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Annomayus. PaccmMarpuBaeTcss aCUMITOTUYECKOE [TOBEICHNUE PEIIEHUN CUCTEMbBI CUHTYIIIPHO
BO3MYUIEHHBIX  JU(QepeHIHaIbHbIX  YpaBHEHUH € JOrapupMHUUECKUMHU  IOJHOCAMH.
PaccmarpuBaemas cucreMa MMEET MOJIOXKEHUE PAaBHOBECHUS, YCTOMYMBOCTH KOTOPOIO HapyIIAeTCs
IIpU ONPEEIEHHOM 3HAYE€HUU MEJJIEHHOH nepeMeHHONH. OCHOBHOE BHHUMAHUE YAETSETCS SBICHUIO
3aJIEp’)KKH PELICHUs MOCJE MOTEpU YCTOMYUBOCTH, NMPU KOTOPOM TPAEKTOPUS PEIICHUS CUCTEMbI
OBICTPBIX TEPEMEHHBIX B TEYEHHE KOHEYHOro IPOMEKYTKa BpEeMEHU ocTaércs BOIM3H
HEYCTOMUYMBOIO IIOJIOKEHMsI paBHOBecHs. [l INpoBeneHus aHanu3a, CUCTEMA IPUBOAMUTCS K
KOMILJIEKCHOW (opMe M cBOAMTCA K MHTETPaJIbHOMY YpPaBHEHHIO CIleMajJbHOro BHja. B
KOMITJIEKCHOW TJIOCKOCTH CTPOUTCS COOTBETCTBYIOIIAsh O0JIacTh, U C HCIOJIB30BAaHUEM METOJIOB
JUHUMA YPOBHSA M IIOCIIEAOBAaTENbHBIX NPUOIMKEHUH JOKA3bIBAETCS CYIIECTBOBAHUE PEIICHUS.
IlomydyeHa acMMIOTOTHMYECKas OLIEHKAa pEIIEHHsS Ha OTPE3KE, 4YacTb KOTOPOIO COOTBETCTBYET
HEYCTOMYMBOMY TIOJIOKEHUIO paBHOBecus. [loydyeHHble pe3yslbTaTbl yYTOUHSIOT —BIIMSHUE
Jorapu(pMHUUECKHUX MOJIIOCOB HA INHAMUKY CUCTEMBI U OIUCHIBAIOT 00JIaCTh, B KOTOPOM HaOII0qaeTcs
SIBJICHUE 3aJCPKKU PELLICHUS.

Abstract. Examines the asymptotic behavior of solutions to a system of singularly perturbed
differential equations with logarithmic poles. The system under consideration possesses an
equilibrium point whose stability is lost at a certain value of the slow variable. The main focus is on
the phenomenon of solution delay after the loss of stability, in which the trajectory of the solution
corresponding to the fast variables remains in the vicinity of the unstable equilibrium point for a finite
time interval. For the analysis, the system is transformed into a complex form and reduced to a special
type of integral equation. An appropriate domain is constructed in the complex plane, and the
existence of a solution is proved using the methods of level curves and successive approximations.
An asymptotic estimate of the solution on an interval, part of which corresponds to the unstable
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equilibrium, is obtained. The results clarify the influence of logarithmic poles on the system dynamics
and describe the region in which the phenomenon of solution delay is observed.

Kniouesvie cnosa: CUHTYISIpHBIE BO3MYIICHHS, JIOTapU(PMHUUYECKUI TOJIOC, H3MEHEHUE
YCTOHYMBOCTH, ACUMIITOTUYECKHE OLICHKH, METO/I IIOCIIEI0BATENbHBIX PUOIMKEHUH, TMHUN YPOBHS
MOHOTOHHOCTb.

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

Obbexm uccnedo8anus u NOCMAaHO8Ka 3a0aiu
OCHOBHBIM OOBEKTOM UCCIICJIOBAHUS SBIISICTCSl YPaBHEHUE CIIEAYIONIETO BH A

ex' = A(y)X + f(X), (1)
y' =1, (2)
e 0<eé& — Manblii BemecTBeHHBIH mapamerp; X = (Xq,.,X4), X = (X1 — Y, X2, X3 —

v, x4), A(y) = diag(Al(y),Az (y)), A, (y),A,(y) HexoTopbie MaTpuIbl Broporo nopska; f(0) =
0.

VpaBuenust Buna (1)-(2) Ha3pIBalOTCA CHUHTYISIPHO BO3MYIICHHBIMU. B maHHOM pabote
pPacCMOTPUM CIIEIYIOIIMI CITydaid:

2y 2

2y =2 y2+1  y2+1
A1(}’):(2 zy),Aj()’): 2

2y
y:+1 y2+1/

Oco0eHHOCTh paccMaTpUBAEMOro ciyyash 3akio4aeTcs B TOM, YTO HYIM U TOJIOca
COOCTBEHHBIX 3HaUeHHI MaTpuIlbl A(y) momapHO COBIAIAOT.

Cucrema (1) Ha3bIBa€TCS CHCTEMOI OBICTPBIX ABMKeHUH [1, 2] 1 ona B Touke (y, 0,y, 0) umeer
MOJIO’KEHUE PABHOBECHSI, TPUYEM MOJIOKEHHE paBHOBECHS ycToiiunBa mpu y < 0 ¥ HEyCTOWYNBA MTPH
y > 0 1.e npu nepexojie 3HaueHUs1 Y = () yCTOMYUBOCTH MOJOKEHUS TEPSAETCS.

3anaua. Mccnenosath peemnenne cuctemsl (1) Ha (3 P).

Takue 3agaun uccnenoBansl B [3-9]. /s perienust 3aa4u UCIOIb3yeM METO]T pa3pabOTTaHHbII
B [5, 10].

Pewenue 3aoauu.

1. Marpuna A(y) umeer cOOCTBEHHBIE 3HAYCHUS

2

11,2()’) =2y ti), /13,4(3’) = P

Pemenne ypaBHeHus (2) Bo3bMEM B BUAY ¥ = t U 7S pelieHus cuctemsl (1) paccMorpum
3aauy

1Z(to, )| < O(e), to € R M t, < 0.B 3)

BBCACM HOBEIC (I)YHKI_[I/II/I CICAYIOIUM 06pa30M

xl—t=u1,x2=u2,x3—t=u3,x4=u4.
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NmeeMm cucremy ypaBHEHHI

Uy = 2tuy — 2uy + fi(ug, Uy, Uz, Uy) — €, 4)
Uy = 2uqy — 2tuy + fo(Uq, Uy, Us, Uy),
2t
—u — —
t24+1° t2+4+1
2 2t
u —
t24+1 ° t24+1
B (4) BTOpoe ypaBHeHHE YMHOXHB Ha (i) ¥ CJIOKHM C TICPBBIM YpaBHEHHEM (3aTeM MPOBEACM
BBEIYUTAHUE B TOM K€ MOPSIIKE), YETBEPTOE YpaBHEHUE YMHOXKHUB Ha (—i) U CIOXKHM C YETBEPTHIM
(3aTemM mpoBeJieM BBIYUTAHUE B TOM XK€ MOPSIJIKE).
B pesynbrare nmpoBeaeHHbBIX ACHCTBUI NOIIyYUM CUCTEMY

gu'3 = Uy + fg(up Uz, us, u4) — &

Uy + fo(uy, Uy, Uz, Uy).

Uy =

ezy = M ()21 — € + f11(21, 72, 73, 24), (5)
ezy = A,(0)2; — € + f21(21, 22,23, 24),
ezy = A3(t)z3 — € + f31(21, 22, 73, 24),
ezy = A4 ()24 — € + f31(21, 22, 73, Z4),

C Ha4YaJIbHbIM YCJIOBUCM

Iz(to, Ol < c16, (6)

. 2 i .
e Aip() = 2(t£0),A34(0) =—, z=1(21,22,23,24), fu=fi+t (1D, j=12;

t+i’
_ j—1¢ : _
fii=fz+ (D7, =34
3nmece u gaiee OyKBaMH Cq,Cy, ... OyIeM 0003HAYaTh ITOJIOKUTEIBHBIX TOCTOSHHBIX HE

3aBUCSIIMX OT €. [TycTh BBIMOIHSIOTCS YCIOBHS:
V1. f(z) € Q(H) — npocTpaHCTBO aHAIMTUYECKUX (PyHKIMIA B o0acTu

H={(t2),t eD,|z| < c,},

rie D = {t € C — MHOXeCTBO KOMILJIEKCHBIX yuceJ, [t| < ry € R};

fi(z) = (f11(Z)'f21(Z)'f31(Z),f41(Z))-
V2.Y((t,2),(t, D)) e H||i(®) — LD < 3|2 — Z||max{lI2]], |

2}
3anaay (5)-(6) 3aMEHUM CIIETYIOIIUM

F(®) FO-E@ @)

&

1
+ c f[_g + fj1(Z1,Zz,Zs,Z4)]€xp
to

Zj = Z]-Oexp

t .
e Fi(t) = fto Ai(D)dr,j = 1,2,3,4.
Tereph OCHOBHAs 3ajaua 3aKJIS4AETCS B HCCIEIOBAHMM ACHMIITOTHYECKOTO ITOBEICHHMS

peuienus cuctemsl (7).
s pemenust 3toil 3amaund K (7) MPUMEHUM METOJ| TMOCJEIOBATEIbHBIX MPUOIMKECHUN.

[TocnenoBarenbHbIE MPUOIMKEHUS OMIPEACITUM CISAYIOMUM 00pa3oM

Fi(t) 1
Zjm = Zjo€xp —— + = [—5 + fi1(Zim-1 sz—1,23m—1,Z4m—1)]9xP

to

O~ F@ (®)

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




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne3 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/124

Omnpenenum 007aCTh B KOMIUIEKCHOU TIJIOCKOCTH. {7151 3TOTO paccMoTpuM QyHKIIMH

Fo(®) = (t£0D)? j=12; Fpt)=2In(t+i), j=34
F}(t) = F}'o(t) - F}'o(to)-
Jlost onipeiesieHust 00J1IacTH UCIIONIb3yeM (PyHKITHH

ReFjo(t) (j = 1,2,3,4).

3ametum, uto pyukuun ReF;,(t)u ReF,,(t); ReF;,(t) u ReF,(t) B cHMMETPHYHBIX TOYKAX,
OTHOCHUTEIBHO JEUCTBUTENLHON OCH, MPUHMMAIOT paBHbIC 3HaueHMs. Jlalee cuMMeETpHIo Oymem
[MOHUMAaTh, TOJILKO OTHOCUTEIBHO JECHCTBUTEIBHON OCH.

Bo3bMéMm pynkiuio Fiy = t2 + (t, — 2)2

¥ OIIpesIeIUM JIMHMIO YpoBHS t¥ + (t, — 2)% = 9,

Orcrona onpenensieM (GyHKITHIO

, K1

®yukuuu ReF; u ReF, paccmorpum Ha kpuBoi (K;), npudyem OyaeM cyuTarh, 4TO —/5 <
t; <0.
Ipu taxom ycinosun (K;) coexunsier Touku (—V5; 0) u (0; -1).

2
ReF1=t12—(t2+1)2=t12—<3— f9—tf>.

OnpenenuM MOHOTOHHOCTB ReF;. Nmeem

t, :
Jo—t (2/9- 17 +3)
Orciona crenyer mpu (—V5 < t; < 0 gynxius ReF; crporo yosBaet mo (K;).

Tenepr mpoBepuM Ha MOHOTOHHOCTH ReF, Ha kpuBoil (K;) . Jlis 3TOro JOCTaTOYHO
paccMoTpeTh QPyHKIUIO

(ReFy) = 2t; — 2 <3 — [9—1¢t2

=2

Fo = t2 + (t, — 1)%

2
. t 2t
(F40)=2t1+2<1—/9—t12>- S
Vo-tf VI-¢f

CrnenoBarenbHO NpU —/5<t, <0 ¢byukuus F,g, a Takxke ReF, yObIBaloT.
Bo3pméMm

Nmeem

Otcroma

t,=t;—14+ 6 (0 < § — He 3aBUCHUT OT €) (K 2)

Kak u B mpepIIyIeM ciydae yCTaHOBUM MOHOTOHHOCTH (GyHKIHiA ReF; (t) u Fyy Ha KpUBOi
(K,). Nmeem ReF; (t) = t? — (t, + 8)?, (ReF;) = —28 < 0.ReF,(t)- crporo y6uiBaer 1m0 (K5).

Hanee Fyg = t7 + (t, — 2+ 8)%, Fjp = 4(t1 _¥)'
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2-6
CoracHo MOJTYYEHHOTO BhIpakeHus st Fy, ecmu t; < — > T0 Fjo-yObiBaer 1o (K,). (K3)

2-6
nepecekaeT och t; B Touke t1g=1—0ul—46< —— Taxum obpaszom F,, cTporo yObIBaeT 1o

(K,). Onpenemum (K,), (K,) cummerpuunsie x (K;), (K5).

Oyukunn ReF; u ReF, ; ReF; u ReF, B CUMMETPHUYHBIX TOYKaX NPUHUMAKOT PaBHBIC
3navenus. Torma no (K;) U (K,) dysximu ReF, u ReF; Taxke yosiBaroT. O6nacTh OrpaHHM4YeHHbIiH
(Ky), (Ky), (Ky), (K;) o603nauum Dy (PucyHoK).

(K>)

(Kz)

Pucynok. Obnacts Dy

[MocnenoBarenbubie TpuOMMKeHust (8) paccmorpum B obmactu Dy . Ompemenum myTH
unrterpupoBanus st (8). IIyTh ISt 24y, Zom cocTOUT U3 acTu (K;) U (K,) COEMUHSIONIETO TOUYKH
to = —V5 u {; IPAMONMHENHOTO OTPE3Ka COSAMHSIIONIETO TOUKHU & = t; + if,, t = t; + it,.

[TycTh OIS Zyy, Z3y, BBIOMPAETCS CHMMETPUYHBIM K IIYTHAM IS Z11m, Zam -

[lepexonuMm K OLlEHKE U JOKa3aTeIbCTBY paBHOMEPHOH cxoaumoctu (8) B obmactu Dy.

IlycTe

lzpll < a(e), VtE D,, 9)

e a,, (€)-HekoTopas moaoxuTeabHas GyHKiwms ot €. Ecmum = 1, 10 ||z4 || < a4 ().
Hcxomss w3 BBIOpaHHBIX MyTedl wuHTerpupoBanuss wumeeM ||z1]| < ¢;(€)|E(ty, t, €)| +

|ftz E(t,t,e)dt|, tne E(t,t, &) = diag (expé(Fl(t) - Fl(‘[)), ...,expé(FLL(t) — F4(T))>.

[lo BeIOpanbiM TyThaM ReF;(t) crporo yobwBator. Torma |E(to,t,&)| < 1. u unTerpass
[ exp Fi(D-F;(@)
to €

VuutbiBas ckazaHHOE MOAYYInM ||z4|| < c1€ + €116 = 48, ¢4 > ¢4. Janee, yuntbiBas Y1, V2

t c
S lzmPIE @, ¢, )llldrl| < cae + 2 am(e)e = car + csam(e),

dT MOXHO WHTETPHUPOBATH IO YACTHSIM.

uMeeM ||Zpaq || < cae + Cf

|Zmi1ll < cae + csap,(€),c5 > ¢y (10)
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TakuMm 00pasoM 41 (8) = c4e + csa’, ().

Ectu m=1, 10 ay(&) =cue +csa?(e) < cue + cscie? = e(cy + cscie). Iyets ¢y +
Cs—C.
CsCie < csumi € < CSS—C‘; Ipu TakoMm ycnoBuu a, (&) < cse. Takxke az(e) < e+ c3e? = e(cy +

Cs—C
c3e). Iyctp £ < 563 %, VCII0BUS HAJIOKEHHBIE HA €, PH MaJIbIX 3HAYE€HUSX € BHIIOJHsAIOTCA. Torma
5

as(e) < cse. Utoro momyunm
Ami1(6) < cse,m=0,1,2,... (11)

VYuursiBas (11) ouenky (10) moxewm 3anucarb B BUJe
|Zpsill < cse,m=0,1,2,...; t € D,. (12)

JlokakeM paBHOMEPHYIO CXOJUMOCTH (8).
[Tycth cipaBemBa oleHKa

”Zm - Zm—l” < ﬁm(g)' te DO' (13)
rie S, (€)-Hekoropas monoxkurenbHas GyHkius or €. Eciu m = 1, 1o f;(¢) < cse. danee

1 t c
uveeM  ||zp, = Zpq |l < 2 |ft0 c3llzm — zZm-1llmax{l|zy ||, 1zm-1 11} - |E(z, ¢, O)lld7l| < 2 am(e) -

t
Cs€ |ft0||E(T; t, €)|||dT|| < c365(8) " €o€ = €oC3C5EBm(€), Pm+1(€) = coczCsEfm(€).

Otcrona umeeM: eciu m = 1, 10 By(€) = cocz3cs5eB1(€) < cocscse * cse = coc3(cs€)?; ecnn
m = 2,10 f5(¢) < coc3csef,(e) < (coc3)?(cse)’.

Takum  06pasoM  L41(€) < (coc3)™(c5e)™t! = %(C0C3C5€)m+1. IIpu  ycnoBum
0¢3

(coc3cs€) < 1, pan Yopm=1(Zm — Zm—1) paBHOMEPHO cxoautcs, B Dy, K HeKoTopor (yHkiuu Z(t, €),
KoTopas siBnsiercs perienueM (7). Ecinu yuects (12), s 3TOro0 perienus cripaBeijnBa OLeHKa

|z|| < cse,t € Dy. (14)

Jlokaszana cienyroniast TEOpemMa.

Teopema. Ilycth paccmarpuBaercs 3anada (5-6) mpu ycnosuu Y1-Y2. Torga cymectByer
obnactb Dy € D m z(t, &) — peuieHre 3TOM 3ajgauu ompeneneHHoe B Dy U JUIsL 3TOTO peleHus
crpaBeiiBa oreHka (14).

Cneocmeue. Ecnu ouieHKy (14) paccMOTpeTh Ha JEHCTBUTENBHOM OCH, TO /7Sl PELLIEHUS CUCTEM
(1)-(2) momyuum

%]l < cse, to=—V5<t<1-06. (15)

Onenka (15) moxa3piBaeT, Korna MOJIOXKEHHE PAaBHOBECUS CTAHOBUTCS HEYCTOMYUBBIM, TO
pemeHre cuctemsl (1) He cpa3dy MOKUAAET BO3HUKIIEE HEYCTOWYMBOE IOJIOKEHHWE paBHOBECHUS, a
ocraercst B 6iu3u Hero Ha otpeske [0; 1 — §] Bpemenn t.
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Annomayusa. IlpoaHanmu3upoBaHbl COBPEMEHHbBIE IOAXOJbl K IMPUMEHEHHUIO MPOEKIUH U
koopauHat 'aycca—Kprorepa B HMHXEHEPHO-T€OAE3NYECKUX M MapKIIEHJIEPCKUX HMCCIEI0BAHUIX.
[IpennoxeHbl peKOMEHAALNWK MO BBIOOPY HPOEKLIHMH M CUCTEM KOOpAMHAT B 3aBUCUMOCTHU OT
MmacmTaba pabor um TpeOyemol TouHOocTH. Llenu uccnenoBaHus: pa3paboTka peKOMEHJAIMH MO
BbIOOPY MPOEKIMH M CUCTEM KOOPJIMHAT B 3aBUCUMOCTH OT MacuITaba paboT 1 TpeOyeMoil TOUHOCTH.
[IpoBeneH 0030p CYIIECTBYIOLIUX T€0/I€3MUECKUX MPOEKLIUH M OIEHEHbl MX BO3MOXHOCTU JJIS
oOecrieueHrss HEOOXOAMMON TOYHOCTH NIPU BBIMOJIHEHWHU TOPOJCKHMX, CTPOUTEIBHBIX W TOPHO-
Mapkueiiepckux pabotr Ha Tepputopun Keipreisckoil PecryOnuku. PaccMOTpeHBI OCHOBHBIE
orpannueHus npoekiuu ['aycca—Kprorepa, 00ycioBieHHbIe TUHEHHBIMU HCKQ)KEHUSIMU Ha KpasiX 30H
U TPYOHOCTSMHU HPHU BBICOKOTOUHBIX HU3MEPEHHSX. BBISBIEHBI NPEUMYIIECTBA MPUMEHEHUS
cTepeorpaMueckux M JIOKAJIbHBIX CHCTEM KOOPJIMHAT JJsi HPOEKTUPOBAaHUS, CTPOUTEIbHOMN
pa3OMBKM M MOHUTOPHHIa cMelleHHi o0bekToB. [Ipu pa3paboTke crenualbHOW MPOEKIUU JUIS
MH)XEHEPHBIX TOPOJCKUX TE0Je3NYECKUX pabOT HEOoOXOIMMO TIIATEIbHO MCCIIEN0BaTh BOMPOCHI
HCKaXXEHHM, yI00CTBa MPAKTUUYECKOTO PUMEHEHUS U CBA3H C 00IEroCy1apCTBEHHONW CUCTEMOM.

Abstract. This article analyzes modern approaches to the application of projections and Gauss—
Kruger coordinates in engineering geodetic and surveying studies. Recommendations are proposed
for selecting the appropriate projection and coordinate system based on the scale of work and the
required accuracy. A review of existing geodetic projections was conducted, and their capabilities to
ensure the necessary accuracy for urban, construction, and mining surveying tasks in the Kyrgyz
Republic were evaluated. The main limitations of the Gauss—Kruger projection, caused by linear
distortions at zone edges and difficulties in high-precision measurements, are discussed. The study
identified advantages of using stereographic and local coordinate systems for design, construction
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layout, and object displacement monitoring. In developing a specialized projection for engineering
urban geodetic work, it is necessary to thoroughly investigate distortion issues, ease of practical
application, and its compatibility with the national coordinate system.

Knrouesvie cnosa: tonorpaduyeckas chbEMKa, KoopauHarbl, mpoekuusi ['aycca—Kprorepa,
cTepeorpaduueckasi MpoOeKIus, MOrPEIIHOCTh, TOPHBIE PaliOHBI, TOHHEINb, IIEpPeBajl, reoae3ndecKas
CETh.

Keywords: topographic survey, coordinates, Gauss—Kruger projection, stereographic
projection, accuracy/error margin, mountainous areas, tunnel, pass, geodetic network.

CoBpeMeHHOE pa3BUTHE T'€OMH(OPMAIMOHHBIX TEXHOJIOTUHA M METOJOB TOYHBIX HM3MEpPEHUI
3HAYUTEIFHO IOBBICUIM BO3MOXXHOCTH HH)KEHEPHON TIeoJe3ud, TOomorpauueckoil CheMKH U
apxeoJoruueckux uccaenoBanuii. OMHUM U3 KIFOYEBBIX HHCTPYMEHTOB B 3TUX OONACTAX SBISIOTCS
CUCTEMBI KOOPJHMHAT W KapTorpaduueckue MpPOEKIHU, OOCCIICUMBAIOIINE TOYHOE OTpEACIICHUE
MOJIOKEHHUST OOBEKTOB M 00pabOTKY MPOCTPAHCTBEHHBIX JaHHBIX. BaKHOE MECTO Cpeau TaKux
nmpoeknuii 3aHumaer npoekius [aycca—Kprorepa, mupoko wucmonb3dyemas B psijie CTpaH A
npeoOpa3oBanus reorpaguueckux KOOPAUHAT B MJIOCKUE CHUCTEMbI, IPUTOAHBIE IJI MHXKEHEPHBIX
3a/1a4 U MOATOTOBKH KapT [1].

Br10op monmxonsiieil MpOeKIUU W CUCTEMBI KOOPAHWHAT SIBJISICTCS KPUTHYESCKHUM DOTarioM B
COBPEMEHHBIX T'€0/Ie3UUYECKUX pabdoTax, 0COOCHHO YUYUTHIBasi OCOOCHHOCTH penibeda, MacuTadbl
MIPOEKTOB U TPEOOBaHUS K TOYHOCTHU. B ropHBIX pailoHax, TOPOICKUX YCIOBUSX U IIPHU CTPOUTEIHLCTBE
B CJIOKHOM Tororpaduu 0co0yro CII0KHOCTh MPEACTABIISIOT HEOOXOIUMOCTH MUHUMHU3AIUN OIITHOOK
Y UCKaXCHUI. B CBS3M C 3TUM aKTyaJ bHO MPUMEHSTH Pa3JINYHbIE CUCTEMBI U MPOEKIIMH, TAKUE KaK
ctepeorpaduueckas, ['aycca—Kprorepa u nokajibHble KOOPIUHATHBIE CUCTEMBI, Ka)KAasi U3 KOTOPBIX
o0J1ajaeT CBOMMU MPEUMYIIIECTBAMU U OTPAHUYCHHUSIMHU [2].

[ens uccnenoBanus aHaaIu3 COBPEMEHHBIX METO/IOB ITpuMeHeHus rpoekiuu ['aycca—Kprorepa
Y aJIETEPHATUBHBIX MPOEKIIUNA B UHKEHEPHO-TEOJIC3NUECCKUX U MAPKIIIEHIEPCKUX UCCIEAOBaHUAX [3].

Oco0oe BHMMaHHE YAENSETCS OLIEHKE MPEUMYIIECTB U HEAOCTAaTKOB JaHHBIX METOJOB IMPHU
BBITIOJTHEHUH pa0OT B TOPHBIX YCIOBUSAX M TOPOJICKUX TEPPUTOPUSX, a TAKKE MPU MPOSKTUPOBAHUU
TyHHEJIEH, MepeBalioB, Ieofe3UYecKux cerel u o0beKTOB HHGpacTpyKTypbl. B uccnenoBanun
paccMaTpHUBAIOTCS BOIIPOCHI OTPEITHOCTEH, BRI3BAHHBIX UCKAKEHUSAM U OCOOCHHOCTSIM BHIOPAHHBIX
CHCTEM, a TaKXe CrocoObl MX MUHUMU3AIMU A1 00ecleueHns BhICOKOM TouHOCTH. [IpoBOIUMBINA
aHaJIM3 TMO3BOJIUT pa3paboTaTh PEKOMEHAANMU MO BBIOOPY HamOojee MOAXOMSIICH MPOEKIHH U
CHUCTEMBI KOOPJIMHAT B 3aBUCUMOCTU OT MaciTada M XapakTepa KOHKPETHBIX 3aJ1ad. 3HAYUTEIHHOE
BHUMAaHUE YJEJSIETCSl BOPOCAaM MPUMEHEHHSI CUCTEM B YCIOBHSIX CIOXKHOTO penibeda Keipreizckoii
PecryOnuku, uto TpeOyeT yueTa JTOKaJIbHBIX YCIOBUH U crielu(DUKH IPOSKTUPYEMbIX 00BEKTOB.

Pesynprarel uccienoBanus OymyT crocoOCTBOBaTh MOBBIIIEHUIO TOYHOCTH TEOIE3UYECKUX
M3MEPEeHH, ONTUMHU3AIUU METOAOB O0paOOTKM MaHHBIX W Oonee 3((eKTHBHONW HHTErparuu
TeOIC3MUECKON CETH C HAI[MOHAIBHOW CHCTEMOW KoopauHaT. TakuM 00pa3oM, cTaThbsi BHOCUT BKJIAJ
B Pa3BUTHE COBPEMEHHBIX T'€OJE3MYECKUX TEXHOJOTHMM W HX MPAKTHYECKOTO TNPUMEHEHHS B
WHXCHEPHBIX M HAYYHBIX padoTax.

Mamepuanvt u Memoowl ucciedo8arus

[IpounsBenen 0630p MUTEPATYPHBIX UCTOYHUKOB M CHCTEMATHUYECKUN aHAJIN3 CYIIECTBYIOIINX
HAyYHBIX MyONUKAIIUi, HOPMATUBHBIX IOKYMEHTOB i METOIMYECKUX PEKOMEH AU TT0 TPUMEHEHHUTIO
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reo/Ie3NUYEeCKUX MPOEKIMI U KOOPAUHATHBIX CUCTEM, UTO IO3BOJIMIIO OMPENEIUTh TEKYIIUNA YPOBEHb
TEXHOJIOTHH U MPAKTHYECKUX PELICHUI B 00IaCTH.

BrinosiHeHO MaTEMaTUYECKOE MOJICTMPOBAHHE U OLICHKA UCKAXEHUM, TAITMYHBIX IS TPOEKIUU
l'aycca—Kprorepa u crepeorpaduyeckux MPOEKIHH, ¢ y4eToM OcoOeHHOocTel penbeda, 30H U
Macmrtaba wuccinenoBanusa. Mcnonb3oBanuch (GOpMynbl JUIsi OLUEHKM JIMHEMHBIX M YIVIOBBIX
HCKaXXCHHM, a TaKKe METOJOB YHCIEHHOro aHanu3a. [IpoBeleHbl SMIUPUYECKHE WU3MEPEHUS U
OKCIICPUMCHTAJIbHBIC pa6OTbI, IMOJICBLIC T'COAC3UUCCKNUEC UBMCPCHUA B PA3JIMYHBIX YCIIOBUAX.

Pezynemamut u oocyscoenue

[Ipexxne yeM HMPUCTYNHUTHh K PEHICHUIO 3TOW 3a/laud, pacCMOTPUM COBPEMEHHYIO MPAKTUKY
MIPUMEHEHUSI MPOEKINK 1 KoopauHat ['aycca-Kprorepa B HH)KEHEPHBIX TOPOJCKUX T'€OAC3UUECKUX U
Mapkumeinepckux paborax. C pa3BUTHEM HWHXEHEPHO-TEOJE3MUYECKHX UM TOPOJACKUX pabot
HEJOCTaTKU cucTteMbl KoopauHar [aycca-Kprorepa mpuBenn k ToMmy, 4TO €€ CTajd MOCTEIEHHO
3aMEHATH YCIOBHBIMU MECTHBIMU CHUCTEMAaMU MPSIMOYTOJBHBIX KOOPAMHAT, KOTOpbIE Ooiee WU
MEHee OTBeyYaau TPeOOBaHUSAM IPaJOCTPOUTEIBLHON U MAPKIIEHAEPCKON MPAaKTUKU HAa TEPPUTOPUU
Ksiprezcrana [4].

Kpatko mpociennM coBpeMeHHYI0 IPAKTUKY MPUMEHEHHUS MIPOEKIIMH U CUCTEMbI KOOPIAUHAT B
[JIaBHEHIINX OONACTIX WHKEHEPHOU NESTEIbHOCTH, B YACTHOCTU: B MH)KEHEPHO-TE€OJIOTUYECKUX U
reopusuueckux  paborax; B  THUAPO-IHEPrO-CTPOUTENBCTBE, B  TIPAJOCTPOUTENBCTBE; B
MPOMBIIIUICHHOM M TPaXXJIaHCKOM CTPOMTENIbCTBE; B TOpHO-Mapkiieiaepckux padorax. [lpum
WHXEHEPHO-TeOJIOrHUecKnX U reodusnueckux padborax KeIpreizcTaHa CpaBHHTEIBHO HEBBICOKAs
OTHOCUTENIbHAas ToyHOCTH, mopsaaka 1:1000-1:1500, nDpou3BOAUMBIX TE€OJOTHMUYECKHX U
reopu3nveckux padoT TMO3BOJSET NPUMEHATh MPOCKUUI0 H KoopauHatel [aycca-Kprorepa
HE3aBUCHUMO OT PACIIOJIOKEHMSI MCCIIEAYEMOT0 y4acTKa OT OCEBOr0 MepujauaHa 3-X wih 6° 30HBI.
OpnHako, npeabsBiIsieMble TPEOOBaHMS K TOYHOCTH HHIKEHEPHO-TE€0/IE3MUECKUX U CheMOYHBIX padoT,
BBITIOJIHsIEMBIX B MaciTabax 1:2000-1:500 mist “H)KEHEpHOH T'e0JIOrMYeCKON MPAKTUKH KOPEHHBIM
00pa3zoM MEHSIOT MOCTAHOBKY BOIMPOCA O BBIOOPE 11e7IecO00pa3Hoii mpoeKuuu |5, 6].

[Ipumem npenenpHyto rpaguueckyto TouHOCTh mD Tomorpaduyeckoi cheMKU i Touku D
(Pucynok), onpezenseMoil U3 reofie3ndecKor MPUBS3KHU, TOT/A, CIEAYs PACCYKICHUSIMH CPEIHIOI0
KBaJIPATUYECKYIO OIIUOKY TOUYKHU K CETH CTYIIEHUS, KaK OTIOPHOM, B XY/AIIEM cllydyae Hy»KHO UMETh B
JIBa pa3a MEHbIy10, yeM mD, T.e.

m=—2 (1)

Pucynok. Tonorpaduueckoii CheMKH 15 TOUKH D
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[Ipu cobmroneHnn Takoro TpeOOBaHUS B TOCYAApPCTBEHHOM I'e€0Ie3MUeCKOM CETH (IyHKTHI A, B,
C) HEoOX0MUMO MMETh TOYHOCTh B 2-3 pa3a BbIlIe, YeM TOYHOCTh Pa3BUBACMOI CETH CTYIICHUS,
MOCKOJIbKY OHa MpeIHa3HaYeHa HEe TOJIBKO JUIS TOMOTpauuecKoil ChbeMKH, HO W JJIS IeJIoro psiia
TreoAC3NYCCKUX I/I3MepeHI/II>'I, BBITIOJIHACMBIX IJIA ITPOCKTHBIX U CTPOUTCIIBHBIX pa60T. CJIGI[OB&TGJIBHO,

mB=mg = —X = =2 (2)
Z 4
TJe Mg — CPeAHss KBaJpaTHIecKast ONMMOKa B JJIMHE CTOPOHBI TPHAHTYJISINH, TPHPABHEHHAS
K omuMOKe ompeneseHus MmyHKkTe. TakumM 00pa3oM COTIACHO MHCTPYKIMH JJIS MOCTSAHEH CTYIICHH
cheMkH B Macimtade 1:500 mpu TOYHOCTH MOCTPOEHUST TOMOTrpaduIECKON OCHOBBI T'€OJOTHYECKUX
KapT paBHoit +0,3mM, umeeM mp=0,15 M, m=0,075 m, m=0,038 m.

Jlpyrumu ciioBamu, camasi ciiabasi CTOpoHa TpUAHTYIsuu 4 Kjiacca JUIMHOM 2 KM JIOJDKHA
ms _ 0038 1

OTIPENENIATECS C OTHOCHTENBHOM OHIMOKOH — = = .
4 2000 50000

CTYILIEHHSI, TPOJIOKEHHOM MEX/ly MyHKTaMHU TPUAHTYIIALNY 4 Ki1acca, onpeaessiercs no popmyre:

OTrHOCHUTEIPHAS OINUOKA CETHU

l ka _ 1 (3)

N~ 2500 17000

JInst  cheMOYHOrO OOOCHOBaHMS, IPH JUIMHE TEONOJIMTHOIO XOJa MEXIy TOYKaMHU
2mp _ 2x015 1

d 500 1700
OTKyza CiietyeT, 4To €CJIM IMOJIb30BaThCsl YHCIICHHBIMHM PE3YJIbTaTaMH ChEMOK B MPOCKIIUH

l'aycca-Kprorepa, To mpu BBIHOCE MPOEKTOB MH)KEHEPHO-T€OJIOTUYECKHX OOBEKTOB B HATYPY MBI
JIOJDKHBI M YTJIBI, pACCYMTAHHbBIE 110 KOOPAMHATAM, BBOJUTH IONPABKY 3a MEPEXO]] C IUIOCKOCTH Ha
sruIcousie. 910, KOHEYHO, JIOCTaBIsAeT OoJibllle HEyIoOCTBa B BBIYMCIEHUAX. [loaTOMY, UTOOBI
n30eaTh ITOr0 Ha MPAKTHKE BECbMa YacTo MOJIb3YIOTCS MECTHOH cucTeMoi koopauHar [7].

B runpo-sHeprocTpouTenbCTBO IUIaHbI BBINONHAIOTCS B Macwmadbe 1:5000-1:500 Biubo B
npoekuuu ["aycca-Krorepa B 30-x 30Hax, 1100 B MECTHOH cucTeMe KoopAuHaT. B 3aBucUMOCTH OT
BHJA 3a IPOEKTUPOBAHHOIO THUAPOTEXHUYECKIO COOPYKEHHS OIPENEISIETCS M PAcCUMTHIBAETCS
TOYHOCTh HH)KEHEPHO-T€0JIe3NYeCKHX paldoT, KOTOpas COIIaCHO MHCTPYKLUSAM IO HHKEHEPHO-
reo/Ie3N4eCKUM paboTaM /1Sl THAPOTEXHUUECKOTO CTPUTENBCTBA IOCTATOYHO BBICOKAs U COCTABIISIET
oT 20 10 1 MM. TOUHOCTH OOBIYHBIX T'€0/IE3MUECKUX CETEN B TAKUX CIy4yasiX HE BCET/Ia YOBIETBOPSET
yKa3aHHOMY JomycKy. IloaTomMy amst 9TUX 1eneil ucroib3yeTcsl creluanbHas THApOTeXHUYECKas
TPUAHTYIISALUS TpeX pa3psAaoB. OCOOEHHOCTh €€ 3aKJIYaeTcs B TOM, YTO MPU HATUYMM KOPOTKHX
CTOPOH CETH, OHAa 00ecTIeurBaeT MOIYUYEHHE JJIMH CTOPOH, YITIOB U KOOPAMHAT C BBICOKOW CTENEHBIO
ToYyHOCTU. [loKa3pIBalOT pe3ynabTaThl MCCIEJOBAHUNM TOYHOCTU TOCYIApCTBEHHOM TI'€0/1€3MYeCKON
cetu KbIprei3crana, yTo OTHOCHTENbHAs OIIMOKAa Hambosiee caboil CTOPOHBI THAPOTEXHUYECKOM
TPUAHTYIISAUKN HaxoauTcd B mpenenax ot 1:70000 go 1:200000. I'ocynapcTBeHHOE 000CHOBAaHUE HE
MOKET MPEICTaBUTh HCXOJHBIX JAHHBIX JJIs YKAa3aHHOM CETH CHEeIHaIbHOTO Ha3HAueHUus, T.K.
OIMOKM ATHX JaHHBIX OJHOIO TMOpsAAKa C COOOTBEHHO OIIMOKaMU U3MepeHus Haubosee
OTBETCTBEHHBIX CTOpOH. CleoBaTesIbHO, YTOOBI HE BHOCUTH OIIMOOK MCXOIHBIX JaHHBIX B CETH
CMELUATbHOTO0 Ha3HAuUEHUsl, TOCYIapCTBEHHBIE reofe3ndeckre ceTd KbIpre3cTana JOKHBI UMETh

. 1
MIOJIMTOHOMETPHUH paBHOM 0.5 KM, OTy4YuM =

OTHOCHTEJIbHBIE OIMUOKH cl1abo onpeneuieHsx ctopoH ot 1:40000 go 1:400000.

HO3TOMy T€OAC3NYCKUE CCETU FI/IHpOTeXHI/I‘—IeCKOI\/'I TpI/IaHl"y.TISIHI/II/I CHejlyeT CcOo31aBaTb Ha
COOCTBEHHBIX 0a3mcax, WCIONB3YS JHUIIb OPUEHTHPOBKY HAIMpPaBIEHUH M KOOPIWHATHI OIHOTO
W3MYHKTOB  TOOYIApCTBEHHON  TeOMe3MYecKoi  ceTh. BBICOKOTOYHAs  TUIPOTEXHUYECKas
reojie3uvecKasl CeTh JODKHA 00padaThIBaThCsl B TAKOW MPOEKIMK KOTOPOS Jajia Obl HEOIIYTHMME
WCKaXEHUSI PACCTOSTHUM M PeTyKIUHU YIJIOB.
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I[To 3T0i1 mpuYKHE BOIIPOCHI 11eJ1IecO00Pa3HOro BHIOOPa MOBEPUHOCTH OTHOCUMOCTH M OCEBOTO
MepHiMaHa B THJIPO-dHEPrOCTPOUTEIHCTBE MUMEIOT OOJBbIIOE MPUHIMIKAIBHOE 3HaYeHHue. Tak, K
npuMepy, npu 00pabOTKE BBICOKOTOUHBIA THAPOTEXHUYECKHHA TPHAHTYISALUU 2 paspsja,
BBIIIOJTHEHHOM aBTOPOM ISl CTPOMTENBCTBA BBICKOTOpHOro KHpOBCKOro BOJOXpaHMIIMILA B
tepputopun KeIpreizcrana, npuimioch BooOle oTkazarbesi OT mnpoekuuu [aycca-Kprorepa,
MTOCKOJIbKY JIJTMHA TJIOTHHBI B 257 M, BeIUMCIEHHAs B Hel, HA 50 MM OOJbIe ACHCTBUTEIBHOM, a
OTBOJHOI'0 TOHHENS IIMHOHU 360 M, COOTBETCTBEHHO Ha +68 MM.

ITo TokTorynbckoit 'DC cooTBETCTBYIIME BEIUUYHUHBI 3HAYUTEIBHO 00JIbIle. ECcTecTBEHHO, UYTO
Ha TMPaKTUKE MPU HCIOJb30BAHUU TEOJE3UYECKUX JAHHBIX, €CITU OHU BBIYHUCICHBI B MPOCKIUU
lNaycca-Kprorepa, B mpOEKTUPOBAHUU U CTPOUTEIHCTBE BO3HUKAIOT ONpeesieHHbIe TpyAHOCTH. s
MPOEKTHPOBaHUS U cTpouTesbeTBa ropoaoB cortacHo CHull KP 10-01:2017 Heo6xoqumo UMeETh
Tororpadudeckre KapThel ¥ mwianel B MacmTados 1:10000-1:500. HacTosiie cTpouTenTbHbIE HOPMBI
OTIPE/IETISIIOT OCHOBHBIE TPeOOBaHUs, MPEAbsBIsieMble Ha TeppuTopun KbIprei3cTaHa K cOCTaBy U
COZICpKAHHIO MaTeprasoB, MOPSIKY pa3paboTKu, paCCMOTPEHUS, COTYIACOBAHUS M YTBEPIKICHHUS BCEX
CTaguil TpPaJOCTPOUTENBPHOW JOKyMEHTaluu. M3 BceX NepeunclieHHBIX KapTarpaduyecKux
MaTepuaioB KapThl U miaHel MacmTaboB 1:10000-1:5000 BBITOIHSIOTCS OOBIYHO B MPOCSKIIUN H TIO
koopauHatam ['aycca-Kprorepa, a ocranbHble TUOO B YCJIOBHHOHM, JMOO B MECTHOH cHCTEeMe
KoopauHaT. YToObI 00eCceYnTh TOYHOCTh H300pakaeMbIX MPEIMETOB TOPOJICKUX TEPPUTOPTUH CO
CIIOKHBIM HaJ3€MHHUM U ITOA3E€MHBIM XO3SIMCTBOM B MOJEAHEN CTaauu chbeMOK B MaciuTtade 1:500,
HEOOXOIMMO ONPEAETATh TOUYKHM ChEMOYHBIX XOJ0B CO CpeIHEH KBaJpaTHUeCKON omuokoi +0,2 MM
Ha muaHe 4To coorBercTByeT md = + 0,10 M Ha mecTHOCcTH. OUYEBUIHO, CO3MAHHOE MOCTOSIHHOE
000CHOBaHHE TaKOH TOYHOCTH OyAET JOCTATOUHBIM MIPHU PEIIEHUH MHOTHX HHKEHEPHO-TEXHUYECKUX
3aJla4 IrpaJloCTPOUTEILCTBA.

[lepenecenrie B Harypy HpPOEKTOB IUIAHUPOBKUM M 3aCTPOMKH TOPOJIOB IPOU3BOJUTCS
JeiicTBeM OOpaTHBIM CheMKe MeCTHOCTU. [eome3ndeckue paz0nMBOYHBIE paOOTHI B OOJIBIIMHCTBE
CIIy4aeB MO TOYHOCTU B HECKOJBKO pa3 BBIIIE TOYHOCTH PadOT, MPOU3BOAUMBIX MpHU cheMKe. [l
oOecrieueHns pa3OMBKM, a TaKkKe JUIsl KOHTPOJIS €€ HEoOXOAMMO, 4TOObI MOJIOKEHHE ITYHKTOB
Ppa30MBOYHON OMOPHOM CETH OBLIIO ONMPEAETIEHO C TOUHOCTHIO B 2 pa3a 0oJiblile TOM KOTopas MpUHSTA
npu paszouBke coopyxeHuil. [loatomy npenenbHas OTHOCUTEIbHAS OUIMOKA B3aUMHOTO TOJIOKEHUS
IIYHKTOB IUIAHOBOM OMOPHOI CETH B MOCIEIHEW CTaauM JO0JKHA ObITh MPUHATA COOTBETCTBEHHO
1:5000, yTO COOTBETCTBYET 2 pa3psly MO KiIacCUPHUKAUN ropoJcKoi noauronomerpun. CoznaHHoe
IJIaHOBOE 000CHOBaHME TaKOM TOYHOCTHU B cucTeMe koopauHat ["aycca-Kprorepa Bo MHOTHX ciiyyasix
MIPAKTUKU TOPOJCKUX paboT moTpedyeT oOpaTHOro mepexoia K HaTypalbHBIM 3HAYEHUSM JJIUH
CTOpPOH U yIIIOB. B mpoTHBHOM ciiyuyae, Mpu BBINOJIHEHUE WHKEHEPHO-TEO/Ie3MUECKUX pPaboT ¢
OTHOCHUTENIbHOM omnoOkoil Beime 1:2500 15 pa30UBKU YHUKAJIBHBIX COOPYKEHUN U KOMMYHUKAIUI
NOoTpeOyIOTCS  CHElHalIbHbIE JIOKAJIbHBIE CETH OrPAaHWUYEHHOIO paclpOCTpaHEHUs, WIM Ha
COOCTBEHHBIX 0a3zucax, U3MEPEHHBIX C BBICOKOM CTENEHbI0 TOUYHOCTU 0€3 BBEIEHMs KaKHX-ITHOO
MONpPaBOK B JJUHBI CTOPOH M yIIOB. l[eone3nueckue ChEMKH TEPPUTOPUNM MPOMBIIUICHHBIX
NPEANpPUATHHA, 3a MCKIIOUEHHEM CIEUHaTbHBIX OOBEKTOB, IO METOJY BBINOJHEHHUS ONMU3KU K
TOPOACKUM KpynHoMacmTaOHbIM. CrenoBaTeiabHO, TOYHOCTh TPUAHTYJSALUHU, TOJUTOHOMETPUU U
ceTell CrylieHus OJMHAKOBOM C pacCUMTaHHOM Ui TpagocTpouTenbcTBa. OTHOCUTEIbHBIE HEBS3KU
TEOJIOJINTHBIX XOJI0B HE JIOJKHBI TpeBbIaTh 1:2500 npu MakcuManbHo# anuue xoaa 0,5 kM.

OnHako Mpu COBPEMEHHBIX METOJaX CTPOMUTENHCTBA U3 COOPHBIX KOHCTPYKIMHA U JIEMEHTOB
TpebyeTcss HauOoJbIllass TOYHOCTh TIPH pa3OMBKE 37aHUN IO CPABHEHHIO C TOYHOCTHIO Pa30OMBKHU
KUPIUYHBIX COOpYXeHUH. B cBsi3u ¢ 3TuM, TpeOOBaHMS NPOMBILUIEHHOTO U TPakJaHCKOTO
CTPOMTENBCTBA K HMHKEHEPHO-T€O/Ie3UYECKUM PabdoTaM YBEIMUYMBAIOTCA U KaK CIEICTBHE 3TOTO,
yaiie BO3HUKAeT MNOTPEOHOCTh B CO3JaHUM CHEIMAJIbHOIO BBICOKOTOUYHOTO T€0Je3U4ECKOr0o
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o0ocHoBaHuda. [loaToMy MHOro TpOEKTHBIE U CTPOUTENbHbIE OpraHU3alUU MOJb3YIOTCS
tonorpaduueckumu mianamu macmrados 1:2000-1:500 u aHaTUTHYECKUMH  JTAHHBIMU B YCIIOBHOM
WJIM MECTHOHM CUCTEMax KOOPIMHAT, TaK KaK pa3Mepbl KPYMHEUIIINX COOPY>KEHUH uInHON Oosiee 1km
BBIHECEHHBIE B HATYpy IO reoie3ndeckoMy o0ocHOBaHMIO B mpoekiun ['aycca-Kprorepa, Ha kpato
3°-x 30H yBenuuuBarOTCA A0 20 CM, YTO 3HAYUTENBHO IPEBBINIAET TEXHUYECKUE JOIMYCKH B
cTpoutenbeTBe. B ropno-mapkieiiiepckux padorax Keipreizcrana ropasio yaiie, 4eM B Jpyrux us3-
3a OTCYTCTBHS MCXOJIHBIX JaHHBIX M 3HAUMUTENbHBIX HCKaXeHUN mpoekuuun [aycca-Kprorepa,
IIPUMEHSETCS] YCIOBHAsI CUCTEMA KOOpPAMHAT, IPUBEACHHAs K CPEJHEH YPOBHEHHOU MOBEPXHOCTH
y4yacTka TOpHbIX paboT. Tak Kk mnpumepy, €CiIM HCIOJIb30BaTh IUIAHOBOE OOOCHOBAHME IS
aBTOZIOpOXKHOTO TOHHENS Too-Amryy no tpacce bumkek-Om, niounHoi 2370 M B npoekuuu ["aycca-

2
Kprorepa, To mnsa kpas 3°-it 30Hb1 (y m=120 kM) nox mmpoToi 45°, momyuum ASz. = S Y2 =

2R’m
S—_=0474m.
5000

A ecii y4ecTh MIMPOKUH pa3Max TOPHO-MAPKIIEHICPCKUX PadOT (HArpuMep, CTPOUTEIIBCTBO
ToHHENs yepe3 nepeBasl Kok-Apt mnunoit 3,8 kM B Keipreizcrane. Becero Ha oobekre npoiiaeHo 3

861,9 M u3 3 890), TO CTAaHET ACHBIM U BOIPOC HECOOTBETCTBUS MEXKIY TOYHOCTHIO CHEIIMAIBHOTO
000CHOBaHHS U WCKaXeHUsMU npoekuud. I[lpu wuccrnegoBanusax Obia BeIOpaHA peabHO
cyuiectBytomas Tepputopust B Kelpreizckoit PecriyOnmke, a MME@HHO, pailoH BEICOKOTOPHOTO TOHHEIS
Too-Amyy u Kok-Apr. 3Hamenutsiii nepeBan Too-Amryy Haxonutcs B ropax Ana-Too Ha
cTpareruyeckoii Tpacce bumkek-Omi, KoTopass COEAMHSET CEBEPHbIE W IOKHBIE PETHOHBI
Ksipreizcrana. Beicora nepeBana — 3 400 M Hag y M [7].

A Taxoke TonHenst Kok-Apt naxoaurcs Ha rpanuiie Torys-Topoyckoro u Cy3akcKoro paiioHOB,
Ha 334-338 kM anbrepHaruBHOM noporu Cesep-lOr. CortacHO TpeOOBaHUIMU, PEIBIBIIEMbIM K
CTPOUTENIbCTBY U OKCIUTyaTalli TOPHBIX NPEANpUATAN yCTaHABIMBAaeTCsA KilaccUpUKAIMs
JIOKAJIBHBIX T€0/1e3MYeCKO-MAPKIIEHASPCKUX CeTel MO TUIY THAPOTEXHHUUYECKOW TPUAHTYISIUU C
OTHOCHUTEIIHON ommOKkoii cirabo ompexaensemoit  croponbl  1:70000-1:200000. ITomoOnas
TPUAHTYJISIMSA, CcoO37aBaeMasi JJisi KOHTPOJIS HEMOJBM)KHOCTU IYHKTOB, OT KOTOPBIX BEIYTCS
HaOMIONIEHNs 32 TOPU3OHTAIBHBIMH U BEPTUKAIBHBIMH CMELICHUSMHU COOPYKEHUH JOJDKHA
o0ecrevnBaTh MOJOKEHHSI TUX MYHKTOB CO Cpe/lHEl KBaIpaTUYeCcKor OmMOKON He Oonee +3-5 MM.
JIoTyCKM CMENIEHH COOPYKEHH pPacCUUTHIBAIOTCS B 3aBUCHMOCTH OT OXXKHJIAEMBIX BEJIMYUH
OCeIaHui ¥ TOPU30OHTAIIBHBIX C JIBHXKCHUH.

Takum 00pazom, ITOT KpaTkuii 0030p COBPEMEHHOI MPaKTUKU MH)KEHEPHO-TE€0/Ie3NUECKIX 1
MapKIIeHIepcKuX padoT 1Mo MPUMEHEHHIO TPOEKIMK 1 KoopauHar ['aycca-Kprorepa moka3sbiBaert, uto
0e3 mepepacuera TONMOrpado-reoIe3NIECKUX JaHHBIX U3 TOCYIapCTBEHHOW CUCTEMBbI KOOPAMHAT,
O0COOEGHHO Ha KpasX 30H, B HEMOCPEICTBEHHO W3MEPEHHBIC BEIUYMHBI, STUMU JTaHHBIMU
M0JIb30BaThCs HENb3sl. BeneacTBue ¢ 3TUM, Ha TEPPUTOPUAX KPYITHEHUIINX CTPOUTEIBCTB U TOPOAOB
CO CTIO’KHBIM Ha36MHBIM U MOJI3EMHBIM X031 CTBOM, TOMIOTpadUueCKre U UHKEHEPHO-TE0Ie3UUECKIE
paboTel B Tepputopun KbIpre3cTana BHIMOTHSAIOTCS HA CIEIIUATBHOM T€0Ie3NYECKON OCHOBE U ITH
MaTepuaibl 00padaThIBAlOTCS B MECTHBIX CHUCTEMaX, MPUYEM Takhe paboThl 3a4acTylO0 3aHHMAIOT
3HAYUTENbHBIE TEPPUTOPHUH. B 1enIX mpaBUIBHOTO M MOJHOTO MCHOJIb30BAaHUS T'€OJAE3MUECKUX U
MapKIIEHJEPCKUX HU3MEPEHUH M ChEMOK, BBINOJHAEMBIX MPOEKTHBIMU U CTPOUTEIbHBIMU
OpraHu3aIMsIMHU, HEOOXOIUMO YIOPSIOUUTH BOIIPOC C €AMHON MPOEKIIUU U CUCTEME KOOPJUHAT IS
3TUX BUJOB padoT.
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Annomayus. ViccnenoBaHO BIMSHUE SJIEKTPOXUMMUYECKUX IPOLIECCOB B MHUTHEBOM BOjAE Ha
MEPEHOC MHUKPOUYACTHUIl U 00pa30BaHUE OCAJAKOB IPHU BO3AECHCTBHM MOCTOSHHOTO 3JIEKTPUYECKOrO
[OJI, CO3JAaBa€MOro JABYMS MEIHBIMM  JJIEKTpOJaMH. OKCIEPUMEHTHl IPOBOJWINCH B
ANIEKTPOJIUTHYECKON suelike o0bEMOM 1 J: HampspkeHue u3MeHsau B auanasoHe 0-29 B, a
MEXIEKTPOIHOEe paccTosHue — oT 5 g0 50 mM. HaGmiomanuch BblieneHHE Ta3oB Ha 000MX
ANEKTposax (AMEKTPoJn3 BOAbI), (OopMUpOBaHME BOKPYI aHOJA PBHIXJIOH MEAHOM «uIyObD» H
CPaBHMUTEIBHO ClIa00€ 3arps3HEHHE KaTojla. YCTAHOBJIEHO, YTO Macca OcajJika B psAe PEXKHUMOB
MIPEBBILIAET U3MEPEHHYIO TIOTEPIO MacChl aHOAA, YTO YKa3bIBAE€T HAa BOBJIEUEHHE KOMIIOHEHTOB BOJbI
B COCTaB MPOAYKTOB. [[1s1 yuéra McXonHOM MHHEpaln3alluy BHIMOJIHEH PEHTICHO(IYOpECIeHTHBIN
aHanmu3 pacTBOpEHHbIX Npumeceil. [Ipemioxkena ¢usnuko-xuMuyeckass UHTeprperanus 3¢ddekra:
aHonHoe pactBoperue Meau (Cu — Cu2+ + 2e—) conmpoBOXKIAETCS KaTOJHBIM BOCCTAHOBJIEHHEM
Bozbl ¢ obpazoBanueM OH— um H2, yto ¢popmupyer pH-rpagueHTsl B NPUIEKTPOAHBIX 30HAX;
murpanus Cu2+ u nepeHoc OH— mnpuBomsr k ocaxaenuto Cu(OH)2 wu mnocnemyromiei
Tpanchopmanuu B CuO. DKcrepMMeHTalIbHbIE 3aBUCUMOCTH MacChl 0CaJKa OT MEXAIEKTPOTHOTO
paccTosTHUS 1 HaNPsHKEHHOCTH TOJIS IPEACTABICHBI rpauecKu U allpOKCUMHUPOBAaHbI IPOCTHIMU
QHAIUTUYECKUMHU BBIpAXEHUSMH, BKIoyas o000meéHHyo ™moxaens m(d,E), mpuromnyro s
ONTHMHU3ALMU PEKUMOB 3JIEKTPOOCAXKIECHUS M OLEHKH MapaMETPOB INPOLIECCOB OYMCTKU BOJHBIX
cpea. OTMe4YeHo, YTO aHAJIOTUYHBIHN IrucOanaHc Macc HaOMIOACTCs U JUIsl CepeOpsIHBIX JIEKTPOJIOB,
YTO MOATBEPXKIACT YHUBEPCAJIbHOCTh MeXaHW3Ma. Pe3ynpraTtbl MOTYT OBITh HCHOJB30BAaHbBI MpPU
MIPOEKTUPOBAHUN KOMIAKTHBIX EKTPOPU3NYECKUX YCTAHOBOK JJISi CEJIEKTUBHOTO W3BJICUEHUS
METaJJIOB ¥ KOHTPOJISI BTOPUYHOT'O 3arPS3HEHUS BOJIbI B pEAIbHBIX YCIOBHUSX.

Abstract. This paper investigates the influence of electrochemical processes in drinking water

on the transport of microparticles and the formation of precipitates under a DC electric field generated
by two copper electrodes. Experiments were performed in a 1 L electrolytic cell: the applied voltage
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was varied from 0 to 29 V, and the interelectrode distance from 5 to 50 mm. Gas evolution was
observed at both electrodes (water electrolysis), along with the formation of a loose copper “coat”
around the anode and comparatively weak fouling of the cathode. It was found that, under a number
of operating regimes, the deposit mass exceeds the measured anode mass loss, indicating the
incorporation of water components into the solid products. To account for the initial mineralization,
X-ray fluorescence analysis of dissolved impurities was carried out. A physicochemical interpretation
of the effect is proposed: anodic copper dissolution (Cu — Cu2+ + 2e—) occurs simultaneously with
cathodic water reduction producing OH— and H2, which generates pH gradients in the near-electrode
regions; migration of Cu2+ and transport of OH— lead to precipitation of Cu(OH)2 followed by
transformation to CuO. The experimental dependences of deposit mass on the interelectrode distance
and electric-field strength are presented graphically and approximated by simple analytical
expressions, including a generalized model m(d,E), suitable for optimizing electroprecipitation
regimes and estimating parameters of water-treatment processes. It is noted that a similar mass
imbalance is also observed for silver electrodes, supporting the universality of the mechanism. The
results can be applied to the design of compact electrophysical units for selective metal extraction
and for controlling secondary water contamination under real operating conditions.

Knrouesvie cnosa: QJICKTPOJIMU3 BOAbI, MCIAHBLIC JJICKTPOAbI, IMCPECHOC YaCTUl, OCAXKICHHUC
MCTAJUIOB, YBCIIMYCHUC MACCHI OCaJiKa.

Keywords: water electrolysis, copper electrodes, particle transport, metal precipitation,
precipitate mass increase.

HccnenoBanue nmoBeneHust AUCTIEPCHBIX CHCTEM B 3JIEKTPUYECKHX MOJISX SIBISICTCS aKTyaIbHOU
3aja4ei GU3MKKU U ATEKTPOXUMHUH, UMEIOIIEN IPAKTUYECKOE 3HAYEHUE B MPOLIECCAX OYUCTKHU BOBI,
paszesieHus BEIIEeCTB U dJeKTpocuHTe3a [1, 2].

B nannoit pabote paccMarpuBaeTcs 00pa3oBaHUE 0CAJOK MUKPOUYACTHI], IPUCYTCTBYIOLINX B
MUTHEBOM BOJIE, IO JCHCTBHEM OTHOCHUTENBHO CIa00r0 TOCTOSHHOTO SJIEKTPHYECKOTO IO,
CO3/1aBa€MOr0 MEIHBIMHU 3JeKTpoaMu. Ocoboe BHUMaHKE yAEseTCs aHAIU3Y EKTPOXUMUYECKUX
MIPOIIECCOB, COMPOBOX/AIOIIMX MEPEHOC YacTHIl, U MX BIUSHUIO Ha (pOopMUpOBaHHE OCAJIKOB Ha
ANIeKTpoJaX, BKIIIoUYas paHee HaOmonaemble 3((HeKTsl 00pa3oBaHUs MEAHON «IIyObI» BOKPYT aHOAA
Y YBEJIMYEHHS MacChl OCaJIKa M0 CPaBHEHUIO ¢ TTOTepel Macchl dnekTpona [2, 3].

JIBIDKEHHE 3apsDKEHHBIX YacTHUI], JUCIEPTUPOBAaHHBIX B JKMJIKOM cpene, B YCIOBHSIX
BO3/ICHCTBHS MPUIIOKEHHOTO AJIEKTPUYECKOTr0 oIS, MpeACcTaBiseT coboil mporece anekrpodopesa.
B ocHOBe SBIEHHS JIKHT DIIEKTPOCTATUYECKOE B3AaMMOJCHCTBHE: YaCTHIBI, HECYyIIne
WIEKTPUYECKUN  3apsll, TMOJIY4YaroT ONPEACIEHHBI HMITYJIbC, HAIpPABICHHBIA B CTOPOHY
IIPOTUBOMOJIOKHO 3apsHKEHHOTro AnekTpona. JeicTBytomas npu 3tom cuna (Fe) HemocpeacTBeHHO
MPONOPIMOHANIbHA BEJIWYMHE 3apsfa 4acTHLbl (q) M HampsHKeHHOCTH mpuiiokeHHoro mons (E),
BbIpaXkasich (yHIaMeHTaIbHBIM cooTHOMEHHEeM Fe=qE. Onnako HampaBieHHOE IBH)KEHUE YaCTHIL HE
yckopsiercsi O6eckoHeuHo. CoO BpeMEHEM BO3HHMKAaeT ruapoauHamuueckoe corporusieHue (Fa),
MTOPOXKIAEMOE BSI3KUMH CHIIAMH B KUIKOCTH. DTa MPOTUBOACHCTBYIONIAS CHJIA 3HAYUTEIIFHO 3aBUCHT
OT T€OMETPUYECKUX IapaMeTpPOB CAaMHX YaCTHUI[ M BI3KOCTHBIX XapaKTEPUCTHK Cpeabl. Takum
00pa3oM, JOCTHTaeTcs yCTOWYMBOE PAaBHOBECHOE COCTOSIHHE, B KOTOPOM YaCTHULbI JBHIKYTCS C
MTOCTOSTHHOM 3JIEKTPOPOPETHUECKON CKOPOCTHIO.

YcTaHoBUBIIAsICS CKOPOCTH EKTpodopesa (3) onpeaenseTcsi COOTHOMIEHUEM, CBA3BIBAIOIITUM
e€ C BJEKTPUUECKHUM 3aps/IOM YaCTHUIIBl U HHTEHCUBHOCTBIO 3JIEKTPUUECKOTO I0JIsl, C OAHOM CTOPOHBI,
U MapaMeTpaMu KUJIKOCTH M CaMOM YacTUIbl — ¢ JIpyroil. bosiee koHKpeTHO, anekTpodopeTrnueckas
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CKOPOCTb MPSIMO MPONOPIHMOHANIEHA 3apsaly U HANpPSKEHHOCTH IOJIsL, IPU 3TOM 00paTHO 3aBUCUMA
OT BS3KOCTHU CpeJlbl U XapaKTEePHBIX JIMHEHHBIX Pa3MEpPOB YACTHUI], YTO HAXOAUT MOJITBEPKICHUE B
psize SKCIIepUMEHTAIBHBIX UcclieoBanuii [4, S5].

OnHaKo B pealbHBIX CUCTEMAaX, OCOOCHHO MPU HAIMYUU JICKTPOJIOB, MOTPYKEHHBIX B BOJIHBIN
pacTBOp, HEOOXOIMMO YUHUTHIBATh COMYTCTBYIOIINE IEKTPOXUMHUECKHE MPOLIECChI, KOTOPHIE MOTYT
CYLIECTBEHHO BIHATH Ha pH cpe/ipl, cocTaB pacTBOpPA M COCTOSIHUE MTOBEPXHOCTH 3JIEKTPOIOB, YTO, B
CBOIO OY€pEe/lb, OTPAXKAETCS HAa IEPEHOCE YaCTUIl U Mpolieccax ocaxaeHus [5].

