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AnHoTauus. Bo3nelicTBue aBHaliMOHHBIX KOMIUIEKCOB Ha 3arpsi3HEHHE OOBEKTOB OKPYKaloLIel Cpeabl
M3YYEHO JIOCTaTOYHO Xopoio. OHAKO B JUTEpaType OTCYTCTBYIOT CBEACHUS O BIMSHUU PEKOHCTPYKLIUU
a’pOPOMOB M a3POINOPTOB Ha 3arpsi3HEHHUE JENMOHUPYIOUIMX Cpell MPWICTAIOINUX K HAM TEPPUTOPHUIL.
Pacimvpenne ¥ yIIMHEHHE B3JIETHO-IIOCAJOYHBIX IIOJIOC, IEPECTPOMKA CKJIAL0B TIOPHYE-CMA30YHBIX
MaTepUaIOB, TOIUIMBOXPAHWIMIL CBSI3aHbI C IIEPEMELICHUEM OIPOMHBIX MAacC JAECATHICTUIMHU
3arpsA3HAIOLIETOCS TPYHTa, MEJKHE 4YacTUIBl KOTOPOro aTMOC(EpHBIM BO3AYXOM IEPEHOCITCS Ha
HECKOJBKO KHJIOMETPOB M OCEJAalOT HA TEPPUTOPHIX CENUTEOHBIX, PEKPEAlOHHBIX 30H,
CEJIbCKOXO03SIMCTBEHHBIX yroauid. Llenb paboTel — nccienoBaHne JUHAMUKH WHTETPAILHOTO 3arps3HEHUs
MOYB B IMEPUOJl PEKOHCTPYKIUH a’spoapomMa. B pabore Tarxke 3aTparuBaercsl acleKT OOBEKTHBHOCTH
OLICHKM XHMHYECKOIO 3arps3HEHHs IOYB IO CTAHJAPTHBIM IIOKA3aTeIsM, PAaCCYUTAHHBIM C YYETOM
K03(pPUIIMEHTOB OMACHOCTH W KOHIECHTPAIMM WHIWBUAYaJIbHBIX 3arpsA3HUTENICH. YCTAaHOBJIEHO, YTO B
NEPUOJ PEKOHCTPYKLHMH adpoApoMa 3JKOJIOTMYECKas CHUTyallds Ha MPUWIETAIOIIHUX K adpoApoMy
TEPPUTOPHUAX HA PACCTOSIHUM 4 KM YXYALIWIACH OT JOMYCTHUMOIO O BBICOKO OMACHOTO paHra. 3a BpeMs
TPEXJETHErO MEpHOJa pellakcalliy NPUPOAHOM CHUCTEMBI JTOT IOKa3aTelb CHUBHICS OO YMEPEHHO
onacHoro. Jlanel KpaTKue PEKOMEHJIALNU II0 MCIIOJb30BAHHUIO 3€MEINb, IIPUWICralolIuX K aBUALOHHBIM
KOMIUIEKCAM B TEPUOJ MX PEKOHCTPYKIMH. ONBIT HCCIENOBAHHSA BIUSHUS PEKOHCTPYKLUH THIIOBOTO
a’poapoma B I'. BopoHex Ha 3arps3HEHHE IOYB NPWIETAIOUINX TEPPUTOPUN MOXKET OBITh IOJIE3€H MPH
MIPOBEZICHUH TTOIOOHBIX MEPOTIPUSTHI BO BCEH CTpaHe.
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Abstract. The impact of aviation complexes on the pollution of environmental objects has been studied
quite well. However, there is no information in the literature about the impact of the reconstruction of
airfields and airports on the pollution of the depositing media of the territories adjacent to them. The
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expansion and lengthening of runways, the restructuring of fuel and lubricants warehouses, fuel storage
facilities are associated with the movement of huge masses of polluted soil for decades, small particles of
which are transported by atmospheric air for several kilometers and settle on the territories of residential,
recreational zones, agricultural lands. The purpose of the work is to study the dynamics of integral soil
pollution during the reconstruction of the airfield. The paper also touches upon the aspect of the
objectivity of the assessment of chemical contamination of soils according to standard indicators
calculated taking into account the hazard coefficients and the concentration of individual pollutants. It
was found that during the reconstruction of the airfield, the environmental situation in the territories
adjacent to the airfield at a distance of 4 km deteriorated from an acceptable to a highly dangerous rank.
During the three-year period of relaxation of the natural system, this indicator has decreased to
moderately dangerous. Brief recommendations are given on the use of the lands adjacent to the aviation
complexes during their reconstruction. The experience of studying the impact of the reconstruction of a
typical airfield in Voronezh on soil pollution of adjacent territories can be useful when conducting similar
events throughout the country.

Keywords: total pollution index, conditionally natural background, airfield reconstruction, petroleum
products, formaldehyde, nitrates, heavy metals, Voronezh
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BBenenune

B coorBercTBHM € 3akoHOAATENbCTBOM Pd, ¢ LENbl0 palMOHATIBHOIO HCIOIb30BaHUS
IPUPOJHBIX PECYpPCOB, oOecredeHus Oe30MacCHOCTH MOJIETOB M HKOJIOTMYECKOW 0e30MacHOCTH
IIPOM3BOACTBEHHOW  JIESATEIIbHOCTH  «BHOBb  CTPOSILIMECS ~ A3pPOAPOMBI  (BEPTOJIETOJPOMBI)
HEoOXOIMMO pa3MenIaTh 3a npenesiaMyd ropooB U HaceneHHbIX myHkToB» [CHull 32-03-96, 1996;
Bo3nymeni  kogekc..., 1997]. BoibHIMHCTBO a3poApoMOB OBUIO IMOCTPOCHO B BOEHHBIE H
MIOCJICBOCHHBIE TOJIbl, @ K HACTOSIIEMY BpEeMEHHM Hen3OexkHas ypOaHu3alus MpuBeiia K CIUSHUIO
a’pOJIPOMHBIX KOMIUIEKCOB 1 ropooB [Kouerosa u ap., 2022].

HeratuBHoe BO3€lCTBHE AKCIITyaTUPYEMBIX B INTATHOM PEXHUME OOBEKTOB aBUAIIMOHHOM
JEATEIbHOCTH Ha JKOJIOTMYECKYI0 CHUTYAlMI0 B OJIM3JEXKalllMX HACENICHHBIX ITyHKTaX XOPOIIO
M3y4YEHO: YCTAHOBJIEHBI IPUOPUTETHBIE 3arpsI3HUTENH, TOCTPOEHBI MOJIENIM UX PacIpOCTPaHEHUS B
00BEKTaX OKpYXKAIOLIEH Cpebl, BBIIEIEHBI KOJI0r0o-00ycioBiIeHHbIe 3aboneBanus [Kienukos u
ap., 2019; JlazapeB u nap., 2019; KoueroBa n np., 2020]. OnHako B JMUTEpaType OTCYTCTBYIOT
CBEICHHS 00 IKCIIEPUMEHTATBHBIX MCCIIEI0BAHUAX BO3JIEHCTBUS PEKOHCTPYKIUU U CTPOUTEIHCTBA
a’poIpOMOB Ha 3arpsi3HEHHE OKpYyKarolled cpeapl. Bmecre ¢ Tem, 3TOT Bompoc mpuoOpeTaeT
0co0yI0 aKTyaJIbHOCTh, TaK KaK BO3HHMKJIA HEOOXOIMMOCTh MOJECPHMU3ALUM CYIIECTBYIOUIUX U
CTPOMUTENBCTBA HOBBIX a3pOAPOMHBIX KoMILIEKCOB. /o 2035 roaa 3arutaHMpOBaHbl pEKOHCTPYKIIUS
179 a3poapOMHBIX KOMIUIEKCOB TOCYJAPCTBEHHON M IPa’KAaHCKOM aBHALMK; CTPOUTENBCTBO HOBBIX
asponioptoB Ha noayoctpose ['sinan B SIMano-Henenkom AO, B OMmcke, ChIKTBIBKApe, Ha OCTPOBaxX
[Mapamymmp u llukoran [TpancnoptHas crparerus..., 2021]. IIpu pekOHCTPYKIMU a3pOIPOMHBIX
KOMIUIEKCOB, PAaCIIMPEHUHd W Y/UIMHEHWUHM B3JIeTHO-TIocanouHblx monoc (BIIIT), mepectpoiike
CKJIaJIOB TOprodye-cMa3ouHblx MartepuaioB (I'CM), TOIUIMBOXpaHWIMIL MEPEMENIal0T TOHHbI
3arps3HEHHBIX JICCATHICTUSIMUA TPYHTOB. AJICOPOMpPOBAaHHBIE HA YaCTUIAX MBUTH 3arps3HSIOLINE
BEIlleCTBA M Tapbl HE(TENPOIYyKTOB IEPEHOCATCS aTMOC(EpHBIM BO3AYXOM Ha HECKOJIBKO
KUJIOMETPOB 1 HAKAIUTUBAIOTCS B TOBEPXHOCTHOM cJioe 11ouB [Pomanos, 2006].

