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AHHOTaumsa. BoeHHad [eATeNbHOCTb HAaHOCWUT OrPOMHbIA  Bpef  3KOMOrMYECKOMY  COCTOSIHUIO
OKpyXatoLeli cpeabl. Ocoboe MecTO B [aHHOM C/ly4ae 3aHWMalOT BOEHHble MOJIUIOHbI, Ha KOTOPbIX
NCMbITLIBAETCA M MPUMEHAETCA OrPOMHOE KO/IMYECTBO Pas/IMYHOIO OpyXus. [M03TOMY [A/1F OLEHKM
3KO/IOrMYEeCKoro yuiepba W MaaHMpOBaHMA MeponpuaTMIA N0 pereHepaumn MOYBEHHOTO MOKPOBA
aKTyasbHa pa3paboTka HOBbIX MOAXOA0B K MPOrHO3MPOBaHWIO Pa3BUTUA 3KONOMMYECKOW CUTyaumn Ha
TeppuTopmAaX 0OLEKTOB BOEHHOW [eATenbHOCTW. CyLUeCTBYHOLLME METOAbl U HOPMAaTWBbl HEMPUrOAHbI
4N OLEHKM  3KONOrM4Yeckol  6e30macHOCTM MO4YB  MpU  BO3AENCTBUM  HECKONbKMX  (haKTOpOB,
OKa3sblBalOLLMX BMMAHWE Ha WX Jerpajaumio. B gaHHOM cnyyae nog ferpafauvent noys MOHMMaeTCs
TPEXMepHOe M3MeHeHWe pefbedia TeppuTopun ¢ BapuauuaMm no rnyouHe He 6onee 10 M (BOPOHKM OT
B3PbIBOB) U €e TeOXMMMWYECKOe 3arpsA3HeHne. B OCHOBY METOAMKM MOMOXEeHa MOAU(MLMPOBaHHaA
PeKyppeHTHas Moge/nb PepxrobCTa, UCMOo/b3yeMas B pasHbiX 06/1aCTAX 3HAHWI 418 OMUCAHUA CUCTEM
OMHAMMYECKOro xaoca. [l1f OLEHKM WM MPOrHo3a COCTOAHUA 3KO/IOrMYECKUX CUCTEM WCMOMb3yeTcs
MOHATME, NPELIOXKEHHOe aBTopaMu paHee, - Te03KO/I0rMYecKas 3HTPOMUSA, KOTOpas W3MEHSeTCs B
nHTepBasie [0, 4] n onpegensieT ypoBeHb WX YCTOWYMBOCTM B AuanasoHe oT O go 1 Mertoguka
anpobupoBaHa Ha y4acTKe TUMWYHOro aBMaLMOHHOIO NOSMroHa B LieHTpasibHOM (hefiepa/ibHOM OKpyre.
Moka3aHO, YTO ero MHOroakTopHas 3KOoMormyeckasd 6e30nacHOCTb B LE/IOM HAaxXOAWUTCA Ha HWU3KOM
YpOBHE (KOMMEHCUPYEMbIA 3KONOrMYeckniA  Kpuauc). CpenaH MPOrHO3 pasBUTUA  3KOOMMYeCKoi
CUTyauun Ha NonuroHe Ha 6nvxaiiwme 30 net. [daHbl peKOMeHAauuy Nno NpoBefeHno peabunutaumm
MOYBEHHOrO MOKPOBA aBMALMOHHOrO MOMUrOHa. Llenb HacToAWEero wuccnefoBaHWs - MOCTPOEHWE
MHOro(hakTOpHOM METOAMKM OLEHKN (U3NYECKON M XMMWUYECKOW [ferpafjauuy Mnoys B pe3y/bTare
BOEHHbIX [EACTBWIA.
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Abstract. Military activities have a huge impact on the ecological state ofthe environment. A special place in
this case is occupied by military ranges, where a huge number of different weapons and armaments are tested
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and used. Therefore, for assessment environmental damage and planning measures for the regeneration of soil
cover, it is relevant to develop new approaches to forecasting the development of the environmental situation
in the territories of military facilities. The existing methods and standards are unsuitable for assessing the
environmental safety of soils when exposed to several factors affecting their degradation. In this case, soil
degradation refers to a three-dimensional change in the terrain of the territory with variations in depth of no
more than 10 m (craters from explosions) and its geochemical contamination. The methodology is based on a
modified recurrent Ferhulst model used in various fields of knowledge to describe dynamic chaos systems.
To assess and forecast the state of ecological systems, the concept proposed by the authors earlier is used -
geoecological entropy, which varies in the range [0, 4] and determines the level of their stability in the range
from 0to 1 The technique has been tested on a site of a typical aviation landfill in the Central Federal District.
It is shown that its multifactorial environmental safety is generally at a low level (compensated environmental
crisis). A forecast of the development of the environmental situation at the landfill for the next 30 years has
been made. Recommendations are given for the rehabilitation of the soil cover of the aviation landfill.
The purpose of this study is to build a multifactorial methodology for assessing the physical and chemical
degradation of soils as a result of military operations.

Keywords: military ecology, military ranges, terrain degradation, soil pollution, mapping, digital maps,
blast craters, heavy metals
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BBegeHune

Martematnyeckass Mofenb 415 ONUCaHWA MPOLECCOB AMHAMMYECKOro Xaoca MnpeasioxeHa
6enbrmnckmm matemaTnkom Mbepom ®paHcya PepxtonbCcTom. CorfacHo 3ToW Mogenu, Mmasble
OWMNOKM NnpeablayLnX 4eTepMUHMPOBAaHHbIX LUK/I0B HaKan/JMBakTCs, YTO MPUBOAUT K CKa4YKo06-
pasHOMY Mepexoay CUCTEMbl OT AMHAMWYECKOro pasBUTUA CUCTEMbl K XaoTuyeckomy [Lorenz,
1963; Feigenbaum, 1978]. YpaBHeHMe PepXxl0NbCTa YCMewWwHo NpUMeHseTcs 414 onMcaHua rugpo-
ANHAMUYECKUX U MeTeopO/IOrMYeCKMX MpPOLLECCOB, XapaKTepU3yLWMXCa HeyCTOMUYNBOCTbIO K He-
3HAUNTENbHbLIM U3MEHEHUSIM Haya/lbHbIX YCOBUIA Ha 6OMbLUMX psaax HabnwaeHW. MNpu 3ToM cy-
LWEeCTBYET «rOPM3OHT MPOrHO3a», Korga AMHaMUyeckoe pasBuTne CUCTEMbl CMEHSETCA XaoTUUYEeCKUM
N npeackasaTb ee NoBejeHMe CTaHOBUTCS HEBO3MOXHbIM [JlopeHy, 1981]. Meoakosioruyeckme npo-
LlecChbl C NO3ULMIA AMHAMUYECKOTO Xaoca N3yyeHbl Maio, O4HAKO HEKOTOPbIe aBTOPbI CUMTAIOT nep-
CNEKTUBHbIM Pa3BMTME 3TOIT0 HOBOIO Hanpas/ieHUs B akosorumn [PoseH6epr, 2011; Cyrak, 2014].

