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Oco0eHHOCTH NPOLECCOB MOYBOOOPA30BAHMS
HA YYACTKAaX caM03apacTaloluX 30,100TBAJIOB
TBEPAOTONJIMBHON TEII03JIEKTPOCTAHIIUNU

Paccmompenvt  ocobennocmu  nous,  gopmupyiowuxci  Ha - Y4ACMKAXx
camoszapacmarowux — 3onoomeanog  TIL-1 o Tiomenu. H3yuennvie noueul
Xapakmepuzylomesi  HamuyueM — 2YMYCO80-CIAOOPA36UMO20  20pu30Hmda W,
nepexoonoeo WICHQ u cmpamuduyuposannou monuu mexHo2eHHbIX OMJI0MCEeHUI,
npeocmagnaioweli coboil uepedoganue cioe 30bl YHOCA U 301bHO20 OCMAMKA,
PazUNAIoOWUXCcs No NIOMHOCIMU, 2PANYIOMEMPULecKOMy U 6eujecmeeHnoMy COCMasy.
Cnou, cnoocennvie 30101 YHOCA, XapaKxmepusyiomcs npeobnadanuem Gpaxyuii nuiiu
U Ccocmosm npeumyujecmeeHHo U3 CUIUKAMHBIX U QIIOMOCUTUKAMHBIX NOPUCTBIX
oxamovueti u muxpocgep. Crou 30716H020 OCMAmKa OMAUYAIOMCA 3HAYUMETLHBIM
cooepxcanuem ppakyuii necka, 8 cocmage npeobaadarom KpynHule y2i08amule 4acmuiyvl
neoooicoza u 3epha keapya. Iloxazano, umo usyuenue noue u mexHo2eHHwvlx cyocmpamos
YenecoobpasHo NPoBOOUMb HA Me30-, MUKPO- U CYOMUKDOMOPPONOULECKUX YPOBHSX,
NOCKONbKY pA0  2NeMeHMApHbIX NOY8000PA308AMENbHBIX NPOYECCO8 NPOABIACNC
MOJIbKO HA KOHKPEMHbIX uepapxuieckux yposnsx. Haubonee snauumvimu npoyeccamu
6 UBVUEHHBIX NOYGAX AGNAIOMCA Oe3uHmezpayus mexHo2enno2o0 cyocmpama,
Kapbonamu3zayus, KoazyiAYyuoHHoe U, BMeHbuleliCmenenu, buoenioe oCmpykmypusanue,
svllyenauusanie, npoyeccbl Memamop@uama Op2aHuiecko2o 6eujecmed, Muepayuu
eewjecmea 6 cycnenzusax. Qeneenue Habnooaemcs 6 JIOKANbHLIX NOHUICCHUSX
penvega 6 ycnogusax Onu3Ko20 3anezanus pynmosvix 600. Ilpoyeccol desunmezpayuu,
KOa2ynAyuonHo20 OCMpPYKMypueanus, Kapoonamuzayuu, 6blyelaqyusanus Xoms u
uspaiom 8adiCHyio poib 8 HOHUMANUU HANPABIIEHHOCMU PA38UMUs NOYE 30100MBA08,
OUazHOCMUPYIOMCSL MONLKO NPU MUKPO- U CYOMUKPOMOPDOT02UYECKUX UCCIe008AHUAX.
Yemanoeneno, umo unmencusnocms npoyeccog noueoo6pa306anus 6 3HAUUMENbHOU
cmenenu onpeoensiemcs 0COO6eHHOCmAMU pelbedha, Xapakmepom pacmumenbHocmu
U HeoOHOPOOHOCMbIO mexHozenHo20 cybcmpama. Pasnoobpasue u  konuwecmso
Nne002eHNbIX  KAPOOHAMOB  AGNAEMCA  BANCHLIM — UHOUKAMOPOM — UHIMEHCUBHOCTNU
nougoobpaszoeanus. Haubonee pazeumvie nougvl Gopmupyiomcs Ha  XOPOWo
OpPeHUPOBANHBIX YHUACMKAX NOO  PA3PENCEHHbIMU OPeBeCHbIMU  CO0OWecme8amu ¢
PA36UMBIM MPAGSHUCTNBIM APYCOM 8 NePUPEPUTIHBIX YACHIAX 30100MBAI08.
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KuawueBbie caoBa: TOI]; nousoobpazosamenvhvie Npoyeccovl, MexXHOEHHbIe
nougwl; nenoszemvl mexrnozennvie; Spolic Technosols.

BBenenune

TBepIOTONIMBHBIE TEIUIOBBIE NIEKTPOCTAHIIMU SIBJISIIOTCS BaXKHBIM HCTOYHU-
KOM 3JIEKTpO3Hepruu kak B Poccun, Tak u B Apyrux crpaHax mupa. IIpousBos-
CTBO JIEKTPOIHEPTUH 32 CUET CKUTAHUS TOPIOYHX IIOJIE3HBIX UCKOIIAEMBbIX YTOJIb-
HOTO psfa MPUBOAUT K 00Pa30BAHUIO 3HAYUTEIFHOIO 00beMa MPOMBIIIICHHBIX
OTXOJIOB, TIPEJCTABISIONINX COOO BBICOKOJMCIIEPCHBIN IEeCYaHO-TTBIICBATHIN
Marepua 30Jbl YHOCA U TOIUIMBHBIX MITakoB [1]. ITpumeps! yCHEenIHOro NCosb-
30BaHMs 30JI0LUIAKOBBIX OTXO0B B KaU€CTBE CTPOUTEIHHOIO WIIM TEXHOTEHHOTO
CBIPbsl TSI U3BJICUEHUs LICHHBIX KOMIIOHEHTOB eIUHMYHbL. HambGosee pacmpo-
CTpaHEHHOH NpPaKTHKOW OOpaIIeHUs C OTXOAaMH TBEPIOTOIUTMBHBIX TEIUTOBBIX
JNEKTPOCTAHIUH SBISAETCS UX pasMEIIEHUE B CHELUAIBHBIX THAPOTEXHUUECKUX
COOPYKEHHSIX — 30JI00TBaIax [2].

B kpynHbix ropogax Ypana, Cubupu u JlansHero Bocroka, Takux kak Tpo-
nik, Cepos, Tromenn, Omck, Tomck, HoBocubupck, bapuayn, Kpacrnospck, Xa-
OapoBck, BimaguBoctok u ap. [2], UMEIOTCS Kak AeHCTBYOIIME, TaK U 3aKOHCEp-
BHUPOBaHHbBIE 30JI00TBAJIbI, KOTOPbIE MOTYT OKa3blBaTh HEATUBHOE BO3/IEHCTBUE
Ha OKPYXAIOUIyI0 CPEAy BCIICACTBHE IBUICHUS, PAAMAIIMOHHOIO 3arps3HEHUS
MECTHOCTH, OTUYKJICHUS 3€MENbh U N3MEHEHHUSI THIPOJIOTHYECKUX ycioBui [ 1, 3].
CrenoBarenbHO, A7 OLCHKU MOTEHIUAIBHBIX HKOJIOTMYECKUX PUCKOB, CBS3aH-
HBIX C IOATOCPOYHBIM (DYHKITMOHHPOBAHHUEM ITOJJOOHBIX 00BEKTOB, M TIPH ITAHH-
POBaHMHU PEKYJIBTUBAIIUY SIBISIETCS] AKTYaJIbHBIM U3yUCHHE MPOLIECCOB (hOPMUPO-
BaHUS PaCTUTEJILHOIO ¥ IOYBEHHOI'O IIOKPOBOB B IIPe/ieiaX JaHHBIX TEPPUTOPUH.

B coBpeMeHHO# 0TeueCTBEHHOM U 3apyOeKHOM TuTeparype H10CTaTOYHO MO/~
poOHO OCBeIIeHbI BONPOCHl (HOPMUPOBAHUS W PA3BUTHS PACTUTEIBHBIX CO00-
IIECTB 30JI00TBANOB [4—6], a Takke METOJbI X OMOIOTHYECKON PEeKyIbTUBAIU
[7-9], HO B TO e BpeMsi 0COOCHHOCTH TI0YB U TEXHOTEHHBIX CyOCTpaToB paccma-
TPUBAIOTCS OBEPXHOCTHO, B OCHOBHOM, C TOUKH 3PEHHS UX JIECOPACTUTEIbHBIX,
arpOXUMHUYECKHUX U Pexke (PU3NICCKO-MEXaHMICCKUX CBOWMCTB, YCTOWYHBOCTH K
9p0o3uOHHBIM TporeccaMm [10-11]. B mupe Hanbosee moapoOHO oXapaKTepH30Ba-
HBbI [IOYBBI Pa3HOBO3PACTHBIX 30JI00TBAJIOB TEIIOBBIX AIEKTpOCTaHIMK Pypckoro
n Cunesckoro yroiabHbIX OacceiiHoB B LleHTpansHoil 1 Boctounoit Espone [12—
15]. Pe3ynbrars! nccieoBaHui TEPPUTOPUI PEKYIBTUBHPOBAHHBIX U caM03apac-
taromux 30100TBanoB TOL[ [Tonbmm u ['epMaHuy MO3BOMMIN YCTaHOBUTH, YTO
(hopMupoBaHNE U Pa3BUTHE MOYB HA 30JIONLIAKOBEIX OTXOIAaX BO MHOTOM OTIpe/ie-
JISIFOTCSL XapaKTepOM HCIIOIb30BaHHOTO TOILIHBA, @ MPOLIECCHI TOYBOOOPA30BAHUS
HETIOCPE/ICTBEHHO CBS3aHBI C TpaHC(OpMaNNeH BEIECTBEHHOTO COCTaBa MCXO-
HOTI'0 TEXHOT'€HHOTO cyOcTpara [16].

