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2018 rop, — ocoOeHHBII B IeSITEJILHOCTH pe-
mariun skypHasa « Teopermueckast m npuriaj-
Hast ORoI0THs». FypHAT mepermary.i ecsaTi-
JIeTHUT pyOesk cBOeil NCTOPUT. 3a dTOT MePHojI
on ObLI BrIOUen B 6a3nl mannoix Ulrinch’s
Periodicals Directory, Google Scholar, Poccuii-
cruii muexce nayunoro nuruposanus (PUHIL);
Scopus, RSCI na nnarpopme WoS, yenerino
nporén nepeperucrparnio B BAK. 3naunresns-
HbIM COOBITIEM CTAJIO BRIIOUEHIE }KYPHAJIA, 110
nToram KoOHRypca, B mepeuenb 100 poceniicknx
HAYUYHBIX JKYPHAJIOB, TIPOTPAMMbI Pa3BUTU S
kotopwix B 2018 . mopjiepsRampl B paMKax pea-
nuzanun QLI « UcerenoBanus n pazpadboTru
10 TTPUOPUTETHHIM HATIPABICHUSM Pa3BUTHS
HAYYHO-TeXHOJOTHYeCKOTo KoMiniekca Poccun
Ha 2014-2020 rojpl (TocymapcTBeHHBINT KOH-
parT ot 28.08.2017 Ne 14.597.11.0035).

B 2018 r. 3HaunrenbHo pacipuiiach reo-
rpadus aBropos crareii. B skyprase nossuinch
padoThl ¢ yuacTeM WHOCTPAHHBIX YUEHBIX 13
Ruras, Ranapsr, [Tonsmm, lepmanun, Yrpau-
ubl, Benapycu, Amsgupa. CraThbu TpUHIMAIOTCS
1 ITyOJIMRYIOTCS He TOJIbKO Ha PYCCKOM, HO 1 Ha
aHIINIICKOM si3bIKax. B mepcriekruBe pefgaxims
roToBa MPUHUMATh CTaThl HA (PAHIY3CKOM
" HEMEIIKOM SI3bIKaX. YJIYUIUI0Ch KauecTBO
MpeJICTaBIsIeMbIX B M3[[aHUN MaTepuajioB 3a
cuér pasmernieHus (OTo, cXeM, PUCYHKOB Ha
MOTTOJTHUTEIbHBIX T[BETHBIX BRJIAKAX, YTO 110-
3BOJISIET BU3YAJAN3NPOBATH U OoJiee leTaabHO
WIJTIOCTPUPOBATH cojiepskanue crareit. Raskmoii
cratbe npucBanBaercs nmagerc doi njs odyer-
yeHus moucka myonnranun B cetn Unrepner,
y aBropos ykassiaercss ORCID. [Tpoposskaer

pacInpsThCsi KPYT PEIeH3eHTOB 13 YNCsa Bejy-
MUX YYEHBIX CTPAHBI.

Romnexrusom pepaxiu B 2018 1. pazpadborano
MOJIO}KeHIe 1 O0bSBICH KOHKYPC HA JIYUIIyio 00-
30PHYIO 11 DRCIIEPUMEHTAILHYIO CTaThio B 3KypHAJIE.
Kpowme Toro, BHYTPH pelakIIOHHOI KOJITIernn 1mpo-
BOJIUTCS KOHKYPC Ha Halucanue Hanbosee o0bek-
TUBHOT, ITyOOKOIT M KOHCTPYKTUBHOW PErieH3nn Ha
PYKOIINCH, TIOCTYTIAIOIIIE B PEJIAKIIIIO U3TAHIIS.

C 2018 . srypran « Teopermyeckast n IpUKIaJiHAs
arostorusi» Beixoaut B meuatnoit (ISSN 1995-4301)
u snerrponHoii Bepcusx (ISSN 2618-8406). Ilo-
JlaHa 3asBKA Ha BRIIOYEHNE jKypHaTa B MesR/yHa-
pomHy0 HAyKoMeTpruueckyio 6azy nanubsix Web of
Science Core Collection.

B pamrax peasmsarnuy mporpaMMbl pa3BUTHs
smyprana B 2018 1. pazpaboraria dIeRTPOHHAS pe-
MAKINs SKYpPHAJIA, TO3BOJSIONIAs B OTIePaTHBHOM
PeKIMe PEerncTprupoBaTh MOCTYAONNE PYKOIICH,
PeIeH3npoBaTh X, OCYIIECTRISATh BCIO TIpeJrevar-
HYIO TIO/[TOTOBKY, & aBTOPY — OTCJIEKUBATH CTATYC
CBOEIT CTaThil BILUIOTH 10 €6 C/laun B IIe4arh 1 myo/Ii-
Kalum B jRypHaJe.

Crcremarnueckn OOHOBIISIETCS CANT JKYpHAJIA,
pasmernénnsblIii 1o ajpecy: http://envjournal.ru/. [lns
paboTHI ¢ TIOCJIeIHel BepeHeil caiita MmocJe 3arpy3ku
CTpaHUIbl HeOOXOMMO HazKkaTh Kiaasuiry FO wim
ourcTuTh ncropuio bpaysepa. Ha caiire orpaskena Best
myOaMKaTmoOHHAs fleaTennbHocTh skypaana ¢ 2007 r.,
BRJIIOUAST COflepyRaHme KajKIIoTO BIITYCKA JKypHAaIa.
JI1060ii ynTares b MOKET OTKPBITH MOJTHOTEKCTOBYIO
BEPCHUIO CTATBU 1 O3HAKOMUTBLCS ¢ e6 CoflepyRaHmem
B OTKPBITOM JIOCTYTIE. SJIeCh Ke MTPeJICTABICHBI CBeJIe-
HUST 0 4JIeHAX PeIaKIIMOHHOI KOJIJICTHI, PA3MeIeH bl
HpaBuJIa Jjisi aBTOPOB, 0c000e BHUMAHIE YIeTeHO
BOITIPOCY COOIIOfIeHNsT TTYOIMKRAIIMOHHOI STUKI [/t
HAYYHBIX U3anuii. VIsMeHuIcs ajpec sJieKTpoHHOI
nouThl JrypHasa (envjournal@vyatsu.ru).

OcosnaBast MacinTab 1mpojie/IaHHoOl 3 oC/eHee
BpeMsi paboThI 110 PA3BUTIIO FKYPHATIA, X0y 100OIar0-
IAPUTH BCEX YJIEHOB PEJIKOJITIET T, HATITNX ITOCTOSTHHBIX
1 HOBBIX aBTOPOB. Oco0Y10 ITPU3HATEIbHOCTh BBIPAFKATO
perieH3eHTaM, KOTopble 110 IIpockhe PeakIii B orepa-
THBHOM pPesRIMe Ha OeCILIATHON OCHOBE TTPEJICTABIISIOT
MOJIPOOHBIE 1 APTYMEHTHPOBAHHbBIE PEIIeH3NN Ha CTa-
ThU, YTO MIO3BOJISIET TIOJJIEPsKIBATH BBICOKUIT YPOBEHb
pa3MeraeMbiX Ha CTPAHUIIAX sKypHAIA MATePUaJioB.

Ha Oynyiiee y pefakium sKypHasia uMeIoTcs Ho-
BbIE UJIEH U MBICJIH 110 €10 PA3BUTHIO U, TPESK]IE BCETO,
MOBBITIIEH e MeRYHAPOHOI BUMMOCTH 3Ky pHATIA
3a CYET KAUeCTBEHHOTO YJIYUIIeHUs COflepPyRaHNsI,
HAYYHOI U IPAKTHYECKON 3HAYMMOCTH MaTepuasa
KasKJI01l CTaThi, IabHENIIero pacimpeHus reorpa-
(um aBTOPCKUX YO TIMKATIIL

naBubIil peflakTop sKypHaIa
«Teopernueckas u MPUKIATHAS SKOJOTHS»,
mi. 1. 1., npogeccop T. . Ammxmuna
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JKypHan BkntouéH B lMepeyeHb BEAYLUMX PELEH3UPYEMbIX
HaY4HbIX XXYPHAJIOB U U3[1aHMIA, B KOTOPbIX A0/IKHbI ObITh
OnyG/IMKOBaHb! OCHOBHBIE HayuHbIE PE3YNbTaThI AMCCEpTALMA
Ha COMCKaHMe Y4EHbIX CTENEHel J0KTOpa U KaHAMaTa Hayk

YKypHan BKJIHOYEH B KaTaJior NEpUMOAMYECKUX U3AaHMNA
Ynbpux (Ulrinch’s Periodicals Directory),

B Gubnuorpachmueckue 6asbl Scopus,

RSCI Ha nnatchopme WoS, Google Scholar

1 Poccuiickyii MHAEKC Hay4HOro uvTupoBaHus (PUHLY).

YKypHan BkntouéH B 100 Hay4HbIX XYPHANOB, 0TOGPaHHbIX
Ans peanu3auum nporpamm passutua B 2018 r. rocgnag—
CTBEHHbII KOHTpaKT oT 28.08.2017 N2 14.597.11.0035)

Yupeputenu xypHana: 000 U3patennckuit Jom <KamepToH»,
®I60Y BO «BATCKMIA rocyfapcTBeHHbIA YHUBEPCUTET.

InasHbii pegaktop T.5. AluLMXMUHA,

A.T.H., POCPECCOp, 3aB. TA00PATOPYEIA BATCKOrO
rOCYAAapCTBEHHOO YHUBEPCUTETA, 3aB. flabopaTopuei
VHcturyTa 6uonorun Komu HL YpO PAH

3am. rnasHoro pegaxtopa J1.A. [lompayesa,
1.6.H., npodbeccop BATCKOW rocy1apCcTBeHHON
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0.6.H., MHcTuryT 6ronorim Komm HL YpO PAH

3am. rnasHoro pegaxropa W.I. lnpokux,
1.6.H., 3aB. naboparopuen

(depnepanbHOro arpapHoOro Hay4Horo LieHTpa
CeBepo-Boctoka um. H.B. PygHuukoro

3am. rnasroro pegaktopa b.A. Kouypos,
LI H., pogheccop, BeayLLMiA HayHHbIN
COTPYAHMK ViHcTUTyTa reorpacpum PAH

OrsercrBenHbii cexpetapb CI. Ckyropesa,
K.6.H, Hay4HbI COTPYLHUK
WHcTtutyTa 6ronorm Komun HL| YpO PAH

TexHn4yeckne cexperapu

A.C. TAMOHOB, Hay4Hblii COTPYAHUK

WHctutyTa 6monorum Komu HL, YpO PAH,

T.. KyTaBuHa, K.6.H., CTapLUNii HAY4HbIA COTPYAHNK
BsATCKOro rocynapcTBeHHOr0 YHUBEPCUTETA
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Ten. (8332) 37-02-77. E-mail: envjournal@vyatsu.ru
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Onenka Bo3/eliCTBIsI HAHOYACTHUIL MOKCH/A TUTAHA
Ha JKUBblE€ OPraHn3Mbl
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Hanouacruiisl, cospasas Geciiperie/IleHTHbI KIAace MPOMBIIIICHHBIX 3arPA3HEH I, HeIOCPeICTBEHHO BO3CHCTBYIOT
Ha BCe 06'be|(Tbl Ol{py?l(alolllel';l cpe;u,l, a 3HAUYUT U Ha BCe BUJIbI }KNBbIX Opl‘aH N3MOB, I pl/l(’,l(l/l, BbI3BAHHbBIEC TEXHOTN€HHbIMU
HaHoOMaTepuajiaMi, JIOJGKIBL OBITH OTleHeHbl. B mammom 0630pe mpecraBien anains JnTeparypol Mo BISHIIO Hanboiee
MIIPOKO PACIIPOCTPAHEHHBIX B MITPe HAHOUACTHI — JIMOKCU/Ia THTAHA — HA MPeJCTaBUTe/ el pasinaHbIX Cpejl 00uTaHums.
HO]{aSaHO, qTO llpOGJleMa BOBJLQI?ICTBHH TeXHOIM'eHHbIX HaHOYAaCTUIl HA KUBbIE OG’beI(ThI peIIlHeTCH Ml/IpOBbIM Haquth
coobrectBoM Meroamu ouorectuposantst. Hanbosee gactoiMu 06beKTaMU MCCTEOBAHNIT BBICTYTIAIOT OHOKICTOUHBIE
BOJLOPOCJIN, BOJHBIC PAUKH, BBICIITNE PACTEHIIS, KYJTBTYPbI KITOTOK MJICKOMUTAIONIIX 1 YeoBeKa. CaMbIMI 4yBCTBUTEILHBIMI
Cpejim ATUX OPraHM3MOB K BO3JIEHCTBUIO HAHOYACTUIL JIMOKCUIA TUTAHA SIBJSIOTCS MUKPOBOJOPOCJIN U BOJIHBIE PAuKM,
snavenus EC,) nabmopannch npun kounnenrtparyun or 1 Mr/n, uto jenaer ux nepernekTUBHLIMEU TecT-00hekTaMu Jiis
OMepaTuBHOTO MOHUTOPUHTA CPEJ|, 3arPA3ZHEHHBIX HAHOYACTUIIAMU. ¥ CTAHOBJICHO, YTO HAHOYACTUIHI JIMOKCU/A THTAHA
MOl‘y'l‘ NMeTh KaR I1OJIOKUTEJIbHOEe, TAK U O'[‘pVIlLa'l‘ethHOe BOS}LG]}‘ICTBIAG Ha BbICIIINE paC'l‘eHHH, Ilpl/1 ‘léM a(I)(I)em‘ 3aBUCUT OT
KoHIeHTpaun Hanovactutl. MeciremoBanms na KyasTypax KJIeTOK MOKa3bIBAIOT HETaTHBHOE BO3/CICTBIE TPH KOHTICHTPAI{U T
nanouacrui, mpesbimaoniein 100 mr/m, nian orcyrersue sdderra Bosce. VecmaenoBanns namodacTu JUOKCHIA THTAHA
pas.rl NYHBIX pasmepOB ]LeMOHC']‘pI/l pOBaJI " IOBBIIITIEeH HyIO TOKCUYHOCTH 60;|ee MeJIKX 4acTHuly 1o CpaBHeH i ¢ I(pyIIH bIMN.
OrBerHble peakIii sKUBLIX OPTAHN3MOB, TIPEICTABJISIONIINX PA3IIMYHbIe CPeibl 00UTAH NS, Ha HAJNYIe B OKPYIKATOIIeH cpejie
HAHOUYACTUIL AIMOKCUIA THTAHA JI0 CUX [TOP UCCACOBAHBI HEIOCTATOUHO. 3aBUCAIIIe 0T pazMepa s eKThl TOKCHIHOCTH
HaHOYACTUIL JIMOKRCH]IA TUTAHA [IJIA paBJl MY HBIX TeC’I‘-Opl‘aH n3MOB 'rpe6y|0'r JaJi hHeVI rero MBy‘IeH ns.

Ruouesole crosa: HAHOYACTUIBI JMOKCHIA TUTAHA, 6LIOTQCTI/IPOBHIIIIG, BOJIOPOCJIN, PAYKHU, PACTEHUA, RIIETKI, Pa3sMepbl HAHOYACTHIL.