PaHee npea/ioXXeHa U UccnefoBaHa aHTPONMIAHAA MOAEeNb MHAMUYECKOro Xaoca ANs OLeH-
KW 3KONIOTMYeCKON 6e30MacHOCTU aHTPOMOreHHO M3MeHeHHbIX cucteM [Basapckuii, KouyeTosa,
2021; basapckuii u ap., 2023]. Mpu ManbIX YPOBHSX Aerpagaumm OKpyxxatoLen cpeibl ee S3HTPONuS
Mana, cuctema fBnseTcs LeTepMUHUPOBAHHOM, abCOMOTHO NpeAcKasyemon, npu aToM ee 3KOJoru-
yeckasd 6e30MacHOCTb MakcumanbHa (6nmM3Ka K eguHuue). Mpu yBennveHnn perpagaumm cuctema
CTaHOBUTCH CTOXaCTMYECKOM, a YPOBEHb €e 3KOM0rm4yeckor 6e30nacHOCTM MOXHO MpefcKasaTb C
HEKOTOPOI BEPOSTHOCTLIO. [pKn 3HaYMTE/NbHLIX YPOBHAX Aerpagauuy HacTynaet nepsas 6ugypka-
LMd, Korga cmctema camornpon3BObHO MOXET Y/yUlnTb UK YXYALWNTL CBOE 3KO/I0MMYECKoe Co-
CTOsIHME € BeposiTHOCTAMM 0,5. Mpu fanbHeiwem yBeNMYEHUN TEXHOTEHHOW Harpysku cuctema ne-
PeXOAMT B XaOTMUYECKOE COCTOSIHME C MHOXECTBOM GuMdypKaLunii, CTaHOBUTCA abCONKOTHO Henpea-
CKasyemoil, 1 ee akonornyeckas 6e30MacHOCTb CTPEMUTCS K HY/HO.

[erpagauuns noys BOEHHbIX MOJIMIOHOB W TEPPUTOPUIA 6OEBbIX AEACTBUIA NMPOUCXOANT
noj BAIVSAHMEM MHOXeCTBa (PaKTOPOB, OCHOBHbIMU M3 KOTOPbIX ABNAOTCSA (PU3NYECKOE M3MEHE-
HWe penbeda U XMMMUYECKOoe 3arpsasHeHne NoYs TOKCUYHbIMUK BewlecTBamMmn. MNpuMeHeHne coBpe-
MEHHOr0 MOLLHOTO OPYXXWA B TeYeHUe faXe He3HayMTe/NbHOro BPeMeHW MPUBOAUT K KaTtacTpo-
(hMyeckum nocneacTBUAM AN IKOCUCTEM, MacliTabHble TEPPUTOPUM HAZONTO CTAaHOBATCHA He-
NPUroAHbIMN N5 BefeHUs X03AWCTBEHHOW AeAaTenbHOCTM [30HH 1 ap., 2002; XapbkuHa, 2004,
KouetoBa u fgp., 2023]. MeTOAMKM OLEHKU 3KOMOrMYECKoW 6e30MacHOCTU aHTPOMOreHHo
Harpy>eHHbIX TePPUTOPUIA NMPU MHOTOMPAKTOPHON UX ferpafjaluy He CyLlecTBYeT, XOTH B CBeTe
COBPEMEHHbIX BOWH C MCMO/b30BAHWEM CPELCTB MOPaXKEHMSA BbICOKOW MOLWHOCTM 3Ta npobnema
ABNIETCA Ype3BblvaliHO akTyanbHol [Apo3a, 2023].
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MpeasioxxeHHas asTopaMum Mofenb 6a3npyeTcs Ha HOBOM MOHATUN - «Te€03KO/I0TMYecKas 3H-
Tponua». [NA ee OUEHKN CTAaTUCTUYECKWI Psf 9KOMOTUYECKUX WM3MEepeHuli pa3buBaeTcsi Ha He-
CKOJIbKO rpafjaunii. QHTPONUA KaXKAoM rpajalmm pacCcymTbiBaeTCa Kak Npov3BeeHne noBTopsemMo-
CTel rpagaunii Ha norapugmbl KoaghhrLMeHTOB onacHocTy rpagaunn. KoahduumneHTbl onacHoCTH
OnpeAensanTcs No CTaHAAPTHbIM METOAMKAaM KaK COOTHOLUEHME U3MEPEHHbIX 3HAYeHWUI (KOHLEH-
Tpaunin TOKCUKAHTOB, N/oLajelt HapyLWeHHbIX 3eMe/ib) Ha UX (DOHOBbIE YPOBHMW, XapaKTepHble ANs
nccnegyemoin tepputopumn [Poivaros, 2018; CanlMunH 1.2.3685-21]. O6nactb onpeaeneHns reosko-
NOTNYECKOW 3HTPONUW NEXUT B Npefenax oT HyNs A0 YeTbipeX. Y pOBeHb 3KONOrMYeckoil 6esonac-
HOCTU CUCTEMbl PACCUMTBLIBAETCA MO MOAM(MUUMPOBAHHOMY COOTHOLWEHUIO PepxtonbeTa, rae
ynpaBnsoWmnM napameTpom sSIBASETCA reoakonornyeckas sHTponus [Komnetotepbl., 1988].

Ha npumepe aBMaLMOHHON YacTW BOEHHOIO MOIMIOHA C MPUMEHEHMNEM MOCTPOEHHOM 3H-
TPONUIAHOW MOAENN AUHAMMYECKOro Xaoca OLEeHeHbl YPOBHM 3KOMOTMYECKOn 6e3onacHoCTn fe-
rpagaumu penbega n XMMMYecKoro 3arpsa3HeHns noyvs no OTAe/bHOCTW, YTO NOLPOOHO M3M0XKe-
Ho B paboTax [basapckuin u ap., 2022; MaHTenees un gp., 2023].

O6beKTbl U METOAbI UCCef0BaHUS

MonnuroH «MoroHoBO» HaxoAWTCA Ha paccTosiHuM 10 KM OT r. BopoHexa. O6uwas nno-
waab nonuroHa coctasnsdet 300 ra. OH pacnofioxXeH B mexaypeybe pek BopoHex un [loH, B
CpefHei ero yacTu NPoOXoAuT Bogopasgen. PyHT MOAUTOHA N0 MaKCMMaibHON rny6uHe BOPO-
HOK - ME/IKO3epPHUCTbIN NeCoK, XapaKTepusywWwuniica HU3KOM YCTOWYMBOCTLIO NO CKNOHaM. [o-
JMTOH HaxXoAMTCA B 3aM0OBefHOM fIeCy MeXZAy MWINNOHHbIM FopoLoM BOpOHeXem 1 «BOPOHEX-
ckuMm Baiikanom» - o3epom lMoroHoso (puc. 1). O3epo BXOAUT B YMC/IO MaMATHUKOB MPUPOAbI
BopoHexcKoli 061acTi, B HeM B M306MANKN BOAUINCL OKYHb, CEPebpsHbIi Kapacb, Ni0TBa, NeLl,
casaH, LyKa, cygak. Cpefy BofonnaBaloLWmx NTuL, 0bmutanmn Yaku, Laninm n MHOXeCTBO 4pYrux
peakux ntuy. B 1970-x rogax Ha 6epery 03epa pacnonaranacb ycagb6a pbi6HOro X03sicTBa.

TeppuTOopranbHoO NOMIUIOH NPUYPOYEH K BOPOHEXCKON (DOBMOrNALManbHON rpsage -
YHUKanbHOMY MO pasmMepaM W MPOUCXOXAeHW0 06pa3oBaHUIO B 3anajHoOM cekTope [OHCKOro
NeiHNKOBOTO fA3blKa, CHOPMUPOBABLUErOCA Ha CTafuUW OTMUPAHUA KPaeBOro CerMeHTa NefHuKa
(puc. 2). M'paga npocTupaeTcs ¢ ceBepa Ha 180 KM 0T c. XnieBHOe JIuneukoin 061. A0 YyCTbA PeKn
MkopeL, npoxoauTt no sogopasgeny p. JoH v p. BopoHex. Mo neBobepexbto p. [LOH U K 0Ty OT
ycTba p. VIKopey rpsdga coxpaHunacb B BUAE OCTaHLa Ha mexaypeube p. [oH n p. butior.
B penbethe npeacrtaenseT coboi Ban € yBa/IMCTON MOBEPXHOCTbIO Ha abCOMOTHLIX BbICOTaX [0
170 M, KOTOpbI BO3BbILLAETCA HaZ ant0BMUaNbHON paBHUHOW Ha 25-30 m [Mnywkos, 2011].

