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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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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

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).
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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].
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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].

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 49



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

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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A3POKOCMHUYECKHUM MOHHUTOPUHI' ITMHAMMUKMU 3AT'PA3HEHUA
TEPPUTOPUU OTXOJAMHU NOJO-BPOMHOI'O INTPEAITPUATUA
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AEROSPACE MONITORING OF THE DYNAMICS OF POLLUTION
OF THE TERRITORY BY WASTE FROM AN IODINE-BROMINE PLANT E

©Ismatova H., Ph.D., National Aviation Academy of Azerbaijan,
Baku, Azerbaijan, spaceaazer@rambler.ru
©Karimli G., National Aerospace Agency of Azerbaijan,
Baku, Azerbaijan, shukurlu_gumru@list.ru
©Khasayeva §., Institute of Radiation Problems of the Ministry
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Annomayus. B paboTe paccMOTpeHBl W IMPHUBEJCHBI PE3yJIbTaThl KapTUPOBAHUS JAMHAMHUKHU
3arpsiI3HEHUI TEPPUTOPUN OTPAOOTaHHBIMU OTXOAAMHU JEATEIBHOCTH HOJ0-OpOMHOIO MPEIIPUSITHSL.
BrimonHeH aHanmm3 BceX B3aMMOCBS3aHHBIX (akTopoB ¢ momombsio ['MC-texnonmormii. Ilo
Pa3sHOBPEMEHHBIM HM300pakeHUSIM OBbLIIM CO3/1aHbl KapThl IMHAMMKH 3arpsi3HEHUs OTpabOTaHHBIMU
110710-OpOMHBIMHU BOZIAMHU y4YacTKa TEPPUTOPUH Ha HOT0-OpPOMHOM MECTOPOXKJICHHUU. YCTaHOBJIEHO,
YTO 3arpsi3HEHHE OOIMIMPHON TEPPUTOPUH MPOUCXOAUT B PE3YNIbTATE€ YTEUKH U3 BBIBOJSAIIETO HOJO-
OpOMHBIE OTXO/Ibl KaHaja U JeSTeIbHOCTH H010-OpOMHBIX JOOBIBAIOIINX CKBAXKHH.

Abstract. The paper examines and presents the results of mapping the dynamics of pollution
of territories with waste from the activities of an iodine-bromine enterprise. All interrelated factors
were analyzed using GIS technologies. Maps of the dynamics of pollution of a section of the
territory at an iodine-bromine deposit with waste iodine-bromine waters were created using images
taken at different times. It was established that pollution of a vast territory occurs as a result of
leakage from a channel removing iodine-bromine waste and the activity of iodine-bromine
production wells.

Kntouesvie cnosa: MOHUTOPUHT, KOCMOCHUMKH, JEMHU(PPOBKA CHUMKOB,

Keywords: monitoring, satellite images, image decoding,

Jlns MOmHOTO TPOW3BOACTBA CEPHE3HOW MPOOIEeMOH SBISETCS yaaleHHWe OTpPadOTaHHBIX
PaccoiioB, KOJIMYECTBO KOTOPBIX HA MPEANPHUATHIX HOA0-OPOMHOMN MPOMBIIIJICHHOCTH UCYUCISIETCS
MHOTHUMHU MIJITHOHaMHU KyOomeTpoB B rof [1]. Hampumep, B CHI, B cepenune 1990-x rT., TOmMOBO#M

cOpoc CTOKOB 1HO0-OpOMHBIMU 3aBOAAMH, MepepaldaThIBalOIIUX MOA3EMHbIE BOJbI, OLICHUBAJICS B
137 xm3. Dtu oTpaboTaHHBIE pPAccONbl, colepikaie Gomee 17 MIH. T comei, cOpachiBamuch
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(mepenko 0Oe3 kakoi-nmuOo ounctku) B p. Kamy, B mecku Kapa-KymoB m Kacnwmiickoe mope,
3aKaunBaJKCh B 11act [1, 4].

OTpaboTaHHBIE PACCOIBI COAEPIKAT BCE KOMIIOHEHTHI, OBIBIITUE B MCXOMHBIX OYpPOBBIX BONAX,
TOJIBKO KOHIEHTpamu Hoja (M OpomMa, eClid OH TakKe HM3BIIEKAICA) B HUX 3HAYUTEIBHO HUXKE,
MIPUYEM 3TH AJIEMEHTHI B 3HAUUTEJIBHON YacTHU HAaXOAATCA B CBOOOTHOM COCTOSSHUU — B BHjie Bra u
l. B orpaboranHbIXx paccomax comepxkurca 0,004-0,005 xr/m® ona B Bune I u I- (mpumepHo
noposHy), 6poma — 0,10-0,12 kr/m® (mpumepHO MOpoBHY Mexkay Brz u Br-) [1].

OTtpaboTaHHBIE Paccobl UMEIOT KUCIIYIO peakiuio (pH=2-2,5), TuTpyemasi KUCIOTHOCTh 2-3
Mr-3kB/11. O0e3BpekrBaHne OTPaOOTaHHBIX PACCOJIOB CBOAMTCS K BOCCTAHOBIIEHHIO CBOOOJHBIX
raJIoreHOB M TMocienyrone HeWrpanuzauuu. s BOCCTAaHOBIEHUS OOBIYHO HCIIOJIB3YETCS
THOCYJB(UT HATPHUS B BUJIE BOAHOTO pacTBopa. st 1o0brum iona mpoOypHuBatOTCsi COTHH CKBAXKHH,
U3 KOTOpBIX BBIKAUMBAETCs Hoacoaepkalas BOAA UM B KOTOpBIE 3aKauMBAIOTCS OTpaOOTaHHbBIE
paccosbl. 3akauka MPOU3BOJUTCS C MOMOIIBI0O HACOCOB BBICOKOTO JaBiieHUs. B Bomax comepskarcs
He(Th, OKHMCHOE >KeJe30, BKJIOYas KOJJIOUIHBIA THUAPOKCHI >Keie3a, MO, pa3NuyHble COMU U
npyrue BeuiectBa. OTpaboTaHHBIE Paccoibl 3aBO/Ia HEPEJIKO MPOPHIBAIOT 3eMIISIHbIE AaMObl IPYyA0B-
HAKOIMHUTEJICH 1 3arps3HAIOT OKPY’KAIOIIYIO CPEAy B TOM e mouBy [2, 3, 5].

Uccnenyemass tepputopus — 23TO HOJO-OpOMHOE MECTOpOXKIEHHE Ha MO0Epeknbe
Kacnuiickoro mopsi B paiione Hedruama. B 1927 r npu OypeHun HedTSHBIX CKBAXHH OJHA W3
CKBaXUH JIajla COJICHBIN (oHTaH ¢ HedThIo ¢ Tyomnbl 50 M [6, 7]. B xone aHamm3a BBISICHUIOCH,
9TO B 3TOH Bome comepkutcs hom. [locie 3toro B 3THX paiioHax ObLTM OOHApYXKEHBI OOorarbie
3amacel Woga. B Te roasl ObUT TOCTPOCH NEPBBIA HOMHBIN 3aBOJ B BHIE Kojoaa. 28 anpens 1931 r
nepBast npoxykius — 1500 kr HedruanuHckoro i#oma Obiia oTmpaBieHa B baky, a orTyna
nepeBe3eHa B MockBy. 1 mas 1932 r B mocenke uMeHu 26 OaKMHCKUX KOMHCCApOB — HBIHEIITHEM
cesie MuprypOaHibl, ObIT TOCTPOSH U CIAaH B AKCIUTYaTaIlHIO Monusiii 3aBox nmenn «1 Mas». B
1950-1955 rr Ha mnoGepexbe Kacmuiickoro Mopss OBLIM OTKPBITBI HOBBIE MECTOPOXKICHUS
Honobpomubix Boja. Ilozxe, B 1984 1, Ha mobGepexxpe Kacmust ObLT MOCTpPOEH M BBEIAEH B
IKCIUTyaTalui0 HOBBIN HOMO0OpOMHBIN 3aBO/, B 4 pa3a OoJsiee MOIIHBIN, yeM mpeasiayniuii. [locie
pacnana Coserckoro Coro3a M3-3a M3BECTHBIX IKOHOMHUYECKHUX U TMOJIUTUYECKUX MPOOJIEM 3TOT
3aBOJI Takke ObUI mapanu3oBaH, U Tonbko ¢ 2004 r 31ech Ha 3ToM 0aze BENUCh CTPOUTENHHO-
MOHTaxHBIe paGoTel. B 2007 T OO0 «Asep-Mom» oduImManbHO Haval CBOI JAESATETBHOCTD.
[Ipou3BeneHHbIe 3/1€Ch TEXHUUYECKHM HOJ, KPUCTAIIIMYECKHI oA M colu OpOMHCTOro >Kesesa
MOJIB3YIOTCS YCIIeXoM Ha AsepOaiikanckoM u 3apyoexHom peiakax (https://caliber.az/post/47591/).

ITocne BO30OHOBIIEHUS JIEATENBHOCTH 1HO/10-OPOMHOTO MECTOPOXXKJICHHSI MOHUTOPUHI 3TOM
TEPPUTOPUU OCOOEHHO aKTyalIeH B CBSI3M C 3arps3HEHHEM TEPPUTOpUU B OonblIuxX pasmepax. Ha
KocMHuYecKuX cHuMKax nocie 2007 r nanamadTel Ha UCCIENYEMON TEpPUTOPUU IPEICTABICHbI
HMCKYCCTBEHHBIMU TIPYIaMHU-HAKOMIUTEISIMUA M TMPUJIETAIONIMMH K HUM yYacTKaMu OOpa30BaHHBIX
BOJIOEMOB M TOATOIUIIEMBIX 3eMellb. B pesynbrare (yHKIIMOHMPOBAHUS MECTOPOXKIEHUS U
nepepadbaTeBaeMbIX IPEANPUITANA Ha TEPPUTOPUN UMEIOTCS MHOXKECTBO KOJIJIEKTOPOB, IPEHAKHBIX
ceTed, BBIBOJAUIMX KaHaioB. [Ipu STOM B0 HAMOPHBIX KOJJIEKTOPOB 3aBOMAA, MEXKIY
HArHeTaTeJIbHBIMU CKBOKMHAMU M CEThIO JIPEHAKHBIX KaHAJIOB MPOMCXOAUT YTEUYKH U pa3uB IO
TEPPUTOPUH 3arPA3HEHHBIX HO0-OPOMHBIX BOJ.

Hakomnenue  31ech  cnmenu@uuUeckrMX  XUMHYECKHX  DJIEMEHTOB,  CBOMCTBEHHBIX
TEXHOJIOTHUECKUM IpoleccaM Ha Homo-OpoMHOM 3aBojie, OOBSCHSAETCS HEMpPEepbIBHOCTHIO
MOCTYIUIEHHSI CTOKOB OTpaOOTaHHBIX BOJ B MpPYA-HAKOMUTENb W TEpeTeKaHMEM HMX BO BHOBb
oOpa3oBaHHbIE BOOeMbl. B HacTosiiiee Bpemsi HaOdrOnaeTcsi TEHIASHIMS YBEIMUYEHUS IUIOIIAIu
3aHSTHIX 3AJIMBHBIMH (3a00JT04EHHBIMU U 3ACOJICHHBIMH ) 3EMIISIMH.
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Mamepuanvt u memoovl

Ucxonnoti wHGOpManmen a8 TPOBEACHUS MOHHTOPHUHTA JIUHAMUKH  3arpsi3HCHHS
TEPPUTOPUU TIOCPEACTBOM HAOIOJCHHS YTEUKH U3 BBIBOJAIIETO KaHAlIa OT HOM0-OpOoMHOTO 3aBoja
SIBIISTFOTCS CIICTYIOIINE MaTePUAITBL:

1. Kocmuueckue u3obpaxkeHus, noinydeHnsle u3 caiira Gooole Earth (2007 r, 2020 r).

2. Kocmmnueckuit caumok co criytHuka RapidEYE (2017 r).

3. Tonorpaduyeckue kaptel Macitada 1:100000.

[TpoBonunace 00paboTKa Pa3HOBPEMEHHBIX KOCMHUECKIX CHUMKOB U MTOCTPOSHUS BEKTOPHBIX
KapT JUIsl ONpEeNeNIeHUs TUIOUIaAN 3arpsi3HEHHBIX TeppUTOpuil. B pesynbrare yTeuku U pazIuBOB
OTpabOTaHHBIX HOMO-OPOMHBIX OTXOIOB M3 BBIBOASAIIEro KaHajga. (OO0paboTka MCXOAHOU
nH(OpPMAIMU W CO3[aHHUE KapT MPOBOJUTCS C IMOMOIIBIO T€OMH(OPMAIIMOHHBIX TEXHOIOTHA.
PaccmarpuBancs npuMep JUHAMHUKYU 3arps3HEHHS TEPPUTOPHH B CIIydae YTEUKH M PA3JIUBOB W3
BBIBOJIAILIETO KaHAJIA € 3aBOJAa M BTekaeT B Myranb-CanbsgHCKUI KaHall, KOTOPbIA B CBOIO OU€pEb
BBIHOCHUT BOJIbI B Kacnuiickoe Mope.

Pesynomamot u ux obcysxcoenue

AHanu3 CHUMKOB IIO3BOJIAET BBIIEIUTh KOHKPETHBIE YYAacTKH, I[€ BUIUMBI IIPU3HAKU
3arps3HEHUS] WK JIPYTUX U3MEHEHUH OKpYIKaroliel Cpelbl, CBI3aHHBIX C OTPaOOTaHHBIMHU BOJAMHU.
Eciu nmpoBogwinch MEpONpUSATHS IO OYMCTKE WM pEeMENUallid 3arpsi3HEHHOM TEeppUTOpUH,
CPAaBHEHME CHHUMKOB Ppa3HBbIX JIET MOXKET I10Ka3aTh, HACKOJIBKO YCHEIIHbIMU OBIIM 3TH MEpBHI.
[Tony4yeHHble HaHHBIE MOTYT CIYXKUTb OCHOBOM Ui pa3paOOTKM W pealu3alud CcTpareru
YIPaBICHUS OKPYXAIOLIEH Cpelod, BKIIOYAs JajbHEHIIME MEPOIPUATUA 110 OXpaHe U
BOCCTaHOBJICHHUIO 3arps3HEHHBIX YYacTKOB. Bce 3TH acmeKkTsl MOMOraroT OpraHu3alysM U BIACTIM
Jdydllle MOHATh MacuTaObl HpoOIEeMbl 3arpsA3HEHUs W NPHUHATH 3(PQPEKTUBHBIE MeEpbl MO €e
YCTPaHEHUIO WX MUHHUMU3ALNH.

Ha Pucynke 1 moka3zana MecTo pa3pblBa KaHaja W YTEUKH OTXOJOB IepepadOTKH Homo-
OpOMHBIX BOJI,KOTOpPBIC BBITCKAIOT 3a Mpeaeibl kanamna. [1o nzoopaxkenuto 2007 T HaOIOgaeTCS, 9YTO
KaHaJ HaXOAMTCS Ha CTaJuM MOCTPOECHMS U MMEET HECKOJbKO pa3pbiBoB. Ha Pucynke 1 kpacHeiM
IIyHKTUPOM TI0KAa3aHO MECTO YTeduku U3 paspeiBa kaHama B 2007 r. Ha PucyHke 2 moxazaHo
COCTOSIHUE 3arpsi3HEHUS MPIISKAIIUX K KaHaly 3eMenb Ha 2007 1.

Pucynok 1. Mecto pa3priBa KaHajla U YTEUKA OTXOJOB IEepepabOTKH HO10-OpPOMHBIX BOJ
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Pucynoxk 2. 3arps3HeHne NpuiIeXalux K KaHany 3eMelb BCIeACTBUE yTeuKkH H paziausa 2007 r.

C nomorupto nHcTpymeHToB 'UC cocTaBieHa kapTa 3arpss3HEHHBIX Tepputopuil (PucyHok 3).