[lenp paboTBl — HCCIEAOBAaHME PE3YJIBTATOB MHOTOJETHEr0 MOHMTOpPHHIA II0YB
MPUA3POAPOMHON  TEPPUTOPUM B TEPHOABI IUTATHOIO pEXHUMa OSKCIUTyaTalld a’poJpoma
TOCY/JapCTBEHHOM aBHAIMM, €r0 PEKOHCTPYKLIMM W HEKOTOPOIO BPEMEHHM pellaKcaluu
HKOJIOTHYECKOW cHCcTeMbl. B paboTe Takke 3aTparuBaercsi achneKT OOBEKTHMBHOCTH OLIEHKH
9KOJIOTMYECKOM CUTYallUH [0 CYMMapHOMY IOKAa3aTeNto 3arpsi3HEHNUS 110YB.
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O0beKTHI U METOABbI UCCJICAOBAHUSA

[IpumepoM BAMSIHUS PEKOHCTPYKIIMM — a’pofpoMa TOCYIAapCTBEHHOW aBHAallMM  Ha
AKOJIOTUYECKYIO CUTYallMIO MPWIETAOIMINX TEPPUTOPUI SIBIISIETCS JTUHAMUKA 3arps3HEHMs II0YB B
CoBerckoM paifone 1. BopoHex, rme pacnonoxeH adpoapom «bairtumop». Aspoapom
¢dynxumonupyer ¢ 1956 roga. Jlo 3Toro oH AEHCTBOBANI B KauecTBE 0a3bl «I10JICKOKa» C TPYHTOBOU
BIIIT. HanGomnpliiee OTHOCUTENILHOE MPEBBIIICHHE MECTHOCTH Ha TeppHUTOprH adpoapomMa (+ 120 m)
HaxoauTcs B paiione Hwknenesuiika. Ha r0xHO# 1 roro-3anaaHoit okpanHax aspoapoma B 300 M ot
BIIIT pacronosken nec ¢ mpeBbimieHneM penbeda g0 30 m. CeBepHee, CeBEpO-BOCTOUHEE H
BOCTOYHEE a’pojipoMa HAaXOAATCsl JauHble mocenku «Caabl», CENbCKOXO3SIMCTBEHHBIE YIrOAbs,
JKUIIbIe U oprcHBIE 31aHus, TpeanpusThs. OpUeHTaIs OJIO0ChL, TIOCTPOSHHON C YYETOM FOPOJICKOM
3aCTPOMKH, COOTBETCTBYET IPEOOIa alolieMy HAIpPaBICHUIO BETpa IO MecsAllaM U Ce30HaM roja,
YTO CYIIECTBEHHO OOJIErdacT B3JET M MOCAIKY JeTarelbHbIX ammaparoB [Kouerosa u ap., 2022].
[Tonk, nucnommpyoomuics Ha a’spoapome, crain nepBbiM JuHeWHbIM ToakoM BKC Poccum,
NepeBOOPYKEHHbIM Ha (poHTOBBIe OOoMOapaupoBumky Cy-34, momyunB B 20112013 1T
24 camonera 3toro turna [bantumop, 2022].

C 2013 roma Ha TEeppUTOpPUHM a3poApOMa Hayajgach PEKOHCTPYKLMS, CBSI3aHHAs C
NepeMEeNIeHHUEM KOJIO0CCalbHbIX 00bEMOB IpyHTa IpU paciupenuu u yanunenuu BIIII, 3amene
60-TOHHOM MOA3EeMHOM LMCTEPHBI Uil XpPaHEHHS TOIUIMBA, MPU STOM OBbLIO 3aJeiiCTBOBAHO
00JbII0€ KOJMYECTBO CIELHAIbHOW TEXHUKH, YTO HE MOIJIO HE CKAa3aThCs Ha HKOJIOIMUYECKOM
CUTYallUU IPUIIETAIOIINUX TEPPUTOPUH.

HccnenoBanue 3arps3HEHUs IOYB Ha IPUA’POJAPOMHBIX TEPPUTOPHUAX IMPOBOIWIA B
nepuoa ¢ 2007 mo 2019 rr., KOTOPBIH 0XBATHIBACT BPEMS IITATHOTO PEKUMA PaOOTHI adpoApOMa,
AKTUBHOM TOJETHOW NEATENbHOCTH M €r0 PEKOHCTPYKIUHU, a TaKKe HEKOTOpOEe Bpemsl Mocie
OKOHYAHHUsI OCHOBHBIX CTPOMTENBHBIX paboT. [y ompeneneHus: yCIOBHO-€CTECTBEHHOTO
FeOXUMHUYECKOro (hoHa MpOBOAWIM OTOOP MPoO MOYB B TOUKE 1, pacmoyiOKEHHON B CaHATOPUU
uM. loppbkoro Ha paccrossHuu 13,6 KM OT KOHTpojbHOW Touku aspoapoma (KTA -
reOMETPUYECKUI LIEHTP B3JIETHO-TIOCAJOYHON MOJIOCH!). B COOTBETCTBHM C NpeobiaaatonMu
BETpaMU BBIOpaHBI CIEAYIOIINE TOYKH MPOO00TOOpa B FOr0-BOCTOYHOM HampasieHun oT KTA:
2 — teppuropus gayHoro noc. «Caap» (2,7 kM); 3 — 3eMIIH CeNTbCKOXO035HCTBEHHOTO Ha3HAUYEHUS
(3,5 ¥m); 4 — moc. ManeiieBo (8,4 km). Touka mpobootTOopa 5 HaxonuTces B noc. TerummyuHbIH,
KOTOpBIM pacnojiokeH mnox rauccago 3amagHee KTA na 4,4 kM. Kapra-cxema Ttodek
pob00TOOpa MOYB U CPEAHET0I0Basi po3a BETPOB JIJISl UCCIIElyeMOro pailoHa MpeCTaBIEHbl Ha
puc. 1.
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Puc. 1. Kapra cxema Touek 0oT00pa nmpo0 MOYB U CpeTHET010Bast pO3a BETPOB
Fig. 1. Map diagram of soil sampling points and the average annual wind rose
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Knaccugukanuss TeppuTopur IO  CEIbCKOXO3SMCTBEHHOMY, PEKpPEallMOHHOMY H
CenUTEOHOMY HAa3HAYeHMIO TpeOyeT KOMIUIEKCHOrO IOAXOoJa JJs OLEHKM KayecTBa IOYB.
Uccnenyemblii paiion 1. BopoHex xapakTepu3yeTcss BBICOKMM pPa3zHOOOpa3veM IMOYBEHHOTO
nokpoBa. Ero ocHoBHO# (hOH co37jaeT YepHO3EM BbIIIEIOYEHHBIH MAJIOT'yMYCHBIN CYTJIMHUCTBIMH,
YepeAyIOUUNCcs C KPYHBIMU MAacCHUBAMHM TEMHO-CEPBIX U CBETJIO-CEPBIX JIECOCTEIHBIX I1OYB
CYIJIMHMCTOT0, CYINECYAHOrO0 M IeCYaHOro TIpaHyJIOMETpUYEcKoro cocraBa. OTIenbHBIMU
HEOOJIBIIMMH Y4aCTKaMH BCTPEYaeTCss 4YepHOo3eM TUNWYHbIN [AnepuxuH, 1963]. Ilpsmoe u
KOCBEHHOE BJIMSIHUE JIATEIbHOCTH YEJI0BEKa Ha BCE MOYBEHHBIE NMPOLECCH ypOaHU3MPOBAHHBIX
TEPPUTOpPUN Topoja yKazaHo B paboTax, TMPOBEIACHHBIX Ha ©0a3e BopoHexckoro
rocyJ1IapCTBEHHOI0 YHUBepcuTeTa [ AXToipues, 2006; Kocunona u ap., 2007].

