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HanoXeHHbIM No4YBOOOpa3oBaTENbHLIM NPOLECCOM, hOPMUPYHO-
LLIMM JOMONMHUTENbHbIA PUCK Pa3BUTUSA B NMOYBAX TEXHOTEHHOIO CO-
noH4yakoBaHusi. OBHapyXeHHbIE U3MEHEHUSI MO3BOSOT OLEHNUTb
3KOSIOrMYeCcKoe COCTOSIHME MOYB (XMMMU3M, CTEMEHb 3aCOfeHUs,
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KynbTUBaLMKN NOYB HEHTECONEBOTO 3arpsisHEHNS.

Krnroueabie criosa: HedpTeconeBoe 3arpsisHeHNe, NerkopacTBopy-
Mbl€ COJ1, TEXHOTEHHbI ranioreHes, XMMn3m 3acorieHnsl, CONeBoN
Npodunb NoYB, MeTodbl PeKynsTUBaLuun, outomenvopaums

[Ana yumuposaHus. Hocosa, M.B. n gp., 2023. N3ameHeHMs NOYB MO BAUSHUEM 3arpa3HEHNS CbIPO HETHI0 U MUHEPaNM30BaHHbIMU
xugkoctamm B ycnosusix CpegHero MNpuobba 3anagHon Cubupu. TpaHcghopmauyusi akocucmem 6 (2), 64—73. hitps://doi.org/10.23859/
estr-220718


https://orcid.org/0000-0001-7985-6474
https://orcid.org/0000-0002-7432-1726

HocoBa, M.B. n gp., 2023. TpaHcghopmayusi skocucmem 6 (2), 64—73.

Article
Assessment of

65

soil changes causing

contamination with crude oil and mineralized
liquids in the Middle Ob region

(Western Siberia)

Maria V. Nosova' ?* | Valentina P. Seredina’ |

Sergey A. Stovbunik?

" Tomsk State University, pr. Lenina 36, Tomsk, 634050 Russia
2 JSC «TomskNIPIneft», pr. Mira 72, Tomsk, 634027 Russia

*nosovamv@tomsknipi.ru

Received: 19.07.2022
Revised: 23.08.2022
Accepted: 24.08.2022
Published online: 15.06.2023

DOI: 10.23859/estr-220718
UDC 504.064

Translated by S.V. Nikolaeva

Abstract. The influence of highly mineralized waters and crude
oil on the properties of podzolic and alluvial soils in Western
Siberia is analyzed. Soils contaminated with mineralized waters
during oil production accumulate easily soluble salts, as shown
by the amount of dense residue within the contamination halo
(0.30-1.68%), including high content of toxic salts (toxic chloride-
sulfate and sulfate anions and toxic cation sodium), which create
an unfavorable environment for the growth and development
of higher plants. Salt accumulation and the chemistry of soil
salinization in oil production areas depends both on the type of
pollution (crude oil, mineralized waters) and on soil-ecological
conditions (landscape position, hydrological regime, genetic type
of soils and their sorption properties, regime of salt supply). The
discharge of mineralized waters during spillages in waterlogged
taiga landscapes of Western Siberia leads to technogenic
halogenesis (salinization) in areas where this process could
never have occurred naturally. Soil salinization, which occurs in
a humid climate, can be considered a superimposed soil-forming
process, which forms an additional risk of the development of an
accompanying solonchak process in soils. The changes revealed
allow the ecological state of soils to be assessed. Proposals for
the reclamation of oil-salt contaminated soils can be put forward,
based on basic parameters of technogenically saline soils
(chemistry, degree of salinization, and stock of toxic salts).

Keywords: oil and salt pollution, easily soluble salts, technogenic
halogenesis, salinization chemistry, soil salt profile, reclamation
methods, phytomelioration
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BBeaeHue

HedTsaHble MecTopoxaeHust 3anagHon Cubupu
SABNSAOTCS OCHOBHbLIM paioHOM A06bl4n HedTH B Poc-
cumckon ®epepaumm. MNpu MHTEHCMBHOW pa3paboTke
N 3KCcnnyataumMm MecTopoXaeHUn oKpyxatoLLasi npu-
poaHasi cpefia UCMbITbIBAET 3HAYUTENbHYI0 TEXHOrEH-
HYIO Harpysky, 4To 4acTo MPUBOAUT K 3arpsi3HEHUIO U
Jerpagaumm aKoCUCTEM.

OpHa 13 akTyanbHbIX 3KONMOrm4ecknx npobnem
3anagHor Cubnpm — yBennyeHne apeanoB TEXHOTEH-
Ho-3aconeHHbIx novs (FeHHagues, 2016; CepeaunHa
n ap., 2017; ConHuesa, 2002). Nx npoucxoxaeHune
CBSI3aHO C aBapuMHbLIMIN Pa3nMBaMn BbICOKOMUHEpPA-
NN30BaHHbIX BOA, UCMONb3yeMbIX ANS noaaepxaHust
NMacToBOro AaBneHnsa Ha HePTAHbIX 3anexax. Takke
3aconeHno cnocobcTBYeT M HedhTAHOE 3arpsi3HeHne
3emerb, 00yCcrnoBneHHoe CUNbHOM 06BOOHEHHOCTLIO
cbipon HedpTn (CepeauHa u ap., 2006; Nosova et al.,
2020). MNouBbl gBRAOTCA Hanbornee LEHHbIM UCTOY-
HUKOM WHcopMaLMM 06 3KOMOrMYECKOM COCTOSTHUM
HedTe3arpsi3HEHHOW TEPPUTOPUN.

