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TEOPETUNYHECKWME MPOBJIEMbI 3KOJ10I NN

In this review, new approaches are considered that can significantly improve the efficiency of remediation. The solution
involves combining biotechnologies: genetic engineering of plants, fungi and microorganisms; in the compartment with
the application of nanotechnology recultivation and creation of artificial analogues of soil and new materials of geoplastics
for the creation of an artificial landscape. The principal possibility of creation of plant complexes and microbes-rescuers
on the basis of potentially resistant organisms capable of effective interaction is considered. The review deals with the
genetic modification of plant and bacterial organisms that allow to accelerate in principle the formation of biogenic mat-
ter on disturbed and remediated soils, including man-made soils. This can restore the ecology of the abandoned lands

destroyed by mankind over the centuries of its existence.

Keywords: soil degradation, waste pollution, ecobiotechnology, phytoremediation, rhizosphere microorganisms,

genetic engineering, landscape reconstruction.

X03ANCTBEHHAA JeATeNIbHOCTb Ye/loBeKa 1
Aerpagaumus 3eMenb

X03AalicTBEHHAA [eATe/IbHOCTb YesioBeKa
C ApeBHEeNLWNX BPeMEH Oblna cocpefoToyeHa
B palioHaX C BbICOKUM YPOBHEM [OCTYMHOCTU
BOZbl, C 61aronpUATHLIMN 415 3eMNELENNA KNN-
MaTUYeCKMMN yCoBUAMU, 06ecneynBsaroLLmm
BbICOKYH M CTabUbHYI NMPOAYKTUBHOCTb
CeNbCKOXO03SNCTBEHHbIX yrogunii. Nnogopoa-
Hble 3eM/IM — 06A3aTeNIbHOE YCN0BME pacyBeTa
YyesloBeYeCKNX LMBUIM3aumin [peBHero Mmpa.
X aKOHOMUYeCKOe NnpoLBeTaHme obecrneymBa-
J10Cb YCTOMUYMBbLIM CNIPOCOM Ha NPOAOBO/ILCTBUE
N Apyrve npoayKTbl CeNbCKOXO3ANCTBEHHOIO
NPOM3BOACTBA, KOTOPbIE NMO3BOMANN NOMyYaTb
Heobxoaumoe KakK 6bl HUOTKYyfa, 6ecrniaTHo.
Mo3TOMy NOYBEHHbIV PeCYpPC BbICOKO LieHW/CS,
OblN1 1 OCTaéTCA NPeLMeTOM MHOXKeCTBa BOWH, a
TakK>Xe 06bEKTOM KOIOHU3aLUK, MPUBOAALLEN K
XULLLHNYECKOMY NCTPEeB/IEHMIO PacTUTE/IbHOCTMU,
B YacTHOCTW, necoB [1—4]. ®opmupoBaHue
XOPOLLUO rYMYCUPOBaHHbIX NI040POAHbIX MOYB
NPONCXoAno B bacceiHax KPYyMnHbIX peK, 0Co-
0eHHO B UX fJenbTax, B pe3ysbTaTe CHoca muna
C TEPPUTOPUIA, PACMONOXKEHHbIX BbILLE MO Te-
yeHuto [5, 6]. M'eomopdhonornyeckme faHHble
CBUAETENLCTBYIOT, YTO Y>Ke B [JpeBHEM Mupe
NOYBbl 60NbLUNHCTBA CENIbCKOXO3SIMCTBEHHbIX
yroguii nogsepranncb 3po3vn, 3T0T npouecc
NpoAO/KaeTCsa U B HacToslwee Bpemsa [7].
B CcBAA3U C MHTEHCUBHOW [eATENIbHOCTbIO Ye-
/I0BEeKa OrPOMHbIe NJ10LWaan 3eMeflb He TOJIbKO
BbIBE[IEHbI N3 X03SIMCTBEHHOr0 060p0Ta, HO U
ABJIAIOTCA, Ha CErOfHALWHNIN [eHb, NPaKTnu-
yecku becnnogHbiMu [8]. ExkerogHo muposoe
CeNbCKOe X035MCTBO HefononyyaeT 75 Mapg
TOHH pacTeHWEeBOAYECKOW NPoAyKUMKN B pe-
3ynbTaTe BeTPOBOM M BOLHOM 3p03UK; YObITKM
oLeHMBaKTCA cyMMoi okono 400 mapg fonn.
CLWA Brog [9]. MecTa, TpaANLLMOHHO cUMTalO-
LLMeCs KOJbI6eNbIo YenoBeYecTBa, HblHe Nnpega-
CTaBNAT CO60M NYCTbIHHbIE U 6€3)KU3HEHHbIE
npocTpaHcTea [10].

Pa3BuTue 4yenoBevyecKoi LMBUIN3ALNN
c03/aso 1 ewwé HeCKO/IbKO MpeLefeHTOB aH-

TPOMOreHHoM gerpagaunn no4ys. bypHoe pas-
BUTUE CE/IbCKOr0 X035MCTBA N UCNONb30BaHNe
nppuraummn, Kak ofHoro n3 BuAoB Mennopalmm,
NPWBENO K POCTY BTOPUYHOT O 3aCONeHUSA, fienas
npexkzae nnojopofHble NoYBbI BCE MeHee MnJo-
AO0POAHBIMU, & YacTo — faXke 6e3XKN3HEHHbIMMU.
[o6bl4a None3HbIX NCKONaeMblX OTKPbITbIM
cnocobom, 3a4acTyto, BeféT K NOSABNEHUIO
«NYHHbIX NaHAWAaMTOB» BOKPYT LUAXT U nepe-
pabaTbiBatOLLMX KOMOMHATOB. OrpoMHbIe MnJ1o-
Waan, 3aHATble Kapbepamu, oTBasiamu rnocne
A006bI4M NONE3HbIX MCKONAeMbIX, NPeACTaBNSA0T
CepbE3HYI0 0MacHOCTb M BOCCTAHOB/IEHNE pac-
TUTENIbHOCTU Ha TEPPUTOPUSAX, MPUMbIKAKOLLNX
K LIaxrTam v npeanpuaTMaAM rno rnepepaboTke
rTOPHOPYLHOrO Cbipbsi, COCTABNSAET OTAE/bHYIO
3KO0/I0OrMYeCKyto npobnemy. MocTossHHOM 3a60-
TOW 3KOJIONOB OCTAETCA YPOBEHb 3arpA3HeHns
noys THXKENbIMKU MeTannamm (TM)[11].

K nosHOM nnn 4yacTUYHOM NnoTepe NoYBeH-
HOro Na0JopoAnNA BeAET npoLecc, U3BECTHOM
noj TEPMUHOM «ZerymMumnKaLmsa». Yuntolas,
4TO B MPUPOAHLIX YC/IOBUAX CNOM rymyca B 1 cm
(hopmupyeTcH B TeUeHWe CcTa fieT, HeYANBUTEb-
HO, YTO MEHHO 3Ta COCTaB/IAOLLLAA MOYBEHHOIO
njoAopPoAnNA Hanbonee ysassuma, 1 ytpara ry-
Myca NpUBOAMT K CYLLECTBEHHON Aerpajaumm
MoYBbl.

Jerpagauuva noys, B T. 4. NPUTOLHbIX
ANA 3emnefenns, ABNSETCA MHOIOMNAaHOBbIM
npoLeccomM, 3aTtparnBaroLLLMM BCe acnekKTbl
CyLLecTBOBaHMA naHAwadTHbIX cuctem [10].
MpuHATO pasnmyatb PU3NYECKYI U XUMUYe-
CKYt0 ferpagaunto noysbl. K nepsoi oTHOCAT
N3MEeHEeHMeE MNOYBEHHOI0 NPOdUASA, MPUBOLSLLEE
K 3HaYNTEIbHOMY U3MEHEHWIO MaKpPO- Y MUKPO-
penbeda, yxyaleHnio (nU3n4ecKnX CBOICTB
rPyHTa 1 notepe ecTeCTBEHHOW CNOCOBHOCTM
MOYBbI K BOCCTAHOB/IEHWIO CBOUX CBOWNCTB (CYy-
npeccnBHOCTK). K TaKUM MocnecTBuamM BefyT
BETPOBAasA 1 BOAHAsA 3p03Ms, a TaKXKe Pas3/IMyHOro
poja aHTPOMNOreHHbIe BO3ENCTBUSA, NPUBOAA-
LMe K 06pa3oBaHuo 0BparoB, MNycToLLEN, yyacT-
KOB C BbICOKUM YM/I0THEHWEM MOBEPXHOCTHOIO
CNOSA, MeCT BHYTPEHHel 3po3un, Hanpumep,

TeopeTnyeckan v npuknagHasa akonorua Ne2, 2018



TEOPETUNYHECKWE NMPOBJIEMbI 3KOJ10I' MU

B pe3y/ibTaTe HenpaBWIbHOTO APEHNPOBAHUS.
BTopasa — xuMnyeckas gerpajgaumvs — ceasaHa
C U3MEHEeHMeM CBOICTB MOYBEHHOI0 PacTBopa,
UTO BblpaXKaeTCcA B COKpaLLeHUN cofep>KaHUSA
rYMyCOBbIX BELLECTB, U3MEHEHUW KUCOTHO-
LLlesloyHoro 6asnaHca, a TakXKe MUHepanbHOro
1 CONeBoro coctasa. B pe3ynbrare atoro npovc-
XOAAT NPOLECCHI BbiLLleN1a4MBaHNSA, 3aCO/IEHNA,
0CONOHUEBaHUA, NMPUBOAALLNE K U3MEHEHUIO
BOLOYAEP>KNBaIOLLLe CNOCOOHOCTN, MeXaHnye-
CKWX CBOICTB MO4BbI U, B LIe/IOM, yTpaTe NoYBoiA
CBOEro rnaBHoro atpmbyra — N1040POAUA.

Ha cerogHAWHWA geHb NpuMepHo 33%
MWPOBbIX MOYBEHHbIX PECYpCcOB ferpagupo-
BaHO BCMeACTBUE (PU3NYECKON U XUMMNYECKOWA
3p03uK, 3aCONEHUS, 3aKUCTIEHUSA, 3arPA3HEHUSA
conamu TM, 3KOTOKCUKaHTaMMn, OCTaTOYHbLIMA
necTuMumngamMmu, BblMbIBaHUA OpraHUYeCcKnx
N MUHepasibHbIX BELLECTB U APYrX NPoL,eccos,
CBSI3aHHbIX C HepauMoHanbHOM NPaKTUKOWA
yrnpaB/ieHnA 3emMeNbHbIMU pecypcamu [12]. Co-
rnacHo NporHo3sam, obuas niowiasb NaxoTHbIX
N NMI0AOPOAHBIX 3eMeflb Ha AYLUY HaceneHns K
2050 r. cocTaBUT TO/IbKO YETBEPTb OT YPOBHSA
1960 r., n 3T0 B TO BPeEMSA, KOrga B MUpe exxe-
AHeBHO 60s1ee 805 M/H YeNoOBEK CTa/IKMBaKOTCSA
C ronogomMm mnawn HepoegaHwvem [8, 13]. Poct
YNCNEHHOCTU Hace/leHUA B nocrefytolime
35 net notpebyeT yBenMUeHNA NMPoOn3BOLCTBA
NMPOAYKTOB NMUTaHUA NMpumepHo Ha 70% [14].
Kpome Toro, B CBA3W C pagnKa/ibHbIMU N3Me-
HEHUSAMW KMMaTa B HacTosLLee Bpems, Npu-
OpWUTETOM CTAHOBWUTCH BOCCTAHOBJIEHME PaCcTU-
TENIbHOr0 NOKPOBa Ha TeppuTopuAXx, rae obiim
yTpayeHbl f1eca, TPaBAHUCTbIA MOKPOB, a 3aTeM
1 noysa. Mo-npe>xHeMy aKTyasibHOWM OCTaéTca
3a/ia4a yKpern/ieH1s CK/I0HOB 0BParoB 1 OCbIne
0T paspyLUeHnsa. 3TN N apyrue, NOPoXKaaemMble
aerpagaumer noyus, Npo6aemMbl, HECMOTPS Ha
YCUNA Pa3INYHbIX UCCNEeL0BaTeNbCKUX TPy,
Ha MPaKTMKe 0CTalTCA TaK Xe AjafieKn OT CBOero
peLUeHuns, Kak 1 paHee [13]. TonbKo BHeApeHne
HOBbIX TEXHOMOTUIA N MOUCK HETPaANLMOHHbIX
peLleHnn MOXKeT 0CTaHOBUTbL MPOLLECC yTpaThl
NoYBOM NN0LOPOAUSA, a NMPU pa3yMHOM MOAXO-
[e — NOBePHYTb ero BcnATb [14].

Ponb MUKPO6GHO-pacTUTENIbHbIX KOJ10-
6opauynini B BOCCTAHOB/IEHUMW YTPaYeHHOr o
NJ040POLMA NOYB

Ona HenpurogHbIX K MCNONb30BaHUIO
3eMeflb XapakTepHbl HapyLUeHUs, CBA3aHHbIe
C N3MEHeHNEeM YPOBHA 06BOAHEHHOCTU, raso-
BOro coctaBa Mo4sbl, HAIMYNA N LOCTYMHOCTU
MUHEepPa/IbHbIX 3/1IEMEHTOB MUTaAHUA N TYMYCa,
peakuuu cpegbl (pH) v onpegensemMbiX 3TUMK
(hakTOpamm 06LLLEr0 KOMMYecTBa U COOTHOLLE-

HUSA OTAENbHbIX TPYMNM NOYBEHHON MUKPOOWO-
Tbl, BK/IOYAA Kak Mosie3Hble, CUM6UOTUYECKME
MUKPOOPraHu3Mbl, Tak 1 (hUTOnaToreHsbl.

MuKpoopraHM3mbl MOTYT OKa3sbiBaTb Kak
NpsiMoe, TaK 1 0NOCpeoBaHHOE NOMOXKMUTENTbHOe
B/IMSAHME Ha POCT pacTeEHU N NX CNOCOBHOCTb
COMPOTUBNATLCA HEraTUBHbLIM (PaKTOpam OKpy-
>KatoLe cpefbl. OfHM U3 HUX 3a CHET a30T(PUK-
caumn cnocobCTBYHOT YNYULLEHUIO a30THOTO
NUTaHUA pacTeHWi, Apyrue NoBbILLAKT ANA
Hero LoCTYNHOCTb (hocthopa U/v TONIEPaHTHOCTb
K abnoTUYeCKUM M BUOTUYECKMM CTpeccam,
6narofaps NPUCYTCTBUIO IHAOPUTHBIX MUKPO-
60B. BakTepun MOryT Takxe npensaTcTBOBaThb
NOpaXkeHWIO pacTeHU natoreHamu, NpPoayLum-
pys 3alnTHbIE OMONNEHKM NN aHTUONOTUKN,
AelicTBYHOWMNE KaK BUMOKOHTpOAnpyoLuime
areHTbl, WX pasnaraTb NPoOAyLUpPYyeMble pac-
TEHUAMU NN MUKPO6aMM CoeIMHEHUS B MOYBE,
KOTOpPble B MPOTUBHOM C/lyyae OKasblBasin Obl
annenonatnyeckoe fLelicTBne UAn faxe obinn
aBTOTOKCUYHbIMK [15].

Lns npyBieveHnA None3HbIX MUKPOOPraHn3-
MOB C/ly>KaT BblAe/iieMble KOPHAMW pas/inyHble
BeLlecTBa — aKccygatbl. KopHeBas aKccygaums
00yCcnoBNMBaeT CyLLLECTBEHHO 60/1ee BbICOKYHO
YMCIEHHOCTb MUKPOOPraHN3MOB B MPUKOPHEBOA
30He N0 CPaBHEHMIO C NOYBOIA, CBOOOAHOM OT KOp-
Hel. pn CMMBNOTUYECKUX B3aUMOAENCTBUAX
pacTeHns N MMKPOOPraHU3Mbl MOTYT OKa3bIBaTb
CYLLLECTBEHHYIO NOAAEPXKKY APYT APYrY U Uc-
Nno/sib30BaTb CUCTEMbI 6MOCMHTE3a NApTHEPOB
B LeNAX Perynsiumm cBOero OHTOreHesa n me-
Tabonusma [16]. MHorue metabonuTtbl (Takue,
Kak l-aMUHOuMKnonponaH-1-kap6oHoBas
Kucnota — fesamMmmHasa, MHA0InN-3-yKeycHas
K1CNoTa, NMOBEPAMH, OpraHNyYecKne KUCIoTbl —
NIMMOHHas, A6noyHasa v wasenesas n ap.),
NPOM3BOAMMbIE PU3OCHEPHBIMU MUKPOOPTa-
Hu3mamu (HanprmMep, CNOCOBCTBYOLLIMMU POCTY
pacteHnii 6aktepnamm —PGPR), yyacTBytoT
B npoTeKawLwmnx B pmnsocgepe 6MOreoxmmm-
4yeCcKMX MpoLeccax, BKOYasA TpaHC/I0KaLuio,
TpaHcopmaLumo, XxenatmpoBaHme, UMMoOU-
nmsauunio TM [17], cHMXKaT TOKCUYHOCTb U
CrocoO6CTBYIOT YasIeHUIO Yepes3 yCTbULa opra-
HUYeCcKMX nonntTaHToB [18], obecneumBas, B
KOHEYHOM CcYéTe, Aerpajauunto 3arpasHuTenei
n dmtopemeamnaLnto noysbl [19].

LencTBnTenbHO, CNOCOOHOCTb OCYLLLECT-
BNIATb NPOLECCh Aerpagaumnm 60/bLUMHCTBA 3a-
rpA3HUTeNel bblia n3yyeHa, B NePBYHO o4epesb,
y 6aKTepuin 1 MMKpPOCKONUYecknx rpnoos [20].
OfHaKO0 1 Yy BbICLUMX PACTEHUI CYLLECTBYIOT
CXOfHble MeTabonmyeckme NyTu, obecneym-
BatoLLiMe pasfiodKeHVe 1 TpaHchopmaLmio 3Ko-
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TOKCMKaHTOB [21]. 9T0 NOATBEPIXKAEHO AaBHEN
NPaKTUKOM NCM0/b30BaHNSA BOAHbIX PACTEHWIA
AN OUYUCTKMN 3arpA3HEHHbIX NOYB U BOJOEMOB,
COCTaBMBLLIEN OCHOBY UX MPUMEHEHUS B COBpPe-
MEHHbIX TEXHOMOMNAX OYNCTKN KOMMYHa/IbHbIX
1N NPOMbILLUIEHHbIX CTOKOB. PacTeHns Ha3blBatoT
«3€/1EHOM MeYeHblo», YTO OTpadkaeT UX AETOK-
CUKaLUMOHHble BO3MOXHOCTU [22]. Bonpekn
NMELWMMCA NPaKTUYeCKNUM pe3ynbrartam,
(hutopemeanauma 4O CUX MOP cyYMTaeTcsa 3a-
poXKaarLenca TEXHONOrNe, KOMMepYeckoe
NpYMeHEeHMe KOTOPOW No MacLuTaby eLlé He
COMoOCTaBMMO C aHaOrMYHbIMU TEXHOOTUA-
MW, OCHOBaHHbIMW Ha MUKPOOHbIX NpoLieccax.
ToNbKO HeflaBHO A/t NOBbILWWEHUA 3NEKTUB-
HOCTW (huTopemMemaLnm 3arpsi3HEHHbIX MOYB
Ob1/10 NPeLI0XKeHO COBMECTHOE UCMO/Ib30BaHMe
pacTteHui n baktepuii [23—25].

Pa3paboTka noaxofoB, OCHOBAHHbIX Ha
yrnpaB/ieHUM B3aMMOECTBMEM MEXAY MOYBEH-
HbIM Cy6CTpaTOM, PacTeHUSAMM U MOYBEHHOM
MWUKPO6GUOTON, NO-BUAUMOMY, — eMHCTBEHHO
peasibHas BO3MOXXHOCTb BOCCTAHOB/IEHUS 3e-
MeSlb, yTPayYeHHbIX Ye/10Be4eCTBOM B pe3y/ibTare
ANTeNIbHOro Nepuoja HepaunoHaIbHOro 1 He-
pasyMHOro 3eM/1eno/ib30BaHuS.

MeTogonornyeckme noaxoabl K 6mnope-
KOHCTPYKLMU YTpauyeHHbIX N U3MEHEHHbIX
naHgwadgToB

Pa3paboTka mogenein 6MOPEeKOHCTPYKLMN
nouys, (hOpMMpPOBaHME KOTOPbIX 3aHMMaNo M-
JINOHbI NeT, NpeacTaBnseT coboi Bocco3gaHme
Hanb6o/1ee 3PPEKTUBHBIX ECTECTBEHHbIX CTpa-
Ternii. B psife cnyyaeB BOCCTAHOBUTE/bHbIN
npouecc NPUXoLUTCA HauMHATb He C MOYBbI,
4aCTUYHO yTpaTUBLUEN CBOW CBOWNCTBA, a C
cyb6cTparta, 3a4acTyto 06/1a4at0LLEero BbICOKOM
TOKCMYHOCTbH, HU3KOW UKW, HA060pPOT, Ypes-
MEPHO BbICOKOW Baro- 1 ra3oyep>XxmBatoLLei
CMoco6HOCTLIO, HE6MAronPUATHBLIM MeXaHnye-
CKMM COCTaBOM M MPaKTUYECKM He CMOCOOHOI0 K
ecTeCTBEHHOMY (POPMMPOBaHMIO NOYBbI. [103T0-
MY NOAXO0Abl K GBUOPEKOHCTPYKLMN YTPaYeHHbIX
pacTuUTeNbHbIX CO06LLECTB NPUHLMNNANBHO
OT/IMYalTCA OT peMeavaummn TeppuTopuin, Nog-
BEPXKEHHbIX INLLb YaCTMYHOW Aerpagaumm nim
3p03UK, Ha KOTOPbIX, TEM HE MeHee, COXpaHu-
flacb rnoysa, NycTb U yTpaTueLlas naogopoame
N 3arpsi3HéHHasA TOKCUKaHTaMu.

Mpwn co3gaHnn de novo HEKOero aHanora
NouYBbI, NPeXje BCero, He06X0ANMO rnpesycmo-
TpeTb co3fjaHue Uan MoAUPUKaLN camoro
cybcTpaTta, a TakkKe aQheKTUBHY CUCTEMY
AN151 COXPaHEHUS ero Lie/IOCTHOCTU U CBOWCTB.
Ona KoppeKuMnm mexaHU4YecKMx Ka4vects cy6-
CTpaTtoB npejasaraeTca UCMNosib30BaTb HOBbIE

TEXHO/I0rNU PEryINPYeMOoro yBraXKHeHuUs, Ha-
HOTEXHO/IOTNYECKNE NMPUEMbI KOPPEKTUPOBKM
NMOBEPXHOCTU, U JaXKe CO3JaHne HOBbIX hopm
penbea NocpescTBOM MOYBEHHOW reonnactum-
Kn. Ocoboe BHMMaHWe y[enseTcs CO34aHuto
3(PMEKTUBHBIX UCKYCCTBEHHbIX Cy6CTPaTOB Ha
OCHOBE NPUPOAHbLIX M CUHTETUYECKMX MaTepma-
JIOB: Nep/sIUT, MUHBATA, TOPdo-necyaHble CMecu,
KOKOCOBas CTpy>Ka, NpoayKTbl nepepaboTKu
uenntoso3bl (ONUIOK, cosioma, nepepabotaHHas
bymara) [26] .

[na yBennyeHns NOYBEHHOI 0 N1I040POAUSA
OrpoMHas UHAYCTPUSA NPOU3BOAUT CErOfHS
pa3nnyHble NPUPOLHbIE N CUHTETUYECKUNE Y[0-
6peHns1, BMONOrnYecKmne 106aBKN 1 PErysaTopbl
pocTa pacTeHUn 1 MMKPOOPraHM3moB, Npeana-
raetcs psj WTaMMOB MMKPOOPraHM3mMoB, Mo-
TeHUWanbHO NOJE3HbIX AN Ky/IbTUBUPOBaHUSA
pacTeHuin [27]. B KayecTBe 3aLinTbl NOYBbI OT
Aerymuurkaumm He yTpaTuav CBOEro 3Ha4eHns
pa3fiyHble BUAbI NeperHos, canpornens, NcKyc-
CTBEHHbIX CybCTpaToB, MOA06HbIX «Teppa npe-
Ta» — aHTPOMOreHHOMY FPYHTY, Moy4yaemMomy,
Ha OCHOBE aKTMBUPOBAHHOIO APEBECHOr0 yr-
na [28].

Kpowme TOro, anst peKOHCTPYKLUUM NNn ans
BOCCTAHOB/IEHUS NIECHOr0, CTEMHOr0 WUan CMe-
LaHHOro 6moTona HeobxoAMMO OCYLLECTBUTD
nogbop pacteHnin, obecrnevymBaroLLMX Makcu-
Ma/sibHOe MOCTyM/jieHMe B No4By Guomacchl,
3a CYET /INCTOBONO0 M KOPHEBOrO onaja v Bbl-
AeNeHNa KOPHEBbIX aKccyaToB. Mpu Kynb-
TMBMPOBaHMN B YCNIOBUSX €CTECTBEHHOIO UK
MCKYCCTBEHHOr0 cybcTpara pacTeHue B3anmmo-
AencTBYeT C NabunbHO CUCTEMOI, BKOYatO-
LLeil cTabu/ibHbIE KOHTIOMepaTthbl U MOGU/IbHbIE
anemeHThbl (puc. 1). Bbigensas pazHoobpasHble
3KCCyAaTbl, KOpHeBas cuctema obnagaet cno-
COBHOCTbIO MOANMDULMPOBATL 3TY CUCTEMY, BO3-
[encTBOBaTb HATY 1 APYTYHO € cocTaBNSAoLLME.
Mo6unbHbIe 3N1EMEHTbI, MPU B3aUMOAENCTBUMN
C pacTeHMeMm, MOryT He OKa3blBaTb B/IUSAHUSA
Ha ero HafA3emMHyl M NoA3emMHyt yacTb (1),
BbI3bIBaTb CTUMY/IALMIO pocTa (2) nnn, Haobo-
poT, YrHeTeHUe pacTeHUs B Uesiom (3) uam ero
OTAEe/IbHbIX OPraHoB U TKaHel (4, 5), Bbi3blBas
N3MeHeHWe pa3MepoB K/IETOK, KYNupys ux gene-
HVE 1 POCT pacTsXKeHWEM, U, NPU OTCYTCTBUM
MexXaHW3MOB afanTaunu, NPUBOAUTL K rmbenn
pacteHus (6).

Oco60e BHMMaHWe, Aaxke Npuv BOCCTaHOB/1e-
HUW LPEBECHbIX N KYCTapHMKOBbIX 61M0TOMOB,
HY>XHO yaensaTb O4HOETHUM U MHOTONeTHUM
TPaBAHMUCTbIM pacTeHUAM, KOPHEBOW onap
KOTOPbIX BHOCUT HanbonbLIMIA BKNag B 6anaHc
OpraHM4yeckKoro BeLLecTsa rno4sbl. Mpwu Bbi6GOpe
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KOHKPETHbIX BUOB peKOMeHyeTcA obpaliatb
BHMMaHMe Ha Ce/IbCKOX03SANCTBEHHbIE KY/bTY-
pbl, TaK KaK UX HanaXeHHoe CEMEeHOBOACTBO
NO3BOJIUT N36eXaTb MHOIMX Npo6siemM. K noteH-
LUUasibHbIM pacTeHUAM-peMeanaHTaM OTHOCAT
pAL BUAOB C BbICOKUM afanTUBHbLIM MOTEH-
LManom: npeactaBuTenein CEMencTB 31aK0BbIX,
6060BbIX, CNIOXXHOLBETHbIX, B psAfe cly4vyaeB
MOTYT OKa3atbCA M0JIe3HbIMU BUbl OCOKOBbIE
N KPeCcTOLBETHbIE.

He MeHee Ba>KHbIM SIBNSAETCA BOCCO34aHWe
MUKPOOHbIX KOMMOHEHTOB NOYBEHHOM CUCTEMBI,
obecneynBaroLLmx eé HopMasibHOe PYHKLMOHN-
pOBaHMe 1 YCTOMUYMBOE COCTOSIHME, MepepaboTKy
N TpaHCcdopMaLMio OpraHNYecKoro BeLLecTsa u
thopmuposaHue rymyca. OueBMAHO, YTO MUKPO-
OpraHun3mbl, B CBA3U C pasHULEN PYHKUWA,
TOXKe JO/DKHbI 6bITb 0TO6PaHbI C YYETOM UX yC-
TOMYMBOCTM K HE6MAronpuATHLIM YCI0BUAM U
MOTYT NpUHaAneXartb K pas/iMyHbIM rpynnam
OHOK/IETOYHbIX (6aKTepun, APOXKN) N MU-
uennanbHblX (MUKPOMULETLI, aKTUHOMULE-
Tbl) OpraHM3MoB. B ynpoLwéHHOM Buie cxema
B3aMMOJENCTBNA MMKPOOPraHM3MOB Mpu Ky/ib-
TUBMPOBaHMN B YC/IOBUAX €CTECTBEHHOI0 U/n
MCKYCCTBEHHOro cybcTpaTta npeacraB/ieHa Ha
pucyHke 2. Mpoayumpysa pasHoobpasHble Me-
TabonTbl, MMKPOBHOe coobLLecTBo obnajaet
CMOCO6HOCTbIO MOANPULMPOBATL MOYBEHHYHO
CUCTeMY, BO3eNCTBYS KaK Ha €€ OTHOCUTE/IbHO
MOOW/IbHbIE, TAK 1 Ha CTabW/bHble KOMMOHEHTbI.
Mpwn B3anMofencTBUM ¢ cy6bCcTPaTOM MUKPO-
OpraHn3Mbl MOTYT He OKa3blBaTb BINAHUA Ha
COOTHOLLIEHVE OTAe/IbHbIX MUKPOOHbIX Monynsa-
umii (1), BbI3biBaTh CTUMYSLMIO pocTa (2) nnu
yrHeteHue (3) BCero MMKpOGHOro coobLecTea
NN OTAENbHbIX NONYNALNIA MMKPOOPraHN3MOB
(4—7) nnwn, Npun OTCYTCTBUN MEXaAHWU3MOB ajan-
Tauum, NpUBOANTL UX K rnéenu (8).

Cnocob6HOCTb pacTeHUn K B3anmopeii-
CTBMIO C MUKPOOPraHn3mamu ABNseTcs OLHOM
N3 OMpeaensaoLmnX B «CO34aHNM NI0L0POANS»
de novo. Cpeaun Ky/nbTYpPHbIX pacTeHU Han-
6onee NepcrneKTMBHbLIMU 471 HanpaBieHHOW
reHeTUYeCKOM MognurKaymm cnocobHOCTH
CeNeKTNpoBaTb Ha KOPHAX MUKPOOPraHM3mMoB-
K0N1abopatopos NPeLCTaBNATCA TaKme BUAbI,
KaK fsUMEHb W NIOLEPHA, B CU/TY UX OTHOCU-
TeNIbHO MPOCTOro LMTOIOMMYECKOro cratyca u
Nyduleli rno cpaBHeHUO ¢ ApYrMMuU rnoneBbIMn
Ky/IbTypamun n3y4eHHOCTU UX reHoMOoB. OfiHaKO
B YC/IOBUSIX CU/IbHOIO 3aCO/IEHNS UK 3a60n1a4vu-
BaHWS, 0YeHb HU3KMX UMW BbICOKUX 3HAYEHUI
pH, 0cO6eHHO NMpW HanM4YnK B NOYBE COJEN
TM, Npu BbICOKNX Temrnepatypax U HU3KOM
BNIAXKHOCTU MHTEPEC NPeACTaBNAAT pacTeHUs-

3KCcTpemognbl, obnagarLmne cneymnaibHbIMU
cuctemMaMn agantauumn. Pag Takux pacTeHui
TakKXXe ABNATCHA KY/IbTYPHLIMU pacTeHUsAMMU,
BblpawBaeMbIM/ B YC/TOBUAX apUAHbIX 30H,
palioHax 3abonaynBaHunsA, 3aCOIEHNA UK He-
6NaronpusATHOM KMCNOTHOCTU 1 [aBHO C yche-
XOM MCNOoNb3yeTca nNpu pemegmauunn. B Tom
N ApYrom cny4ae Ans npugaHnsa ycTtomnuneocTm
N NposioHrauunm apekTa He06XoAMMO NoL6U-
patb n/vnu mogmduunpoBatb AN pacTeHUi-
peMeanaHToB M KOMMIEKC NOYBEHHOW MUKPO-
6rnoTbl. MUKpOOpPraHmM3mbl CNOCco6HbI, K Npu-
Mepy, MoBbIWaTh MPUXXNBAEMOCTb PacTEHUIA,
BbIC&XKEHHbIX Ha CK/TOHaX A/151 NMpefoTBpaLLeHns
NX paspyLleHns; NoBbiWaTb YCTOMYMBOCTb
pacTeHNN K Heb6naronpuaTHbIM akKTopam
n ycunmeaTb UX pocT [6].

Kak cpefy pacteHuid, Tak 1 Cpean MUKpPO-
OpraHn3MoB CYLLECTBYIOT HacTosiLMe peKop-
ACMeHbl N0 CKOPOCTM poCTa, YCTOMUYMBOCTU K
3aconeHnto, TM, 3acyxe n gp. Hebnaronpusar-
HbIM (hakTopam. VIX reHbl KOAUPYHOT (hepMEHTbI,
OTKpblIBaKLLMe (haHTaCTUYECKNE BO3MOXHOCTU
N NepCcreKTUBbl 415 3KOPU3N0I0rMYeCKOro
NPUMEHEHWS B TeHETUYECKOI MHXXeHepun. IMpn
3TOM YacTO BOMNPOC UAET He 06 N3MEHEHUN FeHO-
Ma, @ 0 HOBbIX BapuaHTax ero perynsaymn nin
[0MONHUTEIbHOM MCMO0/b30BaHMN 3a/10XKEHHbIX
B HEM BO3MO>XXHOCTEM. Mpn KOHCTpYyMpoBaHUn
ahhpeKTMBHOro reHoma pemeguaHTta (pacTeHms
NN MUKPOOPraHM3ma) MOXKeT MPUMEHATLCA
KaK BHejpeHune reHa opraHmama, KoTopblii
BblpaboTan cnocobHOCTb BblAepXNBaATb He-
raTuBHble BO3AEeMCTBUSA, 3a CYET XapaKTepHbIX
A5 Hero cuctem perynaymm (MpoMoTopos,
WHTPOHOB, CUTHaJIbHbIX NOC/1eL0BaTe/IbHOCTEN
N TePMMHATOPHbIX parioHoB) [29], Tak n Tex-
HOJIOTMW afpecHOro pefakTMpoBaHUA reHoma,
B YacTHocTu CRISPR/Cas9 ans pacteHuin [30]
n 6akTepuii [31]. TexHonornm pefakTvpoBaHus
NO3BOMAKOT HEMTPann3oBaTb HeraTMBHoOe [eii-
CTBME TeHa, NMPenAaTCTBYIOLLEr0 BbDKUBAHUIO
opraHvM3ma B CTPeCCOBbIX YC/I0BUAX WU €ro
6onee apheKTMBHOMY PasBUTUIO.

MonaratoT, 4YTO KOMOMHMPOBAHHOE MNPU-
MeHeHMe BCeX MepeyvyncneHHbIX NPpUEMoB C
HOBbIMW 6MOTEXHO/IOTMAMW, KOTOPbIe MO3BO-
NIAT YNPaBnATb BO3MOXHOCTAMU OTAE/bHbIX
opraHn3moB (Kak pacTeHUi, TaK NMOYBEHHbIX
rpnboB N 6aKTepPUin), Ha YPOBHE pPerynsaumu
NX FrEHOMOB, MOXXET 06ecrnevynTb BO3MOXKHOCTb
ANA BOCCO34aHUsA naHAwadToB, yTpavyeHHbIX
B pe3ynbTaTe npeablayLieii X03ssMCTBEHHOMN
[eATeNbHOCTH.

CoBpeMeHHbIe YCMEeXN B FTreHeTUYeCKO
NHXXEHEPUN pacTeHUn N MUKPOOPraHNM3MoB
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NpefoCTaBNAT peasibHYH NEPCNeKTMBY ANsl pe-
KOHCTPYKL MW B 6yAyLLEeM NaHALWAgTOB M NOYB,
AerpagnpoBaHHbIX B pe3ynbTaTe X03sCTBEeHHOM
[esaTeNIbHOCTM YenoBeka. B 3aBucmmocTtun ot
BMa NOBPeXeHWs, HapyLUeHHble naHawapTbl
3HaYNTEe/IbHO pa3/INyarTCcsa No CBOMCTBAM U
MOryT XapaKTepu3oBaTbCsA OTCYTCTBMEM 3Jie-
MEHTOB, obecreynBaloLmMX yaep>KaHe Bobl
N pacTBOPUMbIX CyOCTPaTOB, 3KCTPEMasIbHbIMU
3HayeHMAMU pH, BbICOKOW CONEHOCTLIO, MOA-
BMDKHOCTbIO TOKCUUYHbIX MOHOB TM, Hebnaro-
NPUATHBLIM ra3oBbIM cocTaBoM U T. 4. [32].
B cBs3M C 3TMM NOMNbITKM CO34aTb YHUBEpPCa/lb-
HbI BU[, pacTeHNSA-pemMeaHTa MOXKHO cUnTaThb
becnepcneKTBHbIMW. Bonee TOro, NOAO6HLIN
NnoAXog YypeBar rnosy4yeHNeM BecbMa arpeccms-
HOr0 pacTeHUs — CynepcopHSAKa, eJMHCTBEHHbIM
Crnocobom cep>KMBaHUsA KOTOPOro MOXKET ObITb
3apaHee npefycMOTpeHHas YyBCTBUTENIbHOCTb
K KaKoOMy-/1Mb60 aHTUOMOTUKY Unun repbmumay.
Ho n B aTOM cnyyae faHHbIA Noaxof 6bin 6bl
KpaliHe pUCKOBaHHbIM, YYNTbIBasA, 4YTO Bblpa-
LMBaHMe pemMeanaHTa 6yneT NpoMcxoanTb B
HEKOHTPOIMPYEMbIX YyCoBusAX. Moatomy npu
pa3paboTKe TeXHOOrMYEeCKMX NOAXO0A0B He-
06X0ANMO OPUEHTMPOBATLCA Ha af|PECHYH0 KOH-
TPONMpPyeMy0 MOANGMKALMIO BCe CUCTEMbI U
pacTeHuin, 1 MMKPOGHOI0 Coo6LLLECTBa, TaK KakK
MMEHHO MX COBOKYMHOE BO3[eiCcTBME MOXKeT
YCKOPUTb MPOLLECChl, KOTOPbIE, B MPOTUBHOM
cnydae, 3aiMyT He 0f4HO cToneTne. Cxema, un-
NOCTPUPYIOLLIAS MNOJ06GHYH CTpaTernio aipecHOA
MoANMKaLMm pacTeHNA U MUKPOOPraHN3MOB —
K0N1abopaTopos, NpuBefeHa Ha PUCYHKe 3.
MprMeHeHMEe TEHHOW MHXXeHepUn Ans
MOAN(NKALMM KOPHEBOW CUCTEMbI pacTeHN
"ny6oKo pacnpocTpaHEHHas B MOYBEHHbIX
ropu3oHTax KopHeBasi CUCTEMA 3ePHOBbIX 3/1a-
KOB SIB1IS1eTCA BaXKHbIM YC/I0BUAM A1 Monyye-
HUSA CTabU/IbHbIX YPOXKaeB, 0COGEHHO NpU NX
BblpallnBaH1M B 3aCyLU/INBbLIX MECTO0OUTaHM-
Aax. bnarogaps nocnegHUM JOCTUXKEHUSIM B Bbl-
ACHEHUWN (DYHKLMIA MHOTUX FeHOB, CBA3aHHbIX
C pocToM, AndhepeHLIMPOBKON N Pa3BUTUEM
OTAE/IbHbIX 3/1EMEHTOB KOPHEBOW CUCTEMBbI,
y4anocb ¢ NOMOLLbIO METOLOB FreHeTUYEeCKOM
TpaHchopMaumn nonyvynTb pacTeHUs ¢ n3me-
HEHHO apXUTEKTOHMKOWN KOPHEBbLIX CUCTEM.
Hawn6onbLline ycnexu 6biin 4OCTUTHYTbI B pa-
60Tax Mo reHeTM4YecKom mogmpukaumn puca:
NMPU CBEPX3KCMNpPeccumn TPaHCKPUMLNOHHbIX
thakTtopoB OSNAC5/9 n OsMYB2, peuenTop-
HOW KnHa3bl PSTOL1, G-6enka, KogMpyemoro
reHoM, accouMnpoBaHHbIM C KOPHEBOW ap-
xnTekToHnKol (OsRAAL), reHa paspacTaHus
KneTo4Hom cteHkn OSEXPAS8. B psage cnyyaes,

reHbl, KOTOPble N3MEHAT apXUTEKTOHMKY KOp-
HS1, MOTYT OIHOBPEMEHHO MOBbILLAaTb 3P(EKTUB-
HOCTb MOrNoLEHMA pacTeHneM hocopa, azoTa
N BObl, YTO MPUBOAUT K YBEIMYEHNIO BMOMACChI
N MNOBbILWEHUIO YpoXKasa 3epHa. Tak, PSTOL1
KOAMPYET peLenTop-nogobHy0 KMHa3y, KOTo-
pas cBsi3aHa C TONIePAHTHOCTBLIO K HEJO0CTaTKy
thocthopay puca [33] 1 yBenmumnBaeT KOPHEBYO
6rnomaccy. MHTerpauns reHa DROL B copT puca
C MOBEPXHOCTHOM KOPHEBOW CUCTEMO NpuBe-
na K hopMmrpoBaHuUIo y TpaHcopmaHTa 6onee
rny60Ko NpoHMKalLen B NOYBY KOPHEBOWA
CUCTEMbI, YTO 06ecreynsio emy B 3acCyLUINBbIX
YCI0BUSAX MOBbILLEHHYH YPOXKanHOCTb MO Cpas-
HEHWNIO C OPUTNHasIbHBbIM copToM [34].

Apyrnm nprmMepomM ycrewHoro MoseKky-
NIAPHO-TEHETUYECKOTr0 BMELLIATE/IbCTBA AB/ISAET-
CA CYMePIKCNpeccus LUTOKUHUHAEraporeHa-
3bl AtCK X3, KoTopasa KaTa/Im3npyeTt HeobpaTu-
MY ferpagaLmnio LMToknHuHoB. Korga AtCKX3
3aKcnpeccupoBasnca noj KopHecneungpuyHbIM
npomotopom B Arabidopsis, TO y TpaHCreHHbIX
pacTeHWii Bo3pacTasna KopHeBasi 6uomacca [35].
KOHCTUTYTMBHas 9KCNPeCCUs 3TOr0 XKe reHa nog
KOHTposieM 35S npomoTopa ToXKe npueoguia
K MOBbILWEHHOMY POCTY KOPHS, HO MHIM6Upo-
Basia pocT nobera.

AHaNornyHo pesysbraram, NPOLEMOHCTPU-
poBaHHbIM Ha Arabidopsis, KOHCTUTYTUBHaSA
ceepxakcnpeccua HVCKX1 nnm HvCKX9 B
AAYMEHe COMnpoBOXKAasiacb 3aMef/IeHHbIM POCTOM
no6eros, HO yCUEHHbIM Pa3BUTMEM KOPHEBOW
cuctembl. ["'eTeponornyHas skcnpeccusa CKX
crioco6cTBOBas1a MOBbILLEHMIO Y TPAHCOPMaH-
TOB TONIEPAHTHOCTU K 3aCyXe U YBEe/INYEHUIO
nornoLlarLLe crnocobHOCTU KOpPHEN, 6naro-
[iapsa YeMy B YCIOBUAX 3aCy XU BCe TPAHCTEHHbIe
JIMHUN UMeNN, B CPaBHEHUN C UCXOAHbIM CO-
pTOM, 60/1€€ BbICOKYIO CTEMEHb 06BOAHEHHOCTH
JINCTBLEB U XapaKTepmn3oBanch 60/1ee BbICOKMMUN
nokasartensmu ypoxxaiHoctu [36, 37].

CBepxaKcrnpeccms TPaHCKPUMLNOHHOTIO
tbaktopa NAC nuweHunuybl (TaRNAC1) nog
KOHTPOJIEM KOpPHecrneuMgpunyeckoro npomoTo-
pa, Mmena pe3ynbTaToM YBE/IMYEHHYIO L/IUHY
KOPHein 1 BO3pOCLUYH0 bromaccy, Habnogaemble
y pacTeHuin B Hayasie OHTOreHe3a, 1 3aMeTHoe
yBenunyeHue (Ha 70% 60nblie, YeM Y KOHTPO/b-
HbIX pacTeHWIA) KOPHEBOI MacChl Ha CTaanm 3pe-
noctun. TpaHcreHHble no TaRNACL pacteHus,
[AEMOHCTPUPOBA/IN B YC/IOBUAX HeJOCTaTKa BOb!
00NbLIYH TONIEPAHTHOCTb K 006€3BOXKUBAHMIO
npu 06paboTKe NMONUITUMIEHTIMKONEM N 06e-
cneyuBann 60/bLUYO Haf3eMHYO Guomaccy
N 3ePHOBYIO MPOAYKTUBHOCTb, YEM pacTeHUs
AVKOro Tuna. 3TU AaHHble CBUAETENbCTBYIOT
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0 ToM, 4To reH TaRNAC1 MOXKeT 6bITb UCMNOJIb-
30BaH B Ka4ecTBe MOJIEKY/IAPHOI0 MHCTPYMEHTA
AN NOTEHUMANbHOIO yBe/IMYEHNA KOPHEBOM
cucTeMbl Y NweHuLpb! [38].

Becbma MHOroob6eLuaroLme pesynbrarbl Mo
N3MEHEHWMIO apPXUTEKTOHUKM KOPHS C MOMOLLbIO
TpaHcreHo3a 6b11M MOMyYeHbl Ha SilOLEepHe
(Medicago sativa) [39]. TpaHchopmMupoBaH-
Hble TEHOM TpaHCKPUNLUMOHHOro gakropa Al-
finl pacTeHVs NOLEPHbI UMENN CYLLLECTBEHHO
6onbwmne annHy (B 2—3 pasa) un maccy (B 2—
5 pas3), 4eM y KOHTPOJIbHbIX pacTeHUin. W camoe
MHTEPEeCHOe, YTO Y Ny4llero TpaHcdopmaHTa
nwouepHbl no reHy Alfinl oTHoweHMe macchl
KOpPHSA K Macce Haj3eMHOM 4yacTu cOCTaBUIO
4,2, TOrja Kak y KOHTPO/bHbIX pacTeHui 3ToT
nokasaresib He npeBblwan 2,3. Takum 06pa3om,
Y pacTeHWUi, Nony4YeHHbIX C MOMOLLbIO ;AHHOTO
reHa, rnoTok (poToaccUMUNATOB Nepepacnpe-
aensieTcs Takum 06pasom, UYTo ropasno 60/b-
Las ero Aons rnocrynaet B NOA3eMHYH 4YacTb
pacTeHus, YemM B HaA3eMHYIO, YTO MO3BONUT
HacbIWaTb NOAMOBEPXHOCTHYIO TO/LLY FpyHTa
OMOreHHbIM YTr1IepoAOM.

[JaBHO n3BecteH peHOMeEH «bopofaThbIX
KOpHeli», nHAyumpyembix 6aktepueli Agrobac-
terium rhizogenes . OCHOBHOV BKnajg B NosiB-
NneHne heHoTMNA «60POAATbIX KOPHER» BHOCAT
Tpwu reHa: rolA, rolB, rolC. Nx akcnpeccus
B pacTUTe/IbHbIX K/leTKaxX BbI3blBaeT YCUNEH-
HYI0 MHAYKUMIO KOPHE B MHPULMPOBAHHOM
yyacTke. Tak, TpaHcopMaymsa pacTeHuUii co-
nogku (Glycyrrhiza glabra L.) reHom rolB no-
3BONW/IA YBENINUYUTL CYXYH GMomMaccy KOpHei
TPaHCreHHbIX pacTeHUin noytn B 8 pas [40].
N3yyeHne heHOMEHA «60poAaThiX KOPHEN» Ha
6060BbIX pacTeHUsAX, MOKa3aso, YT0 YCUEHHbIN
POCT KOPHE 1 nx 061nbHoe 60KOBOE BETB/IEHNE
ABNAKTCA BaXXHbIM (DaKTOPOM MpPUBMEYEHUS
CUMOBMNOTMYECKMX BAKTEPUA N NOBbILIEHUS
thmkcaumn azota [41].

MprMeHeHne reHeTUYECKN MOAN(ULMPO-
BaHHbIX pacTeHU U MUKPOOPraHM3MoB 415
pemMeamnaumm 3arpa3HEHHbIX NOYB

XoTA pasBuTMe 6UOTEXHOIOMNN PaCTeHWUA
B Moc/ieHee Bpems 6bI/10 Hanpas/ieHO B OCHOB-
HOM Ha MOBbILLEHNE NX YPOXKAMHOCTM N Kaye-
CTBa NPOAYKLMKN, UMETCHA NPUMEpPbI CO34aHNS
pacTeHuin n pM3ochepHbIX MUKPOOPraHN3MOB,
HECYLLMX reTeposiornyHble reHbl PeEpMeHTOB
Aerpajgauunn BelecTB-3arpAasHuTenein. Ha-
npumep, reHbl actepas u ymuToxpomos P450 —
(hepMeHTOB [LeTOKCUKALUN YCTOMYMBBIX K UH-
CeKTULMAAM HaCEKOMbIX, ObI/IV NUCMO/b30BaHbI
ANs1 NONy4YeHNs 6aKTeEPUN M pacTeHWUi ¢ no-
TeHUWanom gerpagaumm nectmungos [42]. MeH

uutoxpoma P450 miekonutalLwmx 3KCrpec-
CUpOBaH B pacTeHMn Tabaka. LInToxpombl, Kak
N3BECTHO, OKUCNAIOT LLUMPOKUIA CMEeKTp rano-
reHNPOBaHHbIX Yr/1eBOLOPOAOB, B CBA3M C YeM
TPaHCreHHble pacTeHUsA MOBbICUIN CKOPOCTb
TCE-meTabonmama a0 640 pas, ¢ yBeNIMYEHUEM
NOrNoLWeHNs 1 Le6pOMUPOBAHNA 3TUIEHA M-
6pomunpa [43].

Jkcnpeccus ymutoxpoma P 450 MOHOKcuUre-
Ha3bl COM, KOTOpas y4yacTByeT B MeTabonm3me
(DeHUIMOYEBUHbI, coflepXKallleicsa B repbuLn-
fax, bblna JOCTUrTHYTa B pacTeHUAX Tabaka [44]
TpaHcreHHble pacTeHKUsi 6bI/IN He TOSIbKO 60/1ee
YCTOMUYMBLIMU, HO 1 NIerko MeTabonm3nposanm
BCE YeTbIpe UCTbITaHHbIX repbuumnaa Ha OCHoBe
theHnnmoueBUHbI (PIOYMETYPOH, NUHYPOH,
XNOPTO/IYPOH, AVUYPOH). AHanorMyHbIM obpa-
30M, TPAHCreHHble pacTeHUs TOMons, aKcnpec-
CUpYHOLLMe reH CUHTETa3bl FyTaMUILMUCTENHA,
ObI/TM 3HAYNTENBHO 60/1e€ TONIEPAHTHbI K X/10pa-
LeTaHUNULO0BbLIM repouuuvgam [45].

MprMepoM MCNOb30BaHUSA TPAHCIeHHbIX
pacTeHW AN OYUCTKU OKpy>KaloLel cpenbl
OT TEXHOIEHHOr 0 3arpsA3HEHNSA MOTYT CNY>XXUTb
reHeTUYeCcKM MOANMULMPOBaHHbIE pacTeHUsN
Tabaka, panca, Tononsd, apabugoncuca, K-
npeccupytoLwme NnasMmuaHbli 6akTepuaibHblin
reH Mer-A, KOAMPYOLWNI (hepMEHT MePKYPWU/I-
pefyKTasy, KOTopblil y4acTBYET B ieTOKCUKaL N
pTyTH [46, 47]. Takue pacTeHus1, 6e3 yrHete-
HUS pocTa U MeTabom3ma, MoryT MHTEHCUBHO
pactn Ha cpefe, CoAep>Kallei MOHbI PTYTH
B TOKCUYHbIX KOHLEHTPaLMAX, 1 NOriowaTb nx
B flecATb pa3 6onee aQpPeKTUBHO, YeM 0ObIYHbIE
KOHTPO/IbHbIE PacTeHUS.

MN3BecTeH reHeTMYeCKM MOAUGULMPOBAH-
Hbl (TM) copT TONOANSA, CNOCO6HbIN NornowaTtb
xnopohopm (NO6OYHbIN NPOAYKT Ae3MHPEeKLNM
BOJbl), YETLIPEXX/TOPUCTLIN Yriepos (pactBopu-
Teflb) N XNOPUCTbI BUHUA (OCHOBA HEKOTOPbIX
nnactmacc). M Tonons, BblpalimBaemMble B 3a-
KPbITbIX KOHTEHepax, Npu TeCTUPOBaHUN CMNo-
COOHOCTM pacTeHUIA ounLLaTh BO3AYX MOKasanm
MOBbILLIEHHYK CNOCOOHOCTbL abcopbmpoBaTh
razoobpasHbI TPUXI0PITUIEH U 6eH30/1, Nepe-
pabatbiBas ux B Bogy, CO, 1 HETOKCUYHbIE AN
yenioBeka conn. 'M Tononsa B nabopatopHbIX
MCMbITAaHUAX YAANSAIN U3 MOYBbI TPUXI0PITUEH
B 100 pa3 a(pheKTUBHEE, YeM eCTECTBEHHbIE.
Kpome TOro, 'M fepeBbs BbITATMBA/IN TOKCU-
Hbl 13 BO34yXa W nepepabdaTtbiBain NX BHYTPU
NINCTbEB B HEOMAacHble MeTabonnThbl [48, 49].

MmeeTcs TONIbKO HECKO/IbKO COOO6LLEeHNI
no nHxeHepmn PGPR 6akTepuii, Hanpas-
NeHHOW Ha NOoBbILEHNE UX 3PIEKTUBHOCTH
B (hopMmpoBaHmnKM Koniabopawmii ¢ pacTeHUAMMN.
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PaHHMe MonbITKU MOAN(UKaLNM BKIKOYAKOT
BHepeHMe reTeposiormMyHoro reHa, Kogmpyto-
Lero peuentop cugepodgopa B wrtamm Pseu-
domonas fluorescens, 4Tobbl cenaTb ero 6osnee
KOHKYpeHTOCnocobHbIM B nouse [50], a Takxke
3KCMpPeccuto reHoB, KOAUPYHOLWMX NPOSINH-
pervgporeHasy (OKuCneHWe NPosvHa Ao rny-
Tamata [51]), wan l-ammHoumknonponaH-1-
KapbokcunatgedammHasy [52] B Sinorhizobium
meliloti, AN NOBbILIEHNA €ro HOAYTNPYIOLLIEA
crocobHocTw.

CBepxaKcnpeccus reHa Tperano3o-6-goc-
thaTcMHTa3bl NoBblWana cnocobHocTb Rhizo-
bium etli K 06pasoBaHNIO KNy6eHLKOB U 3dhhek-
TMBHOCTb a3oTmKcaumm y paconn (Phaseolus
vulgaris) [53]. B HegaBHUX paboTax reH Xutun-
Ha3bl 13 Bacillus subtilis, vHTpoLyLMPOBaHHbIN
B PGPR wramm Burkholderia vietnamiensis
P418, NnpuBE&N K 3HAYMTE/IbHOW CYyNpeccumn BO3-
OyanTenen Taknx rpnbKoBbIX 3a60/1€BaHMI, KaK
KOpHeBasi THW/b NWEHULbI, BUNT X/10N4YaTHMKA
N cepas rHUAb ToMaTa [54]. Ltamm Ensifer
medicae, reHeTMYeCKN MOANPULNPOBAHHbIN
AN5 MOBbILLEHNA TOIEPAHTHOCTU K BbICOKUM
KOHUEHTpauusam meaun, yny4iumnn obpasosaHume
KNy6eHbKOB M POCT pacTeHUI NIOLIEPHbI YCEYEH-
Hol (Medicago truncatula) Ha 3arpsi3HéHHbIX
Mebto noyvsax [55].

AHAOPUTHBIN WTamm 6akTepun Burkhold-
eria 6b11 TpaHCOPMMPOBAH MIA3MUA0N, He-
cyLwlel reHbl gerpagaumn Tonyona (TonyeHa),
nocne 4Yero AaHHbIM LUTAMMOM ObI/I UIHOKYN-
poBaHbl pacTeHus nnuHa »xeéntoro (Lupinus
luteus L.). IHOKyInpoBaHHble pacTeHUs Noj-
AEeP>XNBaN POCT NPU BbICOKOW KOHLIEHTpaLuum
(1000 mr/n) Tonyona, B MPOTMBOMOOXHOCTb
KOHTPO/IbHbIM PacTeHUSIM, KOTOPbIE MPOSIBNSANIN
NPU3HaKM PUTOTOKCUUYHOCTU Ha YPOBHE, CBbILLE
100 mr/n. Co3gaHHast MMKPOOHO-pacTUTeNbHas
Konnabopauusa npmeena Takxe K 50—70%
CHVDKEHUIO UCMapeHns Tosyona Yyepes JIMCTbA
[56]. CxofHbIN 3KCNEPUMEHT 6blN1 BbIMOMHEH,
C ncnonb3oBaHnem apyroi 6aktepumn Bacillus
cepacia v gpyroi nnasmuabl, 06ecrneymBatoLLeit
aerpagaumio Tonyona. Hokynauma rnbpu-
poB tononeii (P. trichocarpa — P. deltoides)
lwTammom B. cepacia, Hecylwmm nnasmugy fe-
rpagauuu Tonyosna, okasana nosioXKnTesbHoe
B/IMSSHNE Ha POCT pacTeHUn B NPUCYTCTBUN
TO/lyona N CHU3uAa KOJIMYeCcTBO TOKCUKaHTA,
BbICBOOOXKAAEMOro Npu TpaHcnMpaumn pac-
TeHUN. Heo6X0a4MMO OTMETUTL, 4YTO 'M WTamMm
B. cepacia He nogfep>xusan cam cebs B pacTe-
HWUW Ha JeTEKTMPYEMOM YPOBHe. TONepaHTHOCTb
K To/nyony obecneymBanacb B pe3ysibrarte ro-
PU30HTa/IbHOr0 NepeHoca NaasM1MaHoro reHa B

Apyrue 6akTepnun-aHA0MPUTLI, XKUBYLLME BHYTPU
TKaHen Tonons [57].

Mpumepom M MUKpOOPraHM3MoB ANA
pemMegmnaumn MoXKeT CNY>XXUTb PU30CHEPHbIN
LUTAMM MCEBAOMOHAaAbI C TEHOM Aerpajauum
MONINX/IOPUPOBaHHbLIX 6ueHwnnos [58]. NH-
Terpaumnsa B nnasmmay Pseudomonas sp. reHa
tfdA (2,4-gnxnopeHokcnykeycHasa kucnora /
2-0Kcornyrapart UOKCUreHasa) 3Ha4ynTeslbHO
yBe/iM4ymsia CnocobHOCTL MNceBLOMOHaAbI pasna-
ratb 0eHOKCUYKCYCHYH KUC/OTY B MOZE/TbHbIX
YC/OBUAX CTEPUSIbHOM N HECTEPUIbHON MoY-
Bbl [59].

B azoTdhmkcmpyroulyto 6akteputo Rhizobium
meliloti— cumbroHTa NOLEPHbI — ObIN BCTPOEH
pAg reHoB, OCYLLECTBAAKOLWMNX pasnoxeHue
6eH3ona, Tonyona n kcunona. bnarogaps akc-
Mpeccumn reTeposiorMyHbIX reHoB, r1y60oKo npo-
HMKalLLLass KopHeBas CUCTeEMa /IOLepPHbI Mo-
3BOJISIET OUNLLATB MOYBY Ha ry6uHy 2,0—2,5 m.
"M pur306uasibHble 6aKTEPUM UCMONL3YIOT N 415
OYNCTKM NouBbl 0T TM [60—62].

depmeHT hutoxenatuHceuHTtasa (PCS) yya-
CTBYET B CUHTE3e (PUTOXENaTUHOB — NOnMen-
TNAOB, cBA3bIBaOLWMX TM. 'eHbl, KogmpyoLme
3TN hepMeHTbI, 6b1/1N BblAeIeHbl U MepeHeCceHb!
B pacTeHusi Tabaka. Bcneactere NoBbILLEHHOWA
JKcnpeccuun nepeHecéHHbIx reHos AtPCS1
n CePCS, 'M pacTeHns Tabaka npuobpenu
MOBbILLIEHHYO YCTOMYMBOCTb K KaZMUIO N €ro
HaKOTJ/IEHUIO B CBOUX TKaHAX.

3aKnueHne

Ona 6uopemegnaumn HapyLweHHbIX B pe-
3y/ibTare X03AMCTBEHHOW AeATe/IbHOCTU Yeso-
BeKa M NPUPOLHON 3p03UKN MOYB TEPPUTOPUIA
Heo6X0AMMbl MHHOBALLMOHHbIE TEXHO/IOrNYe-
CKMe Moaxofbl, HanpaB/ieHHbIe Ha reHepaLunto
3HaYMTENbHOI0 KOIMYecTBa 61oMacchl B TEXHO-
FeHHbIX cybcTpatax U rpyHTax noBpeXKAEHHbIX
nangwadTtos. Hannume n o06bEM GMoMacchl
onpeaensT KOMYECTBO OPraHNYecKoro Be-
LecTBa, KOTOPOE SABNSAETCA OCHOBHbIM MOKas3a-
Tenem N0A0POANS U CNYXKUT XapaKTePUCTUKOM
npouecca npeobpasoBaHmsa 6ecniofHOro cyo6-
cTpaTa B COGCTBEHHO MOYBY.

CoBpeMeHHble TeHHO-UHXXeHepHble TeX-
HOMOrMM MNO3BOJIAKOT CO3[aTb UCKYCCTBEHHO
MoANMUMpPOBaHHbIe OpraHmn3mbl (pacteHuUs
N MMUKPOObI), KOTOPble CNOCO6HbI Lie/IeHanpaBs-
NIEHHO yBenuM4umBaTb 6MOreHHY Maccy nog
NOBEPXHOCTbIO MOYBbI 3a CYET runepTpotu-
pPOBaHHOr0O pa3pacTaHMsA KOPHEBOM CUCTEMbI
N yBeMYeHNs 06bEMa KOPHEBOM 3KCCyaaLunn.
3T0, B CBOKO 04epesb, obecreymBaeT npuse-
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yeHne B pu3ocepy pasHO06pas3HO NoYBEH-
HOW MUKPOOMOTbI, CMIOCOOHON 3h(DEKTUBHO
COCYLLLeCTBOBATb C pacTeHUEM U MOALEPXKMN-
BaTb CTabunbHOe (PYHKLMOHUPOBaHNE BHOBb
cthopMmpoBaBLLECA MOYBEHHOW 3KOCUCTEMBI,
BK/OYasA [EeTOKCUKALMOHHbIE (DYHKUMN B OT-
HoweHnn TM, anndaTnyeckmx yriesoLopoios,
NecTULUMAOB M MPOUNX KCEHOBMOTUKOB. Taknm
o6pasom, paspaboTka rnoaxoaoB, OCHOBaHHbIX
Ha yrnpaB/fieHUW B3aMMOAENCTBUEM MeXXAY MO-
YBEHHbIM Cy6CTpPaTOM, PaCTEHUAMU U NOYBEH-
HOM MUKPOBMOTON — peanbHas BO3MOXXHOCTb
BOCCTAHOB/IEHUS 3eMe/lb, YTPAYeHHbIX Yeso-
BEYECTBOM B pe3y/ibTaTte 4/IMTeNIbHOro nepuoja
HepaLnoHa/IbHOr 0 3eM/1eMN0/1Ib30BaHUS.
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incorporates algal growth, coral growth and the
growth of two fish categories, herbivore and pi-
scivore biomass. The relationships governing the
dynamics of these model components are shown
in equations (1)—(4) below.

Algal cover:
A K, - A@)- a,C
df”A(”[ (;(“ ()J—aw'H(t)A(t) @

where: A(t) is algal cover as proportion of
sea floor at time t ; r, is intrinsic rate of growth
for algae; K, is the carrying capacity of algae
as proportion of sea floor; a,. is a competition
coefficient of coral on algae; and a, , is an inter-
action coefficient between herbivores and algae.
The interaction between herbivores and algae is
modelled as a simple linear relationship because
of the absence of evidence of more complex rela-
tionship between the two [8]. The competition
for light and space between algae and coral is
modelled using the a,. coefficient which mea-
sures the strength of interspecific competition
relative to intraspecific competition.

Coral cover:

Slope
Kp-C)-ag| —20°
dC . %5 A (t).S/()pre + HA Slope
@ ow
ar - ° K,

(2)

where: C(t) is coral cover as proportion of
sea floor at time t; r_ is intrinsic rate of growth
for coral; K is the carrying capacity of coral as
proportion of sea floor; a_, is the competition co-
efficient of algae on coral; and Slope and HA are,
according to [8], the slope and a half saturation
constant of the sigmoidal Hill function in (2).
(We shall discuss the validity of these notations
in the next section). The effect of algae on coral
is modelled in [8] as a nonlinear relationship
because, as the algal biomass increases, the
composition of the algal biomass shifts from turf
algae to macro-algae, with adramatic detrimen-
tal effect on coral cover.

Herbivorous fish biomass:

dH
o Ay - H(t)-A) = ay, -H(1)- )

=y, - H(t) P{t) = popS,a,, E, H(t)

where H(t) is herbivorous fish density at
time t, a_, is a density-dependent coefficient of
herbivorous fish,a ,, isan interaction coefficient
ofalgae on herbivorousfish, a,, isan interaction
coefficient of piscivores on herbivores, and the
last addend represents the fisher’s contribution,
with the parameters pop for the total population

of fishers per square kilometre, S, for the propor-
tion of fishers who harvest herbivores, a,,, for the
catch efficiency of fishers, and E , for the fishing
effort in hours fished per day.
Piscivorous fish biomass:
OBy PO H (O ~a,- PE) -
dt : (4)
= popS,a,, E,P(l)

where P(n) is the piscivorous fish density at
timet, a,, is the density-dependent coefficient of
piscivorous fish, a_, is an interaction coefficient
of herbivores on piscivores, and the meanings of
the parameters in the term representing the fish-
ers’ contribution popS_a,, E_P(t) is analogous
to the respective ones in the equation for the
herbivorous biomass (3).