(Gbr V -- —
L] Monwnrox "MoroHoso™

c?

Google

Puc. 1 PacnonoxeHwve nonuroHa «MoroHoBo», r. BopoHex
Fig.1. Location ofthe Pogonovo landfill, Voronezh
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Puc. 2. Ycnosums 3asieraHus JOHCKUX NIeHUKOBbIX U CBA3aHHBIX C HUMW OT/IOXEHWI B BacceiHe
BepxHero [oHa: la- ranbka v Ba/lyHbl Ja/lbHENPUHOCHBIX Mopog, 16 - rasbka; 2 - necku
pa3HO3epHUCTbIe; 3 - NEecKy CpeaHe- U Mefiko3epHUCTbIe; 4 - CYTNNHKK; 5 - TIUHBI; 6 - TVHbI
NEHTOYHbIE; 7 - Mepresin NPecHoBOAHbIE; 8 - AOLOHCKME (MPenMYLLECTBEHHO [OYETBEPTUYHbIE) MOPObI;
9 - noeepxHocTHas mMopeHa; 10 - flokasbHas MopeHa; 11 - ocHoBHas MopeHa; 12 - 6a3anbHas MopeHa

Fig. 2. Conditions of occurrence of Don glacial and associatedsediments in the Upper Don basin:
la- pebbles and boulders of long-range rocks, 16 - pebbles; 2 - sandsofvarious grains;
3- medium- and fine-grained sands; 4 - loams; 5- clays; 6 - ribbon clays; 7 - freshwater marls;
8- Dodonian (mainly pre-quaternary) rocks; 9 - surface moraine; 10 - local moraine;
11 - main moraine; 12 - basal moraine

3anafHblil CKNOH CMOXEH MecKaMmu MOLWHOCTbH A0 80 M, K BOCTOKY OHU CMEHSTCA CY-
rnmHkamun. MNopowsa Tena rpsabl cNaboBorHyTas u n3MeHsetcs ot +100 meTtpoB Ao +70-80 m.
CeBepHee ¢. XNeBHOe rpsaja nepexo4uT B MOpeHble 06pa3oBaHus, a toXkHee NaBnoBcKa - B f0-
NNHHbIA 3aHAp. Ob6pa3oBaHMe Bana MPOUCXOANNO0 B TNYy6OKOM KaHbOHE C NleflOBbIMU GopTamu,
MPOSIOXKEHHOM TanbiMU BOZaMW MO HanpaBfEeHUIO CTOKa, 6/M3KOMY K [ONefHUKOBOW [ONIMHe.
Mocne TasHWA Nbaa GAOBUOTNSALMANbLHOE Te0 CTano UMeTb BUA BO3BbILEHHON rpagbl. A6co-
NIOTHbIE OTMETKM ero nosepxHocTy 165-172 M, wupuHa Bana A0 8 KM. XapakTepHOi 0COBeHHO-
CTbt0 BO3BbILLIEHHOM YaCTW Basa ABMAETCH Ype3BblyainHO cnabas pacyneHeHHOCTb pesibeda U no-
4TW NOJIHOE OTCYTCTBME NMOKPOBHBIX CYT/TMHKOB.

B 3K0/10rn4eckoin reoXMMmnm NHTEpeceH MOMEHT, KOTOPbIA MOXET OblTb MHTEPNPETUPO-
BaH C TOYKWM 3PEHUS MnapareHesnca MbllWbAKa C NPUPOLHBLIMK MnpoueccamMu. ISTO CynbhuHas
CBMHLIOBAsA U MefiHasa MUHepanu3aumns, obHapy>XeHHas B MeNOBbIX NOPOAax B O4HOM W3 OBParos
Bo3/e cenia KocteHkn. Kak W3BECTHO, pyAHas MyUHepanu3aumsa Meaun, CBMHLA MU MblllbAKa B Npu-
poje - Aeno o6bivyHoe. OfHAKO, YTOObI MOATBEPAUTL LaHHYK TMNoTesy TpebyeTca npoBefeHue
B 9TOM palioHe reoXMMUYecKOl CbeMKW. B KauecTBe paboueil rmnoTesbl He OMPOBEPraeTcs u
BEPCUA MbILbAKOBOIO 3arps3HeHns, UCTOYHUKOM KOTOPOro MOXeT 0KasaTbCA NOMUToH «Iloro-
HOBO». HeraTuBHas CTOpOHa ()YHKLWOHMPOBAHMA MOIMTOHA MOXET ObiTb CBA3aHa M C TEXHO-
reHHbIM MHULNNPOBAHMEM 3PO3UMOHHbIX MPOLLECCOB HA Y4acTKax, rae MJOTHO CrpyXXeHHble BO-
POHKW TPYNNUPYIOTCA B Y3KWE 30HbI, BbITAHYTbIE MO CK/IOHY. B BeceHHee nosioBoAbe, Korga Bo-
POHKWN MEPEnONHATCS BELHUMMN BOLaMU, MOTYT 6bITb NPOPbIBbI CTEHOK BOPOHOK C (hOpMMpPO-
BaHMEM NOXOWH CTOKa, YTO 60/1ee BEPOSTHO MMEHHO Ha BOCTOYHOM CKJ/IOHE, TA4e PasBUTbl Nerko
pasMbiBaemMble 1eCCOBUAHbIE CYTMHKK. TMpodunb, BAOAL KOTOPOro BO3MOXHO 06pa3oBaHue
OBpaXKHO-6a104YHOM CUCTEMBI, MOKa3aH Ha puc. 3.
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Puc. 3. MoBEPXHOCTHBIN CTOK C y4acTKa C B3pbIBHbIMY BOPOHKaMW MOXET ObITb Hanpas/ieH
K LMPKYMMEHTY, OT KOTOPOro HauMHaeTcs BOLOTOK KapnuunxuHoro Jlora
Ha ceBep B CTOPOHY BOAOXpaHUMLLA
Fig. 3. Surface runoff from the site with explosive craters can be directed to the circus ofthe moment,
from which the Karpichikhin Log watercourse begins to the north towards the reservoir

JHTponuitHas Mojenb OLEHKU 3KON0TM4yecKoil 6e30NacHOCT M BOEHHbIX NONMTOHOB

CylecTBytollas MeTOAMKA OLEHKM 3KO/IOrM4Yeckoil 6e3onacHoCcTM chopmynimpoBaHa B
MEeTOANYECKMX LOKYMeHTax: «MeToanyeckne pekomMeHaaummn no OLEeHKe CTerneHWn 3arpsasHeHus
aTMOC(epHOro BO3AyXa HAaCeNeHHbIX MYHKTOB MeTasinaMy Mo UX COLepXXaHWt0 B CHEXHOM no-
Kpose u nouse» Ne 5174-90 [MY 2.1.7.730-99]. «[lMoyBa, 04nCTKa Hace/leHHbIX MeCT, OblTOBbIE
M MPOMbILU/IEHHbIE OTXOAbl, CaHUTapHas oxpaHa Mnoysbl. MTMeHNYeckas OLEeHKa KayecTsa Mouy-
Bbl Hace/leHHbIX mecT» M.: ®I'BY «LUCIM» ®MBA Poccun.