Jiis mpoBeeHus 6oliee rTyOOKOTro aHaIu3a MPOOIEMbl, PACCMOTPHUM CYIIECTBYIOIINE 3HAHUS
B 001acTH (DU3HKH, STEKTPOXUMHUU U KOJJIOUTHOW XUMHUH:

VYpaenenus snekmpoouvix peaxyuti. Ha MeOHOM amoOe. B KUCIOW WM HEUTpaIbHOU cpere
OCHOBHOU peaKIIneil sIBIsIeTCS OKHCIIeHUE Meu ¢ oOpasoBanuem nonoB menu(ll) [5, 6]:

Cu(t) — Cu*(BonH) + 2e (1)

Opnnako, B 3aBucuMoOcTH OT pH pacTBOpa M Hamuuusi APyTUX aHUOHOB, MOTYT IIPOTEKaTh U
npyrue peakuuu. Hampumep, npu HaJMYMM XJIOPUI-MOHOB MOMKET 0Opa30BBIBATHCS XJIOPUJIHBIM
KOMILJIEKC MEJIH:

Cu(r) + 2Cl (Bogn) — [CuCl2] (BomH) + €~ (2)
Win
Cu(t) + 4Cl (Bogn) — [CuCls]* (BomH) + 2¢ . 3)

B mienodHo cpene OKUCICHHUE MEIW MOXKET TPHUBECTH K OOpa30BaHHMIO OKCHIOB WJIH
THAPOKCUIOB MEJIH:

Cu(t) + 20H (Bogn) — Cu(OH)z(T) + 2¢". 4)
WIH
2Cu(t) + 20H (BozmH) — Cu20(T1) + H20(k) + 2¢~ (5)

Y4uuTteIBas, 4TO B KOHTEKCTE OUMCTKU MUTheBOW BoAbl pH MOXeT BapbUpPOBATHCS, HO OOBIYHO
HaxOJWTCS B JMana3oHe CIA00KHUCIOTO J0 ClIaboIIeIoOuHOoro, Hanboiee BEPOATHONW peakihel Ha
aHojie siBsieTcs oOpa3oBanue noHoB Cu?'.

Ha meonom xamode (20e npoucxooum eoccmanognenue): Peakiiuu BOCCTaHOBIICHHUS Ha KaToOZe
3aBHUCAT OT pH pacTBOpa M HANUYUS BOCCTAHABIUBAIOLINXCS HOHOB.

B xucnoii cpene (pH < 7) ocHOBHOI peakiueil sBIseTCs] BOCCTaHOBIEHUE HOHOB BOJOPOJA C
o0pa3zoBaHMEM ra3000pa3HOTO BOJOPO/A:

2H'(BoxH) + 2¢~ — Ha(T). (6)

B neliTpanbHoit nium menounoi cpeae (pH > 7) ocHOBHOI peakiineil iBiseTcss BOCCTaHOBIICHHUE
BOJIbI C 00pa30BaHUEM ra3000pa3HOro BOAOPOA U I'MIPOKCH/I-HOHOB:

2H:0O(x) + 2e~ — Ha(r) + 20H (BOmH). (7)

Takxe, ecnu B pacTBope NpUCyTCTBYIOT HOHBI Meau(Il), oHM MOTyT BoccTaHaBIMBAThCA Ha
KaToZe 10 METaJUINYECKOU MEH:

Cu*(Bogn) +2e¢ — Cu(T). (8)

Ot OJICKTPOHBIC PCAKIIMH OKAa3bIBAKOT 3HAYUTCIIbHOC BIMAHUEC HA BCHO CUCTEMY:
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Hszmenenue Kowyenmpayuu uoHO8 Mmeou: OKUCICHHE MEIHM HAa aHOJIC YBCIWYHBACT
KOHIIEHTpaIuio HoHOB Cu?" B pacTBOpe BOJIU3M aHOA.

Usmenenue pH: BOCCTAHOBIIGHWE BOJBI Ha KaToJe MPUBOAUT K OOPAa30BAHUIO THIPOKCHUI-
MOHOB, TIoBBIIIas pH BOMM3M KaToma. ITO MOXKET BIUATH HA 3apsi/i YACTUIL U MX CTAOMIBLHOCTH [7-9].

Obpazosanue 2az000pasnoco 6000poda. BBIICICHUES BOIOPOJA HA KaTOIE MOXET CO3/1aBaTh
IepeMeIIMBaHUE PACTBOPA BOJIM3M AJIEKTPOAA U BIMATH Ha TPAHCIIOPT YACTHIL.

Bosmooicnoe ocasicoenue cudpoxcuda meou: B 00JIacTH MOBbIIEHHOTO pH BONMHM3M KaToaa U pH
Haanauy HoHOB Cu?’, MUTPUPYIOIIUX OT aHO/A, MOXKET MPOUCXOAUTh OCAKICHUE TUAPOKCHUIA ME/IH:

Cu**(Boan) + 20H (Boan) — Cu(OH)x(T) . 9)

D10 MOKET OBITH OIHUM U3 KOMIIOHEHTOB 0Cajika, 00pa3yrolerocs Ha 3JIeKTPOoAaXx.

[loHnMaHue ATUX OCHOBHBIX 3JEKTPOXMMHUUYECKUX PEAKLUN SBISIETCSI KPUTUUYECKU Ba’KHBIM
JUIS aHaJIM3a MOBEJEHUS AUCIIEPCHBIX CUCTEM B AIEKTpUYECKUX NoJAX. OHU HaNpsSMYIO BIUSIOT Ha
XUMHUYECKHI COCTaB pacTBOpa BOIHM3U 31EKTPONOB, pH M KOHIIEHTpAIMI0 HOHOB, YTO, B CBOIO
odepesib, ONpeaesaeT 3apsa] U CTa0MIbHOCTh MUKPOYACTHUII, a TAKXKe MPOLIECCHl MX OCAXKIEHUS Ha
anekTpoaax [35, 6].

B uacTHOCTH, KMHETHMKa D3JEKTPOJIHBIX pEeaklMid ONUCHIBAETCS ypaBHEHUsAMM batiepa-
dosibMepa, KOTOPBIE 3aBUCAT OT NEpEHAIPsKeHUs Ha annekTpone [11].

VYpaBHeHHsI MaccomepeHoca YYHUTHIBAIOT AU(Py3Ur0, MUTPALKI0O U KOHBEKIIMIO HOHOB B
pacTBope, BiMsS Ha KOHLIEHTPALMIO PEAareHTOB Y AJIEKTPOJOB M, CJIEI0BAaTEIbHO, HA CKOPOCTh
peakuuii [10].

Jlyis onmucaHUsl MaccolepeHoca MOHOB B 3JIEKTPUUYECKOM I0JIE MOTYT OBITh HCIIOIb30BAHbI
ypaBHeHus1 Hepucra-Ilnanka [7].

Mopnenu usmenenust pH MoryT yuuTsIBaTh IpOM3BOACTBO U noTpednenue nono H' u OH™ B
pe3yiabTare AEKTPOXUMHUECKUX peakuui u ux auddysuto B pacrBope. Takoil moaxon MoKeT ObITh
WCIONB30BaH JUIS ONTHUMHU3AlMK TapaMeTpoB TMpolecca (HampuMep, HampsHKeHue, BpeMs
BO3/ICUCTBUSI, T€OMETPUS HIEKTPOJOB) Ul TOCTUKEHHUS MAaKCUMaIbHOU 3((GEKTUBHOCTH OYUCTKU
WM pa3fiesieHusl.

Mamepuanst u memoovl

[TpoOy nuTheBO BOJIBI 00BEMOM 1 J1 MOMECTUIIM B 3JEKTPOIUTUUYECKYIO SUEHKY U MOTPY3WIN
B HEe MEJHBIC MIEKTPObL. llepen morpyeHrneM B BOIy AJIEKTPOIBI MTPOMBUTH JUCTHILTHPOBAHHON
BOJIOH, @ OCTaTKH BOJIBI C AIEKTPOJOB YAAIUIN GUIBTPOBAILHON OyMaroi.

B oskcmepumeHTax ¢ MeIHBIMH D3JEKTPOJAMHU, TNOTPYKEHHBIMH B NHUTHEBYIO BOAYy H
MOJKITIOYEHHBIMUA K UCTOYHMKY MOCTOSHHOTO HampsbkeHus (0-29 B), mpu u3MeHEeHUH pacCTOSHUS
MEXIy IeKTpogamMu ot 5 MM 0 50 MM HaOmOmanuCh ciaeayromue spienus [11-19].

OOpa3oBaHue Ta30BBIX Iy3BIPHKOB Ha OO0OMX JJIEKTPOJaX, YTO CBHUJETEIBCTBYET 00
aneKTponuse Bojbl. Ha karone npenMyIecTBeHHO BBIACISIICS BOJOPO/, a Ha aHOJIe — KHUCIOPO/.

AHOAHBIN MenHBINA (a Takke cepeOpsSHBIN) ANEKTPON MOCTENEHHO W 3aMETHO PacTBOPSUICA,
BBICBOOOXK1asl B BOJLy HOHBI ME/IM, OT/AaBasi AJIEKTPOHBI HCTOYHUKY TOKa. B pe3yrbrare mponcxomu
MEPeHOC MaTepuajja aHOJHOTO 3JIeKTpona, (GopMUpys BOKpPYT aHONA PBIXJIBIN OCaJ0K, Ha3BaHHBIN
HaMH «II1y0oii».

OTcyTcTBHE 3aMETHBIX U3MEHEHUH Ha KaToJle, KOTOPBI OCTABAJICS OTHOCUTEIBHO YUCTHIM.

YBenuueHue Macchl 00pa30BaBLIETOCsS OCajJKa MEIU M0 CPaBHEHHUIO C M3MEPEHHOW MoTepei
Macchl aHo/la. AHAJIOTHYHBIN 3P QeKxT HabIonanCs IpU UCIIOIb30BaHUU CEPEOPSIHBIX 3JIEKTPOIOB,
7€ yBeITMUYEHUE MAcChl 0caIka OblLIo erie Oosiee 3HaYUTENbHBIM (B 2-3 1 Gosee pasza).
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OTH HAOMIOJCHUS YKA3bIBAIOT HA TO, YTO MPOIIECCHI, TPOUCXOISIINE Ha aHOIE, SIBIIIOTCS OoJee
CJIOKHBIMH, YE€M IIPOCTO AIEKTPOXUMHUIECKOE PACTBOPCHUE MEJIH.

Pezynemamut u 0bcysrcoenue

Ponv snexmpoxumuueckux npoyeccoe 6 popmuposanuu ocaokos. llo-BuauMoMy B 3THX
HKCIEPUMEHTAX KIIOUEBYIO POJIb B HAOIIONAEMBIX SIBJICHHSIX UTPAET 3JCKTPOJIU3 BOABI, KOTOPBIN
MPUBOJIUT K 3HAYUTEIBHBIM U3MEHEHUsIM pH B pUaNeKTpoaHbIX obnacTsx [6].

Ilpoyeccvr na kamooe: Ha KaToA€ IPOUCXOIUT BOCCTAHOBIIEHHE BOABI C O0pa3oBaHHEM
BOJIOPOJIa ¥ TUAPOKCHA-UOHOB, (OPMUPYS IIETOUYHYIO Cpeay. ITO MPUBOAUT K TOMY, YTO BBICOKHIA
pH BONMM3M KaToja MOXKET MPEMSATCTBOBATh OCAXKICHUIO MEH, JAaXKe MMPH HATMYUH MUTPUPYIOIIHUX K
KaTo[ly MoJ JAeHCTBUEM 3jeKTpuueckoro moias noHos (Cu?'). Kpome Toro, BOCCTaHOBJIECHUE MOHOB
MM J0 METaUNIMYeCKOT0 COCTOSHUS MOXKET OBITh 3aTpyJHEHO H3-3a MPeo0aarouiero
BOCCTaHOBJICHHS BO/IbI Ha Karoze [20].

B cBa3M ¢ HEOOXOAMMOCTHIO ONpENENICHUs BIHMSHHUS COCTaBa BOABI B pEakTope Ha
AIIEKTPOXUMHUYECKHE MPOIECCH B HAYAJILHOM dTare SKCIIepUMEHTa, ObUT MPOBEEH aHATTN3 MU THEBOU
BOJIbI PEHTI€HO(ITyOpPECIIEHTHBIM METOAOM, PE3YJIbTaThl KOTOPOTO MpuBeaeHb! B Tabmmme 1.

. . Ta0mumna 1
XUMHWYECKHMU COCTAB IIMTEEBOU BO/IbI
Konyenmpayusa xumuyeckux 21emenmoa, Maccoeas konyenmpayus, me/om’ 1K
NPUCYMCIMEYIOWUX 8 NUMbEBOU 800e

Maprasnen 0,045 0,1(0,5)
Moaubaen 0,007 0,25
KobansT 0,0011 0,1
Harpuit 112 20
Kanuii 10 0,25
Bananuii 0,0031 0,1
Huxens 0,02 0,01
Xpom 0,05 0,5

VYuuTeIBas MpeaocTaBieHHbIA aHau3 Bobl (Tabnuma 1) u nHpopmaiuio o TOM, 4TO YaCTULIBI
ITHX DJIEMEHTOB MEHEE | MKM, YTO yKa3bIBaeT HA X HAXOXKICHHUE B KOJUIOMJIHOM HUJIM PaCTBOPEHHOM
COCTOSIHUM, TIpOLECC TepeHoca IMoj JAEHCTBHEM JJIEKTPUUYECKOro Moy Oy[deT CyIIECTBEHHO
OTJIMYATHCS OT MepeHoca 0oJiee KPYMHBIX TBEP/bIX YACTHIL:

Cocmosinue s1emenmos: IOCKOJIbKY 4aCTUIBI UMEIOT pa3Mep MeHee | MKM, a BoJa po3payHa,
OOJIBLIIMHCTBO yKa3aHHBIX 3JIEMEHTOB, BEPOATHO, IPUCYTCTBYIOT B MOHHOW (hopMe WK B BUJIE OUYEHb
MEJIKMX KOJUIOMJIHBIX YaCTHIl. DTO 03HAYaeT, YTO MEPEHOC OyAeT ONpeAesaThCs NPEeUMYyIIeCTBEHHO
JBAYKEHUEM MOHOB Y HAHOYACTHLI.

3apso uonos: 3aBUCUT OT pH M OKHCIUTENBHO-BOCCTAHOBUTEIBHOIO IMOTEHIIMAIa BOJBI.
Hampumep:

Mapraner MoKeT IpUCyTCTBOBATh B BUJAe Mn*", Mn** min MnOa4~, B 3aBUCHMOCTH OT YCJIOBHH.

Monubnen B HEWTpalbHONW M IIETOYHON cpene OOBIYHO MPHUCYTCTBYET B BHJAEC AaHUOHOB
mosmbaatoB (MoO4*).

KobGanbT MoxkeT HaxoauThkes B popme noHoB Co*" mnu Co**.

Harpuit 1 xanuit npuCcyTCTBYIOT Kak KaTHOHBI Na™ 1 K* cOOTBETCTBEHHO.

Bananuit obpasyer pasznuunsle uoHsl (VO:', VO+£  u np.) B 3aBucumoctu oT pH u
OKHCIIUTEIBHO-BOCCTAHOBUTEIIBHOTO ITOTEHIMAIIA.
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Huxenb 00bIMHO MPUCYTCTBYET B BUAE KatroHa Ni*',

Xpom (Cr) MOXKeT cyliecTBoBaTh Kak kKaTnoHoB Cr3-+(B kucioii cpese) wim annoHoB CrOs%,
Cr207* (B wenoyHOM cpeje), B 3aBUCHMOCTH OT pH ¥ OKHCIHTENEHO-BOCCTAHOBHTEILHOTO
MOTEHIIMAA.

Onexmpomuepayus (Monnas mucpayus): OCHOBHBIM MEXaHH3MOM IIE€peHOCa [UIsi HMOHOB
SBIIIETCS MX JIBHKEHHE MMOJ JIEHCTBUEM 3eKTpuueckoro noud. Karnonsl OynyT mepememarbes K
KaTo/y, a aHUOHBI — K aHOIY.

Dnexmpoghopes (07151 KOLIOUOHBIX Yacmuy): €CITH HEKOTOPHIE JIEMEHTHI IPUCYTCTBYIOT B BHJIC
HAaHOPA3MEPHBIX KOJUIOMIHBIX YACTHIL, OHU TAKXKe OyAyT IepeMearbCsi B AJIEKTPHUUECKOM T0JI€e, €ClIn
00J1aJat0T MOBEPXHOCTHBIM 3apsI0oM, 3aBUCAIINM OT MaTepuasa YaCcTHUI] U CBOMCTB BOIbI.

Brusnue xonyenmpayuu: KOHIEHTPAIIMH OTIPEACIIIEMBIX 3JIEMEHTOB, 32 HCKIIFOUCHUEM HaTPUS
U KaJusi, OTHOCUTEIBHO HU3KHE. DTO O3HAYaeT, 4TO 3PQEKThl BHICOKOW MOHHOW CHUJIBI MOTYT OBITh
MeHee 3HaYUTEJIbHBIMU, HO HE UCKIIOUeHbI. HaTpuil u kanuii, Kak OCHOBHbIE MOHBI, OyAyT aKTHUBHO
y4acTBOBATh B MepeHoce 3apsana. Huskas KOHLIEHTpalus IPYTMX METANIOB MOXKET MPUBECTH K MX
MEHBIIEMY BKJIaIy B OOINMU MEpPEHOC 3apsijia, HO WX HAKOIUICHHE HA 3JICKTPONAaX MOXKET OBITh
3HAYMMBIM.

Onexmpoaus 600vi: Tpy HANpsLKEHUH 15 B anmexTponu3 Boasl HEM30eKeH, 0COOCHHO BOIM3U
ANIEKTPOJOB, UYTO TMpHUBEAET K OOpa3oBaHMIO BOJOpOJAa M KucIopoga M u3MeHeHHio pH B
MPUAJICKTPOAHBIX oOnacTsx. M3menenne pH MOXKeT CyIIECTBEHHO TMOBIMATE Ha (GopMmy
CYIISCTBOBAHMSI U 3apsi]] HOHOB METAJUIOB, a TAK)KE Ha 3apsi/l KOJUIOUTHBIX YaCTHII.

Hughghysusa u koneexyus: TOMUMO JIBYKEHUS MO JEHCTBHEM SJIEKTPUYECKOTO MOJSl, HOHBI U
KOJUTOMIHBIE YacTUIIbI OylyT mepemMerarhes 3a cuet qudys3un (13-3a TpaueHTa KOHIICHTPAIH) U
KOHBEKITUH (BBI3BAHHOH 3JICKTPOOCMOCOM, TEIUIOBBIMU 3P PEeKTaMU HIIM TPaBUTAIUCH ).

Oyenka nepenoca 011 roHkpemuvlx snemenmos. Karmonsl (Na*, K, Co?*", Ni*, Mn**
(BeposiTHO)): OymyT nBuratbes K karomqy. CKOpOCTh 3aBUCHUT OT 3apsija, pa3Mepa W CTENeHU
ruaparanuud uona. Illemounsie Meramasr (Na®, K*) o0GmamaroT BBICOKOW MOIBH)KHOCTHIO. AHHOHBI
(MoO+>, CrO+, Cr207* (BepoatHO), MnO4~ (BeposATHO): OyIayT ABUraThcs K aHody. Bamamuii u
Mapraser: (opma CylieCTBOBaHUS CHIJILHO 3aBHCUT OT pH W OKHCIMTEIHLHO-BOCCTAHOBUTEIHLHOTO
MOTEHIIMaja, KOTOPble MOTYT M3MEHSTHCS B MPOIECCE AIIEKTPOIN3a, YTO JIeNaeT HAlpaBICHUE UX
JBUKEHUS HeonpeaeneHHbIM. OHU MOTYT HaKaIlUIMBaThCS B ONPENETICHHBIX 00acTIX peakropa.

Brusnue xonyenmpayuu. Harpuit (112 mr/am3) u xanuit (10 mr/mm3): 3TH HOHBI OynyT
OCHOBHBIMH TEPEHOCYMKAMH 3apsijia B PACTBOPE M3-3a MX OTHOCHUTEIIEHO BBICOKOW KOHIICHTPAIIHH.
Onu OyayT aKTUBHO Y4acTBOBaTh B Mpoliecce deKTpomurpaiuu. Ocranbubie MeTamisl (Mn, Mo, Co,
V, Ni, Cr): ux KOHIEHTpallMu 3HauuTeNbHO HInke. OHHM OyayT mepeMenarbcsi Moj AeWCTBUEM
ANIEKTPUIECKOTO ITOJISI, HO UX BKJIAJ B OOIIUIT IMEPeHOC 3apsiaa MOXKET ObITh MEHEEe 3HAYMTEIHHBIM.
OpHaKo WX HAKOIUICHHE HA 3JICKTPO/IaX MOXKET MPEICTABIATh HHTEPEC C TOUYKH 3PCHUS U3BJICUCHUS
WJIH OCaXKICHHUS.

Ha aHome mpoucXonuT OKMCIEHHE BOJbI, MPUBOJAIIEEe K 00pa30BaHUIO KHCIOPOJIa U HOHOB
BOJIOPOZIa, YTO CO3MAa€T KHUCIYI Cpely BOMM3M DIEKTpoAa. JTa KHchas cpeAa CIIOCOOCTBYET
PacTBOPEHUIO MEIHOTO aHoaa 1mo peakmuu (1). OgHako 3HAYUTEIHHOE YBEIIMYCHHE MACChl 0CajlKa
YKa3bIBaeT Ha TO, YTO OCAJIOK COCTOUT HE TOJIBKO M3 METATNICCKON MeTi. BeposiITHBIM 00bsICHEHHEM
SBIISIETCS XMMHYECKOE B3aMMOJCWUCTBHE HOHOB MEOU C KOMIIOHEHTaMH BOABI W MPOAYKTaMU
anekTponu3a. B kucioi cpene noHBI MeU MOTYT 00Opa30BBIBATh PA3IMUHBIC COSAMHEHUS, BKITFOUAs
OKCHJIBI W THJIPOKCHIBI, KOTOPBIE MOTYT OCQXJIaThCs Ha TMOBEpXHOCTH aHoma [22]. Hampumep,
00pa30BaHME OKCHJIa MEIH MOXKET MPOUCXOIUTH IO PEaKIINH:

2Cu2++ 0 2+ 2H 20 — 2CuO + 4H+. (10)
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O6pazoBaHue THIPOKCHIA MEIM BOZMOXKHO MPH JOKaJIbHOM MoBbiieHnu pH BOIM3M aHona 32
cueT nudPy3un ruAPOKCUI-MOHOB, 00PA3yIOLINXCS Ha KaToIe:

u- + "— Cu -2
Cu?" +20H — Cu(OH 11

BxiroyeHne Kuciopoga W BOAOPOJA M3 BOIBI B COCTAaB ATHUX COCAMHEHUH OOBSICHSET
YBEJIMYCHHE MAacChl OCaJKa MO CPAaBHEHUIO C MOTEPSHHOM Maccoil Menu. DKCIepUMEHTAIbHbIC
pe3ysibTaThl 3aBUCUMOCTH HAMNPSHKEHHOCTH  DJIEKTPUYECKOTO TMOJsI OT PACCTOSHUS  MEXKITY
EKTPOAAMH, pecTaBIeHbl B Tabmuie 2.

Tabmuma 2
3ABUCHMOCTDb MACCBI MEJJHOI'O OCAZKA OT PACCTOSAHUS MEXIY
OJIEKTPOJAMUM U HAIIPSDKEHHOCTU 3JIEKTPUYECKOI'O ITOJISI MEXKAY HUMU

Macca meonou ocaoku, 2 Paccmosnue, cm Hanpsiocennocmo snekmpuueckozo nons E, B/cm
0,88 2,0 11.76
0,66 4,0 6,13
0,48 6.0 425
0,39 8.0 3,31
0,32 9,0 3,06

W3 Tabnuip! 1 BUIHO, YTO € YBEIMYCHUEM HANPSHKEHUS Macca MEIHOTO OCa/IKa YMEHBIIACTCS.
OTO yKa3bIBaeT Ha OOpaTHYIO 3aBHCUMOCTb MEXIY 3THMH JIByMs NapameTpamu. AHaJOIMYHO, C
YMEHBIIEHUEM HAIIPSHKEHHOCTH AJIEKTPUYECKOTO MOJII MAacca MEIHOTO OCAJKa TAKKE YMEHBIIIAETCS.
DTO 03HAYaAET, UTO YEM MEHbIIIE HAPSHKEHHOCTD IEKTPUUYECKOTO MOJIsl, TEM MEHBIIIE MEU OCEACT.
C yBenuueHUEM pacCTOSHUS MEXKAY JJIEKTPOJaMHM Macca MEJHOro ocajka yMmMeHblnaercs. Jlis
IIOJIHOTO aHaJIM3a MMOCTPOUM TpaUK 3aBUCUMOCTH MAcCChl METHOTO OCaJKa OT PACCTOSHUS MEXIY
anexTponamu (PucyHok 1) n HanpspKEHHOCTH JIEKTPUUECKOro Mot Mex 1y HumMu (PucyHok 2).

AHanu3upysl JaHHble, IpeJcTaBleHHble Ha PucyHke 1, MOXHO OTMETUTb, YTO Macca
oOpasyromierocss ocagka m (B I') U paccTosHUE Mexay anekrpoaamu d (B cM) JIEMOHCTPUPYIOT
MIPAKTUYECKH JIMHEHHYI0 B3aMMOCBs3b. JTO HaOIIOEHHE TIOATBEPXkKIAeTCsl JIMHUEH TpeHna,
0003HaYEeHHOW B KauecTBe JIMHEHHOHN ammpokcumanuu. Bmecrte ¢ TeM Ha rpaduke OT4ETIHMBO
3aMETHbl HE3HAYUTEIbHBIE OTKJIOHEHHUS DSKCIIEPUMEHTAIBHBIX TOUEK OT MPOBEAEHHON JHMHHUU.
[TonoOHbIe pacxXokJIeHUs MOTYT OBbITh BBI3BAHBI CIyYailHBIMU MOTPEUIHOCTSMU MPU BBINOJIHEHUU
U3MEpPEHUil, HeTOYHOCTMH IPUOOPOB JINO0 HAJTMYUEM HEKOTOPBIX HEJTMHEHHBIX (DaKTOPOB, KOTOpBIE
He OBIIM OTpakeHbI B paMKax MpocTeHieil TMHeHHOM Moenu.

Hcxons U3 BBILIEU3I0KEHHOTO, MOJKHO 3aKJIIOYUTh, YTO C YBEIUYEHHUEM MEXDIEKTPOAHOIO
paccTosiHus. HaOII01aeTCsl TEHACHIIMS K CHIDKEHUIO Macchl ocajika. BepodaTtHo, mogo0HbIi 3¢ dexrt
00yCIIOBIIEH OCTabeHHeM HanpsHKEHHOCTHU JIEKTPUYECKOTO OIS, YTO, B CBOIO OYEpEb, CHIXKAET
ero 3¢ GeKTUBHOCTH B MPOLIECCE OCAXKACHUS BEIlleCTBa Ha AeKTpoaax. [lomyueHHas 3aBUCUMOCTD B
MaTeMaTH4eCcKOM BHJIE MOXKET OBITh OIHMCAHA CIEAYIOIIUM YPaBHEHUEM:

m=1.20 - 0.1d (12)

OTO yKa3bIBaeT Ha TO, YTO YeM OOJIbIIE PACCTOSHHE MEXKIY JIEKTPOAAMU TEM MEHBIIEe MeIu
OCeIaeT B sTUEHKE.

I'padmueckoe npeacrasiaeHue pe3ynbsratoB (PUcyHOK 2) OTUYETIIMBO MILTIOCTPUPYET CIOKHBIN
HEJIMHEHHBIN XapakTep CBsI3U, NPOSIBISAIONIEHCS MEXIy Maccoil oOpasyromerocs ocaaka (m, T) u
MPUIIOKEHHON HaNpsbKEHHOCTRIO AekTpuueckoro noist (E, B/em).
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Pucynox 1. 3aBUCHMOCTBH MacChl MEJTHOTO OCaJIKa OT PACCTOSIHHUS MEXKITY JIEKTPOIaMU

B HauanpHOW o6Onactu rpaduka, COOTBETCTBYIOLIEH OTHOCUTEIBHO HU3KUM YPOBHIM
ANIEKTPUYECKOTO MOJIsl, HAOII01aeTCsl IPKO BhIpAXKEHHAs TEHACHIINS OBICTPOrO BO3PACTAHUS MacChl
ocaJika: KaX/10€ HE3HAYMTEJIbHOE IMOBBINICHUE HANPSHKEHHOCTHU I0JII COIIPOBOXKIAETCS 3aMETHBIM
YBEJIMUEHUEM KOJIMYECTBA BBINAJArONIEro BeniecTBa. OQHAKO 3Ta 3aKOHOMEPHOCTH ITOCTEIIEHHO
IpeTepneBaeT M3MEHEHMs, M TMpU JOCTHKEHUHM OIpPeNelEHHOI0 IOpPOTrOBOr0  3HAYEHUs
HanpspKEHHOCTH JTabHEMIIMK POCT Macchl OCajKa CYLIECTBEHHO 3aMmesyisercd. Takum oOpazom,
XapakTep KpUBOW mpHoOpeTraeT BcE OoJsiee TUIABHBIM BHJ, YTO CBHUACTEIBCTBYET O CHUKCHUH
3 PEeKTUBHOCTH IpOIiecca MPHU BHICOKUX 3HAUEHHSX HAPSHKEHHOCTH U MOJUYEPKUBAET BHIPAKEHHYIO
HEJIMHEWHOCTh M3y4aeMOW 3aBHUCHUMOCTU. YBEIMUYEHHUE HANPSHKECHHOCTH 3JIEKTPUYECKOTO IOJI,
BEPOSATHO, MPUBOIUT K YCWICHHMIO DJIEKTPOCTAaTUYECKUX CHJI, ACHCTBYIOIIMX Ha 3apsyKCHHbIE
YaCcTHUILIbI OCAKIAEMOr0 BEIIECTBA. DTO MOXKET CIIOCOOCTBOBATH OoJsiee 3(h(HEeKTHUBHOMY MPUTSIKEHUIO
YacTUIl K JJIEKTPOJaM M, CJIEI0BATEIbHO, YBEIMUYEHUIO MAacChl OCaaKa. 3aMeUIEHHE pOCTa MaccChl
OcaJika MpHU BBICOKMX 3HAYECHMSIX HANPSHKEHHOCTH IIOJIS MOXKET CBUAETEIbCTBOBATH O HACHIIIEHUU
KaKoro-auobo mporuecca, JMMUTUPYIOLIEro ajbHelee yBeauueHue ocaxaenusa. Hanpumep, Moxer
JOCTUTAThCS TIPEENT CKOPOCTU OCTaBKM YACTHI] K 3JIEKTPOAAM HJIM BO3HUKATh KOHKYpPHpPYIOIINE
nporiecchl (Hampumep, oOpaTHOE paclbUIeHHe OCajKa MPU OYEHb BBHICOKMX Mouisix). HenumHeHHbIN
XapakTep 3aBUCHUMOCTH YKa3bIBaeT Ha TO, YTO MEXAHU3M OCAXKJCHUS ABJISIETCS O0Jiee CI0KHBIM, YeM
MIPOCTOE JIMHEHHOE B3aMMOJIEHCTBUE C BJIEKTPUUECKUM TojeM. MoryT urparb poib U Apyrue
(akTophl, TaKKe KaK MOJIIpU3aLUs YaCTULl, AUIEKTPodope3, BIUSHUE MO Ha CPEy U T.1.
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Pucynok 2. 3aBucHMOCTh Macchl MEHOTO OCaJKa OT HAIPSXKEHHOCTH 3JIEKTPUUYECKOTO TONSI MEXIY
JNEKTPOAAMHU

I'paduk 3aBUCUMOCTH TIPEJICTABICHHBI Ha PUCYHKE 2 MOXKHO aNMpOCHUMUPOBaTh B BUJE
(bopMyIIbI:
m=0.07 + 0.12E - 0.05E> (13)

ITomyueHHbIE pe3ynbTaThl CBUAETEIBCTBYIOT O TOM, YTO KOJTHYECTBO 00PA3yIOLIETOCs MEIHOTO
0CaJKa HEMOCPEICTBEHHO OMpEIeNseTcss LENbIM pPSJIOM B3aUMOCBS3aHHBIX (aKTOPOB, CPEIH
KOTOPBIX HauboJiee 3HaYMMbIMHU SIBJISIFOTCS HAPSHKEHHOCTD MPUII0KEHHOTO 3JIEKTPUYECKOTrO MO, a
TaKkKe  MPOCTPAHCTBEHHOE  PACCTOSHHE  MEXKAY  OJIEKTPOAAMH,  HCHOJIB3YyeMBIMH B
JKCIIEPUMEHTAIILHON YCTAHOBKE.

Ccpinasice Ha paHee npuBenéHHble ¢opmyinsl (12) u (13), cnpaBeanuBble Ui UCCIEAYEMOMN
CHCTEMBbI, OONaJaolel aJAUTUBHBIMU CBOWCTBAaMM, IPEJCTABISAETCS BO3MOXHBIM BBIBECTH
0000mEHHOE aHATNTHYECKOE BBIPAKECHHE, O3BOJISIONIEE ONMUCATh (DYHKIMOHAIBHYIO 3aBHCHMOCTD
MacChl MEJTHOTO 0CaJIKa OJJHOBPEMEHHO OT JIEKTPUYECKOTO MOJISI ¥ MEXKIIEKTPOTHOTO MTPOMEXKYTKA!

m = 0.035 - 0.05d + 0.06E - 0.025E?. (14)

DNEKTPOXUMHUUYECKOE OCAXKIECHHWE MeIu TMpPeACTaBIsieT Cco0OM  CIOXKHBIM  Tpoliecc,
PE3YJIBTaTUBHOCTh KOTOPOTO OMPEACNISICTCS COBOKYITHOCTBIO DJIEKTPHUUECKUX IMapaMeTpoOB |
KOH(UTypalren eKTPOTUTHIECKON suelku. [Ipu n3MeHeHnu MPOCTPAaHCTBEHHOTO PACTIONIOKEHUS
ANIEKTPOJIOB, & MMEHHO NpPH YBEIMYCHUU DPACCTOSIHHMSI MEXIy HHMH, HaOIIOaeTCs 3aMEeTHOE
cHmxkeHue HPGEeKTHBHOCTH Tporecca ocaxaeHus. OpHaKO KOMICHCAIMs TaKoOH TMOTepHu
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3pPEKTUBHOCTH 3a CYET MOBBIIMICHUS TPWIOKESHHOTO HAINPSDKEHHS SIBISETCS HEOJHO3HAUYHBIM
peIICHUEM: XOTs YBEITHUCHHE HAMPSHKEHUS] OTYACTH BOCIIOJHSAET YMEHbIeHHE 3 )EeKTHBHOCTH, OHO
OJTHOBPEMEHHO BIIEUET 3a OO0 TOMOTHUTENbHBIC HeraTUBHBIE Y(PPEKTHI, CHOBA CHUXKAsI KOHEYHYIO
PE3yABTAaTUBHOCTh OCAXKICHUS MeAW. B CBS3M ¢ 3TUM OuYeBHIHA HEOOXOAMMOCTH KOMILIEKCHOTO
MOJIX0/Ia, TIPU KOTOPOM YUYUTHIBACTCS BJIHMSHHE BCEX IEPEUUCICHHBIX (hakTopoB. TONbKO Takou
CHCTEMHBIN aHaJK3 TO3BOJUT MON00PaTh ONTHMAIBHBIC YCIOBHS, CIIOCOOCTBYIOIINE JOCTHKECHHIO
MakCUMaTbHONH AI(P(PEKTUBHOCTH DIEKTPOOCAKICHUS MEIU. AHAJIOTHYHBIC MPOLECCHl MOTYT
MIPOUCXOJIUTh U C CEPEOPSHBIMH DIICKTPOJAMH, MPHUBOAS K OOpPa30BaHUIO OKCHUIOB WU JIPYTHX
COCTMHEHHH cepedpa.

Bwi6oo

IIepenoc 4dacTull B IMTHEBOM BOJE IO JECUCTBUEM JJIEKTPUYECKOIO IOJISI COIPOBOXKAACTCS
AKTUBHBIMHU 3JIEKTPOXUMHUYECKUMH IIPOLIECCAMU HA 3JIEKTPOAX, KOTOPBIE OKAa3bIBAIOT CYIIECTBEHHOE
BIMsIHUE Ha opMupoBaHue ocagkoB. OOpazoBaHUEe MEAHOHN «IIyObl» BOKPYI aHO/A U YBEIMUYCHHE
Macchl OCajKka IO CPaBHEHHIO C TOTEPSHHOW MacCO 3JIeKTpopa OOBSCHSIOTCS XUMHUYECKUM
pacTBOPEHUEM MeETajlla aHOAA B KUCJIOU CPEAE, CO3JaHHOM IIEKTPOJIM30M BOJBI, U IOCIELYOIINM
OCAXK/AECHUEM COEJMHEHUN MeTajlla (OKCHJIOB, THUJPOKCUIOB) C BKIIOUCHHEM KOMIIOHEHTOB BOJBI.
JlaspHeNIIMe HecIeI0BaHysl, BKIIIOYAIOIINE MOAEIMPOBAHNUE U I€TaIbHBIN aHAJIN3 COCTaBa OCAIKOB,
HEOOXOIMMBI JIJIS TIOJTHOTO TTIOHUMAHUS MEXaHU3MOB, JISKAIIUX B OCHOBE HAONIIOIaeMBbIX SBJICHHA.
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texH.Hayk J. C. CanblkoBy M KaHJ. Ouoi. Hayk B. A. Ms3uHy 3a KOHCTPYKTHBHbIE 3aMEYaHUs U
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Abstract. The present article investigates the herbaceous species of the family Rosaceae Juss.
distributed in the flora of the Nakhchivan Autonomous Republic and provides an ecological
assessment of these species. Based on the analysis of available literature sources and the results of
original field studies, a total of 40 herbaceous species belonging to 9 genera of the family Rosaceae
were identified and studied within the regional flora. Among them, 17 species belong to the genus
Potentilla L., 13 species to Alchemilla L., 2 species each to Sibbaldia L., Geum L., and Filipendula
Mill. The remaining genera are represented by monotypic taxa, each comprising a single species. The
family Rosaceae is of considerable interest due to its high level of biodiversity and significant
ecological importance. The results of extensive field investigations indicate that the greatest species
diversity of herbaceous Rosaceae taxa is observed up to the middle mountain belt, within the middle
mountain belt, and in the subalpine and alpine zones, while the lowest diversity occurs in the lower
mountain belt. In modern botanical research, issues related to the reconstruction of botanical-
geographical and historical systems, the analysis of species distribution and genesis, and the
clarification of distribution (areal) types are of particular importance. The herbaceous species of the
family Rosaceae were classified according to their areal types as follows: Holarctic and Asia Minor
(7 species each), Western Palaearctic and Northern Atropatene (6 species each), Caucasian areal class
(5 species), Near Eastern and Northern Iranian areal classes (3 species each), Palaearctic (1 species),
and Central Asian areal class (1 species). For one species, the areal type could not be determined.
According to ecological group classification, it was determined that 55% of the herbaceous Rosaceae
species are mesophytes, 35% mesoxerophytes, 5% xeromesophytes, 3% hydrophytes, and 2%
xerophytes.

Aunnomayus. llpencraBneHo oONHMCaHHWE TPABSIHUCTBIX BUIOB ceMeicTBa Po3olBeTHbIE
(Rosaceae Juss.) ¢mopst HaxupiBanckoit ABroHomHOUW PecrmyOmuku. IIpoBenéH skonorudeckuii
aHanu3. BeisiBieHo um mpoananusupoBaHo 40 TpaBSHUCTBIX BHUIOB, OTHOCALIUXCS K 9 pomam
cemeiictBa Rosaceae, u3 Hux — 17 Bum0OB oTHOCATCS K pony Potentilla L., 13 BugoB — x poay
Alchemilla L., mo 2 Buga — x poxam Sibbaldia L., Geum L. n Filipendula Mill. OctanbpHbie poJbI
SIBISIFOTCS. MOHOTHIIHBIMM M TPEACTABICHbl OAHUM BHUIOM Kaxawli. CemeiicTBo Rosaceae
MIPEJICTaBISIET 3HAYUTENbHBIN UHTepEC KaK C TOUYKH 3peHHs] OMOpa3HOOOpasus, TaK U C MO3UIUH €TO
HKOJIOTUYECKOM poiH. YCTaHOBJIEHO, 4YTO HauOoOJbIIee BHUAOBOE pPa3HOOOpa3ue TPaBSIHUCTHIX
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Mpe/ICTaBUTENe cemeiicTBa HaOMIoMaeTesl 10 U B Mpelenax CPeJIHEro ropHOro mosca, a Takke B
CyOasbIIUICKOM M aJIbIIUHACKOM IOsicaxX, TOrNa Kak HauMeHbIllee —— B HIDKHEM TOpHOM mosice. B
COBPEMEHHBIX OOTaHMYECKHX HCCIEJOBAaHUAX OCO0YI0 aKTyalbHOCTh IPHOOPETAIOT BOMPOCHI
PEKOHCTPYKIIMU OOTAaHUKO-TeOTpapuueCKuX U HCTOPUUECKUX CHCTEM, aHaJM3a PaCIpOCTPAaHEHUS U
reHe3uca BUJIOB, a TAK)KE YTOUHEHHUS X apeabHbIX TUMOB. TpaBsHUCThIEC BUBI ceMelicTBa Rosaceae
ObUIM pacrpeneieHbl MO apeajbHbIM KilaccaM CIEAYIOIMM 00pa3oM: TOJapKTUYECKUH U
Majioa3uaTckuil (1o 7 BUIOB), 3alaJHOINANCAPKTUYECKUN U ceBepoaTpornaTeHckuil (mo 6 BUIOB),
KaBKa3CKUU apeaibHBbIN Ki1acc (5 BUAOB), IEpeIHEa3naTCKUl U CeBEPOUPAHCKHI apeaibHbIE KIIACChI
(o 3 Buma), maneapkrudeckuid (1 Bum) U cpenHeasuaTckuii apeasibHbId kinace (1 Buma). s omHOTO
BU/JIA apeaJIbHBINA TUI ONPENEIUTh He yAanoch. [1o akonoruueckum rpymnmnam ycTaHOBIEHO, 9To 55%
TPaBSAHUCTHIX BUJOB cemelicTBa Rosaceae oTHOCsTCS K Me3odpuTam, 35%
5% K kcepomesoduram, 3% K ruapodutam u 2% K KcepouTam.

K Me3okcepoduram,

Keywords: Rosaceae, herbaceous, systematic analysis, geographical class, cological group,
genus.

Knrouesvle cnosa: Rosaceae, TpaBIHHCTBIC, CHCTEMAaTUUECKUI aHAN3, TeorpaduuecKuii Kiiace,
HKOJIOTUYECKAas TPYIIa, PO/.

The richness of the flora and the diversity of vegetation types within the study area are closely
related to its complex physical-geographical structure, the stages of its natural-historical
development, and its formation under the influence of various floristic regions. The location of the
region within the Caucasus ecoregion along major species migration routes has created favorable
conditions for the development of a high level of biodiversity. These factors act as the principal
ecological and geographical determinants shaping the structural diversity and species richness of the
vegetation cover. In the formation of the existing floristic diversity and the development of various
plant communities, representatives of the family Rosaceae Juss., particularly herbaceous species, play
a significant role. From a biomorphological perspective, the family includes species with a wide
ecological amplitude, represented by trees, shrubs, subshrubs, and herbaceous life forms. These plants
are widely distributed under both natural and cultivated conditions. Riparian zones, as well as moist
and marshy habitats, constitute the main ecotopes where herbaceous representatives of the family
Rosaceae occur with higher frequency.

At the same time, within the regional flora, herbaceous species of the family Rosaceae have not
yet been comprehensively investigated in a systematic and purpose-oriented manner. In existing
studies, the systematic position, ecological characteristics, distribution patterns, and areal types of
these species have not been sufficiently summarized, which complicates an objective assessment of
the actual role of the family within the regional flora.

In this context, the primary objective of the present original research was to determine the
systematic composition of herbaceous species of the family Rosaceae Juss., to analyze their
biomorphological and bioecological characteristics, and to clarify the types and classes of their
distributional ranges, ecological groups, and altitudinal belt distribution. The results of the study
contribute to a more comprehensive scientific characterization of these species within the regional
flora and provide a reliable basis for future floristic and ecological research.

Material and research methods

The studies were conducted during 20242025 in various areas of the Nakhchivan Autonomous
Republic. Different localities of the region served as the main study sites, while the research material
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was based on published literature sources and empirical data obtained during field investigations. The
herbaceous species of the family Rosaceae were selected as the primary objects of investigation.

During the research, generally accepted floristic, geobotanical, and bioecological methods, as
well as phenological observations, were employed. Species identification, verification of scientific
names, and the consideration of nomenclatural changes were carried out based on of relevant
publications [4-12].

The determination of geographical elements and the classification of distributional (areal) types
were performed according to the schemes proposed by A. A. Grossheim and C. Portenier [1-3].

Recent taxonomic updates were adopted in accordance with the World Flora Online database
(https://about.worldfloraonline.org/).

Discussion and conclusions of the study

The conducted investigations and the comparative analysis of available literature sources
indicate that herbaceous representatives of the family Rosaceae occupy a distinct position in the flora
of the Nakhchivan Autonomous Republic. It has been established that herbaceous Rosaceae taxa
within the regional flora are represented by 40 species belonging to 9 genera. These species are
predominantly perennial herbaceous plants and are characterized by a high capacity for adaptation to
diverse ecological conditions. The systematic analysis of the herbaceous species of the family
Rosaceae 1s presented below [4-12].

Rosaceae Juss., nom. cons.
1. Genus: Agrimonia L.
1(1) Agrimonia eupatoria L.
2. Genus: Alchemilla L.
2(1) Alchemilla amicta Juz.
3(2) A. epipsila Juz.
4(3) A. erythropoda Juz.
5(4) A. grossheimii Juz.
6(5) A. orthotricha Rothm. (A. holotricha Juz.)
7(6) A. persica Rothm. (A. axyrepala Juz.)
8(7) A. raddeana (Bus.) Juz.
9(8) A. retinervis Bus.
10(9) A. sedelmeyeriana Juz.
11(10) A. sericata Reichenb.ex Bus.
12(11) A. sericea Willd.
13(12) A. smirnovii Juz.
14(13) A. venosa Juz.
3. Genus: Comarum L.
15(1) Comarum palustre L.
4. Genus: Filipendula Mill.
16(1) Filipendula ulmaria (L.) Maxim.
17(2) F. vulgaris Moench (F. hexapetala Gilib.)
5. Genus: Fragaria L.
18(1)*Fragaria magna Thuill. [F. ananassa (Duch.) auct.]
6. Genus: Geum L.
19(1) Geum rivale L.
20(2) G. urbanum L.
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7. Genus: Potentilla L.
21(1) Potentilla adenophylla Boiss. & Hohen.
22(2) P. agrimonioides Bieb.
23(3) P. anserina L.
24(4) P. argaea Boiss. & Bal.
25(5) P. argentea L.
26(6) P. canescens Bess.
27(7) P. crantzii (Crantz ) G.Beck ex Fritsch
28(8) P. cryptophila Bornm.
29(9) P. gelida C.A. Mey.
30(10) P. lomakinii Grossh.
31(11) P. obscura Willd.
32(12) P. pedata Willd. ex Hornem.
33(13) P. pimpinelloides L.
34(14) P. recta L.
35(15) P. reptans L.
36(16) P. supina L.
37(17) P. szovitsii Th.Wolf
8. Genus: Poterium L.
38(1) Poterium polygamum Waldst. & Kit.
9. Genus: Sibbaldia L.
39(1) Sibbaldia parviflora Willd.
40(2) S. semiglabra C.A. Mey.
The analysis of herbaceous species of the family Rosaceae by genera in the studied area is
presented in Table 1.

Table 1
ANALYSIS OF HERBACEOUS SPECIES OF THE FAMILY Rosaceae BY GENERA
Genera Number of species Percentage of the total (%)

Agrimonia L. 1 2,5
Alchemilla L. 13 32,5
Comarum L. 1 2,5
Filipendula Mill. 2 5

Fragaria L. 1 2,5
Geum L. 2 5

Potentilla L. 17 42.5
Poterium L. 1 2,5
Sibbaldia L. 2 5

Total: 40 100

Based on the data presented in Table 1, the genus Potentilla L. predominates in terms of species
richness. This genus includes 17 species, accounting for 42.5% of the total number of species. The
second most represented genus is Alchemilla L., with 13 recorded species, representing 32.5% of the
total. The remaining genera are comparatively less represented in terms of species number.
Specifically, the genera Filipendula Mill., Geum L., and Sibbaldia L. are each represented by 2
species, corresponding to 5% of the total species number. The genera Agrimonia L., Comarum L.,
Fragaria L., and Poterium L. are monotypic and each is represented by 1 species (2.5%). Their
limited distribution within the study area is associated with narrower ecological requirements and
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specific associations with certain phytocoenoses. Based on the data presented in Table 1, the genus
Potentilla L. predominates in terms of species richness. This genus includes 17 species, accounting
for 42.5% of the total number of species. The second most represented genus is Alchemilla L., with
13 recorded species, representing 32.5% of the total. The remaining genera are comparatively less
represented in terms of species number. Specifically, the genera Filipendula Mill., Geum L., and
Sibbaldia L. are each represented by 2 species, corresponding to 5% of the total species number. The
genera Agrimonia L., Comarum L., Fragaria L., and Poterium L. are monotypic and each is
represented by 1 species (2.5%). Their limited distribution within the study area is associated with
narrower ecological requirements and specific associations with certain phytocoenoses [5, 10].

The classification of plants into ecological groups is of great importance for the study of floristic
composition, the explanation of vegetation formation, and the analysis of the bioecological
characteristics of different geographical regions. The herbaceous (non-woody) species of the family
Rosaceae are mainly divided, according to their moisture requirements, into hydrophytes,
mesophytes, xerophytes, xero-mesophytes, and meso-xerophytes (Figure 1).

B Mesophytes B Meso-xerophytes  ® Xero-mesophytes Xerophytes  ® Hydrophytes
35%

55%

5%

2%

3%

Figure 1. Distribution of herbaceous (non-woody) species of the family Rosaceae according to
ecological groups

As shown in the figure, the distribution of herbaceous (non-woody) species of the family
Rosaceae among ecological groups in the studied area is uneven in character, which is closely related
to the natural-geographical and climatic conditions of the region. Among the ecological groups,
mesophytes predominate, accounting for 55% of the total species composition. Meso-xerophytes are
less abundant compared to mesophytes and constitute 35% of the total flora.

Xero-mesophytes account for 5% of the total flora and are mainly represented by species that
occur in mesophytic habitats but are tolerant to short-term drought conditions. Hydrophytes and
xerophytes are represented by a low proportion (2,5%), which is associated with the limited
distribution of water bodies and permanently moist habitats, as well as the restricted occurrence of
typical arid landscapes within the area. The presence of species belonging to limited-distribution areal
classes reflects the influence of microclimatic and relief factors on floristic diversity, especially in
mountainous areas. Herbaceous species distributed in mountainous and high-mountain zones are
mainly characterized by regional and local areal types, indicating that these areas represent
florogenetically important centers. Among the herbaceous species of the family Rosaceae, taxa
belonging to regional areal classes such as the Caucasus, Asia Minor, Northern Atropatene, Western
Asia, and Northern Iran are also widely represented. This confirms that the Caucasus—Atropatene
floristic province is rich in species diversity and endemism (Figure 2).
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Central Asia ———— /
Unknown I /
Palaearctic I——— /
Caucasus I 5
Western Palaecarctic I
Holarctic I 7
Northern [ran I 3
Northern Atropatene I
Near East I 5
Asia Minor I 7

Figure 2. Distribution of herbaceous (non-woody) species of the family Rosaceae Juss. according to
geographical areal classes

The herbaceous species of the family Rosaceae are represented at different levels across
geographical areal types. Among these elements, Holarctic and Asia Minor taxa predominate, each
characterized by seven species. The Western Palaearctic and Northern Atropatene areal classes are
represented by six species each. Species belonging to the Caucasian areal class occupy an
intermediate position with five species, indicating the presence of taxa adapted to mountainous relief
and local ecological conditions. The Near Eastern and Northern Iranian areal classes are each
represented by three species, suggesting the existence of floristic connections with these regions,
although they do not play a leading role.

The lowest representation is observed in the Central Asian and Palaearctic areal classes, each
represented by a single species. This pattern may be explained by the limited adaptation of herbaceous
Rosaceae species to the continental and sharply contrasting climatic conditions of Central Asia.
According to our investigations, the areal type and class of one species (Potentilla obscura) could not
be determined. Due to the complex relief of Azerbaijan, and particularly of the Nakhchivan
Autonomous Republic, several altitudinal belts have formed, which constitute the basis of floristic
diversity in the region. Owing to their ecological plasticity, the herbaceous species of the family
Rosaceae are distributed across different altitudinal belts. These species are most widely represented
in foothill, lower-mountain, and middle-mountain zones, indicating that moderately humid conditions
and moderate temperatures are optimal for their development. In particular, meadows and forest edges
are considered the main biotopes for herbaceous representatives of the family Rosaceae (Figure 3).

Alpine belt IEG——————— 5
Subalpine belt I————— 3
Subalpine and alpine belts I 11
High mountain belt n—— 2
Middle mountain and subalpine belts IEG—_—— 2
Middle and high mountain belts  H_—_ 1
Up to the middle mountain belt GGG 6
Middle mountain belt G
Lower and middle mountain belts I 3
Lower mountain belt 1

Figure 3. Distribution of herbaceous species of the family Rosaceae across altitudinal belts
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The presented diagram clearly illustrates the distribution of the studied species across altitudinal
belts. Based on the conducted investigations, it has been established that the herbaceous species of
the family Rosaceae in the flora of the Nakhchivan Autonomous Republic are distributed over a wide
altitudinal range, from the lower mountain belt to the alpine belt.

The lower and middle mountain belts mainly comprise relatively humid areas that are more
exposed to anthropogenic influence. Within these belts, species such as Comarum palustre, Potentilla
adenophylla, P. supina, and Fragaria magna are distributed. Agrimonia eupatoria and Filipendula
ulmaria are particularly distinguished as widely distributed species in the middle mountain belt under
mesophytic and meso-xerophytic conditions.

The middle mountain belt and adjacent areas represent one of the richest zones in terms of
species diversity. In this belt, species such as Filipendula vulgaris, Geum urbanum, Potentilla
argentea, P. canescens, P. obscura, P. pedata, P. recta, and P. reptans have been recorded.

The transition zone from the middle mountain belt to the subalpine belt is of particular
ecological significance. In this zone, species such as Alchemilla epipsila, Filipendula vulgaris, Geum
rivale, and Potentilla anserina are observed.

The subalpine belt represents one of the main centers of distribution for species of the family
Rosaceae, especially those belonging to the genera Alchemilla and Potentilla. Within this belt,
Alchemilla amicta, A. erythropoda, A. grossheimii, A. orthotricha, A. persica, A. raddeana, A.
sericata, A. smirnovii, as well as Potentilla agrimonioides, P. argaea, P. crantzii, P. cryptophila and
Sibbaldia parviflora are widely distributed.

The high-mountain belt is relatively poorly represented in terms of species richness. This zone
is mainly inhabited by species of Northern Atropatene origin, such as Potentilla lomakinii and P.
pimpinelloides, indicating their regional endemic characteristics.

Thus, as a result of the conducted studies, the systematic composition of the herbaceous species
of the family Rosaceae occurring in the flora of the Nakhchivan Autonomous Republic has been
determined, and the altitudinal belts, ecological groups, geographical areal types, and areal classes of
these species have been investigated. The results of the study constitute an important scientific basis
for further research on the herbaceous species of the family Rosaceae distributed within the region.

Results

During the conducted investigations, the flora of the Nakhchivan Autonomous Republic was
found to include 40 herbaceous (non-woody) species of the family Rosaceae belonging to 9 genera.
Among these, 17 species belong to Potentilla L., 13 species to Alchemilla L., 2 species to Sibbaldia
L., 2 species to Geum L., and 2 species to Filipendula Mill. The remaining genera are monotypic,
each represented by a single species.

Analysis of ecological groups revealed that 55% (22 species) of the herbaceous Rosaceae
species are mesophytes, 35% (14 species) are meso-xerophytes, 5% (2 species) are xero-mesophytes,
2,5% are hydrophytes (1 species), and 2,5% (1 species) are xerophytes.

According to the analysis of geographical areal types, 7 species (17.5%) belong to the Holarctic
and Asia Minor areal classes, 6 species (15%) to the Western Palaearctic and Northern Atropatene
classes, 5 species (12.5%) to the Caucasian areal class, 3 species (7.5%) to the Near Eastern and
Northern Iranian areal classes, 1 species (2.5%) to the Palaearctic areal class, and 1 species (2.5%) to
the Central Asian areal class. The areal type of Potentilla obscura remains undetermined.

The distribution of herbaceous species of the family Rosaceae occurring in the flora of the
Nakhchivan Autonomous Republic was investigated according to altitudinal belts. It was established
that 1 species occurs in the lower mountain belt, 3 species in the lower and middle mountain belts, 6
species up to the middle mountain belt, 6 species in the middle mountain belt, 1 species in the middle
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and high mountain belts, 2 species in the middle mountain and subalpine belts, 2 species in the high
mountain belt, 3 species in the subalpine belt, 5 species in the alpine belt, and 11 species in both the
subalpine and alpine belts.
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Abstract. The study conducted in 2024-2025 investigated the structure and interactions of
ecosystem components in Binagadi Lake and its adjacent areas in Baku, Azerbaijan. The research
focused on bird fauna, vegetation cover, and soil characteristics using field observations, geobotanical
surveys, and soil analyses. A total of 37 bird species belonging to 11 orders were recorded, classified
as sedentary, migratory, and wintering groups. Rare and protected species, including Aquila
nipalensis, Buteo rufinus, Falco naumanni, Porphyrio porphyrio, and Ardea purpurea, indicate the
lake’s ecological importance and its strategic role along regional migration routes. Geobotanical
surveys identified 27 vascular plant species from 10 families and 22 genera, with 22 annuals and 5
perennials. Most plants are halophytes and xerophytes, reflecting adaptation to saline soils and arid
climate. Soil studies showed gray-brown solonetzic soils with low humus content (0.82—1.11 %), high
carbonates (~33 %), high clay content (53—70 %), and deep salinity (3.7 %). These soil conditions
shape the vegetation toward stress-tolerant annual species, which provide feeding and nesting habitats
for birds. Marshy zones support waterfowl, while predatory birds maintain trophic balance. Overall,
the Binagadi Lake ecosystem is dynamic and functionally resilient but sensitive to anthropogenic
pressures. Continuous monitoring, bioindicator species assessment, and conservation measures are
essential to preserve biodiversity and reduce urbanization impacts.

Annomayus. Vccnenosanue nposoauioch B 2024-2025 ropax. beuin usydeHsl CTpyKTypa U
B3aUMOJIEHCTBUS SKOCHCTEMBI 03epa bunaranu u npuneratomux tepputopuit (baky, AzepOaiigxkan).
bbutn  onucaHbl OpHUTO(AyHa, pPACTUTEIBHOCTh M TOuYBbL. [IpoBeAeH aHanmM3 TMOYBBI U
reoboTanndeckoe o0cienoBanue. Beero Ob110 3aperucTpupoBano 37 BUIOB NTHLL, TPUHAIEKAIINX
K 11 oTpsimaM, ki1accu(uUIMpPOBaHHBIM KaK OCEIUIbIE, MepeeTHbIe U 3uMytolue rpynmnsl. K peakum
U OXpaHseMbIM BHUJAM OTHocsTcs Aquila nipalensis, Buteo rufinus, Falco naumanni, Porphyrio
porphyrio u Ardea purpurea. B xone reo60TaHHYECKOro 00cIe10BaHus ObLIIO BBISIBIECHO 27 BHUJIOB
COCYIMCTBIX pacTeHui, mpuHamiexkanmx k 10 cemeiictBam u 22 pomam, U3 KOTOPBIX 22 SBIISIFOTCS
OJHOJETHUMU U S5 — MHOTOJETHUMH. bBOJBUIMHCTBO pacTeHUIl SBISAIOTCA TrajopuramMu u
KcepopUTaMH, YTO OTpPaKaeT MX aJalTalUI0 K 3aCOJEHHBIM IOYBaM U 3acylUIMBOMY KIIMMATY.
HccnenoBanusi IMOUYBBI BBISIBWUIM HAJIM4YUE CEPO-KOPUYHEBBIX COJIOHIIOBBIX IIOYB C HHU3KHUM
cogepxanuem rymyca (0,82—1,11%), BeIcOkHM conepkanueM KapOoHatoB (~33%), 3HAUNTETHHBIM
cofiepaHueM IIHHBI U Tshkenod mmHbl (53—70%) u mybokoi 3aconmeHHoOCThIO (3,7%). Ot
MOYBEHHBIE  YCIOBUS  CIIOCOOCTBYIOT  Da3BUTHIO  PACTUTENBHOCTH,  IPEACTaBICHHON
CTPECCOYCTOWYMBBIMH OJHOJIETHUMH BHUJAMHM, KOTOpble 00ECIEYNBAIOT MeCTa JJIsl MIOMCKA MUIIHA U
THE3/10BaHus NTUIL. boioTa u BOAHO-00JOTHBIE yroAbs MOAJIEPKUBAIOT BOAOIUIABAIOIIMX MTHIIL, a
XUIIHBIC BUJIBI TIOJICPKUBAIOT TpoduUueckuii 6amanc. JkocucreMa o3epa buHaraam TMHAMUYHA U
(YHKIIMOHAJIBHO YCTOWYMBA, HO UyBCTBUTEJIbHA K aHTPOIIOT€HHOMY BO3AeHCTBHIO. )1 CMSIrYeHust
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HETaTHBHBIX TMOCJEACTBHA ypOaHHW3aluu HEOOXOIUMBI TOCTOSHHBIN KOJIOTHYECKU MOHUTOPHHT,
OIICHKA BUJIOB-OMOMHIUKATOPOB U MEPHI 110 COXPAHEHUIO OMOpa3HOOOpa3usl.

Keywords: Binagadi Lake, bird fauna, vegetation cover, soil cover, biodiversity, anthropogenic
impact.

Kniouesvie cnoea: o3epo bunaragm, opHutodayHa, pacTHTEIbHBI HOKPOB, IOYBEHHBIN
IIOKPOB, OMOJIOrH4ecKoe pa3HooO0pa3ue, aHTPOIIOTeHHOE BO3/IEHCTBHUE.

In the modern era, accelerated urbanization, the expansion of industrial and transport
infrastructure, and increased population density exert strong anthropogenic pressures on natural
ecosystems. These processes, especially in large urban agglomerations, are accompanied by changes
in the structural and functional characteristics of soil, water, and biological diversity components.
Maintaining the sustainability of urban ecosystems and objectively assessing their ecological state is
one of the main priorities in contemporary ecology.

The Absheron Peninsula, particularly the central part encompassing Baku city, is characterized
as a region subjected to long-term anthropogenic influence. Oil industry development, intensive
urbanization, industrial waste, transportation emissions, and transformations of soil cover have
altered natural landscapes. At the same time, the Absheron Peninsula, due to its natural-geographical
features, is rich in lake-marsh complexes, which play a vital role in regional ecological balance.

The territory of Baku and its surrounding zones is surrounded by lake-marsh systems. The
formation and development of numerous lakes in Absheron are closely related to climate, relief,
geological-lithological structure, groundwater levels, and mineralization [1].

The semi-arid climate, low precipitation, and high evaporation directly affect the hydrological
regime and biological productivity of these lakes. Such hydroecosystems are critical habitats for
various organisms, especially birds, providing feeding, nesting, and stopover sites during migration.

One of the ecologically significant water bodies of the Absheron Peninsula is Binagadi Lake.
Despite its relatively small area (0.015 km?), Binagadi Lake is a unique site in terms of both
contemporary biodiversity and paleontological significance. The lake area is known for rich fossil
deposits dating back to the Pleistocene period, highlighting its ancient geological history and complex
stages of ecosystem development. These features make Binagadi Lake a key scientific research object
on the Absheron Peninsula.

In recent years, Binagadi Lake and its surrounding areas have faced increasing pressures from
urbanization, industrial and domestic waste, soil salinization, and degradation. Such anthropogenic
impacts have altered the lake’s hydrological regime, disrupted vegetation structure, and affected
faunal complexes, particularly bird species diversity and population dynamics [2].

Birds serve as important bioindicator groups for assessing ecosystem health, as their species
composition, abundance, and habitat status respond sensitively to environmental changes. Bird fauna
in Binagadi Lake includes both migratory and sedentary species, some of which are listed in the Red
Book of the Republic of Azerbaijan. This underscores the area’s high significance for biodiversity
conservation. Simultaneously, the vegetation cover and soil structure in the lake’s vicinity are key
components for evaluating the overall ecological status and resilience of the ecosystem to
anthropogenic pressures [3].

Soil, as a fundamental structural element of ecosystems, plays a critical role in vegetation
formation, nutrient cycling, and overall biological productivity. In Binagadi Lake, widespread gray-
brown solonetzic soils with low fertility, high carbonate content, and deep salinity increase ecological
stress in the area. In this context, a comprehensive study of the contemporary ecological status of
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Binagadi Lake, including bird fauna dynamics by ecological groups, floristic characteristics of
vegetation, and morphological and physico-chemical properties of soil, is of significant scientific and
practical value. The research contributes to regional biodiversity conservation and provides a basis
for ecological monitoring of lake ecosystems under urbanization conditions [4].

Materials and Methods

The research was conducted in 2024-2025 in the northwestern part of the Absheron Peninsula,
within the administrative boundaries of Baku city, focusing on Binagadi Lake and its adjacent areas.
The study area represents a hydroecosystem characterized by a combination of semi-arid and lake-
marsh landscape elements and has been exposed to long-term urbanization and anthropogenic
pressures. Field observations were primarily carried out during the autumn—winter period, which is
particularly significant for identifying migratory and wintering bird species.

