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BBeaenue
dochopHbie yAI0OpeHHST — 3TO MHHEpaIbHBIC YAOOPECHHS: KaJbIMEBbIE 1 aMMOHHEBBIC

conu ¢docdopHoit kuciaoTel. Ux nmpousBoasaT u3 Gochoputo u anatutoB. [IpumeHeHne TaHHBIX
ynoOpeHuil B CEIbCKOM XO34HCTBE CTHUMYIHpPYeT Ooniee OBICTpOE pa3BUTHE KYIBTYP.
[TpousBoacTBO hochopHBIX ya0OpeHUid, Kak | Jir00ast Apyras IPOMBIILUICHHAs aHTPOIOTCHHAS
NesITeNbHOCTb, MPeo0pa3yeT MPUPOJHbIE NaHAMA(TH Ha TEPPUTOPUU CaMUX MPOU3BOICTB, a
TaK)Ke€ BIUSET HA COCTOSIHME mpuieraromux mngaHamagpToB. OCHOBHOE BO3JEHCTBUE Ha
OKPY)KaIOIlyI0 TMPUPOJHYIO Cpely, ONHCAaHHOE B HAY4YHOH JIMTeparype, 3akilodaercs B
MOBBIIICHUH COJIEP)KaHHUS B KOMITOHEHTaX JIaHAMA(PTOB PaAHMOHYKIUAOB, (TOpa, CTPOHIUA,
kaamusi, cBuHIA ¥ nuHKa (Caet u mp., 1990; Rutherford et al., 1994; Andersson et al., 1997;
Bolivar et al., 1998; Nielsen et al., 1998; Shirakawa et al., 2002; Duefias et al., 2007).

B Hacrosimieit paboTe OIEHMBAIKMCH BallOBOE COJEP)KaHHWE W TOJBUYKHBIE (DOPMBI
Tsokensix MetamwioB (Ba, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sb, Sr, V, Zn), conepxanue ¢ropa,
dbocdopa, cepbl, BomgopacTBOpuMBbIC (GOPMBI a30Ta, Kajus, MarHus, HATPUS M KaJbIHS,
MOTEHI[HANIbHAS M aKTyalbHasi KHUCJIOTHOCTh, COJAEp)KaHWE TyMmMyca, TOKCUYHOCTh METOJOM
ouorectupoBanus (Tect-o0beKT Daphnia magna Straus.), yaelbHas aKTUBHOCTb IPUPOIHBIX
PaIMOHYKIIUIOB, a TakXKe OBUIO MPOBEACHO HCCIEAOBAHHE PACTUTENHLHOIO MOKPOBA METOAOM
reo00TaHMYECKUX OnMucaHWU. TsHKENbIE METallIbl, B HACTOSIIEE BpEMs, SIBISIOTCS OTHON W3
CaMbIX pPACHpPOCTPAaHEHHBIX TPYIN 3JEMEHTOB, TpeOyIOel MOBCEMECTHOM OIEHKH IpH
KOHTPOJIE COCTOSIHHMSI OKpYXKarolleld cpeapl, B CHUIY CBOEH TOKCHUYHOCTH TIPU BBICOKUX
kouneHtparusax (Nortcliff, 2002; Sousa et al., 2008; CepmiokoBa, bapabanmmukos, 2017).
Bricokoe copep)kaHHMe CTPOHIIMA MPUBOAUT K 3aMEIICHHUIO CTPOHIIMEM KalblUi B KIIETKaX
KUBBIX OPraHMW3MOB, B pe3ylbTaTe uYero HaOMIOJaeTCsl CTPOHIMEBBIN paxut. JlaHHOE
3a0onieBaHuEe XapakTepHO s ¢ayHbl pErHoHOB, TJ€ TOYBBl 3arps3HEHbl CTPOHLUEM
(bepenmreiin, 1961; Cynps, Jlactkos, 2013; J{aganu u np., 2014). @Topusl HHTUOUPYIOT Psij
(bepMeHTOB, HEOOXOJUMBIX JIs MOJTHOLEHHOTO CYIIeCTBOBAHHUS JKUBBIX cucTeM (Ypaszaes u Jp.,
2000). bomee Toro, coxpaHeHHE IOYB B €CTECTBEHHOM COCTOSIHMM, 0O€3 3HAYUTEIbHBIX
AHTPOTOTeHHBIX W3MEHEHUH, SIBISIETCS aKTyaJbHBIM BOIPOCOM COBPEMEHHBIX HCCIIEOBAHUN
(Anapwus u np., 2007).

Briienenne nHAMKATOPOB U3MEHEHUS MPUPOAHOI Cpelibl MO BIUSIHUEM XO3SHCTBEHHON
JeSITENFHOCTH YeNIOBEKa U OllEHKa U3MEHEHUI COBPEMEHHBIX JaHAMAPTOB ABISIOTCA 00IACTSIMU
WCCIICIOBaHMSI TEOIKOJOTMM B  pamkax reorpaduueckux Hayk ([lacmmopr HayuHO#
cnenuanbHOCTH..., 2022). Hacrosmas pabGoTa HampaBiieHa Ha BbIICIECHHUE WHIUKATOPOB
U3MEHEHUsl NPUPOJHON cpeabl (B KayecTBE OOBEKTa HCCIEAOBaHMS BbIOpaHa IOYBa Kak

JETOHUPYIONIAs Cpena, SABISIoNascs «3epkajaom nanamadta» (Jokydaes, 1899), u dpurorneHos
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KaK MaKCHMAaJIbHO IMOJIBEP)KEHHAsi aHTPOIOI€HHBIM BO3JIEHCTBUSM YaCTh 3KOCHUCTEMBI) IO
BIUSHUEM MPOU3BOJACTB (hochopHBIX ynoOpeHuii. Taxxke MccieaoBaHNe HAMIPABICHO HA OIICHKY
M3MEHEHHUsl COBPEMEHHOTO JIaHmadTa u3-3a aHTPOIIOTEHHOT0 Bo3/AeHCcTBUSA. B cuiy ykazaHHBIX
MIPUYMH HACTOSIIAS JUCCEPTAIIHs MPU3BaHA PEIIUTh T€0IKOJIOTHUECKHE 3a/1auH.

B kadectBe oOBEKTa uCCIENOBaHWM OBUIM BBHIOpAHBI TEXHOTCHHBIC (ACHCTBYIOIIHE
OTBaJIbl M XBOCTOXPAHUJIMINA) U IMOCTTEXHOTCHHbIE (PEKYIbTHUBHPOBAHHBIC OTBAJIbI) OOBEKTHI
Kunrucennckoro Mectopoxaenus ¢ochopuroB (Kunrucennckuit paiion, JleHunrpanackas
o01acTh), a TakXke MPUPOAHBIE U MPHUPOIHO-AHTPOMOTEHHBIE KOMIUIEKCH c(pOpPMHUpPOBABIINECS
Ha TEPPUTOPUM MECTOPOXKJIEHUS M 3a €ro ImpelesiaMd — Ha TEeppUTOpUU JaHamadra,
MIPEJICTABICHHOTO, B OCHOBHOM, 3aJ€CEHHbIMM WJIM 3a00JOYEHHBIMU YYacTKaMH pPEYHOU
Teppacel peku Jlyru. Ha TeppuTOopuM MECTOPOXAECHUS BCTPEYAIOTCS CIEAYIOIIME THIIbI
O00BEKTOB HCCIIEOBAaHUA: OTBal (ocdorurca, TpU XBOCTOXPAHUIIMINA U OTBAJIbl BCKPBIIIHOM
MOPOJIbl, 3HAYUTENIFHASI YaCTh KOTOPBIX YK€ PEKyJIbTHBHPOBaHA (TIEPBHIC PEKYJIbTHBAIIMOHHEIE
pabotsl Obun moBeneHbl 40 ser Hazan). K mpupoaHO-aHTPOIIOI€HHBIM KOMILIEKCAM MOYKHO
OTHECTH PEKYJIbTUBUPOBAHHBIC OTBAIBI BCKPBIIIHOM TOPOJABI CO  CHOPMHPOBABIIHNMCS
pacTUTEIbHBIM COOOIIECTBOM, BKIIOYAIOIINUM JPEBECHBIN SIPYC, a TAK)KE CEIbCKOXO035HCTBEHHbIE
yronesi. K NpUpOIHBIM KOMIUIEKCAM OTHECEHBI JIECHbIE M OOJIOTHBIE 3KOCHCTEMBI,
pacrosararouiiecs Ha TEPPUTOPUHU JiIeCHOro (OHAA, HAa PA3JIMYHOM OTIAJEHUU OT OOBEKTOB
MeCTOpOXaAeHUs (HochOpUTOB.

Cpenn 3apyOeXHBIX aBTOPOB TMpOOJEMYy 3arps3HEHHS OKpYyXKawomied cpeasl OT
npou3BOJACTB  (GochopHbIX ynoOpeHuil mnoaHumanu B cBoux paborax Saueia C.H.R,,
Mazzilli B.P. (2006), Betti M., Aldave De Las Heras L., Janssens A., Henrich E., Hunter G.,
Dutton M., Van Weers A.W., Nielsen S., Simmonds J., Bexon A (2004). Bnusiaue Ha BOAHBIC
00BekThl paccmarpuBanu Elbaz-Poulichet F., Braungardt C., Achterberg E., Morley N., Cossa
D., Beckers J.-M., Nomérange P., Cruzado A., Leblanc M. (2001). O BO3MOXHBIX TYyTAX
COKpaIlleHHsI 0TBAJIOB MpH NMpou3BoacTBe GochopHbIx ynodpenuit ropopunu Tayibi H., Choura
M., Lopez F.A., Alguacil F.J., Lépez-Delgado A. (2009).

HccnenoBanus B CCCP orx010B npousBoacTBa hocopHbIX ynoOpenuit Hayanuch B 50-
err. XX Beka B paborax JI.5. Urkumnoi, M.I'. Ilacryxosoi, C.M. BomnbdpxoBuu, P.DO.
Cumanosckoii 1 B.A. HaiinénoBoil. O BO3aeiCTBMM 3TOr0 IPOM3BOACTBA HAa TOUYBEHHBIN TOKPOB
3aroBopwiu B 80-¢ rr. b.C. Husz6exosa, .M. Manbiiesa, O.B. IllenenoBa u K.A. Xyrumsuiy.
B 90-e sty Tenaennuto npogomkuian FO.A. Kunepman, B.U. Cxopo6oraros, T.A. Antonen, B.I'.
Kazak nu A.W. Anrenos. B nagaie XXI Beka HaOObIICH MOMYIIPHOCTHIO TIO JAaHHOW TEMAaTHKE
nonb3ytorcss uccnenoBanus M.C. bemouenko, E.M. MypasséBa, H0.10. Hukudopenko, A.B.

JlutBunoBuy, A.B. JlaBpumena, /1.B. [lerpenko u ap.
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3a mocnenuue 20 ner B Poccuiickorr denmepanuu ObLIO 3alIUIICHO HE MEHEE ABYX
NECATKOB KaHAMJATCKUX U JOKTOPCKUX IOUCCEPTALM, MOCBAIIEHHBIX pa3IW4YHBbIM aCIEKTaM,
CBS3aHHBIM C TPOU3BOJACTBOM (PocPOopHBIX ymoOpeHuid. DTO BO3AEHCTBHE HA TMOYBEHHBIN
MOKPOB, HAa pPACTUTEIBHOCT, M Ha JaHmmadT B IEJIOM H3yYald B CBOMX padoTax
M.A. Kanucokun, A.Jl. )Kykosa u JI.B. Ilerpenko. BiusiHue Ha npupogHbIe U MOA3EMHBIE BOJIbI
ocBeTus B cBoux padorax [I.B. Makapos. O Bo3MOXHOCTH puMeHeHUs! pocdorurca B kauecTse
ynoOpenusi B cenbckoMm xo3siictBe roBopuan K.C. KocomypoB, M.IO. JloktnoHoB wu
A.H. Jlumanckuii. [lpumenenue ¢ocdorunca B apyrux cdepax 3arponynu A.B. Ilomsxos,
N.JI. Oneiinuk, A.A. Monskos, M.I'. UrnenkoBa u B.A. Pemeros.

B pabote 115 miiaHupOBaHUsI MECTOPACTIONOKEHHSI MPOOHBIX IUIONIA/IeH UCIOIb30BAINCH
CpaBHHUTEIbHO-TeOrpaduuecKkue M JaHAMAPTHO-TeOXMMUYecKue MeToAsl. [l 3aoskeHust
MPOOHBIX TOYEK UCIOJIB30BAJICA METOJ F€0dKOJI0ruueckoro npoduiuposanus. [locie nonesoro
JTana B JJAOOPAaTOPHH MCIOIB30BATHCH (PU3NKO-XUMHUECKHE METObI aHaju3a npod mous. Jlis
aHaJIM3a MOJIyYEHHBIX MaTepUaJIOB HCIOJIb30BAINCH METOJbl MAaTEMAaTUYECKOM CTaTUCTHKH. A
IUISL IOCTPOCHHUST KapTOrpauyeckux MaTepuaioB M MPOCTPAHCTBEHHOTO aHAIW3a MH(POPMAITUH
WCIIOJIB30BAJICS KapTorpaduyecKuidi METOJ| HMCCilenoBaHus. TeopeTrmueckoil 0a30il SIBISUIUCH
paboter A.I'. Hcauenko, M.A.['mazoBckoit, AWM. Ilepenbmana, B.I'. Mopauesckoro, B.B.
Hmutpuena, A.1O. Onexynosa u M.I'. OnekyHOBOH.

Hayunblie paGoThI 110 u3y4eHuto orBanoB Kunrucennckoro MectopoxaeHus Gpochopuros
HAYaJINCh C MOMEHTA MPOBEJCHHS TIEPBBIX padoT MO peKyabTHBAMK OTBAIOB. B 1986-1992 rr.
JaHHBIM pailoHOM U (HOPMHUPYIOMIMMCS TMOYBEHHO-PACTUTENHHBIM IMOKPOBOM Ha OTBaJIax
3aHuManuch HayuHble coTpyaHuku JlenHUMJIX: FO.E. Camkos, E.JI. Macnakos,
J.B. OrueBckuii, B.A. Crapoctun u M.®. Moiika. B nHacrosmee Bpems (2006-2022 rr.)
MCCIICIOBAaHNUS COCTOSTHHSI COOOIIECTB HA OTBajlaX MPOJOJDKAIOTCS. VMU aKTUBHO 3aHMMAIOTCS
Abakymos E.B., JImutpakosa S.A., 'arapuna 2.1. u Kymnup E.A.

Heab padoThl 3aKiI04aeTCss B MPOBEICHUM T€OIKOJIOTMYECKOM OLIEHKH BO3JEHCTBUSA
pou3BoACTBa PochHOpHBIX yI0OpeHH Ha TOYBBI U PACTUTEIHHOCTD.

B 3agaum padoTsl BXOST:

- UW3y4YeHHE OCOOCHHOCTEHW JaHIIIAPTHO-AECTPYKIMOHHOTO  BO3JACHCTBHS  MPHU
pou3BoACTBE PochHOPHBIX yI0OpEeHMIA;

- OINpEJENIeHNEe XMMHYECKUX 3JIEMEHTOB M COCOUHEHUMH, COCTABIISIOLIUX 3MHCCHOHHOE
BO3/ICUCTBHE MTPU MPOU3BOJCTBE (HOCHOPHBIX yA0OpEHHUIA;

- OIMcaHue pa3HOoOpa3usl TUMIOB MOYB U TEXHOT'€HHBIX MOBEPXHOCTHBIX 00pa3oBaHUil Ha

Kunrucenmnckom MectopoxaeHuu HhochopuTos;
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- aHaJM3 COBPEMEHHOr0 JKOJIOTMYECKOTr0 COCTOsHMA MouB KunHrucenmnckoro
MEeCTOpOXACHHS POCPOPUTOB;

- TIOUCK MHAMKATOPOB MPOU3BOICTBA (POCHOPHBIX yA0OpEHUI Ha MMOYBBI F0’KHOM Tailru B
YCIIOBHSAX 3ajieraHus pochopuToB 1o KapOOHATHBIMH ITOPOJIAMH;

- BBIJCJIEHUWE CTaJui 3apacTaHus OTBAJIOB BCKPBIMNHBIX Mopoa Kunrucenmnckoro
MeCTOpOXACHHS POCPOPUTOB;

- U3y4YeHHE TpaHCHOpMAalMK CTPYKTYPbI I0KHOTAEKHBIX PACTUTEIbHBIX COOOIIECTB MPHU
BO3JICHCTBUH MPOU3BOJICTBA (HDOCHOPHBIX yIOOPEHUIA.

Hayunas wnoBu3Ha. [lonyuyeHbl akTyalbHblE JaHHbBIE O COBPEMEHHOM COCTOSIHUU
HKOCHCTEM, HaXOASIIUXCS [0/ BIUSHUEM Mpous3BojacTBa (GOCPOpHBIX yHoOpeHuil Ha
Kunrucennckom mectopoxaeHuu pochopuToB. BriepBrie mpoBeieHa re0IK0IOTHIecKas OleHKa
MOYB U PACTUTEIHHOCTU B IMOA30HE IOXKHOM Tallrm B YCIOBUSIX MHTEHCHBHOTO JIaHIIIA(THO-
JIECTPYKIIMOHHOTO M 3MHCCHOHHOTO aHTPOIIOT€HHOTO BO3JEHCTBUS MPOU3BOJACTBA (HochHOpPHBIX
ynoOpeHuil B YCIOBHMSX BBIXOJAa Ha TIOBEPXHOCTh KapOoHaTHBIX mopoa. llo crenenu
AHTPOIMIOTEHHOTO BO3CUCTBHS BBIIEICHO TPU THUIIA TEPPUTOPUN — YCIOBHO-(POHOBBIE (JIECHBIE
1 O0JIOTHBIE DIKOCUCTEMBI), PEKYIbTUBUPOBAHHBIE OTBAJIBI BCKPBIIIHBIX OO/,  TAKXKE KPYITHbIE
TEXHOTEHHBbIE OOBEKTHI — OTBaJIbl (pochorumnca U XBOCTOXpaHUIUILE. BblieaeHbl WHANKATOPHI
JUIS OLIEHKU BO3JEHCTBUS Ha MOYBBI MPOU3BOACTBA (pochopHbIX ynoOpeHuit B JleHMHrpaackoi
obiactu. OOHApYKEHO MPEBBIILICHHE BaJIOBOTO COJCPXKAHUS PSAa XUMHUECKHX 3JIEMEHTOB B
[IOYBAaX TEPPUTOPUM UCCIECOBAHHUA B CPaBHEHHMM C PETHOHAIbHBIMU (OHOBBIMU MU
HOPMAaTUBHBIMU TOKa3aresassMu. OLIEHEHBI C MOMOIIBI0O METOAa Ie0OOTAaHWYECKUX OIMUCAHUI
CTaJUU 3apacTaHHs OTBAJIOB BCKPBIIIHBIX MOPOJ, IIPEICTABICHHBIX H3BECTHAKAMH M
JOJIOMUTaMH, B pe3ylnbTaTe padoT MO peKyIbTHBALMU eNblo eBporeiickoil Picea abies (L.)
H.Karst. 3a BpemenHoit nepuon okxono 40 ner. IIpoBeneHo cpaBHEHHE BHUAOBOIO COCTaBa
(UTOLIEHO30B, HAXOJAIIUXCA HAa TEPPUTOPUM MecTOpoxaeHUs (ochopuToB M Ha YCIOBHO-
(OHOBOI TEPPUTOPHH.

IIpakTHyeckasi 3HaYNMOCTh padoThl. [IpuBenéH nepeyeHb XUMMUYECKHX 3JIEMEHTOB,
cofiep>KaHue KOTOPBIX HEOOXOAMMO YYMTBIBATh IPH HMCIOIb30BaHUU (hocorumca Kak OCHOBBI
IUIl PEeKyJIbTHUBAaHTAa WJIM B KadyeCTBE CEIbCKOXO3AHCTBEHHOIO ynOOpeHus: CTpoHLuH, ¢rop,
cepa, (ocdop, Tak Kak OHM CTATUCTHUECKH JIOCTOBEPHO HAKAIUIMBAIOTCS HAa TEPPUTOPHH
MECTOPO’KICHHUS, U B BBICOKMX KOHIEHTpaLUsAX cojaepxkarcs B ¢gocgorunce. CTOUT OLIEHUBATH
TaKXe CoJiepXKaHHWEe TOABIKHBIX (OpPM Meau, MapraHiia, HHKeENs, CBMHIA, XpOMa M IIMHKA,
KOTOpbIE TaK)K€ MMEIOT TEHJICHIIMIO K HAKOIUIEHHUIO B IIOYBaX MECTOpOKAeHus, npesbimas [1JIK.
O06o3HaueHa pajauosoruyeckas 0e30MmacHOCTh OTBajia (Gocorurnca U OTCYTCTBUE MOBBIIICHHS

aKTUBHOCTHU TPUPOAHBIX PAAUOHYKIUIOB Ha TeppUTOpUM KUHTHCENICKOro MecTOpOXkKIeHUs
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dbochopuros. OmpeznerneH Ha0Op WHIUKATOPOB, KOTOPHIA MOXXET OBITh PEKOMEHIIOBAH IS
BKJIIOUEHUSI B CHCTEMY MOHUTOPHHIA KauecTBa IOYB INPHU OLIEHKE BO3ACUCTBHUS MPOU3BOJICTB
dbochopHbIX yIoOpeHUN: yBEIMYEHHE BAJIOBOTO COACp)KaHUS CTpoHIWMs, ¢Topa u Qocdopa.
OO0paiieHo BHUMaHHE Ha CYIIECTBYIOIIME MPEBBIIICHHS JOIYCTUMOIO BAaJIOBOTO COAEPKAHUS U
MOABMXHBIX (DOpPM TSKENBIX METAIOB, BAJIOBOTO cojepxaHus ¢Topa, cepsl u ¢ocdopa B
nouBax KuHrucenmnckoro mecropoxjieHusi GocpopHuTos.

Co3mana W mojaHa Ha pErUCTpaluio 0a3a JaHHBIX, colep)kamias WHOOpPMAIUI0 O
pe3yibTatax JJabOpaTOPHBIX aHAJIH30B IMOYBEHHBIX MPOO M XapaKTEPUCTHKH Te000TaHUYECKUX
ONMMCAaHWK TPOOHBIX IUIOIIAACH, KOTOpas MOXKET OBITh HCIIOJNB30BaHA IPH ITOCIEAYIOIINX
MCCIIIOBAaHHUAX IKOJIOTUIECKOTO COCTOSIHUS KMHTHCENTICKOT0 MECTOPOXKAeHUS POCHOPHUTOB.

Briienensl craauu 3apacTaHus OTBAIOB KapOOHATHBIX MOPOJ B YCIOBHSX BO3JICHCTBUS
POU3BOJCTB POCHOPHBIX YIOOPEHUH U ClIeNIaH MPOTHO3 NANBHEHIIEr0 pa3BUTHS PACTUTEIBHBIX
COOOIIECTB.

Hacrosimmast kaHauaaTckasi JUCCEpTaIisl COOTBETCTBYET NMPHOPUTETHOMY HAIPABICHHIO
pa3BUTHS HAyKM, TEXHOJIOTrMH M TexHUMK B Poccuiickon ®enepauuu — panuoHaIbHOMY
MIPUPOJIOTIONB30BAHUIO. BBIBOJIBI TUCCEpTAlMM HANpPaBICHBI HA PA3BUTHE KPUTHUCCKUX
TEXHOJIOTHH, MPEICTABICHHBIX TEXHOJIOTUSIMU MOHHMTOPHUHTA M TPOTHO3HPOBAHHS COCTOSHUS
OKpY KaroIlel cpespl, MPeA0TBPAIICHUS] W JIMKBHIAIMK ee 3arps3HeHus (OO0 yTBEp)KICHHH. ..,
2011). PaboTta, B 11e10M, COOTBETCTBYET CIEAYIOLIEMY MPHUOPUTETY HAYYHO-TEXHOJIOTHYECKOTO
pa3BUTHS: BO3MOKHOCTH 3()()EeKTHUBHOTO OTBETA POCCHICKOTO OOIIeCcTBa Ha OOJIBIITNE BBHI3OBBI C
Y4eTOM B3aMMOJCHCTBHS 4YEIOBEKa W TMPUPOJBI, YEIOBEKA W  TEXHOJOTHH, COIHMAIbHBIX
WHCTUTYTOB HAa COBPEMEHHOM 3Tarle TJI00ATBHOTO PA3BHTHS, B TOM YHWCJIE TMPUMEHSS METOJbI
TYMaHUTAPHBIX H COIMANBHBIX HayK (CTpaTerusi HAyYHO-TEeXHOJIOTUYECKOro. .., 2016).

3ammimaemMble MOJI0KEHUSI:

1. BosgeiictBue mpousBoactBa (GochopHBIX YIOOpEeHM Ha TMOYBBI M PACTUTEIHHOCTH
BBIp@XXaeTCs B MEXaHMYECKOM HApPYIICHUU KOMIIOHEHTOB MPHPOJHON Cpeibl, M3MEHCHHU
penbeda, MOCTYIUIGHWH 3arpsi3HSIONIMX BEIIECTB MOCPEACTBOM BBIOPOCOB B aTtMocdepy u
adpOreHHOr0 TepeHoca YacTul] oTBana ¢ocdorunca. MHIUKaTOpaMu BO3IEHCTBUS SIBISIOTCS
yBEJIMYEHHE BaJIOBOTO cojepkaHus cTpoHuus B 1,5 pasza, ¢ropa B 3 paza u ¢ocdopa B 4 pasa B
MOYBaX CPABHEHUU C YCIOBHO-(DOHOBOW TEPPUTOPUCH.

2. EnoBble coolmiecTBa Ha OTBajaxX BCKPBIIIHBIX MOPOJ MPOHU3BOACTBA (hochopHBIX
yI0OpeHuil MpoXoaaT MATh cTanuil hopmupoBanus. [Ipyu 3TOM TpaBSIHO-KyCTapHUYKOBBIN SIpyC
naxke yepe3 40 jer mocne peKylIbTHBAIMH MPEICTaBICH, B OCHOBHOM, pYyA€paJbHBIMU BHIAMHU.
HaubGonee 3Ha4nTEeNbHO U3MEHSETCS BHJOBOW COCTAaB PACTUTENBHOCTH Ha TEPPUTOPHH

MECTOPOXKACHHUSI, PUIIETaloIel K XBOCTOXPAHUIIUIIIAM.
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3. TlouBsr u TIIO Kunrucemnmckoro mectopoxaceHus (HochOpUTOB XapaKTEPHUIYIOTCS
HeUTpanbHOU peakiuer cpenbl, npesbimerrneM OJIK mo cepe, 30HaNBbHOTO (hoHA O (HTOPY U
dbocdopy, pernoHaibHOTO (hOHA TIOUB FOXKHOW Tairu bapeHieBa pernona mo 6apuio, KoOaIbTy,
XpOMy, MEIH, JKele3y, Maprasily, HHKEI, CBHUHIy, CYpbM€, CTPOHIMI0O M BaHAIHIO.
Berpewatores npeseimenns [1/IK B mouBe mo mapraniy, Meau, CBUHILY, HHUKENIO, XPOMY H
LUMHKY. XHWMHYECKMH COCTaB II0YB HA HCCIEJNOBAHHOW TEPPUTOPHM OIPEACIAIOT YEThIPE
(bakTopa — mopoanbiit paktop (44 %), mpousBoacTBO hochopHbIx yaoopenuit (20 %), BiusHue

BCKPBITITHBIX TTopoj (14 %), mocTymneHue cepbl ot oTBana gocdorurca (7 %).

Anpodanust padboTbl

[To Teme nuccepranuu omybaukoBaHo 12 pabor: u3 Hux 3 BAK, 3 Scopus. Pe3ynbraTs
UCCleIoBaHUA ObUIM  TpelcTaBieHbl Ha &8 KoHGepeHIMsX: Bcepoccuiickoil Hay4dHOMH
KOH(EepeHIIMN C MEXIyHapoJHBbIM ydyacTueM «HaydHble OCHOBBI yCTOWYHBOIO YIIpaBJICHUS
necamu» (Boponex: BIJITY um. I.®. Mopososa, 26 oxts6ps 2020 roma), Bcepoccuiickoit
Hay4YHOH KOH(epeHInn «IKOJOTHYECKasT ESITeIbHOCTh M HKOJOTHMYECKOE IPOCBEIEHHE:
peruoHanbHbli acniekt» (Cankt-IletepOypr: JII'Y um. A.C. Ilymxkuna, 16 nexadps 2020 roaa),
MexayHapogHoM JiecHOM (opyme «JlecHble 3KOCHCTEMBI Kak TI00albHBIN pecypc Omuochepsr:
BBI3OBBI, YIpo3bl, yTH penieHus. Forestry — 2021» (Boponex: BIJITY um. I'.®d. Mopo3osa, 9-
10 cents6ps 2021 roma), MexnyHapoqHON HaydHOU cTylneHueckol KoHdpepeHumu Jluneickue
yrenus «lllar B Oyayinee: COBpeMEHHOE CTYAEHYECTBO KaK TBOPYECKUH, HAy4YHBIH U
npodeccuoHanbHbiil moteHuuan Poccunm» (Canxrt-IletepOypr: JII'Y um. A.C. IlymkwuHa,
23 nexabps 2021 roma), I ExxerogHoit MexIyHapOIHON HAyYHO-TIPAKTHYECKOW KOHGEPEHITMU
«DyHaMeHTallbHbIE M TMPUKJIaJHbIE MpPOOJIEeMbl TEOJOTMM U Teo(DU3UKH B CHCTEME
COBPEMEHHOT0 ecTecTBeHHO-Hay4yHoro 3HaHus» (MockBa: MI'PU um. C. OpmxoHukuase,
10 mapta 2022 rona), Bcepoccuiickoit KOH(pEpEeHIIUH ¢ MEXIYHAPOAHBIM ydacTueM «I eoXummust
okpyxatomerd cpenas» (MockBa: Bceepoccuiickuii  Hay9HO-MCCIIEIOBATEIbCKUI  HWHCTUTYT
MUHEpalibHOTO Chipbsi uM. H. M. ®egoposckoro, 23-26 asrycrta 2022 rona),
VII MexnayHaponHoM  cumino3uyme «BbHOKOCHBIE  B3aUMOJEHCTBUSI B  NPUPOAHBIX U
anTporioreHHblx  cuctemax»  (Cankt-IlerepOypr:  CIIOI'Y, 26-29  centsiops  2022),
MexyHapoIHOM Hay4YHO-IIPAKTHUECKON KOH(pepeHUUu «AKTyajabHbIe BOIPOCHI YCTOMUMBOIO
MPUPOIONOIB30BAHMS: HAayYHO-METOAMYECKOe OOecreyeHne | MPaKTUYeCKoe pelIeHue»
(Munck: BI'Y, 9-11 nosa6ps 2022 rona).

Crarbu B penieH3upyembix xkypHasiax Web of Science u Scopus:

l. Nedbaev, I.S. Forest recultivation of overburden dumps of the Kingisepp

phosphorite field / I.S. Nedbaev, E.Yu. Elsukova, E.A. Kushnir, E.I. Treschevskaya // 10P
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Conference Series: Earth and Environmental Science. — 2021. — Vol. 875. — Ne012029. — doi:
https://doi.org/10.1088/1755-1315/875/1/012029

2. EncykoBa, E.}O. 3arps3HeHue mO4YB B 30HE BO3JCHUCTBUSA MPOHU3BOJCTBA
dbochopubix ynmoopennii / E.}O. Encykosa, U.C. Henbaes, /I.C. Ky3pmuna // BectHuk CaHKT-
[TerepOyprckoro rocyaapctBeHHoro ynusepcurera. Hayku o 3emie. — 2022, — Ne4. — C.652-674
— doi: https://doi.org/10.21638/spbu07.2022.406

3. Nedbaev, 1.S. Geoecological assessment of the impact of phosphate fertilizer
production on taiga soils / I.S. Nedbaev, E.Yu. Elsukova, E.O. Chunyaeva // IOP Conference
Series Earth and Environmental Science, 2023. (mpunsiTa, HO e He OImyOJIMKOBaHA)

Crartbu B peneH3upyemMsbix s;kypHajgax BAK:

1. Kymnup, E.A. OneHka cocTosiHUS JIECHBIX HacakKI€HUI M MOYBEHHOI'O MOKPOBa
Ha ydacTkax pekyinbTuBauuu Kunrucenmnckoro mectopoxaenus ¢ocdopuros / E.A. Kymnup,
N.C. HenbaeB, D2.M. Tpemesckas // Tpymasr Cankr-IlerepOyprckoro  Hay4yHO-
HCCJIEI0BATEIbCKOT0 HHCTUTYTA JecHOro xo3siicta. — CI16: CITOHUMIIX, 2021. — Nel. — C.68-
80. —doi: 10.21178/2079-6080.2021.1.68

2. Hen6aes, N.C. M3ydyeHne MHUPOBOTO M POCCHICKOTO OMNBITa TO pa3padoTKe
ONITUMAJIBHBIX MyTeH peKyIbTUBAIMKN HapyiieHHbIX 3emenb / M. C. Henbaes, E. 0. Encykosa //
BectHuk eBpaszuiickoit Hayku. —2021. —T. 13. — Ne 6. — EDN AIICKP.

3. Henbaes, N.C. O630p poccHiiCKOTO M MUPOBOT'O OIBITA PELICHUS SKOJIOTUIECKUX
npobjeM MpPOM3BOJCTBA, XpaHEHWs, IMepepaboTku M ucnonb3oBaHus (ocdorunca / W.C.
Henbaes, H.B. L{piBkyHoBa, E.}O. EncykoBa // BectHuk eBpasuiickoit Hayku. — 2022. — T. 14. —
Ne 4. - C.10.

Hyoankanuu B n3nanuax PUHII, ne Bxonssmux B BAK:

l. EncykoBa, E.FO. Bo3saeiictBue m00br4u (HochOpUTOB HA KHUCIOTHO-OCHOBHBIC
coiictea mouB / E.}O. EncykoBa, WN.C. HenbaeB, H.B. LlpiBkyHoBa // Marepuaisl
Bcepoccuiickoii HayuHOW KOH(pepeHIUH «DKOIOTHYecKass IeATeNbHOCTh W JKOJOTHYECKOe
MpoCBeIIeHHe: peruoHabHbIN acniekT». — CI16: JII'Y um. A.C. ITymxkuna, 2020. — C. 55-59

2. Hen6ae, WN.C. U3yyeHue TmOCIEICTBUI PEKYIbTUBALUMU: XapaKTEPUCTUKU
O0epe30BBIX COOOIIECTB Ha TEXHOTEHHBIX O0bekTaX KUHIHCENNCKOro MECTOPOXKACHUS
docdoputos / N.C. Henbaes, E.A. Kymmnup, E.}O. Encykosa, 3.1. TpemeBckas // Marepuais
IV Bcepoccuiickoit HaydHOU KOH(MEPEHIIMH C MEXIyHApOAHBIM ydacTueMm «HaydHble OCHOBBI
yCTOMYUBOTO ynpasienus gecammny». — M.: LIDILJI PAH, 2020. — C. 205-208.

3. Henb6aer, N.C. TI'eoxumuyeckne OCOOEHHOCTH (OPMHUPOBAHUS MAaJTOMOITHBIX
nouB B paifoHe Bo3aelcTBuss Kunrucenmnckoro mectopoxaenus docdoputos / M.C. HenOaes,

H.B. LpiBkyHoBa, [[.C. Ky3smuna // Marepuansl MexayHapogHOW HAyYHOW KOH(EPECHIIMH
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Jluneiickue urenus «lllar B Gynyiee: COBpeMEHHOE CTY/I€HYECTBO KaK TBOPUYECKHIl, HAYUHBIH U
npodeccuonanbHbiil moteHnuan Poccuny. — CI16: JII'Y um. A.C. Ilymkuna, 2022. — C.52-53.

4. Nedbaev, [.S. Geochemical features of the accumulation of phosphorus and
fluorine in soils in the zone of influence of the phosphogypsum dump / LS. Nedbaev,
E.Yu. Elsukova // Marepuansl Bcepoccuiickoil KOHGEpEeHIIMH ¢ MEXAyHapOJHBIM y4acTHEM
«l'eoxuMusi okpyxarome cpeasl». — M.: Bcepoccuiickuii Hay4yHO-MCCIEAOBATEILCKUN
MHCTUTYT MUHEPAJILHOTO Cchipbst uM. H.M. ®@enoposckoro, 2022. — C.74.

5. EncykoBa, E.FO. 3arps3HeHue mnouB MOABIKHBIMH (QOpMaMH XHUMHYECKHX
JJIEMEHTOB B 30HE BO3JCUCTBUS Mpomn3BoacTBa dochopubix ynoopenuit / E.FO. Encykosa, U.C.
Henoaes, JI.C. Ky3pmuna, A.C. Beiipenkona // Marepuainbsl VII MexayHapoHoOro cumiosnyma
«buoKOCHBIE B3aMMOJENHCTBUS B MPUPOAHBIX M aHTPOINOreHHbIX cuctemaxy». — CIIO.: CIIOI'Y,
2022. - C.38-39.

6. Encyxosa, E. 10. KomruiekcHass 1 IOKOMIIOHEHTHasl OLIEHKA MPUPOAHOMN Cpenbl,
HaxoNsIIeHcs TMOA BO3ACHCTBHEM a00buM W mepepabotku ¢ocdato / E.FO. Encykora,
N.C. HenbaeB // AkxkTyaipHble BONPOCHI YCTOHYMBOTO IPHPOJOINOIB30BAHUSA: HAYYHO-
METOMYECKOoe obecreueHne u MpakTUYeckoe perieHre : MaTtepuanbsl MeXayHapOAHON Hay4yHO-
npakTuyeckoil KoHpepeHuuu, mnocesmeHHoH 60-neturo HUJI  skomormm  naHamadToB
¢akynbrera reorpadpuu u reouHpopmatuku BI'Y, Munck, 09-11 nHos0ps 2022 roma /
Penxomnerus: J1.C. Bopo6séB (0TB. pen.) [u ap.]. — Munck: benopycckuii rocynapcTBeHHBII
yauBepcutet, 2022. — C. 80-83.

I'pantbl

HccnenoBanue BBINOJHEHO Npu (puHaHCOBOM mopanepkke PODU B pamkax HaydyHOro
npoekta Ne 20-35-90099 «I'eoskosioruueckasi OlEHKa BO3JEHCTBUS OTBajoOB (hocdorurca Ha

OKPY’KaIOIIYIO CpeAy U pa3pa0d0TKa ONMTHUMATBHBIX ITYTEH UX PEeKYIbTUBAIIUN.
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I'naBa 1. O030p BoO3aelcTBUS NPOU3BOACTB (GocPOpHBIX YI00peHU HA NPUPOIHYIO
cpeny

OcHosHble 0cobeHHOCmU 8030€liCMBUsL NPOU3B0OCIE POCHOPHBIX YOOOPEeH Ul

Mupogsie 3anacel pocharoB onenuBarotcss okono 70 mupa. 1. (I'eopruesckuii, byruna,
2020). B Poccutickoii ®eneparuu 3anacel ¢pocdaToB B pochopuTax orieHUBarOTCS B 217 MIIH. T
u emé 708 muH. T B anatutax (['ocymapcTBeHHbIN noknan..., 2020). B Poccuiickoit deneparun
oTBaJIbl ochorurca pacnoaokeHsl B paiioHax (ochOpUTOBBIX U aIATUTOBBIX MECTOPOKICHHM.
Haunboiee xpymHbIE MECTOPOXKIEHHUS pPACIOiaraloTcsi B XMOMHCKOW TPYIIEe MECTOPOKICHUMA
(Mypmanckas 007acTh), Takke KPYIHBIE MECTOPOXKAEHUs ecTb B KupoBckoit oOmactu u
PecnyOnuke Caxa. OCHOBHBIE 3aBO/IbI IO MPOU3BOACTBY (OCPOPHBIX yIOOPEHUM paciooKeHbI
B cienyromux ropogax: Yepenosen, bamakoo, Benukuit Hosropoxa, Hoporo6yx, Poccomis,
Kunrucenmn, benopeuenck, Kupoo-Uemenk, Bockpecenck u Meney3 (I'ocymapcTBeHHBII
nokian. .., 2020).

[TpousBoacTBo pochopHbIX y1oOpeHH MOKET OKa3blBaTh BO3/ECHCTBHE HA MPUPOIHYIO
Cpeiy IMOCpeCTBOM BBIOPOCOB B aTMOcCdepy, COPOCOB CTOYHBIX BOJ, Pa3MEIICHHUEM OIACHBIX
OTXO/JIOB, TOBBIIIEHUEM PaJUALUOHHOIO (pOHA MPUJIETAIOIIUX TEPPUTOPUN U TpaHCHopMaIrent
OpUPOAHBIX JaHamagdToB. B HacrosdmeMm wuccienoBaHuM OyIyT CYMMapHO pPacCMOTPEHBI
BO3/ICIiCTBHE BBIOPOCOB B aTMoc(epy HEMOCPEACTBEHHO OT MPOU3BOACTBA (PochOopHBIX
y1oOpeHuit (TEXHOIOTHYeCKre BEIOPOCH! IIPU MPOU3BOJACTBE OChOpHO KUCIOTH, (hochopHOTro
ynoopenus cynepdocdarta U KOMIUIEKCHBIX yIOOPEHHIA) M BO3JICHCTBHE adpOTEHHOTO MepeHoca
3arps3HAIONIMX BEIIECTB ¢ oOTBaja (Qocdorumnca, KOTOpbIE MOCTYMNAIOT HAa IOYBEHHO-
PaCTUTENBbHBINA ITIOKPOB IPHUIETalOUX TEPPUTOPUIL.

TexHonornueckre BbIOPOCHI MpU MPOoU3BOACTBE (OCHOPHON KHUCIOTHI BKIIOYAIOT
¢dTopunsl (Tak kak (ocdopurossie pyasl conxepxkar 2-4 % ¢ropa), dochaTsl, MbLUIb, KaIMHH,
CBUHEII, IIMHK W PAJAUOHYKIUIBI (00pa3yloTcs B X0/€ TEPMHUECKOTO Mpoliecca MPOU3BOCTBA).
[Tpu mpousBoxcTBe cynepdochara B arTMochepy MOTYT MOCTYINATh M BIOCIECICTBHH OCAXKAATHCS
bTopuabl, XJOPUABI, COEAUHEHUS a30Ta U MbUIb. [Ipy MpOU3BOACTBE KOMITJIEKCHBIX YIOOPEHUN B
Ka4yeCcTBE 3arps3HSAIONIMX BEIIECTB BBIICIAIOT COCOUHEHUS a30Ta, (TOPHIBI U  XJIOPUMIbI
(PykxoBozcTBO IO OXpase..., 2013).

[TpOMBIIITIEHHOCTH MO MPOU3BOICTBY YIOOPEHUH TaK)Ke MOYKET OBITh HCTOYHUKOM TAKHX
3arpsi3HSIONIMX BEIIECTB, KaK MBIIIbSK, PTYTh M ypaH, HAKOIUIGHHE KOTOPHIX OTMEYEHO B
ACTyapHsX peK, KyAa MOCTYNAIT CTOKH C IPENNPUATHN, IPOU3BOIAIINX MPOAYKTHl HA OCHOBE
docdaror (Elbaz-Poulichet et al., 2001). IIpu BeicOKOM TOCTyIUICHUH (ocdorurica B BOIHBIE
00BEKThl OaKTepHUH MOTYT BET€TUPOBATh B aHAIPOOHBIX YCIOBHSIX MPHU HYJIEBOM IOKa3aTele

pactBopéHHOTO Kucnopona (MBanosa, 2011).
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Boszoeiticmsue omsanos ghocgpocunca

®docdorurc — 3T0 TOOOYHBINM MPOAYKT MpHU 00pa30BaHUM MPOIYKTOB, MOJYyYaeMbIX U3
dbochopuros u anatutoB. Dochorunc — Genoe, TBEpAOE BEUIECTBO, COCTOSIICE B OCHOBHOM U3
cyiabdaTa KalblMs, a TaKKe PsIAOM MpHUMeced, KOTOpbIe 3aBUCIT OT TEXHOJOTMH 0O0paboTKU
(dhochopuTHOTO CHIPhSI M YCIOBUM XpaHeHus. [l co3manusi 0TBaJIOB MPOU3BOACTB (OCHOPHBIX
ynoOpeHuil MpUXOAUTCS MOCTOSIHHO OTYYXJAaTh Oonbline ydyacTku 3emenb (Tapuuruna u np.,
2011). docdoruncopbie OTBAIbl PACIONAralOTCs B pailoHe MPOU3BOJACTB (HOCPOPHON KHUCIOTHI,
TaK KaKk WMEHHO TPOU3BOACTBO (POCHOPHON KHUCIOTHI SBISETCS OCHOBHBIM HCTOYHHKOM
obpazoBanmst (ocdorurnca. Hamboysee KpymHbIE TPOU3BOACTBA CKOHIICHTPUPOBAHHI B
Bocrounoit Azun, Adppuxe u CeBepnoit Amepuxke (Production of phosphoric..., 2021).

docdorurc MOKET BIUATH Ha KHCJIOTHOCTH TIOYB ¥ PUBOJUTH K 3arpsi3HEHUIO (PTOpOM,
TSOKETBIMU METAJUIaMH W paJMOHYKJIMAaMuy. [ JTaBHOW OMAacHOCTHIO HMCIIOJB30BaHMS MaTepuaa
xpanwuil — (¢ocdorurca HMCCIEIOBATENM  HA3bIBAIOT  IMOBBIIEHHYIO  PaJdOAaKTUBHOCTH.
®ocharnas mopoga coaepxkut Ca, P m mpupomHbie paguOHYKIHABI YPaHOBOTO (mU) u
topuesoro (*>Th) psios (Shirakawa et al., 2002; SIkosies u ap., 2013; Kopobanosa, 2016).

[Ipon3BOACTBO  CTPOUTENBHBIX MAaTEpPUAJIOB W  M3JEIUN  SBISETCA OJHOW W3
NEPCHEKTUBHBIX OTpaciieil mepepaboTKH M yTWIN3AaUUH OTXOAOB IPOMBIIIICHHOCTH, B TOM
gucine Qocdorunca (Amuu, 2013). Taxxke dochorunc menecoodpa3HO HCMOIB30BATH IMPHU
MIPOM3BOJICTBE TMIICOBBIX BSKYIIMX M M3JIEJIMH HAa UX OCHOBE, B IIEMEHTHOMH NMPOMBIIUIEHHOCTH
(KacumoB u np., 2013). U3 dochorunca MOXKHO NeaTh EMEHTHBIE CMECH, YTO IMPEIaraioT
TypelkHe Y4€Hble B CBSI3U C BBICOKOM CTOMMOCTBIO IIEMEHTa M HAJMYUEM HEUCHOJIb3yEeMBIX
xpanumuin pocdorurca (Degirmenci et al., 2007). B Kurae u3 ¢ocdorurca, 30151 1 0TXOI0B
CTaJbHOTO MPOU3BOJCTBA MpPEUIAraloT Jenarh MokpbiThe At gopor (Shen et al., 2009). Emgé
onHo uccnenoanue (Shen et al.,, 2007) mokasbiBaer, 4To (HOCHOTUIIC COBMECTHO € TAMIEHOM
U3BECTBIO U 30JI0M MOXKET OBITh KCIONB30BAaH B KAdyeCTBE Marephalla OCHOBAHHS JOPOTH.
Hcnonb3oBanue ocdorurca B TOpOKHOM CTPOUTENIBCTBE peIIaeT MpodsieMy YTUIM3ALKUN 3TOTO
oTxona, sBuseTcss J(PGEKTUBHBIM U SKOHOMHUYECKHM BBITOAHBIM. OHAKO, COTJIACHO
uccinenopannio (Mesesa, 2013), TOkcuuHBIE KOMIIOHEHTBI, KOTOpPBIE coliepkatcs B (hocdorumce
MOTYT MONaJaTh B OPraHU3M YellOBEKa Yepe3 AbIXaTellbHbIe IMyTH, IJ1a3a U 3arps3HEHHBIE PYKH U
HEOJIaronpusITHO BIHSTH HA €r0 3710POBbBE.

U3 docdorunca MoxxHO nenate MUHEpalbHble yaoOpenus. B marente (UyryHoB u ap.,
2013) mpencraBleHbl HECKOJBKO CIMOCOOOB TMONYyYEHHUS KOMILUIEKCHOTO a30THO-(ocOpHO-
cyabdaTHOoro ynoOpenuss u3 ¢ocdorunca. Jnas yBenuueHUS MNPOTYKTUBHOCTH TOYBBI
ucnonb3ytoT dochoruncosanue. [Ipuuém 3arpaTsl Ha hocoruncoBaHne MOryT OKYIUTHCA 3a 3-

4 roma, Tak Kak CpeIHErojioBas MpuOaBka K MPOJYKTUBHOCTH cocTaiseT oT 1,33 mo 1,68 T k
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en./ra (B 3aBUCUMOCTH OT J103bI (OC(HOTUIICOBAHUS — COOTBETCTBEHHO, 8-32 T. Ta). [lpm
BO3/ICJIBIBAHUM CEIbCKOXO3SHUCTBEHHBIX KyJIbTyp Oe3 moiuBa B pailoHax ¢ MpeoOiiajaHueM
OpOILIAEMOro 3eMJIeJIeNINs 1O0CiIe MPOBEACHUS OJHOKPATHOTO U MOBTOPHOTO (HhOCHOTUIICOBAHUS
BBIIETISIETCSI TPU 30HBI COJIECOAEP)KAHUS: ONPECHEHMsI, TPAH3UTAa U aKKyMYJIUPOBaHUS coyel
(Bopomaesa u ap., 2011). dochorumnc coBMECTHO CO CTOYHBIMHA BOJAAMH M OMUIKAMU MOYKET
NPUMEHATHCS B KAuyeCTBE QJIbTEPHATUBHOIO TMOAXO/Aa K PpalMOHAIBLHOMY BIUSHHUIO Ha
IUIOJIOPOJME TOYB, TaK KaK JaHHbIE BEIECTBA OKA3bIBAIOT BIMSHHE HAa (QU3UYECKHE WU
XUMHUYECKHUE CBOWCTBA MOYB M Mopdosornueckue ocodeHHocTH pasButus (bepexnas u ap.,
2012).

Otxoabl ocdorunca B Poccun copepxar B cBoeM coctaBe | MIIH. T pelKO3eMeIbHBIX
anemeHToB (P3D). Penko3emenbHBIM KOHIICHTpAT, BBIACICHHBIM W3 OTX0J0B (ocdorurca,
OTJINYAETCS TOBBIIIEHHBIM COJIEpPKAHUEM CpeJHETsDKENOoNW rpynnsl P33: uTTpus, aucnposws,
camapwusi, eBpomnus, rajoyimHus, Tepoust (Adbpamos u ap., 2013). B ckopoM BpeMeHH HOIKHBI
MOJIYYUTh Pa3BUTHE IPOLECCHI MO M3BICUEHUIO U3 (Gocdorumnca peaKo3eMenbHbIX 3JIEMEHTOB,
TaK KaK MOCTENEHHO CTOMMOCTb PEIKO3EMEIbHBIX 3JIEMEHTOB BO3PACTAET, a JAHHBIC JIEMEHTHI
MOTYT cojaepxaTbcsi B (docdorunce. OmHAKO U3BJICKATh PEAKO3EMEIBHBIC DJIEMEHTHI
HE00X0IMMO Ha 3Tare Mpou3BojacTBa (pocdopHoil kuciaoTsl (Binnemans et al., 2015). Ipuemsi,
XapakTepHbIe JUIsl epepaboTKU anatuTa, He JAOT 3asBJICHHBIX PE3Y/IbTATOB MPU HU3BICYCHUU
P32 u3 docdorunca nepepadorku pocdopura (Haiimanbaes u ap., 2013).

N3 dochorunca MOKHO MOITYUYUTh HAHOKPUCTALTMUECKUI THIPOKCHANATUT U CYIb(paT
ammonus (Mousa et al.,, 2015). Hanokpuctainuueckuid TUAPOKCUATIATUT HCIIOJIB3YeTCS B
MEAMIMHE KaK HaIlOJIHUTENb, 3aMEIIAoUi YacTH YTEpSHHOM KOCTH, KakK IIOKpPBITHE
UMIUIAHTaTOB M B HEKOTOpBIX JApyrux ciy4asx. CynbdaT aMMOHUS — a30THOE-CEpHOe
MHUHEpaJIbHOE yJ00peHue Ui OYB.

B uccnenosanuu (Yepnsimn u np., 2012) paccmorpeHo ucnonb3oBaHue (ocdorumnca B
KauecTBe MHUHEPATbHOW JJO00aBKM Ui MpoBeneHUs: OuocynbPumHoil 00pabOTKHM OCaaKOB
cTouHbIX BOJ. Docdorumnc SBASETCS HCTOYHUKOM CyIb(}aToB, HEOOXOAMMBIX ISl pOCTa
Cynb(aTOBOCCTaHABIMBAIOLINX OaKTEPHid, U KaJblMs, He00X0auMoro Juist 6onee 3pPpeKTUBHOTO
U3BJIEYCHUSI TSDKENBIX METaioB. B mporecce 00pabOTKH OpraHUYecKHe XeIaTOKOMILIEKCHI C
TSDKEJIBIMHU METaJNIAMU Pa3pyIIaloTCs.

HopManbHOMYy pocTy M pa3BUTHIO pacTEeHHM Ha OTBajllaX MPOM3BOACTBA (HOCHOPHBIX
ya00peHuil pensITCTBYIOT BBICOKAsk KUCIOTHOCTb, BEICOKOE COJIEp’KaHUE CTPOHIIHS, OTCYTCTBUE
€CTECTBEHHOTO OPraHMYeCKOro BEIIEeCTBA, IIMPOKas BapuabeIbHOCTh COJIEp)KaHUS OOMEHHOIO
Kalmusi, 4Ype3MepHOe KOJIMYECTBO MOABMXKHOTO (ocdopa. Haumbonee mnepcrneKTUBHBIM U3

PEKYJIBTUBAHTOB SBJISIOTCS T'YMYCOBBII TOPU30HT MOYB TEPPUTOPUH, IPUJIETAIONIEH K OTBaLy, U
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[UiaM W3 IIaMOHAKOMuUTels. JIydimmmM SIBJISIETCS T'yMYCOBBIH TOPH30HT IOYB, MOCKOJBKY OH
COZICP)KUT TIOJIE3HYIO €CTECTBEHHYIO MUKPO(DIOPY, OT CUMOMOTHYECKUX CBSI3€H C KOTOPOW BO
MHOTOM 3aBHUCHT POCT, Pa3BUTHE M YKOPECHEHHUE pACTCHHH, (OpMHpOBaHHS JEPHUHBI KaK
OCHOBHOTO 3aIlIUTHOTO MMOBEPXHOCTHOTO KoMmmoHeHTa (benoopos u ap., 2015).

Boszoeticmseue npouzeoocmea gocghopuvix yoobpenuii na codepoicanue OmMOeENbHLIX

XUMUHUECKUX DTIEMEHMO6 6 NOUBE U peaKYUio cpedbz

BozneiictBue mpomsBoacTBa  pocopHbIX  ymoOpeHud Ha  KUCIOTHOCTh  ITOYB
HeoHO3HAuHO. B Jlenunrpaackoii obnactu (EncykoBa u np., 2020) dochorunc nmpuBoguT K
yBenuueHuto nokasarens pH no 7-8 enunui, a B Mcnanuu ¢ocorumnc npuBogUT K NOHUKEHUIO
nokazarenst pH 1o cocrosHus cuiabHO Kucibix nous (Duefias et al.,, 2007). B uccinenoBanuun
A.J1. XKyxosoii u 1p. (MockoBckas o0nacts) (XKykoa u zap., 2016) akTyanbHast KUCIOTHOCTb Ha
YCJIIOBHO-(DOHOBOM TEppHUTOPHH cocTaBisiia 6,5 en. pH, a B pailoHe BO3eHCTBUS MPOU3BOJICTBA
docdopHbIX ynoOpenuit 6,5-6,6 en. B ToM ke HCCIETOBAHUU B UMITAKTHON 30HE MPEIITPHUSITHS
[0 MPOU3BOJCTBY (HOCHOPHBIX YAOOPEHUH MOTEHLHUANIbHAs KUCIOTHOCTH MOYB COCTaBisIa OT
5,6 no 7,3 en. To ecTh, MOJKUCIEHUS TTOYB HE MPOUCXOIMIO. BeposiTHO, HA KUCIOTHOCTH MOYB
BJIMSIET COCTAB FOPHBIX MOPOJ] UCCIEAYEMON TEPPUTOPHH.

ITo m3BectHbiM gaHHbIM (Caer u ap., 1990), B mouBax paiiOHOB, MPUJIETAIOUINX K
npou3BoJcTBaM (ocPopHBIX ynoOpeHuil yBenuuuBaercs cozepxanue Hatpus. ConepikaHue
Hatpus B gocdorurnce koaednercs or 300 mr/kr go 47000 mr/kr (Arocenaa et al., 1995; Tayibi
et al., 2009; Saadaoui et al., 2017).

[TpeBbiieHnss (OHOBBIX TOKa3aTeNed IO COJACPKAHUIO THKENIBIX METaJUIOB MOXKET

pacnpoctpansaTeea Ha Tepputropuu 10 4 kM (KykoBa u ap., 2016). OcHOoBHOUM NpUYMHON
3HAYUTENLHOTO COACPKAHMS TSHKENBIX METAUIOB B BBIOPOCAX XMMHYECKHX 3aBOJOB SIBISETCS
Hanruue OOJIBIIOTO KOJMYECTBA MPUMECEH MHOTHX JJIEMEHTOB B JOC(HOPHOM CHIphE (THUTaHA —
cbire 1200 mr/kr, cTpoHIms - cBeime 2550 MI/Kr, cBHHIIA — CBBIIIE 12 MI/KT M T.1.); 4eM
0oJbIlle MPOU3BOJACTBO MPOAYKIIMHU, TeM OOJbIIE BBHIOPOCOB, BKIIOYAS U TSKEIBIE METALIBL.
JlanHbie moka3biBaroT, uTo Ha 1 T P,0s B HeKoTOphIX pynax nmpuxonutcs 40100 xr dropa, 20-
40 xr crpoHiums, 20-25 KI OKCHIOB PEAKO3EMENbHbIX 1eMeHTOB. [Ipu nepepaboTke MpUpPOIAHBIX
dbochoputoB OosbIIas YaCTh COSTUHEHUN (PTOpa M CTPOHITUS TIepexoauT B yaoopenus (Kuznnek
u ap., 2013). OtBanbl docdorunca odeaneHsl noaBuxkHBIM kene3oM (11 wmr/kr) (Carbonell-
Barrachinaa et al., 2002), BamoBoe conaepxanue koyeonercs B mpenenax 200-7000 mr/xr
(Arocenaa et al., 1995; Tayibi et al., 2009; Saadaoui et al., 2017). IlogBmXHbIi CTpPOHIIUI
HAKallJIMBaeTcs HAa TEPPUTOPUAX TMOJBEPKEHHBIX BO3JEHCTBUIO MPOU3BOACTB (HOCHOPHBIX
ynoOpeHuii, BaJoBoe coaepkaHue CcTpoHIus MoxkeT mocturath 6500 mr/kr (Ilerpenko u ap.,

2012). Uccnenosarenu (Tayibi et al., 2009; Aoun et al., 2010; Wang et al., 2019) ormedaroT, 4To
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coJepkaHue Mapraniia B (ocgorumncoBsix orxomax BapbupyeT oT 15 mo 1200 wmr/kr. Ilpu
OLIEHKe BO3AeHCTBHU (ocdorurnca Ha MOuBbl BbIABIAIOTCA mpeBblmieHus OJIK mo kaamuio
(1o 4 mr/kr) (MenbHukoBa u ap., 2016). Ormevanuch ciiydad 3arps3HEHHs] TEPPUTOPUH,
MIpUJIeTaloIel K MPOU3BOACTBY GochopHbIX yaoOpeHui, cBUHIIOM (10 99 mr/kr) (KykoBa u ap.,
2016).

KoHueHTpanuss BomopacTBOPUMBIX (opM (TOpa B MNpUIIEraroIiUX K IPOU3BOJACTBY
IIOYBAaX MOXKET JOCTUraTh 25 MI/Kr, npu ycraHoBieHHbIX [IJIK mig nous 2,8 mr/kr (SIkoBieB u
ap., 2013). @ocdop coaepxkurcsa B Gocdorurice B kosmuectBax: oT 200 mr/kr 1o 35200 mr/kr
(Arocenaa et al., 1995; Tayibi et al., 2009; Illepmués, 2016; Saadaoui et al., 2017). Cepa moxet
HaKaruIMBaThCsl B TTOYBAX MPU BO3JAEHCTBUU MPOU3BOACTBA POCPOPHBIX yI0OpEHU, OJTHAKO I3TO
IIPOMCXOIUT HE BCEIIa: COJIEP/KaHUE CEPhl Ha PACCTOSIHUM 10 6 KM OT IIPOU3BOJICTBA COCTABIISIIO
40 Mr/KT, 4TO 3HAYUTEIILHO MEHbIIIE COACPKAHUSI CEPhl HA PACCTOSIHUM 5,6 KM OT IPOM3BOJICTBA
docdopubIx ynoopenuit B MockoBckoit oomactu (220-390 mr/xr) (XKykosa u ap., 2016).

B dochaTHBIX MOpoaX M3 PasIMUHBIX PErHOHOB Mmpa comepxkanme U m “°Ra
BApBUPYET B IIMPOKUX Tpeienax: ot 37 g0 4900 Bx/kr mst 2°U u ot 100 mo 10 000 Br/kr mst
2°Ra (Saueia et al., 2006). B Mcmanuu (Duefias et al., 2007) u Typuun (Papaslioti et al., 2018)
MMEHHO PaJIiOAKTUBHOCTh OTBAJIOB BBIIEISIIOT KaK OCHOBHYIO OIACHOCTH (hocdorurica, 0HaAKO
XMMHUYECKOE 3arps3HEHHE BbIIIE YKa3aHHBIMU KOMIIOHEHTaMu Toke Habmonatores (Gezer et al.,
2012). B Kurae otBaiisl ocdorumnca npuBoasAT K yBETHUECHUIO PaAHOAKTUBHOCTH, a TAKXKe psa
TsokEnbIx MetawioB: As, Se u Pb (Dartan et al., 2017). B Mapokko — aHaJloTU4Hasi CHUTYyaIlusi:
yBenuueHue paanoaktuBHocTu (Silva et al., 2022) u conepkanus TsHKEIBIX MeTawioB (Azouazi
etal., 2001).

0630p 6030eticmsus. npouzsoocmea pocgopuvix yoobpenuil 6 Kuneucennckom patione
Jlenunepaockoii obracmu

OObekTaMH HCCIIEIOBaHUS B T'€03KOJOIMU SIBJISIOTCS KAaK MCTOUYHUKU aHTPOIOT€HHOTO
BO3/JCICTBUS, TaK U SKOCUCTEMBI, Ha KOTOpPBIE OKa3bIBAETCSI BO3AEHUCTBUE, IOITOMY B KaueCTBE
00bEKTa HCCIeAOBAaHUM ObIIM BBIOpAHBl MPOM3BOJCTBEHHbIE TEPPUTOPUU U OOBEKTHI,
pacrionokeHHble Ha Kunrucenrnckom mecropoxkaenuu ¢ochopurtos (Kunrucenmnckuii paiio,
Jlenunrpasackas o0nacTe), M NPUPOJHBIE M  IPUPOAHO-AHTPONOTEHHBIE  KOMILUIEKCHI
copMHpOBaBIIMECS HAa TEPPUTOPUH MECTOPOXKIEHUS M 3a €ro MpeaeiaaMu — 3TO JaHAmadTh,
IIPE/CTaBICHHbIE, B OCHOBHOM, 3aJIECEHHBIMU MM 3a00JI0YEHHBIMU yYacTKaMH PEUHON Teppackl
pexu Jlyru (EncykoBa, Henbaes, 2022). Kunrucenmnckoe MmectopoxaeHue GpochopuToB OTKPbUIN
B 1948 romy. B 1964 rony Obuin 3aKOHYEHBI BCE HCCIEIOBATEIbCKHE PAOOThI, U Hayaiach
JKCIUTyaTalust MecTtopoxkiaeHus. B 1990-e rr. 3amacel MeCTOPOXXAECHHS HMCTOLIMINCH, U

MpENIPUITHE CTAJIO pabOTaTh Ha IPUBO3HOM CBIPhE.



16

B mnacrosmee Bpems OOO «lIpombemuiennas ['pynma «®ochopury (OO0 «II'
«Dochopur») BxoauT B coctaB AO «MuHepanbHO-xumuueckass kommnanus «EBpoXum» (AO
«MXK «EBpoxum») U SIBJISIETCS OJTHUM U3 BEIyLIUX NMpou3BoauTenel GochopHbIX yIoOpeHuii u
KopMOBBbIX (octaToB Ha CeBepo-3anane Poccun, a Taxxke, cepHO U GOCHOPHON KUCIOT AT
HYKJ] COOCTBEHHOT'O IIPOM3BOICTBA.

Ho 2022 roma 6onee 90% mnpoaykuuu OOO «III' «Dochoput» HampaBisgoch Ha
9KCTIOPT B cTpanbl 3anagHoit EBpomnsl, bantuku u Jlatunckoit Amepuku. B Poccun ocHOBHBIMU
noTpeduTensiMu  npoaykiuu sapistorces  Apyrue npeanpusatus AO  «MXK  «EBpoXumpy,
CEJIbXO3MPOU3BOAUTEIN U KOMOMKOPMOBBIE 3aBOJIbI.

Conepxxanue Qochopa B pyne Kunrucenmckoro wmectopoxaenus ¢GHochopuToB
coctaBisuio 6-7%. JloOblua Benach B Kapbepax OTKPBITBIM criocoboM. Ilo mepe BrIpaboTKu
OYEpEeTHOTO Kapbepa, MPOM3BOAMIACH €ro peKylbTHBalMs (TO €cTh, LUIa MapajljelbHas
PEeKyJIbTUBAIUS ). BCKpPBIIIHBIE TOPHBIE MTOPOBI, KOTOPbIE W3BJIEKAIN MPH Pa3pabOTKE HOBOTO
Kapbepa, CKJIaJUpOBaIM B BBIEMKY OT CTaporo Kapbepa. OTBajibl BCKPBIMIHBIX MOPOJ — 3TO
NEPBbI THII TEXHOTEHHBIX OOBEKTOB B pailOHE MECTOPOXKICHHA. BTOpOil THI TEXHOT€HHBIX
O00BEKTOB — 3TO XBOCTOXPAHWJIMINA, Kyda CKJIaJAUPYIOT 0CO00 TOKCHYHBIE JJISl OKpY)Karolleu
NPUPOIHON cpenbl OTXOJbl, OOpa3oBaBIIMEcs B IMporecce obOorameHus pyabl. [lnomansb
xBocTtoxpaHwiuiy 3aHuMaer Oonee 400 ra. Copepxanue ¢ochopa B XBOCTOXPaHMIIUILAX
cocTaBnsieT okono 2%. W TpeTuil THI TEXHOTEHHBIX OOBEKTOB — 3TO OTBaI (ocdorurca,
00pa3oBaBIIMICA TpPH CKIAAUPOBAaHMH OTXOJOB B IIpolecce NpOM3BOACTBA (ochopHOit
kucinoTsl. Ha 1 ToHHy momydaemoit pochopHOil KUCIOTHI, MOKET 00pa30BBIBATHCS 10 5-6 TOHH
docdormurca.

Jlanowagmuo-oecmpykyuontoe ozoeticmaue

JIns uccnenoBaHusd HApYLIEHHBIX IUoniaaed Ha KHHIHCenncKoM MeECTOpPOXKACHUU
¢dochopuToB HCHOIB30BATMCH CHUMKU cepud cimyTHUKOB LandSAT. Camble paHHHE CHUMKH
MCCJIEI0OBAHHON TEPPUTOPUH, MOIXOAIINE JUIsl aHaIu3a, natupyroTes 1975 ronom (pucynoxk 1).
OTO CHHUMKH, cienaHHble cnmyTHUKOM LandSAT 2. Ha cHuMKe KpacHOTo cHekTpa OelbiM U
CBETJIO-CEphIM IIBETOM OTOOPAXXaIOTCS AHTPONOIeHHbIE OOBEKTHI B CHIIy TOTO, YTO OHH
OTpPaXKaroT IEKTPOMArHUTHBIE BOJIHBI KPACHOTO CIIEKTpa 00Jiee MHTEHCUBHO.

Ha MoMeHT akTHBHO# pa3paboTKu MecTOpoKAeHwUs (cepenuHa 70-X IT.) IUIOMIas OTBala
docorunca cocrasmsua mopsaka 0,06 kv, [I10mans ke BCeX aHTPOINOTEHHBIX 0OBEKTOB Ha
MECTOPOXKICHHH 3aHMMana 6omee 20 kv”. CeBepHas M BOCTOUHAS TPAHHIIBI MECTOPOYICHHS
COBIIAAIOT ¢ OeperoBoit auHKEH peku Jlyra. B nmepBble necaTuneTuss 0CBOCHUS MECTOPOXKICHHS
0CcOOEHHO aKTUBHO pa3padaTbIBajiach ero ceBepHas 4acTh (CeBepHBIN yd4acTok). OPOHT rOPHBIX

paboT MmpoABHTraycs ¢ CeBepa Ha IOT 10 MaJeHHIO 3aJIeraHus Iuiacta. B Hacrosmiee Bpems Bce
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kapbepbl CeBEpHOro y4yacTKa YK€ PeKYJIbTHBUPOBAHBI, TaK KaK €ro 3amachl MCTOIIWIWCH B
1980 rony. Ha oTpaGoTaHHBIX MUIOMIAAX, TOMHUMO PEKYIbTHBAIIMU, OBLI BO3BEIEH KOMILIEKC

XUMHUYECKHX EXOB CO BCIIOMOraTCJIbHBIMHU IIPOMU3BOJCTBAMMU.

Pucynox 1. ®parment kocmudeckoro cauMka LandSAT Ha uccnegyemyro TeppUTOPHIO
3a 1975 ron.

Camasi HIWKHSS CBETJIO-cepasl IMojioca Ha pUCyHKe | wuaeHTUdUUUpYyeT Havalo
paspabotku FOxxHoro yuactka. B nepuoa 1980-2000 rr. oH cTajg OCHOBHBIM, U IIJIOMIA/h TOPHBIX
BBIPAOOTOK 3HAYHMTENILHO YBEIMYWJIACh B IOKHOM Hampasienun (pucyHok 2). Ilo mepe
MPOJBMKEHUS (PPOHTA TOPHBIX padoT K 1ory (k 6onoty [IATHUIIKHIT MOX) PE3KO BO3POC MPUTOK
BOJIbI B KapbepHI.

[To cnyTHUKOBBIM CHUMKaM MO>KHO Ha0JI0/IaTh YBEIHMUEHUE PACTUTEIHHOIO MOKPOBa Ha
TEPPUTOPUU HCCIIEOBaHUS. 3HauuTelbHass 4acTh CeBEepHOro y4yacTka M IpPaKTHUYECKHU BEChH
KOxHBI y4acTOK TMOABEPIVIUCH PEKYJIbTHBALIMM C OTCBHINKOW IOYBEHHOTO CJIOS, 3aCEBOM
MHOTOJIETHUX TpaB U IMOCIEYIOLIeH MOocaJKkol apeBecHbIX nopoi. IIpeanourenue otaasanoch
enu Picea abies.

B pabote ncnonb3oBamuck cauMkn LandSAT 2, 3, 5, 7 u 8. CHUMKHU TOKa3bIBAIOT, YTO
HEKOTOPBIM 3KOCHCTEMaM, CO3/IaHHbIM Ha MecTe OBIBIIMX OTBAJiOB, Y€ HECKOJbKO
necstwiietuil. [luk HapymeHHbix 3emenb npuxonamics Ha 80-e rr. XX Beka. K 2020 romy
HEPEeKYJIbTUBUPOBAHHBIX OTBAJIOB BCKPBILIIHBIX MOPOJ MPAKTUYECKH He ocTanock. OmHako
Iomaab oTBana ¢ocgorurnca (M €ro BeICOTa, U KaK CIEACTBHE — 00BEM 0TX0/1a) HETPEPHIBHO
YBEJIMYMBACTCS B CBA3U C MPOJOJDKAIOIMMCS NMpou3BOACTBOM. Jlo 1985 roma cymecrBoBan

oTBan l-oif oyepenu, KOTOPBHI HA JaHHBIH MOMEHT IOJHOCTBIO OTpPabOTaH — CKJIQAUPOBAaHUE
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docdorunca Ha Hero ObUIO TMpekpameHo. OTBan 2-i oYepend HAaXOAUTCS B IKCILTyaTallMH C

1985 rona mo Hacrosiee BpeMs. O6bem ynoxkeHHoro ¢ocdorurnca cocraiser Ha 01.01.2019 —

77 MutH. TOHH. B HacTosIIIIee BpeMsT IUIOMIa b, 3aHIMaeMast (ocdorumcom, — okono | kv,

Pucynok 2. CnyTHUKOBBIE N300paXeHHsI TEPPUTOPUU HCCIEA0BAHUS 110 TOJaM.

JlannmagTHO-AECTPYKIIMOHHOE  BO3JIEHCTBUE HAa HCCIEIOBAaHHOW TEpPpUTOPUHU 32
NOCJIETHUE JBA JECATUIIECTHS 3HAYUTENbHO COKpaTmiioch. bonee Toro, OO0 «III' «®ochoput»
pa3pabaThIBalOTCS HOBBIE TEXHOJIOIMU MO NMPUMEHEHHMIO Marepuana orBana ¢ocdorunca. Eciu

TEXHOJIOTUH OyayT BHEApPEHBI U OyAyT 3(p(PeKTUBHO HCIIONB30BaThCS, TO B CKOPOM BPEMEHH HAC
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MOJKET 0XHJaTh CHM)KEHHUE U XMMHUYECKOTO BO3JEHCTBHS Ha MpUIIETAIOIIME TeppUTOpUH. UTO
MOJTBEPIKJIAET aKTyalbHOCTh IIPOBEIEHUS ceHYac re03K0JIOTNYECKOM OIICHKH.

®ocdorumnc npousoautcs B coorBerctBuM ¢ TY 2182-015-56937109-2010, cormacho
KOTOPBIM, JaHHBIM MPOIYKT YCIIEHIHO MCIIOJIB30BAJICS Ha MPEANPUITUU B Ka4eCTBE ChIPbS JUIS
MIPOU3BOJCTBA TepMocyib(dara Kaibliug — OEIoro HamoJHUTENS M JIAKOKPACOYHBIX
MaTepHaJIOB, MIIACTUYECKUX MACC, PE3MHOTEXHUUECKUX U3EIHM, BOJOIUCIIEPCHOHHBIX KPAaCoK,
auHoneyMa. TepMocynbhaT Kaublus MPUMEHSETCS B LEMEHTHOM MPOMBIIUIEHHOCTH, B
MPOU3BOJCTBE THUICOBBIX BSOKYIIMX, CTPOUTENBHBIX MAaTepUaOB, HCIONb3yeTCS  JUIS
cTpouTeNbHBIX padoT. OmHako B 2012 roay 3aBoj mepecTan BBITyCKaTh TEPMOCYIb(AT KaabIHs
10 MPUYMHE KpailHe Majioro KojaudecTBa nokymnateneid. Tak Kak Mporu3BOJACTBO ObLJIO JOPOTUM, a
CIPOC Ha MPOIYKIIMH HU3KUM, BBIITYCKaTh TEPMOCYJb(}AT KaJIbLiUsg 0Ka3aJl0Ch HEPEHTAOEIBbHO U
B 2019 rony uex Obu1 nmukBuaupoBaH (Bekmun, 2019). Ognako, B 2019 rogy OOO «1I'
«Dochopur» 3akazan OO0 «llentp oskomectunuaHbIX ucciaeaoBannii  «[MUueHTP»»
(r. MockBa) mpoBecTd pa3pabOTKy HOBOH TEXHOJOIMHM TPUMEHEHHMs Marephala OTBala
dochorunca A MPOU3BOJACTBA PEKYIBTUBAHTA JJS HAPYIICHHBIX 3eMenb JICHMHTpaacKoit
obmnactu (Marepuansl no oueHke..., 2021). B mapre 2021 ronga paspaborka Obuia 3aBeplleHa.
IToaToMy B CKOpOM BPEMEHM OXHJAETCS HOBOE HCIIOJIIB30BAHME HMEIOLIErocs MaTepuaia
oTBaja.

IlepBasi pexynbTUBAIMS TEXHOTCHHBIX OOBEKTOB KHHIHCENIICKOr0 MeCTOPOXKICHHS
dochoputoB mnpoumcxommina B 1981-1987 1r., TO €CTh, PACTUTEIBHBIM COOOIIECTBAM,
MOCAXEHHBIM B TOT Mepuoj, yxe 35-41 jer, yTo sBIsSETCS BO3PACTOM C(HOPMHUPOBABIIEHCS
MIOCTPEKYJIbTUBALMOHHON 3KocucTeMbl. CTaguu peKyJIbTUBALMM B paliOHE HCCIIEJOBAHUS
BBITJIAIAT CIETYIONMM 00pa3oM:

e (0 — 5 yeT — OCTPOBKM PACTUTENILHOCTH, IMMOHEPHbIE I'PYNIUPOBKU (BEHHUK, JYTOBUK,

XBOIII)

e 520 ner — cpenHsAss COMKHYTOCTb, 3J1aK{, Pa3HOTPABbE, MOJIBIHD
e 0Oonee 20 et — MOJAHAS COMKHYTOCTh, 00pa30BaHHE JIECHOTO COOOIIECTBRA.
B 2009-2010 romax BBINOJIHEHA YacTh INPOEKTHBIX PEIIEHUN IO OXPaHE OKPYKAroIIEH

CpeIbl.

BriBoasb! k riase 1
Ha ocHoBe mpoBea¢HHOro 0030pa MMEIOIIMXCS MAaTEPHAOB MOKHO CIIeiaTh BBIBOJA O

TOM, YTO OCHOBHBIMH 3arps3HSIONIMMHU BEIIECTBAMU TIPU BO3JCHCTBHH IPOU3BOJICTB
dbocopHbIX ymoOpeHHil BBICTYMAIOT CTPOHIMK, (GTOop U ¢docdop, a TakKe MNPUPOAHBIE

PaIMOHYKIIUIBI, TIOCKOJIBKY OHM OOYCIIOBJIEHBI XMMHUYECKHM cocTtaBoM (ocdorumnca (Henbaes,
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epBkyHoBa, EncykoBa, 2022) u BbeIOpocamu Mpou3BOACTB (HOCHOPHON MPOMBIILICHHOCTH.
EnuHcTBEHHOE peruoHanbHOE pa3IMyue 3aKIIF0YaeTCsl B U3MEHEHUU KUCIOTHOCTH KOMIIOHEHTOB
MPWJICTAIOIINX K MPOM3BOACTBaM JaHAmadToB. Takke uUMEIOTCs HEOONbIINE pPEruOHAbHBIE
pa3ianuus B COACPNKAHUM TSHKEIBIX METAJUIOB B 30HE BO3ACUCTBUSA, OJIHAKO 3TO HE MPEACTABISAET
co0ol ApKO BBIpAXKECHHYIO TeHACHIMIO. CKOpee BCEro, XMMHUYECKHU COCTaB TOPHBIX TOPOJ

Ka)I(Z[Oﬁ MCCTHOCTH ONPEACIIACT pasHUIY B COACPIKAHUU TSDKEJIBIX METAJIJIOB.
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I'naBa 2. MarepuaJjibl 1 MeTOAbI

['eonkomornyeckass OLEHKAa — OSTO MMapaMETPUYECKOE OMNpEICIEHUE COCTOSHUS
aHTPONOr€HHO-TPAaHC(OPMUPOBAHHBIX ~ I€OCHCTEM,  OOECIEeUYMBAIOIIEr0  CYLIECTBOBAHUE
KOHKPETHBIX COOOIIECTB XUBBIX OPraHW3MOB M uejoBeKa (OOIIECTBAa), C IEIbIO BBIJACICHHS
AQHTPOIIOT€HHON COCTaBISIOLIEH W TOCIEACTBUN OSTHUX H3MEHEHHM Ha (oHE MNPHUPOIHBIX
npomneccoB (Amutpue, u ap., 2016). B kadecTtBe mapameTpoB COCTOSIHHSI aHTPOIOTCHHO-
TpaHC(HOPMHUPOBAHHBIX TEOCHCTEM B HACTOSIIEM WCCICAOBAHUU OBLIM B3STHl XHUMHYCCKUI

COCTaB TIOYBHI ¥ BUFOBOM COCTaB (PUTOIIEHO30B.

2.1 MeToabl MoJIeBBIX HCCJIEA0BAHUN
B ocHOBY paboOThI TOJIOKEHBI MAaTepHalibl, COOpPAHHBIE JUYHO ABTOPOM U IIOJCBOU

rpynnoii CII6I'Y mox pykoBoacTBOM aBTOpa B nojieBble ce30HbI 2019-2022 rr.

YcnoBHble 0603HaueHns

®  3TanoHHbie NNoWaau ] 3anpeTHsie nonocsl NecoB, PACNONOXeHHbIX BAOL BOAHLIX OBHLEKTOR
—— BogHble ofbexTsl - 3aWMTHEIE NONOCK aBTOACPOr
o—s eoakonormyeckie npoduni [ SKcnnyaTauMoHHbe neca
Bonora [ 3oma depmepcxoro xossiicTea
[_| Ovean docdornnca I 3oHa pasmewenns npeanpusTwit 1 Kiacca onacHocTh
XBOCTOXpaHUNMLLE 2 3oHa pasmellenms npeanpusTyid 11 knacca onacHoCTW
[ Npoussoacreentsie obveirs [l 3oHa pasmewenus npeanpusTi IV, V K13ccos onacHocTM

xpal-mnuu.le

OXPAHWIALLE
PR0rBan thocorunca

° .3

o]
{@TBANE BEKDBILIHON| NOPOAE!

Pucynokx 3. Cxema pacrosioxeHusi MPOOHBIX IUIOMAJAEH OTHOCHUTEIBHO TEXHOTECHHBIX
00BEKTOB Ha UCCIIEAYEMON TEPPUTOPHH.

B xauectBe 00BekTOB wucciemnoBaHuii Obut  BbIOpaHbl mpeanpustue OO0  «lII°
«Dochoput» 1Mo TPOM3BOACTBY (POCHOPHBIX yHOOpPEHHH, PaCIONIOKEHHOE HEIAleKO OT T.
Kunrucenn (Jleaunrpaackas 001actsb), U psii IpUPOAHO-TeppUTopraibHbIX KomIuiekcoB (I1TK),
pacnonoxeHHbIX Ha paccrossHuM 0-9 kM or mpeanpusituss. Ha pucyHke 3 mpuBeneHa cxema

pacmoyioKeHusT MPOOHBIX TUIOMIAJEH OTHOCUTEIBHO TEXHOTEHHBIX OOBEKTOB Ha HMCCIIEIYEeMOM
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Tepputopuu. KpyrHble TeXHOreHHbIE OOBEKTHl HAa UCCIIEIOBAaHHONW TEPPUTOPUU IPEICTABICHbI
oTBaioM ¢ocdorumnca, TpeMs XBOCTOXPAHWIMIIAMU U PAAOM DPEKYJIbTUBUPOBAHHBIX OTBAJIOB
BCKPBILIHOM MOPOJIBI.

I'eoskonornyeckue npouiId M STAJOHHBIE IUIOMIAAU ObUIM 3aJI0KEHbl Ha pPa3HOM
ynajgeHuu ot orBana ¢ocdorunca. [Ipu miaHupoBaHUK MECTOIOJIOKEHUS MPOOHBIX IUIOIIAAEH
YUUTBIBAINCH CIIEAYIOINE OCOOCHHOCTH:

- FE0JIOTUYECKOEe CTPOCHUE TEPPUTOPHH;

- MOYBOOOPA3yIOUTHE TTOPOIBL;

- TN na"amadra;

- LI€JIeBOE UCIOIb30BaHUE 3EMIIN;

- paccTOsiHUE 10 POU3BOJICTBA;

- po3a BETPOB.

Ha 3a5osxeHHBIX MPOOHBIX IUIOMIASMX CAETaHbl OMUCAHUS MPUPOAHO-TEPPUTOPUATBHBIX
KOMIUIEKCOB, KOTOpblE€ BKJIOYAIM TMOJOXEHHE B Me3openbede, MUKpopenbed, THI
MUTPALMOHHBIX IOTOKOB, TE€00OTAaHMYECKHME ONHUCAHHWs MO CTAaHAAPTHBIM METOJIUKaM,
XapaKTepUCTUKH  JPEBOCTOsl, OWOMHAMKALIMOHHBIE XapaKTepUCTHKU. ['eoboTaHnueckue
ONMCAHMUSA TPOU3ZBOAMINCH TO ONaHkaM, pa3paboTaHHBIM Kadenpold TI'eO’KOJOTHH |
npupoaononaszoBanuss UHo3 CIIOI'Y mis ueneit reoskonoruyeckoro Mmonutopunra (CeHbKUH,
OmnekyHnoBa, Illep6akoB, 2000). 3anoxena 51 mnpobnHas miomangs. M3-3a aHTPOIIOr€HHOTO
BO3JCHCTBUS OOJBUIMHCTBO TMOYB SIBJIAIOTCS pEIUIaHTO3éMaMU. B TOJEBBIX  YCIOBUAX
MPOU3BOJIMIIOCH OIpENEICHUEe THUIa MOYBBl, B KAMEPHBIX YCIOBUSX BIIOCIEICTBUM THII
YTOYHSUICS, ¥ IPOMCXONIIO OIIPENIEIeHNE 10 00Jee MalbIX HEPApXUUECKUX YPOBHENH Ha OCHOBE
crenanHblx onucaHuid. OT60op 82 mpo6 MmoYB (M3 KaXJAOr0 TOPU30HTA) OBUI OCYIIECTBJICH B
coorBerctBuu ¢ ['OCT 17.4.3.01-2017, 4ro cnocoOCTBOBaNO OOECIIEYEHHIO JIOCTOBEPHBIX
pe3ysbTaTOB aHajaM3a, HAa OCHOBE KOTOPBIX CJENaHbl BBIBOABI B HacTosuied pabore u
pa3paboTaHbl 3aIUIIAEMBIE TTOJIOKEHHS.