Kramer in [8] presents further details on the
parameterization of the biophysical components
of the trophic model and sensitivity analysis done
on the model parameters. Table 1 presents the
parameter values used in [8] along with reason-
able ranges for these values. The focus of his
sensitivity analysis is on the growth rates (r,, r.),
carrying capacity levels (K, K.), and the fish-
ing effort including the number of fishers (pop).

Analysis

Below, we present results from the analysis
of the model. Analytical methods are first used
to describe the interior equilibria and their in-
terpretability as well as the sensitivity of model
outcomes to some of the parameter values. This
is followed by a discussion of the results from
numerical analysis focusing on grow rates and
carrying capacity levels for corals and algae.

Analytical results

Interior equilibria and the problem with the
interpretability of the model

The interior equilibria are the ones for which
none of the variables vanishes at the stationary
points. In a way these are the most interesting
equilibria, since they correspond to a sustain-
able system. The values of the variables at these
equilibria will be denoted 4, C, A, P. They are
determined by the system of equations

dA_dC_dil_dP_ 5)
dt dt dt dit

combined with the requirement that none of

the values of the variables is zero, which means

(for non-negative quantities) that they are
strictly positive at the stationary points:
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Table
Parameters used in Kramer’s model
Parameter Description Value Reasonable Value/Range Ref.
A0) Initial algae cover as proportion 03 01-05 Own
of sea floor guess
r Algal intrinsic rate of growth 0.3 0.05—-0.40 [13]
Prey carrying capacity in
K, Algal carrying capacity as cover 0.8 absence of predators (given [8]
avalue)
a Competition coefficient of coral 08 Leave as is for now [17]
AC on algae
a Interaction cgefflment of herbivorous 3365 7 336-05 [14]
AH fish on algae
c(0) Initial coral cover as proportion 03 0-05 Own
of sea floor guess
re Coral intrinsic rate of growth 0.2 0.04—0.2 [15, 16]
Prey carrying capacity in
K, Coral carrying capacity as cover 0.7 absence of predators (givena | [17, 18]
value)
a Competition coefficient of algae 06 Leave as is
CA on coral
Slope Slope of the Hill function 7.0 Leave as is
Half saturation constant 03 Leave as is
HA of Hill function '
.. . . . Take 50% below and above
H(0) Initial herbivorous fish density 2100 2100 as range [14]
Density-dependent coefficient 7.0e-03
B of herbivorous fish or0 4.00e-03 [14]
Interaction coefficient of algae on
Bin herbivorous fish 0.1 1.33¢-06 [14]
Interaction coefficient of piscivorous
B fish on herbivorous fish 1.0e-5 1.14e-04 [14]
E Effort level o_f fishers harvestlng 20 1-5
H herbivorous fish
Harvest catchability coefficient .
Bm of herbivorous fish 1.9e-5 Leaveas s
P(0) Initial piscivorous fish density 1400 Range: £50% of this [14, 19]
a, Den5|ty-d'ep_endent cqefflment 7 0e-3 4.006-03 [14]
of piscivorous fish
a Interact_lon coef_flc!ent of he_rblvorous 6.80-6 1 14e-05 [14]
PH fish on piscivorous fish
E, Effort Iev<_a| qf flshers_harvestmg 20 1-5 [20]
piscivorous fish
Pop Total population of fishers 50 10-100
a, Harvest ca_tch_ablllty cpefﬂment 4.36-5 Leave as is
of piscivorous fish
A>0;C>0; H>0; P> 0, (6) C _KC ey (7)
+a
_After performing elementary algebra!c_ op- 7= G Capy ®)
erations, the above system (5) under conditions
(6) can be reduced to the following system of PG j_ G * 9)

equations:

aHP a HP
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AA—=Y +BAA
A" +a .

(10)

In this system we have replaced the nota-
tions Slope and (HA)™" in Hill’s function with
more succinct mand « respectively, and intro-
duced for brevity a few constants:

¢, =popS,E,; c,=popS.E,, (11)

1
P=aq; , (12)

— rAaACKC _rAKA + KAaAHH

14 . (13)

For all the other parameters we assume the
same notations and values as in the paper [8] by
Kramer (Table).

Let us note that in the absence of fishing
we have

14

This will be the case of our interest in the
current paper, since before studying the impact
of human activities on the ecosystem we would
like to establish a reliable model for describing
the dynamics of interaction between its com-
ponents, which in this case are algae, corals,
herbivores, and piscivores.

It follows immediately from equation (9)
that the equilibrium value for the H-variable is
completely determined by the parameters of the
P-equation (4). In particular, in the absence of
fishing

H =22 510294, (15)

aPH

Therefore, according to the model [1],
the equilibrium value for the herbivorous fish
biomass is completely independent from any
other parameters and variables; in particular
it does not depend on the equilibrium value of
the A-variable. The latter is unacceptable, since
algae, according to the model, is the only source
of nutrition for herbivorous fish.

For this reason the model proposed in [8]
is not interpretable. In order to fix the problem
inherent in the model, one should include in
equations (3) and (4) nonlinear terms that would
adequately describe the predator-prey interac-
tion in the system.

Another feature that makes the model pro-
posed in [8] unacceptable as a baseline model
of a coral ecosystem is the absence of parameter

7. from the equations (7—10) that determine the
location and existence of the interior equilibria
of the dynamical system which is expected to
describe the ecosystem. It is impossible to inter-
pret the fact that the growth rate of corals does
not influence the existence and location of an
equilibrium state of a coral ecosystem.

Interior equilibria and high sensitivity of the
model with respect to the values of some param-
eters

As we have shown above, the model proposed
in [8] is not interpretable, at least in the compo-
nent describing the dynamics of the fish biomass.
Still it is worth studying some other features of
the model. In particular, we can assume that
the amount of the biomass of herbivorous fish
is stable (at the H -level determined by (15)),
and concentrate on the dynamics of the A-C in-
teractions inherent in the model. In particular,
we shall study the sensitivity of the results con-
cerning the interior equilibria of the system with
respect to the two parameters that determine the
behavior of the Hill function presentin equation
(2), which allegedly describes the dynamics of
the corals biomass.

Let us concentrate on equations (7) and
(10) that describe the A- and C- coordinates of
the interior equilibria. Since the H-coordinate is
fixed as mentioned above, the P-coordinate can
be found from (9) as soon as the A-coordinate
has been determined.

When introducing Hill function [21] in
the model, [1] argues that “the shape of this
function is controlled by two parameters” and
that “Slope is the steepness of the curve at the
inflection point”.

Itis easy to show that this statement is false.
Using the following notations to save space,

(16)

a = (HA)", (17)

m = Slope,

the Hill function from [8] can be rewritten as

m

X

G =
() p— (18)
and its first two derivatives are
0“,nxm—l
G'(x)=———;
(%) (xm o )2 (19)
am(m +1)xm2((x m_l—xm)
m+1 : (20)

G”(x)=

(oc erm)3
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From the latter formula one can easily find
the inflection point

m—1

= m

m +la’ 1)
and the slope of the curve (tangent to the
curve at this point)

m* —1 1

am  m-1_"
m a
m+1

which is clearly not equal to m, or the Slope,
contrary to the claim in [8].

For the following particular choice of pa-
rameter values

G(x;,)= (22)

HA=0.3; Slope =1, (23)
used in [1] for “baseline model”, the slope
at the inflection point will be

Gxxm)zlz.(ij7 1504 (24)

7 \3) HA
This problem in the model would not have
been important or worthy of a detailed discus-
sion if the model had not been very sensitive to
the parameters involved in Hill function. This
sensitivity is evident when analyzing equation
(10), which determines the A-coordinate of the
interior equilibria.

On the diagram below! (Figure 1) the points
of equilibria can be seen as the points of intersec-
tion of the graphs of a sigmoidal Hill function

m

G =
“@ A" +o

representing respectively the left hand side and
the right hand side of the equation (10).

The graphs (1—4) of the Hill function cor-

respond to four different values of the parameter
7

(1):aHA = 0.3 (baseline model value, used
in[1];

(2): HA=0.26;

(3): HA=0.4;

(4): HA=0.44.

As we see from the diagram, sigmoid (1),
which corresponds to the choice of the param-
eter HA=0.3, assumed in [8], has three points
of intersection with the straight line, which
deliver three A-coordinates of possible interior
equilibria:

, and a straight line F(4)=y + pA,

A,=0.15;4,~0.25; 4, = 0.63. (25)

When the value of HA decreases to 0.26,
the two lower-level equilibria merge into one
as sigmoid curve (2) just touches the line at the
lower end. If the value of HA decreases further,
beyond 0.26, the lower-level equilibria disap-

Fig. 1. The A-coordinates of the interior equilibria are the horizontal coordinates
of the points of intersection of a sigmoid with the straight line

! The software fooplot (http:// fooplot.com) is used for sketching the graphs in Figures 1 and 3 below.
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pear in a saddle-node bifurcation, leaving only
one equilibrium point, located at almost the
saturation level, close to the value of G(A}) ~
0.99 from (25).

Similarly, the two base-case equilibria at the
higher A- values merge, and then disappear when
the value of HA increases beyond 0.44: curve (4)
is tangent to the straight line, and for any value
of HA above 0.44 the curves will intersect only at
one point, which corresponds to the lower level
equilibrium.

This analysis shows that the outcomes of the
model are highly sensitive to the choice of HA
value, and a similar analysis can be conducted
to show that the results are also sensitive to
the choice of the value of the Slope parameter.
However, the article [8] has not provided any
arguments for the baseline choices of the values
of these parameters.

Equilibria in the A-C plane

Another issue in paper [8] concerns the
location and the number of equilibria located in
the interior of the A-C plane (A=0,C =0, H =0,
P = 0). The paper claims: “The coral and algal
nullclines based on baseline parameters values
cross three times and represent three interior
equilibria (Fig.1).”, whereas a simple calculation
shows that these nullclines intersect only ones.

In order to see that, one can just use equa-
tion (2) for the nullcline obtained from the C-
equation in [8]:

K, — A1) ]

a,c

C@) =[

which is equivalent to

c-fa Ly

a a

AC AC

and substitute the baseline values from that
paper: K, =0.8; a,.=0.8,whichresultsinthe
following equation:

C=1—§A,
4

(26)

Thus the C-intercept of the null-cline is 1,
not 0.9 as presented in Figure 1 of article [8].
The corrected straight null-cline is shown in
dotted-dashed line in the diagram below, which
reproduces Figure 1 from [8]. This line will have
only one intersection with the sigmoid-shaped
null-cline, and the equilibrium occurs close to
the saturation level of the A-coordinate. From
the interpretational viewpoint that means that
the nonlinear term represented by the Hill func-
tion could be replaced by a constant without any

Fig. 2. The diagram shows the corrected depiction
of the null-clines in the A-C plane. The location of
the equilibrium is determined by the point of inter-
section of the sigmoid and the continuous straight
line. The dashed straight line shows the erroneous
null-cline from Figure 1 in article [8]; it had three
points of intersection with the sigmoid, and thus
led the author to the erroneous conclusion of the
existence of three equilibria in the A-C phase plane

substantial changes in the configuration and
stability of equilibria.

Thus it has been established that for the
baseline set of parameters the system has only
one interior equilibrium in the A-C plane. It can
be shown, however, that by varying the parame-
ters, one can obtain up to three interior equilibria
in that plane. In particular, this can be achieved
by changing the value of the parameter HA.

The diagram below (Fig. 2) shows the
graphs of the functionsy = G(A), and y = F (A),
whose points of intersection determine the loca-
tion of the interior equilibria in the A-C plane
(A=0,C=0,H=0, P=0) according to the
dynamical system from [1]. G(A) represents the
sigmoidal Hill function, and F, (A4) represents
the straight line:

A 1
-4 . FA)=— A
G(A) T (4) o (v+BA4), where
'Y:KC—KA !B:—l . (27)

AC AC

If we assume the set of parameters from
Kramer [8], the Hill function is represented by
the leftmost sigmoid (1). For this curve we as-
sume HA=0.3. As we can see, this curve will have
exactly one intersection point with the straight
line, hence there must be a unique equilibrium,

21

TeopeTnyeckasa n npuknagHas akonorua Ne2, 2018




METO/Abl UICCNEAOBAHNI. MOAE/IN N MPOIrHO3bI

22

GA) |-
1

Fig. 3. The number and locations of the interior equilibria in the A-C plane depending on the values of HA

which occurs close to the saturation level for A
(see Figure 2 above and our comment to Figure 1
from [8]).

We observe that the system may have up to
three equilibria, if some parameters of the model are
changed. In particular, by choosing a higher value
for the parameter HA, we shall make the sigmoid
less steep, and the curves may intersect more than
once. In Figure 3, the three sigmoids following the
first one to the right, are obtained by choosing the
values of (HA) to be 0.450 (curve (2)), 0.515 (curve
(3)), and 0.600 (curve (4)) respectively.

The second curve has three points of inter-
section with the straight line, hence the sys-
tem will have three equilibria in this case. By
increasing the value of the parameter HA from
0.4 to 0.515, we move two higher level equlibria
towards each other; they merge into one at the
value of HA close to 0.515: one can see that the
line touches the corresponding sigmoid at one
point. With the further increase of (HA), the pair
of equilibria disappears. Usually such a process
is a result of saddle-node bifurcation, occurring
at the value of the parameter close to the critical
value, 0.515 in this case. It is obvious from the
behaviour of the sigmoids that a similar bifurca-
tion must have taken place earlier for the value
of HA somewhere between 0.30 and 0.45.

As we have already noted above, the system
is highly sensitive to the values of the parameters
included in the Hill function. Therefore, the
choice of values for the model parameters should
be done carefully and needs to be substantiated.

Results from numerical experiments

As we have shown in the previous section,
the model proposed in [1] is not interpretable due
to inconsistencies in the dynamical equations
representing the fish populations (H and P —
variables). The other two equations in Kramer’s
model describe the competition between the al-
gae and corals. Although these equations contain
some terms and parameters whose values are not
sufficiently explained, it is interesting to evalu-
ate whether these equations can be candidates
for inclusion in a baseline model. In this sec-
tion we describe the results of some numerical
experiments testing the sensitivity of the results
obtained the growth rates (r,, r.) and the car-
rying capacities (K,, KC) of the algae and coral
variables, respectively.

Our discussion is based on the numerical
local analysis of the system proposed in [1] near
interior equilibria, in the absence of fishing (i.e.
the population of fishers are set to zeroes, or
popS,, = popS, = 0 in the system (1—4)).

The interior equilibria of the system are
found by solving numerically the system (7—10)
in the assumption that none of the variables is
0. The stability of an equilibrium is determined
by the eigenvalues of the Jacobi matrix that
determines the linearization of the dynamical
system (1—4) at the equilibrium point. All the
numerical experiments described below have
been performed by means of MAPLE soft-
ware (http://www.maplesoft.com/products/
maple/).
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Sensitivity of the model with respect to the
intrinsic growth rates (r,, r.):

The following observations can be made
based on the analysis.

The analytical and numerical analysis of the
system (1—4) show that the value of r, does influ-
ence the existence and locations of equilibrium
points for the system governed by equations
(1—4). At the same time, the coral reef growth
rate parameter r. is not present in the equations
(7—10), hence its value has no effect on the ex-
istence and locations of the equilibria.

The latter is another feature that makes the
model offered in [8] non-interpretable.

Although the parameter r_does not affect
the existence of equilibria, it is present in the
expression for the Jacobi matrix, linearization
of the system (1—4); thus variations in the value
of r_, except in a certain range to be described
later, do affect the eigenvalues of the Jacobi ma-
trix, and hence the stability of the system at the
equilibrium points. (Still, as we shall see below,
the variations of the parameter within the given
range [0.04, 0.2] do not change the type of the
equilibrium observed: it is a stable focus for any
value of r_within the aforementioned range).

The system has no interior equilibriafor the
following growth rate parameter values: 0.05 <
r,<0.1029279759 and 0.04 <r.< 0.2, the system
has no interior equilibria. Forr,>0.1029279759
and an arbitrary r_ from within the given range,
the system has one stable equilibrium point (a
stable focus).

The following examples show the location
of the equilibrium, and the eigenvalues for the
lower boundary value (we shall call it critical
value) of r,, and the minimum and maximum
possible values of r_.

Hereafter, when listing the coordinates of
the equilibria, and the corresponding eigenval-
ues, we shall write them in the order in which we
have listed the dynamical variables in the system
(1—4), namely: A, C, H, P.

Example: For the critical value of r, =
0.029279759 and the maximum value of r . =0.2,
we consider the following set of parameters:

r,.=0.1029279759

A

k,.=0.8
a,..=0.8

a,,-= 0.000033
r.:=0.2
K.=0.7
a.,-=0.6
Slope:=7
H_A:=0.3
a,,,~= 0.007

3= 0.1
a,,,-=0.00001

For the above set of parameters we obtain
the following equilibrium point values for algae
(A), corals (C), herbivorous (H) and piscivorous
(P) fish:

[0.391364709313790,

0.180751790672836,

1029.41176470588,

3213.64709313790].

The eigenvalues corresponding to this equi-
librium point are:

[-0.0957523410904594]
-0.00312186944856979 +
0.0307721473670114-1
-0.00312186944856979 —
0.0307721473670114-1

-0.260486516142944.-10°
This equilibrium point is a stable focus. For

an illustration of the behaviour of the system
near the equilibrium, one can see below three-
dimensional projections of the phase portraits
onto the subspaces (A,C,H), (A,C,P), (A,P,H)
and (C,H,P):

Conclusions

The authors of this paper started studying
the model proposed in [1] with the purpose of
applying it to discuss the effects of recreational
fishing on the ecosystem of a coral reef. After
studying the model we have come to the conclu-
sion that it requires substantial modifications.

The original model is not acceptable as a
model describing the ecosystem of coral reefs,
and therefore not suitable for studying the effects
of fishing on a coral reef ecosphere.

The major problems with the model are the
following:

1. Theequilibrium value for the herbivorous
fish biomass variable H depends only on the
parameters included in the piscivorous fish bio-
mass equation, and does not depend on any other
parameters or the equilibrium values of any other
variables, including the algae biomass, which is
the only source of food for herbivorous fish.

2. The existence and location of inte-
rior equilibria do not depend upon the intrinsic
growth rate of corals r.. This feature is difficult
to interpret or justify.

The above problems could be fixed by add-
ing plausible nonlinear terms in the dynamical
equations for the C, H, and P variables.

The model proposed in [8] has some other,
smaller deficiencies: the choice of the parameters

23
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Fig. 4. 3D presentation of the phase trajectory of coral-reef model ecosystem in ACPH space

determining the behaviour of the Hill function
is not substantiated in any way, although,
as we have shown clearly, small variations
(about 10%) in the value of the HA param-
eter in the function may change the entire
behaviour of the dynamical system described
by the model. It can also be shown that the
other parameter in the function, Slope, has
a great influence on the location of interior
equilibria of the system.

The variations in the values of these param-
eters may lead to interesting bifurcations, chang-
ing the qualitative behaviour of the system, and
therefore the parameters should be chosen care-
fully from a range that can be justified based on
what is known about the system.

This paper has also identified errors in calcu-
lations used to describe the interior equilibriain
the algae-coral subsystem (section “Equilibria

in the A-C plane”). The recognition of these er-
rors may lead to a different interpretation, and
even to the exclusion of the Hill function from
the C-equation.

However, as some of our numerical experi-
ments have shown (see section “Results from nu-
merical experiments™), the model proposed in [8]
does have some interpretable components, such
as the behaviour of the equilibria with respect to
the variations in the values of carrying capaci-
ties. These features could be retained for possible
inclusion in a corrected and suitable model of a
coral-reef ecosystem.
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MHorogakTopHasi Mofe/lb Kak OCHOBa A/151 ynpaB/ieHUs] Ka4eCTBOM
OKpY>KatoLLeN cpefbl ypbaHN3NPOBaHHbIX TEPPUTOPUIA
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B cTaTbe paccMaTpuBaeTCA MaTeMaTUYECKIIA MOAXOA K YNPaB/eHU0 Ka4yeCTBOM OKpY»KatoLLIeN cpefbl yp6aHN3MpPoBaHHbIX
TEPPUTOPWIA 4151 MOBbILLIEHWNST 3KOOMMYECKO KOMGIOPTHOCTM MPOXKMBaHWS HaceneHust. OnmncaHa npobsieMa yrnpas/ieHns Npu-
POLOOXPaHHOI AeATeNbHOCTbLHO C UCMO/b30BaHeM MHOFO(aKTOPHOM MOAENM KayecTBa OKPY>KatOLLEN Cpefbl C YUYETOM BECOBbIX
KO3(h(hMLMEHTOB BAXKHOCTM €€ KOMMOHEHTOB: aTMOCHEPHI BO3/YX, aKyCTUYECKOE BO3AENCTBIE, MOUBEHHBI 0N, BOAHbIE
pecypcbl, 06eCneYeHHOCTb TEPPUTOPUM 38/IEHBIMU HACAXKAEHWUAMM, AOCTYMHOCTb NPUPOAHO-PEKPEALMOHHBIX 30H. 3HaYeHNS
BECOBbIX KO3(P(MLMEHTOB BAXKHOCTU BAMSIOLMX (DAKTOPOB Ha 3KOMOMMYECKYH KOMOPTHOCTb CPefbl XKMU3HW ONpeaeneHsl
METOZIOM 3KCMEPTHOr0 OLiEHMBaHMS. MHOrohaKTopHasi MOZE b UCMO/b30BaHa A/1s1 ieTasbHOM OLIEHKIM 9KOI0rMYECKOro Kave-
CTBa ropoACKO cpesbl. MpeanoyKeHHbI KONMMYeCTBEHHBIN MOAX0S TAaKXKe MO3BOSET CPABHUTH IKOMOMMYECKYH KOMDOPTHOCTb
Pa3IMYHBIX YXXW/bIX PaiOHOB NN U3YUUTb AUHAMUKY 3KOM0MMYEeCKOM KOMGOPTHOCT KOHKPETHOW ropofCcKoli TeppruTopun.

3HaunTeNlbHOE BHUMAHWE YAe/eHO HayYHO-METOANYECKMM NMPUHLMMAM YrpaBieHus 1 hopMann3aLmm NoHATUS «Ka-
YeCTBO OKPY>KatoLLieit cpefbl». MpuBeaeHa cTpaTerns NpUpPoLOOXPaHHOIO YNpaBieHMsl NP 3KO0rMYeCKOM 060CHOBaHUN
Pa3INYHbIX X03ANCTBEHHbIX PeLLeHWnid. MpeacTaBieH nnaH MepPONpUSITUIA Mo opraHn3auMy oNTUMaNbHOTO YNpaBieHNst
KauyecTBOM Cpefbl XXMI0ro MUKpopaioHa r. Tupacnonb A/1si NOBbILUEHUST 3KOMOrMUECKO KOMGOPTHOCTA MPOXKMBAHUS Ha-
ceneHust. JaHa rpadmyeckast cxema pesynbTaTtoB MHTErPa/IbHOr0 aHaIM3a pasHoo6pa3HbIX 3KOSIOMMYECKMX MoKaszaTeneli n
OLIEHOK /1151 MOBbILLIEHNS KOMGOPTHOCTM OKPY>KatoLLie cpeabl FOPOACKUX TEPPUTOPUIA.

Peanusaums ynpasneHUsi Ka4eCTBOM OKPY>KatoLLEN Cpefibl yp6aHU31POBaHHbIX TEPPUTOPWIA Ha 0CHOBE MHOrO(DaKTOPHO
MOZENM CrOCO6CTBYET MO3TANHOMY M3MEHEHMIO OMACHbLIX 3KOMIOMMUYECKNX COCTOSTHMIA (haKTOPOB OKPY>KatoLLLer cpefbl, MOBbI-
LLIEHMHO KOM(OPTHOCTY TEPPUTOPUM C YHETOM peasibHbIX NMPEANOYTEHUI 1 NOTPEGHOCTEN HaceNeHs.

KntoyeBble cnoBa: ynpaeneHVe KauyecTBOM CPefbl, (haKTopbl OKPYXKatoLLEei cpedbl, 3KOMornyeckast KOMhopTHOCTb,
0606LLEHHAast (hYHKLMS YKeNnaTelbHOCTU, IKCMepTHas OLeHKa, KOMIM/IEKCHbI MoKasaTeslb.

A multi-factor model as the basis for the environmental
guality management of urban areas
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Thearticle considers mathematical approach to environmental quality management to improve the ecological comfort
of living for the population. The problem of environmental management is described using a multi-factor model of quality
of the environment with the weight coefficients of the importance of its components: atmospheric air, acoustic impact,
soil, water resources, and green spaces, accessibility of natural and recreational areas. The values of weight coefficients
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of importance of influencing factors for environmentally comfortable living are determined by the method of expert as-
sessment. A multi-factor model is used for detailed assessment of the ecological quality of the urban environment. The
proposed quantitative approach also allows to compare the environmental comfort of the different residential districts or
to study the dynamics of environmental comfort of specific urban area.

Much attention is paid to scientific and methodological principles of management and the formation of the concept
of «environmental quality». The strategy of environmental management with ecological foundation of various practi-
cal solution is shown. The plan of measures on organization of optimal management of quality of the environment to
improve comfort of living for the population of the residential microdistrict of Tiraspol is presented. Graphical scheme
of the results of integral analysis of various environmental indicators and assessments for improving the comfort of the

environment is given.

Realization of environmental quality management of the urban areas on the basis of a multi-factor model contributes
to the gradual change of dangerous ecological conditions of environmental factors, to increase a comfort of the territory
taking into account the real preferences and needs of the population.

Keywords: environmental quality management, environmental factors, ecological comfort, generalized desirability

function, expert assessment, complex indicator.

YXyALWweHue 3K00rM4ecKoro cocToAHMUSA
FOPOACKONM cpefbl CNOCO6CTBYET aKTyannsaumm
BOMPOCa 0 «KAYEeCTBe XM3HU» HaceneHus. Tep-
MWUH «KayeCcTBO >XU3HW» pacKpblBaeTcs yepes
«COOTBETCTBME CpPeAbl XXM3HW YesloBeKa ero no-
TPebHOCTAM, MHTErpasibHO OTPaXKaemMoe cpefHel
NPOLO/MKNTENBHOCTHIO XXN3HWN, MEpOoii 340POBbA
Nofer N ypoBHAMMU nX 3aboneBaeMocTu». bna-
rONpUATHBIM YPOBEHb KayecTBa YKM3HU CO34aéT
BO3MOXXHOCTb A/151 rapMOHMYHOIO CyLLLeCTBOBa-
HUA N pa3BUTUA YenoBeKa Kak 610/10rMyeckoro
M couuranbHoro opraHmsma [1—4].

Ynpas/ieHe «KaueCTBOM XXU3HW» Bblparka-
eTcs B 3(P(PeKTMBHOM 3KOJIOrMYECKOM MeHe[-
YKMEHTE COCTOSIHUSA OKPY>KatoLLeli cpefibl. Yrpas-
JIEHVE 3KONOrMYeCKMMU YCNOBUSMU TOPOACKOM
Cpefbl OCYLLECTB/IAETCA Yepe3 3KOM0rMyecKoe
HOPMWPOBaHWE, PeryMpoBaHmne LOnyCcTUMOro
aHTPOMOreHHOro BO3AeNCTBMUSA Ha FOPOACKYHO
CUCTEMY U CMOCOBCTBYET LOCTUXKEHWUIO 3KOJI0-

rM4YecKm 6e30MacHOro 1 yCToMYMBOro pasBuUTus
yp6aHn3npoBaHHbIX Tepputopuii [3—6].

CoBpeMeHHas «HeraTueHasa» cpepa ypba-
HM3MPOBaHHbLIX TeppPUTOPUIA TpebyeT co3faHnsA
«MMUKa» KOMCOPTHOrO ropoga, 415 Yero Ha-
psiay ¢ NOArOTOBKOM HOPMAaTUBHbLIX TPpeboBaHWIA
no hopMmMpoBaHMto 61aronpusTHOM cpeabl HE0O-
X0AMMO pa3pabarbiBaTb METOL0/I0rMYeCKIMe Nof-
XOAbl K KONIMYECTBEHHO OLEHKE 1 YNpaBieHMIo
eé KayeCcTBOM Mpu y4éTe MHOXKECTBa (PaKTOpPOB
OKpY>KatoLLIel cpefbl, 0XBaTbIBaKOLLMX BCe Chepbl
YKN3HeaeATeIbHOCTU YenoBeka (puc. 1).

B cBA3M € 3TUM LeNbi JaHHO paboThbl
ABNsAeTCA (hopManmn3aumnsa OLEeHKN aKonormye-
CKOr0 KayectBa cpefbl XXM3HWU N yrpaB/eHus
€€ COCTOAAHMEM NS YNYULLIEHNS KOM(OPTHOCTU
NPoOXXMBaHUA YenoBeka. B 0CHOBY yrnpaBneHus
KayeCTBOM Cpefbl XXM3HWN YesloBeKa MOI0XKEHO
NOCTPOEeHMe MHOTr0(haKTOPHOM MOZAE/N C UCMOSTb-
30BaHVEM CUCTEMbI NUHAMKATOPOB, OTPaXKaoLLMX

YMNPAB/IEHVE KAUECTBOM OPY>XAIOLLEV CPEbI
YPBAHW3VPOBAHHOW TEPPUTOPUI

QUALITY MANAGEMENT OF THE ENVIRONMENT
OF THE URBANIZED TERRITORY

eoaKonornyeckas cuTyaums
Tepputopun

Geoecological situation of the territory

=

3Konornyeckast KOMOPTHOCTb
TeppuTOpUN

Ecological comfort of the territory

Puc. 1. Cxema yrnpaBieHns Ka4eCTBOM OKpY>KatoLLie cpefibl ypbaHMU3MPOBaHHbIX TEPPUTOPUIA
Fig. 1. The scheme of quality management of the environment of the urbanized territories
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Tabnmua l/ Table 1

CornacoBaHHOCTb 3KCMePTHbIX CY>XXAEHWNIA cornacHo Lwkane XappuHrToHa [11]
Coherence of expert judgments according to Harrington’s scale [11]

KoathhmumeHT KOHKOpAaLmm CTeneHb cornacoBaHHOCTU
Concordance coefficient Coherence degree
0,80—1,00 o4eHb Bbicokasi / very high
0,63—0,80 BbicoKas / high
0,37—-0,63 cpegHsasa / middle
0,20-0,37 Hu3kas / low
0,00—-0,20 He3HauuTenbHas / small

COCTOSIHME OTAe/IbHbIX KOMMOHEHTOB rOPOLCKOA
cpegp! [7, 8].

MeTogmKa nuccnefoBaHUA

Lna noctpoeHMs MateMaTnUyecKon Mogenu,
OTpaXkaroLLel COCTOSAHME rOPOACKOM cpefbl, BHa-
Yane 6blna paspaboTaHa eanHasi COBOKYMHOCTb
(haKTOpOB, BANSAIOLLNX HA Ka4yecTBO MPOU3BOS4-
CTBEHHOIA, YXNI0M 1 peKpeauyioHHOM cep XKMU3HW
YesioBeKa. YunTbiBas KOMIMJIEKCHbIM Xapakrep
BO3AENCTBUSA MPUPOAHbIX U TEXHOrEHHbIX (haK-
TOPOB Ha KayecTBO Cpefbl, Ja/lbHEMLLMM LIarom
cTasno onpefeneHne 0606LWEHHOIO NoKasaTens
KayecTBa cpeabl. OgHako pa3paboTka Takoro
KOMTIJIEKCHOr0 nokKasaTesis sAAB/seTca gocra-
TOYHO CNOXXHOW METOL0N0rNMYEeCcKOn 3agaderd,
MOCKOJIbKY CyMMapHOe BO3[eiCTBMEe (PaKTOpoB
Ha MPUPOAHYIO Cpefy He PaBHOCWU/IbHO CyMMe
BO3AENCTBUI OTAENbHbIX (haKTopoB. Ons pas-
HbIX TMNOB (DYHKLMOHa/IbHbIX Chep BbIOpaHHbIe
(haKTOpbl MMEIT Pa3/INYHbIN YpPOBEHb NMpeano-
YTUTeNIbHOCTW AN venoseka [9, 10].

CTeneHb 3HAYMMOCTU (PaKTOPOB OLLeHU-
Banacb MNyTEM UX «B3BELUNBAHUA». 3HAYEHUSA
BECOBbIX KO3 (ULIMEHTOB BAXKHOCTM B/INSAIOLLMX
(haKTOPOB B (PYHKLIMOHAIbHbBIX Chepax XKuU3Hese-
ATE/IbHOCTW YAa/10Ch OMNPeae/inTb 3KCNEPTHbIMU
meTogamum [11—13]. Iog MeToaoM sKCNepPTHOro
OUEeHMBaHWA cregyeT NOHUMaTb «MeTOAbl Bbl-
SIBNIEHUS, hopManmnsaLmm n 06paboTKM HESIBHOW,
KayecTBEHHOM, CyObeKTMBHOM MHDopmaLnm,
KOTOpasi MOXKET COAePXKaTbCHA B MHEHUSX, MOBese-
HUW 1 BbICKa3blBaHUAX Mogeit» [12]. OcobeHHO
Ba>KHbIM 3Tarom B MPUYMeHeHne 3KCMepTHOro
MeToza 6blna Bepuurkaumsa pesynstatoB onpoca
Ha COrnacoBaHHOCTb CY>XXAeHWI. [1ns NpoBepKn
COr1acoOBaHHOCTU MHEHWUI MUCMOob30BasICA KO-
ahhmumeHT KoHKopaaumn KeHpanna, Tak Kak
3KCMepTHOe OLEeHMBaHMe NPOBOAWIIOCL MYTEM
paH>XupoBaHus hakTopoB. KosppruneHT KoH-
Kopfaumn KeHpanna o3HayaeT, 4to cyMMapHoe
MHEHMe 3KCMepPTOB COAEPXKUT 0OBEKTUBHYHO UC-
TRy [11, 12].

B KauyecTBe 3KCMepTOB BbICTyNaan KOM-
NneTeHTHble CneynanncTbl, O4HAKO CTeMeHb
COrfiacoBaHHOCTU UX 6a/1/IbHbIX OLEHOK B OMNpo-
ce corfiacHo Lwkane XappuHIToHa okasanacb
«HU3KOW» (Tabn. 1), 4To NPUBENO K COCTaB/IEHUIO
HECKO/IbKVX MOAMHOXECTB 13 pe3y/bTaToB OLie-
HMBaHUA.

Takoli Noaxof, OCHOBaHHbIN Ha BbleNeHU
MOArPYMMN 3KCMepToB C KOPPeNMpyeMbIMN MHe-
HUSMMW, MO3BOMIW/ COCTaBUTb a/ibTEPHATUBHbIE
mMaTteMaTU4ecKme MoAe v /18 OLEeHKN 1 yripas/ie-
HWA Ka4eCTBOM ropoAcKoi cpefpl. 18 hopmann-
3auMM MHOro(aKTOPHOM OLIEHKM 3KO/I0rM4eCcKoro
KayecTBa Cpefbl XKM3HW YeNloBeKa npegnaraercs
MCMoNb30BaTb TaK Ha3blBaeMyt (PYHKLMIO
»KenatesibHOCTU XappuHrTtoHa-MeHuepa, oT-
paXkatoLLyto 06 bEKTUBHO AEeNCTBYHOLLME 3aKOHbI
CYLLIECTBOBAHWSA ECTECTBEHHbIX CMUCTeM [12].

KomnnekcHbIM nokasaTtenb KayecTBa ro-
poackon cpegbl (KMKC) paccunTbiBancs no

thopmyne:
D=d - dydi d - dy - dy

6

roe W=Zw,-, KaK cpejHee reoMeTpuyeckoe
B3BELLIEHHOE YaCTHbIX NMoka3aresieli d(i=1...6),
OTPaXKatoLLMX COCTOSIHME Pa3NNYHbIX (DaKTOPOB,
B/IMAOLWMNX HA KAuyeCcTBO Cpefbl; d. — YacCTHbIK
nokKasarte/ib Ka4yecTBa KOMIMOHeHTa cpefpl (aTmMoc-
(hepHOro Bo3ayxa, aKyCTMYECKOro BO3AeCTBUS,
MOYBEHHOT O C/1051, BOAHbIX PECYPCOB, 06ecreyeH-
HOCTW TEPPUTOPMN 3€NEHBIMU HaCaXKAEHUSIMU,
[OCTYMHOCTU NPUPOAHO-PEKPeaLMOHHbIX 30H);
W, — 3HaueHMe BECOB YaCTHbIX MoKasaTesnei.

OCHOBHOM NPUHLUMNWa/IbHOM naeein UCnosb-
30BaHUA KOMMJIEKCHOro nokasaTensi Kayectsa
cpefbl Nocny>Xunno npeobpasoBaHve HaTypasib-
HbIX 3HAaUYEHWIA YaCTHbIX MapamMeTPOoB Pa3NUHOM
3KO0/I0rMYeCKOM CYLLHOCTU U pa3MepHOCTU B
eflMHY0 6e3pa3MepHYI0 LLIKany >KenaTe/lbHOCTU
(NpesnoyTUTENILHOCTL).

CBsA3b MeXXAYy KONYeCTBEHHbIMM MOKa-
3aTenisiMM B KOMMIEKCHOM re03K0M0rnyecKoi
OLeHKe TeppuTopun (NAaTnbanibHasa LWKana) v
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NCUX0/I0MMYECKMM BOCMPUATUEM 3KO/I0TMHYECKOI
KOM(QOPTHOCTM Cpefbl YesI0BEKA COrIacHO LLIKase
FOHECKO paccmoTpeHa B Tabnuug 2.

XapaKTepHO 0COBEHHOCTbIO pacyéta KoM-
NJIeKCHOro nokasarens Kayectsa cpefbl CTasio
HaxoXXAeHe MaTemaTuyecKnx mogenen ans
YaCTHbIX (hYHKUWMI XenaTesibHOCTU B BUAe N10-
rMCTUYECKMX KpuBbIX. Knaccuyeckas Teopus
YacTHbIX PYHKLMIA YKenaTeNbHOCTU, ONMUCaHHas
B [12], He cooTBeTCcTBOBaNa NATUGANNbHOWM
LLKas1e M3MEHEHWS 3KONOrMYECKNX NoKasaTenei
(puc. 2 a), npeactaBneHHasn B [14]. Moatomy
HaM MpuLLIOCh UX MOANMDULMPOBATb.

B cBS3U € 3TMM 1cxogHas hopmyia YacTHOM
hyHKUNKM ANa noKasaTens «atMocepHblii BO3-
Ayx>»:

1,834
Y_
3] )
18

JO/MKHA 6bITb TPaHCHOPMMPOBaHa B MHYHO
aHaINTNYECKYIO (DOPMYJTY:

0,395
o3\
d =1—expy —exp —{4{ 183) :l—2,5

"padhmK 3TOro BblpadXKeHWS, NpeLCcTaB/IeHHbIN
Ha puc. 2 b, nocne MmoaMdmKaLni COOTBETCTBO-
Ba/1 TOM rpagaummn, Kotopas bbina onpegeneHa
[NA aToro hakrtopa, cornacHo Tabnuue 1 B [14].
MorpeLHOCTL COOTBETCTBUSA fAeneHni (rpaHnL)
LLIKa N3MEHEHWNS 3HAYeHN (DaKTOPOB CO LUKa-
nown »xenatenbHoctn KOHECKO cocTtaBnsna
meHee 10% (pwc. 2 b).

Mpegnaraemblii METOAMYECKMIA NOAX0S 4NN
OLLeHKM 3KOJIOrMYeCcKOro Kayectsa ropoAcKo

d =1—exp—expy— 9(

cpefbl MO3BOMSET aHA/IM3MPOBaTb FOPOLACKYHO
TEPPUTOPUIO B LIEIOM, OTAE/bHbIE €r0 paioHbl
N JaXe 30Hbl C YYETOM BblOpPaHHbLIX (haKTOpOB
OKPY>KaloLLIeR Cpefbl, @ TAKXKe U3yyaTb JUHAMUKY
3KO0/10MM4YeCKOM KOMMDOPTHOCTN KOHKPETHOM Tep-
PUTOPUK 1N NPOBOAUTBL COMOCTaB/IEHME C APYTUMMN
paioHamu.

Pe3ynbTatbl 1 06Cy>XXAeHNe

B KauecTBe npumepa peanvsaunm MHOro-
(haKTOPHOr0 yrpaB/ieHNs COCTOSIHNEM FOPOLCKO
3KOCMCTEMbI HA OCHOBE KOMMJIEKCHOIO Nokasarte-
NS KavecTBa cpefbl BbI6paH YKMI0 MUKPOpanoH
TeKCTUMbLLNKOB, . Trpacnosnb (puc. 3).

YpoBeHb 3KOM0OrMYECKON KOMMOPTHOCTHU
MUKpopanoHa TeKCTUNbLINKOB, PacCMOTPeH-
HbIli B paboTe [15], XapaKTepn3yeTcsi OLIeHKOWA
«YC/IOBHO OnacHbIn». CToNb HebnaronpuaTHoe
KayecTBO cpefbl 00yC/I0B/IEHO 3HAUYUTE/IbHbIM
3arpsi3HeHVEeM BO3fyXa 1 CBEPXHOPMATMBHbIMU
YPOBHAMM LLyMa OT UHTEHCUBHbIX MOTOKOB J1er-
KOBOI0O U rPy30BOr0, YKeNe3HOL0POXHOro TpaHc-
nopTa, NepeHOCOM BpefHbIX BELLEeCTB, BblOpa-
CbIBaeMbIX MPOMbILLIEHHLIMY NPEANPUATUSIMM,
YAaNEHHOCTbIO OT MPUPOLHO-PEKPEALMOHHbIX
npoctpaHcTB. OTpULAaTeNbHOE BO3AENCTBME Ha
COCTOSIHME 3KOCUCTEMbI 1 KAYeCTBO Cpefbl OKasbl-
BaeT BbICOKOE 3arps3HeHne pyybs KOSIKOTOBbIN.

KOHKpeTHble 3Ha4YeHNs YacTHbIX (DaKTOPOB
[N151 OLLEHKM KayecTBa cpefbl (DYHKLNOHA/IbHbIX
paiioHOB 6bININ ONpefeneHbl Ha 3Tarne uccneao-
BaHWA 3Kosornyeckom cutyaumm [14]. OgHako
B JJaHHOW paboTe B KayecTBe Kputepmsa obe-
CMEYEHHOCTU XXNI0M0 MUKPOpaioHa 3eN1E8HbIMU

Tabnuua 2 / Table 2

CBA3b 3HAYEHMIA KOMMIEKCHOW OLIEHKW TEPPUTOPUIA U 3HAUEHMTIA KOMIMIEKCHOTO NMoKasaTte/sl KauecTsa
ropoackon cpeabl (KIMKC) / Relations of values of complex assessment of territories and values of a com-
plex indicator of quality of the urban environment (CIQUE)

3Konornyeckas 3HadeHue KIMKC
KomnnekcHas YpoBeHb NoKasaTens
reoskosiornyeckasi cutyaums | (NATnbanibHas oLeHKa) KOMCPOPTHOCTL (otmeTkm o Lukane
yau . H (>kenaTenbHOCTb) FOHECKO)
Complex geoecological Indicator level loqical f | K
situation (five-point assessment) Eco ogical com ort CIQUE value (marks
(desirability) on a scale of UNESCO)
BnaronpusartHas / 1 OueHb xopotuas / 0,88-1.00
favorable very good
YCHOBI:IC_) 6naronpusatHaa / 5 Xopowas / 0,71-0.87
conditionally favorable good
Y,D,OB!'IETI?OpMTe}'IbHaﬂ / 3 Yp,oaneTl_aopMTeanaﬂ / 0,51-0.70
satisfactory satisfactory
Hanp_m)KeH Has / 4 Mnoxas / 0,37-0,50
intense bad
KpI/ITI/I'l—I.ECKaFI / 5 OueHb nnoxas / 0,00-0.36
critical very bad
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Jnavenne / value d,
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3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
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3navenne KU3A / value CIAP

Puc. 2. Mpahrku YacTHbIX PYHKLMIA YKenaTensHOCTU: a) d, — AN aTMOCepPHOro Bo3ayxa Mo 3HaYeHUH0
KOMI/JIEKCHOI0 MH/EKCA 3arpA3HeHnsa aTMocepbl (KJI/I3A) COr/IaCHO KacCU4ecKo Teopum,
b) d, — Anst atMochepHoro Bosdyxa no 3HaueHuto KN3A nocne moguunkalmm
Fig. 2. Plots of partial functions of desirability: a) d,— for atmospheric air on complex index of atmosphere pollu-
tion (CIAP) value according to the classical theory, b) d,— for atmospheric air on CIAP value after modification

3
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Puc. 3. Tepputopunst MMKpopaioHa TeKCTUIbLLUKOB, . TUpacnosb
Fig. 3. Territory of the Residential Tekstilshchikov microdistrict, Tiraspol
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Tabnuua 3/ Table 3

OLeHKa 3K0M0rM4YecKom KOMGQOPTHOCTM MO pe3y/bTaTam 3KCMepTHOro onpoca /
Assessment of ecological comfort by results of expert poll

Howmep rpynnbi 3KcnepTos
Number of group of experts

3HaueHune KIMKC (D)
Value CIQUE (D)

3Konornyeckast KOMOpPTHOCTb
cornacHo wwkane OHECKO
Ecological comfort according to a

scale of UNESCO
1 0,44
2 0,43
3 0,49 Mnoxas / poor
CpefHee 3HauveHue no rpynnam 1-3 / 0,45

Average value on groups 1—3

HacaXKAeHUsIMN 00LLEro Nosib30BaHUS B3AT
nokasaTe/lb COOTHOLLUEHWUS M/OWaAN 03e/eHe-
HWS BbICOTHOW 3aCTPOIKM, 3aHATOrO ApPeBeCcHO-
KYCTapHMKOBbIMW HaCaXKAEHUAMW, K NA0LLLaamn
TEepPPUTOPMM MHOIO3TaXKHOI 0 cekTopa (B %0).
JKonormnyeckas cuTyauusi MMKpoparioHa
TeKCTUNbLLNKOB C YY4ETOM BblLLEMNEPEUNCIEHHbIX
KpUTEpUeB Npe/cTaB/ieHa B BUAe BEKTOpa:

Es,, (14,8;82;19; 6,2; 48; 480),

4TO COOTBETCTBYET BEKTOPY 3HAYEHUIA YacT-
HbIX Nokasareneit kadectsa cpegbl (TC):

., (0,34;0,46; 0,38; 0,31; 0,75; 0,60).

AHa/IM3 pe3ybTaToB IKCMEPTHOrO onpoca
nokasan OTCYTCTBME eAMHOro0 MHEHWSA PECMOH-
[IEHTOB O CTerneHu BaXKHOCTU (DaKTOPOB, MO3TOMY
AN151 OLLeHKN KOM{OPTHOCTU rOPOACKON cpefpl
NPYIMeHEHbI albTEpPHATUBHbIE MaTeMaTUYeCKne
(hopMy /bl /151 HAXOXKAEHUA 3HAYEHNS KOMI/IeKC-
Horo nokasarens (Ta6n. 3).

BHe 3aBrMcMMOCTM OT cocTasa rpynrbl 3KC-
MepToB 3KO/I0rnyeckass KOMMOPTHOCTb MUKPO-
paioHa TeKCTU/bLINKOB OLEHNBAETCA Kak
«rnioxasa».

MeponpuAaTuUa No yny4ylleHUIo KayecTBa
rOpOACKOM Cpefbl COracHo NpeLCcTaB/IeHHOM Ma-
TeMaTMyecKoli MoeNv MPUHUMAIUCh CUCTEMHO,
C YUYETOM HebnaronpuAaTHbLIX COCTOAHWUIA BCeX eé
KOMTMOHEHTOB.

Yny4uieHne 3K00rMYecKoro COCTOAHUA,
NoBbILLEHNEe KOM(OPTHOCTM NPOXKMBaAHNS Hace-
NeHUA 1 obecneyveHne yCToMUYNBOro pasBUTUSA ro-
POLCKOW TepPUTOPUM Ha NEPCTEKTUBY NpeACcTaB-
NIeHO B BUJe CNefyOLLLErO MN1aHa MepornpusTUn ¢
Yy4ETOM NpuopuTeTa BCex rnokKasaresneil Kayectsa
rOpoACKON cpefbl N NHAEKCOB B KOMMJIEKCHOM
OLIEHKE 3KO0N0ornyeckom cutyaunm (tabn. 4).

Ncxoga n3 tabnuvubl 4, ynpasieHve cocToN-
HMeM ropojACKOM Cpefbl NPV PacCMOTPEHUM pas-
JINYHbBIX MHEHWIA TPYNI 3KCMEePTOB MPaKTUYeCKM

Bcerja (3a nck/oyeHnem meponpuatmsa M1) co-
BMajaeT ¢ pe3y/ibTataMn Ha OCHOBE YCPeAHEHHON
OLIEHKW MHEHUA TPEX rpynn aKcnepToB.. [oaTomy
LenecoobpasHo peann3oBbiBaTb Ha MpakTuKe
MOZe/b YNpaBeHNA Ka4yeCcTBOM Cpefbl Ha OCHO-
BE YCPeAHEHHOI0 3HaYeHWs OLLeHOK BCEX rpymnn
3KCMepToB.

[na BU3yanbHOro BOCNPUATUSA CTpaternm
ynpas/ieHUsi Ka4eCTBOM rOPO/CKOM cpefpl, Npes-
CTaB/IEHHOW B Tabnuue 4, ncronb3oBaHa rpadu-
Yyeckasi MUHTeprpeTaums pesyibTatoB UHTerpasib-
HOro aHa/M3a pa3Hoo6pasHbIX IKOOrMYECKMX
nokasarenen u oueHoK. IMpauryeckasa cxema
XapaKTepu3yeT He TOMIbKO TeKyLLiee 3KO/ornye-
CKOe COCTOSIHME YIpaBisseMoro 06beKTa, Ho U TO
COCTOSIHWE, K KOTOPOMY HEO6XO0AMMO CTPEMUTLCS.
[unarpamma ynpasiieH1si COCTOSIHNEM FrOPOACKOM
cpedpbl C YH4ETOM 3HAYEHUIN YACTHbIX (DYHKLNI
»XenartenbHocTU (B %) 4151 9KONOrMYeCKUX MNo-
KazaTte/ieil npeAcTaB/ieHa Ha pUCYHKe 4.

Ncxoga n3 rpadmyeckoro npeacraBieHus
(puc. 4) KpuTepnemM ycneLHOCTM opraHm3aunm
cpefoynyyLiatoLen NoONNTUKK, HanpaB/ieHHOM
Ha MoBbllWeHe KOM(OPTHOCTU MPOXKNBAHUA
Yesl0BeKa, CNY>KUT YC/I0BME:

PM42 PM32 PMZ2 PMl2 PTC’

roe P,,,— NepuMMeTp MHOroyrofibHuUKa B
pesynbtate peanusaunun meponpuatnsa Mi,
(i=1..4); P .— nepMeTp MHOroyrosbHMKa co-
rNacHO KOMIM/IEKCHOWM re03Ko10rMyeckom cuTya-
LM TEPPUTOPUN HA TEKYLLIEE COCTOSIHME.

B cnyuyae muKpopanioHa TeKCTUMbLIMKOB
MOXKHO YTBEPXKAaTb, YTO 411 TOPOACKOWN cpelbl
Hanbonee 6N1aronNpuUATHON ABNAETCA 3KO/O-
rmyeckas cutyaumsa, onpegensemas rocne-
A0BaTeNIbHOCTbIO NPUMEHEHUS MePONPUATUIA
«TC— M1 —- M2 — M3 — M4». INepcneKTnsHoe
3HayeHVie KOMMJIEKCHOMO rnokKasaTesis KayecTsa
cpeabl 4Nna faHHOW TeppuTOPUN COOTBETCTBYET
«XO0pOoLLeMY» YPOBHIO 3KO/I0MMYECKO KOMADOpT-
HOCTW NPOXXMBaHUSA YenoBeka. TakuM 06pa3om,
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Puc. 4. Anarpamma yrnpaBfeHMs Ka4ecTBOM OKpPY»>KatoLLiel cpeabl
(Ha npumepe MUKpopaoHa TeKCTUMbLLNKOB, T. TUpacrnosb)
Fig. 4. The chart of quality management of the environment
(on the example of the Residential Tekstilshchikov microdistrict of Tiraspol)

CpaBHMBas NOC/eA0BaTENbHOCTb COCTOSHUIA B
ANHaAMUKe peannsaumm MepPOnpUSITUA, MOXKHO
BbISIBMIATb U NpefynpeXXaaTb onacHble 0TK/I0-
HEHUS1 OT HOPMa/IbHOTr0 COCTOSIHMSA, MOBbILLATbL
KOM()OPTHOCTb TEPPUTOPUN C YYETOM Mpeamno-
YTeHMI 1 NOTPeBHOCTENM HaceneHus.

BbiBObI

Onsa ynpasneHnss Ka4eCcTBOM FOPOACKOM
cpeabl NMpegioXkKeHa mateMaTnyeckas Mogenb
C UCMONb30BaHNEM LLECTU 3KOOTNYECKMX MOo-
Kasaresne.

Pa3paboTaH KOMMEKCHbIN NokKasaTte/b Ka-
4eCTBa XKM3HW B ropoje Ha 0OCHOBe 06006LLEHHOA
(PYHKLUMWN >KenatenbHOCTM C YYETOM BECOBbIX
KO3(P(PNLNEHTOB BaXKHOCTUN (PAKTOPOB OKpY-
YKaroLel cpefbl: 3arps3HeHne aTMochepHOro
BO34yXa, YPOBEHb aKyCTUYeCKOro BO3LeNCTBIS,
COCTOSIHME MOYBEHHOIO C/105, Ka4eCTBO BOAHbIX
pecypcoB, 06ecre4eHHOCTb TEPPUTOPUN 3ené-
HbIMWN HacaXXAeHUAMU, JOCTYMHOCTb MPUPOLHO-
peKpeaLMOHHbIX 30H.

YnpasneHve KOMOPTHOCTLH MPOXKUBaHUSA
HaceneHnsa B r. TMpacnosb OCYLLECTBASAETCH B
thopmMe nnaHa cpegoynyyLlarLwmx Meponpus-
TWiA. Peannsaumsa ynpaBneHuns npeacraBneHa B

BMAE MHOr0haKTOPHOW rpadoaHaIMTUYEeCKOA
CXeMbl.

JKonormnyeckas KOMQOPTHOCTb MUKPOPano-
Ha TekcTubLLMKOB (T. Tupacnosnb), onpeaense-
Mas nocniefoBaTe/IbHOCTbI0 NPUMEHEHUS MPU-
POJ0OXPaHHBIX MEPONPUATUI, MOBbLILLAETCA OT
KaTeropum «naoxas» o YpoBHsI «XopoLuas».

VccnefgoBaHne BbIMOSIHEHO B paMKax TeMbl
DHW rocygapcTBEHHbIX akagemMuii Hayk Ha 2013—
2020 rr., 0148-2014-0027, per. Ne 01201352469.
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Identification of the thickets of Heracleum sosnowskyi
using Earth remote sensing data
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Sosnowsky’s hogweed (Heracleum sosnowskyi Manden.) is one of the most dangerous invasive plant species,
common in the European part of Russia and some European countries. Its spread threatens the biological diversity
of natural ecosystems. The danger of H. sosnowskyi for the human health lies in its ability to cause skin burns. Large
populations of H. sosnowskyi can be found in uncultivated fields, meadows, on the banks and in the vicinity of water-
courses and reservoirs, on the outskirts of forests, and along roads. Currently in Russia, in connection with the massive
spread of H. sosnowskyi, the question is raised about the need to create a special federal target program to control this
dangerous species. The data of the Earth remote sensing can provide essential assistance in planning the measures
to control the spread of H. sosnowskyi. Satellite imagery provide information about localization and areas of plant
communities in large areas. To monitor the distribution of H. sosnowskyi, it is possible to use multispectral as well as
monochrome satellite images of high and medium resolution. In our study we used images from the Sentinel-2 satel-
lite with a resolution of 10 m. The detection of the foci was carried out on the territory of certain districts of the Kirov
region of Russian Federation. The populations of Sosnowsky’s hogweed are well recognized visually on synthesized
color images using either three channels of the visible range (blue, green, red), or two visible (blue and green) and
near infrared channel. Both variants give very close results, providing reliable identification of thickets of the hogweed.

Keywords: Heracleum sosnowskyi, invasion, remote sensing data, Sentinel 2.

Sosnowsky’s hogweed (Heracleum sos-
nowskyi Manden.) is one of the most dangerous
invasive plant species, common in the European
part of Russia and some European countries
[1-3]. Its danger is associated with the threat
to the biological diversity of natural ecosystems
and the ability to cause severe burns when the
juice hits the human skin [4, 5].

Introduced in some regions of Russia, as
well as abroad, Sosnowsky’s hogweed was culti-
vated in the late 50th and early 60th years of the
twentieth century as a silage culture. However,
after revealing its inadequacy to feed livestock,
the purposeful cultivation of Sosnowsky’s hog-
weed was discontinued. The lack of control over
the state of the currently abandoned crops led
to the fact that H. sosnowskyi went beyond the
boundaries of the cultivated land [6]. At the
same time, the presence of pronounced allelo-
pathic and herbicidal action, clastogenic and
antigenic activity against other plants allowed
him to populate significant areas [7, 8].

High seed productivity of H. sosnowskyi, as
well as its capacity to seed dispersal with run-
ning water and floods, winds, animals, as well
as by human when dispersion occurs with the

air flow generated by road and rail transport,
it facilitates the rapid spread of [1, 9, 10]. Most
often, the Sosnowsky’s hogweed is found in
disturbed areas with relatively rich and well-
moistened soils. Its large populations can be
found on uncultivated fields, meadows, on the
banks and in the vicinity of watercourses and
reservoirs, on the outskirts of forests, and along
roads [9, 11]. In the valleys of the large and me-
dium rivers shores formed by rocks with a high
content of solid detrital material appear as the
most favorable for the growth of H. sosnowskyi,
while wet abrasion plains and sandy shores are
unfavorable for growth [3].

In connection with the mass distribution of
Sosnowsky’s hogweed on the territory of certain
regions of the Russian Federation, the question
of the need to create a federal target program to
control hogweed in Russia is being raised in the
State Duma. The technology of geoinformation
systems (GI1S) with the use of remote sensing
(RS) data can provide essential assistance in
planning the measures to control the spread
of the Sosnowsky’s hogweed from the point of
view of controlling its growth zones. At pres-
ent, RS data analysis is a promising method

39
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for studying vegetation cover [12, 13], which
allows obtaining information on areas occupied
by plant communities, as well as their state in
large areas [14—16].

Satellite images from space vehicles
(RapidEye, Resourcesat, Landsat, Kompsat,
Resource DK, SPOT, Sentinel) can be used to
monitor foci of the distribution of Sosnowsky’s
hogweed [17, 18]. Reliable results can be ob-
tained with the use of multispectral satellite
images made in the spectral zones of 660—720
or 600—700 nm, which provide the greatest
clarity and the best spatial resolution [19].
Good results can be obtained by synthesizing
colored images for typological interpretation of
Sosnowsky’s hogweed snapshots.

The purpose of this work was the approba-
tion of the method for detecting the foci of the
distribution of Sosnowsky’s hogweed in the
territory of the Kirov region using the available
satellite images.

Objects and methods

With regard to the study of foci of the
spread of plant populations, including Sos-
nowsky’s hogweed, several of the most impor-
tant tasks can be identified, in which satellite
images can be used.

First of all, this is a qualitative and quan-
titative assessment, which includes the iden-
tification of different types of phytocenoses,
areas of their distribution, the state of vegeta-
tion on the basis of spectral indices [17]. An
important task, along with a qualitative and
guantitative assessment, is the inventory of the
vegetation cover, which includes the primary
information on its composition and structure.
It includes mapping based on remote sensing
data; obtaining information on the distribution
of vegetation cover units of different scale from
formations to individual species.

Spatial analysis of Earth remote sensing
data in combination with field research data
opens up the possibility of statistical analysis
of patterns of distribution and occurrence of
plant communities (including Sosnowsky’s
hogweed).

One of the important tasks of studying
the dynamics of plant populations is modeling
and forecasting the distribution of plant com-
munities, changing their boundaries over time,
identifying corridors suitable for habitats of the
studied plant communities [16].

The detection of the foci of the distribu-
tion of Sosnowsky’s hogweed was carried out

in Falensky, Slobodskoy and Belokholunitsky
dirstricts.

A multispectral space image obtained
from the Sentinel-2A spacecraft on August 23,
2017, was used to test the method for detecting
hotspot distribution. This device is equipped
with an optoelectronic multispectral sensor for
surveys with a resolution of 10 to 60 m in the
visible, near infrared (VNIR) and short-wave
infrared (SWIR) spectral zones, which include
13 spectral channels, which ensures the display
of differences in the vegetation state, including
temporary changes, and also minimizes the
impact of the atmosphere on the survey quality.
The increased width of the survey strip, along
with the high repeatability of surveys, makes
it possible to track rapidly changing processes,
including changes in the nature of the vegeta-
tion during the vegetation period, which makes
it possible to identify hogweeds in different
seasons of the year.

Results and discussion

The processing of multispectral images
was carried out using the ENVI 5.2 program.
Four spectral channels with a spatial resolu-
tion of 10 m were used to search for the foci of
growth of the Sosnowsky’s hogweed: blue B2
(447.6—545.6 nm), green B3 (5637.5—582.5 nm),
red B4 (645.5—683.5 nm) and near infrared B8
(762.6—907.6 nm). The standard way of visual-
ization in the ENVI environment involves using
only three spectral channels to form a color im-
age on the screen. In this case, the best visuall
results are given by the combination of RGB =
B4 + B3 + B2 (in accordance with [19, 20]) and
RGB =B8 + B3 + B2. In the first case, thickets
of hogweed are highlighted in bright green
(Fig. 1, see color insert), and in the second
case — bright yellow (Fig. 2, see color insert).

Conclusion

Thus, the method of visual interpretation of
satellite imagery obtained from the Sentinel-2
satellites series of the European Space Agency
and provided by the agency to the public via the
Internet network can be effectively used to iden-
tify the sources of the spread of the dangerous
invasive plant Sosnowsky’s hogweed. Available
software allows to determine the coordinates of
the hotspot distribution areas, which is the basic
information for operative monitoring of natural
environments and planning of measures to control
the spread of dangerous invasive plant species.
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XapakTepucTrnKa KpMoreHHoro Kasbumra nu3 rewepsbl
paHAano3Hasa (M. B. A. AHy(pureBa), KOXKHbIA Ypan
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OTKpbITasA B 1999 1. neuepa IMpaHAno3Has B pecny6/nke BallkopTocTaH SIBASIETCA 0AHOM U3 KPYTMHEALLNX eCTECTBEHHbIX
KapCTOBbIX NOI0CTeN Ypana. Crieneonornyeckoe nccnefoBaHue nelepbl Beagércs cunamm CanaBatckoro Kiny6a creneosioros
(pecny6nunka BalwukopTocTaH). B 2016 r. B neLlepe KaK Ha KPYMHbIX rblbax, Tak Ha IMUHUCTOM AHe Obl/i 06HAPYYKEHbI
HeobblYHble Ka/bLMTOBbIE 06pa30BaHUS, fieXxalLime B CBO60AHOM NpocTpaHcTBe. Mpy MOMOLLM TemMmepaTypHOro aatanorrepa
HOBO Water Temp Pro v2 6b1710 yCTaHOB/IEHO, YTO B FPOTE, FAe Obln HalifleH Ka/bLMT, B TEUEHUEe BCEro roga HabnogarTcs
CTabubHble NONOXKUTENbHbIE TeMMepaTypbl (KonebaHus He npeBbiwatoT 0,5 °C). Ha ocHoBaHUM MOPI00rYeCKOro, XMmMmn-
YeCKOro 1 M30TOMHOrO M3y4YeHNst 06pasLLoB, a Takxke 1x 2°Th/%4U gatnpoBaHus bbin caenaH BbIBOA O TOM, YTO 3TOT KaslbLIUT
SBNSIETCS KPMOreHHbIM. KOpoUuKu NpescTaBnstoT coboii arperatb! (pasMepom 0 6 CM) pasHOOPUEHTUPOBaHHbIX KPUCTa/I/I0B
KasibLTa C NprmasKamMu riMHbl. TOHaNbHOCTb OKPACKM KOPOYEK 3aBUCUT OT KOIMYECTBA MIMHUCTbLIX YacTUL,. Haxoaka Takoro
KanbLmTa, 06pa3oBaBLLUEerocs Ha rnepexo/e oT Mo3AHero Apmnaca K npedopeany, yKasblBaeT Ha CyLLIECTBOBaHME B 3TO BPeMs Ha
HO>XHOM Ypare gerpaavpytoLleil MHOroneTHer Mep3noThl. Bo Bpemsi 3T0ro, 0BO/IbHO Pe3K0ro, MoTenIeHNs Kvumara, npouc-
XO[WI0 aKTUBHOE NMpoTanBaHue CyLLLECTBOBABLLIEN paHee Mep3/10Tbl, H4TO SAB/ISETCA HEO6XOAMMbIM YCN0BUEM [/15 06pa30BaHuA
KPVOTeHHOro KasibLiMTa B neLlepax. PaspabaTbiBaemast aBTopaMuy METOAUKA OnpefeNieHNs KPMOTEeHHOr0 KaslbLMTa U fpyrmx
MOPHO/IOrMHecKMX hOpM, OCTaBLLMXCS MOC/e NOHOM Aerpajaun Noa3eMHbIX Haneael, No3BOISET OLeHMBaTb MacLUTabbl
O/NefieHeHNS U BENIMYUHY €ro BAUSIHUS Ha KapCTOBble 3KOCUCTEMbI B Npesesiax n3y4aeMoro permoHa.