Binagadi Lake is a closed water body with an area of approximately 0.015 km?. The surrounding
areas are characterized by poorly drained soils with high evaporation potential and susceptibility to
salinization. The local climate is semi-arid, with low annual precipitation and high summer
temperatures.

The study was conducted using an integrated ecological approach, combining ornithological,
geobotanical, and soil science methods. Field and laboratory studies were interconnected, and
comparative analyses and extensive literature data were employed to ensure the objectivity of the
results.

For the assessment of bird fauna, transect and stationary observation methods were applied.
Transect observations were carried out along predefined routes around the lake perimeter, while
stationary observations were conducted in areas with high bird concentrations. Observations were
mainly conducted in the morning (8:00 AM — 11:00 AM) and late afternoon (4:00 PM — 6:30 PM).

Bird species identification was based on visual observations, binoculars, photographic
documentation, and vocalizations. Taxonomic identification followed international ornithological
nomenclature standards. Species abundance was determined using relative counting methods, and
residency status was classified into sedentary, migratory, wintering, and accidental categories.

The conservation status of bird species was evaluated using the Red Book of the Republic of
Azerbaijan and the International Union for Conservation of Nature (IUCN) categories. The obtained
data were analyzed comparatively with previous regional ornithological studies.

For vegetation analysis, geobotanical description, route-quadrat, and floristic inventory
methods were applied. Sample plots of 1x1 m and 5x5 m were established to record species
composition, cover degree, and life forms.

Taxonomic identification of vascular plants was performed based on regional floras and
contemporary systematic approaches. Plants were categorized into annual and perennial groups, and
floristic composition was analyzed by family and genus. The impact of anthropogenic factors on
vegetation formation was also assessed. Soil studies included both field and laboratory phases. Soil
profiles were excavated in the field to describe morphological structure, horizon thickness, color,
structure, and carbonate content. Soil samples were collected from 0-20 cm and 2040 cm layers.

In the laboratory, humus content was determined using the Tyurin method, soil texture was
analyzed using the pipette method, carbonate content was measured by a gasometric method, and
salinity levels were estimated based on the total content of water-soluble salts. Soil types were
classified according to the national soil classification system and soil science literature. Comparative
and statistical methods were used to process and analyze the data. Relationships between bird species
diversity, vegetation structure, and soil characteristics were examined. The results were
systematically presented in tables and diagrams and discussed in comparison with previous studies.
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Results and Discussion

Based on systematic field observations conducted in 2024-2025, 37 bird species belonging to
11 orders were recorded in Binagadi Lake and its adjacent areas. These species are categorized
ecologically as sedentary, migratory, and wintering, demonstrating that the lake provides optimal
conditions for feeding and nesting during different life cycles of birds. The taxonomic and ecological
structure of the observed species emphasizes the lake’s strategic importance along regional migration
routes and its significance for waterfowl adapted to semi-arid conditions [5].

The bird fauna is dominated by the orders Passeriformes, Accipitriformes, Falconiformes,
Gruiformes, and Pelecaniformes. Notably, species belonging to Gruiformes and Pelecaniformes,
associated with aquatic and marsh habitats, indicate the abundance of food resources in the lake and
wetland areas. Additionally, the presence of predatory birds (Accipitriformes and Falconiformes)
reflects active ecosystem functions such as predation and population regulation. Among the rare and
protected species, Aquila nipalensis, Buteo rufinus, Falco naumanni, Porphyrio porphyrio, and Ardea
purpurea are noteworthy. The presence of these species underscores the strategic importance of the
ecosystem for biodiversity conservation. Predatory species such as Aquila nipalensis and Buteo
rufinus occupy the top of the trophic chain, maintaining ecological balance and serving as indicators
of biodiversity. Porphyrio porphyrio and Ardea purpurea act as bioindicators for assessing the health
of marsh ecosystems [6].

The study also revealed that migratory species reach peak abundance during the autumn and
winter seasons, highlighting Binagadi Lake’s strategic position along regional migration corridors.
The presence of sedentary and wintering species provides insights into the level of adaptation to
urbanization and anthropogenic pressures. Table 1 presents the taxonomic and ecological
characteristics, abundance, ecological groups, and conservation status of bird species recorded in
Binagadi Lake (2024-2025).

Table 1
TAXONOMIC AND ECOLOGICAL CHARACTERISTICS
OF BIRD SPECIES RECORDED IN BINAGADI LAKE (2024-2025)

Order Species Ecological Group Abundance  Conservation Status
Accipitriformes Aquila nipalensis Migratory Low LC; IV.1
Accipitriformes Buteo rufinus Sedentary Medium LC; IV.1
Falconiformes Falco naumanni Migratory Low LC; I
Gruiformes Porphyrio porphyrio Wintering Low LGC; I1.5
Pelecaniformes Ardea purpurea Migratory Low LC; 115
Passeriformes Various species Sedentary/Migratory High —

Comprehensive ornithological research conducted at Binagadi Lake (Table 1) clearly confirms
the lake’s significant ecological function within the region. The diversity of species recorded during
migration and wintering seasons indicates that the lake lies along internationally important migratory
routes. This characteristic underscores the lake’s role as a crucial stopover and resting site for both
local and regional migrant populations. The high species richness observed during migration periods
is of strategic importance for the maintenance of global migration systems and the stability of
biodiversity indicators. The abundance and ecological distribution of species belonging to the order
Passeriformes demonstrate that these birds possess a high capacity for adaptation to urbanization and
anthropogenic landscape transformations. Their dominance within the assemblage reflects the
existence of ecological resilience mechanisms enabling them to withstand stress factors such as
habitat fragmentation, noise pollution, artificial light, and spatial constraints common in peri-urban
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ecosystems. Such adaptive responses can be associated with flexible feeding strategies, diverse
nesting behaviors, and short generational cycles.

Analysis of population density and spatial distribution reveals heterogeneity in habitat
conditions along different shores of the lake. Waterbirds and marsh-associated species are primarily
concentrated along the western and southern margins, where more stable hydrological rhythms,
reduced fluctuations in water level, and richer sediments and macrophyte vegetation are present.
These microzones offer abundant food resources as well as protective structures shielding birds from
predators. By contrast, lower numbers of waterbirds recorded in the eastern and northern parts of the
lake may be attributed to higher levels of anthropogenic disturbance, altered soil cover, and
recreational pressure. The predominance of raptors in the terrestrial zones surrounding the lake
confirms the stability of the trophic pyramid and the presence of functional ecological interactions.
The hunting behavior of these species indicates that they act as regulators of small mammal and small
bird populations within the area. The presence of higher trophic levels therefore serves as an important
indicator of the overall ecological health of the ecosystem [7].

The collected data demonstrate that Binagadi Lake is not only a feeding and nesting habitat but
also a landscape unit of high ecological value where bioindicator species and complex trophic
interactions are maintained. These ornithological findings provide a fundamental basis for the
development of long-term biomonitoring programs. Assessing the area’s environmental stability,
determining the extent of anthropogenic impacts, and designing contemporary conservation strategies
for the sustainable management of the ecosystem are becoming increasingly necessary.

Extensive geobotanical surveys conducted in 2024-2025 allowed for a more detailed
assessment of the floristic diversity of the Binagadi Lake ecosystem. A total of 27 vascular plant
species belonging to 10 families and 22 genera were identified, reflecting the formation of a mosaic
landscape structure around the lake. The dominance of annual species (22 species) indicates short
vegetation cycles characteristic of arid and semi-arid environments, rapid evaporation of soil
moisture, and strong anthropogenic pressure. The relatively low number of perennial species (5
species) may be associated with limitations in local phytocenoses caused by pronounced seasonal
fluctuations and high soil salinity.

Ecological analyses of the vegetation reveal that the prevalence of halophytic and xerophytic
species reflects well-defined adaptation mechanisms to high soil salinity, low precipitation, water
scarcity, and intense evaporation rates. The families Poaceae, Amaranthaceae, and Asteraceae are key
indicators of tolerance to extreme environmental stressors. Their representatives exhibit traits typical
of semi-desert ecosystems, such as deep root systems, morphological modifications aimed at
minimizing water loss (e.g., thickened cuticles, reduced leaf surface area, leaf pubescence), and
osmotic regulation. The few species belonging to the Cyperaceae family indicate the presence of
limited wetland microhabitats along the lake’s margins. As water-halophytic ecological types, these
species thrive only under specific hydrological conditions, making them valuable indicators for
assessing the hydrodynamic structure of the area.

The findings demonstrate that the floristic and phytocenotic structure of the lake has been
shaped by the combined influence of natural factors (climate, soil salinity, hydrological regime) and
anthropogenic impacts (land-use changes, construction activities, household waste accumulation,
recreational pressure). The ecological composition and adaptive strategies of the vegetation provide
essential insights into the landscape dynamics of the region. Table 2 summarizes the distribution of
plant species by family, life form, and ecological type, offering a comprehensive picture of the
geobotanical structure of the lake. Overall, the Binagadi Lake ecosystem presents significant potential
for biodiversity conservation and highlights the need for sustainable management of soil and water
resources, as well as comprehensive assessment of ecological risks in the area.
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Table 2
DISTRIBUTION OF VEGETATION IN BINAGADI LAKE
BY FAMILIES AND LIFE FORMS (2024-2025)

Family Number of Number of Annual  Perennial Ecological Type
Genera Species

Poaceae 5 7 6 1 Xerophyte/Halophyte
Fabaceae 3 4 3 1 Xerophyte
Amaranthaceae 2 3 3 0 Halophyte
Asteraceae 3 5 4 1 Xerophyte
Cyperaceae 2 2 1 1 Hydro-halophyte
Other families 7 6 5 1 Xerophyte/Halophyte

The comprehensive ecological edaphic analysis of the vegetation and soil characteristics of
Binagadi Lake (Table 2) demonstrates a strong functional relationship between the lake’s floristic
structure and the physical-chemical properties of the soil, indicating that this relationship serves as a
key ecological mechanism determining the dynamics of ecosystem formation, its resilience to
anthropogenic impacts, and its biodiversity potential. In particular, the predominance of annual
species reflects poor soil fertility, depleted humus reserves, soil degradation resulting from
urbanization, and the semi-arid climatic conditions prevailing in the region, thereby illustrating the
stress-adaptive structure of the local phytocoenoses. Annual plants complete their life cycle rapidly
under extreme abiotic conditions, including high evaporation rates, low precipitation, soil salinity,
and mechanical compaction, thus maintaining their adaptive capacity in harsh ecological
environments. Conversely, the relatively low proportion of perennial species is associated with the
high clay content of heavy-textured soils, which limits aeration and water regimes, as well as the high
carbonate content, which reduces the availability of essential nutrients; the alkaline soil pH under
high salinity further constrains plant growth, while frequent disturbances of the soil surface caused
by anthropogenic pressures, construction activities, and land use practices impede the development
of deep root systems necessary for perennial survival.

The concurrent presence of halophytic and xerophytic elements clearly reflects the ecotonal
character of the Binagadi Lake area, which encompasses both semi-arid dryland vegetation and
localized marshy microzones. This floristic diversity allows halophytes, adapted to ion exchange and
osmotic regulation in saline soils, and xerophytes, exhibiting tolerance to water scarcity and high
temperature amplitudes, to coexist within the same ecosystem. Notably, hydro-halophytic elements
of the Cyperaceae family are restricted to wetter microhabitats, where the local hydrological regime
is relatively stable, providing essential feeding and shelter habitats for waterfowl. This underscores
the importance of vegetation complexes as critical substrates supporting trophic interactions and
ecosystem functionality, particularly for the ornithofauna of the lake. Overall, the stress-adapted,
mosaic structure of the vegetation indicates that, despite significant anthropogenic pressures,
Binagadi Lake maintains a degree of ecological integrity and functional continuity, rendering it a
reliable bioindicator for long-term ecosystem monitoring.

Furthermore, the detailed analysis of soil characteristics (Table 3) confirms that gray-brown
solonetz-type soils dominate the lake’s surroundings. The low humus content (0.82—1.11%) reflects
weak soil structure, poor agrochemical properties, limited microbial activity, and slow organic matter
decomposition, thereby constraining the availability of nutrients essential for plant growth. The high
carbonate content (~33%) results in elevated alkalinity, reducing the solubility and bioavailability of
key macro- and micronutrients, including phosphorus, iron, manganese, and zinc. The high proportion
of clay and heavy clay fractions (53—70%) impedes water infiltration, reduces drainage, and limits
aeration within the root zone, leading to restricted vegetative development and heterogeneous, mosaic
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patterns in plant cover. Soil salinity at 3.7% provides conditions suitable only for halophytic and
xerophytic species, while physiologically sensitive plants are unable to survive. Collectively, these
edaphic characteristics constitute the primary determinants of the lake’s floristic composition and
confirm that soil—plant interactions play a decisive role in structuring the functional dynamics of the
ecosystem as a whole.

Table 3
KEY PHYSICAL-CHEMICAL CHARACTERISTICS

OF SOILS AND ECOLOGICAL ASSESSMENT IN BINAGADI LAKE (2024-2025)

Indicator Unit Value Ecological Assessment
Humus content % 0.82-1.11 Low fertility
Carbonate content % ~33 High carbonate
Clay and heavy clay % 53-70 Heavy texture
Salinity % 3.7 Severe salinization
Soil type - Gray-brown solonetz Degradation-prone

Soil analyses conducted at Binagadi Lake (Table 3) indicate that the edaphic conditions of the
area represent a key factor directly determining the structural and functional organization of the
ecosystem. The low humus content (0.82—1.11%) results in reduced biological productivity and limits
the development of vegetation cover. Under such conditions, stress-tolerant annual species
predominate, reflecting the adaptive strategies of the phytocoenoses to both abiotic and anthropogenic
pressures. The low humus content also restricts soil microbiological activity, slows down the
decomposition of organic matter, and consequently reduces the nutrient base available for plants.

High carbonate content (~33%) increases soil alkalinity, impedes the uptake of macro and
micronutrients (such as phosphorus, iron, manganese, and zinc) by plants, and consequently weakens
the efficiency of trophic cycles. The limited availability of essential nutrients affects both the structure
of vegetation and the interactions between soil and plants. The high proportion of heavy clay fractions
(53-70%) reduces water infiltration and drainage, impedes proper root system development, and
results in a mosaic and heterogeneous vegetation structure. The soil salinity of 3.7% allows the
survival of only halophytic and xerophytic species, whereas the physiological requirements of other
species prevent their development under these conditions. These edaphic conditions play a
fundamental role in shaping both vegetation and its ecological functions. The stress-adapted
vegetation structure dominated by annual halophytes and xerophytes ensures the survival of plants
under extreme abiotic conditions, such as water scarcity and high soil salinity. This vegetation not
only supports plant persistence but also provides essential substrates for the feeding and nesting of
avian fauna in the surrounding areas of the lake.

The spatial distribution of vegetation according to microzones directly influences the settlement
of bird populations across different parts of the lake. Waterfowl and marsh-associated species are
concentrated primarily along the western and southern shores, where vegetation is denser, water
levels are more stable, and microhydrological conditions are favorable. Predatory birds are mostly
observed in terrestrial zones, contributing to the maintenance of trophic pyramid stability and the
regulatory functions of the food chain. Thus, the interactions between soil conditions and vegetation
cover directly determine the spatial distribution, feeding behavior, and reproductive activity of bird
populations.

Anthropogenic influences including urbanization, industrial activities, and soil layer
modification negatively impact the ecosystem structure. Low soil fertility and high salinity reduce
vegetation cover and species diversity, which, in turn, limits the availability of habitats and food
resources for birds. This chain of effects compromises the trophic and functional balance of the lake
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ecosystem and places its biodiversity under potential risk. Binagadi Lake represents a dynamic
trophic and functional system, where the interactions among soil, vegetation, and bird fauna are
critical for biodiversity conservation and sustainable resource management. Therefore, continuous
ecological monitoring, the development of conservation strategies, and the careful management of
urbanization processes are essential. Bioindicator species, particularly waterfowl and halophytic
plants, serve as effective tools for monitoring anthropogenic impacts and ensuring the sustainability
of ecosystem services. Future studies should quantify seasonal variations, bird feeding behaviors, and
plant soil interactions to gain a deeper understanding of adaptive mechanisms and stress responses at
Binagadi Lake.
Conclusion

Systematic studies conducted in 2024-2025 in Binagadi Lake and its surrounding areas indicate
that the site represents a dynamic and functionally complex ecosystem. The main findings of this
research can be summarized as follows. Avifauna: Field observations identified 37 bird species
belonging to 11 orders in the lake and its vicinity. Ecologically, these species are categorized as
resident, migratory, or wintering groups. Rare and protected species, such as Aquila nipalensis, Buteo
rufinus, Falco naumanni, Porphyrio porphyrio, and Ardea purpurea, play a crucial role in maintaining
ecosystem biodiversity. The presence of these species highlights the lake’s strategic importance along
regional migratory routes and its function as a feeding and nesting habitat for waterfowl. Vegetation:
Geobotanical surveys recorded 27 vascular plant species belonging to 10 families and 22 genera,
including 22 annual and 5 perennial species. Most plants exhibit halophytic and xerophytic ecological
types, reflecting adaptation to saline soils and arid climatic conditions. The predominance of annual
species is associated with low soil fertility and anthropogenic impacts. Soil cover: Soil investigations
revealed that the area is dominated by gray-brown solonetz soils. Humus content is low (0.82—1.11%),
carbonate content is high (~33%), the clay and heavy clay fraction is considerable (53—70%), and
salinity is severe (3.7%). These conditions limit vegetation structure and species diversity, reduce
ecosystem productivity, and amplify the negative effects of urbanization. Ecosystem interactions:
There is a strong functional interconnection among soil, vegetation, and bird components. Low soil
fertility and high salinity shape vegetation into stress-tolerant, primarily annual species. Vegetation,
in turn, defines feeding and nesting sites for birds. Wetland and marsh elements of the lake provide
favorable microhabitats for waterfowl, while predatory birds maintain trophic balance.
Anthropogenic impacts: Urbanization, soil modifications, and industrial activities can compromise
ecosystem stability. Therefore, continuous ecological monitoring, tracking of bioindicator species,
and implementation of conservation measures are of strategic importance. In conclusion, the Binagadi
Lake ecosystem is functionally resilient yet sensitive to anthropogenic stressors. The findings of this
study provide a scientific basis for sustainable ecosystem management, enhancement of urban
ecosystem resilience, and biodiversity conservation in the region.
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Abstract. This study assessed the ecological status of the Shahagachi coastal area (Azerbaijan,
Caspian Sea) using fish as bioindicators. The study was conducted on 16 specimens of mullet (Liza
saliens) and 15 specimens of kutum (Rutilus frisii kutum). A comprehensive approach was employed
to evaluate the condition of the fish, including a genotoxic analysis based on nuclear aberrations in
erythrocytes and a histopathological analysis of the gills. The genotoxic analysis revealed pathologies
in fish erythrocytes such as nuclear deformation, invagination, and displacement, and in some cases,
micronuclei. However, the level of detected pathological cells in the blood of mullet (1.65+0.06%)
and kutum (2.12+0.18%) remained within the physiological reference range (<5%). Histological
examination of the gills of both species showed protective and adaptive changes, such as hyperplasia,
curvature, and fusion of secondary lamellae, and an uneven distribution of secondary lamellar
hyperplasia; parasitic infestations were also detected. An integrated assessment of the results
indicated that the studied fish populations are experiencing a state of mild physiological stress. It was
concluded that the environmental conditions in the Shahagachi area, while not causing critical
damage, create unfavorable background conditions for aquatic organisms, which underscores the
need for further monitoring to prevent ecosystem degradation.

Annomayus. TlpoBeneHa OIIEHKa HKOJIOTMUYECKOTO COCTOSHUSI MPUOPEKHOW 30HBI paiioHa
[laxaraun (A3sepOaiimkan, Kacnmiickoe Mope) ¢ UCHOIb30BaHMEM pPBIO B KadyecTBe
omonHauKaTopoB. OOBEKTaMHU HCCIeOoBaHUS MOCTyXuin 16 ocobeit kedamu (Liza saliens) n 15
ocobeit kyryma (Rutilus frisii kutum). JIjsi OIIEHKA COCTOSTHUS PBIO MPUMEHSJICS KOMIUICKCHBIHN
MOJIXO/1, BKIFOUYAIONINI T€HOTOKCUYECKUI aHAIM3 Ha OCHOBE SIIEPHBIX ab0epaluii B SpUTPOIUTAX U
THUCTONATOJIOTHYECKUI aHamu3 ka0p. [Ipu reHOTOKCUYECKOM aHajan3e B dPUTPOIUTAX KPOBU PHIO
ObUTH BBISBIICHBI TaKWe TNATOJOTHU Kak jedopMalivs, WHBardHAIUS W CMEIICHHWE sIep W, B
OTJIENTBHBIX CITydasx, MHKpOsApa. B To jke Bpemsi, YPOBEHb BBISBIICHHBIX MATOJIOTHYECKUX KIIETOK B
kpoBu kedamu (1.65+0.06%) u xyryma (2,12+0.18%) Obu1 B mpenenax (uU3HOIOTHUESCKONH HOPMBI
(<5%). T'mcronormueckoe uccienoBaHUe >Xa0p 00OMX BHJIOB IOKa3alo HAIWYHEe H3MEHEHUI
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3alIUTHO-IIPUCIIOCOOUTENIBHOTO XapaKkTepa, TaKMX KaK TUIepIuIa3us, UCKPUBIEHUE U CpallCHHE
BTOPHUYHBIX JIaMEJlI, HEPAaBHOMEPHOE DPACIIPEACIICHUE BTOPUYHOW JIAMEJUIIPHOW TUIEPILIA3UU, a
TAaK)K€ I[apasuTapHble WHBa3UU. VIHTerpupoBaHHas OLEHKAa pe3ylbTaToOB II0Ka3aja, 4YTo
WCCIICIOBAaHHBIC TOMYJISIMHA PBHIO MCHBITHIBAIOT COCTOSIHUE JIETKOTO (DPU3MOIOTHYECKOrO CTpecca.
CnenaH BBIBOJ, 4TO JKOJOrMuYecKass oOcTaHOBKa B paifoHe Illaxaraum, XOTsI U HE BbI3BIBAET
KPUTHUYECKHX MOBPEKACHUH, CO3/1aeT HeOIaronpusTHbIe (POHOBBIE YCIOBUS AJIs THAPOOHMOHTOB, UTO
NOTYEPKUBACT HEOOXOAMMOCTh JTAIbHEHIIEr0 MOHUTOPHHTA JJS MPEAOTBPALICHUS IeTpajaluu
9KOCUCTEMBI.

Keywords: Shahagachi, monitoring, fish, genotoxicity, blood, histopathology, gills.

Knrouesvie crnosa: 1llaxaraan, MOHUTOPHHT, PHIOBI, TEHOTOKCUYHOCTh, KPOBb, THUCTOIATOIOTHS,
XKaOPBI.

The intensive economic activity of the 20th century led to a global deterioration of the
environment and the depletion of natural resources. The Caspian region stands as a prominent
example of this trend. The Caspian Sea — a unique and the world's largest inland body of water—
faces a complex set of serious environmental challenges. Among these, despite the significance of
sea-level fluctuations and biodiversity loss, pollution poses the primary threat to its ecosystem [1, 2].

This problem is particularly acute along the coast of Azerbaijan. Due to high population density
and numerous recreational facilities, such as health resorts, residential complexes, and beaches, the
coastal zone is subject to intensive human use [3].

Such intensive development, which includes the consumption of marine resources and water-
based recreation, establishes direct pathways for pollutants to impact the local population and tourists,
creating a potential threat to their health [4].

While the commissioning of treatment facilities has contributed to a certain reduction in
pollutant concentrations, it has not led to the stabilization of the ecological situation in the Caspian
Sea. This persistent dynamic instability underscores the urgent need for systematic monitoring of its
coastal waters through regular research expeditions [5].

In response to the prevailing ecological situation, the Ministry of Ecology and Natural
Resources of Azerbaijan is implementing a program for the systematic monitoring of the Caspian
marine environment. As part of this strategy, in May 2021, an assessment of the ecological status of
coastal areas, including the Shahagachi district, was conducted using fish as bioindicators. The
selection of fish is based on their high sensitivity to environmental changes, which allows for an
effective evaluation of pollution levels [6].

To address the research objectives, a comprehensive approach was employed, incorporating
both genotoxic and histopathological analyses. The genotoxic analysis involved the assessment of
nuclear aberrations as reliable markers of cytotoxic effects [7, 8].

The histopathological analysis focused on examining alterations in the gills; as these organs are
in direct contact with the aquatic environment, they are widely recognized biomarkers that reflect the
impact of xenobiotics [9].

Under the current circumstances, the collection of primary data on the physiological and
genotoxic condition of key fish species along the Azerbaijani coast of the Caspian Sea is critically
important for biodiversity conservation. The data obtained will establish a reliable picture for
monitoring the ecological status of the Caspian coastal zone within Azerbaijan and will permit a
comparative analysis of anthropogenically-induced changes against baseline empirical data.
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Material and methods

Sample Collection. The study was conducted on 16 specimens of the mullet (Liza saliens) and
15 specimens of the kutum (Rutilus frisii kutum), caught in the coastal zone of the Shahagachi. All
animal handling protocols were carried out in accordance with the European Directive 2010/63/EU
and were approved by the local ethics committee. For anesthesia, fish were placed in tanks with an
aqueous solution of MS-222 (tricaine metasulfonate, Sigma-Aldrich) immediately after capture. For
genotoxic analysis, blood was sampled from the caudal vein of the fish immediately after capture.
Blood smears were prepared, air-dried, and fixed in methanol. For histological analysis, gill tissue
samples were fixed in a 4% buffered formalin solution. Further processing was carried out at the
laboratory of the Institute of Physiology.

Genotoxic Analysis. Blood smears were stained with Azure-Eosin according to the
Romanowsky method using a standard kit from Sigma. The count of erythrocytes with nuclear
abnormalities (NA) was performed by light microscopy at a total magnification of 1200x (12x
eyepiece, 100x objective lens). Photomicrographs were taken using a Motic digital microscope at
1000 magnification (10x eyepiece, 100% objective lens). The frequency of NA was calculated using
the formula: NA(%)=(n/N)x100 where n is the number of cells with nuclear abnormalities, and N is
the total number of cells analyzed. Values below 5% were considered within the normal physiological
range. Statistical data processing was performed using Microsoft Office Excel 2007.

Histological Analysis. The histological processing of gill samples included dehydration in a
graded ethanol series (50%, 70%, 96%, and 100%) and a chloroform-ethanol mixture, followed by
embedding in paraffin wax according to a standard procedure. Sections of 7 um thickness were cut
from the paraffin blocks using a LEICA RM 2245 rotary microtome. The histological slides were
stained with Ehrlich's hematoxylin and eosin and subsequently mounted in Canada balsam [10].

The slides were examined and photographed using a NU-2 light microscope (Carl Zeiss, Jena)
equipped with a Motic digital camera. The percentage of each pathology observed in the gills of fish
was calculated by dividing the number of fish with a given anomaly by the total number of fish
examined [11].

Results and discussion

During the microscopic examination of blood preparations, up to 1.65+0.06% of erythrocytes
in mullet were recorded as pathological. These cellular abnormalities primarily involved nuclear
deformation and displacement, with the occasional presence of micronuclei. In the red blood cells of
Caspian kutum (Rutilus frisii kutum), such pathologies as nuclear invagination, deformation, and
displacement were detected, constituting 2.12+0.18% of the total erythrocyte population.

Furthermore, micronuclei were noted in some kutum individuals. It is important to note that the
quantitative level of the identified erythrocyte pathologies in the fish was in the range of 1.6% to
2.3%, thus remaining within the accepted reference value of <5%.

Table
PERCENTAGE OF NUCLEAR PATHOLOGIES IN FISH ERYTHROCYTES
Species of fish Total number of nuclear pathologies in % (per 1000 red blood cells)
Mullet (Liza saliens) 1.65+0.06
Kutum (Rutilus frisii kutum) 2,12+0.18

Control values below 5%. A histological study of the gill apparatus of the mullet revealed a
number of proliferative changes. In the gills of the mullet, alongside normal gill structure (42%),
several alterations were recorded. These included lamellar curvature (33%), hyperplasia of the
secondary lamellae leading to the fusion of adjacent lamellae, and fusion of the distal ends of the
secondary lamellae (24%) (Figure 1).
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Figure 1. Mullet. Curvature and fusion of the distal ends of the secondary lamellae (X200)

Hyperplasia and minor lifting of the respiratory epithelium were observed in the majority of
mullet specimens (60%) (Figure 2).

Figure 2. Mullet. Minor detachment of the respiratory epithelium and hyperplasia of the secondary
lamellae (X200)

Additionally, parasitic invasions were noted in the gills of a small number of individuals
(approximately 9%) (Figure 3).

Figure 3. Parasitic infestation in the gills of mullet (X400)
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Similarly, the gills of Caspian kutum presented a comparable, albeit distinct, pattern of
alterations. These included an uneven distribution of secondary lamellar hyperplasia (54%),
pronounced lamellar curvature (31%), and fusion of the distal ends of the secondary lamellae (21%)
(Figure 4). Parasitic infestations were also detected in a small number of kutum specimens (7%)

(Figure 5).

Figure 4. Kutum. Uneven distribution of hyperplasia, curvature, thickening and fusion of the distal ends
of the secondary lamellae (X200)

Figure 5. Parasitic invasion in the gills of a kutum (X400)

The histopathological alterations identified in the gills of both mullet and Caspian kutum are
indicative of a defensive response to environmental irritants. Changes such as hyperplasia of the
secondary lamellae (leading to the thickening of lamellae) and lifting of the respiratory epithelium
serve a primary protective function. These responses effectively increase the diffusion distance
between the external environment and the circulatory system, thereby creating a physical barrier that
impedes the uptake of waterborne contaminants into the bloodstream [12].

However, these defensive mechanisms have functional trade-offs. Alterations like lamellar
curvature and the fusion of both adjacent and distal lamellae inevitably lead to a significant reduction
in the total available respiratory surface area. This decrease can compromise gas exchange efficiency,
potentially leading to hypoxia under conditions of increased metabolic demand [13].

The observed pathologies are classified as progressive yet reversible alterations. This
classification suggests two key points: first, they are not terminal and can resolve if the environmental
stressor is removed; second, they serve as bioindicators of a low-level or sub-chronic toxicological
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process. Such stress can be induced by a combination of biotic factors, such as the observed parasitic
infestations, and abiotic factors, likely of an anthropogenic origin given the sampling location. An
assessment of the prevalence and severity of these histopathological changes indicated that no severe
or irreversible lesions (e.g., necrosis, aneurysm) were present in either mullet or kutum. The presence
of parasitic infestations, while not extensive, can be interpreted as a secondary signal, potentially
indicating general environmental contamination or a compromised immune status in the host fish,
making them more susceptible to opportunistic pathogens [14].

Thus, by integrating the results of the genotoxic analysis of the blood with the results of the
histopathological investigation of the gills, a comprehensive assessment of the fish populations at the
Shahagachi station can be formulated. The presence of similar pathologies in two different fish
species, in both the genotoxic and histological analyses, indicates a general rather than a species-
specific character of the fishes' response to the ecological conditions in this area. The data suggest
that the fish are experiencing a state of mild physiological stress. Although clear protective reactions
at the cellular and tissue levels to environmental irritants are evident, the absence of severe
irreversible damage indicates that the organisms' adaptive and compensatory mechanisms are not yet
overwhelmed. Consequently, the overall health status of the surveyed mullet and kutum populations
can be characterized as stable, yet physiologically stressed. It should be noted that the obtained data
are consistent with the results of monitoring of the Kura River mouth seashore [15].

Conclusion
Collectively, the data obtained allow for the conclusion that the ecological situation in the
Shahagachi area is characterized by the presence of a certain level of stress, which induces
background pathological processes in the fish. Although the current level of pollution does not lead
to irreversible damage, it creates unfavorable conditions for the vitality of hydrobionts. This
necessitates further monitoring and the identification of specific sources of pollution to prevent
further degradation of the ecosystem.
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EMPIRICAL-IMITATIONAL METHOD FOR PREDICTIVE MODELING
OF FOREST GEOSYSTEMS UNDER GLOBAL CLIMATE CHANGE
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Annomayus. Ipeanoxena pabodast KOHIETIUS SIMIIUPHUECKON HMHUTAIUU TPOTHO3UPYEMBIX
CLICHapHUEB JIECHBIX OMOI€OLCHO30B B IIPOLEYyPE UX HA3EMHOIO YKOJIOTMYECKOT0 MOHUTOPUHTIA IIPU
I00aNMbHBIX  M3MEHEHMAX KinuMmara. JlanamadTHO-3KOJIOrMYecKui MporHo3 0Oasupyercss Ha
SMIIUPUYECKHU YCTAHOBIICHHBIX JIOKAJIBHBIX JIAHAIIA(PTHO-3KOJOTHYECKUX CBS35X, KOTOpBIE
paccMaTpuBAlOTCS B KAaueCTBE MEXaHM3MOB METa0OIMUYECKMX pPEaKIUi JIECHBIX COOOIIECTB Ha
OIMPCACICHHBIC KIMMATHUYCCKHUE TPCHIAbBI , B COOTBCTCTBHUH C CI)YHI[aMeHTaJII)HI)IMI/I CBOMCTBaMH
SProAMYHOCTH  IpupoAHoil cpenbl. IlpencraBineHa cucremMa 3TUX CBsA3€H, HCHoONb3yemas B
IIPOTHO3HOM  IpOLEAype. VYCTaHOBIEHO ~ JIOKAJbHOE  OTOOpaKEHHE  PErMOHAJIbHOIO
OMOKIMMAaTHYECKOTO TPEHAa THUAPO-TepMOdnaduIecKoil cucTeMoi OmoreoneHo3oB. Paccmorpena
IIOJIN30HAJIBHOCTD JIOKAJIBHBIX T'€OCHCTEM KaK CIIOCO0 HX p€akur Ha HU3MCHCHHA KiIMMarta. Ha
OCHOBE THUJPOTEPMUYECKOIO OpPAWHALMOHHOIO aHAJIM3a BBISABJIECHBI KIMMAaTOT€HHbIE W3MEHEHUS
JMCKPETHBIX MapaMeTpoB OMOJIOTMYECKOro KpyroBopoTa. JlaHamagTHO-3KOJOTHUECKUN MPOTHO3
IMpEaACTaBJICH CUCTEMOM onepaunﬁ C KIIMMAaTHYC€CKUMH HUIIAMU U3y4YaCMbIX 00bexkTOB. OTMEUYEHBI
OIPECACIICHHBIC BpeMeHHI)I'C OTrpaHU4YCHHA OMIIMPUKO-UMUTALIMOHHOIO MCTOAA JIaH)IHIa(i)THO-
9KOJIOTUYECKOT'0 IIPOTHO3UPOBAHUS U HAMEUYEHBI BO3MOXKHBIE ITyTH UX MIPEOAOJICHHUS.

Abstract. A working concept for empirical simulation of predicted scenarios of forest
biogeocenoses in the procedure of their ground-based environmental monitoring under global climate
change is proposed. The landscape-ecological forecast is based on empirically established local
landscape-ecological relationships, which are considered as mechanisms of metabolic responses of
forest communities to certain climatic trends, in accordance with the fundamental properties of the
ergodicity of the natural environment. A system of these relationships used in the forecast procedure
is presented. A local reflection of the regional bioclimatic trend by the hydrothermoedaphic system
of biogeocenoses is established. The polyzonality of local geosystems as a way of their response to
climate change is considered. Based on hydrothermal ordination analysis, climatogenic changes in
discrete parameters of the biological cycle are revealed. The landscape-ecological forecast is
presented as a system of operations with climatic niches of the studied objects. Certain time
limitations of the empirical-simulation method of landscape-ecological forecasting are identified, and
possible ways to overcome them are outlined.
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Kniouesvie cnosa: 1iobOanbHble U3MEHEHUS KIMMATa, JIECHBIE N€OCUCTEMBI, SKOJOIMUYECKUE
HUIM, 0a30oBble  JaHAMWAPTHO-3KOJIOTUYECKUE  CBSI3U, SMIIMPUKO-UMHUTALMOHHBIA  METOX
reorpa(guuecKoro NporHo3uPOBaAHMSL.

Keywords: global climate change, forest geosystems, ecological niches, basic landscape-
ecological relationships, empirical-simulation method of geographical forecasting.

Dkojoruyeckasi 0€30MacCHOCTh KOHTHHEHTAIbHOW Ouocdepbl B 3HAYUTEIHHOM CTEIEHU
3aBUCHUT OT COCTOSIHUS 30HAJIbBHO-PETMOHAIIbHBIX TUIIOB IPUPOJHBIX 3KOCUCTEM, U B TIEPBYIO OYEPEIb
JIECHOTO MOKPOBA, KOTOPBII UIPaeT Ha CyIlIEe BaXKHEHIIIYIO POJIb B COXPAHEHHUU BOJIHBIX PECYPCOB U
CMSTYCHUU KIMMaTHYeCKUX KojeOaHWi. DTa mpoliieMa CTaHOBHUTCS AKTYaJbHOM B YCIOBHSIX
HAYaBILErocsi MIOOAJbHOTO TMOTEIUIEHUS C €ro BechbMa pPa3HOOOPAa3HBIMH M TIOPOH TPYIHO
MPEACKa3yeMbIMH 3KOJIOTMYECKUMHU MOCIEACTBUAMH.

YucneHHble TPOrHO3bl OMOCGHEPHBIX MPOLIECCOB U ABIECHUIN MPOBOAATCS OOBIYHO C TOMOIIIBIO
JTUHAMUAYECKUX UMHUTAIIMOHHBIX Mozenen ([VM). Ilocnennue npenctaBisioT co00i Ty WM MUHYIO
3aMEHY peaJIbHON «CUCTEMHOM CII0KHOCTH) HEKOTOPOM a0CTpaKkTHON CTPYKTYPOIi, C IEKOMITO3ULIMEN
U YNPOIIEHUEM PACCMATPUBAEMBIX 3aKOHOMEPHOCTEH ee CTPYKTYphl M (YHKIIMOHHUPOBAaHUS B
YCIIOBUSIX allpUOPHOM HEOINPENEIEHHOCTH [1].

HauOonpimme ycnexu IOOCTUTHYTHI B CO3JAaHHHM  KOHIICTITYaJIbHO-OAJTaHCOBBIX MOZETEH
Pa3NMYHBIX TUMOB reorpaduueckoi cpeapl W PacTUTENBLHBIX COOOMIECTB, a TAK)XKE B MOCTPOCHUU
MojieJiel TOBEACHUS SIKOCUCTEM B YCIOBUSX TEXHOICHHOTO 3arpsi3HEHUS! IPUPOAHBIX cpex [2, 3].

Bmecte ¢ Tem, nmaBas AOCTaTOYHO DIIyOOKO MpopaOoTaHHBIE MPOTHO3HBIE CIIEHAPHH I10
OTJENBHBIM TeoKkoMIIOHeHTaM, [IIMbI He MOTYT J1aTh HaM LIEJIOCTHOTO MPEACTABICHUS O OymayieM
o0nmuKe caMoil Teo(dKO-)CUCTEMBI, O CTENEeHH €€ YCTOHYMBOCTH IPH HOBBIX COYETAHHIX
cpenoobpasyrommx mapameTpoB. Camu pa3paOOTUMKH 3ITHX MOJAENECH MNPHU3HAIOT, YTO «... B
3HAYUTEITFHOM KOJMYECTBE pPa0OT MO MOAETUPOBAHHUIO ... OTCYTCTBYIOT JIaHHBIE MO SKCIIEPH-
MEHTAJIbHOMY OOOCHOBAHHMIO HCIOJIb30BAHHBIX B MOJIETH MapaMeTpoB» [2].

K Tomy ke nmooOHbIE MOJIENTN HE OXBAaThIBAIOT TEPPUTOPUATILHOTO MHOT000pa3usi CyKLECCH-
OHHBIX CMEH MPHU OJHOM U TOM e (JOHOBOM BO3ICHCTBHH, T.€. OHU MOTYT OBITh «HEaJECKBAaTHHI B
pocTpaHCcTBe» [4].

EcrectBenHo, reorpaduueckas SKOJOTHS HE MOXET OTPAaHUYUBATHCS TMOAOOHBIM THUIIOM
MOJICIUPOBAaHMSI, TOCKOJIBKY HMMEET [el0 C TEepPpUTOPHAIbHO AUPPEpeHIIn-POBAaHHBIMU U
MHOTOKOMIIOHEHTHBIMU T€0(9KO0-)CUCTeMaMHU JaHAIa(THOTO YPOBHSI.

Pa3paborannbiii  aBTOpoM — NaHAMA(THO-IKOIOTUYECKUNH  aHANW3  MPOCTPAHCTBEHHOMN
OpraHM3alMK MPUPOAHBIX KOMIIJIEKCOB U UX KIMMATOT€HHOM AMHAMHUKH OCHOBAaH Ha MOCTPOEHUU
JUCKPETHBIX OSMITMPUKO-CTATUCTHUYECKUX MOJIEJIE WX CTPYKTYypbl U (yHKIIMOHUPOBAHUS, TIO
onpenenenuto [1].

B cocraBe naHHBIX Mozeneld MPEMJIOKEH U Pealu30BaH METOJA SMIIMPUYECKOM MMHTAIIUU
IIPOrHO3UPYEMBIX T'€0IKOJIOTMYECKUX CUTyalui [5, 6].

B HeM OSMIMpHYECKH YCTAaHOBJIEHHBIX JIOKAJIbHBIE W PETHOHANBHBIE JIaHIIAPTHO-
HKOJIOTUYECKHUE CBS3HM HCIOIb3YIOTCS B KaueCTBE MEXaHU3MOB METAa0O0IMUYECKUX peaKIUi JIECHBIX
SKOCUCTEM Ha T€ WIM HMHBbIE KIUMAaTHYECKHUE TPEHIbl. BO3MOXHOCTHM MIMPOKO MPUMEHSATH B
MPOTHO3HOM aHAllM3€ Pe3yJIbTaThl MOJEBbIX JTaHAIIAPTHBIX HCCIEIOBAHUM, a TakKe pa3InyHbIe
KapTorpaduyeckue Marepuayibl TIO3BOJISIIOT IOJIyd4aTh pe3yJbTarbl C BBICOKOM CTENEHBIO
MIPOCTPAHCTBEHHOTO Pa3peIICHHUS.
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IIpeomem >3MRUPUKO-UMUMAYUOHHO20 NPOSHO3HO20 MOOenuposanus. B kadyecTBe MCXOIHOTO
00beKTa MOJEIMPOBAHUS BBICTYNAET LEJIOCTHAs  dJIeMEHTapHas (TeoTonuyeckas) eIWHUIA —
OHMOreoIeHo3, B ero (yHIaMEHTAILHOM omnpe/eneHuu [7].

Cdepa reorornos npeacTapisieT co0oi HanboIee KOMILICKCHYIO M aKTHBHYIO YacTh IPUPOIHON
cpenpbl, ee PyHKIIMOHAIBHOE «saApoy» [8].

TeppuropuanbHoe pazHOOOpa3zue BelIECTBEHHO-PHEPreTUUECKUX KPYTrOBOPOTOB B KaXKJIOM
HKOPETHOHE CO3/AeTCsI CaMOM CTPYKTYPHOH HEOAHOPOTHOCTHIO OumoreorneHo3oB. Pa3paborka
T€03KOJIOTUYECKOTO MOHUTOPHHTA Ha «IAHAMAPTHO-3KOCHCTEMHOM)» OCHOBE — OJIHA U3 aKTyaJIbHBIX
3a/1a4 COBPEMEHHOM IKOJIOTHH B 00JIacTH JecoBeaeHUs [9].

B coorBercTBMM C U3BECTHBIMH pa3paboTkamMu Ouocdepa paccmarpuBaeTcs Kak
CTaTUCTUYECCKUN aHCaMOIb OHMOTEOIeHO30B — CJIa00 B3aUMOJCHCTBYIONIMX MEXAy co00#, HO
BHYTPEHHE BBICOKO YIOPSIAOYEHHBIX (HAa OCHOBE CTaOWJIM3HMPYIOLIETO OTOOpa) 3JIeMEHTapHBIX
ounoxoposaornyeckux eauHuil [10].

OTO NO3BOJSIET U3y4aTh IMOBEACHUE TOMOI€OCHCTEM B PA3IMUHBIX F€OMOP(OIOrHYECKUX U
snaUUeCcKuX YCIOBHUAX HAa OCHOBE MAaCCOBOM SMIHMPUYECKOW HH(POPMAIMH, TPU COXPAHCHHH
CTaTUCTHYECKUX METO/IOB aHau3a. TeM caMbIM yaaeTcsi MpeACTaBUTh MEXaHU3MbI OMOJIOTHYECKOTO
KpPYTOBOPOTA U PETYJISALUH YITIEPOAHOTO LIMKJIA B SMIIMPUKO-CYTATUCTUYECKUX TPOIHO3HBIX MOAEISAX
JIOKAJIbHOTO Treorpauyeckoro MpOCTPAHCTBA, YTO SIBISETCS NPUHLIMIIMAIBHO HOBBIM acIEKTOM
pelieHns JaHHOU TPOOJIeMBl.

JlanamaTHO-OKOJIOTHYECKUN  MPOTHO3 WMEET  OKCIEpUMEHTanbHBIH  Xapakrep. OH
pa3pabarblBajiCsl KaK CHUCT€Ma ONepalMid C 3KOJOTHYECKMMHU (IMIPOTEPMUYECKUMM) HUIIAMU
U3y4yaeMbIX OOBEKTOB. OMIMpHUYECKass MMHUTALMS JaHIIA(QTHO-IKOJIOTMYECKUX MPOTHO30B
peanusyeTcsi Kak BOCIIPOU3BEIECHNUE MPOTHO3UPYEMBIX CLIEHAPUEB OMOI€OLEHOTUYECKUX CUCTEM 10
3aKOHaM MX 0a30BOI IPOCTPAHCTBEHHOW OPraHU3aAINH, C 3aMEHOM MTPOCTPAHCTBEHHBIX KOOPAWHAT B
Ipolexype MHporHo3a Ha BPEMEHHbIE, B COOTBETCTBUM C (hyHIaMEHTaJIbHBIMH CBONCTBAMHU
SPrOANYHOCTH MIPUPOIHOM Cpebl.

Bech aHanu3 compoBOXkIajics MOCTPOEHUEM COOTBETCTBYIOUIMX AMIMPUKO-UMUTALMOH-HBIX
Mojenel. JlokanpHble MeXaHM3Mbl IOOAIbHBIX W3MEHEHUH BBIABISUIUCH Yepe3 AMIHUPUUYECKU
YCTaHOBJICHHOE OTOOpaXkeHHe (POHOBOTO OMOKIMMATUYECKOTO TPEHJAa KaTeHapHBIM 3BEHOM
OuoreoneHo30B. PaccMaTpuBanuch pervoHalbHbIE CTPYKTYphl JIOKQJIW30BAaHHOM TNPHUPOJHOMN
30HAJIbHOCTH, CIIOCOOHBIE MOJIETMPOBATh OCHOBHBIE HAIPABJICHUSI M MacIITa0bl Ie0(7K0-)CUCTEMHBIX
nepectpoek. OpIWHAIMOHHBIN aHaJM3 MEKKOMIIOHEHTHBIX M MEXKOMIUIEKCHBIX JIaHAMA(THBIX
CBsi3eil ObLI HANPaBJIEH Ha BBIABICHUE IEPEXO0B JIECHBIX COOOIIECTB B KPUTUUECKHE COCTOSHUS,
BBI3BIBAIOIINE CTPYKTYpPHBIE IEPECTPONKH BILIOTH /10 30HAIBHO-PETHOHAJIB-HOTO MaciTata.

Hcxoonvie mamepuanvl u memoowl ananusa. Kak u3BeCTHO, «... METOJOJIOTHUS TPAIULIUOHHBIX
IOJIEBBIX HAOIIONEHUH ... OCTAaeTCs HAWIydllel a1 MOHUTOpPUHIA MOCTENEHHON TpaHchopManun
(bUTOLIEHO30B, BKJIIOUasi IK30TeHHBIE cyKiieccuu» [11].

OObeKTaMH HCCIEOBAaHUS TOCIHYXHWJIM JIECHble 3KOCHUCTEMBI OCHOBHOIO BojocOopa
Bomxckoro ©Oacceitna. Mcnonb3oBaHbl Marepuaibl  KpynmHoMacmtabHbeix (M 1:25-50 000)
naHAmwadTHEIX CHEMOK, IMPOBEIEHHBIX aBTopoM B mnepuon 1987-1998 rr. Ha BocbMH
AKCIEPUMEHTAJIbHBIX TMOJIMIOHAX MO CHEUalbHO pa3paboTaHHONW MeToAuKe. B mpenenax kaxzoro
MOJIMTOHA BBIACISUIMCH IIECTh OMOTEOLIEHOTUUECKUX TIPYII, pPACIONOXKEHHBIX 110 BEKTOPY
«TUTOMOP(HOCT —  TUAPOMOP(HOCTB»: — OT BOJIOpA3AEIbHBIX OMOBHANBHBIX (D) u
TpaHcHmoBHaANbHEIX (TD) THUIOB MecTOnmoJoKeHU uepe3 ckioHOBble TpaH3utHele (T) u
TpaHcakkyMyisiTuBHbIE (TA) THUIBI 10 TONHMHHBIX aKKyMYISITHUBHBIX (A) U cynepakBaibHbIX (CA).
Ha miockux MexXIypeubsX BBIACISUIMCH TAKXKE NIIOBHAIBHO-aKKyMyisiTuBHbIE (DA) tumnbl. Ha
PETHOHAJIBHOM YPOBHE CHCTEMAa ME30-MECTOINOJIOXKEHUM HMea aHajlornyHslii xapakrep. Ilo
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MaTepuaiaM TaKCallku Jieca Ha MPOOHBIX MUIOMIAAIX U MO CHEeHaTIbHBIM TaOJUI[aM paCCUUTHIBAIIUCH
JUCKPETHBIE MapaMeTPhl MAJIOT0 OMOJIOTHYECKOTO KPYroBOPOTa, a TaKXkKe 3arackl yriepoza [12].

bazoBbie 3HaYeHHS 3amacoB yIjiepojia pa3HEeCEHHI Mo 52 rpyInaM pacTHTEIbHBIX (Gopmanuid,
KOTOPBIC B3SThI U3 re000TaHNYECKUX KapT B M-0ax 1: 2,0-1: 2,5 000 000 [13, 14].

OTH KapThl CO3[aBAJIMCh IPUMEPHO B TOT JK€ IEPUOJ BPEMEHH, KOIJa IPOBOAMIINCH
nanamadTHeIE CheMKH. Vcronb30BaHHBIE Te000TaHNUECKHe MaTepuabl 35-40-1eTHel JaBHOCTH He
MOTEPSUIM CBOEM aKTyaJbHOCTHU JI0 HACTOSIIETO BPEMEHU. YCTaHOBJIEHO, YTO 3a nepuoxa 1968—2008
rT. B EBponeiickoit yactu Poccnu momanm 3eMelib, OKPBITHIX U HE MOKPBITHIX JIECOM, U3MEHUIUCH
Ha 6-8% [15].

HecymecTtBenHble M3MEHEHNs NMPOU30LUIM U B IOPOJHON CTPYKType JiecoB. [0y XBOMHBIX
MOPOJ B COCTABE IMOKPBITHIX JIECOM 3€Mellb CHU3MIach Ha 4%, a J0Js MSATKOJIMCTBEHHBIX MOPOJ
yBesuminach Ha 5%. Ilo cnyTHukoBBIM JaHHBIM, B TedeHue 2000-2015 rr. ruomans gecos Poccun
COKpaTuiiach Bcero Ha 2,4% , mpuyeM y TEMHOXBOMHBIX, CBETIIOXBOMHBIX M JIMCTBEHHBIX ITOPOJ 3TO
YMEHBUIEHUE COCTaBUIIO COOTBETCTBEHHO 7,8%, 1,9% u 5,8% [16].

KonmuyecTBeHHasr OICGHKA KJIMMATOTEHHOW TpaHC(OpMAIUU JICCHBIX Te0(3KO-)CHCTEM
MIPOBE/ICHA IO MPOTHO3HBIM KIMMATUUYECKUM CIICHApUSIM JIBYX MIOOATBHBIX MOJACNICH U3 CeMenCcTBa
Mozenei oomei nupkyssun arMmochepsl AOGCMs: 1) mopenu E GISS [17], u 2) monenu HadCM3,
Bepcust A-2 [18].

[lepBass Mozmenb [aeT MpeAesbl KIMMAaTHYECKUX HW3MEHEHHM, COOTBETCTBYIOIIUE IIEJISIM
[Mapuxckoro CornameHus— He JTOMYCTUTh CPEITHETON0BOE IoTemIeHue 6onee uem Ha 1,5 2,00 k
CpeIHE HAIIETO CTONETHS, T.€. K CpOKy yaBoeHUs koHIeHTpauuu CO2 B atrmocdepe [19].

OpnHako CyUIECTBYIOLIMI B HACTOAIIEe BpeMsl TPEH] MOTEIJICHHS CHOCOOEH MPUBECTU K
TIOBBILICHUIO CPEHEl TeMIepaTyphl Ha Tepputopun Poccun yxe k xoriy XXI crosnerus na 6-11°,
YTO aJeKBaTHO KJIMMAaTUYECKOMY IMPOTHO3Y Mo 3KcTpemanbHo moaenn HadCM3. Takue Temrmbl
100aMbHOTO TOTEIUIEHHUS MOTYT MPEBBICUTH MOPOT BBIHOCIMBOCTH OCHOBHBIX JIECOOOPA3yIOLINX
MOpOJl ¥ TPUBECTH K pacmagy Ha OOMIMPHBIX MPOCTPAHCTBaX HE TOJIBKO HEMOPAIBHBIX, HO U
OopeanbHbIX JIecoB [9].

B npouietype sMnuprueckoit MUMUTAIIUU TPOTHO3HBIX CIIEHAPUEB UCTIOIB30BATUCH CIIEIYIOIINE
JUCKPETHBIE 0a30BbI€ XapaKTEPUCTUKU TPUPOIHO-TEPPUTOPHAIBLHON opraHu3anuu: 1) CBOHCTBO
MOJIM30HANBHOCTH JIOKANBbHBIX TEO0CHCTeM Kak Croco0a MX peakinH Ha rio0aabHble M3MEHEHUS
KJIUMaTa; 2) PerHoHalbHbIE CTPYKTYPHI JIOKAJIM30BAHHOW TMPHUPOAHONU 30HATIBHOCTH, CIIOCOOHBIC
MOJIETTUPOBATh OCHOBHBIC HAMPABIECHUS M MAaCHITaObl T€OCHUCTEMHBIX MEPEeCcTpoeK; 3) JIOKadbHas
SMIOUPUYECKAs UMHUTAIIHS PETHOHAIBHOTO OMOKIMMATHYE€CKOTO TPEH/1a Ha OCHOBE OMHAPHOI TUAPO-
U TepModnadUyYecKOod OpAMHAIMK JIECHBIX TOMOTeOCUCTeM; 4) >sMIHUpUYecKas HWMHUTAIUS
KJIMMaTH4Y€CKH 00yCIIOBICHHBIX U3MEHEHUH TIMCKPETHBIX MapaMeTPOB OMOJIOTHYECKOTO KPYTOBOPOTa
Ha OCHOBE HX THAPOTEPMHUYECKOTO OPAMHAIMOHHOTO aHalu3a; S5) JaHIIIa@THO-IKOJIOTHYECKOE
MIPOTHO3UPOBAHUE KaK BOCHPOM3BEIECHHE CIICHAPUEB OMOTEOIIEHOTMYECKUX CUCTEM IO 3aKOHAM HMX
0a30BOI IPOCTPAHCTBEHHOI OpraHU3alIlu.

Paccmotpum Gosiee mogpoOHO HEKOTOPBIE Pa3Aebl IPOTHO3HOTO SMITUPUKO-UMHUTAIIHOH-HOTO
MOJICTTUPOBAHUS JIECHBIX DKOCHCTEM.

Pesynomamot u ux obcyscoenue
Jlokanvhas smnupuveckas UMUMAayus pPeSUOHANbHO20 OUOKIUMAMUYEcKo20 mpenod. B
npeeax TEPPUTOPUU C ONPEACICHHBIMA TPAaHUYHBIMHA YCIOBHSIMH 30HAJIbHO-PETHOHAIBHOTO
OMOKJIMMAaTHYECKOr0 (pOHA CTPOMIIACh Cepust (aKTOpaIbHO-AMHAMHUYECKHUX PAIOB DIIEMEHTAPHBIX
MPUPOHBIX KOMILIEKCOB (OMOTEOIIEHO30B U UX TPYIII ), PACTIOIONKHB WICHBI KaXKJIOTO psijia B OPSIKE
ycusieHUs (WM OcIa0lieHus) THEPTPOGUPOBAHHOTO BO3JCHCTBUSI COOTBETCTBYIOIIETO JIOKAIBHOTO
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¢dakTopa. B naHHOM ciyuyae 3TO ObUIM THAPOTEPMHUYECKHE DPsIIbl TOMOTCOCUCTEM, a TAKKE HX
OT/EJbHBIX KOMIIOHEHTOB, B HAMNpAaBICHUU MX BO3pPACTAOLIEH  apUIHOCTH WM, HA0OOpOT,
ryMUIHOCTH. Kakplil Takod psii MOKET OBITh MPEICTABICH KaK HEKOTOPBIH aHAJIOI BPEMEHHOTO
psiia TEOCHCTEM, COOTBETCTBYIOIIEIO BEKTOPY (DOHOBBIX KIMMATHUECKUX HM3MEHEHHH (TpeHay) B
JTAHHOM 3KoperuoHe. TakuM 00pa3oMm, OIydaeM 3p2ooudecKyio OnepayuorHyro cCucmemy, UMeroIe,
KaK U3BECTHO, UCKJIFOUUTENIHO Ba)KHOE METOANYECKOE 3HAaUEHHE B reorpadMuecKux Uccie0BaHusIX.
PacronoxeHne MPOCTPAHCTBEHHBIX COCTOSHHHA OOBEKTA B COOTBETCTBHH C HX BPEMEHHOI
MOCJIEZIOBATEIFHOCTRI0 00pa3yeT (ha30BOE€ MPOCTPAHCTBO 3TOro oObekTa. Mcxoms W3 CBOUCTB
CcaMoNoA00OMsI AProguvecKod ONEPAalMOHHOW CHUCTEMbI, Mbl 3aMEHsSEM IPOCTPAHCTBEHHbIE
IIOCJIEIOBATEIbBHOCTH HA BPEMEHHBIE M, aHAJIW3HUPYS BEKTOPHBIM psiji TOIOINE€OCUCTEM, IPOBOAUM
CBOETO pOjia UMHUTALIMIO JIOKAJILHOTO O0TOOpaskeHHsI (POHOBOTO KIMMATHYECKOTO TPEHJa, Ha OCHOBE
Yero BBIIBIISIEM pEAJbHBIA CIEKTP BO3MOXKHBIX HAalpaBlIeHUH (QYHKIMOHAIBHO-CTPYKTYPHBIX
IIEPEXOI0B MEXKy I'€OCHCTEMaMHU.
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Pucynok 1. Pacripenenenne TaKCOHOMHUYECKHUX HOPM CPEIHEHIOIBCKUX 3aI1acoB MPOTyKTUBHON BIIaru
B citosix mouBsl 0—20 cm (1), 0-50 cm (2) 1 0—100 cm (3) pa3IuIHBIX TPYTII JIECHBIX OMOTEOIIEHO30B B CUCTEME
WX KaTe€HapHOM OpraHu3alluy, aJEeKBaTHOM TEpPMOApUIHOMY KIMMATHUYECKOMY TpPEHIY. OKOpPETHOHBI
Cpennero IloBomkbs: (a) — ceBepHas rpaHHUIAa IIMPOKOIMCTBEHHO-JIECHOW MOA30HBI Ha IIpHBOIKCKOM
BO3BEIIIIEHHOCTH (ypoumine «3enenblii ['opomy); (0) — 10xHas 1ojoca MOJATaeKHOW 30HEI B HuzmeHHOM
3aBomxbe (Kepxenckuit pesepsat). Tunsl Mectomnonoxennit: TO — TPIHCIIIOBUATIBHBIN; O — 3JII0BUAIIBHBIN;
T — tpan3utHslif; TA — TpaHCAaKKYMYJIATUBHBIN; A — akkyMynaTuBHbI; CA — cynepakBaibHbIi. JlpeBocTon-
JTOMHHAHTHL | — cocHa; 2 — enb; 3 — my0; 4 — muna, Bs3; 5 — Oepesa, ocuHa; 6 — onbXxa

B cooTBeTcTBUY ¢ KapTUHON MPEANONaraeMbIX MIOOATBHBIX U PETHOHAIBHBIX KIMMAaTHYECKUX
M3MEHEHUH, OBLIIM MOCTPOEHBI BEKTOPHBIE PSAJIBI IO CTETIEHU apUAN3aLMU TOTIOAKOCUCTEM, a TaKkKe
UX OTJENbHBIX KOMIIOHEHTOB JJIs KaXJI0H peruoHajIbHOW 3KOCHUCTEMBI. JTO KacajaoCh HE TOJIBKO
KOJIMUECTBEHHBIX TApaMETPOB UX COCTOSHUS, HO M CaMUX KaueCTBEHHBIX NMpHu3HakoB. Ha rpadukax
OMHApHOM OpAMHAIIMM BCE COCTOSIHUS PAcCMaTPUBAEMBIX OOBEKTOB PacIoyiarajich ClIeBa HalpaBo
1o ocu X (11 siBeHust A) ¥ cBepxy BHU3 1o ocH Y (i paxrtopa B) TakuM 00pazom, 4TOOBI CMEHa
CaMHUX COCTOSIHUI MMeJia BEKTOPHBIN XapakTep U Oblia Obl afieKBaTHa 00IIel TEeHCHIINY apyuI3aliui
JIOKaJIbHBIX JaHImadTHO-3KoIornyeckux ycinoBuil (Pucynox 1). TakoBBIMEH MOTYT OBITh, CKaXKeM,
MIEPEXO/Ibl OT MEPEYBIAKHEHHBIX JHUII MaJblX PEYHBIX JOJUH K KPYTHIM XOPOIIO JIPEHUPYEMbBIM
CKJIOHaM BOZIOPA3ZIeNIOB, OT TMAPOMOP(PHOro coOCTOsIHUS 31a¢oTona K KCeEpOMOP(PHOMY, OT OCOKOBO-
c(harHoBbIX XBOMHBIX MJIM CMEIIAHHBIX JIECOB K Me30()UTHBIM Pa3HOTPaBHBIM JyOpaBaM U jajee K
CYXHUM COCHOBBIM O00pamM-0€IOMOIIIHUKAM H T.I1.
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Haubonee penpe3eHTaTUBHBI CPETHEUIONBCKIE 3aM1achl MPOAYKTUBHOM BIIary B ciioe mouBbl 0—
50 cm (Wso)vi. OHu cBsizanbl ¢ K03 uUIMEHTOM aTMOoc(epHOro yBiIaKHEHUS Kyg: CIEAYIOIIUM
ypaBHEHMEM perpeccu (IIpH BHICOKUX ko3 HIMeHTax Koppensiuu R u nerepmunanun R?):

(Wso)vin=exp(2.622+1.071 Kyss); R = 0.89; R? = 0.79.

[lo ganHOMY ypaBHEHHMIO OIEHMBAJIACh CTENEHb TUAPO-dAaPUUECcKOl apuau3aliu JIECHBIX
OHOIeOI€HO30B.

Pezuonanvnas cucmema noxanuzosanHou npupoouoil 3onanbHocmuio JlJaHHOE HalpaBiIeHHE
nmaHAmagdTHO-IKOJIOTHIECKOTO aHAlIM3a MPOBEEHO Ha MPUMEpE JIECHBIX Onoreorneno3oB [Iprokcko-
Teppacnoro 6uocdepHoro peseppara, pacloNIOKEHHOTO B «CEPALEBUHE» OOpeallbHOTO PKOTOHA B
CpenneokckoMm Oacceiine [6].

N3BecTHO, uTO NManamadTHAS MO3aWKa JIFO00W TEPPUTOPUU CKIAJBIBACTCS U3 apeaioB Kak
IJTAKOPHBIX JIOKAJIBHBIX T'€0(9KO-)CUCTEM, OTPAXKAIOIIMX B HAMOOJEe «YUCTOM BHUE» 30HAIBHO-
peruoHanbHbIl  (POH JaHHOM TEPPUTOPUM U SBISIIOIIMXCS €r0 MPEACTaBUTENSIMU, TaK U
AKTPa30HAIBHBI3X T€OTONOB, BOSHUKIIMX B pe3yJbTaTe pa3jIndyHOro pojia MperoMIIeHUs 3TOro oHa
O] ICCTBUEM MECTHBIX TEOMOP(OIOTHIESCKH X U ITOYBEHHO-TUIPOIOTHYECKHUX (PaKTOPOB [6].