Jlns u3ydeHus BO3JCHCTBUS Ha IOYBEHHO-PACTUTEIBHBIN MOKPOB OBLIO 3alI0KEHO
13 reoskonorndyeckux mpoduieil U 3 oTHeIbHBIC dTalOHHBIE TUIomanu. [lepBas »TamoHHAS
IUIOINAAb HAXOAUTCS B NMOHMKEHUU MEXKIY XBOCTOXPAaHWIHUIIEM M JPYTUMH TE€XHOTE€HHBIMU
00BbEKTaMH MECTOpOXKJIeHHA. Tam mpou3pacTtaeT HBOBOE coo0IIecTBO. Bropas sTamonHas
IUIOINAAb HAXOAMTCS HAa CaMOM XBOCTOXPAHWIHMILE U IpeJCTaBiIeHa Oepe30BbIM KUIPEHHO-
BEHHHUKOBBIM COOOIIECTBOM Ha periaHTo3éMax. TpeThsi 3TAJOHHAS IUIOLIA/b SIBISETCS CaMOM
yIan€HHOW YCIIOBHO-(OHOBOM IJIOUIAJbI0 B 3allaJHOM HampaBlieHUH (4 KM OT HpEeANpHsTus),

HU3YUCHUC KOTOPOTO OI'PaHUYNBACTCS OIM30CThHIO FOCYﬂapCTBeHHOﬁ r'paHUuIbI Poccuiickoit
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Oenepanmu. Ha »5TOM ATanoHHOM IUIOIIAAM MTPOU3PACTAET €JI0BOE YEPHUYHO-KHUCIMYHOE
3eJIEHOMOIIIHOE COOOIIECTRO.

[Ipoduns 1 3amoxeH Ha ckiaoHe oTBana ¢docdorurnca u BKIOYaeT B ceOs 3 mpoOHBIE
TUIOHIA/IA, KOTOPbIEe 0TOOpaKal0T TEOXMMHUUYECKYIO KaTeHY — BEpIINHA, CPEIHSS YacTh CKJIOHA U
noaHoXkue oTBana docdorurnca (pucyHok 4). B BepxHeil yacTu CKJIIOHA PACTUTEIbHBINH TTOKPOB
OTCYTCTBYET, B CpeJHEl 4acTu CKJIoHa c(OPMHPOBAJIOCh OCHHOBOE IIYYKOBOE COOOIIECTBO, Y

MOJAHOXKHUS OTBaJla — KUMPEHHO-TPOCTHUKOBOE COOOIIECTBO Ha pemianTto3émax. OCHHBI B

CpeIHel yacTH CKJIOHA — pe3yNbTaT PeKyIbTHBAIIUH.

Pucynok 4. OrtBan docdorunca Bo3ne roponga PucyHok 5. PekynbTHBHpPOBaHHbBIC OTBAJIBI
Kunrucemn (poto aBTopa). BCKPBIITHON TOopos! (PpoTo aBTOpa).

[Ipoduns 2 sBngercs ycinoBHO-GoHOBbIM. OH 3alokeH B 4-5 KM K ceBepo-3amajay OT
otBana ¢ocdorunca. OH COCTOUT U3 YETHIPEX MPOOHBIX IUIOMAACH: ITepBasi MPOOHAsS TUIOIIATL —
Ha macTtOumie, TpU APYrUX — B JIECHBIX JKocucTeMax Ha Teppace peku Jlyra. Ilog Bcemu
NpoOHBIMU IUIOIIAASMU Ha 3TOM TNpoduie 3ajeraroT CHUBEpCKHe OTioxeHus. I[lactOuiie
MPEICTAaBICHO CHBITEBO-0OPO-€KOBBIM  COOOIIECTBOM Ha JIEPHOBO-TIOJ30JIUCTHIX MOYBAX.
JlecHble SKOCUCTEMBI — 3TO Oepe30BbIE Jieca Ha OTJIECHHBIX NoYBax ¢ BeiHukoM Calamagrostis
sp., TaBonroit Filipendula ulmaria (L.) Maxim., kynsipem Anthriscus sylvestris (L.) n xBomem
necHbIM (Equisetum sylvaticum L.) B TpaBIHO-KYCTapHUYKOBOM sIpyce.

[Mpodunu 3-5 3aknaneiBajdnch Ha PEKYIbTUBUPOBAHHBIX OTBAJaX BCKPBIIIHOW MOPOIbI
(pucynok 5). Ilpodunp 3 3amokeH Ha OTBaJe BCKPBIMIHONW IMOPOJABI B HEMOCPEICTBEHHOM
6mu3ocTu oT oTBana docdorurnca, a mpohunu 4-5 — Ha paccrostaun 6onee 1,5 kM. CymmapHo Ha
3TUX Tpex npodmisix — 12 npoOHbIX momaneil. OHU 3aJI0’KeHbI Ha Pa3HBIX AJIEMEHTaX penbeda
(B OCHOBHOM, BEPILIMHBI OTBAJIOB M CKJIIOHOBBIE (haIliK) U B PA3HBIX PACTUTEIBHBIX COOOIIECTBAX
(TeppUTOpUH, PEKYIbTUBHPOBAHHBIE €IIbI0, OEpe30ii; y4acTKM CaM03apacTaHus; CMEILIaHHbIC
Jieca ¥ JIyroBble COOOIIECTBA).

[Ipodunun 6 u 7 sBastoTcs ycnoBHO-QoHOBeIMH. [Ipoduns 6 3amoxeH Ha Oojore

«l IaTHULKHI MOX». OH BKIIIOYaeT JABC HpO6HLIC mjiomanay B IOHUKEHUHU C COCHOBLIM €CPHHUKOBO-
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TPOCTHUKOBBIM C(arHOBBIM COOOIIECTBOM Ha TOP(AHBIX OMUTOTpo¢HBIX noysax. [Ipoduns 7
pacroyio’)keH Ha paccTossHuM 3-4 KM K 3amagy oT orBasia (ocdorunca. CocToUT U3 Tpex
npoOHbIX miomazaei. [lepBas — BeHHUKOBBIM Jyr; BTOpas MpoOHAas IJIOLIAAb — OJIBIIAHMUK;
TPEThs — €JI0BOE KUCINYHO-3€JIEHOMOLIHOE COOOIIECTBO.

[Ipodune 8 ObLT 3a10XkKeH Ui WM3YYEHHs JIECHBIX 3KOCHCTEM B HEMOCPEACTBEHHOM
Omu3oct OT XBocToxpaHwiuiia. OH BKIIOYaeT TPU HPOOHBIX IUIOLIAIM, 3aJOXKEHHBIX Ha
OTJIOKEHUSX cuBepckoil cBuUTHL. [lepBas mpoOHas miowm@aab — KUIPEWHO-TABOJITOBBIA JYT;
BTOpasi — 0JIbXOBOE CHBITEBOE COOOIIECTBO, TPEThSI — OJIbXOBO-MBOBOE CHBITEBOE COOOIIECTRO.

[Ipodune 9 pacnoniokeH B HEMOCPEICTBEHHOW Oiu3ocTH OT oTBana (ocdorumnca u
IIpEeJICTaBIIsIeT cO00M PEeKyIbTUBUPOBAHHBIE OTBAJIbI BCKPBIIIHOW 1mopojsl. [Ipoduns BkitouaeT
ISTh MPOOHBIX IUIOIMIAACH, PA3TMYAIOIUXCS 110 TOMUHAHTHBIM BUJaM B PACTUTEIILHOM MTOKPOBE:
MBOBOE KHUIIPEHHO-BEMHUKOBOE CO00IEecTBO (MpoOHas Iuiomans 1), OCMHOBOE MBIPEHHO-
BEHHUKOBOE (2), COCHOBO-€JI0BOE IIUTOBHUKOBO-BEWHUKOBOE carHoBoe (3), €I0BOE CHBITEBOE
3eJICHOMOIIIHOE (4) M €J0BO€ CHBITEBO-BeHMKOBOe 3eneHoMolnHoe (5). [locmeanue Tpu
NpoOHBIE TUIOINAAM SIBISIOTCSA PE3YJIbTAaTOB peKylIbTUBAUH. s mpoduias XapaKTepHO
pacnpocTpaHeHHE MaJIOMOIIHBIX PEIIAHTO3EMOB.

[Tpodune 10 — 310 1Be OGoNOTHBIE (paly, pacroioKEHHbIE B 8§ KM K CeBepo-3amaay oT
otrBasia ¢ocdorurnca. Janawiii mpoduiib SABISETCA YCIOBHO-(POHOBBIM M CAMBIM OTJAJIEHHBIM OT
UCTOYHHKA BO3JEHCTBHA. OTO OOJOTO SBJISETCS TMEPEXOJHBIM THUIIOM OT HU3MHHOTO K
BEPXOBOMY, [TO3TOMY TaM MOXET BCTPETUTHCS KaK OOMIIME 31aKOB, TAaK M OJUTOTPO(GHBIC BHIBL.
[TouBs! TOpdsIHBIE.

[Tpodmie 11 — 3TO yCIOBHO-(OHOBBIE JIECHBIE YKOCUCTEMBI, PACIIOJIOKEHHBIE B 7 KM OT
otBana (ocdorumnca. [Ipopune BritoyaeT Tpu NpoOHBIX Mmiomanu. IlepBas — 3abonoueHHas
HKOCHCTEMA C UBOBBIM BEHHHUKOBBIM C()arHOBBIM COOOIIECTBOM Ha TOPQSHBIX 1MouBax. Bropas —
0JIbXOBOCEPOE MacIEHO-BETHUKOBOE 3€JIEHOMOILIHOE COOOIIECTBO Ha MEPErHOMHO-TJIEEBBIX
noyBax. TpeTbss — OJbXOBOCEPOE BEHHHKOBO-TABOJITOBOE 3€JICHOMOIIHOE COOOLIECTBO Ha
JePHOBO-MIOJI0Ypax.

[Mpodune 12 mpencraBiser coOol MATh MPOOHBIX IJIOMIAACH, PACIIONOKEHHBIX OT
BEPILIMHBI 1O TOAHOXKHUS OTBaJIa BCKPBIIIHON MOpobl. II0UBEHHBINH MOKPOB COCTABISIOT TOJIBKO
MaJIOMOIIIHBIE PEIUIaHTO3EMbI. PacTUTENbHBIM MOKPOB MpOOHBIX IuIomaaei: 1 — cocHoBoe
CHBITEBOE 3€JICHOMOIIIHOE COOOIIECTBO, 2 — €JI0BOe MEYEHOYHOE 3eJIEHOMOIIHOE, 3 — COCHOBO-
eJI0BO€ BEMHUKOBO-TPYLIAHKOBOE 3€JIEHOMOIIHOe, 4 — HUBOBO-0epE30BO-€JI0BOE MaTh-U-
MaueXxoBO-TPYLIAHKOBOE  3€JICHOMOIIHOE, 5 — HWBOBO-0€pE30BO-OCHHOBOE 3EMJITHUYHO-

BEMHHKOBOE 3€JICHOMOIITHOE.
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[Ipoduns 13 — 310 YCIOBHO-QOHOBBIA MPOPHIIb, PACTIONOKEHHBIN PSIIOM C STATOHHON
wiomaapio 3. OToT Npoduiib HAXOAUTCS HAa paccTOSHMM 4 KM K 3amagy oOT OTBaja.
[Ipencrasnsier co00i TUMHYHBIE €CTECTBEHHBIE IKOCUCTEMbI U3y4aeMOMl TEPPUTOPUHU: OCTHOBO-
0epE30B0-€710BOE KUCINYHO-TABOJITOBOE 3E€JIEHOMOIIHOE, €J10BO€ KUCINYHOE 3€JI€HOMOIIHOE U
€JI0BO€ BEWHUKOBOE 3€JIECHOMOIIHOE COoOOLIecTBa Ha JAEpHOBO-MOA0ypax (THUNMYHBIX H

I/IJIJII-OBI/IaJ'II)HO-}I(eJ'Ie3I/ICTBIX) U Tiee3EMax.

2.2 MeToabl 1a00paTOPHBIX HCCICAOBAHUI

B mouBax ormpeieneHo BajloBOe COACPNKAHUE U MOJBIKHBIC (DOPMBI TSDKEIBIX METaJIOB
(Ba, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sb, Sr, V), a Takke psn Apyrux IMokKaszaresei,
XapaKTEPU3YIOIIMX COCTOSHHE IIOYBEHHOTO TIIOKpOBa B pailoHEe BO3JEHCTBUS OTBAJOB
¢docorunca, a UMEHHO KOHLEeHTpalus (ropa, pocdopa, cepbl, a30Ta, Kanus, MarHus, HaATPHs,
KaJIbLIMsI, TOTCHIIMANbHASI W aKTyaJlbHash KHUCJIOTHOCTh, COJACpXKaHUE TyMyca, TOKCHYHOCTb
MeTOJIOM OuoTecTupoBaHus (TecT-00beKT Daphnia magna Straus.), yaenbHass aKTHUBHOCThb
MPUPOIHBIX PAUOHYKIHIOB.

HccnenoBanre KOHIEHTpPAIMM MOABIXKHBIX (OpM TspKeIbIX MeTamwioB (79 mpob)
npoBeeHo B PecypcHom neHtpe «Mertoasl aHanM3a cocTaBa BemiecTBa» HayuHoro mnapka
CIIoI'Y ¢ mnomompio MeToAa aTOMHO-dMHUCCHOHHOW —criekTpomeTpuu. ccnemoBaHus
npoBoauauck no meronuke «M-MBHU-80-2008 Metoauka BBIOJHEHUS] U3MEPEHUM MacCOBOM
JOJM DJIEMEHTOB B MpoOax IOYB, TPYHTOB M JIOHHBIX OTJIOKEHHUSX METOAaMH aTOMHO-
OMHUCCHOHHOM ¥ aTOMHO-a0COpPOLIMOHHOW CHEKTPOMETPUM» C TIOMOIIBI0 ONTHYECKOTO
sMmuccuoHHoro crnekrpomerpa ICPE-9000.

BanoBoe conepkaHue TsSKeNbIX MeTawioB (53 mpoObl) ompenensiu B XUMHKO-
ananmutrdeckoi madoparopun BCEI'EU no meroauke MIT BCET'EU N 10/2010 «Onpenenenue
Makpo U MHUKPOSJIEMEHTOB (B TOM YHUCIIE PEIKO3eMEIbHBIX) METOJIOM MAaCC-CIEKTPOMETPUU C
WHIYKTUBHO-CBS3aHHOM IJIAa3MOW B TOPHBIX MOPOJIAX, MOYBAX U PHIXJIBIX OTIOXKCHHIX).

Omnpenenenue cepwl, hochopa u ¢ropa B mouBax (45 mpob) mMpoBeaEHO B XHMHKO-
aHanutuuyecko yaboparopun BCEIEM  wmerogoM wuH(pakpacHOW  CIEKTPOCKONHUU U
MOHOMETPUYECKUM METOIOM.

AKTyanbpHas M MOTEHIIMAIbHAs KUCIOTHOCTH (82 mpoObl) OblIa omnpeesieHa B «Y4eOHOM
naboparopun (PU3NKO-XUMHUYECKUX METOJOB aHalu3a YIpPaBICHHUS TEXHUYECKOro 0OecreyeHHs
oOpa3oBaTeNbHBIX MPOTpaMM TIO HampaBleHUsM reorpadus, TEOJOTHUS, TEOIKOJIOTUS U
nouBoBenenne» CIIOIY. Tam ke ompenensiioch OpraHMYecKoe BemecTBo mo merony M.B.
Tropuna (28 mpo0) (OnekyHoBa, u 1p., 2014), noasuxkuseIi pocdop (9 mpod) mo 'OCT P 54650-
2011.
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Onpenenenue kanbius, marHus (9 mpo0), kamus, HaTpus, XJIOpa, aMMOHHUMHBIX U
HUTpaTHBIX (opM a30Ta (43 mpoObl) B BOJHOM BBITSDKKE MPOBENICHO B «Y4eOHOH aboparopuu
(GU3MKO-XMMUYECKUX  METOJIOB  aHajlu3a  yNpaBieHHs]  TEXHUYECKOro  olecredeHust
o0Opa3oBaTeNbHBIX MPOTpaMM [0 HaIpaBJIEHUSM Teorpadusi, TreoJoTusi, TE03KOJOTHS U
nouBoBeaeHue» CII6I'Y nmo Meronukam, N3J10KEHHBIM B METOIMYECKOM NTOCOOUH, BBITYILIEHHOM
CIIOT'Y mns xumudeckoro anayimsa nous (PactBoposa u 1p., 1995).

OmnpeneneHne TOKCUYHOCTH IOYBEHHBIX Mpod (60 mpoO) mpoBeneHo B «YueOHOU
naboparopun (PU3NKO-XMMUYECKUX METOJOB aHallu3a YNpaBJICHHUS TEXHUYECKOro 0OecreyeHHs
00pazoBaTeNbHBIX MPOTPaMM [0 HANPABICHUSM reorpadus, TEOJOTHs, TEO0IKOIOTUS H
nouBoBeaeHue» CII6IY nmo ©P.1.39.2007.03222.

Omnpenenenne aKTUBHOCTU TPHUPOIHBIX PAaTUOHYKIUAOB (3 0oO0beAMHEHHBIE TNPOOHI)
MpoBeIeHO B jaboparopuu panuanoHHOTO KOHTpoiss OO0 «Hay4dHO-TeXHUUYECKH LIEHTP

«IxonomxukcJladoy mo ®P.1.38.2011.10712.

2.3 MeToabl kKaMepaJbHBIX padoT

baza maHHBIX TO pe3ynbTaraM IabOpAaTOPHBIX HCCIeAoBaHUM coctaBisiaach B 11O
Microsoft Excel 2007. Tam ke mpoBoAuICsS pacy€T Mep IEHTPAIbHON TEHISHINH (MEANAHbBI U
cpenHero apupMeTHYecKoro 3Ha4deHusi), pacdér Kod((UUIMEHTOB KOppesiiuH (C MOMOIIBIO
JOTIOJIHUTENBHOTO TIaKeTa «AHAIU3 JaHHBIX») U pacuéT KodPUIIMEHTOB conpsuKkEHHOCTH bpas)
IpU TOCTPOCHUU KOPPENALMOHHBIX IUIesin. Pacuér mepbl W3MEHYMBOCTH (CTaHIAPTHOTO
OTKJIOHEHHMSI), aHAJIU3 BBIOOPOK HA COOTBETCTBHE HOPMAJIbHOMY pACHpPENEICHUIO M TIOMCK
paznIuuuil MeX Iy BbIOOpKaMu MpoBOAUIUCH B ctatuctudeckom [10 SPSS Statistics.

Jlnsg mowcka WHIWKATOPOB BO3ACUCTBUS MPOU3BOJACTB (HOCPOPHBIX YIOOpEeHH Ha
maHaAmwapThl UCIOJb30BAIUCH KPUTEPUM pPa3dyus BbHIOOPOK. B  OONBIIMHCTBE Cilydaes
MPUXOAUIOCH paboTaTh ¢ BBIOOpPKAMH, KOTOpbIE HE MOJYUHSINCH HOPMAIbHOMY 3aKOHY
pacrnpeneneHus, To3ToMy JUIsl pacy€ToB Mep paziuuuil ucnodb3oBajics U-kpurepuit ManHa-
YutHu, a He kputepuii CthroneHTa win duiepa.

[Ipu oreHke mokazaTeneil MOUYBHI 3AJI0KEHHBIC MPOOHBIE TUIOMIAN TPYIITUPOBAIUCH IO
TPEM OCHOBHBIM KPUTEPHUSIM:

- 110 OTZIETTy MMOYBEHHOM KiIacCUpUKAIUH;

- I1I0 PACCTOSIHUIO 10 TPOU3BO/ICTBA;

- 110 XapaKTePy U CTETICHU aHTPOIMOTCHHBIX HAPYIIICHUM.

N3menenne pH moyBbl BBISBISUIOCH KaK Pa3HOCTBIO KHCIOTHOCTH HA MPUJIETANOIINUX K
OTBAJIy TEPPUTOPUAX U Ha YCIOBHO-(DOHOBBIX MPOOHBIX IUIOMIAAX, TaK M CTAaTUCTUYECKU

AOCTOBCPHBIMHU Ppa3INIHUAMHA BBI60pOK. HJ’IH CpaBHCHHA IIOYB IO KHWCJIOTHOCTHU HNPHUMCHAINCH
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Henapamerpuueckue kpurepun (U-xputepuil ManHa-YUTHH), Tak Kak paclpejaeieHue
KHCJIOTHOCTH TIOYB HE COOTBETCTBOBAJIO HOPMAIbHOMY paclpeesIeHUIO.

CooTBeTcTBUE HOPMAJIbHOMY PpACIpPENEICHUI0 MPOBEPSUIOCh IO OJHOBBHIOOPOYHOMY
kputeputo  Kommoropoa-CmuprnoBa B I[IO SPSS  Statistics. Ecnu  a1ByXcTOpOHHSIS
ACUMIITOTHYECKAsi 3HAYMMOCTh PaBHIACH 3HaUeHUIO Ooibiemy, uem 0,05, To pacmpeneneHue
NPUHUMAJIOCh KakK COOTBETCTBYIOILEE HOpMajdbHOMY 3akoHy. Ecnmm acumnroTudeckas
3HauuMocTh Obuia Menee 0,05, ToO pachnpeneneHue CUUTAIOCh HE TMOJAYHUHSIOIIMMCS
HOpPMaJIbHOMY  3aKOHY  pachpefesieHus, W i  Takod  BBHIOOPKHM  IPUMEHSJIHCH
HenapaMeTpUYecKue KpUTEPUH, U, COOTBETCTBEHHO, OMMCAHWE MEpP TEHAECHLUHU ObUIO B3ATO B
BHJIC MEJIMaHbI, a He cpenHero 3Hauenus (Hacmenos, 2007).

JUis u3yyeHus: B3aUMOCBSI3U MEXAY paclpeAeiieHUEM pPa3IMUHbIX [IPOaHATU3UPOBAHHBIX
nokasareneid ObUl HCIONb30BaH KOPPESLMOHHBIA aHainu3. bbUiM MCHOJIb30BaHBl TOJIBKO
[IOKa3aTeNy, NPEJCTABIECHHbIE B UHCIOBOM KojaudecTBeHHOM mikane. Cuina B3aMMOCBS3H
OTIpE/IETISIACH 10 MPEBBIILIEHUIO MOIyJIEM KO3 PUIIMEHTa KOPPESILIMY KPUTHYECKOTO 3HAYCHHUS,
OIIpesesieMOro 1o JuTepaTypHbeIM JaHHbIM (Hacnenos, 2007).

JUiss OLEHKH CYILECTBYIOIIEH B HACTOSIIEE BpEMs CTPYKTYPBI CBsI3€il MEXIy BUIAMU
pactenuit B wuccienoBaHHbix [ITK Oblm ucHonb30BaH METOJ KOPPEISILMOHHBIX — TUIEST
(TepentseB, 1959; Hemaraes, 1987; OnekynoBa u np., 2005). KoppensunoHHbie OTHOIICHUS
OIpeeNIeHbl ¢ MOMOIIBI0 K03((UIIMEeHTOB B3auMHOM conpspk€HHOCTH bpass Kp (mpu ypoBHe
sHauumoctd B 0,05) (Hemraraes, 1968; HemaraeB, 1976). Koaddunment B3aunmHON
conpspk€HHOCTH bpaBs — 3TO OJMH M3 BapHMAHTOB MCIOJIB30BaHUS KOA(PPHUIMEHTAa KOPPEIALUH
IIpU OLIEHKE KAuyeCTBEHHBIX MPU3HAKOB. Buapl o0bennMHEHBI B IUIEAAbl 110 METOAY JMHEWHOMN
KOppeJsILIMM WM METOAY MaKCHUMallbHOro mytH, npemnoxkeHHomy JI.K. Beixanny (Beixanny,
1964).

Jlns co3maHusg U BU3yalbHOTO odopmieHUs rpagukoB ucmnonb3oBaiock [10 Microsoft
Excel 2007. Ins co3zmaHus KapTorpauueckoro Marepuaja M KapTorpapuueckoro MeToja
MCCIICI0OBAHMS UCTIONBb30BaTUCh mporpaMMbl Quantum GIS 3.14 u IDRISI 17.0 Selva. Quantum
GIS 3.14 sBasiercss CBOOOJHO PacHpOCTPaHAEMBbIM OECIUIATHBIM MPUIIOKEHUEM, JOCTYIHBIM Ha
odpurmansHoM caiite QGIS (IIpoekt QGIS, 2021). IDRISI 17.0 Selva ucnons3oBaincs Ha 0ase
nporpamMHoro obecrniedyenus Muctutyra Hayk o 3emue CIIOIY.

Quantum GIS ucnonp3oBanca il CleAyOMUX LeNeil: BcTaBka JaHHBIX U3 Microsoft
Excel u HaHeceHMEe MeCTOPACIIONOKEHHUs TPOOHBIX IUIoHmIaeil Ha Kaprorpaduyeckoe
n300pakeHre Ha OCHOBE KOOPAMHAT, 3aMKCHPOBAHHBIX MPU MOJIEBBIX UCCIECTOBAHUIX; aHATHU3
cneupuku Tepputopur ((GyHKIIMOHATIBHBIE 30HBI, TE€OJIOTUYECKOE CTPOEHHUE, penbed, THUIl

naHamadTa, TOCTYIMHOCTh IS TOCEIICHHSI, PACIIONIOKEHNE TEXHOTEHHBIX OOBEKTOB W T.I.) U
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OIpe/ieJIeHNe MECT 3aJI0KEHHsI FT€0IKOJIOrMUeCKUX NMpoduiiel 1 MpoOHBIX IUIOIIAEH; co31aHue
KapTorpaduueckux u300pakKeHUH Al HacTosmed paboThl Ha OCHOBE BEKTOPHBIX CIOEB,
CO3/IaHHBIX ABTOPOM, M PACTPOBBIX CIOEB, HAXOASAIIUXCS B OTKPBITHIX HCTOUHHKAX.

IDRISI ucnons3oBaiicst AJjisi aHaIM3a KOCMUYECKMX CHUMKOB MCCIIEAYEMON TEPPUTOPHUH,
CIACNAHHBIX B PA3HBIX AMAINAa30HAX AJIEKTPOMArHUTHOIO CIEKTPA; Ui BBISBICHHUS BUIMMBIX
AHTPOIIOTCHHBIX HApPYLIEHUH TOYBEHHOI'O M PACTUTEIBHOIO TIOKPOBA; [UIsl CPaBHEHHUS

AHTPOITOT€HHBIX HAPYIIEHUI UCCIENOBAaHHON TEPPUTOPUN HA CHUMKAX PA3HBIX JIET.

BeIBOabI K ri1aBe 2
B ocHoOBe uccnenoBaHus JEKUT MPOBEICHUE T€OIKOJIOTMUYECKON OLEHKH BO3AEHCTBUS

npou3BoACTBa (HOCPOPHBIX yHOOpEeHHMiII Ha TOYBBI M PACTUTENBHOCTh. MaTepuansl i
HaMCcaHus JTuccepTauuu ObTH coOpanbl aBTopoM B 2019-2022 rr. B paiioHe BO3aeHCTBUS
Kunrucennckoro mecropoxaenusi ¢pochoputoB. B mpodax 1mouBbl onpeaesuiuch KUCIOTHOCTh
Cpenbl, cofep)KaHue TSDKENBIX METAIOB (BaJOBOE M MOJBM)KHBIE (DOPMBI), MAaKpPOAJIEMEHTHI,
TOKCUYHOCTh METOJIOM OMOTECTUPOBAHMS U yJI€NIbHAsI aKTUBHOCTD MPUPOAHBIX PAJUOHYKIH/IOB,
a pacTUTENbHOCTh Oblla HW3ydeHAa METOJOM Treo0OTaHWYecKuX onucanuii. OrnpeneneHue
COJEpPKAaHUSI XUMHUYECKHX D3JEMEHTOB B II0YBE IPOU3BOJWIOCH B XHUMHKO-aHAIUTHUYECKOU
nabopatopuun BCEI'EM m B PecypcHbix nentpax Hayunoro mapka CIIOI'Y. IlomydeHHbie
pe3ysbpTaThl IpOaHAJIN3UPOBaHbl METOAAMHU MATEMaTHUECKON CTATUCTHKH, BKIIIOYas KPUTEPUU

CpaBHEHUs BBIOOPOK, KOPPENIALUOHHBIN U (PaKTOPHBINA aHAIU3HI.
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I'maBa 3. ®u3uko-reorpagpuyeckas XapakTepuCTUKA TEPPUTOPUH

3.1 I'eosioruveckoe cTpoeHue U peJibed
Paiion wuccnenoBanuii oTHocuTcss K ceBepy Bocrouno-EBponeiickoit (Pycckoii)

mwiatopmbl. Ha Bcelt paccmarpuBaeMoil TEppPUTOPUU TOJ, YETBEPTHUHBIMH OTIOKECHUSMH
3aJIeTaloT TOPOJbI KEMOPUHCKOTO W OpAOBUKCKOro mepuona (pucyHok 6) (I'ocymapcTBeHHas
reoyiorndeckas...). IMEHHO K 3TUM MOpoJaM INPHYPOUYEHBbl MECTOPOXKACHUs (ochHOpUTOB U
cmannieB B JlenuHrpanackoit oOmactu. Cpenu  UYETBEPTHUYHBIX IOPOJA  IpeoliajaroT
(brOBHOTIIAIMATBHBIE OTJIOKEHHs! (IpaBHii, TaJeUHUKU M Pa3HO3EPHHUCThIE MECKH), OOJIOTHbIE
ormnoxeHust (Topd) m o3épHble OTIOXKEHMS (IECKH, Wb, ruHEl U Topd) (I'ocynapcTBeHHas
re0JIOTHYecKas. . .).

Tepputopusi pacnojoXeHa Ha CTBHIKE 3aJIeTaHUsl OPJIOBUKCKUX M KEMOPHHCKUX TOPHBIX
nopox. HakomeHne cOXpaHMBIIMXCS OCAJOUYHBIX FOPHBIX MOPOJ HAa4ajlo MPOUCXOAUTH OKOJIO
500 MiH. J5eT Hazan MNpU  HAcTyluleHMM Mops. OpAOBUKCKMI NEepuoa NpPEICTaBJIEH
MEIHHKOBCKOM, BOJXOBCKOM, 00YXOBCKOM, JIEITCETCKOW M TOCHEHCKOW cBUTaMHU. TOCHEHCKas
CBHUTAa — IECKU KBapIEBBIE C MEPEMEHHBIM KOJIMYECTBOM pakoBHH 000au 1 (10 25-30 % obbema
noposl). VIMEHHO B TOpOAAax TOCHEHCKOM CBUTHI pacnojaratorcs Qocdopocoaepxaniie
PaKOBHHBI MOPCKHMX OpPraHHM3MOB, J00bI4a KOTOPBIX OOYCIOBMJA PACHOJOXKEHHWE B JaHHOM
palioHe TpeAnpusTHs 1O MNPOU3BOACTBY (GochopHBIX yaoOpeHuit. Jlearcerckass cBuUTa —
JOJIOMUTHI TECYAaHUCTHIMH TJIaYKOHUTOBBIMU U MEPIENIIMU C IIPOCIOMKAMHU TIJIMH U3BECTKOBBIX
IJIAyKOHUTOBBIX. BOJIXOBCKasi CBUTA — JOJIOMHUTHI U U3BECTHAKU. OTBaJIbl BCKPBILIHON MOPOJBI
CJIO’KEHbl MMEHHO HOPOJAaMHU BOJIXOBCKOH CBUTHI. OOYXOBCKasi CBUTa — W3BECTHSAKH, CUIIBHO
TJIMHUCTBIE, U MEPreiad TOHKOCIOHCTBHIE, MEPETOJHEHHbIE BKIIOUEHUSMHU 4YE€4EeBHIICOOpa3HbBIX
&Kene3ucTto-pochaTHbIX OOIUTOB. MEIHUKOBCKas CBUTAa — W3BECTHSIKH, OOBIYHO CHJIBHO
JOJIOMUTHU3UPOBAHHbIE, U JOJIOMUTHI.

KemOpuiickuii mepuoa TPEACTaBICH OTJIOKEHUSMU  CAOJMHCKOM, JIFOKaTHCKOM,
TUCKpECKO U cuBepckoil cButamu. CuBepckas CBUTa — OJHOPOAHAS TOJIIA TJIMH rojly0oBaTo-
3eJIeHOBaTO-cepoil okpacku. CpeHue coiepKaHusl XUMHUECKHX 3JIEMEHTOB OJIM3KH UX CPETHUM
COJIEp’KaHUSIM B OCaJOYHBIX Mopoaax. JIrokaTHUCKas CBUTAa — TJIMHBI, IEpecIauBarolIvecs C
IIECYaHUKAMH U AJIEBPOJIUTAaMU. THCKpECKasl CBUTA — aJI€BPOJIMTHI )KEITO-CEPOT0 1IBETA U IIECKU.
[Topoasr cnabopannoakTuBHbl. CabMMHCKas CBUTA — MECKU W MECYAHUKH KEJITON U KPaCHOBATO-
XKenTor okpacku. OCHOBHbIE MUHEPAJIbl — KBApILl M MTOJIEBOW IIMAT.

Ha TEpPUTOPUHU UCCIICJOBAHUS HaXOAUTCS Kunrucenrmcko-Boixosckas
MuHepareHuueckas 30Ha. Yacteio e€ sBisercs Kunrucenmnckoe MectopoxkaeHue (HhochopuTos

(mexnypeuse JIyru u Hapssl).



30

YcnoeHble 0603Ha4eHus

@ [E03KONOTMHECKME NPOdUNK
[ cusepcxas canta

[ niokaTucTekas cemra

[T caBnunckan centa

[T TocheHckaa cauTa

| BONXOBCKEA W OBYXOBCKaA CBMTHI
[ meaHukoBCKas cBUTa

3 XBOCTOXPAHUANLIE
QoK vocsopuTh

mmm?

Pucynox 6. T'eonmormdyeckoe CTPOCHHE HCCIEAOBAHHOM TEPPUTOPHH  (COCTABHUI

N.C. HenbaeB Ha ocHOBe OTKpHITHIX MaTepuanoB BCEI'EN).

Pucynok 7. Cxema BBICOT mccienoBaHHoW Tepputopuu (coctaBun M.C. Henbae Ha

ocHoOBe 1 poBoii Moaenu penbeda SRTM).
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CornacHo nanusIM ['eonoruueckoit kaptel P®, B paiioHe Habt01aeTCsl TEOXUMUYECKAs
aHoMmais TspKeasix metaiioB (Pb, Zn, Cu, Ni, Co, Cd, Fe, Mn, Ag). 910, BO3MOXXHO, CBS3aHO
IIPEUMYILECTBEHHO C BBIHOCOM 3JIEMEHTOB B IIPOLIECCE IPO3UU OPYACHEIBIX MOPOJI, PA3BUTHIX HA
W>xopckoil BO3BBILIEHHOCTH. MIMeI0TCs JIoKallbHbIE MPEBBILIEHNsI MECTHOTO ()OHA ypaHa.

OcobenHoctu  reomMopdosioTuy  paiioHa ONPENENAIoTCs  pesbeoM  MOBEPXHOCTH
JOYETBEPTUYHBIX ITOPOJ U €r0 PaCIOJIOKEHUEM B 30HE OJE€NeHEeHuN M bantuiickoro mops Ha
ceBepo-3anaae Bocrouno-EBpomnetickoii paBauHbl. K 0coO€HHOCTSIM reoMOp(OTOTHU OTHOCUTCS
TO, YTO OCHOBHBIE YEPThI JOYETBEPTUUHOTO penbeda ObuIH BhIpaOOTaHBI B MEPHOJ] OT CPETHETO
JIEBOHA J10 HeolulelcronieHa. B HeomeicTonieHe OH ObLT YaCTUYHO M3MEHEH IOJ| BIUSHUEM
JEHUKOBOM M MOPCKOM JAESATEIBHOCTH W HEOTEKTOHMYECKMX JBHUKEHUH, a B TOJIOLEHE —
MOPCKOW aKKyMYJISIIIMH U a0pa3uu, SpO3UN COBPEMEHHBIX PeK, TOpHooOpa3oBaHUs U HOBEUIIHX
NIBIKEHUH.

K uucny rmaBHBIX MOPQOJOTHUECKHX JJIEMEHTOB pPAacCMATPHUBAEMON MOBEPXHOCTH
otHocaTcst Benn-KemOpuiickas HuszuHa, OpJOBUKCKME TJMHT U IUIATO, pPacuJIEHEHHBIE
apeBHUMH JoiuHamMHu. Bena-KemOpuiickas HHM3MHA TpeACTaBisieT COOOW pPaBHUHY, ITOJIOTO
MOTPYKAIOIIYIOCS Ha ceBep. AOCOIIOTHBIE OTMETKU €€ TMTOBEPXHOCTH KOJIeOmoTest oT 5 10 10 M.
OpI0BUKCKOE IUIATO, 3aHMMAIOLEE BOCTOYHYIO M I0OKHYIO YacTH TEPPUTOPUH, SIBIISAETCA
Hau0OoJs1ee BO3BBILIEHHBIM YUYaCTKOM C abcomoTHBIMU BbicoTamu oT 20 1o 50 M. B coBpemenHOM
penbede — 3TO ceBepHas uacTh Jlyxckoil Hu3MEHHOCTH. OpHOBUKCKUI yCTyN SIBISETCS
nepexoaHoil 3oHoM Mexny Benn-KemOpuiickoit Hu3uHONH M OpJOBHKCKMM IUIATO. YCTYI
IPOTSKEH B IIMPOTHOM HAampaBieHUU. J[peBHUE [OJIMHBI BpE3al0TCd CBOMMM HCTOKaMH B
cKJ10HbI OpAOBUKCKOTO IJ1aTO.

CoBpemeHHbIH penbed chopMHpOBaH MMOJA BO3AEHCTBHEM JICAHUKOBOW 3K3apaliu
(BBIIAXMBAHMS) M AKKyMYJSILIUM, MOPCKHMX TPAHCTPECCUM U Pperpeccuil, HEOTEKTOHHYECKHX
IBIKEHUH. BakHyro ponb urpamu takxke TopdooOpa3zoBaHue M 00pa3oBaHHE COBPEMEHHOM
3pO3UOHHON ceTH. [aBHBIE MOPQOIOrHUECKHE 3JIEMEHTHl COBpEMEHHOTro penbeda — Jlyxckas
HU3MEHHOCTh, IKopckas BO3BbIIICHHOCTh W bantuiicko-Jlagoxkckuit ycryn. IlpeoGnamaror
CTPYKTYpHO-ACHYIAIIMOHHBIA W  pa3JIM4Hble BHJBl AKKYMYJSTHBHOTO penbeda, MeHee
pacrpocTpaHeHbl 3pO3UOHHO-aKKYMYJISTUBHBIN U a0pa3MOHHBIHN TUIIBI.

K TtexHoreHHomy penbedy Ha TEPPUTOPUM UCCIECIOBAHUS OTHOCATCS OTBAJIBI
¢docorunca u BCKPHILIHBIX MOPOJ, a Takxke XxBocToxpaHuauia. Otean ¢ocdorurnca B BbICOTY
nocturaer 65 M, OTBabl BCKPBIIIHBIX MOPOJ BBITSHYTHI B MEPUINOHAIBHOM HAIIPABJICHUH, B
BbIcOTY aocturaioT 30 M (pucyHok 7). B Hacrosiee Bpems oTBasl (hocdorurca npoaonkaeT
YBEJIMYMBATBCSl M3-32 BHECEHUs HOBBIX MNOPUMHM o0TXxoxa. OTBainbl BCKPBIHBIX MOPO

MPAKTHUYECKU BCE TIOJIBEPTHYTHI PEKYJIbTUBALIUU.
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3.2 KiimmaTu4eckue ycJIOBHs

Knumar  ucciegyemMoro  paiioHa  OTHOCUTCS K ATIAHTHKO-KOHTMHEHTAJIbHOU
EBpomneiickoii (necnoit) o6mactu (Hanumonanpubiii atnac..., 2004). Knumar omnpenensercs
BIMSIHHEM  aTJIaHTUYECKOro  BO3AyXa M Mocieaywromed  TpaHcdopmarueid ero B
KOHTHHEHTaJbHBIA. B Xono0/1HOE BpeMs roja mpeobiagaroliee HampaBlieHUe BETpa — H0KHOE U
I0r0-3alajgHoe, 4To OOyClaBiIMBaeT OOJIBLIYI0 IOBTOPSEMOCTb TEIUIBIX M BIIAKHBIX
aTJIaHTUYeCKUX Macc. JletoM npeobiaaaroT 3amajHble U CEBEpO-3allaHble BETPbI, C KOTOPHIMU
pacnpoCcTpaHsAeTCsl OTHOCUTENBHO XOJIOAHBIN U BJIAXKHBIM aTIIaHTUYECKUI BO31yX. B pesynbraTte
a/IBEKI[MHU XOJIOJHOI0 BO3/lyXa JJa)ke B MIOHE BO3MOXKHBI 3aMOPO3KH Ha Bceil Tepputopun. Mroib
M aBTYCT IPAKTUYECKH CBOOOJHBI OT 3aMOpO3KOB. B 00mieM, Kimmar McCClenyemMoro paioHa
MO>KHO OXAapaKTEPU30BaTh KaK YMEPEHHO TEIIBINA, BIIAXKHBIN, C MATKON 3UMOM.

CpennerogoBass Temmeparypa Bo3ayxa coctaBiusier 4,4 °C. CpenHemecsuHble
TEeMIIEpaTypbl BO3/1yXa IIpUBEAEHbI B Ta0nuue 1. YcpeaHéHHas qaTa Hayajla IEpBbIX 3aMOPO3KOB
B Kunrucenmne: 27 cenrsbps. YcpenHéHHas naTa OKOH4YaHHs 3aMopo3koB: 20 mas. Cpennee
KOJINYECTBO O€3MOPO3HBIX JHEH: 129 cyTok.

Tabmuna 1. CpennemecsiuHble TeMIepaTypbl Bo3ayxa B Kunrucenre.

Mecsn Sl | ®eB | Map | Anp | Mait | Uron | Uron | Asr | Cen | Okt | Hos | [exk

Temneparypa,
°C

-79 |1 -80 | 3,7 | 3,5 | 10,1 | 14,7 | 17,1 | 155 | 10,5 | 5,0 | 0,1 | 4,5

CpenneronioBas Temneparypa mousbl coctasisier 5 °C. CpegHeMecssuHble TEMIepaTypsl
IIOYBHI IPUBEJICHBI B TAOIHIIE 2.

Tabmuna 2. CpennemecsiuHbIe TeMIIEpaTyphl Mo4Bkl B Kunrucenre.

Mecsan SluB | ®eB | Map | Anp | Mait | Uron | Uron | Aer | Cen | Okt | Hoa | [ex

Temneparypa,
°C

-9 -9 -6 3 12 18 19 17 11 5 -1 -5

CpenHerooBoe KOJIMYecTBO 0caakoB cocTaBisieT 680 MM. CpegHeMecSYHOE KOJIMYECTBO
0CaJIKOB ITPHUBEAEHO B Tabimue 3.

Tabmuua 3. CpeaHeMecsiuHOE KOJIMYEeCTBO ocaakoB B Kunrucenre.

Mecsny | AuB | ®eB | Map | Anp | Mait | Uion | Uron | Aer | Cen | Okr | Hos | ek

Ocankwn,
36 33 34 40 47 67 83 88 80 65 61 46
MM

Ha pucynke 8 mpencraBieH roJjoBOM X0 TEMIIEpaTypbl BO314yXa U KOJIMYECTBA OCAJAKOB

(KJ'II/IMaTOI‘paMMa), HOCTpOCHHHfI 110 JaHHBIM MCTCOCTAHIIUU B I'OPOJC Kunrucernn.




33

100 20
90
- 15
= 80 O
H / °.
g 70 . 10 2
>
= 60 7/ 2
3 -]
=
50 5
2 )] &
S 40 g
2 2
= \ 0 3@
g 30 E
s =
% 20 \.— =
-5
10 . o/

O T T T T T T T T T T T '10
SluB ®eB Map Anp Mait Uion Uion Asr Cen Oxr Hos /[ek
=@=Qcangku, MM =®=Tewmmeparypa, °C

Pucynox 8. TomoBoit xon Temmeparypbl BO3JlyXa W KOJMYECTBA OCAJKOB

(KJII/IMaTOI”paMMa), HOCTpOCHHBIfI 10 JaHHBIM MCTCOCTAHIIUH B IrOPOIC Kunrucemni.

Ha pucynke 9 npencrasieHa po3a BeTpoB B ropoae Kunrucen.

()

H

@ Betep

Pucynok 9. Poza BerpoB B ropoae Kunrucenn (IIporao3 morofsi...).
B Tabnuue 4 npuBeaeHbI HAPABJICHUS BETPa B MPOIEHTaX 3a Toj B ropoae Kunrucemnr.

Tabnuua 4. Harpasnenus Betpa (B %) B ropoge Kunrucern.

C

C-3

3

I0-3

10

10-B

B

C-B

8,9

15,2

13,2

15,7

17,9

14,1

&1

6,7

I[OCTyrIHOﬁ IJId  TaKUX IIPOLECCOB,

Knumar BimseTr Ha nquoo6pa303aHne, IMOCKOJIBKY OH OIpeAcCIdaCT KOJIMYCCTBO BO/BI,

KaK BBIBCTPUBAHUC MUHCPAJIOB,

TPAHCIIOPTUPOBKA

MHUHEpAJIOB M BBICBOOOXKIEHHE 3JIeMEHTOB. KimMMaT umcciemyeMoro paiioHa XapaKTepH3yeTcs

M30BITOYHBIM WJIN A0CTAaTOYHBIM YBJIA’)KHCHHUCM.
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3.3 Ilpupoanbie BOAbI

Peunast cets Ha uccienyemoit Tepputopun passura. [IpobHbIe Mmomaan pacmnoiaraauch
Ha BOJocOOpax NBYX peK — KPYMHOro BojoToka JIeHWMHTpaackod obmactu — peku Jlyra u
nputoka Jlyru — peku Hotuka.

Peka Jlyra npotekaer ¢ ceBepa or OO0 «I1I" «@ocdoput». [lutanue pexu cmemaHHoe, ¢
npeobnaganreM cHeroBoro (bomnbinast coBerckasi...). Boia mo XumMu4eckoMy coCTaBy OTHOCUTCS
K TuApokapOOHaTHOMY KJacCy M KallbLIMeBOH rpymme. MuHepanu3anusi BOJAbI B CPEIHEM
170 mr/n (B monoBoabe — 120-200 mr/n; B mexenb — 300-400 mr/m). KauecTBo pedHbIX BOA
HU3KOE M3-3a MOCTYIUIeHUsl cTouHbIX BoJ (Bona Poccuu...). Pexa Hotuka Bragaer B pexy Jlyra
Ha 3amajze wuccienyemMoid Tepputopuu.  bacceiin peku Jlyra 3aHumaer miomane Oosee
13 teic. kM”. JnuHa pekn — 353 kv, Pacxox Bomsr 93 M¥/c.

Ha Ttepputropum wuccienoBaHusi TakKe HAXOAMTCA P BOAHBIX  OOBEKTOB
aHTPOIOI'€HHOI'O TMPOMUCXOKIAEHHUS. OJTO Kapbepbl, O0Opa3oBaBIIMECS B Ipolecce J00bIYU
BCKpBIIIHON mopossl U (ochoputoBoit mopoasl. WX KOIMUECTBO HACUUTHIBAET OOJIbIIE
nBaauatu. [IoMMMO HUX €CTh 3allOJHEHHbIE BOIOM XBOCTOXPAHWINIIA U TEXHUYECKUE BOJOEMBI
Ha NPOMBILUIEHHON Tepputopun mnpeanpustus. OCHOBHAas 4acTh KapbepoB, KOTOPBIE YK€
PEKYJIBTUBHPOBAHBI 3aCBHINKONW BCKPBIIIHOM MOPO/bI, OTCHIIKON OYBEHHOTO CJI0S, 3aCEBOM TPAB
M TOCaaKOW JIepEeBbEB, HAXOJATCA IoxHee aBToMoOwmibHOM jgoporm  A-180 (E20).
XBOCTOXPAHUIIMILA, TEXHUYECKHE BOAOEMBI U HECKOJIBKO KapbhEPOB PACIIOJIOKEHBI CEBEPHEE
aBTOMOOWJILHOW JIOpOTH. B IMMpPOTHOM HampaBiIeHWH Kapbephl MO A00bIde (HoChOpHTHI
BBITSIHYTBI OoJiee ueM Ha 15 kM, a B MEpUANAHAIBLHOM [IOYTH Ha 5 KM.

Cpenn  BOJOHOCHBIX TOPU30HTOB, INPUHUMAIOIIMX y4yacTHE B  OOBOJHEHHH
MECTOPOKACHHUSI, BBIIEIISIOTCS:

1. BoloHOCHBIN TOPU3OHT YETBEPTHUUHBIX OTJIOKEHUU, MOACTUIAEMBI OTHOCHUTEIHHO
BOJIOYIIOPHBIMU 03EPHO-JIEAHUKOBBIMU MOPEHHBIMH CYIJIMHKAMU W TJIMHAMU MOIIHOCTHIO 2-
15 m.

2. Opl1oBUKCKUM BOJOHOCHBIM KoMIuieke. Cpennssi momHocTh — 11 M. Ha ceBepe — 4 M,
Ha ore — 10 28 M. BonoBMmermaronye nopoasl — U3BECTHAKU U JOJIOMUTBI HUKHETO U CPEIHETO
OpZIOBUKA, MEPTEIIN CPEIHETO JIEBOHA.

3. KemOpo-0opIOBUKCKHI BOJOHOCHBIA KOMILIEKC. MOMIHOCTh KoMmIuiekea 22,5 — 36 M.
BOI0OBMEIIAOLIIE TOPOIbI — MECKH M MIeCYaHruKH. BoxompoBoaumocts coctasmser 100 m2/cyT.
ITuTaercs 3a c4€T mepeTOKa U3 BHIIIEIEKAIETO TOPU30HTA.

4. TexHOTeHHBIH BOJIOHOCHBIM TOPU30HT, MPUYPOUCHHBIM K BCKPBIIIHBIM IOPOJIAM.

I'opuzonT umeet mormHOCTh A0 22 M (Pazpabotka [Iporpammsi. .., 2009).
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3.4 IlouBeHHBII IOKPOB
Hccnenyemass TeppUTOpHsl OTHOCUTCS K OopeallbHOMY reorpaduyeckoMy Moscy, K

EBponeiicko-3anagno-CuOupckoil  TaéKHO-JIECHOH TOYBEHHO-KJIMMATUYECKOH 00JacTu, K
MMOYBEHHOM 30HE JEPHOBO-IIO/I30JIMCTHIX [TOYB U JEPHOBO-MIOA30JI0B FOKHOW Talru, K TOYBEHHO-
KJIMMaTH4ecKoN (¢anuu yMepeHHO-Ipomep3aromux 1oy, K [IpubanTtuiickoll MOYBEHHOM
npoBuHIuy (I'pubosa, u ap., 1980).

B mporuecce uccnenoBaHusi ObUIO BBISBIEHO 3HAUUTENbHOE pa3HOOOpa3ve MOYBEHHO-
HKOJIOTUYECKUX  YCIOBHil, KOoTOpoe ¢opMuUpyeT pa3zHOoOOpa3ue TOYB  HCCIEI0BaHHOM
tepputopuu. Beissieno 10 TumoB mous, oTHOCSIMXCA K 7 otaenam, coraacHo Knaccudukanuum
nouB Poccun 2004 rona. [louBenHoe paznooOpasue mpuBeaeHO B TaOIHUIIE S.

Tabauna 5. Tunsl 1o4B Mccae10BaHHOW TEPPUTOPHH.

CtBON Otnen Tum mouBbI dopmyia
MMOYBOOOPA30BAHMS
IlocTiurorenusie AnbderymycoBsie [Mondyp O-BHF-C
HepHOBO-IOA0YP AY -BHF -C
TekcTypHO- HepuoBo-nogzonuctas | AY — EL — AEL — BEL
muddepeHupyemMbie -C
I'ieeBbie I'mee3ém AY -G-CG
CEpOryMYCOBBI
Ilepernoiino-rneeBas H-G-CG
JInto3éMmbl JIurozém AY -R
CEepOryMYCOBBI
Arpo3émbl Arpozém P-BH-G-CG
aab(eryMyCOBBIN
TJI€EBBIN
OpraHoreHHbIe Topdsusie Topdstao- TO-TT
ONMUroTpOoQHEBIE
TopdsHO-3yTpOdhHBIE TE-TT
TexHOreHHBIE KBazuzémel Pemnanrosém RY-D
MOBEPXHOCTHEIE
00pazoBaHuA

Hwxe mpeacTaBieHO ONMUCAHWE BCEX OTJEIOB IMOYB KCCICAOBAHHOW TEPPUTOPUU HA
MpUMepe TUIUYHBIX pPa3pe3oB, CACNaHHBIX B KWHTHCENIICKOM palioHe B MpPOIECCEe MOJEBOTO
stana pabotel. Onucanue mnouBeHHBIX pazpe3oB mo ['OCT 17.4.4.02-2017 npuBemeHo B

IIPUJIOKEHUU 4.
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IMocTauTOreHHbIN CTBOJ MOYBOOOPA30BAHMS

Anvghecymycosvie noussi

Pa3nooOpa3ue anbperyMycoBbIX MOYB Ha HWCCIEAOBAHHOW TEPPUTOPUHU TMPEICTABICHO
noaOypaMu B IEPHOBO-TIOA0YpaMH.

J1epHOBO-TIOIOYVPEI

JlepHOBO-TI0I0YPHI pacpoCTpaHEHbl Ha TEPPUTOPUU OOJIBIIE, YeM MOAOYPHI, TaK Kak Ha
3HAYUTEILHOM YacTH TCPPUTOPHUU TOACTHIIAIOIIUMHU TMOPOAAMHU BBICTYIIAIOT CpPCIAHUC U
OCHOBHBIC TI0 XHMHYECKOMY COCTaBy TOpHBIE Mopoasl (pucyHok 10). JlepHOBO-moaOyphI
XapakTepHBI IS YCIOBHO-(OHOBBIX TEPPUTOPHI W BCTPEYAIOTCS TOJIBKO TaM. DTO THUIUYHAS
MOYBa JUIS JIECHBIX SKOCUCTEM H3yYE€HHOW TEPPUTOPUHU, OCOOCHHO JJIs MOYB FOKHOW Talru Ha
II€CUHAaHbIX OTIOXCHUAX. BCTpC‘-IaIOTCSI CaMbIC pa3HbIC MOATHUIIBI HOI[6yp0BI TI/IHI/IqHBIf/'I,
WJUTFOBUATILHO-TYMYCOBBIH, WJUTFOBHATIBHO-)KETIE3UCTHIN, TPyOOTyMycCOBBIA. J[ns maHHOTO THTA
MOYBBI XapaKTEPHBI TYMyCOOOpa3oBaHue, JIECCUBAX, OMOT€HHO-aKKyMYJISITUBHBIE MPOILIECCH U

HITIOBUAJIBHO-aKKYMYJIATUBHBIC ITPOLICCCHI.

Pucynok 10. JlepHOBO-OJ0Yp TUNHMYHBIA MOIIHBIN CYyNECYaHBI CO CPEIHEPa3BUTHIM
npoduieM Ha QIIFOBHOTISAIMATBHBIX OTIOKEHUIX (poTo aBTOpA).

AY (0 — 27 cm) — TEMHO-Cepbld, PBIXJbIHA, JETKOCYIJIMHUCTBIA, MEIKOKOMKOBATBHIMH,
BJIQYKHBIN, C XO/1aMU J0XKJIEBBIX YE€PBEH, MPUCYTCTBYIOT CBETJIbIE 3€pHA MUHEPAIIOB, BKIFOUCHMSI
KPYIHBIX KOPHEH U TaJIbKH, IEPEX0/] IOCTENIEHHBIH, TPAHNUIA PA3MBITA.

BHF (27 — 61 cm) — TéMHO-OypbIii, CBEXHUI, CyNeCUYaHbIi, OECCTPYKTYPHBINA, PHIXJIbIH,

BKJIFOYCHUS KOPHEW, KaMHEH.
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Ineesvie nouswi

IlepernoiiHo-riieeBas mo4yBa

IlepernoiiHo-rieeBass mousa Oblja ONKCaHA TOJBKO HA OJHOM YCIOBHO-(OHOBOM
npoOHoi miomaau (pucyHok 11). PactutenbHoe coOOOIIECTBO: OJIbXOBOCEPOE MACIEHO-
BEMHMKOBO-3€lIeHOMOIIHOe. [loncTunaromue nopoabl: TIMHBI  CHBEPCKOW  CBHUTHL. [
(GbopMHpOBaHUS NEPETHOWHO-TJICEBON MOYBBI HEOOXOIUMO AONOIHUTEIBHOE YBIIAXKHEHHE WU
MIOCTOSIHHOE TepeyBiiaxHeHue. [lepernoiino-rieeBas nousa GopMupyeTcs: Ha TSHKENBIX TIIMHAX.

HJ’IH JaHHOI'O THIIA IMOYBBI XAapPaKTCPHBI OIJICCHHC, 6I/IOFGHHO-3KKYMYJ'I$ITI/IBHBIC MponecCol U

=
~N
]
A
]
=
=
o
o

M3SBLOS Y E T\

Pucynox 11. [lepernoiino-rieeBast mo4Ba MOBEPXHOCTHO OTJIECHHASI CPEIHECYTIIMHUCTAS
CO CPETHEPA3BUTHIM PO HIIeM Ha (QIIOBHOTIISAIHAIBHBIX OTI0KEHUAX ((hOTO aBTOpA).

H (0 — 43 cm) — T1EMHO-Oyphlif, YMIOTHEHHBIH, CpPEAHECYTJIMHUCTBIN, CBIPOM,
OECCTPYKTYpPHBIM, MEJIKOMOPHUCTHIN, BKIIOYCHHS KOPHEW, Tepexoj] 3aMEeTHBIM, TpaHHUIa

BOJIHUCTAas.

G (43 — 60 cm) — cu3blii IBET NMpU OOHAPYKEHUH TOPH3OHTA, OKPAIIUBACTCA B OYpBbIi

IBET IPH HAXOXKACHUM HA BO3AYyXE, IUIOTHBIM, TIJIMHA, CBIPOU, 0eCCTPYKTYpHBIA,

MeHKOHOpHCTBIﬁ, BKIIIOUCHUA KOpHeﬁ.
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TexcmypHo-oughghepenyuposannvie noussi

JIepHOBO-II0A30JIMCTAs ITIOYBA

JlepHOBO-TIO/130/IMCTasE TIOYBA BCTPETWJIACh TOJIBKO Ha OJHOM MNPOOHOHW IUIOIIAIH,
pacroiIoKEeHHOH Ha TeppUTOpPUU (EPMEPCKOro XO3SICTBa, YTO BIIOJHE €CTECTBEHHO, TaK Kak
JACPHOBO-TIOA30JMCTAad IMOYBa — THUIIMYHAA IIOYBA JJId JIYTOBBIX COO6HI€CTB HeHI/IHFpa}ICKOfI
obnactu (pucyHok 12). PactutenbHOE COOOIIECTBO: CHBITEBO-O00pOBOE COOOIIECTBO. B KauecTBe
MOACTUIAOIINX TTOPOJ BBICTYIIAIOT INIMHBI CHBepCKOﬁ CBUTHI. I[J'IS[ ACPHOBO-ITOJA30JIUCTBIX ITOYB
xapaktepeH atMochepHblii TUll yBiaxxHeHHUs. DopmupyroTcs Ha JErkux riauHax. s ganHoro

TUIIA TIOYBBl XapaKTEpHBI TyMycooOpa3oBaHHE, BbIIICTaYMBAHKUE, IOJ30JUCTHIN MpoIiecc,

6I/IOFeHHO-aKKYMYH}ITI/IBHLIe MpoHeCChl U UIINTHOBHAJIIBHO-aKKYMYJIATUBHBIC ITPOLCCCHI.

- .

Pucynox 12. JlepHOBO-MOM307UCTasi IMOYBA CPEAHEMOIIHAS HETIyOOKOIMOA30JIUCTas
JIETKOCYTIIMHUCTAs CO CIa00pa3BUTHIM MpoduiieM Ha (IIFOBHOTISAIHAIBHBIX OTIIOKEHHIX (PoTo
aBTOpA).

AY (0 — 12 cm) — cBeTsI0-Cephlii, YINIOTHEHHBIH, JIETKOCYTJIIMHUCTBIN, MEIKOKOMKOBATBIMH,
CBEXMH, C XONAMHU JOKIEBBIX YEPBEH, MIPUCYTCTBYIOT CBETJIbIE 3¢pHA MHUHEPAJIOB, BKIIOYCHHUS
KPYIHBIX KOPHEH U rajbKH, I€pEX0/] 3aMETHBIM, TPaHULA BOJIHUCTASL.

EL (12 — 15 cm) — Oeunblif, yIIOTHEHHBIH, JIETKOCYTJIMHUCTBIA, TIMTYATHIA, CBEXHH,
IIPUCYTCTBYIOT CBETJIbIE 3€PHA MUHEPAJIOB, BKIIOYEHUS KOPHEW M TalIbKU, IIEPEXO] 3aMETHBIN,
TPAaHULIA BOJIHUCTAS.

BEL (15 — 17 cm) — cBerno-Oyphlid, yIJIOTHEHHBIH, JETKOCYTTTUHHUCTBINA, TUIMTYATHIH,
CBEXMUI, MPUCYTCTBYIOT CBETJIbIE 3€pHAa MUHEPAJOB, BKJIIOUEHUS KOPHEM M TallbKM, MEepexoj

3aMeTHBII71, rpaHvia KapMaHHas.
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BT (17 - 28 c¢m) — Oypslid, YIUIOTHEHHBIN, TOKEIOCYTJIMHUCTBIN, OpPEXOBO-
MPU3MAaTUYECKUM, CBEXHUM, MPUCYTCTBYIOT CBETJIbIE 3€pHA MHUHEPAJIOB, BKJIIOUECHHUS KOPHEH U
TaJIbKH.

Jlumoszémul

JInT03éM CEPOTrYMYCOBBIN

Ha uccnexyemoit Tepputopun pactipocTpaHEHbI JTUTO3EMBI CEPOTYMYCOBBIEC (PUCYHOK 13)
(HenGaeB u np., 2022). JlaHHBINA THN TTIOYB BCTPEYAETCS HA YCIOBHO-(OHOBBIX TEPPUTOPHUSIX TIPH
HQJIMYMU TUIOTHBIX MOpoJ. PacTurenbHOe cOOOLIECTBO JIECHOE, MOXKET OBITh OJbXOBOCEPHIM
TaBOJITOBBIM WJIM €JIOBBIM KHMCIMYHO-3€JIEHOMOLIHBIM. B JaHHBIX 3KOcHCTEMaxX B HACTOAILIEE
BpeMsl IPOMCXOJUT aKTUBHOE HAKOIUIEHWE OPraHUKH. XapaKTepHOW OCOOEHHOCTBIO JIMTO3EMOB
CEpOTyMYCOBBIX SIBIISICTCSI MCKJIIOUUTENBHO arMocepHoe yBnaxkHeHue. Jlns NaHHOTO THma

MOYBBI XapaKTepHbI T'yMyCO00pa30BaHUE U OMOT€HHO-aKKYMYJIATHBHBIE POLIECCHI.

Pucynox 13. JIuto3ém ceporymycoBbIii CpPEIHEMONIHBIA JETKOCYTJIMHUCTBIN C
HEPa3BUTHIM MPO(UIEM Ha JITIOBO-ACTIOBUH U3BECTHAKA ((DOTO aBTOpA).

AY (0 — 18 cm) — OypoBaTro-cepblii, VYIJIOTHEHHBIH, JIETKOCYTJIMHUCTBIMH,
MEJIKOKOMKOBATHIH, BIAXKHBIN, MPUCYTCTBYIOT CBETIIbIe 3épHA MHUHEPAJIOB, BKIIOUYCHHS KOPHEH,
rajibKu, BaJIyHOB, 0OJIOMKOB ITOPOJIbI, IEPEX0]] PE3KHii, IpaHUIa POBHAS.

R — mnotHas ropHas mopojaa: TMECUYaHUKU CaOIMHCKOW CBUTHI WJIM W3BECTHSIKU U

JOJIOMUTBHI BOJIXOBCKOW M 0OYXOBCKOMW CBHT.
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Aepozémbi

Arpo3éM anbheryMycoBBIHA II€EBbII

Arpo3ém anb(herymycoBbIii BCTPETHJICS TOJIBKO Ha OJHOW MPOOHOW IUIOMaad — B
JYTOBOM 9KOCHUCTEME B HETIOCPEICTBEHHOH OIM30CTH OT 6OpTa XBOCTOXpaHUWIMIIA (PUCYHOK 14).
PactutenbHoe coo01iecTBO: 0JbXOBOocepoe cHbITeBoe. [loacTmnaromue mOPOJBI:  TIIMHBI
CUBEPCKOM  CBHUTBIL. ATpDOr€HHBIH  TIOPU3OHT, BEPOSITHO, OCTAICS  KaKk  Pe3yibTar
CEJIbCKOXO3SIICTBEHHBIX pa0dOT B HEJAIEKOM MPOIJIOM Ha HcciexyeMoil tepputopuu. s
JAHHOTO THUMAa IOYBBI XapakTepHbl TyMycooOpa3oBaHHE, JIECCUBaX, OrJieeHHEe, OMOTeHHO-

AKKYMYJIATHBHBIC TPOUECChI U UIIJIIOBUAJIbHO-aKKYMYJISITUBHBIC ITPOLICCCHI.

)

AT
fans or:

Pucynok 14. Arpo3ém anb(erymMycoBbIii OTJIECHHBIA CPEIHENAaXOTHBIH CPEIHEMOIIHBIN
rI1yOOKOOTJIeeHHBII JIETKOCYTJIMHUCTBIN co CpEIHEPa3BUTBHIM npoduiiem Ha
(IFOBUOTIAIMATEHBIX OTIOKEHHSIX (POTO aBTOPA).

P (0 — 34 cm) — 4€pHBIH, PHIXJIbIA, KOMKOBATHIH, BIAXKHBIHN, JIETKOCYTTTHHUCTBIN, IEPEXO0]T
SICHBII, TPAHULIA BOJTHUCTAS.

BHF (34 — 57 cm) — Oypo-OXpHCTBIH, BIaXHBIH, CylecyaHblil, OecCTPYKTypHBIH,
PBIXJIBIM, BKJIIOUECHHS KOpPHEW, KaMHEW, 3aT€KM TEMHBIX IITEH, IEPEXO0J PE3KHM, TpaHHIa
BOJIHUCTASI.

G (57 — 65 cm) — cu3blii IBET NMpU OOHAPYKEHUU TOPH30HTA, OKpAIIMBAeTCs B OypbIii
[BET MPH HAXOXKJIEHUHM Ha BO3AYXE, IUIOTHBIN, TSHKEIBIA CYTIIMHOK, CHIPOM, OECCTPYKTYpHBIi,

MeJ’IKOHOpI/ICTHﬁ .
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OprasoreHHbIH CTBOJI IOYBOOOPA30BAHUS
Topgsanvie nouguwl

Topdsagas oaurorpodHas 11o4ysa

W3  opraHoreHHOro cTBOJIa  [MOYBOOOpa3oBaHUS  Hauboiiee  paclpOCTPaHEHbI
onurorpodHo-TopdsiHbIe MOUBHI (pUCYHOK 15). OHM SIBIAIOTCS MOYBAMU OJIUTOTPOdHOTO O0JI0TAa
[IaTHUUIKUN MOX, PacHoJIOKEHHOTO K I0ry OT TeppuTopun uccienaoBanus B Jlyxxcko-Hapsckoii
JIETIPECCUH, TPECTABISAIONIeH cOOOW IJIOCKYI0 paBHUHY Ha Bojopaszzaene pexk Hapsa u Jlyra.
XapakTepHOe pacTUTENbHOE COOOIIECTBO AJI JaHHBIX MOYB — €PHUKOBO-MBOBO-TPOCTHUKOBOE
carHoBoe ¢ MPUMECHI0 COCHBI. BOJIOTO pacmonokeHo Ha OTIIOKEHUSIX METHHUKOBCKON CBUTHI —
IJIMHUCTBIX M3BECTHAKAX M J0JOMHUTax. Mecra npoOooTOopa HaXxoAsTCs Ha paccTosiHUM 4,3 —
4,5 km ot orBana ¢ocdorunca. Jns TaHHOW MECTHOCTH XapaKTepeH TOJIKO OIMH TPOIECC
nmo4yBooOpazoBanusi — topdoodOpa3zoBanue. M3-3a OMU3KOTO 3ajeraHusi TPYHTOBBIX BOJI HET

BO3MOKHOCTH BU3YaJIbHO OIIEHUTH MOJIHOIIEHHBIN pa3pes.

Pucynok 15. Onurorpodro-ropdsinas nousa cartonas (poto aBropa).

TO (0 — 9 cMm) — cBETI0-KOPUUHEBBIN, CHIPOH, COCTOUT MPEUMYIIECTBEHHO M3 OCTAaTKOB
charHoBbIX MXOB pa3HOW CTENEHM pa3yiokeHus, He nmpesbimatomeit 50%. Ipeacrasnser coboii
BEPXHIOIO 4acTh TOP(SHOMN TOJIIH, KOTOPasi paCCMAaTPUBAETCS KaK OpraHOr€HHasi 1opoJia.

[Tox TO momxken 3anerath TT — TopdsaHas 3anexKb.



42

TexHOreHHbIE NOBEPXHOCTHBIEC 00pPa30BaHUSA

Keaszuszémur

PennanTozém

Hapsny ¢ mouBamMu OOBEKTOM IOYBEHHBIX HCCIIEAOBAaHUM TPAJAULMOHHO SIBIISIOTCS
BBIXOJISIIIINE HAa JHEBHYIO TIIOBEPXHOCTh TEXHOTEHHBIC ITOBEPXHOCTHBIE OOpa30BaHUS —
KBa3u3EMBbI, HartypdaOpukaThl, apTUhaOpuKaThl M TOKCHKO(haOpukaThl. KBasuzémbl — 3TO
ropojckue mouyBbl  (ypOakBasW3EéMbI) W  TOYBBl  PEKYJIBTUBUPOBAHHBIX  TEPPHUTOPHIA
(permaHTO3EMBI).

PerutanTo3éM BCTpeuaeTcs IOBCEMECTHO Ha PEKYJIbTHBUPOBAHHBIX OTBAIAX BCKPBILITHOM
noponabl (pucyHok 16), orBane ¢ocdorunca M XBOCTOXpaHWIMIIAX. Berpeuarorcs kak ¢
MPU3HAKaMU TPYOOTYMYCOBOT'O TOPU30HTA, TaK U C IEPHOBBIMHU MPU3HAKAMH, TaK C MIPHU3HAKAMU
OTJIeeHHsI. 3aKOHOMEPHOCTEH B (DOPMHPOBAHUHU PACTHUTEIHHOTO MOKpOBa HE HaOmomaercs. OH
MOYET OBITH CaMbIM Pa3IUYHBIM. POPMHPYETCSI OH Ha DIIFOBO-JIENIOBHH IIOTHBIX mopox. s
JAHHOTO THIA TIOYBBI XapaKTepHBI TyMycOOOpa3oBaHWE ¥ OHMOTEHHO-aKKyMYJISATHBHBIC
nporeccel. [Ipy 3TOM CTOMT OTMETHUTh, 4YTO NPOPHIN PEIIAHTO3EMOB 3HAYUTEIHHO
pa3NIUYarTCs B 3aBUCHMOCTH OT IMOJCTHJIAIOIINX TOPOJ (TEXHOTEHHOTO MaTepHaja), KOTOphIe
OIPEIEINIIOT OCHOBHBIE MPOIIECCHl B MOYBAX Ha HAYaIbHBIX CTAagusIX pa3BUTUS (AOaKyMoOB,
I"arapuna, 2008). OTBasbl ¥ XBOCTOXPAHUIIUINA, KOTOPBIE €I1IE€ HE MPOILIU 3Tall PEKYIbTHUBALIH,
MOYKHO OTHECTH K aHTPOIOT€HHOW CTPYKType MOYBEHHOTO IOKPOBAa, K THUIy TOPHOPYAHBIX
KapbepoB, a Tpu (OPMUPOBAHMM CIUIOIIHOTO TIOKPOBA M3 PEIUIAHTO3EMOB CTPYKTypa

MMOYBEHHOTO TTOKPOBA CTAHOBHUTCS aHTPOIIOT€HHO-U3MEHEHHOH, CO BpeMeHeM TpaHCchopMHpYsICh

Pucynox 16. PenmanTo3éM Ha oTBajie BCKPBIITHBIX TTOPOJT (POTO aBTOPA).

W (0 — 8 cm) — Oypo-cepbli, PhIXJIbI, OpraHU4YeCKUe OCTaTKH, ePeXo/ CHBIHA, TPaHUIa
pOBHasl.
R — mijoTHas mopoja: BCKPBIMIHBIE TMOPOJBI (M3BECTHAKU M JOJOMHUTHI BOJIXOBCKOH U

00yXOBCKO# cBUT) WK (hocorurc.
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3.5 PacTure/bHbI OKPOB

Cormacio (I'puboma, um nap., 1980), wuccnenoBaHHas TEPPUTOPHS OTHOCHUTCS K
FO’)KHOTa&XHbIM JiecaM Bannmaiicko-OHexckoil noanpoBuHImn CeBepoeBpONEHCKON TaEKHON
npoBuHIMU EBpasuarckori Ta&xHoW (xBoitHosecHO#) oOmactu. CormacHo (PacturenbHOCTH
Poccuu..., 2004), nns Tepputopun XapakTepHbI COCHOBBIC (Pinus sylvestris L.) 10:xHOTa&KHbBIE
jJeca € IOKHOOOPOBBIMU BHUAAMH, OOpeajbHas PacTUTEIbHOCTh pPaBHUH. OJHAKO HMEHHO
COCHOBBIX JIECOB Ha TEPPUTOPUM HCCIENOBaHUS He ObuIo 3aduxcupoBaHo. B ocHOBHOM,
pPacTUTENIBHOCTh MpeiCTaBlieHa OEpE30BBIMH U €JIOBBIMHU JI€CaMU. 3HAUYMTEIbHYIO pPOJb B
pacnpoCTpaHEHUH PACTUTEIBHOCTH UIPAET PaclOIOKEHHE BOAHBIX OOBEKTOB, MOJCTUIIAIOLINE
MIOPO/Ibl, TOYBBI U AHTPOIIOT€HHOE MTPE0Opa30BaHUE TEPPUTOPHUH.

W3ydyeHueM pereHepalid IOYBEHHO-PACTUTENBHOTO MOKpoBa  KuHrucenmckoro
MectopoxaeHus Gocoputon 3anumaincs Adbakymos E.B. (Abakymos, 2004). On oTmedan, 4To
BOCCTAHOBJIEHHE PACTUTEIbHOCTU MIPU €CaMO3apacTaHUM MPOXOJUT MO TUIY SKOI'€HETUYECKUX
CyKIleCCUH, M KaXJO0H CTaJuu pa3BUTHS PACTUTEILHOTO COOOIIECTBA COOTBETCTBYET
cBOeOOpa3Hasl 1MoYBa C OINpeeIeHHBIM HaOOpPOM MPHU3HAKOB M CBOWCTB. llpu pexyibpTHBanu,
CBS3aHHOM € arpoXuMHM4YecKoil W (U3WYECKOW ONTUMHU3aLUENd TPYHTOB CYKIIECCUU
PacTUTEIBHOCTH OCYILLECTBIISIFOTCS ObICTpEE, YEM IIPU CaMO3apacTaHUU.

S.A. JIMuTpakoBa yKa3bIBaeT, UYTO OOWJIME €JOBBIX COOOIIECTB CBSI3aHO C TEM, YTO
PEKYJIBTUBALUS OTBAJIOB BCKPBIIIHON MTOPOABI IPOBOAMIIACHE UMEHHO €lbto (IMHuTpakoBa, u 1p.,
2018). E.A. Kymnup (Kymnup, u ap., 2021) ormeuaer, 4YTo Ha OTBajax BCKPBIIIHBIX MOPOJ
HanOosee 3aKpenuBILIUECs JIECHBbIE HACAKICHUS, KOTOphle 3a 35-38 jer He AerpaaupoBalv U
00pazoBaJii JIECHBIE SKOCHCTEMBI, C(HOPMHUPOBAHBI CIECIYIONMMH APEBECHBIMH MOPOJAMHU:
Oepesa mymucTas, epb eBponeiickas, mucTBeHHuna CykaueBa U cOCHa OObIKHOBEHHas. PacteHus
APYTrUX BUAOB, KOTOpPHIE HCIIOJNB30BATUCH NPU peKyIbTHBanMU B 80-¢ rojsl, MOruOIM WIN
BCTPEUAIOTCS JIUIIb B €IMHUYHBIX IK3EMILIApax (TOMoJb OEPIUHCKUIA, KaparaHa JIpeBOBHIHAS ).

B 1nenoM, xodercs OTMETUTb, 4YTO IO pPE3yJbTaTaM IIPOBEAEHHBIX HCCIIEIOBAHUI
pacTUTENbHBIA TOKPOB TEPPUTOPHH AOCTATOYHO MO3auyeH. MOXKHO BBIIENIHUTH IIECTh TUIIOB
pactutenbHBIX  (opManuii: coobmectBa Ha oTBaine ¢ocdorunca, cooliiecTBa  Ha
XBOCTOXPAHWIHUIIE U PSIIOM C HUM, COOOIECTBAa Ha OTBAlaX BCKPBIIIHOW MOPOJBI, OOIOTHEIE,
JecHble W JyroBble cooOmiectBa. Cpeau JApeBeCHOro spyca BCTPEYAIOTCS B KayecTBE
TOMHHaAHTOB: Oepé3za mymucras Betula pubescens, env eBporelickas Picea abies, cocHa
OOBbIKHOBeHHas1 Pinus sylvestris, uBa Salix sp., ocuna Populus tremola, onbxa cepas Alnus
incana, Bs13 Ulmus glabra. Cpeny mpupoIHBIX SKOCUCTEM OOMIILHO BCTPEUAIOTCS BIATOJIFOOMBBIC
BUJBI TPaBSHO-KYCTApPHUYKOBOTO sipyca: TaBojira Bsi3onuctHas Filipendula ulmaria, xBouy

necHout Equisetum sylvaticum v ap.
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Coobwecmesa na omsane ghocgocunca

B koHIIe mponuioro Beka npeAnpruHUMAIUCh MOMBITKH IPOBECTH PEKYIbTHBAIIMIO OTBAja
docdorunca. Ha nanHblii MOMEHT 3aJIeCEHHBIM SIBIISIETCS TOJIBKO FOT0O-3ala/IHbIM CKJIOH OTBaJla.
CymectByer nBa tuna IITK: Ha cxioHe M y nomHoxwus orBana. [[oYBeHHBIH IOKPOB
npeacTaBiieH pertanTo3émamu. O0mmM s anmii Ha oTBaje Ghochorurca sSBIsieTCs] HATMIHE B
TPaBSHO-KYCTaPHHUYKOBOM sIpyce UBaH-4as y3konuctHoro Chamaenerion angustifolium (oowiue
cop 1), omyBaHumKa JekapcTBeHHOTO Taraxacum officinale (sp), TOJBIHU OOBIKHOBEHHOMN
Artemisia vulgaris (sol) m ©Oopa pazBecucroro Millium effusum (sol) u oTCyTCTBHEM
KyCTapHHKOBOTO M MOXOBO-JIMIIAWHUKOBOTO sipyca. Ha ckimonax ortBama ¢docdorurca
c(hopMHUPOBATIOCH OCMHOBOE IIyYKOBOE COOOIIECTBO C BKIOUEHHUEM COCHBI €BpOIEeHCKON Pinus
sylvestris u 0epé3bl mymmcTon Betula pubescens B IpeBeCHOM sipyce U exoi coopHoit Dactylis
glomerata (cop 1) u 3emnsanuxoit Fragaria vesca (cop 1) B TpaBsSHO-KyCTapHUYKOBOM SIpycCe

(pucyHok 17), a y MOJTHOXHS — KATIPEHHO-TPOCTHUKOBOE COOOIIECTBO O€3 IPEBECHOTO sipyca ¢

KpanuBoil nBynoMHou Urtica dioica (sp), ynHOUW JyroBou Lathyrus pratensis (Sp) U MaTb-H-

Pucynok 17. Ckion ortBasnia ¢ochorurnca ¢ OCHHOBBIM IIYYKOBBIM COOOIIECTBOM Ha

perutanTo3émax (poto aBTopa).
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Coobwecmea Ha xeocmoxpanunuuie U paoom ¢ HUM

Ha tepputopun Kunrucenmnckoro mectopoxaeHuss (GpochopuToB pacrojokKHO TpU
XBOCTOXpaHWIMIIA. B mporecce vccneaoBanus yaanoch 3aJI0)KUTh OJIHY MPOOHYIO IUIOIIA b HA
PEKYIBTUBUPOBAHHOM XBOCTOXPAHUIIHINE U 4 MPOOHBIX IUIOMIAIM HA OOPTaxX XBOCTOXpaHMIUIIA
Y Ha MPOU3BOJICTBEHHOW TEPPUTOPHUH, MpHIIeTaroniel K HemMy. COOTBETCTBEHHO, CYIIIECTBYET TPU
tuna [ITK Ha maHHOM OOBEKTE: XBOCTOXPAHWIIHUIIE, OOPT W NMPOU3BOACTBEHHAS TEPPHUTOPHS,
MOKPBITasi paCTUTEIbHOCTHIO. [T0uBEHHBIN MOKPOB MpeAcTaBiieH peranTo3éMaMu. OO0mMM Jis
danuii Ha XBOCTOXPAHWJIMILE U PSIIOM C HUM SIBISETCS HAJM4YME B TPABSIHO-KYCTPAaHHUUYKOBOM
spyce CHBITH OOBIKHOBEHHOU Aegopodium podagraria (sp). Ha XxBocToxpaHWHIIE
chopmupoBanaoch 0epé30Boe TPyIIaHKO-KUTPEHHO-BEHHUKOBOE COOOIIECTBO C BKIFOYEHHEM
COCHBI eBpoIeicKol Pinus sylvestris B peBecHOM sipyce U BeitHukoMm Calamagrostis sp. (Sp) B
TPaBsIHO-KYCTApHUYKOBOM  sipyce; Ha OOpTy XBOCTOXpaHWIHMIIA — MBOBOE KpPalKUBHOE
3eJIEMHOMOIITHOE c000mIecTBO (pUCYHOK 18), 0IBXOBOCEPOE CHBITEBOE 3EJICHOMOIIHOE C
BKJIIOUeHUuEeM 0Oepé3bl Betula pubescens U OIbXOBO-BSI30-MBOBOE CHBITEBOE 3€JIEHOMOIIHOE C
BKJIIOYEHUEM Jy0a uepenryatoro Quercus robur; Ha POU3BOACTBEHHON TEPPUTOPUU — HUBOBOE

TaBOJITOBO-KUTIPEHHOE COOOIIECTRO.

Pucynok 18. bBopT XBOCTOXpaHWIWIIA C MBOBBIM KpAlMBHBIM 3€JICHOMOIIHBIM

coobrmectBoM (poto aBTOpA).
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Coobwecmea na omeanax 6CKPbIUHOU NOPOObL

OTBanbl BCKPBIIIHOW IMOPOJBI 3aHUMAIOT 3HAYMUTENBHYIO IJomans KuHrucenmckoro
MectopoxaeHus QgocoputoB. Mx pexkynpTuBamms Hadamach B 80-e¢ rr. XX Beka u
IIPOIOJIKAETCS A0 CUX MOp. BCKpBIIIHBIE TOPOJIBI MPEICTABICHB! U3BECTHIKAMU U JOJIOMUTAMHU.
PacturenbHOE cOOOMIECTBO ONpEAETSeTCs JIECHBIMU HACAXKICHUSIMHA, KOTOPBIE MCIIOJIb30BANCH
IpU peKyiabTHBaLMU, U (GopMoil Me3openbeda oTBanoB. IloUBEHHBIH MOKPOB MpeAcCTaBiIEH
perianTo3émMaMu. PacTUTEIbHBIN MTOKPOB OTBAJIOB BCKPHIITHOW IMOPOBI JOCTATOYHO MO3anWyeH,
U BBIJICIUTh KakWe-TO OCOOEHHOCTH, XapakTepHble Ui BceX ¢amumii Ha OTBajax He
NPEICTaBISIETCS] BO3MOXKHBIM. {11 OOJBIIMHCTBA OTBAJIOB XapaKTEpPHA PEKYJIbTHBALUS EIBIO
eBponeiickoil Picea abies. [Ipnuém, MOKHO BCTPETUTDH Kak yxke chopmupoBasiuuecs 40-neTHue
eNIbHUKH, TaK U HEJABHO IMOCAKEHHBIE, TaK KaK PEKYJIbTUBAIMS OTBAJIOB MPOJOIDKACTCS 1O Ceit
neHb. [loMuMo enu eBpornelckoit sipyc ApeBOCTOS MOTYT COCTaBJATH Oepé3a mymuctas Betula
pubescens, ocuna Populus tremula, wBa Salix sp. u cocHa OObIKHOBeHHast Pinus sylvestris
(pucynok 19). B TpaBsiHO-KyCTapHUYKOBOM spyce pacnpocTpaHeHbl BeitHuk Calamagrostis sp.,
Matb-u-madexa lussilago farfara, cHpITh OOBIKHOBEHHAs1 Aegopodium podagraria, 3010TapHUK
0oObIKHOBEHHBIN Solidago virgaurea. MoX0OBO-JIUITIAHHUKOBBIX SIPYC OOBIYHO MPHUCYTCTBYET, HO

HE MOKPbIBAET OONBIINX IUIOMACH (B CpeJHEM MPOESKTUBHOE MOKPHITHE HA MPOOHON IUTomaan

Ha oTBasie coctaBisieT 30%).