Ha cerogHsLWHUN AeHb OUEHKe NPOCTPaHCTBEH-
HOro pacrnpeferneHust TEXHOreHHbIX CONeBbIX 3arpsis-
HEHWI NOYB NOCBSLLEHbI HEMHOrOUUCIIEHHbIE UCCTe-
posaHus (Capra et al., 2015; Nosova et al., 2021;
Wiens, 2013). CtouT oTMETUTb, 4TO MacliTabHas
NpakTMkKa peKkynbTMBaLMU TEXHOFEHHO 3aCOMNEeHHbIX
3eMenb B HacTosllee BpeMs oTcyTcTByeT. Crnox-
HOCTb BOMpoOcCa 3aKro4aeTcsl Kak B OTCYTCTBUU Npu-
€MOB 1 MEeTOOUYECKUX pa3paboToK AMsi OLEHKM Xa-
pakTepa 1 CTeneHn aKOrorMyeckon onacHOCTM aToro
BMaa 3arpss3HeHUn, Tak U B TPYAHOCTHAX, BO3HMKAIO-
LWMX Npy BU3yanbHOM onpeaeneHun rpaHul Hedpre-
COMNeBOro 3arpsi3HeHus!.

Llenb HacTosiLero nccrnenoBaHusi — YCTaHOBUTb
cofepxaHue Cornen TEXHOreHHOro NPOUCXOXAEHMS,
BbISIBATb XapakTep M 3aKOHOMEPHOCTM WX pacrnpe-
JeneHnst B MNo4YBaxX KOHTPACTHbLIX FEOXMMUYECKNX
naHawadgToB B YCrOBUAX MOKanbHOMO 3arpsi3HeHust
CbIpo HE(PTLIO U MUHEPANU3OBAHHBLIMK BOAAMM, a
Takke onpeaenuTb Hanbonee adppeKkTUBHbINA CNocod
pekynsTMBauun 3eMenb.

MaTepManbl n MetToabl

OObeKkTamn MccnegoBaHUSA MOCHYXWUM NOYBHI
Ha yyacTkax pasnusa Cbipon HeTU N MUHepanunso-
BaHHbIX XMUOKOCTEN Ha TeppuTopun CpedHen Taurm
3anagHor Cnbupu B npegenax XaHTbl-MaHCcUncKoro
aBTOHOMHOro okpyra. O4yaru 3arpsi3HeHWs BO3HUK-
Ny nocre npopbiBa NPOMbICIOBLIX TpybonpoBodos
B LieHTpanbHOW 4actn nonmbl p. Obu (HedTsaHOoe
3arpsisHeHve) M nNpu aBapuMHOM OTKase BoOoBOAa
BbICOKOro AaBreHusi Ha BOAOpasfenbHON paBHUHE
neBobepexbs p. O6M (3arps3HEHME MUHEpanu3o-
BaHHbIMU Xuakoctamu). o cornacoBaHuio ¢ 3KCMNy-
atupytowlen opraHmnsaumen (MAO HK «PocHedTb»)
Mbl He YyKa3blBaeM HauMeHOBaHWs HeTerasoBbIX

MECTOPOXAEHUN U TOYHbIE KOOPAUHATLI pacrnonoxe-
HWS y4aCTKOB 3arpsi3HEHU.

MouBbl, HaxoadLlMecss nof BRMSHUEM KaXOoro
TMNa 3arpsisHeHusi, ObiNn obcregoBaHbl B utone —
asrycte 2021 r. B TeyeHWe MmecsLa nocrne aBapuu
Ha TpybonpoBoge. paHuLbl pacnpocTpaHeHUsa He-
TAHOro 3arpsisHeHus B NorMe onpeaensnu no Ha-
NNYUI0 Ha NOBEPXHOCTM MOYB OBUTYMMHO3HOW KOPKM
M NO CTeneHn YrHeTeHWUst pacTUTENbHOrO MNOKpPOBa.
MocneaHwin nokasaTenb Takke CryXnn MHAMKaTopoMm
3arpsa3HeHus NoYB BoOAOpa3aena MMHepanm3oBaHHbI-
MW N1acTOBLIMU BOAAMM.

Ha kaxgom ydacTke B anuUeHTpe 3arpsi3HeHus
ObIn 3anoxeH NonHoONpPoMUIbHbIA paspes. O6pasLb
MoYBbl, NMOABEPXKEHHOW 3arpsi3HEHUI0 MNacTOBbIMU
Bogamu (p-1), oTbupanu no reHeTM4eCKUM ropuU3oH-
TaMm. [paHuLbl TOPU3OHTOB B 3arpsi3HEHHOW HeddTbIo
noyse (p-2) BbIAENUTL 3aTPYAHUTENBLHO, MO3ITOMY
0obpasupbl 0TOMpanu NocnonHo Yepes kaxabie 10 cm
4o rmybuHbl 1 M. [na uccnepoBaHnst nateparnbHON
Murpauumn HedTeENPOaYKTOB U NerkopacTBOPUMbIX
coren 6bina 3anoxeHa cepusi NOYBEHHBLIX MPUKOMOK.
Mpobbl OTOMpanMcb B 3NWULEHTPE 3arpsi3HeHUsl, a
TaKkKe Ha pasnuyHoM yaaneHuu OT ovara 3arpsidHe-
HUSA: B UMMaKTHOW 30He (3 M) 1 Ha rpaHuLe 3arpsas-
HeHus (5 m).

[nsa oueHKkn cTeneHn U3MeHeHUs! NoYB Ha 3arpsis-
HEHHbIX y4YacTKax No CpaBHEHWUID C eCTECTBEHHbIMMU
noysamu ObiM 3anoXxeHbl MOYBEHHbIE pa3pe3bl Ha
¢oHOoBbIX yyacTkax B 10 KM OT 30Hbl 3arpsi3HEHus.
Mpu BbIGOPE MecTa oTbopa npob cobntoganock Tpe-
OoBaHMe MakcMManbHOM OOHOPOAHOCTM (DaKTOPOB
noysoobpas3oBaHMss — MNO4YBOODOPa3ylOWMX Mnoposd,
3NeMeHTOB pernbeda 1 xapakrepa pacTUTENbHOCTU.
O6pasubl POHOBLIX MNOYB OTOMPANUCL U3 OCHOBHbLIX
reHeTM4YeCcKMX ropn3oHTOB Ha BCHO MyOuHy pa3pesa
(dboH-1 1 choH-2).