O0e kareropuu TOIMOAKOCHCTEM TMpeJACTaBlIeHbl Ha TepputTopun IIprokcko-TeppacHoro
pesepBara (PucyHok 2).
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Pucynok 2. bunapHas opauHanms 30HaNBHBIX npencraButeneit [Ipuokcko-TeppacHoro 6mocheproro
pesepBata 1o TUIIaM MECTOIOJIOKEHHUS, TPyIIIaM OHOTeOIICHO30B U 3/JaQUeCKOMY YBIQKHEHHIO. Y CJIOBHBIE
0003Ha4YeHUs: | — IKOIOTUYECKUH IOMUHAHT; 2 — «Pa3MbITash» YacTh IKOJIOTUYECKOW HUILH; 3 — TPACKTOPHS,
COCAMHSIONIAsT KOJOTHUECKHE JTOMUHAHTHL, 4 — MPOCTPAHCTBO SKOJOTMYECKOW HUIIM;, 5 — aHKiIaB; 6 —
HanpaBJIeHHUE BO3MOXKHON TPAHCTPECCUU JAHHOTO SIBICHUS OT €ro 3KOJIOTHYECKOro JOMUHAHTa; 7 — 00JacTh
CTHIOPaJIMUECKOTO PACIPOCTPAHEHHS SIBIICHHUS B TpeJiesiaX JAaHHBIX Ipajanuil ¢paktopa. 30HaIbHBIC TPYIIIEI
ouoreoneno3oB: bT — OopeanbHas Taexnas; Bb — 6opeansaas 6oposast; H/b — nemopansHo-0opeanbhas; b/H
— OopeanbHO-HeMopanbHasi; H — HemopanbHas. JKonoruueckue rpynmsl ouoreoneno3os: K — kcepodurhas;
MK — me3o-kcepodurtHas; M — me3odputHas; MIT — me3o-rurpodurtHas; [ — rupodurHas. Pacimdposky
YCIIOBHBIX 0003HaYeHNH OMOTEOIIEHOTHYECKHUX IpyTIl cM. B Tekcte. K(A;B) — HopmupoBanHbIii koadduiment
conpsikeHHOCTH [20]
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I'pyrmier 6moreornierno3oB (I'b) 2 u 3 MOXXHO OTHECTH K 30HAIBHBIM IMPEACTABUTEISIM 30HBI
CMeIlIaHHBIX (XBOWHO-ITUPOKOJIUCTBEHHBIX ) JiecoB CpenHeokckoro OacceitHa. buoreonenoruueckue
rpynmsl | ¥, B MEHbIIEH CTENeHH, 4 XapaKTepU3YIOT KCepoMOp(HBIE OTKJIOHEHUS OT 30HAJbHOU
HOPMBI, a TPYIIIIEI 5 ¥ 6 Jat0T IPUMEPHI THAPOMOP(HBIX OTKIOHEHUH.

B npenenax naHHOrO SKOpernoHa ObLT MOCTPOEH THAPOTEPMUUYECKUHN PSIJI IKCTPa30HATbHBIX
TOMOAKOCHCTEM (BMECTE C 30HAJIbHBIMH MPEICTAaBUTENIIMU) B HAMPaBICHUH MX T'YMHJIHOCTH WIIH,
HA00OPOT, apUIHOCTH, IPEACTABIISIS ATOT Psifl (Ha OCHOBE YKa3aHHOTO BBIIIE CBOMCTBA caMOIIo100ust
OTIEPALIMOHHON CHCTEMBbl) KaK HEKOTOPBIA aHAJIOI COOTBETCTBYIOMIMX (DOHOBBIX KIMMATHYECKHX
u3MeHeHu# (Tpenna). Takum 00pa3oM, MO BEKTOPHOMY CIIEKTPY TOMOJIOTHYECKON MOIU30HATIBHOCTH
MOSIBIJIACh BO3MOXHOCTh MPEJCTAaBUTh PealIbHbIE CLIEHAPUU PEAKIMH JIOKAJIBHBIX T€OCHCTEM Ha Te
WM WHBIE CIIBUTHM B PETHOHAIBLHOM KIMMAaTe MU HAMETHUTh COOTBETCTBYIOIIHME IIETIOYKH MECTHBIX
JaHIa( THO-IKOJIOTUYECKHIX TTEPEXOI0B.

[IpuHuMasi monoXkeHue O TOM, YTO BCE COBPEMEHHBbIE JiecHble cooOuiecTBa [Ipuokcko-
TeppacHoro 3amoBeHNKAa BTOPUYHBI W HAXOASTCS B COCTOSHUSIX Pa3IMYHBIX BOCCTAHOBUTEIBHBIX
ctaauii [21], Henb3si HE BUAETH U cienytomiero gakra. PactutenbHble acconuanuy NpakTHYeCKU BCEX
OMOTEOLIEHOTUYECKHX TPYI yXKe MPHUOOPETH BIIOJIHE OTYECTIIMBBIC 30HAIBHBIE YEPThI, KOTOPHIE, B
CBOIO Ouepellb, JOCTATOUHO TECHO CBSI3aHbI C TPeMs aOMOTHYECKUMU (aKTOpaMU—AU(PUKATOPAMU:
TUIIOM MECTOMNOJOKEHUS, TITyOMHAMM 3aJIeTaHusl M3BECTHSKOB M TPYHTOBBIX BON, a TaKXke C
MOBEPXHOCTHBIM YBII&)KHEHUEM d11adoTorIa.

Me3omoppHBIE U KCepo--Me30MOpGHBIE  COCHOBO-JIMIIOBO-AyOOBBIE Jieca  (Tpymma
OHMOreoIeH030B 3) KaK MPEeACTaBUTENH MOATaeKHON 30HbI CpeHEOKCKOro 6acceiiHa OTHOCSTCS 10
HKOJIOTUYECKOMY JOMHHAHTY K 30HAJbHO-KIMMAaKCHOW OopeanbHo-HeMopanbHOU (BH) rpymme.
Mes3o-rupoMopdHbIE COCHOBO-EIIOBBIC JieCa TUIOCKHX MEXIypeurid (Tpyrima OHoreoneHo30B 2), a
TaK)Ke MX KpailHe TUAPOMOPQHBIC BAPUAHTHI B PEYHBIX JIOJIMHAX W IUIOCKUX 3amaauHax (rpymma 6)
00pa3yloT 3KCTpa3zoHalbHYIO rpymnmy OopeanbHo-TaexkHoro (BT) nmurtosmaduyeckoro kimmMakca.
Haxkoner, nmumnoBo-0epe3oBble Jieca ¢ AyOOM M OCHHO# (Tpymima 6MoreoieHo30B 4) Kak IPOU3BOIHbIE

OT KOPEHHBIX JyOO-JIMITHAKOB, Jal0T IPOTUBOMOJIOKHBIH — HemopanbHblii (H) «momroc»
9KCTPA30HAJIBHOIO  JINTOANA(PHUUECKOr0  KIMMAakca, C KCepO-Me30MOP(HBIM  3dIapUueCcKUM
YBIIQXKHEHUEM.

PernonanpHast cucremMa JIOKaJIbHOW 30HAJIBHOCTH B 3allOBEJHUKE OTJINYAECTCS BBICOKOU
KOHTPACTHOCTHIO JJaXKe HA IUIAKOPHBIX THUIaX MecTomnonoxeHuit (Pucynok 2 a, 6). Jleca GopeanbHas
TaeXHOW IPyNIbl COCECTBYIOT C 30HAJIbHBIMU MPEICTaBUTEISIMU HEMOPAJIbHOJIECHOHN MO/A30HBI, a
TaKke C cooOIlecTBaMU MOATAEKHOIO THIA, NPU IMOYTH OJMHAKOBOM MEXaHHYECKOM COCTaBe
OYBOOOPA3yIOMIMX MOPOA. DTO yKa3blBaeT HAa 3HAUUTENBHOE MEPEKPHITHE UX T'MIIPO-TEPMUUECKUX
9KOJIOTUYECKUX HUII, KOTOPOE JOHKHO BBI3BaTh X 0OOCTPEHHYIO B3aMMHYIO KOHKYPEHIIHIO M Kak
CJIEJICTBHE — BBICOKYIO TOTEHIIMAIIbHYIO CIIOCOOHOCTh K B3aUMHBIM (DYHKLIHOHAJIBHO-CTPYKTYPHBIM
repexoaM IIpyu TOM MJIM MHOM KJIMMaTH4E€CKOM TPEHJIE.

[lo mnpuBeneHHBIM MoOnENsAM OMHAPHONW OpAMHAIMU IPOBEAEHBI MPOTHO3HBIE OLIEHKU
BO3MOXXHBIX HM3MEHEHUH OuoreoneHoTHueckoi cTpykrypsl Ilpnoxcko-TeppacHoro pesepBara B
YCIIOBUSIX COBPEMEHHOHN KJIMMaTHYeCKON apuau3allud perruoHa. 3aJaHbl JBa CKayka HW3MEHEHHUS
1yOuHBI 3asieranus TpyHTOBBIX Boa B CA u DA mecrononoxkenusx: 1) AT3TB=0— 0,5v u 2)
AI'3I'B = 0,5 — 1 m. Byner pa3BuBarbcs NPOrpeCCUPYIOIIUN NPOLECC YIYUIIEHHUS ApEeHaxa,
CHIDKEHMS BJIQXKHOCTHU U IMOCIENYIOIIEro MCCyIIeHHs MouBbl. Ha ydacTKM C  BBICOKOTPO(HBIM
CYIJIMHUCTBIM CcyOcTparoM OyayT TpaHCIpecCHpoBaTh CyOOOpeanbHble (UTOICHO3BI: JUIHSIKH C
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OCHHOM, 3areM AyOHsAkH ¢ Junoi. CHauana OXUAAIOTCS CICAYIONUE TepeXOabl: 67 5>/>/\ ;
07 AYR 07 Y0 107 0
4= g 5>/>/\ 4y 35\/ B nocnenyromneM BO3MOKHBI TEPEXOIbI: 6557 — 4y 3?i

IIpu 3TOM, COCHOBO-IIMPOKOJIMCTBEHHBIE Jeca (Trpynmna OuoreoneHo3oB 3) OyayT BecbMma
YCTOWYMBBI B CBOMX COBPEMEHHBIX apeajax, OHU MOYTH HEe OTPearupyroT Ha yKa3aHHbIC U3MEHEHUS
I'3I'B, Gmaromapsi UPOKOMY JUAa30Hy CBOCH Tuapo-3aadudeckoit Humm. Bmecte ¢ TeM, OHH MOTYT
AKTUBHO 3aXBaTbIBaThb MECTOIIOJIOKEHUSI OMOTeOLEHO30B IPyNIbl 5, a 3areM U 6, paciuupsisi CBOU
apeasbl.

Hoeonocus u cyenapuu npoecHO3HO20 NAHOUAPMHO-IKOIOSUYECKO2O MOOENUPOSAHUSL.
Jlanamagd THO-3KOJIOTHYECKUN TPOTHO3 KaK LIEHTPAITbHOE 3BEHO Fe0CUCTEMHOTO MOHUTOPHUHTA UMEET
aKcnepumenmanvublli  xapakmep. OH TPEACTAaBIEH B KayecTBE CHCTEMbl oOllepaluil ¢
HKOJIOTUYECKUMH (THIPO-TEPMUYECKUMH ) HULIIAMU U3Y9aeMbIX 00BEKTOB. DMIUPHUYECKAs UMUTALIUS
JaHIMA(QTHO-IKOJIOTHYECKUX IPOTHO30B PEANU3yeTCsl IyTeM BOCHPOM3BEACHUS OXHUIAeMbIX
CLIeHapHeB OMOTeOLIEHOTUYECKHUX CUCTEM 10 3aKOHaM X 0a30BOM NPOCTPaHCTBEHHON OpraHU3aluy,
C 3aMEHOM B IIPOLEAYPE MPOTrHO3a MPOCTPAHCTBEHHBIX KOOPAUHAT HA BPEMEHHBIE.

OCHOBHOW MTPUHITUI JIAHAIA()THO-IKOJIOTHYECKOTO MMPOTHO3UPOBAHMS TJIACHT: KITMMATHIECKH
00ycCIIOBJIEHHOE (PyHKIMOHAJIbHOE IpeoOpa3oBaHue OIHOM TIe0(3KO-)CHCTEMBbl B JIPYIyl0 TeM
3HauuTeNIbHEee, YeM MEHble Obljla CTENEeHb MEPEeceYeHUs] MX KIMMAaTHMYECKUX HUII B HA4aJIbHOM
COCTOSIHMM, T.€. YEM CUJIbHEE BBIpa)K€HA MCXOJHAs KOHTPACTHOCTb MX COCTOSHUM, U 4eM Oouiblie
OKaQ)XETCSl BEJIMYMHA NEPEeCEUEHUs] HUII Nociie CONMKEHUS] CUCTEM M0 JaHHOMY Te0(pU3NYEeCKOMY
npu3HaKy [6]. BzaumHoe npucnocobienne nonyisuui 1 uX COBMECTHOE CYILIIECTBOBAaHME O3HAYAIOT
3HAUUTEJIbHOE NEPEKPBITHE UX IKOJTOTMYECKUX HUILI.

O6ocTpeHHasi KOHKYPEHLIUS MEKIY MONYJISIUSIMU HEM30€KHO MPUBOIUT K TpaHC(hOopMaluu
caMoro coo0IecTBa B TOM HAaIlPaBJICHUH, KOTOPOE OTBEYAET HOBOMY COCTOSIHUIO CPEJbl, COIIACHO
3aKOHY KOHKYpPEHTHOTO HCKItoueHus [ ayze [22].

Anantanys K HOBBIM YCIOBHMSM CpEIbl BO MHOTMX CIIy4asX IPHUBOAMT K DBOJIOLMOHHON
JUBEPreHIIMM COOOIIECTB U K COOTBETCTBYIOIEMY IOBBIIICHUIO NPOCTPAHCTBEHHOIO OHO- U
reopazHooOpaszusi. ComtacHO ATOMY MpaBuily, TpaHchopmarus, ckaxkeM, oObekTa 4 B 00BeKT B
JOJKHA OBITH TeM OoJibllle, YeM JAajbllle OTCTOSIM APYT OT JIpyra 3TH OObEKThl B MHOTOMEPHOM
HKOJIOTUYECKOM IPOCTPAHCTBE U 4eM OJIMKE OHM OKaXKYyTCs B pesyibrare caBUra oobekra 4 1o
KOOpJIMHATaM 3TOT0 IPOCTPaHCTBA (KIMMaTHYECKas HUIlIA 00BbEKTa B B JaHHOM ClTyyae IpUHUMAETCs
Heu3MeHHoi). B cBoto ouepenp, 00bekT B TpaHchopmupyercss B 00beKT C, ¢ COOTBETCTBYIOIIUM
CMEILEHUEM NPUPOAHBIX TPAHUIl U T.J. B KOHEUYHOM MTOre moixydaeM KapTHHY IPENIoIaracéMoro
cBUTa JaHIMAa(THOW CTPYKTYphl BCEH paccMaTpUBaeMOW TEPPUTOPUH B CBA3U C M3MEHEHUSIMU
JAHHOW XapaKTepUCTHKU KJIMMara BO BPEMEHHOM MacuiTade, COpasMEpHOM C XapaKTepHBIM
BpEMEHEM ITPUPOIHBIX KOMIUIEKCOB JJaHHOTO paHra. Ha Pucynke 3 npuBeneHs! pe3yibTaTbl pacueToB
MIPOTHO3HBIX JIAHAIA(PTHO-IKOIOTMYECKUX CLIEHApHEB JUIsl IBYX 3kopernoHoB CpenHero [ToBomkbs
(ro)KHOM TONTAlrM M TUIMYHOHN JIECOCTENM) MO YMEPEHHOM M SKCTPEMAIbHOM KIMMAaTHYECKUM
MozessiM (CM. BhIIIe) [6].

K ykazaHHBIM NpPOTHO3HBIM CpPOKaM B ILEJIOM s OOOMX DSKOPETHOHOB KO3(hdUIIMEHT
arMocdepHoro ysnaxnenus rno mojenu E GISS ymensmaercs va 0.12—0.16, a mo mogenn HadCM3
— Ha 0.61-0.78. IIpu ymMepeHHOM TepMOApUIHOM CUTHAJE JECHble OMOreOleHO3bl TMOYTH BCEH
KaTeHapHOH cucteMbl Ha 55—-80% ocTatoTcsi B cBoeM 0a30BOM (PYyHKIIMOHUPOBAHUH, a BEPOSITHOCTU
MeX(DaraIbHBIX TIEepexogoB He mpeBbmmaroT 25-35% (Pucynox 3 a). B paiione Ilpumoxcko-
TeppacHoro 3amoBegHNKa 3a00J04E€HHBIE CylepaKBaIbHbIE XBOWHO-MEIKOIUCTBEHHBIE JIECa MOTYT
He Oonee uem 15% 3amemiarbesi Me30-THAPOMOP(HHBIMU MIOBHATBHBIMU €IbHUKAMHU U COCHSIKAMHU.
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[Tocnennue, B CBOIO oO4Yepellb, C TAaKOW K€ MaJIOW CKOPOCTBIO TEPEHAYT B COCTOSIHUE
TPAHCHITIOBUAIIBHBIX KCEPOMOPGHBIX O€PE30BO-COCHOBBIX JIECOB.

a) Npuokcko-TeppacHbI! 3AN0BEAHIK,
yMepeHHan Mofens E GISS, npordoa Ha 2150 1
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Pucynok 3. PernonanbHble oprpadbl B3auMMHBIX (DYHKIMOHAJIBHBIX IEPEXOJOB (COIIACHO ABYM
MIPOTHO3HO-KJIMMATHYECKUM MOJEIISIM) TPYII OMOTeOIeHO30B, MMEIOIINX PAa3IMyHbIe 30HAJbHbIE IPU3HAKU U
HaXOJSIIMXCS Ha COOTBETCTBYIOIIMX YPOBHSIX 0a30BOr0 (yHKIMOHUpPOBaHUs, BepostHocTH nepexonos: 1 —
0,10 u menee; 2 - 0,11-0,20; 3 - 0,21-0,30; 4 - 0,31-0,40; 5 - 0,41-0,50; 6 — 0,51-0,60; 7 — 0,61-0,70; & —
0,71-0,80; 9 — 0,81-0,90

OKCTpeMaJIbHbI  KIIMMATHYEeCKHH CUTHAJd TOJIHOCTBIO HapyllaeT (yHKIHMOHAIbHYIO
YCTOWYMBOCTh Bcex OuoreoneHotnueckux rpymnn (Pucynok 3 6). B Ilpucypse (HammonansHoM
npuponHoM napke «Yasam Bapmane») 60poBble COCHSKH C €lIbI0 U COCHOBO-IIUPOKOJINCTBEH-HbIE
neca (rpynmsl ¢hanmii 1 u 2) 1omkHBl TpanchopmMupyroTcs (cooTBeTcTBeHHO, Ha 80—90% 1 Ha 60—
70%) cHauana B KXKHYIO JIECOCTEID, A 3aTEM U B CEBEPHYIO CTEIb. B CBOIO ouepenpb, camu JIECHBIE
cooO11ecTBa 3TOH IJIes bl CIyXkKaT MpooOpa3amMu OyIyIIX COCTOSIHUN MPAKTUYECKU BCEX OCTAIBbHBIX
(danuanbHBIX TPYII, B TOM YHCJIE TUIAKOPHBIX AYOO-TUITHIKOB COCETHUX BO3BBIIICHHBIX PABHUH.
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ITpy mpOTHO3HBIX OLIEHKAX HA MEPBBIC HECKOIBKO AECATKOB JIET C TOUKU 3PEHUS XapaKTEPHBIX
BpeMeH 00BEKTOB MEPBOCTEIIEHHOE BHUMAHUE JIOJDKHO OBITH YJIEJICHO HE CTPYKTYPHOW 3BOJIIOIMN
reo(9Ko-)CUCTEM, a HalpaBICHHOH CMeHe HX (YHKUMOHUPOBAHMSA, T.€. (PyHKIMOHAIBEHOU
penakcauuu [5, 6].

Peus uner, mpexze Bcero, 00 M3MEHEHUAX CKOPOCTH MAJIOTO OMOJIOTHYECKOTO KPYrOBOpOTa U
0 TIepexoJie SKOCUCTEMBI HAa HOBBIH YPOBEHb COATaHCHPOBAHHOCTH MPOXYKIMOHHON M NETPUTHON
BETBEH MeTaboIM3Ma. ITOT MPOLIECC 10 CBOEH MPOAOIKUTEIBHOCTH JOCTATOYHO aIeKBAaTEeH 001IeMy
CIBUTY JAHIMA(THO-IKOJIOTUYECKUX YCIOBHHA. Takum o00pa3oM, MPHOPUTETHBIM OOBEKTOM
JTaHAAaPTHO-IKOJIOTMYECKOTO POTHO3UPOBAHUS SIBISIeTCs (DYHKIIMOHATIBHAS PelaKkcaus reo(3Ko-
)CHCTEM KakK UX MepBOOUYEepeIHAsT PEaKIUsl Ha BHEIIHEE BO3/ICIICTBHE.

3aknouenue
DMITHPUKO-CTATUCTHYCCKUE MOJICIIM KaK MOJIEIIM CTAaTHYHBIC HMMEIOT CBOM HEJIOCTATKH, OMH
U3 KOTOPBIX — HEOIPENEICHHOCTh IMOJIy4aeMbIX pe3yabraroB Bo BpemeHu [4]. OHu naror

MPEIICTABICHUE O TeX KOHEYHBIX PABHOBECHBIX COCTOSHUSX, K KOTOPBIM OYIyT CTPEMHUTHCS JaHHBIE
MPUPOJHBIE KOMIUIEKCHI (B COOTBETCTBMM C HWX BpEMEHAMH pernakcauuu). Brpouem, B
MIPEJICTABICHHBIX HAMU MOJENSX MOTYT OBbIThb OTPa)KCHbI M JTUHAMUYECKUE CBOWCTBA MPUPOAHOMN
cpenbl. CoOmIacHO TEOPUU KOHEUYHBIX ABTOMATOB, MPOTHO3UPYEMYIO TPACKTOPUIO CTPYKTYPHBIX
npeoOpa3oBaHuil re0(9K0-)CUCTEMBI MOKHO HHTEPIIPETUPOBATH KaK CEPUIO TTOCIIE0BATEIBHBIX CMEH
(3TanoB) ee QYHKITMOHATBHBIX COCTOSIHHM, T.€. TUCKPETHHIMUA BPEMEHHBIMU TAKTAMH, YTO TIO3BOJISET
PacKpBITh OMpPEIEICHHbIE 3aKOHOMEPHOCTH €€ M3MEeHEeHMi BO BpemeHu [23]. OOparuM BHUMaHHE
TaKKe€ Ha OIpPENEJICHHYI0 OTrPAaHUYEHHOCTh 3MIIMPUKO-UMHUTAIMOH-HOTO MeToja JaHAmadTHO-
9KOJIOTMYECKOTO MPOTHO3MPOBAHHUSA, OCHOBAHHOIO, KaK YK€ TOBOPU-TIOCH, Ha (PyHIaMEHTaIHLHOM
CBOMCTBE AProJUYHOCTH TPUPOAHOU cpenbl. CyTh 3THX OrpaHUYe-HUI COCTOUT B TOM, UTO IPOTHO3
MOKET OBITh PEalIbHBIM TOJBKO Ha MEPHOJA COXpPAaHEHHsS PAaBHO-BECHBIX WIIU, MO KpalHed Mmepe,
CTallMOHAPHBIX IpoueccoB [24]. AZEKBAaTHOCTb MOJIENEH CYIIECTBEHHO CHU3UTCS, €CIU B TEUCHUE
MPOTHO3HOTO TIEPUOJAa POJIb IKOJOTUYECKHX (DAKTOPOB CTAaHET KapAWMHAIBHO MEHSThCS. B sTOM
ciy4dae TporHo3upyemasi reo(dKo-)cucremMa, Oylydr U3HaYaIbHO JIMHEWHOM, TTepeieT B KaTeropHrIo
HEJIMHEUHBIX CHUCTEM, C HEMPONOPLUUOHANIb-HOCTHIO MX OTKIMKA Ha Ty WIM HHYIO BEJIMYUHY
Bo3MyInatomiero curnama [25]. Jns necHoit 30HBI Bomxkckoro OacceiiHa momoOHast cUTyarus
CIIOXKUTCS, MO-BUAMMOMY, yxke K 2050 romy, korma cocrostHue aTtMoc(depbl BBIMIET 3a paMKH
COBPEMEHHOW MEKT0JJOBOM M3MEHYHBOCTH MapaMeTpoB ee cocTosHus [S]. MoaHo momarate, 4To
yKa3aHHbIE OTPaHUYEHHUs HPrOAMYHON OMEpalMOHHOW CUCTEMBI OOYCIOBIEHBI, COIIacHO [26],
CYLIECTBEHHOW 000COOJICHHOCTHIO TpPEX OCHOBHBIX HAMpaBiIeHWN NaHAMAPTHOTO CHUHTE3a —
CTPYKTYPHOTO, (PYHKIIMOHAJILHOTO W SBOJIOIMOHHOTO. OTH OTPAaHUYEHUST MOTYT OBITh B
3HAYUTEIBLHOW MEpe MPEOI0ICHBI, €CIIH, Ha KaKI0OM JUCKPETHOM IIIare MporHO3UPOBAHUS MPUHSTH,
nmo [24], TpaekTopuio TMpeanoiaraeMplXx (QYHKIMOHAIBHBIX HW3MEHEHHH Teo(dKO-)CHCTEMBI
CTaIlIOHAPHBIM HEPABHOBECHBIM MPOIIECCOM, KOTOPBIN 001amaeT cBoiicTBaMu obparumoctu. [Ipu
BHEIIHEM BO3MYILIEHHUU CHUCTEMa MEPEXOJUT M3 COCTOSHHMS PABHOBECHUS B HEPABHOBECHBIN
CTallMOHAPHBIA pexuM. 1IpHu 3TOM, CIIMsSIHME MPEKHETO YCTOMYHNBOIO PABHOBECHUS C HEYCTOMYHUBBIM
CTAIlMOHAPHBIM PEKUMOM BBI3BIBACT OINPEACIICHHBI CKAaYKOOOPa3HBIM MEPeXo/l K HOBOMY PEKHUMY
[27]. Takum oOpa3oM, KakIblii HOBBIM IIar MPOTHO3MPYEMOW TPAeKTOPUHU MPEACTaBIsIeT cOOOM
CKauOK (D)YHKITMOHATBHBIX U3MEHEHHH Teo(dKO-)CHUCTEMBI, BBIPAKEHHBIM B OOINBIIEH MU MEHBIICH
CTEIICHH.
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Annomayus. Boctounslit 3aHre3ypckuil SJKOHOMHUYECKUM palioH, Onarogapsi CBOMM OOraTbiM
IPUPOJIHBIM pecypcaM M CTPAaTErHMYECKOMY pACIIOJIOKEHUIO, SBISETCS OJHUM W3 Haubolee
MIEPCIIEKTUBHBIX PETHOHOB A3epOaiikaHa B SKOHOMHYECKOM U IKOJIOTMUYECKOM IUIlaHe. PemieHue
HKOJIOTUYECKUX MpoOiIeM U obOecredeHre YCTOMYMBOTO Pa3BUTHUS SIBIAIOTCS OAHMM U3 TIIABHBIX
YCIIOBUH Ui IOJIHOTO PAcKpbITUS MOTEHLHMana 3Toro pernoHa. OleHKa MOTEHIMAla COJHEYHOU
SHEPrUM B 3TOM PErMOHE MMEET NEPBOCTEIIEHHOE 3HaUE€HUE, OCOOEHHO C YYETOM 3KOJIOTUYECKUX U
HSKOHOMHYECKHX TPEUMYIIECTB COJHEUHBIX MCTOYHUKOB OHHEpruu. BocTouHo-3aHre3ypckuii
HSKOHOMHYECKHI palloH XapaKkTepu3yeTcsi 60raTbIMHU MPUPOAHBIMU peCypcaMu, BKIIIOYasl Jieca, PeKH,
IJIOJIOPO/IHBIE  3€MJIM, MHHEpalibHBIE pPecypchl W OuopazHoobOpazue. Hecmorps Ha ymiepo,
HAHECEHHBI BO BpeMs OKKYyIAalUuU, IJOCTUTHYT 3HAUYUTEIbHBIA IPOrpecc B BOCCTAHOBJIEHUU
9KOJIOTMUYECKOTo OajaHca SKOHOMMYECKOrO paioHa, BKIJIIOYAs MHULMATHUBBI MO BOCCTaHOBJIEHUIO
JIECOB, OUUCTKE BOABI U 110 Pa3BUTHIO BO30OHOBIISIEMbIX HCTOYHHUKOB SHEPTUU. B 3TOM HccnenoBaHuu
MpEJICTaBIIsIeTCsl  MOTEHIMall  COJHEYHOM sHepruum 3aHruiaHckoro, KenmpOamxapckoro u
I'yOainHCKOrO palioHOB, MOJYEPKUBAIOTCS UX reorpaduyeckyue NpeuMyIecTBa U KpyIIOroAuyHas
JOCTYITHOCTb COJIHEYHOrO cBera. /[y pacduera COMHEUHOW pagualMd M IPOU3BOJACTBA COJHEYHON
SHEPrUM UCMOJb30BAIUCH CIEAYIOIINAE TapaMETPhl: CKIOHEHHUE, YIIbI MAaJCHUS COJHEYHBIX Jy4eH,
COJIHEYHBIM YaCOBOM Yo, 3eHUTHBIN yroi. OnpeneneHo, 4To cojiHeyHas paauanus B 3anrmwiane 20
mapta B 12:00 cocrasmsier npubnusutenbio 1309,5 Bt/m?, B Kenwbamkape 1299.2 Bt/m?, a B
I'y6amnsr -1057.40 Bt/M?. [logpoOHble pacyeTbl CONHEYHOM paavali M 3€HUTHBIX YIJIOB
JE€MOHCTPHUPYIOT >KU3HECIOCOOHOCTh COJIHEUHBIX MPOEKTOB B 3TUX palioHaX. YCTaHOBJIEHO, YTO
CyMMapHasi TOJ[0Basi BBIpa0OTKa JHEPrUU C | TeKTapa COJIHEYHBIX MaHeJIed B ITUX palioHax
cocTasysieT B oomel cioxHoct 13 206,6 MBT. M3ydenne noteHman€a, Cuenu@uaHoro Jjisi 3TOTo
peruoHa, mo3BoJISET MOIYYUTh HEHHYIO HH(OPMAIUIO O 11eJ1IeCO00Pa3HOCTH U MOTEHIIHAJIE Pa3BUTHS
COJIHEYHOH 3HepreTuku B BocTOuHO-3aHre3ypckoM SKOHOMHYECKOM pailoHe, CocoOCTBYs oOIien
OLIEHKE U PAa3BUTHIO BO30OHOBIsIEMOI SHEpreTUKU B A3epOaiixane.

Abstract. The Eastern Zangezur Economic Region, owing to its rich natural resources and
strategic location, is one of the most promising regions of Azerbaijan from both economic and
environmental perspectives. Addressing environmental challenges and ensuring sustainable
development are among the main prerequisites for fully realizing the potential of this region.
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Assessing the solar energy potential of the region is of paramount importance, especially in view of
the environmental and economic advantages of solar energy sources. The Eastern Zangezur Economic
Region is characterized by abundant natural resources, including forests, rivers, fertile lands, mineral
resources, and biodiversity. Despite the damage inflicted during the period of occupation, significant
progress has been made in restoring the ecological balance of the economic region, including
initiatives for reforestation, water purification, and the development of renewable energy sources.
This study presents the solar energy potential of the Zangilan, Kalbajar, and Gubadli districts,
highlighting their geographical advantages and year-round availability of sunlight. The following
parameters were used to calculate solar radiation and solar energy production: declination, angles of
incidence of solar rays, solar hour angle, and zenith angle. It was determined that solar radiation in
Zangilan on March 20 at 12:00 is approximately 1309.5 W/m?, in Kalbajar 1299.2 W/m?, and in
Gubadli 1057.40 W/m?. Detailed calculations of solar radiation and zenith angles demonstrate the
viability of solar projects in these areas. It was established that the total annual energy generation
from 1 hectare of solar panels in these areas amounts to a combined total of 13,206.6 MWh. Studying
the region-specific potential provides valuable insights into the feasibility and prospects for the
development of solar energy in the Eastern Zangezur Economic Region, contributing to the overall
assessment and advancement of renewable energy in Azerbaijan

Kntouesvie cnoea: yribl MaJieHUs] COJHEUHBIX JTy4Y€H, 3€HUTHBIA yIoJl, COJHEYHAs paauanus,
SHEPreTUYECKUH NOTCHIUAL.

Keywords: angles of solar incidence, zenith angle, solar radiation, energy potential.

B 3HauuTeNnbHON CTENEHM MHUPOBOE MOTPEOSIEHUE PHEPIHMM 3aMEHSETCS BO30OHOBIISIEMBIMU
HMCTOYHUKAMM 3HEPIUU U3-3a UCTOLICHUS 3allacOB MCKONAEMOI0 TOIUIMBA U YCKOPEHUS U3MEHEHH
OKpYyKarolle cpepl. Mcroib3oBaHue NPUPOJHBIX, YCTOWUMBBIX HCTOUHUKOB 3HEPTUH, B YACTHOCTH,
COJIHEYHBIX DHEPreTHYECKUX TEXHOJIOTHM, JUISl MUTAHUS WH)XCHEPHBIX CHCTEM TMOMOTAaeT CHHU3UTH
SHEPro3arparbl, TEM CaMbIM YMEHbINIAs MPOU3BOACTBEHHBIC H3CPKKH, a TAKXKE AHTPOIOTCHHYIO
Harpy3Ky Ha okpyxkawoiyro cpeny. ConHeuHass »HEprus, MOCTyMaromias Ha 3eMIII0, SIBISETCS
KPYMHEWUITUM  JTOCTYIHBIM  BO300HOBISIEMBIM HMCTOYHHUKOM OSHEPTUH, a DIEKTPOIHEPTus,
BbIpabaTbIBaeMasi COJTHEYHBIMH (DOTODIEKTPUUSCKUMHU TAHENISIMH, B HACTOSIIEE BpPEMs SIBIISETCS
CaMbIM JICTIIEBBIM BHJIOM BO30OHOBIIIEMOM SHEpruu [1].

JleTanbHasi OLEHKAa MOTEHILIMAJIa COJHEYHOM »Hepruum B peruoHe bnmxuero Boctoka u
CeepHoit Adpuku u Cpeau3eMHOMOPbS MyTeM Pa3padOTKH CUCTEMbI 30HUPOBAHHUS COJHEYHOTO
MOTEHIIMaja Ha OCHOBE IEPENIOBbIX METOJOB KJIacTepU3alluu, MPUMEHEHHbIX K AaHHBIM NASA
POWER nposoauncs Xamkoy 1 Mroyuu [2].

[IpoBoauMbIii UMU aHanu3 TIOOANbHON Topu3oHTanbHON ocBemieHHoctd (GHI) Beimenwn
BOCEMb PA3JIMYHBIX 30H, BBIIBUB 3HAYUTEIbHBIM MPOCTPAHCTBEHHBIM T'PAaJUEHT B JOCTYIHOCTH
COJTHEUHBIX PECypcoB, rie cpeaneronoBbie 3HadeHus: GHI Bapbupyrores ot 4,57 kBT -u/M?*/ neHp 10
6,46 xBt-u/mM?*/nensn. Ilpennaraercss HOBBIA METON OIEHKH COJTHEYHOTO MOTEHIIMAJa, JJIsS OIEHKU
COJTHEYHOM MOIIHOCTH B IIoOanbHOM Maciitale, BbiOpaHa monenb XGBoost nns oOyueHus Ha
OCHOBE UCTOPUYECKHUX JAHHBIX O COJIHEYHOU pajualiiid U METEOPOJIOTHYECKUX JaHHBIX 3a MEPUoJ C
1980 o 2015 rox [3].

Pesynprarel nokazanu, uto moaens XGBoost mpeBOCXOIUT apyrue aJropuTMbl MalIMHHOTO
oOyuenust, nocturas 6onee Hu3kux 3HadyeHUH RMSE = 0,97 xBt-u/M*> 1 MAE = 0,76 kBt u/m?
COOTBETCTBEHHO JJisl MOTEHIMala COJHEYHOM »HEpruu. bbLaum mpoBeNeHbl TpH HCCIIEOBaHUS Ha
Munganao (Oumunnunsl), B [06u-Antae (Mouronus) u Ha [lenononnece (I'peuust), pe3ynbrars
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KOTOPBIX IEMOHCTPUPYIOT 3 (PEKTUBHOCTD MPEIJIOKEHHOTO METO/1a B IOJTOCPOUYHOM IUTAHUPOBAHUU
COJIHEYHOUW 3HepreTuku. [IpoBeneHa OLEeHKa NOTEHIMAala COJMHEYHOM W BETPOBOM 3HEPruu B
npoBuHMK Pa3aBu XopacaH, MpaH, OLNEHKY CpEIHEro ypOBHS COJHEYHOW paJualvu, CPEIHHX
CKOpOCTel BeTpa W TMapaMeTpPOB pacmpenesieHus BeiiOymna juis pa3mudHBIX TOPOJOB M 30H B
npeaenax npoBUHINM [4].

[IpencraBiensl 1aHHBIE O KOJMYECTBE COJHEYHOM paauanuu 3a nepuoj ¢ siupaps 2018 r mo
nexabps 2022 r nis onpeneneHHbIX paiionos baxup-/lapa, Dduonus: 37° B.a. u 11,6° c.u1. B anpene
HaOmoanacs HanOoJbINas I00aIbHAast paaranus (CpeIHeMecsIuHas 0YacoBasi) Ha TOPU30HTAILHON
MMOBEPXHOCTH, cocTanistomas 9,09 M[x/m?-4yac, B To BpeMs Kak B MIOHE HAOJI01a1ach HAaUMEHbIIIAs
paccessHHas paguarus — 2,3 M/[x/m?-yac. CorlacHO HMCCIICIOBAaHUIO, M3IyUYeHUE Ha HAKJIOHHOU
IIOBEPXHOCTH T10 OTHOLIEHUIO K SKBATOPY B CEBEPHOM IIOJIYIIAPUU NPU a3UMyTajabHOM yrie y = 0°
IIOKa3bIBAET, UTO MAKCHUMAJIbHO BO3MOYKHOE CyMMAapHOE HM3JyuyeHHue (CpEeJHEMECSYHOE 3a CYTKH)
coctaBisier 48,3 MJDk/M?-cyT (SHBapb), a MaKCHUMaJIbHO BO3MOXKHOE CyMMapHO€ H3JIyYCHHE
(cpemnemecsianoe 3a yac) — 9,14 MJx/m?-gac B 13:00 [5].

AHaIU3UPYIOTCS JIOJITOCPOYHBIE T'MIPOMETEOPOJOTUYECKUE JIAHHBIE JJIsl IPOTHO3UPOBAHUS
MPUPOAHBIX U KIIMMAaTHYECKUX YCIOBHU BIOJIb MOOEpexkps 3anuBa ['apaboraskéns B Kacrmiickom
Mope [6].

PaccmarpuBaeTcss moTeHIMAN MPUPOAHBIX PECYPCOB COJNHEYHON JHEPIUUM Ha MOOEpexbe
3anuBa. Mcnoap3yroTcsi ”THHOBALMOHHbBIE METO/BI JUIs PELICHUs 3a7a4 OLIEHKH TOTEHIIMAJIa TeIIOBbIX
pEeCypcoB  COJIHEYHOM paavalMM; YydeTa COJISIHBIX OTJIOKEHUM 3aiMBa B KauecTBe
TEIUI0AKKYMYJSITOPOB ISl Pa3pabOTKHU, BHEAPEHUS U HCIOIB30BAHUS TEXHOJOTUH CONHEUHOMU
TEIJIOBOM SHEPTUU; U COCTABJICHUS TEXHUKO-3KOHOMHUYECKOTO OOOCHOBAHHUS MX HCIIOJIb30BAaHUS B
MHXEHEPHBIX cucTemMax 3ajiuBa. Ha ocHOBE TeopeTMuecKMX HCCIEIOBAaHUM M METOAMYECKHUX
pacyeToB, CKOPPEKTUPOBAHHBIX C YUETOM MPOAOIKUTEILHOCTH COJIHEYHOTO CUSIHUSI; YaCOBOTO yIvia
JUISl HAKJIOHHOM M HOPMaJIbHO OPUEHTUPOBAHHON MOBEPXHOCTH; CMEILIEHUS COJTHEYHOIO CKIOHEHHUS
Ha HaKJIOHHYIO TIOBEPXHOCTh U K TOPU30HTY; PACCESIHUSI U3IIy4YEHHUs, alb0e/10, YITIOBBIX TapaMeTPOB
BXOJ/IHOTO U COJTHEYHOTO U3TyUEHUS; CPEAHEMECSUHOM 1 TOI0OBON TEMIIepaTypbl HAPYKHOTO BO3/1yXa
1 paboThl COTHEUHOM YCTAaHOBKU; YAEJbHBIX SHEPreTUUECKUX [TapaMETPOB COJTHEYHOW YCTAaHOBKHU U
T. J., ObUIM OLEHEHbl MOTEHIMAJIbl COJHEYHOW HSHEpPruM (HOTORIEKTPUUECKOTO HMHBEPTOpa U
COJIHEYHOTO TEIUIOBOTO KOJIJIEKTOPA ITPU ONTUMAJIBHOM YITIE HAKJIOHA.

B npoBunImy XsiayHI3sH, ¢ UCIIOJIb30BaHNuEM reorpadudeckoi HHHOPMAMOHHON CUCTEMBbI
('C) Obl1 mpoBeneH aHadu3 PecypcoB COJHEYHON SHEpruM B 13 KpPYyNMHBIX ropojax C LENbio
MPEJOCTABIEHUS CIPAaBOYHON HMH(OPMALMM Ul TUIAHUPOBAHMS HU3KOYIIIEPOJHOIO pPa3BUTUS B
peruone XoWnyHIBsAH. C TMOMOIIBIO PErPecCHOHHOTO aHaiu3a Obul BBIABICH KO3(dUIIMEHT
KOppensuuu. 3a HCKIoYeHHeM XapOWHa, YPOBEHb SKOHOMHMUYECKOTO Pa3BUTHUS JAPYTHUX TOPOIOB
peruoHa JEeMOHCTPUPYET CHIIbHYIO KOPPENSLHUI0 C MOTEHLMAJIOM HCIOJIb30BaHUSI PECYPCOB
COJHEYHOM »sHepruu. beino ycraHoeineHo, uyto BBII kaxnoit orpacnmu u ko3¢ uIMeHt
MCIOJIb30BaHMs COTHEYHOM 3HEPrUM OKa3bIBalOT OOJIbIlIee BIMSHUE HA MCIOJIb30BAHUE COJTHEUHOU
sHepruu, yeM BBII cexropa ycayr [7].

B wuccrenoBaHMsIX UCHOJIB30BAINCH JAHHBIE CIIYTHUKOBBIX CHUMKOB JUISl TPOBEICHUS
pEruoHaNbHON OLEHKU MOTEHIMANa COJIHEYHON (POTOINEKTPUUYECKON IeHepallii B CEBEPHOM YacTu
Hurepun. bpina paccunTaHa cpeaHerofoBas IoOaibHas COJMHEYHas pajualus Ha OCHOBE
CIIyTHUKOBBIX CHHUMKOB, HCIOJb30Banachk nporpamma ArcGIS nns ompeneneHus mpHOpPUTETHBIX
HaIpaBJIEHUI AJIs1 pa3BUTHUS COTHEUHBIX (DOTORIEKTPHUUECKUX CTaHIMI B ceBepHOU yactu Hurepuu.
[lomydyeHHble JaHHBIE TIOKa3alM, 4YTO CEBEPO-BOCTOUHBIM pPErHOH HMMEET CaMO€ BBICOKOE
CpEeIHEro/10Boe 3HaUeHue II100anbHOM coMHeuHOol paauanuu (2179,5 kBt 4/M?*/rox), 3a HUM ClEIyIOT
ceBepo-3anaanHbiii peruoH (2137,5 kBt-u/mM?/ron) u ceBepo-ueHTpaibHbIl peruoH (1909,6
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kBT1-u/M*ron). BausHue T1100ambHON COMTHEYHOW paJMalMi TaK)Ke MPHUBEIO K TOBBIIIEHUIO
temreparypsl. CeBepO-BOCTOUHBIN PErHOH 00Ja7aeT HauOOJbIIEeH MPUTOTHOCTHIO UIS Pa3BUTHS
COJIHEYHBIX (DOTOINEKTPHUUECKUX CTAHIMKA, 32 HUM CIEAYIOT CEBEPO-LEHTPAIbHBIM U CEeBepo-
3anmaJHbli pernoHsl. HanOoiblryr0o MOIIHOCTH (DOTOINEKTPHUECKUX TEXHOJIOTUH obecreynBaeT
MOHOKpHucTaummueckuii kpemuanii (500,5 I'BT), 32 HUM cleyOT MOMMKPUCTAUIMYSCKUN KPEMHHM
(462,5 I'Bt), Tenmnypun kaagmus (362,7 I'Bt) u amopdusiii kpemuauit (81,10202,8 I'Bt), nmerommii
HaWMEHbIIHE 3HaYeHus [8].

OCHOBHO 1IeNTBI0 HALITMX MCCIIE0BaHUH OBIJIO ONpeAesIeHHEe OTEHIIMAaNa COTHEYHON SHEPT U
B BoctouHo-3aHre3ypckoM 3KOHOMHYECKOM paiioHe AzepOaiimkaHa. BocTounslii 3aHre3yp — 3T0
UCTOPHUKO-TeorpaduuecKuil peruoH, pacrnojoKEeHHbIM B 3amagHoM A3zepOaiiikaHe, 3aHMMAIOIIUN
BOCTOYHYIO YacThb 3aHIe€3ypCKOro TropHOro xpedrta. bmarogaps cBoeMy CTpaTermuecKkoMmy
IIOJIOKEHUIO, TIPUPOAHBIM pecypcaM M JIpEBHEMY KyJIbTYpPHOMY HAacJE€AMIO, 3TOT pailoH SBISIETCS
OJTHUM M3 BaXXKHBIX PETMOHOB cTpaHbl. O0111as IIIOMIA (b PETHOHA COCTABIISIET MPUOIU3UTENBHO 7748
kMm%, Kakaplil aqMUHUCTpaTHBHBIA paifoH MMeeT CBOM YHHKAJIbHBIE IPUPOLHO-TeorpaduuecKue
ocobeHHOCTH. Pernon M3BeCTeH CBOMM TOPHBIM pesibehoM, TyCThIMU JIeCaMH, OOTaTHIMH BOIHBIMH
pecypcaMu u OHOJOTHMYECKHMM pa3HooOpasmeM. Jleca SBISIOTCS OCHOBHBIM JKOJIOTHYECKHM
6orarctBoM Bocrounoro 3anresypa. [opHo-necHoii mannmadt, ocobeHHo B Kenbbamxapckom
paiioHe, UMeeT OOJbIIOe 3HAUEHUE ISl IPUPOAHOro OanaHca peruoHa [9].

Bocrtounslii 3aHre3ypckuii SJKOHOMUYECKHI palloH Takke Oorar BOAHBIMU pecypcamu. Uepes
PErvoH NPOTEKAIOT TaKUe PEKH, Kak Xakapu, Oxuyuail 1 bacutuail. OTH peku BaKHbI KaK UCTOUHUK
MUTHEBOU BOJIbI, TAK U JIJIS1 CEJICKOTO X035IIICTBA U MPOMBILUIEHHOCTH. OTHAKO B 3TH PEKU MOCTOSIHHO
cOpachIBalOTCS MPOMBIIUICHHBIE OTXONbl. B yacTHOocTH, B Oxuyuae Obljja oOHapy)kKeHa BBICOKAs
KOHILIGHTpAIUs TSKENbIX METaUIOB (PTYyTH, LIMHKA, KaJAMMs), YTO CEPbE3HO MOBpenuso (iaopy u
¢bayny pexu [10].

[TouBbl permoHa BBICOKONPOAYKTHBHBI. YHUKallbHas 3KocucTemMa BocrouHoro 3anresypa
SIBIIIETCSL TOMOM JIJIsl pelIkoi (iopbl U dayHbl. 31eCh 0OUTAIOT KaBKA3CKH Jieonap, TOPHBINA KO3e
U ApyTue peaKre BUbl )KUBOTHBIX. OJTHAKO HE3aKOHHAS 0X0Ta U Pa3pyIIEHHUE IKOCUCTEMBI TPUBEIIN
K COKpAIlIEHHIO YUCIEHHOCTH 3TUX BUI0B. BocTOUHBIN 3aHre3ypckuil pernoH BhIJAENISETCS KaK OfHA
U3 OCHOBHBIX AKOHOMHKO-Teorpauieckux 30H AsepOaiipkaHa CO 3HAYUTENBHBIM MOTEHIHMAIOM
BO300HOBIsIEeMOH 3HepreTuky. Ero GnaronpusTHble NPUPOIHBIE M KIMMAaTUYECKUE YCIOBHS J1EIal0T
€ro XOpOILO MOJIXOJALINM JJIsi POU3BOJCTBA COJHEYHOM, BETPOBOW, THAPOIHEPTUH, OMOMACCHl U
reoTepMalbHOM dHeprur. Kaxxaplid BUJI SHEPIrUM BHOCUT CYIECTBEHHBIM BKJIAJl B PETMOHAJIbHBIN
HKOHOMHYECKH MPOrpecc U dYHEPreTUIeCcKyto 6e30macHocTh [11].

3aHTHJIaHCKUM palloH pacrioyloxkeH B I0ro-3anaaHoi yacti AzepOaiikaHa u sBIsSETCs BaXKHBIM
palloHOM C TOYKM 3pEHHUs IOTEHIIMAaja COJIHEYHON »JHepruu. XapakTepUCTUKU penbeda Hu
reorpauyeckoe MoJjio’keHHe pailoHa 00ecreurBaloT BHICOKUN ypOBEHb COIHEYHOW pagualiiu, 4yTo
MOBBIIIAET UHTEPEC K IMPOU3BOICTBY COJIHEYHOM dHeprum [12].

ConHeyHass paguanysi B 3HAYMTEIBHOM CTENEHU 3aBUCUT OT MPOAOJDKUTEIBHOCTH JHS,
MOTO/IHBIX YCIIOBMM M Treorpaduyeckoro mnojoxeHus. CpeaHerooBoe 3HAYCHHE COJIHEUHOU
paguanuu Juisi 3aHTUIaHCKOro parioHa koneomercs ot 1600 xkBt-u/mM? mo 1800 xBt-u/m2. 3Oto
MoKa3aTellb, 00eCIeurBaoUi IeabHbIe YCIOBUS AJIsl IPOU3BO/ICTBA COTHEYHOM sHepruu [13].

3aHTHJIAaHCKUM palioH XapakTepu3yeTcsl OONbIINM KOJTMYECTBOM COJIHEUHBIX JTHEH, 0COOEHHO
BecHOW U netoM. B paifone 250-280 coiHeYHBIX AHEH B oy, 4TO OYEHb OJArompHsTHO IS
MOBBIIEHUS P (HEKTUBHOCTH COTHEUHBIX MaHenel. bosbIioe Komu4ecTBO COIHEUHBIX THEH SIBIIsETCS
OJTHUM M3 TJIaBHBIX (DAaKTOPOB, 0OECHEUNBAIOIIUX TOCTOSHHOE MMPOU3BOJCTBO COJIHEUHOMN 3HEPTHUU.
ITockonbKy 3aHIMJIAaHCKUI pailOH pacloIOKEH Ha I0ro-3anaje, BIUSHUE COJHEYHOM paguanyy Ha
9Ty TEPPUTOPHIO BEJIMKO. BIM30CTh K DKBAaTOpY YCHUIMBAET MHTEHCHUBHOE BO3JEHCTBUE COJIHIA
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OOJIBITYI0 YacTh Tona. [OpHbIE W paBHUHHBIC TEPPUTOPUHU PAliOHA XapaKTEPHUIYIOTCS Pa3IuIHOU
CTENEHbI0 MHTEHCUBHOCTU COJHEYHOH paauanuu. PaBHHMHHBIE ydyacTKM Oojiee MOAXOIAT AJIs
YCTaHOBKH COJTHEUHBIX IMaHeJNeH, MOCKOJIbKY OHM 00€CIeYMBAIOT JIy4Ilee MOMIONICHUE COMHEYHBIX
nyudeit. ['ojoBoe pacripesiesieHne COMHEYHOM paualy B 3aHTMIAHCKOM pailoHe pa3IMuHO B Pa3HbIE
CE30HBL. YPOBEHb paJUalliy JOCTUTAET CBOETO [TMKA B BECEHHUE U JIETHUE MECSLIbI, KOT/1a COJIHEYHbIE
HaHeJIu MOTYyT 00eCleYuTh MaKCUMalbHOE MPOU3BOACTBO SHEPIHH. 3UMOM M OCEHBbIO KOJIUYECTBO
paavalMyd yMEHbBIIAETCS, HO U B O3TOT NEPHUOJ COXPAHSETCS ONPEAEIICHHBbIN NOTEHIHMAN JUIs
MIPOU3BOICTBA COMHEUHOM 3Hepruu [13].

Kenwbamkapckuii paiioH pacrojioKeH B 3amajHoN 4acth AsepOaiijkaHa, B BBICOKOTOPHOM
paiioHe, UMEIOIIEM BaKHOE cTpaTernueckoe 3HaueHue. Paifon Haxoqurces B npeaenax Kapabaxckoro
TOpHOTO XpeOTa W rpaHuyuT ¢ JlaymHCKUM pailoHOM Ha BOCTOKe M ApMmeHHel Ha 3amane. OOmas
Iomap paifona cocrapiaser 3054 kM2, cpeHss BHICOTA HAJl ypOBHEM Mops Kojebnercs ot 1500 m
10 2000 m [14].

I'eorpaduueckoe nonoxxenne KenbOamxkapa obecniednBaeT 10CTyN K OOMIBHBIM IPUPOIHBIM
pecypcam, BKIIIO4Yas BOJIHBIC 3amachl. Uepe3 pervoH INpoTekaroT peku Taprap, basapuait m ux
MIPUTOKH, YTO JIEJIaeT €ro OJIHUM M3 CaMbIX OOTraThIX BOJHBIMHU pecypcaMu paiioHOB AzepOaiiakaHa.
OTH PEKU KU3HEHHO BA)KHBI JJI TMAPOIHEPIETUKUA U OPOLICHMSI CEJIbCKOXO3SMCTBEHHBIX YIOIUH.
PaiioH Takke U3BECTEH CBOMMU MHHEPAJIBHBIMM HCTOYHHUKAMH, TEPMAJIBHBIMM BOJAMH U
MCTOYHUKAMH I1eJIeOHOM BOJBI, YTO CIOCOOCTBYET €ro MOTeHHUalTy B cdepe 0370pOBUTEIBHOTO
Typu3Ma M O3KOHOMHUYecKoro pas3BuTus. KenpOamkap uMeer MATKMH TOPHBIM  KIMMAaT,
XAapaKTEPU3YIOLMICSA TNPOXJIAJHBIM JIETOM M XOJoAHOW 3uMoil. CpenHeromosas TemIieparypa
kosneOsercst o 6 1o 10°C, co 3HAUUTENbHBIM CHEXHBIM IOKPOBOM B 3MMHHUE Mecslbl. [onoBoe
KOJIM4eCcTBO ocajkoB cocrasisieT oT 600 1o 800 mii, YTO yBelIMUMBAET BOJHBIE 3amachl pailoHa U
MOJICP)KUBACT KPYIJIOTONWYHBIN peuyHol CTOK. [OpHBIA penbed HUrpaeT pemarollyi pojib B
(dbopMHpOBaHUM KJIMMaTa, co3/1aBasi OJaronpuATHbIE YCIOBUS KaK JJIs IPOEKTOB BO30OHOBISIEMOM
9HEPreTUKH, TAK U VIS CEIbCKOXO3UCTBEHHON JESTEIBHOCTH.

I'yOamibl — cTparerMuecky BaXKHBIM paiioH, paclONOKEHHBIM B IOro-3amajHod 4YacTu
Asepb6aiimxana. OcHoBaHHbI B 1930 T, oH 3aHMMaeT wiomans 802 km?. Paiion rpanuuuT ¢ JlaunHoM
Ha ceBepe, XOIKaBEH/IOM Ha CeBepo-BOcToke, J[eOpaniaoM Ha BOCTOKE M ApMEHHEH Ha ore u
3anane. TeppuTopusi MPEeUMyYIIECTBEHHO T'OPUCTasi, PACcIOIOkKEHA B FOJKHOM 4acTH 3aHIre3ypCcKOro
ropHoro xpeodtra. OnHa U3 caMbIX BBICOKMX BEpIIMH pailoHa — ropa lapaubir. B I'yGammsl
peodsagaeT YMEPEHHO TEIUIbI TOPHO-CTEMHON KIIMMAT, XapaKTepHU3YIOLIUNCS JKapKUM U CyXUM
JIETOM M OTHOCUTENIbHO MSTKON 3uMoil. Cpeaneronosas temmneparypa konebnercs ot 10 go 12°C, a
rOI0BOE KOJIMUYECTBO 0caakoB cocTasiseT 600-800 MM, BbIaaroIUX NPEUMYILIECTBEHHO BECHOU U
OCEeHbI0. B TopHBIX paiioHaX B 3MMHHE MeCALbl 00pa3zyeTcs CHEXHbIH MOKPOB, KOTOPBIA UIpaeT
pelIaroyo pojib B TOTIOJHEHWH BOIHBIX PECYpPCOB paiioHa [8].

I'yGannsl Goratel mpuponHbiMu pecypcamu. [Ipumepno 20-25% ux TeppUTOPUH HOKPBITO
JiecaMM, COCTOSAILIMMHU U3 1y0a, TPeLKoro opexa, Bsi3a U JAPYrUX LIEHHbIX BUAOB JepeBbeB. B paiione
obutaer pasHooOpa3Has JuKas (QayHa, BKJIIOYas OJIEHEH, TOpPHBIX KO3JIOB, MeEJABEICH, JHC U
paznuuHble BUIBI NOTHL. PalloH Taikke oOnagaeT 3HAUYMUTENbHBIM CEIbCKOX03HCTBEHHBIM
noteHuuanaoM. IlnonoponHble paBHUHBI MPUTOAHBI 7S BBIPAIIMBAHMS CEJIbCKOXO3SIMCTBEHHBIX
KYyJIBTYP, a JIECHbIE PECYpPChI U MTACTOUIIA MTOIEPKUBAIOT )KUBOTHOBOJCTBO [15].

I'yGannsl GoraTsl BOAHBIMHM pecypcaMu. [JIaBHBIMH peKaMH, MPOTEKAIOIUMH 4Yepe3 paiioH,
ABISAIOTCA peku Xakapu W bapryman, wumMeomue SKM3HEHHO BaKHOE 3HAa4Ye€HUE s
CEJIbCKOXO3SIIICTBEHHOTO OpOIIEHUS M MPOM3BOJCTBA THUIAPOAIEKTpO3IHEepruu. B pailone Takke
UMeeTCss MHOXXECTBO MCTOYHHMKOB M IPECHOHM BOJbI, KOTOpbIE 00ECIEeYMBAIOT MUTHEBOM BOMON U
MOAECPKUBAIOT PA3IUYHbIE BUIbI SJKOHOMUYECKON AEATENbHOCTH [16].
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['ybannmel 3aHMMaeT Ba)kKHOE€ MECTO B cTpareruu AsepOaiipkaHa 1O BO300HOBISIEMBIM
ucTouHukaMm oHepruu. Ero reorpaduueckoe MOJIOKEHHE W TMPUPOAHBIE YCIOBHSI CO3JAIOT
OnaronpuATHBIE BO3MOXKHOCTH JUISl Pa3BUTHUSl ANbTEPHATUBHBIX HCTOYHHKOB SHEPIUH, BKIIOUYAs
COJIHEUHY10, BETPOBYIO, TU/Ipo- 1 Ouomaccy. Conneunas sueprust — ¢ 2500-2800 1 conHeuHOro cBeta
B rox ['yOajuibl XOpouio MOIXOAUT AJisi MPOEKTOB COJIHEYHOM 3HepreTuku. BHeapeHue cucreM
COJIHEYHOM HHEPruyd MOXKET BHECTHM 3HAUUTEIBHBIA BKJIAJ B HHEPreTUYECKYI YCTOMYMBOCTH
pervoxa.

BerpoBasi sHepruss — TOpHBIM penbed W YacThie BETPHI JCTAIOT PAaliOH WICATBHBIM IS
BBIPaOOTKHM BETPOBOM 3HEpruu. BeTpsiHble TypOMHBI MOTYT OBITh YCTaHOBJIEHBI B BBICOKOTOPHBIX
paiioHax Jij1s1 MPOM3BOJICTBA YNCTON BO30OHOBIISIEMOMN YSHEPTHUH.

I'uaposHepreTrka — cTaOMIIBHOE TEUEHUE PeK Xakapu 1 bapryinaa nmpeaocTapisieT OTIHIHYIO
BO3MOXXHOCTH JUISI CTPOUTEIBCTBA MAJIbIX THIAPOIIEKTPOCTAHINI, KOTOPHIE MOIIM OBl YIy4IIHTh
SHEPreTHUUYECKyI0 HHPPACTPYKTYpy paiioHa.

buomacca — necHble pecypcbl, CEIbCKOX035MCTBEHHBIE OTXObl 1 OPraHUYECKUE MaTepuabl B
I'yGammsl MOTYT OBITH MCIOJNB30BaHBI JJISi MPOU3BOACTBA OMO3HEpruu. Takoil MOIAXOA HE TOJBKO
IpeJiaraeT ajJbTepPHATHBHBIN MCTOYHUK SHEPTHH, HO M oOecrneynBaeT 3(h(EeKTUBHOE YIpaBICHHE
OTXOZaMH.

['yGauibl — 3TO HE TOIBKO paliOH MPUPOIHOTO U HCTOPUUYECKOTO 3HAUEHUS, HO U CTPATETUYECKU
BakHass Tepputopus. OCBOOOKICHHBIM OT OKKyNallMH, pailoH B HACTOSIIEE BpPEeMs MPOXOAUT
MacIITa0HYI0 PEKOHCTPYKIUIO U NEPEIIaHUPOBKY. 3HAYUTEIbHbIE HHBECTULIUN OCYLIECTBIISIFOTCS B
COBpeMEHHBbIE HMH(PACTPYKTYpHBIE MPOEKTHI, Pa3BUTHE BO30OHOBISEMOIl PHEPIETUKU U OXpaHy
OKpy»aroiei cpeasl [17].

Oxupmaercsi, 4To reorpaduueckoe TOJIOKEHHE pailoHa, OOWJIME MPUPOIHBIX PECYPCOB U
MIOTEHLIMAJ] BO30OHOBIISIEMON SHEPreTUKU BHECYT CYLIECTBEHHBIM BKJIaJ B SKOHOMUYECKUN POCT U
sHepreTHueckyro Oe3omacHocTh AzepOaiimpkana. [Ipogomxkaromuecss paboThl O BOCCTAHOBICHHUIO
npeBpataT ['yOauibl B mpoIBETAIONUil pailoH, 00ecreyrB ero MHTerpanuio B 0Ooliee MIUPOKYIO
CTPYKTYpPY pa3BuTHUs cTpaHsl [17].

Mamepuan u memoOost ucciedo8anus

Obmass momanes  BocTouHo-3aHre3ypckoro  SKOHOMHMYECKOTO — pailoHa  COCTaBIserT
npubnusuTensHo 7748 km?. Js pacueTa COTHEUHON pauaIiiy U IPOU3BOICTBA COMHEUHOMH YHEPTHH
Ha 20 mapra 2024 roma HEoOXOAMMO PACCUMUTAThH CIEAYIOLIME MapaMeTpbl: CKIOHEHUE (0), yIIbl
MaJeHUsI COIHEUHBIX JTy4eil u apyrue (GhakTopsl.

1. Beruucnenue yrona connednoro ckionenus (0) 20 mapra 2024 r [18]: yron coiaHeyHOTrO
CKJIOHEHUS MpecTaBisieT co00il yro, o KOTOPEIM COTHEYHBIE JTyUH MMaJatoT Ha 3eMITI0, U3MEHSSCh
B T€YEHME rojia B 3aBUCUMOCTHU OT MOJIOKEHUs 3eMiIt Ha ee opoure. [l pacuera yria COIHEYHOro
CKJIOHEHUS UCTIONb3yeTcs cienyromas popmyna [19]:

0° (1)
265 X (N +10)

6 = 23.44° X sin

rne N — nenb roga. g 20 mapra N = 79, Tak kak 310 79 nens roga, 23,44° npencrapiser
c000i1 MakCHMaIbHBIA HAKJIOH 3eMJIM OTHOCUTENHHO IIOCKOCTH €€ OPOUTHI.

2. Pacuet conmneunoro wacoBoro yria (H): comneunsiit wacoBoit yron H mpencrasnser coboi
nosiokerre COoJTHITa OTHOCUTENHHO 33JJaHHOTO MEPHUIMAHA B OTIPEIeTICHHOE BpeMs CyToK. Dopmyna
2 nns pacuera yacoBoro yrmia [20]:

H=15°% (T —12) )
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rne T — Bpems CyTOK B Hacax.

3. Pacuer 3enutHOrO yria (0): coqHEeYHBINH YaCOBOM yroyl 3EHUTHBIN Yo MPEACTABISIET COOO0M
yrojl MEXJy COJHIIEM M TOYKOW, PacloIOKEHHOM MpsMO Haja rojoBoi (3eHuTom). g pacuera
3€HUTHOTO yIia ucnoib3yercs Gopmyna 3 [21]:

6 = arccos (sin (¢) X sin(8) + cos (@) X cos (6) X cos (H)) 3)

rae ¢ — reorpaduyueckasi MUPOTa MECTOIOIOKEHUS, O — YToJl COTHEYHOTO CKIoHeHus, H —
COJIHEUHBI YaCOBOM yroJ, paBHbIN 0°.

