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Annomauyusi. B pabore paspaborana MaTeMaTHUeCKash MOJEIb AMHAMHUKH PACIPOCTPAHEHUS IOA3EMHBIX
BOJ[ C YYETOM BCE BO3PACTAIOIIETO PA3/IMUUs TUAPOJUHAMUUYECKUX CBOUCTB OT/EJIBHBIX YUaCTKOB ITOPOJIBI, & TAKIKE
JUHAMHUKHA BO3/EHCTBUS €CTECTBEHHBIX (DAKTOPOB M TEXHOTEHHOH HArpy3KH Ha TH/IPOTEOJIOTHMYECKYI0 Cpely Ha
OCHOBE rpaOaHAIUTUUECKOTO MPECTABIEHUs TUAPOTEOJIOTHYECKUX MIPOIECCOB HA HCCIIEYEMbBIX TEPPUTOPHUAX U
MO/IeJIb PACIIPOCTPAHEHNUsI APEAJIOB 3arPsI3HEHUS [TOZ3EMHBIX BOJI, 00YCJIOBJIEHHBIX aHTPOIIOTEHHOH /IeATETbHOCTHIO
B TOPHO-IIPOMBIILIEHHOM paiioHE Ha OCHOBE OOpabOTKM B3HAaHW O GWIBTPAIIMOHHON HEOJHOPOJIHOCTH
BOJIOBMEIIAOIINX OTIOXKEHUH, ¥, KOTOpas Oy/IeT CriocobHa K afJalTalliy B YCJIOBUAX N3MEHSIOIIET0CA TEXHOTEHHOTO
BO3JIEHCTBUSA.

Resume. In this paper we developed a mathematical model of the dynamics of the distribution of
groundwater, taking into account the increasing differences in the hydrodynamic properties of the individual sections
of the breed, as well as the dynamics of the impact of natural factors and anthropogenic load on the hydrogeological
environment on the basis of graphic-analytical representation of hydrogeological processes in the study area and the
distribution model of groundwater contamination areas due human activities in the mining and industrial area on the
basis of processing knowledge about filtration heterogeneity of water-bearing sediments, and to be able to adapt to
the changing conditions of anthropogenic impact.

Knmouesvle croea: mopzeMHubie BoAibl, rpach0aHaTUTHUECKOE TIPEACTABIEHUE, THAPOTEOJIOTHUECKAs CPefa,
BOJIOHOCHBIY TOPU3OHT, re0(pUIBTPALIMS.

Keywords: groundwater, graphic-analytical representation, hydrogeological environment, aquifer,
geofiltration.

BBenenue

B mocsieiHee BpeMsi B pe3ybTaTe MHTEHCHBHOTO OCBOEHMS PETHOHA IMPOHCXOAUT YCHJIEHHE
AHTPOITOTEHHOH HATrpy3KH Ha OKPYKAWIIYI0 IPUPOAHYIO CpeZy, YTO IPHUBOAUT K 3HAYUTEILHOMY
VXYAIIEHUI0 KAaUeCTBEHHOTO COCTOSHUA TMOA3eMHBIX Bof. Ciie/lyeT OTMETUTh, UTO IIOA3EMHBIE BOIbI
ABJISTIOTCS €UHCTBEHHBIM HCTOYHMKOM ITHTHEBOTO, OBITOBOTO M OOJIBIIEH YaCThIO ITPOMBIIIIEHHOTO
BOZOCHA0OXKeHUs 00JIaCTH.

HawubGosiplitee BAMSHME Ha KaueCTBEHHbIE W KOJUYECTBEHHbIE M3MEHEHHs BOIHBIX PECYPCOB
OKa3bIBAIOT CJIEAYIOINE BU/IbI X03HCTBEHHOM IeATEIbHOCTH: BOOIIOTPEDOIeHE ISl IPOMBIIILIEHHBIX 1
X035 CTBEHHO-OBITOBBIX IIeJIel, cOpoc OTpaboTaHHBIX BOJ (6€3 OYHMCTKH MJIM C HEAOCTATOUHOU CTETIEHbIO
OUHCTKM), B3aperyJdpoBaHHe CTOKAa peK U CO3JaHHEe BOJOXPAHWIHUIN, CEIbCKOXO3AHCTBEHHAA
Mejnopamuss W T.JI. Take CTOUT OTMETHTh, UTO PErHOH XapaKTEPHU3yeTCs BBICOKUM YPOBHEM
MIPOMBIIIIJIEHHOTO PAa3BUTHUSA, HO pacIpejie/ieHre TEXHOTeHHON Harpy3KH Ha TEPPUTOPHUU 00J1acTH OUEeHb
HepaBHOMEpPHOE.