PazHooOpasue mpUpOAHBIX IMOYB M PA3IUYHOE MX AHTPOINOTEHHOE MPeoOpa3oBaHHE
IUKTYeT HEOOXOIUMOCTh HU3Yy4EHMsI CBOMCTB IIOYB B KaxkaodM Touke otOopa npod. Ha
TeppUTOpUN TOCENKOB TerummuHbii 1 MasbleBo MOYBBI KIACCU(PHUIIMPOBAHBI KaK CYTJIMHKH; B
nayHoM 1mocenke Caapl M Ha TEPPUTOPUU CEIIbCKOXO3ANWCTBEHHBIX YroJuil — uepHO3eM
TANWYHBIA. ['paHyJIOMETpHUYECKUI COCTaB MCCIEAYEMBIX IOYB CYIIECTBEHHO oTiiMyaercs. Jlis
cenmuTeOHON  TeppuTOpuu  (TOYKM TpoboorOopa 4, 5) XapakTepHO HEPaBHOMEPHOE
pacnpesielieHue CpeIHE3epHUCTOrO MeCKa, BCTPEUAIOTCS OCKOJIKM OMTOro KUpHIUYa U TPaBHM.
[TpunoBepXHOCTHBIA HccaeayeMblid cioil riyounor 1o 20 cm Ha 76 % COCTOUT M3 YACTHIL
pasmepom 0,25-0,05 mm. B uepHozeme (Toukm mpoboorbOopa 2, 3) HaOmomaroTcs ONHM3KHe
3HA4YEHUsl COJIEP)KaHUs Pa3HbIX (pakuuil 10 riryOuHsl 20 cM; HE3HAYUTEIbHO MPEBATUPYIOT
94acTHUIbl, Ha3biBaeMble 1o Kinaccudukammu H.A. Kaunnckoro menkoit meutsio (35,1 % gactur ¢
pasmepom 0,01-0,005 mm) [Bagronuna, Kopuaruna, 1986].

[Toka3zarens kucinotHoctu (pHkcl) MccaenyeMbIX MOYB Ha MPOTSKEHUH MHOIOJIETHEro
MOHHUTOPHHTA U3MEHSIICS OT €1ab0 KHUCIOoro Ao ciado menoynoro [Koueroa, BaykoBa u np.,
2019]. MakcumanbHoe noBbiieHne pHkcl mouB Habmoganock B noc. Camer ¢ 2013 roga, urto
CBSI3aHO C HAYyaJlOM HMHTEHCHBHBIX CTPOUTEIBHBIX paboT Ha aspoapome. lllemounoit cuBur
peakuuu cpeabl yepHo3eMma (pHkcimax = 7,6) OOYCIIOBJIEH pacHpOCTpaHEHUEM CTPOMTEIbHOM
NbUIM, cojepXKallel KapOOHAThl KaJlbliid W MarHus; IOBBIIIEHUEM KOHIIEHTpalUU CoJied
TSOKENBIX METAJUIOB M UX OKCHJIOB IpPHM YCHUJIEHHOM paboTe Trpy30BOro aBTOTPAHCHOpTa U
CTPOMUTENLHOTO 000PYI0BaHMUSI.

B ceprudpunuposannoit nadoparopun ®bY3 «lleHTp TMrueHsl M SMUAEMUOJIOTHU B
Boponexckoil o0nacTu» MONY4eHO coOjAepKaHHE B I0YBaX MPUOPUTETHBIX 3arpsi3HUTENEH
00BEKTOB aBHAIMOHHOW nesiTeapbHOCTH — cBuHIA (Ph), nmuka (Zn), mukens (Ni), maprania
(Mn), menu (Cu), kanmus (Cd), vedrenpoaykros (HIT), HurpatoB u HurputoB cymmapHo (NO3”
u NO2), dopmanpaeruaa (PA). IlpuopuTeTHOCTH 3arps3HUTENEH MOYB, HAXOISAIMUXCSA IMOJ
HEraTUBHBIM SKOJIOTMYECKUM BO3JEWCTBUEM a’3pOJpPOMOB, YCTAaHOBJIEHA paHEe Ha OCHOBAaHUU
JUTEPaTypHBIX TAHHBIX U COOCTBEHHBIX MHOTOJIETHUX HccnenoBanuii [Kouerosa u nip., 2022].

Mertannel B mo4Bax OmpezesieHbl Ha aTOMHO-a0copOLMOHHOM criekTpoMerpe «KBaHT-Z-
OTA-1» B COOTBETCTBMM C METOJIUKOH, mpuBeneHHoi B [M-MBI-80-2008, 2008]. Merox
aTOMHO-a0COpPOIIMOHHOM CIIEKTPOMETPHH SIBIISIETCS apOUTPaKHBIM MIPH ONPEIETICHUH METaJJIOB
B T0YBaX; OH MO3BOJISET C BBICOKOW TOYHOCTBIO ONPENENTh B pacTBopax a0 80 3JI€eMEHTOB B
MaJibIX KOHLIEHTPALIUSX.

AHalu3 HHUTPATOB W HUTPUTOB B OOBEKTaX OKPY)KAIOLIEH Cpebl BHIIOJIHEH Ha
cnexkrpodotomerpe «tOuuko 1201» B coorBercTBum ¢ [['OCT 53219-2008, 2008]. Coenunenus
a30Ta W3BJEUEHBl U3 aHAIM3UPYEMBIX MPOO MOYB PACTBOPOM XJIOpHAA KaJbIMs; IOCIe
JIByX4acOBOM SKCTpakUMU pacTBOp ObUT LEHTpUPYrHpOBaH [UIsl H3BJICUEHHS Pa3IMYHBIX
¢pakuuit a3ora. OOBIYHO B TPYHTaX KOJUYECTBO HUTPUTOB NMPEHEOPEKHUTEIHHO Mo, TO3TOMY
CyMMa HUTPAaTOB U HUTPUTOB CUUTAETCS COOTBETCTBYIOIIECH COIEP)KAHUIO B TPYHTaX HUTPATOB.