Kntouesble cnosa: Kap60HaTbI, newiepbl, KONOreHes, M30TOMHbIV cocTaB, reoXpoHo/10rn4, nasieoknnmar.
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Cave Grandioznaya, discovered in 1999 in Republic Bashkortostan is one of the largest natural caves in Ural Moun-
tains. Speleological research of the cave is conducted by the Salavat club of speleologists (Republic of Bashkortostan).
Unusual calcite formations were found in the cave in 2016, as on large blocks, and on a clay bottom in free space were
discovered. Using the temperature data logger HOBO Water Temp Pro v2, it was found that stable positive temperatures
are observed throughout the year in the grotto where calcite was found (fluctuations do not exceed 0.5 °C). On the basis
morphological, chemical and stable isotope studies, as well as the 2°Th/23*U dating, this calcite was found to be of cryo-
genicorigin. Crusts are aggregates (up to 6 cm in size) of differently oriented calcite crystals with clay primers. The color
tone of the crusts depends on the amount of clay particles. Finding of such calcite, formed on the transition from Younger
Dryas to the Preboreal stage of the Holocene epoch is indicative of the presence of degrading permafrost in this part of
Ural at the time. During this, rather sharp, warming of the climate, an active thawing of the permafrost existed, which
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is a prerequisite for the formation of cryogenic calcite in caves. Methods of identification of cryogenic calcite, as well as
other speleothems that remained after disappearance of underground ice, developed by the authors allows assessing the
extent of ancient permafrost and its effect on karst ecosystems in the study region.

Keywords: carbonates, caves, cryogenesis, isotope composition, geochronology, paleoclimate.

JKonornyeckass MMHepasaornsa n reoXuMms
B HacTOsILLEee BPEMS paccMaTpmBaeTcs Kak 04HO
N3 CaMblX BaXKHbIX (HOPMUPYIOLLNXCS HamnpaBse-
HWA pa3BuTUA reoakonorum [1]. OTHocuTenbHas
N30/IMPOBAHHOCTb MNewep, CTabuibHOCTb TEM-
nepaTypHbIX YCMOBUIA 1 LUMPOKOE pacnpocTpa-
HeHVe KapCTOBbIX NOJIOCTeN B Npefenax Ypana,
aTaK>Ke BeJIMKO/IeNHas COXpaHHOCTb CHOPMUPO-
BaBLUMXCA MUHEPasIbHbIX 06pa3oBaHuin fenaet
NX YHUKaNbHbIMW 06beKTaMU A/151 BbISIBIEHUS
CreunduKn NposiBIEHNSA FTeOXMMNUYECKUX NPO-
LLeccoB, MO3BOAILLNX NPOC/EXNBATbL re0Xpo-
HOMOrMYeCKMe 3anncy KNMMaTUYeCKnX CobbITUI
Ha MPOTAXEHUM YeTBEPTUYHOIro nepuoga [2].
AKTyanbHOCTb UCCNefoBaHUI 06ycnoBeHa
BbISIBNIEHMEM B MOCnegHUe rofbl Kommnaekca
N30TOMHO-reoxXnummnyecknx [3], mmuHepanoru-
yeckux [4] v 6uonornyeckux [5] nHaAMKaTOPOB
3HauYMTeNbHbIX TEMMEPaTYPHbIX KoebaHWA.

KpuroreHHbI NewepHbIn KanbunT obpa-
3yeTcs B MeLyepax M3 BOAHOro pacteopa, no-
CTyNarLLero ¢ noBepxXHOCTN, MPU ero Mef/1eH-
HOM 3amep3aHMN B YCNOBUSAX OTpULLaTe/IbHbIX
TemnepaTtyp, COXPaHSALWNXCA B NeLLepHON
NOSIOCTU B TOJILLE MHOTONETHEMEP3/bLIX NO-
poa. Takve ycnoBusa CKNaablBatoTCA Ha aTane
Aerpagaumn MHOFOIETHEN Mep3n0Thbl, KOrja B
pe3ynbTate MoTenneHns Knmmara MOLWHOCTb
aKTMBHOrO CM0S YBEeNMYMBaAETCA HACTO/bKO,
YTO BEPXHASA rpaHULLa Mep3noTbl NepecekaeT
MOBEPXHOCTb MeLlepbl. Mpu 3TOM Boga M3 ak-
TUBHOIO C/I0 MOXKET rnornagarb B 3a/1bl NeLepsbl,
BCE eLLE HaXoAALMXCA B 30He OTpULaTeIbHbIX
Temneparyp, u 3amep3atb. NoCcKoNbKy BO3pacT
TaKOoro KasibLjTa MOXKeT ObITb JOCTATOYHO TOYHO
onpenenéH metogom 2°Th/23U patMpoBaHus, OH
ABNSAETCA YHUKa/IbHbIM UCTOYHUKOM MHDOpMa-
LM 4NS BOCCTAHOB/IEHMS MPOCTPAHCTBEHHOIO
pacrnpocTpaHeHUs MHOTO/IeTHE Mep3/10Thl Ha
NpoTsHKeHUn nocnegHnx 600 Toic. net [6]. Ha
TeppuTOpmUK POCCUMN KPUOTEHHbIN KanbuuT
OblN BrepBble onucaH B rpaHnLax CeBepHOro u
CpepgHero Ypana B newyepax Aunsbs, Poccuiickas
N YcbBUHCKasA-1 [7]. Ha KOXkHoM Yparne Kpuo-
FeHHbIN KanbUWT 6blN 06HapPYy>KeH B Mellepax
BukTopusa v Lyneran-Taw [6]. B HacTosiLel
cTatbe NpeAcTaB/ieHbl pe3ysibTaTbl U3YUYEHUSA
N [aTMPOBaHUA NPeLNONOXKUTENbHO KPUOTeH-
HOro KasbuuTa, HaleHHOro B TpeTbel newepe
KO>kHoro Ypana — M'paHANO3HON.

O6Lume cBefieHUA O newlepe NpaHAMO3HaA.
Mewepa 6bna HalgeHa B. AnekcaHApoOBbIM
B 1999 r. Cneneonornyeckoe nUccrefoBaHve
newepobl Beaétcs cnnamm CanaBaTckoro kiyba
cneneonoro (pecnybnuka balwkopTocTan).
Bnarogaps ycunmam cneneosioros, reepa co-
XpaHAeTca B NPaKTUYeCKU HEM3MEHHOM BUfe.
HaTeuHble 1 gpyruve newepHble OTI0XKEHUSA He
3aTonTaHbl, a B HEKOTOPbIX MeCTaxX OroOpOXKeHHbI.

Mewepa HaxoamTcs B Meney30BCKOM parioHe
pecny6nvkn bawkopTocTaH, B 32 KM 0T 4. Bepxo-
TOp, Ha NpaBoM 6epery p. Yprok, Npasoro Nputoka
p. Hyrywi, Ha abcontoTHOM BbiCOTe 0K0/0 450 M
H. Y. M. Ha cerogHALWHNIA aeHb, newepa nmeet
NPOTSXKEHHOCTb 7181 M 1 rny6uHy 189 m [8].

Monoctb 06pa3oBaHa B N3BECTHSAKAX BepX-
Hekap6oHoBoro Bo3pacTa (C,), NpeAcTaBNeHHbIX
ABYMSI pa3HOCTAMU: GUTYMUHO3HbIMU N3BECT-
HsIKaMW OT TEMHO-CEporo Ao YépHoro ugeta (B
3TUX MOpPOAax 3a/10XKeHa BepPXHAA, NPUBXoL0Bas
YacTb NeLlepbl) Y opraHoreHHbIMM N3BECTHAKaMU
CBET/I0-CEPOro uBeTa ¢ 60/bLUNM KO/IMYECTBOM
nckonaemon tayHbl (B 3TUX Nopojax 3as10xKe-
Ha 60/1bLIAasA YacTb MeLepbl, HaYMHaA C KOHLUa
OCHOBHOI0 MeaHfpa 1 [0 CaMbIX HUXKHUX XOL0B
newiepbl). V3BECTHAKN CNOUCTbIE, NaAalT Ha
ceBep nofg yrnom 100°. B neuyepe BCTpeyaroTcs
NaacTbl U SINH3bl KPEMHUCTLIX MOPOA, UMELD-
LWNX CEPO-CUHIO N KOPUYHEBYIO OKPAacCKY.
B 200—300 M K BOCTOKY OT MneLyepbl BepxHe-
Kap60oHOBble M3BECTHAKN KOHTaKTUPYIOT C
0CaZloYHbIMM MOPOAaMU HMXKHELEBOHCKOr 0 BO3-
pacta (D,), KoTopble NPeACTaB/eHbI NecyaHNKamii
N KBapLMTO-MecyaHnKamu. 3aneraHve rnopos He-
COr/laCcHOE; NX KOHTAKT, M0 BCE BUAMMOCTU, Me-
eT TEKTOHNYeCcKMIA xapakTep [8]. Bxog B newepy
MpaHiMo3Has pacrooXXeH B BOPOHKe-MoHope
rny6uHow 14 m, 3aMblKatoLLe COOOM NOLLNHY,
AnvHoi okono 300 M, B KOTOPOW NPoC/eXXnBaeTcst
pycno BpemMeHHOro BofoToka. Bo Bpems BeceH-
Hero CHerotasiHus UM CUMbHbIX OXAEeN BXOA
B MeLLlepy CTaHOBUTCA MeCTOM MHTEHCUBHOTO Mo-
NOLLLEHMS MOBEePXHOCTHbIX BOA. Mellepa nmeet
CNOXKHYH Mopdponoruo (puc. 1) u oTHOCUTCH
K KOPPO3VIOHHO-3P03MIOHHOMY TUMY.

Hak/Io0HHbIe 1 BepTUKasIbHble yYacTKM Noo-
CTM CMEHSIKOTCA CUCTEMOW MPAKTUYECKN FTOPU30H-
TaNbHbIX X0A40B. CNOXHbIA MOPKONOrNYecKnii
001K MeLlepbl 06yCc/10B/EH HA/I0XKeHVEM Goree
MOJI0fbIX KapCTOBbIX KaHaN0B Ha CUCTEMY [pPeB-
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entrance;:

Pwuc. 1. INnaH newepb! MpaHgnosHasa [8]. Ha Bpeske
nokKasaHa NpMBX040Bas YacTb MeLuepbl. 3BE3A04KO
YyKa3aH0 MeCTO Hax0f4KWN KPMOTeHHOro KasbLumTa
Fig. 1. Schematic map of Grandioznaya cave [8].
Insert shows the near-entrance part of the cave.
Star indicates the location of cryogenic calcite

HWX. BxogHoii meaHap 06pbiBaeTcs 12-MeTpoBbIM
YCTYNOM, KOTOPbI BbIBOAUT B 3a/1 ADPOANTbI
1 BEPXHIOK YacTb 3a/1a Namenbl AHOEPCOH, rae
1 6bl1 06HapPY>XeH UCCNefYeMbI B HACTOSLLEN
pabote KanbuuT. 3anbl ABNAKTCA YacTAMMU
OPEBHUX TOPU30HTa/IbHbIX rasepei newepsbl,
KOTOpble pacnonaratTcsa Ha rnyéuHe 50—58 m
OT NOBEPXHOCTH.

Hw>XHAa yacTte 3ana MNMamenbl AHAEPCOH
ABNAETCHA FTOPU30OHTANIbHOW ranepee, pac-
MOJIOXKEHHOW Ha rnybuHe 70—76 M, BCKPbITOW
npyv o6pyLIEHNN NOPOJ NEPEMBIYKN MeXAy
BEPXHUM N HUXKHUM sipycamn newepbl. B pe-
3ynbTaTe 06pyLLeHNS 1 06beAUHEHNS ranepeid,
rpoT MMeeT BHYLUMTENbHbIA 06bEM N ABNSETCSA
OAHUM M3 caMbIX 60MbLUNX 3a/10B MeLepbl.
Ha gHe 3ana pacnofioXXeH rnbl6oBbIli 3aBan
[8]. TNbI6bI 3aBana MOKPbITbl COEM [/INHbI,
B 60/1bLLIOM KOJINYECTBE BCTPEYAKTCA HATEUHble
Kopbl, cTanarmuTbl (puc. 2 d, cm. 0610XKKa,

c. 3.), MexkZly KOTOpbIMU1 HabNt04al0TCS CBET/IbIE
CKOMJIEHNS HEOObIYHbIX KOPOYKO0Opa3HbIX
arperatoB Kanbuuta (puc. 2 a, b, cM. 0610XKKa,
C. 3), B HEKOTOPbIX MecTax 4aCTU4YHO NnepeKpbl-
TbIX HaTeYHOW KOpon (puc. 2 ¢, CM. 06/10XKKa,
c. 3). MNnowwagb NHANBUAYabHbLIX CKOMEHWIA He
npeBbILIaeT 2—3 M?, MOLLHOCTb — 3—4 cM. Takue
(PopMbl HaxXOXAEeHNA B MeLlepax TUMUYHbI 41
KproreHHoro Kasbuuta [9].

Martepuanbl 1 MeToAbl UccnefoBaHUA

N3yueHre Moponornm n XMMm4eckKoro co-
CTaBa KPUOTeHHbIX Ka/lbLMTOBbIX KOPOK NPOBO-
ANNOCb Ha CKaHMPYHOLLEM 3/1EKTPOHHOM MUKPO-
ckone VEGA 3 LMH ¢ cuctemMoli peHTreHOBCKOro
3HEpProAncnepcnoHHoro mrukpoaHanusa INCA
Energy 350/X-max 20 B TOpHOM UHCTUTYTE
YpO PAH (aHanntuk O.B. KopoTuyeHKOBA).
M30TonHbIe aHanu3bl yrnepoga v Kucaopoga
BbINosHANMCL B Innsbruck Quaternary Group
npun VHC6pyKCKOM yHMBepcuTeTe (PyKOBOAUTENb —
aKageMnK ABCTPUICKOM akafieMuun Hayk, npo-
theccop K. LLINETNb) Ha Macc-crnekTpomeTpe Delta
PLUS XL (Fisher Scientific), ocHawgHHOM aB-
TOMaTUYeCKOW NUHNEN Anst aHann3a KapboHaToB
Ha ocHoBe nHTepgheiica GASBENCH (Fisher
Scientific) no meTognke M3N0XKeHHOW B paboTe
[10].

Z0Th/24U patMpoBKW 6bIIN BbIMONIHEHbI
MeTOJ0M Macc-CneKTPOMETPUN C TEPMUYECKONA
NoHM3aumeli Ha Macc-cnektpometpe MAT 262
RPQ TIMS B yHuBepcuTteTe 1. LLbAH (KuTtai,
pykosoanTenb X. UeHr). Bce KoahhULNEHTbI
aKTUBHOCTW ObIIN BbIYMUCNEHDBI MPU MOMOLLN
NOCTOSAHHBIX PaAnoaKTUBHOro pacnaga ro [3].

Mopdonornyeckue HabnogeHns. N3yyae-
MbIA Ka/IbLMT B MeLyepe npeActaB/ieH KOpoYKa-
MW CBETN0-KOPUYHEBOM OKpacku (puc. 3 a, cMm.
067105KKa, ¢. 3). Kopoukn npeactaBnsaoT co60i
arperatbl (pasMepom L0 6 CM) pa3HOOPMEHTUPO-
BaHHbIX KPUCTA/II0B Ka/bLMTa C NpyMaskamm
rNINHbI. TOHa/IbHOCTb OKPACKMN KOPOYEK 3aBUCUT
OT KO/IMYeCTBa MMNHUCTLIX YacTul, HabnwogeHns
Moz 3N1eKTPOHHbLIM MUKPOCKOMOM MOKa3asu, YTo
POCT KasibLuTa MPOUCXOANI Ha 3arpA3HEHHbIX
FNIMHOM MOBEPXHOCTSAX, U FIMHUCTbIE YacTULbI
aKTMBHO 3aXBaTbIB/INCb PACTYLLIMMUM arperatamu
(puc. 3 f, cm. 06n0XKa, ¢. 3). B 60nbLIMHCTBE
Cny4yaeB, KOPOYKM UMEKDT MNJI0OCKOe OCHOBaHMe
(puic. 3 ¢, cMm. 06M10XKKa, c. 3), NPUYEM B OCHO-
BaHUW HeKOTopbIX (puvc. 3 d, e, CM. 06/105KKa, C. 3)
Hab/1I0AaTCA OTMEeYaTKU KPUCTA/II0B HbIHE He
cyLLlecTBYlOLWEel MUHepanbHON hasbl (1ba?).
Hannume Takmx 0TneyaTkos 6bI/10 ONMUCaHO paHee
4151 06pasy,0B KPUOreHHOro KanbLmta CpefHero
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n CeBepHoro Ypana [7], n MOXeT paccmaTpuBaTtb-
CA, KaK TUMOJIOrMYECKN NPU3HAK KPUOTEHHOIO
Ka/bLumTa.

Kopouku-arperatbl COXKeHbl UHANBULAMM,
4acTo AEeMOHCTPUPYIOLWMMM pacLLenéHHbIN
pocCT, BN/I0Tb A0 NOSAB/IEHNS CHOMOBUAHOM MOp-
thonornn (puc. 3 b, cm. 061103kKa, ¢. 3). Hepac-
LLennéHHble MHANMBUABI 06pa3oBaHbl FPaHsIMMN
OCTPOro pom60agpa 1 NMHaKouaa; MHOr Aa BCTpe-
yarTca KoMOGUHauMmM OCTPOro U HOPMasibHOro
(cnaiHoro) pom6o3apoB. Pasmep oTaenbHbIX
nHanemaos coctasnfet 100—150 Mkm.

Mpumecn. Mo gaHHbIM MOMYKOSINYECTBEH-
HOr0 PEHTreHOCNeKTPa/IbHOro MMKpoaHaIn3a B
KanbLuTe 3atMKenpoBaHa npumMeck cepbl (SO, —
£o 1,71 mon. %). BbisiBeHHbIe B 06pasLax co-
Aep>kaHus Si (o 3,26 at. %), Al (go 2,57 at. %),
K (go 0,83 at. %), Mg (o 0,47 at. %) n Fe (8o
0,63 ar. %) cBA3aHbI C NPUCYTCTBMEM MUKPO-
BKJ/TOYEHUI TAIMHUCTLIX MUHEPaOB U TMAPOK-
CWAO0B XKenesa.

M30TOMHBbIN cocTaB KMCIOpOoLa 1 yriepoga.
M30TOMHBIN aHanm3 yrnepoga 1 K1CIopoga Kaslb-
LUMTa Kopouek aan 3HavyeHus 380 = -13,7%o
V-PDB n 83C = -7,8%0 V-PDB (aHanutu-
yeckasi MorpewwHoCcTb 41 060MX N30TOMNOB
coctaBnset 0,1%o0 Ha ypoBHe 1c). AnAa cpas-
HeHUA 6bl1 NpoaHaIn3npoBaH M30TOMHbLIN
cocTtas cTasiarmmTa, 0TO6paHHOro B TOM >Xe
3asie newlepobl. 88 aHaNM30B, BbIMO/IHEHHbIX
Mo ocu pocTa ctanarmuTa ¢ warom 1 mMm, ganm
HEe3HaYNTENIbHO M3MEHSAIOLWMECA 3HAYEHUA
380 =-10,8+0,3%0 V-PDB 1 8**C = -8,3+0,6%0
V-PDB.

230Th/23%4U patupoBaHue. Uccnegyemblii
KanbLUMT fas Bo3pacT okoso 11,9 Teic. et (tabn.).
[0BONbHO 60/1bLIAA aHaIMTU4YecKasa oLwnobKa,
npesblwatowan 1 toic. net (9,9%) ces3aHa ¢
HEBO3MOXXHOCTbIO MOIHOCTbI0 OYUCTUTL 0bpa-
3ey, OT MIMHUCTbIX YacTuL, 3axBaTblBaBLUMXCSA

B npovecce obpa3oBaHusa arperara. Ctanarmmr,
BbIPOCLLWIA Ha INbl6e B rpoTe NMamenbl AHAEPCOH
Hauyas pactu OKoso 2,6 TbIC. JIET Hasag, U pocT
NpoAo/MKancs, NpakTMyYecKn 4O MOMEHTA OT-
6opa obpasua (KanbLUnUT Ha ry6uHe HECKO/IbKO
MWITMMETPOB OT MOBEPXHOCTU CTaslarMuTa UMeeT
Bo3pacT okoso 80 ner).

Pe3ynbTaTbl M X 06CY>KAEHWE

MoCKOMbKY HaMMune KPUOreHHOro KasibLuy-
Ta B newlepe MpaHAMO3HaA ABNAETCA BaXKHbIM
WHANKATOPOM MNPUCYTCTBUA MHOTO/IETHEN Mep3-
NoTbl Ha KOXXHOM Yparse B KOHLE n/eincTougHa
(B KOHLEe No3aHero gpuaca), cnegyer oLeHUTb
HaCKOJIbKO HaJlé>XHO onpefienéH reHesnc aToro
Kasbumra.

Mpr nomoLLLK TeMrepaTypHOro gatanorrepa
HOBO Water Temp Pro v2 6b1/10 yCTaHOB/EHO,
YTO B rpoTe, rae Obin HalfeH KanbLNT, B TEHEHNE
BCEro rofa HabntogatoTcs ctabusibHbIe MOIOXKN-
TeNbHble TeMnepatypbl (KonebaHWA He NpeBbILLa-
0T 0,5°C, puc. 4). Takmm 06pa3om, B 3TOI HacTu
neLLepbl COBPEMEHHOE 0O/lefjleHeHE, CBA3aHHOE C
JIOKa/IbHbIM HAaKOMJIeHNeM Xo104a U AMHaMu-
YECK1M MPoMOopaXkMBaHWeM MeLlepbl, pa3BnBaTb-
cA He MOXKeT. COOTBETCTBEHHO B COBPEMEHHbIX
NN 6NIN3KNUM K COBPEMEHHbIM, YCNIOBUSAX HEBO3-
MO>XHO 1 06pa3oBaHMe KPUOTeHHOro KasibumTa.
HecmoTps Ha 3To 06CTOATENBCTBO, 60/ILLLUNHCTBO
XapaKTepUCTUK MCCelyeMoro Kanabuurta co-
OTBETCTBYIOT KPUOreHHOMY reHesmncy. Taknmm
XapaKTePUCTUKaMU ABSOTCA:

— XapaKTep HaxoXaeHus B netepe (B BuAe
He60/bLWMX N0 NAOWAAN CKOMMEHWUA Manown
MOLLLHOCTW, 06bIYHO NPUYPOYEHHbBIX K KPYMHbIM
3an1am newepsbl);

— HaxoXK[eHue B MecTax B MeLlepe, rae He-
BO3MOXKHO CYLLLeCTBOBaHME MasibiX BOAOEMOB, a
MMEHHO Ha KPYTbIX IMUHSAHBIX CK/I0HaX (B TaKUX

Tabnuua / Table

Pesynbratbl 2°Th/2%4U patnpoBaHns kKapboHaTHOM KOPOUKM 1 cTaniarMmTa 13 netlepbl 'paHano3Hol
Results of 22°Th/%*U dating of the carbonate crusts and the stalagmite from Grandioznaya cave

238 1 1
Ne| Sample Uprmlary, 20Th ppt** | 2Th /20 Age uncorrected, | Age corrected, Relatl\o/e
ppm years years error, %
1| Cryogenic 8,15+ 572920+ | 0,1459+
calcite 0,05 12130 0,0110 136154120 | 11895+175 | 9.9
2 | Stalagmite 1,66+ 3082794+ | 32,58+
(bae) 6oL 21007 520 2683,0+16,4 | 2644,24257 | 1,0
3 | Stalagmite | 1,020+ 273957+ | 0,9724+
(vertex) 0,006 5059 0,0745 83,0+7,7 83,0+5,3 6.4

MpyMeyaHwve: *ppm — 0fHa MUMOHHASA YacTb BENIMYMHbBI UK 107 3HAYeHMA BeNMYMHbI; **ppt — ofHa TPUIINOHHAA
YyacTb BeIMUUHBI UK 10712 3HAYEHNS BENIMYMNHBI.
Note: *ppm — parts per million, or 10 of value; **ppt — parts per trillion, or 102 of value.

41

TeopeTnyeckasa n npuknagHas akonorua Ne2, 2018




MOHUTOPWHI AHTPOIMOIMEHHO HAPYLLUEHHbLIX TEPPUTOPUI

42

ot
<t

ot

P
N

Temmneparypa / Temperature, °C
o~
=~ wt

3,9 T T
UIOHb UIOJb @B CEHT OKT Hos0 ek  sHB e Mapr amnp Mail WIOHb UIOJIb  aBD
2016 2016 2016 2016 2016 2016 2016 2017 2017 2017 2017 2017 2017 2017 2017
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

Jlata / Date
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Fig. 4. Air temperature in the “Hall of P. Anderson” between June 2017 and September 2017. Shown
monthly means were calculated from data obtained at 30 min-resolution. Analytical error is £0.1 °C

BOAOEMaxX MOXHO NpefcTaBUTb 06pa3oBaHme
CXOXKNX KOPOYEK KasbLnTa — padtoB);

— XapakTtep 1 MoOpg0/1I0rnsa MUHEPasIbHbIX
arperatoB (HeCLEMEHTMPOBAHHbIE MeX Y CO60ii
KOPKM 1 38pHa; Ha/lMume «0TrnevyaTKoB» MUHe-
pasibHbIX (ha3, NPUCYTCTBOBAaBLUNX MPY KpUcTas-
NM3aL MK, HO BNOCNEACTBUN UCHE3HYBLUNX);

—Ha/M4ymne B COCTaBe KasbLuTa npumMecu
cepbl, YTO XapaKTepHO A/ KPUOTEHHOT0 Kaslb-
uMTa pyrux paioHoB Ypana,

— 0cob6eHHOCTUN KpucTanamsaumm (yacras
BCTPeYaeMOCTb PacLLEernIEHHOro pocTa KpUCTa/1/10B).

OfvH 13 Hanbonee HaféXXHbIX KpUTepuUeEB,
N30TOMHbIN, He AaéT O4HO3HAYHOI O MOATBEPXKAe-
HWSA KPUOreHHOI 0 reHe3unca KasbuyTa 13 neLuepbl
"paHano3Hoii. o cpaBHEHMIO C 0ObIYHBIMW Ha-
TEKamK, 06pas3yoLLMMINCSA B TOW XKe reorpaduye-
CKOW 30He, KPUOreHHbIV Ka/lbLUT JO/IKEH MMETb
06/1er4€HHbIA M30TOMHbIN COCTaB KMCNopoaa, a
Tak>Ke 60nee «TsHKENbIM» cocTas yrnepoga [11].
3T0 CBA3aHO C MexaHN3MOM 06pa3oBaHus Kpro-
reHHOro KasibLyTa npy MeL1eHHOM BbIMepP3aHuin
pacTBOPOB, NMPUBOAALLEM K (hPaKLMOHNPOBaHWNIO
N30TOMOB KNC/OPOAa MeXay /ibAOM M 0CTaTou-
HbIM PacTBOPOM, a TAKXKe C PeXXMMOM ferasaumm
CO, [12].

HecmoTpsi Ha 1o, UTO UCCNefYyeMbIii KaslbLUT
06/1er4éH No OTHOLLIEHWIO K Ka/IbLUTY FOM0LEHO-
BOro cranarmmta no 680 (Ha 3%o) 1 yTSXKENEH No
d8C (Ha0,5%0), UTO COOTBETCTBYET KPUOTEHHOMY
MexaHW3My pocTa, CrefyeT OTMETUTb, YTO CXOXKKe

abCconoTHbIE 3HaYeHMA 30 6b1IM NONYyYeHbl U
[/151 HEeKPUOTeHHOro (CTaslarMMTOBOr0) KasibLmMTa
n3 KnHagepnnHckoii neuwtepbl (FKOXXHbIA Ypan),
obpa3oBaBLLErocsl NPUGAN3NTENBHO B TO XXe
BPEMS, YTO M Ka/lbLUT, NCCNeayembli B JaHHOW
pabore [13].

Bonee HeratMBHble 3Ha4YeHUs 380 cTanar-
MuTa n3 KUHAEpIMHCKOM newepbl 06bACHAKTCA
60siee X0MO4HbIM, MO CPABHEHWIO C FOI0LEHOM,
K/IMMaToOM MO3A4HEro gpuaca.

Ba>KHbIM, XOTS U KOCBEHHbIM, aprymMeHTOM
B MO/Ib3Y KPUOreHHOro NPOUCXOXKAEHUA UCCe-
Ayemoro Kanabumta u3 rewepbl FpaHanMo3HOM
ABNSETCA ero Bo3pact. OH COOTBETCTBYET, B paMKax
OLLIMOKM JaTMpoBaHUSA, rnepexomLy OT XONO4HbIX
YCNOBWIA MO3AHEro Apuaca K 3HaumTenbHo 6oree
TEN/IbIM YCoBUAM npebopeana. Bo Bpems 3Toro,
[0BO/IbHO PE3KOro, NOTEN/IEHUA KMMaTa, Mpouc-
XOAMN0 aKTUBHOE NpOTanBaHme CyLL,eCTBOBaBLLEN
paHee Mep3N0Tbl, YTO ABNSAETCSA HEOOXOAUMbIM
ycnoBuem nsi 06pa3oBaHMsi KPUOrEHHOMO Kaslb-
umTa B newyepax. Bpemsi 06pazoBaHmsi 601bLLVH-
CTBa 06pasLL0B KPUOTEHHOI0 KaslbLnTa, HangeHHO-
ro B Apyrux netepax Ypasna, Takxe npuypoyeHo K
nepexojam OT XO/I04HbIX MHTepCTaanasos K 6osee
TénnbIM cTaguanam [14, 15].

3aK/o4YeHne

Ha ocHoBaHNN N3y4YeHNA He0ObIYHbIX KOPOK
KasibuuTa, 0To6paHHbIX B rewepe IMpaHAMo3HasA,
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a Takxke ero Th-U gaTMpoBaHUsi Mbl MPULLINA
K BbIBOly O TOM, UTO 3TOT Ka/bLUT SIBNSIETCS
KpUOreHHbIM. HaxoKa KpUOreHHOro KasbLm-
Ta, 06pa30BaBLLErocs Ha Nnepexoae oT Mo3AHEro
Apviaca K npeGopeasty yKasblBaeT Ha CyLLLeCTBOBa-
HIe B 3T0 BPeMsi Ha KOXKHOM Ypasie MHOTo/eTHE
MEp3/10Thl.

PaboTa BbINo/HEHA MpU NOALEP>KKE rpaHTa
PO®DU Ne 16-55-14002 «Murpaums rpaHubl
MHOr0/1e THel Mep30Tbl Ha rpaHuue EBpona-Asns
B nnelicTouegHe» 1 rpaHTa FWF Ne 027070 (AB-
cTpusa) «Pleistocene permafrost boundary shifts at
the Europe-Asia border».
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PeakuUus NMULLIAAHNKOB Ha 3arpsi3HEHNE cpejbl
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MpencTaBneHbl gaHHble 0 (PYHKLMOHA/IbHOM COCTOSIHUM TPEX BUAOB nuwainHukoB (Hypogimnia physodes, Lo-
baria pulmonaria u Peltigera aphthosa), o6uTaloLWmMx Ha yyacTKax C pa3HO CTEMEHbI0 3arpsi3HEHMST B 30HE BAUSHUSA
CpefHe-TMaHCKOro 60KCUTOBOMO PyAHMKA. Y CTaHOBMIEHO, YTO 3arpsi3HeHNe cpefbl 60KCMTOBOW MblNbi0 MPUBOANIIO K
HaKOM/IEHMIO B Ta/I/IOMaxX MeTasl/ioB, 0COGEHHO a/TIOMUHUS 1 YKenesa, 3HaunTe/IbHast YacTb KOTOPbIX IOKa/IM30Baiacb Ha
MOBEPXHOCTU NNLLIANHMKOB. BO BHYTPUKAETOUHOM hpaKumm o6Hapy>keHo oT 3—10% (Mn, Fe, Al, Cr, Pb) go 40% (Cu)
BCEro UX KoMmM4yecTBa. Ha MMNakTHbIX yyacTKax oTMevanu cHumkeHue Ha 10—15% cogepykaHus B 6uomacce yrnepoja —
npoAyKTa acCCUMUNALMOHHON AesATeNbHOCTM hOTOOMOHTA. JINLIANHWKN € 3arpsA3HEHHbIX YHaCTKOB OT/IMYa/IUCh BbICOKUM
YPOBHEM NIMMONePOKCUAALIMM N MOBbILLIEHHOM aKTUBHOCTBI0 aHTUOKCUAAHTHbIX (DepMEHTOB, YTO YKa3blBaeT Ha pa3BuTme
OKWCNNTEIbHOTO CTpecca. 3ak/4nan, YTo NpUMeHeHe GU3M0N0rMYeCKNX MNOAXOLOB B IMXEHOMHAMKALUN ABNSETCA
3(h(heKTMBHBIM CMOCO60M MOHUTOPUHIA 3arpAA3HEHUS CPefbl M MO3BO/IAET BbISABUTL MepPBble MPU3HaKK HapyLLEHWIA 331010
[0 CHUXXEHUS XKU3HEHHOCTU M TAKCOHOMWYECKOTO pasHoo6pasns NnLIainHNKOB.

K/toueBble C/oBa: IMLIARHNKN, IAXEHOUHAMKALLMSA, GOKCUTOBAS Mbl/lb, METa/I/Tbl, KOMMAPTMEHTAIN3ALMSA 3/IEMEHTOB,
OKMCINTESNbHbIA CTPECC, MEPEKMCHOE OKMCIEHME MMI/O0B, CYNepOKCUAAMCMYTa3a, MepoKcnasa.
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The response of lichens to the environmental pollution
under the bauxite mining in the taiga zone

© 2018. T. K. Golovko, M. A. Shelyakin,

I. G. Zakhozhiy, G. N. Tabalenkova, T. N. Pystina,

Institute of Biology of the Komi Science Centre of the Ural Division RAS,
28 Kommunisticheskaya St., Syktyvkar, Komi Republic, Russia, 167982,
e-mail: shelyakin@ib.komisc.ru

The activity of the mineral complex enterprises resulted in the pollution of the biosphere by the products of mining and
processing of minerals. The open method of mining is the most vulnerable for the landscapes. Northern ecosystems have
relatively low capacity of self-purification and self-healing, which increases their vulnerability to anthropogenic impact.

The functional status of the three lichen species (Hypogimnia physodes, Lobaria pulmonaria and Peltigera aphthosa)
from the areas with different degree of pollution in the zone of influence of the largest in Eurasia Middle Timan bauxite
mine was studied. It is shown that the bauxite dust pollution led to the accumulation of metal compounds in the thalli,
especially aluminum and iron. Their content in the lichen samples collected on the plot located near the concentrating
mill, reached 16000—20000 ug/g of dry weight (DW). It is 40 times more compared to relatively clean (background)
site. The significant part of the metal compounds was localized in the surface fraction. In the intracellular fraction it was
detected from 3—10% (Mn, Fe, Al, Cr, Pb) to 40% (Cu) of their total amount.

The content of organogenic elements (carbon, hydrogen and oxygen) was lower by 10—15% in the thalli from
impact areas. These thalli showed a high level of lipid peroxidation and increased activity of antioxidant enzymes that
indicate the development of oxidative stress. The lipid peroxidation, and superoxide dismutase, and peroxidase activi-
ties were increased by 1.5—2 times. Judging by these parameter values, the reaction of three-component cyano-lichens
L. pulmonaria and P. aphthosa to pollution were expressed more strongly in comparison with chloro-lichen H. physodes.

It was concluded that the application of physiological approaches increases the efficiency of lichenoindication and
allows us to identify the first signs of defects long before significant reduction in vitality and taxonomic diversity of

lichens will become apparent.

Keywords: lichens, lichen-indications, bauxite dust, metals, compartmentalization of elements, oxidative stress,

lipid peroxidation, superoxide dismutase, peroxidase.

LeAaTenbHOCTb NPesnpuUsaTUiA MUHepasibHO-
CbIPbEBOr0 KOMI/IEKCA MPUBOANT K 3arpsA3HEHNIO
6rocepbl NpoayKTaMmu 4obblun 1 rnepepaboTKm
nosiesHbIX UcKomnaembiX. K KOHLY XX cTonetus
Ha HalLlei nnaHeTe JobbIBasiocb 0Ko10 100 Mapa T
pasnnyUHbIX pya, roprovnX UCKOMaeMbIX, CTPOU-
Te/lbHbIX MaTepuanos, 1 B TOM vncie, 6onee 800
MIH T MeTannios [1]. Mpu atom B pesynbrarte
XO03AACTBEHHOWN AeATeNbHOCTU YenoBeka B 61o-
cthepy noctynuno 6onee 100 TbiC. pa3INYHbIX
XVMUNYECKUX BELLECTB.

P4 XMMUYECKNX 3/1EMEHTOB U COeMHEHWNIA
0Kas3blBaeTCA B 30He rvnepreHesa — B oTBasiax
NyCTOM NOPOAbI U TEXHOTEHHbIX HaHocax. OHM
CMOCO6HbI TPAHC(OPMMPOBATLCA N MUTPUPOBATD,
0Ka3blBas HeratMBHOE B/IAAHWE Ha KOMMOHEHTbI
NPUPOLHON cpefbl. CeBepPHble IKOCUCTEMbI OT-
JNINYaI0TCA CPaBHUTENBHO HU3KVM NOTEHLMAIOM
CaMOOYMLLEHNA N CAMOBOCCTAHOB/IEHUSA, UYTO
NOBbILLAET UX YA3BMMOCTb MPU TEXHOTEHHbIX
BO3eicTBNAX. HanbonbLuen onacHoOCTM Noa-
BepratoTca naHwadTbl Npy OTKPbITOM crnocobe
[06b14KM NONE3HbIX UCKOMAaeMbIX.

KpynHeiiwiee B EBpa3uu CpeaHe- TMaHCKoe
MECTOPOXKAEHME 6OKCMTOBO Py /ibl PACMONOXKEHO

B MeXKaypeube pek BopblikBa 1 BbiMb (Nog3oHa
ceBepHo Tanrn, Pecnybnuka Komn, 64°18°1”
c.w.,51°8°22"”B. 4.). Ero ocBoeHue 66110 HAYaTo
B 1992 r.,, a ¢ 1998 r. BeféTCA NpoMbILLIEHHAA
Jo6blva pyabl. ICTOYHUKaMM ra3onbl/ieBbIX Bbl-
6pocoB Ha TeppuTopumn CpeHe-TUMaHCKOro 60K-
cutoBoro pyaHuka (CTBP) aBnsawTca Kapbepbl,
OTB&/1bl BCKPbILLHbLIX MOPOJ, MeXXMNpPOMbIC/0Bble
TEXHOJIOrMYeCcKMe aBToLopOrn, Nogbe3gHas Xe-
Nne3Has popora, paboraroLas TexHuKa n 6ypo-
B3PbIBHble paboTbl. BOKCMTOBAsA Nbl/ib 06pasyeT-
CA MPaKTUYECKN Ha BCeX aTanax Nnpoun3BofACTBa,
HaunHas Cc NpoBefeHNs B3PbIBHbLIX PaboT 1 3a-
KaH4YMBasi Norpy3Koi pyabl B XKeNe3HOA0POXKHbIe
cocTasbl.

O6LLEenpU3HaHO, YTO IMLLIANHUKMN ABMIAKOTCA
Hambonee yao6HbIMU 06 beKTaMu a1 BUOUHAM-
Kauun COCTOSTHUA OKpY»>KatoLlen cpegpl [2—4].
OHM He UMEKT KOPHEeN, 3alnTHbIX MOKPOBOB
N YCTbULL, CNOCOOHbI CYLLIECTBOBATb B 3KCTpe-
MasibHbIX YC/IOBUAX CPeabl U MOTYT Hakan/am-
BaTb XMMUYECKMNe COefVUHEHNSA N3 aTMOChepbl U
0CaflkoB B 3Ha4YUTeNbHbIX Konnyecteax. Kpome
TOro, NMNWAaNHNKN — JONTOXKUBYLLME U MELJIEH-
HopacTyLMe opraHn3mbl. CTpoeHMe Ux Tasisioma
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NPaKTUYECKM He N3MEHSETCHA Ha MPOTSXKEHUN
BCEro »XM3HeHHoro uukna [5, 6].

B uensax 6MonHanKaumm 06bI4MHO MCMNOSb-
3YKT CBOWCTBO /INLIANHUKOB aKKyMynmpo-
BaTb MOJIIOTaHTLl. Kpome TOro, oueHuBaroT
pasHoobpasne 1 XU3HEHHOCTb JINXEHOBOUOTHI.
CHWMXeHne TaKCOHOMWYECKOro pasHoobpasus,
06MNNSA W XKN3HEHHOCTM NTULLIANHMKOB SIBNSIETCS
NPU3HAKOM CUJIbHOTO 3arpsA3HeHNs TeppuTo-
pun. Pexke NpoBOAAT U3yyeHUe (PU3MN0N0ro-
OMOXUMMYECKOr0 0TBeTa NNLWIAAHNUKOB Ha 3a-
rpsAA3HEHMe, YTO NO3BOJISET BbISABUTb HAPYLLIEHUSA
NPOLLECCOB XXN3HeeATENIbHOCTN Y Ke Ha PaHHUX
3Tanax BO3AeNCTBUS.

B 30He BnnsaHuA CTBP Ha 15 NoCTOAHHbIX
NyHKTax HabnogeHns 6b110 3aperncTprupoBaHo
53 Buga MmakponuwaiHnKoB. 3a nepmog Habnto-
AaeHnii (2002—2015 rr.) BngoBoe pazHoobpasme
NMLLIANHMKOB NPaKTUYECKN HE N3MEHMIOCH, HO
nokasartesiv UxX 06UNNA N XKN3HEHHOIO COCTOSAHUSA
3aMeTHO yXyALWnIncs. Ha 6o/bLWMHCTBE Tasl/lo-
MOB HabntofaeTcst HaNET KpacHOM 60KCUTOBOWA
NbIX, B KOTOPOW NPUCYTCTBYHOT OKMUCUABI alto-
MUHWSA, XKene3a, KpeMHUA 1 ap. metannos [7].
Monagas Ha Ta/lNoMbl, NblieBaTble YacTuLbl U
cofepykalmecs B HUX XMMUYECKMe BeLLecTBa
MOTYT NPOHUKaTb BHYTPb N OKa3blBaTb TOKCU-
yecKoe JielicTBue.

Llenbto faHHo paboTbl 6b1710 OLEHUTb HAKO-
naeHne MeTas1/I0B B INLLANHUKAX U BbISIBUTb NX
peakumio Ha 3arps3HeHe cpefbl B 30He BNINAHUSA
CpefHe-TrMaHCKOro 60KCUTOBOIO pyaHUKa. Ans
3TOro MccnefoBav 0bLLee cCoaepXkaHne MeTas110B
N X NOKaIN3aumIo B CNI0EBULLAX NNLLIAAHMKOB,
a Tak>Xe ypoBeHb OKUC/INTE/NIbHOro cTpecca B
Ta/1I/IoMax Mofe/IbHbIX BUJOB.

Matepuasnbl U MeToapbl

XapakTepucTuka o6beKTOB mUcciegosa-
HWA 1 MecTa oT6opa NMMWanHNKOB. B KayecTBe
06EKTOB MCCMeL0BaHNSA UCMO0/b30BA/IN T/I/IOMbI
TPéX BUAOB NIMCTOBATLIX ULLAAHNKOB: Hypogim-
nia physodes (L.) Nyl., Lobaria pulmonaria L.
(Hoffm.) n Peltigera aphthosa (L.) Willd. Bei6op
AaHHbIX NNLIAAHMKOB OCHOBbLIBA/ICA HA TOM, YTO
BCE OHW NPUCYTCTBOBA/IM Ha Y4YacTKax ¢ pa3HoMn
CTeNeHbH 3arpsisHeHnsi. Hypogimnia physodes —
aNnUgUT, 06UTaeT Ha CTBOMAX M BETBAX XBOMHbIX
N NNCTBEHHbIX AepeBbeB. BepxHAs nosepx-
HOCTb Ta/I/IOMOB Pa3/INYHbIX OTTEHKOB CEPOro,
HVKHAS — OT YEPHOI [0 TEMHO-KOPUYHEBOMN,
MopLUMHUCTad, 6e3 pu3nH. H. physodes — xso-
PONNLLIAAHUK, (POTOBNOHTOM KOTOPOT 0 ABISAKOTCA
3eN1éHble X/IOPOKOKKOBbIe Bogopocnn. Peltigera
aphthosa nmeet g0BO/IbLHO KPYMHbIA NNCTOBA-

TbIA TanaoM rony6oBato-cepoBaTo-3e/1EHOr0
uBeta B CyXOM COCTOSSHUM U SAPKO-3eN1EHOr0
BO BMlaXKHOM. O6uMTaeT Ha rnoyse Cpein MXO0B,
3amLUesIbIX OCHOBaHUSAX CTBO/IOB U BaIeXXHUKE,
BO B/IXKHbIX 3aTeHEHHbIX MecTax. Momumo 3e-
NEHbIX BOJOPOCEN, 06pa3yoLLNX anblrasibHbIl
C/OW, Ta/1NIOMbI COEPXKaT LinaHobaKTepun poga
Nostoc, cnocobHble (hMKcMpoBaTb aTMOCEPHbINA
a3oT. Lobaria pulmonaria — KpynHoAncToBaTbli
NLWAaAHNK, Ta/1I/IOM KOTOPOr0 COCTOUT U3 KOXKM-
CTbIX SlonacTeil. BepxHsis NOBEPXHOCTb SionacTeit
0/INBKOBO-3€/1EHOr0 LBeTa, ceTyaTo-ckiagya-
Tas ¢ rnybokMmun BnagmHamu, nNpu nojcbixa-
HUW CTAHOBUTCA CEpPO-KOpWUYHeBOM. Mocens-
eTCS Ha BMIaXKHOW, 4aCTo 3aMLLEN0N KOpe B HMXK-
Heli YyacTu CTBO/IOB /INCTBEHHbIX, PEXXe XBOM-
HbIX AepeBbeB. Kak n P. aphthosa, nobapus
ABNAETCA TPEXKOMMOHEHTHbIM NINLLAAHUKOM,
COZepPXXUT 3eNéHble BOAOPOCN U LMaHobaK-
Tepuun poga Nostoc. L. pulmonaria Bk/oveHa
B KpacHyto kHury Pecny6nvku Komu [8] ¢ Ka-
Teropuein oxpaHbl 2 (TAKCOH C COKpaLlatoLencs
UNCNEHHOCTbLHO).

JnwiaiiHmnkm otémpani B aBrycte 2015—2017 rr.
B CTapOBO3PAaCTHbIX e/lbHMKaX 3e/IEHOMOLLHOIO0
TUNa Ha Pa3HOM YalleHUN OT MPOU3BOACTBEHHbIX
00BEKTOB. Y4acToK 1 — yC/10BHO (hOHOBasi TeppU-
TOpUSA, Hanboree yaanéHHas OT NPOMbILLIEHHOM
30HbI (0KO/10 4 KM), 2 — y4YacTOK CO CpefHUM
YPOBHEM 3arpsA3HeHUs, PacrosioXXeH B Hero-
CPeACTBEHHOM 6/1M30CTU K MHTEHCUBHO UCMOb-
3yeMbIM 151 NepeBO3KM pyLbl aBTOMOBUIbHBIM
foporam, 3 — CU/IbHO 3arpsi3HEHHbIN y4acToK
B6/IM3M LUMXTOB&/IbHOIO CKNaja.

MeTogbl nccnegosaHuns. Obpasubl NMLIan-
HMKOB (N0 15—40 Tan10MOoB € KaXK0ro y4acTka)
TpaHCNopTUPOBa/IN B 1a60PaTOPUIO B TEUEHME CY -
TOK rocsie otéopa. AHaIN3 3/1IeMEHTHOr 0 cocTaBa
JIMLLIANHVKOB BbINOMHAN C MPUMEHEHWEM METO-
[ia OMTUYECKOM 3MUCCUOHHOM CMEKTPOCKONUN C
WHAYKTMBHO CBSA3aHHOW Nna3Moi Ha npubope
«SPECTRO CIROS-CCD» B 9KOaHa/IMTUYECKOA
naéoparopun NHctutyta 6mnonornm Komm HLL
YpO PAH, akkpeantoBaHHoW deaepanbHOiA
cny>k6oii no akkpeauTaumm (ATtectaT 06 akkpe-
anTaumm POCC RU.0001.511257 ot 26 deBpanst
2014r.). CogeprkaHme MUHepasibHbIX 3/1EMEHTOB,
BK/IHOYasA TSXKENble MeTas1/Ibl, ONpeaensain nocne
MUHepanusaumm npob 65%-+Hoii HNO, B npu-
cytcteum H,0,,.

M3yueHre nokannsaumm meTasiioB B Ta/10-
Max nposoaunu cornacHo [9]. MNocnegosatenbHO
BbIZENANN YeTbIpe hpakuunK: MblieBble YacTULbI
C NMOBEPXHOCTU TUI/IOMOB, 3KCTPALIE/THO/IAPHYIO,
WNHTPAaLE/NIONIAPHYIO U OCTaTOYHY0. [bieBble
4yacTuLbl CMbIBaIN AUCTUNIMPOBAHHOWN BOLOW
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Tpu pasa no 30 MMH Ha BCTpAXKMBaTese. SKCTpa-
LeNINAPHY pakumio n3snekanm 20 MM pac-
TBOPOM TpU/oHa b, aKCcTpakLuio NpoBOAUAN TP
pasa no 30 MMH. 3aTem 06pasubl BblAep>XKMBaIN
B TeveHwue 12 4 npu Temnepatype 80 °C ans pas-
PYLUEHWS KNETOYHbIX MemMbpaH, rnoc/e Yero BHOBb
TpMXKAbI aKcTparmuposann 20 MM pacTBOpoMm
TpynoHa b ans BblaeneHNs NHTPaLeNItNSPHOM
tbpakumn.

Cogep>kaHue asoTa, yrnepoga, sogoposa v
Kucnopoga B 6momacce Tasi/loMOB U3MeEPSAN C
rnomoLubto anemeHTHoro CHNS-0O aHanusatopa
(EA-1110, Ntannsn) B LIKI «Xpomatorpadgusi»
WHctutyTa 6uonornm Komm HLL YpO PAH.

UyBCTBUTENbHOCTb /INLIAMHNKOB K 3a-
rPA3HEHUIO XapaKTepn3oBaan no BesIMYnHe
nepekncHoro okucneHmsa nunugos (MoOJ1)
N aKTUBHOCTM OCHOBHbIX aHTUOKCUAAHTHbIX
(bepmeHTOB — cynepokcuaaucmytasbl (COA) w
reaskonnepokcugassl (MK). Bennunny MOJI
OLIeHMB&/M MO HaKOMJIEHWIO B Ta/I/IOMaxX MPoayK-
TOB, pearnpyoLmx ¢ TMobapouTypoBOIA KNCNOTOM
(TBEK-PIT) n Bblpaxkanu B HMonb TBK-PI1/1
cyxow macchl [10]. Ana onpeaeneHnst akTuB-
HOCTW @HTMOKCUAAHTHbIX (DEPMEHTOB BbICEYKN
13 Tasinomos (500 Mr) huKcnpoBanu B XXNAKOM
asoTe U pacTupann B NpUcyTcTBum hocgaTHOro
oyhepa (KoHueHTpaums 100 mM, pH = 7). lNo-
MOreHaT LUeHTpUdyrmposaiv B TedeHve 20 MUH
npu 15 000 g. Bce npoueaypb! BbIMOAHAAN NPK
4 °C. AkTuBHOCTb COJ] onpegensann CnekTpo-
(boTOMeTpUYECKN MO CMNOCOBHOCTU (hepMeHTa
NHIrM6MpoBaTb POTOXMMUYECKOE BOCCTAHOB/Ie-
HMe HUTPOCKHero TeTpasonns [11]. AKTUBHOCTb
nepokcmaasbl OLeHMBaNM Nno CKOPOCTU Monu-
Mepu3aLnu reaskona jo terparsasikona [12].
AKTUBHOCTb (DeEPMEHTOB BblpaKa/Iv B YC/IOBHbIX
eIMHMLLaX B NepecyéTe Ha MIr pacTBOPUMOro 6en-
Ka (en./vr 6enka). Konnyectso pacTBOPMMOro
6enka B nccnefyemoMm martepuasne onpegensnm
no metoay Bradford [13].

CTaTucTunyeckan obpaboTka AaHHbIX.
OnpefeneHve Bcex BMOXMMNYECKUX MOKa3are-
Neit ANnsa KaxK[on cepumn n3MepeHuii NpoBoAnan
B TPEX-NATMKPATHON OMONOrNYeCcKor 1 ABYX-
TPEXKPATHON aHaNMUTU4YeCKO MOBTOPHOCTSAX.
[NA BbIABNEHWA BINAHUA (haKTopa 1 CpaBHEHUS
CPefHUX BEMMYUH NMPUMEHANN LUCTIEPCUOHHbIN
aHann3 ANOVA (kputepunii [lyHkaHa). Crta-
TUCTUYECKYH 06paboTKy AaHHbIX MPOBOANN
B nporpamme Statistica 10 software («StatSoft
Inc.», CLLUA). Bce pacyéTbl OCYLLECTBNAN MPU
3alaHHOM YpOBHE [J0BEPUTE/IbHOM BEPOATHOCTU
P > 0,95. B Tabnuuax, ecim He yKazaHO WHOE,
npefcTaB/ieHbl CpefHne apudmMeTnyecKme 3Ha-
YeHUA U UX CTaHAaPTHbIE OLLUNOKMN.

Pe3ynbTaTbl 1 UX 06CY>XKAEHNE

JINWanHVKM — HafopraHM3MeHHas CTPYKTY-
pa, NpeAcTaBNAT cob0i accoLmaLio MUKOOVOH-
Ta (rpmb) v hotobmoHTa (3enéHasn Bogopocsib u/
nnu umaHobaktepus). ®OTOGMOHT npeBpaLlaeT
rPMGHOI reTepoTPOHBIN OpraHn3mM B aBTOTPO-
HY0 accoumanmio. OH cHabXaeT rpnb opraHmye-
CKMM YrNepoLoM M NPOAYKTammn B610N0rMYeCKOi
asoTdmkcaumm (B cnyyae UmaHobaktepuin). Mu-
KOOVOHT JOMUHMPYET B INLLIANHNKAX, Ha ero A0S0
npuxoantcsa o 90% 6uomacchl, OH onpeensiet
rabutyc Tassioma, co3gaéT ycnosusa ans PyHK-
LMOHMPOBaHMSA (POTOOMOHTA, 3allinLLLaeT ero ot
CTPECCOBbIX BO3AECTBUIN BHELLUHMX (DaKTOPOB.

Yrnepop, BOAOPO4 N KUCNopog B 6romacce
Ta/1/IOMOB AAB/IAKOTCA PE3Y/IbTATOM aCCUMUNALM-
OHHOW feATenbHOCTM (hoTobMOHTa. CoaeprkaHme
C v O B Tas1/10Max BapbupoBasio B npefenax 40—
45% cyxoii bromacchbl (Tabn. 1), 4To TUNMYHO ANS
tpoToaBTOTPOChOB. BKNas H He npesbiwan 6—7%.
He BbISIBNEHO CYLLECTBEHHbIX OT/IMYNIA MeXAY
BuAamun B cogepxxaHum C, O, H, HO npocnexxum-
BaeTCA 3aMeTHOe CHVD>KeHMe KOHueHTpauun (B
cpegHem Ha 10—15%) JaHHbIX 3/1EMEHTOB B 610-
macce Ta/lJIOMOB C YBe/IMYEHNEM 3arpsi3HEHUS
cpegpl. Cofep>kaHume a3oTa B bruomacce X10ponn-
WwarHuKa H. physodes 6b1710 B 4—6 pa3 MeHbLUe,
yeM y nnwanHuKoB L. pulmonarian P. aphthosa
C a30TONKCUPYOLLMMY LMaHO6aKTEPUAMU B CO-
CTaBe Ta/I/loMa. 3arpsa3HeHre cpefbl 0Ka3biBaio
HeofMHaKOBOE [eCTBMNE Ha CofjepXKaHe a30Ta B
Ta/I10Max UccnefoBaHHbIX IMLLANHNKOB: CHUXKa-
noy P. aphthosa, ysennumnsano y H. physodes u
He noenusnoy L. pulmonaria.

O cTeneHW 3arpsi3HeHUs NaHALWadToB B X04e
A06bIYN BOKCUTOBOW pPyfbl MOXXHO CyAUTb NO
aKKyMyNSALNM XUMUYECKUX 3/IEMEHTOB B Ta/1/10-
MaX NULLIAARHMKOB, 0TOGPaHHbIX Ha Pa3NnyHbIX
y4yacTkax. 15 3T0ro ucnosib3oBanin aNnUUTHbIN
nmwariHuk H. physodes, 061nbHO 3acensaroLwmii
CTBOJIbI Y KPYTHbIE BETBU [|ePEBLEB B 30HE B/INA-
HMA CTBP. Kak BUAHO N3 faHHbIX Tabnul, 2 1
3, Ta/loMbl HaKannvBann Kak HeobxoAnMble
A5 XKN3HEAEeATENbHOCTH, TaK 1 NOTEHUNaIbHO
ornacHble 3/1eMEHTbl B 3HA4YUTE/IbHbIX KOMU-
yectBax. o HakonieHWo B 61omacce MOXKHO
BbICTPOUTb CNefYHOLWMA PAL XUMUYECKNX 3/1e-
MeHTOB: Al > Fe >Mn > Zn>Cu>Pb>Ni.B
LLesIoM, UX cogeprkaHume B Tasiiomax H. physodes
OTpaXkasio YpPOBeHb 3arpsA3HeHMss B MecTax OT-
6opa o6pas3yoB. Camoe HU3KOEe cofeprKaHue
XVMWNYECKNX 3/1EMEHTOB BbISIB/IEHO B Ta/l/lOMax
C YCNOBHO (hOHOBOW TeppuTopumn (y4acTtok 1),
MaKCUMasilbHOe — Ha yyacTke 3. Ha yyacTke 3,
pacnosioXXeHHOM B HernocpeACTBEHHOW 6/1K-
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Tabnmua l/ Table 1
CopeprKaHue 0OCHOBHbIX OpraHoreHHbIX 3/1EMEHTOB B Ta/lloMax NNLLIAAHNKOB
Content of the main organogenic elements in the lichens thalli

NvwanHnk YyacTok ANeMeHTbI, Mr/T Cyxoi Macchl
Lichen species Area Element's content, mg/g of DW
N C H 0
1 4,6+0,3? 447+3° 64+0° 457+3¢
Hypogimnia physodes 2 4,9+0,32 409+12 6002 443+3P
3 6,7+0,2° 402472 58+12 433132
1 20+1° 429+1° 68+1° 443+3P
Lobaria pulmonaria 2 20+22 398+11° 63+22 420+42
3 20+0° 40502 58+432 435+15%
Peltigera aphthosa 1 32420 447+1° 67+1° 413+3°
3 26422 386+167 60+12 373+142

MpyumeyaHve. MpeacTasneHsbl CpefHne apuMeTUYECKME 3HAYEHNSA U UX CTaHAapTHbIe OWNOKN. PasHble naTUHCKMe
OYKBbl Haf, 3HAYEHNSIMM 0603HAYAID T CTATUCTUYECKYHO 3HAYMMOCTb pasnymii No COAEPXKaHMIo 3/IEMeHT 0B B Tasl/loMax
NIMWAAHMKOB B 3aBUCMMOCT M 0T 3arpsA3HEHHOCT U yyacTKOB (1 — JOHOBbIN Y4aCTOK, 2 — y4acTOK CO CPeHUM YPOBHEM
3arpasHeHnst, 3 — y4acTOK C CU/IbHbIM YpoBHEM 3arpsasHeHuns) (n = 3—4, ANOVA, TecT [lyHkaHa, P > 0.95).

Note. The means and their standard errors are presented. Different superscript letters indicate the statistical significance
of differences in the element contents in lichens on the areas with different pollution level (1 — relative clean area, 2 — area
with middle level of pollution, 3 — area with hard level of pollution) (n=3—4, ANOVA, Duncan’s test, P > 0.95).

Tabnmua 2 / Table 2
Copep>kaHne He06X0AUMbIX AJ151 XKM3HEAEeATENbHOCTU MUKPO3NIEMEHTOB B TaslloMax Hypogimnia physodes
Content of the essential microelements in the Hypogimnia physodes thalli

YyacToK CogeprkaHue 3/1eMeHTOB, MKI/T CyXOli Macchl
Area Element's content, ug/g of DW
Cu Zn Mn Fe
2015 2016 2015 2016 2015 2016 2015 2016
1 4,2+0,8 | 4,4+0,9 | 89+18 | 87+17 | 380+110 | 530+160 380+110 440+120
2 10,0+2,0 | 12,4425 | 84+17 | 99+20 | 310490 | 690+210 | 5000+1400 | 10000+2800
3 18,0+4,0 | 17,0+3,0 | 67+13 | 73+15 | 510+150 | 540+150 | 14000+4000 | 18000+6000

MpymeyaHwve. 3aeck 1 fasnee +A 03HavyaeT rpaHuULLbl MHTepBaia abcoMoTHON MOrpeLiHOCT M MeT04a U3MEpPeHNs Npu
P >0,95.
Note. Here and below £A means the boundaries of the interval of the absolute error of the measurement method at P > 0.95.

Tabnmua 3/ Table 3
Copep>kaHue NoTeHUMaIbHO OMacHbIX XMMUYECKUX 3/1EMEHTOB B TasiioMax Hypogimnia physodes
Contents of the potential harmful elements in Hypogimnia physodes thalli

AnemeHTbI, MKI/T Cyxoii Mmacchl
YyacToK Element's content, pg/g of DW
Area Pb Ni Al
2015 2016 2015 2016 2015 2016
1 3,9+1,0 3,9+1,0 1,7+0,4 1,7+0,6 430+110 490+130
2 58+1,4 13,0+3,0 5,3+1,9 9,0+£3,0 6500+1700 10000£2900
3 7,0+1,8 18,0+4,0 12,0+4,0 16,0+6,0 16000+4000 210005000

30CTM OT LUMXTOBa/IbHOIO ABOpPA, COAEPXKaHWE  COfep>KaHMe XUMUYECKUX 3/IEMEHTOB B Ta/110-
aIlOMUHNA U XKefe3a B TajlZloMax JOoCTUraso  max npesbiwano PoHoBble 3HavYeHUsA ansa Ni,
20 TbIC. MKI/T unun 2% cyxoii 6uomacckl, ytoB40 Mn, Pb n Cu B 1,5-3 pa3a, a gna Al u Fe — B
pa3 60/1bLLUe, YeM Ha YCOBHO YncToOM yyacTke 1. 15—20 pas.

370 CBUAETENLCTBYET 0 3HAYNTENIbHOM 3arpss- Takue ke 3aKOHOMEePHOCTU ObINN BbISAB/IEHDI
HEHWW Cpedbl HA TEPPUTOPUN, MPUMbIKAIOLWLENA  MPU N3ydeHU 06pa3uoB P. aphthosa, otobpaH-
K MECTY CKNaAnpoBaHnsi 60KCMTOBOM pyabl. Ha  HbIX C 3TUX >Ke y4acTKoB B aBrycte 2017 r. Kak
yyacTKe 2 CO CpefHUM YPOBHEM 3arpA3HeHNA  BUAHO U3 faHHbIX Tabnuubl 4, cogep>kaHue Al
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Tabnuua 4 / Table 4

Cofep>kaHue meTanos B Tasi/ioMax Peltigera aphthosa / Metal contents in Peltigera aphthosa thalli

Cofep>KHUe 3MeMEHTOB, MKI/T CyXO0i Macchbl

yL;CeT;K Element's content, ug/g of DW
Cu Pb Zn Ni Co Cr Mn Fe Al
1 4,4+0,9|1,6+0,4|51+10|1,5+0,5| 0,34+0,14 | 1,2+0,2 | 16050 | 420+120 340+90
3 22+4 |9,2+2,3|75+15| 14+4 | 4,0£1,6 23+5 |490+150 | 16000+4000 | 16000+4000

n Fe B Tannomax P. aphthosa Ha yyacTke 3 6b1/10
B 40 pas3 60/1bLLe, YeM Ha yyacTKe 1. Cofep>kaHune
APYTrX 3N1eMEHTOB NpPeBbILIaNo (POHOBbIE 3HaYe-
HUS B HECKOJIbKO pa3. CnefyeT Tak>Ke OTMETUTb,
4TO NO HakoneHuo Al, Fe n gpyrnx anemMeHToB
nmwariHnk P. aphthosa mano otnnuyaets ot
H. physodes.

B nutepatype nmerTCcA LOBONLHO pas-
PO3HEHHbIE CBeAeHNA 0 (DOHOBOM COAEpPXKaHUN
3/1EMEHTOB B NMLLAAHMUKAaX U3 OTHOCUTE/IbHO
He3arpa3HEHHOW cpeabl. BHMMaHmne vccneno-
Batesiein 60/bLLe COCPefOTOHEHO HAa U3YYEHUN
3/1eMEHTHOr0 cocTaBa Ta/lJIoMOB B ropofax u
NPOMBbILLIEHHBIX paioHax C BbICOKVMM YPOBHEM
a3pOTEXHOreHHOro 3arpsisHeHus [14, 15]. Hawwun
onpeseneHna Makpo- U MUKPO3/IeMeHTOB B TaJl-
nomax 17 BMAOB NULLIANHUKOB N3 Pa3/INUHbIX
panoHOB Taé>XHoW 30HbI Pecnybnnkn Komu
BbISABUM NPUCYTCTBUE KAaTUOHOB MeTasnoB Fe,
Al, Mn, Zn, Cu n Cd Bo Bcex o6pasuax [16].
Nx cogep>kaHve BapbMpoBasio B 3aBUCMMOCTHU
0T BMAa NMNLWANHNKA, HO Obl/I0 3HAYUTENIbHO
HU>Ke BENIMYKNH, NOoMyYeHHbIX ansa H. physodes n
P. aphthosa B 30He BsiHus CTBP.