HawuboJsee cuibHOE BO3/IEHCTBUE OKPYXKAIOIAS CPEZla HUCIBITHIBAET B CEBEPO-BOCTOYHOU YaCTH
obmacti (I'y6xuH-CTapoOCKOJIBCKUE NPOMBINUIEHHBI pPANOH), I7le HAa OTHOCUTEJIBHO HeOGOJIBIION
ITOIIAIX PACIIOJIOKEHBI IBA IOCTATOUYHO KPYIHBIX MHAYCTPUAIBbHO pa3BUThIX ropoza (I'yoxkus u Crapblii
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OckoJ1), a TaKXKe JIBa JKeJIE30PYAHBIX Kaphepa, IIaxTa, ABa TOPHO-O000TAaTUTEbHBIX MPEAIPHUATHSI, B
XBOCTOXPAHWWININA, MeTa/UIypIrudecKuil KOMOMHAT, KPYIIHBIM IIeMEeHTHBIM 3aBOJ U Ps/l MeHee KPYIHBIX
MPEeANPUATUH APYTUX OTpacjell mpoMbliieHHocTH [[leTrHa, 2016, YepHOMoOper, 2016].

Pe3yapTaThl M1 IX OOCYKAEHIE

ITogzemHbBIe CTOKM 00pasylOTCA MPH MPOCAYMBAaHUHM aTMoc(epHON BOJIBI B Oojiee WJIM MeHee
IyOOKMeE CJION HOYBHI, IZle BoAa coOHUpaeTcs Haj, BOJOHEIPOHUIIAEMBIMU IJIACTAMU, CTEKAET 10 HUM U
BBIXOZIUT BHOBb HA IOBEPXHOCTb 3EMJIM B MECTaX BBIXOZIA 3THX ILJIACTOB, CJIUBASACH C IIOBEPXHOCTHHIMU
CTOKaMH.

151 ommcaHus mpe/iaraeMoi MoJIeTd AUHAMUKY IO3eMHBIX BOJI PACCMOTPUM MIPHUMeEpP YIaCTKa
HEJZIP B BUJIE CXEMBI 3aJIeTaHUsA OJ3eMHBIX BOJI, IIPEJICTABJIEHHON Ha PUCYHKE 1.

Puc. 1. Cxema 3ajieraHus IOA3EMHBIX BOJ:

1 — BOZIOHEIIPOHHUIIAEMBbIE IIJIACTHI; 2 — BOJOHOCHBIM TOPU30HT IPYHTOBBIX BO; 3 — BOMOHOCHBIH TOPU30HT
MEXKIUIACTOBBIX 0E3HATIOPHBIX BOJ[; 4 — BOJIOHOCHBIN TOPU30HT MEKIUIACTOBBIX HAIOPHBIX (aPTE3UAHCKIX) BOJ;
5 — KOJIOJIEIl, TUTAIOIIUNACS TPYHTOBOM BOJIOH; 6 — KOJIOJIELl, TUTAIOLUICA MEXKIIAaCTOBOUM G€3HAIIOPHOU BO/ION;

7 — apTe3uaHCKast CKBayKMHA
Fig. 1. Scheme of a bedding of underground waters:
1 — waterproof layers; 2 — aquifer groundwater; 3 — aquifer unconfined mizhplastovi water; 4 — aquifer interstratal
pressure (artesian) water; 5 — the well that feed on ground water; 6 — the well-fed gravity water cross;
7 — artesian well

Ha yuacTke Henp, Ipe/CTaBJIEHHOM Ha pUCYHKe 1, ObLIM BBIZIeJIEHBI BOCEMb OOJIacTel C
OJTHOPO/THBIMU TUAPOIUHAMHYECKUMU CBOUCTBAMHU.

