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N. M. l'm3arynnus,
PYKOBOUTEIH YTIPABICHUs
Pocupupomuansopa no Kuposcxoit oomact

OcHoBHble 3afja4u, cTosLme nepeq YnpasneHnem PocnpupogHagzopa no Kuposckoil 06nactu Ha
OIMKANLLYI NepCrneKTuBYy — 3T0 6e3YC/I0BHOE WCMOJTHEHWe BO3STIOXKEHHbIX Ha YnpasneHue 0083aHHO-

CTei 1 (OYHKLMIA, NPUMEHEHNE PUCK-OPUEHTUPOBAHHOIO NOAX0A NPW OCYLLIECTBIEHUN KOHTPOJIbHO-
HaJ130PHbIX MOHOMOYUIA, NEPeXos K NpeayrnpeanTeNbHbIM Mepam Haf30pHOro pearmpoBaHis.

IleicTBYIOLLAs rOCY1aPCTBEHHAS CUCTEMA
3KONOrMYecKoro perynupoBaHnsa nocTeneHHo
TpaHcopmupyetcs, locynapctseHHon [lymoit
NPUHAT COOTBETCTBYHOLLMIA (hefiepanbHbIi 3a-
KOH, KOTOPbIM YCTaHOBJIEH NEpUof NO3TANHOIo
nepexofa K NpMHLMNMaNnbHO HOBbIM MEXaHU3-
MaM perynupoBaHusi, OCHOBAHHbLIM HA NPUHLIN-
nax HaunyuLmx JOCTYNHbIX TEXHONOr M.

W3meHeHns 3aTparuBaloT Becb peasb-
Hblif CNEKTP 3KOHOMWKK, MEpa 3K0J10rM4ecKoi
OTBETCTBEHHOCTW CTABUTCA B 3aBMCUMOCTb
OT CTENEHW HeraTUBHOro0 BO3JEHCTBUA HA
OKpyXatoLyyo cpepy.

B yacTtHocTu, ¢ 1 aHBaps 2019 roaa K 06b-
eKTam, UCNONb3YHOLWMM Hauny4wWwme AocTyn-
Hble TEXHONOruM, 6yayT NPUMEHATLCA HYNEeBble
CTaBKM Nnatbl 32 HEraTMBHOE BO3JEHCTBHE.

Co cBoe# cTopoHbl PocnpupoaHaa3opom 1
ero TeppuTopUanbHbIMK OpraHamu cthopmMupo-
BaHa Heobxoumas MH(DpacTPyKTYpa, KOTOpas
o6ecneyuBaeT «NPO3PavHOCTb» HOBbIX NPaBUN,
a UMEHHO:

[l co3nana undhopmaumoHnHas cuctema yyé-
Ta 00bEKTOB HEraTUBHOI0 BO3JEACTBUSA B pe-
XHUME «OAHOr 0> OKHa;

M suicTpansaercs Heo6xogumoe B3aumo-
[eicTBHE C NPUPOJ0O0XPaHHLIMU OpPraHamy;

[ll1a cuctemHoi ocHoBe 0Ka3bIBAETCA KOH-
CynbTaTMBHAA NOAAEPXKKA NpeAnpPUHUMATENb-
CKOro coob6uiecTsa peruoHa.

B pamkax nepexofia kK HOBOii CUCTEME IKO-
NOrUYecKoro perynupoBaHus U3MEHUICA Nops-
[0K B3UMaHUA NNaTbl 3a HEraTUBHOE BO3JEN-
CTBME Ha OKpPYXaroLLyHo cpeay.
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CellbCROXO03511iCTBEHHOE pasBejleH e PACTeH I Ha IPOTSKeHI I MHOTX BEKOB II03BOJIIIIO YeJI0OBEUYECKOIT INBUITH3ATII
3HAUNTENBHO YBEJTUUNTH YUCAEHHOCTh Hace eHns 1anersl. OjiHaKo B pe3ysbrarte X03AHCTBeHHOI IeATeIbHOCTI MHOTHe
eé palioHbI TPeBPATHIINCH B 0E3BOJIHBIE TTYCTHIHH, COJISIHBIE TTYCTOTIN, OTBAJIBI I TEPPUKOHBI, OCTAIOIIIECs 0C/e T00bI I
MOJIe3HLIX ncKonaeMblxX. [IpakTuryembre MHOTTE JeCATHICTHA KIACCHUYECKNE TEXHOJIOTUN PEKYJLTUBAINYT TaK W He
npusean K dO@HeKTUBHOMY peleHnio BO3HUKIINX 1podJieM, a r'yMaHucTuiecKkue MeHHocTn He M03BOJAIOT TTONTH 110
MyTH OTPAaHMYeHHsT POCTa YNCIeHHOCTH Hacerenns. B nacrosiimem 0630pe paccMaTpuBaioTes HOBBIE MOJXOJbI, KOTOPBIe
CHOCOOHBI 3HAYNTEJIBHO HOBBICUTH 3(HEKTUBHOCTD OUICTRI U BOCCTAHOBJIEHIS CBOICTB 110UB, Oi1arofjapsi KOMOMHATHBHOMY
MPUMEHEHNIO HECKOJIBKIX OMOTEeXHOJIOIHI: PTeHeTHYeCKOI MHIKeHePUH pacTeHnil 1 MUKPOOPraHn3MOB; HAHOTEXHOJIOT T
PERYJIBTUBALNN U CO3[IaHUA NCKYCCTBEHHBIX aHAJIOI0B IIOUYBbI, UCIIOAb30BAHNIO HOBBIX IeOIJIaCTUYECKUX MaTepualioB
JUIsL CO3JIaHMSA MCKYCCTBEHHOTO sanmadra. OOy aercs NPUHIMITNATbBHAS BO3MOMKHOCTb CO3[aHUsl NCKYCCTBEHHbIX
KoJtaboparuii pacteHuil 1 MUKPOOPraH3MOB HAa OCHOBE MMOTEHIMANBLHO YCTOHYNBLIX K 3arpsA3HEHNIO, CIIOCOOHDBIX K
s derTnBHOMY B3aNMOJIEICTBIIO OPTraHN3MOB.

C npuMeHeHIEeM HOBBIX IOJXO/0B OTKPBIBAIOTCS I HOBbIE BO3MOKHOCTHU JJIsi BOCCTAHOBJIEHUS 9KOJIOIMYECKOIO
COCTOSHUSA TePPUTOPUIL, TOJBEPTIINXCSA JIeTPAlaIiNN 3a THICAUCTCTNS CYIIeCTBOBAHNA YeT0BEYCCTBA.

Kaouesste cosa: ierpajaiius mous, 3arpsi3HeHne 0TXoAaMi, SKoOoTexHosorusi, uropemesuaius, pusocdepHble
MUKPOOPraHU3MbI, TeHHAas NHKeHepust, PEROHCTPYRIUs Jaujmadra.

Genetic engineering in solving
“unsolvable” problems of soil remediation
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Many centuries of cultivation of plants allowed human civilization to significantly increase the population of the
planet. However, as a result of economic activity, many areas have turned into waterless deserts, salt heaths, dumps and
waste pits that remain after mining. Classical technology has been developed for many decades, but this has not led to an
effective solution of the problems that have arisen, and humanistic values do not allow for the reduction of the population.
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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.

Xo3ssiicTBeHHAS AeATETHHOCTH YET0OBEKA 1
merpajpanus 3eMelb

XossiicTBeHHasa AeATeJbHOCTh YeJT0BeKa
¢ IpeBHENIMNX BpeMEn OBIIa cocpeoToTeHa
B palioHax ¢ BBICOKUM YPOBHEM JIOCTYITHOCTH
BOJIBI, ¢ OJTArOTTPUATHBIMU JIJIST 3€ MIICIeJI ST KT -
MaTUYECKUMU YCJIOBUAME, 0OecTIeunBAIONIM I
BBICOKYIO M CTAOUJABHYIO TTPOJYKTUBHOCTD
ceqbCKOXO03slicTBeHHBIX yroauii. [Imomopos-
HBbIe 3eMJIN — 00s13aTe/IbHOe YCJIOBUE paciiBera
JeJ0BEUCCKNX IUBUAN3aNuit /[pesmero mupa.
Nx sromomMmueckoe porgetanne obecmeanBa-
JIOCH YCTOMYMBHIM CITPOCOM HA TPOLOBOJIHCTBIE
7 PYTHe MPOAYKTHI CeIhCKOX03AMCTBEHHOTO
TPOM3BOMCTBA, KOTOPLIE MO3BOIAIN TMOTYIATD
HeoOXoaAMMoe Kak Obl HIMOTKYIA, OecIiIaTHo.
[Tosromy TOUBEHHBII pecype BBICOKO MEHIIICH,
OBLJI 1 0CTAETCS TPEIMETOM MHOKECTBA BOTH, a
TaKKe 00 LEKTOM KOJIOHUBATINY, TPUBOJISIIEIN K
XUMHTYECKOMY UCTPeOTeHIIO PACTUTETLHOCTH,
B wactuoctu, gecoB [1-4]. @opmupoBanme
XOPOIITO TYMYCUPOBAHHBIX TJIOOPOJIHBIX TTOUB
MTPONCXONIIO B GacceinHax KPYMHBIX PeK, 0CO-
OeHHO B WX JIEJILTAX, B Pe3yabTare cHOCA WA
¢ TePPUTOPUH, PACTTOMOKEHHBIX BRITIIEC TTO Te-
yeruio [9, 6]. 'eomopdosornueckne pannbie
CBUIETEIHLCTBYIOT, UTO yike B [|peBmem mmpe
MOUYBGLI DOJBIMTUHCTBA CEIHCKOX03AMCTBEHHBIX
YTOAUT TO/IBEPTaNNch dPO3UH, ITOT MTPOTECC
IpomoJIKaeTcss U B Hacrosliee spems [7].
B ¢Bsiau ¢ mHTEHCUBHOIT JIEATENIBHOCTHIO Ue-
JIOBEKA OrPOMHBIE TITOTIAJM 3eMeJh He TOJNHKO
BBIBEJIEHBI 13 XO3SATCTBEHHOTO 000pOTa, HO U
ABJISAIOTCS, HA CETOMHANIHUN eHb, TPAKTH-
yeckn OecrmopabiMu [8]. Eskeromno Mmuposoe
CeJIbCKOe XO3SCTBO HEJ0MoJydaer 79 MJIP/
TOHH PACTeHMEBOMUYCCKON MPOXYKINT B pe-
3yJabTaTe BeTPOBOM M BOMAHON Hpo3nn; YObITKI
oleHUBAIOTCS cyMMoil orojio 400 muppn moJi.
CHIA B rop [9]. Mecra, TpaguiinoHHO cunTaloO-
MIecs KOJTBIOebIo YeJT0BevecTBA, HhIHE TIPe]-
CTABIAIOT cODOIT MyCTHIHHBIE 1 Oe33KM3HEeHHbIe
npocrpancrsa [10].

Passutne uenoBeueckoil nuBuIN3anmnm
CO3MIAJIO0 M elé HeCKOJbKO TPeIeleHTOR aH-

TpomoreHHol gerpaganuu nous. bypuoe pas-
BUTHE CEIbCKOTO XO35MCTBA U MCII0JIbH30BAHTE
MPPUTAIIHN, KaK OJ[HOTO N3 BUIOB MeJINOPAIN,
MPUBEJIO K POCTY BTOPUUYHOTO 3aCOJMEHTIS, Jlesast
Mpesk/ie MIO0I0POJHBIe TOYBBI BCE MeHee IJI0-
JOPOJTHBIMY, & 4acTO — Jlaske Oe3RIM3HeHHBIM.
JlobGbrua mose3HbIX MCKOTTA@MBIX OTKPBITBIM
c1ocobOM, 3a4acTyi, BeJET K MOsIBJIEHUIO
«JTYHHBIX JaHAa@ToOB» BOKPYT MIAaXT U 1epe-
pabareiBaionux kKomomHaTos. OrpoMHbie 110-
majin, 3aHsATbIe KapbepaMu, oTBaIaMu Mocje
MOOBIYN TTOJIE3HBIX NCKOTIAEMBIX, TTPEJICTABISIOT
Cepheé3HYI0 OMACHOCTL W BOCCTAHOBIEHHE PaC-
TUTEJTBLHOCTN HA TEPPUTOPHAX, TPUMBIKATOTINX
K ITaxTaM W TPenpusaTHAM 1o mepepadboTre
TOPHOPYHOTO CHIPHS, COCTABIALT OTAEIBHYIO
sRoJoTmUecKyto npobaemy. [locrosunoii 3ab6o-
TOW HKOJIOTOB OCTAETCS YPOBEHB 3arpsisHEHU S
mouB TskénbivMu Metaanavu (TM)[11].

K nostHOT nim 4acTuyHOI 1moTepe moYBeH-
HOTO TJOJOPOJANSA BEIET MPoIlece, N3BECTHON
MO/ TEPMUHOM «JIeryMuurarus». YUnuTbiBas,
YTO B IIPUPOJHBIX YCJOBUSX ¢Ji0ii rymyca B 1 em
(opmupyercs B TedeHmne cra get, HEYIUBUTEb-
HO, YTO UMEHHO Ta COCTABJSTIONIAS TOUYBEHHOTO
IJI0/IOPOiNsA HanmboIee yA3BUMa, U yTpara ry-
Myca MPUBOANT K CYMIEeCTBEHHOI Jerpajarnn
MTOYBHI.

Jlerpagamnus mouB, B T. 4. NPUTOJHBIX
LTSI 3eMJIeJlesIvsl, sIBJISIeTCsT MHOTOTIIAHOBBIM
MpOIEeccoM, 3aTParuBaIONINM BCe ACHeKTh
cymniectoBanus ganamadrabix cucrem [10].
[TpunsaTo paznamyars Guanmyeckyio n Xxummnye-
CRYI0 Jlerpajaiuio mousbl. K mepBoit oTHOCAT
n3MeHeHNe TOYBEeHHOTO MTPOMUIs, NIPUBOJsIIee
R 3HAUUTEIHHOMY M3MEHEeHN 0 MAKPO- 1 MUKPO-
peabeda, yxyamennio Guandeckux cBONCTB
IPYHTa W MOTepe ecTeCTBEHHOI CIOCOOHOCTI
MOYBHI K BOCCTAHOBJIEHNTO CBOMX CBOMCTB (Cy-
npeccuBHOCTN). K TaKMM TTOCTEICTBUAM BEIyT
BeTPOBAs 1 BOJHAS DPO3MS, & TARKe PAa3TNIHOTO
pojia aHTPOIOTeHHbIe BO3/IeTICTBIS, TTPUBOJIS-
e K 00pazoBaHIIo OBPAroOB, MyCTOIIel, y4acT-
KOB € BBICOKMM YIIJIOTHEHUEM TOBEPXHOCTHOTO
CJIOsT, MeCT BHYTPEHHEeI 9po3uu, Harmpumep,
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B pesyJbTaTe HeNpaBUJILHOTO APeHIPOBAHUS.
Bropasi — xumnueckas jlerpaganus — cBsi3aHa
¢ U3MeHeHIeM CBOICTB TOUBEHHOTO PACTBOPA,
4TO BBIPAKAETCS B COKPAIEHUN COJePsKaAHUS
I'YMYCOBBIX BeIECTB, U3BME@HEHUN KUCJIOTHO-
IeJ0YHOTO Hasanca, a TakyKke MUHepPaJTbHOTO
1 cOJIeBOTO coctaBa. B pesyibrare aToro nipomuc-
XOJISIT IIPOTLECChI BHIIEIauMBAHIS, 3aCOJTCHUS,
OCOJIOHTIeBAHIS, TTPUBOJAININE K M3MEHEeHI IO
BOJIOY/IePsKUBAIOTIET CITOCOOHOCTH, MeXaHIIe-
CKUX CBOMCTB ITOYBBI U, B I[€JIOM, YTPaTe MOYBOT
CBOETO TJIABHOTO arpubyTa — IJI0K0POJIHS.

Ha ceropnsmunit genn npumepuo 33%
MUPOBBIX MOYBEHHBIX PECYPCORB JlErpajiupo-
BaHO BeJencTBre GU3NYECKON N XUMUYECKON
APO3NUI, 3ACOJEHNST, BARMCIEHUS, 3aTP3HEH WS
consamu TM, sDKoTOKCHKaHTAMMI, OCTATOYHLIM I
MeCTUI U/ aMi, BRBIMBIBAHUS OPraHNYeCKUX
U MUHEPaJTbHBIX BEIECTB 1 IPYTUX POTECCOB,
CBA3AHHBIX ¢ HePAMOHAJIBHON MPAKTHKOM
yrpasienus s3emesnbHbIME pecypcamu [12]. Co-
IJIACHO TIPOTHO3aM, 00TIast MJI0IIA/[b TAXOTHBIX
U IJIOIOPOJIHBIX 3eMesib Ha Y1y HaceJeHus K
2050 1. cocTaBUT TOJTBKO YeTBEPTH OT YPOBHS
1960 1., 1 570 B TO BpeMs, KOrjla B MUpPe esKe-
nHeBHO O60siee 80D MJITH YeTOBEK CTAJIKUBAIOTCS
¢ rosorom uan wegoenanmem |8, 13]. Pocr
YICJIEHHOCTU HacCeJeHUs B MOCJeJYIIine
39 met morpebyer yBeJInueHWs MPOM3BOJCTRA
mpoAyKToB nuranus mpumepro ua 70% [14].
Kpowme Toro, B ¢BsI3u ¢ pajinKajibHBIMI U3Me-
HEHUAME KJINMara B HACTOsIee BPeMs, -
OPUTETOM CTAHOBUTCS BOCCTAHOBJICHNE PACTH-
TeJTBLHOTO TTOKPOBA HA TEPPUTOPUAX, TJie ObLIN
yTpaveHbl Jieca, TPaBSHUCTHIIT TOKPOB, a 3aTeM
n moua. [lo-mpesxnemy akTyanabHoii ocraéres
3ajjaua yKperieHusi CKJI0HOB OBPATOB 1 OCHITIe
OT pazpytieHusi. ITU U JIPyTrue, moposiaeMbie
ferpagarueil mouB, mpodaeMbl, HECMOTPS Ha
YCUJIUS PA3TNYHbBIX NCCJI0BATEILCKUX TPYIIIL,
Ha IPaKTUKe OCTAIOTCS TAK 3Ke [aJeKn OT CBOero
perenus, kak n paree [13]. Tornko BHemperne
HOBBIX TEXHOJOTHI 1 TOUCK HETPAUIITNOHHBIX
perieHuii MOKeT OCTAHOBUTD MPOIECC yTPaThl
MOYBON TLTOMOPOJINST, & TIPU PA3YMHOM MOJIX0-
Ie — MOBePHYTH ero BeisATh [14].

Poab MuKpoOHO-pacTHTEIbHBIX KOJLIO-
Ooparuii B BOCCTAHOBJIEHHH YyTPAYeHHOTO
TJIOTO PO TIOYB

Jlust HenipuroHBIX K MCTOAB30BAHUIO
3eMesb XapaKTepHbl HapyIlleHns, CBsI3aHHbIe
¢ M3MeHeHIeM YpPOBHs OOBOJHEHHOCTH, ra3o-
BOI'O cOCTaBa IMOYBbI, HAJIUYUS U JIOCTYHHOCTU
MUHEepaAbHbIX 3JIEMEHTOB MUTAHUS U TyMyca,
peariun cpepunl (pH) u onpepensieMbIx STIMN
(arTopamu 00IETO KOJTNYECTBA U COOTHOIIIE-

HUST OTeJBHBIX TPYIT MOYBEHHON MIUKPOOMO-
ThI, BRJIIOUAsT KAaK MOJe3Hble, CUMOMOTHYECKIE
MUKPOOPTAHUBMBI, TAK 1 (PUTOMATOTEHBI.

Mukpoopranuambl MOTYT OKa3biBaTh Kak
HPsIMOE, TaK 1 OTIOCPEIOBAHHOE MOJIOKUTEIbHOe
BJIMSTHIIE HA POCT PACTeHUIT U UX CIIOCOOHOCTh
COTIPOTUBJISAATHCS HETaTUBHBIM (DAKTOPAM OKPY-
sratorreii cpepibl. OMHY 13 HUX 32 CUET a30TPUK-
carum CIocoOCTBYIOT YAYUIIEHNTO a30THOTO
MUTAHUSA PACTeHUil, APYTHe MOBBITIAIOT s
HEro I0CTYIHOCT (pocdopa mim ToepaHTHOCTh
K a0MoTHYeCKUM 1 OMOTHUYECKUM CTpPeccam,
Gyiarojiapst MPUCYTCTBUIO DHAOPUTHBIX MUKPO-
0oB. Bakrepun MOryT TakK;Ke MPENATCTBOBATH
MOpayKeHNIo pacTeHN il MaToreHAMU, TPOJTYIH -
Py BamuTHBIC OMOTIEHKN WM aHTHOMOTHKH,
eiicTBYOIINEe KaK OMOKOHTPOJUPYIOIIIe
areHThl, WJIN pasjiarath NPOJyIIpyeMblie pac-
TEHUSIMI WJITH MUKPOOAMU COINHEHNS B TI0YBe,
KOTOPbIE B HPOTHBHOM CJy4ae OKa3bIBAJIHN Obl
AJLTeNIOTTATHYCeCKOe IeCTBIe UM Jaske OLLIN
aBroTokcuunbiMu [15].

Jltst ipuBIIeUeHIS TOJIe3HBIX MITKPOOPTAH 13-
MOB CJIYJKAT BBIJIeJsieMble KOPHAMU Pa3JindHbie
BerecTBa — dsKeeymarsl. RopreBast skceymarms
00yCJIOBINBACT CYIECTBEHHO 00Jiee BBICOKYIO
YUCTEHHOCTH MITKPOOPTaHU3MORB B ITPUKOPHEBOIT
30He 0 CPABHEHITO ¢ TOUBOIT, CBODOHOT OT KOP-
Heii. Ilpn cumbuornueckux B3auMojeiicTBusX
pacTeHus 1 MUKPOOPTAHU3MBI MOTYT OKa3bIBaTh
CYIIECTBEHHYIO MOMJIePIKKY JPYT APYTY U HC-
MOJb30BATh CUCTEMbl OMOCUHTE3a MapTHEPOB
B TeJISIX PeryJsiiiui CBOEro OHTOTeHe3a 1 Me-
rabonmmama [16]. Muorue merabonuTsl (Taxue,
Kak l-amuuonukaonponan-1-gapbounosas
KHeJoTa — lesaMniasa, WHA0JINI-3-YKCYCHas
KUCJIOTa, MITOBEePNH, OPTaHMYeCKITe KICJIOTHI —
JUMOHHAs, A0M0UHAasA U I[laBeaeBas u Jap.),
MPOU3BOJMMbBIE PU3OCHEPHBIMU MUKpPOOpTa-
HU3MaMu (HaIpuMep, CI0COOCTBYIOTINMU POCTY
pacrenuii 6akrepusimu —PGPR), yuacrsyior
B IPOTEKAIOINNX B pusdochepe duoreoxmmu-
YeCKUX TPOTeccax, BRAYAS TPAHCIOKAINIO,
TpancopMaInio, XeJaTupoBaHmne, UMMOOI -
guzanuio TM [17], cHuRaoT TOKCHYHOCTH 1
CIOCOOCTBYIOT YIAJICHNIO Yepes YCThIIa opra-
HudecKux moJjuriorantos [18], obecieunsas, B
KOHEYHOM cuére, Aerpajarinio sarpsasuuresiei
un puropemeuaruio mouns [19].

JleitctBuTeNIBHO, CIIOCOOHOCTH OCYIIECT-
BJISAATH MTPOIECCHI leTpajianun 60TbIITNHCTRA 3a-
rps3HuTesell OblIa n3yueHa, B IepByIo Ouepelib,
y OakTepuii 1 MUKpocKoTmuecknx rpubon [20].
OnHako M y BBICIHINX PACTEHUI CYIIECTBYIOT
CXOJiHbIe MeTaboJnyecKkue MyTH, obecredn-
BaloOIIe pasjoskeHne u TpancdopMaIimio dKo-
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TORCUKAHTOB [21]. TO TOITBEPIKIEHO JlaBHEl
MPAKTUKON NCIOIb30BAHMS BOJHBIX PAaCTeHMI
JJIST OUMCTKY 3arpsI3BHEHHBIX TTOYB 1 BOJLOEMOB,
COCTaBUBIIENl OCHOBY X IIPUMeHeHUs B cOBpe-
MEHHbIX TEXHOJIOTNAX OUUCTKN KOMMYHAJIbHbBIX
N ITPOMBITIIJIEHHBIX CTOROB. PHCTGHI/IH Ha3bIBAIOT
«3eJIEHON MevYeHbio», 4TO OTPaYKaeT MX AeTOK-
CURaUoOHHbIe Bo3aMoskHOocTn [22]. Bonpekn
NMEIOTIMCS MPAKTHIeCKNM pe3yabraraM,
(mropemegmanA 10 CUX MOP CUNTAETCS 3a-
PORIAIONIETICA TeXHOJOTHell, KoMMepuecKoe
npuMeHeHe KOTOPOIl 1Mo Macimirady emné He
COTIOCTABMMO ¢ aHATOTHYHBIMU TeXHOJOTUSI-
MU, OCHOBAHHBIMU Ha MUKPOOHBIX TTPOTIeccax.
Tonbko HegaBuo 1A MOBBITIEHU dPPERTUB-
HocTu puropemMe Al 3aTPS3HEHHBIX TTOYB
OBIIIO TIPEJIJIOKEHO COBMECTHOE UCIT0Ib30BAHNE
pacrenuii n 6axrepuii [23—-25].

Paspaborka 110/1x0/10B, OCHOBAaHHBIX Ha
YIpaBIeHUN B3AUMO/ICIICTBIEM MERLY TOUBEeH -
HBIM CyOCTPATOM, PAacTeHUsIMI U TTOYBEHHOM
MUKPOOMOTOI, MO-BUANMOMY, — eIHHCTBEHHO
peasbHasi BO3MOKHOCTH BOCCTAHOBJICHNUS 3€-
MeJTh, yTpaueHHBIX YeJI0BeUeCTBOM B pesyJsbrare
JUTUTEeTLHOTO ITeProjia HeparnnoHaJlbHOTO I He-
pPaszyMHOI0O 3eMJIeTI0JIb30BaAHNS.

Merongonornueckue moaxoabl K dmope-
KOHCTPYKIIMN YTPAYyeHHBIX U U3MEHEHHBIX
naugma@ron

Paspaborka mojesneii 61OpeKOHCTPYRITUN
1Mo4RB, (popMUPOBaHITE KOTOPHIX 3aHIMAJIO M-
JIMOHBI JIeT, pejicTaBiser coboil BoccospaHme
Hanbosee 3(pOeKTUBHBIX eCTECTBEHHBIX CTpa-
teruii. B pspme caydaes BoccTanoBUTENbHbBIIT
MpPOIece MPUXOANTCS HAUYMHATL He ¢ MOUYBHI,
YacTUYHO yTPATHBINENl CBOW CBOICTBA, a ¢
cyberpara, 3adacTyio 003 aI01ero BhICOKOT
TOKCUYHOCTHIO, HIU3KOI WJIN, HA000POT, Yypes-
MEepHO BBICOKOI BJIAT0- 1 ra3oyjiepsRuBatolei
CITOCOOHOCTHIO, HEOIATOMPUATHBIM MeXaHve-
CKUM COCTABOM U IIPAKTUYECKHU He CIIOCOOHOTO K
ecrectBeHHOMY (popmupoBanmuio nmoussl. [losro-
MY TIOJXOJIbI K OMOPEROHCTPYRITMU YTPAueHHBIX
pacTuTeJIbHbIX COO6H_[OCTB nmpunHouIImnajabHO
OTJIMYAIOTCS OT peMeinalny TeppuToOpuii, moj-
BePyReHHBIX JINIIh 4aCTHIHO leTpaarn nin
9pO3nM, HAa KOTOPHIX, TeM He MeHee, COXPaH-
Jach MOYBA, yCTh M YTPATUBIIAs MJIO0POJe
7 3arps3HEéHHAss TORCHKAHTAM.

IIpu cosnanum de novo Heroero anasora
MTOYBHI, TIPEJKIE BCETro, He0OXOINMO TTPeyCcMO-
TpeTh cO3/aHue UJIN MOAU(PUKAINIO CaMOTo
cyberpara, a rark:ke 3 PERTUBHYIO CUCTEMY
IS COXPAHEeHUsI ero MeJJOCTHOCTU U CBOWCTB.
Jlnsa RoppeRInmm MeXammIecKnX KauecTB cyo-
CTPATORB TIpeJaraeTcsi NCIoab30BaTh HOBbHIE

TeXHOJOTUN PETYJIUPYEMOTO YBIAKHOHUS, Ha-
HOTEXHOJIOTNYeCKIe TTPUEMbl KOPPERTUPOBKI
MOBEPXHOCTH, W JlaKe cO3[laHne HOBBIX (hOpM
pesabeda mocpecTBOM IMOYBEHHOI TeOTIacTi-
k. Ocoboe BHUMAHUE YACAACTCSA CO3MAHUIO
3PPEeKTUBHBIX NCKYCCTBEHHBIX CyOCTPATOB HA
OCHOBE TIPUPOJIHBIX U CUHTETUYECKIUX Marepua-
JIOB: IEPJIUT, MITHBATA, TOPGO-TIecHanbie CMecH,
KOKOCOBasi CTPY/RKA, MPOJYKTHI MepepadboTKkn
MeJTI0NI03EI (OMITOK, cooMa, epepadboTanmast
oymara) [26] .

Jlnst yBermueHUS TOUBEHHOTO TIIIO/IOPOJIVST
OTPpOMHAsT WHJYCTPUS TPOUBBOJUT CETOJHS
pasanmyHble IPUPOHbIE I CHMHTETUYeCKne y/0-
Openusi, bnosornyeckne J06aBKI U PETyJIsiTOPbI
pocra pacTeHUil 1 MUKPOOPraHM3MOB, TIpeJiia-
raercst psiji MTaMMOB MUKPOOPraHU3MOB, 110-
TEHINAJTbHO TTOJIe3HBIX JIJISI KYJbTUBUPOBAHUS
pacrennit [27]. B kagecTBe 3aMUTHI MOYBHI OT
fperyMu@uRraInm He yTpaTuan CBOero 3HaueHust
pasJIimvHbIe BUI TIePeTHOS, CATIPOTIeisl, HCKYC-
CTBEHHBIX cyOCTpPaTOB, MOLOOHBIX «Teppa Ipe-
Ta» — AHTPOIIOTEHHOMY IPYHTY, OJTy4aeMOMY,
Ha OCHOBE aKTMBUPOBAHHOTO JIPEBECHOTO YT-
ns [28].

Kpome Toro, mjisi peKOHCTPYRIUN WU JIJIsT
BOCCTAHOBJIEHUSI JIECHOTO, CTEITHOTO MJIM CMe-
MaHHoro 61oTONa HEOOXOMUMO OCYIECTBUTh
nonbop pacreHuii, obecrnedynBaOINX MaKCH -
MajabHOEe TOCTYIJIeHIe B MOUYBY OMOMACCHI,
3a CY6T JMCTOBOTO U KOPHEBOTO OTaja M Bbi-
feseHnsi KOPHeBBIX dKceyaaToB. llpu vynb-
TUBUPOBAHUY B YCJOBUAX €CTECTBEHHOTO MM
MCKYCCTBEHHOTO cyOcTpata pactenne B3amMo-
neiicTByer ¢ JabUIbHOI CUCTEMOIl, BKIIOYAIO-
e ctrabmIbHbIe ROHTJIOMepaThl 1 MOOUJIbHBIE
snemenTol (puc. 1). Boipensis pasnoobpasmbie
HKCCY/IaThl, KOpHeBas cucreMa odJajiaer cio-
CcOOHOCTHIO MO UITITPOBATH ATY CUCTEMY, BO3-
JIefiCTBOBATH HA TY U JIPYTYIO €€ COCTaBIISIONINE.
MobusibHbie 37eMeHThI, P B3AUMOJeICTBU I
C pacteHmeM, MOTYT He OKa3bIBaTh BIAMSHUSI
Ha ero Haj3eMHyio u nopszemuyio dacts (1),
BBI3BIBATH CTUMYJISITINIO pocta (2) mian, Haobo-
poT, yruereHme pacteHus B megom (3) uim ero
OTJIeNILHBIX OPTAHOB W TKaHel (4, O), BHI3bIBAs
U3MEHEeHUe pa3MepoB RIETOR, KYTUPYs UX Jlese-
HUE 1 POCT PACTAKEHUEM, WJIH, TPU OTCYTCTBUT
MeXaHW3MOB ajlanTanum, MIPUBOAUTH K rubesn
pacrenus (6).

Ocoboe BHUMaH e, lasKe TTPU BOCCTAHOBIIC-
HUU JIPEBECHBIX U KYCTAPHUKOBBIX OMOTOTIOR,
HYKHO Y/JeJATh OJIHOJIETHUM 1 MHOTOJIeTHUM
TPABSHUCTBLIM PACTeHUAM, KOPHEBOI OmaJl
KOTOPBIX BHOCUT HAMOOJIBIINIT BRI B OasaHc
opraHmvecKkoro Beiecrsa mousbi. [Ipu Beidope
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Pue. 1. / Fig. 1. Cxema B3anMo/ielicTBIS TPW KYALTHBUPOBAHIN PACTCHWI B YCIOBHSX €CTECTBEHHOTO
mn neRycerBeHHOTO cyberpara. [oscrernms em. B rekere / Scheme of interaction during cultivating plants
in conditions of natural or artificial substrate.For explanations, see the text

Puc. 2. / Fig. 2. Cxema B3auMo/ieficTBIsI MTKPOOPTAHN3MOB B YCJIOBUAX €CTECTBEHHOTO
nian ucrycerBeHHoro cyoerpara. Iosicaenust em. B rekere / Scheme of interaction of microorganisms
in conditions of natural or artificial substrate. For explanations, see the text.
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Pue. 3. / Fig. 3.1log6op n cosmanme yeroitanseix pacrennii (1) mw mukpoopranmamosn (11) k osrmmaemsim
YCIOBHSIM HA TePPUTOPUH, IIpejiosaraeMoii st pemepnarin. Mopundukaius pacrenuii ¢ meanio
peMesMaIuu OYBEHHOTO cyOcTpaTa i MpUBAeUeHUsT MUKPOOPraHu3MoB-Koanadboparopos (L.1).
Mopuduranus npejcraBureseii MUKpPOOHOro cOODINECTBA ¢ TeJbI0 peMeualiui MoYBeHHOro cydberpara
n yJIydIieHus pa3BuTHs KOPHEBOIi cucreMbl pacrenuii-rossaboparopon (I11.1). B nmopsijike pacionoskenns:
Garrepun (1), MmuresnaabHbie MUKPOOPTAHU3MBbI (2), TOYBEHHBIE 3TIeMeHTH (3), 6akTepuanbHbie
MeTaboauThl (4), MeTabOJIUTHI MUTEJIUATLHBIX MUKPOOPraHuamMon (9), nousernbie gepmerts (6),
sKccyaaTel pacrernii (7), Moan@uImpoBaHHbIe TOYBeHHBIE deMeHTH (8) / Selection and creation of plants
(I and microorganisms (II) resistant to the expected conditions in the territory intended for remediation.
Modification of plants for the purpose of remediation soil substratum and attraction of microorganisms-
collaborators (1.1). Modification representatives of the microbial community to remediate the soil sub-
strate and improve development of the root system of plant collaborators (I1.1). In order of location: bacte-
ria (1), mycelial microorganisms (2), soil elements (3), bacterial metabolites (4), metabolites of mycelial
microorganisms (9), soil enzymes (6), plant exudates (7), modified soil elements (8).




TEOPETNYECRUE ITPOBJIEMbI OROJIOTN

KOHKPETHBIX BIUI0B PEKOMEHIyeTcst 00paiiarh
BHUMAaHIe Ha CeJbCKOX03SICTBEHHBIE KYJIBTY-
pbI, TAK KaK UX HaJaKeHHOe CeMeHOBOJ[CTBO
MO3BOMNT n3bekaTh MHOTHX Tpodaem. K moren-
IUAJbHBIM PACTeHUAM-peMelnaHTaM OTHOCST
PA BHUOB ¢ BBICOKUM a/[alITUBHBIM MTOTEH -
MIAJIOM: TIPeICTaBUTENIeN CeMeCTB 3JJaKOBHIX,
6000BBIX, CJAOKHOIBETHBIX, B Psjle CAydaen
MOTYT OKa3aThCs MOJE3HBIMU BUJIbI OCOKOBBIE
" KpPecTolBeTHbIe.

He mMenee BaskHBIM SIBJISIETCS BOCCO3AHIE
MUKPOOHBIX KOMITOHEHTOB I10UBEHHOI CUCTEMBI,
obecrieunBaloNnX eé HopMaabHOe PYHKITNOHM-
poBaHMe 1 yCTOIYMBOE COCTOsIHIIE, TepepaboTRy
u Tpanc@opMaInio OPraHnueckoro BerecTBa u
dopmupoBanme rymyca. OueBuiHO, 4TO0 MUKPO-
OpPraHm3Mbl, B CBA3W ¢ pasnuieil QyHRINI,
TOsKe JIOJIZKHBI ObITH OTOOPAHBI ¢ YYETOM UX YC-
TOWYMBOCTU K HEOJIATOTIPUATHBIM YCAOBUSAM 1
MOTYT TIPUHAIEKATH K PA3JUYHBIM TPYIITIaM
OJTHORJICTOYHBIX (OaKTepPUM, APOKIKI) U M-
MeJNaTbHbIX (MIKPOMUIETHI, aKTHHOMUILE-
ThI) opranusMoB. B yrnpoménuom Bue cxema
B3AMMOJIEICTBISI MUKPOOPTAHU3MOB IIPU KYJIh-
TUBUPOBAHUY B YCJIOBUSAX €CTECTBEHHOTO WJIN
NCKYCCTBEHHOTO cyOcTpara npejicraBieHa Ha
pucynke 2. Ilpogynupys pasnooGpasubie Me-
TabOJUTHI, MUKPOOHOE COODIecTBO obiaaeT
CIIOCOOHOCTHI0 MOIM(PUIINPOBATH TTOUYBEHHYIO
CHUCTEMY, BO3/ICIICTBYS KaK HA €6 OTHOCUTEJIHbHO
MOOUJTbHBIE, TAK 1 HA CTAOMJIHHbBIE KOMITOHEHTHI.
[Tpu B3ammopeiicTBUN ¢ cyOCTPATOM MUKPO-
OpPraHM3Mbl MOTYT He OKa3bIBaTh BIAMSAHUS Ha
COOTHOTIIEHNE OT/[eTbHBIX MITKPOOHBIX TTOTTYJIsI-
it (1), BEIBBIBATH CTUMYJISATIIO pocTa (2) nian
yruererue (3) Bcero MUKpoOOHOTO coobIecTBa
WJTU OTJIeJbHBIX TOMYJIATINI MUKPOOPTAHI3MOB
(4=T) mnm, npym OTCYTCTBUY MEXaHN3MOB aJiari-
TAIUu, NPUBOJNUTH UX K Trdesn (8).

CrnocobrocTh pacTeHWil K B3aWMOJIei-
CTBUIO ¢ MUKPOOPraHU3MaMU SIBJISETCS OHOT
13 ONPeIeISIIONINX B «CO3IaHUN TLTIOL0PO/ISI»
de novo. Cpein RYJbTYPHBIX pacTeHWil HAM-
OoJiee MePCIeKTUBHBIME JIJIsI HATIPABICHHOT
reHeTHYecKo MoguuKamum ¢cnocooHoCTH
CeJIeKTUPOBATH HA KOPHSAX MUKPOOPTaHN3MOB-
KOJTabopaToOpOB MPEeJICTABISIOTCS TAKUe BU/IbI,
KaK filYMeHb U JIOIepHa, B CUJIY UX OTHOCH-
TeJILHO TIPOCTOTO IUTOJOTHYECKOTO cTaryca n
JydIieil 1o CpaBHEHUIO ¢ APYTUMU TT0JeBbIMI
KyJIbTypaMu H3Y4eHHOCTU uX reHoMoB. OpHakKo
B YCJIOBHSIX CUJILHOTO 3aCOJeH U NJn 3200124 -
BaHWs, OUeHb HU3KUX WM BHICOKUX 3HAYEHUTT
pH, ocobenno npu Hasuuum B 104YBe coJieit
TM, npu BBICOKMX TeMIeparypax u HU3KOI
BJIQKHOCTU MHTEPEC MPeICTaBIsg0T PACTeH WS-

aKerpeModuibl, 0baaKA0IINe CIeInalbHbIMI
cucreMaMu aganranun. Psp rakux pacrenmit
TaKKe SIBJISAIOTCS KYJBTYPHBIMI PACTEHUSIMU,
BblpalinuBaeMbiMU B YCJIOBUAX apUIHBIX 30H,
paiionax 3abojiaunmBaHUsl, 3aCOJEHUS NN He-
6JIATONIPUATHOI KUCJAOTHOCTU 1 JIABHO ¢ yCIie-
XOM MCIIOJIb3yeTcs npu pemepunanuu. B tom
U JIPYTOM cJydae JiJisi PUuianust yCTOMdnBOCTI
u nposorranun sgderra HeoOXouMo moaodm-
parh u/ujan MORUMUIMPOBATH /I PACTeHMTi-
peMenaHTOB 1 KOMILIEKC OYBEHHO MUKPO-
6unorel. MUKpoOOpranmamMbl ¢IIOCOOHBI, K TPH-
Mepy, TOBBIINATH MPUKIBAEMOCTh PACTEHMII,
BBICA}KEHHbIX HA CKJIOHAX JIJIs1 [TPeJIOTBPATIeH s
UX pas3pynieHus; MOBBIINATH YCTOMYNBOCTH
pacTeHuii K HeOJAaronpusATHHIM daKkTOpam
u yeuanBarh ux poct [6].

Rak cpenu pacrenmii, Tak n cpefii MUKpo-
OPTaHM3MOB CYIIECTBYIOT HACTOSIIIE PEeROP-
JICMEHBI 110 CKOPOCTU POCTA, YCTONUYMBOCTU K
sacosiennio, TM, sacyxe n np. HebmarompusiT-
oM arTopam. VIX rernsl ROTUPYyIoT hepMeHThI,
oTKpbIBaomne GaHTacTuyecKne BO3MOKHOCTI
" TepPCHeKTUBHI JIJIs1 SKOPU3NOTOTNYECKOTO
HpuUMeHeHus B reHeTnyeckoi nuskenepuu. [Ipn
HTOM YacTO BOIPOC UJET He 00 N3MEHEeHN N TeHO-
Ma, a 0 HOBBIX BapmaHTax ero peryssiun min
JIOTTOJTHUTEIbHOM MCITOTb30BaAHIY 3aJI0KeHHBIX
B HEM Bo3MmoykHocTell. [Tpu KoncrpynpoBanun
a(pperTnBHOTO reHOMa peMeiiaHTa (pacTeHms
WM MUKPOOPTAHM3MA) MOJKET MPUMEHSTHCS
KaK BHEJPeHNe TeHa OpTraHm3Ma, KOTOPBIi
BBIPabOTaJ CIOCOOHOCTH BHIJEPKNBATH He-
TaTUBHBIE BO3JCMCTBUA, 3a CUET XapaKTePHBIX
ISl HETO CHUCTeM peryssiinnu (IpoMoTOpPoOB,
MHTPOHOB, CUTHAJIBHBIX MOCJE0BATENIHHOCTEI
" TePMUHATOPHBIX paiionoB) [29], Tak n Tex-
HOJIOTUH J[PeCHOT0 PeJlaKTUPOBAHNUS IeHOMa,
Buactaoctu CRISPR/Cas9 s pacrennii [30]
n baxreputii [31]. Texmomorun peakTupoBanmns
MO3BOJISIIOT HENTPaan3oBaTh HeraTuBHOE Jieii-
CTBUe reda, MnmpermATCcTByHIiero BbIKUBAaHMUIO
OpraHm3Ma B CTPECCOBBIX YCJAOBUSAX WU €r0
ooJiee apperTHBHOMY Pa3BUTHIO.

[Tomarator, 410 KOMOMHUPOBAHHOE TIPH-
MeHeHUe BCeX MepeuncaeHHbIX TTPUEMOB ¢
HOBBIMU OMOTEXHOJOTUSIME, KOTOPbIE T103BO-
JSAT YHPABJIATH BOZMOKHOCTAMU OT/€JbHBIX
OpraHu3mMoB (Kak pacTeHuil, TaK MOYBEHHBIX
rpuboB 1 OakTepuii), Ha ypOBHE Peryiasiun
X FeHOMOB, MOJKeT 00ecIeYnTh BOBMOKHOCTh
JIJIsI BOCCO3MIaHUs JaH madToB, yrpaueHHbIX
B pe3yabTaTe MPeAbIAYINeill X035 UCTBeHHON
NesATeTbHOCTH.

CoBpeMeHHBIE yCIIeX B TeHETHUUYECKOI
WHKeHePUH PACTeHUl U MUKPOOPTaHU3MOB
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MPETOCTABJISAIOT PEATBLHYIO TIePCTIeKTUBY JIJIS pe-
ROHCTPYRITUY B OYyIIEeM JTauma@ToB n HOUB,
AeTpajinpoOBAHHBIX B pe3yJIbTaTe X03AHCTBeHHOM
AeATeNbHOCTH YeJoBeKka. B 3aBumcumocTn oT
BUJIA MTOBPEIKJICHNU S, HAPYITeHHBIE JaH IaThl
BHAYUTEJHHO PA3JINYAIOTCS 110 CBOUCTBAM U
MOTYT XapaKTepu3oBaThCss OTCYTCTBUEM dJie-
MEHTOB, 00€CTIeUNBAIONIUX Y/ epPKAHIE BOJIBI
7 PACTBOPUMBIX CYOCTPATORB, DKCTPEMATHLHBIMI
sHaueHusiMu pH, BbIcOKOIl coJIEHOCTBIO, 110]-
BIUKHOCTBIO TOKCUUYHBLIX nonos TM, mebiaro-
TPUATHBIM Ta30BLIM COCTABOM 7 T. . [32].
B ¢Bsi3u ¢ oTHM TIOTIBITRY CO3ATH YHUBEPCATD-
BT BUJT pACTeHTS-PeMemanTa MOKIO CUNTATh
OecrepciekTuBHbIMU. Bojee Toro, mopo0HbIii
MOJIXOJ] YpeBaT MOJTyYeHEM BEChbMa arpeccuB-
HOTO PACTeHU S — CYIIePCOPHARA, e[INHCTBEHHBIM
CIIOCOOOM CJIePKUBAHUS KOTOPOTO MOJKET OBIThH
3apamHee MMpejlycMOTPeHHAs YYyBCTBUTEbHOCTD
K KaKOMY-J1100 aHTHOMOTURY MM TepOnImy.
Ho u B atom cayvyae fanfbiil OX0/L OB ObI
KpaiiHe prCKOBAHHBIM, YUUTHIBAS, UYTO BhIpa-
MUBaHme peMenmanTa 0yaeT MpoNcXoanTh B
HeKOUTPOIMPYeMbIX yeaoBusax. I[losromy mpn
paspaboTke TeXHOJOTHUCCKNX MOJAXOMOB He-
00X0MMO OPMEHTUPOBATHCS Ha aJ[PECHYT0 KOH-
TPOTUPYyeMyio MOAM(PUKATIIIO BCell cUCTeMbl 1
pacreHmnii, 1 MUKPOOHOTO cOOOIIECTBA, TAK KaK
UMEHHO WX COBOKYITHOE BO3JEHCTBIE MOKET
YCKOPUTH MTPOTECCHl, KOTOPbIE, B MPOTUBHOM
cayudae, 3aiiMyT He ofiHO crosietne. Cxema, wi-
JOCTPUPYIOTIAS TTOTO0HYIO CTPATETHTO aJ[PeCcHO
MOMUKATINT PACTEHN T 1 MUKPOOPTAHN3MOB —
ROJTA0OPATOPOB, MPUBECHA HA PUCYHKE 3.
Ilpumenenne reHHOli MH;KEHEPUH s
MOINPUKATINHT KOPHEBOW CHCTEMBI PaCTeHUI
I'ny6oro pacipocrpaHéHHast B HOYBEHHbBIX
TOPM30HTAX KOPHeBas cucreMa 3ePHOBLIX 371a-
ROB AIBTSETCS BAKHDBIM YCJTOBUAM JIJIST TTOTTyde-
HUSA ¢cTabWILHBIX YPOYKRaeB, 0COOCHHO MPU MX
BBIPAIIUBAHNY B 3aCYIIJTUBBIX MECTOOONTAHM -
sx. Biarogaps mocaeiHUM JOCTHKEHUAM B BbI-
sicHeHU N PYHKIMI MHOTUX TeHORB, CBA3BAHHBIX
¢ poctoMm, nuddepeHIINPOBRON 1 pa3BUTHEM
OTIEJBHBIX DJIEMEHTOB KOPHEBO CHCTEMBI,
YAAQT0Ch € TTOMOIIHIO METOIOB TEHETUUCCKOM
tparncdopMaIunm MOJYINTH PACTEHUS ¢ M3Me-
HEeHHON apXUTeKTOHUKON KOPHEBBIX CUCTEM.
Hanbonnmme yemexu OLIIN JOCTUTHYTHI B pa-
6oTax Mo reHeTndecKoil MOAMPUKATINT pruca:
MPH CBEPXIRCIPECCUN TPAHCKPHUITITMOHHBIX
darropos OsNACS/9 w OsMYB2, penentop-
noit kunazel PSTOLI, G-6enka, KogupyeMmoro
reHOM, acCOIMUPOBAHHBIM ¢ KOPHEBON ap-
xurertToHnkoit (OsRAAI), rena pazpacranus
raerounoit creakn OsEXPAS. B psine ciyuaes,

PeHbI, KOTOPbIe N3MEeHSIOT apXUTEeKTOHIKY KOP-
Hsl, MOT'YT OJITHOBPEMEHHO NOBBITIaTh 3P PerTnB-
HOCTH IoTJioeHus pacreaunem gocdopa, azora
7 BOJIBI, UTO TIPUBOJIAT K YBEJIMUEHITO OTOMACCHI
u 1moBbiieHno yposkas sepua. Tar, PSTOLI
KOJIUPYeT perentop-nojo0Hy0 KiHa3y, KoTo-
pas cBsizaHa € TOJEPAHTHOCTHIO K HEIOCTATRY
ocdopay puca [33] u yBenuumBaeTr KOpHEBYIO
onomaccy. Unrerpamus rena DRO1 B copr puca
¢ TTOBEPXHOCTHOW KOPHEBOW CMCTEeMOT TMPUBe-
na K popmupoBanuio y rparncopmanra 6osee
rIy0OKO TIPOHMKAIOIIEeH B MMOYBY KOPHEBOT
CHUCTeMBbI, 4TO 00eCITeYNJIO eMY B 3aCYILINBBIX
YCJOBUSX MOBBIIIEHHYIO YPOYKATHOCTH 110 CPaB-
HEHWIO ¢ OPUTHHATLHBIM COPTOM [34].

Jlpyrum npuMepom ycIemHoro MoJaeKy-
JSIPHO-TeHeTUYeCKOTO BMEIaTe/IbCTBa sIBJIsIeT-
Cs1 CYHePIKCITPeccrs IUTOKMHUH/eTnporeHa-
3p1 ALCKX3, ®Koropast kKaraquzupyer Heodpari-
myio ferpagarnuio uTokuanaos. Rorma ALCKX3
DKCITPECCUPOBAJICS O/ KOPHECTeIMOUUHBIM
pomoropom B Arabidopsis, T0 y TpaHCTeHHBIX
pacreHuii Bo3pacrajia KopHesasi ouomacca [39].
RomeruryrnBras skcIpeccust 9Toro ke rena moji
ROHTPOJIEM 39S IMPpoMOTOpa TOYKe TPUBOJIIA
K MOBBIINIEHHOMY POCTY KOPHS, HO HHIUOUPO-
BaJsa poct nobera.

AHaJIornaHoO pesysabraTam, HpojeMOHCTPH -
poBanubiM Ha Arabidopsis, KOHCTUTYTUBHAs
ceepxarenpecens HvCKX 1 non HvCKX9 B
sTUMeHe COTIPOBOIK/AIACH 3aMe[JIEHHBIM POCTOM
1M06eToB, HO YCUJIEHHBIM PA3BUTIHEM KOPHEBO
cucrembl. ['ereporormunas srenpecenss CKX
c1oco0CTBOBAJA MTOBBITIIEHNTO Y TPanc@opMaH-
TOB TOJEPAHTHOCTH K 3acyXe U YBeJMUYeHUIO
MONJIoIAaIeil ¢rocobHocTH KopHei, 6aro-
fapst ueMy B YCJOBUSAX 3aCYXHU BCEe TPAHCTEHHBIE
JUHUY UMEJH, B CPABHEHUN ¢ MCXOIMHBIM CO-
pTOM, GoJiee BHICOKYIO CTelleHb 0OBOJIHEHHOCTI
JUCTHLEB U XapaKTepu3oBaanuch 00ee BBICOKNMI
nmokasareasiMu yposkanuocru [36, 37].

CBepxsKcnpeccusi TPAHCKPUTIITMOHHOTO
dparxropa NAC nmenuns (TaRNACI) nop
KOHTPOJIEM KOpHeCIHeu{uueckoro mpomMmoro-
pa, mMesa pes3yJabratoM YBeJUMYeHHYIO IITHY
KOpHell 1 BO3pOocIiyio dOnomaccey, HadJiiogaeMbie
Yy pacteHuii B Havajle OHTOTeHe3a, U 3aMeTHOe
yBeandenne (Ha 70% Gobiie, 4eM Yy KOHTPOJTb-
HBIX PACTeHNiT) KOPHEeBOIT MacChl HA CTA[H 3pe-
noctu. Tpancrenubie mo TaRNACT pacrenus,
JIEMOHCTPUPOBAJIN B YCJTOBUSIX HEIOCTATKA BOJIBI
OOJIBITYIO TOJEPAHTHOCTH K 00€3BOKMBAHUIO
1npu 06paboTKe MOAUDTUIEHTINKOIeM U 0be-
criednBaa OOJBIIYI0 HA/[3eMHYI0 O1OMaccy
U 36PHOBYIO TPOJYKTUBHOCTh, YeM PaCTeHUS
OAWNKOTO THUIia. STI/I JaHHbIe CBUIETCJbCTBYIOT
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o oM, uto rex TaRNAC1 moker OBITH HCIIOJIB-
30BaH B KAYE€CTBE MOJIEKY/ISIPHOTO WHCTPYMEeHTA
IJIST TTOTEHTMATBLHOTO YBeJNUeHus KOPHeBO
CHCTeMBI y IineHunnbl [38].

Becbma muoroobermaonime pe3yiabraThl M0
UBMEHEHUIO APXUTEKTOH UK KOPHS ¢ TTOMOTITHIO
TpaHcreHo3a OBIIN MMOJYUYeHBI Ha JIOIepHe
(Medicago sativa) [39]. TpancopmupoBan-
Hble TeHOM TpaHcKpunmmnonuoro gaxropa Al-
Jinl pacreHust JOIEPHbI UMEJIU CYIECTBEHHO
oonnimue pauny (B 2—3 pasa) n macey (B 2—
D pas), ueM y KOHTPOJIBLHBIX pacrenuii. I camoe
WHTEpPecHoe, YTO Yy JyUIiero Tpanc@opmanra
noTepHbl Mo reny Alfinl orHomnenne Macchl
ROpPHSA K Macce HAJ3eMHON 4acTH COCTABUJIO
4,2, Torjia Kak y KOHTPOJbHBIX PACTEHUI DTOT
norasaresb He ipesbimal 2,3. Taknm obpasowm,
Y pacTeHmii, MoJy4eHHBIX ¢ TOMOIIBIO JJAHHOTO
reHa, moTok (OToacCUMUIATOB Mepepacipe-
[lesisieTcsi TakuM 00pasoM, 4To Topasyo 00Jb-
masi ero J0Jisi MOCTyIaeT B MOJ3eMHYIO 4acTh
pacTeHusi, YeM B HaJ3eMHYI0, 4TO 11O3BOJIUT
HACKIIIATH MMOJITOBEPXHOCTHYIO TOJITY TPYHTA
OMOTE@HHBIM YIJIEPOJIOM.

JlaBro usBecren geHomMen «HOpoOaaATHIX
KOpHEeI», MHAYIUpyeMbIx baxrepueit Agrobac-
terium rhizogenes . OCHOBHOI BKJIaJ B IOsIB-
nenue gpeHorna «6OpoaTHIX KOPHE» BHOCST
tpu rena: rolA, rolB, rolC. Ux skcnpeccus
B PACTUTENILHBIX KJIETKAX BBI3BIBAET YCHUIEH-
HYI0 WHIYKINIO KOpHell B MHPUIMPOBAHHOM
yuactre. Tar, Tpancdopmarus pacreHuii co-
nonku (Glycyrrhiza glabra 1..) rerom rolB mo-
3BOJINJIA YBEJMYUTh CYXYI0O OuoMaccy KopHeii
TPpaHCTeHHBIX pacTennii moutnm B 8 pas [40].
Nayuenne henomena «6opogaTuix KOpHEii» Ha
0000BBIX PACTEHUSIX, TOKA3aJI0, YTO YCUJICHHbI I
POCT KOpHeii 1 nX 00mIbHOe DOKOBOE BeTBJICHIE
ABISAIOTCA BAKHBIM PARTOPOM MPUBJIEUEHU S
CUMOMOTHYCCKNX OAKTepuil U MOBBIIICHU S
(purcarum azora [41].