CuctemaTtnyeckoe MonoXeHue rno4vB Ha Kaxaom
obcrnenoBaHHOM y4vacTke onpegensnu no «Knac-
cudukaumm n guardHoctnke noys Poccumy (LUu-
woB un ap., 2004) n World Reference Base for Soil
Resources (2014).

Hedtenpogyktel (HIM) B 06pasuax onpeaene-
Hbl dnyopumeTpuyecknum Metogom. CopepxkaHue
W COCTaB NerkopacTBOPUMbIX COMNen onpeaerneHsl B
BOZIHOM BbITSI>KKE B COOTBETCTBUM C FOCTUPOBAHHBIMM
MeTOAMNKaMW.

YpoBeHb pH ©“ nNNOTHBIA OCTaToOK COrnacHo
FOCT 26423-85", cynbdat-uoH no NOCT 26426-852,
NoHbI HaTpus 1 kanusa no NOCT 26427-853, xnopua-

" TOCT 26423-85 [MouBbl. MeTtoabl onpeneneHust yaernbHoW
3MeKTPMYecKor NpoBoAMMOCTU, pH M MAOTHOrO ocTaTka BOAHOW
BbITSDKKU.

2TOCT 26426-85 MNMouBbl. MeToab! onpeaeneHust noHa cynbdarta
B BOAHOW BbITSKKE.

3 TOCT 26427-85 MouBbl. MeTon onpeneneHust HaTpUst U kanusi B
BOOHOW BbITSDKKE.
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noH no NOCT 26425-85*, oHbI kanbunsi U MarHus no
MOCT 26428-85°, noHbl kapboHata 1 bukapboHaTta no
FOCT 26424-85°. CTteneHb 3aconeHuns oLeHMBanach
no obuwenpuHaTon knaccudpukauum O.P. 3angens-
MaHa (2017). paHynoMeTpuyecKkuin cocTaB MoYBbI
onpeaensiny NUNETOYHbIM METOAOM C MOMOLLLIO Mn-
netkn KaudmHckoro. HopmanbHOCTb pacnpeneneHus
NoMny4yeHHbIX pPe3ynbTaTtoB OLeHMBanM € MOMOLLbIO
kputepues Konmoroposa-CmupHoBa. NpusHaku ume-
10T HOpMarnbHOe pacnpeieneHue, NnoaTomy B pabote
ncnonb3oBanncb NapameTpuveckme MeToAbl cTaTu-
CcTuKu (KoadppuumeHT koppenaumn MupcoHa — Rp.
MonyyeHHble AaHHble Takke ObiNyM CrpynnMpPOBaHbI
Mo 30HaM 3arpsaA3HeHUs ¢ onpeaerneHueM ananasoHa
AaHHbIX (Min—max), cpedHero u craHgapTHOro OT-
knoHeHus (SD).

Pe3ynbTatbl 1 06Ccy)xaeHue

Mopdonornyeckoe CTpoeHMe MOYBEHHOrO MNpo-
dunsa oTpaxkaeT HanpasrneHne no4soobpasoBaTernb-
HOro npouecca v gaeT npeacraBneHne o6 akomnoru-
YeCKOM COCTOSIHUM camux nous. Huxe npuBoasTcs
0COBEHHOCTN CTPOEHUSA MPOdUNS UCCHEeA0BaHHbIX
(POHOBLIX U TEXHONEHHO 3arpPA3HEHHbIX anmnBuanb-
HbIX 1 NOA30MUCTLIX MOYB.

®oHoBbIN yyacTok 1 (oH-1) pacnonoxeH Ha Bo-
AopasgernbHOM NPOCTPaHCTBE Mo KEAPOBbLIM SIeCoM
(Pinus sibirica Du Tour) ¢ npumMecbto ocuHbl (Populus
tremula L.). PasHoTpaBHO-KyCTapHWYKOBbIE accoLM-
auun npefcrtaeneHbl pabuHon (Sorbus sp.), barynb-
HUkoM GonoTHeiM (Ledum palustre L.), GpycHukomn
(Vaccinium vitis-idaea L.), ocokon (Carex sp.), Ky-
KYLKUHBIM NbHOM (Polytrichum sp.) ¢ ManomoLLHown
necHon noacTunkon. lMoyBeHHbI npodunb npea-
cTaBneH cucrtemon ropusoHtos: O (0-2 cm) — OT
(2-7 cm) — EL (7-12 cm) — BEL , (12-30 cm) — BT,
(30-50 cm) — BT, (50-60 cm) — BT, (60-70 cm) —
BC,, (70-100 cwm). BepxHue ropusoHTbI No4Bb! cchop-
MUpOBaHbl 0TOPGOBAHHON AepHUHON (rOpU30HTbI O
n OT). MpaHynomeTpuyecknin coctas MnoyBbl AnUd-
depeHLMpoBaH MO  anoBUANbHO-UMNTOBUANBHOMY
TUNY, 0COBEHHO NO UNUCTOW bpakummn. Tak, BEpPXHSA
YacTb MMMOBUArbHbBIX TOPU3OHTOB XapakTepusyeTcs
[OCTaTOMHO BbIPaXXEHHbIMW NPU3HAKaMy UIMoBUK-
pOBaHWSA: OPEXOBATON CTPYKTYpOK, Oonee nnoTHbIM
crnoxeHuem B ropusoHTax BEL. BT, BT, BT, .B
COYEeTaHUU C NErknm rpaHyrioMeTpU4EeCKMM COCTaBoOM
WMHTEHCMBHOCTb  MoA3onoobpasoBaHMsl  OCOBEHHO
4YEeTKO NPOSBNSETCS B XapakTepHOM AN 3Toro tuna
Nno4B CBETNO-CepoM BeCcCTpyKTypHOM ropusoHTe EL.
MoyBa anarHoCcTMpyeTcs Kak noasonucTas TunuyHas

4 TOCT 26425-85 lNouBbl. MeToabl onpeaeneHnst MoHa xnopuaa B
BOHOW BbITSKKE.

5 TOCT 26428-85 lMouBbl. MeToabl onpedeneHns kanbumsi u
MarHusi B BOAHOW BbITSKKE.

8 TOCT 26424-85 lNousbl. MeTog onpegeneHnst MOHOB kapboHaTa
1 6ukapboHaTa B BOOHOWN BbITSIKKE.

UNNI0BMAanNbHO-XenesncTas MernkooCBeTNEHHas ner-
KocyrnuHuctas (Retisols Gleyic).

