI U BOJBI.
[TomuMo camMux IIaxT, MHPPACTPYKTypa, NOCTPOEHHasl A MONJAEPKKU TOpHOAOOBIBarOIIEH
NeSITeIbHOCTH, TaKas Kak JAOPOTH, MOPTHI, KEJIE3HOAOPOKHbBIE JIMHUM W JIMHUU 3JIEKTpoIiepenad,
MOXET TMOBJIMATH HA MAapIIPYThl MUTPAIMHM SKUBOTHBIX W YBEIUYUTh (PArMEHTALUIO CPEIbl
oburanus [2].

I'opHOonoOBIBatOIIas MPOMBIIIJIEHHOCTh MOXET OKAa3blBaTh KaK IOJIOKUTENBbHOE, TaK U
OTpHIaTeIbHOE BO3/IEHUCTBUE HA JII0oAeH U 001ecTBo. Takke U3BECTHO, UTO ATO UMEET HEraTUBHbIE
MOCIIE/ICTBUS, TAaKME KaK 3/0pOBbE 4YENIOBEKa M YPOBEHb KHM3HHM, a KOH(DIMKTHI MO TOBOAY
3eMJICTIONIb30BAHUS SIBIISIIOTCSL OOBIYHBIM SIBIEHMEM, B TOM YHCIIE€ CBA3aHHBIE CO 3J0POBbEM
HaceleHus U Omaronmoiayuyuem uenoBeka. C TOUKM 3pEHUS TOJIOKUTEIBHOIO BO3IEUCTBUSA,
TOpPHOA00BIBAIONIAS] TPOMBILUIEHHOCTh YaCTO SIBJISETCS MUCTOYHUKOM MECTHOW 3aHSTOCTH M MOXKET
CIOCOOCTBOBaTh Pa3BUTHIO MECTHOM M PETHOHAIBbHON SKOHOMHKH. YCTpaHEHHE MOTEHIUAJIbHBIX
BO3/ICHCTBHI Ha OKPYKAIOIYIO CPEly, TAKUX KaK OYMCTKA BOJBI U IKOJIOIMYECKOE BOCCTAHOBJICHHUE,
MOXET OKa3aTh IOJIOKHUTEIbHOE BIMSHHE Ha HKOJIOTHYECKHE CUCTeMbl. Bo3neilcTBus BKIIIOYAIOT
MoTepIo paboyMX MECT U MECTHOM CaMOOBITHOCTH , B TO BpeMs KakK MOJIOKHUTEIbHOE BO3/IEHCTBUE
MOJKET 3aKJII0YaThCsl B CO3JaHUU BO3MOKHOCTEH JJI1 HOBBIX BUIOB SKOHOMUYECKOW €ATEIbHOCTH,
TaKHUX KaK U3MEHEHHE 30HUPOBAHUS IIAXT JUIsl 3aMEHBI TypH3Ma.
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PHYTOTOXICITY AND BIOREMEDIATION
OF SOILS IN BINAGADI DISTRICT OF BAKU CITY
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Annomayus. Ha tepputopuu buHaraJuHCKOro agMHHHCTPATHBHOTO paiioHa ropoaa baky
wiomaas HedrTe3arps3HeHHBIX 3eMenb cocraBisgeT 2 627 ra. ConepkaHue HEPTENPOAYKTOB B
noyse kosebnercs B mpexaenax 0,9-2,4%. DTo cOOTBETCTBYET YpOBHIO OYEHb BBICOKOW CTEIICHU
3arpsisHeHus. Hedreszarps3HeHHbIE MOYBBI bUHAragMHCKOrO paiiOHa XapaKTEPU3YIOTCS BBICOKOH
crenenbto  ¢purorokcuyHocTu 20-80%. IlpemnoxkeHa OYMCTKA IMOYBBI METOAOM KOMILIEKCHOM
onopeMeTuaIum.

Abstract. On the territory of the Binagadi administrative district of Baku, the area of oil-
contaminated lands is 2,627 hectares. The content of oil products in the soil fluctuates between 0.9-
2.4%. This corresponds to a very high level of pollution. Oil-contaminated soils of the Binagadi
district are characterized by a high degree of phytotoxicity of 20-80%. Soil purification using the
method of complex bioremediation is proposed.