Pucynok 19. CmemanHsblil Jiec Ha PEeKyJIbTUBUPOBAHHOM OTBaj€ BCKPBIIIHOW MOPObI

(oo aBTOpA).
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Coobwecmea 6onomuwix sKOCUCTEM UCCTIEO008AHHOU MEPPUMOPUL

Bce GonoTHbIe 3KOCHCTEMBI OTHECEHBI K YCIOBHO-()OHOBBIM. K naHHOHM Kkareropuu
OTHOCUTCSA 5 TPOOHBIX IUTOMIaACH: aBe — Ha OosoTe [ISATHUIKHMIA MOX, pacroJIOKEHHOM Ha
pacCTOSHUU 5 KM OT COBPEMEHHOH NpPOW3BOACTBEHHOH TEPPUTOPUH, OHO HENOCPEACTBEHHO
MPUMBIKAET K PEKYJbTUBUPOBAHHBIM OTBajaM BCKPBIIIHOW MOPOJbI, KOTOPHIE B HAcTOsIIee
BpEeMsl OTHOCATCS K 3€MJISIM JIECHOTO (poHZA; el JBe NMPOOHbIC IUIOMIAAM PACHojararTcs Ha
paccTosHUM 8 KM K CeBepo-3amagy OT IPOU3BOJCTBEHHON TEPPUTOPHUH; U MOCIEIHAs MpoOHas
IUIONIA/Ib pacrioyiaraeTcs Ha PAacCTOSHUM 7 KM K ceBepy OT mpowusBojcTBa. lloacTunaronmmu
MIOPOJIaMU BBICTYNAIOT KaK INIMHUCTBIMU U3BECTHSAKAMU U JOJOMMTAMU MEIHUKOBCKOM CBUTHI
(6osnoto IlaATHUUKKMHA MOX), TaK W IUIACTUYHBIMU TJIMHAMH CHBEPCKOM CBUTHI (OCTajJbHbIE
OonotHble TpoOHBIE MIoOmEAAK). bomora mpuypodeHbl K OTpULATENBHBIM (opmaMm pernbeda
(MOHMKEHUAM MEX]Iy MOJIOKUTEIbHBIMU (popMamMu penbeda HIM pedyHbIM JoiuHam). Ha
WCCIICIOBAaHHON TEPPUTOPUU BCTPEYAIOTCS KaK TOpPQSHBIE ONUTOTPOPHBIE IOYBBI, TaK H
Top(siabie 3yTpodHbIe MouBbl. [I0KpOB carHoBbrIMH MXxaMu Ha OojoTax cocrasiser 95-100 %.
IIpoekTHBHOE MOKPBITUE TPABSIHO-KYCTAPHUYKOBOI'O sipyca CHJIbHO pasHuTcs: oT 15 no 80 %.
Jns 6onoto [TATHULKUI MOX XapaKTepHO HAJIMYUE B JOMUHAHTAX COCHbI OOBIKHOBEHHOU Pinus
sylvestris, xapnukoBoil O6epé3nl Betula nana n TpoCTHUKA OOBIKHOBEHHOTO Fragmites australis

(pucynok 20).

Pucynok 20. IloHmkeHHE C COCHOBBIM €PHHUKOB-HBOBO-TPOCTHHUKOBBIM C(ParHOBBIM

COOOIIIECTBOM Ha TOPPSHBIX ONMUTOTPO(DHBIX MoYBax (GoTo aBTOPA).
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Coobwecmea nechvix IKOCUCTEM UCCIe008AHHOL MepPpUmMopun

B ycii0BHO-()OHOBBIX JIECHBIX JKOCHCTEMax 3ajoxeHo 11 mpoOHBIX TUTOHmAACH Ha
paccTtossHUM 4-7 KM OT MPOU3BOJCTBEHHON TeppUTOpHH. BCce 3T 3KOCHCTEMBI pacnoyiararoTcs
Ha peuHou Teppace peku Jlyra. [loacTunmarommMy MNOpOJaMU  BBICTYNAIOT —CIEAYIOIINE
reojoruueckue o0pa3oBaHUS: CHUBEpCcKas CBUTa (IJIACTHMYHBIE TJIMHBI C  MPOCIIOSMHU
AJICBPOJIMTOB); JIOKATUCTKAs M TUCKPECKas CBUTHI (TJIMHBI U AJEBPOJIUTHI); cabJIMHCKAasT CBUTA
(meckn W TeCYaHWKU) W TOCHEHCKas, JIEITCETCKas M KOMOpCKas CBUTHI (IIECKH, MECUYaHUKH,
apruIUTHl U TIMHBL). CIIUCOK THIOB MOYB JIECHBIX YKOCHCTEM TOXKE JOCTATOYHO Pa3HOOOpa3eH:
rJIeeBbIC TOYBHI (TJIEe3EMBI CEPOTYMYCOBBIE, IEPETHONHO-TIICEBBIE MTOYBBI), TUTO3EMBI (JIUTO3EM
CEepOryMyCOBBIN) M anb()erymycoBbIie TOUYBHI (IEPHOBO-TIOAOYPHI: TUITHMYHBIN, WITIOBHAIBHO-
T'YMYCOBBII TPyOOT'YMYCHPOBAaHHBIN M HJUTIOBHAIBHO-KENE3UCTHIN). OOIINM AJ1s JTECHBIX (aruii
SBJISIETCSI HAJIMYUE JIPEBECHOIO SIpyca, OTCYTCTBHE B JPEBECHOM SIPYyCE€ COCHBI €BPONEUCKOMN
Pinus sylvestris u uBbl Salix sp. (Kak Ha OTBaJiaXx), B JOMHUHAHTHI BBIXOJST €JIb €BPOIEHCKas
Picea abies (pucynok 21), 6epéza mymmucras Betula pubescens u ocuna Populus tremula.

IIpoekTHBHOE MOKPHITHE MOXOBO-IHILIAHUKOBOTO sipyca cocTasiseT 30-95 %.

Pucynox 21. Peunas Tteppaca ¢ €JOBBIM KHCIMYHO-3€JICHOMOIIHBIM COOOIIECTBOM Ha

JIepHOBO-1I0A0Ypax ((hoTo aBTOpA).
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Jlyzo6vle coobujecmea Ha cenbCKOXO3AUCMBEHHbIX NOJIAX ((hepMepcKux X03aicmeax)

Ha cenbCkoXO03sHCTBEHHBIX 3eMIISIX 3aJI0KEHO JBE MpOOHBIe Turomanu. [lepBas — Ha
pacctosHUM 4 KM OT MpPOU3BOJACTBA (pUCYHOK 22), BTOpass — Ha paccTosHuM 5 kM. Hx
0COOEHHOCTh B TOM, YTO OHHM HCIOJB3YIOTCS ISl TPOM3BOJACTBA (pepMepcKor MpOAyKIHH (B
YaCTHOCTH, JUISA BBIMaca U MPOKOPMa KPYITHOTO poraTroro ckora). [lomcTumarommmu mopogaMu
BBICTYIAIOT CJICIYIOIIUE Ie0JIOTHYecKre 00pa30BaHMs: CUBEPCKasi CBUTA (ILJIACTUYHBIC TJIMHBI C
IIPOCJIOSIMU  aJIEBPOJIMTOB) M JIIOKATUCTKAas M THUCKpPECKas CBUTHI (IJIMHBI U aJIEBPOJIMUTHI).
[TouBsl — nepHOBO-mOA30MUCTBIE. OOMmMMM Ui  JYroBbIX (amuii  sSBISIETCS  OTCYTCTBUE
JPEBECHOTO sIpyca, HAJMYKME B TPABIHO-KYCTAPHUYKOBOM SIpyCE JIIOTUKA €IKOro Ranunculus
acris, nam4atku rycuHou Potentilla anserina, 9uHBI TyroBoil Lathyrus pratensis, MBIIITHOTO
ropomika Vicia cracca, THICSYETMCTHUKA OOBIKHOBEHHOTO Achillea millefolium w xymbips
necHoro Anthriscus sylvestris. Ha mpoOHOW Tuiomaau Ha pacCTOSHUM 5 KM JOMHHAHTAMH B
JYTOBOM COOOIIECTBE SBJISIOTCS exa cOopHast Dactylis glomerata (cop 1), 6op pa3BecHCTHII
Millium effusum (cop 1), cHBITE OOBIKHOBEHHas1 Aegopodium podagraria (cop 1), 0COT moeBOM
Sonchus arvensis (cop 1), mamxkeTka oObIkHOBEeHHast Alchemilla vulgaris (cop 1). Ha Bropoit
POOHOI TUTOIAIN HA PACCTOSTHUU 4 KM IOMUHAHTOM siBisieTcsl BeWHUK Calamagrostis sp. (cop

3). Taxxe BCTpedaroTCsl OJlyBaHUMK JIEKapCTBEHHBIN Taraxacum officinale (sp), KIeBep IyroBou

Pucynok 22. Peunas teppaca ¢ BEHHHMKOBBIM JTYyTOM Ha JIEPHOBO-ITOA30JUCTHIX MOYBAX.
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BeiBoabI K ri1aBe 3

Tepputopust HcciIeOBaHUSA OTHOCHUTCS K IONKHOTAEKHBIM PAaBHUHHBIM JaHAmadram
ceBepa Bocrouno-EBponeiickoii (Pycckoii) paBHunbl. [loa 3HauuTEIHHON YacTbIO TEPPUTOPUU
3ajieratoT KapOOHATHbBIE MOPOAbI OPAOBHUKCKOrO MEPHUOJA, a TAKXKE PACIpPOCTPaHEHbI MOPOAbI
kemOpuiickue mopoxsl. [IpeobrmamaroT r0KHOE | 3amagHOe HampaBieHne BeTpa. Kimmar
HCCIJIEyEMOI0 PalioHa MOYKHO OXapaKTEpU30BaTh KAK YMEPEHHO TEIUIbIM, BIAXKHBIN, C MATKOU
3uMoi. PeuHas ceTh pa3BuTa, MPOOHBIE IUIOLIAM pAcHoJarajuch Ha BogocOOpax IBYX peK —
KpynHOTO BojoToka JleHuHrpaackoi obnactu — peku Jlyra u nputoka Jlyru — pexu Hotuka.
Uccnenyemass tepputopus otHocutTcsi K EBpomeiicko-3anagHo-Cubupckoil TaéKHO-JIECHOU
MOYBEHHO-KJINMAaTUYEeCKOH 00JaCTH, K TIOYBEHHOW 30HE JEPHOBO-NOA30JUCTBIX IOYB U
JIEPHOBO-TIOJI30JIOB  IOKHOM ~ TalrW, K IOYBEHHO-KIMMATHYECKOW (amuu  yMepeHHO-
npoMep3atronux 1oy, K Ilpubanrtuiickoil mnouBeHHo mnpoBuHIMM Ha MecTtopoxneHun
pacnpocTpaHeHbl PEIUIAHTO3EMBI, a Ha YCJIOBHO-()OHOBOH TEpPpUTOPUH alb(PEryMyCOBBIE,
rieeBble, TOpQsSHBIE U  TeKCTypHO-IupdepeHpoBaHHble MOYBBL.  PacTuTenbHOCTH
npecTaBieHa OepE30BBIMH M €JIOBBIMM JIECAMH. 3HAUUTENFHYIO pPOJIb B PACHpPOCTPAHEHUH
PacTUTEIBHOCTU UIPAET PACIOJIOKEHUE BOJHBIX OOBEKTOB, MOJACTUIIAIOIINE MTOPOAbI, TOYBBI U

aHTPOIIOTEHHOE MTPe0Opa3oBaHue TEPPUTOPUH.
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I'maBa 4. I'eodkosiornyeckasi OLEHKA BO3AeHCTBUS MNPOU3BOACTB (ocPOpHBIX
yA00peHuil HA MOYBbI

4.1 CoBpeMeHHOE  JKOJIOTMYECKOE  COCTOSIHME  IOYBEHHOIO NOKpoBa
Kunrucennckoro mecropoxaenusi pochopuron

B mpouecce ncciaenoBanus 3K0OCUCTEM Ha U3y4aeMOW TEPPUTOPHUH BBIACIEHO HECKOJIBKO
TUIIOB PA3JIMYHBIX OOBEKTOB: MPUPOAHBIC — JIECHBIE, JYIOBbIE U OOJOTHBIE SKOCUCTEMBI — U
IIPUPOIHO-aHTPOIIOTEHHbIE — Ha OTBajie (oc@orurca, Ha MeCTe XBOCTOXPAHUJIMIL U Ha MECTe
PEKYJIbTUBUPOBAHHBIX KaphepoB MO A00biYe QochopuroB. Kapbepsl mHpu peKyIbTUBALUN
3aCBHINTAIUCH BCKPBIIIHON TOPOIOH.

JUis OLEHKH COBPEMEHHOTO 3KOJIOTMYECKOTO0 COCTOSIHMSI TOYBEHHOTO IMOKpOBa ObLIO
PEILICHO Pa3/IeNUTh TEPPUTOPHUIO MCCIICAOBAHHUS HA TPH YACTHU: YCIOBHO-(OHOBAsl TEPPUTOPHS,
TEPPUTOPUSL PEKYIbTUBUPOBAHHBIX OTBAJIOB BCKPBIIIHON MOPOJBI M TEPPUTOPUS KPYIHBIX
TEXHOTEHHBIX OOBEKTOB, TAKMX KaK XBOCTOXpaHWIHMINA M oTBan (hocdorurca. Pazmmume >THX
TpEX TEPPUTOPUH TOATBEPHKAAETCS CTATHUCTUYECKH 3HAYMMBIMU DA3IUYUSIMU  BBIOOPOK,
MPaKTUYECKH MO BCEM HCCIEAYEeMbIM XUMHUeCKUM 3ieMenTaM (U-kputepuit Manna-Yuthu). B
OCHOBE PalOTHI JIEKUT CJEIYIOIIEe MPEANOIOKEHHE: YCIOBHO-(OHOBAsT TEPPUTOPUS HE UMEET
(WM MpOSIBIIEHHME HE3HAUUTENIBHO) CJIEJ0B AHTPONOINEHHOrO0 BO3ACHCTBUS (BO3AEHCTBUA
npou3BOACTBA  (OCPOPHBIX  YAOOPEHHI); TEPPUTOPHUS  PEKYIbTUBHUPOBAHHBIX  OTBAJIOB
BCKPBIIIHBIX IIOPOJl PaHbIIE HAXOAWIACh IOJ CHJIBHBIM aHTPOIOI€HHBIM IIPECCHUHIOM, B
HACTOSIIIEE JK€ BPEMsI JaHHAsl TEPPUTOPHS 3apacTaeT JIECHOW PaCTUTEIbHOCTBIO U YACTUYHO YK€
OTHECEHAa K 3eMJIsIM JIeCHOro (hoHIa; TEeppUTOpPUS KPYIHBIX TEXHOTEHHBIX OOBEKTOB
XapaKTepU3yeTCss MaKCUMaJIbHBIM aHTPOIIOI€HHBIM BO3/IEHCTBUEM.

CoBpeMEeHHOE 3KOJOTMYECKOE COCTOSIHME IOYBEHHOIO0 IIOKpOBa OBLJIO OILEHEHO IO
COJIEPIKAHUIO TPEATOIaraeMbIX 3arps3HSIONMIUX BEHIECTB (TSKENBIX METauIoB, Topa, dhocdopa
U psala APYrux IMOKaszarenel) B CpaBHEHUU C (POHOBBIMU IMOKA3aTEISIMH, BCTPEUYAIOLIUMHUCS B
JUTEPAaTYypHBIX MCTOYHHMKAX M HOPMATUBHBIX JOKyMEHTax. Hekoropble pe3ynbTaThl JAHHOTO
nmojapasjena riaBel TpencraBieHbl B ctathe B Becthumke CIIOIY (EncykoBa, Henbaes,
Kyspmuna, 2022). B Hacrosmed auccepralii YTOYHEHbI M JOIOJHEHBl DPE3YJbTaThl,
onyOJIMKOBaHHBIE B cTaThe. B Tabmuie 6 mpuBeneHoO coaep:kaHue MOABUKHBIX (OPM TKEIbIX
metaisioB (TM) B mpobax mous.

Copepxxanue nmoaBmwxkHbIX Gopm TM 3aBUCHT OT MHOTHX (PAaKTOpPOB, B TOM YHCIE OT
KOJINYECTBA OCAJIKOB, U MEHSETCA OT roja K rogy Oojiee aKTHBHO, YeM BAJOBOE COJEp)KaHHUE
3JIEMEHTOB, TEM HE MEHEE, MX COAECpPKAaHWE HOPMHPOBAHO U SIBIISETCA BA)XKHBIM IOKA3aTEJIEM
9KOJOTMYECKOTO  COCTOsIHUSL ~ moyB.  [lomyuyeHHble — pe3ylbTaTbl  CPAaBHUBAIOTCA  C

OpHUEHTHUPOBOYHOM / mpenenpHo pomyctumoin koHneHnTpamnueit (OUK / ITIJIK) mis mous. Taxxke B
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KaueCTBC BCJIIMYUHLBI IJId CPaBHCHUSA HCIIOJIb30BaHa MEAWaHa COACPIKAHUA IOABUIKHBIX (i)OpM

AJIEMEHTOB B MOYBax I0KHOU Tairn bapentupernona (Salminen et al., 2004).

(B YUCIIUTCIIC — CPCAHCC 3HAUYCHUC, B 3BHAMCHATCJIC — MHHUMAJIBHOC — MaKCI/IMaJ'IBHOC).

Tabmuma 6. CoaepkaHue NOABIKHBIX (OPM TSDKEIBIX METaUIOB B IOYBAX, MI/KT

ool —
< o % o I s
- g 3E@ g — & y 5 I _
= S5 E o sE2L = 32 ¢ = S .S
: B8 | 2EES 5 | 253 S =E2:
2 SEEE | 5027 S g 223 2 i
® s’ S22 8 R R = : &
o = S = E 1
35 50 50 45
Ba 5-110 2,5-190 2,5-300 30 - 34,5
od 0.10 0.30 0.80 030 ] ]
0,02-0.40 0,02- 0,60 0,02-1.50 0,30
025 0.25 025 0.25
Co 0,25-0.25 0,25-0.25 0,25-2,00 0,25 3.0 0,25
pH 5.1-6.0
80 (mmst
i 36.0 160.0 67.0 98.0 ‘1";?‘;32"8) i
5,5-141,5 6,0-432,5 1,0-249.0 54,0 11)00 i
aHTpOHOFCHHO
HapYIICHHBIX)
i 0.5 0.5 2.0 1.0
Ni 0.25-5.0 0.25-1,5 0.25-20,0 0.5 4,00 0.6
2,0 2,0 3.0 2,5
Pb 0,5-5.0 0,5-11,5 0,5-35,0 1.5 6,00 -
0.5 0.5 1.0 0.5
Cr 0,25-2,5 0,25-4,5 0.25-11,5 0,25 6,00 -
2,0 3.0 4,0 3.0
Cu 0,5-6,5 0,25-6 0,5-12,0 3,0 3,00 -
386 66 26 162
Fe 11-2080 0,5-524 1-119 46 - 28
v 2.5 2.5 2.5 2.5
2.5-10 2,5-2,5 2.5-10 2,5 ) )
5.5 5.0 10,0 6.0
Zn 1.0-27.5 1.0-26 1,0-37.5 3.0 23,00 22,8
o 9.5 9.0 7.5 22.0 _ _
1,5-53,5 2,5-17,0 3,5-377,0 8,0

IIpumeuyanne. IlokazaTenu A JABYX MOCIETHUX CTOJOLOB B3AThl u3: IlocTaHOBIEHHE TJIaBHOTO

rocyziapcTBeHHoro canutapHoro Bpada P® or 28.01.2021 N 2 «O0 yTBep>KAEHUM CaHHTapHBIX NPAaBUI U HOPM

CanlluH 1.2.3685-21...» (w1 OJK / ITAK), a Takxe (Salminen et al., 2004).

B uenom, cogepxanue MOABMKHBIX (OPM TSDKETBIX METAJUIOB HE MPEBBIIACT (POHOBBIX

3HaueHui 1 bapeHupernona (kpome Oapust U kenes3a). XapakTepHO, YTO COJAEpKaHUE Kelle3a

Ha YCJIOBHO-(OHOBOI TEpPpUTOPUHU BHIIIE, YEM HA AaHTPOIOreHHO-HapylleHHBIX. CpenHee

coZiep)KaHUE jKele3a Ha TEXHOTeHHBIX OOBEKTaX COCTaBIseT 26,5 MI/Kr, a Ha NPHPOIHBIX

Tepputopusix B 14 pa3 6onbiie — 386,5 mr/kr. Copepkanue 6apus B cpeiHEM COCTaBIsieT 45

mr/ KI', MAKCUMAJIbHOC COACPIKAHUC Ha6JIIOI[aCTCSI B MMOYBaxX KPYMHbIX TCXHOICHHBIX 00BEKTOB U

nocturaet 300 MI/Kr.
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CpenHee cojlepkaHue MOJBWKHBIX (OpM KaJaMusi B I0YBaX, CPOPMHUPOBAHHBIX Ha
TEXHOTeHHBIX 00BeKkTax, coctapnsieT 0,8 Mr/kr u gocturaer 1,5 MI/Kr B €IMHUYHBIX MMpoOax Ha
TEXHOIeHHbIX 00bekTax. [Ipu sToM nokanbHbIi GoH kagmus B cpenneM 0,1 mr/kr. [IpeBbliienue
CONEpKaHUSI TOJBMXKHBIX (OpM KaaMusi B MPHUPOJHO-AaHTPOIIOTEHHBIX KOMIUIEKCAX Haj
MPUPOIHBIMU HaOIIOAaeTCcs B HECKONbKO pa3. [loaBukHble KOOAIbT U XpOM OOHapy>KEHbI B
HE3HAUYUTEJbHBIX KOHLIEHTPALUAX, HE IPEBBIIIAIONIMX HOPMAaTHBBI. YCTAHOBJIEHO, YTO Ha
YCIIOBHO-(DOHOBOW TEPPUTOPUU CYLIECTBYIOT IPEBBILICHUS O MapraHily, HUKEIO, LHUHKY U
Menu. Ha pexynbTHBUPOBAHHBIX OTBajdax BCKPBIIHOW Mopoabl ecTh mnpeBblieHus [TIK mo
Maprasily, Mey, CBHHILy U IMHKY. B mouBax Ha orBaine (ocdorurica u Ha XBOCTOXPAHHIIHILE
3aduxcupoBanbl npesbimieHus [1/IK mo mapranity, Meau, CBUHIYy, HUKEIIO, XpOMY U LIUHKY
(EncyxoBa u ap., 2022).

B tabnune 7 u Ha pucyHke 23 mpencTaBiIeHO BAJIOBOE COJACPKAHUE B MOYBAX TSHKEIBIX
METAJUIOB W 3HaYeHHs KUCIOTHOCTU. [lomydennsie pesynbraTsl cpaBHuBatorcs ¢ OJIK / ITAK
st mouB. s HexoTopeix anementoB BenuwduHbl [1/IK / OJIK 3aBHCAT OT MEXaHHYECKOTO
cocTaBa M KHUCIOTHOCTH Mo4B. [lo MexaHMYecKOMy COCTaBy MOYBBI KPYNHBIX TEXHOTI'€HHBIX
OOBEKTOB SIBJISIFOTCSI CYNECSIMHM, YCJIOBHO-(DOHOBBIX TEPPUTOPUN U PEKYJIbTHBUPOBAHHBIX
OTBAJIOB BCKpPBIIIHOM nopoabl — cyriauHkamu. Ilommmo OJK, B kadecTBe BENUYMH IS
CpaBHEHHs ObUIM B3STbl MEAHMaHA COJCpPXKAHUS dBJIEMEHTa B II0YBAaX IOKHOM Tailiru
Bbapenuperuona (Salminen et al., 2004) u 30HanbHBIN (OH 11 TOA30MUCTHIX 1T0uB (CaeT u 1p.,
1990).

pHka ot 3,9 no 6,7 (OT CUIBHOKUCION 10 HEUTpPaIbHOM peakiMu) MpU CPEeIHEM
3HaueHnH 4,9 XapakTepHa i MMOYB yCIOBHO-(OHOBEIX Teppuropuit, pHkcy ot 5,7 mo 6,9 mpu
cpeaHeM 3HaueHuW 6,4 (0T ciabokucioi 10 HeTpanmbHON peakuuu) — anst TIIO kpymHBIX
TEXHOTEHHBIX O00BEKTOB. Ha wucciaenoBaHHONW TEPPUTOPUM AHTPOIIOTCHHAs JEATEIbHOCTh
MPHUBOIUT K moAmenauynBanutio nous (Encykosa u ap., 2020).

Bo Bcex mouBax B JaHHOM peruoHe HaOJro/aeTcs MOBBIICHHOE Co/iep)kaHue Oapus — B
cpenHem okojo 500 mr/kr, uro B 10 pa3 Oomblie cpemHero coAepKaHHs B TMOYBaX MHUpa
(50 mr/kr). CpenHee 3HaYeHHE Ha YCIOBHO-(pOHOBOM Tepputopuu cocraBiser 507 Mmr/kr, Ha
OTBaJIC BCKPBIIMIHOW moponbl — 543 wmr/kr, a Ha otBaie ¢ochorunca — 354 wMr/kr.
MaxkcuManbHOe cojiepaHuie Ha0ronaeTcs Ha oTBaie pocdorurca u JoCTUraeT 876 Mr/xr.

Kanmuii HakamnmBaeTcss Ha CKJIOHaxX oTBaia (ocdorurnca U Ha XBOCTOXPAHWIIHILE,
OJIHAKO HHMKAaKWE€ HOPMAaTHBHBIE IIOKA3aTelIM €ro CoAep)kKaHue He IpeBblliaeT. Ha KpymHBIX
TEXHOTCHHBIX O0BEKTax KaaMusa coaepxkurca B cpeaHem 0,27 MI/kr, MakcHUMajabHas
koHeHTpanuss — 1,54 mr/kr. [IpoGnema onpeneneHuss 1 HOPMUPOBAHHS KaJMHUS B MOYBE €IIle

He pemrena (ITnexanosa, 2010).
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Tab6muma 7. BanoBoe copeprkaHue TSKEIBIX METALIOB B TIOUBAX, MI/KT (B UACTUTENEC —

cpelHee 3HaUEHUE, B 3HAMEHAaTelle — MUHUMalbHOE — MakcuManbHoe) (EncykoBa, 2022).

5@ : 2 P g 2 Z
2T = 2 S =0 | oEzE_ e |Bg |E¢
- Z = 2z 8 1 2L X252 Ez |25~ =83
5 & = 2EER =G g2 HEE8EEE (=23 BEE
= -y £ EZQ P = 5 g 9'&85385 2ER| &S
2 25 EoE= : 8 g X EEES25 | 288 25¢
M 2= a0 = 5 9 == f:(go“ad)xo 5 5 22
s g =2 &8 58 |Egg5°B  |EE | g
S % g g 5} W= 3] < » g MR
R S - 2 E
Ba 307 343 354 498 - (f[g:-g?g)l 84,30
84-687 249-837 108-876 564 ’
MHpa)
0,26 0,16 0,27 0,21
cd 0,06-0,64 0,08-0,52 0,04-1,54 0,14 1.00/2.00/0.5 0,70 0,41
3.0 7.0 3.5 3.5
Co 1,5-9,0 2,5-18,5 0,5-7,5 5,5 i 8,40 2,40
29 28 32 29
cr 4-62 9-45 1-103 29 - 180,0 | 6,17
13 11 16 13
Cu 504 6-19 1263 1 66.00/ 132.00 /33 15,30 9,69
Fe % 25680 16410 21175 i ) 3750
10080-49350 448-32970 21140
33810
216.0 776.0 355.5 526.5
Mn 86,0-458,0 240-3562,5 9,0-852,0 472.5 1500 713 524
. 12 13 22 15 40,00/ 80,00 /
Ni 5-23 423 1105 13 20,00 23,20 | 607
28 20 14 21
Pb 19-47 1126 595 2 65.00/130.00/ 32 11,50 24,20
0.3 0.4 0.4 0.4
Sb 0,2-0,7 0,1-0,7 0,1-1,9 0,3 4,50 0,34 0,18
S 63 7.0 3.4 62 ] ] ]
1,2-12,4 2,8-9,6 0,4-7,2 6,8
92 171 2381 S64
St 36-142 82-434 65-17000 132 i 238,00 22,70
40.0 47.5 55.0 47.5
Vol 75900 20,0-82,5 252175 45.0 - 63,50 | 11,30
43 51 37 46 110.00 /220.00 /
Zn 12-100 18-173 4-107 45 55.00 41,30 >1,10
pH 5,88 7.42 6.86 3 B 3 3
(Bom.) | 5,07-7,01 6,59-8,00 5,49-7,40
pH 4.89 6.88 6.43 3 B 3 3
(com.) | 3,85-6,71 6,29-7,30 5,71-6,93
* Tlo: SAxuny, 2007.
Ipumeuanue. [Tokazarenu ansd ABYX TMOCIHEAHUX CTONOWKOB B3ATHI u3: (Caetr u ap., 1990) — ms

3oHaIBHOTO (oHa; (Salminen et al., 2004) — a5t mOYB rOXKHOM Taiiru bapeHiperuona (Menquana).

CopneprkaHue BaloBOro ko0aiabTa B CPETHEM COCTABIAET 5,5 MI/KT, 4TO HUXe (oHA IS
MOJ30JUCTHIX TOYB (8,4 MI/KkT), a MakcumyMma (18,5 Mr/kr) mocturaer Ha peKyJIbTHBUPOBAHHBIX
OTBajJlaX BCKPBIMIHBIX MOpoJ. B memom, koOalbT MO TEPPUTOPUH HCCIEIOBAHUS pacHpeesieH

paBHOMEPHO.
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Pucynok 23. BayioBoe cojepxaHue TSOKEIBIX METAUIOB (MI/KT) Ha YCIOBHO-(DOHOBOM

TEPPUTOPUHU, HA TEPPUTOPUU DPEKYJIBTHBUPOBAHHBIX Kapbe€pPOB M HA TEPPUTOPUHU KPYIHBIX

TEXHOIEHHBIX OOBEKTOB. I[I/IaI‘paMMa MOKAa3bIBACT pacnpCACICHUC JaHHBIX II10 KBAapPTUIIAM.

BCpTI/IKaJ'II)HI)IG JIMHUW YKa3bIBAIOT Ha OTKJIOHCHUC 3a MNpcAcCiIaMUu BEPXHCTO W HUKHETO

KBapTWJIEH. 3HAKOM X YyKa3aHO CpeIHEe 3HAa4eHHE, a TOPU3OHTAJIbHON JIMHUEH — MeauaHa.
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OTcyTcTBHE JIMHMM HOpMaTHBa Ha rpaduke O3HayaeT, YTO 3HAUYEHHWE HOPMATHBA HAaXOAUTCS
BbIIlIe 0003HAUYEHHBIX HA OCH 3HAYCHUN

Eme oauH »2neMeHT, KOTOpPBIM HMMEeT TEHACHLIHMIO K HAKOIUICHHIO B paloHe
pacnionoxeHus: oTBaia (ocdorurnca ¥ XBOCTOXpaHWIHIA, — 3TO XpoM. OH OTHOCHUTENBHO
PaBHOMEPHO pacHpOCTpaHEH Ha TEPPUTOPUM MCCIENOBAaHUS, €ro CpeJHee CoJiep)KaHue
cocraBisier 29 MI/Kr, Ha KpPYIHBIX TEXHOTEHHBIX OOBEKTaX IPOCIEKUBACTCS HEKOTOpas
TEHJECHIINS K MOBBIILIEHUIO, €T0 MaKCUMaJIbHOE cojiepykaHue pocturaet TaM 103 mr/kr.

ConepxaHue Menu B CpPEIHEM COCTaBisieT 13 MI/KT M MakcUMyma JOCTUTaeT Ha
KPYITHBIX TEXHOTEHHBIX 00BEKTaX — 63 MI/KT, 4TO B 4 pa3a MpeBbIIIACT 30HATBHBIN (OH.

BanoBoe kene3o MO TEPPUTOPUU HCCIIEIOBaHUS PACIPENEIeHO OTHOCUTEIbHO
paBHOMepHO. Ero cpenHee conepkanue B moyBax cocrapisieT 21175 mr/kr.

Mapranen; Ha YCIOBHO-(OHOBOW TEPPUTOPUM MPEICTABIEH B CPEIHEM B KOJIUYECTBE
216 mr/kr. OqHAKO HA XBOCTOXPAHWIHINE U OTBajie (ocOorurca ero cojaepxaHre BO3pacTaeT B
1,5 pasa, no 355,5 mr/kr. Ha pekynbTHBHpPOBaHHBIX Kapbepax COJAEp)KaHHE MapraHiia JJOCTUraeT
776 Mmr/kr (3T0 mouTH B 4 paza Oosble, YeM Ha ycIOBHO-(DOHOBOI TeppuTopuun). OQHAKO BCe
MI0JIy4Y€HHbIE 3HaUEHMsI HE IPEBBIIIAIOT 30HaNbHbIE PoHOBBIE U I1/IK a5 BanoBoro copepxaHusl.

ConepkaHue HHKENIs B CpPEIHEM COCTaBiIsgeT 15 MI/Kr, Ha KPYMHBIX TEXHOTEHHBIX
oOBekTax jgocruraetT makcumyma — 105 mr/kr, yto mpessimaer OJK B 5 pa3, a ¢oHOBOE
congepxkanue B 4,5 pasa. Cpennue 3HaueHus npesblmatoT OJIK ans KpynHBIX TEXHOT€HHBIX
O0BEKTOB 110 HUKEIIIO.

BanoBoe cogeprkanue cBuHIA B cpeHeM cocTtaBisgeT 21 mr/kr, yro Huxe OJIK u ¢dona.
OHO HECKOJBKO YMEHBIIAETCS Ha TEXHOTeHHBIX Tepputopusx (mo 15 mr/kr). CoxpepikaHue
CBHHIIA, BO3MOXKHO, CBSI3aHO C BO3/ICHCTBHEM aBTOMOOUIBHOTO TPAHCIIOPTA.

ConeprxaHue CypbMBbl BO3pACTaeT M0 HANPABICHHUIO K OTBasiaM (ochOorumca u J0CTUTaeT
1,9 mr/kr, uTo B mATh 5 pa3 npessimaeT GoH, HO He nocturaet [1/IK nms BamoBoro coaepkanus
(4,5 mr/kr).

B mHacrosmee Bpemsi CKaHIUNW HE OTHOCHTCA K DJIEMEHTaM, TUMNWYHBIM 7S
(bOpMHPYIOLIUXCS B PA3TUYHBIX KOMIIOHEHTaX OKPY’Karolled cpeibl XO35SHCTBEHHO OCBOEHHBIX
paliOHOB TEXHOTECHHBIX Treoxumuueckux aHomanuii (AuuH, 2007). ComepkaHue CKaHIUS B
CpEeIHEM COCTaBIseT 6,2 MI/KT, YTO COOTBETCTBYET (HOHOBOMY (7 MI/KT).

Ha ycnoBHO-h0HOBOI Tepputopuu cpeaHee cofepkaHiue CTPOHLIUS COCTaBIsAET 92 MI/KT.
IIpu 3TOM Ha OoTBanaxX BCKPBILIHON MOPOJBI CPEHEE 3HAUECHNE YBEINUUBAETCS MIOYTH B 2 pa3a U
cocraBiser 171 mr/kr. Ha ckinonax otBana ¢ocdorumnca Habm0gaeTcs aHOMaNbHAs CUTYallMs.
Cpennee conmepkanue cTpoHuuss — 2381 MI/Kr, 4TO Ha MOPSIOK OOIbINe 30HAIBLHOTO (OHA

(238 mr/kr) m kmapka (340 Mr/kr), a TaKKe MPEBBHIIIACT BEPXHIOI TPAHUIY HOPMAIHHOTO
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coJiepkaHusl BajioBoro crpoHuus B noyBax no B.B. Koaiasckomy (600 Mr/kr), u30bITOUYHBIM
cuntaercs coaepxkanue 600—1000 mr/kr (KoBanbckuit, 1974), npu MUHUMaJIBHOM — 65 MT/KT, H
MakcuManbHOM — 17000 r/kr. JlaHHble pe3ynbTaThl MOJHOCTHIO IOATBEPHKIAIOT BBIBOJIBI
OpelbIAYIINX —HcclefoBaTesed O 3HAUUTENbHOW aKKyMYJSIIMKM CTPOHLMA B  OTBajlax
docdorurca.

Bananus Gonbllie BCero CoAepKUTCS B IOYBAaX Ha CKIIOHE oTBaja (ocdorurca u Ha
XBOCTOXPAHIINIIE — CPEIHEE COAEpKaHUEe JOCTUTaeT 55 MI/Kr, a MakcumanbHoe 217,5 mr/kr
mpesbrmaer  [IJIK B 2 paza. Ha ycnoBHO-QOHOBOW TeppUTOpMM W B IOYBax
PEKyJIbTUBUPOBAHHBIX KapbepoB BaHausl MeHble — 40 u 47,5 MI/Kr, COOTBETCTBEHHO.

[luHK paBHOMEPHO pacIpPOCTPaHEH IO TEPPUTOPUU HCCIEIOBAHUS — €ro cpejiHee
cogepkanue 46 MI/KI' TPUMEPHO COOTBETCTBYET (POHOBBHIM 3HAUYEHHUSAM. Y CTAaHOBJIECHO, YTO
MaKCHMaJbHOE CO/IepKaHKHE BAIOBBIX (opM Oapus, KaAMUsI, MEIU, HUKEIs, CYpPbMbl, CTPOHIIHS,
BaHA/Ws, LMHKAa XapakTepHO /s IO0YB, OTOOpaHHBIX Ha oTBaie Qocdorumnca u Ha
xBocTtoxpaHuwiuiie. Kobanbr, Mapranen, CBHHEL, CKaHAWW PaBHOMEPHO DPACIPOCTPAHEHBI IO
TEPPUTOPUU UCCIIEA0BAHUS.

[To pesymbraram pacdera Kod(pGUIMEHTa BapuUalMM, HHU3KUM BapbHUPOBAHUEM
(ko3¢ ¢unment Bapuaru MeHbine 30 %) xapakTepu3yroTcs BaJloBble OapHii U CBUHEII; CPeTHIUM
(koo dunuent Bapuaruu 30-60 %) — KoOanbT, XpoMm, Kene30, MapraHell, CKaHAWM, IUHK;
BbICOKUM (k03¢ ¢urent Bapuanuu 60—100 %) — menp, HUKENb, CypbMa, BAaHAAUN; aHOMAJIbHO
BBICOKUM (K0d(uuumenT Bapuanuu 6ombine 100 %) — xaaMuil 1 CTpOHLIUH.

B Ttabnuue 8§ u Ha pucyHke 24 NpelncTaBleHO COJEpXKaHWE B MOYBAX OPraHUYECKOTO
BEIIIECTBA, BaJIOBOE cojepikaHue ¢ropa, dochopa U cepsl U CoAepKaHUE BOJIOPACTBOPUMBIX
(bopM KabIysl, XJI0pa, Kalaus, MarHusi, HaTpUsl aMMOHUHHBIX M HUTPATHBIX (hopM a3ora.

ConepxaHue OpPraHMYECKOrO BeEIIeCTBA B IMOYBaX Ha YCIOBHO-()OHOBOW TEPPUTOPHUH
BbIIIIE, YEM B IIOYBAaX AHTPOIIOTE€HHBIX 00BEKTOB. lccienoBaHHbIE MOYBBI XapaKTEPU3YHOTCS
BBICOKHUM COJICpPKaHHEM KalbLUs, CpeJHee COJepKaHUuEe KOTOpOoro coctapisieT 14225 MI/KT.
XJop pacnpocTpaHEH pPAaBHOMEPHO IO TEPPUTOPUM HUCCIEAO0BaHMSA, NpUUEM HaOIr0AaeTCs
CHIDKEHHME KOHLIEHTPAIMHA Ha KPYIHBIX TEXHOI'€HHBIX 00BEKTaX.

Ha ycnoBHO-(GOHOBOI TeppUTOPUM COAEpKAaHHE COEIUHEHUH (Topa HE BBIXOIUT 3a
npenensl 1100 mr/kr, a B cpeanem cocrasnger 330 mr/kr. [Ipu aToM cpeaHee conepkaHue Ha
PEeKYJIbTUBUPOBAHHBIX OTBAJIaX BCKPBIIIHOM mopoabl gocturaer 870 MI/Kr, a Ha KPYMHBIX
TEXHOTEHHbIX 00BekTax — 1513 wmr/kr. MakcumansHoe coaepkanue ¢ropa ObLIO
3aUKCHUPOBaHO B MMpode, oToOpaHHoU Ha oTBasie (ocorunca. OHO coctaBmiio 2860 MI/KT U B

10 pa3 npeBbICUIIO 30HATBHBIN (POH AJIs MOI30IUCTHIX OYB.
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Tabmuna 8. CopaepkaHue MakKpOd’JIEMEHTOB B IOuYBax (B UMCIUTENE — CpelHee

3HA4YCHHC, B 3BHAMCHATCJIC — MHWHHUMAJIBHOC — MaKCI/IMaJ'IBHOC)
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(n=5) (n=15) (n=8) (n=28)
fynye (€. 8.7 52 40 55 - - -
’ 2,2-17,0 1,0-8,8 0,6-8,1 5,5
(n=6) (n=3) (n=9)
Ca*, Mr/xr H.I. 400 27800 14225 - 720 5150
25-2300 8350-53250 9962
(n=13) (n=15) (n=15) (n=43)
C1*, Mr/kr 29 28 7 27 — — —
12-47 9-68 22-34 23
(n=14) (n=24) (n=T7) (n=45)
F, mr/xr 330 870 1530 830 - 208 -
120-1110 180-2070 540-2860 600
(n=13) (n=15) (n=15) (n=43)
K*, mr/kr 27 110 151 92 - - 806
4-97 13-562 12-475 36
(n=6) (n=3) (n=9)
Mg*, mr/kr H.J. 832 231 631 - — 513
23-4377 31-362 50
(n=13) (n=15) (n=15) (n=43)
Na*, mr/kr 2800 10300 4634 6221 - - 61
H.1.—13600 620-68800 H.1.-33060 2527
(n=13) (n=15) (n=15) (n=43)
NH,*, Mmr/xr 7 32 24 22 - - -
1-27 2-345 4-87 9
(n=13) (n=15) (n=15) (n=43)
NO;*, Mr/kr 2760 6801 5082 5208 - - -
470-5780 27-51411 9-25590 2874
(n=14) (n=24) (n=T7) (n=45)
P, Mr/xr 1245 4535 8148 3897 - 700 927
2155370 484-17908 3080-13904 2376
(n=14) (n=24) (n=T7) (n=45)
S, Mr/kr 500 800 650 750 160 720 1640
H.4.—1150 H.4.—2200 H.4.—1100 H.4.

[Ipumeuanue: H.7. — HET JaHHBIX; * — BogopacTBopuMas hopma

Ha Bceili Tteppuropuu wuccnenoBanus ¢Gocdop pacmnpocTpaneH mnoBceMecTHo. [lo

comepkanuio ¢docopa Ha BCell TEPPUTOPUM UCCIEAOBAaHUS HAOIIOJAETCS MPEBBILICHHE

W3BECTHBIX (DOHOBBIX 3HAYCHHH. DTO MOXKHO OOBSCHUTH TEM, YTO JIAHHBIA PETUOH PACIIONIOKEH B

paiione Kunrucenmckoro mectopoxiaeHust ¢ochoputoB. Ha ycnoBHO-hoHOBOM TeppuTopun

cpennee conepxkanue ¢ochopa cocraBisier 1215 MI/Kr, Ha peKyJIbTUBHPOBAHHBIX Kapbepax

HaOmoaeTcsl yBenuueHue cojepxanus ¢ochopa mo 4535 MI/Kr, Ha TEPPUTOPHUH KPYIHBIX

AHTPOIOTEHHBIX 00BEKTOB — 110 8148 Mr/kr. MakcuMalibHOE 3HaYeHUE Ha PEKyIbTUBUPOBAHHBIX

Kapbepax pocturaet 17908 mr/kr, 4to B 25 pa3 npesblmaet (oH.
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Copep:xaHue BOAOPACTBOPUMBIX (OPM KaiHsl UMEETCS TEHACHLHI0O K HAKOIJICHUIO Ha
TEXHOTeHHbIX O0BekTax. Ha yciaoBHO-(OHOBOI TEppUTOPHUM OHO COCTaBiseT 27 MI/KT, Ha
PEKYJIbTUBUPOBAHHBIX OTBaJlax BCKPBIMIHON mopoasl — 110 Mr/kr, a Ha otBane ocdorumnca u
XBOCcTOXpaHWIuIax — 151 mr/kr. MarHuii HakamauBaeTcsl NMPEUMMYIIECTBEHHO Ha OTBaJlax
BCKPBIIITHBIX MOPOJT (832 MI/KT — YTO MPEBBIIIACT MEAUAHHOE 3HAYEHUS JIJISl TTIOYB FO’KHOW TalWTH
bapenuieBa pernona), kak u Hatpuit (10 10300 mr/kr). CoenmuHeHus a30Ta TOKE HAKATUTMBAIOTCS

Ha PEKYJIbTUBHUPOBAHHLIX OTBAJIaX BCKPLIIIHBIX ITOPOI.

F P
3000 20000
2500 == 'I'
2000 T 15000 =
1500 e 10000 o
1000 % X =
500 = 5000
0 = 0 ==
S
2500 MakcumanbHoe 3Ha4yeHue
2000 T —75% KBapTUnb
w— CpeaHee apudpmeTuyeckoe
1500 —MeguaHa
_ : 25% KBapTUNb
1000 L % \\““‘“M MHUMaNbHOE 3HaYyeHue
500 X =
'F
0
O YcnosHo-poHoBas Tepputopus [ Tepputopuu pexkynsTMBMpOBaHHbIX Kapbepos

] Teppuropuu KpynHbIX TEXHOrEHHbLIX OBLEKTOB =mmm HopmaTue (MK uau pernoHanbHbii doH)

Pucynok 24. Conepxanue ¢topa, ¢ochopa U cepsl (MI/KI) Ha YCIOBHO-(OHOBOM
TEPPUTOPUHU, HA TEPPUTOPHH PEKYJITUBUPOBAHHBIX KAPhEPOB M HA TEPPUTOPUU KPYIMHBIX
TEXHOTEHHBIX OO0BEKTOB. JlMarpamMma IOKa3bIBae€T pAacHpe/eiieHHe TaHHBIX [0 KBapTHIISM.
BepTukanpHple JIMHUM YKa3bIBalOT Ha OTKJIOHCHHE 3a TMpeAeliaMH BEPXHET0 U HHUKHETO
KBapTHJICH. 3HAKOM X yKa3aHO CpellHee 3HAYCHUE, a TOPU3OHTAIBHON JIMHUEH — MeraHa

Cepa OYeHb aKTHBHO HAKAIUTUBAeTCS B TOYBAaX BCEH WCCIEIOBAHHOW TEPPUTOPHH,
0coOeHHO Ha CckioHax oTBana (ochorunca. Ha Ttpex mnpoOHBIX IUIOMAASX OOHAPYKEHO
mKBajgbHOE coepxkanue cepbl — 16900 mr/kr (ycmoBHO-hoHOBast Tepputopusi), 11500 mr/kr
(peKyIbTUBHPOBAHHBIE OTBaJbl BCKPBIMIHONW moponabl) U 17800 mr/kr (otBanm ¢ocdorurca).

3HaueHUs II0 COACPIKAaHUIO CCPbI B IIOYBAX B Ta6JII/II_Ie 8 mocuuTaHbl 0€3 STHUX 3HAYCHHM.
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CpenHee cojep:kaHue cepbl YBEJIMYMBAETCS OT YCIOBHO-()OHOBOM TEPPUTOPUH K OTBajam

docdorurnca u B cpeaHem cocrapisier 750 Mr/kr, uro mouty B 5 npessimaet [1JIK.

Koadpounuentsr konuentpauuu (Kk) XUMHYECKMX 3JIEMEHTOB B 30HE BO3JEHCTBUS

npennpustus «Dochoput» mpencTaBieHsl B Tadnuie 9.

Ta6muma 9. Koaddunuents! konneHTpanuu Kk BatoBoro comepkanusi XMMHYECKIX

AJIEMEHTOB B 30HE Bo3/eiicTBus npeanpustis Gochoput

Teppuropus /
CTaTUCTUYCCKUI
MoKa3aTeib

Hopmarus

KoaddummerTs! KOHIIEHTpaMK YIEMEHTOB
(Yka3aHbI B CKOOKax)

Bcs Tepputopus (cpemee)

3oHanbHEIH (HOH
TO30JIUCTHIX TTOYB
(o 10.Caery)”

Sb (1.1), Zn (1.2), Pb (1.8), F (4.1), P (5.8),
Ba (10.6), Ca (19.8)

TexHOTeHHBIE 0OBEKTHI
(oTBan gocdorurca u
XBOCTOXPaHHJIHIIIE)
(cpennee)

3oHanbHBIH (HOH
HO/30JIUCTHIX TIOYB
(mo 10.Caery)”

V (1.03), Zn (1.2), Ni (1.2), Cu (1.4), Sb (1.5),
Pb (1.7), F (7.3), Ba (8), P (11.6), Sr (12.9),
Ca (38.6)

TexHoreHHBIE 0OBEKTHI
(otBan gocdorurmca u
XBOCTOXPAHUIIHUIIIE)
(MakcuManbHOE)

3oHabHBIH (HOH
HO/I30JIUCTBIX TIOYB
(o }0.Caery)”

Mn (1.2), Cd (2.2), Pb (2.2), Zn (2.6), V (3.4),
Cu (4.1), Ni (4.5), Sb (5.5), F (13.8), Ba (18),
P (19.9), St (71), Ca (74)

PexynpTrBHpOBaHHBIE
OTBAJIbI BCKPBIIIHON
TIOPOIEI (CpemHee)

3oHanbHBIH (HOH
MOJJ30JIMCTHIX MTOYB

(o 10.Caery)”

Zn (1.1), Pb (1.7), F (4.0), P (6.4), Ba (10)

YcnoBHO-(hoHOBaS
TEPPUTOPHSI
(cpemmee)

3oHanbHBIHA (HOH
HO/I30JIUCTHIX TIOYB
(mo 10.Caery)”

Zn (1.2), P (1.3), Pb (2.2), F (1.5), Ba (12)

Bces Tepputopust (Mmennana)

CopepkaHre B IOYBax
FO’KHOM TalTu

Mn (1.1), Cu (1.4), Sb (1.6), Ca (1.9), Ni (2.2),
Co (2.5), P (2.6), V (4.2), Cr (5.1), Ba (6.3),

bapenuperuona

(venmana)” Sr (6.3), Fe (6.6)
Best reppuropust (cpennee) | OJK/TTIK™ S (2.7)
TexHoreHHbIE 00BEKTHI
(otBan docdorurnca u OJIK/TIIK™ S (3.9)
XBOCTOXPAHIITUIIIC)
(cpemmee)
TexHOreHHbIE 00BHEKTHI
(otBan gocdorurica n - V (1.5), Cu (1.9), Zn (1.9), Cd (3.1), Ni (5.3),
XBOCTOXPAHHIIHILIE) OAK/IIK S (6.8)
(MaxkcHMaILHOE)
PexynbTHBUPOBAHHBIC -
OTBAaJIbl BCKPBILIHOMN OAK/TIAK S (14.4)
opoibl (MaKCUMAaJIbHOE)
YcnoHo-(hoHOBas
TEPPUTOPHUS] OJK/TIAK™ S (6.9)
(MaxcHMaJIbHOE)

*(Caer u 1p., 1990).
** (Salminen et al., 2004).

stk

[ocranoBnenus: ['maBHOrO TOCymapcTBEHHOTO caHHUTapHOro Bpada P® ot 28.01.2021 N 2 «O6

YTBEPKIACHUH CaHUTApHBIX NpaBui 1 HopM CanlluH 1.2.3685-21...»
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Jlist pacyeta K03 GUIIMEHTOB OBLTN MCIOJIB30BAHBI: 30HAIBHBINA (DOH /IS TTOA30JIUCTHIX
nouB (mo HO.E. Caery), comepkaHue B mouBax IOKHOW Taiirm bapennpernona (menuana), a
TaK)Ke THTMEeHUYECKHE HOPMATHBBI.

N3 19 uzyuyennsix anementoB [1/IK / OAK ecth mas momoBuHbl U3 HUX (10 aeMeHTOB),
30HaJBHBIN (OH OmpeaenieH st 15 3eMeHTOB, MeAraHa CoJepPKaHus B TTOYBAaX FOKHOW TaWTH
bapennperuona umeercs ans 17 anementoB. Takum o0pa3om, Bce H3yueHHBIE 3JIEMEHTHI UMEIOT
HOpMaTHUBHOE WM (POHOBOE 3HAUEHUE Ul CPaBHEHUS. 30HAIBHBINA (POH JUIS OJ30JIUCTHIX MTOYB
U I0KHO-TaeXHbIX NOYB bapeHupernoHa B OOJBIIMHCTBE CIY4aeB HIKE TUTHEHUYECKUX
HOpPMaTHBOB.

3nauenuss Kk MakcuManbHOIO coJiepsKaHusl XUMUYECKUX AJIEMEHTOB B MMOYBAX KPYIHBIX
TEXHOTCHHBIX 00BEeKTOB, paccumtanHbie mo OJIK / IIJK, mokazamm, 4TO TUTHCHHYECKUE
HOpPMAaTHUBBI MPEBBILLIEHBL: s BaHaus — B 1,5 pasza; Ass Meau U LIMHKa — B 2 pa3a; KaaMus —
B 3 pa3a; HUKeIs — B 5 pas; cepbl — B 7 pa3; MOJABMKHOTO (hTopa — B 3 pasa.

CpenHue 3Ha4yeHHs] COAEpKAHMUS OJEMEHTOB B I[IOYBAX TEXHOTEHHBIX OOBEKTOB
NPEBBIMIAIOT TUTUEHHYECKHE HOPMATUBBI TONBKO Ui cepbl. Koadduuments koHIEHTpanuu
CPEIHUX U 0COOEHHO MAaKCHUMAJIbHBIX COJIEP’KaHUI AJIEMEHTOB B IIOYBAX KPYIHBIX TEXHOI'€HHBIX
OOBEKTOB IMOKa3bIBAIOT, YTO 3HAYEHHUS 30HAJIBHOTO (OHA [uIs OONBIIMHCTBA 3JIEMEHTOB
3HAYUTENIbHO MPEBbIIEHBI. [[1s1 n3yueHHOW TeppUTOpUr B CpeHEM (OH MPEBBILIEH MO IIUHKY U
Hukemo B 1,2 pasa; no menu — B 1,4 pa3a; no cypeme — B 1,5 pa3a; cBuHIly — B 2 pa3a; GTopy
— B 7 pa3; dpochopy — B 12 pa3; mo 6aputo — B 8 pa3; cTpoHIUIO — B 13 pa3; KampIuio — B
40 pa3 (tabmuna 9).

Ha ycnoBHO-(h)OHOBOI TeppUTOpPHH 30HANBHBINA (OH MPEBHIIIEH MO MUHKY B 1,2 pa3a; mo
dochopy — B 1,3 paza; mo ¢propy — B 1,5 pasa; mo cBuHIly — B 2,2 paza; no 6apuro — B
12 pa3. [1IK Ha yciioBHO-()OHOBOI TEPPUTOPHH MIPEBBIIICHA IO cepe B 7 pas.

Koad¢uimenTsl KOHIIEHTpALUA MEIUAHBl COJEP>KAaHUS JJIEMEHTOB, PacCUMTaHHBIE IO
MEJUaHe COJEp’KaHWs B II0YBaX HOKHOW Tauru bapeHUpervoHa, MpeBBIIAIOT EAUHULYY II0
12 anemeHTaM, B TOM 4HcCJe MO MEOU U CypbMe — B 1,5 pasa; mo KajubIUI0 U HUKETI0 — B
2 pa3a; no ko6anbTy U pochopy — B 2,5 pasa; 1o BaHagul — B 4 pasza; Xpomy — B 5 pas;
0apuIo U CTPOHIINIO — B 6 pa3; xkene3y — B 7 pas.

B nenom, nabGmronaercs mpeblimieHre (oHA Al OONBIIMHCTBA ANIEMEHTOB (i 13 u3
19 uccnenosannbix). Ecnu cpaBHuBaTh, Kk, paccuntannsie mo 3oHanbHOMY GOHY (CpemHee) u
I0KHO-TaeXKHbIM T0uBaM bapeHipernona (MenuaHa), COBHAJAIOT IO IEPEYHIO HJIEMEHTOB.
KoaddumuenTs, paccuutanHbie 1o MeauaHe HWKe, Oonee criaxeHHble. KoadduimeHTsr,

MPEBLINIAKOIINEC CAUHUILY, PACCUUTAHHBIC H II0 30HAJIbHOMY (bOHy (CpC,[[HCC) H II0 IOXKHO-
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TaeXKHBIM TIouBaM bapeHnupernona (MeamaHa), oTMeUaroTCs st Oapusi, Kaubius, ¢ocdopa,
¢dropa, CTpOHIIHS.

Ha pucynke 25 moka3aHO COOTHOIIEHHE MOJBMKHBIX ()OPM M BAJIOBOTO COJEP>KaHUS
HEKOTOPBIX TSDKENBIX METAJUIOB Ha HCCIIeNOoBaHHOW TeppuTopuu. K akTyanbHBIM 3aaadam
OTHOCUTCA TIOMCK 3aKOHOMepHocTed mepexoma TM w3 1aOMIBHOTO COCTOSIHHSI B
JIETKOOCTYITHBIC JJII PacCTeHUH u MUKpoopranu3MoB (opmer (HeBenpor u mp., 2018). Jlanubii
[IOKa3aTeNlb MO3BOJIAET OLEHUTh, B TOM YHCJE, JOCTYMHOCTh MHUKPORJIEMEHTOB ISl PAaCTEHUH.
[ToaBMKHOCTh PAaCCUMTHIBACTCS KaK OTHOIIEHHUS COJACPXKAHUS TMOIABMKHBIX (DOPM K BaJIOBOMY

COACPIKAHUTIO U BBIPAKACTCSA B IPOLCHTAX.

30

25

20

15 |
10
5 1
0 . . . . .
Ba Pb Mn Cu Ni Zn

YcnoBHO-(oHOBasA TeppuTopuss ' PeKynbTUBHpPOBaHHbBIE Kapbephl

B KpynHble TEXHOT€HHBIE 00 BEKTHI

Pucynoxk 25. IToaBux’HOCTB TSKENBIX METAJUIOB HA TeppuTopuu uccienosanus (%).

[IpouileHT NOABMKHBIX (OPM BO3pACTaeT C YBEIMUYEHHUEM BAJOBBIX COJAEPIKAHUU.
Manononsuxubsie (0—1 %) »1eMeHTB OTCYTCTBYIOT, cpeaHsisi mnoaBuxHOCTH (1-10 %)
XapakTepHa Juis 0apusi, CBUHIIA, HUKEIs W IUHK, noBbimeHHas (10-20 %) — ans mapraHia u
MeJH, BEICOKOTOIBIKHBIE (Oosiee 20 %) 371eMEeHTHI OTCYTCTBYIOT.

s OoJIBIIMHCTBA 3JIEMEHTOB MOABM)KHOCTh YBEJIMYMBAETCA C POCTOM CTENEHHU
AHTPOTIOTEHHON HApYIIEHHOCTH oOBbeKkTa (Oapuii, CBUMHEN, MapraHel, Meab, IHUHK). [IpomeHt
MOJBM)KHBIX (hopM Oapusi BEIHK TOJBKO HAa TEPPUTOPUHU KPYITHBIX TEXHOTEHHBIX 00BEKTOB (13
%), Ha APYTrUX TEPPUTOPHUSIX OH He mpeBbimaeT 6—9 %. IlponeHT moABMKHBIX (OpM CBHHIIA
JIOCTaTOYHO BBICOK Ha KPYIMHBIX TEXHOTEHHBIX 00bekTax. [Ipu conepkaHuy MOIBMXKHBIX (opMm 3
MI/KT BaJlOBOE cojepxkaHue coctaBiseT 15 mr/kr. [Ipu 3ToM Ha ycinoBHO-(OHOBOI TEPPUTOPUHI
BaJIOBOE COJIEpKaHUE CBUHIIA B CpeHEM 26 MI/KT, a TIOABMKHBIX (POPM BCETO 2 MIV/KT.

Y wMapraHia cuTyalusi TaKoBa: OTHOCHTEIBHOE KOJIHYECTBO MOJBIKHBIX (POpM

BO3pacTaeT OT YcJIOBHO-(poHOBOH Tepputopun (16 %) K peKyIbTUBUPOBAHHBIM Kapbepam
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(24 %), HO cHuXaeTcs Ha KPYNHBIX TEXHOTeHHBIX o0bekTax (15 %). Meap ornmyaercs
MOBBIIIEHHON MOJBM)KHOCTBIO Ha Bcell uccienoBaHHOM Tepputopuu. IloasmxHbie (opMel
HUKEJISI Ha UCCIICIOBAHHON TEPPUTOPUH COCTABISIIOT 6—7 % OT 00IIero copepKaHus, MpuIeM Ha
KPYIHBIX TEXHOT€HHBIX OOBEKTaxX NOJBIXKHBIX (opM dYyThb MeHbIIe. B mouBax oTBasa
¢docdorunca U XBOCTOXpPAHUIIUIIA OTHOCUTEIHHOE KOJMYECTBO MOJBHXKHBIX (OpPM IIMHKA —
21 %. Ha apyrux teppuTopusix JaHHBINA nokazaTtens He mpesbimaer 10—11 %. Takum obpasom,
aHTPOIOIeHHAsl AESITEIbHOCTh MO J00b14e (OoCHOPUTOB YBEIUUMBAET MOJBUKHOCTH Oapus,
Maprasiia, CBUHIIa, MEJI1 U IIMHKA.

B Xxome nuccepTallMOHHOrO MCCIEAOBAaHUS Takke OBbUIO IPOBEACHO OIpPEIEIICHUE
TOKCUYHOCTH MeTOJoM OuoTectupoBanus 1 60 mouBeHHbIX Mpod. B kauectBe TecT-oObekTa
BeicTynuina nabuus Daphnia magna Straus. HamOonbiiee kommdecTBO moruOmmx maduuit
3auKCHPOBaHbI B Mpobax moa Homepamu S5 u 8. B atux oOpasmax nmorubdau Bce nadunu. [Ipoda
ol HOMEpoM 5 otoOpaHa Ha orBaie Qocdorurca, B Hell 3a)MKCUPOBAHO BBICOKOE BAJIOBOE
conepkanue crpoHuus. [lpeBbillieHHe Haja CpeIHUM COAEpPKAHUEM CTPOHILIMS Ha YCIOBHO-
(oHOBBIX TeppuTopHsix — B 31 pa3, HaJ 30HATBHBIM (DOHOM IS TOA30JMCTHIX MOYB — B 12 pas.
[IpoGa 8 oroOpana Ha ycioBHO-(pOHOBOW TeppuTOpuM B Jiecy. B Hel Takke moruOimd Bce
napuuu. B nmaHHON mpoOe 3adUKCHUpOBaHBI MPEBHILIEHUS (OHOBBIX IOKa3aTele Io
NOJABWKHBIM (hopmam Oapus u sxenes3a. [[nst Gapusi JaHHOE NPEBBINIEHWE HE3HAUUTEIBHO — B
1,1 pa3 mo cpaBHEHHIO C YCIOBHO-()OHOBBIM yudacTKoM. CopeprkaHus xkeje3a B OTOOpaHHOM
npoOe BbIIE, YeM Ha YCIOBHO-(pOHOBOW Teppuropuu B 1,4 pasza. Ecnm ke cpaBHUBATh
cofiep>KaHue MOJBMKHBIX (OpM jkene3a B JaHHOH mpobe ¢ MeIuaHoi collepKaHus MOABHKHBIX
¢dbopM dJIEMEHTOB B IMOYBaX FOKHOU Taiirm bapeniperunona (Salminen et al., 2004), To 3mech
3HaYEHHE OKaxxeTcs Bbllle B 16,1 pasa.

CH0XHOCTH B MCHOJIB30BAaHUH BBIOPAHHOTO METOJa OMOTECTUPOBAHMSA €LIE 3aBUCAT OT
KHUCJIOTHOCTH 1O4YB. Bo3MOxXHO, MMeHHO Oosiee HU3KUE Moka3arenu pH mpuBOAMIM K TOMY, 4TO
cpena Obuta Oonee TOKCMUHOM Uit nadHMid. [laHHBI MeToJ OBUT B3SIT B KauecTBe
HKCHEPUMEHTAILHOTO, M MOCJe HpOBEeleHUs paboT MOXHO clienaTh BBIBOJ O TOM, YTO B
pPErMoHax C ECTECTBEHHOM KHUCIOTHOCTBIO IMOYB MeHee 5,5 pH He crouT wHcnons3oBarh
ouotecTupoBaHue c TecT-00beKTOM Daphnia magna. Ha tepputopun KuHrucenmckoro
MECTOPOXKACHUST (POCHOPUTOB KHCIOTHOCTh IOYB cocTaBisier 6-7 ex. pH, uro sBusercs
KOM(OPTHOH cpenoi Ui nadHMM, O3TOMY U B BBITSDKKAX MOYBEHHBIX MPOO MECTOPOXKICHHS
ObL1a BBICOKAsl BBDKUBAEMOCTb.

BosgeiictBue mpousBonacTBa (hocopHbIx ynoOpenuil Ha Tepputopuu KuHrucenmnckoro
MeCTOpPOKAeHUs (POCHOpPUTOB MPUBOAUT K (POPMUPOBAHMIO MOJOXKUTENIBHBIX (opM pernbeda —

OTBAJIOB, KOTOPBIE MCHAIOT IMOTOKHM MHUI'PALIUK XHUMHUYCCKUX DJICMCECHTOB. HpOI/ISBOI[CTBeHHaﬂ
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TEPPUTOPHUS HAXOJIUTCA Ha pedyHOHN Teppace peku Jlyra, rpannyaieit ¢ gqonuHoi peku. [loiima
peKu pacronaraercsa Ha BblcoTax A0 10 M oT ypoBHS Mopsi. OCHOBHas 4acTh YCJIOBHO-()OHOBOM
TEeppUTOpUHU HaxoauTcs Ha BbicoTax oT 10 mo 30 M, Ha MectHOcTH (B mpenenax oxHoro I1TK)
penbed CyOropM3OHTAIBHBIA WM TPHUCYTCTBYET HEOONbIION YKIOH (pucyHok 26). Ha
TEPPUTOPUN MeCTOpoXxaeHUsT Ha HOXKHOM ydacTke, BBITSHYTOM B IIHPOTHOM HAIIPaBIICHHHU,
pacroyiaratoTcsi OTBajJbl BCKPBIIIHOM MOPOABI, MEXAY KOTOPBIMH HPOTAHYIUCh IPOTOKU
aHTPONOI€HHOT'O NMPOUCXOXKAEeHUS. BricoTa oTBanoB y noxHoxus ot 10 1o 20 M, Ha BepIIMHE —
or 20 mo 30. Cpenusis BbicoTa otBaja mnopsaka 5-10 m. Camoil BBICOKOW TOYKOM Ha
MCCIICIOBAaHHOM TEPPUTOPHH SBIISIETCS BepIInHa oTBaia (pocdorurca (6osnee 60 M Hax ypoBHEM
Mopsi). COOTBETCTBEHHO, AQHTPOIIOTEHHAs JIESATEIBHOCTh TPUBOIUT K  (POPMUPOBAHHIO

pacuieHEHHBIX (hopM penbeda u mepenaay BeIcOT 10 30 M.

NN
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Pucynok 26. Penbed uccnenoBaHHON TeppUTOpHH (CO3AaH HA OCHOBE LU(POBON MoaeTH

penbeda SRTM).

N3menenne penbeda TEppUTOpPUH OOYCIOBICHO PSIOM TEXHOTEHHBIX TMPOIECCOB.
[lepBhIid U3 HUX — 3TO M3BJICYCHUE HA JTHEBHYIO MOBEPXHOCTh BCKPBIIIHBIX MOPOJI, TOCKOJIBKY
Uit T0OBbIYH (POCHOPUTOB HEOOXOMMO TIEpEMEIaTh 3HAYUTEIbHBIC 00BEMBI KITYCTO» OPO/IbI,
MIPEUMYIIIECTBEHHO M3BECTHSAKOB M JOJIOMUTOB, KOTOPBIE CKIIQAUPYIOTCS JIMOO HAa TTOBEPXHOCTH
pedHoi#l Teppackl, MO0 B BhIeMKax OT Mo0bau (hochoputoBsix pya. COOTBETCTBEHHO, BTOPOK

mnmponecc — 3To 06pa3013aHHe BBICMOK IIOJ KAPbEPhI, KOTOPLIC HACTUYHO OKa3bIBAOTCA 3aChINIaHbI
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BCKPLIIIHBIMU IMOpOAaMHU, HO YAaCTUYHO OCTAKOTCAd B BHUJC AHTPOIIOI'CHHBIX ITPOTOK. TpeTI/Iﬁ

MponuecC — CKIIaIUPOBAHUC OTXO0Aa IIPOMBIIIJIICHHOCTH — (bOC(i)OFI/Il'Ica.

4.2 Uuaukaropsl Bo3AeiicTBUS NPON3BOACTBA (hochopHBIX y100peHnii MOYBbI
Jlig moucka HMHIMKATOPOB AaHTPONOIEHHOIO BO3JEHCTBHUS MPOU3BOACTBA (OCHOPHBIX

yoOpeHui Ha TOYBBI OBLJIO PEIIEHO CPAaBHUTH MEXKIY CO00i MmoKa3aTean COCTOSHUS MOYBbHI Ha
YCIIOBHO-(DOHOBOW TEPPUTOPUM U Ha OOBEIUHEHHONH TEPPUTOPUH PEKYIBTUBUPOBAHHBIX
OTBAJIOB BCKPBIIIHBIX TMOPOA, OTBaja (ocdorurnca M XBOCTOXPAHWIMIL [UIS yBEITHUCHHS
peNpe3eHTaTUBHOCTH BHIOOPKH, OCHOBAHHOM Ha OTOOpPAHHBIX MOYBAaX BOJIM3HM aHTPOIOTEHHBIX
00beKTOB. J[aHHYI0 O0BEIMHEHHYIO TEPPUTOPUIO OBLIO PELICHO Ha3BaTh «IIPOW3BOACTBEHHAS
TEppUTOpUs» WM «Tepputopusi KuHrucenrmckoro wmecropoxaeHus ¢ochoputoBy. Takum
obOpazom, OyzneT cpaBHEHHE IIOYBEHHOI'O IIOKpPOBA, HEIMOCPEICTBEHHO HCIBITABIIETO
aHTPOIIOI€HHOE BO3JECHCTBUE ((TEPPUTOPUS MECTOPOXKIACHMS»), U IIOYBEHHOIO IOKpOBa,
HaxXOJsAIIErocs Ha paccTOSSHUM 4-9 KM OT OCHOBHBIX HCTOYHUKOB BO3JECHCTBHS («YCIOBHO-
(oHOBast TeppUTOpHUS»). Mepol IEHTpaTbHON TEHCHIIMU BBICTYIIHIIA MeIMaHa ¢ yKa3aHHeM 25-
ro u 75-ro KBapTHJICH, a He cpeiHee 3HaYeHHe. VICKIIIoUeHne COCTaBISIIOT TOJIBKO BBIOOPKHU 110
BAJIOBOMY COJCp)KaHUIO CBUHIA M xkene3a. OHM i 00euX TeppUTOpuil (M IS YCIOBHO-
(OHOBOM, M 51 MECTOPOXKIEHHUS) COOTBETCTBOBAIM HOPMAJIBHOMY 3aKOHY pacIpelesieHHs.
CrnenoBaresbHO, JUIS 3TUX 3JEMEHTOB CPaBHEHHE BBIOOPOK M MOUCK Pa3IM4Uid OCYIIECTBIISIUCH
o T-xpurepuro CThIOACHTA, U B KAYECTBE MEPHI LIEHTPAJILHOW TEHACHIMHU BBICTYIAIO CPEOHEE
apupMeTHYecKoe 3HAYEHHWE C YKa3aHWEM JIOBEPUTENIbHOTO HHTEepBala, MUHHMAJIbHOTO H
MaKCHMaJIbHOIO 3HAYCHUH.

H3menenue kuciommocmu noue

Ha pucynke 27 mnpeacTtaBieHbl 3HAYE€HHMS AaKTyaJdbHOM KHCJIOTHOCTH IIOYB Ha
UCCIIeIOBaHHOM Tepputopuu. BoszgeilictBue npousBoiacTBa (GochopHbIXx ynoOpeHud Ha
Tepputopuu KuHrucenmnckoro MectopoxjaeHusi ¢pocopuToB B CpaBHEHUH C YCIOBHO-(OHOBOMH
TEPPUTOpPUEN NPUBOJUT K IMOBBIIIEHUIO NMOKa3arens pH Ha 2 en. kak Ipu BOAHOM BBITSDKKE
(axTyanbHON KHUCJIOTHOCTH), TaK U MPH COJEBOU (MOTEHIMATIBbHON KUCIOTHOCTH). KuciaoTHOCTh
n3Mepena B 82 mpobax: 29 mpob ¢ ycinoBHO-()OHOBOH TeppuTOpuH M 53 MPOOBI ¢ TEPPUTOPUH
MectopoxaeHusa. Ilouck paznmumii  ocymectBisuicss 1o  U-kputeputro  ManHa-YuUTHH,
pacnpeneneHue HE COOTBETCTBOBAJIO HOPMAJIbHOMY 3aKOHY pacmpeneseHus. Meauana

aKTyaJbHOW KHMCIOTHOCTH Ha YCJIOBHO-(pOHOBOM Tepputopuu cocraBuia 5,3 en. pH (25-i—75-i

kBaptuiu: 4,6-5,6), a Ha TeppuTOopun MecTopoxkaenust — 7,2 en. pH (25-i—75-i kBaptmim: 6,9-

7,6) (pucynok 27).



66

B uccnenoBanun A.Jl. XKykosoit (JKykoBa u ap., 2016) akTyajibHasi KUCJIOTHOCTh Ha
yCIIOBHO-(DOHOBOM TeppuTOopuu cocTaBisuia 6,5 ex. pH, a B paiioHe Bo3neicTBus 6,5-6,6 en.
[JanHoe uccrienoBanue ObUIO MpoBeneHO B MockoBckoil obnactu. I[IpousBonctBo dhochopHbIX
ynoOpeHuii B HEM He MOBIMIO Ha Toka3atenb pH. B Hacrosmem uccnenoBaHuM pasHHUIIA
KHCJIOTHOCTH YCJIOBHO-()OHOBON TEPPUTOPUH U TEPPUTOPHUH MECTOPOXKJEHHUS COCTaBisuIa 2 €.
pH, U3 dYero MOXHO cjaenaTh BBIBOJ, YTO [JIsl TaéKHOM 30HBI BJIMSHHE IPOU3BOJICTBA
¢docopHbIX yIOOpEeHU MPOSBIAETCS Ha KUCIOTHOCTU Oojee 3HAuYMTEeNbHO, YEM B pErnoHax

Halle CTPaHbl, paCIOJIOKEHHBIX I0KHEE.

@ 5,62

-

YcnoeHble 0603HaYeHns

O MpobHele nnowanu
I VICTOYHMKKM BHTPOMOreHHOro BO3AEHCTEBNA
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Pucynok 27. 3HaueHHs aKTyalbHOW KHUCIOTHOCTH TOYB HA TEPPUTOPUHU HCCIICAOBAHHMS
(B en. pH).

Menuana MOTSHIIMAILHON KHMCIOTHOCTH Ha YCHOBHO-(l)OHOBOfI TCPPUTOPUU COCTABUIIA

4,3 en. pH (25-i1—75-1 xBaptunu: 3,9-5,0), a Ha TeppUTOpUN MecTOpoXKaeHUs — 6,6 ex. pH (25-
W—75-i1 xBaptwim: 6,3-6,9). Ilepexom mMOYB M3 KaTEropuu CIA0OOKUCIBIX B HEHTpaJbHBIE
O3Ha4YaeT TO, YTO DS PACTEHWH, JJIS KOTOPHIX HENpuemiieMa HEWTpajbHas pPEaKiusi Cpebl,
MOJKET UCUE3HYTh C TEPPUTOPUN MECTOPOKICHUSI.

B ananornunom uccienoBanuu (JKykosa u nip., 2016) B uMNakTHOW 30HE NpPEANpUATHS
Mo nmpou3BOACTBY (ochopHbIXx ynoOpenuit pH mous coctamst or 5,6 no 7,3 en. To ects,

MOAKHCIICHHUA IMOYB TOXE HC NPOUCXOJUIIO, YTO COTIACyCTCda C pe3yjibTaTaMu, NMMOJYYCHHBIMU B
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HacTosueM uccienoBanuu. Ckopee Bcero, MpUUMHON yBenumdeHus mokazatens pH sBisercs
XUMHUYECKUN COCTaB BCKPBILIHBIX MOPOJ] — U3BECTHSAKOB U JIOJIOMUTOB.
H3zmenenue codeparcanus 6000pacmeopumulx pOpm HAmpus U AMMOHUUHO20 A30ma

Menuana COACPIKaHUA BOJAOPACTBOPHUMBIX (bO]f)M HaTpusA Ha YCHOBHO—(bOHOBOﬁ

tepputopuu cocrtaBuna 7700 mr/kr (25-i—75-1 kBaptunu: 2700-13600 Mr/kr), a Ha TeppUTOpUN
Mectopoxaeauss — 41300 wmr/kr (25-—75-i1 kBapTwm: 21400-77000 wr/kr). ITlouBbr
MECTOPOKACHHUS COAEPIKAT BOJOPACTBOPUMBIN HATPHUIA B M30BITOUHOM KonmdecTBe. Comepikanue
HaTpus B pocdorurnce konedaercs ot 600 mr/kr 1o 6200 mr/kr (Tayibiet al., 2009), o apyrum
narabM (Saadaoui et al., 2017) mo 47000 mr/kr, B dpocdorunce CILIA MoxkeT OmycKaThcsi MEHEe
300 mr/kr (Arocenaa et al., 1995). Meauana copaepkaHus BOJOPACTBOPUMOrO HATpusi B
kuHrucennckoM ¢ocdorunce — 20400 Mr/kr, YTO 3HAYUTENBHO TPEBBIIIAET MHPOBBIE
nokazareian. V3 93TOro MOXHO CcAenaTth NPEANOJIIOKEHHE, YTO HATPHi TOCTymaeT Ha
npwierapomue JasamadTel U3 docdorunca. OmHAKO MeauaHa COJACPKAHUS HATPUS HaA
Tepputopuu  MectopoxkaeHuss 6onee 40000 wmr/kr. CrnemoBaTenbHO, JOMOTHUTEIHHBIM
MCTOYHHUKOM HATPUsl MOTYT CIIY>KUTh BCKPBIIIHBIE TIOPOJIBI ¥ BEIOPOCHI POU3BOCTBA.

MGILI/IaHa COACPpIKaHUS BOAOPACTBOPHUMBIX d)ODM aMMOHHMHOI'O a30Ta Ha YCIOBHO-

¢donoBolt Tepputopuu — S5 Mr/kr (25-H—75-i1 kBapTmiu: 4-7 MI/KT), Ha TEPPUTOPUHU
MecTopoxaeHus — 13 mr/kr (25-#—75-i kBaptuiu: 5-25 mr/kr). K coxanenuro, B aHaJIOTHYHBIX
paboTax Mo U3Y4EHHUIO BO3IACHUCTBUS MPOU3BOJCTBA (POCHOPHBIX YAOOpEHHI HE OBLIO BBISBICHO
3aKOHOMEPHOCTH YBEJIMUYEHHS BOJIOPACTBOPUMBIX aMMOHUNHBIX ()OpPM a30Ta B MOYBE, IO3TOMY
IIOJIyUEHHBIE pEe3y/lbTaThl B HACTOSIIMKA MOMEHT HE C 4YEeM CpaBHUTh. EIuHCTBEHHas
nH(popMalus, K KOTOPOH MOKHO aleJlIMpoBaTh, OTHOCUTCS K onucaHuio Bo3aeictus ot IFC
(PykoBoactBO mo oxpase..., 2013), rae ykasaHo, 4TO COEIMHEHHUS a30Ta MOTYT IOCTYIaTh Ha
mpuiIerammue JanamadTel TpH TPOU3BOACTBe cynepdocdara — Hanboee pacmpoCcTPaHEHHOTO
MUHEpaIbHOTo (hochopHOro ynodpeHus.

H3menenue cooepaicaniiss NOOBUINCHBIX POPM Mapeanya u dicene3a

CTraTUCTUYECKH 3HAUYMMbIE PA3IMuus NPU CPAaBHEHUM JBYX BBIOOPOK — C TEPPUTOPHUU
MECTOPOKICHHUS U YCIOBHO-(DOHOBOI TEPpUTOPUU — ISl OJBMXKHBIX (POPM TSDKENBIX METAJIOB
ObUIM HaiJleHbl TOJBKO JUIA JKele3a M Maprasua. BoszelicTBue mpou3BoicTBa (GochOpHBIX
ynoOpeHuii Ha Tepputopun KuHrucenmnckoro mectopoxaeHus (GpochopUTOB B CpPaBHEHUH C
yCIOBHO-(DOHOBOI TeppuTOpHEl NPUBOAUT K YBEIMYEHHUIO MOABMKHBIX (OpM MapraHua B 5-
6 pa3 ¥ yMEHbBILIEHHIO MOJBIKHBIX (opM xkene3a B 5-6 pa3. IloaswkHble GopMbl Maprasia u
xKene3a M3MepeHbl B 79 mpobax: 26 mpobd ¢ ycrmoBHO-GOHOBOW TeppUTOpUU U 53 mpoOBI C
TEppUTOpUN MecTopokaeHHs. [lowck pasnuunit ocymectBisuicas mno U-kpurepuro MaHHa-

YuTHH, pacripeiesIeH!s] He COOTBETCTBOBAIM HOPMAJIbHOMY 3aKOHY paclpe/IesIeHusl.



68

Menuana cozpep)kaHus MOABMXKHBIX (OpPM Maprasiia Ha YCIOBHO-(OHOBOM TeppUTOpUU

cocraBmwia 25,5 wmr/kr (25-i—75-i  xBaptuiam: 13,5-42 Mr/kr), a Ha TEPPUTOPHH
MectopoxaeHus — 120 mr/kr  (25-—75-i1  xBaptunm: 43,5-208,5 wmr/kr) (pucyHok 28).
VYKka3zaHHbIE BEIWYMHBI NOJBMKHOTO MapraHila He SIBJISIOTCS TOKCUYHBIMM JUISI PACTUTEIBHOTO
nokpoBa. OJJHAKO OHH MOTYT MCIOJB30BATHCS ISl HACHTU(MUKAIIMH BO3ICHCTBHUS TPOU3BOJICTBA
¢dochopHBIX ynOOpeHUil, Tak Kak CYILECTBYET 3aKOHOMEPHOCTb IIOBBILICHUS COJAEPKaHMs
MOJBM)KHBIX ()OPM Maprasiia B pailoHax BO3JACHCTBHS pacCMaTpHUBAEMOTO ITPOU3BOICTBA.

BeposiTHBIM HCTOYHMKOM MapraHiia SBJISIFOTCS BCKpBIIIHBIE MMOpoabl. B pabote
(Carbonell-Barrachinaa et al., 2002) npuBeseHbI TaHHBIE, YTO COACP)KAHHE MMOABIKHBIX (OPM
Maprasiia B otajie ¢pocorumnca HeBeauko — 4 MI/kr. B HacTosiem rcciaea0BaHuu coJiep:KaHue
MOJBMXKHBIX ()OPM Maprasiia coctasisier 1,5 Mr/kr.

Menuana conepaHus MOABIKHBIX (OpM skerne3a Ha YCIOBHO-(OHOBOM TEPPUTOPUU —

170 mr/kr (25-i—75-i xBaptum: 70-500 Mr/kr), Ha TEppUTOpUU MeCTOpOokIeHHs — 20 Mr/Kr

(25-1—75-i1 kBapTuu: 10-60 mr/kr).
~ 48
57

YcnoBHble 0603Ha4eHns

B VICTOUHMEN AHTPOMOTEHHOND BO3OEHCTENA
MpOM3BOACTEEHHAR TEPPUTOPKS
O MpobHele nnowaau

1] 1 2 KM

Pucynok 28. ConepxaHue NMOJABMXXHBIX (JOPM MapraHiia B IOYBAaX Ha HCCIEIOBAHHOMN
TEPPUTOPHUH (B MI/KT).