CneumnduKon 3arpsasHeHns naHawadgToB
GOKCUTOBOW MbI/bIO0 ABNSETCA TO, YTO 3HAYUTESb-
Has yacTb nonafaroLLnX B OKPY>KatoLLyto cpesy
coeavHeHWn MeTas110B (MPeXK/e BCEro a/ItOMUHUA U
»Kenesa) npeacras/ieHa B BLe okenaos [17]. Oken-
[bl N TNAPaThl OKCUL0B a/IlOMUHUA U XKee3a MeroT
HW3KY0 pacTBOPUMOCTb MPU 6/IM3KMX K HEATpasb-
HOMY 3HauyeHusAX pH. Monagas Ha NULWaNHUKN,
TBEPZble YacTMLIbl BOKCUTOB KOHLIEHTPUPYHOTCA Ha
NX MnoBepxHOCTW. IMOCKONbKY MenKoamcrnepcHas
OOKCMTOBasA Mbl/lb MOXKET CMbIBATbCS C NINLLAAHN-
KOB aTMOC(epHbIMU OCafikamu, eé BKaj B 0bLLee
cofiep>kaHue MeTas110B 6yfeT N3MEHATLCA B 3aBU-
CUMOCTW OT NOroAHbIX YC/10BUIA. BrosiHe BepOATHO
NPOHNKHOBEHVE YacTUL, BHYTPb Tau1oMoB [18].

YacTnuypbl 60KCUTOBOM pyfbl He TONbKO 3a-
TPYLHSAIOT ra3o- U BOAOOOMEH Ta/lJIoOMOB, OHU
TaK>XKe 3KPaHMPYIOT a/iblra/ibHbI C/I0MA, CHUXKasA
NOCTYMJIEHNE TYYUCTON 3HEPTUKN K POTOOMOHTY.
Hapsagy ¢ aTum, NblnieBble YacTULLbl MOTYT 3aXBa-
TbIBaTbCA TA/I/IOMamMM 1 NMonagartb B MEXK/1eTOY-
HOe NPOCTPAaHCTBO, rAe MOHbI METaS/10B CBA3bIBA-
FOTCS Ha CaiTax KNeTOUYHbIX CTEHOK. BaXKHO UMETb

B BUAY, YTO CU/IbHOE HeratuBHOe JencTBMe Ha
NPOLLECCHI XKN3HEAEATETbHOCTN MOTYT OKa3blBaTb
TO/IbKO Te MOHbI MeTaJ1/10B, KOTOPbIe NepeceKaroT
naasMaTMyeckyro MeMbpaHy M OKasblBatoTCs
BHYTPW KNeTKN. OJHAKO OLEHNTb NX KONNYECTBO
He npocTas 3agada [5, 19].

UT06bI NONMYYNTb NpeLCcTaBeHne 0 /loKa-
n3auum n KomnapTMeHTaumMn MeTansioB, Mbl
NnpoBenv NocnesoBaTe/lbHOe BblAe/eHMe pasHbIX
thpakuwnii 3 Tannomos P. aphthosa, cobpaHHbIX
Ha caMOM 3arps3HéHHoM y4yacTtke. Kak BUAHO
M3 PUCYHKa, 3HauuTeNlbHas 4Yactb, 0ko10 40%
coeanHeHuin Fe, Al 6bin1a 06Hapy>KeHa B BOLHOA
(hpakumn, cogep>kallen nbisieBble YacTULbl C
NOBEPXHOCTU U, BO3MOXHO, MEXK/IETOUHOI0
npocTpaHcTBa KOPOBOro CN10s TasiloMoB. B aToi
(hpakuunm obHapy>xeHo Takxxe 30—35% Bcero
Mn, Co, Ni n Zn. Cogep>xaHue Cr gocturasno
50%, Pb okono 25%, a Cu He npeBbiwwano 10%.
B akcTpauennionapHon gpakuum, Kyaa npea-
MOJIOXKUTE/IbHO BXOAAT MeTaslflbl, CBA3aHHbIE C
MOHOOB6MEHHbIMWM rpynnamMm 1 cneynupuyeckn-
MW Be/IKaMmM KeTOUYHbIX CTEHOK, 06HApPY>XeHO
3HauuTeNbHOe KonmM4yectso Zn, Mn (33, 43%)
M 3amMeTHO MeHbLue Cu, Pb, Co. donsa Fe n Al
B 3TOM (ppakumn He npesbiwana 10% ot o6LLero
KO/IMYeCTBa JaHHbIX 3/1eMEHTOB. 3T0, BEPOATHO,
00YyC/0B/IEHO BbICOKUM COAep>KaHVeM B GOKCU-
TOBOV MbINM TPYAHOPACTBOPMMbIX COeANHEHWNIA
AaHHbIX MeTa/1/10B.

Bce nccnepyemble MeTas/ibl 6b111 06HapY>Ke-
Hbl B MHTPaLENNNAPHON (BHYTPUKIETOUHO)
thpakumn. Konnuvectso Cu 1 Zn coctaBnsino 36
n 24% 0T 06LLIEro COAepP>KaHMsl, Toraa Kak [ons
BHYTPUK/IETOYHOIO M CBA3aHHOIO C K/IETOYHbIMU
cTeHKamMn Fe n Al He npeBbiLLana HECKO/TbKNX
NPOLIEHTOB OT 00LLEro cofep>KaHna aTux MeTas-
noB. CnepayeT, 04HaKo, UMeTb B BUAY, YTO 06LLee
cogep>xaHve Fe n Al B Tainomax nvMwanHMKOB
Ha Hamnbosee 3arpsA3HEHHOM y4YacTKe JOCTUTasIo
16 TbIC. MKI/T cyXxoii Macchbl (Tabn. 4), Uto No4Tn
Ha Tpy nopsagka 6onbLue, yem Cu n Zn. Crnegosa-
Te/IbHO, KOHLeHTpaums Fe n Al Ha noBepxHOCTU
K/TIETOYHbIX CTEHOK U BHYTPW K/IETOK Ta/I/IOMOB
P. aphthosa coctaBnsina 1600 MKr/T CyXoii macchl.

3HaunTenbHas gons (50—55%) scero Ni, Fe,
Al v Pb 6bln1a nokannsoBaHa B 0CTaTOUHOM (hpak-
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LK. B 10 ke BpeMst B 3TOM (hpaKLiMm 0CTaBasioCh He
6onee 13—15% Bcero Zn v Mn. Bo3aMoO)XHO, 4YTO
4acTb XKefesa 1 a/IlOMUHUSA B 0CTATOYHOM (hpaK-
LMW COCTaBNAT MeNIKOAUCMNEPCHbIE YacTULbl
TPYAHOPaCTBOPMMbIX COeAVHEHWUI faHHbIX 3/1e-
MeHTOB. TaKme YacTuLbl MOTYT JIOKa/IN30BaTbCA
MeXX[y PbIX/10 PACrnosIoXKeHHbIMY rmamm rpmba
N KneTkamm hoToOMOHTA.

Pe3ynbTatbl BblAeNeHNS pasHbIX pakuunii
n3 TannomoB P. aphthosa cBmngeTensCTBYOT 0
NMOCTYM/JIEHNN 3HAUYNTE/IbHbIX KOJ/INYECTB CO-
AepXkawmxcsi B 60KCMTOBOW Mbl/IM META/II0B BO
BHYTPUKJ/IETOYHOE MPOCTPaAHCTBO /INLIANHMKA.
YunTbiBasi, 4TO UHTpaLeNoasapHasa gpakums
XapaKTepm3yeTcsa HanbosbLen cTabnbHOCTbIO
[19], 3TO MOXKET 6bITb MPUYMHON TOKCUYECKOTO
[eNcTBMS GOKCMTOBOIO 3arpA3HeHUs Ha inxe-
HOOMOTY.

B camom 061em B1e OCHOBO TOKCMYECKOr0
[EeNCTBMS MOHOB MeTa/I/I0B SABNSIETCA MX B3au-
MofelicTBMe ¢ 6MONOrMYECKN aKTUBHbIMW Ma-
Kpomosekynamu [20]. BbiCOKKMe KOHLEHTpaumm
MNOHOB METa/1/10B MHAKTMBUPYHOT MeTabo/IMyecKun
BaXKHble 6e/IKV U pyrue perynsatopHble Makpo-
MOJEeKY/Ibl, BM/10Tb A0 HapyLLeHUA crnapnsaHus
OCHOBaHWI HYK/1e0TUAOB NHULMNPYHOT OLLIMGKN
OLLNOKM B 6eIKOBbIX CMHTE3ax. OHM BbI3blBaAOT

OKUCNIUTENbHbIN CTPecC, MPOABNSAOLLNIACA B U3-
6bITOYHOM 06pa3oBaHUM aKTUBHbLIX (POPM KUC-
nopoga (APK), KotTopble UHULMUPYHOT peakLumn
MOJ1 KNeToUHbIX MEMOPAH.

[aHHble, npuBeféHHbIe B Tabnuue 5, xa-
pakTepu3yoT YpPoBeHb NnnonepokcuaLnum v
N3MEHEHWNE aKTUBHOCTU KJ/THOYEBbIX (DEPMEHTOB
AHTMOKCUAAHTHOW CUCTEMbI, HENTPATN3YHOLLNX
ADK 1 cCHMKALLMX 0MAaCHOCTb UX YPE3MEPHOr0
HaKoMnneHnsa npu HebnaronpuATHbIX BO3Aeii-
CTBUAX. AKKYMYNIALNA B TasloMax aloMUHUSA
N TAXKENbIX META/INI0B BC/EACTBME 3arpsa3HeHns
cpefbl 60KCUTOBOW Mbl/bIO MPUBOAUIA K YCUe-
Huto MOJ1. Cogep>kaHne TBEK-PI1 B Tasiiomax
NNLWANHMKOB Ha y4acTke 3 6b110 B 1,5—2 pa3sa
BblLLE, YeM Ha (POHOBOW TeppuTopUK. IMpn 3TOM
Tannombl P. aphthosa xapaktepnsoBasivch 60nee
BbICOKOW WHTEHCUBHOCTbLIO IMMNONepoKCMaLmnn
Kak Ha (DOHOBOM, TaK 1 Ha UMMNaKTHOM Yy4acTKe.

B 0TBET Ha OKMCNNTENbHbIN CTPECC, BbI3BaH-
HbIA MOCTYN/EHNEM B KNETKY MOHOB METasl/oB,
BO3pacTasia akTMBHOCTb aHTUOKCUAAHTHbIX hep-
MEHTOB, y4YacTBYOLLNX B HelTpanmsaunm APK.
Tak, akTMBHOCTb cyrnepoKecugancmyTasol (COL4)
B TasinoMax L. pulmonaria n P. aphthosa Bo3pac-
Tanas 1,5 pa3ano mepe ycuneHms 3arpsasHEHHO-
cTu cpeapl. B tannomax H. physodes goctoBepHoe

007 M M1 M1

90 1

80 1

70 1

60

OTHOCHTENIBHOE COJlepKaHue MeTaiIa, %o
Relative metal content, %o
1

Co Cr Mn Fe Al

Puc. NNokanusaumsa metasioB B TasinoMax Peltigera aphthosa Ha cuibHO 3arpsA3HEHHOM y4YacTKe:
1 — nbineBas hpakLmsi Ha MOBEPXHOCTU T/IIOMOB, 2 — 3KCTpaLeospHas,
3 — MHTpauennnsapHasa u 4 — octatovHas ppakyms.
Fig. Metal localization in the Peltigera aphthosa thalli from highly polluted area.
1 — Dust fraction on the thalli surface, 2 — extracellular, 3 — intracellular and 4 — residual fractions
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Tabnuuya 5/Table 5

YpoBeHb NepeKUCHOro okucneHus nunuaos (MOJT), akTMBHOCTU cynepokeugaucmytasbl (COL)
n reasikonnepokcuraassbl (MK) B TannoMax AMLLIANMHNKOB Ha ydacTKax C pasfIMuHo CTEMEHbH 3arpsi3HeHus

npogyktamm gobbium 6okcuToBol pyapl / Level of the lipoperoxidation (POL), activities
of superoxide dismutase (SOD) and guaiacol peroxidase (GPX) in the lichens from

the areas with different levels of the bauxite dust pollution

MO/, umonb TBK-PI/ | COA, ycn. eq./ | MK, HMonb reasikona/
JInwanHmnk YuacTok I CyX0I Macchl Mr 6enka (r 6enka MuH.)
Lichen species Area POL, nmol TBARS/ | SOD, rel. un. | GPX, nmol of guaiacol /
g DwW / mg protein (g protein min)
1 34,95+3,06% 3,29+0,44¢2 0,041+0,010?
Hypogimnia physodes 2 47,07+4,80° 5,89+0,41° 0,043+0,011°
3 73,88+8,79° 3,88+0,51% cnepbl /traces
1 50,09+3,212 7,56+0,262 0,036+0,0022
Lobaria pulmonaria 2 61,61+7,16% 10,88+0,38° 0,083+0,002°
3 74,96+6,82° 12,63+0,29¢ 0,225+0,005°¢
Peltigera aphthosa 1 92,37+7,942 6,24+0,30? 0,199+0,0312
3 164,69+14,37° 9,07+0,15° 0,256+0,026%

MpyumeyaHwe: MpeacTasneHbl CpefHne apuMeTUYECKME 3HAYEHNA U X CTaHAapTHbIe OWNOKN. PasHble naTUHCKMe
OyKBbl Haf 3HAYEHVUAMN 0603HAYAKT CTATUCTUYECKYHO 3HAYMMOCTb PasNNynii BEMUYUH UCCNIEAyeMbIX MOKasaTenei
B 3aBMCMMOCT Y OT 3arpAsHEHHOCT U y4acTKoB (1 — QOHOBBIV y4acTOK, 2 — y4acTOK CO CPefHNM YPOBHEM 3arps3HeHns,
3 — y4acTOK C CU/bHBIM YpoBHEM 3arps3HeHus) (n = 3—6, ANOVA, TecT [lyHkaHa, P > 0,95).

Note. The means and their standard errors are presented. Different superscript letters indicate the statistical significance
of differences in the element contents in lichens on the areas with different pollution level (1 — relative clean area, 2 — area
with middle level of pollution, 3 — area with hard level of pollution) (n = 3—6, ANOVA, Duncan’s test, P > 0.95).

yBennueHue aktmeHocTn CO/L, Habnoaanm Tosb-
KO Ha yyacTKe 2 CO CpefHVM YPOBHEM 3arps3He-
HUA. B yCnoBUAX CUIbHOTO 3arpA3HeHNA akTUB-
HocTb COJ B Tasinomax H. physodes cHmkanace.
Cnepyet TakXXe OTMETUTb, YTO MO aKTUBHOCTU
COA tannombl H. physodes yctynanu tajisiomam
ABYX OPYruX MccnefoBaHHbIX BUAOB. YPOBEHb
aKTMBHOCTW reasikonoBoi nepokcuaasbl (MK)
6b1/1 HanbobLWKM B TannoMax P. aphthosa. Mo
Mepe YCUIeHUA 3arpAa3HeHnsa akTMBHOCTL K B
Tannomax L. pulmonaria cnnbHo Bo3pacTtana. Ha
yyacTke 3 Tasiniombl L. pulmonaria n P. aphthosa
NPaKTUYEeCKN He OTNInYanncb Mo aKTUBHOCTH
MK. ¥poBeHb aktnBHOCTK 'T1K B Taniomax
H. physodes Ha ymepeHHO 3arpsi3HEHHOM y4acT-
Ke 2 Obl/1 TaKUM >Ke, KaK Ha (pOHOBOM yyacTke 1.
Ha cnnbHO 3arpA3HEHHOM yyacTKe 3 0TMeyasv
MOJTHOE MHTMBUPOBaHKe 3TOro hepmeHTa. NMony-
YeHHble JaHHbIe NMO3BOJIAOT Nnonararb, YTo CUSIb-
HOE XPOHUMYECKOE 3arps3HeHe cpefbl 0butaHnA
OOKCMTOBOW Mbl/IbIO U HaKOMJIeHME B Ta//loMax
3HaYNTE/bHbIX KONIMYECTB METa/I0B NPUBOAWIIO
K nogaBneHuto metabonuama H. physodes, Toraa
Kak crocobHble K a30TuKcaunum TpéxKommno-
HEHTHbIE UMaHonMwarHuku L. pulmonaria u
P. aphthosa coxpaHsnn 605ee BbICOKYH XXN3He-
CMOCOGHOCTb.

3aK/tueHune

MTak, Hamun BbiSiB/eHa peakuna AnLanHn-
KOB Ha 3arpsa3HeHune cpeabl npu ,£||O6bll—le b6oKcu-

TOBOW pyAbl. B Tannomax nuwariHMUKOB, 06U-
Talwmx B 30He BIMsSHUA CpeaHe-TMaHCKOro
OOKCUTOBOr0 MeCcTOPOXAeHUSA, 06HapPY>KEHbI
B 3HAYUTENIbHbIX KOMMYecTBax altOMUHUIN,
YKeneso, MapraHey, LMHK N Apyrue Metansbi.
Broakkymynaums XMMUYeCKUX 3/1eMEHTOB BO3-
pactasia rno Mepe yBe/IMYeHUS CTeneHu 3arpsas-
HeHnA TeppuTopun. Ha Hanbonee sarpsa3HEHHOM
yyacTke KoHueHTpauusa Al n Fe B Tannomax
H. physodes 6b1na Ha fBa nopsgka, a gpyrux
MeTa/I/I0B — B pasbl 60/bLle, YeM Ha (hOHOBOM
y4yacTKe. Y CTaHOB/IEHO, YTO OCHOBHas Yactb Fe
n Al nokannsoBaHa B Mbl/IEBO M OCTATOYHOW
thpakumsax, Torga Kak 6onbias yactb Cu, Zn u
Mn o6Hapy>KeHa B COCTaBe 3KCTpaLeINAPHON
N NHTPaLEeNINSApHONU pakumsax. OgHaKo cne-
AyeT NMeTb B BULY, YTO B UMMNAKTHbIX Ta/l/loMax
o6Luee cogeprkaHme Fe n Al 6b110 Ha 2—3 nopsiaka
60/1bLLIE M0 CPABHEHMIO C APYTVMMU MeTasllamMun. B
Lie/IoM, NONYYeHHbIE JaHHble CBUAETE/IbCTBYHOT
0 3Ha4YUTeNIbHOM rnocTynaeHun Al n THKENbIX
MeTa10B (KakK HeobXoAMMbIX, TaK U MOTeHL M-
a/1bHO OMacHbIX) B KNETKW Ta/lsiomMa. YcuneHuve
NpoLLEeccoB NEPeKNUCHON0 OKUCNEHUS NNNUA0B
N aKTMBaUUS PepMEHTOB aKTUOKCMAAHTHOW 3a-
LTI B TaNIIOMax CBUAETENbCTBYET O Pa3BUTUN
OKUC/IUTENIbHOTO CTpecca.

MO>XHO 3aK/TH0UNTb, YTO INXEHOUHANKALNSA
ABNSIETCA 3PEKTUBHBIM CMOCOOOM MOHUTOPUHTa
3arpsisHeHns cpeflbl Npu J06blye GOKCUTOBOM
pyabl. Mpun aTOM onpejeneHve nokasaresen, xa-
PaKTepU3YHOLLMX YPOBEHb INMOMNEPOKCHAALINN
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N aKTUBHOCTU aHTUOKCUAAHTHbIX (DePMEHTOB,
MO3BO/ISIET BbIABMTb MPU3HaKM cTpecca 3a40/ro
[0 3HAYNTENIbHOTO CHVDKEHUS XKU3HEHHOCTU U
TaKCOHOMWYECKOro pasHoobpa3ns NNLIainHNKOB
Ha MMaKTHOW TeppuUTOpUM.

Pab6oTaBbInonHeHa B pamkax TemMbl «PU3nNoo-
TSI CTPECcC-yCTONYMBOCTb (DO TOCMH T e3a pacTeHNIA
W MOKNAOrMAPUYECKNX (hOT0aBTOTPO(OB B YC10-
BuAx Cesepa» (Nel'P AAAA-A17-117033010038-7)
1 nogaep>kaHa rpaHToM KomniekcHoi nporpamMmbl
YpO PAH (npoekT 15-12-4-4).
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MpoayKLUMs OpraHMYecKoro BeLL,ecTBa U akKyMynsiuus yrnepoga
B HarNo4yBeHHOM MOKPOBE e/10BbIX 1 6epE30BbIX (PUTOLIEHO30B
B Npearopbsax MpunonspHoro Ypana

© 2018. T. A. lNpwucToBa, K. 6. H., H. C.,
C. B. 3aruposa, 4. 6. H., 3aB. OTJE/10M,
A. B. MaHoB, K. C.-X. H., H. C.,

WHCTUTYT 6ronornm Komum Hay4yHoro LieHTpa YpasbCcKoro otaeneHmnsa PAH,
167000, Poccus, r. CbiKTbIBKaAp, /1. KOMMyHUCTUYeCKad, 28,
e-mail: pistova@ib.komisc.ru, zagirova@ib.komisc.ru, manov@ib.komisc.ru

OnipefieneHbl 3anacbl PUTOMAacChI 1 Yrieposa B HarnoYBeHHOM NMOKPOBE e/10BbIX 1 6epE30BbIX PUTOLLEHO30B B MPeAropbax
MprnonspHoro Ypana. YCTaHOB/EHO, YTO KOHLEHTpaLMs yriepoja B pas/inyHbIX Bugax pacteHuii coctaBnset 39—50%
abCoMTHO CyXO0ro BellecTBa. B HanouseHHOM MOKPOBE MCCEf0BaHHbIX (PUTOLEHO30B pacTeHUs HakanavsatoT 512—
960 r/m? opraHMYecKoro BeLLECTBa, B TOM uncie yriepoga 250—409 rC/m?. Bonee 50% yrnepoga hutoMacchl COCPef0TOUEHO
B Haf3eMHbIX OpraHax pacTeHuii. Yrnepos B eXXerogHor npogyKunn Haa3eMHoM utomacchkl cocTaBnsiet 44—62%,
B nogsemMHoin — 31—36% o6Lero 3anaca, U3 HuUx 86—95% noctynaet B onad. E>kerogHo B MCTMHHOM MPMpOCTe 3anac
yrnepoja B pacTeHMsAX HaNoOYBEHHOI0 MOKPOBa e/10BbIX (PUTOLLEHO30B cocTaBnseT 11—20 rC/m?, B 6epe3Hsike — 9 rC/m? .

KnroueBble crosa: MpunonsipHbIii Ypan, necHble PUTOLLEHO3bI, YKUBOK HaNOUYBEHHBbIV MOKPOB, NPOAYKLIMS OpraHNYecKoro

BELLECTBa, 3arac yrsiepoaa.
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Production of organic matter and carbon stock in ground vegetation
of spruce and birch phytocenoses in the Foothills of the Subpolar Urals
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28 Kommunisticheskaya St., Syktyvkar, Komi Republic, Russia, 167982,
e-mail: pistova@ib.komisc.ru, zagirova@ib.komisc.ru, manov@ib.komisc.ru
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The reserves of phytomass and carbon in the ground cover of spruce and birch phytocenoses in the foothills of the
Subpolar Urals in Komi Republic are determined. The concentration and carbon stocks of these forests are currently
poorly understood. Three types of forest were studied: bilberry green moss spruce forest, sphagnum spruce forest, polytric
birch forest. These forests consist of spruce, birch and fir, stands of different ages and low productivity. It is established
that the concentration of carbon in plant species varies from 39 to 50% of absolutely dry matter. High concentration of
carbon in bilberry shrubs, low in horsetail, medium in herbs. Carbon content in plants of one species or group of species
growing in different forests was similar. Ground vegetation plants accumulate 512—960 g/m? organic matter, including
carbon 250—409 g/m?2. Carbon accumulation in ground vegetation plants of the sphagnum spruce forest was the highest.
More than 50% of the phytomass carbon concentrated in aboveground part of plants. The aboveground parts of shrubs
accumulated carbon 8—49 g/m?, herbs —54—68 g/m?, mosses — 62—140 g/m?. Aboveground phytomass contents 44—62%,
underground phytomass — 31—-36% of the total carbon reserve in annual production, 86—95% of it returns to the litter.
The leading role in the accumulation of carbon in the growth of ground cover belongs to grasses. Annual carbon stock
in ground vegetation of spruce forests is 11—20 gC/m?, in birch forest — 9 gC/m2. Thus, a significant part of the carbon

accumulated in annual production of plant cover is included in the destructive process of the carbon cycle.

Keywords: Subpolar Urals, spruce and birch forest, ground vegetation, organic matter, carbon stock.

B HacTosiLLee BpeMs N3yYeHUI0 YI1epoLHOro
LUMKIa B JIECHbIX 3KOCUCTEMAX Taé>XHOWM 30HbI
YAeNsAT MHOr0 BHUMaHWSA, NPeXX/e BCero, B CBS-
3u ¢ rnobasibHbIM NoTenAeHnemM Knmvata [1—6].
Yrnepop OTHOCUTCA K 3/1EMEHTaM C HEaKTUBHOW
MWIPaLMOHHON CMIOCOOHOCTBIO, B B10N0rMYECKOM
LMKJ/le 3HaUnTeIbHasA ero YacTb HagoNro 3agep-
YXMBaeTcs B putomacce LpeBeCHbIX pacTeHWUi
[7]. PacTeHns »>XMBOro Hano4YBeHHOro NOKpoBa
(OKHIT) no cpaBHeHWUIO C APEBECHBIM APYCOM,
00/bLUYIO HaCTb Yreposa akKymMyanmpyoT U Bbl-
CBOOOXKAAKOT B TeYeHMe ogHoro roga [8]. OaHako,
MO MHEHWIO HEKOTOPbIX aBTOpPoB [9], 3y4yeHuio
PO pacTeHUii HaNno4YBEHHOrO NOKpPoBa B 61o-
JIOTMYECKOM KPYroBopoTe yriepoja bopeasibHbIX
JIeCOB B HACTOsILLIee BPeMsl He yaensieTcs Jo/mK-
HOro BHMUMaHus. ViccnefoBaHns 3anacoB yrie-
poja B pacTeHUsIX TpaBsiHO-KYCTapHUYKOBOIO
N MOXOBOrO SIPYCOB B JIECHbIX (hUTOLEHO3aX
eanHN4YHbl [10—11]. CogepykaHne N akKymy-
NAUNA yrnepoja B pacTeHUsIX Hano4BeHHOro
NOKPOBa PaBHUHHbIX XBOMHbIX U JINCTBEHHO-
XBOMHbIX /1€COB Ha Tepputopumn Pecny6amnku
Komn n3yueHbl B N0A30He CpeaHel 1 ceBepHO
Taiirn [12—14]. NmetoTca eANHNYHbBIE faHHbIe
0 NPOAYKTMBHOCTW 1 3anace yrnepoga B Haro-
4YBEHHOM MOKPOBe NpPeAropHbIX /1IeCOB CEBEPHOIA
yacTu Ypanbckux rop [15].

Llens paboTbl cocTosA1a B ONpeaesieHnn npo-
AYKTMBHOCTW WU 3arnaca yrnepoja B pacteHusx

Haro4BeHHOr0 MOKPOBa e/10BbIX U GEPE30BbIX (-
TOLIEHO30B B NpeAropbsx MpunonsiHoro Ypana.

O6beKTbl 1 METOAbI

WceneposaHna nposoamnm B 2014 r. B 6ac-
ceiiHe p. Bonbwasa NHTa B VIHTUHCKOM paiioHe
Pecny6nvkn Komun (65°48' c. w. 60° 40' B. 4.).
MpearopHble naHawadg sl MpunonspHoro Ypana
B palioHe nccnefoBaHUA ob6pa3oBaHbl TUMNY-
HbIMW 41191 KpaliHeCeBEPHOW Talirn enioBbIMU U
6epésoBbiMM hopmaLmsaMn. Penbed MeCTHOCTU
nonoro-ysanncTblin. MpobHble naowaam pas-
mepom 0,20—0,25 ra 6b1/11 3a10XKeHbI B €/TbHUKE
YepPHMYHO-3e/1eHOMOLLIHOM, e/lbHUKe CharHOBOM
1 6epe3HsIKe fO/ITOMOLLHOM. [1peBOCTOM B UCCe-
[OBaHHbIX (PUTOLLEHO3aX XapaKTepu3yrTcd pas-
HOBO3PaCTHOCTbIO U HU3KOM NPOAYKTUBHOCTBHO.

CocTaB [peBOCTOA eflbHUKA YEPHUYHO-
3enieHomoLLHoro—5E5B6, Bospact—90—320 ner,
KO/INYeCTBO pacTyLmx aepesbes — 1030 wT./ra,
CpefiHASA BbICOTa AepeBbEB COCTaBMAAET 12 M,
cpefHnii guametp — 15 cm. CocTtaB nogpocra —
6E3B1MX ¢ KOMMYECTBOM >XXM3HECNOCOOGHOro
nogpocta 1030 wrT./ra. B Hano4BeHHOM rO-
KPOBe eflbH1Ka YepPHUYHO-3e/1eHOMOLLIHOTO Bbl-
aBneH 31 Bupg pacteHUin. O6LLee NPOEKTUBHOE
nokpbiTne (ONMIM) TpaBAHO-KYCTapHUYKOBOIO
apyca (TKA) — 70%, B HEM JOMUHUPYIOT
Vaccinium myrtillus L., Chamaepericlymenum
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suecicum (L.) Ascher. & Graebn, Avenella flex-
uosa (L.) Drey., yacto BcTpeyatotcsa Linnaea
borealis L., Trientalis europaea L., Gymnocar-
pium dryopteris (L.) Newm. MoxoBoli NoKpoB
(Orr 50%) o6pa3oBaH B OCHOBHOM Dicranum
sp., Hylocomium splendens (Hedw.) Br., Sch. et
Gmb., Ptilium crista-castensis (Hedw.) De not.,
Polytrichum commune Hedw.

CocTaB [peBOCTOA eflbHMKa CharHoBOro —
6E4b+I1x, Bo3pact — 60—190 neT, KO/IMYECTBO
pacTyLinx agepeBbeB — 912 wiT./ra, CpeaHsIs Bbl-
coTa aepeBbeB — 11 M, cpefHMIA anameTp — 15 cwm.
CoctaB nogpocta — SE4B1Ix B KonnyecTse
1030 wiT./ra. HanouBeHHbIV MOKPOB eNbHUKA
charHoBoro chopMmpoBaH 36 B1gaMU pacTeHUA.
B TpaBaHo-KycTapHnykosoM spyce (Ol 75%)
JOMUHUPYOT Gymnocarpium dryopteris (L.)
Newm., Equisetum sylvaticum L., yacTo BCTpeya-
toTcs Rubus chamaemorus L. n Carex brunnescens
(Pers.) Poir. B moxosom sipyce (Ol 80%) npe-
obnagaeT Sphagnum girgensohnii Russ.

CocTaB fpeBoCTOs 6epe3HsKa L0/ITOMOLLHO-
ro — 7b3E, Bo3spacTt — 60—150 neT, KONM4ecTBo
pacTyLinx aepeBbeB — 905 WIT./Ta, CpeaHsIs Bbl-
coTa aepeBbeB — 12 M, cpeaHW agnametp — 16 cm.
Cocrtas nogpocta—6Bb4E, KofimyecTBo pacTyLmx
AepeBbeB — 1650 wT./ra. B 6epe3HsaKe LONTOMOLLI-
HOM Hamno4BeHHbI NOKPOB 06pa3oBaH 30 BugaMm
pacTeHui. TpaBAHO-KYCTapHUYKOBbIN APYC XO-
powuo passut (O 80%), B HEM OMUHUPYOT —
Juncus filiformis, Carex brunnescens, Avenella
flexuosa, 4yacTo BCTpeyatoTCA KPYrHble Tpasbl
Veratrum lobelianum u Solidago virgaurea.
MoxoBo¥ NOKPOoB pa3BuUT HepaBsHoMepHO (Ol
30%), B HEM goMumHKMpYyeT Polytrichum commune,
BCTpeyaetcs naAtHaMmm Sphagnum girgensohnii.

YUéT mMacchl 1 NpMpocTa pacTeHUn Hano-
YBEHHOro0 NMOKPOBa MPOBOAUIN METOLOM yKOoca
Ha nnowagkax pasmepom 400 cm? B 15-Kpat-
HOW noBTOpHOCTU [16]. MpMpocT HaA3eMHbIX
OpraHoB OAHOMIETHUX TPaBSAHWUCTbIX PacTeHWUA
npupaeBHMBaJICA K 3anacy Ux uromaccol. s
ornpefeneHns roAMYHOro HapacTaHusa y Mxo0B
Cpe3asiv 3e/1EHYI0 YacTb, COOTBETCTBYHIOLLYHO r0-
ANYHOMY NpUpPOCTY, B 30-KpaTHO NOBTOPHOCTMN.
E>kerogHo hopMmmpyroLLytocs Haf3eMHY0 Maccy
OpPYCHUKM ONpesensniv no TeKyLemy npupocty
no6eros, a YepHUKU — MO NPUPOCTY SINCTLEB U
no6eroB BCEro pacTeHUs1 B 5-KpaTHOW MOBTOp-
HOCTU. E>KerofHo OTMUpaoLLy0 Maccy MXO0B
NPUHUMaNN paBHOM 70, NTNCTLEB YEPHUKU —
100, 6pycHMKN 1 NnHHen — 30, TpaB — 100% ot
TeKyLLero nNpupocTa, CornacHo PEKOMEHALAM
Apyrux asTopos [16].

[ns onpesfeneHnsa maccbl M MpUpocTa KOpHel
KyCTapHUYKOB M TPaBAHMUCTbIX pacTeHMIA B NOA-

CTUNKE NPUMEHSNN MeToa MOHONTOB [16]. Ha
KaXK0 Npo6Hoi nnowaan 661710 B3ATO 15 mMo-
HOMUTOB C MOMOLLbIO WabnoHa naowanbio
400 cm?. MOHOMNTLI BbICOTOM OT 6 A0 21 cMm
oToupann B ropnsoHTe A0, U3BJIEYEHHbIE U3
HUX KOPHM NPOMbIBaIN N pasfensinn Ha KOpHU
KyCTapHMUYKOB 1 TpaB [16]. MpupocT KopHen
pacTeHW TpaBAHO—KYCTapHNUYKOro spyca npu-
HUMann paBHbIM 25% 0T 06LLeI Maccbl KOPHEN,
COrNacHoO MMeLWMMcsa B NnuTepaType AaHHbIM
ANS NeCOB CpefHel 1 ceBepHow Tavirn [12]. Ana
pacTeHUI HarnoYBEHHOIO MOKPOBa onpesensnn
cnefyrouwme nokasatenu: goutomacca (Konnye-
CTBO OpraHMyYyecKoro BewlecTBa B Haf3eMHOM U
NOA3eMHOW YacTAX PpacTeHWUIA), FOAVNYHbIN NpuU-
pocT (KOM4YeCcTBO OpraHMYecKoro BeLLecTBa,
HapacTatoLLero 3a rog), onasg (Ko/nM4ecTso
OpraHM4ecKoro BeLLecTBa BO BCEX €XErofHo
OTMUpPAKOLLMX YacTAX pacTeHWUN), NCTUHHbIN
npupocT (KONMYeCcTBO OpraHM4YecKoro BeLye-
CTBa, OCTatoLLeecs B COOOLLECTBE B pe3y/brare
rofMYHOro NpMpocTa 3a BblueToM onaga) [16].

PactuTenbHble 06pa3Lbl Ha XMMUYECKUIA
aHanus otbmpann B 10—15-KpaTHoi NoBTOp-
HOCTM ANl KaXXaon npobHoi nnowaan. Cogep-
YKaHue yrnepoja B oTAe/bHbIX BUAax pacTeHni
N B CMELUaHHbIX 06pasuax, chopMUPOBaHHBIX
N3 pacTeHUN C HU3KMM MPOEKTUBHbLIM MOKPbI-
TUeM, ONnpejenieHo B 3KOaHa/IMTUYECKOW nabo-
patopun VHctutyta 6uonornn Kommn HLU, ¥YpO
PAH no attecToBaHHOI MeTOAMKE U3MepPEHUIA
Ne 88—17641—94—2009 (®P.1.31.2014.17663):
«MeToaunKa BbINOTHEHNSA N3MEPEHNIA COaepIKa-
HWA yrnepoga v asorta B TBEPAbIX 00beKTax Me-
TOOM ra3oBol XpoMartorpadum Ha 3/lEMEHTHOM
aHanmsatope EA 1110 (CHNS-O0) (dupma CE
Instruments, Utannsa)». MpaHULbl MHTEpPBa-
Na abCoOTHOWM MOrpeLIHOCTY KOHLEHTpaLMn
yrnepoga (Npu ypoBHe 3Ha4dmMmocTn p < 0,05)
coctaBunun 1,2—2,2%. NonyyeHHble AaHHbIe
ANs1 pacTUTeNbHbIX 06pa3LoB Kaxkaoi Npo6Ho
naoLaan yCpeaHsnu.

3anac yrnepoga B putomacce, npupo-
CTe, onafe U UCTUHHOM NPUPOCTE Ha YYETHOWA
nnowagKe paccumTbiBanv NepeMHOXKeHNEM
abcosTHO cyxoro Beca (a. €. B.) CTPYKTYPHbIX
KOMMOHEHTOB pacTeHU Kaxxaoro smga (Mnm
rpynnbl BUAOB) Ha CoflepXkaHune B HUX yriepoga.
[MonyyeHHbIe faHHble NpeacTaBneHbl B r/m? [16].

Pe3ynbTaTbl U UX 06CY>XKAEHNE

B nccnefoBaHHbIX HAMU NIeCHbIX (OUTOLLEHO-
3ax [punonapHoro Ypana cogepkaHue yrnepoga
B pacTeHMSIX Hano4YBeHHOro NMoKpoBa Bapbupo-
Bas10 B npegenax 39—50% a. c. B. (1abn. 1). Mu-
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Tabnmua l/ Table 1

CpefHee cofiepyKaHue yriepoaa B pacTeHMsIX HaroYBEHHOM0 MOKPOBa e/10BbIX 1 6epPE30BOro (YUTOLEHO30B
MpunonspHoro Ypana, % a. c. B. / The average carbon content in plants of ground vegetation in spruce and
birch phytocenoses of the Subpolar Urals, % of absolutely dry weight

YKnsHeHHas opopma, BUA C. % XKnsHeHHas opopma, BUA C. %
Plant species Plant species
Tpasbl / Herbs 41,7¢15 KycTtapHnuku / Shrubs 47,5+2,2
Avenella flexuosa 42,4414 Linnaea borealis 44,6+1,4
Carex brunnescens 42,3+1,4 Vaccinium myrtillus 48,3+1,6
Chamaepericlymenum suecicum 41,5+1,3 KOpHU / roots 48,4+1,6
Equisetum sylvaticum 38,9+1,2 no6eru / shoots 49,9+1,6
Gymnocarpium dryopteris 42,1+1,4 nnctba / foliage 47,3x15
Poa sp. 41,6+1,3 KopHu KycTapHuukoB/ Shrub roots 46,0+1,5
Rubus arcticus 42,3+1,4 Mxwn / Mosses 42,312
Rubus chamaemorus 43,6+1,4 Dicranum sp. 43,0+£1,4
Veratrum lobelianum 39,0+1,2 Hylocomium splendens 42,1+1,4
KopHwu Tpas / Herb roots 42,614 Pleurozium schreberi 42,0+1,4
MenkoTpasbe */ Herbs 43,4+1 .4 Polytrichum commune 43,7+1,4
PasHoTpaBbe** / Forbs 41,3+1,3 Sphagnum girgensohnii 40,6+1,3

MpumeyaHue / Note: «t» — rpaHuULbl MHTepBasia abcoMtTHOM norpeltHocT Y Npu p < 0,05; «*» — cMeLLaHbIii obpasel,
(mixed sample) n3 Pyrola media Sw., Trientalis europaea L., Oxalis acetosella L.; «**» — cmewaHbIii o6pasey, (mixed sample)
n3 Ranunculus propinquus, Geranium sylvaticum, Chamerion angustifolium, Trollius europaeus, Melampyrum sylvaticum.

HUMa/IbHasa KOHLUEeHTpauus yriepoja BbisiBieHa
B pacTteHuax Equisetum sylvaticum n Veratrum
lobelianum, makcumanbHasa — y Vaccinium
myrtillus. CnegyeTt 0oTMETUTL, YUTO KOHLEHTPaLUVSA
yrnepoja B NoA43eMHOM YaCT pacTEHMIA HUXKE Ha
1—3%, YeM B Ha[3eMHOI, OAHAKO, 3Ta pasHuMLa
CTaTUCTMYECKM He gocToBepHa (t-Kputepuii
CrbtogeHTa o1 0,7 go 1,8 npm p < 0,05).
KoHugeHTpauma yrnepofa B KycTapHUYKax
HaxoamTcAa B AmanasoHe 45—50, B /IeCHOM pas-
HoTpaBbe 39—43, B 3/1aKax U 0COKax — 42—43,
B Mxax — 40—44% a. c. B., YTO cornacyerca ¢
pesynbTataMu nuccnegoBaHWin pacTeHU Ha-
NMOYBEHHOr0 MOKPOBa COCHOBbIX, €/10BbIX [13]
N NTNCTBEHHO-XBOMHOIo utoLeHo308 [17]
cpegHen Taiirm Pecny6nmkn Komu n necHbix
6roreoueHo30B B npegropbax XmnbuH [18]. He
YCTaHOB/IEHbI CYLLLECTBEHHbIE Pa3/INYUA B KOH-
LeHTpauum yriepoja B pacTeHUSAX O4HOr0 M TOro
YKe BUa Unu rpynnsl BUL0B, NPOU3pacTatoLLmx
B pa3HbIX /IECOPACTUTENbHbIX YC/TOBAX TaéXHOMN
30HbI (puc. 1). Macca pacTeHniA HaNO4YBEHHOTO
NMOKpOBa B BYX TUMax efloBbIX PUTOLLEHO30B
MpunonsapHoro Ypana coctasuna 512—960 r/m?,
a 3anac yrnepoga — 223—393 rC/m? (tabn. 2).
B enbHMKax ceBepHoii Taiirn Pecny6nmkm Komm
3TW nokasatenu cooTBeTcTBYOT 1200—1318 r/m?
n 552—643 rC/m?, B cpefHein Taiire — 203—
215r/m? 1 127-195 rC/m? [13, 19] (tabn. 3).
MonyyeHHble HaMX 3HaYeHUs (PUTOMacChl
ONN3KKM K pe3ynbTaTaM UCCNefoBaHU ceBe-
POTaéXHbIX e/IbHUKOB B CEBEPHbIX paiioHax
Pecny6imkn Komu, HO BbiLLe, YeM B e/lbHUKaX

npearopuii XnouH (Konbcknii nonyocTpos),
NOMyYeHHbIMW paHee ApYyrMMmmn aBTopamm 1 Npea-
CTaB/IeHHble B CBOAKE faHHbIX [20].

3anac opraHM4YecKoro BeLLecTBa B XXMBOM
Harno4BeHHOM MOKPOBE UCC/IeA0BAHHOIO HaMu
6epe3HsKa AONrOMOLLHOro coctaBun 555 r/m?,
YTO HECKOJIbKO HUXKE pe3y/ibTaToB, NOMyUYeHHbIX
paHee 4N ApYrvX TUNOB 6epé30BbIX JIECOB Cpea-
Hei Talirn PK [14], HO 6111M3K0 K AaHHbIM 1ccne-
A0BaHMI 6epé30BbIX PUTOLEHO30B B PUHNSHANMN
n LWeeuwnn [8, 21].

Hawum nccnegosaHusa nokasaam, YTo B e/lb-
HUKe C(harHOBOM B pacTEHUAX HaMOYBEHHOrO
NMOKpPOBa HaKarn/nBaeTcs yrnepoga 60sbLue, Yem
B €/IbHVKE YePHUYHO-3e/1eHOMOLUHOM (Tabs. 2).
Bonee 50% yrnepoaa akKyMyMpyeTcs B Ha3eM-
HOW YacTW pacTeHWnA, UTo ObISI0 OTMEYEHO paHee
N NS PYTUX NeCHbIX NPeAropHbIX 6MOreoLeHo-
30B Ha CeBepe [18]. B noa3eMHbIX opraHax Ky-
CTapHWYKOB HaKar/InBaeTcs B 2—3 pa3a MeHbLLe
yrnepoga, Yem B Hag3eMHbIX. Bonee NonoBMHbI
yrnepoga noA3eMHoM (pUTOMacChl XXMBOr0 Hamno-
YBEHHOI0 MOKPOBa NPUHALIEXXUT KOPHAM Tpas.

PacTeHns Harno4BeHHOro NMOKPOBa Ucceso-
BaHHbIX (PUTOLEHO30B [NPUNosIsPHOro Ypana exxe-
roAHO HakanmearoT ot 245,3 10 371,8 r/(m? - rop)
OpraHn4ecKoro BeLLEeCTBa, B TOM YAC/Ie yriieposa
ot 106,6 po 153,5 r/(rC/(m?rog)) (tabn. 3).
3HaunTenbHas ero vactb (72—77%) npeacras-
NeHa B NPUPOCTe Haf3eMHOM Maccbl pacTeHUA.
OcHoBHas posnb (6onee 50%) B akKKyMynaLUn
yrnepoga Haf3eMHOl MTomacchl Harno4YBeH-
HOro NMOKpoBa B e/lbHUKe YepHUYHO-3e/1EHO-
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Puc. 1. KoHueHTpauwms yrinepoga (%) B paCTeHMAX HaNo4YBEHHOM0 MNOKpPOBa
e/10BbIX (OMTOLEHO30B KpaHeceBepHOW (Hallv AaHHbIe) 1 cpeaHeli Tarirm [13]
Fig. 1. The carbon concentration (%) in plants, ground vegetation
of spruce phytocenoses of extremely Northern (our data) and Middle taiga [13]

Tabnuua 2 / Table 2
3anac opraHM4ecKoro BeLLEeCTBa 1 Yriepoja B pacTeHusX
Hamno4BeHHOro NMOKPOBa MCCEA0BaHHbIX NIECHbIX (PUTOLEHO30B
The stock of organic matter and carbon in the ground vegetation of the investigated forest phytocenoses

ENbHWK YepHUYHO-
3€/1eHOMOLUHbI/ EnbHWUK ctharHoBblin/ BepesHak o
KomMnoHeHT coutomacchl/ Bilberry green moss | Sphagnum spruce forest p 'CI"OM.O'\QC.)”JmM/
Pytomass component spruce forest olytric birch forests
r/m?/ rC/m?/ r/vm%/ rC/m2/ r/m?/ rC/m?
g/m? gC/m? g/m? gC/m? g/m? gC/m?
HapsemHas vactb gomtomacchkl/ Aboveground part of the phytomass
KyctapHuuku / Shrubs 65,4+4,6 31,1+2,2 | 102,5+7,2 | 48,6+6,8 14,7¢1,5 8,1+0,9
Tpasbl / Herbs 126,5+3,8 | 54,0+1,6 | 141,0+6,6 | 60,0+2,8 |168,9+54 | 68,3+2,2
TpaBAHO-KYCTapHMUUKOBbIV
apyc (Bcero) / Herbs and 191,9+9,2 | 85,0+4,1 |243,5+10,2 | 108,6+45,6 | 183,6+8,5| 76,4+3,5
shrubs layer (total)

Mxwu / Mosses 144,7+11,1 | 62,2+4,8 |340,6+30,3 | 139,5+12,4 |1165,9+12,8| 69,3+5,3
Bcero / Total 336,6+16,8 | 147,2+7,4 | 584,1+24,5 | 248,0+10,4 |349,5+17,5| 145,7+7,3
MopgsemHas yacTtb omtomacchl™/ Underground part of the phytomass™
KyctapHuuku / Shrubs 41,6+2,1 19,1+0,9 38,6+£5,4 17,8425 | 44,3+3,8 20,4+1,8
Tpasbl / Herbs 133,5+5,7 | 56,9+2,5 |297,9+56,6 | 126,9+24,1 | 160,7+7,9 | 68,5+3,4

TpaBsAHO-KYCTapHWUYKOBbI

apyc (scero) / Herbs and 175,148,8 | 76,0+2,8 |336,5+53,8 | 144,7+23,2 | 205,0+9,4 | 88,8+3,2
shrubs layer (total)

Ouec mxoB / Mosses 64,3+6,5 27,2+2,6 39,6+3,2 16,1+2,9 | 56,5+6,8 | 24,429
Bcero / Total 239,4+9,6 | 103,2+3,9 | 376,1+67,8 | 160,7+25,7 |261,5+12,1| 113,2+4,1
NToro** 511,7 223,2 920,6 392,7 554,5 234.5

Mprmeyanune / Note: «*» — nogseMHasn yacTb (hMTOMAacChl onpegeneHa TOMbKO /1 NOACTUI0HHOIO ropusoHTa /
Undergroundpart of phytomass determined only for litter horizon; «**» — PaccunTaHo 6e3 yuéTa oyéca Mx0B, COr1acHo
meToauke [16] / Calculated without taking into account the moss count, according to the procedure [16].
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Tabnmua 3/ Table 3
3anac opraHMYecKoro BeLLECTBA U Yriepo/a B NPUPOCTE NCCNef0BaHHbIX (OUTOLEHO30B

MpunonspHoro Ypana, r/(m?-roap), rC/(m?- ron)
The stock of organic matter and carbon in the annual growth of the investigated phytocenoses
of the Subpolar Urals, g/(m? - year), gC/(m? - year)

ENbHUK yepHNYHO- . BepesHak
3e/1EHOMOLLHBbIN E/lbHmK charHoBbIi [LONTOMOLLIHbIV
KomnoHeHT dutomacckl/ | Green moss spruce forest Sphagnum spruce forest Polytric birch forest
Pytomass component r/(m2rog) g/| rC/(m?.rog) | r/(m? rop) | rC/(m?-rom) | r/(m?-rop) [rC/(m?- rom)/
(m?-year) | gC/(m?.year) g/(m?* year) oC/(n¥-year) |g/(m?year) gC/(n year)
HapzemHas yacTtb omtomacchkl/ Aboveground part of the phytomass
KyctapHuuku / Shrubs 31,9+2,2 10,9+0,8 24,7+£3,5 7,8+1,1 5,5+0,6 2,4+0,3
Tpasbl / Herbs 117,2+3)5 | 54,0+1,6 132,746,2| 60,0+2,8 | 161,8+5,2 | 68,3+2,2
TpaBsAHO-KYCTapHNYKOBbI
apyc (Bcero) / 149,1+7,2 64,8+3,1 157,4+6,6 | 67,8+2,9 167,2+7,7 | 70,7£3,3
Herbs—shrubs layer (total)
Mxwn / Mosses 33,3+2,6 14,2+1,1 103,849,2 | 42,3+3,8 48,3+3,7 | 20,1+1,6
Bcero / Total 182,4+89 | 79,1+3,9 | 261,2+13,2| 110,1+5,5 |215,5+10,9 | 90,7+4,4
MoazemHas vactb hutomaccbl™/ Underground part of the biomass™

KycTtapHuukm / Shrubs 22,9+1,1 10,5+0,5 12,9+1,8 5,3+0,7 14,8+1,3 6,8+0,6
TpaBbl / Herbs 40,0+1,7 17,1+0,7 89,4+17,0| 38,1+7,2 53,0+2,6 | 20,5+1,1
TpaBsAHO-KYCTapHNYKOBbI
apyc (Bcero) / 62,9423 27,6+1,1 | 110,6+17,7, 43,4+6,9 67,8+2,5 | 27,3+3,3
Herbs—shrubs layer (total)
Bcero / Total 245,3 106,6 371,8 153,5 283,3 118,1

MprimeyaHme / Note: «*» —ogseMHast Yac Tb (M ToMacchl onpezesieHa To/bKO 415t MOACTUoUHOro ropsoHTa/ Underground
part of phytomass determined only for litter horizon.

Tabnunua 4 / Table 4
3anac opraHM4ecKoro BeLLEeCTBa 1 Yreposa B ornaje 1cciefoBaHHbIX utoLeHo30B MNprnonsapHoro Ypana
The stock of organic matter and carbon in litter of investigated phytocenoses in the Subpolar Urals

ENbHMK YepHUYHO- o
36/1eHOMOLLIH b ENbHUK charHoBsbIn Bepe3Hak 5
KoMMOHeHT doTomMaccsl Bilberry green moss Sphagnum spruce AONTOMOLLHbBIN
forest Polytric birch forest
Pytomass component spruce forest
r/(m2rog) | rC/(m?rog) | r/(m?-rog) \rC/(m?-rog) |r/(m?- rog) | rC/(m?- rom)
g/(m? year) | gC/(m*year)| g/(m? year) |gC/(myear) | o/ (- year) | gC/ (¥ year)
HapgzemHas yactb omtomacchl/ Aboveground part of the phytomass
KyctapHuuku / Shrubs 24,117 7,2+0,5 17,7¢25 | 4,6£0,6 | 4,2+0,5 1,8+0,2
Tpasbl / Herbs 117,2+3,5 | 54,0+1,6 | 132,7+6,3 | 60,0+2,8 |161,8+5,2| 68,3+2,2
TpaBsAHO-KYCTapHWUYKOBbI
apyc (Bscero) / 141,3+6,8 | 61,1+2,9 | 150,5+6,3 | 64,6+2,7 |165,9+7,6| 70,1+3,2
Herbs-shrubs layer (total)
Mxwn / Mosses 23,3+1,8 10,0+0,8 72,646,5 | 29,6+2,6 | 33,8+2,6 | 14,0+1,1
Bcero / Total 164,6+8,2 | 71,1+3,6 | 223,1+11,2| 94,24+4,0 |199,7+9,2| 84,1+3,9
MopasemHas yactb omtomacchl™/ Underground part of the biomass™

KycTtapHuukm / Shrubs 20,6+1,1 9,4+0,5 11,6+1,6 | 4,840,7 | 13,3+1,2 | 6,1+0,5
Tpasbl / Herbs 36,0+1,6 15,3+0,7 | 80,4+15,3 | 34,3+6,5 | 47,7+2,4 | 18,5+1,0
TKHA (Bcero
Herb-(shrub)layer (total) 56,6+2,1 24,8+0,9 | 92,0+14,7 | 39,0+6,2 | 61,0+2,2 | 24,6+0,9
Bcero / Total 221,2 95,9 315,1 133,2 260,7 108,7

Mprmeyanmne/ Note: «*» — nofszemMHas 4acTb (MTOMacChl onpefeneHa TO/bKO A4S NOACTUAOYHOr0 ropusoHTa /
Underground part of phytomass determined only for litter horizon.
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Tabnuua 5/ Table 5
AKKYMynsiums yrnepoga B oMtomacce M rogMyHor NpoayKumnm pacTeHiA HanoYBeHHOTo NMOKpPoBa
nccnegoBaHHbIX mtoleHo3ax / The accumulation of carbon in the phytomass and annual production
of ground cover in the investigated phytocenoses

MpoueHT B NpmpocTe

dutomacca MpupocT utomacce! thmTomacchbl
Increment L
Phytomass f ohvt Percentage in increment
Twn neca / Forest type ot phytomass of phytomass
r/m? rC/m2 | /(M2 rop) | rC/(M?:rog) ogreﬁgl;%%K})e yrnepop /
g/m? gC/m? | g/(m?-year)| gC/(m?year) carbon

organic matter
HapgzemHasi yactb gomtomacckl/ Aboveground part of the phytomass

ENbHWK YepHUYHO-
3e/1eHOMOLLHBbIN /

Bilberry green moss 336,6+16,8| 147,247,4 | 182,448,9 | 79,1+3,9 54,2 53,7
spruce forest

EnbHWK charHoBbIi /

Sphagnum spruce forest | 9841245 248,0£10,4) 261,2+132 | 110,155 44,7 44.4
BepesHAK ONTOMOWHLIA /| 510 5417 5| 145747.3 | 215,5+10,9 | 90,7+4.4 61,7 62,3

Polytric birch forest

MopgsemHas YacTtb outomacchl™/ Underground part of the phytomass*

ENbHUK YepHUYHO-
3enieHoMOLUHbIY / Bilberry | 175,1+8,8 | 76,0+2,8 | 62,9+2,3 | 27,611 35,9 36,3
green moss spruce forest

EnbHWK charHoBbI /

Sphagnum spruce forest 336,5+53,8|144,7+23,2| 110,6+17,7 | 43,4+6,9 32,9 30,0

BepesHsiK 4oNromMoLHbIn /

Polytric birch foest 205,0+9,43| 88,8+3,2 | 67,8+2,5 | 27,3+3,3 33,1 30,8
Bcero / Total

ENbHUK YepHUYHO-
3e/IeHOMOLUHBIN / 511,7 223,2 245,3 106,6 47,9 47,8
Greenmoss spruce forest
ENbHUK charHoBbIn /
Sphagnum spruce forest
Bepe3HsaK 40NrOMOLLHbIA /
Polytric birch foest

Mpvimeyanwe / Note: «*» — Mof3eMHasA YacTb PUTOMACCHI OMNpesesieHa TOo/IbKO /1A NOACTUI04HOro rop3oHTa ropusoHTa /
Under-ground part of phytomass determined only for litter horizon.

920,6 392,7 371,8 153,5 40,4 39,1

554,5 234,5 283,3 118,1 51,1 50,4
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Puc. 2. 3anac yrnepoga (rC/m?) B Hano4BeHHOM MOKpPOBe e/10BbIX (a) 1 6epésosbix (b) dmToLeH030B
Pecnybnukun Komu. Micnonb3oBaHbl faHHbIE 4151 e/lbHMKA YEPHUYHOTO CBEXKEr0 cpefHen Tairm [13] n gns
JINCTBEHHO-XBOMHOI0 HaCaXKAEHNSA Pa3HOTPaBHO-YEPHUYHOIO TUMa cpefHel Tarn [14].

Pic. 2. The carbon stock in ground cover of spruce (a) and birch phytocenoses (b) in Komi Republic, gC/m2.
The data of K. S. Bobkova, V. V. Tuzhilkina for bilberry spruce forest in middle taiga [13] and data of
T. A. Pristova for mixed deciduous-coniferous herb-bilberry forest in middle taiga [15] were used.
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MOLLIHOM W Gepe3HsIKe 4O/ITOMOLLHOM MpuUHaa-
NEXXNT TpaBam.

Jonsa noasemMHol utToMacchbl B 06LLEM
roAMYHOM MPUPOCTE yraepoja Hano4YBeHHOrO
nokposa cocTtasnsetr MeHee 30%. CogeprkaHne
yrnepoga B NpMpocTe NnoA3eMHbIX OpraHoB pac-
TEHWI B UCCNeA0BaHHbIX (OUTOLIEHO3aX MEHSIETCS
B npegenax 27,3—43,4 rC/(m? rog) (tabn. 3).
OcHOBHas 019 yrnepoja B pupocTe Noa3eMHOM
yacTu hmuToMacchl, Tak e Kak 1 Haf3eMHON,
NPUHAZIEXXNT TpaBam.

CornacHo Hawmum pacyértam, eXKerogHo ¢
Haj3eMHbIM 0MaZoM pacTeHUA Hano4YBEHHOIO
NOKpoBa Ha MOBEPXHOCTb MOYBbI B MUCCNeA0-
BaHHbIX HAMW HacaXKAaeHUsaX rnocTtynaet oT 71,1
a0 94,2 rC/m?, MakcuManbHOe KO/IM4YecTBo — B
e/lbHUKe charHOBOM, MMHUMa/IbHOE — B e/IbHUKE
YepHUYHO-3e/1ieHoMOLLHOM (Tabn. 4). bonbLias
yactb yrnepoga (ot 51 go 80%) Hag3eMHOro
onagja pacTeHul NpuHaaIeXXnT Tpasam. B uenowm,
onag cofep>ut 86—95% yrnepoga TeKyLero
npupocta putomacchl. CnegosartesibHO, B €/1bHU-
Kax 1 bepesHskax NMpunonsapHoro Ypana, exxe-
rogHO 3HauUTeNbHasA YacTb yrnepoga pacteHuin
Haro4BeHHOro NOKPOBa aKTMBHO BK/IHOYAETCA B
[EeCTPYKLMOHHOE 3BEHO KPYroBopoTa yrepojau
(hopmMmpoBaHue TeCHOM NOACTUKK. B pesynbTaTe
3anac opraHM4yecKoro BellecTBa v yrnepoga B
MCTUHHOM MNPUPOCTE PacTEHWUI HaMOYBEHHOIO
NOKpPOBa e/I0BbIX (PUTOLLEHO30B COCTaBNseT
24,1-56,7 r/mM?*n 10,7—20,3 rC/m?, B 6epe3Hsike —
22,6 r/m?1n 9,4 rC/M?B rof, COOTBETCTBEHHO.

MoanyHasa NpoayKuUms NoA3eMHO omtToMac-
Cbl BO BCeX TPE&X TMnax Jsieca okasanacb HUXe,
4yeM HaA3eMHOW. [lona roAnYHON NPOAYKUMN
OpraHM4yecKoro BeLLLeCTBa HaJ3eMHOM oTomacehl
coctaBmnaot 44,7 oo 61,7%, noalemHon — ot 32,9
10 35,9% 06LLIe Macce pacTeHUIN HANOYBEHHOTO
nokposa (Tabn. 5). AKKyMynsiums yrnepoja B
roAMYHOM NPoAYyKUNM HaA3eMHOM (huToMacchl
Harno4BeHHOro NokKposa coctasuna 44,4 —62,3%,
nogsemHon — 30,8—36,3% 006LIMX ero 3anacos.
B necHbIx domToLeHo3ax MpunonsapHoro Ypana
3anachbl yrnepoga B oMtomacce, NpMpocTe 1 onage
pacTeHMIn HAaNOYBEHHOIO NMOKPOBA BbILLE, YEM B
cpeaHeit Taiire (puc. 2). 3To MOXKET BbITb CBSA3aHO
C TeM, YTO B e/IbHUKaxX KpaliHe CEBEPHON Taliru
CHWKAETCS cpeaoobpasyoLLas yHKLUMSA enn, 06-
pasyroLLer HU3KOMPOAYKTUBHbIE ApeBocTom [22].

BbiBOAbI

B necHbIx cmtoueHo3ax npegropuii Mpu-
MOSIAPHOrO Ypana B pacTeHUAX Harno4yBeHHOro
nokpoBa Hakannmnsaetcs 512—960 r/m? opra-
HMYECKOro BellecTBa, B TOM YuUcie yrnepoga

250—409 rC/m?2. B Haf3eMHOI YacTy pacTeHWIA
cocpefiotoveHo 60s1ee 60% yrnepoga mTomaccsl.

E>kerogHast akkymynsiums yrnepoga B ro-
AVYHOM NPUPOCTe HaJ3eMHbIX OpraHax pacTeHW
Hano4yBEHHOr0 NoKpoBa cocTaBnAetT 44—62%,
nofsemHon — 31—36% oT 06LLero 3anaca yrine-
poza B hmtomacce. Hanbonee UHTEHCUBHO yr/e-
poj aKKyMy/MPYeTCA B XXUBOM Harno4yBeHHOM
NOKPOBe e/lbHNUKa YepHUYHO-3e/IEHOMOLLIHOMO
1 6epe3HsaKa 4ONTOMOLLHOrO.

3HauuTenbHas yactb yrnepoga (86—95%)
rofM4YHOro NMpupocTa pacTeHnii >XMBOro Hamno-
YBEHHOI0 MOKPOBa BO3BpaLLaeTcs ¢ onajomM B
noyBy. B UCTUHHOM MpUpPOCTe pacTEHUIA B €/lb-
HMUKax Hakannueaetcs yrnepoga 11—20 rC/m?,
B 6epesHsake — 9 rC/m?. BepgyLias posb B yrne-
POLHOM 0OMeHe MeXKay pacTeHUsIMM U NOYBOWA
NPUHAaZIEXXNT TpaBam.
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OueHKa cocTaBa i MUKPOCTPYKTYpPbI a/ltOMOCOAep>KaLLlero otxoaa
Ans 060CHOBaHWSA HanpaBeHWA ero Ncrnosib30BaHUS

© 2018. A. A. MapTbIHOBa, acnupaHT, [. M. batpakoBsa, 4. T. H., AOLEeHT,
MepMCKMin HaLMOHa/bHbIM UCCNef0BaTENbCKNIA

NOSIMTEXHNYECKUIA YHUBEPCUTET,

614990, Poccus, 1. Mepmb, KoMCOMOBLCKWIA NPOCMEKT, 29,

e-mail: eco@pstu.ru

KomnnekcHasi nepepaboTka NPOMbILLIEHHbLIX OTXOA0B C U3BNEYEHMEM LieHHbIX KOMMOHEHTOB U MCMO/b30BaHNEM
0TXO[0B B Ka4eCcTBe BTOPUYHbIX MaTepuasibHbIX PecypcoB 06ecrneynBaeT CHUXKEHME aHTPOMOreHHOM Harpy3km Ha KOMMo-
HeHTbI OKpY>KatoLLeli cpeabl. B npouecce TEPMUYECKOT0 YHUUTOXKEHMS SHEPrOHACBILLEHHbIX MaTepuanoB 06pasyeTcs oT-
X0[, C 60/1bLLINM COfiepYKaHNEM OKCMAA a/llOMUHUS. [Lns onpeaeneHms HanpaseHUi NCMOo1b30BaHMS aTlOMOCOAEPYKALLIEr0
0TX0/a NPOBEAEHO MCCNe0BaHNE ero cocTaBa M MUKPOCTPYKTYPbI. VICNonb30BaHbl METOfbl CKAHVPYHOLLIEV 3/1EKTPOHHOIA
MUKPOCKOMUW 1N METOAbl KOTMYECTBEHHOIO (h3NKO-XMMUYECKOro aHanm3a. [ns uccnefoBaHus Gblav NOArOTOB/EHbI
CTPOUTENbHbIe 06pa3Lbl ¢ f06aBKaMKM 0TX0Aa 1 06pasLibl 0TX0AA, OUULLEHHOTO MUHEPAIbHBIMU KIC0TamMu 1 BOAOM.

CocTaB 13y4aeMoro a/ItoMOCOAePXKaLLIEr0 0TX0Aa COOTBETCTBOBA/ TPE6OBAHMSAM K CblpbeBbIM MaTepuanam, UCnosb3ye-
MbIM B KayecTBe YMNpOoUHsIOLLEe 106aBKN B LIEMEHTHBIX CMECSIX, YKapOCTOMKMX pacTBopax (6eToHax) 1 Npu U3roTOBNEHWM
BSKYLLMX BELLLECTB. YTIIOTHEHWE CTPYKTYPbI UCCNEJ0BaHHbIX 06pa3LoB cepryecknmm yactuuamm AlLO, BMano Ha npou-
HOCTHble XapaKTepUCTMKM 06pa3L,0B Ha OCHOBE rurca ¢ 06aBKoii Lunama. MpoBefeHO CpaBHEHNE PU3NKO-MEXAHUYECKMX
XapaKTepuUCTK 06pasLioB ¢ 15- 1 30%-HbIM Cofiep>XaHMeM 0TX0/a C pe3y bTaTaMn UCTbITaHWI KOHTPO/IbHOro 06pasia rurnca.