MeToAMKa OCHOBaHa Ha BbIYMC/IEHUM CYMMapHOro MnokasaTens 3arpsAsHeHus (ganee -
CnM3) TeppuTtopun. Beluncnaetcs Kosp@uumeHT onacHocTn 3B

Kc = Ck/ MNAKK,

roe Ck - m3mepeHHas KoHueHTpauma 3B, MAKK - ero npefenbHo fonyctumas KOHUEHTpauusa.
YuyutbiBaloTca ToNbKo Ke > 1

3TV nokasatenn SBAAKOTCA AuddepeHUManbHbIMU, Tak Kak npobbl oTbuparTcs B OT-
[0eNbHbIX TOYKaxX U He MOryT XapaKTepu3oBaTb 3KO/IOFMYecKyto 6e30nacHOCTb TeppuTopuu B
uenom. Moatomy Heob6xoAuMMO paspaboTaTb YHUBEPCANbHYK MOJeNb OLEHKW 3KOMOrM4YecKow
6e30NacHOCTV TEPPUTOPUU, KOTOpas CMOXET YUUTbiBaTb CTATUCTUYECKYHD HEeomnpedeneHHOCTb
OLLeHKM 3KOJIOrnyeckor 6e30nacHOCTM TEPPUTOPUN ANA LeATeNIbHOCTM YesloBeKa Npu BCEX BO3-
MOXHbIX (DaKTOpax 1 ypoBHAX fAerpagauum TeppUTopun.

YHuBepcanbHOW BeIMYMHOW, Onpegenstowein mepy HeonpegeneHHocTn (6ecnopsgka),
BO3HMKalOLed B CTAaTUCTUYECKOW cucTeMe, ABASETCH 3HTponus. OHa 3aBUCUT OT yucnia BO3-
MOXHbIX COCTOAHUIA cuctembl W. Yem 60nbLue 3Ta BeIMUMHA, TEM 6OMbLLE 3HTPONUS U Heonpe-
LeNeHHOCTb COCTOSAHMA cucTeMbl. Ang npugaHns agfuTUBHOCTM 3TOMY MOKas3aTesto 4Yuc/io Co-
CTOSIHMI M3MepsieTca B norapummyeckom macwitabe, TO eCTb MCMONb3yeTcs BenmymHa InW.
TakmmM 06pa3om, ecnivi YNC/I0 COCTOSHUIA CUCTEMbI CTPOrO OMnpefeneHo, TO OHa ABASEeTCH AeTep-
MUHMpoBaHHOW M W= 1, n InW = 0.
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[ns NocTpoeHWs 3HTPONMUIAHOW MOAENU B Havane Heo6XO0AMMO BBECTM HOBOE MOHATUE
«Fe03KO0/IOrNYeCcKast 3HTPONMSA», KOTOPOE OT/IMYAETCA OT SHEPTeTUYECKOT0 MOHATUS «IHTPONUSA»
B (hM3nKe. ANrOpUTM BbIYNCNEHUS TE03KONOTMYECKOI 3HTpoNMK pa3paboTaH B NyHKTax 1-7.

DHTpoNuiiHag MofeNnb AMHAMWYECKOro Xaoca OLEHKW W MPOrHo3a 3KOM0rmyeckom 6es-
OMaCHOCTW TEXHOTEHHO Harpy>eHHbIX TEPPUTOPUIA:

B AaHHOW mMogenu reoskonormyeckas 3HTPONMUS BCerga OrpaHMYeHa Kak CHU3Y, TaK U
CBEPXY, 1 OECKOHEYHO He BO3pacTaeT C YBENMYEHUEM N, KaK 3TO NPOUCXOANT MPU BbIYNCIEHUN
cna.

PaspaboTaHHasi Mofenb SIBAAETCA YHWBEPCASbHOW, MPUTOAHOW A5 OLEHKW 3HTPOMNUM
Nto60ro TeEXHOreHHOro BO3A4EeNCTBMA Ha noysy. OTAMUMS BYAYT 3aKNHYaTbCA TONbKO B BblUMC-
NEHUN KO3P(PULMEHTOB OMACHOCTW, KOTOPbIE B LUMPOKOM CMbIC/IE BbIYUCAAOTCA KaK OTHOLLUe-
HWe U3MepeHHOW ferpajauumn K ee ypoBHIO, 6e30nacHOMY A/15 YenoBeka.

[Nns OUEHKM 3KONorunyeckoli 6e30nacHOCTV TEPPUTOPUIA NPU Pa3NINYHbIX YPOBHAX TEXHO-
FeHHOI Harpysku 1cnosib3oBaHa MoAeNb AMHAMUYECKOr0 Xaoca, ONUCbIBaKOLLas Nepexos CUCTEMbI
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OT [LeTepMWHUPOBAHHOIO COCTOSIHWS, OMWCLIBAEMOrO AMHAMWUYECKUMW 3aKOHaMW, K CTOXacTuye-
CKOMY, ONUCbIBAEMOMY BEPOSTHOCTHBIMU 3aKOHaMW, U HaKOHeL, NMepexofy B XaoTM4eCKoe COCTOs-
HWe Yepe3 nocnefoBaTeIbHOCTb 6UypKaL i, Korga NnporHo3 COCTOAHMS CUCTEMbl CTAHOBUTCA He-

BO3MOXHbIM.

VccnepgoBaHns ypaBHeHUs (4) nokasanu, 4to ecnu Pn e [0,1], TO reoakosiornyeckas aH-
Tponus S He BbIXOAMT 3a npefenbl uHTepsana [0,4] u orpaHnyeHa Kak CHU3Yy, TaK U CBepXy YyKa-
3aHHbIMMW 3HAYEHNAMMU.

Ha puc. 4 npusegeHa 6uypKaLumoHHas HoOMOrpaMmmMa pasBuUTUSA HeyCTOMYMBOCTIN 3KOMO-
rMyeckol cuctembl Pn, paccumTaHHaa no qopmyne (4), ana uucna wutepauunii  (LUKNOB)
n = 64. OfHa nTepayms NPUHATa paBHOM OAHOMY TrOfy, B TeYEHWe KOTOPOro ycpeaHseTca 3a
CYeT KNMMaTUYECKUX U3MEHEHUI reoaKonornyeckas aHTponusa. MocKosbKy 3KO/ornyeckas He-
YCTOMUYMBOCTb Pn XxapakTepusyeTt 3KO/I0MMYECKY 0NacHOCTb AerpagupoBaHHO TeppPUTOpPUK, TO
Bemn4ynHa (1 -Pn) onpegenseT 3KONOrMyeckyro 6e30nacHOCTb TEPPUTOPUMN.

Pn
1

0,9
0,8
0,7
0,6
0.5
0.4
0,3
0,2
0.1

0
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4

Puc. 4 - Homorpamma HeyCcTONYMBbLIX COCTOSIHUIA 3KOMOrMYECKOM cucTeMbl PN B 3aBUCMMOCTM
OT TeKyLLEen 3HTPONMM S 1 BpemeHW HabnrogeHnin, N = 64:
1-3K0N10rnyeckas HopMa; 2 - 3KOMOrMYECKNIA PUCK; 3 - KOMMNEHCMPYEMbIA PUCK;
4 - HeKOMMeHcupyemblii puck; 5 - 6eacteue [Mathematics Differential ..., 1994]
Fig. 4. Nomogram of unstable states ofthe ecological system Pn depending on the current entropy S
and the time of observations, N = 64: 1- environmental standard; 2 - environmental risk;
3 - compensable risk; 4 - uncompensated risk; 5 - disaster [Mathematics Differential ..., 1994].