Jlns u3ydeHUs [JUHAMHUKNA PpAaCIPOCTPAaHEHHUs IMOA3EMHBIX BOJA C YYETOM Ppa3Iudusd
THAPOAMHAMHUYECKUX CBOMCTB OTAETBHBIX YUACTKOB IMTOPOBI, a TAaK:Ke TUHAMUKU BO3IEHCTBUS HDAKTOPOB
€CTECTBEHHBIX ¥ TEXHOTEHHOW HArpy3KM HA  THUAPOTEOJIOTHYECKYI0  Cpelly, paspaboTaHo
rpadoaHaTUTUYECKOE TPECTABIEHNE TUIPOIMHAMUYECKUX MPOIECCOB B paiioHe TOPHOAOOBIBAIOIIETO
y3Jla TIpPU HEepaBHOMEPHOM pa30MEeHHH Y4YacTKa THJIPOTEOJIOTUUECKOH CpeAbl, KOTOPOEe COCTOUT B
CIIeyIOIEeM:

B kauectBe ayemeHTOB {aj} rpada A={aj}, j=1,2,...,K, paccmarpuBaioTcs oTaenbHble K yuacTkoB
TEPPUTOPHUIA, B3AUMOCBS3HU MEXKAY KOTOPBIMHU OIPEEIISAIOTCA THAPOJUHAMUYECKUMH XapaKTePHUCTHKAMU
pacrnpocTpaHeHUs TOA3EMHBIX BOJ MEXK/AY HUMU, CPeIA KOTOPHIX MOKHO BBIIETTUTH CJIEAYIOLIUE:

- C={cj} — ckopocTb IPOX0KIEHN IOJI3EMHBIX BOJI B BBIJIEJIEHHON 00J1aCTH aj;

- D ={dj} — pasmep obsracTu pacrpocTpaHeHH aj;

- M = {mj} — HaKOILIeHNE TTO/I3€MHBIX BOJI B BBIJIeJIEHHOM 06s1acTh aj (B %-HOM COOTHOIIIEHUH);

- B={bij} — mepexomuble ob6siactu bij MeXJy OTHOCHUTEIHLHO IOCTOSAHHBIMH YYacTKaMu ai,
j=1,2,...,.K, u aj;

- W = {wij} — BecoBoii k03¢ PHUITUEHT CBA3M, XapAKTEPUIYIOIINH IUPUHY ITEPEXOTHON 061acTh
bij Mex Iy OTHOCUTENTFHO TOCTOSTHHBIMY YYAaCTKAMH ai U aj;

- V= {vij} — cKOpoCTh pacrpocTpaHeHHs B IepPeX0IHOH ob61acTH bij.

Tak Ha PHUCYHKe 2 [IPe/ICTaBJIeH IpuMep rpadoaHaTUTHUECKOTO IPE/ICTABIEHUS JUHAMUKU
pacrnpocTpaHeHus TO3EMHBIX BOJI, B COOTBETCTBHUY CO CXEMOW Ha PUCYHKE 1.
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Puc. 2. [Tpumep rpacd0aHaIUTHUECKOTO IPEACTABIEHHUS JUHAMUKY PACIIPOCTPAHEHUS IOI3EMHBIX BO/L
Fig. 2. Example of graphic-analytical presentation of the dynamics of the distribution of groundwater

B y3m1ax rpa(ba, OPpUBEAECHHOI'O Ha PHCYHKE 2, YKa3aHbl OIIMCAaHHBbI€ BBIINIE€ XAaPAKTECPHUCTHUKU,
KOTOPBIE UCIIOJIb3YKOTCA IIPU PEIIECHUN ypaBHeHI/IfI I‘EO(I)I/IJII)TpaIH/II/I B y3J1aX U IIEPEXOOAHDBIX 06JIaCTHX.

Ucnosp3oBaHue  MOPEAJIOKEHHOTO  rpadoaHAIUTHYECKOTO  IPEJICTABJI€HUS  JAUHAMHUKU
pacrnpoCTpaHE€HHusA IIOA3€EMHBIX BOJ 60.7'[66 OpeAIrIOYTUTETIbHO II0 CPAaBHEHHUIO CO CTPYKT'ypHpOBaHHOﬁ
(perynspHoii) ceTkoil. Vcrnonp30BaHue CTPYKTYPUPOBAHHBIX CeTOK TpebyeT OOJIBIINX 3aTpaT Tpy/a U
pecypcoB 9BM, 1o cpaBHEHUIO C IPOIEAYPOA MOCTPOeHUs TIpadOBOTO IIPECTABIIEHUsS JIMHAMHUKU
pacnpocrpaHeHus IIOA3EeMHBIX BOJ.