JemmdpupoBaHre CHUMKA IOKa3bIBAET MPOIIECC 3aCOJNEHUsSI, KOTOPOE SIBISIETCS CIIEIACTBHEM
YTEUKU W3 KaHajla OTpabOTaHHBIX HOMO-OPOMHBIX paccosioB. A JUTepaTypHble JaHHbIE TArOT
BO3MOXXHOCTH YTBEPXK/IaTh, YTO UMEETCSl TAKXKE W XMMHUYECKOE 3arpsi3HEHHE JaHHOH TePPUTOPHH.
Pa3nuB u3 kaHama oTpaboTaHHBIX HOITO-OPOMHBIX BOJ 10 n300paxenuo 2017roxa (Pucynok 3).
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Pucynoxk 3. Kapra pasnusa no uzobpaxenuto 2017 r

Ha puc. 3 dukcupyercs oOmupHas IDIOMaab 3a00JI0YEHHOW BOTHOW TOBEPXHOCTH U
pacmpoCTpaHEHHE TPOIEcca 3acojeHUs Ha OOMNBIIYI0 TUIOMAaAb, YeM 1o cHuMKy 2007 rona.
OueBuaHO, 3Ta CUTYyalUs TOBOPUT O TOM, UTO Iporecc 100buu U nepepadotku B 2017 roxy Oomee
nHTeHcuBeH,4eM B 2007 rogy. MoxxHO nipeanonoxuts, 4yto ¢ 2007 roxa mpou30ouuId 3HAYUTEIbHBIE
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U3MEHEHUsT Ha 3a00JI04eHHOW BOJHOW TOBEPXHOCTH, BKIJIIOYas pacHpOCTpaHEHHE Ipolecca
3acoyieHds Ha Oonblryio Tuiomans. CpaBHEHHE CHHUMKOB IOKa3bIBa€T, YTO 30Ha 3a00JI0YCHHOMN
BOJHON IMOBEPXHOCTH 3HAYUTEIBHO YBEIMYMIACh. DTO MOXET OBITh CBA3aHO C W3MEHEHHSIMHU
KIIMMaTHYECKUX  YCJIOBUM, W3MCHCHHEM BOJHBIX pEXKHMOB WIH JAPYyruMU  (pakTopamu,
CHOCOOCTBYIOUIMMH  3a00JIaUMBaHUIO. YIIOMHHAHHME PACIpOCTpPaHEHHs] IMpolecca 3acOoJCHHS
YKa3bIBa€T Ha TO, YTO BOJHAs TMOBEPXHOCTh cTajia Oojiee COJIEHOH. DTO MOXKET OBITh BBI3BAHO
Pa3IMYHBIMU MPUYMHAME, BKJIIOYAsl YBEIMUYCHHE KOHIIEHTPAIMU MUHEPAJIbHBIX COJIEH B BOJE M3-3a
UCHApeHHUsT WIM JPyTuX NpoIeccoB. 3a00iayMBaHUWE W 3aCOJIEHHE MOTYT HMMETh CEpbe3HbIC
HKOJIOTUYECKHUE MOCIEICTBUSA U1 MECTHOU (PIiopsl U (hayHBI.

[locne co3znaHusi BEKTOPHBIX KapT 3arpsA3HEHHBIX TEPPUTOPUI C MOMOIIBI) MHCTPYMEHTOB
I'MC BblYMCIIEHBI MJIOUIAIM 3arpsA3HEHHBIX TEPPUTOPUN NPU YTEUYKH U PA3IUBOB OTPAOOTAHHBIX
if0m0-6poMHBIX pacconos. ITmomans mo 2007 r cocrasuna npubmmsutensyo 0,5 kmZ mo 2017 T
npuoau3uTeNbHO 1,47 kM, 1o womiaau 2020 T — 1,06 kM2,

MonuTtopuHr pasnuBa no uzodpaxenuto 2020 r mokazan Ha Pucynke 4. Ilocne cozmanus
BEKTOPHBIX KapT 3arpsA3HEHHBIX TeppuTopuid ¢ mnomomibio HHCTpyMeHTOB [MC BhIuuciIeHBI
IJIOMIAM 3arpsiI3HEHHBIX TEPPUTOPUIM NMPU YTEUKM W PA3JIMBOB OTPAOOTAHHBIX HOJ0-OpPOMHBIX
paccoJioB.
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Pucynok 4. Kapra pacnpoctpaHeHus 3arps3HEHHs OTpabOTaHHBIMH HOJI0-OpPOMHBIMH BOJAMH TIO
moopakennro 2020 T

[nomans mo 2007 romy coctaBuna npudmmsuTensHo 0,5km% o 2017 rogy TpUOTH3HTENHEHO
1,47 xm?, o tutomazu 2020 roza -1,06 kv

Jlis pacueta M3MEHEHUs IUIOMIAM 3a00JI0YEHHONW BOIHOW TMOBEPXHOCTH MO TOAaM MOXKHO
WCIIoNb30Barh cienyromue: B 2007 romy mmomans cocrapisuia mpuommsutensHo 0.5 km? B 2017 r
MJIOMIAIb YBEIMUUIIACH A0 pubausutenbHo 1.47 km? B 2020 r muonaas CHOBa YMEHBIIIMIIACH 10
npubmmsutensHo 1.06 kM2, Takum o00pa3oMm, HM3MEHEHHE IUIOMIAANd 3a00JOYCHHOW BOJHOMN
MIOBEPXHOCTU cocTaBuio: YeenuueHnue Ha 0.97 km? 3a nepuoz ¢ 2007 r mo 2017 r. YMmeHbIIeHNE Ha
0.41 xm? 3a mepuoxa ¢ 2017 r mo 2020 r. DT gaHHBIE MOTYT JaTh MPEACTABICHUE O JUHAMUKE
M3MEHEHUH 3a00JI0u€HHON BOAHON MOBEPXHOCTH 33 YKa3aHHBIN Mepuoj BpeMeHUu. Takum oOpas3om,
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aHaJIM3 W3MEHCHHH IUIONIaId 3a00JIOYCHHON 30HBI MOKA3bIBACT, YTO MPOIECCHI 3a00MauyuBaHus U
3aCOJICHUS BIMSIOT Ha OKPYIKAIOIIYIO CPEIy, M 3TH U3MEHECHUS MOTYT UMETh BaKHOE 3HAUCHHE JJIS
9KOJIOTMYECKOTO COCTOSIHUSI PETHOHA.

3axnouenue
3a mecAaTUIEeTHE IUIOMIAAb 3a00J0YEHHON 30HBI 3HAYUTENBHO yBeaudmiack Ha 0.97 km?. OTo
MOXET YKa3blBaTh Ha YXYILICHUWE SKOJIOTMYECKOW CHUTyalluM U pacHIMpEeHHE BO3ICHCTBUSA
YEJIOBEYECKOM JIeATEeIbHOCTH Ha IPUPOAHbIE d3kocucTeMbl. B mepuon ¢ 2017 mo 2020 rox miiomniaab
3a00104eHHOM 30HBI yMeHbIMIach Ha 0.41 KM% DTO MOXET CBHIIETEIHCTBOBATh O BO3MOKHOM
CHWKCHUU BO3/CHCTBUS WU IPUHATHH MEP 110 BOCCTAHOBJICHUIO U OXpaHE MPUPOIHBIX PECYPCOB.
VYBenuueHue 3a00I0YEHHON 30HBI W TIPOIECC 3ACOJCHHS BOAHOW MOBEPXHOCTH MOTYT
HEraTUBHO TOBJHATH HAa MECTHBIC SKOCHCTEMBI, BKJIIOUasi BOJHBIC PECYpPChl U OHOpa3zHOOOpaswme.
D10 TpeOyeT BHUMAHHS CO CTOPOHBI OPTaHOB YIPABICHUS OKPYXKAIOIIEH Cpeaon i pa3paboTKu U
peanuzanuu 3G(GEKTUBHBIX CTpaTeruil yrpasieHus. M3MeHeHus B IUIOMIAIU 3a00JI0UEHHOM 30HBI
YKa3bIBAIOT Ha JUHAMHYECKYIO TPUPOAY IPOIECCOB, TPEOYIOIMUX MOCTOSHHOTO MOHUTOPUHTA H
JETAIBHOTO aHaM3a. DTO TTIOMOXKET HE TOJIBKO OIEHUTh 3P(HEKTUBHOCTh MPUHUMAEMBIX MEpP, HO H
MPEIPUHITh CBOEBPEMEHHbBIE JCHCTBHS AJISl YCTOMYMBOIO YIpaBICHUS MPUPOIHBIMH PEeCypcamu.
Takum 00pa3oM, JaHHBIE BHIBOIBI MOTYEPKUBAOT HEOOXOUMOCTh KOMILIEKCHOTO TTO/IX0/1a K OXpaHe
OKpYXalolled cpefapl M YCTOMYMBOMY YIIPABICHHUIO MPUPOJHBIMU pPECypcaMHU B YCIIOBHSIX
H3MEHSIOIIET0Cs KIMMaTa U YeJIOBCUCCKOM ICATECIILHOCTH.
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Annomayus. IlpuBeneHbl pe3ylnbTaTbl HUCCIENOBAaHUNW OCOOEHHOCTEH pabOoThl COTHEYHBIX
ANIEKTPOCTaHIMM. JlaHO TOJHOE OnucaHWE MOHTaXa W JEMOHTaXa B CEJIbCKUX YCIOBUSX.
AHanM3upyeTcsi COBOKYITHOCTh OCOOCHHOCTEH BO30OHOBIISIEMBIX MCTOYHUKOB SHEPTHH, & TaKXKe
MyTH pEHICHUs OKOJOTHYEeCKHMX W DKOHOMHYECKHX Tpobrem. PesynbTarel wuccrnenoBaHUs
Moka3bpIBatoT, 4Tto lleHTpanbHas A3us uMeeT OOJNBIION MOTEHLHAN IS PAa3BUTHS «3EJICHOM
SHEPreTUKW». ODTO TMO3BOJIUT CO3[aThb HOBbIE pabouyMe MecTa U YIAYYLIUTh 3KOJIOTMUYECKYIO
CUTYaIHIO B PETHOHE.

Abstract. The article presents the results of studies of the features of solar power plants. A full
description of installation and dismantling in rural conditions is given. The set of features of
renewable energy sources, as well as ways to solve environmental and economic problems, is
analyzed. The results of the study show that Central Asia has great potential for the development of
"green energy". This will create new jobs and improve the environmental situation in the region.

Knrouesvie crnosa: comnednas OHEPIus, 61/103Heprem1<a, COJIHCYHAas I1aHCJIIb.
Keywords: solar energy, bioenergy, solar panel.

Uro6bl TpeosiosieTh OrpaHUYEeHHs] SHEProCHAOXKEHUS W COKPAaTUTh BBIOPOCHI, HBIHEUIHSS
MOJIMTHKA YCTOWYMBOIO Pa3BUTHUS JOJDKHA OBITH COCPEAOTOUEHA Ha CO3JAaHHM LIEHTPATM30BAHHO
cOaJaHCUPOBAaHHOM W  OSKOJOTMYECKHM YHCTOW CHUCTEMbl HHEProCHAOKEHHs, BKJIOYArOIEH
pasiauyHble BO30OHOBISIEMblE MCTOYHUKM SHEpPruu. B macmopre comHEUHOM NaHeNnu yKa3aHbI
TEXHUUYECKHE XapaKTePUCTUKH, TaKHEe KaK MOIIHOCTb, TOK M HalpsDKEHHWE MpPH Pa3IMdHbIX
YCIOBUAX MCIBITAHUH. DTO KIIOYEBOM acmekT i cpaBHEHUS 3()(EKTUBHOCTH COJIHEUYHBIX
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na”enei. J[ns W3MepeHHs ITHX TapaMEeTPOB HCIONB3YIOTCS pPa3HbIC YCIOBUS HCIBITAHHA B
3aBHCHUMOCTH OT IIEHHOCTH U YPOBHS 3((eKTUBHOCTH MeToa0B [1-3].

OOBEKT WCCIeOBaHMSI — COJHEYHAs YCTaHOBKa C (DOTOAIEKTPUUECCKUMU TaHelsMu. WX
BEIOOD ompenensieTcs cleAyomuMu (akTopaMu: BO3MOKHOCTh MHTETPAIIMHA PA3BUTUS COJIHEYHBIX
ANEKTPOCTAHIIMHA W HCIOJIB30BaHUS (OTOIICKTPHUSCKUX TIaHEeNel, padOoTaIoNMX C MOMOIIBI0
COJIHEYHOH DHEPTuH, B INIEKTPOCHAOKECHUU JIOMOB, NMPEANPHIATHH MaJOro M CpPeIHEro Ou3Heca,
OTHOCHUTEIILHO HEBBICOKAs IIEHA; JIOCTYITHOCTh; MIPOCTOTAa COOPKH, IKCILTyaTaIlluu U 00CTyKUBAHUS;
ABTOHOMHOCTB, JKOJIOTMUYECKAsh YHCTOTA I OKPYKAIOMICH CPeIbl; BOZMOKHOCTH HCIIOJIb30BAHUS
COJIHEYHOH SHEPTHHU TPU OCYIIECTBICHUH TEIIOCHAOKEHHS JOMOB.

Mamepuanvt u Memoowvl UCCr1ed08aHUs
CormacHo pacueTam, MOIIIHOCTh UCTOYHHUKOB 3Hepruu B LleHTpaibHO# A3uu Tipe/cTaBlieHa B
Tabnune 1.

. Tabnuua 1
NCTOYHUKU DHEPTMU B HEHTPAJIBHOU A3 [1-3]

Hemounuk snepeuu Mowrocms, MBm
ConHeuHast SHEprus 195 000-3 760 000
I'unposuepreruka 275-30000
Berposnepreruka 1 500-354 000
I'eoTepmarnbHas SHEPTHs 2-54 000
buosnepreruka 200-800

MoIHOCTh COTHEYHON 2Hepruu Ha Teppuropuun Kasaxcrana ouneHuBaercs npumepHo B 3 760
000 MBT. B perunone 195-250 conHe4HbIX IHEH, a KOJIMYECTBO COJIHEYHOIO CBETA U pajHalluU
cocrasisier 1200-1700 xBt/m°. B Keiprenzcrane — 158-230 conmHeuHBIX IHEH, a MOTCHIHAI
coinHeyHo sHeprun coctaBiusier 267 000 MBT. A B0300HOBIsIeMble HCTOYHMKH SHEPrHUH B
TypkMmeHnucrane — eme Oosnee BBICOKONPOU3BOIUTENbHBI. [070Basi MPOIOHKUTEIBHOCTD
COJTHEYHOTO CcBeTa B HEKOTOphIX permonHax (Kymu, Xacane u Amxabane) mocturaer 2700-3150
4acoB U MIOTEHIMAJ COJTHEUHOM dHEPTruu OYEHb BBICOK.
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Pucynox 1. YcranosieHHast MOIITHOCTE 110 BujiaM BUD B mupe 3a mocnenuee aecsarmierue, I BT
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[ToTenmman comHeyHO (POTOATEKTpUUECKON dHEpruu B Ta/pKUKHCTaHe orleHWBaeTcs B 195
000 MBT. CgetoBoii nenb ot 2100 o 3170 gacoB B roxy, sicHbIX aHeit B roxy 280-330. [ToTenmuan
COJTHEYHOU (hOTORNIEKTpUUECKOil sHepruu B Y30ekucrane coctarisier 593 000 MBT. Conneunblit
noreHmuan orenusaetcs B 2 000 000 'Btu u 1195 TBT4 B rox [4-8].

Jlost BO30OHOBIIIEMBIX MCTOYHUKOB 3HEPruUu ceroins cocrapiser moutu 40% ot obuiero
MPOU3BOJICTBA IICKTPOIHEPTHH B MUpPE [9].