@dopmanbaeru B IOYBAaX YCTAHOBJIEH C TOMOIIbIO (POTOMETPUYECKOIO METo/Aa B
cootBeTcTBUU ¢ MeToaukon [[THJ] @ 16.1:2.3:3.45.05, 2005], koTopasi o0CHOBaHa Ha U3BJICYCHUHU
dopmanpaeruia u3 oOpaslia MEeperoHKoW C BOJASHBIM MAapoM B CHIJIBHOKHCIOW cpeae u
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OTIpENIeICHUH TIPU COJCPKAHUU B OTTOHE (DOTOMETPUYECKUM METOAOM IO LIBETHOW PEAKIMU C
XPOMOTPOIOBOM KUCIOTOW MPH JJIMHE BOJIHBI 570 HM.

HedtenpoaykTel B mouBax Onpenessuiuch apOUTpakHbIM MeTozoM TrpaBumerpun [[TH/]
® 16.1.41-04, 2004]. HedreyrneBoaopoasl SKCTPArupoBaIM M3 BO3IYIIHO-CYXOH MPOOBI MOYB
XJIOPOOPMOM, OTAEISUTA OT MOJSPHBIX COSAMHEHUH Ha XpoMmarorpaguueckol KOJOHKE TOcCIie
3aMEHbl PacTBOPHUTENS HA TeKcaH. B mocnennue rojasl HeTENPOAYKTHI B MOYBAX OMPEICIIIN
NK-cnekTpoMeTpuu4eckUM METOJOM C HCIOJb30BaHMEM KoHueHTpatomepa AH-2 [ITHIA @
16.1:2.2.22-98, 2005].

ITo pe3ynbraTam ucClieOBaHUI OblIa MPOBEIEHA TMTHEHHYECKAs OICHKA 3arps3HEHUs
MOYB MO KaXJOMY XHUMHYECKOMY BEIIECTBY B COOTBETCTBHUHM C CAaHUTApPHBIMU IIpaBHIAMHU
[CanlluH 1.2.3685-21, 2021]. Ilpu 5TOM HPHUHATHI BO BHHMaHHE KJIAacC ONACHOCTH U
MpeaeIbHO/OpUEHTHPOBOYHO  jponyctumbie  KoHueHTparuu  (ITJIK/OJIK) 3arpssuurenci;
KpPaTHOCTb MpPEBbIMICHHUS (PaKTHYECKOW KOHIEHTpanuu BemiectBa B mnouBe (i MpeaenbHO
nonycTuMoi KoHueHTpanuu (koddduient onacuoctu Koi = Ci/ ITJKi mmn Koi = Ci / OJIKi);
kpatHocTh npeBbimieHust Ci poHoBO# KoHIEHTpauuu Cyoni (K03 dumenT konuenTpanun Kii =
Ci / Cponi), MAaKCUMaJIbHOE 3HAUEHHUE AOMYCTUMOIO YPOBHS cojepikaHus sjeMeHTa (Kmax) MO
OJTHOMY M3 YeThIpeX MOKa3aTesell BpeIHOCTH (PY HATMYHUH /IS BIOBBIX (HOPM 3arpsisHUTEICH
nouB). Kpurepum creneHu 3arps3HEHHUs] II0YB HHIUBUIYaTbHBIMH OPraHUYECKUMHU U
HEOPraHMYECKUMH BEIIECTBAMH IPEICTaBlIeHBI B Ta0s. 1. OLeHKy ypOBHSI 3arps3HEHUS 1OYB B
JAHHOM cITy4yae MPOBOSAT MO HanOoJIee TOKCHYHOMY 3JIEMEHTY ¢ MaKCHMAIIbHBIM COJIEp>KaHUEM
B TIOYBE.

Ta6mmma 1
Table 1
Panry ypoBHS 3arpsi3HEHUS IOYB HHAUBUAYAIBHBIME BEIECTBAMH
Grades of the degree of soil contamination by individual substances
Heopranuyeckue Opranudeckue Kracc onacHoctu
BEIIECTBA BeElIECTBA 1 ‘ 2 3
> Kiax > STIJIK OueHb CHIIbHBIN CuiibHBIN
ITIK — Kmax 2ITAK — SITAK OueHb CHIIBHBIN ‘ CunbHBII Cpennuit
2Cgpon— [TAK IMAK — 2T1]IK CnaObrit

CymMmapHbIil  TOKaszarenb 3arpsi3HEHUST TMOoYB Z  PAacCUUTHIBAETCS C  Y4ETOM
KOX((UITMEHTOB KOHIIEHTPAIIMHA 3arps3HSIONMX BEIISCTB W YHCIA 3arps3HATENCH N,
KOHIIEHTPAIIUH KOTOPBIX MPeBhIIIatoT Cyoni 0 Gopmyste (1) [CanlluH 1.2.3685-21, 2021]:

7= (zn: Ci/Cq,om) —(n-1). (D
i=1

B 3aBucuMocTH OT BeTMYMHBI Z YCTAaHABIMBAIOTCS CIICAYIONINE PAHTH 3arPA3HEHUS TTOYB:
normycTumblid (Z < 16); ymepenHo onacHbli (Z = 16-32); onacuslit (Z = 32—128); upe3BpruaiiHo
omacHbIi (Z > 128).

VY CIIOBHO-€CTECTBEHHAS dboHOBas KOHIICHTPAIIHS HCCIIeTyeMBIX BEIICCTB
paccuuThHIBACTCSA MO JaHHBIM MOHHTOPHHTA MOYB B TOYKE MPoO0OTOOpa 1 B COOTBETCTBUU C
o6reii popmysoii (2) [O6 yreepxkaenumu..., 2007]:

Cpi = Cepi + (07" tse) /Y1, (2)

rie Cepi — CpelHss KOHIIGHTPALUs I-TOr0 BEHIeCTBa B TOUKE 0TOOpa mpold 1, MI/KT; oi — cpenHee
KBaJIpaTHYHOE OTKIJIOHCHHWE KOHICHTparnww; tst — koad¢umuent Creromenta npu P = 0,95;
N — YKCII0 U3MEPEHHUI KOHIICHTPAIIUH I-TOTO BEIIECTBA.
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[IpenenbHO MM OPUEHTUPOBOYHO JOMYCTHMBIC 3HAYCHHS KOHIICHTPAIMH HCCICTYEMBbIX
BEIIECTB M KJIACCHI MX OMACHOCTH mpexacraBiensl B Tadn. 2 [CanlluH 1.2.3685-21, 2021].
B HOBBIX caHWUTapHBIX MpaBWIaX HM HOPMAaX YKa3aHbl OPUEHTUPOBOYHO JOMYCTHUMEBIE
KOHIIEHTpAllMU 3arps3HUTENel B BajmoBod ¢dopMe He Juis BceX TUIOB MoYB. [ls oleHKu
JUHAMUKY 3arpsi3HEHUS MTOYB 10 JTUMUTHPYIOIIEMY IMOKa3aTelo ObLIA UCIIOb30BaHbI 3HAUCHUS
ITAK/OJAK nnst BanoBbIX (hopM 3arps3HUTENICH MOYB, OM3KUX K HEHTPATbHBIM (CYTJIMHUCTHIC U
rmHKuCThIe) ¢ pHkel > 5,5.