HpI/I IIOCTPOECHHNU MaTeMaTI/I‘leCKOﬁ Moae/In  JHUHAMHUKHN II0A3€MHBIX BO/J, Ha OCHOBE
MPEJUTOKEHHOTO TpaoaHATUTHIECKOTO MPEACTABIEHUs HCIIOJIH30BAHO IPUMEHSEMOE B OOJIBIIIMHCTBE
3a/jau reodUIbTPAIUN HapaboJNUYecKoe ypaBHEHHE TreOo(HIbTPAllMH ITOA3EMHBIX BOJ B YAaCTHBIX
IIPpOU3BOAHBIX:

2 2 2
Kxai[+KyaiI+I<26[;I—W=SSa—H, )
ox oy 0z ot

e K., K, K,, m/cyr — kospdunmenTsr GuibTpanuu BAOJIb KOODJMHATHBIX OCeH x, y, Z;

H(X,y,z) — morennuomerpuueckuii ypomeHb (Hamop); W(X,Y,Z), cyT! - (QYHKIUS HCTOYHHUKOB

(urdunbTpanua u T.0.); S, M1 — yenbHAas BOAOOT/AYa MOPUCTON cpenpl mopon; U, cyr — Bpems

[MIBap1, 1996; Illecromasos, 1988].

XapaKkTEPUCTHKKA €CTECTBEHHBIX M TEXHOTEHHBIX (AKTOPOB VUHTHIBAIOTCA [IPU 3aJaHUU
TPaHUYHBIX YCJIOBUH i (1).

JlaHHOe ypaBHEHUE MPUMEHEHO /JIs OMUCAHWSA MPOIecCOB B y3yax A={aj} U B HepeXOIHbIX
obnacrsax B={b}.

Mozenb pacupoCTpaHEHUs MMOA3EMHBIX BOJ, TaKyKe MOKHO IPEICTaBUTh B BHJE AMArPaMMbI

Koollepanuu (pUCyHoOK 3).
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Puc. 3. luarpamMmma KOOIepaluu AUHAMUKN PACIPOCTPAHEHH s TIOA3EMHBIX BOJ
Fig. 3. Diagram of cooperation the dynamics of the distribution of groundwater
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B kauecTBe aKTepOB JuarpaMMBbl KOOTEpAIMU ObLIU BBIZIEJIEHBI Y3JIbI-UCTOUHUKU, BOJOEMBI-
HCTOYHUKH, Y3JIbI-TIOJIyIaTETH U BOJIOEMBI-TIOIydaTe u. [Apioy, 2007]

EcrecTBeHHBIE U TeXHOTEHHbIE (PAKTOPhI, a TaKKe UX JUHAMUKA, YUUTHIBAIOTCA MPU 33JJaHUU
XapaKTEPUCTUK Y3JI0B-UCTOUHUKOB, BOJOEMOB-UCTOUHUKOB (HAmpuMmep, HWCXOAHble (parMeHTh
BOJIOHOCHBIX CJIOEB, €CTECTBEHHBIE BOJIOEMBI) M HCCJIENOBAHUM BBIUMC/ISEMBIX XapPaKTEPHUCTHK Y3JI0B-
ToJIyyaTesie, BOJOEMOB-TIOIyuaTesied (ucciielyeMble B AajbHeHIIeM (parMeHThl BOAOHOCHBIX CJIOEB,
BO7103a00pHBIE CKBAXKUHBI U Ap.) [KopHMiios, 2015, Kopamios, 2012, [letuH, 2016].

N3menenus penbeda, BbHI3BAaHHBIE JIESITEIBHOCTHI0O B paldiOHE TOPHOJIOOBIBAIOIIETO Y3J1a,
VUIUTBHIBAETCS B MOJIeU 00aBIEHUEM U/ WU YaIeHHEM Y3JI0B.

CBA3M MexJy y3jaaMHu OOecIIeuMBaIOTCA 3aKOHAMU PaCIpPOCTPAHEHUS IIOJI3EMHBIX BOJI B
mepexoaubix cpenax (F, = {f,i(t)}) u 3axoHamu pacupocrpaHeHus M0/3eMHbIX BoA B yaiax (F. = {f.,i(t)})
(B OCHOBE KOTOPBIX HCIIOJIB30BAaHO cooTHOIIeHUE (1)). IIpu 3TOM COCTOSIHHE HAKOILJIEHUs OMHCHIBAETCA
rnmapaMeTpoM ZO, a cOCTOsAHMe Ilepefadyu — Z1. [lasee y3Jbl-IIOJIydaTesn IepexofdaT B COCTOsAHUE y3Jla-
HCTOYHHUKA, a BOJIOEMBI-TIOJIyUATENH — B COCTOSHUE BOJOEMA-HUCTOYHUKA U IIPOIIECC IOBTOPSETCA.