[Ipumenenne renernyeckn moauduiupo-
BaHHBIX PACTEHNIT U MUKPOOPTaHNU3MOB JIJIsA
peMeauanun 3arpA3HEHHBIX TOYB

XoTsi pazBute OMOTEXHOJOTHN PACTEHMI
B 110CJIe[IHee BpeMsi ObLJIO HAllpaBJIeHO B OCHOB-
HOM Ha MOBBIIIEHNe UX YPOKAITHOCTH 1 Kayve-
CTBA TIPOYKITIH, UMEIOTCS ITPUMePbI CO3TaH 5T
pacteHuil u pu3oc(epHbIX MUKPOOPTAHN3MOB,
HEeCYIUX IeTepoorndHbie TeHbl epMeHTOR
merpajanuu BerecTB-3arpasnnreneii. Ha-
[puMep, reHbl screpas u muroxpomon P450 —
(bepMeHTOB IETOKCHKATINT YCTOWUMBBIX K WH-
COKTHITH/IAM HACEKOMDbIX, ObLITN NCITOJH30BAHbI
IJIsT TTOJIydyeHusi 6aKTepun U pacTeHuil ¢ 1mo-
TeHT[HAJIOM Jlerpajarnun nectuiinmgos [42]. len

nuroxpoma P450 muexonuraionux skcmpec-
cupoBaHd B pacrennn rabaka. [luroxpomer, kKak
M3BECTHO, OKUCISIOT NINPOKUII CIIEKTP TaJlo-
PeHUPOBAHHBIX YIJIEBOJIOPO/IOB, B CBSI3N ¢ YeM
TPaAHCTeHHBIe PACTEHWsI MOBBICUIN CKOPOCTH
TCE-merabonuama o 640 pas, ¢ yBenudenuem
HOTJIONIEeH ST U JeOPOMUPOBAHIS DTUICHA JIM-
opomupia [43].

Ircnpeccus muroxpoma P 450 momorcure-
Ha3bl COM, KOTOpas ydyacTByeT B MeTabosn3me
(beHnIMOUYEBUHBI, COJlepyKaIIeiicss B repouIm-
nax, ObLIa IOCTUTHYTA B pacTeHnsX radara [44]
Tpancrenubie pacteHus OB He TOJTBKO DoJiee
YCTOWYMBBIMU, HO U JIETKO MeTabOIN3MpoBan
BCe YeThIpe NCIBITAHHBIX TepOMInIa Ha OCHOBE
denunamoueBuHbl (PIOYMETYPOH, JUHYPOH,
XJOPTOIYPOH, INYPOH). AHATOTMYHBIM 0Opa-
30M, TPAHCTEHHBIE PACTEHUS TOTOJIS, IKCIIPEC-
CUPYIOIIIE TeH CUHTeTa3bl TIyTaMUJIIICTeNHA,
OBLIIN 3HAYNTEBHO DOJIee ToJTepaHTHBI K XJI0pa-
MeTaHMINOBBIM Tepoutiugam [49].

[Tpumepom mcnomb30BaHMs TPAHCIEHHBIX
pacTeHul JJIA OYNCTKN OKRPYRAIONENl Cpejibl
OT TeXHOTE@HHOTO 3aTPSA3BHEHUS MOTYT CJIYKUThH
reHeTHYeCKr MOAUMUIMPOBAHHbBIE PACTEHUS
rabaka, parca, TOmoJs, apabumgoncnca, sK-
[peccupyiomie miasMuHblil OakTepuaibHblii
ren Mer-A, xopupyouuii pepMeHT MEPRYPUJI-
PeyKTasy, KOTOPBIl y4acTBYeT B IeTOKCUKATIIH
pryru [46, 47]. Takue pacrenus, 6e3 yruere-
HUSI pocTa U MeTaboan3Ma, MOTYT HHTEHCUBHO
pactu Ha cpejie, colepyRalieil MOHBI PTYTH
B TOKCUYHBIX KOHI[@HTPAIIUX, U TOTJIOTIAThH X
B jlecATh pas 6omee 9P PEKTUBHO, 4eM 0OBIYHBIC
KOHTPOJIbHbBIE PACTEHUSI.

UsBecren rereTmueckn MOIMQUITTPOBAH-
uptii (I'M) copr TomoJisi, ctocoOHbII TOTTIOIATH
XJ0poopM (TTOOOUHBIIT TTPOAYKT ie3nHPeRITIT
BOJIBI ), 9eTHIPEXXJTOPUCTHIIN YTIIePOJ] (PACTBOPH -
TeJIb) U XJOPUCTHIl BUHII (OCHOBA HEKOTOPBIX
naacrmacce). I'M Tonosisi, BeipatmBaembie B 3a-
KPBITBIX KOHTeITHepax, Mpu TeCTHPOBAHNU CI10-
CcOOHOCTHU PACTeHNUIl OUHIIATH BO3JYX TOKA3aJIN
MOBBITIEHHYIO ¢MTOCOOHOCTHL abcopdupoBaTh
ra3o000pasHbIil TPUXJIOPATHIIEH U O€H30JI, TIepe-
pabareiBas ux B sopy, CO, u HeToKcHUHbIe 115
yeqoBekra cosu. I'M Tonons B mabopaTopHbiX
UCIIBITAHUSAX YAAJSIIN U3 TTOYBBI TPUXJIOPITUIICH
B 100 pas spderrunBHee, yuem ecrecTBeHHDBIE.
Kpome Toro, I'M niepeBbsi BHITATHBAJIN TOKCH-
HBI 113 BO3JIyXa U 1epepadaTeiBain UX BHYTPU
JIICTHEeB B HeollacHblie MeTaboautThl |48, 49].

Umeercsi TOTBKO HECKOTIBKO COOOIEHMIT
no nmkenepun PGPR Gaxrepuii, manpas-
JeHHOIl Ha HoBbileHne uX dPderTuBHOCTN
B (hopMmpoBaHIY KOJTA0OPATIIl ¢ pacTeHUSIMI.

1
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Pannwe nonbitkn Mopu@uranum BRIAOIAIOT
BHeJIpeHIe TeTepoJIOrNYHOr0 reHa, KoJupylo-
mero perentop cujgepodopa B mramm Pseu-
domonas fluorescens, aTodBI cpienaTh ero doaee
KOHRYpeHTocIocoOHbIM B TouBe [H0], a taksxe
AKCIIPECCHIO TEHOB, KOAUPYIONUX MPOJUH-
mperujiporeHasy (OKucJeHue MpoanHa a0 TIy-
ramara [d1]), wnu 1-amunonurionponan-1-
rapOokcuyarnesamunasy [02] B Sinorhizobium
meliloti, njist MOBBIIEHIS €10 HOAYAUPYIOIei
CIIOCOOHOCTH.

CBepxokernpeccns TeHa Tperanozo-6-dgoc-
(parcunTazpl moBwimana crocodbnocth Rhizo-
bium etli k obpazoBaHmIo KIYOeHbKOB 11 3ppek-
TMBHOCTH azordurcarnun 'y gaconn (Phaseolus
vulgaris) [53]. B nenasuux paborax red Xutu-
Haswl u3 Bacillus subtilis, "HTPOY M POBAHH bl il
B PGPR mramm Burkholderia vietnamiensis
P418, mpuBéa Kk 3HAYNTEABHON CYIPECCHT BO3-
OyauTesIen TAKNX IPUOKOBLIX 3a00TeBAHI, KAK
KOPHEBAast THUJIb MIITeHNTIbI, BUJIT XJIOMYaTHITKA
un cepast rauab tomara [d4]. lramm Ensifer
medicae, TeHeTUYECKU MOJUQPUITNPOBAHHBII
JJIST TOBBIMEHUST TOJIEPAHTHOCTI K BBICOKIM
ROHTIGHTPAIUAM MeJIU, YIYUIIIua o0pasoBanme
RIYOEHBKOB 1 POCT PACTEeHUII JITOTIePHBI YCeUEH-
noit (Medicago truncatula) na 3arps3HEHHBIX
MeJbIo TTouBax [99].

JupopuTHbiil mramm 6arkrepun Burkhold-
eria OGBIT TpamcOOPMUPOBAH TAA3ZMUION, He-
cymiell reHbl Jlerpajanum Toayosia (TojayeHa),
MOCJIe Yero JaHHBIM IITaMMOM ObLIM HWHOKY/JII-
poBaHbBl pacreHus JonuHa kénroro (Lupinus
luteus 1..). UnokynmpoBaHHbBIE paCTeHUSA O] -
AEPRUBAJIT POCT IIPU BHICOKON KOHI[EHTPAINN
(1000 mr/n) Tosryosna, B MPOTHBOIMOIOKHOCTD
ROHTPOJBHBIM PACTEHUSIM, KOTOPBIE TTPOS BTN
npusHaky GUTOTOKCHMYHOCTH Ha YPOBHE, CBbIIITE
100 mr/n. Cozpannass MUKPOOHO-pacTUTeILHAS
Kosmabopanus npusena Takxke kK 00-70%
CHUKEHUIO MCIIapeHUsl TOJIyoJia Yepes JIUCThs
[56]. Cxommprit skcmepuMenT OBIT BHITOTHEH,
¢ mermoab3oBanmeM apyroi 6axrepun Bacillus
cepacia v IPyroi 1aasMujibl, odeciiednBaIei
merpagannio Toxyona. Unorynamus rubpm-
moB romogeit (P. trichocarpa — P. deltoides)
mraMmmom B. cepacia, HecyImuM NAa3sMumy je-
rpajlanum ToJyoJa, OKazamsa MoJOKUTEIbLHOe
BJAMAHME HA POCT PAcTeHUIl B MPUCYTCTBUN
TOJIYOJIa M CHU3UJIA KOJMYEeCTBO TOKCUKAHTA,
BBICBOOOIKIAeMOTO TIpH TPaHCTMPAIMN pac-
rennit. Heobxoaumo ormernts, uro I'M mramm
B. cepacia ne nopjepskupan cam cebst B pacre-
HIY Ha JleTeKTrpyeMoM yposHe. TosepanTHOCTh
K TOJIyOJTy obeciieunBasiiach B pesyJbrare ro-
PU3OHTAIBHOTO MepeHoca MIa3MuHOrO TeHa B

apyrue 0aKkTepun-sHA0(PUTHL, JKUBYIEe BHYTPI
TRaHel Tonoss [07].

[Tpumepom I'M MuKpoopranmsMoB s
peMeuaIiuu MOKeT CIYKUTHh pusocdepHbiil
MITaMM IICeBJOMOHA/[bl ¢ TEHOM Jlerpajaluu
MOANXJ0OpUpoBaHHbIX Oudennnon [08]. Un-
rerpanust B miasmuny Pseudomonas sp. rena
ifdA (2,4-nuxnopdeHokcnykeycHas Kucaora /
2-0RcorTyTapaT AMOKCHTeHa3a) 3HAYNTeIbHO
YBeJWUIIa CIIOCOOHOCTD MICeBIOMOHAIBI pasia-
raTh PeHOKCUYKCYCHYTO KICIOTY B MOJETbHBIX
YCJIOBUAX CTEPUIBHON W HeCTePUIbHON MoY-
BBl [09].

B azordurcupyroryio bakreputo Rhizobium
meliloti— cuMOMOHTa JTIOTEPHBI — OBLT BCTPOEH
pPAJ TEHOB, OCYIIECTBJSIONNX Pa3JI0KeHIe
OeHzona, Toayosaa u keusosaa. baaropaps ske-
MPeCCHN reTepoJIOrnYHbIX TeHOB, INTYDOKO MPo-
HUKAIOMas KOpHeBas CHCTeMa JIOMepHbl 110-
3BOJISIET OUKIIATH T04YBY HA riyouny 2,0—2,5 M.
I'M pusobmanbibie 6akTepPU NCITOTLIYIOT I [T
ouncTku mousnl or TM [60-62].

Oepment puroxenarnncunraza (PCS) yua-
CTBYeT B cHTe3e (puToxeaaTmHOB — TOJMIET-
0B, cBsizbiBatouX TM. ['ensl, Kogupytomniue
AT (DepPMEHTHI, OBIJIN BbIJIeJIEHBI U ITePeHeCeH bl
B pacteHus rabaka. Besencrsie moBbieHHON
aKcIpeccun mepeHecéHubXx renoB AtPCS]
n CePCS, I'M pacrenus rabara npuobdbpesan
MOBBITIEHHYIO YCTOWUYMBOCTh K KaJMUIO U €ro
HAKOTLJIEHUTIO B CBOUX TRAHX.

3ariaouycHume

Jlist 6Guopemeuanum HapymieHHBIX B pe-
3yJbTate XO03sAMCTBEHHON esATeabHOCTH Ye/10-
BeKa 1M HPUPOMHON HPO3UN ITOUYB TePPUTOPUTT
HEOOXOMMbl MHHOBAIMOHHbBIC TEXHOJIOIMYE-
CKUe TOJIXO0/Ibl, HAIIPABJIEHHbBIE HA TeHePATHIO
3HAUUTEJBbHOI'O ROJIMYecTBa 6I/IOMaCCbI B TEXHO-
FeHHBIX cyOCTpaTax i rpyHTax MOBPesRIEHHBIX
naupmadros. Hanuune nu 06b6m OGuomaccs
OTIPeJIeJISIIOT KOJUYeCTBO OPTaHMYECKOTO Be-
IeCTBA, KOTOPOE SIBJISIETCS OCHOBHBIM MTOKa3a-
TeJIeM TTOO POV U CTYSKUT XapaKTePUCTIKOIM
mpoiecca mpeodpasoBaHus OECILIOLHOIO cy0-
cTpaTta B COOCTBEHHO TTOUBY.

CoBpeMenHble TeHHO-UHKEHEPHBIE TeX-
HOJIOTHU TO3BOJIAIOT CO3/laTh HCKYCCTBEHHO
MOMMUITMPOBAHHBIE OPraHU3Mbl (pacTeHus
" MUKPOOBI), KOTOpPBIE CTIOCOOHBI IeJieHarpaB-
JeHHO YBEJUYNBATH OMOT@HHYIO MAcCCy IO
MOBEPXHOCTHIO MOUBBI 38 CUET rumepTpodu-
POBAHHOTO pazpacTaumsa KOPHEBOM CHCTEMBI
7 yBeAWYeHNsA 00HEMa KOPHEBOT dKCCY AT,
JTO, B CBOIO ouepefib, obOeciieunBaeT MmpuBJje-
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yeHue B pusocdepy pasnoodpasHoil MmouBeH-
HOW MUKPOOUOTHI, c11ocoOHON dPPEeKTUBHO
COCYIIeCTBOBATH C PACTEHUEM W TIOJJ[epPsRU-
BaTh cTadbuaAbHOe PYHKITMOHNPOBAHIE BHOBD
chopMupoBaBIIEliCs TOYBEHHO 3KOCUCTEMHBI,
BRJIFOUAS JIeTOKCUKAIMOHHbBIE (DYHKIIUYU B OT-
nomennn TM, anndarnaecknx yriaeBooposos,
MeCTUINMOB T MPOYNX KceHoOmornkoB. Takum
obpasom, pazpaboTKa MOAXOL0B, OCHOBAHHBIX
Ha YIIPaBIeHUN B3aMMOJICHICTBUEM MERIY T0-
YBEHHBIM cyOCTPATOM, PACTEHUAME W MTOYBEH-
HOW MUKPOOMOTON — peasibHAsi BOBMOMKHOCTH
BOCCTAHOBJEHUS 3eMeJib, YTPAUYEHHBIX YeJ0-
BEYECTBOM B pe3yJibTare JIJIUTEJIbHOTO [Tepuoja
HepaInuoHaJbHOTO 3eMJIeTI0JIb30BAHNS.
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The model of a coral reef ecosystem, proposed by D.B. Kramer and published in Ecology and Society in 2008, explored
the implications of changes in biological parameters and changes in economic and social interaction variables governing the
fishing behaviour of anglers targeting the two fish species included in the model, herbivore and piscivore fish. This model
is parametrized based on evidence provided in the literature. The recognition of multiple species in the model as well as
the inclusion of adaptive harvesting behaviour may supposedly allow to explore policy or management options. This paper
reviews, extends and sharpens the analysis undertaken in original article, and reveals both mathematical and interpreta-
tional mistakes in it. We use analytical and numerical methods to show that, contrary to the assertion in discussed article,
some of the equilibrium outcomes are independent of the parameter values that were identified as important in this paper.
At the same time the model is highly sensitive to the setting of some parameter values as well as to the structures represent-
ing interactions in the model. We suggest ways in which the model can be modified so that it would become interpretable.

Keywords: coral reef ecosystems, dynamical system, ecosystem simulation, equilibria, fisheries management,

socio-economic values.

The management of fisheries continues
to be a challenging problem [1-5]. Although
fisheries have been a major area of research in
resource economics for more than halfa century,
most studies employ simplified or single-species
models when in fact the focus is increasingly on
the management of trade-offs between different
biological outcomes and socio-economic values.
Fisheries management can benefit greatly from
models that are rich enough to allow a sound
analysis of the trade-offs involved in the fisheries
management. This requires the use of ecosystem
models that recognize multiple species or species
categories [6], together with behavioural or eco-
nomic models [7] that capture the main drivers
of fishing choices among anglers.

D.B. Kramer proposed in [8] a four species
ecosystem model of a coral reef food web along
with a model of adaptive fish harvesting behav-
iour, where fisheries choose among herbivore
and piscivore fishing activities depending of the
relative profitability of the two fishing alterna-
tives. He uses numerical simulation and evalu-
ates the effects of changes in model parameters
and the economic and social drivers of fishing
behaviour. This paper analyses the model pro-
posed in [8] and highlights the weaknesses
in the model including equilibrium values for
components that are independent of model setup.
The purpose of this analysis is to identify the
essential changes required to obtain an interpre-

table baseline model in future attempts aimed at
developing models that would allow the effects
of recreational fishing on coral reefs ecosystems
to be evaluated.

The paper is organized as follows. In the next
section, we summarize the key features of the
model and its parameterization. In section “Anal-
ysis”, we present results from mathematical and
numerical analysis of the model and compare our
finding to those in [8]. We highlight the results
where the key variables of interest are indepen-
dent of parameter values. Also we will show that
the outcomes or the stability of these variables are
highly sensitive to changes in parameter values.

A key observation is that the equilibrium
herbivore biomass outcome (in the absence of
fishing) isindependent of algal levels, highlight-
ing the inadequacy of some of the specifications
in the model. Further, the analysis shows that
algal growth rates are far more important than
coral growth rates. The results suggest that
some components of the model could benefit
from alternative specifications. We summarize
and conclude the paperin section “Conclusions”.

Kramer’s coral reefl ecosystem model

Kramer’s model is a trophic-dynamic model
based on a modified Lotka-Volterra model of
predator-prey interactions [9, 10] and inter-
species competition (some versions of such
models are discussed in [10, 11, 12]). The model
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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, - Al)- a, Cl
dt:rAA(t)[ (KAa ()J—a/,H-H(t)A(t)(D

where: A(t) is algal cover as proportion of
sea floor at time ¢ ; 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:

A (t ) Slope
K(,' -C(t)- Ay [14 (t)_g/o,,,g + FfASlore
2

(2)

“ o
dt ) K.

where: (1) is coral cover as proportion of
sea floor at time ¢; 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:

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

=ay, - H() - Al)—ay,, -H({)- (3)

where H(t) is herbivorous fish density at
time £, a,, is a density-dependent coefficient of
herbivorous fish,a,  is an interaction coefficient
ofalgae on herbivorous fish, a,, is an 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 £, for the fishing
effort in hours fished per day.
Piscivorous fish biomass:
dpP
E:am'P(t)'H(t)_app'P(t)_ (4)
= popS papy E,P(1)

where P(n) is the piscivorous fish density at
time, 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 popSa, E. P(l) is analogous
to the respective ones in the equation for the
herbivorous biomass (3).

Kramerin [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
interpretabilily 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 A C I:I, P. They are
determined by the system of equations

dA_dC_di_ap_ )
dt dt dtdt

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 al the stationary points:

17
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Table
Parameters used in Kramer’s model
Parameter Description Value Reasonable Value/Range Ref.
A(0) Initial algae cover as proportion 03 0.1-0.5 Own
of sea floor guess
T, 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]
a value)
“. Competition coefficient of coral 08 Leave as is for now [17]
AC on algae
Interaction coefficient of herbivorous
a,, fish on algae 3.3e-5 7.33e-05 [14]
(0) Initial coral cover as proportion 03 0-0.5 Own
of sea floor guess
r. 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 (given a | [17, 18]
value)
“. Competition coefficient of algae 06 Leave as is
A on coral
Slope Slope of the Hill function 7.0 Leave as is
Half saturation constant 03 Leave as is
HA of Hill function ) ave s
. . . . . Take 50% below and above
H(0) Initial herbivorous fish density 2100 2100 as range [14]
Density-dependent coefficient 7.0e-03 .
L of herbivorous fish or 0 4.00¢-03 [14]
Interaction coefficient of algae on .
“ia herbivorous fish 0.1 1.33e-06 [14]
" Interaction coefficient of piscivorous 1.00-5 1 14o-04 [14]
Hr fish on herbivorous fish o '
E, Effort level O.f fishers harves‘mng 20 15
herbivorous fish
Harvest catchability coefficient - .
“in of herbivorous fish 1.9¢-5 Leave as is
P(0) Initial piscivorous fish density 1400 Range: £50% of this [14, 19]
" I)en51Ly-dep§ndern/c?efh01enL 7 00-3 4.000-03 [14]
pp of piscivorous fish
Interaction coefficient of herbivorous -
“on fish on piscivorous fish 6.80-6 1. 14e-05 [14]
I Eﬁomﬂevd(ﬁfmherghammshng 20 15 120]
P piscivorous fish
Pop Total population of fishers 20 10-100
Harvest catchability coefficient . .
a,, L . 4.3e-9 Leave as is
Pu of piscivorous fish
A>0,C>O, H>0, P>O. (6) C:KC_aCA — (7)
A" +a
After performing elementary algebraic op- 7 = G T Cpy

erations, the above system (9) under conditions
(6) can be reduced to the following system of

equations:

p= Qs /21 Gyt Ay

aHP a HP
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n =y +p4
e TP (10)

In this system wg,lo}lave replaced the nota-
tions Slope and (HA) " in Hill’s function with
more succinct m and a respectively, and intro-

duced for brevity a few constants:

¢, =popS.E,; c,=popS E,, (11)

1
4,4 (12)

B=

A

— rAaACKC _rAKA +KAaAHH

14 G . (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

c,=c,=0. (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

=2 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 sensilivily of the
model with respect to the values of some param-
eters

As we have shown above, the model proposed
in [8] isnotinterpretable, 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 al the
inflection point”.

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

m = Slope, (16)
a = (HAY", (17)

the Hill function from [8] can be rewritten as

m

Gl)=——, (18)
X" +a
and its first two derivatives are
amx™?
G'(x)=———;
(%) " ra) (19)

am(m +1)x'”2((x m=l —x'”)
m+1 . (20)

(oc er'")3

Gv/(x)z
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From the latter formula one can easily find

the inflection point
m—1

o= m
in

m+1 * (21)
and the slope of the curve (tangent to the
curve at this point)

m* —1 1

dam  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

1
, 12 (4 1
G'kx,)= 7 (3) 7 ~5.94. (24)

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

Am
G =
“ A" +a

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

HA= Yo

(1): HA = 0.3 (baseline model value, used

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

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:

A =015, 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 /A 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]:

c) = [—KA —A0 ]

d4c
which is equivalent to

oK 1,

a a

AC AC

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

C=1-24
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 functions y = G(4), and y = I (A),
whose points of intersection determine the loca-
tion of the interior equilibria in the 4-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 (AS represents
the straight line:

A _ 1
G(4)= m; F(4)= o (v+BA), where
y=k -Kijg_ 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 HA4=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,
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G (A) il
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 thal 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 t0 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 al 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] isnot interpretable due
Lo inconsistencies in the dynamical equations
representing the fish populations (/ and P —
variables). The other two equations in Kramer’s
model describe the compeltition 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 parameterr, is not present in the equations
(7-10), hence 1ts 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 1s 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 equilibria for the
following growth rate parameter values: 0.05 <
r,<0.1029279759 and 0.04 < r,.< 0.2, the system
has no interior equilibria. For r,>0.1029279759
and an arbitrary r, from Wlthln 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: 4, C, H, P.

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

r:=0.1029279759

k = O 8
a,.:.=0.38
a,,:=0.000033
rC:: 0.2
K.:=0.7

a.,:= 0.6
Slope:=7

H A:=0.3
a,.:=0.007

=0.1
=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 (4,C,H), (A,C,P), (A,P,H)
and (C,I,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. The equilibrium 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
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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 greal 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 equilibria in
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.

References
1. Rice J. Can we manage ecosystems in a sustain-

able way? // Journal of Sea Research. 2008. V. 60. No. 1.
P. 8-20.

Teopernueckas n npuraaguas skogorms Ne2, 2018



METO/1bI UCCJIEJJOBAHUI. MOJIEJIN U ITPOTI'HO3bI

2. Hillborn R. Moving to sustainability by learning from
successful fisheries // Ambio. 2007. V. 36. No. 4. P. 296-303.

3. Hutchings L.A. Collapse and recovery of marine
fisheries // Nature. 2000. V. 406. No. 6798. P. 882-885.

4. Stroebel W.J., Wacker H. The economics of harvest-
ing Predator-Prey systems // Journal of Economics. 1995.
V.61. No. 1. P. 65-81.

5. Beddington J.R., Agnew D.J., Clark C.W. Current
problems in the management of marine fisheries. // Sci-
ence. 2007. V. 316. No. 5832. P. 1713-1716.

6.Jompal., McCook L.J. The effects of nutrients and
herbivory on competiton between a hard coral (Porites
cylindrica) and a brown alga (Lobophora variegate) //
Limnology and Oceanography. 2002. V. 47. No. 2.
P. 527-534.

7. Pauly D., Christensen V., Walters C. Ecopath,
Ecosim, and Ecospace as tools for evaluating ecosystem
impact of fisheries // ICES Journal of Marine Science.
2000. V. 57. P. 697-706.

8. Kramer D.B. Adaptive Harvesting in a Multiple-Species
Coral-Reef Food Web // Ecology and Society. 2008. V. 13.
No. 1. P. 17-31 [Internet resource| http://www.ecologyan-
dsociety.org/vol13/iss11/art17/ (Accessed: 01.06.2018).

9. Lotka A.J. Elements of mathematical biology. New
York: Dover Publications, Inc., 1956. 465 p.

10. Allen L.J.S. An introduction to mathematical biol-
ogy. New Jersey: Prentice Hall, 2007. 368 p.

11. Liu P., Elaydi S.N. Discrete competitive and coop-
erative models of Lotka-Volterra type //Journal of Computa-
tional Analysis and Applications. 2001, V. 3. No. 1. P.53-73.

12. Gilpin M.E. Limit cycles in competition com-
munities // The American Naturalist. 1975. V. 109. No.
965. P. 51-60.

13. Mumby P.J., Foster N.L., Fahy E.A.G. Patch
dynamics of coral reef macroalgae under chronic and
acute disturbance // Coral Reefs. 2005. V. 24. No. 4.
P. 681-692.

14. McClanahan T.R. A coral reef ecosystem-fisheries
model: impacts of fishing intensity and catch selection on
reef structure and processes // Ecological Modelling. 1995.
V.80. No 1. P. 1-19.

15. Langmead O., Sheppard C. Coral reef community
dynamics and disturbance: a simulation model // Eco-
logical Modelling. 2004. V. 175. No. 3. P. 271-290.

16. Edmunds P.J. Evidence for a decadal-scale de-
cline in the growth rates of juvenile scleractinian corals //
Marine Ecology Progress Series. 2007. V. 341. P. 1-13.

17. Atkinson M.J., Grigg R.W. Model of a coral reef
ecosystem II: gross and net benthic primary production at
French Frigate Shoals, Hawaii // Coral Reefs. 1984. V. 3.
No. 1. P. 13-22.

18. Wanders J.B.W. The role of benthic algae in the
shallow reef of Curacao (Netherlands Antilles): primary
productivity in the coral reef // Aquatic Botany. 1976.
V. 2. P.235-270.

19. Polunin N.V.C. Klump D.W. Ecological correlates
of foraging periodicity in herbivorous reef fishes of the
Coral Sea // Journal of Experimental Marine Biology and
Ecology. 1989. V. 126. No. 1. P. 1-20.

20. Datzell P. Catch rates, selectivity, and yields of
reef fishing // Reef Fisheries. In Fish & Fisheries Series.
Ed. N.V.C. Polunin, C.M. Roberts. London, 1996. V. 20.
P.161-192.

21. Santillan M. On the use of the Hill functions in
mathematical models of gene regulatory networks // Math.
model. nat. phenom. 2008. V. 3. No. 2. P. 85-97.

20

Teopernueckas n npuriaagHas srogaorus Ne2, 2018




METOJIbI UCCJIAETOBAHNIL. MOJEJIN 11 ITIPOTHO3bI

YR 504.064.2 doi: 10.25750/1995-4301-2018-2-026-034

Muorogarxropuas Mojie b KAk 0CHOBA /1A YIIPaBJICHUA KAa4eCTBOM
OKpY:KamoIieil cpebl ypoaHU3MPOBAHHBIX TEPPUTOPUI
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B crarbe pacemarpruBaercs MareMaTHUeCKII HOJXOJ] K YIPABICHIIO KAYeCTBOM OKPYRAOIIeil cpejibl yPOaH N3 POBAHHbBIX
TePPUTOPHIL JIJIsT TOBBITIIEH NS DKOTOTHYECKOT KoM(OopTHOCTH 1TposkIBaHust HaceseHus. Onncana npodaemMa yrpasieHus mpm-
POJIOOXPAHHOTI IeATENILHOCTBIO € MCITOIB30BAHIEM MHOTO(AKTOPHOI MOJIEN KAYeCTBA OKPYRAIOIIEH CPejibl ¢ YI6TOM BECOBBIX
KOO UIIEHTOB BAJKHOCTH €6 KOMIIOHEHTOB: arMocePHEII BO3/IyX, aKyCTHUeCKOe BO3/ielicTBIe, TIOUBCHHBIN CJIOI, BOJHBIC
pecypebl, 00eCIedeHHOCTh TePPUTOPU N 3eJIEHBIMI HACARAEHUAMI, JIOCTYITHOCTb HPUPOJHO-PEKPeATINOHHBIX B0H. SHAYeH s
BECOBBIX KOA(PPUIIEHTOB BAKHOCTI BAMSIONNX (AKTOPOB Ha HKOJOTMUECKYIO KOM(POPTHOCTH CPEJIbl JKU3HU OTIPe/esIeHbl
MEeTOJIOM DKcIIepTHOTo onjeHUBaHus. MHorodaxkropHas Mojiesb NCIOTb30BaHA [T IeTaabHOI OIIeHKI DKOJIOTTYECKOTO Kaue-
cTBa ropoyicKoii cpeyibl. [IpefioskeH bl KoJImyecTBeHHBII TTOJIXO/] TAKIKE T03BOJISIET CPABHUTH DKOJIOTHYECKYI0 KOM(DOPTHOCTD
Pa3IMUHBIX KIUJIBIX PATOHOB WM N3YUYNTH JMHAMUKY 9KOJIOTMYECKOT KOM(POPTHOCT KOHKPETHOII TOPOJICKOI TepPUTOPHIL.

SHaunTe/IbHOE BHUMAHIE Y/IeJeHO HAYUHO-MEeTO[INYeCKUM IIPUHIIIIAM yiipaBjieHus u opMainsaluy MoHATUs «Ka-
4ecTBO OKpYysKalolieil cpefibi». [IpuBenena crpareris npupojooXpanHoro yrpasieHus mpu 9KoJOTHYecKoM 060CHOBAHNT
PasIMUHBIX X0351iicTBeHHbIX periennii. [Ipefcrasien maan MeponpusaTii M0 Oprann3annuit ONTUMAILHOTO YITPABJICHSI
KavYeCTBOM CPeJIbl JKIIOTO MUKpopaiiona T. Tupacmmoss s HOBBIIIEHNS YKOIOTIIecKoil KOM(POPTHOCTN MPOKIBAHIS Ha-
cenenns. [lana rpapuyeckas cxema pe3ysibraToB HHTEIPaJbHOTO aHAIN3A PA3HOOOPA3HBIX HKOJIOIMMYECKIX TTOKasaTesieil n
OIIEHOK JIJIs1 TIOBBITIIEHUsT KOM(OPTHOCTH OKPYSKATOIIEH CPejibl TOPOJICKIX TePPUTOPHIi.

Peasuzariust yripapieHust KauecTBOM OKPYHKAIOIeil cpejibl ypOaHI3UPOBAHHBIX TEPPUTOPHIT HA OCHOBE MHOTO(AKTOPHOIT
MOJIJIN CTIOCOOCTBYET T0TAITHOMY N3MEHEeH IO OMACHBIX DKOJTOTHUECKIX COCTOSHMIT (DAKTOPOB OKPYKAIOIIEIT CPeJibl, TOBbI-
IEeHII0 KOM(OPTHOCTH TEPPUTOPHI ¢ YUETOM peabHBIX TIPEJIITIOUTeHUT 1 ToTpedHOCTell HaceIeH s,

Kuouessie crosa: yripasienie KauecTBoM cpejibl, (DAKTOPHI OKPY/RAIONIEH CPeJibl, IKOJOTHYeCKas KOM(POPTHOCTD,
0000méHHas QYHKINSA $KeTATeITBHOCTH, HKCIIEPTHAS OIeHKA, KOMIIEKCHBII TOKa3aTeh.

A multi-factor model as the basis for the environmental
quality management of urban areas
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The article 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.

YXyjieHne 3K0JA0OTNYECKOTO COCTOSHUS
TOPOJICKOTI Cpejibl CIIOCOOCTBYET akTya n3ainm
BOIIPOCA O «KauecTBe JKU3HM» HaceneHus. Tep-
MUH «Ka4ecTBO JKU3HI» PACKPBIBAETCS yepes
«COOTBETCTBUE CPEJIbl JRU3HU YeJIOBEeKA ero 10-
TPeOHOCTSIM, MHTETPAJILHO OTPAsKaeMoe CpeJHeil
MPOIOKUTETHHOCTBIO JRUBHIT, MEPOIl 3[0POBbs
JIOJeil 1 ypoBHSIMU uX 3abojeBaemoctu». bia-
TONPUATHBIN YPOBEHb KaUecTBa KIU3HN CO3/IAeT
BO3MOJKHOCTDH JIJIs TADMOHWYHOTO CYIeCTBOBA-
HISI 1 PA3BUTHS YeJoBeKa Kak OM0JOTIHYecKoro
u cormanbHoro opranmama [1-4].

YipasieHne «KauecTBOM 3KU3HI» BbIpazka-
ercs B 3(pPeKTMBHOM DKOJOIrMUECKOM MeHe]l-
FKMEHTEe COCTOSTHIS OKPYRAOIIel cpejibl. YIpas-
JieHUe DKOJOTUYECKUMI YCJAOBUAMU TOPOJCKOI
CpeJibl OCYIIECTBIACTCA Yepes dKOJIOTHYeCKOe
HOPMUPOBaHMe, PeryJInpoBaHue OMyCTUMOTrO
AHTPOMOTEHHOTO BO3JICMCTBIS HA TOPOICKYIO
crucTeMy M CIOCOOCTBYET JOCTIKEHMIO HKOJO-

IrmYecKkn 0e30TacHOTO 1 YCTOWYMBOTO PA3BUTHS
ypOaHu3npoBaHHBIX Teppuropuii [3—6].

CoBpemenHnas «HeraTuBHasg» cpeja ypoa-
HU3UPOBAHHBIX TEPPUTOPUIT TpedyeT co3maHms
«uMHUFKRAa» KOMMOPTHOTO TOpojia, JJisi 4ero Ha-
PSLY € TIOITOTOBKOI HOPMATUBHBIX TPEOOBAHMIT
110 (GOPMUPOBAHITO OJIATOTIPUATHON cpejibl HeoD-
XO/INMO pazpadaTbiBaTh METOIOTOTTYECKIE 0T
XOJIBI K KOJTITYECTBEHHOI OT[eHKe 1 YITPaBIeHNI0
eé RavYecTBOM TIpM yuéTe MHOKecTBa (DaAaRTOPOB
ORPYKAIOIIeil Cpejibl, OXBATHIBAIOIINX BCe chephl
JKUBHEleATeThHOCTH uenoBera (puc. 1).

B cBsasu ¢ atuM mennio fanuoil paboTh
siBJisieTcst (hopMaIn3aus OIeHKN HKOJIOTIYe-
CKOTO KauecTBa CPeJbl JKU3HU U yIPaBJICHUS
eé cocTosTHUeM JIJIst YIydnieHuss RoMQoOpTHOCTI
MposKUBaHUs YesioBeRa. B ocHOBY yrpaBieHus
KaueCcTBOM CPeJibl KU3HU YeJOBeKa MOJOKEeHO
mocTpoeHne MHOTOMAKTOPHOT MOJIEJIH ¢ UCITONIb-
30BaHNeM CHCTeMbl HHNKATOPOB, OTPAKATOITNX

YIPABJIEHNE RAUYECTBOM OPYJRAIOIIEI CPEJIbI
YPBAHU3MPOBAHHOI TEPPUTOPIN

QUALITY MANAGEMENT OF THE ENVIRONMENT
OF THE URBANIZED TERRITORY

leosrosornueckas curyarms
TepPpPUTOPUN

Geoecological situation of the territory

=

JKoornUecKas KoMPOPTHOCTH
TeppuTOpPUN

Ecological comfort of the territory

Puec. 1. Cxema ynpaBiennst KauecTBOM OKPYsKAIOMIel cpefibl ypOanu3npoBaHHLIX TEePPUTOPIIT
Fig. 1. The scheme of quality management of the environment of the urbanized territories
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Tadauna 1 / Table 1

CoriacoBaHHOCTh AKCIIEPTHBIX CYJRIIEHIIT COMIACHO MTKaje XappuHrroHa [11]
Coherence of expert judgments according to Harrington’s scale [11]

Roadppunmenrt kourkopparun
Concordance coefficient

CrerieHb CONMIACOBAHHOCTH
Coherence degree

0,80-1,00 ouenb Beicokast / very high
0,63-0,80 Boicokast / high
0,37-0,63 cpentsisi / middle
0,20-0,37 nuskas / low
0,00-0,20 Heznaunresbuas / small

COCTOSTHUE OT/IIHHBIX KOMIIOHEHTOB FOPOJICKOT
cpensl |7, 8].

Meronuka ncciaegoBanms

Jlost mocTpoenms MaTeMaTnyecKoi MO,
OTpasRAIOIIEll COCTOSTHIE TOPOICKOT CPejibl, BHA-
vasie OblIa pazpaboraHa efiiHas COBOKYITHOCTh
(harTopoB, BIAMAIONINX HA KA4yecTBO TTPOU3BO]I-
CTBEHHOT, }KUJION 1 peKPearmonHoi cep yKu3nm
yeJoBeRA. YUUTHIBAS KOMILIEKCHBIN Xapakrep
BOBJIEICTBUSA TIPUPOJHBIX W TeXHOTEHHBIX (DaK-
TOPOB HA KAYeCTBO CPEJbl, AIBHENIITNM TaroM
cTasio orpejeseHne 0000IEHHOTO TOKAa3aTe s
KauecTBa cpepnbl. OqHako pazpaborka TakOTO
KOMIIJTERCHOTO TTOKa3aress ABJISETCS T0CTa-
TOYHO CIORHOI MeTOI0JIOTUYeCKON 3aavel,
MOCKOTBLKY cyMMapHoe Bo3jeiicTBie aKkTopoB
HA TIPUPOJIHYIO Cpely He PaBHOCUJIBHO CyMMe
BO3JlelicTBUI oT/leibHbIX darkTopoB. [lis pas-
HBIX TUTIOB (DYHKITMOHATBHBIX cep BhiOpaHHBIe
(harTopsl MMeEIOT pa3IMYHBIIT YPOBEHH TTPEJI0-
YTHTEABHOCTH [T ueaoBera |9, 10].

Crenenp 3naunmMocT GakTOPOB OIEHN-
BaJach MyTEM UX «B3BEITHBAHUS». SHAUYCHUS
BECOBBIX KOI(PPUITMEHTOB BayKHOCTHU BJIUSTOINX
(harTopoB B PyHKIMOHATBLHBIX chepax sKu3Hee-
ATETBLHOCTH YIAIOCH OTPEleJNTh DKCIIePTHBIMI
merogamu [11-13]. Ilog MeTomom dKCIIEPTHOTO
OTIeHWBAHMWS CJeyeT MOHNMATh «MeTO/[bl BbI-
sABIeHNs, hopMaTmzaum n oo6padoOTKI HesIBHOIA,
KauyecTBEHHOIT, cyObeKTHBHOI mHpopMaInm,
RKOTOpasi MOFKET COIlePKaThCs B MHEHUSIX, TOBeJle-
HUT 1 BbIcKasbiBanmusax jiojeit» [12]. Ocobento
BayKHBIM DTAIIOM B MpPUMEHEHUE HKCIIEPTHOTO
MeToja Obla BepuuKaiis pe3yabraToB O1poca
Ha COMNIACOBAHHOCTDH cysjeHunit. [Ins nmposepkn
COTJIACOBAHHOCTY MHEHUI MCIIOJIB30BAJICA KO-
apdunment RouKoppanun Renjania, Tak Kak
PKCIEPTHOe OTeHMBANNe MPOBOAMIOCH TYTEM
pamrupoBanus gaxropos. Rooddurment rou-
ropparun Kempanma ozmavaer, 410 cyMMapHoe
MHEHITe HKCIIePTOB COMEePsRUT 00beKTUBHYIO 1C-
tuny [11, 12].

B kauecTBe dKCIEPTOB BHICTYIAJIN KOM-
MeTeHTHBIE CHeNuaJncThl, OJHAKO CTeleHb
COINIACOBAHHOCTU MX OAJIJIBHBIX OI[@EHOK B OIIPO-
ce COrJIacHo MiKajae XappuHITOHA OKasaniach
«Hu3Kou» (Tabs. 1), uTo MPUBETO K COCTABICHIIO
HECKOJbKIX TOJIMHOKECTB 13 Pe3y/JIbTaToB Olle-
HUBaHUAA.

Taxoi moaxom, 0OCHOBANNLINA Ha BLIICICHNIN
MOJIPYIIT HKCIIEPTOB ¢ KOPPEJIUPYEMbIMU MHe-
HUSIMU, TO3BOJIMJI COCTABUTH aJbTepHATHBHbBIC
MaTeMaTudecKne MOJIeJII JIJIsT OTeHKN 1 yTipaB/ie-
HIUST KAYeCTBOM ropojicKoit cpejint. [lis hopmastu-
31 MHOTO(AKTOPHOI OTIEHKHU DKROJIOTHYECKOTO
KavyecTBa CpeJibl }KI3HN YeJT0BeKa MpejijiaraeTcs
NCIT0JB30BATh TaK Ha3biBaeMyi0 QYHKIINIO
sesaresbHocT Xappunrrona-Menuepa, or-
pPayKaIoILyo 00beKTUBHO JIHICTBYOTIIE 3aKOH b
CYIIeCTBOBAHMS €CTeCTBeHHBIX cucteM [12].

KommiercHbIil TOKa3aresib KauecTBa ro-
popcroii cpensl (KITKRC) paccumrwiBancs mo

opmyme:

_ ,;“‘ w Wy w3 Wy Wy We
D="d" -d,” -dy” -d;" - d; 'de’,

6

rpe W= ZW,-, KaK cpejHee reoMerpuieckoe
B3BEIIeHHOE TaCTHBIX OKa3aTeell d(i=1..6),
OTPasKAIOIINX COCTOSIHIE PA3JIMYHBIX (DAKTOPOB,
BJIMSIONMX HA Ka4eCTBO CPejibl; d, — 4acTHbII
IMOKa3aresib KauecTBa KOMIIOHEHTA CPefibl (aTMOoC-
(beproro Bozyxa, akyCTHUECKOTO BO3/IETICTBIS,
MTOYBEHHOTO CJIOS, BOLHBIX PECYPCOB, 0becIeden-
HOCTH TePPUTOPUN 3eJEHBIMI HACAMKICHUIMIM,
MOCTYIHOCTH TIPUPOJIHO-PEKPEATIMOHHBIX 30H);
w, — 3HaYeHNe BECOB YaCTHBIX TIOKa3aTeleil.

OCHOBHOI MPUHINTTHATLHON Hieei MCTob-
30BaHUsT KOMIIJICKCHOTO TTOKa3arTesis KauyecTBa
Cpejibl MOCJTY;KUIO0 TTPeodpasoBaHie HATYPAJb-
HBIX 3HAYEHWT YACTHBIX TAPAMETPOB PAs3INUHOI
HKOJOTMYECKON CYIHOCTU U Pa3MepHOCTU B
enHyI0 Ge3pasMepHyIo MIKATY sKeJTaTebHOCTH
(TpeIImoYTUTEe/IHHOCTH ) .

CBA3L MEKIY KOJTMICCTBOHHBIMN TMOKA-
3aTeJAMI B KOMILIEKCHON Te0dKOJOTHUECKON
oreHKe Teppuropun (MATHOAITLHAS MTKATA) 1
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MCUXOJOTYECKUM BOCIIPUATIEM DKOTOTHUECKOTT
KOM(MOPTHOCTH CPEJIbl YeTOBEKA COMTIACHO HTKAJIe
IOHECRO paccmorpena B tabamtie 2.

XapakrepHoii 0cOOEHHOCTHIO pacuéra KOM-
IIJIEKCHOTO 1IOKA3aTe/Isi KA4eCTBA CPeJibl CTAI0
HaXOJK/eHIe MaTeMaTHYeCKUX MOJleseil s
YACTHBIX (DYHKITNII JKeJaTeJIbHOCTH B BUJIE JIO-
ructnyeckux Kpusbix. Hiaccuueckas reopusi
YaCTHBIX PYHKITUI sKeJTaTeIbHOCTH, OTTMCAHHAS
B [12], He coorBercTBOBaIA HATUOANIBHOIM
HIKaJle N3MEHEeH U s DKOJIOTHYeCKIX IToKasareseit
(puc. 2 a), npepacrasnernnas B [14]. IloaTomy
HaM HPUIILIOCH UX MOAUMUIIPOBATE.

B eBsi3u ¢ aTum ncxonas opmysia 4acTHOI
yHRIIMNM 17151 TORa3aresst «atMocepHbIil BO3-
AyX»:

1,834
d =1—exp—expy— 9()}1;3] -2

MIOJKHA OBITH TpaHC(pOPMUpPOBaHA B MHYIO
AHATUTHYECKYIO POPMYITY:

0,395
v -3\
d =1—expy—expy— 4{ 183) -25

I'padmk aToro BhIpazKkeHus, npeacraBieHHbII
Ha puc. 2 b, mocae MmopuduKaImii COOTBETCTBO-
BaJI TOM Tpajiaruu, Kotopas Oblia orpesesieHa
maist aroro (paxropa, cornacHo tadauie 1 B [14].
[TorpemuocTh cOOTBETCTBUS ejieHNiT (TPAHMIT)
KA n3MeHeHus 3Ha4eHn il (PpakTopoB co TIKa-
noii skerarenbHoctTn IOHECHKO cocraBnsina
meree 10% (pmue. 2b).

[TpepnaraemMblii MeTOAMYECKUTT TIOXOJ [IJIsI
OTIeHKN HKOJOTMIECKOTO KauyecTBa TOPOJCKOI

CpeJibl MO3BOJAET AHATU3UPOBATH MOPOICKYIO
TEPPUTOPUIO B T[€JIOM, OTHETbHBIE eT0 PAOHBI
7 Jlaske 30HBI ¢ YU6TOM BBHIOPAHHBIX (DARTOPOB
OKPYKAIOIIEH CPejibl, a TAKKE N3YUYaTh INHAMUKY
HROJIOTIIECKOIT KOM(POPTHOCTH KOHRPETHOTI Tep-
PUTOPUN U TTPOBOJIUTH COTIOCTABJIEHNE C PYTUM I
pailoHamu.

Pesyabsrarsl n o6cy:kneHue

B rauectBe mpumepa peanusaiiu MHOTO-
(baKkTOpHOTO yIIpaBAEHUS COCTOSTHIEM FOPOICKOTT
DROCHCTEMBI HA OCHOBE KOMIIJIEKCHOTO TI0Ka3are-
JIst KA4eCTBA Cpe/bl BHIOPAH sKIJIOI MUKPOPATOH
Texcruaniuiros, r. Tupacmons (puc. 3).

YpoBeHb 9KOJOrNYECcKOiT KOMPOPTHOCTN
MuKpopaitona TeKcTuIbIMKOB, pacCMOTPeH-
Helit B padbore [15], xapaxkrepusyercsi OMeHKOI
«yca06r0 onacuotily. CTonb HEOIATONIPUATHOE
KauyecTBO cpejibl 00YCJOBJIEHO 3HAYNTETbHBIM
3arpsi3HeHUeM BO3/yXa U CBepXHOpPMAaTUBHbBIMU
YPOBHAMU IIITyMa OT UHTEHCUBHbBLIX IIOTOKOB Jier-
KOBOTO U I'PY30BOTO, $KeJIe3HO0POsKHOTO TPAHC-
1opTa, MepeHocoM BPEeHbIX BeIecTB, BbIOpa-
CbIBaCMbIX ITPOMBIIIJIEHHBIMU IIPEAIIPUATUAMMN,
YAAAEHHOCTHIO OT MPUPOIHO-PERPEATMOHHbBIX
npocrpancers. OrpuraresrbHoe Bo3elicTBie Ha
COCTOSTHIIE DKOCUCTEMbI 11 KAUeCTBO CPe/ibl OKa3bl-
BaeT BBICOKOE 3arpsisHeHne pyubst HoJIKOTOBBIIL.

KoukperHbie 3HaueHUst YacTHBIX (DaKTOPOB
JUIST OTIEHKI KauecTBa cpejibl (PYHKIMOHATbHbBIX
pailoHOB OBIIN OIpefiesieHbl Ha JTare Mccaeio-
BaHMA dRoJNOTIUecKoil curyarnu [14]. Opnaxo
B laHHON paboTe B KauecTBe Kpurepus ode-
CIEYeHHOCTN KUJIOTO MUKpOpalioHa 3eJ6HbIMI

Ta6amma 2 / Table 2

CBs13b 3HAUEHNIT KOMIIJIEKCHOI OIEHKI TePPUTOPUIL I 3HAYEHUT ROMILTIEKCHOTO TI0KAa3aTe T KauecTBa
ropojickoit cpejibl (KITHC) / Relations of values of complex assessment of territories and values of a com-
plex indicator of quality of the urban environment (CIQUE)

JKOJIOrMYecKast Suavenne RITRC
Romrmexcnas VpoBeHb MmoKasaTesist
reosKoJIormueckas curyanus | (nsaTudaiabHas oreHKa) KOMpOpTHOCTD (omveTki 110 mikasie
y : . (sresaTeNIbHOCTD) IOHECRO)
Complex geoecological Indicator level . . .
situation (five-point assessment) Ecological comfort CIQUE value (marks
(desirability) on a scale of UNESCO)
Braronpusithas / 1 Ouensb xopormas / 0.88-1.00
favorable very good
yCJIOB}'I(? Gaaronpusitias / 9 Xopormast / 0.71-0.87
conditionally favorable good
yJIOBJIeTl?OpI/ITeJILHaH / 3 VL[OBJIeTpopMTeJILHaH / 0.51-0.70
satisfactory satisfactory
Hanpﬂmennaﬂ/ 4 [Lroxas / 0.37-0.50
intense bad
HpI/ITH.‘I.eCI{aH / 5 Ouewns mmoxas / 0.00-0.36
critical very bad
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Jnavenne / value d,

W

1,00
0,80
0,60
0,40

’

0,20

’

0,00

’

3

-4

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
3unauenne KM3A / value CIAP

3nauenne / value d,

(‘\

1,00
0,80
0,60
0,40
0,20

0,00

e

3

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
3navenne KU3A / value CIAP

Pue. 2. I'padpuru vacTubix QyHKINIT jReIATETLHOCTI: A

| — A1 atMochepHOro BO3/lyXa 110 3HAYeHUIO

) d
KOMTIJIEKCHOTO MHJIeKCA 3arpsi3HeHns aTMocdepb (HMBA) COTJTACHO RIACCHYECKON TeOpuH,

b) d, — pais armocdeproro Bosyxa o snavenuio KUSA nocne mopudurarun

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

LAY = . oS, =) X A o SRR " s

Puc. 3. Teppuropusi murpopaiiona Tercrumibiiuros, 1. Tupacriomin
Fig. 3. Territory of the Residential Tekstilshchikov microdistrict, Tiraspol
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Tadomuma 3 / Table 3

Orerka HK0JIOrIYeCKOil KOM(POPTHOCTH TI0 Pe3yabTaTaM DKCIIePTHOTO orrpoca /
Assessment of ecological comfort by results of expert poll

Howmep rpymist sxceprosn
Number of group of experts

Sunauvenue RITHC (D)
Value CIQUE (D)

IromormuecKass KoM(POPTHOCTD
corstacto mrane KOHECKO
Ecological comfort according to a

scale of UNESCO
1 0,44
2 0,43
3 0,49 [Tnoxas / poor
Cpenree suauenne 1o rpymmam 1-3 / 0.45

Average value on groups 1-3

HACAKIEHUAMN O0OIero mOJAb30BAHUSA B3AT
OKA3aTe/b COOTHOMICHWS IO O3e/IeHe-
HUST BBICOTHOU 3aCTPOITKI, 3aHATOTO J[PEBECHO-
KYCTAaPHUKOBBIMU HACAKICHUAMN, K TLIOTIAJN
TePPUTOPUI MHOTOITAFKHOTO cerTopa (B %).
JKRoJTOoTHUeCKasT CUTYal[nss MUKpopailona
TeRCTIITBIITKOB ¢ YI6TOM BBITIIETIePeUNCIeHHBIX
KpUTepueB MpejcraBieHa B BIe BEKTopa:

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

YTO COOTBETCTBYET BEKTOPY 3HAUCHUI 4aCT-
HBIX TToKazareneit kauecrsa cpennt (TC):

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

AHnanua pesyabTaToB dKCIIEPTHOTO OMPOca
MORA3aJ OTCYTCTBYE eINHOTO MHEHWS PecrioH-
JEHTOB O CTETIeHN BAYRHOCTHU (DARTOPOB, TOATOMY
IJIsT OTIeHKU KOM@OPTHOCTU TOPOJICKON Cpejibl
NpPUMEHEeHbI aJbTepHATUBHBIE MaTeMaTHYecKue
hopMyIIBI 7151 HAXOKEH NI 3HAYeHITST KOMTITeKC-
HOTO TToKazatess (tabi. 3).

Bwe 3aBucumoctin ot coctaBa TPYIITBI 9KC-
MepPTOB IKOJOTHYECKass KOMPOPTHOCTH MUKPO-
paitona TeKCTUIBINKOB OIeHUBAETCH KaK
«RAOXAS».

Mepotnpusitusi o yaydnieHnio Kauecrsa
TOPOMICKOM CPEJIBI COTTTACHO TTPeICTaBICHHON Ma-
TeMaTHYeCKOT MOJIeTTN TPUHUMATNCH CHCTEMHO,
¢ Y4éToM HeOJIarompusaTHBIX COCTOSTHIIL Beex eé
KOMITOHEHTOR.

YiyuiieHne dKOJTOTHUECKOTO COCTOSHIS,
MOBBITIIEHIE KOM(POPTHOCTH TPOKUBAHUSA HACE-
JJeHud n 066(5116‘161—11/16 yCTOJ?llll/lBOFO pasBuTusd ro-
POJCKOIT TePPUTOPUH HA TIEPCIIEKTURY TTPEJICTaB-
JIEHO B BUJIE CJEIYIONIETO TiJaHa MepoTpusiThii ¢
y46TOM IIPHOPUTETA BCeX MoKa3aTe/leil KauecTBa
TOPOAICKON cpeibl U MHAEKCOB B ROMIIJIEKCHOT
OIleHKe DKOJIOrnYecKoil curyannuu (tadi. 4).

Nexopst us Tabauiibl 4, ylpabieHue cocTos-
HIEM TOPOJICKOT Cpejibl IPU PACCMOTPEHNT pas-
JUYHBIX MHEHUI TPYIIT DKCTIEPTOB MPAKTHYeCKI

Beerya (3a uckiarwueHuem meponpusitust M1) co-
BIIQJIaeT ¢ pesyabTaTaMi Ha OCHOBE YCPeTHEHHOI
OTIEHKN MHEHWS TPEX Py aRcepToB. [Toaromy
1eecoodpasHo peaim3oBLIBATL HA MPAKTHKE
MOJIeTb YIIPaBJICHU s KAaUeCTBOM CPe/ibl HA OCHO-
Be YCpPeIHEHHOTO 3HAYCHW ST OTEHOK BCEX TPYIIIT
DKCTIEPTOB.