Tabmuma 2
Table 2

I'urnennueckue XapaKTEPUCTHUKH UCCIICAYCEMBIX 3211"p$I3HI/ITeJ'IeI71 IIOYBBI
Maximum permissible concentrations of the studied soil pollutants

3arpsa3HuUTENb Pb Zn Ni Mn Cu Cd HIT NOs DA
HAK/OJK, 130 | 220 | 80 | 1500 | 132 | 20 |50:100| 130 | 7.0
MT/KT
Krace 2 1 2 3 2 1 3 3 2
OITIaCHOCTH

* TIJK @i moYB CelbCKOXO3SHCTBEHHOIO HAa3HAYCHMS; JAYHBIX IOCEIKOB M CEIUTEOHBIX 30H
COOTBETCTBEHHO

B yka3aHHBIX HOPMAaTHMBHBIX JOKyYMEHTax mpuBeleHO 3HadeHue I[IJIK Tombko s
OCH3MHA, HCIOJIb30BaHUE KOTOPOrO IPH OLEHKE 3arpsA3HEHMs] I0YB IPUA’POAPOMHBIX
TEPPUTOPUN HEKOPPEKTHO. ['0JOBHBIM HE(PTEYrIEBOJOPOIHBIM 3arpsi3HUTENIEM II0YB 37ECh
ABIIIETCS KEPOCHH, B 3HAUMTEIHLHOM KOJIMYECTBE BbIOpachIBaeMblil MpH paboTe aBHALIMOHHBIX
IBUTATENe B (OpPCAKHOM pekuMe (IMpH  B3IETE-TIOCATAKE CaMOJIETOB); MEPEHOCHMBIN
BO3YLIHBIM MyTEM OT TOIIMBOXPAHWJIUIL, MECT MEPEeKauykH M 3alMpaBKU MPHU HECOOIIOCHUU
NpaBUJ  XpaHEHUsT M aBapusx; JecATWICTHUSMU  (QUIbTpYIOLIUNCS B  IpyHTax,
KOHIICHTPUPYIOLIUICS Ha TIEeOXMMHUYECKHX Oapbepax, 0O0pa3yloUuil TOIIMBHbBIE JHMH3BI
orpoMHbIX MaciiTaboB [JlazapeB u np., 2019; KoueroBa u np., 2022]. B To *e Bpems Henb3s
HE YUYWTHIBaTh 3arps3HEHHE CEeIUTEOHOH M peKpealMoHHOW 30H OEH3MHOM — Haubolee
pacnpocTpaHEHHBIM HE(QTENpOIYKTOM, COJAEpXaIlMMCs B TMOYBax ypOaHHW3MPOBAHHBIX
TeppuTopuil. [l 0OBEKTUBHOM OLEHKM 3arpsi3HEHHs MOYB HEPTENpOIyKTaMH HEOOXOAMMO
YUUTBIBATH COJIEpKaHNe OCH3MHA U KEpOCHUHA COBMECTHO. OHAKO JOMYyCTUMAas KOHIIEHTpalus
HIT B nouyBe Ha Oumosormyeckud Oe30MaCHOM YpOBHE HE YCTAHOBJIEHA «M3-3a CIOXKHOTO U
HEIMOCTOSIHHOT'O COCTaBa HE(TH U BpPsA JIM OyAeT yCTaHOBJIEHAa OJHO3Ha4uHO» [OkoienoBa u
ap., 2019]. B  pa3nuuHBIX  NOYBEHHO-KIMMAaTHUYECKUX  YCIOBHSX  KOHLEHTpalus
He(TENpOAYKTOB B [10YBAX, MPU KOTOPBIX UX MOXKHO CUUTATh 3arpsA3HEHHBIMU, pa3inyHa. OHa
3aBHCHUT OT NPUPOJHBIX YCIOBHUH, CIOCOOHOCTH THUIMA MOYB K CAMOOYMIIEHHIO, OT BUAA U
CKOpPOCTH  pacmaja He(pTempoayKTOB, THIIA  3€MJICTIOJIb30BAHUS,  PACTUTEIBHOCTH.
[Mpennaraempie OJIK gt HII B pa3nuuHBIX POCCHUICKUMX M 3apyOEKHBIX HCTOYHHUKAX
BApbUPYIOTCS OT HECKOJIBKUX €AUHUIL 10 10 ThIC. MI/KT, IpUYEM JIaHHbIE YacCTO MPOTUBOpPEUAT
Ipyr Ipyry, 4To oTMedeHo B oO3opax [[pyros, Pomun, 2000; OkonenoBa u ap., 2019]. B
auccepTaloHHoi pabote J[>xamberoBoii I1.M. nokazaHo, 4To conepkanue HePTEIPOAYKTOB B
mousax yxe Ha ypoBHe 45-10" MI/Kr okaspIBaeT TOKCHUHOE M MyTareHHOE BO3/ciCTBHE Ha
pacTeHus U opraHusM uesnoseka [I>xambeTosa, 2014].

B nanHoit pabore wucnonp3oBanu 3Hauenwe I[IJIK HedrenmpoaykToB B moyBax,
YCTaHOBJICHHOE OENOpYCCKUMH yYEHBIMH OSKCIIEPUMEHTAJIbHBIM IyTeM IO HauboJjee
3HAQUYMMBIM KPUTEPHUSIM BPEIHOCTH AJIS 3€Mellb Pa3jIu4yHOro IeJeBoro HaszHaudeHus [PyOuH u

ap., 2013].
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Pe3y.]'IBTaTI:I H UX oﬁcymelme

YpoBeHb 3arpsi3HeHUs MOYB B TOYKE MpoOooTOopa 1 Ha MPOTSIKEHUU BCEro Mepuojia hc-
CJICIOBaHMI HE3HAYUTEIILHO MOBBIMIAICS, B OOJBIIEH CTENEHU M3-32 POCTa KOHIEHTPALUU HHUT-
patHoro azora u HedtenpoaykroB. [loaTomy ansg pacdera yCIOBHO-€CTECTBEHHBIX (POHOBBIX
KOHLEHTpALUN 3arps3HSIIOIIMX BELIECTB HCIIOJIB30BAIM Pe3yibTaThl aHanu3a nous ¢ 2007 mo
2015 rr., uckaroyasi aHOMaJIbHO BBICOKME WJIM HU3KHE 3HaueHus. CpelHEeKBaApaTUYHOE OTKJIO-
HEHUE OT PACCUMTAHHBIX 3HAYCHUN Cyon HE TIpeBBIIIaCT 30 %, 4TO CBUACTEILCTBYET 00 yIOBIIC-
TBOPHUTEILHON JTOCTOBEPHOCTH Pe3yibTaToB (Tadi. 3).

Tabmuna 3
Table 3

Y CI0BHO-ECTECTBEHHBIC ()OHOBBIC KOHLICHTPAIIMH HCCIeyeMbIX 3arps3auteneii mous (P = 0,95; ty = 2)
Conditionally natural background concentrations of the studied soil pollutants (P = 0,95; ts:= 2)

CpenHee 3HaueHUE Cpenne- VYcaoBHo-
3arps3HsIonme JnmHa BBI- .
koHeHTparuu Cep, KBaJIpaTHIHOE OT- €CTECTBEHHBIN (HOH
BEII[ECTBA 0opkwu, N

MT/KT KJIOHEHHE, G Cpon, MI/KT
Pb 5,12 1,60 30 5,70
Zn 15,3 2,8 34 16,3
Ni 5,58 1,43 34 6,10
Mn 71,1 13,5 32 76,4
Cu 6,19 1,93 33 6,84
Cd 0,220 0,071 30 0,240
HII 46,5 9,3 32 49,7
NO3 3,12 0,44 31 3,28
DA 0,250 0,0060 30 0,250

W3BecTHBI cityyau, Korza (POHOBbIE KOHIIEHTPALMH METAJJIOB MPEBBIIIAIOT YCTAaHOBJIECH-
Hble HOpMAaTUBBL. [IpMepoM MOXKET CIy>KUTh COiepkKaHHe Meu B ouBax PocToBckoil o0nactu
[Hazapenko, MunkuHa, 1994]; Banaaus, kaaMusi, XpoMa — Ha OOJIbIIEH YaCTH FOKHBIX TEPPUTO-
puii Poccun [[{ab6axoB u ap., 2005]. TlomyueHHble 3HAUYEHUS YCIOBHO-ECTECTBEHHBIX (POHOBBIX
KOHLEHTPALUH 3arps3HAIOIINX BEUIECTB HA UCCIENYEMON TEPPUTOPUM MEHBIIIE YCTAHOBIIEHHBIX
HOPMaTHBOB, B TOM YHCIIE, B ~ 2 pa3za — JUIsl HEPTENPOIYKTOB (3€MJIM CEITBCKOXO3SIICTBEHHOTO
Ha3Ha4yeHus1), ~ 8 pa3 — KaaMus; ~ 13 pa3 — LMHKA U HUKenNs, ~ 19 pa3 — mapranua u meau, ~
28 pa3 — popmanbaeruaa, ~ 40 pa3 — HUTPATOB.