B Hacrosmmeli paboTe mpeAcTaBICHBI Pe3yIbTaThl HCCIEIOBAHUS IIPOIIECCOB
noyBooOpa3oBanusi Ha 3omoorBanax TJOL[-1 r. Tromenu. B ominume ot Oonb-
IIMHCTBA 30JI00TBAJIOB KPYITHBIX AJIEKTPOCTaHIMKA Ypana u 3amanHoir Cuoupw,
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3oonIIakoBeie 0TXoAbl TOII-1 sABISOTCS MPOXYKTOM CxkuraHusi Toppos Tap-
MaHCKOTO MecTopoxaeHus TromeHckoii obnactu, a He yriis [17]. IlepBuunoe mo-
yBooOpa3oBaHue mpoTekaeT 30—35 jieT ¢ MOMEHTa MpeKpanieHus QyHKIUOHH-
POBaHUS HCCIEAYEMBIX YYacTKOB 30JI00TBajia. PeKylbTHBAIMS 30JI00TBAJIOB HE
IIPOU3BOINIACE.

Lenp paboThl — U3yYUTh HA yYacTKaxX caMO03apacTalolIUX 30JI00TBAJIOB Xa-
paxTep, MHTEHCUBHOCTE M pa3HO00pa3ne MoIB000pa30BaTeIHBIX MPOIIECCOB Ha
OCHOBE MPHU3HAKOB TpaHC(HOPMALIUK UCXOTHOTO cyOCTpaTa Ha pa3IMuHBIX Hepap-
XMUYECKUX YPOBHSIX OPraHU3aLUU [IOUBEHHON MacChl.

Marepuajbl 1 METOANUKH UCCJIeT0BAHUS

3omnoorBaibl Tromernckoit TOLI-1 cocTosAT M3 IBYX y4acTKOB OOIIEH ILIOIIA-
awto 6onee 100 ra (yuactok 1 — 54,0 ra, yuactok 2 — 46,0 ra) [18] u pacnona-
rafoTcsl B HEMIOCPEACTBEHHOM ONM30CTH OT JEIOBOTO W MCTOPHUYECKOTO HEHTPa
ropozna (puc. 1). Pazmernienue 30101U1aKOBBIX OTXOAOB MpekpartieHo 6omnee 30 net
Haszax o npuyuHe nepexona TOII-1 Ha ucmomp30BaHMeE Ta3a; B HACTOSIIEE Bpe-
Msl B IIpeJiesiax TEPPUTOPHH OTBAJIOB MPOUCXOAUT MOCTEIICHHOE CaM03apacTaHie
[19]. [ToBepXHOCTH 30JI00TBAIIOB BBIPOBHEHA, BCTPEUYAIOTCS MTPOCaOUHbIC (Hop-
MBI penbeda, nepemnaj BBICOT cocTaBiseT 1-3 M. bonee pa3HooOpa3Hblil U CIIOXK-
HBII penbed XapakTepeH Uil ydacTka 1. YpOBEHb IPYHTOBBIX BOJI CYIIECTBEHHO
BapbUpPYET B 3aBUCUMOCTH OT TIOJIOXkKeHUsI B penbede: oT 0,5-0,6 M B JTOKaIbHBIX
MTOHIDKEHHAX U 10 2 M 1 O0Jiee Ha BO3BBIIICHHBIX yJacTKax.

Puc. 1. PacnionosxeHue oYBEHHBIX pa3pe30B B npeaenax 30100TBanoB TOII-1 . Tromenu
[Fig. 1. Location of the studied soil pits within the fly ashdeposit sites of Tyumen CHP-1 plant.
Profile 1 - 57°8'47,30"N, 65°38'8,70"E; Profile 2 - 57°8'23,50"N,65°38'22,80"E;

Profile 3 - 57°8'23,90"N, 65°38'17,80"E; Profile 4 - 57°8'38,10"N, 65°37'30,50"E]

COBpeMeHHLIﬁ paCTHTeJ’[bHBIfI IOKPOB MO3an4€H; NPEACTABJICHLI /IBa OCHOB-
HBIX BHJIa PAaCTUTCIBHBIX COO6H.ICCTB — OPEBECHO-KYCTAPHUYIKOBBIC U TPABAHU-
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ctbie [18]. [y IepBBIX OCHOBHBIMH SIPYCOOOPa3yIONUMHK MTOPOJAMHU SBIISIFOTCS
Toroink Oanb3amuueckuit (Populus balsamifera L.), ocuna (Populus tremula L.),
pa3NUYHBIC BUIBI UB, B MEHBIICH CTETICHN KJICH SICCHENUCTHBIN (Acer negundo L.).
CocHa oObikHOBeHHAs1 (Pinus sylvestris L.) BcTpedaeTcst peaKo, a y4yacTKU ee
pacrpocTpaHeHHUs TATOTEIOT K NepH(pEepUHHBIM JacTsaM 305100TBata. OTKPHITHIE
MIPOCTPAHCTBA, TOKPBITHIE TPABIHUCTON PACTUTEIBHOCTHIO, 3aHUMAIOT OKOJIO
MIOJIOBUHEI IUIOIAAN YJIacTKa | M MEHee TpeTH ydacTka 2. B TpaBSHUCTHIX co-
ob1ecTBax npeobdnanaroT BeHUk HazeMHsll (Calamagrostis epigejos (L.) Roth),
TPOCTHUK OOBIKHOBEHHBIN (Phragmites australis (Cav.) Trin. ex Steud.); 3Hauu-
TEJIBHYIO POJIb UTPatoT Kpanusa ABynoMHas (Urtica dioica L.), XxaMaeHEepUOH y3-
KomucTHBIN (Epilobium angustifolium L.), matb-u-mauexa (Tussilago farfara L.).
B 2007-2008 rr. coTpynHUKaMH YPadbCKOTO TOCYIAapCTBEHHOTO JECOTEXHHYE-
CKOTO YHUBEPCHTETA IPOBEACH OSKCIEPHMEHTAJBHBIA IOCEB TpaBOCMeced Ha
yuaactke 1 [17, 19].

IToneBsle HccraenoBaHUSA ITOYBEHHOTO IIOKPOBA 30J00TBAJIOB THOMEHCKOW
TOII-1 npoBenens! netom 2017 . Ha kax10M U3 y4acTKOB 30JI0TBAJIOB 3aJI0’KEHA
mapa IOYBEHHBIX pa3pe3oB (CM. puc. 1) ImMom IpeBecHOH W TPaBSHHUCTOH pacTH-
TeNBbHOCTBIO (paspessl 1 u 4, 2 u 3 cooTBeTCTBEHHO). [loCKOIBKY BOMPOC BKITIOUE-
Hus TexHOreHHBIX 1mouB B KuJ[ITP ocTaeTcst OTKPBITHIM, YTO TTOPOKIAET MHOTO-
o0pa3ue BO3MOYKHBIX ITOIXO0B K €ro PelieHNIo B paMKaxX KOHKPETHOH 3a/1a4u, B
JTaHHOU paboTe MMAarHOCTHKA T0YB MPOBEICHA COINIACHO KIACCH()HUKAIINU TOYB
Poccun [20] ¢ ydeTroM AOMOJIHEHWH, MPEATOKEHHBIX A TEXHOTCHHBIX TOYB
[21-22]. Ha3BaHus 1MOYB TaKkke JaHBI CONTACHO MHPOBOI KOPPEISTHBHON Oa3e
JIAHHBIX MOYBEHHBIX pecypcoB pegakimu 2015 . [23].

Paspes 1 (57°8'47,30"N, 65°38'8,70"E) 3amoxeH Ha TIOKaJIbHOM BO3BBIIIICHUH B
neprdepuitHON YacTh yyacTka 1 1o pa3peskeHHbIM HBOBBIM JIECOM C IIOJIPOCTOM
WBBI M OCHHBI U Pa3BUTHIM TPABSIHHUCTHIM sipycoM. [louBa — memo3eM TeXHOTCHHBIH
FYMYCOBBIU MMOTEUHO-TYMYCOBBIH apTUUHYCTPATHBIA CYIIIMHUCTBIA CTpaTugu-
IMPOBaHHBIN Ha 30Jonutakax (Spolic Technosol (Arenic, Endoprotocalcic, Fluvic,
Hyperartefactic, Laxic, Amphivitric)). Paspe3 2 (57°823,50"N, 65°3822,80"E)
TIPUYPOUYEH K BBHITTOJIOKEHHON MOBEPXHOCTH y9aCTKa 2, OCIOKHEHHOM MPOCaT04-
HBIMU (hOpPMaMH, TIO]] TYTOBO-TPABSIHUCTON aCCOIMAIME C IIPUCYTCTBHEM 3JIaKO-
BbIX. [TouBa — 1meo3eM TeXHOTEHHBIN TYMYCOBO-CIIa00Pa3BUTHIN apTHHHY CTPAT-
HBI CTpaTU(UIIMPOBAHHBIN CYNTUHUCTBIN Ha 3omouutakax (Spolic Technosol
(Epiarenic, Endoprotocalcic, Fluvic, Hyperartefactic, Laxic, Amphivitric)). Pa3-
pe3 3 (57°8'23,90"N, 65°38'17,80"E), xapakrepusyeT JOKaJIbHOE MOHUKEHHUE Ha
ydacTke 2. PacTUTEeIBHOCTD MpecTaBIeHa OCHHOBO-MBOBBIM JIECOM C Pa3BUTOM
noAcTuikoi. [TouBa — meno3eM TEeXHOTCHHBINA MOACTHIOUHO-TOPGSHBIA IieeBa-
THIM APTHUUHJYCTPATHBIA CTPATH(UIMPOBAHHBIN CYTJIMHACTBIA HA 30JI0MUIAKaX
(Spolic Technosol (Endoprotocalcic, Fluvic Hyperartefactic, Laxic, Stagnic,
Amphivitric)). Pazpe3 4 (57°8'38,10"N, 65°37'30,50"E) 3anoxen Ha ydactke 1
BMECTE C BEIPOKCHHBIM TEXHOT'€HHBIM MPHUCAT0UHBIM penbedoM. XapakrepHa Jy-
roBas PaCTUTEIHFHOCTH C TIOIPOCTOM UBBI, OCHHEI U o0nenmxu. [lousa — memozem
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TEXHOTECHHBIA T'YMYCOBBIN ITI€€BaThI apTUUHAYCTPATHBIN CYINIMHUCTBIA CTPATH-
¢ummpoBanHblii Ha 3onouakax (Spolic Technosol (Amphiprotocalcic, Fluvic,
Hyperartefactic, Laxic, Amphivitric)).