Cornacno monorpapuu (Kabara-Ilenauac u ap., 1989), cogeprkanue moaBuXHbBIX GopM
xkene3a MeHee 30 MI/Kr sIBIsSieTCS KPUTHYECKUM IIPENIENIOM COJEp)KaHUs JKejle3a B IOYBE.

COOTBETCTBEHHO, MOXHO TPEAINONIOKUTh, YTO Ha TEPPUTOPUU MECTOPOXKACHUS HaOIromaeTcs
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neUIUT TOCTYMHBIX I pacTeHwil ¢opM kene3a (Ipu M300MIMKA BaJIOBOTO COJEPIKAHUSA).
HenoctynHocTs U1l pacTeHui, ckopee Bcero, 0OyclIoBIeHa MOBBILIEHHBIM MoKa3ateneM pH B
CPaBHEHHHU C YCIIOBHO-()OHOBOW TEPPUTOpUEH, TaK KaK OOBIYHO OKHCIUTEIbHBIC M IICJIOYHbIC
YCIOBUS Cpeibl CHOCOOCTBYIOT OC@KICHUIO JKEle3a, a KUCJIble M BOCCTAaHOBUTENIBHBIE —
pacTBOpeHHIO ero coeauHeHuid. CBOOOTHOE JKenme30 (QUKCUpPYEeTCs B BHAEC OKCHUIOB U
TMJIPOKCUIOB, 3aMelllaeT MarHui M aJIOMHHHUH B JIpyTHX MHHeEpajlaX M 4acTo oOpasyer
KOMIUIEKCHI ¢ OPTaHMYECKUMH JTUTaHAaMu. [leHuIuT JOCTYITHOTO Kene3a MOKET NMPUBOJUTH K
c60siM B paboTe (HU3MOJIOTHUECKUX MPOIIECCOB PACTEHUM, YTO Oy/IeT CKa3bhIBaThCsl HA POCTE U
Pa3BUTHH OTJCIBHBIX 0COOCH.

[TomMumo peakumu cpeipl, pu OOWIIMK JAOCTYITHOTO JUISl pACTEHH MapraHia, Kak ObUIo
OIMCAHO BHIIIE, MOXKET HAONIONAThCS CHIKCHHE IMOJBMKHBIX (OPM jKele3a, Tak Kak IIUPOKO
M3BECTEH aHTaroHu3M mapranma u xene3a (KaOarta-Ilenguac u np., 1989). Ilomumo storo
CyIIeCTBYeT aHTaroHusM skene3a u (ocdopa. I[loBeimenne mnokazarens pH Moxer
CIIOCOOCTBOBaTh TOMY, YTO JKENe30 TMEpPexXOJUT B (OPMBI, HEJIOCTYITHBIE pACTECHUSM.
B uccnenosanun (Carbonell-Barrachinaa u nap., 2002) npuBefeHbl JaHHBIE O COJCPKAHUU
MOJBWKHBIX (QopMm kene3a B orBaie (ocdorunca — 11 mr/kr. B kuHrucenmckom otsaine
COJIEPIKUTCS 5 MI/KT.

[Tpu 5TOM B mOoYBax ycI0BHO-(POHOBBIX TEPPUTOPHI 3HAUYCHHS COJIEPIKAHUS TTOIBUKHOTO
’KeJjesa MOTYT JOCTHraThb HECKOJIBKMX COTEH MI/KI. MakcuMallbHOe 3HAu€HHE COCTABUIIO
1040 mr/kr Ha ycnoBHO-(GOHOBOM Mpoduiie B JECHOH 3kocucTeMe. UTo MoKa3aTensHO, B 9TON Ke
MOYBEHHON mpo0e coaepaHWe MOJBMKHOTO MapraHia cocTaBuiIOo 4 MI/KI (KOCBEHHOE
MOJTBEPK/ICHHE AHTArOHMW3Ma JTUX JBYX JJIEMEHTOB B JIAOMIBHOM COCTOSHHH). B 00NOTHBIX
HKOCHUCTEMAaX COJAEp)KaHUe MOABMXKHOTO Xkene3a gocturaer 605 mr/kr. Ha oTBane BCKpPBIIIHBIX
MOPOJ] MaKCHMAaJIbHBIE 3HAYEeHUs puxoaarcs Ha 135 Mr/kr, a Ha oTBaje ocdorumnca MaKCUMyMm
paBeH 120 mr/kr.

H3zmenenue 6ano6o2o cooeporcanus dcene3a, Mapeanyd, CBUHYA U CMpPOHYUs

JIns BaJloOBOrO COAEP)KAaHUS TKENBIX METANJIOB CTATUCTHUYECKH 3HAYMMBbIE Pa3IUyMs
MEXIY TEppPUTOpUEH MECTOPOXKAEHUS M YCIOBHO-(DOHOBOW Teppuropueil mo U-kpurepuio
ManHa-YuTHH OblIM 0OHApYKEHBI IS JKele3a, MapraHiia, CBUHIA U CTPOHLIUS.

Cpennee conep:kaHue »kenie3a Ha ycIoBHO-(OHOBOW Tepputopuu — 16600+7800 mr/kr

(MuHUMAaTBHOE U MakcuManbHOE 3HaUYeHUs: 5900-33900 Mr/KT), Ha TEPPUTOPHUU MECTOPOKICHHUS
— 23200£10700 mr/kr (MHHHEMaTbHOE U MakcuMaibHOe 3HaueHus: 500-49400 mr/kr). Bamosoe
COJEpKaHUe jKeje3a Ha TEPPUTOPHUH MECTOPOXKIEHHUS BbBIIIE, YeM Ha YCIOBHO-(OHOBOM
TEPPUTOPUHU, B OTIMYUE OT COJACpXKAHUS MOABMXHBIX (popm. HelTpanmbHble ycIoBHS cpembl

CIIOCOOCTBYIOT 3aKPEIUICHUIO JKeJie3a B HEPACTBOPUMBIX (hOpMax.
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Copneprxanue xenesa B oTBajie pocorurnca, CorjaacHo JUTepaTypHbIM JaHHbIM (Tayibi u
ap., 2009), naxoaures B npeaenax 200-6300 mr/kr, mo apyrum aaHHbeM (Saadaoui u ap., 2017) —
ot 100 no 1750 mr/kr, B ¢pocdhorunce CIIA moxer moxoauts n0 7000 mr/kr (Arocenaa u np.,
1995). Menuana conepxanusi KuHrucentckoro docdorurnca — 1400 Mr/kr, 4ro coriacyercs
JaHHBIMU JpYrux wuccienoBaTeneil. OJHaKO Ha TEPPUTOPUU MECTOPOKICHHS HaOII0/1aeTCs
HaKOILJIEHUE BAJIOBOTO cojepkanus kene3a (23700 mr/kr). CnenoBatenbHo, oTBaI (ochorurmca
HE MOJXKET SBJISATHCS MCTOYHHMKOM JAHHOIO 3JeMeHTa. Takyke HeT JaHHBIX O BBIOpOcax »kenesza
pHU IPOU3BOICTBE (POCcHOPHBIX yIOOpEHUIA.

BanoBoe comepkanue kenes3a MpeBhIIaeT PernOHALHEIN (OH FOKHOU Taiirn bapennena
pervoHa Ha YCJIOBHO-(OHOBOW TeppUTOpHH B 4 pa3a, a Ha TEPPUTOPUU MECTOPOXKACHHUS B 6-
7 pa3. JlaHHbIE TPEBBINIEHUS MOTYT OBITH OOYCJIOBJIEHBI HHU3KUM pETMOHANBHBIM (oHOoM. Ho
pasHuIa B COJEP)KaHUU KeJie3a MPOCIICKUBACTCS HE BO BCEX aHAJIOTMYHBIX HCCleoBaHUsAX. B
Kurae He ObUIO 3HAUMMONM pa3HULBI MEXIY COAEpPKAHMEM Kejle3a Ha YCIOBHO-(OHOBOM
TEPPUTOPUU U Ha MPOMBIIIIEHHONW TEppUTOPUH MPoH3BoAcTBa (hochopHbIX ynoOpenuit (Wang u
ap., 2019). Onnako 3T0, BO3MOXKHO, CBS3aHO C HETOYHOCTSIMH TPU BHIOOpE YCIOBHO-(OHOBOU
TEPPUTOPUH, TIOCKOJBKY COJEpXKaHHE JKejle3a B OIUChIBAEMOM HCCIIEIOBaHUM ObUIO
sHauuTenbHbM (30000-40000 wmr/kr). Vnm ke mpuYrHA MOBBIIICHHOTO COICPXKAHHS IKele3a
CBSI3aHA HE C BO3/CHCTBUEM MPOMU3BOJICTBA, & C COCTABOM BCKPBILIHBIX MOPOJ (KaK U B ClIydae ¢
MapraHiem).

Menuana cojep:kaHusi MapraHiia Ha ycJIOBHO-(QOHOBOH Teppuropun — 180 mr/kr (25-i—

75-i kBaptuiu: 160-230 mr/kr), Ha TeppuTOpUHM MecTopokaeHus — 620 wmr/kr (25-H—75-i
kBaptwm: 470-770 mr/kr). [loBbIlIeHHOE COAEp)KaHUE MapraHiia, CKOpee BCEro, CBS3aHO C
COCTaBOM TOPHBIX MOPOJ, U3BICUEHHBIX HAa MOBEPXHOCTH MPHU pa3paboTKe MECTOPOKICHUS, TaK
Kak HamOoJyiee BHICOKME KOHIICHTpAIIMM MapraHila XapakTepHBI s OCHOBHBIX mopoxa (Kabara-
[Tenauac et al., 1989), koumu U SBISIFOTCSI U3BECTHSAKHU M JJOJIOMUTHI BOJIXOBCKOW M 00YXOBCKOM
CBHUT.

UccnenoBarenu (Tayibi et al., 2009) ormewaror, 4TO CojAepKaHWE MapraHiia B
($ocOrumncoBbIX 0TXOJaX HEBEIWKO: HE MpeBbImaeT 15 MI/Kr (BBIBOA HAa OCHOBE HW3YyYCHUS
MHO’KECTBA PAa3JIMYHBIX OTBaNOB (ocdorumnca). OgHaAKO B KUHTUCENIICKOM OTBaje MeauaHa
COJZIEpKaHUS Maprania — 45 MI/KT, 4TO MPEBBIIIAET MUPOBBIE YPOBHHU COJIEP>KaHUSI MapraHIia, HO
B TO € BpeMsl 3HAUUTEIHHO MEHbINE COJCp)KAaHUS MapraHila B TOYBAaX MECTOPOXKICHHS.
BeposTHBIM HCTOYHHKOM MapraHiia MOTYT SIBIISITECS BCKPBIIIHBIE MOPOALI (JIOJIOMUTHI U
M3BECTHAKH), KOTOpBIE MPH HM3BICUYEHUU HA TOBEPXHOCTh M MEpPEMEIICHWH MOTJIHM OKa3bIBaThb
BO3JciicTBHe Ha mpuieraromme naHamadTel. B JluBaHe mpu aHANOTHYHOM MPOU3BOJICTBE

coJiep KaHMsl MapraHila B MOYBE MpUieralimux JanamadroB gocturaior 1200 Mr/kr, npudéMm B
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JIuBaHe MpOM3BOJICTBO TOXKE PACIIOIAraeTCsl Ha M3BECTHIKOBBIX mopojax (Aoun et al., 2010), HO
HE KaXJ0e MpOou3BOACTBO (ocHOpHBIX yHOOpPCHHMH YBEIMYHMBACT COJCP)KAHHE MapraHiia B
mouBax (Wang et al.,, 2019). Conepxanwe MapraHiia Ha TEPPUTOPUU MECTOPOKICHHS
NPEBbIIACT 30HAIBHBIA (OH H COJEpKAHWE Ha YCIOBHO-()OHOBOW TEPPUTOPHH, YTO
CBUACTCIIBCTBYCT O HAKOINJIICHUU MapraHiia Ha TCPPUTOPUN MECTOPOKICHUS.

CpenHee colepkaHWe CBUHIIA Ha YCIOBHO-(OHOBOW TeppuTOpuH — 29+7 Mr/Kr

(MMHMMaJIbHOE U MakcUManbHOEe 3HadeHus: 20-48 MI/Kr), HA TEPPUTOPUU MECTOPOXKIECHUS —
1945 wmr/kr (MUHUMaIbHOE W MaKCHMajbHOE 3HaueHus: 6-26 mr/kr). CopepkaHue CBHUHIIA,
XapakTepHOe Ui MPUPOIHBIX SKOCHCTEM, B OCHOBHOM, OOYCIIOBIICHO BIMSIHUEM XMMHYECKOTO
COCTaBa IMOJCTHJIAIOMIMX TOPOA. B COBpEMEHHOW MpaKTHKE OXPaHbl OKPYKAIOLIEH CpeJIbl
KpaifHe pacHpOCTpaHEHBl CIIydad 3arps3HEHHs CBHUHIOM B  ypOAaHH3HPOBAHHBIX H
MPOMBIIIJICHHBIX pallOHAX, IMMO3TOMY 3HAYUTENbHAs YacTh IMOYBEHHOTO MOKPOBA COJCPKUT
CBHHELl B KoymuecTBax, npesbimaronmx OJK. OcoGeHHO, 3TO OTHOCHTCS K IOBEPXHOCTHBIM
TOPU30HTaM B paliOHaxX KPYIHBIX Maructpajeid. B Hamem ke cilydae IPU3HAKOB 3arpsi3HEHMS
CBHHIIOM He HaOmonaerca. YMEHbBIICHHE BaJOBOTO COJCpPKAaHUS CBHUHIA HA TEPPUTOPHUH
MECTOPO’KICHUSI B CPAaBHEHHH C COJICP)KaHMEM Ha YCIOBHO-(OHOBOW TEPPUTOPHH MOMKET OBITh
OOYCJIOBJIIEHO TEM, YTO CBUHEI] COJCPXKHUTCS B M3BECTKOBUCTHIX TOPHBIX IMOpPOJAX B KpaiiHe
MaJIbIX KOJIMYECTBAaX B CPaBHEHHWHU C JpyrumMu ropHsiMu nopoiamu (Kabara-Ilengmac m nmp.,
1989). B 3emHOl KOpe CBMHEL] HAaKaIlJIMBAE€TCS B KUCIBIX CEPUSIX MarMaTU4ecKUX IOpOX U B
TJIMHUCTBIX OCAJIKaX, B KOTOPBIX OOBIYHBIC KOHIICHTPAIMH CBUHIIA KOJIeOIOTCs B mipenenax 10—
40 mr/kr. B TO %e BpeMs B yIbTPAOCHOBHBIX MOPOJAX U MU3BECTKOBUCTBIX OCAJKAX COAEpIKaHHE
ceuHna cocrasisger 0,1-10 mr/kr. Emé ogHo# mpuunHON, KOTOpask MOXKET NMPUBOJUTH K HHBIM
KOHIIEHTPAIUSM CBHHIIA MOXET SIBIISATHCS THUII TIOYB. B OoJee MIMHUCTHIX MoYBax (Hampumep, B
riee3éMax) cpeaHee cojepiKaHue CBHHIIA 67 MI/KT, a B MECYaHBIX (HAIpUMeEp, B MOJA30Jax) —
Bcero 10-15 (Kabara-Ilennuac u ap., 1989).

B wuccnenoBanun (KykoBa u ap., 2016) yciaoBHO-()OHOBOE conep)KaHHE CBHMHIA
coctaBisuio 4,7 MI/Kr, a B MMIIAKTHOM 30HE Tpou3BOACTBa (ochopHbIX ymoOpenuit — 9,3-
23,2 mr/kr. To ecTh, HaOMIOAANOCH 3arps3HEHUE TEPPUTOPHH CBHHIIOM. B HacTosiem
UCCJIEJOBAaHUM 3aKOHOMEpPHOCTb OOpaTHas: CpelHee coAepKaHHe CBUHIA YMEHBIIAeTCs C
29 Mr/Kr Ha ycI0BHO-()OHOBOM TEppUTOPUH 10 19 MI/Kr Ha TEPPUTOPUU MECTOPOXKAEHUS. DTO
MOKET OBITh CBSI3aHO C OCHOBHBIM HCTOYHHUKOM IIOCTYIUICHHS CBHHIIA HA MpUJIETAIONIHe
nanamadpTel — oTBaioM Qocdorurnca, MOCKOIbKY B KHHTHCENIICKOM OTBaje ¢docdorurca
MeJMaHa coAepXaHus CBUHIA mpuxonutcs Ha 10 Mr/kr. DTW JaHHBIE COTJIACYIOTCA C
uccnenopanueM (Tayibi et al., 2009), rae npUBOIATCS NaHHBIE O COJACPKAHUH XHUMHUYECKUX

AJIEMEHTOB B pa3auvHbIX Gocdorurncax. B pocdorumnce nz Aigaxo (CILLIA) cogepkanue cBUHITA
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coctaBisuio 3-7 MI/KT, a B TyHUCCKOM (ocdorurnce — 5 mr/kr. B apyrom uccnenosanuu (Al-
Hwaiti et al., 2015) natoTcst aHaoruuHble 1aHHBIE O TOM, YTO COJEp>KaHUE CBUHIIA B MOYBAX B
pailoHe BoO3JEHCTBUS NpPOU3BOACTBa (ochopHbIX yAoOpeHuid u B camoMm (ocdorumnce He
IPEBBIIIAET 7 MI/KT.

CBuHell B mpuieraroumx JaHamadrax K HOpou3BOACTBY (ochopHbIX yroOpeHuit
CBSI3bIBAIOT C TEXHOJOIMYECKMMHM BBIOpOCAaMM NpH Mpou3BoAcTBe (ochopHoit kucaoTsl. OHaKO
3TO MPOUCXOAUT TOJIKO IIPU TEPMHUECKOM Ipoiiecce (oHa u3 TexHonoruii) (PykoBoactso mno
oxpase..., 2013). Ha tepputopun Kunrucenmnckoro mectopoxaeHust ¢ochopruToB UCIONb3YIOT
BJIQKHYIO TEXHOJIOTHIO TONydeHHs (ocHOpHOH KHCIOTHI (IIPOU3BOJICTBO SKCTPAKIIMOHHOM
(dhochopHOI KHCIIOTHI), TOITOMY BBIOpPOCA CBUHIIA HE TPOUCXOUT.

Ha pucynke 29 npuBenieHO BajloBO€ Co/iepKaHNE CTPOHIIUS B 0YBAX HA UCCIIEIOBAaHHON

TEPPUTOPUH.
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Pucynok 29. BanoBoe coaepkaHue CTPOHLIMS B [MOYBaX HA MCCIEAOBAHHONW TEPPUTOPUU
(B MI/KT).

Menuana coaep)kaHus CTPOHIIMSA HA YCIOBHO-(OHOBOM Tepputropuu — 95 mr/kr (25-i—
75-in xBaptuin: 85-105 MI/Kr), Ha TEppPUTOPUH MeCTOpOKAeHus — 155 mr/kr (25-W—75-i
kBaptiin: 130-275 mr/kr). CTOUT OTMETUTh, YTO CTPOHIIMH — JOBOJBHO PACIPOCTPAHEHHBIN
MHUKPO3JIEMEHT B 3€MHOM KOpE, OH KOHIIEHTPUPYETCS MPEUMYIIECTBEHHO B MarmMaTH4eCcKHX

nmopoaax CpE€aHEro cocraBa M B Kap6OHaTHBIX ocaJlKax, KOTOPBIC pacClIpOCTpaHCHBI Ha
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TEPPUTOPUU MECTOPOXKJEHUS (B BUAE TOJOMHTOB U H3BECTHSKOB BOJIXOBCKOW U 00YXOBCKOI
ceur). [Ipu sTOM cpemHee coaepkaHWe CTPOHIWSA, COTJIAacHO AaHHBIM JuTeparypsl (Kabata-
[Tennuac u ap., 1989), B mouBax TaéxHOM 30HHI (1MOA301aX) B cpeaHeM 118 Mmr/kr, a B mouBax
ITMPOKOJIMCTBEHHBIX JIECOB (Cephie JIECHBIE IIOYBBI) CpeaHee cojepkanue — 520 Mr/KT.
I'eoxumnyeckue M OHOXHUMHYECKHE CBOMCTBA CTpOHIIUA OJM3KH K CBOMCTBaM KaJIbIIUA.
CtpoHIMIT JIeTKO MOOWIM3YETCS TPH BBIBETPUBAHHH, OCOOCHHO B KHCJIOW OKHCIWUTEIHHOU
cpeae. OqHAKO B HAIIEM CIy4ae peaKilysi Cpeabl MOYB MECTOPOXKICHHs OJTM3Ka K HEHTpabHOH,
U B Ka4ecTBe MOKa3aTes 1eaecoo0pa3Ho paccMaTpuBaTh BAJIOBOE COJIEPKaHNUE CTPOHIIMSL.

Ha pucynke 30 naHo pacnpezeneHue BaJIoBOr0 CTPOHLIMS HAa TEPPUTOPUHN UCCIIEAOBAHUS.

XBOCTOXpaHWNWLLE

XBOCTOXPaHUNKLE
npou:-l O0CTB HHI:IE
Xsonuxpaunnpute
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Pucynok 30. Cxema pacnpeneneHusi CTpOHIMS B TOYBaX Ha UCCIEA0BAaHHON TEPPUTOPUH.

[ToBbilIIeHHOE cOMAEp)KaHME CTPOHILIMS B TOYBAX MECTOPOXKACHHUS B CPABHEHHH C
coJlep’)KaHUEM Ha YCIOBHO-(DOHOBOW TEPPUTOPUU HE MPUBOAUT K HETaTUBHBIM IOCIIEICTBHUIM
JUISL PacTUTENILHOTO TMOKPOBAa, MOCKOJbKY HEHTpanbHas peakuus cpelbl U O0MIne KalbIus
MEepEeBOAT CTPOHLUN B HEIOCTYITHBIE Ui pacTeHUN (POPMBI, OTHAKO JAHHBIIN MOKA3aTeb MOXKET
UCIONIL30BAThCS IS MACHTU(DUKALNY BO3ACUCTBUS MTPOU3BOACTBA POCHOPHBIX yI0OPEHHUIA.

CTpoHIIMIT — 3TO 3JEMEHT, MOCTOSHHO COMYTCTBYIOIIMA MPOU3BOACTBY (PochopHBIX
ynoOpenuii. B dYacTHOCTH, CTpPOHLUN SBISIETCS OJHUM W3 MHAUKATOPHBIX 3JIEMEHTOB
Bo3neiicTBus  oTBasia (ocdorunca Ha mnpwierapomue JgaHamadpTel. CorIacHO JTaHHBIM

mutepatypsl (Iletperko u ap., 2012), ¢ocdorumnc comepxutr or 2713 go 6500 mr/kr. B
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¢dochorunce Ha Kunrucenmnckom MecTopoxaeHUU GOCPOPUTOB MenuaHa COAEpKAHUS
cTpoHLUs npuxoautcs Ha 1970 Mr/kr, 4To corjacyercs ¢ JUTepaTypHbIMU JaHHBIMU. CpenHee
BaJIOBOE COJIEp’)KaHHWE CTPOHIMS Ha TpaHcekrax a0 10 kM or ortBama ¢ocdorumnca B
uccaenoannu [[.B. Ilerpenko (Ilerpenko u np., 2012) coctaBmsuio 131 Mr/kr, B HacTosIemM
UCCJIEJOBAaHUM MEJMaHa BaJIOBOIO COJAEP)KaHMS Ha BceX MPOMISIX HA PACCTOSHUU 70 § KM OT
orBana ¢ocdorunca cocraBiger 132 MI/KI, 4YTO TMOJHOCTBIO COOTBETCTBYET JaHHBIM
MIOJIyYEHHBIM B JIPYIOM PETHOHE, HO IPU TOM K€ THIIE aHTPOIIOT€HHOro BO3JelcTBUs. B 3TOM
KE MCCIICIOBAHUHU COJICPKAHUE TIOJIBFKHBIX (JOPM CTPOHIIUS COCTABISIIO 26 MI/KT, B HACTOSIIIICH
muccepranuu — 10 mr/kr. bormee HU3Kast MOJBMKHOCTH MOXKET OBITH CBSI3aHO C YBETHYECHUEM
nokazaresis pH. CTpoHIMII — 3TO 3JE€MEHT B 3HAUUTENIBHBIX KOJIMYECTBAX, COAEPKAIIMNCA B
otBaiie ¢ochorumnca, ¥ OCHOBHBIC HCCIECIOBAHUS I10 3arpsS3HEHUIO CTPOHIIUEM MPUIIETAIOIINX
naHamwagpTOB HaMpaBleHbl MMEHHO Ha OIEHKY Bo3nedcTBus oT orBasioB (Ilerpenko, u ap.,
2012), mo3ToMy JIOTUYHO OyZET MPENIoIOKUTh, YTO U HA UCCIIEIYEMYIO TEPPUTOPHIO CTPOHIIUM
MOCTYMAeT adPOT€HHBIM ITYTEM € OTBaJIOB ocorurca.

Camoe OombIioe copaepxanue CTpoHIMsS (Oonmee 250 Mr/kr) HaOrOmaeTCS TOJNBKO Ha
TeppuTOopuu OTBasa (ocdorurca U B HECKOJbKHX JecsiTkax MeTpoB oT orBaja (Nedbaev,
Elsukova, Chunyaeva, 2023). Takxe Ha XBOCTOXpaHHJIHUIIAX U Ha OJIDKAHIIEM K IPOU3BOJCTBY
CKOIUIEHMH OTBAJIOB BCKPBIIIHBIX NOpoJ conaepkutcss 135-255 mr/kr ctponiuus. Ha cambix
OTHANEHHBIX YCJIOBHO-(OHOBBIX TEPPUTOPHSX coaepikaHue cTpoHuus meHee 70 mr/kr. Ctout
OTMETUTh, 4YTO, HECMOTPS Ha YBEIMYEHUE COJAEP)KAHUSA CTPOHIMS Ha TEPPUTOPUU
MECTOPOJKICHHUS, MEJIaHa ero COJCPKAaHUS He MPEBbIIIACT 30HAIBHBINA QOH (238 MI/Kr).

Ha teppuropun MecTOpoXIEHUS COAEPKHUTCS CTPOHIUS B 7 pa3 Oojbllle 3HAYEHUU
peruoHanbHOro (oHa, a Ha mpuieramoouei teppuropun — B 4 pasza. [Ipu 3ToM Ha cambIx
OTHANEHHBIX TEPPUTOPUAX KOAPPHUIMEHT KOHLIEHTpAIMH CHIKaeTcs 10 2 u Huwke. [Ipu stom
CTOMT OTMETHTb, YTO YBEJIMUYEHHE COJCPKAHUSA CTPOHLMS XapakTepHO HE Ul KaxJI0ro
npou3BoJCcTBa (pocdopHbIX ynobpenuil. Hampumep, B mouBax, NpUiIeTaromuX K aHAIOTUYHOMY
IIPOM3BOJICTBY JIaHAA(TOB, B KuTae yBenuuenue coaepkanus cTpoHuus obu1o He 6osee 10% B
CpaBHEHMH C ycI0BHO-(poHOBOI Tepputopueit (Wang et al., 2019).

Hsmenenue 6anosozo cooepaicanus pmopa u pocghopa

Menuana conepxanus gropa Ha ycIoBHO-QOHOBOH Tepputopuu — 240 mr/kr (25-#—75-i

kBaptiin: 190-350 Mr/kr), Ha Tepputopur MecTopoxacHus — 770 Mr/kr (25-—75-1 KBapTUIIH:
520-1210 mr/kr). Ha pucynke 31 nana cxema pacrpeneneHusi coaepkanust ¢ropa B moyBax Ha
UCCIIIOBAaHHOM TEPPUTOPUH.

Cutyanust ¢ QropoM MOX0XKa Ha pacHpeieieHHe CTPOHLHUSA, TOJbKO emé Oosee

BbIpaXkeHa: HauOOJIbIINE KOHLIEHTPALUU IPUYPOUYeHbI K oTBaily gocdorumnca. Ha Teppuropun 2-
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3 KM OT mpou3BojicTBAa Bce Tepputopuu coxaepxkat 400-1365 mr/kr ¢ropa, 4To 3HAYUTEIHHO
OombInie, yeM Ha yciioBHO-(GoHOBOM Tepputopuu (Nedbaev, Elsukova, 2022). CaMbIMU YHUCTHIMH,
B IUJJaHe cojepxaHus ¢Topa, OKa3aIUCh JIECHbIE HIKOCHCTEMbl K 3amagy OT OCHOBHOTO
pou3BOACTBa. Tam cojepxkanue Gpropa He npesbimano 130 mr/kr.

JIns1 U3BECTHSKOB M OCHOBHBIX TIOPOJ HE XapaKTEPHBI CTOJIb 3HAYUTEIBHBIE COACPIKAHUS
¢dTopa, KOTOpble MBI BCTpeuYaeM B TOYBAX Ha TEPPUTOPUU MECTOPOXKACHUA. Bpicokue
comepkanuss (opa B TIOYBE MOTYT CBHJIETEIBCTBOBATH O 3arps3HEHUH TEPPUTOPUU
MECTOPOXKACHHS (PTOPOM, UTO BIOCIECACTBHH MOXKET IPUBECTH K (roopo3y pactenuit (Ypazaes

u ap., 2000).

YcnoBHble 0603HaueHns //”/7?’—’—"—”‘_\
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Pucynok 31. Cxema pacmpezieseHUsi BaJOBOrO cojepxaHus (Topa B MOYBaxX Ha
UCCJIEIOBAaHHOM TEPPUTOPHUH.

@drop MOXET IMOCTylaTh Ha Mpujeraromue JaHaAmadTel Kak Npu  BbBIOpocax
npousBoacTBa (ochopHOit KHCAOTHI M cymepdochara, Tak W HPU adpPOTCHHOM MEpeHOCE
MarepHaia orBaia gocgorurmca, mockoibky, cornacHo padore (Tayibi el al., 2009), docdorumnc
comepxkut 150-1200 mr/kr, mo npyrum nanHbiM (Saadaoui et al., 2017) 1000-1800 wmr/kr.
®ocdorunc Kunrucenmnckoro mectopoxaeHust ¢pochoputoB coaepxur 1450 mr/kr ¢propa, 4ro
COTJacyercss ¢ IOJY4YEeHHBIMH MaHHbIMH. OIHAKO CYIIECTBYIOT OOBEKTHI, TAe oOpaszyercs

docdorurc ¢ cyuecTBeHHbIM coaepxkanueM ¢ropa: 1o 17670 mr/kr (Arocenaa et al., 1995).
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Menuana cogeprxkanus dhocdopa Ha yciioBHO-GOoHOBOM Tepputopun — 1080 mr/kr (25-i—

75-i1 kBaptiiu: 690-1290 mr/kr), Ha Tepputopuu MectopokaeHus — 4140 mr/kr (25-1—75-i
kBaptiwin: 2160-6290 mr/kr). Ha pucynke 32 mpuBeneHa cxema pacnpeneneHus ¢ocdopa B
MOYBaX Ha UCCIICAOBAaHHON TEPPUTOPHUH.

Pacnipenenenne ¢ochopa mpakTHUIECKH TOBTOPSET pacrpeneseHue Gpropa, 9TO MOKET
CBUJICTEIILCTBOBATh, 4YTO TIOCTYMAOT OHM W3 OJHOTO MCTOYHHKA (TIPEAIIONIOKUTEIHHO,
aHTPONOTeHHOT0). Ha paccTossHum 10 3 KM OT IPOM3BOJICTBA BCE TMOYBHI cozepkaT (ocdopa B
konudyecTBe He MeHee 2500 MI/Kr, 9TO JOCTAaTOYHO 3HAYUTEIHLHO B CPAaBHEHHUH C YCIOBHO-
(OHOBBIMH TEPPUTOPHUSIMH, B OCOOCHHOCTH, B JICCHBIMH SKOCHCTEMaMH K 3amaay oT
MIPOM3BOJICTBA.

Bepxusisi Tpanuma conepxkanusi (ochopa B ToOuBaX HE YCTAHOBIICHA, KaK W HE
OTIpeNieNIeHbl JIOCTOBEPHBIC M3MEHEHUsS B PACTHTEIBHOM IOKPOBE, KOTOPHIC MPOUCXOMAST IPH
nepen30bITKe BastoBoro ¢ocdopa. OgHako yBenudeHue coaepxanus Gochopa B HECKOIBKO pa3

SBJIIETCS MHAUKATOPOM paccCMaTpUBAaEMOr0 aHTPOIIOI€HHOT'O BO3AECHCTBUS.

XBOCTOXPaHUNULLE.
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Pucynox 32. Cxema pacmpeneneHusi BaJOBOro cojaepkanus ¢ocdopa B moyBax Ha
HCCIIEYEMON TEPPUTOPHH.

dochop conmepxkurcs B dochorunce B kommuectBax: or 2060 mr/kr mo 8000 mr/kr
(Tayibi et al., 2009), B docdorunce Aiigaxo (CHIA) comepxurcs 2200 mr/kr docdopa

(Arocenaa et al.,, 1995). B docdorunce Kunrucenmckoro mectopoxacHus (HochopuTon
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MenuaHa conaepxkanusi dochopa npuxomutrcs Ha 5000 MI/Kr, 4TO, BO-TIEPBBIX, COOTBETCTBYET
JUTEpaTypHbIM JaHHBIM, a BO-BTOPBHIX, BO3MOXKHO, SIBJIIETCS MPUYUHONW YBEIUYCHHS
conepkanus Gocdopa Ha TEPPUTOPUU MECTOPOXKICHUS IO BEJIMYWH, YKa3zaHHBIX Bbimie (4140
Mmr/kr). B o63ope (Saadaoui et al., 2017) roBopuTcs o TOM, 4TO cojepkaHue ¢ocdopa B
docdorurnce Bappupyet B mpeaenax 200-35200 mr/kr, mostomy mpoOiema 3arps3HeHUs MOYB
dhochopom oT pocdorurica JOCTATOYHO PACTIPOCTPAHCHA.

Conepxxanue Qocdopa Ha yCIOBHO-(HOHOBOM TeppUTOpUM OIU3KO K PETHMOHATIBLHOMY
¢bony (k03pPuUIMEHT KOHIIEHTpau paBeH 1,2), a Ha TEPPUTOPUU MECTOPOXKICHUS — B 4 pasa
NpEeBbIIAeT peruoHaNbHBIH  (poH. Pochop HEe UacTo BKIIOYAIOT NPU HCCIEAOBAHHIX
HKOJIOTHYECKOTO COCTOSHUS MPUJIETAIOIINX JIAHAMA(PTOB, OJTHAKO YYUTHIBATH €0 TPH OICHKE
BO3JICHCTBHS TTPOU3BOJCTBA (HOCHOPHBIX yIOOpPEHUH, IO ABTOPCKOMY MHEHUIO, IIeIIECO00pa3HO.
[IpeBbimeHne perHOHANBHOTO (OHA B HECKOJIBKO Pa3 MOXKET CBUACTEIHCTBOBATH O HAJTHYUH
BO3JICUCTBUS.

H3zmenenue yoenvHoU akmusHoCmu paouoHyKiud08

B nurtepatype BcTpedaroTcs JaHHBIE O TOM, YTO BO3JACHCTBHE NMPOU3BOJCTB (hocopHOit
MPOMBINIICHHOCTH TPUBOJUT K YBEIWYCHHIO AKTHBHOCTH TPUPOIHBIX PaTHOHYKIIHIOB.
[TpoBenénHoe uccienoBanue Mmokaszano, yTo Ha KuHrucenmnckoM MecTopoxaeHuu Gpochoputon
He HAOJIOMAeTCsl TOBBIMICHHUST AKTHBHOCTH TPHUPOJIHBIX PATUOHYKIHIOB, JaXXe HA000pOT —
AKTUBHOCTh HEKOTOPBIX PAAHOHYKIIUOB MEHBIIIE, YEM Ha YCIOBHO-(DOHOBOW TEPPUTOPHH.

BosgeiictBue mpousBonactBa (ochopHbix ynoOpenuid Ha Tepputopun KuHrucenmckoro
MECTOPOKACHUST (HOCPOPUTOB B CPAaBHEHMU C YCIOBHO-(DOHOBOW TEppUTOpUEH NPUBOIUT K
YMEHbIICHAE AKTHBHOCTH pagHoHyKmmaa ~'Cs Ha 75 % u K ma 50 %. VYiensHas
pamoaKTUBHOCTH pagnonykanmoB 'K, 2*Th, ?*°Ra u *'Cs onpenenena mis 3 06beIHHEHHBIX
npo0: mepBas O0ObeAMHEHHAS TIOYBEHHAs IMpo0a TMpeacTaBisieT co0oil COoOpaHHyH W
MEepPEeMENIaHHYI0 COBOKYIHOCTh HECKOJIBKHUX TOUYEYHBIX MPOO C BEPIIMHBI M CKIOHOB OTBaja
docdorurnca; BTOpas — ¢ MOBEPXHOCTH PEKYJIbTHBHUPOBAHHBIX OTBAJIOB BCKPHIIIHON TOPOIBI;
TPEThsl — C YCIIOBHO-(DOHOBBIX TEPPUTOPHUH, PACTIOTIOKEHHBIX HAa PACCTOSIHUM 5-9 KM OT OoTBasa
¢dochorunca. Ilowck pazauuuil OCYHIECTBISUICS CpPaBHEHHEM pE3yJIbTaTOB J1abOPAaTOPHBIX
aHaJIM30B MEXy COOOH.

B nmokyMmeHTax HET OompelenéHHOr0 HOPMATHBAa aKTHUBHOCTH PAJHMOHYKIHIIOB B TOYBE.
brmwxailinumM aHaoroM Uis OLEHKM MBI MOXEM HCMOJb30BaTh JOMYCTUMYIO YIEIbHYIO
3¢ (heKTUBHYIO PaTUOAKTHBHOCTh CTPOHUTEIHHBIX MAaTEepPHaNOB (TaKUX KaK MECOK U IIeOeHb),
HCIIOJIB3YEMBIX B JKUIUIIHOM cTpouTenbcTBe. OH coctaBmsier 370 br/kr. Bece mpoObl nMeroT
3HaYeHHe yAeNnbHOU 3(p(PeKTUBHON aKTHBHOCTH MEHEEe ATOro 3HaueHus (camoe Ooinbiioe — 124

bx/kr — Ha oTtBane docdorumnca). To ectb, MBI HE MOXKEM TOBOPUTH 00 OMACHOCTH HU OTBaja
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docdorumnca, HU MOUB, PACIOJIOKEHHBIX B 30HE €ro BIUSHUS, B IUIAaHE DPaJIUOAKTUBHOTO
Bo3eiicTBus. bornee TOro, CTOMT OTMETHTh, YTO B paccMaTpUBAEMOM pailOHE CUTYyalus
HA00OpOT — aKTUBHOCTh OTJEJIbHBIX PAJUOHYKIMIOB Ha TEPPUTOPUN MECTOPOKICHUS HHMXKE Ha
50-75%, ywem Ha YycIOBHO-(OHOBOW TEPPUTOPUU. AKTUBHOCTDH YK Ha MECTOPOXKACHUHU
coctaBisier 320 Bbx/kr, Ha ycrmoBHO-GOHOBOU TeppuTOopuu — 587 BK/KT; aKTUBHOCTH PCs Ha
MecTopoxaeHur — 22 Bk/kr, Ha ycioBHO-(oHOBOW Tepputopun — 88 bk/kr. bonee Bwricokast
aKTUBHOCTb PaJMOHYKJIUIOB Ha YCIOBHO-(OHOBOW TEPPUTOPHUH MOXKET OBITH 00YCIOBIEHA
coctaBoM TOpHBIX mopon. B wuccnemoBanmm (Duefias et al., 2007) moaTBepkmaercs, 4TO
axtuBHOCT, Ky docgorunca meseicoka (30-50 Br/kr). Ilpum 5TOM Ha TEpPHTOPHH
PEKYJIbTUBUPOBAHHBIX OTBaJOB AakKTUBHOCTh MakcumanbHa (170-360 bx/kr). D10 MOXHO
OOBSICHUTH J100aBJICHUEM TOYBEHHOM Macchl npu pekynbruBaimu (Henbaes, Encykosa, 2021),
KOTOpasi COJEPIKUT GoJiee BBICOKHE 3HAUCHMs akTHBHOCTH 'K, O[HAKO BApHAIMH AKTHBHOCTH
YK B pocdorunce 3uaunTensHer: ot 4 10 330 B/KT.

3asucumocms cooepicanus XumMudeckux 31eMeHmo8 om panyioMempuiecKo2o cocmasd
noug

B Ttabmuue 10 mpuBeneHbl cpefHHE COAEPNKAHUS XUMHUYECKHX 3JIEMEHTOB B IIOYBaX
Pa3HOro rpaHyJIOMETPUUYECKOTO COCTaBA HA UCCIEA0BAHHON TEPPUTOPHUH.

Ta6muma 10. Cpegnue apudmeTnueckue CoAepKaHusg XUMHUYECKUX JIEMEHTOB B MOYBaX

Pa3HOTO rPaHYIOMETPUUYECKOTO COCTaBa HA UCCIICJOBAHHON TEPPUTOPUU (B MI/KT).

JIérkuii rpaHyJIOMETPUYECKUI I o
TV ———— COCTAR TsKENBIN TPaHyJIOMETPUIECKHIN COCTAB
(n=23) (n=20)
Ba 433 542
Ca 19249 10668
Co 5 6
Cr 39 30
Cu 15 12
F 1346 543
Fe 24633 22523
Mn 500 593
Ni 24 14
P 6700 3335
Pb 18 23
S 2310 986
Sb 0,5 0,3
Sc 6 7
Sr 412 143
v 53 49
Zn 43 51
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Ha yCI0BHO-()OHOBOM TEPPUTOPUH npeobaaaaT IIOYBBI TSAXKEIOTO
IPaHyJIOMETPHUUYECKOro cOCTaBa (OT JETKOro CYrJIMHKAa IO TIJHMH), a Ha MECTOPOXKIECHUH —
NErKOTO TPaHyJIOMETPUUECKOTO0 cocTaBa (OT mecka o cymeceit). M3 TaGmuipl BUIHO, YTO
Hau0oJiee 3HaYUTENbHbIE OTJIMYMS B COAEPKAHUM CIEAYIOIMIUX XMMUYECKHX 3JIEMEHTOB: (TOpa,
cTpoHIMs, cepbl U Qochopa. Ilpuuém, B mpoTuBOpeune C KIACCUUYECKUMH IOJIOKEHUSIMU
[IOYBOBEJCHHUA 3T XHUMHUYECKHE DJIEMEHThl HAaKaIUIMBAIOTCS MMEHHO B II0YBaxX JETKOTO
IpaHyJIOMETPUYECKOIO COCTaBa, UYTO MOYKET SIBISATHCS JOMOJHUTEIbHBIM CBUIETENHCTBOM
aHTPOTOT€HHOTO BO3ACHCTBHUS, BIAMSIIOIIETO Ha TEOXUMUYECKUE 0COOEHHOCTH TEPPUTOPHH.

3asucumocms coOepICanuuss XUMU4ECKUX 71eMeHmos om muna no4e

Tunm moYBbl XapakTepusyeT CHENHAIbHBIA HA00p MOYBOOOPA3YIOMIUX IPOIECCOB,
KOTOpPBbIE MOTYT BJIUATh Ha (PU3UKO-XMMHYECKHE XapaKTEPUCTUKU TOYBHI U, CIEIOBATEIbHO, HA
AKKyMYJSIIUIO TEX WM WHBIX XUMHYECKHX OJJIeMeHTOB. B Tabmume 11 maHel cpenHue
COJIEpKaHUSI XUMUYECKUX D3JIEMEHTOB M KHUCIOTHOCTh B Pa3HBIX MOYBaX Ha MCCIEI0BAaHHOU
Tepputopuu  (ambperymycoBble, TeKCTypHO-IuddepeHpyemble, TIJ€eBble, JUTO3EMBI,
arpo3émsl, TOp(SHBIE U PEIUIAHTO3EMBI).

Tabmuna 11.

Cpennue apudMeTHyecKHe COIEpPKaHUS B Ppa3HBIX [MOYBaX Ha

UCCIIEOBAHHON TEPPUTOPUH.

Anbde- Texcrypo- i i .
Otnen muddepen- I'neepbie | JIuto3émer | Arpo3émsl | TopdsHbie | Permmanto3émer
IOYB ryMySOBHe UpyeMbIe (n=10) (n=3) (n=1) (n=1) (n=36)
(n=2) (n=2)
Ba, mr/kr 174,40 620,00 517,22 654,33 337,00 197,00 503,29
Cd, mr/kr 0,27 0,17 0,26 0,24 0,08 0,31 0,19
Co, mr/kr 3,77 4,92 5,20 4,71 0,71 2,60 6,27
Cr, mr/kr 19,77 27,70 34,97 24,13 6,04 14,20 29,66
Cu, mMr/kr 6,22 12,00 14,31 9,84 1,29 14,20 13,12
F, mr/kr 620,00 175,00 190,00 163,33 150,00 220,00 946,29
Fe, mr/kr 8500 16250 19111 15833 4500 7900 24100
Mn, mr/kr 167,25 201,75 221,67 269,50 117,00 85,50 692,44
Ni, mr/kr 7,42 11,60 13,81 9,46 1,53 9,10 16,25
P, mr/kr 3490,00 1110,00 977,78 813,33 980,00 1160,00 5269,14
Pb, mr/kr 29,00 23,00 28,67 28,00 15,00 28,00 19,00
S, Mr/KT 309,50 8462,50 163,79 56,25 27,00 319,33 1705,84
Sb, mr/kr 0,31 0,28 0,35 0,22 0,10 0,41 0,37
Sc, Mr/kr 3,03 6,82 7,41 7,39 2,52 4,28 6,22
Sr, Mr/kr 97,00 118,50 92,11 106,00 65,00 47,00 806,00
V , mr/kr 43,19 38,40 48,61 33,47 8,60 23,90 49,15
Zn, Mr/KT 19,60 58,10 44,67 46,70 8,24 13,20 48,95
pH Box 5,58 5,93 5,54 6,10 7,64 4,34 7,02
pH KClI 4,94 5,00 4,64 5,30 6,36 3,59 6,48

13 TaGJ’II/II_IBI BHUAHO, YTO IPAKTUYCCKU BCC UCCICAOBAHHBIC 3JICMCHTBI HMCHOT CUJIbBHYIO

BapI/Ia6eHBHOCTL B 3aBHCHUMOCTH OT THIIa 104YBEI. CTOUT OTMCTUTH, YTO KBa3U3EMbI COCTaBIISIIOT
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3HAYUTENBHYIO IUIOMIA/b TEPPUTOPUU MECTOPOXKACHHUS, M B KBa3W3EMax HaOIIOAAIOTCS
MaKCHMaJbHbIe KOHIIEHTpaluu KobanbTa, (Topa, »Keje3a, MapraHua, Hukemis, ¢ocdopa u
CTPOHIIUS, YTO COTIIACYETCS C BBISABICHHBIM pPaHee MPEAIOI0KEHHEM O BIUSHUH MPOU3BOJICTBA
dbochopHbIX ynoOpeHuil Ha cojepkaHue (ropa, *xkemesa, Maprania, ¢ocdopa u cTpoHiusi. B
TOPQSHBIX TOYBAaX caMasi BBICOKAs KHCIOTHOCTh, a TaKXe HAaKalUTMBAeTCS OOJbIIE BCETO
cypbMbl. bosbiie Bcero 6apust B nuto3émax. B TekcTypHO-auddepeHnpoBaHHbIX MOYBax (Ha
JYrOBBIX IUIOIIAJKAX) aKKyMYJIHpYyeTcs OOJIblIe BCEro cepbl (B HECKOJBKO pa3 OoJjbllie, YeM B
ApYruX TO4YBax). B TieeBbIX mMoYBax HAOIIOAAETCS HAKOIUICHWE XpOMa, MEAM M CKaHIuS.
MakcuManbpHOE CoNIepKaHNe CBUHIIA TIPUXOAUTCS Ha allb()eryMyCOBBIC TOYBBI.

AHnanuz xoppensayuonHvix ceszet

Ha pucynke 33 mnpuBeneHa cxemMa KOpPPEISLUMOHHBIX CBA3€H MEXIYy BaJOBBIM
coJiep KaHreM TsDKENBIX MeTallioB, propa, pocdopa u pH.
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Pucynok 33. Cxema KOppENSLUOHHBIX CBSI3eU COAEPIKaHUS XUMUYECKHX SJIEMEHTOB Ha
UCCIICIOBAaHHOM TEPPUTOPHUH.

AHaJIN3 CXEMbI KOPPEISIIMOHHBIX CBSI3CH MEXKIY COJCPKAHUEM PA3TUYHBIX XUMHUYCCKHX
AJICMEHTOB M TOKa3zaTelii pH TO3BOJIIET BBIICIUTh HECKOJIBKO TPYII MOKA3aTele, KOTOPhIC
COTJIaCYIOTCSI C TIOJNIyYCHHBIMH paHee BBbIBOJAAMHU. Bo-NeEpBbIX, BBIICIWIACH TpyIIa
AHTPOIIOTCHHBIX 3JIEMEHTOB (CTpOHIMH, GTOp, Pocdop), KOTOpPhIE MOCTYMAIOT HA TMOYBBI OT
npou3BoicTBa hocopHbIX ynoOpeHuid. JlaHHas rpymmna yepe3 CTPOHIUI CBsA3aHA C HUKEIEM M
MCIbI0, KOTOPBIC TOXKC MMCIOT TCHACHLIWIO K HAKOIUICHUIO B IMOYBax MECTOPOXICHHA, HO HC
TaKyl SIBHYIO, Kak cTpoHIMid, ¢rop u ¢dochop. Uyrh Bblme ObUIa MOKa3aHa CTATHCTUYECCKU

AOCTOBCpHAaA pasHUlla B COACPKAHHUU IOTHUX IJICMCHTOB Ha TCPPUTOPHUU MCCTOPOKIACHUA WU Ha
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YCIIOBHO-(DOHOBOM ~ TEppUTOpUM, TNPUYEM  MaKCUMajbHble (MOPOH M  «ILIKBAJIbHBIE)
KOHIIEHTPALUK 3THX 3JIEMEHTOB IPUXOIWINCH HAa TEPPUTOPHUIO OTBaNA (pocdorurca.

Bo-BTOpBIX, BBIAENUIACH TPYNIIa XUMUYECKUX 3JEMEHTOB, MPEACTABIAIONIAs, BUAUMO,
acCOLIMALIMIO 3JIEMEHTOB, COJCPXKAILIMXCS B TOPHBIX MOPOAAX TEPPUTOpUU: Oapuii, KOOAJbT,
XpoM, XKejle30, MapraHell, BaHaJ Wi, IUHK, TaKk Kak Jjs OOJbLIeH YacTW 3THUX 3JIEMEHTOB
XapaKkTepHa, COIVIACHO TEOJOTMYECKOM KapTe, NeOXMMHUYECKas aHOMalus B palioHe ropoja
Kunrucenmn. Ilokazarens pH koppemupyer ¢ mapraHueM, 4TO HOITBEPKAAECT BO3MOXKHYIO
accolMalio NpuUMecell MeTauloB B KapOOHATHBIX mMopojax. Takke CTOMT OTMETUTh
KJIACCHUYECKYIO Ta&KHYIO 30HAJIbHYIO aCCOLIMALINIO: KOOAJIBT, KEJIe30 U MapraHeL.

B-Tperbux, oTaenunach oT BCEX OCTAIbHBIX 3J€MEHTOB acCOLMaLUs U3 TPEX IEMEHTOB:
Cd, Pb, Sb. Kak yxe yka3plBaloCh, KaAMUH M CBHHEI MOTYT HAKaIJIMBAThCA B MOYBAX M3-3a
BO3JICUCTBHS TIPOM3BOACTBA (HOCHOPHBIX YHOOPEHHI, OJHAKO B JaHHOM CiIy4dae, BUIUMO,
MCTOYHUK JAHHBIX JIEMEHTOB — UHAsl aHTPOIIOT€HHAs 1€ATEIbHOCTb.

DaxmopHuvllti aHanu3

ben mpoBenén ¢dakropHblii aHanu3 17 mepeMeHHBIX (aKTyaldbHAas M IMOTCHLIUAIbHAS
KHCIIOTHOCTH, BajioBoe coaepxanue Ba, Cd, Cu, F, Fe, Mn, Ni, P, Pb, S, Sb, Sc, Sr, V, Zn) no
51 npobHuoit momaau. Okaszanock, 4to 85% aucnepcun onpenenstor 4 gakropa (tabnuna 12).

Tabnuna 12. Aucnepcuu ¥ KyMyJIsSTUBHBIE 3HAYEHUS TUCIIEPCUH IO (DAaKTOpaM.

®axtop | Jucnepcus, % | KymynsarusHoe 3Hauenue, %

1 43,82968 43,82968
2 20,22439 64,05407
3 13,7168 77,77087
4 7,630393 85,40126
5 5,69011 91,09137
6 3,803436 94,89481
7 1,914821 96,80963
8 1,516565 98,32619
9 0,723476 99,04967
10 0,436045 99,48571
11 0,207314 99,69303
12 0,184265 99,87729
13 0,10048 99,97777
14 0,021655 100

B ta6nune 13 npuBenena marpuiia GpakToposB.
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Ta6mmma 13. Marpuna ¢pakTopos.

®dakTop
ITokaszarens
1 2 3 4
Ba 0,59 | -0,65 | -0,03 | 0,31
Co 0,82 | -0,44 | -0,11 | 0,00
Cr 0,80 | -0,09 | 0,47 | -0,26
Cu 0,33 | 0,31 | 0,73 | 0,03
F 0,54 | 0,74 | -0,29 | 0,18
Fe 0,88 | -0,25 | -0,12 | 0,06
Mn 0,63 | -0,16 | -0,52 | 0,31
Ni 0,71 | 0,41 | 0,53 | -0,02
P 0,58 | 0,65 | -0,31 | 0,15
Pb -0,67 | -0,29 | 0,08 | 0,20

pH aktuBnas | 0,69 | 0,08 | -0,55 | -0,22
pH oomennas | 0,70 | 0,21 | -0,48 | -0,15

S 0,15 | -0,09 | 0,26 | 0,82
Sc 0,63 | -0,68 | 0,21 | -0,23
Sr 0,31 | 0,85 | 0,26 | 0,17
v 0,87 | 0,08 | 0,27 | -0,26
Zn 0,84 | -0,39 | 0,21 | 0,22

Brinenennsie 4 gakTopa, KOTOpbIE OMPEEISIOT pacnpeneneare 85% BHIOOPKH:

FeggVg7Zng,CogyCrgoNiyq pHakT;opHO6MggMng3SC g3BasoPsgFsy

1. 44 %

2 20 % Sl"85F74-P65

SC68B365

HakTs3Mn
3. 14 9, s3T5z
Cu73N153

3HaYMMbIe TOJIOKUTENIbHBIE HAarpy3ku Ha mepBblid (akrop (mucrepcus 44 %) umeroT
13 nokazateneit (akTyanbHasi U MOTEHUUANIbHAS KUCIOTHOCTH, BajoBoe coiepxanue Ba, Cd, F,
Fe, Mn, Ni, P, Sb, Sc, V, Zn) u3 17 B3aTBIX [UIsl aHanu3a, OTPUILIATEILHYIO HATPY3Ky UMEET
CBUHEI[, a Me€Jb, CTPOHIIMIA W Cepa HE HMEIOT 3HAYUMBIX HArpy3ok. OTO (hakTop BIUSHUS
XUMHUYECKOTO COCTaBa MOJCTHIAIONINX MOPO/I Ha MTOYBHI.

Opny naTyro yacth obmel aucnepcuu (20 %) 3aHuMaeT BTOpoil ¢dakTop, KOTOPBIKA C
y4€TOM BcCeX MpeAbIAYIINX BHIBOJIOB MOXHO HA3BaTh BIUSHUEM MPOU3BOJCTBA (OCHOPHBIX

ynoOpeHuil Mo MOYBBI, TaK KaK MPU BO3JEUCTBUU ITOr0 (akTopa yBEIUYUBACTCS COJACpPKAHUE
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TpEX KIIOYEBBIX DJIEMEHTOB, BBIJEJIECHHBIX B HacToslled paboTe MNpuU U3YYEHUH D3TOTO
BO3JICUCTBHS, — CTpOHIHS, pTopa U pochopa. OOpaTHYIO KOPPEIALUIO K 3TOMY (PaKTOpy UMEIOT
Oapuii u ckanauid. CTPOHIIMI MOXET 3aMEHATh KAJIbIIMA U Oapuii B XUMUYECKUX COCTUHEHUSX,
TaKk Kak »JTO OJJEeMEHThl 2-i rpynmbl nepuoaunyeckoir Ttabmuubl J[.W. Menneneesa, a
COOTBETCTBEHHO OHU HMEIOT CXOKHME XMMHUYecKue M (usmueckue cBoiictBa. OtpuiarenbHast
KOppeJsilivsl  aHTPOIIOT€HHOro (pakTopa CO CKaHJUEM, BO3MOXKHO, CBSi3aHa C TeM, 4YTO
3HAYUTENIbHAsl YaCTh MECTOPOXKAECHUS HAaXOAUTCA Ha KapOOHATHBIX MOpPOJaX M IMECYaHHKax, a
coJiepKaHue CKaHIMs B U3BECTHAKaX U necuanukax Hu3ku (Kabara-Ilennuac u ap., 1989).

Bec tpetbero ¢akrtopa cocrtaBusier 14 %, W, BO3MOXHO, HaHHBIM (DaKTOp SIBIAETCA
BJIMSTHUEM XMMHUYECKOT0 COCTaBa HE BCEX FOPHBIX MOPOJ, a UMEHHO M3BECTHSAKOB U J0JIOMUTOB,
CJIararolllUX OTBaJIbl BCKPBIIIHBIX MOPOJ, TaK KaK MMEHHO Ha OTBajlaX HaO/ojaeTcss Hambosee
BBICOKMHU TMoOKa3aTenb pH u Hamboisiee BBICOKHME KOHIEHTpamumu Mapranna. [Ipuuém, cBszka
BbICOKM pH M BBICOKOE colep)kaHuE MapraHila XapakTepHO U Il JPYTUX PEruOHOB, T
pa3palaThIBalOT MECTOPOKACHUS 1O KApOOHATHBIMU MOPOAAMHU.

YerBEpTHIi (haKTOp MPEACTABICH TOJBKO Cepoil (OCTANbHBIC MOKA3aTe HE3HAYUMEI) U
3aHuMaeT 7 % nucnepcud. BeposiTHO, 3TO MposiBI€HHE MOCTYIUIEHHSI adpPOr€HHBIM IMYTEM
gactull ¢ocdorurca Ha MPUIETAIOIINE TEPPUTOPUH, TAK KaK, C OJHON CTOPOHEI, C€pa BXOJIUT B
coctaB ¢ocdorurca (Cynbhu Kalblius), a ¢ IPYyroil CTOPOHBI, BCS UCCIIEIOBAHHASI TEPPUTOPUSI,
MpUIeraminas K Mpou3BOACTBY, Oorara cepoil. M, kak oTMe4anoch B aHAJIOTMYHBIX paboTax,
paanyc BIMSHUS CEPbl HAa TOYBHI MPHU MPOHU3BOJACTBY (POChHOpPHBIX ymoOpeHH MOXKET OBITh
Oonbpie 9 KM, B3ATHIX AJIS MAaKCUMAaJbHOTO yJAJICHUS M Pa3MEIIEHUs TaM MPOOHBIX YCIOBHO-

(hOHOBBIX TUTOIIAICH.

BriBoanblI k ri1aBse 4
[TouBennsiii mokpoB KuHrucenmnckoro mectopoxxiaeHus (GpochopuToB 3HAUYUTETHHO

U3MEHEH B XOJI€ XO3HCTBEHHOU JEATEIILHOCTH YEJIOBEKA. ECTECTBEHHBIE TUIIBI TIOYB CMEHUIINCH
TCXHOI'CHHBIMU IMOBCPXHOCTHBIMHA 06p3.30BaHI/I$IMI/I. HepeMemeHHe JIMTOTCHHOI'O MaTcpuajia 1
pa3MelieHre KpYMHOTOHHaKHBIX OTXOJ0OB MPUBENO K U3MEHEHHUIO penbeda u GopMHUpOBaAHHIO
nepenaaoB BbICOT 4O HECKOJIBKUX NCCATKOB METPOB. OTBabl BCKPLIIMIHBIX ITOPOJ IMOABEPraroTCA
pPEKyJIbTUBALMM C HAHECEHHWEM TIpPyHTa M TOCJIEAYIOIIMM OHOJOIMYECKHM  3TaIloM,
3aBEPIIAIOIIHUMCS IOCAAKON JIECHBIX KYJIbTYP.

CorylacHO NPOBENEHHBIM HCCIEAOBAaHUSAM, HA TEPPUTOPUU MECTOPOXKIEHUS JNEHCTBYIOT
JIBA OCHOBHBIX IIpOIECCA, MEHSIOUIMX €CTECTBEHHYI0 TI'€OXMMHUYECKYI0 OOCTaHOBKY:

MOCTYIIJICHUE 3arpsI3HSAIONINX BEIIECTB MOCPEICTBOM BHIOPOCOB MPHU MPOU3BOACTBE (pochopHoit
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KUCIOTBI M (OCPOpHBIX YyIOOpPeHM M a’poreHHbl MepeHoc uactull (docdorumnca Ha
npuseraromuye JaHamadrsl.

N3 Bcex wucCIeIOBaHHBIX XHMHUYECKHX OJJIEMEHTOB CTpoHmmi, ¢rtop u docdop
CTaTUCTUYECKH JIOCTOBEPHO HAKAIUIMBAIOTCSI Ha TEPPUTOPUUM MECTOPOXKICHMS, U UX
MOCTYIUIGHUE MOYKHO OOBSCHUTH JCATEILHOCTh MPEINPUSTHS 10 MPOU3BOACTBY (POCHOPHBIX
ynoopenuii. Beiopockl mpu mpousBoacTtBe (ochopHOi KUCAOTHI U (OCHOPHBIX yIOOpeHU
MIPUBOJIAT K YBEJIMYECHUIO BAOBOTO COJIEp)aHus (pTopa B TOYBEHHOM TTOKPOBE MECTOPOKIACHUSI.
Conepxxanue gropa yBeanMuuBaeTcs B 3 pa3a B CpaBHEHUU C yCIOBHO-(DOHOBOW TeppUTOpHUEH.
Ot otBanma ¢ocdorurnca Ha NPUIICTAIONIUE TEPPUTOPHH IOCTYMAET CTPOHIMHA u Qocdop.
Copep:xaHue CTpOHIUS OTIMYAETCS OT YCIOBHO-(OHOBOI Teppuropuu B 1,6 pas, a pocdopa — B
4 pa3a B CTOPOHY YBEIHUYEHUS.

[To creneHM aHTPONMOTEHHOTO BO3JCHCTBUS BBIACICHO TPH THIA TEPPUTOPHUA —
yCIOBHO-(DOHOBBIE  (JIeCHBIE W OOJIOTHBIE OSKOCHCTEMBI), PEKYJIbTUBUPOBAHHBIC OTBAJIBI
BCKPBIIIHBIX TIOPOJ, a TaKKe KPYIHBIE TEXHOTCHHBIE OOBEKTHI — OTBalbl (ocdorurnca u
XBOCTOXPAHHWJIUINE. YCTAaHOBICHO, YTO Ha YCIOBHO-(OHOBOH TEPPUTOPUH BCTPEUAIOTCS
npesbiieHus [IJIK no menu, mapraniyy, HUKeIO W IUHKY. Ha pexyJIbTUBHpPOBAaHHBIX OTBajax
BCKPBILIHBIX 1TOPOJ ecTh npesbiiienus 111K mo mapranny, meau, HMHKY ¥ CBUHLY. B moysax Ha
oTBane ¢ocdorunca u xBocroxpaHwinnie 3apukcuposanbl npesbiieHus [1JIK no mapraunmy,
MeJi1, CBUHILY, HUKEII0, XpPOMY M LINHKY.

Huskum BappupoBanuem (ko3¢ ¢uiment Bapuanuu MeHbine 30 %) xapakTepu3yrTCs
Oapuii u cBuHel;, cpeanuM (koddpdumment Bapuamuu 30-60 %) — xoOayibT, XpoM, Keie3o,
MapraHel, CKaHIui, WHK; BBICOKUM (kKoaddunuent Bapuanuu 60—100 %) — Meap, HUKEIb,
CypbMa, BaHaJIuil; aHOMaJIbHO BBICOKUM (k03¢ ¢urrenT Bapuauu 6omsine 100 %) — xaamuii u
CTPOHLMH. YCTaHOBJIEHO, YTO MAaKCHMAalbHOE COJIEpXKaHWE BaJIOBBIX (hopMm Oapusi, KaaMmus,
MEJU, HUKENs, CypbMbl, CTPOHLIMSA, BaHAAWs, LIMHKA XapakTepHO JUIs MOYB, OTOOPAaHHBIX Ha
otBane Qocdorurnca U XBOCTOXpAHUIMINE. B MOYBaX TEXHOTCHHBIX OOBEKTOB HabIIOmaeTCs
TaKXe CHWKEHHE KOJMUYecTBa opraHuyeckoro emiectsa. KobanbT, Mapranen, CBUHEl, CKaHAWN
PaBHOMEPHO PACHPOCTPAHEHBI [0 TEPPUTOPUU UCCIICTOBAHMSL.

OnHuM u3 HauboJiee 3HaUNMBIX MHIUKATOPOB MTPOU3BOACTBA (HochHOPHBIX yI0OpeHHid Ha
UCCIICyeMOM TEeppUTOpUM SBISETCA KOA(POUIMEHT KOHLEHTPALMM XUMHUYECKHX JIIEMEHTOB,
paccuMTaHHBI HAa OCHOBE pEerMOHaNbHOro (oHa bapeHiieBa pernoHa Juis MOYB FOXKHOW TaMIH.
Hanpumep, ko3Q@uIMEHT KOHLIEHTpPAllMK BaJoOBOro cojaep:kaHus (ocdopa Ha TeppUTOPHH
MECTOPOKICHUS U Ha YCIOBHO-()OHOBOW TEPPUTOpUHU pa3nuyaeTcss B 6 pa3, K03 UIMEHT

KOHIIEHTPAIUN CTPOHLIUA — B 3 pasa.
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[TporieHT TOABMKHBIX (OpM BO3pacTaeT C YBEIMYCHHUEM BaJIOBBIX COJCpPIKAHUH.
Manononsuxusie (0—1 %) s3JIeMEHTBHI OTCYTCTBYIOT, cCpelnHss MNoABIKHOCTH (1-10 %)
XapakTepHa JiU1sl 6apusi, CBUHIIA, HUKENS U UUHK, nosbieHHas (10-20 %) — ansg mapraxua u
MeaH, BbICOKONoIBHKHBIE (0onee 20 %) anmeMeHThl OTCYTCTBYIOT. OTKPBITHIM OCTaeTCs BOMPOC
0 pa3pabOTKe HKOJOTHYECKMX HOPMATHBOB M YCTAaHOBJICHHWW (OHOBBIX KOHIEHTPAIMN IS
pa3HbIX pernoHoB Poccuiickoit denepanuu.

B kBa3m3émax HakarumMBaroTCs OOJbIIE YeM B IPYruX MOYBax KOOAlbT, (TOp, JKEIe30,
Mapranen, (pochop u crpoHImMii, B TOPpQSAHBIX MOYBAX — CypbMa, B JIMTO3éMax — Oapuii, B
TEKCTYpHO-TU(GEPEHIIMPOBAHHBIX TOYBAX — Cepa, B Iiee3éMax — XpoM, MeIb U CKaHIHi, a B
aJIb(PeryMycoBbIX — CBUHEII.

BeposiTHO, BCKpBIIIHBIE MTOPO/IBI, BHITOIHSIONINE HA TEPPUTOPHH MECTOPOKICHUS POIIb
MOJICTUIAIOIINX TOPOJA, MNPHUBOJAAT (B CpPaBHEHUU C YCIOBHO-(DOHOBOW TeppuTOpHEil) K
yBeIU4eHHIO moka3aress pH Ha 2 ef., yBelIMUeHHUIO BaJOBOrO coaepx anus xxkenesa (Ha 40 %) u
Maprania (B 1,5 paza) u yMeHbIICHUIO MOABIKHBIX (opM xkenesa (B 5 pas).

XUMHUYECKUH COCTaB MOYB HA HCCIECIOBAHHOM TEPPUTOPUM ONPEICISIOT YEThIPE
(baktopa — mopoaHsiii haktop (44 %), mpousBoscTBO GocopHbIX ynodbpenuii (20 %), BiusHIES
BCKpBIIIHBIX TIopo (14 %), moctymnenue cepsl ot otBana docdorurnca (7 %).

3ammmaemoe mnoJioxkeHue. BoszaelictBue npousBoicTBa (ochopHBIX ynoOpeHui Ha
MOYBBI U PACTUTEIBHOCTh BBIPAKACTCA B MEXAHWYECKOM HApyIIEHHUH KOMIIOHEHTOB IMPUPOIHOM
cpenbl, UI3MEHEHUHU pelibeda, TOCTYIUIEHUH 3arpsS3HAIONIMX BEIIECTB MTOCPEICTBOM BHIOPOCOB B
aTMocdepy U a’pOreHHOro nepeHoca 4acTuil otBasia ¢ocdorumca. Muaukaropamu Bo3AeHCTBUSA
SIBIITIOTCS YBEJIMYCHHE BAJIOBOTO COJIEpKaHus CTpoHIMs B 1,5 pa3a, ropa B 3 pasa u ¢ocdopa B
4 pa3a B MoYBax CpaBHEHHHU C YCIIOBHO-(OHOBOM TEPPUTOPHEH.

3amumaemoe moso:xkeHue. I[lousst u TIIO KuHrucenmnckoro MeCTOPOXICHUS
bochopuTOB XapaKTepU3YyIOTCS HEUTpalbHOUN peakiueil cpensl, npesbimenueM O/IK mo cepe,
30HaAJBHOTO (oHa 1o Gropy U ochopy, pernoHaIbLHOrO (oHA MOYB I0KHOHM Taiirn bapeHiena
pervoHa mo Oapuio, KOOaIbTy, XpOMy, MEIH, *Kelle3y, MapraHily, HUKEI0, CBHUHILY, CypbMe,
CTPOHLIMIO U BaHaauio. Berpeuatorest npesbiienus [1JIK B mouse nmo maprasiy, Menu, CBUHILY,
HUKETIO, XpOMY W IIMHKY. XHUMHYECKHH COCTaB IOYB Ha HCCIENOBAHHOW TEPPUTOPHU
onpeiensoT ueTeipe (akTopa — mopoanbit Qaktop (44 %), Tpom3BoACTBO (ochopHBIX
ynobpenuit (20 %), BausHUE BCKpPBIIHBIX mopon (14 %), mocTyrieHwe cepbl OT OTBaja

docdorumnca (7 %).
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I'maBa 5. I'eodkosiornyeckasi oOLEHKAa BO3AeCTBUS MNPOU3BOACTB (ocPOpHBIX

YA00peHuil HA PACTUTEJIbHOCTH

B Hacrosueit

rjiaBc COACPKUTCA JBa pasacia:

IIEPBbI  IOCBSIIEH AHAIN3Y

KOJIMYCCTBCHHBIX XApPAKTCPHUCTUK reo0OTaHUYECKHX OMHCAHHH C OCJIBIO BBIABJICHHA paBJ’II/I‘II/Iﬁ

MEXJly TeppUTOpUEH MECTOPOXKJIEHUS U YCIOBHO-()OHOBOM TEPpUTOpPHUEH; BO BTOPOM pasjeiie

IMPUBCACHBI PE3YJbTAThl aHAJIM3a reo0OTAaHHYECKUX OIMMCAHMMI MCTOJOM KOPPEIALUOHHBIX

wiesy. O01ee onucaHue pacTUTENLHOCTH Ha HCCIEJOBAHHON TEPPUTOPHUH B Pa3pe3e pa3IMuHbIX

TUTIOB AHTPOIIOTCHHBIX M TMPUPOJIHBIX OOBEKTOB JaHO B mojapasaene 2.5.

Kparkas

XapaKTepUCTHKa paCTUTEIbHOCTU IIpUBEieHa B Tabnuue 14.

Tabmuna 14. KpaTkas xapakTepucTuka pacTUTEIbHOCTH Ha UCCIIEOBAaHHON TEPPUTOPHUH.

npeHa3HaueHHbIE IS BBIIaca
KpYIIHOTO pOraToro CKOTa.

Tun  OpupogHOTO
17001
Ocobennoctu OCHOBHBIE JOMUHAHTHBIE BAIBI
AHTPOTIOTCHHOT'O
00BeKTa
JlecHnie B ocmoBHOoM, enoBeie u | Alnus incana (L.) Moench
9KOCHUCTEMBI OepésoBbie Jieca Ha peuHoil | Betula pubescens Ehrh.
teppace pexu Jlyra c oommem | Calamagrostis sp.
w BIArOMIOOMBBIX ~ BUAOB B | Equisetum sylvaticum L.
% TPaBsSHO-KyCTaPHUYKOBOM Filipendula ulmaria (L.) Maxim.
& sapyce Oxalis acetosella L.
& Picea abies (L.) H.Karst.
& Vaccinium myrtillus L.
§ bonorusle Berpewatorcst  kak  crapwie | Betula nana L.
€ | sKocHCTEMBI onurotpodHsie OonoTa, Tak u | Phragmites australis (Cav.) Trin. ex Steud.
=9 MIEPEXOIHBIE. Pinus sylvestris L.
g Salix sp.
= Sphagnum sp.
S | Jyrosbie IIpenmytiecTBEHHO Aegopodium podagraria L.
> | sKocuCTeMbI bepmepckue semnu | Calamagrostis sp.

Dactylis glomerata L.
Milium effusum L.
Sonchus arvensis L.

Tepputopus MECTOPOXKICHUS

OtBan docdorunca

®uroreHo3bI cHhOPMHUPOBAHEI
YaCTUYHO PEKyJIbTHBAILIUCH,
YaCTHYHO CAMO3apACTaHHEM.

Artemisia vulgaris L.

Chamaenerion angustifolium (L.) Scop.
Deschampsia cespitosa (L.) P.Beauv.
Populus tremula L.

XBOCTOXpaHUIIH- ®dwurorneHo3s! chopmupoBansl | Aegopodium podagraria L.
ia YaCTUYHO PEKyJIbTHBALIUCH, Alnus incana (L.) Moench
JaCTUYHO CaMO3apacTaHUEM. Chamaenerion angustifolium (L.) Scop.
Salix sp.
Urtica dioica L.
OTtBans ®duToneHo3b! chopMupoBaHbl | Aegopodium podagraria L.
BCKPBIIIHBIX TIOPOA | PEeKYJIbTHBALIMEH U 110 cuX mop | Betula pubescens Ehrh.
hopMHpYIOTCSL. Calamagrostis sp.
Picea abies (L.) H.Karst.

Tussilago farfara L.
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5.1 AHa/IM3 KOJIMYECTBEHHBIX XaPAKTEPUCTHK re000TAHUYECKHUX ONMCAHUI

ITpon3Bo/CTBEHHAsT NIEATEIBHOCTh Ha TEPPUTOPUM KHMHIHMCENICKOro MeCTOPOXKICHHS
¢dbocGopuTOB NPUBOAUT K 3aMEHE NPUPOIHBIX JaHAWAPTOB HA AHTPOIIOTEHHO-NPUPOIHBIE,
copMHUpOBaHHBIE MYTEM DPEKYIbTUBALMM HAa TEXHOTCHHBIX O00BEKTax (OTBajax) M PAAOM C
Humu. Kak cnenctsue, (GopmupyroTCs HOBBIE IOCTTEXHOTEHHBIE JKOCHCTEMBI. OTinuune
KOJINYECTBEHHBIX XapaKTEPUCTHK COOOIIECTB HAa OTBaJIaX BCKPBILIIHBIX MOPOJ U COOOIIECTB Ha
YCIIOBHO-(DOHOBBIX ~ TEPPUTOPHUSAX OOYCIOBIEHO WX pPa3MYHBIM reHesucoMm. merot
CTaTUCTUYECKH JTOCTOBEPHBIE pa3jNyus, B YaCTHOCTH, BO3PACT €Nl eBponeickoil Picea abies
(L.) H.Karst, oounue no [pyne Beitnuka Calamagrostis sp., TOIbsIPyChl BEPOHUKU JTyOpaBHOI
Veronica chamaedrys L. n xBoma necHoro Equisetum sylvaticum L. (tabmuua 15). Bce
OCTaJIbHbIE KOJMYECTBEHHBIE XapaKTEPUCTUKM TIeO00O0TaHWYECKUX ONMCAHUNH HE HMEIOT
CTaTUCTUYECKH JOCTOBEPHBIX PA3IMYUil WM HE YAOBIETBOPSAIOT OrPAaHUYECHUSIM HCIIOIb30BaAHUS
KpUTEpPUEB TIOMCKAa pa3Iuuuii (Hampumep, CIAUIIKOM Majas BblOopka). I[louck pazmmumii
ocymiecTsisuics no U-kpureputo MaHHa- Y uTHU.

Tabmuna 15. CratucTuueckue 3HAYMMBIE pa3UYMs KOJMYECTBEHHBIX ITOKa3aTesei

reo00TaHMYECKUX ONHUCAHUN TIpU CPAaBHEHUU YCIOBHO-(OHOBOM W IPOU3BOJCTBEHHOMN

TEPPUTOPUH.
Yucnurens — | Uucnurenb — | KonmuuectBo Konnuectso
MeIuaHa Ha | MeuaHa Ha | OIMCAHUM Ha | ONMMCAHUN Ha
yCIIOBHO-(DOHOBOHM | TEPPUTOPUU yCIIOBHO-()OHOBOW | TEPPUTOPHH

[Toxazarens TEPPUTOPHH; MECTOPOXJICHHUS; | TEPPUTOPHH, MECTOPOXKICHUS,

3HaMeHaTelNb — 25- | 3HaMeHaresb — 25- | HMEIIINX MMEIOIINX
Bl  ®m  75-p1 | Bl W 75-bIi | paccMaTpUBaeMbIil | paccMaTpUBacMBbIi
KBapTHJIN KBapTHIU MOKa3aTellp, IIT. MOKa3aTellb, MIT.

Bo3spact enu

eBpgneﬁCKoﬁ 60 40 9 13

. . 30-80 30-40

Picea abies, ner

[IpencraBiieHHOCTD

B MOAPOCTE OCUHBI 5 2 7 12

Populus  tremula, 2-5 1-3

nonst ot 10

Obunue no Hpyze

BEWHHKA cop 2 cop L 9 22

Calamagrostis sp. cop 1 —cop 2 sp—cop |

[Hopwspyc

BEPOHUKHU

o 2 1

IyOpaBHOI P 121 4 6

Veronica

chamaedrys

IMoawsipyc xBoia 5 3

necHoro Equisetum -9 33 5 4

sylvaticum
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Paznuuusa 6 so3pacme enu esponetickou Picea abies

CraTUCTHUYECKH JOCTOBEPHO pa3IMyaeTcs BO3pacT €M eBpoleickoil Picea abies B
coctaBe apeBocTos. Ha ycioBHO-(hOHOBOI TeppUTOpHHM MeauaHa Bo3pacTa coctamiseT 60 jer
(25-p11i kBapTHIb — 30 ;et, 75-p1i kBapTUIb — 80 JIET), a HA TEPPUTOPUU MECTOPOKICHUS —
40 ner (25-wpiit kBapTwib — 30 ;et, 75-p1ii kBapTuiab — 40 ser). DTO CBSI3aHO C TEM, 4YTO
pacTuTeIbHBIH TMOKPOB (OPMHUPOBAJICS HA OTBAlaxX MCKYCCTBEHHO IyTEM pPEKYyJIbTHBAILIUU.
IlepBble pexynpTUBaLMOHHBIE paboThl ObUIM HpoBeaeHbl B 80-e rr. XX Beka (Kymmnuup, u ap.,
2021). Ha ycnoBHO-(OHOBOW TEpPUTOPHUH €J1b B COCTABE JPEBOCTOS BCTpeUyanach Ha 9 mpoOHBIX
IIOUIA/IAX, @ Ha TEPPUTOPUH MECTOPOXKJIeHUs — Ha 13 mpoOHbIX muiomansx. PopmMupoBaHue
MOJIOJBIX 3KOCHCTEM Ha OTBajax HE MO3BOJSAET B MOJHOM Mepe cpaBHuBarh IITK nmus momcka
WHIUKATOPOB XMMHYECKOTO BO3JICHCTBUS TMpou3BojacTBa GochopHbIX ymodpeHuit. OmgHAKO
napajuiesbHas ¢ OpMUPOBAHUEM OTBAJIOB PEKYJIbTUBALIMS ITO3BOJISIET UCCIIEIOBATENSAM U3YUUTh
Pa3HOBO3pPACTHBIE SKOCUCTEMBI Ha OTBAJIax, HAUMHAsA OT Y4aCTKOB, Iie ObUI MPOU3BEAEH TOJIBKO
MTOCEB MHOTOJICTHHX TpPaB, M0 40-JI€THUX €JIOBBIX HACAXKICHHI. ABTOPOM OBUIO BBIIETICHO ISThH
3TanoB (HOPMUPOBAHMA COOOIIECTBA HAa OTBaje BCKPBHIMHBIX MOpOJ. Pe3ymbTaTthl 3TOTO
MCCJIEIOBAHUS U3JI0’KEHBI B TyOIMKaLUU:

Forest recultivation of overburden dumps of the Kingisepp phosphorite field / I. S.
Nedbaev, E. Yu. Elsukova, E. A. Kushnir, E. I. Treschevskaya // IOP Conference Series: Earth
and Environmental Science, Voronezh, 09—10 centsi6pst 2021 roga. — Voronezh, 2021. — P.
12029. — DOI 10.1088/1755-1315/875/1/012029. — EDN NVITDD.

[TpuBeném omucanue 53TanoB (GOPMHUPOBAHUS PACTHUTEIHLHOTO IMOKPOBa HAa OTBAlIax
BCKPBIIIHBIX mopoa Kunrucenmckoro mectopoxiaeHust Gocopuros. B kadecTBe MOAEIHHOTO
o0BbeKTa OBLT B3SAT OJMWH OTBAJ BCKPBIIIHONW MOPOABI M Ha HEM 3AJ0KEHO MATH MPOOHBIX
IIoUIaied B pa3HOBO3PACTHBIX OCTPEKYIbTUBALIMOHHBIX 3KOCUCTEMAaX (PUCYHOK 34).

[lepBast mpoOHasi mIOmIaAh, Ha KOTOPOW pACIOJIOKEHBI CaMble CTapble EIbHUKU
BO3pacToM okojio 40 JieT, HaXOJUTCs Ha BEpIIMHE OTBajla BCKPBINIHBIX Mopoa. B npeBecHom
apyce nmpeobnagaer eib eBporneiickas Picea abies, BCTpedaloTcs eMHUYHBIE SK3EMILIIPBI COCHBI
OOBIKHOBEHHOU Pinus sylvestris, 0epé3bsl nymmcroi Betula pubescens wm wuBbl Salix sp.
DcreTHueckas IIEeHHOCTh UMeeT BhICHINKA 6amt — 5. COMKHYTOCTh JIPEBECHOTO sipyca Ha JaHHOU
IUIOMIAIM HAauOOobINAas U3 MCCIEeIOBAaHHBIX Ha JaHHOM oTBaie u coctasisier 0,7. BricoTa eneit
coctaBiisieT mopsaka 15 M, BeicoTa coceH — 17 M, Bbicota Oepé3 — 20 M, BbicoTa MB — 8§ M.
JlnameTp enu eBporeiicKkoi Ha JaHHOW IJIOIIAKe PaBeH 25 CM, COCHBI OOBIKHOBEHHOU — 22 cM,
0epé3nl mymmucToit — 28 cm, uBbl — 12 cM. [logpoct Ha JaHHONW TPOOHO TUIOMIAAN HE BBIPAXKEH,
MOYTH OTCYTCTBYET. IIpOEKTHBHOE MOKPBITHE TPABSIHO-KYCTAPHUYKOBOTO SIpyca COCTaBISET

40 %, uTo 00ycioBiIeHO (HOPMUPOBAHHUEM «MEPTBOIO» MOKPOBA MOJ CTAPbIMHU €NsIMHU. X04eTcs
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OTMETUTH TPHUCYTCTBHE Ha IUIOMIAAM HWBaH-uyas y3kosucTtHoro Chamaenerion angustifolium,
KOTOPBII HE BCTPEYAETCs WU MOYTH HE BCTPEUAETCS HA TEPPUTOPUSIX C HAUYaIbHBIMU CTATUSIMU
WM C OTCYTCTBUEM peKyinbTuBauu. Takke B mpenenax [ITK BcTpedaercss cuBen ayroBou
Succisa pratensis, KOTOPbIA HAXOAUTCA HE BO BCEX OMUCAHMIX HA JJTaHHOM OTBaJie BCKPBILIIHBIX
nopoa. OOMIbHO BCTpedaeTcsi MaTb-u-mauexa Tussilago farfara — npencraBuTelb pyaepalbHON
pacturenbHOCTU. J[aHHOE 0OCTOSATENBCTBO TOBOPUT O TOM, YTO, HECMOTPS Ha PEKYJIbTUBAIUIO,
TPaBsIHO-KYCTapHUYKOBBIN SPYC €JI0BBIX JIECOB HE OyeT OJM30K K 30HAJIBHBIM JIECaM, U 3TO yiKe
HOBasi C(hOPMHUPOBABIIASCS aHTPOIIOTEHHO-TIPUPOIHASL CUCTEMA. MOXOBO-TUIIAHUKOBBIN SIPyC:

90% 3enéHple MXU.