BaxHOe 3HaueHUe MJIST U3YUEeHUS 3arpsA3HEHUS MOJ3EMHBIX BOJ, UMEIOT (PU3UKO-XUMUUECKUE
MPOIECChI, ITPOUCXOJAININE IPU B3aUMOJEUCTBHUH IOA3EMHBIX BOJ C BMENIAIOIIUMH WX TOPHBIMHU
IIOPOJIaMH.

Bojia, mpocaunBasch uepes rpyHT, KOHTAKTHPYET C pa3JIMYHbIMU MuHepaibHbiMu coiamu (NaCl,
Na2S04, MgS04, CaCO3, crimkaTaMu) U OPraHUYECKUMH BEIECTBAMH, PACTBOPSAET HJIU MEXaHUUECKU
3axBarbiBaeT ux [IletuH, 2013].

OwibTpaus BOJABI Uepe3 IIOUBY UYACTUYHO COIMPOBOXKIAETCA W HOHOOOMEHHOU ajicopOrimeit
WOHOTEHHBIX TpUMeced; HaIlpUMeEpP, IIOYBEHHbIE KOMIUIEKCHI XOPOIIO 3aJep:KUBaIOT (pocdaTsl,
MIPOUCXOAUT 00OMeEH a/1IcopOupoBaHHOTO HouBoi Na+ Ha K+ u T.11.

[Ipu pazpaboTke MaTeMaTHUYECKOH MOJIEIN PACIIPOCTPAHEHUS apeasiOB 3arPsSI3HEHUS MOI3€MHBIX
BOJ| WICIIOJIb30BAHBI OIEHKH HAJWUYMA 3arPsA3HSIONINX BEIIECTB, 00pasyroniuxcs mpu GOpMHUPOBAHUH
XBOCTOXPAHWJIHUII, TAaKKe yUTeHa PUIbTpAlMOHHASA HEOAHOPOIHOCTh BOIOBMEIIAIONINX OTIOKEHUH. 3a
OCHOBY ObljIa B35iITa MaTeMaTHYeCKasA MOJETb JUHAMUKH PACIPOCTPAHEHUS TOI3EMHBIX BOJI, OIIMCAHHAS
BBIIIIE.

IpadoananuTHyecKkoe MpeacTapieHre (QUIBTPAIIMOHHBIX IIPOIIECCOB B PA3JIMYHBIX IMOPOAAX,
MIPEJICTAB/IEHHOE HA PUCYHKE 4, 3aK/II0YAETCA B OMMCAHMH B y3J1ax rpada mapaMeTpoB MaTeMaTHUECKOH
MOJIEJIA, OIHCHIBAIOIIEH (QWJIBTPAIUI0 W PACHPOCTPAHEHHWE XHMHUUYECKUX BEIeCTB, a TaKKe B
VCTaHOBJIEHWH ITapaMeTpOB OOMeHa XUMHUYECKUMHU BEIECTBAMH MEKIy CMEKHBIMH BbiZieJIeHHBIMU K
VYaCTKAMHU.

Ha pucynke 4 no6asieH y3en hy, XapakTepu3yoIni B3anMOCBI3H XBOCTOXPAHIJIHUIIA, KOTOPOE
MO’KeT ObITh 00pa3oBaHO B Mpoliecce paboOThl TOPHOMOOBIBAIONIETO Y3714, C APYTUMH BbII€JIEHHBIMU
OJHOPOAHBIMH 0bOsacTAMHU (y31aMu rpada).