['paHynoMeTpHUYECKUII COCTAB MOYB M TEXHOI'CHHBIX OTIOKCHUH OIpeneicH
Ha OCHOBE M3MEPCHHUS Pa3MEPOB YACTHI[ METOIOM JIa3€pPHOTO CBETOPACCESHHS
ananuzatopom LS 13 320 «Beckman Coulter» (CLLA) ¢ npeaBapuTenbHbIM IUC-
neprupoBanreM npod mupodocdarom Harpus. L[BeT MOYBEHHBIX TOPU30HTOB H
TEXHOTEHHOTO cyOcTpara oLeHUBalM 1o cucteMe MaHcemna. Mukpomopdoo-
THYECKHE HCCIICTOBAHUS TPOBEACHBI B TPO3PAYHBIX MITH(AX MONSPU3AIIOH-
HeiM Mukpockoniom Eclipse LV100POL «Nikon» (SlmonHus) 1 MHBEPTUPOBaH-
HBIM MHKPOCKOTIOM OoTpaskeHHOTO cBeTa Axio Vert. Al «Carl Zeiss» (I'epmanus).
MHUKpPOCKONUYECKUE U CYOMUKPOCKOITMYIECKHIE UCCIISIOBAHUS — C UCIIOJIb30BAHU-
€M CKaHHpPYIOIIEero AeKTpoHHoro Mukpockona TM3000 «Hitachi» (Snonus) ¢
PEHTTEHOBCKOI PUCTABKOH IS DIIEMEHTHOTO aHau3a noBepxuoctu Quantax 70
mpu yBenuueHusx ot 100 no 5 000. JaHHas Momenb MUKPOCKOIIA SIBISIETCS d-
(EKTUBHBIM HHCTPYMEHTOM TUATHOCTHKH IIPOIIECCOB MOYBOOOPA30BAHUS B TCX-
HOTCHHBIX ITOUBax [24].

Pe3ysibTarsl Hcciie0BaHNus U 00CYy:KIeHe

Mopgonozuueckan xapaxkmepucmuka noug. Iloussl 3omo0tBanoB TOILI-1
XapaKTEPU3YIOTCSl HATUIUEM T'yMYyCOBO-CIa00Pa3BUTOr0 ropuzoHta W MOIIHO-
CTBIO JI0 5—7 CM ¥ MIEPEXOTHOTO K TEXHOTeHHOMY cyOcTpary ropu3onTta WTCHQ
(15-30 cm), HUXKHSAA TpaHUIa KOTOPOTO JIydllle BhIpa’keHa Ha yyacTKaxX MO Ape-
BECHOM paCTUTEIbHOCTBIO, U YCTAHABIMBAETCS 10 YBEJIMUEHHIO CTEIIEHU COXPaH-
HOCTHU U3HAYaJIbHOW TEKCTYpBI CyOCTpaTa, B MEHbIIEH CTENEHH 110 IIBETY, a TaK-
YK€ PE3KOMY YMEHBILIEHHUIO YMCJIa KPYIHBIX TOPU30HTAJIbHBIX KOPHEH epeBbeB
(puc. 2). B u3y4eHHBIX IOUBaX MOILTHOCTb T'yMYCOBOT'O TOPU30HTA HE MIPEBBIIIACT
5 ¢M, a caM TOPU30HT TPEICTABISIET COOOH TEMHBIM MaJIOMOIIHBINA CIIOH, TYCTO
MEPETUIETEHHBIN KUBBIMHU KOPHSIMH, YTO ITO3BOJISIET pacCCMaTpuBaTh €T0 B paMKax
MIPUHATON KJTACCU(PHUKAIIMU KaK TYMYCOBBIH citabopa3suthiii (W). Hrokenexanuit
nepexonHblit ropuzoHT WTCHC BbIieneH Kak 30Ha HHTEHCUBHOHN NepepaboTku
30JTONITAKOBBIX OTIIOKEHHH TIPOIIeccaMi TOYBO0OPa30BaHMs, YTO MOP(OIOTHYe-
CKH BBIPAXKEHO B OOMJIMHM KOPHEH U YaCTUYHOM MOTEpe UCXOAHOM CIOUCTON TeK-
CTypBI TeXHOTeHHOTO cyocTpara. [opuzontet W 1 WTCHQ nMeroT TeMHO-CephIi
(10YR 4/1) unm yepHo-cepsriit (2,5YR 3/1), yHacinenoBaHHBIH OT TEXHOTEHHOTO
cybcTpara, comepiKaIiero OoNbIIoe KOJTMISCTBO TEMHOIBETHBIX YaCTHUI] HETOXKO-
ra. Takum 06pa3oM, TEMHBIH I[BET 00yCIIOBIECH HE MPOIECCaMy T'yMYCOHAKOTLIe-
HUS, a NCXOTHBIMH XPOMAaTHIECKIMHI 0COOCHHOCTSIMH TEXHOTEHHOTO cyOcTpara.
B otnenpHbIX ciydasx (paspes 3) Ha ydacTKax MoJ APEBECHON pacTUTEIBHOCTBIO
(opMupyeTcs JiecHas MOJCTHIIKA, COCTOSIIAST U3 JIUCTHEB OCHHBI M MBI Pa3IHd-
HOM CTENEHU Pa3JI0KEHHOCTH. APTUUHAYCTPAThI 10 HE3aJ6PHOBAHHBIMU y4acT-
KaMU B COCTaBe IIOYBEHHOTO IIOKPOBA OTCYTCTBYIOT.



11 A.O. Koncmanmunos, A.A. Hoeocenos, C.B. Jlouko

WICHO

TCHQI
TCHQ2
TCHO3

TCHO4

TCHQS
TCHQ6
TCHQ7 = TCHQ3

TCHQS
TCHOQ3 ] TCHO8

TCHQ2

TCHO4
TCHOA [ota ] TcHQ
TCHOS o | 1cuolo0 ) TCHOS

a b c d

Puc. 2. [Ipoduiu uccneqoBaHHbIX MOYB: a — pa3pe3 1; b — paspes 2;
¢ —paspes 3; d — pa3pes 4. Aerop dporo A.O. Koncranrunos
[Fig. 2. Soil profiles: @ - Pit 1; b - Pit 2; ¢ - Pit 4; d - Pit 4. Photos by AO Konstantinov]

TexHOTeHHBIH CyOCTpar MpeiCTaBIsIeT COOOW uYepelnoBaHUE IIOTHBIX CIIOCB
KPYTHOIIBIIEBATOTO IUIOTHO CIIPECCOBAHHOIO cU30Baro-ceporo (2,5Y 5/1, 2,5Y
6/1) u Oyposaro-kopuaneoro (10YR 2/2) marepuaina, WHOTIa ¢ KPEMOBBIM OT-
teHKkoM (10YR 5/2), uepenyrommxcs ¢ poixibiMu TeMHO-cepbiMu (N2,5, 2,5Y 3/1,
2,5Y 2,5/1) npociosiMu TecuaHoro MaTepHaia, HHOTIA ¢ BKIFOUCHUSME KPYITHBIX
YacTUI[ (>2 MM) HEIOXKOra M CTPOUTENBHOro Mycopa. ComepixaHue OTJCIbHBIX
(paxmmit U3MEHsIeTCS B 3HAUNTENBHBIX Tpeaenax (puc. 3): mi (<0,001 mm) — 1-6%,
meiIb Menkas (0,001-0,005 mm) —4-27%, sutb cpennsis (0,005-0,01 mm) —3-23%,
meutb KpymHas (0,01-0,05 mm) — 14-53%, mecok memnxwii (0,5-0,25 Mm) — 4-65%,
necok cpeanuit u kpymusiif (0,25-1,0 mm) — 1-28%. IlogoOHBIE BapHaIuu B CO-
JICPKaHUU OTIEBHBIX (PPAKIUil CBS3aHBI ¢ YETKOW CTpaTh(UKaIeld TeXHOTeH-
HBIX CYOCTpaToB Ha CJIOU 30JIbI YHOCA C 3aMETHBIM MPeoOIaJaHieM MbUIEBATHIX
YaCTHII M CJIOW 30JIFHOTO OCTaTKa ¢ peoliiaflaHueM IeCYaHon (ppaKIvm.