CymmapHasi yCTaHOBJICHHAsT MOIIIHOCTh BO300HOBIISIEMBIX HCTOYHHKOB dHepruu B 2022 T
oueHuBaercs B 3381,8 I'BT, uro BOBOE NPEBBINIAET YCTAHOBJIEHHYI0 MOIIHOCTB 110 CPABHEHMIO C
2012 r [9]. bonbuias yacTb BHOBb YCTaHOBJIIEHHON MOIIHOCTH cocTaBisieT 25% BerpoBoii u 65%
cosHevyHoM sHeprun (PucyHnox 1).

Pe3zynemamol u ux oocyscoenue

Ananornussiii ananus nposeno [EA, koropoe ycranoBuio, 4ro B 2019 r Ha npou3BOACTBO
COJTHEYHOM AHEPruu OyaeT NMpUXOAUTHCS 3% MHPOBOW 3IEKTPOIHEpruu. ITa nudpa npeacrapisieT
co0oii BTOpoe abCco0THOE OKOJICHHE BO300OHOBIIEMbIX TexHoorui. [1o 1aHHBIM Opranuzanuy, B
2020 r KOJIM4YECTBO COJIHEUHBIX cucTeM yBenuuuTcs Ha 20%, 4To mpeacTaBisieT co0oi yBelnyeHne
o01Ieit oI MPOU3BOACTBA MEKTpodHepruu. IEA mporHo3upyer, 9To MOIIHOCTD BO3OOHOBIISIEMBIX
HCTOYHHUKOB yBenuuutcs emie Ha 2400 I'BT B TeueHue cieayromux ATy JeT, yTo cocTtaBuT 91% ot
0011elil HOBO# YCTaHOBJICHHOW MoIHOCTH [9].

B Hacrosmee Bpemst Ooibplloe 3HAau€HHE B OOECIIEUEHUU BIEKTPOIHEPrUeil HE TOJBKO
KpYNHBIX NOTpeOUTENeH, HO M yHAJEHHBIX U CTAllMOHAPHBIX NOTpeOUTENeH, HEIOCTYIHBIX IS
MIOJTyYEHUs AJIEKTPOIHEPIUU, UMEIOT COJIHEYHBIE AEKTPOCTAaHIMU. OJJHUM U3 OCHOBHBIX OTIMYMUN
COJIHEYHOM 3JIEKTPOCTAHLIMHU, MOJIKIOUCHHON K CeTH, SBJISIETCA TO, YTO OHAa BKIJIIOYAET B ceds
BO3MO)KHOCTb I10/1aud 3JIEKTPOIHEPTUU HENOCPEACTBEHHO OT (POTOAIEKTPUUYECKUX IaHelel B
LEHTPAJIBHYIO CEThb JJIEKTpOoCHAOXKEeHUs. DOTO3IEKTpUUYECKass YCTAaHOBKA (COJIHEYHAsl IaHENb)
IpeHa3HauYeHa ISl HEMOCPEACTBEHHOTO NMPeo0pa3oBaHus COJTHEYHOW PHEPTUU B IJIEKTPUUYECKYIO
suepruio (Pucynok 2).

“_ConHeunas Bamapes

KoHmponnep 3apaga

— Buixog ~220B

— NHuBepmop

- AkkyMynamop

Pucynoxk 2. Obmast cxema QyHKIMOHUPOBAHMSI aBTOHOMHON COJIHEYHOM 3JIEKTPOCTaHIIUU

Ha Pucynke 2 moka3zaHo, uTO BbIpaOaTbiBaeMasi 3JIEKTPOIHEPTHsl B (POTONIEKTPUUECKUX
naHensx (conmHeuHass Oarapesi) HampaBisieTcss B KOHTpOJUIEp 3apsia, IA€ MPOU3BOAUTCS
pacnpezieieHue B CTOPOHY CHCTEMbl HAKOIUIEHWS HEPTUU B IIENIIX HAKOIUJICHHS BbIpaOOTaHHOM
ANIEKTPOIHEPTUHU, KOTOpas, Kak MpaBWIIO, MOTpeOisercs B MEpPHOA OTCYTCTBUs conHIa. Jlanee
HAKOIUIEHHAs]  DJIEKTPOJHEPrusi  HalpaBlIA€TCd B HMHBEPTOpP, IA€  JJIEKTPUUECKHM  TOK
npeoOpazoBeiBaeTcsa npu HanpspkeHnn 220 Bonstr wm 380 BonbkT B 3aBUCHMOCTH OT KOJIMYECTBA
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¢a3 mpu MakcHMaJbHOM OTKJIOHEHMH HampsbkeHus 1o +15% mnpu gacrore 50 I'm B mpenemax
n3meHenus +0,4 ['11 B COOTBETCTBUY C JEHCTBYIONUME TPEOOBAHUSMU M YCIOBHSIMH K TTOKA3aTeIIsIM
KauecTBa 3MeKTposHepruu. K mpumepy, MOIyNnpoOBOJHHKH (KPEMHHMEBBIE IUIACTHUHBI), KOTOpBIE
MCTIOJB3YIOTCS JJISi M3TOTOBIICHUS DJIEMEHTOB, O0JaNalOT MOJOKUTEIBHBIMU U OTPHUIIATEIEHBIMU
3apsDKEHHBIMHU JICKTPOHAMHM M COCTOST WX JBYX CJIO€B, a MMEHHO: n-ciod (-) u p-ciuou (+).
W3nuimHue 3MeKTPOHBI MMOJ BO3ICHCTBHEM COJTHEYHOTO CBETa BHIOMBAIOTCS M3 CIIOCB M 3aHHMAIOT
MyCThIe MeCTa B JIPYroMm cioe. [laHHbI Mmporecc 3acTaBiseT CBOOOAHBIE AIEKTPOHBI MOCTOSHHO
JBUTaTbCs, MEPeXOAs M3 OJHOM IJIACTUHBI B JPYTyI0 BhIpaOaTbiBas 3JIEKTPHUYECKYIO SHEPTHIO,
KOTOpasi HAKAIJIMBACTCSl B CUCTEME HAKOIUICHUS SHEPIHMU WJIM TIEPENacTCs B CETEBOM MHBEPTOP B
3aBHCUMOCTH OT THIIa COJIHEYHOW IJIEKTPOCTAHIMH. B IocieaHee BpeMs MacCOBO BHEIPSIFOTCS
TEXHOJIOTHM B BHJE€ BO3MOXXHOCTH YJAJIEHHOTO MOHHMTOPHHTra (DYHKIIMOHHPOBAHUS COJHEUHOU
SNIEKTPOCTAHLIMU C MpuMeHeHHeM ceTH Wi-Fi U moakiodeHreM B CTalMOHApHBIA cMapT(hOH.
JlaHHAsT TEXHOJOTHS TMO3BOJSIET HE TOJIBKO KOHTPOJIMPOBAaTh PEXKUMBI PaOOThI  CONHEYHOU
ANEKTPOCTAHIIMM, HO W TPOHM3BOAMTH MOHUTOPUHT W PETHCTPUPOBATh JaHHBIC PAa0OOTHI
ANIEKTPOYCTAHOBKM, 4YTO TIO3BOJIIET B  OOJerdyeHHOM (Qopmare MpOW3BONUTH  HAy4dHO-
MCCIIEIOBATENIbCKUE PabOThl MO M3YYEHHUIO PaOOThI COJHEYHOW 3IEKTPOCTAHIMH B JIOKAIBHBIX
ycnoBusx. BeIOOp U dKkcIuTyararysi MOHOKPUCTAUNTMYECKUX MTaHeNed SBIISETCS 1eIeco00pa3HbIM U
sbdextuBHBIM ¢ Touku 3peHus Bbicokoro KIIJI. Opnako mpuMeHEHHE MOIMKPHUCTATUIMYECKUX
naHemel sBisgercss Hanboyiee BO3MOXKHON U 1enecoodpazHoil B Buny pasauisl mo KILJ (16%) u
HU3KOM CTOMMOCTH, KOTOpas JEIIeBlie, 4YeM MOHOKpucTaummueckue mnaHenun Ha 20%, 4To
MOJTHOCTBIO COOTBETCTBYET TPEOOBAaHHSIM K OKCIUTyaTalldid aBTOHOMHBIX CTaHIUH THOPHIIHOTO
AIIEKTPOCHAOKEHUS IS 3HAYUTEIILHOTO Cclios motpebureneii (Tabmuia 2, 3).

Tabmuma 2
INNPEUMYIUIECTBA 1 HEJJOCTATKU PA3HBIX BU1OB
®OTODJIEKTPUUYECKUX TTAHEJIEU

Ipeumywecmesa Heoocmamxku

HOJZMKpMCWlCZJZJZMH@CKue nauneiau

Mauible 3aTpaThl OpU NPOU3BOACTBE U MaJiast Huzkuii KT, Tak kKak 94ucTOTa KPEMHHUS B

MOABEP>KEHHOCTh BEICOKUM 3HAUEHUS TEMIIEPATYPhI MOJIMKPUCTAIIIE HIKE, YEM B MOHOKPHUCTAILIE U

OKpY’KaloLel cpeibl. HU3Kasl IJIOTHOCTh NPOU3BOAMMOM 3JIEKTPO-3HEPrUU.
Monoxpucmannuueckue naneau

Bericoxwuit KI1J] (mo 22%), BeICOKas TUIOTHOCTH Bricokas cronmocTts (nopoxe Ha 18-20%, gem
MTPOM3BOIMMOM 3JIEKTPO-IHEPT UM, 3HAYUTEIbHBIN MOJIMKPUCTATUTNICCKHUE).
MIePUO]T PKCILTyaTaluu — OT 25 jiet, OoJbIas
3G hEKTUBHOCTD FeHEPAIMHU TP HU3KOW OCBEIICHHOCTH.
Tonkonnenounvie nanemu

Bo3moxHOCTE CKpBITOﬁ YCTaHOBKH, MCHbIIAA Hwuzkas mioTHOCTH HpOI/ISBOHHMOﬁ3H€KTpO-3HepFHH,
CTOUMOCTD HpI/IO6p6T6HI/I$I, BBICOKAs THOKOCTh U Majlasg 4To M YBEJIMYINBACT CYMMAPHYIO IJI0MIAAb

TOJIIMHA, HU3KasA 3aBUCUMOCTD OT BECJIMYMNHBI (1)0T03J'IGKTpI/IT-IeCKI/IX MO)Iy.]'IGﬁ JaHHOT'O THIIA,
OCBCIICHHOCTH M 3aTCMHCHHOCTH, MUHHUMAJIb-HOC BBICOKaAs MaccCa M3-3a 3allIMIICHHOCTHU C 2 CTOPOH
KOJIMYCCTBO 6pa1<a n ,Z[e(l)eKTOB. CTCKJIaMH.

Tabnuma 3
IIPEUMYIIECTBA 1 HEJJOCTATKU CETEBOM U ABTOHOMHOM CAC

Ipeumywecmesa Heoocmamxku

Cemesas INIEKMPOCMAaHyusl

OTHOCUTENBPHO HU3KHE KanuTanbHble 3aTpaTl OTcyTcTBHE HEBO3MOXKHOCTD padOTHI MPH MaCMyPHOMH MOT0/1e
HEOOXOIMMOCTH B IPHOOPETEHUE CUCTEMBI HAKOIUIEHH ~ HEeBO3MOXKHOCTB 3JIEKTPOCHA0XKEHUS! B HOUHON
SHEPIUU IIEpUOJ
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Tlpeumywecmea Heoocmamku
[IpoctoTra MmoHTaxKa Bricokue TpeOoBaHUS K PYHKIIMOHATY
Bo3MoXHOCTB paboTHI IO «3efleHOMY Tapudy» KOHTpOJIIepa 1 HHBEPTOpa
[IpoctoTa B 3KCIUTyaTaluu Bricokue TpeOoBaHMs K MPOTUBOABAPUHHON

ABTOMATHUKE
ABTOHOMHAS 91€KMPOCMAHYUS

B03MOXHOCTB 371€KTPOCHA0KECHUS B HOUHOU TIEPUO]T Heo0xomumocTs TpuoOpeTeHUs! CUCTEMBI
Cpennue TpeOOBaHUS K MTPOTHBOABAPHUIHON aBTOMAaTHKE HAKOIUICHHS SHEPTHH
ITonHas aBTOHOMHOCTbB 3JIEKTPOCTaHIIUN HeobxoaumocTh mepruoanaecKoil 3aMeHbl

HezaBucuMoCThOT HIEHTPAIbHBIX UCTOYHUKOB MUTAHUSI ~ aKKyMYJISITOPOB
IIpocToii MoHTax
OTcyTCcTBHE NEepeHANPSHKEHUH 1 BCIITIECKOB TOKOB

Bu1600wbi

1. TlpumeHeHne WHPOPMAITMOHHO-BBIUYUCIUTEIBLHBIX MPOrPAMMHBIX KOMILIEKCOB: Homer
Energy; Microsoft Office Excel; MathCad 14 mo3BosisieT ¢ MakCHMAaJIbHOW TOYHOCTBIO BBIYMCIISTH
napaMeTpbl TEXHUKO-DKOHOMUYECKOe 0OOCHOBAaHUE PA3HBIX BHJIOB COJHEYHBIX AJICKTPOCTAHIIMHA B
3aBUCUMOCTH OT (PU3UKO-TEXHHYECKUX MApaMETPOB, reorpaueckoro pacrooKeHUs OOBEKTa,
THIIPOMETEOPOJIOTHUECKUX MApPaMETPOB.

2. CoBmecTHast paboTa COJTHEYHOM AJIEKTPOCTAHLUU C BHEIIHMMU MCTOYHUMKAMU MUTAHUS B
ANIEKTPOCHAOKEHUH KPYIHBIX TOTPEOUTENCH SBISICTCS 1IeJIecOO0pa3HbIM, JHEPTETUYCCKU U
AKOHOMHUYECKH dPPEKTUBHBIM.

3. ConHevHasi AJIEKTPOCTAHIIMS MMEET CIICAYIONIME MPEHMYINECTBA: JIETKOCTh MOHTaXKHBIX
paboT, BOBMOXKHOCTH paboOThl 1O «3eleHoMy Tapudy» u T.J. OIHAKO WMEIOTCS 3HAYUTEIbHBIC
HEJOCTaTKH, TaKWEe KakK: HEBO3MOXXHOCTh JJICKTPOCHAOKCHHSI B HOYHOH IEPUOJ, BBICOKHE
TpeOOBaHUSI K TPOTUBOABAPUMHON aBTOMAaTHUKE, 3aBUCHUMOCTh OT LIEHTPAJIbHBIX HCTOYHUKOB
MUTAHUS U T.]1.

4. ABTOHOMHAsT COJHEUHAs OJJIGKTPOCTAHIIMS HMEET CJCAYIOIIHE IPEUMYIIECTRA:
BO3MOXKHOCTh JJIEKTPOCHAOKEHUST B HOYHOW WM TIACMYPHBIH IEPHOA, CPEIHHE TPEOOBAaHUS K
MPOTHBOABAPUITHON aBTOMATHKE, HE3aBUCHMOCTh OT IICHTPAJIbHBIX HWCTOYHHKOB IUTAHHS, HO
YUUTBHIBAIOTCS CIEAYIOIINE HEJOCTATKHU: 00sS3aTeIbHOE HaJM4Me CHUCTEMbl HAKOIUICHHUS JHEPTHH,
YTO TIOBBIIIAET YACIHbHYI0 CTOUMOCTD BCETO OOBCKTA.