Assessment of titanium dioxide nanoparticle effects
on living organisms

© 2018. V. 1. Polonskiy! 2
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Nanoparticles causing an unprecedented type of industrial pollution directly affect on all objects of the environment and
therefore on all types of living organisms. So, these risks have to be evaluated. This review analyzes the world literature about
effects of titanium dioxide nanoparticles on living organisms of various habitats. Currently, ecotoxicily issues of engineered
nanoparticles are studied using bioassays with cell cultures and test organisms. The most commonly used test objects for
toxicity assessment of nanoparticles are unicellular algae, water crustaceans, plants, mammalian and human cells. [t has been
established that the most sensitive organisms to titanium dioxide nanoparticles are unicellular algae and water crustaceans,
EC,, values were observed al a concentration of 1 mg/L. This suggests thal aquatic ecosystem is one of the most vulnerable
objects of the environment to nanoparticles. The high sensitivity of these organisms places them on a par with very promising
biotest assays for quality monitoring of the environment which is contaminated with silver nanoparticles. Titanium dioxide
nanoparticles have both positive and negative or neutral effects upon plants and these effects depend on concentration. The assays
with mammalian and human cells show a negative effect of titanium dioxide nanoparticles at concentration above 100 mg/L
or have no effect at all. The size-depended toxicity analyses revealed that the less nanoparticles size was the greater toxic effect
was. In the final analysis, the responses of living organisms of various habitats to the presence of titanium dioxide nanoparticles
in the environment are insufficiently investigated. There is insufficient data in world literature about size-dependent toxicity
of these nanoparticles to various organisms. These issues require further study.

Keywords: titanium dioxide nanoparticles, biotest, plants, algae, crustaceans, cells, size-dependent toxicity of nanoparticles.

Teopernyeckas u npuraagnas sroxorns Ned, 2018




TEOPETNYECRUE ITPOBJIEMbI OROJIOT'N

Bospacrarommii cripoc Ha mpojyKTbl, IPpON3-
BeJGHHDIC ¢ UCIIOJb30BAHIEM HAHOTEXHOJIOTHII,
CIOCOOCTBYET MacITaOHOMY YBEJTNYeHNIO CUH-
Te3a HaHopasMepHbIX MaTepuanaoB. Ha ocnose
O1IpOCa KOMIAHUII, TPOU3BOJSAINIIMX U HCIIOJb-
3YIOTINX HAHOYACTUIILI, BBIAICHUIOCH, YTO CY-
IeCTBeHHbIN 00bEM NX MIUPOBOTO TTPON3BOJICTBA
MPUXOAUTCS HA JuoKeuy Tutana [1].

Jlnorcwn Turana mpejgcTaBisieT codoi B oc-
HOBHOM TPU KpucTaimaeckne haspl, a UMEHHO:
pyTIII (TeTparoHaabHbI ), aHATa3 (TeTparoHa h-
HBIT) 1 OpykuT (opropombmueckmit). Pyrmn —
HanboJiee pacipocTpanéHas U ecTecTBeHHas
opma muoKcHIA THTAHA, TAK KaK OH SIBJISIETCS
HEOTheMJIEMOIT 4aCThIO TSRENBIX MIHepanoB. OH
UCITOJIB3YeTCS TIPU TIPOU3BOJICTBE OIHEYITOPHBIX
mMarepuasioB [2], a Takike ONTHUYECKUX DIeMeH-
TOB, TAK KaK MMeeT HAaWBbICIINE 3HAUYCHUS 110-
Rasateseln mpemomiennsa [3]. Amaras mmporo
MPUMEHSIeTCS B OPraHnuecKnx (DOTOBOIBTanKax
B KauecTBe CJOS [ cOopa sJIeKTpoHOB [4],
a TaK/Ke KaTaJnTUYecKOil TOJIePKKI B BUJe
HaHoTpyook u HanoJent [d]. Baaropaps Boico-
KOYHEPreTHYecKOMY TTOTJIOIAIOIIEeMY CBOWCTBY,
o0e aspl — pyTHa U anaras — MUPOKO NCITOJb-
3YIOTCSI TIPU TIPOUBBOJCTBE COJMHIE3AINTHBIX
KpPeMOB, Kpacok, myiactMace, oymaru |6, 7] u ip.
@DororaraniuTHUeCKass AaKTUBHOCTH 00YCIaBIII-
BaeT aHTHCeNTHYecKne CBOICTBA HAHOYACTHUIL 1,
COOTBETCTBEHHO, BOBMOJKHOCTI UX TTPUMEHEeHU s
B BomoouncrTie [8]. J[lmokcuy rurana — pas-
periénHas K MpuMeHeHI0 NuieBas jodaBKa
(E171), ero MOKHO BCTPETUTD B COCTABE Pa3any-
HBIX ITPOJIYKTOB, TAKMX KaK MOHYUKI, KOH(ETHI
u muorue fgpyrue [6, 9]. Iockonbry B ipupope cy-
mectByer euuT Opykura, sta popma He nMmeer
CYIIECTBEHHOTO DKOHOMIUYECKOTO 3HAYCHIS.

Bcé Bospacraioniee npuMeHeHe HaHOYA-
CTHI] 3AKOHOMEPHO MPUBOJIAT K YBEJIMYEHUIO X
obbéma B okpyskamomieit cpere (OC). Bompocst
BO3/IEIICTBUSI HAHOYACTUI] HA KUBbIE 00BEKTHI
UCCIeIYIOTCS TPeUMYIeCTBeHHO MeToaMu
ouorecrupoBanusi. OpHAKO OT/eJIbHBIE IKCIIe-
PUMEHTBI TPYTHO COMOCTABUMBI KK 110 BUOBOT
crieniuprke 00bLEKTA, TAR 1 TTO CBOMCTBAM CaMUX
HAHOYACTUI], BCACJCTBUE YeTO TOJYyUeHHbIe
pesyJIbTaThl HEOJHO3HAYHBI, & WHOTA TPOTUBO-
PEeUNBHI.

[less HacrosIeit paboThl COCTONT B aHATN3e
BO3JIeiicTBIs HanboJIee MMPOKO PACIIPOCTPAHEH -
HBIX B MIpe HAHOYACTUIL — IMOKCHIA TUTaHA — Ha
JKIBbIE 00'bEKTBI, UCIOJIB3YsI HCTOUHIKI COBpe-
MeHHOI iuTeparyphl. B kavecTBe kpurepus cpas-
HEHISI OTBETHBIX PEaKIMil }KUBBIX OPTaHU3MOB
B pabore ncnonnzyercs EC, — Bennunna konnen-
Tparum HAHOYACTHUIL, TPU KOTOPOT husmonoro-

OumoxmMmyecKne mapamMerpbl OMOJOTUYECKIX
00bekToB cHmKamuch Ha H0% 1o oTHOIIEHU O
K KOHTPOJIIO.

Ncerounnkn nmocrymieHnsi HAHOYACTUIL B OK-
pysKalontyio cpejty

IMuccus B armocepy HAaHOUACTUIL TUOKCH -
lia TUTAHA, BXOJSAININX B COCTAB BBIIIETIEPEYNC-
J@HHBIX U IPYTHUX MOTPEOUTETHCKUX TTPOLYKTOB,
BO3MOJKHA HA PAa3HbIX ATAalax nx mpon3BOJCTRA,
MCIOMBL30BANNS NN yTUAN3anun. Tak, B pe3yin-
TaTe CYKUTAHUS OTXOMIOB ITPOMCXOAT BHIOPOCH!
HanouacTui| B armocdepy B Buse aspososist [10],
KpacKa, KoTopas MCHOJb3YeTCsl JJIsi TTOKPBITHS
acayioB 3/1aHMIl, MOKET BBICBOOOKIATH INOK-
CHUJi THTAHA BCJeficTBIe crapeHus, fopMupys B
CTOYHBIX BOJIaX B KOHIeHTparuio 3,0 * 107 yacruig
B sutpe [11]. BeiMbiBaHMe yacTull JuoKCuIa
TUTAHA TPOUCXOJUT U3 (PYHKITMOHATN3UPOBAH-
HOTO HAHOMAaTepHUaIaM TeKCTUJISI BO BPeMsi KOM-
MepuecKoil 1 JlabopaTopHOIl MOIKHU B pasmepe
cBuItiie 3% OT 00IIero comePsRanTsA HAHOTACTHUI]
B Marepuade, popMupys KOHIEHTPAINIO B CJANB-
noii Boste 1,015 mxr/n [12]. Jlornuno npepio-
JOKNTH, 4TO OTXOJbI PYTUX TTOTPEONTENbCRIX
MPOJYKTOB, cojlepsKalue yKazaHHble HaHOYa-
CTHIIBI, B KOHEYHOM MTOTe cOpachIiBaIOTCS B Ka-
HaJIM3ATNIO W CTOUHBIe BOJbI, Toniaztast B OC.

Hanouactuiipl ¢criocoOHBI TIEPEHOCUTHLCS HA
OTPOMHBIE PACCTOSIHUS, BbI3bIBAS TWI0OAIbHOE
sarpasuenne OC. B cocraBe mosmmeBoit Boan
UM CHera OHM OCeJal0T Ha PACTeHUSIX, & TAKIKe
CTAHOBSITCS KOHTAMUHAHTAMU TOBEPXHOCTHOTO
CJI0sT TIOUBBI. YacTHUHO BBIMBIBASICH U3 TTOUYBBI
n arMocdepsl, HAHOYACTHIHI ANOKCHA THTAHA
MOTIA/IAIOT B BOIOEMBI 1 3aT€M B MIPOBOIT OKeaH.
OHM c1TOCOOHBI AKKYMYJINPOBATHCS B PA3TMIHBIX
TKaHAX, & 3HAYNT, TIePeXO/UTh Ha CJeYIONINil
TpodruecKknii ypoBeHb, ORa3biBask KOCBEHHOE
BIIMSTHUE HA OPTaHW3MBI, MUIEH [T KOTOPBhIX
onn siBysitores [13]. Iloaromy pucku, Bri3BaHHbBIE
TEeXHOTeHHBIMI HAHOMAaTepuaaaMu, KaK JIJisl ye-
gosera, Tak u 78 OC, oK HbI OBITH OIeHeHbI.

Tokcnueckas XapaKTepruCTHKA HAHOYACTHIY
[IMOKCH/IA THTAHA

B kauecrse ompejiesistionero hakToOpa TOKCHY -
HOCTH HAMOYACTHT] IMOKCU/IA THTAHA B JINTEPaTy-
pe BBIJIeJISIIOT pa3Mep 1 KpucTajinieckyio gasy
ncenepyemoro Beriectsa [14]. JlBe amnorporabie
(opMBI HAHOYACTHI] — aHATA3 W PYTHJ — MMEIOT
pasHbie TOBEPXHOCTHBIE CBOICTBA W peaKI|u-
oHHylo criocobrocth [15, 16]. B 3aBucumoctn
OT KPUCTAINYECKOI CTPYKTYPhl TOKCUYECKIe
CBOICTBA HAHOYACTHUIL JIMOKCU/IA TUTAHA MOTYT
BapbuposBarbest. [Ipun srom komOuHamm anarasa
U PYTHJIA OKa3bIBAIOT KAK aHTATOHUCTUYECKOE,
TaK U aiiuTuBHOE BodselicTrue [14].
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B wccneposanun [17] naiieno, uyro ana-
trazHas opma HaHowacrtui obaamgaer Hosee
BBICOKUM IUTOTOKCHYeCKNM a3 PHerToM, dyeM
pyruia. [[pyrumum aBropamu Oblia TOKazaHa
BO3MOJKHOCTb MHUIMIPOBAHNSI A1IOTITO3a B TIPH-
cyreTBUM pyTHia BegaecTeue oopasopanus AORK
” CIIOCOOHOCTHh aHaTa3a BBI3BIBATH KJIETOUHBII
HEKPO3 BCJECTBIE MOBPEKICHUST MeMOpaH
wierork [18]. B pabdore [14] ycranoBneno, uro
armarasnas gopma B JiBa pasza 6oee TORCHUHA,
uem pyrtii, nokasarean EC. nmpupocra Bomo-
pocau Chlorella sp. cocrasunm 3,4 u 6,2 mr /7 co-
orBercTBeHHO. [Ipm 5TOM B 0Opasmax xaopesibt
Ob1710 3a(pNKCMPOBAHO BHAYNTEbHOE CHUKEHNe
xnopodunna (B 1,7-37,0 pas3) B mpucyrcrBun
TOJBKO aHaTa3a 1Mo CPaBHEHWIO ¢ PYTUIIOM.

JlokazaHo, 4T0 TOKCMYHOCTH HAHOYACTHI]
MMOKCH/A TUTaHA 00YCI0BIeHa NX POTOKATAIIM -
TUYECKOI aKTUBHOCTBIO, KOTOPAS MPOSBISIETCS
B yBeJmueHun nHrubupyiomiero sag@erra mocse
00paboTKN yabTpadmoseToBbIM N3JIyUYeHTeM
[19-22]. Ornocurennno auskme yposun YD
Jaydeil, cOraacyomnmecs ¢ TPUPOAHBIM COJ-
HEUYHBIM, MOTYT CTIOCOOCTBOBATEL MOBBITIIEHIIO
TORCUYHOCTH HAHOYACTHUIL INOKCH/A TUTAHA JIIST
durormraHKTOHA, B TO BpeMs Kak 1pu OJORM-
poBanun YO nznydenns rokcnyecknii apderr
HanovyacTuI| He Habdmogaics [23].

Biausinne Hano4acTHuil MOKCHa TATAHA HA
I'H{POOHOHTOB

Onmcan aderT TopMoskeHnsA pocTa BOJO-
pocsiu Chlorella sp. B ipucyTCTBUN HAHOYACTHUIL
amorcuga tnrana ¢ pazmepamn o—10 um nipn
KoHTIeHTpanm 4,9 Mmr/n [24] win ananorndmoe
unrubuposanue Bogopocyu Pseudokirchneriel-
la subcapitata mpm KOHIEHTPAIINN HaHOYA-
crui 9,8 Mr/n [25]. ¥YMeHblienue mpupocra
Boptopociin Isochrysis galbana ormedasioch 1ipn
KOHIIEHTPAT[NK HAHOYACTUI JIMOKCH/A TUTAHA
1 mr/n, a Thalassiosira pseudonana n Dunaliella
tertiolecta — PN ROHIEHTPATIUN 3 MT/J TIOCTIE
obopaborku YO uzinyuenuem [23]. Ananornunoe
90%-moe mnrnbupoBanme PoCTOBLIX MPOILEC-
coB Boptopocsan D. tertiolecta GbIIO TTONYUEHO
B MIPUCYTCTBUN YKA3aHHBIX HAHOYACTHUIL Pas3-
mepom 20 HM TIpu KoHmentpamnun 24 mr/a [26].
[Tpn mcmomb3oBanmy cMecu aHarasa u pyTHIa
MPOIEMOHCTPUPOBAHO CHIKEHME TPUpocTa
y pasubix Bu0B Bogopocian Chlorella vulgaris,
Scenedesmus quadricauda, Chlamydomonas
moewusii [27] w Phaeodactylum tricornutum
[28]. B nocaeanem cayuae apert madbmroancs
1pu KOHIeHTpaluu Hanouactui, Meree 20 Mr/Ji.

Il mukposogopocnn Scenedesmus obliquus
orpejiesieHa GOTOMHIYIIMPOBAHHAS TOKCUYHOCTD
HAHOYACTHI] AHATA3HOIT POPMBI TTPH KOHIIEHTPA-

1 Mmenee 1 Mr/i, uto BeIpakasioch B yBejanye-
unn ADK, ajireann HanovacTui| Ha MOBEPXHOCTH
RJIETOK 1 ToBpesiernny memopanst [22]. Criocob-
HOCTh K aJire3M1 HAHOYACTUI] HA TOBEPXHOCTU
RIeTkn Bomopocan n obpaszosanmio ADK pern-
cTpupoBasach u ipyruMu apropamu |23, 24, 29].