®DOHOBbIV y4acTok 2 (hoH-2) pacnonoxeH Ha no-
HWKEHHOM MNMOCKOM [PEHUPYEMOM MNEepUOaNYECKU
3arannuBaeMoM yvactke nonmbl p. O6u. Kycrap-
HUKOBO-pa3HOTPaBHble coobulecTBa yyacTtka 06-
pasoBaHbl uBamu (Salix sp.), YepHON CMOPOOUHOWN
(Ribes nigrum L.), TaBonron uBonucTHoW (Spiraea
salicifolia L.), naba3sHukom (Filipendula ulmaria (L.)
Maxim.), ropowwkom MmblwnHbIM (Vicia cracca L.), a
Takke NoTMKOM nonsyynm (Ranunculus repens L.),
kanyxHuuen (Caltha palustris L.) n ocokon. B npo-
¢hune BbigensaTca cneaytowme ropusoHTbl: AY, (1—
10 cm) — AY (13-23 cm) — AYC, (30-40 cm) - IC |
(45-55 cm) — IIC,, (60-70 cm) — 1lIC,, (90-100 cm).
CeporymycoBbili (4epHOBbIN) rOpUM3oHT BypoBaTo-ce-
poro useta (AY,), KOMKOBaTbI, ryCTO MPOHW3aHHbIN
KOPHEBLIMU CUCTEMaMu IYroBOW pPacTUTENbHOCTM.
3aMeTHbI crnepbl AedTenbHOCTU NMOYBEHHON dayHbI.
OpraHoreHHble ropu3oHTbl (AY,, AY) nocteneHHo
CMEHSIIOTCA  OrneeHbiMi ropusoHTamm (AYC, IC,
IIng, IIIng). lMoyBa AmarHocTMpyeTcsa Kak anmtoBu-
anbHas ceporymycosasi TUMNWYHas rneesatas He-
HacblWeHHasa cpegHeMernkas TsXKenocyrnuHucTas
(Stagnosols Fluvic).

[danee paccmartpuBaeTcs NPOsIBIIEHNE Kaxdoro
TuNa 3arpsis3HeHns B Mopdonornieckom obnumke nouys.

3aconeHHble nogsonucTele no4ssl (p-1) He nve-
10T BbIP@XEHHbIX MOPEONOrMYecknXx MU3MeHEeHUNn B
CTpoeHuM nNpodunsa no CpaBHEHUIO C (POHOBbLIMM.
Hanbonee xapakTepHbiM MpPU3HAKOM COMEBOro 3a-
rPsI3HEHMS NOYB ABNSAETCA NonHasa gerpajaums pac-
TUTENbLHOIo MOKPOBA MO BCEW NNoLaam pacnpocTtpa-
HEeHWs1 MUHepanu3oBaHHbIX Xuakocten. B anmueHTpe
€0UHWYHO BCTPEeYaloTCs BbICOXLINE OCUHbI, Bblpaxe-
Ha ferpajaums OpeBECHO-KYCTapHUYKOBOIo spyca,
Ha NOBEPXHOCTU NOYB HabnAaTCS BbILBETbLI COMNEN.
B uMnakTHOW 30He 3arps3HeHuss B TpaBsHO-KycTap-
HWYKOBOM Sipyce BCTPEeYatoTCs ManHWK ABYNUCTHBIN
(Maianthemum bifolium (L.) F.W. Schmidt), nuHHes
ceBepHasa (Linnaea borealis L.), koctaHuka (Rubus
saxatilis L.), xsoL, necHon (Equisetum sylvaticum L.),
BeMHUK TynokonockoBbli (Calamagrostis obtusata
Trin.). ObLlee NpoeKTUBHOE MOKPbITUE COCTaBNSET 40
30—45%. Ha rpaHuue 3arpsisHeHus ApeBeCHbIn sipyc
npeacTasrieH Ke4poM C NPUMECHI0 OCUHbI; B KycTap-
HUKOBOM sipyce oTMeuvaeTcsi psibuHa cubupckas (Sor-
bus sibirica Hedl.), 6arynbHuk 60M0THbIA, BpyCcHUKa.
B TpaBsHMCTOM sipyce npeobnagatoT cdparHoBble
Mxu (Sphagnum sp.), KyKywWKuH neH. MNpoekTnsHoe
nokpbiTue yeenuumsaetca Ao 75-100%. CornacHo
NPUHATBIM Knaccudukaumsm, noysy criegyet OTHe-
CTM K XeMO3eMY TEXHOreHHO-3aCONIeHHOMY Mo NoA30-
nucton novse (Solonchaks Gleyic Toxic).

B HedTesarpssHeHHbIX anmnoBmManbHbIX nodsBax
(p-2) Haumbonblwme Mopdonormyeckue npeobpaso-
BaHMWA OTMeyeHbl B KopHeobuTaemom cnoe. Bepx-
HAS YacTb MOYBEHHOro npodunsa 3aneyaraHa nog
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NNOTHOM GUTYMMHO3HOW KopkoW. KopHeobutaembie
ropusoHThl (AY, , AY, AYCgY ) CUIIbHO YMMOTHEHbI.
B rymycoBbix ropusoHtax (AY, AYg’X) NPUCYTCTBYIOT
aHTponoreHHble BkNoYeHus (> 20%) B Buge cTpou-
TenbHOro Mycopa, CUHTETUYECKNX TBEPAbIX OTXOO0B
N cblpo HedTW. Ha oCHOBaHWUM 3TUX MNPU3HAKOB
nccriegoBaHHble MOYBbl CNeayeT OTHECTU K XeMo3e-
My HedTesarpsasHEHHOMY MO anmnoBUanbHOW novse
(Technosols Urbic Toxic (0o enybuHbl 40 cm) unu
Solonchaks Fluvic Toxic).