AHanus 3arps3HEHUS MOYB WHAMBHUAYAJIBHBIMH BEIIECTBAMHU ITOKA3all, YTO HA MPOTSHKE-
HUU BCEro MepHuoja UCCIe0BaHUN HU B OJTHON U3 KOHTPOJIbHBIX TOYEK KOHIIEHTPAILIUU HCCIeay-
€MBIX 3arps3HUTE]EeH He MPEBBIIIATN YCTAHOBIEHHBIX HOPMATHBOB, 332 UCKIIIOUCHHEM HedTe-
npoayktoB. Makcumanbhbiil Konn = 10,8 3adukcupoBan B qaunom nocenke caisl B 2014 r. Ha
TEPPUTOPUHN CEITbCKOXO3IUCTBEHHBIX YTOAUN KO3((UIIMEHT OMacHOCTU 3arpsi3HEHHs MOYB CO-
craBisut Konn = 10.

HedTenpoaykTel — IMMUTUPYIOIIUI 3arpsA3HUTENh OYB Ha MPUA3POJPOMHOI TeppUTO-
pun. OHU SABISAIOTCS CMECHKO OPraHUYECKHX COEIMHEHMM, OTHOCSIIENCS K BellecTBaM 3 Kiacca
ornacHocTH. B cooTBeTcTBUM ¢ Tabmuueil 1, ypoBeHb 3arpsi3HEHHs MOYB BO BCEX KOHTPOJIBHBIX
Toukax 0 2014 r. MOKHO KJacCH(DUIIMPOBATH KaK «CIIa0bIil»; B MEPUOJ PEKOHCTPYKIIUHA adPO-
JpOMa YPOBEHb 3arpsi3HEHMS M0YB YXYALINJICS JO «CPEOHET0», a HA TEPPUTOPUSIX JaYyHOTO IO-
cenka Calibl M CETbCKOXO3IUCTBEHHBIX YTOAUN — IO «CHIIBHOTO.

C 2013 r. skooruyeckast CHTyalusi yXyIniach B KOHTPOJIbHBIX Toukax 2—4. 3aduxcu-
posano npesbiienue [1JIK GonpmmHcTBa nccnenyemsix Bemects, kpome Mn, NO3s™. Ha teppu-
topun noc. Mansimeso (T5), pacnonoxenHoro B 8,4 km or KTA, ypoBeHb 3arps3HeHus: OYB
M3MEHSJICS HEe3HAUUTEIbHO U Pa3HOHAIPABIEHO. DTO CBUAETEIbCTBYET 00 OTCYTCTBUM BO3JEH-
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CTBHSI PEKOHCTPYKLIUU a3POIPOMa Ha HKOJIOTHYECKYIO CUTYAIHIO TEPPUTOPHU, PaCIIOI0KEHHBIX
OT MCTOYHHUKA 3arps3HEHUs Ha TAKOM PAcCTOSHUU. MaKkCUMallbHOE MPEBBIIICHUE MPEAEIBHO J10-
MyCTUMBIX KOHIIEHTpaluii MetaioB 1 kimacca omacHoctd (Zn u Cd) ycranosieHo B 2014—
2015 rr. Ha TeppUTOpHAX MOC. TEIITUYHBIA U CEIbCKOXO03SHUCTBEHHBIX yroaui (B 1,5 u 2,3 paza
cooTBeTcTBeHHO). [To mmuTupyromeMy 3arpssusomemy BemectBy (Cd) ypoBeHb 3arps3HeHHs
MO0YB COOTBETCTBYET PAHTy «O4eHb CHIIbHBIIN». B moc. Canpl konueHTpanuu Zn u Cd He npeBbI-
manu 211JIK, Ho ypoBeHb 3arps3HEHMs IOYB COOTBETCTBYET PaHIy «04eHb CUIbHBIN». K 2019 r.
KOHIEHTPALUU JTUMUTHPYIOIIMX 3arps3HUTENICH B MOYBaX CHU3WIKUCH Ooee, yeM B 2 pasa, U Ha
CETOHSIIHUN JEHb JKOJIOTHYECKash CUTYAIMsi COOTBETCTBYET HOpME («cialblii» ypOBEHb 3a-
rpsi3aeHus mouB). K 2019 r. KOHIEHTpanuy JIMMHTHPYIOLIETO 3arps3HUTENS B MOYBAaX CHHU3HU-
muchk B 1,5-3 pasa, U Ha CErOHAIIHUN JE€Hb HKOJOTHMYECKAasi CUTYAIMsl COOTBETCTBYET HOPME
(«cmalblit» U «cpedHHID» YpOBEHb 3arpsi3HEHHs MouB). B kauecTBe mpumepa Ha puc. 2 mpen-
CTaBJICHBI PE3yJbTAaThl pacyeTa K03(h(PUIIMEHTOB OMACHOCTH MCCIEeyEeMBIX 3arpsi3HUTENCH OYB
cenuTeOHOM 30HBI (TOYKa MpobooTdOpa 5) Ayis HanboJee MoKa3aTeIbHbIX TOJJ0B MOHUTOPHHTA.

K,

5

4 ® Pb

B7n

B Mn
ECu
Cd

(3]

NO3

-- B DA
0_

2007 2014 2019 roa

Puc. 2. lunamuka Koatb(bI/IuHeHTOB OIIACHOCTH 3arpsA3HECHUS [I0YB UHANBUIYAJIBLHBIMU BEIIECTBAMU
Fig. 2. Dynamics of soil contamination hazard coefficients by individual substances

HuTepecHo, 4TO B MEPUOJ PEKOHCTPYKLHU a’dpoApomMa KOHLEHTPALUU 3arps3HSIOLINX
BEILIECTB B OYBAaX MPUJIETAIOUIEH TEPPUTOPUH YBEIHUUIIUCH B Pa3bl, HO COAEPKaHUE HU OJTHOTO
sarpsisauTens He npesbiciio OJIK / TIJIK, yrBepkaeHHbIX B HOBbIX HopmaruBax [CanlluH
1.2.3685-21, 2021]. Tak, conepxanue metaios | knacca omacHoct Zn u Cd — yBenuuuiocs B
3,3 u 8,3 paza cootBetcTBenHO; Il kmacca omacHoctu Pb, Ni, Cu—89,2; 5,9; 2,8 pasa.