WccnefoBaHne MUKPOCTPYKTYPbI U 3/1EMEHTHbIV aHa/IN3 0TX04a, OUMLLIEHHOTO MUHepPa/IbHbIMU KUC10TamMu, NoKasasi,
YTO COCTaB BK/IHOUEHWMIA HeogHopoaeH. O6paboTKa KcnoTamum 1 Bofo athpeKTUBHbI ANst 0CBOOOXKAEHNS a/TFOMOCOAEPYKALLIErO
0TX0fa OT NPVMeCeii, MaccoBOe COAEP>KaHME aNtOMUHUSA B OYMLLIEHHbIX 06pa3Lax yBenmymBanoch.

Pe3ynbTaThl OLEHKM cOCTaBa 1 CTPYKTYPbI 0TX04a MOTYT 6bITb NCMO/b30BaHbI MPY 06bSICHEH M NPOLLECCOB (HOPMMPO-
BaHMS CTPYKTYpPbl HOBbIX MaTEPMasIOB Ha alItOMOKMCI0PO/JHOM OCHOBE, NMPOLIECCOB CTPYKTYP006pa3oBaHus B KEPaMMUUECKNX
matepuanax, Kotopble 6yayT U3roToB/eHbI C MPUMEHEHWEM AaHHOTO BMAA 0TXOAA.

KntoueBble C/10BA: allOMOCOAEPYKALLME OTXO/bl, OKCU/ ANIOMUHWS, LLINIaM, SHEPrOAVCTIEPCUOHHbIVE MUKPOaHAN3.

Assessment of the composition and the microstructure of aluminium-
containing waste for the substantiation of the directions of its use

© 2018. A. A. Martynova, G. M. Batrakova,

Perm National Research Polytechnic University,
29, Komsomolskiy Prospect, Perm, Russia, 614990,
e-mail: eco@pstu.ru
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Complex recycling of industrial wastes involves the extraction of valuable components and the use of waste as secondary
material resources. Implementation of resource-saving technologies reduces the anthropogenic load on the environment.
In the process of thermal destruction of calorific materials, waste with a high content of aluminum oxide is generated. In
order to determine the directions of usage of alumina-containing waste the initial study of its composition and structure
was made. The methods of scanning electron microscopy and quantitative physicochemical analysis were used. The fol-
lowing samples were studied: construction samples with waste additives (15 and 30%), and a series of samples purified
with mineral acids and water.

The mineral composition of the alumina waste corresponded to the requirements for raw materials for use as a reinforc-
ing additive in cement mixtures, heat-resistant concretes and for the manufacture of binders. Compaction of the structure
by spherical particles Al,O, affects the strength characteristics of gypsum binder samples. A comparison is made between
the physico-mechanical characteristics of samples with different waste content and control sample of gypsum.

A study of the microstructure and element analysis of waste, purified by mineral acids, was made. The analysis showed
an inhomogeneous composition of impurities. Treatment of waste with acids and water is effectively remove impurities, at
the same time mass content of aluminum in the purified samples is increasing.

The results of evaluation of waste structure and composition can be used for explanation of materials formation with
new structure on aluminum-oxygen basis and ceramic materials formation that can be manufactured using this type of waste.

Keywords: aluminum-containing wastes, aluminium oxide, sludge, energy-dispersive microanalysis.
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B 6051bIMX 06bEMaX antomocogep katyme
0TX04bl 06pa3yoTcs Ha NPeanpUATUAX XUMN-
4yecKoi oTpacnu, MetTannypruu, B Npon3Bos-
CTBe rMIMHO3éMa, B 3HEPreTMYeCKOn oTpacaun
n npoumx. K Takmm otxogam OTHOCAT rmapo-
a/ltoMoKapboHaTHble 0cafKn, 60KCUTOBbIE, He-
(hennHOBbIE, OKCanaTHbIe LWNaMbl, NMUTENHbIE
LLIaKK, 30/10LU1AKOBbIE OTX0AbI 1 30/1bl YHOCA.
Pa3meLueHMo B OKpYy»KatoLLiei cpefie Noao6HbIX
OTXOJ0B y[AenseTca MHOro BHAMaHUA no npu-
YMHaM NX NblIEHNA N NTOK&JTbHOT0 3arpsA3HEHUSA
BO34yXa KPYMHbIMU N MENKOAUCHEPCHBIMU
yacTuuamu; Npu XpaHeHUN 06BOAHEHHbLIX OT-
X0[,0B TPYLHO NOJTHOCTHH UCKHOUNTL PUCK 00-
pa3oBaHMA MPOMOWH B LLIaMOHaKONUTENAX; Mpw
HU3KMX U BbICOKMX 3HAYeHMNAX PH NOYBEHHbIX
pacTBOPOB MOSIBIEHNE COELUHEHWIA aNtOMUHUSA
Croco6CTBYET M3MEHEHMIO COOTHOLLEHUSA NKN-
TaTeNbHbIX 3/IEMEHTOB M COCTaBa MOYBEHHbIX
61OLEHO30B.

OTX0fpbl C BbICOKMM COAEPXKaHMEM OKcuAaa
antoMunHns (ALLO,) xapaKTepr3yoTCsi BbICOKUM
pecypcHbIM MOTEHLMANIOM, MO3TOMY UX KOM-
nieKcHas rnepepaboTKa c U3B/IeYeHMNEM LLeHHbIX
KOMMOHEHTOB ABNAETCA MepCrneKTUBHbIM Ha-
npasfieHeM /151 pecypcocbeperaroLmx n masio-
OTXO0AHbIX TexHonorui [1—4]. HanpasneHus
MNCMO/b30BaHMA aloMOCOAeP>KaLLMX 0TX0A0B
cnefyeT onpeaensTb C YH4ETOM UX MUHepanorn-
4eCKOro M XMMMYeCKOro cocTaBa, AMCMePCHOCTH,
TOKCMYHOCTW, YAe/bHbIX 06bEMOB 06pa3oBaHuS,
BO3MOXXHOCTM OpraHn3aumnm 3aMKHYTbIX MPon3-
BOACTBEHHbIX LMK/I0B. B MMpPOBOI NpakTnKe 13
NPUPOLHOr0 U TEXHONEHHOr0 asIloMOCOjepiKa-
LLIero cbipbs Mony4atoT abpasvBHble Matepua-
Nibl, TEXHNYECKYI0 KepaMnKy, M3HOCOCTOMKME
N KUCNOTOYMNMOPHbIE 3/IEMEHTbI CMeLnanbHoOro
HaszHa4yeHus.

MHOro4YncneHHbIMN UCCNeLOBaAHUAMN U
NPaKTUYeCKMM BHepeHMeM oKa3aHa nepcrek-
TUBHOCTb MCMO/Ib30BaHUS allOMOCOAEPIKALLMX
0TX040B A1 NPOM3BOACTBA MUHEPaASIbHbIX BS-
XKYLLINX BELLECTB, a/IIOMUHATHbIX LIEMEHTOB, TS-
YKENbIX N MENIKO3EPHUCTbIX 6ETOHOB, TEM/I0130-
NAUNOHHbBIX MaTepunasnoB, CyXnx CTPOUTENbHbIX
cmeceii n ap. [1, 5—7]. Mpw 3T0M NPOM3BOACTBO
TOBapHOI NPOAYKLNM CTPOUTE/IbHOTO Ha3Ha-
YeHUs He NMpeabaBSET BbICOKMX TpeboBaHM K
MNCXOLHOMY COCTaBY CbIpbsi U ABMIAETCA OAHUM U3
BapmMaHTOB HM3K03aTpaTHbIX CrocoboB nepepa-
60TKWM TEXHOTEHHOI O FNHO3éMa. BbICTPbIN pocT
NPOYHOCTW, YBeSIMYEHNE NNOTHOCTU, CroCcoo6-
HOCTb K TBEPAEHMIO NMPU NMOHUXKEHHbIX Temme-
paTypax u fpyrve cBOiCcTBa ONpeaensioT cnpoc
Ha NofoOHbLIN 0TX0[ B Ka4yecTBe MUHEPasIbHOMN
A06aBKW K CbipbEBbIM COCTaBaM.

OTNNYnTENIbHO 0COBEHHOCTHHO TEXHOMOT NI
NPUMEHEHNS a/TlOMOCOAEeP XKaLLMX 0TX0LO0B A/1A
N3rOTOBMIEHWNSA TUMCOBbIX BSXKYLLMX (TMNCOBOro
KaMHS1) 1 MaTepuasioB Ha UX OCHOBE SABNSETCA
NCKJ/THOYEHNE 3Tarna BbICOKOTEMMEPATYPHOr o CUH-
T€3a, 0TCyTCTBUE BblopocoB CO,, MbIIN 1 pYTnX
BPEeAHbIX BELLECTB, CHMDKEHNE 3HEPTrOEMKOCTU
NPOM3BOACTBA MO CPAaBHEHWNIO C MPOM3BOACTBOM
KNnHKepa n n3sectu. MiccnegoBaHme MMKpO-
CTPYKTYpPbl BSXKYLLNX BELLECTB TEXHOTEHHOIO
NPOUCXOXKAEHNA Hanpas/ieHO Ha MoJlyYeHue
HOBbIX [aHHbIX 0 MexaHN3Me TBEPAEHUA Mpun
CO3laHMN TUMCOBOr0 KamMHA W U3L4enunii Ha ero
OCHOBE C 3a/laHHbIMW CBOCTBaMW.

OKcug antoMUHNA B KayecTBe Cbipbs A1A
N3roTOB/IEHNSA TEXHUYECKOM KepaMnKN Npugaét
N3[eNNAM Ha ero OCHOBe TBEPAOCTb, HU3KYHO
NSI0THOCTb, XOPOLUYHO TEM0NPOBOAHOCTL, XUMU-
YeCKYH NHEPTHOCTb, KOPPO3MOHHYH CTOMKOCTb,
3N1eKTPOM30/IALMOHHbIE CBOWCTBA. 3TU CBOICTBA
BOCTpPeb6OBaHbl B M3rOTOB/IEHUN OTHE- U KUC/O-
TOYMNOPHbIX MaTepunasios, 3/1IEKTPON30/ALLNOH-
HbIX N TEPMOCTOMKUX KepaMUYeCcCKNX U3genuim,
KaTa/sin3aTtopoB Ha KepaM14eCcKoM OCHOBe, Kepa-
MUYECKMX NUTMeHTOB 1 ap. [3-5, 8, 9]. B npo-
N3BOACTBE TEXHUYECKOWN KeEpaMUKUM BaXKHbI TaKue
XapaKTepUCTUKM N3 aJTIOMOCOLEPXKALLLET O CbIPbS
KaK 0HOPOAHOCTb, AMCMEPCHOCTb, MPUMECHBbIN
cocTaB, Kpuctannyeckas opma. Nepcnektme-
HbIM HanpaB/fieHMEM MUCMO/Ib30BaHUS BbICOKO-
uncToro avcniepcHoro Al,O, siBNsieTcs pa3paboTka
KepaMUYeCKMX KOMMO3ULMOHHbLIX MaTepuanos,
apMmpoBaHue aNtoMOKMCIOPOLHOIO Kapkaca
HaHOCTPYKTypartopamu 1 ap. TeXHOreHHOe CbipbEé
He BCerga HaxoAuT LMPOKOe NPUMeHeHMe no
NPUYMHE HeA0CTAaTOYHOM N3YHYEHHOCTU CblPbEBbIX
MaTepuasioB C BbICOKMM COAepXKaHneM NpuMeceit
[8, 10—13].

C uenbto obecreyveHnst BbICOKOWM TPELLMHO-
CTOMKOCTU 1 TBEPAOCTM MPU CO34aHUM HOBbIX
BMA0B KepammnK TPebyeTcs Cbipbé C HAaMMEHbLUNM
MacLuTabom CTPYKTYpbl, C BbICOKO 04HOPOAHO-
CTbl0, MMHUMAa/IbHOW MOPUCTOCTHIO M XOPOLLIO
chOpMUPOBAHHBLIMU MEXKPUCTANNUTHBIMU
rpaHnuamn [3, 14—17]. Takmm obpasom, Hay-
KOEMKMe NPOn3BOACTBA NPeLbABNAIOT 0CObble
TpeboBaHMSA K YACTOTe U O4HOPOLHOCTM a/ItOMO-
KWNC/IOPOLHOW OCHOBBI.

N5 06bACHEHWA NPOLLECCOB CTPYKTYpoobpa-
30BaHWA B KepaMMyeCcKMX maTepuanax Ha 0CHOBe
TEXHOreHHOI0 CbIpbsl, KOTOPble OT/IMYAKTCA OT
NPOL,ECCOB, NPOUCXOAALLNX MPU UCMOIb30BaHUN
NPUPOAHOI0 MUHEPasIbHOTO CbiPbs, HEO6X0AM-
MO MCCMefioBaHMe cocTaBa U MUKPOCTPYKTYPbI
/IIOMOCO/EPXKALLIEr0 CbIpbs U3 OTXOLOB, YTO U
onpesennno Lenb AaHHOM paboThbl.
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O6bEKTbI U MeToAbl nccnegosaHnA

B npouecce ropeHnst 3HeproHachbILLEHHOr0
MeTa/I/IN3MPOBAHHOIO TOM/IMBA B COCTaBe BbIOPO-
COB MPUCYTCTBYIOT MblNIEBbIe YaCcTULbl. Y C/I0BUSA
TEXHO/I0rMYECKOro npougecca 1 crnocobbl 0UYUCT-
KW ra3orbI/IeBOro MoToKa BAVAKT Ha pa3mep
M COCTaB ynaB/IMBaeMbIX AUCMEPCHBIX YaCTULL.
B 3aBMCMMOCTI OT cocTaBa TOnnBa 1 yCnoBuin
TEPMUYECKOrO MpoLiecca KOHAEHCUPOBaHHasA
(haza coctaBnsier go 370 Kr/T Tonnmea [18, 19].
B cucTeMe 0UUCTKM Mblieras3oBbIX BbIGPOCOB CO-
OvpaeTcs BOAHas CyCrneH3ns AUCNepCHbIX YacTul,
nocne oTcTamBaHus U yaarieHUst BOLbl OCTaETCA
0caioK (LLnam) ¢ BbICOKMM cogepykaHuem Al O,

LLnam, cobpaHHbIA 418 NpoBeAeHUs nccne-
[0BaHWIA, NpeacTaBisa coboi KOMKOBATbIN, Cbl-
Ny4Yunii, NbIIAWWIA MaTepuran ceporo Lgeta. [Mpea-
BapuTEe/IbHbIMU UCCNEL0BAHUAMW YCTAHOB/IEHO
cogep>aHme 0CHOBHbIX KOMMOHeHTOB (Macc. %0):
91,7-97,5 ALO,; 0,2-5,0 Fe,0O,; 0,07-0,14
SiO,. MeTofoM aTOMHO0-aACOpP6LMOHHOTO aHa-
/IN3a yCTaHOB/IEHbl NMPUMECU B COCTaBe LUaMa
(macc.%): Fe, 0, 3,8+1,0; MnO 0,04+0,01; CuO
0,0020+0,0005; MgO 0,010+0,003. Kpuctannu-
yeckas (hasa LusamMa npeacraB/ieHa vyactTuLamm
a-Al O, (kopyHa), y-Al,O, 1 TpyAHO naeHTUdN-
umpyembiMn hopmamu okcuga KpemHmsa [18,
20]. Mo pe3ynbratam onpeaeneHns TOKCUYeCKOoro
AECTBUSA BOLHOM BbITSXKKM LLIaMa Ha XKMBbIe Op-
raHu3mbl 6bl/1 yCTaHOB/EH 4-i1 KacC 0NacHOCTH
0TX0fa NS OKpY>KatoLLet cpefbl (MasioonacHble
0TXO0fAbl).

OfHoOM 13 3afay nuccnefoBaHni ABAANOCH
onpegeneHne PU3NKO-MeXaHNYECKNX Xapak-
TEPUCTUK U CTPYKTYPbl TMIMCOBOr0 BAXKYLLETO,
o6pa3sLbl KOTOPOro 6bI/1 MPUroToB/IEHBI C [0-
6aB/ieHMEM antomocogep kallero wiama. 4as
nccnefoBaHUi CTPOUTEbHbLIX 06pa3LoB UC-
NOMb30BaH rmnc CTpouTeNbHbIN Mapkn -3 B 11
Geta-mogudpmnkaummn (FOCT 125-79) n namens-
YyéHHbIN wnam (15 n 30% no macce runca). Ans
KaK/0ro OrbITHOr0 cocTtasa U3rotasnmsasiv no 6
06pa3uoB. KOHTPO/IbHLIE M OMNbITHbIE 06pas3Lbl C
pa3/IMYHbIM CoZlepXKaHWeM LLiaMa U3rotas/nnea-
JICb M3 FMMCOBOr0 TecTa HOPMaslbHOM FyCTOThI.
MepemeLunBaHe KOMMOHEHTOB OCYLLIECTB/IANOCH
MeXaHWYecKUM NyTéM B CMecuTesnie, rmMrncoBoe
TecTo yKnafblBav B MeTalIN4eckue opmbl 6a-
JI0YEK, YNIOTHAIV CBEXKENPUTOTOB/IEHHYHO CMEChb
BCTpsIXMBaHMeEM, Yepes 24 4 nocse popmoBaHumsA
06pasLibl U3BIEKAINCH U3 POPMbI 1 XPaHWUINCH B
TeyeHwWe 48 4 Npy HopMasibHbIX BO34YLLIHO-CY XWX
YCNOBUSAX.

OnpegeneHve PU3MKO-MexXaHNYeCKNX Xa-
paKTepuCcTUK 06pa3L0B Ha OCHOBE runca c fo-

6aBKamu LnaMa NpoBOANMIOCH B CPAaBHEHUN C
(PU3NKO-MEXaHNYECKMMWN XapaKTepuCcTUKamu
KOHTPONbHOro obpasua (runc). OueHnBanoch
BOZLOrMNCOBOE OTHOLLEHWE, Npeses MPOYHOCTU
npu cXXatun, Npu pPacTsHXKeHUN 1 Npu nsruoe,
CPefHAA NI0THOCTb, BOLOMOI/IOLLIEHME M0 Macce
B COOTBeTCTBUK C MeToAgnKamu TOCT 125-79 n
FOCT 23789-79; KO3(hPULMEHT pasmMAryeHns
onpegendann no merogmke TY 21-0284757.
MUKPOCTPYKTYpy 06pa3uoB M3yyasn Ha CKa-
HUPYIOLLLEM 3/IEKTPOHHOM MUKpockone VEGA 3
TESCAN, komnaHun Tescan (Hexus).

Lna paclumpeHuns cdepbl NPUMEHEHNSA asto-
MOCOJep>KaLLero otTxoga paspaboraHa TeXHO/I0-
rMsi OYNCTKM LL1amMa MeTOLOM BblLLeaunBaHuns,
NPOMbIBKOW BOAOM, BbICYLLUNBaHWUEM U MPOKa/IN-
BaHuem (MateHT RU 2625575 CO1 F 7/46, CO1
F 7/02. Cnocob noslyyeHns oKCUaa atioMUHUS).

BTopoii 3agayeit nccnefoBaHnsA SABASAIOCH
N3yyYeHne CTPYKTYpPbl OUYMNLLEHHbIX 06pa3L,oB
IIOMOCOepPXKaLLLero L1ama, KOTopoe NpoBOAW N
Ha CKaHWPYIOLLEM 3/IEKTPOHHOM MWUKPOCKOMe
«S-3400N», dupmbl «HITACHI» (AnoHuns),
OCHaLWEHHbIM /19 PEHTreHOCNeKTPasbHOro
MUKpOaHan3a 3HeprogMcnepcuoHHbIM Crek-
TpomeTpom XFlash Detektor 4010, dupmbl
Bruker (I"'epmaHns). O6pasLbl 7151 3/1IEKTPOHHOA
MWUKPOCKOMUK 3aKPenasisiv ¢ MOMOLLbIO CMO/IbI.
Bce n306paXkeHns NnosyyeHbl B pPeXXMMe BbICO-
KOro paspeLueHus 1 ha3oBoro KoHTpacrta npu
perucrpaunm 06paTHO paccesiHHbIX 3/1EKTPOHOB.
M3mMepeHVe 3/1EMEHTHOrO COCTaBa OYULLLEHHbIX
06pasL0oB NPOBOAW/IM B pexxMmax aHanmsa rno
naoLaan CHAMKa U B OTAE/IbHOM TOUKE.

Cratuctnyeckas o6paboTka JaHHbIX BbINO/-
HAMacb B NPOrpamMMHOM NPOAYKTE, yCTaHOB/IEH-
HOM Ha KOMIbIOTepe /159 3HeProAMCrnepCcUOHHOIo
cnekTpometpa XFlash Detektor 4010.

Pe3ynbTatbl 1 06CY>XXAeHNe

MpoBoannn nccnefoBaHMA Wwnama n3 ce-
naparopa cMcTembl razoouncTku. LLnam npea-
cTaBnsn coboii KOMKOBaTbI MaTepuan, CpeaHNA
pasMep KOHrnomepartoB coctaBnsin 5—10 mm,
ANsa obecrieyeHMs BM3yasibHO OMpeaensieMori
0AHOPOAHOCTI 06paseL, N3Mesbyasiv B LLAPOBOA
MefibHULE. I3MeNbUY€HHbINM LWnam umMen pasmep
yactuy, 3—4 MKM, cpefjHee 3HayYeHne NI0THOCTU
3,3 r/cm3u yaenbHyo noBepxHocTb 5000 cm?/T.

Mpw nccnegoBaHUM PU3NKO-MEXAHUYECKNX
nokasaresieii 06pasL/0B Ha OCHOBE rurca ¢ pas-
JINYHBIM KOJINYECTBOM a/TFOMOCOAEPXKALLEro Luia-
Ma OTMEYEHO, YTO C YBE/IMYEHMEM COAEPIKaHUS
no6aBkm 0T 15 10 30% BOAOIrNMCOBOE OTHOLLIEHWE
Bo3pacTasio. Jobaska (pasmep vactuL, 5—10 MKM)
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(hopmmpoBasia BbICOKYHO Y/ie/IbHYH MOBEPXHOCTb,
noBbILLIas BOAOMNOTPEOHOCTL rumnca, Npu aTom
nnactTuuumpyoLwmin agdeKT He Habngancs.
BHe 3aBUCMMOCTU OT COfepXKaHusA Lwnama, uc-
cnepgyemble 06pasbl 6bl/I HE BOAOCTOMKUMU,
KO3(h(hMLMEHT pa3maryeHns coctasui meHee 0,8,
yTO MOTPebyeT AOMNOSHUTENIbHBLIX MEP 3alUThbl
rOTOBbIX M3AENNIA 0T YBNaXKHEeHUs. MpoYHOCTb
06pasLoB Ha CXKatue B CYXOM M HaCbILLEeHHOM
BOJOW COCTOSAHMW yBenMuMBanacb No cpaBHe-
HUIO C KOHTpoNeMm (Ha 70—117% B CyxoM 1 Ha
46—69% BO Ba>XHOM). INPOYHOCTb B CYXOM CO-
CTOAHUM Bo3pacTana Ha 22—53% o cpaBHeHUO
c 06pa3Lom 6e3 106aBKM LLI1ama, B HACILLEHHOM
BO/IO/ COCTOSIHMM NPOYHOCTL 06pa3L0B pa3nnya-
eTcsa B npefenax norpewwHocTu. AHanornyHble
pe3ynbTatbl HabMKLaIMCb NPU UCMbITAHUU Ha
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D2 = 2.89 ym

g
SEMHV:30.0kV |  WD:9.21mm |

View field: 20.8ym |  Det: SE 5 um
SEM MAG: 10.00 kx |Date(m/dly): 05/02/17

pacTsykeHue rnpu n3rmnbe. MNoTHOCTL 06pa3LoB
C CoAep>kaHmem LUnama Bospactana Ha 23—32%
B CpaBHeHUW C KOHTposieM [21].
MUKpPOCTPYKTYypa CTPOUTE/IbHbIX 06pa3LoB C
fo6aBrieHeM a/lFOMOCOAEPXKALLLET O LLTaMa Nnpes-
CTaBfieHa Ha pucyHke 1, ysenuyeHne x 10000,
SE. N13MeHeHUs MPOYHOCTHBLIX XapaKTepucTuk
nccnefoBaHHbIX 06pa3LoB 06 bACHAKTCA YN/I0T-
HeHVeM CTPYKTypbl YacTuuammn AlO,. AHanus
CHMMKOB MOKas3aJl, YTo B CPaBHEHMN C 06pa3LLOM
YMCTOrO rnnca, UMeLLIEro PbIXyo CTPYKTYPY 13
NPU3MaTUYeCKMX KpUCTasoB, 06pasupl ¢ fo6aB-
KO L1ama Menn MeHbLLee KOIMYecTBO MycCToT,
KpucTansbl runca n cdeprueckume Yactuiibl AL O,
pacnpefeneHbl paBHOMEPHO MO BCE M/0LLLaAN
CHUMKa. Pa3mepbl Yactvu, AlL,O,BapbypyHoT B 06-
pasuax c cofep>kaHuem wnava 15% — ot 2,89 o
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Puc. 1. MnKpocTpyKTypa 06pasLLoB C cofep>kaHurem Lwnama: a — 15%; b — 30%
Fig. 1. Microstructure of the samples with a waste content: a— 15%; b — 30%

Ocajok moce
MPOMBIBKH BOJIOI1
OT CJIeIOB
COJISTHOW KICJIOTHI

Ocajiok nocJe
o6padorki10% HCI

[TTnam (06e3BOKCHHBIIL,
UCXOJHBIIT cocTas,
U3MeJIbYeHH b
JUISL ICCJIeLOBAHIS )
Sludge(dehydrated, Sediment after

original composition . .
® shredded washing Water
for research) . 9

Ocajlok mocie
IIPOMBIBKM BOJIOT

Sediment after
treatment with
10% HCI 3

Sediment after
washing with water

from traces of
hydrochloric acid

Ocajiok noce
POMBIBKI BOJIOT
OT CJIe[l0B
a30THOI KUCJIOTBI

Ocajiok mocie
obpadorku 25% HNO,

Sediment after .
treatment with Sediment after

950, washing with water
25% HNO, 5 from traces of
nitric acid

Puc. 2. 3tanbl NoArotToBKM 06pasL0B A/1si UCCeA0BaHMS COrlacHO
CXeMe NPOLLecca OYUCTKN 1 HEATpaIN3aLMy afitoMOCOLEPIKALLLErO LLlama
Fig. 2. The steps of sample preparation for inspection according
to the scheme of purification process and neutralization aluminum-containing sludge
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Tabnmua l/ Table 1

MoanemeHTHbIV XMMUyeckunia coctas / Elemental chemical composition

Obpasel] Cogep>kaHue XMMUUECKIX 3/1EMEHTOB, % no macce
sample C?ontent of chemical elements,% by weight -
0] Al Si S Cl Cr Ti Fe
1 4745 | 39,2+0,7 | 0,15+0,05 | 0,02+0,03 | 0,02+0,03 | 0,18+0,04 — 13,9+1,2
2 40,0+2,1| 36,6+0,4 | 0,06+0,03 | 0,36+0,06 | 0,46+0,07 — 0,10+0,03 | 22,4+1,6
3 53+6 | 47,2425 — — — — — —
4 52+6 | 47,9425 — — — — — —
5 54+7 | 46,4+2,5 — — — — — —
6 52+6 | 48,4+2,4 — — — — — —
MpuMmeyaHue: «—» coepykaHune afieMeHTa HUXKe npefena o6Hapy>KeHus.
Note: ‘=" content of the element below the detection limit.

6,43 MKM, B 06pasLiax ¢ 60/1bLLINM COAepXKaHNEM
wnama — ot 0,38 10 5,26 MKM.

OunLLeHHble 06pas3ubl a/1FOMOCOePIKaLLLero
LuaMa noArotaBMBa/IMCL MO CXeMe mpouecca
OYUCTKM N HENTpanu3aumn, npeactaBieHHOM
Ha pucyHKe 2. Bce o6pasubl Lwnama nocsne o6-
paboTKM KMcnotamu rpuobpetann 6onee cBeT-
NbIA OTTEHOK, UX CTPYKTYypa CTaHOBW/Iack bosee
paBHOMEPHOI 1 NAOTHOMN.

MeTozamu 3/IEKTPOHHOW MUKPOCKOMUK UC-
cnegosanv MOpgo/IONMH0 YacTULL U 3N1eMEHTHbIN

ISE.MAG: 1000 x HV: 70,0°KV.WD: 10,0 !;lm

COCTaB O4MLLIEHHbIX 06pa3L0B antoMocogepIka-
Lero wnama. AHaInM3 CHYUMKOB MOKasaJl, uTo Uc-
XOAHbIN Wnam NpeactaBneH NPeMMyLLECTBEHHO
cthepurueckmmm yactmuamm Al O, ¢ pasmepom Ao
10 MKM. NoBePXHOCTb MNagKNX OKPYr/ibIX YacTuL,
MOKpbITa 60/1ee MENKUMW YaCTUL,AMM C Pa3MepoMm
OT [0 MUKPOHa. B nose cHMMKa oTMevanuch
Her/oTHbIe arperarbl, CNOXKeHHbIe N3 KPYMHbIX
N MeNKnx cdpep pasmepom Ao 50 HM.

Pasmep vactuy, Al,O, B MCXOAHOM (Heouu-
LeHHoM) obpasue cocTtansan 0,5—10,0 MKM;

a

Puc. 3. MMKpOCTPYKTypa 1 MO3MEMEHTHbIA XMMUYECKNIA aHan3 obpasua 2:
a— aHa/iM3 Mo njowaan CHUMKa; b — aHa/M3 B TOUKE CHUMKa
Pic. 3. Microstructure and elemental chemical analysis of the sample 2:
a—analysis over the area of the image; b — analysis at the point of the snapshot
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Tabnmuya 2 /Table 2

WcecneposaHne 06pasLoB Liama nocie 06paboTku kucnotamm /
Investigation of sediment samples after treatment with acids

HanmeHoBaHMe Nokasatenemn Obpasely nocne 06paboTkm O6paszew, nocre KunsyeHms ¢ 25% HNO,
Index 10% HCI / Sample after Sample 5 after boiling with 25% HNO3
treatment with 10% HCI 3
CogepxxaHue / Content 0-AlLO,, % 85—90 90-95
Maccosas fonsi / Mass fraction, % Fe O, 0,04—0,15 cnepbl / traces
Maccosas fons / Mass fraction, % SiO, 0,02—0,07 cnefbl / traces

rnocne NpPoMbIBKM BOAOM pasmep yacTuu, Al,O,
coctaBmn 0,5—8,0 mkm (06paseL, 2). B o6pa3uax
nocse 06paboTKM KNCAOTamMu U MPOMbIBKW BOZOW
(o6pasupl 3, 4—6) pasmep YacTUL, NPaKTUYECKN
He M3MEHWU/ICA, HO OTMEYEHO YBe/IMYEHME NX
OHOPOLHOCTM.

Pe3ynbTaThl 3/1IEMEHTHOIO aHa/In3a pas3nny-
HbIX Y4aCTKOB UCXOAHOI0 Y OUYULLLEHHbIX 06pa3-
LIOB MoKa3a/in, YTO XMMMUYECKUIA COCTaB BKJIO-
4yeHuI 06pa3uoB 1 1 2 HeOLHOPOAEH; KNC/IOTHAA
06paboTKa ayheKTUBHA A1s1 0CBOOOXKAEHUS
Luiama oT npumeceid, B obpasuax Lwnama rnocne
NPOMbIBKM KMCNOTaMu 1 BOLOW MacCoBOe Cofep-
YXaHve aJIloMUHUA yBennumBasiocb. B Tabnuue
1 npefcTaBneHbl pe3ybTaTbl IHEProAMcnepcu-
OHHOI0 3/1eMEHTHOro MMKpoaHasin3a 06pasLos
B BM[e CpefHEro 3Ha4YeHNs No TPEM TOUYKaM Ha
CHUMKE.

Oco60e BHUMaHMe yaeneHo obpasiam Lwnama
nocrie NPOMbIBKM BOAOW 1 06paboTKM KNCN0TaMM.
Ha mukpodoTtorpadmmn obpasua 2 (wnam nocne
NPOMbIBKM BOZOW) OTMEYEHO Ha/lmume BKIIKOYe-
HWIA B BUAE YacTuL, HENPaBWU/bHOWM Yr1oBaToun
thopmbl pa3mepomM yacTuy, Ao 50 MKM. PeHHTre-
HOCMeKTpa/ibHbIM MUKpPOaHaIM30M YyCTaHOB-
JIEHO MPUCYTCTBME B HEOUMLLEHHbIX 06pasLax
YKenesa n ero coeguHeHin. MMKpOCTpyKTypa 1
3/1eMEHTHbI COCTaB LWiama npeactaB/ieHbl Ha
PUCYHKE 3, PeXXKUM aHas113a No n/iowajn CHUMKa
BbIMO/IHASCA C yBenmndeHnem X 1000 SE, aHann3
B OTAEe/IbHOW TOoYKe — ¢ yBenm4yeHuem x 3000
SE. MNVKN Ha pUCYyHKe 0TpayKatoT cofep>kaHue
XVUMUYECKUX 3/1EMEHTOB B % no mMacce (1abn. 1).

S PEeKTUBHOCTb OYUCTKN LLNAMa MUHe-
panbHbIMW KKCI0TaMu OLeHnBanacb (n3nNKo-
xuMmnyecknmm metogamu (FOCT 25542.2—93
["NnHO3éM. MeTopg onpefenieHNA OKCaa XKenesa,
FOCT 25542.1-93 'nnHo3ém. MeTof onpefe-
neHna gmokcmpa kpemHusa; NOCT 25733—83
"MnHO3EM. MeTof KpUCTas/IoonTUYECKOro onpe-
[eneHns a-moanrKaumm oKkcuaa altoMMHuS).

XapaKTepucTMKa cocTaBa a/lloMOCOAepIKa-
LLIero wama nocse BbllenaynBaHns npeacras-
NeHa B Tabnuue 2.

Mpr 06paboTKe a30THOM KNCIOTOM cofepyka-
Hve Fe,0, 1 SiO, onpesensifiock Ha YpoBHE NpeaesioB

o6Hapy>eHus, cofiepxkaHuie a-Al,O, —He3Haun-
TeNbHO BbILLe, YeM Mpu 06paboTKe L1aMa cons-
HOW KMCNOTOM. Y CTaHOB/IEHO, YTO C YBETMYEHNEM
CTeNeHM 04MCTKK OT NpumMeceii (Npexkae BCero, ot
OKCWfa >Xene3a) MUKPOCTPYKTypa 06pasLLoB Npu-
obpeTana 60nee 0AHOPOAHBIN cocTaB Mo hopme 1
pasmepy 4acTuL, M0 CPAaBHEHWNHO C HEOUNLLIEHHbIM
wnamom (obpasel 1).

3aK/yeHune

WccnefoBaHWe aniloMocoepyKalllero 0TxXosa,
06pa30BaHHOr0 B MpoLecce ropeHns MeTanIn-
31MPOBAHHOr0 TOM/IMBA, NPOBEAEHHOE C MpuMe-
HEHMEM MeTOLO0B CKaHUPYHOLLE 3N1eKTPOHHOM
MUKPOCKOMWK, NO3BOJINII0 N3YUNTb XapaKTepu-
CTUKW NOTEHUMa/IbHO BOCTPEe60OBAHHOIMO CbIpbS,
HeobXoAnMble A5t 06 bACHEHMS CTPYKTYpoobpa-
30BaHMs B KEpaMUUEeCKNX MaTepuanax, Kotopble
MOTYT ObITb M3rOTOB/IEHbI C MPUMEHEHWEM [aH-
HOro BMAa 0TXoAa.

MwuHepanornyecknin coctaB antomMocogep-
YKaLlero wnama CoOOTBETCTBYHOT TpeboBaHMAM
K CbIpb€BbIM MaTepuanam Ans U3rotoBfeHUs
MUHepasibHbIX BSXKYLLINX BELLLECTB, B TOM YMC/e
runcogep>xawmx. MNosbilieHWe MPOYHOCTHbBIX
XapaKTepuUCTUK CTPOUTeSIbHbIX 06pa3LLoB C A0-
6aBKOW LLTama CBA3aHO C rnpoweccamm ynaoTHe-
HUS CTPYKTYpPbl TMNCOBOro coctaBa YacTuuamm
ALOQ..

Pe3ynbTaTbl UCCEAOBAHUA MUKPOCTPYKTY-
pbl 06pa3yoB LWama, OYNLLEHHOrO MUHEPa/Ib-
HbIMW KMUCNOTaMU, JOKa3a/iv BbICOKYHO CTEMEHb
0CBOOOXKAEHMS OT NpuMeceii, B TOM ymucne ot
coefvHeHW >kenesa. Yactuupl AlLO, nocne 06-
paboTKM KMCIOTaMM 1 NPOMbIBKIW BOAOW MMENN
pasmep 0,5—8,0 MKM, YTO CNOCOGCTBYET yBeN-
YeHWI0 OAHOPOAHOCTU N MIIOTHOCTU CTPYKTYpbI
OYMLLEHHbIX 06pa3L0B MO CPABHEHMIO C HEOUN-
LLeHHbIM LLIJTaMOM.
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3aBMCMMOCTb TEMI0TEXHUYECKNX CBOMCTB TBEP/bIX KOMMYHa/IbHbIX
0TXO/]0B OT UX KOMMOHEHTHOI0 1 hpaKLMOHHOr0 cocTaBa

© 2018. C. B. lNonbiranos, acnupaHT, I". B. INbUHbIX, K. T. H., AOLEHT,
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TennoTexHMYecKre CBOIMCTBA TBEPAbIX KOMMYHa/lbHbIX 0TX00B (TKO), B 4aCTHOCTW, UX BNaXKHOCTb, 30/IbHOCTb
1 TensioTa cropaHvs onpesenstoT ahPeKTUBHOCTb METOLOB TEPMUYECKONM YTUAN3ALUN 0TX0A0B, NHTEPEC K KOTOPbIM
B Poccun B HacTosiLee Bpemst pacTét. PasHopogHocTb TKO NprBOAMT K C/IOXHOCTSIM OMpPeaeneHnst X TEMA0TEXHUYECKMX
CBOWCTB 1 00YC/IOB/IMBAET aKTya/lbHOCTb NMPOBELEHNS KOMMIEKCHbIX MUCCefOBaHNA (PPaKLMOHHOIO U KOMMOHEHTHOIO
coctaBa TKO ¢ BblAeneHnem gocTatoyHO 0AHOPOAHbLIX KOMMOHEHTOB, 0TOOPOM M 1abopaTopHbLIMU UCCNef0BaHUAMU NPO6
TaKnX KOMMOHEHTOB Ha COAEP>KaHMe Biarv 1 30/1bHOro octaTka. B cTatbe npeacTaBneH anpobypoBaHHbIA METOANYECKUIA
noaxog K uccnegosaHnam TKO, BKAOYaOLWMiA NpPoBefeHNE HATyPHbIX MOMEBbIX UCCNeA0BAHNA KOMMOHEHTHOIO
1 (hpakumoHHoro coctasa TKO v aHaim3 nx BNaXXHOCTU 1 30/1bHOCTU B YC/I0BUAX 1abopaTopurm ¢ NOCAeLYOLM PacHETOM
Ten0TeXHNYECKMX CBOMCTB NoToka TKO B Lenom. OTAnumnTenibHol 0C06eHHOCTbLIO JAHHOMO NMOAX0Aa ABSKTCS 0becreveHme
NpeACcTaBUTENbHOCTM 0TOMpaembix Npo6 TKO v 0TAeNbHbIX KOMMOHEHTOB, YHET CE30HHbIX 1 HeAebHbIX KonebaHuii cocTaBa
OTXO0[0B, a TaK>XKe BblfeNeHne 60/1bLIOr0 YMcia KOMMOHEeHTOB B cocTaBe TKO m pa3genbHble UcCnefoBaHWs X BAaXXKHOCTU
1 30/1bHOCTU BO (hpaKLMsiX pa3Horo pasmepa. [osyyeHHble B X04e TaKMX MUCCef0BaHNIA pe3ybTaTbl U YCTaHOB/IEHHbIE
3aBMICMMOCTM MO3BOMIAIOT MaKCMMa/lbHO MH(DOPMATUBHO MOLENMPOBaTh COCTaB, TEM/I0TY CrOpaHnsa 1 Lpyrve CBOCTBa
NOTOKOB, MOMyYaeMbIX MPU Pa3HbIX TEXHOMOrMUSIX 06paboTkn TKO, B TOM Ymc/ie MeXaHUYECKOM, pyUYHOi 1 onTuYecKol
COPTMPOBKE, a TaKXKe 060CHOBaHHO MOAGMPaTb TEXHOMOMMW 1 060pYyAOBaHME 4151 JOCTUMYXKEHUS 3afjaHHbIX MoKasaTesnei
KayecTBa OTXOLOB.

KntoueBble cioBa: TBEPAbIE KOMMYHa/IbHbIE 0TXO0/bl, KOMMOHEHTHbI COCTAB 0TXOA0B, (DPAKLMOHHbI COCTAB OTXOA0B,
BJTQXKHOCTb, 30/IbHOCTb, TEM/IOTA CrOPaHUsI.

Thermotechnical properties of municipal solid waste
depending upon component and fractional composition
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29, Komsomolskiy Prospect, Perm, Russia, 614000,
e-mail: eco@pstu.ru
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Thermotechnical properties of municipal solid waste (MSW), in particular their moisture, ash content and heating
value, determine the effectiveness of methods of thermal utilization of waste, interest in which is currently growing in
Russia. The MSW heterogeneity leads to difficulties in determining their thermotechnical properties and causes the ur-
gency of carrying out complex researches of MSW fractional and component composition with the isolation of sufficiently
homogeneous components, the selection and laboratory researches of samples of such components. The article presents
an approved methodological approach to MSW analysis, which includes full-scale field investigation of MSW component
and fractional composition and analysis of their moisture and ash content in a laboratory with the subsequent calculation
of the thermotechnical properties of the MSW flow as a whole. A distinctive feature of this approach is the provision of
representative samples of MSW and individual components, consideration of seasonal and weekly fluctuations in waste
composition, as well as the allocation of a large number of MSW components and separate investigation of their mois-
ture and ash content in fractions of different sizes. Moisture and ash content of individual components within the same
category differ significantly from each other and depend on the component’s material, properties and size. Heating value
an individual component category depends on the component composition within the category and vary with the same
water and ash content of the individual components. The obtained results allow modeling of MSW composition, heating
value and other properties after different treatment technologies, including mechanical, manual and optical sorting, and
select technologies and equipment for achieving specified waste quality parameters.

Keywords: component composition of waste, fractional composition of waste, moisture, ash content, heating value.
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B HacTosLee Bpemsa TepMuyeckas yTuiu-
3auma TBEPAbIX KOMMYHaslbHbIX 0TX040B (TKO)
paccmaTtpuBaeTCa Kak OfVH U3 NepCcrneKTUBHbIX
METOZOB B peLueHUn npobaemMbl CaHUTAPHOWA
O4YUCTKN KPYMHbIX FOPOAOB B pernoHax Poccuu,
YTO OTPaXkaeT 06LLLEMNPOBBIE TEHAEHL MW B 06/1a-
CTW 0bpaLleHuns ¢ oTxogamn. B nocnegHve rogsbl
B MUPE YCTOMYMBO NPOCNEXMBAETCA ANHAMMNKA
yBennyeHns fonm TKO, yTunumsnpyembix TepMun-
yecKuMM Metogamm [1—4]. Ons 060CHOBaHHOI0
Bbl6Opa 3hhEKTUBHbBIX METOA0B N TEXHOMOI A
TEPMUYECKOW YTUIN3aLMU OTXOA0B HEOOXO0ANMMO
N3yunTb TeNNOTEXHUYECKME cBoiicTBa TKO, B
YaCTHOCTU, UX BIAXKHOCTb, 30/1IbHOCTb U TEMJIOTY
cropaHus. NoatoMy NpoBeAeHMe UCCNef0BaHNIA
AaHHbIX NapaMeTpoB MpeLCcTaBseT 0CO6bIN UH-
Tepec B HacTosLee Bpems [5, 6].

JKcrnepumeHTasibHble UccnegoBaHusa no
ornpeAesieHM0 KOMMOHEHTHOTO U (PPaKLMOHHOIO
coctaBa TKO 1 nx Tenn0TeXHUYECKUX CBOIACTB
BbIMO/THEHbI 711 0TX0A0B I. MOCKBBI, I. ApXaH-
renbcka, r. Ctepnutamak u r. MieaHoso [7—10].

Cneuymanuctamm TeEXHUYECKOro YHUBEPCU-
Tetar. CaHKT-INeTepbypr npeanoXkeHa MeToamKa
NPOrHO3MpoBaHNA MOPCHOIOrMYeCKOro coctaBa
oTxonoB [11], KoTopas paccymMTbIBaeTCH, UC-
XO0LA U3 npeanosiaraemMoro 3HauyeHUs Ba/loBOro
BHYTPEHHEro NnpoAyKTa Ha paccMaTpyBaemblid
nepmoj, ofHaKoO OHa He Yy4YuTbIBaeT peasibHble
JaHHble KOMMOHeHTHoro coctasa TKO.

Lna onpefeneHnsa coctasa v TENI0TEXHNYeE-
ckux cBolicTB TKO npea/ioxkeHo 1 Mcnosb3yeTcs
HeCKO/1bKO NOoAX0A0B: MeToArKa uccieoBaHNA U
CBOWCTB TBEPAbIX 0TX040B AKX (AKageMunm Kom-
MyHanbHoro xossiictea M. K. . Mamdunosa,
1970) n NMHA & 16.3.55-08. «KONMYECTBEHHDI
XVMUYECKNI aHann3 noys. TBEp/ble ObITOBbIE
oTxonbl. OnpefeneHne MopgoIorMyecKoro co-
CTaBa rpaBUMETPUYECKUM METOLOM», B KOTOPbIX
OTCYTCTBYET €A4UHbIV NOAX0[ K OnpeaeneHunto
coctaBa TKO, 4To6bl NO/Ty4nTbL [LOCTOBEPHbIE U
CpaBHMMble pe3y/ibTaThbl.

B paboTax MHOCTPaHHbLIX YUYEHbIX Mpej-
CTaB/ieHbl METOAMYECKME MOAXOAbl U Pe3y/ibTaTbl
nccnesoBaHMA TenI0TeEXHNYeCKNIA cBocTB TKO,
BbINO/IHEHbI PACY&TbI TEM/0TbI CropaHUA /1A pas-
HbIX aHa/IM3MPYEMbIX NMPO6 1 NPOBeAeHa OLIeHKa X
NCMo/b30BaHKWS B KA4eCTBe aHepropecypca [12—14].

TennotacropaHnsa TKO MoXXeT 6bITb orpeae-
JleHa HEeCKONbKMUMUM pacy&THbIMK criocobamm
Ha OCHOBe pe3y/bTaToB UCCNef0BaHUIA ApYTrux
CBOWCTB 0TX00B. B 4acTHOCTM, MOXXHO paccun-
TaTb TEM/IOTY CrOpaHus Nno hopmy e, NPeasIoXKeH-
Hol AKX, HO OHa He y4nTbIBaeT KOMMOHEHTHbIN
coctaB TKO, a onepupyeT TO/IbKO B/IaXKHOCTLIO U
30/IbHOCTbH0 OTXO/0B.

HekoTopble METOANKM MO3BOMAKOT paccun-
TaTb TEMI0TY CropaHnA Ha OCHOBaHUW 3/1eMeHT-
HOro cocTtasa 0TX0A0B (Cofep>kaHuA yrneposa,
BOZOPOAA, KUC0POoa, a30Ta U cepbl), UX BNaXK-
HOCTM M 30/1bHOCTU [15, 16]. IMpn 3TOM 3/1eMeHT-
HbI cocTaB TKO f0CTOBEPHO ONpPeAennTb O4eHb
CMIOXKHO, MO3TOMY €ro 3a4acTyt pacCUMTLIBAKOT,
MNCXOLA N3 CNPaBOYHbIX AaHHbIX 06 3/1IEMEHTHOM
cocTaBe Cyxol 6e330/IbHOM MaccChbl OTAE/TbHbIX
KOMIMOHEHTOB.

MeToaukun, paspabotaHHble B OAO «BTW»
n TexHn4Yeckom yHuBepcuTtete 1. Actypus (Mc-
naHus), 3aK/1K04at0TCA B BblAeNEHNN KOMIMOHEHT-
HbIX TPYNM, onpeienieHUN UX MaccoBoM 40NN
B 00L1eM noToke [17, 18], a TakKe cogep>KaHus
BM1arn v 30/bl B Kaxxgown rpynne [17] v Bnax-
HOCTM 0TX0f0B B Lenom [18]. Ha ocHoBaHuKM
NpPoBeAEHHbIX IKCNEPUMEHTOB AR KaXKAoW
KOMIMOHEHTHOW rpy bl pacCunTbIBaeTCA TenioTa
CropaHus 0TX0A0B B LiE/IOM.

Takum obpasom, aHann3 PPakLMOHHOro
N KOMMOHeHTHoro coctasa TKO c BblgeneHnem
[0CTAaTOYHO OLHOPOAHbIX KOMMOHEHTOB, 0T60-
poM 1 nabopaTopHbIMU UCCNefoBaHMUSAMN NPo6
TaKUX KOMMOHEHTOB Ha COAep>kaHwe Bnaru
N 30Nbl NpeacTaBnsieT co60iM onTUMasbHbIA
NoAXO0A4 K McCNefoBaHUAM TernaoTeEXHUYECKNX
csoiictB TKO. OaHaKo npm 3TOM BO3HMKAET BO-
MpoC 0 TOM, HACKO/IbKO AeTa/IbHbIMU [O/IKHbI
ObITb TaKMe nccnegoBaHusA, 4Tobbl, C O4HOM
CTOPOHbI, MONYYNTb MAKCUMYM MOE3HOM N 0-
CTOBEPHOW MHhopMaL M 1, € pYroi CTOPOHbI,
MUHUMU3NPOBATb BPEMEHHbIE U (PUHAHCOBbIE
3arpar Ha eé nosyyeHue.

Matepuasnbl U MeToapbl

MpepgnaraembIii NOAXOL K UCCeA0BaHUAM Te-
naoTexHn4Yeckunx ceoicts TKO BK/OYaeT B cebs
HECKOJIbKO 3TanoB: 1) pa3BépHyThble NOJEBbIE
nccnefoBaHna PPakLMOHHOTO U KOMIMOHEHT-
Horo coctasa TKO; 2) ot6op npob oTAeNbHbIX
KOMMOHEHTOB 1 flabopaTopHble UCCeA0BaHNA
B/IAXKHOCTW W 30/1IbHOCTU OTAE/IbHbIX KOMMOHEH-
TOB; 3) OLIeHKa B/TAYKHOCTU, 30/IbHOCTU U TEM/O0TbI
cropaHus TKO; 4) ycTaHOBNEHME 3aBUCUMOCTEA
TennoTexHMYecKmnx ceoricTe TKO oT nx hpakum-
OHHOrO0 N KOMIMOHEHTHOrO COCTaBa.

OnpegeneHne KOMMOHEHTHOIO U (hpakun-
OoHHoro coctaBa TKO. 1514 BbIMO/IHEHUSA 3KCre-
pPUMeHTa/IbHbIX UCCNeL0BaHNIA MO ONPeSeIeHNI0
KOMMOHEHTHOr0 1 (ppakLmoHHoro coctasa TKO
C LeNblo UccnefoBaHUA Tena0TeXHNYECKUX
CBOWCTB M OLLeHKM 3HEpreTUYecKoro noteHuuana
0TXO0[0B Hamu paHee bbl/Iv pa3paboTaHbl METOAN-
yeckue noaxogbl [19], KoTopble onpeaenstoT ce-

/1
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JytoLLye KNoYeBble napameTpbl BbIMOMHAEMbIX
paboT: NepeyeHb orpesensieMbiX KOMMNOHEHTOB,
TOYHOCTb WM MOrPeLIHOCTb N3MEPEHUIA, MeCTO
oTbopa npob, cTpatnmKaymo NCTOYHUKOB,
BPEMEHHbIe MoKasarenn, MUHUM&a/IbHY Maccy
npoobl, 06LLee Y1Cio NPob, TpeboBaHWUA K Npnbo-
pam 1 metofam 06paboTKM MEPBUYHbBIX AaHHbIX.
Ona obecrieyeHNA TOUHOCTU N LOCTOBEPHOCTU
pe3ynbTaToB 3KCMEPUMEHTa/IbHbIE UCC/IeL0BaHMA
NPOBOANNN B TeyeHne 7 AHel C eXXeaHEBHbIM
oT6opom 5 npob B Kaxkapblih ce30H (BecHa, NeTo,
0CeHb, 31Ma). Macca npob 6biia 060CHOBaHa C
YUYETOM leTa/IbHOCTU NPOBOAVMbIX UCC/IeJOBaHW
1 coctasnsna 100+20 Kr.

TwartesnbHO cn/laHNPOBAaHHOE HATypHOe
onpegeneHvie coctasa T KO no3B0/W/IO0 MOYYUTb
pa3BépHyTY0 Xapaktepuctuky TKO, onupasch
Ha KOTOPYH MOXXET ObITb BbINO/IHEHO MOAE/TNPO-
BaHWe ApYrmx CBOMCTB OTXOA0B N UX N3MEHEHMS
Nnpv NOAroTOBKe 0TX040B pasHbIMK METOAAMMU.

Lna OueHKM 3HepreTMYecKoro noTeHuuana
TKO B cooTBETCTBUM C MeTOAMKOM [20] goctaTou-
HO onpeaennTb 12 KaTeropmini KOMMNoHeHTOB. s
NOBbILLEHNA TOYHOCTU JaHHbIX U BO3MOXXHOCTU
nocnesyoLLero MoLenMpoBaHus U3MeHeHW co-
cTaBa M CBOMCTB OTXO0LOB NPW MCMONb30BaHUN
Pa3HbIX TEXHOMOMMIA 1 060PYA0BaHMS MO UX NOA-
roTOBKE MnepeyveHb ornpeaensieMbliX KOMMNOHEHTOB
ObI1 HAMW JeTa/TM3MPOBaH.

Mpu npoBefeHUN MccnefoBaHUIA cocTaBa
TKO [OMNOMHUTENBHO BbIAENANN KATEropuio
«BOfa», HAXOLALLYHOCA B 6y TbINIKax, 6aHKax v ém-
KOCTAX, TaK KaK Ha eé ncnapeHue 3atpaymsaeTcs
Tensiota v TeM caMbIM CHUXKaEeTCA 06LLLasA Tensiota
cropaHua TKO.

06w nii NepeyveHb onpefensieMblX KOMMNO-
HEHTOB A7 pa3HbIX ropofos coctaBnan 40—
43 HanmeHoBaHM. [Ans onpeaeneHns gpakum-
OHHoro coctasa TKO 1cnonb30BasiM HECKO/1b-
KO Turnopasmepos cut: 250, 100, 50, 15 mm nnu
250, 80, 20 mm.

IMony4yeHHble pe3ynbraTbl CTaTUCTUYECKU
06paboTaHbl, OTHOCUTE/IbHASA NMOrPeLUHOCTb Bbl-
MOJIHEHHOTO aHann3a CoAep>KaHMsA OCHOBHbIX
KaTeropui coctaBnsieT B cpegHemM 20%, a 0THOCU-
Te/lbHast oLM6Ka BblI6opkn — 12% (npu P >0,95).

OnpepfeneHne BNa>KHOCTU U 30/IbHOCTY KOM-
noHeHToB TKO. J1labopaTopHble UccnefoBaHNS
cofep>kaHuda snarn B komrnoHeHtax TKO Bbl-
NOSTHANN B COOTBETCTBUMN C TpeboBaHUsiMnU TOCT
33512.3-2015 «TonnvBo TBEPAOE M3 ObITOBbIX
0TX0f0B. OnpefeneHne cofepXXaHNA Bfaru Bbl-
cywimsaHneM. YacTb 3. Bnara aHanutnyeckas».
30/1bHOCTL KOMMoHeHTOB TKO onpegensnn no
MOCT 33511-2015 «Tonameo TBEPAOE M3 ObITO-
BbIX 0TX0f0B. OnpegeneHme 30/1bHOCTU».

OueHKa BMaXXHOCTN, 30/IbHOCTW 1 TEMJOTHI
cropaHmsa TKO. O6Last BNaXXHOCTb MW 30/b-
HOCTb PacCUMTbIBAKOTCA KaK CpefHeB3BELLeH-
HOe 3HayeHWe Ha OCHOBaHWW [0/IN OTAeNbHbIX
KOMMOHeHTOB B cocTtase TKO 1 BlaXXHOCTU NN
30/IbHOCTU OTAE/IbHbIX KOMIMOHEHTOB.

Ons pacyéTta HU3LWeEN TenaoTbl CropaHns
TKO ncnonb3yoTcsa 3Ha4eHNSA HA3LLEN TeNN0Tbl
CropaHua OTAe/IbHbIX KOMIMOHEHTOB Ha CyXYH0
6e330/1bHYt0 Maccy. 1A MeTasino., CTeKa U He-
OpraHMYyecKxX KOMMOHEHTOB TeM/10Ta CropaHuns
NPUHATa paBHOW Hyto. Mpwu pacyéTe TenaoThbl
cropaHust TKO Ha pabouyto maccy y4mTbiBaiv
B/TAXKHOCTb U 30/1bHOCTb OTAE/IbHbIX KOMMOHEH-
TOB (B TOM umc/le 3aTpaThbl Tenaa Ha ucrapeHue
Bnaru, cogepkatierics B otxogax) [17].

Pe3ynbTaTbl 1 06CYyXXAeHWE

MpeanoXeHHbI Noaxon rno3BoNseT nonay-
UNTb TOUHbIE W AOCTOBEPHbIE Pe3y/bTaTtbl U Obis
anpo6mpoBaH HamK NMpu UCCrefoBaHUSX cocTaBa
N TENI0TEXHMYECKNX CBOMCTB TKO HECKObKMNX
KPYnHbIX ropogos P® B 2009—2018 rr.

KOMMOHEHTHBbIV 1 (PpaKLNOHHBIN cOCTaB
TKO. Ha ocHoBaHMU npoBegEéHHbIX Uccneno-
BaHWN ANs pasHbIX ropogoB B 2017—2018 rr.
aons KpynHoi gpakumm (6onee 250 mm) co-
ctaBnsieT 6—14%, pona gpakynum pasmMepom
250—80 (50) mm cocTasnsier 53—55%, Ha Me/Kyto
ppakuyuo 0-50 (80) mm npuxoamtca 33—39%
Bcex TKO. B KOMNOHEHTHOM COCTaBe OCHOBHas
[0N151 0TXOA0B NPUXOANTCA Ha MULLEBbIE OTXO-
Abl — 21—25%, otceB — 15—20%, nonnmepsl —
16—19%, bymary — 11,2—12,2%.

BnaXXHOCTb 1 30/1bHOCTb OTAE/bHbLIX KOM-
noHeHToB TKO. Mo pe3ynbtatam nabopaTopHbIX
nccnefoBaHUM BNaXKHOCTb OTAE/NbHbIX KOMMO-
HEHTOB CYLLECTBEHHO oT/in4aeTca. Hanbonee
BNXXHbIMW KOMMOHeHTamu TKO aBnArTea nm-
LLeBble N pacTUTe/IbHble 0TXO0/Abl, HAMMEHbLLE
B/TXKHOCTbLH0 Ha YPOBHE HECKOJIbKUX MPOLEHTOB
OT/INYAKTCHA KOMMOHEHTbI, KOTOpble He 06nagatoT
CMOCOBGHOCTLID K HAMOKAHUI0 — CTEK/I0 U Me-
Tasnbl. CoflepyKalllasacs B HMUX Bfiara — 310, Kak
npaBwW/1o, OCTATKM HaNMMUTKOB Ha fiHe Tapbl.

VccnefoBaHMA BIaXKHOCTU OTAE/IbHbIX KOM-
NMOHEHTOB BHYTPW OAHOM KaTeropmm no3sonnam
BbISIBUTb 3aKOHOMEpPHbIE pa3/inyuns, 06ycnoBeH-
Hble 0CO6EHHOCTAMM OTAE/NbHbIX MaTepuasios.
B KauecTBe npumepa, BNaXKHOCTbL Oymaru B Lie/IoM
CYLLIeCTBEHHO OT/INYaeTCsA OT 3HaYeHWUi cofep-
YKaHWA BNarn B oTAefIbHbIX KOMIMOHEHTaX U1 3a-
BMCUT OT pasmepa ppakumm — mesikme 06pbIBKU
Oymaru HamoKatoT cusibHee. Hanboree BNaXKHbIN
KOMMOHEHT — TaK Ha3blBaemas npovasd bymara
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(Bna>xHOCTb cocTaBnset 29% ana pakumm ot
50 mm 1 56% ansa ppakumm o 50 mm), B cocTa-
BE KOTOPOM MHOMO PbIX/10M N TMIPOCKOMNYHO
rMrMeHnYecKor ymarv, HammeHee BNaXKHbIA —
KHUTU 1 TeTpagn B 06/100kKe (BNaXXHOCTb —
11%), NNOTHOE CNOXXEHWNE JINCTOB B KOTOPbIX
MpenATcTBYEeT NPOHUKHOBEHUIO Bnaru. CooT-
BETCTBEHHO, COOTHOLUEHME 3TUX KOMIMOHEH-
TOB B KaTeropuum «bymara» 6yfeTt onpefenstb
B/TXKHOCTb 6ymaru B LiesioM. BnaXKHOCTb 3TUX
KOMMOHEHTOB 06YyC/i0B/IeHa KakK NMPOHUKHOBe-
HVEeM aTMOCePHbIX 0CaAKOB, TaK N KOHTaKTOM
C B/IRXKHbLIMU MULLEBLIMWU OTXO4aMWN.
B1a>XHOCTb KOMMOHEHTOB MOJIMMEPOB TaK>Ke
CYyLLIeCTBEHHO MeHseTcsa — 0T 2,3% 414 MonmaTn-
NEeHOBOW OYTbINKK A0 45,5% A8 NNEHKN NOna-
TWUNEHOBOM. HecMoTpsA Ha TO, YTO MO/IMMEPHbIE
NAEHKM caMn No cebe He TMIrPOCKOMNUYHbLI, Ha
X 6O/bLLION MOBEPXHOCTM XOPOLUO NpUANAL0T
KanenbKu Bnarv N KyCo4Ku NuLLLEBbIX OCTATKOB.
B oTnnume ot 6ymaru, BNaXKHOCTb MOMMMEPOB
MeHbLLIe 3aBUCUT OT pa3mMepa hpakumn.
30/1bHOCTb OTAE/bHbLIX KOMIMOHEHTOB ByMaru
1 NONMepPoB cocTaBnAeT oT 7 Ao 35% mn ot 0,5 fo
8,0%, COOTBETCTBEHHO, YTO TaKXKe 00YCNOBNEHO
0COBEHHOCTSIMM cOCTaBa OTAe/IbHbIX KOMMOHEH-
TOB. Hanpumep, rnsHuesas 6ymara, COAep>XuT
00/1bLLIOE YNC/I0 HEOPraHNYeCKnX Ao6aBokK (13-3a
fo6aBfieHVst Mena eé eLLé HasblBaloT «MefloBaH-
HOW» 6ymaroi), No3TOMy UMeeT BbICOKYHO 30/1b-
HOCTb. 30/1IbHOCTb ByMaru Tak>Ke 3aBUCUT OT pas-
Mepa hpaKLmK, YTO He CBOCTBEHHO MNOIMMEPaM.
Bna>KHOCTb, 30/1bHOCTb, TEM/i0Ta CropaHus
TKO. O6bLee cogep>kaHve Bnarv 1 30/bl B 0OT-
JeNbHbIX KOMMOHEeHTax Mo3BOMAKT paccymntarb
BNaXKHOCTb M 30/1bHOCTL TKO B Lenom. Brnax-
HocTb TKO meHseTcsa No ce3oHaM 1 CocTaBnseT
30—50%, 6o/bLUas YacTb BNarn CoAep>XkmTcsi B
nuLLeBbIX oTXofaxX. COOTBETCTBEHHO, YeM BblLLE
cofiep>kaHuve MuLLEBbIX 0TXO0A0B, — TeM bGorsiee
B/laXKHbIMM 6yayT TKO. O6wwas 30/1bHOCTb Ha
cyxyto maccy TKO konebnetcs ot 37 fo 47%, Ha
pabouyto maccy — ot 18 10 27%, 4TO 06yC/10B/1IEHO
BbICOKNM COLEPXKAaHVEM HETOPHOUYMX KOMIMOHEH-
ToB (MHEPTHbLIX MaTepuasos, cTekna n T.n.).
Hw3wasa tennota cropaHna TKO no pesynb-
Tatam BbIMOMHEHHbIX UCCeA0BaHUIA cocTaBa
0TXO[0B, BNAYXXHOCTU W 30/IbHOCTU OTAENIbHbIX
KOMIMOHEHTOB COCTaB/ISIET Ha FOPHOYYHO Maccy 22—
27 MK/ Kr, Ha cyxyto maccy — 13—16 MK/Kr,
Ha pabouyto maccy — 6—8 MK/ Kr.
3aBUCUMOCTb TEMIOTEXHUYECKNX CBOMUCTB
TKO 0T KOMNOHEHTHOIO N hpakLMOHHOIO Co-
cTaBa. Pa3paboTaHHbI MOAXOA M BbINONHEHHbIE
nccnefoBaHMA Mo3Bo/AT YCTAHOBUTL 00LLMe
3aKOHOMEPHOCTU M3MEHEHUSA TensoThl cropa-

HUSA 0TXO00B B 3aBUCUMOCTM OT KOMIMOHEHTHOIO
1 opakumoHHoro coctaBa TKO.