BeprukaneHasi HEOHOPOAHOCTh B MOYBAX M OTIOKEHHSAX 30JI00TBAJIOB IPO-
SIBIICTCSI HA HECKOJIBKUX YPOBHSX: TIOMHMO XOpOIIO 3aMETHBIX ITBUICBATHIX U
OTIECUAHEHHBIX CIIOEB MOIIHOCTHIO OT 1 10 10 cM, HaOmoaeTces epecianBaHe
C PUTMHUYHBIM YepeioBaHueM (cM. puc. 2). B cBeTioM mioTHOM cyOcTpate mpu-
CYTCTBYIOT HEPAaBHOMEPHO pacIpeAeiCHHbIC MPOCIOU, 00OTallleHHbIE TEMHOII-
BETHBIM M 0oJlee KPYIHBIM MaTePHaIOM Pa3MEpHOCTH MEIKO3EPHUCTOTO ITeCKa.
Ha takux rpaHunax Kak B HIDKHEH, Tak U cpelHeil yacTu npoduieii nHoraa 3a-
METHBI TOHKHE OXPHCTBIE Pa3BOABI U BEICBETIICHHBIC IIATHA, THAMETPOM JI0 2 MM,
YTO, MO BCEH BUAMMOCTH, SIBIISIETCS CJIEJCTBHEM JIOKAJIBHOTO OIVICCHUs, CBSI3aH-
HOTO C TPaHyJIOMETPUUIECKOI HEOTHOPOIHOCTRIO cyOcTpata. [Ipi3Haku megoren-
HOTO OCTPYKTYpPHBaHHMs B pACCMaTPHBAEMBIX TI0YBAX BBIPAKEHBI CI1a00, UMEIOTCS
HETPOYHBIC MEIKOKOMKOBAThIe arperarsl B ropu3onTe W. KopHeBwle cHCTeMBI
npoHUKatoT 70 90—100 cM, riae mpeAcTaBICHbB MHOXKECTBOM MEIIKUX KOPHEI.
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30 30
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90 90 90

120 120 120
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- w1 ToHKuit 1 rpy6srit 0,0001-0,001 MM l:l Uik Medkas 0,001-0,005 mm necok menkuit 0,05-0,25 MM
fine and coarse clay (0.0001-0.001 mm) fine silt (0.001-0.005 mm) - fine sand (0.05-0.25 mm)

nbuIb cpennsis 0,005-0,01 Mm necok cpeanuii 0,25-0,5 Mm
- medium silt (0.005-0.001 mm) - medium sand (0.25-0.5 mm)

- mbLTb KpynHas 0,01-0,05 mm necok Kpymablit 0,5-1,0 MM
coarse silt (0.01-0.05 mm) - coarse sand (0.5-1.0 mm)

Puc. 3. I'panynomerpuyeckuii cocTaB UCCIEI0BaHHBIX MOYB!
a —paspes 1; b —paspes 2; ¢ — paszpes 3; d — paspes 4
[Fig. 3. Texture of the studied soils: @ - Pit 1; b - Pit 2; ¢ - Pit 3; d - Pit 4]

OTIINTETHHON 0COOCHHOCTEIO ITeJI03eMa TEXHOTEHHOTO T'YMYCOBOTO, BCKPHI-
TOro paspe3om 1 (puc. 2, a), sBIseTCS BBICOKas CTEIIEHb MepepadOTaHHOCTH HC-
XOIHOTO TEXHOTEHHOTO CYOCTpara 3a C4eT aKTHBHOTO PAa3BUTHS KOPHEBBIX CHCTEM
JPEBECHBIX pacTeHuil. [10TeYHO-TyMYyCOBBIM MOATHIT IMATHOCTHPOBAH IO HAIU-
YHI0 TEMHOW MPOKPACKH OPTaHUYCCKIM BEIIECTBOM B BEpXHEH YaCTH TEXHOTCH-
HOro cyocTpara. MOIHOCTh M3MEHEHHOH ITpoLieccaMy OYBOOOPa30BaHHMS TOJIIH
(W+WTCHQ) cocrapisier 3035 cM. B menmozeme TeXHOT€eHHOM T'yMYyCOBO-CJIa00-
pasButoM (paszpes 2, cM. puc. 2, b) cymmapras momHocth W+WTCHQ menbine
u cocrapisieT 20—25 ¢M, 9T0, BO3MOXKHO, CBSI3aHO C MEHBIIIEH JITTUTEITEHOCTRIO IT0-
4BOOOPA30BaHUs B IpeIesiax JAaHHOTO y4acTKa 30100TBaJIOB. [1eno3eM TexHOreH-
HBIW MMOJICTHIOYHO-TOP(SHBIN IIeeBaThIil (CM. pHC. 2, ¢), BCKPBITHIN pa3pe3oM 3,
MMeEeT XOPOIIIO Pa3BUTYIO 0TOP(OBaHHYIO JIECHYIO MOACTUIKY. [losiBIIeHUE TecHO
TIOACTHJIKH CBSI3aHO C TEM, UTO ATOT pa3pe3 Hamboee BIaXHbIH. OH TaKkKe OTIH-
YaeTcs HanboJiee BEICOKOH CTETICHBIO CTPaTU(HUKAIIMY TEXHOTCHHOTO CyOcTpara, a
TaKKe COXPAHHOCTBIO €T0 N3HAYATBHON TEKCTYPHI, UTO CBSI3aHO C IUNIOXMMH YCIIO-
BUSIMH TPOHUKHOBEHHUSI KOPHEH M3-3a HAJIMYHS [TOYBEHHO-IPYHTOBBIX BOJI, YTO JTU-
arHOCTHUPYIOT 3aMeTHBIC Ha TiryouHe 80—110 cM npu3Haku oreeHus. MOITHOCTb
W+WTCHQ muHnManbHa cpeiu Bcex pa3pesos U He mpessimaet 20 cm. [Tenozem
TEXHOTCHHBII T'yMYyCOBBIU IIeeBaThIi (pa3zpe3 4) UMeeT HanOOJIBITYI0 CYMMAapHYIO
motrHocTs WHWTCHQ, kotopas Bapsupyet ot 35 10 40 cMm.

Muxkpomopghonozuueckue ocovoennocmu nous. Pe3ynprarsl MUKpOMOPQOIIO-
THYCCKUX UCCIICOBAHUN MO3BOJISIOT CIENAaTh BBIBOJ O TOM, YTO TEXHOTCHHBIM
DIMHUCTO-TIBUICBATHIN CYOCTpaT OTAENBHBIX CIOCB SIBISETCS AOCTATOYHO OIHO-
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POAHBIM TIO COCTaBY. bonbImas 9acTh 3epeH NMEeT H30METPHUHYIO (POPMY, MCHB-
Il YIJIOBATBIX CIA00OKATaHHBIX YacTHIl (puc. 4, a—c). UacTHIlbl, KaK MPaBUIIo,
HE OPHUCHTHPOBAHBI, 33 HCKIIOYCHUEM IPOCIOEB, OOOTANCHHBIX OPTaHMYECKIM
BEILIECTBOM.

B GonpinmmHCTBE M3YyYEHHBIX 00pa3IoB HAOIIOAACTCS XapaKTepHas Ui TEXHO-
TeHHBIX OTIOKEHHH TEKCTYPa, BRIPAXKEHHAS B YSPEIOBAHHU IIPOCIIOEB C 3aMETHBI-
MH pa3IH4YIsIMH Kak B pa3MEpPHOCTH 3€peH, TaK U B Xapakrepe Marepuaia (puc. 4,
b, d). MoIIHOCTB OTJICTIBHBIX TIPOCIIOEB B OCHOBHOM BBIZICPIKAaHA, TPAHUIIBI YETKHE.
Ha TexcTypHBIX HEOTHOPOIHOCTSX BCTPEUAIOTCSI OCBETIICHHBIC YIACTKH.

B 3aBucumocTH 0T paspesa U KOHKpeTHOro ciosi cyoctpar Ha 10-20% co-
CTOHT W3 MHKpOc(ep, CYyIIEeCTBCHHO OTIMYAIOIIUXCS MEXITy CO00i o pa3Mepy,
Mopdororuu u cocraBy. OKpyIiible, KaK IPaBUIIO, MOJbIe CHepHIecKrue 4acTh-
I, SIBJISIONINECS PE3YyIbTaTOM BBICOKOTEMIIEPATYPHBIX IPOIECCOB CHKUTAHHS
ToruBa [25-26], MOTYT OBITH YCIIOBHO Pa3/ielIeHbl HA KPEMHHUCTBIE U KEIe30C0-
nepxarue [27]. Mukpochepsl B IIIOCKOCTH NUTH(A pactpeieeHbl pABHOMEPHO
0e3 KaKoi-110o0 CBSA3M C TEKCTYPHBIMU 0COOEHHOCTSIMH OTIOKEHUH (puc. 4, e, f).
Taxke B cocTaBe MPHCYTCTBYIOT YIIHCTHIC TPEIIMHOBATHIC YACTUIIHI HEIOXKOTA

Puc. 4. OcoOeHHOCTH MUKPOCTPOCHHUS cyOCTpara 30JI00TBAJIOB: @ — OOIINA BUJL
meuIeBaroro cyocrpara (paspes 1, 80-90 cm, PPL, X10); b — Mukpocioncrast TeKCTypa
(paspes 1, 80-90 cm, PPL, X10); ¢ — obmmii Bug meiieBatoro cyocrpara (paspes 1, 60-70,
PPL, X10); d — mpocoii, o0oramieHHbIi yacTUIIaMu Hepoxkora (paspes 3, 20-30 cm, PPL,
X20); e — kpynHas gactuia Hegoxora (paspes 3, 20-30 cm, PPL, X50), f— mukpochepst
1 JacTuIpl Hepoxkora (paspes 4, 65-70 cm, PPL, X10). ABrop doto A.A. HoBocenos
[Fig. 4. Peculiarities of fly ash soil-forming material: a - General view of the technogenic silty material
(Pit 1, 80-90 cm, PPL, X10); b - Microlayered texture (Pit 1, 80-90 cm, PPL, X10), ¢ - General view
of the technogenic silty material (Pit 1, 60-70 cm, PPL, X10), d - Layer enriched with unburned (coked)
fragments (Pit 3, 20-30 cm, PPL, X20), e - Large particle of coked material (Pit 3, 20-30 cm, PPL,
X50), f- Cenospheres and coked particles (Pit 4, 65-70 cm, PPL, X10). Photos by AA Novoselov]
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KapOonarHsiii MaTepran IpenCcTaBICH ABYMS TUIIAMH: CTSDKCHUS H CPOCTKU
MHUKPOKpPHUCTAILIOB (puc. 5, a—c). I1o cocTaBy 1 BHYTPEHHEMY CTPOCHUIO CTSIKE-
HUSI TOCTAaTOYHO OJHOPOIHEI, COCTOST M3 KaJBINTA M BCTPEUAIOTCS KaK B BUIE
€IMHUYHBIX MUKPOKOHKpeLni (pa3zpes 2), Tak U HeOONbIINMHU cCKoTuieHusiMu. Ho-
BOOOpa30BaHUS TATOTEIOT K HEOTHOPOJHOCTAM TEKCTYPEI, B OTACIBHBIX CIydasx
(dhopmMupys TIpOCIION, 0OOralleHHble KapOOHATHBIM MaTepHalioM, KOTOPBIH BbI-
CTyTIaeT B KauecTBe meMeHTa. CTSHKEHHUSI IMEIOT OKPYTIYI0 (POPMY C HEUSTKIMU
rpaHUIlaMU; KalbIUT B TaKUX arperarax pa3BUBaeTcCs M0 CyOCTpaTy, YaCTUYHO
ero 3amerniasi. PazMep MUKpPOKOHKpEIMii cocTaBiseT 1-2 MM B uameTpe, a ux
CKOIUICHHE B OTJIEJIbHBIX CITydasiX CO31aéT THE3/10BaTyI0 TEKCTYPY.