Mpy paccMOTpPeHUN OGUGYPKALMOHHBLIX HOMOrpamm, MOAeNb 3aBUCUMOCTU OLEHKW He-
YCTOMYMBOCTN 3KONOTNYECKOW CMUCTEMbI 3aBUCUT OT yumcna utepaumnin N. NMocKonbKy HavanbHblii
YPOBEHb HEYCTOMYMBOCTU WUCCNEAYEMON CUCTEMbl B MPOLUSOM HEU3BECTEH, TO MPWUHATO, YTO OH
Obl1 He3HauUTeNbHbIM, KOrja 3Konoruyeckas 6e3onacHOCTb cucTembl 6bina He MeHee 0,95,
TO eCTb BO3MOXHas owunbka He 6onee 0,05.

Mpuemnemas TOYHOCTb BO3HUKAEeT nNpu N > 16, a 6ugypkayMoHHas HoMorpamMmma noJsiHo-
CTblO CTabunusnpyetca npu 64 rogax TEXHOTeHHOW aKcnayaTauuy 3KOIOTMYECKOW CUCTEMBbI.
34ecb 40 YpOBHA MepBoit 6udypkauum S = 2,9 BO3MOXEH MPOrHO3 COCTOSHUS 3KOMOTMYeCcKom
CUCTEMbI NPW MOHWUTOPUHIE ee TeKylei aHTponuu. Takum o6pa3om, ANS OLEHKU TOYHOCTU
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NMPOrHo3a TeKYyLLel 3KONOrM4YecKo 6e30MacHOCTN TEXHOTEHHO HarpyXeHHOM cucTembl HeOBXO-
AVMMO 3HaTb BpPeMSi Havasa ee aKcnayataymu.

MonuroH «oroHoBoO» akcnayaTmupyertcs y>ke B TedeHume 70 fieT, U 4114 OLEHKW ero aKono-
rM4Yeckol 6e30MacHOCTU MOXXHO MO/Mb30BaTbCA AMarpaMMOi, NMPUBEAEHHON Ha puc. 1, namepss
TEKYL Y TFe03KON0rmyeckyto aHTponuio S. LLIKana paHXupoBaHWA HOMOrpamMmbl CBefeHa B
Tabn. 1

Tabnuua 1
Table 1

CTeneHun 3KOM0rM4ecKon aerpagaLum reoakonornyecknx cucTem
The degree of environmental degradation of geoecological systems

S P Mpagaumsa XapakrepucTuka rpagauum

YpoBeHb TEXHOMEHHOro BO3LEWCTBUS He MpeBblllaeT
0<S§<11 0<P<0l oH ropora onacHocTu

YpoBeHb TEXHOreHHOro BO3LEWCTBUA MNpeBbILIaeT Mopor
11<S<2 01<P<05 3p OMacHOCTW, HO  MPOTEKLMOHHblE  CMCTEMbI  YeNoBeKa

CMpaBnAlTCA C 37O Harpyskon. Cuctema Haxogutca B

YCTOAYMBOM AVHAMUYECKOM PaBHOBECUM

MepexofHblli Mpouecc M3 YCTOWYMBOIO paBHOBECUA B
20<S<29 05<P<07 KK HeyCTONYMBOE. VIHTEHCMBHOE HAKOM/IEHWe 3arpAa3HAoLLIMX

BELLECTB B OpraHu3mMe YesioBeka
3a cuyeT nepBoil Oudypkauum cuctemMa MePexoauT B

0,7 <P <0,88 HK COCTOSIHME  AMHAMWYeCcKoro Xxaoca, BO3MOXHbl  [Ba
04<P<0,7 HenpeAckasyemblX MyTW ee pasBuUTKS, CO  Cy4vailHbIM
yBe/IMYeHNEM NN YMEHbLLEHWEM YCTONYMBOCTU (PUCKA)
MHoOXecTBeHHble Ouypkaumn. Cucrtema HaxoauTcs B
COCTOSIHUM abCOMIOTHOIO Xaoca. YKWBble OpraHu3Mbl Ha
Takux TeppuTopuax normbaot. OpHako npu S = 3,77
CYLLEeCTBYeT «OKHO», B KOTOPOM BO3MOXHO BbhKMBaHWe
npucrnocobmBLLIECS  4YaCTX  CTapol  Mmonynauum 1
3apoXKaeHne HOBOIA

29<S5<35

35<S5<40 08<P<10 3b

Takum o6pa3om, pa3paboTaHHas MOLeNb NO3BOMNT CAeNaTb OLEHKY COCTOSHUS reo3Koso-
FMYecKMX CUCTEM B LUMPOKOM WHTepBane CTeneHW UX Aerpafjauuu, HaumHasa oT LeTepMUHUPO-
BAHHOrO COCTOSIHMA CUCTEMbI, KOTAa CTeneHb ee Aerpagauum mana, 3atem npu yBefIMYeHUmn 3H-
TPOMWY CUCTEMA CTAHOBUTCHA CTOXaCTUYECKOW, KOorja onucaTb ee COCTOSIHUE C MOMOLLbIO Bepo-
ATHOCTHOIO NoAXoja elie BO3MOXHO W NpW [anbHenLweM YBe/lIMYEHUWN 3HTPOMUMU BO3HUKAKOT
MHOXeCTBEHHble OUdypKaLum, Korga 3K0/0rMyeckas CMCTEMa MEPEXOoMT B XaOTMYECKOe COo-
CTOSIHWe, NpPU KOTOPOM NPOrHO3 ee COCTOSAHUSA CTaHOBUTCA HEBO3MOXHbIM.

Pa3paboTaHHas MeTofMKa ABMAETCA YHUBEPCA/bHOW U MOXeT 6biTb MCMOMb30BaHa A/
OLLEHKWN re03Konormnyeckom sHTponumn no6oro TEXHOTEHHOro BO3A4EWCTBUA Ha MOYBbI, TO/IbKO B
KaXXJO0M KOHKPEeTHOM c/iy4yae HeobxoAMmo paspaboTarb Cnocob BbIYMUCIEHUA KO3PPULMEHTOB
oracHocTwu.

AHTpoNUsA Pr3nyYeckoin agerpagauum noyYs NOANTroHa

Ba3a faHHbIX HEpPOBHOCTel pefbeda uccnefyemoro aBMaLMOHHOIO MOAUTOHa chopmu-
poBaHa MyTeM PEKOrHOCLMPOBKM MECTHOCTM MO aspoOTOCHMMKaM C 6ecnuioTHOro nerartesib-
Horo annapaTa. Paspewatouias cnoco6HocTb hoToannapatypbl 0,25 M. C NOMOLLbI NPOrpaMmbl
Agisoft Metashape Professional nposogmnm 06paboTKy CHAMKOB TeEPPUTOPUMN NOAMUTOHA NOLLa-
Abto 600 x 600 M2, KOTOpbLIA NoKasaH Ha puc. 5. Ha 3Toil TeppuTopumn onpeaeneHo KoM4ecTBo
BOpoHOK N = 362, anameTpbl D KOTOpPbIX BapbMpoOBannch 0T 2 Ao 26 M, a rnybuHa gocturana 6
M. [laHHble CTaTUCTMYECKOM 06paboTKM yyacTKa NoAMroHa npeacTaBneHbl B Tabn. 2.
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Puc. 5. CHUMOK TeppuTopun NoANroHa
Fig.5. A snapshot ofthe polygon's territory

Tabnuua 2
Table 2
CraTucTnyeckve faHHble ferpafaumny penbeda noamroHa
Statistical data on terrain degradation the polygon

Ne 1 2 3 4 5 6 7 8 9 10 n 12
rpagawum

D, m 2-4 4-6 6-8 8-10 10-12 1& 14-16 16-18 18-20 20-22 22-24 24-26

M 31 50 68 88 n 128 152 171 189 20,7 229 255

Pa 028 031 013 003 0,04 0,04 006 004 001 003 002 001

<K > 15 250 340 440 550 640 7,60 855 945 104 114 128
INKiM 044 092 122 148 170 18 203 215 225 234 244 255
&n 012 028 016 004 0,07 007 012 009 002 007 005 0,04