Knrouesvle cnosa: bunaraguHckuii paitoH, baky, 3arps3HeHue mouBbl, OnopemMeraIusl.
Keywords: Binagadi district, Baku, soil pollution, bioremediation.

[Ipouecc ypOaHM3amuu SBISETCS MOIIHBIM (QakTOpoM HpeoOpa3oBaHUsl MPUPOAHBIX
nanamadgToB. BoccTaHOBUTH B TOPOICKON IKOCHCTEME 3KOJIOTMYECKOE PAaBHOBECHE MOXKHO ITyTEM
YBEJIMUEHUS]  TEPPUTOPUM  €CTECTBEHHBIX  JIAHAWA(PTOB U  OJHOBPEMEHHO  CHIKEHHEM
AHTPOIIOTEHHBIX M TEXHOTCHHBIX Harpy3ok. Llenbio qaHHOM paboThl OBUIO OIIEHKA HKOJIOTHYECKOTO
cocTosiHUSl Tepputopun buHarammHCcKoro paiioHa T. baky, ompeneneHHe CTENEHH TOKCHYHOCTH
3eMelb M COCTOSIHUE pacTUTeabHOCTH [1, 2].

Mamepuan u memoouka
OObekT uccrnenoBaHus — MouBbl buHaraauHckoro paiiona ropoaa baky. Hcnonb3zoBanbl
OJIeBBIE, TaboparopHbie U HH(OPMAIIMOHHO-aHATUTHYECKHE METO/IbI HCCIIeA0BaHwmii [3, 4].
B kadectBe WMH(OPMALMOHHO AHAJIUTUYECKUX MAaTEpUaoB ObUIM  HUCHOJIb30BaHBbI:
Okonornueckuit  Armac  AsepOaipkanckodt  PecnyOnuku  [5]; Hanuonanenelid  Atiac
Asep0Oaiimxanckoit Pecriyonuku [6].
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st ananm3a mouB Obutn 0oTOOpaHbl 12 mpo6 ¢ ropuszonta 0-10 cM. JIjisi OLIGHKW CTEneHU
(UTOTOKCUYHOCTH He(TE3arps3HEHHBIX ITOYB HCIIOIb30BAIM METOABI TecT-pacTeHuit [7]. U3yuenue
(DUTOTOKCHYHOCTH TIPOBOJWIOCH B J1a0OpaTOPHBIX YCIOBHUSX. B KadecTBe MOJECIBHOTO TECT-
pacTeHus HCIOJIb30BaJICs Kpecc-canar [8, 9].

Bce noneBbie nccnenoBanus 6butn nposeneHbl coorBerctBeHHo 'OCT [10].

Pesynomamot u ux obcyscoenue

bunaragunckuil paiion ropoga baky siBisiercss omHMUM M3 12 aiMHUHUCTPAaTUBHBIX pailOHOB
ropona baky. Pailon pacnonoxeH B ceBepo-3amajHoN 4acTu AOIIEPOHCKOro moiyoctposa, B 10,5
KM OT LIEHTpa ropoJia, Ha ceBepo-3ama/ie MoIyoCcTpoBa.

B bunaraguHckoM palioHE COCpPEAOTOYCHO 95 TpeanpusTuil TOPHOJOOBIBAIOIICH,
o0pabarpIBalOLICH, AMEKTPUYECKON M Tra30BOM NMpOMBINUIEHHOCTH. Ha Tepputopum pacronoxeHa
HedTsaHas kommnanus “Binagadi Oil Company”, ManmMHOCTPOUTEIbHBIH 3aBOJ 1O POU3BOJCTBY
KEJIEe3HBbIX U CTAJbHBIX U3AEIHH, pUpMBI IO MPOU3BOACTBY Kpacok M Ap. Bce 3Tu mpousBozicTsa
OKa3bIBAIOT HETaTHBHOE BO3/IEHCTBHE HA OKPYIKAIOLIYI0 TEPPUTOPHUIO.