Tennota cropaHnsa OoTAes/IbHbIX KOMMNO-
HeHTOB. Kak 6bl1/10 ON1caHo BblLLe, BNAXKHOCTb
N 30/IbHOCTb OTAENbHbIX BUAOB Gymarn u no-
JINMEPOB CYLLECTBEHHO OT/INYAKOTCA, a UX COo-
OTHOLUEHMVE B OOLLMX KaTeropnax «oymara»
N «MONNMEPbI» TaKXKe MeHseTcs. COOTBETCTBEH-
HO, B/TAXKHOCTb, 30/IbHOCTb W TernsoTa CropaHuns
Ha pabouy maccy Ana éymaru v noavmepos
TOXKe OyAyT MeHATLCA. 19 npyMepa paccymMTaHa
TensioTa cropaHua 6ymaru B otxogax r. NMepmu,
r. MervoHa v r. CaHKT-IeTepbypr Ha OCHOBaHUN
OT/IMHaIOLLIMXCA COCTaBoOB bymaru. [nsi pacyéTos
NPUHATbI 04VHAKOBbIe XapaKTepUCTUKN OTAE Tb-
HbIX KOMMOHeHTOB 6ymaru (Kak y>xe 6b1/10 ycTa-
HOBJ/IEHO, B/TXKHOCTb MaKyaTypbl KOneb1eTcsa oT
13% pna rnsHueBon ymaru fo 45% ans raset-
HOM 6ymaru, 30/1bHOCTb U3MeHSIeTCA OT 7% Ans
raseTHoii 6ymaru go 35% a5 rnsaHueBon ymarm)
[/151 BCEX FOPOLOB, HO pa3HbIi KOMMOHEHTHbIN CO-
cTaB 6ymaru (Ha OCHOBaHUM paHee NPoBeEHHbIX
paboT). TensoTta cropaHuns Ha Cyxyto 6e330/1bHyH
mMaccy bymaruv npuHsaTa pasHo 16,90 MIK/KT.
Pe3ynbTatbl pacyéToB TenoTbl CropaHus bymarm
B LIeJIOM 191 pa3HbIX ropofoB NpeAcTaB/eHbl Ha
puUcyHKe 1.

TennoTa cropaHusa 6ymaru Ha pabouyto mac-
CY 151 pa3HbIX rOpPOL0B Mpuy 04MHAaKOBOM BNaXK-
HOCTW M 30/1bHOCTW OT/e/IbHbIX BUAOB 6ymaru Ko-
nebnetcsa ot 9,6 1o 10,4 MOxk/Kr. N3 pyucyHka 1
CNefyeT, yTo TensioTa CropaHusa OTAe/IbHbIX Ka-
TEropuii KOMMOHEHTOB 3aBUCUT OT COAepPXKaHUS
OTAeNbHbIX BULOB MaTtepunanos B eé cocTase
N OT/INYAETCA [adKe NP OANHAKOBbIX BAYKHOCTU
1 30/IbHOCTW OTAE/IbHbIX KOMIMOHEHTOB).

Tennota cropaHma TKO napTuin pasHoro
KOMMOHEHTHOI0 1 (ppaKLUVOHHOro cocTaBa. s
onpegenieHns 3aBUCUMOCTU TEM/IOTbl CropaHns
TKO, nx BMa>XHOCTU M 30/1IbHOCTU OT KOMIMO-
HEHTHOro coctasa Obl/iv BblOpaHbl pe3ysbTarhbl
nccnefoBaHnn asyx naptuin TKO. B nepson
napTnmn aHannsnposasiv obpasubl NeNe 1—-3, BO
BTOpoi — NeNe 4—6, nx 0606LLEHHbIE XapaKTe-
PUCTUKM NpeacTasieHbl B Tabnuue 1. Maptun
Obl1I1 paccopTMPOBaHbI NP NOMOLLM CUTa Ha iBa
notoka: Mesikyto pakuuto (0—50 mm) n Kpyn-
Hyto thpakumio (0T 50 Mm), 1 flanee BCe CBOMCTBA
onpefensisINCh OTAE/bHO ANS pa3HbIX (hpakumii, a
3arem rnepecuunTtbiBanncb Ha TKO B uenom. Pac-
cumtaHHas teniota cropaHusa TKO, cogepykaHue
OpraHM4ecKoro BeLLecTBa, 30/IbHOCTb U BJlaXK-
HOCTb 06pa3L,0B Pa3HOro KOMMOHEHTHOIO 1 hpak-
LIMOHHOI 0 cocTaBa NnpefcTas/eHbl B Tabnuue 1.

Menkasa ppakumsa otxogos (0—50 mm) nme-
eT 3HAYMTE/IbHO MEHbLUY TEM/IOTY CropaHus
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TeroTa cropanus Ha pa6ouyo Maccy, MJDx/kr/

9,0

OTermwrora cropaHus Ha paGodyto Maccy/ Heating value on wet basis

Puc. 1. Tennota cropaHusi Gymaru Ha pa6ouyto Maccy npv 0AVHaKOBOW BTaXKHOCTU

W 30/1bHOCTM 0TAeNbHbIX KOMMOHeHTOB / Fig. 1. Heating value of paper on wet basis with
the same moisture and ash content of individual components

Tabnuua 1/ Table 1
XapakTtepunctnkm obpasuoB TKO / The sample characteristics of MSW

XapakTepuctnkn/ Characteristics Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6
3KcnepuMeHTanbHble fjaHHble / Experimental data
TKOB TKOB
Pasmep dpakLyn / Fraction size 0-50mm/|>50mm/ | uenom / | 050 mm/ | >50 mm /| uenom /
P dpakt mm mm MSW in mm mm MSW in
general general
CoctaB, % / composition, %
Makynatypa / Paper 7,8 11,6 10,3 7,6 13,1 11,0
Monvmepsl / Polymers 4,9 22,3 16,1 4,0 22,2 15,2
Opranutieciue oTxope! / 38,6 31,9 | 343 30,2 20,8 24,4
Organic waste
Jepeso/ Wood 0,0 1,2 0,8 0,0 15 1,0
Tekctunb/ Textile 0,0 3,5 2,3 0,0 4,3 2,7
Mpouyee / Etc 48,6 29,5 36,4 58,2 38,1 45,8
PacuéTtHble gaHHble/ Calculated data
BnaxkHoCTb, %/ Moisture, % 61,1 45,3 51,0 49,9 32,7 39,3
30/1bHOCTb Ha pabouyto maccy, %/
Ash content (wet weight basis), % 14.6 20,0 181 18,5 21,2 23,9
OpraHunyecKoe BeLLLeCTBO
Ha pabouyto maccy, %/ 24,3 34,7 31,0 31,6 40,1 36,9
Organic matter (wet weight basis), %
Tennota cropaHus
Ha pabouyto maccy, MIOXK/Kr / 3,5 8,1 6,4 3,6 9,5 7,2
Heating value on wet basis, MJ/kg
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0% A 100%
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N
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Organic matter (O) (wet weight basis)

Puc. 2. 9kcnepmMMeHTasIbHble 3Ha4YeH s 06pasLIOB, HAJTOXKEHHbIE Ha TPeYro/ibHUK TaHHepa.
Fig. 2. Experimental values of samples superimposed on the Tanner diagram

B CpaBHEHWUM C KpynHoW dpakuueii (o1 50 Mm).
Ha nprmepe 06pasLoB Ne 4 1 Ne 2 XopoLLo BUAHO,
410 TensoTa cropaHma TKO CyLLEeCcTBEHHO OT/IN-
yaeTcs ans pakumii pasHoro pa3mepa (6onee,
4yeM B [iBa pasza) AaXKe Mpu CXOXKUX 3HAYEHUSX
B/T@YKHOCTW, 30/1bHOCTU W COAEpPYKaHUs opraHun-
YeCcKOro BeLlecTBa (pacxoxkieHus B npegenax
10—15%). 310 06YC/I0B/IEHO pa3HbIM «Kaye-
CTBOM» OpraHM4YecKoro BellecTBa — B 6onee
KPYMHbIX 0TX04aX COAEPXUTCSA 60Mblue ro-
proYMX NONMEPOB C 60/1ee BbICOKOW aHeprmei
XVMWNYECKUX CBA3EA.

Ha pucyHke 2 npefcTtaBfieHbl pe3ynbTaTbl
3KCNepUMeHTa/IbHbIX UCCNe[0BaHUIA, Ha/I0XKEH-
Hble Ha TPeyronbHMK TaHHepa [14].

CornacHo BbIMOJ/IHEHHbIM pacyétam, He BCce
ob6pasubl nonagarT B 3alUTPUXOBaAHHYH 06-
nacTb TpeyronbHMKa TaHHepa, 0gHaKo 3Hauve-
HWSA TENA0Tbl CropaHns HEKOTOPbIX 06pa3LoB,
HaxoAALMXCS 3a NpefenaMmm 3aTPUX0BaHHOMN
o06n1acTwn, Bbllle, YeM 3HAYEHUSA TOYEK, HAaX0as-
LMxcst B 06n1acTy orpaHMYeHHoi yCnoBuUsiMn.
Hanpumep, TennoTa cropaHnsa obpasuya Ne 3,
HaxogsLascs 3a npejenamm 3alTPUX0BaHHOW
o6nactu coctaBndeT 6,4 MI>K/Kr, a agnsi 06-
pa3ua Ne 4, TouKa KOTOPOW NEXXUT Ha rpaHuLe
aToii obnactm — 3,6 M>K/Kr. Takum 06pasom,
TPeyronbHUK TaHHepa He yYUTbIBaeT KavyecTBO
N TENI0TBOPHYO CMNOCOOHOCTL OPraHN4YecKoro
BellecTBa OTXOLO0B U He Bcerja rno3sosiser o-
CTOBEPHO OLEHUTb TEMOTY CropaHnsa 0TX0L0B.

CpaBHeHVe pe3ynbLTartoB pacyéra TensoTsl
cropaHua ro pasHbiM MeTogmnkam. Onupasch
Ha 06001 EHHbIe pe3y/ibTaTbl BbINMO/THEHHbIX UC-
cnefoBaHUI KOMMOHEHTHOrO coCcTaBa OTXOZOB,
BM@XXHOCTM N 30nbHOCTU TKO ans o6pasLos,
yKa3aHHbIX B Tabnunue 1, MOXHO BbIMO/IHUTb
pacyétbl TennoTtbl cropaHma TKO no pasHbiM
mMetogukam [21]. Pe3ynbTtaTbl pacuyéra TensioThbl
cropaHua TKO pa3HbiMuM cnocobamu npeacras-
JIeHbl Ha pUCYHKe 3.

PesynbTtaTbl, NOMyYeHHbIE HA OCHOBaHUNM
3KCNepUMeHTa/IbHbIX UCCeA0BaHNA KOMMOHEHT-
HOro cocTaBa 0TXO0B U CMPaBOYHbIX JaHHbIX 06
3n1eMeHTapHOM cocTaBe (Cofep>XaHun yrneposa,
BOLOPOJa, KUCNOPOAa, a30Ta v cepbl) OTAe/TbHbIX
KOMMOHEHTOB, U YYUTbIBalOLLNE BAXXHOCTb
N 30/1bHOCTb OTAEe/IbHbIX KOMMOHEHTOB, Jal0T
XOPOLUO CXOAdLLMecs pe3ynbrathl (pacxoXxieHue
NOJTyYeHHbIX 3HAYEHWI TeN0Tbl CropaHUs He
6onee 20%).

MeTognku, 3aknyarLlwmeca B pacyére
TEMNNOTbl CropaHns TONIbKO MO KOMMOHEHTHO-
My cOCTaBy W 06LLe BNa>KHOCTU OTXOA0B, He
YUUTbIBAIOT BKNA[L HEKOTOPbIX KaloOpUMHbIX
KOMMOHEHTOB N BNaXXHOCTb OTAE/IbHbIX KOM-
MOHEHTOB, YTO UCKaXaeT 3Ha4YeHUs TensoThbl
cropaHusa TKO.

Hawnb6onee 3aHMKeHHbIe pe3ynbTaTbl faéT
thopmyna, npegnoxkeHHasa AKX. 3To cBs3aHO
C TeM, YTO NPONOPLUN OTLENbHbIX KOMMNOHEHTOB
He YUUTbIBaIOTCA MPU pacyéTtax.

3
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Puc. 3. PacuétHasa tennota cropaHus TKO o pasHbiM MeETOAMKAM:
a— npegnaraemasi MeToauka; b — coopmyna, npeanoxkeHHas AkageMmneil KOMMYHasIbHOMO X0351ACTBa;
¢ — dhopmyna MeHgeneesa; d — MeTOAMKA TEXHUYECKOr0 yHMBepcuTeTa ngus r. Mictanbyn (Typuns);
€ — MeToAMKa TexHosiormveckoro yHmsepcuteta r. Actypus (Mcnanus); f— metogmnka OAO «BTW»
Fig. 3. Calculated heating value of MSW by different methods:
a— the proposed methodology; b — The formula proposed by the Academy of Public Utilities; c — Men-
deleev’s formula; d — methods of the Technical University of Ildiz, Istanbul (Turkey); e — methods of the
Technological University of Asturias (Spain); f — methodology of All-Russia Thermal Engineering Institute

3aK14yYeHne

WccnegoBaHMa KOMMOHEHTHOMO U hpak-
unoHHoro coctasa TKO ABnATCA BaXKHbIM
acrekToM Npu NaaHNPOBaHUM MePONpPUATUIA No
o6palLleHNI0 C 0TX04aMun. PecypcHblii noTeHUMan
OTXO[0B 3aBUCUT OT MUX COCTaBa W TerjioTexXHU-
YeCKUX CBOMCTB U onpegensiet apeKTUBHOCTb
NPUMeHeHUSs pasHbIX TEXHOOTNIA.

MpefnoXKeHHbIN NOAX0A MO OLEHKE TenJo-
TexXHU4YecKux ceoicTe TKO No3BosIseT nNofyvnTb
NnoapobHbIe 4OCTOBEPHbIE aHHbIE O KOMIMOHEHT-
HOM 1 (ppaKLMOHHOM COCTaBe, paccynThbiBaTh
B/TAXKHOCTb, 30/1bHOCTb W1 TEM/IOTY cropaHms TKO.
Onvpasch Ha rnoslyyYeHHble 3Ha4YeHUs, MOXXHO MO-
Jennposatb 1 060CHOBaHHO NOA6MpPaTh TEXHOJ10-
rMn 1 06opyfoBaHue ANA LOCTUXKEHUSA 3alaHHbIX
nokasaresieil Ka4ecTBa OTX0/0B.

BnaXXHOCTb M 30/1bHOCTb OTAE/IbHbIX KOM-
MOHEHTOB CYLLECTBEHHO Pa3HATCA N 3aBUCAT OT
martepuasia KOMMOHEHTa, ero CBOMCTB (Hanpumep,
FTMrpocCKONMYHOCTM) N pa3mepa. MoapobHble
nccnefoBaHua cofepXKaHusa oTAe/IbHbIX BUAOB
bymarn u nonMmepoB No3BOMASAOT 60/1ee TOYHO
paccumnTaTh TEMJIOTY CropaHNsA 0TX0L0B.

Tennota cropaHns oTAeNIbHbIX KaTeropui
KOMMOHEHTOB 3aBMCUT OT KOMMOHEHTHOIO CO-
cTaBa BHYTPU KaTeropmm m oTnMN4YaeTcsa npu
0[VHAaKOBbIX BMaXXHOCTU 1 30/1bHOCTU OTLE/bHbIX
KOMIMOHEHTOB.

BbINo/IHEHHbIe pacyéTbl Teni0Tbl CropaHus
TKO no pa3HbIM MeToAuKaM MOoKasblBaloT, UTo
AaHHbIX 06 06LLei BNaXKHOCTU M 30/IbHOCTU OT-
XO[I0B U COAep>KaHNA OpraHMYecKoro BeLlecTsa
HEeJOoCTaTOYHO A1 OLEHKW TEMJI0Thl CrOpaHus.
HaunbonbLwen cXoAMMOCTbiO OTNYaKOTCA pe-
3y/bTaTbl PAcyY&TOB, B KOTOPbIX YYUTbIBAETCA
cofiep>aHue 0TAe/ibHbIX KOMMOHEHTOB, UX
XUMWYECKWUIA COCTaB UM TenaoTa CropaHns Ha
CyXyt0 6e330/1bHYH0 Maccy, a TakXXe B/IaXKHOCTb
N 30M1bHOCTb.
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Pepakuus xxypHana «TeopeTnyeckas 1 NpUKIafHasi 3KoNorns»
00bSIBNISIET O MPOBEleHNM KOHKYypca

«Jlydwaa Hay4yHada cTaTba — 2018»
YyacTHMKamm MOryT CTaTb KaK OTA€E/IbHbIE YUEHBLIE, TaK N KOJIJIEKTVBbLI aBTOPOB.
Crartbu, NnpumcsaHHblE Ha KOHKYPC, OUWeEHMBAKOTCA Mo cneayromMm HOMMHaUuAM:
|_|pe,£I,I'IO‘-ITeHI/Ie oTAaeTCd OpUrnMHa/ibHbIM WWMPOKUM MeEXANCUUNITNHAPHBIM
CTaTbAM Mo Hay4YHbIM 1 NPUKNagHbIM I'Ip06}'I6MaM 3KO0/10r1mn, 61ONOrnKn, CENbCKOro
N NECHOro X03siicTea N UHbIX DOPM 3Kcnyataumy NPUPOAHbIX Pecypcos, Mno

MPUNOXKEHNAM MaTEMaTUKN K 3TUM OTPaC/ITAM HayKU U MNMPaKTUKN.

CpoK npeaocTaB/ieHUs1 KOHKYPCHbIX cTaTtet — Ao 1 ceHTA6pA 2018 roga.
MobeanTeny KOHKypca nosyyaroT JeHEXKHbIe MPeMUN.
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MoangurKaums LWwnamoB cofoBOro Npon3BoacTBa
01151 MONYyYeHNst He(ITAHbIX COPOEHTOB

© 2018. E. B. KanuHWHa, K. T. H., JOLEHT,

M. C. MywaHKoBa, 4. T. H., npodeccop,

J1. B. PypakoBa . T. H., npodeccop, 3aB. Kadeapon,

[MepMCKNii HaLWOHabHbIV UCCNeaoBaTebCKNM MOMNTEXHNUYECKUIA YHUBEPCUTET,
614990, Poccus, 1. Mepmb, KoMCOMOLCKWIA NPOCMEKT, 29,

e-mail: Kalininaelenal@rambler.ru

B HacTosiLee BpeMs 06bEM HAKOM/EHHbIX LUIAMOB COAOBOr0 NMPOM3BOACTBA cocTaBnseT 6onee 50 MAH T, B CBA3N
C YeM aKTyaslbHbIM SIB/ISETCS BONPOC MX yTUAM3aumn. B paboTe npeAcTaBneHbl pesynbTatbl UCCEA0BaHNIA MO NOMYYEHUIO
He(hTsAHbIX COPOEHTOB HA OCHOBE LL1aMOB COA0BOI0 MPOM3BOACTBA, OCHOBHbLIM KOMMOHEHTOM KOTOPOTO SAB/SieTC KapboHaT
Kanbuus. PeareHTHas MogndmKaLms Lwn1aMoB COL0BOr0 NPOM3BOACTBA MO3BOJISET NOMYyYUTL MaTepuasbl, obnajatoLme
COPOLMOHHO aKTMBHOCTbIO K He(pTU 1 HehTenpoAyKTaM. Y CTaHOBEHO, YTO HE(hTEEMKOCTb 06pa3L,0B MCXOAHbIX LLIaMOB
COZ0BOr0 MPOM3BOACTBA COCTaB/sAeT No 6eH3MHy 0,95; no moTopHoMy Macny — 0,9; no Heptn — 0,75 r/r. PeareHTHas
06paboTKa LU1amMoB COA0BOr0 NPOM3BOACTBA METUICUIMKOHATOM HaTPUS WAWN METUICUIMKOHATOM Ka/vs, YBennymBaeT
He(hTeEMKOCTb N0 6eH3nHY Ha 30%; No MOTOPHOMY Macny — Ha 80%; no HehT — Ha 73%. Mony4veHHbIe COPOEHTLI MOTYT
ObITb MCMO/b30BaHbI A5 IMKBUAALMN aBapUMHbIX Pa3IMBOB HePTU 1 HepTENPOAYKTOB C TBEPALIX NoBepxHocTel. s
NIMKBM AL aBapUHbIX pa3nvBoOB HE(WTW 1 HE(TEMPOAYKTOB C MOBEPXHOCTM BOAHbLIX 00BEKTOB MOIYT ObITh PEKOMEH0BaHbI
LnaMbl COAOBOr0O MPOM3BOACTBA (hpakumm MeHee 0,1 MM, NoyYeHHble MOAMMKaLMEN METUNCUIMKOHATOM HaTpUs NN
METUICUIMKOHATOM Kannsi ¢ paboyeit 10301 AelicTBytoLLero BellectBa 1,5—1,8% mac. n HarpeBaHueM [0 TeMrepaTtypbl
90 °C. C ucnonb3oBaHWeM Pe3ysbTaTtoB AaHHbIX UCCNef0BaHN MOTyT ObiTb peLleHbl ABe MPUPOA00XPaHHbIE 3ajaun:
NoNyYeHbl HOBble HETAHbIE COPOEHTBLI U MPeSsIoXKeH Crocod yTUAn3aumn WaaMmoB COA0BOro Npomn3soacTea. CToMMOCTb
He(hTsIHbIX COPOEHTOB Ha OCHOBE OTXOAOB OYyAeT HEBLICOKOW, 3a CUET HY/IeBOM CTOMMOCTM MCXOLHOIO CbipbSi — OTXOL0B
CO/0BOr0 NPOM3BOACTBA.

Kntouesble criosa: HE(*)TGI'IpO,D'yKTbI, He(i)TEéMKOCTb, KapﬁOHaT Ka/ibLnA, METUNICUJTMKOHAT HaTpuA, METUNICUTMKOHAT Ka/TUA.

Modification of the sludge from soda production
for producing oil sorbents

© 2018. E. V. Kalinina, I. S. Glushankova, L. V. Rudakova,
Perm National Research Polytechnic University,

29 Komsomolskiy Prospect, Perm, Russia, 614990,

e-mail: Kalininaelenal@rambler.ru

At present, the volume of accumulated sludge from soda production is more than 50 million tons and the issue of their
utilization is topical. The paper presents the results of studies on the production of oil sorbents based on soda production
sludge, the main component of which is calcium carbonate. Reagent modification of sludge from soda production allows
obtaining materials that have sorption activity to oil and petroleum products. It is established that the oil capacity of
samples of initial sludge of soda production is 0.95 for gasoline; on engine oil —0,9; for 0il —0.75 g/g. Reagent treatment
of soda production sludge by sodium methylsiliconate or potassium methylsiliconate increases the petroleum capacity
on gasoline by 30%; on engine oil — by 80%; for oil — by 73%. Obtained sorbents can be used for liquidation of oil and oil
product spills from solid surfaces. For the liquidation of oil and oil product spills from the surface of water bodies, soda
production sludge of less than 0.1 mm fraction obtained by modification with sodium methyl siliconate or potassium
methylsiliconate with a working dose of 1.5—1.8% by weight of active substance and heating to a temperature of 90 °C
may be recommended. Based on the results of the research, two environmental objectives can be achieved: new oil sorbents
are obtained and a method for the utilization of sludge from soda production is proposed. The cost of oil sorbents based
on waste will be low, due to the zero cost of the raw materials — waste products of soda production.

Keywords: oil products, sorption capacity for oil, calcium carbonate, sodium methylsiliconate, potassium methyl-
siliconate.
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ABapuiiHble pa3nnBbl HEPTU 1 HedTENPO-
[AYKTOB JIMKBUAMPYHOT C NPUMEHEHMEM MeXaHW-
YeCKNX, TEPMUYECKUX, IN3NKO-XUMUYECKUX U
61010 MYeCKMX METOA0B, HacTo UCMO/b3YeMbIX B
Komnnekce [1, 2]. Cop6uMOHHbI CNOCO6 NNKBU-
Aaunn pasnnBoB HeYTU ABNAETCHA OAHUM U3 Hau-
6onee pacnpocTpaHéHHbIX. Hanbonee BaXKHbIMA
TEXHOMIOTMYECKMMUN CBOMNCTBAMU HEPTAHBIX
COpbeHTOB ABNAOTCA: HE(hTEEMKOCTb, CKOPOCTb
MOrNoLWeHnsa Hed)T! 1 nnasyydecTb (NPU NUK-
BMAALMM aBapUiiHbIX pa3IMBOB C MOBEPXHOCTU
BOAHbIX 06beKTOB) [3—11]. CyLUecTBEHHbIM (hak-
TOPOM Npu BblGope cCopbeHTa ABNSETCA ero CTou-
MOCTb, CHM>XEHME KOTOPOI MOXXHO 06EeCreUnTb,
MCNO/b3YS B KAYeCTBe Cbipbs 415 MPON3BOACTBA
cop6eHTOB 0TX0fbl. PaboTbl B JaHHOM Harnpas-
NeHnu noggep>kueatotcs Ctparerven passutns
NPOMbILLIEHHOCTM N0 06paboTKe, yTUAMU3aLUN
06e3BpeXXMBaHNI0 OTXOA0B MNPOM3BOACTBA U MO-
TpebneHnA Ha nepuog o 2030 . (YTBep>KAEH pac-
nopsikeHvem Mpasutensctea P® o1 25.01.2018r.
Ne 84-p). B CtpaTterun onpegenéH Kypc Ha
pecypcocbepexkeHne, BO3BpaT B MPON3BOACTBO
BTOPUYHbIX PECYPCOB, YMEHbLLIEHME KO/IMYecTBa
06pasyoLLMXCcs 0TX00B, CO3LaHMe KOMIMIEKCHOM
CUCTEMbI 3KO/OrMYECKM 6e30MacHOro obpalleHmst
C 0TX0[jaMu, BK/HOUas X 06513aTe/IbHY 00paboT-
Ky, YTUNn3aumo 1 06e3spexkmsaHume.

OfHUM 13 BUAOB HEYTUIN3NPYEMbIX KpPYn-
HOTOHHa)KHbIX OTXOZ0B SIB/SIETCA LU/IaM COA0BOro
npounssoacTea (LLICIT), o6pasytoymiica B Npons-
BOACTBE Ka/IbLiMHMPOBaHHOM COfbl aMMMaYHbIM
criocobom (meTtogom ConbBe) Npy oTCTanBaHUN
AVCTUNNEPHOM XNAKOCTU B OTCTOMHUKAX —
LunamoHakonuTensx. Ha aByx AeicTByoWmMX B
P® npeanpuATMsx no nNpon3BoACTBY COAbl am-
MUaYHbIM CNOCO60M HakomeHo 6osiee 50 MH T
LLI1aMOB, OCHOBHbIM KOMMOHEHTOM KOTOPOro
ABNSETCA KapboHaT KabLys.

MocKoNbKY KanbLniicogepykaltlme peareHTbl
NMPUMEHSIOT /159 KarcCyMpoBaHUs HedT 1 Hedp-
Tenpogykros [12—14], npefCcTaBAsaN0 NHTepec
N3Y4nTb BO3MOXKHOCTb UCMO/b30BAHMSA /151 3TUX
ueneii LLICI, a Takyke NONyYeHUS Ha X OCHOBE
He()TAHbIX COPOEHTOB.

M3BecTHO, YTO HepTAHbIE COPOEHTLI, NpU-
MeHsiemMble ANnS NMKBULALNM aBapUiiHbIX pas-
JIMBOB HE(PTM Ha BOAHYIO MOBEPXHOCTb, JO/HKHbI
06nagaTb BbICOKOW M1aBy4eCcTbto U TMAPodo6HO-
CTbt0. [1151 MONTyYeHNss MaTepuasioB C 3aaHHbIMU
CBOMCTBaAMW MCMNOJb3YIOT Pa3finyHble CHOCOObI
X 06paboTKN: rpaHyIMpoBaHne, N3MesibYeHNe,
(hopmoBaHue 4N NpUAaHNA HY>XXHOU PopMbl
N pa3MepoB; TEPMUYECKOE, 3/1eKTPOMarHUTHOE
N peareHTHOe BO34eicTBMe; rnapogobmsalmio
n rugpounmsaymio [15—-22].

Kap6oHat KanbLms — OCHOBHOW KOMMOHEHT
LLICIM — nogo6bHO ApYyrMM HeopraHMYecKum
NPUPOAHBLIM MaTepuanaM TakKuM, Kak rInHbI,
/IIOMOCUINKATbI, ABNSETCA MNAPOPUNbHBIM Ma-
TepnanoM u 418 NoayvYeHns MOAUGULNPOBaH-
HbIX HEPTAHBLIX COPOEHTOB Ha ero OCHOBE B pa-
60Te UCMNONb30BaH MeTof ruapodobumsaymn.

AHanm3 Hay4yHO-TEXHMNYECKOWN NHopMaLmm
nokasaJt, 4To apheKTUBHLIMU rnapodobmnsaropa-
MW AABMIAKOTCH KPEMHUIAOPraHNYecKme XXUAKOCTH
(opraHocKNOKcaHbl), MONEKY bl KOTOPbIX UMEKOT
CBA3b MeX[y aToMamMWn KpPeMHUs U Kucropoja
-Si-O-Si-, a 60KOBble rpynmnbl coAepykar yrne-
BOLOPOAHbIE pajuKasbl, CBA3aHHbIE C aTOMOM
KpeMHUs. IMpn KOHTaKTe ¢ TBEPAOK rMapodnib-
HO NOBEPXHOCTLIO NONSAPHbIE FPYNMbl KPEMHUIA-
OpraHMyecKnx COeaUHEHNI B3aUMOLENCTBYIOT
C NOBEPXHOCTbLIO MaTepuana, a rmapodobHble
YyrneBOAOPOAHbIE paguKaibl OPUEHTUPYIOTCA
Ha BHELLIHEN NMOBEPXHOCTU, (DOPMUPYST TOHKYHO
BOA0OTTa/IKMBAIOLLLYHO MNIEHKY, HEHAPYLLIAOLLYHO
BO34YyXOMPOHMLIAeEMOCTb MaTeprana.

Llenb HacTosiLen paboTbl — onpegeneHne
€roco60oB 1 ycnoBuii MoanunKaLmm LLiiamoB Co-
[0BOro MPON3BOACTBA C MOyYeHUEM He(ITAHbIX
copbeHTOB.

O6bEKTbI M METO/bI UCCNe0BaHNI

O6beKTamMu UccnefoBaHU ABNANNCH: LINa-
Mbl COZOBOr0 MPOWM3BOACTBA Pa3/IM4YHOIO CpoKa
XpaHeHMA 1 rpaHyIoMeTPUYECKOro cocTasa,
MOANKNLMPOBaHHbIE LLNaMbl COAOBOIO MPOu3-
BO/CTBA.

O6pa3suybl LW1amMmoB COL0BOr0 NMPOM3BOACTBA
Oblnn 0TO6paHbl B OTCTOMHMKaX-LI/1amMoHa-
kKonutensax AO «Bepe3HNKOBCKUIA COA0BbLIN
3aBOA»:

— o6pasey, Ne 1 — LLICIT TekylLero Bbixoja,
KPYNHO(PaKLMOHHbIN, 6e/10ro LiBeTa c YEPHbIMN
BK/IHOUYEHNAMUN (OTCTOMHUK-LL/TAMOHAKONUTE b
Ne 2);

—o6paseL, Ne 2 — LLICI, pa3meLLEHHbIN OKO-
no 5 neT Hasaf, KpynHopaKLNOHHbIN, 6e10ro
uBeTa C YEPHbLIMU BK/IOYEHUSAMU (OTCTONHUK-
LnamMmoHakonuTesnb Ne 2);

—o6paseL, Ne 3— LLICI, chopmmpoBaBLLNIA-
CA Ha rpaHuLe 3epkana BoAbl, MeNIKoAmMcnepc-
HbIiA, NacTo06pasHbI, 6enoro LpeTa (OTCTOMHUK-
LnamoHakonutenb Ne 2);

— o6pasel, Ne 4 — LLICI, pasmeLléHHbIMN
0K0/10 45—50 neT Hasafj, KpynHogpakKLNOH-
Hbli, 671070 LBeTa C YEPHLIMWN BK/THOHYEHUSMUN
(oTcTOMHMK-LWNaMoHakonuTesnb Ne 1).

Mogupunkaumsa LLICIT ocyuwecTBnasanach
NyTEM TEPMMYECKOr0 BO3AENCTBUSA B MHTEpBaie
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Temnepatyp 20—900 °C ¢ BblAEP>XKKOM Npu 3aaH-
HOW Temnepartype B TeueHne 30 M1H 1 06paboTKOA
KPEMHUNOPraHUYeCKNMU YXUAKOCTAMU C pas-
JINYHBIM COAepP>KaHMEM aKTUBHOIO KOMIMOHEeHTa.
B KauecTBe KpeMHUNOPraHUYeCKNX XXUAKOCTEN
ObINN BblGbpaHbl «AKBaCW/», N3rOTOBMEHHLIN MO
TY 2229-003-60543126-2014 (35—45%-blli
BOAHbIV pacTBOpP METUCUAINKOHATA Kanuns) w
«KXK-11T», n3rotoBneHHbIVi no TY 2229-092-
40245042-2004 ( 25—30%-bli1 BOAHbIV pacTBOp
MeTU/ICUIMKOHaTa HaTpus).

dun3nko-xmmmnyeckme cesoictaa LLICIT 1 mo-
ANPULMPOBaHHBIX HEPTAHbLIX COPOEHTOB Orpe-
[eNANN Nno o6LenpuUHATBIM YTBEPXKAEHHbLIM
METOANKAM BbINO/THEHUST U3MEPEHNI B BOAHOWA
BbITA>XKKe 1:10.

CpaBHeHMe (haKTNUYeCKOro cofep>kaHus
BOAOPaCTBOPUMbIX NMPUMeceil B BOAHOW Bbl-
Ts>KKe 13 LLICIT ¢ HopmaTtvBamu npefesibHO L0o-
NYCTUMbIX KOHUeHTpaumin (MAOK) nposBognnn
C yuyétom TpeboBaHMit: MNMpukasza MuHcenbxo3
P® o1 13.12.2016 Ne 552 «O6 yTBEpXAEHMN
HOpPMaTMBOB KayecTBa BO/bl BOAHbIX 0O6BEKTOB
pbI60X03ANCTBEHHOr0 3HAYEHUSA, B TOM YuC/e
HOPMaTMBOB MNpese/ibHO AOMYCTUMbIX KOHLEH-
Tpaunii BpeAHbIX BELLLECTB B BOAAX BOAHbIX 00b-
eKTOB PbIO0X03SIMCTBEHHOIO 3Ha4YeHUs»; CaH-
MuH 2.1.5.980-00 «BopooTeeaeHMe HaceNEHHbIX
MECT, caHUTapHasa oxpaHa BOAHbIX 00bEKTOBY;
CaHllurH 2.1.4.1074-01 «I'nTbeBas Bofa 1 BOLO-
CHab>XeHMe HaceNéHHbIX MecT. NuTbeBas Boja.
FMrneHn4veckue TpeboBaHMA K KayecTBy BOfbl
LEeHTpasIM30BaHHbIX CUCTEM MUTLEBOIO BOAO-
cHabxeHus. KoHTponb KayecTBa. MrmeHmnye-
CKue TpeboBaHMA K 06ecneyeHnto 6e30MacHOCTA
CUCTEM rOpsAYero BOAOCHabXXeHUs1 caHUTapHO-
ANMAEeMNOIOrMYecKne rnpasuna n HopMaTmBbI».

WccnenosaHuve (ha3oBoro cocrtaBa 06pasLioB
BbIMOJ/IHEHO C UCMO/Ib30BaHNEM PEHTIEHOBCKOr0
anppakromeTpa XRD-7000 dmpmbl «Shimadzu»,
06paboTKa peHTreHorpamm Mpou3Bogunach ¢
NCMosb30BaHNEM MPOrpaMMHOro obecrieveHus
«XRD 6000/7000 Ver. 5.21» 1 6a3bl faHHbIX
«ICDD PDF-4+ 2016».

"paHynoMeTpuyecKuii coctaB onpeaensinm
pacceBOM Ha BUOPOCUTE C OrpefenieHeM Kosnye-
CTBa 0CTaTKa Ha CTaHAapPTHbIX CUTax ¢ pa3Mepom
fAyeek 2,0; 1,0; 0,5; 0,25; 0,1 mm.

MnaByyecTb He(pTAHOro copbeHTa Ha rno-
BEPXHOCTW BOAbI OMpeseNsifiv Nno pa3HOCTU Macehbl
MCXOAHOro copbeHTa 1 OCTaBLLErocs Ha rnaaBy
copbeHTa nocne 12, 24, 72 n 96 4YacoB No MeTo-
ANKe, NpeAcTaBneHHo B paborte [3].

BnaroémkocTb onpefensan no OTHOLUEHUIO
Maccbl MOrnoWEHHOM BOAbl K M3BECTHOM Macce
CyXoro copbeHta. HethTeéMKOCTb ONpesensiv no

OTHOLLIEHWHO MACCbl MOTIOLLEHHOM HedO TV U HedhTe-
NPOAYKTOB K M3BECTHOM Macce CyX0ro copbeHTa.

B KauecTBe He()TenpoAyKTOB Obln UC-
Nosib30BaHbl: HePTb ByrypycnaHcKoro mMecrto-
poXxaeHus, moTopHoe macno (MM) «Jlykoin —
CuHTeTMK» (TY 0253-093-00148 636-97) 1 6eH-
3uH (AN-92).

TOKCUKoNornyeckre CBOMCTBa ONpeaensnm
Ha OCHOBaHMWW pe3ysibTaToB 6MOTeCTMPOBaHUSA
BOLHbIX BbITS)KEK Ha TeCT-00beKTax 13 pasHbIX
cuctematmyeckmx rpynn: Ceriodaphnia affinis,
Daphnia magna Straus, Scenedesmus guadri-
cauda n Paramecium caudatum.

CrtaTucTuyeckasi 06paboTKa pe3ynbratos
3KCMepPUMEHTa/IbHbIX UCCef0BaHNI MPOBOAM-
nacb C NPUMEHeHMeM CTaHAapTHbLIX CTaTUCTU-
YyeCKMX MeToZoB. Martematmnyeckass obpaboTka
pe3ynibTaToB BbINO/HAMNACL C UCMO/Ib30BAHNEM
nporpammsl Statistica 5.0.

Pe3ynbTatbl 1 06CY>XXAeHNe

B npouecce uccnefosaHuii 6b1m onpegene-
Hbl: (PU3NKO-XMMUYECKNE N TOKCUKOSIOTUYECKME
CBOICTBA, (pa30BbI U rPaHy/IOMETPUYECKNTA
COCTaB LUNaMoB COLOBOro NMPOWU3BOLCTBA; 3aKO-
HOMEPHOCTU CopbLMKN HedITU 1 HEDTENPOAYKTOB
LLICIM n mogndmumpoBaHHbIMU COpbeHTamMm Ha
ocHose LLICIT.

Pa3mMeLéHHbIE B OTCTOMHMKaX-LU/1aMoHa-
Konutenax LUCI npeactaBnsAT coboi cbiny-
4ynii M nactoobpasHblii Matepyasn 6enoro unm
CBET/10-Ceporo LBeTa, BNaXKHOCTb0 50—75% ¢ co-
Aep>XaHreM MUHepanoB Kanbumt — CaCO, 85—
87% v noptnaHanT — Ca(OH), 13—15%. B ot-
CToMHMKax-wwnamoHakonutensx LLICI noasep-
ratoTcs BO3AeMCTBMIO aTMOCEPHbIX 0CalKOB, 06-
pasytowminca unsTpat copackbiBaeTCsl B BOAHbI
06beKT. OnpegeneHve cofepXxaHnsi BOLOPacTBO-
PUMbIX NPUMeCel (XI0PUA-MOHbI, MOHbI KaslbLinS,
MarHus) NpakTUYecKn BO BCex obpasuax rnoka-
310 MpPeBbILLIEHME YCTAHOB/IEHHbLIX HOPMATVBOB
npesenbHO A0MYCTUMbIX KOHLeHTpaumii (1abn. 1).
O6pasLbl Ne 3 1 Ne 4 xapaKTepu3yTcAa HaMeHb-
LLIMM COAiepYKaHMeM BOAOPACTBOPUMbIX MPUMECENA,
4TO 06YC/I0BIEHO BbICOKOM CTEMEHbIO NX OTMbIBa
atmMoctepHbIMU OcagKaMy BBULY A/IUTENTbHOCTU
BO3/ENCTBUA U NX MENKOAMCIEPCHOMO CoCTaBa.

AHaN13 gaHHbIX N0 rPaHyN0MeTPUYECKOMY
cocTtaBy LLICI1 nokasan, uto B cocTaBe 06pa3LioB
Ne 1 1 Ne 2 npeo6nagaroT YacTuLbl pa3MepoMm
6onee 0,25 mm, a B coctase 06pasLioB Ne 3 1 Ne 4
npeo6/1afaroT YacTuLbl ¢ pasmepom MeHee 0,25 Mm
(Tabn. 2). 310 06BACHSAETCA Pa3/IMYHON CKOPO-
CTblO CeiMeHTaLMM B3BELUEHHbIX YacTuL, UC-
XOLHOW AUCTUNNEPHON XXNLKOCTU B OTCTOMHMKE-
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Tabnmua l/ Table 1

Copep>kaHue BOLOPaCTBOPUMBIX MPUMECEI B LLIaMax cofoBoro npomasogctea/ The content of water-solu-
ble impurities in sludge soda production

MokasaTenb/ perl?‘nﬁilsléi/ble Obpasey / Sample
Parameter concentration 2 3 4
pH (bor / 11,240,2 | 10,440, 8,040,2 7,0£0,2
background
_ 3
X/10pUA-1OHbI (r/aw) / 300 2800+250 | 3040£270 32704290 | 2340+210
chloride ion (mg/dm?)
v 3
Cyxai octatok (r/aw°) / dry 1,0 1,70£0,15 | 0,90+0,08 1,40£0,13 | 0,300+0,027
residue(g/dm?®)
YKEcTocTb (Mr-3kB/am’) / 7 240422 | 21,520 15514 | 4,000,36
hardness (mg-equiv /dm?) T T T ' '
7 3
Kanbuuit (mr/am’)/ 180 5000+600 | 4800400 3710+330 64060
calcium(mg/dm?)
] 3
Marwinit (wr/aw’)/ 40 28504260 | 25504230 | 1840+170 480+40
magnesium (mg/dm?)

Tabnuua 2 / Table 2

["paHynoOMeTpPUYECKIMIA COCTaB LLITAMOB COA0BOro NPon3BOACTBa, %
Granulometric composition of soda production sludge, %

Pa3smep siueek, Mm O6pasey, / Sample
Cell size, mm No 1 No 2 Ne 3 No 4
>2 1,9 0,8 HeT/ no 1,7
2-1 16,8 7,7 8,2 12,8
1-0,5 28,0 21,9 18,8 16,6
0,5-0,25 23,2 27,5 16,6 15,1
0,25-0,1 26,4 28,7 37,5 32,2
<0,1 3,6 13,4 18,9 21,6

LunaMoHakonuTene n (YOPMMPoOBaHNEM 30H C
pasnnyHbiMuy ceoicTBamu LLICTT: pa3mep yactuy,
pH, cogep>xaHve BOAOPaCTBOPUMBIX MPUMECE,
TOKCUYHOCTb. VI3BECTHO, YTO MeSIKOAMCINEPCHbIN
matepuan obnagaet nyyllei nnaByyecTblo U
HedoTeBMKOCTbIO. Copbumsa HedTn 1 HedTenpo-
AYKTOB mcxofHbiMu LLICTT obecneunBaercs 3a
CYET NPUTSXKEHUA MeXAy MOMeKynamn Liama
N HedhTENpPOLYKTOB Ha rpaHuULe paszena conpu-
Kacatomxcs a3. CHUXKeHMe pa3mepa HYacTuLy
copbeHTa NPMBOAUT K YBE/IMYEHMIO NOLLLaAN NO-
BEPXHOCTU COPOMPYIOLLMX YaCTULL U YBENTMYEHWIO
COPOLMOHHOM EMKOCTW.

Mo pe3ynbTataMm 6MOTECTUPOBAHUSA BOAHbIX
BbITS>XKEK 13 06pa3uos LLICIT pasnnyHoro rpaHy-
JIOMETPUNYECKOr0 COCTaBa yCTaHOB/IEHO, YTO CHU-
YKeHue pa3mMepa 4acTuL, MPUBOAUT K CHUXKEHUIO
K/lacca ornacHoOCTM 151 OKPY>KatoLLieli NPUPOAHOIA
cpefbl 3a CYET cCHMXKeHUA pH cpegpbl: 0bpasubl
C pa3mepom yactmu, 6onee 0,5 mm — 4 knacc (pH =
13); o6pasLibl ¢ pasmepom yactuu, meHee 0,5 MM —
5 knacc onacHoctn (pH =7,8).

WccnepgoBaHue COpOLMOHHBLIX CBOWCTB UC-
xofHbIX LLICIT nokasano, 4To HanbonblUen He-
threémkocTbto (r/r) obnagaet obpasew, Ne 3: no

6eH3nHy — 0,95; no— MM 0,9; no Hedtn — 0,75.
JaHHble nokasaTenn BbiLLe, YeM HEPTEEMKOCTb
pacnpocTpaHéHHbIX COP6EeHTOB AN TMKBUAALNN
aBapuiiHbIX pa3NnMBOB HePTENPOLYKTOB C TBEP-
AbIx noBepxHocTen (r/r): necok (0,3); men (0,4);
kaonuH (0,47); rnnHa (0,76) v conocTtaBUMbI
C He(pTeEMKOCTbHO Apo6iéHoro kameHHoro (1,0)
n 6yporo (0,8) yrnen [3].

M3BecTHa cnocobHOCTb pasnoXeHns kap6o-
Hata Kanbuust CaCO, npu Temnepatype 0K0/0
900 °C c BblgeneHvem yrnekucnoro rasa CO,.
TepmoobpaboTKa HeopraHMYecKNX matepua-
nos npu temnepatype 700—900 °C npusoanT K
yaaneHuno CBsI3aHHOW Bnaru 1 6annacToBbIX
npumeceid. B pesynbtaTe BO3MOXKHO YBe/IMYeHme
MopOBOro MPOCTPaHCTBa 3a CYET 0ob6pa3oBaHUA
NycTOT B MaTepuasie 1 yBenim4eHme CopoLMOHHOMN
émKocTu [18]. SKcrnepnmeHTasIbHO YCTaHOB/IEHO,
4TO TemnepaTypHas 06paboTKa He3HauYNTeIbHO
yBe/MUYMBaET He(PTEEMKOCTb MOANMDULIMPOBAH-
HbIX 06pa3uos LLICIT: no 6eH3MHY — Ha 20%; Mo
MM — Ha 15%; no HedTn — Ha 32%.

[nsi noBblWeHNs rnapodobHOCT 06pa3LLoB
LLICI npoBenn nx moanguKaumnto KpeMHU-
OpraHM4YecKUMN >XXULKOCTAMU C Pas/IMyHbIM
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Puc. 1. HedpTeEMKOCTb LLI/TaMOB COA0BOM0 MPOM3BOACTBA MOC/e 06PaboTKM KpeMHUIMOPraHUYeCKUMMI
»xugkoctamm, r/t / Fig. 1. The oil capacity of soda production sludge after treatment with liquid silicone, g/g

MaccoBbIM COfepPXXaHVEM aKTMBHOIO BELLECTBA.
Mo nuTepaTypHbIM AaHHbLIM NU3BECTHO, YTO MpWU
rnapoobmsaunm oNnTUMaibHbIM SIBASIETCA Mac-
COBOE COAep>KaHue [LeACTBYIOLLEro BellecTsa
2—10% [18]. Ha pucyHke 1 npeactasneHbl pe-
3yNbTaTbl UCCNEA0BAHNM BINAHUS MPUPOLbI U
KOHL,EHTpaLM1 akTMBHOI0 KOMIMOHEHTa pacTBopa
rngpocobrsaTopa Ha Hed)TeEMKOCTb MOANDNLM-
poBaHHbIX 06Pa3L0B.

MokasaHo, 4To Hanbo bLLen HepTEEMKOCTbIO
obnagaeT ob6pasey, LLICIT Ne 3, 06paboTaHHbI

pactBopamun «AkBacuna» (LLCIM-M,. ) vnan
«MKXK-11 M» (WCM-M_,,.), npyx 3TOM [0Ns
aKTMBHOIO rnapothobm3npytoLLLero KOMMoHeH-
Ta coctasngdet 1,3—1,5% macc. Kak BUgHO 13
npefcTaBNeHHbIX AaHHbIX, HanbobLas He-
(pTeémMKOCTb Mo 6eH3MHY (1,2 1/T) 1 MOTOPHOMY
macny (1,6 r/r) Habnogaetca gna obpasua, rno-
NY4YeHHOro 06paboTKOo pacTBOPOM «AKBacuia».
Hawn6onbLueii HedhTeEMKOCTbIO Mo HedhTn (1,3 1/T)
obnagaeT obpasel, NONYyYEHHbIN 06pabOTKOWA
«FKXK-11 IM». ¥YBenuyeHne HehTeEMKOCTU OT-

6000

HOH Maruus/magnesium ion
[ mon kanpius/ calcium ion

4000

Content, mg/dm*

Copepsranume, mMr/mm

xaopuj-uon /chloride ion

2000

MCXOJHBLI /
original

MoauUINPOBAHHBLI /
modified

Puc. 2. CHMKeHWe BbIMbIBaHMS BOJOPACTBOPUMBIX MPUMeCel 13 06pa3u,oB Nocse X 06paboTKm
KpeMHuiiopraHnyeckmmm xxnakoctsmm / Fig. 2. Reduction of leaching of water-soluble impurities from
samples after their treatment with organosilicon liquids
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HOCUTE/IbHO MCXOLHOWN COCTaBNsAeT No 6eH3NHY
Ha 30%; no moTopHOMY macny — Ha 80%; no
HedTK — Ha 73%.

Y CTaHOB/IEHO, YTO (popMUpPOBaHME Ha MO-
BepPXHOCTU 06pa3uoB rmapotobHOM BOAOOT-
TaKMBaKLWEN MIEHKN CHUXKAET X TOKCUKO-
JIOTNYECKY0 OMacHOCTb, MNPenATCTBYA BbiLLena-
UYMBAHUIO N3 HNX BOLOPACTBOPMbIX TOKCUYHbIX
KOMMOHEHTOB.

Pe3ynbTaTbl NPOBeAEHHbLIX 3KCMEPVMEHTOB
Mo BblILLENaYMBaHWNIO N3 MOAVNDULNPOBAHHBIX 06-
pa3u0B MOHOB Ka/bLIMA, MarHUs U XI0pULA-MOHOB
nokasasin CHUXeHne pactsopumoctn (puc. 2).
Cofep>kaHve B BOAHOW BbITSXKKE MOANDULN-
pOBaHHOro copbeHTa CHU3UMI0Cb OTHOCUTE/NBHO
ncxogHoro LLICIT o xnopug-noHam Ha 43%, np
MoHaMm MarHma — Ha 76%, No noHam Kanbuug —
Ha 88%, 4UTO NPUBELET K CHUXKEHUIO 3KOJI0rnye-
CKOM 0NacHOCTW MOJTyYeHHbIX MaTepuasios.

Mpu “cnonbL30BaHMM COPOEHTOB ANA NINK-
BMALNM aBapUiiHbIX Pa3nnBoB HeTU N Hed-

TeNnpPOAYKTOB C NMOBEPXHOCTU BOAHbIX 0OBEKTOB
KPOMe He(pTeEMKOCTM BaXKHbIM TEXHO/IOMNYECKUM
nokasaresieM sIB/ISIeTCS NaByyecTb copbeHTa Ha
NOBEPXHOCTU BOAbI. B Xofe nccnefoBaHunii ycra-
HOBJ/IEHO, YTO Hambosiee BbICOKOW M/1aBy4ecTbio
(yoep>kvBaHue Ha Bofe 6onee 40 cyT.) obnagarot
o6pasubl LUCM-M, n LLUCIM-M_, , C thpakuuei
MeHee 0,1 MM. 13y4yeHO BAUSAAHWE [ONW TUAPO-
tho6HOI1 cocTaBNALLElN B Macce copbeHTa Ha
ero nnaByyecTb W onpegesieHa eé onTMMasibHas
ponst —1,5—1,8% macc. (puc. 3—4).

Ha nnaByyecTb cCOp6eHTOB 0Ka3bIBaeT B/INS-
HWe npefBapuTeibHas TeMneparypHas 06paboT-
Ka. YCTaHOB/EHO, YTO NpM TEPMOOOPaboTKe 06-
pasuoB npu Temneparype soliwle 400 °C npnsogut
K MOJIHOM NoTepe naaByyecTy matepuana.

3aK/ueHune

BbINO/HEHHbIE UCCME0BaHUS MO3BONMN
060CHOBaTb YCNOBUS NPOBEAEHUS MpoLiecca

100
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——21-27 % mac./ wt

5-1,8 % mac./ wt
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Puc. 3. BnusiHne 1o3bl «AKBacWU/I» Ha NiaBy4vecTb MOANGNLMPOBAHHBIX COPOEHTOB.
Fig. 3. The influence of dose of «Akvasil» on the floating modified sorbents
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Fig. 4. The influence of dose of «<GKZH-11 P» and the temperature on the floating modified sorbents
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MoAMMKauMKn LWiama B 3aBUCUMOCTU OT €ero
NnocnesyoLLero NPUMeHeHUS.

YcTaHoB/ieHa BO3MOXHOCTb NepepaboTKu
LLITaMOB COA0BOr0 NPOM3BOACTBA C MOSTyYEHNEM
MOANIULNPOBAHHbLIX TMAPOMO6HLIX MaTepua-
noB, 06n1afatoLmMX BbICOKOW COPOLMOHHOM aK-
TUBHOCTbLIO K HE(DTU M HehTENPOAYKTaM.

Mpn nonyvyeHNN MOANGPULMPOBAHHbIX
copbeHTOB LienecoobpasHa 06paboTKa Li1aMoB
COL0BOro NPOM3BOACTBA BOLHbIM PacTBOPOM
MEeTUICUNINKOHATA HaTpUsA NN METUICUIINKO-
HaTa Kanus ¢ paboueit goson 1,3—1,5% macc. u
cywka npu Temnepatype 20 °C. HedTeéMKoCTb
MOANPULNPOBAHHbBIX COPOEHTOB COCTaB/NAET
no 6eH3uHy 1,2, N0 MOTOPHOMY Macny — 1,6; no
Hedptn — 1,3 1/T.

Mpwv nony4veHNN MOANNLMPOBAHHbIX COp-
OEHTOB AN NMNKBMAALMN aBapUiiHbIX Pa3NBoB
HedO TV M He(hTENPOAYKTOB C MOBEPXHOCTU BOAHBIX
00BEKTOB Lie/1ecoobpasHo NpoBoANTL 06paboTKy
LU1amMoB COL0BOro MPoOM3BOACTBA C Pa3mMepoMm
bpakunm meHee 0,1 MM pacTBOPOM METUNCUNIN-
KOHaTa HaTpusa Unn MeTUICUINKOHaTa Kaans
c pabouei posoi 1,5—1,8% Mmacc. ¢ nocneayto-
e TepmoobpaboTkoin npm 90 °C. NnaBy4ecTb
MOANKNLMPOBAHHbLIX COPOEHTOB COCTaB/ISET 3a
96 yacoB 0K0/10 98%. O6Lee Bpems M1aBy4vecT
MOAMPULMPOBAHHbLIX COPOEHTOB HA MOBEPXHOCTN
BOAbI cocTaBnset 6osee 40 CyTOK.

Pe3ynbTaTbl NPoBeAEHHbLIX UCCNeL0BaHNI MO
nepepaboTKe LWNAMOB CO40BOr0O MpPOM3BOACTBA
NO3BONUAN PacLUIMpPUTb 061acTN UX UCMNO/b30-
BaHWA M MOMY4YNTb HA MX OCHOBE COPOLMOHHbIE
mMaTepuasibl 3KOIOrMYECKOr0 Ha3HayYeHUs .

McecnegoBaHume BbIMOMIHEHO NPU PMHAHCOBOM
nogaep>kke PO®PU B pamkax HayyHoOro npoekrTa
Ne 17-45-590169.
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whey leads to disruption of the normal operation
of treatment facilities, as this residue worsen sedi-
mentation properties of activated sludge [9, 10].

Volumes of unutilized whey can be estimated
from the amount of cheese and cottage cheese pro-
duced in the country. In 2015, the Russian Fed-
eration produced 1375 thousand tons of cottage
cheese, cheese and cheese products [11]. In 2016
and 2017, according to the Milknews Analytical
Center, the volume of cheese production slightly
increased (by 2% in 2016 and 4% in 2017) [12].
With such volumes of production, the mass of whey
should be 11.5 million tons. Assuming that about
half of whey (about 6 million tons) goes into the
sewage system, the level of environmental pollu-
tion is very significant. Economic losses from the
loss of valuable secondary raw materials is also very
significant, as the loss of 6 million tons of whey is
equivalent to a loss of 2.5 million tons of milk (8%
of the total milk produced in Russia in 2016).

Analysis of the current situation shows that
the implementation of technologies for the com-
plete processing of whey has economic prospects
only at large dairy processing enterprises. The
introduction of appropriate technologies at small
enterprises is limited by such factors as high costs
for the acquisition and maintenance of equipment;
extremely limited shelf life of whey; low content of
solids; complex and unstable chemical composi-
tion of the corresponding secondary raw materi-
als; a limited sales market for whey processing
products; insignificant profit in comparison with
expenses for residue processing. Inclusion of
natural whey in rations of agricultural animals
is also usually not justified due to the high costs
of transporting a low-concentrated product and
its rapid microbiological damage.

This situation requires the development of
new technologies of whey recycling suitable for
small and medium-sized enterprises. One of the
possible directions of processing whey can be its
use for the production of organomineral fertiliz-
ers. A number of domestic and foreign scientists
prove the prospects of this direction in their re-
searches [13—16].

Features of the chemical composition make
it possible to use whey as a source of amino acids
and other biologically active substances that have
apositive effect on the growth and development of
plants (succinic and chlorogenic acids, vitamins,
enzymes, carbohydrates, etc.). The demand for
fertilizers with biologically active components
has increased significantly in recent years. The
use of such fertilizers contributes to an increase
in the yield of agricultural plants, ensure high
quality of cultivated products, shorten maturation

periods, increase plant resistance to unfavorable
environmental conditions [17, 18]. Prices for
fertilizers containing amino acids as biologically
active components are significantly higher than
prices for such products as whey powder or food
lactose. In 2017 wholesale prices for food lactose
were 60—80 rubles/kg, for whey powder — 45—
60 rubles/kg. At the same time fertilizer with
Aminozol amino acids (Lebozol Diinger GmbH,
Germany) was sold at a price of 990 rubles for 500
ml; fertilizer Quantum-AminoMax (Amino acids)
(NPK “Kvadrat”, Ukraine) ata price of 550 rubles
per liter; Radifarm (Valagro, Italy) at a price of
462 rubles for 100 ml [12]. Thus, the development
and implementation of low-cost technologies for
the production of organo-mineral fertilizers with
amino acids based on whey can be of great inter-
est to enterprises both from the ecological and
economic point of view.

The purpose of the research is to develop
a technology for processing whey into organo-
mineral fertilizers with amino acids suitable for
use in low and medium milk processing plants.

The tasks of the research are:

—todevelop anon-waste technological scheme
for processing whey into organo-mineral fertil-
izers containing a complex of amino acids and
other biologically active substances. To ensure
the maximum extraction of solids from whey, the
process flow diagram should include a step of con-
centrating the initial waste in order to process the
concentrate obtained into a liquid organomineral
fertilizer (L-OMF) and a sorptive post-treatment
of a low concentration whey fraction, followed by
using the spent sorbent as a solid organomineral
fertilizer (S-OMF).

— to determine the optimal way of preparing
the components extracted from whey in order to
add liquid organomineral fertilizers in the com-
position;

— to determine the composition of mineral
components that allow to obtain a balanced and
stable organomineral fertilizer during storage;

— to choose a sorbent for post-treatment
of low-concentration whey fraction. The spent
sorbent should be suitable for use as a fertilizer;

— to perform calculations that allow to as-
sess the economic feasibility of introducing the
developed technology into practice.

Materials and methods

For our experiments we used curd whey ob-
tained from one of the milk processing enterprises
of the Kirov region. Table 1 gives data on the
chemical composition of whey.
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Table 1
Chemical composition of curds
Indicators Value Methods of analysis

Acidity active, 4.9+0.1 |Potentiometric method, according to GOST 32892-2014. Milk and dairy

pH products. Method for measuring active acidity (with amendment)

Acidity total 69+2 Titrimetric method, according to GOST 3624-92. Milk and dairy

(titrated), °T products. Titrimetric methods for measuring acidity

Total solids 6.8+0.4 |Gravimetric method, according to GOST 3626-73. Milk and dairy

content, % products. Methods for measuring moisture and dry matter

Protein content, 1.720.1 | Kjeldahl method, according to GOST R 53951-2010. Dairy products,

% dairy components and milk-containing products. Determination of the
mass fraction of protein by the Kjeldahl method

Sugar content, % | 4.8+0.2 |lodometric method, according to GOST R 54667-2011. Milk and milk
processing products. Methods for determining the mass fraction of sugar

Fat content, % 0.12+0.01 | Acid method, according to GOST 5867-90. Milk and dairy products.
Methods for measuring fat

Calcium content, | 480+14 | Titrimetric method, according to GOST R 55331-2012. Milk and dairy

Mmr/kr products. Titrimetric method for measuring calcium content

Table 2

Bacteriological characteristics of whey sample*

Microorganisms

Duration of storage, days
2 | 4
Number of microorganisms, thousand cells / cm?®

Lactic Acid Bacteria

— mesophilic 4984 9915
—aroma forming 1.13 0.98
— thermophilic 45.92 58.8
Acetic acid bacteria 0.62 1.47
Group of E. coli 4.81 6.47
Yeast, mold micromycetes 894 4497

Note: “*”” — microbiological research of whey was made according to standard methods used in the dairy

industry [19].

Table 2 gives data on the microbiological
contamination of whey used in the research.

Microbiological composition of whey is quite
diverse. It leads to rapid deterioration of residue
during storage in processing conditions. However,
microorganisms found in whey are not dangerous
in terms of bacterial pollution of the environment.
It should be noted that the composition of whey
microflora depends on the spectrum of microor-
ganisms present in the source raw material, the
leaven used, features of the technological process
and compliance with the sanitary standards for
the production of dairy products [20].

To increase the content of dry substances in
whey, the cryoconcentration (freezing) method
was used. The initial whey was frozen at -15 °C.
When 85—87% of the whey get solid, the remain-
ing (unfrozen) part was drained and used for
further processing into a liquid organomineral
fertilizer. The content of dry matter in the unfro-

zen fraction (concentrate) was 30+2%. \We chose
the method of cryoconcentration due to the fact
that, unlike evaporation and drying methods,
low-temperature technologies allow to provide
the most complete preservation of biologically
active substances (proteins, vitamins, enzymes)
contained in whey [21].

While melting, the frozen part of whey was
divided into two fractions with a solids content of
6.0t00.4% and 1.2 t0 0.1%. A more concentrated
fraction was used for further concentration by
the freezing method [22]. A less concentrated
fraction was passed through a sorption column
to maximize the removal of solids. The fraction
of the low concentration fraction was 10% of the
total mass of the cryoconcentrated whey.

As a sorbent for removal of residual solids
from whey, we used the glauconite-containing
efel — a waste of phosphate after processing at
the Verkhnekamsk phosphorite mine. The com-
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position of the efel included (% by weight): ALO,
—2.3; Mg0: —0.9; KO —1.4;Fe,0,—4.1; SiO, —
49.3; CaO — 41. The content of glauconite in the
ephel was 40+5%. The content of heavy metals
(Cu, Zn, Hg, Cd) and arsenic did not exceed the
content of these elements in phosphorite flour. To
obtain data on the elemental composition of the
efel, we used an atomic-emission method with
inductively coupled plasma.

The choice of a sorbent for isolating dry sub-
stances from a low concentration whey fraction
was due to the following reasons:

— composition which allows to use efel as
agro-ore;

—size of particles allows to use it as a sorbent;

— low cost and availability;

—sorption properties concerning awide range
of organic and inorganic components;

— having calcareous components in the sor-
bent composition which are necessary for neu-
tralization of acids contained in whey.

During the sorption of solids from whey,
the glauconite-containing sorbent was enriched
with nitrogen-containing components, which
increased the value of this material as a fertilizer.

The spent sorbent was dried in athermostat at
a temperature of 104+1 °C to a residual moisture
content of 11—-12%. The dried form was a loose
material suitable for adding to the soil without
further processing.

For the hydrolysis of proteins in whey con-
centrate, achymotrypsin enzyme was used [23].
Before adding the enzyme, the concentrate was
neutralized with a solution of potassium hy-
droxide to pH 7.5. The choice of chymotrypsin
is due to the high selectivity of this enzyme to
whey proteins, as well as the virtual absence of
analogues with necessary properties and afford-
able cost.

Potassium sulfate (source of potassium and
sulfur), potassium dihydrogenphosphate (source
of potassium and phosphorus), ammonium ni-
trate (source of nitrogen), magnesium sulfate
(magnesium source), were used as the mineral
components included in the hydrolyzate of whey;
and sulfates of copper(ll), zinc and mangane-
se (1) were sources of microelements. The amino
acids obtained during the proteolysis of whey
proteins allowed the transfer trace elements to a
complex-bound (chelate) state, which increased
their biological activity [24].

Mineral components were added to the whey
hydrolyzate in a crystalline form and mixed until
the crystals dissolved completely. The prepared
composition was settled for 24 hours and then
filtered with a vacuum filter.

Results and discussion

The finished form of liquid organomineral
fertilizer obtained by the proposed method was a
clear solution of turquoise color with a light smell
of whey. The total content of dry substances was
56+3%. The pH of the finished form was within
5.0-5.5. The content of amino acids determined
by the method of high-performance liquid chro-
matography was 4.1+0.3%.

The introduction of mineral salts into whey
hydrolyzate provided the effect of conservation of
the organic matrix of L-OMF. In the conditions
of high osmotic pressure created by a complex of
mineral salts, the reproduction of bacterial flora
is impossible, therefore the final product was not
subjected to microbiological damage. Fertilizer
was stable during storage for 6 months at a tem-
perature of 22+3 °C.

Based on the results of laboratory experi-
ments, we created a technological scheme for
processing whey into liquid and solid organo-
mineral fertilizers (Fig.).

According to the proposed scheme, whey,
which is formed during the processing of milk,
is sent to a special container — a storage reser-
voir of a 24-hour whey stock with a volume of
50 m. From the storage tank, whey is pumped
into a tank for freezing. Freezing is carried out
by immersion coils at the temperature of direct
brine -20 °C and reverse brine -17 °C. Freezing
of the main body of water occurs within 8—
10 hours, while the dissolved substances in whey
are concentrated in the liquid phase. The result-
ing concentrate is drained into a pre-freezer with
a volume of 30 m3. The freezer is equipped with
coils, which are fed with a cold brine to freeze
the remaining water for 2—4 hours. The brine
heated in the freezer is sent to a heat exchanger-
evaporator of an ammonia refrigerating machine
with a cooling capacity of 800 kW for cooling in
the forced circulation circuit.