B 3aBMcMMOCTM OT AmameTpa BOPOHKWM pasfeneHbl Ha 12 rpagauumii. PesynbTatbl 06-
paboTKM AaHHbIX NpUBeAEHbl B Tabn. 2, rae ykKasaHbl: CpPeHWiA AnameTp BOPOHOK B i-TOl
rpagauuu (B"p); nosTopsemocTb rpagauumn (Pig), paccuMmTaHHas Kak OTHOLUeHWe 4yucna BO-
POHOK nNi B i-TOIN rpagaumnto K 06LLeMYy 4Mcny BOPOHOK N; cpefHMA KO3MHULMNEHT ONacHOCTM
rpagaunm (<Kpg=>), paccumTbiBaeTCcsa Kak COOTHOLIEeHMe CpefHero agumametpa BOPOHOK B"p B
i-Toli rpagaynmn Ha 6e30MacHbIii NPUPOAHbLIA ANaMETP HEOJHOPOAHOCTEN penbeda, NPUHATbIN
paBHbIM 2 M [Pbluaros, 2018]; reoakonornyeckas sHTPONUS KaXXAoW rpagaynm S™ npusepe-
Ha B NOCMeHEN CTPOKE.

MMonHas 3HTpONUSA paccmMaTpuUBaemMoro y4acTKa Mo/JIMroHa paccyuTbiBaeTca no gopmyne
[Basapckuii n gp., 2022]:

A= ZEiPuymin<Kl>= Tr=1SiA )

rae m- 4yucno rpagauuii.

PaccunTtaHHOe 3HauyeHue 3HTponuu 5a = 1,13 COOTBETCTBYET paHry «3KO0TMYeCcKUi
PUCK» MO HOPMATMBHOWM LUKane OonacHOCTel ferpagauum 06BLEKTOB OKpYXKalowei cpefbl, Kak
yKa3aHo Ha puc. 4 [basapckuit n gp., 2022].
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SHTPONUA re0XMMMYecKom ferpaganmmn noYvs rnosvroHa.

Mpwn TpexMepHOW gerpagaunn penbeda B KaXKjoii BOPOHKE HEO6X0AMMO OTOUpaTb fe-
BATb MPO6: OfHY Ha [iHEe, YeTbIpe MO CK/IOHAM M YeTbipe Ha KPOMKe BOPOHKW [[laHTenees v Aap.,
2023]. MpoBOANTL XMMMWUYECKMNIA aHann3 3arpsA3HeHuns Mo4s MOAMIoHa No BceM 362 BOPOHKaM
3KOHOMMWYECKUN He LienecoobpasHo. [MoaToMy 6bina pa3paboTaHa KOCBEHHas METOAMKa OLLeHKW
reOXMMMYECKOW gerpagayum noanroHa, coctTosAwas M3 aTanos.

1. Ha nonuroHe Bblbupanu naTb 3TaOHHbIX BOPOHOK C Pas/IMYHbIMMN AramMeTpaMun, cooT-
BETCTBYHOLWMMN paHram 1-5, Kak yKasaHo B Tabn. 3. B KaXaoi 13 BblGpaHHbIX BOPOHOK OTOU-
pann AeBATb Npo6, Aenannm M3 HUX 00bEAMHEHHYK Npoby. AHann3 06beAMHEHHbIX Npob u3
Ka)XX0i BOPOHKN NPOBOAMAN METOAOM PEHTIEHOBCKON CNEKTPOMETPUN. Y CTaHOBMEHbI CpeaHue
KOHUeHTpauum cnegyrowmx anemeHToB: Sn, Cs, Sc, Nb, Ga, Y, Zr, Sr, Rb, Ba, Ti, As, Pb, Co, Sb,
Cu, Ni, Zn, Cr, V, Mn, Fe [MaHTeneeB n ap., 2023].

2. PaccunTtaHbl KO (ULUEHTbI OMacHOCTU 3/1IeMEHTOB NyTeM [eNeHUs cpefHen KOHLEH-
Tpauun anemeHTa Ha MNM(O)AK BewecTtBa B noyBe [CaHlunH 1.2.3685-21]. InemMeHTbl C KO3 Pu-
LMeHTaMy onacHoCTU <1 B JaNbHEALMNX pacyeTax He yuuTbiBanW. Y CTaHOBMAEHO 15 onmacHbIX
3arpAsHALWNX 31EMEHTOB B BOPOHKAaxX OT aBMaLMOHHbIX cHapsagos: Cu, Ni, Zr, Sr, Rb, Mn, Sn,
Cr, Ba, Sc, Pb, Sh, Ga, Cs, Nb.

3. MoBTOPAEMOCTb KaXAolM rpagauunmn Pix oueHMBann Kak OTHOLIEHMe yncna Koahduum-
€HTOB OMacHOCTW T, NONABLWIKUX B i-TYO rpagauunto, K obwemy yncny Koagh@uumueHTOB OMacHoO-
ctu: Pix = ni/N, rge N = 15-5=75.

Tabnmua 3
Table 3

CratucTyecKkue nokasaTenu ferpagauum pesibeda n XMMUYeCcKoro 3arpsisHeHus noys
B K0 rpafjaumm 1 Ha NoIMroHe B LIeSIOM
Statistical indicators of terrain degradation and chemical contamination of soils in each rank
and at the landfill as a whole

Bug pgerpagaunn NokasaTenu gerpagaumm 1 2 3 4 5 M
Xumunyeckoe <Kx> 143 2,33 4,75 6,1 8,49
3arpsisHeHne Pix 0,333 0,2 0,2 0,067 0,2

Moys MoanroHa Mix 0,478 0,466 0,992 0,409 1,698 4,02
Jerpagauns <K > 2,7 54 8,3 99 118

penbeda Pig 0,36 0,13 0,24 0,17 01
nonnroHa Mm 0,97 0,7 2,0 1,69 1,18 6,54
M~ —Mix di 0,492 0,234 1,008 1281 0,518

CpegHuii Koa(huumeHT onacHocTn rpagaunn <Kix> onpegensnn Kak cpegHeapupmeTu-
yeckoe Bcex Koah(hnumMeHTOB, nonasLwwmX B i-TyHO rpagaumio.
SHTPONUIO XMMNYECKOTO 3arpsA3HeHUS NOYB PaCcCUUTLIBAIN aHaIOMMYHO No hopmyne (2):

SiXx = VI=1PiXIn< K ix >=1,15.

PaccuMTaHHOe 3HaueHUe Six TaK)Ke COOTBETCTBYET PaHIy «3KOIOTUYECKNIA PUCK».
[Ns OLEHKMN TeCHOTbI CBA3M ABYX (haKTOPOB, ONpPeAeNstolMX KOMMEKCHYO Aerpagaunto
MONIMIOHA, PaccuYmMTaHbl MaTeMaTUYECKUE OXMUAAHNSA KOIPPULMEHTOB OMAcCHOCTH Mo (opmyne:

M = Y™1Pj-<Ki > ©)

Mo cytn, Mi = Pi<Ki> - 3T0 3KO/MIOrMYECKUI PUCK KaXXAO0W rpagauun, onpegensembli
KaK Mpou3BefieHMe BO3MOXHOT0 yulepba <Ki> Ha BeposaTHOCTb ero peanmsauun Pi. CpegHe-
B3BELUEHHbI PUCK AN1A BCEro NonnroHa M =

B nocnegHei cTpoke BbIYMCEHbl Pa3HOCTU MaTeMaTUYeCcKOro oxunaaHma \di\ —tabn. 4,
[N OLLEHKN TECHOTbI CBA3U MPOLECCOB.
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CoBMecTHasa aHTponus ferpagaynm nNoys NOAUroHa WM onpepeneHne KOMMNIEKCHOM
3KONOrn4yeckoin 6esonacHocTMU.