Kommanus “Binagadi Oil Company”, naxoasiiascsi Ha Tepputopur buHaraanHCcKoro paiiona
3aHuMaeT 4615 ra, U3 KOTOPBIX IJIOLIAJb 3arps3HEHHBIX 3eMelb cocTaBisieT 2627 ra (56,9% ot
BCEH IUIOIIAM, 3aHMMaeMO KOMITaHUel). 3arps3HeHHbIe BOAHbIE 00beKThl 3aHUMatoT 204 ra. Otu
[IOKAa3aTeNIi CBUJIETEIbCTBYIOT O JIOBOJBHO CHJIBHOM HEraTMBHOM BO3ACUCTBUM Ha OKPYXKAIOLIYIO
cpeny Bcero bunaranunckoro paitona. U ronbko 1,7% teppuropun bunaranunackoro paiioHa 3aHsra
3eJIeHBIMH HacaxaeHusMu [11].

buomMoHHUTOPUHT TEppUTOPUM bHUHAraguHCKOro paiioHa Iokasajl, 4To Ha 3HAYMTEIbHOW YacTH
HeTe3arps3HEHHBIX 3€Meb BCTPEYAIOTCS penko sdemepbl U ddeMepouspl, MPOSKTHBHOE
nokpeiTie He Bbime 5-8%. OCHOBHOW pacTUTENHHOW accolManuei, Mpou3pacTaloneid  Ha
3arps3HEHHON MOYBE SIBJISETCS accOlMaLus, /i€ JOMUHHUPYIOLUIUM BHJIOM SIBJISIETCS MPHOPEKHUIA
comonyaxoast Aeluropus littoralis (Gouan) Parl. (Pucysox 1).

Pucynok 1. ITpubpexuuna Aeluropus littoralis (Gouan) Parl. Ha HedTe3arps3HeHHON MOYBE

HpI/I6pe)KHI/II_[a COJIOHYAKOBasA OTHOCHUTCA K PYACPAJIBbHBIM PACTCHUSIM. OOBIYHO 3acelseT
MO4YBYy IIOCJIC CHHIKCHUA OPraHUYCCKUX 3arpiA3HAOIHNX BCIICCTB, Ha IJ3Tal€e CCTCCTBCHHOI'O
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mpouecca camoouuuieHus. [IpuOpexHuIla MOXET pacTd Ha HedTe3arps3HEHHOW Io4YBe MpuU
OTIpe/IeTICHHONW KOHIEHTPALUU MOJUTIOTAHTOB.

[Tokazarenun 3arps3HeHHOCTH JaHmmadToB  buHaraguHckoro paiioHa  OZHO3HAYHO
CBHJIETEIILCTBYIOT 00 SKOJOTMUYECKMX PUCKAaX M TOTCHLIMAIbHOM OMACHOCTH WX JJs KauecTBa
OKpyXaromei cpeabl. Pesynbrarbl HccinenoBaHUM  (PUTOTOKCMYHOCTH TOYBEHHBIX 00pa3loB
MOKa3aJIi BBICOKYIO LIEJIOYHOCTH MOYB M MPOSBICHHUE BHICOKON CTENEHH (PUTOTOKCUYHOCTH Beex 12
MOYBEHHBIX OO0pa3llOB TO4YBHL. AOCONIOTHAs BCXOXKECTb HCHBITYeMBIX ceMsiH Obuia 25-41%.
Cpenssist PUTOTOKCUIHOCTH TTOYBEHHBIX 00pa3noB cocraisiia 60-75%.

CormacHo pe3ynbTaraMm JIabOpaTOpHBIX SKCIIEPUMEHTOB, B He(Te3arpsA3HEHHBIX IOYBAX
BCXOXKECTh CEMSH Kpecc-canara yrHerajach. Yepes 17 nHeil B HedTe3arps3HEHHBIX MOYBaX IO
MIOKA3aTeII0 BCXOKECTU CEMSIH TECT-PACTeHUs HAOIIoaCs TOKCHUeCKui 3(h(heKT, 4To mposBIsIOCh
B CHIDKEHHE BCXOKECTH CEMSIH UCTIBITYEMBIX PACTEHHM MO0 CPABHEHUIO C KOHTPOJIBHBIMH 00pa3aMu
Ha 33-36%.