NPeGHES memE)s il

(MpeEkER RveNERD 2

MpoGHagingeLians3

pebHasinaeLanBE;

(NeEHER) ToMEATS 5

Pucynok 34. MectomnonoxxeHne NpOoOHBIX IJIOMaAel MPH HCCIEAOBAaHUU 3apacTaHus
OTBaJIa BCKPBIIIHOW MOPOIBI

Bropas npobnas muiomanas, cocTosmas U3 elOBBbIX HacaxaeHui npumepHo 30-1eTHero
BO3pacTa, HaXOAMTCA Ha CKJIOHE OTBajla BCKPBILIIHBIX MOpoJ. B menom, Ha Bcell TeppuTOpUN
JAHHOTO MPUPOAHO-AHTPOIIOI€HHOTO KOMILIEKCa MPeodIIaJalonyo poiib B COOOIIECTBE HapaBHE
C enbpl0 eBpomeickoit Picea abies pa3nensier 6epésa mymmuctas Betula pubescens. Berpeuatores
TaKKe €JIMHUYHBIE SK3EMIUISIPbl COCHBI OOBIKHOBEHHOU Pinus sylvestris n uBbl Salix sp..
OcreTuyeckasi EHHOCTh TeppUTOpUH — 2. COMKHYTOCTh JIPEBECHOIO sipyca HE3HAuuTeNIbHAa U
cocrasisier 0,2. Beicora eneit, 6epé3 u uB He mpeBbimaeT 10 M, a COCHBI HIMEIOT BBICOTY OKOJIO
7 m. Ilpu TOM nuaMeTp esneil He3HAYUTENIeH — BCETO B CpeIHEM 7 CM, IMAMETP COCEH H Oepé3 —

OpHEeHTUPOBOYHO 10 cM, a UBBI UMEIOT caMblii HauOombimil auamerp — 15 cm. Ilogpoct Ha
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JaHHOM MPOOHOM IUIOIIAIU SIPKO BBIPAKEH M IPEJICTaBJICH, B OCHOBHOM, €JIbI0 €BPOIEHCKOM.
Takxe BcTpewaercss ocuHa U Oepé3a mnymmucras. [IpoeKTHBHOE TMOKpHITHE TPaBSHO-
KyCTapHUYKOBOIO sipyca coctaBisieT 90%. JloMmmHaHTamMu B TpPaBSIHO-KYCTAPHHUYKOBOM SIpyce
aBisitoTCs Achillea millefolium, Calamagrostis sp. n Avenella flexuosa. MoX0BO-THIITAWHUKOBBINA
apyc: 60% 3enénpie MXH.

Tpetbs npoOHas 1ok (BO3pacT HACaXACHUN COCTaBIseT OPUEHTHPOBOYHO 20 JieT)
pacrosioxeHa Ha BEpIIMHE OTBajla BCKPBIIIHBIX Nopoja. B npeBocroe BcTpeyaroTcsi TOJIBKO
EAMHUYHBIC TIPEJCTABUTEIIN €U eBporneirckoil Picea abies. J[peBecHBI spyc, B OCHOBHOM,
npeacTaBiieH 0epé3oi mymucToil Betula pubescens. JlanHasi Iiiomaas UMEET CpeiHee 3HAUCHUE
acTeTudecko 1eHHocTH — 3. CoMKHyTOCTh ApeBoctosi He npesbimaer 0,1. Camble KpynHbIe
9K3EMIUIPBl €1M AOCTHraroT 7 M, HO OHU €JUHHYHBI. bepés3sl ke Moryr mocturath 10 M B
BbIcOTy. OCHOBHAsi Macca PeKyJIbTHUBAIIMOHHBIX MOCAJIOK €II€ HaXOJIUTCS Ha ypOBHE MOJPOCTa
(okomo 4 wm). Ilpu sTOoM nuamerp enell eBpONMEWCKHX OKa3alics Jaxe OoJbIlne, YeM Ha
MpeABIAYIIEH TUIOMIAIN Ha CKIIOHE, — mopsiaka 8 cM. [[uamerp 6epé3 takoii xe — 8§ cM. [logpoct
Ha JAHHOM IUIOLIAJH SPKO BBIPAXKEH M MPEJCTABJICH IOCAJKaMHU €JIM €BpOINEHCKOW. Takxke B
MOApPOCTe BCTpedaroTcsi: ocuHa Populus tremula, Gepé3a mymmctas Betula pubescens, cocHa
oObIKHOBeHHAst Pinus sylvestris w uBa Salix sp. COMKHYTOCTh MOJApOCTa OOJBINE, YeM
COMKHYTOCTh JpeBocTos, — 0,4. IIpoeKTHBHOE MOKPHITHE TPABSIHO-KYCTAPHUUKOBOIO sipyca —
nosioBuHa miuomann (50%). Ha 3Toll miomanu Takke BCTPEUYaeTCsl MBAH-4aill y3KOJIMCTHBIN
Chamaenerion angustifolium. TloMmumMo WBaH-4as, B TPaBIHO-KYCTAPHHUYKOBOM sIpyce
BCTPEYAOTCS eIl THICIUETUCTHUK OOBIKHOBEHHBIN Achillea millefolium, unna nyrosas Lathyrus
pratensis, xneBep nmyroBour Trifolium pratense. MoX0OBO-TUIIAWHUKOBEIN sipyc: 60% 3enéHbie
MXH.

YerBépTas mpoOHas MJIOMIAAb MPEACTaBISIET COOOM TEPPUTOPHIO, TIe mpumepHo 10 et
Ha3aJl IPOBOJMUIIACH PEKYJIbTUBALMS, 3TO BEPILIMHA OTBaIa BCKPBIIIHBIX MOPOJI. JlpeBecHbIN spyc
OTCYTCTBYET, €CTh TOJBKO IOJIPOCT. ODCTeTHYecKas LEHHOCTb Teppuropun — 3. Ilocaaku
HEMHOTI'O IIPEBBILIAIOT YEJIOBEUECKHI pocT. BbicoTa Bcex ApeBeCHBIX MOPOJ B moapocte: 2-4 M.
370, B OCHOBHOM, €J1b eBponeiickas Picea abies, 0HaKO BCTpeyaeTcs Takke Oepéza mymmcTast
Betula pubescens n cocHa oObIkHOBeHHas1 Pinus sylvestris. JlnameTp moapocTta He MPEBHIIIACT
S5cMm. Ilpu 3TOM mocanku IOCTaTOYHO IUIOTHBIE M COMKHYTOCTh mojpocrta cocraBiser 0,4.
[IpoexktuBHOE mokpeiTHe TKS — Takoe ke, Kak U Ha npeabiayilen miomanke, — 50 %. MBan-uas
Chamaenerion angustifolium Ha 3TOW TJIOLIANW HET, MPUCYTCTBYET CHUBEL JYroBoil Succisa
pratensis (BBICOTOM 5 cM), uMHA JIyroBasi (B TPEThEeM MOABSIPYCE TPABSHO-KYCTAPHUUYKOBOTO
apyca, BeicoTol okono 40 cm), xBour JecHoW Equisetum sylvaticum. TlokpbiTHe MxamMH Ha

JAHHOM IUIOIIAAX COBCEM He3HAuuTeabHOe — He Oojbmie 5%. CTOMT OTMETHThL, UTO OOMIIHE
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YUHBI IYTOBOU Lathyrus pratensis mo JIpyne coctaBisieT cop 1, 4To 03HA4YaeT, 9TO YMHA JIyrOBast
SBIIIETCS JOMUHAHTHBIM BHJIOM B TpPaBSIHO-KYCTAPHUYKOBOM sIpyce€ Ha JAHHOW IUIOLIA/IH.
BriostHe BeposITHO, YTO MpH MPOBEICHUH PEKYIHTHBAIMN YNHON 3aCEUBAIICS HAIOKEHHBIN TPYHT
KaK YKPeIUISIONIUM MHOTOJIETHUM pPa3HOTPAaBbEM, CIIOCOOCTBYIOIIMM HAKOIUIEHUIO B IOYBE
MUTATENBHBIX BENIECTB (B YaCTHOCTH, a30Ta).

[TaTas mpoOHas mIoIIa s PacloyioKeHa Ha BEPIIMHE OTBajla BCKPBIIIHOW MOPOABI U Ha
HEll He MPOBOJIWIACH JIECHAS! PEKYJIbTHBALINS, TPOU3BOIMIICS TOJIBKO ITOCEB MHOTOJIETHUX TPaB.
[TosToMy mocanok enu eBpoNernCcKOl Ha HEW HET. DCTeTHYeCKasl [EHHOCTh JAHHOTO JIYTOBOTO
coobmiectBa Bbicoka — 4. M3 moapocra BCTpEHArOTCS B €IWHUYHBIX, OTIAEIHHO CTOAIIUX,
IK3EMIUISIpax COCHa OOBIKHOBEHHast Pinus sylvestris, 0epé3a nmymmucras Betula pubescens n nBa
Salix sp. Ilo BeicoTe moapocT He mpeBbiliaeT 3 M. Jlnamerp He mpeBblmaeT 5 cMm. Ilpuuém,
npeo0JIaaroIIyl0 pojib B COOOIIECTBE B MOJpOoCcTe UTpatoT uBbI (Oosee 70% Bcex NPEeBECHBIX
nopon). M3-3a oyaroBoro xapakrepa pacinpoCTpaHEHHs MOAPOCTAa €r0 COMKHYTOCTb COCTaBIISET
MeHee 0,1. IIpoeKTMBHOE MOKPBITHE TPABSHO-KYCTAPHUYKOBOIO sIpyca BBICOKO — OK0J0 80%,
BCTPEYAIOTCS: MBIMIUHBINA Topoiek Vicia cracca (B 3-eM moabsipyce, BbICOTOM okojo 40 cm),
TBICSTYCIIUCTHUK OOBIKHOBEHHBIN Achillea millefolium (B 3-em mombsipyce, BbicoTOM OKoyio 30
cM), unHa nyroBasi Lathyrus pratensis (B 3-eM MoOmbspyce, BBHICOTOW Okoio 60 cm), KOCTEp
6e30CThiil Bromus inermis, 60p pa3Becuctoiit Milium effusum, oxxuka Bonocucras Luzula pilosa.
MoOXOBO-JIMIIAMHUKOBBIA SPYC OTCYTCTBYET. B JOMHHAHTBI B TPAaBSHO-KYCTAPHUYKOBOM spyCe
OISITh BEIOMBAETCS YMHA JIyroBasi, oounue no [pynae kotopoit cocrasiser cop 1.

B paMkax naHHOTO WCCIEIOBaHUS PACTHUTEIBHBIX COOOIIECTB HA OTBAJ€ BCKPBIIIHBIX
nopo Kunrucenrnckoro mectopoxaeHusi GocopruToB Mbl MOKEM BBIACTUTH YETHIPE YCIOBHBIX
craguu (OPMHUPOBAHUS €JIOBOIO COOOIECTBA Ha OTBAjJaX BCKPBILIIHON MOPOIBI MyTEM JECHOM
pexynbpTuBanuu. IlepBas ctaaus — 3T0O HaHECEHUE TPYHTA U 3aCEB MHOTOJIETHUMH TpaBaMH ISt
(dbopMUpOBaHHUS YCTOMYMBOIO MOYBONOJ00HOTO MOKpPOBa. BTopas ctaaus mpeacTaBiseT NOCaaKy
JIECHBIX KYNIbTYp (B JAaHHOM cllydae eib eBponeickas Picea abies). OkoOHUaHUE BTOPON CTaauU
3HAMEHYEeTCs BBIXOJIOM CaMbIX BBICOKHX 0COO€il B IpeBecHbI sApyc (6onee 6 m). TpeThs ctaaus
(bopMHpOBaHUs COOOIIECTBA 3aKIIOYACTCA B POCTE BCEX HACAKICHUU JI0 YPOBHS JIPEBOCTOS U B
co3/1aHuu 0epE30BO-EII0BOTO WM €T0BO-0epE30BOro jieca, Tak Kak B BO3pacTe OPUEHTHPOBOYHO
30 ner enpb eBpomnelckas Ha PEKYJIbTUBUPOBAHHBIX €10 TEPPUTOPUAX MOXKET 3aHUMaTh 10 50% B
coctaBe ApeBocTos. Ha 4eTBEPTON cTaaMM €M BBITECHSIOT Oep&3bl U3 cOCTaBa COOOIIECTBA,
OCTaBasiCh TOYTH €JUHCTBEHHBIM IMPEACTaBUTEIEM IPEBECHOTO sipyca, HauMHas (HOpPMUPOBATH
MATYI0 CTaauio, KOTopas emé€ He TMpeAcTaBieHa Ha MCCIEAOBaHHOM TEeppUTOpUU, —
MEPTBOMOKPOBHEIE eTbHUKHU. B paiioHe ropoaa KuHrucenn Ha oTBajiaX BCKPBIIIHOM MOPOIBI €U

JOCTUTAIOT YETBEPTOM cTamuu OpueHTUPOBOYHO K 40 rogam. C TOUKHM 3peHHUS UCIOIb30BaHUSA
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HAPYIICHHBIX TEPPUTOPUH (TaKMX KaK OTBAJbl BCKPBIIIHOW IMOPOBI), JISCHAS PEKYIIbTHBALIHS
SIBIISICTCSI ONITUMAIILHBIM BApPUAHTOM.

Obunue getinuka Calamagrostis sp

Beitnuk Calamagrostis sp. sBISETCS caMbIM PaclpOCTPaHEHHBIM BHJIOM TPaBSIHO-
KYCTapHUYKOBOTO Spyca Ha HCCIEAOBAHHOW TeppUTOpUHU. Takxke BcTpedaroTcst Tussilago
farfara, Aegopodium podagraria, Solidago virgaurea, Chamaenerion angustifolium, Trifolium
pretense, Fragaria vesca, Achillea millefolium, Dryopteris carthusiana, a cpenu IpeBOCTOSI —
Picea abies (Tabnuma 16).

Tabmuma 16. Camble pacnpocTpaHEHHBIE BHJIbI PACTUTEIBLHOCTH Ha MCCICAOBAHHOM

TEPPUTOPUH.

KonuuectBo omucaHuif, B KOTOPBIX BCTpeYaeTCA
HasBanue Buma Ha ITaTHIHA BUI (Bcero ObLIO caenmaHo 46 reo00TaHUYECKUX

OMMCaHui), MIT.

Calamagrostis sp. 31

Tussilago farfara 18

Aegopodium podagraria 17

Solidago virgaurea 16

Chamaenerion angustifolium 16

Picea abies 16

Trifolium pratense 15

Fragaria vesca 13

Achillea millefolium 13

Dryopteris carthusiana 12

Ha ycnoBHo-(oHOBOIM Tepputopun BeiHuk Calamagrostis sp. BCTpedaeTcs Ha
9 MpoOHBIX IUIOIMIAAX, & HA TEPPUTOPUH MECTOPOXKACHHS — Ha 22 mMpoOHBIX muiomansx. [Ipu
3TOM Ha YCIOBHO-()OHOBOW TEPPUTOPHH B 7 OMUCAHHIX U3 9 BEHHHK SBISETCS TOMUHAHTHBIM
BUJIOB U BXOJUT Ha3BaHue coobiiecTBa. Ha Tepputopun MecTopoKaeHHsI BEHHUK BHIOMBAETCS B
JOMUHAHTHBIE BUBI M BXOJAUT B HAUMEHOBaHUE coolmiecTBa B 15 onucanuax us 22.

Ha ycnoBHo-¢poHOBOI Teppuropun Meauana oounus no [pyne Belinuka Calamagrostis
sp. coctaBisieT cop 2 (25-b1ii kBapTHIb — cop 1, 75-bIif KBapTHWIIb — COp 2), a HA TEPPUTOPUH
MeCTOpOXAeHUs — cop 1 (25-b1ii KBapTUIIb — SP, 75-bIi KBapTHIIb — cOp 1). CTOUT OTMETUTH, YTO
Ha 3€MJISIX CEJIbCKOXO35MCTBEHHOI'O HA3HAYEHMs, B HACTOSIIEE BPEMsS HUCIHOJIb3YEMbIX MJIs
BbIIaca KPYIHOTO pOraToro CKOTa, OTHOCSIIUXCS K YCIOBHO-(DOHOBOW TeppUTOpUHU, OOUIINE
BeilHuKa gocturaer cop 3. CpeaHssi BbIcOTa BEMHHMKA Ha HUCCIIeIOBaHHON Tepputopun — 30 cwm,
HO Ha OTJEJbHBIX MPOOHBIX IUIOIMIAJAX BCTPEYAETCS BEHHUK C COLBETHSIMM, JOCTUTArOIIUN 60-

70 cMm.
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Jlisi mowWicka Kak MPUYMH, TaK W CIEJICTBUM, MEHbBIIETO OOWJIUs BEHHUKAa B pailoHE
MECTOPOXKACHUS BOCIOJIB3YEMCs MOHSATHEM 00 9KOJIOrHMYecKux Qakxtopax cpensl. B cepenune
XX Beka B Hallleil CTpaHe aKTUBHO pa3BuBajach (urornenonorus (3aneHckui, u ap., 1959), u
OJTHUM U3 PE3YJIbTAaTOB 3TOM NeATeNbHOCTH sBIseTcs pyHaamenTanbHbiii Tpya JI.I' Pamenckoro
U Jp. «IKOJOrHYecKas OlleHKa KOPMOBBIX YTOJMN MO pacTUTEIbHOMY MOKpOBY» (Pamenckuii, u
ap., 1956). B aTom Tpyzae nposiBuIach HaydyHas Ues O MKATUPOBAHUH BIMSHHS IKOJIOTHYESCKUX
(GakTOpoB Ha pa3nIUyHbIE BUABI M HX  XapaKTepUCTUKU. VI3MeHeHue oOunaus BeWHHKa
Calamagrostis sp., cornacHo 3kojorudeckum mkanam JI.I'. Pamenckoro (tabmuna 17), moxer
CBUJIETEIBCTBOBATH O TOM, YTO Ha TEPPUTOPUHU MECTOPOKICHUS OoJiee OoraTble Mo COEPKaHUIO
MUTATENbHBIX BEIIECTB IOYBbI, TaK KaK Ha IPOM3BOACTBEHHON TEPPUTOPUHU PACIIONIOKEHO
MIPOU3BOJICTBO yHoOpeHuid. JlaHHBIA BBIBOJ ClemyeT U3 Toro, uro obwmme mo Jpyne cop 1
XapakTepHO JUIsi 00raThlX B MUHEPAJbHOM OTHOILIEHUH MOYB, 4 YBEIMYECHHE 3HAUCHUN OOMIHS
1o [pyzae st BeliHMKa 10 cop 2 yKe SBJISETCS XapaKTepUCTUKOM HeboraThlx Mo4B. B 1ienom, no
XapaKTepUCTUKE dKosornyeckux mkan JlannonbsTa (emé ogHa pa3HOBUAHOCTH SKOJIOTHUECKUX
mikan), BeHuk Calamagrostis sp. OTHOCUTCS K MOJYTEHEBBIM PACTEHUSIM, IPOU3PACTAIOIIUM Ha
MIOYBAX CJENYIOIIEH XapaKTEepUCTHKU: OT CPEIHEH CyXOCTH J10 BIAXHBIX, OT CIA0O0KUCIBIX 10
HEUTpabHBIX, OT CpeAHEOETHBIX 10 CPeAHEOOraThlX Mo O0OraTcTBY MMHEPAJIHHOIO MUTAHUS, C
HEOOJIBIINM I'YMYCOBBIM TOPU30HTOM, Ha MECYAHBIX, XOPOLIO a3pUPYEMBIX IIOYBAX.

Tabmuna 17. Dxonornyeckue mkansl JI.I'. Pamenckoro nns Beitnuka Calamagrostis sp.

(na ocnoBe PameHnckuii u nip., 1956).

HanmenoBanue O6wmue o Jlpyne
aCTEHUS u
p [Ikana
HEKOTOPbIE cop 2 U BbIIIC cop 1 sp sol
CBEJICHUS
Calamagrostis Bnaxso- Brnaxso- Ot cyxo- | OT CyXOJyroBoro
sp. JIyTOBOE JYyTrOBOE JYyrOBOTO JI0 | JO CHIPOJIYTOBOIO
P . YBiaxxHeHue y Y y oA poity
Beiinuk, 3mak CBIPO-
HH3KOTO JYTOBOTO
KOPMOBOTO BborarctBo m | HeGorarslie Ot 6emupix 1o | OT  OGemnpix | OT 0c060 OemHBIX
JIOCTOMHCTBA. 3aCOJIEHHOCTD JTOBOJIEHO o OorateIx | 1o cinabo
TTOYBBI OoraTeIx COJIOHYAKOBBIX
Bausaue Or Or CHJIBHOTO
BEITIaca YMEpPEHHOTO | BIIMSHUS  BHIMaca
[TacTOuIHAA ci1aboe Wiy He | BIUAHUSI o OTCYTCTBUSA
JUTpeccus CKa3bIBACTCS BBIlIaca IO | BbIMaca
ITOJIHOT'O
OTCYTCTBHSA
Bricoko- u
AnnroBuab-
cpenHeo0ecIeueHH
HOCTh
0€ YBIKHEHHE

CTaTUCTHYECKH 3HAUYMMBIE DA3IUYUs HMEIOTCA B 3HAYCHHUU NOIbSIpyca BEPOHHUKH
nyopaBHoOi Veronica chamaedrys L. Ha ycioBHO-(OHOBOW TEppUTOpPUU BEPOHHUKA TyOpaBHAs

BCTpeyasach Ha 4 MPOOHBIX IUIOINAISX, @ Ha TEPPUTOPUU MECTOPOXKAEHUS — Ha 6 MPOOHBIX
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momaaix. Ha ycioBHO-(GOHOBOW TeppuTOpHHM BEpPOHHMKA TyOpaBHAs BCTPEYAETCS TOJIBKO BO
BTOPOM spyce, a Ha TEPPUTOPHUH MECTOPOXKACHHUSA — MPEUMYIIECTBEHHO B MEPBOM IOIBAPYCE
(yumb 75-bI KBapTWIIb U BBIIIE OTHOCATCA KO BTOpOMY noabsapycy). MHtepnperupyemoi u
OJTHO3HAYHOM MPUUYMHBI JTAHHOMY OOCTOSITEIILCTBY BBIIBUThH HE YJalIOCh.

Takxe CTaTUCTUYECKH 3HAUMMBbIE PA3IMYUs €CTh B 3HAUEHUU MOIBSIPYca XBOIIA JIECHOTO
Equisetum sylvaticum L. Ha ycii0BHO-()OHOBOH TEppUTOPUU OH MOBCEMECTHO BCTPEUAETCs BO
BTOpOM sipyce (5 omucaHuil) a Ha TEPPUTOPUHU MECTOPOKICHHUS — B TPETbeM (4 OmMCaHus).
OnpenenéHHbpIX MPUYMH HAWACHHOTO Pa3Myusl HET B CBSI3U CO CIMIIKOM OOJIBIIUM CHEKTPOM
(axTOpOB, BIMAIONIMX Ha pocT pacTeHuid. CpenHue BBICOTHI U MOIBSIPYCHl OCHOBHBIX BHJIOB
TPaBsIHO-KYCTapHUYKOBOIO sipyca puBeIeHbl B Tabnuue 18.

Tabmuma 18. CpemHue BBICOTBI M MOIBSIPYCHl HEKOTOPHIX BHIOB  TPaBSHO-

KYCTapHUYKOBOTO SIpyCa Ha UCCIIEI0BAHHON TEPPUTOPHH.

HasBanue BricoTa Ha | [Tomwsapyc Ha | BeicoTa Ha | [Tomwsapyc Ha
pacTeHus yCIOBHO-()OHOBOH | YCIOBHO-(DOHOBOW | TEpPPUTOPHH TEPPUTOPUH
TEPPUTOPUH, CM TEPPUTOPUH MECTOPOXKACHUS, MECTOPOKICHUSI
cM
Ca.lan.za grostis 40 3 40 3
epigejos
Tussilago farfara OTCYTCTBYET OTCYTCTBYET 20 2
A di
cgopodium 25 2 25 2
podagraria
Solidago 60 3 10 1
virgaurea
Chamaenerion
o OTCYTCTBYET OTCYTCTBYET 60 3
angustifolium
Trifolium pratense 7 1 7 1
Fragaria vesca 10 1 10 1
Ac.hlllea. - | 12 |
millefolium
Veronica
25 2 12 1
chamaedrys
Equisetum
. 20 2 30 3
sylvaticum
Deschampsia OTCYTCTBYET OTCYTCTBYET 40 3
cespitosa 4 4 JECLRY
Artemisia vulgaris 40 3 30 3

5.2 Ounenka TpanchopmMannu (pUTONEHO30B METO0M KOPPEJIAMOHHBIX IJIES

C nomo1tpio MeTosa KoppeasuuoHHbIX miess (OnexkyHoBa, MyparoBa, 2005) yaanoch
pa3OuUTh BUABI, BCTpPEUAIOIMECS HAa HCCIEAOBAaHHOM TEppUTOPHM, Ha 15 rpymm, Ha3blBaeMBbIX
wiesinamu  (pucyHok 35). Koadduumentsl conpspk€HHOCTH TNPUBEICHBI HAa PUCYHKE B

necsitudHoM (popmate Haj JMHHUEH cBs3u. PomoBoe (BHIOBOE) Ha3BaHWE (WJIM HAMMEHOBAHHUE
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HKOJIOTMYECKOM TpyNImbl A MOXOBO-JIHMIIAHMUKOBOIO IOKPOBA) paclojioKeHO B y3nax. B
pe3yibTaTe aHaau3a MOJY4YMIIOCh 3 OOJIBLIMX TPyl (KaXaas BKiItoyaeT Oosnee 15 BumoB) u 12
Manbix rpynn (ot 2 go 6 BuaoB B Kaxnaoil). K Oompmum rpynmaMm MOXXKHO OTHECTH
CEJIbCKOXO35IMCTBEHHBIH Jyr (3a0polleHHas NallHsg) Ha YCIOBHO-(OHOBOM TEPPUTOPUH, JIECHOE
COOOIIECTBO C M30BITOYHBIM YBJIA)KHEHHEM Ha YCIOBHO-(OHOBOW TEPPUTOPUM U COOOIIECTBO,
IIPUMBIKAIONIEE K XBOCTOXPAHWIHUILY Ha MPOMU3BOACTBEHHOW Tepputopuu. K ManelM rpynmnam
MOXHO OTHECTH YCJIOBHO-(DOHOBBIE JIECHBIE COOOINECTBa, OOJIOTHOE COOOIIECTBO, EIBHUK
TpaBsIHBIA  3€JICHOMOILHBIM, TpaBsiHO-KycTapHUUKOBbINH sipyc (TKS) mnpu moBbImeHHOM
YBIQKHEHUH, PYIACPAIbHYI0 PpPAaCTUTEIBHOCTb TEXHOT€HHBIX OOBEKTOB, pyAEpalbHYIO
pPacTUTEIbHOCTh OTBAJOB BCKPBIIIHBIX MOPOJ, PACTUTEIBHOCTh Oepera OTBajia BCKPBILIHBIX
nopoa, Buasl u3 TKS pexkynpTuBupoBaHHbIX JiecoB, TKS Ha oTBanmax moj MeEIKOIMCTBEHHBIMU
nopoaamu, TKS Ha orBanax moj xBoiHbIMHM nopoaamu 1 TKS Ha oTBanax Ha ydacTkax ctapou
pekynbTuBanuu (40-1€THUE EIbHUKH).

JUis  cenbCKOXO3SUCTBEHHOIO Jyra (3a0pOIIeHHON MallHM) KIIOUYEBBIMH BHUAAMU
SBIIAIOTCS 3Be3muarka JsecHas Stellaria holostea L., mmxma oObIKHOBeHHast Tanacetum
vulgare L., ocot moneBoit Sonchus arvensis L., repans nyroBas Geranium pratense L. n TIOTHK
enkuid Ranunculus acris L. Jlng necHoro cooOmecTBa ¢ W30BITOYHBIM YBIOKHEHHEM Ha
YCIIOBHO-(DOHOBOW TEPPUTOPUH SAPOM SIBISIOTCS BaxTa TpéxyucTHas Menyanthes trifoliata L.,
B&X smoButhiil Cicuta virosa L., motuk nomsyunit Ranunculus repens L. u BoasHUKa uépHas
Empetrum nigrum L. [lpn TOBBIIIEHHOM YBIQXHEHUM TMPOSIBISETCS TIpyNna: KUCIHLA
obbikHOBeHHast Oxalis acetosella L., xBouy necnoit Equisetum sylvaticum L. u TaBonra
Bs3onuctHas Filipendula ulmaria (L.) Maxim. B miesmax Bblenuiachk Tpymma, KOTOpas
MOSIBJISIETCS. B JIECHBIX DKOCUCTEMAX IPU YMEPEHHOM YBIIAKHEHUH: XBOILI NOJIEBON Equisetum
arvense L. n xoctssHuka Rubus saxatilis L. KinroueBbIMu BuUAaMu it OOJOTHBIX 3KOCHCTEM
ABJISIIOTCSI COCHA OOBbIKHOBEHHAs Pinus sylvestris L. u caraym Sphagnum sp., ocTajibHbIe BUJIbI
00JIOT ToMaNy B IJIESITy OJIbXOBOT'O MIJIM COCHOBOTO COOOIIECTBA ¢ M30BITOYHBIM yBIA)KHEHUEM
Ha YCJIOBHO-(DOHOBOI TeppHUTOpUH.

Ha ucciienoBaHHON TEpPUTOPUM PaCHpPOCTPAaHEHBbl €IbHUKU TPaBSIHBIE 3€JIEHOMOIIHbIE
(30HAJIBHBIA THIT JIECOB ISl IOXKHOM Taiirm), 4To, BHJIUMO, U TOCIYKWJIO UX BBIJCIECHHIO B
OTJENBbHYIO TPYIITY, COCTOSIIYIO U3 eH eBponeiickoil Picea abies (L.) H.Karst. u uieypo3nyma
pedepa Pleurozium schreberi (Willd. ex Brid.) Mitt. Ilpuuém, eIbHHUK TpaBSHBIN
3€JICHOMOIIIHBIM BCTpeYaeTcsl Kak Ha YCIOBHO-(OHOBOH TEpPpPUTOPUH, TaK M HA TEPPUTOPUHU
MECTOpPOKACHUS (YK€ B PEKyJIbTMBHPOBAHHOM BHAE). Tarke M cieayolas rpynna BHJIOB,
XapakTepHas i OepE30BbIX JIECOB, BCTpEYaeTCsl Ha BCEW MCCIEOBAHHOW TEPPUTOPUU

(HenbaeB u ap., 2020). B 3Toif kaTeropuu KIIOYEBBIMH BHIAMH SIBIISIOTCA Oepé3a mymmcras
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Betula pubescens Ehrh., 3omotapHuk o0blkHOBeHHBIH Solidago virgaurea L., MapbsiHHUK
nyopaBHbIii Melampyrum nemorosum L. n nerpapus ucnanjackas Cetraria islandica (L.) Ach.

Ha Bcex TeXHOTEHHBIX OOBEKTaxX BCTpEYAETCs IMapa M3 ABYX BUJIOB 3EMIITHUKA JICCHAs
Fragaria vesca L. n ogyBaHuuK nekapcTBeHHbIN Taraxacum officinale (L.) Webb ex F.H.Wigg.
JInst OTBaJIOB BCKPBIIIHBIX TOPOJ XapakTepHa Tpynmna pyAepalbHBIX BUIOB, KIIOYEBHIC W3
KOTOPBIX WBaH-4ail y3KOMUCTHBIM Chamaenerion angustifolium (L.) Scop., mMaTb-u-mavexa
Tussilago farfara L. n cusen nyroBout Succisa pratensis Moench. OTBanbl BCKPBIIIHBIX TOPOJ
PAacIIONIOKEHBI PSIOM C KapbepaMmH, TJe, COOCTBEHHO, W JOOBIBAJIMCH BCKPBIIIHBIE TOPOABL. B
HACTOsIIIee BpeMsI Kapbephl 3alOJIHEHBI BOMOW. M Ha TpaHuWIle OTBalia BCKPBIIIHBIX MOPOJ H
YPOBHSI BOIBI Kapbepa (opMmHUpyeTcsi OeperoBas Imojioca C COOOMIECTBOM, ISl KOTOPOTO
XapakTepHbl sicTpeOunka Hieracium sp. u kieBep mnonsyuuit Trifolium repens L. Yixe
VIIOMHHAJIOCh, YTO 3HAYMTEJbHAas 4YacTh IUIOMIAJAM  OTBAJOB  BCKPBIIIHBIX  IOPOJ
pPEeKyJIbTHBHPOBAaHa, M TaM Obula TPOW3BEACHA TOCAAKa JIECHBIX  KynbTyp. Ilog
PEKYJIbTUBUPOBAHHBIMU JIECAMU THUIUYHBI KJieBep mnojieBou Trifolium campestre Schreb., unna
nyroBasi Lathyrus pratensis L., HUBSHUK OOBIKHOBEHHBIN Leucanthemum vulgare Lam. u oxxuka
Bosiocuctas Luzula pilosa (L.) Willd., koTopbie ocTanuch Mo/ MOJIOTOM Jieca MOCie MePBUYHOTO
3aceBa TEPPUTOPUU MHOTOJIETHUMHU TpaBaMu. 101 METKOTUCTBEHHBIMU MIOPO/IaMHU HA OTBAJAX, B
OCHOBHOM, BCTPEYAIOTCSl THICAYEIUCTHUK OOBIKHOBEHHBIN Achillea millefolium L. u MbIIIMHBII
ropowiek Vicia cracca L. 1lon XBOMHBIMH IOpOAAMHM THUIIMYHA IpylIa U3 TPEX PACTCHUM:
3F03HUK €BPOTEUCKUI Lycopus europaeus L., CATHUK pa3BecUCTBId Juncus effusus L. u nyaHHK
necHoit Angelica sylvestris L. Ilog caMbIMH CTapbIMH €TbHUKaMH Ha OTBaJlaX (OPUEHTUPOBOYHO
40-neTHUE APEBOCTOM) B TPaBSIHO-KYCTAPHUUYKOBOM sIpyce€ HAONIOAAIOTCSA JIATYK CTEHHOM
Lactuca muralis (L.) Gaertn., BepoHuka nyOpaBHast Veronica chamaedrys L. n neuéHoununa
onaropoanast Hepatica nobilis Mill.

OTtnenbHOI OOJNBIION TPYNION BBIASISIOTCS BUIBI, IPOU3PACTAIONINE HA TEPPUTOPHUSIX,
MPUJIETAIOIIUX K XBOCTOXPAHWIHILY: psiOMHa 0ObIKHOBEeHHAs Sorbus aucuparia L., BACUITHCTHUK
x&€nreid  Thalictrum flavum L., pomamka anteunas Matricaria chamomilla L., mymmcTbrit
Kosocok Alopecurus pratensis L., yepena tpéxpasnenvHas Bidens tripartita L., mapp Genas

Chenopodium album L. u rpaBunar peunour Geum rivale L.
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Ta6nnua 19. XapaKTepI/ICTI/IKa BBIJACIICHHBIX I'PYHIT PACTUTCIIBHOCTU HA HCCJIEIOBaHHOM

TEPPUTOPUH.
Ne | Jlatunckoe Pycckoe OKoJytoruueckasi XapakTepHUCTHKa U MECTOOOHUTaHNE BHIA
Ha3BaHHE Ha3BaHUC
L. CenbCKOXO03MCTBEHHBIN JIYT (3a0pOIIeHHAs MAITHS) Ha YCIOBHO-(OHOBOM TEPPUTOPUHU
2 Stellaria 3Be3auarka [Iupoxo pacmpocTpaHeHa B MIMUPOKOIUCTBEHHBIX U CMEIIAHHBIX JIeCaX.
holostea L. JIecHas
3 Tanacetum TTmxma Pactér mo moporam, mossiM, MexaMm, B KyCTapHHMKax, Ha OIYIIKax, B
vulgare L. OOBIKHOBEHHAS JIYTOBBIX CTEIsX, OEPE30BBIX Jiecax, HAa CYXOMAOJbHBIX Jyrax, B ropax u
B JojMHax. boipmmx 3apocieil He oOpasyeT, HO BCTpedaercs
MIOBCEMECTHO.
46 | Dactylis E>xa cOopHas [IpuHagIEKUT K YUCITY JTYUIIUX KOPMOBBIX TpaB.

glomerata L.

51 | Deschampsia Ilyuka Pacnipoctpanén mo Bcemy ceBepHOMY Toiyliapuio. Biaxuelie u
cespitosa (L.) | nepHucTas 3a00J09YeHHBIE JIyra, Oepera OO0JIOT, BOJOEMOB, pa3pekEHHBIC Jieca,
P.Beauv. MIOJISTHBI, OOOYHHBI TOPOT B TYHAPOBOH, JIECHOM, JIECOCTEITHON, CTEITHON

30HAX.

57 | Artemisia [onsHB Pactér mo 3a0pomIeHHBIM MOJSIM, HACTOWIAM M ITyCTOIIaM, BJOJB
vulgaris L. OOBIKHOBEHHAS Jopor, 1o 6eperam Bo1oéMoB. PynepanbHoe pacTeHue.

58 | Milium Bop OOuTaeT BO BIXHBIX XBOWHBIX M JIMCTBEHHBIX JiecaX CeBepHOro
effusum L. pa3BeCHUCTHII 1I0JIy1apusl.

59 | Bromus Koctép Xoporee pacTeHHs A MacTOUIIA.
inermis Leyss. | 6e30CThIi

62 | Urtica dioica | KpanuBa [IpeoGmagaet B IECHOM M JIECOCTEITHOM 30HaX. PynepaisHoe pacTeHue.
L. JIByIOMHast

64 | Anthriscus Kyneips tecHolt | B ocHOBHOM mpom3pacTaeT Ha HE 3alepHENBIX WIH  Ci1abo
sylvestris (L.) 3aJICpPHOBAHHBIX IOYBAX, IA€ IPOHCXOJUT HMHTCHCHBHBIH MpoLecc
Hoffm. HUTpUPHUKAIHUH. XOPOIIO BEIHOCUT 3aT€HEHHE, HO MOXKET MPOU3PacTaTh

U Ha OTKPBITBIX MECTaxX.

65 | Aegopodium CHbIT Pactér Ha OoraTbixX MmoyBax B JIMCTBEHHBIX M CMEIIAHHBIX Jecax,
podagraria L. | oObIKHOBEHHas Ha BBIPYOKaxX, CpeAH KyCTapHHUKOB, HEPENKO KaK COpPHOE B calax H

napkax. TeHeBbIHOCIUBA.

68 | Potentilla JlarmgaTka Yamie Bcero BCTpeYaeTCsl Ha MECUaHBIX MM KAMEHHCTBIX, TNIMHUCTBIX
anserina L. rycuHas MoYBax, MO 00OYMHAM JOpOr, Ha Jyrax W IIyCTBIpSX, B OBparax H

KaHaBaxX, TI/ié OHa MOXeET OBICTPO Ppa3MHOXAaTbCs H300MIBHO
YKOPEHSIIOIMMUCSI CTOJIOHAMH.

70 | Heracleum Bopmesux EcrecTBeHHBIE MecTa mpom3pacTaHusi OopumieBruka COCHOBCKOTO —
sosnowskyi COCHOBCKOTO Hentpanpubiii 1 BocTounsiii KaBka3s, 3akaBkasbe u bmmkauit Boctok,
Manden. rJie OH PacTéT B TOPHBIX JiecaX M Ha CyOalbIMICKUX Jiyrax. B cBs3u ¢

KyJIbTHBUpPOBaHHEM OopieBrka COCHOBCKOTO KaK CHIOCHOM KyJbTYpBI
OH moJlydun pacrnpoctpaHeHue B Boctounoit m CesepHoit Espore,
MIOCTETNIEHHO TepecelMBIINCh U B JAUKYIO INPHUPOIY, 3aceBas Oepera
BOJOEMOB, ITyCTHIPH, MOJIOCHI OTBOJA JOpOr, HeoOpabaThiBacMble
YYaCTKH T10JIEH, JIECHBIE MOJISIHBI M OITYIIKH, CKJIOHBI TOp, JTOJIHHBI PeK.

71 | Sonchus Ocort noneBoit OOpeMeHNTENTFHOE COPHOE pacTeHHe, OJUH W3 CaMBIX TATOCTHBIX
arvensis L. MOJIEBBIX COPHSKOB. B 3acopseT Bce THINBI IOCEBOB, BCTpPEUYAETCS

TaKXKe Ha Mapax, B calax U Oropojax.

72 | Poa pratensis | Msatnuk nyroBoit | Ilpennounraer peixjible, YMEPEHHO BIaXKHbIE, IUIOJOPOAHbBIC IMOYBHI.

L. IMonoxxutenbHO ~ OT3bIBaeTCA  Ha  HM3BECTKOBAaHHWE,  BHECCHHE
MUHEPATBHBIX  ynoOpeHuid  (ocobeHHO  a30THBIX). Pactér Ha
CI1a0OKHCIIBIX TI0YBAX, HE BEIHOCHUT 3aCOJICHUS

73 | Geranium I'epans nyrosast IIpouspactaeT Ha yMEpPEHHO BIAXXHBIX CYXOJOJBHBIX M CTEMHHUCTHIX

pratense L. JIyrax, BIIKHBIX JIECHBIX IOJISIHAX, JIECHBIX OITyIIKaX, B JIICTBEHHBIX U
XBOMHBIX JIecaX, CpeId KyCTapHUKOB, OKOJIO 3a00pOB.

76 | Alchemilla MamnkeTka Pactér mo mecam, syraMm, JIECHBIM OIyIIKaM, MO KpasM JOpOr, Ha
vulgaris L. 0OBIKHOBEHHAs! MAIIHAX, B Pa3PEXKEHHBIX COCHOBBIX U CMEIIAHHBIX JeCaX.

80 | Rumex I{aBens koHCckuUil | [IponspacTaer B JECHOM W JIECOCTEMHOM 30HAX, MO JIOJMHAM pEK
confertus 3aXOJUT B CTEMHYIO 30HY. [locemnsieTcst MpeMMyIeCTBEHHO Ha YMEPEHHO

Willd.

BJIA’)KHBIX M BJIAXKHBIX ITOYBaXx.
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Ne | JlatunHckoe Pycckoe DKOJIOTMYecKasi XapaKTepUCTHKa U MECTOOOUTaHUE BU/IA
Ha3BaHUE Ha3BaHUE

81 | Ranunculus JIroTux enxuit IIpennounTtaer yBIaXHEHHBIC TIOYBBL. BbIIEpKUBaeT yMepeHHOe
acris L. 3aTOIJICHUE U HEOOJIBILOE 3auyIeHHE.

82 | Ranunculus Jrotuk [Ipouspactaer Ha CyXOJOJbHBIX, HU3MEHHBIX U IOEMHBIX Jyrax, a
auricomus L. 30JIOTUCTBIN TaKKe B PA3PsUKCHHBIX JINCTBEHHBIX JIEcax.

1L JlecHOe COOOMIECTBO ¢ M30BITOUYHBIM YBIIAKHEHUEM Ha YCIOBHO-()OHOBOH TEPPUTOPUN

6 Typha latifolia | Poros Pactér mo Oeperam OomoT u BOJOEMOB, 00pa3ys OOLIMPHBIC, HO
L. IIMPOKONUCTHBINA | CaMOM3PEKUBAIOIINECS 3apOCiIH, B KIOBETaX, KaHaBaX, Kapbepax, II0

0004YMHaM JOPOT.

11 | Melilotus Jonnuk pocnblii | Ha BrmakHbIX I&yrax, Ha Oeperax BOJOEMOB, Yy pPEUYHBIX HAHOCOB
altissimus (ayutrOBHEB), Ha JIECHBIX OIMYIIKAX, 3aCOJICHHBIX MECTaX, MacTOHIIAX,
Thuill. JIOPO’KHBIX HACBHIISX U B KAHABAX, IO 3aJIeXkKaM.

13 | Menyanthes Baxra Bcerpeuaercst Ha TOpSHUCTBIX M MUHEPAIBHBIX TPYHTaX, HA c(harHOBBIX
trifoliata L. TPEXJIUCTHAS OosioTax, Mo OeperaM CTOSYMX M MEUICHHO TEKYIIMX BOJOEMOB, MO

TOIIKUM OKpaWHaM 3apacTarolux 03Ep M crapuu. Baxra Moxker ObITh
OIHUM H3 KOMIIOHCHTOB TPaBSHO-KYCTAPHUYKOBOTO spyca O0JIOT,
BII2XKHBIX JIECOB M JIyTOB.

14 | Orthilia Optunus PactéT B XBOWHBIX, CMCIIAHHBIX W MEJIKOJHCTBEHHBLIX Jiecax, Ha
secunda  (L.) | ongHOOOKAS BBIpYOKax, OIMyIIKaX, MOJSHAX, B JIECCHBIX oBparax. MuUKoTpod.
House

15 | Vaccinium KiroxBa B npupoze Bce BUABI KIIOKBBI PaCTyT B ChIPBIX MECTaX: HA MEPEXOHBIX
oxycoccos L. OOBIKHOBCHHAs U BEPXOBBIX 00J0TaxX, B C()arHOBBIX XBOWHBIX Ji€caX, MHOTAA — IIO

3a00JI09€HHBIM Oeperam 03ép.

19 | Solanum ITacnén cnanko- | PacTér mo ChIpBIM 3apocisiM KYCTapHUKOB U MTOEMHBIM JTyraM, UBHSIKAM,
dulcamara L. | ropbkuit 1o 6eperam peK U IpyA0B, OKOJIO 03P U OOJIOT, CHIPBIX MyCOPHBIX MECT

BO Bcex obOmactsax cpemHeir  mosockl  Poccun.  Pacrenme
TEHEBBIHOCJINBOE.

22 | Astragalus AcTparai [IpenmounTaeT CBEXHE, BIAXKHBIE, CIAO0OKUCIBIE, OOraThle TYMYCOM

glycyphyllos L. | CONONKONMCTHBIA | CYIJIMHUCTBIE W CylecyaHble II0OYBBL. PacTeHme  mousrysiecHoe,
cBeromoOuBoe. PacTér Ha monsHax, OmMyIIKax, B {yOOBBIX U COCHOBBIX
Jecax, B KyCTapHHKax, Ha JIyrax, B IOWMax pek.

24 | Bunias CaepOura IIpouspacraet B EBpore, CpennzeMHOMOpBE U A3HH.
erucago L. roseBas

26 | Cicuta virosa | Béx snoBUTHIN [Mpouspacraer Ha HU3KKX OOJOTUCTHIX Jyrax, 1o Oeperam pek, py4bEB
L. U MIPY/IOB, B KAHABAX, TaM, I'JIe €CTh JOCTaTOYHOE KOJMYECTBO BOJIBL.

27 | Comarum CabenpHHK PacTér 1o chIpbIM 1 OOIOTHCTHEIM MECTaM.
palustre L. OOJIOTHBIN

28 | Ebtrigia [Teipeit mon3yunii | Berpedaercss Ha 3aJMBHBIX JyraX B COOOIIECTBE C APYTUMU 3JIaKaMH,
repens (L) KaKk COpHSK Ha mamHsAX. Ha moHMeHHBIX JIyrax M 3ajexkax HHOrIa
Desv. ex npeo0baiaeT B TPaBOCTOE.

Nevski

38 | Alnus incana | Onbxa cepas PacTér Ha paBHMHAX B JIECHOM H, peXke, JIECOCTECITHON U JIeCOTYHIPOBOH

(L.) Moench 30He. O0pa3yeT Tak Ha3bIBAEMbIE CEPOOJIBIIATHUKA — KYyCTapHUKOBBIE
U MEJKOJISCHBIE 3apocid Ha 3a00JIOYEHHBIX OMyIIKaxX, 0oJoTax, y
OeperoB pek, Ha JiecoceKax, MoXKapHiax 1 3a0pOIICHHbIX MALIHSX.

61 | Phragmites TpocTHUK Bnaromo6uBoe pacrenue. lllupoko pacnpocTpaHeHO Ha MOYBax C
australis OOBIKHOBEHHBIN OJM3KMM CTOSIHUEM TPYHTOBBIX BOJ. TPOCTHHK OOBIUEH IO OoioTaMm,
(Cav.) Trin. ex 3apacTalouM 03EpaM, IUIaBHSM, 3aJIMBHBIM JIyTraMm,

Steud.

67 | Pyrola I'pymanka [IpomspacraeT B necax.
rotundifolia L. | xpyrmomvcTtHas

83 | Ranunculus Jlrotux PacTér Ha BIaXXHBIX, 3aTCHEHHBIX, HAHOCHBIX MOYBAX: 10 Oeperam pex u
repens L. MOJ3Y4ni 03€p, Ha BIIAKHBIX Jyrax, B KYCTAPHHUKOBBIX 3apOCisiX, Ha JIECHBIX

00J10TaX, MO MOJISIM U OTOPOJIaM.

92 | Maianthemum | MaitHUK OObl4eH B pa3HONMOPOHBIX JecaX, HO TIPEANOYMTAET ENOBHIE C
bifolium (L.) | aBynucTHBII YMEpPEHHO BIAKHOHN MOYBOM.

F.W.Schmidt

97 | Cirsium Bonsk [Ipouspactaer Mo ChIpBIM JIyraMm, JECHBIM IMOJISHaM M OIyIIKam, B

heterophyllum | pa3HOIMUCTHBIN OBparax, Cpeau KycTapHHKA.

(L.) Hill
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Ne | JlatunHckoe Pycckoe DKOJIOTMYecKasi XapaKTepUCTHKa U MECTOOOUTaHUE BU/IA
Ha3BaHHE Ha3BaHUE

101 | Empetrum Bosiauka Berpewaercst Ha charHOBBIX 00JI0TaX, HA KAMEHHCTBIX Y4YacTKax, B
nigrum L. yépHas necaXx (CBETIIOXBOWHBIX M TYHAPOBOM pPEIKOJEChe), B LIEOHUCTBIX

TyHApax M Ha JIOHaXx.
I1I. TKS npu noBbILIEHHOM YBJIa)KHEHUH

88 | Equisetum XBo11 JIeCHOH IIpomspactaer B Jecax, KYCTapHHKOBBIX 3apoCisiX, TyHApax, Ha
sylvaticum L. OIyIIKax, Oeperax BOJOEMOB, OOJIOTAX.

84 | Filipendula TaBounra Pactér nmo chlpbIM HU3UHHBIM M IOCJEJECHBIM JyraM M HU3UHHBIM
ulmaria  (L.) | BA3omucTHAS TpaBsSHBIM 0OJIOTaM, Ha OIyIIKax 3a00J0YCHHBIX JIECOB, B TIOMMEHHBIX
Maxim. Y BJIQXKHBIX TCHHUCTHIX Jiecax, 1o OeperamM BoJIOEMOB 1 KaHaBaM.

85 | Oxalis Kucmuna YcnemHo npouspacraronias B TEMHOXBOWHBIX, B OCOOCHHOCTH €JIOBBIX
acetosella L. O0OBIKHOBEHHAs jecax B YCJIOBUSIX 3HAUMTEIBHOTO 3aTCHEHHMS, SIBIAIOIIASCS, HApSAy C

MallHUKOM H  CEAMHUYHHMKOM,  XapaKTepHBIM  IIPEACTaBHTEIEM
pPacTHTENIFHOTO COOOILIECTBA TaKUX JIECOB, OHa OOBIYHO OBICTPO
HCYe3aeT NIPHU YHUUTOXKEHUHU JIeca.

Iv. JlecHble BuBI IpU YMEPEHHOM YBIIAXKHEHUU

89 | Equisetum XBolII TTOJICBOM Pactér B necax, Ha CyXOJI0JIbHBIX, TOHMEHHBIX JIyraX, OKpanHax 00JoT,
arvense L. rajeyHuKax, MecYaHbIX OTMEJAX, IOJISX, BhINAcax, 1o Oeperam pek,

PY4bEB, apBIKOB, HEPEJIKO COPHUYAET.

93 | Rubus saxatilis | Koctsaauka B Cpenmmeit Poccrm wm3BecTHa BO BCEX 00NAacTAX, NPUYpPOYEHA K

L. BJIQXKHBIM JIeCaM, IPEUMYLIECTBEHHO XBOMHBIM.
V. Bonornas 3xocucrema

36 | Pinus Cocna OO0pa3yeT Kak YUCTHIE HAaCaKICHWS, TaK M PAcCTET BMECTE C eIbIo,

sylvestris L. OOBIKHOBEHHASI Ocpésolt, ocuHOH, myOOM; MayloTpeOoBaTeNbHass K IOYBCHHO-
TPYHTOBBIM YCIIOBHSIM, 3aHMMAaeT YacTO HENPHUIOAHBIC JUIL APYTHX
BUJIOB IUIOLIAIM: ECKHU, OonoTa.

45 | Sphagnum sp. | Charaym IMocensiercss Ha  BIaXHBIX MECTax, CIIOCOOCTBYeT OBICTpOMY
3a00aYMBAHAIO TEPPUTOPHH, TaK KaK CIIOCOOCH aKTHBHO MOTJIONIATE U
yIIep)KUBATh BIAry.

VL EnbHUK TpaBsHBIN 3€I€MOLIHBIN

33 | Picea abies | Enb eBpomneiickas | PacTér Ha mouyBax pa3HOTO MEXaHMYECKOTO COCTaBa — OT TECKOB [0

(L.) H.Karst. TAKEITBIX CYIJIMHKOB, HO JIOBOJIBHO TpeOoBaTelbHA K IIOJOPOAMIO
nouBbl. [IpeanoynTaer yBIaXHEHWE MPOTOYHBIMHU BOJAMH, H30eraet
3200JIOYECHHBIX OYB C 3aCTOMHBIM YyBIa)KHEHHEM. 3acyXOyCTOWYHMBa,
MOPO30CTOHKA, HO CTPaAaeT OT BECEHHUX 3aMOPO3KOB.

39 | Pleurozium [Ineypo3suym OOBIYHBIH MOX B Da3IMYHBIX THUIAX Jieca, W3peAKa BCTpedyaeTcs Ha

schreberi pebepa Gonorax.
(Willd. ex
Brid.) Mitt.
VIL Bepézonsiii ec (kak poHOBBIM, TaK M HA OTBaJaX BCKPBIITHBIX TIOPO.T)

34 | Betula bepéza Berpeuaercst kak IpUMech K Pa3IMYHBIM JIECOOOPa3YIOMIAM ITOpOIaM B
pubescens ITyIIACTas XBOMHBIX M JIMCTBEHHBIX Jiecax WM oOpa3yeT neca. Jra Oepésa, B
Ehrh. oTIMYMe OT Oep&3pl MOBHCIOH, BBIHOCHT 3a00NauMBaHUE TIOYBHI U

MIPOM3pacTaeT B CBHIPOBATHIX JecaX, Ha MX OMYyIIKaX, Ha OKpaWHaX
6o10T, Ha 60I0TaxX W WO Oeperam 03Ep.

41 | Cetraria Herpapus Ierpapust ucnanackas — XapaKTEPHBIH MPEICTABUTENb HAIIOUYBEHHBIX
islandica (L.) | ncnannckas JUIIAfHUKOB COCHOBBIX JIECOB, BEpEIIATHHKOB, OONOT, TYyHAp H
Ach. JecoTyHap. PacTér mpsMo Ha nouBe MM Ha KOpE CTapblX IHEH.

[IpennounTaer mecyanbie He3aTCHEHHBIC MECTa, TNIE MHOIA 00pa3yer
MOYTH YHUCTBIE 3apocid. Pa3BUBaeTCs TOJNBKO B YCIOBHUSAX YHCTOTO
BO3IyXa.

43 | Cladonia sp. Knagonus Bcerpeuaercs B necotyHape U TyHIpe, B peakocToiikux necax Cesepa,
Ha TOpQsSAHBIX OOJIOTaX Ha IOYBE, HA IHAX, PEeXe Ha OOHAKEHHOM
apesecuHe. PacTéT B MecTax ¢ yMEpEHHBIM CHEXXHBIM ITOKPOBOM.

50 | Solidago 3onoTapHUK PacTéT B cBETIBIX Jecax, BCTpeYaeTcs 10 JIECHBIM OITyIIKaM, MOJISTHAM,

virgaurea L. OOBIKHOBEHHBIN BEIPYOKaM, CpeauM KyCTapHHKOB, Ha JyraXx, B HPHIOPOXKHBIX

HaCaXXJICHUAX. Cenurcs B OCHOBHOM Ha MMPOHUIIAEMBIX TMECUYAHBIX
IIo4YBax.
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Ne | JlatunHckoe Pycckoe DKOJIOTMYecKasi XapaKTepUCTHKa U MECTOOOUTaHUE BU/IA
Ha3BaHHE Ha3BaHUE

69 | Melampyrum MapbsHHHUK Pactér B nMCTBEeHHBIX Jiecax (WHOT/A OOJBIIUMH MACCHBAMH), Ha
nemorosum L. | nyOpaBHBIN OITyLIKax, MOJISHAX, B 3aPOCISIX KYCTapHUKOB; Ha CBIPBIX, OOJIOTHCTBIX

1 TOP(SIHBIX JIyTrax ¥ Ha MEJIOBBIX CKJIOHAX.
VIII.  PynmepanbHas pacTHTEIBHOCTH TEXHOTEHHBIX O0BEKTOB

48 | Fragaria 3eMIsHUKA Pactér Ha omymkax, B OCBETIEHHBIX JiecaX, Ha JICCHBIX BBIpyOKax M
vesca L. necHas Cpean KyCTapHHUKOB.

60 | Taraxacum OpnyBaH4HK Pactér Ha sryrax, mojsHaX, OKOJIO AOPOT, Ha BBITOHAX U Y JKWJIbS, YacTO
officinale (L.) | nekapCTBEHHBIN KaK COPHSIK B TIOJISIX, Ca/iax, Oropojax v MmapKax.

Webb ex
F.H.Wigg.
IX. PynepanbHast pacTHUTEILHOCTH OTBAJIOB BCKPBIIIHBIX TIOPOJ]

47 | Chamaenerion | VIBan-uait [Ipouspactaer Ha mMOYBax Pa3IUYHOTO MEXAHUYECKOTO COCTaBa: OT
angustifolium Y3KOJIMCTHBII IIECKOB J10 TSDKENBIX CYIVIMHKOB. MUpPHUTCS C pa3iIUMYHBbIM COAEPIKAHUEM
(L.) Scop. BIIaTM B TI0YBE, 33 HCKIIOUEHHEM OYEeHb CYXHX W CBHIPBIX ITOYB.

OrpuliatenbHO pearupyeT Ha OJM3KOe 3ajeraHue TPYHTOBBIX BOJ U
JUINTEJIbHOE 3aJIMBaHKE TOJIBIMH BOJIAMH.

52 | Tussilago Martb-u-mMauexa OOBIYHO BCTpeYaeTcsi Ha y4acTKax, cBOOOJHBIX OT A€pHa, — Oeperax

farfara L. BOJIOEMOB, Ha CKJIOHAaX OBpParoB M OMON3HEH, HEpPEeJKO Ha ydacTKax,
MOZIBEPTIIUXCSI aHTPOIIOTEHHOMY BO3/EHCTBHIO — IIOJISX, IMYCTBIPSIX,
CBaJIKaXx.

96 | Succisa Cuserr TyroBoif CuBery JIyroBOIl IIHPOKO PACTIPOCTPAHEH B JIyTOBO-OOJIOTHBIX IICHO3aX
pratensis EBpasun. Pactenme BcTpewaeTcs Ha JIyrax, JI€CHBIX IIOJITHAaX,
Moench BBIPYOKax, M0 000YMHAM JJOPOT, B CBETIBIX JINCTBEHHBIX JIECaX, BCETA

Ha BJIQ)KHOM MOYBE, B CTEITHBIX PaliOHaX — Ha COJIOHIIEBATHIX MECTax.
X. Beper oTBasa BCKpBIIIHBIX TOPOJ
30 | Hieracium sp. | SlctpeOuHka Apean — TIperMyIIEeCTBeHHO YMepeHHbIH nosic CeBepHOTO TMONyIapus
1 TOpHBIE PAaHOHBI TPOITHKOB.

53 | Trifolium Knesep Berpewaercss B cocTtaBe MOEMHBIX M CYXOJOJBHBIX JIYTOB, PacTéT IO

repens L. OJI3y4uil Oeperam pek, B CBETJIbIX JIECAX, IO OIYIIKaM Jieca, Ha TOPHBIX JIyTrax.
XI. TK1 pekynbTHBHPOBAaHHBIX JECOB

18 | Avenella JlyroBuxk XBOHHBIE, MPEUMYIIECTBEHHO COCHOBBIE JIeCa, IOJSHBI, OIIYLIKH,
flexuosa  (L.) | n3BAIHCTHIN BEIpYOKH. XOpOIIO pa3pacTaeTcs mocie BEIpYOKH Jieca win naja. [locie
Drejer TIOCJIE/THETO Pa3pacTaeTcsi 0COOEHHO TBIIIHO OJlaroapsi yHUUTOXKEHHIO

JIMIIAHHUKOBO-MOXOBOT'O IIOKPOBa

55 | Trifolium Knesep nonesoit | Pactér mo momnsiM u gyram, Ha CKJIOHaX U PEeYHBIX HAaHOCAX, HA JIETKUX
campestre MECYAHBIX TIOYBAX U MECKAX.
Schreb.

63 | Lathyrus Uwuna myropas Pactér mo pa3pexeHHBIM CMEIIaHHBIM M OEpE30BBIM JiecaM M HX
pratensis L. OIyIIKaM, CPeJId KYCTAPHHUKOB, 110 CTEIHBIM JTYraM U JECHBIM CKIOHAM.

79 | Leucanthemum | HuBsHUK B ymepenHom mosice EBpa3um BcTpedaercss IO Jyram, JIECHBIM
vulgare Lam. OOBIKHOBEHHBIN MOJITHAM, KYCTapHHKaM, 3alie’kaM, MHOTJa KaKk COpPHOE Ha IOJIIX M B

oropojax.

100 | Luzula pilosa | Oxuka [Tpouspacraer B TEHUCTHIX JIecax.

(L.) Willd. BOJIOCUCTAs
XII. TK# Ha oTBanax moj MEIKOJIUCTBEHHBIMHU MTOPOIAMU

49 | Vicia  cracca | MplluuHbIN PacTenne ¢ mmpokoil OHOJIOTHYECKOl IacTUYHOCTEI0. [Ipom3pacraer

L. TOpOIIEK Ha JIyrax, CKJIOHaX, B KyCTapHHMKaX, Ha JICCHBIX OIyIIKaX, pexe B
cBEeTIBIX Jiecax. Kak copHOe pacTeHHe BCTpedaeTcsi Ha MOJIAX U IO
0004YMHAM JTOPOT.

56 | Achillea TeicsuenucTHUK | THICAYETMCTHUK OOBIKHOBEHHBIN pAcTéT B JIECHOM, JIECOCTETIHOW M
millefolium L. | OOBIKHOBEHHBI | CTEHOW 30HAaX, HA CYXOJOJBHBIX JIECHBIX JIyrax, B JIyTOBBIX CTEIsiX,

cpean KyCTapHUKOB, B DPa3pPEKCHHBIX JIECaX, Ha OIyIIKax, MeEax,
BIOJH JOPOT, IO OBparaM, Ha 3alekaxX, IYCTBIPSIX, CBalKax, B
mocénkax, mo 6eperam BogOEMOB, 10 OKpauHaM IMOJIeH.

XI1I1. TK4 Ha oTBanax moja XBOMHBIMH IOPOAAMHU

9 | Lycopus 3103HUK Yacto mpom3pacTaeT B TPOCTHHKOBBIX M OCOKOBBIX 3apoCisxX IO
europaeus L. eBponeickuit OeperaM pek M B KaHaBaX, Kak MPaBUIIO, HA BPEMEHHO 3aTOILICHHBIX

TO0YBaX ¢ HCBLICOKHUM COACPIKAHUCM KUCJIOT U menoqeﬁ. A30T0(1)I/IJ'I.
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Ne | JlatunHckoe Pycckoe DKOJIOTMYecKasi XapaKTepUCTHKa U MECTOOOUTaHUE BU/IA
Ha3BaHHE Ha3BaHUE
31 | Juncus effusus | CutHuK Berpeuaercst o ChIpbIM JIyraM M OOJIOTHCTBIM MecTaM, 1o Oeperam
L. pa3BECHUCTHII BOJOEMOB.
86 | Angelica JynHuk necHoit PacTér Ha BaXXHBIX Jyrax, CpeAd KyCTapHHKOB, B JecaX, Mo Oeperam
sylvestris L. PEK U IPYIOB.
XIV.  TKS na orBanax nof 40-IeTHUMHU eIbHUKaAMA
32 | Lactuca JlaTyk creHHo [Iupoxo pacnpocTpaH€HHbIH B ecHOl 30He EBpomnbl Bu.
muralis  (L.)
Gaertn.
77 | Veronica Beponuka IIpouspacraer B CBETIBIX JIeCaxX, Ha OINYIIKAX, CPEAU KYyCTapHUKOB, Ha
chamaedrys L. | nyOpaBHas JICCHBIX TOJISTHAX, B CaJaX M HA MOJISIX, Ha CYyOaIbIIHMICKUX JTyTax.
102 | Hepatica Ileuénoynuna Pacrér mno JMCTBEHHBIM JiecaM, KyCTapHHMKaM, pPEXKE OTKDBITHIM
nobilis Mill. OmaropoHas JYTOBBIM MECTaM.
XV. Coo0mecTBa, MPUMBIKAIOIINE K XBOCTOXPAHIITHIILY
1 Sorbus Ps6unHa Pactér oTnenpHBIME SK3eMILIIpaMu, He 00pa3ys CIUIOIIHBIX 3apociiei,
aucuparia L. OOBIKHOBEHHAs B TMOJJIECKE WJIM BTOPOM spyce XBOWHBIX, CMEIIAHHBIX, H3peaKa
JMCTBEHHBIX JIECOB, Ha JIECHBIX TIIOJITHAX M OIYLIKax, MEXAY
KyCTapHHKaMH.
4 Thalictrum Bacunmictark Pactét no ceIpsIM Jyram, 6eperam pek, KycTapHUKaM, OMyIIKaM Jieca.
flavum L. WKENTHIIN
5 Trientalis CenMHYHHK IIpouspactaer B Jecax, Ha CceBepe BIUIOTb A0  TYHAPHI,
europaea L. €BpOINEHCKUI [IPEUMYIIECTBEHHO B €JIOBBIX JIECAX.
7 Viola palustris | ®uanka OcHOBHBIE MECTOOOUTAHUS BUIA: ChIPbIE U 3200JI0UCHHBIE JIyTra U Jeca,
L. GosioTHas JiecHble 00JI0Ta, ONyLIKH, Oepera Bo1oEMOB.
10 | Matricaria Pomamika W3-3a spKO BBIPRXEHHOTO CBETONIOOMS pOMAIIKa anTedHas He
chamomilla L. | anteuynas BBIJIEPKUBAET KOHKYPEHIUH C OBICTPOPACTYIIMMH TPaBaMH, HOITOMY
pacTéT TONBKO B HEC(hOPMUPOBAHHBIX (PHUTOIICHO3AaX: HA 3aJICKaX,
MYCTHIPSIX, MO OOOYMHAM JKEJNE3HBIX M IIOCCEHHBIX JOpOr, B
HaceN€HHBIX ITyHKTaX, caJlaX, BUHOTPAJHMKAX, [10CEBaX 3€PHOBBIX M
MPONAIIHBIX KYJIBTYp U TaK Jalee.
20 | Alopecurus JymmcTerit Bcerpewaercss Ha CyXOIOJNBHBIX M IOMMEHHBIX Jyrax, mo Oeperam
pratensis L. KOJIOCOK BOJIOEMOB, Ha OMYIIKaX ¥ MOJISTHAX, CPEJN KYCTapHHUKOB.
23 | Bidens UYepena Pactér mo celpeIM OeperaMm pek, BJOJb METHOPATUBHBIX KaHAJOB, Y
tripartita L. Tpé€Xpa3aenbHas TIpyIOB U 03€p, Ha 00JOTax, B KaHAaBaxX, TJe YacTo 00pa3yeT 3apOCIH.
PaccestHHO BCTpedaeTcst Ha JIyraX, Kak COpPHSK B OTOPO/IaX M Ha MOJISX.
25 | Chenopodium | Maps Genast B Poccun u compenenbHbIX CTpaHax — OOBIYHOE COPHOE pacTeHHUE
album L. TIOCEBOB, OTOPOJIOB, MYCOPHBIX MECT.
29 | Geum rivale L. | T'paBunar PacTér Ha BIIQXXHBIX U CHIPBIX IUIOJIOPOJIHBIX, CIA0OKUCIIBIX MOYBAX, B
peuHOi JMCTBEHHBIX Jiecax, 1Mo OeperaM pek M KpasMm OOJOT, Ha Jyrax, 10
3apoCisiM KyCTapHHUKOB.
35 | Salix sp. UBa Pactér B CBRIpRIX Jlecax pa3HOTO cocTraBa (peke B XBOWHBIX,
MIPEUMYIIECTBEHHO Ha OOrarelx MOYBaX, BBIpyOKax, OIYyIIKax, BAOJb
JI0pOT, 9aCTO Y KHIIbS.
37 | Populus OcuHa Berpewaercss Ha TpaHuWme Jieca M TYHAPHL, pacTéT B JIECHOH U
tremula L. necocTenHol 30Hax. E€ MOXHO BCTpeTHTh 10 Oeperam BOJOEMOB, B
jecax, II0 OIyIIKaM, HW3peiKa Ha CyXHMX IecKax W BbIpyOKax, IO
oBparam, 00JI0TaM M B ropax; HOAHUMAETCS 10 BEpXHEH IpaHUIIbI Jeca.
44 | Polytrichum Kykymkna n€H | PacTéT B chIpbIx 3a001a4MBacMbIX Ta&XHBIX JIecax-10JATOMOIIHUKAX, Ha
commune OOBIKHOBEHHBIN MOKPBIX JIyrax 1 00JI0Tax.
Hedw.
94 | Rubus Mopomika Bcerpeuaercst Ha TopdsHBIX 00J710Tax, B 3a00J0UYEHHBIX JIECaX, MOXOBBIX
chamaemorus U KyCTapHHKOBBIX TyHApax B apKTUYECKOH M CEeBEPHOH JIECHOH Mojoce
L. CEBEPHOIo IMOJyLIapus, B CpeHel moJioce eBponeiickoil yactu Poccun,
B benopyccnn, Cubnpmn, Ha Jlasaem BocTtoke.
98 | Convallaria JlangpIm Jlanapimn pacTéT B JUCTBEHHBIX U COCHOBBIX, a TaKKe B CMEIIAHHBIX
majalis L. MalCKUU jecax, Ha OMyIIKax M monsHaXx. OCOOEHHO XOpOIIO pa3BUBAETCS B

MOWMEHHBIX JyOpaBax, Ha OOraTol OYBE MPH XOPOILIEM yBIKHEHHH U
HEUTPaIbHOU PEAKIIUHU.
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Ne | Jlatunckoe Pycckoe DKoJoruyeckas XapaKTepUCTHKA 1 MECTOOOUTaHHE BHUAA
Ha3BaHUE Ha3BaHUE
103 | Dryopteris [lutoBHUK TeHEeBBIHOCIMBOE U [laXKe TEHENM0OnBoe pacTeHue. PacTér mo ChIpbiM
carthusiana UTOJIbYAThIN KaMEHUCTBIM OCBIISIM M POCCHIISIM B CyOalbIMHCKOM TOsice, B
(Vill.) KYCTapHHUKOBBIX 3apOCIIIX, B PA3HOOOPA3HBIX JieCax, MPEHMYIIECCTBEHHO
H.P.Fuchs TEeMHOXBOWHBIX, IO OIYIIKaM ¥ MOJISHAM, YaCTO Y CTBOJIOB €U, MEKIY
KOPHEBBIMU JIallaMU H y Pa3Jararolluxcs MHeH, Crioco0eH BBDKMBATh Ha
BBIpyOKax.

[TpoBenéHHBII aHATM3 HA OCHOBE MOCTPOCHHUS TUIESA]] TIOKa3ajl, YTO HauboblIee OTININe
OT YCJIOBHO-()OHOBBIX TEPPUTOPUM B YACTH pPACTUTEIBHOIO IIOKpOBa HaOIOAaeTcsl Ha
TEPPUTOPUAX, TMPWIETAONIMX K XBOCTOXpAaHWIMINY (Ha caMOM  XBOCTOXPAaHWJIHMIIE,
pPacTUTENBHOCTh OOpPTa XBOCTOXPAHWIMIIA, NMOHMKEHHS Iepel XBOCTOXPAHWIMIIEM, a TaKKe
ayroBele coobmiectBa B 200 M oT Hero). ToabKO B 3THUX COOOIIECTBAX MOXHO BCTPETHTH
Thalictrum flavum, Matricaria chamomilla, Alopecurus pratensis, Bidens tripartita n
Chenopodium album. OtmeTuM, 4TO pa3HOOOpa3ue MOYB, PEKUMA YBIAKHEHUS U CTEICHH
aHTPOIIOTEHHOM TpaHcopMaly NPUBOJUT K MECTPOTE BHUAOB, BCTPEUAIOLIMX PSIOM C
XBOCTOXPaHWIUILAMH.

CoobuecTBa Ha OTBaIAaX OTIIMYAIOTCA OT YCIIOBHO-(OHOBBIX TEPPUTOPUN HE CTOJIb SBHO.
AHanu3 mnies1 MOo3BOJMI BbIICIUTh HEOOJbIINE TPYHNbI M0 2-7 BUAOB, KOTOPbIE XapaKTEPHbI
JUIS pa3fIMYHbBIX YCJIIOBUHM — B LIEJIOM, JUISl BCEX TEXHOTCHHBIX OOBEKTOB, KOHKPETHO JJIsl OTBAJIOB
BCKPBIIIHBIX MOPOJ, a TAaKXe sl ONpeNeNEHHbIX MOpPOoJ (MEIKOJUCTBEHHBIX WM XBONHBIX),
BILJIOTH JI0 TPYMIIbI, BcTpeyaromieiics B 40-I1eTHUX PeKYIbTUBUPOBAHHBIX €IbHUKAX.

ITo momydeHHBIM pe3yabTaTaM BHUJHO, YTO OCHOBHBIMH IPUYMHAMH, BIMSIOIIUMHM Ha
BUJIOBOH C€OCTaB (PUTOLEHO30B, SBISAIOTCA PEXKUM YBIAKHEHUS, IOYBEHHBIH IOKPOB H
MOJCTUJIAIOIIME TIOPObl, TEHE3UC U HAINYME AHTPOIOIEHHOrO BIMSHMS Ha TeppuTopuio. s
YCIIOBHO-(DOHOBBIX TEPPUTOPHUM XapaKTEpHO OOUIIME BIAroJifOOMBHIX BHUJOB, YTO JIOKA3bIBACT
HaJU4Ke B JIOMUHAHTaX TaBOJTH Bs30JauCTHOU Filipendula ulmaria (L.) Maxim., pa3HbIX BUJIOB
XxBowel M Jp. 30HAIbHBIMU JIECHBIMH HKOCHCTEMaMH SIBJSIIOTCS €JIbHUKM KHCIUYHO-
3€JICHOMOIIIHbIE, €JIbHUKH TpPaBsiHbIE 3€JICHOMOLIHbIE U OEpe3HAKH WIM OJIbLIAHUKH C
BraromoOuBbiMu  Bugamu B TKS. Ha Tepputopum MeECTOpPOXKAEHHS JOMOIHUTEIBHO K
30HAJIBHBIM BHJAM pPACTEHUH B COOOIIECTBO OKAa3bIBAIOTCS BKIIOYEHBI pyJepajbHble BHJIbI,

takue Kak Taraxacum officinale, Chamaenerion angustifolium u Tussilago farfara.

BriBoabI K 1i1aBe 5
MeTtooM TE€O0OTaHMYECKUX OINUCAaHWK HccienoBaHo 46 NpoOHBIX IUIOMIAACH,
BKJIIOYAIOUINX KaK YCIOBHO-(DOHOBYIO TEPPUTOPHIO, TaK U TEPPUTOPHUIO MECTOPOKICHUS.

I'maBHOM HpH‘lHHOﬁ HU3MCHCHUA PACTUTCIIBHOI'O IIOKpOBa Ha TCEPPUTOPHUU MCCICIAOBAHUA
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SIBJISICTCSI aHTPOTIOTEHHAsI ACSATEIBbHOCTh, CBs3aHHas ¢ JMo0brdeit (ochoputoB, obpazoBaHmEM
OTBAJIOB M PEKYJIbTUBALIUEH TEXHOTCHHBIX OOBEKTOB.

Ha otBamax BcekpbimHbIX moposa Kunrucemnmckoro mecropoxxiaeHus ¢ochopuron
BBIJICJIEHO MATh CTaauil GOPMHUPOBAHUS COOOLIECTBA OCE PEKYIbTUBALMI: HAUMHAsl OT IOCeBa
MHOTOJIETHUX TpaB M 3aKaH4YMBas MEPTBONOKPOBHBIMM €JIbHUKAMH, TaK KaKk OCHOBHas MOpoOJa,
KOTOPOH NPOBOANIACKH U ITPOBOJIUTCS 110 HACTOSAIIIEE BPEeMs peKyJIbTHBaLUs, — 3T0 Picea abies.

ITogpocT MENKONMCTBEHHBIX IIOPOJ AaKTUBHO pa3BuBaeTcs B mnepsble 20-30 et
PEKyJIbTUBALlUHU, 3aT€M OH BBITECHSETCS W3-II0J I0JIOTa efnu eBpornelckol Picea abies (npu
YCIIOBHH, YTO pEKyJbTHBAIMSA TPOBOAMIACH enbio). Ilpu 3ToM Ha ycIOBHO-(OHOBBIX
TeppuTopusix u Oepésa mymucras Betula pubescens, v onbxa cepas Alnus incana BCTpeyaroTcs B
€CTECTBEHHBIX JIeCaxX C N30BITOYHBIM YBIA)KHEHUEM.

CaMbIM pacnpoCTpaHEHHBIM BUIOM TPABSIHO-KYCTAPHUYKOBOTO sipyca SIBJISIETCS BEHHHUK
Calamagrostis sp. CTaTUCTUYECKH JIOCTOBEPHO CHIDKEHUE OOWIMSA BEWHUKA Ha TEPPUTOPUU
MECTOPOXACHUS, UYTO MOXKET CBUIETEIbCTBOBAaTH O TOM, YTO IIOYBBI M TEXHOICHHBIE
MOBEPXHOCTHBIE ~ O0pa30oBaHMs  MECTOPOXAEHUS  OoraTbl NMUTATEIBHBIMH  BEIIECTBAMH
(B yaCTHOCTH, COEIMHEHUSIMU a30Ta U (pocopa), MOCKOJIbKY BEHHUK NPEAIOYUTAET Heborarble
B OTHOILICHUH MHUHEPAJIHHOTO ITUTAHHS TOYBBL.

B pabote Obln MCNONB30BaH METOJl KOPPENALMOHHBIX IJIESA, C MOMOIIBIO KOTOPOTO
ObulM  BbIIENEHBI 15 Tpynm pacTUTENbHOCTH Ha OCHOBE BCTPEYaeMOCTH BHIOB B
reo00TaHNYECKUX ONUCAHMSX: U3 HUX 3 OOJbIIME TPYIIbI, BKIOYaronme Oonee 15 BUIOB, U
12 manpIx Tpynn — ot 2 10 6 BUAOB. AHAIU3 3TUX TPYII IMOKa3al, YTO COOOIECTBa Ha OTBaJIaX
BCKPBIIIHBIX TOpPOA W Ha oOTBale Qochorumnca pazanyaloTcss ¢ YCIOBHO-(OHOBBIMHU
TEPPUTOPUSAMHU TOJBKO HAIMYMEM psAa pylepalbHbIX BuaoB. Ilpu 3TOoM coobuiectsa,
NPUMBIKAIONIME K XBOCTOXPAHWJIHILY, OTIMYAINUCH OT YCIOBHO-(OHOBBIX CHJIBHEE BCETO
(HampuMep, HAJTMYMEM BUJIOB, KOTOPbIE BCTPEYAIOTCS TOJIBKO Y XBOCTOXPAHUIIMILA).

AHTpPOIIOTEHHOE BO3ACHUCTBHE — MPOHU3BOACTBO (HOCHOPHBIX YHOOpEHUN — H3MEHSIET
€CTECTBEHHbIE HKOCHUCTEMbI, paHEe pacloyiaraBlIMecs Ha TEPPUTOPUU MECTOPOXKICHUS, U
B3aMEH HHUX BO3BpAIlaeT B MPHUPOAY IMYTEM PEKyJIbTHBALIMM HOBBIE COOOIIECTBA, KOTOpBIC
UMEIOT HMHYI0 CTPYKTYpPY, 4TO HauOojee SIBHO IpPOSBISETCS B BHIOBOM COCTaBE TPABSHO-
KyCTapHUYKOBOTO sipyca. BoccTaHOBIEHHBIE TEPPUTOPUN MOTYT OBITH MCIOJIB30BAHBI B LIENAX
peKpeary Win JeCHOro X034HCTBa.

3ammuaemoe moJiokeHne. EnoBele cooOmiecTBa Ha OTBalax BCKPBIIIHBIX MOPOJ
npou3BoJcTBa (ocopHBIX yaoOpeHuil mpoxoaaT maATh ctaauil GopmupoBanus. [Ipu s3Tom

TpaBHHO-KyCTapHI/I‘IKOBHﬁ ApyC Haxxe UYepe3 40 ner mocie PEKYyJIbTUBAlUU IIPEACTABJIICH, B
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OCHOBHOM, pYyAC€pajibHbIMHU BHJAMH. Haubonee 3HAYUTENIHHO HM3MEHSIETCS BPII[OBOf/i COCTaB

PACTUTCIIbHOCTU HA TCPPUTOPHUH MECTOPOKACHUA, npnneralomeﬁ K XBOCTOXPaHWJIMIIIAM.
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3akJiioueHue

B pesynbrate 00pabOTKH IMOJYYEHHOTO aBTOPOM (PAKTUYECKOro MaTepualla, a TakxkKe
M3YYEHHUS UMEIOUINXCS JIUTEPATYPHBIX HCTOUHUKOB MOYKHO CHEJaTh CJIEAYIOIINE BbIBOIbI:

1. JlanamadTHO-IeCTpYKLIMOHHOE BO3/EHCTBHE MPOU3BOACTBA (OCHOPHBIX yI0OpEeHHit
3aKIJIIOYAETCSl B U3BATHUH U3 HeOp (POCPOPUTOBBIX Py, 00pa30BaHUHN KaphEPOB, MEPEMELICHUH
BCKPBIIIHBIX MHOPOJ, (OPMUPOBAHMM OTBAJIOB BCKPBIIIHBIX IMOPOX U oOTBaja (ocdorurca,
CO3/1aHUSl XBOCTOXPAHWJIMIN. YKa3aHHbIE IPOLECChl NPUBOJAT MPAKTUYECKH K IOJTHOMY
YHUUTOKEHHUIO TTOYBEHHO-PACTUTENLHOTO TOKpoBa MecTtopoxaeHusa. [loatomy mnpoBoasTcs
MEPONPUSITUS IO PEKYJIbTUBALMN HAPYILIEHHBIX 3€MEJIb.

Caumkn LandSAT moka3siBaroT, 4TO HEKOTOPHIM DKOCHCTEMAaM, CO3/IaHHBIM Ha MECTE
OBIBLIMX OTBAJOB BCKPBILIHBIX MTOPOJ, Y’KE HECKOJIBKO AecATuiIeTui. [IuK HapylIeHHBIX 3eMellb
npuxoauics Ha 80-e rr. XX Beka. K 2022 roxy HepeKyJIbTHBUPOBAHHBIX OTBAJOB BCKPBIIIHBIX
IIOPOJI IPAKTHUUECKU HE OCTAJIOCH.

JlannmagTHO-AECTPYKIIMOHHOE  BO3JIEHCTBUE HAa HCCIEIOBAaHHOW TEpPPUTOPUHU 32
MOCJIEAHUE J1BA JECSTUIIETHS 3HAUUTENBHO COKpaTHIoCch. boiiee Toro, pazpabaTeIBatoTCsl HOBBIE
TEXHOJIOTHH 110 TPUMEHEHHUIO MaTepraia oTBajia gocdorurca

2. DMHCCHOHHOE BO3JEHCTBHE TPOU3BOACTBA (POCHOPHBIX yIOOpEHUH MOKEeT
IPOSBIATECS B BO3JEHCTBUM Ha MPHUPOJHYIO CpeLy MOCPEICTBOM BBIOPOCOB B arMmocdepy,
cOpPOCOB CTOYHBIX BOJ M MYTEM pa3MELICHHs ONACHBIX OTXOJOB. TeXHOJIIOTMYecKHue BBIOPOCHI
npu TPOU3BOJACTBE (HOCPOPHOI KHCIOTHI BKIOYAOT (TOpuabl, (ochaTsl, MU, KaIMHUH,
CBHMHEL, IIMHK U PAJUOHYKIHBI (00pa3yloTCsl B X0Jle TEPMHUYECKOTO MpoIiecca MPOU3BOICTBA).
[Tpu mpousBoxacTBe cynepdocdara B aTMochepy MOTYT MOCTYNATh U BIOCIEICTBUN OCAXKIATHCS
(bTOpUIBI, XJTOPUIBI, COEIMHEHNS a30Ta U MbUIb. [Ipy Mpon3BOACTBE KOMITIEKCHBIX yOOpEHHi B
Ka4eCTBE 3arps3HAIOIINX BEUIECTB BBIJICISAIOT COSAUHEHHS a30Ta, GTOPUIBI M XJIOPHUJIBI.