Jlnst Bu3yajibHOTO BOCIIPUSATHS CTpPaTeruu
YIPaBICHUS KAYECTBOM MOPOJICKOIT CPEJIbI, TIPe-
CTaBIEHHOI B TaOJIMIE 4, NCITOTB30BaHa rpadu-
YecKast MHTePIIpeTalys pe3yabratoB HHTerpaib-
HOTO aHa/IN3a PazHooOPa3HbIX IKOJOTHUECKIX
rmorasarejeil u omeHor. ['papuueckas cxema
XapakTepuayer He TOJHKO TeKyllee dKoJIoTnye-
CKOE COCTOsIHIIE YITPABJISIeMOro 00beKTa, HO 1 TO
COCTOSTHIE, K KOTOPOMY HEOOXO/IITMO CTPEMUTHCS.
Jlmarpamma yripaBieHusi COCTOSTHIEM FOPOJCKOI
CpeJlbl ¢ YU6TOM 3HaYeHWH YacTHBIX (PYHKRITI
FReTaTeTbHOCTH (B %) IUIA DKOJTOTHYECKIX T10-
Rasareseil pejicraBieHa Ha pUcyHKe 4.

Wexopst m3 rpauueckoro mpejcraBieHms
(puc. 4) Kpurepuem yCIeNrHOCTY OpraHu3arun
cpefoyayuliiiaioneil moJuTuKI, HallpaBJIeHHOI
Ha TMOBBITIeHNe KOMMOPTHOCTH MPOKUBAHNS
Yes0BeKa, CIYKUT YCIOBUE:

P,,>P,>P,,>P, >P

MA™ © M3 TC

rpe Py — mepumerp MHOTOyrojibHUKa B
pesyabrare peanmuzanum mepornpustus Mi,
(i=1...4); P, — mepumerp MHOrOyroJbHHUKa CO-
PJIACHO KOMILJICKCHOT Te0IKOJIOTHYECKON CUTya-
I TePPUTOPUI HA TEKYITee COCTOsTHIe,

B cayuae murpopaiiona TercTmiabiimkon
MOKHO YTBePIKIaTh, YTO JJIsi TOPOJICKOT cpejibl
Hanbosee 6JIATONMPUATHON ABIACTCA DKOJO-
rmyecKasi CUTyalus, omnpejesseMas mocsue-
JIOBATEJIbHOCTHIO TIPUMEHEHUsI MePOTPUsATH il
«TC— M1 - M2 — M3 — M4». llepcriekrupHoe
3HAUYeHNe KOMILIEKCHOTO TTOKa3aresisi KauecTBa
CpeJibl JIIs JAHHOI TepPUTOPUI COOTBETCTBYET
«xopoutemy» yPoBHIO DKOJIOTTIECKOT RoMpopT-
HOCTH TPOsKUBAaHUA yeoBeka. Takum obpasom,
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Fig. 4. The chart of quality management of the environment
(on the example of the Residential Tekstilshchikov microdistrict of Tiraspol)

CpaBHUBAS TOCTEIOBATENLHOCTH COCTOSHUIT B
AUHAMUKE peajin3arnu MeponpusiThii, MO¥KHO
BBISIBISATH U HPEAYIPEsRAAaTh OllacHble OTKJIO-
HEeHMSI OT HOPMAaJbHOTO COCTOSTHIS, TTOBBIIIATH
ROM(POPTHOCTH TePPUTOPUN ¢ YUETOM TIPEITO-
YTEHUI 1 MOTPeOHOoCTell HaceJ eH s,

BoiBojbt

Jlonst ynpaBieHUss KauecTBOM TOPOJCKOT
cpefibl TpejlojkeHa MareMaTnyecKkas MoOJesb
¢ MCTIOJIL30BAHMEM TIIeCTH HKOJOTHYECKUX 110-
KazaTeJeil.

Paspaboran KoMILIeKCHBIIT TTOKa3aTesib Ka-
YeCTBA JKUBHN B TOPOJIE Ha OCHOBE 000OIEHHOM
(pyHRINYT KeaTATeTBHOCTH ¢ YU6TOM BECOBBIX
ROPPUIIEHTOB BaKHOCTH HAKTOPOB OKPY-
JRATOTIEN cpefibl: 3arps3HerHne arMocdepHoro
BOBJLyXa, YPOBEHDb aKYCTHUECKOTO BO3JIETCTRISA,
COCTOSTHUE TIOYBEHHOTO CJIOS, KAYeCTBO BOJIHBIX
pecypcoB, 06ecieueHHOCTh TePPUTOPUN BeJIé-
HBIMU HACKIEHUAMU, JOCTYITHOCTD TTPUPOJHO-
peKpeanmoHHbIX 30H.

YipasiieHue KOMQOPTHOCTHIO TTPOKIUBAH ST
Hacejnenus B T. Tupacronb ocyniecTBIsgeTcss B
bopme nmana cpeoyIyUIIAIONINX MEPOITPUs-
tnii. Peanmsanus ynpasienus npejcraBjieHa B

BuUjie MHOTO(paKkTOpHON rpadoaHaTnTHIecRroil
CXeMbl.

IKOJIOTIMUeCcKasT KOMMOPTHOCTL MUKpPOpaiio-
na Texkcrunpmuros (1. Tupacmons), onpeense-
Masl T10CJIe/[0BATe]bHOCTHIO IPUMEHEHMS 1P -
POTOOXPAHHBIX MEPOIPUSATHIL, MOBBIIIAETCS OT
KaTeropuil «RA0Xas» 10 YPOBHS «XOPOULASLY.

Hcenedosanue sotnoaneno 6 pamkar memot
DHU 2ocydapcmeennvix akademui hayx na 2013 -
2020 ee., 0148-2014-0027, pee. Né 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
nearinfrared 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 lime, 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 (GIS) 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
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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
quantitative 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 oul

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 (537.5-582.5nm),
red B4 (645.5-683.5 nm) and near infrared B8
(762.6-907.6 nm). The standard way of visual-
ization in the ENVIenvironment 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
salellites 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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Orkpoiras B 1999 r. nemepa I'panpunosnas B peciiybianke Bamikoprocran siBjstieTest OJ{HON 13 KPYITHEMIITNX eCTECTBEHHBIX
KapcroBbix moJiocteit Ypasa. Ciiesieosornueckoe nccaegoBane merepor Beféres cumamu CaaBarcKoro Kiryda Crieeoaoron
(pectrybamra Bamrkoprocrai). B 2016 1. B merepe Kak Ha KPYMHBIX TIBI0AX, TAK Ha MINHUCTOM JiHe ObLn 00HapYsKeHbI
HEOOBIYHBIC KaJIbIIUTOBBIC 06pasoBaHusL, JiesKalue B cBo0oHOM mpocrparcrie. [Ipu momoru remiieparypHoro jgarajaorrepa
HOBO Water Temp Pro v2 o110 yeranosiieno, 4to B rpore, jie OblI HACH KATLIUT, B TEUCHIIE BCETO TOjla HADIIOAI0TCsT
cTabIIIbHbIE TTOTORUTETbIbIe TeMieparyphl (Kkosedans e npesbimaior 0,5 °C). Ha ocnosamn mopdomornieckoro, Xumu-
YECKOTO ¥ H30TOITHOTO H3YYeHIst 06pasios, a rakske ux 2Th /2 U naruposarus G C/IeTaH BHIBOJL O TOM, YTO HTOT KAJTbIIUT
sBJISIOTCsT KpuorenubiM. Hopouku mipesicrasiisiior co0oil arperaTsl (pazMepoM 1o 6 ¢M) pasHoOPUEHTHPOBAHHBIX KPUCTAILIOR
RaJIBITATA ¢ TPUMA3KaMI MNHbL TOHATBHOCTE OKPACKI KOPOUEK 3aBUCHUT OT KOJImYecTBa minHucThix yactutl. Haxopia rakoro
KaJIbIuTa, 00pazoBaBIIerocs Ha Iepexojie OT MO3/Hero gpraca K npebopealry, yKazblBaeT Ha CyIIeCTBOBAHIE B 9T0 BPeMs Ha
Osxmom Ypaste rerpajiupyiorieit MEOTOJIETHET Mep3si0Thl. Bo BpeMmst 91010, T0BOJILHO PE3KOTo, MOTeIICH U KIUMATa, TPOC-
XOJIMITO AKTHBHOE TTPOTANBAHTIE CYIIECTBOBABINEN pariee MeP3IOThI, UTO SIBJISIETCS HeOOXOMMBIM YCJIOBHEM JI7isT 00pa3oBaH IS
KPUOreHHOTo KaJibIuTa B 1eriepax. P33 p36HTblBaeMa}i ABTOpaMM MeTO/IMRa olipejieJieHnd KPUOTreHHOro RaJdbliiura 1 JIpyrux
Mopdoormdecknx opM, OCTABIITUXCS TTOCJE TIOTHON JIerpajlaliinil MO3eMHbIX HAJIC/ICH, TTO3BOJISCT OMCHIBATH MACIITA0bI
OJIeJIeHeHIIsT 1 BeJIMUMITY ero BIUSHIS Ha KAPCTOBLIE 9KOCHCTEMbI B IIPeieiaX M3y4yaeMoro pernoma.

Harouesswie crosa: Kap6()HaTbI, Hnemepbl, kKpuoreHes, M30TOMHBII COCTaB, reoxXpoHoJIornsd, MmaJeoranmar.
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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 >'Th /%%U dating, this calcite was found to be of cryo-
genic origin. 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.

JRoJIOrIYecKasi MUHEPAJIOTUs 1 TeOXUMU S
B HACTOsIIIlee BPEMs pacCMaTpUBaeTCst Kak O{HO
13 CAMBIX BORHBIX (DOPMUPYIONTUXCA HATIpaBJie-
it pazsuTysa reosrosornn [ 1]. Ornocnrenniias
M30JIMPOBAHHOCTD Telep, cTabuibHOCTh TeM-
meparTypHbIX YCJIOBUIT 1 IMITPOKOE PaciipocTpa-
HeHre KapeTOBBIX TTOJOCTEN B TIpefiesiax ypaia,
a TaKyKe BeJIMKOJIEITHASI COXPAHHOCTH ¢chOPMUPO-
BaBIINXCA MUHEPATbHBIX 00pa3oBaHUIL JlesiaeT
UX YHUKAJILHBIMU 00bEKTAMI JIJIsI BBISBIEHUS
crenu@uRM MposIBJIeHNS TeOXUMIUYeCKUX 1TPO-
1eccoB, MO3BOJAONINX TPOCIEIKNBATH T€0OXPO-
HOJIOTUYECKIe 3aMICH KIANMaTHIeCKIX COOBITUIT
Ha MPOTAMKEHNN YeTBePTUUHOTO mepuopa |[2].
ARTyaJbHOCTH MCCJE0BAHUT 00yCIOBIEHA
BBISIBJIEHUEM B MOCTEHIEe TOJBl KOMIJIEKCA
MBOTOMHO-TEOXUMUYECKNX [3], MUHEpATOTH -
YeCKUX [4] m OmosornyeckuX [D] MHANKATOPOB
3HAYUTEHLHBIX TeMITePaTyPHbIX KOJTe0aHmii.

Rpuorenublii memepHblii RaabiuT obpa-
3yercs B Ieriepax m3 BOJAHOTO pacTBOpa, Io-
CTYTAIONEro ¢ MOBEPXHOCTHU, TIPU €0 MeJIJTIeH-
HOM 3aMep3aHNN B YCJAOBUSIX OTPHUIATETbHBIX
TeMIepaTyp, COXPaHAIOMUXCS B MeepHoii
MOJOCTU B TOJIE MHOTOJETHEMEP3IBIX 110-
poa. Takme ycaoBusi CKAAJBIBAIOTCS HA dTare
merpazanuu MHOTOJETHEH Mep3JoThl, KOTIa B
pesyJiabraTe MOTEIIeHUsT KINMAaTa MOIHOCTD
AKTUBHOTO CJOsI YBEJIUUYUBACTCS HACTOIBKO,
4TO BEpPXHsSA TPAHUTIA MEP3JOTHI Mepeceraer
moBepxHocTh merepbl. [Ipn arom Boma n3 ar-
TUBHOTO CJIOSI MOYRET MTOTMAJIaTh B 3aJIbI METephI,
BCE eré HaXOANXCA B 30HE OTPUIATEThbHBIX
tTemiepartyp, u 3amepsarb. [lockonbky Bo3pact
TAKOTO KaJbI[UTA MOJKET OBITH I0CTATOUHO TOUHO
orpepenén merogom >°Th /#4U parnposanusi, on
ABJISIETCSA YHURATbHBIM HCTOUHUKOM MHEPOpPMA-
HUW 7 BOCCTAHOBIEHMS TPOCTPAHCTBEHHOTO
pacrpocTpaHeHUs MHOTOJTETHEI Mep3J0Thl Ha
nporsrernn mocaeanux 600 Toic. mer [6]. Ha
repputopun Poccun KpmoreHHBIN KaabIiuT
ObLT BIiepBbIe onmcan B rpannnax CeBepHoOTO 1
Cpepnero Ypada B nemepax [lusbs, Poccuiickas
un Yebsunckasi-1 [7]. Ha I0xuom Ypage kpuo-
PeHHBIN KaAbIUT ObIT OOHAPYKEH B Ierepax
Burropust u Hlynsran-Tam [6]. B nacrosimeit
cTarthe MpejcTaBIeHbl Pe3yJabTaThl N3YYeHU s
" IaTUPOBAHUS TPEITIONOKITEIBHO KPHOTeH-
HOTO KaJbIUTa, HANIeHHOTO B TPEThell melepe
Oskuoro ¥Ypana — I'pannunosnoii.

O6mmue ceegenns o nemepe Ipangmosnas.
[Temepa Oblya naiigena B. AjekcaHapoBbiM
B 1999 r. Coemeosornueckoe mcceiaefoBanne
nerepsbl Beféres cumamu CamaBarckoro kiryba
cresnieosoros (pecnybdanka Bamkoprocran).
Baaropapst yeusiusm ciiesieoioros, merepa co-
XpaHsercsi B IPAKTUYECKN HeM3MeHHOM BH/e.
Hareunbie n pyrue meriepHbie OTI0KEHUS He
3aTOITAHbBI, @ B HEKOTOPBIX MECTaX OIOPOKEHbI.

[Temepa naxonuresi B Mesiey30BCKOM paiioHe
pectryonmkn bamroprocrar, B 32 kv ot 1. Bepxo-
TOP, HA TIPABOM Oepery p. YpIoK, paBoro PUTOKa
p. Hyrymi, na abcontornoii Beicore okoyio 400 m
H. y. M. Ha ceropusimmnnii nenn, mermepa nvmeer
nporskénnocts 7181 m u roryouny 189 m [8].

[Tosoets obpaszoBana B M3BECTHAKAX BepX-
nexkapbonosoro sospacra (C,), mpejcraBieHubIx
JABYMsI PA3HOCTSMU: OUTYMUHO3HBIMI M3BECT-
HAKAMI OT TEMHO-CepPOoro /1o Y6pHoro 1Bera (B
ATUX TIOPOJIAX 3aJI0KeHA BePXHSIsl, IPUBXOI0BasI
4acTh [elepbl) 1 OPraHOTeHHBIMU U3BECTHSIKAM U
CBETJIO-CEPOro I[BeTa ¢ OOJIBIINM KOJTNYeCTBOM
nekromaeMoil payHbl (B DTHX MOPOJAX 3aI03Ke-
Ha 0OJIbINAsT YacTh Telepbl, HAYNHAS ¢ KOHIIA
OCHOBHOTO MeaH/[pa 1 /{0 CAMbBIX HIKHIX XO/I0B
mnemtepol). VsBecTusiku ciaoucTbie, HajgaioT Ha
cesep noj yraom 100°. B menepe Berpeuaiores
MJIACTHI W JIMH3B KPEMHUCTBIX TTOPOJL, NMeTo-
MUX CePO-CUHIOI N KOPUYHEBYIO OKpPaCKY.
B 200-300 m K BocTOKY OT merniepbl BepxHe-
KapOOHOBBIE N3BECTHAKN KOHTAKTUPYIOT ¢
0CaJI0OYHBIMU TIOPOJIAaMU HUKHEeBOHCKOIO BO3-
pacra (D)), KoTopble npejicTaBieHbl IIecYaHnKAMI
U KBapIUTO-TIeCYaHMKAMI. 3aJleraHie mopoj He-
COTTIACHOE; X KOHTAKT, 110 BCeil BUUMOCTH, NMe-
et rekroHnvecKknii xapaxrep [8]. Bxop B nemepy
I'panamosnas pacrososkeH B BOPOHKe-TOHOPe
rryounoi 14 m, 3aMbIKalonieii codoil JOIIHY,
naynHoi 0k0710 300 M, B KOTOPOIL IIPOCIeKIBACTCS
pyciio BpeMeHHoTo BojoToka. Bo Bpems Becew-
Hero CHeroTastHus Win CUJIbLHBIX J[OMKIeI BXOJ
B [TeI[ePY CTAHOBUTCS MECTOM MHTEHCUBHOTO 110~
TJIOTIeHNsT TTIOBePXHOCTHBIX Bojl. [lemepa nmeer
caoskuyto Mmopdosaoruio (puc. 1) m orHocurcs
K KOPPO3MOHHO-3PO3MOHHOMY THUITY.

HarmonHbIe 1 BepTHKAJIbHBIE YIACTKH T10JI0-
CTU CMEHSTIOTCS CHCTeMOT IIPARTHYeCKI TOPU30H-
TaabHBIX X0710B. CJ0KHBIIT MOpPHOTOrnIecKnit
O0JIMK TIeTepsl 00YCIOBICT HATOKeHIeM 6oee
MOJIOJIBIX KAPCTOBBIX KAHAJIOB Ha CUCTEMY JIPeB-
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entrance'

Puc. 1. Ilnan nemepst pangnosuas [8]. Ha Bpeske
MOKasaHa IMPUBXOI0BAs YACTh IMeIePhbl. 3BE30UKOI
YKa3aHO MECTO HAXOJKU KPUOTEHHOTO KaJbITUTa
Fig. 1. Schematic map of Grandioznaya cave [8].
Insert shows the near-entrance part of the cave.
Star indicates the location of cryogenic calcite

Hux. BxosHoit meanjip odopbiBaercst 12-mMmeTpoBbim
YCTYIIOM, KOTOPBIT BBIBOAUT B 3as1 AQpPOAnTHI
1 BepxXHIOo yacTh 3asa [lamensr Anpepcon, rue
1 ObIT OOHAapYysKeH MCCJeyeMblil B HACTOSIIeil
paboTe KaJIbIUT. 3aJbl ABIAIOTCA YACTAMMU
TPeBHNX TOPM3OHTAIBHBIX TaJepeil mernepsl,
KoTOpBIe pacrosaraioress Ha raybune 50-58 m
OT MOBEPXHOCTH.

Hwmusas vacre 3ana Ilamenst Aupmepcon
SABJIAETCS TOPUBOHTAJNLHON rajepeeil, pac-
nosioskeHHoi Ha rayoune 70—-76 m, BCKpbITOI
npu oOpyHieHn MOoPoJi MepeMbIUKN MeRIY
BePXHUM U HUKHUM sipycamu memiepbl. B pe-
3yJabTaTe OOPYIIeHs 1 00heINHEeH I rajJeper,
IPOT MMeeT BHYITHUTeIbHBIT 00hEM U SBISAETCS
OHNM M3 CaMBIX OOJLIINX 3a70B TeIephl.
Ha nne 3ama pacrososkeH TJaBIOOBBIN 3aBaj
[8]. I'npi6BI 3aBaa MOKPBHITHI CJIOEM TJIWHBI,
B OOJIBIIIOM KOJITYeCTBe BCTPeUYAIOTCs HaTeqHbIe
KOpbI, cranarmMuTebl (puc. 2 d, cm. 06J103KKa,

. 3.), MEKY KOTOPBIMU HADTIONAIOTCS CBETIIBIC
CKOTIJIeHIsI HEOOBIYHBIX KOPOUYKOOOPaA3HbBIX
arperaToB RajbiuTa (puc. 2 a, b, cm. 0b103KKa,
c. 3), B HEKOTOPBIX MecTax 4acTUYHO TepeKphi-
THIX HATEUHOU KOOIl (puc. 2 ¢, cM. 00JT0KKA,
c. 3). [lnomaas nHANBUAYATBHBIX CKOTLTCHT e
npesbimaer 2—3 M2, MOIHOCTH — 3—4 cm. Taxune
(HOPMBI HAXOMKJCHNS B TeNepax TUITHIHBI [T
KpHOTeHHOTO Kajbiiura [9].

MaTepI/IaJII)I 1N METO/Abl MCCJACOBaHUA

Uzyuenne mopdosorum u XuMn4ecKoro co-
cTaBa KPUOTEHHBIX KAJTbIIUTOBBIX KOPOK ITPOBO-
[INJIOCH HA CKAHMPYIOIIEM DJIEKTPOHHOM MUKPO-
crore VEGA 3 LMH ¢ cucremoii peHTreHOBCKOTO
sHeprojuciiepcronHoro Mmukpoananuza [INCA
Energy 350/X-max 20 B 'opHom nncturyTe
¥YpO PAH (ananutur O.B. Koporuenkona).
W3zoronubie anannsbl yriaepojga n Kucaopoja
Buinonusinch B Innsbruck Quaternary Group
nipu MacOpyrekoM yausepenrere (pyKOBOIUTENH —
arajieMuk ABCTPUIICKOI akajeMun HaykK, 1po-
peccop K. HInérnn) na mace-criekrpomerpe Delta
PLUS XL (Fisher Scientific), ocuaménnom as-
TOMATUYECKOI INHUEI [T aHA/In3a KapOOHATOB
Ha ocuose nnrepdeiica GASBENCH (Fisher
Scientific) mo meTojKe n3I0KEHHOI B pabore
[10].

20Th /*%U natnpoBKM ObIIM BHITOJTHEHBI
METO/IOM MacCC-CIIeKTPOMETPUN ¢ TePMUYeCKOT
nonmsarmeli Ha macc-criekrpomerpe MAT 262
RPQ TIMS B yausepcurere 1. [lban (Kuraii,
pyrosopurenn X. Yenr). Bee koaddummenos
AKTHUBHOCTH OBIAM BHIYUCIEHBI [IPH TOMOIILN
MOCTOSTHHBIX PAJIMOAKTUBHOTO pacrajia mo [3].

Mopdgoaornyeckne nadmopennsi. Vzyuae-
Mblii KQJBIUT B TIelepe MPejicTaBlieH KopouKa-
MU CBETIO-KOPUUHEBOH OKpPacKu (puc. 3 a, cM.
obn0skKa, ¢. 3). Kopouknu npemcrasiasior codoi
arperaThl (pasmepom /10 6 ¢cM) pazHOOPHUEHTHPO-
BAHHBIX KPUCTAJIJIOB RaJIbIIUTA ¢ TIPUMa3KaMu
ranHbl. TOHATEHOCTD OKPACKN KOPOUYEK 3aBUCHT
OT KOJIMYecTBa NIMHUCThIX yactur, Habnonenus
MO/ BJIEKTPOHHBIM MITKPOCKOIIOM TIOKA3aJIM, 4TO
POCT KaJbIUTA TPOUCXOMMI HA 3arps3HEHHBIX
DJIMHON TIOBEPXHOCTSX, U TJIMHUCTBIE YaCTUIIbI
AKTHUBHO 3aXBaTHIBAJINCH PACTYIIIIMI arperatrammn
(puc. 3 f, cMm. obnoskka, c¢. 3). B 6onbmimncre
cJlydaeB, KOPOUKU MMEIOT IJI0OCKOe OCHOBAHUE
(pue. 3 ¢, cM. 00T03KKA, €. 3), IPUUYEM B OCHO-
BaHUN HEKOTOPHIX (puc. 3 d, e, cm. 00mosKKa, ¢. 3)
HaOJII0/IAI0TCST OTHeYATKI KPUCTAJIJIOB HbIHE He
CYHIECTRYIOIIeIT MUHepaibHOil dasbl (abma?).
Hanmume rakux oTrieaTkoB OBIIO OMICAHO paHee
17151 00pasioB KpuoreHHoro KayubiiuTa CpejpHero
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n CeBepnoro ¥Ypana [7], n Mosker paccMaTpuBaTh-
51, KaK THIOJOTHYCCKIUI TPU3HAK KPUOTeHHOTO
KaJbIITa.

Kopouku-arperars ¢JI0sKeHbl WHNBUTAMI,
4acTO JeMOHCTPUPYIONIUMHU pPacIlenaé HHbII
POCT, BILIOTH 10 MOSIBJIEHUsT CHOOBUHOT MOP-
dosorun (puc. 3 b, cm. obsoskKa, c. 3). Hepac-
MEeTIEHHBIe WHINBU/BI 00Pa3oBaHbl IPAHAMNI
0CTpOTo poMOOd/Ipa 1 MITHAKONIA; MHOT/IA BCTpe-
YAOTCA KOMOMHAINN OCTPOTO U HOPMAIbHOTO
(crratinoro) pom009/poB. Pazmep orjieibHBIX
nunusunos cocrasiser 100—150 MrM.

Ilpumecn. Tlo ganupiM MOJTYKOJMYECTBOH-
HOTO PEHTIeHOCIeKTPAIBHOI0 MIKpOaHaIN3a B
KaJbluTe 3apukcnposana npumech cepbl (SO, —
mo 1,71 mox. %). Beissinennsie B oOpasmax co-
nepsxanus Si (10 3,26 ar. %), Al (10 2,57 ar. %),
K (10 0,83 ar. %), Mg (0 0,47 ar. %) u Fe (0
0,63 ar. %) cBsA3aHbI ¢ NPUCYTCTBIEM MUKPO-
BRJIIOUCHII TIMHUCTHIX MUHEPATOB 1 THAPOK-
CHUJIOB JKeJe3sa.

N3oTonmmIii cocraB KNCJI0PoOa U yriaepoya.
W3orornublii anaams yriepoja u KuCaopoja Kajb-
mura Kopouek jgan snadenus 850 = -13,7%o
V-PDB u 8C = -7,8%0 V-PDB (amanuru-
yecKas MOTPeIIHOCTh s 000MX M30TOIOB
cocrasisier 0,1%o0 na yposue 1c). [lisa cpas-
HeHUs ObLJT MPOAHAJIUZUPOBAH M30TOIMHBII
cocTaB crTajarMura, oToOpaHHOTO B TOM jKe
3ajie merepsl. 88 aHanm30B, BHIMOTHEHHBIX
10 ocu pocra crajarmura ¢ marom 1 mm, maan
HE3HAYNTEeJTHbHO M3MEHSIOIMNeCs 3HAYeHW S
380 =-10,8+0,3%0 V-PDB u 8"C = -8,3+0,6%o0
V-PDB.

2Z0Th /234U pmarmpoBanme. Vcciemxyemprii
RaJbINT tast Bo3pact oroyio 11,9 reic. jier (Tada.).
JloBosibo GosibIas anaauTudecKas ommnoKa,
npesbimaioias 1 teic. ger (9,9%) csszana c
HEBO3MOJKHOCTBIO TIOJHOCTHIO OYUCTUTL 00pa-
3e1l OT DNJIMHUCTHIX YACTHI], 3aXBATHIBABIITIXCS

B mporecce obpasoBanus arperara. Cramarmur,
BhIpocIinii Ha ribide B rpore [lamensr Aujepcon
HavaJ  pactu okoJo 2,6 ThiC. JeT Ha3aj, W POCT
MPOMOJIKANCA, TPAKTUYCCKH 10 MOMEHTa OT-
Oopa obpasma (KanbIiuT Ha TTyOnHe HeCKOJIBKO
MUJLIAMETPOB OT MOBEPXHOCTH CTaIarMITa nMeer
Bo3pact okosio 80 ser).

Pesyabrarel n nx odcyskaenne

[Tockonpry HATNUME KPUOT@HHOTO KaTbITI-
ta B nerepe 'panpmosnas ABISETCS BayKHBIM
WHNKATOPOM HIPUCYTCTBISI MHOTOJIETHEIT Mep3-
norbl Ha HOkHOM Ypasie B KoHIle mieiicromneHa
(B KOHIIE TIO3JIHETO Jipraca), CJaelyerT oreHuTh
HACKOJBLKO HAJIEKHO OIPEIeSI6H TeHe3UC ITOT0
KaIbIUTA.

[Tpu momotmm TeMeparypHoro gartajorrepa
HOBO Water Temp Pro v2 6bi10 yeranosiieno,
YTO B I'POTE, THIe OBLT HalleH KaJIbI[AT, B TCUCHTIe
BCEro rojta HabJIroatoTes cTadMILHLIe TTOJTOKI-
TeJbHbIe TeMITepaTypbl (KoaeOa st He TIpeBbIIa-
o1 0,5°C, puc. 4). Takum obpasom, B 1ol yacTi
Merepbl COBPeMeHHoe oJiefleHeH e, CBI3aHHO0e ¢
JOKAJIBLHBIM HAKOILICHIEM XOJI0/a WK I HaMI-
YECKUM ITPOMOPAKIBAHIEM ITCIIEePhl, PA3BUBATh-
cs1 ve Moyker. COOTBETCTBEHHO B COBPEMEHHBIX
nan OJN3KIM K COBPeMEeHHBIM, YCJIOBUAX HEBO3-
MOYKHO 11 00pas3oBaHme KPMOTEHHOTO KAJBI[NTA.
Hecmotps ma 910 06cTOATEIHETBO, DOMBITHHCTRBO
XapaKkTepPMCTHR MCCTOYeMOTO KaJILI[NTA CO-
OTBETCTBYIOT KPUMOTeHHOMY reHesucy. Takumn
XapaKTePUCTURAMM SBJISAIOTCA:

— XapaxTep HaxXo;RIeHNs B memepe (B BIIe
HeOONBINNX O IJIOMIAN CKOIJICHNI Maaoil
MOTITHOCTH, OOBIYHO TPUYPOUCHHBIX K KPYTTHBIM
3aJ1aM Terepo);

— HAXOJKJeHIe B MecTax B Ielepe, rje He-
BO3MOJKHO CYIECTBOBAHIE MAJBIX BOJIOEMOB, &
MMEHHO Ha prTbIX TJIMHAHBIX CRJIIOHAX (B TaKNX

Tadmuma / Table

Pesyasrare 2°Th /*U gatupoBanus kapboHATHON KOPOUKU I CTATATMUTA U3 Tetepsl ' pamqno3moit
Results of #2°Th /?*U dating of the carbonate crusts and the stalagmite from Grandioznaya cave

238 H o
Ne| Sample U pmniary, 22T ppt#* | 20Th /28U Age uncorrected, | Age corre‘cLed, Relatlze
ppm years years error, %
1| Cryogenic 8,15+ 972920+ 0,1459+ . - -
calcite 0,05 12130 0,0110 13615+120 ) 11895+175 | 9.9
2 | Stalagmite 1,66+ 3082794+ 32,508+ . -
(base) 0.01 31997 0.30 2683,0+16,4 2644,2+25,7 1,0
3 | Stalagmite 1,020+ 273957+ 0,9724+ . .
(vertex) 0,006 5059 0,0745 83,067,7 83,053 6,4

[pumenanue: ¥ppm — 00na musiwonnas wacmo eeaudurot wiw 10 snawenus seaununot; *¥ppt — o0na mpusiwonnasn
yacmo seaununst uaw 1072 snavenus seaudumol.
Note: *ppm — parts per million, or 107 of value; **ppt — parts per trillion, or 10" of value.

Al
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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

BOJOEMAaxX MOJKHO MpeAcTaBuTh 0OpasoBanme
CXOKUX KOPOUYeK KaabinTa — padroB);

— xapakrep n MOpdOJOTHS MIUHEPATbHBIX
arperaToB (HecIleMeHTHPOBAHHBIE MEKITY COOOT
KOpKU U 3€pHa; HAJIUYUE «OTIHeYaTKOB» MUHE-
panbHBIX (a3, MPUCYTCTBOBABINIX ITPH KPUCTAT -
JU3ATNW, HO BITOCTEJICTBIUN NCUE3HYBINX);

—HaJinyKe B cOCTaBe KaJbI[UTa MPUMeCH
cephl, UTO XapaKTepHO JIJIsI KPUOTeHHOTO KaJlb-
[UTa IPYyrux paiioHon ¥pasa;

— 0coDeHHOCTN Kpucraim3anmuu (dacras
BCTPEYaeMOCTh PACIEeNIEHHOTO POCTa KPUCTAJLIOB).

Onun n3 nanbosiee HAAEKHBIX KPUTEPUEB,
M30TOIHBIN, He aéT 0J{HO3HAYHOTO MOJTBEPsK/Ie-
HUS KPUOTEHHOTO TeHe3nca KaabIiTa n3 merepbl
I'panpmnosnoii. 1o cpaBHeHmIo ¢ 0OBIYHBIMUT Ha-
TEKAMM, 00PABYIONMMUCH B TOT sKe reorpaduue-
CKOI1 30He, KPUOTeHHBII KaJbITUT JOJKEeH UMEeTh
00JIerY6HHBII M30TOHBIN COCTAB KUCJI0POJIA, &
Tarse bosee «TREALIN» cocta yraepoma [11].
JTO CBA3AHO ¢ MEXaHM3MOM 00Pa3oBaHMs KPUO-
FeHHOTO KaJIBI[NTA TIPU MEJJIEHHOM BhIMeP3aHI I
pPacTBOPOB, PUBOJSIIEM K (DPARIIIMOHNPOBAHMIO
M30TOTOB KUCIOPOIA MERLY JIBOM 1 OCTATOY-
HBIM PACTBOPOM, & TAKsKe ¢ PesKIMOM Jlerasarinn
CO, [12].

Hecmorpst Ha 10, 4TO NCCTYeMbII KaJIbITUT
00JIerY6H 110 OTHOTIIEHIIO K KAJIBITUTY I'OJIOIEeHO-
Boro crajarmuTa 1o 8'%0 (ra 3%o0) n yrsrenén mo
d3BC (1a 0,5%0), 410 COOTBETCTBYET KPHOTCHHOMY
MeXaHU3MY POCTa, CIeIyeT OTMeTUTh, YTO CXOFKIe

adcommornpie snadennsa 850 ObLIM MOJYUYCHDI 1
VTSI HEKPUOTEHHOTO (CTaJIarMUTOBOTO) KaJIbI{ITa
n3 Kunpepnaunckoii mernepwr (Fsrubiii ¥Ypai),
obpaszoBaBiierocss NpudOJIN3NUTENIHLHO B TO Ke
BpeMsi, UTO U KaJILIUT, UCCIEyeMblil B TaHHON
padore [13].

Bonee neratusubie 3navenus 60 cramar-
muTa n3 KuHmpepanHceKoii metepbl 00bsACHSIOTCS
OoJiee XOJIOJHBIM, TI0 CPABHEHWIO C TOJOTIEHOM,
KRJIMMATOM TIO3/HETO J[puaca.

BaskubiM, XOTs1 1 KOCBEHHBIM, apTyMEeHTOM
B T0JIb3Y KPUOTEHHOTO TTPOMCXOKCHUS MCCIe-
yeMOTO KaJbI{iuTa n3 mneriepbl ['panamosnoii
siBJisiercst ero Bozpact. OH cOOTBETCTBYeT, B paMKax
OMMOKN IaTHPOBAHIS, TEPEXOy OT XOJOMHBIX
YCJIOBUII TTO3[IHET0 Jpraca K 3HAYNTeJIbHO Oosee
TEIIBIM yesoBusiM ripebopeasia. Bo Bpemst atoro,
JIOBOJILHO PE3KOTO, TIOTeIJIeH NI KJNMATa, MPOonc-
XOJIAJIO AKTHBHOE TPOTANBAHIE CYITeCTBOBABIICH
paHee Mep3JIOThl, YTO SIBJSETCS HEOOXOIUMbIM
YCJIOBUEM JI7Is1 00pa30BaHINsT KPUOTEHHOTO KaJlb-
mTa B merntepax. Bpems o6pasoBanisa GOMBITITH-
€TBa 00PA3IOB KPUOTEHHOTO KaJIbIINTA, HA/IeHHO-
0 BJIPYTHX Terepax ypasa, Takske mpnypovaeHo K
MepexojiaM OT XOJIOHBIX HHTePCTANATIOB K O0sIee
TéreiM crafuanam |14, 15].

3axioyeHue

Ha OCHOBaHUMN HSy‘{eHHH HeO6bI‘leIX HOpOI{
RaJBIMTa, 0TOOPAHHLIX B Tietiepe ['pamgnosmnasn,
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a rarkske ero Th-U parmpoBanmst Mbl MpUTIIN
K BBIBOJLY O TOM, YTO DTOT KaJbI[UT SIBISETCS
KpuoreHubiM. Haxoqka KpuoreHHOTO KasbIjn-
Ta, 06pa30BaBIIETOCs Ha MePexojie OT MO3/IHero
jipuaca K npebopeasry yKasblBaer Ha CyIecTBOBa-
Hie B 970 BpeMst Ha [OsrHOM Ypasie MHOTONIETHET
Mep3JI0THL.

Paboma evinoanena npu noddepicke epanma
POOU N 16-55-14002 «Muzepayus 2panuybt
MHO20emHel mep3iomot na 2panuye FEepona-A3usn
6 naeiicmoyene» u epanma FWEF Ne 027070 (As-
cmpus) «Pleistocene permafrost boundary shifts at
the Europe-Asia border».
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Peakius aumimailHNKOB HA 3arpsA3HEHNE CPeJibl
IpH {00bIYe OOKCUTOBOIN PY/Ibl B TA;KHOI 30HE
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[TpepcraBnensr ganabie 0 YHKIIMOHATBHOM COCTOSIHUYN TPEX BUAOB jauinaiitnuros (Hypogimnia physodes, Lo-
baria pulmonaria n Peltigera aphthosa), oburaionnx Ha y4acTKaX ¢ pasHoil CTEIMeHbIO 3arpsi3HeHUs B 30He BIMSTHUST
Cpenre-TumManckoro 60KCHTOBOTO PYJHUKA. YCTAHOBIEHO, UTO 3arpsi3HeHNe ¢pejibl GOKCUTOBOII HbLIBIO TIPUBOJINIO K
HAKOIJIEHUIO B TAJJIOMAaX METaJIOB, 0COOEHHO alIOMUHUS 11 3Kejie3a, 3HaYNTe bHas YacTh KOTOPHIX JTOKAIN30BATACH Ha
MOBEPXHOCTH JTUMANHIKOB. Bo BHyrpurierounoit pparnnn obnapysxeno or 3—10% (Mn, Fe, Al, Cr, Pb) g0 40% (Cu)
Bcero nx Kosmuecrsa. Ha mMmakTHbix yuactkax ormedann cumxenne na 10—-15% copepsranus B Guomacce yriepoja —
MPOJIYKTa aCCUMIISIIMOHHOI flesiteibHOCTH (hoToOmoHTa. JIMmaiiHuKN ¢ 3arpsA3HEHHBIX Y4aCTKOB OTJINYAINCh BBICOKUM
YPOBHEM JIMIIOTIEPORCUAIINN U TIOBBIIIEHHOI aKTHBHOCTHIO aHTHOKCHIAHTHBIX (DEPMEHTOB, UTO YKa3bIBAET HA Pa3BUTHE
OKUCJINTEIHHOTO CTpecca. SarIIOUNIN, 4To puMeHeHne Puanojornyeckux MOjiXo[0B B JINXEHOWHMKAINI sBJISIETCS
3P OeKTUBHBIM CIIOCOOOM MOHNTOPUHTA 3aTPSI3HEHIS CPE/Ibl 1 TTO3BOJISIET BBISIBUTH ITePBbIe IPU3HAKN HAPYIIEH NIl 38107110
710 CHUZREH NS JKU3HEHHOCTH I TAKCOHOMIYECKOTO Pa3HooOpasns JNHiaiiHHKOB.

Hatouesste caosa: mumaiinnkm, TMXeHOUHNKAIU S, OOKCUTOBAS MbLIb, METAJIBI, KOMITAPTMEHTAT3ATIIST DJIEMEHTOB,
OKUCJIUTENILHBII CTPece, epekncHoe OKNCJIeHne JUINA0B, CyIepOKCUJINCMYTa3a, epoKeujiasa.
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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,
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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 pg/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.

JlesiterbHOCTD TIPEAITPUATIAT MITHEPATLHO-
ChIPbEBOTO KOMILJIEKCA TTPUBOJIUT K 3aTrPsiI3HEH N0
omocdepsl TPOIYKTaMit OOBIYHT 11 TIepepadboTRI
mosesunix neromaeMbix. K komiy XX cromerns
Ha Haiell ranere 100bIBaI0ch 0k0J10 100 MTp T
PasJIUUYHbIX PY/I, TOPIOUNX MCKOTIAEMBIX, CTPOY-
TeJbHBIX MaTepPuaJioB, 1 B ToM uucJe, bosee SO0
mun T Merainaos [1]. [Ipu srom B pesyibrare
XO3SICTBEHHON JIeATeIbHOCTH YeJOBeKa B O1O0-
cepy nocrynuio 6omee 100 Thic. paszanuHbIX
XUMUYECKUX BEIeCTR.

Psit XuMuaeckunx seMeHToB 1 coeiinHeHmii
OKa3bIBaeTCsl B 30He TUIlepreHe3a — B OTBaiax
MyCTON TOPOJbI ¥ TeXHOreHHbIX HaHocax. OHun
CIIOCOOHBI TPAHCHOPMIUPOBATHCS T MUTPUPOBATD,
OKa3BIBAS HETATHBHOE BIMAHIE HA KOMITOHEHTHI
npupoHoii cpesbi. CeBepHbie JKOCHCTEMbI OT-
JMYAI0TCS CPABHUTEIHHO HU3KUM ITOTEHITNATIOM
CaMOOUYMITEHUST U CAMOBOCCTAHOBICHUS, UTO
MOBBIIIAET UX YSA3BUMOCTD ITPU TEXHOTEHHBIX
BosnielictBusax. Hambonbimeit onacuoctn moj-
BepraioTcst Jauamadrel P OTKPBITOM CIIOCOHe
JOOBIYN TTOJIE3HBIX MCKOACMbIX.

Rpynueiiniee B Espasun Cpepne-Tumarnckoe
MeCTOpOJKIIeHIe OKCUTOBOI PY/IbI PACIIONOKEHO

B Mesgypeube pek BopbikBa n Beimb (1mopzona
cesepHoii Taiiru, Peciiybinra Komu, 64°1871”
c. 1., 51°8°22” 8. 11.). Ero ocBoenne 6b110 HauaTO
B 1992 1., a ¢ 1998 1. Begéress MpoMBITIIICeHHAS
noouraa pyasl. VMerounmkaMu ra3omblieBbIX Bhi-
opocos ma reppuropnn Cpeprne-Tumanckoro 60K-
curonoro pyganka (CTBP) asusitorest Rapbepsl,
OTBAJIbI BCKPBIIITHBIX TOPOJI, MEKITPOMBICTIOBBIE
TeXHOJOTMYECKIEe aBTOOPOTH, TOHe3THAS FKe-
Je3Has Jopora, paboraiomias TeXumka m oypo-
B3pbIBHBIE padoThl. BokcuToBast nbLIL 0Opazyer-
cs1 TIPAKTHYECKN Ha BeeX drarax Mpon3BOJICTRA,
HauYMHAasA ¢ TPOBEJICHUs B3PBIBHBIX paboOT 1 3a-
RAHUMBAS TOTPY3KOIT PY/IbI B FKETIE3HOOPOKHBIC
COCTARBHI.

O6rmenpmuanano, 4To TUMTaNHITKI ABIAIOTCS
manboaee yIoOHBIMI 00HEKTAMY [T OMOMHIN -
RaIm COCTOSTHUST ORPY:RatoIeil cpeabl [2—4].
Oun me WMeIOT KOpHeH, 3alUTHHIX TOKPOBOB
U YCTBUI[, CIIOCOOHBI CYIIECTBOBATH B AKCTpE-
MaJIbHBIX YCJIOBHUAX CPEJibl I MOTYT HaKarin-
BaTh XUMUYECKIE COSJINHEeHNs 13 aTMoc(epbl n
0CaJIKOB B 3HAYNTEJNHHBIX KosnmuecTBax. Kpome
TOTO, JIUTIANHUKI — J{OJITOKUBYIIIE U MeJJIeH-
Hopacryiiue oprannambl. CTpoerne ux TajaiomMa
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NPAKTUUECKN He U3MEHSIeTCS Ha TPOTAKeHU N
BCEro 3KU3HEHHOTO IIKIa [J, 6].

B nensax oumonnnmkanuy oOLIYHO MCIOJL-
3YIOT CBOUCTBO JUIMIANHUKOB aKKYMYJUPO-
BaTh 1oJiloTanThl. Kpome Toro0, omeHunBaoT
pasznoobpasue m KU3HEHHOCTh JUXEHOOMOTHI.
CHusReHMe TAKCOHOMMUYECKOT0 pazHooOpasusi,
OOMJINS 1 JKUBHEHHOCTU JINTIANTHIUKOB SIBJISIOTCS
MPU3HAKOM CUJIBHOTO 3aTPSA3HEHWs TePPUTO-
puu. Peske mpoBojsaT naydenne Gu3moa0ro-
OMOXMMHUUYECKOTO OTBETA JIMIIAWHUKOB Ha 3a-
IpsIBHEHUE, UTO TI03BOJISIET BBISSBUTH HAPYIITEH WS
MPOIECCOB KUBHEeATETLHOCTN YKe HA PAHHIX
JTarax BO3/encTBIs.

B sone sausanua CTBP na 15 mocrosuubix
MyHKTaX HAOJIO/[eH s OBIIO 3aPeTuCcTPUPOBATO
93 BUIa MAKPOIUTIIANHNKOB. 3a Mepuoj| Habio-
nernit (2002-2015 rr.) BugoBoe paznoodpasie
JUTMATHNKOB TPAKTHUYCCKN He M3MEeHUI0CH, MO0
MOKa3aTes 1 X OOWJINs 1 KU3HEHHOTO COCTOSTHIIS
3aMeTHo yXyarmmanch. Ha 6oasmmieTse Tammo-
MOB HabJIolaeTcs HAJET KPacHOo DOKCUTOBOI
MBI, B KOTOPOT MPUCYTCTBYIOT OKMCHIBI aJTi0-
MWHWS, jKejJe3a, RPeMHUs U JIp. MeTajiioB [7].
[Torrajlast Ha TaNIOMBbI, TBIIEBATBIE YACTUILLI 1
cojlepsKalecs B HUX XUMUYECKIe BelecTBa
MOTYT TIPOHUKATH BHYTPh W OKa3bIBATH TOKCH-
yecKoe JieiicTsue.

[lennio manmoit paboThI OHLIO OTIEHNUTH HAKO-
TJIeHTe MEeTAJIIIOB B IMTITATHIKAX W BHIABUTE WX
peaxInio Ha 3arpsi3HeH e CPeibl B 30HEe BJANSHUS
Cpepne-Tumanckoro 60kcuToBOrO pyHuKa. s
ATOTO MCCISI0BAII 00TIIee COlePyRaHe MeTaIOB
7 WX JIORAJIMBATATO B CJIOEBUTIIAX JTUTITANHUKOB,
a Tak:Ke YPOBEeHDb OKUCJUTENLHOTO cTpecca B
TAJIOMaX MOJIETbHBIX BH/IOB.

MarepuaJibl 1 MeTOIbI

Xaparmepucmura o66ekmos uccaedosa-
HUsL u mecma omoopa auwatinukos. B kauecrre
00'EKTOB NCCJIEIOBAH IS NCTIOTb30BAIN TAJTIOMbBI
TPEX BUJIOB JIMCTOBATHIX JIUTaitHuKoB: Hypogim-
nia physodes (L.) Nyl., Lobaria pulmonaria L.
(Hoffm.) m Peltigera aphthosa (1..) Willd. Beidop
MAHHBIX JIUMMATHITKOB OCHOBBIBAJICS HA TOM, UTO
BCe OHU IMPUCYTCTBOBAJIM HA YUACTKAX ¢ PA3HOI
crenieHblo 3arpsas3uenus. Hypogimnia physodes —
sruT, 0OUTAET HA CTBOJAX U BOTBAX XBOWHBIX
" JINCTBEHHBIX JlepeBbeB. BepxHss nmoBepx-
HOCTh TAQJIJIOMOB Pa3JIMUYHBIX OTTEHKOB CEpOro,
HUSKHAA — OT YEPHON /10 TEMHO-KOPUYHEBOIT,
MopiuHucTasi, 6es pusun. H. physodes — xjo-
posutaitHuK, POTOOMOHTOM KOTOPOTO SIBJISTIOTCS
3eJ1éHble XJIOPOKOKKOBbIe Bofopociu. Pelligera
aphthosa wmeer TOBOJIBHO KPYIHBIN JTUCTOBA-

THIIT TAJJIOM TOJYOOBATO-CEPOBATO-3€JAEHOTO
IBETA B CYXOM COCTOSIHUU U SIPKO-3€JEHOTO
Bo BaaskHoMm. OOUTaeT HA MOYBE CPEN MXOB,
3aMIIIeJIbIX OCHOBAHUSX CTBOJIOB U BaJIesKHUKE,
BO BJIQJKHBIX 3aTeHEHHBIX MecTax. [lomumo 3e-
JEHBIX BOMOPOCITEH, 00PasyIonnx aabrajabHbii
CJION, TAJLIOMBI COJIePKAT IMaHObaKTepun poja
Nostoc, criocobubie (puKrcnpoBaTh AaTMOCHEPHbIIT
asor. Lobaria pulmonaria — KpymHOJUCTOBATHII
JUIMTATHIK, TAJJIOM KOTOPOTO COCTOUT U3 KOYKI-
CTHIX Jiontacreii. BepXHsist oBepXHOCTD Jonacrei
OJIMBKOBO-3€J6HOTO T[BETa, CeTUATO-CKJIa/[ua-
Tas ¢ NIyOOKMMU BUAMHAMU, ITPU MOCHIXa-
HUM CTAaHOBUTCS cepo-kopuuneBoii. [locess-
eTCsl Ha BJIAKHOI, 4aCTO 3aMITIeJION KOpe B HIK-
Hell 4acTu CTBOJOB JUCTBEHHBIX, PeyKe XBOU-
HBIX iepesbheB. Rak u P. aphthosa, nobapus
SABJISIETCS TPEXKOMITOHEHTHBIM JIMITATTHUKOM,
COJIEePIKUT 3eJ6HbIe BOMLOPOCIN 1 IHaHOOAK-
repun popa Nostoc. L. pulmonaria BRIwoveHa
B Kpacnyio kuury Pecniybnukn Komu [8] ¢ ka-
Teropueil OXpanbl 2 (TARCOH ¢ COKRPATIATOIIETics
YUCJIEHHOCTHIO).

JInmaiinmrm oroupasm B aprycre 20152017 rr.
B CTApPOBO3PACTHHIX JIbHIKAX 3€JIEHOMOIITHOTO
TUIIA HA PA3HOM YJIJIeHU U OT TTPOU3BOJICTBEHHbIX
00beKTOB. YuacTok 1 — ycsoBHO hoHOBaASI TEPPU-
Topusi, HanboJsee yiajiéHHas OT TPOMBITILIEHHOI
30HBI (OKOJIO 4 KM), 2 — y4aCTOK CO CPEJIHUM
YPOBHEM 3arpsi3HeHUsI, PACIOJOKeH B HEIo-
CPeCTBeHHOI OJIM30CTH K MHTeHCUBHO MCITOJIb-
BYEMBIM JIJIs TIePEeBO3KH PY/bl aBTOMOOMIHLHbBIM
oporam, 3 — CUJIbHO 3aTrPA3HEHHBIN YUaCTOK
BOJIMBY MINXTOBATHHOTO CKIAIA.

Memodst uccaedosarust. OOpasibl Juiali-
HUKOB (110 15—40 TaioMoB ¢ Kask/0T0 yuacTra )
TPAHCIIOPTHPOBAIIH B JIADOPATOPUIO B TeUCHIE CY -
TOK 11ocie 0T0opa. AHATIN3 DJIEMEHTHOTO COCTaBa
JUTITANHWKOB BBITTOJIHSJIV ¢ TPUMEHEHIEeM MeTo-
71a ONTUYECKON PMUCCUOHHONI CIIEKTPOCKOTINN €
WHIYKTUBHO CBA3AHHONI TIIa3MOil Ha mpudope
«SPECTRO CIROS-CCD» B 9roaHannTinaecroi
naboparopun Mucruryra 6monornn Komu HIJ
YpO PAH, akxpeanrosamnoit Megepanbuoi
cysx001 Mo akkpenmTarnm (ArTecrart 00 akKpe-
muranmn POCC RU.0001.511257 or 26 despasis
2014 1.). Copiepsranne MUHEPAJIbHBIX DIIEMEHTOB,
BRJTIOUAs TAKEIBIC METAJIIBI, OTIPEIeJISTN TOCIe
muHepanusanuu 1pod 65%-uoit HNO, B npu-
cyrersun H,0,.

U3yuenne mokagamsarmm MeTaaioB B Tajio-
max nposojuan cornacuo [9]. [MocnemoBarensio
BBIJICJISIIN YeThIpe (PPARINI: TIHLICBHIC YACTUITHI
C TIOBEPXHOCTH TAJIJIOMOB, KCTPATIE/IIIOJI PHYIO,
MHTPALeIIOAPHYI0 1 octarounyio. [IbiieBsie
JACTUIBI CMBIBAJIN AUCTUIINPOBAHHON BOOM
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Tpu pasa 1o 30 MUH Ha BeTpAXUBaTENe. JKCTPA-
nesospayio gpakiuio ussiaekann 20 mM pac-
TBOPOM TPUJIOHA B, BKReTpaRIMIO IPOBOININ TPI
paza o 30 mum. 3atemM 00pa3Ibl BBIEPsKUBAIN
B reuerne 12 u npu remmeparype 80 °C nist pas-
PYIIeHNs RIeTOYHBIX MeMOpaH, 1mocjie 4ero BHOBh
Tpuskbl aKeTparnpoBaan 20 mM pacrBopom
TpusioHa b Jijis1 BbIjleJIeH IS MHTPATLCJTIOJIS PHOT
(pparmmm.

Copepsranme asora, yriepoja, Bofopoja n
KHUCJI0pojia B GroMacce TalJOMOB U3MepPsIn ¢
nomotibio snemerntaoro CHNS-0O ananmuzaropa
(EA-1110, Uranus) B [{KIT «Xpomartorpadusi»
Wucrnryra 6nonorun Romu HIL YpO PAH.

YyBcTBUTENBHOCTH JUITATHUKOB K 3a-
IPA3HEHNIO XapaKTepu30Baau M0 BeJnvnHe
neperucnoro okucnennsa aunugon ([1OJI)
U AKTUBHOCTH OCHOBHBIX aHTHOKCHIAHTHBIX
depmentoB — cyneporcupaucmyrasol (COJl) n
reasgroaneporcnassl (I'MIR). Benrmunmy [1O0JI
OTIEHWBAJIN 110 HAKOTIJIEHWTO B TAJIOMAaX MPOJIYK-
TOB, pearnpylIomnx ¢ To6apouTypPOBOIl KUCJIOTOI
(TBR-PIT) n Buipaskanu B amoss THR-PII/r
cyxoit maccol [10]. Jlns onpenenenns akTun-
HOCTU aHTHOKCUAHTHBIX (DEPMEHTOB BbICEUKN
u3 rasmoMoB (D00 Mr) pukcnpoBasn B sKUITKOM
azore n pacrupasiu B npucyrcersun gocedaruoro
oydepa (roumenrparus 100 mM, pH = 7). T'o-
mMoreHar 1eHTpudyruposaiu B redeHue 20 MuH
npu 15 000 g. Bee nipornieiypbl BBITIONHSIN TIPT
4 °C. Axrusuocrs COJl ompepmensiim cmexTpo-
poromerpuueckn o crocobHoctn Gepmenra
UHTHONPOBATH POTOXUMUYECKOE BOCCTAHOBIIE-
Hue Hurpocunero rerpasouus [11]. AkruBHocTh
MePOKCH/a3bl OIEHNUBAIN 110 CKOPOCTU TOJIH-
Mepu3arum reasikosia o Terparsasrona [12].
AKTUBHOCTH (DePMEHTOB BHIPAJKAIN B YCAOBHBIX
e/IUHUIIAX B [lepecyére Ha MT PACTBOPUMOTO OeJi-
Ka (ej./mr 6esnka). KommuectBo pactBOpuMoro
OeJika B MCCJIeyeMOM Marepuaje Olpeessin
o merony Bradford [13].