B camom anuueHTpe 3arpsasHeHus Habniopaet-
CA nonHas aerpagauvs OpeBeCHO-KYCTapHUYKOBO-
ro gdpyca. BcTpevaloTcs eguHWYHbIE 3K3eMNNSAPbI
TaBOMNM WBOMWUCTHOW, FOPOLLKA MbILWHOTO, FOTUKa
nonay4yero, KanyXHubl C BblpaXeHHbIMU Mopdorio-
rMYeckMMN U3MEHEHUAMU: TEMHasi oKpacka, Hapy-
LeHMe HOpMaribHbIX NPOMNopLUMiA, BbicoXLime cTebnu
n nucTba. K MMNakTHOM 30He 3arpsssHeHus Nnpuypo-
YeHbl YaCTUYHO JderpagmpoBaHHbIe KYCTapHWKOBbIE
accoumauumn psbuHbl CMBMPCKON, TaBOMrM CpeaHen
(Spiraea media L.), wunosHunka wurnuctoro (Rosa
acicularis L.) ¢ NpoekTUBHbLIM MOKpbITMEM OO0 45—
65%. Ha rpaHuue 3arpsisHeHusi B TPaBAHUCTbLIX ac-
coumaumsax NpuUCyTCTBYIOT NOAPOCTLI Gepesbl NoBUC-
nou (Betula pendula Roth.) n ocuHbl. NMpoekTuBHOE
NoKpbITUE B 3TOW 30He yBenudmnsaeTcs o 80-100%.

CopepxaHne HI1 B xemo3eme no noa3onvcTon
nouse 1 B poHOBBIX NOYBaxX HWXe Npeaena obHapy-
xeHus (Tabn. 1). B rymycoBo-akkyMynATUBHbIX ropu-
30HTax XeMO3eMOB M0 ansnooBuansHOW NoYBE Makcu-
ManbHoe cogepXaHue HIl oTMeyeHO B SnuueHTpe
3arpasHeHus. Mo Mepe ABMXEHUS K rpaHuLEe UMNaKT-
HOW 30HbI copepxaHue HI B cpegHeM ymeHbluaeT-
csa B 1.2 pasa. lNonyyeHHble OaHHblEe cCOrnacylTcs
C nonesbiMU uccnegoBaHuaMn. M3-3a noctynneHus
yrneBofopoAoB HETN rYMYCOBbIE FOpU3oHThI (AY,
AYCQ’X) Xemo3ema o annioBmanbHON NoYBe okpaLle-
Hbl TEMHEE Mo CpaBHEHNIO C (OHOBOW.

MoatoBapHble BoAbl ChIPOW HeMTM U BbICOKO-
MUHeparnu3oBaHHbIE XXWOKOCTU, UCMOMb3yeMble Nnpu
n3BneYeHun HedTU — UCTOYHUKM 3acorneHnst B pac-
CMOTPEHHbIX TEXHOMEHHO 3arpsi3HeHHbIX novsax. Pe-
3ynbTaTel aHanu3a BOAHOW BbLITSKKM MOKa3blBaloT,
4YTO BO3OEWNCTBUE MWHEPANN30BaHHLIX BOA OKasbl-
BaeT bonee cunbHOe BNWsiIHWE Ha MO4YBbI, YEM BO3-
nevictBue Hedpbtn 1M HedbTenpogyktoB (Tabn. 1). Mo
CpaBHEHMIO C POHOBLIMM NOYBaMU B XeMO3eMax npo-
NCXOOUT CMELLEeHNe peakunu cpebl B HENTParnbHyo
uUnyu cnaboLLenovHy0 CTOPOHY. 30Ha akKkymynsauuu
nerkopacTBOpPUMbIX CONen NpuypodeHa K anuueHTpy,
no Mepe NPOABWXEHUS K rpaHuLam pasnuea UX co-
AepxaHue cHmkaetcs. Bo Bcex M3ydeHHbIX noysax
OTMEYaeTCs LUMPOKMI rpagueHT YpOBHEW 3acorne-
HMs — oT crnaboro 4o CUMbHOTO.

XeMo3eMbl MO NOA30MNUCTON MOYBE OTNIMYaOTCS
CUIbHOWN CTeneHbio 3acorneHns. OTMevaeTcs BbIHOC
Xrnopugos npu cnabow Mmurpauum kKapboHaToB B Npo-
dune (Puc. 1).

OtHowenve  CI/SO,>  u3meHserca  OT
1.96/1.77 mmonb(akB)/100 r noyskl B cnoe 0—10 cm
00 12.4/4.56 mmonb(akB)/100 r NoYBbl B HUXKHEN Ya-
CTu npocpuns, YTo CcBUAETENLCTBYET 06 OTCYTCTBUM
NPOrpeccuBHOro HakonneHusa conewn. B npocune Bbl-
paxeHbl ABe 30HbI: BepxHue 60 cm, rge npomexoguTt
aKTVBHbIN BbIHOC MOHOB, U HWXemnexalime ropusoH-
Thbl, I4€ akKyMynupylTca NpoayKTbl BblHOCA. Tun Xu-
MU3Ma no Bcemy nNpodurio — cynbdaTHO-XITOPUAHbIN
HaTPUEBBIN, YTO XapaKTEPHO ANS 3arpa3HeHUs MUHe-
panun3oBaHHbIMM Bogamn. KoHueHTpaums ClI- n Na*
C rmybuHOM BO3pacTaeT M CHWXaETCA OT anuLeHTpa
pasnuea K ero nepudepuun. lona xnopmna-noHa B Mu-
rpaLMOHHbIX NoTOKax coctaBnsaeT okono 80%.