Takum oOpa3oM, B paMKax MPOBEJACHHOTO WCCIICOBAHUS PEKOMEHIYeTCs IPOBEICHUE
U3y4eHHne 0COOCHHOCTEH (PYHKIIMOHUPOBAHUSI aBTOHOMHOM COJIHEYHOH 2JIEKTPOCTAHIIUH.
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OIIPEAEJIEHUE KPUTHYECKOI'O 3HAYEHUSI JEBUTA CKBA’KHHbBI
TP ®OHTAHHDbIN SKCIIVIYATAIIUN

©O0pyoicos 0., Azepbatiodicanckuil 20Cy0apcmeeHH bl
YHUgepcumem Hegpmu u npomviuiienHocmu, 2. baky, Azepbauioscan

©Abvrmosa P., Azepbdatiodicanckuil 20Cy0apcmeeHH bl
YHUgepcumem Hegpmu u npomviuiienHocmu, 2. baky, Azepbauioscan

DETERMINATION OF THE CRITICAL VALUE
OF THE WELL FLOW RATE DURING FOUNTAIN OPERATION

©Orujov Yu., Azerbaijan State Oil and Industry University, Baku, Azerbaijan
©Abishova R., Azerbaijan State Oil and Industry University, Baku, Azerbaijan

Annomayus. 11enpio JaHHOTO UCCIICOBAHMS SBISICTCS MPEIIOKEHUE METOIUKH OTPEACIICHUS
KPUTHUYECKOTO 3HA4YCHHs JeOuTa B (OHTAHHBIX CKBaXHWH JUIA TPEIAOTBpalleHHe oOBalia
MPOIYKTHBHOTO IUIACTA C YYETOM OJHOPOIHOCTH mopoa. C MOHSATHEM KPHUTHUYECKOro jaeduTa
CBSI3aHO MHOTO CIIOPOB B COOOINECTBE MHKCHEPOB, 3aHUMAIOIIMXCS pa3paOdOTKON HedTerazoBbIX
3anexeil. B mepByro odepenb BOMPOCHI BBI3BIBAIOT Y)Ke CYIICCTBYIONIUE aHATUTHUYCCKHE METOINKU
OTIpe/IeTICHUS] KPUTUIECKOTO nebuta. [IpoBeeHbl pacyeTsl U ONPeNeNeHO KPUTHYSCKOE 3HAUYCHUE
NeONUTa CKBKUHBI, IIPH KOTOPOM MOXKET IPOM30MTH 00BaJI IJ1acTa.

Abstract. The purpose of this study is to propose a method for determining the critical flow
rate in flowing wells to prevent the collapse of the productive formation, taking into account the
homogeneity of the rocks. The concept of critical flow rate is associated with many disputes in the
community of engineers involved in the development of oil and gas deposits. First of all, questions
are raised by the existing analytical methods for determining the critical flow rate. Calculations
were made and the critical value of the well flow rate was determined, at which a collapse of the
formation may occur.

Kniouesvie cnosa: HePTETa30KOHIEHCATHOE MECTOPOXKAECHUE, CHOCOOBI AKCILTyaTalluy,
TUAPOCTATUYECKHM HAIOP.

Keywords: oil and gas condensate field, operating methods, hydrostatic pressure.

Crnioco0 sKkcIuTyaTallud CKBa)KWH, IIPU KOTOPOM IOIBEM YIIIEBOJOPOJIOB OT 33005 CKBa)KUHBI
Ha JIHEBHYIO TOBEPXHOCTh MPOMCXOAUT 3a CYET MPHUPOAHON (TJIACTOBOM) SHEPTUU, HA3BIBACTCS
¢doHTaHHBIM. DOHTAaHMPOBAHUWE HE(PTAHBIX CKBAKUH IMPOUCXOAMT 32 CUYET T'HIPOCTATUYECKOTO
Hamopa WIN 3a CYET PHEPIUM CXKAaTOro rasza, a TakKe 3a CUET DHEPrUU CHKATBIX T'OPHBIX MOPO..
[Tputok HedTH K 3a005IM CKBa)KUH MPOUCXOAMT 32 CUET PA3HOCTH MEXAY IUIaCTOBBIM M 3a00HHBIM
naBieHueM. B ciyuae, kornma napieHHe cTo0a JKUIKOCTHU (10 YCThSI 3allOJIHEHHOM CKBa)KHUHBI)
MEHbIIIE IUIACTOBOTO JaBJICHHs, CKBaXKMHa Oyaer QoHTaHupoBaTh. OOHTaHHBIH CrIOCOO
SKCIUTyaTallud CKBaXWUH MPEJCTABIsET COOOH MeToA JO0OBIYM YIVIEBOIOPOJOB, NPH KOTOPOM
JlaBJIEHHE B IUIACTE JOCTaTOYHO BBICOKO, YTOOBI 3aCTAaBUTh MPOAYKLHUIO (HEPTH WM MPUPOAHBIN
ra3z) CaMONPOMU3BOJIbHO IOJAHHUMATHCS K TOBEPXHOCTH 0€3 JOMOJHUTENBHOTO HCIOIb30BaHUS
MCKYCCTBEHHBIX HACOCOB WJIM JIPYTUX ycTpoicTs [1].
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OcHOBHBIE IOHATHS (POHTAHUPOBAHUSI BKJIFOYAIOT:

l'uopocmamuueckuti nanop: NPUPOAHOE JIABJIEHUE, CO3/1aBAEMOE T'HAPOCTATUYECKUM CTOJIOOM
KHUJIKOCTH B IJIACTE, [103BOJIAET IPOAYKLNHU OJHUMATHCS K TOBEPXHOCTH.

Omnepaus cocamozo 2a3a. B HEKOTOPBIX CIy4asx, HAJIMYUE CKATOrO MPUPOIAHOIO rasa B IUIACTE
MOXeT 00eCreunBaTh JOMOIHUTEIbHYIO SHEPTUIO IS IOIbeMa MPOLYKIIHH.

Onepausi cocamuvlx 20pHblX nOopod: NPU pa3pblBe WM JPYTUX PEOJIOTMYECKHX Ipoleccax
MOTYT  CO3[aBarbCsi  JONOJHUTENbHBIE  JMHAMHUYECKHE  YCJIOBHSA,  CIOCOOCTBYIOIIME
¢donTanuposanuo. [1-3].

[Tpurok HepTH UM Tra3a K 3a0058M CKBaXXHH MPOUCXOAUT 3a CUET PA3HOCTU JAaBJICHUH MEXIY
mwiactoM u 3aboem. Korpa miacroBoe AaBiieHHME IPEBBIIAET JaBICHHE Ha 3a00€, 3TO MOXKET
OpUBECTH K (OHTAHMPOBAHUIO — TOAHATUIO TPOJAYKIMM HA TMOBEpXHOCTh. llomnepxanue
(OHTAHHMPYIOIIETO PEXHMa MOXKET OBbITh BAXXHBIM AaCIIEKTOM OJKCIUTyaTallid CKBOKUHBI U
MH)KEHEPHbIE MEPONPUATHS MOT'YT BKJIKOYATh B ce0s KOHTPOJIb JABJIEHHS, pacyeTbl ONTUMaIbHON
CKOpOCTH J100bIUH, UCIIOJIB30BaHUE TEXHOJIOTHI 00BOIHEHUS (€C/IM B IUIACTE MPUCYTCTBYET BO/IA) U
Apyrue MeToAsl Uit oOecriedeHuss >PQeKTHBHON H00buM. Yame Bcero OCHOBHYIO pOJb B
(OHTAaHMPOBAHNYU CKBAXHH MT'PAET T'a3, COACPKAIINNCSA BMECTE C HE(THIO B IJIACTE, B TOM YHCIIC B
TeX ciydyasX, KOrja ra3 B IUIACTOBBIX YCJIOBHMSX IOJIHOCTBIO pacTBOpeH B He(THU W IO IUIACTY
JBMDKETCSI OJIHOPOJHAsS KUAKOCTh. CTpyKTypa MPOJYKTUBHBIX IIACTOB MOXKET OBITh PAa3IUYHOM,
BKJIIOYass M HEOAHOPOJHbIE (opMaluu. DTO MOXKET NPUBOAUTH K HEPAaBHOMEPHOWU J00bIuE
YIJIEBOIOPOAOB U INpolieMaM ¢ OOBOJHEHHEM B IpPOHHUIAeMbIX ciosiX. i ycnemHoil no0brdau
He(TH U ra3a U3 TaKMX IUIACTOBBIX (JOpMALIMil UTPAET KIHOUYEBYIO POJIb Pa3HHULIA MEX/Y IJ1aCTOBBIM
JlaBieHMEM M JaBJIeHUeM Ha 3a0oe ckBakuHbL. Ecinu fnaBieHue B CTONIOE JKUAKOCTH HIKE
IUTACTOBOTO JABJICHUS, CKBAXMHA MOXKET HadaTh (OHTAaHMpOBaTh. YacTo Ta3, copepkammiics
BMecTe ¢ He(DThIO B IUIACTE, UTPACT BAXHYIO POJib B (DOHTAHMPOBAHWUU CKBaXHH. [lake ecim ra3
IIOJTHOCTBIO PAacTBOpPEH B HEe(TH U MO IJACTy ABMIKETCS OJHOPOJHAs KHUJKOCTb, €ro Haludue
MOJKET CYLIECTBEHHO IOBJIMUATH HA JABJIECHUE U AMHAMUKY Npoaykuuu. Hampumep, npu cHU»keHUN
JaBJIEHUs Ha 3a00€ ra3 MOKET BBIIEIATHCS U3 pacTBOpa, YBEIHMYMBas 00BEM M JaBJIEHUE BHYTpPU
CKBaYKMHBI M CIIOCOOCTBYSl €€ (pOHTaHHPOBaHUIO. D(H(PEKTUBHOE YIIpaBIEHUE MPOLECCOM A00BIYU
BKJIIOYAET B ce0s HE TOJIBKO KOHTPOJIb JaBJIEHUS, HO M OLIEHKY Ia30BbIX (PaKTOPOB, ONTHUMHU3ALIUIO
CKOPOCTH J00bIYM W MPUMEHEHHE TEXHOJIOTUIl OOBOJHEHMS JUIsI MHUHUMH3ALMM HEraTUBHBIX
MOCJIEACTBUM HEOJHOPOJHOCTH IUIACTOB M oOecnedeHuss Haubosee 3(P(EeKTHUBHONH 100bIUN
yraeBoaopoos [1, 2].

@doHTaHHpOBaHNE HEPTSIHON CKBAXHHBI MOKET MPOUCXOJIUTh B 3aBUCHUMOCTH OT pEXHMA
paboThI HCTOYHMKA YHEPTUH, BKIIIOUAs] THJIPOCTATUYECKUN HAMOP MJIM SHEPIUI0 PACHIMPEHMS Ta3a,
cojepskamierocss B HepTH. B HEKOTOphIX ciydasx (OHTAHUPOBAHHE MOXKET MPOUCXOIUTH
OJHOBPEMEHHO 3a c4eT o0eux »Hepruil. I'mapocraTuueckoe AaBICHHE, CO3/1aBaeMOE CTOJIOOM
HepTH U JAPYTUX XKHUJIKOCTEH B IUIACTe, MOXET OBITh OCHOBHBIM HMCTOYHUKOM SHEPrud IJis
¢donTannpoBanus. [Ipu 10CTaTOYHO BBICOKOM IIJIACTOBOM JIaBJICHHUU M XOPOILIEH MPOHHIIAEMOCTH
1acTa He()Th MOXKET MOAHUMATHCS K IMOBEPXHOCTH MOJ IeHCTBHEM 3TOro Hamopa. Ecnu B HedTu
COJIEP’KUTCSl PAaCTBOPEHHBIN ra3, ero BbIAEIEHHUE M PaCIIMpPEHHE MpPH BHIXOJE Ha MOBEPXHOCTh
TaKkK€ MOTYT CIOCOOCTBOBaTh (POHTAHHPOBaHMIO. PacimmpeHue rasa co3faeT IOMOJHUTEIbHOE
JaBJieHHE BHYTPU CKBa)KHMHBI, YTO MOXET YCHJIUTh NOTOK HEQTH M ra3a kK nosepxHoctu. Korga oba
THX MeXaHW3Ma JEHCTBYIOT OJHOBPEMEHHO, 3TO MOXXET MNpPHUBECTH K 0o0jiee HWHTEHCHBHOMY
(OHTAaHHPOBAHMIO U YBEIMUYEHUIO 00beMa JTOObIUM yTiIeBOJIOpoa0B. TeM He MeHee, KOHTPOJIb HaJ
3TUM TPOIIECCOM Ba)K€H, YTOOBI M30€KaTh HEXKEJIATEeNbHBIX MOCIEACTBHM, TaKUX KaK HETSIHbIE
pasiauBbBl WM MOTEPS YIJIEBOAOPOAOB B OKPYXKAIOIIYIO Cpeny. B 3TOM KOHTEKCTE MH)KEHEPHI U
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OIIEPaTOpPhl CKBAXMH AKTHBHO MOHHMTOPST W PETYJIUPYIOT MapaMeTpbl J00bIYH, 4TOOBI 00ecTieunT
6e30macHOCTh U 3P PEKTUBHOCTD AKCILTyaTaruu [3-5].

Onnako damie BCEro DNIAaBHYIO poib B (OHTAHHMPOBAHWU HE(PTAHBIX CKBAXWH HIpaeT
MPUPOAHBINA a3, colepKaluiics BMecTe ¢ He(hThIO B IUIACTE. DTO OTHOCUTCS JaKe K CUTYyallusM,
KOT/Ia ra3 MOJHOCTBIO PacTBOpPEH B HE()TH M ABIKEHHUE IO IUIACTY MPOUCXOIUT KaK OIHOPOIHAS
xuakocth [6]. B aToM ciydae Bech ra3 HaxoauTcs B HE()TH B PAaCTBOPCHHOM COCTOSIHUH, a
3a00lHOE JaBJICHHE OIPENEAeTCs KaK JaBlieHHE CTOJI0A OIXHOPOIAHOM KHUIKOCTH, 3alOJIHSIONICH
CKBa)XHHY, TIO (hopMyIe:

l33;;16 = Hpg + PTp + l:)y (1)

rne P, — 3aboitHoe nammenue, Mlla; H — myOuHa CKBaXuHBI, M; p — IUIOTHOCTh
JKUJKOCTH, KI/M> ; § — yCKOpeHHe CBOOOJHOro majeHus, m/c? ; P, — runpasianueckue norepu
JIaBJICHHs HA TPEHHUE TIPU JIBUKEHUM XKUIKOCTH B TpyOax, MIla; P, — nporuBonasinenue Ha ycrhbe,
MlITa. ITorepu naBieHus Ha TpeHUE onpeneistoTcs no hopmyne Japcu-Beiicbaxa

AL v? o )
mp d 2 ?
rie A — KOd(hQUIMEHT TUAPABINYECKUX CONPOTUBICHUH; d — 1auamerp HacoCHO-

KOMIIPECCOPHBIX (IIObEMHBIX) TPYO, M; V — CKOPOCTh JABMKEHMS JKUJIKOCTU B MTOJbEMHBIX TpyOaXx,
Mm/c; L — mymHa nogbeMHbIX TpyO, M. UncleHHOe 3HayeHHue A ONpenessercss B 3aBUCUMOCTH OT
IIEPOXOBATOCTH IMOBEPXHOCTH MOJBEMHBIX TPYO 1 Kputepus PeitHonbama:

64 ©)
AzﬁanRezv-d/v<2320

0,3164
= ——npu Re > 2320
VRe
T VU — KHHEMaTHu4eCKas BA3KOCTH KUJAKOCTH, mz/c.
3aboitHOE JaBieHUE OMpEAENseTCS U3 OCHOBHOTO YpaBHEHUS MPUTOKA KUIKOCTH K 320010
CKBA>XHWHBI:

(4)

Poag = P — b Q/K ()

rne Q — nebut ckBaxuHbl M3/cyT; K — KO3((MIMEHT NPOIXYKTHBHOCTH, 5TO OTHOIIEHHE
nebuTa CKBaXMHBI K genpeccun: m3/(cyr-Mlla); P, — KoHTypHas uiM miactoBoe aaBnenue, Mlla;
N — ko3¢ GuUIMEHT, paBHbIN 1, KOra npsiMas UHAUKATOPHAs JIMHUS BBIXOAUT U3 Hayaua KOOPAMHAT,
€CJIM IBUYKEHHE JKUJKOCTHU B IJIACTE MOAYMHAETCS 3aKOHY Jlapcu TO CKOPOCTh ABMXKEHUS KUAKOCTH
B IUIACTE€ MPAMO MPONOPLHUOHAIBHO TNEpenany MAaBleHuM; n<l, Korga JMHMS BBITYKIJIas
OTHOCHUTEIIBHO OCH Iepenajaa AaBjIeHus; n>1, Korga JMHUS BOTHYTas OTHOCUTEIBHO OCH Iepernaja
nasienus. Iloacrasnssa 3nauenus (2) u (5) B ypaBHeHue (1), onpenensiorT AaBle€HUE HA YCTbE C
yuerom N=1:

Py:Prm_Q/K_H'g'p_)\'L/d'VZ/Z'p (6)
B sToM ciiydae 3a00iHO€ TaBIEHUE ONPENENUTCS CIAEAYOIMM 00pa3oM;
Q (7)
l:)3316 =g~ E
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Ilocmanoska u pewienue 3adauu
W3BeCTHO, YTO NPU HEMPABUIILHOM BBIOOPE PEeXHMMa SKCIUTyaTallid He()TEera3oBbIX CKBaKUH
IPOUCXOUT O0BAN IUIACTOB, T.€. B IUIACTE BO3HHKACT KPUTHYCCKOE HAMPSDKEHHOE COCTOsHHE. 110
ATOMY pEIICHHUE ATOM 3aJa4d UMEET O4Y€Hb OOJIBIIOE 3HAUYCHHE IS MPEIOTBPAIICHHUS aBapUiHBIX
cutyarmii [1+ 5].
PaccMOTpUM HampspKEHHOE COCTOSIHHE 3a00WHON YacTH CKBaKHHBI C YYeTOM (HIIBTpAIid
¢monna B mwiacre. [opHbIe TOPOIBI IPUHUMAEM KaK H30TPOIHOE Tesio. HarmpsokeHHOE COCTOsTHHE

MIPUCTBOJILHON YaCTH CKBAXMHBI XapaKTEPHU3YeTCsl CICAYIOIUM ypaBHCHHEM PaBHOBECHs (3a1ada
Jlame):

E+1(0 —0,)=0 ®)
dr rv " ¢
IJie Oy, O, — COOTBETCTBEHHO PaHaIbHOE M OKPYKHOE HANPSLKECHHE.