4. Pacuer conneuHoil paguauuu (Ed): conmneunas paguanusi — 3TO KOJIUYECTBO DHEPIHH,
noiy4yaemoit ot CosHIa Ha eAMHUIY Tuommaan. s pacuera COMTHEYHON palaliy Mbl HCIIOIb3yeM
6a3oBoe 3HaYeHue conHeuHor paauanuu Go = 1361 BT1/M? 1 3eHUTHBIH yroi 0, KOTOPBI MBI TOJIBKO
yTo paccuntaiu. opmyna 4 11 pacuera COJTHEUHOM paguanuu [22]:

Ed = G, X cos(8) 4)

riae Go — 0a30BO€ 3HAYCHUE COIHEYHOMN paualiu, 0 — 36HUTHBIN YTOJL.

Pesynomamot u o6cyscoenue

3aHruiaaHcKuil pailoH 007ajaeT BBICOKMM IOTEHIMAIOM JJii MPOU3BOJCTBA COJIHEYHOMN
sHepruu. OOIMpPHBIE PaBHUHBI paiioHa MPEJOCTABISIOT HICATbHbBIC YCIOBUS JUISI CTPOUTEIHCTBA
COJIHEYHBIX JIEKTPOCTAaHLUH. B 4acTHOCTH, HCIIOIb30BaHUE COJIHEUHON SHEPTUU IpeAIaraeTcst JUist
YAOBJIETBOPEHHSI SHEPreTUYECKUX MOTPEOHOCTEH CEeIbCKOXO3IUCTBEHHOTO W IPOMBIIIICHHOTO
CEKTOpOB 3aHrujaHa. YCTAaHOBKA COJHEUHBIX MaHEEH MOMOXET 3alUTUTh OKPYXKAlOILyIO CpPEeLy,
CHHM3HTD 3aTPaThl HA YHEPTUIO U 00ECIICUNTh SHEPTETUIESCKYIO HE3aBUCHUMOCTH [23, 24].

Ucnonwzys popmyny (1) nns 20 mapta 2024 1. Mbl BBIYUCIWIN YTOJ COTHEYHOTO CKIOHEHUS
JUIs 3aHT€JIaHCKOTO paiioHa:

o

6 = 23.44° X si 360
= 23. sin{ ==

§ = 23.44° x sin(87.6°)
§ = 23.44° x 0.998 ~ 23.34°

x (79 + 10))

Takum 00pa3oM, yrois COIHEUHOro ckjoHeHus 20 MapTa cocTaBisieT npuoau3nuTensHo 23,34°.
Jlnst pacuera COJHEYHOTO 4YacOBOro yria s 3aHrenaHa OyaeM UCmoiib3oBath 1=12, dro
cootBercTByeT 12:00.

H=15°x% (12 — 12) = 0°

Taxum ob6pazom, B 12:00 gacoBoit yron B 3anrunane pasen 0°. Jlia pacuera 3eHUTHOTO yriia
JUIl 3aHTeNaHCKOro paioHa wucnoib3oBaidu (opmyna 3. I'me: ¢ — reorpaduyeckas mupora
MECTONOJIOKEHUS JUIsd 3aHTniIaHa cocTapisieT 39,4°, 6 — yros COMHEYHOro CKIIOHEHUS, KOTOPbIi Mbl
paccuntanu kak 23,34°. Iloacrapnsis 5Ty JaHHBIE B GOpMYIy 3, MBI MOJYUYMIH HHKECIETYIOUINMA
pe3yibTar:

6 = arccos (sin (39.4°) X sin(23.34°) + cos (39.4°) X cos (23.34°) X cos (0°)) = 16.2°

Taxum 06pazom, 3enuTHsbIN yroa 20 mapta 2024 r. B 12:00 coctasnser npubnuszurensHo 16.2°.
Pacuet conHeuHol paguanuu npooauwics no gopmyne 4:

Ed=1361 x 0,961 = 1309,5 Bt/m?
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Takum oOpa3zom, conHeuyHast paguanus B 3anrminane 20 mapra B 12:00 cocraBuser
npuonusutenbao 1309,5 Br/m? (PucyHok 1).

g

:

o=
=2
L=

L]
(=4
(=]

Connegnas pamnama (Br/m?)

8

ﬁr ':' 3l o l..ﬂ _lll. 1‘2 ) 1‘3 o l.r4 1.5 1.6 17 1’8
9aC CYTOK (MecTHOE BpeMi)

Pucynok 1. Conneunas paauanus B 3anrmwiane (20 maprta 2024 r.)

Kennbamkapckuii  paiioH. BozoOHoBnsiemble ucTouHUMKM dHepruu B  KenbOamxkape
COOTBETCTBYIOT JIOJITOCPOYHON CTpaTerwy JHepreTndyeckon OezomacHocTH A3sepOaiimkaHa.
Hcnonp30BaHue THAPOIHEPTHUH, COJNHEYHOW, BETPOBOM M OHOMACCHl MOXKET IOMOYb CHHU3UTh
3aBHUCHMOCTh OT MCKOIA€MOTO TOILTMBA, OJIHOBPEMEHHO MOBBIIIAS SKOJOTUYECKYIO YCTOMYHUBOCTH
peruoHa. Pa3Butre BO300HOBIIEMOI SHEPTETHUKHU TAK)KE UTPAET KIIFOUYEBYIO POJIb B CTUMYIHPOBAHUU
HKOHOMHUYECKOTO POCTA U CO3JJaHUU PA0OYHNX MECT B PETHOHE.

AHnanu3 conneyHout pamauannu B KenpbOamkape 20 mapra 2024 1. s aHanm3a MCHOIb3yeM
aHAJIOTMYHBIE IIard, YTO | JIJIs 3aHTHIIaHA, KOPPEKTUPYS pacueThl ¢ yueToM mupoTsl Kennbamkapa.
l'eorpaduueckas mupora Kennbamkapa coctaBmsier mpubnusutenbHo 40,1°. Yrom comHeyHOro
cxkioHenus st KenbOamxapekoro paiiona Ha 20 mapra:

o

36
6 = 23.44° X sin

360 x (79 + 10)) =0

[Moncrasmsist B hopmyy: & = 23.44° X 0.998 ~ 23.34°
Takum oOpa3om, yron comHeyHoro ckiioHeHus: B KenbOamkape cocrapisieT NpuOIU3UTENHEHO
23,34°. Conneunslit yacoBoit yroin B 12:00 gacoBoit yron B Kens6amxape pasen 0°:

H=15°%x(12-12) =0°
Wcnone3ys opmyiy 3 BeuucisieM 3eHUTHBIN yronb uist Kenp6amxapckoro paiioHa:
0 = arccos (sin (40.1°) X sin(23.34°) + cos (40.1°) X cos (23.34°) X cos (0°)) = 17.3°

Taxum 006pa3om, 3eHUTHBIN yroi A Kenb0amkapckoro pailoHa COCTaBISET MPUOIH3UTETHHO
17,3° B 12:00. ConHeunass paauamusi pacCUYMUTHIBANIACh C HMCIOJIb30BAaHUEM 0a30BOW COJIHEYHOU
noctosHHOW Go = 1361 B1/M? 1 3eHUTHOTO yIia:

Ed = 1361 X cos 17.3°
Ed = 1361 x 0.955 = 1299.2 B1r/m?
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Ompeneneno, 4to coimHe4yHas pamuarnusa B KamsOamkape 20 mapra B 12:00 cocraBiser

npuoau3uTeNnbHo 1299,2 Bt/m2.
I'yOamunHckuii paiioH. IIpoBoauiics pacdeT COMHEYHOIO M3JIyYEHHS U 3€HUTHOIO yIjia JUIs
I'y6anner 20 mapra 2024 r. (Tabnuua, Pucynox 2).

Tabnuma
TTIOYACOBBIE PE3VJIbTATHI 110 I'VBAJJTMHCKOMY PAMOHY (20 mapta 2024 r.)
Bpems, u Yacosoti yeon, H 3enummuii yzon, 6 Conneunoe uznyuenue, Ed, Bm/m?

6:00 -90° 108.05° 0

9:00 —45° 70.39° 465.36
12:00 0° 39.2° 1057.40
15:00 45° 70.39° 465.36
18:00 90° 108.05° 0

Mlupora (¢): 39,2° (npubnmsurenvHas Teorpapuveckas IIMPOTa peruoHa [ yOamisr).
Conneunoe ckionenue (0): 0° (cooTBETCTBYET BECEHHEMY PaBHOACHCTBHIO). CoHeUHas MOCTOsSIHHAS
(GO): 1361 Bt/m? (cpemusisi conneuHas sHeprus, gocturaromas 3emin). Yacoseie yrsl (H): Onu
npeacTaBisiioT nonoxenue ComHia B pazHoe Bpems cyTok. B 6:00 u 18:00 conHile HaxoauTcs B
HU3KOHM TOYKE, YTO MPUBOJIUT K 3€HUTHOMY YTy, npesbimatoniemy 90°. Takum oOpazom, npsmoe
COJTHEYHOE M3ITy4yeHue He JocTuraet nmosepxHoctu. B 12:00 conmHiie HaXoAUTCs B CBOEH HAaUBBICIICH
TOYKe ¢ 3¢HUTHBIM yriiom 39,2°. [Tuk uznydenus 1057,40 Bt/m? npuxonuTcs Ha MOJIACHb. 3HAYCHUS
U3ITy4eHUsl yTPOM U BEYE€pPOM 3HAUUTEIHHO HUKE U3-32 OOJBIIETO 3eHUTHOTO yTJIa.
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Pucynoxk 2. Conneunas paguauus B ['yoamier (20 mapra 2024 r.)

Ananu3z snepeemuuecko2o nomeHyuana u npeoiazaemvlx ycmano8oxk Bocmouno-3anzesypckozo
9KoHoMuueckozo pationa. I'ybannsl, 3anrunan u KenbOamxkap, pacnonoxeHHble B AzepOaiiikane,
SBIIIOTCA WACAIbHBIMU PETMOHAMM Ul Pa3BUTHUS COJHEYHOW SHEPreTUKHU Ojarogaps CBOEMY
reorpauyeckoMy MOJIOKEHHUIO, KIIMMAaTUYECKUM YCJIOBHSIM U MOTEHIIMATY COJHEYHOW pajualiu.
OTu pailoHbl NOJIYYarOT 3HAYUTEIBHOE KOJIMYECTBO COJIHEYHOTO CBETA B TEUEHHE BCETrO ojia, YTO
JenaeT UX MOAXOAALIMMM JUIsI TPOEKTOB BO30OHOBISIEMOH AHEPreTHKH, TaKMX KaK YCTaHOBKA
COJTHEUHBIX naHenel. Huke mpezacTaBieH aHaIM3 SHEPreTUYECKOro MOTEHIMANla U MpeiaraeMbIixX
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yCTaHOBOK. Iy OIleHKHM BBIPAOOTKH SHEPTHH MBI MPEAIOJIaraéM yCTaHOBKY COJTHEUHBIX ITaHEeIen
miomaznsio 1 ra (10 000 M?) ¢ s3dpdextuBHOCTEIO (1) 18%. Ucnonssyercsa popmyina 5 [25]:

P=E;xAX7 (5)

rae, P - Beixognas momHocth (BT); Ed - comneunoe n3nyuyenue (B1/mM2); A - miiomaap maHeau
(M2); n - KIT/] manenu. ['omoBast BeIpabOTKa SHEPTUU OLEHUBACTCS C MCIOIB30BaHUEM (HOPMYITBI 6
[26]:

E.oq = P X To0BOE KOJIMYECTBO COJIHEYHBIX YacoOB (6)

[Ipenmnonarast 2000 colHEUHBIX YacOB B I'OJl, PE3YJIBTAThl PACCUUTHIBAKOTCS HIKE.
Pacuetsl noTennuana coaHeuHon sHepruu [26]:
a. Kenpbamxap P = 1299.2 - 10,000 - 0.18 = 2,338,560 W = 2.34 MBT
Eron 2.34 - 2000 = 4680 MBT/ropg,

0. 3anrunan P = 1309.5 - 10,000 - 0.18 = 2,357,100 W = 2.36 MBT

Eron = 2.36 - 2000 = 4720 MBT/rop,
B. 'ybamer P = 1057.4 - 10,000 - 0.18 = 1,903,320 W = 1.90 MBT

Erop = 1.90 - 2000 = 3806.6 MBT/rop,

2.0} _
=s
f: _ o
g 1.5} [E
: z
: e B
g 10f B
= ™
0.5
0.0

Kenntamzap SaHrHIaH T'yoagmet

Pucynok 3. IloTeHmman roIoBOW BBIPAOOTKH COJHEUHOW JHEpruv B BocTouHO-3aHre3ypckom
SKOHOMHUYECKOM paiioHe

BocTouno-3aHre3ypckuii SKOHOMHUECKUI pailoH 00J1a1aeT 3HAYUTEIbHBIM ITOTEHIIUAJIOM ISt
MIPOU3BOJICTBA COTHEUYHOM PHEPIUH, C MPEAINOoIaracMoii CyMMapHOU roloBoii BbIpaboTKoil okoso 13
206,6 MBrTt/rog. Mcmonbs3oBaHHe 5TOW JHEPrUM OydeT CHOCOOCTBOBAaTh JOCTHIKCHUIO IIEJIEeH
Azepbaiixana B o0nacTu BO30OHOBISIEMON SHEPreTHUKH M BHECET BKJIAJ B yCTOMUYMBOE pa3BUTHE
3THX PErMOHOB. B 3akiroueHnu, pecypcHas 00eCeYeHHOCTb SBISETCS KIIIOUEBOM IBIDKYILEH CUIION
5Q(QEKTUBHOCTH  pa3BUTHS PETMOHOB M cTpaHbl B 1eiaoM. Oco0eHHO ¢  ydyeTroM
T GepeHIIMPOBAHHOIO COCTOSHUS Pa3BUTHS Pa3IMYHBIX PECYPCOB PETMOHOB, HEOOXOAMMO
MIPOBOJHTH yIITyOJICHHBIN aHaJ W3 B COUYETAHWH C TaKUMH (pakTopamu, Kak MOJUTHKA W Teorpadus

[27].
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3axnouenue

AnMUHHCTpaTUBHBIE paiioHbl 3anrwiaH, Kenpbamxap u ['ybammum, Bxomsimue B BocTtodHo-
3aHre3ypcKuii SJKOHOMUYECKUN paiioH 001a/1al0T 3HAYUTEIHHBIM IMOTSHIIMAIOM ISl TIPOU3BOJICTBA
COJTHEUHOW SHEpruu, KoTopas OymeT CrnocoOCTBOBATh pealM3aliu cTpareruu AsepOaiikaHa B
obOnactTi BO300HOBIsIEMON dSHepreTuku. Pacdersl mpoBomwmch 3a 20 mapra 2024 1, yTO
COOTBETCTBYET BECEHHEMY PABHOJAEHCTBHIO. Ha OCHOBE pe3ysbTaTOB MCCIIEIOBAHUS YCTAHOBJIEHO,
410 rof10Bast BeIpaboTka sHepruu ¢ 1 ra (10 000 M?) coHeuHBIX MaHeNel B 3TUX pailOHaX COCTABIISET
B 00m1eit cnoxxnoctu 13 206,6 MBT. B 3anrunane (4720 MBt1/ron) u Kenb6amxkape (4680 MBT/rox)
HabmonatotTcs Oojiee BBICOKHE YpPOBHU COJHEYHOW paJMallid, YTO MNPUBOIUT K YBEIUYCHHUIO
MOIIHOCTH TMPOU3BOJACTBA HHEPruu. VCmonp30BaHUWE COJIHEYHOM SHEPrMUM B ITHUX palioHax
3HAYUTEITFHO COKPATUT BBIOPOCHI MAPHUKOBBIX T'a30B, CIOCOOCTBYSI OXpaHE OKPYXKAIOMICH Cpelbl U
JOCTIKEHUIO IIeJIel B OOJIACTH JYHEPTeTHYECKON 0E30MacHOCTH M YCTOWYMBOTO pa3BuTHs. Kpome
TOrO, 3Ta TEXHOJOTUS CHU3MUT 3aTpaThl HA PHEPrHi0 U OyleT CTUMYIUPOBATh IKOHOMUYECKOE
pa3Butue peruona. MccnegoBanue noguepkuBaeT, YTO yCTAHOBKA COJTHEUHbIX ITaHEJIeH B 3aHTUJIaHE,
Kensbamxape u ['ybanimbsl He TOJNBKO yBEIMYUBAET MPOU3BOACTBO BO30OHOBISEMOM HEPTUH, HO U
COOTBETCTBYET JI0JATOCPOYHOM SHEPreTUUECKOM cTparerun AszepOaiikaHa.
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Annomayus. B yCHOBUSIX HWHTEHCUBHOTO OCBOCHHUSI MHHEPAIBHO-CHIPHEBBIX PECYPCOB
npoOnemMa 3arps3HEHUS OKPYXKAIIIeH cpeabl THKENBIMH MeTaulaMu  TIPUOOpeTaeT 0coOyro
AKTyaJbHOCTb. [ OPHOpPYIHBIE TEPPUTOPUU OTHOCATCS K 30HAM MOBBIILIEHHOTO YKOJIOTMYECKOTO PUCKA
BCJIC/ICTBME HAKOIUICHUSI TOKCHUYHBIX JJIEMEHTOB B IIOYBEHHOM IIOKPOBE, YTO MOYKET HETaTUBHO
OTpaXKaThCsl HA COCTOSTHUM AKOCHUCTEM U 30POBBE HaceNeHus. B 3ToM koHTekcTe baTKeHCKUI pernox
Keipreizcrana, XapakTepu3ylOIIUCS  HAIMYMEM  JIEUCTBYIOIIMX M 3aKOHCEPBUPOBAHHBIX
TOPHOAOOBIBAIONIUX MPEANPUATHH, XBOCTOXPAHUJIUIL M OTBAJOB TOPHBIX MOPOJ, MPEICTaBISIET
c000i1 BayKHBIIM 00BEKT SKOIOTUYECKUX UcciaenoBanuil. L{ens ucenenoBanus: onpeneanTb OCHOBHbBIE
HWCTOYHUKH TEXHOTCHHOIO MOCTYIICHUS TSKEIBIX METAJVIOB B MOYBBI TOPHOPYAHBIX TEPPUTOPUH,
OLICHUTh TMOTEHIHAIbHBIE AKOJIOTUYECKUE PUCKHU 3arps3HEHUS MOYB JUISI SKOCHCTEM M 3I0POBbS
HacCeJIeHUs peTuoHa, GOpMYIHPOBATh PEKOMEH AU 110 KOJIOTHUECKOMY MOHUTOPUHTY, CHUKEHUIO
YPOBHSI 3arps3HEHUs M PEKYJbTUBAlMM HAPYyLIEHHBIX 3eMelb. B crarbe mpezacTasiieHa
SKOJIOTUYECKAass OLEHKA COAEPKAHUSA TSKEIBIX METAUIOB B MOYBAX TOPHOPYAHBIX TEPPUTOPHUIA
barkenckoro pernona. OCHOBHOE€ BHUMAHHUE YACICHO OMPEIECICHUIO KOHIIEHTPAaUid TPUOPUTETHBIX
TOKCHYHBIX DJIEMEHTOB, TAKMX KaK CBUHEII, KAAMUM, IUHK, ME/b, MBIIIbSK U PTYTh, @ TAK)KE aHATU3Y
WX TIPOCTPAHCTBEHHOTO pacHpeeNieHuss B 30HE BJIHMSHHUS TOPHOMOOBIBAIONINX OOBEKTOB H
XBOCTOXpaHWIMLI. Pe3ynpTaTel HCCIIEIOBaHUS CBUICTEIBCTBYIOT O TIOBBIIIEHHOM YPOBHE
3arpsi3HEHUST MOYB THKEIBIMA METAUIaMH B palOHAaX, MPUJIETAIOMIMX K XBOCTOXPAHWIMIIAM U
00BbEKTaM TOPHOPYAHOM TPOMBINIIEHHOCTH. B psge ciaydaeB 3agUKCHpPOBAHBI MPEBBIIICHUS
HOPMaTUBHBIX 3HAYEHUI, YTO YKA3bIBAECT HA TEXHOTCHHBIN XapakTep 3arps3HEHUs U MOTEHIIMATIbHYIO
JKOJIOTUYECKYI0 ONACHOCTh HCCIEIYEMBIX TEPPUTOPUH. YCTAHOBJIEHO, YTO CTEIEHb HAKOIUIEHUS
TSOKETBIX METAJUIOB 3aBUCHUT OT PACCTOSIHUS 10 MCTOUHUKOB 3arpsi3HEHUS, 0COOCHHOCTEH penbeda u
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CBOMCTB 10uB. JlenmaeTcs BEIBOI 0 HEOOXOIMMOCTH KOMIUIEKCHOTO MOAX0/a K OIICHKE M YIIPABIECHHUIO
MOCJIEICTBUSIMU TOPHOIOOBIBAIOIICH EATEILHOCTH B PETHOHE.

Abstract. In the conditions of intensive development of mineral resources, the problem of
environmental contamination by heavy metals is becoming increasingly relevant. Mining areas are
classified as zones of elevated environmental risk due to the accumulation of toxic elements in the
soil cover, which can adversely affect ecosystem stability and human health. In this context, the
Batken region of Kyrgyzstan, characterized by the presence of both active and abandoned mining
enterprises, tailings storage facilities, and waste rock dumps, represents an important object of
environmental research. The objectives of this study are to identify the main sources of technogenic
input of heavy metals into the soils of mining areas, to assess the potential environmental risks of soil
contamination for ecosystems and public health, and to formulate recommendations for
environmental monitoring, pollution reduction, and reclamation of disturbed lands. The article
presents an ecological assessment of heavy metal content in the soils of mining areas of the Batken
region. Special attention is given to determining the concentrations of priority toxic elements such as
lead, cadmium, zinc, copper, arsenic, and mercury, as well as to analyzing their spatial distribution
within the zones influenced by mining facilities and tailings storage sites. The results indicate an
elevated level of soil contamination by heavy metals in areas adjacent to tailings storage facilities and
mining industry sites. In several cases, the recorded concentrations exceed established regulatory
limits, indicating the technogenic nature of contamination and the potential environmental hazard of
the studied territories. It was found that the degree of heavy metal accumulation depends on the
distance from pollution sources, topographic features, and soil properties. The study emphasizes the
necessity of a comprehensive approach to assessing and managing the environmental consequences
of mining activities in the region.

Kniouesvie cnoea: »5skonormyeckas OLEHKA, TKENbIE METalllbl, 3arpsA3HEHUE II0YB,
TOPHOPYIHBIE TEPPUTOPHUM, DATKEHCKUI PEruoH, XBOCTOXPAHWIIMIINA, TEXHOTEHHOE BO3JICHCTBHE,
JKOJIOTHYECKUI PUCK, MOHUTOPHUHT I10YB.

Keywords: ecological assessment, heavy metals, soil contamination, mining areas, Batken
region, tailings storage facilities, technogenic impact, environmental risk, soil monitoring.

['opHOpyIHBIE TEPPUTOPUM BO MHOTHX CTpaHaX MUpa SIBISIOTCS UCTOYHUKAMU CEPbE3HOTO
TEXHOT€HHOTO BO3CMCTBUS Ha OKPY>KaOIyIo cpeny. Cpei OCHOBHBIX MTPOOIIEM - 3arpsi3HEHUE TTOYB
TsoKETBIME MeTaiiaMu (Hanpumep, Pb, Cd, Zn, Cu, Hg, As), KoTOpble HaKarIMBarOTCsl B TOYBEHHOM
MMOKPOBE, CO3IAIOT IKOJIOTUYECKHUE PUCKU U MOTYT OKa3bIBaTh OTPUIIATEIILHOE BIMSIHUE HA 3/I0POBHE
YeJ0BeKa, SKOCUCTEMBI, CEIbCKOE XO35IMCTBO M BOJHBIE pecypchl [1].

Takue 3arpsi3HeHUST OCOOCHHO aKTyallbHBI ISl PETHOHOB C Pa3BUTON TOPHOW 10OBIYEH U
nepepaboTKON Py, K KOTOPBIM OTHOCUTCS barkenckuii pernon Keipreizcrana [2].

leorpaduuecknii u 3KoNOrHYECKUil KOHTEKCT baTrkeHckoro pernona. barkeHCKui permos,
pacrmoJIOKeHHBIM Ha [oro-3amajze KeIprei3cTaHa, HMCTOPUYECKH XapaKTePU3YeTCs JOObuerd U
nepepaboTKONW pa3NUYHBIX pPyd, B TOM YHCIE CBUHIIOBO-IIMHKOBBIX W PTYTHO-CYpbMSHBIX
MECTOpOXKACHH. B pesynbrare AesITeNbHOCTH MNPEANpHsITHA 00pa3yroTcs XBOCTOXPAHHIIHUIIA,
OTBIBI M TEXHOJIOTHYECKHE BOMOEMBI, KOTOPHIC SIBIISIOTCS TOTCHIIMAIBHBIMA HWCTOYHUKAMHU
MOCTYTUICHUSI TSDKETBIX METAJUIOB B TIOYBY M OKPYXKAMOIIYIO cpeay. OCHOBHBIMH HCTOYHUKAMH
HaKOIUICHUS TSDKENBIX METAJIOB B IOYBAX TOPHOPYAHBIX TeppUTOpHil barkeHckoro permona
SIBIISIFOTCSL OTBaJIbl XBOCTOBBIX XO3SICTB M CKIIAJIUPOBAHUE PYAHBIX OTXOAOB, KOTOPBIE YaCTO
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OCTAlOTCS YAaCTUYHO HE3aKPBITBIMH W JOCTYIHBI JUIS SPO3MHM BETPOM U BOJOHW; MpOILIas
JESITeIbHOCTh TepepadaThIBAIONINX TPEANPHITHN (HapUMep, CBHHIIOBO-IIMHKOBbIC KOMOHMHATHI),
KOTOpPBIC OCTaBUJIM 3HAYUTENbHBIE O0OBEMBI OTXOMIOB; XBOCTOXPAaHWJIHINA CTaphIX PYIHUKOB, TIE
OTXOJIbI COICpXKAT BBICOKHE KOHIICHTpaIuu Pb, Zn u p., ¥ KOTOPBIE MOT'YT BBIIIEIAYNBATHCS B IIOYBBI
Y TPYHTOBBIC BOJIBI; aTMOC(EpHBIE OTIOKEHUS MBUIM C PYTHOTO M TEXHOJIOTMYECKOTO TPAHCIOPTA.
XBOCTOXpaHWIHIIE CypbMsIHOro KomOuHara Kamamkaiickoro palioHa SIBISIETCS OCHOBHBIM
WMCTOYHUKOM TEXHOTEHHOTO 3arpsi3HEHHS IOYB TOKENBIMU MeTalutlamu, BKIodas cBuHen (Pb),
kagmuit (Cd), cypemy (Sb) u musK (Zn) (PucyHok).

Marepuasabl MOHUTOPUHTA TIOKa3bIBAIOT, YTO KOHIICHTPAIUH TSHKEIBIX METAJUIOB B IOYBAX,
MPUJIETAIONINX K XBOCTOXPAHHIIHUIILY, 3HAYUTEIILHO MPEBHIIIAIOT (DOHOBBIN YPOBEHb H HOPMATUBHBIC
3HAYCHHSI, YTO CO3MAET IKOJIOTUYECKYIO yrpo3y IS CENbCKOXO3SMCTBEHHBIX 3€MeNb U MECTHBIX
sKocucrtem [3, 4].

Pucynok. XBocToxpanumnuiie cypbMsiHOro komOuHata Kanamskalickoro paiiona

Mamepuanvt u Memoowl ucciedo8anus

DKoJIOTHYeCKasi OLIEHKAa COJEp)KaHUs TSKENBIX METANIOB B IOYBAX BKIJIFOYAET HECKOJIBKO
3TamnoB: 0TOOp MPOO MOYBHI HA pa3IuuHbIX rTyOuHax (00br9HO 0—10 1 10-20 cm) [5]; xuMHuyeckuii
aHanu3 Ha KoHueHtpanuu Pb, Cd, Zn, Cu, As, Hg u npyrux mMeramioB ¢ MpUMEHEHHEM aTOMHO-
a0COpPOITMOHHOM CIEKTPOCKONH, Macc-criekTpoMeTpuu u apyrux meronoB, TOCT 17.4.3.01-83
«ITouBbl. MeTozibl onpeienieHus: CoAepKaHMsI TKEIbIX METaIoBY; OO0II1e METOJUKHU B3STUS NPOO,
MOATOTOBKM M aHaiau3a noyB Ha Tsokenble Metaiibl [6]. [OCT 26929-94 «llouBbl. Metonbl
OTIpe/IeTICHUs] COAEPIKaHMSI CBHHIIA, KaJAMHs, IIMHKA W MEIW» MpH MOATOTOBKE Mpo0 (Cyllka,
M3MEJBICHNE, IPOCEUBAHKE), BBIIIENAUMBaHUE KHUCIOTaMU W aHAJIU3 METONIOM [7]; ompeneneHue
MakCUMalbHO JomycTuMblx KoHueHTpauui (MIK) u cpaBHeHue conepkaHuss METaUIOB C
€CTECTBEHHBIM TE€OXMMHUYECKUM (OHOM W HOPMATHBAMHU KayecTBa IOYBBI, pacuéT HHIEKCOB
3arpsi3HEHUs, Hampumep, Kod(h(OUIMEHT HAKOMJICHUS, JKOJIOTHUECKHA WHACKC 3arps3HEeHus,
0000IEHHBIN TIOKA3aTeNb 3arpsA3HEHNS; OIIEHKa MOTEHIIMAJIbHOTO PUCKA IS 3[J0POBBS YeIOBEKa U
9KOCHCTEM.

Pesynomamot u oocyscoenue
JIOoCTyIHBIE JKOJOTHUECKHE M CaHUTAPHO-TMTHCHUYECKUE OIICHKHM IOKa3bIBAIOT HAJINYHE
BBICOKHX KOHIIEHTPAIUH TOKENBIX METAIOB (HAmpUMeEp, MBIIIbSIKA, PTYTH, CYPbMbI, CBHHIIA) B
MOYBax OJIM3 XBOCTOXPAHHMITUII M TEXHOJIOTHYECKHX 00BEKTOB; YCTAHOBJICHHBIC YPOBHHU 3arpSI3HEHUS
MPEBBIIIATA TTOPOH OPHEHTHUPOBOYHO JOMYCTUMbBIC KOHIICHTPAIUU, OCOOCHHO B pallOHAX CTapbIX
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nepepadaTbIBAOIUX NPEANPHUATHN; TOYBBI OMU3 XBOCTOB M DPYJHMKOB MOTYT IPEACTaBIAThH
HKOJIOTMYECKYIO OINACHOCTh M HE IPUIOAHBI I CEbCKOXO3SIMCTBEHHOIO HCHOJIb30BaHUS 0e3
PEKYJIBTHBALIMH; BMEIIATEILCTBO M MOHUTOPHHT HEOOXOIUMBI JJIsi CHUKEHUSI PUCKOB, OCOOCHHO IS
YA3BUMBIX TPYII, TAKUX KaK JETH. 3arpsa3HEHUE MOYB TSHKEIBIMU METAJJIaMH MOXET MPUBOIAMUTH K
HapyLEHUIO CTPYKTYPbI I0YB, CHUKEHHIO III0OPOAMSI U OMOIOIMYECKON aKTUBHOCTH; HAKOIIJIEHUIO
METaJUIOB B PacTEHUSIX, OCOOEHHO B OBOIIAX U KOPMOBBIX KYJIBTYPax, YTO BEAET K MOCTYIUICHUIO
TOKCHYHBIX JIEMEHTOB B THILIEBYIO LIEMOYKY; 3arpA3HEHHIO BOJAOEMOB M TPYHTOBBIX BOJ 4epe3
BBIIEJIAYMBAHUE TSDKENBIX METAJIOB; TOBBIIICHHOMY PHCKY JUIS 370pOBbSl 4elOBeKa — OT
TOKCUYECKHX peakUuil 10 XpOHHUYeCKUX 3aboseBaHuil. [lJi1 yMEHbIIEHUS KOJOTHUECKUX PHUCKOB
HEOOXOIMMBI CTPATETNH, BKIIIOUAIOIINE PETYISIPHBIH MOHUTOPUHT COJEPKAHUS TAXKEIBIX METAJUIOB
B MOYBaX M BOJIC, OTPAaHUYEHHUE JOCTYIAa HACEICHUS K 30HaM C BBICOKMM YPOBHEM 3arpsi3HEHUS;
PEeKYJIbTHBALMSl  XBOCTOXPAHWJIMI UM  OTBaJOB (HAampuMep, TepMETH3alus, O3eJICHeHNUE),
JKoJIOrHYeckoe oOpa3oBaHHe M HMH(OpPMHUpOBaHHE OOLIMH O PHUCKAX; MPOBEIEHUE KOMIUIEKCHON
HKOJIOTMYECKOM OLIEHKM Iepesi HayaJloM HOBBIX TOPHBIX paloT.

B pesynaprare mNpOBENEHHBIX WCCIICAOBAHWNA YCTAaHOBJIEHO, YTO TMOYBBI TOPHOPYIHBIX
TEeppUTOpUIi BaTKEHCKOTO pernoHa XapakTepU3YIOTCS TOBBIIICHHBIM COIEPYKAHUEM DPsilia THKEIBIX
METaJUIOB, YTO CBHJIETEJBCTBYET O 3HAUUTEILHOM TEXHOI'€HHOM BO3JCHCTBUM Ha IOYBEHHBIN
nokpoB. Hanbosee BbICOKHME KOHIEHTPALMH 3arPA3HSIONIUX JIEMEHTOB 3a(pUKCHPOBaHbI B pailoHax,
HETMOCPECTBEHHO TNPWJICTAIOMMX K XBOCTOXPAHWJIMIIAM, OTBajlaM TOPHBIX IMOPOI U OOBEKTaM
nepepadOTKU PYAHOTO CHIPHSL.

AHau3 XMMHYECKOro COCTaBa IOYB OKa3aj, YTO KOHIEHTpAallM{ CBHHLA, KaJMHs, IIMHKA,
MeNU, MBbIIIbSIKAa U PTYTH B psijie NpoO IMPEBHIIAIOT YCTAHOBJIECHHBIE IMPEAECIIBHO JOMYCTHUMBIE
koH1eHTparuu (Tabnuna). OcoOeHHO BRIpaXEHHOE 3arpsi3HEHNE OTMEUEHO JIJIsl CBUHIIA U MBIIIbSIKA,
YTO CBSI3aHO C UCTOPUYECKOH T00BIYEH 1 epepadOTKON CBHHIIOBO-ITMHKOBBIX U CYPHMSIHO-PTYTHBIX
pyn B peruose. IloBbllIeHHbIE YPOBHU KaJMUs U LIUHKA, KaK [IPABUJIO, COMYTCTBYIOT CBUHI[OBOMY
3arps3HEHUIO M YKa3bIBAIOT Ha 00l1ee FeOXMMHUYECKOE BO3/IeHICTBHE TOPHOPYIHOMN €ATEIbHOCTH.

[TpocTpaHCTBEHHBI aHANHW3 PpaCIpPENeICHUsT TDKENBIX METAIJIOB BBIIBMII 3aKOHOMEpPHOE
CHIDKEHHME MX KOHIIEHTpAIMH 10 Mepe YBEIMYCHHs PACCTOSHHUS OT MCTOYHHMKOB 3arps3HeHus. Ha
y4acTKax, paclOJIOKEHHbIX BOMU3M XBOCTOXPAHWJIMIL, TIOYBBI XapaKTEPU3YIOTCS BBICOKUM
K03((HUIIMEHTOM HAKOIUICHHSI TSHKEIBIX METAJIOB, TOTA KaK Ha yAaJEHHBIX TEPPUTOPHSIX 3HAYCHHUS
npHUOTMKAIOTCS K (OHOBBIM YpOBHSAM. CyIIECTBEHHOE BIMSHUE HA MHTPALUIO0 U aKKyMYISIIUIO
METAJUIOB OKa3bIBAIOT pesibe) MECTHOCTH, BETPOBOI MEPEHOC MBUIEBBIX YaCTHIl M TIOBEPXHOCTHBIN
CTOK, 0COOCHHO B YCJIOBHSIX TOpHOTO JaHAmadTa baTkeHckoro peruoHa.

Tabnuma
KOHIIEHTPAILIMN TSKEJIBIX METAJIJIOB B IIOUBAX I'OPHOPY JIHBIX TEPPUTOPUI
BATKEHCKOI'O PETMOHA
Memann, MIK* XX** Nel, Omean pyonozo 3emnsa c-x, XX Ne2, 0-50 Omean pyonoco
me/xe 0-50 m copvs 1, 50-100 . 200-300 m M coipvsi 2, 50-100 m

Pb 100 450 320 75 510 340

Cd 3 12 8 1,5 15 9

Zn 300 780 500 120 820 540

Cu 50 95 70 25 110 75

As 20 35 25 10 40 28

Hg 0.5 1,2 0,8 0,2 1,5 0,9

* — (MAK) makcuMaibHO JJOMyCTUMAst KOHIIEHTpAIIWs 110 cTaHxapraM rmouB Kelpreicrana
** (XX) XBOCTOXpaHHIIHIIIE
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[TonydyeHHble maHHBIE YKa3bIBAlOT HA BBICOKYI) SKOJOTMYECKYI0 HArpy3Ky Ha MOYBBI
HCCIIETyEMBIX TEPPUTOPHUI U MOTEHIHAIBHYIO OMACHOCTh BTOPUYHOTO 3arpsi3HEHUS COMPEACIIbHBIX
DKOCHCTEM, BKIIIOYAs CEIHLCKOXO3AMCTBEHHBIE 3€MIM M BOAHBIE OOBEKTHI. HakoIuieHue TKEIBIX
METAJVIOB B MOYBE CO3MAET MPEANOCHUIKM I UX MOCTYIUIEHHMS B PAaCTEHUS M MOCIEAYIOLIETO
BKJIFOUCHHSI B TPOUUYECKHE IS, YTO MPEACTABIISIET PUCK JIJIS 3I0POBbS HACETICHUS, TPOKUBAIOIIIETO
BOJIM3U TOPHOPYIHBIX 00beKTOB. CpaBHEHHE PE3YJIBTATOB UCCIIEAOBAHMS C JAHHBIMH, ITOTYYEHHBIMHU
JUIsL IPYTUX TOPHOPYAHBIX peruoHoB LleHTpanbHOM A3uM, TOKa3bIBAET CXOACTBO OCHOBHBIX
TEHACHIIUNA 3arpsi3HEHUS, YTO MOATBEPKIACT PETHMOHANBHBIN Xapakrep mnpooOnemsl. [lpu sToMm
0COOCHHOCTH TEOXMMHYECKOW CTPYKTYpbl IMOYB baTKEHCKOro pernoHa W HaJIU4He OOJIBIIOTOo
KOJINYECTBA 3aKOHCEPBUPOBAHHBIX OOBEKTOB TOPHOHN MPOMBINIJICHHOCTH YCHJIMBAIOT MacIITaObl U
JUIMTEJIBHOCTh ~TEXHOT€HHOrOo Bo3JelcTBUs. TakuM 00pa3oM, pe3ysbTaTbl HCCICIOBAHUS
MOJATBEPKIAIOT  HEOOXOAMMOCTh  CHCTEMATHYECKOTO  JKOJIIOTHYECKOTO MOHHUTOPHHTA  IOYB
TOPHOPYIHBIX TEPPUTOpPUN baTkeHCKOro pernoHa, a TakkKe pa3pabOTKU M BHEAPEHUS MEpP IO
CHUKEHUIO 3arps3HEHUS U PEKYIbTUBALIMY HAPYIICHHBIX 3eMelb. KOMIIEKCHBIN MOIX0/ K OLIEHKE U
ynpaBJIeHI/IIO 3an$[3HeHI/IeM IOYB TSDKEILIMHM METAaUIaMH  SIBIIIETCS  KITFOUEBBLIM yCJIOBI/ICM
o0ecIedeHust FKOJIOTHIECKO 0€30IaCHOCTH U YCTOWYUBOTO Pa3BUTHS PETHOHA.

Boi6o0
DKOJIOTUYECKasi OIICHKA COMIEPIKAaHUS TSHKEIBIX METAIIOB B IIOYBAX TOPHOPYIAHBIX TEPPUTOPUH
barkenckoro pernona KeIprei3cTaHa BaKHBIH KOMIIOHCHT ITOHMMAHHS CTENEHU TEXHOTCHHOTO
BO3JICHCTBHUS HAa OKpyXkawlyio cpeny. CoBpeMEeHHbIE HCCIEIOBAaHUS TOKA3bIBAIOT, YTO TaKUe
TEPPUTOPUU MOTYT OBITh 3HAYUTEIILHO 3arpsI3HEHBI TSDKEJIBIMA METAJLIAMH, YTO CO3IaET PUCKHU VIS
3I0POBBSI M dKOcHCTeM. llocienoBarenbHBIi MOHUTOPHHT, CAaHUTAPHBIC MEPHl M JKOJOTHYECKAs
MTOJIUTUKA SIBJISIFOTCSI KITFOYEBBIMHA HHCTPYMEHTAMH IS YAYUYIIICHHUS CUTYaIlUH ¥ 3aIUTHI HACETICHHUS.
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MECHANISMS GOVERNING SURFACE HARDENING
OF POROUS COMPONENTS DURING PLASTIC DEFORMATION

©Gasanova S., ORCID: 0009-0000-4392-7672, Ph.D., Azerbaijan

Cooperation University, Baku, Azerbaijan, sewramgasanova@mail.ru

Annomayus. B cCOBpeMEHHON MAIIMHOCTPOUTENHHOW U MPUOOPOCTPOUTENHHON OTpacisix C
KaKIBIM TOJIOM paciiupsiercs: cepa MpUMEHEHUsI MaTepHalioB, MOJIyYaeMbIX METOJaMH KOBOYHOM
METAJUTyprUd. OTH MaTepualibl OTIMYAIOTCS BBICOKOH MaTepHalbHOW 3()()EKTHBHOCTHIO,
BO3MO)XHOCTBIO TIOJIy4EHUs JI€Taleld CIO0KHOM (QOopMBbl, aBTOMaTU3alUeil MpPOM3BOACTBEHHBIX
MPOLIECCOB U SKOHOMHMYECKOH 11€71€cO00pa3HOCThI0. YCHEIHOEe NPUMEHEHUE U JUIMTENbHas
JKCIUTyaTanusi M3AeNUid U3 KOBOYHBIX MAaTEpHalioB B MPOMBIIIICHHOCTH TPEOYIOT TIyOOKOro u
CUCTEMATUYECKOI0 U3YUEHUSI UX TEXHOJIOTUUYECKUX, MEXAaHUYECKUX U TPUOOTEXHUUYECKUX CBOWCTB.
HayuHass neHHOCTh cTaThu B TOM, YTO B HEH IPOAaHAIM3UPOBAHBI CYIIECTBYIOLIME MOJEIH,
OOBSCHSIIOLIUE TOBEACHUE MOPHUCTHIX MaTepUanoB, MOJIYYEHHBIX METOJIOM METaJLTyprHuecKoro
CIeKaHusi, B TPOLECCe TOBEPXHOCTHOW IJIaCTHYECKOM aedopmanmu, W MPEOJOJEHBI HUX
orpaHuuyeHusi. BrepBble mNpeasio)keHa HOBas IJIACTHYECKas MOJENIb, KOTOpas OJHOBPEMEHHO
YUYUTHIBAET KaK H3MEHEHHWE IOPUCTOCTH, TaK M YIPOYHEHHE MaTepHabHOM OCHOBBI MJIs
IUTACTUYECKOT0 TMOBEIEHHs mopucTtoro tena. [IpakTuyeckas 3HAYMMOCTb pabOThHI 3aK/IIOYaeTCs B
pa3paboTKe HEKOTOPBIX METOJIOB YIPOUHEHHSI TIOBEPXHOCTH 000K KEHHBIX MOPUCTHIX PACTBOPOB HA
OCHOBE *keJie3a 1 Bbioope Hanbosee 3 (HEeKTUBHBIX CITOCOOOB MIIACTUYECKON AeOopMalK Ha OCHOBE
pe3ysbTaTOB MPOBEACHHBIX HccienoBaHuil. [IpeanokeHbl HOBblE O000MOKEHHbBIE MaTepHabl,
CHUHTE3MPOBAaHHBIE U3 CMECH Kejie3a U YyT'YHHBIX CIUIaBOB, U pa3pabOTaHbl METOJbl YIPOUYHEHUS
MOBEPXHOCTHU IMYTEM IJIACTUYECKOM Jedopmaruu.

Abstract. In modern mechanical engineering and instrument-making industries, the range of
applications of materials produced by powder metallurgy methods is expanding year by year. These
materials are characterized by high material efficiency, the ability to manufacture components with
complex geometries, a high degree of production process automation and overall economic
feasibility. The effective use and long-term operation of products made from powder metallurgy
materials in industry require thorough and systematic investigation of their technological, mechanical
and tribotechnical properties. The scientific value of the article lies in the analysis of existing models
that explain the behavior of porous materials produced by metallurgical sintering under conditions of
surface plastic deformation and in overcoming their inherent limitations. For the first time, a new
plasticity model is proposed that simultaneously accounts for changes in porosity and for the
strengthening of the material matrix governing the plastic behavior of a porous body.The practical
significance of the work lies in the development of several methods for surface hardening of sintered
iron-based porous materials and in the selection of the most effective modes of plastic deformation

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 101




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne3 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/124

based on the results of the conducted studies. New sintered materials synthesized from mixtures of
iron and cast iron alloys are proposed, and techniques for surface strengthening through plastic
deformation are developed.

Knwoueevie cnosa: Meramlyprus CILUIaBOB, IIOPUCTBIE  MarepUallbl, MEXaHUKAa W
MHCTPYMEHTOCTPOCHHUE, MJIACTUYECKasl MOZIENb, CKOPOCTH HANPsDKEHUs U AedopMmalvy, ynpouHeHue
MOBEPXHOCTH, TUIACTHYECKast eopManus

Keywords: alloy metallurgy, porous materials, mechanics and instrument engineering, plasticity
model, stress and strain rates, surface hardening, plastic deformation

3a mocneaHue rojbl ObUTH pa3paboTaHbl pa3IMYHbIE TEOPETUUECKHE MOJIEIH U OOBSICHEHHUS
IUIACTUYECKOTO IOBEIEHUS MOPHUCTBIX TeN. BOJBIIMHCTBO CyHIECTBYIOIMX MOJIENEH CBA3BIBAIOT
HanpsKeHHO-Ae(OPMUPOBAHHOE COCTOSIHUME IVIABHBIM 00pa3oM C HM3MEHEHHUEM IOPUCTOCTH U
HEIOCTATOYHO YYUTHIBAIOT Je(OPMAIMOHHOE YIIPOUYHEHHE OCHOBAHUS MaTepuana. JDTo 3aTpyaHsSeT
BBIOOp ONTHMANBHBIX MAPAaMETPOB MPOLECCOB YIPOUHEHHS ITyTeM IMOBEPXHOCTHON IUIACTHYECKON
nepopMaluy ¥ OrpaHUYMBAET UX IPAaKTHUYecKkoe NpuMeHeHne. OJHaKO yIpOYHEHUE TOPUCTOrO Tela
OIIPENEIAETCS HE TOINBKO YMEHBIIEHUEM IIOPUCTOCTH, HO U IUNIACTUYECKUM YIIPOUHEHUEM OCHOBaHUS
Marepuana. AHalu3 HMCCIEAOBAHMM IOKA3bIBAET, YTO MEXAHU3Mbl IIOBEPXHOCTHOIO YIPOYHEHUS
MOHOJIUTHBIX MAaTepUaJIOB NPU CIBUTOBOM 00pabOTKE W IUIACTHYECKOW nedopManuy H3ydeHbI
J0CTaToyHO TiIyOoko. OnHAKO Hajauuue IOp B IOPUCTBIX CTSKHBIX Marepuajax OKasbIBaeT
CYLIECTBEHHOE BJIMSHUE HA XOJ 3TUX IPOLECCOB, U 3TO BIMSHUE €UIE HE B MTOJHOM MEpe OLICHEHO C
Hay4YHO-TEXHUYECKOM TOYKH 3peHus. B CBs3M C 3TUM HM3y4eHUE MEXaHU3MOB M 3aKOHOMEPHOCTEH
MIOBEPXHOCTHOI'O YIPOUYHEHUS MOPUCTBIX CTSKEK MPU IIACTHUECKOM JedopMaliii uMeeT 00JbIIoe
Hay4yHOE U MPAKTUYECKOE 3HaueHHWe. YCIEeNIHOe NpUMEeHeHue M 3(pQEeKTHBHAs SKCIUTyaTalus B
IIPOMBIIIECHHOCTH HOBBIX KJIACCOB MAaTEpHUaJIOB, IOJYYEHHBIX METOJAAMM CIEKAHUs, 3aBHCHUT OT
BCECTOPOHHETO M3YyYEHHUSI MX TEXHOJOTHYECKUX CBOMCTB. DKCIIEPUMEHTANIbHBIE U TEOPETUUYECKHE
HCCIIEI0BAHNS, ITPOBEJICHHBIE YUYEHBIMU U3 Pa3HBIX CTPaH, MOKAa3bIBAIOT, YTO B HACTOSIIEE BPEMs
nporecc (GOpMHUPOBAaHUs JeTaleldl M IMOBEPXHOCTHBIX IIOJIOC M3 MOHOJIUTHBIX MaTepHalioB B
pe3ynbTare pe3ku M IIACTUYECKOH Jie(opMalliid MOXKHO CYMTaTh JOCTATOYHO M3ydeHHBIM. OHaKO
IIPOLIECC YIPOYHEHUSI MOPUCTBIX CIEKAEMbIX MaTE€pPHAJIOB €lIe HEJOCTAaTOYHO M3y4deH. IIpu atowm,
XOTs BIMSIHME TIOp HA MPOLECCH PE3KU U IUIACTUYECKON J1epopMaluy HEOCIIOPUMO, BCECTOPOHHSSA
Hay4HO-TEXHUYECKas OlLleHKa 3Toro 3¢¢dexra He MPOBOANIIACH.

Pesynbrarel uMccienoBaHUN MO3BOJSIOT BBIOpaTh ONTUMAJbHbIE MapaMeTpbl MPOIECCOB
MTOBEPXHOCTHOTO YNPOYHEHUs, CHOPMYIMpPOBaTh HAyyYHO OOOCHOBAaHHBIE PEKOMEHAALMH IO
M3TOTOBJICHUIO HAJICKHBIX U JIOJITOBEYHBIX J€TajeH B MPOU3BOJACTBEHHBIX yCIOBHX. [lomydeHHbIE
TEOPETUYECKUE Ppe3ydbTaTbl MOTYT OBbIThb MCIIOJB30BaHbl JUIsl TOBBIIIEHHUS IPOYHOCTH U
U3HOCOCTOMKOCTH J€Tajeil U3 MOPUCTBIX JIMTHIX MAaTepUajiOB, TAKMX KaK DJIEMEHTBl TOPMO3HBIX U
IIPY’KUHHBIX CUCTEM DIIEKTPOBO30B, @ TAKXKE aKKyMYJISATOPHBIE MEXaHU3MBI CEJIbCKOXO3AMCTBEHHOU
TeXHUKH. B TO ke BpeMs cTarbsd ABISIETCS IOJE3HBIM HAayYHO-METOAUYECKHM pECYpPCOM B
MIPENOJaBAaHUN MaTEPHAIOBEACHUS, JINTEHHON METALTYPTUM M TEXHOJOTMYECKUX ITPOLIECCOB B
BBICIIMX Y4YeOHBIX 3aBEEHUSX, a TakkKe B (DOPMUPOBAHMM MPAKTUYECKHX HABBIKOB MH)KEHEPHO-
TEXHUYECKUX KaJPOB.

Yenosus u memoowr uccneoosanuii

IlocraBieHHBIE B pa60Te 3aa4r peIIaJIiuCh Ha OCHOBE TCOPCTUUCCKUX U DKCIICPUMCHTAJILHBIX
HCCHCHOB&HHﬁ, MIPOBCACHHLIX B na60paT0pHHx " IMPOU3BOJACTBCHHBIX YCJIOBUSAX. HpI/I BBITTIOJTHCHUH
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paboThl MO ONTHMHU3ALMU DPEKUMOB IMOBEPXHOCTHOTO YIPOUYHEHHUS MOPUCTBIX MOMIJIOKEK C
IJIaCTUYECKOW  aedopmanuell TMOJydYeHHbIE JlaHHble OO0palaThiBaJMCh C  HCIOJIb30BAHHUEM
MEXaHUYECKUX, MAaTEMaTHUYE€CKUX U CTATUCTUYECKUX METOAOB C MPUMEHEHHUEM KOMIIbIOTEPHBIX
TEXHOJOTUN. TOYHOCTh TONYYEHHBIX PE3YJAbTaTOB IOATBEPKIACTCA SKCHEPUMEHTAIbHBIMU
UCCIIEIOBAHUSIMHM,  TPOBEIEHHBIMH C  HCIOJB30BAHHEM  COBPEMEHHOro  000OpyIOBaHUA,
M3MEPUTENbHBIX TPUOOPOB, YCTPONCTB U MaTEPUAJIOB.

Pezynemamut uccredosanuii

BonbIIMHCTBO y4YEHBIX NpPOBENM MacCHITaOHYI0 MpOrpaMMy H3yYeHHsS BO3MOXXHOCTEH U
3¢ HEeKTUBHOCTH MOBEpXHOCTHOW Iutactuueckor nedopmaruu (CIIJI) w3menuii, W3roTOBICHHBIX
METOAOM JAuHaMmuueckoro ropstuero npeccoanus (UI'TI). Hanpumep, Obuin  mpoBeneHsbl
UCCIICIOBAaHUA C MOJICIMPOBAHUEM TpPOLECCAa TOBEPXHOCTHOW IUIACTHUYECKOW naedopmarmu
MPSIMOYTOJIBHBIX 00Pa31[0B B KOHCTPYKIIMH C UCIIOJIb30BAHUEM TEH30METPUUECKOTO JUHAMOMETPA U
ajanrtepa. B kauecTBe OCHOBHBIX MaTepHalIOB [UIsl MPOBEICHHS UCCIEIOBAHUN HCIIOJIB30BAIUCH
BBICOKOMaprasiieBas aycreHuTHas ctanb 110Q13p (mudosannast), usrorosienHas merogom JAI'TI,
1 HU3KoyriepoaucTeiid pepporpadut mapku CQr 0.2. Ha ocHOBe pe3ynbTaToB HCCIEI0BAaHUN OBLITH
pa3paboTaHbl peKOMEHIAIUH VIS 3aBOJIOB 10 PEXKUMAaM yCUIICHUS! KAHABOK MOJIBECKHU U MPYKHUHHBIX
CHCTEM 3JIEKTPOBO30B U COOMPAIOIINX BUTKOB 36pHOYOOPOUHBIX KOMOaitHOB [13].

Bbeuto paspaborano crnenuanbHOe 00OpyIOBaHUE st 0OpabOTKH METaUIMYECKHX OTIMBOK
METOJIOM JIOPHOBOM 00paOOTKM M BOCCTAHOBJICHHSI B TOW jkK€ 30HE. BbUTM pPEeKOMEHIOBaHBI
ONTUMAaJIbHBIC PEXKUMBI 3aKaJIKH: OTHOCUTENIbHOE pacTsokeHue h = 0,02x0,03, ckopoCTh pacTsKEHUS
— 7 M/MHH, oxJIaXKAaroIas cpeaa — cyabppe3on. OqHAKO 3TU UCCIEA0BaHUS, IPOBOAUMBIE YUCHBIMH,
MIOCBSIIEHBI TOJIBKO IJIACTUYECKOM JedopMalui MOBEPXHOCTH W3JENIHUN, MOIYYEHHBIX METOJO0M
JIKB. H3BecTHO, 4TO Takue IITYKAaTypKu 100 HE 001a/1al0T NOPUCTOCThIO, 100, MOCKOJIbKY OHU
cofepar HeOOJbIIOe KOMUYECTBO MEJIKUX IOp, MEXaHM3M HX IUIacTUYecKod aedopManuu
MOBEPXHOCTH aHAJIOTUYEH MEXaHU3MY MOHOJIMTHBIX HITYKaTypok. [IoaToMy BcecTOpoHHEe n3ydeHue
IIaCTUYECKOW JiehopMaliii MOBEPXHOCTHU MOPUCTBHIX INITYKaTypOK HMEET BaKHOE Hay4yHOE U
MIpaKTHYECKoe 3HaueHue. B mocnenHee BpeMs MONMYYHIN HIMPOKOE PaclpOCTpaHEHUE JABE MOAEIU
IJIACTUYECKOTO IOBENCHUs MOpPUCTHIX Ten. [lepBas rpynma Monenel HCIONIB3YyeT MOBEPXHOCTh
TEKy4€CTH B BUJE IIUIICA [TO OCSAM T'HAPOCTATUUECKOTO AABJICHUS — MHTEHCUBHOCTHU HANIPSKEHUN U
CBSI3aHAa C 3aKOHOM COOTHOILIEHHUS MEXIY 3TOM MOBEPXHOCTHIO U yBEIHYEHHEM AedopMainuii u
HanpspKeHUH. 3HaueHUs MOIyOCei 3TOro AIIUIca Ha3blBalOTCAd (PYHKIUSMHU MOPUCTOCTH, KOTOPbIE
OBLTH OTIpE/IENIeHbl TEOPETUUYECKU U dKCTIepUMeHTanbHo [1, 3, 5, 6, 9].

Bropoii Tun wMozenell BKIIOYAET MOJEIH, B KOTOPBIX HCIOJB3YKOTCS JABE CHCTEMBI
apMUPYIOLIUX TOBEPXHOCTEH; OJTHA U3 HUX COOTBETCTBYET JIEBUATOPHOIN HEOOpaTuMoii fepopmanuu,
a apyras — o0bemHo# nedopmanuu [11].

B pamkax »TuX Mojenell MOXXHO paccMaTpHUBaTh CTAaTUYECKU 3aJaHHBIC 3a7a4l B 3aMKHYTOM
MIOCTaHOBKE, HO MIPU UCIOJIb30BAaHUH 3aKOHA, CBSI3aHHOTO C NepecedeHueM pedep ux MoBepXHOCTEH,
MOXHO paccMmarpuBaTh Oojee obuue 3agaun. B o0oux Tumax mMoaeneit Tekyas HopucToCTh MOXKET
paccMarpuBaThbcsl Kak €IWHCTBEHHBIM IapameTp, XapaKTepU3YIOIIMH COCTOSHUE MaTepuaia B
TEKyIIM MOMEHT JiehopMaIiu.

B 10 ke Bpems XOpoIIo MU3BECTHO, YTO YIPOUYHEHHE MOPUCTOTO Tesia 00yCIOBIEHO HE TOJIBKO
U3MEHEHUEM (KOMIIEHCAIME) MOPUCTOCTH, HO U YIIPOYHEHHEM MaTepHalla, XapaKTepU3yIOLIMMCs
€ro TIacTuYecKou aedopmanueii mpu ynape. Orpuiianue 3Toro (pakTa 3HAYUTEITBHO CYXKaeT 00J1acTh
MIPUMEHEHUsI 000X TUIIOB MOJIENIEH, TOCKOJIbKY HE IO3BOJISIET YUYUTHIBATh BKJIAJ] CBOMCTB OCHOBHOT'O
MarepHaia B COPOTHBICHHUE MOPUCTOTO Tena fedopMauu. ITo 00NN HETOCTATOK 00EUX MOJIETIEH.
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B 3TOM KOHTEKCTEe BO3ZHMKAET BOIPOC O pa3pabOTKe HOBOM BEPCHHM MOJENHU MJIACTUYECKOTO
MOBE/ICHUS MMOPUCTOTO Tela B MOBEPXHOCTHOM apMHUPOBAHHUM C IUIACTHYECKOH nedopmanuend. Jta
BepCHUsi MOXKET OBITh OCHOBAaHA Ha TEOPUH KBAIPATUYHBIX COTOBBIX CTPYKTYP BSA3KHX HANpsDKEHUH U
ckopocTel aedopMmaiuu, KoTopas oObeauHseT 00a TuUma Mojeliel M CBOOOAHA OT YKa3aHHOTO
Henocrarka [8, 9].

Hanunuue nedexToB B BUae AUCIOKAIMI B KPUCTAIIMYECKOH pelieTke ocnadiaseT MeTasll, HO B
TO K€ BpeMsi, KOTja 3TUX JIe(EKTOB MHOTO, OH €ro ynpouHser. Takum oOpas3om, s HpUAaHUs
MeTa/UlaM BBICOKOH MPOYHOCTH MOXKHO HCIIONIb30BaTh JBa METOAa: JHOO0 MHHUMHU3UPOBAThH
KOJIMYECTBO JUCIIOKAIMH, THOO PE3KO yBEIMYUTh UX 4yucio [7, 10].

OO60xKeHHBIE MaTepUalbl UMEIOT CTPYKTYpHBIE e(heKThI B BUJIE TIOP U JUCIOKAIUH, KOTOPbIE
CHIDKAIOT MX OOMIYIO POUYHOCTh. OTHUM U3 METO/I0B OBBIILICHHS IPOYHOCTH O00ACKEHHBIX U3IEIINI
ABJISIETCA IJIacTU4ecKas nedopmanus nosepxunoct. Hanbonee 3 peKTHBHBIM METOAOM YIIPOUHEHHUS
MMOBEPXHOCTH MOPUCTHIX JAETaNel «PE3HOT0» TUIIA SIBISIETCA MOCIE0BATEIbHOE YIPOUYHEHHE KaK UX
HapyXHOH, TaK U BHYTPEHHEH KPYroBoil moBepxHOCTEH BamukaMu. B Xoze momaroBoil mpokaTku u
IIPOKATKW HapyXHasi U BHYTPEHHSISI MOBEPXHOCTU PE3HOM [EeTald HaxoIATCS B COCTOSHUU
BCECTOPOHHETO CXAaTWs, KOHTAaKTUPYS C BBICOKOIPOUHBIMM BaJUKaMU (MHCTPYMEHTOM), U
OJTHOBPEMEHHO TMO/IBEPraroTCs MIACTUYECKON AedopMali ¢ yMEHBIIIEHUEM pa3Mepa KpyIHBIX Op
U yCTpaHEHHEM MEJKUX Mop. MUKpOIIEpOXoBaTOCTh 00pabaThiBaéMbIX HaMU MOBEPXHOCTEH
CTJIQ)KUBACTCS TTyTeM YJAJICHUS MHUKPOBBICTYIIOB W 3allOJIHEHHSI MHUKPOYIIyOaeHuid. OCHOBHBIMU
rapaMeTpaMu pekrMa YIPOYHEHHUs MPU IJIACTHUECKON AedopMaliy SBJISIOTCS JaBICHUE B 30HE
KOHTAKTa POJIMKa C MaTpHUlled, KOJIUYECTBO €ro MPOXOAOB, MoAada U CKOPOCTh poiuka. [ybuna
ne(hOpMUPOBAHHOTO CJI0S OTIPEAEIISETCS AaBICHUEM MMPOKATKH.

[lo mpennoxeHHON cxeMe MaJKue POJUKH, OJHOBPEMEHHO 3aKaJMBAaE€MblE, MOABOIATCS K
MMOBEPXHOCTH BPAMIAIOMICHCS WIMHIAPUYCCKOH MOPUCTOM MaTpulsl W JAeHOPMUPYIOT €e
MOBEPXHOCTh MOJ Bo3aeicTBUEM pabouero naeneHus (50 MIla). IIpomonpHas momavya pOIHKOB
1o3BoJisgeT 00pabaTeiBaTh BCIO MaTpHIly. B paboueii MaTpulle poiHK-pacipenenuTeb 3aKperieH Ha
KOHCOJIBHOM cTOMKe. s 00pabOTKM MOBEpPXHOCTEH MAaTpUIIBI METOIOM BEpXHEH M HIDKHEN
TOKapHO! 00paOOTKM MCHOJb30Bajicsd TOKapHbIA cTaH 1A16. B 3TOM ciydae BMECTO pexyIIero
MHCTPYMEHTA UCIIOJIb30BAINCh BEPXHUI U HUKHHUN POJIMKOBBIE PACIIPEICIIUTENH.

Jlepkatenp cTaHka oOecreYrBaeT HEOOXOIMMYI0 Tojady. BHyTpeHHUIl BasibllOBOUHBIN
MHCTPYMEHT YCTAHOBJIEH Ha 3aJHEed YacTu 3aaHero ymnopa. ITockonbKy HarpeB poJIMKOB B 30HE
KOHTAaKTa C MHCTPYMEHTOM HE3HAUUTENIeH, UX OXJAaXKIEHHe He TpeOoBanoch. s ymeHblIeHus
TPEHUS MEXIY pPOJUKaMM U 00pabaThIBAaCMBIMHU TOBEPXHOCTSIMHU HCIIOIB30BaJIaCh KEPOCHHOBAs
cmaszka. IToBepxHOCTh 000XCKEHHOW JeTanu He TpeOyeT NpeABapUTEIbHONH 0O0pabOTKH mepen
macTuyeckon nedopmanmeil. Pabouee naBinenne Ha ponuku HaxoauTed B Auanasone 10-50 Mlla.