XemMo3eMbl No anmnoBnanbHOM NoYBe XapakTepu-
3YIOTCSl CpPeiHEN CTENEeHbI 3acCOMNeHns B aMuLeHTpe
n cnabol B MMnakTHow 3oHe (Tabn. 1). Ana HedTe-
3arpsi3HEHHbIX NOYB XapakTepeH cynbdaTHo-HaTpue-
BbIl TUM 3acCOneHns1, 0BYCrNOBNEHHbIN CEPHUCTOCTLIO
HedTN U coCcTaBOM NoATOoBapHbIX BoA. 1o pesynb-
TaTaM KOppensuuoHHOro aHanu3a BblsiBfieHa cTa-
TUCTUYECKU 3HAYMMas NOMOXUTENbHas CBA3b MeX-
4y cogepxaHnem nerkopactBopuMbix cornen n HrIl
(Rp = 0.87 (Ha rny6uHe 0—10 cm) 1 0.83 (Ha rnybuHe
10-30 cm), p < 0.05).

B oTnnyme ot xeMo3eMOoB No NOA30MNNCTON NoYBeE,
B Xemosemax Nno annioBuanbHON Nnoyse KOHLUEHTpa-
LS conen JocTuraeT MakcMMyma B NOBEPXHOCTHOM
crnoe n 3aTemM MOCTENEHHO CHWXaeTcd C rryOuHoN
(Pvc. 2). Takon pucyHOK pacnpefeneHns conem Mo-
XeT ObITb CBA3aH C CE30HHbIM MOABEMOM FPYHTOBbIX
BOO M MUrpaumen coren A0 FOPU3OHTOB TSXKENOro
rpaHyrnoMeTpruYEecKoro cocTasa.

OnacHOCTb TEXHOreHHOro 3acoNeHus cBsi3aHa He
TOMbKO C OOLWMM cofepaHnem conemn B KopHeobu-
TaeMbIX FOPU3OHTax Mo4YB, HO U C UX TOKCUYHOCTLIO
Ons BbICLUMX pacTeHuin. [MaBHbIM AMarHOCTUYECKUM
NPU3HAKOM 3KOMOrMYeCcKoro AenNCTBUS TEXHONEHHOIo
rarnoreHesa NpUHATO cyYUTaTb CYMMapHoe coepa-
HWe TOKCUYHbIX conen. CTeneHb TOKCUYHOCTU conewn
onpefensieTcss Ux CocTaBoOM U PacTBOPUMOCTLIO —
4YeM rierdye cConu NocTynarkT B OPraHu3Mm pacTeHun,
TeM sipye BblpaXkeHo oTpuuaTernbHoe Bo3aencTaeme. B
XemMo3emax no MNoA30MnuCToN NoyYBe TOKCUYHbIE TeX-
HoreHHble conu npeactaeneHsl NaHCO,, Na,SO,,
MgCl,. Nx cymma (3 .) B mpodune Bo3pacTaer C
rny6uHon n gocturaet 1.15% B HUXKHWX rOpU30OHTaXx.
OTO MOXeT CBWAETENbLCTBOBAaTb O BbIMbIBAHUU CO-
neu U3 NOYBEHHOIO NPOMUIIA C NOHWKEHNEM YPOBHS
rPYHTOBbLIX BOA. Takow coneBoWn Npounb Xapakre-
peH Ans CONOHYaKoBaToro Tuna 3aconeHuns.

B xeMo3eMe no anntoBnansHOW NoYBe TOKCUYHbIE
TexHoreHHble conu npeactaenedsi NaCl, Na,SO,,
MgCl,. Bbicokne KOHUEHTpaLuUn TOKCUYHbIX conen B
HVXKenexalumx ropusoHTax Mnoys Mpu ux NocTeneH-
HOM MOCTYMSIEHMN B KOpPHEOOMTaeMble ropu3oHTbl C
rPYHTOBbLIMW BO4AMM MOrYT BbI3blBaTb BTOPUYHOE 3a-
coneHue. Taknm obpasom, ocobeHHOCTU HedTecone-
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BOro 3arpsi3HEHUs1 Co3aalT BO3MOXHOCTb pPas3BUTUSA
COMyTCTBYIOLLIEro CONOHYaKOBOro npoLecca Hapsay ¢
OCHOBHbLIMM MpoLueccamu, hopMmUpyoLLIMMK NPodnnb
annioBmrasbHbIX NOYB (AEPHOBOIO, ansoBUanbHOrO).

B cBA3K C exerogHbIM yBENMYEHNEM NNoLlagen
3arpsi3HEHHbIX 3eMefb, HEOAHOKPaTHO Npeanaranncb
TEXHOMOMMN PEKYNbTUBALMM 3AaCONEHHbIX Y4aCTKOB,
OOHaKO 3TW MpUeMbl NPUBOAAT MWL K FIOKambHbIM
YNYYLIEHUSIM MU HE SBNSKTCA KOMMMEKCHbIMU Me-
pPOMpUATMSIMU MO BOCCTaHOBMEHWUIO Mo4B. [Onsa Tex-
HOreHHO 3aCofeHHbIX NMoYB He paspaboTaHa oblue-
NPUHATas cucTema KpUTEPUEB MO OLIEHKE CTEMEHU U
ONacHOCTM 3aCOoNeHNs 1, Kak cneacTBme, OTCYTCTBY-
10T HOpMaTUBbl JOMYCTUMOIO OCTaTOYHOrO Coaepxa-
HWs1 conew mnocne pekynstuBauun. OTM nNapameTpbl
HeoOXxoaMMbl AN MOHUTOPWHIa COCTOSIHUS PeKyrb-
TMBMPOBAHHbLIX Y4aCTKOB MOCNE BOCCTAHOBUTENMbHbIX
paboT. OCHOBHOM LieNblo cucTemMaTMydeckoro Habrto-
OEHUA SBNSIETCS NMOCTOSIHHBLIA KOHTPONb Hag, CHWKe-
HUEeM CTeneHu 3aconeHus1 OTHOCUTENBHO UCXOAHOro
COCTOSIHUS!, pa3BMTUEM NOTEHLMANa cCamoounLLEHNS
NMOYB U BOCCTAHOBIIEHMEM €CTECTBEHHON (hriopbl.