Iloka3zarenn JUIMHBI KOpHEH M TOOEroB y IIPOPOCTKOB, HX PAa3BUTHE — 3aMETHO
uHTHOMpoBanoch. [lokazarenu MIETOYHOCTH HCHBITYeMbIXx 1ouB (pH 7,7-8,2) Ha ¢oHE BBICOKOU
3arps3HEHHOCTH HE(TSHBIMU YIJIEBOJOPOAAMH TaK)KE OKa3bIBAIOT TOKCHYECKOE aITUTHBHOE
BO3/IEHCTBHE Ha POCT U POPACTAEMOCTh TECT-PACTEHUI.

B HacTos11ee BpeMsi pacCMOTPEHBI U NPEI0KEHbl METO/Ibl peMeIualuy HeTe3arpsi3HeHHbIX
[0YB Ha TEppUTOpHH A3epOaiikaHa, B TOM YKCIIe METObI Onopemenuanuu [1, 2, 12-14].

AKTyanbHa OYMCTKA MOYBEHHOTO TOKPOBAa HAa 3arps3HEHHBIX YIIIEBOAOPONAMH U JPYTUMH
OTXOJJAMU TEppUTOpHM bHHAragMHCKOro aJIMHUHMCTPATUBHOIO pailoHa C HCIOJIb30BAHUEM
COBPEMEHHBIX METOJIOB KOMIUICKCHON Ouopemenuanuy (METO yNpaBisieMOW MOCIIeI0BaTeIbHOM
cykueccun) (Pucynok 2).

buopemeananus
1o 1%
OCTaTOYHOM
HedTH

|]|] Bo6oBbIE TpaBbI

HepeBbs

Pucynok 2. TexHOJOrHs yhnpaBiIsieMON IOCIEAOBATEIBHON CYKIECCMM IIpU OHOpeMeanaliiu
He(Te3arps3HeHHBIX TOYB Ha TeppuTopuu bunHaramauHckoro paiiona r.baky (H3I1 — Hedresarps3HeHHbIC
MOYBBI)

OuncTKa 3arps3HEHHBIX TIOYB Ha TEPPUTOPUU BHUHAraJWHCKOTO aAMHUHHCTPATUBHOTO paiioHa
MO3BOJIUT B 3HAUUTEIHHON CTENEHHU MOBBICUTH IJIOMIAAb 3€JICHBIX HACAXKIEHUHN U, COOTBETCTBEHHO,
VAYUYUIUTh ~ CYMMAapHbI  3KOJIOro-COLMaIbHO-DKOHOMUYECKUH 3(D(EeKT U  OTHOCHUTEIbHOE
HKOJIOTUYECKOE PAaBHOBECUE TEPPUTOPUHU.
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OTH pabOTHI MO3BOJIST HE TOJIIBKO OYUCTUTH HeTe3arpss3HEHHBIE TOYBBL, HO TAKKE YITy4IIUTh
CaHUTapHO-TUTMCHUYECKHUE II0KAa3aTeld paioHa, CYIIECTBEHHO IOBBICHTH IUIOIIAJIb 3CJICHBIX
HacaxJeHU. 3eJIeHble HacaxeHUs Ha Tepputopun komnanuu “Binagadi Oil Company” moBsicsT
PUPOTHO-PECYPCHBII MOTEHIIMAN TEPPUTOPUH BCETO paiioHa.

Bui16oo
Wrak, mnpemiaraeMble peumieHHs Ha TEPPUTOpUH HedTenpoMbicioB buHaragmHCKOro
aAMUHUCTPATUBHOIO paliOHa HaIIpaBJICHBI HA YCTOMYMBOE pa3BUTHE DKOCUCTEM I. baky Kak 4actu
cucTeM AMNIIEPOHCKOrO IMPOMBINUIEHHOro pervoHa. PaspabarsiBaercs «HOBBINM I1aH pa3BUTHA T.
baky k 2040 r» (https://arxkom.gov.az/bakinin-bas-plani).
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