OTnenbHBIM HCTOYHHMKOM 3arpsi3HSIONIMX BEILECTB sBIseTcs oTBal  (ocdorurca.
CornacHO IaHHBIM JIMTEPATYPbl, OCHOBHBIMM 3arpsI3HAIOLIMMU BELIECTBAMU IIPU BO3AECHCTBUU
oTtBasia ¢ocorurca Ha MPHICTAIONINE TEPPUTOPUU BBICTYNAIOT CTPOHIMH, (Top, docdop u
cepa, a TaKyKe IPUPOHBIE PAJUOHYKIUIbI.

3. IlouBenHslii nokpoB KuHrucenmnckoro mectopoxaeHus (pochopUTOB 3HAYUTEIBHO
U3MEHEH B XOJI€ XO35MCTBEHHOM JEATEIbHOCTU YEJIOBEKa. ECTECTBEHHBIE THUIIBI II0YB CMEHWINCH
TE€XHOTE€HHBIMH TOBEPXHOCTHBIMU 00pa3zoBaHMsAMHU. Ha 3 mpoOHBIX IUIOMAASX MECTOPOKICHUS
OCTaJICsl €CTECTBEHHBIN IIOYBEHHBIN TOKPOB C 30HAJbHBIMU TUIIAMH 110YB (JEPHOBO-IIOA30IUCTAs
u noalyp), BO BCEX OCTaJIbHBIX IOCTTEXHOI'€HHBIX 3KOCHUCTEMaxX ObUIM pPEIIAHTO3EMBI
(mocnencTBue peKyJbTUBaLUM). B KauecTBe TOPU30OHTOB PEIUIAHTO3EMOB BBIIEISIOT TOPU30HTHI

RAT n TCH.
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[lepemenienre JIMTOrEHHOrO MaTepuana M pa3MElleHUE KPYIMHOTOHHAXHBIX OTXOJOB
IIPUBEJIO K U3MEHEHHUIO penbeda u GopMUPOBAHUIO MEPENasoB BBICOT 10 HECKOJIBKUX JECATKOB
MeTpoB. CoryiacHO MPOBEAEHHBIM HCCIIEI0BAaHUSAM, Ha TEPPUTOPUN MECTOPOIKIECHUS IEHCTBYIOT
TPU TPOLECCA, MEHSIOMIUX eCTECTBEHHYI0 TI'€OXMMUYECKYyI0 OOCTaHOBKY: IIOCTYIUIEHHE
3arpsI3HAIOLIMX BELIECTB MOCPEICTBOM BBIOPOCOB MpU MPOU3BOACTBE (HOCPOPHONU KHUCIOTHI U
dbochopHBIX yHOOpEeHHH, a’dpOreHHBbI TMepeHoc dYacTull ¢ocdorunca Ha MPUIICTAIOIINE
maHaAmwapTel U BIMSHME XHMHUYECKOTO COCTaBa BCKPBIIIHBIX TMOPOJ, 3ajJerarlmx Mo
3HAYUTENbHOM YacThIO TEPPUTOPUN MECTOPOKICHUS.

4. N3y4eHO COBPEMEHHOE JKOJIOIMYECKOE COCTOSHUE II0YBEHHOI'O IOKpPOBa
Kunrucennckoro mectopoxxaeHust ochopuToB MUPOKON IpyNIond XUMUYECKUX 3J1eMeHTOB. [1o
CTETIEHH aHTPOIIOTEHHOTO BO3/ICHCTBUS BBIACICHO TPH THIIA TEPPUTOPHI — YCIOBHO-(OHOBEIE
(J1ecHble U OOJIOTHBIE HIKOCUCTEMBI), PEKYJIbTUBUPOBAHHBIE OTBAJIbl BCKPBIIIHBIX ITOPOJ, a TaKXkKe
KpPYITHBbIE TEXHOT€HHBIE O0BEKTHI — OTBaJIbI (hocorurica ¥ XBOCTOXPAHUIIHILE. Y CTAHOBIICHO,
YTO Ha yCJIOBHO-(OHOBOH TeppuTopuu BcTpeuaroTcs mpesbimienus [1JIK nmo menu, maprasiy,
HUKEII0 U IUHKY. Ha pexkynbTHBHpPOBaHHBIX OTBalaX BCKPBIIIHBIX MOPOJ €CTh IPEBBIIICHUS
I[IAK no wmapranmy, Menu, LMHKY M CBUHIY. B mouBax Ha otBanme ¢ocdorumnca u
XBOCTOXpaHuIuIe 3apuKcupoBansl npesbimenus 11JIK mo mapranimy, Meau, CBUHILY, HUKEINIO,
XpOMYy U LIUHKY.

HuskuMm BapbupoBanueMm (kod¢¢uiment Bapuauuu MeHbine 30 %) XapakTepusyroTcs
Oapuit u cBuHer; cpenHuM (koddpduruent Bapuaruu 30—60 %) — koOaibT, XpoM, Keme3o,
Maprasel, CKaHIui, IWHK; BBICOKHM (Koddunuent Bapuauuu 60—100 %) — mMeap, HUKETb,
CypbMa, BaHaJIMil; aHOMAJILHO BBICOKUM (k03¢ ¢urrenT Bapuanuu 6omsine 100 %) — xagmuii u
CTPOHILIMI. YCTaHOBJIEHO, YTO MaKCHUMAaJbHOE COJIEpXKaHHE BaJIOBBIX (opMm Oapus, KaaMmus,
MeNW, HUKENS, CypbMbl, CTPOHIMSA, BaHAAWSA, LMHKA XapakTepHO JUIS TOYB, OTOOPAaHHBIX Ha
otBaie ¢ocdorunca U XBOCTOXpaHWJIMIIE. B moyBax TEXHOT€HHBIX OOBEKTOB HaOIIOAAETCS
TaKXKe CHIDKEHHE KOJMUYECTBAa OpraHuyeckoro Bemiectsa. KobanbT, Mapraner], CBUHEL, CKaHAUN
PaBHOMEPHO PACIPOCTPAHEHBI 10 TEPPUTOPHUH UCCIIEJOBAHHUS.

3nauenuss Kk MakcuManbHOIO COAEpKaHUSI XUMUYECKMX DJIEMEHTOB B IIOUBAaX KPYIHBIX
TEXHOTe€HHbIX 00BeKTOB, paccuutaHHble no OJK / IIJK, moka3zamu, 4To TMIHMEHHYECKUe
HOpPMAaTHUBBI NIPEBBILIEHBI A1 BaHaaus — B 1,5 pa3a; Mequ U LMHKa — B 2 pas3a; KagMusi — B
3 pa3a; HuKenst — B 5 pa3; ceppl — B 7 pa3. CpengHue 3HAYEHUS COACpPXKAHMS DIEMEHTOB B
M0YBaX TEXHOT'€HHBIX OOBEKTOB MPEBIIAIOT TUTHEHUYECKIE HOPMATHUBbI TOJIBKO IS CEPBI.

KoadduuneHTsl KOHLIEHTpaMM CpeIHUX M OCOOEHHO MAaKCHUMAaJbHBIX COZIEp KaHUil
3JIEMEHTOB B [TOYBAX KPYMHBIX TEXHOTCHHBIX OOBEKTOB MMOKA3bIBAIOT, YTO 3HAUEHHS 30HATBHOTO

dona g OOJBIIMHCTBA D3JIEMEHTOB 3HAUUTENIbHO TMpeBbllieHbl. Ha  ycrioBHO-QOHOBOIM
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TEPPUTOPUU 30HATIBHBIN (JOH MpeBbIILIeH 0 HUHKY B 1,2 pa3za, o ¢ocdopy B 1,3 paza, no propy
B 1,5 paza, mo cBuHIy B 2,2 pa3a, nmo 6aputo B 12 pa3. [IJIK Ha ycioBHO-(pOHOBOI TeppuTOpun
MPEBBILIEHA 10 cepe B 7 pas.

B 1memom, ecnu cpaBHUBaTh, KOX(GGUIUEHTHl KOHILEHTPALMH, PACCUYUTAHHBIE II0
30HaTBEHOMY (POHY (CpenHee) U I0KHO-TaeKHBIM MoYBaM bapeHiperrnona (Meauana), COBIaIal0T
[0 TMepedHio 3JeMeHTOB. Koa(pduimeHTsl, NpeBbllaloniie eIWHUIly, pPacCUYUTaHHbIE U IO
30HaTBbHOMY (DOHY (CpenHee), M 1O HKHO-TAeXKHBIM I04YBaM bapeHipernona (Meauana),
HaOmromaroTes A Oapus, kanwiws, Gocdopa, propa, ctponnus. [IponeHT moaBMXHBIX (Gopm
BO3paCTaeT C YBEJIMYEHUEM BAIOBBIX coxaepxkaHuil. Manonoasuwxkueie (0—1 %) smeMeHTbI
OTCYTCTBYIOT, cpeaHsisi moaBmkHOCTh (1-10 %) xapakrepHa st 6apus, CBUHIA, HUKEIS U IIUHK,
noBsierHast (10-20 %) — mist Mmapranna u Meau, BRICOKOTOABMKHBIE (Oosiee 20 %) 2meMeHThI
OTCYTCTBYIOT. OTKpBITBIM OCTaeTCsi BONPOC O pPa3pabOTKe 3KOJOTUYECKHMX HOPMATHBOB U
YCTaHOBJIEHUH (DOHOBBIX KOHLIEHTpALUMH /J1s pa3HbIX peruoHoB Poccuiickoit denepannu.

B nmouBax 5€rkoro rpaHyJIoMEeTpUYECKOr0 COCTaBa HAKAIIUBAIOTCSA CTPOHIUHM U (Top U
MOJBM)KHBIE (OPMBI HHKENs, a B TIOYBAX THKEIOrO TPAHYJIOMETPHUECKOIO COCTaBa —
noJABWXKHBIE (popmbl Oapusi. B kBazuzéMax HakaruiMBaroTcs OoJblle YyeM B JAPYTUX IOYBax
KobanbT, rop, kene3o, mapranen, ¢Gochop U CTpOHLUH, B TOPPSIHBIX MMOYBAX — CypbMa, B
nuTo3éMax — Oapuii, B TEKCTYpHO-AU((HEepEeHIIMPOBAHHBIX TTOUBAX — CEpa, B IIee3éMax — XPOM,
MeZlb U CKaHJuH, a B AIb(EryMyCOBBIX — CBUHEII.

XUMHUYECKUH COCTaB TIOYB HA HCCIECIOBAHHON TEPPUTOPUH OIPEICISAIOT YETHIPE
¢axTopa — nopoauslii haktop (44 %), mpousBoacTBO GochopHbIX ynodpenuit (20 %), BiusHue
BCKPBIIIHBIX TIopo (14 %), moctymnenue cepsl ot otBana Gpocdorurca (7 %).

IIpoBenénHoe wuccaenOBaHWE IOKa3ano, 4YTO Ha KHHIHCENIICKOM MECTOPOKIECHUU
dochopuToB He HaAOIIONACTCS TMOBBIIICHUS AKTUBHOCTH NPUPOJHBIX PATHMOHYKIHIOB, NaXe
HA00OpOT — AaKTHBHOCTh HEKOTOPBIX PATUOHYKJIHIOB MEHBIIE, YeM Ha YCIOBHO-()OHOBOM
TeppuTtopuu. Bce mnpoObl MMEIOT 3HAueHHE YAENbHOM 3(QQEeKTHBHOM AaKTHUBHOCTU MEHEe
370 bx/kr (monmyctumas ynenbHast 3pPexTUBHAS PaTUOAKTUBHOCTh CTPOUTEIBHBIX MaTepUaIOB
(TakMX Kak MEeCcOK U IIe0eHb), UCTIOIb3yEeMbIX B KUIUIIIHOM CTPOUTENBCTBE), CaMOe OOJbIIOe —
124 bx/kr — Ha otBane ¢ocdorurnca. To ecTh, HccienoBaHUE MOKa3aa0 O€30MacCHOCTh U OTBala
dochorunca, ¥ MOYB, PACHONOKEHHBIX B 30HE €ro BIUSHHSI, B IUIAHE PaJUOAKTUBHOTO
BO3JIE€WCTBU. bosiee TOro, CToMT OTMETUTh, YTO B pPacCMaTpPUBAEMOM paliOHE CHUTyalHUs
HA000POT — aKTUBHOCThH OTAEIbHBIX PAAHOHYKIHIOB HA TEPPUTOPUN MECTOPOXKACHUS HUXKE Ha
50-75%.

BozneiictBue mpousBoactBa GocPopHBIX ymoOpeHH U3MEHSeT KHCIOTHOCTh IIOYB.

OpaHako B MUPOBOI MpaKTHUKe CYIIECTBYIOT pa3jilMyuHble TEHACHIMH: Ha NpeAanpusatusx Mcecnanuu
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u Typuuu Qocdorurnc 3HAYUTETHHO MOJKUCISIET MPUIIETAIONIME K IMPOU3BOACTBAM IIOYBY; B
JluBane, HaobopoT, — yBenumuuBaercss pH mouBel. Ha Teppuropunm Kunrucenmnckoro
MecTopoxaeHus (ochoputoB nokazarenab pH B cpeHeM MoBbILIACTCS HA 2 €]. B CPAaBHEHHUH C
yCIOBHO-(DOHOBOI TeppUTOpUEH: KaK IpU BOJHOM BBITSIKKE (AKTyalbHOM KMCIOTHOCTH), TaK U
IIpU COJIEBOM (MOTEHIMANbHOM KHUCIOTHOCTH). CTOMT OTMETUTH, YTO B T€X peruoHax Mupa, rie
dochopuTsl 3ameraroT psIOM C U3BECTHAKAMHU, HAaOIr01a1achk Ta e CUTyalus — nokasaress pH
nmo4B moBbIIANCA. pHgyo; HaA ycinoBHO-(OHOBOW Teppuropuu coctaBuia 5,3 en. pH, a Ha
TeppuTOpUU MecTopokaeHus pHgon — 7,2 en. pH. pHkc Ha yciioBHO-(OHOBOW TEppUTOPUH —
4,3 en. pH, Ha Teppuropun mectopoxacHust — 6,6 exa. pH. 3smenenue peaxkiuu cpebl, B CBOIO
oyepe/b, BIUSET HAa PAaCTUTEIbHBIA MOKPOB, CO3/aBasi OJaronpUsTHbIE YCIOBHS Ui Pa3BUTHS
BUJIOB, IPEAMOYUTAIONINX OJM3KYIO0 K HEUTPaIbHOM pPEaKINIO CPEIbl.

5. IHIMKAaTOPHBIMH 3JIEMEHTaMH IpPU OLIEHKE BO3AEUCTBUS MPOU3BOACTBA (OChHOPHBIX
yIoOpeHuil Ha TOYBBI MOTYT OBITh: BaJOBOE cojepkaHue crpoHmms, (ropa u docdopa.
Coneprxanue ¢pTopa yBeIMUMBAETCS B 3 paza B CPaBHEHUH C yCIOBHO-(OHOBOW TEPPUTOPHUECH, a
BOJIOpacTBOpuMbIe (OpMBI aMMOHHWIUHBIE a30Ta — B 4 paza. Ot orBanma ¢ocdorumnca Ha
MPWICTAIOIINE TEPPUTOpUM TOCTymaeT crpoHuuid U ¢docdop. ConepkaHue CTPOHIUSA
OTIIMYAeTCsl OT YCIIOBHO-(poHOBOU Tepputopuu B 1,6 pa3, a dochopa — B 4 paza B CTOpOHY
YBEJIMYEHUS.

OnnuM u3 Hanbosiee 3HAUMMBIX MHJIMKATOPOB MTPOU3BOICTBA (ochHOPHBIX yI0OpeHHid Ha
UCCIIEIYEMO TEeppUTOpPHH SBISETCS KOA(PPHUIMEHT KOHLIEHTPAIMM XUMHYECKHX JIIEMEHTOB,
paccuMTaHHBIN Ha OCHOBE pernoHaibHOro (hoHa bapeHiieBa pernoHa Juist oYB K0KHOM Taiiru.

6. MOXXHO BBIIETUTH NATH CTaguil (HOPMUPOBAHMS €IOBOTO COOOIIECTBa HAa OTBAJIAX
BCKPBIIIHOM  moponasl  KuHrucenmckoro mecropoxkaeHusi ¢GochopuToB MyTéM  JIECHOM
pekyapTuBanuu. [lepBas cragust — 3T0 HAHECEHHE TPYHTA U 3aCEB MHOTOJIETHUMU TpaBaMu s
(dbopMHpOBaHUS YCTOHYMBOTO MOYBONOAOOHOTO NMOKpOBa. Bropas craaus mpeacTrapisieT NOoCaaKy
JECHBIX KYyJIbTYp (B OCHOBHOM, Ha MECTOPOXKIACHHMM MCIIONb3YETCs €lb eBpolelckas Picea
abies). OkoHUaHME BTOPOM CTaJuU OIpPENENAETCS BBIXOJAOM CaMbIX BBICOKMX Oco0ed B
JpeBecHbI sapyc (O6onee 6 M). TpeThs cragust opMHUPOBAaHUS COOOIIECTBA 3AKIIOUACTCS B POCTE
BCEX HACAXJIEHUH [0 YpOBHSA JAPEBOCTOS U B CO3JaHUU OepE30BO-EI0BOTO WM €JI0BO-
Oepé30Boro Jeca, Tak Kak B Bo3pacTe oOpueHTHpoBouHO 30 I5eT enp eBpomeickas Ha
PEKYJIBTUBUPOBAHHBIX €10 TEPPUTOPHSIX MOXkeT 3aHuMarb 10 50 % B cocrtaBe apesoctosd. Ha
4eTBEPTOM CTAaAMM €M BBITECHSAIOT Oepé3bl M3 COCTaBa COOOIECTBAa, OCTABAsACH MOYTH
€IMHCTBEHHBIM IPE/ICTaBUTEIEM JIPEBECHOrO sipyca, HauMHas (OpMUpPOBaTH MATYIO CTAAMIO,
KOTOpas elE He MPEeACTaBIIEHA Ha MCCIEA0BaHHON TEPPUTOPUH, — MEPTBOIIOKPOBHBIE E€IIbHUKHU.

B paitone ropoma Kunrucennm Ha OTBajlax BCKPBIIIHOM MOPOJBI €JIM JOCTUTAIOT YETBEPTOM
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craauu OpueHTUpoBOYHO K 40 romam. C TOYKM 3peHUs HCIOJIB30BAaHUS HAPYIIEHHBIX
TeppuTOpuil (TaKMX KaK OTBaJibl BCKPBIIIHOW TOPOJBI), JE€CHas PEKyJIbTUBAIMS SBISETCS
ONTHMAJIbHBIM BapPHAHTOM.

7. MeToa KOPpEeSIMOHHBIX TUIes ] MO3BOMI BBIACIUTH 15 Tpymnm pacTUTENbHOCTH Ha
OCHOBE BCTPEYaCMOCTH BHJIOB B T'€OOOTAaHMYECKHX OIUCAHUAX: M3 HUX 3 OOJIBIIHME TPYIIIHI,
BKJTFOYaronue 6osnee 15 BumoB, U 12 manbIx rpynm — oT 2 10 6 BUIOB. AHAIM3 3THX TPYII
mokaszajl, 4To cooOImecTBa Ha OTBajlaX BCKPBIIMIHBIX TOpPOJ W Ha oTBaje ¢ocdorumnca
pa3INYaTCs C YCIOBHO-(OHOBBIMH TEPPUTOPUSMH TOJBKO HAIMYHEM psga pPyIepalTbHBIX
BuOB. [Ip 3TOM cO00IIECTBA, MPUMBIKAIONINE K XBOCTOXPAHWIUILY, OTIHYAINCH OT YCIOBHO-
(OHOBBIX CHIIBHEE BCEro (HampuMep, HAIMYHEM BHUJIOB, KOTOPBIE BCTPEYAIOTCS TOJBKO Y
XBOCTOXpaHWIUINA). TONBKO B 3THUX COOOIIECTBAX MOXKHO BCTpeTuthb [halictrum flavum,
Matricaria chamomilla, Alopecurus pratensis, Bidens tripartita w Chenopodium album.
OtrmernM, YTO pa3HoOOpasWe TO4YB, pEXKHMMa YBIAKHEHHUS M CTENEHH aHTPONOTCHHOM
TpaHchOopMay TPUBOIUT K IECTPOTE BHJIOB, BCTPEYAIOIIHNX PSAIOM C XBOCTOXPAHIITUIIAMH.

Coo0bmiecTBa Ha OTBAIAX OTIIMYAIOTCS OT YCIOBHO-(OHOBBIX TEPPUTOPUN HE CTOJIb SBHO.
Bbinenensl Majble TPYIIIBL, XapaKTepHBIC Ul Pa3iIMYHBIX YCIOBHH — B IEIOM, JUIS BCEX
TEXHOTCHHBIX OOBEKTOB, KOHKPETHO JJI OTBAJOB BCKPBIIIHBIX TOPOJ, a Takke s
OTpeeNIEHHBIX TOPOA (MEIKOIMCTBEHHBIX MIJIM XBOWHBIX), BIUIOTH JIO TPYIIIBI, BCTPEUAIOMICHCS
B 40-J1eTHUX PEKYJIBTUBUPOBAHHBIX EIbHUKAX.

8. Kak wurTOor, MOXHO CIelaTh BBIBOJ, YTO TEPPHUTOPHS, WCIBITABINAs BO3JICHCTBHE
pou3BoACTBa GocHOPHBIX YAOOpEHUH, XapaKTepU3yeTcsi CMEHON €CTECTBEHHBIX THUIIOB MOYB Ha
TEXHOTEHHBIE IMOBEPXHOCTHBIE OOpa30BaHMA, COAEP)KAIIME B TOBBIIICHHOM KOJINYECTBE
crponuuii, grop u dochop. Ilpu ycnoBum 3anmeraHust CbIpbs MOJA KapOOHATHBIMU IOPOJIAMH
NPOUCXOIUT JONOJHHUTEIBHOE BO3/ACHCTBHE, BBIpAXKAIOIIEECS B BUAE NOJIICTAYUBAHUA U
yBEJIIMYCHHs] BaJOBOTO JKeje3a, MapraHiia W Hartpus B mouBe. [IpupoaHO-aHTPOMOTeHHBIE
HKOCHUCTEMBI, 00pa3ylole MOYBEHHO-PACTUTEIbHBIN MOKPOB MECTOPOXICHHS (PochOopUTOB
nociie peKyabTHUBAIMKM, UMEIOT 3HAUUTENbHbIE OTIHYUS OT 30HAJIBHBIX YCIOBHO-()OHOBBIX IO

NpUYMHE OOMIIUS BUJIOB, YCTOWYMBBIX K XMMUYECKOMY COCTaBY M CBOMCTBAM pPEINIAHTO3EMOB.

BaaropapnocTn
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MNPUJIOXKEHUE
[Tpunoxenue 1. MecronomnosxxeHue oToOpa MOYBEHHBIX MPOO.

HasBanue mouBeHHOM MPOOEI [Iupota Honrora
Bonoto 1 59,3518 28,4393
Bbomaoto 2 59,35 28,4397
Bomoro 3 59,415833 28,304272
Bonoto 4 59,415567 28,306625
Jlec 1-1 59,4149 28,3658
Jlec 1-2-1 59,4125 28,3629
Jlec 1-2-2 59,4125 28,3629
Jlec 1-3-1 59,4098 28,3596
Jlec 1-3-2 59,4098 28,3596
Jlec 2-1-1 59,3956 28,377
Jlec 2-1-2 59,3956 28,377
Jlec 2-2 59,394 28,3728
Jlec 2-3-1 59,3922 28,3731
Jlec 2-3-2 59,3922 28,3731
Jlec 3-1 59,383406 28,372594
Jlec 3-2-1 59,383831 28,373281
Jlec 3-2-2 59,383831 28,373281
Jlec 3-3-1 59,384414 28,373919
Jlec 3-3-2 59,384414 28,373919
Jlec 4-1 59,4556 28,503153
Jlec 4-2-1 59,456061 28,504994
Jlec 4-2-2 59,456061 28,504994
Jlec 4-2-3 59,456061 28,504994
Jlec 4-3-1 59,457339 28,507186
Jlec 4-3-2 59,457339 28,507186
Jlec 4-3-3 59,457339 28,507186
Jlec y noporu 59,381386 28,374075
OrtBan 1-1 59,3859 28,444
OtBamn 1-2 59,386 28,447
Otaai 1-3 59,3851 28,4465
OtBan 1-4 59,3825 28,4339
Otsan 1-5 59,3851 28,4454
Otan 1-6 59,3839 28,4376
OtBai 2-1-1 59,3751 28,4337
OtBain 2-1-2 59,3751 28,4337
OTBan 2-2-1 59,3745 28,4317
OtBain 2-2-2 59,3745 28,4317
Otai 3-1-1 59,3762 28,4373
Otsai 3-1-2 59,3762 28,4373
OtBai 3-2-1 59,374 28,436
OTBan 3-2-2 59,374 28,436
Otgain 4-1 59,3709 28,4402
OtBamn 4-2 59,3695 28,4434
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HazBanune moyBeHHO# MpoOHI [Mupota Hoarora
Otsan 4-3-1 59,3664 28,44
Otsan 4-3-2 59,3664 28,44

OtBan 4-4 59,3643 28,4436
OtBan 4-5-1 59,3626 28,436
OtBan 4-5-2 59,3626 28,436

OtBan 4-6 59,3612 28,4403
OtBan 4-7-1 59,3594 28,4376
OtBan 4-7-2 59,3594 28,4376

Otsan 5-1 59,389047 28,430717
OtBan 5-2-1 59,386592 28,423419
OtBan 5-2-2 59,386592 28,423419
OtBan 5-2-3 59,386592 28,423419
OtBan 5-3-1 59,379261 28,426392
OtBan 5-3-2 59,379261 28,426392

OtBan 5-4 59,383939 28,426844

OtBan 5-5 59,383048 28,427709

OtBan 6-1 59,376239 28,459803

OtBan 6-2 59,3732 28,458961

OtBan 6-3 59,369242 28,458392

OrtBan 6-4 59,365314 28,458369

OtBan 6-5 59,362331 28,459469

®depma-1 59,4125 28,3629
Oepma-2 59,4125 28,3629
®docdorurc 1 59,3906 28,4393
®docgorurc 2 59,3914 28,4375
®docdorurc 3 59,3916 28,4381
®doctorumc 3-1 59,393197 28,435608
®dochorurnc 3-1 59,393197 28,435608
dochorurnc 3-2 59,393006 28,435164
®dochorurnc 4 59,3931 28,435
®docdorurc 5 59,392 28,4373
®dochorurnc 6 59,3916 28,4366
Xsocr 1 59,3994 28,4342
XBocrt 2 59,3919 28,4262
XBoct 4 59,391783 28,426108

XBocr 5-1 59,400986 28,406318

XBoct 5-2 59,400986 28,406318

XBoct 6-1 59,402623 28,404475

XBoct 6-2 59,402623 28,404475

XBocr3-1 59,403514 28,406053

XBoct3-2 59,403514 28,406053
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[Tpunosxenue 2. Tumnsl o4B U pacTUTENbHBIE COOOLIECTBA HA TPOOHBIX MJIOLIAIAX

Ha3anwne Touku

ITouBa

PacturensHOE COOOIIIECTBO

EpHHKOBO-NBOBO-TPOCTHHKOBOE

Bbonoto 1 OnurorpodHo-TOpdhsiHAS TOUBA
c(harHoBoe ¢ MPUMECHIO COCHBI
EpHUKOBO-NBOBO-TPOCTHUKOBOE
bomoto 2 OmnurotpodHO-TOpdsTHAS TTOUBA P P
charHoBoe ¢ NPUMECHIO COCHBI
IIe1peiino-cdarnosoe ¢
Bororo 3 Ddrpoduo-TopdhaHas mousa p ¢
IIPUMECHIO COCHBI
bpycHnuHO-c(harHoBoe ¢
Bbonoro 4 OmnurorpodHo-TopdsiHast moyBa py ¢
MIPUMECHIO COCHBI M OCHHBI
" . bepézoBoe KUCINYHO-KYTIBIpE-
Jlec 1-1 I'mee3ém ceporymycoBbIit p YIbIP
TaBOJITOBOE 3€JICHOMOIIIHOE
Jlec 1-2 I'nee3ém ceporymycoBblit Bepé3oBoe BEHHUKOBO-XBOLIOBOE
N . bepésoBoe BEHHUKOBO-
Jlec 1-3 I'mee3ém ceporymycoBbIit
3€JICHOMOIITHOE
Jlec 2-1 I'mee3ém ceporymycoBblit BeiinukoBslii 1yr
Jlec 2-2 JInTo3ém ceporymycoBbii OnpX0BOCEPOE TABOJITOBOE
N N EnoBoe kucamyHo-
Jlec 2-3 JIuto3ém ceporymycoBbIit
3€JI€HOMOIIIHOE
OcuHoB0-0ep€30B0-€710BOE
Jlec 3-1 I'nee3ém ceporymycoBblit KUCIIMYHO-TaBOJITOBO-
3€JIEHOMOIITHOE
EnoBoe kucamyHoO-
Jlec 3-2 €pPHOBO-TI00
Jlep 70YP 3€JIEHOMOIITHOE
Tlec 3-3 JlepHOBO-IOAOYp WILTIOBHATIBHO- EnoBoe BEHHUKOBO-
JKEJIE3UCTBIN 3€JIECHOMOIIIHOE
Jlec 4-1 OnurorpodHo-TOpdhsiHAs TOYBA HBoBOE BEHHMKOBO-C(harHoBOE
. OunbxoBocepoe naciaéHo-
Jlec 4-2 IIepernolino-rneesas mo4sa . p
BEIHUKOBO-3€JICHOMOIIHOE
OnpxoBocepoe BEHHUKOBO-
Jlec 4-3 JepHoBO-1I0A0YD p

TaBOJII'OBO-3CJICHOMOIITHOC

Jlec y noporu

JlepHOBO-TIOAOYD WILTIOBHATIBHO-

EmoBoe KHUCIINIHO-YCPHUYIHO-

T'YMYCOBBIN ITpyOOTryMyCHpPOBaHHBII 3€JICHOMOILHOE
Ornain 1-1 Pennantozém Enosoe
OrBan 1-2 Pennantozém CMellIaHHbIl Jec
OrtBai 1-3 PennanTozém CocHoBoOE
OrBan 1-4 PemmanTozém CMeIIaHHbIN Jec
OtBai 1-5 PennanTozém JluctBeHHOE
Otsan 1-6 PennanTtozém Bepézooe
bepézoBo-enoBoe
OrtBan 2-1 PemmanTozém 30JI0TAPHUKOBO-KJIEBEPO-
BEHHHKOBOE 3€JICHOMOIITHOE
Ornan 2-2 PemmanTozém OcuHOBOE BEMHUKOBOE
bepé3zoBoe BEMTHMKOBO-CHBITEBO-
Orain 3-1 PennanToszém LIyYKOBOE 3€JIEHOMOIIIHOE
Otsau 3-2 PelIaHTOsEM OcuHOBO-0epE30BO-UBOBOE
Pa3HOTPABHO-3EJICHOMOIITHOE
OtBai 4-1 PemnanTo38M Entosoe Beiinnioso-
3€JICHOMOIITHOE
OrBain 4-2 PemmanTozém MBOBOE SeMIIAHMUHO-
3€JICHOMOIITHOE
OrtBai 4-3 PennanTozém EnoBoe MaTh-H-MadexoBoOe
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Ha3panune Touku ITouBa PacturensHo€e cOOOIIECTBO
3€JICHOMOIITHOE
EnoBo-6epézoBoe IyroBUKO-
OtBan 4-4 Pemmanro3ém BEHHHKOBO-TBICIYEINCTHUKOBOE
3€JIEHOMOIIIHOE
.. bepé3oBoe yMHO-BEHHUKOBOE
OrtBan 4-5 PenmanTo3ém P
3€JIEHOMOIIIHOE
OtBan 4-6 Pemantozém EnoBoe BEeHHUKOBO-YMHOBOE
Ortsan 4-7 Pemanrozém HBoBoe unHOBOE
Otgan 5-1 Pernanrozém HBoBOE BEHHIKOBO-KUTIpEHHOE
Otsan 5-2 PemmanTo3ém OcCHHOBOE TTBIPEHHO-BEHHUKOBOE
. COCHOBO-€J10BO€ IIUTOBHUKOBO-
OtBan 5-3 Pennantosém N
BEHHUKOBO-C(arHoBOe
OtBan 5-4 Pennantozém EnoBoe CHBEITEBO-3€7I€HOMOIITHOE
.. EnoBoe cHBITEBO-BEHHHUKOBO-
OrtBai 5-5 Pemmanro3ém
3€JICHOMOIIIHOE
. COCHOBOE CHBITEBO-
OrtBain 6-1 Pennantozém
3€JIEHOMOIITHOE
.. EnoBoe neuénouno-
OtBai 6-2 Pennmanto3ém
3€JIEHOMOIIIHOE
.. CoCHOBO-€JI0BOE BEHHUKOBO-
OtBan 6-3 Pennantosém
TPYITAHKO-3¢JICHOMOIITHOE
HBoBO-0ep€30B0O-€I0BOEC MaTh-U-
Otsan 6-4 PennanTtozém Mayexo-TPyLIaHKOBO-
3€JICHOMOIITHOE
HBoB0-6epé30B0-0CHHOBOE
OTBan 6-5 Pennantozém 3eMIISTHUYHO-BEHHUKOBO-
3€JIEHOMOIIIHOE
depma HepHoBo-nogzonucras CHBITEBO-00p0O-€3K0BOE
®docdorumc 1 PemmanTo3ém OcuHoBOE
®docdorurc 2 Pennantozém CocHoBoe
®ocdorurc 3 PerutanTozém OtcyTcTBYET
®docdorurc 3-1 PemmanTo3ém OTtcyTCcTBYET
®docdorurc 3-2 PerutanTozém OtcyTcTBYET
®docdorumnc 4 PermmanTozém OcuHOBOE ITyYKOBOE
®Docdorurc 5 Pennanrozém OtcyTcTBYET
.. ITonpIHHO-KHIIpEHHOE
®docdorurnc 6 PermanTo3ém P
Xsocr 1 PennanTo3ém HBoOBOE KpanrBO-3€JIEHOMOILITHOE
.. BbepézoBoe rpymaHko-KUIpenHo-
XBocT 2 Pennanto3ém p pvy P
BEHHHUKOBOE
ITonOyp MILTFOBHAIIBHO-T'YMYCOBBIA
XBocT 3 HOYP o My OJIbX0BO-BA30-UBOBOE CHLITEBOE
rJI€EBATHII
.. bepézoBoe rpymaHko-KUnpemHo-
XBoct 4 PenmanTo3ém P puy P
BEHHUKOBOE
XBocCT 5 JlepHoBO-1I0A0Yp HBoBO€E TaBONTO-KUNPEHUHOE
XBocT 6 Arpo3ém anbheryMyCcoBBId TIIEeBBIN OnpxoBOCEpOE CHBITEBOE
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[Tpunoxenue 3. Onucanune nouBeHHbIX pazpe3o no ['OCT 17.4.4.02-2017.

1 Pazpe3 N 1

2 Anpnpec: Jlenunrpaackas obnacte, Kunrucenmnckuii paiion, bonbmenyikoe ceiabckoe
MIOCEJICHUE, PEKYJIbTUBUPOBAHHBIE KAPHEPHI BCKPBILTHON IOPOJIBI.

3 OOuruit penbed: BeprHa OTBaIa BCKPBIITHON TOPOIBI.

4 Muxpopeinbed: 00JI0MKH TOPHON TOPOIBI.

5 PacturensHbIi IIOKPOB: 6epé30Bo-eT0BOE 30JI0TAPHUKOBO-KJIEBEPO-BEHHUKOBOE
3€JICHOMOIIIHOE COOOIIECTBO.

6 Yronbe u ero KyJabTypHOE COCTOSIHUE: 3€MJIU JIECHOTO (POH/Ia, 3aIIUTHBIE MTOJIOCHI aBTOJOPOT .

7 llpu3Haku 3a00JOYEHHOCTH, 3aCOJEHHOCTH M JApPYrHe€ XapaKTepHble OCOOEHHOCTH
OTCYTCTBYIOT.

8 YpOBEHb IOUBEHHO-TPYHTOBBIX BOJI HE BCKPBIT.

9 MatepuHcKas 1 IOACTHIIAIOMIAs IOPOJA: TOJIOMUTHI U U3BECTHSKHU.

10 Ha3BaHue moOYBbI: PEMIaHTO3EM Ha OTBaJIE BCKPBILIHBIX MOPO/I.

I'opuzonT u | Onucanue pazpe3a: MEXaHWYECKHH COCTaB, BIAXXHOCTb, OKpacka, | [nyOuHa

MOIIHOCTb, CM | CTPYKTYpa, IUIOTHOCTb, HOBOOOPA30BAaHMUS, BKIIIOYECHUS, XapakTep | B3STHS
repexojia TOPU30HTa U IPYTHe 0COOCHHOCTH 00pasmoB, cM

W (0-8cm) Oypo-Cepblii, PBIXJIbIH, OPraHUYECKHE OCTaTKH, Mepexoj siCHbIA, | 0 — 8 cM
IpaHHLa POBHASI.

R TUIOTHASI TOPOJA: BCKPBIIIHBIE MOPOJBI (M3BECTHSKA W JOJOMHTHI | -
BOJIXOBCKOH M 00YXOBCKO#1 CBHT) Wi Pocorutc
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1 Pa3zpe3 N 2

2 Anpnpec: Jlenunrpaackas obnacte, Kunrucenmnckuii paiion, bonbienyikoe ceiabckoe
nocesneHue, hepMepcKoe X03HUCTBO.

3 OOuuit penbed: peunas Teppaca.

4 Muxpopenbed: KOUKH.

5 PactuTenbHbBIN TOKPOB: CHBITEBO-00PO-€KOBOE COOOIIIECTRO.

6 Yroape W ero KyJabTypHOE COCTOSHHE: 3eMIIsl CEIhCKOXO3SIMICTBEHHOTO HAa3HAYCHUS, 30HA
(bepMepcKoro X03s1cTBa.

7 IlpusHaku 3a00JO0YCHHOCTH, 3aCOJICHHOCTH U JpYyrHe XapakTepHble OCOOEHHOCTU
OTCYTCTBYIOT.

8 YpoBeHb NOYBEHHO-TPYHTOBBIX BOJI HE BCKPHIT.

9 MatepuHcKas 1 OJACTHIIAONIAs MOPoa: (IIFOBHOTIIALUATBHBIC OTIOXKECHHUS.

10 Ha3Banue mOYBBI: JIEPHOBO-TOA30JIMCTAS TMOYBA CPEIHEMOIHAS HETTyOOKOIMOA30IHCTAast
JIETKOCYTJIMHUCTAs CO ¢1ab0pa3BUTHIM IpoduieM Ha GIIOBUOTISIMATBHBIX OTI0KCHHSIX.

T'opuzonTt u | Onmucanne pas3pe3a: MEXaHWYSCKHHA COCTaB, BIIAXXHOCTh, OKpacka, | I'myOnHa
MOIIHOCTb, CM CTPYKTypa, IUIOTHOCTh, HOBOOOpa30BaHWs, BKIIFOUEHUS, XapaKTep | B3ATHS
repexo/ia TOPU30HTA U IPYTHEe 0COOCHHOCTH 00pasIos,
cM
AY (0-12 cm) CBETJIO-CEPBIN, YINIOTHEHHBIH, JIETKOCYTIMHUCTHIN, METKOKOMKOBAThIH, | 0 — 12 cm

CBEXKUM, C XONAMHM JOXKAEBBIX YEPBEH, IPUCYTCTBYIOT CBETIbIE 3EpPHA
MUHEPAJIOB, BKIIOUEHHMS KpPYMHBIX KOpPHEM M TalbKH, MEPEXO.
3aMETHBIM, TPaHULA BOJHUCTAs

EL (12— 15 cm) Oenblif, YIJIOTHEHHBIN, JETKOCYTJIMHUCTBIN, IUIMTYATBId, CBEXHH, | -
MPUCYTCTBYIOT CBETJIBIE 3EpPHA MUHEPAJIOB, BKJIIOUYCHHS KOpPHEH W
TaJIBKH, TIEPEXO0J] 3aMETHBIH, TPAHHIIA BOJTHUCTAS

BEL (15— 17 cM) | cBetnmo-OyphIif, YIUIOTHEHHBIM, JIETKOCYTJIMHHCTHIN, TUIATYATHIH, | -
CBEXHI, TPUCYTCTBYIOT CBETJIble 3EépHA MHUHEPAIOB, BKIIOYCHHUS
KOpHEH W raJIbKu, MEPeXo/1 3aMETHBIN, TPAaHHIIA KapMaHHAs

BT (17—-28 cMm) | Oypblidi, TSDKENOCYTJIMHUCTBIM, OPEXOBO-PU3MAaTHYECKUl, CBEXHH, | 17 —28 cm
MIPUCYTCTBYIOT CBETJIbIE 3€pHAa MUHEPANOB, BKIIOUEHMsI KOpHEH U
rajabKy, epexo] 3aMETHbBIN

BC (6onee 28 cm) | cepslid, TSKETOCYTTTUHUCTBIM, 0eCCTPYKTYPHBIH, CBEXMUH, | -
NPUCYTCTBYIOT CBETJIbIe 3EpHAa MHHEPAJOB, BKJIIOUEHHS KOpPHEH |
TaJibKH
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1 Pazpe3 N 3

2 Anppec: Jlenunrpaackas oOmacth, Kunrucennckuil paifon, bonblienyikoe cesbckoe
nocenenue, 0071010 ITITHULIKKMI MOX.

3 OOuuit penbed: MOHIKEHNE HA PEUHOM Teppace.

4 Muxpopenbed: KOUKH.

5 PacTuTenbHbIM IOKPOB: COCHOBOE €PHUKOBO-HBOBO-TPOCTHUKOBOE c(harHOBOE COOOIIECTBO.

6 Yrogpe W €ro KyJlIbTypHOE COCTOSIHHE: 3€MJIHM JIECHOTO (DOHJA, 3alpETHBIC IOJIOCHI JIECOB,
pacIuIoKEeHHBIE BAOJIb BOJHBIX O0OBEKTOB.

7 Ilpusnaku 3a00JOYEHHOCTH, 3aCOJEHHOCTH M JpYrHe XapakTepHble OCOOEHHOCTH:
3a00JI0YEHHOCTb.

8 YpoBeHb OYBEHHO-TPYHTOBBIX BOJ: 9 cM.

9 MarepuHcKas ¥ IOACTHIIAIOIIAs IOPoAa: TOpd.

10 Ha3Banue no4Bsl: ouroTpodHo-TopdsiHas nousa carHonas.

T'opuzonTt u | Onucanne pa3pesa: MEXaHHYECKHA COCTaB, BIKHOCTh, OKpacka, | [ myOmna

MOIIHOCTb, CM CTPYKTYypa, IUIOTHOCTh, HOBOOOPA30BaHUs, BKIIOUEHHS, XapaKTep | B3ATHS
nepexo/ia TOpU30HTA U Ipyrue 0COOEHHOCTH 00pa3uos, cM

TO (0—-50 cm) CBETJIO-KOPUYHEBBIH, CBIPOH, COCTOMT mpeumymecTBeHHO u3 | 0—50 cm

OCTaTKOB C(arHOBBIX MXOB pa3HOM CTENEHU pa3loKEHHs, He
npesbimatonieii 50%, nepexoa mocTeneHHbI

TT (6omnee 50 cM) | KOPUUHEBBIH, CBIPOH (IO BO/IOIT), COCTOUT MPEUMYIIIECTBEHHO U3 | -
OCTaTKOB C(arHOBBIX MXOB pa3HOM CTEIEHU PAa3IOXKEHUs, HE
npesbimatomen 50%
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1 Pa3zpe3 N 4

2 Anpnpec: Jlenunrpaackas obnacte, Kunrucenmnckuii paiion, bonbienyikoe ceiabckoe
noceseHue, JecHoi Mmaccus 61u3 cena [lepBomaiickoe.

3 OOuuit penbed: peunas Teppaca.

4 Muxpopenbed: KOUKH.

5 PacTuTenbHbIN TOKPOB: 0JIbXOBOCEPOE TABOITOBOE COOOIIECTRO.

6 Yroabe U ero KyJIbTYpHOE COCTOSIHUE: 3€MJIM JIECHOTO (POH/1a, SKCIUTyaTallOHHbIE JIeCa.

7 Ilpu3Haku 3a00T0YCHHOCTH, 3aCOJICHHOCTH M JPYTUe XapaKTepHbIE OCOOCHHOCTH: HaYallbHbIC
MpU3HAKK 3200JI0YEHHOCTH.

8 YpoBeHb NOUBEHHO-TPYHTOBBIX BOJI HE BCKPBIT.

9 MatepuHcKas 1 OJCTHIIAIONIAS OPOJA: SIIOBO-/IETIOBUI N3BECTHSIKA.

10 Ha3BaHue mMOYBBI: JMUTO3EM CEPOTrYMYCOBBIM CPEAHEMONIIHBINA JIETKOCYTJIMHUCTBHIM ¢
HEpa3BUTHIM MPOQUIEM Ha ITIOBO-ACITIOBUN N3BECTHIKA

T'opuzonTt u | Onucanne pa3pe3a: MEXaHHYECKH COCTaB, BIAXXHOCTh, OKpacka, | I yOmna

MOIIHOCTb, CM CTPYKTypa, IUIOTHOCTb, HOBOOOPa30BaHMs, BKIIOYCHHUS, XapaKTep | B3ATHS
nepexo/ia TOpU30HTa U Apyrue 0coOEHHOCTH 00pasLos, cM

AY (0—-18 cm) OypoBaTo-cepsblii, YIUIOTHEHHBIH, JIETKOCYTTIMHUCTHIH, | 0 — 18 cM

MEJIKOKOMKOBATBIM, BIAXHBIM, MNPHUCYTCTBYIOT CBETJIbIE 3EpHA
MUHEPAJOB, BKJIIOYEHHS KOPHEH, Trallbku, BallyHOB, OOJOMKOB
MOPOJIbl, NEPEXOA PE3KUH, TPaHUIA POBHAS

R (Gomee 18 cM) | mmoTHas TopHAs MOPOJA: TECYAHWKH CAOIMHCKOW CBHUTHI WIIH
W3BECTHSKHU M JIOJIOMHUTBI BOJIXOBCKON M O0OYXOBCKOW CBUT
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1 Pazpe3 N 5

2 Anpnpec: Jlenunrpaackas obnacte, Kunrucenmnckuii paiion, bonbienyikoe ceiabckoe
MoCeJIeHHe, JJeCHOM MaccuB O1u3 cena [lepBomaiickoe

3 OOuuit penbed: peunas Teppaca.

4 Muxpopenbed: KOUKH.

5 PacTuTenbHbIM MOKPOB: 0JIbXOBOCEPOE CHBITEBOE 3€JIEHOMOIIIHOE COOOLIECTBO.

6 Yroabe U ero KyJIbTYpHOE COCTOSIHUE: 3€MJIM JIECHOTO (POH/1a, SKCIUTyaTallOHHbIE JIeCa.

7 llpu3nHaku 3a00JOYEHHOCTH, 3aCOJNICHHOCTH M JpPYyrHe XapaKTepHbIE OCOOEHHOCTH
OTCYTCTBYIOT.

8 YpoBeHb IOYBEHHO-TPYHTOBBIX BOJI HE BCKPBIT.

9 MatepuHcKas 1 OJACTHIIAONIA MOPoa: (IIFOBHOTIIALUATBHBIE OTIOKECHHS.

10 Ha3BaHue mMOYBBI: IEPHOBO-MIOA0YP TUITMYHBIA MOIIHBIN CYNECYaHBIH CO CPEAHEPAa3BUTHIM
npoduaem Ha QIOBUOTIISAIHATBHBIX OTI0KEHUSIX

T'opuzonTt u | Onmcanne pas3pe3a: MEXaHHMYECKHWH COCTaB, BJIAKHOCTh, OKpacka, | I myOmna
MOIITHOCTb, CM CTPYKTypa, IUIOTHOCTh, HOBOOOPa30BaHWs, BKIIOYCHUS, XapakTep | B3SATHA
nepexojia TOPU30HTA U IPyTHe 0COOEHHOCTH 00pa3sios,
cM
AY (0—-27 cm) TEMHO-CEPBIN, JIETKOCYTIMHUCTBINA, METKOKOMKOBATHIM, BIaXKHBIH, ¢ | 0 —20 cm

XOJIaMH JTOKIEBBIX YepBEl, MPUCYTCTBYIOT CBETJIbIE 3¢pHAa MHHEPAJIOB,
BKJIFOUCHMSI KPYTTHBIX KOPHEH H TalIbKU, IEPEXO SICHBIN

BHF (27 — 61 cm) | TéMHO-OypBIi, CBEXHWH, CylecdaHblii, OeCCTPYKTYpHBIA, poIXibIid, | 30 — 50 cm
BKJIFOUEHHSI KOPHEH, KaMHEH, epexo]] HOCTENEHHBIH

BC (6Gonee 61 cm) | Oypsiif, CBeXHHA, CyIECYaHbI, OECCTPYKTYpHBIH,  IUIOTHBIH, | -
BKJIFOUEHHSI KOPHEH, KaMHEH
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1 Pazpe3 N 6

2 Anppec: Jlenunrpaackas oOmacth, Kunrucennckuil paifon, bonblienyikoe cesbckoe
nocesienue, npousBoacTBeHHas Teppuropus [1I" OO0 «Dochoputy.

3 OOuuit penbed: peunas Teppaca.

4 Muxpopenbed: KOUKH, KOJICH OT Mpoe3aa KPYIHOrabapuTHON TEXHUKH.

5 PacTuTenbHbIi MOKPOB: HBOBOE TaBOJIITOBO-KUIIPEIHOE COOOIIECTBO.

6 Yrompe M ero KyjlbTYpHOE COCTOSHHE: 3€MJIM IPOMBIIIJICHHOCTH, 30Ha pPa3MEILEHUs
npeanpuAaTui [ kinacca onacHoctu.

7 Ilpu3Haku 3a00J0YEHHOCTH, 3aCOJEHHOCTH U JIpyrHe XapakTepHble OCOOCHHOCTHU: MATHA
OTJIeeHHs B IPOQHIIe CBUACTEILCTBYIOT O HAJTMYHMH IJIEEBOTO IpoIiecca.

8 YpoBeHb IOUYBEHHO-TPYHTOBBIX BOJI HE BCKPBIT.

9 MarepuHcKas ¥ IOACTHIIAIOIIAs TOPoAa: (IIFOBHOIIISALMAIbHBIE OTIOKECHHUS.

10 Ha3BaHue mouBbl: arpo3éM anb(erymMycoBbIid OTJI€EHHbIN CPEAHENaxOTHbIN CpeIHEMOIIHBIH

ITyOOKOOTJICCHHBIN JIETKOCYTJIMHUCTBIN co CpeIHEePa3BUTHIM npoduiiem Ha

(ITIOBHOTIISIITUATBHBIX OTIOKEHUSIX

lopuzonT u | Onucanue paspe3a: MEXaHWYECKHH COCTaB, BJIAXHOCTb, OKpacka, | [1yOuHa

MOIIHOCTh, CM CTPYKTYypa, ILIOTHOCTh, CIIO)KEHUE, HOBOOOpA30BaHMS, BKIIOYCHHS, | B3SATHUS
XapakTep BCKUITAHMS, XapaKTep IIepexoaa TOpPH30HTa M JpyrHe | oOpasIloB,
0COOEHHOCTH cM

P (0-34cm) YEpHBIN, pPBIXJIBIA, KOMKOBATBHIM, BI@XHBIA, JIETKOCYJIMHUCTHIN, | 0 — 20 cMm

epexon ﬂCHLIﬁ, I'paHUIlda BOJHUCTA

BHF (34 — 57 cm) | Oypo-OXpHCTHINA, BIAXKHBIA, CyleCYaHbld, O€CCTPYKTYPHBIN, PHIXIbIH, | 35 — 55 cm
BKJIIOUEHHUS KOPHEHN, KAMHEW, 3aTEKU TEMHBIX IIATEH, EPEXO0] PE3KUM,
TpaHUIA BOJTHHUCTAs

G (57—-65cm) CHU3BIH IBET NMpH OOHAPY)KCHUH TOPH30HTA, OKpalmBaercs B Oypwid | 57 — 65 cm
LBET TPH HAXOXKACHUH Ha BO3AYyXE, TSDKENBIA CYIJIMHOK, CBIPOH,
OecCTPYKTYpPHBINA, METKOIIOPHUCTHIH
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1 Pazpe3 N 7

2 Anpnpec: Jlenunrpaackas obnacte, Kunrucenmckuii paiion, bonblienyikoe ceiabckoe
MoceJIeHUe, 3eMJTU JIECHOTO (poHa.

3 OOuruit penbed: peunas Teppaca.

4 Muxpopenbed: KOUKH.

5 PacTuTtenbHBIN IOKPOB: 0OJIbXOBOCEPOE MACIEHO-BENHUKOBO-3E€JIEHOMOIITHOE.

6 Yrogpe W €ro KyJlIbTypHOE COCTOSIHHE: 3€MJIHM JIECHOTO (DOHJA, 3alpETHBIC IOJIOCHI JIECOB,
PAacIIONIOKEHHBIX BJOJIb BOJHBIX OOBEKTOB.

7 Tlpu3Haky 3a000UYEHHOCTH, 3aCOJICHHOCTH M APYTUe XapaKTepHble OCOOEHHOCTHU: MPU3HAKU
[JIEEBOTO IpOLECCa.

8 YpoBeHb NOUBEHHO-TPYHTOBBIX BOJI HE BCKPBIT.

9 MatepuHcKas 1 OJACTHIIAONIAs MOPoa: (IIFOBHOTIIALUATBHBIC OTIOXKECHHUS.

10 Ha3Banue moyBbl: MEPErHOMHO-TJIEEBAs MOYBA TOBEPXHOCTHO OTJIEEHHAS] CPEAHECYTIIMHUCTAS
CO CpeIHEePa3BUTHIM IpoduiaeM Ha (IIOBUOTIISINATBHBIX OTIOKEHHIX.

T'opuzonTt u | Onrcanne pa3pesa: MeXaHMIeCKHi COCTaB, BIAXXHOCTh, OKpacka, | [ myOnHa
MOIIHOCTb, CM CTPYKTYpa, TUIOTHOCTh, HOBOOOPA30BaHUS, BKIFOUCHUS, XapaKTep | B3ATHUSL

Tepexo/ia TOPU30HTA U IPYTHEe 0COOEHHOCTH 00pasmos, cM
H (0-43 cm) TEMHO-OYpBI, YIJIOTHEHHBIHA, CpPEOHECYTJIMHUCTBIA, chipol, | 0 — 20 cm

0ecCTpYKTYpHBIil, MEIIKOIIOPUCTBIH, BKJIIOYEHUSI KOPHEH, epexo.
3aMEeTHBIN, TPaHHIa BOJTHHUCTAs

G (43 -60cm) CH3BI IBET MpH OOHApY)KEHHMH TOPH30HTA, OKpammuBaercs B | 45— 60 cm
Oypblii IIBET TNpPU HAXOXKICHUM HA BO3JyXe, TIJIMHA, CHIPOM,
0ecCTPYKTYpHBIil, METKOTIOPUCTHIH, TEPEX0 MOCTETICHHBIH

CG (6omee 60 cM) | cepblil, TIIMHUCTHIIN, CBIPOH, OECCTPYKTYpPHBIN, TUIOTHBIA, MSATHA | -
OTJICCHHS
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Introduction
Phosphate fertilisers are mineral fertilisers: calcium and ammonium salts of phosphoric

acid. They are produced from phosphate rock and apatite. The use of these fertilisers in
agriculture stimulates faster crop development. Phosphate fertilizer production, like any other
industrial anthropogenic activity, transforms the natural landscapes in the territory of the
production facilities themselves, as well as affecting the condition of adjacent landscapes. The
main impact on the natural environment described in the scientific literature is an increase of
radionuclides, fluorine, strontium, cadmium, lead and zinc in landscape components (Saet et al.,
1990; Rutherford et al., 1994; Andersson et al., 1997; Bolivar et al., 1998; Nielsen et al., 1998;
Shirakawa et al., 2002; Duenas et al., 2007).

In the present work the gross content and mobile forms of heavy metals (Ba, Cd, Co, Cr,
Cu, Fe, Mn, Ni, Pb, Sb, Sr, V, Zn), fluorine, phosphorus, sulphur content, water-soluble forms of
nitrogen, potassium, magnesium, sodium and calcium, potential and actual acidity, humus
content, toxicity by biotesting (test object Daphnia magna Straus.), specific activity of natural
radionuclides, and a study of vegetation cover by geobotanical descriptions was carried out.
Heavy metals are currently one of the most common groups of elements requiring widespread
assessment in environmental monitoring due to their toxicity at high concentrations (Nortcliff,
2002; Sousa et al., 2008; Serdyukova, Barabanshchikov, 2017). High strontium levels lead to the
replacement of calcium with strontium in the cells of living organisms, resulting in strontium
rickets. This disease is characteristic of the fauna of regions where soils are contaminated with
strontium (Berenstein, 1961; Judge, Lastkov, 2013; Dadali et al., 2014). Fluorides inhibit a
number of enzymes necessary for the complete existence of living systems (Urazaev et al.,
2000).

The isolation of indicators of changes in the natural environment under the influence of
human economic activity and the assessment of changes in modern landscapes are areas of
research in geoecology within the geographical sciences (Passport of scientific specialty...,
2022). The present work is aimed at identifying indicators of changes in the natural environment
(the soil as a depositing medium, which is a "mirror of the landscape" (Dokuchaev, 1899), and
phytocenosis as the most exposed part of an ecosystem) under the influence of phosphate
fertilizer production was chosen as an object of research. The study also aims to assess changes
in the contemporary landscape due to anthropogenic influences. For these reasons, this thesis
aims to address geoecological challenges.

The objects of the research were technogenic (active dumps and tailings) and post-
technogenic (reclaimed dumps) objects of the Kingisepp phosphate rock deposit (Kingisepp

District, Leningrad Region), as well as natural and natural-anthropogenic complexes formed in
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the field and outside the field - in the landscape represented mainly by forested or marshy areas
of the Luga River terrace. The following types of sites are encountered within the deposit area:
phosphogypsum dumps, three tailings ponds and overburden rock dumps, a significant portion of
which have already been rehabilitated (the first rehabilitations were carried out 40 years ago).
The natural-anthropogenic complexes include reclaimed overburden dumps with an established
plant community including a tree layer, as well as agricultural land. The natural complexes
include forest and marsh ecosystems, located on the territory of the forest fund, at varying
distances from the phosphorite deposit sites.

The problem of environmental pollution from phosphate fertilizer production was raised
by Saueia C.H.R., Mazzilli B.P. (2006), Betti M., Aldave De Las Heras L., Janssens A., Henrich
E., Hunter G., Dutton M., Van Weers A.W., Nielsen S., Simmonds J., Bexon A (2004). Impacts
on water bodies considered by Elbaz-Poulichet F., Braungardt C., Achterberg E., Morley N.,
Cossa D., Beckers J.-M., Nomérange P., Cruzado A., Leblanc M. (2001). Possible ways to
reduce waste dumps in phosphate fertiliser production were discussed by Tayibi H., Choura M.,
Lopez F.A., Alguacil F.J., Lopez-Delgado A. (2009).

Research on waste from phosphate fertiliser production in the USSR began in the 1950s
in the works of D.Y. Itkina, M.G. Pastukhova, S.I. Wolfkovich, R.E. Simanovskaya and V.A.
Naidonova. B.S. Niyazbekova, .M. Maltseva, O.V. Shelepova and K.A. Khutsishvili started to
talk about the impact of this production on the soil cover in the 80s. In the 1990s, this trend was
continued by Y.A. Kiperman, V.I. Skorobogatov, T.A. Antonets, V.G. Kazak, and A.I. Angelov.
At the beginning of the XXI century the most popular researches on this topic are those of L.S.
Belyuchenko, E.I. Muravyev, Y.Y. Nikiforenko, A.V. Litvinovich, A.V. Lavrishchev, D.V.
Petrenko and others.

Over the past 20 years in the Russian Federation at least two dozen PhD and doctoral
dissertations have been defended on various aspects related to the production of phosphate
fertilizers. This impact on soil cover, on vegetation and on the landscape as a whole was studied
in their works by M.A. Kaniskin, A.D. Zhukova and D.V. Petrenko. The impact on natural and
ground waters was covered by D.V. Makarov in his works. K.S. Kosodurov, M.Yu. Loktionov
and A.N. Limanskiy spoke about the possibility of using phosphogypsum as fertilizer in
agriculture. The application of phosphogypsum in other areas was addressed by A.V. Polyakov,
I.L. Oleinik, A.A. Molkov, M.G. Iglenkova and V.A. Reshetov.

Comparative-geographical and landscape-geochemical methods were used in the work to
plan the locations of the sample sites. Geoecological profiling methods were used to lay the
sample points. After the field phase, physico-chemical methods of soil sample analysis were

used in the laboratory. Mathematical statistics methods were used to analyse the obtained
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materials. And for construction of cartographic materials and spatial analysis of information the
cartographic method of research was used. The theoretical basis was the works of A.G.
Isachenko, M.A. Glazovskaya, A.l. Perelman, V.G. Morachevsky, V.V. Dmitriev, A.Yu.
Opekunov and M.G. Opekunova.

Scientific work on the study of the dumps at the Kingisepp phosphate rock deposit began
with the first reclamation work on the dumps. In 1986-1992 this area and the soil-vegetation
cover forming on the dumps were studied by the researchers of the LenNIILKH: Yu. At present
(2006-2022) research of the state of communities at the dumps continues. Abakumov E.V.,
Dmitrakova Y.A., Gagarina E.I. and Kushnir E.A. are actively engaged in them.

The aim of the work is to carry out a geoecological assessment of the impact of
phosphate fertiliser production on soils and vegetation.

The objectives of the work include:

- Defining the processes that constitute the landscape-destructive impact of phosphate
fertilizer production;

- Determination of chemical elements and compounds that make up the emission impact
in the production of phosphate fertilizers;

- Study of the transformation of the natural soil cover at the Kingisepp phosphate rock
deposit and a description of the current technogenic surface formations of the study area;

- Study of the impact of phosphate fertilizer production on soil acidity and a description
of the regional specifics of acidity changes as a result of production operations in Kingisepp
District, Leningrad Region;

- Identification of indicators of phosphate fertilizer production on the soils of the southern
taiga in the presence of phosphorites under carbonate rocks and determination of numerical
values of these indicators in the study area;

- Description of the current environmental condition of the Kingisepp phosphate deposit
soils and identification of areas with varying degrees of anthropogenic impact;

- search for regularities in the impact of phosphate fertilizer production on the activity of
natural radionuclides and determination of their activity in the study area;

- Identification of stages of overgrowth of overburden rock dumps at the Kingisepp
phosphate deposit with a description of the characteristic features of each stage of post-
reclamation ecosystem formation;

- Analysis of geobotanical descriptions of sample plots located at the deposit and in the
conditionally-background area and identification of vegetation groups by the method of

correlation pleids.
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Scientific novelty. Up-to-date data on the current state of ecosystems affected by the
production of phosphate fertilizers at the Kingisepp phosphorite deposit have been obtained. For
the first time, a geoecological assessment of soils and vegetation in the subzone of the southern
taiga was carried out under conditions of intensive landscape-destructive and emission
anthropogenic impact of the production of phosphorus fertilizers in conditions of exposure to the
surface of carbonate rocks. According to the degree of anthropogenic impact, three types of
territories were distinguished - conditionally background (forest and swamp ecosystems),
reclaimed overburden dumps, as well as large man-made objects - phosphogypsum dumps and a
tailing dump. Indicators have been identified to assess the impact on soils of the production of
phosphate fertilizers in the Leningrad region. An excess of the total content of a number of
chemical elements in the soils of the study area was found in comparison with the regional
background and standard indicators. Evaluated using the method of geobotanical descriptions of
the stage of overgrowing of overburden dumps, represented by limestones and dolomites, as a
result of recultivation by European spruce Picea abies (L.) H.Karst. over a period of about 40
years. A comparison was made of the species composition of phytocenoses located on the
territory of the phosphorite deposit and on the conditionally background territory.

Practical significance of the work. A list of chemical elements is given, the content of
which must be taken into account when using phosphogypsum as a basis for recultivation or as
an agricultural fertilizer: strontium, fluorine, sulfur, phosphorus, as well as mobile forms of
copper, manganese, nickel, lead, chromium and zinc. The radiological safety of the
phosphogypsum dump and the absence of an increase in the activity of natural radionuclides in
the territory of the Kingisepp phosphorite deposit are indicated. A set of indicators has been
determined that can be recommended for inclusion in the soil quality monitoring system when
assessing the impact of phosphate fertilizer production: an increase in the gross content of
strontium, fluorine and phosphorus. Attention is drawn to the existing excesses of the
permissible gross content and mobile forms of heavy metals, the gross content of fluorine, sulfur
and phosphorus in the soils of the Kingisepp phosphorite deposit.

A database containing the results of laboratory analyses of soil samples and
characteristics of geobotanical descriptions of sample plots has been created and submitted for
registration, which can be used in subsequent studies of the ecological condition of the
Kingisepp phosphate rock deposit.

The stages of overgrowth of carbonate rock dumps under the influence of phosphate
fertilizer production are highlighted and a forecast of further development of plant communities

1s made.
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This PhD thesis corresponds to the priority direction of development of science,
technologies and techniques in the Russian Federation - rational nature management. The
conclusions of the thesis are aimed at the development of critical technologies, represented by
technologies for environmental monitoring and forecasting, prevention and elimination of
environmental pollution (On Approval..., 2011). The work, in general, corresponds to the
following priority of scientific and technological development: the possibility of effective
response of the Russian society to big challenges, taking into account the interaction of man and
nature, man and technology, social institutions at the current stage of global development,
including the application of methods of humanities and social sciences (Strategy of scientific and
technological..., 2016).

Protected Statements:

1. The impact of phosphate fertilizer production on soils and vegetation is expressed in
mechanical disturbance of natural environment components, changes in relief, input of pollutants
through emissions into the atmosphere and aerogenic transport of phosphogypsum dump
particles. Indicators of impact are an increase in gross strontium content by 1.5 times, fluorine by
3 times and phosphorus by 4 times in soils compared to the conventional background area.

2. Spruce communities on overburden dumps of phosphate fertilizer production undergo
five stages of formation. At the same time, the herb and shrub layer, even 40 years after
reclamation, is represented mainly by ruderal species. The species composition of vegetation
changes most significantly in the territory of the deposit adjacent to the tailings ponds.

3. The soils and substrats of the Kingisepp phosphate deposit are characterized by a
neutral reaction of the environment, exceeding the MAC for sulphur, the zonal background for
fluorine and phosphorus, the regional background of soils of the southern taiga of the Barents
region for barium, cobalt, chromium, copper, iron, manganese, nickel, lead, antimony, strontium
and vanadium. There are single exceedances of MPC in soil for manganese, copper, lead, nickel,
chromium and zinc. The chemical composition of soils in the studied area is determined by four
factors - rock factor (44 %), phosphate fertilizer production (20 %), impact of overburden rocks
(14 %), sulfur intake from phosphogypsum dump (7 %).

Approbation of the work
12 papers were published on the dissertation topic: 3 of them VAK, 3 Scopus. The

research results were presented at 8 conferences: All-Russian scientific conference with
international participation "Scientific basis of sustainable forest management" (Voronezh:
Voronezh State Forestry Technical University named after G.F. Morozov, October 26, 2020),

All-Russian scientific conference "Environmental activities and environmental education: a
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regional aspect" (Saint Petersburg: Pushkin State University, December 16, 2020), International
forest forum "Forest ecosystems as a global biosphere resource: challenges, threats, solutions.
Forestry - 2021" (Voronezh: Voronezh State Forestry Technical University named after G. F.
Morozov, September 9-10, 2021), International Scientific Student Conference "Step into the
Future: Modern Students as Creative, Scientific and Professional Potential of Russia" (Saint
Petersburg: Leningrad State University named after. Pushkin State University, December 23,
2021), I Annual International Scientific Conference "Fundamental and Applied Problems of
Geology and Geophysics in the Modern Natural Science Knowledge System" (Moscow:
S.Ordzhonikidze Moscow State Mining Institute, March 10, 2022), All-Russian Conference with
International Participation "Geochemistry of the Environment" (Moscow: All-Russian Scientific
Research Institute of Mineral Resources named after N.M. Fedorov, March 10, 2022), Ecole
d'Or, All-Russian Scientific Conference with International Participation (Moscow: All-Russian
Scientific Research Institute of Mineral N. M. Fedorovsky All-Russian Research Institute of
Mineral Resources, 23-26 August 2022), VII International Symposium "Biocosmic Interactions
in Natural and Anthropogenic Systems" (Saint Petersburg: SPbSU, 26-29 September 2022),
International Scientific and Practical Conference "Topical Issues of Sustainable Nature
Management: Scientific and Methodological Support and Practical Solution" (Minsk: Belarusian
State University, 9-11 November 2022).

Articles in peer-reviewed journals Web of Science and Scopus:

1. Nedbaev, LS. Forest recultivation of overburden dumps of the Kingisepp
phosphorite field / I.S. Nedbaev, E.Yu. Elsukova, E.A. Kushnir, E.I. Treschevskaya // IOP
Conference Series: Earth and Environmental Science. 2021. Vol.875. Ne012029. doi:
https://doi.org/10.1088/1755-1315/875/1/012029

2. Elsukova, E.Yu. Pollution of soils in the zone of impact of phosphate fertilizer
production / E.Y. Elsukova, 1.S. Nedbaev, D.S. Kuzmina // Bulletin of St. Petersburg State
University. Earth Sciences. 2022. Ne4. P.652-674. doi: https://doi.org/10.21638/spbu07.2022.406

3. Nedbaev, I.S. Geoecological assessment of the impact of phosphate fertilizer
production on taiga soils / I.S. Nedbaev, E.Yu. Elsukova, E.O. Chunyaeva // IOP Conference
Series Earth and Environmental Science, 2023. (accepted, but not yet published)
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the reclamation sites of Kingisepp phosphorite deposit / E.A. Kushnir, I.S. Nedbaev, E.L
Treschevskaya // Proceedings of St. Petersburg Research Institute of Forestry. SPb: SPbNIILKh,
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2. Nedbaev LS., Elsukova E.Yu. Study of world and Russian experience in
developing optimal ways of reclamation of disturbed lands / 1.S. Nedbaev, E.Y. Elsukova //
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Chapter 1: Overview of the impact of phosphate fertilizer production on the natural
environment
Key features of the impact of phosphate fertilizer production

World reserves of phosphate are estimated at around 70 billion tonnes (Georgievsky and
Bugina, 2020). In the Russian Federation, phosphate reserves in phosphate rock are estimated at
217 million tonnes and another 708 million tonnes in apatite (State Report..., 2020). In the
Russian Federation, phosphogypsum dumps are located in the areas of phosphorite and apatite
deposits. The largest deposits are located in the Khibinskaya group of deposits (Murmansk
Oblast), and there are also large deposits in the Kirov Oblast and the Sakha Republic. The main
phosphate fertilizer plants are located in the following cities: Cherepovets, Balakovo, Veliky
Novgorod, Dorogobuzh, Rossosh, Kingisepp, Belorechensk, Kirovo-Chepetsk, Voskresensk and
Meleuz (State Report..., 2020).

Phosphate fertilizer production may impact the natural environment through air
emissions, wastewater discharges, disposal of hazardous wastes and phosphate rock exposure.
This study will summarise the impact of air emissions directly from phosphate fertiliser
production (process emissions from phosphoric acid, phosphate superphosphate and complex
fertiliser production) and the impact of airborne transport of pollutants from the phosphogypsum
dump that enter the soil and vegetation cover of adjacent areas.

Process emissions from phosphoric acid production include fluorides (as phosphate rock
contains 2-4% fluoride), phosphate, dust, cadmium, lead, zinc and radionuclides (generated
during the thermal production process). In the production of superphosphate, fluorides, chlorides,
nitrogen compounds and dust may enter the atmosphere and subsequently be deposited. In
compound fertilizer production, nitrogen compounds, fluorides and chlorides are emitted as
pollutants (Environmental Guidelines..., 2013).

The fertilizer industry can also be a source of pollutants such as arsenic, mercury and
uranium, whose accumulation has been noted in estuaries of rivers that receive runoff from
phosphate-based product manufacturing plants (Elbaz-Poulichet et al., 2001). At high inputs of
phosphogypsum into water bodies, bacteria can vegetate under anaerobic conditions with zero
dissolved oxygen (Ivanova, 2011).

The problem of phosphogypsum dumps

Phosphogypsum is a by-product of the formation of products derived from phosphate
rock and apatite. Phosphogypsum is a white, solid substance consisting mainly of calcium
sulphate, with a number of impurities that depend on the processing technology of the phosphate
rock and storage conditions. Large areas of land have to be permanently expropriated to create

waste dumps for phosphate fertilizer production (Tarchigina et al., 2011). Phosphogypsum
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dumps are located in the area of phosphoric acid production, as it is phosphoric acid production
that is the main source of phosphogypsum formation. The largest production is concentrated in
East Asia, Africa and North America (Production of phosphoric..., 2021).

Phosphogypsum can affect soil acidity and lead to contamination with fluorine, heavy
metals and radionuclides. The main hazard of using phosphogypsum storage material has been
identified by researchers as increased radioactivity. Phosphate rock contains Ca, P and natural
radionuclides of the uranium (238U) and thorium (232Th) series (Shirakawa et al., 2002;
Yakovlev et al., 2013; Korobanova, 2016).

The production of building materials and products is one of the promising industries for
recycling and utilisation of industrial waste, including phosphogypsum (Yashin, 2013).
Phosphogypsum is also suitable for use in the production of gypsum binders and products based
on them, in the cement industry (Kasimov et al., 2013). Phosphogypsum can be used to make
cement mixtures, as suggested by Turkish scientists due to the high cost of cement and the
availability of unused phosphogypsum storage facilities (Degirmenci et al., 2007). In China,
phosphogypsum, fly ash and waste steel have been proposed for road paving (Shen et al., 2009).
Another study (Shen et al., 2007) shows that phosphogypsum together with slaked lime and ash
can be used as road base material. The use of phosphogypsum in road construction solves the
problem of disposal of this waste and is efficient and economical. However, according to a study
(Mezeva, 2013), the toxic components contained in phosphogypsum can enter the human body
through the respiratory tract, eyes and contaminated hands and adversely affect human health.

Mineral fertilisers can be made from phosphogypsum. The patent (Chugunov et al., 2013)
presents several ways of producing a complex nitrogen-phosphorus-sulphate fertilizer from
phosphogypsum. Phosphogypsum is used to increase soil productivity. Besides the expenses for
phosphogypsum preparation can pay back in 3-4 years, as the average annual increase in
productivity ranges from 1.33 to 1.68 t/ha (depending on the dose of phosphogypsum
preparation - respectively, 8-32 t/ha). When crops are cultivated without irrigation in areas with
predominantly irrigated agriculture after one-time and repeated phosphogypsum application,
three zones of salinity are distinguished: desalinization, transit and salt accumulation (Voropaeva
et al., 2011). Phosphogypsum together with wastewater and sawdust can be applied as an
alternative approach to rational influence on soil fertility as these substances influence the
physical and chemical properties of soils and morphological features of development
(Berezhnaya et al., 2012).

Phosphogypsum waste in Russia contains 1 million tonnes of rare earth elements (REEs).
The rare-earth concentrate isolated from phosphogypsum waste is distinguished by increased

content of the medium rare-earth group: yttrium, dysprosium, samarium, europium, gadolinium,
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terbium (Abramov et al., 2013). In the near future, processes to extract rare-earth elements from
phosphogypsum should be developed, as the cost of rare-earth elements is gradually increasing,
and these elements can be contained in phosphogypsum. However, the extraction of rare earth
elements is necessary at the phosphoric acid production stage (Binnemans et al., 2015). The
techniques typical of apatite processing do not yield the stated results for the recovery of REE
from phosphogypsum of phosphorite processing (Naimanbaev et al., 2013).

Nanocrystalline hydroxyapatite and ammonium sulphate can be obtained from
phosphogypsum (Mousa et al., 2015). Nanocrystalline hydroxyapatite is used in medicine as a
filler to replace parts of lost bone, as a coating for implants and in some other cases. Ammonium
sulphate is a nitrogen-sulphur mineral fertiliser for soils.

A study (Chernysh et al., 2012) considered the use of phosphogypsum as a mineral
additive for biosulphide treatment of sewage sludge. Phosphogypsum is a source of sulphate
necessary for the growth of sulphate-reducing bacteria and calcium necessary for more efficient
extraction of heavy metals. During treatment the organic chelate complexes with the heavy
metals are broken down.

Normal plant growth and development on phosphate fertilizer production dumps is
hindered by high acidity, high strontium content, lack of natural organic matter, wide variability
in the content of exchangeable potassium, and excessive amounts of mobile phosphorus. The
most promising of the remediants are the humus horizon of the soils of the area adjacent to the
dump and the sludge from the sludge reservoir. The best is the humus horizon of soils, as it
contains useful natural microflora, on the symbiotic relationship with which the growth,
development and establishment of plants and the formation of turf as the main protective surface
component largely depend (Belobrov et al., 2015).

The impact of phosphate fertiliser production on the content of selected chemical
elements in the soil and the reaction of the environment

The impact of phosphate fertiliser production on soil acidity is mixed. In the Leningrad
region (Elsukova et al., 2020) phosphogypsum leads to an increase in pH to 7-8 units, while in
Spain phosphogypsum leads to a decrease in pH to highly acidic soils (Duefias et al., 2007). In a
study by A.D. Zhukova et al. (Moscow region) (Zhukova et al., 2016), the actual acidity in the
conditionally-background area was 6.5 pH units, and in the area affected by phosphate fertilizer
production 6.5-6.6 units. In the same study in the impact zone of the phosphate fertilizer
production facility, the potential soil acidity ranged from 5.6 to 7.3 units. That is, there was no
soil acidification. Soil acidity is probably influenced by the composition of rocks in the study

arca.
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According to known data (Saet et al., 1990), sodium content is increased in soils of areas
adjacent to phosphate fertiliser production. Sodium content in phosphogypsum varies from 300
ppm to 47000 ppm (Arocenaa et al., 1995; Tayibi et al., 2009; Saadaoui et al., 2017).

Exceeding the background levels of heavy metals can spread over an area of up to 4 km
(Zhukova et al., 2016). The main reason for the significant content of heavy metals in chemical
plant emissions is the large amount of impurities of many elements in phosphate raw materials
(titanium - over 1200 ppm, strontium - over 2550 ppm, lead - over 12 ppm, etc.); the more
production, the more emissions, including heavy metals. Data show that 1 tonne of P205 in some
ores contains 40100 kg of fluorine, 20-40 kg of strontium and 20-25 kg of rare earth oxides.
During the processing of natural phosphate rock, most of the fluorine and strontium compounds
are converted into fertilizer (Kizinek et al., 2013). Phosphogypsum dumps are depleted in mobile
iron (11 ppm) (Carbonell-Barrachinaa et al., 2002), with gross contents ranging from 200-7000
ppm (Arocenaa et al., 1995; Tayibi et al., 2009; Saadaoui et al., 2017). Mobile strontium
accumulates in areas affected by phosphate fertilizer production, with gross strontium content as
high as 6500 ppm (Petrenko et al., 2012). Researchers (Tayibi et al., 2009; Aoun et al., 2010;
Wang et al., 2019) note that manganese content in phosphogypsum waste varies from 15 to 1200
ppm. When assessing the impact of phosphogypsum on soils, exceedances of the MAC for
cadmium (up to 4 ppm) have been identified (Melnikova et al., 2016). Cases of contamination of
the area adjacent to phosphogypsum production with lead (up to 99 ppm) have been noted
(Zhukova et al., 2016).

Concentrations of water-soluble forms of fluoride in soils adjacent to production can
reach 25 ppm, while the established MAC for soils is 2.8 ppm (Yakovlev et al., 2013).
Phosphorus is contained in phosphogypsum in amounts ranging from 200 ppm to 35200 ppm
(Arocenaa et al., 1995; Tayibi et al., 2009; Shershnev, 2016; Saadaoui et al., 2017). Sulphur can
accumulate in soils when exposed to phosphate fertilizer production, but this is not always the
case: the sulphur content up to 6 km from production was 40 ppm, significantly lower than the
sulphur content at 5.6 km from phosphate fertilizer production in the Moscow region (220-390
ppm) (Zhukova et al., 2016).

In phosphate rock from different regions of the world, 238U and 226Ra content varies
widely: from 37 to 4900 Bg/kg for 238U and from 100 to 10 000 Bg/kg for 226Ra (Saueia et al.,
2006). In Spain (Duefias et al., 2007) and Turkey (Papaslioti et al., 2018), it is the radioactivity
of the dumps that is highlighted as the main hazard of phosphogypsum, but chemical
contamination with the above components is also observed (Gezer et al., 2012). In China,

phosphogypsum dumps lead to an increase in radioactivity as well as a number of heavy metals:
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As, Se and Pb (Dartan et al., 2017). In Morocco, the situation is similar: increased radioactivity
(Silva et al., 2022) and heavy metals (Azouazi et al., 2001).

Overview of the impact of phosphate fertiliser production in Kingisepp district,
Leningrad region

The objects of research in geoecology are both sources of anthropogenic impact and the
ecosystems that are affected, so the production areas and facilities located at the Kingisepp
phosphate rock deposit (Kingisepp District, Leningrad Region), and natural and natural-
anthropogenic complexes formed in the field and beyond are landscapes, represented mainly by
forested or swampy areas of the river terrace of the R The Kingisepp deposit was discovered in
1948. In 1964, all exploration work was completed and the development of the deposit began. In
the 1990s, the reserves were depleted and the plant started using imported raw materials.

Currently, Phosphorit Industrial Group LLC (PG Phosphorit LLC) is part of EuroChem
Mineral and Chemical Company JSC (EuroChem MCC JSC) and is one of the leading producers
of phosphate fertilizers and feed phosphates in Northwest Russia, as well as, sulphuric and
phosphoric acids for the needs of own production.

Until 2022, more than 90% of PG Phosphorit's production was exported to Western
Europe, the Baltics and Latin America. In Russia, the main consumers of the product are other
enterprises of EuroChem MCC, agricultural producers and feed mills.

The phosphorus content in the ore from the Kingisepp phosphate deposit was 6-7%.
Extraction was carried out in open pits. As each pit was mined, reclamation was carried out (i.e.
parallel recultivation). The overburden that was extracted during the mining of the new pit was
deposited in an excavation from the old pit. Overburden rock dumps are the first type of
technogenic objects in the area of the deposit. The second type of technogenic objects is tailing
dumps, where particularly toxic for the natural environment wastes generated during ore
processing are stored. The area of tailings occupies more than 400 hectares. The content of
phosphorus in the tailings is about 2%. And the third type of technogenic objects is a
phosphogypsum dump formed during waste storage in the process of phosphoric acid
production. Per 1 tonne of phosphoric acid produced, up to 5-6 tonnes of phosphogypsum may
be generated.

Landscape-destructive impacts

LandSAT satellite images were used to investigate disturbed areas in the Kingisepp
phosphate deposit. The earliest images of the study area suitable for analysis date back to 1975
(Figure 1). These are the images taken by LandSAT 2. The red spectrum image shows
anthropogenic objects in white and light grey colour, due to the fact that they reflect the

electromagnetic waves of the red spectrum more intensely.
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Figure 1: Fragment of a LandSAT satellite image of the study area from 1975.

At the time of the active development of the deposit (mid 70s) the area of
phosphogypsum dump was about 60 thousand m?. The area of all anthropogenic objects on the
deposit occupied more than 20 km”. The northern and eastern borders of the deposit coincide
with the Luga River shoreline. In the first decades of field's development its northern part
(Northern section) was especially actively exploited. The mining front moved from north to
south along the dip of the bed. Currently, all pits in the northern section have been reclaimed, as
its reserves were depleted in 1980. In addition to reclamation, a complex of chemical workshops
with auxiliary production facilities has been erected in the depleted areas.

The lowest light grey stripe in Figure 1 identifies the start of development of the southern
section. Between 1980 and 2000 it became the main one and the area of the mine workings
increased significantly to the south (Figure 2). As the mining front moved southwards (towards
the Pyatnitskii Mokh bog), water inflow into the pits increased dramatically.

Satellite images show an increase in vegetation cover in the study area. A large part of the
northern section and almost all of the southern section underwent reclamation with topsoil,
perennial grass sowing and subsequent planting of tree species. Preference was given to Picea
abies.

LandSAT 2, 3, 5, 7 and 8 images were used. The images show that some of the
ecosystems created on the site of former waste dumps are several decades old. Disturbed land
peaked in the 1980s. By 2020, there are practically no unrehabilitated overburden dumps left.
However, the area of the phosphogypsum dump (and its height, and consequently the volume of

waste) is continuously increasing due to ongoing production. Prior to 1985, there was a Phase 1
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dump, which has now been fully depleted - phosphogypsum storage has been discontinued.
Phase 2 has been in operation since 1985 and is currently in operation. The volume of deposited

phosphogypsum amounts to 77 million tonnes as at 01.01.2019. The area currently occupied by

phosphogypsum is about 1 km®.

Figure 2: Satellite images of the study area by year.
Landscape-destructive impacts on the study area have been significantly reduced over the
last two decades. Moreover, new technologies for the application of phosphogypsum dump

material are being developed by PG Phosphorit Ltd. If the technologies are implemented and
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used effectively, we can soon expect a reduction in the chemical impact on the surrounding area
as well. This confirms the relevance of conducting a geo-environmental assessment now.