Cmamucmuueckas oopabomra daHHbLE.
Ormpesiesienie BcexX OMOXUMHUYECKIX MTOKa3aTe-
Jeil I KasRI0N ceprn M3MepeHnil mMpoBO AN
B TPEX-MATHKPATHON OMOJOTMYECKON 1 IBYX-
TPEXKPATHON aHAJUTHUECKON MOBTOPHOCTAX.
Jliist BoIsiBAeHMS BANSTHUS (DaKTOpa 1 CpAaBHEH U
CPeIHIX BeJTMYIMH MIPUMEHSIIN INCITePCHOHHbII
amannsd ANOVA (kpurepuii [lynrkana). Cra-
TUCTUYECKYIO 00paboOTKY JMaHHBIX TPOBOUIN
B nporpamme Statistica 10 software («StatSoft
Inc.», CIITA). Bee pacuérsl ocyiiecTBisiin mpu
3a/laHHOM YPOBHE JI0OBePUTEJILHOI BEPOSTHOCTH
P > 0,95. B rabiumnax, ecan me yrazamno mHoe,
npejicTaBIeHbl cpefHie apudMeTniecKke 3Ha-
YeHUs 1 X CTAHIAPTHBIC OIMNOKHY.

Pesyabrarel u ux oocy:kaenme

JlumaiitHuk — HaopraHu3MeHHas CTPYKTY -
pa, TpeICTaBIsAToT cOO0IT ACCOTTNATINIO MUKOOMOH-
ta (rpud) m orodmonTa (3eAEHAST BOJOPOCTD 11/
unan ruanodbakrepus). GoToOMOHT TTpeBpaiaer
rpubHOIT TeTepoTPOHBIT OPraH3M B aBTOTPOd-
Hyio accormanuio. On cHadaeT rpud opranmye-
CKUM YTIJIEPOIOM ¥ TTPOYKTaMu OMOJOTIHYecKOi
azordukcarnun (B caydae nuanobarrepmii). Mu-
KOOMOHT IOMUHIPYET B JINIIATHIKAX, HA €10 JI0JT10
npuxopures 1o 90% Guomacesl, OH omnpesesser
rabutyc tajioma, co3aaét yeaoBus s PyHK-
nuonupoBanus GoroOMOHTa, 3ANUINACT €ro OT
CTPECCOBBIX BO3MIEIICTBIIT BHEITTHINX (DAKTOPOB.

Yriiepoji, BOIOPO 1 KUCJIOPOJ, B GromMacce
TAJIJIOMOB SIBJISIIOTCSI PE3YJIbTaTOM acCUMUJISIIN -
oo fieATenbHocTn horodmonTa. Cofepsranie
Cu O B rammomax BapnupoBaso B mpefessax 40—
45% cyxoit Gmomaccst (tabir. 1), 4ro THITIYHO JJTs1
¢doroasrorpodor. Brmag H we mpesbimman 6-7%.
He BbIsIBIIOHO CYNIECTBOHHBIX OTIHYUN MEFKITY
pugamu B copepskanun C, O, H, no npociesxu-
BaeTCs 3aMeTHOe CHUKeHNne KOHIeHTpamnum (B
cpentem Ha 10—15%) nanubIX 3716MEHTOB B 6110~
Macce TAIJIOMOB ¢ YBEJIUUYCHUEM 3arps3HeHms
cpenbl. CofiepsraHie azora B Onmomacce XJ0poJii-
maitauka H. physodes 6b110 B 4—6 pas menbliie,
yem y gutnailtHuKoB L. pulmonaria v P. aphthosa
¢ a30TOUKCUPYIONIUMI TTHAHOOAKTEPUSIMU B CO-
cTaBe Ta/l;IoMa. 3arpsi3HeHne cpefibl OKa3biBAIO
HEOJIMHAKOBOE JICNCTBIE HA COJlePIRAHIe a30Ta B
TAJIJIOMAX MCCJICOBAHHBIX JTUITTATHNKOB: CHIIKA -
a0y P. aphthosa, ysenwuusaiio y H. physodes n
He nopsausio y L. pulmonaria.

O cremnenn 3arpsi3HeH s TaHAIIAQTOB B X0/1e
1OOLIYM DOKCUTOBON PYIAbI MOYKHO CYIUTDH 110
AKKYMYJISAIIT XUMIYECKIX 9JIeMeHTOB B TaJlJI0-
Max JUIMATHITKOB, 0TOOPAHHbBIX HA Pa3INUHBIX
yuactrax. [[ns aroro ucnonb3oBasi sin@uUTHBII
nutnainuk H. physodes, 00NABHO 3aCEIATOTTNIT
CTBOJIBI 1 KPYITHBIE BETBI [IePEBLEB B 30HE BJINsI-
nusg CTBP. Kax sujgmo us ganupix radaur 2 u
3, TAJUIOMBI HAKAILINBAIN KaK HEOOXOJMMble
TS JKUBHEIesITeTbHOCTH, TaK 1 TIOTeHITNATHHO
OomacHble DJIeMEHThl B 3HAYUTEJbHBIX KOJM-
yectBax. llo Hakomiennio B 6momacce MOKHO
BBICTPOUTH CJACAYIONAT P XUMIYECKUX de-
menToB: Al > Fe > Mn > 7Zn > Cu>Pb>Ni. B
1eJIoM, X cofiepskanue B Tannomax H. physodes
OTpaskajo ypoBeHb 3arpsisHEHUsI B MecTax oT-
oopa oopasmos. Camoe HU3KOE cOfepsRaHme
XUMUUYECKUX DJIEMEHTOB BbISIBJIEHO B TAJJIOMaxX
¢ yeaosHo pomoBoit reppuropun (yuacror 1),
MakcumMaabioe — ma yuactke 3. Ha yuactie 3,
pPacIoNOKeHHOM B HEIIOCPECTBeHHO 6Jin-

A7
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Ta6auma 1 / Table 1
CopepsraHiie OCHOBHBIX OPraHOTEHHBIX DJIEMEHTOB B TAJJIOMaX JIMIATHUKOB
Content of the main organogenic elements in the lichens thalli

Jlumaitnuk YuacTor ANEeMEeHTBI, MT'/T CYyXOil MaCChI
Lichen species Area Element's content, mg/g of DW
N C H )
1 4,6+0,3" 447+3Y 64+0" 457+3¢
Hypogimnia physodes 2 4,9+0,3 40912 600" 443+3Y
3 6,7+0,2" 402+7° o8+1? 433+3°
1 20+12 429+1° 68+1° 443+3P
Lobaria pulmonaria 2 20+22 398+11° 6328 420+4°
3 20+0? 405+0° 58 +4" 435+15°
Pelligera aphthosa 1 32+2P 447410 67+1° 41343
3 26+£2° 386+16* 60+1° 373+14°

IHpumevanue. llpedcmasnenvt cpednue apugmemuueckue aHavernus w uxr cmarndapmrole owuoku. Pasnoie ramunckue
Oyk6bl HA0 3HAUEHUAMU 0003HAUAIOM CIMAMUCMULECKYIO 3HAUUMOCM DASAULULL NO COOCPICAHUIO INEMEHMO8 8 MAALOMAL
AUWLATHUKOS 8 3A8UCUMOCTRU OM 3a2pA3Hénnocmu yuacmros (1 — @ornosulii ynacmor, & — yuacmor co cpednum yposmem
BARPASHEHUS, 3 — YUACMOK ¢ CULLHBIM YposHeM dazpasnenus) (n = 3—4, ANOVA, meem Jlynkana, 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).

Tadanma 2 / Table 2
Coptepsranne HeoOXOMMBIX JITISI JKIU3HEeATebHOCTI MIUKPOJIeMeHTOB B Tasiomax Hypogimnia physodes
Content of the essential microelements in the Hypogimnia physodes thalli

Yuacrok Copepsratue 9J1eMEHTOB, MKI'/T CyXOIl Macchl
Area Element's content, pg/g of DW
Cu /n Mn Fe
2015 2016 2015 2016 2015 2016 2015 2016
1 4,2+0,8 | 4,4%0,9 | 89+18 | 8717 | 380+110 | 530160 380110 440+120
2 10,0+2,0 | 12,4%2,5 | 84+17 | 99+20 | 310+90 | 690+210 | 5000+1400 | 100002800
3 18,0£4,0 | 17,0£3,0 | 6713 | 7315 | 510150 | 540+£150 | 14000+4000 | 180006000

Ilpunewanue. 30eco u danee £A o3nawaem panulybl ULMEPEALA AOCOLOMHOU NOPEULHOCIIU MemOoDa USMEPEHUL 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.

Tadoauma 3 / Table 3
Copepsraniue HOTEHIINAABHO OMACHBIX XUMIUECKUX 5JIeMEHTOB B Tasiomax Hypogimnia physodes
Contents of the potential harmful elements in Hypogimnia physodes thalli

AJIEMEHTBI, MKI'/T CYyXOIl MacChl
Vuactor Element's content, ug/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 9,8+1,4 13,0+3,0 9,3+1,9 9,0£3,0 65001700 100002900
3 7,0+1,8 18,0+4,0 12,0+4,0 16,0+6,0 160004000 21000£5000

30CTH OT TUXTOBAJIBHOTO JIBOPA, COJlepPRAHIE
AJIOMUHUS U jKejge3a B TaXJI0Max JOCTUTAIO
20 reic. Mrr/r man 2% cyxoit Guomaccest, aro B 40
pas GoJibiie, YeM Ha YCJAOBHO YNCTOM ydacTke 1.
ITO CBUJIETENHCTBYET O 3HAUNTEJIHHOM 3arpsi3-
HEHUW CPeJibl HA TePPUTOPUM, TTPUMbIKAOTIeT
K MecTy CRJIajinpoBanusa 6okcutosoii pyusl. Ha
y4acTKe 2 co CpejiHuM YPOBHEM 3arpsA3HeHns

cojiepsRaHme XUMUUECKUX 3JIeME@HTOB B TaJlJIO-
Max npeBbimano Gorosbie 3Havenus s Ni,
Mn, Pbu Cu B 1,5-3 pasa, anisa Al u Fe — B

15-20 pas.

Tarue ske 3aROHOMEPHOCTN OBLTH BISIBJIEHBI
npu nzyuennu obpasios P. aphthosa, orobpan-
HBIX C 9TUX jKe yuyacTroB B aBrycre 2017 1. Har
BUIHO W3 JAHHBIX TabAUIbI 4, cotepskanue Al
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Ta6amnma 4 / Table 4

Copepsraniue MerasioB B rasiomax Peltigera aphthosa / Metal contents in Peltigera aphthosa thalli

CoplepsRHIE 3JIEMEHTOB, MKT/T CYXOIl MacChl

yLXIFCeTaOK Element's content, ug/g of DW
Cu Pb 7n Ni Co Cr Mn Fe Al
1 4,4+0,9 1 1,6£0,4 | 51£10 | 1,5+0,5| 0,34+0,14 | 1,2+0,2 | 16050 | 420120 340+90
: 22+4 19,242 3| 7515 | 14+4 | 4,0£1,6 23+5 [ 490£150 | 16000£4000 | 160004000

un Fe B rajutomax P. aphthosa na yaacrie 3 ObL10
B 40 pas boubiiie, yem na yuactke 1. Cogepsranmne
JPYTHX JIeMEHTOB TTPeBHITITAT0 (DOHOBbLIE 3HAUE-
HIIST B HeCKOJIBKO pa3. Cieryer Takske OTMETHTD,
uto 1o Haromaennio Al, Fe u ipyrux anemenron
mnmainuk  P. aphthosa mano ornmvaersi oT
H. physodes.

B naureparype mmenTcs 10BOJBHO pas-
poO3HeHHbIe cBefieHnsi 0 (DOHOBOM COJlePsKaHIH
DJIEMEHTOB B JIMIIAHHUKAX U3 OTHOCUTEJIHHO
He3arps3Hénuoi cpefpl. BanManne uccaeno-
BaTesieil 0OJIbIE COCPEOTOYCHO HA U3YUCHUN
DJIIEMEHTHOTO COCTaBa TAJJIOMOB B TOPOJaxX 1
MPOMBITIITIEHHBIX PAlloHax ¢ BHICOKIM YPOBHEM
apporexHoreHnoro sarpsisnenwus |14, 15]. Hamm
oTTpejiesieH st MAKPO- 1 MUKPOAJIEMEHTOB B TaJl-
aomax 17 BumoB JMIMaiHUKOB U3 Pa3anyHBIX
paitonoB Taékuoll 30ubl Pecnybinkn Romn
BBISIBIJIN TIPUCYTCTBIE KaTHOHOB MeTasioB Fe,
Al, Mn, Zn, Cu n Cd Bo Bcex odpasmax [16].
Wx comepsranue BapbupoBaao B 3aBUCUMOCTH
OT BUJA JUITANHNKA, HO ObIJIO 3HAYNTETHHO
HUZKe BeJUYIH, MoayYeHHbIX 1751 H. physodes n
P. aphthosa B 3one piausanus CTBEP.

Crenmdukoii 3arps3nenns Januamadros
OOKCUTOBOT TBITILIO ABJSETCS TO, YTO 3HAUNTEIh-
Hasl 4acTh MOMAAIONINX B OKPY/KAIOITYIO CPey
COeJIITHEH T MeTAJLIIOB (ITPesK]Iie BCETO ATFOMIHIS 1
JRese3a) mpefcraBiena B Buje okenios | 17]. Oken-
JIbI M THIPATHI OKCUJIOB JTIOMUHUST 1 3KeJ1e3a NMetoT
HUBKYIO0 PACTBOPUMOCTD PN OJIM3KIX K HEHTpash-
nomy 3nauenusix pH. TMonamas Ha jumaiiHuky,
TBEPJIbIE YACTUIIH OOKCUTOB KOHIIEHTPUPYIOTCS Ha
ux nosepxHoctu. [lockombry MenRogucnepcHas
OOKCUTOBAS TTBLTH MOJKET CMBIBATLCS € JINTITATTHI-
KOB aTMOC(EPHBIMI OCaJIKaMu, eé BRJIaJ] B o0Iiee
cofiepsKanIe MeTaIIIoB Oy/leT M3BMeHAThCS B 3aBH-
CUMOCTH OT TIOTOJIHBIX yca0BUil. BriomHe BeposiTHO
TPOHMKHOBEHWE YacTUI BHYTPb TJLITOMOB | 18].

Yacrurbr 60KCHTOBOI Py/JbI HE TOTBKO 3a-
TPYJAHSIOT Ta30- W BOMLOOOMEH TaJJO0MOB, OHU
TaKyKe 9KPaHUPYIOT aJlbraJbHbIN CJI0I, CHUKAsA
MOCTYTIJIeHUe JTYUYNCTOil DHeprum K (DOTOOMOHTY.
Hapsijty ¢ atum, nibijieBbie 4acTHIbl MOTYT 3aXBa-
THIBATHCS TAJIJIOMAMU U T10T1/[aTh B MERKJIETOU -
HOE ITPOCTPAHCTBO, T7[e MOHBI METAJIJIOB CBsA3bIBA-
I0TCST HA caliTax KIeTOYHBIX cTeHOK. Baskio nmern

B BUJLY, UTO CUJIbHOE HEraTuBHOE JIeliCTBIe Ha
MPOIIECCHI FKUBHEIeATETTHHOCTI MOTYT OKa3bIBATh
TOJILKO Te MOHBI METAJIJIOB, KOTOPBIE ITepeceraior
JIa3MaTuYecKyl0 MeMOpaHy 1 OKa3biBAIOTCS
BHYTPH KJAeTKI. OTHAKO OT[EHNTH NX KOJYECTBO
He mpocras 3agada |9, 19].

Yrobbl mONyunTh IMpejicTaBieHne o JoKa-
NU3ATUN W KOMIIaPTMEHTAIUI MeTaJJIOB, MBI
MPOBEJIN TIOCJEIOBATEILHOE BhIJIeTeH e PA3HbIX
dbpaxinii u3 ramnomos P. aphthosa, cobpanHbIx
Ha caMoOM 3arpsi3HéHHOM yvacTke. Har BujpHO
u3 PUCYHKA, 3HAUUTEThHAS 4acTh, 0K0JI0 40%
coennennii Fe, Al 6bina obHapyskeHna B BOJHOI
(bparnmm, comepsraieil MblJaeBble YaCTUIHI ¢
MOBEPXHOCTU ¥, BO3MOJKHO, MEKKJIETOUHOTO
MPOCTPAHCTBA KOPOBOTO ¢J10s1 TajisioMoB. B aToit
dparmuu oonapyskerno rakske 30-35% Bcero
Mn, Co, Ni u Zn. Couep:ranue Cr mocTurayio
50%, Pb okomo 25%, a Cu ne npessimano 10%.
B swrerpanennonsproii pparnum, Ryma mpe-
MOJIOYKUTENIHLHO BXOJISAT METAJIJIbI, CBA3AHHbBIE ¢
MOHOOOMEHHBIMU TPYITIAMHI U CHen@UIecKn-
MU OeJiKaMi KJIeTOUYHBIX CTEHOK, 0OHApPYKeHO
3HaunrTesbHoe koandectso Zn, Mn (33, 43%)
n 3amerro merbine Cu, Pb, Co. [lons Fe n Al
B 9101l hpakiun ve mpesbimana 10% or obrero
KOJIMYEeCTBA JJAHHBIX DJIEMEHTOB. ITO, BEPOSITHO,
00YCJOBJIEHO BBICOKUM COJlepsRaHeM B OOKCH-
TOBOW THIIN TPYAHOPACTBOPUMBIX COEIMHEHI
TAHHBIX METAJLTOB.

Bcee nccaenyembie Merasuibl ObLI 0OHAPYKe-
HBI B WHTPATEJTIOJNAPHON (BHYTPUKIETOUHOI)
Pppaxmuu. Komnuectso Cu u Zn cocrasisino 36
u 24% or obI1ero cojepsKatms, TOTIa Kak J10Jis
BHYTPURJIETOYHOTO I CBSA3AHHOTO ¢ KIETOUHBIMUI
crenkamu Fe u Al He mpeBbiiiaa HECKOJIbKIX
HPOIEHTOB OT ODIIEro CofepsKaHUsl ATUX MeTaJ -
sos. Creptyer, ofHaKo, MMEeTh B BULY, UTO 00TIee
copiepskanue Fe u Al B Tasismomax JuiaiiHuKOB
Ha HanboJee 3arpsA3HEHHOM y4acTKe JIOCTUTATIO
16 Thic. MKT/T cyxoii Macew! (Tabi. 4), 4T0O MOUTH
ma Tpu mopsanka doanire, uem Cu u Zn. Ciemosa-
reabHo, Konuenrpanus Fe u Al na nosepxuocrtu
RJIETOYHBIX CTEHOK W BHYTPHU KJIETOK TAITOMOB
P. aphthosa cocrasnsina 1600 MKr/T cyxoit Macchbl.

Suaunrenbras 1ot (00-55%) seero Ni, Fe,
Al Pb 65118 TokanmmsoBana B ocTaTouHOM paK-
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nu. B o ke Bpems B 910l hpariinm ocTaBasioch He
ooaee 13—15% Beero Zn u Mn. Bosmoskio, uro
4acTh JKeae3a 1 aTIOMUHIS B 0CTATOUHON hpaK-
[T COCTABJISIOT MEJKOINCIIePCHBIe YaCTHIhI
TPY/IHOPACTBOPUMBIX COeJIMHEHWNII JAaHHBIX dJle-
MeHTOB. Takue 4acTuIbl MOTYT JIOKAJTN30BaThCS
MEJR]LY PhIXJIO PACIIONIOReHHBIMI ruamu rpuda
n KIeTkamu oTodnoHTa.

Pesynbrarel Beifieiennss pa3ubix Gpariuii
u3 tassiomoB P. aphthosa cBUETEIBCTBYIOT O
MOCTYIJIEHU N 3HAYUTENbHBIX KOJMUYECTB CO-
AepsRaIMUXcs B OOKCUTOBOI MBI METAJIOB BO
BHYTPUKJIETOUHOE TIPOCTPAHCTRO JINITANHIKA.
YuureiBast, 4T0 MHTPATETIONAPHAsS (parius
XapakrTepuayercs HanbosbIeil ¢TabuabHOCTHIO
[19], aT0 MOKeT OBITH TPUYNHON TORCUYECKOTO
felicTBUs GOKCUTOBOTO 3arpsisHeHUs HA JinXe-
HOOWOTY.

B camom ob11em Bujie 0CHOBOI TOKCHYECKOTO
[efiCTBUSI MOHOB METAJJIOB sIBJISIOTCSI X B3au-
MoJieiicTBIEe ¢ OMOJOTMYeCKN aKTHBHBIMU Ma-
rpomoierysamu [20]. Boicokne koHmenTpamum
MOHOB METAJJIOB MHAKTUBUPYIOT METa0OJI MU eCKI
BayKHBIe OCJTKU U IPyTHe PeryasiTopHbie MaKpo-
MOJIEKYJIbI, BIUIOTH JI0 HAPYIICHUs ClIapUBAHUS
OCHOBAHUIT HYRJICOTUIOB WHUIHUPYIOT OMMTNOKI
omnOKN B 6eTKOBHIX crHTe3aX. OHYM BBI3BIBAIOT

OKRMCJINTEIHHBIIN CTpece, ITPOSBISIONIIICS B 13-
OBITOYHOM 00pa30BaHUN aKTUBHBIX (hopM Kic-
nopopia (ADR), kKoTopble MHUIMUPYIOT peaKINN
[TOJI knerounbix MeMOpaH.

Jlanubie, nmpuBegéunbie B Tabanie o, xa-
pPaKTepU3YIOT YPOBEHb JIUIMOMEPOKCUIATINNT 1
n3MeHeHne aKTUBHOCTH KJII0YeBbIX (pepMeHTOB
AHTUOKCUJAHTHON CHCTEMbl, HEUTPAINBYIONINX
ADK 1 cHIRATONITX 0TTACHOCTH UX UPE3MEPHOTO
HAKOTIJICHUST TIPU HeOJarompusiTHBIX BO3/el-
CTBUAX. AKKYMYJIAINSA B TAJAIOMaxX aJiOMIHIS
7 TSRETBIX METAIIOB BCJIECTBIE 3arPs3HeHns
cpefbl GOKCUTOBOT MBIJIBIO TPUBOIMIIA K yCUIe-
nuio [1OJI. Copepskanune TBR-PII B rannomax
JUTIANHUKOB Ha yvyacTke 3 06110 B 1,0—2 pasa
BhIIIe, ueM Ha oHOBOI Teppuropun. [Ipu srom
rasioMbl P. aphthosa xapakrepusoBanuch 60see
BBICOKOI MHTEHCUBHOCTBIO JIMTIOTIePOKCH AT
Kak Ha POHOBOM, TAK 1 HA UMIIAKTHOM Y4acTKe.

B orBer Ha ORUCAUTENbHBIIT CTPECC, BHI3BAH-
HBIIl TIOCTYIIJIEHITEM B KJIETKY HOHOB METAJJIOB,
BO3pacTajia akTuBHOCTH AHTHOKCUIAHTHBIX (hep-
MeHTOB, yuactByomux B Heiirpanusannuu ADK.
Tar, akrnBHOCTH cyneporcuymemyTasni (COJL)
B rajuiomax L. pulmonaria u P. aphthosa Bo3pac-
tasa B 1,0 pasa 1o Mepe ycuJieHms 3arpsi3HEHHO-
ctu cpenbl. B rannomax H. physodes joctoBepHoe

0017 M1

90 1

80 T

70 1

60

10 1

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

Co Cr Mn Fe Al

Pue. Jlokanuszanus merasnos B rannomax Peltigera aphlthosa na cniibHO 3arpsi3HEHHOM y4YacTKe:
1 — nbieBass hpaKrius HA TOBEPXHOCTU TAJJIOMOB, 2 — 9KCTPATQIIIONSIPHAS,
3 — UHTpaIeoJsipHast n 4 — ocrarounast ppariusi.
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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Tadmuma 5/ Table 5

Yposenb nepexucHoro okuciaenus aununos (11OJ1), akrusnocrn cynepokcuguemyraszsl (COJL)
u rBastkosepokcnasel (I'TIK) B raimmomax iumailHuKOB Ha y9acTRAX ¢ PA3IMYHON CTETIeHbIO 3arPA3HEH LS
npopykramu goosran GorentoBoit pymst / 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

[TOJI, umons TBR-PI1/ | COJl, yea. ex./ | 'K, nmons rasikosa/
JInmrasimmk Yuactok I CYXOil Macchl MI OesTKa (r Gesika MKH.)
Lichen species Area POL, nmol TBARS/ | SOD, rel. un. | GPX, nmol of guaiacol /
g DW / mg protein (g protein min)
1 34,95+3,06" 3,29+0,44° 0,041+0,010?
Hypogimnia physodes 2 47,07+4,80° 9,89+0,41° 0,043+0,011*
3 73,88+8,79" 3,88+0,51# caejipl /traces
1 50,09+3,21° 7,56+0,26" 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+7,94" 6,24+0,30" 0,199+0,031*
3 164,69+14,37° 9,07+0,15° 0,256+0,026*

Ipumenwanue: lpedcmasaenst cpednue apugmemuueckue snavenus w uxr cmandapmusie owndku. Pasiole aamunckue
Oyk6bl 1A SHAUCHUAMU 0B03HAUAIOM CINAMUCMULCCEYI0 SHAYUUMOCTND DASAULUL 6eAUUN UCCAeYeMbLT NOKA3Amelel
8 3agucumocmu om sazpasiénnocmu yuacmrkos (1 — onogetil yuacmok, 2 — yuacmor co cpednum yposiem 3azpasienis,
3 — yuacmor ¢ cunvbHblM Yposrem sazpasnenus) (n = 3—6, ANOVA, meem Jynrana, 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).

yBennuenne akrusnoctn COJl nabmaogaam Tonn-
KO Ha y4acTKe 2 cO CpeJTHUM YPOBHEM 3arpsizHe-
Hust. B ycoBuUsIX CMABHOTO 3arpsi3HEHMST AKTHB-
noctb COJI B ranmomax H. physodes causramnacs.
Ciegyer Takske OTMETUTh, YTO 10 AKTUBHOCTH
COJl ranmomnsr H. physodes yerymann tammomMmam
ABYX JPYTUX UCCJIEJOBAHHBIX BUIOB. YPOBEHb
AKTUBHOCTH TBasAK0J0BOI neporensassl (I'IIR)
OblI HanbosbIUM B Tassiomax P. aphthosa. 1lo
Mepe ycusieHus 3arpsisnenus aktustnocts 'TTR B
rajsiomax L. pulmonaria cuibho Bozpacrana. Ha
yuacTtre 3 rannombl L. pulmonaria v P. aphthosa
NPaKTUYECKN He OTAUYATUCH 110 aKTUBHOCTH
I'ITR. ¥Yposenunb aktuBuoctn I'TK B Tammomax
H. physodes na ymepeHnHo 3arpsisHEHHOM y4acT-
Ke 2 OBl TakUM jKe, Kak Ha hoHOBOM yuacTre 1.
Ha cusibHo 3arpsi3HéHHOM yyacTKe 3 OTMevaJin
nosiHoe nHrnOpoBanme aroro pepmenta. [omy-
YeHHbIe [AHHbIE TO3BOJISTIOT [10J1aTaTh, 4TO CUJIb-
HOE XPOHUYECKOe 3arpsi3HeHIe Cpejibl 00nTaHm s
OORCHUTOBOT THIILIO M HAKOTIJIEHWE B TATTOMAaX
3HAYNTETLHBIX ROJMYECTB METAJIOB ITPUBOJIIIO
K nopasyenunio meradbonaunsma H. physodes, Torna
RaK crocoOHbIe K a30TURcATNT TPEXKOMITO-
HeHTHBIe Tuanogumainnku L. pulmonaria n
P. aphthosa coxpansiin 60see BBICORYIO jKIT3He-
CIOCOOHOCTb.

3arioueHue

Wrak, Hamu BuISIBIEHA PeaKIus TUTITAiHNT -
KOB Ha 3arpsisHeHue cpejibl pu 00biue DOKCH-

TOBOU pyjbl. B Tammomax jumaiiHuKRoB, oOu-
raionnx B 3oHe BausHus Cpepne-Tumanckoro
OOKCHUTOBOIO MECTOPOIKACHNUSI, 00HAPY;KEHbI
B 3HAYUTEJHHBIX KOJMUYECTBAX AJIOMUHMIA,
JKeJTe30, MapraHery, MUHK W JIPYTIe MeTasbl.
Buoakrymynsiusa XuMuaecKx sJieMeHTOB BO3-
pacrana 1o Mepe yBeJUUCHUs CTEIeHN 3arpss-
Henwusi repputopun. Ha nan6osee 3arpsisuéHHOM
yuactre koutenrpanusa Al n Fe B rammomax
H. physodes Obina Ha ABa MOPAMKA, a IPYTUX
MeTaJiIoB — B pasbl 0o0JibIlle, YeM Ha (POHOBOM
yJacTre. Y CTAmOBICHO, YTO OCHOBHAA dacTh Fe
un Al Jlokann3oBaHa B IBIJIEBON U OCTATOYHOI
(pparmusx, rorma kKar 6ombmias vacth Cu, Zn n
Mn obnapyskeHa B cocTaBe dKCTPALLeJLIIONPHOI
u MHTpANe/LTIonsspHoit ppariuax. Opnako cie-
JyeT UMeTh B BUJLY, UYTO B UMITAKTHBIX TAJJTOMaX
obmiee cofepskanue Fe u Al 6b110 Ha 2—3 nopsijika
OOJIbIIIE 10 CPABHEHUTO ¢ ipyruMu Metajnamu. B
1eJIOM, TIOJIYYeHHbBIe JTAHHbIE CBUETENTHLCTBYIOT
0 3HauUTeNbHOM TocTymeHnn Al u TsS3RETBIX
METAIIOB (Kak HEeOOXOMMMBbIX, TAK W ITOTEHIH-
aJIbHO OIACHBIX) B KJIETKU TajjaoMa. ¥ CUJieHHe
MTPOIECCOB TMEPERMCHOTO ORMCTCHUA JTUTINI0B
u akTuBanusa GepMeHTOB aKTHOKCH/AHTHON 3a-
IUTHI B TaJlJIOMaxX ¢cBUAeTeJILCTBYET O pa3BUTIN
OKUCTUTEIHLHOTO cTpeccea.

MoskHO 3aKITOUNTH, UTO TUXCHOWH U KATHS
ABNsETCS APEHERTUBHBIM CTIOCOOOM MOHUTOPUHTA
3arpsi3HeHus cpefibl mpu mobbiue GOKCUTOBON
pynbl. Llpu atom onpesiesiernne nokasareneii, xa-
PaKTepUBYIONUX YPOBEHD JIMTOTIEPOKCUATINI
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M AKTUBHOCTH aHTMOKCUJAHTHBIX epMeHTOB,
[103BOJIAET BLIABUTH [IPU3HAKK cTpecca 3a70JIT0
710 3HAUYUTEJTHHOTO CHUKEHWs KU3HEHHOCTU 1
TAKCOHOMIYECKOTO Pa3HO00PA3 U JINIITATHITKOB
Ha UMIIAKTHOI TeppUTOPUH.

Paboma evinoanena 8 pamrax memnst « Pusuoao-
2USL U CIMPeCcCc-Ycmoudusocms Hiomocunmesa pacmenui
u notikunozudpuueckux omoasmompoghos 8 ycao-
susx Cegepa» (NeI'P AAAA-A17-117033010038-7)
u noddepocana zpanmomn Komnaercroit npozpammot
YpO PAH (npoekm 15-12-4-4).

Jlureparypa

1. Apycramo 3.A. [lpupopononssosanue. M.: [lanmkos
n K°, 2004. 312 c.

2. Bsazpos JL.I'. JInmaitnnku B 9KOJIOTHYECKOM MOH -
ropurre. M.: Hayunsiit mup, 2002. 336 c.

3. Garty J. Biomonitoring heavy metal pollution with
lichens // Protocols in Lichenology / Eds. I. Kranner,
R. Beckett, A. Varma. Berlin Heidelberg: Springer-Verlag,
2002. P. 458-482.

4. Walker T.R., Pystina T.N. The use of lichens to
monitor terrestrial pollution and ecological impacts caused
by oil and gas industries in the Pechora Basin, NW Russia //
Herzogia. 2006. V. 19. P. 229-238.

9. Nash T.H. III Nutrients, elemental accumulation,
and mineral cycling // Lichen Biology. III. Cambridge:
Cambridge University Press, 2008. P. 234-251.

6. Backor M., Loppi S. Interactions of lichens with
heavy metals // Biologia Plantarum. 2009. V. 53. No. 2.
P. 214-222.

7. Ipictuna T.H., Rysnenosa E.I'. Onenka crenenn
3arPsA3HEHTST PACTUTENLHOCTH I TTOYB B 30HE BO3JICICTBIIS
Cpemre-Tumanckoro 6okcuroBoro pyainka // Mexanmambr
YCTOMYMBOCTH I QAT TATII OMOTOTHICCKIX CICTEM K TPI-
POIHBIM T TeXHOTeHHBIM (hakropam: Marepmamsr Beepoc-
cuiickoit nayunoii koudepenruu. Kupos, 2015. C. 314-317.

8. Kpacnast Huura Pecniyonnkn Komun. ChikteiBRap:
KHomu HI[ ¥pO PAH, 2009. 791 c.

9. Branquinho C., Catarino F., Brown D.H., Pereira M.J.,
Soares A. Improving the use of lichens as biomonitors of
atmospheric metal pollution // Science of the Total Envi-
ronment. 1999. V. 232. No. 1-2. P. 67-77.

10. Heath R.L., Packer L. Photoperoxidation in
isolated chloroplasts // Archives of Biochemistry and
Biophysics. 1968. V. 125. No. 1. P. 189-198.

11. Beauchamp C. Fridovich 1. Superoxide dismutase:
Improved assays and an assay applicable to acrylamide gels //
Analytical Biochemistry. 1971. V. 44. No. 1. P. 276-287.

12. Chance B., Maehly A.C. Assay of catalases and
peroxidases // Methods in Enzymology. V. 2. San Diego:
Academic Press, 1955. P. 764-775.

13. Bradford M.M. A rapid and sensitive method for
the quantitation of microgram quantities of protein uti-

lizing the principle of protein-dye binding // Analytical
Biochemistry. 1976. V. 72. No. 1. P. 248-254.

14. Ng O.-H., Tan B.C., Obbard J.P. Lichens as bioindi-
cators of atmospheric heavy metal pollution in Singapore //
Environmental Monitoring and Assessment. 2006. V. 123.
P. 63-74.

15. Mikhailova I.N., Kshnyasev [.A. Content of heavy
metals in thalli of the lichen Hypogymnia physodes: sources
of heterogeneity // Contemporary Problems of Ecology.
2012. V. 5. No. 3. P. 314-318.

16. Tabanenxosa I.H., [lansrs WN.B., F'onosro T.K.
DJIEMEHTHBII COCTAaB HEKOTOPBIX BUJIOB JINIITANHNKOB Gope-
asbHoil 30ubI HA EBponeiickom Cesepo-Bocroke // Nsse-
crist Camapekoro nay4anoro rienarpa Poceniickoit akagemun
nayx. 2016. T. 18. Ne 2. C. 221-225.

17. Rorosa O.b5., Baxpymes A.B. Boxkenrsr Tumamna:
MuHepasoro-rexHoaornyeckue ocobermnoctn // Becrnmk
Wmernryra reomornn KoMu Hayuanoro mentpa ¥YpaibeKoro
orpenenuss PAH. 2011. No 3 (195). C. 12-16.

18. Garty J., Galun M., Kessel M. Localization of heavy
melals and other elements accumulated in the lichen thallus //
New Phytologist. 1979. V. 82. P. 159-168.

19. Mikhailova I.N., Sharunova [.P. Dynamics of
heavy metal accumulation in thalli of the epiphytic lichen
Hypogymnia physodes // Russian Journal of Ecology. 2008.
V. 39. No. 5. P. 346-352.

20. Turos A.®., Kasuuna H.M., Tananosa B.B. Ta-
srénpie Metamie n pacrenus. [lerposasomeri: Rapennexmit
nayunniit mentp PAH, 2014. 194 c.

References

1. Arustamov E.A. Nature management. Moskva:
Dashkov i K¢, 2004. 312 p. (in Russian).

2. Byazrov L.G. Lichens in the ecological monitoring.
Moskva: Nauchnyy mir, 2002. 336 p. (in Russian).

3. Garty J. Biomonitoring heavy metal pollution with
lichens // Protocols in Lichenology / Eds. I. Kranner,
R. Beckett, A. Varma. Berlin Heidelberg: Springer-Verlag,
2002. P. 458-482.

4. Walker T.R., Pystina T.N. The use of lichens to moni-
tor terrestrial pollution and ecological impacts caused by oil
and gas industries in the Pechora Basin, NW Russia //
Herzogia. 2006. V. 19. P. 229-238.

9. Nash T.H. III Nutrients, elemental accumulation,
and mineral cycling // Lichen Biology. Cambridge: Cam-
bridge University Press, 2008. P. 234-251.

6. Backor M., Loppi S. Interactions of lichens with
heavy metals // Biologia Plantarum. 2009. V. 53. No. 2.
P. 214-222.

7. Pystina T.N., Kuznecova E.G. Assessment of the
vegetation and soils pollution degree in the zone affected by
the Middle Timan bauxite mine // Mechanisms of biological
systems stability and adaptation to natural and man-made
factors: Materialy Vserossiyskoy nauchnoy konferencii.
2015. P. 314-317 (in Russian).

Teopernueckas n npuraaguas skogorms Ne2, 2018



MOHUTOPITHT AHTPOIIOTEHHO HAPYIIEHHBLIX TEPPUTOPHUII

8. Red data book of Komi Republic. Syktyvkar: Komi
NTs UrO RAN, 2009. 791 p. (in Russian).

9. Branquinho C., Catarino ., Brown D.H., Pereira M.J.,
Soares A. Improving the use of lichens as biomonitors of
atmospheric metal pollution // Science of the Total Envi-
ronment. 1999. V. 232. No. 1-2. P. 67-77.

10. Heath R.L., Packer L. Photoperoxidation in
isolated chloroplasts // Archives of Biochemistry and
Biophysics. 1968. V. 125. No. 1. P. 189-198.

11. Beauchamp C. Fridovich I. Superoxide dismutase:
Improved assays and an assay applicable to acrylamide gels //
Analytical Biochemistry. 1971. V. 44. No. 1. P. 276-287.

12. Chance B., Maehly A.C. Assay of catalases and
peroxidases // Methods in Enzymology. V. 2. San Diego:
Academic Press, 1955. P. 764-775.

13. Bradford M.M. A rapid and sensitive method for
the quantitation of microgram quantities of protein uti-
lizing the principle of protein-dye binding // Analytical
Biochemistry. 1976. V. 72. No. 1. P. 248-254.

14. Ng O.-H., Tan B.C., Obbard J.P. Lichens as bioindi-
cators of atmospheric heavy metal pollution in Singapore //
Environmental Monitoring and Assessment. 2006. V. 123.
P.65-74.

YR 574.45:630.181.37

15. Mikhailova I.N., Kshnyasev I.A. Content of heavy
metals in thalli of the lichen Hypogymnia physodes: sources
of heterogeneity // Contemporary Problems of Ecology.
2012. V. 5. No. 3. P. 314-318.

16. Tabalenkova G.N., Dal’ke 1.V., Golovko T.K. El-
emental composition of some boreal lichen species in the
European North-East // Izvestiya Samarskogo nauchnogo
centra Rossiyskoy akademii nauk. 2016. V. 18. No. 2.
P.221-225 (in Russian).

17. Kotova O.B., Vakhrushev A.V. Timan’s bauxite:
mineralogical and technological features // Vestnik
Instituta geologii Komi nauchnogo tsentra Uralskogo ot-
deleniya RAN.2011. No. 3 (195). P.12—-16 (in Russian).

18. Garty J., Galun M., Kessel M. Localization of
heavy metals and other elements accumulated in the lichen
thallus // New Phytologist. 1979. V. 82. P. 159-168.

19. Mikhailova I.N., Sharunova [.P. Dynamics of
heavy metal accumulation in thalli of the epiphytic lichen
Hypogymnia physodes // Russian Journal of Ecology. 2008.
V. 39. No. 5. P. 346-352.

20. Titov A.F., Kaznina N.M., Talanova V.V. Heavy
metals and plants. Petrozavodstk: Karelskiy nauchnyy
tsentr RAN, 2014. 194 p. (in Russian).

doi: 10.25750/1995-4301-2018-2-053/2-061

[Ipomykims opranmyecKoro BemecTBa 1 aRKyMYJATHA yTIiiepoja
B HAIIOYBEHHOM TOKPOBeE eJIOBBIX N 0epEé30BBIX PHUTOTEHO30B
B nipearopbax llpunoasapuoro Ypana

© 2018. T. A. Ilpucrosa, K. 0. H., H. C.,
C. B. Baruposa, j1. 0. H., 3aB. oT/I€]I0M,
A. B. Manos, K. ¢.-X. H., H. C.,

Nucruryr ouosornn Komu nayunoro menrpa ¥Ypaiabekoro oraesnenns PAH,
167000, Poccus, r. CoiktbiBKap, yi. Rommynucruueckas, 28,
e-mail: pistova@ib.komisc.ru, zagirova@ib.komisc.ru, manov@ib.komisc.ru

OripejiesieHbl 3anachl YUTOMACCHI 1 YITIEPOJIA B HATTOYBEHHOM TTOKPOBE eJI0BBIX 11 6ePE30BHIX (DUTOIEHO30B B IPEJIrOPhIX
[Tpumosnsiprroro Ypasa. ¥ eramoBIeH0, 4T0 KOHIIEHTPAIISA YIVIEPOia B PA3INTHBIX BUAX pacternnii cocrasiser 39—50%
abCcoJTI0THO cyXOro Beriectsa. B HAMOUYBEHHOM MOKPOBE MCCIE0BAHHBIX (UTONEHO30B pacTeHus HakamanaioT ol12—
960 r/m? oprarmdeckoro BerecTsa, 8 Tom uncie yriaepoaa 250—409 rC/m2 Bosee 50% yrimepoma huroMacesl cocpeioToueHo
B HAJ3eMHBLIX OpraHax pacreHuii. Yraepoj B esKerofHoil npojyKInm HajgzeMuoil puromacenl cocrasiser 44—62%,
B nopzemuoii — 31-36% obmiero 3amaca, nz nux 86—95% nocrynaer B onaj. Eeropno B ucTHHHOM 1pUpocTe 3amac
yIJIepojia B pacTeHUsAX HAOYBEHHOTO TIOKPOBa el0BbIX urorienozon cocrasiser 11-20 r1C/m?, B 6epesuare — 9 rC/m? .

Kuouesnie croea: Ipunonspustit Ypai, ecHble (DUTOIEHO3bL, JKUBOIT HAIIOUBEHHBII TOKPOB, IIPOJLYKIIIS OPraHIYecKOro

BeliecTBa, dalac yraepoja.
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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

© 2018. T. A. Pristova, S. V. Zagirova, A. V. Manov,

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

o4

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?. 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?2 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/m? 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 nacrosimee BpeMst H3y4eHUTO YTJI€POTHOTO
MUK B JIECHBIX DKOCUCTEMAX TaGKHON 30HbBI
YAEJNSIOT MHOTO BHUMAHWS, TTPEsK/Ie BCETo, B CBSI-
31 ¢ TI0OANIBHBIM TToTerieneM kanmata [1-6].
Yri1epoj; OTHOCUTCST K DJIeMeHTaM ¢ HeaKTHBHOT
MUTPAIMOHHOI CITIOCOOHOCTBIO, B OMOTOTNYECKOM
IIKJIe 3HAYNTe/IbHAs eT0 YacTh HAJI0JT0 3a/ep-
JRUBaeTcsi B puromMacce JIpeBeCHbIX pacTeHUil
[7]. Pacrenus ;kuBOTO HAIIOUBEHHOTO TIOKPOBA
(Y HRHIT) mo cpaBmennio ¢ ApeBecHBIM APYCOM,
OOJIBIITYIO 4ACTh YIJIEPO/Ia AKKYMYJINPYIOT 1 BbI-
cBODOKIAIOT B TeueHne ofiHoro rofia [8]. OnHako,
110 MHEHWIO HEKOTOPBLIX aBTopoB [9], nayuenuio
poJin pacteHWil HATIOYBEHHOTO TTOKPOBA B O10-
JOTUYECKOM KPYTOBOpOTE YIiiepojia 6opeaibHbIX
JIeCOB B HACTOSIIEE BPeMs He YIeJsIeTCs 0K -
voro suumanus. MecienoBanus 3anacos yrie-
pojia B pacTeHUs X TPaBsSIHO-KYCTAPHUUYKOBOTO
U MOXOBOTO SIPYCOB B JIECHBIX (PUTOIEHO3aX
enuaununbl [10-11]. Comepsranue n arkymy-
JSANUSA yrjiepoja B pacTeHus X HaloYBEHHOTO
MOKPOBA PABHUHHBIX XBOUHBIX U JINCTBEHHO-
XBOWHBIX JiecOB Ha Tepputopun Pecrnybankn
Komu nzyuenni B mojizoHe cpejHeii i ceBepHoi
raiiru [12—14]. Umetorcst equuudHbie JaHHbIe
0 TIPOJLYKTUBHOCTH 1 3a1iace yrjiepoja B HAIO-
YBEHHOM TTIOKPOBE MPEJITOPHBIX JTIECOB CEBEPHOI
yactn Ypaiaberux rop [15].

[lens paboThl cocTostyia B OTIpejie/IeH N ITPO-
JIYKTUBHOCTH ¥ 3araca yriepojia B pacTeHmsX

HATIOYBEHHOTO MTOKPOBA €JTOBBIX 1 0ePE30BHIX (-
TOIEHO30B B Hpefrophbax [punomasaoro Ypaa.

OO0 bEeKTBI 1 METOIbI

Uccenemosanns nposopnan B 2014 1. B 6ac-
ceitne p. bonbmag Unra B Matunckom paiione
Pecniydnurn Komm (65°48" ¢. mi. 60° 40" B. 11.).
[Tpenropubie nanamadrer [punoasipaoro Ypamia
B paiioHe mcceJOBaHUs 00pa3oBaHbl THITIY-
HBIMU 71 KpailHeceBePHON TAWTH eJTOBBIMU 1
oepésosbiMn gpopmanmsamu. Penbed mectrnocTn
roJsioro-ypasineroiii. Ipobubie miomanm pas-
mepom 0,20—0,25 ra ObLIN 38J103KeHbL B @JIbHUKe
YEePHUUYHO-3€JTeHOMOIITHOM, eJIbHITKe ¢harHOBOM
n Oepesusike oaromoraoM. [[pesocron B nccie-
JIOBAHHBIX UTOIEHO3aX XaPAKTePU3YIOTCS pas-
HOBO3PACTHOCTBIO I HU3KOT ITPOTYKTHBHOCTHIO.

CocraB peBOCTOsI €JbHUKA YePHUUYHO-
sesenomorraoro — 0 KO b, Bospact — 90-320 ner,
KoJimuecTBO pacryninx gepesbes — 1030 mir. /ra,
CcpeHas BLICOTA fepeBben coctaniser 12 w,
cpepnuii quamerp — 19 em. Cocras nojpocra —
6E3B11Ix ¢ KommvyecTBOM JKU3HECTOCOOHOTO
nogpocta 1030 mir./ra. B namousennom mo-
RpOBE eJIbHIUKA YePHUUHO-3€JI€HOMOIITHOTO BbI-
siien 31 Bup pacrennii. Ob1ee mpoeRTUBHOE
nokpoitue (OIIIl) TpaBsiHo-RycTAPHUUYKOBOTO
sipyca (TRf) — 70%, B HéM poMuHmHpYIOT
Vaccinium myrtillus 1., Chamaepericlymenum
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suecicum (L..) Ascher. & Graebn, Avenella flex-
uosa (L.) Drey., yvacro Bcrpevatoresi Linnaea
borealis 1., Trientalis europaea L., Gymnocar-
pium dryopteris (L.) Newm. MoxoBoii 110KpoB
(OITIT 50%) ob6pasoBan B ocHoBHOM Dicranum
sp., Hylocomium splendens (Hedw.) Br., Sch. et
Gmb., Ptilium crista-castensis (Hedw.) De not.,
Polytrichum commune Hedw.

CocraB speBoctost elbHIKa ¢harHioBOro —
6E4b+11x, Bospacr — 60-190 ser, kKoanuecTBo
pacryiux gepesbeB — 912 1. /ra, cpefHsis BbI-
cora fiepesbeB — 11 m, cpepnnii gramerp — 15 cm.
Cocras nogpocra — oE4B11Ix B Konmuectse
1030 mr./ra. HamouBeHHBIII MOKPOB eIbHUKA
cparmoBoro chopMupoBan 36 BUgaMm pacTeHumii,
B rpassino-kycrapuumurkosowm spyce (OITIT75%)
pomuuupytor Gymnocarpium dryopteris (1)
Newm., Equisetum sylvaticum L., 4acTo Bcrpeda-
orest Rubus chamaemorus L. v Carex brunnescens
(Pers.) Poir. B moxoBom sipyce (OITT180%) mpe-
obaagaer Sphagnum girgensohnii Russ.

Cocras fpeBocTost GepesHsKa 0JITOMOTITHO-
ro — 7Th3E, sozpactr — 60—150 sner, konuuecTBo
pacryiux gepesbes — 909 1ir. /ra, cpeHssa Bbl-
cora siepesbeB — 12 m, cpepanii quamerp — 16 cm.
Cocras nmopipocra — 6 b4E, kosmuecrBo pacrymmx
nepesbes — 1650 mir. /ra. B 6epesmske ronromorir-
HOM HATIOUBCHHBIH TTOKPOB 06pasosan 30 Bumamn
pacrennii. TpaBsiHO-KycTapHUYKOBBII SIPYC XO-
poriro passut (OITI180%), B HéM goMuHUPYIOT —
Juncus filiformis, Carex brunnescens, Avenella
[flexuosa, wacto BeTpedaoTCsi KPyImHbIe TPaBbI
Veratrum lobelianum u Solidago virgaurea.
Moxogoii mokpos passut Hepasuomepro (OITII
30%), B uém romunnpyer Polytrichum commune,
BeTpevaercs nsarnamu Sphagnum girgensohnii.

Yuér Macchl U NpupocTa pacTeHuii HaIo-
YBEHHOTO ITOKPOBA MPOBOJININ METOJOM YKOCA
na mromankax pasmepom 400 ecm? B 15-kpar-
Hoii mosropuoctu [16]. Ilpupocr Hag3emubIX
OPTaHOB OJ{HOJIETHUX TPABSAHUCTHIX PACTEHUI
npupaBHUBAICA K 3amacy ux guromaccest. Jlis
oTIpeiesieH s TOANYHOTO HAPACTAHUS Y MXOB
cpesasin 3eJIEHYI0 4aCTh, COOTBETCTBYIOIYIO TO-
AUYHOMY IIpupocty, B 30-KpaTHOl [TOBTOPHOCTI.
Eskeroio hopMupyIonyocs HaJ[3eMHYI0 Maccy
OPYCHUKI OTIPEJIeISIIN 110 TeKYIeMY TTPUPOCTY
M06eroB, a YepHUKI — O MPUPOCTY JUCTHEB 1
1mo6eroB BCero pacreHusi B O-KpaTHOI TOBTOP-
Hoctu. EskeroHo orMmpamliinyo mMaccy MXOB
npuHuManan papuoii 70, TucTheB YePHUKHN —
100, 6pycuurn u auanen — 30, rpas — 100% or
TEKYIIero pupocTa, CONJIAaCHO PeKOMEHIAIIAM
npyrux asropos [16].

Jlist otipesienieHst Macehbl 1 IIPUPOCTA KOPHET
KYCTapHUYKOB 1 TPABAHUCTHIX PACTEHU B TTO]T-

cTUIIKe puMensin Metos MmouoauTos [16]. Ha
RayK01 ipobHO nnotaan Obi1o B3sTo 15 Mo-
HOJIMUTOB C TTOMOIIbIO TabJI0HA TIIOILAJLb IO
400 c¢m? Monoautsl BeIcoTO OT 6 1o 21 cMm
oroupanu B ropuszonre AQ, m3Bneuénunie 13
HIX KOPHU TIPOMBIBAJIN U Pa3/e/sin Ha KOPHU
Kycrapuunukos u tpas [16]. [Ipupocr ropueit
pacTeHmnii TPaBSIHO—KYCTapHUYKOTO SIPyca mpi-
HuMa paBabIM 25% 0T 0011eil MacChl KOpHeil,
COTJIACHO MMEIOMNMCS B JUTepaType TamHbIM
IJIs1 IecoB cpefHeii u cesepuoii raiiru [12]. s
pacTeHnii HAITOYBEHHOTO MTORPOBA OTIPeJIeIsITn
caeaylomne mokasarenn: guromacca (Koamde-
CTBO OPTraHMYeCcKOro BeIecTBA B HAJ[3€MHOI 1
MOJ/I3€MHOIl YacTsAX PACTeHWIT), TOJMYHBII TP -
pocT (KOJMYecTBO OPraHNYecKOro BelecTsa,
HapacTallIlero 3a roj), omnaj (KOJUYeCTBO
OPraHNYecKOTO BeIecTBA BO BCEX €KeTOJIHO
OTMUPAIOIINX YAaCTAX PACTEHUIT), MCTUHHBII
HPUPOCT (KOJUYECTBO OPTaHUYECKOr0 Bele-
CTBa, ocraiolneecs B cOOOIIECTBe B pe3ysbrare
TOMYHOTO MTPUpocTa 3a BerdeToM omnaja) [16].

Pacrurenbubie 06pas3nbl Ha XUMUYECKUIT
armanua oroupanu B 10—15-kparnoii mosrop-
HOCTH JIIsT Raska01 mmpobuoit mromanu. Comep-
JKaHMe yriepojia B OT[eJbHbIX BUIAX pacTeHUI
” B cMelllaHHBIX o0pasiax, cpopMrUpOBaHHBIX
13 pacTeHUil ¢ HU3KUM TTPOEKTUBHBIM TTOKPHI-
THEeM, OIIPeJIeJIeHO B dKOAHAIUTHYECKON J1abo-
paropun Mucruryra 6wonornn Komu HIL YpO
PAH 1o arrecroBanHoii MeToiniKke n3mMepeHmii
No 88-17641-94-2009 (OP.1.31.2014.17663):
«MetojiKka BBIITOJIHEHST U3MEPEHUIT Coflepska-
HIS YIJIepofia M a30Ta B TBEPALIX 00HeKTax Me-
TOJIOM Ta30BoiT XpoMaTorpadui Ha HIeMeHTHOM
ananmuzarope KA 1110 (CHNS-0) (pupma CE
Instruments, Uranus)». M'panuis natepsa-
Ja abCcoJITHON MOrPenTHOCTY KOHIeHTpan
yriuepoaa (npu ypoHe 3naunmoctun p < 0,00)
cocrasuan 1,2-2,2%. Ilonyuennnie ganmbie
IJIST PACTUTEILHBIX 00PA3TOB KayKI0M MTPOOHOM
TIJIOTIA/IN YCPeJIH SN,

3amac yriepojga B putromacce, mpupo-
cTe, orajie M MCTUHHOM TPUPOCTe HA YUETHOM
MJIOTIA/IKe PACCUYNTHIBAJIN MePEeMHOKEeHNeM
abCOIOTHO CYXOTO Beca (a. €. B.) CTPYKTYPHBIX
KOMITOHEHTOB pacTeHMil KaskJ0oro BuUjaa (minm
TPYIIIB BUJIOB) Ha cofiepskaHe B HUX yTIeposa.
[Toryuennbie gammbie mpegcraBaennl B1r/m> [16].

Pesyabrarel n ux oocy:kaenmne

B uccnenoBanHbIX HaMU JIECHBIX (DUTOLEHO-
sax [IpumnosisipHoro ¥Ypasia cojiepskaHue yriepoja
B pacTennsaX HATOUYBEHHIOTO TTOKPOBA BaphUPO-
Basio B pejiesnax 39-50% a. c. B. (taba. 1). Mu-
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Ta6auma 1 / Table 1

CpeniHee cofiepskaHue yriaepoja B pacTeHUsIX HAIIOUBEHHOTO TIOKPOBA eJIOBBIX 1 6epE30BOro (PUTOIEHO308
[Tpumomsiproro Ypaia, % 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

Musnennas popma, Buj T 0 Husnennas popma, Bujy C o

Plant species €, % Plant species 0
Tpassi / Herbs 41,71, Rycrapunuku / Shrubs 47,5+22
Avenella flexuosa 42,4+1,4 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 / Toots 48,4+1,6
Equisetum sylvaticum 38,9+1,2 nobern / shoots 49,9+1,6
Gymnocarpium dryopleris 42,1+1,4 nuctbst / foliage 47,3+1,5
Poa sp. 41,6+1,3 Ropuu kycrapunuros/ Shrub roots 46,0+1,5
Rubus arcticus 42,3+1,4 Mxu / Mosses 42.3+1,2
Rubus chamaemorus 43,6+1,4 Dicranum sp. 43,0+1,4
Veratrum lobelianum 39,0+1,2 Hylocomium splendens 42,1+1,4
Kopum tpas / Herb roots 42,614 Pleurozium schreberi 42,0+1,4
Menkorpasbe */ Herbs 43,4+1,4 Polytrichum commune 43,7+1,4
Pasnorpasne®* / Forbs 41,3+1,3 Sphagnum girgensohnii 40,6+1,3

IHpumewanue / Note: «£» — epanuysvt unmepsaia abeoarommoii noepewrocmu npu p < 0,05; «*» — cuewanwiic obpasey,
(mixed sample) us Pyrola media Sw., Trientalis europaea L., Oxalis acelosella L.; «¥%» — cuewarnwiii obpasey, (mixed sample)
u3 Ranunculus propinquus, Geranium sylvaticum, Chamerion angustifolium, Trollius europaeus, Melampyrum sylvaticum.