Onpedenenue ceoticmé uyeyHHblX Mamepuanos. IIIOTHOCTH W MOPUCTOCTH OOPA3IOB
OTIpEIeTISUTH TUAPOCTaTUYeCKUM MeToaoM. OOpasiisl nmponutkiBaiu MacioM XM-6 (TY 38-20145-
76) B BakyyMe ¢ octaTouHbIM jaaBieHueM 133 Ila. TeopeTnueckyio MIOTHOCTH (JIK) KOMITAKTHOTO
MaTepuaia pacCUMThIBAIN KaK CyMMY IIPOM3BEIECHUN MNIOTHOCTEN OCHOBHBIX KOMIIOHEHTOB (7KeJe3a
U 4yryHa) 1no ko3¢ @uuueHTaM HX MacCOBOH JOJM B COCTaBe, MO JaHHBIM O COOTBETCTBYIOIIMX
KOMITOHEHTaxX. J{J1s Marepuaa «oKene30-4yyryH»:

dk = kl ' dFe + k2 ' dqyryHa (1)

rre ki 1 ko — xoahpuimenTsI, COOTBETCTBYIOIINE MacCOBOM J10Jie KOMITOHEHTOB B COCTaBE;
dFe u d uyryn — TeopeTnueckue MIOTHOCTH eJie3a U YyryHa COOTBETCTBEHHO. B cooTBeTcTBUU €
YBEJIMYEHUEM MAacChl OOpa3IOB IOCJE 3aMauMBaHUsl OINpPENeIHId MX MAacCOBYIO U OOBEMHYIO
MacCJIOMOTIOMIAOIIYI0 CIIOCOOHOCTH MO CIEAYIOMUM (hopMyam:
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My, = == 100%, 2)
oobeM T

(mz-m3)-sm

I7Ie M| — Macca M3/eNus 10 MIPOIHTKH, (; M2 — Macca U3AEIHs ITOCIe MPOIUTKU MaCiIoM, q;
m3 — Macca M3/eus, B3BEIIeHHAas! B BOJIE MOCIIE MPOIUTKH, J; CM — IUIOTHOCTh Macia, g/cm’. B
XOJIe HMCCIIENIOBaHMUsA ObUIM TNPOTECTHPOBAaHBI TpU oOpasna u3 Kaxaodn mapruu. Kosddurment
3aI0JIHEHMS TIOP MacIOM OIIPEEIISIeTCs 10 Cleayromei hopmyie:

— M27M 0 4
Ky =20+ 100%, (4)
rme KM — xo3ddunuent 3amosHeHuss mop macioM; V — o0beM o0pasloB, M:; n —

MOPUCTOCTH 00pa3ioB, %. Koapuiuent 3anonHeHuss mop MaciioM He JO0JDKEH OBbITh MeHblIe 75-
95%. Macnonomomaromas CcrocoOHOCTh MPONUTAHHBIX OOpPAa3lOB OINpeneNsaaach METOAOM
B3BEIIMBAHUS, MPOIMUTKH MACIOM M O0€3KUpPUBaHUs 0Opa3lloB MOCie MpUroToBieHus. s 3Toro
ucnonp3oBanuch annapar Cokciera u ananutudeckue Becbl BLR-200 ¢ TOYHOCTHIO B3BEIIMBAHHUS
+0,001 r. [TponuTaHHBIA MacIOM OOpa3el B3BEIIUBAIM, 3aTeM ToMelianu B ammapar Cokciiera u
SKCTPAarupoBajM C UCIOJIb30BaHUEM OeH30ja B KadecTBe pactBopurens B-70. Ilocne usBnedenus
Macia oOpasell momemand B cymuiabHbIM 1mkad npu temmeparype 100-1200 JIx nHa 3,6 u s
yIaJIeHus: TapOB PacTBOPUTEISI, OCTABIIMXCS B €ro opax. [lyTeM moBTOpeHus SKCTPaKIMK U CYLITKU
MAacJIo0 yJajsuld B TaKOW CTENEHH, YTO Pa3HMIA B Bece 00pasla 0 U MOCie CYIIKH COCTaBIsuIa JI0
0,1%. 3arem 00e3XKMpPEHHBIA M BHICYLICHHBIH 00pa3ell MOrpyXkalu B pacIlIaBICHHbIN mnapaduH.
[Tocne sTOrO0 €ro curamu Juis pacTBOpeHUs mnapaduHa, MPUIMIIIETO K €ro MOBEPXHOCTU, U
3amaunBaiy B Bojie. KonndyecTBo Macia BeIpakaaoch B 00bEMHBIX MPOIEHTAaX Macya, HOTIOMIEHHOTO
obpasiom. OHO OTPEACIIAIOCH IO CIEAYIONIEH popmyie:

mi—m
M=—""2_.100%, (5)
(mz-m3)-d
rme M — kommnuecTBo Macia, B %; m0 — Macca 06e3:xupeHHOoro odpasia, T-J; m; — Macca

o0pa3ia, MPONUTAaHHOTO MAcJIOM, T-JI; M2 — Macca 00pa3ia, IPONUTAHHOTO NapaguHoOM, T-11; m3 —
Macca o0paslia, MPONUTaHHOTO HapauHOM B Boje, r-JI; d — IUIOTHOCTh Maciia NMpU KOMHAaTHOU
TeMIeparype, r/cm?.

MexaHnudeckue CBOWCTBA OIpeNessuid Ha npuaMarnueckux obpasmax (10x10x55 mm) u
neranax. Teepaocts onpeaensian Ha TBepaoMepe Poksemta TK-2M no crangapty AYUCT 9013-59.
Ota onepanus NpoBOAUIACH ITOCIIE IBYKPATHOTO 3alleKaHHsl M IJIacTUYeCKOM tehopmanuu o0pasios.
[lepen m3aMepeHreM MX MOBEPXHOCTH MOJMPOBAIN HakJauyHoM Oymaroit M-40 Ha nuingoBabHOM
cranke 3881. TBepmocTh 3ameyeHHbIX M A€POPMHPOBAHHBIX OOPA3LOB M JAETajeil U3Mepsuid 1o
mkazue B.

[Ipenen mMpoYHOCTH Ha pacTSHKEHHUE U OTHOCUTENIBHOE YIJIMHEHHE 00pas3loB OINpenelsiiv B
cootBeTcTBUM ¢ DUIST 1497-84 meTonom ucnibiTanuii Ha pactskenue. [lpenen npouHocT Ha U3rud
omnpenaensiu Ha pa3peiBHON MamuHe [1-10 (B cootBerctBuu ¢ DUIST 1828-85), a ynapHyto BA3KOCThb
— Ha mammHe KM-30 B cootBerctBum ¢ DUIST 9654-78.

MHUKpPOCTPYKTYpYy OOOMOKEHHBIX U Je(OPMHUPOBAHHBIX OOPA3LOB M3yYadH C IOMOIIBIO
ontuyeckux MukpockonoB PME OLYMPUS (Anonus) u Neofot 21 (AZIP). IlepBonauanbHO
o0pasmpl MOMPOBATN Ha TUIOCKONUIH(OBATHPHOM cTaHkKe Mmojenu 3881 HaxkmauHoW Oymaroi ¢
IIOCTENIEHHO YMEHBIIAIINMCS pa3mepoM 3epHa oT M40 no M10. ITonnpoBKy cpe30B IPOBOANIIHN Ha
MIOJINPOBAJIbLHOM cTaHke Mojenu 3881 B, HaHOCS Ha HUX NOJIMPOBAIBHYIO CMECh — OKCHJI XpOMa,
CMOYEHHBIH B BoJIe, — uepe3 BoMIoK. [locie moampoBku 00pasiibl MPOMBIBAJIN BOAOH, 3aTEM OUHUIIATIN
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COMPTOM U BbICYHIMBAJINM (UIBTPOBAIbHOM OyMaroi. MHUKpPOCTpPYKTypy 00pa3lioB H3ydaiu
TpasieHueM B 4% pactBope HNO3 B atunoBom cnivpre npu ysenunuenuu B 100-400 pas.

HccnenoBanne XMMHUYECKOM MUKPOTETEPOT€HHOCTH CIUIABOB IIPOBOJMIIOCH C UCIIOJIb30BAaHUEM
CKaHUPYIOUIETro AeKTpoHHOTo Mukpockona mapku TESLA BJ-300. C nmomomibio CKaHUPOBAaHUS
ObUTH MOJTy4YeHbl KaueCTBEHHBIC JIaHHbIE O PaclpelesCHUH 3JIEMEHTOB, a TaKXe MPOBEICH aHAIHU3
pacnpeziesieHusl 3JIeMEHTOB B OTAENBHBIX 00nacTsx oOpasua. [IpoBeneHHbI aHanu3 mokasaj, 4To
METO/IBl yIPOUHSIONEH 00paboTKM pabounX CIIOEB YYT'YHHBIX W3JICIHH SIBISIOTCS YPE3BBIYAHO
MepCHeKTUBHBIMU. Pa3BUTHE MCCIEIOBAHUIM B 3TOM HAIPABJICHUH U IPUMEHEHHUE PE3YJIbTaTOB ATUX
UCCIIEIOBAaHUNM  TO3BOJSIOT  3HAYUTENBHO PACIIMPUTH ACCOPTUMEHT UYTYHHBIX — W3IENIUH,
UCIIONIb3YEMbIX B MAIIMHOCTPOCHHH. BO3MOXXHO JOCTHKEHHE BBICOKOTO TEXHUKO-IKOHOMHYECKOTO
addekra, 9To 00eCcIeynBacT SKOHOMUIO Ha JIOPOTOCTOSIINX JISTUPOBAHHBIX YyTYHHBIX MaTepHaliax.

OnHako pazHoOOpasue MPoIeccoB 0OPaOOTKH MO JABICHUEM U TOT (aKT, YTO IJIACTHYSCKAS
nedopMalusi TOPUCTHIX MaTEPHAIOB UMeEeT OoJiee CIIOKHBIM MeXaHU3M, JAUKTYIOT HEOOXOAUMOCTh
MIPOBEJCHUS KCCIENIOBAaHUN 10 AaHAIUTUYECKOMY ONHMCAHHUIO IUIACTHYHOCTH IOPUCTOTO Tea,
YYUTBIBAIONIETO (PAKTUYECKYI0 aedopMaruio MarepuaibHOil OCHOBBL. Kpome Toro, HeoOXommmo
YCTAaHOBHUTh 3aBHCHUMOCTh MEXIY HANPSIKCHUSIMH TPH OO0pabOTKE TMOPHUCTBIX MAaTepPUATIOB IO
nasinenueM. Ilnmactuyeckas gedopmaiusi TOPUCTOrO Marepuaia MPOUCXOTUT 3a CUYET M3MEHEHUs
paccTosiHUIT Mexay (QUKCUpOBAaHHBIMU TOYKaMU MpU €ro oOpaborke nasieHueMm. llpu stom
M3MEHSIOTCS pasMepsl W ¢dopmMa Marepuana. Ee NpuHIMNHAIbHOE OTIHYUe OT aedopmanuu
KOMITAKTHBIX MaTepPHaJIOB, IMOJIyYCHHBIX MPOKATKOH, JTUTHEM U JPYTHMH METOIAMH, 3aKITIOYACTCs B
TOM, YTO B ATOM ciiyuyae (OpMOBAHHME U3JENUS MPOUCXOTUT B pesyibrare AedopMaluu MeTasuia
YyacTull U Top. B cBs3u ¢ 3TUM K MeXaHWKe MOPHUCTHIX TeJI MOTYT ObITh MPUMEHEHBl OCHOBHBIE
TIOJIOKCHHSI MEXaHUKH Bcer cpenbl. [Ipu 3ToM HE0OXO0IUMO YUUTHIBATh MPEANONIOKEHUE, YTO MOPBI
UTparoT poib (as3pl, a MOA YaCTUIAMH MaTepuaia MOHMMAIOTCS 00JacTH, COAEpKaIIne MOphl U
yacTullbl MeTaiia [2, 3].

CooTBeTCTBEHHO, pa3padoTKa MOPUCTBIX TeNl MPOUCXOAUT B OCHOBHOM B MEXaHHKO-
MaTeMaTU4eCKOM ((PeHOMEHOJIOTUUECKOM) HAIIPaBJIEHNH, TO €CTh 110 aHAJIOTUH C MEXaHUKOM IeJbIX
Cpell, onpeestole ypaBHEHNs (POPMYIUPYIOTCS Ha OCHOBE SKCIIEPUMEHTOB, a PEIIEHHE BHEIIHUX
3aJlau MPUBOAUT K M3YUYEHHUIO pacIpe/esieHns HanpsHKeHWd U nedopmannii, MOUCKy 3aBUCHUMOCTEN
MEXIy OMpeAeNsseMbIMH JKCIEPUMEHTANbHBIMU XapaKTEPUCTUKAMU Je(OPMUPOBAHHOTO Telna
(TJIOTHOCTB, TpENeN TEKY4eCTH, MOAYJb YHOPYTOCTH, 3JEKTPO- U TEIUIONPOBOJHOCTb) M BHEIIHE
KOHTPOJIMPYEMBIMU TapaMeTpamMH (JaBjleHHE, TeMmIepaTypa, HaudajibHash MOPUCTOCTh, CKOPOCTh
nedopmarun) [4].

OpHako B JaHHOM CcClly4ae, KaK TMpaBHUIIO, MUKPOMEXaHU3M IUIacTUYeCKor nedopManuu
METAJNIMYECKUX YaCTUIl U €ro KUHETHKa He paccMaTpuBaloTcsi. TeM He MeHee, MapaMeTpbl
MUKpoAehOpMaIIii, KOTOPbIE MBI OMNpENesieM JKCIEPUMEHTAIbHO, HOCAT MPEUMYIIECTBEHHO
KaueCTBEHHBIN XapakTep. OJTO OOBACHAETCS TeM, uTO (HU3NYECKas OCHOBA IUIACTUYECKOU
nedopMaIui Metaia 00s13aTeNlbHO OTIMYaeTcsd OT MeXaHu3Ma JAeQopMaluu 1mop. DKCIEPUMEHTHI
MOKA3bIBAIOT, YTO MEXaHUYECKUE, TEXHOIOTUYECKUE, (PU3NYECKHUE U IKCILTyaTal[HOHHBIE CBOWCTBA
MTOPHUCTHIX MaTEPHAIIOB 3aBUCST HE TOJIHKO OT BEJIMUYMHBI TOPUCTOCTH, HO U OT OPMBI U pazMepa mop,
CTETIEHH COBEPILIEHCTBA MEKYACTUYHOIO KOHTAKTa, XHUMHYECKOTO COCTaBa IOp, COCTOSIHHS
MOBEPXHOCTH YaCTHUII, TEPMOMEXAHUIECKOTO BO3ICHCTBUS HAa (HOPMUPOBAHUE H3ACTUH U T. 1. DTO HE
OTPaXEHO B MEXaHMKO-MaTeMaTH4YeCKOM moaxozae. Hampumep, B cOpMyIHPOBAHHBIX YPABHEHUSIX
TUIACTUYHOCTH, (DYHKITUSX MOPUCTOCTH W JIPYTUX AaHATMTHYSCKHUX BBIPAKEHUSAX 3TH (AKTOPHI HE
YYUTBIBAIOTCS B TIOJIHON Mepe [5].

C nmpyroit CTOPOHBI, B CyIIECTBYIOIIEH JTUTEpaType OTCYTCTBYeT MH(POPMAIIHUS O MEXaHU3ME
IJIaCTUYECKOW JedopMalliil 3aledeHHbIX (DUCTAIIeK, W3TOTOBJICHHBIX M3 TOPHUCTOTO COCTaBa
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<OKEJIE3HOW pyAbD» € YIPYroriaCTUYECKOW Cpeoil, KOTOPbIM Mbl HamepeHbl co3aarh. [loaTomy
BCECTOPOHHEE M3YyUYCHUE SIBJICHHM, MPOUCXOISAIIMX B TaKMX (PUCTAIIKaX MpU BO3ACHCTBUU HA HUX
MOBEPXHOCTh XOJIOMHON IUIACTHYECKON AePOopMaIiy, UMEeT OOJbIIOE HAYYHOE M MPAKTHUECKOE
3HaueHue. IMEHHO B ATOM KOHTEKCTE MOJXO/ U MPOBEACHUE HAYUYHOT'O MCCICAOBAHUS ONPEACIISIOT
aKTyaJbHOCTb JAHHOW CTAaTbHU.

Obcyxcoenue pe3yibmamos ucciedo08anuil

AHanu3 pe3yabTaToB TEOPETHUSCKUX M KCIIEPUMEHTAIBHBIX UCCIICAOBAHUHN MMOKA3BIBACT, YTO
YIOPOUYHEHUE MOPUCTBIX HU3JCIUN, MOMYyYEHHBIX METOJAMU JIETMPOBAHMSI METAJUTYypPTrUu, IMyTeM
MOBEPXHOCTHOM IUIACTHYECKON JedopManuu HMeEeT CIOXKHBI MHOro(GakTOPHBIA MEXaHU3M,
MPUHIMITHAITEHO OTAUYAIOIIUNACA OT TPOIECCOB YIPOYHEHHUS, XaAPAKTEPHBIX I MOHOJIHMTHBIX
MaTepuaioB. DTU pa3Iuuusi OOYCIOBJICHBI, MPEXK/IC BCETO, aKTUBHBIM y4aCTUEM TIOP BO BHYTPEHHEH
CTPYKType Marepuana npu aehopManuu U IMepepachpesielieHueM Harpy3ku MeEXIy OCHOBaHUEM
Marepuaa v MopucTou (Ghas3om.

OKCIIEPUMEHTAIILHBIC  PE3yJIbTaThl  IMOKA3bIBAIOT, YTO TPH NPUMCHCHHH  METOJOB
MMOBEPXHOCTHOH TUTACTUYIECKOH JeopMaIiii, TaKHX KaK IMepeKaTka U HeJIOKaTKa, B IOBEPXHOCTHOM
CJI0€ TIOPUCTBIX AeTallell «pe3HOro» THIA MPOUCXOAUT WHTEHCHUBHBINA MPOLIECC YIUIOTHEHHS. DTOT
MPOLIECC COMPOBOXKIACTCS YMEHbBILIEHHEM pa3Mepa KPYIHBIX MOP U YaCTUYHBIM WA TOJIHBIM
yCTpaHEHHWEM MeEIKHX Top. B pesymbrare (akTudeckass IUIOTHOCTh ITOBEPXHOCTHOTO CJIOS
YBEITMYMBACTCS, TUIONIAJh KOHTAKTa MEXKAY YacTUIIAMHU PACHIUpSIETCs, a Hecylas CIOCOOHOCTH
MaTepuana Bo3pacTaeT. DTOT (akT Takke MHOATBEPKIAACTCA pe3ylbTaTaMu MHKPOCTPYKTYPHBIX
UcclenoBaHmii: B JedOpMUPOBAHHBIX oOpasuax Habmronanzach Oosee OJAHOPOAHAS CTPYKTYpaA,
YMCHBIIICHHAST TOPUCTOCTh W METAIMYCCKHE BOJOKHA, OPUEHTHPOBAHHBIC B COOTBETCTBHH C
HaIpaBJICHUEM TUTACTHYICCKOTO TeueHUs. [1oydeHHbIe pe3ylIbTaThl JOKa3bIBAIOT, YTO YIIPOUYHEHUE B
Mpoliecce MOBEPXHOCTHOM MIaCTUUYECKOM JeopMaIiK TPOUCXOTUT HE TOIBKO 32 CYET YMEHbILICHUS
nopucrtoctd. [lapamnenbHO TPOUCXOAUT M TUIACTHYECKOE YNPOYHEHHE MaTepHallbHOM 0as3bl,
CBS3aHHOE C YBEJIMYCHUEM IUIOTHOCTH JHMCIOKAIMM, MX B3aHMMOJEHCTBHEM H (HOPMHPOBAHUEM
JUCIIOKAIITMOHHBIX CTPYKTYp. DTOT (DaKT eiie pa3 MOATBEPKIAET OJIWH U3 TIIABHBIX HEJOCTATKOB
CYIIECTBYIOIIUX MOJIENIeH MITACTUYHOCTH — HECTIOCOOHOCTh YUHTHIBATh YIIPOUYHEHHE MaTepUATbHON
0a3pl. Pe3ynbraThl MEXaHMUYECKHX MCIBITAaHUA TOKa3alM, YTO TOKa3aTeld TBEPAOCTH 00paslioB,
MOJIBEPTHYTHIX TUIACTUUECKOH JehopMaliiy MOBEPXHOCTH, 3HAYUTEIHLHO BO3PACTAIOT 110 CPABHEHUIO
C UCXOIHBIM 3all€YeHHBIM cOocTOsTHUEM. [Ipu »TOM HaOMIOMATOCh YBEJIMYEHHUE TPOYHOCTH Ha
pacTsDKEHHE M COXpPAaHEHHE OTHOCUTENBHOTO VY/UIMHEHHUs JO OINpEeNeNeHHOro Tpeaena, dTo
CBUCTENHCTBYET O TOM, YTO OallaHC MPOYHOCTU M TUIACTUYHOCTU He ObLT HapylieH. OTCyTCTBUE
PE3KOTO CHIDKEHUS YIApPHON BS3KOCTH JIOKA3bIBACT, YTO TOBEPXHOCTHOE YNPOYHEHHE HE BBI3BAJIO
OXPYIYHUBAHUS U ITO TPOIECC OBLT MPOBE/ICH B IPABMIILHO TOA00PAHHBIX pekuMax. ONTHMAaIbHBIC
TEXHOJIOTHUYECKHE TMapaMeTphbl (JaBJICHHE KOHTAaKTa pOJIMKA, MMOJada, CKOPOCTh U KOIUYECTBO
MIPOXOJIOB), OMpEJENCHHbIE B XOJIE HWCCICIOBaHMs, MHHHUMH3UPOBAIM PUCK pACCIOCHUS U
MUKPOTPEIIMHOOOpa30BaHMsI TOBEPXHOCTHOTO cJiosl. ClielyeT OTMETUTh, B YaCTHOCTH, YTO HATUYHE
MOP TMO3BOJIMIIO MaTepually Jierde Teub BO BPeMs TUIACTHUECKON AedopMaliuu, 9YTO MPEIOTBPATHIIO
MTOBPEKICHHUE IIOBEPXHOCTH, XapaKTEPHOE JIUISl MOHOJIUTHBIX MaTepHajoB. DTOT GakT yKa3bIBaeT Ha
MOTEHIIMAIbHBIC MPEUMYIIECTBA MOPUCTHIX CTSHKHBIX MAaTEPHUATIOB JUIS TUIACTHYECKOU aedopmanuu
noBepxHoctu [ 14].

CornacoBaHHOCTH PE3YJABTATOB, MOTYUYEHHBIX B paMKax MPEII0KEHHON ITACTUYECKON MOJIEIH,
C UWMEIONUMUCS OKCIEPUMCHTAIBHBIMA JIAHHBIMH TIOJATBEPXKIAA€T HEOOXOIUMOCTh OICHKHU
TJTACTUYECKOTO TOBEICHUSI MOPUCTOTO Tella KaK ¢ TOYKU 3PEHHS] U3MEHEHUS MOPUCTOCTH, TaK U
YIPOYHEHUS] MaTepHallbHOW OCHOBBI. Takoil MOAX0n co3maeT Oojiee aleKBaTHYIO TEOPETUUYECKYIO
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OCHOBY [UIsl HayyHOro OOOCHOBaHHS W OINTHUMHU3ALMU TPOIECCOB IJIACTUUYECKOH aedopManun
noBepxHOCTU. B 11emom, obcyxieHue pe3ylbTaToB UCCIEIOBAHUN IMOKA3bIBAET, YTO YIPOUHEHHUE
MOPUCTHIX KOMITO3UTHBIX MAaT€pPHAJIOB IyTeM IOBEPXHOCTHOM IIACTHYECKOW JeopMaluu — 3TO
porecc, TpeOYyONNi KOMIUIEKCHOTO MOX0a HE TOJIBKO C TEXHOJIOTUYECKOM, HO U C TEOPETHIECKON
TOuku 3peHusa. [lomydeHHble pe3ynabTaTbl CO3AAKOT pPEAIbHYK) OCHOBY [UISl BOCIIOJIHEHMS
CYLIECTBYIOIIMX HAy4YHbIX MpPOOEOoB B 3TOil 001acTh, pa3pabOTKHM HOBBIX YIPYTOIUIACTUYECKUX
MOJIEJIEN U PACIIUPEHNS BOZMOKHOCTEN IPUMEHEHMSI IOPUCTHIX U3EINN B MAIIMHOCTPOEHUH.

B 3akimoueHuu cienyer OTMETUTb, YTO IIPOBEAECHHBIE MCCIEAOBAaHUS I10KA3bIBAIOT, 4YTO
YIPOYHEHUE TOPUCTBIX HU3JEIHM, MOJYYEHHBIX METOAAMH JIETUPOBAHMS, IyTEM IOBEPXHOCTHOM
IJIACTUYECKOW JAedopMalvu SBISETCS OIHUM M3 HauOoJiee MEePCHEKTHUBHBIX TEXHOJIOTHMYECKHX
HaNpaBJICHUI IEICHANPABICHHOTO YIYYIICHUS UX (HU3HKO-MEXAaHUYECKHX M TPUOOTEXHHYECKUX
cBoiicTB. [Iponecc ynpodHeHust B IOPUCTHIX Marepraiax He OrPAaHUYMBAETCS TOJBKO YMEHBIIEHUEM
MIOPUCTOCTH, HO TAKKE COMPOBOXKAACTCS IUIACTUUECKUM YIPOYHEHHUEM MaTEPUAIIBHONW OCHOBBI,
YOPOYHEHUEM MEXYACTUUHBIX KOHTAKTOB M THEPECTPOMKONM MHUKPOCTPYKTYpBL. YUEeT 3TUX
0COOEHHOCTEH MO3BOJSET HAYyYHO 00OCHOBATH KOHTPOJIb MPOIIECCOB MMOBEPXHOCTHOTO YIPOYHEHUS
[12].

[IpencraBneHHbId TEOPETUUECKUN aHAIU3 U IKCIIEPUMEHTAIBHbBIE PE3YyJIbTaThl JIOKA3bIBAIOT,
YTO CYIIECTBYIOIIME MOJENIH IUIACTUYHOCTH HE B IMOJIHOM MEpe OTpakaroT peallbHbli MEXaHU3M
nedopManui MOPUCTOTO Tela, W WX NPUMEHEHHWE OrpaHWYeHO. B 3ToM oTHomeHun Oonee
a/IeKBaTHBIM SIBJIIETCS TOJXOJ], OLICHUBAIOIINN IUIACTUYECKOE MOBEJCHHE MOPUCTBIX TEI C TOYKHU
3pEeHHs] KaK U3MEHEHMS MOPUCTOCTH, TaK W YIPOUHEHHUS MATE€pUaIbHOU OCHOBBI, U CO3JAIOIIHMA
HAJECKHYI0 TEOPETHUECKyl0 0a3zy JUisl ONTUMH3alMU MPOIECCOB IUIACTHYECKo nedopmanuu
MTOBEPXHOCTH.

Pesynprarel SKCHEpUMEHTAJIbHBIX HCCIEIOBAaHMM IOKa3aldM, 4YTO HPUMEHEHHUE METOJI0B
MOBEPXHOCTHOM TUIACTUYECKON AedopMalliu, TaKUX KaK MOBEPXHOCTHAs] U BHYTPEHHSISI IPOKATKa,
MIPUBOJIUT K YMEHBILIEHHIO pa3Mepa Mop B IOBEPXHOCTHOM CJIO€ OPUCTHIX AETANIEH «PE3HOT0» TUIIA,
YCTPaHEHUIO MEJKHUX I0p, CIVIa)KMBAHHWIO MHUKPOBBICTYIIOB M, KakK CIJIEACTBHE, IOBBIIIEHUIO
MoKazaTtesied  TBEpAOCTH, MPOYHOCTHU M  HM3HOCOCTOMKOCTH. BblIOpaHHBIE oONTHMAajbHBIE
TEXHOJIOTMYECKHE PEXHUMBI, [IOMUMO CHUKEHHMS PUCKA PACCIOCHUS M IOBPEKIECHUS MOPHUCTHIX
MTOBEPXHOCTEN, IOBBILIAIOT UX 3KCILTYyaTAllMOHHYIO Ha/IEKHOCTD.

B 1nenom, npoBeneHHOE HCCIEOBaHME PACUIMPSAET HAYyyHYIO 0a3y YNPOYHEHMsSI HMOPUCTBIX
KOMITO3UTHBIX MAaT€pUaIOB IIyTEM IIOBEPXHOCTHOW IJaCTUYECKOW JedopManuu, YaCTHYHO
yCTpaHseT CyIIECTBYIOLIHE TeOopeTHUYecKre MpoOenbl B 3TOM 00IacTH M yKa3bIBaeT HAIpaBICHHUE
pa3BUTHS HOBBIX YNPYTOIJIaCTHUECKUX Mojenei. IlomyueHHble pe3ynbTaTsl CO31al0T yCIOBUS AJIS
pacipeHusi cepbl NPUMEHEHUs MOPUCTBIX M3/AETUI B MAalIMHOCTPOCHUU M NMPUOOPOCTPOCHUH,
M03BOJIAE DKOHOMUThH JIOPOTOCTOSIILIME CIIJIaBbl M JOCTUTaTh BBICOKOW TEXHHKO-IKOHOMMYECKOM
spdpexTuBHOCTH. OTHOBPEMEHHO CTaThsl CIYXHUT METOJOJOIMYECKOM OCHOBOM A Oyayniux
HCCIIeIOBaHNH, 3aKIajibiBas pyHIaMeHT 171 6osiee ITyOoKOro H3y4eHUs: MEXaHU3MOB IIaCTHYECKON
neopMaIuy MOPUCTHIX MaTepHasoB.
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Annomayus. CrarTbsi TOCBSIIEHA IPOEKTUPOBAHUIO APXUTEKTYpbl ABTOMAaTHU3MPOBAHHOM
CHCTEMbl MOHUTOPUHIA TEXHUUECKOI'O COCTOSIHUS TOPOJICKOT0 aBTOTpaHcnopra Ha npumepe OcOO
«Om  TpaH3uT». PaccmarpuBaroTCs COBpPEMEHHBIE MOAXOAbI K AaBTOMAaTHU3allud IPOLIECCOB
TEXHUYECKOro 00CITy>KMBaHUS M PEMOHTA aBTOTPAHCIIOPTHBIX CPEJICTB C IPUMEHEHUEM IIIAT(HOPMBI
NET u CYB/] SQL Server. IIpeanoxxeHa MHOTOypOBHEBasi apXUTEKTypa CUCTEMBI, 0OecTieyrnBaroias
a¢hdexTuBHBIN yuéT 00CTyXKMBaHUSI aBTOOYCOB, aBTOMATHU3AIUIO0 JIOKYMEHTOOOOPOTa PEMOHTHOTO
OT/IeNa U OINEepaTUBHYI0 00pabOTKy 3asBOK Ha BBINOJHEHHE PaboT. Pa3zpaboraHHas apXuTeKTypa
BKJIFOYAET MOAYJIb YIPABJICHUS TaHHBIMH O TPAHCIIOPTHBIX CPEACTBAX, MOJICUCTEMY IUIAHUPOBAHUS
TEXHUYECKOTro OOCIYyXUBaHMs, CUCTEMY (OPMHUPOBAHUS OTYETHOCTH U BeO-UHTEpdeiic g
B3aMMOJICHCTBUSI  TOJIb30BaTeNei. Pe3ynabpraThl HWCClIeqOoBaHUS MOTYT OBITH  HCIOJB30BaHBI
TPAHCHOPTHBIMU NPEANPHUATUIMU IS TOBBIIEHUS 3PPEKTUBHOCTH yIPaBIEHHUS aBTOMAPKOM.

Abstract. This article explores the architecture of an automated system for monitoring the
technical condition of urban transport using Osh Transit LLC as an example. Modern approaches to
automating vehicle maintenance and repair processes using the .NET platform and SQL Server
DBMS are considered. A multi-tiered system architecture is proposed that ensures efficient bus
maintenance accounting, automated repair department document flow, and prompt processing of
work requests. The developed architecture includes a vehicle data management module, a
maintenance scheduling subsystem, a reporting system, and a web interface for user interaction. The
research findings can be used by transport companies to improve fleet management efficiency.

Knrouesvie cnosa: aBTOMaTu3anus, MOHHUTOPHUHI TpaHCIIOpPTa, TCXHUYCCKOC O6CJ'Iy>KI/IBaHI/Ie,
FOpOZ[CKOfI TPaHCIIOPT, I/IH(I)OpMaI_[I/IOHHaH cucTemMa.
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B ropomax Keipreizcrana o011 CTBEHHBIH TPAHCTIOPT 0OCITYKUBAET 110 65% MaccaXupoIroToKa.
B Omre aBro6ycHsiii mapk OcOO «Omr TpaH3uT» HACUMTHIBaeT 127 eauHUI] MOABMIKHOTO COCTAaRBa,
BBITIOJIHSIFONMX 70 850 peiicoB exemHeBHO. AHanu3 pabOThl PEMOHTHOTO OTHEJa BBIIBHII
KpUTHYECKUE TPOOIEeMBL: cpenHee BpeMsi 00pabOTKH 3asiBKM Ha PEMOHT COCTaBJsieT 4.2 JHs, 4TO
MPUBOIUT K rpocTtosiM 18-22% mapka u exeMecsyHbIM YOBITKaM B pa3mepe 2.4 MiH coMmoB [ 1, 2].

OcHOBHbIE TPHUYMHBI 3a7epkKeK: OyMakHbII JOKyMeHTOoOOpoT (moteps 12-15% 3asBok),
pyuHoii yuer rpaduxoB TO (mpocpouka 23% pernamMeHTHBIX paboT), OTCYTCTBHE OIEPATUBHOTO
J0CTyTa K HICTOpUU 00CITy )KuBaHUs (IyOnmupoBanue padbot B 8% cirydae). CyIeCTBYIONIUE CUCTEMBI
MOHHUTOPHUHIA TPAHCIIOPTa OPUEHTUPOBAHBl HA JUCIETYEPCKOE YIIPABICHUE U HE PELIAOT 3a]auu
ABTOMAaTH3AIMH TEXHUYECKOTO 00CTyKuBanus [3-5].

AHanu3 CyNIEeCTBYIOIIUX PEUICHHH MOKa3bIBaeT, YTO OONBIIMHCTBO CHCTEM MOHHUTOPHHIA
OpPUEHTUPOBAHO MO0 Ha JUCIETYEPCKOE YNPABICHUE ABMXKEHUEM TPAaHCIOPTA, JMO0 Ha KOHTPOJIb
pacxona Toruiusa [6, 7).

[Ipn 5TOM KOMILIEKCHBIE pelleHus, o0beauHsomue GYHKIMH MOHUTOPHHIA TEXHUYECKOTO
COCTOSIHMSI, IUIAHUPOBAHUS OOCTYXHMBaHHS M Y4€Ta BBIIOJHEHHBIX pabOT, MpPEICTaBICHbI
HEIOCTAaTOYHO. 3apyOeXHbIE HCCIEAOBAHMUS JEMOHCTPUPYIOT 3(P(PEeKTHBHOCTE TpPUMEHEHHUS
aBTOMAaTHU3UPOBAHHBIX CUCTEM JUIsl TUArHOCTUKH HEUCIPABHOCTEHN U MPEIUKTUBHOIO 00CITYKUBAHUS
TPaHCIOPTHBIX CPEACTB, OAHAKO HX aJalTalMs K YCJIOBUSIM OTEYECTBEHHBIX TPAHCIIOPTHBIX
pennpusaTuii TpedyeT pa3paboTKu CreUaATU3UPOBAHHBIX APXUTEKTYPHBIX peiieHuit (8, 9].

WHTennexryaabHble TPAHCIIOPTHBIE CUCTEMBI aKTUBHO BHEAPAIOTC B ropogax crpan CHI' u
Hentpansuoit Azuu [10, 11].

Pa3paboTka  aBTOMAaTHM3MPOBAHHBIX  CHUCTEM  YyMPABICHHUS  JOPOXKHBIM  JBUKCHHUEM,
HABUTAIIMOHHO-UH()OPMALIMOHHBIX CHUCTEM U CHCTEM JMCIETYEPCKOTO KOHTPOJS AeT IMOBBICUTH
Ka4eCTBO TPAHCTIOPTHOTO 0OCITy KMBaHUs HaceneHus [12].

OnHako BOINPOCH aBTOMAaTHU3allMM BHYTPEHHHMX IPOLECCOB TPAHCHOPTHBIX NMPEANPUSATUH, B
YaCTHOCTU TEXHUYECKOTO OOCIY)KUBAaHHS M PEMOHTA, OCTAIOTCS HEIOCTAaTOYHO MPOPaOOTaHHBIMH.
Beibop TexHonormueckoil miaarGopMel AnsS  pa3pabOTKM  HMH(GOPMALMOHHBIX CHUCTEM HMEET
KpUTHYECKOE 3HaYCHHE /17151 00eCTIeUeHHs MacIlITaOUPyeMOCTH, HaAEKHOCTH ¥ TPOU3BOAUTEIBHOCTH
pemnenus [13, 14].

[Tnarpopma NET mnpenocraBnseT MUPOKUH CHEKTpP HMHCTPYMEHTOB [UIl CO3JaHMA
kopriopatuBHbIX mpuiokeHuir, a CYBJ[ SQL Server obGecmeunBaer Haa&kHOE XpaHEHHE H
s¢dexkTuBHYI0 00paboTKy 60IbIINX 00BEMOB AaHHBIX [15, 16].

[lenbto 1aHHOTO MCCIEAOBaHUS — pa3pabOTKa apXUTEKTypbl aBTOMaTHU3UPOBAHHON CUCTEMBI
MOHUTOPHHIAa TEXHHYECKOTO COCTOSHUS TOPOJACKOTO  aBTOTPAHCIOpPTa, obOecrednBaroiien
KOMIUIEKCHYIO aBTOMATH3aIMIO POLIECCOB yuéTa 00CTyKMBAHUS, INITAHUPOBAHUSI PEMOHTHBIX PaboT
1 (OpPMUPOBaHMS YNPaBIEHUYECKOW OTUETHOCTU C HCIIOJI30BAHHEM COBPEMEHHBIX MPOTrPaMMHBIX
TEXHOJIOTH.

Ananu3 TpeOoBaHMII K cucTeMe MOHUTOpuHTra. Ha ocHOBe wu3ydeHus JesTeNbHOCTH
pemonTHOTrO otAena OcOO «Omr TpaH3UT» ObUTM BBISBICHBI CIEIYIONIME KIIOUeBble TPEOOBaHUS K
aBTOMAaTH3UPOBaHHOM cucteme. Cucrema JobKHA oOecreyrBaTh Be€HUE €IUHON 0a3bl JaHHBIX
00CITy’KMBa€MOT0 MOJIBUKHOTO COCTaBa C MOJIHON UCTOpHEN MPOBEAEHHBIX PEMOHTOB U TEXHUYECKUX
ocMoTpoB. HeoOxoanma BO3MOXKHOCTH aBTOMAaTHUeCKOro (opmupoBaHus TIpadUKOB IJIAHOBO-
NPeayNpeaUTEIbHOr0 O0CITy)KUBAaHUSI Ha OCHOBE IpoOera TPaHCIOPTHBIX CPEICTB, MOTOYACOB
paboThI ABUTATENS M KAJICHIAPHBIX CPOKOB. BaxkHOi QyHKIIMEH SBIsSETCS aBTOMATHU3AIIMSI TTpoIiecca
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npuémMa U 00pabOTKM 3asBOK Ha MPOBEICHHUE PEMOHTHBIX Pa0dOT OT BOAWUTENEH W JTUCIIETYEPOB.
Cucrema [0JDKHA IO3BOJIATH OINEPATHUBHO Ha3HAyaTh HCHOMHUTENEH, KOHTPOJIHUPOBATH CPOKHU
BBITOJIHEHUST pabOT W (UKCHPOBATH HCIIONB30BAHHBIE MaTepHaibl W 3amacHele 4vacTH. Jls
3¢ dEeKTUBHOTO YNIpaBICHHS 3aracaMu TpeOyeTcs MHTErpamus ¢ YYETHOW CUCTEMOHN CKIIAJCKOTO
X031 CTBa IPEIIPUATHUS.

dopMHpOBaHHE YIPABICHYECKONH OTYETHOCTH JOJDKHO OCYIIECTBISATHCS aBTOMAaTHYECKU Ha
OCHOBE HAKOIUICHHBIX TaHHBIX. PYKOBO/ICTBY HE0OX0IMMa aHATUTHYECKast ”HPOPMAILIUS O CTPYKType
3aTpar Ha O0OCIIy)KMBAaHHE U PEMOHT, CTATUCTHKA OTKA30B IO THIIAM HEHCIIPaBHOCTEH, MOKa3aTesn
3¢ (dEeKTUBHOCTH HCIOJB30BAaHUSI PEMOHTHOTO MEpCOHANla U MPOCTOEB TPAHCIOPTHBIX CPENCTB B
pEMOHTE.

st peanu3anuu cucteMbl Obiia BeiOpaHa miaargopma Microsoft. NET Framework BBuay eé
IIMPOKHUX BO3MOXKHOCTEH JIJIs1 pa3pabOTKU KOPIOPATUBHBIX WH(OPMALIMOHHBIX CHCTEM. TeXHOIOTHs
ASPNET  mnomoraer  co3gaBaTh  MacmiTabupyemble  BEO-TIPHIIOKEHHS  C  BBICOKOM
MIPOU3BOAUTENLHOCTHIO. Vcronb3oBaHue si3blka mporpammupoBanuss C# mpeicTaBiseT CTPOTYIO
TUINU3ALHAI0, OOBEKTHO-OPUEHTHUPOBAHHBIM IOAXOM M OOraryro -JKOocHCTeMy OHOIMOTEK M
(bpeiiMBopkoB. B kauecTBe cUCTeMBbI ynpaBieHHs 0a3aMu JaHHBIX BeIOpaH Microsoft SQL Server,
KOTOPBIM TpeAoCTaBiIseT HaA&KHbIE MEXaHU3Mbl XPAHEHUS [aHHBIX, MOIJCPHKKY TPaH3aAKIIHM,
cpencTBa obOecrmeueHHusl IeIOCTHOCTH W Oe3omacHocTH uHpopmamuu. SQL Server obmamaer
Pa3BUTHIMHU BO3MOXKHOCTSIMU JIJISl CO3/IaHUSI XPAaHUMBIX MIPOLIEYp, TPUITEPOB U NPEJCTaBIECHUMN, UTO
peanu3yeTh CIOKHYIO OM3HEC-JIOTHKY Ha ypoBHe 0asbl manHbX. MHTerpamus .NET u SQL Server
yepe3 TtexHomoruto ADO.NET mnoBeimaer 3¢¢ekTuBHOE B3aUMOACHCTBUE MNPUKIATHOTO U
CEpPBEpHOr0 YpOBHEW cucTembl. JlJis opraHM3alliy B3aMMOJACUCTBUS C IOJIb30BaTENIIMU MPHUHSITO
pemieHne o paspaboTke BeO-mHTepdelica, TOCTYMHOrO depe3 CTaHIapTHBIE Opay3epbl. ITo
TOPaHTHPYET BO3MOXKHOCTh PabOTBHl C CHCTEMOH C Pa3IMYHBIX YCTPOHCTB 0€3 HEOOXOIUMOCTH
YCTaHOBKH CHEIHAIM3UPOBAHHOTO IPOrPaMMHOT0 00ecriedyeH s Ha pabouynx MecTax MoJIb30BaTENeH.
[Ipumenenne texnonornit HTMLS, CSS3 u JavaScript cremoBarh co3garh COBPEMEHHBIH
a/IalITUBHBIH MOJIb30BATENIbCKUI HHTEp]EIiC.

Cucrema TmocTpoeHa IO MHOTOYPOBHEBOW  apXUTEKType, BKIIOYAIOIIEH YpPOBEHb
MIpe/ICTaBICHUS, YPOBEHb OU3HEC-IOTUKH U YPOBEHb IaHHBIX. Takoe pa3aeneHue 1aeT MOAYJIbHOCTh
CHCTEMBI, YIpPOIIAaeT €€ CONMPOBOXICHHE M MOAM(DUKALMIO OTAEIbHBIX KOMIOHEHTOB. YPOBEHb
MIPE/ICTABICHHS] peanu3oBaH B Buae BeO-mpunokenus Ha 6aze ASPNET MVC. Tlpumenenue
narrepHa Model-View-Controller 4€tko pa3aenuTh JOTUKYy 0OpaOOTKM NAHHBIX, MPEICTaBICHUS
nH(poOpMaIMu TONB30BaTEeNI0 U YIpaBlieHUs B3auMmojeiicTBueM. KommoHeHT View oTBeuaeT 3a
dopmupoBanne HTML-ctpanun, u Busyanmszanuio naHHbIXx. Controller oOpabaTbiBaeT 3ampochl
M0JIb30BaTeNel, BbBI3BIBAET HEOOXOJUMBbIE METOAbl OW3HEC-IOTUKM W TepenaéT JaHHble B
npencrasieHus. Model HHKanCynmupyeT CTpyKTypbl JaHHBIX, [IEPEIaBAEMbIX MEXK/1Y YPOBHSIMH.

VYpoBeHb OM3HEC-IOTUKU COAEPXKUT KJIACCHI-CEPBUCHI, PEaTU3yIOLe OCHOBHbIE (DYyHKIMU
cucteMbl. Moaynb ynpaBiieHHs TPAHCIIOPTHBIMU CPEACTBAMU MPEIIAraeT CIPABOYHHMKA ITOABUKHOTO
COCTaBa C TEXHMYECKMMH XapakTEpUCTHKAaMHU U TapamMeTpaMmH SKciulyaTanuu. Momaynb
IUIAHUPOBAHUSI ~ TEXHUYECKOro  OOCTY)XKMBaHUS ~ aBTOMaTH4ecKu  QopmupyeT  rpaduku
npodumakTuyeckux paboT Ha OCHOBE 3a/IaHHBIX PEMIAMEHTOB U (PaKTHUECKUX MOoKazarenel npoodera.
Monynb 06paboTKH 3aIBOK YIPABISET )KU3HEHHBIM ITUKJIOM PEMOHTHBIX 3asBOK OT PETUCTPALIUU 10
3aKphITHS ¢ (DUKcalueld BCeX ATAroOB BHIMOTHEHHS paboOT. Momayiah OTYETHOCTH MPENOCTABIISET
MHCTPYMEHTHI 1Sl QOPMUPOBAHUS PA3IUYHBIX aHATUTUYECKUX OTUYETOB. Peann3oBana BO3MOKHOCTh
MOCTPOEHUSI OTUETOB MO IA0JIOHAM, HACTPOMKHM MapaMeTpoB BBIOOPKHM JaHHBIX M 3KCIOpTa
pesynasratoB B ¢opmarel Excel u PDF. Craructudeckue OTYETHI TO3BOJSIOT aHATM3UPOBATH

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 113




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne3 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/124

OUHAMHKY 3arpaT Ha oOCHyKMBaHUE IO TNepuojiaM, CTPYKTypy HEUCIPaBHOCTEH IO TUIIAM
TPAHCHOPTHBIX CPENICTB, MOKA3aTEH 3arpy3Kd PEMOHTHOTO IIEpCcoHAIa.

YpoBeHb JAHHBIX MPEICTABICH pelsiuoHHONW 0a3oi manHbiXx SQL Server. Paspaborana
HOpMaJIM30BaHHAas CXCMa JAHHBIX, BKJIIOYArOIIas Ta6JII/II_[bI A1 XpaHCHUA I/IH(I)OpMaI_II/II/I (6]
TPAHCIOPTHBIX CPEIACTBaX, rpadukax oOCITyKHUBaHHUs, 3aBKaX Ha PEMOHT, BBIIIOJIHEHHBIX paboTax,
WCIONIb30BaHHBIX MaTepuaiax M 3amacHbIX YacTAX. YCTAHOBJICHBI CBS3M MEXIy TaOmuIamMu c
00eCTeYeHnEeM CChIOYHOM IIETIOCTHOCTH Yepe3 MEXAHN3M BHEIIHUX KITFOUCH.

I[HSI MOBBIIICHUA TPOU3BOAUTCIBHOCTU CHUCTEMBI CO3JaHbl HWHACKCHI I10 IIOJAM, 4YaCTO
HCIIOJIb3YEMbIM B YCIIOBHUSX BBIOOPKU M coelMHEeHUs Taldnuil. PazpaboTaHbl XpaHUMble TPOLEAY P
JUIS BBITIOJTHEHUS CIIOKHBIX ormepanuil oOpaOOTKH [aHHBIX CHU3UTh CETEBOW Tpapuk Mexay
MIPUJIOKEHUEM U cepBepoM 0asbl JaHHBIX. [I[prMeHeHne npeacTaBiIeHui yrnpomaeT (GopMHUpOBaHUE
OTYETOB HYTéM npeaABaApUTCIBHOTO O6T:€I[I/IHCHI/I$I JaHHBIX 13 HCCKOJIBKHUX CBA3aHHbBIX Ta6JII/IL[.

[Toncuctema yuéra TpaHCIOPTHBIX CPEJICTB XPAHUT MOJIHYIO HH(POPMALIKIO O KaXKA0W eTMHUIIE
MOJIBUYKHOTO COCTaBa: rOCY/IapCTBEHHBIN PEerUCTPAIlMOHHBII HOMEDP, MApKy U MOJIEIb, TOl BHIYCKA,
TCXHUYCCKUC XAPAKTCPUCTUKU IABUTATCIId W TPAaHCMUCCHUHU, OATy BBOJAa B OKCILIyaTalHWIO. I[JI?I
KaXJ0ro TPAHCIOPTHOIO CpEICTBAa BENETCS MHCTOpUS M3MEHEHMsI IIOKa3aHUl oJoMerpa u
KOHTPOJIUPOBaTh (PaKkTUUECKHIl MpoOer ¥ aBTOMAaTHYECKH OIpENeisaTh CpPOKU OYEpPEAHOTO
TEXHUYECKOTo 00CTy>KUBAHUSI.

HOI[CI/ICTCMa IUIaHUPOBAaHUA  TCXHHUYCCKOT'O 06CJIy)I(I/IBaHI/I$I HCIIOJIB3YECT CHPaBOYHHK
penIaMEHTHBIX PaboT, CoAepXkAIIUi IMepeueHb ONeparui, NEPUOIUIHOCTh HMX BBITIOJHEHHS TI0
npoOery Wid BPEMEHH, HOPMbI BpPEeMEHM M CTOMMOCTH. Ha OCHOBe STHUX [JaHHBIX cHCTEMa
aBTOMaruyecku (opMupyeTr rpaduk MNPeACTOAIMX TEXHUYECKUX OOCTYKUBAHUM Ul KaXIO0Tro
TPaHCMOPTHOTO cpencTra. [Ipu mpubmmKeHnn MIaHOBOTO CPOKa 0OCTYKHUBAHUS CUCTEMA TeHEPUPYeT
HarlOMHMHaHWs OTBETCTBCHHBIM JIMIIAM U aBTOMAaTHU4YCCKHU CO3IIaéT 3as4BKH Ha IIPOBCACHUC pa60T.

[Toncuctema ympaBiieHUs 3asBKaMU MPEAOCTaBIsIeT NPUEM 3asBOK OT BOAMUTENEH U
JUCTIETYEPOB uepe3 BeO-uHTepdeiic ¢ ykazaHueM XapakTepa HEUCHPAaBHOCTU M CTEHeHH e&
CPOYHOCTH. MEXaHUK-KOHTPOJEP paccMaTpUBAET MOCTYMHUBIIUE 3asIBKH, OMPEAEIIIeT HEOOXOAMMBIIA
00bEM paboOT W Ha3HAuaeT WCIIOJHHUTENICH M3 YKClia PEMOHTHOTO TiepcoHana. B mporecce
BBINOJIHEHHS pabOT (UKCUPYIOTCS 3aTpau€HHOE BpPEMsl, UCIOJIb30BAHHBIE MaTepHalibl U 3alacHble
gactu. [locie 3aBepleHns peMOHTa OCYLIECTBIAETCS MpUEMKa paboT C 3aHECEHHEM Pe3yNbTaToB B
CUCTEMY.

[Toncucrema dopMupoBaHUsS OTYETHOCTH TPEAOCTABISACT PYKOBOACTBY HHGOPMALIMIO TS
MPUHATHUS YIPaBICHYECKUX pelieHni. Peann3oBaHbl OTUETHI O BBITOJHEHUH IpadiKa TEXHUIECKOTO
00CITy’)KUBaHMSI C yKa3aHHEM IPOCPOUYEHHBIX paboT, O CTPYKTYpe 3aTpar Ha 00CIYKHUBAHUE U PEMOHT
[0 CTaThsSIM pacXoflOB, O YAacTOTE€ OTKA30B IO THUIIaM HEUCIPABHOCTEH W arperaram, o 3arpyske
PEMOHTHOTO IMEepcoHalda W MPOU3BOAUTENbHOCTH Tpyaa. Cucrema dopMupyer OTY4ETHI 3a
IIPOU3BOJIbHBIE IEPUOIBI BPEMEHH C BOSMOXKHOCTBIO JETAIN3ALMN JaHHbIX.

Ha ocHoBe pa3zpaGoTaHHON apXHUTEKTypbl CO3/1aH MPOTOTHI aBTOMATH3UPOBAHHOM CHCTEMBI
MOHMTOPHMHTa TEXHUUYECKOTO COCTOSHUS aBTOTpaHcopTa. [IpoBe1eHO ONBbITHOE BHEAPEHUE CUCTEMBI
B peMoHTHOM otjesie OcOO «Our TpaH3UT» € 1eNbI0 OLEHKH €€ (PYHKIIMOHAIBHOCTU U BBISBICHUS
BO3MOX>XHBIX HEJOCTAaTKOB. Pe3y.]'II)TaTI)I BHCAPCHHUA ITOKAa3aJInd, YTO IMPUMCHCHUEC CUCTEMBI COKPATAT
BpeMs 00palOTKM 3asBOK Ha pPeMOHT B cperaHeM Ha 40% 3a cuér aBTOMaTH3alMd MPOILECCOB
pEerucTpayy, Ha3HAUYEHUs UCIOJHUTENEH UM KOHTPOJIS BBINOJHEHUS pPa0OT. JIEKTPOHHBIN
JOKYMEHTOOOOPOT HCKJIIOYaeT MOTepU MH(OpPMALUU U 00ECledrBaeT CBOEBPEMEHHBINH JOCTYN K
UCTOPUHM OOCITYXKMBaHMSI Ka)kKJOTO TPAHCHOPTHOTO CpeAcTBa. ABToMarhyeckoe (opmupoBaHHe
rpaMKOB TEXHUYECKOTO OOCIIYKUBAaHHSI M CBOEBPEMEHHOE OITOBEIICHHE OTBETCTBEHHBIX JIMIL
CIOCOOCTBYIOT CHHMKEHHIO KOJMUYECTBA BHEIJIAHOBBIX PEMOHTOB, BBI3BAaHHBIX HECBOEBPEMEHHBIM
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MPOBEACHUEM MPOPUITAKTHICCKUX PAOOT. ITO MOBBICUTH KOIPPHUIIMEHT TEXHUIECKOW TOTOBHOCTH
MOJBMYKHOTO COCTaBa M COKPAaTUTh MPOCTOM TPAHCIOPTHBIX cpencTB. Cucrema MperoCcTaBIiIseT
MPO3PadHOCTh BCEX IMPOIECCOB TEXHUYECKOTO OOCITY)KMBAaHUS M PEMOHTA, YTO NAET PYKOBOICTBY
MOPEINPUATHST HHCTPYMEHTHI  JUIsi  3(PPEKTUBHOTO  KOHTPOJIA  JIEATEIIBHOCTH  PEMOHTHOTO
noapas3ieneHusl. AHAIUTUYECKUE OTYETHI MO3BOJISIOT BBISBISTH MPOOJIEMHBIE 30HBI, NMPUHUMATh
000CHOBaHHbIE PEHICHUS 10 ONTUMHU3ALNUU MPOLECCOB U IIAHUPOBATh OIOKET Ha 0OCITyKUBaHUE
aBTomnapka. [IpumeHeHue BeO-TeXHOIOTUIM TapaHTUPYET AOCTYIHOCTh CUCTEMBI ISl TTOJIh30BaTENCH
C pasnuYHBIX pabouux MecT 6e3 HEeOOXOMUMOCTH YCTAaHOBKH JOMOJIHUTEIHHOTO MPOTPAMMHOIO
obOecrieueHrs. ATanTUBHBIA AW3ailH WHTEp(deiica Mo3BoiseT padoTaTh ¢ CUCTEMOW HE TOJIBKO C
HACTOJIbHBIX KOMITBIOTEPOB, HO U C IJIAHIIETOB U CMAapTPOHOB, YTO 0COOCHHO Ba>KHO JJI1 MOOMIIbHBIX
COTPYIHUKOB. MopaynbHass apXUTEKTypa CHCTEMBI JIOIyCKaeT €€ JajpHeilllee pa3BUTHE U
pacmperre  (QYHKIMOHAIBHOCTH. Bo3MOXHa WHTErpamusi ¢ CHCTEMaMH  CITyTHHKOBOTO
MOHHUTOPHUHTA TPaHCIIOPTa JJs aBTOMAaTHYECKOro IOJIyYeHHUs JaHHBIX O mpolere u mapaMmerpax
SKCIUTyaTallud TPAHCHOPTHBIX CpeACcTB. [lepcreKTUBHBIM HampaBlIEHUEM SIBISICTCS BHEIPEHUE
MOJYJIA TPEIUKTUBHOM JMArHOCTUKM HA OCHOBE aHaln3a CTAaTHUCTHKUA OTKAa30B M IMPUMEHEHUS
METOJIOB MAIITMHHOTO OOYYEHUS I POTHO3UPOBAHUS IIOTPEOHOCTH B OOCITYKUBAHUH.

B pesynbrate nmpoBeaEHHOTO HCCIeI0BaHus pa3paboTaHa apXUTEKTypa aBTOMATU3UPOBAHHOMN
CUCTeMbl MOHUTOPHHIAa TEXHHYECKOTO COCTOSHHSI TOPOJACKOTO AaBTOTPAHCIIOPTA Ha OCHOBE
texnomoruit .NET u SQL Server. [lpemiokenHoe pemieHne o00€CeYMBACT KOMIUIEKCHYIO
AaBTOMATH3AIMIO TIPOIECCOB y4€Ta OOCITYy)KMBAaHHS, IUIAHHUPOBAHHS PEMOHTHBIX paboT U
(dbopMupOBaHUs YIpaBIEHYECKONH OTUETHOCTH. MHOTOYpPOBHEBAs apXUTEKTypa CHCTEMBI C YETKUM
pasfeneHueM YpOBHEW MpPENCTaBICHUSA, OWU3HEC-IOTUKHM W JAaHHBIX CO3/1a€T MOAYJIbHOCTD,
MacIITabupPyeMOCTh M yI00CTBO CONMPOBOXIeHHUA. [IpuMeHEHHE COBPEMEHHBIX MPOTPAMMHBIX
texnonmoruit .NET Framework, ASPNET MVC wu SQL Server rapanTupyeT BBICOKYIO
MIPOU3BOAUTEILHOCTh, HAAEKHOCTh U 0e30MacHOCTh cUCTeMbl. ONBITHOE BHEApPEHHE MPOTOTHIIA
cuctembl B OcOO «Oml TpaH3UT» MOATBEPAUIIO MPAKTHYECKYIO MPUMEHUMOCTh pa3paboTaHHBIX
pelieHui 1 MOBBIIICHUS Ka4eCTBA YIPABJICHHUS TEXHUYECKUM OOCITY)KMBAaHHUEM aBTOTPAHCIIOPTHOTO
napka. Pe3ynbrarhl McCCleoBaHUS MOTYT OBITh HCIOIB30BAaHBI TPAHCTIOPTHBIMU MPEANPUSITHIMHU
pa3IMYHOTO Macitada i MOAEPHU3ALMU CUCTEM YIPaBICHUS TEXHUYECKUM OOCITYKHUBAHHEM H
PEMOHTOM TOJABMKHOTO cocTaBa. HampaBneHusMH JanbHEHWIIUX HWCCIEAOBAHUM  ABIISIOTCS
pazpabotrka wmomynss wunrterpanuu ¢ cucremamu GPS/TJIOHACC wmonuTopuHra, BHEIpeHUE
TEXHOJIOTUM TPEIUKTUBHON aHAJUTUKU JJIS TPOTHO3UPOBAHMS OTKA30B OOOPYJOBaHMS, a TAKKe
CO3/1aHHe MOOHMIIbHBIX MPUIOKEHUN 711 pabOThl PEMOHTHOTO MEPCOHANA HEMTOCPEICTBEHHO B 30HE
o0CITyKHBaHUs TPAHCTIOPTHBIX CPEJICTB.
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Annomayusn. OnuceiBaeTCs aBTOMAaTU3MpPOBaHHAs CUCTEMA TECTHPOBAHMS 3HAHUN IIPaBUII
JOPOXKHOTO JIBMKEHMsI, pa3paboTaHHas Ha OCHOBE s3blka IporpammupoBaHusi C# M TEXHOJIOTMU
Windows Forms. L{enbro uccnenoBanus sSBISETCS COBEPIICHCTBOBAHUE MTPOIECCa KOHTPOIIS 3HAHHM,
HCIIOJIb3YyEMOIO B aBTOLIKOJAaX. APXUTEKTypa CUCTEMbl CIPOEKTHPOBAHA IO TPEXYPOBHEBOMY
npuHuMiy. Pa3paGoranHoe mnporpaMMHoOe oOecreueHue OoOecCleuMBAET PEKHUMBI 3K3aMeHa U
TEMaTH4eCKOro o0y4eHHsl, peajJn3yeT aBTOMaTHUECKYIO IPOBEPKY OTBETOB, OLIECHUBAHUE PE3YJIbTATOB
1 cOop OOIIMPHBIX CTAaTUCTUYECKUX NaHHBIX. B cucreme ¢opmupyrorcs 6miersl u3 20 BOnIpocos,
HCTOJIB3YIOTCS BU3yaJIbHbIE MaTeprabl (M300paXKeHUsl JOPOKHBIX CUTYALMi), CO3/1aH MHTYUTUBHBIN
uHTepdeiic i1 HaBUraMW M KOHTposis mporpecca. Kputepun OIeHHBaHHS MOJHOCTBIO
cooTBeTcTBYIOT TpeboBanusM MBJI Keipresckoit Pecniyonuku. Pazpaborannas cuctema oOnagaer
PSAIOM MPEUMYILECTB MO CPAaBHEHUIO C PYYHBIM TECTUPOBAaHHEM: OOBEKTHBHAS OLIEHKA, SKOHOMUS
BpEMEHH, HEMeIJICHHasi 0OpaTHasi CBA3b JUIsl 00y4aeMoro, AeTajibHasi CTATUCTHKA JIJIsl HHCTPYKTOPOB
U aJIMUHUCTPATOpOB. AnpoOarusi CUCTEMBI IPOBE/IEHA B aBTOIIKoJIax ropoaa O, MoATBepkIeHa e€
3¢¢deKTUBHOCT, M HaA&KHOCTh. B mepcnekTuBe miaHupyercs pa3paboTka aJanTHBHOTO
TECTUPOBAHUS, BeO U MOOUIILHOW BEPCH, BHEPEHNE JIEMEHTOB reMU(UKaIINN.

Abstract. Describes an automated system for testing knowledge of traffic rules developed using
C# programming language and Windows Forms technology. The research aims to improve the
knowledge assessment process used in driving schools. The system architecture is designed according
to a three-tier principle. The developed software provides exam and thematic learning modes,
implements automatic answer verification, result evaluation, and collection of extensive statistical
data. The system generates tickets consisting of 20 questions, uses visual materials (images of road
situations), and features an intuitive interface for navigation and progress monitoring. Assessment
criteria fully comply with the requirements of the Ministry of Internal Affairs of the Kyrgyz Republic.
The developed system has several advantages over manual testing: objective assessment, time
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savings, immediate feedback for learners, detailed statistics for instructors and administrators. The
system was piloted in driving schools in Osh city, confirming its effectiveness and reliability. Future
development plans include adaptive testing, web and mobile versions, and implementation of
gamification elements.

Knrouesvie cnosa. C#, NET Framework, Windows Forms, ADO.NET, aBromaru3upoBaHHast
CHUCTEMa TECTUPOBAHUS, IPABUIIA TOPOKHOTO JBUXKEHUS, 0a3a JaHHBIX, KOHTPOJIb 3HAHUH.

Keywords. C#, NET Framework, Windows Forms, ADO.NET, automated testing system,
traffic regulations, database, knowledge management.

B Hacrosdmee Bpems yBEIMYEHHE KOJIMYECTBA TPAHCIOPTHBIX CPEACTB M MHTEHCHUBHOCTH
JOPOXKHOTO JIBMXKEHHSI TTOBBIIIAET aKTyaJIbHOCTh BOIPOCOB OE€30MAaCHOCTH JIOPOKHOTO JIBUKEHUS. B
Keipreizckoii PecryOnnke mporece npoBepky 3HaHUH mpaBui goposkHoro asmkenus (I11/1) cnauana
IIPOBOIUTCA B aBTOIIKOJIAX, & 3aT€éM B TOCYJAapCTBEHHOM YUYpEKICHUM «YHaa» [lemaprameHTa
BHYTPEHHUX JIeJ IS MOTy4eHus Boautenbekux mpas (https://cle.li/MapgY).

B mpouecce moArotoBkM K 3K3aMeHy CyObEKTHBHBbIE (DAKTOPHI IpENojaBarelis BIUSAIOT Ha
OLIEHKY OTBETOB, a [IPOBEPKA 3HAHUII ITPH OOJIBIIIOM KOJIMYECTBE CAAOIIMX 3K3aMEH OTHUMAET MHOTO
BpeMEHM U 3arpynHseT ee. Kpome Toro, oTcyTrcTBHE BO3MOXKHOCTH CTaTHMCTUYECKOIO aHajau3a
YCIIEBAEMOCTH YYALIUXCSl OCJIOKHSET YCUIIHS 110 MOBBIIICHUIO KauecTBa 00yUYEHHUSI.