Phosphogypsum is produced in accordance with TU 2182-015-56937109-2010,
according to which this product was successfully used at the enterprise as a raw material for
production of calcium thermosulfate - white filler for paints, plastic masses, rubber goods, water-
dispersion paints and linoleum. Calcium thermosulphate is used in the cement industry, in the
production of gypsum binders, building materials and is used for construction work. However,
the plant stopped producing calcium thermosulphate in 2012 due to the extremely low number of
customers. As production was expensive and demand for the products was low, it was not
profitable to produce calcium thermosulphate and in 2019 the workshop was liquidated
(Vekshin, 2019). However, in 2019, PG Phosphorit Ltd. commissioned EPI Centre for
Ecopesticide Research (Moscow) to develop a new technology for using phosphogypsum dump
material to produce a reclamation agent for disturbed lands in the Leningrad region (Assessment
materials..., 2021). The development was completed in March 2021. A new use of the available
spoil material is therefore expected soon.

The first reclamation of the technogenic objects at the Kingisepp phosphate rock deposit
took place in 1981-1987, meaning that the plant communities planted at that time are already 35-
41 years old, which is the age of the established post-reclamation ecosystem. The stages of
reclamation in the study area are as follows:

- 0-5 years - islands of vegetation, pioneer clusters (reedgrass, meadow-grass, horsetail)

- 5-20 years - medium-thickness, grass, mixed grass, wormwood

- more than 20 years - complete density, forest community formation.

In 2009-2010 part of the design solutions for environment protection was implemented.

Conclusions to chapter 1

Based on the review of available materials, it can be concluded that strontium, fluorine
and phosphorus, as well as natural radionuclides, are the main pollutants from the impact of
phosphogypsum production (Nedbaev, Tsyvkunova, Elsukova, 2022) and emissions from the
phosphorus industry. The only regional difference is the variation in acidity of the components of
the landscapes adjacent to the industries. There is also slight regional variation in heavy metal
content in the impacted area, but this does not represent a pronounced trend. Rather, the

chemical composition of the rocks in each area determines the difference in heavy metal content.
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Chapter 2: Materials and methods
Geo-ecological assessment is a parametric determination of the state of anthropogenic-

transformed geosystems, which ensures the existence of specific communities of living
organisms and humans (society), in order to highlight the anthropogenic component and
consequences of these changes on the background of natural processes (Dmitriev, et al., 2016).
Soil chemical composition and species composition of phytocenoses were taken as parameters of

the state of anthropogenic-transformed geosystems in the present study.

2.1 Field research methods
The work is based on materials collected personally by the author and by the SPbSU field

team under the guidance of the author during the 2019-2022 field seasons.
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Figure 3: Layout of the sample areas in relation to the technogenic objects in the study
area.

The objects of the research were the Phosphorit Production Plant Ltd. for the production
of phosphate fertilizers located near the town of Kingisepp (Leningrad Region) and a number of
natural-territorial complexes (PTC) located at a distance of 0-9 km from the enterprise. Figure 3
shows the layout of the sample areas in relation to the technogenic objects in the study area.
Large technogenic objects in the investigated territory are represented by phosphogypsum

dumps, three tailing pits and a number of reclaimed overburden dumps.
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Geo-ecological profiles and reference areas were laid at different distances from the
phosphogypsum dump. When planning the location of the sample areas the following features
were taken into account:

- geological structure of the area;

- soil-forming rocks

- type of landscape;

- intended use of the land;

- distance to production;

- wind rose.

On the laid sample areas descriptions of natural-territorial complexes were made, which
included the position in the mesorelief, microrelief, type of migration flows, geobotanical
descriptions according to standard methods, stand characteristics, bioindication characteristics.
Geobotanical descriptions were carried out according to forms developed by the Department of
Geoecology and Nature Management of Institute of Earth Science SPbU for geo-ecological
monitoring purposes. Fifty-one sample plots were established. Due to anthropogenic impact most
soils are replantozem so rarely did the thickness of the section exceed 30 cm. Under field
conditions the soil type was determined, under chamber conditions the type was subsequently
refined and the determination to smaller hierarchical levels based on the descriptions made was
carried out. Soil sampling was carried out in accordance with GOST 17.4.3.01-2017, which
helped to ensure reliable analysis results, on the basis of which the conclusions in this paper were
drawn and the defended provisions were developed. Genetic horizons of soils were sampled.

Thirteen geo-ecological profiles and 3 separate reference areas were established to study
the impact on the land cover. The first reference area is located in the depression between the
tailings pond and other technogenic objects of the deposit. The willow community grows there.
The second reference area is located on the tailings pond itself and is represented by birch
cypress-vein community on replantosols. The third reference area is the furthest conventional
background area to the west (4 km from the enterprise), the study of which is restricted by the
proximity of the Russian Federation state border. This reference area is home to a spruce
bilberry-siliceous green-moss community.

Profile 1 is laid on the slope of the phosphogypsum dump and includes 3 sample areas,
which reflect the geochemical catena - top, middle part of the slope and bottom of the
phosphogypsum dump (Figure 4). The upper part of the slope has no vegetation cover, the
middle part of the slope has an aspen-pine community and the foot of the dump has a cypress-
grasshopper community on reptosols. The aspen community in the middle part of the slope is the

result of reclamation.
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Figure 4: Phosphogypsum dump near Kingisepp Figure 5. Reclamation of overburden dumps
(author's photo). (author's photo).

Profile 2 is a reference baseline profile. It is laid 4-5 km north-west of the
phosphogypsum dump. It consists of four test plots: the first test plot is in a pasture and the other
three are in the forest ecosystems on the terrace of the Luga River. Under all test plots in this
profile there are Siver deposits. Grassland is represented by cereals-grass meadow on sod-podzol
soils. Forest ecosystems are birch forests on gleyed soils with reedgrass Calamagrostis sp.,
meadowsweet Filipendula ulmaria (L.) Maxim., willowgrass Anthriscus sylvestris (L.) and forest
horsetail (Equisetum sylvaticum L.) in the herb and shrub layer.

Profiles 3-5 were laid on reclaimed overburden dumps (Figure 5). Profile 3 was laid on
the overburden dump in close proximity to the phosphogypsum dump and Profiles 4-5 were laid
over 1.5 km away. In total there are 12 trial areas on these three profiles. They were placed on
different relief elements (mainly tops of dumps and slope facies) and in different vegetation
communities (areas reclaimed by spruce, birch; self-overgrowing areas; mixed forests and
meadow communities).

Profiles 6 and 7 are conditionally-background. Profile 6 is laid on Pyatnitskiy Mokh bog.
It includes two test plots in a depression with a pine-herb-grass sphagnum community on peat
oligotrophic soils. Profile 7 is situated 3-4 km west of the phosphogypsum dump. It consists of
three sample plots. The first one is a reedgrass meadow; the second one is an alder forest; the
third one is a spruce acidic-moss community.

Profile 8 was laid to study forest ecosystems in the vicinity of the tailings pond. It
includes three sample plots laid on the Siverskaya Formation sediments. The first plot is a
cypress-twist meadow; the second is an alder-alder-woodruff community and the third is an
alder-woodruff-alder-woodruff community.

Profile 9 is located in close proximity to phosphogypsum dumps and represents reclaimed
overburden dumps. The profile includes five sample plots distinguished by dominant species in

vegetation cover: willow willow willow-vein community (sample plot 1), aspen willow-vein
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community (2), pine-spruce spruce-vein shield-vein sphagnum community (3), spruce boggy
green-moss community (4) and spruce boggy-vein green-moss community (5). The last three
sample plots are the results of recultivation. The profile is characterised by a spread of low-
powered replantozem.

Profile 10 is two wetland ecosystems located 8km northwest of the phosphogypsum
dump. This profile is a conditional backdrop and is the most distant from the source of
disturbance. These bogs are a transitional type from lowland to upland and as such may contain
both abundant grasses and oligotrophic species. The soils are peaty.

Profile 11 is an opportunistic phosphogypsum forest ecosystem located 7km from the
phosphogypsum site. The profile includes three sample plots. The first is a wetland ecosystem
with willow reedgrass sphagnum community on peat soils. The second one is an alder-alder-
reedy green-moss community on humus-gley soils. The third is an alder-alder-reedy reedgrass-
reedy green-moss community on sod-podbura soils.

Profile 12 consists of five sample plots located from the top to the bottom of the
overburden. Soil cover consists only of low-powered replantozem. Vegetation cover of the trial
plots: 1 - pine-hemlock grassland community, 2 - spruce heathland grassland, 3 - pine-spruce
reedgrass-broadleaf grassland, 4 - willow-berch-spruce-maple-mary-grassland grassland, 5 -
willow-berch-aspen-rawberryberry-rospermgrassland grassland.

Profile 13 is an opportunistic background profile located adjacent to reference area 3.
This profile is 4km west of the dump. It represents typical natural ecosystems of the study area:
aspen, birch and spruce sagebrush, spruce sagebrush and spruce reedgrass communities on sod-

pods (typical and illuvial-gleyzolic) and gleyzemes.

2.2 Laboratory research methods
The gross content and mobile forms of heavy metals (Ba, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb,

Sb, Sr, V), as well as a number of other indicators characterizing the condition of the soil cover
in the area of phosphogypsum dumps impact were determined in soils, namely, the concentration
of fluorine, phosphorus, sulphur, nitrogen, potassium, magnesium, sodium, calcium, potential
and actual acidity, humus content, toxicity by biotesting (test object Daphnia magna Straus. ),
specific activity of natural radionuclides.

Concentrations of heavy metals in mobile forms (79 samples) were investigated by
atomic emission spectrometry in Resource Centre "Methods for Analysis of Substance
Composition" of SPbU Science Park. The research was conducted according to "M-MVI-80-

2008 Methodology for measurement of element mass fraction in soil, soil and bottom sediments



156

samples by atomic-emission and atomic-absorption spectrometry" using ICPE-9000 optical
emission spectrometer.

The total content of heavy metals (53 samples) was determined in the chemical-analytical
laboratory of VSEGEI by the methods of the All-Union Scientific Research Institute of Geology
and Mineralogy (Moscow State University) N 10/2010 "Determination of macro- and
microelements (including rare-earth elements) by mass-spectrometry with inductively coupled
plasma in rocks, soils and mellow sediments".

Sulphur, phosphorus and fluorine in soils (45 samples) were determined in the chemical-
analytical laboratory of VSEGEI by infrared spectroscopy and ionometric method.

Actual and potential acidity (82 samples) was determined in the "Educational laboratory
of physicochemical methods of analysis of the Department of technical support of educational
programs in geography, geology, geoecology and soil science" of St. Petersburg State
University. There, organic matter was determined according to the method of I.V. Tyurin (28
samples) (Opekunova, et al., 2014), mobile phosphorus (9 samples) according to GOST R
54650-2011.

Determination of calcium, magnesium (9 samples), potassium, sodium, chlorine,
ammonium and nitrate forms of nitrogen (43 samples) in the aqueous extract was carried out in
the "Training Laboratory of Physical and Chemical Methods of Analysis of the Technical
Support Department of Educational Programs in Geography, Geology, Geoecology and Soil
Science" at SPbSU using the methods outlined in the methodological manual issued by SPbSU
for soil chemical analysis (Rastvorova et al., 1995).

Toxicity of soil samples (60 samples) was tested at the "Teaching Laboratory for
Physico-Chemical Methods of Analysis, Department of Technical Support for Educational
Programs in Geography, Geology, Geoecology and Soil Science", SPbU in accordance with
FR.1.39.2007.03222.

Determination of natural radionuclide activity (3 pooled samples) was performed in the
radiation control laboratory of OOO "Scientific and Technical Center "EcologicsLab" according

to FR.1.38.2011.10712.

2.3 Methods of cameral work
The database for the laboratory results was compiled in Microsoft Excel 2007. The same

software was used to calculate measures of central tendency (median and arithmetic mean), to
calculate correlation coefficients (using the optional "Data Analysis" package) and to calculate
Brawe conjugacy coefficients for the construction of correlation plaids. The measure of

variability (standard deviation), the analysis of samples for compliance to normal distribution
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and the search for differences between samples were carried out in the statistical software SPSS
Statistics.

Sampling variance criteria were used to find indicators of the impact of phosphate
fertilizer production on landscapes. In most cases, we had to work with samples that did not
follow the normal distribution law, so Mann-Whitney U-test was used to calculate measures of
difference, rather than Student's or Fisher's tests.

In assessing soil performance, the plotted sample areas were grouped according to three
main criteria:

- by division of soil classification;

- by distance to production;

- by nature and degree of anthropogenic disturbance.

Soil pH variation was revealed both by the difference of acidity in the areas adjacent to
the waste dump and in the conditionally background sample plots, and by statistically reliable
sample differences. Non-parametric criteria (Mann-Whitney U-criterion) were used to compare
soil acidity, as the distribution of soil acidity did not follow the normal distribution.

Conformity to normal distribution was tested using the one-sample Kolmogorov-Smirnov
test in SPSS Statistics software. If the two-sided asymptotic significance was greater than 0.05,
the distribution was assumed to follow the normal law. If the asymptotic significance was less
than 0.05, then the distribution was assumed to be non conforming to the normal law, and
nonparametric criteria were applied to such a sample, and accordingly, the description of the
tendency measures was taken as the median rather than the mean (Nasledov, 2007).

Correlation analysis was used to examine the relationship between the distribution of the
different indicators analysed. Only indicators presented on a numerical quantitative scale were
used. The strength of the relationship was determined by exceeding the modulus of the
correlation coefficient of the critical value determined from the literature (Nasledov, 2007).

To assess the current structure of relationships between plant species in the studied PTC,
the method of correlation pleids was used (Terent'ev, 1959; Neshataev, 1987; Opekunova et al.,
2005). Correlation relations were determined using Brave's KB correlation coefficients (at a
significance level of 0.05) (Neshataev, 1968; Neshataev, 1976). Bravae's cross-correlation
coefficient is one of the variants of using the correlation coefficient in assessing qualitative traits.
The species are combined into pleiades according to the method of linear correlation or the
method of maximum path proposed by L.K. Vykhandu (Vykhandu, 1964).

Microsoft Excel 2007 software was used to create and visually design the graphs.
Quantum GIS 3.14 and IDRISI 17.0 Selva software were used to create the mapping material

and the mapping method of the study. Quantum GIS 3.14 is a freeware application available on
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the official QGIS website (QGIS project, 2021). IDRISI 17.0 Selva was used on the software of
the Institute of Earth Sciences of SPbU.

Quantum GIS was used for the following purposes: inserting the data from Microsoft
Excel and plotting the locations of sample plots on the map image based on the coordinates
recorded during field surveys; analysing the specifics of the area (functional zones, geological
structure, topography, landscape type, accessibility, location of man-made objects, etc.) and
determining the locations of geoecological profiles and sample plots; creating cartographic
images for this work based on the vector layers created by the authors

IDRISI was used for the analysis of satellite images of the study area taken in different
bands of the electromagnetic spectrum; for detecting visible anthropogenic disturbance of soil
and vegetation cover; for comparing anthropogenic disturbance of the study area on images

taken in different years.

Conclusions to Chapter 2
The study is based on a geo-ecological assessment of the impact of phosphate fertilizer

production on soils and vegetation. Materials for the thesis were collected by the author in 2019-
2022 in the impact area of the Kingisepp phosphate deposit. Soil samples were used to determine
environmental acidity, heavy metal content (bulk and mobile forms), macronutrients, toxicity by
biotesting and specific activity of natural radionuclides, while vegetation was studied by
geobotanical descriptions. Determination of chemical elements content in soil was carried out in
the chemical-analytical laboratory of VSEGEI and in the Resource Centers of the Science Park
of SPbU. The results obtained were analyzed by methods of mathematical statistics, including

sample comparison criteria, correlation and factor analyses.
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Chapter 3: Physical and geographical characteristics of the area

The study area belongs to the north of the East European (Russian) Platform. Throughout
the area in question, Cambrian and Ordovician rocks lie beneath the Quaternary sediments
(Figure 6) (State Geological...). It is to these rocks that phosphorite and shale deposits in the
Leningrad region are confined. Quaternary rocks are dominated by fluvioglacial deposits (gravel,
pebbles and varved sands), boggy deposits (peat) and lake deposits (sands, silts, clays and peat)
(State Geological...).
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Figure 6: Geological structure of the study area (compiled by 1.S. Nedbaev on the basis of
VSEGEI open materials).

The territory is located at the juncture of Ordovician and Cambrian rock formations. The
sedimentary rock began to accumulate around 500 million years ago with the onset of the sea.
The Ordovician period is represented by the Mednikov, Volhovska, Obukhovska, Leetsetska and
Tosno Formations. The Tosno Formation is quartz sands with a variable number of obolide
shells (up to 25-30% of the rock volume). The Tosno Formation contains phosphorus-containing
shells of marine organisms, the extraction of which led to the location of a phosphate fertilizer
plant in the area. The Leetset Formation - sandy glauconite dolomites and marls with interlayers
of calcareous glauconite clays. Volkhov Formation - dolomites and limestones. Overburden
dumps are composed of rocks of the Volkhov Formation. Obukhov Formation - limestones,

strongly clayey, and marls of thin layered, overburdened with inclusions of lenticular



160

ferruginous-phosphate oolites. The Mednikov Formation is limestones, usually strongly
dolomitized, and dolomites.

The Cambrian period is represented by deposits of the Sablino, Lyukati, Tiskre and Siver
Formations. The Siverskaya Formation is a homogeneous blue-greenish grey clay sequence. The
average content of chemical elements is close to the average content of sedimentary rocks. The
Lyukati Formation is clays interbedded with sandstones and siltstones. Tiscre Formation -
yellow-grey siltstones and sands. The rocks are slightly radioactive. The Sablinski Formation -
yellow and reddish-yellow sands and sandstones. The main minerals are quartz and feldspar.

The area of the study area has the Kingisepp-Volkhov mineralogenic zone. The
Kingisepp phos

phorite deposit (between the Luga and Narva rivers) is part of this zone.
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Figure 7. Elevation scheme of the study area (compiled by I.S. Nedbaev based on the
SRTM digital elevation model).

According to the Geological Map of the Russian Federation, there is a geochemical
anomaly of heavy metals (Pb, Zn, Cu, Ni, Co, Cd, Fe, Mn, Ag) in the area. This is possibly due
mainly to the removal of elements during erosion of mineralised rocks developed on the Izhora
Upland. There are local excesses of the local uranium background.

Peculiarities of the geomorphology of the area are determined by the relief of the pre-
Quaternary surface and its location in a zone of glaciation and the Baltic Sea in the north-west of

the East European Plain. The peculiarities of the geomorphology include the fact that the main
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features of the pre-Quaternary relief were developed in the Middle Devonian to Neopleistocene
period. In the Neopleistocene it was partly altered by glacial and marine activity and neotectonic
movements and in the Holocene by marine accumulation and abrasion, erosion of modern rivers,
peat formation and recent movements.

The main morphological elements of the surface area under consideration include the
Vendian-Cambrian lowland, Ordovician cliffs and plateauses dissected by ancient valleys. The
Vendian-Cambrian lowland is a flat, gently sloping plain to the north. Absolute levels of its
surface vary from 5 to 10 m. The Ordovician plateau, occupying the eastern and southern parts
of the territory, is the most elevated area with absolute heights of 20 to 50 m. In modern relief; it
is the northern part of the Luzhskaya Lowland. The Ordovician escarpment is a transition zone
between the Vendian-Cambrian lowland and the Ordovician plateau. The escarpment extends in
the latitudinal direction. The ancient valleys run into the slopes of the Ordovician plateau.

The present-day relief was formed by glacial exaration and accumulation, marine
transgressions and regressions and neotectonic movements. Peat formation and formation of the
modern erosion network also played an important role. The main morphological elements of the
present-day relief are the Luzhskaya Lowland, Izhorskaya Upland and the Baltic-Ladoga
Escarpment. Structural-denudational and various types of accumulative relief are prevailing,
while erosion-accumulative and abrasion types are less common.

The technogenic relief in the study area includes phosphogypsum and overburden dumps,
as well as tailings pits. The phosphogypsum dump reaches a height of 65 m, overburden rock
dumps are stretched in the meridional direction, reaching a height of 30 m (Figure 7). At present,
the phosphogypsum dump continues to increase due to the introduction of new portions of waste.

The overburden dumps have almost all been reclaimed.

3.2 Climatic conditions

The climate of the study area belongs to the Atlantic-continental European (forest) region
(National Atlas..., 2004). The climate is determined by the influence of Atlantic air and its
subsequent transformation into continental air. During the cold season, the prevailing wind
direction is south and south-west, which results in a high frequency of warm and humid Atlantic
masses. In summer the prevailing winds are westerly and northwesterly, carrying relatively cold
and humid Atlantic air. As a result of the advection of cold air, frosts are possible throughout the
area, even in June. July and August are practically frost-free. In general, the climate of the study

area can be described as moderately warm, humid, with mild winters.
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The average annual air temperature is 4.4 °C. The average monthly air temperatures are
shown in Table 1. The average date of the first frost in Kingisepp: 27 September. The average
date on which frosts end: 20 May. Average number of frost-free days: 129 days.

Table 1. Average monthly air temperatures in Kingisepp.

Month Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec

Temperature,

°C

-79 | 8,0 | 3,7 | 3,5 | 10,1 | 14,7 | 17,1 | 15,5 | 10,5 | 5,0 0,1 -4,5

The average annual soil temperature is 5 °C. The average monthly soil temperatures are
shown in Table 2.

Table 2. Average monthly soil temperatures in Kingisepp.

Month Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec

Temperature,

°C

-9 -9 -6 3 12 18 19 17 11 5 -1 -5

The average annual precipitation is 680 mm. The average monthly precipitation is shown
in Table 3.
Table 3: Average monthly rainfall in Kingisepp.

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Precipitation,
36 33 34 40 47 67 83 88 80 65 61 46
mm

Figure 8 shows the annual course of air temperature and precipitation (climatogram),

based on data from the weather station in Kingisepp.
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Figure 8. Annual variation in air temperature and precipitation (climatogram), based on

data from the weather station in Kingisepp.
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Figure 9 shows the wind pattern in Kingisepp.
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Figure 9. Wind rose in the city of Kingisepp (Weather forecast...).
Table 4 shows the wind directions as a percentage of the year in Kingisepp.

Table 4: Wind directions (in %) in Kingisepp.

N N-W w S-W S S-E E N-E

8,9 15,2 13,2 15,7 17,9 14,1 &1 6,7

Climate affects soil formation by determining the amount of water available for processes
such as mineral weathering, mineral transport and elemental release. The climate of the study

area is characterised by excessive or sufficient moisture.

3.3 Natural waters
The river network in the study area is not strongly developed. The sampling areas were

located in the catchments of two rivers - the Luga River, a major watercourse of the Leningrad
Oblast, and the Notika River, a tributary of the Luga River.

The Luga River flows to the north of PG Phosphorit Ltd. The river has a mixed feed,
predominantly snowmelt (Bolshaya Sovetskaya...). By its chemical composition the water
belongs to the hydrocarbonate class and calcium group. Average salinity is 170 mg/l (120-200
mg/l during the high-water period and 300-400 mg/l during the low-water period). The quality of
river water is low due to the inflow of sewage water (Water of Russia...). The Notika River joins
the Luga River in the west of the study area. The Luga River basin covers an area of over
13,000 km2 . The length of the river is 353 km. Water flow rate is 93 m*/sec.

There are also a number of water bodies of anthropogenic origin in the study area. These

are quarries, formed in the process of overburden and phosphate rock mining. There are more
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than twenty of them. In addition, there are water-filled tailings ponds and technical ponds in the
industrial territory of the enterprise. Most of the quarries that have already been rehabilitated
through backfilling of overburden, backfilling of topsoil, grass seeding and tree planting are
situated south of the A-180 (E20) motorway. Tailings ponds, technical ponds and several
quarries are located to the north of the road. The phosphate pits extend over 15km in the
latitudinal direction and almost Skm in the meridian direction.

The aquifers taking part in the watering of the deposit include:

1. Quaternary aquifer underlain by relatively impermeable lake-glacial moraine loams
and clays 2-15 m thick.

2. the Ordovician aquifer complex. The average thickness is 11 m. It is 4 m thick in the
north and up to 28 m thick in the south. Water-bearing rocks are lower and middle Ordovician
limestones and dolomites, middle Devonian marls.

3. Cambro-Ordovician aquifer complex. The thickness of the complex is 22.5-36 m.
Water-bearing rocks are sands and sandstones. Water bearing capacity is 100 m2/day. It is fed by
overflow from the upper horizon.

4. Technogenic aquifer, confined to overburden rocks. The horizon is up to 22 m thick

(Program Development..., 2009).

3.4 Soil cover
The study area belongs to the boreal geographical belt, to the European-Western Siberian

taiga-forest soil-climatic province, to the soil zone of sod-podzol soils and sod-podzols of
southern taiga, to the soil-climatic facies of moderately frozen soils, to the Baltic soil province
(Gribova, et al., 1980).

The study revealed a considerable diversity of soil-ecological conditions, which forms the
diversity of soils in the studied area. Ten soil types belonging to 7 divisions were identified,
according to the Russian Soil Classification of 2004. The soil diversity is given in Table 5.

Table 5: Soil types in the study area.

Soil formation trunk | Division Soil type The formula
Postlithogenic Alphegumus Podbur O-BHF-C
Dernovo podbur AY —-BHF-C
Texture-differentiated Sod-podzolic AY - EL — AEL - BEL
-C
Gley Gleysem greyhumus AY -G-CG
Muck and gley H-G-CG
Lithosols Greyhumus lithozem AY -R
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Soil formation trunk | Division Soil type The formula
Agrozooms Agrohumus alfehumus | P—BH - G- CG
TJ1€EeBBINA
Organogenic Peat Peat-oligotrophic TO-TT
Peat-eutrophic TE-TT
Technogenic surface | Quasisemes Replantozem RY-D
formations

Below is a description of all soil divisions of the study area by the example of typical
transects made in Kingisepp district during the field phase of the work. A description of the soil
sections according to GOST 17.4.4.02-2017 is given in Appendix 4.

Postlithogenic soil formation stem

Alphegumus soils

The variety of alphegumus soils in the study area is represented by podburas and sod-
podburas (dernovo podburys).

Dernovo podburys

Turf-sub-drills are more widespread in the area than sub-drills, as in a large part of the

area the bedrock is medium and basic rocks in terms of chemical composition (Figure 10).

Figure 10. Typical thick loamy sandy sod with a medium-developed profile on
fluvioglacial deposits (author's photo).
AY (0 — 27 sm) — sod horizon, dark grey, lightly loamy, fine-clayey, moist, with

earthworm tracks, light mineral grains, inclusions of large roots and pebbles present.
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BHF (27 — 61 sm) — alphemus horizon, dark brown, fresh, sandy loam, unstructured,
loose, inclusions of roots, stones.

Turfy-sub-soils are characteristic of and found only in the conditionally-backland areas. It
is a typical soil for forest ecosystems in the study area, especially for soils in southern taiga on
sandy sediments. A variety of sub-types of sub-soils can be found: typical, illuvial-humus,
illuvial-iron, coarse-humus. This soil type is characterized by humus formation, loessivage,
biogenic-accumulative processes and illuvial-accumulative processes.

Gley soils

Muck-gley soil

The humus-gley soil was described only on one conditionally-background sample plot
(Figure 11). Vegetation community: alder-alder-alder-willow-grassland. Bedrock: clays of
Siverskaya suite. To form humus-gleyey soil, additional moistening or permanent over-wetting is
necessary. Mullein-gleyey soil is formed on heavy clays. This soil type is characterized by

gleying, biogenic-accumulative processes and illuvial-accumulative processes.

Figure 11. A clayey-clayey surface-gleyey medium-loam soil with a medium-developed
profile on fluvioglacial deposits (author's photo).
H (0 — 43 sm) — humus horizon, dark brown, medium-loam, damp, unstructured, weakly

porous.
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G (43 — 60 sm) — gley horizon, bluish colour when the horizon is detected, turns brown
when exposed to air, clay, damp, structureless, weakly porous.
Texturally differentiated soils

Sod-podzol soil

A sod-podzol soil was only encountered in one sample plot located on a farm, which is
quite natural as sod-podzol soil is a typical soil for grassland communities in the Leningrad
Region (Figure 12). Vegetation community: herb-grass meadow. The underlying rocks are clays
of the Siverskaya suite. The sod-podzol soils are characterized by the atmospheric type of
moisture. They are formed on light clays. This soil type is characterized by humus formation,
leaching, podzolic process, biogenic-accumulative processes and illuvial-accumulative

processes.

Figure 12. Sod-podzol soils medium-podzol light loam with weakly developed profile on
fluvioglacial deposits (author's photo).

AY (0 - 12 cm) - sod horizon, light grey, light loamy, fine-clayey, fresh, with earthworm
passages, light mineral grains, inclusions of large roots and pebbles present.

EL (12 - 15 cm) - eluvial horizon, white, light loamy, flaky, fresh, light mineral grains,
inclusions of roots and pebbles.

BEL (15 - 17 cm) - sub-alluvial horizon, light brown, light loamy, flattened, fresh, light
mineral grains, inclusions of roots and pebbles present.

BT (17 - 28 cm) - textural horizon, brown, heavy loam, walnut-prismatic, fresh, light

mineral grains, inclusions of roots and pebbles present.
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Lithosols

Greyhumus lithozem

Grey-humus lithosols are common in the study area (Figure 13) (Nedbaev et al., 2022).
This soil type is found in conditionally-background areas in the presence of dense rocks. The
vegetation community is forested and may be alder-grass-aspen or spruce sagebrush-grass. There
is an active accumulation of organic matter in these ecosystems. A characteristic feature of grey-
humus lithozem is exclusively atmospheric moistening. This soil type is characterized by humus

formation and biogenic-accumulative processes.

Figure 13. Grey-humus medium-low loamy lithozem with undeveloped profile on
limestone eluvium-deluvium (author's photo).

AY (0 - 18 cm) - sod horizon, brownish gray, light loamy, fine-clayey, moist, with light
mineral grains, inclusions of roots, pebbles, boulders, rock fragments.

R - dense rock: sandstones of the Sablinsky Formation or limestones and dolomites of the
Volkhov and Obukhov Formations.

Agrozooms

Agrosoil alphegumus gley

The alphegumus agrosoil was found only in one trial area - in the meadow ecosystem in
the immediate vicinity of the tailing pond edge (Figure 14). Plant community: alderwort glyphi.
Underlying rocks: clays of the Siverskaya suite. The agrogenic horizon probably remains as a

result of agricultural activities in the recent past in the study area. This soil type is characterised
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by humus formation, loessivation, gleying, biogenic-accumulative processes and illuvial-

accumulative processes.

Figure 14: Agrosoil of alphegumus-gleyey medium-medium-modern deep-gleyey light
loam with medium-developed profile on fluvioglacial sediments (author's photo).

P (0 - 34 cm) - arable horizon, black, loose, cloddy, moist, light loamy.

BHF (34 - 57 cm) - alfehumus horizon, brownish-ochre, moist, sandy loam, structureless,
loose, inclusions of roots, stones, eclipses of dark spots.

G (57 - 65 cm) - gley horizon, bluish when the horizon is detected, turns brown when
exposed to air, heavy loam, damp, unstructured, weakly porous.

The organogenic stem of soil formation

Peat soils

Peaty oligotrophic soil

Of the organogenic trunk soils, oligotrophic peaty soils are the most common (Figure 15).
They are the soils of the oligotrophic bog Pyatnitskii Moss, located to the south of the study area
in the Luzhsko-Narva Depression, which is a flat plain on the watershed of the Narva and Luga
Rivers. The characteristic plant community for these soils is sphagnum pine-herb-reeding. The
bog is located on sediments of the Mednikov formation - clayey limestone and dolomite. The
sampling locations are 4.3 to 4.5 km from the phosphogypsum dump. The only soil-forming
process at this location is peat formation. Due to the close proximity of groundwater, it is not

possible to visually assess the full section.



Figure 15. Oligotrophic peat-peat sphagnum soil (author's photo).

TO (0 - 9 cm) - oligotrophic peat horizon, light brown, damp, consisting predominantly
of sphagnum moss residues of varying degrees of decomposition, not exceeding 50%. It
represents the upper part of the peat layer, which is regarded as an organogenic rock.

Under the TO, the TT, the peat deposit, should be underlain.

Technogenic surface formations

Quasisemes

Replantozem

In addition to soils, the object of soil research is traditionally man-made surface
formations - quasi-soils, natural products, artifactual products and toxic-factual products - that
come to the surface. Quasi-soils are urban soils (urban quasi-soils) and soils of reclaimed areas
(replantozem).

Replantozem is found everywhere on reclaimed overburden dumps (Figure 16),
phosphogypsum dumps and tailings ponds. It occurs with both coarse-humus horizons and sod-
like features, as well as with signs of gleying. Regularities in the formation of vegetation cover
are not observed. It can be very different. It is formed on eluvial-deluvium of dense rocks. This
type of soil is characterized by humus formation and biogenic-accumulative processes. At the
same time, it should be noted that the profiles of replantozems are especially strongly dependent

on the underlying rocks (technogenic material), which determine the main processes in soils at
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the initial stages of development (Abakumov, Gagarina, 2008). Dumps and tailings, which have
not yet passed the stage of reclamation, can be attributed to the anthropogenic structure of the
soil cover (SSC), to the type of SSC of mining quarries, and when a continuous cover is formed

from replantozems, the structure of the soil cover becomes anthropogenically modified,

Figure 16. Repantozem at the overburden dump (author's photo).

W (0 - 8 cm) - brownish-grey, loose, organic remains
R - dense rock: overburden rocks (limestone and dolomite of Volkhov and Obukhov

Formations) or phosphogypsum.

3.5 Vegetation cover
According to (Gribova et al., 1980), the study area belongs to southern taiga forests of the

Valday-Onega sub-province of the North-European taiga province of the Eurasian taiga
(coniferous forest) region. According to (Vegetation of Russia..., 2004), the area is characterized
by southern taiga pine (Pinus sylvestris L.) forests with southern boreal species, boreal plain
vegetation. However, no pine forests were recorded within the study area. The vegetation is
dominated by birch and spruce forests. The location of water bodies, underlying rocks, soils and
anthropogenic transformation of the area play a significant role in the distribution of vegetation.
The regeneration of the soil and vegetation cover of the Kingisepp phosphate deposit has

been studied by Abakumov E.V. (Abakumov, 2004). He noted that self-overgrowing vegetation
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regeneration follows the type of ecogenetic succession, and each stage of plant community
development corresponds to a distinctive soil with a certain set of features and properties. During
reclamation associated with agrochemical and physical optimization of soils the vegetation
succession proceeds faster than during self-overgrowing.

J.A. Dmitrakova points out that the abundance of spruce communities is due to the fact
that reclamation of overburden rock dumps was carried out specifically by spruce (Dmitrakova,
et al., 2018). E.A. Kushnir (Kushnir, et al., 2021) notes that on the overburden dumps, the most
established forest plantations, which have not degraded in 35-38 years and formed forest
ecosystems, are formed by the following tree species: birch downy, European spruce, Sukacheva
larch and common pine. Plants of other species which were used during recultivation in the 80s
have died out or are found only in sporadic specimens (the Berlin poplar, the Karaganah tree).

In general, it should be noted that according to the results of the conducted surveys, the
vegetation cover of the territory is rather mosaic. Six types of plant formations can be
distinguished: communities at the phosphogypsum dumps, communities at and near the tailings
pond, communities at the overburden dumps, marsh, forest and meadow communities. Among
the tree layer, the following dominant species can be found: birch Betula pubescens, European
spruce Picea abies, pine Pinus sylvestris, willow Salix sp., aspen Populus tremola, grey alder
Alnus incana, elm Ulmus glabra. Among natural ecosystems there are abundant moisture-loving
species of herb and shrub layer: meadowsweet Filipendula ulmaria, forest horsetail Equisetum
sylvaticum and others.

Communities at the phosphogypsum dump

At the end of the last century, attempts were made to reclaim the phosphogypsum dump.
Currently, only the south-western slope of the dump is forested. There are two types of PTC: on
the slope and at the foot of the dump. Soil cover is represented by replantosols. Common to the
phosphogypsum disposal area facies is the presence of herbaceous shrub layer of willow-herb
Chamaenerion angustifolium (abundance cop 1), dandelion Taraxacum officinale (sp), Artemisia
vulgaris (sol) and boron Millium effusum (sol) and the absence of shrub and moss-lichen layer.
On the slopes of the phosphogypsum dump, an aspen pine community was formed with
European pine Pinus sylvestris and downy birch Betula pubescens in the tree layer and hedgehog
Dactylis glomerata (variety 1) and strawberry Fragaria vesca (variety 1) in the herb and shrub
layer (Figure 17), and at the foothills - cypress-grass community without a tree layer with Urtica
dioica (sp), meadow-grass Lathyrus pratensis (sp) and Tusilago farfara (sp) in a herb-shrub layer.

Communities on and near the tailings management facility

There are three tailings dumps on the territory of the Kingisepp phosphate rock deposit.

During the study it was possible to lay one test area at the reclaimed tailings storage facility and
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4 test areas at the tailings sides and at the production area adjacent to the tailings storage facility.

Accordingly, there are three types of POTC at this site: tailings storage facility, onboard and

Figure 17. Phosphogypsum dump slope with aspen pine community on the replantosere

(author's photo).

Figure 18. Tailings pond edge with willow nettle greengrass community (author's photo).
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Common to the facies on and near the tailings management facility is the presence of
Aegopodium podagraria (sp) in the herbaceous-grass layer. A birch birch-quirenium-vein
community has developed on the tailings site, including European pine Pinus sylvestris in the
tree layer and reedgrass Calamagrostis sp. (sp) in the herb and shrub layer; at the tailings
management facility - willow nettle green-moss community (Figure 18), alder-worthen green-
moss community with birch Betula pubescens and alder-worthen green-moss community with
oak Quercus robur; in the production area - willow meadow- willow-reed community.

Communities on overburden dumps

Overburden dumps cover a large area of the Kingisepp phosphate rock deposit. Their
reclamation started in the 1980s and is still ongoing. Overburden rocks are represented by
limestone and dolomite. The plant community is defined by the forest plantations used for
reclamation and the shape of the mesorelief of the waste dumps. Soil cover is represented by
replantozem. The vegetation cover of the overburden dumps is rather mosaic and it is not
possible to identify any features characteristic of all facies on the dumps. Most of the dumps are
characterized by reclamation with European spruce Picea abies. Moreover, it is possible to find
already formed 40-year-old spruce forests, as well as recently planted ones, as the reclamation of
waste dumps continues to this day. In addition to the European spruce, the stand may comprise
the birch (Betula pubescens), aspen (Populus tremula), willow (Salix sp.) and pine (Pinus
sylvestris) (Figure 19). In the herb-shrub layer, the common grasses include reedgrass
Calamagrostis sp., mother-oil Tussilago farfara, common gout Aegopodium podagraria, and
common goldenseal Solidago virgaurea. The moss-lichen layer is usually present, but does not

cover large areas (on average, the projective coverage in the sample area on the dump is 30%).

Figure 19. Mixed forest on a reclaimed overburden dump (author's photo).
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Communities of wetland ecosystems in the study area

All bog ecosystems are categorised as opportunistic. There are five test plots in this
category: two in Pyatnitskiy Mokh bog located Skm from the current operation site, directly
adjacent to the reclaimed overburden dumps which are currently forestry land; two further test
plots located 8km north-west of the operation site; and a final test plot located 7km north of the
operation site. The underlying rocks are both clayey limestones and dolomites of the
Mednikovskaya Formation (Pyatnickiy Mokh bog) and plastic clays of the Siverskaya Formation
(the remaining bog test areas). Bogs are confined to negative landforms (depressions between
positive landforms or river valleys). Both oligotrophic peat soils and eutrophic peat soils can be
found in the study area. The cover of sphagnum mosses in bogs is 95-100 %. The projective
cover of the herb-shrub layer varies greatly: from 15 to 80 %. Pyatnitskii moss bog is
characterised by the presence of Pinus sylvestris, Betula nana dwarf birch and Fragmites

australis reed (Figure 20).

Figure 20. Depression with a pine-herb-reeding sphagnum community on peat
oligotrophic soils (author's photo).

Forest ecosystem communities in the study area

In the conditionally-background forest ecosystems, 11 sample plots have been laid at a
distance of 4-7 km from the production area. All these ecosystems are located on the river terrace
of the Luga River. The underlying rocks are the following geological formations: Siverskaya
Formation (plastic clays with interlayers of siltstones); Lyukatistskaya and Tiskreskaya

Formations (clays and siltstones); Sablinskaya Formation (sands and sandstones) and
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Tosnenskaya, Leetsetskaya and Koporskaya Formations (sands, sandstones, mudstones and
clays). The list of soil types of forest ecosystems is also quite diverse: gleyey soils (gleyzem
grey-humus, humus-gleyey soils), lithozem (lithozem grey-humus) and alphegumus soils (sod-
podburs: typical, illuvial-humus coarse-humus and illuvial-iron). Common to the forest facies is
the presence of tree layer, absence of European pine Pinus sylvestris and willow Salix sp. in the
tree layer (as on the dumps), European spruce Picea abies (Figure 21), birch downy Betula
pubescens and aspen Populus tremula are in the dominant position. Projective coverage of the

moss-lichen layer is 30-95%.

Figure 21. River terrace with spruce kiosk-grassland community on sod-podbura (author's
photo).

Meadow communities in agricultural fields (farms)

Two sample plots have been established on agricultural land. The first one is at a distance
of 4 km from production (Figure 22) and the second one is at a distance of 5 km. Their
peculiarity is that they are used for farm production (in particular for grazing and feeding cattle).
The underlying rocks are the following geological formations: the Siverskaya Formation (plastic
clays with interlayers of siltstones) and the Lyukatista and Tiskre Formations (clays and
siltstones). Soils are soddy-podzolic. Common to meadow facies is the absence of a woody layer,

the presence in the herb and shrub layer of the buttercup Ranunculus acris, goose-foot lapwort
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Potentilla anserina, meadow pea Lathyrus pratensis, mouse pea Vicia cracca, common yarrow
Achillea millefolium and forest artemisia Anthriscus sylvestris. On a transect at the distance of 5
km the dominant species in the meadow community are hedgehog Dactylis glomerata (variety
1), common brome Millium effusum (variety 1), common gout Aegopodium podagraria (variety
1), field thistle Sonchus arvensis (variety 1), common cudweed Alchemilla vulgaris (variety 1).
In the second trial area at a distance of 4km the dominant species is reedgrass Calamagrostis sp.
(variety 3). Dandelion Taraxacum officinale (sp), meadow clover Trifolium pratense (sp) and

others also occur. The moss-lichen layer is absent in these areas.

Figure 22. River terrace with reedgrass meadow on sod-podzol soils.

Conclusions to Chapter 3
The study area belongs to the southern taiga plain landscapes of the north of the East

European (Russian) Plain. Ordovician carbonate rocks underlie much of the area and Cambrian
rocks are also common. The prevailing wind direction is south and west. The climate of the
study area can be described as moderately warm, humid, with mild winters. River network is
well developed, sampling areas were located in the catchments of two rivers - Luga River, a
major watercourse of Leningrad oblast, and Notika River, a tributary of Luga. The study area
belongs to the European-Western Siberian taiga-forest soil-climatic area, to the soil zone of sod-
podzol soils and sod-podzols of southern taiga, to the soil-climatic facies of moderately frozen

soils, to the Baltic soil province The replantozem soils are distributed in the field, and in the
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conditionally background area alfehumus, gleyey, peaty and texture-differentiated soils. The
vegetation is comprised of birch and spruce forests. The location of water bodies, underlying
rocks, soils and anthropogenic transformation of the area play a significant role in the

distribution of vegetation.
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Chapter 4. Geo-environmental assessment of the impact of phosphate fertilizer
production on soils

4.1 Current ecological status of the soil cover at the Kingisepp phosphorite field

In the course of the ecosystem study, several types of different sites were identified in the
study area: natural - forest, meadow and marsh ecosystems - and natural-anthropogenic - at the
phosphogypsum dump, at the site of tailings pits and at the site of reclaimed phosphate rock
quarries. The pits were backfilled with overburden during reclamation.

The work is based on the following assumption: the conventional background area, the
area of reclaimed overburden rock dumps and the area of large technogenic objects, such as
tailings pits and phosphogypsum dumps. The difference between the three territories is
confirmed by statistically significant differences in the samples, practically for all investigated
chemical elements (Mann-Whitney U-criterion). The hypothesis is as follows: the conditionally-
background territory has no (or only slight) traces of anthropogenic impact (the impact of
phosphate fertilizer production); the territory of the recultivated overburden rock dumps was
under strong anthropogenic pressure before; at present it is overgrown with forest vegetation and
has partially belonged to the forest lands; the area of large technogenic objects is characterised
by the maximum anthropogenic impact.

The current ecological state of the soil cover was assessed in terms of the content of
suspected pollutants (heavy metals, fluorine, phosphorus and a number of other indicators) in
comparison with background values found in literature and regulatory sources. The main results
of this subsection of the chapter are presented in Vestnik SPbU (Elsukova, Nedbaev, Kuzmina,
2022). The results published in this thesis are specified and supplemented. Table 6 shows the
content of mobile forms of heavy metals (HM) in soil samples.

The content of mobile forms of heavy metals depends on many factors, including the
amount of precipitation, and changes from year to year more actively than the gross content of
elements, nevertheless, their content is normalized and is an important indicator of the ecological
state of soils. The results are compared with an indicative / maximum allowable concentration
(MPC / MAC) for soils. The median content of mobile forms of elements in soils in the southern
taiga of the Barents region (Salminen et al., 2004) was also used as a value for comparison.

In general, the content of mobile forms of heavy metals does not exceed the background
values for the Barents region (except for barium and iron). Characteristically, the iron content in
the conditionally-background area is higher than in the anthropogenic-disturbed areas. The

average iron content in anthropogenic objects is 26,5 ppm, while in natural areas it is 14 times
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higher - 386,5 ppm. Barium content averages 45 ppm, the maximum content is observed in soils

of large technogenic objects and reaches 300 ppm.

value, denominator - minimum - maximum).

Table 6: Content of mobile forms of heavy metals in soils, ppm (numerator - average
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Russian Federation of 28.01.2021 N 2 "On Approval of Sanitary Rules and Norms SanPiN 1.2.3685-21...". (for
MAC / MPC) as well as (Salminen et al., 2004).

The average content of mobile forms of cadmium in soils formed on technogenic objects

is 0,8 ppm and reaches 1,5 ppm in single samples on technogenic objects. At the same time local

background of cadmium is on average 0,1 ppm. Excess of content of mobile forms of cadmium

in natural-anthropogenic complexes over natural ones is observed several times. The mobile

cobalt and chromium were found in insignificant concentrations not exceeding the normative

values. It has been established that MAC exceedances of average concentrations in the

conditionally-background area have not been detected for all elements, there are single
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exceedances for manganese, nickel, zinc and copper. The reclaimed overburden dumps have
exceeded MPCs for manganese, copper, lead and zinc. Soils at the phosphogypsum dump and
the tailings dump have exceeded MPCs for manganese, copper, lead, nickel, chromium and zinc
(Elsukova et al., 2022).

Table 7 and Figure 23 present the gross content of heavy metals in soils and acidity
values. The results obtained are compared with the MAC / MPC for soils. For some elements the
MPC/DAC values depend on the mechanical composition and acidity of soils. The soils of large
technogenic sites are sandy loam in terms of their mechanical composition, conditionally-
background areas and reclaimed overburden dumps are loam. In addition to the TOC, the median
element content of soils in the southern taiga of the Barents region (Salminen et al., 2004) and
the zonal background for podzolic soils (Saet et al., 1990) were taken as values for comparison.

A pH of 3.9 to 6.7 (strongly acidic to neutral reaction) with an average of 4.9 is typical
for soils of conditionally-background territories, and a pH of 5.7 to 6.9 with an average of 6.4
(slightly acidic to neutral reaction) for TPO of large technogenic sites. In the studied area,
anthropogenic activity leads to soil alkalinization (Elsukova et al., 2020).

All soils in this region have an elevated barium content - on average about 500 ppm,
which is 10 times higher than the average content in the soils of the world (50 ppm). The average
value in the conditional-background area is 507 ppm, in the overburden dump is 543 ppm and in
the phosphogypsum dump is 354 ppm. The maximum content is observed at the phosphogypsum
dump and reaches 876 ppm.

Cadmium accumulates on the slopes of phosphogypsum dump and at the tailings dump,
however, its content does not exceed any normative values. At large technogenic objects
cadmium content is on the average 0.27 ppm, maximum concentration is 1.54 ppm. The problem
of determination and rationing of cadmium in soil has not yet been solved (Plekhanova, 2010).

The content of gross cobalt averages 5.5 ppm, which is lower than the background for
podzolic soils (8.4 ppm) and reaches a maximum (18.5 ppm) on reclaimed overburden dumps. In
general, cobalt is evenly distributed over the study area.

Another element that tends to accumulate in the area of phosphogypsum and tailings
dump location and which also does not exceed background values is chromium. It is relatively
evenly distributed in the study area, its average content is 29 ppm, at large technogenic objects
there is some tendency to increase, its maximum content reaches there 103 ppm.

Copper content averages 13 ppm and peaks at large technogenic objects at 63 ppm, 4

times higher than background area.
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Table 7. Gross content of heavy metals in soils, ppm (in numerator - average value, in

denominator - minimum - maximum) (Elsukova, 2022).
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* By: Yanin, 2007.

Note. Values for the last two columns are taken from: (Saet et al., 1990) for zonal background; (Salminen
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Figure 31. Gross heavy metal content (ppm) in the conditionally-background area,
reclaimed quarries and large technogenic sites. The diagram shows the distribution of the data by

quartiles. The vertical lines indicate the deviation beyond the upper and lower quartiles. The x
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sign indicates the mean value, and the horizontal line indicates the median. No standard line on
the graph means that the standard value is above the values marked on the axis.

Gross iron is relatively evenly distributed over the study area. Its average content in soils
is 21175 ppm.

Manganese in the conditionally background area is presented in the average quantity of
216 ppm. However, at the tailings dump and phosphogypsum dump its content increases by 1.5
times, up to 355.5 ppm. At reclamated pits manganese content reaches 776 ppm (this is almost 4
times higher than in the conditionally-background area). However, all obtained values do not
exceed zonal background and MAC for gross content.

The average nickel content is 15 ppm, reaching a maximum of 105 ppm at large
technogenic sites, which exceeds the MAC by 5 times, and the background content by 4.5 times.
Average values exceed the MAC for large technogenic objects for nickel.

The average gross lead content is 21 ppm, which is lower than the MPC and the
background. It slightly decreases in anthropogenic areas (up to 15 ppm). The content of lead is
probably related to the impact of road transport.

Antimony content increases towards phosphogypsum dumps and reaches 1.9 ppm, which
is five to five times higher than background, but does not reach the MPC for gross content (4.5
ppm).

At present, scandium is not among the elements typical for formation of anthropogenic
geochemical anomalies in various environmental components of economically developed areas
(Yanin, 2007). Scandium content averages 6.2 ppm, which corresponds to the background (7
ppm).

In the conditionally-background area, the average strontium content is 92 ppm. At the
overburden dumps, the average value increases almost twofold and amounts to 171 ppm. On the
phosphogypsum dump slopes an abnormal situation is observed. Average strontium content is
2381 ppm which is an order of magnitude higher than zonal background (238 ppm) and clark
(340 ppm) and also exceeds the upper limit of normal content of bulk strontium in soils
according to V.V. Kowalski (600 ppm), the content of 600-1000 ppm is considered excessive
(Kowalski, 1974), with a minimum of 65 ppm and a maximum of 17000 g/kg. These results fully
confirm the conclusions of previous researchers about significant accumulation of strontium in
phosphogypsum dumps.

Vanadium content is the highest in soils on the phosphogypsum dump slope and at the
tailings dump - the average content reaches 55 ppm, and the maximum 217.5 ppm exceeds MPC
by 2 times. On conditionally-background and in soils of recultivated pits vanadium content is

lower - 40 and 47,5 ppm respectively.
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Zinc is evenly distributed over the study area - its average content of 46 ppm
approximately corresponds to the background values. It was found that the maximum content of
gross forms of barium, cadmium, copper, nickel, antimony, strontium, vanadium and zinc is
characteristic of soils sampled at the phosphogypsum dump and at the tailings dump. Cobalt,
manganese, lead, scandium are evenly distributed over the study area.

According to the results of variation coefficient calculation, low variation (variation
coefficient less than 30 %) is characterized by gross barium and lead; medium (variation
coefficient 30-60 %) by cobalt, chromium, iron, manganese, scandium, zinc; high (variation
coefficient 60-100 %) by copper, nickel, antimony, vanadium; abnormally high (variation
coefficient over 100 %) by cadmium and strontium.

Table 8 and Figure 24 show the gross content of organic matter, fluorine, phosphorus and
sulphur in soils and the content of water-soluble forms of calcium, chlorine, potassium,
magnesium, sodium ammonium and nitrate forms of nitrogen.

The content of organic matter in soils in the conditional-background area is higher than in
soils of anthropogenic sites. The surveyed soils are characterized by high calcium content, with
an average content of 14225 ppm. Chlorine is distributed evenly over the study area, with a
decrease in concentrations at large anthropogenic objects.

On conditionally background area the content of fluorine compounds does not exceed
1100 ppm, and on average it is 330 ppm. The average content on reclaimed overburden rock
dumps amounts to 870 ppm, and on large technogenic objects - 1513 ppm. The maximum
fluoride content was detected in a sample taken from the phosphogypsum dump. It amounted to
2860 ppm and was 10 times higher than the zonal background for podzolic soils.

Phosphorus is ubiquitous throughout the study area. The phosphorus content in the whole
study area exceeds the known background values. This can be explained by the fact that the
region is located in the area of the Kingisepp phosphate deposit. On the conditionally
backgrounded territory the average phosphorus content is 1215 ppm, on the recultivated mines
the increase of phosphorus content to 4535 ppm is observed, on the territory of large
anthropogenic objects - to 8148 ppm. The maximum value in rehabilitated surface mines
amounts to 17908 ppm, which is 25 times higher than background.

The content of water-soluble forms of potassium tends to accumulate on anthropogenic
objects. On conditionally backgrounded territory it is 27 ppm, on recultivated overburden rock
dumps - 110 ppm, on phosphogypsum and tailings dumps - 151 ppm. Magnesium mainly
accumulates on overburden dumps (832 ppm - exceeding the median value for soils in the
southern taiga of the Barents region), as does sodium (up to 10300 ppm). Nitrogen compounds

also accumulate on reclaimed overburden dumps.
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Table 8: Macronutrient content of soils (numerator - average value, denominator -

minimum - maximum).
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(n=5) (n=15) (n=8) (n=28)
fynye (©), 8.7 5.2 40 55 - - -
¢ 2,2-17,0 1,0-8,8 0,6-8,1 5,5
(n=6) (n=3) (n=9)
Ca*, ppm n.d. 400 27800 14225 - 720 5150
25-2300 8350-53250 9962
(n=13) (n=15) (n=15) (n=43)
CI*, ppm 29 28 7 27 - - -
12-47 9-68 22-34 23
(n=14) (n=24) (n=7) (n=45)
F, ppm 330 870 1530 830 - 208 -
120-1110 180-2070 540-2860 600
(n=13) (n=15) (n=15) (n=43)
K*, ppm 27 110 151 92 - - 806
4-97 13-562 12-475 36
(n=6) (n=3) (n=9)
Mg*, ppm n.d. 832 231 631 - - 513
23-4377 31-362 50
(n=13) (n=15) (n=15) (n=43)
Na*, ppm 2800 10300 4634 6221 - - 61
H.14.—13600 620-68800 H.1.—33060 2527
(n=13) (n=15) (n=15) (n=43)
NH4*, ppm 7 32 24 22 - - -
1-27 2-345 4-87 9
(n=13) (n=15) (n=15) (n=43)
NO;*, ppm 2760 6801 5082 5208 - - -
470-5780 27-51411 9-25590 2874
(n=14) (n=24) (n=7) (n=45)
P, ppm 1245 4535 8148 3897 - 700 927
2155370 484-17908 3080-13904 2376
(n=14) (n=24) (n=T7) (n=45)
S, ppm 1150 650 4400 1501 160 720 1640
H.4.—16900 H.4.—11500 H.4.—17800 H.4.

Note: n.d. — no data; * — water-soluble form

Sulphur is very actively accumulated in the soils of the whole studied area, especially on
the slopes of phosphogypsum dumps. In three sample areas, a flurry of sulphur content was
detected - 16900 ppm (conditionally background area), 11500 ppm (reclaimed overburden rock
dumps) and 17800 ppm (phosphogypsum dumps). Values for sulphur content in soils in Table 8
are calculated without these values. The average sulphur content increases from the conditionally
background area to the phosphogypsum dumps and averages 750 ppm, which is almost 5 times

the MPC.

The concentration coefficients (Cc) of chemical elements in the impact zone of

Phosphorit enterprise are presented in Table 9.
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Figure 32. Fluorine, phosphorus and sulphur content (ppm) in the conditional background
area, reclaimed quarries and large technogenic sites. The diagram shows the distribution of the
data by quartiles. The vertical lines indicate the deviation outside the upper and lower quartiles.
The x sign indicates the mean value and the horizontal line the median

To calculate the coefficients we used: zonal background for podzolic soils (according to
Yu. E. Saet), content in soils of southern taiga of the Barents region (median), as well as
hygienic standards.

Out of the 19 elements studied half of them (10 elements) have MAC / MPC, 15 elements
have a zonal background, 17 elements have a median content in the soils of the southern taiga in
the Barents region. Thus, all of the elements studied have a normative or background value for
comparison. The zonal background for podzolic soils and southern taiga soils in the Barents
region is in most cases below the hygienic standards.

Values of maximum permissible concentration of chemical elements in soils of large
technogenic objects, calculated according to MPC / MPC showed that hygienic norms are
exceeded: for vanadium - 1,5 times; for copper and zinc - 2 times; for cadmium - 3 times; for
nickel - 5 times; for sulfur - 7 times; for labile fluorine - 3 times.

The average values of the content of elements in the soils of technogenic objects exceed

the hygienic norms only for sulfur. Coefficients of concentration of average and especially
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maximum contents of elements in soils of large technogenic objects show that values of zonal
background for the majority of elements are considerably exceeded. On average for the territory
under study the background is exceeded by zinc and nickel 1.2 times; by copper 1.4 times; by
antimony 1.5 times; by lead 2 times; by fluorine 7 times; by phosphorus 12 times; by barium 8
times; by strontium 13 times; by calcium 40 times (Table 9).

Table 9: Coefficients of concentration Kk of the gross content of chemical elements in

the impact area of the enterprise Phosphorit.

Territory / area Elemental concentration ratios (shown in
TR Norm
statistical indicator brackets)

Whole area (average) | podsolic sois (by | SP (-1 Zn (12, Pb (1), F (4.1),
Yu. Saet)’ P (5.8), Ba (10.6), Ca (19.8)

Technogenic sites Zonal background of | V (1.03), Zn (1.2), Ni (1.2), Cu (1.4),

(phosphogypsum dump | 4, lic oils (by | Sb (1.5). Pb (1.7), F (7.3), Ba (8), P (11.6).
and tailings pond) «

: Yu. Saet) Sr (12.9), Ca (38.6)
(medium)
Technogenic sites Zonal background of | Mn (1.2), Cd (2.2), Pb (2.2), Zn (2.6),
(phosphogypsum dump .S .
and tailings pond) podzolic soils (by V (3.4), Cu (4.1), Ni (4.5), Sb (5.5),
(max) &P Yu. Saet)’ F (13.8), Ba (18), P (19.9), Sr (71), Ca (74)
Reclamation of Zonal background of
overburden dumps podzolic soils (by Zn (1.1),Pb (1.7), F (4.0), P (6.4), Ba (10)
(medium) Yu. Saet)”
Conditional Zonal background of
Background Area podzolic soils (by Zn (1.2),P (1.3),Pb(2.2), F (1.5),Ba (12)
(average) Yu. Saet)”

Content in soils in
the southern taiga of
the Barents region

Mn (1.1), Cu (1.4), Sb (1.6), Ca (1.9),
Ni (2.2), Co (2.5), P (2.6), V (4.2),
Cr (5.1), Ba (6.3), Sr (6.3), Fe (6.6)

Whole area (median)

(median)™*
Whole area (average) TAC/TCP ™" S(2.7)
Technogenic sites
(phosphogypsum dump -
and tailings pond) TAC/TCP S(3.9)
(medium)

Technogenic sites
(phosphogypsum dump | TAC/TCP ***
and tailings pond) (max)
Reclamation of TAC/TCP ™"

V (1.5), Cu (1.9), Zn (1.9), Cd (3.1),
Ni (5.3), S (6.8), Fanop.(2.9)

overburden dumps (max) S (14.4)
Conditional Background
Area TAC/TCP ™ S (6.9)

(max)
" (Saet et al., 1990).
** (Salminen et al., 2004).
** Decree of the Chief State Sanitary Doctor of the Russian Federation of 28.01.2021 N 2 "On Approval of

Sanitary Rules and Norms SanPiN 1.2.3685-21...".
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On the territory with zonal background the zonal background is exceeded by 1,2 times for
zinc; 1,3 times for phosphorus; 1,5 times for fluorine; 2,2 times for lead; 12 times for barium.
MPC in the conditional-background area was exceeded 7 times for sulphur.

Coefficients of element concentrations calculated using a median value for soils in the
southern taiga of the Barents region are exceeded by 12 elements, including copper and
antimony (1.5 times), calcium and nickel (2 times), cobalt and phosphorus (2.5 times), vanadium
(4 times), chrome (5 times), barium and strontium (6 times), iron (7 times).

In general, background exceedances are observed for most of the elements (for 13 out of
19 studied). In general, when compared, the Kc calculated for zonal background (mean) and
southern taiga soils of the Barents region (median) are the same for the list of elements. The
coefficients calculated from the median below are smoother. Coefficients greater than one
calculated for both zonal background (mean) and southern taiga soils of the Barents region
(median) are observed for barium, calcium, phosphorus, fluorine, strontium.

Figure 25 shows the ratio of mobile forms and gross content of some heavy metals in the

studied area.
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Figure 25. Mobility of heavy metals from the gross contents in the study area.
The current challenges include the search for patterns of transition of TM from the labile

state into easily accessible forms for plants and microorganisms (Nevedrov et al., 2018). This
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indicator makes it possible to assess, among other things, the availability of trace elements to
plants.

The percentage of mobile forms increases with the increase of the gross content. Low-
mobile (0-1 %) elements are absent, medium mobility (1-10 %) is characteristic for barium, lead,
nickel and zinc, high (10-20 %) - for manganese and copper, high-mobile (more than 20 %)
elements are absent.

For most elements mobility increases with increasing degree of anthropogenic
disturbance of the site (barium, lead, manganese, copper, zinc). Percentage of mobile forms of
barium is high only on the territory of large technogenic objects (13%), on other territories it
does not exceed 6-9%. Percentage of mobile forms of lead is rather high at large technogenic
objects. At the content of mobile forms of 3 ppm the gross content is 15 ppm. At the same time
on conditionally-background territory the gross content of lead on the average is 26 ppm, and the
content of mobile forms is only 2 ppm.

For manganese the situation is as follows: relative amount of mobile forms increases
from conditionally background area (16 %) to recultivated quarries (24 %), but decreases at large
technogenic objects (15 %). Copper is characterized by increased mobility throughout the study
area. The mobile forms of nickel in the investigated territory make up 6-7 % of the total content,
with slightly less mobile forms at large technogenic objects. In phosphogypsum dump and tailing
pond soils the relative amount of mobile forms of zinc is 21%. On other territories this indicator
does not exceed 10-11 %. Thus, anthropogenic activity of phosphate mining increases the
mobility of barium, manganese, lead, copper and zinc.

During the dissertation study, toxicity was also determined by biotesting for 60 soil
samples. The test object was Daphnia magna Straus daphnia. However, when analyzing the
results obtained, it turned out that the survival rate of Daphnia in soil extracts obtained from
samples taken in the field area is close to 100%, while in the conditional-background area the
median of this indicator is 60%. The explanation of this fact can be found taking into account
acidity of soils. Most likely it was the lower pH values that caused the environment to be more
toxic for the daphnia. This method was taken as an experimental one and after the work it can be
concluded that in regions with natural soil acidity less than 5.5 pH it is not worth using biotesting
with the test object Daphnia magna. In the territory of the Kingisepp phosphate deposit the soil
acidity is 6-7 units of pH, which is a comfortable environment for Daphnia, therefore there was a
high survival rate in extracts of soil samples from the deposit as well. However, we can also state
that in the area of phosphogypsum dumps and overburden rock dumps, in the production area

and tailing pits, soils are not toxic, according to the selected biotesting method.
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The impact of phosphate fertilizer production on the territory of the Kingisepp phosphate
rock deposit results in the formation of positive landforms - dumps, which change the migration
flows of chemical elements. The production area is located on the river terrace of the Luga
River, bordering the river valley. The river floodplain is located at elevations up to 10 m from
sea level. The main part of the notional background area is at elevations of 10 to 30 m, and the
terrain is flat, with sub-horizontal or slight slope present in the terrain (within one PTC) (Figure
26). In the southern area of the deposit, which stretches in the latitudinal direction, there are
overburden dumps with anthropogenic channels running between them. The height of dumps at
the foot is from 10 to 20 meters, on top - from 20 to 30 meters. The average height of the heaps
is 5 to 10 metres. The highest point in the studied area is the top of the phosphogypsum dump
(more than 60 m above sea level). Accordingly, anthropogenic activities have resulted in the
formation of rugged landforms and elevation differences of up to 30 m.
SRS Th
QQ Legend Fe
"\_5\d — 1sohypses above sea level, m
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Figure 26. Topography of the study area (derived from the SRTM digital elevation

model).

A number of anthropogenic processes are responsible for the changes in the terrain. The
first of these is the extraction of overburden to the day surface, as phosphate rock mining
requires the movement of significant volumes of "waste" rock, mainly limestone and dolomite,
which are stored either on the surface of the river terrace or in excavations from phosphate rock

mining. The second process is the formation of quarry openings, which are partly covered by
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overburden, but partly remain as anthropogenic channels. The third process is the stockpiling of

phosphogypsum, a waste product of the industry.

4.2 Indicators of the impact of soil phosphate fertilizer production

To find indicators of anthropogenic impacts of phosphate fertilizer production on soils, it
was decided to compare soil conditions in a reference-background area and in a combined area
of reclaimed overburden dumps, phosphogypsum dumps and tailings to increase the
representativeness of the sample based on the sampled soils near anthropogenic facilities. This
amalgamated area was decided to be named "production area" or "area of the Kingisepp
phosphate deposit". Thus, there will be a comparison of the soil cover that has directly
experienced anthropogenic impact ("the deposit area") and the soil cover located at a distance of
4-9 km from the main sources of impact ("the conditionally background area"). The Mann-
Whitney U-test was chosen to look for differences because the vast majority of the samples did
not follow the normal law of distribution, according to the Kolmogorov-Smirnov criterion, and
consequently parametric criteria could not be used. As a consequence, the measure of central
tendency was the median rather than the mean, with the 25th and 75th quartiles. The only
exceptions are the samples for gross lead and iron content. They for both territories (for both the
conditional-background and the field) corresponded to the normal law of distribution.
Consequently, for these elements, the samples were compared and differences were found by
Student's T-test and the arithmetic mean with confidence interval, minimum and maximum
values served as a measure of central tendency.

Changes in soil acidity

Figure 27 shows the values of actual soil acidity in the study area. The impact of
phosphate fertilizer production in the territory of the Kingisepp phosphate deposit compared with
the conditionally-background territory results in an increase of pH by 2 units for both water
extraction (actual acidity) and salinity (potential acidity). Acidity was measured in 82 samples:
29 samples from the conditionally-background area and 53 samples from the field area.
Differences were searched by Mann-Whitney U-criterion, the distribution did not follow the
normal law of distribution. The median actual acidity in the conditional-background area was 5.3
pH units (25th-75th quartiles: 4.6-5.6), and in the field area was 7.2 pH units (25th-75th
quartiles: 6.9-7.6) (Figure 27).

In a study by A.D. Zhukova (Zhukova et al., 2016), the actual acidity in the conditional-
background area was 6.5 pH units and in the impact area 6.5-6.6 units. This study was conducted

in the Moscow region. The production of phosphate fertilizers in it did not affect the pH value.
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Figure 27. Values of current soil acidity in the study area (in pH units).

In the present study, the difference between the acidity of the conditionally background
area and the deposit area was 2 pH units, from which we can conclude that for the taiga zone the
impact of phosphate fertilizer production manifests itself on acidity more significantly than in
regions of our country located to the south.

Median potential acidity in the conditionally-background area was 4.3 pH units (25th-
75th quartiles: 3.9-5.0), and in the field area - 6.6 pH units (25th-75th quartiles: 6.3-6.9).
Transition of soils from slightly acidic to neutral means that a number of plants for which a
neutral environmental reaction is unacceptable may disappear from the deposit area.

In a similar study (Zhukova et al., 2016), in the impact zone of the phosphate fertilizer
production facility, soil pH ranged from 5.6 to 7.3 units. That is, soil acidification did not occur
either, which is consistent with the results obtained in the present study. It is most likely that the
chemical composition of the overburden - limestone and dolomite - is the reason for the increase
in pH.

Changes in water-soluble forms of sodium and ammonium nitrogen

Median content of water-soluble forms of sodium in the conditional-background area was
7700 ppm (25th-75th quartiles: 2700-13600 ppm), and in the field area - 41300 ppm (25th-75th

quartiles: 21400-77000 ppm). Soils of the deposit contain water-soluble sodium in excessive
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amounts. The sodium content in phosphogypsum ranges from 600 ppm to 6200 ppm (Tayibiet
al., 2009), other data (Saadaoui et al., 2017) to 47000 ppm, in US phosphogypsum can fall below
300 ppm (Arocenaa et al., 1995). The median water-soluble sodium content in Kingisepp
phosphogypsum is 20400 ppm, which is significantly higher than the global figures. From this, it
can be assumed that sodium enters the adjacent landscapes from phosphogypsum. However, the
median sodium content in the deposit area is over 40000 ppm. Consequently, overburden and
industrial emissions could be an additional source of sodium.

Median content of water-soluble forms of ammonium nitrogen in the conditionally-
background area is 5 ppm (25th-75th quartiles: 4-7 ppm), in the field area - 13 ppm (25th-75th
quartiles: 5-25 ppm). Unfortunately, similar studies of the impact of phosphate fertilizer
production did not reveal a pattern of increase in water-soluble ammonium forms of nitrogen in
the soil, so there is nothing to compare the results obtained at the moment. The only information
that can be referred to is the impact description from the IFC (Guidelines for the Protection of...,
2013), which states that nitrogen compounds can enter adjacent landscapes during the production
of superphosphate, the most common phosphate fertiliser.

Changes in the content of mobile forms of manganese and iron

The impact of phosphate fertilizer production on the territory of Kingisepp phosphate
deposit compared with the conditionally-background territory leads to an increase of mobile
forms of manganese by 5-6 times and a decrease of mobile forms of iron by 5-6 times. The
mobile forms of manganese and iron were measured in 79 samples: 26 samples from
conventional background area and 53 from the deposit area. Differences were searched by
Mann-Whitney U-criterion, distributions did not correspond to the normal law of distribution.

The median content of mobile forms of manganese in the conditional-background area
was 25.5 ppm (25th-75th quartiles: 13.5-42 ppm) and in the field area 120 ppm (25th-75th
quartiles: 43.5-208.5 ppm) (Figure 28). These values of mobile manganese are not toxic to
vegetation. However, they can be used to identify the impact of phosphate fertilizer production,
as there is a pattern of increased levels of mobile forms of manganese in areas affected by the
production in question.

Overburden rocks are a likely source of manganese. Carbonell-Barrachinaa et al. (2002)
reported that the content of mobile forms of manganese in phosphogypsum dump is low at 4
ppm. In the present study, the content of mobile forms of manganese is 1.5 ppm.

The median content of mobile forms of iron in the conditional-background area is 170

ppm (25th-75th quartiles: 70-500 ppm), in the deposit area is 20 ppm (25th-75th quartiles: 10-60
ppm).
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Figure 28. Content of mobile forms of manganese in soils in the study area (in ppm).

According to the monograph (Kabata-Pendias et al., 1989), the content of mobile forms
of iron less than 30 ppm is the critical limit of iron in the soil. Accordingly, it can be assumed
that there is a deficit of plant-available forms of iron in the deposit area (while gross iron is
abundant). The inaccessibility to plants is most likely due to the elevated pH compared to the
conditionally background area, as normally oxidising and alkalising environmental conditions
promote iron precipitation, while acidic and reducing conditions promote the dissolution of iron
compounds. Free iron is fixed as oxides and hydroxides, replaces magnesium and aluminium in
other minerals and often forms complexes with organic ligands. A deficiency of available iron
can lead to failures in the physiological processes of plants, which will affect the growth and
development of individuals.

In addition to the environmental response, when manganese available to plants is
abundant, as described above, there can be a decrease in mobile forms of iron, as manganese and
iron antagonism are widely known (Kabata-Pendias et al., 1989). In addition there is iron and
phosphorus antagonism. An increase in pH can contribute to the conversion of iron to forms that
are unavailable to plants. A study (Carbonell-Barrachinaa et al., 2002) reported a mobile iron
content of 11 ppm in a phosphogypsum dump. The Kingisepp dump contains 5 ppm.

At the same time, in soils of conditionally-background territories, values of mobile iron

content can reach several hundreds of ppm. The maximum value was 1040 ppm on the
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conditional-background profile in the forest ecosystem. Tellingly, in the same soil sample the
content of mobile manganese was 4 ppm (an indirect confirmation of the antagonism of these
two elements in the labile state). In bog ecosystems the content of mobile iron reached 605 ppm.
At the overburden dump the maximum values are 135 ppm and at the phosphogypsum dump the
maximum is 120 ppm.

Change in gross iron content of manganese, lead and strontium

Average iron content in the conventional-background area is 16600+7800 ppm
(minimum and maximum values: 5900-33900 ppm), in the deposit area is 2320010700 ppm
(minimum and maximum values: 500-49400 ppm). The gross iron content in the deposit area is
higher than in the conditionally-background area, in contrast to the content of mobile forms.
Neutral environmental conditions promote consolidation of iron in insoluble forms.

The iron content in the phosphogypsum dump, according to the literature (Tayibi et al.,
2009), is between 200-6300 ppm, other data (Saadaoui et al., 2017) range from 100 to 1750 ppm,
in US phosphogypsum can be as high as 7000 ppm (Arocenaa et al., 1995). The median content
of Kingisepp phosphogypsum is 1400 ppm, which is consistent with data from other researchers.
However, an accumulation of gross iron content (23700 ppm) has been observed in the deposit
area. Consequently, the phosphogypsum dump cannot be a source of this element. There are also
no data on iron emissions from phosphogypsum production.

The gross iron content exceeds the regional background of the southern taiga of the
Barents region by a factor of 4 in the conventional background area, and by a factor of 6-7 in the
deposit area. These exceedances may be due to a low regional background. But the difference in
iron content is not traceable in all similar studies. In China, there was no significant difference
between iron content in the conditionally-background area and the industrial phosphate fertilizer
production area (Wang et al., 2019). However, this may be due to inaccuracies in the selection of
the conditional-background area, as the iron content in the described study was significant
(30000-40000 ppm). Alternatively, the reason for the elevated iron content is not due to
production impacts but to the composition of the overburden (as in the case of manganese).

The median manganese content in the conditional background area is 180 ppm (25th-75th
quartiles: 160-230 ppm) and in the deposit area is 620 ppm (25th-75th quartiles: 470-770 ppm).
The increased manganese content is most likely due to the composition of the rocks extracted to
the surface during mining, as the highest concentrations of manganese are characteristic of the
host rocks (Kabata-Pendias et al., 1989), which are the limestone and dolomite of the Volkhov
and Obukhov Formations.

Researchers (Tayibi et al., 2009) note that manganese content in phosphogypsum waste is

low, not exceeding 15 ppm (conclusion based on examination of many different phosphogypsum
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dumps). However, in the Kingisepp dump, the median manganese content is 45 ppm, which
exceeds world levels of manganese content, but at the same time is significantly lower than the
content of manganese in the deposit soils. The likely source of manganese may be overburden
rocks (dolomites and limestone), which may have impacted adjacent landscapes during surface
extraction and movement. In Lebanon, similar production has manganese contents in soils of
adjacent landscapes as high as 1200 ppm, with production in Lebanon also located on limestone
bedrock (Aoun et al., 2010), but not every phosphate fertilizer production increases soil
manganese content (Wang et al., 2019). Manganese content in the deposit area exceeds the zonal
background and content in the conditionally-background area, indicating manganese
accumulation in the deposit area.

The average lead content in the conditional-background area is 29+7 ppm (minimum and
maximum values: 20-48 ppm), in the deposit area is 19+5 ppm (minimum and maximum values:
6-26 ppm). The content of lead characteristic of natural ecosystems is mainly due to the
influence of the chemical composition of the underlying rocks. In modern environmental
protection practices, lead contamination is extremely common in urban and industrial areas, so a
significant part of the soil cover contains lead in amounts exceeding the MAC. This is especially
true of the surface horizons in the areas of major highways. In our case, however, there are no
signs of lead contamination. Reduction of the gross lead content in the deposit area compared to
the content in the conditionally-background area may be caused by the fact that lead is contained
in calcareous rocks in extremely small amounts compared to other rocks (Kabata-Pendias et al.,
1989). In the Earth's crust, lead accumulates in acidic igneous rock series and in clayey
sediments, where typical lead concentrations range from 10-40 ppm. In contrast, in ultramafic
rocks and calcareous sediments, lead content is 0.1-10 ppm. Another reason that can lead to
different concentrations of lead can be soil type. In more clayey soils (e.g. gleyzemes) the
average lead content is 67 ppm, while in sandy soils (e.g. podzols) it is only 10-15 (Kabata-
Pendias et al., 1989).

In a study (Zhukova et al., 2016), the conditional background lead content was 4.7 ppm,
and in the impact zone of phosphate fertilizer production it was 9.3-23.2 ppm. That is, lead
contamination of the area was observed. In the present study the pattern is reversed: the average
lead content decreases from 29 ppm in the conditionally background area to 19 ppm in the field
area. This may be due to the main source of lead intake into the adjacent landscapes -
phosphogypsum dump, as the median lead content in the Kingisepp phosphogypsum dump is 10
ppm. These data are consistent with a study (Tayibi et al., 2009), which provides data on the
chemical element content of various phosphogypsum. Phosphogypsum from Idaho (USA) had a
lead content of 3-7 ppm and Tunisian phosphogypsum had a lead content of 5 ppm. Another
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study (Al-Hwaiti et al., 2015) gave similar data that lead content in soils in the area of
phosphogypsum production impact and in phosphogypsum itself did not exceed 7 ppm.

Lead in the landscapes adjacent to phosphate fertilizer production is attributed to process
emissions from phosphoric acid production. However, this only occurs during the thermal
process (one of the technologies) (Conservation Guidelines..., 2013). At the Kingisepp phosphate
deposit, a wet process for phosphoric acid production (extraction phosphoric acid production) is
used, so there is no release of lead.

Figure 29 shows the gross strontium content in soils in the study area.
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Figure 29. Gross strontium content in soils in the study area (in ppm).

Median of strontium content in conventional background area is 95 ppm (25th-75th
quartiles: 85-105 ppm), in deposit area - 155 ppm (25th-75th quartiles: 130-275 ppm). It should
be noted that strontium is a fairly common trace element in the Earth's crust, it is concentrated
mainly in igneous rocks of medium composition and in carbonate sediments, which are common
in the field area (in the form of dolomites and limestones of Volkhov and Obukhov formations).
Thus, according to literature data (Kabata-Pendias et al, 1989) the average strontium content in
soils of the taiga zone (podzols) is 118 ppm, and in soils of broad-leaved forests (gray forest
soils) the average content is 520 ppm. The geochemical and biochemical properties of strontium

are similar to those of calcium. Strontium is easily mobilized by weathering, especially in acidic
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oxidizing environment. However, in our case, the medium reaction of the deposit soils is close to

neutral, and it is reasonable to consider the gross strontium content as an indicator.

Figure 30 shows the distribution of bulk strontium in the study area.
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Figure 30. Schematic of strontium distribution in soils in the study area.

Elevated strontium content in the soils of the deposit compared to the content in the
conditionally-background area does not result in negative consequences for the vegetation cover,
since the neutral reaction of the environment and the abundance of calcium translate strontium
into forms inaccessible to plants, but this indicator can be used to identify the impact of
phosphate fertilizer production.

Strontium is a constant contributor to phosphate fertilizer production. In particular,
strontium is one of the indicators of the impact of phosphogypsum dumps on adjacent
landscapes. According to the literature (Petrenko et al., 2012), phosphogypsum contains from
2713 to 6500 ppm. In phosphogypsum at the Kingisepp phosphogypsum deposit the median
strontium content is 1970 ppm, which is consistent with the literature data. In the study by
Petrenko (Petrenko et al., 2012) the mean bulk strontium content on transects up to 10 km from
the phosphogypsum dump was 131 ppm, in the present study the median bulk content on all
profiles up to 8 km from the phosphogypsum dump was 132 ppm, which is consistent with data
obtained in another region, but with the same type of anthropogenic impact. In the same study

the content of mobile forms of strontium was 26 ppm, in this thesis it was 10 ppm. The lower
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mobility may be due to an increase in the pH value. Strontium is an element in significant
amounts contained in phosphogypsum dumps, and the main studies on strontium contamination
of adjacent landscapes are aimed at assessing the impact from dumps (Petrenko et al., 2012), so
it would be logical to assume that strontium also enters the study area by aerogenic pathway
from phosphogypsum dumps.

The highest strontium content (more than 250 ppm) is observed only in the area of
phosphogypsum dump and within several tens of meters from the dump (Nedbaev, Elsukova,
Chunyaeva, 2023). Also at the tailings ponds and at the nearest accumulation of overburden rock
dumps, 135-255 ppm of strontium is found. At the farthest conditional background areas, the
strontium content is less than 70 ppm. It is worth noting that despite the increase in strontium
content in the territory of the deposit, the median of its content does not exceed the zonal
background (238 ppm).

On the territory of the deposit strontium content is 7 times higher than the regional
background values, and on the adjoining territory - 4 times higher. At the same time, in the most
remote areas the concentration coefficient decreases to 2 and below. At the same time, it should
be noted that the increase in strontium content is not characteristic of every production of
phosphate fertilizers. For example, in soils adjacent to similar production landscapes in China,
the increase in strontium content was not more than 10% compared with the conditionally
background area (Wang et al., 2019).

Change in gross fluorine and phosphorus content

The median fluoride content in the conditional background area is 240 ppm (25th-75th
quartiles: 190-350 ppm), in the field area it is 770 ppm (25th-75th quartiles: 520-1210 ppm).
Figure 31 shows the distribution of fluoride content in soils in the study area.

The situation with fluorine is similar to strontium distribution, only even more
pronounced: the highest concentrations are confined to the phosphogypsum dump. Within an
area 2-3 km from the production site, all areas contain 400-1365 ppm of fluorine, which is
significantly higher than in the conditionally-phased area (Nedbaev, Elsukova, 2022). The
cleanest, in terms of fluoride content, were the forest ecosystems to the west of the main
production facility. There, fluoride content did not exceed 100 ppm.

Limestone and bedrock are not characterised by such high fluoride contents that we find
in soils in the field area. High concentrations of phorus in the soil may indicate fluoride
contamination of the deposit area, which may subsequently lead to plant fluorosis (Urazaev et
al., 2000).

Fluoride can enter adjacent landscapes from both phosphoric acid and superphosphate

production emissions and from aerogenic transport of phosphogypsum dump material, as
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according to (Tayibi el al., 2009), phosphogypsum contains 150-1200 ppm, according to others
(Saadaoui et al., 2017) 1000-1800 ppm. Phosphogypsum from the Kingisepp phosphate deposit
contains 1450 ppm of fluorine, which is consistent with the data obtained. However, there are
sites where phosphogypsum is formed with significant fluorine content: up to 17670 ppm

(Arocenaa et al., 1995).
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Figure 31. Schematic of the distribution of gross fluoride content in soils in the study
area.

The median phosphorus content at the conditional-background site is 1080 ppm (25th-
75th quartiles: 690-1290 ppm), and at the field site is 4140 ppm (25th-75th quartiles: 2160-6290
ppm). Figure 32 shows the scheme of phosphorus distribution in soils in the studied area.

The distribution of phosphorus is almost identical to that of fluorine, which may indicate
that they come from the same source (presumably anthropogenic). Up to 3 kilometres from the
production facility, all soils contain at least 2500 ppm phosphorus, which is significant compared
with conventional phosphorus territories, especially with forest ecosystems to the west of the
production facility.

The upper limit of phosphorus content in soils has not been established, nor have credible
changes in vegetation cover that occur when gross phosphorus is over-abundant been
determined. However, a several-fold increase in phosphorus content is an indicator of the

anthropogenic impact under consideration. In the whole studied area (both on conditionally-
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background and in the field) values greater than MPC (in terms of P205) - more than 200 ppm -

were observed.
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Figure 30. Schematic of the distribution of gross phosphorus content in soils in the study
area.

Phosphorus is contained in phosphogypsum in amounts ranging from 2060 ppm to 8000
ppm (Tayibi et al., 2009), Idaho phosphogypsum (USA) contains 2200 ppm of phosphorus
(Arocenaa et al., 1995). In the Kingisepp phosphogypsum deposit, the average phosphorus
content is 5000 ppm, which is firstly in agreement with literature data, and secondly, possibly
responsible for the elevated phosphorus content in the deposit to the above values (4140 ppm). A
review (Saadaoui et al., 2017) states that the phosphorus content of phosphogypsum varies
between 200-35200 ppm, so the problem of soil contamination with phosphorus from
phosphogypsum is quite common.