HUMaJIbHAsI KOHIIEHTPAIIS YIJIepoyia BhIsBIeHa
B pacrenusx Equisetum sylvaticum w Veralrum
lobelianum, makcumanbuas — y Vaccinium
myrtillus. Ciegyer OTMOTHTD, UTO KOHTICHTPAT{AS
YIJIepojia B IIOJI3eMHOI 4acTi pacTeHNIT HITKe Ha
1-3%, yem B HAJB3EeMHOI, OJfHAKO, DTa pazHUIlA
CTaTUCTUYECKH He JocToBepHa (t-Kpurepuit
Creioperra o1 0,7 o 1,8 ipu p < 0,09).
Rowurmenrpanus yriepojga B KycTapHUYKax
Haxoaures B guamnaszone 49—90, B JecHoM pas-
HoTpasbe 39—43, B 3iaKkax m ocokax — 42—43,
B Mxax — 40-44% a. c. B., uTO cormacyercs ¢
pesyiabTaraMu HMCCJaeoBaHUI pacTeHUil Ha-
MOYBEHHOTO TTOKPOBA COCHOBBIX, eMOBBIX [13]
n JINCTBEHHO-XBOWHOTO urtornmenos3on [17]
cpeameit Taiirn Pecriydbnnkn Komm m ecHBIX
O6moreotierno30B B mipeprophax Xubun [18]. He
YCTaHOBJIEHBI CYIECTBeHHBIC PA3INUYNS B KOH-
[EeHTPAINT YIJIePOJia B PACTEHUSIX OJHOTO I TOTO
JKe BUJIA WJIM TPYIIIbI BUOB, ITPOU3PACTAIONTIX
B Pa3HBIX JECOPACTUTEIHLHBIX YCJIOBSIX Ta8KHON
3oubl (puc. 1). Macca pacrennii HaOUBEHHOTO
MOKPOBA B JIBYX THIIAX €JOBHIX (DUTOIEHO30B
[Tpunonsiproro Ypana cocrasuiaa 512-960 r/m?,
a zamac yraepoga — 223—-393 rC/m? (tabu. 2).
B enbnukax ceseproii raiirn Pecrrybankn Romu
atu norazaresu coorsercrByor 1200-1318 r/m?
u 552-643 rC/m? B cpepuei Taiire — 203—
215 r/m? m 127-195 vC/m? [13, 19] (1abim. 3).
[Tonyuennubie HaMmu 3HaUYeHUsT (PUTOMACCHI
OJIM3KN K pesyabrataM MCCJIeOBAHUI ceBe-
POTaé;RHUBIX €JIHbHUKOB B CEBEPHBIX pailoHax
Pecrrybnurn Komu, Ho BbITITE, YeM B eTbHIKAX

npepropuit Xubun (Koawckuii monyoctpon),
MOJIYYeHHBIMI PAHee [IPYTHM I aBTOPAMY ¥ TIPe]I -
CTaBJICHHDBIE B ¢BOJIKE AaHHbBIX [20].

3armac opraHnyeckoro BeIecTBa B jJKIUBOM
HAIlOYBEHHOM TIOKPOBE MCCACIOBAHHOIO HAMMU
OepesHsKa JOJITOMOIITHOTO COCTABIIT DD T/M?,
YTO HECKOTLKO HIKE Pe3YIBTATOB, MOTYUCHHLIX
pamree JIJist IPYIUX THTIOB O PE3OBBIX JIECOB CPE/I-
neit raiiru PR [14], Ho 01M3K0 K JlaHHBIM 1ccie-
noBaHmit 6epé3oBwuIX uToTen0308 B Oursiann
n [lIBerun |8, 21].

Harmmm nceneoBanmist mokasanm, uto B eJib-
Huke ¢arioBoM B PACTEHUAX HATIOUBEHHOTO
MOKPOBA HAKATIINBACTCS YIIeposia 0obIe, ueM
B @TLHUKE YePHIUHO-3eJIEHOMOTITHOM (Tad. 2).
Boanee 50% yriepoga akkyMyInpyercs B Haji3eM-
HOII YacT! pacTeHuii, 4To ObLIO OTMEUYEHO paHee
7 JIJTSA IPYTUX JECHBIX TTPEITOPHBIX OMOTe0T[eHO0-
308 Ha Cegepe [18]. B nojzemMubIx opraHax Ky-
CTAaPHUYKOB HAKAILINBACTCsI B 2—3 pa3a MeHbIIIe
yriiepojia, ueM B HaJI3eMHBIX. Bosee momoBuHbI
yriiepojia mojizeMuoil huToMacehl JKUBOTO HATIO-
YBEHHOTO MOKPOBA MPUHAJIERUT KOPHSAM TPaB.

Pacrenns HarmmouBeHHOTO MTOKPOBA MCCIEI0-
BauHbIX uTorienosos Ipunossiproro Ypana eske-
POJIHO HAKAIINBAIOT OT 240,3 110 371,8 /(M2 - rojt)
OpraHMYecKOro BeIecTBa, B TOM Ylc/ie yIieposa
or 106,6 1o 153,5 v/ (rC/(m*r1o)) (rabdm. 3).
3uaunrenbuas ero yacth (72—-77%) npescras-
JieHa B TIPUPOCTE HAM3EeMHON MacChl PacTeHMI.
Ocnosnas posn (6omee 50%) B aKKYMYJIATIN
yriepopa Haja3zeMHOIl ruToMaccehl HallOUYBEH-
HOTO MOKPOBA B eJbHUKE YePHUUHO-3eTEHO-
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Ropuu tpas /
Herb roots

Puec. 1. Ronmnenrparnus yraepoga (%) B pacteHusx HATIOYBEHHOTO TTOKPOBA
eJIOBBIX (DUTOTEHO30B KPAlHeCEeBEPHOU (HATIN IaHHbIe) 1 cpeHeit Taiirn [13]
Fig. 1. The carbon concentration (%) in plants, ground vegetation

of spruce phytocenoses of extremely Northern (our data) and Middle taiga [13]

Tadomuma 2 / Table 2

3amac opraHnvIecKoro BeIecTBa  yriepoia B pACTeHUsX
HAIIOYBEHHOTO TOKPOBA MCCJICIOBAHHDBIX JIECHBIX (DUTOTEHO30B
The stock of organic matter and carbon in the ground vegetation of the investigated forest phytocenoses

Expang yepamuno-
3GJI€HOMOTITHBI/ Expank charnonsrii/ bepeaii
Rommonent gpuromaccnt/ Bilberry green moss | Sphagnum spruce forest P II[OJIFOI\;OLHEI%IH/ i
Pytomass component spruce forest olytric birch lorests
r/m?/ rC/m?/ r/m?/ rC/m?/ r/m?/ rC/m?
g/m? eC/m? | g/m? | eC/m* | g/m? | eC/m?
Hapzemuast yacrs puromacent/ Aboveground part of the phytomass
Rycrapunaru / Shrubs 65,4+4,6 31,1222 | 102,5+7,2 | 48,6£6,8 | 14,7£1,5 8,1+0,9
Tpassi / Herbs 126,5+3,8 | 54,0£1,6 | 141,0£6,6 | 60,028 | 168,9£5,4 | 68,322
TpaBsiHO-KyCTapHIUYROBBIH
sipyc (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 | 62,244,8 | 340,6+30,3 | 139,5+12,4 [165,9+12,8| 69,3+5,3
Bceero / Total 336,6+16,8 | 147,247 4 | 584,1+£24,5 | 248,0+10,4 |349,5£17,5| 145,7+7,3
[Tomzemmas gactsh puromaccsr®*/ Underground part of the phytomass®
Rycrapuuuku / Shrubs 41,6+2,1 19,1+0,9 38,6+5,4 17,8+2,5 | 44,3+3,8 20,4%1,8
Tpassi / Herbs 133,5+5,7 | 56,9+2,5 |297,9456,6 | 126,9+24,1 | 160,7£7,9 | 68,5+3,4

TpaBsino-KycrapHUYROBBIT

sipyce (Bcero) / Herbs and 175,1£8,8 | 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+6,0 27,2+2.6 39,6+3,2 16,1+2,9 | 56,5+6,8 24,4429
Beero / 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
Nroro** o11,7 223,2 920,6 392,7 954, 234,5

IIpuneuwanue / Note: «*» — nodzemnasn wacme umonaccol onpedesena moavko 0as ROOCMULOLILO20 20pU3OHMA /
Undergroundpart of phytomass determined only for litter horizon; «**» — Paccuumano 6e3 yuéma ouéca mrog, co2sacho
memodure [16] / Calculated without taking into account the moss count, according to the procedure [16].
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Tadomuma 3 / Table 3
3arac opraHnvYecKkoro BelecTBa 1 yriepojia B IpupocTe HCCae0BaHHbIX (PUTOIEHO30B
[Tpunonsipuoro Ypana, r/(m* rog), rC/ (M rop)
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)

Enbuuk uepuuuno- . Bepesusik
3€JIeHOMOTITHbIIT . R JOJITOMOTITHBI i

Rommonenr guromaccerl/ | Green moss spruce forest Sphagnum spruce forest Polytric birch forest

Pytomass component r/(m%ron) g/| tC/(M2.1om) | v/ (M2 1ox) | rC/ (M2 rox) | v/ (m* - rox) |rC/ (M2 Tom)/

(m?-year) | gCG/(m?.year) |g/(m* year) oC/(m*year) | g/(m? year) gC/(m® year)
Hapgemnas yacrs puromacent/ Aboveground part of the phylomass

Rycrapunuku / 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
Tpaser / Herbs 117,243,5 | 54,0+1,6 132,7+6,2 | 60,0+2,8 | 161,8+5,2 | 68,3+22
TpaBsino-KycTapHUUYKOBBIT
sapyc (Bcero) / 149,1£7,2 | 64,8+3,1 157,4£6,6 | 67,8+29 | 167,277 | 70,7+3,3
Herbs—shrubs layer (total)

Mxwu / Mosses 33,326 14,211 103,8+9,2 | 42 3+38 48,3+3,7 | 20,1+1,6
Beero / Total 182,489 | 791+39 | 261,2+13,2] 110,1+5,5 | 215,5+£10,9 | 90,7+4 4
[Moxsemuas gacts puromaccsr®*/ Underground part of the biomass*

Rycrapunuku / 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
Tpaser / Herbs 40,0+1,7 17,1+0,7 89,4+17,0 | 38,1472 23,026 | 20,5+1,1
TpaBsiHo-KycTapHUYKOBBIT

sapyc (Bcero) / 62,9+2 3 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

Ipumewanue / Note: «*» — nodsemnas wacmo gumomaccet onpedesena moavko 0 nodcmuaouinozo 2opusonma / Underground

part of phytomass determined only for litter horizon.

Tadanma 4 / Table 4
3arac opraHnyecKkoro BeIecTsa 1 yriepoja B onajie ncciaefoBanubix purorenosos [Tpunonspuoro Ypana
The stock of organic matter and carbon in litter of investigated phytocenoses in the Subpolar Urals

B HOPHEARO Enbuur cdarnosbrit DBepesusax
JOACTOMOTITIRI Sphagnum spruce ITOJITOMOTITHBI T
Rommonent duromacctr Bilberry green moss forest Polytric birch forest
Pytomass component spruce forest
r/(m?rop) | rC/(w*ron) | v/ (m* rop) |rC/(w* ron) v/ (m* rop) | rCG/ (w? - rop)
g/(m?* year) | gC/(m*year)| g/(m? year) |gC/(m*year) | g/(m* year) | gC/(m* year)
Hamzemnast wacts puromaccesr/ Aboveground part of the phytomass
Rycrapuuuku / Shrubs 24,1+1,7 7,240,5 17,7225 | 4,606 | 4,2£0,5 | 1,8+0,2
Tpassr / Herbs 117,2+3,5 | 54,0+1,6 | 132,7+6,3 | 60,0+2,8 |161,8+5,2| 68,3+22
TpaBsiHO-KyCTaPpHUYKOBBIT
sapyc (Bcero) / 141,3+6,8 | 61,1£2,9 | 150,5+6,3 | 64,627 [165,9+7,6| 70,1+3,2
Herbs-shrubs layer (total)
Mxu / Mosses 23,3+1,8 10,0+0,8 72,6+6,0 | 29,626 | 33,8+26 | 14,0£1,1
Bceero / Total 164,6+8,2 | 71,1+£3,6 | 223,1+11,2| 94,2+4,0 |199,7+9,2| 84,1+3,9
[Topzemuas yacrs puromaces®*/ Underground part of the biomass*
Rycrapuuukn / Shrubs 20,6+1,1 9,4+0,5 11,6+1,6 4,840,7 | 13,3+1,2| 6,1+0,5
Tpaswt / 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
Elfi_(jﬁfg)layer otal) 56,6421 | 248:09 | 920+147 | 39,0462 | 61022 | 246209
Bceero / Total 221,2 95,9 315,1 133,2 260,7 108,7

Ilpumewarnue/ Note: «*» — nodsemnasn wacmo Gumonaccol onpedesena moibko Oasi nOOCMUAOUHO20 20PUSOHMA /
Underground part of phytomass determined only for litter horizon.
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Tadmuma 5 / Table 5
AKRYMYJIsIUs yraepoaa B (puromMacce 1 rofudHOI MPOJYKIIUN PACTEHUIT HAIOYBEHHOTO TTOKPOBA
uccaepoBantbix purornenosax / The accumulation of carbon in the phytomass and annual production
of ground cover in the investigated phytocenoses

IIporent B ipupocre
[Tpupoct puromaccent pott pHp

®uromacca Increment uromaccwr
Phytomass [ ohvt i} Percentage in increment

Tun neca / Forest type ol phylomass of phytomass
IO/ /(0 om) 1G/E  | PREERO e
g/m? gC/m? | g/(m? year) gC/(m*year) organic matter carbon

Hamsemmas qacts puromacent/ Aboveground part of the phytomass

EJleMK YepHUYHO-
36JIEHOMOIITHBII /

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

spruce forest

ExsEmk carnoss / 58414245 248.0410.4| 261,2413.2 | 110.1£5.5 AAT w
Sphagnum spruce forest

Bepesusk nonromommbiit /' 15,q 5,17 51 145 7573 | 21554109 | 90.7+4.4 61,7 62,3

Polytric birch forest

[Togsemuas gacts puromaccur®*/ Underground part of the phytomass*

Envnug wepumano-
sesenomotnubiii / Bilberry | 175,188 | 76,0£2.8 62,9+2.3 27,6+1,1 35,9 36,3
green moss spruce forest

Enbuuk cdarnossrit /

336.,5+53.8 | 144,7+23.2| 110.6417.7 | 43.4+6.9 32.9 30,0

Sphagnum spruce forest

Bepestsr goaroMomnbiii /1965 0.9 43| 888432 | 67.8425 | 27.3+3.3 331 308

Polytric birch foest T T T T ’ ’
Bceero / Total

Enpnmx YePHUYHO-

3GJI€HOMOTITHBIN / 11,7 223,2 245,3 106,6 47,9 47,8
Greenmoss spruce forest

Enbaur cdarnossrii /

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

Bepesusik gonromomusiii /
Polytric birch foest

994, 234, 283,3 118,1 a1,1 20,4

Ilpumewarnue / Note: «*» — [lo0zemnas wacmo giumomaccol onpedesena moavko Ois ROOCMUAOUHOR0 20P3OHMA 20PUBOHMA /
Under-ground part of phytomass determined only for litter horizon.

a b
250 - ] iite ce i
HI?aI,IH(\ COBCpITaH T‘anra} / 300 7 B Kpaiine cesepuas taiira /
R Extremely Northern taiga . .
= . Cpepss :[aflra / =a Extremely Northern taiga
L= 200 - / 2 250 - C i
S E . . S E - pejisis Taiira /
= Middle taiga :, B 200 Middle taiga
%é 150 + g
3 =2
s L S7 150
£ 5100 - B
o 2 £ £ 100 | T
=3 5S
o] 50 | v
5~ 90 <50 - _
0 ‘ 0 ‘
O®uromacca/  Ilpupoct / Onap / Ouromacca / [Tpupocr / Omnay /
Phytomass Annual Litterfall Phytomass Annual Litterfall
production production

Puec. 2. 3anac yriepoga (rC/m?) B HallouBeHHOM IOKPOBe e/10BbIX (a) u 6epésosbix (b) guromnenosos
Pecnybauru Romu. Vcnonb3oBanbl fanmbie [IJist ebHUKA YePHUYHOTO ¢Beskero cpejneit raiiru [13] u st
JIMCTBEHHO-XBOMHOTIO HACAKIEHIS PA3HOTPABHO-UY@PHITIHOTO THIIA cpefnei rairm [14].

Pic. 2. The carbon stock in ground cover of spruce (a) and birch phytocenoses (b) in Komi Republic, gC/m?.
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.

Teopernueckas n npuriaagHas srogaorus Ne2, 2018




MOHHUTOPITHT AHTPOIIOTEHHO HAPYIIEHHBIX TEPPUTOPUIT

60

MOTITHOM U GepesHsiKke J0JTOMOIIHOM MPUHAJL-
JIGJKUT TPABaM.

Jlonst mopzemuoil puromMaces B obIemM
TOJIMYHOM TIPUPOCTE YTJIePOoa HATOUYBEHHOTO
nokposa cocrasisier meree 30%. Copepsranne
YIIIepojia B MpUpocTe MOI3eMHBIX OPTaHOB pac-
TEHUI B NCCJIEIOBAHHBIX (PUTOIEHO3aX MEHSIOTCS
B npenmenax 27,3—-43,4 vC/(m? rox) (rabm. 3).
OcHOBHAas OIS YTIEPOa B TPUPOCTE TTOA3eMHOT
qacTn UTOMacehl, Tak e RaR W HaJ3eMHOI,
MPUHAJJICKUAT TPABAM.

CornacHo HammM pacuéram, eKeroHo ¢
HaJ3eMHBIM OTIAJI0OM PACTeHU HAMOYBEHHOTO
MOKPOBA HA MOBEPXHOCTH MOYBBI B MCCJCIO-
BAHHBIX HAMW HacaykaeHuax rmocrymaer ot 71,1
1o 94,2 rC/m?, MakcuMaibHOe KOJIMYecTBO — B
erpHIKe ¢haTHOBOM, MITHIMAJIHHOE — B CIBHIKE
YePHUUHO-3eJeHoMOTITHOM (Tabu. 4). bomnnmras
gacth yruepopa (or o1 mo 80%) magzemuoro
oTrafia pacTe i MPUHAIe;RUT TpaBaM. B 1emom,
omajy comepsut 86—-95% yriaepoaa TekyImero
npupocta puromaccer. CaeoBaTebHO, B €bLHI-
Kax u Oepesusikax Ilpunonsipnoro Ypadaa, esxe-
TOJIHO 3HAUYNTENIHHAS YaCTh YIJepoia pacTeHuit
HAIOYBEHHOTO TTOKPOBA AKTUBHO BRIIOYAECTCS B
MeCTPYKIIMOHHOE 3BeHO KPYroBOpoOTa yrjiepojia n
(popmuposanme secuoi nogcruiru. B pesynbrare
3a1ac OPranmyecKoro BeIecTBa 1 yraepoja B
MCTUHHOM MPUPOCTE PACTEHHUIT HATIOUBEHHOTO
MOKPOBA €JOBbIX (PUTOIEHO30B COCTABJISIET
24,1-56,7v/m*u 10,7-20,3 rC/m?, B Gepestske —
22,6 v/m*1 9,4 1C/M% B TOJT COOTBETCTBEHHO.

Copmamnast mporyRIyst mojizeMHOT hruromac-
cbl BO BCeX TPEX THIIAX Jieca OKasaaach HIKe,
qeM Haj3eMuoii. Jloast roquaHON mpoayKIun
OpPraHmyecKOTo BEIecTBa HaA3eMHOI (PUTOMACChI
cocraBuiaa ot 44,7 1o 61,7%, nonzemmoii — or 32,9
110 35,9% o611eit Macce pacTeHuii HAITOYBEHHOTO
nmokpoBa (tabs. 9). AKKYMYJATUA yriepojia B
POJIMYHOI TPOAYKINK HajI3eMHOI (hUTOMACCHI
HAIOYBEHHOIO MOKPOBa cocraBmia 44,4 — 62,3%,
nogszemuoin — 30,8-36,3% o0mux ero 3amacos.
B necuwix gpurornenosax Ipunonsproro Ypara
3amachl yIiiepoya B (puromacce, pupocte 1 orajie
pacTeHnii HaTMOUYBEHHOTO MMOKPOBA BLITIE, YeM B
cpepHeii raiire (puc. 2). IT0 MOKET OBITH CBA3AHO
¢ TeM, UTO B eJbHWRAX KpaiiHe ceBepHON Talrn
CHUZKAeTCS cpeioodpasyroriast PyHKIIs e, 00-
pasylIolneil Hu3KOIPOYKTUBHbIe ipesocTon [22].

BoiBojbt

B necubix guronenosax npepropuii [Tpu-
HOJIAPHOTO Ypasia B PacTeHUsAX HAIOUBEHHOTO
nokpoBa Hakamausaercs 512-960 r/m* opra-
HIYECKOTO BEIecTBa, B TOM 4ucJIe yriepoja

250-409 rC/m> B majgzeMHOll yacT pacreHmit
cocpeorouero Gosee 60% yriepoga huromMaces.

Esxerommas arkyMyasamums yriepoma B TO-
MY HOM ITPUPOCTE HAIBEMHBIX OpraHax pacTeHnit
HAIMOYBEHHOTO MOKPOBa cocrasisier 44—62%,
nopzemuoii — 31-36% or obiero samaca yrie-
pona B puromacce. Haubosee nnrencnsmo yrie-
POJI AKKYMYJIUPYETCsT B 3KMBOM HAIIOYBEHHOM
MOKPOBE eJbHUKA YePHUUYHO-3eTeHOMOTITHOTO
1 6epe3HsAKa MOATOMOTITHOTO.

3uaunresbHas dactb yraeposaa (86—95%)
TOAMYHOTO TTPUPOCTA PACTeHUIT KIUBOTO HATIO-
YBEHHOTO MOKPOBA BO3BPATIACTCS ¢ OTAIOM B
nouBy. B ncTuHHOM 1pUpocTe pacTeHuil B eJib-
nnKax naramansaercs yraepoga 11-20 rC/m?,
B Oepesusike — 9 rC/m% Bepymas posn B yrie-
poHOM OOMeHe MesKIy pacTeHusiMiu 1 IOYBOT
MPUHAJIEKNAT TPABAM.
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Onenka cocraBa 1 MHKPOCTPYKTYPBI ATIOMOCOIEPsKaIero oTxoja
IS 000CHOBAHKS HAIIPABJIEHUI €10 NCIOJb30BAH S

© 2018. A. A. Maproinosa, aciupant, I'. M. Barpaxosa, . 1. H., Jo1eHT,
[TepMcruii HaNMOHANBHBIIT UCCTEIOBATEbCKIUI

MOJIUTeXHUYECKIUI YHUBEPCUTET,

614990, Poccus, . [lepmnb, Romcomonbekuii mpocriexr, 29,

e-mail: eco@pstu.ru

Kommekcnast mepepaboTka pOMBIILIEHHBIX OTXO/[0B ¢ M3BJCUCHUEM [eHHBIX KOMIIOHEHTOB M UCIOJb30BAHIEM
OTXOJIOB B KAUeCTBE BTOPUUHBIX MATEPUAIbHBIX PECYPCOB 00€CIIeYnBaeT CHIKEHIIe aHTPOIIOTeHHOI HAIPY3KU Ha KOMIIO-
HEHTBLI OKPYsKAIoNieil cpejbl. B mporecce TepMudecKoro YHHUTOKEH IS HHeProHaCHIeHHbIX MaTePUAIOB 00pas3yercst or-
XOJ1 ¢ DOJILITNM COJePRAHITeM OKCH/IA aaioMuHus. [ onpetesenus HarpasaeH il HCIOJIb30BAHISA AJTIOMOCO/ePIKAIIETO
OTXO0JIa [POBEJEHO UCCICIOBAMIE ero cOcTaBa U MUKPOCTPYKTYPbL. Menoab3oBanbl METOIbI CKaHUPYIOIE DJIeKTPOHHOI
MHUKPOCKOTINN U MeTOJ[bl KOJIMYeCTBeHHOTO (PU3NKO-XuMnvyeckoro anaausa. [lis mecaeoBanust OblIN HOATOTOBIEHBI
CTPOUTEILHBIE 00PasIbl ¢ JOOABKAMI OTXO/Ia 1 00PA3Ibl OTX0/A, OUMITEHHOTO MITHePATILHBIMI KUCJOTAMI U BOJLOII.

Cocras n3y4aeMoro aaioMOCo/epsKalliero 0TXo/a COOTBETCTBOBAJ TPEOOBAHUAM K ChIPLEeBBIM MaTepraiaM, NCIoab3ye-
MBIM B KQ4eCTBe YITPOUHMIONEH J00aBKN B EMEHTHBIX CMECX, JKaPOCTOMKIX pacTBOpax (6eroHax) u npu W3roTOBACHUN
BSZKYIINX BEIecTB. YILIOTHEHIe CTPYKTYPhI HecaeoBaHHbIX 00pasios cepuyecknmu vactunamu Al,O, Bnusiona mpou-
HOCTHbIE xapam‘opwm‘m KU O6paSILOB Ha OCHOBe rurica ¢ }LO6&BK‘Oﬁ mnjamMa. npOBC‘]lOHO CpaBHGHHC (1)1’13” KO-MeXaHMYeCKnX
xaparrepuctik 06paszios ¢ 15- 1 30%-HbiM cojtepskanmeM 0TXo/a ¢ pesyIkrataMi HCIIBITaHI T KOHTPOJILHOTO 00pasiia rurca.

WeenemoBanme MUKpOCTPYRTYPbI 1 DJIeMEHTHBIIT AHAJIN3 OTXO/1a, OUHIIeHHOTO MIHEePATbHBIMI KHCJIOTAMI, TOKA3AJII,
4TO COCTAB BRIIOUEHMIT HeopiHoposien. Obpaborka Kucaoramu 1 Bojioii 9heRTIBHBI JI7151 0CBOOOFKIICH ST AJIIOMOCO/IE PKATIIET0
0TXO0j[a OT PUMeCeil, MacCOBOe COJlePIRAHTIEC ATIOMITHIS B OUUIIEHHBIX 00Pa3aX yBeJnINBaI0Ch.

Pesybrars omieHKI coctaBa i CTPYKTYpbl OTX0/@ MOTYT ObITh HCIIOJB30BAHBI TP 00'bICHEHN N TPOTeccoB (hopMupo-
BaH s CTPYKTYPBI HOBBIX MaTepUaJioB Ha aJlOMOKUCIOPOHOI OCHOBE, ITPOIECCOB CTPYKTYPOOOpasoBaus B KepaMuyecKux
Marepuajiax, Koropbie Oy/yT H3TOTOBICHDI ¢ IPUMEHeHIeM JAHHOT0 BI/A OTXOJIA.

Kuouesote caosa: anomocoepskaiiie 0TX0o[bl, OKCH, aJIOMUHKA, IIJIaM, DHEPrOAMCIIePCHOHHbII MIKPOAHAIN3,

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 reinfore-
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 LhdI acteristics 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 6oabiinx obbémMax amioMocosepsRalme
OTXOJIbl 00PABYIOTCS HA TPEANPUATUAX XUMU-
YeCKON OTPaC/AN, MeTaJJIypPrun, B MPOU3BOJL-
¢TBe TVIMHO3EMa, B DHEPreTUYeCKOU OTpacIu
n npounx. K Takmm orxopamMm OTHOCAT THUPO-
aTfoMOKapboHaTHRIe 0CaKN, OOKCUTOBBIC, He-
(benmuoBwie, OKcaTaTHBIE MIJIAMBI, TUTETHBIE
MIJIAKM, 30J0TLTIAKOBBIC OTXOLI I 30JIbI YHOCA.
Pasmermenmio B okpysRaioneii cpee momo0HbIX
OTXOJIOB YJeJseTcss MHOTO BHUMAHUS 10 MTPH-
YUHAM WX TBIJICH U U TOKAJIBHOTO 3arpsA3HeH s
BO3/IyXa KPYHHBIMU U MEJTKOIMCTIEPCHbBIMI
YacTUIAMU; PN XpaHeHu 0OBOJHEHHBIX OT-
XOJIOB TPY/LHO TIOJTHOCTHIO UCKIIOUUTH PUCK 00-
pPa3oBaHUS ITPOMOMH B IIIJTAMOHAKOIUTEISX; TPH
HU3KNX U BLICOKUX 3HAUYECHUAX pH ITOYBEHHbIX
PacTBOPOB MOSABICHNE COCMHEHIN aJTIOMIHIS
CImocoBCTBYET M3MEHEHWIO COOTHOTTEHMA TIV-
TATeIHLHBIX 2JIEMEHTOB W COCTAaBa MOUYBEHHBIX
OMOIICHO30B.

OTX0/ibl ¢ BBICOKUM COJIepyRaHmeM OKCHUia
amomunus (AlO,) xapakTepnsyioTcs BHICOKIM
PEeCYPCHBIM TOTEHINATOM, TTOITOMY UX KOM-
MIeKcHas mepepadboTra ¢ M3BJIedueHneM IeHHbIX
KOMIIOHEHTOB sIBJSAETCSA MEePCIHeKTUBHBIM Ha-
MpaBACHUEM JIJISI PECyPcocOeperaoimx u Majio-
orxomHbIX TexHonoruii [1-4]. HanpaBienus
UCI0JIL30BAHMS QJFOMOCOIePIKAIIIX OTXOI0B
CTeyeT OTIPeIesIAThH ¢ YUGTOM MX MUHEPATOTH -
YECKOTO M XUMUIECKOTO COCTABA, INCITePCHOCTH,
TOKCHIHOCTH, YACALHLIX 00HEMOB 00pa3oBamms,
BO3MOYKHOCTI OPTAHM3AT[N 3AMKHYTHIX TTPOM3-
BOJICTB@HHBIX IUKJI0B. B MUpoOBOIi ipakTinke n3
MPUPOTHOTO U TEXHOTEHHOTO aTI0MOCOIepIKa-
MEeT0 ChIPhs MOTYYaloT adpasuBHbIE MaTepua-
JIBI, TEXHUUECKYI0 KepaMuKy, N3HOCOCTOMKIE
W KUCJTOTOYIIOPHBIE DJIEMEHTHI CIeIuanbHoro
Ha3HAYCHIS.

MuorouncaeHHBIMU WCCTCOBAHUAMNI 1
MPaKTUYeCKIM BHEJIPeHIeM JI0Ka3aHa mepeiek-
TUBHOCTH MCTIOJB30BAHNS aJTIOMOCOJEPIKATIIIX
OTXOJIOB JIJIsA TIPOM3BOICTBA MUHEPATHHBIX Bs-
JRYIIAX BEIEeCTB, ATIOMUHATHBIX IIeMEHTOB, TS~
SRETBIX T MEJTKO3CPHUCTHIX OETOHOB, TEIION30-
JIATMMOHHBIX MaTepPMaJI0oB, CyXUX CTPOUTEJIbHBIX
cmeceit u gp. [1, 5=7]. Ilpu sromM mpousBoacTBO
TOBAPHON MPOYKIMN CTPOUTENHHOTO HAa3HA-
YeHUS He IMPeJIbsABISeT BHICOKNX TPeOOBAHIH K
UCXO/IHOMY COCTABY ChIPbsI U SIBJISIOTCS OJLHUM 13
BapMaHTOB HU3KO3AaTPATHBIX CIIOCOOOB Iepepa-
OOTKM TeXHOTeHHOTO TnHo3éMa. brieTpoiii poct
MTPOYHOCTH, YBeJUUCHIE TIOTHOCTH, CIOCO0-
HOCTb R TBepACHUIO IMPU NOHUMKEHHbIX TeMIle-
parypax m ipyrue ¢BOHCTBA OTIPEIEIIAIOT CTIPOC
Ha TOOOHBIN OTXOJ] B KAUecTBEe MUHEPATHHOI
MOOABKI K CHIPHEBBIM COCTABAM.

OrnmanreibHOT 0COOEHHOCTHIO TEXHOJIOTH I
NPUMEHEHUS aJTIIOMOCOJIePHKAIIIX OTXO/0B JIJIs1
M3TOTOBJIEHNS TUTICOBBIX BSRYIINX (TUTICOBOTO
KaMHs) 1 MaTepuajioB Ha X OCHOBE sIBJISIETCS
UCKJIIOYEeH e dTalla BBICOKOTeMIIepaTypHOTrO CIH-
Tesa, otcyrersue Boiopocos CO,, bLIN 1 ipyruX
BPEJIHBIX BeIecTB, CHIKeHNEe dHEeProEMKOCTI
MPOM3BOICTBA 110 CPABHEHUTO ¢ ITPOUBBOJCTBOM
KAnHKepa n nasecrn. VeciemoBanme MuKkpo-
CTPYKTYPBI BSIKYIUX BEIECTB TeXHOTEHHOTO
MPOMCXORCHIS HATIPABJIEHO HA MOJyUYeHUe
HOBBIX JIAHHBIX O MeXaHW3Me TBepJeHus 1mpu
CO3JIAHNN TUTICOBOTO KaMHS M W3JeJNI HA eTo
OCHOBE ¢ 3aJIAHHBIMU CBOTICTBAMMU.

Orcup aTOMIUHAS B Ra4ecTBe ChIPbs s
M3TOTOBJIEHUA TeXHUUECKOI KepaMUKI MTPUIaeT
U3JeJIUsIM HA ero OCHOBE TBEPLOCTH, HU3KYIO
MIJIOTHOCTH, XOPOIITYO TeTIJIONPOBOIHOCTh, XM -
YeCKYI0 MHEPTHOCThH, KOPPO3UOHHYIO CTOMKOCTD,
3JIEKTPOUBOJISIIIMOHHbIE CBOIICTBA. ITU CBOIICTBA
BOCTPEOOBAHBI B M3TOTOBJICHIN OTHE- U KUCJO-
TOYHOPHBIX MATePHUAJIOB, DIEKTPOUBOIAINIOH-
HBIX U TEPMOCTONKUX KepaMUYeCKUX W3JIeJInii,
RaTaJIM3aToOpPoOB HA KepaMUuecKoil 0OCHOBeE, Kepa-
MUUYECKHX TTUTMEHTOB U 1p. [3—9, 8, 9]. B mpo-
M3BOJICTBE TEXHIYECKOI KepaMUKI BaKHbI TAKIe
XapaKTePUCTURYI N3 aTIOMOCOIEPIRAIIET0 ChIPbsi
KaK OJIHOPOIHOCT, IMCIIePCHOCTD, TTPUMECHbIT
coctaB, Kpucrajindeckast popma. [lepcriekrus-
HBIM HallpaBJIeHNeM NCIO0JIb30BAHUS BbICOKO-
uncroro aucnepcnoro Al O, siBnsercs paspaboTka
KepaMuvecKnX KOMITO3UIMOHHBIX MaTepuajios,
apMupoBaHme aJiOMOKICIOPOIHOTO KapKaca
HanocTpyrTyparopamu u ap. Texmoremnoe cobpheé
He BCerja HaxXouT MUpoKoe MpuMeHeHue 1o
MPUYMHE HEJIOCTATOUHON N3YYEeHHOCTH ChIPheBHIX
MaTepuasoB ¢ BHICORUM CO/lePIRAHUEM TTpuMecei
[8, 10-13].

C mesnbio obecrieveHnss BHICOKOT TPEIUHO-
CTOMKOCTU W TBEPAOCTH IPU CO3[aHNN HOBBIX
BUJIOB KePaMUK TPeOYeTCsi Chipbé ¢ HAUMEHbITTUM
MacITaboM CTPYKTYPbI, ¢ BBICOKOIT OJ[HOPOIHO-
CThI0, MUHUMAJBHON MOPUCTOCTHIO 1 XOPOTIIO
cHOPMUPOBAHHBIMU MEKKPUCTAIINTHBIM I
rpaantamu |3, 14—17]. Takum obpasom, Hay-
ROEMEKWE TPOU3BOJICTBA MTPEIBABISIOT 0COOBIE
TpebOBAHUS K YMCTOTE U OJ{HOPOJTHOCTH aJTI0MO-
RUCTOPOTHOT OCHOBHI.

Jlist o0 BsICHEHUS TPOTIECCOB CTPYRTYPOOGpa-
30BaHNs B KepaMIYecKIX MaTepraiax Ha OCHOBe
TEXHOTeHHOTO ChIPbsI, KOTOPbIe OTJANYAIOTCS OT
MPOIECCOB, TPOUCXOANNX TTPU UCTIOTh30BAHU T
HPUPOJTHOTO MUHEPATbLHOTO ChIPbsi, HEOOXO/IH-
MO HCCJIelOBaHIE COCTaBa U MIUKPOCTPYKTYPHI
AJIOMOCOJIEPIKATIETO CHIPbS U3 OTXO/0B, UTO U
OIIPeIesINJIO T1eJIb JIaHHOI PadoThI.
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b4

O0beKTHI 1 METOJbI NCCIE[0OBAHS

B nporiecce ropennsi sHeproHachIeHHOTO
MeTaJI T3 POBAHHOTO TOIIJINBA B COCTaBe BHIOPO-
COB IIPUCYTCTBYIOT MBIJIEBBIE YACTUIIBI. ¥ CTOBUS
TEXHOJOTMYECKOTO MPOTecca U CIIocoObl 0UMCT-
KU Ta30IbIJIeBOT0 TTOTOKA BAMUSIOT HA pasMep
U COCTAB YJABANBAEMbIX JIUCIIEPCHBIX YaCTHII.
B 3aBucumoctn ot cocraBa TOIIMBA M YCJOBUI
TePMHUIECKOTO TPOIecca KOHAeHCUPOBAHHAS
daza cocrasssier o 370 kr/T rorausa [18, 19].
B cucreme oumeTKkm MbLTIEra3oBhIX BHIOPOCOB €O-
Oupaercst BOHAS CYCIIeH3 S ANCIIePCHBIX YaCTHII,
1ocJie OTCTAMBAHUS U YJAAJTCHUs BOJBI 0CTABTCS
ocajlok (niam) ¢ Beicoknm copepsanuem Al,O,.

[Tnam, cobpaHHbIii i1 IPOBEJIEHUST HCCTIe-
MOBAHMIA, TIPEJICTABISI CODON KOMKOBATHIN, Chi-
Y4 Uil, TBUIATIMT MaTepuas ceporo mgera. [Ipes-
BapUTEIbHBIMI MCCICIOBAHUAMU YCTAHOBICHO
cojiepsRaHie OCHOBHBIX KOMITOHEHTOB (Macce. % ):
91,7-97,5 A1,0,; 0,2-5,0 Fe,0,; 0,07-0,14
Si0,. Merogom atoMmo-acopOIMONHOro aHa-
JIN3a YCTAHOBJICHBI IPUMECH B COCTaBe IITaMa
(mace.%): Fe,0, 3,841,0; MnO 0,04+0,01; CuO
0,0020+£0,0005; MgO 0,010+0,003. Kpucranaiu-
yeckas pasa 1mama mpejicraBjieHa yacTuIaMm
a-ALO, (kopynpu), y-ALO, n Tpyano upentudu-
nupyembiMu popmMamu orcujga kpemuus |18,
20]. ITo pesysbraram orpe/esieHusi TOKCUYeCKOro
e CTBUSA BOSHON BBITSKKI TITaMa Ha KUBBIE OP-
raHM3MbI OBLT YCTAHOBJCH 4-11 KIACC OTIACHOCTI
OTXO0J1a JIJIs1 OKPYIKAIOTIeT cpefibl (MasoonacHbie
OTXOJIBI).

Onmoil m3 3a1a4d MCCAeTOBANNT ABIAIOCDH
onpesiesienne (PUaMKO-MeXaHUICCKIX XapaK-
TEPUCTUK U CTPYKTYPHI THIICOBOTO BSIFKYIIETO,
00OpasIighl KOTOPOTo OBLIN MPUTOTOBICHBI C J10-
OaBieHueM ajoMocojepsraiero miama. s
nceae0BaHNI CTPOUTEBLHBIX 00pa3IoB nc-
MOJIb30BAH THUIIC cTpouTe bHbIIT Mapku I'-3 B 11
oera-moudurarmu (FOCT 125-79) n nzmenn-
yénnpiil mam (19 n 30% o macce runca). s
KasK/[0T0 OIBITHOTO COCTABA M3TOTABANBAJIH 110 6
00pasioB. KoHTposbHbIe 11 O1bITHBIE 00pa3Ibl ¢
Pa3JIMYHBIM COflePRAHNEeM TIJIaMa M3TOTaBINBa-
JINChH 13 THUIICOBOTO TeCTa HOPMAJIbHOI I'yCTOTHI.
[TepemermBane KOMIOHEHTOB OCYIIECTBIISIIOCH
MeXaHUYeCKNM ITyTéM B cMecuTese, THIcoBoe
TECTO YRJIAABIBAJIN B MeTaJ/IndecKkne (popMbl Oa-
JIOUCK, YIJIOTHSLIN CBEKeIPUTOTOBICHHYIO CMeCh
BCTpsIXMBaHMeM, yepe3 24 4 1mocse (QopMOBaHU S
00pasiibl n3BJAEKAINCH 13 POPMbI 1 XPAHIINCH B
TedeHne 48 U 1pu HOPMaTbHbIX BO3JIYIITHO-CYXHUX
YCJIOBUSIX.

Omnpepenenne Guamro-MexaHnyecKUX Xa-
pakTepucTuK 00pas3IoB HA OCHOBE I'MIICA C J[0-

OaBKaMiu IJaMa MPOBOAUIOCH B CPABHEHUN C
(pm3MKO-MeXaHMYECKNMI XapaKTepucTuRaMu
KOHTpOJbHOTO obpasna (rurc). OrneHnBasoch
BOJIOTMIICOBOE OTHOIIIEHNE, TIpejiesl TPOUYHOCTI
MpU C3KATUM, TIPU PACTsIKeHUN U 11pu usrube,
CPeJHsIs IJIOTHOCTh, BOJOTOT/IONIEeHIE 110 Macce
B coorsBercTBun ¢ Merogukamu 'OCT 125-79 u
FOCT 23789-79; roapdpuriment pazmsaraeHms
onpeaensiin mo meroguke TV 21-0284757.
MugpocTpykrypy o0OpasioB usydaim Ha cKa-
HUPYIOLIEeM dJeKTpoHHoM MuKpockorne VEGA 3
TESCAN, romnanun Tescan (Yexus).

Jliist paciupenisi chepbl IPUMEHEeH U aJio-
MOCOJIepsKRalero oTxojia pa3paborana TeXHOJIO0-
THST OYMCTKI ITIJTaMa METOJIOM BhITIeTIaunBaHNUS,
ITPOMBIBKOI BOJIOH, BLICYIITMBAHUEM U [TPOKATIN -
Banuewm (llarent RU 2625575 CO1 F 7/46, CO1
F'7/02. Criocob mosydeHnst ORCuia aroMIHus ).

Bropoii 3agaueii nccaeloBanus siBASAI0CH
n3ydeHue CTPYKTYPbl OUMIIEHHBIX 00pa3ion
ATIOMOCOJIEPFKATIIETO ITITaMa, KOTOPOE TTPOBOILIN
Ha CKAHUPYIOIEM DJIeKTPOHHOM MUKPOCKOIIEe
«S-3400N», pupmbr «HITACHI» (fmonwus),
OCHATIEHHBIM JIJIsI PEHTTEHOCIIEKTPAJIbLHOTO
MUKpPOAHAJIM3a DHEPTOUCIIEPCHOHHBIM CIIeK-
rpomerpom XFlash Detektor 4010, ¢pupmbi
Bruker (I'epmanust). O6pasiisl Ji71s1 371eKTPOHHOT
MUKPOCKOTINN 3aRPEIISIIA ¢ [IOMOIBI0 CMOJIBI.
Bce nzobpaskenus nojryueHbl B pesRuMe BbICO-
KOTO pasperiienust u (a3oBoro KoOHTpacTa mpu
perucTparum 06paTHO pacCesTHHBIX JJIEKTPOHOB.
W3meperne sieMeHTHOTO cOCTaBa OUMITEHHbBIX
00pasIoB MPOBOAMIN B PesRUMaX aHAJIN3a 110
IO/ CHUMKA 1 B OT/IeJBHOT TOUKe.

Crarncrnueckast 00padboOTKA JJAHHBIX BHITTOJI-
HSJIACh B IIPOTPAMMHOM TTPOJIYKTe, YCTAHOBJIEH-
HOM Ha KOMITbIOTEPE JIJIsI 9HEProuCIePCUOHHOTO
cnexkrpomerpa XFlash Detektor 4010.

Pesyabrarel n o0cy:knenne

[TpoBopnin mccieoBanms 1jaMa u3 ce-
maparopa cucrembl razoouncrru. [lnam mpepn-
CTABJISITT cOOOTT KOMKOBATBIIT MaTepuaJl, CpejiHIil
pasmep KoHrsomeparoB coctaBysiy 0—10 mwm,
1Jist obecriedeHusi BUBYAJTbHO OTMpeesieMoi
OJTHOPOJIHOCTI 0Opaszel] n3MeJIbuasin B IapoBoil
mMestbHuTe. VI3MeabuéHubIil mIaM nMes pasmep
YACTHI] 3—4 MKM, cpejiiiee 3HadeHne mioTHOCTI
3,3 r/em? u ypenbuyio nosepxuocts 5000 cm? /1.

[Tpu nceneoBannm hu3mKo-MexaHNYECKIX
nokasarejieii 06pa3IoB Ha OCHOBe TUIICA ¢ pa3-
JUYHBIM KOJIMYECTBOM aJIIOMOCOJIePYRATIIETO T11/1a-
Ma OTMEUYeHO, YTO C YBeJUUYeHUeM COfleprRaHums
nobaskm ot 15 10 30% BomOrUIICOBOE OTHOIITEHTE
Bospacrayo. [lobaska (pasmep wactuir o—10 ymrm)
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(opMupoBasia BBICOKYIO Y/eJIbHYIO TOBEPXHOCTD,
MOBBIIIAST BOJOMOTPEOHOCTH THIICA, TIPH DTOM
naactTuduumpytonmii adderr He HaAOIOTATICS.
Bre saBucumoctu or copepsranus miama, me-
ciaeyemMbie 0Opasbl ObIIN HE BOMOCTOMKUMI,
Kkoaduiment pazmsraenns cocrapus meree 0,8,
q10 TOTpeOyeT AOTMOTHUTEILHBIX Mep 3aniThI
TOTOBBIX M3feani or yBraskuenusA. [Ipoumocts
00pasToB Ha cyKATME B CYXOM 1 HACHITIEHHOM
BOJIOIl COCTOSHUN YBeJMYNBATACH 10 CPaBHe-
nuio ¢ kourposem (Ha 70-117% B cyxom u Ha
46—69% Bo Baazkuom). [Ipourocts B cyxom co-
crostHuN BozpacTana Ha 22—53% 1o cpaBHeHNIO
¢ obpasiom 6e3 lobaBKM 1I1aMa, B HACHIITEHHOM
BOJIOH COCTOSHUY TTPOYHOCTH 0OPA3IOB pas3jmia-
ercst B Ipejiesax MmorpeniHocT. AHaToTnaHbIe
pes3yabraThl HAOJIIOATNCH TP MCITBITAHNT Ha

D3 =6.43 pym

D2 = 2.89 ym

g
SEMHV:30.0kV |  WD:9.21mm |

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

pacrsirerne npu usrube. Iliornocts 06pasion
¢ cofleprraHmeM mtamMa Bozpacrana Ha 23—32%
B CpaBHEHWN ¢ KOHTposeM [21].
MugrpocTpyKTypa cTpouTeibHbIX 00Pa3IoB ¢
nlo0aBIeHIIeM aJII0MOCOJIePRALILero IIIaMa IIpef -
crasinena na pucynke 1, ysenunuenne x 10000,
SE. U3menenusi mpouyHOCTHBIX XapaKTePUCTHK
UCCTeIOBAHHBIX 00PA3I0B 00'bSACHSIOTCS YILIOT-
nennem ctpyktypbl wactunamu AlLO,. Ananns
CHIUMKOB TTOKa3aJl, 4TO B CPABHEHI ¢ 00Pa3IioM
YICTOTO TUTICA, MMEIOTIEro PIXJYIO CTPYKTYPY 13
MPUBMATHYECKNX KPUCTAIIOB, 00PasIibl ¢ 006aB-
KOII ITIJIaMa UMeJI MeHbIIee KOJIMYecTBO IyCToT,
Kpucrasibl rutica u cpepuyeckue vacrunst Al,O,
pacripeieJieHbl pABHOMEPHO TI0 BCeii TIOMIajin
cunmka. Pasmepnt uactui Al,O, Bapbupyior B 06-
pastax ¢ cogep:ranuem miama 15% — or 2,89 no

D2 =5.26 ym

-

D3=1.74pm o D1 =1.28m

D7= 1.40 ym

Y

D8=1.94um

A
D6 = 0.38 um i
SEM HV: 30.0 KV WD: 9.21 mm
View field: 20.8 ym | Det: SE
SEM MAG: 10.0 kx |Date(m/dly): 05/02/17

Pue. 1. Murpocrpykrypa 06pasios ¢ cofepskanuem mmama: 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 o
treatment with Sediment after

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

Pue. 2. ranbl mororoBKN 06pasiioB [Jisi NCCIeIOBAHS COTITACHO
cXeMe IIPOoTiecca OYMCTKII M HeHTPATH3AINT AJI0MOCOEPIKATIETO IIamMa
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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Ta6auma 1 / Table 1

[ToanemenTtHbiil xuMuueckuit cocras / Elemental chemical composition

OGpasert Conepsranue XHMHUCCKIX DICMEHTOB, % 1o Macce
Sample Qontent of chemical elements,% by weight .
0 Al Si S Cl Cr Ti Fe
1 475 | 39,2+0,7 10,15+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 23+6 | 47,2+2,5 - - - _ _ _
4 9216 | 47,9+2,5 - - - - - -
) 247 | 46,4£2,5 - - - _ _ _
6 02+6 | 48,4%2.4 - - - _ _ _

lpunmewarue: «—» codepaicarue anemenma Huice npedeia 0OHAPYHceHU.

Note: ““="" content of the element below the detection limit.

6,43 MEM, B 00pas1ax ¢ 6OJBIITNM COfilepsRanneM
nrama — or 0,38 110 9,26 MKM.

Ountiiennnie 00PA3IIHT ATTTOMOCOIEPIRATIETO
MIaMa MoATOTaBANBAJIICH TT0 CXeMe MpoTecca
OUYMCTKNA W HeUTpanm3aruu, mpefcTaBIeHHoN
Ha pucynre 2. Bee oOpasier mama mocyie 00-
paboTku KucJgoramu rpuobdbperann 6ojee cpert-
JIBII OTTEHOK, UX CTPYKTYpa CTAaHOBHJIACH DoJee
pPaBHOMEPHOU U MJIOTHON.

Meropamu pJIeKTPOHHOTT MUKPOCKOTINN UC-
CTe0BAJI MOP(MOJIOTUIO YACTUIL 1 DJIEMEHTH bl il

118432 & ‘
'SE.MAG: 1000 x HV: 20,0V,

COCTaB OUMINEHHBIX 00PA3IOB aJTIOMOCOIepIKa-
ero mjiamMa. AHaJIn3 CHUMKOB ITOKa3aJl, 4TO 1C-
XOJIHBII TIIJIaM TIPeJICTABIeH MPEenMYIIecTBeHHO
chepnuecknmn vacrunamu Al,O, ¢ pasmepom 0
10 mrm. [ToBepXHOCTH MIAJIRUX OKPYTIIBIX YACTHUI]
MOKPHITA H0JIee MEJTKNMI YaCTHIIAMI ¢ PABMEPOM
oT losin MUKpoHa. B nose cHuMKa orMeuyannch
HEIJIOTHBIE arperarbl, CJI0KEeHHbIe 13 KPYITHBIX
n MeTRuX cdep pazmepom 10 00 HM.

Pazmep wacrun ALO, B nexogmom (meoun-
menrom) oopasie cocraniasaya 0,0—10,0 mrwm;

a

cps/eV

70

60

50

40

30

@s/eV

Puc. 3. MuxpocrpyRTypa 1 mosaeMeHTHBI XUMIYecKIi ana s odpasia 2:
a — aHaJinu3 110 IJIoa/il CHUMKAa; b — daHaJIU3 B TOUKREe 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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Tadauna 2 /Table 2

Uccneposanue 06pasiion miamMa 1mocje 00paboTku Kucjoramu /
Investigation of sediment samples after treatment with acids

Hammenosamnme moxkasareseit

O6pasery mocsie 06paboOTKU
10% HCI / Sample after

Obpaser nocte kumsrenmst ¢ 25% HNO,

Index treatment with 10% HCI Sample d after boiling with 25% HNO'3
Conepsranme / Content a-AlO.,, % 85-90 90-95
Maccosast jroaist / Mass fraction, % Fe, O, 0,04-0,15 caepl / traces
Maccosast goas / Mass fraction, % SiO, 0,02-0,07 caenpl / lraces

nocjie NpoMBIBKI Bojoli pasmep wactui Al O,
cocraus 0,0—8,0 mrm (obpasert 2). B obpasiax
rocJie 06paboOTKM KMCTOTAMY M TTPOMBIBKY BOJIOT
(0Opasipl 3, 4—6) pazMep yacTUIl MPaAKTUIECKI
He M3MEHUJICS, HO OTMEYeHO YBeJndeHme nx
OTHOPOJTHOCTM.

PesynbraTel siieMeHTHOTO aHaIN3a pas3iny-
HbIX YYAaCTKOB UCXOJHOTO 1 OYNIIeHHBIX 06paB—
OB MOKA3aJIM, 4TO XUMUYECKIIT cOCTaB BRJIIO-
qenuit 06pastos 1 m 2 HeomHopoe; KMCaoTHasd
obpaboTka a(pderTuBHA /5T OCBOOOIKICHU S
mjiamMa oT mpuMeceil, B o0pasiax miama mocie
MPOMBIBKY KHCJIOTaME 1 BOJIOI MaccoBOe cojiep-
JKaHMe aJOMUHIS yBeJInduBaaoch. B rabiuie
1 nipeficTaBaeHbI PE3YIBTATH DHEPTOANCITIePCH-
OHHOTO HJIEMEHTHOr0 MUKpoaHaan3a odpasion
B BHJIE CPEIHET0 3HAYCHUs 110 TPEM TOYKAM Ha
CHUMEKe.

Ocoboe BHIMATIE yIeTeHO 00pasiam mjiaMa
10CJIe POMBIBKY BOJIOT 11 00pabOTKI KUCJIOTaMU.
Ha murpodororpaduu obpasia 2 (mmiam moce
MPOMBIBKH BOJI0iT1) OTMEUYEHO Ha/IMYne BRIOYe-
HUW B BHUjie YaCTHAI] HEITPABMILHON YIIOBaTOM
opmbr pazmepom wacrtui o o0 MrM. Pennrre-
HOCTIEKTPATbLHBIM MUKPOAHAIM30M YCTAHOB-
JIHO TIPUCYTCTBUE B HEOUMIEHHBIX 00pasiax
jResesa n ero coepaennii. MUKpocTpykrypa n
DJIEMEHTHBII COCTaB IIIaMa MPecTaBIeHbl Ha
PUCYHKE 3, pesKIM aHaIN3a 10 MJI0MIA N CHUMKA
Boionusics ¢ ypenuuernnem x 1000 SE, ananns
B OTAENBHOI TOuKe — ¢ yBenanuernuem x 3000
SE. [lukn na prcynke oTpaskaior cojepsranme
XUMIYeCKIX dJeMenToB B % 1o macce (tabu. 1).

JPPeRTUBHOCTH OUMCTKU IIJIaMa MUHEe-
pPaJbHBIMU KICJOTAMI OIeHNBAIACh (UBNUKO-
xumudecknmu merogamn (I'OCT 25542.2-93
Fnunosém. Meron onipepiesieHst oKcujia ;kejesa;
IOCT 25542.1-93 I'munoszém. Merop orpepe-
nenns auokcuga kpemuaust; 'OCT 25733-83
Curosém. Meroj KpueraaioonTnaeckoro ompe-
JeJIeHIs o-MOAMPUKATNI OKCH/IA aJTIOMUHIS).

XapakrepuctTnra cocraBa aaoMocojieprKa-
Iero IIaMa mocJje BhileaqnBaHus TPejicTaB-
Jjena B radsure 2.

[Tpu 06paboTre a30THOI KUCIOTOI colepsKa-
nue Fe,0, n SiO, onpepensiioch Ha ypoBHe Hpefeson

obmapyskenus, cogepskanne a-Al,O, —Hesnaun-
TeJbHO BBIIIE, YeM I1pu 00paboTKe H1jiaMa COoJisi-
HOI RUCJIOTOM. ¥ CTAHOBJIEHO, UTO ¢ YBeJIMIeHITEM
CTEIeHN OUNCTRY OT TIpUMecedt (IIpes/ie BCero, or
OKCHJIA FKeIe3a) MUKPOCTPYKTYPa 00pasiioB mpmu-
obpetrajsia 6osee OTHOPOHBII COCTaRB MO (popme 1
pasMepy 4acTuIl 110 CPABHEHU O ¢ HEOUNIIIEHHbIM
mmamom (obpasert 1).