Ha ocHoBanum ornpepenenus pocra KyJabTy-
pot Botopocain C. vulgaris B IpUcyTCTBUN CMECH
anaraza u pyruia pazmepom yactui 100—190 nm
ObL10 Haiifeno snauenne EC,, pasnoe 26 mr/n
[30]. Hanouacrurbl uokeuia Tutana, BeposiTHo,
0oKa3bIBAIOT AP PEKT 3aTeHEH S HA KIETKU BOJIO-
pOCJIN, YMeHbIIIast JOCTYII CBeTa, HeoOXO0IMMOro
nast porocmuresa |29, 31, 32]. Cospasas Bbico-
KYI0 MYTHOCTb CYCII€H31 1, HAHOYACTHUI[bI OTIOCPe-
JIOBAHO WJIM TTyTEéM arperamum Ha MOBEPXHOCTU
KJIETKU MOTYT HHIUOMPOBATH TPUPOCT KYJIBTY Pbl
MuRpoBopopocsn [28, 32].

[Ipu usydenun BAUSHUSA HAHOYACTUIL JIV-
OKCHJIA THTaHA HA OTHOCHUTEJIHHBIN MOKA3aTeh
samesennoi payopecnentuu (OI13D) Boo-
pocau C. vulgaris ne ObLIO 3aPErUCTPUPOBAHO
3HAYNTESILHOTO MTAJIEH ST €70 BeJIMUMHBI B JlHaria-
3one kourentpanmii 1o 100 mr/n [30]. Beposho,
HAHOYACTHUIHI INOKCHIA THTAHA He OKa3biBaIN
MPSIMOTO BO3JIEICTBISI HA TTEPBUYHbBIE PeaKINN
porocunresa. Cumxenne Beanunan O3
C. vulgaris B ipucyTCTBUM HAHOYACTUI] IUOKCUJIA
TUTAHA Y/IAJI0Ch 3aPerncTpupoBarh rmocse 1-1aco-
BOIl CBETOBOI HKCIIO3UIIY TIPU KOHIEHTPAIINH,
npesbimaomnieit 13 mr/ma [30]. [lanubiit apdexr,
BEPOSITHO, 00YCJTOBICH (DOTOKATATINTHYECCKOT
ARTUBHOCTHIO HAHOUACTUIL IMOKCH/IA TUTAHA.

B skcnepumenrtax na BopHbIxX paukax Cerio-
daphnia dubia B ipucyTcTBUM aHATa3HO (DOPMBI
HAHOYACTHI] pA3MepoM MeHee 25 HM YCTaHOBIEHO
UX TOKCUYeCcKOe BIAUsHIe, TIPU ATOM 1T0Ka3aTesh
EC, cocrasun sequunny 8,3 mr/n [14]. Cnepgyer
OTMETHTh, YTO B OTCYTCTBUY CBETOBOIl (Das3bl Ha
MPOTSIREHUE BCETO DKCIIePUMEHTa TOKCHYeCKOoe
[leficTBIe HAHOYACTHI] IMOKCH/IA TUTAHA YMEHb-
majsoch, a nokasareab EC, Obl1 3apeructpupo-
BaH 1pu BTpoe Hosbiieit Benunne — 27,4 Mr/n
[22]. st paukoB Daphnia magna B ycaoBusix
OTCYTCTBUS TIOCBETKI TORCUYHOCTH PACCMATPH -
BaeMbIX HAHOUACTHI] BRIpasKaIach moKazaTejiem
EC,,, pasubiv 19,3 mr/n [33]. Yyscrsuresn-
HOCTH PAYROB K JIeH CTBUTIO HAHOUACTUTL JIMOKCH/[A
TUTaHA 3aBUCUT OT BUIOBOI MPUHAJIEHKHOCTH.
Tar, na Daphnia similis pojieMOHCTPUPOBAHO
OTCYTCTBUE HETaTHBHOTO BIMSHIS CMECH aHaTa3a
u pyrusia 1o koumenrpanuu 100 mr/n [34].

[To-Bunnmomy, HeraTuBHOE BIANSHUE HAHO-
YACTHI] HA BBIKUBAEMOCTH PAYKOB pean3yercs
B BUJIe HECKOJIBKNX MexaHn3MoB. B Hauase sxe-
MePUMEHTA YACTUIIHI, BEPOATHO, MOTYT OKa3biBATh
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MeXaHndecKoe BO3JelicTBIe HAa OPTaHM3Mbl.
Tar, Ha npuMepe AMOKCHA TUTAHA ITOKA3aHO,
YTO HAHOYACTUIIHI CIIOCOOHBI aicoPONPOBATHCS
Ha MOBepXHOCTHU Tesja paukoB D. magna, no-
KpbIBasl PN 3TOM TIOUYTH BCIO IOBEPXHOCTb, YTO
MPeTSITCTBYeT NX HOPMaThLHOMY TIepeJIBUKeHI O,
a TaKyKe OKa3bIBaeT ipyrue HeraTuBHLIE 3 (PeKThI
[35]. Tozske uacTh HAHOYACTHI, MOTJIA OKA3ATHCSI
B kutneunnkre [22, 34, 36], rae oHn criocoOHbBI
ACCUMIJINTPOBATLCS B TKAHI.

Biusinne HanouacTuiy iuoKenaa TnTaHa Ha
BBICIIINE PACTeHsI

B paborax, mocBANEHHLIX BIUAHIIO HAHOYA-
CTUI JIMOKCUJIA TUTAHA HA BBICIITNE PACTEHUS, T10-
JIy4eHbl HeoJ[HO3HAUHbIe pe3yabrarbl. Ha pacre-
Husx romara Solanum lycopersicum ycraHoBIeHO
3HAYNTE]bHOE CHUFKEHIe DHePI iy IIPOPaCTaH s
nocsie 1 yaca 3aMaunBaHus CeMsTH B CyCIIeH3UN
HAHOYACTHI] Pa3MepoM 25 HM TTPI KOHTIeHTPATIN
1000 M/ [37]. Ipdert ObLI TOATBEPIRAEH IPY -
MU aBTOPaMU HA ceMeHaX KYRYPY3bl Zea mays
1 ropoiika Hapoouckoro Vicia narbonensis [38],
a TarsKe MATKOU mmeHunnol 1riticum aestivum
B HPUCYTCTBUN aHataznoil popMbl HAHOYACTHI]
npu koutierrparyun 150 mr/m [39]. Boinennm, uro
cMech aHaTas3a u PyTUJa He BINsJIA HA CKOPOCTh
pocra [39] u 6uomaccy noderos [40], apderr
OTMeYaJICs JINIIh B CHUMKEHNN OMOMACChl KOPHS
npopoctros rmeHn sl [16]. Ucceaegosanus po-
cra pacrenuii romara Lycopersicon esculentum
MOKA3aJI¥, YTO PN KOHIEHTPATINN HAHOYACTHI]
muokcuma Turana 100 u 150 mr/n nabmogaercs
yrHereHmne pazBuTis MOPPOJTOTHYECKIX CTPYK-
TYP pacTeHuii: JJIMHB KOPHsI, BHICOTHI ¢TeOIs,
RroJimuecTBa HacTosuux aucrbes [41]. Iokasano,
YT0 HAHOYACTHUIILI IMOKCH/IA TUTAHA MOTYT pas-
pymiarb MUKpo@uIaMeHThl IUTOCKeJ eTa, Hapy-
mas paboTy rmiasmoznecm [42], oHI TaKkKe MOTYT
BBI3LIBATh 3aJIEPHKKY NN OCTAHOBKY KIETOYHOTO
uKIa B KOHTposbHoil Touke G /G, uro B KoHeu-
HOM HUTOre, BEPOSTHO, TIPUBOMAUT K CHUKEHUIO
cropocTn MuTosa [16, 38, 43].

Jlpyrue aBTopbi ipu MCTIOJIH30BAHIT HAHO-
qacTuil pasMepom 27 HM IpKU KOHIEHTPAI[UHI [10
4000 mr /a1 15t 48-4acoBOTO 3aMaUNBAHMS CEMSH
romara L. esculentum waroro-nndo sdpderra
He nabaonann [44]. B uccaepopanum, BbI-
MOJTHeHHOM Ha KyKypy3se Z. mays n puce Oryza
sativa, OLLTO MOATBEPSKEHO OTCYTCTBIE OTBET-
HOTI pearIiy IOcJIe IByX4acoBOTr0 3aMaunBaH U s
CeMsTH B CYCIIeH3UN HAHOYACTHUIL TNOKCUIA TH -
tana pazmepom 21 HM pU KOHTEHTPAITUN [0
2000 mr/a1 [45]. IlonyueHHble laHHbBIE COTIIACY -
I0TCSI ¢ pesyabTaTaMiu OJlTHOBPEMEeHHOTO n3yue-
nus nmenntpl 1. aestivum, paconu Phaseolus
vulgaris n amapanra Amaranthus cruentus, Ko-

TOpPBIE JOKA3AJIN OTCYTCTBUE BIUSAHUS 3aMavn-
BaHMUS CEMsIH B CYCITEH3UAX paccMaTpuBaeMbiX
HAHOYACTHUI[ HA CKOPOCTh HAYaJBHOTO POCTA
10 CPaBHEHUIO ¢ KOHTPOJbHBIMU 0Opa3imamMu
pacrenmii [46]. B skcriepuMenTax ¢ cemenamn
RaIycThl 10JIeBOI Brassica campestris n camara
Lactuca sativa nocse 48-4acoBoro nx 3amMavm-
BaHUA B CYCIICH3UM HAHOYACTUIL ITPU KOHIICH-
rparun 5000 M1/ oTBeTHASI peaKIns B TedeHne
15 pueil Takske oTcyTeTBOBAA [44].

B ucenenoBanusix psifa aBTopoB yeTaHOBIIe-
HO, 4TO HAHOYACTHIHI JIMOKCUIA TUTAHA MOTYT
OKAa3BIBATH MOJIORUTETTHLHOE BO3/ICICTBIE HA POCT
BBIcHINX pacrennii. Tak, ncrnosab3oBanme yka-
3aHHBIX HaHOYACTUI[ B KOHIeHTparun 10 mr/n
CI10cOOCTBOBAIO COKPAIIEHNIO BpeMeHU TIpo-
pacranus cemsn nmennisl 1. aestivum na 34%
1 3aMEeTHOMY YJIYUIIIeHII0 pocTa pacTeHuil [47].
B npyrux paborax ObL10 MpOeMOHCTPUPOBAHO
MOJIOYKUTETLHOE BJNSTHIE PACCMATPUBAEMbIX Ha-
HOYACTUT HA pacTenust tomara L. esculentum, Ko-
TOPOE BBIPAKAIOCH B TPEXKPATHOM MOBBITIIEHIT
ckopoctn (horocuHTesa u yBeawdennn Ha 45%
cofiepsranus xaopoduina |48, 49]. Boickazamo
MPEJoNoKeHe, UTO HAHOUACTUTIBI JIMOKCUIA
TUTAHA B ONPEJIeJEHHBIX KOHIEHTPAI[UAX MOTYT
yCUJIMBaTh norsiorenne Boer [d0].

BJII/IHHI/Ie HaHOYACTUIL JUORCHUIA TUTAHA HA
RJACTKU MJIEKOIUTAIOIIIX

YeraHoBIeHO 3HAUNTETbHOE CHUKeH e MU -
TOXOHPUATLHOI PYHKIMU B KIETKAX TTeYeHN
MBITITH, TTOJIBEPTHYTHIX BO3/IETICTBIIO PacCMaTph-
BaeMbIX HaHodacTull nmpu Koumenrpaium 100—
250 mr/n [51]. Haiiteno dorokaramntndyeckoe
YHUUTOKEHUE KIETOK para 0000UHON KUITKN
YeJTOBEKA HAHOUACTUIAMU TTPH KOHIEHTPATINH
200 mr/n [19]. llokaszano, 4T0 HAHOYACTUT|HI
JIMOKCUIA TUTAHA CIIOCOOHBI HAPYIIaTh (Darorm-
TapHYI0 (DYHKINIO aTbBeOJIsIpHbIX Makpodaros
[52]. [Tpw aTOM OF M He OKA3BIBATOT BO3/ICHCTRUSA
Ha pocT u MOPQOJIOrUI0 KIETOK 0CTe0d/1acToR,
M30JNPOBAHHBIX M3 OCTEOCAPKOMBI YeJ0BeKa
u (pubpodacros muitu [93]. B akcnepumentrax,
BBITIOJTHEHHbBIX HA JUHUN 6pOHXI/IaJIBHBIX oI~
TeJNATBHBIX KJIETOK YeJ0BeKa, JJOKAa3aHo, 4To
HaHOYACTUIBI AMOKcHaa TuTana pasmepom 10 u
20 1M moryT Bbi3biBaThL HoBpeskaenus [JTHK [21].

JaBHCHMOCTH TOKCHYHOCTH HAHOYACTHIY OT
UX pa3MepoB

UNcenenoBanne ocobennocTeil mMoBeieHms
HAaHOYACTHI] IMOKCUJIA TUTAHA Pa3JIMYHBIX pa3-
MepoOB BbIABUJU IMOBBIMIEHHYIO TORKCUYHOCTD
Oosiee MEJIKMX YaCTUIL 110 CPABHEHUIO ¢ KPYII-
aevu [20, 21, 29]. Yeranosneno, uro 50%-Hoe
CHUIKeHUe rmpupocra Bogopocan Desmodesmus
subspicalus B MPUCYTCTBUM YACTUI[ PaszMepoOM
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25 HM UMeeT MecTo TIpU KOHIEeHTPAIY 4 MT/JI, a
npu pobasnaennn Hanouactui; pazmepom 100 Hm
adderr ymennbmmaercsi B 13 pas [20]. B roii sxe
pabore 661710 Haiieno, uro H0%-Has cMepTHOCTD
BOJIHBIX paukoB [). magna npu uciojib3oBa-
HIY YKa3aHHBIX HAHOYACTHUI] Pa3MepoM 295 HM
cocrasgsier 1,5 Mr/Ji, a B yCJOBUSsX OTIbITA C Ya-
crunamu pazmepom 100 uM BeneicTBre HUBKOIM
TOKCHYHOCTH JIAHHBIN TOKa3aTes b He yAaloCh
orpeJesInTh BoBce. B mccaeoBanmy BIUAHUS Ha
poct Bopopocau Chlorella sp. u Scenedesmus sp.
TOJBKO aHATA3HbIX YACTHUI[ ¢ PABMEPOM MeHee
25 um ObLin 3agukcuposannl seaununnbl EC,
paBubie 16,1 mr/n u 21,2 mr/n coorBeTCTBEHHO
[29], B T0o Bpemsi kak MUKpoHHas opMa Tex e
HAaHOYACTHIL TTPOSIBIJIA BBOE MEHBIITYIO0 TORCUY-
HOCTb. B sKcnepumMeHTax Ha BOIHBIX pauKax
Ceriodaphnia dubia 50%-nas cMepTHOCTD OT-
Medajach B MPUCYTCTBUM aHATa3HOU (HOPMBI
HAHOYACTUIL pa3MepoM MeHee 2D HM 1IPu KOHIIeH-
Tparuu 37 MT/1 U i pyTHIa pa3MepoM MeHee
100 rm ipu konmentparun 48 mr/a [14]. YBenn-
YeHIe TOKCUYECKOTO JIeiiCTBIS HAHOYACTHI [1PU
YMEHbBIIeHIH UX pasMepa ObIJI0 TMOITBEPKIEHO
Ha KJIETOUHOI KyJabrype. B annum snnrennans-
HBIX KJIETOK 4YesioBeKa yactuiibl pazmepom 10 n
20 um Boi3biBasN noBpesruenus [|HK, nepexuc-
Hoe oxucyaenue aunugoB (I1OJI), nepekucnu Bo-
[I0POJia U OKCHUJIA a30Ta, B TO BpeMsi KaK TAKOBbIe
pazmepom 200 um u H60s1ee 1O0OHBIX dPPHEeRTOB
BOBce He Bhi3biBaN [21].