Ncxopga n3 aHanm3a OTKpbITbIX NUTEpaTypHbIX
uctouHukoB (MyctadaeB u gp., 2015; ®omuHbIX,
2013; Wwnpokosa u gp., 2007), nonesbix Habnoge-
HUA N CODCTBEHHLIX NabopaTopHbLIX UCCNELOBAHUNA,
aBTOpbI NpeanaratT peKoMeHAauum no pekynsTMea-
LU TEXHOTEHHO 3aCOSIEHHbIX MOYB.

Puc. 1. ConeBoi npochumnb xemo3ema Mo NoA30IMCTON MoyBe.

Ons onpepeneHus rmybuHbI NPOHNKHOBEHUS CO-
nen, a Takke ctaguu 3acorneHusi/paccorneHus noys
nepen HavyanoMm pekynsTUBaLUMOHHbIX paboT npegna-
raeTcsi 3anoXnTb NOYBEHHbIN pa3pes. Llenecoobpas-
HO pacnonaraTb €ro B MOHWXEHHOW 4acTu Kackaj-
HO-reOXMMUYECKOW CUCTEMbI NTaHALAMTOB — B 30HaX
MaKkCMMarnbHOW akkyMynaumm 3arpssHuTenein. Mc-
cnefoBaHue MurpaLmm conen B NOYBEHHOM pa3pese
0aCT BO3MOXXHOCTb OLIEHUTL MMYyOMHY MX MPOHNKHOBE-
HUSA, CTaguIo 3acoreHus, 3anac conen U CocTaBuUTb
Habop TUMNOBBLIX MEPOMNPUATUA B TEXHONOrMYECKON
KapTe peKynsTMBauuu. ITO Onpefenut Lenecoo-
Opa3HOCTb MPOBEAEHUs pemeamaumn MnodB U Mo-
3BOMUT ONTUMU3NPOBATL HAaboOp MOArOTOBUTENbHbIX
paboT Ansi KOHKPETHOro 3arpsisHeHusi. Becb nocne-
OYIOLWMIA KoMnnekc paboT npegnaraeTcsa pasgenuTb
Ha TpW CTaHOAPTHBIX 3Tana: NoAroTOBUTENbHbIN, TEX-
HUYECKMIA 1 BUONOrNYECKNIA.

MoaroToBUTENbHLIA 3Tan OCHOBAaH Ha TFOTOBbIX
TEXHUYECKMX PELUEHMAX MO MenvopaumMm Mo4vB U
NPenfoXeHNsaX aBTOPOB, MMEKLLUUX MPaKTUYECKUN
ONbIT PEKYNbTUBALMM TEXHOTEHHO-3ACOMEHHbIX MOYB
(MycTadpaes n gp., 2015; ®omuHbix, 2013; LLnpoko-
Ba u ap., 2007). MNepBooyepeaHasa 3afaya Ha 3TOM
aTane — co3gaHue OnaronpusiTHbIX YCNOBUWA ANS
yCKOpeHus1 paccorneHus noys. [Ansg aTtoro Ha Bcen
nnoLLaan 3acofieHHom TEppPUTopunN Heobxoammo oby-
CTPOUTb CUCTEMY BPEMEHHbIX APEHAXHbIX TPaHLLEN.
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Puc. 2. ConeBoWi npocdhnnb xeMo3eMa Mo ansitoBnanbHOM noyse.

3aconeHHble NPOMbIBOYHbIE BOAbI MOCTYyNaKwT B ne-
pexXBaTbIBaOLLYI0 kKaHaBy, 0OYCTPOEHHYHO MO KOHTYPY
3arpsis3HeHuns ydacTtka. [nybuHa gpeHakHon KaHaBbl
OOMKHa ObITb HMXE YPOBHSA CUCTEMbI TpaHwen. Bo
nsbexaHve INULIHUX 3KCMyaTauMOHHbIX BIOXEHWUN
Ha MNOMMB TEXHOTMEHHO 3aCOSIEHHbLIX MOYB MPECHbLIMMU
BOOAMU, CMCTEMY TpaHLLen uenecoobpasHo gonor-
HUTb pasMeLLleHMeM Ha yyacTKe CHEXHbIX Baros.
BecHoin, npu TasiHMM 3anaceHHOro B CHEXHbIX Banax
CHera, Ha4YHeTCsl NocTeneHHas NPOMbIBKa MOYBEHHO-
ro npocdmnsa Tanon BOAOW N CHUXEHWE KOHLEHTpa-
LMK conen B NOYBEHHOM FOPU3OHTE.

Mpy MHOrokpaTtHOM mMurpauuu cornen B pesyrb-
TaTe nynbCcauun YpOBHA FPYHTOBLIX BOA U3 HUXKHEN
4YacTu MOYBEHHOro npoduns Kk KopHeoOMTaemMomy
CNOK CyLLecTBYeT puck obpasoBaHMs B No4YBax Ho-
BbIX CONEHACbIWEHHbLIX FTOPU3OHTOB W MIIOTHLIX CO-
NSHbIX KOPOK. OTU rOPU3OHTbLI MOTYT CTaTb UCTOYHU-
KOM hOpMMpPOBaHMS B MOYBaAX HOBbLIX COEOUHEHWN
TOKCUYHbIX conewn. [Noatomy cnefylowum atanom B
peKkynbTMBaLUUN TEXHOrEHHO 3aCOfIeHHbIX MOYB 4B-
NSieTCst TEXHUYECKUA KOMMIeKc paboT no ynydile-
HUKO arpOHOMWYECKOIO COCTOSIHUS MOYB C NMOMOLLLIO
dpesepoBaHus. MexaHnyeckast 06paboTka BEpXHEro
CNos NoYBbl YCKOPSIET NOBEPXHOCTHbLIN BLIHOC CONen,
yny4LiaeT rpaHynoMeTpu4eckuin Coctas U BOAHO-hU-

3M4yecKkne CBOWCTBA MOYBbI (BMAXHOCTb 3aBsAaHUS
pacTeHuin, AnanasoH akTMBHOW BNaru).