[Tonxon k OLIEHKE YPOBHS 3arps3HEHMs MOYB IO JUMUTHPYIOLIEMY MOKA3aTeNo 3arps3He-
HUSI CIIPABEIJIUBO KPUTHUKYETCSl BO MHOTMX paboTax [PucHuk, 2012; Dxonmoruueckast reoyiorus. . .,
2015; Kouerosa u ap., 2018]. OCHOBHBIMU €0 HEJOCTAaTKAMHU SIBJISIFOTCS HEQITITUBHOCTD TTOKa3a-
TeNs; OTCYTCTBUE B HOPMAaTHMBHBIX JOKYMEHTAX 3HAYEHMH Kmax JUIA NMPEBAIMPYIOMIErO YMCIA 3a-
IpSA3HUTENIEH; HOMUHAJIBHOCTh OLEHOYHOM IIKAJdbl YPOBHS 3arps3HEHUs MOYB, YTO HE IMO3BOJISIET
TOYHO MCCIIEIOBaTh JUHAMUKY 3arpsi3HEHUs], IPOBOUTh CPABHUTEIbHBINA aHAIN3 YPOBHS 3arpsi3He-
HUS TIOYB B OTAENBHBIX TOUKax. Kpome TOro, XMMHUYeCKUe BEILECTBA, KaK MPaBUIIO, XapaKTepU3y-
FOTCSl BBICOKOW PEAKITMOHHOM CIIOCOOHOCTBIO M, B 3aBHCUMOCTH OT Pa3HOOOPA3HBIX YCIIOBHH OKpY-
KaroLeH cpefibl, MOTYT 00pa30BbIBAaTh MPOAYKThI B3aUMOAEHCTBUS € OOJIBIIEH WIIM MEHBIIIEeH orac-
HOCTBIO, YeM IEpBUYHbIE 3arpsi3HUTENH. [loaTOMy NpH OlLleHKE XMMHUYECKOTO 3arps3HEHUs MOYB,
KaK WHAWKATOpa HeOIaronpusTHOTO BO3ICHCTBHUS Ha 3/I0pPOBbE HAceIeHus, pacyeT Kod(UIIEeHTOB
OIACHOCTH ISl UHAUBUYaIbHOT'O BEILIECTBA HE UMEET CMBICTIA.
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PesynbpTaThl pacuera CcyMMapHOTO IMOKa3aTels 3arpsi3HeHus mo4B Z ¢ yueToM (hakTtude-
CKUX U ()OHOBBIX KOHIIEHTPALMH 3arpsi3HUTENEH IIPeCTaBIeHbI Ha puc. 3.

B mtatHOM pexkume akcIuTyaTanuu a3poapoma 10 2013 r. ypoBeHb 3arpsi3HEHUs [10YB Ha
IPHUA’POIPOMHON TEPPUTOPUM B OCHOBHOM COOTBETCTBOBAJ PAHTy «JONMyCTUMBIH». [Ipu Takom
YPOBHE 3arps3HEHHUsI MOYB BO3MOYKHO BBIPAIIMBAHUE JIIOOBIX BUAOB KYJIBTYpP, JUIS CHUKCHUS
pHCKa 3arps3HEHHs PAcTeHHH NOCTATOYHO HM3BECTKOBAHUS IOYB M BHECEHUS OPraHUYECKUX
ya00peHuil.

VA

80

70 M
60 a
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SO = W i) I L lh

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 ronm
EIToc. Cagnl B C/x yroasd OTIToc. TemwmuaHEIR OTIToc. MansimeBo

Puc. 3. /IlunaMuka cyMMapHOT0 MOKA3aTeNsl 3arPsS3HEHMS] I0YB IPUAIPOIPOMHON TEPPUTOPUU
Fig. 3. Dynamics of the total indicator of soil pollution in the aerodrome territory

C Hauana peKOHCTPYKLMHU a’pOJpOMa 3KOJIOTHYECKas CUTyalus pPE3KO YXYALIUJach,
MaKCHUMaJbHBIA CyMMapHbIil okasarenb Z ycraHoBieH Ha ynaneHuu oT KTA B noc. Tennuu-
HBIM U Ha TEPPUTOPHUU CEIIBCKOXO3IUCTBEHHBIX YIOJHMM, OH COOTBETCTBOBAJI «BBICOKO OIACHO-
My» PaHTy 3arpsi3HEHHs IOYB. 3€MJIM IIPU TaKOH HKOJIOTMYECKON CUTyalluM PEKOMEHIYETCs
UCII0JIb30BaTh TOJIBKO MO/ TEXHUUECKHUE KYIbTYphI, IPU 3TOM HEOOXOIUM 00s3aTeNIbHbIN KOH-
TPOJIb IPUOPUTETHBIX 3arpsI3HUTENICH B pacTeHUsAX. s BOCCTAaHOBIIEHHS MTOYB PEKOMEH]YET-
Csl BbIpAIlllMBAaHHE PACTEHUN-KOHLEHTPATOpOB (000OBBIE, MOJICONHYXH, SIUMEHb, JIIOLEPHA U
Ap.).

1o 2019 r. ypoBeHb 3arpsi3HEHUsI MOYB B KOHTPOJIBHBIX TOYKaxX 2—4 MOCTETNIEHHO CHU-
xascs; B moc. Caapl M Ha TEPPUTOPUH CEIBCKOXO3SMCTBEHHBIX YTOIUM — 10 PaHIa «yMEPEHHO
OMacHbIi». DTO O03HA4YaeT BO3MOXKHOCTh HCIIOJIb30BaHUS YEpHO3EMa yepe3 3 roja IMocie oc-
HOBHOH PEKOHCTPYKLIMHU a3pOApOMa JUIsl BhIpAIlMBAHUS JTIOOBIX KYJIbTYp, HO IPU YCIOBUM 00sI-
3aTeJIbHOTO KOHTPOJISI TOKCUKAHTOB B PACTEHUSX.

MaxkcumanbHOe NpeBblleHHe (POHOBBIX KOHIIEHTpAIM XapakTepHO A KepocuHa. B
2015 r., korjga MpoOBOIUIUCH OCHOBHBIE PabOTHI 10 peKOHCTpYKIMHU ckiaaa ['CM, Ha TeppuTto-
pusix mnoc. TemnuuHbli M CETbCKOXO3AMCTBEHHBIX YroAui KO3(p(UUIUEHT KOHLEHTpaluu
HedTenpoaykToB coctasisul 28,4 u 20,1 coorBercTBeHHO. biinke k a’spoapomy, B moc. Cazpl,
ATOT e Moka3aTesb OblT paBeH 10,2, yTo 00BSICHAETCS U3BECTHOM 3aKOHOMEPHOCTbIO TIEPEHO-
ca YacTHIl TPYHTa C aJICOPOMPOBAHHBIMHU 3arps3HUTENAMHE aTMochepHbIM Bo3nyxoM [[lerenun
u ap., 2019; Yamashkin, Zhulina, 2019]. Ananorn4noe mpoCTPaHCTBEHHOE paclpeieiieHue
XapakTEepHO U JUIS APYTHUX 3arpsA3HUTENEH, IpU4YeM B Noc. TermmnyHblil ypOBEHb 3arpsi3HEHHUS
M0 OT/IENbHBIM KOMIIOHEHTaM BCeTJla OblI HECKOJIBKO BBIIIE, YEM B JPYTMX KOHTPOJIbHBIX TOY-
Kax, 4TO 0OBSCHSETCS TeOMEeTpuell po3bl BETPOB, Kak MOKa3aHo Ha puc. 1.

dakTUyecKre KOHIEHTPALMH TSXKEIbIX METaJUIOB B MMOYBaX Moc. TerIMYHbIN U Ha Tep-
PUTOPHH CEITbCKOXO3AMCTBEHHBIX yroaui npeBbliain Cponi B ~ 5—12 pa3. YObIBaromui psj
KO3((PUIMEHTOB KOHLEHTPAMU TSKEIbIX METAUIOB Ha MPUAa’dpPOJIPOMHON TEPPUTOPUHU BO
BpeMsi PEKOHCTPYKIIUHU a’3popoma umeet Bua: Pbiz 1> Cugg> Nigg> Mng 4> Zns3> Cds 2.