B psjge pabor mpocieskeno orcyTcTBue
RaKOM-T1M0O0 3aBUCHMOCTH OMOJOTHUECKOTO
sdderra oT pazMepa HAHOUACTHUI] AUOKCHULA
TUTaHA. JTO, HANpUMep, ObLIO YCTAHOBJIEHO B
pKeTiepuMenTax Ha Oarrepusx Bacillus sublilis
u Escherichia coli [54].

3arioueHue

B nacrosiiiiee BpeMsi MOIIIHOe pa3BUTHE [10-
YU HAHOTEXHOTOTHN, OTIANUNTETHHON dep-
TOW KOTOPbIX SIBJISIETCS CO3JlaHIe, DRCILIyaTaliusi
1 YTHJIMBATUS TTPOJLYKTOB, COflepsRaliiX MaTepua-
ael B Macirabe mennine 100 nm. Hamowacturor,
cosfaBasi Gecripere/ileHTHHI KIace ITPOMbBIIILIeH-
nbix 3arpsasuennii OC, HerocpencTBeHHO BO3/Ieii-
CTBYIOT HA JKUBbHIE OPTAHUBMBI, TTOITOMY PUCKH,
BBI3BAHHBIC TEXHOTCHHBIMU HaHOMaTepuajiamu,
Kak st yesrosera, Tak u s OC, 1oasubl ObITh
orieHenbl. [Ipy nyuenun BAUAHUA HAHOUACTHUI]
MUOKCHIA TUTAHA Ha PA3ANUYHbIe OMOTOTHYeCKITe
00HEKTHI B INTEPATYPE OTINCAHBI HEOJHO3HAUHBIC
pesyJibraThl. ¥ CTAHOBJIEHO, YTO TeXHOTE@HHbIE Ha-
HOUYACTUILBI MOTYT UMETh KaK IOJIO}KUTEbHOE,
Tak M OTPUIATEJIbHOE BAMUSHUE HA Pa3JIiMuHbIe

TecT-00beKThl. OMHIUMI U3 CAMbIX TYBCTBUTEb-
HBIX TeCT-00beKTOB K BO3[IeIICTBII0 HAHOYACTHI]
IMOKCHUIA THTAHA SIBJISIOTCS MUKPOBOIOPOCN
U BOJ[HbIE PAYKH, YTO JleJIaeT NX BeCchMa 1epcreK-
TUBHBIMU TeCT-00'beKTaMU JIJIsl IPOBEJICHIIsT OT1e-
pPaTUBHOTO MOHUTOPUHTA CPEJl, 3arPsI3HEHHBIX Ha-
nouacruiamu. Cesryer BbIJIe/INTh, 4T0 HOCKOTIbKY
r100aJIbHBIH BBIOPOC TEXHOTEHHBIX HAHOYACTHI]
MMOKCHIA TUTAHA TPONCXOJIUT ITPENMYIEeCTBeHHO
B BOJIOEMBI, UMEHHO TTPEJICTaBUTEN BOJHBIX 9KO-
CHCTEM HAXOJISITCSI CerOJIHSI B OTIACHOI 30HE PUCKA.
[To pesyabraTam BBHITTIOTHEHHON OTeHKN yHK-
IUOHUPOBAHIISI OUNCTHBIX COOPYKEHIIT B 3a/11Be
Can-@panmmcko n Hupepananmos, KoHIeHTparust
HAHOYACTHI] INOKCU/A THTAHA COCTABJSIET JI0
10 mxr/a u 108 mrr/n, coorBercTBEHHO [99, D6,
B TO BpeMsi KAK B OUMIIEHHbBIX CTOYHBIX BOJIAX MX
KOHIEHTPATINS MOJKET OCTUTATh 4 MKRT/J1 [D6, 57].
[TpuBenénnbie BeTMUNHBI HA JIBA-TPU TOPSIIKA
MEHbIIIe CPeIHIX 3HAUCHUIA, TTPU KOTOPBIX HAD/IIO-
nanock 50%-Hoe yruererne mpupocta BOJOPOCIn
[26, 27,29, 30] u ypoBHsI BHIKMBAEMOCTH BOHBIX
pauros [14, 22, 33]. OgHako K Hacrosiemy Bpe-
MEeHH B YCJOBUSAX BO3PACTATIONIETO TTPOU3BOJICTBA
MPOJLYKTOB, COfIePKAIIIX HAHOYACTHUIIBI, JAHHOe
pasamnyie B KOHIEHTPAIISX MOYKET CYIeCTBEHHO
COKRPATUTHCS.

O630p coBpeMeHHOIT HAYYHOTI JTepaTyphI
MOKA3bIBALT, YTO 3aBUCUMOCTU OTBETHBIX peak-
it oprannamoB Ha npucyrersue B OC Hanoua-
CTHI] IMOKCHUIA TUTAHA WCCJEI0BAHBI HEoCTa-
TOYHO; TPUBOJISTCS TPOTHBOPEUYNBbIE Pe3YJIHTaThI
BJIVSIHUS HAHOYACTUI[ PA3TUIHOTO pasmMepa Ha
poCTOBBIE TTOKa3aTejan TecT-oprannsMon. Bee
HTU BOIIPOCHI TPEOYIOT IAJIbHEITIero n3yueHus.

References

1. Piccinno F., Gottschalk F., Seeger S., Nowack B.
Industrial production quantities and uses of ten engineered
nanomaterials in Europe and the world // Journal of
Nanoparticle Research. 2012. V. 14. No. 9. P. 1109-1120.

2. Alongi J., Tata J., Carosio F., Rosace G., Frache A.,
Camino G. A comparative analysis of nanoparticle adsorption
as fire-protection approach for fabrics // Polymers. 2014.
V.7.No. 1. P. 47-68.

3. Small C., Chen S., Subbiah J., Amb C., Tsang S.,
Lai S., Reynolds J., So F. High-efficiency inverted dithien-
ogermole-thienopyrrolodione-based polymer solar cells //
Nature Photonics. 2012. V. 6. No. 2. P. 115.

4. Mogilevsky G., Chen Q., Kleinhammes A., Wu Y.
The structure of multilayered titania nanotubes based on
delaminated anatase // Chemical physics letters. 2008.
V. 460. No. 4-6. P. 517-520.

9. Ferguson M.A., Hoffmann M.R., Hering J.G. TiO,-
photocatalyzed As(IIl) oxidation in aqueous suspensions:

Teopernueckas u npuraaguas sroxorns Ne3, 2018




TEOPETNYECRUE ITPOBJIEMbI OROJIOT'N

10

reaction kinetics and effects of adsorption // Environmental
Science & Technology. 2005. V. 39. No. 6. P. 1880—-1886.

6. Weir A., Westerhoff P., Fabricius L., Hristovski K.,
Von Goetz N. Titanium dioxide nanoparticles in food and
personal care products // Environmental science & technol-
ogy. 2012. V. 46. No. 4. P. 2242-2250.

7. Lu P., Huang S., Chen Y., Chiueh L., Shih D.
Analysis of titanium dioxide and zinc oxide nanoparticles
in cosmetics // Journal of Food and Drug Analysis. 2015.
V. 23. No. 3. P. 587-594.

8. Lazar M.A., Varghese S., Nair S.S. Photocatalytic
waler treatment by titanium dioxide: recent updates // Cata-
lysts. 2012. V. 2. No. 4. P. 572-601.

9. Peters R., van Bemmel G., Herrera-Rivera Z.,
Helsper H.P., Marvin H.J., Weigel S., Bouwmeester H.
Characterization of titanium dioxide nanoparticles in food
products: analytical methods to define nanoparticles //
Journal of Agricultural and Food Chemistry. 2014. V. 62.
No. 27. P. 6285-6293.

10. Forster H., Thajudeen T., Funk C., Peukert W.
Separation of nanoparticles: Filtration and scavenging from
wasle incineration plants // Waste Management. 2016.
V. 52. P. 346-352.

11. Kaegi R., Ulrich A., Sinnet B., Vonbank R., Wich-
ser A., Zuleeg S., Boller M. Synthetic TiO, nanoparticle emis-
sion from exterior facades into the aquatic environment //
Environmental Pollution. 2008. V. 156. No. 2. P. 233-239.

12. Windler L., Lorenz C., Von Goetz N., Hungerbuhler K.,
Amberg M., Heuberger M., Nowack B. Release of titanium
dioxide from textiles during washing // Environmental Sci-
ence and Technology. 2012. V. 46. No. 15. P. 8181-8188.

13. Bundschuh M., Vogt R., Seitz F., Rosenfeldt R.,
Schulz R. Do titanium dioxide nanoparticles induce food
depletion for filter feeding organisms? A case study with
Daphnia magna // Environmental Pollution. 2016. V. 214.
P. 840-846.

14. Iswarya V., Bhuvaneshwari M.,Chandrasekaran N.,
Mukherjee A. Individual and binary toxicity of anatase and
rutile nanoparticles towards Ceriodaphnia dubia // Aquatic
Toxicology. 2016. V. 178. P. 209-221.

15.JiJ., Long Z., Lin D. Toxicity of oxide nanoparticles
to the green algae Chlorella sp. // Chemical Engineering
Journal. 2011. V. 170. No. 2-3. P. 525-530.

16. Silva S., Oliveira H., Craveiro S., Calado A., Santos
C. Pure anatase and rutile+anatase nanoparticles differ-
ently affect wheat seedlings //Chemosphere. 2016. V. 151.
P. 68-75.

17. Hirakawa K., Mori M., Yoshida M., Oikawa S.,
Kawanishi S. Photo-irradiated titanium dioxide cata-
lyzes site specific DNA damage via generation of hydrogen
peroxide // Free Radical Research. 2004. V. 38. No. 5.
P. 439-447.

18. Braydich-Stolle L., Schaeublin N., Murdock R.,
Jiang J., Biswas P., John J., Saber M. Crystal structure me-
diates mode of cell death in TiO, nanotoxicity // Journal of
Nanoparticle Research. 2009. V. 11. No. 6. P. 1361-1374.

19. Zhang A. P., Sun Y. Photocatalytic killing effect
of TiO, nanoparticles on Ls-174-t human colon carcinoma
cells // World Journal of Gastroenterology: WJG. 2004.
V. 10. No. 21. P. 3191-3193.

20. Hund-Rinke K., Simon M. Ecotoxic effect of photo-
catalytic active nanoparticles (TiO,) on algae and daphnids //
Environmental Science and Pollution Research. 2006.
V. 13. No. 4. P. 225-232.

21. Gurr J.-R., Wang A., Chen C.-H., Jan K.-Y.
Ultrafine titanium dioxide particles in the absence of
photoactivation can induce oxidative damage to human
bronchial epithelial cells // Toxicology. 2005. V. 213.
No. 1-2. P. 66-73.

22. Dalai S., Pakrashi S., Chandrasekaran N., Mukher-
jee A. Acute toxicity of TiO, nanoparticles to Ceriodaphnia
dubia undervisible light and dark conditions in a freshwater
system // PLoS ONE. 2013. V. 8. No. 4. P. ¢62970.

23. Miller R.J., Bennett S., Keller A.A., Pease S.,
Lenihan H.S. TiO, nanoparticles are phototoxic to marine
phytoplankton // PloS ONE. 2012. V. 7. No. 1. P. e30321.

24. Lin D.,JiJ., Long Z., Yang K., Wu F. The influence
of dissolved and surface-bound humic acid on the toxicity of
TiO, nanoparticles to Chlorella sp. // Water Research. 2012.
V. 46. No. 14. P. 4477-4487.

25. Aruoja V., Dubourguier H.-C.,Kasemets K., Kahru A.
Toxicity of nanoparticles of CuO, ZnO and TiO, to microal-
gae Pseudokirchneriella subcapitata // Science of the Total
Environment. 2009. V. 407. No. 4. P. 1461-1468.

26. Manzo S., Buono S., Rametta G., Miglietta M.,
Schiavo S., Di Francia G. The diverse toxic effect of SiO, and
TiO, nanoparticles toward the marine microalgae Dunaliella
tertiolecta // Environmental Science and Pollution Research.
2015. V. 22. No. 20. P. 15941-15951.

27. Cardinale B.J., Bier R., Kwan C. Effects of TiO,
nanoparticles on the growth and metabolism of three species
of freshwater algae // Journal of Nanoparticle Research.
2012. V. 14. No. 8. P. 913-921.

28. Wang Y., Zhu X,, Lao Y., Lv X., Tao Y., Huang B.,
Cai Z. TiO,nanoparticles in the marine environment: Physi-
cal effects responsible for the toxicity on algae Phaeodacty-
lum tricornutum // Science of the Total Environment. 2016.
V. 565. P. 818-826.

29. Sadiq 1. M., Dalai S., Chandrasekaran N., Mukher-
jee A. Ecotoxicity study of titania (TiO,) NPs on two
microalgae species: Scenedesmus sp. and Chlorella sp. //
Ecotoxicology and Environmental Safety. 2011. V. 74. No. 5.
P. 1180-1187.

30. Asanova A.A., Polonskiy V.I., Grigoriev Yu.S.
Toxicity assessment of engineered nanoparticles using al-
gae Chlorella vulgaris // Toksikologicheskii vestnik. 2017.
No. 4. P. 50-54 (in Russian).

31. Marchello A.E., Barreto D.M., Lombardi A.T. Ef-
fects of titanium dioxide nanoparticles in different metabolic
pathways in the freshwater microalga Chlorella sorokiniana
(Trebouxiophyceae) // Water, Air and Soil Pollution. 2018.
V. 229. No. 2. P. 48-56.

Teopernueckas u npuraaguas sroxorns Ned, 2018



TEOPETNYECRUE ITPOBJIEMbI OROJIOTN

32.Navarro E., Baun A., Behra R., Hartmann N., FilserJ .,
Miao A., Sigg L. Environmental behavior and ecotoxicity
of engineered nanoparticles to algae, plants, and fungi //
Ecotoxicology. 2008. V. 17. No. 5. P. 372-386.

33. Amiano l., Olabarrieta J., Vitorica J., Zorita S.
Acute toxicity of nanosized TiO, to Daphnia magna under
UVA irradiation // Environmental Toxicology and Chem-
istry. 2012. V. 31. No. 11. P. 2564-2566.

34. Marcone G., Oliveira A., Almeida G.,Umbuzeiro G.,
Jardim W. Ecotoxicity of TiO, to Daphnia similis under ir-
radiation // Journal of Hazardous Materials. 2012. V. 211.
P. 456-442.

35. Novak S., Kokalj A., Hocevar M., Godec M., Drobne D.
The significance of nanomaterial post-exposure responses
in Daphnia magna standard acute immobilisation assay:
Example with testing TiO, nanoparticles // Ecotoxicology
and Environmental Safety. 2018. V. 152. P. 61-66.

36. Zhu X.S., Zhu L., Chen Y.S., Tian S.Y. Acute
toxicities of six manufactured nanomaterial suspensions to
Daphnia magna // Journal of Nanoparticle Research. 2009.
V.1 P.67-T75.

37. Raliya R., Nair R., Chavalmane S., Wang W., Bis-
was P. Mechanistic evaluation of translocation and physiolo-
gical impact of titanium dioxide and zinc oxide nanoparticles
on the tomato (Solanum lycopersicum 1..) plant // Metallomics.
2015. V. 7. No. 12. P. 1584—1594.

38. Castiglione M., Giorgetti L., Geri C., Cremonini R.
The effects of nano-TiO, on seed germination, development
and mitosis of root tip cells of Vicia narbonensis 1. and Zea
mays L. // Journal of Nanoparticle Research. 2011. V. 13.
No. 6. P. 2443-2449.