Puc. 5. PaznooOpa3sue kapOOHATHBIX HOBOOOPA30BaHUM B IMOYBAX 30JI00TBAJIOB: d — CTSDKCHHUS
KaJIbIIUTA, IPUYPOUCHHBIC K HEOJHOPOIHOCTH TEKCTYphI (paspes 1, 60-70 cm, PPL, X10);
b — 10 xe (XPL, X10); ¢ — 4eTKo BbIpa)KEHHOE CTSDKSHHE KaJbLUTa, IPUYPOUYCHHOE K He-

OJTHOPOJHOCTH TeKCTYphI (paspes 1, 80-90 cm, PPL, X50); d — MUKpOKpHCTAIIIBI KaTbIIUTA
(paspes 4, 80-90 cm, PPL, X40); ¢ — To e (XPL, X40), f— pacnpeneicHue MUKPOKPHCTAII-
JIMYecKoro kajbuura B numde (paspes 4, 80-90 cm, XPL, X4). Asrop doto A.A. HoBocenos
[Fig. 5. Diversity of calcite neoformations in soils of fly ash deposit sites: a - Calcite concretions
associated with texture heterogeneity (Pit 1, 60-70 cm, PPL, X10), b - ibid. (XPL, X10),
¢ - Well-defined calcite concretion associated with a texture contact (Pit 1, 80-90 cm, X50);

d - Calcite microcrystals (Pit 4, 80-90 cm, PPL, X40), e - ibid. (XPL, X40), f- Distribution
of calcite microcrystals within the thin section (Pit 4, 80-90 cm, XPL, X4). Photos by AA Novoselov]

MUKpPOKPUCTAIUTHUSCKUIN KaJBIIUT PACIPEICIICH PAaBHOMEPHO U TIPEICTaB-
JISIOT co0OM Mekue, pasmepoM He Oosiee 0,3 MM, CHOITOBHUJIHBIC (3Be314aThic)
CPOCTKH BBITSHYTBHIX KPUCTA/UIOB. /IaHHBINA THII HOBOOOpA30BaHMI OOHApYXKEH
ToNbKO B paspese 4 (80-90 cm) (puc. 5, d—f). UeTKHX NIEHTPOB KPHCTATU3AITUN
y Takux (popM, KaK MpaBUIIO, HET, a OPUCHTAIIMS OTJCIBHBIX KPUCTAJIOB Xa0THY-
Has. MakcHMalbHO BBICOKOE COJCpIKaHHE ayTHIE€HHOTO KapOOHATHOTO Marepra-
na oTMedaercs B paszpe3ax | u 4 B unreppanax ot 50 10 90 cM; peakue cTsKeHus
KaJbpIuTa 0OHAapy KEHBI TAaKXKe B paspese 2.
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TekcTypa TeXHOTEHHBIX CyOCTpPaTOB HapyIIaeTcs KOPHEBOW CHCTEMOIl pacTe-
HUH, pexe — X01aMH MTOYBEHHBIX KUBOTHBIX (puC. 6, a—c). KopHU YacTUYHO yTiu-
(bUIMpOBaHbI, KPOME TOTO, B HEKOTOPBIX paszpesax Ha IIyOomHe okoio 80-90 cM
HaOIIOIAI0TCSI TPOCIION, 00OTAllIeHHbIE OPraHUYECKUM BELIECTBOM, TPUBHOC KO-
TOPOTO MOT ITPOM30UTH B PE3YIBTaTe IPO3NOHHBIX MPOIIECCOB, CYIIECTBOBABIINX
B nepuoll ()yHKIMOHMPOBAHUS 30J100TBalIOB. OHOBPEMEHHO OOHApPYKHUBAIOTCS
pacTUTEIbHBIC OCTATKU KaK C JOCTAaTOYHO BBICOKOHU, TaK M C HU3KOM COXpaHHO-
CTBIO TKAHEBOTO CTpoeHus. TakiKe BCTpEUaroTCs OTAEIbHbIE ()parMeHThl KOpHE
C TIOJIHOCTHIO COXPAHMBIIMMCS KJICTOYHBIM CTPOCHHEM M OWOTCHHBIC BKITIOUE-
HUS; MECTAMU OTMEPIIIE KOPHH 3aMeleHbl aMOP(HBIM KpEMHE3EMOM.

Puc. 6. KoOMIOHEHTEI OpraHMYeCcKOro BEIIecTBa II0YB 30J00TBAIOB ¥ OMOT€HHEIE
HapyIISHUS: @ — yIIe(HUIIMPOBaHHbIA KopeHs (paspes 2, 20-40 cm, PPL, X10);

b — GparMeHTHI KOPHEBOH CHCTEMBI Pa3JINYHON CTeIeH:H coxpaHHOCTH (paspes 1, 80-90 cm,
PPL, X4); ¢ — 3anonnennsii xox (paspes 3, 80-90, PPL, X20). Asrop ¢oto A.A. HoBocenos
[Fig. 6. Components of the fly ash deposits sits soil organic matter and biogenic disturbance:

a - Carbonized roots (Pit 2, 20-40 cm, PPL, X10); b - Fragments of root system with different
degrees of transformation (Pit 1, 80-90 cm, PPL, X4);
¢ - Filled gallery (Pit 3, 80-90 cm, PPL, X20). Photos by AA Novoselov]

Mukpo- u cyomuxpomopgonozuueckue uccie006anus ¢ UCHONb308AHUEM
CKaHUupylowezo INeKmpoHHO20 MUKPOCKOnd. VICTIONB30BaHNE CKaHUPYIOIIETO
3NIEKTPOHHOTO MUKPOCKOIIA MTO3BOJISIET CYLIECTBEHHO JOMOIHUTD PE3yIbTaThl H3-
YYEHHS TI0YB ¥ OTIIOKEHHUH 30JI00TBAJIOB B IITH(AX, B YACTHOCTH, YTOUHHUTH pas-
JIMYUST MEXJy CIOSIMM TEXHOTGHHOTO CyOCTpara, CIIOKEHHBIMU 30JI0H yHOCA U
30J16HBIM OCTaTKOM [28—-29]. TlepBBIe COCTOSAT MPEUMYIIIECTBEHHO U3 OKaTaHHBIX
MOPHUCTBIX YACTUI] CUIIMKATOB, AJIFOMOCHINKATOB, (DEpPOCHIINKATOB U MUKpOChep
muamerpoM oT 400 1o 20 MKM, pa3IMYaroIIuXcsl KaK 1Mo MOp(OJIOTHH B Xapak-
Tepy MOBEPXHOCTH, TAK U 10 BELIECTBEHHOMY cOoCTaBy (puc. 7, a—b). B cocrase
30JIBHOTO OCTaTKa, IOMIMO MHUKpPOC(Ep U alfOMOCHINKATOB, BCTPEIAIOTCS yTIIe-
MOJJO0HBIE TPEIIMHOBATHIE YACTUIIBI HEMPaBUIIbHOW (POPMBI, KPYITHBIC YIJIOBAThIE
3epHa KBapIia, MoJIeBbIC IITATHI, CIFOBI (pUC. 7, c—d).

Iox 3meKTPOHHBIM MUKPOCKOIIOM XOPOIIO JUATHOCTUPYIOTCS MPHU3HAKU TIe-
JIOTEHHOTO OCTpyKTypuBaHus B ropuzoHTax W u WTCHQ BepxHeilt yacTu mpo-
¢uns (puc. 7, e—f). B 1ienom negoreHHble arperaTbl HEMHOTOYHCICHHBI, a IIPOLEC-
CBI CTPYKTYpOOOpa30BaHUs HEOTACIHMEI OT IPOIIECCOB Pa3pYIICHHUS] HCXOIHOTO
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cyoctpara (puc. 7, g), 4TO B IIEJIOM XapaKTEPHO ISl MOJIOJBIX MTOYB OTBAJIOB H
xBocToxpanmwiunl [30].

TM3000_3193 2017.1120 1258 AL D105x200 500um TM3000_2865 2017111% 11:03 AL D98 200 500um TM3000_3027 2017.1147 1808 AL D135x1.2k  S0um
a (4

TM3000_3151 20171120 1021 AL D91 x1.0k 100um TM3000_3314 2017.1120 1922 AL D105:200 S00um TM3000_2805 2017.11.15 14557 AL D135x200 500 um

2017.11.20 18:15AL D106x800 100um TM3000_2909 2017.11.46 1921 AL D9.1 x1.8k  50um