Puc. 4. I'padoananutruyeckoe npeacTaBieHne GPUIbTPAIMOHHBIX TIPOIECCOB B PA3THUHBIX BBIZIEIEHHBIX
OHOPOJTHBIX 00JIACTAX
Fig. 4. Graphic-analytical representation of filtrational processes in various allocated homogeneous areas

3nauenus mapametpoB {c}, {d;}, {mj}, {bsyi}, {wii}, {vi} B y3nax {aj}, i,j=1,2,...,K, omucaus s
pHCYHKA 2. B Mojienu Tak:Ke HCIIOJIb30BAHBI CJIEAYIOIINE TapAaMETPhl, COOTBETCTBYIOIILE BhIIEIEHHBIM
yuactkam (obsacTsam):

P = {pj} — xoadouruent ruapoaucnepcuu, m2/cyt; V = {vj} — CKOpOCTb (UIbTPAIUH, M/CYT;
E= {ej} — akTuBHas mopucrocTh, noiu enawHUNb;; N = {nj} — mapamerp oOMeHa XUMHUYECKUMU
BEIIIECTBAMU MEK/Y OTHOCUTEIBHO IIOCTOAHHBIMU YUaCTKaMHu (KT).
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Jlisi omMCaHHUsA IPOIIECCOB IEPEHOCA PACTBOPEHHBIX 3aTrPsS3HAIONIUX BENIECTB IOA3eMHBIMU
BOJIaMH B y3JIaX U MEPEXOTHBIX 00IACTSAX UCIIOJIH30BAHO CIEAYIOIee YPaBHEHNE B YACTHBIX ITPOU3BOHBIX
(mpuMeHseTCcsA BO MHOTHX 33/1a9aX T€OMUTPAITUHN):

O°F oF oF .
pjy‘f‘vj&:ejg’ J=1,2,....K, (2)
rae pj — koadduuent ruapoaucnepcun, M2/cyt; F — MuHepanusalus MOA3eMHBIX BOM, T/AM3; Vj —
CKOPOCTh (DUIbTpAIlU, M/CYT; €j — aKTHUBHAs IOPUCTOCTb, JOJU EAUHUIIBI; X — IMPOCTPAHCTBEHHAS
KOOpZIMHAaTa, M; t — BpeMeHHasi Koop/inHaTa, cyT [[IIBapiy A.A. 1996, [llecronamos B.M. 1988].

Takum 06pazoM, MaTeEMaTHUECKAsi MOJIEJIb PACIPOCTPAHEHHUA apeasioB 3arpA3HEeHUsA 03EMHbIX
BOJI, O0YCJIOBJIEHHBIX aHTPOITOTEHHOM /IeATeIbHOCTHIO B TOPHOIIPOMBIIILIEHHOM paiioHe, OCHOBaHHAs Ha
rpadoaHaTUTHYECKOM TIIPEACTABJIEHUH (QUIBTPAIIMOHHBIX IPOIECCOB B PA3JIMYHBIX BbIJIEJIEHHBIX
OMHOPOJHBIX yd4acTKax (IIprMep KOTOpPOrO IIPHUBEJEH Ha pHUCYHKE 4), OIHCHIBAeT IPOIlece
MHUHEpIN3alNU TOJ3EMHBIX BOJ B OJHOPOAHBIX obsacTsax (ys3ibl rpada) U B HEpeXoaHbIX 00JacTax
(pebpa rpada) Ha OCHOBAHUU COOTHOIIIEHUH BUAA (2).

BbIBOBI

PazpaboranHble rpad0aHATUTHYECKOE IIPEACTaBIEHHE TUAPOTEOJIOTHYECKUX IIPOIECCOB U
MareMaTHYecKas MOJENbh JUHAMHUKU PACIPOCTPAHEHUs IOA3EMHBIX BOJI MO3BOJIAIOT aHAJIU3HUPOBATH
Bo37iericTBHE (DAaKTOPOB €CTECTBEHHOU U TEXHOTEHHOW HArPY3KHU Ha THIPOTE0JIOTHYECKYIO CPEY.

PazpaboraHHasa MaTeMaTHyecKas MOJIEJIb HA OCHOBAaHUY IIPEJIOKEHHOTO rpad0aHaATTUTHIECKOTO
MpE/ICTABJIEHUsI IO3BOJIAET C MEHBIIUMH 3aTpaTaMH  PECYPCOB  BBIYMCIUTEIBHON  TEXHUKHU
aHAJIM3UPOBATH JUHAMUKY PACIPOCTPAHEHUS 3arpsA3HEHHs IIO3€MHBIX BOJ U CIIOCOOHA K a[alTalluy B
YCJIOBUSAX U3MEHSIONIETOCI TEXHOTEHHOTO BO3/IEHCTBHUAL.

HUccienoBaHue BBINOJHEHO TpH (PUHAHCOBOHM moaaep:kke POO®U B paMKax HAYYHOTO
npoekra N2 16-07-00451.
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