39. Larue C. Khodja H., Herlin-Boime N., Brisset .,
Flank A., Fayard B., Chaillou S., Carriere M. Investigation
of titanium dioxide nanoparticles toxicity and uptake by
plants // Journal of Physics: Conference Series. [OP Pub-
lishing. 2011. V. 304. No. 1. P. 012057.

40. Moll J., Klingenfuss F., Widmer F., Gogos A.,
Bucheli T.D., Hartmann M., Van Der Heijden M. Effects of
titanium dioxide nanoparticles on soil microbial communi-
ties and wheat biomass // Soil Biology and Biochemistry.
2017. V. 111. P.85-93.

41. Varduni T.V., Sereda M.M., Kapralova O.V., Cho-
heli V.A., Varduni V.M., Shimanskaya E. I. Effect of tita-
nium dioxide nanoparticles on growth and development
of the tomato (Lycopersicon esculentum) culture in vitro //
Sovremennie problemi nauki i obrazovaniya. 2017. No. 6.
P. 268-278 (in Russian).

42. Wang S., Kurepa J., Smalle J.A. Ultra-small TiO,
nanoparticles disrupt microtubular networks in Arabidop-
sis thaliana // Plant, Cell and Environment. 2011. V. 34.
No. 5. P.811-820.

43. Barrena R., Casals E., ColonJ., Font X., Sanchez A.,
Puntes V. Evaluation of the ecotoxicity of model nanopar-
ticles // Chemosphere. 2009. V. 75. No. 7. P. 850-857.

44.Song U., Jun H., Waldman B., RohJ., Kim Y., YiJ.,
Lee E.J. Functional analyses of nanoparticle toxicity: a

comparalive study of the effects of TiO, and Ag on tomatoes
(Lycopersicon esculentum) // Ecotoxicology and Environ-
mental Safety. 2013. V. 93. P. 60—-67.

49. Yang Z., Chen J., Dou R., Gao X., Mao C., Wang L.
Assessment of the phytotoxicity of metal oxide nanoparticles
on two crop plants, maize (Zea mays 1..) and rice (Oryza sa-
tiva 1..) // International Journal of Environmental Research
and Public Health. 2015. V. 12. No. 12. P. 15100-15109.

46. Astafurova T.P., Morgalev Yu.N., Zotikova A.P.,
Verhoturova G.S., Mihailova S.1., Burenina A.A., Boroviko-
va G.V. Effect of titanium and aluminum dioxide nanoparti-
cles on morhpo-physiological indicators of plants // Vestnik
Tomskogo gosudarstvennogo universiteta. Biologiya. 2011.
No. 1. P. 13-18 (in Russian).

47. Feizi H., Moghaddam P., Shahtahmassebi N., Foto-
vat A. Impact of bulk and nanosized titanium dioxide (TiO,)
on wheat seed germination and seedling growth // Biological
Trace Element Research. 2012. V. 146. No. 1. P. 101-106.

48. Qi M., Liu Y., Li T. Nano-TiO, improve the photo-
synthesis of tomato leaves under mild heat stress // Biological
Trace Element Research. 2013. V. 156. No. 1-3. P. 323-328.

49. Mingfeng Q., Yufeng L., Tianlai K. Nano-TiO, im-
prove the photosynthesis of tomato leaves under mild heat
stress // Biological Trace Element Research. 2013. V. 156.
No. 1-3. P. 323-328.

90.Zheng L., Hong F., Lu S., Liu C. Effect of nano-TiO, on
strength of naturally aged seeds and growth of spinach // Bio-
logical Trace Element Research. 2005. V. 104. No. 1. P.83-91.

91. Hussain S.M., Hess K.L., Gearhart J.M., Geiss K.T.,
Schlager J.J. In vitro toxicity of nanoparticles in BRL 3A rat
liver cells // Toxicology in vitro. 2005. V. 19. No. 7. P.975-983.

52. Renwick L., Donaldson K., Clouter A. Impairment
of alveolar macrophage phagocytosis by ultrafine particles //
Toxicology and Applied Pharmacology. 2001. V. 172. No. 2.
P.119-127.

93. Ramires P.A., Romito A., Cosentino F., Milella E.
The influence of titania/hydroxyapatite composite coatings
on in vitro osteoblasts behavior // Biomaterials. 2001. V. 22.
No. 12. P. 1467-1474.

54. Adams L.K., Lyon D.Y., Alvarez P. Comparative
eco-toxicity of nanoscale TiO,, Si0,, and ZnO water suspen-
sions // Water Research. 2006. V. 40. No. 19. P. 3527-3532.

99. Keller A., Lazareva A. Predicted releases of engi-
neered nanomaterials: from global to regional to local //
Environmental Science and Technology Letters. 2013.
V. 1. No. 1. P. 65-70.

56. Bauerlein P.S., Emke E., Tromp P., Hofman J.A.,
Carboni A., Schooneman F., de Voogt P., van Wezel A.P.
Is there evidence for man-made nanoparticles in the Dutch
environment? // Science of the Total Environment. 2017.
V. 576. P. 273-283.

97. Gottschalk F., Sonderer T., Scholz R., Nowack B.
Modeled environmental concentrations of engineered nano-
materials (TiO,, ZnO, Ag, CNT, fullerenes) for different
regions // Environmental Science and Technology. 2009.
V. 43. No. 24. P. 9216-9222.

1

Teopernyeckas u npuraagnas sroxorns Ne3, 2018




METO/IbI ICCJIEJJOBAHNIL. MOJEJIA 1 ITPOTHO3bI

YR 544.723 doi: 10.25750/1995-4301-2018-3-012-018
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Pa3IMUYHON MPUPOJIBI MO OTHOMEeHWI0 K moHam meyn (11)
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[TpoBenién cpaBHuTenbHBIIT aHaIN3 APEHERTHBHOCTI COPOEHTOB PA3IMUHOT MPUPOJILI (AKTHBUPOBAHHBIIT YTO/Ib, [[EOJIUT,
ropd, muresuii Fusarium culmorum (W.G. Sm.) Sacc., mnanobaxrepust Nostoc paludosum Kiitz., nuctnbst 1 KopHu sipoBoTo
srumenst Hordeum distichum 1..) o oraonennto k nonam mejn (11). 3anch KUHeTHYECKIX KPUBBIX COPOTLII TPOU3BOJIMIACH
MOTEHIIMOMETPUYECKIM METOJIOM TIPI OMOIIN HOHOCETEKTHBHOTO 3JI€KTPOJIA, YYBCTBUTETHHOTO K KOHIIEHTPAINN HOHOB
mepu(ll) B pacrBope, u crenuaabHo pazpaboTaHHOTO OPUTHHAIBLHOTO IIPOTPAMMHOTO obeciieuenisi K nounomepy. st
OIlnMcaHA KUHEeTUKN COp6lLIA 1N NCITOJIb30BaJIN MaTeMaTn4yYecrme Mojie/in (MO}LQJI N I1CeBJ10-11epBOTo IopAKa, [1CeB/10O-BTOPOIo
MOPSIKA, MOANMUITNPOBAHHYIO MOJIeTh BTOPOTO MOPsiiKa 1 Mojie/b KnoBnua), mo3Bossioniie BoIsiBUTh BRJIAJ XUMITYECKOIT
CTQ/NNU B IIPOTECC COPOIMIL.

BeisiBiieno, uro rporiece copoiii 60JbIMHCTBA COPOEHTOB XOPOTIO ONMUCHIBAETCS MOJIEJIBIO ICEB/I0-BTOPOTO MOPSJIKA I
MO UITIPOBAHHOTO BTOPOTO TOPSIJIKA, COTTIACHO KOTOPHIM cOpdaT n PyHKRIMOHATIBHASI TPYIITIa COPOeHTA B3ANMOJIEIICTBYIOT
Mesky co0oii B cootHomennn 1:1. Paccunrann mapamerpbl ypaBHeHISA MO/ HICEB0-BTOPOTO MOPAJKA: KUHETHYeCKIil
rondurment (lcz), OTIPEIeJIAIONINIT CKOPOCTL cOpOIMM, 1 paBHOBecHas (Ipejejbias) yieJbHas Macca copbara (a(,),
KOTOPasi COOTBETCTBYET copOIMOHHOT éMKocT copbenTa. [IpoBeieHo pauskipoBaHe cOpOEHTOB 10 CKOPOCTH COPOINN 1
COpPOIMOHHOT 6MKROCTH.

CpaBHenne KIHETHYECKIX KPUBLIX IOKa3bIBaeT, uto nanmenee sgderrusupimu copderramu mesu (1) puin copbento
HEOPTaHMYeCKOI PUPOIBI — IEOJIUT I AKTHBUPOBAHHBIIT yT0/b. COpOIMOHHBIE BO3MOKHOCTI MIKPOOPTaHI3MOB 1 Top(da
MO3KHO oXapaxkrepusoBarh Kax cpepnme. Hanbosee sddertuBubiMu copbeHTaMi OKA3aIMCh PACTCHUST STIMEHST, KOTOPBIe
o0Jra/laim MaKCUMaJIbHON CKOPOCTHIO COPOIMN U BBICOKOT COPOIMOHHOI 6MKOCTBIO.

[TepcrieKTHBHBIM MOJKET OKa3aThCs MCIOJIb30BaHIe MIKPOOHO-PACTUTENbHBIX acCOIMNAIii B KauecTBe cOpOEHTOB
MOHOB THKENBIX METAJIOB, B CBA3U ¢ 9TUM HEOOXONMO IIPOBECTH 110/00P MIKPOOPTaHU3MOB U PACTEHNIT LI CO3/aHms
Pa3/IMYHBIX ORCIIEPUMEHTAJIbHBIX accolali i JUIA 1eTaJIbHOTI'O NccJie/JJoOBaHA NX COp6lLl/1OH HbIX XapaKTepucTnK.

Kaiouesote caosa: nouwvt menu (1), copbuust, copbiimonnast EMKOCTb, CKOPOCTL COPOIMT, MOJIEJIH XIUMUYCCKOI
KIHETH KN, aKTHBUPOBAHHBIH yroJib, 1ieout, topd, Fusarium culmorum, Nostoc paludosum, Hordeum distichum.

Comparative analysis of the effectiveness of the use of sorbents
of different nature with respect to copper (II) ions

© 2018. S. G. Skugoreva'-*

G. Ya. Kantor“lz ORCID: 0000-0002-6462-67025

L. 1. Domracheva“‘ ORCID: 0000-0002-7104-33375

T. 1. Kutyavina® ;. 11, 0000-0001-7957-06365

Institute of Biology of the Komi Science Centre of the Ural Division RAS,
28, Kommunisticheskaya St., Syktyvkar, Komi Republic, Russia, 167982,
*Vyatka State University,

36, Moskovskaya St., Kirov, Russia, 610000,

$Vyatka State Agricultural Academy,

133, Oktyabrskiy Prospect, Kirov, Russia, 610017,

e-mail: skugoreva@mail.ru, grigory kantor@mail.ru, dli-alga@mail.ru

ORCID: 0000-0002-5902-5187 9

Teopernueckas u npuraaguas sroxorns Ned, 2018



METO/IbI NCCJETOBAHIIA. MOJEJIN 1 ITPOTHO3bI

A comparative analysis of the efficiency of sorbents of various types (activated carbon, zeolite, peat, fungi Fusarium
culmorum, cyanobacteria Nostoc paludosum Kiitz, grass Hordeum distichum L..) with respect to copper(1l) ions was car-
ried out. Potentiometric method for measuring the potential of an ion-selective electrode sensitive to concentration of
copper (1) ions in the solution was used. The sorption curves were recorded in real time with the help of specially devel-
oped original software for the ionomer. To describe the kinetics of sorption, mathematical models (pseudo-first order and
pseudo-second order models, second-order modified model, and Elovich’s model) were used to identify the contribution
of the chemical stage to the sorption process.

It was found that the sorption process of most sorbents is well described by a pseudo-second order model or a modi-
fied pseudo-second order, according to which the sorbate and the sorbent functional group interact with each other at
a 1:1 ratio. The parameters of the equation of the pseudo-second-order model are calculated: the kinetic coefficient (/,)
determining the sorption rate, and the equilibrium (limiting) specific mass of the sorbate (a,), which corresponds to the
sorption capacity of the sorbent. Series of sorbents have been ranked by decreasing the rate of sorption and sorption capacity.

The comparison of the kinetic curves shows that sorbents of inorganic nature, zeolite and activated carbon have
the least sorption effectiveness. The sorption potential of microorganisms and peat can be characterized as average. The
most effective sorbents of heavy metal ions were samples of barley plants, which possessed the highest sorption rate and

high sorption capacity.

The use of microbial-plant associations as sorbents of heavy metals may be promising. It is necessary to select
microorganisms and plants to create various associations for study the kinetics of sorption with the aim of optimizing

sorption effectiveness.

Keywords: copperions (11), sorption, sorption rate, sorption capacity, pseudo-second order model, activated carbon,
zeolite, peat, Fusarium culmorum, Nostoc paludosum, Hordeum distichum.

OmHoit 13 akTyaJabHBIX MTPOOJIEM COBpeMeH-
HOCTU SIBJISIETCS 3arPsI3HEH e T0YB COeIMHEeH IS -
mu sRénbix Merasnos (TM). O6ramas BeicOKOI
TOKCHYHOCTBIO, TIOJ[BIKHOCTBIO 1 CITIOCOOHOCTHIO
K OMOAKKYMYJISAINI, OHU TIPEJCTABIISIOT OTIac-
HOCTD JIJIsi OOJIBITNHCTBA KUBBIX OPraHU3MOB,
BRJIIOUYAs YeJI0BEKA.

B mouBax, XpoHUYECKN UCIBITHIBAIOIINX
sarpsasnenne TM, Kar mpaBuiio, pazBuBaioTCs
murpoopranuszmbl (MO), aganTupoBanHbie K 1X
BBICOKOMY COJIePsKaHIT0, B 4ACTHOCTU, MUKPOMU -
rersl 1 rmarobakrepun (1| B) [1-3]. B padore [4]
MOKA3aHO, YTO COPOIMs Me/[1 ObIJIa BHAYNTE/IHHO
BBIIIIE IJIA IIITAaMMOB I‘pI/I6OB, BbIJICJICHHBIX 113 CO-
BPEMEHHBIX MTOUB, 110 CPABHEHUIO ¢ APXEOTOrIe-
ckuME ouBaMu. Mesrann3mpoBanubie MITaMMbl
rpuboB cOPOMPOBAIN MOHBI MeJN 3HAUYNTEIHHO
JyuIiie, 4eM HeMeJaHU3POBaHHbIe TPUObI.

Broienennbie u3 mous MO MOKHO HCITONB30-
Barhb B Kauectse copbenTo TM piist Guopemesna-
U 3arPS3HEHHBIX TTOYB M OYNCTKI CTOYHBIX BOJ|
[5,6]. B padore [7] mokaszano, uto copoIInoHHast
éMKOCTDb 110 oTHONIeHno K nonam menu (I1) ua
pacTBopa ¢ KOHIleHTpaIueil 3 1/a s 6uomac-
cbl Rynbryp Fusarium oxysporum wn F. nivale,
BBIJICJICHHBIX 113 aKTUBHOTO MJIa BOJOOYMCTHBIX
coopysReHuit, jocruraer 476 m 388 mr/T copberTa
COOTBETCTBEHHO.