3ariaoueHue

UccenemoBanme anoMocoiepsRaIiero 0Txoya,
00pa3oBaHHOIO B MPOTEcce TOPEHUsT MeTaJl -
3MPOBAHHOTO TOILIMBA, MPOBEIGHHOE ¢ TIPUMe-
HEHUEeM MeTOIOB CKaHWPYIOTIeil dIeKTPOHHOT
MUKPOCKOTINN, TTO3BOJIIIO N3YUNTH XapaKTepu-
CTUKH MTOTEHIINATBLHO BOCTPEOOBAHHOTO CHIPbS,
HEOOXO/NMMbBIE JIJI51 00bACHEHNS CTPYRTYpOoOoOpa-
30BaHUS B KepaMUYeCKIX Matepuasax, KoTopbie
MOTyT 6bITb MU3roToBJEHbI C ITIPpUMEeHeHneM JlaH-
HOTO BHJIA OTXO/IA.

Munepanoruaeckuii cocTaB amoMOCOIep-
JRAIEro 1jaMa cOOTBETCTBYIOT TPeOOBaHUAM
K CHIPHEBBIM MaTepuajaM JJsi N3TOTOBJICHU S
MUHEePATbHBIX BSYKYINX BEIECTB, B TOM YMCJIe
rurncoepskaniux. [loppirmenne mpouYHOCTHBIX
XapaKkTePUCTUK CTPOUTEIHHBIX 00pasIoB ¢ J10-
GaBROII IIJTaMa CBA3AHO ¢ ITPOTeccamm YILIoTHe-
HUST CTPYKTYPBI TUIICOBOTO COCTABA YacTUIAMI
ALQ.,.

PesynbraTsl ncciaeoBanmst MUKPOCTPYKTY -
pbl 00pasIoB MiIamMa, OYNIEeHHOr0 MUHepPaJib-
HBIMU KHICJIOTaMMU, JOKA3aJIl BHICOKYIO CTelleHb
O0CBOOOIKICHUST OT TIPUMECeil, B TOM YHCJe OT
coepuuennii skenesa. Yacrunpr AlLO, mocae 00-
pabOTKI KICJIOTAMI 1 TTPOMBIBRI BOJIOT MMeJTI
pasmep 0,0-8,0 MKM, 4TO crIOCOOCTBYET yBeJIN-
YeHUIO0 OHOPOJHOCTI U IJIOTHOCTH CTPYKTYPBI
OUYMIIEHHBIX 00PA3IOB 0 CPABHEHUTO ¢ HEOUT -
MMEHHBIM IILJIAMOM.
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3aBHCUMOCTD TEILIOTEXHUYECKUX CBOMCTB TBEPABIX KOMMYHATBHBIX
OTXO/I0B OT X KOMIIOHEHTHOT'O 1 (DPAKIIMOHHOTO COCTaBA

© 2018. C. B. lloapiranos, acnupanr, I'. B. Unpunbix, K. 1. H., T01EHT,

B. H. Roporaes, 1. 1. H., poeccop,

[TepMckuil HAIMOHAIBHBII HCCACOBATENBCKII TTOJTUTEXHIUYCCKNIT YHUBEPCUTET,
614000, Poccus, . [lepmb, Romcomonbekuii mpocriexr, 29,

e-mail: eco@pstu.ru

Temmorexnnyeckue cBoiicTBa TBEPABIX KOMMYHAIBHBIX 0Tx0/08B (THRO), B wacrnocrTu, ux BIAKHOCTH, 30JbHOCTD
1 TEIJIOTAa Cropamusi orpejeasiior 3(pOeKTuBHOCTL METOOB TePMUYECKON YTHIN3ATNNI OTXO/0B, NHTEPEeC K KOTOPHIM
B Poccun B macrosimiiee spemst pacrér. Pasznopogmocts THO npuBogut K CI0KHOCTSM OMIPEETeHIS NX TeII0TeX HIYeCKITX
CBOTICTB 11 OOYCIOBINBACT AKTYATLHOCTD MPOBEIEHUsT KOMILIEKCHBIX NCCIeN0BAHNIN (DPAKIIMOHHOTO I KOMIIOHEHTHOTO
cocrana THO ¢ BbiiesieHeM q0CTaTOYHO OJITHOPOHBIX KOMIIOHEHTORB, OTOOPOM 1 J1aO0PATOPHBIMI MCCTEI0OBAHUAMI 1TPOO
TAKUX KOMIIOHEHTOB Ha COJePsKatue BJIari U 30JbHOr0 ocraTka. B crarbe mpeerasien anpobupoBaHubIil METOIIMIeCKUIT
nonxon K wecaepoBanmsam THRO, BRIoUatomuii mpoBeferine HATYPHBIX MOJEBBIX NCCIEOBAHNIT KOMIIOHEHTHOTO
1 gpparnmnornroro cocrasa TRO n ananns nx BIasHOCTH 1 30JIbHOCTH B YCJIOBUSAX JTA00PATOPUH ¢ TIOCIEYIOIIIM PACu&ToM
rerrorexanvyeckux cBoitcts moroka THO B riesiom. OrimaureibHOT 0COGEHHOCTHIO JIAHHOTO MOJIXOJ1A SBJISIOTCS obectieuere
npefcraBuTebHOCTH 0TOnpaemMbix mpod THRO u oTe b HBIX KOMITOHEHTOB, YIET Ce30HHBIX I HEJIeThHBIX KOTeOAHUIT COCTaBa
OTXOJIOB, & TaK:Ke BhIJieIeHe 00JIBIITOTo urcsaa kKomnoueHToB B coctae THO u pasmenbHbie nccaeoBaHnsa NX BIaKHOCTH
7 30TbHOCTH BO hpaRIUAX paszHOTO pazmepa. llomyueHHbie B X0/le TaKUX UCCAEIOBAHMIT PE3YIbTaThl I YCTAHOBJIEHHBIE
3aBUCUMOCTH TTO3BOJISIOT MAKCUMAIBHO NHMOPMATHBHO MOJEINPOBATH COCTAB, TEIIOTY CTOPAHUS U [APYTUE CBOMCTBA
MTOTOKOB, TOJIy4aeMbIX MPH pasHbix Texaonornsax oopadorkn THO, B Tom uncie MexaHm4ecKoil, pyuyHoll 1 ONTHYECKOI
COPTHPOBKE, a TaKsKe 000CHOBAHHO TTOAOUPATH TEXHOJOTUN U 060Py/0BaHME JIJIS OCTUKeHIS 3a/[aHbIX TTOKa3aTeaei
KavecTBa OTXO/0B.

Katouesbie caosa: TBEPBIE KOMMYHATLHBIE OTXO/(BI, KOMIIOHEHTHLII COCTAaB OTXO/I0B, (DPAKIIMOHHLII COCTaB OTXO/I0B,
BJIQRHOCTH, 30JIbHOCTD, TETLIOTA CTOPAHTS.

Thermotechnical properties of municipal solid waste
depending upon component and fractional composition

© 2018. S. V. Polygalov, G. V. llinykh, V. N. Korotaev,
Perm National Research Polytechnic University,

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 nacrositiiee Bpemst repMuyeckras yTuiam-
3arus TBEPABIX KOMMYHaabHBIX 0TX0710B (THO)
paccMaTpuBaeTCs KakK OJ[NH 13 TePCIeKTHBHBIX
MEeTOJIOB B pelleHun mpodaeMbl caHUTaAPHOI
OUYMCTKI KPYITHBIX TOPOJIOB B pernonax Poccun,
4TO OTPaskaeT O0IEeMIPOBbIe TEHIEHIINN B 001a-
ctir obparrenus ¢ orxopamu. B mociegnme roybt
B MUpe YCTOWYMBO MPOCTEKUBACTCS MHAMIKA
yBeamaenust joqan TRO, yrunusupyembix repmu-
yeckumu merogamu [1-4]. [liast obocnoBannoro
BuIOOpa dPEPEKRTUBHBIX METOOB U TEXHOJOT I
TEPMIYECKOI YTUIN3ATNI OTXO0B HEOOXONMO
U3y4YnTh Tengaorexumieckne cpoiicra THO, B
YACTHOCTH, UX BJIAKHOCTH, 30JbHOCTD 1 TETLIOTY
cropanus. [loaromy nposepienne necneoBanmit
JIAHHBIX TTApaMeTPOB TIPEJCTABISET 0COObII MH-
Tepec B HACTOsAIIee Bpems |9, 6].

JKCIepuMeHTaJIbHbIe HCCHeOBAHMS 110
OTIpeJie/IeH N0 KOMIIOHEHTHOTO 11 (DPAKIMOHHOTO
cocraBa TRO 1 ux TenaoTeXHUYECKUX CBOMCTB
BBITIOJTHEHBI JIj1s1 0TX010B I. MocKBbI, . ApxaH-
resibeka, . Crepauramar u r. Vsanoso [7—10].

CrnenmasnmeraMn TeXHMYECKOTO YHUBEPCH-
rera r. Cankr-IlerepOypr npejoskerna MmeTonKa
MPOTHO3WPOBAHUS MOP(MOTOrNTIecKOT0 cOCTaBa
orxoyioB [11], kKoropasi paccunThiBaeTcst, nc-
XOJIs1 M3 TIPeJIoIaraeMoro 3Ha4eHnsi BaJI0BOTO
BHYTPEHHEr0 MpOJIyKTa Ha paccMaTpuBaeMblil
Mepuojl, OJlHAKO OHA He YUYUThIBAeT peasibHble
pannbie Kommonentaoro cocrasa THO.

Jliist otipesiesiensi cocraBa u TeIIOTeXHUYe-
ckux cBoiicTB TIRO mpenmoskeHo 1 MCTIONIB3YeTCs
HECKOJIBKO 1oIxo0B: Meroika nccaenoBanms n
cBOTiCTB TBEPBIX 0TX0/10B ARX (ARamemMun KoMm-
myHasnbHOTO X03siictBa um. 1. J[. Tlampunona,
1970) uw ITH]1 ® 16.3.55-08. « KomnuecrBen bl
XUMUYecKUil aHaians 1mous. TBEpabie ObLITOBBIE
orxoibl. Onpepiesienie MOpMOIOTHYECKOTO CO-
CTaBa TPAaBUMETPUYECKIM METOJIOM», B KOTOPBIX
OTCYTCTBYET €IMHBIN MOIX0J K OTpe/ieeH o
cocraBa THO, urobbl 1oyunTh l0CTOBEpHBIE 1
CpPaBHUMbBIE Pe3YJIbTaThl.

B paborax mHocTpaHHBIX YUEHBIX TpPeEJ-
CTaBJICHBI METOJMYCCKIE TIOIXO/bI U Pe3YJIbTaThi
nccaenoBannil rerrorexumaecknii csoicts THO,
BBITIOJIHENBl PACUETEI TeTITIOTHI CTOPAHTS JITTST pas-
HBIX QHATI3UPYEMBIX ITPO0 1 TTPOBEJIeHA OIeHKa X
MCTIONL30BAHMS B KauecTBe dHepropecypea [12—14].

Tennora cropanus THO mosker 6b1TH otipeie-
JeHa HeCKOJbKUMU PACYETHBIMU CIIOcOOaMmn
Ha OCHOBE Pe3yJbTaToOB MCCIeMOBAHUI JIPYTHX
CBOTICTB OTXO0/I0B. B yacTHOCTH, MOYKHO paccyi-
TaTh TEIJIOTY CropaHusi 110 (hOPMYJie, IPeJITIOKeH-
Hoit ARX, Ho oHa He yunThIBaeT KOMITOHEHTHbITT
cocras THO, a omepupyer ToIbKO BIAKHOCTHIO 1T
30JIbHOCTBIO OTXOJIOB.

Hexoropbie MeTOIMKI MTO3BOJISIOT PACCUN-
TATh TEIJIOTY CrOPAHUS HA OCHOBAHUU DJIEMEHT-
HOTO COCTaBa OTXOJOB (COMEPsKAHUSA YTIEPOJia,
BOJIOPOJIA, KNCJIOPOJia, a30Ta 1 Cephl), MX BIaK-
Hoctu u 3osbHOCTH [ 15, 16]. [Tpu arom siiement-
usiit cocras THO gocroBepro ompeeanTs 0UeHnb
CJIOFKHO, TI0ITOMY €0 3a9acTyI0 PaCcCUNTHIBAIOT,
MCXOJS M3 CIIPABOUHBIX JAHHBIX 00 DIICMEHTHOM
cocTaBe CyXol 0e330bHOI MAacChl OTHeJTbLHBIX
KOMITOHEHTOB.

Meropuku, paspadborannsie B OAO «BTI»
n Texunueckom ynusepcurere 1. Acrypust (Ue-
AN ), 3aKITI0YAIOTCS B BBIIGTCHIN KOMIIOHEHT-
HBIX TPYII, ONpPee e UX MacCOBOIl {01
B obmem roroke [17, 18], a Takske copepsranms
BJIATH U 30JTbI B KasK01 Tpytie [17] man Boask-
Hoctu oTXx0/10B B 1esom [18]. Ha ocnoBanun
MPOBEIEHHBIX HKCTIEPUMEHTOB JJIA KaKIOM
HOMHOHGHTHOﬁ IpyHIibl pacCYUTbIBACTCA TeIlJIoTa
CTOPAHUsI OTXO/IOB B I[EJIOM.

Takum obpaszom, ananns QparImOHHOTO
un kommoonenrroro cocransa THO ¢ Boimenenmem
JIOCTATOYHO OJIHOPOJHBIX KOMIIOHEHTOB, 0TOO-
poM 1 JTabOPATOPHBIME MCCICOBAHUAME TTPOD
TaKMX KOMIIOHEHTOB Ha COJepsRanme BIAru
1 30JIbI TpejcTaBasieT co00i ONMTUMAbHBII
MOJIXO0/] K MCCACIOBAHUAM TETLIOTeXHUUECKIX
csotictB THO. Opnaro mpu 9ToM BO3HUKAET BO-
IIpoc 0 TOM, HACKOJbKO [eTaJbHbIMU J1OJHHbI
OBITH TAKME MCCJeloBaHnsA, YTOObI, ¢ OJHOI
CTOPOTMBI, MOTYINTH MAKCUMYM MOJTE3HOM I JT0-
croBepHOit mH@OpPMATUY U, ¢ IPYTOI CTOPOHDI,
MUHWUMHI3NPOBATH BpeMeHHbIe 1 (PUHAHCOBBIE
3arpar Ha eé moaydenne.

MaTepI/IaJII)I n METOo/Abl

[Tpepiaraembiii OIXOJ] K NCCAETOBAHUSIM Te-
morexumdeckux croiicTs THO Braovaer B ceds
HECKOJbKO aTaroB: 1) pa3BépHyTbie 10JeBbIe
uccyaeqoBanmss GPakIMOHHOIO 1 KOMIOHEHT-
Horo cocraa THO; 2) or6op 11pod orTebHBIX
KOMIIOHEHTOB U JJaDOpaTopHbie MCCIe0BAHUS
BJIQYKHOCTHU 1 30TbHOCTU OT/EJIbHBIX KOMIIOHEH-
TOB; 3) OI@HKA BJAAYKHOCTH, 30JbHOCTHU 1 TEILJIOThHI
cropanust TRO; 4) yeranosmienne 3aprncumMmocrei
rerorexandecknx coiicts THRO or ux dhpariiu-
OHHOTO 1 KOMITOHEHTHOTO COCTaBa.

OnpejesieHne KOMIIOHEHTHOTO U (PPaKI(N-
onnoro cocraBa TRO. /|75 BeimosHenns sKere-
PUMEHTATbHBIX NCCJEIOBAHMIL TT0 O PEJIeIeH U0
KOMIIOHEHTHOTO 1 hparimonHoro cocrasa THO
C 1eJIbI0 MCCJe0OBAHNUIT TETJIOTeXHUYECKUX
CBOTICTB 11 OT[EHKU HHEPTeTHYeCcKOTO MOTeHITaa
OTXOJIOB HAMI paHee ObLIN pa3padoTaHbl METOJI -
yeckue moaxobi [19], koropsie onipeensiior cie-
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AYIOIIIe KI0YeBbie apaMeTpPhbl BHITIOTHIEMbIX
pabor: mepeyeHb OIpeiesieMbIX KOMIIOHEHTOB,
TOYHOCTh M MOTPEITHOCTh M3MepeHNil, MecTo
oTbopa mpod, cTpaTu@URATNIO UCTOUHUKOB,
BpeMeHHbIe 110Ka3aTein, MUHUMAJIbHYIO Maccy
po0ObI, 001IIee YIesI0 TTPOO, TPedOBAHT K TPIOO-
paM 1 MerojiaM 00padOTKI TIePBUYHBIX JIAHHbIX.
Jlns obecrniedeHmsi TOUHOCTU U JIOCTOBEPHOCTH
Pe3yJIbTaTOB AKCITePUMEHTATbHbIE NCCIeIOBAH S
MPOBOJMAN B TedeHue 7 JHel ¢ esKe/[HEBHBIM
oTOOpOM O TIPOD B KaKIBIN ce30H (BecHa, JIeTo,
ocerb, 3uMa). Macca 1ipob 6bl1a obocHOBaHA ¢
YUETOM I€TATLHOCTHU TTPOBOJIUMBIX UCCTTOBAHNIT
n cocrassina 100£20 kr.

TriaTenbHO cHAaHUPOBAHHOE HATYpPHOE
ompesiesierime cocrana TRO mossosmno moayuntn
paszsépuyryio xapaxkrepuctury THO, onupasich
Ha KOTOPYIO MO3KeT ObITh BBITTOJIHEHO MOJIeJIPO-
BaHUe [IPYIUX CBOUCTB OTXO/IOB M NX N3MEeHEeHU s
[PU TOITOTOBKE OTXO/IOB PA3HBIMI METO[aMU.

Jlist oneHKYM SHEPTOTHYECKOTO TOTEHI[IATA
TRO B coorBercrBun ¢ meropuroii [20] gocrarou-
Ho onpepeanth 12 kareropuii Kommonenrtosn. Jlis
MOBBINTEHUSI TOYHOCTH JIAHHBIX 1 BO3MOKHOCTI
MOCJIETYIOEro MOJIeINPOBAH IS N3MEHEHIIT CO-
cTaBa M CBOICTB OTXO[OB IIPH MCIIOTb30BAHUN
Pa3HBIX TEXHOJIOTUIT 1 000PYTOBAHNS 110 NX TIO]T-
rOTOBKE IepeveHb O peiesisieMbIX KOMIIOHEHTOB
OBIIT HAMU JIeTATN3UPOBAH.

[Tpu mpoBeienny McceloBaHMIl cOCTaBA
TRO nomosHUTeIHHO BBIIEJSANN KATETOPHIO
«BOJla», HAXOJSIIIIYIOCS B OYThIIKAX, DaHKAX 1 6M-
KOCTSIX, TaK KaK Ha e6 Ncrapenie 3aTpadynBaeTcs
TEIJIOTA 1 TeM CaMBIM CHIZKAETCs 0011asi TeIIoTa
cropanusi TRO.

O61muii mepevyeHb ONpesiesieMbIX KOMITO-
HEHTOB JIJIsi PA3HBIX TOPOLOB coctansa 40—
43 nanmenoBanuii. [{ns onpenenenns gparim-
orHoro cocraa THRO menonb3oBaim HECKOb-
ro Trmiopazmepon cut: 250, 100, 50, 15 mm nnn
250, 80, 20 mm.

[Tonyuennbie pe3ysibraThl CTATHCTHYECKU
0OpaboTanDl, OTHOCHTEIBHAS TTOTPEITHOCTD BhI-
MOJTHEHHOTO aHAIIM3a COJePIKAHNS OCHOBHBIX
Kkareropuii cocrasiser B cpeprem 20%, a oTHOCH -
teabHas ommnoka Beiooprn — 12% (mpu P>0,95).

OnperiesieHne BAaKHOCTH W 30IbHOCTH KOM-
nouentoB TRO. Jlabopatopubie nccneoBanms
cofiepskanus Biaarn B kommnouentax THRO Bbi-
noJsiHsan B coorBercTBun ¢ rpeboBanmsimu 'OCT
33912.3-2015 «Tonnmso TBépHOE M3 OBITOBBIX
orxoi0B. Onpesiesiennie cojiepRatus BIaru Bbi-
cymuBanuem. Yacrs 3. Binara anajuruueckasi».
SosabHocth KommoneHToB THO ompenesnsiin mo
FOCT 33511-2015 «Tonnuso TBépoe 3 ObITO-
BBIX 0TX0710B. O1ipeiesieHne 30J1bHOCTI».

O1eHKa BIasKHOCTH, 30IbHOCTH W TETLIOTHI
cropanusi TRO. O61mas BrayKHOCTD WK 30JTb-
HOCTH PACCYNTBIBAIOTCS KaK CPeJHeB3BeIeH-
HOe 3HAYeHNe HA OCHOBAHUMI JIOJIM OTeTbHBIX
KoMIoHeHTOB B coctaBe THO n BraskHoCcT! min
30JTbHOCTHU OT/[JTbHBIX KOMITOHEHTOB.

Jlnst pacuéra HUBIIENH TEIJIOTHl CrOpPaHUs
THKO mcmonn3yrores 3HaueHNsA HU3ITeH TeTTOTh
CrOpaHusl OTJeJbHBIX KOMIIOHEHTOB Ha CYXYIO
0es30bHYI0 Macey. /st Mmeranios, creksia u He-
OpraHmYecKNX KOMIIOHEHTORB TEIJIOTA CrOPAHUS
npunsaTa pasaoi nyno. I[Ipu pacuére reryiors
cropanuss TRO na pabouyio Maccy yuuTbiBajiu
BJIYKHOCTD U 30JIbHOCTD OTJEIbHBIX KOMIIOHEH-
TOB (B TOM YHCJie 3aTpaThl TeIjia Ha UcHapeHne
BJIATH, cojiepsraiieiics B orxomax) [17].

Pesyabrarel n o0cy:knenme

[TpejioskeHHBIN TO/IXOJ TTO3BOJISIET TIOJTY-
YUTH TOUHBIC T IOCTOBEPHBIC PE3YILTATHI W ObLT
aIrpoOPOBAT HAMU TP MCCACTOBAHMAX COCTABA
u reryiorexunuecknx csoiicts THO HecROTbKIX
kpynusix ropogos PO B 2009-2018 rr.

RomnonentHblit 1 parimoOHHBINE cocTaB
TRO. Ha ocnoBanuu npoBefléHHBIX UCCIE0-
BaHU i pasubix ropogos B 2017-2018 rr.
mons kpynHoii pparmun (6osee 250 Mmm) co-
crasiser 6—14%, poas ppakiuum pasmepom
250—-80 (50) mm cocrasisier 53—55%, Ha MEJTKYIO
Pparuo 0-50 (80) mm npuxopures 33—-39%
Beex THO. B kommomenTHoM cocraBe 0CHOBHAS
MOJIST OTXOOB MTPUXONTCA Ha MHUITEBBIE OTXO-
el — 21-25%, orceB — 15-20%, nonnmepnsr —
16—19%, 6ymary — 11,2—-12,2%.

BaaskHocTh 11 30bHOCTH OTIEIBHBIX KOM-
nonenToB TRO. [lo pesyinbraram 1aboparopHbIixX
MCCAeMOBAHNI BAAKHOCTH OTEALHBIX KOMIIO-
HEHTOB cyIecTBeHHO oTinyaercs. Haubomnee
BiaaskabiMu kKommonentamun THO asisiores nu-
MEeBBIE W PACTUTEJILHBIE OTXOJ[bI, HAMMEHBITIN
BJIAKHOCTBIO HA YPOBHE HECKOTBLRIUX ITPOIEHTOB
OTITUIAIOTCS KOMITOHGHTHI, KOTOPBIC He 001a/1a10T
CIIOCOOHOCTHI0O K HAMOKAHUMIO — CTEKJIO U Me-
rasibl. CofepsKaiasicst B HUX Bjara — 910, Kar
MPaBIIO, OCTATKI HATTMTKOB Ha JIHe Taphl.

WcenemoBanmsa BIasKHOCTH OTIEABHBIX KOM-
MMOHEHTOB BHYTPHU OJTHOI KaTeropuu MO3BOJININ
BBISIBUTH 3aKOHOMEPHbIE pasJindust, 00yCI0BIeH-
Hble 0COOCHHOCTAME OTIEJbHBIX MaTepuasos.
B kauecrBe ipuMepa, BIa;KHOCTL GyMaru B 1eJ0M
CYIIeCTBEHHO OTJIMYAETCsT OT 3HAYCHUI COJlep-
JKAHMS BJIATH B OTJEGABHBIX KOMIIOHEHTAX 1 3a-
BUCHUT OT pazMepa (Pparium — MeJKIe OOPBIBKI
Oymarm HamoKraior cuybHee. Hanboree Bnaskubrit
KOMITOHEHT — TaK HasbIBaeMas mpovas dymara
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(BrazkHOCTH cocrasisier 29% mius parmun or
00 mm 1 56% st pparimn go 50 Mm), B cocra-
Be KOTOPOIl MHOTO PBIXJIOW M TMIPOCKOIUYHOM
IUTUEeHNYeCKOl OyMari, HauMeHee BJIasKHbIN —
KHUTU U TeTpaju B 00J0KKe (BJIaKHOCTh —
11%), naoTHOe CJOMKeHne JUCTOB B KOTOPHIX
mpenaTrcTByer mponnkmoBennio Biaarm. Coor-
BETCTBEHHO, COOTHOTICHME DTUX KOMITOHEH-
TOB B KaTeropmum «bymara» Oyaer ompeaensarh
BJIJKHOCTL OyMaru B 1ejioM. Brasmocts stmx
KOMIIOHEHTOB 00YyCJIOBJIeHA KaK IPOHUKHOBE-
HITeM atMOoc(epPHBIX 0CAJIKOB, TaK 1 KOHTAKTOM
¢ BJAQKHBIMU MATIEBBIMI OTXOaM.
BriasknocTh KOMIIOHEHTOB ITOJIMMEPOB TaAKsKe
CYIIecTBeHHO MeHstercst — or 2,3 % Jiist o Ti-
JIeHOBOIT OYTHITKY 10 49,0% 151 IIEHKY 110D~
TuaeHoBoil. Heemorps Ha 1o, 4T0 TIOJMMMEpHBIE
MIEHKT caMu 1Mo cebe He TUTPOCKOTTMYHBI, Ha
X OOJBIMON TOBEPXHOCTH XOPOTITO MTPIINITATOT
RaTeJTbKI BJIATH 1 KYCOUKH IMUIIEeBBIX OCTATKOB.
B otnmume ot 6ymarm, BIasKHOCTL MTOINMEPOB
MeHbIITe 3aBUCHT OT pa3Mepa QpaKriinm.
30JIbHOCTD OT/ITHLHBIX KOMITOHEHTOB OyMaru
1 TOJIMMepoB cocrasisier ot 7 10 35% u or 0,5 1o
8,0%, coorBeTcTBEHHO, UTO TAKKe 00YCIOBICHO
0COBEHHOCTAMI COCTABA OTIEAbHBIX KOMIIOHCH-
toB. Harpumep, risinteBas Gymara, cojiepsRut
OOJTBITIOE YMCJIO HEOPTaHMIeCKIX 00aBOK (13-3a
nobaBjeHns Mea eé eré Ha3bIBAIT «MeJOBAH-
HOTI» OyMaroii), o3TOMY NMeeT BHICOKYIO 30Jb-
HOCTH. 30JIBHOCTH OyMATH TaKsKe 3aBUCUT OT Pas-
mMepa ppakrium, 9To He CBOMCTBEHHO ITOJIIMepaM.
BaasknocTs, 301pHOCTH, TENIOTA CTOPAHNS
TRO. OGuiee comepskanue Bjaru u 30Jbl B OT-
MeJbHBIX KOMIIOHEHTAaX MMO3BOJISIOT PACCUUTATh
BaaskHOCTL 1 30s1bHOCTE THO B 1emom. Brask-
nocth TRO memnsiercst o cezonam u cocraBisier
30-50%, Goabiast 4acTh BJIATU COMCPIKUTCS B
nuieBeix orxojax. CooTBeTCTBEHHO, YeM BhIIIe
cojlepsRanme TMHUIEBLIX OTXOMIOB, — TeM DoJee
BragkuabeiMu 0yayT THO. O6mas 3o1bpHO0CTE Ha
cyxyio maccy TRO komebercst or 37 o 47%, na
pabouyio macey — or 18 1o 27%), uro 06yc0oBICHO
BBICOKIM COIePsRaHIeM HeToPIounX KOMITOHEH-
TOB (MHEPTHBIX MATEPUAJIOB, CTEK/IA U T.11.).
Husmas remiora cropanust TRO 110 pesyiib-
TaTaM BBIMOJHEHHBIX MCCAEOBAHUIT cOCTaBA
OTXOJI0B, BJAKHOCTH W 30JbHOCTU OTHEJHHBIX
KOMITOHEHTOB COCTaBJISIeT Ha TOPIOYYIO Maccy 22—
27 M]1s&/kr, Ha cyxyto maccy — 1316 M« /xr,
Ha pabouyio maccy — 6—8 M ]k /K.
3aBHCUMOCTH TEIUIOTEXHUYECKUX CBOMCTB
TRO or KOMITOHEHTHOTO W (PPAKIHOHHOTO CO-
craBa. PazpaboramibIil MOIXOJ 1 BHITTOJTHEHHBIC
MCCTeTOBANMS TTO3BOJSAIOT YCTAHOBUTL O0TIITE
3aKOHOMEPHOCTH M3MEHEHN TeIJIOTH ¢Topa-

HIS OTXO/IOB B 3aBUCHMOCTH OT KOMITOHEHTHOTO
n gpparnuonnoro cocraBa THO.

Tenaora cropaHusa OTAEJbHBIX KOMIIO-
HenroB. Kax Obl10 onmcano BLIIe, BIAYKHOCTh
7 30JBHOCTH OTHEJTBLHBIX BUAOB OyMaru u mo-
JUMEPOB CYIECTBeHHO OTJINYAIOTCH, & UX CO-
OTHOTIeHNNe B OOIMNX KaTeropmax «dymara»
u «1oJnMepbi» Takyke Mensiercsi. CoorBercTBeH-
HO, BIQKHOCTH, 30JIbHOCTH 1 TEILJIOTA CTOPAHMS
Ha pabouyio Maccy [Jjsi Oymaru u 1moJuMepoB
Tozke OyIyT MeHsAThes. [|ist mpuMepa paccuntana
TerioTa cropanmus oymarn B orxojax r. [lepmn,
r. Mernona n r. Cankr-IlerepGypr na ocnoBanumn
OTJITYAIONIUXCS cocTaBoB Oymaru. [|s pacuéron
MPUHATH OJ[NHAKOBBIE XaPAKTEPUCTURI OTIEJTh-
HBIX KOMITOHEHTOB OymMarn (Kax yyke ObLIo yera-
HOBJIEHO, BJIAKHOCTh MARYJIATYPbl KOJIEOIETCS OT
13% st vastrEeBoit Gymary 1o 45% Jist razer-
HOIT GymMaru, 301bHOCTH uaMeHsiercss ot 7% st
razeTHoit Gymaru 10 35% JJist IsSHIeBOI OymMari)
75T BeeX TOPOJI0B, HO PA3HBITT KOMTIOHEHTHBIN CO-
craB Oymaru (Ha OCHOBAHUN paHee MPOBeeHHbIX
pabor). Teriora cropanus Ha CyXyIio 0€330JbHYI0
maccy oymarn npuasaTa pasuoit 16,90 M/ /kr.
Pesysipraror pacuétoB TeIIOTH cropanis Gymari
B I1€JIOM JIJIsi Pa3HBIX TOPOJIOB MPeJICTaBICHbI Ha
pucyske 1.

Temnora cropanus 6Gymarn Ha padbouyro Mac-
CY JI/IsI pa3HbIX TOPOJIOB IPU OITHAKOBOI BJIasK-
HOCTI 1 30JIbHOCTHI OTCTBLHBIX BUIOB OyMari Ko-
nebaercs ot 9,6 mo 10,4 Mk /kr. V3 pucynra 1
CJIEIIYeT, UTO TEIJIOTa CTOPAaHUsI OTHeJbHBIX Ka-
TETOPMit KOMITOHEHTOB 3aBUCHT OT COJePyRAHIIS
OT/IeJILHBIX BIUIOB MaTepuaaoB B eé cocrane
1 OTJIMYACTCA Jlaske PU OJITHAKOBBIX BIAKHOCTI
7 30JIbHOCTHU OTEJIBHBIX KOMITOHEHTOB).

Tennora cropanusi TRO napruii pazuoro
KOMITOHEHTHOTO 1 (JPAKIINOHHOTO cocTaBa. [[is
oTipeflesIeHUsT 3aBUCHMOCTI TETJIOTHI CrOPaHUs
THRO, nx BaamuocT¥ ¥ 30JbHOCTH OT KOMITO-
HEHTHOTO COCTaBa ObLIM BbIOPaHBI Pe3yJbTaThl
uccaepopannii ayx napruii THO. B nepsoit
naprun anaansuposasin oopasibl NeNe 1-3, Bo
Bropoit — NoNo 4—6, nx 060OIENHLIC XapaKre-
pucturu mpepcrasienbl B radsauie 1. Ilaprun
OBLTI PACCOPTHPOBAHBI ITPU TOMOTIIH CUTA Ha IBA
noTora: Meskryio gpakiuio (0—50 Mm) 1 Kpy-
nyio gppartumio (ot 50 MM), 1 flanee Bce CBOTICTRA
OTIPEJIeTISAINCH OTARIBHO [T pasHbIX (PPaKINil,
zarem nepecunthiBasinch Ha THO B riesom. Pac-
cunrtannas reryiora cropanus THO, copepskanne
OpraHMYecKoro BellecTBa, 30JbHOCTh 1 BJIAK-
HOCTH 00Pa3I[0B PA3HOTO0 KOMIIOHEHTHOTO 1 (hpaK-
MITOHHOTO COCTAaBa MpeicTaBaernbl B Tabane 1.

Mesnras pparius orxonos (0—50 mm) nume-
eT 3HAYNUTESTHHO MEHBIIYIO TEIIOTY CTOPaHUsT
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ITepms, 2009/
Perm, 2009

O xkapToH kpymHsLv/ cardboard large
B oducras Gymara/ office paper

B XHHTH H TeTpaaH B 0610xke/ books and notebooks

B npoyas Makynarypa/ other paper

Mernos, 2014/
Megion, 2014
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Cankrt-Iletep6ypr, 2010/
St. Petersburg, 2010

ElkapToH Menkuii/ cardboard small

BraseTHas Gymara/ newspaper

O rsHneBas Gymara/ glossy paper

10,6
10,4
10,2
10,0
9.8
9,6

9.4

Heating value on wet basis, MJ/kg

9.2

TeroTa cropanus Ha pa6ouyo Maccy, MJDx/kr/

9,0

OTermwrora cropaHus Ha paGodyto Maccy/ Heating value on wet basis

Puc. 1. Teriora cropanust Gymarn Ha pabouyio Maccy mpi OfiTHAKOBON BJIaKHOCTH

u 3osbHocTH otlenbbIX KommonenTos / Fig. 1. Heating value of paper on wet basis with

the same moisture and ash content of individual components

Tadmuma 1/ Table 1
Xaparrepucruru oopasios THO / The sample characteristics of MSW

Xapaxrrepuctuku,/ Characteristics No | Ne 2 Ne 3 Ne 4 Ne H Ne 6
Jrcnepumenrtaababie fanabie / Experimental data
TRO B THO B
. . 0-50mm /| >50mm / | nesiom / | 0-50 mm/ | > 50 Mmm /| 11es0Mm /
Pasmep ¢ppaxiuu / Fraction size m i MSW in i m MSW in
general general
Cocras, % / composition, %
Marymnarypa / Paper 7,8 11,6 10,3 7,6 13,1 11,0
[Tonmmepnt / Polymers 49 22,3 16,1 4,0 22,2 15,2
Oprastiieckiie oTXonbt / 38,6 31,9 | 343 30,2 20,8 24,4
Organic waste
Jlepeso/ Wood 0,0 1,2 0,8 0,0 1,5 1,0
Texerman/ Textile 0,0 3,9 2,3 0,0 4,3 2,7
[Tpouee / Ete 48,6 29,5 36,4 58,2 38,1 45,8
Pacuéranie qanusie/ Calculated data
Brasnocrs, %/ Moisture, % 61,1 45,3 21,0 49,9 32,7 39,3
3oabHOCTL HA pabouyio maccy, %/ . . o ¢ o
Ash content (wet weight basis), % 14,6 200 18,1 18,5 27,2 23,9
Oprammmaeckoe BeIecTBo
na pabouyio maccy, %/ 24,3 34,7 31,0 31,6 40,1 36,9
Organic matter (wet weight basis), %
Termora cropanms
Ha pabowyio maccy, MJx/xr / 3,9 8,1 6,4 3,6 9,5 7,2
Heating value on wet basis, MJ/kg
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0% A 100%

- TKO pa3zmepom ot 50 Mm/
MSW size > 50 mm
TKO pa3mepom 110 50 mm/
¢  © MSW size 0-50 mm
AN TKO
% ® B 1esiom/
MSW (average)

o

0% 20% 40% 60%

T'oprouas Macca (Ha pabouyio mMaccy)
Organic matter (O) (wet weight basis)

Pue. 2. 9xcrmepnmenraabubie 3HaTCHT 00Pa3oB, HATOKEHIBIe Ha Tpeyroabamk Tammepa.
Fig. 2. Experimental values of samples superimposed on the Tanner diagram

B cpaBHeHUN ¢ Kpynuoit gpparmueir (or 50 Mm).
Ha nipumepe o6pasios No 4 u N 2 xoporiio BujiHo,
yro reryiora cropanus THO cymecrsernto orim-
vaercs st hpariuii pazuoro pazmepa (6oiee,
yeM B J[Ba pasa) Jlayke 1P CXOMKUX 3HAYEHUSIX
BJIQJKHOCTH, 30JIbHOCTI 1 COJIePsKaHUS OpPTaH-
YeCKOTO BeIecTBa (pacXoskieHus B Ipejenax
10-15%). 910 0OycaOBICHO Pa3HBIM «Kaue-
CTBOM» OPTaHMYECKOTO BelecTBa — B DoJiee
KPYIHBIX OTXOAaX COAEPIKUTCS OOJbINe T0-
prOYMX I1OJUMEPOB ¢ 00Jiee BLICOKON DHepriueii
XUMHYECKNX CBSABET.

Ha pucynre 2 npejcraBienbl pe3yabraThl
DKCIIEPUMEHTAILHBIX HCCJICOBAHIIN, HAJIOMKCH-
ubie Ha Tpeyronbauk Tanuepa [14].

CortacHo BHITIOJTHEHHBIM pacuéram, He Bce
00pasiibl MOMAJAT B 3AIITPUXOBAHHYIO 00-
JnacTh TpeyroibHuKa TanHepa, ogHaKo 3HaYe-
HIUSI TeTJIOThl CrOPaHIs HEKOTOPHIX 00pasIios,
HaXOJSATIMXCS 32 TIpejleJiaMu 3l TPUXOBAHHOT
00J1acTH, BBITIIEe, 4eM 3HAYeH s TOYeK, HaXOJis-
MUXcss B 007aCTH OTPAHMYEHHO YCTOBUSMN.
Hanpumep, remsora cropanust obpasia N 3,
HAXOJATIASACH 32 TIpeJleJlaMi 3aITPUXOBAHHOI
obsactu cocramiaser 6,4 M]x/xr, a pas 00-
pasna Ne 4, Touka ROTOPOIl JIeIKUT HA TPAHU T[S
aToii obactn — 3,6 MJxk/kr. Takum obpasowm,
TpeyroiibHUK TanHepa He yUnThiBaeT KauecTBO
U TeTJIOTBOPHYIO C1IOCOOHOCTH OPTaHMYECKOT0
BeIlecTBa OTXO0B 1 He BCeT/ia MO3BOJIsIeT 10-
CTOBEPHO OIEHUTH TEIJIOTY CrOPAHUS OTXO/IO0B.

CpaBHeHme pe3yabTaToB pacuéra TemioThl
cropanusi o pasupiM merognkam. Onupasch
Ha 0000IEHHBIE Pe3yJIBTaThl BHITTOJIHEHHBIX HC-
CJCIOBAHUIT KOMIIOHEHTHOTO COCTaBa OTXOJ0B,
Baasknoct u 3oabHocTH THO nns obpasios,
YKazaHHBIX B Tabsauie 1, MOKHO BBITOJHUTD
pacuérbl Teriorsl cropanusi THO 1mo pazubim
meroaukam [21]. PesysibraTsl pacuéra TemioTbt
cropanus THO pasabivnm criocobaMu mpeeTan-
JIeHbI HA PUCYHKe 3.

PesynbraTei, mosyuennbie Ha OCHOBAHUU
DKCIIePUMEHTAIBHBIX HCCIICOBAHNIT KOMITOHEHT-
HOTO ¢OCTaBa OTXOJIOB I CITPABOYHBIX JJAHHBIX 00
DIIEMEHTAPHOM cocTaBe (CoepKaHnm yriepoja,
BOJIOPOJIA, KUCIOPOIA, a30Ta U CePhI) OTAIbHBIX
KOMIIOHEHTOB, U YUNUTBHIBAIOIIIE BAAKHOCTH
1 30JIbHOCTH OTJEJNBHBIX KOMIIOHEHTOB, Iai0T
XOPOIITO CXOJISATIIECs Pe3yJIbTaThl (PacxXoskieHmne
MOJIYyYeHHBIX 3HAUYEHMUIT TeIJIOThl CrOPaHUs He
6ostee 20%).

Meropuku, 3araouamIimecs B pacyére
TEIJIOThl CTOPAHUS TOJLKO 10 KOMIIOHEHTHO-
MYy cocTaBy m 00Iell BJIayKHOCT OTXO/IOB, He
YYUTHIBAIOT BRJIAJ HEKOTOPHIX KAaJOPUIHBIX
KOMITOHEHTOB M BJIA}KHOCTH OT/IeJbHBIX KOM-
MOHEHTOB, YTO MCKayKAeT 3HAYCHUS TeILIOTHI
cropanust THO.

HauGosee 3anmkennbie pesyabTaTbl aéT
popmyna, npepnoskennas AKX, 9ro cBsazano
C TeM, UTO TTPOTIOPIINH OT/IeJIbHBIX KOMIIOHEHTOB
He YYNTBIBAIOTCS 1IPU pacyérax.
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Tennora cropanuna padouyio macey, MJsx /Kr
Heating value on wet basis, MJ/ kg

Oa =-b

Ne 2 Ne 5 Ne 3 Ne 6

O6pasns / sample
Xc Ad Oe of

Puc. 3. Pacuérnas reniora cropanust TRO 1o pazubim Mmerouram:
a — rpejiaraemast Mmerojinka; b — opmyna, npejoskennas AxkajeMueit KOMMYHATLHOTO X035ICTBA,;
¢ — (popmyna Mewnjeneena; d — meropura rexuunueckoro yausepcurera apus r. Ucranoyn (Typrus);
e — MeTojiKa TexHoorndeckoro ynusepceurera r. Acrypust (Menanus); f — merogura OAO « BTU»
Fig. 3. Calculated heating value of MSW by different methods:
a — the proposed methodology; b — The formula proposed by the Academy of Public Utilities; ¢ — Men-
deleev’s formula; d — methods of the Technical University of Ildiz, Istanbul (Turkey); e — methods of the
Technological University of Asturias (Spain); [ — methodology of All-Russia Thermal Engineering Institute

3ariaoueHue

NcenenoBanust KOMIIOHEHTHOTO 1 (ppak-
nuonnoro cocrasa THO saBiasoTcs BaykHbIM
ACIIeKTOM TIPH MJIAHUPOBAHUM MEPOTIPUSATHII 110
oOparienuio ¢ orxofaMn. PecypcHbIil TOTeHTIIA
OTXOJ/1IOB 3aBMCHUT OT UX COCTaBa M TEIIJIOTEXHM-
YeCKUX CBOWCTB M ompesenser d3PPeKTUBHOCTh
MPUMEHEHWST Pa3HbIX TeXHOJIOTHIA.

[IpepyioskeHHBII TOIXO]L 110 OT[EHKE TeIIo-
rexundeckux csoiicts TRO mosBosster mosyuntn
MOJIPODHbBIE IOCTOBEPHBIE JIAHHBIE 0 KOMITOHEHT-
HOM 1 )PaKIMOHHOM COCTaBe, PACCUYNTHIBATH
BIIJKHOCTD, 30JTbHOCTE 1 Terioty cropanust TRO.
Onupasich Ha TTOJTyYeHHbBIE 3HAYEH ST, MOFKHO MO-
MeTPOBATh M 000CHOBAHHO TTOAOMPATH TEXHOJIO-
IIY 1 000 PYIOBAHIIE JIJTsT IOCTUIREH IS 3a/[aHHBIX
moKasareseil KauecTBa 0TX0/0B.

Bnasknocth 1 3071bHOCTH OT/IEJIBHBIX KOM-
MOHEHTOB CYIEeCTBEHHO PABHATCS U 3aBUCST OT
MaTepuajga KOMIIOHEHTa, eTo CBOMCTB (Harpumep,
rurpockonuynocT) u pazmepa. I[logpobubie
MCCAeOBAHNA COEPKAHNSA OTAJBHBIX BUOB
dymarm m 1moJmMepoB T03BOJISIOT OOJiee TOUHO
paccumTaTh TEIJIOTY CrOPAHUS OTXO/I0B.

Termnora cropanust oTeJbHBIX KaTeropuii
KOMITOHEHTOB 3aBUCHAT OT KOMITIOHEHTHOTO CO-
craBa BHYTPHU KaTeropuu M OTAMYACTCS HIPH
OJIMHAKOBBIX BJIAFKHOCTH 1 30JIbHOCTH OT/IeJITLHBIX
KOMITOHEHTOB.

Brimonmnenbie pacuérsl TeTIOTH CTOPAHNSA
THKO 110 pasubiM METOIKAM TOKA3BIBAIOT, UTO
NAHHBIX 00 001Iell BJAaKHOCTIH U 30JIbHOCTI OT-
XOJIOB T COMIePsKAHTA OPTAHMIECKOTO BEITeCTBA
HEI0CTATOUHO JIJIST OIMECHKN TeIJIOTH CTOPAHMS.
Hambonnimeit ¢XoqmMoCThi0 OTITYATOTCA pe-
SyJILTaTLI paC‘IéTOB, B KOTOpBIX y‘II/ITLIBaeTCH
cojlepsRaHme OTHeJbHBIX KOMIIOHEHTOB, UX
XUMUYECKHUIT COCTaB WM TeILIOTa CropaHus Ha
CYXYIO 0€330JIbHYI0O MACCy, & TAK/Ke BJIAKHOCTD
1 30JIbHOCTD.
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Pepaxius skypuana «Teopernueckast n npuriIagHas 9K0JIOTHI»
00'BABIIACT 0 IPOBEIEHNH KOHKYpCa
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YaacTHIUKAMI MOTYT CTaTh Kak OTIeAbHBIC YUeHble, TaK I KOJJIeKTHBLI aBTOPOB.
Crarbu, mpucIanibie Ha KOHKYPC, OMeHNBAIOTCS 110 CJICLYIOMIIM HOMUIHAT[SM:
Hpe}lHO‘ITeHI/Ie orgaeTrca OpI/IFI/IHaJIBHBIM H_H/IpOHI/IM MeH—(}:[I/IC]_[I/IHJII/IHapHBIM
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1 JIECHOTO XO3ACTBA M MHBIX (DOPM HKCIITyaTalini MPUPOAHBIX PECYpPCOB, IO
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Mogndpuranus nmiaMmoB COIOBOTO TPON3BOJICTBA
JUIST TIOJYYeHUsT He(PTSAHBIX COPOEHTOB

© 2018. E. B. Raimmnnna, K. T. H., {0I€HT,

. C. 'nymankoBsa, . T. H., pogeccop,

JI. B. Pynakosa j. 1. H., mpodeccop, 3aB. Kaenpoii,

[TepMckuit HAIMOHATBHBII HCCTCOBATEIBCKII TOJTUTEXHUYCCKNIT YHIUBEPCUTET,
614990, Poccus, . [lepmb, Komcomonnernii npocrert, 29,

e-mail: Kalininaelenal@rambler.ru

B nacrosiiee Bpemsi 00b6M HAKOIUIEHHBIX MIJIAMOB COJOBOTO ITPOM3BOJICTBA cocTaBisier Gonaee D) MIH T, B ¢BSI3N
C UYeM aRTyaJlbHbIM ABJIACTCA BOIIPOC UX YTUJIN3ATINN. B p36OTe 1pejicraBjedbl pe3yJ/braTbl nccjaeloBan nil 110 1HOJIyYeH 1o
HeTSHBIX COPOEHTOB HA OCHOBE IIIJIAMOB COJLOBOTO TTPOM3BOJICTBA, OCHOBHBIM KOMITOHEHTOM KOTOPOTO SIBJISIETCST KapOOHAT
rasbiuA. Pearentaas Moau@uRanmus maaMoB COJOBOTO MPON3BOJCTBA MO3BOJIAET HOJTYYUTh MaTepUasIbl, 00Jgajatonme
COPOIMOHHOIT AKTHBHOCTHIO K HedyTi 11 HedrerpojlyKram. Y CTaHOBIeHO, 4T0 HeTeéMKOCTh 00Pa3IloB HCXO/HBIX M1J1aMOB
COJOBOTO MPOM3BoOjICcTBA cocrasisier 1o Oensnuy 0,99; mo moropuomy macay — 0,9; mo wedru — 0,75 r/r. Pearenrnas
00paboTKa MIIIAMOB COJOBOTO TPOM3BOJCTBA METHICUINKOHATOM HATPUA WM METHICHINKOHATOM Kallns, yBeJIndnBaer
nereémMrocth o Gensuiy na 30%; o moropromy maciay — na 80%; o nedru — ra 73%. Iloayuennpie copoEHTHI MOTYT
OBITh MCITOJMB30BAHBI JIJISI TUKBUJAINN aBAPUITHBIX PasianBoB HeTH 1 HeDTEIPOAYKTOB ¢ TBEPABIX oBepXHOCcTeit. [lst
JVKBUIAINMN ABAPUITHBIX Pa3inBoB HedTN 1 HeTEHPOIYKTOB ¢ HOBEPXHOCTH BOJIHBIX O0'LEKTOB MOTYT OBITh PEKOMEH/I0BAHbI
IIaMbl cO0BOTO Mponspojcrea Gpariun meree 0,1 MM, 11osryueHHbIe MOJMURATIIENT METHICUTNKOHATOM HATPUST 1IN
METHICHIITKOHATOM KA ¢ padotveil mo3oi mefictByiotiero semecrsa 1,0—1,8% mac. n marpesammem 0 TeMIieparypbl
90 °C. C ucronb3oBaHneM pe3yibraToB MAHHBIX UCCICTOBAHUI MOTYT OBITH PEIleHbl Be TPUPOOOXPAHHBIC 3a/lavl:
10JIyueHbl HOBbIe HeTsHbIe COPOEHTHI U MPEIOMKEH CIIOCO0 YTUIN3ann MIIaMOB CO/l0BOTO rpoussojicTBa. CronmMocth
HeTSHBIX COPOEHTOB HA OCHOBE OTXOJ0B OY/eT HeBBICOKOI, 3a CUET HYJIEBOIl CTOMMOCTH MCXOIHOTO ChIPhSi — OTXO/IOB
COJIOBOTO TTPOMBBOJICTBA.

HKaroueswle crosa: HQ(I)TQHPOHYKTLI, He(bTeéMKOCTL, Kap6OHElT RaJIbIUA, METUICUJIMROHAT HATPUA, MeTUJICUJINKOHAT KaJINSI.

Modification of the sludge from soda production
for producing oil sorbents

© 2018. E. V. Kalinina, 1. S. Glushankova, L. V. Rudakova,
Perm National Research Polylechnic 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 oil — 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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ABapuiinbie paziausbl HedTu n HedTEIIPO-
AYKTOB JIUKBUUPYIOT C IPUMEHEHUEM MeXaHu-
YECKUX, TePMUIECKNX, (PUBNKO-XUMUYECKUX 1
OMOTOTMYECKIX METOJIOB, YACTO NCITOTB3YEMBIX B
romriekce |1, 2]. CopornmonHbIil ¢1iocod TNKBM-
[T pa3janBoB HeTH SBJISIETCS OHUM U3 HaM-
bosee pacmpoctpaménnbix. Hanbomee Basginbimm
TeXHOJOTHYCCKUMU CBOMCTBAMU HePTAHBIX
CcOpOEHTOB SIBJAIOTCS: HEPTEEMKOCTH, CKOPOCTh
MOTJIONIeH s HeTH U 1maaBydecTs (mpu JnK-
BUJIAIMN aBaPUITHBIX PA3JINBOB C TTOBEPXHOCTI
BOJHBIX 00beKTOB) [3—11]. CyrecrBerrbiM dak-
TOPOM IIPK BEIGOPE copOeHTa SIBJISIeTCS ero CTOM-
MOCTb, CHUZKEHUE KOTOPOIl MOYKHO 00€CIIeUnTh,
MCITOJIB3YsI B KAUECTBE ChIPbhs ISl ITPON3BOJICTBA
copbeHToB OTXO/BI. PaboThl B anmoM Harmpan-
nenuu nopepsruBatorcest Crparerneil pazpuTus
MPOMBIIITIEHHOCTH 110 00pabOTKe, YTUIN3ATIH 1
00e3BPe;KIBAHNIO OTXO/IOB IIPOU3BOJCTBA U 110~
tpedsenust Ha mepuop 1o 2030 1. (yrBep:KiaéH pac-
nopsurenneM [Ipasurennersa PO or25.01.2018 .
No 84-p). B Crparerun onpemesién Kypc Ha
pecypcochepeskerne, BO3BpaT B IPOU3BOJICTBO
BTOPUUYHBIX PECYPCOB, YMEHBITIEHIE KOJMYeCTBA
00pasyIoIXcs OTXO0I0B, CO3/AH e KOMILIeKCHOI
CUCTEMbI DKOJIOTHUECKI 6€3011acHOT0 0OpaleHus
€ OTXOJIAM U, BRITIOUAs X 0053aTe/IbHY0 00pador-
Ky, YTUJIU3AIIIO0 1 00e3BpesKIBaHue.

OfuM 13 BUJIOB HEYTUIH3WPYCMBIX KPYII-
HOTOHHAKHBIX OTXOJIOB SIBJISIETCS ITIJIAM COJIOBOTO
npoussozcrsa (ITICIT), odpasyromniuiics B rpons-
BOMICTBE KATLITMHITPOBATHON COIBI aMMUATHBIM
criocobom (Meropom ColibBe) MpM OTCTANBAHUN
AUCTUITEPHON JKUAKOCTH B OTCTOMHMKAX —
mtamonaronuressix. Ha aByx meiicrByomniux B
PO npepmpusitusax 1mo npousBOACTBY CObI aM-
MUAYHBIM CTIOCOOOM HaKoILIeHo 6osee D0 MJTH T
HIJIAMOB, OCHOBHBIM KOMIOHEHTOM KOTOPOTO
SBJISIETCST RapOOHAT KaJIbITNS.

[Tockonbry KanbIUiicOIePFKATIIIIE PEATeHThI
NPUMEHSTIOT JIist RarcyanpoBanus Hedru u ved-
renipofykroB [12—14], nmpencrasisno nHTepec
MU3YYUTh BOBMOKHOCTD UCITOIB30BAHUS JIJIsI 9THX
nesteit [IICIT, a takske 1nmoayueHuss HA X OCHOBE
HeTAHBIX cOPOEHTOB.

NaBecrtio, uro medrsaabie copOHTHI, MTPU-
MeHsieMble JIJIs1 TMKBUAINN aBapuitHbIX pas-
JIMBOB HEMTH HA BOIHYIO TOBEPXHOCTD, TOJKHBI
00J1aJ1aTh BLICOKOI MJIaBYYeCThIO 1 TPO(OoOHO-
cThi0. [list ostyueHust MaTepuasion ¢ 3a/laHHbIM I
CBOMCTBAMU MCTIOJNB3YIOT PA3JIUYHBIE CITOCOOBI
nx 06paboOTKU: TPaHyJINPOBAHIE, N3MeJTbUeHIe,
opmoBaHue s NpUAAHUA HYRHOW DOPMBI
U pasMepoB; TePMUUYECKOE, HIeKTPOMATHUTHOE
U peareHTHOe BO3JeiicTBUe; rupododm3aiinio
u ruppodprimsanuio [15-22].