4 1 7

Puc. 7. Mukpodororpaduu mouB u TEXHOTEHHOTO CyOCTpara 30J00TBaJIOB, a TAKKE
WX OTACJIBHBIX DJIEMCHTOB, ITOJTYYCHHBIC C HCIIOJIb30BAHNEM CKAaHHPYIOIIETO IICKTPOHHOTO
MHUKPOCKOTIA: @ — OOIIUil BU MaTepualia U3 MbUICBATOTO MPOCIIOs 30JIbI YHOCA
(pa3pes 4, 80-85 cMm, X200); b — oOmmii BUI IPOCIIOS, CII0KEHHOTO MPEHMYIIECTBEHHO
TIeCYaHbIM MaTepHaiaM 30JIbHOT0 ocTarka (paspes 3, 115 cm, X200);
¢ — AIOMOCHIIMKAaTHBIE cephl U jkene3oconepxamnias yactuna (paspes 1, 150 cm, X1.2k);
d — IOpUCTBIE AMIOMOCHIIMKATHEIE OKaThIIy (paspes 4, 110 cm, X1.0k); e — oOmuii Bux
ropuzoHTa W ¢ pU3HAKaMH TIEJOICHHOTO OCTPYKTypupoBanus (paspes 2, 0-5 cm, X200);
f— obmmuit Bux nepexoguoro ropusonra WTCHQ (paspes 3, 10-15 cm, X200);
2 — BBIBETPEJIbIC YaCTHIIBI HCXOHOTO cyOcTpara (paspes 1, 05 cm, X800); A, i —
HOBOOOpa3oBaHus Kanbuuta (paspes 4, 10-15 cm, X800 u paspes 3, 110 cM,
X1.8k, coorBercTBeHHO). ABTOpP (hoTO A.O. KoHCTaHTHHOB
[Fig. 7. Microphotographs of soil horizons and technogenic parent material as well as their constituents
obtained with SEM: a - General view of the silty layer composed from fly ash (Pit 4, 80-85 cm, X200);
b - General view of the layer composed of sand-like unburned material (Pit 3, 115 cm, X200);
¢ - Cecospheres and iron-bearing particle (Pit 1, 150 cm, X1.2k); d - Porous aluminosilicate pellets (Pit 4,
110 cm, X1.0k); e - General view of the W soil horizon where signs of pedogenic structure are visible
(Pit 2, 0-5 cm, X200); f- General view of the transitional horizon WTCHQ (Pit 3, 10-15 cm,
X200); g - Weathered particles of the initial substrate (Pit 1, 0-5 cm, X800); 4, i - Calcite
neoformations (Pit 4, 10-15 cm, X800 and Pit 3, 110 cm, X1.8k). Photos by AO Konstantinov]
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Mukpoarperarbl B BepXHEH JacTu MpoQuiis B 3HAYUTEIBHOM CTETICHH Hacie-
JYIOT UCXOIIHYIO CTPYKTYpPY TEXHOTEHHBIX OTJIOKEHHH («OKAaTBIIINY); HA ITOBEPX-
HOCTH OTJACNBHBIX 3€PeH aKKyMYIHPYIOTCS («HAIMITAIOT») MEJKHE YIIOBaTHIe
(hparMeHThI 4aCTUI] OPUCTBHIX LIUIAKOB U HeJOKOra. BUOTeHHBIE TPOIIECChl UTPAIOT
BaKHYIO POJb B (PparMeHTANH U pa3pyIICHUH UCXOJHOTO CyOCTpara, B psijie CiIy-
4yaeB 0OHAPYKUBAIOTCSA MEJIKHE TH(BI TPUOOB, ONOSACHIBAIOIINE OTACIBHBIC 3¢PHA.
YacTuipl MeIKo3eMa B OCHOBHOM UMEIOT TUTUTYATYIO HITH TUIACTHHYATYIO (hOpMY.

Hcnonp3oBanne CKkaHUPYIOLIEH TIEKTPOHHON MUKPOCKOITUHU O3BOIMIIO YTOU-
HUTh OCOOCHHOCTH paclpeieiIeHNss HOBOOOpa30BaHUH KaIbIIUTA B MPO(HIIe TIOYB
30JI00TBAJIOB. YCTAHOBJIEHO, YTO KOJIMYECTBO U MECTOHAXOXKJCHUE HTOJIBYATHIX
MHUKPOKPUCTAIUIOB KAJBIUTA SBISTIOTCS BA)KHBIM MHAWKATOPOM HHTCHCHBHOCTH
oyBooOpa3oBarenbHbIX nporeccos [31]. I[leqorenHsle kapOOHATHI OOHAPYKEHBI
B paspese 3, a Takke B BepXxHel yactu npodwis (pa3pes 4 — 15 ¢Mm), 4To HEBO3-
MOXHO IIPU U3y4eHHUHU B nuudax (puc. 7, h—i).

Buipasicennocme u paznooopazue 3nemenmapHbixX no48000pa3068amenbHbIX
npoyeccoe (3I1II). B onucaHuu U cUCTEMATHKE ITOYBOOOPA3YIOLIUX MPOLIECCOB
aBTOPHI OMMPAITUCH Ha KOHIIETIIIHIO YIIEMEHTAPHBIX TOYBO0OPA30BATEIbHBIX MPO-
meccos [32].

OcHOBHas TpyTIIia TOYBOOOPA30BATENBLHBIX IIPOILIECCOB, BRIPAKCHHBIX BO BCEX
paccMaTpUBaeMbIX IOYBAaX, CBA3aHA C METaMOP(hHU3MOM MUHEPAILHOTO Bellle-
CTBa — IE3MHTET PALINEH, IPOSBILIIONICHCS B pa3pyIICHIH NCXOTHBIX CHIINKATHBIX,
AITFOMOCWIMKATHBIX U YTIIEPOIOCOACPIKALINX YACTHUIl TEXHOTEHHBIX OTIOKEHHUH.
[Ipomeccr! pa3pymeHns 1 H3METBICHUS CyOCcTpaTa, IPOUCXOIAIINE B ITOYBAX 30-
JIOOTBAJIOB, aHAJIOTUYHBI MIPOIIECCAM BBIBETPUBAHUS BYJKaHHUUECKOTO IeIlIa, HO
MIPOUCXOJIAT MPH 3HAYUTETHHO OoJiee BRICOKHX ckopocTsx [33—35]. Kapbonarusa-
1S IPOSABIISIETCS HA MUKPO- U CyOMUKPOCKOIIUYECKUX YPOBHSAX, a KOJIUYECTBO U
pa3HooOpa3ue MeIoreHHBIX KapOOHATOB HAIIPSIMYIO KOPPEIHPYET C Pa3BUTOCTHIO
MOYBEHHOTo mpoduis. Beicokoe coneprkaHue KapOOHATHBIX HOBOOOPa30BaHUI,
MIPUCYTCTBHE XOPOIIO BHIPAKCHHBIX KPYITHBIX CTSHKEHUH U CPOCTKOB MUKPOKPH-
CTaJIJIOB, OOHAPY)KEHBIX B TIOYBAX ydacTka 1, o0yciioBiieHbI OoJiee UINTEIbHBIM
[0 BPEMEHH IOYBOOOpa30BaHMEM (IIOCTYIUICHHE 30JIONUIAKOBBIX OTXOIOB, IO
BCeil BUIUMOCTH, IIPEKPAIICHO HECKOIBKO PaHbIIe, YeM Ha YJacTKe 2), a TaKxKe
BCJICJICTBHE O0JIee OJIaronpHsITHOTO BOTHOTO PEXKHMA.

OINIT meTamopdu3Ma OPraHUYECKOro BELIECTBA B OCHOBHOM CBSI3aHBI C IIO-
CTYIUICHHEM OPTaHUIECKUX OCTATKOB M X TpaHC(OpMaIlel 1 B MCHBIIIEH cTere-
HU Tymupukanueil. BuyTpunpoduibHOe MOCTYIUIEHHE OPraHUYeCKUX OCTaTKOB,
(parMeHTHI KOTOPBIX PA3IHMYHOM CTETICHN pa3ia)keHHOCTH 00HAPYKHBAIOTCS KaK
B BEPXHUX TOPU30HTAX, TAK U B HIDKHEH 4acTh MPOGUILs, SBISETCS XapaKTePHOU
0COOCHHOCTBIO TI0YB, (POPMHUPYIOIIUXCS TIOJ TPABIHUCTHIMU acCOUUANNSIMH U
JIECHBIMHU COOOMIECTBAMU C Pa3BUTHIM TPABIHUCTHIM SPYCOM.

OTIIT nepeopranu3aiiyl MOYBEHHONW MAaCCHI TPOSBIISIIOTCS B OCHOBHOM B BU/IE
KOATyJIALIMOHHOTO OCTPYKTypuBaHHs. KopHEBOe OCTPYKTypHBaHHE OTMEYEHO
TOJEKO B TIOUBAX IO TPABSHUCTOM pacTUTENbHOCTRIO. [Iporecchr orieeHus pas-
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BHTHI (pa3pe3 3) B MOUBaX JIOKAIBHBIX JCTPECCHI B YCIOBUAX OJIM3KOTO 3ajera-
HUS TPYHTOBBIX BOJI, @ X BU3yallbHas AMAarHOCTHKA 3aTPy/IHEHA B CHIIy 0COOEH-
HOCTEH eCTEeCTBEHHOTO I[BETa CyOCTpara 30100TBAJIOB.

3akiouenne

[IpoBenénnsle MccieoBaHNS MOKAa3aidH, YTO MHTEHCHBHOCTH MOYBOOOPaA30-
BaTENIbHBIX MIPOIIECCOB B MOYBAX 30JI00TBAJIOB CYIIECTBEHHO pa3jnyaeTcs B 3a-
BHUCHMOCTH OT ITOJIOKEHH B pesibede, XapakTepa pacTUTEIbHOCTH, YPOBHS TPyH-
TOBBIX BOJI, HEOJIHOPOJHOCTH TEXHOT€HHOIO CyOcTpaTa.

[TouBBI 30100TBAJIOB XapaKTEPU3YIOTCS HAINYHUEM CIA00Pa3BUTOTO TyMycCO-
Boro ropuzoHta W, nepexonHoro ropuzonta WTCHQ. Texnorensslii cydcTpar
MpeIcTaBIsAeT cO00H YepesoBaHNe CIOEB 30JIbI YHOCA, CIOKEHHBIX MTBUICBATHIM
MaTepHaoM, U CJI0EB 30JbHOIO OCTaTKa ¢ IpeolIialaHueM 4acTHUll Pa3MEPHOCTH
TOHKOTO M cpefHero mnecka. OCHOBHBIM KOMIIOHEHTOM TE€XHOT€HHOTO cyOcTpara
30JI00TBAJIOB SIBJISIETCS aMOP(HO-CTCKJIOBUIHAS Macca, COCTOSINAs U3 CHIIMKA-
TOB, aTIOMOCHIIMKATOB U (PEpPPOCHINKATOB U B MEHBINEH CTENEHN U3 CBOOOIHBIX
oxcuioB Ca u Mg. IIponeccs! mo4Bo0Opa30BaHUs IPOUCXOASIT CHHXPOHHO C IPO-
HeccaMy TPaHC(HOPMAIIH BEIIECTBEHHOTO COCTaBa HCXOIHOTO cyOcTpaTta.