B nponecce uspieuennst TM 13 cTouHbIX BOJI
n3yueHne KMHeTHKI cOPOINM MMeeT peraioriee
3HAUeHUe JJisi BHIOOpA ONTUMAIbHBIX YCIOBUIT
OCYIIIeCTBJIEHIST BOIOOUMCTKI, TAK KaK OHO 1103-
BOJISIET TIOJIYUNTh BKHYI0 MHEOPMAIINIO O TIYTH
n Mexanuazme copornu. B mayunoit aureparype
nMeeTcsi HeMaJsio CBeJleHuIl 110 copOIn NOHOB
TM MO. Xorsi HeKOTOpbIe aBTOPbI 1 OTMEYAIoT,

410 OuocopbOiust nonos TM nporexkaer oueHb
OBICTPO, B TeUEHME HECKOTbRUX MUHYT [7], of-
HAKO NCITOTh3yeMble B padoTax MeTo/Ibl (AaTOMHO-
a0CcopOIMOHHBIIN, BOJILTAMIIEPOMETPUUYCCKIIT 1
JIp.) He TI03BOJISAIOT IETATHHO B PERIMeE PeaibHOTO
BpeMeHN TPONNcarTh KMHeTHYECKY0 KPUBYIO
copOIum B iepBble MUHYTHI dKcriepumenta. /s
ATOII eI MOYKHO MCIT0JIb30BaTh IMOTE@HI[IOMeT-
pPUYECKUIT METOJ| M3MePeHUsI TIOTeHIIaia NOHO-
CEeJIEKTUBHOTO AJIEKTPOJIA, KOTOPbIl 3aBUCUT OT
rouientparuu nonos TM B pactBope. Mcrionbays
YCTAaHOBKY Ha OCHOBE JIAHHOTO METOJ1a, MOYKHO T10-
CTpONTH KpuBbie copormm noros T'M pasamamsivn
copOeHTaMn 1 CPaBHUTD NX d(PPHEeKTHBHOCTD.

[lenr paboThi: TIpOBECTH CPABHUTEJIbHBII
amann3 d(pPeRTNBHOCTN MCITOTH30BAHIA COP-
OEHTOB PA3ANYHON TPUPOBI IO OTHOMIEHNIO K
nonam mesu (11).

OO0 bEeKTBI 1 METOJIbI

B rauectse copoenron nornos mepn (11) B pa-
6oTe NCI0JIb30BAIN:

— JIeKAPCTBEHHOE CPEJICTRO « ARTIBUPOBAH-
HBII yroib» B Tabaerkax kommnanunm 3A0 «Me-
nucopo» (. [lepmb);

— TMPUPORHBIA MeoanT cokupuut 1 Tuma
rpynnbl kommannii «lleomnroBbie Texnomormim»
000 «Ileo-Maxc»;

— 1opd) M3 MECTOPOKIAEHNUsI, PACTIOTOKEH -
Horo BOau3u c. Yucrononave Korenbunuckoro
paitona Ruposckoii obmracti;

— mutenanii rpubda Fusarium culmorum
(W.G. Sm.) Sacc., mrraMmmMbl KOTOPOTO OBIJIN BbI-
JleJIeHbl B YUCTYIO RYJIBTYPY 13 3arpsi3HEHHbBIX CO-
enqunennsimu TM ypbanosémos r. Bragnkaskasa;

13
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Puc. 1. Cxema yeraHOBKU 110 M3yUeHM0 KWHETHRN copOrum: 1) koMmbiorep;
2) moHoMep; 3) MOHOCEJNEeKTUBHBII 3JTEKTPONI; 4) DIIEKTPOJL CPaBHEHNST;
D) CTERJSHHBIN CTAKAH ¢ PACTBOPOM; 6) MaruuT; 7) MarHuTHasi MelaaKa.
Fig. 1. Scheme of the installation for studying the kinetics of sorption:
1) computer; 2) ionometer; 3) ion-selective electrode; 4) reference electrode;
9) glass beaker with solution; 6) magnet; 7) magnetic stirrer.

— ryqsrypy nousernoit 1{b Nostoc paludosum
Kitz. Na 18 us rosmexiuu ororpodpunrx MO
radeipbl OMOJOTHN PACTEHNI, CENeRITNN U Ce-
MeHoBojicTBa, Mukpodbuosoruu Bsarckoit 'CXA;

— CPEJIHIOI0 4acTh KOPHS U CPEHIO0 YacTh
TPEThero Jucera 25-HeBHBIX PACTeHUI SIPOBOTO
stamenist (Hordeum distichum 1..) copra Hosuuoxr
cestertinn DerepasbHOTO arpapHOro HAYYHOTO
nenrpa Cesepo-Bocroka nm. H.B. Pynruikoro,
BbIpallleHHbIX HA THPOIMOHIKEe HA PacTBOpe
KHomna B KOHTpOJIMPYeMbIX YCAOBUSIX.

[Tepen nipoBefieHeM dSKcIIepUMEHTA MUIE-
JNii MUKPOMUIETa, OrmoMaccey IuaHodaxrepuu,
KOPHU sIYMEHsI M3BJICKAJIN U3 HUTATEIbHON
CPeJibl, TINATETbHO OTMbBIBAJII OT CPELbI TN CTUII-
TUPOBAHHON BOJIOT. Bee copOeHThb BHICY T BAIIT
0 TTIOCTOSIHHOI MAaCChl, N3MEJIHYAJIH 1 PACTHPAJII
B ¢papdopoBoii cTyTKe.

WNamepenue copepskanus nornos memuu (11)
B pacTBOpe MPOBOJMIIN MTOTEHIINOMETPUYECKIM
metojoM Ha nonomepe «JIrerepr-001», mopgriio-
YEHHOM K [1ePCOHATBLHOMY KOMITBIOTEPY, C HOHO-
CeJIEKTUBHBIM 3JI€KTPO/IOM, YYBCTBUTE/IbHBIM K
RoH1eHTpaiuu nonos TM B BojiHOM pacTBOpe.
OnbIT IPOBOIIIN € MCTIOJTb30BAHNEM MaTHUTHO
MeIIaaKu.

[Tepen pabGoroii diexTpos KaanbpoOBaIN.
RanubpoBounblii rpadyuk iisi HOHOCETERTHBHOTO
HICKTPOJIA TIpejicTaBisieT cob0i 3aBUCUMOCTD
MEK/LY DJIEKTPOJIHBIM TTOTEHIMAIOM DJIEKTPO/A
u nokasaresieM Kouienrpamnun nornon memu (11)
B pacTBope.

B craran najmusanan 50 Myt pactBopa HUTpa-
ra mepu (1) ¢ konmenrpamumeit 1 « 104 M, mo-
rpysRajin B pacTBOP MarHuT, HOHOCETEKTUBHbII
AJIEKTPO]L 1 [IBYXKJII0UEBOT 3/IEKTPOJL CPABHEH IS,
BRJIIOUAIN Mermaary (puc. 1). 3arem 3amycraan
MporpamMmy Ipuéma JIaHHbIX ¢ HOHOMepa «JKC-
epr-001». [Ipobbr cyxux copOeHTOB B3BeI-
Banu (cpepmmss Mmacca copoenra 40 mr), 3arem

OBICTPO BHOCUJIN B CTAKAH C PACTBOPOM HUTpaTa
mepu (I1). [lns nmpoBeeHus onbITOB OBLIO CIIOIH-
aIbHO pa3paboTaHo OPUTHHATBLHOE TPOrPaMMHOe
obecrieduernne K MOHOMePY, TTO3BOJINBIIEE B pe-
JKITME PeabHOTO BPeMEHU 3aIlNChIBATH KPUBHIE
KUHETUKU cOPOIIN.

Benwunny agcopbuum (copOIMOHHON EM-
rkocti) (mr Cu®'/r copbenra) paccunTLIBAIN 110
dbopmyre:

(CO _Cp)

A=y,

q

rae C, Cp — MCXOHASA T PABHOBECHAS KO-
menrparuss Cu* (mosb /), M — Mossipras Mmacca
Cu*, V- 06b6m pactBopa (1), ¢ — Macca HABECKH
copbenra (T).

Jlnst ompenenenust cTernenn M3BAeYEHUS
Cu?" copbeHTaMm MCIOTB30BAIN CIEYIONTYIO

dopmyy:

(G —Cy)
C

0

H”: M /100 % :

B xone padoTui A7ist Kaskoro copoeHTa OBIIN
MOCTPOeHbI rpaKi 3aBUCUMOCTI KOHI@HTpPA-
i woros mesn (1) B pacrBope m copormn Cu**
OT BPeMEeHU HKCIIO3UTIHN.

[Tpu onrcannm KUHETHKN COPOIUT MCITOJb-
30BAJIN MOJIEJIH TICEBJIO-TIEPBOTO 1 TICEBI0-BTOPOTO
TOPSAIKOB, MOAUMPUITITPOBAHHYIO MOJIE/TH BTOPOTO
nopsiika u Mmosienb Enosnua |8, 9] (tadm. 1).

SHaueHUs MapaMeTpoB KNHETHUYECKUX MO-
neJsieit coporum, yepeiHGHHbIE 32 MOJTHOE BPeMs
RaKIOTO M3MepeHus, ObIIN HAeHbl METOIOM
HAMMEHBITIX KBAJIPATOB TP TTOMOTITH HAJICTPOTI -
kn «Ilonck perrenusi» NporpaMmMHOro maKera
Microsoft Office Excel.

[Tpm mombope Mopenn KUHETHKNA COPOIIIT
paccuanThiBaIN KO3 uIment gerepmmaamm
o opmyiie:
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METO/IbI NCCJETOBAHIIA. MOJEJIN 1 ITPOTHO3bI

2 D,
R= D

2

rje D1 — Jiucrepcus pasHoCcT sRCIepuMeH-
TaJIbHBIX 1 pvaéTme JaHHbIX] D, — juclepcus
IKCIIEPUMEHTA/IbHbIX JIaHHbIX.

Pesyubraret n nx obcy:xaenne

Rpussie kounenrparun nonos meu (11) B
pacrBope. KpuBbie KUHETUKN CHUKCHUS KOH-
menrpanun wonos Cu?" 3 pacrBopa HuTparta
mepu (IT) mpum prenosuum pasanaHbIX copOeH-
TOB IPEJICTABICHBI HA PUCYHKE 2 (CM. IBETHYIO
BKRAaKY). Hanmennbinee cHmsRenmne KoHIeH-
rparuu Cu®* IpOUCXOAMIO MPH HKCIO3UIIT
Ie0JINTA, CTeIIeHb N3BJIeUYeHN s HOHOB COCTABUIIA
49,5%. Hemnoro Gosable cHmKamach KOHICH-
rpanus nounos meau (I1) mpm mernonn3zoBanun
artusupoBarHoro yris, uepes 1000 ¢ ormeuasnn
cTeIeHb N3BJICYCHIS MOHOB Meiu, pasuyio 71%.

3amerHo OoJibliee CHUKEHIe KOHIeHTpa-
i Cu?* B pacTBOpe MPONCXOAMIIO TIPU HCTIOITh-
30BaHUM B KadecTBe copbenta Ryanprypsl [[D
N. paludosum n munenus rpuda F. culmorum.
Jlo 285 ¢ cummenne woumenrparuun Cu?*
F. culmorum o 6nicrpee, uem N. paludosum.
3arem ¢ 285 1o 330 ¢ (cTerneHb N3BIEUCHIS NO-
nos cocrapmira 89,1-92,6%) ckopoctu copbrmn
CPaBHAINCDH, & B laJIbHEIIeM OTMedaan ropas-
10 OoJbiee CHUKEHe KOHIEHTPAIN NOHOB
mepu (IT) B pactBope s N. paludosum. Yepes
1000 ¢ (16,7 muw) cremnenh U3BICUCHUA HOHOB
[1B cocraBmia 98,3%, rpudom — 95,7%. Jlamibie
(harTBI MO3BOJNAIOT ¢/leaTh BBIBOJL O OOJbIIE
CROPOCTH coOpOTIMI TPUOOM, JTyUTITei copommon-
noii criocoonoctn LB u 6omee rryboroit ounerke
pactBopa ot noros TM 110 cpaBHEHUIO ¢ MTKPO-
MUIETOM.

Topd w11 HGostee s PerTuBHBIM COPOEHTOM
noroB mepu (1), Ognaro, s topda B epswie
ceryHjibl aRcnozuiu (o 160 ¢) ckopoeth cHu-

Tadomuma 1 / Table 1

YpaBHeHus mojieneii xumnueckoit kuueruru [10]
Equations of models of chemical kinetics [10]

Mopenn / Model

Wurerpanbuas popma ypasuenusi / The integral form of equation

[Tcerpo-miepBoro
MOPsIKA
Pseudo-first order

— —leqt
a,=a,(l-e™),

rjie &, — KOHCTaHTa CKOPOCTH COPOILII MOJIeJIH TICeB0-HepBOTo IopsAjiKka (Mun")
where &, is the sorption rate constant of the pseudo-first-order model (min™')

[Tcesno-Broporo ¢

mopsijiKa a, = ﬁ ,

Pseudo-second order S+
kZae ae

rjie &, — KOHCTAHTa CKOPOCTH COPOIMI MOJIEJIH IICEB/I0-BTOPOTO IIOPs/Ka (r® (Mr * MuH) ')
wherek, is the sorption rate constantof the pseudo-second-ordermodel (g * (mg * min)™')

MopucguporarnHoro
BTOPOTO HOPsIIKA a=a-11- 1
Modified second order| ' "¢ b+k't

rje fk, — KOHCTaHTa CKOPOCTH cOpOIMM MOjiein MOAMMUIMPOBAHHOIO BTOPOIO
nopsauka (mun'), b — napamerp ypasaerust MOAUQUIIPOBAHHOTO BTOPOTO MOPSIIKA,
b<1

where £, 'is the rate constant of the sorbed model of the modified second order (min'),
b is the parameter of the second-order modified equation, b < 1

Enosmua
Elovich’s equation

a, = %-ln(l +aft),

TJie o — HadaabHas CKOpPoCTh cOpOIImonnoro mporecca (e (Mr e M) !); B—komeranra
ypasuenus Exosmaa (rewmr!)

where o is the initial rate of the sorption process (g (mg+min)™'); B is the constant
of the Elovich equation (g*mg!)

LIpuneuanue: a,— sasucawas om spemenu ydeaviias nacca copbama (omiouerie Maccol cCopoUPOSANILO20 6eUECEA K MACCE
copbenma), a, — pasnosecnas (npedeaviasn) yoeavias macca copbama (me/2).

Note: a,is the time-dependent relative mass of the sorbate (the ratio of the mass of the sorbed substance to the mass of the
sorbent), and a,is the equilibrium (limiting) relative mass of the sorbate (mg/g).
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JReHUST KOHIIEHTPAIUI NOHOB MeJil B PACTBOPe
Obl1a HECKOJIBKO HIKe, ueM st F. culmorum.
MakcumanbHoit copOIeii Mo OTHOITEHUTO
K Cu*" onImvaiuch JUCThs U KOPHU PACTEHUIT
25-mHeBHbIX pacreHnii ssumensi. Ropuu pacrenuit
obnaztanu 60bIIeil CKOPOCTHIO COPOITNN TI0 CPaB-
HEHUIO ¢ JucThsiMu. Tar, i KopHeil suMeHst
yIKe uepes 2 ¢ 9KCIIO3UIN N KOHTIeHTPAIIsI HOHOB
MeJIi1 B PACTBOPE CHIKAIACH B 2 pasa i CTereHb
nssievenus cocrasmaa 900%. Yepes 12 ¢ crenenn
ussiaeuenus cocrasuia 90%, yepes 90 ¢ — 99%,
T. €. TOJI JIelicTBIEeM cOpOeHTa PacTBOP MPaKTH-
YeCKU MOTHOCTRIO OuncTiics ot moHoB Mesu (11).
[TosnyueHnnble fanubie M0 COPOIUN NOHOB
meju (1) xoporo corsacyrorest ¢ TaHHBIMI 10
copbiuu nonos ceunna(I1) [11], cormacHo Koto-
pBIM cyxasi GuoMacca pacTeHuii siaMeHst sIBJISI/Iach
JYUIITUM COPOEHTOM 110 CPaBHEHUTO ¢ MUKPOOIO-
JOTUYECKIME 1 HEOPraHMYeCKIMU COPOeHTAMI.
Rpussie coporun nonos mexu (II). Ve-
XOJis1 M3 TOYHOTO 3HAYEHIST HABECKN COPOEHTA,
KOTOPYIO HCITOJb30BAJIN TSI TPOBEJIEHNUST OTIbITA,
Oblta paccumrana coporus nornos meau(Il) B
Mr/T copbenTa (puc. 3, CM. TBETHYTO BKJIAJIKY).
Yeranosneno, uro ipu 1000 ¢ makcumasinb-
HOTl copbrueit, paBuoit 8,92 mr/r, obnajgann
ropHu sstumenst. Heckombko Hitske Oblta copoIms
y ropda — 7,29 mr/r. Copbrmsa Cu** nucrbamn
sumens cocrasmaa 7,00 mr/r. CxomHbie 3HaUe-
HUs norasarenst ormevanu s N. paludosum
u F. culmorum 6,87 u 6,82 Mr/r cyxoii Macchl.
CoBceM HU3KHUE 3HAYEHUs COPOIUN MOJTYUEHbI
it cCOPOEHTOB HEOPTaHMYECKOUW TTPHPOHI —

AKTUBUPOBAHHOTO yIas U meonanra — 4,92
n 3,30 mr/T copbenra.