W3BecTHO, 4TO AEOUT CKBaXKHH, T.€. MPUTOK (PIIIoUIa K 320010 CKBKUH MPOUCXOAUT 32 CUET
Pa3HOCTH MEXIy IUIACTOBBIM M 3a00WHBIM JaBJicHHEM. BHyTpeHHee (3a00iHOE) aBICHHE
CKBa)XHMHBI ITPUMET 3HaYeHUE Kak (5).

Px

Pucynok. HanpspkeHHOe cocTosiHue pu 3a00HHON 4aCTH CKBaKHHBI

B paccmarpuBaeMoM citydae TpaHUYHBIE YCIIOBUSA UMEIOT BUA; IpU T = R.; o, = P;; mpur =

R,; o = —P,. Torna obmiee pemenue ypaBHenus (8) mpuMeT BU/I:
o = —RZP, —R{P.  RERZ(P.+P) 1 9)
" RI-R2 RZ—RZ  r2
Gz—mg—ﬁm_%%@+m)1
@ RZ—R?% RZ—RZ  r?

R¢ — panuyc ckBaxuHsbl, R — pagnyc KOHTypa miacra.
VY4uThIBasi, YTO MAaKCUMAJIbHOE HAlpsKEHUE BO3HUKAET BO BHYTPEHHEH CTEHKE CKBaXKHMHBI,

T.€.
2
2R}

npur =R. o0, =PF,;; 0, =-P,—"7 P,.
p cYr 3 Yo 3 RZ—RZ K

(10)
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VenoBHe pa3pyLIeHns AT H30TPOIHBIX TIOPO NMEET BHI;
o7 + 05, = 202 (11)

I O, — MpeAe MPOYHOCTH MOPOJIBI.
Ecau (10) yuects B (11), monyuum cienyroiiee BhIpaKEHUE,

P2 + m?PP, + 0,5m*PZ — 62 =0 (12)
2R?
rae - m? = X
R{—R¢
YuuteiBas, 4TO pagnyc KOHTypa Ijiacta R, 1o cpaBHEHHUIO pajuyca CKBaKUHBI R ciMIIKOM
2RE

BEIIMKO, HOTOMY m? = IpUMeT 3HaYeHue m? = 2,

RZ-R2
Pemenue ypaBuenus (12) orHocutensHO P, onpenenser kpuTudeckoe 3HaueHHE 3a00WHOTO

JIaBJICHHSL:
’ 13
P,=—-P.+ [0%— sz (13)

JUis nelcTBUTENbHBIX pelleHU ypaBHeHHE (12) TOMKHO YIOBIETBOPATH CIIEAYIOLIEE
YCIIOBHE:

62 —-P2=0 (14)

YenoBus (14) ansa 1106010 NOpPoAbl YAOBIETBOPSIETCS.
N3 (13) onpenenum KpUTHIESCKOTO 3HAUCHUE 3a00HHOTO JaBIICHUS

—P + /0% — p2

Ecan MNPUHATD, YTO ABWIKCHHUC KXKUJKOCTU B IIJIACTC MMOAYUHACTCA 3aKOHY I[apcn TO CKOPOCTH

P3K =

JBUKEHUS )KUJIKOCTH B IIACTE MPSIMO MPOMOPLUOHAIBHO Nepenaay AaBieHui, T.e. N=1,rorna s
KPUTHYECKOTO 3HAYCHHs 1eOMTa CKBAKHUHBI Qi € YYETOM OJHOPOAHOCTU MOPOJ MONYYHM

CIIEYIOIlIee BhIPAXKEHHUE;

Qkp = PkK 2—

Boigoowi:
1. TlpennmoxeHO METOIWKA pacueTa HANpPSDKEHHOTO COCTOSIHHSI TIPH CTBOJIBHOW YacTH
CKBXUHBI U OTIPEICTICHO KPUTHYECKOE 3HAYCHHE 3a00HHOTO JaBIICHUS.
2. Ha ocHOBe maHHOTO MeTO/a OMpPEENIeHO KPUTHUECKOe 3HaueHue JAeOuTa CKBaKUHBI, MPU
KOTOPOM MOXKET IPOU30MTH 00Bal TIacTa.
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ESTIMATION OF THE RELAXATION TIME OF NON-NEWTONIAN OILS
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OIIEHKA BPEMEHU PEJJAKCAIIMU HEHBIOTOHOBCKHUX MACEJI
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Abstract. The article discusses a technique for identifying the features of the lifting process of
abnormal oils that significantly affect the flow rate of the working agent. When assessing the
relaxation time of non-Newtonian oils, it was found that with an increase in temperature, a
degeneration of viscoelastic properties is noted, which in turn affects, under the same conditions,
the specific consumption of the working composition, which tends to increase.

Annomayusa. B crtarbe paccMaTpuBaeTcs METOJMKAa BBISBICHHS OCOOEHHOCTEH Ipolecca
1oJ/beMa aHOMAJIbHBIX He(Tel, CyIIeCTBEHHO BIMSIOIUX Ha pacxo] pabodero arenta. Ilpu onenke
BPEMEHM peJaKcallud HEHBIOTOHOBCKUX HE(PTEHl YCTAaHOBIEHO, YTO C POCTOM TEMIIEpaTypbl
OTMEYAETCS BBIPOXKJICHHUE BSI3KOYIIPYTMX CBOWCTB, YTO B CBOIO OYEpENb BIHACT, IIPU TEX XKE
YCIIOBUSIX, Ha YJCJIbHBINA pacxoa paboyero cocraBa, KOTOPhI UMEET TeHCHIIMIO K YBEJIUYEHUIO.

Keywords: non-newtonian oil, viscosity of bedded oil, shear rate, shear stress, effective
Viscosity.

Kniouesvie cnosa: HEHBIOTOHOBCKas HE(Th, BA3KOCTh IJIACTOBOM He(TH, CKOPOCTH C/BMra,
HanpsbKeHUe cliBUra, 3 ()eKTUBHAsI BSI3KOCTb.

The article considers the methodology of the process of lifting to the day surface of non-
Newtonian oil, which, in turn, significantly affect the flow rate of the working agent.

When estimating the relaxation time of rheophysically complex oils, it was noted that as the
temperature increases, the viscoelastic properties of reservoir fluid degenerate. These conditions
lead to an increase in the specific flow rate of the working agent.

The previously published articles [1, 4] provide a methodology for calculating the rate of
pressure change both in the bottomhole formation zone and in the wellbore. The presence in the
“reservoir-well” system of delayed “response” times to the influence of the working agent, which is
compressed gas, requires taking into account the relaxation times of the gas-liquid mixture both in
the reservoir and in the wellbore. In this connection, it is relevant and of interest to determine the
relaxation times from the data of normal well operation and search for ways to regulate this
parameter. As regulation of relaxation times, and consequently, giving non-Newtonian oils
Newtonian properties, the authors proposed numerous studies on the application of physical fields -
pressure field, thermal fields, magnetic, electric, etc. [4, 5].

Thus, when using barotreatment of downhole production with rapid pressure changes, there is
a possibility to control the rheological properties of formation fluids by selecting the technological
mode of production. Experimental works on treatment of non-Newtonian oils by sequential
unloading of the system were carried out. As a result of baro-treatment by unloading, the tested
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fluid began to acquire Newtonian properties, but with preservation of nonlinear viscoelasticity.
Evaluation of rheological properties before and after the experiment in the PVT bomb was carried
out on a rotational viscometer Reotest-2 with the sequential application of a computer program.

In this connection, studies were carried out to reveal rheophysical properties of oil of NGDU
“Narimanovneft”. After baro-treatment and temperature decrease it was observed that oils acquire
Newtonian properties.

Estimation of relaxation time
To investigate the relaxation properties of reservoir fluid, we processed experimental data
according to the method proposed by M. Cross [6] and more widely developed in [2, 3].
The essence of mathematical processing is to determine the relationship between the values of
tangential shear stress (t) and the values of effective viscosity (1,4 ), in the following form:

11 s 2 (1)
N NE o 4G™n?
here G-modulus of shear elasticity of the studied fluid; #: - is the true viscosity.

It should be noted that equation (1) will hold if #: and G take constant values, i.e., provided

that the system is linear. The indices of the curves (Figure 1) of the dependence T = f(y) were

recalculated in the coordinates nlz = f(2). According to the results of the performed calculation
a0

using the above formula, a new dependence was constructed and the obtained curves are presented

in Figure 2. On the rectilinear part of the graph (Fig.2) the system has a linear character.
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Figure 1. Dependence of 7 = 7(y) for the solution of transformer oil +10% tar at different temperatures

By analyzing the character of the curve it is possible to evaluate the interval of shear rates, as
well as to identify the zone of curvature (nonlinearity).

According to the results of studies on rotoviscosimeter at different temperatures of
transformer oil and tar sands solution, it was obtained that the areas parallel to the axis 72, will
correspond to the viscous flow of the tested fluid, and are characterized by linear dependence. The
other zone of the graphical curve, corresponding to nonlinear sections, shows viscoelastic properties
of the fluid.
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As the oil moves towards the bottom of the well, the pressure drops in its volume, causing gas
to be released. The rate of change of formation pressure values is determined from the expression:

=
dtl

As can be seen from equation (2), the detection in the bottom-hole zone of inertial forces
occurs well because of the change in the direction of filtration velocity, which leads to an increase
in the influence of anomalous oil properties [1].

According to the experimental data on the viscometer Reotest-2, and using the Cross
dependence (Cross), it is possible to calculate the relaxation time for different temperatures.

Conditionally assuming the conditions (x=72, y = niz ), then by the straight line equation the
t

dpdr
dr dt

L@yl w2y, @

"~ drm dr u_m= EU ~ km \2mhr

dependence will take the form: Y = ax+b, where a = 401772 ;b= niz
t t

Let ¢ - be the angle of slope of the line to the abscissa axis, a and b be the segment that is cut
off by the line on the ordinate axis. Then :

; ®3)
G = @ (Ha)

: @
ne= |5 (Maxo)

By differentiating (dividing) the value of the modulus of elasticity by the viscosity of the
fluid, taking into account that t°, the relaxation time of the solution is easily determined. The results
of the mathematical analysis are shown in Table 1, from which it can be seen that the relaxation
time of non-Newtonian oils will decrease with increasing temperature.

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 75



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

According to dependence (5) it is possible to estimate the rate of change of formation
pressure:

% - % (21?hr> i ©)

where d — is the diameter of the column.

According to the bench studies, it is shown that in the bottom-hole zone of the well the
filtration velocity of liquid in the formation rock takes the highest value. However, the maximum
speed of hydrocarbon gains at the walls of the well.

Table
RESULTS OF STUDIES ON RELAXATION TIME ESTIMATION

b Temperature,  Tilt angle, True viscosity, Modulus elastic Relaxation time,

7° C ©/tge 1, MIIa*c modulus, G, Pa t c
2 3 4 5 6 7

0,3 30 30/0,57 1,3 0,36 3,6
1,1 40 45/1 0,95 0,5 1,9
2,3 50 60/1,73 0,65 0,57 1,1
9 60 70/2,74 0,33 0,9 0,4

Results of the study

The obtained results show that for lifting the same volume of viscoelastic fluid (mixture of tar
and transformer oil) it is necessary to inject a working agent of smaller volume than for the same
flow rate of Newtonian fluid.

According to the results of analyzing the results of experimental studies, it was obtained that
viscoelastic properties of anomalous oil can be used to improve technological processes of oil
production.

The rheological properties of a non-Newtonian fluid were investigated on a Reotest-2
rotational viscometer.
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Annomayus. B cratbe paccMatpuBaeTcsi poiib UCKyccTBeHHOTO nHTeuiekTa (MW) B coznanun
Be0-CaliTOB, MOJYEPKHBAs €ro BIMSHUE Ha IPOLECChl pPa3padOTKM U B3aUMOJCHCTBUS C
nojb3oBareasiMi. COBpEMEHHbIE TEXHOJOIMM, TaKME€ KaK TI€HEpaTHUBHbIE MOJEIH, CHCTEMbI
peKoMeHAauui M 4aT-00Thl, CTAHOBATCS HEOTHEMJIEMOW YacThlO0 BeO-pa3pabOTKH, MO3BOJISIA
3HAYUTEJIBHO YIPOCTUTh W YCKOPHUTb CO3/1aHHME CalTOB. ['€HepaTUBHBIE MOJENM, TaKue Kak
ChatGPT u DALL-E, no3BonsioT pa3padoT4MKaM aBTOMAaTHYECKH TE€HEPHUPOBATH TEKCTOBBIA M
BU3YaJIbHBI KOHTEHT, YTO HE TOJIBKO SKOHOMHT BPEMS, HO M YJIyYlllaeT KpEaTHBHBIE MPOLIECCHI.
CucteMbl  peKOMEHJALMH  aHAIM3UPYIOT  TIOBEJACHHME  MOJIb30BaTellell M IpeasararT
[IEPCOHANIM3UPOBAHHBIE PELICHUS, YTO CIIOCOOCTBYET YJIYUIIEHHUIO MOJIb30BATEICKOIO OIbITa U
MOBBIIICHUIO BOBJICYEHHOCTH. Yar-00ThI, NpHMEHsSEMBbIE JJIs AaBTOMATHU3AalWU OOIIEHUS C
MOJIb30BaTESIMH, 00ECTIEUNBAIOT KPYIJIOCYTOUHYIO MOAJACPKKY U MTHOBEHHBIE OTBETHI Ha 4acTO
3aJlaBaeMble BOIIPOCHI, YTO 3HAYUTEIBHO MOBBIIIAET YpoBeHb cepBuca. Kpome toro, U1 nomoraer B
aHaJIM3€ JAaHHBIX M ONTHUMH3ALUU KOHTEHTA JJISi TOUCKOBBIX CHUCTEM, YTO YJIYyYIIAeT BHUAUMOCTH
caiitoB B uHTepHeTe. CTaThs Takke 00CykaaeT nmpeumyiiectsa npuMmenenust M1 B Be6-pazpabotke,
BKJIIOYAsl aBTOMATHU3ALMIO PYTHHHBIX 3a]a4, YJy4YlNICHHE KauyecTBa KOHTEHTAa M IIOBBIIICHUE
3¢ HEKTUBHOCTH MapKEeTUHTOBBIX cTpaTeruil. B 3akmoueHne noguepkuBaercs, 4to BHeapenue U
B Be0-pa3pabOTKy OTKpPHIBAET HOBbIE BO3MOXKHOCTHU Ui OM3HEca M co3jaeT Oosiee JUHAMUYHBIE U
aJlalITUBHbIE BEO-TIPUIIOKEHMSI, KOTOPbIE COOTBETCTBYIOT NOTPEOHOCTSIM IIOJIb30BaTEle B
COBPEMEHHOM LIU(PPOBOM MUDE.