YCTaHOBNIEHO, YTO OCHOBHBIMU ITOYBOOOPA30BaTEIbHBIMU MPOLIECCAMU SIBIIS-
I0TCA: MeTaMOp(U3M MHHEPAIBFHOTO BEIIECTBAa (Je3MHTerpanus, KapOoHaTH3a-
1Us1), IepeopraHn3alys MOYBEHHOW Macchl (KOArysIIMOHHOE U TPABSHO-KOPHE-
BO€ OCTPYKTYPHBAaHHUE), METaMOP(H3M OpPraHMIECKOTO BEIIecTBa (MMOCTYIUICHNE
u TpaHc(opManus pacTUTEIbHBIX OCTATKOB U B MEHBIICH CTENEHU TyMHU(UKa-
I¥s1), a TaKKe TPOIECCH MUTPALNH BEIIECTBA U OrIeeHne. Pan mporeccos nua-
THOCTHUPYETCS TOJIBKO HA MUKPO- U CyOMUKPOMOP(OIOrHIECKUX YPOBHSX.

CTshKeHHs M MHKPOKPHCTAJUTHYecKHe (OpMBI KalblTa HanOoiee MHOTo-
YHCIEHHBI ¥ XOPOUIO BBIPAXKEHBI B MOYBAX, (HOPMUPYIOIUXCS HA XOPOIIO Ape-
HHUPOBAHHBIX yYacTKaX B MepH(EepPHHHBIX JacTAX 30JI00TBajIa MO Pa3peKeHHOI
JPEBECHOM PACTUTENLHOCTBIO C PA3BUTHIM TPABSHUCTBIM SIPYCOM.
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Special features of soil development within overgrowing
fly ash deposit sites of the solid fuel power plant

Waste deposit sites of solid fuel power plants exist within the majority of large cities
of the Urals, Siberia and the Far East. Fly ash deposit sites are often located in close
proximity to residential areas and may be observed as a potential source of environmental
hazard, which leads to the alienation of significant land lots. The problem of reclamation
of'ash dumps is of particular concern, and its solution is impossible without understanding
the processes of vegetation and soil cover development within such territories. In this
paper, we present the results of studying the processes of soil development at the sites
of the abandoned ash dumps of the power station in the city of Tyumen that was formed
during the work of the enterprise on local peat as a main fuel type.

The fly ash deposit sites of Tyumen CHP-1 plant consist of two sites with a total
area of 100 ha (Site 1 - 54.0 ha, Site 2 - 46.0 ha) (See Fig. 1). The disposal of ash and
slag wastes was discontinued more than 30 years ago; currently, within the territory
of the dumps there is a gradual overgrowing. The surface of the ash dumps is aligned,
subsidence relief forms occur, and the elevation difference is 1-3 m. A more diverse
and complex relief is typical of Site 1. The level of groundwater varies significantly,
depending on the position in the relief. Modern vegetation is mosaic; two main types
of plant communities are represented: woody-shrubby and grassy. We conducted
field studies of the soil cover of the fly ash deposit sites of Tyumen CHP-1 plant in
summer 2017. At each fly ash deposit site, a pair of soil profiles was created (See Fig. 1)
under woody and grassy vegetation (Profiles 1 and 4, 2 and 3, correspondingly) (See
Fig. 2). Diagnostics of soils was conducted according to the Russian Soil Classification
considering additions proposed for technogenic soils (Shishov LL et al., 2004). The
names of soils are also given according to the World Reference Base for Soil Resources
2015. Profile 1 (57°8'47,30"N, 65°38'8,70"E) is found at a local elevation in the peripheral
part of Site 1 under depleted willow forest with willow and aspen undergrowth and
a developed grassy layer. Profile 2 (57°823,50"N, 65°38'22,80"E) is confined to the
surface of Site 2, complicated by subsidence forms under meadow-grassy association
with the presence of cereals. Soil is Spolic Technosol (Epiarenic, Endoprotocalcic,
Fluvic, Hyperartefactic, Laxic, Amphivitric). Profile 3 (57°823,90"N, 65°38'17,80"E),
characterizes local decline at Site 2. Vegetation is represented by an aspen-willow forest
with developed litter. Soil is Spolic Technosol (Endoprotocalcic, Fluvic Hyperartefactic,
Laxic, Stagnic, Amphivitric). Profile 4 (57°8'38,10"N, 65°37'30,50"E) is found at Site 1
with a pronounced technogenic filler relief. Meadow vegetation with willow, aspen and
sea-buckthorn undergrowth is characteristic. Soil is Spolic Technosol (Amphiprotocalcic,
Fluvic, Hyperartefactic, Laxic, Amphivitric). We studied the diversity and intensity
of soil-forming processes at meso-, micro- and submicroscopic levels: in transparent
sections using polarization and inversion microscopes and a scanning electron
microscope equipped with an attachment for elemental analysis. We determined the
granulometric composition of the technogenic deposits on a laser particle analyzer with
preliminary dispersion of samples with pyrophosphate (See Fig. 3). The color of soil
horizons and anthropogenic substrate was estimated by the Munsell system.

The results of the conducted studies indicate that the intensity of soil-forming
processes in soils developed from ash differs depending on the position in the relief,



Ocobennocmu npoyeccog noueooopazo8anus 22

the type of vegetation, the level of groundwater, and the heterogeneity of the man-
made substrate. The studied soils correspond to Spolic Technosol in accordance with
the World Reference Base for Soil Resources. Technosols developed within ash deposit
sites inherit the properties and material composition of the technogenic substrate,
which is an alternation of fly ash and ash residue layers. The main components of
the soil-forming material are silicates, aluminosilicates and ferrosilicates, particles of
underburn and microspheres (See Fig. 4 and 7). The processes of soil development
occur synchronously with the processes of transformation of the material composition
of the initial substrate. The main soil-forming processes are: metamorphism of mineral
matter (disintegration, carbonatization) (See Fig. 5), reorganization of the soil mass
(coagulation and herbaceous-root structuring), metamorphism of the organic matter
(the intake and transformation of plant residues and, to a lesser extent, humification)
(See Fig. 6), and migration of matter and gley formation. Several soil-forming processes
are diagnosed only at micro- and submicromorphological levels. The quantity and
diversity of pedogenic carbonates is an important indicator of the intensity of soil
formation. Concretions and microcrystalline forms of calcite are most numerous and
well expressed in soils with the most formed on well-drained areas in the peripheral
parts of the ash dump under the sparse tree vegetation with a developed grassy layer.

The paper contains 7 Figures and 35 References.

Key words: fly ash deposit sites of power plants; soil forming processes,
technogenic soil; spolic technosol.

References

. Delitzin LM, Ezhova NN, Vlasov AS, Sudareva SV. Ash disposal areas of coal’s power
stations as the threat to environmental safety. Ekologid promyslennogo proizvodstva =
Industrial Ecology. 2012;4:15-26. In Russian

. Zen’kov 1V, Nefedov BN, Baradulin IM, Kiryushina EV, Vokin VN. Environmental problems
during the maintenance of ash-and-slag storages in the fuel-energy complex of Russia. Ekologia
i promyshlennost Rossii = Ecology and Industry of Russia. 2015;19(2):24-28. In Russian

. Zvereva VP. Environmental results of the formation of heat station ash dumps. Geoekologiya.
Inzhenernaya geologiva, gidrogeologiya, geokriologiya = Environmental Geoscience.
2005;1:30-34. In Russian

. Chibrik TS, El’kin YuA. Formirovanie fitotsenozov na narushennykh promyshlennost’yu
zemlyakh: biologicheskaya rekul’tivatsiya [Formation of phytocenoses in industrially disturbed
lands (biological recultivation)]. Sverdlovsk: Ural University Publ.; 1991. 220 p. In Russian

. Rakov EA, Chibrik TS. On the problem of flora formation in industrially disturbed land
areas. Russian Journal of Ecology. 2009;6(40):448-451. doi: 10.1134/S1067413609060125

. Juwarkar AA, Jambhulkar HP. Restoration of fly ash dump through biological interventions.
Environmental Monitoring and Assessment. 2008;139(1-3):355-365. doi: 10.1007/s10661-
007-9842-8

. Makhnev AK, Chibrik TS, Trubina MR, Lukina NV, Gebel’ NE, Terin AA, Elovikov Yul,
Toporkov NV. Ekologicheskie osnovy i metody biologicheskoy rekul’tivatsii zolootvalov
teplovykh elektrostantsiy na Urale [Ecological bases and methods of biological recultivation
of ash dumps of thermal power stations in the Urals]. Yekaterinburg: Ural Branch of the
RAS; 2002. 356 p. In Russian

. Makhnev AK, Makhneva NE. Landscape-ecological and population aspects of the strategy
of restoration of disturbed lands. Contemporary Problems of Ecology. 2010;3(3):318-322.
doi: 10.1134/S1995425510030100

. Pandey VC. Assisted phytoremediation of fly ash dumps through naturally colonized plants.
Ecological Engineering. 2015;82:1-5. doi: 10.1016/j.ecoleng.2015.04.002


https://doi.org/10.1134/S1067413609060125
https://doi.org/10.1007/s10661-007-9842-8
https://doi.org/10.1007/s10661-007-9842-8
https://doi.org/10.1134/S1995425510030100
http://dx.doi.org/10.1016%2Fj.ecoleng.2015.04.002

23

A.O. Koncmanmunos, A.A. Hoeocenos, C.B. Jlouko

10. Nazarkina AV, Krupskaya LT, Derbentseva AM, Zvereva VP, Morina OM. Thermal power plant

11.