Mopen xuMn4ecKoi KWHEeTHKN B ONIMCAHUI
coponuu. 3HAUYNTENbHBII BRIAJ B KUHETURY
copOIuM MOKET BHOCUTH CTA/UsI XUMUYECKOTO
B3AMMOJIEICTBIST MEKLYy COPOMPYEeMbIMU MOHA-
MU 1 (PYHRIIMOHATBHBIMI TPYIHAMI COPOEHTA.
[Tpu obpaboTKe sKCIIEPUMEHTATBHBIX TAHHbIX
MPUMEHSITN PA3ANYHbBIe MOJIEJIH, TIO3BOJISIONTIE
BBISIBUTH BRJIAJ XuMmuueckoi cragun [8, 9]. Jlis
YCTaHOBJIEHUS MOJEJN, ONTHUMAaJbHO OMUCHI-
Baioteit copormio nonon mesu (1) copdenramn,
cpaBHuBagn KOdPUIMenTs JerepmMmuHaum 122
(tab. 2).

Jlnst RopHeit ssumers Handosee IpueMaIeMoi
OKa3ajaach MOJieJb ICeBJ0-11ePBOTO MMOPsAIKa,
ROTOpast npejonaaraetr, uro aud@ysus sBsier-
CSA TUMUTHPYIOTTEI cTafmeit mporecca copomnm
(rabu. 2).

W3 pucynka 4 BujiHO X0poiiiee COOTBETCTBIE
Kunetnky coporuu nonos mexu (1) muerbamn
pacTenuil AUMEHs MOJIeJN TICeB0-BTOPOTO TO-
psAfaKa 1 MOAN(UIIMTPOBAHHON MO BTOPOTO
MOPSAJIRA, W HEMPUMEHNMOCTh MCIOTb30BaAHNMS
mojtenn EnoBuva n Mojiesin nceBo-mepBoro mo-
psijika Ha Hava IbHBIX aTarax coporum (1o 100 ¢).

Cop6nust mounon menu(ll) mumennem
F. culmorum, nucTbsiMu stuUMeHs, aKTUBUPOBAH-
HBIM YIJIEM U 1[E0JIUTOM HAWJIY4dIInM 0O6paszom
ONMCHIBAETCS MOAMMPUIMPOBAHHON MOJEJIHIO
Broporo nopsigra (tada. 2). [las 1B u roppa
CcOpOIIMI0 MOHOB XOPOIIO ONMKUCHIBACT MOJEIb
MICeBI0-BTOPOTO MOPSIIKA.

Ta6auma 2 / Table 2

Pesyasrarer o6paborkn (R*) kunernyeckux Kpusbix copbuun Cu* MopeasiMu XUMIYeCKON KIHETHKI
The results of processing (R?) of the kinetic curves of sorption of Cu** models of chemical kinetics

16

Moyean meesmo- Moyean meesmo- Mozlem,‘ Mopean
Copbenr [1epBOro MOpPsjIKa BTOPOTO MOPSIIKA MOHHunHpOBdHI{OFO Enosuua
Sorbent Pseudo-first Pseudo-second ﬁzodiﬁf?ﬁfﬁ;z Elovich's
order model order model model
second order
Fusarium culmorum 0,9555 0,9978 0,9984 0,7118
Nostoc paludosum 0,8281 0,9952 0,8580 0,7099
Jlnerea e 0,9254 0,9941 0,9965 0,5221
Leaves of barley
Ropru suvens 0,9807 0,9512 0,9776 0,4070
Roots of barley
Topd / Peat 0,9629 0,9835 0,9563 0,8221
ARTUBUPOBAHHBIN
YIroJIh 0,9872 0,9926 0,9966 0,9938
Absorbent carbon
[eonur / Zeolite 0,7604 0,7935 0,8034 0,7691

lpumewarnue: seupnvim wpudmom evroeservt MAkCUMAALILLE SHLALCHUL.

Note: maximal values are highlighted by the bold font.
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C.T. CKYTOPEBA, . 1. KAHTOP, J1. U. AOMPAY4EBA, T. U. KYTABUHA

CPABHMTEJ'leH@ AHAJIN3 DDPDPEKTUBHOCTU NUCIMOJIb3OBAHUS COPBEHTOB
PA3JINYHOU NMPUPOADLI NO OTHOLUEHUIO K MOHAM MEAN(IN), C. 12

[
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==Top¢ / Peat
Noctoe paludosum
[leomut / Zeolite
= AKTHBHPOBaHHbI yrom / absorbent carbon

Koumnenrpars Cu®' B pacrsope, x 10 moun /a1
Concentration of Cu?* in solution, x 10 mol/L
=
=~

0.2 ~=JInctes sumens / Leaves of barley
o Kopru stmens / The roots of barley
- = Fusarium culmorum
A A
0 ¥
0 600 800 1000

Bpewms sxcnosumun, ¢
Exposure time, s

-
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=
25 6 =—Topd) / Peat
S 7 Noctoc paludosum
%"5 Heonnt / Zeolite
© o = AKTHBHpPOBaHHbIii yroib / Absorbent carbon
Qa ==Jluctba samens / Leaves of barley
=] 4 Kopuu stumens / Roots of barley
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N == Fusarium culmorum
B
=
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= =
<
=
=
=22
0.2
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Bpewmst sxcnosuimm, ¢
Exposure time, s

Puc. 2. 3asucumocts konnenrpamum nonos meyu (1)
B PacTBOPE OT BPEMEHU HKCITO3UTIIHI PA3JTHMUHBIX
copoenron / Fig. 2. Dependence of the concentration
of copper(II) ions in solution on the exposure time of
various sorbents

Puc. 3. Runerura copbiun nouos memu (11)
paziumunbiMu copoenramu / Fig. 3. Kinetics of sorption
of copper(II) ions by various sorbents

Puc. 4. Onncanne KuHeTHRM cOPOINN

1 Cu® " THCThAMU STUMEHS PA3IIMYHBIMI
________________________________ MATeMaTHICCKIMI MOJTEITSTMIL:
e —— e 1 — copbupoBanHas Macca MeJii (OTBIT);
g 2 — uexojiHas Macca MeJiu B pacTBOPE;
o B Gt Rt R 5 —6 3 — MOJIeJIb CEeBJ0-BTOPOTO TOPSIKA;
58 4 — MOJIeJTb TICEBJIO-TIEPBOTO MOPSIKA;
g% D — MOJIeJIb MOTU(UITITPOBAHHOTO
e BTOPOTO MOPSIKA;
3% 6 — momens Enosmua/
R Fig. 4. Description of the kinetics
R : 2+
g2 of the sorption of Cu®* by barley leaves
§ 3 by various mathematical models:
3 1 — sorbed mass of copper (experience);
2 — initial mass of copper in solution;
3 — pseudo-second order model;
0 : : ‘ ‘ 4 — pseudo-first order model;
0 20 40 60 80 100 5 — model of the modified second order;
PeMsI 9KCITO3UIII, ¢ ) — vich’s model
B 6 — Elovich
Exposure time, s
Puc. 5. [Tapamerpsr Mojienin copoin
MOTOB MeJn TICeBIO-BTOPOTO TTOPSIKA
11
- o 12 TSI PA3TITIHBIX COPOCHTOB:
L7 - 2 =2 | 1= F. culmorum,
. ——— oo
S e i 2 — N. paludosum,
=3 0084 o r10= = | 3 - nnerbs sumens,
S . S < | 4 - xopuusumens,
=z g £F | 0~ ropd, .
22 ~ > £ | 6— arkTUBUPOBAHHBIN YrOJib,
g E006T o R £ | 7-neonnr/
= 3 — . gz . .
£x L £ 2 | Fig. 5. Parameters of the model of sorption
= N 2 ¢ | of copper(ll) ions of pseudo-second order
5 £ 0047 £ £ | forvarious sorbents:
gz L4 £ 2 1 - F. culmorum,
= ; £ 2| 2-N. paludosum,
€2 002 £Z | 3 - leaves of barley,
£ r2 g : 4 — the roots of barley,
g = £ 5 — peat
El £ ’
£ o B = o — W |, E75 - abslqrbent carbon,
1 2 3 4 5 6 7 — zeolite

Copbent / Sorbent




V. ROMANYUK, V. A. LIKHANOYV, O. P. LOPATIN

REDUCING THE ENVIRONMENTAL THREAT OF MOTOR VEHICLES
BY CONVERTING ENGINES FOR OPERATING ON NATURAL GAS, P. 27
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Fig. 2. Changes in environmental performance
of the diesel (4F 11.0/12.5)
depending on the change in engine speed (n)

Fig. 3. Changes in the environmental
performance of the diesel (4F 11.0/12.5)
depending on the load change (p )
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depending on the change in speed (n)

Fig. 5. Changes in environmental performance
of transport diesel (4FC 11.0/12.5)
depending on the load bearing change (p,)




METO/IbI NCCJETOBAHIIA. MOJEJIN 1 ITPOTHO3bI

Kax u Mojiesib mceBmo-mepBoro mopsjaKa,
MOJIeJIb IICeBI0-BTOPOTO MOPSIIKA TTPejioJaaraer,
4TO XUMUYecKas peariius oOMeHa JUMUTHPYeT
npotece copbruu. CormacHo HaHHON MOEnn
pearius Me;Ray copdbarom u PyHKIMOHATBHOI
IpymIoii copbenTa — peakiusi BTOPOTo MOPSI/KA,
OTM B3AMMOJIEHCTBYIOT MEKIY CODOM B COOTHO-
menun 1:1 [8].

Bricorne snavenust koadpuiimenra gerepmm-
HAIWH TOJYYeHbI [T aKTUBUPOBAHHOTO YIS 1
1eosnTa 1o Mojiean Eirosnda, koropas ajieKkBaTHO
OTIEHMBAET MTPOIECC a/ICOPOITNI Ha TeTepPOTeHHbIX
MTOBEPXHOCTSX IAHHBIX copbenTon [ 12]. Iro mosker
03Ha4Yarh, 4YT0 COPOCHTHI MMEIOT MAaJIOYIOPSII0-
YeHHYI0 CTPYKTYPY, & UX MTOBEPXHOCTh HEOJHO-
POJIHA, YTO KOCBEHHO TIOJITBEPKIAETCS BBICOKNMU
BHAYEHUSAMU «IIyMa» HA KPUBBIX U3MEHEHS
ROHIeHTparnmm n copbrun (pue. 2, 3). Husrne
3HaueHns KoaduiinenTa geTepMuHaIINI 110 MO-
nenn Enosnaa st pacrennii samenst (0,4070 st
ropuett n 0,0221 s mreTheB) XapakTepuayior
CTPYKTYPY cOpOeHTA KaK BBICOKOYTTOPSI0YCHHYTO,
MO3BOJIAIONIYI0 PACCMATPUBATH €TI0 TTOBEPXHOCTH
KaK TOMOTeHHYIO CHCTEeMY.

Takum o6pazom, st 6OJNBITNHCTBA COPOEH-
TOB XUMUYECKAs peaKiins odMeHa JUMUTHPYeT
npotece copbrnum. Tak Kar mis 60JIbITNHCTBA
cOpOEHTOB OTMEYAJINCH BHICOKNE KOI(POUITEHTbI
JleTepMUHAIMY 110 MOJIeJI 11CeB0-BTOPOrO 110-
psanxa (0,7935-0,9978), pacecmotpum mapaMeTph
YpaBHEHWS TAHHON MOJIeIN: KHHETHIeCKIT KO-
appunment (k,) m paBHOBECHYIO (IIpeiebHYT0)
yaeabHylo macey copbara (a,). Yem Boime k,, Tem
BBITITe CKOpocTh copormm Cu*'. Yem Brimie a , Tem
BBIIIIE COPOIMOHHAS EMKOCThH COpOeHTA.

Jlamupie o cpaBHEHWIO TAPAMETPOB MOJIETI
copOIIN TTCeB0-BTOPOTO TOPSIIKA s COpOeH-
TOB Pa3JINYHOI TPUPOJLBI TPUBECHBI HA PUCYHKE
9. 3HAYEeHWST KWHETUYeCKOro KoadduimenTa st
JUCTHEB I KOPHEll SUMeHsI BLICOK U COCTaBJIsIeT
0,084 1 0,054 r/(Mr*¢), 1151 OCTaILHBIX COPOEH-
TOB OH B 8 76 pas HimsKe, M3MEHSACTCA B Tpeiesiax
or 0,0011 0 0,0068 r/(mrec). Takum obpasom,
psAJl COPOCHTOB 1O CHUFKEHUIO /i, UMeeT BUJL: Jin-
CThsI STAMEHsI > KOPHU stumenst > F. culmorum >
eout > 10pd > N. paludosum > arTuBUpoBaH-
HBII YTOb.

PasrnoBecnas ynenbnas macca copdbara s
OOJIBIITNHCTBA COPOCHTOB BapbhUpyeT B IIpejiesiax
or 6,98 no 8,96 mr/r. bonee nHuskue sHaveHms
rmoKasareJisi OTpeiesIeHbl JJIsi aKTUBUPOBAHHOTO
yrast (9,09 mr/r) u neonnra (3,46 mr/r). Ilo mo-
JIYUEHHDBIM JJAHHBIM MOFKHO IIOCTPOUThH PAJL COP-
OEHTOB 110 CHUFKEHUIO ¢ : KOPHU sTUMeHs > Topg
> nuetbst stamenst > N, paludosum > F. culmorum
> aKTUBUPOBAHHBIN YTOIb > TEOJINT.

[Tonyuenmbie HaMu Janibie O COPOIMN
nonoB meau (1) aucrbsamMu sumMens xoporo co-
IJIACYIOTCS ¢ IAHHBIME, TTOJIYYeHHBIMU B pabo-
te [13]. CornacHo M npum HavyaAbHOW KOH-
nenrpamuu nonos menu(ll) pasuoit 20 mr/n
(3,1 « 10* M) pyist iucTheB TMOMCONHEYHMKA
3HAUYeHTe PABHOBECHON YACALHON Macchl copda-
ta cocrasysier 12,68 mr/r (a, nueTbes AUMeHs
7,05 mr/r).