Abstract. This article discusses the role of artificial intelligence (Al) in website creation,
highlighting its impact on development processes and user interaction. Modern technologies such as
generative models, recommendation systems, and chatbots are becoming integral to web
development, significantly simplifying and accelerating site creation. Generative models like
ChatGPT and DALL-E enable developers to automatically generate textual and visual content,
saving time and enhancing creative processes. Recommendation systems analyze user behavior and
offer personalized solutions, improving user experience and increasing engagement. Chatbots used
for automating user communication provide round-the-clock support and instant responses to
frequently asked questions, greatly enhancing service levels. Additionally, Al assists in data analysis
and content optimization for search engines, improving site visibility online. The article also
discusses the advantages of applying Al in web development, including automation of routine tasks,
improvement of content quality, and enhancement of marketing strategy effectiveness. In
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conclusion, it emphasizes that the integration of Al into web development opens new opportunities
for businesses and creates more dynamic and adaptive web applications that meet user needs in the
modern digital world.

Knrouesvle cnosa: MCKyCCTBEHHBIN HHTEIUIEKT, BeO-pa3paboTKa, aBTOMATH3aIus, 4ar-OOTHI,
TeHEPaTUBHBIC MOJICITH.

Keywords: artificial intelligence, web development, automation, chatbots, generative models.

C pasBuTHEM TEXHOJIOTMH HCKYCCTBEHHOI'O MHTEIJICKTA, €r0 IPUMEHEHHE CTAHOBUTCSA BCE
0ojiee aKTyalbHBIM B Pa3IUYHBIX cdepax, B TOM yucie u B BeO-paspaborke. UM mo3Bosser
3HAUUTENIFHO YIPOCTUTh TMPOILECC CO3AaHUSI BEO-CAWTOB, YIyUYIIMTh HMX (DYHKIMOHAIBHOCTH U
crenarb 0ojiee NePCOHAIM3UPOBAHHBIM B3aUMOJCHCTBUE C NOJNb30BaTeNsIMU. B naHHOMN cTaTthe MBI
paccMmarpuBaeM, kak uMeHHO WM meHser moaxoabl K BeO-pa3paboOTKe M KaKMe HHCTPYMEHTBI
CTaHOBATCs HanboJee momyaspHbiMu [1-3].

CoBpeMeHHbIE METOJbl Pa3padOTKH, TaKue KakK aJalTUBHBIA JH3ailH U I0JIb30BAaTEIbCKUE
uHTepQeiichl, 3HAYMTENbHO BBIMIPHIBAIOT OT BHenpeHus MW, Hanpumep, aHanu3 JIaHHBIX O
[I0JIb30BATENILCKOM  TOBEIEHUHM II03BOJIIET pa3paboTyMKaM co3/laBarh Oojee yaoOHble U
MHTYUTUBHbIE UHTEP(EICHI, KOTOPBIE YUNUTHIBAIOT MIPEANIOYTEHHS U IPUBBIUKHU 10JIb30BaTeNel. JTO,
B CBOIO OdYepenb, YIydllaeT OOIIUH MOJIb30BATEIBCKUI OIBIT M CIIOCOOCTBYET YBEITMYCHUIO
BPEMEHM, TPOBEJEHHOTO Ha CalTe.

Kpome Toro, UM oTkpbiBaeT HOBbIE BO3MOKHOCTH JUUIsl aBTOMATU3aLlUU IIPOLECCOB, KOTOPHIE
paHee TpeOOBalU 3HAYUTEIbHBIX BPEMEHHBIX M TPYAOBBIX 3arpar. ABTOMATU3allls TECTUPOBAHUSA,
re’epaius KouteHta u ontumusanust SEO — Bce 3T0 M03BOJISIET pa3paboTYUKaM COCPENOTOUNTHCS
Ha Oosiee TBOPYECKMX M CTPAaTerMYECKUX acleKTax padoThl, MOBbIIAs OOy 3((EKTUBHOCTh
KoMaH bl [4].

Hakonen, BHeapeHue 4ar-00TOB M BHUPTyalbHBIX ITOMOIIHHMKOB Ha CcalTax YyXe CTajlo
CTaH/IapTOM B MHOTHX OTPAaCiIsiX. DTH MHCTPYMEHTHI HE TOJBKO OOECHEYMBAIOT KPYIIIOCYTOUHYIO
MOJJIEP)KKY IOJIb30BaTeNiell, HO W COOMpAlOT JaHHbIE O B3aUMOAEUCTBUM, 4YTO MO3BOJISIET
KOMIAHMSM aJalTHPOBATh CBOM MPEUIOKEHUS M YIydllaTh KayecTBO OOCHyKuBaHMsA. Takum
oOpaszoMm, MM He TONbKO MEHSET caM Ipolecc pa3paboOTKH, HO U BJIMSET Ha CTPaTeruio
B3aUMOJICHCTBUS C KIIMEHTaMU, CO3/[aBasi HOBbIE TOPU30HTHI 15 Ou3Heca [5-7].

IIpumenenue UH 6 6ed-ousatine

1. ABromaru3anus Au3aiHa:

ITpumep: Wix ADI (Artificial Design Intelligence) — MHCTpYMEHT, KOTOPBIN aBTOMAaTH4YECKU
co3/laeT BeO-caliThl Ha OCHOBE OTBETOB IIOJIb30BAaTelsl HAa HECKOJIBbKO BOMpocoB. OH BbIOMpaeT
CTUJIb, MAKET U 3JIEMEHTHI, MOAXOAIINE 1151 Ou3Heca.

2. Ilepconanu3anus NoIb30BaTEIBCKOTO OIIBITA:

[Tpumep: Netflix ucnons3yer anropurmsl MM i aHanm3a npeAnoyTeHUi Mojib3oBaTene u
npejyiaraeT  MEepPCOHAJIM3UPOBAHHBIE  PEKOMEHJAIMH, 4YTO  3HAYMTEIBHO  YBEJIUYMBAET
BOBJICYEHHOCTb.

Vayuwenue gpynxkyuonanbrnocmu caimos

1. Yar-00ThI 1 BUPTYyaIbHbIE TOMOIITHUKH:

[Ipumep: Drift — nnardopma nns BHenpeHHs: 4ar-00TOB Ha BeO-CalThl, KOTOpasl MOMOTaeT
B3aMMO/ICHCTBOBATh C KJIMEHTaMH B peaJlbHOM BPEMEHH, OTBEYas Ha 4acTo 3ajJaBaeMble BOIIPOCHI U
IIPOBOJS I10JIB30BATEIIEH T10 CAUTY.

2. Ontumu3anus SEO:
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[Ipumep: MarketMuse ucnonp3dyer MW nis aHanw3a KOHTEHTAa W BBISIBICHHS TMPOOETIOB B
TeMax, YTO IOMOTaeT co3/aBaTb Oo0Jee KAyeCTBEHHBIM M PEJICBAHTHBIN KOHTEHT, YJydyllas
BUJIUMOCTb B TIOUCKOBBIX CUCTEMAX.

Ananus oanHvix

1. C6op u 06paboTKa JTaHHBIX:

[Tpumep: Google Analytics mpumensier MUY 1u1s aHam3a moBeACHMS TI0JIb30BaTENICH Ha caiTe,
BBISIBJICHUST TPEHJOB W (OPMHUPOBAHHUS OTYETOB, YTO TMO3BOJISIET NPUHUMATh OOOCHOBaHHBIC
peLIeHUs 110 YIIYUIICHUIO CaiTa.

2. [Iporno3upoBaHue TPEHI0B:

IIpumep: Crimson Hexagon wucnonsdyer MM nns aHamu3a CONMANBHBIX MeAWa |
npecKa3anus OyIyIMx TPEHIOB, YTO MO3BOJISICT KOMIIAHWSM aIallTUPOBATh CBOU BEO-CAWThI MOJ
MEHSIOIIUECS MTPEANOYTCHUS 0JIb30BaTENCH.

Ilpumepwl ycnewtno2o ucnonb308anus

Airbnb: TInardpopma ucnonsdyer MW s onTHUMHU3AIMK [OWCKA M PEKOMEHIAIMN KUJIbS,
aHAJIM3UPYS JTAHHBIE O TOJIb30BATENISAX, YTOOBI MTpeaiararb HaudoJIee MOAXOISAIINE BAPUAHTHI.

Shopify: Ilnardopma mpemraraer uHcTpymMeHThl MU ist co3maHus WHTEPHET-Mara3uHOB,
BKJIFOYAsi aBTOMAaTU3MPOBAHHBIE PEKOMEHIALIUU 110 IPOAYKTaM U aHaJIM3 OBEICHUS OKYIIaTeNei.

HckyccTBeHHBI MHTEIUIEKT MPOJODKAaeT TpaHc(hopMHupoBaTh BeO-pa3paboOTKy, Mpensaras
HOBBIE WHCTPYMEHTBI W PEIICHHS ISl YIY4YIICHUS IOJIb30BATEIbCKOTO OMBITA M ONTHUMHU3ALUU
npoueccoB. B Oyaymiem MoxkHO oxxujarh emie Oosee nryOokyro uHterpauuto MU, uro npusener k
co3/laHuto OoJiee aJanTUBHBIX U YMHBIX Be0-CalTOB.

[lomyuyeHHbIe B X0€ JAHHOI'O MCCIIEIOBAHUSA, UMEIOT 3HAYUTEIBHOE MPAKTUYECKOE 3HAYCHHE
s BeO-pa3paborunkoB u OmsHecoB. Mcmonb3oBanne MM B co3maHuu BeO-CAaTOB HE TOJBKO
ONTUMU3UPYET MPOIECChl, HO W IO3BOJSET KOMIAHUSAM JIYYIE YAOBIETBOPSITH MOTPEOHOCTH
KJIMEHTOB, MOBBIIIAs OOIYI0 KOHKYPEHTOCIIOCOOHOCTb.

Takum oOpa3om, pe3ynabTaThl paObOTHl MOAYEPKUBAIOT BaXKHOCTh MHTerpauuu MU B BeO-
pa3paboTKy, OTKpBIBasi HOBBIE TOPHU3OHTHI [UJISl YAYYIIEHUS TOJh30BATEIILCKOTO OMNBITAa |
s dexTuBHOCTH OM3HECA.

Tabmuia
CPABHEHUME TPAJUIIMOHHBIX METO/J10OB U ITOJAX0O40B C UCITOJIb3OBAHUEM NN
Acnexm pazpabomku Tpaduyuonnwlii nOOX00 Hcnonvzosanue UM
I'enepauust koutenTa  PyuyHOe HamMcaHHe TEKCTOB ABTOMaTH4Ueckoe co3manue ¢ momonipo GPT-
Mopesei
Juzaiin uaTepdeiicoB  Pyunoii mondop anemenTtoB  Aromaruszanus uepe3 MU (manpumep, Wix ADI)
nu3aiiHa
AHanu3 pe3ynbpTaToB AHanu3 Bpy4HYIO ABTOMaTHYECKHH aHAIIA3 C UCIOJIHL30BaHUEM
JTAHHBIX Google Analytics
SEO-ontumuzaius Pyunas HacTpoiika Ncnons3zoBanue NN-MHCTPYMEHTOB, TAKUX KaK
KJIFOUEBEIX CJIOB MarketMuse
Kubepbe3zonacHocTh PyuHoe BbIsiBIIEHHE YTPO3BI PeanpnOe Bpems ¢ momonnsto MU, Takux kak
Darktrace

Pocm pazeumus UU 6 se6-paspabomie
B mnocneaHue roapl MCKYCCTBEHHBIM MHTEIJIEKT CTall 4acThbiO IMPOLIECCOB pa3pabOTKU Bed-
caiitoB [8-10]. [laHHbBIe MOKA3BIBAIOT, YTO UCIONIL30BaHUE TexHONOrHH M 3HaunTENbHO BO3pOCIIO:
2015 rom: mumb 10% caiiToB wHcnonb3yloT TexHojgoruun WM, wuCKiItouMTENbHO B
OTpaHUYEHHBIX CIIEHAPUSX, TAKUX KaK 4aT-00THl M 0A30BBIN aHAIH3 TaHHBIX.
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2017 rom: mpoueHT caiToB ¢ anemeHTamu MU BeIpoc 10 25%, Omaromapsi mOIMyJsipyu3aiin
aproMarusanuu gusanda u SEQ-ontuMusaumy.

2019 rox: Bueapenne MU nocturiio 40%, 0ocoOEHHO ¢ MOSBICHUEM T€HEPATUBHBIX MOJIEICH,
takux kak GPT-2, koTopble Hauaau aKTUBHO MIPUMEHSTHCS ISl CO3JJaHUsI KOHTEHTA.

2021 rox: Oonee mnonoBuHbl cailToB (60%) wucnons3ytor MU. OcHoBHBbIE HampaBlieHUs

BKJIFOYAIOT TIE€PCOHATM3ANMIO0 TI0JIH30BaTEIbCKOTO OMBITA, ABTOMATHU3AIMI0 KOHTEHTA W aHAIN3
JTAHHBIX.

2023 rox: mopsiaka 75% caiitoB BHeapuiau WU, 4to crano craHmapToM IS MOBBIIICHUS
KOHKypeHTocrmocoOHocTH. Takume texHomoruu, kak ChatGPT, DALL-E wu npyrue, cramm
MOMYJIIPHBIMU CPEU pa3padOTUHKOB.

1001 .

80

401

201

IIpoueHT caiitos, nenoabayionmx M (%)

2015 2017 2019 2021 2023
Tl'onnl
Pucynok. Poct pazsutust UU B BeO-pa3paboTke

Poct passutus MU B BeG-pa3paboTKe NPOUCXOAMUT, KaK TEXHOJOTUU IPeoOpa3oBaHUs
MOJXO/IOB K CO3JJAHWI0O M ONTHMH3AIWU CAWTOB. JTO TO3BOJISIET aBTOMATH3MPOBATH IPOIECCHI,
YIAYYIIUTH MOJIb30BATEIbCKUMN OMBIT U MOBBICUTH 3 PEKTUBHOCTL Ou3Heca (PHCYHOK).

Pacnpeoenenue npumenenus MU 6 se6-paspabomue

VcKycCTBEHHBIN MHTEIUIEKT HAXOIUT LIMPOKOE NPUMEHEHHWE B Pa3IMYHbIX aclekTax BeO-
pazpabotku. K Hanbosee monysipHbpIM HanpaBJieHUsIM uctonb3oBanus W oTHOCSATCS:

T'enepayus koumenma (30%)

I'eneparuBHble Monenu, Takue kak ChatGPT u Jasper, mo3BosisitoT aBTOMaTu4eckH CO3/1aBaTh
TEKCTOBBI M BHU3yaJIbHBIH KOHTEHT JJISi CAWTOB. DTO OCOOEHHO MOJE3HO s OJIOrOB, ONMMCAHWUN
TOBAapPOB U MAPKETUHTOBBIX MaTE€pPHaJIOB.

Yam-b6omui u 63aumoodeticmsue ¢ nonvzogamenimu (25%)

Wuctpymentsl, Takue kak Drift u Tidio, ucronb3yrores uist obecriedeHus: KpyriocyTOUHON
MOJJIEPKKU  ToNb3oBareniell. Yar-00Tbl momoraroT paboTaTrh Ha YacTO 3aJaBaeMble BOIPOCHI,
HAIPaBIATh KJIMEHTOB U COOMPATh TaHHBIE NS TePCOHATN3AIUH.