Rapbonar Raabius — 0CHOBHOI KOMITOHEHT
HICIT — mopo6HO HpyruM HeOpTaHMYECKUM
NPUPOIHBIM MaTepuanaM TaknuM, KaK TJUHBI,
AJIOMOCUINKATHL, ABJIACTCA THPO(UIbHBIM Ma-
TepUaIOM U JIA 10JydYeHuss Moau(uiupoBaH-
HBIX HeTAHBIX COPOEHTOB HA €ro OCHOBE B pa-
6oTe MCIoab30BaH MeTO/| THPOododU3aTIn.

Anann3 HayuyHO-TeXHIYeCKoi mHdopMaInn
norasaJ, uro apdertuBHbIMU THpododMU3aTopa-
MU ABIATOTCS KpeMHNToprannyecKie sKIROCTI
(OpraHoCHUIORCAHBI), MOJEKYITbl KOTOPBIX MMEIOT
CBAI3b MEKY aTOMaMU KPeMHUs 1 KICJOPOjia
-Si-0O-Si-, a 60KOBBIe TPYIIIBI COflepKAT yrie-
BOJIOPOJIHBIEC PAJINKAJbI, CBA3AHHBIE ¢ ATOMOM
kpemuusd. [lpu Kontakre ¢ TBEpAOIl TUAPOPUIL-
HOI TOBEPXHOCTHIO TOJIAPHbBIE IPYIITTLI KPeMHUIii-
OpraHMyecKUX COeJIMHEHNI B3aUMOJ|eICTBYIOT
¢ TOBEPXHOCTHIO MaTepuasna, a rujapododHbe
YIJeBOIOPOHBIE PANKAIL OPUEHTUPYIOTCA
Ha BHENTIHEll MoBepXHOCTH, (JopMupys TOHRYIO
BOJOOTTATKIBAIONTYTO TNIEHKY, HeHAPYITAIONTYTO
BO3YXOITPOHNTIAeMOCTH MaTepraJa.

[leas macrosimieit paboTsl — ompesiesieHne
c10co00B 1 yCJIOBMIT MOAM(PURATINNT ITITaMOB CO-
JIOBOTO TTPOM3BOJICTBA ¢ MOJydeHneM HeTIHbIX
cOpOEeHTOR.

O0'BeKTHI 1 METO/bI MCCIACIOBAHIIT

ObberTaMu nccaeoOBaHMI ABJISINCE: TI1/1a-
MBI COJOBOTO MPOM3BOMICTBA PA3TUIHOTO CPOKA
XpaHeHUsI U TPAHYJIOMETPUUYECKOTO COCTaBa,
MOAUMUITITPOBAHHBIE TIJAMbBI COOBOTO TTPOU3-
BOJICTBA.

O6pasiipl MIJIAMOB COOBOTO TIPOU3BOJICTBA
OB OTOOpPAHBI B OTCTOMHMKAX-TIIJTaMOHA-
konuressax AO «Bepe3HnKoBCKMIT COMOBBIN
3aBOJI»:

— obpaser; Noe 1 — IICII rexyriero Buixojia,
RPYHTHOPPAKIIMOHHBII, 0EJIOTO T[BETA ¢ UGPHBIMI
BRJITOUCHUAMI (OTCTOMHWK-IITAMOHAROTIATE b
Ne 2);

— obpasert Ne 2 — [IICII, pasmenéHunIit 0ko-
710 D JieT Hazajl, KPynHOMPaKIMOHHbIN, 6eJI0T0
MBeTa ¢ YEPHBIMU BRITOUCHUSIMHU (OTCTOMHIK-
maMoHaromuTesh Ne 2);

—oopazer Ne 3 — HICIT, chopmupoBaniimii-
cs1 Ha TpaHmnIle 3epKajga BOJbI, MEJKOIMCIIePC-
HBIIT, TacT00OPA3HbIIT, 667010 1[BeTa (OTCTOMHNK-
mraMmoHaronuresh Ne 2);

— obopaszery No 4 — IHCII, pazmeménnbrii
okoyi0 45—-950 ser Hazaj, KpynHo(parImoH-
HBITT, 6EJIOT0 1BeTa ¢ YEPHBIMU BRIIOUCHUAMN
(oTcToitHUK-TTIITaMOHAKOTTHTe T No 1).

Mopuduranusa HICIT ocymectBasmach
ITyTEéM TePMUYECKOTO BO3/ICHCTBUA B MHTEpPBAJIe
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remmeparyp 20—900 °C ¢ BbIIepsKKOT ITpu 3ajiaH-
Holi remiieparype B redenne 30 MuH n 06padboTKoi
KPeMHUTOPTraHNYeCKUMY FKUKOCTAMI ¢ Pas-
JUYHBIM COIEePsRAHNeM aKTHBHOTO KOMITOHEHTA.
B kadectBe KpeMHUITOPTaHNYECKNX FKUIKOCTEH
OB BHIOPAHDI « AKBACHIT», MBTOTOBICHHBIH 110
TV 2229-003-60543126-2014 (35-45%-wbrit
BOJIHBIN PACTBOP METUJICHJIMKOHATA KaJIus) 1
«'KR-1111» , marorosnennniii mo TY 2229-092-
40245042-2004 ( 25-30%-wb1ii BORHBIIT pacTBOP
MeTHJICHIMKOHATA HATPWS).

Ousznko-xnmuveckue csoiicrsa [HICIT u mo-
MUUIIPOBAHHBIX HePTAHBIX COPOEHTOB OIpe-
MeJSAJIN 10 OOMenPUHATBIM YTBEPIK/EHHbBIM
METOINKAM BBITIOJTHEHWS U3MEPEeHUT B BOJHOI
BoeiTszike 1:10.

CpaBHeHune (pakTHYECKOrO COMEPIRAHUS
BOJOPACTBOPUMBIX TIPUMeceil B BOTHOU BBI-
ke n3 HICI ¢ mopmarusamu mpemennio go-
nycrumbix kounenrpanuii (ITJIK) mposopmin
¢ yuérom TpeboBanunii: I[Ipukaza Muncenbxos
P® or 13.12.2016 No 552 «O6 yrBep:Rmennn
HOPMATHBOB KavyecTBa BOJbI BOAHBIX 0OHEKTOB
PHIOOX03ANCTBEHHOTO 3HAYCHNUS, B TOM YHCJTe
HOPMATHBOB MPEIeJbHO TOMYCTUMbBIX KOHIIeH-
TpaIii BPeIHBIX BEIeCTB B BOIAX BOJHBIX 00b-
eKTOB PBIOOX035TICTBEHHOTO 3HaveHms »; CaH-
ITuH 2.1.5.980-00 «Bojioorseienne naceaénHbIX
MECT, CAHUTAPHAs 0XPaHa BOJHBIX O0BEKTOBY;
CanlluH 2.1.4.1074-01 «lIntheBas Boga u Boyo-
cHabykenme maceaénnnix mect. Ilurnesas Boja.
I'mruennueckme TpeGoBanmMA K KAUCCTBY BOMILI
MeHTPaINn30BaATHBIX CUCTEM MUTHEBOTO BOJO-
cuabsrenus. Honrpoab kauecrsa. I'mruenunue-
cRuUe TpeboBaHMs K 0beciiedeHnio 6e30macHocTi
cHcTeM TOPSAYero BOMOCHAOMKeHUsT CAaHNTaAPHO-
DITUIEMIOJIOTITYCCKIe TIPABIIA N HOPMATUBBI».

UccenepoBanne ghazoBoro cocraBa oopasion
BBITIOJIHEHO ¢ UCTIOJIB30OBAHIEM PEHTTEHOBCKOTO
mugparromerpa X RD-7000 ¢pupmot « Shimadzu»,
0o6paboTKka peHTreHorpaMM IPOU3BOJMIACH C
UCIIOJTb30BAHNEM MPOTPAMMHOI0 00ecTievdeH st
«XRD 6000/7000 Ver. 5.21» u 6a3bl fanubix
«ICDD PDF-4+ 2016».

I'panynomerpudeckuii coctaB Onperesasain
pacceBOM Ha BHOPOCHTE ¢ OTIPeJIeIeHITeM KOJTide-
CTBa OCTATKA HA CTAHAPTHBIX CUTAX ¢ PA3MEPOM
aueer 2,0; 1,0; 0,5; 0,25; 0,1 mm.

[TnaByuects medrsamoro copbenra Ha mo-
BEPXHOCTHU BOJIBI OTIPEJIeJISIIIN 110 PA3HOCTU MaCChl
MCXOHOTO cOpOeHTa M OCTaBIIETOCS HA TIaBY
copbenra mocse 12, 24, 72 u 96 vacos 1Mo meTo-
UKe, TpeJicTaBIeHHON B padore |3].

Braroémroctsb orpejesisiin mo OTHOIIEeHWIO
MaccChl IIOIVIOIIEHHON BOJALI K M3BECTHOI Macce
cyxoro copoenta. Hepreémrocts ompepessiinm mo

OTHOIIEH IO MACCHI TIOTJIOEHHOI He T 1 HedTe-
ITPOJLYKTOB K M3BECTHOII Macce cyXoro copoeHra.

B ravecTBe HedTENnpoOMAyKTOB OBIIN UC-
oJib30BaHbl: HePTh Byrypycianckoro Mmecro-
posierus, motoproe macio (MM) «Jlyroiin —
Cunarernry» (TV 0253-093-00148 636-97) u 6en-
sun (AI1-92).

TorcurosoTNYeCKIEe CBOTICTBA OTIPEIeIsIn
HAa OCHOBAHWM Pe3YJHhTaTOB OMOTECTHPOBAHNUS
BOJIHBIX BBITSIZKEK Ha TeCT-00heKTax 13 pasHbiX
cucremaruueckux rpyui: Ceriodaphnia affinis,
Daphnia magna Straus, Scenedesmus guadri-
cauda n Paramecium caudatum.

Craructnyeckass oOpaboTka pes3yabTaTtoB
HKCIIePUMEHTAJTbHBIX NCCAeIOBAHNIT TTPOBOJIT-
Jach ¢ TIPUMEHEHNeM CTAaHJaPTHBIX CTATHCTH -
qecKnX MeTomoB. Marematuueckass o6padboTka
Pe3yJabTaToOB BBITIOJTHAIACH C UCIIOTb30BAHIEM
nporpammbl Statistica 9.0.

Pesyabrarel n o6cysknenne

B niporiecce nccenemoBanmii Ob111 omrpesiesnie-
HBI: (PUBNKO-XUMUUYECKIE H TOKCUKOJIOTHYeCKIe
cBoticTBa, (ha30BBIN U IPAHYJIOMETPUUECKUI
cocTaB IIJIaMOB COJOBOTO TTPOU3BOJICTBA; 3aKO-
HOMepHOCTH copOInm HedTn 1 HeTeIPoOyKTOB
HICIT n mogudunmpoBanHbiMEI cOpOEHTAMET HA
ocuose [CII.

Pasmeménnnie B OTCTOMHUKAX-TIIJIAMOHA -
ronmresisax IICIT npencrasisior codoii cohimmy-
YU WK 1acT000Pa3HbINl MaTepuas 0e0ro min
CBETIIO-Ceporo 1Bera, BrasknocThio 00—75% c co-

nepsrannem mMunepanos kaapnnt — GaCO, 85—

87% u nopraanaur — Ca(OH), 13-15%. B or-
croitnmrax-mnamonaronurensx [HCIT moasep-
raloTCst BO3/ECTBII0 aTMOC(ePHBIX 0CATKOB, 00-
pasymoiuiicst PuabTpaT copachiBaeTCs B BOIHbII
o0bert. OnpesienieHne coyepsRaHmsi BOJOPaCTBO-
PUMBIX IPUMeCeil (XJTOPU/I-NOHbL, HOHBI KIS,
MarHus) MpaKkTU4YecKn BO Bcex oOpasiax rnoka-
3aJ10 MPEBBITIEHIe YCTAaHOBICHHBIX HOPMATHBOB
MPeIeTHLHO IOy CTUMbBIX KOHIeHTpatuii (Tadu. 1).
O6pasist No 3 1 Ne 4 xaparrepusyioTcs HAUMeHb-
UM COfiepsKaHneM BOOPACTBOPUMbIX TTPIMeCeid,
4TO 0OYCJIOBIEHO BHICOKOI CTENEHBIO NX OTMBIBA
aTMOC(epPHBIMU OCaJIKaMU BBUJLY JJIUTEIbHOCTH
BO3JIECTBIUS M X MEJKOMCIIEPCHOTO cocTaBa.
AHau3 TaHHBIX 110 'PAHYIOMETPIUYECKOMY
cocray HICII mokasas, uto B cocraBe 06pasiion
Noe 1 Ne 2 nipeobiajiaior 4acTuibl pazMmepom
oosee 0,25 mm, a B cocrare odpasmon Ne 3 u No 4
peobsraiaroT YacTuIisl ¢ pasmepom mMeree 0,20 MM
(tabis. 2). ITo 0OBSACHSIETCS PA3INYHON CKOPO-
CTHIO COMMEHTAT[NN B3BEIICHHBIX TACTHI] MC-
XOHOW MUCTHJIEPHON SKUAKOCTH B OTCTOMHIKE-
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Ta6auma 1 / Table 1

CopiepsraHue BOJOPACTBOPUMBIX IIPUMeceil B 1aMax cojioBoro mpoussopcrsa/ The content of water-solu-
ble impurities in sludge soda production

[Tokazarenn/ HHH/M O6pazen / Sample
Parameter permissi ’e 2 3 4
concentration
pH o / 11,2+0,2 10,40,2 8,0+0,2 7,0+0,2
background

_ 3
Xaopua-nowst (Mr/aw’) / 300 2800:250 | 3040:270 | 3270290 | 2340+210
chloride ion (mg/dm?)
Cyxoii octatox (r/m’) / dry 1,0 170015 | 0,90:0,08 | 140013 | 0,300=0,027
residue(g/dm?) ’ ’ ’ ’ ’ ’ ’ ’ ’
iéerwoors (Mr-aks/nu’) / 7 240422 | 21520 155614 | 4.00£0.36
hardness (mg-equiv /dm?) T T e ’ ’

ol 3
Rampmmit (r/nv’)/ 180 5000£600 | 4800400 3710+330 640+60
calcium (mg/dm?)

p = 3
Maruui (ur/nu®)/ 40 28504260 |  2550+230 1840170 480440
magnesium (mg/dm?)
Ta6amnma 2 / Table 2

IpamymoMerpuaecknii coCTaB MIAMOB COLOBOTO TIPOMBBOACTRA, %0
Granulometric composition of soda production sludge, %

Pasmep stueer, Mmm Obpaszer; / Sample
Cell size, mm Ne 1 Ne 2 Ne 3 Ne 4
> 2 1,9 0,8 et / 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

miaamMoHakonurese n GopMupoBaHueM 30H C
pasznuunbiMu coticrBamu [IICIT: pazmep vacrui,
pH, conmepsranme BomopacTBOPUMBIX ITPIMeCEIi,
TOKCUYHOCTD. VI3BeCTHO, UTO METKOUCIIePCHBII
mMarepuas objajaer Jydiieil MAaByd4ecTbio u
Hereémroctbio. Copdiust Hedru 1 Hedrempo-
nyrkroB ucxopubimu [IICIT obecieunBaercst 3a
CUGT TIPUTSIKEHUST MEJKILY MOJIeKYJIaMu IijiamMma
u HeTeNPOYKTOB Ha TPaHUIE pasfiesna compu-
racaomuxcs gas. CHmKkenne pasmMepa qacTuIl
copbeHTa MPUBONT K YBEJINYCHIUIO TLTOIIA/N 110~
BEPXHOCTU COPOMPYIOITNX YACTUTL 1 YBEJIMYEHI IO
COpPOTTMOHHON EMKOCTH.

[To pesynbraTam 6GuMOTECTHPOBAHNS BOHBIX
BoITszReR 13 o0paston [IICIT paszaudmnoro rpamy-
JIOMeTPUYECKOT0 COCTaBA YCTAHOBIIEHO, YTO CHU-
JKEeHIe pazMepa YacTull IPUBOAUT K CHUMKEHU IO
KJIacca OTMacHOCTH JIJIST OKPYSKRAIOIIe P poHOi
cpenbl 3a cuér cumrenus pll cpenpr: oOpasin!
¢ pasamepom vacrutg 6osee 0,5 mm — 4 kinace (pH =
13); obpastipr ¢ pazamepom gacTui| Mmeree 0,5 MM —
o kiace onacuoctu (pH =7.8).

Uccneposarme copOIMOHHBIX CBOICTB MC-
xonubix HICIT nmokasamo, uro manbosbinein me-
(reémrocThio (1/T) obmamaer odbpazer; Ne 3: 1mo

oersuny — 0,95; mo — MM 0,9; o nedpru — 0,75.
Ilannblie mokasarenn Boiiie, 4eM He@TeEMKOCTD
pacrpocTpaHéHHBIX COPOEHTOB JIJIsT IMKBUIATIN T
aBapuiiHbIX PasanuBOB HePTEIPOTYKTOB ¢ TBEP-
nbix opepxHocreii (r/r): mecok (0,3); men (0,4);
raonuu (0,47); rmuna (0,76) n comocraBuMbI
¢ nereémMrocThio ipodaénoro kamennoro (1,0)
u o6yporo (0,8) yrueii [3].

NaBecrha criocodbHoCTh pasioskerus kapbo-
nara Kanbnusa CaCO, mpu temmeparype 0KoJo
900 °C ¢ Beipenennenm yraexucaoro raza CO,,.
TepmoobpaboTka HeoOpraHMYecKNX Marepua-
nos mpu remreparype 700-900 °C mpuBoaut K
yAaJIeHn0 CBA3aHHON Baaru u 6ajiiacToBbiX
npumeceii. B pe3ynbrarte BO3MO3KHO yBeJlnueHne
MOPOBOTO MPOCTPAHCTBA 38 CUET 0Opa3oBaHUsA
IyCTOT B MaTepuaJie i yBeJandeHue cCopoInoHHO
émroctn [ 18]. IkcmepmMeHTaIHHO YCTAHOBICHO,
4T0 TeMIepaTypHas o0padoTKa He3HAYNTENIHHO
yBemnunBaer HeTeéMROCTh MOAUEUITITPOBAH-
uwix oopasmos HICII: mo 6emsuny — ma 20%; 1o
MM — na 15%; no nedru — na 32%.

Jlst moBwimenus rugpododbHoCcT 06Pa3IoOB
[ICIT mpoBesim ux MopmdUKATINIO KPEMHWII-
OPraHMYEeCKUMU JRUJKOCTAMU C PasJUdHbIM
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Pue. 1. HedreémrocTs mraMoB cojioBOTO TPOM3BOCTBA TOCTE 00PAbOTKIT KPeMHTHOPTaHmIecKITM
smunroctsivn, T/1 / Fig. 1. The oil capacity of soda production sludge after treatment with liquid silicone, g/g

MacCCOBBIM COJlepPsKAHIeM aKTHBHOTO BEIecTBa.
[To sureparypHbIM IAHHBIM U3BECTHO, YTO TIPU
rupodoOU3aInm ONTUMATBLHbBIM SIBJISIETCS Mac-
COBOE coJiepskaHme JeficTBYIONIero BelecTBa
2—-10% [18]. Ha pucynre 1 npejcraBienb pe-
3YJAbTaThl I/ICCJIGI[OB&HI/Iﬁ BJAUAHUA IPpUPO/bL 1
KOHIIEHTPAIY AKTUBHOTO KOMITOHEHTA PacTBOPa
rujipodobusaropa Ha HeTeEMROCTH MO UL -
POBAHHBIX 00PABIIOB.

[Torazamo, uro HanbobIIeH HEPTEEMKOCTHIO
obnamaer oopaser; IHICIT Ne 3, obpaboranmblii

pacrBopamu «Axsacuna» (IHCII-M, ) win
«RyR-11 11> (IOCII-M,...), npu 2TOM 1015
AKTUBHOTO TUAPOPOOU3UPYIONET0 KOMIIOHEeH -
ta cocrasaser 1,3—-1,5% wmacc. Kax sumino u3s
HpPeCTaBIeHHBIX TaHHBIX, HANOOJbINAS He-
reémrocTh 110 6ensuny (1,2 v/r) u moropaomy
macay (1,6 r/r) nabmogaeres s odpastia, mo-
JY4eHHOTO 00pabOTKOT pacTBOPOM «AKBacHIa».
Hanbombieit nereémrocrsio mo nedgrn (1,3 1/1)
obramaer obpaser, MOJYIeHHBIT 00PabOTKOI
«I'KyR-11 IT». ¥YBesmuenune HedreéMrocTn or-

HOH Maruus/magnesium ion
[ mon kanpius/ calcium ion
xaopuj-uon /chloride ion

MCXOJHBLI /
original
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o
™~ =
[
=3
o o 6000
= =
g
£ E 4000
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= o
S0
~ 2000
0 \

MopuduImpoBaHHblil /
modified

Puc. 2. CHuskeHMe BRIMbIBAHUS BOJIOPACTBOPUMBIX TTpIMeceil 13 06pasiioB mocse nx 00paboTru
kpemunitopranmaecknmn ruakoctssvn / Fig. 2. Reduction of leaching of water-soluble impurities from
samples after their treatment with organosilicon liquids
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HOCUTETTLHO MCXOJHON COCTABIsIET 110 DEH3UHY
na 30%; o moropuomy macay — Ha 80%; 1o
Heru — ua 73%.

Yeranosseno, uto opmMupoBanme Ha 10-
BepxXHOCTH 00pasioB ruaApododHOT BOTOOT-
TATKUBAIOIIEH TIIEHKN CHUKAET UX TOKCUKO-
JIOTUYECKYIO OMTACHOCTh, TIPETISITCTBYSI BhIIIea-
YUBAHUIO U3 HUX BOAOPACTBOPMBIX TOKCUYHBIX
KOMITOHEHTOB.

Pesynprarsr mpoBejIéHHBIX DKCTIEPUMEHTOB
110 BBITIETAYNBAHIIO 3 MO UITNPOBAHHBIX 00-
Pa3IoB MOHOB RAJIbITNs, MATHIS U XJIOPUJ[-IOHOB
MOKRA3aJM CHUYKEeHNEe PACTBOPUMOCTH (puc. 2).
Copnepskanue B BOJHOW BBITsSKKe MOAMEUIN-
POBAHHOTO copOeHTa CHUBUIOCH OTHOCUTEIbHO
ucxoproro HICIT mo xmopu-nonam na 43%, mp
noHam Maruust — Ha 76%, 1Mo moHaM KaJbIus —
Ha 88%, 40 MPUBEAET K CHUKEHNIO DKOJOTIYe-
CKOIT OTTACHOCTH TIOJTY4eHHBIX MaTepPUAJIOB.

[Ipu mcmonbzoBarum copoCHTOB LIS JINMK-
BUJIAIINN aBapMITHBIX pa3anBoB HedTn n Hed-

TEIPOYKTOB ¢ MOBEPXHOCTH BOJHBIX OOBEKTOB
KpoMme HeTeEMKOCTI BaFKHBIM TeXHOJIOTHYECKIM
rmoKasarejieM SIBJISIeTCs TIaBy4YecTh COpOeHTa Ha
IMOBEPXHOCTH BOJIbl. B X0J1e uccieqoBanmii ycra-
HOBJIEHO, YTO HanboJee BLICOKON IJIaBy4eCcThiO
(ynepsxkuanue Ha Bojie Oosiee 40 cyrt.) obsagaior
oopasupl IICIT-M, . u HICIT-M .. ¢ dpakiueii
menee 0,1 mm. V3ydyeHno BiusiHue j0Jiu rujpo-
(pobHOTl cocramustomneil B Macce copbeHTa Ha
ero TIaBy4YecTh 1 OlpefiesieHa eé ONTuMabHas
mosist — 1,5-1,8% wmace. (puc. 3-4).

Ha nmaByuectb copOeHTOB OKa3bIBAET BINSI-
HUe TIpejiBapuTeIbHasi TeMIilepaTypHast o0opabor-
Ka. YCTaHOBJIEHO, YTO TTpKU TepMooOpaboTKe 00-
paatioB ripu remmepatype Bbitie 400 °C mpuBopu
K TIOJTHOII 1ToTepe IJIaByyecTit Matepuasa.

3ariaoueHune

BoitiosiHeHHbBIE MCCAOBAHMIS TO3BOMUIN
000CHOBATH YCJTOBUS TPOBEJEHNUS MPOIecca
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Puc. 3. Bausnue 10361 «AkBacui» Ha miasydectb MOIUQUINPOBAHHBIX COPOCHTOR.
Fig. 3. The influence of dose of «Akvasil» on the floating modified sorbents
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MoAuUKAIMI IJIaMa B 3aBUCUMOCTH OT €0
MOCJIEIYIOIIero MpuMeHeH s,

YcraHoBIeHa BO3MOKHOCTH TlepepaboTKn
IIJIAMOB COJTOBOTO ITPOM3BOJICTBA ¢ MMOJIYyYeHUeM
MouduIMpPoBaHHBIX THAPOPOOHBIX Marepua-
JI0B, 00JIAIATONNX BHICOKON COPOTIMOHHON aK-
TUBHOCTHIO K HeTH 1 He@TeIpolyKTaM.

[Tpu monyuennu Moau@GUIUPOBAHHBIX
copbenHToB Tesecoodpasma oOpadoTKa MIAMOB
COJIOBOTO TPOM3BOJCTBA BOMAHBIM PACTBOPOM
METHJICUJINKOHATA HATPUS WM MeTHJICHINKO-
Hara Kaans ¢ padoueii gosoit 1,3—1,5% wmacc. n
cymika nipu remueparype 20 °C. Hedreémrocrn
MomPUINPOBAHHBIX COPOGHTOB cOCTaBJsIET
o 6ensuny 1,2, mo moropuomy macay — 1,6; mo
wepr — 1,3 r/r.

[Tpu momyuennn MoaudUIMPOBAHHBIX COP-
OEHTOB JIJIsI TUKBU/AINY aBAPUITHBIX PA3JIMBOB
vedri n HeTETPOTYKTOB ¢ TTOBEPXHOCTH BOJTHBIX
00'bEKTOB 11eJ1ec000pa3HO TTPOBOUTH 00PAbOTKY
MJIaMOB COJOBOTO TTPOM3BOICTBA ¢ PazMepoM
pparmun menee 0,1 MM pacTBOPOM METHIICHIN -
KOHATa HATPUs MJIM MEeTUJICUINKOHATA KaJlus
¢ paboueit gozoii 1,0—1,8% macc. ¢ nocaeayio-
mieit repmoobpadorkoit mpu 90 °C. [lnasyuects
MOINUIMPOBAHHBIX COPOEHTOB COCTABJSIET 3a
96 wacoB orosi0 98%. Ob1iee BpeMsi 1aByvdecTi
Mo UITIPOBAHHBIX COPOEHTOB HA TIOBEPXHOCTHI
BOJIBI cocranisier bosee 40 cyTOK.

PesynbraTsl 1poBe/iIEHHBIX HCCJIe0OBAHNIT 110
mnepepaboTKe MIJTAMOB CO0BOTO TTPOU3BOJICTBA
MO3BOJIMIA PACITHPUTH 00JACTH UX HCIOJIH30-
BAHUA U MOJTYYNTH HA UX OCHOBE COPOITMOHHBIO
MaTepuabl DKOJOTHYECKOTO Ha3HAYEHNSI.

HUccaedosanue vinoaneno npu unancosoii
noddepucee PODU 6 pamkax nayunozo npoekma
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Rational processing of whey is one of the most important problems of the dairy industry. Less than 50% of this
waste is processed in Russia. Unprocessed whey is discharged into the sewage systems, which significantly increases
the degree of contamination of the process waste water. Basically, processing of whey in commodity products is limited
by economic factors. At the enterprises of small and average capacity high costs of introducing processing technologies
do not pay off proceeds from realization of the received products. The authors of the research have used the method of
cryogenic concentration (freezing) which provided the complete conservation of bioactive substances (proteins, vitamins,
enzymes) in whey. Proteins of the received concentrate were subjected to enzymatic hydrolysis to free amino acids. The
mineral salts complex (which contains plant-available forms of nitrogen, phosphorus, potassium, magnesium and trace
elements) was dissolved in the hydrolysate. As a result, the researchers have got a marketable product — liquid organic-
mineral fertilizer with natural amino acids. Whey-fraction that remained after cryogenic concentration contained no
more than 1.2% of dry substances. For its removal there was used glauconite-containing efel as sorbent (the waste of
phosphorite ore enrichment, it is a quartz-glauconite sand containing up to 45% glauconite). The waste sorbent was
dried up and used as the second commercial product — solid organic-mineral fertilizer (S-OMF). The S-OMF included

only natural ingredients, which made this product suitable for use as a fertilizer in natural farming systems.
The simplicity and high market value of the received marketable products make it economically viable to introduce
the proposed technology into practice. The calculated payback period of the offered technology at the enterprises of a

mean power is less than two years.

Keywords: whey, organic-mineral fertilizers, fertilizers with amino acids, sorbents, glauconite, non-waste technologies.

Whey is the main residue left after the pro-
cessing of milk into cheese (cheese whey), curd
(curd whey), casein (casein whey). The chemical
composition of the residue mainly depends on the
quality of the source raw material, the technol-
ogy of its processing, and the characteristics of
the products obtained. The main components of
whey are lactose, proteins, fats, organic acids,
inorganic compound and vitamins. The total
concentration of solids in whey is on average
9.0-7.0%, i.e. more than 40% of the dry sub-
stances contained in natural cow milk become
residue. The valuable chemical composition
makes whey a promising raw material for recy-
cling. Currently, there are technologies that al-
low to process whey into dry or condensed foods,
toisolate lactose, protein components, vitamins
from lactose, to produce lactic acid, ethanol,
food and feed additives, sports and health food
supplements, various drinks, biodegradable
polymers, nutrient media for microorganisms

and other products [1-3]. Despite the wide pos-
sibilities for organizing whey processing, the
problem of rational utilization of residue is still
far from the solution and remains one of the most
important problems of the dairy industry. The
transition to non-waste technologies is a fun-
damental element of the successful development
of the national economy and the most important
condition for protecting the environment from
pollution [4].

According o various estimales, Russia pro-
cess from 20 to 50% of whey. Unprocessed whey
goes to the sewage system, which leads to a sig-
nificant increase in the degree of contamination
of technological waste water of milk processing
plants with biodegradable substances [5—7]. The
discharge of whey into the sewage system causes
asharp increase in the chemical and biochemical
consumption of runoff oxygen, since up to 50 dm?
of oxygen is necessary to oxidize 1 dm3 of whey
in sewage waters [8]. Pollution of sewage with
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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
a positive 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:

— to develop a non-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;

— Lo 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, 1.7£0.1 | 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, % | 4.84£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
Mr/Kr products. Titrimetric method for measuring calcium content
Table 2
Bacteriological characteristics of whey sample*
Duration of storage, days
Microorganisms 2 4

Number of microorganisms, thousand cells / cm?

Lactic Acid Bacteria

— mesophilic 4984 9915
—aroma forming 1.13 0.98
— thermophilic 45.92 28.8
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
6.0100.4% 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): AL O,
= 2.3; MgO: - 0.9; R,0 — 1.4; Fe,O, — 4.1; Si0O, -
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;

— sorplion properties concerning a wide 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 a thermostat 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-
centrale, 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(II), zinc and mangane-
se (IT) 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
clearsolution of turquoise color with a light smell
of whey. The total content of dry substances was
96+3%. The pH of the finished form was within
9.0-35.5. 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
00 m?3. 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 m?. 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 in which itis 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 m?. 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 m?, the diameter is 2 m.

Before draining into the sewage system, the
filtrate is sent to a sump with a volume of 50 m?.
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 (S-OMF). Asabinderat this stage, peat gels
are used (peat processing product by the method
of mechanical activation). The resulting grits are
dried in adrum 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
90 tons of whey per day and receive 10 tons of
L-OMF, the payback period of all costs will be
aboul 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, asitisassumed 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 seweris 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 a wide 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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Ounenka 3arps3HeHUs MMOYB PEKPEANHOHHBIX TEPPUTOPHIT TIPOMBITIIIIEHHOTO
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B crarbe npejicraBieHsl pesynbTaThl ONpeeIeHIs BATOBOTO cofiepskanms TsyREIbIX MerasioB (TM) n mbrmbsakra
B OPOJICKIX TIOUBAX peKpearnoHHbiX reppuropuii r. Kosbuyrino Bragumuperoii obanacri. Hanbosee sarpsisHeHbl pekpea-
IMOHHBIE TEPPUTOPHN IOPOJIA, KOTOPbIe HAXOJATCH PAJIOM € TIPOMBITILIEHHOT 30H0Il 1 B 1eHTpasibioM paiione. Copepska-
mecs B mouBax ropoja Pb, As, Zn, Cu, Ni, Co u Cr, coriacHo mpoBeJIEHHOMY [POCTPAHCTBEHHOMY KOPPEJSAIHOHHOMY
AHAJIN3Y HAXOJSATCS PUMEPHO B PABHBIX COOTHOIIIEHUSIX HA BCEX PEIePHBIX Y4acTKAX, YTO MOKeT CBHU/IETeJIbCTBOBATh O
COBMECTHOM TMOCTYIIIEHNN HTUX TTOJTI0TaHTOB. C I1eJIb10 TToTydeHns HayuyHo-000CHOBAHHBIX PE3YJIBTaTOB aHTPOMOTeHHO-
ro HaromaeHns TM u MpIbsARa B TOYBe, GBI TPOBEJIGH AHAIN3 OTHOIIEHNS COJlePIRAHMS MTOJIITIOTAHTOB B BEPXHEM CJI0e
K ero COofiepyKanuio B HUKHeM 110 Kodpdummenty pajuanpioin guddepenrnanun (R). Yeranosieno, 4ro mosuoranTs
KOHIEHTPUPYIOTCA NIaBHLIM 00Pa30M B BEPXHUX CJIOSAX MMOUBBI, & NX HAKOIIJIEHIe NMeeT aHTpoIoreHublii xaparrep. [lns
BBISIBJICHUsI TIPHOPUTETHBIX 3aTPSI3HUTENCI NCITONb30BaJICs MoKasarerh Haronaenus (l1u), roroperit yosiBaer B psauy:
Cu>Zn>Pb>Ni>As>Co=Cr>V>Sr. [lo paccunrannomy ypoBHIO 3arpsisHeHUsI TOYBEHHOTO MTOKPOBA OTIEAbLHBIMI
nosmiorantamu (Ho), 6bumi yeranosienst nipesbimennst [1JIK B caepyiomem psjy: Zn > Cu > As > Pb > Ni. Haun6oanimne
sHaueHns kKoapduimenra onmacuoctu (Ko) ormeuensl B paiione 3aBojia « Kobuyrisermer». [IposeigHHbINl KOppeIsAIINOH-
HBbIIT aHAJIN3 MEKILY KOHI[EHTPATUSMU MOJTIOTAHTOB BBISIBIJ CTATHCTHYECKY JJOCTOBEPHBIE OO KUTETbHbIe 3aBUCIMOCTH
(p < 0,05) meskny Pb, As, Zn, Cu, Ni, Co n Cr. Ucxofs 13 97010, MOKHO TPEITTOTOKUTL, YTO HTH DIEMEHTHI TOCTYIaioT
B IIOYBY TOPOJIa N3 OJ{HOTO NCTOUYHIKA.

Karouesnie crosa: ts:RE1bIe METAILIBI, cepasi IeCHASA M0UBA, pEKPealnoHbe TeppuTopnn, KoaduimenT pagnanbHoil
muddepentanny, mokasareab HAKOIICHNST, KOAP@UIMEHT 0TTacCHOCTH.

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
recreatlional 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 Ph, As, Zn,
Cu, Ni, Co and 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 Ph, 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.

AnTponioreHHbIH TIporiece crocoderByeT gop-
MUPOBAHWTO B YpOOIaHmadrax XeMo3éMOB — ITOYR,
TTOJIBEPTIITNXCS XUMUYECKOMY 3aTPSIBHEHIIO COeJTI -
HeHUAMU TSRETBIX MeTa/uioB (TM) u MblbsKa, co-
NepsRaHe KOTOPHIX 4acTO MTPEBBITIAET CYITECTBYIO-
e HopMaTuBhI. B T0 5Kke BpeMst Jieconapku, HapKiu
U JIPyTHE PeKPearimoHHbIe TePPUTOPIHT TOPOJIA TIPH
PasyMHOT WX DKCILTYaTAINI BBHITTOTHATOT BAKHbIE
canurapHo-rurnennyeckue gyuriun [1, 2]. Tax,
KPYIHbBIE «KJINHBS» JECOTaPKOB MOTYT CJIYRUThH
MOTIHBIMI TTPOBOHMKAMI YMCTOTO BO3IyXa B
TeHTpaTbHBIe PAoNLI Topoma. Bos3myriinie Macent
B 3HAUMTEJILHON Mepe OUMIIAIOTCs, TTPOXOJIst HaJl
Jleconapkamu u mapkamu [3—6].

Haunbostee onacubiMu 3aTpsA3HUTENISIMI TTOYB
MPOMBIILTeHHBIX TopooB Poccun sapiasiores
coepuaennss TM, koropbie TocTynaior B mouBy
¢ Ta30MBIIEBLIMU BBIOPOCAMU TTPOMBITTIIEHHBIX
U TeTJIOIHEPTeTHUCCKUX TPETPUATHIL, & TAKIKe
¢ BBIXJIOITHBIMY TazaMu aBrotpancmopra |7, 8].

Boabiast uacrs TM xapakrepusyercst MmaJioi
MOIBUKHOCTBIO M BLICOKOW aKRyMYJINPYIOMei
CTTOCOOMOCTHIO B KUBBIX OPranm3Max 1 TeTOH -
PYIOIINX cpefax (MOUBHI, JOHHBIe OTIOKENTS),
4TO MPUBOJIUT K NX MHTEHCUBHOMY HAROTIJICHITIO
u gaurenbuomy coxpanenuio |9, 10]. Iepuop
MTOTYBBIBEJIEHIST 13 TTOUBBI, HATTPUMEp, CBUHIA
B pesyJbTate BLIMbIBAHUS, TOTPEOJICHUS pacre-
HUAME, dpo3un u ledasimn cocrasisier ¢ 740 o
9900 srer, mepn — or 310 1o 1500 ser, uHKa — o1
70 1o 510 ner, kapmust —or 13 o 110 7er [10, 11].

OmacHOCTh 3arpsA3HEHNA TTOUB HACETGHHBIX
MecT BeiIcORKUME KoHIleHTparusaymu TM 3arntoua-
eTcss B BO3BMOJKHOCTH BTOPHMYHOTO 3arpPsA3HEHNS
BO3yXa MOYBEHHONW MHIIBI0. Bmecre ¢ pacrm-
TeJLHON MPOAYKITIE, BLIPATeHHON Ha TMIHBIX
npuycageOHbIX yUacTKaX, PACIIOJOKEHHBIX B
30He 3arpsA3HeH S, MOJUTIOTAHTHI MOTYT ITOTTa/IaTh
B opranusm. B pesynbrare Bospeiictsuss TM,
yrueraercss MuRpodiopa u MuKpodayHa mo-
YBBI, 6 OMOXUMUYECKIE TTPOIECChl, YXYIITAeTCs
COCTOSIHUE PACTUTEJILHOCTH DTHX TePPUTOPUTI,
4TO MOYKET OKA3bIBATh HETATUBHOE BJIMSHNIE HA
3[LOPOBHE TPOIKUBAIOIIETO 3/[eCH HACETCHI S
[12—16]. [ToaTromy nceneoBanme faHHbIX TEPPI-
TOPWMIT HA TIPEIMET UX DKOJTOTHICCKOTO COCTOSHIIS
ABIACTCS aKTyaabHoM 3afgaqeit [17].

[lens mcenenoBanms — oreHKa yPOBHS 3a-
IPSABHEHWST TIOYB PEeKPeariuoHHbIX TepPUTOPuil

r. Rosbuyruno Baagumupceroii oonactu TM u
MBITITBSTKOM.

O0beKTBI 1 METO/Ibl NCCJHCIOBAHUA

O6BeKTOM TaHHOTO NCCIIeIOBAHNS SIBJISTIOTCS
MOYBBI pEKpearmoHHbIX TeppuTopuii 1. Kosibuyru-
HO, B OCHOBHOM 3TO cepble JiecHble ouBbl. ['opoj
RonbuyriHo siisiercst aiMUHUCTPATUBHBIM I1€H-
tpom Rosbuyruuckoro paiiona Brapgmmupcroit
00IacTH, TIeHTPOM MYHUTIATIATLHOTO 00PA30BAHTIS
«ropoj;, KombayriHo», pOMBITIIIEHHBIM TIeHTPOM
paiiona. CorsiacHo coOCTBeHHBIM flaHHbIM [18] 1
mamubiM [lemapramMenTa mpupooTONb30BAHMS
1 OXPAHBI ORPYKAIOIIEN cpejibl AJIIMIHUCTPATINN
Brnagumuperoit odnactu [19], Ronbuyruneknii
paiioH sIBJAseTCA OJIHUM M3 pailoHOB obaacTu,
BO3JIYITHBII DacCeilH KOTOPBIX €KeroHo T0ji-
BepraeTcsi cepbe3Hoii Harpy3Ke co CTOPOHBI IIPO-
MBITIIJIEHHBIX TTPEIPUSATHIl. 3arpsi3HeHne 1MoYB
MPOUCXOMIUT, IMIABHBIM 00pasoM, 3a cuéT raso-
nbLieBbiX BoIOpocoB npenpusituii: SAO «Hoib-
gyrisermer», «AO «IJnerrporabens Ronbuyrnm-
ckuii 3aBoj», 000 «HKonpuyrisermerodpadboTkay,
3A0 «Honpuayr-Murap» n orpaboTaHHBIX Ta30B
aBTOTPAHCITOPTA.

Omnpepenernne TM mposopunu penrrernod-
JIyOpeCIleHbIM METOJIOM Ha CIIeKTpoMeTpe «Spe-
ktroskan MAKS-G» B coorsercrsun ¢ ITH]I @
16.1.42-04.

Jlnst oneHKM ypOBHS 3arpsi3HeHUsI MOYB
MOJUTIOTAHTAMU MCITONbL30BaIM RodpduimenTt
paguasbHoll nuddepeHnuanum Meraaia 1mo
npopumio (R), morkazarens naxornenus (ITu),
roadunment onacnocrn (Ho).

st yuéra nmocryniaenuss TM u mbiibsaka
Ha MOBEPXHOCTH MMOUYBBI, OBLIN NCTOJTH30BAHBI
RODPPUTIMEHTH pagnarbHoil AuddepeHTTIATTNT
nmoJurioTanToB R oTHOCHTETLHO TT04BOOOPA3yIo-
el mopoybl:

_Cy
R= .
c
rie C,u C, —cojiepskanne MeTajiia n MblIbsi-
Ka B BepXHeM 1 HIRHeM ropusonTax |20, 21].
[Toraszare b HAKOTICHNS PACCUNTHLIBAIIN IO

bopmyie:
= Ci — C(f’

IIn Cs

+100%
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rje (' — KOHIeHTpaLia MeTa/Lla i MbIIIbsKa
B 1ouse mr/kr, C ; — (borosoe copeprarne TM n
MBIITbSIKA B 104YBe MT'/KT. DOHOBBIE KOHIIEHTPAINT
TM u MbITITBAKA B TIOUBE B3SATHI 13 padoThl [22].
Koapurnmenrs onmacHocTn paccunThiBa-
ek mo opmyie:
C;
K ; -

Ko =

rie . — KOHIeHTPATIIA MeTa/lia i MbIIIbAKa
B ouBe, Mr/Kr, [[/[I{, — ipesienbHO-flOTTyCTHMASA
rourenrpamnus TM u Mblbsika B I0UBe, MT /KT
[23, 24].

OO6paboTRY JaHHBIX U KOPPEJAINOHHBII
aHaan3 MPOBOJIMIIN B mporpamme «Statisticar.
CraTuernvueckn 3HAUMMBIMU [TPU3HABAINCH Pe-
3YJIBTATEH ¢ YpoBHEM 3Haummoctn p < 0,09,

Pesyabrarel n nx odcyskaenne

[TpoOnl ouB mjIst ananuaa oToOUpan Ha pe-
MePHBIX y4acTKaxX PeKpearmoHHbIX TePPUTOPUI,

PacIooReHHBIX B Pa3JIMUHBIX pailoHaX TOPOJIa,
u3 ropusonTta 0—20 u 20-40 cm MeToomM KoHBep-
Ta B ISTH TTOBTOPHOCTSIX.

Yuacrok 1 HaxXouTesi B rOpoJICKOM IapKe, OH
HauboJee yiaiéH OT rOpoJICKUX CTPOEH UL 1 T1PO-
MBITIIJIEHHOIT 30HBI. YUacTOK 2 paciiojaraercs B
HeDOJIBIITOM CKBepe Ha TePPUTOPUI eHTPATIbHOT
paitonnoi oonpauinl (IIPB). Yuactor 3 — aro
HeOOTBbITIast CKBEPOBast TEPPUTOPUST HA TEPPHUTO-
pun mroabl No 1. Yuactok 4 HaxXoAUTCsS B IQH-
TpaTbHOM Hapke « HomMmcoMombekmii». YdaacTor
O — cKBepoBas Tepputopns y 3aBoja « Rompuyr-
IBETMET», PACIojIaraercsi B HETIOCPeCTBeHHOT
6JIM30CTH OT NPOMBIIIJIEHHON 30HBI. Y4acTOR
6 — perpearmonHas Tepputopus koAb Ne 6.
YyacTok 7 — CKBep Ha TepPUTOPUM, ITPUJIErat0-
et K jomy Kyasrypbi (J[H).

OG1mit ypoBeHb 3arpsi3HeHUsI TIOYB peKpea-
uroHHbIX Teppurtopuii 1. Konbuyruuo TM mpes-
crasjeH B radoanite 1.

Jlarnabre rabautinr 1 ¢BUIETETHLCTBYIOT O TOM,
94TO BHIOPOCHI ¢ TTPEAIPUATHI TOPOJIa CoflepsKaT

Ta6auma 1 / Table 1

O61IIii ypoBeHb 3aTpsA3HeH st MOuB pekpearinonunix reppuropuii r. Kompuyrumo TM un muimbaxkom / The
total level of soil contamination in recreational areas in the city of Kolchugino, heavy metals and arsenic

Yuacrkn | 'opu Copmepsranme TM, mr/ur / The contents of HM, mg/kg
orbopa |30HT, CM
Selection | horizon, Sr Pb As Zn Cu Ni Co Cr Y
sites cm
1 0-20 | 120+£3 | 532 8+1 165+4 T4+7 36+4 1241 | 96+3 | 63+4
20-40 | 123£9 | 34+4 | 3,0+2 94+4 81+9 32+4 213 | 915 | 90«8
9 0-20 | 1206 | 5H2+7 7 160+12 88+7 47+4 14+3 | 87+3 | T4+H
20-40 | 123+5 | 58+3 8+1 158+18 97+10 46+2 174 | 92+6 | 85+10
3 0-20 | 1004 | 49+4 6+1 116+5 72+8 36+4 7+1 | 89+£3 | 62+5
20-40 | 87+2 34+3 4+1 91+4 80+5 37+1 16+2 | 96+£2 | 815
4 0-20 | 129+4 | 101+7 | 18+1 | 1140+50 | 458+5 90+1 14+2 | 125+2 | 65D
20-40 | 12746 | 66> | 10+1 217+8 136+5 46+3 16+1 | 78+4 | 68+3
5 0-20 | 157+11| 33114 | 57+3 |3430+310|3180+260| 820+50 | 34+1 | 149+12| 86+4
' 20-40 | 1536 | 348+13 | 57+2 | 5080+150 | 7350+220 | 19670+290 | 42+2 | 110+> | 91+6
6 0-20 | 155+5 | 109+7 | 17+1 | 753+12 210+5 68+2 13+1 | 86+7 | 58+2
20-40 | 172+7 | 98+8 | 14+1 | 365+10 146+7 BHES) 18+1 | 88+3 | 62+1
7 0-20 | 12045 | 106+9 | 18+3 | 1281+54 | 373+23 92+6 13+2 | 851 | 50+3
20-40 | 134+> | 87+4 | 14+1 | 954+35 | 334+18 15+4 15+1 | 96+4 | 697
Cpenee 1o ropopy /
The average over 130 109 17 1000 906 246 18 98 72
the city
®onosbie
Buavens / 300 16 5 74 35 42 10 56 66
Background
values
LIJIK/ MPC - 32 2 100 99 89 20 100 150

Ilpunevwanue: 8 mabauye npedcmasienvt cpednue apudmemuueckue c oumubroil cpedneii. Auproln upudmom svioenenvt

anauenus, npesviuarowue 1J[K.

Note: the table presents average values with an error of average. The excess over MPC is highlighted with bold font.
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Ta6amma 2 / Table 2

RoppensiinmorHbiii aHanua mpocTpaHcTBeHHON 3aBucuMocTn Meskay nontoranramu / Correlation analysis
of spatial dependencies between pollutants

Jnement Sr Pb As Zn Cu Ni Co Cr Vv
Sr 1 0,7347 0,7331 0,6891 | 0,6355 | 0,6319 0,7218 0,272 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* | 00,6331
7n 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
\ 0,3948 | 0,6467 0,6331 0,0551 0,739 0,7538 0,7739 0,7327 1

Hpumewanue: “*” — docmosepro npu p < 0,05.
Note: “*” —authentically at p < 0.05.
Tadauma 3 / Table 3

Roadppunmentor paguansuoit quddepennuanu (R) TM 1 Mblibsika oTHOCUTENBHO TTOYBOOOPA3YIOIIeil
mopopet / The radial differentiation coefficients (R) of heavy metals and arsenic relative to parent rocks

guaeman oropd g py | As | Zn | G Ni Co Cr v
1 L0 | 16 | 23 | 17 | 09 | L1 | 06 | 10 | 07
> 10 09 | 09 | 10 | 09 | 10 | 08 | 09 | 09
3 LU 14 | L4 L 13 | 09 10 | 05 | 09 | 08
4 10 | 15 | 18 | 52 | 34 | 20 | 09 | 16 | 10
5 0 | 10 | 10 | 07 | 04 | 04 | 08 | 13 | 10
6 0.9 | 11 | 12 | 21 | 14 | 12 | 07 | 10 | 09
7 09 | 12 | 13 | 13 | L1 | 12 | 09 | 09 | 07

rakue nostorantsl, Kak Pb, As, Zn, Cu, Ni, Co,
Cr. Haunbonprmee copepsranme TM n MpImbaka
o0Hapy;KeHO B IEHTPAJIbHOII YacTu TOPoJia, Tyie
pacioaratoTcss OCHOBHbBIE TPOMBIITICHHbIE
npepnpustus. [Ipu ynanennn or merrpa ropoja
copiepskane TM 1 MbIIIbsIKA CHUYKACTCS.

[TpoBenéHubiii KOppPeasainoHHbII aHaJIn3
MEKTY KOHTIEHTPAIUAMI MOJJIIOTAHTOB 110 Me-
cram orbopa BHISBUJI CTATUCTHYECKHU JIOCTOBEP-
Hble TIoJIosRuTeIbHBIe 3aBucumocT (p < 0,00)
(rabs. 2). To ecth (Ha IpuMepe TAKNX dIEMEH-
ToB, Kak Pb u As, u3 rabmuiet 1) ¢ mamenennem
KOHIIEHTPAINII OJ{HOTO MOJIJTIOTAHTA 110 MecTaM
orhopa, MPOMCXOUT U3MEHeHe KOHIIeHTPAIT
u jipyroro B 6;uskux mponopiusx. Vexoms ns
ATOTO, MOFKHO MTPEJIITONOKNTH, YTO TAKNE DJIeMEH-
Thl, Kak Pb, As, Zn, Cu, Ni, Co u Cr nnocrynaior B
MTOYBY TOPOJIA U3 OHOTO MCTOUHMKA.

Jlns xapakTepucTUKRM MOYBEHHO-TEOX N -
MUUYecKUX npoteccos nepepacupeenenns TM n
MBIIITBSKA B [IOYBE UCITOTB3YETCA KOIPPUIIeHT
papnanpuoit quddepennunanun (R), koropsrit
npejicTaBiasier co0O¥ OTHOIIEHWe COepRaHUS
(BaJIOBOTO WJIM MOJBUKHOIO) XUMUYECKOTO
DJIEMEHTA B BEPXHEM [OYBEHHOM CJIOe K ero cO-
[lepsRAHUIO B HUFKHEM CJI0e.

B rabnute 3 mpuBeensl pesyabraThl Kod(-
punmenrton paguansroit nuddepennmanun TM
U MBITITHSIKA B ITOYBE.

Cornacuo meropure, npu R > 1 caenyer
TOBOPHUTH O 3aTrPsI3HEHNN BEPXHEro ropu30HTa,
4TO MOJKET CBUJETEJThCTBOBATH O TEXHOT@HHOM
nakorienun TM B nouse. Ilpn R < 1 nossl-
MIeHHOEe COoflepsRaHMe TTOJUTIOTAHTOB OTMEUaeTCs
B HusKHeM ropusonTe. Ha ocnoBanmnm nposeién-
HOTO aHATTN3a MO}KHO KOHCTATHPOBATh, UTO IO BA
r. Rombuyrimso xapakrepusyercst aHTPOIOTeHHBIM
XapaKTepoM HAKOILIeHUsI 3arpsiI3HUTEIell, 0CHOB-
Hasi J10Jisl KOTOPBIX HAXO/UTCS B BEPXHUX CJOSIX
nousbl. Haumenbiiee 3arpsisHeHne BepXHUX
TOPU3OHTOB OTMEYAeTCsI B pailoHe CKBepa 0KOJI0
[IPDB (yuacrok 2), nanbombImnnii — B pailoHe 1eH-
TPaTbLHOTO TTApKa (yuactok 4). B paitomne 3aBoja
3A0 «Honpuyrnsermer» (y4acTok 9) cojepsra-
HUe IUHKA, MeJIN 1 HUKeJST B HUFRHUX TOPU3OH-
TaxX 3HAYUTETLHO OOJIbINe. ITH JJAHHBIE TOBOPST
0 TOM, UTO TOPOJICKAsI MOYBA YACTO COJEPIRUT
CTPOUTENILHbBIE U IPOMBITILIIEHHbBIE OTXOJbI, TOPU-
30HTHI eé TiepeMerianbl. Kpome Toro, B ropojax
MOYBBI OTJINYAIOTCH BBICOKOI KOHTPACTHOCTHIO,
ux 1poduib HEOHOPOJIEH 11 HeCET Ha cede revarh
CTIOKHOT MCTOPUT Pa3BuTHsa ropoma [25, 26].
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Ta6amnma 4 / Table 4
[Torkazarens Hakonaenust (ITa) TM u Mbinibsika B ouBax pekpearunoHHbiX Treppurtopuii r. Konbuyruuo /
The index of accumulation of heavy metals and arsenic in soils of recreational areas in the city of Kolchugino

Sitosselection | hortron em | S| F0 | As | | G [N GG |V
1 0-20 -60 | 233 60 123 112 -15 24 71 -
20-40 -9 | 112 -30 28 131 -24 | 114 63 36
9 0-20 -60 | 224 34 17 151 12 40 29 12
20-40 -59 | 265 BB) 113 178 9 65 64 28
3 0-20 -67 | 206 22 27 105 -14 | -28 60 -7
20-40 -7 112 -1 23 129 -12 26 72 23
4 0-20 -57 | 531 252 1438 | 1210 | 115 40 123 -1
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
6 0-20 -48 | 584 242 918 500 62 30 2% -1
20-40 43 | 512 187 393 317 30 75 27 -6
0-20 -60 | 563 269 1631 965 119 30 52 -25
! 20-40 -5d | 446 180 1189 854 80 23 72 4
Tadmuma 5 / Table 5

Roadpdpunmentsr onacnocrn (Ko) TM u Mblibsika B mouBax pekpeanmnoHHbIX TepPUTOPHUI TTOYB
r. Ronbuyrnno / The coefficients of risk (Rc) for heavy metals and arsenic in soils of recreational areas,

city of Kolchugino
Sitos o soection | orisoneem | P | A | o[ o [N e |V
1 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
9 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 1,9 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
4 0-20 3,2 8,8 11,4 11,4 1,1 1,3 0,4
20-40 2,1 9,0 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 20,8 50,8 23,1 1,1 0,6
5 0-20 3,4 8,5 7,9 7,9 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
Cpennee Ko 1o ropo . . -
Thepa\]jerage Re OveII‘)t}Jllgc/ity 3,4 8,6 10,0 10,0 2,9 1,0 0.5
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Jlnst BBISIBJI@HUSI TIPUOPUTETHBIX 3arpsi3Him-
TeJell MOUYB HaMU MCIIOJABL30BAJICS MOKA3aTeNDb
naxorenus (1Tn) (tadm. 3).

[Torkasarenn naxomaennss TM u MbImbsaKa
B ITOYBE PeKpearmoHHbIX TeppuTopuii r. Komb-
qyruHo yobiBaer B pamy: Cu > Zn > Pb > Ni >
As > Co = Cr >V > Sr. Crpounnii nmeer orpn-
nareabuniii ITH, yro mosker cBuereibcTBoBaTh
0 BBIMBIBAHUT HTOTO DJIEMEHTA M3 MouBHI. [l

Banapus ITH roBopsar o Tom, uro coepunnenns
HTOrO dJIeMeHTa Ha HeKOTOPBIX ydyacTKax OT-
0opa BBLIMLIBAIOTCSI M3 IIOYBLI, HO B IEJIOM HX
cojlepsRanme octTaéres Ha YypoBHE (POHOBBIX
3HAYCHIIA.