artiindustrates in the Far East South: Physical and mechanical properties, erosion -preventive
resistance estimation, recultivation. The Bulletin of KrasGAU. 2012;3:122-126. In Russian
Nazarkina AV, Arefieva OD, Derbentseva AM. Interrelationship of physical, erosion-
preventive and water properties of artiindustrats of Far East coal-burning plants. Problemi
regionalnoy ecologii = Regional Environmental Issues. 2013;2:140-143. In Russian

12. Zikeli S, Jahn R, Kastler M. Initial soil development in lignite ash landfills and settling ponds

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

in Saxony-Anhalt, Germany. Journal of Plant Nutrition and Soil Science. 2002;165(4):530-
536. doi: 10.1002/1522-2624(200208)165:4<530::AID-JPLN530>3.0.CO;2-J

Zikeli S, Kastler M, Jahn R. Cation exchange properties of soils derived from lignite
ashes. Journal of Plant Nutrition and Soil Science. 2004;167(4):439-448. doi: 10.1002/
jpIn.200421361
Zikeli S, Kastler M, Jahn R. Classification of anthrosols with vitric/andic properties derived
from lignite ash. Geoderma. 2005;124(3-4):253-265. doi:10.1016/j.geoderma.2004.05.004
Uzarowicz L, Zagorski Z. Mineralogy and chemical composition of technogenic soils
(Technosols) developed from fly ash and bottom ash from selected thermal power stations
in Poland. Soil Science Annual. 2015;66(2):82-91. doi: 10.1515/ssa-2015-0023
Uzarowicz L, Zagorski Z, Mendak E, Bartminski P, Szara E, Kondras M, Oktaba L, Turek
A, Rogozinski R. Technogenic soils (Technosols) developed from fly ash and bottom ash
from thermal power stations combusting bituminous coal and lignite. Part I. Properties,
classification, and indicators of early pedogenesis. Catena. 2017;157:75-89. doi: 10.1016/].
catena.2017.05.010

Suslova NG, Atkina LI, Chizhov BYe, Agafonov YeYu. Construction of recreational
objects on the territory of ash-heaps in the town of Tyumen. Izvestiva Orenbyrgskogo
Gosydarstvennogo Agrarnogo Universiteta = Izvestia Orenburg State Agrarian University.
2008;2:219-222. In Russian
Chizhov BE, Pariguina NG, Suslov AV, Atkina LI. The inventory of a ash dump Tumen and
methods of a laying out of a park in it. Vestnik Moskovskogo gosudarstvennogo universiteta
lesa — Lesnoy vestnik = Forestry Bulletin. 2007;8:85-90. In Russian

Chizhov BE, Atkina LI, Agafonov EY, Susslova NG. Mixed grass crop test for ash dump
recultivation in the town of Tyumen. Vestnik Moskovskogo gosudarstvennogo universiteta
lesa — Lesnoy vestnik = Forestry Bulletin. 2008;3;90-93. In Russian

Shishov LL, Tonkonogov VD, Lebedeva II, Gerasimova MI. Klassifikatsiya i diagnostika
pochv Rossii [Classification and diagnostics of soils in Russia]. Smolensk: Oykumena
Publ.; 2004. 342 p. In Russian
Prokof’eva TV, Gerasimova MI, Bezuglova OS, Gorbov SN, Bakhmatova KA, Matinyan
NN, Gol’eva AA, Zharikova EA, Nakvasina EN, Sivtseva NE. Inclusion of soils and soil-
like bodies of urban territories into the Russian soil classification system. Eurasian Soil
Science. 2014;47(10):959-967. doi: 10.1134/S1064229314100093

Bragina PS. Pochvoobrazovanie na otkhodakh gornodobyvayushchikh predpriyatiy
Kemerovskoy oblasti [Soil formation on the waste of mining enterprises in Kemerovo region.
CandSci. Dissertation, Geography]. Moscow: Lomonosov Moscow State University; 2016.
156 p. In Russian
1USS Working Group WRB. 2015. World Reference Base for Soil Resources 2014, update
2015. International soil classification system for naming soils and creating legends for soil
maps. World Soil Resources Reports. No. 106. Rome: FAO Publ.; 2015. 192 p. [Electronic
resource]. Available at: http://www.fao.org/3/a-13794e.pdf (accessed 12.03.2018)

Sokolov DA, Kulizhsky SP, Loiko SV, Domozhakova EA. Using electronic scanning
microscopy for diagnostics of soil-forming processes on the surface of coal-mine dumps
in Siberia. Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk State
University Journal of Biology. 2014;3(27):36-52. In Russian, English Summary


https://onlinelibrary.wiley.com/doi/abs/10.1002/1522-2624(200208)165:4%3C530::AID-JPLN530%3E3.0.CO;2-J
https://onlinelibrary.wiley.com/doi/abs/10.1002/jpln.200421361
https://onlinelibrary.wiley.com/doi/abs/10.1002/jpln.200421361
https://doi.org/10.1016/j.geoderma.2004.05.004
https://doi.org/10.1515/ssa-2015-0023
https://doi.org/10.1016/j.catena.2017.05.010
https://doi.org/10.1016/j.catena.2017.05.010
https://link.springer.com/article/10.1134%2FS1064229314100093
http://www.fao.org/3/a-i3794e.pdf

Ocobennocmu npoyeccog noueooopazo8anus 24

25. Sokol EV, Maksimova NV, Volkova NI, Nigmatulina EN, Frenkel AE. Hollow silicate
microspheres from fly ashes of the Chelyabinsk brown coals (South Urals, Russia). Fuel
Processing Technology. 2000;67(1):35-52. doi: 10.1016/S0378-3820(00)00084-9

26. Sokol EV, Kalugin VM, Nigmatulina EN, Volkova NI, Frenkel AE, Maksimova NV.
Ferrospheres from fly ashes of Chelyabinsk coals: chemical composition, morphology and
formation conditions. Fuel. 2002;81(7):867-876. doi: 10.1016/S0016-2361(02)00005-4

27. Ranjbar N, Kuenzel C. Cenospheres: A review. Fuel. 2017;207:1-12. doi: 10.1016/].
fuel.2017.06.059

28. Kutchko BG, Kim AG. Fly ash characterization by SEM-EDS. Fuel. 2006;85(17-18):2537-
2544. doi: 10.1016/j.fuel.2006.05.016

29. Dudas MJ, Warren CJ. Submicroscopic model of fly ash particles. Geoderma. 1987;40(1-
2):101-114. doi: 10.1016/0016-7061(87)90016-4

30. Bragina PS, Gerasimova MI. Pedogenic processes on mining dumps (a case study of
southern Kemerovo oblast). Geography and Natural Resources. 2014;35(1):35-40. doi:
10.1134/S1875372814010053

31. Uzarowicz L, Skiba M, Leue M, Zagoérski Z, Gasinski A, Trzcinski J. Technogenic
soils (Technosols) developed from fly ash and bottom ash from thermal power stations
combusting bituminous coal and lignite. Part II. Mineral transformations and soil evolution.
Catena. 2018;162:255-269. doi: 10.1016/j.catena.2017.11.005.

32. Karavaeva NA, Zonn SV. Elementarnye pochvoobrazovatel’'nye protsessy: Opyt
kontseptual’nogo analiza, kharakteristika, sistematika [Elementary soil-forming processes:
experience of conceptual analysis, characterization, and systematics]. Moscow: Nauka
Publ.; 1992.184 p. In Russian

33. Warren CJ, Dudas MJ. Weathering processes in relation to leachate properties of
alkaline fly ash. Journal of Environmental Quality. 1984;13(4):530-538. doi: 10.2134/
7eq1984.00472425001300040005x

34. Warren CJ, Dudas MJ. Formation of secondary minerals in artificially weathered
fly ash. Journal of Environmental Quality. 1985;14(3):405-410. doi: 10.2134/
7eq1985.00472425001400030019x

35. Zevenbergen C, Bradley JP, Van Reeuwijk LP, Shyam AK, Hjelmar O, Comans RNJ. Clay
formation and metal fixation during weathering of coal fly ash. Environmental Science and
Technology. 1999;33(19):3405-3409. doi: 10.1021/es9900151

Received 04 February 2018; Revised 17 July 2018;
Accepted 23 August 2018; Published 12 October 2018

Author info:

Konstantinov Alexandr O, Specialist, Oil and Gas Geology Research and Educational Center, Tyumen
Industrial University, 38 Volodarsky Str., Tyumen 625000, Russian Federation.

E-mail: konstantinov.alexandr72@gmail.com

Novoselov Andrey A, Postgraduate Student, Department of Physical Geography and Landscape Science,
Institute of Earth Sciences, University of Tyumen, 6 Volodarsky Str., Tyumen 625003, Russian Federation.
E-mail: Mr.andreygeo@mail.ru

Loyko Sergey V, Cand. Sci. (Biol.), Senior Researcher, BIO-GEO-CLIM Laboratory, Tomsk State
University, 36 Lenin Ave, Tomsk 634050, Russian Federation.

E-mail: s.loyko@yandex.ru


https://doi.org/10.1016/S0378-3820(00)00084-9
https://doi.org/10.1016/S0016-2361(02)00005-4
https://doi.org/10.1016/j.fuel.2017.06.059
https://doi.org/10.1016/j.fuel.2017.06.059
https://doi.org/10.1016/j.fuel.2006.05.016
https://doi.org/10.1016/0016-7061(87)90016-4
https://link.springer.com/article/10.1134%2FS1875372814010053#citeas
https://doi.org/10.1016/j.catena.2017.11.005
https://dl.sciencesocieties.org/publications/jeq/abstracts/13/4/JEQ0130040530
https://dl.sciencesocieties.org/publications/jeq/abstracts/13/4/JEQ0130040530
https://dl.sciencesocieties.org/publications/jeq/abstracts/14/3/JEQ0140030405
https://dl.sciencesocieties.org/publications/jeq/abstracts/14/3/JEQ0140030405
http://dx.doi.org/10.1021/es9900151
mailto:konstantinov.alexandr72@gmail.com
mailto:Mr.andreygeo@mail.ru
mailto:s.loyko@yandex.ru