After freezing the water and draining the
unfrozen concentrate, a hot brine is fed into the
pre-freezing coil to thaw the ice. The cooled brine
issent to a heat exchanger inwhich it is heated by
heating water to 50 °C. From the heat exchanger,
the brine is fed into the forced circulation circuit
of the hot brine. The thawed ice is sent to a melt
water collector with a volume of 40 m?.

Drain of the unfrozen whey concentrate
into a collector occurs with the help of a heating
coil. The volume of the collection is 10 m3. The
concentrate, heated to room temperature, by a
centrifugal pump is pumped to the fermenta-
tion hydrolysis reactor with a volume of 10 m?.
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Fig. Technological scheme for processing of whey into organic-mineral fertilizers with amino acids:

1. Ammonia refrigerator. 2. Collector of the initial serum. 3. 1st stage freezer. 4. 2nd stage freezer. 5. Col-
lector with concentrate preheater. 6. Reactor of enzymatic hydrolysis. 7. Reactor additives. 8. Filter press.
9. Collection of liquid OMF 10. Collector of thawed whey. 11. Packing filter with glauconite. 12. Radial
settler. 13. Hopper waste bunker. 14. Turbofast mixer-granulator. 15. Collector of peat binder. 16. Drum
dryer granules. 17. Gas heater. 18. Drum-freezer granules. 19. Blowing fan. 20. Pump.

The reactor is equipped with a stirrer, which
allows to mix the concentrate with the addition
of components neutralizing excess acidity and
proteolytic enzymes. Dosage of alkaline com-
ponents and enzyme preparations is carried out
manually. The hydrolyzate from the reactor is
drained into a collector with a mixer of 10 m?
volume for mixing with mineral salts. Mineral
salts in the hydrolyzate are dosed by hand. The

components are mixed until the salts are com-
pletely dissolved.

The resulting liquid fertilizer is pumped by
a centrifugal pump to a filter press for control
filtration. The filtrate is fed to the pressure tank,
from which it is bottled.

The melt water (low concentration whey
fraction) is pumped out for sorption cleaning
by a centrifugal pump. Removal of the residual
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quantity of the dissolved components from this
fraction is carried out by the method of filtration
under pressure on a packed filter with a glauconite
ephel nozzle. The volume of the packed filter is
5 mé3, the diameter is 2 m.

Before draining into the sewage system, the
filtrate is sent to a sump with a volume of 50 mé2.
The resulting sediment from the cone bottom of
the settler is pumped out to the collection of 24-
hour storage of whey, and the clarified water is
drained into the sewage system.

The spent sorbent from the packed filter is
discharged into the collector and fed to a turbo-
plastic mixer-granulator for producing fertilizer
grits (5-OMF). As a binder at this stage, peat gels
are used (peat processing product by the method
of mechanical activation). The resulting grits are
dried inadrum dryer and then cooled from 100 °C
to 40 °C in an air cooler. The finished product is
packaged in bags and sent for sale as a granular
organomineral fertilizer.

The feasibility of implementing the proposed
technology in production is confirmed by calcula-
tions. Assuming that the company will process
50 tons of whey per day and receive 10 tons of
L-OMF, the payback period of all costs will be
about two years, and the net profit from the sale
of fertilizers is more than 20 million rubles a year.
The corresponding calculations are given below.

Cost of the project are:

— costs for the acquisition and installation
of equipment — 25.6 million rubles (the cost of
a refrigeration unit is 10 million rubles; capac-
ity and heat exchange equipment, circulating
pumps is 6 million rubles; electrical equipment,
instrumentation, automation, water supply and
water disposal is 9.6 million rubles);

— costs of raw materials (excluding whey)
are 100 thousand rubles per ton of finished prod-
uct (mineral components, enzymes, sorbent);

—rentis notincluded in the cost of the proj-
ect, asitis assumed that there are free production
areas in the enterprise.

Income of the project is:

— reduction of payments for dumping of
whey into the sewerage (according to calcula-
tions, the cost of daily dumping of fifty tons of
whey into the sewer is 9.4 million rubles per year
and includes water costs for dilution of whey up
to normative indices of the pollutants content, as
well as the cost of processing sewage effluent at
sewage treatment plants of communal systems);

—revenue from the sale of L-OMF is ap-
proximately 912.5 million rubles per year (sale
of 10 tons of L-OMF per day at a price of 250 000
rubles per ton during the year). If we assume

that the net profit from the fertilizer sales does
not exceed 10% (taking into account the costs
of raw materials, energy carriers, staff salaries,
tax deductions, product certification, etc.), and
the volume of fertilizer sales does not exceed
10% (since the demand for this fertilizer is not
fully understood and additional expenses for
marketing activities will be required, as well as
the development of a dealer network), then in
this case the net profit of the enterprise will be
about 10—12 million rubles a year.

The total income from the sale of fertilizers
and the reduction of payments for the discharge
of whey into the sewage system is approximately
20 million rubles per year, i.e. all the cost of
equipment, documentation and marketing
preparation of a new product should be paid off
in about 18 months.

Additional income can be obtained from the
sale of S-OMF. It can be used as a natural fertil-
izer for local needs.

Conclusion

The present research shows that whey is
a valuable raw material for processing it into
organomineral fertilizers containing a complex
of biologically active substances (amino acids,
vitamins, enzymes, salts of organic acids, etc.).
To increase the concentration of dry substances
in whey, the cryoconcentration method can be
used which prevents the destruction of the cor-
responding organic components in the source
material and increases the dry matter content
to 30%. The enzyme chymotrypsin can be used
for the hydrolysis of protein components in the
cryoconcentrate.

Unlike other types of organic raw materials
used for the production of organomineral fertil-
izers with amino acids, whey contains lactose.
The presence of lactose in the whey concentrate
contributes to the beneficial effect of the fin-
ished form of fertilizer on the complex of soil
microorganisms possessing economic-useful
traits, which significantly increases the value
of fertilizer.

Dissolution of salts used as mineral fertilizers
in whey hydrolyzate allows to obtain awide range
of fertilizers adapted for different cultures and dif-
ferent types of soils. The mineral complex of salts
allows not only to vary properties and purpose of
fertilizers, but also provides a preservative effect
and stability of the agricultural product during
storage.

To isolate dry components from the low
concentration whey fraction, a sorption method
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can be used. The use of glauconite concentrate
as a sorbent possessing a complex of valuable
agrochemical properties makes it possible to use
the spent sorbent as an effective organomineral
fertilizer for local application to the soil or as an
additive to artificial soils.

The proposed technological scheme of whey
processing can be implemented at milk process-
ing plants of small and medium capacity. The
introduction of the technology of whey process-
ing into fertilizer will allow to significantly
reduce the pollution of the environment by the
enterprises of the dairy industry and to obtain
additional income.
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OueHKa 3arpsisHeHUs! NoYB PeKpeaLoHHbIX TEPPUTOPUIA MPOMbILLIEHHOTO
ropoja CoeANHEHMAMN TSXKENbIX META//IOB U MblLLIbSIKA
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B ctaTbe npeacTaBneHbl pe3ynbTaTthl ONpejeneHns BasloBOr0 cofepXkaHns TsxEnbix metannos (TM) 1 Mbllwbaka
B FOPOZCKMX MOYBax peKpeaLnoHHbIX TeppuTopuii . KonbuyrHo Bnagumupckoii o6nact. Hanbonee 3arpsisHeHbI peKpea-
LMOHHbIe TEPPUTOPUM FOpPoAa, KOTOPbIE HAXOAATCA PSAOM C MPOMbILLIEHHOW 30HOM 1 B LLEeHTpPalbHOM paiioHe. Cofepyka-
Lmecsa B noysax ropoga Pb, As, Zn, Cu, Ni, Co n Cr, cornacHo npoBeféHHOMY NPOCTPaHCTBEHHOMY KOPPeNALNOHHOMY
aHaIn3y HaxoAsaTCs MPUMEPHO B PaBHbIX COOTHOLLEHUSAX Ha BCeX perepHbIX yYacTKax, YTO MOXKET CBUAETe/IbCTBOBATb O
COBMECTHOM MOCTYM/IEHNM 3TUX NONMOTAHTOB. C Lie/bio NOMyYeHMs Hay4YHO-060CHOBaHHbIX Pe3y/IbTaToB aHTPOMOreHHo-
ro HakonneHns TM 1 MbilbsKa B Noyse, Obl1 NPOBeSEH aHa/IN3 OTHOLLEHWS COfepXaHus NOMNI0TAHTOB B BEPXHEM Crl0e
K ero COAEP>KaHWI0 B HVDKHEM MO KO3(h(uumneHTy pagnansHoi guddepeHuymnaumm (R). YCcTaHOBAEHO, YTO MOIHOTAHTbI
KOHLEHTPUPYIOTCS NaBHbIM 06pa3oM B BEPXHUX CMOSIX MOUBbI, @ X HAKOM/EHVE UMEET aHTPOMOreHHbIV xapakrep. Ans
BbISIB/IEHNS NPUMOPUTETHBIX 3arpsA3HUTeNeid CNonb3oBasics nokasatenb HakonaeHns (MH), KOTopbIii ybbIBaeT B psAdY:
Cu>2Zn>Pb>Ni>As>Co=Cr>V>Sr. Mo paccunTaHHOMY YPOBHIO 3arpsi3HEHSA MOYBEHHOr 0 MOKPOBa OTAe/IbHbIMU
nonntotaHtamu (Ko), 6111 ycTaHoBAeHbI NpeBbilleHns MAOK B cnegytouem psagy: Zn > Cu > As > Pb > Ni. Han6onbine
3HauveHNs KoathurumeHTa onacHocTy (Ko) oTmMeueHbl B paioHe 3aBoga «KonbuyrusetmeT». [MpoBeaEHHbIV KOPPensiLMoH-
HbI aHa/TM3 MEXAY KOHLLEHTPaLMSIMU MOJTHTAHTOB BbISABU/ CTATUCTUYECKM AOCTOBEPHbIE MOMIOXKUTE/IbHbIE 3aBUCMMOCTH
(p < 0,05) mexxay Pb, As, Zn, Cu, Ni, Co 1 Cr. Micxogsa n3 aToro, MOXXH0O NpeanonodXunTb, UTO 3TW 3/1IEMEHTbI MOCTynatoT
B MOYBY ropoja 13 04HOro NCTOYHMKA.

KntoueBble crioBa: TAXKENble MeTau/Tbl, Cepast leCHast NoYBa, PeKpeaLoHHbIe TEPPUTOPUN, KOIPAULIMEHT pafmnasibHOM
AndepeHumaLmm, nokasaTeb HAKOMIeHUs, KO3hPULNEHT 0NacHoOCTU.

Assessment of soil contamination in the recreational areas of the city
by the industrial compounds of heavy metals and arsenic
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The article presents the results of determination of total content of heavy metals (HM) and arsenic in urban soils of
recreational areas in the city of Kolchugino of Vladimir Region. The most polluted recreational areas of the city that are
close to the industrial area and in the Central area. According to a spatial correlation analysis, the elements Pb, As, Zn,
Cu, Ni, Coand Cr contained in the soils of the city are in approximately equal ratio in all reference areas that may indicate
the joint intake of these pollutants. With the aim of obtaining justified results of anthropogenic accumulation of HM
and arsenic in the soil, an analysis of ratio of the content of pollutants in the upper layer to its content in the bottom was
conducted using the radial differentiation coefficient (R). It is established that the pollutants are concentrated mainly
in the upper layers of the soil, and their accumulation has an anthropogenic character. To identify priority of pollutants,
the index of accumulation was used, which decreases in the series: Cu> Zn > Pb > Ni > As > Co =Cr >V > Sr. On the
calculated level of soil pollution by separate pollutants, the the excess over maximum permissible concentration was
revealed in the following series: Zn > Cu > As > Pb > Ni. The highest values of the hazard coefficient were noted in the
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area of the plant “Kolchugtsvetmet”. The correlation analysis between the pollutant concentrations revealed statistically
significant positive dependences (p < 0.05) between Pb, As, Zn, Cu, Ni, Co and Cr. Based on this, it can be assumed that

these elements enter the soil of the city from one source.

Keywords: heavy metals, gray forest soil, recreational areas, the coefficient of radial differentiation, the rate of ac-

cumulation, the hazard ratio.

AHTPOMOreHHbIV NpoLecc cnocobeTByeT hop-
MMPOBaHNIO B ypbo/iaHALLIaddTaxX XeMO3EMOB — MOYB,
MOABEPILLMXCA XUMNYECKOMY 3ar PA3HEHNIO COeaun-
HEHNAMN TSHKENbIX MeTas110B (TM) 1 MbILLbSIKa, CO-
Jep>KaHuie KOTOPbIX YaCTo MPeBbILLIAET CYLLIECTBYHO-
LLIe HopMaTKBbI. B T0 ke Bpems fieconapku, napku
1 Opyrvie peKpeaLoHHbIe TEpPUTOPUIN Fopoga npu
Pa3yMHOM NX 3KCM/TyaTaumin BbIMO/HSAIOT BaXKHbIE
CaHUTapPHO-TUrMeHnYeckune dyHkumm [1, 2]. Tak,
KPYMHble «K/IMHbSA» N1eCOMaPKOB MOTYT C/TY>KUTb
MOLLHbIMW MPOBOAHUKAMWN YMCTOr0 BO3AyXa B
LieHTpa/IbHble palioHbl ropoga. BosayLLHble Macchbl
B 3HAYMTE/IbHOM Mepe OYMLLLAKOTCS, NPOX0AA Haf,
neconapkamu 1 napkamm [3—6].

Hawnbonee onacHbIMW 3arpsA3HUTENIAAMU MOYB
NPOMBbILLSIEHHbBIX TOPOLOB Poccmnu ABNAKTCA
coefiHeHsa TM, KOTOpble MOCTyrnatT B MoYBYy
C rasonbl/ieBbIMU BbIGPOCAMU MPOMBbILLIEHHbIX
N TENN03HEPreTUYECKUX NPeANpPUATUIA, a TakKe
C BbIX/I0MHbIMW ra3amu aBToTpaHcnopTa [7, 8].

Bonblias yactb TM xapaktepusyeTtcsa Masoii
NOABUXXHOCTbIO U BbICOKOM aKKyMy/MPYHOLLEi
CMOCOBHOCTLIO B XKMBbIX OpraHn3max v fenoHun-
pyrowmx cpegax (NoyBbl, JOHHbIE OT/IOXKEHNS),
YTO MPUBOAUT K UX NHTEHCMBHOMY HaKOM/IEHWUIO
N 4nuTenbHOMy coxpaHeHuto [9, 10]. Mepuopg
NnoslyBbIBeieHUS U3 MOYBbI, Hanpumep, CBUHLA
B pe3y/ibTarte BbiMbIBaHWUSA, NOTPeb/ieHNs pacTe-
HUAMU, 3p03UN N aethnaumm coctaBnsieT ¢ 740 1o
5900 nert, megn —ot1 310 go 1500 net, yMHKa — oT
70 0o 510 net, kagMnsa — ot 13 1o 110 net [10, 11].

OnacHoCTb 3arpA3HeHns NoYB HaceléHHbIX
MECT BbICOKVMW KOHLEHTpaUnammn TM 3akntoya-
eTCA B BO3MOXXHOCTM BTOPUYHOIO 3arps3HeHus
BO34yXa MOYBEHHOW Nblbl0. BMecTe ¢ pactu-
TeNIbHOM NPOAYKLMEN, BblpalLleHHOM Ha INYHbIX
npuycagebHbIX yyacTKax, pacrosoXXeHHbIX B
30He 3arpsa3HeHns, NoNMTaHTbI MOTYT Nnonagartb
B opraHu3M. B pe3synbTaTe BO3feNcTBMA TM,
yrHetaeTca MUKpodiopa n MMKpodgayHa rno-
YBbl, €€ OMOXMMMNYECKME MPOLLECChI, YXYALLaeTcs
COCTOSIHME PacTUTENbHOCTU 3TUX TEPPUTOPUNA,
YTO MOXKET OKa3sblBaTb HEraTMBHOE B/IMSAAHME Ha
300p0BbLE NMPOXKMBAIOLWLEro 34eCb HaceneHNs
[12—16]. Mo3aTomy nccrefoBaHWe JaHHbIX TEPPU-
TOPWIA Ha NPeAMET NX 3KOM0MMYECKOr0 COCTOSAHUSA
ABNSAETCH aKTya/lbHOM 3aaaveli [17].

Llenb nccnefosaHus — OLEHKa YpPOBHSA 3a-
rPA3HEHUS MOYB PEKPeaLVNOHHbIX TEPPUTOPUIA

r. KonbuyrnHo Bnagummpckoii o6nactm TM n
MbILLbLSAKOM.

O6bEKTbI U MeTOoAbl nccnegosaHnA

O6beKTOM JaHHOr0 UCC/eA0BaHNS ABNSKOTCA
NOYBbI PEKPEALMOHHBIX TEPPUTOPUIA I. Konbuyrin-
HO, B OCHOBHOM 3TO CepbIe JIECHbIE MOYBbI. [[0pog
Konb4uyrmHo aBnseTcs agMUMHUCTPATUBHbLIM LIEH-
TpoMm Ko/bYyrmHCKOro paioHa BnagvMupckoii
06/1aCTU, LIEHTPOM MYHULMMaIbHOro 06pa3oBaHus
«ropof, Konb4yrmHo», NpoMbILLAEHHbIM LLEEHTPOM
paioHa. CornacHo co6CTBEHHbIM AaHHbIM [18] u
AaHHbIM [JenapTtameHTa NnpupoLonosib30BaHNSA
N OXpaHbl OKPY>KaroLLein cpeibl AGMUHUCTPaLMN
Bnagmmunpckoii obnactu [19], Konb4yrnHckumi
panoH sIBNSIeTCA OfHMM W3 parioHOB 0611acTw,
BO3AYLLIHbI/ 6acCeiH KOTOPbIX eXXerofHo noj-
BEpPraeTcs CepbE3HOM Harpy3Ke co CTOPOHbI Npo-
MbILL/IEHHbIX NPeANPUATUIA. 3arps3HeHne noys
NPONCXOAMNT, rNaBHbIM 06pa3oM, 3a CYET raso-
NblNeBbIX BbIGpocoB npeanpuatnii: 3A0 «Kosb-
yyrusetTmeT», «AQ «3nekTpokabenbs KonbuyrmH-
CKNii 3aBog», OO0 «Konb4yrusetmeTobpaboTKa,
3A0 «Konbyyr-Muuap» 1 otpaboTaHHbIX ra3os
aBToTpaHcnopra.

OnpegeneHne TM NpoBOAMAN PEHTIeHOR-
JIyOpecuUeHbIM MeTOA0M Ha CreKTpoMeTpe «Spe-
ktroskan MAKS-G» B cootBetcTBUM ¢ MNMHI P
16.1.42-04.

ONa OueHKN YPOBHSA 3arpA3HeHUs No4ys
NoNMOTaHTaMM UCMOMb30Banu Ko3auLMeHT
paguanbHOW anddepeHunaymm mMetania no
npodgmnto (R), nokasatesnb HakoneHUA (IMH),
KoathpurumeHT onacHocTn (Ko).

Ana ydéta noctynneHna TM 1 mMbllbsakKa
Ha MOBEePXHOCTb MOYBbI, ObIIN UCTMOMNb30BaHbI
K03ath(pnLMEHTbI pagnanbHoi anddepeHUmanmm
NosM0TaHTOB R 0THOCUTENBHO MOYBOOGPa3yto-
LLier nopogbl:

R=Ct,

C

rae C, n C.—copep>kaHne MeTasina n Mbillbsi-
Ka B BEPXHEM U HDKHEM ropusoHTax [20, 21].

Moka3zaTte/ib HAKOMJIEHNSA PaccCYUTLIBASIN MO
thopmyne:

e Cj — CQ”

= . 0,
I =~ =t 100%,
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rae C,— KOHLeHTpauus MeTasia v MblllbsiKa
B noyse mr/kr, C b thoHOBOE cogeprkaHe TM n
MbILLUbSAKA B MoYBe Mr/Kr. POHOBbIE KOHLEHTpaLUn
TM 1 MbILLIbAKA B NMOYBE B3ATbI U3 paboTsl [22].

KoahhmumeHTbl onacHOCTN paccumTbiBa-
JIUCb M0 hopmyre:

__C;

Ko TIK, -

rae C, — KOHLEeHTpaLus MeTasia v Mbllbsika
B nouse, Mr/kr, NAK, — npegensHo-gonycTmas
KOHUeHTpaums TM 1 MbllwbsaKa B rnoyuse, Mr/Kr
[23, 24].

O6paboTKy AaHHbIX N KOPPESALNOHHbIN
aHa/IM3 NpoBoOAMAN B Nporpamme «Statisticay.
CTatncTUyecKn 3HaYNMbIMW NMPU3HABAIUCH pe-
3ynbTarbl € ypoBHeM 3HauumMoctn p < 0,05.

Pe3ynbTaTbl M X 06CY>KAEHWE

Mpo6bl NOYB ANst aHaM3a 0TGMpann Ha pe-
NEePHbIX yYacTKax PeKpeaLioHHbIX TEPPUTOPUIA,

pacnosioXKeHHbIX B Pa3/IMYHbIX parnoHax roposa,
13 ropmsoHTa 0—20 n 20—40 cM MeToA0M KOHBEpP-
Ta B MATU NOBTOPHOCTSAX.

Y4acToK 1 HaxoAMTCA B FOPOLCKOM NapKe, OH
Hanbosee yfanéH 0T ropoACcKMX CTPOEHMIA 1 NPO-
MbILLI/IEHHOM 30HbI. Y4acTOK 2 pacnofiaraeTcs B
He60/1bLLIOM CKBEPE Ha TEPPUTOPUM LLEEHTPaSIbHOM
paiioHHoM 60nbHMUbLI (LIPB). Yuyactok 3 — 310
Hebo/bLLIasA CKBEPOBas TEPPUTOPUSA HA TEPPUTO-
pun wkosbl Ne 1. YyacToK 4 HaxXo4uUTcA B LieH-
TpasibHOM napke «KOMCOMONbCKNA». Y4acToK
5 — ckBepoBas TeppuTopusa Y 3aBofa «Konbuyr-
LBETMET», pacrosiaraeTcs B HenocpeLCTBEHHOM
6/11M30CTM OT MPOMBbILL/IEHHOW 30HbI. Y4acToOK
6 — pekpeaLVOHHasA TeppUTOpUA WKO/bI No 6.
Yy4acTtok 7 — CKBep Ha TeppuUTopun, nNpuneraro-
el K gomy Kynbtypbl (4K).

O6LLMIA ypOBEHb 3arpsA3HEHUS MOYB peKpea-
LMOHHBbIX Tepputopuii 1. KonbuyrnHo TM npeg-
cTaB/ieH B Tabnmue 1.

JaHHble Tabnvupbl 1 CBMAETENLCTBYIOT O TOM,
4TO BbIGPOCHI C MPEeNPUATUIA ropoga cofepkar

Tabnmua l/ Table 1

O6LLMIA yPOBEHb 3arpPsA3HEHMS MOYB PeKPeaLMOHHbIX TeppuTopuii . KonbuyrnmHo TM u mbiwbsikom / The
total level of soil contamination in recreational areas in the city of Kolchugino, heavy metals and arsenic

Yuyactkn | opu CopgepxxaHue TM, mr/kr / The contents of HM, mg/kg
0oTO6Opa |30HT, CM
Selection|horizon,| Sr Pb As Zn Cu Ni Co Cr \Y
sites cm
1 0—20 | 120+3 | 53+2 8+1 165+4 74+7 36+4 12+1 | 9613 | 634
20—40 | 12349 | 34+4 | 3,042 94+4 81+9 32+4 21+3 | 91+5 | 9048
5 0—20 120+6 52+7 7+1 160+12 88+7 47+4 14+3 | 87+£3 | 7445
20—40 | 123+5 | 58+3 8+1 | 158+18 97+10 46+2 17+4 | 92+6 | 8510
3 0—20 | 100+4 | 49+4 6+1 11645 72+8 36+4 7+1 | 89+3 | 6245
20—40 | 87+2 34+3 4+1 91+4 80+5 37+1 16+2 | 96+2 | 8145
4 0—20 | 129+4 | 101+7 | 18+1 | 1140450 | 45845 90+1 14+2 | 125+2 | 6545
20—40 | 127+6 | 66+5 | 10+1 | 21748 136+5 46+3 16+1 | 78+4 | 68%3
5 0—20 | 157411 | 331+14 | 57+3 |3430+310|3180+260, 820+50 | 34+1 |149+12| 86+4
20—40 | 15346 | 348+13 | 57+2 |5080+150|7350+220|19670+290 | 42+2 | 110+5 | 91+6
6 0—20 155+5 | 109+7 | 1741 | 753%12 2105 682 13+1 | 867 | 58+2
20—40 | 172+7 | 98+8 | 1441 | 365%10 146+7 55+3 18+1 | 88+3 | 62+1
7 0—20 | 12045 | 106+9 | 18+3 | 1281+54 | 373+23 92+6 13+2 | 85+1 | 5043
20—40 | 134+5 87x4 14+1 | 954+35 33418 75+4 15+1 | 964 | 69x7
CpepnHee no ropogy /
The average over 130 109 17 1000 906 246 18 98 72
the city
DOoHOBbIE
sHauenma / 300 16 5 74 35 42 10 | 56 66
Background
values
NnaK/ MpC — 32 2 100 55 85 50 100 150

MprmMeyaHye: B Tabu1Le NpeacTaB/eHbl CpefHUe apuihmMe TUYECKIE C OLLNGKOI cpefHeli. XKMPHbBIM LLUPUGTOM BblgeNeHbl

3Ha4eHusA, npesbiwatoLme MAK.

Note: the table presents average values with an error of average. The excess over MPC is highlighted with bold font.
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Tabnuua 2 / Table 2

KoppensiuyoHHbI aHasiM3 NPOCTPaHCTBEHHOM 3aBUCMMOCTU MeXKay nonntoTaHTamu / Correlation analysis
of spatial dependencies between pollutants

AnemMeHT Sr Pb As Zn Cu Ni Co Cr \V
Sr 1 0,7347 0,7331 | 0,6891 | 0,6355 | 0,6319 0,7218 0,5272 0,3948
Pb 0,7347 1 0,9985* | 0,9808* | 0,984* | 0,979* | 0,962* | 0,8272* | 0,6467
As 0,7331 | 0,9985* 1 0,9884* | 0,9810* | 0,9731* | 0,9614* | 0,8426* | 0,6331
Zn 0,6891 | 0,9808* | 0,9884* 1 0,9566* | 0,9419* | 0,9322* | 0,8325* | 0,5551
Cu 0,6355 | 0,984* | 0,981* | 0,9566* 1 0,9982* 0,97* 0,8623* 0,739
Ni 0,6319 | 0,979* | 0,9731* | 0,9419* | 0,9982* 1 0,9697* | 0,8401* | 0,7538
Co 0,7218 | 0,962* | 0,9614* | 0,9322* | 0,97* | 0,9697* 1 0,8357* | 0,7739
Cr 0,5272 | 0,8272* | 0,8426* | 0,8325* | 0,8623* | 0,8401* | 0,8357* 1 0,7327
\Y 0,3948 | 0,6467 0,6331 | 0,5551 0,739 0,7538 0,7739 0,7327 1

MNpuMeyaHue: “*” — gocToBepHO npu p < 0,05.

Note: “*”” —authentically at p < 0.05.

Tabnuua 3/ Table 3

KoadhdprumeHTbl pagmnansHon auddepeHumnaumm (R) TM 1 Mbillbsika 0THOCUTENbHO NOYBO0OpasytoLLeli
nopofbl / The radial differentiation coefficients (R) of heavy metals and arsenic relative to parent rocks

anCTKM 0T6o_pa Sr Pb As Zn Cu Ni Co Cr \Y%

Sites of selection
1 1,0 1,6 2,3 1,7 0,9 1,1 0,6 1,0 0,7
2 1,0 0,9 0,9 1,0 0,9 1,0 0,8 0,9 0,9
3 1,1 1,4 1,4 1,3 0,9 1,0 0,5 0,9 0,8
4 1,0 1,5 1,8 5,2 3,4 2,0 0,9 1,6 1,0
5 1,0 1,0 1,0 0,7 0,4 0,4 0,8 1,3 1,0
6 0,9 1,1 1,2 2,1 1,4 1,2 0,7 1,0 0,9
7 0,9 1,2 1,3 1,3 1,1 1,2 0,9 0,9 0,7

Takue NonTaHThl, Kak Pb, As, Zn, Cu, Ni, Co,
Cr. Hamnbonbluee cogepxaHne TM 1 MbllbsAKa
06Hapy>XeHo B LeHTpasIbHOWM YacTu ropofga, rae
pacnosaratTcA OCHOBHbIE MPOMbIL/IEHHbIE
npeanpuaTnA. Mpun yaaneHnn oT LEHTpa ropoja
cogep>kaHve TM 1 MblLLbSIKA CHUKAETCS.

MpoBeAEHHbIA KOPPeNsAuMOHHbIA aHann3
MeXy KOHLIEHTpaunsaMn NoIKTaHTOB MO Me-
cTam 0T60pa BbISIBU CTATUCTUHECKN JOCTOBEP-
Hble NONOXKUTE/bHbIE 3aBucMmocTn (p < 0,05)
(tabn. 2). To ectb (Ha NpuMepe TaKNX 3/1IEMEH-
TOB, Kak Pb n As, n3 tabnuupl 1) ¢ uameHeHeM
KOHLIEHTpaLMin OAHOro NOAOTaHTa Mo MecTam
oTbopa, NPONUCXOANT U3MEHEHME KOHLEHTpaLUK
N apyroro B 6/M3KMx npornopuusx. Mcxoga n3s
3TOro, MOXHO NPeAnonoXKnTb, YTO TaKMEe 3/1IeEMEH-
Tbl, Kak Pb, As, Zn, Cu, Ni, Co n Cr noctynatoT B
NMoYBY ropoja 13 04HOro UCTOYHMKA.

Ona xapakTepucTMKM NOYBEHHO-TEOXN-
MUYeCKMX NPOLLeCCOB NepepacnpeseneHna TM n
MblLLIbSIKA B MOYBE UCMO/b3YeTCA KOIPDULMEHT
pagvanbHon anddepeHunaumn (R), KoTopbIi
npeacTaBnsieT coboi OTHOLLEHME COAepP KaHUS
(BanoBoro vam NOABUXHOI0) XUMUYECKOTO
3/1eMeHTa B BepXHEM MOYBEHHOM C/10€ K ero co-
Jep>XKaHuo B HUXKHEM CJloe.

B 1abnuue 3 nprBefeHbl pe3ysbTarbl Koag-
(h1LNEeHTOB pasvanbHON auddepeHunanmm TM
N MblLLbSKA B MOYBe.

CornacHo metoguke, npu R > 1 cnepyet
roBOPUTL O 3arpA3HEHNU BEPXHEr0 ropuU30HTa,
YTO MOXKET CBWUAETE/IbCTBOBATL O TEXHOMEHHOM
HakonneHnn TM B nouse. INpn R < 1 noBbI-
LLIeHHOEe cofiep>kaHue NoJ/IITaHTOB 0TMeYaeTcs
B HU>XHEM ropr3oHTe. Ha ocHoBaHWW NpoBeaéH-
HOro aHa/IM3a MOXHO KOHCTaTMPOoBaTh, YTO MoYsa
r. KosibuyrHo XxapakTepu3yeTca aHTPOrMoreHHbIM
XapaKTepoM HaKOMIeHNS 3arpsA3HUTeNeNn, OCHOB-
Hasl 0NA KOTOPbIX HAXOAUTCH B BEPXHUX CNOAX
noysbl. HanmeHbLLIEee 3arpA3HeHe BEPXHUX
rOPU30HTOB OTMEYaeTCs B palioHe CKBepa 0KOJ10
LPB (yyacTok 2), Han60/bLUNIA — B paloHe LieH-
TpanbHOro napka (y4yactok 4). B pailioHe 3aBofa
3A0 «KonbuyrusetmeT» (y4acTok 5) cofeprka-
HVe UMHKA, Meiy U HAKENS B HUXKHUX TOPU30H-
Tax 3Ha4YnNTeNbHO 60/IbLLE. STU AaHHbIe TOBOPAT
0 TOM, YTO rOpPOACKAasa MoyBa 4acTo COLepPXKUT
CTPOUTESIbHbIE U MPOMBbILLIEHHbIE OTXO0AbI, FOpU-
30HThI eé nepemeLlaHbl. Kpome Toro, B ropogax
NOYBbI OT/INYAKOTCA BbICOKOM KOHTPACTHOCTbO,
NX MPON/Ib HEOAHOPOZEH N HeCET Ha cebe neyarb
CNOXKHOM nctopmn passuTus ropoga [25, 26].
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Tabnuua 4 / Table 4

Mokasatenb HakonieHWs (MH) TM 1 MbilWbsiKa B MOYBaxX PeKpeauioHHbIX TeppuTopuia . Konb4vyrmHo /
The index of accumulation of heavy metals and arsenic in soils of recreational areas in the city of Kolchugino

“Sieaselction | horizon em | ST | PO | AS | Zn | Cu | Ni | Co | Cr |V
0—-20 -60 233 60 123 112 -15 24 71 -5

! 2040 -59 112 -30 28 131 -24 | 114 63 36
0-20 -60 224 34 117 151 12 40 55 12

2 2040 -59 265 55 113 178 9 65 64 28
0-20 -67 206 22 57 105 -14 | -28 60 -7

3 20—40 -71 112 -11 23 129 -12 56 72 23
0-20 -57 531 252 1438 | 1210 | 115 40 123 -1

4 20—40 -58 313 99 194 287 9 61 39 3
5 0-20 -49 | 2075 | 1045 | 6760 | 20898 | 4582 | 322 97 37
20—40 -48 | 1967 | 1030 | 4540 | 8996 | 1843 | 235 165 31

0-20 -48 584 242 918 500 62 30 54 -11

° 20—-40 -43 512 187 393 317 30 75 57 -6
7 0—20 -60 563 269 1631 965 119 30 52 -25
20—-40 -55 | 446 180 1189 854 80 53 72 4

Tabnmua 5/ Table 5

KoadhdmumeHTbl onacHocTv (Ko) TM 1 MblLbsiKa B MOYBaX PeKPeaLMiOHHbIX TEpPUTOPUIA MOYB
r. KonbuyruHo / The coefficients of risk (Rc) for heavy metals and arsenic in soils of recreational areas,
city of Kolchugino

Sites ofsolection | horisonem | PO | AS | Z0 | Ccu N |V
0—-20 1,7 4,0 1,7 1,7 0,4 1,0 0,4
! 20—40 1,1 1,7 0,9 0,9 0,4 0,9 0,6
2 0-20 1,6 3,3 1,6 1,6 0,6 0,9 0,5
20—40 1,8 3,9 1,6 1,6 0,5 0,9 0,6
3 0-20 1,5 3,0 1,2 1,2 0,4 0,9 0,4
20—40 1,1 2,2 0,9 0,9 0,4 1,0 0,5
0-20 3,2 8,8 11,4 11,4 1,1 1,3 0,4
4 20—40 2,1 5,0 2,2 2,2 0,5 0,8 0,5
5 0-20 10,3 28,3 34,3 34,3 9,6 1,5 0,6
20—40 10,9 28,6 50,8 50,8 23,1 1,1 0,6
5 0-20 3,4 8,5 7,5 7,5 0,8 0,9 0,4
20—40 3,1 7,2 3,6 3,6 0,6 0,9 0,4
7 0—-20 3,3 9,2 12,8 12,8 1,1 0,8 0,3
20—40 2,7 7,0 9,5 9,5 0,9 1,0 0,5

CpezHee Ko no ropogy /
Thepa\'/qerage Rc oveft#gcity 3.4 8,6 10,0 10,0 2,9 1.0 0.5

[ns BbIABNEHNA NPUOPUTETHBIX 3arpPA3HU-
Teflell MOYB HaMW MCNO/b30BAJICA NoKasaTte/lb
HakonneHus (MH) (Tabn. 3).

lMokasartensb HakonaeHUa TM 1 MblLbAKa
B NOYBE peKpeaLMoOHHbIX TEPPUTOPUIA . KoNb-
YyrnmHo y6biBaeT B psagy: Cu > Zn > Pb > Ni >
As > Co =Cr >V > Sr. CTpoHUWi1 nMeeT oTpU-
uartenbHbIA MH, 4TO MOXKET CBUAETENIbCTBOBATD
0 BbIMbIBaHWW 3TOr0 3/1eMeHTa U3 NoYBbl. 4ng

BaHaauA MH roBopAT 0 TOM, YTO COeUHEHUSA
3TOr0 3/1EMeHTa Ha HeKOTOpPbIX yyacTKax oT-
6opa BbIMbIBAKOTCA U3 MOYBbI, HO B Le/IOM UX
cojep>kaHue oCcTaétca Ha ypoBHe (DOHOBbIX
3HaYeHUiA.

[N OLEeHKN YPOBHS 3arpsi3HEHUSI MOYBEH-
HOro NOKpPOBa OTAe/IbHbIMW NONKOTAHTaMK ObiN
NpoBeAEH pacyéT Ko3PMULMEHTOB OMacHOCTH
(Ko) kaxxgoro n3 Hux (tabn. 5).
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YCTaHOB/MEHO, YTO CpefHMe nokasarenn Ko
B MCCMefyemblX Moysax rno LMHKY N Meaun npe-
BblwatoT MNMAK B 10 pas, no mbiLbAKY — 8,6 pas,
no cBMHUy — B 3,4 pa3, HUKe/ — B 2,9 pas.
CopgeprkaHne Cr n V B no4yse He npesbillaeT
MAK npakTnyeckn Ha BCeX y4vacTkax oTbopa.
HanbonbLume 3Ha4eHMsi Ko 0TMeYeHbI B paiioHe
3aBofa «KosbyyruseTMeTs.

3aKueHue

B xope vccnefoBaHWUA BbISIBIEHO, YTO Tep-
pUTOPUK, HaxoasALWMECS B HEMOCPEACTBEHHOM
6/1M30CTN K NPOMbILLNIEHHOM 30HE, UMEKDT MNo-
BblLLIeHHOe 3arpsasHeHre TM 1 MbILLbAKOM, UTO
MO>XeT CBUAETeNbCTBOBATL O 3arpA3HeHUn pe-
KpeaunoHHbIX noys r. KonbyyrmHo B pesynbrare
paboTbl 3aBOA0B.

B nousax ropoga Pb, As, Zn, Cu, Ni, Co,
Cr Ha BCex perepHbIX yyacTKax cojepykarcs
B PaBHbIX COOTHOLLEHUAX, YTO MOXKET CBUAETE b-
CTBOBaTb O COBMECTHOM MOCTYM/IEHUN 3TUX NON-
JIIOTAHTOB B MOYBY C rasonbl/ieBbIMY Bbibpocamum

Hawn6onbliee 3arpsa3HeHne NMeeT BepPXHUTA
rOPM30HT peKpeaLMoHHbIX No4B I. KonbyyruHo,
YTO CBUIETE/ILCTBYET O TEXHOreHHOM XapaKkTepe
NMpUBHOCA MOJI/IIOTAHTOB C a3POBbINAAEHUAMMU;
CcTeneHb HakonaeHusa TM B nouyse ybbiBaeT
Bpagy: Cu>Zn>Pb>As>Cr>Co>Ni>V>Sr.

HawnbonbLune 3HaveHns Ko B ropoge Konb-
YYTMHO OTMeYeHbI MO LNHKY, MeAN U MbILLbAKY,
0C06€eHHO B paiioHe 3aBoga «Kob4yrLBeTMeT».

PaboTa BbinosiHeHa Npy PMHAHCOBOW NOAAEP K-
ke PO®W, npoekT 17-05-41034 PI'O_a.
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The composition and toxicological properties of copper(11) sulfate solutions containing reduced glutathione (GSH)

have been studied. It was found that complex compounds Cu?* with GSH are formed in the solution in the Cu(11):GSH
molar ratios 1:1, 1:2, 1:3, 1:4. Simultaneously with the formation of complexes in solutions, oxidation-reduction reac-
tions occur, accompanied by the formation of active forms of oxygen and oxidized glutathione (GSSG). All the described
processes lead to a decrease in the active concentration of Cu?*. The toxicological properties of solutions with a molar ratio
of Cu(Il):GSH 1:1, 1:2, 1:4 were determined. For this purpose, test objects of different systematic accessory were used:
cyanobacterium Nostoc linckia 271, crustaceans Daphnia magna Straus, infusoria Raramecium caudatum Ehrenberg
and bioassay “Ecolum” . The chemical composition of solutions was correlated with toxicity. Reduced glutathione has a
protective effect on daphnia, which is most pronounced in the variant 1Cu(l1):4GSH. However, the level of viability of
cyanobacteria, in contrast to hydrobionts, decreases in the 1:1 — 1:2 — 1:4 range. The decrease is due to the bioaccumu-
lation of copper, which increases with the increase in the fraction of reduced glutathione. Such an effect may be formed
by complex compounds, which is consistent with the literature data. For D. magna, such a relationship is not observed,

the resulting compounds and reduced glutathione do not affect the accumulation of metal.

Keywords: reduced glutathione, copper(l11) ions, bioassay, active forms of oxygen.

Glutathione is a tripeptide consisting of
amino acid residues: glutamic acid, cysteine
and glycine. There are a reduced (GSH) and
oxidized (GSSG) forms of glutathione. It is
found in almost all living organisms. Gluta-
thione acts as a broad-spectrum bioprotector,
including protecting cells against the action of
heavy metals (HM) [1, 2]. At the same time,
there is information on the enhancement of
the toxicity of the medium due to the fact that
conjugates of HM ions (in particular Cu?*) with
GSH, are involved in the formation of products

of activation of molecular oxygen — active forms
of oxygen (AFO), which are disastrous in high
concentrations [3, 4].

According to the literature in a solution
containing GSH and the Cu?*ions, redox reac-
tion may flow, accompanied by the formation
of AFO [5—8] and complexation reactions [9,
10] to form complexes with certain properties
[11—-13]. The Cu**ions and GSH can simultane-
ously be present both inside the cells and in the
surrounding environment of living organisms.
The data available in the literature do not give a
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general chemical-toxicological representation
of solutions with different ratios of Cu?* ions
and GSH. Therefore, the goal of the study was
to study the chemical-toxicological properties
of model solutions CuSO, containing GSH with
a different molar ratio Cu(11):GSH.

Objects of research

The composition of solutions obtained by
mixing CuSO, solution (C(Cu*) = 1.0 mg/dm?)
with a solution of GSH in the Cu(l1):GSH molar
ratios of 1:0, 1:1, 1:2, 1:4 (hereinafter variants),
and their toxic effect on the culture of cyano-
bacteria (CB) Nostoc linckia 271, crustaceans
Daphnia magna Straus, infusoria Raramecium
caudatum Ehrenberg and the bioassay “Ecolum”
(lyophilized bacterial preparation based on the
bioluminescent strain Escherichia coli Migula)
were studied.

Methods of research

Study of the chemical composition of model
solutions

The active concentration of Cu?* ions was
determined by potentiometry on the ionometer
1-160 MI with the ion-selective ELIS-131 Cu
electrode [14], GSH by spectrophotometry with
Ellman reagent on the UNICO-2800 spectro-
photometer [15], dissolved O, concentration by
amperometry with using the HI 9143 HANNA
oximeter according to 1SO 5814-84, AFO — us-
ing the chemiluminescence method using the
BHL-07 biochemiluminometer [16].

Study of the response of organisms

Biotesting using cyanobacteria N. linckia 271
(T=1.2 - 108 cells/cm3)

After 24 hours and 7 days of exposure, the
intensity of biochemiluminescence (IBCL) in
CB on the BCH-07 biochemiluminometer was
measured in the solutions under study [17], the
viability of microorganisms was determined by
direct counting of stained cells using a mon-
ocular Micros MC-10 microscope (comparison
was made with the distilled water as a control)
[18], the content of copper (in the form of Cu?*)
in the biomass of organisms — by the method of
inversion voltammetry (I\VVA) on the analyzer of
the brand Ecotest-VA [19, 20].

Bioassay using Daphnia magna Straus crus-
taceans

The duration of exposure of daphnia in
model solutions was 24 days, during which
the mortality and fecundity of organisms was
determined according to FR.1.39.2007.03222.

After 24 hours and 7 days, the content of copper
(in the form of Cu?*) in biomass was determined
by the IVA method on the analyzer of the brand
Ecotest-VA [19].

Bioassay using the test system “Ecolum”
and infusoria Paramecium caudatum Ehren-
berg

Immediately after the initial solutions of
CuSO, and GSH were mixed in the explored ra-
tios, the toxicity indices were determined using
the Russian standard techniques of PND F T
14.1:2:3:4.11-04and PND F T 14.1: 2: 3: 4.2-98.

Results and discussion

According to the published data, during
the interaction of Cu?* and GSH, complexation
reactions proceed according to the following
scheme [9, 10]:

NGSH + Cu** < Cu(GS), + nH".

Redox reactions accompanied by the forma-
tion of oxidized forms of glutathione and AFO
[3, 4]:

2Cu*+ 2GSH — 2Cu* + GSSG + 2H",
2Cu?* +6GSH — 2Cu(l)-[GSH], + GSSG +2H",
Cu(1)-[GSH], +O,— Cu(ll)-[GSH], + =0,
Cu(1)-[GSH], +=0,+ 2H" —
Cu(I-[GSH], + H.0,,

AFO, O;
— GSSG + 2H".

2GSH

In this work, a study of the different com-
position of solutions of CuSO, with GSH was
aimed at establishing the existence of complex
compounds and the occurrence of oxidation-
reduction reactions.

Chemical composition of CuSO, solutions
containing GSH.

As aresult of the study of model solutions of
CuSO, containing GSH, the variants differ from
each other by the presence of a specific complex
compound of ratio of the reacting Cu(11):GSH
components in the initial mixture: 1:1, 1:2, 1:3
and 1:4 (Fig. 1) [10, 22]. The composition of
complex compounds is given from the consid-
erations that glutathione replaces water in the
coordination sphere of copper.

Data obtained by spectrophotometry showed
that the compounds of Cu(ll) with GSH begin
to formata 2Cu (11):1GSH molar ratio, assum-
ing GSH can act as a bidentate ligand. As the
fraction of GSH increases, the optical density of
the resulting compounds increases and reaches
a maximum at a ratio of 1:4. It was not possible
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Fig. 1. Curve of potentiometric titration of 1 - 10> M solution of CuSO, with 50 - 10 M solution of GSH
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Fig. 2. Graph of isomolar series for determining the composition of the Cu(ll) complex with GSH in solu-

tion. CGSH = CCu(II)

to determine by this method the areas related to
the different complexes of Cu?* with GSH. This
is due to the fact that the wavelengths at which
the maximum absorption of solutions of indi-
vidual compounds are observed are very close
to each other, which does not allow us to reveal
the composition of the complexes in an agueous
solution by this method.

The method of isomolar series showed that in
the solution there is a compound corresponding
to the molar ratio 1Cu(11):1GSH (Fig. 2). The
conclusion about the existence of a compound
of this composition in the aqueous solution is

=1.10%M, A =208 nm, and a is the slope angle of the saturation curve

confirmed by the calculation of the slope of the
saturation curve, which is numerically equal to
the number of ligands (tg o = 1.19).

Thus, the results obtained by potentiometry
and spectrophotometry confirm and supple-
ment each other. It was found that compounds
Cu?* with GSH with a molar ratio Cu(l1):GSH
1:1, 1:2, 1:3, 1:4 are formed in the solution. To
determine the composition of aqueous solutions
of CuSO, with GSH at low concentrations, the
potentiometry method is the most optimal.

The formation of copper compounds with
GSH leads to a decrease in the concentra-
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Fig. 5. Concentrations of O, and AFO in solutions
of CuSQ, containing GSH in the examined variants

tions of the initial components (Cu?* and
GSH) in the solution compared to their en-
tered amounts (Fig. 3, 4). The value of the
active concentration of Cu?* decreases with
the increase in the amount of GSH added.
So, in the 1:1 variant, the active concen-
tration of metal ions is 92.4+2.8% of the
initial concentration, at 1:4 this index is
reduced to 26.0+0.8% (R = -0.90, P = 0.90,
n=3) (Fig. 3). In parallel with the increase in
GSH addition, the absolute value of the peptide
found during the analysis increases (Fig. 4).
The value characterizing the ratio of [GSH], , ./
[GSH]......, in the series of options 1:1 — 1:2
— 1:4 increases from 0.25 to 0.60.

The difference in the amount of GSH found
with the Ellman reagent after mixing from its
entered value indicates a decrease in the con-
centration of Cu?* and GSH not only due to
the complexation processes. This statement is
confirmed by the fact thatinthe1: 1 > 1:2 —

Fig. 6. Viability of N. linckia after contact with the
solutions under study

1. 4 series, the concentration of O, dissolved in
water significantly decreases with respect to
the control (Fig. 5). The decrease is due to the
consumption of O, for the oxidation of GSH (R =
-0.85) and the formation of AFO, the concentra-
tion of which increases synchronously with the
decrease in the O, concentration (R =-0.93). In
the reactions of formation of AFO, Cu?* ions can
participate, as evidenced by a decrease in their
concentration and an increase in the concentra-
tion of AFO (R =-0.96).

Effect of solution composition on toxicity

Theoretically, the bonding of copper ions
Cu?* to stable complexes should lead to a decrease
in the toxic effect due to metal ions. However,
the exposure of CB in glutathione-containing
solutions of CuSO, within 24 hours leads to a
decrease in the viability of CB in all variants
compared to the control by 40—60% (Fig. 6). The
toxicity level of solutions of variants 1:2 and 1:4
is interpreted as “toxicity”, since the number of
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viable cells of CB after contact with these model
solutions is less than 50+3%. By the seventh day
in variants 1:2 and 1:4, the vitality is reduced to
17+3 and 8+19%, respectively.

IBCL of the culture of N. linckia, in com-
parison with the control, decreases particularly
noticeably in the 1:2 and 1:4 variant on the one
day of exposure. After 7 days, the IBCL increases
(Fig. 7) and exceeds the values in the control
in all variants. The toxic effect in the first day
was manifested in suppression, and on the sev-
enth day in stimulation of IBCL. Stimulation
of IBCL against the background of a decrease
in viability can be explained by the course of
oxidation-reduction processes. Essential im-
portance belongs to the AFO, which arise as a
response to the action of the stress factor [21, 22]
and is capable of triggering chain reactions that
last a fairly long time even after the death of the
organism. The death of the organism promotes
the course of reactions. This is explained by the
fact that the work of many systems that attenuate

flares of redox reactions in the state of normal
functioning when the organism is alive, almost
completely stops after its death. In addition, AFO
can be formed as a result of processes that are not
related to the vital activity of the organism [8].

It was found that 7 days exposure of N. lin-
ckia with glutathione-containing solutions of
CuSO, results in copper accumulation in biomass
inamounts of 0.005—0.011 mg/g of CB (in the con-
trol variant 0.00100+0.00012 mg/g of CB). There
is a direct relationship between the concentration
of GSH in the solution and the copper content in
the CB (R=0.97). Sointhe 1:1 variant, the copper
content is 0.0060+0.0018 mg/g of CB, and in the
variant 1:4 — 0.011+0.003 mg/g of CB. With an
increase in the copper content, the viability of the
CB decreases (R, = -0.80).

Rapid methods of biotesting using P. caudatum
and the bacterial bioassay “Ecolum” yield consis-
tent results: a copper salt solution without gluta-
thione and 1:1 belong to the third toxicity group
(the sample is highly toxic), option 1:2 — second

O =
1200 1st day B 7th day
- 1000
g 800
-
o 600
2 R
= 400
200
Control 1Cu:1GSH 1Cu:2GSH 1Cu:4GSH
Variant
Fig. 7. IBCL of N. linckia after contact with the solutions under study
Table
Characteristics of the toxicity of CuSO, solutions containing GSH
Infuzoria P. caudatum | Test system “Ecolum” Crustaceans D. magna
Duration
. of exposure /
Variant . . . _
T index T group T index T group mortality, Fertility, % of control
% of control
96 h | 24 days
1:0 0.78 £0.015 i 99.79 £ 0.03 11 100 — —
1:1 0.85+0.015 i 99.83+0.09 11 100 — 0
1:2 0.66 £ 0.021 1 29.98 +9.17 1 53.3 70 0
1:4 0.26 £0.06 I 0.19+4.87 | 0 3.3 101
Note: “—"" —the death of daphnia occurred before the time of recording the indicator.
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group (sample is medium toxic), 1:4 —first group
(sample is nontoxic) (Table).

The results of establishing acute toxicity
according to D. magna are consistent with the
data obtained in the rapid bioassays (Table).
Solutions 1:0, 1:1 and 1:2 had the maximum
toxic effect, manifested in high mortality of
the crustaceans in 96 hours of the experiment.
The death time in the experiments naturally
increased from several hours to the end of the acute
experiment (96 hours) inthe 1.0 — 1:1 — 1:2 se-
ries. In the 1:2 version, after only 96 hours, only
half of the animals died. With the remaining
daphnia, the experiment was continued. The
crustaceans had a significant developmental
retard compared to the control: a decrease in
body size, pallor of the integuments, and disap-
pearance of droplets of fat were observed. In ad-
dition, daphnia were infertile, brood chambers
were not formed. As a result, in version 1:2,
two main criteria for chronic toxic effects were
realized: the death of individuals in 24 days
significantly exceeded 20% (up to 70%), the
ability to reproduce was not noted.

Reproduction of daphnia in a long-term
experiment (24 days) was observed only in ver-
sion 1:4. Fertility was almost equal to the control
values. The copper content in the biomass of test
objects on the 7th day of the experiment did not
differ significantly from the control and was
0.03—0.04 mg/g of organisms.

Summarizing experiments carried out with
the help of hydrobionts, it can be argued that
glutathione has a protective action, which was
most pronounced in the 1:4 variant.

Conclusions

As a result of studying the composition of
CuSO, solutions containing GSH, it was found
that complex compounds are formed in aqueous
solutions, the composition of which corresponds
to the molar ratio Cu(11): GSHto 1:1,1:2, 1:3and
1:4 . The results of the study of the composition
of solutions confirmed the literature data that
in addition to the processes of complexation in
glutathione-containing solutions of CuSO,, ox-
idation-reduction reactions associated with the
formation of active forms of oxygen and GSSG
can occur. Consequently, the toxicological prop-
erties of solutions can be manifested through the
formation of complexes and products of redox
reactions against the background of a decrease
in the active concentration of Cu?*.

2. Investigation of toxicological properties
of solutions showed that for D. magna, P. cau-

datum and E. coli, an increase in the proportion
of GSH with respect to Cu?* ions leads to a de-
crease in toxicity, a reverse reaction is observed
in N. linckia. The combination of chemical and
toxicological methods has shown that the pres-
ence of GSH in CuSO, solutions influences the
penetration of copper into living cells, namely
N. linckia, but the formed compounds do not
affect the accumulation of metal in D. magna.
Thus, reduced glutathione has bioprotective
properties, but the degree of their manifestation
depends on the specific features of organisms.

The study was carried out with the support of the
state task of the Vyatka State University on the topic
“Mechanisms of adaptation and stability of soil micro-
biota to technogenic pollution” No. 5.4962.2017/BP.
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The separate and combined impacts of aluminum, manganese and silver ions on onion (Allium cepa L.) have been
studied. The experiments have been performed in several series with different solutions of metal salts: AICI, = 6H,0,
KMnO,, MnCl, = 4H,0 for the first and second series and AI(NO,), and AgNO, — in third series. The ion concentra-
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tions of all studied metals amounted to 1 MPC according to the Russian health legislation and were 0.5 mg/L for Al,
0.1 mg/L for Mn and 50 mg/L for Ag. The phytotoxic effect and genotoxic effect (such as mitotic index and the frequency
of chromosome aberrations) were estimated. It was showed that aluminum ions promote negative processes in all our
experiments. We found that manganese in combined presence in solution with aluminum reduced the phytotoxic and
genotoxic effects aluminum on Allium cepa: the coefficients of antagonism calculated for frequency of aberrant cells
and mitotic index are equal to 0.2. We have the same tendency for the silver ions. Taking into account our previously
obtained data (the reducing of genotoxic effect of aluminum ions by iron ions) it is possible to conclude about similar
mechanism for manganese (regardless of valency) and silver. Thus our results demonstrated this unique and at the
same time universal mechanism of interaction between two metals (aluminum and other) and their detoxification
effect in plant. We anticipate our assay to be a new starting point in investigation of detoxification mechanisms for
heavy metals in plants: it is found that a combination of several metals reduces the negative action of each of them.

Keywords: aluminum, manganese ions, silver ions, barley, separate and combined action, phytotoxicity and cy-

togenotoxicity of aluminum, antagonism indicies.

It is known that the well-being of the world
around is provided by harmonic combination of
all components and appeared deviations should be
compensated. Heavy metal contaminations of agri-
cultural lands provide negative effect at all stage of
plant growth as well as induce the genotoxic effects
[1]. An important role is played by the impact of
elevated concentrations of biologically important
metals and another metal ions existing in the en-
vironment [2]. It has been shown that ions of Cu,
Zn or Ni which present separately in the solution
for germination of onion (Allium cepa test) inhib-
ited onion root meristem cell division in varying
degrees. On the other hand, the combine presence
of these metals ions in solution for germination of
onion reduces the level of genotoxic effect which
was obtained in the case of the separate metal
ions action. In addition, this effect was associated
with the chemical characteristics of metal and its
concentration in solution.

Generally, the model objects Alliumcepa L. are
used in many experimental studies for the investi-
gations of genotoxic effects of various harmful and
dangerous substances [3—6]. At the same time the
presence of iron ions together with aluminum ions
contributes to the removal of the negative influence
of the latter, which is most pronounced on varieties
of barley sensitive to the action of aluminum. Itwas
suggested that a decrease in the phytotoxic effect
of aluminum ions due to iron ions is associated
with the induction of synthesis of proteins same
as transferrin or lactoferrin in animals, organic
acids or phytochelatin proteins that inactivate
aluminum ions [7]. The influence of Niand Zn on
the synthesis of metallothioneins was noted in [8].

The main mechanisms of toxic effect of heavy
metals are discussed in [1] but in most cases they
concern the action of one particular metal. Dataon
the combined action of metals at concentrations
actually existing in the environmentare practically
nonexistent, which prevents the development of
standards to limit their impact on ecosystems and
components of agrobiocenoses.

For plants it means that the entry of ions of any
chemical element in quantities which adversely af-
fect an organism should activate the mechanisms
preventing negative reactions. This is also true
for essential metals and also metal ions which are
found in the same medium but have the capacity
for neutralizing adverse effect. Our main aim was
to study the phytotoxic and genotoxic effects of
some ions of metals in plants and estimate the
antagonistic interactions between them.

Objects and Methods

The separate and combined impacts of alu-
minum, manganese and silver ions have been
studied using the Allium test recommended by the
World Health Organization to assess mutagenic
substances in the environment and to estimate 1)
general toxicity from the root length inhibition and
2) genotoxicity from changes in the mitotic index
value (MI), the frequency of aberrant cells (FAC)
and the spectrum of chromosome aberrations (the
type of chromosome anomalies).

The object of studies was Stuttgarter Riezen
bulb onion (Allium cepa L.). This onion has 16
large well-karyotyped chromosomes. The ex-
periments have been performed in several series
in a quadruple number of replications. Ten seed
onion bulbs of the same size (1.5—1.7 cm) were
selected in a replication. The bulbs were pre-
liminary watered in cold distilled water (4 °C)
for more uniform germinating. Then the bulbs
were being germinated during 72 hours in a
germinator at 24.0 = 0.5 °C: in the reference test —
in distilled water, in the experiments — in alu-
minum and manganese salt solutions (KMnO,,
MnCI, = 4H,0 and AICI, = 6H,0). In studying
a combined impact of silver and aluminum ions
the salts AgQNO, and AI(NO,), were used. The ion
concentrations of all studied metals amounted to
1 MPC according to the Russian health legislation
and were 0.5 mg/L for Al, 0.1 mg/L for Mn and
50 pg/L for Ag, respectively. The hydrogen ion

TeopeTnyeckan v npuknagHasa akonoruda Ne2, 2018



AKOTOKCUMKOJI0I A

concentration (pH) for all the studied and refer-
ence solutions was 4.5 (due to better solubility of
aluminum salts at this pH value). The presence of
manganese ions (and cations of relevant metals)
in a solution did not result in chemical sedimen-
tation of aluminum compounds: the pH value of a
solution for germinating onion bulbs was retained
by adding small amounts of concentrated HCI at
pH = 4.5, whereby aluminum is in a form of AI**.

During the incubation in distilled water
(reference) the length of bulb roots reached 15—
20 mm and during the incubation in salt solutions
itwas close to these values or below them. The roots
of about 10 mm in length in the experimentand in
the reference test were cut off and preserved in the
mixture of alcohol with glacial acetic acid ina 3:1
ratio during 24 hours, later the fixer was drawn off
and the specimens were washed first in 80% and
then in 70% ethanol. The pressed specimens were
stained with hot aceto-orceine by 1—2 min heating
of the glasses with an alcoholic lamp. The dividing
cells were counted by Laboval’s microscope with a
400X magnification. The mitotic index (MI) was
found from the following equation:

MI=[(F+M+A+T)/(F+M+A+T+1)]
- 100 (%),

where Ml is the mitotic index, F is the fraction
of cells in prophase, M is the fraction of cells in
metaphase, A is the fraction of cells in anaphase, T
is the fraction of cells in telophase, I is the fraction
of cells in interphase (in fractions of 1).

The frequency of chromosome aberrations
(FCA) was found by comparing the number of
anaphases with aberrations and the total number
of anaphases (not less than 500 per each experi-
ment variant) in the division zone. The chromatid
(single), chromosomal (double) and three-lane
mitoses were counted. In assessing such aberra-
tions as chromosome retardation, calculated were
the chromosomes spaced by a fully two times larger
distance from the divided chromatin “caps” than
the chromosome depth. The following types of
aberrations (mutations) have been considered: 1) a
chromatid bridge (single) —the fusion of two chro-
matids, after an isolocus break; 2) a chromosome
bridge (double) — the fusion of two chromosomes,
after an isolocus break; 3) a fragment — the chro-
matid detachment from a chromosome, after an
isolocus break; 4) retardation of the entire chromo-
some; 5) tripolar mitosis — the formation of three
strands of a division spindle and the chromosome
disjunction to three poles.

The coefficient of antagonism (C,_ ) inacom-
bined impact of two metals on onion roots was

calculatedfromC_ =S /(S,+S,), whereS , is
the parameter value determined inacombined im-
pact of two chemical elements minus the reference
value; S , S, is the parameter value determined ina
separate impact of every chemical element minus
the reference value.

The phytotoxic effect (PE) from degradation

of the onion root length was calculated using:

PE=[(L,—L) /L, =100%,

where L is the length of onion roots after
germinating in distilled water, mm; L_is the
length of onion roots after germinating in metal
salt solutions.

The experimental results have been statisti-
cally processed with the Excel 2000 software.
The reliability of differences was assessed by the
Student’s test. The differences at p < 0.05 were
considered statistically significant.

Results and discussion

The problem of aluminum toxicity for plantsis
being considered by many research centers [9—11],
the reason of aluminum toxicity is the ability to
induce oxide radicals [12—14]. The modulation
of toxic aluminum impacts in Cassia tora roots by
salicylic acid is an indirect evidence of the fact that
Al induces the oxidation stress for plants [15]. Cy-
togenetic effects of metal ions on apical meristem
cells of Allium cepa L. seeding roots were discussed
in [16]. In our experiment the toxic effect of alu-
minum ions (salt solution of AICI, = 6H,0, ion
concentration of Alwas 0.5 mg/L) appeared in the
degradation of growth processes and the changes
in cytogenetic indices. The biochemical and mo-
lecular implications of metals on seeds and their
significance for seeds germination were discussed
in [17]. In the present investigation the degrada-
tion of onion roots length as the value of phytotoxic
effect (PE) amounted to (39.0+4.6)% (p < 0.05
against the blank variant). On the contrary, onion
germination inapotassium permanganate solution
(KMnO,, ion concentration of Mn was 0.1 mg/L)
had stimulated the growth of onion roots. This ef-
fect can be explained by both the essential role of
manganese (a vital microelement for plant growth)
and the presence of potassium ions also important
for the plant growth [18]. In germinating onion
bulbs in aluminum and manganese salt solutions
the growth of roots was inhibited: the PE value
practically corresponded to that observed under
the impact of Al ions.

It is found that Al and Mn ions in quantities
coinciding with their typical concentrations in
acid soil solutions [18] have a profound impact
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on the onion root meristem cells: the reduction in
a mitotic index (MI) against reference values and
the increased frequency of aberrant cells (FAC)
are noted (Table 1, the first series of experiments).

However, in their combined impact on the
root meristem cells of onion the cytogenetic effect
is not summarized, and on the contrary, there is
antagonism: the coefficients of antagonism cal-
culated for FAC and Ml are equal to 0.2 in both
cases. Thus, the fractions of dividing cells and
cells with aberrations in the presence of these
two metal ions are practically not different as
compared to the blank.

In a type of chromosome aberrations, genome
mutations (tripolar mitosis) are found only for
the onion root meristem cells exposed to Al ions
(separately or in combination with Mnions) (Table
2). In this case Mn ions reduce their levels only
partly. Single bridges and single fragments pre-
vailed among other aberrations. A fraction of single
(chromatid) bridges in the reference test (blank) is
greater than in other variants of experiment and,
on the contrary, a fraction of single fragments is
less. The tendency to increase a fraction of single
fragments is typical of Mn ions.

The experiment with concentration of Mn ions
has demonstrated no impact of manganese (along
with potassium) valency on cytogenetic reactions
(M1, FAC) proceeding in the onion root meristem
(Table 1, the second series of experiments) that
may be stipulated by instability of seven-valent

manganese compounds and changes in the valency
of metal in a solution.

Early we established that not only oxidants
diminish the toxic Al impact on plants: iron(l11)
ions reduced the genotoxic effect of Al ions in the
root meristem cells of barley sprouts [19]. The
different response of various cultivars of spring
barley to the modulating effect of Fe is the vali-
dation of genetically determined mechanisms of
aluminum toxicity [20]. This and other results
highlight the existence of a series of mechanisms
of Al-tolerance.