Jlnst onieHKy ypOBHS 3arpsi3HEHUS MOYBEH-
HOTO llOKpOBa OTAeJbHbIMU I10JIJIIOTAHTAMU 6b1Jl
MPOBEJEH pacuér Ko3@UIMEeHTORB OMaCHOCTH
(KHo) raskmoro n3 aux (tabdi. d).
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Yeranosiieno, uto cpefHue mokasarenan Ko
B UCCJEyeMbIX [10YBaX 110 UHKY 1 MeJu Ipe-
soimmator [IJIK B 10 pas, o mbimbsary — 8,6 pas,
Mo CBUHIYY — B 3,4 pas, Hukeygio — B 2,9 pas.
Conepskanue Cr u V B 11ouBe He mnpesbiiiaer
[T/IK npaktuueckn Ha Bcex ydacTrax orbopa.
Haubonpbimme 3navenusi Ko ormeuennr B paitone
3aBojia « Rospbuyrigermer».

3ariaouenue

B xosie nceneoBanmus BLIABICHO, UTO Tep-
pUTOPUM, HAXOJSAIINECS B HEIIOCPECTBEHHOI
0JIM30CTH K ITPOMBIIIJIEHHOI 30HE, UMEIT I10-
BhIllieHHOe 3arpsi3Herne TM u MbIIbSKOM, UTO
MOZKeT CBUJETe/IbCTBOBATH O 3arpsisHeHUN pe-
KpeannmoHusx mous . Rorbayrno B pesyabraTe
paboThl 3aBOJIOB.

B nousax ropoma Pb, As, Zn, Cu, Ni, Co,
Cr Ha Bcex permepHbIX YyUacTKAX COJEpPIRATCH
B PaBHBIX COOTHOTIIEHUSIX, UTO MOKET CBUJIETEIh-
CTBOBATH O COBMECTHOM TIOCTYTIJIEHWHT DTUX TTOJI-
JIIOTAHTOB B [OYBY € TA30TIBLJIEBBIMI BHIOPOCAMI

Haubonbiee 3arpsasnenne nMeer BepXHUil
TOPM3OHT peKkpeanmonHbIX mous . Rornuyruto,
YTO CBUJICTEILCTBYET O TEXHOTCHHOM XapaKkTepe
IMPUBHOCA IMOJUIIOTAHTOR C adPOBBITIAJCEHUSIMIA;
cremenns nakommaenus TM B mouse yObiBaer
B psay: Cu>7n>Pbh>As>Cr>Co>Ni>V>Sr.

HaubGosbmme 3navennst Ko B ropose Koub-
YYTHHO OTMEYEHBI TI0 TIITHKY, MEJTN 1 MBITITHAKY,
0cobeHHO B paiione 3aBojia «[Roibuyriermers.

Paboma svitnoanena npu hunarncosoii noddepoic-
ke POQU, npoekm 17-05-41034 PI'O_a.
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The composition and toxicological properties of copper(I1) sulfate solutions containing reduced glutathione (GSH)

have been studied. Tt was found that complex compounds Cu*" with GSH are formed in the solution in the Cu(IT):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(11):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(11):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(I1) 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. Glula-
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(11):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”
(Iyophilized 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
[-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 ISO 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 - 10% cells/cm?)

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 (IVA) on the analyzer of
the brand Ecotest-VA [19, 20].

Bioassay using Daphnia magna Straus crus-
laceans

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 + 217,
2Cu2* +6GSH—2Cu(I)-[GSH], + GSSG + 2H,
Cu(I)-[GSH], +0,— Cu(Il)-[GSH],+ = O,,
Cu(I)-[GSH], ++O,+ 2H* —
Cu(I)-[GSH], + H,0,,

AFO, O,
2GSH ——— GSSG + 2H".

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.

Asaresult 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(II):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(Il) with GSH begin
to form at a 2Cu (I1):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 al a ratio of 1:4. It was not possible
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Fig. 1. Curve of potentiometric titration of 1+ 107 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(II) complex with GSH in solu-

tion. Cyq,

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 aqueous
solution by this method.

The method of isomolar series showed thatin
the solution there is a compound corresponding
to the molar ratio 1Cu(I1):1GSH (Fig. 2). The
conclusion about the existence of a compound
of this composition in the aqueous solution is

= CCU(“) =1-10° M, X =208 nm, and a is the slope angle of the saturation curve

confirmed by the calculation of the slope of the
saluration 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(I1):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. 4. Concentration of GSH in CuSO, solutions
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Fig. 5. Concentrations of O, and AFO in solutions
of CuSO, containing GSH in the examined variants

tions of the initial components (Cu?" and
GSH) in the solution compared to their en-
tered amounts (IFig. 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:
— 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 that in the 1: 1 —» 1: 2 —

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

1: 4 series, the concentration of O, dissolved in
waler 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 loxicity

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+£1%, 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 afterits 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 V. 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). Soin the 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 contlent, the viability of the
CBdecreases (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 sampleis highly toxic), option 1:2 — second

O B
1200 1st day B 7th day
1

- 000

g 800

—

o 600

2 A

= 400

200
Control 1Cu:1GSH 1Cu:2GSH 1Cu:4GSH
Variant
Fig. 7. IBCL of V. 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 /
Ve t .
ariad 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 1 100 - -
1:1 0.85+0.015 I 99.83 £ 0.09 11 100 - 0
1:2 0.66 + 0.021 I1 29.98 + 917 11 93.3 70 0
1:4 0.26 £ 0.06 I 0.19 + 4.87 I 0 3.3 101

Note: “=7 —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) in the 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 molarratio Cu(I1): GSH to 1:1, 1:2, 1:3 and
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 I. 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 V. 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 Universily 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 1..) have been
studied. The experiments have been performed in several series with different solutions of metal salts: AICL, * 61,0,
KMnO,, MnCl, + 4H,0 for the first and second series and A1(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/Lfor 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,
7n 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 Allium cepa 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. It was
suggesled 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. Data on
the combined action of metals at concentrations
actually existing in the environment are practically
nonexistent, which prevents the development of
standards to limit their impact on ecosystems and
components of agrobiocenoses.

Forplants it means that the entry of ions of any
chemical elementin 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 1..). 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,,
MnCl, + 4H,0 and AICL, » 6H,0). In studying
a combined impact of silver and aluminum ions
the salts AgNO, and AI(NO,),, were used. The ion
concentrations of all studied metals amounted to
1 MPCaccording to the Russian health legislation
and were 0.5 mg/L for Al, 0.1 mg/L for Mn and
00 pg/L for Ag, respectively. The hydrogen ion

Teopernueckas n npuraaguas skogorms Ne2, 2018



JROTORCHROJIOTUS

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 Al**.

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 experiment and in
the reference test were cut off and preserved in the
mixture of alcohol with glacial acetic acid in a 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 M1 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; ) tripolar mitosis — the formation of three
strands of a division spindle and the chromosome
disjunction to three poles.

The coefficient of antagonism (C, ) inacom-

ant

bined impact of two metals on onion roots was

calculated from C =S, ,/(S,+S,), where S, is
the parameter value determined in a combined im-
pact of two chemical elements minus the reference
value; S, S, is the parameter value determined in a
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 plants is
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
Alinduces 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 AICIL, « 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 in a potassium 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 (avital 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)
arenoted (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 MI 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 orin 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
grealer 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
(MI, 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 (I11)
ions reduced the genotoxic effect of Alionsin 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 Alions do not provoke phytochelatin synthesis
in plants [21]. If we take into account that monova-
lent silver at 100 wM 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
95.0£2.6%. The effect of silver ions on the root
meristem cells of onion is also manifested in reduc-
ing the Mlindex value (approximately two fold) as
well as in increasing the fraction of aberrant cells

Table 1
Cytogenetics effects of ions Al and Mn (VII and I1 valency) or Ag (separately and combined effectzl)) ‘
Variant ‘ MI, % ‘ FAC, %
I series of experiments
Blank 8.7+0.8 0.9+0.7
Al (AICL) 4.6+0.7* TA£2.5%
Mn (KMnO,) (VII valency) 4.9+0.3 2.8+1.6
Al + Mn 6.9+0.6 2.4+1.1
IT series of experiments
Blank 8.2+0.6 1.4+0.8
Al (AICL) 2.1£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
I1T series of experiments
Blank 10.1+0.9 1.2+0.8
Al (AI(NO,).) 2.9+0.5% 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 MI and FAC in the onion
rool meristem on exposure lo Al ions is more pronounced as compared lo 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 m1 m2 1 2 o
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 — chromalid bridge (single); m2 — chromosomal bridge (double); [1 — fragment; [2 — relardation of the enlire

chromosome; g — tripolar mitosis; “—"
(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
MTIis 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
presentin 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
expecled 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 genelic devia-
tions. The effect of silver ions manifests itself in

— that type of aberration is missing.

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 FACand
changes in the aberration spectrum — the reduction
of genome aberrations most harmful for cells). The
presence of manganese ions (and cations of rel-
evantmetals) in a solution did not resultin chemi-
cal sedimentation of aluminum compounds: the pH
value of a solution for germinating onion bulbs is
retained by adding small amounts of concentrated
HClat pH = 4.5, whereby aluminum is in a form of
Al**. 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 MI value of rool 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 M1 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 (AO7) 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. Various 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 animportantrolein 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 environment annually. Thus, textile industry
isone 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 negalively
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 1.8-2.7V
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., Litd. (Shanghai,
China) but with HPLC grade. All chemicals were
used as received without further purification. The
sample solutions were 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 °Cwithoutirradiation or under
irradiation by a direct exposure Vislight 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 a magnetic stirrer (model 78-1, Hangzhou
Instrument Motors Factory, China).

A stock solution of AO7 with the initial con-
centration (C;) 20 mg/Lwas prepared freshly with
deionized water before each run. Since PS is an
acidic oxidant, the addition of PSled to a significant
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
AOT7 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 al given reaclion
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 spectra of AO7 in
terms of the percentage of degraded azo-dye, which
was calculated from the following equation (1):

Decolorization efficiency (%) =
=(C,—C) /G, 100, (1)

where C, is the absorbance at 484 nm for AO7
atagiven reaction time t and C, is the 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, /Vis process
and HSO,” /PS/Vis process. As shown in Figure 1
(see colorinsert), negligible removal was observed
when AO7 was treated by PS/Vis; ~29% and ~40%
of AO7 was oxidized by HSO,” /Visand HSO,” /PSS
within 30 min respectlvely, while the 0X1dat10n
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 ils oxidation potential was very limited
(E°=2.01 Vvs. NHE) [9]. However, AO7 could
be degraded byHSO, /PS, and the efficiency of
the system HSO, /Pb/qu was much higher
than that of HSO ~/PS.

Spectral change of AO7

AOT 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 colorinsert). 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 w-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].

In addition, 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
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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 Wae evaluated by conducting
experiments at 0.5, 1,2and 4 mM, respectively. The
initial AO7 concentration was fixed at 20 mg /L, PS
concentration was 0.2 g/L, initial pH was 4.75 and
the lightintensity was 500 W. As shown in Figure 4
(see colorinsert), 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 to 4 mM resulted in a decrease
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, + *SO, —SO>+ HSO;, (2)
2 HSO, — I,8,0, (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
o0 mg/L, respectively, and the changes of AO7
relative concentration as a function of reaction
time was shown in Figure 5 (see colorinsert). 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 is, the lon-
geril 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, /PS system under condition of 0.2 g/L PS,
2 mM HSO, and 500 W visible light. As depicted in
Figure 6 (see colorinsert), the best performance of
Vis/HSO, /PS was observed in pH 2.75 with 93%
decolorlzatlon 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 (3).

8,02+ H > HS 0, (4)

HS Oy — H'+ +SO, + SO (D)
Effect of co-existing inorganic anions
Inorganic anionsis usually present in 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/?, aseries of experrments

were conducted and the results are givenin Figure 7

(see color insert). It can obviously be found that

SO/ and CI slightly affected the degradation of

AO7inHSO, /PS/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 AOT7 in Vis/HSO, /PS process.

However, the addltlon ofHSO, and HPO*
almost completely inhibited the degradatlon of
AO7 in Vis/HSO, /PS process. Their inhibiting
effects can be ranked from low to high in an order of
CI'=S0O7 < NO,; < HCO, = HPO?.

As the prev1ous 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,/PS/Vis treatment process was investigated.
[t was demonstrated that aqueous solutions of AO7
could be degraded in theHSO, /PS/Vis process, in
which the efficiency was enhanced greatly under
thevisible light. The optimal conditions were initial
AOT concentration 20 mg/L, PS concentration
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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, /PS/
Vis system were also investigated. NO, ", HCO, and
HPO/ had a negative effect on AO7 degradation
efﬁuency in HSO, /PS/Vis process. All of these
results show that HSO ,/PS/Vis is a simple and
efficient oxidation technology for the remediation
of waslewalers 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].
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MYJIbTHBUIOBBIX ONOILIEHOK Ha ocHoBe Fischerella muscicola
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B crartbe npejicraBieHbl pe3ysibTaThl OMBITOB 110 N3YYEHUIO 0coOeHHOCTEl (hopMUpPOBaHUS OUOTIEHOK HA OCHOBE
ABYX- 1 TPEXKOMIOHEHTHBIX accolnaluii MuRpooprann3mon ¢ yuacruem nuanodaxrepun (I[B) Fischerella musci-
cola 300, crpenrromutiera Streptomyces wedmorensis 38.11 n mukpomunera Fusarium avenaceum 7/2. Ilorazano, 4o
MPU WHTPOAYRIMN MIUKPOOPTAHU3MOB B CTEPUJIbHYIO MTOUYBY Ha €6 MOBEPXHOCTH 3a TPU MeCsIa HKCIO3UINN Ha CBeTY,
B Bapuanrtax ¢ Mmonoryabrypoii [IB u ¢ rpéxkommnonentnoii acconuanueii popmupyioresi pazpacrannus (OGnoriaéHKm)
€ ITOTHOCTLIO TIOTTYIATIIT (DOTOTPOPHOTO KOMITOHEHTa, MPeBbITIaiotieit 50 MITH KiT./cM?. ATpernpoBamie KIeToK B TOT00HbIX
OUOIIIEHKAX CBSA3AHO He TOJTHKO ¢ BbIJIeJIeHIeM TTosincaxapuaHoii cansu LB, Ho n ¢ cosnanmem ceruaTo-HUTYATOI CTPYKTYPBI
pazpacranus 3a cuér nureil [IB u munenus rereporpoubix maprHépos, cyMMapHas JIHA KOTOPHIX MOKET JOCTUTAThH
morasareseii, npeswimaioninx 400 m/cm? B onpitax ¢ nnoryasnueit cemsan Triticum aestivum L. yeramosmierno, uto
ABYXKOMITOHEHTHYIO accoriuanuio Fischerella muscicola + Streptomyces wedmorensis B mepcrieKTuBe MOKHO NCIIOAb30BAThH
B KauecTBe OMOJOrMYeCcKOr0 areHTa JI/Isi OrpaHnveHust pa3suTust hy3apnosHoil mH@ernumn B pusoc@epe BhICIIero pacTeH s,

Kuouesste crosa: inanodakrepn, CTpeITOMUIETbI, MUKPOMUIIETHI, OMOTIIEHKI, IIIOTHOCTD OIS, pusocdepa,
MUKPOOHAsSI MHORYJISITIHSI.

Formation and assessment of the phytoregulatory potential of
multispecies biofilms based on Fischerella muscicola

© 2018. L. I. Domracheva'2, I. G. Shirokikh? 3%,

E. V. Tovstik"*%, S. G. Skugoreva'- %4, E. N. Reznik*,
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e-mail: tovstik2006@inbox.ru, irgenal@mail.ru, dli-alga@mail.ru, skugoreva@mail.ru

The results of experiments on the study of the features of the formation of biofilms on the basis of two- and three-
component associations of microorganisms with the participation of Fischerella muscicola 300 cyanobacteria, Streptomyces
wedmorensis streptomycete 38.11 and Fusarium avenaceum 7/2 micromycete are presented in the article. When micro-
organisms are introduced into sterile soil, over the three months of exposure to light, in variants with a monoculture of
cyanobacteria and with a three-component association, growths (biofilms) with a population density of a phototrophic

117

Teopernueckas n npuriaagHas sroaorus Ne2, 2018




HHOLYJIANNOHHAA OROJOT A

118

component exceeding 50 million cells/ecm? 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 + Streplomyces wedmorensis in
perspective can be used as a biological agent to limit the development of fusarium infection in the higher plant rhizosphere.

Keywords: cyanobacleria, streptomycetes, micromycetes, biofilm, density of populations, rhizosphere, microbial

inoculation.

CocyimectBoBanme B OHOI cpefie 00uTanmst
pasnuuyHbIX BUAOB Mukpoopranuzmos (MO)
ABJIACTCS MPEAIMOCHIIKON K GOPMUPOBAHIIO
MHOTOKOMITOHEHTHBIX COODIIECTR, YIACTBYIOTIIIX
B 9KOCHCTeMHBIX mporieccax. [las obnervenns
COBMECTHOTO OCBOCHWS DKOJOTHUCCKUX HUTIT Y
MO pBONTOTIMOHHO CTOKMINCH MEXaHU3MBI, pe-
ryJupyioiiue crparernio ux pocra [1].

B romme 70-x romos XX Bexa B MUKPOOIO-
Jaoruu ¢(OpPMUPOBATOCH HOBOE HAllpaBJIeHIe,
¢BsI3aHHOE ¢ M3ydeHneM 0co0oit GopMbl cyIie-
cTBOBaHUsA Oaxrepuii B Bume ononnénor (BIT).
[Tox BII monumaior mpocTpamcTBeHHO 1 MeTado-
JMYeCKH CTPYKTYpupoBatubie coobmiecrsa MO,
3aKJII0YEHHbIe BO BHEKJIETOUHBII [MOJUMEPHBII
MATPUKC W PACIIOJIOMKEHHBIE HAa TPAHUIlEe pasye-
na ¢gas. Uccnepoanus BII mokaszanu, uro js
MPUPOHBIX MOMYAAINH OaRTePUii XapakTepHo
TaK HA3bIBAEMOE «TYBCTBO KBOpyMa» (quorum
sensing), KoTopoe obecreynBaeT MeMKKIeTO-
HYI0 KOMMYHUKAIUIO y OaKTepHil TOCPecTBOM
XUMUYECKUX CUTHAJIOB [2].

Cpefu 1inTeibHO CYIECTBYIOMINX MPU-
ponubix BII, aonmx Makpockonmueckne pas-
pacranus, Boiesssioress muorosuaossie BII ¢
nomunuposannem IIB. Ogna u3 ocobennocreit
MYJBTUBHUIOBLIX Onomnaénok na ocunose B
COCTOUT B TOM, UYTO B HUX PE3KO BO3PACTAET 3a-
MUTHBIT 3 PeKT s Bcex napraépon [3-9].
[LnorHOCTL TIOMYJIANI, BUOBOII U TPYITIOBOI
COCTaB OPTAHN3MOB B 1TOJJOOHBIX 00Pa3oBAHMSX
peryJupyercs Tpuajoii BHeIHIX (PakTOpoB: 10-
TOKOM OMOTE@HHBIX 3JIEMEHTORB, TPOPUUECKOT aK-
TUBHOCTHIO MUKPOOOB-XUTITHIKOB 1 XaPaKTePOM
B3auMoOTHOIIeHN Meskay napruépamu BII [6].
Cpepu npenmyinecrs BI1 ormedaior criocodnocTh
MCIIOIB30BATH PA3TNYHBIE TI0 COCTABY CYOCTPATHI;
BO3MOJKHOCTH CAMOPETYJISIINN 38 CUET N3MeHe-
HIST COOTHOITEHWS YNCTeHHOCTH BUIOB, BXOJIs-

IIX B COCTAB KOHCOPIIMYMa; 060Tatenme cpejibl
IK30MeTaboJMTaMu, EeHHBIMI JIJIs1 TapTHEPOB;
CIOCOOHOCTH CUHTE3MPOBATH aHTHOAKTePUAh-
Hble 1 auTurpubdubie Bemnectsa [7—10].

ARTYaJIbHOCTh U3YUEH IS COCTaBa U CTPYKTY -
pot MmysnbTHBUIOBBIX BIT 1 hopmupoBanms cBsizei
mesy Bxofanmmn B inx MO obycnoBiena Bos-
MOYKHOCTbBIO IIPAKTIYECKOro ncionb3opanus BII
B pas3nnyHbIX cepax 4e0BeuecKoii esaTebHO-
CTH, BRITTOYAS NX ITPUMEHeHNe B PACTeHeBOJICTBE
VIS OTPAHUYCHUST YNCTCHHOCTH (PUTOMATOTEHOB.

Texmomormueckne pazpabOTKI 110 UCTIOTH30-
Banmio BIT MoryT 0cHOBBIBATHCS Ha TPUPOILHBIX
BII, a Takske Ha MCKYCCTBEHHO CKOHCTPYHPO-
BAHHBIX MUKPOOHBIX KOoHcopImyMax. OcoObrit
MHTepec pu KOHCTPYUPOBAHWY KOHCOPIIITYMORB
BBI3BIBAIOT TUIINYHBIE TIPEJICTABUTENN TI0YBEH-
HBIX TPaAMITOJIOKUTEIbHBIX OaKkTepuii — crper-
TOMUILETHI, METabOJNUTH KOTOPHIX 00/1a/1at0T
MUPOYANIIUM TTOTEHIINATOM OMOJIOTUYECKOT
AKTUBHOCTH, BRJITOYAs CUHTEe3 aHTUPYHTaIbHBIX
aatnounoturon [11] u gpuroperyasropos [12].
[TonoskurebHBITT TPOIN3M CTPEIITOMUIIETOB
k IIb nmorkasan B sKclepuMeHTax 10 co3ja-
HUTI0O MCKYCCTBEHHBIX IMaHobaKTepuaabHo-
AKTHHOMUIIETHBIX TAJJIOMOB — AKTHHOJIN I AITH -
roB [13, 14]. Ilo cpaBHEHNTO ¢ MOHOKYJIBTYpaMit
[1B n crpenroMuIeToB B 9KCIIEPUMEHTATHHbBIX
accoruarnusx Habaoaamu crernuduyecKkme ajar-
TUBHbBIE PU3NOJIOTO-ONOXUMIYECKIEe N3MEeHeH ST
MapTHEPOB, BRIIOYAS AHTATOHU3M B OTHOIIIEHU N
¢uronarorennbix rpubon [15-19]. Ormeueno
cymecTBenmoe ypennmuenmne dmomacent 1B B
TAJJIOME acCOIMAINN 110 CPABHEHUIO ¢ MOHO-
rynbsrypoii 1 B.

[Tockonbry nsyuenue Bzaumopeiicrsuss MO
B ipupoanbix BII sarpynierno B meroguueckom
OTHOIIICHW N, BBISIBJICHITE 0OCOOCHHOCTEI B3aMO-
neiicTBIS OTebHBIX KoMToHeHToB BI1 Bo3amosk-
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HO TIYTEM CO3JIaHUs MOJEIbHBIX acCOTMATIII.
W3yuenune B 9KcrepuMeHTAIbHBIX cUCTEMaX
Xapakrepa B3anMMOJeHCTBUS MAPTHEPOB MOKET
TOMOYb BBISIBJIEHNIO PA3HOHATIPABICHHBIX JIeTi-
crBuii accomunpoanubix MO, omnpenenurs cra-
OUIBHOCTH CYMIECTBOBAHWS W TIPOYKTUBHOCTD
CUMOMOTIUYECKOTI CHCTEMbI B T[@JIOM.

B 3amaum paborsl BXOAMIO0 M3yUYeHIe BO3-
MOYKHOCTHU CO3JIaHUs CTPYKTYPUPOBAHHOTO
coodmecrsa (BII) na ocnoBe muanobaxTepun,
CTPENITOMUIIeTa 1 MUKPOMUTIETA; BBISIBJCHIE Xa-
paKTepa BO3JEHCTBISA OTeTbHBIX KOMITOHEHTOB
BII npyr va gpyra u onenka GUTOperyasiTopHOi
AKTHUBHOCTH DKCIIePUMEHTAAbHO TOJYyUYeHHOI
acconmnanm B yCJOBUAX pusocepbl BLICITEr0
pacreHmsi.

O0BeKTBI 1 MEeTOJbI

OO berTaMu UCCTeOBAHIS CJHYKILIN KYJIb-
typel LB Fischerella muscicola (Thur.) Gom.
300, akrTunomurtiera Streptomyces wedmorensis
38.11 u mukpomutiera Fusarium avenacium 7/2,
MOCTIeIOBATEIHHO OObeITHACMBbIe B [IBYX- 1 TPEX-
KOMITOHEHTHbIe acCOT[MATI.

AHTArOHUCTHUYECKYIO AKTUBHOCTH MOHORYJIb-
Typ crpenromutiera, 1B n nx 6unapuoii acco-
MUANN B OTHOIEHUN (DUTOMATOTeHHOTO Tprba
I, avenacium onpepensian meropom nudysnn B
arap ¢ ucroyibzoBanuem 0;109koB. [[namerp 3on
MOJIABJICHIST POCTA TeCT-KYJIBTYPhI U3MEePSIIN Ha
gerBépriie cyrru nunrybammn mpn 27 C. Rasxmpiit
TeCT TPOBOJIMIIN B TPEXKPATHON TOBTOPHOCTI.

OmpIT 10 BBISBJICHUIO XapaKkTepa BO3Jell-
CTBUS OT/CJIBHBIX KOMITOHCHTOB CMEIIaHHBIX
KYJBTYP IPYT Ha IPYTa TTPOBOIAIN B MTKPOKOC-
Max co cTepuyabHON 1mouBoil B uarnikax [lerpu.
B rauectne cyberpata mcnosb3oBaan mpocesi-
HYIO Yepe3 CUTO ¢ JITaMeTPOM OTBEpPCTHil 2 MM
JIePHOBO-TIO/I30JINCTYIO TIOYBY, KOTOPYIO TPEX-
KpPaTHO CTePUJIN30BAJII ABTORJIABUPOBAHUEM I1PU
1 arm. B reuerme 20 mun u yBiazkusan 1o 70%
OT TIOJT@BOT BAATOGMKOCTI. ATPOXTMUTCCKIE
MOKA3aTeJIN TIOYBBI: COlePKAHNEe OPTaHIMYeCKOTO
semectsa 6,5%, pH, ., = 6,2, conep:ranme nie-
MEHTOB MUHEPAJTbHOTO TUTAHIS COOTBETCTBOBAJIO
cpefiHeMY YPOBHIO 00eCIIedeHHOCTH TTOYB.

Jlist mHTPOYKIMN B IOYBY RYJIBTYpY F. mus-
cicola BoIpanuBasm B 3KuIKoI cpefe ['pomosa Ne 6
6e3 azora, KyJabrypy S. wedmorensis — Ha JIOTHOI
cpene 'ayse 1, F. avenaceum — na mioTHoii cpejie
Yamnera [20].

(Cxema sKRcIIeprMeHTa BRI0YAJIA CIeIY0Ine
Bapuantwl: 1) S. wedmorensis; 2) F. avenacium;
3) F. muscicola; 4) S. wedmorensis + F. av-
enacium; 9) S. wedmorensis + I. muscicola; 6) I. ave-

nacium + Fis. muscicola; 7) S. wedmorensis +
F. avenacium + Fis. muscicola. B coorBercTBUN
CO CXeMOIl DKCIIepUMEeHTa, B 1IOYBY BHOCUJIN, B
3aBHCUMOCTU OT BapHaHTA, JKURYIO KYJIbTYpPYy
nmanobakrepun Fis. muscicola (8,4 + 10°x1./r)
n/nan crmoposblie cycrensnu S. wedmorensis
(6,4 + 10° ROE/r) u F. avenacium (8,3 < 10%
ROE/r noussr).

[Tocste BHECEHUST RYABTYP YAIITKHI ¢ TTOYBOIA
006pTHIBAIN IINIEBOI IIPO3PAYHON [LIEHKON 1
WHRYOUpPOBAIN HA CBETY (ecTecTBEHHAS OCBe-
ménnocts) npu remueparype 20 °C. [To mepe
BBICHIXQHUSI IOYBBI, TPOBOJIIIIN €€ YBIaKHEHe
CTePUIbHOI BOJOIIPOBOIHOM BOOI.

Yepes 3 mecsana nakybanum, Kormga pas-
pacranus MO morpbIBajin BCIO MTOBEPXHOCTh
MOYBbI, IPOBOJUIN YUET YNCACHHOCTU KIETOK
F. muscicolan pparmenrtoB mutienus . avenacium
(c mamepenuem ux jyinHbl) B oopasnax bIl u us
nepudeprdecKkoii YacT ITOYBBI METOOM TTPSIMOTO
cuéra Ha MasKax Iofl MIKPocKomoM [6].

Jlnst orenkm anTudy3apruo3Hoil aKTUBHOCTH
MOHOKRYJIBTYP S. wedmorensis w F. muscicola n
ABYXKOMITOHEHTHOIT accotuarinm.s. wedmorensis +
F. muscicola npoBopuin npepnoceBHyio 00-
paboTry cemsH nireHuIb copra [lpnokckas
sugrumu kyasrypamu MO. Rynabrypy crpenro-
MUIETA BRIPAIIUBATIN B JKUKOU MUTATEIHLHON
cpene "ayse 1 na kauanre (120 06./MuH), RyJib-
trypy IIB — na cpene 'pomosa No 6 6e3 azora Ha
csery, B reuerne 14 cyr. CMenmannyio IByXKOM-
MOHEHTHYTO KYJAbTYPY TOJTYUYaIn TyTémM 00beji-
HEeHUs PaBHBIX 00HEMOB (1 MJI) 4MCTHIX RYJIBTYD
crpenromuiiera u LUB B 50 M munepaibHoii
cpensl BG-11. RyrsruBupoBanm mcKyccTBeH-
HYIO aCCOTMATINI0 HA CBETY (ecTecTBEHHAs OCBe-
MEHHOCTD) JI0 MOsIBJIeHUs BUunMbIX Hureir [1b
1 T7I00YJ CTPEIITOMUTIETOR.

CeMeHa IIIeHNIIBI CTEPUIN30BAJIN B TeUeHIE
3-X MIUHYT CMeCh0 3%-HOTO PacTBOPA EPOKCHIA
Bojopoa n 96%-Horo »TUIOBOTO crUpTa B CO-
ornotmenun 1:1, ¢ mocaeyOMumM 3-X KpaTHbIM
OTMbIBaHMEM JMCTUILINPOBaHHON Bomoil. Cre-
PUIbHBIE CeMeHa PaCKIa[bIBAIN HA TOJOMHBII
arap u BoijiepskuBain B repmoctare mipu 27 °C B
TeueHne CyTor s npopamuBanus. Haoyxmime
W TPOKJTIOHYBINMECH ceMeHa TImeHnTbl oOMa-
RuBanu B sugrue vyaprypbl MO, ucnonnsys
IUIsT MHORYJISIIINN pa3Be/leHie IMCTUITNPOBAH-
noti Boytoii 1:100. Konrtposem cayskun Bapnant
zamaumBanusa cemsan B cpefe BG-11 B tom sxe
passeenunu. VHoKkyniupoBanHbie ceMeHa 110-
MeIIaIn B COCY/IbI ¢ TIECKOM U BBIPAIIUBAIN Ha
nByx gonax: 1 — KOHTPOIb (HenHPEKITMOHHBIIT
on); 2 — nudernmonnstit pou mo F. avenaceum.
Rasknprit BapmanT ombITa 3aRAAJBIBATN B TPEX
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noBropHocTsX. COCy/bl TTOMEIaNn B RauMaTnye-
cryto kamepy ¢ gororepuogom 16/8 vac (neun/
Houb). Ilonus pacrenuii ocynecTBiasam pac-
tBopoM Hmona. Criyers 27 ¢yt ot Havaaa ombiTa
pacTeHusi N3BIEKAIN U3 TIeCKa, KOPHI OTMbIBAJIN
BOJIOTIPOBOTHOT BOJIOI, M OTIpeleisiiin Mopome-
TPUYECKUE TTOKA3aTeJ Il ITPOPOCTROB.

[Toryuenubie nanubie 06padaTbiBaIN ¢ UC-
noab3oBanneM makera nporpamm EXCEL n
STATGRAFICS. B radaunax 1 u 2 u na pucynke
MpPeJCTaBIeHbl cpe/iHNe 3HAYeHUs W ONMOKN
CPeTHNX.

Pesyabrarel n o0cy:kuenne

Ocobennocmu gopmuposarnus 08yx- u mpéx-
romnonenmmwix accoyuayuit MO e nouse. B uerni-
péX BapmaHTax SKCIIePUMEHTa 110 WHTPOILYKITNT
B crepmiibhyio mouBy MO, tam, rjie mpu 3aKyuajike
OIbITA BHOCUIN KYJABTYpPY F. muscicola, na mo-
BEPXHOCTHU MOYBBI MTPOMCXOMIO TTOCTETIEHHOE
pazBuTHe MuanodakrepuaibHbIX HanéToB (BIT —
«IBeTeHne» MmovuBbl). Kak u B IpupoHbIX yeI0-
BUSAX, TEPBUYHBIM KOJTOHNU3ATOPOM ITOBEPXHOCTI
CTEPUIHLHON TTOUBBI B MOJIEJIBHOM OTIBITE SIBUJICS
mpejcraBurelsib pororpodor — I. muscicola. N3-
BECTHO, UTO TeTePOINCTHBIE a30THUKCHPYIOIIIe
B, &k kKotopbiM otHOCuTCSst U F. muscicola, Moryt
BBIICJIATH B OKpYsRaouyio cpeay 1o 90% mpo-
nykros amadosmama [21]. @ororpodusie MO
CO3JIaI0T TIePBUYHYIO (MATPUUHYIO) OUOTLIEHKY,
B KOTOPYIO B JlaJIbHENIIIeM U MOJCesIOTCS re-
TepoTpodHBIE MUKPOOPTAHN3MBI, JIJIsT KOTOPHIX
pr3oMeTabonuTel PoToTPodOB ABJISIOTCA, TTO-
BUJIUMOMY, TTIABHBIM HCTOUHUKOM MTUTAHMS. YUéT
ROJIMYECTBA ITPOTaTyJi rprba 1 cTpernToMutiera B
MOYBe BAPUAHTOB ¢ WHTPOAYRITUEN IBYXKOMITO-
HEHTHBIX accoluaInii Ha ocHone F. muscicola mo-
RrasaJj, uro B npucyrcrBun LB momyisinonnas

IJI0THOCTB F. avenacium yBeanuuiach B 3,3 pasa,
a S. wedmorensis — B 300 pa3 (raba. 1).

Brecenue B 1ouBy IBYXKOMIIOHEHTHOI cMe-
MaHHOI KyJAbTyphl S. wedmorensis + F. avena-
cium, o cpaBHEHNTO ¢ MOHOKYJIBTYPOT CTPenTo-
MUIETa, TPUBEJIO K CYIIeCTBeHHOMY YBeJIMYeHU 10
ROJIMYECTBA CTPenTOMUIeTHbIX mponary (8 100
pas), Toria KaK KOJMYecTBO TPUOHBIX TPOTIATYJT
B npucyrerBun S. wedmorensis [OCTOBEPHO He
UBMEHSAIOCH 110 CPABHEHWIO ¢ MOHOKYJILTYPOT
F. avenacium.

[Tpu pazButum moHORyIbTYypanbuoili BII
MJI0THOCTE oty siiun F. muscicola pocrurana
cBoimre o0 MJTH KJI./cM?, a cyMMapHas JJInHa
tpuxomoB — 6osiee 400 m/cm?. B BII, o6pazosan-
HBIX JIBYXKOMIIOHEHTHBIMU accoruanusmu, [1B
UCIBITHIBAJIA YTHETEHUEe CO CTOPOHBI TAPTHEPOB,
CHIUKAS UMCICHHOCThL KIeTOR B 2,4—7,0 pas,
a juHy Hutell B 3,6—7,0 pas B 3aBucuMOCTH OT
MPUPOJIBL accormanTa (Tadm. 2).

B Goubineir crenenn, uem rpubom, pocT
(puriepenIbl OrpaHNYNBANICA KYJIBTYPOIl CTper-
TOMUIETA.

[Tousennnie MO, npepcrasnennnsie B BIIT
HUTYATBIMK 1 MUTeJIUaTbHBIMI (hopMamu, siB-
JSTIOTCS CUIbHBIMI CTPYKTYPOOOpPa3oBaTessiMu,
NpuiaBasi orpeieeHHYIO TeKCTYPY U TPOYHOCTh
ouonnénram. PesynbraThl M3amMepeHust JJIMHbBI
IPUOHOTO 1T DAKTEPUATHLHOTO MUTICTUA, 4 TAKKE
IJINHBL HUTel (Puiepesibl, BRIOJTHEHHOTO ¢
MOMOIIBIO OKYJISIP-MUKPOMETPa P MUKPOCKO-
MIUPOBAHNT MA3KOB, IPeJICTaBIeHbBI B TadanTIe 2.
B BII, cpopmupoBanmoii TpEXKOMITOHEHTHBIM
ROHCOPIIUYMOM, WHTEHCUBHOCTH PA3MHOKEH S
(puriepenIbl HA MOBEPXHOCTH TIOUYBBI COXPAHS-
JaCh TPAKTHYECKI HA TOM 3Re YPOoBHE (D2,3+3,9) *
108 k1. /cM?, aTo U B MOHORYJIBTYpE (D4,3+7,0) *
10% ka./cm? He uamMeHsAINCH B TPEXKOMIIO-
HEHTHOM KOHCOPI[MYMe IOKa3aTejun pocra

Ta6auma 1 / Table 1

[TomynsmoHHas IOTHOCTh WHTPOAYIMPOBAHHBIX B 1104BY MO 110 IaHHBIM 110CEBA HA arapu30BaHHbIe
cpennt / Population density of MO introduced into the soil according to the data of inoculation on agar media

Yucaenwmocts, Toic. KOE/r
Bapuanr omrbita Number, thous. CFU/g
Variant of experiment F. avenaceum S. wedmorensis
Ha cOJI0/I0BOM arape / malt agar Ha arape layse 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 -

;.' flﬁzli(égelzsw + F. avenacium + 2.341.1 5.741.4

Ilpunewarnue / Note: «<—» — ne oonapyaceno / “—" — nol delecled; «*» — docmoseprbie omauius sapuarnmos npup < 0,05 /

reliable differences of variants (p < 0.05).
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Ta6amma 2 / Table 2

[TomynsimoHHast NIOTHOCT WHTPOLYIMPOBAHHBIX B TIOYBY MUKPOOPTaHU3MOB
(o panubim psimoit Mmukpockonuu) / Population density of microorganisms introduced into the soil (ac-
cording to the data of direct microscopy)

Yuemennocrs Kiaetox / parmenTon
B mutesnst Ha 1 em?® (+ 109) Jlmsa Huredt / muiesst, M/cm?
apuatt ombira / Number of cells / fragments of Length of filaments / mycelium, m/cm?
Variant of . 5 o
) mycelium per 1 cm?* (+ 10%)
experiment 06
1 2 3 1 2 3 ot
Common

Fis. muscicola 94,3+7,0 - — 407,2+52,5 - - 407,2+52,5
Fis. muscicola + | g 6,4 3 - 0,7£0,2 | 57,7497 - 27,942,0 | 85,6+11,7
S. wedmorensis
Fis. muscicolat 199 3,90 | 0,90,2 - 112,2:21,7 | 66,4290 | — | 178,6+30,7
F. avenacium
Fis. muscicola+
F. avenaceum+ 92,3+3,5 | 0,4+0,1 0,6+0,1 390,0+£26,2 | 28,2+5,4 | 25,5+d,4 | 443,7+37,0
S. wedmorensis

IHpumewanue/ Note: 1 — Fischerella, 2 — Fusarium, 3 — Streptomyces, «—» o6osnawaem «ue oonapyiceno» / 1 — Fischer-

«

ella, 2 — Fusarium, 3 — Streptomyces,

MUIeJInaJIbHOTO Tereporpoda S. wedmorensis:
KoJmyecTBo miporarys (tabm. 1) u gianna mute-
naust (Taba. 2) cTpentoMuiiera B HTOM BapuaHTe
MOCTOBEPHO HE OTIMYATNCH OT MORa3arTeei
B TIOYBE ¢ BHECEHTEM MOHORYJILTYPBI 1 CMeIaH-
HOW RYJIBTYPBL S. wedmorensis + F. muscicola
COOTBETCTBEHHO. PaszButue Apyroro Muiieau-
allbHOTO TeTepoTpoda — rpuda F. avenacium B
cocTaBe TPEXKOMITOHEHTHOI acCOIMAanin ObLI0
YTHETEHHBIM 110 CPAaBHEHUIO ¢ MOHOKYJBTYPOIi
aroro MO, a tarse cMelaHHON KyJIbTYpOit
F. avenacium + F. muscicola. Tar, KoinuecTBo
dparmenToB u muuHa Mutienus F. avenacium B
TPEXKOMTIOHEHTHOM KOHCOPITYMe MOJeJbHO
BIT camkanocs B 2,3—2,4 pasa, OTHOCUTEJIbLHO
ABYXKOMITOHEHTHOI accomuaium, rje cTper-
romutier orcyreTBoBas (rabdia. 2). llocronabry
repe; THTPOYKITIEH KYJIBTYP B IIOYBY OHA ObLIA
cTepuabHOI, To ocobernnoctn popmuposanust BIIT
B Pa3JMYHBIX BAPUAHTAX OTIPEJIESTINCH TOJHKO
XapaKTepoM B3anMOOTHOIIEHWS TapTEPOB.
TectupoBanue anTndyy3apno3Hoii akTUBHO-
et neeaeyemMuix Kyasryp MO morasano, uro 1B
F. muscicola He ora3biBaeT yruerarwiiero jeri-
crBus HA uronarorenuslit rpub F. avenaceum,
TOTJ[a KaK CTPENTOMUILET, HAIIPOTHB, MTPOSBILI
anTu@yHTAIBHYI0 AaKTUBHOCTEL. Bennunna 3on
MHruOMpoBaHus pocra rpuba cTpPernToOMuLIeTOM
cocraBmia 20+£2 MM B cliydae MOHOKYJIBTYPbI
u 17+2 MM — B ciryuae cMeIanHoi accoIjalnm
S. wedmorensis + F. muscicola. 1loaromy, Be-
posiTHO, B OMHAPHOW acconuarnum gysapuyma
¢ guriepesnoii He HAOIIOANN TAKOTO yrHeTe-
HUsI TPUOHOTO POCTA, KAK B 3TO MMEJIO MeCTO B
tpoitHom RoHcopimyme BII, rje crpenromurier,

means “not detected”.

o0Jiajiast 0T4aCTU CXOIMHBIMU ¢ TPUOOM MTHITIeBbI-
MU TOTPEOHOCTAMU, TPOLYIIPOBAJI, K TOMY JKe,
aHTH(YHTATbHBIE METaDOTUTHI.

Pesysibrarsl BBITIOTHEHHOTO DKCIIEPUMEHTA
MOKa3bIBAIOT, 4YT0 B HamouBenubix BII, chopmu-
poBanubix Ha ocHoBe [1DB F. muscicola, puromna-
ToreHublil rpub F. avenaceum B canporpoduoii
(baze pazsuTHs crIocOOEH OOBEIMHATHLCS B €IUHbIE
CTPYKTYPUPOBAHHBIE KOMILTOKCHI ¢ JIPYTUMUI
YYacTHIUKAMI MHOTOBUI0OBOTO KoHcopimyma MO,
B TOM YH1cJ/ie O cBouMu anTaronucramu. Pazsurue
MOo00HBIX OMOTITIEHOK HA TTOBEPXHOCTH TTOYBbI
3HAYNTETLHO MOBBIIIAET €6 CIIOCOOHOCTD Y@ PsKIL-
BaTh BJIATY U [IPeOTBpAIaTh 3po3uio [22].

Beisinennoe yruerenme pocra rpuda B cO-
craBe TPEXKOMITOHEHTHOTO KOHCOPIMYyMa dKCIIe-
pumenTanbabix BII Mosker cay:xuTh ocHOBaHUEeM
TSI BBISICHEHTIST BO3MOYKHOCTH X MCITOTb30BAHNS
B 3arrure pacreHuii ot 6onesneii. V3 monydennprx
TAHHBIX CJIEJTYET, 4TO JIBYXKOMITOHEHTHYIO aCCOTIa-
nuio LB n erpenromuiiera MosHO paccMaTpuBaTth
KaKk TepCreKTUBHYI0 B OTHOIIEHNH OMOKOHTPO-
Jst pysapuosnoii undermnuu. B 1o ke Bpems,
B crieruniaecknx yeJaoBusixX puzocepbl, Xaparrep
B3auMoyiericTBus nccsaeyeMbix Kyasryp MO mozker
OTJINYATLCS OT TOTO, YTO OBLIT ONUCAH JIJISI CTePUITh-
HOI TTOUBHI, TUTIEHHON KOPHEBBIX 9KCCYIATOB.

Bausnue npednocesnoii obpabomru ceman
accoyuamusroimu kysomypamw MO na mopgo-
Mempuueckue NOKa3amest nPOPOCMKEOSE NULCHILLbL

Bnusaune na mpopoctiu mmenutbl F. mus-
cicola n S. wedmorensis B MOHOKYJIbTypax u
B Omnapuoit acconmarnun (S. wedmorensis +
F. muscicola) wayuann B 0OBIYHBIX YCTOBUAX
1 HA UCKYCCTBEHHOM WH(ERIMOHHOM (DOHEe 110

121
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F. avenaceum. B oObIYHBIX YCIOBUAX HHORYJISI-
IS ceMsTH ncceyeMbimMu Ryabrypamu MO mpu-
BeJla K M3MEHEeHUI0 Y ITPOPOCTKOB HOPMaJIbHOTO
COOTHOIIIEHNUS TTOKa3aTejell JUHEITHOTO pocTa
(mober/KopeHb) 10 CpaBHEHUIO ¢ KOHTPOJIeM Oe3
WHORYJISAININ (puc. ).

Ecau y HeobpaboranHubIX pacTeHuil laHHOe
cooTHOTIeHNe cocranisio 1,6, 7o B BapmanTax ¢
00paboOTKOT ceMsIH MOHOKRYJIBTYPaMU UCCIeiye-
Mbix MO oro yBenmamioch o 2,9 (F. muscicola)
n 3,8 (S. wedmorensis), ykazwpiBasi Ha JIETIPECCUTO
pocta KOpHS 1 [epepaciipesie/ieHne moToka ac-
CUMUJISATOB B HAJ[3eMHYI0 YacTh. Rak ciencrsue
HecOATaHCPOBAHHOTO POCTA OCEBBIX OPraHOB B
YCJIOBUSX 9K30TM€HHOTO TOCTYIIIEHUsT MUKPOO-
HBIX PeryJsiTopoB, WHOKRYJISIIUS COIIPOBOsK/IA-
Jach y POPOCTKOB CHUKEHNEM OTHOCUTEHHO
ROHTPOJISA CYXOi OIOMAaCCHI.

Bwmecte ¢ Tem, npu MHORYJISIIUN CeMsiH Ou-
HapHoii accornanueii S. wedmorensis + F. mus-
cicola HOpMaILHOE COOTHOTIIEHIE ITTNHBI TTohera
1 KOPHS Y IIPOPOCTKOB He HapyIianoch (nobder/
roperb = 1,6), coorBeTcTBeHHO 11 OMOMAacca mpo-
POCTKOB B 9TOM BapHaHTe Obljia CYI[eCTBEHHO
BBIITIE, 4eM B BapuaHTax 00paboTKI ceMsTH MOHO-
ryabrypamn 1D n crpenrromuiiera.

[Tpn BurpamuBannm Ha nH@EKIMOHHOM goHe
y HeoOpabOTaHHBIX TTPOPOCTKOB COOTHOTIICHIE
nober/KopeHb cocTaBuio 4,1, a Macca cHU3UIACH
OTHOCHUTETLHO KOHTPOJIST Ha 42%), Kak pesyssrar
MeTaboMMYecKOro BO3IEHCTRISI HA PACTeHU s
(puronarorennoro rpuda F. avenaceum. Ilpen-

noceBHass 06padboTKA ceMsH MOHOKYJIbTYpamMu
F. muscicola n S. wedmorensis, B onpenenéHHo
cTereHn, OTPaHNYNBAJIA yrHeraolee aeicTBIe
rpuba Ha pacrenust. 06 5ToM roBopsiT HoJiee HU3KMe
(2,01 3,1 coorsercrBenno st LB n erpenrromuie-
Ta), ueM 6e3 MHORYJIAINN, 3HAYeHUsT COOTHOTIIH ST
MERITY JTUHEHHBIMI pasMepamu mobera m KOpHs,
CBUMETETLCTBYS 0 OOMLIMTEIN HATTPABICHIOCTH TI0-
TOKOB IIUTATeILHBIX BelecTs B KopeHb. I1pu srom
cyxast Ouomacca IPOPOCTKOB, KAk MHTErPabHbIIL
rnmokasaTesib X pocTa, Ha WHEOEKIMOHHOM (poHe
ObLTa corocTaBuMa ¢ GMOMAacCcoil B BApHaHTax Ha
nennderiuonrom goue. B pesynsrate 0dpadbor-
KU ceMsiH OMHAPHOI accoIMaTUBHOI KYJIBTYPOIt
S. wedmorensis + F. muscicola namerninaco rerjer-
IS K YBEJTMYCHUTO CYX0iT OIOMACCHI TIPOPOCTKOB
MO CPaBHEHWIO ¢ BAPWAHTOM 00PAbOTKYU CeMsH
MOHORYJIBTYpOI F. muscicola.

Taxkum oOpaszom, pe3yJbraTbl MOJEJbHOTO
OTIBITA TI0 MB3YUEHUTIO BIAMAHUS MCCICIYEeMBIX
MO na pacreHus IHIIEHWUIIBI, [IOKA3aJ1, 4TO Ha
paHHUX dTaax OHTOreHesa [Jisi OrpaHmdeHNsI,
o0ycJoBJIeHHBIX TpuboM Fus. avenacium wera-
TUBHBIX DPPEKTOB, MpUMeHeHe ONHAPHOI acCO-
muanuu F. muscicola +S. wedmorensis sBiisiercst
OoJIee TIPEJIIOYTHTEIHHBIM, YeM UCITOIb30BaHIE
MonokryabTyp D 1 crpeniromuiiera.

3ariaoueHue

[1pu HTPOAYRINNT B CTEPUIBHYIO TIOUBY Fis.
muscicola, S. wedmorensis n Fus. avenacium B
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Puc. Baustnue npepmoceBroit 06paboTKur ceMsTH HMITEHUIIH Ha MOppoMeTpuiecKue
MOKA3aTeN N ITPOPOCTROB B 3aBUCHMOCTH OT (DOHA BBHIPATI[NBAHTISI.
Fig. Effect of presowing treatment of wheat seeds on the morphometric parameters
of seedlings depending on the background of cultivation
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BU/Ie MOHOKYJIBTYP, OHAPHBIX 1 TPOIHBIX aCCO-
Uaruii B BApraHTax, BRIOYAIONINX B KauecTBe
onnoro n3 kommnonentos 1B, mponcxonur dop-
muposanne BIl. Cpenn Bcex paccMoTpeHHBIX
BaApUAHTOB HKCIEPUMEHTAILHO chopMupoBan-
ubix Bl Haubonbiiedi maoTHOCTBIO OIS
(cBoite 50 MITH KJI./cM?) OTTHYaInCch IBA Bapu-
anra: 1) F. muscicola n 2) F. muscicola + S. wed-
morensis + F. avenacium. ITo cBUIeTETHLCTBYET
00 o1pee/I6 HHON cTeleH COBMECTUMOCTI U KO-
aganTusHoro passutusa LB ¢ Mmunennansabivm
pyRapmoTHbIM 1 TpokapnotabiMm MO. B atnx ke
BapraHTaX OTMEUYEH MaKCUMAaJIbHBII YPOBEHb arpe-
rupoBanuoctn BlI, obycinoBnenuslii co3nanmem
CeT4aTol-HUTYATON CTPYKTYPhI HA OCHOBE MeXa-
HUYECKOTO CIJIeTeHISI HUTYATHIX 11 MUTIeJ NI bHbBIX
popm. Cymmapnas gmwna nureit 1B, rpubmoro
u arrTuHOMuIeTHOrO Mutiesiust B BIT, chopmupo-
BaMHoil Tpoittoi accormmarmeir MO, mocturana
444 m/em?. B 10 sie Bpemst, B OMHAPHBIX KOMITO3M-
nusax yposenb pazsurust 1D 6b11 HaMHOTO HItsKe,
YTO ROCBEHHBIM 00Pa3oM MOKET CBIIETEILCTBOBATE
0 CYTIECTBOBAHN OTIPEIeIEHHOI CTeNeH KOHKY-
PeHIy 3a pecypcebl (mpocrpanctBo) Mesray 1B
1 e€ TeTepoTPOPHBIMU TTAPTHEPAMH.

Anraronnsm S. wedmorensis B OTHOIIIEHUN
¢uronarorennoro rpuda F. avenacium, BbI-
SABJIEHHDBIN B UMCTBIX KYJIBTYPaX, COXPAHSICS B
pKCIIepUMeHTabHO chpopmupoBanubix BII, uro
MTOJITBEPIRIALTCS CHIMKeHeM urcyia hparMeHToB
" JINHB MUIEJsT Tpuda B 1ouBe, Kyja ObLin
MHTPOYIMPOBAHBI CTPEIITOMUIET-AHTATOHICT
n [[B. Onraxo B ycmoBusax puzocdepbl BBICITETO
pacrenust (MPOPOCTRN TITEHUTBI), BBIPATIN-
BaeMOT0 Ha MCKYCCTBeHHOM (py3apnosnoMm dore,
OsRUIaeMble TTOJToRNTeTbHBIe d(hPeRrTh OnHap-
noit accormanun F. muscicola + S. wedmorensis
OKazaJnch, HA PAHHUX dTAarlax OHTOreHe3a, He-
JIOCTOBEPHBIMU. JTO, PA3yMeeTcsi, He NCRIYaer
BO3MORHOCTH DPPEKTUBHOTO T1O/[aBIEH IS S TUMI
areHtamMu Qy3apuno3noil nHQEeRIUI Ha APYTUX
CTA/INSAX Pa3BUTUS PACTEHUI MM B UHBIX M0-
YBEHHBIX YCJIOBUSIX, 4TO TpedyeT mpoBeieHus
AaJbHEeNIINX UCCIeIOBAHNMIL.
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O. U. KAAEBCKAS, 10. B. AYBJISHCKUA
“XAPAKTEPUCTUKA KPUOIFEHHOIO KAJIbLUUTA U3 NELLUEPDbI
FPAHAWO3HAS (UM. B. A. AHY®PUEBA), IOXXKHbIWA YPAN”, C. 17

Puec. 2. Kpuorennbiit kaabiur u cragarMmuthl B rpore [lamesnt Aniepcon netepnt 'panunosnast:

a — OCBHITTL Y CeBEPHOIT CTeHDI 3a/1a (CBeTIBIe TIATHA Ha OCHITTN — CKOTIICHN T KPMOTeHHOTO KATLITNTA;
HIMprHa yyacTka, nokazannoro Ha gororpadgun, orkoso 1,5 m); b — cromienne KpunorenHbix
KaJTbIUTOBBIX KOPOUEK HA OCHIIIN; ¢ — RAJBIUTOBBIE KOPOUKH, YACTUUYHO EPEKPBIThIe HATEYHOII KOPOII,

d — cranmarmur, orobpamubiii Ha >°Th /27U patuposanue
Fig. 2. Occurrence of cryogenic calcite and stalagmites in “Hall of Pamela Anderson”, Grandioznaya cave:
a — scree slope at the northern wall of the cave (light-colored patches are accumulations of cryogenic
calcite; width of photograph is ca. about 1,5 m); b — accumulation of cryogenic calcite crusts of the scree
slope; ¢ — calcite crusts partly coated with flowstone crust; d — stalagmite collected for >**Th /U daling

| mm
—

| mm 1 mm
—

Puc. 3. Mopdomorus ranbiura us netepot 'panguosnas (FOsupiit ¥Ypai): a — ob1uii Buji moBepxXHocTn
KOpoOUeK; b — Mopdoiornst arperatoB KPUCTAIOB KaJNbINTA, 3 KOTOPBIX COCTOSAT KOPOUKH; ¢ — TTOCKOE
ocHoBamue arperaros; d, € — oTHeYaTKN HbIHE He CYIecTBYoMell MuHepaabuoil gasbl (Jibga?) Ha HuyKHel
MOBEPXHOCTI KATLITNTOBBIX KOPOUEK; f — TITMHMCTRIC YacTHTIRT MEKTY KPUCTATIaMI KaIbITNTa B KOPOUKA.
Fig. 3. Morphological features of calcite from cave Grandioznaya: a — surface of crusts; b — morphology
of calcite crystal aggregates; ¢ — flat base aggregates; d, e — “molds” of a presently absent mineral phase
(ice?) on the basal surface of calcite crusts; f — clay particles trapped between calcite crystals in the crusts
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