Onmumuzayus SEO (20%)

Cuctembr MU, Ttakume kak MarketMuse u Clearscope, aHamuM3upyrOT KIIIOYEBBIE CJIOBA,

OIpeaACIAIOT PCICBAHTHOCTD KOHTCHTA U OAOT PCKOMCHAAIUU 110 TOCTOAHHBIM IMO3ULIUAM caiita B
IMOMCKOBEIX 3aripocax.

Ananusz oannvix (15%)
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HNuctpymenTsl, Takue kak Google Analytics ¢ momnepxkkort MW, aHanmu3upyroT moOBEACHUE
M0JIb30BaTeNie, BBISBIAIOT TEHIACHIMM M IOMOTalOT NPUHUMATh OOOCHOBAaHHBIE pEIICHHS Ha
IIPOJOJKEHUU CalTa.

Asmomamuszayus ousauna (10%)

Takas mmardgopma, kak Wix ADI, ucnonb3dyer UM nmns co3manus mabiIOHOB W JIU3aiiHA
3lIeMEHTOB. JTO TpebyeT BpeMeHU Ha pa3paboTKy M JenaeT mpolecc Oosiee IOCTYMHBIM st
MoJIb30BaTeleit 6e3 onbITa MPOrpaMMHUPOBAHUS.

Pacnpenenenue npumenenus: MM oTpakaeT ero KIOYEBYIO pojb B YIPOLICHUH Pa3pabOTKH,
MOBBIICHUN KauyecTBa IOJb30BATEIbCKOIO OIbITAa W COBEPIICHCTBOBAHMM MAapKETUHTOBBIX
ctpareruid. Kaxaplit U3 3TUX pErHOHOB IOMOTAeT KOMITAHUSM OCTaBaTbCs KOHKYPEHTOCIIOCOOHBIMU
B YCIIOBUSX NU(PPOBON IKOHOMHKH.

B 3aknroueHme MOXKHO YTBEp>KIaTh, YTO MCKYCCTBEHHBIM WHTEIUIEKT CYHIECTBEHHO
TpaHCPOPMUPYET MPOLECChl pa3pabOTKU BeO-CaliTOB, MPEIOCTABIISAS HOBBIE BO3MOXXHOCTH IS
aBTOMATH3alllH, TOBBIIICHUS KayecTBa U yCKopeHus paboTsl. Mcnonb3oBanue Al-MHCTpyMEeHTOB
npu  pa3paboTKe BeO-CATOB IMO3BOJSET HE TOJBKO COKOHOMHTH BpEMS W PECypchl, HO U
obecnieunBaer 0Ooyiee TEPCOHAIM3MPOBAHHBIA  MOAXOA K KaXAOMY NPOEKTY, yIIydInas
M0JIb30BATEIbCKUHN OMBIT. B OyaylnX TEXHONIOTUSX UCKYCCTBEHHBIN MHTEIIEKT OYJEeT UrpaTh BCE
0ojiee BaKHYIO POJIb B aBTOMAaTU3allMM U ONTUMHU3ALIMU MPOILECCOB pa3pabOTKU, OTKpPbIBas HOBbBIE
TOPU3OHTHI JJisi BeO-AM3aliHEpOB M pa3padOTuMKOB. TeM HE MEHee, BaKHO OTMETUTh, YTO IS
JOCTHXKCHHSI HAWIYUYIINX PE3yJbTaTOB HeoOxomumo coderaTth MM ¢ TBOpYECKHM IMOIXOAOM U
npodeccrnoHaNTbHBIMU HaBbIKaMU Pa3paOOTYUKOB, UTO IMO3BOJISET

Takum oOpazom, co3gaHue cailToB ¢ ucnoiabzoBanueM WU mpexacrapnser coboit HEe TONBKO
TEXHOJIOTHYECKYI0 HMHHOBAIIMIO, HO M 3HAUYUMBIA Iar B pa3BUTUU BeO-pa3pabOTKH, TIe
WCKYCCTBEHHBIM MHTEIUICKT U JIFOAU pa0OTalOT B TECHOM COTPYJIHHYECTBE C TOCYIapCTBAMMU.
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Annomayusn. MynbTUANCIUIUTMHAPHAS KOMaHIa — STO KOMaHJa CIEIUAIUCTOB W3 Pa3HBIX
oOnacTeil MeIWIMHBI, OOBEIMHEHHBIX pPEIICHWEM OJHOW 3a/ladyl Ha 3apaHee COIIAaCOBAHHBIX
npuHIHNAX. Bo3MOXXHBIM MPUMEpPOM JTaHHOTO MO/IX0/1a B JICYCHHUH SI3BEHHOW 00JIe3HU skemyaka u 12
MEPCTHOM KMILIKH, OCIOKHEHHOM KPOBOTEUEHUEM - CIIY)KUT COBMECTHOE B3aUMOJICHCTBUE Bpavyeil —
o0IMX XWUPYpProB, Bpadei HSHIOCKOMKHCTOB, TacCTPOIHTEPOJOTOB, TEPAINEBTOB, JHETOJIOTOB,
MCUX0J0TOB. Tak Kak MMEHHO STHU CIEIHAIUCTBl YacTO CTAJIKUBAIOTCSA C JAHHBIMH OIACHBIMH
3a00JIeBaHUSIMU, TI0O3TOMY COBMECTHBIN MOJIXO/l B UX JICYCHUU SIBIISIETCS MOTHOCTHIO OMPABIAHHBIM.
[Tpu paccMOTpEeHHUH MHOTHUX METUIIMHCKUX MPoOIeM HEOOXOIUMO COTPYIHHUYECTBO U COBMECTHAsS
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paboTa cpazy HECKOIBKHX, KaK Y3KHUX CIICIUAIMCTOB, TaK W Bpadyeil OOIIEH MPaKTHUKH, KOTOPHIC
paboTalOT B ONHOM KOMaHAE W TBITAIOTCSA JOCTHYL C€IMHOW IeNH. B COBpEeMEHHOW MHPOBOM
MEMIIMHCKON TPAKTUKE TAKOH MOJXOJ] UCIOIB3yeTCs BCe OOJbIe U OOJbINE, BEb OH MO3BOJISET
00bEIMHUTH 3HAHUS PA3HBIX Bpadeil, BO 0JIaro marueHTa u CJIeNaTh JICYCHHe 0oJiee MpUOINKEHHBIM
K JaHHoMy marueHTy. CeromHs MyJbTUAUCIUIUIMHAPHBIA IOIX0A KOMaH/Ibl Bpauel pa3HbBIX
CHeIUaJIbHOCTEH, BCE Yalle 3aHMMAIOTCsS JICYCHHWEM IMAllMeHTOB B BEIYIIMX KIMHHKAX MHPA.
Cuntaercs, 4To 32 TaKMUM TMOIXOAOM OyayIee, BeAb OH IMO3BOJISIET JIETKO M OBICTPO OMPEACTUTH
MOCJIEI0OBATEIbHOCTh U MPUOPUTETHOCTh METONOB JIEUCHHsS. Takke PEKOMEHJIAlMHM MalUEHTY
JAIOTCS  COTVIACOBAaHO M HCKIIIOYAIOTCS CHUTYalluM, KOIJa OJHO - IIPOTUBOPEUUT JIPYTOMY.
CoOironaeTcs KOJUIErHaabHOCTb.

Abstract. A multidisciplinary team is a team of specialists from different fields of medicine,
united by the solution of one problem on previously agreed principles. A possible example of this
approach in the treatment of gastric ulcer and duodenal ulcer complicated by bleeding is the joint
interaction of doctors - general surgeons, endoscopists, gastroenterologists, general practitioners,
therapists, nutritionists, psychologists. Since these specialists often encounter these dangerous
diseases, a joint approach to their treatment is fully justified. When considering many medical
problems, cooperation and joint work of several at once is necessary, both narrow specialists and
general practitioners who work in the same team and try to achieve a common goal. In modern
world medical practice, this approach is used more and more, because it allows you to combine the
knowledge of different doctors, for the benefit of the patient and make the treatment closer to this
patient. Today, a multidisciplinary approach of a team of doctors of different specialties is
increasingly engaged in the treatment of patients in the world's leading clinics. It is believed that
this approach has a future, because it allows to easily and quickly determine the sequence and
priority of treatment methods. Also, recommendations to the patient are given in agreement and
situations where one contradicts the other are excluded. Collegiality is observed.

Knrouesvie crnosa: TraCTpoaAyOACHAJIBHBIC KPOBOTCYCHUA, IMAIrHOCTHKA, JICUCHUC.
Keywords: gastroduodenal bleeding, diagnostics, treatment.

Ha ceromusmHuii JeHb JAMArHOCTHKA, JIEUEHUE, [POTHO3MPOBaHUE/IPODUIAKTHKA
racTpoONyO/leHAIbHBIX KPOBOTEUEHHH TpeOyeT MEeXIUCHMITIMHAPHOTO MOJIX0Ja C BOBJIEYCHHEM
XUpYpra, SHIOCKONHUCTA, TpaHC(y3HOIora, TepaneBTa, ICUXO0J0ra Jaxke CIeHUalnucTa I
uckyccrseHHomy untesekty (M) u mammnanomy oOyuenwuto (3, 6, 12, 24].

OpHako 1o BOpocaM MYJIbTUANCHUITIMHAPHOCTH MPHU IacTPOIyO/IEHATbHBIX KPOBOTEUEHUSAX
B COBPEMEHHOM HTeparype Habmonaercs AeQHUIUT COBPEMEHHBIX MCCIIEOBAHUM 3a IMOCIeAHne
ATk JeT no TpeboBanusM Web of Science m Scopus u/minm quckyTaOenbHbIM (HEOJHO3HAUHBIN)
XapakTep, pe3yJIbTaToB 1 BeIBOAOB [4, 13, 31, 38].

Bri6op Metona nedenust xenynodHo-kumiedHbix kpooreueHuit (JKKK) B Hactosiiee Bpems
SIBJIIETCSL OJJHOW M3 HanboJiee akTyalIbHbIX 3aJlad B ypreHTHOH abaomMuHanbHoM xupypruu [1, 8, 19].
bonbHbIE € KETYI0YHO — KMILIEYHBIMU KPOBOTEUEHHUSAMHU COCTABIAIOT 3 — 6% BCEX XUPYypru4ecKux
CTallMOHAPHBIX 00JBHBIX [9, 48-50]. Obmas u nocieonepaoHHas JeTalIbHOCTh JocTuraeTr 15% u
Beimie [12, 16, 29, 31].

B crpykType racTtponyoneHanbHBIX KPOBOTEUEHHMM HA JOJK0 KPOBOTEUEHUW S3BEHHOM
strojoruu mpuxonutcs ot 50% mo 70% [5, 17, 21, 28]. Ilo pa3ubiM mpuyrHaM He MeHee 2/3
MAIMEHTOB € KpoBoTodalmuMu si3Bamu kenyaka u JIIK nedarcs HeonmepaTMBHBIMM METOIAMU;
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XUpYyprudeckas akTUBHOCTh B OCTPOM Iepuojie 3a00J€BaHUs UMEET TEHJCHLUIO K HENPEPhIBHOMY
CHWXeHMIo [22, 23, 25, 31].

Hcnonb30BaHNe METOMK SHIOTEMOCTAa3a MO3BOJSIET B HEKOTOPBIX CIIydasx n30erarb KpaiiHe
OTIAaCHBIX HKCTPEHHBIX XUPYPTUUECKUX BMEILIATEILCTB M Yallle ONEepUPOBATh OOJBHBIX B IIAHOBOM
nopsiake. Boicokuit 3pdeKkT 3HIO0CKONMUYECKOT0 IeMocTa3a B psfe CIIydyaeB MOXKET OKa3arbCs
METOJIOM OKOHYAaTeJIbHOM OCTAaHOBKU KPOBOTEUEHUS, UTO OCOOEHHO BAXKHO y OOJBHBIX C TSKEION
COITyTCTBYIOILIEH MaTOJOTHEH, BHICOKOW CTETEHBIO ONEPAIMOHHOTO PUCKA, OOJIBHBIX MOXKHIOTO U
cTapueckoro Bo3pacta [36, 47, 50, 51].

OHAOCKOIIMYECKMH reMocTa3 1mo3BojsieT B 1,5 pa3a mnoBelcuTh 3((HEKTUBHOCTH
KOHCEPBAaTHBHBIX CIOCOOOB JIEUEHUs] TracTpOAYOACHANbHBIX KpoBoTeueHui. [Ipu HeKoTopbIX
MaToJIOTMYECKUX  Tpoleccax, TaKUuX Kak cuHApoM Memtopu-Beiica, 3ddextuBHOCTD
9HIOCKOITMYECKOT0 reMocTasza MoxkeT jgocturars 100% [26, 27, 39, 44].

B HacTos1ee BpeMs yalle BCEro UCHoJb3yI0T YEThIPE OCHOBHBIX CIIOCO0A 3HIA0CKOINYECKOrO
reMocrasa U HpOQHIAKTUKU KPOBOTEUEHMs: MEAMKAMEHTO3HblEe, (U3NYECKHE, MEXaHWYECKHE U
koMOuHHpoBaHHbie [28, 34, 37, 40].

Lens uccnenoBanus: MyabTUANCIUIIIMHAPHBIN TTOIXO0/ B JIeueHHH 00bHBIX ipu ALK,

Mamepuan u memoowl ucciedosanus

[IpencraBinen onblT jeueHust 242 OONbHBIX, MOCTYNUBIIMX B mepuon c¢ 2022-2023 rr. B
xupypruueckoe otnenenue I'KII na I[IXB «Koppaiickas ueHTpanbHas pailoHHas OOJIbHHIIA»
Pecny6onmuku Kaszakcran ¢ nuarHosom <okenynouHo-kumiedHoe KpoBoredeHue (OKKK)». Beem
HalMeHTaM IpHU MOCTYIUIEHUH B CTAllMOHAP BBIIOJHEHO CTaHIApTHOE 00cie10BaHue, BKIIOUUBILEE
OCMOTp XHpypra MpUEeMHOTO OTJEJICHHs, OO aHAJIN3 KPOBH (IIOKA3aTeNd «KPACHOH KPOBU») M
AKCTPEHHYIO BUacod30(haroracrpoayoneHockonuio (BOTJIC) mocie mpoMbIBaHMS JKETyIKA.

Ha norocnuransHOM 3Tane y O0JIbHBIX OLICHUBAIM TSDKECTh KpoBornoTepu. Ecinu y naruenra
UMelNach TsDKeNask CTEeNEHb KPOBOMOTEpH, JaybHeilee oOcienoBaHUe MPOBOAMIOCH B YCIOBHSX
OTJIeJIEHUs] pEaHUMallMi U UHTEHCUBHOM Tepanuu.

Cpennuit Bo3pacT manueHToB coctaBui 54,72+9,34 ronma, yto emie OoJblle MOIYEPKHUBAET
COIMANIBHYIO 3HAYMMOCTh U3y4aeMoil npodnemsl (Tabmuma 1).

ITo momoBoMy pa3IU4HI0 — MY>KCKOTO HacelleHUs B u3ydaeMoii rpymme: 148(60,7%) Myx4uH
1 94(39,3%) KeHIIHH.