One of physiological responses of plants to
heavy and toxic metals as known is protein-phyto-
chelatin synthesis. At the same time, it was showed
that Al ions do not provoke phytochelatin synthesis
inplants [21]. If we take into account that monova-
lent silver at 100 uM concentration turned out to
be the firstin the ranked metals promoting phyto-
chelatin synthesis it will be interested to estimate
the effects of aluminum and silver ions separately
or together. Based on the new information about
the capacity of aluminum to induce oxide radicals
[12—14], it can be expected that silver ions would
indirectly reduce the genotoxic effect of Al ions.

In our experiment were showed that PE
determined from the length of onion roots was
55.0+2.6%. The effect of silver ions on the root
meristem cells of onion isalso manifested in reduc-
ing the Ml index value (approximately two fold) as
well as in increasing the fraction of aberrant cells

Cytogenetics effects of ions Al and Mn (V11 and 11 valency) or Ag (separately and combined effe;:rtaslgle !
Variant | MI, % | FAC, %
| series of experiments
Blank 8.7+0.8 0.9+0.7
Al (AICL) 4.6+0.7* 7.1+2.5*
Mn (KMnO,) (VII valency) 4.9+0.3 2.8+1.6
Al + Mn 6.9+0.6 24411
11 series of experiments
Blank 8.2+0.6 1.4+0.8
Al (AICL) 5.1+0.5* 4.1+1.4
Mn (KMnO,) (VII valency) 7.0+£0.9 2.2+0.4
Mn (MnCl,) (11 valency) 6.2+0.7 1.3+0.6
Al + Mn (KMnO,) (VII valency) 6.9+0.6 2.4+1.1
Al + Mn (MnCL) (11 valency) 7.4+0.7 1.9+0.9
111 series of experiments
Blank 10.1+0.9 1.2+0.8
Al (AI(NO,),) 5.940.5* 4.0+1.9
Ag (AgNO,) 6.6+0.9 3.5+1.2*
Ag + Al 7.0+0.6 2.2+1.1
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Note: * — differences are significant at p <0.05 compared with blank variant. The degree of Ml and FAC in the onion
root meristem on exposure to Al ions is more pronounced as compared to blank (p < 0.05) than on exposure to Mn ions (VII

valency) (p<0.1).
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Table 2

Types of aberrations and their quantitative relations under the action of Al, Mn and Ag ions (separately or
in combination) at the root meristem cells of onion

. Type of aberrations™, %

Variant m1l m2 fl f2 g
Blank 51.85 7.41 37.04 3.70 —
Al 31.71 7.32 41.46 13.41 6.1
Mn(VII) 45.10 3.92 47.06 3.92 —
Ag 72.22 — 27.78 — —
Al + Mn(VII) 33.33 4.77 47.62 9.52 4.76
Al + Ag 64.29 — 35.71 — —

Note: * m1 — chromatid bridge (single); m2 —chromosomal bridge (double); f1 —fragment; f2 — retardation of the entire
chromosome; g — tripolar mitosis; “—" — that type of aberration is missing.

(p < 0.05 in comparison with blank, Table 1, the
third series of experiments).

In a combined impact of Ag + Al ions the PE
has gone down to 12.5+3.2%. It gives evidence of
an obvious antagonism of silver ions relative to
aluminum ions (the coefficient of antagonism for
Ml is 0.4, for FACitis 0.2).

In a type of chromosome aberrations the
impact of silver ions on the root meristem cells of
onion was much different from that of aluminum
ions (Table 2): only aluminum ions cause genomic
violations. The silver ions has contributed only to
the formation of single bridges and fragments in
the ratio of 72.2:27.8 and 64.3:35.7 for Ag and Al
+ Ag variants respectively.

Conclusion

Thus among ecological problems the studying
of the mechanisms ensuring plant resistance to the
impact of aluminum are very important [22, 23].
When we investigating the impact of aluminum
on plants, it is found that in a soil solution with
which the root system comes into contact in the
growth, there are not only Al ions, but also ions of
other metals and nonmetals. And all the elements
present in the environment can have a cross impact
and due to this modify the toxic response of plants
to aluminum impact. Particularly, the ions of Fe
are capable of reducing both the phytotoxic and
the genotoxic effect of Al ions [20]. It can be also
expected that ions of other metals available in the
rhizosphere are up to modify (and, perhaps, inhibit
as Fe) the impact of aluminum.

The present studies of phytotoxic and cy-
togenotoxic effects of Al and Mn ions on the onion
roots have shown that Mn ions (irrespective of
valency) stimulate the process of onion root cell
stretching and practically do not govern the rate of
cell division. On the contrary, aluminum inhibits
the processes of growth and causes genetic devia-
tions. The effect of silver ions manifests itself in

some reduction of the cell division activity and
does not cause a reliable increase of chromosome
aberrations.

The simultaneous presence of Al and Mn ions
in a solution for germinating onion bulbs reduces
the cytotoxic impact of aluminum (reduction of
MI) and its genotoxic effect (reduction of FAC and
changes in the aberration spectrum — the reduction
of genome aberrations most harmful for cells). The
presence of manganese ions (and cations of rel-
evant metals) in asolution did not result in chemi-
cal sedimentation of aluminum compounds: the pH
value of a solution for germinating onion bulbs is
retained by adding small amounts of concentrated
HCl at pH = 4.5, whereby aluminum is in a form of
AP, Therefore it can be supposed that reduction of
the phytotoxic Al impact on plants takes place at
the level of metabolic reactions. The mechanisms
of these reactions are in part known [11, 13, 22,
24] and the others are to be found [25].

Considering molecular aspects of the antago-
nistic interaction found between manganese and
aluminum ions and silver and aluminum ions,
it can be expected that the impact of manganese
ions as well as silver ions results in the synthesis
of phytochelatin proteins [21] binding aluminum
ions in a complex. The alternative mechanisms
of aluminum detoxication are also known [25].
As to manganese, it possesses a pronounced an-
tagonistic (relative to aluminum) impact both
in the septivalent and the bivalent states. In the
first state manganese is a strong oxidizer, very
unstable and therefore can change the valency
in a solution.

The performed studies allow one to conclude:

— the simultaneous presence of manganese
(valency VII) and aluminum ions in a solution for
germinating onion bulbs favors the reduction of an
adverse aluminum impact: the fraction of aberrant
cells decreases and the M1 value of root meristem
cells increases; the coefficient of antagonism from
these indices is similar and equal to 0.2;
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— the ions of silver which are present si-
multaneously with aluminum ions in a solution
for germinating onion bulbs reduce an adverse
impact of aluminum ions on meristem cells: the
antagonism coefficients are 0.4 for the Ml and 0.2
for FAC, respectively.
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Textile industry is one of the most significant manufacturing sectors that produce large volumes of highly polluted
and toxic wastewater. Dyes represent an important part of waste effluents. In this study, the degradation of Acid Orange
7 dye (AQ7) in a persulfate-bisulfite (PS-BS) system under visible (Vis) light (wavelength more than 420 nm) was per-
formed. All batch experiments were conducted in a 100 mL undivided glass beaker containing 50 mL solution at about
25 °C without irradiation or under irradiation by a direct exposure visible light power supply (CHF-XM-500W) from
Beijing Trusttech Co. (China). After the desired amounts of AO7 and PS in 50 mL of the aqueous solution were added
into the reactor, the reaction was initialized by adding BS. To monitor the degradation process of AO7, solution samples
were taken out at given reaction time intervals and measured immediately on a METASH UV-5500PC spectrophotom-
eter under the maximum absorption wavelength (484 nm) to record the temporal UV-vis spectral variations of the dye.
The related reaction progress was monitored using the UV-vis absorption spectra of AO7 in terms of the percentage of
degraded azo-dye. The activities of different systems including BS/Vis, PS/BS, PS/Vis and BS/PS/Vis were evaluated.
It was found that the efficiency of PS/Vis system was negligible, and almost 29 and 40% of AO7 was oxidized by BS/
Vis and BS/PS within 30 min, and it was further improved to almost 94% within 30 min by BS/PS/Vis system at room
temperature. VVarious operational parameters, such as PS concentration, BS concentration and initial pH were investi-
gated to optimize the process.

Keywords: Dye’s degradation, Acid Orange 7, Bisulfite, Persulfate, Visible light, Inorganic negative ions.

Industrialization plays an important role in the
development of the society, but it has led to severe
environmental pollution. Dyes represent an impor-
tant part of waste effluents, as they are discharged
in abundance by many manufacturing industries.
Itis recorded that more than 100,000 commercially
available textile dyes are present in the market and
approximately 700000—1000000 tons of dyes are
produced while 280000 tons are discharged via
effluents generated from the textile industry to the
global environmentannually. Thus, textile industry
is one of the most significant manufacturing sectors
that produce large volumes of highly polluted and
toxic wastewater. According to the World Bank
estimates, the textile industry is the source of 17 to
20% of industrial pollution of water, which is highly
colored with a significant amount of dyes. Because
of toxicity, non-biodegradability and potential car-
cinogenicity, the discharge of colored wastewater
without proper and adequate treatment negatively
affects the aquatic biota and ecosystems.

A number of articles have appeared on the
persulfate-bisulfite redox system, used industri-
ally as a redox initiation system, during which free
radicals, such as hydroxyl radical (OH=) and sul-

fate radical SO, generated [1—6]. As the powerful
oxidants, OH= with a redox potential of 1.8—2.7 VV
vs. NHE (normal hydrogen electrode), and SO,
with the same or even a higher redox potential
of 2.5—3.1 V vs. NHE could degrade the organic
contaminants efficiently [ 7, 8]. However, as per the
literature, little is reported about the application of
the persulfate-bisulfite couple to degrade organic
compounds until now. To obtain some information
about the degradation of organic pollutants by the
persulfate-bisulfite couple, as a representative com-
pound of azo dyes, AO7 was selected for this study.
To further improve the efficiency of the persulfate-
bisulfite couple, visible (Vis) light was introduced.

Experimental

Materials

Acid Orange 7 (AO7, C H, N,NaO,S) was
purchased from Aladdin Industrial Corporation.
Sodium hydrogen sulfite (NaHSO,), sodium
persulfate (Na,S,0,) and other chemicals were
of analytical grade if not noticed otherwise and
were obtained from Sinopharm Chemical Reagent
Co., Ltd. Acetonitrile was also purchased from
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Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China) but with HPLC grade. All chemicals were
used as received without further purification. The
sample solutionswere prepared using deionized wa-
ter (Aquapro, USA) throughout the experiments.

Degradation procedures

All batch experiments were conducted in a
100 mL undivided glass beaker containing 50 mL
solution at about 25 °C without irradiation or under
irradiation by adirect exposure Vis light power sup-
ply (CHF-XM-500W) from Beijing Trusttech Co.
(China). After the desired amounts of AO7 and PS
in 50 mL of the aqueous solution were added into
the reactor, the reaction was initialized by adding
HSO,". Each reaction solution was constantly agi-
tated by amagnetic stirrer (model 78-1, Hangzhou
Instrument Motors Factory, China).

A stock solution of AO7 with the initial con-
centration (C)) 20 mg/L was prepared freshly with
deionized water before each run. Since PS is an
acidic oxidant, the addition of PS led to asignificant
decrease of pH, and the experiment was conducted
at acidic medium (pH 4.75, no adjustment). For
studying the effect of solution pH on the rate of
AQ7 degradation, 0.1 M sulfuric acid (Pronolab,
98%, 1.84 g/cm?®) and 0.1 M sodium hydroxide
(Quimitécnica, 30% w/v, 1.33 g/cm?) were used to
adjust the solution pH after PS was added into the
solution. Before the beginning of reaction, PS solu-
tion and HSO, solution were added to the reactor.

Analysis

To monitor the degradation process of AO7,
solution samples were taken out at given reaction
time intervals and measured immediately on a
METASH UV-5500PC spectrophotometer under
the maximum absorption wavelength (484 nm) to
record the temporal UV—vis spectral variations of
the dye. The related reaction progress was moni-
tored using the UV-vis absorption spectraof AO7 in
terms of the percentage of degraded azo-dye, which
was calculated from the following equation (1):

Decolorization efficiency (%) =
=(C,-C)/C, =100, D

where C, is the absorbance at 484 nm for AO7
atagivenreactiontime tand C isthe related initial
absorbance.

Results and discussion
Degradation efficiency of AO7
under different systems
To evaluate the activities of different systems,
20 mg/L AO7 was treated for 30 min by HSO, /

PS process, PS/Vis process, HSO,7Vis process
and HSO, /PS/Vis process. As shown in Figure 1
(see color insert), negligible removal was observed
when AO7 was treated by PS/Vis; ~29% and ~40%
of AO7 was oxidized by HSO, /Visand HSO, /PS
within 30 min respectively, while the oxidation
efficiency was significantly improved under vis
light: ~ 94% of AO7 was oxidized within 30 min.
PS is relatively stable at ambient temperature
and could hardly degrade AO7 via direct photoly-
sis, as its oxidation potential was very limited
(E°=2.01V vs. NHE) [9]. However, AO7 could
be degraded byHSO, /PS, and the efficiency of
the system HSO,”/PS/Vis was much higher
than that of HSO, /PS.

Spectral change of AO7

AQO7 degradation was monitored in the experi-
mental runs by means of UV/Vis scanning of the
whole range of wavelengths available for a diode
array and UV/Vis spectra were recorded at differ-
ent time intervals in Figure 2 (see color insert). As
can be seen, the representative radiation absorption
spectrum of the dye solution is characterized by the
band in the Vis region, with the maxima located at
484 nm, corresponding to the n-w* transition of
the azo chromophore (—N=N-), which accounts
for the orange color of solution, and by two bands
in the ultraviolet region located at 228 nm and
310 nm, considered to be associated with the m-w™*
transition in the benzene and naphthalene rings,
respectively [10, 11].

Itis observed that the intensity of the signal at
484 nm obviously decreased with the reaction time
and finally to disappear, indicating the destruction
of azo chromophore. At the meantime, the decrease
of the bands at 228 and 310 nm in ultraviolet region
was observed, due to the fragmentation of aromatic
structures in the dye molecule and its intermediates
[12—14].

Inaddition, the absorbance at 206 nm remark-
ably increased from 1.1846 to 1.4108 during the
first 2.5 min, and then decreased to 1.3118 after
30 min. It could be speculated that colorless inter-
mediates were produced and accumulated during
the decolorization process, and then some of them
were further degraded during the extended degra-
dation period.

Effect of PS concentration

Different amounts of PS were used to in-
vestigate the effect of PS dosage on AO7 oxi-
dation. Figure 3 (see color insert) illustrates
the removal efficiency of AO7 at different PS
concentrations with initial AO7 concentration
20 mg/L, HSO,™ concentration 0.2 mM, initial

TeopeTnyeckan v npuknagHasa akonoruda Ne2, 2018









MPOBJIEMbl OXPAHbI OKPY>XAIOLLEW CPEAbI

pH 4.75 and the light intensity 500 W. When
PS concentration increased from 0 to 0.2 g/L,
the removal efficiency of AO7 increased from
29% to 94% within 30 min. However, further
increase of the PS dosage to 0.4 g/L resulted
in a slight increase to 95%.

Then, keeping the concentration of PS at
0.2 g/L, the effect of various HSO, dosages on the
AO7 degradation was studied in the subsequent
experiments.

Effect of HSO, concentration

The effect of HSO,™ concentration on AO7
degradation efficiency was evaluated by conducting
experimentsat0.5, 1,2and 4 mM, respectively. The
initial AO7 concentration was fixed at 20 mg/L., PS
concentrationwas 0.2 g/L, initial pH was 4.75 and
the lightintensity was 500 W. As shown in Figure 4
(see color insert), when HSO, concentration varied
from 0.5 to 2 mM, the removal efficiency of AO7
within 30 min reaction increased from 88% to 94%.
The higher efficiency of AO7 removal at the higher
HSO, dosage might due to more radicals produced
in the reaction. However, further increasing the
HSO, concentration to4 mM resulted in adecrease
of AO7 degradation to 87%. This can be explained
by the unfavorable consumption of sulfate radicals
by the excessive dosage of HSO,, which could react
with sulfate radicals (Egs. (2) and (3)) [15].

HSO, + =S0;” — SO2 + HSO;” @)
2 HSO;— H,S,0, ®3)

Therefore, 2 mM HSO," is required to effec-
tively activate PS to generate a sufficient amount
of radicals in the process.

Effect of different initial concentrations of AO7

The initial concentration was 20, 30, and
50 mg/L, respectively, and the changes of AO7
relative concentration as a function of reaction
time was shown in Figure 5 (see color insert). Even
though the initial AO7 concentration is different,
the degradation of AO7 has an identical trend of
concentration decay as the reaction time. However,
the higher the initial AO7 concentration s, the lon-
ger it takes to reach the same residual concentration
(C/C,), and the degradation efficiency decreased
from 94 to 80% and to 24% within 30 min with
increasing of the initial AO7 concentration, imply-
ing that the apparent rate of AO7 degradation de-
creases. This may be explained that the visible light
transmittance could be decreased due to an increase
of AO7 concentration in the solution, which led to
scattering and shielding of the light.

Effect of initial pH

The solution pH can significantly affect degra-
dation of organic pollutants in chemical oxidation
processes. The effect of initial pH experiments
were conducted over a wide pH range. Four levels
of pH (2.75, 4.75, 6.26 and 8.12) were prevailed to
evaluate the pH effect on AO7 degradation in Vis/
HSO,7/PS system under condition of 0.2 g/L PS,
2mM HSO, and 500 W visible light. As depicted in
Figure 6 (see color insert), the best performance of
Vis/HSO,7/PS was observed in pH 2.75 with 93%
decolorization efficiency of AO7 within 20 min, and
94%, 89% and 46% at initial pH 4.75, 6.26 and 8.12
within 30 min, respectively. In acidic condition
with high concentration of protons, the genera-
tion of sulfate radical was enhanced through acid-
catalyzation in accordance with Egs. (4) and (5).

S,02+H*"—HS,0; 4)
HS O, — H*+*S0,”+ S0/ ®)

Effect of co-existing inorganic anions

Inorganic anions is usually presentin real dye-
containing wastewater, which may affect the effi-
ciency of dye degradation reaction. To investigate
the effects of the inorganic anions, such asHSO;,,
SO/, CI',HCO,and HPO 7, a series of experiments
were conducted, and the resultsare givenin Figure 7
(see color insert). It can obviously be found that
SO/ and CI slightly affected the degradation of
AQ7iInHSO,7PS/Vissystem, and NO, had certain
influence on the AO7 degradation from 94% to 84%
within 30 min. However, the addition of HCO, and
HPO/ rather significantly inhibited the degrada-
tion of AO7 in Vis/HSO,7/PS process.

However, the addition ofHSO, and HPO/~
almost completely inhibited the degradation of
AO7 in Vis/HSO,7/PS process. Their inhibiting
effects can be ranked from low to high in an order of
Cl'~SO7<NO, <HCO, ~HPO/.

As the previous reports that phosphate and
bicarbonate are efficient scavengers of hydroxyl
radicals [16]. HCO, and HPO/ may act as radi-
cal scavengers, resulting in the inhibition of AO7
degradation.

Conclusion

In this study, the degradation of AO7 by
HSO,7PS/Vistreatment process was investigated.
Itwas demonstrated that aqueous solutions of AO7
could be degraded in theHSO,7PS/Vis process, in
which the efficiency was enhanced greatly under
the visible light. The optimal conditions were initial
AQ7 concentration 20 mg/L, PS concentration

115

TeopeTnyeckasa 1 npuknagHasa akonorua Ne2, 2018




MPOBJ/IEMbl OXPAHbI OKPY>XAIOLLLEV CPEAbI

116

0.2 g/L, HSO, concentration 2 mM and Vis light
500 W. The effects of the inorganic anions that
likely influence the degradation rate inHSO,7PS/
Vis systemwere also investigated. NO,, HCO, and
HPO/ had a negative effect on AO7 degradation
efficiency in HSO,7PS/Vis process. All of these
results show that HSO,7PS/Vis is a simple and
efficient oxidation technology for the remediation
of wastewaters containing azo dyes. The obtained
results will be useful for designing the energy-
resource-saving chemical processes of water man-
agement systems of industrial plants according to
the methodology [17—21].

The authors are grateful for financial support
from Russian Ministry of Education and Science
(grant No. 01.03.005), from Russian Foundation for
Basic Research (grant No. 04—05—78035), from Chi-
nese High Technology Project Fund (863, grant No.
2009AA063904).

References

1. Shi W.D., Dumont M.J., Ly E.B. Synthesis and
properties of canola protein-based superabsorbent hy-
drogels // European Polymer Journal. 2014. V. 54. No. 1.
P. 172-180.

2.Elkholy S.S., Khalek H.A., Elsabee M.Z. Grafting of
1-cyanoethanoyl-4-acryloylthiosemicabazide onto chitosan
and biocidal activity of the graft copolymers // Journal
of Macromolecular Science Part A. 2012. V. 49. No. 9.
P.720-728.

3. Elkholy S.S., Khalil K.D., Elsabee M.Z. Grafting of
acryloyl cyanoacetohydrazide onto chitosan // Journal of
Polymer Research. 2011. V. 18. No. 3. P. 459—467.

4. Yang X.W., Shen Y.D., Li P.Z. Solution properties
of anionic hydrophobic association polyacrylamide modified
with fluorinated acrylate // Journal of Polymer Research.
2010. V. 17. No. 4. P. 601—606.

5.Sun J.H., Xu X.H., Wang J.B., Zhang W., Yang H.,
Jing X.Y., Shi X.F. synthesis and emulsification proper-
ties of an amphiphilic polymer for enhanced oil recovery //
Journal of Dispersion Science & Technology. 2010. V. 31.
No. 7. P. 931-935.

6. Yang X.W., Shen Y.D., Li P.Z. Intrinsic viscosity,
surface activity, and flocculation of cationic polyacrylamide
modified with fluorinated acrylate // Polymer Bulletin. 2010.
V. 65. No. 2. P. 111-122.

7. Buxton G.V., Greenstock C.L., Helman W.P., Ross
A.B. Critical Review of rate constants for reactions of hy-
drated electrons, hydrogen atoms and hydroxyl radicals
(OH/0) in Aqueous Solution // Journal of Physical &
Chemical Reference Data. 1988. V. 17. No. 2. P. 513—886.

8. Neta P., Huie R.E., Ross A.B. Rate constants for
reactions of inorganic radicals in aqueous solution // Jour-

nal of Physical and Chemical Reference Data. 1988. V. 17.
No. 3. P. 1027—1284.

9. Lei Y., ChenC.S,, Tu Y.J., Huang Y.H., Zhang H.
Heterogeneous degradation of organic pollutants by per-
sulfate activated by CuO-Fe,O,: Mechanism, stability, and
effects of pH and bicarbonate ions // Environmental Science
& Technology. 2015. V. 49. No. 11. P. 6838—6845.

10. Wu F., Deng N.S., Hua H.L. Degradation mecha-
nism of azo dye C. 1. reactive red 2 by iron powder reduction
and photooxidation in aqueous solutions // Chemosphere.
2000. V. 41. No. 8. P. 1233—1238.

11. Stylidi M.S., Kondarides D.1., Verykios X.E. Visible
light-induced photocatalytic degradation of Acid Orange 7
in aqueous TiO, suspensions // Applied Catalysis B: Envi-
ronmental. 2004. V. 47. No. 3. P. 189—-201.

12. Azam A., Hamid A. Effects of gap size and UV
dosage on decolorization of C.1. Acid Orange 7 by UV/H,0,
process // Journal of Hazardous Materials. 2006. V. 133.
No. 1-3. P. 167-171.

13.Zhang X.W.,Wang Y.Z.,Li G.T., QuJ.H. Oxidative
decomposition of azo dye C.1. Acid Orange 7 (AO7) under
microwave electrodeless lamp irradiation in the presence of
H,0, // Journal of Hazardous Materials. 2006. V. 134. No.
1-3. P. 183-189.

14. Li H.Y., Gong Y.H., Huang Q.Q., Zhang H. Deg-
radation of Orange Il by UV-assisted advanced Fenton
process: response surface approach, degradation pathway,
and biodegradability // Industrial & Engineering Chemistry
Research. 2013. V. 52. No. 44. P. 15560—15567.

15. Flory P.J. Principles of polymer chemistry // Cor-
nell University Press, Ithaca, New York. 1953.

16. Kochany J., Lipczynska-Kochany E. Application
of the EPR Spin-trapping technique for the investigation
of the reactions of carbonate, bicarbonate, and phosphate
anions with hydroxyl radicals generated by the photolysis of
H,0, // Chemosphere. 1992. V. 25. No. 12. P. 1769-1782.

17. Nevsky A.V., Meshalkin V.P., Sharnin V.A.
Analysis and synthesis of water resource-saving chemical
processes // Moscow: Nauka, 2004. 212 p. (in Russian).

18. Nevsky A.V., Kashina O.V. Thermodynamic ap-
proach to the design of optimal energy-resource-saving water
management systems // Vodoochistka, vodopodgotovka,
vodosnabzheniye. 2015. No. 1. P. 22—31 (in Russian).

19. Nevsky A.V., Kashina O.V. Resource-saving system
of water management of oil and fat production. LAP LAM-
BERT Academic Publishing, GmbH & Co. Saarbrucken,
Germany. 2012. 254 p. (in Russian).

20. Kutepov A.M., Meshalkin V.P., Nevsky A.V. The
designing of resource-saving chemical processes of water use
system for bleaching shop of dyeing and finishing production
using water pinch-method 7/ Khimicheskaya tekhnologiya.
2002. No. 2. P. 29—34 (in Russian).

21. Nevsky A.V. Resource-saving chemical processes
of water management of textile plant // Inzhenernaya
ekologiya. 2001. No. 5. P. 21—-28 (in Russian).

TeopeTnyeckan v npuknagHasa akonoruda Ne2, 2018






NonNynNAUMNOHHAA 3KOJSTOI MNA

118

component exceeding 50 million cells/cm?are formed. In biofilms formed by two-component associations, cyanobacteria
experienced inhibition by partners, reducing the number of cells 2.4—7.0 times, and the length of filaments 3.6—7.0 times,
depending on the nature of the associate. The growth of the fischerella was limited by the streptomycete culture to a greater
degree than by the fungus. In ground biofilms formed on the basis of cyanobacteria Fis. muscicola, the phytopathogenic
fungus F. avenaceum, in the saprotrophic phase of development, is able to unite into single structured complexes with
other participants in the multi-species consortium of microorganisms, including their antagonists. Aggregation of cells
in biofilms is associated not only with the isolation of polysaccharide mucus cyanobacteria, but also with the creation of a
net-thread structure of growth due to threads of cyanobacteria and mycelium of heterotrophic partners, the total length of
which can reach values exceeding 400 m/cm?. The development of such biofilms on the soil surface significantly increases
its ability to retain moisture and prevent erosion. The two-component association of cyanobacteria and streptomycete
can be considered as promising for biocontrol of fusarium infection. At the same time, under specific conditions of the
rhizosphere, the nature of the interaction of the cultures of microorganisms under investigation may differ from that
described for sterile soil lacking root exudates. Nevertheless, in experiments with the inoculation of Triticum aestivum L.
seeds, it has been established that the two-component association of Fischerella muscicola + Streptomyces wedmorensis in
perspective can be used as a biological agent to limit the development of fusarium infection in the higher plant rhizosphere.

Keywords: cyanobacteria, streptomycetes, micromycetes, biofilm, density of populations, rhizosphere, microbial

inoculation.

CocyLecTBoBaHWeE B 04HOM cpefe 06utaHus
pasfInyHbIX BUAOB MUKpoopraHnimos (MO)
ABMSETCA NPeAnoCbIIKOA K (hDOpMUPOBaHUIO
MHOIrOKOMMOHEHTHbIX COO6LLIECTB, YHaCTBYHOLLMX
B 9KOCUCTEMHBbIX npoueccax. Ana obneryeHus
COBMECTHOr0 OCBOEHUSA 3KOMOTUYECKUX HULL Y
MO 3BO/IHOLUMOHHO CNOXXUNUCL MeXaHU3Mbl, pe-
rynvpytoLlue ctpaternio nx pocra [1].

B KoHUe 70-x rogoB XX BeKka B MUKPOOMO-
JIornn chopmMmnpoBasIoCb HOBOE Harnpas/ieHue,
CBSA3aHHOE C MU3yYeHneM 0co60M (hopMbl CyLLe-
CTBOBaHMS GaKTepuii B Buae rnonnéHok (BIN).
Moa BN NoHMMaKT NPOCTPaHCTBEHHO 1 MeTabo-
JINYECKU CTPYKTYpPUpPOBaHHble coobuectsa MO,
3aK/IIOYEHHbIE BO BHEKJ/IETOUHbIA NOVMEPHbIA
MaTPUKC M PacnosioXKeHHbIe Ha rpaHuLLe pasge-
na gpas. VccnegosaHusa Bl nokasanu, 4to 4ns
NPUPOAHbIX NONyNAuMiA 6akTepuii XapakTepHO
Tak HasblBaemMoe «4yBCTBO KBOpyma» (quorum
sensing), KoTopoe obecreymBaeT MeXXKNeTou-
HYI0 KOMMYHUKaLMIO y 6aKTepuin NocpeLCcTBOM
XUMMUYECKNX CUTHaoB [2].

Cpeaun oNnNTeNnbHO CYLWECTBYOLWNX NPU-
poaHbIX BI1, fatolwmx MakpocKonmMyeckume pas-
pactaHud, BblLena0TcA MHOrosuaosble Bl ¢
aoMuHMpoBaHueM LIB. OaHa 13 ocobeHHoCTelN
MYNbTUBUAO0BbLIX 6MONNEHOK Ha ocHoBe LIB
COCTOWUT B TOM, YTO B HMX Pe3K0 BO3pacTaeT 3a-
LWMTHBLIA 3hheKT ANns Bcex naptHépos [3—5].
MnoTHOCTL NONynsauuii, BUAOBOW U rPyrnoBoi
coCTaB OpraHv3MoB B MOA0OHbIX 06pa3oBaHUAX
perynupyeTtcs Tprafoi BHeLLHUX (DaKTopoB: Mo-
TOKOM GMOreHHbIX 3/1EMEHTOB, TPOYNYECKON aK-
TUBHOCTbI0 MUKPOBOB-XULLHMKOB U XapaKTepoMm
B3aVIMOOTHOLLIEHWI MeXKay napTHépamu BI1 [6].
Cpegu npenmvyects BN oTmeyaroT crnocobHoCTb
MCMNOMb30BaTh Pa3/INyHbIe Mo CoCTaBy CybCcTparThl;
BO3MOX>XHOCTb CaMOPErynALMN 3a CHET N3MeHe-
HUA COOTHOLLEHNSA YNCNEHHOCTN BUAOB, BXOAA-

LLINX B COCTaB KOHCOPLNYMa; oboratleHme cpesbl
3K3oMeTabonnTamu, LeHHbIMU A1 NapTHEPOB;
CMOCO6GHOCTb CUHTE3UPOBaTbL aHTUbaKTepUasb-
Hble 1 aHTUTPUGHbIe BellecTBa [7—10].

AKTYya/IbHOCTb U3Y4eHNA cocTaBa U CTPYKTY-
pbl MyNbTUBUAOBbIX Bl 1 hopMrpoBaHMA CBA3EN
MeXXay BXoAAaLwmMmMn B HUX MO o6ycnoBneHa BO3-
MO>XHOCTbLHO MPaKTUYeCKoro ncnons3osaHus bIl
B pa3/INUHbIX chepax YesoBeyYeCcKom fesTeNlbHO-
CTW, BK/IOYAsA X NMPUIMEHEHME B PaCTEHVEBOLCTBE
A/151 OrpaHNYeHNSA YNCNIEHHOCTW (OUTOMAaTOreHoB.

TexHoMornyecke paspaboTku no Ncnosb3o-
BaHM0 Bl MOryT 0CHOBbIBaTLCA Ha MPUPOAHbIX
BI1, a Tak)Ke Ha UCKYCCTBEHHO CKOHCTPYMPO-
BaHHbIX MUKPOOHbIX KOHcopLmnymax. Ocobbli
NHTEpPec NpuY KOHCTPYMPOBAHUM KOHCOPLIMYMOB
BbI3bIBAKOT TUMNYHbIE MPEACTABUTENN MOYUBEH-
HbIX FPamMnoNoXUTENbHbIX 6aKTepuii — cTpen-
TOMULETbI, MeTaboNNTbI KOTOPLIX 06najarT
LUMPOYaNLLMM NOTEHLMANOM BMONOrNYeCcKoNn
aKTMBHOCTW, BK/KOUas CUHTE3 aHTU(YHT aJTbHbIX
aHTnémoTnkos [11] n dutoperynatopos [12].
MoNoXNTeNbHbIA TPONNU3M CTPENTOMULETOB
K LUB nokasaH B aKcnepumeHTax no cosja-
HUIO UCKYCCTBEHHbIX LMaHobaKTepuanbHO-
aKTUHOMULIETHbIX Ta/I/IOMOB — aKTUHO/IULLIANHN-
KoB [13, 14]. No cpaBHEHUIO C MOHOKY/NbTYpamu
LLB n cTpenToMULETOB B 3KCNEPUMEHTa/IbHbIX
accoumaunax Habnganm cnewndguyeckme agan-
TUBHbIe )N310N10r0-6UOXUMUNYECKIME U3MEHEHNSA
NMapTHEPOB, BK/IOYAA aHTaroH13M B OTHOLLEHUN
thutonaroreHHbIxX rpmbos [15—19]. OTmeueHO
CYLLLeCTBEHHOE yBenn4veHue 6uomaccol LIb B
TasiyioMe accoumnalnm no cpaBHeHMIO ¢ MOHO-
KynbTypoi LB.

MocKonbKy n3yyeHne B3anmogelicteua MO
B NpupoAHbIX Bl 3aTpyaHEHO B METOANYECKOM
OTHOLLIEHWNW, BbIsiB/IEHNE 0OCO6EHHOCTe B3anMOo-
[EeACTBUSA OTAe/IbHbIX KOMMOHEHTOB B BO3MOXK-
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HO NYTEM CO3faHusA MOAe/IbHbIX accoumnaLnii.
N3yyeHne B aKCrepuMeHTasIbHbIX CUCTEMAX
XapakTepa B3aMMOLeNCTBUA NapTHEPOB MOXKeT
NMOMOYb BbISIB/IEHNIO pa3HOHarpaB/eHHbIX Ael-
CTBWUIA accoummpoBaHHbIX MO, onpegenntb cTa-
OVIbHOCTL CYLLLECTBOBAHUSA N NPOAYKTUBHOCTb
CMMOMOTUYECKOW CUCTEMBI B LLENIOM.

B 3agaun paboTbl BXOAMIO U3yYeHWNe BO3-
MO>XHOCTWN CO34aHNA CTPYKTYPUPOBAHHOIO
coobuectBa (BIN) Ha ocHoBe LMaHOGaKTepUH,
CTPENnTOMMLIETA U MUKPOMULIETA; BbISIB/IEHME Xa-
pakTepa BO34eNCTBUA 0TAe/IbHbIX KOMMNOHEHTOB
BIM opyr Ha gpyra v oLeHKa (puTtoperynsTopHomn
aKTUBHOCTU 3KCMNEPUMEHTa/IbHO MOJTyHYEHHO
accouyauunm B ycnoBmax pusocgepbl BbICLLETO
pacTeHus.

O6beKTbI U METOAbI

O6bekTamMun NCCef0BaHUA CNY>XUNN Ky b-
Typbl LUB Fischerella muscicola (Thur.) Gom.
300, akTMHOMMLEeTa Streptomyces wedmorensis
38.11 1 MMKpomuueTa Fusarium avenacium 7/2,
noc/efoBaTe/ibHO 06beMHSEMbIE B IBYX- U TPEX-
KOMIMOHEeHTHbIe accoLmalmn.

AHTaroHMCTNYECKYH aKTUBHOCTb MOHOKY/Tb-
Typ cTpentomuueTa, LIB n nx 6uHapHon acco-
uMaummn B OTHOLLEHUW pMTONATOreHHOro rpuba
F. avenacium onpegensnu MeTogom anddpy3nm B
arap ¢ ncrnosnb3oBaHveM 6/104KOB. JuameTtp 30H
MoAaB/IEHUS POCTa TECT-KY/bTYPbl U3MePANN Ha
4eTBEPTbIE CYTKM MHKY6aumm npun 27 °C. Kaxkablii
TeCT NPOBOAMAN B TPEXKPATHOM NOBTOPHOCTMW.

OnbIT MO BbISABEHMIO XapaKTepa BO3Aein-
CTBUA OTAE/IbHbIX KOMMOHEHTOB CMeLUaHHbIX
KyNbTYp APYT Ha Apyra NpoBOAWIV B MUKPOKOC-
Max CO CTePW/IbHOW MOYBOM B Yalukax lMetpu.
B KkauecTBe cybcTpara Mcnosib3oBasiv NPOCesiH-
HYI0 Yepe3 CUTO C AMameTPOM OTBEPCTUIN 2 MM
[AEepPHOBO-MOA30/INCTYIO MOYBY, KOTOPYHO TPEX-
KpaTHO CTepU/IN30Ba/1M aBTOK/IaBUPOBAHMEM MNP
1 atm. B TeveHme 20 MUH 1 yBRaXKHANN o 70%
OT MO0MeBOM BNaroéMKocTu. ArpoxmMmnyeckue
MoKasaTe/iv MoYBbl: COAepPXKaHne OpraHNYecKoro
BewlecTa 6,5%, pH, ., = 6,2, cofep>xaHvie ane-
MEHTOB MUHEPasIbHOr 0 MUTaHMS COOTBETCTBOBASI0
cpefHeMy YPOBHIO 06ecneveHHOCTH MoYB.

LNa VHTPOAYKLUMN B MOYBY KyNbTypy F. mus-
cicola BblpaLumBan B >Knakoii cpeae IM'pomosa Ne 6
6e3 a30Ta, Ky/bTypy S. wedmorensis — Ha N1I0THOWA
cpefe May3e 1, F. avenaceum — Ha NIOTHOWM cpeje
Yaneka [20].

CxeMma aKCrepumeHTa BK/KoHaa cnegyroye
BapuaHTbl: 1) S. wedmorensis; 2) F. avenacium;
3) F. muscicola; 4) S. wedmorensis + F. av-
enacium; 5) S. wedmorensis + F. muscicola; 6) F. ave-

nacium + Fis. muscicola; 7) S. wedmorensis +
F. avenacium + Fis. muscicola. B cooTBeTcTBUA
CO CXEMOW 3KCrMepuUMeHTa, B NMOYBY BHOCUN, B
3aBUCUMOCTM OT BapuaHTa, XXUAKYK KynbTypy
unaHobaktepum Fis. muscicola (8,4 « 10°kn./T)
n/nnn crioposble cycreH3nmn S. wedmorensis
(6,4 = 10° KOE/r) n F. avenacium (8,3 = 10*
KOE/r nousel).

Mocne BHeCEHUSI KYNbTYP YallKK C MOYBOW
06EpTbIBa/I MULLIEBOI MPO3payHO NNEHKOM W
NHKY6UpoBasin Ha cBeTy (ecTeCTBEHHas OocBe-
LWEHHOCTb) Npu Temnepatype 20 °C. Mo mepe
BbICbIXaHWS Mo4Bbl, NPOBOAN/IN €€ YBNaXKHEHNE
CTepuNbHOM BOAOMPOBOAHOM BOAOA.

Uepe3 3 Mecsaua MHKyb6aumu, Korga pas-
pactaHna MO NoKpbiBanu BCHO NMOBEPXHOCTb
MouYBbl, MPOBOAUMIN YYET YNCNIEHHOCTUN K/IETOK
F. muscicolau pparmeHTOB MULIENNSA F. avenacium
(c n3mepeHnem nx 4iviHbl) B obpasyax b v ns3
nepucepryecKon YacTy NoYBbI METOA0M MPSIMOro
cyéTa Ha Maskax rnog MMKpockKorom [6].

[ns oueHKM aHTUY3aprOo3HO aKTUBHOCTU
MOHOKYbTYp S. wedmorensis 1 F. muscicola n
ABYXKOMIMOHEHTHOM accolmaLmm S. wedmorensis +
F. muscicola npoBoannn npeanoceBHY 006-
paboTKy ceMsiH mnieHuLbl copta MNMpunokckas
XULKNMU Kynbtypamu MO. KynbTypy cTpenTo-
MULIETA BblpalMBa/iv B XXUAKOW NUTATe/IbHOM
cpefe May3se 1 Ha kavasnke (120 06./MUH), Ky/b-
Typy LB — Ha cpege 'pomosa Ne 6 6e3 asorta Ha
CBETY, B TeyeHue 14 cyT. CMeLlaHHY [BYXKOM-
MOHEHTHYHO KY/bTYpY Nonyyanu nyTém oobveam-
HeHNSA paBHbIX 06bEMOB (1 M/T) UNCTLIX KYNbTYP
cTpentommueTa n LLB B 50 M1 MUHepanbHoOA
cpefbl BG-11. KynbTnBMpoBa/in UCKYCCTBEH-
HYI0 accoLmaLmio Ha cBeTy (eCcTecTBEHHas OCBe-
LLIEHHOCTb) A0 NOSIBNEHUST BUAVMbBIX HUTen LIB
1 rNobyn CTPEnTOMULIETOB.

CemeHa MLLEHNLIbI CTEPUINZ0BASIN B TEHEHWE
3-X MUHYT cMecbto 3%-HOro pacTsopa rnepokcuia
Bogopoaa 1 96%-Horo 3TMI0BOro cnmpTa B Co-
OTHOLWIeHUM 1:1, ¢ nocnefyrowmm 3-X KpaTHbIM
OTMbIBaHWEM LUCTUNINPOBAHHON BoLoW. CTe-
pUbHbIE CEMEHa pacKnafblBain Ha ro/I0AHbIN
arap v Bblep>XuBann B TepMmocTare npm 27 °C B
TeyeHWe CYTOK A1 npopalLmsaHusa. Habyxiive
N NPOKJIIOHYBLUMECSA CeMeHa MNLeHULbl obMa-
KUBa/IN B XXUAKUE KynbTypbl MO, ncrnonb3sys
A1 UHOKYNAUMW pa3BefeHne ANCTUINNPOBaH-
How Boaol 1:100. KoHTponem cny>un BapmaHT
3amaymsaHusa cemsH B cpefe BG-11 B ToM ke
passefeHUN. VIHOKYIMpoBaHHbIe CeMeHa Mo-
MeLLLa/IN B COCY/bl C MECKOM U BblpalLMBasiv Ha
ABYX (hoHax: 1 — KOHTPO/b (HEVH(EKLVNOHHbIN
(hOH); 2 — MH(PEKLMOHHBI (hoH no F. avenaceum.
Kaxkabli BapnaHT onbITa 3aKnafblBain B TPEX
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NoBTOPHOCTAX. Cocy/bl MOMeLLaN B KNnmaTtuye-
CKYI0 Kamepy ¢ dpoTonepuogom 16/8 yac (aeHb/
HO4b). MoNNB pacTeHU OCYLLLECTBNSAIN pac-
TBOpOM KHorma. CniycTta 27 cyT OT Hayasa onbita
pacTeHns N3BMEKa/IN U3 NMeCKa, KOPHU OTMbIBa/IU
BOJOMPOBOAHO BOAON, M onpeaensiniv Mopome-
TPUYEeCKMe NnoKasaresiv NPopPOCTKOB.

IMonyyeHHble faHHble obpabaTbiBa/iM C UC-
nonb3oBaHvem naketa nporpamMmm EXCEL wn
STATGRAFICS. B tabnumuax 1 n 2 v Ha pucyHkKe
npeAcTaB/ieHbl CpegHNe 3Ha4YeHNsA U OWKOKN
CpesHUX.

Pe3ynbTaTbl 1 06CYyXAEHME

OcobeHHOCT M hopMUpOBaHUSA ABYX- U TPEX-
KOMMOHEH T HbIX accoupavmin MO B nouse. B veTbl-
PEX BapuaHTax aKCrepmmeHTa No MHTPOLYKLIMK
B CTepu/ibHYHO rnousy MO, Tam, rfe nNpu 3aknagke
onblTa BHOCUNKN KyNnbTypy F. muscicola, Ha no-
BEPXHOCTW MOYBbI MPOUCXOAN/IO MOCTENEHHOE
pa3BuTMe LaHobakTepuasibHbIX HanétoB (BIN—
«LIBETEHME» MOYBbI). Kak 1 B NpUpPOLHbIX YC/0-
BUSAX, MEPBUYHBIM KONTOHN3aTOPOM MOBEPXHOCTA
CTEPW/IbHOM NOYBbI B MOLE/IbHOM OrbITe ABUJICA
npeacraBuTens gpotoTpodoB — F. muscicola. N3-
BECTHO, YTO reTepoLUCTHbIe a30TPUKCUPYOLLME
LB, K KoTopbIiM 0THOCUTCA M F. muscicola, moryT
BbIZE/IATL B OKPY>KaloLLyo cpely Lo 50% npo-
AyKTOB aHabonuama [21]. ®oToTpodHbIE MO
C034at0T NepBUYHY0 (MaTPUYHYHO) BMOMIEHKY,
B KOTOPYHO B Aa/ibHeMLeM 1 MoACeNsATCs re-
TEepPOTPOHbIE MUKPOOPraHM3Mbl, AN KOTOPbIX
3K30MeTaboNnTbl POTOTPODOB ABNASAOTCA, MO-
BUAVIMOMY, IMaBHbIM UCTOYHUKOM NUTAHUA. YUET
KONmn4yecTBa nponarysn rpnba v cTpentomumLeTa B
NnoyBe BapmMaHTOB C MHTPOAYKLMEN [BYXKOMIO-
HEeHTHbIX accoLmaluii Ha ocHose F. muscicola ro-
Kasasl, 4To B npucyTcTeum LIB nonynaunoHHas

NA0THOCTbL F. avenacium yeBennyunacs B 3,3 pasa,
a S. wedmorensis — B 300 pa3 (1abn. 1).

BHeceHVe B N0YBY 4BYXKOMMOHEHTHOW CMe-
LWaHHOM KynbTypbl S. wedmorensis + F. avena-
cium, rno cpaBHEHMIO C MOHOKY/IbTYPOI CTPENTO-
MWLETA, MPUBESIO K CYLLIECTBEHHOMY YBEIMYEHWNIO
KO/IMYecTBa CTPENTOMULETHBIX Nponarysn (8 100
pa3), Torja Kak Konmyectso rpnbHbIX nponary/
B npucyTcTBumM S. wedmorensis 4OCTOBEPHO He
N3MEHS/I0Cb MO CPaBHEHMIO C MOHOKY/IbTYPOM
F. avenacium.

Mpwn pasBUTMM MOHOKYNbTypanbHon Bl
NI0THOCTb Nonynaumm F. muscicola gocturana
cBbile 50 MAH K./CM?, a cyMMapHas anHa
TprxomoB — 6osiee 400 m/cm?. B BI', 06pa3oBaH-
HbIX [BYXKOMMOHEHTHbIMW accounaumnamm, Lib
NCMbITbIBas1a yrHeTEHWE CO CTOPOHbI NAPTHEPOB,
CHM>Kas YMCNEHHOCTb KNeTok B 2,4—7,0 pas,
a LNHY HuTel B 3,6—7,0 pa3 B 3aBUCUMOCTU OT
npupobl accounaHTta (Tabn. 2).

B 6onblueli cTeneHn, 4em rpnbom, pocT
huLepennbl OrpaHNYMBaICS KynbTYpoi CcTpen-
TOMULLETA.

MouseHHble MO, npeactaBneHHble B Bl
HUTYATLIMU U MULEaNbHbIMX hopMamu, AB-
NAKTCA CUMIbHBIMWU CTPYKTYpPOoOo6pa3oBaTensiMu,
npuaasas onpeaenéHHyo TEKCTYPY Y MPOYHOCTb
ononnéHkam. Pe3ynbtatbl U3MepeHUs 4VHbI
rpUBHOro N 6aKTepuasibHOro MULLENINA, a TaKXKe
ANVHBI HATER (buLepennbl, BbINOSHEHHOIO C
MOMOLLbIO OKY/IIP-MUKPOMETPA NP MUKPOCKO-
NMPOBaHMM Ma3KoB, NMpeAcTaB/eHbl B TabnuLe 2.
B BI1, chopMnpoBaHHOM TPEXKOMMOHEHTHbIM
KOHCOPLMYMOM, UHTEHCUBHOCTb PasMHOXEHUSA
huLlepennibl Ha NOBEPXHOCTU MOYBbLI COXPaHs-
acb NPaKTUYeCKW Ha TOM XKe ypoBHe (52,3+£3,5)«
106 kn./cm?, uto 1 B MOHOKYNbType (54,3%£7,0)
10¢ kn./cm?. He n3amMeHsANNCb B TPEXKOMMO-
HEHTHOM KOHCOpLMYyMe nokasaTennm pocTa

Tabnmua l/ Table 1

MonynaunoHHasn NAoTHOCTb MHTPOAYLIMPOBaHHbIX B NouBy MO Mo faHHbIM NoceBa Ha arapu3oBaHHbIE
cpeapl / Population density of MO introduced into the soil according to the data of inoculation on agar media

UwncneHHocTb, Tbic. KOE/T
BapuaHT onbiTa Number, thous. CFU/g
Variant of experiment F. avenaceum S. wedmorensis
Ha cosiofjoBoM arape / malt agar Ha arape "ay3e 1 / Gauze agar 1
S. wedmorensis — 2,4+0,9
F. avenacium 1,8+0,7 —
S. wedmorensis + F. avenacium 3,4+0,9 234,3+70,9*
S. wedmorensis + F. muscicola — 719,7£72,5*
F. avenacium + F. muscicola 6,0+2,1 —
S. Wedm_oren5|s + F. avenacium + 23211 5.7+1.4
F. muscicola
MpumeyaHme / Note: «—» — He 0bHapy>keHo / “—” — not detected; «*» — 0CTOBEPHbIE OTIMUNA BapraHTOB Npn p < 0,05/

reliable differences of variants (p < 0.05).

TeopeTnyeckan v npuknagHasa akonoruda Ne2, 2018



MoNnyYNAUNOHHAA 3KOJ10I A

Tabnuua 2 / Table 2

MonynsunoHHas NaoTHOCTb MHTPOAYLIMPOBaHHbIX B MOYBY MMKPOOPraHWU3MOB
(no gaHHbIM Npsimoit MuKpocKkonun) / Population density of microorganisms introduced into the soil (ac-
cording to the data of direct microscopy)

UuncneHHOCTb KeToK / hparMeHToB
B / muuenns Ha 1 cm? (« 10°) [nvHa HuTelh / muuenuns, m/cm?
ap\l;a'-!T OSb;Ta Number of cells / fragments of Length of filaments / mycelium, m/cm?
arant o mycelium per 1 cm? (s 10°)
experiment OBLas
1 2 3 1 2 3 il
Common
Fis. muscicola 54,3+7,0 — — 407,2+52,5 — — 407,2+52,5
Fis. muscicola+ 5 ¢ o - 0,74#0,2 | 57,7497 —  1279%20| 856117
S. wedmorensis
Fis. muscicola+ | ) 3,90 | 0,002 - 112,2+21,7 | 66,4+9,0 — 178,6+30,7
F. avenacium
Fis. muscicola+
F. avenaceum+ 52,3+3,5 | 0,4%0,1 0,6%0,1 390,0+26,2 | 28,2+5,4 | 25,5+5,4 | 443,7+37,0
S. wedmorensis
Mpumeuanwne/ Note: 1 — Fischerella, 2 — Fusarium, 3 — Streptomyces, «—» 0603Ha4aeT «He 06Hapy>keHo» / 1 — Fischer-
ella, 2 — Fusarium, 3 — Streptomyces, “~” means “not detected”.

MULENaNbHOro retepoTpodha S. wedmorensis:
KonunyecTso nponaryn (taén. 1) n gnnHa mue-
nma (Tabn. 2) cTpenToMULETa B 3TOM BapuaHTe
[AOCTOBEPHO He OT/IMYaNUCb OT MoKasaTenen
B MOYBE C BHECEHMEM MOHOKY/IbTYPbI M CMeLLaH-
HOWM KynbTypbl S. wedmorensis + F. muscicola
COOTBETCTBEHHO. Pa3Butne gpyroro Muuenn-
anbHOro retepoTpoda — rpmba F. avenacium B
cocTaBe TPEXKOMMOHEHTHOM accoumalmn 6bino
YrHETEHHbIM M0 CPaBHEHMIO C MOHOKY/LTYPOii
atoro MO, a Tak>Xe CMeLIaHHOW Ky/bTypoli
F. avenacium + F. muscicola. Tak, Koin4ecTBo
(bparmeHTOB U ANMHa Muuenua F. avenacium B
TPEXKOMMOHEHTHOM KOHCOPLUYME MOAENbHOM
Bl cHmkanock B 2,3—2,4 pasa, OTHOCUTENIbHO
ABYXKOMMOHEHTHOM accouunaumnmn, rae crpen-
ToMuMUEeT oTcyTcTBOBan (Tabn. 2). MNMockonbKy
nepes HTPOAYKLMEN KybTyp B MOYBY OHa bbl1a
CTEPU/BbHOM, TO 0CO6EHHOCTM thopMupoBaHus Bl
B pas3/NIMYHbIX BapmaHTax ornpesensisiucb To/IbKO
XapaKTepoM B3aMMOOTHOLLIEHUSA MapTEPOB.
TecTpoBaHme aHTU(Y3apPUO3HON aKTUBHO-
cTn nccnegyembix Kynbtyp MO nokasano, yto LB
F. muscicola He oka3blBaeT yrHetarwLlero fem-
CTBUSA Ha (huTonartoreHHbI rpub F. avenaceum,
Torga Kak CTpenTOMULET, HanpoTUB, NPOSBUN
aHTU(YHTa/IbHY0 aKTUBHOCTb. BennunHa 30H
NHIMOMpoBaHUsA pocTa rpuba CTpenToMULLETOM
coctaBuna 20£2 MM B Cnyyae MOHOKY/bTYpbI
n 17+2 MM — B CNy4yae CMeLLIaHHOM accoumaumn
S. wedmorensis + F. muscicola. NMoaTtomy, Be-
POSITHO, B GBUHAPHOIM accoumaumn dysapmyma
¢ chuiepennoii He HabAAM TaKOro yrHete-
HUA TPUOHOro pocTa, Kak B 3TO MMe/I0 MecTo B
TPOMHOM KoHcopLmyme BI, rae ctpenToMuLET,

06/1agasa 0T4aCTN CXOLHBIMU C FPUOOM MULLEBbI-
MW NOTPEBHOCTAMM, NMPOAYLMPOBaASI, K TOMY XKe,
aHTU(YHrasIbHble MeTaboNUTBI.

Pe3ynbTatbl BbIMO/IHEHHOIO 3KCNepMeHTa
MoKasbIBatoT, YTO B Harno4seHHbIX B, cchopmm-
poBaHHbIX Ha ocHoBe LLB F. muscicola, ¢gitona-
TOreHHbIM rpmb F. avenaceum B canpoTpogHON
(hase pa3BUTUNA CrIOCOGEH 00 LEANHATLCS B ANHbIE
CTPYKTYPUPOBaHHbIE KOMMJIEKCHI C APYTrUMHK
yyacTHYKamMu MHOroBMA0OBOrro KoHcopumyma MO,
B TOM YKC/le CO CBOMMU aHTaroH1ucTamu. Passutue
NOA0BOHbIX 6UOMNEHOK HA NOBEPXHOCTU MOYBbI
3HaYMTESIbHO MOBbILLAET €€ CMIOCO6HOCTb YepXKU-
BaTb B/ary 1 rnpegorspatLars spo3uio [22].

BbisiBNeHHOe yrHeTeHMe pocTa rpmba B co-
cTaBe TPEXKOMMOHEHTHOrO KOHCOpLMyMa 3Kcre-
pPUMeHTa/IbHbIX BITT MOYKET Cy>XnUTb OCHOBaHMEM
[/15 BbISICHEHMS BO3MOXHOCTU UX UCMOJb30BaHNSA
B 3aLL1Te pacTeHWin OT 60ne3Hel. 13 NonyyeHHbIX
[aHHbIX CMefyeT, YTo IBYXKOMIMOHEHTHYHO accoLma-
umio LB 1 cTpenToMmUuEeTa MOXXHO paccMaTpuBaTh
KaK MepcrneKTUBHY B OTHOLLEHUW GMOKOHTPO-
na (py3apro3Hon MHpeKuMn. B To XKe Bpems,
B CMeLM{PUUECKIMX YCNOBUAX pU30CEPDI, XapakTep
B3aUMOAENCTBUSA 1CCNeflyeMblIX KynsTyp MO MoXeT
OT/INYATLCA OT TOT0, YTO ObL/T ONUCAH AN CTEPUSIb-
HO NOYBbI, IMLLIEHHON KOPHEBbIX 3KCCYAATOB.

BnnsHue npegnocesHol 06paboTKN ceMsiH
accoumaTuBHbIMKU KynbTypamu MO Ha mopdo-
MeT pUYeCKMe NokasaTe/n MPopoCcT KOB MLLUEHNLbI

BnvaHve Ha NpopocTKu nieHnubl F. mus-
cicola n S. wedmorensis B MOHOKYNbTypax U1
B 6uHapHon accoumaumm (S. wedmorensis +
F. muscicola) nayyann B 06bIYHbIX YCI0BUSIX
N Ha NCKYCCTBEHHOM WH(EKLNOHHOM (hOHE MO
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F. avenaceum. B 06bI4HbIX YCTOBUSAX MHOKYNS-
LA ceMsH uccnegyembiMm Kynstypamu MO npum-
Be/la K U3MEHEHWI0 Y MPOPOCTKOB HOPMasIbHOr0
COOTHOLUEHUA MOKasaTeNeil NMHEeNHOro pocra
(no6er/KopeHb) Mo cpaBHEHMIO C KOHTPO1eM 6e3
NHOKynAuumn (puc.).

Ecnu y HeobpaboTaHHbIX pacTeHWU faHHOe
COOTHOLLIEHMe cocTaBnsino 1,6, To B BapMaHTax ¢
06paboTKOW CeMSAH MOHOKY/IbTYpamu nccnegye-
MbIX MO oHo yBenmumnock o 2,5 (F. muscicola)
1 3,8 (S. wedmorensis), yKa3blBas Ha IeNPeCcCuio
pocTa KOpHS W nepepacnpegesnieHne notoka ac-
CUMW/IATOB B HaZl3eMHY0 YacTb. Kak cnefcTeue
HecbaslaHCMPOBaHHOIO POCTa OCEBbIX OPraHoB B
YCNOBUAX 3K30reHHOro NocTynieHUss MUKPOoO6-
HbIX PErynsiTopoB, MHOKY/ALNA CONPOBOXKAa-
Nacb y NPOPOCTKOB CHUM>XEHWEM OTHOCUTE/IbHO
KOHTPONSA CyXoi 6uomaccsl.

BwmecTe ¢ Tem, Npy MHOKYALMN CEMSIH 6U-
HapHoi accounanmeii S. wedmorensis + F. mus-
cicola HopMasibHOE COOTHOLLEHWE A/IMHbI Mobera
N KOPHSA Y MPOPOCTKOB He HapyLlanock (rnober/
KOpeHb = 1,6), COOTBETCTBEHHO 1 Briomacca rnpo-
POCTKOB B 3TOM BapuaHTe Obl/ia CyLLeCTBEHHO
BbllLLIE, YEM B BapmaHTax 06paboTKm CEMsIH MOHO-
Kynetypamu LIB n ctpentomumueTa.

Mpw BbIpaLLMBaHUN Ha MHDEKLVMOHHOM (hOHe
Yy HeobpaboTaHHbIX NMPOPOCTKOB COOTHOLLIEHWE
nober/KopeHb cocTasmio 4,1, a Macca CHMU3UMNach
OTHOCUTENIbHO KOHTPONS Ha 42%, Kak pe3ynbtar
MeTabo1M4YecKoro BO3AercTBMA Ha pacTeHus
thutonaroreHHoro rpuba F. avenaceum. MNMpeg-

noceBHas 06paboTKa CEMSAH MOHOKY/1bTypaMiu
F. muscicola u S. wedmorensis, B onpegenéHHoiA
CTENeHW, orpaHnYMBana yrHetaroLlee gecTeme
rpmba Ha pacteHus. O6 3TOM roBopsT 60/1€e HA3KME
(2,51 3,1 cooTBeTCcTBEHHO 414 LIB 1 cTpenTomumLe-
Ta), YeM 6€3 MHOKYNAUMN, 3HAYEHMS COOTHOLLIEHNSE
MeXXay NMHENHbIMX pa3MepamMu rnobera U KopHs,
CBUAETENLCTBYSA 0 60/bLLEN HanpaBIeHHOCTN No-
TOKOB MUTaTe/IbHbIX BELLECTB B KOPEHb. [Mpun aToM
cyxas bromacca NPOPOCTKOB, KaK MHTErpasibHbIi
nokasarteslb MX pocTa, Ha NH(EKLMOHHOM (hOHe
Obls1a cornocTaBMma ¢ 61momaccori B BapmaHTax Ha
HeUHMEKLIMOHHOM (hoHe. B pesynbrate 06paboT-
KN CeMSIH BMHAPHOM acCcoLMaTUBHOM Ky/bTypOii
S. wedmorensis + F. muscicola HameTMnack TeHAEH-
LMS K YBENIMYEHNIO CY X0 61omacchl NMPOpOCTKOB
Nno cpaBHEHUIO C BapuaHTOM 06paboTKM CeMSH
MOHOKY/bTYpOl F. muscicola.

Takum o06pa3oM, pe3ynbTaTbl MOAENbHOIO
onbiTa N0 MU3YYEHUIO BAUSHUS NUCCNENYEMbIX
MO Ha pacTeHUA MNLeHWLbl, NoKasaau, Yto Ha
paHHWX 3Tarnax OHTOreHesa A1 OrpaHNYyeHus,
00ycnoBneHHbIX rpmbom Fus. avenacium Hera-
TUBHbIX 3)(PeKTOB, MPUMEHEHNE BMHAPHOI acco-
umaumm F. muscicola + S. wedmorensis siBnsieTca
6onee NPesnoYTUTE/IbHLIM, YEM UCMO/Ib30BaHNe
MOHOKYNbTYpP LIB 1 cTpenTomuLeTa.

3aK/tueHune

Mpun NHTPOAYKLMN B CTEPU/IbHYIO NOYBY Fis.
muscicola, S. wedmorensis 1 Fus. avenacium B
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Fig. Effect of presowing treatment of wheat seeds on the morphometric parameters
of seedlings depending on the background of cultivation
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BUE MOHOKY/bTYP, BMHAPHbIX M TPOMHbIX acco-
Luaunii B BapuaHTax, BK/IYalLWmx B Ka4ecTse
O[IHOro 13 KoMMoHeHTOB LIB, nponcxoaut dop-
mMuposaHue BIM. Cpegn Bcex pacCMOTPEHHbIX
BapMaHTOB 3KCMepUMEHTa/IbHO CHOPMUPOBAH-
HbIX BN HanbonbLUe NAIOTHOCTHIO NOMYNALNIA
(cBbiwe 50 MAH K1./CM?) OTAXYaNNCh [Ba Bapy-
aHta: 1) F. muscicola n 2) F. muscicola + S. wed-
morensis + F. avenacium. 3710 CBUAETENbCTBYET
06 onpeaenéHHON CTeneH COBMECTUMOCTU U KO-
afantmeHoro passutua LB ¢ myuennanbHbIMU
3YKapUOTHbIM 1 NPOKapnoTHbIM MO. B aTnx ke
BapvaHTax 0TMeYeH MaKCUMasTbHbI YPOBEHb arpe-
rmpoBaHHocTK BIl, 06yCnoBeHHbIN Co3haHNEM
CEeTUaTOM-HUTYATON CTPYKTYPbl HA OCHOBE MeXa-
HWYECKOr0 CM/IETEHNSA HATHATBIX U MULLENTNATIbHbBIX
thopm. CymmapHasa fnmHa Huteid LIB, rpmbHoro
N aKTMHOMULETHOrO MuLenua B BI, cchopmmpo-
BaHHOW TPOWHOWM accoumaumeii MO, gocturana
444 m/cv?. B T0 XKe BpeMst, B GMIHapHbIX KOMMO3M-
LMAX YPOBeHb pa3BuUTUA LB 6b11 HAMHOIO HUXKe,
YTO KOCBEHHbIM 06pa30M MOXKET CBUAETE/IbCTBOBATb
0 CyLL,eCTBOBaHMM OrNpeaenEHHON CTeneHn KOHKY-
peHuMn 3a pecypcbl (NPOCTPaHCTBO) Mexay LB
N e€ reTepoTPOHBLIMI NapTHEPaMMU.

AHTaroHmsm S. wedmorensis B OTHOLLEHUY
thmTonatoreHHoro rpuba F. avenacium, Bbl-
SABMIEHHbIN B YNCTbIX Ky/bTypax, COXpaHsIcsa B
3KCNepuMeHTaIbHO ChopMMpPoBaHHbIX B, uto
MOATBEP>KAAETCH CHUXKEHMEM YMC/Ia (PParMeHTOB
N ONVHBI MULENA rpnba B noyse, Kyga 6biiv
WHTPOAYLMPOBaHbI CTPENTOMULIET-aHTArOHUCT
n LUB. OfHaKo B yCNoBUSAX pU30Ciepbl BbICLLETO
pacteHusa (NPOPOCTKU MLUEHMLbI), Bblpalin-
BaeMOro Ha CKYCCTBEHHOM (py3ap1O3HOM (DOHE,
0XMJaeMble NMOMOXKNTENbHbIE 3PeKTbI BUHap-
How accoumaumm F. muscicola + S. wedmorensis
0Ka3a/IMCb, Ha paHHUX 3Tanax OHTOreHesa, He-
[LOCTOBEPHbIMU. 3TO, pa3yMeeTCs, He UCKHYaeT
BO3MOXXHOCTb 3(PheKTUBHOI 0 NOJABEHNSA STUMMA
areHTaMu (py3apuo3HON MH(EKLMN Ha ApYTUX
CTafMsIX pa3BUTUSA pacTeHUA NN B UHBIX MO-
YBEHHbIX YC/IOBUAX, YTO TpebyeT npoBefeHUA
Aa/IbHENLLNX NCCNef0BaHWNA.
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