Mpu npoBegeHnn Ouonornyeckoro atana pe-
KynbTMBaLMKM pekoMeHOyeTCcs rmMncoBaHue noys Ans
YCTPaHEHUsS1 OCTaTOYHOIO OENCTBUSA TOKCUYHBLIX CO-
nen. B cnyyae Hu3Kow obecneyeHHOCTN MOYB NuTa-
TenbHbiMK anemeHTamu (N, P, K) Heobxoanmo BHO-
CUTb MuHeparbHble ygoobpeHusi ¢ nocnepyloLlen
duTomMenunopaumern ydactka pacteHusaMu-ranoguTa-
MU. BaxkHon 0COBEHHOCTLIO peKynsTMBaLun B yCrio-
BUSAX NYMUOHOrO KnNumaTta SBfsieTCs UCMonb3oBaHue
abopureHHON NN aganTMPOBaAHHOM K MECTHOW Npu-
POLHO-KNUMATUYECKON 0OCTAHOBKE pacTUTENBHOCTU
(npenctaButenen cemencts Mapesble, [1logopoxHu-
KoBble, 3nakosble). lNpumMeHeHMe Bcero komnnekca
BOCCTAHOBUTEMbHbIX MEPONPUATUIA NO3BOSMUT CHU-
3UTb CoAepXXaHue nerkopacTtBoOpUMbIX cornemn Ao Ao-
NyCTUMbIX 3Ha4yeHun — He 6onee 0.3 % B Haubonee
3aconeHHoM ropusoHTe (3angenomat, 2017).

3akKnyeHue

CpaBHeHVIe OBYyX TUNOB 3arpA3HEeHUA no4B Mno-
3BONndAeT BbIABUTb cCreaylwme ocobeHHocTn. Ha
pasnuBax Cbipor HEPTN MakCUMarnbHOE coaepKaHue
conen NPUypo4eHO TOJNbKO K BEPXHUM KopHeo6|/|Tae-
MbIM TOPU3OHTaM, a B HWXeNexalwnx ropn3oHTax nx
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KOHLIeHTpauuun Heeenvkn. Beayuuyto ponb B npouec-
ce hpaKUMOHMPOBaHMS conen urparT noHbl SO, 1
Na*. B uenom pacnpeneneHue conewn B npegenax
noYBeHHOro npoduns pasHomepHoe. B nousax, 3a-
FPSA3HEHHbIX  MWHEpPanuM3OBaHHbIMU  KUAKOCTAMMU,
HaMpoTMB, MakCMMyM COMen CMeLLeH [0 rMybuHbl
130 cm, opmMupys 3a cHET UHTEHCUBHOTO BbiHOca ClI-
1 Na* ropusoHT coneHakonneHus. lNpu 3Tom B noyBax
KaXxgoro Tuna 3arpsisHeHus1 Co30aeTcs BO3MOXHOCTb
BTOPUYHOrO 3acorieHus noye. B cBow ovepenp, 910
MOXET MPUBECTU K TpaHCcopMaLnm B TEXHOTEHHbIE
NoBepPXHOCTHbIe 06pa3soBaHust (TIMO) n TeXHOreHHble
COmnoHYaku. o ecTecTBEHHbIM MpUYNHaM (r'yMUAHbIN
KNnumat, NPOMbIBHOWN TWM BOLAHOMO pexuma) Ha Teppu-
TOpPUU NccnefoBaHNs aHHOe siIBNEeHNe HEBO3MOXHO.

HabntogeHue 3a murpaumen n akkymynsumnen co-
ner B aHTPOMOreHHO Npeobpa3oBaHHbLIX NoYBax Mo-
3BONSIET OOBLEKTMBHO OLEHUTB UX 3KONOrMYECKoe Co-
CTOsiHMe. JlerkopacTBOpUMbIE COMK, NOCTyNarLLme B
3KOCUCTEMbI BCIEACTBUE NOKarbHbIX aBapUHbIX CU-
TyaLuin, akkyMynmpytoTcs B KOPHEOOUTAaEMOM CIOE U
OKa3bIBalOT TOKCUYECKOe OeNCTBME Ha BbiCLUME pac-
TeHus. TOKCUYHbIE CONM Takke MOryT HakannMBaTbCs
B MO4YBax Ha 3HauMTenbHOW rnybuHe, cnocobcTBys
BTOPUYHOMY 3aCOMNEHMUIO NOYB U3-3a JOMNOMHUTENBHO-
ro NpUTOKa comneu B BepXHUe ropu3oHThbl NoYB BCrea-
CTBUE NogbeMa PYHTOBbLIX BOS, BO BPEMS BECEHHUX
naeoakoB. [MoaTomy rmaBHoN NpobrnemMHon Npu coaye
PEKYNbTUBUPOBAHHbLIX YYaCTKOB KOHTPOMUPYIOLLMM
opraHam sIBNSIeTCs CNOXHOCTb CO30aHUSA paBHOMep-
HOro MO rycToTe M Nnowiagn pacTUTENbHOro Crios.
Mpun paspaboTke NOAXOAOB 1 METOLOB BOCCTaAHOBME-
HWsI NOYB HEOTECONEBOrO 3arpsaA3HeHnst Heobxoanumo
yuuTbiBaTb TUM MNOYB, XapakTep 3arpsasHeHus (cTe-
NneHb 3aCOoneHusl, XMM13M 3acOreHus U 3anac conem
B NOYBEHHOM npocpune), TMn 3arpasHUTens (coipas
HeTb, MMHEepanu3oBaHHbIE XUOKOCTN), a Takke Mo-
noxeHve noys B NaHAWadTHO-reOXMMUYECKON Ka-
TeHe. Y4eT Bcex 3TUX napaMeTpoB NO3BONUT 3aBep-
LWUNTb NPOLIECChl BOCCTAHOBMEHMUS MOYB.
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