B ocHOBHOM manueHThl ObUIM TOCHUTAIU3UPOBAaHBI B CPOKU JI0 CYTOK C MOMEHTa Hauajia
3a0os1eBaHus U IpUMepHO 1/3 GOJBHBIX MOCTYNMWIN MO3%e 24 yacoB OT Havyasa 3aboneBanus. [lpu
JeYyeHUHu s3BeHHOM Oonesnn kemyaka u 12 IIK, OC/IO)KHEHHOH KpPOBOTEUEHHEM MBI
MPUAEP)KUBATIUCH MYJIBTHINCUUIUIMHAPHOTO MOAX0AA. MyNbTHUIMCHUIUIMHAPHBIA MOAXOA 3TO —
COBMECTHOE B3aUMOJICHCTBUE XHUPYProB, 3HJIOCKONHCTOB, TIaCTPOIHTEPOJIOTOB, TEPANEBTOB,
BOIloB, nueTonoros, NncuxojoroB. 3a OCHOBY OOCIEIOBaHMSA M JIUEHHUs] OOJIBHBIX OBUIM B3STHI
KIMHUYECKUe TpoTokoina ot 27 nHosaopsa 2022 rona. Kareropus — Xupyprus. ['actpoayoneHanbHble
kpoBoteueHus. DAMUMED

Tabnuna 1
PACTIPEJEJIEHUE BOJIBHBIX I1O BO3PACTY, IIOJIY
Bospacm Myorcuunor (n — 148) JKenwunor (n — 94)
abce % abe %
20-39 28 18.9 18 19.2
40-59 81 54.7 52 55.3
60-80 39 26.4 24 255
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Pe3ynomamut uccnedosanus u oocysncoenus
I[Ipu  nposenenun  sxctperHoi BOIJIC  Obuto  BeIBIeHO:  KpoBoTeueHuwe — u3
ractpoayofeHanbHbiXx s13B 208(85,9%), Cunapom Menopu-Beiica 19 (7,9%), kpoBoTeueHue u3
BapUKO3HO PACHIMPEHHBIX BEH MUINEBOAA (IIUPPO3 MEUCHH, OpTajibHas rumneprensus — 15 (6,7%).
[Ipu cungpome Menopu-Beiica u 13 BapUKO3HO pacIIMpPEHH. BEH MHILIEBOJA B MOMEHT OCMOTpa
KpOBOTEUEHHE OCTAaHOBUJIOCH M TMpH JalibHEHIIeM HaONIOAeHUM peluauBa He ObLIo.
Xapakrepuctuka AIJIK mo Buny u nokanu3zanuu npejacrasieHa B Tabmure 2.

Tabnuna 2
XAPAKTEPUCTUKA ST K I1O BULY U JIOKAJTN3ALIN

Ocmpasi sizea ocenyoka  Ocmpas sizéa 12 nk.  Xponuuecxas sizéa 12 n.x.  Xponuueckas 136a dicenyoka

Kon-60 % Kon-60 % Kon-60 % Kon-60 %

78 37,5 60 28,8 51 24,5 19 9,2

[Tpu anamuze ATJIK oOnHapyxeno: 1. KpoBoreuenue mpu octp. si3Be xenyaka — 78(37,5%).
2. KpoBoTedenue mpu ocTpoii ayoneHanbHoit si3Be — 60(28,8%). 3. KpoBoTeueHus 00yCa0BICHHbBIC
XPOHUYECKUMH AyOACHANbHbIMH si3BaMu — 51(24,5%) npeoOiiagaroT Hall KPOBOTCUCHHSIMHHU3
XpOHUYECKUXs3B kenyaka 19(9,2%).

N3 208 nammentoB ¢ AIJIK — sHpockomuyeckuii remocras mposeaen — 127(64,5%), 81
(36,5%) OI'TIC He mpoBeneH Tak Kak He ObU1O Moka3zaHui. ComyTcTByrolMe 3a00jeBaHusl ObLIU
BbIsiBIIeHB! Y 60s1bHBIX ATJIK y 192 (92,3%), y 16 (7,7%) nanueHToB COMyTCTBYIOIIMX 3a00/1eBaHUN
orcytcrBoBaio (Tabmuua 3).

Tabmuua 3
COITYTCTBYIOUIUE 3ABOJIEBAHNA Y BOJIBHBIX C AT'JIK
3abonesanus Konuuecmeo %
KBC 86 41,4
l'unepTonuyveckas 6one3Hb 71 34,1
[NocTrH(DapKTHBIN KapINOCKIIEPO3 24 11,5
CaxapHblii quabet 11 53
XOBbJI 10 4,8
XpoHndeckasi THEBMOHMUS 6 2,9

JUIs  OIleHKM HWCTOYHMKA KPOBOTCUSHHUS MBI HCIIOJNB30BAN KIACCU(PUKAIUIO S3BEHHBIX
racTpOoAyO/IeHAIbHBIX KpoBoTeueHuit o Forrest [33, 41-44].

[Ipy mpoBeeHHH HSHAOCKOMMYECKOTO HCCIEAOBaHUS ObUIM BBISABICHBI CIEAYIOIINE THUIIBI
racTpoyoeHAIbHBIX KpoBoTeueHwuii: Forrest 1A — 1(0.1%); Forrest 1B — 10(7.7%); Forrest 2A
— 77(61.6%); Forrest 2B — 36(28.3%); Forrest 2C — 3(2.3%).

BbutH MCTONB30BaHBI CIICAYIOMIAE METOMBI IHJIOCKOIMMYECKOTO T'eMOCTa3a: MHBECKIIMOHHBIN
MetoA (3TunoBsiid criupT 700) B 65 cirydasix; KOMOMHHPOBAHHBINA METOJ (MHBEKIIMOHHBIN METO] —
STHIIOBBIH criupT 700, ayToIIa3mMa U IEKTPOKOArYIISIUs — B 62 cilydasx).

N3 208 mnocrynuBmmx SAIJIK mnpoeneno »suaoremocras 129 (62,1%) O6oapHBIM C
nonokuTebHbIM  dpdexkrom. Y 89 (37,9%) mnammentoB npu DPIJIC mpomgomxaromerocs
KpoBoTeueHus He ObU10. Becem 208 GompabIM ¢ ATJIK mpoBeneHa spaaukaliioHHasi Tepamus, T.K.
ananu3 Ha Helicobacter pylori O6bu1 monoxutensHbiM. [Ipu nanpHelieM HAOMIONECHUH PEIHINBA
KpOBOTE€UEHUI He ObUT0. Brimucansl 10Moii Ha aMOyTaTOpHOE JICUEHHE TT0 MECTY JKUTEIHCTBA.
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S3Bennas 6omne3nsb (A1b) — XxpoHudeckoe penuauBUpyIoiee MyJIbTH(AKTOPHOE 3a00IeBaHUE,
nposiBistoieecs: 00pa3oBaHHEM S3BEHHBIX Je(EeKTOB B JKEIyJIKE W/WIM JABEHAIUATUIIEPCTHON
kuike (1K) ¢ Bo3MOXHBIM IpOrpeccupoBaHuEM M pa3BUTHEM ociiokHeHul [10, 20, 33].

B sT0i#1 cBs13u nomy4atoT orpoMHsbIid ppoHT padoTsl BOIIbI, Xupypru, y4acTKOBbIE TEPAIEBTHI,
MICUXOJIOTH, JTUETOJOTH, TaCTPOIHTEPOJIOTH, AHAOCKONHUCTHI B BUIE aMOyJIaTOPHOTO JICUEHHS,
oOcienoBanusi, MPOGUIAKTUKNA U TUCIAHCEPHOTO HAONIIOACHHUS, JEUCHHUS XPOHUYECKUX (POHOBBIX
3a00JeBaHMi, HEPEOKO MPHUBOMAIIMX K  peuuauBaM  s3BeHHOM  Oonesznu.  IlosTomy
MYJIBTUIUCIUIUIMHAPHBIN moaxo B JedueHuH 00ibHbIX AIJIK moBeicHT 3()()eKTUBHOCTH JICUCHHUS.

Pexomenyemasi cxema amOynaTopHOTo HaOONEHUST OONBbHBIX SI3BEHHOU OOJIE3HBIO KEITyaKa
u 1211K ocnoxHeHHass KPOBOTEUEHUEM IOCJIE BBIMMCKH W3 CTAallOHAapa: yacToTa HabmoaeHus: 4
pasa B Iroji; KOHCYJbTallMsl Bpada-racTpo3HTeposiora — 4 pas3a B I'0Jl KOHCYJIbTalUsl KIMHUYECKOTO
IICUX0JIOTa, Auerosora — 1 pa3 B rof.

WNucTpyMeHTaIbHBIE METOIbI HAOMIOACHHUS

1. ®I'AC c 6uoncueit — y 6onpubix AbXK u 2 pasza B rox.

2. OI'IC y 60mpubIx ABX 1 12 TIK — 1 pa3 B rog

3. Pertrenockonust xemynka u JJIIK — 1 pa3 B rog

4. Y3U opranos OpromHoi nojgoctu — 1 pa3 B rof,

5. OKI' — 1 pa3 B rog.

6. JlJaboparopuas nquarnoctuka: OAK — 2 pasa B rogq, OAM — 1 pa3 B roj, OMOXUMUYIECKUIT
ananmu3 kpoBu (oo6mmwmii 6enok, AJIT, ACT, nunasa, caxap, CPb, IITU, 6mmmpyoun) — 1 pa3 B roxn
[2, 14, 15].

Baxnrouenue

B pesyasrare toro, uro uwacrora SIJIK B mociemHue Tomsl HE yMEHBIIAeTcs, MpoodiiemMa
ManouHBazuBHoro JedeHus (O.I)) mogoOHBIX OONBHBIX MPEACTABISET aKTyallbHYIO 3aJady
COBPEMEHHOTO  3ApPaBOOXPAHEHMs.  DHJAOTEMOCTa3  SIBISETCA  CIOKHOW  XUPYpPru4yecKou
MaHUIYJIAIHeH  TpeOyromeld  MyJIbTUAMCIUIMHAPHOTO  MMoaxoja  (PHAOCKOIHUCTA,  XUPYpra,
aHEeCTEe3MOJIOTa, TICUX0JIOTa, JUETOJIOTa), a TAKKEe COOTBETCTBYIONIEH TEXHUUECKON OCHAIIEHHOCTH.
IIpu orcyrcTBUM, Kakoro-mubo ¢akTopa BBINOJIHEHHE JHJIOCKOMUYECKOTO TeMOCTaza He
MPEACTABISIETCS BO3MOXHBIM. Tak OTCYTCTBHUE AHECTE3UOJIOTMYECKOW MOAJEPKKHA HE ITO3BOJIAT
Bpauy-3HJIOCKOMUCTY YETKO TPHUIIETBHO BBIMOJHUTh HEOOXOIUMBIA O00BEM BMEIIATENIbCTBRA.
[Tomumo sTOTO, aHECTE3MOIOTHYECKasT OpHuraga HeoOXoauMa I MOHUTOPUPOBAHUS TIOKa3aTeseu
LEHTPaJIbHON TeMOAMHAMUKH, IPOBEICHUS KOPPEKLUUU €€ HapyueHui. Poib xupypra HeoleHnMa
npu orcyrcTBuu dddexra oT ’HAoremMoctasza. Tak kKak y OONBHBIX HUMEIOTCS COIMYTCTBYIOIIHE
3a00eBaHusl, TO HYKHO KOHCYJbTAllMs TepareBTa. YUYWTHIBas, 4YTO TMal[M€HTaM HeoOxomuma
MOpajbHas TOAJEpPKXKa, 3a7ada IICUXOJOra OKa3arb COOTBETCTBYIOIIYHO) IICUXOJIOTHYECKYIO
nonnaepxkky. bompHbie ¢ AIJIK Hyxnatorcs B cHelUaln3vpOBaHHOM JHMeTe, KOHCYJIbTalus
JIUETOJI0ra HeoOXoauMa.

Br160p MyNIBTHAMCIUTUITMHAPHOTO MOIXO0/1a TIO3BOJISET: OBBICUTH Y(PPEKTUBHOCTD JICUCHUS 32
CUET MPUHATUA KOMAHIHBIX PEUICHUW Pa3HbIMHU CHENUAIUCTAMU; CHU3UTh PUCKHA BO3ZHUKHOBEHUS
OCJIO)KHEHUH W PEIUIMBOB A3BEHHBIX MOPAXKEHUI; HAUTH HECTAHJAPTHBIN MOIXO B JICHEHUH TOTO
WM MHOTO MallMeHTa; c(hOpPMUPOBATH ONTUMATBHYI0 WHIUBUAYATbHYIO CXEMY JICUCHUS;COKPATUTh
CPOKM JIeYEHHS M peadwiIuTanuu; OOBEAWHUTH COBPEMEHHYI) XUPYPTUYECKYH0 TaKTHKY,
SHJOCKONMYECKUH  TEeMOCTa3, »JPAJUKAIMOHHYIO TEpamuio, JHUCIIAaHCepHOE  HaOJIoIeHHE,
JMETOTEPATHUIO.
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Annomayus. 1'acTpomyOneHaIbHBIE TEMOPpParMd — 3TO KPOBOTEYEHHUs, IPU KOTOPBIX
IPOUCXOIUT HCTEUEHHE KPOBH M3 KAKOro-TMOO H3BSA3BICHHOIO YydYacTKa, IOPaXXEHHOTO
BOCIAJIUTEIBHBIM IIPOLIECCOM C IOBPEXKIECHUEM KPOBEHOCHOIO COCYA U OTKY[a UCTEKAET CTPYIHO
WJIM KaIleJIbHO B MPOCBET JKEITYI0YHO-KHUIIEYHOTO TpakTa. IMEHHO kKelyl0K U JBEHalaTUIIEPCTHAsS
KMILIKa Yalle BCEro OKa3bIBAIOTCS MCTOYHUKOM I'eMopparuu. JTO BCEraa IPO3HOE OCIOXKHEHHE U
OIIaCHOE COCTOSHME, KOTOPOE€ 3a4acTyl0 CO3[4aeT Yrpo3y JKU3HU M 3a4acTyl0 3aKaHYMBaETCA
JEeTaJIbHBIM HCX0MOoM. OJHAaKO 3TO HE €JUHCTBEHHBIN BapUaHT BHYTPEHHEIO KPOBOTEUEHMS C
mmsaneM B JKKT: mpu psige 3a0oneBaHuMii — BapuUKO3HOE pACIIUPEHHWE BEH MHIIEBOJA,
Hecrenu(pUYecKuil sI3BEHHBbIM KonuT, Oone3Hb KpoHa, ocTpble KulIedHble HHQEKIUH U T.J.
I'emopparust MOXET BO3HUKHYTb Ha CaMbIX DPAa3HBIX OTPE3Kax TPaKTa, — OT BEPXHUX OT/IEJIOB
MUILIEBOJA JI0 MPSIMON KUIIKH, — U 3TH COCTOSIHUSA JIOJDKHBI OBITh YeTKo AuddepeHnnpoBaHs! oT
racTpOAYOJECHAJbHOTO KpoBoTeueHus. [Io pa3HBIM OIEHKaM, NMPUYMHON TIacTPOAYyOJAEHAIbHOIO
kpoBoreueHuss B 40-70% siBnsieTcst s3BeHHast OOJE3Hb KENMylKa U JBEHAALATUIEPCTHOM KUIIKU
(cronma ke OTHOCATCA MEIUKAMEHTO3HbBIE U3bSA3BIEHUS, SPO3UBHBIN racTput U T.1.). CyliecTBEHHO
pexe, — U IPUMEPHO C OJUHAKOBOM 4YacCTOTOM, — BCTPEYAIOTCS TaKKe KpPOBOTECUCHUS,
oOycioBiIeHHbIE pocToM 3NokadecTBeHHOUW omyxonu B JKKT wiM BapHKO3HBIM paciIMpeHUEM
MUIIEBOAHBIX U KETyAOUYHbIX BeH (LIUPPO3 MEYEHH, CUHAPOMA NOPTAIbHON TUIIEPTEH3HH).
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Abstract. Gastroduodenal hemorrhages are bleedings in which blood flows from an ulcerated
area affected by an inflammatory process with damage to a blood vessel and from where it flows in
a stream or drip into the lumen of the gastrointestinal tract. The stomach and duodenum are most
often the source of hemorrhage. This is always a formidable complication and a dangerous
condition that often poses a threat to life and often ends in death. However, this is not the only
variant of internal bleeding with effusion into the gastrointestinal tract: in a number of diseases -
varicose veins of the esophagus, nonspecific ulcerative colitis, Crohn's disease, acute intestinal
infections, etc. Hemorrhage can occur in various sections of the tract - from the upper esophagus to
the