Ceoakonornyeckas aHTponusa - 6e3pasmMepHas BeNMUMHA, OLHAKO ANA pas3/IUYHbIX (HopMm
9KONIOrMYeCKMX MPOLLeccoB OHa He MOXeT 6biTb afAUTUBHON. DTO 06BACHAETCA TEM, YTO 3HTPO-
Nns, B OT/INYME OT IHEPTUKN, He ABNASETCH PYHKLMUEA COCTOAHUA CUCTEMBI, a 3aBUCUT OT YCNOBWUIA
npoTekaHus npouecca. MoO3TOMy NpU BbIYUCAEHUN COBMECTHOW 3HTPOMUWU ABYX PasNUYHbIX
3KOIOrMYeCcKUX npoLeccoB HEOOXOANMMO 3HATb TECHOTY UX CBA3N.

TecHOTa CBA3M [BYX paHXWMPOBAHHbIX CNy4YailHbIX NPOLLECCOB OMNPeLeNseTca PaHroBbIM
KoahpuumeHTOM Koppenaumm CnmpmMeHa riz [Fmypman, 2004]:

M
r2=1-6 e : (3)

T3-T

roe d - 6e3pa3mepHas BeMYMHA - Pas3HOCTb KO3(W(PMLUMEHTOB OMACHOCTU COOTBETCTBYHOLIUX
paHros NpoLeccos.

lMockonbKy  KO3h(hUUMEHT KOppenaumu riz  un3MeHsieTcA B npegenax or +1
(aBTOKOppenaumsa) ao -1 (pa3HoHanpaBneHHble NOA06HbIE MPOLLECCHI), TO HEOOX0AMM Nepexof B
BEKTOPHOE MPOCTPAHCTBO MpU3HakoB. Torga Sl - MNOMHbIA BEKTOP 3HTPONUM (PU3NYECKOW
jerpagaumm penbega, a S2 - xumuyeckon gerpagaummn. OpueHTaums aTUX BEKTOPOB 3aBUCUT OT
yrna a mexgy HUMU, U MOAY/Nb BEKTOPa COBMECTHON 3HTPONMMUU MOXHO BbIYUC/IUTL CNeAYHOLWnM
obpa3om:

|Sc| = V$i2 + Sf + 2StS2cosa = + Sf + 251S2r12 4)

PaccMOTpyUM TPY YacTHbIX Cly4as.

Mpwn a6bcontoTHOl Koppensuumn (riz =1) ypoBeHb COBMECTHOr0 Gecrnopsiika CUCTEMbI
onpefenseTca CYMMO abCOMOTHbLIX BEANYUH IHTPOMUKU ABYX WCCAeLyeMblX MNpPoLeccoB
Sc=S1+S2. Tak NPOUCXOAUT B TEPMOAMHAMMUKE, KOrfa B 3aMKHYTO CUCTEME Harpetoe Mu
X0JI04HOE TeNo NPUHUMAKT OAUHAKOBYO TeMMepaTypy, Y 3HTPOMNUSA CUCTEMbI BO3pacTaerT.

B cnyuvae ri2= 0, a = 90° (cos a = 0), BEKTOPbI S 1 Sz OPTOroHanbHbl U NPoLECcChl He
KoppenupoBaHbl. Torja COBMecTHad J3HTponusa jJerpagauum nous OyfeT uWMeTb BUS;
Sc= (S1 + S2)12

Ecnn nccnepgyembie npoueccbl KOPPenmpoBaHHbl, HO pasHoHanpas/ieHbl, TO riz = -1, a
Sc=S1- S2, TO €CTb UX COBMECTHAA 3HTPOMUA YMEHbLUAETCS.

Vicnonb3ysa gaHHble Tabn. 3, nofyyum Koagp@uumeHT Koppenauuu riz = 0,85, 4yto cooT-
BETCTBYET AOCTATOYHO BbICOKOW TECHOTE MPSAMON CBA3WM MeXAy (hM3MUYECKOW U XMMUYECKOW fe-
rpagaument noys noanroHa. MIHbIMm cnosamu, ¢ yBesimyeHMeM gnametpa BOPOHOK pacTeT U ypo-
BEHb 3arpA3HeHNs MOYB B HUX.

JHTponua gerpagauun penbeda MoauroHa B3ATa paBHOW 1,13, Tak Kak BblYMCNEHHAs
TOMIbKO MO MATU 3TaSIOHHLIM BOPOHKAM [aeT MeHbLUYH TOYHOCTb.

CoBMeCTHas# 3HTpPONUA WCCMefyeMOoro asBWaLMOHHOTO MOAMroHa OyAeT BblYMCNATLCA
cneaytounum obpasom:

Sc=JSITSIT2S[S™ =VI,132+ 1,152+ 21,13 +1,150,85 = 2,19.
M3 Homorpammbl nosiyyaem, 4YTO A/ COBMECTHOW 3HTponuu nonuroHa (Sc = 2,19)
Pn= 0,52, a KOMNIEKCHbIA YPOBEHb 3KONOTMYeCcKOl 6e3onacHocTy paseH 0,48.
Pe3ynbTaTbl 1 UX 06CYy>X4eHUE

[ns ncenefoBaHHOM aBMaLMOHHOM YacT NoAnroHa «MoroHoBO» MOyYeHbl cnegytowme
pesyfbTaThl:

L SHTponus gerpagaunn penbega Sa= 1,13. 3170 061aCTb 3KOMOTMUYECKOr0 PMUCKa, Koraa
elle BO3MOXHO CaMONpon3BO/bHOE BO3BPALLEHNE 3KOMOTMUYECKON CUCTEMbI K HOPManbHOMY CO-
cToAHM0. HeycToilunmsocTb cuctembl Pn = 0,12, akonornyeckas 6esonacHocTs 0,88.
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2. l'eoxmmmueckas sHTponus Sx = 1,15 - Hayano 061acTU 3KONMOFMYECKOrO PUCKA, HO
eule 6/1M3KOro K Hopme. YctoumeocTb Pn= 0,12, skonorunyeckas 6esonacHocTts 0,88.

3. bonbwylo onacHOCTb NpefcTaBffeT Aerpajgauuns penbeda nosmMroHa 3a CHeT BO3MOX-
HOro o6pa3oBaHUs 0OBpPaXKHO-6a/104HOA cucTembl. OfHAKO TeKyliWe YPOBHU 3KONOTMYECKOMN
6e30MacHOCTM HapyLleHHOW 4acTu MOSIMIoOHa MAEHTUYHbI N0 060MM MoKasaTensM, 4TO MOA-
TBEPXKAETCA UX BbICOKOW TECHOTOM CBA3MN.

4. Oco60i TOYKOM, rae MUHUMaNbHA YCTONYMBOCTb CUCTEMbI, ABMIAETCA TOYKA MPU Feo-
3KONOTrMYeCKOM 3HTPOMNMMK, PaBHOM 2, U YPOBHE 3KOMOrMYeckoi 6GeszonacHocTu cuctembl 0,5.
B cnyuyae S < 2 euwe BO3MOXEH HaAeXHbI CTaTUCTUYECKUIA MPOrHO3 3KONOrn4veckomn 6esonac-
HOCTU CUCTEMbI U BO3BpAaLLeHNe ee B UCXO4HOEe COCTOSAHME.