WHudopmaninoHHbIe TEXHOJIOTUY 32 ITOCIIEAHEE JECATUIICTHE BHECIH 3HAUUTEIbHbIC U3MEHEHUS
B cexTop oOpaszoBanus [1].

ABTOMaTH3UPOBAHHBIE CUCTEMbI TECTHPOBAHUS IO3BOJISIOT OOBEKTUBHO OLICHUBAaTh 3HAHUS,
9KOHOMMTb BpEMs U OTCIIEKUBATh POrpecc yyamuxes [2].

B Keipreisckoii PecnyOnuke u3-3a HEAOCTAaTOYHOIO HCIHOJIB30BAHUS TAKUX CUCTEM CaMHMHU
aBTOILIKOJIAMHU BOIIPOC CTATUCTUYECKOI0 aHAJIM3a YCIIEBAEMOCTH YYalllUXCsl TaM HE pacCMaTpUBaeTCsl.
[Io »TOM mnpuYMHE BBITYCKHUKHA aBTOIIKOJ 4YacTO HE CHAIOT SK3aMEHbl, IPOBOAKUMBIE B
rOCyAAapCTBEHHOM YUPEKIECHUH « YHAa», U CAIOT UX HECKOJIBKO pas.

Lenb fTaHHO CTAaThU — U3YUUTh APXUTEKTYPY, GDYHKINOHATBHOCTh 1 0COOEHHOCTH peaau3aluu
aBTOMAaTHU3UPOBAHHOW CHCTEMBI NPOBEPKH 3HAHUN MO MCIOJIb30BAaHHUIO CPEICTB MHAMBHUAYaIbHON
3alUThl, pa3pabOTaHHOM C HCIIOJIb30BAHUEM SI3bIKa porpammupoBanust C# u rexHonorun Windows
Forms. /lanHbIi IPOEKT IIPEeIHA3HAUYEHO JJIs UCTIOIb30BAHMS B aBTOILKOJIAX ropoga Ol U yIpoCTUT
MIPOLIECC IIPOBEPKU 3HAHUU 110 Hcnoab30BaHuio TT/1/I.

Mamepuanvt u memoouvl

Cuctema ObU1a pa3zpaboTaHa C HMCIOJIB30BAHUEM MPUHIUIIOB OOBEKTHO-OPUEHTHUPOBAHHOTO
IIPOrpaMMUPOBAHUS U MOAYJIBHON apXUTEKTYphI [3].

Takoil monxon ynpouiaer onucaHue, Moau(UKaluio U paclIMpeHue Koja, U, CJIeJ0BATENbHO,
MOBBIIIAET TECTHUPYEMOCTh KaXXJIOr0 KOMIIOHEHTa mporpammbl. [[nsi pa3paboTku cucTeMbl ObuI
BbIOpaH s3bIK TporpammupoBanusi C#. TOT BEIOOp OCHOBAH Ha HECKOJIBKUX BaXKHBIX (akropax. Bo-
nepBbIx, C# B HacTosLIEE BPEMS SIBISETCS CaMbIM MOIMYJIIPHBIM U TIOAIEP>KUBAEMBIM COBPEMEHHBIM
SI3BIKOM MTPOTPAMMUPOBAHMS JJIsl pa3pabOTKH OKOHHBIX NMpHIIokeHuH Ha matgopme Windows [4].

Bo-Broprix, mnargopmel .NET Framework u .NET Core mpenocTaBistoT JOCTYIT KO MHOTUM
CTaHJAPTHBIM U TOJb30BATEILCKUM OMOIMOTEKaM JUIs paboThl ¢ 6a3aMu JaHHBIX, TpapUuecKUMHU
uHTepdeiicamn u  ¢daitmamu. [IpeumymiecTBa s3bIka mnporpammupoBanusi C# cBsizaHBl CO
CIIEYIOIMMHU YCIIOBUSIMU: CIIEIUAIbHAs MPOBEPKA TUIIOB, aBTOMATUYECKOE YIPaBICHUE MaMSThIO
(cbopka Mycopa), yAOOHBIM MEXaHW3M HCIPABICHUS OIIMOOK, TMOJHAs TOAJEPKKa OOBEKTHO-
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OpPUEHTHUPOBAHHOTO IMPOrPAaMMHUPOBAHUS M BO3MOXHOCTH HMHTEIPUPOBAHHOM cpeibl pa3paboTKu
Microsoft Visual Studio [5].

Kpome Toro, s1361k iporpamMmmupoBanus C# MOBBIIAET CKOPOCTh pa3padOTKH, TO3BOJISS MUCATh
CJIIOKHBIA KOJI, UCIIOJIb3YSl MPOCTOM M MOHSATHBIA CUHTAKCUC. J[JIsi cO3MaHus MOJIb30BATEIbCKOTO
uHTepdeiica 6pu1a BeiOpana texHomorus Windows Forms. Windows Forms — 3To coBpemMeHHBIN 1
HaJIeKHBIA crtoco0 a3paboTKu rpauvecKux Mmonb3oBaTebckux narepderico (GUI) mis coznanus
OKOHHBIX MPUJIOKEHUH B omepanuoHHoi cucreme Windows. DTa TEXHONOTHS SIBISETCS YacCThIO
oubmorexku .NET Framework u momnepxuBaercs B crienyromux Bepcusix .NET Core u .NET 5+.
OcHoBHble npeumymiectBa TexHonorun Windows Forms Bkitowaror cienytomiee. Bo-mepBbix,
BO3MOXKHOCTh BH3YaJIbHOTO MPOEKTUPOBaHUA HHTepdeiica yckopsieT mpoiecc pa3pabotku. Bo-
BTOPBIX, OOJNBIION HAOOP AIIEMEHTOB YIpaBieHHs (KHOIKH, TEKCTOBBIC IMOJIS, PAAHMOKHOIKH, OIS
BBOJ1a, TAOJIHIIBI IAHHBIX U T. [1.) TO3BOJISIET CO3/1aBaTh MHTEPQEIChI TI000H CIOXKHOCTH. B-TpeThux,
COOBITHIHAsA MOJEINb (COOBITUHHO-OPUEHTUPOBAHHOE MTPOTrPAMMUPOBAHKE) YIIPOLIACT PeaIU3aliio
peakuuil Ha AeicTBus moib3oBares. OCHOBHOM mpuuuHON BbhIOOpa TexHomoruu Windows Forms
CTaJl0 HCIOJBh30BAHUE COBPEMEHHBIX TexHonoruii, Takux kak WPF (Windows Presentation
Foundation) wim UWP (Universal Windows Platform). B Hacrosmee Bpems Texnonorus Windows
Forms nopnepxuBaercs u paszpabatsiBaercs kommnanueil Microsoft. MHTerpamus ¢ 6a30il naHHBIX
obecnieunBaercs Texnonorueir ADO.NET.

JInisi KOHKPETHBIX CHCTEMHBIX TpeboBaHmii (yHKIHMOHAIbHOCTH Windows Forms cumraercs
OoJee ueM J0CcTaTOYHOM. B mporiecce mpoekTupoBaHus it padoThI ¢ 62301 JaHHBIX UCIIOIH30BAIACH
texronorusit ADO.NET. ADO.NET (ActiveX Data Objects .NET) — 310 TexHomorusi, Kotopas
BKJIIOYAeT B ce0st HA0Op KI1accoB i pabOThl C HICTOYHUKAMU JAaHHBIX B mpuiiokeHusx .NET [6].

Ota TeXHOJOTrHs O0ecreYnBaeT YHHU(PHIMPOBAHHBIN MOAXOA K pa3iMyHBIM 0a3aM JaHHBIX
(Microsoft SQL Server, SQLite, MySQL, Oracle u np.) [7-9].

Pa3paborannas cucrema ucnonb3yeT 6a3zy ganHbix SQLite. DTOT BBIOOp OBLIT OMpaBlIaH IO
HeckonbkuM mpuunHaMm. SQLite — 3To OGeccepBepHas, He TpeOyrolas HACTPOIKHU, TPaH3aKIIMOHHO-
OpUEHTHpOBaHHasl peNsilMOHHas 0a3a JNaHHBIX. ba3a naHHBIX XpaHUTCS B OXHOM (hailie, 4TOo
YIPOIIAET YCTAaHOBKY U pacipocTpaHeHne nporpammsl. HeGomnbIoii pa3Mep 1 BbICOKasi HaJI€KHOCTh
nenator SQLite ugeanpHbIM BbIOOpOM ans mpunoxenuit Windows. [lms pabotsr ¢ SQLite ¢
ucnonb3oBanueM ADO.NET npumensitace Oubnmuorexa System.Data.SQLite. Ota Oubnmorexa
MIPEIOCTaBIIET BECb HEOOXOIMMBIN (PyHKIIMOHAI I MOJIKIIOYEHUs K 0a3e JaHHBIX, BBITOJHEHUS
3aIpoCOB, YIPaBICHUS TPAH3AKIMSIMUA U YTCHHUS JaHHBIX.

PazpaGoranHas cucTteMa OCHOBaHa Ha TPEXCIOMHON apXHUTEKType, KOTOpas 4EeTKO pasJieliser
00513aHHOCTH Ka)KJ0H Y4acTH MPOrpaMMbl M 00JIerdaeT OMMCAaHNe U pacliupeHue Kojga. ApXUTeKTypa
BKJIIOYAET ciienytomue ciiou. [lepBrliii Ciioi — ciioi mpencTabieHus (10JIb30BaTeIbCKUM HHTEP(ENC).
JlaHHbIN cnoM peanu3oBaH ¢ Hcnoib3oBaHueM TexHojorun Windows Forms u obecneunBaer
B3aMMO/ICHCTBUE MOJIb30BATENsl C CUCTEMOM. 3/1eCh OTOOpa)KaroTCsl BOMPOCH! M BAPHUAHTHI OTBETOB,
OCYILECTBIIAETCS HAaBUTalMsl MeXay (GopMaMu M BHU3YyaU3UPYIOTCS Pe3yNbTaThl TECTHPOBAHUS.
Bropoii cnoii — ciioif 6M3HEC-T0TMKH (COAEPKUT OCHOBHYIO JIOTMKY TNPHJIOXKEHHUs). DTOT CIOU
peanusyeT reHepaluio 3asiBOK, IPOBEPKY OTBETOB, OLIEHKY Pe3yJIbTaToOB, CTATUCTUYECKYIO 00pabOTKY
JaHHBIX U JPYTyI0 OW3HEC-IOTHKY. JlaHHBINA CclOM HE3aBUCHM OT CJIOS MPEACTAaBIEHUS U CJ0s
00pabOTKHU TaHHBIX, YTO 00ECIIEUNBACT BOZMOKHOCTH €r0 TECTUPOBAHUSA U MOAU(DUKALIUHN OTIAEIBHO.
Tpetuii cnoii — coit JocTymna K JaHHBIM (OTBevaeT 3a paboTy ¢ 6a30i AaHHBIX ). OH pealn30BaH 3/1eCh
¢ ucnonb3oBanueM TexHonorun ADO.NET u o6ecneuuBaer onepauuu CRUD (co3znanue, urenue,
oOHOBJIEHHUE, yrnajeHue). Bolaenenue JIOrMKM JOCTyNa K JJaHHBIM B OTAEIbHBIA CIOW yHpollaer
M3MEHEeHHe THIa 06a3bl TaHHBIX U IMOBBIIIAET TOBTOPHOE MCIIOIb30BAHUE KOJIA.
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CrpykTypa 0a3bl TaHHBIX pa3padoTaHa B COOTBETCTBUH C (DYHKIIMOHAILHBIMU TPEOOBAaHUSIMHU
cuctembl. B Tabnune «Bompocky xpaHaTcs sK3aMeHallMOHHbIE BOMPOCHL. JTa TaONHIla COAEPKUT
YHUKaJbHBIN uaeHtudukarop Bompoca (ID), rekct Bompoca (QuestionText), qBondHbIe JaHHbIE, B
KOTOpPBIX XpaHuTcs uzoOpaxenue (Image), mpaBunbnbl oTBeT (CorrectAnswer), KOMMEHTapHiA
(Commentary), Homep Tembl (ThemelD) u Homep 6unera (TicketID). M300pakenus xpansTcs B 0aze
nauHbiX B popmare BLOB (Binary Large Object), uro oOecrnieunBaeT BH3yalbHOE MPEACTABICHHE
sK3aMeHaMOHHON cutyaruu. B Tabnuue «OTBeTh» XpaHATCS BapUaHTHI OTBETOB Ui Ka)JIOTO
Bompoca. B cranmaprHoM ¢opmare BOIIPOC UMEET HATh BOSMOXKHBIX OTBETOB, U3 KOTOPBIX TOJBKO
OJIH JIOJ>KEH OBITh MPaBUIILHBIM. DTa TabIHUIa COACPKUT UACHTU(DUKATOP BapHAHTa OTBETA, CCHUIKY
Ha Bompoc (QuestionID), Tekct orBeta (AnswerText) u duiar, yka3pIBalOIIHi, SBISCTCS JTH OTBET
npaBwibHBIM (IsCorrect). B Tabmume «Ilonp3oBarenu» XpaHUTCS WHPOPMAIHS O TOIH30BATEIAX
cucremMbl. OHa CONCPKHUT HMMEHA, YYeTHbIC [aHHbIE W POJHM CTYIACHTOB, IpENoOjAaBaTeled u
aJIMMHHUCTPATOPOB. DTa MHGpOpPMAIMs HCIIOIb3YETCs ISl aBTOPU3ALMH U CTaTUCTUYECKOrO ydyeTa
aKTUBHOCTH Toib30Bareneil. B Tabnuue «Pe3ynbraTsly XpaHATCS pe3ynbTarhl TecTa. Jis kaxmoi
MIOTIBITKY  3aIKCBHIBAIOTCS WACHTHU(HUKATOP TONB30BATENsl, Jara W BpeMs IPOXOXKICHHUS TeCTa,
KOJIMYECTBO MPABHIBHBIX OTBETOB, KOJMYECTBO OIMMOOK M WHGPOpPMALHUS O TOM, OBUI JH TECT
NpoWaeH. OTWU JaHHbIE BIIOCJIEJACTBUU HCIOJNB3YIOTCA JJIsi CTAaTUCTHYECKOrO aHaiuu3a H
OTCJIC)KUBAaHUA ycrieBaeMOoCTH yuaniuxcs. B Tabnuiie « TeMbn» TeMbl CrpyIIUPOBaHBI IO PA3INYHBIM
pasgenam ESS. D10 no3BossieT ynopsiiouuTh BHIOOP BOIPOCOB [0 KOHKPETHBIM TEMaM B PEXHUME
Temarnyeckoro oOydenus. Pa3zpaboraHHas cucTemMa MpPEIOCTABISET IOJIH30BATENSIM MHOKECTBO
BO3MOXKHOCTeH. Beck mpoiiecc, OT Bxoza B CHCTeMY JI0 ClIaud SK3aMeHa U MOJy4YeHUs! pe3yIbTaToB,
aBTOMATHU3UPOBAH U UHTYUTHUBHO MOHSTEH.

DK3aMeHAIIMOHHBIN PeXUM UMUTHPYET SK3aMeH B pealbHbIX ycioBusax. Cucrema popmupyer
TECTOBBI OWUJIET B COOTBETCTBUU C TPeOOBaHHMSIMHU [ OCYTapCTBEHHOTO MHCTUTYTa BHYTPEHHHX JIEIT
«YHaay, coctosumii u3 20 BompocoB. Kaxslii Bompoc mpenjaraeT msaTh BapUaHTOB OTBETa, W3
KOTOPBIX TOJIBKO OIMH JIOJI’KEeH OBbITh MPaBUIBHBIM. Bompockl BEIOUpAIOTCs Ciiy4ailHbIM 00pa3oM 3
BCEX TEM, YTO MO3BOJISIET MTPOBECTH KOMIUIEKCHYIO OIICHKY 3HAHHUW CTY/JCHTA.

[locnme TOrO, Kak YYEHHWK BBIOMpPACT OTBET, CHCTEMa HEMEUIEHHO TPOBEPSIET €ro u
MPEIOCTaBIAECT BU3yalbHYI0 OOpaTHYIO CBSI3b O TOM, MPABHIJIBHBIN OH WM HENMpaBUIbHBIA. Ecmu
OTBET HEMPaBUJIbHBINA, CHCTEMa aBTOMAaTHYECKH OTKPHIBAET OOBSICHEHHE C MPaBUIHHBIM OTBETOM.
3TO IOMOTaeT YYEHHUKY Cpa3y MOHATH CBOIO OIMIMOKY M MOTYYUTh HEOOXOTUMbIE 3HAHMUS.

CucTtema HaBHTAIMH TIO3BOJISIET CTYIEHTY CBOOOIHO MEpeMemarbcs MeXIy Bormpocamu. s
Ka)JI0T0 BOIIpOCa MPeyCMOTPEH CBOM MHAMKATOP: XKEIThII — BOIIPOC OcTaeTcs 0e3 0TBeTa, 3eIeHbIN
— OTBET MPaBUJILHBINA, KPACHBII — OTBET BHIOpAH HEMPAaBWIBHO. Takoe BU3yallbHOE MPEACTaBICHHE
MIOMOTAEeT CTYJCHTY OTCIIEKHUBATh CBOM MpOTpecc.

Temarndeckuii pexuM OOydYeHHS TMO3BOJSET CTYJACHTaM YIIyOJsTh CBOM 3HaHUS TIO0
KOHKPETHBIM TeMaM. CTyIeHT BBIOMpPAET HHTEPECYIOIIYIO0 €T0 TEMY M MOIy4aeT BOMPOCH Mo Hell. B
3TOM peXUME KOJIMUYECTBO OMIMOOK HE OTPaHUYEHO, a IJIaBHAs IIe]Ib — OCBOUTH 3HAHUSI.

[Tonb3oBaTenbekuii HHTEPQEIC pa3padoTaH TaKMM 00pa3oM, YTOOBI OBITH TPOCTHIM, TOHSITHBIM
Y WHTYHTHUBHO TOHIATHBIM. OCHOBHBEIE ()OpMBI: hopMa BXOJIa B CHCTEMY, hopMa BhIOOpa pekHMa,
dhopma sk3ameHa u hopma pe3ysbTaToB.

dopma aBTOpHU3aIMU UMEET MUHUMAIUCTHYHBIN AU3aiiH U BKIIOYAET MO JUIsl BBOJAA UMEHU
noJnb3oBatens u mapons. [locne apropuzanuu mMoibp30BaTeNb MOMAAAeT B TIIABHOE MEHIO, T1Ie MOXKET
BBIOPATH JKENAEMBIN PEXKHUM IS TIPOTOIDKEHHUS.

DK3aMeHaIlMOHHAsI aHKeTa — camMasi Ba)KHAsI 9aCTh CUCTEMBI. AHKETa COJIEPKUT TEKCT BOTIPOCa,
MEePEKITIoYaTeNu A1 BAPHAHTOB OTBETA, MECTO AJIS U300paKEHUS JOPOKHON CHUTYallMd M KHOIIKU
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HaBuranuu. C mpaBoii CTOPOHBI AHKETHI HAXOJUTCS KapTa BOIIPOCOB, KOTOPasi BU3yallbHO 0TOOpakaeT
CTaTyc Ka)kJJoro BoIpoca.

dopMma ¢ pesyapTaTaMu MPENOCTaBIsECT CTYAEHTY IMOJHBIM OT4eT 00 »Kk3ameHe. B Hei
0TOOpa)xkaeTcsi KOJMYECTBO MPABMIIBHBIX OTBETOB, KOJMYECTBO JOMYUICHHBIX OIIMOOK, WTOTOBAas
OLICHKa, a TaKxe HHOopMAIIHs O TOM, CAAJI JIU CTYAEHT SK3aMeH Win HeT. Kpome Toro, CTyIeHT MOXKeT
MIPOCMOTPETH CBOM OTBETHI U MPOAHAIU3UPOBATH AOMYIIEHHBIE OIINOKH.

Cucrtema HCIONB3yeT KPUTEPUU OLEHKH, YCTAHOBJICHHBIE [ OCYIapCTBEHHBIM YUpEKICHUEM
«YHaa» Ynpasienus BHyTpeHHUX e Keiproizckoii Pecniyonuku. Dx3amen cocrout u3 20 BOIpOCOB,
U CTYyICHT MMEeT IpaBO JOMYCTUTh He Oojiee NBYX OMIMOOK ISl MpoXoxaeHus. Ecinu cryneHt
JOMYCTUT TpU Wi Oojee oOmMMOOK (MW JBE OIIMOKK TOIPSA), OSK3aMEH CUYHUTACTCS
HEYJIOBJICTBOPUTENIBHBIM. /laHHas cucTeMa OLIeHKH pa3paboTana /it 00ecrieueH s BRICOKOTO YPOBHS
BJIAJICHHUSI MAaTepHAJIOM y CTYACHTOB. [IByX OIIMOOK JOCTATOYHO Il MPOBEPKHU 3HAHUI OCHOBHBIX
npuHuunoB CPE, HO oHM Tak)ke CUMTAIOTCS PEaTUCTUYHBIM KPUTEPUEM JIOCTIDKEHUS yCIexa.

Ecnu ctymeHT cnact sk3ameH 6e3 ommuOoK, cucteMa OTOOpa3uT COOOIIEHHE O TOM, YTO OH
3aciyxuBaeT oueHkd «OtiamuHO». Ecnm Oymer omHa WM 1B OIIMOKH, TOSBUTCS CTaHIApTHOE
COOO0IIIEHNE O TOM, YTO FK3aMeH poiaeH. Eciu Oyner Tpu wim 0oliee OmmO0oK, MOSBUTCS COOOIIEHUE
O TOM, 4YTO OHK3aMEH IIpPOBaJieH, M CTyACHTy OyaeT MpemiokeHo mepecnarb ero. Cucrtema
MPEeIOCTaBIACT aJIMUHUCTPATOpAM U TPENoJaBaTeNsiM IIMPOKHE BO3MOXXHOCTHU MJIsi MPOBEICHUS
CTaTUCTHYECKUX HccienoBanuii. Co3naHue 0TYETOB OCHOBAHO HA arperupoOBaHUM JAHHBIX U3 0a3bl
JTaHHBIX ¢ Hcnoib3oBanueM SQL-3ampocoB. B oryere mo ycmeBaeMOCTH CTYIEHTOB YKas3bIBaeTCs
KOJIMYECTBO YCHEIIHbIX CJa4, CPeAHHI 0aul, KOJIUYECTBO CHAaHHBIX HSK3aMEHOB W JUHAMHKA
yCIIEBAEMOCTH KaXJOTO CTyJAeHTa. JTa MH(OpMAalUsg MOMOTaeT MPErnoAaBaTeNsiM OTCISKHUBAThH
MIPOTPECC CTYACHTOB M OKa3bIBATh JIOTIOJHUTEIBHYIO MOMJICPKKY MPH HeoOXoauMocTH. CTaTUCTHKA
[0 MHCTPYKTOpPaM CIIY>)KUT OCHOBOM Uil OIEHKH KadecTBa oOy4yeHHs. B oTuere yka3aH HpOIEHT
CTY[IEHTOB, YCIIEIIHO CIABIIMX K3aMEH C MEPBOro pas3a Moj PyKOBOACTBOM MHCTPYKTOpa, CpelHee
KOJIMYECTBO MOIBITOK U MPOOJIIEMHBIE TEMBL. JTa HH(POPMAIIHS TIOMOTaeT PYKOBOACTBY aBTOIIKOJIBI
MPUHUMATh pelleHuss o0 yayylleHuu mpouecca oOyueHus. CTaTHUCTHKa BOIMPOCOB I03BOJISIET
BBISIBUTH HanOoJiee CIIOKHBIC BOMPOCHL. Eciy Ha ompeneneHHBI BONPOC HENPaBUIBHO OTBEYAET
00JIBIIIOE KOJTMYECTBO CTYACHTOB, 3TO MOXKET YKa3bIBaTh HA HEJOCTATKH yueOHOI mporpamMmsl. Takoi
aHaJIU3 CIIy’)KUT OCHOBOM JUIsl yJTy4IlIeHUs y4eOHbIX MaTepUanoB U METO/IOB.

Obcyrcoenue

Pa3paboranHas cucteMa 3HAYUTETHHO YIYUIIUT MPOIECC MPOBEPKH 3HAHUI B 00IACTH CPEJICTB
WHIUBUAYATbHON 3amuThl. [l0 CpaBHEHHMIO C PYyYHOU MPOBEPKOM, aBTOMATH3UpPOBAHHAS CHCTEMa
uMeeT pan npeumymniecTB. OOBEKTUBHOCTh — BaKHEHIIEe MPEHUMYIICCTBO O3TOW CHCTEMBI.
KoMIlbfoTepHOE TECTHPOBAHHME TOJHOCTHIO HCKIIIOYACT BIMSHUE CyOBCKTHBHOW  OIEHKU
npenoaasarens. OIeHKa OTBETOB OCYIIECTBISIETCS MO TOYHOMY alTOPUTMY, U KaXKIBIA CTYIECHT
HAXOIUTCS B OJMHAKOBBIX YCJIOBUAX. JTO MOMOTAET 3allUTUTH IpaBa CTYJECHTOB U 0OecleYnBaeT
CIPaBEUIMBOCTh OIICHKH.

Tabmmna
CPABHEHUE TPAJJMLIMOHHBIX 1 ABTOMATU3MPOBAHHBIX METOAOB TECTUPOBAHUMA
Kpumepuii Tpaouyuonnwiii memoo Asmomamuzuposannas cucmema
OOBEKTUBHOCTD CyOBbeKTHBHAS OLICHKA AOGCOMOTHO 0OBEKTUBHO
Bpewms 15-20 munyT/CTYI€HT 10-15 MuUHYT/y4eHUK
OO6patHas cBs3b OTIOXEHHBIH Cpazy
CraTucTuka Hamuuwne na cknane ABTOMaTHYECKHU
[apannensHOE TeCTUPOBaHHUE HeBo3moxHO He orpannueno
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OKOHOMHSI BPEMEHM TAKXKE SBISIETCS BaKHbIM acnekroMm. [Ipm TpaaumvoHHOM MeToxe
MpernojaBareNib JOMKEeH paboTarb € KaXAbIM CTYIEHTOM HWHAMBHUAyaJbHO, TOTAAa Kak B
aBTOMAaTU3UPOBAHHONW CHUCTEME HECKOJIBKO CTYJEHTOB MOTYT CJaBaTb TECT OJHOBPEMEHHO. OJTO
0COOEHHO aKTyaJIbHO B OOJBIIUX TPYMIaX, I7I€ SKOHOMHS BPEMEHH MOXET ObITh 3HAYUTEILHOM.
MrHoBeHHass oOpaTHasi CBSi3b — CYIIECTBEHHOE MpeuMyIlecTBO aisi oOywatomierocs. Cucrema
HEMEIJIEHHO MPOBEPsIeT OTBET U YKa3bIBAECT, MPaBUIIbHBINA OH WJIM HEeT. B ciydae ommOku cpasy ke
oroOpaxkaercss OOBSICHEHHE, YTO YCKOpseT Tporecc oOydeHus. [lpu TpaaullMOHHOM METOe
00y4JaroLINIiCS YaCTO OCO3HAET CBOO OIIMOKY JIUIIb MO3KE, YTO CHIKACT 3P (HEKTUBHOCTH Y4EOHOTO
npouecca. CTaTUCTUYECKUI aHAIN3 IPEI0CTaBIsIeT HHGOpMAIIO, HEOOXOIUMYIO AJIi MOHUTOPUHTA
1 yAaydlleHUs KauecTBa mpenoaaBaHus. llpenogaBarenu u aIMHUHUCTPATOPBI MOTYT OTCIEXHBATh
yCIIEBAEMOCTh CTY/ICHTOB, BBISIBIISITH IPOOIEMHBIE 00JIACTH M KOPPEKTUPOBATh CTPATETHH 00yUYCHHUS.
TpaguironHo cO0p Takoi MOAPOOHON CTATUCTUKY SBISETCS OYEHb CIOKHON M TPYIOEMKOH 3a1a4en.
OpHako mpU NPOBEIECHUU KOMIIBIOTEPHOIO TECTUPOBAHUS MOIYT CYIIECTBOBATh HEKOTOPHIE
TEXHOJIOTHYECKHE OrpaHuYeHHs. B uyacTHOCTH, KaxAbli CTYyIEHT NOJDKEH o0iaaarh 0a30BBIM
YPOBHEM KOMITbIOTEpHOU rpaMOTHOCTU. HEKOTOpPBHIM CTyieHTaM, 0COOEHHO CTaplIero Bo3pacTa WiH
MIPOXKUBAIOIIMM B OTJAJICHHBIX JI€PEBHIX, MOXKET OBbITh CIOXHO I0JIb30BaThCsl KOMIbIOTEpOM. [lis
pelieHrs 3Toi MpoOJieMbl cHUCTeMa MMEET MHTYUTHBHO TMOHSTHBIA HMHTEp(deiic U MpenocTaBisieT
MIOMOIIb ITPEToIaBaTeis Mpu HeooxonuMocTH. Heo0Xoanmo Takke peruTh HEKOTOPbIe TEXHHUUECKHE
npo6iembl. [l cTaOuinbpHON paboThl cHcTeMBl TPeOyeTcsl JOCTAaTOYHO MOIIHOE KOMITBIOTEPHOE
o0OpyOBaHME ¥ TPABWJIBHO YCTAHOBIEHHOE TporpamMmHoe oOecneuenue. llepebon B
ANIEKTPONUTAHUU UK cOOU B paboTe 000pyIOBaHUS MOTYT HApYIIUTh Ipolecc sk3aMeHa. [loatomy
CUCTEMA TAK)Ke MIPETyCMaTPUBAET MEXAHU3Mbl AaBTOMaTHUYECKOIO COXPAHEHUS U BOCCTAHOBJICHUSI.

[mmaBHOE mpeuMymiecTBO  pa3pabOTaHHOW CUCTEeMBI — ©€  yHHBEPCAIBbHOCTh U
MacIITabupyeMocTb. MoayibHasl apXUTEKTypa TO3BOJSET JOOABIATh HOBBIC (DYHKIIMH, PACIIHPSATH
0a3y naHHBIX U MoaubuupoBarh uHTEpdeiic. B OyaymieM miaHupyercs BHEOPEHHUE B CHCTEMY
JOTIOJTHUTENBHBIX PEKUMOB: HAIIPUMEP, aIallTUBHOTO TECTUPOBAHUS, ABTOMATUYECKON PEryIHMpPOBKHU
CIIO)KHOCTH BOIPOCOB B 3aBHCHUMOCTH OT YpOBHS 3HaHMM cryaeHTta. Ilo cpaBHeHMIO ¢ Apyrumu
aBTOMAaTHU3UPOBAaHHBIMU CUCTEMAMHU, pa3padOTaHHOE HaMU PELIEHHE MAaKCUMAJIbHO a/lalTUPOBAHO K
cnenuduke Keipreizcrana. Bompocsl copmymnupoBanbl B cooTBeTcTBUH C [lomuTHkoi B obmactu
obpazoBanust Keipreizckoii Pecriyomnuku, nuntepdeiic moaaep:;KkuBaeT KbIPTbI3CKUI U PYCCKUN S3BIKH,
a KpUTEpUHU OLICHKH COOTBETCTBYIOT TpeOoBaHUSAM [0cymapcTBEHHOro JienapraMeHTa BHYTPEHHUX
nen « YHaay.

3axnouenue

B pa3pabarbiBaeMOll cuCTEME HUCHOJIB3YIOTCSI COBPEMEHHBIE METOJbl NMPOTrPaMMHUPOBAHMS:
TPEX3BEHHAsI apXUTEKTypa, OObEKTHO-OPHUEHTHUPOBAHHOE IPOrpaMMUpOBaHME, paboTa c 0a3oif
nanHpix ¢ ucnonb3oBanueM ADO.NET wu gap. PaspaboranHoe mnporpamMmHoe oOecriedyeHue
3HAUUTENIbHO YIy4YIllaeT IMpolecc NpoBepku 3HaHUi B obmactu CU3 (cpeacTB MHIMBUAYaTbHOU
3amuThl). OCHOBHBIE MPEUMYIIECTBA CHCTEMBI: OOBEKTHBHOCTH OIEHKH, SKOHOMHS BpPEMEHH,
MIHOBEHHas oOparHasi CBS3b CO CTYAEHTOM, BO3MOXXHOCTh cOOpa M aHalu3a CTaTUCTHYECKUX
JAHHBIX, @ TAK)Ke UHTYUTUBHO TOHATHBIN U IPOCTOM MoIb30BaTeNnbeckuil nHTepdeiic. Cucrema Obu1a
MIPOTECTUPOBAHA B aBTOIIKOJaX ropoga Oml u moaTBepauiia cBok 3(PPEeKTUBHOCT U HAJEKHOCTb.
OT3BIBBI MHCTPYKTOPOB M YUEHHKOB OBLIM MOJOKUTEIBHBIMU, YTO JAEMOHCTPHPYET yIOOCTBO U
MIOJIE3HOCTh CUCTEMBI. B OyyiieM MOKHO BBIIEIUTH HECKOJIBKO HANIPaBJICHUN COBEPIICHCTBOBAHUS
cucteMbl. Bo-nepBeIX, BHEAPEHNUE aIAITUBHOIO PEKUMA TECTUPOBAHUS, KOTOPBIA aBTOMaTHYECKH
pPEerylMpyeT CIIOKHOCTh BOIIPOCOB B 3aBUCHUMOCTH OT YpPOBHsA 3HAaHUM CTyAeHTA. BoO-BTOpBIX,
co3JaHue BeO-BepCUH, KOTOPast MO3BOJIUT MOIYYUTh JOCTYII K cCUCTeMe uepe3 MIHTepHeT U paciiuput
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ee (PyHKIMOHANBHOCTh. B-TpeThux, pazpaboTka MOOMIBHOTO MPUIIOKEHHS, KOTOPOE MO3BOJIUT
MIPOBOJIUTH HEMpephIBHOE oOydeHue co cMmapTdoHOB U IiaHiieToB. Kpome Toro, HeoOXoaumo
pacmpuTh 0a3y BOIPOCOB, 100aBUTh HOBBIE TEMBI 1 OOHOBUTH CyIIECTBYIOIIKE. Takxke BHEAPEHHE
COBPEMEHHBIX JJIEMEHTOB TeHMU(DUKAIUK TMOBBICUT MOTHBAIMIO CTYAEHTOB. K HHM OTHOCSTCS
OLICHKH, JOCTM)KEHHUS, BU3yalM3alus mporpecca u T.0. B 3akimouenue, pazpaboTaHHas cucTeMa
cunutaercss 3(GGEKTUBHBIM WHCTPYMEHTOM JJisi aBTOMAaTH3alMd Ipollecca MPOBEPKU 3HAHWUN I10
WCTOJIB30BAaHUIO CPEJCTB HWHAMBUIYalIbHOW 3amuThl. Ee BHeapenue OyaeT CrnocoOCTBOBATh
MOBBIIICHUIO Ka4eCTBa 00Y4YEHUS B aBTOLIKOJIAX, OOJIETYeHUIO pabOThl HHCTPYKTOPOB U YITyUILICHUIO
3HAHUN y4Yaluxcs mo 6e30MacHOCTH JOPOKHOTO JIBUKECHUS.
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Annomayus. Ctarbs NOCBSIIEHAa KOMIUIEKCHOMY aHaJIM3y MCIIOJIb30BaHus OubinoTeku React B
IIPOILeCCe CO3AAaHUsI MHTEPAKTUBHBIX JIEMEHTOB IOJIb30BATEILCKOr0 MHTEp(delica B COBPEMEHHBIX
BeO-IIpUIIOKEHUAX. B IIeHTpe BHMMaHU HaXOAUTCS apXUTEKTypHast Jioruka React, paccmarpuBaemast
Kak OCHOBa (DOPMHUPOBAHHS yCTOWYHMBBIX, MACIITAOMPYEMBIX M MpPEICKa3yeMbIX HHTEPEHCHBIX
pemieHnid. MHTEpaKTUBHOCTh TPAKTYEeTCS HE KaK COBOKYNHOCTb BHU3yaJIbHbIX 3((EKTOB, a Kak
CHCTEMHOE CBOMCTBO HHTepdelica, ompeaensieMoe B3aMMOCBSI3bI0 COCTOSHHUS, KOMIIOHEHTHOH
CTPYKTYypbl M cOOBITUHHOW Mozenu. B pabore mocnenoBaTeabHO PacKpbIBAIOTCS MPUHIMUIIBI
JIEKJIapaTUBHOIO OIMCAHUS MHTepdeiica, KOMIOHEHTHOIO MOAX0AAa U OJHOHAIPABIEHHOIO MOTOKA
JAaHHBIX, KOTOPHIE OINPENENSIIOT Crieln(PUKy MPOEKTUPOBAHUSI UHTEPAKTUBHBIX 3JI€MEHTOB B React.
Ocob6oe BHUMaHUE yAemseTcs POJId COCTOSTHUS KaK KIIFOUYEBOI'0 MEXaHU3Ma yIpaBlIeHUs TOBEJCHUEM
uHTepdeiica, a Takke pa3rpaHUUEHHIO JOKAIBHOTO U II00AIBbHOI0 COCTOSHUS B KOHTEKCTE CIOXKHBIX
MI0JIb30BAaTEeNIbCKUX ~ CIIEHapueB. AHaIM3UpPYeTCsd 3HAYEHHE BHUPTYaJbHOIO IMPEICTABICHUS
uHTepdeiica kKak MHCTPYMEHTAa ONTHMHU3ALMKM OOHOBIEHUN M O0ECHeYeHHs] COINIaCOBAaHHOCTHU
BU3YaJIbHOTO OTOOpasKeHMsI ITPU YaCThIX M3MEHEHUAX NaHHbIX. Mcnons3oBanue BupTyansHoro DOM
II03BOJIIET MUHUMHU3UPOBATh KOJIMYECTBO ONEPALUI C PEaJIbHON CTPYKTYPOM TOKyMEHTA, YTO UMEET
NPUHLMIIMAIBHOE  3HAYeHWe JUIl  IPOM3BOIUTENBHOCTH  WHTEPAKTUBHBIX  HMHTEP(QEICcOoB.
PaccmarpuBaercss coObiTuiiHas Mozaenb React kak (opMann3oBaHHBIM MEXaHHU3M  CBSI3U
M0JIb30BATENILCKUX ICUCTBHUM C U3MEHEHUSIMH COCTOSIHUS, 00€CIIEUMBAIOLINH 1€ TEPMUHUPOBAHHOCTh
U BOCIPOM3BOAMMOCTD MOBEIEHUS UHTEPPEHCHBIX AIEMEHTOB. B paMKax cpaBHUTEIBHOIO aHAIN3a
BBIBJISIFOTCSL OTNIMYMs React-mogxoga OT TpaJuUIIMOHHBIX HMIIEPATUBHBIX MOJENENW MOCTPOEHUs
0JIb30BaTENbCKOr0 MHTEpdeiica, YTO MO3BONISIET 0OOCHOBATh €r0 apXUTEKTYpHbIE MPEUMYIIECTBA
npu pa3paboTKe CIOKHBIX HHTepdeicHbIX cucTeM. Takum oOpa3om, React crnenyer paccMaTpuBarhb
HE TOJBKO KAaK WHCTPYMEHT MPUKIAJHOM pPa3pabOTKH, HO M KaK METOJOJOIMYECKYIO OCHOBY
MPOEKTHUPOBAHUSI HMHTEPAKTUBHBIX IMOJb30BATENBCKUX HMHTEP(EHCOB, OPHUEHTUPOBAHHYIO Ha
JIOTUYECKYIO CBSI3HOCTb, YIPABISAEMOCTb U JOITOCPOUYHYIO YCTOWYMBOCTh MPOTPAMMHBIX PEIICHUH.

Abstract. The article provides a comprehensive analysis of the use of the React library in the
creation of interactive user interface elements within modern web applications. The focus is placed
on the architectural logic of React as a foundational framework for building stable, scalable, and
predictable interface solutions. Interactivity is interpreted not as a set of isolated visual effects but as
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a systemic property of the interface, determined by the relationship between state management,
component structure, and the event-handling model. The paper consistently examines the principles
of declarative interface description, component-based architecture, and unidirectional data flow,
which define the specific features of designing interactive elements in React. Particular attention is
given to the role of state as the central mechanism governing interface behavior, as well as to the
distinction between local and global state in the context of complex user interaction scenarios. The
significance of the virtual representation of the interface is analyzed as a means of optimizing updates
and maintaining visual consistency under conditions of frequent data changes. The article
demonstrates that the use of a virtual DOM makes it possible to reduce direct manipulations of the
actual document structure, which is critically important for the performance and stability of
interactive interfaces. The event model implemented in React is examined as a formalized mechanism
linking user actions to state transitions, ensuring deterministic and reproducible behavior of interface
components. A comparative analysis highlights the differences between the React approach and
traditional imperative models of user interface development, allowing for a systematic justification
of its architectural advantages in the design of complex interface systems. The study concludes that
React should be regarded not merely as a practical development tool, but as a methodological
foundation for designing interactive user interfaces oriented toward logical consistency,
controllability, and long-term architectural sustainability of software solutions.

Knrouesvle cnosa: KOMIOHEHTHasi apXUTEKTypa, AEKIapaTuBHBIM uHTEepdeiic, React,
BUpTyanbHbli DOM, coObITHiiHas Mo/eNb, HHTEp(]eiicHas JoruKa.

Keywords: component architecture, declarative interface, React, virtual DOM, event model,
interface logic.

Pa3zButue BeO-npuiIoKeHUI B MOCIEIHEE BpeMsl XapaKTEpU3yeTCs CMELICHHEM aKIEHTa OT
CTaTUYECKUX MHTEep(ENCOB K AMHAMUYECKHUM IOJIb30BAaTEIbCKUM CpellaM, B KOTOPBIX KJIFOUEBYIO
POJIb UTPaeT MHTEPAKTUBHOCTD, aJJallTUBHOCTh U BBICOKAsl OT3bIBYUMBOCTH UHTEp(elica Ha NeHCTBUS
nosnb3oBarens. [lonb3oBarenbekuii nHTEpQeEiic mepectan paccMaTpuBaTbCs HCKIIOUUTEIBHO Kak
BU3yallbHas 00OJIOYKAa MPOrPpaMMHOIO TMPOAYKTa M  NPUOOPEN  CTaTyC MOJIHOLIEHHOIO
(YHKIIMOHAJIBHOTO CJ0s, HAMPSMYIO BIMSIONIETO HAa 3((PEKTUBHOCTh B3aUMOJIEHCTBUS YEJIOBEKA C
MH(OPMAIMOHHBIMU CUCTEMaMM, Ha KOTHUTHBHYIO HAarpy3Ky, a TakK€ Ha MPOU3BOJCTBEHHbBIEC U
KOMMEpYECKHe IMoKa3aTrend LU(POBBIX CEpBUCOB. B 3THX YCIOBUSAX 0COOYyH 3HAYUMOCTh
pUOOPETAIOT MPOrpaMMHBIE HHCTPYMEHTBI, TO3BOJISIOIINE (POPMUPOBATH CIOKHBIE HHTEp(ECHbIE
CTPYKTYpPBI C MpeAcKa3yeMbIM MOBEIEHUEM, MACIITAOUPyeMON apXUTEKTypOil U CTPOroi JIOTHMKON
yIpasiieHusi coctostHueM [1].

Onnum u3 Hanbosee pacnpoCTPaHEHHBIX MHCTPYMEHTOB TAaKOrO poja sBiIseTcs Oubimorexka
React, opueHTHpOoBaHHass Ha KOMIIOHEHTHBIA IIOAXOA K IIOCTPOCHHUIO IIOJIB30BATEIBCKUX
unTepdeiicos. KonnenryanbHas ocHoBa React cBsizana ¢ mpesicraBienueM nuTepdeiica kak GpyHkuun
OT COCTOSIHUS TPWJIOKEHHSI, YTO NPUHLUIMHAAIBHO OTINYAET JAHHBIM MOAXOA OT TPaJWIHOHHBIX
MMIIEPAaTUBHBIX MoJened MaHumyisinuu snemeHtaMu DOM. Mcnonb3oBaHue JeKIIapaTHBHOTO
ornucaHus uHTepgeiica mo3BoiseT (HopMaIn30BaTh JIOTUKY B3aUMOJICHCTBHSI KOMIIOHEHTOB, CHU3UTh
CBSI3HOCTh MEXIY OTJENbHBIMHU YacTSIMU IOJb30BATEIbCKOTO MHTEpdeiica u obecneunts Oolee
BBICOKHMI ypOBEHb YIPABISEMOCTH CIIOKHBIX HHTepdelcHBIX cleHapueB. B pesynbrare React
MIPUMEHSIETCSI HE TOJNBKO B KJIMEHTCKUX BEO-NPHIIOKEHUSX, HO U B CHCTEMax C MOBBILICHHBIMU
TpeOOBaHUSAMH K YCTOMUMBOCTH HMHTEp(EHCHON JOTMKH, BKJIIOYAs KOPIOPATHBHBIE IUIAT()OPMBL,
oOpa3oBarenbHble HU(PPOBBIE CPE/Ibl U BEICOKOHATPY>KEHHBIE CEPBUCHI.
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W HTepakTUBHBIE JIEMEHTHI I0JIb30BaTEIbCKOr0 HHTEp(delica B KoHTeKcTe React mpeacTaBistoT
co00li He N30JIMPOBaHHbIE BU3yaJIbHbIE KOMIIOHEHTBI, @ CTPYKTYPHbIE €AMHHULIbI, HHKAIICYJINPYIOIINE
Kak TpE/CTaBICHUE, TaK W IMOBEIEHYECKYI0 JOruKy. K Takum snemMeHTam OTHOCATCS (POPMBI C
BAIMJALMEH, JWHAMHYECKUE CIHCKH, I[IaHEIW HABUIAllMM, MOJAJbHBIE OKHA, JJIEMEHTBI
BU3yaJIM3allMM JaHHBIX U JIpyrue MHTepQelicHble KOHCTPYKIMHU, TPEOyIOIe TOYHOIO YIPaBICHUs
COCTOSHUEM U COObITHHHONW Mozenbto. OcobeHHOCTh React 3akiroyaercs B TOM, YTO
MHTEPAKTUBHOCTb JOCTUIaeTCs HE 3a CYET IPSIMOI0 BMELIATENILCTBA B CTPYKTYPY INOKYMEHTa, a
MOCPEICTBOM COIVIACOBAHHOTO OOHOBJICHHSI BUPTYAJIBHOTO TpEACTaBICHUS UHTepdeiica, YTo
obecrnieurBaeT NpeicKa3yeMoCTh H3MEHEHUH U YIPOLAeT aHAJIN3 [TOBEJCHHUS CUCTEMBI.

AKTyallbHOCTb UCCIIEZJOBAaHUS HCIIONIb30BaHUA React 11 co31aHus MHTEPAaKTUBHBIX 3JIEMEHTOB
MOJIb30BATENILCKOr0 HMHTEp(deiica o0ycrnoBleHa HEOOXOAWMOCTBIO TEOPETHYECKOTO OCMBICICHUS
APXUTEKTYPHBIX U JIOTUYECKUX MPUHIMIIOB, JICKAIIMX B OCHOBE JAHHOW TEXHOJIOTHH, & TAKKE MX
BJIMSIHHS HAa Ka4ECTBO IPOTrpaMMHBIX penieHuil. HecMoTps Ha mupokoe NpakTH4ecKoe NPUMEHEHNE
React, B Hay4yHbIX MyOIMKaLUAX HEpeAKO MpeolafaeT ONucaTeNIbHbIA UM NPUKIIaJHON MOIXO0M, B
TO BpeMs KaK BOMPOCH (OPMAIBbHOW OpraHW3allMd KOMIIOHEHTHOH CTPYKTYpHI, YIpPaBICHUS
COCTOSIHUEM, ONTHMHU3AIMN TEPEPUCOBKH HUHTepdeiica u obOecnedeHus COIIaCOBAaHHOCTH
[I0JIb30BATENILCKUX CLEHAapHeB TpeOyloT Oosee MIyOOKOro aHaJUTUYECKOTO PacCMOTPEHUS.
Oco6eHHO Ba)KHBIM IPEJCTABISACTCS aHAJIU3 TOTO, KAKUM 00pa3oM apXUTEKTypHbIe pemeHus React
COOTHOCSTCA C 33Jla4aMU TOCTPOCHHS] WHTEPAKTHUBHBIX HMHTEP(PEHCOB B YCIOBUSIX YCIONKHEHUS
OJIb30BaTEIILCKUX TPEOOBAHMIA U pOCTa PYHKIIMOHATHHON HACBHIIIICHHOCTH BEO-TPUIIOKCHUM.

[lenbro HACTOAILLETO MCCIIENOBAHUS SABISETCS KOMIUIEKCHOE PAaCCMOTPEHHME HCIOJIb30BaHUS
React kak MHCTpyMEHTa CO3/1aHUSI MHTEPAKTUBHBIX 3JIEMEHTOB I10JIb30BATEIbCKOTO MHTEp(delica ¢
MO3UIMK aApPXUTEKTYPHOW JIOTUKH, MOJCITH YIPABICHUS COCTOSHHEM W MEXaHM3MOB OOHOBJICHUS
IpeAcTaBleHUs. B pamMkax HCCIIeqOBaHUS IPEAIIONIAracTCs BBIIBUTH KIIIOYEBBIE ITPUHLMIIBI,
omnpenessone 3hp(HeKTUBHOCTh MpUMeHeHHust React 1i1s peanu3alMy MHTEPAKTUBHOCTH, a TAKXKe
[10Ka3aTh, KAKMM 00pa30oM JaHHbIE IPUHLIMIIBI BIUSAIOT HAa CTPYKTYPHYIO LIEJIOCTHOCTh MHTepdelica u
YCTOMUYMBOCTB €r0 MOBEJAeHUA. Peanu3anys nocTaBlIeHHOW LENH IPEAoNaraeT mocaea0BaTeabHbII
aHaJIM3 KOHLENTyaJIbHbIX OCHOBaHUM React, 0coOOEHHOCTEI KOMIIOHEHTHOTO MOAX0Aa U CHELU(PUKU
B3aUMOJICHCTBUS MEXKIY TOJIb30BATEILCKUMH COOBITUSMHU M COCTOSIHUEM HHTep(deiica.

Hayunas HoBH3Ha paOOThI 3aKIIIOUAETCS B CHCTEMAaTU3MPOBAaHHOM paccMOTpeHnn React He kak
COBOKYITHOCTH MpPAaKTHUECKUX NPUEMOB pa3pabOTKH, a KaK ILIEJIOCTHON apXUTEKTypHOH MOjeIn
MIOCTPOEHHUS] UHTEPAKTUBHBIX MOJIb30BATENbCKUX MHTEpPeiicoB. Takol moaxos Mo3BONISIET NEPEUTH
OT (hparMEeHTapHOTO ONHUCAHUS OTJENbHBIX MEXaHU3MOB K ()OPMHPOBAHUIO CBA3HOM TEOPETHUECKOM
KapTUHBI, OTpaXkarolllell BHYTPEHHIOKO JOTHKY paboThl React u e€ 3HaueHue uid MPOEKTHPOBAHUS
COBPEMEHHBIX BEO-IIPUIIOKEHUH.

Hcnons3zoBanne React Uit co3MaHus MHTEPAKTUBHBIX JJIEMEHTOB  IOJIB30BATEIBCKOTO
uHTepdeiica 6azupyercs Ha NPUHIUIHNAILHO HHOM MpEeACTaBIEHUN HHTepdeiica Kak MporpaMMHOR
abctpakuuu. B pamkax naHHON GMOIMOTEKM MOJIb30BaTEIbCKUM MHTEpdeEiic HHTepIpeTUpyeTcs He
KaK COBOKYNMHOCTb pa3po3HEHHbIX DOM-31€MEHTOB, a KaK MEpapXHsl KOMIIOHEHTOB, KaXAbIH U3
KOTOpPBIX OIMCBHIBAET COOCTBEHHOE COCTOSHME U MpaBujia BU3YyaJlIbHOTO OTOOpakeHus. Takoe
npeAcTaBieHne GOpMUPYET METOCTHYI0 MOJeTh WHTEephEHCHONW CHUCTEMBbI, B KOTOPOW JIOTHKA
B3aMMOJICHCTBUSL M BHU3yaJbHOE NPEACTABICHUE HE CYLIECTBYIOT M30JIMPOBAHHO, a 00pa3yroT
(YHKLIMOHAJIBHO CBSI3aHHYIO CTPYKTYPY.

KommnonenT B React BeicTymaeT kak MUHUMaJIbHas €AMHMIIA WHTEPPEHCHON apXUTEKTYpBHI,
oOafatoniasi CTporo ornpeieIEHHBIMU I'PaHUIIAMU OTBETCTBEHHOCTH. OH HHKAIICYIUPYET CTPYKTYPY
pa3sMeTKM, CTWJIM OTOOpaXEHUS M TOBEAECHYECKYIO JIOTHKY, CBS3aHHYIO C I10JIb30BaTeIbCKUMU
coObITHSAMH. JIaHHBIA MOAXOA TMO3BOJSET (HOPMHUPOBATH HMHTEPPENChl € BBICOKOH CTENEHBIO
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MOJYJIBHOCTH, YTO MPUHLUUIINAIBHO BaXXHO MPHU pa3pabOTKe CIOKHBIX MHTEPAKTUBHBIX cHcTeM. B
OTIMYME OT TPAJULIMOHHBIX ITOIX0I0B, OCHOBAHHBIX HA NPAMON MaHunyisinud DOM, koMnnoHeHTHas
Mozienb React MCKiIIO4aeT HEsSBHBIE 3aBUCMMOCTH MEXKIy dJIEMEHTaMU HHTep(eiica W CHUXKAeT
BEPOSITHOCTh HEKOHTPOJIMPYEMBIX TOOOUHBIX 3¢ dekToB [2].

ApxurektypHoe 3Ha4eHHE React Takxke IPOsABIAETCS B OTKa3€ OT UMIIEPATUBHOIO YIIPABJICHUS
I10JIb30BaTeNIbCKUM uHTEpdeiicom. MnTepdelicHoe cocrosnue B React 3anaércs aeknapaTuBHO, 4TO
O3HAYaeT, YTO pa3padOTUHK OMHUCHIBAET HE MOCIIEI0BATEILHOCTD ONEpaliii “3BMEHEeHUs1 HHTepdeiica,
a yCIIOBHSI, IPU KOTOPBIX HHTEPQEIC JOIKEH HAaXOAUTHCS B ONPEACTIEHHOM BU3YaJIbHOM COCTOSIHHH.
Takoe onucanue CylecTBEHHO yIpoIaeT (hopMalIn3aliio MHTEPAKTUBHBIX CLIEHAPUEB U MOBBIIIAET
BOCIIPOM3BOAMMOCTh IIOBEACHUs MHTep(delica MpH pPa3IUYHBIX I0Jb30BATEIBCKUX JCHCTBUSAX.
KitoueBbIM 3IIEMEHTOM HWHTEPAKTUBHBIX IOJIb30BATEIbCKUX HWHTEPQENCOB, CO31aBACMBIX C
ucnonbp3oBanueM React, sBusercst ynpasiaeHue cocTossHueM. COCTOSHHME B JJTaHHOM KOHTEKCTE
IpEJCTaBIseT COO0M COBOKYIHOCTb JaHHBIX, ONPEACIAIONINX TEKYIlee 0TOOpakeHUE U MOBEJCHHE
uHTepQeiicHbIX 31eMeHTOB. JI1000oe moib30BaTeNbCKOE JeWCTBUE, BKIKOUYas BBOJA JIAHHBIX,
HABUTAIMIO, AKTUBALMIO D3JIEMEHTOB YINPABICHUS WIM W3MEHEHHE MapaMeTpoB OTOOpa)kKeHus,
IPUBOAUT K TpaHCPOpPMALIUU COCTOSHUS, 4YTO, B CBOK OYEpEedb, HHUIMHUPYET OOHOBIIEHHE
uHTepdeiica.

React peanmsyer cTporyr MOJENb OJHOHAIPABICHHOIO IIOTOKA JAaHHBIX, NPU KOTOPOH
M3MEHEHUsl COCTOSIHUS PacIpOCTPAHSIOTCSA CBEPXY BHU3 110 HEPAPXUM KOMIIOHEHTOB. Takol 1moaxon
o0ecreynBaeT IMPeaCcCKa3yeMOCTh IMOBENeHHUs MHTepdeiica 1 MO3BOJISAET OTHO3HAYHO OIPENEIUTh
UCTOYHHMK KaXJO0ro H3MEHEHus. B yclIOBHMSX BBICOKOM HWHTEPAKTUBHOCTH JaHHAs MOZEIb
npuodperaer 0coOyl0 3HAYUMOCTb, IIOCKOJbKY HCKIIOYAeT LHUKINYECKHE 3aBHUCHUMOCTH U
HEKOHTPOJIUpPYEMbIe OOHOBJICHUSI HHTEP(HEHCHBIX 371eMEHTOB. VIHTEpaKTUBHBIC SJIEMEHTHI, TAKUE KaK
(b opMBI, BBIMAAIOIINE CIIUCKHU, TIEPEKITIOYATENIN COCTOSHUM U 2JIEMEHTHI BH3YyaJIN3alliu TaHHBIX, B
React peanusyrorcs kak ynpaBiisieMble KOMIIOHEHTbI. VX cocTosHuEe XpaHUTCS JHOO JIOKaJIbHO
BHYTPU KOMIIOHEHTA, JMOO BO BHEUIHEM XPaHWJIMILE COCTOSHMS, B 3aBUCUMOCTH OT MacluTaOoB
uHTepdeiicHoil noruku. Ilpm »TOM Kaxaoe U3MEHEHHE IMOJIb30BaTEIbCKOIO BBOJA HEMENJIEHHO
OTpakaeTcsi B COCTOSHUM KOMIIOHEHTa, a BH3YyaJbHOE IMPE/ICTAaBICHHE AaBTOMATHYECKU
CUHXPOHM3UPYETCSl C aKTyaJbHbIMM JaHHBIMU. Takasg Mojenb OOecCnedrBaeT JIOTMUYECKYIO
COIVIACOBAHHOCTh MHTep(delica M MHHUMHU3UPYET PACXOXKACHUS MEXKIy I0JIb30BaTeIbCKUMU
NeHCTBUSIMU U O0TOOpakaeMbIM pesyasraroM. Ocoboe 3HaueHHe B KOHTEKCTE WHTEPaKTUBHOCTU
MMEEeT pa3rpaHuyeHHe JOKAJIbHOTO U IN00AIbHOTO COCTOSIHUSA. JIOKalbHOE COCTOSIHUE UCTIONb3YEeTCS
JUIL  yTIpaBlIEHUs] TIOBEIEHHEM OTIENbHBIX KOMIIOHEHTOB, TOIAa Kak II00albHOE COCTOSIHHE
IpUMEHSIeTCS JUIsl CUHXPOHM3allUM JaHHBIX MEXIy pPa3JM4YHbIMM yacTAMu uHTepdeiica. React
JIOTYCKAaeT HWHTErpalyio CIEeNHMATU3MPOBAHHBIX MEXaHU3MOB YIPABIEHUS COCTOSHUEM, 4YTO
MO3BOJIIET MaclITabupoBaTh MHTEpQeEiiCHble pelieHus O0e3 HapylIeHHs apXUTEKTypHOH
nesnoctHocTd. OpHOM W3 (yHIaMeHTanbHbIX ocoOeHHOocTed React sBisieTcs ucmosb3oBaHME
BUPTYaJbHOTO MpPEJACTAaBICHUS HHTepdeiica, KOTOpOe CIYKUT MPOMEKYTOUYHBIM CIOEM MEXKAY
JIOTHKOM mpuiiokeHus u peainbHsiM DOM. BupryansHoe mpencTaBieHHe MpeAcTaBisieT coOoi
abcTpakTHOE JIEPEBO AIEMEHTOB, OTpaXkarolllee TeKylee coctosHue nnrepgdeiica. Ilpu n3menenun
coctosiHUsL React gopmupyer HOBOe BHPTyalbHOE JEPEBO U BBHIMOJHSIET €r0 COMOCTaBICHHUE C
npeablayIneid Bepcueil, ompenenss MUHUMAIbHBIA HAa0Op M3MEHEHHH, HEOOXOMUMBIX IS
OoOHOBJIEHHUS peallbHOTO uHTEepdeiica [3].

JlaHHBI MeXaHW3M HMeeT NPHUHIMINAILHOE 3HAYeHHe Js CO3/1aHUS HHTEPAKTHBHBIX
AJIEMEHTOB, TOCKOJBKY TO3BOJISIET d(pPekTHBHO 00pabaThiBaTh YaCThle M3MEHEHHUS COCTOSHUSI,
XapakTEPHbIE  JUIs  IOJIb30BaTENIbCKOTO  B3aWMOJEHCTBUA. B yclOBUSX  MHTEHCUBHOMU
MHTEPAKTUBHOCTH, KOIZA IOJb30BaTEIbCKUE JIEHCTBUS MOTYT IPUBOJUTH K MHOXECTBEHHBIM
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OOHOBIEHUAM HHTepdelica B KOPOTKMH NPOMEXYTOK BPEMEHH, ONTHMHU3ALUS OOHOBJIECHUI
CTAaHOBUTCS KpUTUUYECKU BaKHOU. React oGecrieurBaeT Takyo ONTUMH3ALMIO 32 CUET MUHUMU3ALIUU
orepauuii ¢ peasbHpiM DOM, KoTOpBIE SIBISIOTCS Hambosee pecypcoéMkumu. Vcmonb3oBaHue
BUPTYaJIbHOTO MPEACTABICHUS TaKKe CHOCOOCTBYET (POPMUPOBAHHIO YCTOHYMBBIX MHTEPHEHCHBIX
cueHapueB. Pa3paboTuumk MOXKET OIepUpoBaTh JIOTUYECKMMU COCTOSIHUAMU U a0CTPaKTHBIMU
KOMIIOHEHTaMHM, HE BHUKas B JI€TaJIM HU3KOYPOBHEBOIO YIPABJIECHUS 3JIEMEHTAMH CTPaHMIbI. JTO
CHIDKAET CJIOKHOCTh IPOSKTHPOBAHUS HHTEPAKTHUBHBIX HHTEP(HEHCOB U MIO3BOJISIET COCPEOTOUUTHCS
Ha JIOTHKE MOJIb30BATEIbCKOTO B3aUMOJICHCTBHA. IHTEepaKTHBHOCTH MOJIB30BATENILCKOTO HHTEpdeiica
B React peamusyercst uepe3 COOBITMIHYIO MOJE€Nb, KOTOpass O0€CIeYMBaeT CBsI3b MEXKIY
I10JIb30BATENILCKUMU JEHCTBUAMU U U3MEeHEeHUs MU cocTosiHuA. CoObiTust B React oOpabarbiBaroTces
Ha ypOBHE KOMIIOHCHTOB W TMPEICTABISIIOT CO0OW aOCTPaKIUI0 HAJ HATHUBHBIMU COOBITHSIMH
Opay3epa. Takoii momxoxm  oOecneumBaeT  YHU(QUIMPOBAHHBIA  MEXaHU3M  OOpPabOTKU
[I0JIb30BATENILCKOIO  BBOZA  HE3aBUCUMO  OT  IUIaTGOpPMEHHBIX  ocoOeHHocTe.  Kaxnblii
MHTEpPaKTUBHBII 37eMEeHT uHTep(eiica, Oynb TO KHOIIKA, 0J€ BBOJA WJIM CIOXHBIM COCTaBHOM
KOMIIOHEHT, pearupyer Ha COOBITHS TOCPEACTBOM (yHKIHII-00paboTynkoB. OTH (QyHKIMK
WHUIMAPYIOT WM3MEHEHHE COCTOSHUS, 4YTO TMPHUBOAUT K OOHOBJICHHIO COOTBETCTBYIOIINX
KOMIIOHEHTOB. BakHO oTMeTHTh, 4yTO 00paboTka coObITHIl B React cTporo mogumHeHa NpUHLUIY
J€TepMUHU3MA: [PU OAMHAKOBOM COCTOSHUM U OJIMHAKOBOM COOBITMH pe3yibTar OOHOBJIEHHUS
uHTepdeiica Oyaer WAEGHTHYEH. OTO CBOWCTBO HMMEET MPHHIMIHUAIBHOE 3HAuUCHHWE IS
IIPOEKTUPOBAHUSI HAJIE)KHBIX HHTEPAKTUBHBIX CUCTEM [4].

WHuTepakTuBHbIE 371€MEHTHl B React MOryT ObITh Kak aTOMAapHBIMH, TaK M COCTABHBIMH.
CocraBHble KOMIIOHEHThI OOBEIUHSIOT HECKOJIBKO JIEMEHTOB YIIPABICHUS U PEATU3YIOT CIOXKHBIE
CIICHapHH B3aMMOJICHCTBHS, BKIIIOYAs MTOIIATOBBIE ()OPMBI, TUHAMHYECKYIO (DMIIBTPALIUIO JAaHHBIX U
aJIanTHBHYIO HaBUTAIMioO. [IpyM 3TOM KaXKIblii ypOBEHb BIOKEHHOCTH KOMIIOHEHTOB COXPaHSET
COOCTBEHHYIO JIOTMKY OOpaOOTKM COOBITMH, YTO MO3BOJSET BBICTPAUBaThb MHOI'OYPOBHEBbIE
uHTepQeiicHble CTPYKTypbl Oe3 moTrepu ympasiseMocTd. [l Oornee HamIsIHOrO IOHUMAaHUS
ocobeHHOcTel nuconb30BaHms React 11emecoo0pa3Ho COMOCTaBUTh €r0 apXUTEKTypHBIE MPHHIIUIIBI
C TPAJAWIMOHHBIMU IOJXOAaMH K CO3/IaHUIO0 MHTEPAKTUBHBIX IOJIH30BATEIHCKUX HHTEP(EICcOB.
Takoe comocTaBneHHe TMO3BOJSET BBIIBUTh CUCTEMHBIE MPEUMYIIECTBA KOMIIOHEHTHOH U
JieKJIapaTUBHON Mozienu React B KOHTEKCTe ynpaBieHUs: HHTEPaKTUBHOCTHIO (Tabmuia).