CymMapHoOe cojiep’KaHue HUTPATHOIO M HUTPUTHOIO a30Ta B MoyBax mpeBbIaio Cgpon
B ~ 6-9 pa3; popmanbaeruna — B ~ 7-9,5 pas.
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Hano ormeTruth, 9TO CyMMapHBIN MOKa3aTeNlb 3arpsi3HCHUS TIOYB HE YYUTBIBACT KJIACC
OIMACHOCTHU 3arpsi3HUTENICH M, IO CYTH, OTPAXKaeT TOJBKO KPAaTHOCTh MPEBBIIICHUS KOHIICHTPA-
[UH 3arpsI3HSIONIUX BEIIECTB YCIOBHO-ECTECTBEHHOTO T'€OXMMHYECKOro (hOHA, XapaKTEPHOTO
JUIsL McclieyeMor Tepputopur. [Ipu 3TOM OJHO M TOXe 3HAYeHUE Z MOXKHO MOJYYHTh MPHU
MIPEBATUPYIONIEM COJEPKAHIHM MaJIOOMACHBIX He(PTEMPOAYKTOB U MapraHila B MOYBAX WJIU U3-
3a 3HAYMTEIBHOTO 3arpsA3HEHUS MMOYB JIEMEHTaMH | Kjlacca OMacCHOCTH — KaIMHUEM M ITUHKOM,
YTO HECOMOCTAaBHMO IO YPOBHIO BpE€lla, HAHOCHMOMY >KHBBIM opraHusmam. Kpome Toro, B
CTaHJAPTHOH METOJMKE HE YUYHUTHIBAETCA TOT (PAKT, YTO BBHICOKHME (OHOBBIC KOHIICHTPAIIUU
AJIEMEHTOB B TIOYBAX JUIS OTACIBHBIX PETHOHOB YK€ CaMU IO ceOe MPEICTABISIOT OMACHOCTh
JUTSL 3I0POBBSI HACEJICHUS M MOTYT BBI3BIBATh SKOJIOTMUYECKH 3aBHCHUMBbIC 3a0oyieBanus [Haza-
penko, Munkuna, 1994; Jlabaxos u ap., 2005; Msiauna u ap., 2016]. Takum o6pazom, Bompoc
pa3pabOTKu 00BEKTUBHOIO MOKA3aTeNIsl CYMMApPHOTO 3arps3HEHUs JCIOHUPYIOMUX CPell, YIH-
THIBAIOIIIETO YCJIOBHO-ECTECTBEHHBIM T€OXUMUYECKUN (POH, KIMMATHIYECKUE OCOOCHHOCTHU HC-
CJICIyeMO# TEPPUTOPHH, THIIBI 3arpPS3HEHHBIX TOYB U KJIACCHI OMACHOCTU 3arps3HUTENCH, Ha
CETOHSIIHUHN JICHb OCTACTCS OTKPBITHIM.

Bo BpeMst peKOHCTPYKIIUH a3poJipoMa TPeOyeTcsl POBOIUTH BO3MOKHBIC MEPOIIPHSITHS
[0 CHHXXCHHIO pasjera vactull [MunudueBa, Cabimna, 2018; Strizhenok, Korelskiy, 2019;
Ivanov, Strizhenva 2021], nepemnaanupoBaTh BEACHHE CEIbCKOXO3ANUCTBCHHON IEATEIBHOCTH
Ha MMPUAdPOJIPOMHBIX TEPPUTOPHSIX, YCUIUTH MOHUTOPHHT 32 3arPA3HCHUEM II0YB U PACTEHUH,
nH(POPMHUPOBATH HACEJICHHE O HEOOXOIMMOCTH BBIpAlMBAaHHUS PACTCHUU HA TpPUYCaIeOHBIX
Y9acTKaxX B 3aKPBITHIX CHCTEMAX.

3akao4yeHue

HccnenoBaHue  MHOTOJETHEM  JMHAMHUKM  XHMHUYECKOIO  3arpsi3HEHHs]  IOYB
[IPUAdPOIPOMHON TEPPUTOPUHU II0KA3aj0, YTO IITaTHBIM peXUM paboThl a’poapoma
IPaKTUYECKH HE OKAa3blBaeT BIIMSHUS HA OHKOJOIMYECKYI0 CHUTYallMI0 B OJIM3JIEeXaluX
HACEJICHHBIX MYHKTaX M Ha TEPPUTOPHUIX CEIbCKOXO3AMCTBEHHBbIX yroaumi. MacmrabHas
PEKOHCTPYKIUS a’poJpomMa IpUBENa K PE3KOMY YXYIUIEHUIO JKOJOTMYECKOM CHUTyalluu B
panuyce 4 u 6ojiee KM OT KOHTPOJBHOW TOUKH a’spoapoma. Hambonblryro omacHOCTh Mpu
3TOM MPEJCTABIAET MPEBBIIIEHNE HOPMAaTHBa M0 HepTenpogykTaM B moyBax. OHU oTHOCATCA
K MaJlOONAaCHbIM OpPraHMYECKMM CMECAM BEIIeCTB, MpPHU OTOM UX KOHIEHTpalus
OTHOCUTENbHO (poHOBOM yBenmumnach B 10-28 pa3 B 3aBUCUMOCTH OT pacCTOSHUSA OT
KOHTPOJIbHOW TOYKH a’3poJIpoMa.

Bpemsi camoouuIieHust mMoYB 3aBUCUT OT KIMMAaTHUYECKHMX OCOOEHHOCTEH THUIIOB MOYB.
CyMMapHBbIl TTOKa3aTeb 3arpsi3HeHus yepHo3eMa B LleHTpanbHoM ¢enepaibHoM okpyre PO
nocjie MacITa0HOM PEKOHCTPYKIMHM a’3poJpoMa 3a TpPH Toja CHM3WICI ~ B 2 pas3a OT
OMacHOTO J0 YMEpPEHHO omacHoro ypoBHsA. OJHako M K HAacTOSUIEMY BPEMEHHU OH
IIPOJOJIKAET OCTaBAThCS 3HAUYMTENILHO BBIIIE YPOBHS 3arpsA3HEHHUs IOYB, XapaKTEPHOIO J10
2013 r.

Jnst  obecrnieyeHHs] SKOJOTUYECKOM O€30MacHOCTH TEPPUTOPUN M CHUIKEHUS
HeOJaronpusTHOrO BO3AEHCTBHUS PEKOHCTPYKIIMU a’3pOAPOMOB M a’pONOPTOB Ha 3/10POBbE
Toed HeoOXOAMMO YYHUTHIBaTh MEPEeHOC aTMOC(EpHBIM BO3JYXOM YaCTUL[ TPYHTa C
afcopOMpPOBAHHBIMU TOKCHKAaHTAaMHM Ha OCHOBE 3HAHUI 00 OCOOEHHOCTSIX PacHpOCTpaHEHUS
U OCaXJIEHUS MBUIEBBIX 00JAKOB.

OnbIT HCCleNOBaHUS CIOXKUBIIEHCS HSKOJOTMYECKONM CHUTyallMd IpU MacIITaOHOU
PEKOHCTPYKIIMH a3poJpoMa B I'. BopoHexk MOXKeT OBITh 10JIe3€H MpHU MPOBEACHUH MOT00HBIX
paboT BO Bcel cTpaHe.
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