5. CoBMecCTHaa aHTponus gerpagauuu penbea nosMroHa n reoXMMmMYeckon aerpagaunmu
Sc=2,19. Mpn 3TOM HeyCTONUYMBOCTb cucTemMbl Pn = 0,52, a KOMNNEKCHbIA YPOBEHb 3KOOTMYe-
CKOW 6e3onacHocTy - 0,48. B uenoM Tekyllas TeXHOreHHas Harpyska Ha NnoJiuroHe BbICOKa, OHa
npménmxaetca K 061acT HEKOMNEHCMPOBAHHOIO KpuU3unca, Korga HactynaeTt nepsas 6udgypka-
UMA W 3KONOrMyeckas cucTemMa HauyMHaeT BeCTu cebs Henpefckasyemo. [Mpy TaKOM HU3KOM
YPOBHE 3KOMOrMYecKoi 6e30nacHOCTX NonuroHa, pasHom 0,48, BO3MOXHO 4aCTUYHOe BOCCTa-
HOB/IEHWE ero 3eMe/ib TOJIbKO Npu NPOBeLEHWUM LOPOroCTOALLMX peabunmTaLMoHHbIX Meponpus-
TWA. TO KOMMNNEKCHAasA OLEeHKa 3KO/OTMYECKOW CUTyaLMm Ha NONINTOHe B LiE/IOM.

6. MporHo3 COBMECTHOW 3KOM0rMYeckoin 6e30nacHOCTM MOMUIOHa MpU YCN0BUMK, YTO C
2024 rofa oH 6ypeT BbiBeAEH M3 3KCMayaTauMu, nokasaH Ha puc. 6. Mpu TakoW 3HAYNTENbHOM
HayanbHOW HeonpeLeNeHHOCTH 3KOJIOrMYeCKOro COCTOAHMUA MOMUIoHa, paBHol 0,52, NporHo3 Ha
ANUTENbHOE BPeMSA MMEET 3HaYMTebHble MOrpewHOCT Npyu 60MbLIeM YUCTe LUKIUYECKUX UTe-
pauuin. 3To orpaHuyeHne camor mogenu. Mo3aToMy MOMUMO HayvasbHbIX YCN0BUIA: SCc = 2,19 u
Pn= 0,52 6b11 3afaH TpebyeMblii KOHeYHbI pe3ynbTaT Pnk= 0,1 - rpaHuua 6e3onacHoi aKono-
FMYeCcKoW HOpMbl. KOMMNAEKCHbIV 3KOMOrMYecKnin puck paseH 0,9.

P,

Puc. 6. NporHo3 camoBOCCTaHOBMIEHUS 3eMefb NOINToHa
Fig. 6. The forecast of self-restoration of the landfill lands

paHMUa 3Konorm4yeckom 6esonacHocT gocturaetca 3a 30 feT NyTemM CaMOBOCCTaHOB-
NeHuUs 3eMenb nonmroHa. OfHaKo MPOMEXYTOYHbIE TOYKM OPMEHTMPOBOYHBLIE, TaK KakK TOYHO
HEeM3BEeCTHbI TeKyliMe npoueccbl, NpoTeKalLliMe B 3KONOTMYECKM HEeYyCTOMYMBOW cCUCTeMe Npu
TaKOW CyLLeCTBEHHOW COBMEeCTHOW ee gerpagaumn. CKOpPOCTb CAMOBOCCTAHOB/IEHUSA CHUXAETCH
yepes CeMb /1eT NOC/e NpeKpaweHns aKkenayartauuy noamroHa. NMoaTomy nocne 3Toro cpoka Ans
AOCTVKEHMSA 3KOMOTMYECKON HOPMbl HEOOXOANMO OCYLLECTBASATL PeabunuTayMoHHble Meponpu-
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ATNA, BKNaabiBad 3HAYUTE/IbHbIE PECYPChl, TaK Kak p,aaneVlmee CaMOBOCCTaHOB/1IEHNE 3eMefb
nosIMroHa NponcxoanT OYeEHb MEATIEHHO.

3aKyeHue

Mony4yeHO BbipaXXeHWe ANa pacyeTa COBMECTHON 3HTPOMUU (PU3NYECKON Y XUMMUYECKON
ferpagauum noys. Mogens anpobupoBaHa Ha TUNMUYHOM aBMaLNMOHHOM MOJINTOHE, e YyCTaHOB-
NeHbl 0NacHOCTb ferpajauuu penbeda B pe3ynbtaTe 06pa3oBaHVs BOPOHOK OT aBMacHapsjoB U
yCTaHOoB/eHbl 15 3arpA3HUTenieil NOYB BOPOHOK, NPELCTaBNAOLWMX 3KOTOrMYECKY0 ONacHOCTb.
YcTaHOB/IeHa BbICOKas Npsamas TeCHOTa CBA3U MeXAy (hU3MYeCcKON M XMMUYECKOW Aerpajalneit
MoyB MonMroHa (pPaHroBbln KO3hUUMEHT Koppenaymm CnupmeHa 0,85). Ha Tekywuii MOMeHT
BpPeMeHU 3Kosiornyeckas 6e30nacHoOCTb MCCefyemMoro noauroHa focTaTtoyHo Hu3kas. CoBMeCT-
Has 3HTpONUA Aerpajauum noys NOMUroHa coctaBnseT 2,19, HeyCTOWYMBOCTb 3KONOrMYECKOM
cuctembl 0,52, a KOMMNEKCHbIA YPOBEHb 3KONOrnMyeckon 6esonacHoctu - 0,48. PacyeTbl noka-
3a/1, 4YTO 3KONOTMYecKas CMTyaLusa Ha UCCNefyeMOM MOJIMIOHE B LE/IOM NPUGIMKEHA K paHry
«HEKOMMEeHCUPYEMbI KPU3NC».

MocTpoeHHas Mofenb NO3BO/AET AefnaTb MPOrHO3 PasBUTUA 3KONOTMYECKON CUTyaLuu.
COPM30HT NPOrHO3a OrpaHUYeH MepexooM 3KON0TMYecKO CUCTeMbl U3 AUHAMUYECKOro B CTO-
XacTUYeCKOoe COCTOSIHME. YCTaHOB/IEHa BEPXHAS rpaHuULLa 3KOIOrnmyeckoin 6e3onacHoOCcCTU noau-
roHa, Kotopasa gocrturaercsa 3a 30 f1eT NyTemM CaMOBOCCTaHOB/eHMA 3eMeflb. O4HaKO MpPoMexy-
TOYHbIe TOYKN OPUEHTMPOBOYHbIE, TaK KaK TOYHO HEW3BECTHbI TeKYLLMe MPOoLecChl, NPoTeKalo-
WMe B 3KONOrMYeCKU HeYCTOMYMBOI CMCTEME MPU TaKOW CYLLEeCTBEHHOW COBMECTHON ee ferpa-
fauun. CKOpoCTb CaMOBOCCTAHOB/IEHUS CHUXAETCHA 4yepe3 7 fIeT Moc/ie npekpalieHuns akcnaya-
TauMm nonuroHa. NMoatomy nocse 3Toro cpoka He06XoAUMO OCYLLECTBNATL peabunnTaLnoHHbIe
MeponpuaTUA A4/ BO3BPALLeHUs 3eMe/lb NONIUTOHOB B 06/1aCTb 3KO/IOrMYECKOK HOPMBI.

Pa3paboTaHHasa MoJe/ib YHMUBepCcanibHa U MOXET OblTb UCMO/MNb30BaHA AN UHTErpasbHOro
OnucaHnsa 1 NPOrHO3MPOBaHMSA 3KONOTMYECKON CUTYaL MK pasInYyHbIX abUoTUYECKUX reocgep.
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