The content of phosphorus in the conditionally-background area is close to the regional
background (the concentration factor is 1.2), and in the field area it is 4 times higher than the
regional background. Phosphorus is not often included in studies of the ecological condition of
adjacent landscapes, but, in the author's opinion, it is advisable to consider it when assessing the
impact of phosphorus fertilizer production. Exceeding the regional background by several times

may indicate the presence of impact.
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Changes in radionuclide specific activity

In the literature there are data that the impact of phosphorus industry production leads to
increase of activity of natural radionuclides. The carried out research has shown that at the
Kingisepp phosphate deposit no increase of activity of natural radionuclides is observed, even on
the contrary - activity of some radionuclides is less than in the conditionally-background
territory.

The influence of phosphate fertilizers production on the territory of Kingisepp phosphate
deposit in comparison with the conventional background area leads to decrease of the activity of
radionuclide 137Cs by 75 % and 40K by 50 %. The specific radioactivity of radionuclides 40K,
232Th, 226Ra and 137Cs was determined for 3 combined samples: the first combined soil
sample is the assembled and mixed set of several point samples from the tops and slopes of
phosphogypsum dump; the second is the sample from the surface of recultivated overburden
rock dumps; the third is the sample from the conventional background territories, situated at 5-9
km from phosphogypsum dump. Differences were found by comparing the results of laboratory
analyses with each other.

There is no definite standard of activity of radionuclides in soil in the documents. The
nearest analogue we can use is the permissible specific effective radioactivity of building
materials (such as sand and crushed stone) used in residential construction. It is 370 Bq/kg. All
samples have a value of specific effective activity less than this value (the highest - 124 Bq/kg -
at the phosphogypsum dump). In other words, we cannot speak about either phosphogypsum
dump or soils located in the zone of its influence in terms of radioactive impact. Moreover, it is
worth noting that in the area under consideration the situation is on the contrary - the activity of
certain radionuclides in the territory of the deposit is 50-75% lower than in the conditionally-
background territory. Activity of 40K is 320 Bqg/kg in the deposit, and 587 Bg/kg in the
reference-background area; activity of 137Cs is 22 Bqg/kg in the deposit and 88 Bqg/kg in the
reference-background area. The higher activity of radionuclides in the conditional-background
area may be due to the composition of rocks. The study (Duenas et al., 2007) confirms that the
activity of 40K in phosphogypsum is low (30-50 Bg/kg). At the same time the activity is highest
(170-360 Bg/kg) in the reclaimed waste dumps. This can be explained by addition of soil mass
during recultivation (Nedbaev, Elsukova, 2021), which contains higher values of 40K activity.
However, the variation of 40K activity in phosphogypsum is significant: from 4 to 330 Bg/kg.

Dependence of chemical element content on the granulometric composition of soils

Table 10 shows the average content of chemical elements in soils of different

granulometric composition in the studied area.
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Table 10. Average concentrations of chemical elements in soils of different granulometric

composition in the studied area (ppm).

Indicator Light granulometric composition Heavy granulometric composition
Ba 433 542
Ca 19249 10668
Co 5 6
Cr 39 30
Cu 15 12

F 1346 543
Fe 24633 22523
Mn 500 593
Ni 24 14
P 6700 3335
Pb 18 23
S 2310 986
Sb 0,5 0,3
Sc 6 7
Sr 412 143
v 53 49
Zn 43 51

The table shows that the most significant differences are in the content of the following

chemical elements: nickel (mobile forms), strontium and fluorine. Since soils of heavy
granulometric composition (from light loam to clay) prevail in the conditional-background area
and light granulometric composition (from sand to sandy loam) in the deposit, the differences
found in mobile forms of nickel and gross strontium and fluorine content may have a natural -
dependence on granulometric composition rather than anthropogenic explanation.

Dependence of chemical element content on soil type

The soil type characterizes a specific set of soil-forming processes that can affect the
physico-chemical characteristics of the soil and, consequently, the accumulation of certain
chemical elements. Table 11 shows the average content of chemical elements and acidity in
different soils in the studied area (alphegumus, texture-differentiated, gleyey, lithozem, agrozem,
peat and quasi-zem).

Table 11. Average contents in different soils in the studied area.

Dii?slilon Alphegumus di ;:r):nutriz;e d Gleyey Lithozem Agrozem Peat Quasi-zem
Ba, ppm 174,40 620,00 517,22 654,33 337,00 197,00 503,29
Cd, ppm 0,27 0,17 0,26 0,24 0,08 0,31 0,19
Co, ppm 3,77 4,92 5,20 4,71 0,71 2,60 6,27
Cr, ppm 19,77 27,70 34,97 24,13 6,04 14,20 29,66
Cu, ppm 6,22 12,00 14,31 9,84 1,29 14,20 13,12

F, ppm 620,00 175,00 190,00 163,33 150,00 220,00 946,29
Fe, ppm 8500 16250 19111 15833 4500 7900 24100
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Dii(i)slilon Alphegumus di ;:;Eriz_te d Gleyey Lithozem Agrozem Peat Quasi-zem
Mn, ppm 167,25 201,75 221,67 269,50 117,00 85,50 692,44
Ni, ppm 7,42 11,60 13,81 9,46 1,53 9,10 16,25
P, ppm 3490,00 1110,00 977,78 813,33 980,00 1160,00 5269,14
Pb, ppm 29,00 23,00 28,67 28,00 15,00 28,00 19,00
S, ppm 309,50 8462,50 163,79 56,25 27,00 319,33 1705,84
Sb, ppm 0,31 0,28 0,35 0,22 0,10 0,41 0,37
Sc, ppm 3,03 6,82 7,41 7,39 2,52 4,28 6,22
Sr, ppm 97,00 118,50 92,11 106,00 65,00 47,00 806,00
V, ppm 43,19 38,40 48,61 33,47 8,60 23,90 49,15
Zn, ppm 19,60 58,10 44,67 46,70 8,24 13,20 48,95
pH active 5,58 5,93 5,54 6,10 7,64 4,34 7,02
exclljlla;lnge 4,94 5,00 4,64 5,30 6,36 3,59 6,48

The table shows that practically all studied elements have a strong variability depending
on soil type. It is worth noting that quasi-zemesic soils cover a significant area of the deposit and
the maximum concentrations of cobalt, fluorine, iron, manganese, nickel, phosphorus and
strontium are observed in quasi-zemesic soils, which agrees with the previously revealed
assumption about the influence of phosphate fertilizer production on the fluorine, iron,
manganese, phosphorus and strontium content. Peat soils have the highest acidity and also
accumulate the most antimony. Most of all barium is in lithozem soils. In texturally
differentiated soils (meadow soils) most sulphur is accumulated (several times more than in other
soils). In gleyey soils accumulation of chromium, copper and scandium is observed. The
maximum content of lead is in alphegumus soils.

Correlation analysis

Figure 34 shows the correlation scheme between the gross content of heavy metals,
fluorine, phosphorus and pH. The analysis of the correlation diagram between the content of
various chemical elements and pH indicator allows us to distinguish several groups of indicators,
which are consistent with the conclusions obtained earlier. Firstly, the group of anthropogenic
elements (Sr, F, P), which come to soils from the production of phosphorus fertilizers, was
singled out. This group is connected through strontium with nickel and copper, which also tend
to accumulate in the soils of the deposit, but not as strongly as strontium, fluorine and
phosphorus. A statistically significant difference in concentrations of these elements has been
shown to exist between the deposit area and the background area, with maximum (sometimes
"storm") concentrations of these elements occurring in the phosphogypsum dump area.

Secondly, a group of chemical elements was identified, apparently representing the
association of elements contained in the rocks of the territory: Ba, Co, Cr, Fe, Mn, V, Zn, as

zinc, cobalt, iron and manganese are included in the list of elements for which, according to the
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geological map, the geochemical anomaly in the area of Kingisepp town is characteristic. The
pH value correlates with manganese, confirming the possible association of metal impurities in

the carbonate rocks. Also worth noting is the classic taiga zonal Co-Fe-Mn association.
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Figure 34. Schematic of correlation relationships of chemical element content in the study
area.

Thirdly, an association of three elements was separated from all other elements: Cd, Pb,
Sb. As mentioned above, cadmium and lead can accumulate in soils due to the impact of
phosphate fertilizer production, but in this case the source of these elements seems to be other
anthropogenic activities.

Factor analysis

Factor analysis of 17 variables (actual and potential acidity, gross content of Ba, Cd, Cu,
F, Fe, Mn, Ni, P, Pb, S, Sb, Sc, Sr, V, Zn) on 51 sample areas was conducted. It turned out that
85% of the variance is determined by 4 factors (Table 12).

Table 12. Variance and cumulative variance values by factor.

Factor | Dispersion, % | Cumulative value, %
1 43,82968 43,82968
2 20,22439 64,05407
3 13,7168 77,77087
4 7,630393 85,40126
5 5,69011 91,09137
6 3,803436 94,89481
7 1,914821 96,80963
8 1,516565 98,32619
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Factor | Dispersion, % | Cumulative value, %
9 0,723476 99,04967
10 0,436045 99,48571
11 0,207314 99,69303
12 0,184265 99,87729
13 0,10048 99,97777
14 0,021655 100

Table 13 shows a matrix of factors.

Table 13. Factor matrix.

Factor
Indicator
1 2 3 4
Ba 0,59 | -0,65 | -0,03 | 0,31
Co 0,82 | -0,44 | -0,11 | 0,00
Cr 0,80 | -0,09 | 0,47 | -0,26
Cu 0,33 | 0,31 | 0,73 | 0,03
F 0,54 | 0,74 | -0,29 | 0,18
Fe 0,88 | -0,25 | -0,12 | 0,06
Mn 0,63 | -0,16 | -0,52 | 0,31
Ni 0,71 | 0,41 | 0,53 | -0,02
P 0,58 | 0,65 | -0,31 | 0,15
Pb -0,67 | -0,29 | 0,08 | 0,20

pH active 0,69 | 0,08 | -0,55 | -0,22
pH exchange | 0,70 | 0,21 | -0,48 | -0,15

S 0,15 |-0,09 | 0,26 | 0,82
Sc 0,63 | -0,68 | 0,21 | -0,23
Sr 0,31 | 0,85 | 0,26 | 0,17
A% 0,87 | 0,08 | 0,27 | -0,26
Zn 0,84 | -0,39 | 0,21 | 0,22

Highlighted 4 factors that determine the distribution of 85% of the sample:

F988V87Zn84C082 CrgoNi71pHaCt70pHChan69Mn63 Sc 63 B359P58F54
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Significant positive loadings on the first factor (dispersion 44 %) have 13 indicators
(actual and potential acidity, gross content of Ba, Cd, F, Fe, Mn, Ni, P, Sb, Sc, V, Zn) out of 17
taken for analysis, negative loadings have lead, and copper, strontium and sulfur have no
significant loadings. This is a factor of influence of chemical composition of bedrock on soils.

One fifth of the total dispersion (20 %) is occupied by the second factor which, taking
into account all previous findings, can be called the influence of phosphorus fertilizer production
on soils, as the content of the three key elements highlighted in this study - strontium, fluorine
and phosphorus - increases under the influence of this factor. Barium and scandium have an
inverse correlation to this factor. The negative correlation of the anthropogenic factor with
scandium is probably related to the fact that a significant part of the deposit is on carbonate rocks
and sandstones, and the scandium content in limestones and sandstones is low (Kabata-Pendias
et al., 1989).

The weight of the third factor is 14 %, and it is possible that this factor is influenced by
the chemical composition of not all rocks, but limestones and dolomites which make up the
overburden dumps, because it is the dumps which have the highest pH and the highest
manganese concentrations. Moreover, the association of high pH and high manganese content is
also typical of other regions where deposits are mined under carbonate rocks.

The fourth factor is represented only by sulphur (other indicators are insignificant) and
occupies 7 % of dispersion. Probably, it is a manifestation of aerogenic inflow of
phosphogypsum particles to adjacent territories, because, on the one hand, sulphur is a part of
phosphogypsum (calcium sulphide), but on the other hand, the whole studied area adjacent to
production is rich in sulphur. And, as noted in similar works, the radius of influence of sulphur
on soils in phosphate fertilizer production can be more than 9 km, taken for maximum removal

and placement of sample contingent background areas there.

Conclusions to the chapter 4
The soil cover of the Kingisepp phosphate deposit has been significantly altered by

human activity. Natural soil types have been replaced by anthropogenic surface formations. The
movement of lithogenic material and placement of large tonnage waste has resulted in changes to
the relief and the formation of height differences of up to several tens of meters. The overburden
dumps are subject to reclamation with soil application followed by a biological phase
culminating in the planting of forest crops.

Three processes have been identified as altering the natural geochemical setting of the

site: the release of pollutants from phosphoric acid and phosphate fertilizer production, the
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aerogenic transport of phosphogypsum particles into adjacent landscapes and the influence of the
chemical composition of the overburden underlying much of the deposit.

Emissions from the production of phosphoric acid and phosphate fertilizers result in an
increase in the gross fluoride content of the deposit's soil cover. The content of fluoride increases
by 3 times in comparison with the conditionally-background area.

From phosphogypsum dump, strontium and phosphorus are supplied to adjacent
territories. Strontium content differs from notional background area by 1,6 times and phosphorus
content - by 4 times towards increase.

Probably, overburden rocks, which play the role of bedrock on the territory of the mine,
lead (as compared with the conventional background area) to the increase of pH index by 2 units,
increase of total content of iron (by 40%) and manganese (by 1,5 times) and decrease of total
content of lead (by 30%) and labile forms of iron (by 5 times).

One of the most significant indicators of phosphate fertilizer production in the study area
is the coefficient of concentration of chemical elements, calculated on the basis of the regional
background of the Barents region for the soils of the southern taiga. For example, the coefficient
of concentration of gross phosphorus on the territory of the deposit and on the conventional
background differs by 6 times, the coefficient of concentration of strontium by 3 times.

The percentage of mobile forms increases with the increase of gross concentrations. Low-
mobile (0-1 %) elements are absent, medium mobility (1-10 %) is characteristic for barium, lead,
nickel and zinc, high mobility (10-20 %) - for manganese and copper, high mobility (more than
20 %) elements are absent. The issue of developing environmental standards and establishing
background concentrations for different regions of the Russian Federation remains open.

Cobalt, fluorine, iron, manganese, phosphorus and strontium accumulate in quasi-soils
more than in other soils, antimony in peat soils, barium in lithozems, sulfur in texture-
differentiated soils, chromium, copper and scandium in gleyzems, and lead in alphemus soils.

The chemical composition of soils in the studied area is determined by four factors: rock
factor (44 %), phosphate fertilizer production (20 %), the influence of overburden (14 %), sulfur
intake from phosphogypsum disposal (7 %).

Protected statement. The impact of phosphate fertilizer production on soil and vegetation
is expressed in mechanical disturbance of natural environment components, changes in
topography, supply of pollutants by emissions to the atmosphere and aerogenic transport of
phosphogypsum dump particles. Indicators of the impact are increase of gross strontium content
by 1,5 times, fluorine content by 3 times and phosphorus content by 4 times in soils compared

with the conditionally-background area.
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Protected statement. The soils and substrats of the Kingisepp phosphate deposit are
characterized by a neutral reaction of the environment, exceeding the MAC for sulphur, the
zonal background for fluorine and phosphorus, the regional background of soils of the southern
taiga of the Barents region for barium, cobalt, chromium, copper, iron, manganese, nickel, lead,
antimony, strontium and vanadium. There are single exceedances of MPC in soil for manganese,
copper, lead, nickel, chromium and zinc. The chemical composition of soils in the studied area is
determined by four factors - rock factor (44 %), phosphate fertilizer production (20 %), impact of
overburden rocks (14 %), sulfur intake from phosphogypsum dump (7 %).
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Chapter 5. Geoecological assessment of the impact of phosphate fertilizer
production on vegetation

This chapter contains two sections: the first is devoted to the analysis of the quantitative
characteristics of the geobotanical descriptions in order to identify the differences between the
field area and the reference-background area; the second section presents the results of the
analysis of the geobotanical descriptions using correlation pleids. General description of the
vegetation in the study area in terms of different types of anthropogenic and natural objects is
given in subsection 2.5. A brief description of the vegetation is given in Table 14.

Table 14. Summary of vegetation characteristics of the study area.

Type of natural or | Features The main dominant species

anthropogenic site

Forest ecosystems | Mainly spruce and birch | Alnus incana (L.) Moench
forests on the river terrace of | Betula pubescens Ehrh.
the Luga River with an | Calamagrostis sp.
abundance of water-loving | Equisetum sylvaticum L.

species in the herb and shrub
layer.

Filipendula ulmaria (L.) Maxim.
Oxalis acetosella L.

Picea abies (L.) H.Karst.
Vaccinium myrtillus L.

Conditional background area

Field area

overgrowth.

Wetland Both old oligotrophic bogs and | Betula nana L.
ecosystems transitional bogs can be found. | Phragmites australis (Cav.) Trin. ex Steud.
Pinus sylvestris L.
Salix sp.
Sphagnum sp.
Meadow Predominantly farmland | Aegopodium podagraria L.
ecosystems dedicated to cattle grazing. Calamagrostis sp.
Dactylis glomerata L.
Milium effusum L.
Sonchus arvensis L.
Phosphogypsum The phytocenoses are formed | Artemisia vulgaris L.
dump partly by reclamation and Chamaenerion angustifolium (L.) Scop.
partly by self-overgrowth. Deschampsia cespitosa (L.) P.Beauv.
Populus tremula L.
Tailings storage | Phytocenoses formed partly by | Aegopodium podagraria L.
area reclamation, partly by self- Alnus incana (L.) Moench

Chamaenerion angustifolium (L.) Scop.
Salix sp.
Urtica dioica L.

Overburden dumps

Phytocenoses formed by
reclamation and are still
forming.

Aegopodium podagraria L.
Betula pubescens Ehrh.
Calamagrostis sp.

Picea abies (L.) H.Karst.
Tussilago farfara L.

5.1 Quantitative analysis of geobotanical descriptions

Production activities on the territory of the Kingisepp phosphate deposit lead to the
replacement of natural landscapes by anthropogenic-natural ones, formed by reclamation on and

near man-made objects (dumps). As a consequence, new post-technogenic ecosystems are
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formed. Difference of quantitative characteristics of communities on overburden rock dumps and
communities on conditionally-background territories is caused by their different genesis. There
are statistically significant differences, in particular, the age of European spruce Picea abies (L.)
H.Karst, the abundance according to Drude of reedgrass Calamagrostis sp., the sub-order of
Veronica chamaedrys L. and wood horsetail Equisetum sylvaticum L. (Table 15). All other
quantitative characteristics of the geobotanical descriptions are not statistically significantly
different, or do not meet the limitations of using the criteria for finding differences (e.g., too
small a sample). Differences were searched using the Mann-Whitney U-criterion.

Table 15. Statistically significant differences in the quantitative indicators of the

geobotanical descriptions when comparing the conditional-background and the production area.

The numerator is | The numerator is | Number of | Number of
the median in the | the median in the | descriptions in the | descriptions in the
conditional- field,; conditionally- field with the
Indicator background area; | Denominator - | background area | indicator in
Denominator - | 25th and 75th | with the indicator | question, pcs.
25th  and  75th | quartiles in question, pcs.
quartiles
Age of European
sp%’uce Picea al‘r:ies 60 40 9 13
’ 30-80 30-40
years
Representation in
aspen undergrowth 5 2 7 12
Populus  tremula, 2-5 1-3
proportion from 10
Abundance along
the Drooda River cop 2 cop 1
9 22
of reedgrass copl—cop2 sp—cop 1
Calamagrostis sp.
Veronica ) |
chamaedrys = - 4 6
2-2 1-1
sublayer
Sub-annual wood
horsetail 2 3 5 4
Equisetum 2-2 3-3
sylvaticum

Differences in age of European spruce Picea abies

The age of European spruce Picea abies in the stand is statistically significantly different.
In the core area, the median age is 60 years (25th quartile - 30 years, 75th quartile - 80 years),
and 40 years (25th quartile - 30 years, 75th quartile - 40 years). This is due to the fact that the
vegetation cover was formed artificially on the waste dumps by reclamation. The first
reclamation works were carried out in the 1980s (Kushnir, et al., 2021). In the conditional-
background area, spruce as part of the stand was found in 9 test plots, and in the field area - in 13
test plots. Formation of young ecosystems on waste dumps does not allow full comparison of
PTC for search of indicators of chemical impact of phosphorus fertilizer production. However,

reclamation in parallel with the formation of the dumps allows researchers to study different-age
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ecosystems on the dumps, ranging from areas where only perennial grasses were sown to 40-
year-old spruce plantations. The author identified five stages of community formation at the
overburden site. The results of this study are summarised in the publication:

Forest recultivation of overburden dumps of the Kingisepp phosphorite field / I. S.
Nedbaev, E. Yu. Elsukova, E. A. Kushnir, E. I. Treschevskaya // IOP Conference Series: Earth
and Environmental Science, Voronezh, 09-10 September 2021. - Voronezh, 2021. - P. 12029. -
DOI 10.1088/1755-1315/875/1/012029. - EDN NVITDD.

Let us describe the stages of vegetation cover formation at the overburden dumps of the
Kingisepp phosphate deposit. One overburden rock dump was taken as a model object and five
test plots in different-age post-reclamation ecosystems were laid on it (Figure 35).

The first sample plot, with the oldest spruce forests of about 40 years of age, is located on
the top of the overburden dump. The tree layer is dominated by European spruce Picea abies,
with occasional specimens of Pinus sylvestris, Betula pubescens and Salix sp. willow. The
density of the tree layer in the area is the highest among the investigated ones at the disposal site
and is 0.7. The height of firs is about 15 m, pines are 17 m, birches are 20 m high and willows
are 8 m high. The diameter of European spruce on this plot is 25 cm, common pine 22 cm, birch
28 cm and willow 12 cm. Undergrowth on this trial area is not pronounced, almost absent.
Projective coverage of the herbaceous-shrub layer is 40%, which is caused by the formation of a
"dead" cover under old spruces. We would like to note the presence of Chamaenerion
angustifolium narrow-leaved willow in the area, which is not found or almost not found in the
areas with initial stages or with the absence of reclamation. Also found within the PTC is Succisa
pratensis meadow knotweed, which is not found in all descriptions on this overburden. Tussilago
farfara, a representative of the ruderal vegetation, is abundant. This fact indicates that despite
reclamation, the TCN of spruce forests will not be close to zonal forests, and it is already a new
formed anthropogenic-natural system. Moss-lichen layer: 90% green mosses.

The second sample plot, consisting of spruce stands of approximately 30 years of age, is
located on the slope of the overburden. In general, in the whole area of this natural-
anthropogenic complex the dominant role in the community, along with European spruce Picea
abies, is shared by the downy birch Betula pubescens. There are also isolated specimens of Pinus
sylvestris and Salix sp. willow. The aesthetic value of the area is 2. The density of the tree layer
is insignificant and amounts to 0.2. The height of firs, birches and willows does not exceed 10 m,
pines are about 7 m high. The diameter of spruces is insignificant, 7 cm on average, pines and
birches approx. 10 cm in diameter and willows have the largest diameter of 15 cm. The
undergrowth in this sampling area is pronounced and is represented mainly by European spruce.

Aspen and downy birch are also found. Projective coverage of the herb-bush layer is 90%.
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Achillea millefolium, Calamagrostis sp. and Avenella flexuosa are the dominant shrub-grasses.

Moss-lichen layer: 60% green mosses.

Figure 35. Location of different-aged sample plots at the overburden dump of the
Kingisepp phosphate rock deposit.

The third sample plot (approx. 20 years old) is located at the top of the overburden dump.
There are only isolated species of European spruce Picea abies in the stand. The tree layer is
mainly represented by Betula pubescens birch. This area has an average value of aesthetic value
of 3. Closure of the stand does not exceed 0.1. The largest specimens of spruces reach 7 m, but
they are isolated. The birches can reach 10 m in height. The bulk of the reforestation is still at the
undergrowth level (around 4 m). The diameter of European spruces is even larger than on the
previous slope - about 8 cm. Diameter of birches was the same, 8§ cm. Undergrowth on this area
is pronounced and represented by stands of European spruce. Also found in the undergrowth are
Populus tremula aspen, Betula pubescens, Pinus sylvestris and Salix sp. willow. Undergrowth
density is higher than the density of the stand - 0.4. Projective cover of herbaceous-shrub layer is
half of the area (50%). The area is also covered by the narrow-leaved willow-herb Chamaenerion
angustifolium. In addition to willow-herb, there is also common yarrow Achillea millefolium,
meadow grass Lathyrus pratensis, meadow clover Trifolium pratense in the grass-bush layer.

Moss-lichen layer: 60% green mosses.



215

The fourth trial area is an area where reclamation was carried out about 10 years ago; it is
the top of an overburden dump. There is no tree layer, only the undergrowth. The aesthetic value
of the area is 3. The planting is a little bit bigger than a human height. The height of all tree
species in the undergrowth is 2-4 m. Most of them are European spruce Picea abies, but also
birch Betula pubescens and pine Pinus sylvestris. The young growth does not exceed 5 cm in
diameter. At the same time, the plantings are dense enough and the density of the undergrowth is
0.4. Projective cover of the TCN is the same as at the previous site, 50 %. St. John's wort
Chamaenerion angustifolium is absent in this area, with meadow grass Succisa pratensis (5 cm
tall), meadow grass (in the third sublayer of the TCN, about 40 cm tall), and wood horsetail
Equisetum sylvaticum. Moss coverage in this area is negligible, not more than 5%. It is worth
noting that the abundance of Druida meadow-grass Lathyrus pratensis is cop 1, which means that
meadow-grass is the dominant species in the TCN in this area. It is likely that during the
reclamation works, chinna was sown into the overlaying soil as a strengthening perennial herb,
contributing to the accumulation of nutrients (nitrogen in particular) in the soil.

The fifth trial area is located on top of the overburden and was not reforested, only sown
with perennial grasses. Therefore, no European spruce is planted there. The aesthetic value of
this meadow community is high - 4. The undergrowth includes isolated isolated specimens of
Pinus sylvestris, Betula pubescens, birch, and Salix sp. willow. The young growth does not
exceed 3 m in height. Diameter does not exceed 5 cm. Willows play the dominant role in the
community in the undergrowth (over 70% of all tree species). Due to the focal nature of
distribution of the undergrowth its density is less than 0.1. Projective cover of the TCN is high,
at around 80%. In the SCC occur: mouse pea Vicia cracca (in the 3rd sub-tier, height about 40
cm), common yarrow Achillea millefolium (in the 3rd sub-tier, height about 30 cm), meadow
grass Lathyrus pratensis (in the 3rd sub-tier, height about 60 cm), stone grass Bromus inermis,
porcupine bog Milium effusum, hairy oleaster Luzula pilosa. The moss-lichen layer is absent.
The dominant species in the TCJA is again the meadow-grass, the abundance of which in
Drooda is cop 1.

As part of this study of the vegetation communities at the overburden dump of the
Kingisepp phosphate rock deposit, we can identify four conditional stages of spruce community
formation at the overburden dump by forestry reclamation. The first stage is soil application and
seeding with perennial grasses to form a stable soil cover. The second stage is the planting of
forest crops (in this case European spruce Picea abies). The end of the second stage is marked by
the emergence of the tallest individuals into the tree layer (over 6 m). The third stage of
community formation is the growth of all stands to stand level and the creation of a birch-spruce

or spruce-birch forest, as at approximately 30 years of age, European spruce in the reclaimed



216

areas can occupy up to 50% of the stand. At the fourth stage, spruces displace birches from the
community, remaining almost the only representative of the tree layer, starting to form the fifth
stage, which is not yet represented in the studied area - dead spruce forests. In the Kingisepp area
on overburden dumps, the spruces reach the fourth stage approximately by the age of 40 years.
In terms of the use of disturbed areas (such as overburden dumps), forest reclamation is the best
option.

Abundance of reedgrass Calamagrostis sp

Calamagrostis sp. is the most common species of the grass-bush layer in the study area.
Tussilago farfara, Aegopodium podagraria, Solidago virgaurea, Chamaenerion angustifolium,
Trifolium pretense, Fragaria vesca, Achillea millefolium, Dryopteris carthusiana, and Picea abies
are also found in the stand (Table 16).

Table 16. Most common species of vegetation in the study area.

Number of descriptions in which the species occurs
The name of the species in Latin (a total of 46 geobotanical descriptions were made),
pcs.
Calamagrostis sp. 31
Tussilago farfara 18
Aegopodium podagraria 17
Solidago virgaurea 16
Chamaenerion angustifolium 16
Picea abies 16
Trifolium pratense 15
Fragaria vesca 13
Achillea millefolium 13
Dryopteris carthusiana 12

Calamagrostis sp. reedgrass is found on 9 test plots and on 22 test plots on the field
territory. At the same time, in 7 of 9 sample plots in the conditionally-background area,
reedgrass is the dominant species and enters the name of the community. On the territory of the
deposit, reedgrass is a dominant species and is included in the name of the community in 15
descriptions out of 22.

In the conditionally-background area, the median abundance according to Drude of
Calamagrostis sp. is cop 2 (25th quartile - cop 1, 75th quartile - cop 2), and in the field area it is
cop 1 (25th quartile - sp, 75th quartile - cop 1). It should be noted that on agricultural lands
currently used for cattle grazing, belonging to the conditional-background area, the abundance of
reedgrass reaches grade 3. The average height of reedgrass on the studied area is 30 cm, but on

some sample plots, reedgrass with inflorescences reaching 60-70 cm is found.
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To find both causes and consequences of the lower abundance of reedgrass in the area of
the deposit, we will use the concept of environmental factors. In the middle of the XX century,
phytocenology was actively developed in our country (Zalenskii et al., 1959), and one of the
results of this activity is the fundamental work by L.G. Ramenskii et al. "Ecological evaluation
of forage lands according to vegetation cover" (Ramensky, et al., 1956). This work showed the
scientific idea of scaling the influence of ecological factors on different species and their
characteristics. The change in the abundance of Calamagrostis sp. reedgrass, according to the
ecological scales of L.G. Ramensky (Table 18), may indicate that the deposit area is richer in
nutrient content because the production of fertilizers is located in the production area. This
conclusion follows from the fact that the Drude cop 1 abundance is characteristic of mineral-rich
soils, while an increase in Drude abundance values for reedgrass to cop 2 is already a
characteristic of poor soils. In general, according to the Landolt ecological scales (another type
of ecological scale), reedgrass Calamagrostis sp. is a semi-shady plant growing in soils with the
following characteristics: medium dry to wet, slightly acidic to neutral, medium poor to medium
rich in mineral nutrition, with a small humus horizon, on sandy, well-aerated soils.

Table 17. Ecological scales of L.G. Ramenskii for Calamagrostis sp.

Name of the Abundance by Drood
plant and some Scale cop 2 and 1 1
information above cop sP S0
Calamagrostis Humidificatio Wet meadow | Wet meadow | From  dry- | From dry-meadow
sp. N meadow to | to raw-meadow
A reedgrass, a raw-meadow
cereal of low o Poor From the poor | From the | From particularly
Soil richness . .
fodder value. . to the quite | poor to the | poor to mildly
and salinity . . X
rich rich saline
There is little | From a | From the strong
or no impact | moderate influence of
Grassland of grazin impact  of | grazin to no
degradation & & pa grazing
grazing to no | grazing
impact at all
Alluviality ngh and medium
moisture supply

There are statistically significant differences in the value of the sub-order of Veronica
chamaedrys L. In the conventional-background area Veronica chamaedrys L. was found in 4
sample plots, and in the field area - in 6 sample plots. In the conditionally-background area,
Veronica chamaedrys occurs only in the second tier, while in the deposit area it occurs mainly in
the first sub-tier (only the 75th quartile and above belong to the second sub-tier). An
interpretable and unambiguous reason for this circumstance could not be identified.

There are also statistically significant differences in the significance of the forest horsetail
sub-order Equisetum sylvaticum L. In the conditional-background area it is ubiquitously found in

the second tier (5 descriptions), and in the field - in the third (4 descriptions). There is no definite
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reason for the difference found due to too large a spectrum of factors affecting plant growth.
Average heights and sub-elevations of the main species of grass and shrub tier are shown in
Table 18.

Table 18. Average heights and sub-elevations of some species of herbaceous-shrub layer

in the study area.

Name of the plant | Height on the | A sub-tier in a | Height in the field, | A sub-layer in the
conditional- conditional- cm field
background area, | background area
cm

l ti

Ca. an?agros is 40 3 40 3

epigejos

Tussilago farfara no no 20 2

Aegopodzz?m 25 ) 25 )

podagraria

Solidago 60 3 10 1

virgaurea

Chama.ene.rlon o o 60 3

angustifolium

Trifolium pratense 7 1 7 1

Fragaria vesca 10 1 10 1

Achillea

7 1 12 1
millefolium

Veronica

25 2 12 1
chamaedrys

Equisetum

. 20 2 30 3
sylvaticum

Deschampsia

. no no 40 3
cespitosa

Artemisia vulgaris 40 3 30 3

5.2 Assessing the transformation of phytocenoses by the correlation pleiad method

Using the method of correlation pleids (Opekunova and Muratova, 2005), it was possible
to divide the species occurring in the study area into 15 groups called pleids (Figure 36). The
conjugacy coefficients are shown in the figure in decimal format above the linkage line. The
generic (species) name (or ecological group name for the moss-lichen cover) is located in the
nodes. The analysis results in 3 large groups (each comprising more than 15 species) and 12
small groups (2 to 6 species in each). Large groups include an agricultural meadow (abandoned
arable land) in the conditional-background area, a forest community with excessive moisture in
the conditional-background area and a community adjacent to the tailings pond in the industrial
area. Small groups can include conditionally-background forest community, bog community,
grass green-moss spruce community, grass-bush layer under excessive moisture, ruderal

vegetation of technogenic objects, ruderal vegetation of overburden dumps, overburden bank
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vegetation, species from grass-bush layer of reclaimed forests, grass-bush layer on waste dumps
under small-leaved species, grass-bush layer on waste dumps under conifers and grass-bush layer
on waste dumps in old reclamation areas (40-year-old spruce forest).

For an agricultural meadow (abandoned arable land), the key species are Stellaria
holostea L., Tanacetum vulgare L., Sonchus arvensis L., Geranium pratense L., and Ranunculus
acris L. For a forest community with excessive moisture in a conditional background area, the
key species are Menyanthes trifoliata L, Cicuta virosa L., Ranunculus repens L., and Empetrum
nigrum L. In humidified areas the following groups can be seen: Oxalis acetosella L., horsetail
Equisetum sylvaticum L., and meadowsweet Filipendula ulmaria (L.) Maxim. A group that
appears in forest ecosystems under moderate moisture conditions is distinguished in the pleiads:
horsetail Equisetum arvense L. and bramble Rubus saxatilis L. The key species for bog
ecosystems are common pine Pinus sylvestris L. and sphagnum Sphagnum sp., the remaining
bog species fall into the pleiad of alder or pine community with excessive moisture in the
conditionally-background area.

Grass green-moss spruce forests (a zonal forest type for southern taiga) are common in
the studied area, which probably led to their separation into a separate group consisting of
European spruce Picea abies (L.) H.Karst. and Schreber's pleurozium Pleurozium schreberi
(Willd. ex Brid.) Mitt. Moreover, the herbaceous green-moss spruce forest occurs both in the
conditionally-background area and in the deposit area (already reclaimed). The next group of
species, characteristic of birch forests, is also found throughout the study area (Nedbaev et al.,
2020). In this category, the key species are birch downy Betula pubescens Ehrh., common
goldenseal Solidago virgaurea L., marjoram Melampyrum nemorosum L. and Cetraria islandica
(L.) Ach.

A pair of two species of wild strawberry Fragaria vesca L. and dandelion Taraxacum
officinale (L.) Webb ex F.H.Wigg. The overburden dumps are characterized by a group of
ruderal species, the key ones being the narrow-leaved willow-herb Chamaenerion angustifolium
(L.) Scop., mother-oil Tussilago farfara L. and meadow sheep Succisa pratensis Moench. The
overburden dumps are located next to the quarries where the overburden was actually mined. At
present, the pits are filled with water. And on the border of the overburden dumps and the water
level of the quarry, a coastal strip is formed with a community characterized by hawksbill
Hieracium sp. and creeping clover Trifolium repens L. It has already been mentioned that a
significant part of the overburden dumps area has been reclaimed and forest cultures have been
planted there. Typical beneath the recultivated forests are field clover Trifolium campestre
Schreb., meadow grass Lathyrus pratensis L., common daisy Leucanthemum vulgare Lam. and

common holly Luzula pilosa (L.) Willd. which remained under the forest canopy after the area
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was initially seeded with perennial grasses. Under small-leaved species in the dumps, we find
mainly common yarrow Achillea millefolium L. and mouse pea Vicia cracca L. Under conifers,
there is a typical group of three plants: European sycamore Lycopus europaeus L., Juncus
effusus L. and Angelica sylvestris L. Under the oldest spruce stands (approx. 40-year-old stands)
in the herb and shrub layer are Lactuca muralis (L.) Gaertn., Veronica chamaedrys L. and
Hepatica nobilis Mill.

A separate large group of species occurs in areas adjacent to the tailings management
facility: common mountain ash Sorbus aucuparia L., yellow cornflower Thalictrum flavum L.,
chamomile Matricaria chamomilla L., fragrant spikelet Alopecurus pratensis L., common
succession Bidens tripartita L., white hemp Chenopodium album L. and river gravel-grass Geum
rivale L.

The analysis on the basis of the moulds has shown that the greatest difference from the
baseline areas in terms of vegetation cover is observed in the areas adjacent to the tailings
management facility (on the tailings management facility itself, vegetation at the tailings
management facility edge, depressions in front of the tailings management facility as well as
meadow communities within 200 m of the tailings management facility). Only in these
communities Thalictrum flavum, Matricaria chamomilla, Alopecurus pratensis, Bidens tripartita
and Chenopodium album can be found. Note that the diversity of soils, moisture regime and
degree of anthropogenic transformation leads to a heterogeneity of species found near tailings
sites.

Communities on waste dumps differ not so clearly from conditionally-background
territories. Analysis of the pleiades has allowed to distinguish small groups of 2-7 species, which
are typical for different conditions - in general, for all technogenic objects, specifically for
overburden dumps, and for certain species (small-leaved or coniferous), up to the group

occurring in 40-year old reclaimed spruce forests.
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Table 20. Characteristics of the identified vegetation groups in the study area.

Ne | Latin name Russian name ‘ Ecological characteristics and habitat of the species
L. Agricultural meadow (abandoned arable land) on a conditional background area

2 Stellaria 3Be3quaTka Widespread in broad-leaved and mixed forests.
holostea L. JIecHas

3 Tanacetum TTmxma It grows on roads, fields, meadows, in shrubberies, on edges, in meadow
vulgare L. OOBIKHOBCHHAS steppes, birch forests, in dry meadows, in the mountains and in valleys.

It does not form large thickets but is found everywhere.

46 | Dactylis E>xa cOopHas Belongs among the best forage grasses.
glomerata L.

51 | Deschampsia [yuxa Widespread throughout the northern hemisphere. Wet and marshy
cespitosa (L.) | nepHucTas meadows, banks of marshes, water bodies, thin forests, glades,
P.Beauv. roadsides in tundra, forest, forest-steppe and steppe zones.

57 | Artemisia [onsHB It grows in abandoned fields, pastures and heaths, along roads and along
vulgaris L. OOBIKHOBEHHAS the banks of bodies of water. A ruderal plant.

58 | Milium bop Occurs in the moist coniferous and deciduous forests of the northern
effusum L. Pa3BECUCTBIi hemisphere.

59 | Bromus Koctép A good plant for grazing.
inermis Leyss. | 06e30CThIi

62 | Urtica dioica | Kpanmsa Prevalent in the forest and forest-steppe zones. A ruderal plant.

L. JIBYJJOMHast
64 | Anthriscus Kymeips tecHoit | Mostly grows in soils that are not sodded or weakly sodded, where the

sylvestris (L.)
Hoffm.

nitrification process is intense. Good shade tolerance, but can also grow
in open areas.

65 | Aegopodium CHBITh Grows on rich soils in deciduous and mixed forests, in clearings, among
podagraria L. | 0ObIKHOBEHHAs! shrubs, often as a weed in gardens and parks. It is a shade-tolerant plant.

68 | Potentilla Jlamyatka Most commonly found on sandy or stony, clay soils, roadsides,
anserina L. TyCUHAs meadows and wastelands, ravines and ditches, where it can multiply

rapidly by abundantly rooting stolons.

70 | Heracleum Bopmesuk The natural habitat of Sosnovy hogweed is the Central and Eastern
sosnowskyi CocHOBCKOrO Caucasus, Transcaucasia and the Middle East, where it grows in
Manden. mountain forests and sub-alpine meadows. Due to the cultivation of

Sosnovy hogweed as a silage crop, it has spread in Eastern and Northern
Europe, gradually moving into the wild, sowing on the banks of water
bodies, wasteland, road right-of-way, uncultivated areas of fields, forest
glades and edges, mountain slopes and river valleys.

71 | Sonchus Ocot nojuesoit A troublesome weed, one of the most troublesome field weeds. The
arvensis L. species infests all types of crops and is also found in fallows, orchards

and vegetable gardens.

72 | Poa pratensis | Msatnuk nyroBoit | Prefers loose, moderately moist, fertile soils. It responds positively to
L. liming and the application of mineral fertilizers (especially nitrogen

fertilizers). Grows in slightly acidic soils, does not tolerate salinization

73 | Geranium I'epanb myroBass | Grows in moderately humid dry and steppe meadows, damp forest
pratense L. glades, forest edges, deciduous and coniferous forests, among shrubs

and near fences.

76 | Alchemilla MamkeTka Grows in forests, meadows, forest edges, road edges, arable land, sparse
vulgaris L. OOBIKHOBEHHAS pine and mixed forests.

80 | Rumex [IlaBens xoHCKUE | It grows in the forest and forest-steppe zones and enters the steppe zone
confertus along river valleys. It predominantly settles on moderately moist and
Willd. wet soils.

81 | Ranunculus JIroTHK eaKuii Prefers moist soils. Tolerates moderate flooding and slight siltation.
acris L.

82 | Ranunculus Jlrotuk It grows in dry, lowland and floodplain meadows as well as in thin
auricomus L. 30JI0THCTBIN deciduous forests.

1I. A forest community with excessive moisture in a conditional-background area

6 Typha latifolia | Poros It grows along the banks of bogs and reservoirs, forming extensive but
L. mupokosucTHeI | self-eroding thickets, in ditches, ditches, quarries and along roadsides.

11 | Melilotus Jonnuk pocneiii | In damp meadows, on the banks of bodies of water, at river sediments
altissimus (alluvium), on forest edges, saline areas, pastures, road embankments

Thuill.

and ditches and in fallow lands.
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13 | Menyanthes Baxra It is found on peaty and mineral soils, in sphagnum bogs, on the banks
trifoliata L. TPEXIIMCTHAS of standing and slow-flowing bodies of water, on the swampy edges of

overgrown lakes and oxbow lakes. It may be a component of the herb-
shrub layer of bogs, damp forests and meadows.

14 | Orthilia Oprunust Grows in coniferous, mixed and small-leaved forests, clearings, glades
secunda  (L.) | onHOOOKas and forest ravines. Mycotroph.

House

15 | Vaccinium KimrokBa In nature, all types of cranberry grow in damp places: in transition and
oxycoccos L. OOBIKHOBEHHASI raised bogs, in sphagnum coniferous forests, sometimes on the swampy

shores of lakes.

19 | Solanum IMacnén cnanko- | It grows in damp shrub thickets and in flood meadows, willow forests,
dulcamara L. TOPBKUH on the banks of rivers and ponds, near lakes and bogs, damp rubbish

places in all regions of central Russia. It is a shade-tolerant plant.

22 | Astragalus AcTtparain Prefers fresh, moist, slightly acidic, humus-rich loamy and sandy loam
glycyphyllos L. | cononkonuctHbli | soils. Semi-forested, sun-loving plant. Grows in glades, forest edges,

oak and pine forests, shrubs, meadows and river floodplains.

24 | Bunias CaepOura It grows in Europe, the Mediterranean and Asia.
erucago L. noJsieBas

26 | Cicuta virosa | BEx sm0BUTHIH It grows in low marshy meadows, on the banks of rivers, streams and
L. ponds and in ditches, wherever there is sufficient water.

27 | Comarum CabenbHHK Grows in damp and swampy areas.
palustre L. 0OJIOTHBIN

28 | Elytrigia ITe1peit mom3yumii | Occurs in flood meadows in a community with other grasses, as a weed
repens (L. on arable land. In floodplain meadows and fallow lands it sometimes
Desv. ex dominates the grass stand.

Nevski

38 | Alnus incana | Onbxa cepas It grows on the plains in the forest and, less frequently, in the forest-

(L.) Moench steppe and forest-tundra zones. It forms so-called sierozolshatniki -
shrub and small-forest thickets on waterlogged edges, bogs, riverbanks,
forest clearings, fireplaces and abandoned arable fields.

61 | Phragmites TpocTHUK A water-loving plant. Widespread on soils with close groundwater.
australis OOBIKHOBEHHBIT Reeds are common in bogs, overgrown lakes, floodplains and flood
(Cav.) Trin. ex meadows.

Steud.

67 | Pyrola I'pymanka IIpouspacraer B necax.
rotundifolia L. | xpyrmomuctHas

83 | Ranunculus Jlrotuk It grows in forests.
repens L. oJ3y4uil

92 | Maianthemum | MaitHHK Common in mixed forests, but prefers spruce forests with moderately
bifolium (L.) | oBynHuCTHBII moist soil.

F.W.Schmidt

97 | Cirsium Bonsik It grows in damp meadows, forest clearings and glades, in ravines and
heterophyllum | pa3HONUCTHBIH among shrubs.
(L.) Hill

101 | Empetrum BopsHuka Occurs in sphagnum bogs, stony areas, forests (light coniferous and
nigrum L. yépHast tundra sparse forests), rubbly tundras and dunes.

II1. Grass-shrub layer under increased moisture

88 | Equisetum XBo1 JlecHOH It grows in forests, shrubbery, tundra, forest edges, pond banks and
sylvaticum L. bogs.

84 | Filipendula TaBosnra It grows in damp lowland and post-forest meadows and lowland grassy
ulmaria  (L.) | Ba3osmcTHas bogs, on the edges of waterlogged forests, in floodplain and damp shady
Maxim. forests, on the banks of reservoirs and ditches.

85 | Oxalis Kucmmna Growing successfully in dark coniferous, especially spruce forests in
acetosella L. OOBIKHOBEHHAS considerable shade, it is, along with mayberry and sedum, a

characteristic representative of the plant communities of such forests; it
usually disappears quickly when the forest is destroyed.
V. Forest species in moderate moisture

89 | Equisetum XBolI[ MOJICBO It grows in forests, dry, floodplain meadows, margins of bogs, gravels,

arvense L. sandy shoals, fields, pastures, riverbanks, streams and ditches; it often

weeds.
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93 | Rubus saxatilis | Kocranuka In Central Russia it is known in all regions, confined to humid forests,
L. mainly coniferous forests.

V. The wetland ecosystem

36 | Pinus CocHa It forms pure stands as well as grows together with spruce, birch, aspen
sylvestris L. O0OBIKHOBEHHAs and oak; it requires little attention to soil and ground conditions, often

occupies unsuitable areas for other species: sands, bogs.

45 | Sphagnum sp. | Cbharaym It is found in damp areas and promotes rapid waterlogging as it is able
to actively absorb and retain moisture.

VL Grass spruce green forest

33 | Picea  abies | Enb eBpomneiickas | It grows on soils of various textures, from sands to heavy loams, but is

(L.) HKarst. quite demanding of soil fertility. It prefers to be moistened by running
water and avoids waterlogged soils with stagnant moisture. It is
drought-resistant and frost-resistant, but suffers from spring frosts.

39 | Pleurozium [Tneypozuym A common moss in various types of forest, occasionally occurring in
schreberi [Ipebepa bogs.

(Willd. ex
Brid.) Mitt.
VIL Birch forest (both background and overburden)

34 | Betula bepéza Occurs as an adjunct to various forest-forming species in coniferous and
pubescens IyIIICTas deciduous forests or forms forests. This birch, unlike the lodgepole
Ehrh. birch, tolerates waterlogging and grows in damp forests, forest edges,

fringes of bogs, bogs and lake shores.

41 | Cetraria Hetpapus Cetraria Icelandica is a characteristic representative of the lichens of
islandica (L.) | ncnannckas pine forests, heathlands, bogs, tundras and forest tundras. It grows
Ach. directly on the soil or on the bark of old stumps. Prefers sandy,

unshaded areas where it sometimes forms almost clear thickets. Only
grows in clean air.

43 | Cladonia sp. Knanonus Occurs in the forest tundra and tundra, in sparse forests of the North, in
peat bogs on soil, on stumps, less often on bare wood. Grows in places
with moderate snow cover.

50 | Solidago 3os0TapHUK It grows in light forests, occurs on forest edges, glades, clearings,

virgaurea L. OOBIKHOBCHHBIH among shrubs, in meadows and roadside plantations. It mainly inhabits
permeable sandy soils.

69 | Melampyrum MapbsHHUK It grows in deciduous forests (sometimes in large masses), marges,
nemorosum L | myOpaBHBIi glades, shrub thickets; in damp, marshy and peat meadows and on

chalky slopes.
VIII.  Ruderal vegetation of man-made sites

48 | Fragaria 3eMisTHUKA It grows on glades, in light forests, in clearings and among shrubs.
vesca L. JIeCHas

60 | Taraxacum OnyBaHUHK It grows in meadows, glades, roadsides, pastures and housing, often as a
officinale (L.) | nekapctBenHsrii | weed in fields, orchards, vegetable gardens and parks.

Webb ex
F.H.Wigg.
IX. Ruderal vegetation of overburden dumps

47 | Chamaenerion | VIBaH-uait It grows on soils of different textures, from sands to heavy loams. It
angustifolium | y3KOTUCTHBIN tolerates varying moisture content in the soil, with the exception of very
(L.) Scop. dry and wet soils. It reacts negatively to close groundwater and

prolonged flooding by hollow water.

52 | Tussilago Mars-u-Mauexa Usually found on turf-free areas, such as the banks of water bodies,
farfara L. slopes of ravines and landslides, and often in areas affected by human

activity, such as fields, wasteland and landfill sites.

96 | Succisa Cuser JiyroBoit The meadow shrike is widely distributed in meadow-marsh cenoses in
pratensis Eurasia. The plant is found in meadows, forest clearings, clearings,
Moench roadsides, light deciduous forests, always on moist soil; in steppe areas,

on salt-affected areas.
X. Overburden rock dump bank
30 | Hieracium sp. | SlcrpeOunka The range is predominantly temperate zone of the northern hemisphere

and mountainous areas of the tropics.




225

Ne | Latin name Russian name Ecological characteristics and habitat of the species
53 | Trifolium Kiesep Occurs in flood and dry meadows, grows along riverbanks, in light
repens L. OJI3y4uil forests, on forest edges and in mountain meadows.
XI. Grass-bush layer of reclaimed forests
18 | Avenella JIyroBuk Coniferous, mostly pine forests, glades, glades, clearings. Grows well
flexuosa  (L.) | M3BHIIMCTHIH after forest clearing or fallow. After the latter it grows especially
Drejer luxuriantly due to the destruction of lichen and moss cover
55 | Trifolium Knesep nmonesoit | Grows in fields and meadows, on slopes and river loads, on light sandy
campestre soils and sands.
Schreb.
63 | Lathyrus Uwuna myropas Grows in sparse mixed and birch forests and their edges, among shrubs,
pratensis L. steppe meadows and forest slopes.
79 | Leucanthemum | HuBsHuK In the temperate zone of Eurasia it is found in meadows, forest
vulgare Lam. OOBIKHOBEHHBII clearings, shrublands, fallow land, sometimes as a weed in fields and
vegetable gardens.
100 | Luzula pilosa | Oxuka It grows in shady forests.
(L.) Willd. BOJIOCUCTAs
XII. Grass-shrub layer on waste dumps under small-leaved species
49 | Vicia cracca | MpimunbIi A plant with wide biological plasticity. It grows in meadows, slopes,
L. TOpoIIeK shrubs, forest edges and less frequently in light forests. As a weed it can
be found in fields and along roadsides.
56 | Achillea TeicsaenmmeTHRK | Yarrow grows in forest, forest-steppe and steppe zones, in dry forest
millefolium L. | 0OOBIKHOBEHHBIH meadows, meadow steppes, among bushes, in thin forests, on margins,
roads, along ravines, in waste grounds, waste grounds, dumps, in
townships, along pond banks and at the edges of fields.
XIII.  Grass-shrub layer on waste dumps under conifers
9 | Lycopus 3103HUK Often grows in reed and sedge thickets along river banks and in ditches,
europaeus L. eBPOICHCKUIT usually on temporarily flooded soils with a low acid and alkali content.
Azotophilus.
31 | Juncus effusus | CuTHUK Occurs in damp meadows and marshy areas, along the banks of bodies
L Pa3BECUCTBIN of water.

86

Angelica
sylvestris L.

Jynuuk necHoit

It grows in damp meadows, among shrubs, in forests, on the banks of
rivers and ponds.

XIV.  Grass-bush layer on waste dumps under 40-year-old spruce forests
32 | Lactuca Jlatyx creHHOI Widely distributed in the forest zone of Europe.
muralis  (L.)
Gaertn.
77 | Veronica Beponmnka It grows in light forests, edges, shrubs, forest clearings, orchards and
chamaedrys L. | nyOpaBHas fields and sub-alpine meadows.
102 | Hepatica [Meuénounuia It grows in deciduous forests, shrubs and, less frequently, open
nobilis Mill. GyaropoHast grassland.
XV. Communities adjacent to the tailings management facility
1 Sorbus Psi6una Grows in isolated specimens, without forming thickets, in the
aucuparia L. OOBIKHOBEHHASI undergrowth or second tier of coniferous, mixed and sometimes
deciduous forests, in forest clearings and glades, between shrubs.
4 Thalictrum BacwiuctHuk It grows in damp meadows, riverbanks, bushes and forest edges.
flavum L. HKENTHII
5 Trientalis CenMU9IHUK Grows in forests, as far north as the tundra, mainly in spruce forests.
europaea L. €BpONEHCKUN
7 Viola palustris | ®uanka Main habitats of the species: wet and waterlogged meadows and forests,
L. OoJstoTHAs forest marshes, margins, banks of bodies of water.
10 | Matricaria Pomarika Because of its strong photophilic nature, chamomile cannot compete
chamomilla L. | anteynas with fast-growing herbs and therefore grows only in unformed
phytocenoses: in fallow land, wasteland, roadsides and roadsides, in
populated areas, orchards, vineyards, grain crops, row crops and so on.
20 | Alopecurus JymmcThiit Occurs in dry and floodplain meadows, along the banks of reservoirs, on
pratensis L. KOJIOCOK glades and glades, and among shrubs.
23 | Bidens UYepena It grows on the wet banks of rivers, along reclamation canals, near
tripartita L. TpéxpaszmensHas | ponds and lakes, in bogs and ditches, where it often forms thickets.

Occurs sporadically in meadows, as a weed in kitchen gardens and
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fields.
25 | Chenopodium | Mapb Oenas In Russia and neighbouring countries it is a common weed in crops,
album L. vegetable gardens and rubbish areas.
29 | Geum rivale L. | I'paBunar Grows in moist and damp, fertile, weakly acidic soils, in deciduous
peuHoi forests, along river banks and the edges of bogs, in meadows and in
thickets of bushes.
35 | Salix sp. J40:% Grows in damp forests of various composition (less often coniferous,
mostly on rich soils, clearings, glades, along roads, often near dwellings.
37 | Populus OcuHa Occurs on the border between forest and tundra; grows in forest and
tremula L. forest-steppe zones. It can be found along the banks of water bodies, in

forests, along glades, occasionally on dry sands and clearings, in
ravines, bogs and in the mountains; it rises up to the upper edge of the

forest.

44 | Polytrichum Kykymkun nén | Grows in damp, waterlogged taiga forests, wet meadows and bogs.
commune OOBIKHOBEHHBIT
Hedw.

94 | Rubus Moporika Occurs in peat bogs, swamp forests, moss and bush tundras in the Arctic
chamaemorus and northern forest belt of the northern hemisphere, in the middle belt of
L. European Russia, in Belorussia, Siberia and the Far East.

98 | Convallaria Jlarmeim Lily of the valley grows in deciduous and pine forests as well as in
majalis L. MaMCKuid mixed forests, glades and glades. It grows particularly well in floodplain

oak groves, on rich soil with good moisture and neutral reaction.

103 | Dryopteris [{uToBHMK A shade-tolerant or even shade-loving plant. It grows on damp stony
carthusiana WTOJIHYATHIN screes and placers in the subalpine belt, in shrub thickets, in a variety of
(Vill.) forests, mostly dark coniferous, on edges and glades, often near spruce
H.P.Fuchs trunks, between root paws and decaying stumps, and can survive in

clearings.

The results show that the main reasons influencing the species composition of
phytocenoses are moisture regime, soil cover and underlying rocks, genesis and the presence of
anthropogenic impact on the area. For conditional background territories the abundance of
moisture-loving species is characteristic, which is proved by the presence in the dominant
species of meadowsweet Filipendula ulmaria (L.) Maxim. and different species of horsetails, etc.
Zonal forest ecosystems are spruce sagebrush green-moss spruce, grass green-moss spruce and
birch or alder forest with moisture-loving species in the grass-bush layer. In addition to zonal
plant species, ruderal species such as Taraxacum officinale, Chamaenerion angustifolium and

Tussilago farfara are included in the community within the field.

Conclusions to chapter 5

The method of geobotanical descriptions was used to study 46 sample plots, including
both the conventional background area and the deposit area. The main cause of vegetation
change in the study area is anthropogenic activity associated with phosphorite mining, the
formation of waste dumps and the reclamation of man-made objects.

On the overburden dumps of the Kingisepp phosphate rock deposit five stages of

community formation following reclamation have been identified: from sowing perennial grasses
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to dead fir forests, since Picea abies has been and is the main tree species undergoing
reclamation.

Undergrowth of small-leaved species actively develops during the first 20-30 years of
reclamation, then it is displaced from undergrowth of European spruce Picea abies (provided that
reclamation was carried out by spruce). At the same time, in conditionally-background areas,
both birch downy Betula pubescens and grey alder Alnus incana occur in natural forests with
excessive moisture.

The most common species of grass and shrub layer is reedgrass Calamagrostis sp. There
is a statistically significant decrease in the abundance of reedgrass in the field area, which may
indicate that soils and technogenic surface formations of the field are rich in nutrients (in
particular, nitrogen and phosphorus compounds), as reedgrass prefers soil with poor mineral
nutrition.

The method of correlation pleids was used in this work, which identified 15 vegetation
groups based on the occurrence of vegetation species in the geobotanical descriptions: of these 3
large groups comprising more than 15 species and 12 small groups comprising from 2 to 6
species. Analysis of these groups showed that the communities at the overburden and
phosphogypsum dumps differ from the conventional background areas only in the presence of a
number of ruderal species. However, the communities adjacent to the tailings pond differed the
most from the reference areas (e.g. by the presence of species that are only found near the
tailings pond).

Anthropogenic impact - phosphate fertilizer production - alters the natural ecosystems
previously located in the deposit area and, instead, returns new communities to nature through
reclamation, which have a different structure, which is most evident in the species composition
of the herb and shrub layer. The restored areas can be used for recreational purposes or forestry.

Protected provision. Spruce communities on overburden dumps of phosphate fertilizer
production undergo five stages of formation. At the same time, the herb and shrub layer, even 40
years after reclamation, is represented mainly by ruderal species. The species composition of

vegetation changes most significantly in the territory of the deposit adjacent to the tailings ponds.



228

Conclusion
As a result of the processing of the factual material obtained by the author, as well as the

study of available literature sources, the following conclusions can be made:

1. The landscape-destructive impact of phosphate fertilizer production consists in
withdrawal of phosphate ore from the subsoil, formation of quarries, displacement of overburden
rocks, formation of overburden rock dumps and phosphogypsum dumps, creation of tailings pits.
These processes lead to almost complete destruction of the deposit's soil and vegetation cover.
Therefore, measures are taken to re-cultivate the disturbed lands.

LandSAT images show that some ecosystems created in the place of former overburden
rock dumps are several decades old. Disturbed land peaked in the 1980s. By 2022 there are
practically no uncultivated overburden dumps left.

Landscape-destructive impacts in the study area have decreased significantly over the
past two decades. Moreover, new technologies are being developed for the application of
phosphogypsum dump material.

2. The emission impact of phosphate fertilizer production can manifest itself as an impact
on the natural environment through atmospheric emissions, wastewater discharges and by
depositing hazardous wastes. Process emissions from phosphoric acid production include
fluorides, phosphates, dust, cadmium, lead, zinc and radionuclides (generated during the thermal
production process). In superphosphate production, fluorides, chlorides, nitrogen compounds and
dust may enter the atmosphere and subsequently be deposited. In NPK production, nitrogen
compounds, fluorides and chlorides are emitted as pollutants.

A separate source of pollutants is phosphogypsum dump. According to literature data
strontium, fluorine, phosphorus and sulphur as well as natural radionuclides are the main
pollutants of exposure of adjacent territories to phosphogypsum dumps.

3. The soil cover of the Kingisepp phosphate deposit has been significantly altered by
human activity. Natural soil types have been replaced by anthropogenic surface formations. On 3
sample plots of the deposit natural soil cover remained with zonal soil types (sod-podzolic and
podbur), in all other post-technogenic ecosystems there were replantozem (consequence of
reclamation). RAT and TCH horizons are distinguished as replantozem horizons.

The movement of lithogenic material and the dumping of large tonnage waste has altered
the topography and created elevation differences of up to several tens of metres. Three processes
have been identified as altering the natural geochemical setting of the deposit: the release of
pollutants through emissions from phosphoric acid and phosphate fertilizer production, the
aerogenic transport of phosphogypsum particles into adjacent landscapes and the influence of the

chemical composition of overburden underlying much of the deposit.
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4. The present ecological state of the soil cover of the Kingisepp phosphate deposit has
been studied with a wide group of chemical elements. According to the degree of anthropogenic
impact three types of territories have been singled out - conditionally background (forest and bog
ecosystems), recultivated overburden rock dumps, and also large technogenic objects -
phosphogypsum dumps and tailing pits. It was found that, in general, no exceedances of MPC in
the conditional background area were detected for all elements, only single exceedances for
copper, manganese, nickel and zinc. The reclaimed overburden dumps have exceeded MPCs for
manganese, copper, zinc and lead. In the soils at the phosphogypsum dump and the tailings
dump, exceedances of MPCs for manganese, copper, lead, nickel, chromium and zinc were
recorded.

Low variation (coefficient of variation less than 30 %) is characterized by barium and
lead; medium variation (coefficient of variation 30-60 %) by cobalt, chromium, iron, manganese,
scandium, zinc; high variation (coefficient of variation 60-100 %) by copper, nickel, antimony,
vanadium; abnormally high (coefficient of variation more than 100 %) by cadmium and
strontium. It has been established that the maximum content of bulk forms of barium, cadmium,
copper, nickel, antimony, strontium, vanadium, zinc is characteristic of the soils selected at the
phosphogypsum dump and tailings pond. In soils of technogenic objects decrease of organic
matter quantity is also observed. Cobalt, manganese, lead, scandium are evenly distributed over
the study area.

The maximum permissible concentration values of chemical elements in the soils of large
technogenic objects calculated according to the maximum permissible concentration limit (MPC)
showed that hygienic norms were exceeded for vanadium 1,5 times; for copper and zinc - 2
times; for cadmium - 3 times; for nickel - 5 times; for sulfur - 7 times; for labile fluorine - 3
times. The average values of the content of elements in the soils of technogenic objects exceed
the hygienic norms only for sulfur.

Coefficients of concentration of average and especially maximum contents of elements in
soils of large technogenic objects show that values of zonal background for the majority of
elements are considerably exceeded. On conditionally backgrounded territory zinc 1,2 times,
phosphorus 1,3 times, fluorine 1,5 times, lead 2,2 times, barium 12 times excess. MPC in the
conditional background area was exceeded by 7 times for sulphur.

In general, when compared, the concentration ratios calculated for zonal background
(mean) and southern taiga soils in the Barents region (median) are the same for the list of
elements. Coefficients exceeding unity calculated both for zonal background (average) and for
southern taiga soils of the Barents region (median) are observed for barium, calcium,

phosphorus, fluorine, strontium. The percentage of mobile forms increases with the increase of
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the gross content. Low mobility (0-1 %) elements are absent, medium mobility (1-10 %) is
characteristic for barium, lead, nickel and zinc, high mobility (10-20 %) for manganese and
copper, high mobility (more than 20 %) elements are absent. The issue of developing
environmental standards and establishing background concentrations for different regions of the
Russian Federation remains open.

Strontium and fluorine and mobile forms of nickel accumulate in soils of light
granulometric composition, and mobile forms of barium accumulate in soils of heavy
granulometric composition. In quasi-soils cobalt, fluorine, iron, manganese, phosphorus and
strontium are accumulated more than in other soils, in peaty soils - antimony, in lithozem -
barium, in texturally differentiated soils - sulfur, in gleyzem - chrome, copper and scandium, and
in alphagumus - lead.

The chemical composition of soils in the studied area is determined by four factors: rock
factor (44 %), production of phosphorus fertilizers (20 %), influence of overburden rocks (14 %),
input of sulfur from phosphogypsum disposal (7 %).

The carried out research has shown that at Kingisepp phosphate deposit there is no
increase of activity of natural radionuclides, even on the contrary - activity of some radionuclides
is less than in the conditionally-background territory. All samples have a value of specific
effective activity less than 370 Bqg/kg (permissible specific effective radioactivity of building
materials (such as sand and crushed stone) used in residential building), the highest - 124 Bq/kg -
at the phosphogypsum dump. That is, the study showed that both the phosphogypsum dump and
the soils located in the zone of its influence are safe in terms of radioactive impact. Moreover, it
is worth noting that in the area under consideration the situation is the opposite - the activity of
certain radionuclides in the territory of the deposit is lower by 50-75%.

The impact of phosphate fertiliser production changes the acidity of soils. However, there
are different trends worldwide: at plants in Spain and Turkey, phosphogypsum significantly
acidifies soils adjacent to production facilities; in Lebanon, on the contrary, soil pH increases. In
the territory of Kingisepp phosphate deposit, the average pH increases by 2 units in comparison
with the conditionally background area: both at aqueous extraction (actual acidity) and at saline
(potential acidity). It is worth noting that in those regions of the World where phosphate rock is
deposited next to limestone, the same situation was observed - the soil pH value increased. pH
water in the conditionally-background area was 5.3 pH units and in the phosphate deposit area it
was 7.2 pH units. pHCI in the conditionally-background area was 4,3 pH units, and in the
deposit area - 6,6 pH units. Change in reaction of environment, in its turn, influences vegetation,
creating favourable conditions for development of species, preferring near-neutral reaction of

environment.
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5. Indicator elements in assessing the impact of production of phosphorus fertilizers on
soils can be: the gross content of strontium, fluorine and phosphorus. Content of fluorine
increases in 3 times in comparison with conditionally-phonic area, and water-soluble forms of
ammonium nitrogen - in 4 times. From phosphogypsum dumps strontium and phosphorus enter
adjacent areas. Strontium content differs from conventional background area by 1,6 times, and
phosphorus content - by 4 times towards increase.

One of the most important indicators of phosphorus production in the studied area is the
coefficient of concentration of chemical elements, calculated on the basis of the regional
background of the Barents region for soils of southern taiga.

6. It is possible to distinguish five stages of spruce community formation on overburden
rock dumps of the Kingisepp phosphate deposit by forest reclamation. The first stage is the
application of soil and seeding with perennial grasses to form a stable ground cover. The second
stage represents planting of forest crops (mainly European spruce Picea abies is used in the
field). The end of the second stage is determined by the emergence of the tallest individuals into
the tree layer (over 6 m). The third stage of community formation is the growth of all stands to
stand level and the creation of birch-spruce or spruce-birch forest, as at approximately 30 years
of age, European spruce in the areas reclaimed by it can occupy up to 50% of the stand. At the
fourth stage, spruces displace birches from the community, remaining almost the only
representative of the tree layer, starting to form the fifth stage, which is not yet represented in the
studied area - dead spruce forests. In the Kingisepp area on overburden dumps, the spruces reach
the fourth stage approximately by the age of 40 years. In terms of the use of disturbed areas
(such as overburden dumps), forest reclamation is the best option.

7. The method of correlation pleids identified 15 vegetation groups based on the
occurrence of species in the geobotanical descriptions: of these 3 large groups comprising more
than 15 species and 12 small groups comprising from 2 to 6 species. Analysis of these groups
showed that the communities at the overburden and phosphogypsum dumps differ from the
conventional background areas only in the presence of a number of ruderal species. However,
the communities adjacent to the tailings pond differed the most from the notional background
(e.g. by the presence of species that are only found near the tailings pond). Only in these
communities Thalictrum flavum, Matricaria chamomilla, Alopecurus pratensis, Bidens tripartita
and Chenopodium album could be found. Note that the diversity of soils, moisture regime and
degree of anthropogenic transformation leads to a heterogeneity of species found near tailings
sites.

Communities on waste dumps differ from conditionally-background territories not so

evidently. Small groups characteristic of different conditions have been singled out - in general,
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for all technogenic objects, specifically for overburden dumps, and for certain species (small-
leaved or coniferous), up to the group occurring in 40-year old reclaimed spruce forests.

8. As a conclusion, it can be concluded that the area affected by the production of
phosphate fertilizers is characterized by the change of natural soil types to anthropogenic surface
formations containing increased amounts of strontium, fluorine and phosphorus. Under condition
of occurrence of raw materials under carbonate rocks there is an additional influence expressed
in the form of alkalization and increase of gross iron, manganese and sodium in soil. The natural-
anthropogenic ecosystems forming the land cover of the phosphorite deposit after reclamation
have significant differences from the zonal conditionally-phonous ones due to the abundance of

species resistant to the chemical composition and properties of the replantozem.
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APPENDIX
Appendix 1. Location of soil sampling.
Name of soil sample Latitude Longitude
Swamp 1 59,3518 28,4393
Swamp 2 59,35 28,4397
Swamp 3 59,415833 28,304272
Swamp 4 59,415567 28,306625
Forest 1-1 59,4149 28,3658
Forest 1-2 59,4125 28,3629
Forest 1-3 59,4098 28,3596
Forest 2-1 59,3956 28,377
Forest 2-2 59,394 28,3728
Forest 2-3 59,3922 28,3731
Forest 3-1 59,383406 28,372594
Forest 3-2 59,383831 28,373281
Forest 3-3 59,384414 28,373919
Forest 4-1 59,4556 28,503153
Forest 4-2 59,456061 28,504994
Forest 4-3 59,457339 28,507186
Forest by the road 59,381386 28.,374075
Dumpster 1-1 59,3859 28,444
Dumpster 1-2 59,386 28,447
Dumpster 1-3 59,3851 28,4465
Dumpster 1-4 59,3825 28,4339
Dumpster 1-5 59,3851 28,4454
Dumpster 1-6 59,3839 28,4376
Dumpster 2-1 59,3751 28,4337
Dumpster 2-2 59,3745 28,4317
Dumpster 3-1 59,3762 28,4373
Dumpster 3-2 59,374 28,436
Dumpster 4-1 59,3709 28,4402
Dumpster 4-2 59,3695 28,4434
Dumpster 4-3 59,3664 28,44
Dumpster 4-4 59,3643 28,4436
Dumpster 4-5 59,3626 28,436
Dumpster 4-6 59,3612 28,4403
Dumpster 4-7 59,3594 28,4376
Dumpster 5-1 59,389047 28,430717
Dumpster 5-2 59,386592 28.,423419
Dumpster 5-3 59,379261 28,426392
Dumpster 5-4 59,383939 28,426844
Dumpster 5-5 59,383048 28,427709
Dumpster 6-1 59,376239 28,459803
Dumpster 6-2 59,3732 28,458961
Dumpster 6-3 59,369242 28,458392
Dumpster 6-4 59,365314 28,458369
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Name of soil sample Latitude Longitude

Dumpster 6-5 59,362331 28,459469
The farm 59,4125 28,3629
Phosphogypsum 1 59,3906 28,4393
Phosphogypsum 2 59,3914 28,4375
Phosphogypsum 3 59,3916 28,4381

Phosphogypsum 3-1 59,393197 28,435608

Phosphogypsum 3-2 59,393006 28,435164
Phosphogypsum 4 59,3931 28,435
Phosphogypsum 5 59,392 28,4373
Phosphogypsum 6 59,3916 28,4366
The tail 1 59,3994 28,4342
The tail 2 59,3919 28,4262

The tail 3 59,391783 28,426108

The tail 4 59,400986 28,406318

The tail 5 59,402623 28,404475

The tail 6 59,403514 28,406053




Annex 2: Soil types and plant communities in the sample plots.
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Name of point

Soil

The plant community

Swamp 1 Oligotrophic peat soil Pine-herb-rush-reedy sphagnum
Swamp 2 Oligotrophic peat soil Pine-herb-rush-reedy sphagnum
Swamp 3 Ephthrophic peat soil Pine wheatgrass-sphagnum
Swamp 4 Oligotrophic peat soil Aspen-srl)r}llzélélf;nberry-
Forest 1-1 Gleysem greyhumus B1rch-g;:z;iz?g-;zigg-talga
Forest 1-2 Gleysem greyhumus Birch-reedy-cottonwood
Forest 1-3 Gleysem greyhumus Birch reedgrass
Forest 2-1 Gleysem greyhumus A reedgrass meadow
Forest 2-2 Greyhumus lithozem Alderwort
Forest 2-3 Greyhumus lithozem Spruce sagebrush-grass
Aspen, birch and spruce,
Forest 3-1 Gleysem greyhumus sagebrush and meadow-aspen
forest
Forest 3-2 Dernovo podbur Spruce sagebrush-grass
Forest 3-3 Turfy illuvial glandular sub-burr Spruce reedgrass
Forest 4-1 Oligotrophic peat soil Willow-weed-sphagnum
Forest 4-2 Manganese-gley soil Alder-aspen-willow-grassland
Forest 4-3 Dernovo podbur Alder-aspen reedgrass-roadwort-
greengrass
Forest by the road Turf humus illuvial coarse soil Spruce pine-berry-blackberry-
green moss
Dumpster 1-1 Replantozem Spruce
Dumpster 1-2 Replantozem Mixed forest
Dumpster 1-3 Replantozem Pine
Dumpster 1-4 Replantozem Mixed forest
Dumpster 1-5 Replantozem Leafy
Dumpster 1-6 Replantozem Birch
Dumpster 2-1 Replantozem Birch-spruce ash-grass-birch-
vein-grass greengrass
Dumpster 2-2 Replantozem Aspen woodland reedgrass
Dumpster 3-1 Replantozem Blrcslrl)l‘tl);rgcnlil—rrgeg(z;p_}rig;um—
Dumpster 4-1 Replantozem Spruce reedgrass
Dumpster 4-2 Replantozem Willow strawb;r(r;;sfsand strawberry
Dumpster 4-3 Replantozem Spruce mother-beam greengrass
Dumpster 44 Replantozern Spruce:birch-meadow-vei-vein-
Dumpster 4-5 Replantozem Birch birch chinewood greengrass
Dumpster 4-6 Replantozem Spruce reedgrass-chinch
Dumpster 4-7 Replantozem Willow chinensis
Dumpster 5-1 Replantozem Willow-quiperea
Dumpster 5-2 Replantozem Aspen wheatgrass
Dumpster 5-3 Replantozem Pine-spruce corkscrew-vein-
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Name of point Soil The plant community
sphagnum
Dumpster 5-4 Replantozem Spruce gum forest
Dumpster 5-5 Replantozem Spruce %grr ZZE?;;WIHOW‘
Dumpster 6-1 Replantozem Pine grosbeak-green-moss pine
Dumpster 6-2 Replantozem Spruce liverwort
Dumpster 63 Replantozem Pine-spruce reedgrass rass-
Dumpster 6-4 Replantozem Willow-birch-spruce-mother-
beam-grass-peach- grass
Dumpster 6-5 Replantozem \Z?rl;gvvg;rrls :Illr(;:l;rf;i ?Islgzlsl’
The farm Sod-podzolic Grain-grass
Phosphogypsum 1 Replantozem Aspen
Phosphogypsum 2 Replantozem Pine
Phosphogypsum 3 Replantozem Not available
Phosphogypsum 3-1 Replantozem Not available
Phosphogypsum 3-2 Replantozem Not available
Phosphogypsum 4 Replantozem Aspen pike
Phosphogypsum 5 Replantozem Not available
Phosphogypsum 6 Replantozem Wormwood and quinoa
The tail 1 Replantozem Willow nettle-grass
The tail 2 Replantozem Birch pear and willow
The tail 3 [uvial-humus gleyey sub-soil Alder-willow -hemp
The tail 4 Replantozem Birch pear and willow
The tail 5 Dernovo podbur Willow-quiprene
The tail 6 Agrosoil alphegumus gley Alderwort
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Annex 3. Description of soil transects according to GOST 17.4.4.02-2017.
1 Soil profile No. 1
2 Address: Leningrad Oblast, Kingisepp District, Bolshelutskoye rural settlement, reclaimed
overburden rock pits.
3 General relief: top of overburden dump.
4 Micro-relief: rock debris.

5 Vegetation cover: birch-spruce ash-grass-birch-vein-grass green-moss community.
6 Site and its cultural condition: forest reserve lands, road protective strips.
7 Signs of waterlogging, salinity and other characteristic features are absent.
8 Soil and groundwater level uncovered.

9 Bedrock and bedrock: dolomites and limestone.

10 Soil name: Repantozem on the overburden.

Horizon and
thickness, cm

Description of the section: mechanical composition, humidity,
colouring, structure, density, new formations, inclusions, nature of
the horizon transition and other features

Depth taken of
samples, cm

W (0-8cm) light loam, moist, brownish grey, unstructured, loose, inclusion of | 0 — 8 cm
organic residues
R dense rock: overburden rocks (limestone and dolomite of the | -

Volkhov and Obukhov Formations)
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1 Soil profile No. 2
2 Address: Leningrad Oblast, Kingisepp district, Bolshelutskoye rural settlement, farm.
3 General relief: river terrace.

4 Micro-relief: mounds.

5 Vegetation: grass-grass meadow.

6 Site and its cultural status: agricultural land, farming area.
7 No signs of waterlogging, salinity or other features.

8 Soil and groundwater level uncovered.

9 Bedrock and bedrock: Fluvioglacial deposits.

10 Soil name: sod-podzol soil, medium-powered, shallow-podzol light loam with poorly
developed profile on fluvioglacial sediments.

Horizon and | Description of the section: mechanical composition, humidity, | Depth

thickness, cm colouring, structure, density, new formations, inclusions, nature of the | taken  of
horizon transition and other features samples,

cm

AY (0-12 cm) light grey, light loamy, fine clay, fresh, with earthworm tracks, light | 0 — 12 cm
mineral grains, inclusions of large roots and pebbles, clear transition

EL (12— 15cm) | white, light loamy, flaky, fresh, light mineral grains, inclusions of roots | -
and pebbles, gradual transition

BEL (15— 17 cm) | light brown, light loamy, flaky, fresh, light mineral grains, inclusions of | -
roots and pebbles, gradual transition

BT (17 —-28 ¢cm) | brown, heavy loam, walnut-prismatic, fresh, with light mineral grains, | 17 — 28 cm

inclusions of roots and pebbles, visible transition

BC (over 28 cm)

grey, heavy loam, unstructured, fresh, with light mineral grains,
inclusions of roots and pebbles
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1 Soil profile No. 3
2 Address: Leningrad Region, Kingisepp District, Bolshelutskoye rural settlement, Pyatnitskiy

Mokh bog.

3 General relief: depression on the river terrace.
4 Micro-relief: hummocks.

5 Vegetation: pine-herb-grass-sphagnum community.
6 Site and its cultural condition: forest lands, prohibited forest strips along water bodies.
7 Signs of waterlogging, salinity and other features: waterlogged.
8 Groundwater table: 9 cm.

9 Maternal and bedrock: peat.
10 Soil name: sphagnum oligotrophic peat soil.

Horizon and
thickness, cm

Description of the section: mechanical composition, humidity,
colouring, structure, density, new formations, inclusions, nature of
the horizon transition and other features

Depth taken of
samples, cm

TO (0—50 cm) light brown, damp, consisting predominantly of sphagnum moss | 0 — 50 cm
remains of varying degrees of decomposition, not exceeding 50%,
gradual transition

TT (over 50 cm) | brown, damp (underwater), consisting predominantly of | -

sphagnum moss residues of varying degrees of decomposition, not
exceeding 50%
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1 Soil profile No. 4

2 Address: Leningrad Region, Kingisepp District, Bolshelutskoye rural settlement, forest area
near the village of Pervomayskoye.

3 General relief: river terrace.

4 Microrelief: mounds.

5 Vegetation: alder-alder and meadow-alder community.

6 Site and its cultural condition: forest lands, exploitable forests.

7 Signs of waterlogging, salinity and other features: Initial signs of waterlogging.

8 Soil and groundwater level is undiscovered.

9 Bedrock and bedrock: Eluvial-deluvium limestone.

10 Soil name: Grey-humus medium-powered light loamy lithozem with undeveloped profile on
limestone eluvium-deluvium

Horizon and | Description of the section: mechanical composition, humidity, | Depth taken of
thickness, cm colouring, structure, density, new formations, inclusions, nature of | samples, cm
the horizon transition and other features

AY (0—-18 cm) brownish grey, light loamy, fine-cloddy, moist, light mineral grains, | 0 — 18 cm
inclusions of roots, pebbles, boulders, rock debris, clear transition

R (over 18 cm) dense rock: sandstones of the Sablinsky Formation or limestones
and dolomites of the Volkhov and Obukhov Formations
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1 Soil profile No. 5
2 Address: Leningrad Region, Kingisepp District, Bolshelutskoye rural settlement, forest area
near the village of Pervomayskoye

3 General relief: river terrace.

4 Microrelief: mounds.

5 Vegetation: Alder-alder grass green-moss community.

6 Site and its cultural condition: forest lands, exploitable forests.
7 No signs of waterlogging, salinity and other features.

8 Soil and groundwater level is unexplored.

9 Bedrock and bedrock: Fluvioglacial deposits.

10 Soil name: soddy podbur typical thick sandy loam with medium-developed profile on

fluvioglacial sediments

Horizon and | Description of the section: mechanical composition, humidity, | Depth

thickness, cm colouring, structure, density, new formations, inclusions, nature of the | taken  of
horizon transition and other features samples,

cm

AY (0-27 cm) dark grey, lightly loamy, fine clayey, moist, with earthworm tracks, | 0 — 20 cm
light mineral grains, inclusions of large roots and pebbles, clear
transition

BHF (27 — 61 cm) | dark brown, fresh, sandy loam, unstructured, loose, inclusions of roots, | 30 — 50 cm

stones, gradual transition

BC (over 61 cm)

brown, fresh, sandy loam, unstructured, dense, inclusions of roots,
stones
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1 Soil profile No. 6

2 Address: Leningrad region, Kingisepp district, Bolshelutskoye rural settlement, production
area of OOO Phosphorit.

3 General relief: river terrace.

4 Micro-relief: bumps, ruts from passage of large-size machinery.

5 Vegetation: willow willow-maple birch community.

6 Site and its cultural condition: industrial land, hazard class I enterprise location zone.

7 Signs of waterlogging, salinity and other features: Gleying spots in the profile indicate the
presence of a gleying process.

8 Soil and groundwater level is uncovered.

9 Bedrock and bedrock: Fluvioglacial deposits.

10 Soil name: Agrozem alphegumus gleyey medium-podded deep gleyey light loamy with
medium-developed profile on fluvioglacial sediments

Horizon and | Description of the section: mechanical composition, humidity, | Depth
thickness, cm colouring, structure, density, new formations, inclusions, nature of the | taken = of
horizon transition and other features samples,
cm
P(0-34cm) black, loose, lumpy, moist, lightly loamy, visible transition 0-20cMm

BHF (34 — 57 cm) | brown-ochre, moist, sandy loam, unstructured, loose, inclusions of | 35— 55 cm
roots, stones, eclipses of dark spots, visible transition

G (57-65cm) bluish colour when the horizon is detected, turns brown when exposed | 57 — 65 cm
to air, heavy loam, damp, structureless, weakly porous
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1 Soil profile No. 7

2 Address: Leningrad Oblast, Kingisepp district, Bolshelutskoye rural settlement, forest fund
lands.

3 General relief: river terrace.

4 Micro-relief: mounds.

5 Vegetation: alder-alderwort-vein-grassland.

6 Site and its cultural condition: forest reserve lands, forbidden strips of forests located along
water bodies.

7 Signs of waterlogging, salinity and other features: Signs of gleying.

8 Soil and groundwater level uncovered.

9 Bedrock and bedrock: Fluvioglacial deposits.

10 Soil name: humus-gleyey soil, surface gleyey medium-loam with medium-developed profile
on fluvioglacial sediments.

Horizon and | Description of the section: mechanical composition, humidity, | Depth taken of

thickness, cm colouring, structure, density, new formations, inclusions, nature of | samples, cm
the horizon transition and other features

H (0-43 cm) dark brown, medium loamy, damp, unstructured, weakly porous, | 0 — 20 cm
visible transition

G (43 - 60 cm) blue when the horizon is detected, turns brown when exposed to | 45 — 60 cm
air, clay, damp, structureless, weakly porous, gradual transition

CG (over 60 cm) grey, clayey, damp, unstructured, dense, stains of gleying -
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