Tabmuna
CPABHUTEJIBHASI XAPAKTEPUCTUKA ITIOIXOA0OB
K CO3JIAHUIO UHTEPAKTUBHBIX TTIOJIb30BATEJIbCKUX MHTEP®ENCOB
Kpumepuu ananusa Tpaouyuonnwvle nooxodwt k Ul React-nooxoo
Mogpens ynpaBieHus HmnepatuBHasi, OCHOBaHHasI Ha JexnapatuBHas, OCHOBaHHas Ha
uHTepdericom npsiIMbIX M3MeHeHusix DOM COCTOSIHUH
OpraHu3aiysi THTEpaKTHBHBIX ~ Pa3po3HeHHbIe 00paboTUNKH KomnoneHnTHas MHKancynsauus
3JI€MEHTOB COOBITHIA JIOTUKHU
VYnpapneHne coCTOTHUEM HesBHoe, pacnipenenénnoe dopmaln30BaHHOE,
OJIHOHAINPABIECHHOE
MacmrabupyeMocThb OrpanudeHHas Ipu pocTe Bricokas 3a cuéT MOyIBHOCTH
uHTepdeiica CJIO’)KHOCTH
IIpencka3dyeMocTb MoBeEHUST ~ 3aBUCHUT OT MOpPsIIKA ONEpaIuii OmnpenensieTcss COCTOSIHUEM U

BXOJHBIMH JaHHBIMUA

[IpencraBnenHbie pa3audus IEMOHCTPUPYIOT, YTO HUCIIONB30BaHWE React mo3BossieT mepenTu
OoT (parMeHTapHOTO YyMOPABICHHUS HMHTEPAKTUBHOCTHIO K CHCTEMHOMY TPOEKTUPOBAHUIO
MOJIb30BaTeNbCKUX HHTEpdeiicoB. KoMIOHEHTHas CTpyKTypa M JCKJIapaTHBHOE OIMHMCAHUE
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uHTepdeiica GOpMHUPYIOT OCHOBY JUIsl YCTOWYMBBIX M MAcCIITaOUPYEMBIX DPEIICHHH, OCOOEHHO B
YCIIOBUAX YCJIOXKHEHUS N0JIb30BaTEeNbCKUX clieHapueB. Vcnonb3oBanue React B coBpeMeHHBIX BeO-
MPUIIOKEHUSIX OTpaXkaeT OoJiee MHUPOKUI CABHUT B MapagurMe MpOeKTHPOBAHHUS TOJIb30BATEIbCKIX
uHTepdeiicoB. IHTepaKTUBHOCTD nepecTaéT ObITh HAOOPOM OTAENIBHBIX 3(P(PEKTOB U MpeBparaeTcs
B CHUCTEMHOE CBOICTBO HHTepdeiica, BCTPOCHHOE B €ro apxXuTekTypy. React npemocrasiser
MHCTPYMEHTapuil 171 popMaau3aliy 3TOH HHTEPAKTUBHOCTH, 00eCIeunBasi CTPOTrYIO CBA3b MEXKAY
COCTOSIHUEM, COOBITHSIMH U BU3YaJIbHBIM IIPEJCTAaBICHUEM [5].

B ycnoBusix pocra (yHKIMOHAIBHON HACBIIIEHHOCTH LHU(POBBIX CEPBHUCOB M YBEIUYCHHUS
TpeOOBaHUI K IMOJb30BAaTENbCKOMY OIBITY React BbICTymaeT Kak CpeAcTBO 00OecneueHHs
APXUTEKTYPHOM  YCTOMYMBOCTH HMHTEpPEHCHBIX pemeHuid. Ero mnpuMeHeHue MOo3BOJISIET
pa3pabareiBaTh MHTEP(ENHCH, B KOTOPHIX MHTEPAKTUBHBIC HJIEMEHTHl HE HApYIIAIOT IEJIOCTHOCTH
CHCTEMBI, a, HalIPOTUB, YCHJIUBAIOT €€ JJOTMYECKYIO CBSI3aHHOCTh. TakuM 00pa3oM, MCIIOIb30BAHUE
React nns co3gaHuss MHTEPAKTHBHBIX 3JEMEHTOB I10Jb30BATENBLCKOrO HHTepdeiica ciexyer
paccMaTpuBaTh HE TOJBKO KaK TE€XHOJOTMYECKUH BBIOOP, HO M KAaK METOJOJOTHYECKOE pelIeHUe,
OTIpE/IETAIONIEe KaYECTBO U HAAEKHOCTh COBPEMEHHBIX BEO-IIPUIIOKEHH.

[TpoBenéHHBINl aHATM3 TO3BOJIIET CHENaTh BBIBOA O TOM, YTO HCIHOJb30BaHWE React mis
CO3[JaHMsI MHTEPAKTUBHBIX 3JIEMEHTOB I0JIb30BATEIbCKOr0 MHTEpdeiica mpeacraBiseT coOoil He
YaCTHOE TEXHOJOIMUYECKOE PELICHHE, a LEJIOCTHBIH apXUTEKTYPHBIH MOAXOJ K HMPOSKTHPOBAHUIO
COBPEMEHHBIX BeO-TIpHiIokeHui. React ¢popMupyeT KOHIENTyaabHYI0 MOJENb, B paMKax KOTOPOU
MHTEPAKTUBHOCTh MHTEpQeiica M3HAYAIBHO 3aJI0KEHA B CTPYKTYPY NMPHIJIOKEHHUS U OMPEACIsIeTCs
B3aMMOCBSI3bI0 COCTOSTHHSI, KOMIIOHEHTOB U COObITMIHOM soruku. Takoit momaxon oOecneunBaer
CHCTEMHOCTh IIOCTPOCHMs IOJb30BAaTEIbCKUX MHTEp(ENHCOB U MO3BOISET OTKa3aTbcs OT
(bparMeHTapHOTO yIpaBIeHUs BU3yalbHBIMU dNieMeHTaMu. KirroueBoe 3Hauenne React 3aximrogaercs
B (hopMaNM3aIMK poIiecca yIpaBIeHHsI COCTOSHUEM KaK OCHOBHOTO MEXaHH3Ma HHTEPAKTUBHOCTH.
Yérkoe pasrpaHUYeHHE HUCTOYHHMKOB JIaHHBIX, OJHOHAIPABICHHBIH IOTOK M3MEHEHUH u
JIeTepPMUHUPOBaHHAs peakuus uHTepdelica Ha NMOIb30BaTEIbCKUE JEHCTBUS CO3JAK0T YCIOBUS IS
MPEICKa3yeMOro U BOCIIPOU3BOANMOTO TIOBEACHUSI HHTEP(PEHUCHBIX IEMEHTOB. DTO 00CTOSTEIECTBO
npuodperaeT o0coOyl0 3HAYUMOCTh TIPU pa3pabOTKe CIOKHBIX HMHTEP(ENWCcoB, B KOTOPHIX
MHOECTBEHHbBIE 0JIb30BaTENLCKUE CLIEHAPUU TPEOYIOT CTPOTrOM JIOTHYECKOH COINTacoBaHHOCTU U
YCTOWYMBOCTH K M3MEHEHUIO KOHTEKCTa B3aUMOIEHCTBHS.

Vcnonp30BaHNe BHPTYaJbHOTO TpENCTaBlIeHUs WHTepdeiica U MeXaHH3MOB ONTHMH3AINN
OOHOBJIEHUH MO3BOJISIET paccMaTpuBaTh React kak MHCTpyMEHT, oOecreunBaronii 6anaHnc Mexay
(YHKLIMOHAJIBHON HACBHIIIEHHOCThIO MHTEpdeiica U ero npou3BOAUTENILHOCTBIO. VIHTepaKkTHBHbIE
ANIEMEHTHI, XapaKTePU3YIOLIHeCs] YaCThIMU M3MEHEHHMSMHU COCTOSHUS, pean3yrorcs 0e3 mpsMoro
BMEIIATENBCTBA B CTPYKTYPY JOKYMEHTA, YTO CHU)KAET BBIYMCIUTEIbHBIC U3ICPKKH U MOBBIIIACT
CTaOWIBHOCTH paboThl uHTEpdeiica. B pesynbrare gocTUraeTcs BHICOKHN YPOBEHBb aJalTUBHOCTHU
MI0JIb30BATENILCKOrO MHTepdeiica 0e3 yTpaTbl YHpPaBISIEMOCTH apXUTEKTYphl TMPHIOKEHHUS.
KomnonenTHass opranuszanus uHrepdeiica B React cnocobcTByeT (GOpMHPOBAHUIO YCTOHUMBBIX U
MaciTabupyeMbIX pelIeHU, B KOTOPBIX MHTEPAKTUBHBIE 3JIEMEHTHI HE M30JUPOBAHbI, & BCTPOEHBI B
MEPapXUYECKyI0 CTPYKTYPY NPHIOKEHUs. VHKATCYIsIHs JTOTUKA M BU3yaJbHOTO MPEICTaBICHHUS
BHYTPH KOMIIOHEHTOB TIO3BOJISIET COXPAaHATh IEIOCTHOCTh MHTep(delica mpu ero pacumpeHud U
MOJM(UKALNN, YTO OCOOCHHO BaXKHO B YCIIOBHSX JIOJTOCPOYHOM SKCIUTyaTalldd MPOrpaMMHBIX
MIPOIYKTOB U ABOJIOIMH MOJIb30BaTEIbCKUX TPeOOBaHUN. B COBOKYMTHOCTH M310)KEHHBIE MTOJIOKEHHUS
MO3BOJIAIOT YTBEPK1aTh, uTo React mpeacrasinsier coboit 3 (hpekTUBHYI0 apXUTEKTYPHYIO OCHOBY AJIs
CO3JIaHHSI MHTEPAKTUBHBIX IT0JIb30BATEIbCKUX HHTEP(PEHCOB, OPHUEHTHPOBAHHYIO HA JIOTHUECKYIO
CBSI3HOCTB, IMPEJCKa3yeMOCTh MOBEACHHUS M CTPYKTYPHYIO YCTOHYMBOCTH. [IpMMeHeHue aaHHOTO
noaxofa oOecrneuyuBaeT IMepexol] OT HAMIMPHUECKOro KOHCTPYMPOBAaHHUS HMHTEp(eircoB K
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(dhopManM30BaHHOMY IPOEKTUPOBAHUIO UHTEPAKTUBHBIX CHCTEM, YTO COOTBETCTBYET COBPEMEHHBIM
TpeOOBaHUSAM K Ka4e€CTBY M HaJE&KHOCTU IIU(PPOBBIX IPOIYKTOB.
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CEBEPHbBIN NIUPOTHBIN XO/I - CTPOUTEJILCTBO MET'AITIPOEKTA
CTAJIKUBAETCA C ®PUHAHCOBBIMU INTPOBJIEMAMM
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Vpanvckuii 2ocyoapcmeennusiii ynusepcumem nymet cooouyeHus,
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THE NORTHERN LATITUDINAL PASSAGE CONSTRUCTION
OF THE MEGAPROJECT IS FACING FINANCIAL PROBLEMS

©VWydashenko L., ORCID:0000-0002-1372-5516, SPIN-code: 8436-5179,
Ural State University of Railway Transport, Yekaterinburg, Russia, Vydashenko@mail.ru

Annomayus. MacmtaOHbIii UHPPaCTPYKTYpHBI PoeKT «CeBepHBIN MIUPOTHBIA XOM» HaéT
BO3MOKHOCTb BBIBO3UTh I'PY3bl C MECTOPOKICHHUM Ha SIMane. [IpoekT OpueHTUPOBaH HA OCBOCHHE,
3aceJIeHUE U pa3BUTHE HOBBIX TEPPUTOPUH, 001 JAI0IIMX 3HAUNTEIbHBIMU IPUPOIHBIMU PECYPCAMHU.
Hogas noporas caenaer peHTabenbHOM pa3paboTKy HECKOIBKUX KPYITHBIX MECTOPOXKICHUHN PeTHOHA,
KOTOpBIE€ Celuac CUUTAIOTCA TPYAHOAOCTYNHbIMU. CeBEpHBIA MUPOTHBIN XOJ — MPOEKT, KOTOPBIH
JNECATUIICTUAMM Ha3bIBAJIM «OCHOBOM APKTUYECKOM JIOTUCTUKM», CHOBA CTOJKHYJICS C CYypOBOM
pearlbHOCThI0 — Je(UIMTOM (PUHAHCHPOBAHUS W MPHUOCTAHOBKE KOHIIECCHOHHOTO COIVIAIICHHS HA
Tpu roxaa. Llenp pgaHHOW cTaThU NPOAHAIM3UPOBATH ATOT MPOEKT C MCTOPUU €r0 MOSIBICHHS U
paccMOTpeTh Kakue (PUHAHCOBbIE MPOOJIEMBI B €T0 pean3aliy Ha TEKyIee BpeMs BOZHUKIIU.

Abstract. The large-scale infrastructure project "Northern Latitudinal Passage" enables the
transportation of cargo from Yamal fields. The project is aimed at the development, settlement, and
expansion of new territories endowed with significant natural resources. The new road will make the
development of several large deposits in the region, currently considered difficult to access,
profitable. The Northern Latitudinal Passage, a project for decades called "the backbone of Arctic
logistics," has once again encountered a harsh reality: a funding shortage and a three-year suspension
of the concession agreement. This article analyzes this project from its inception and examines the
financial challenges it has faced to date.

Knrouesvie cnosa: ceBepHbI MMPOTHBIM XON, ApKTHKa, Ipy3oBas 0a3a, KOHIIECCHOHHOE
COIVIAIICHHUS.

Keywords: Northern Latitudinal Passage, Arctic, cargo base, concession agreement.

I'eopkoHOMHYECKOE M TEONOJUTHYECKOE TMoJIokeHHe Poccum B ApKTHuUecKOll 30HE
MIOATBEPKIAETCA KOJIOCCAJIbHBIM 60raTcTBOM IIPUPOIHBIX pecypcos, HaJIM4yueM
TPAaHCKOHTUHEHTAJIbHBIX TPAHCIOPTHBIX MapuIpyToB, CEeBEPHOr0 MOPCKOTO IYyTH, IKOJIOTUYECKOM
Oe3omacHoCcThiO. B mocneaHue roapl BO3HHMKIA HEOOXOAMMOCTh SKOHOMHUYECKOTO pPa3BUTHUS
CEBEPHBIX TEPPUTOPUN B KAYECTBEHHOM aCIIEKTE C LEJIbIO 3aIUThl HALIMOHAIBHON YKOHOMUKH OT
MOCTOSIHHBIX CKaYKOB MUPOBBIX II€H Ha P SKCHOPTHHIX TOBapoB. B 3Toif cBsA3u ocoboe 3HaueHHE
MPUOOPETAET CTPOUTENILCTBO TPAHCIOPTHBIX KOPUIOPOB, KOTOpbIE MPHU3BAaHbI 00ECHEYUTh
TPAHCIOPTHYIO JOCTYITHOCTb B CaMble OTAAJEHHbIE PErHOHbl CTPaHbl, YBEIUYUTh OOBEMBI
Ipy30IE€pPEBO30K, OCBOUTH Oorareliiye NpUPOAHBIE MecTOpokaeHus Hu Jp. CTpouTeabcTBa
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CeBepHOro MIMPOTHOTO X0/a, CIOCOOHOTO PEIIUTh CTPATErHuecKHue 3a/ayd CTpaHbl. BcnoMHuM ¢
yero Bcé HaumHanock. [Ipoexkt CeBepHbI MIMPOTHBIN X0 3aayMbiBasics enlé B 1928 romy, HyXHO
ObUIO — CBA3ATh JKEJIE3HOJOPOKHBIMU MYTSAMH 3alOJISIPHBIE PETMOHBI CTpaHbl C¢ LleHTpanbHOMI
Poccueii u Ceepo-3ananom. [Tytu nomxHbl ObuH TSHYTHCS 0T OeperoB bapeniieBa Mopsi BOCTOUHEE
Apxanrenbcka 10 nobepexbss Oxorckoro mopsi u 1o Uykorku. Ilpeamonaranock, 4TO 3a CU€T
Pa3BUTHA TPAHCIOPTHOU HHPPACTPYKTYPHI MOKHO PEIIUTh KOMILIEKC 3a7a4 — 00eCIeuuTh yA00HYI0
CBSI3b C CEBEPHBIMH IOPTAaMH, YKPENUTh OOOPOHY apKTHUECKUX PYyOek,el M HadaTh aKTHBHOE
OCBOGHHUE 3alOJISIPHBIX TEPPUTOPUN C WX OoraTeIMH HeIpaMH M CYpOBBIM KiaumaroM. K
MPAKTUYECKON peain3alii CMOIJIM IPUCTYIUTh TOJIBKO B IMOCIEBOCHHOE BpeMsi ¢ 1947 rmo 1953 r
(https://gudok.ru/newspaper/?1D=1534124).

B 1949 rogy noporocrosimmii mpoekT Obul cBEPHYT. V3HA4aabHO CTPOWKY MOIBITATHCH
3aKOHCEPBUPOBATH, OJIHAKO J1a)K€ KOHCEpBallUs [I0Ka3ajgach CIUIIKOM TPYJOEMKHUM mporeccoM. B
UTOTe MPOEKT OBLI 3aKPHIT U B JAaJbHEHIIEM YIIOMUHAJICA UCKIIOYUTEIHLHO B MEMyapaX COBETCKHUX
JIYMcCUICHTOB Mo uMmeHeM «MéptBas nopora»y. B mapre 2017 r OAO «PX» u «I'azmpomy»
3aKJIFOUMIIM COTJIAIIEHHE, B COOTBETCTBUM C KOTOPHIM B pamkax crpoutensctBa CLIX «I azmpom»
IIOCTPOUT U BBEIET B 3KCILTyaTalMIo Xkeye3Hyto npopory Hageim — Ilanroast nporsskéHHocThio 112
kM. OAO «PX]/I» B pamMkax CBO€l MHBECTULIMOHHON MPOrpaMMbl BBINOJHUT PEKOHCTPYKLHUIO
npumbIkaomux yyactkoB Konoma — Kornac — Yym — JlaObitHanru CeBepHOM Kele3HON JAOPOrH,
BKJItoUas ctaHiuio OOckas, a Takke Kele3HOAopokHOM nuHuM Ilanronsr — HoBelil Ypenroi —
KoporgaeBo CepyuioBckoi xkene3Hoi jgoporu. [Ipoekt Obul pa3paboTraH TakuM 00pa3zoMm, 4TO
ocHoBHbIe yuacTHUKU [Ipoexkta (OAO «PX[», ITAO «lazmpom», AHAOQO) dunancupyrot
CTPOUTENLCTBO U PEKOHCTPYKIIHUIO OOBEKTOB COOCTBEHHOH YK€ UMEIOIICHCS >KEIe3HOI0POKHON
UHPPACTPYKTYPHI, & CTPOUTEIHCTBO HOBBIX OOBEKTOB OCYIIECTBIISICTCS C MPHUBICYCHUEM CPEICTB
YaCTHBIX MHBECTOPOB IO KOHIECCHOHHOM cxeme. YuactHuku npoekta CLIX mpencraBiensl Ha
Pucynke 1.

Lebepras xepenas | | CIK-KOHIECCHOHEP (3% K1) | | ) | Lbepdpobckas
dopoza C_'J TA3NPOM XE/183Haq Gop0za
1 1
Konowa Oiockasg  Canexapd Hadems Xa;!rez} flarzods Kopomyaebo
| 1 1
Onopsl MOCMO X0 yocms
* u 0 Yacms Mocma L
® iy e ®. 1 ®
L < A ~ A " A, A A > w4
1667 ket 24 ke (523 nodxodol) 353 kM 2 kM 104 K 188 kM

390 kM (c nodxodary)

Pucynok 1 Yuactauku npoekra CIIX

CommacHO TPOEKTy KOHLECCMOHHOTO comiameHnuss Poccuiickas ®enepauua (B aune
Pocxxennop) BbICTynaeT KOHIEIEHTOM, a KOHIIECCHOHEPOM OIlpe/esieHa CIielUalbHas MPOEeKTHas
komnanus (nanee CIIK-Konneccumonep) — mouepree obmectBo OAO »PXK/». dunancupoBanue
MpoeKkTa Oy/IeT OCYyIIEeCTBIAThLCS 3a cueT KoHIeccuonHoro coramenus, CITK-Konueccuonep 3a cuer
COOCTBEHHBIX U MPUBJICYCHHBIX CPEJICTB MOCTPOUT KEJIE3HOJOPOKHYIO YaCTh MOCTOBOTO IEpexoa
yepe3 peky O0b ¢ 5keIe3HO0POKHBIMU MOIX0/IaMH; YUaCcTOK skene3Hoi foporu Canexapn — Hagpim
(Xopeit); >xene3HONOPOXKHYIO 4YacTh MoOCTOBOro rmnepexoaa uepe3 peky Haapim. OAO «PXII»
npoUHAHCHUPYET pa3BUTHE XKelle3HOMOPOKHBIX MmoaxoaoB K CIIX co croponbr CBepasioBCKON U
CesepHoii xxene3nbix gopor. [TAO «"aznpom» Oyaet puHaHCHPOBATH Pa3BUTHE XK.JI. yyacTka Xopei—
[Tanroasl.

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 134




broniemens nayku u npakmuku / Bulletin of Science and Practice T. 12. Ne3 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/124

[ & ebepuyl wupemusl Xod ] é KoHyederm
TA3NPOM

JW (Pocxendop/
Yaacmok Hadeirr-Tarzods

[pedocmab nere [y
wgpacmpykmipy [lnama 3a apexdl

KanumansHeiti 2panm
Kormnexcayus M7
KoHue couanHas naama

|

| |

| |

| | em ez p B = rodvodors | —200CTNES CTIK-KOHLECCHOHEP Boinnama chepx Goxoda
| |

| |

|

O0bexmsl koHYBCCUL

Xd. mwua Canexapd-Haderm Yeayzu nepeboiku
Xd. qacme mocma vepes p. Hader Trama 3a ycmyeu nepebosku

i i il T l [lnama 3a Ycalzu

Yyacmwy Cebeprod v Cbepdnobokod Ynpabnerusa Gbuxeruers
Xeneausix fopoz \
H
|— J ﬂdpm]agy(, p la

[ pyzoomnpatumeny J

Tepuod cmpoumenscmba llepuad xcnayamay
- -

Pucynok 2. Yyactuuku npoexra CIIK-Konueccuonep

MacmTaOHbiii HHOPACTPYKTYPHBIH MPOEKT MPENOCTABUT BO3MOXXHOCTH BBIBO3HUTH TPY3BI C
MECTOPOXKICHUH Ha SIMarie, TuIaHupyeMBbIid TPY30II0TOK OLICHUBACTCS TOYTH B 24 MJIH T/B TOJI TPY30B.
B ocHOBHOM 3T0 — ra3oBblii KOHAeHcAaT. Poccusi moiyuuT cBA3b MEXIy TOpoJaMH CeBepa,
COEIMHEHHUE CYLIECTBYIOIIMUX JKEJIE3HbIX A0POI, a Takxke pa3Butue CeBmopnytu. OOpaTHO MOHAYT
CTPOWTENBbHbIE MaTepHaibl, TEXHUKA, CPEIACTBA CHAOKEHHUS M 0OeCIeueHUs], POIYKTHl U MHOTOE
npyroe. Takxke HOBas Joporas CAENaeT pPEeHTa0eNbHOM pa3pabOTKy HECKOJIBKHX KpYIMHBIX
MECTOPOXKACHUI PETMOHA, KOTOPBIE Ceiuac CUNTAIOTCS TPYAHOAOCTYIHbIMU. B nepcniektuse 10 2030
I IpelyCMaTpPUBAJIOCh MPOAOIDKUTH MarucTpaib oT KoporyaeBo Ha BocTok 10 Urapku yepes FOxHo-
Pycckoe nedrerazoBoe mectopoxaenne (HI'M) m EpmakoBo. IIpoTsikeHHOCTh MarmcTpaiu:
Kopotuaeso — FOxHo-Pycckoe HI'M — 122 kwm; FOxxno0-Pycckoe HI'M — Urapka — 482 kM. B kauectse
eme Oosyee JalbHEll MEpCHEeKTHBBI MIAHUPOBAJIOCh CTPOUTENILCTBA XKele3Ho aoporu Mrapka —
Hynunka (Pucynok 3).

Hopuneck

,L'-.l;y;n'WHKa

gy
5 7 Hoswin

=1 YpeHron E KDpTHﬂBBD
— B

Hanin

Pucynoxk 3. Bo3amoxknoe npogomkenne CeBepHOro mupoTHOro xoaa B KpacHospckuii kpait
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B Apkrudeckom 30He P® kanurtanbHBIC 3aTpaThl Ha TPAHCIIOPTHYIO MH(PACTPYKTYPY OUYCHB
BBICOKH. 3a4acTyi0, OTJEJIbHbIEC CHIPbEBbIC KOMIIAHUM Pa3padaThIBAlOT MHIWBUIYaJIbHbIE, OOBIYHO
HECOIIaCOBaHHbIE MEXJIy C000#, TpPaHCHOPTHBIE CTPATETUH PA3BUTUS MECTOPOXKACHUH, YTO
MIPUBOJIUT K HEOTIPABJAHHOMY IIOBTOPY TPAHCTIOPTHBIX OOBEKTOB, POCTY COBOKYITHBIX 3aTpaT. Bmecte
C TeM, HEOOXOIMMOe JIJIsi CHUYKEHUS PUCKOB JTyOnupoBaHue HHAPACTPYKTYphl 0OIIETro MOJIb30BaHUS
(hakTU4YeCcKy He IPOU3BOAUTCS, BPEMEHHBIE IPUYAIbI pa3pyLIAIOTCs, 3SMMHUKH HCYE3al0T OECCleTHO,
TOrJa KaK IPEUMYIIECTBA KPYIVIOTOAWYHOTO COOOIIEHMsI, JEHCTBYIOILEr0O HE Iroj U HE JBa, a
HECKOJIBKO JECATWICTUN, OJHO3HAYHBI M UX HEIb3s IEPEOLEHUTh. B TeKylied 3>KOHOMHYECKON
cutyanuu B Poccum mpoeKT cTaHOBUTCA MpoOieMHbIM. [Ipu  nmelicTByromel TeKylel KIIFoueBOn
cTaBke M neduumre Oromkera (UHAHCUPOBAHHE TAaKUX OOBEKTOB 3a CUET KPEAUTHBIX CPEICTB
CTaHOBUTCS HEMOABbEMHBIM OpeMeHeM JUIsl JIto0oro KoHueccuoHepa. ImaBHas nmpobnema CHIX —
KaracTpopudeckuid poct croumoctu. Ecnu B 2017 rogy omieHKH BapbuUpOBAIHCH B mpenenax 230—
260 mupa py6aeit, To ceromns B 2026 rogy aktyanbHas cmeTa rpesbiinaet 800 mapa. Camblil 4OpOroi
00bekT — MocT yepe3 O0b. Ero ctoumocts onenuBaercs B 150—-180 mupn pyOneid. B ycrnoBusix
nedunuTa GUHAHCHPOBAHMSI, TIPUHSITO PEIICHHE O €ro 3aMapo3Ku Ha 3 roma. 3amMopo3ka — 3TO
BO3MO)XHOCTh TOCYHTATh TEKYIIHE PACXOABI U pa3padoTaTh HOBYIO (PMHAHCOBYIO MoJiesb. Ha nmepuon
Tay3bl TOCYIapCTBO MOXKET B3STh Ha ceOs 00CTy)KMBaHUE HAKOIJICHHOTO J0JIra, 8 KOHIECCUOHEpP —
JUIIb OTIEPAIlMOHHBIE PACXOAbI MPOEKTHOM KoMITaHuU. J{axe eciu JeHbru OyayT HalIeHbl, OCTaéTCs
[JIaBHBIA BOMpoc: uTo BO3UTh? llepBOHauanbHBIE NPOTHO3bI ONHUPAIUCh Ha 00sS3aTeNbCTBA
«lasmpoma» u «HoBardka», HO TeKylas TEONMOJUTHYECKAass M PHIHOYHAS CHUTyalus BHeECIa
KoppekTuBbl. Komnanuu pa3BuBaroT coOCTBeHHbIE Joructuueckue Mapupythl (CII-Tankepsr), u
3aBUCUMOCTb OT JKEJI€3HOW JOPOTM CHMXKAETCS. ODKCIOPT SHEPreTUYECKOIro YIIs MPU TEKYIIMX
Tapudax TakKe CTAaHOBUTCS HEPEHTAOCIbHBIM, @ BO3MOKHOCTH BBIBO32 YBEIIMYCHHOTO I'Py30IIOTOKA
MopeM uepe3 Caberty TpeOyrOT pa3BHTHS JICTOKOJBHOTO (JIOTa, CPOKH TIO KOTOPOMY TaKXKe
casuratorcs. CIIX ceituac — 3T0 «pe3epBHBII IPOEKT U KOra Ha BOCTOYHBINM MOJIMTOH HE XBAaTAET
3 TpWUIMOHOB, BKJIaAbiBaTh 800 MWIIMApI0OB B APKTHKY C HEOYEBHUIHON OKyHNAaeMOCTBIO — 3TO
¢uHaHcoBoe ommoOkKa. [lay3a gact Bpemsi OHATh, HYKEH JIM HaM 3TOT KOPUAOP B TEKYILIEM BUE WU
€ro CTOUT COKpaTUTh, HANpUMEp, UCKIIOUMB MOcCT uepe3 OOb M3 KOHLECCHMU U NepeaaB €ro B
unBectiporpaMmmy OAo «PX/I». [ocynapcTBo naét moHsTh: ApKTHKA BakHa, HO HE Oe3rpaHUyHa B
rtane Tpat. st PXK]L v pernoHanbHBIX BIACTEH 3TO IIAHC POBECTH PealIbHBIN ayTUT Ipy30BOi Oa3bl
U npoekTHbIX pereHuit. Ecnu uepes tpu roga CIIX ne oOpeT€T mpo3padHyr0 3KOHOMHUYECKYIO
JIOTHUKY, OH PUCKYET HaBCET/Ia OCTAThCs B UCTOPUH KaK caMblii aMOUIIMO3HBIN «HemocTpoi» XXI Beka.
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Annomayus. llpeacraBneHa KOMIUIEKCHAsh TEXHOJOTHS IepepadOTKH MPUPOJHOro OapuTa
(BaSO4) Capsi-Taanunckoro mectopoxkaenus (Keipreizcran) B okcun 6apust (BaO) cnekrpanbHOU
qUCTOTHI (=99.99%). UccnenoBanue 00yciIoBI€HO KPUTHUECKONH 3aBUCMMOCTBIO KPUTHYECKOTO TOKA
(Jc) u remniepatypsl iepexopa (Tc) BeicokoTemmnieparypHbix ceepximpoBogHukoB (BTCII) ot Hanuuus
MapaMarHUTHBIX W JUDJIEKTPUYECKUX mpuMmeced. Pa3zpaGorana MHoOrocrymeHuaTtass cxema,
BKJIFOUaromias (IoTaluio, KHUCIOTHOE BBIIIENAYMBAaHUE M BaKyyMHO-TEPMHUYECKOE pa3iOKeHHeE.
[Tonyuyennsiii BaO ycnemno npumeneH B cuHre3e kepaMuku Sb3Ba:Ca:Cus3Oj.x, TOKa3aBLIeH
PEKOPIHYIO0 KpUTHUECKYI0 Temmeparypy 25.1°C.

Abstract. This paper presents a comprehensive technology for processing natural barite
(BaSO4) from the Sary-Taala deposit (Kyrgyzstan) into spectral-grade barium oxide (BaO)
(>99.99%). The study is driven by the critical dependence of the critical current (Jc) and transition
temperature (Tc) of high-temperature superconductors (HTS) on the presence of paramagnetic and
dielectric impurities. A multi-stage scheme including flotation, acid leaching, and vacuum-thermal
decomposition has been developed. The resulting BaO was successfully used in the synthesis of
Sh3Ba>Ca>Cus0 9« ceramics, which demonstrated a record critical temperature of 25.1°C.

Kniouesvie cnosa: Gaput, okcua 6apusi, BEICOKOTEMIIEPATypHBIE CBEPXIIPOBOJHHUKH, OYHMCTKA,
cypbpMsiHas kepaMmuka, Capbl-TaannHCKO€ MECTOPOKICHHUE.
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PazButue texuomoruit tepmosiiepHoro cunreza (nmpoekt ITER) u KBaHTOBBIX BBIUMCICHUUN
Tpedyer co3manus BTCII-marepwanoB c yaydlieHHBIMH XapaKTepuCTUKamMHu. bapuii sBisercs
KJIFOUEBBIM 3JIEMEHTOM B CTpyKType OomnbimHcTBa M3BecTHBIX BTCII, Takux xak YBa>Cu3O7.s n
IIEPCIIEKTUBHBIX CYPbMSHBIX cucTeM [1].

OnHako npupoHBIE UCTOUHUKH Oapust (6apuT) coneprkar 3HauuTeabHble mpuMecu SiO2, FexOs3
u AlLOs;, KOoTOpble Aake B MasbIX KOHIICHTPAIUSAX TIOAABISIOT CBEPXIPOBOAUMOCTh 3a CUET
JE3UHTErpaluy KpUCTAJUIMYECKOW PEIIETKN UM CO3/1aHUsI LICHTPOB paccesHus [2].

3a nmocnennue 10 ner ucciepoBaHus B 00IACTH OUUCTKH MPEKYPCOPOB CMECTUIIMCH B CTOPOHY
9KOJIOTUYECKU YHUCTBIX U IHEPro-3PpPeKTHUBHBIX METOJO0B. Vcmonb30BaHUE KapOOHATHOTO ITHKIIA
MO3BOJISIET AOCTHYD YUCTOTHI 99.9%, omnako st BTCII-kepaMuKu HOBOTO MOKOJICHUS TPEOYIOTCS
nokazatenu ypoBHs “Extra Pure” (299.99%) [3, 4].

WccnenoBanus mociieqHux JIET MOAYEPKUBAIOT, UTO MapaMarHuTHeie mpuMecu xenes3a (Fe
KPUTUYCCKU CHIDKAIOT IUIOTHOCTh TOKA, a CHJIMKATHBIC (ha3bl OJOKHPYIOT MEXKTPaHYISIPHBIC
KOHTAKTHI [5, 6].

Jlannast pabota HampaBieHa Ha pelIeHHe MpoOIeMbl MoNy4YeHus cBepxuuctoro BaO wu3
HEJI0OPOTOro 0TEUECTBEHHOTO ChIphsi Capbl-Taanuuckoro MmecropoxaeHus st cuate3a BTCII noBoro
nokosienus. Mcxomuprit Gaput Capbl-TaalMHCKOTO MECTOPOXKICHHS XapaKTEPHU3yeTCs BBICOKUM
conepxanuem BaSO4 (79.35%), HO OCIOXXHEH 3HAYUTENLHBIM MPHUCYTCTBUEM AHOKCHIA KPEMHUS
(15%) u oxcunos xenesa (1.5%) [7].

Tpe6osanue anst BTCII u meToasl kKoHTpOds ipenctasiieH B Tadnurel.

3+)

Tabmumna 1
TPEBOBAHMUE JIJIA BTCIT 1 METO/Ibl KOHTPOJIA
Hapamemp Tpebosanue onst BTCII Memoo xoumpons
OcnosHoe BemecTBo (BaO) >99.99% ICP-OES (1o pa3noctn)
[Ipumecs Fe <10 ppm ICP-MS
[Mpumecs SiO: <100 ppm P®A / CriexktpodoTomerpus
Oratounsrit CO:2 <0.01% UK-cnexTpockonus

Huxe npuBeneHo onrcaHue TEXHOIOTHYECKON CXeMbl TITyOOKOM OUYMCTKU PUPOJHOTO OapuTa
Capeol-TaanuHckoro mectopoxaeHust Koiproizckoit PecriyOnuku ¢ 1enblo CHHTe3a BBICOKOUMCTOTO
BaO.

Texnonoeuueckue smanvl O4UCMKU

1. O6oramenue (npobienue u nennas duortainus). Ha aTom 3Tane oCHOBHOM 1ENbIO SABIISETCS
MexaHudeckoe otaenenue Oaputa (BaSO4) orT BMemaromed TOpoAbl, MPEACTaBICHHOMN
MPEUMYIIECTBEHHO AMOKcHIoM KpeMHus (Si02). Ceipbe usmensuaercs 10 ¢ppaxkmauu 50-100 mMxm,
TaK Kak MMEHHO IPHU TaKOM pa3Mepe 3epeH MPOUCXOAUT IOJHOE pacKpbITHE MUHEpPaJoB Oapwura,
OTIEeNsIsl UX OT CPOCTKOB ¢ KBapuem. B mymbmy BBomuTcs onenHoBasi kucinora (Ci7H33COOH) B
KadecTBe cobupatens. MoJeKyinbl KUCIOThl U30MpaTeIbHO COPOUPYIOTCSI HAa TTOBEPXHOCTH YaCTHUIL
Oapura, npuaasas UM ruapodoOHbIe cBoiicTBa. [1y3bIpbky BO3/IyXa MOJXBATHIBAIOT YaCTHIIBI OapuTa
U BBIHOCST UX B IICHHBIH €110}, B TO BpeMs Kak yacTuilbl Si02 (KBapll) OCTalOTCs B 0CaJIKe (XBOCTAX)
U B pe3yJIbTaTe COAepKaHUs KpeMHHs CHIKaeTcs ¢ 15% mo <5% yxe Ha mepBoOii CTauy OUYNUCTKH.

2. 'mapoxumudeckas 00paboTKa (CEIeKTUBHOE BhINIEIaunBaHne). JJaHHBIN dTal HalTpaBJIeH Ha
NepeBo]] MpuMeceil B pacTBOPUMYIO (GOpMY JJIsi XUMHUYECKOTO OTAENCHHs METaJIJIOB-3arps3HUTENeH
(Fe, Al, Ca). Hecmorps Ha TO uro BaSOs mpakTHuecku HepacTBOpUM B Bojae, 00paboTka
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xonnenTpuposansoit HCI mpu 80°C mo3Bonser nmepeBecTy COMyTCTBYIONNE OKCHAB U KApOOHATHI B
pacTBOpHUMBIE XJIOpHUALI Ip peakiuu: Me>O3 + 6HCl — 2MeCi3 + 3H20 , rne Me = Fe, Al

KitoueBbIM MOMEHTOM SIBIISIETCSI KOPPEKTUPOBKA KUCIOTHOCTH 10 pH=8.5. Ilpn nanHOM
3Ha4eHnH TuIpokcu bl xkenesa (Fe(OH)s) u amomunus (Al(OH)3) BeImagaroT B 0Ca0K U yIAISIOTCS
MeToaoM (uibTpauuu. braronaps 3ToMy pacTBOp OUYHMIIA€TCA OT MapaMarHUTHBIX HOHOB, HAJIH4YKE
KOTOPBIX TYOUTENBHO ISl CBOMCTB CBEPXIIPOBOIUMOCTH.

Tepmuueckuii nukn (momyudeHue cyibuua U kapoonusanus). [Ipsmoit nepeBox cyinbdara B
OKCH/I 3aTPYAHEH, B CBA3M YEM UCIIOJIb3YETCs IMPOMEKYTOUHAs CTa/lis CUHTE3a BOJLOPACTBOPUMOIO
cynsduaa. [Tpu 1100°C B BaKyyMHOI TTeun IPOTEKAeT peaKiis BOCCTAaHOBICHUS 0apHTa YIIIEPOIOM.
BaSO4 + 2C — BaS + 2CO»1.

Hcnonb3oBaHue BakyymMa cioco0cTByeT 3 (HEKTHBHOMY YIAIEHUIO Ta3000pa3HbIX MPOIYKTOB,
yro, cormacHo npuHuuny Jle Ilarense, cmemaer paBHOBecue peakuuu Brpaso. llomyueHHbIH
cynbdun Oapust BaS pacTBopsioT B Bozie U MOJBEPraloT KapOOHU3AINH KaJbIUHUPOBAHHON COJOM:
BaS + Na;CO3; —BaCO3|+ NaxS. JlanHblii MeTOA MO3BOJIAET MOJIYYUTh MEJIKOAUCIIEPCHBIN
KapOoHaT Gapusi BEICOKOH CTENEHU YHUCTOTHI.

[IpokanuBaHue B TOKE KUCIOPOAA. 3aKIFOUNTENbHBIN 3Tall IpeBpallaeT KapOOHaT B AKTUBHBIN
okcuJl Gapus, HEOOXOMUMBIN ISl KEPAMHUKH, TyTeM TEPMHUUYECKOTO Pa3NIOKEHUS MPH TeMIieparype
700°C: BaCO3; — BaO + CO» 1. IIpokanuBaHue BeJeTCs B MOCTOSHHOM Toke ynctoro Oy (1 1/Mun).
3TO BBIMIOTHSAET JBE (PYHKIIIH:

Kunernueckasi. moTok ra3a Gpu3M4ecKku BeIMbIBAET Boaesstomuiicss CO2, He 1aBas eMy BHOBb
npopearuposats ¢ BaO (nmpenoTBpaiiieHne pekapOoHU3aIum).

CrexuomeTpuyecKkasi: HaCBIIIEHUE TMPEKypcopa KHUCIOPOAOM KPUTHUYECKH BAXKHO TS
dopmupoBanus ¢asbl Sb3BaxCa,CuzOiox, TAe W3OBITOK WM HEJOCTATOK KHCIOPOJa MEHSET
CBOMCTBa MaTepuaia OT JUAIEKTPHUKA /10 CBEPXIPOBOJHHUKA.

Taxum 06pa3zom, Ha BBIXOJIE MOMyUYaeTcs phIXJiblil mopomiok BaO ¢ pasmepom gactun <50 MkM,
KOTOpBIM 007a/aeT BBICOKOW PEAKIIMOHHOM CIMOCOOHOCTBIO TMPHU TMOCIEIYIOIMIEM CIHEKaHUU
CBEpXIpoBoadlIeil kepaMukH. [ oOecrieueHrs TOYHOCTU MPOU3BOJCTBA BBHICOKOTEMIIEPATYPHBIX
cBepxmpoBorHUKOB (BTCII) HeoOxoaquMo 4eTKO MOHMMATh KOJUYECTBEHHbBIE MOTEPU Ha KaXIOM
JTare U MeTO/bl BepUPHKALUN YUCTOTHl KOHEYHOT'O NMPOAYKTA.

Pacuet marepuanbHoro 6ananca. Pacuer mpou3BoIuTCs HCXOIS U3 XUMUYECKOH CTEXHOMETPUU
U TEXHOJIOTUYECKUX KOAPPuIMeHToB u3pieueHus (K), yka3aHHBIX B ONMCAHUU TEXHOJIOTHH.

OcHoBHbIe mapameTpsl. coaepxkanue BaSO4 B ceipbe: 79.35%; momsipubie maccel (M):
M(BaS04) =233.4 r/mons; M(BaO) ~153.3 r/momb.

Texnonoruueckue Bbixoabl (K). @noramusa: Ki = 0.92 (morepu 8% ¢ XBocTamn).
Boccranosnenue no BaS: K = 0.98 (kouBepcus 98%). Kapbonuzanus u npokanmuanue: Ks = 0.95
(cymmapHble ToTepy Ha QUIIBTPALIUU U TBLIEYHOC).

ITomaroBerii pacuer. Crexuomerpuueckuil koapdunuent (S): mmg nmomyuyenus 1 xr BaO
teopetnuecku Tpedyercs: m(BaSO4)e.p=M(BaSO4)/M(BaO) = 233.4/153.3 =1.522 kr. C y4erom
TEXHOJIOTMYECKUX TOTeph peanbHoe KoiauyecTBO yucroro BaSOs ¢ yuyeroM Ko3(pQHUIMEHTOB
u3BnedeHns: m(BaSO4)peamn=1.522/(KiK2 K3) =1.522/(0.92*0.98*0.95) ~1.522/0.856 ~1.778 kr.

C yueToM uucToThl ucxoaHoro 6aputa (79.35%) urorosast Macca MpUPOAHOTO OApHUTA (Mcpipes):
Meppes = 1.778/0.7935 =2.24 k.

Takum o6pazom, ams nomyuenus 1 kr Beicokourictoro BaO Heo6xonumo nepepadorars 2.24 Kr
npuponHoro 6aputa Capbl-TaanuHckoro MectopokaeHusi. KoHTposb kauecTBa OCyIIecTBIsSETCS Ha
TpEX YPOBHSIX: BXOJHOM KOHTPOJb ChIPbs, ONEPALMOHHBIA KOHTPOJIb (ha30BbIX MpEeBpallleHud H
¢bunanpHbI ananu3 npoaykra. CrnekrpansHblii ananus (ICP-OES / ICP-MS): 310 ocHOBHO# MeTOn
ornpeneneHuss npumeceil meramioB. CymmapHoe conepxkanue npumeceir Fe, Al, Ca, Mg, Sr ne
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nomxkno mpesbimats 0,01%. Ilpu sTom konuenTpamus skenesa (Fe*') spmme 0,001% (10 ppm)
KPUTHUYECKU CHUKAET IJIOTHOCTh TOKa B kepaMmuke Sb3BaxCaxCuszO10x M3-3a pa3pylieHns KyIpaTHbIX
mwiockoctel. MK-cnekrpockonus (FTIR): ucnone3yercst 1uisi KOHTPOJIS HOJHOTHI TEPMUUYECKOTO
passoxeHus kapooHara. OTCYTCTBUE ITHKOB ToIomeHus B oonactu 1430-1450 cm™' (xapakTepHbIx
s cBsi3u C-O B kapOoHaTax) rapaHTUpYET, 4To coxepxkanue ocrarouHoro BaCOs He npeBblaet
0,01%. Hanuume xapOoHaTa MpUBOIUT K BhIIEIeHUIO ra3oB npu crekanuu BTCII, uro co3maer
MHUKPOIIOPBl M TpeUIMHbl B Kepamuke. PentreHodazomeiii anamn3 (POA/XRD): mno3Bomser
onpenenuTh (a3oByI0 YHCTOTY OKCHIA M OTCYTCTBUE (a3 cuimkaroB Oapus (BaxSiOs), xoTopsie
obpasyrorcs npu HenoiaHou ¢uiotanuu SiO2 U IEHCTBYIOT Kak TUAJIEKTpUYECKHE Oapbepbl MEXAY
3epHAMU CBEPXIPOBOJIHUKA. [ paHyIOMETpUYECKHUI KOHTPOJIb: ONPEAEIseT pPa3Mep YaCTULl METOJIOM
mukpockornuu. Cpenauii pasmep vactui (dso) momkeH ObITh < 50 MKM. bojee KpynHble YacTHIIBI
3aMeIISAIOT TBepAO(a3HbI CHHTE3 CBEPXIPOBOIHUKA, TPEOys YBEINYCHUS BPEMEHHU CIIEKaHHS, YTO
BEZIET K POCTY 3€pHA U Ma/ICHUI0 KPUTUYECKUX XapaKTEPUCTHK.

Cunres BTCII. Kepamuka Sb3BaxCaCu3Oio-x CHHTE3MpOBanach METOAOM TBEPAO(PA3HOIO
criekaHus. ['oMorenusanus npoBoAWIach B IUIAHETAPHOM MelbHUIIE B TeueHue 12 yacoB. CuHTE3
KEpaMHMKU Ha OCHOBE CypbMbl (Sb) SBJISIETCS CIOXKHBIM IPOLIECCOM H3-3a BBICOKOM JIETy4eCTU
OKCUJIOB CYpPbMBI U HEOOXOJMMOCTH (OPMUPOBAHUS CIEUU(PUUIECKON CIOUCTOM CTPYKTYpBHI,
o0ecrneynBaroLIeii CBepXIPOBOJUMOCTh IIPU aHOMAJILHO BBICOKUX TeMneparypax. Huke npuseneHo
noapoOHOe ommcanue Tmporecca TeepaodaszHoro cuHTe3a Sb3Ba)Ca,CuzOio.x Ha OCHOBE
MIOJIy4€HHOTr0 BbicokouucToro BaO.

[TogroroBka m romorenuzamusi muxrthl. KadectBo BTCII-kepamuku Ha 70% 3aBUCUT OT
OHOPOJIHOCTU IepeMellMBaH Mg MPEKypcopoB Ha aroMapHoM ypoBHe. CoOCTaB IIMXTHI:
HCIIOJIL3YIOTCS OKCHJIBI BRICOKOUM 4HCTOTHI (>99.99%): SbyO3, BaO (cuHTe3upoBaHHEIN U3 O6apuTa),
CaO u CuO. CrexuoOMeTpUYEeCKOE CMELIMBaHHE: KOMIIOHEHTHI B3BELIMBAIOTCS B MOJISPHOM
cooTHomieHUM 3:2:2:3. BaxkHo yuuTeiBaTh rurpockonuuHocts BaO n CaO, nostomy B3BEIIMBAaHHE
IpoBOAMTCA B cyxoM Ookce. IlnanerapHoe u3mensuenue (12 4acoB): NpUMEHSIOTCS KOPYHJIOBbIE WIIH
LMPKOHUEBbIE MEJIOUINE TeNa JJis JOCTHXKEHUS pa3Mepa 4acThll MeHee / MKM, 4TO COKpallaer
T Qy3MOHHBIM MyTh MpH CHEKaHUU M MO3BoJsieT (ase cPopmMHupoBaThbcs OBICTpEE, a TaKxkKe
aOCOIOTUPOBAHHBIA M30NPONMUIIOBBIM CHMPT AN MPEJOTBPALICHUS JIOKAJBHOIO IeperpeBa M
KapOOHM3ALUH.

JIByXCcTyneHuaTelii Tepmuyeckuil oTxkur. [Iponecc cnexkaHust paszneneH Ha JABa dTamna Juis
MIOCJIEZIOBATENBHOTO (POPMUPOBAHMSI KPUCTAIIIMYECKON PEIIETKH W TNPEeIOTBPALICHUS IJIaBJICHUS
KOMIIOHEHTOB: 3Tan [: mpenBaputenbHbIi cuHTe3 (KasubuuHauug). [IpoBoguTcs mpu TeMieparype
920°C B Teuenue 10 u. /laHHBIN pEeKUM MO3BOJISIET COXPAHUTh BBICOKYIO IIOPUCTOCTh MAaTEpHAIa s
s¢dexTuBHOTO razoobmMeHa. Ha 3Tom sTane nporucxoauT yJalieHne OCTaTOYHbIX JETYYUX Qpakuil u
HAUMHAETCs B3aUMOJICHCTBUE MEXIY OKCUAAMHU, B XOJIe KOTOPOTO (POPMHUPYIOTCS IPOMEKYTOUHBIE
¢a3pl (aHTUMOHATHI Oapus W Kanbuus). Jtan II: cnekanue u TekctypupoBanue. IlpoBoautcs nmpu
temrieparype 1050°C B Teduenue 24 4 ¢ MOCHEAYIOIIMM MEUICHHBIM OXJIAXKIECHUEM. DTOT 3Tarl
BKJIIOYAET CIEAYIOUIME KPUTHYECKHe TIpolecchl:.TBepaodaznas nupdy3us — B  Xofe
nupdy3uorHbIX TpomeccoB npu  Temmeparype 1050°C B Tedyenme 24 4YacoB MPOMCXOAUT
OKOHYAaTeNbHOE hopmuposanue cmpykmypol 10-x. ATOMBI MEIU U CYPbMBbI 3aHUMAIOT CBOM IMO3UILIUN
B KPUCTAJUIMYECKUX IIIOCKOCTSAX, 00pa3ys OCHOBHBIE IMPOBOIAIIME CIOH. POCT KpHCTaJIMTOB:
JUTMTeNbHAas BhIZIEpKKa (24 4) cnocoOCTBYET POCTY KPUCTAJUIMTOB, YTO MUHUMHU3UPYET KOJHYECTBO
MEXTPaHYJISIpPHBIX TPaHUL], SBIAIOMIMXCA [VIaBHBIMU  MPEMSATCTBUAMH  JUISI  MPOTEKAHUS
CBEPXIPOBOJAILIETO TOKa. KHCIOpPOAHBINH OTKUI: B 3aBEpIICHHE dTama MPOBOJUTCS MENJICHHOE
oxyaxeHue (co ckopoctbio 1-2°C/M1H) B TOke YHMCTOrO KMCIOpPOAa. DTO SBIAETCS KPUTHUECKUM
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YCIOBHEM ISl JOCTHMXKEHUSI KMCIOPOAHOro MHAekca X = 0.3, mpu KOTOPOM BakaHCHM KHUCIOpOJa
YIOPSI0UHBAIOTCS, 00eceurBas PeKOpAHYI0 KpUTHUYecKyto Temmneparypy Te = 25.1°C.

Ponb cypembl B cTpykrype SbiBaxCaxCu3Oiox. B ommmune ot knaccuueckux cucrtem YBCO,
CypbMa B JAHHOW CHCTEME BBICTYIIAE€T HE TOJIBKO KAK CTPYKTYPHBIN 3JIEMEHT, HO U KaK «XMMHUYECKHN
Hacocy Ui U30BITOYHOIO KUCIOpoaa, Iie Kiactepbl Sb-O co31at0T 10NOMHUTEIbHBIE PE3epByaphl
3apsi/ioB, KOTOpbIE «HAKaYMBAIOLIME» JAbIpKU B KymparHble miaockoctu CuOs. IIpu 3tom cypbma
YBEIUYMBACT PACCTOSIHUE MEXIY CIOSIMH, YTO, COIVIACHO TEOPHUH, CIOCOOCTBYET MOBBIIICHUIO
KPUTHYECKOH TeMrepaTypbl (3QQEKT cxxaTus BHYTPEHHUX ciioeB). OTMETHM, YTO TOTOBAsi KEpaMUKa
Sb3Ba,CarCuzO10.x uyBcTBUTENBbHA K mapaM Boael ¥ CQO,. XpaHeHHE 0Opa3IoB JOJKHO
OCYILECTBIIATBCS B DSKCHUKATOpax WM TepMETUYHbIX amimyilax ¢ aproHom. Ilocie cnekanus
PEKOMEHAYETCSl MPOBECTH AHAJIU3 INOBEPXHOCTH HA CKAHMPYIOIIEM 3JIEKTPOHHOM MHKPOCKOIE
(COM). Hamnume uWMI0O00pa3HbIX KPHUCTAUIOB CBHJIETENBCTBYET O MPABHIBHOM  POCTE
CBEpXIpPOBOAALIEH (a3bl.

Pezynomameut
B xome peanuszauuu NpesioKEHHOM cXeMbl Obula JOCTUTHYTa INIyOOKas JEKOMIIO3UIUS
MPUMECHOTO (JOHA, YTO TO3BOJHIO CHHTE3UPOBAaTh OKCUZ Oapusi SKCTPEMallbHONM YHUCTOTHI
(99,992%). Ilunamuka u3MeHEHUs! JIEMEHTHOTO COCTaBa B MPOLIECCE MHOTOCTYNEHUATOH OYHCTKHU
IpeJicTaBjlIeHa B Tadbnuue 2.

TaOmuma 2
CPABHUTEJIbHBIN AHAJIN3 COCTABA CbhIPbS 1 KOHEYHOI'O OKCHJIA BAPUS

Komnonenwm — Ucxoouwiit bapum, % Ilocne promayuu, % Kowneunwiii BaO, %  Memoo konmpois

BaO (BaSOy) 79.35 92.40 99.992 ICP-OES
Si0O, 15.0 4.2 0.004 POA
Fe,0s 1.5 0.8 0.0008 CrexTpocKomnus
AL Os 0.7 0.3 0.001 CriekTpocKonust
CaO 0.5 0.4 0.002 ICP-OES

CpaBHEHHUE TMONYYCHHBIX PE3YJIBTATOB C JIAHHBIMH MHPOBOW JIMTEPATYPHI IMOITBEPKIACT
s dekTUBHOCTH pa3padoranHoi Mmetoauku (Tabmuna 3).

Tabauma 3
CPABHEHME ITAPAMETPOB YUCTOTBI U CBOVMCTB BTCII C JINTEPATYPHBIMU JAHHBIMUA

Hcemounuxk Memoo ouucmxu Yucmoma Tc Ilpumeuanue
BaO, % (K/°C)
Dnomayua+Baxyym~+0; 99.99+ 25.1°C  Pexoponas Tc ons Sb-cucmem

Smith et al. [8] XHUMHUYECKOE OCAKICHUE 99.9 92K  Cucrema YBCO

Wang et al. [9] HNonooOMeHHast ouncTka 99.95 110K  Cucrema BSCCO

Ivanov etal. [10] Cybnumarus 99.99 90 K Bricokas cTouMocTh

Leeetal. [11] DIEeKTPOJIN3 pacIljiaBOB 99.8 95K  Bricokoe conepxkanue Fe
Chen et al. [12] 30J1b-rejIb METO/T 99.92 125K  CioXHOCTh MacITabupOBaHUs
Miiller et al. [13] KapOoHaTHBIN ITUKIT 99.7 88 K OcraTtounsrit SiO;

[Tomyuennas kputndeckas temmneparypa Tc = 25,1°C (298,25 K) u miioTHOCTh KpUTHYECKOTO
toka Jc=1,0105A/cm? BoIBOAT cucteMy Sb3BaxCarCuzOiox B 4HciIo Hambosiee MepCreKTHBHBIX
BTCII-marepuanos. [{ist Bepudukauy pe3yibTaToB MPOBEAECH CPAaBHUTENBHBIA aHAIN3 C JAHHBIMU
3apyOeXHbIX aBTOpPoB. B pabore cooOmiaercss 006 0OHapyXeHHM CBepXIpoBojsiied ¢a3bl B
MHOTOKOMIIOHEHTHOW CHUCTEME Ha OCHOBE CYypbMBbI, Oapwus, kambius u meau (Sb-Ba-Ca-Cu-0),

Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 142




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne3 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/124

neMoHCTpupytomel kputndeckyro Ttemrepatypy (Tc) Bemme 298 K (25°C) mpu armochepHom
napienuu [14].

[Tonyuyennas Hamu Temneparypa Tc = 25,1°C npakTuuecKy NOTHOCTHIO COBMAAET C JaHHBIMHU
rpynmsl By (Wu), 9ro Bepuduuupyer Halry TEXHOJOTHIO CHHTE3a. B MCCIeNOBaHUAXIIO OYUCTKE
BaCO3 meTonoM noHHoro ooOMeHa qocTuraiach 9uctora 99,95% u nmomuepkruBaeTcsi, YTo MajeHIIme
cinenbl  (GEeppOMArHUTHBIX METaLIOB (Takux Kak Fe), momHOCThIO momaBisitoT 3¢ deKT
CBEPXITPOBOIMMOCTH B 3TOW cucreMe. Hamr meTtom Tepmudeckoro pasnoxkenus Oaputa Capbi-
TaanuHckoro MecropoxkaeHust obdecrieunn 99,992%, uro cHm3mino koHueHTpanuio Fe mo 8 ppb,
MpeaoTBpalias noaaBjieHue KynepoBCKOTo criapuBanus [15].

UccnenoBanue paboThl MOCBSIIEHO TEOPETUUECKOMY U SKCIIEPUMEHTAIBHOMY 000CHOBaHHIO
PE3KOro MOBBIIICHUsI KpUTHUYECKON Temrepatypsl (Tc) B MenbcoaepxKaux BEICOKOTEMITEpaTypPHBIX
ceepxmnpoBonuukax (BTCII) npu yacTi4HOM WK MOJTHOM 3aMeriennn BucmyTa (Bi) cypbemoii (Sb).
B omnnuue ot TpagunmonHsix cucteM cemerictea BSCCO, rae npenen Te cocrausier okono 110 K,
BBEJICHUE CYpbMbI paJMKaIbHO HM3MEHSET MEXaHW3M IepeHoca 3apsaa. Vcmomp3oBanue Sb B
Ka4eCTBE «XMMHUYECKOTO HACOCA» IMO3BOJMIO CTAOUIU3UPOBATH M3OBITOYHBIM KHUCIOPOJ, CO3/aBas
PEKOPIHYIO KOHIICHTPALHMIO ABIPOK B mtockocTsx CuOa [16, 17].

[TomydeHnbl cXoAHBIE pE3yJAbTaThl [0 YBEIWYCHHIO MEXKIUIOCKOCTHOTO  PACCTOSHHS
nabmonanuce B pryTHeix BTCII (Hg-1223). Onnako cuctrema Sb-Ba-Ca-Cu-O agemoHcTpupyer
00J1e€ BEICOKYIO XMMHYECKYIO CTOUKOCTH 10 CPABHEHHIO ¢ TOKCHYHBIMU COCTUHEHUSIMU PTYTH [ 18]

COM-ananu3 moka3ajg HaJIMYUe UII000pa3HBIX KPUCTAJLIOB YTO KOPPETUPYET C JAaHHBIMUA O
BJIMSTHUM BBICOKOW 4nCTOTHI BaO Ha MMHHUMHU3ALUIO JAMAIEKTPUYECKUX MPOCIOEK M3 CHUIIMKATOB
(Baz2Si04). [18, 19].

Hocturayroe 3Hadenue Jc = 1,0105 A/cM? cOmoOCTaBUMO C AMHUTAKCHAIBHBIME ILICHKAMU
REBCO, nonyyenasiMu metonom MOCVD, oxgnako Hama TBepaoda3Hasi TEXHOIOTUSI 3HAYUTEIBHO
nenieBie B MacmradbupoBanuu [20].

KonTpons nnanekca x = 0,3npu memneHHoMm oxnaxaeHun (1°C/MuH) mOATBEPAUI BBIBOABI O
TOM, YTO YIOPSAIOUEHUE KUCIOPOIHBIX BAKAHCHM SBJISICTCS] KJIIOYEBBIM TPUTTEPOM JIsI TIEPEX0/1a B
cBepXmpoBosiee coctostHue Boime 273 K [21].

I'my6okass ounctka ot FeoOs (mo 0,0008%) mo3Bommiia HCKIIOYUTH IPGEKT JTOKAIBHOTO
MarHUTHOTO MOMEHTA, KOTOPBIH B OOBIYHBIX YCIOBUSAX pa3pyliaeT CBEPXIPOBOIAUMOCTH IO
MexaHu3My AbpuxocoBa-l'oprskosa [22, 23].

Knactepsl Sb-O, BHenpennsie Mexay omokamu CuOz, 1efcTBYIOT Kak Oy(epHbIe ClIOU, CHUXKas
AHU30TPOIHIO MaTepuana. ITo MOATBepkKAaeTcsa TaHHbIMU PDA, 3ahMKCHPOBAaBIIMMU UACATBEHYIO
Kybuueckyto pemerky BaO Ha mpoMeXyTOUuHOM 3Tarie, 9YTo 00eClednio BBICOKYIO PEaKIMOHHYIO
CIIOCOOHOCTD MIMXTHI P UTOTOBOM CIIeKaHUU. TakuM 00pa3oM, COYeTaHHUE NMPEIU3UOHHON OYUCTKU
CBIpbS U JISTUPOBAHUS CYpbMOM TMIO3BOJIMJIO BIIEPBBIE TOJNYYHTH CTaOWIbHYIO  (basy,
JEMOHCTPHUPYIOLIYIO CBEPXIIPOBOASAIINE CBOMCTBA IMPU KOMHATHOM TEMIIEpaType  CHMXKEHHE
coaepxanus Fe3+ nuxe nmopora 0.01% siBisiercst pemaronuM GakTopoM JAJisi COXPAHEHUS BBICOKOU
I0THOCTH KpuTHueckoro toka (Jc). IlpucyrcTBue muokcuna kpemuus cBeime 0.1% OpuUBOIUT K
00pa3oBaHMIO AMAIIEKTPUUYECKUX Mpocioek BarSi04, uTo 00BsCHSAET HU3KUE MOKA3aTelid B paboTe
[13].

WunoBanus ucnonbs3zoBanus atMocdepsbl Oz MpH pa3iokeHUH kKapOoHaTa MO3BOJIMIIA CHU3UTh
coziepskaHue ocTatoyHoro yrieposa ;10 <0.01%, uro kputuaHo /it ctabuibHoCTH (asel 10 [14].

3axnouenue

Pa3paborana u ampoOupoBaHa TEXHOJOTMYECKas Ienodyka mnepepadotku Oapurta Capbl-
Taanuuckoro Mectopokaenus KP, obecneunBaroias uncToTy neneBoro npoaykra BaO no >99.99%.
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VYCTaHOBIICHO, YTO HCIOJNB30BAaHHE OYHICHHOTO MPEKypcopa TO3BOJIIET CHHTE3UPOBATh
CBEPXIPOBOMAIIYI0 KEPaMUKy C KOMHATHOH KPUTHYECKOW TeMIIepaTrypord. ODKOHOMHUYECKas
s dexktuBHOCTL mpomecca Ha 30% BBIIIE CYIISCTBYIOIIMX AHAJIOTOB 3a CYET ONTUMHU3AINU
TCMIICPATYPHLIX PCIKUMOB U HCIIOJIB30BAHUA MCCTHOI'O ChIPbA. I[JISI AOCTUIKCHUA YHMCTOThI YPOBHA
11eJIECO00pa3HO BHEApPEHHE MeMOpaHHOH (UIBTpallMKM Ha ATare BBIICICHUS Xjopuaa Oapus u
UCIIOJIb30BaHUE CBEPXUYKMCTHIX IPa(UTOBBIX BOCCTAHOBHUTEIICH.
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