B aroii ske pabore [13] npuBemennbl fanHbie
JUTEPaTyphl, AAOIe MpecTaBieHne 0 MaK-
CUMAJTBLHON éMKOCTH PasTnYHbIX COPOCHTOB 110
ornotrernio kK nounam mesu (11). M3 42 npoanann-
3UPOBAHHBIX COPOCHTOB JINCThS MOJICOTHEOYHITKA
3aHNMAIOT 4 MeCTO 10 COPOIMOHHON 6MKOCTH,
yerynas jauiib rpubam u3 cemeiictsa Manepo-
xetoBbie, Oarrepun Bacillus subtilis w MOpCcROTI-
Boopocan Saragassum fluitans. OgHaro mHemno-
CpeficTBeHHOE cpaBHeHne COPOeHTOB 3aTPYIHEHO
3-32 PA3IMUHBIX DKCITEPUMEHTATLHBIX YCJIOBHII,
HCITOJIBb3YEMBIX B 9TUX NCCTEOBAHMSIX.

3arjaoueHue

Jloist Bcex mecaeoBaHHBIX COPOEHTOB XM -
yecKas peariys oOMeHa JUMUTHPYeT TTPOIece
copbruu. B GosbmimHCTBe caydyaeB NPoIece
copOIUM XOPOIIIO OIINCHIBAETCS MOJIEbIO TICeBII0-
BTOPOTro HMOPsAKA ujau MOAUMUITTPOBAHHOTO
BTOPOTO MOPsI/IKA, COMIACHO KOTOPBIM copOar
n QYHKIIMOHAIBHAS TPYIITa cOpOEHTA B3aUMO-
HEeNCTBYIOT MesRLY c000ii B cooTHOterHnn 1:1.

[To pesynbraram JaHHBIX, TOJYUYEHHBIX B
ompiTax 1o copbrmu monos mexpu (1), Moxrmo
MTOCTPONT JIBA PsAJIa COPOEHTOB:

— TI0 CHIREHTT0 CKOPOCTH COPOIIIN: JTUCThS
SUMeHs > ROpPHU siuMeHst > F. culmorum > neo-
aut >ropd > N. paludosum > akTuBUPOBAHHBII
YTOJIh;

— M0 CHWKEHUTIO COPOIMOHHON EMKOCTH:
KOpHU sSiYMeHs > Topd > jiuctbst ssumenst > N. pa-
ludosum > F. culmorum > akTUBUPOBAHHBIT
YTOJib > [EO0JIHT.

CoBmerrenue sTux JIBYX PSIOB MO3BOJIsIET
cKasaTh, 4To HanMeHee 3(PPHEeRTUBHBIMI COPOEH-
TaMu OBLIK COPOCHTHI HEOPraHUueCKOI ITPUPOJbI
IEOJTUT 1 AKTUBUPOBAHHBIIT yT0Th. COpOImonmbe
BosmoskHOCTn y MO 11 Topdha MoKHO OXapakTepiu-
3oBaTh Kak cpepnue. Hanbonee sapdertuBunivn
copbenramu nounoB TM orazanuch pacrenus
sAYMeHsI, KOTOpble 00Ja/lal MaKCUMaJlbHOT
CKOPOCTHIO COPOIMY U BBICOKOI COPOIMOHHOI
EMKOCTBIO.

MoskHO 1pejinosoKnTh, 4TO NCIONb30BAHIE
MUKPOOHO-PACTUTEIHHBIX aCCOIUAINI B Kave-
crBe copbentos TM oraskercst 6omnee spderTun-
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HbIM, B CBA3M C YeM Tpe6yeTc;1 mnpoBejeHue J1ajab-
Henmmnx I/ICCJIGI[OB&HI/Iﬁ B 9TOM HallpaBJeHNN.

Paboma evinoanena 6 pamkax eocydapcmaeen-
noeo 3adanus Unecmumyma ouonoeun Komu HIJ
YpO PAH no meme «Oyenra w npo2no3 omcpouen-
1020 mexnozenio2o 8o3deiicmeust Ha npupodnsie
u mpancgopmuposanmsie IKOCUCMEMbL ROI30HbL
100icnotl maiiew» N 0414-2018-0003.
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Bioassay is now an integral part of the “Effect-directed analysis” (EDA). We analyzed current research in the field of
biodiagnostics and environmental monitoring programs, which used bioassay methods. The modern bioassay methodol-
ogy is developing in the following areas: the development and implementation of new bioassay methods, the development
of special bioassay devices, the detection of new informative test-functions based on the accounting of sublethal effects in
laboratory organisms, the evaluation and interpretation of the results of toxicological analysis of environmental components.
We propose three directions for evaluation and optimizing bioassay approaches and methods. First, we propose an algorithm
for selecting protocols of bioassay. This algorithm is based on the ranking of sensitivity of bioassay methods to the most
important pollutants in the territory of research. This approach will allow using only the most informative and sensitive
bioassay protocols in the further researches. The second direction in optimization of bioassay methods is strict standardiza-
tion of maintenance conditions of test-organisms. We recommend verification of the influence of abiotic and biotic factors
on the test culture during the entire life cycle of individuals of a biological species. Life expectancy and ability of individuals
to reproduce are universal criteria of health for many animals. The third part of our work is the development of a system of
test-functions for laboratory animals consistently evaluated during a toxicological experiment. This approach allows tak-
ing into account the different effects (lethal, sublethal, chronic and delayed) in the process of testing various substances
or aquatic environments. We tested this system of bioassay using Daphnia magna. The system of test-functions includes
14 response effects, which we took into account in three generations of crustaceans. The earliest responses of D. magna are
estimated from changes in motor activity and trophic activity of crustaceans. Delayed effects are diagnosed by changes in
fertility in the I, and F,generations, as well as the emergence of abortive eggs. Implementation of the proposed directions
of bioassay optimization will allow taking into account the multiplicity of obtaining objective results of ecotoxicological
analyses. Researchers can consistently use three parts of evaluation and optimizing of bioassay approaches at the planning
stage of environmental studies and continue to implement them in the research process.

Keywords: bioassay, bioassay methodology, methods of bioassay, test-function, laboratory test-organism.

YR 574.64

CoBpemMeHHbBIE TEHJIEHIINH PA3BUTHA METO0JTOTHI
OMOTECTNPOBAHMS BOJIHBIX CPe]

© 2018 A. C. OapkoBa, K. T. H., JOIE€HT,
Bsitermii rocylapeTBeHHbBIIT YHUBEPCHUTET,
610000, Poccus, r. Rupos, yi. Mockosekas, 36,
e-mail: morgan-abend@mail.ru

[Tpu ananuse coBpeMeHHBIX HCCIE0BAHMIT B 001acTH OMOTECTUPOBAHISA 1 PAOOT, IIPEJICTaBIeHHBIX B MEKRIYHAPOJHBIX
HayKOMeTpuyecKnX O6aszax JaHHbIX, BbijleJeHbl HAPABICHUs pa3BuTHs Merojosnorun duorecruposanus. Hanbonee
AKTYaJbHBI PA0OTHI 110 CO3/[AHIIO HOBBIX METOJIMK OHOTECTUPOBAHS, pa3padoOTKa CHeInaan3npoBaHHOT0 060PYI0BAHMSI [T
OUOTECTHPOBAHIIS, OBbIIIAIOIIEN0 TOYHOCTb U 00BEKTUBHOCTh UCCJIEI0BAHNUIT, TONCK HOBBIX TeCT-(DYHKIINIT «KIACCHUECKIX»
TeCT-OPraHn3MOB, 13 YHCJIa KOTOPBIX HanboJiee BOCTPEOOBAHBI OIeHKH rpefieranbHbiX adderros. [Tpemnoskers Tpu 610Kka
OIEHKU 1 OTITUMHU3ATIII HOJIXO/0B I METOJI0B GuoTecTipoBaHusi. B mepByio ouepe/ib, Hpu IIaHUPOBAHU HKOJIOTHYECKIX
HCCTel0BAHNIT He0OX0AMMO 000CHOBAHHO BHIOMPATH HepedeHb OuorectoB. [lis sroro paspaboran aaroputm BbiOOpa
610TeCTOB, OCHOBAHHDBII HA PAHKIPOBAHNUN YYBCTBUTEJILHOCTH HabGOpa METOANK OMOTECTUPOBAHUS K ITPUOPUTETHBIM
3arpsI3HSIONINM BEIecTBAM PailOHa HCCIeOBAHNST. ITOT MOJIXO/] [TO3BOJIUT UCITOJIB30BATH TOIBKRO Hanboiee nHQOPMaTHBHbIE
1 UyBCTBUTE/NbHbIEe OMOTECThl. BTOphIM OJOKOM ONTUMHU3AINN [TOJAXO/0B 1 METOJ0B OMOTECTHUPOBAHMS JOJFKHA CTATh
cTporas cTaHjapTU3aIis YCJAOBUI KyJIBTUBHPOBAaHUs BbiOpanHbiX Tect-opranusmon. Ha npumepe Daphnia magna
copMyINPOBaHBI HAYYHO 000CHOBAHHbIE PEKOMEH/IAINH 110 X COfIePKAHMIO 1 [TePUOIYeCKOMY KOHTPOJIIO 3[I0POBbsI TECT-
KYJIBTYPbI. 3aBePIIAIOIIIM HAPABJIEHUEM ONTUMU3AINN TTO/[X0/[0B OMOTeCTHPOBAHMS 1 PA3BUTHS METOOJIOI I TPYIIITHI
METOJIOB ABJIACTCA IPEJJIOKEHHAA CHCTeMa MOC/Iel0BATEILHON0 yueTa clieKrpa Tect-(hyHnkinii 6a30Boro recr-oprannsma
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D. magna. Onenra 14 goerynunix st yuéra rect-QyHrinii 1. magna npuBojnT K AMATHOCTHKE JTeTAIBHBIX, HeJeTalIbHBIX,
XPOHUYECKUX U OTCPOUeHHBIX a(hderToB. Peanusanus mpeioKeHHBIX HAPABIeHIIT ONTHMIBAINKE OUOTECTHPOBAHNS
MO3BOJIUT YUeCTH MHOTO(DAKTOPHOCTE TTOJIYUeHNsT 00HeKTHBHBIX Pe3Y/IBTATOB KOTOKCHKOJOTMUCCKIX aHATN308.

Kuwouesovie ciosa: 6rorecTupoBaniie, MeTO0IOTUs OMOTECTUPOBAHIISI, METObI OUOTECTHPOBAHNS, TeCT-(DYHKINN,

TeCT-opraHmns3Mbl.

The principle of environmental effect-direct-
ed analysis includes justification of all stages of
monitoring: from sampling and preparation of
samples to a combination of chemical research
methods with bioassay of the environmental
components [1]. At the stage of bioassay, a “bat-
tery of bioassays” is formed, which guarantees
the assessment of responses of organisms be-
longing to different systematic groups [2—4].
The choice of bioassays should take into account
“the contradiction between the need for express
toxicity assessment and the environmental reli-
ability of these assessments” [5]. This problem
is solved by tests for accounting of pre-lethal
effects: FET-test (fish embryo toxicity) on
embryotoxicity [6, 7], bioluminescent tests,
for example, “bioluminescent nanopaper” [8],
as well as various methods of genotoxicity and
mutagenicity of aquatic environments assess-
ment [9, 10].

The analysis of scientific works for the pe-
riod of 2013-2017 on the basis of “Web of Sci-
ence Core Collection” database demonstrates the
relevance of the issues of the development and
application of bioassay methods in the practice
of scientific research (Fig. 1).

The total number of responses to the query
“bioassay” was 55805. It should be noted that
researches from other natural sciences using
methods of studying the organisms’ reactions
to a variety of environmental factors are entered
this collection, in addition to results of environ-
mental bioassays.

Thanks to such analysis of bases of scientific
publications, methodical works, materials of
specialized conferences the following modern
directions of formation of bioassay methodology
were defined.

1. Accumulation of the Bank of bioassay
methods. Although scientists know hundreds of
bioassay methods, this positive trend has its draw-
backs. The variety of methods raises for researchers
a question of their choice in the context of specific
practical tasks. At the same time many developers
propose bioassays using organisms that are not
always available to a wide range of researchers and
users of monitoring systems [10, 11].

2. Development of available specialized
bioassay equipment for test automation. At the
same time, you should not neglect reliable visual
methods as new devices are expensive and have
to undergo a complicated procedure of inclusion

1870

The number of publications

Fig. 1. The ratio of the number of publications on the topic “bioassay”*
Note: b.* — bioassay
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Fig. 2. The flowchart of directions of assessment and optimization of bioassay approaches and methods

into the Russian Federal register of equipment
(recommended).

3. Searching for new test-functions of “clas-
sic” test-organisms. Now assessment of genetic
disorders of test organisms is at the peak of popu-
larity among developers of bioassays. However,
itis difficult to introduce such bioassay methods
in mass praclice as they are expensive and also
demand highly qualified specialists.

4. Assessment and interpretation of results
of the toxicological analysis. A reference point
in this area are works in which the role of or-
ganic matter in formation of stability of aquatic
ecosystems at chemical influence is proved, the
positive effect of bioaccumulation processes for
water detoxification is shown, the effects of labile
and non-labile forms of toxicants are described
[12—-14].

Assessment and optimization of bioassay
approaches and methods for obtaining reliable
and objective results in multi-factor conditions
for the implementation of toxicological analysis
methods became the purpose of our work.

Materials and methods

The article presents the generalized results
of several our studies aimed at identifying the
features and problems of bioassay methods,
correction of conditions of toxicological ex-
periments, obtaining reliable bioassay’s results.
Details of separate methods are disclosed in the
“Results and discussion” section.

The database of toxicological analyses for
selection of the directions of optimization of
bioassay’s approaches and methods was obtained
on the basis of the accredited research eco-an-
alytical laboratory of Vyatka State University.
Approbation of the proposed approaches was
carried out on the natural waters selected in the
environment, as well as on natural waters with
added simulated pollution.

Results and discussion

We propose some directions of assessment
and optimization of bioassay approaches and
methods reflected in the following flowchart
(Fig. 2).

This scheme includes three blocks, each of
which is represented by the directions, criteria
and the result of optimization and assessment
of selected research bioassay’s approaches and
methods.

The implementation of this flowchart is
recommended to be started from the selection
of bioassay methods. The following selection
algorithm should be based on the ranging of
the bioassays’ sensitivity (i.e. certain bioassay
methods) to priority pollutants.

1. Establishing non-lethal and lethal doses
of the test substance on the basic bioassay. We
propose to use the biotest on mortality of Daph-
nia magna Straus as one of the most common
in the world bioassay practice. Definition of the
average lethal concentration of toxicants at the
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same time is not obligatory if it is not a research
problem. Such approach considerably reduces
the workload.

The results of published scientific works can
be a reference point for the choice of a series of
tested concentrations, if the toxicant was previ-
ously subject to studying by other bioassays, as
well as the actual content of the interesting sub-
stancein the studied environment is known. Oth-
erwise, it is necessary to be guided by operating
doses of homologous substances (for organic com-
pounds) or the most close substances on genesis
(forinorganic). The planned testing doses should
be added to surface or subterranean natural wa-
ter, peculiar to the region of potential pollution;
that will allow obtaining the data adequate to the
natural waters’ chemical background. The use of
distilled water is not recommended.

2. Conducting bioassay by all available
bioassay methods within the carried-out work.
The responses to model aquatic environments
with additives of non-lethal and lethal doses
established for D. magna in the basic bioassay
are estimated. If necessary for catching of dif-
ferences in sensitivity of bioassay’s examinees,
effects of padding doses of priority substances
are estimated. The control environment used for
model operation remains the same, i. e. initially
matched one.

3. Comparison of the received results to
determination of bioassay sensitivity level and
their distribution in a range of sensitivity. First
of all it is recommended to be guided by weight
percentages of the studied substance, but not
by multiplicity of the regulatory values (MPC,
UDC, etec.) if they are available. Standards
should be used for further orientation in degree of
pollution and a response of test-organisms to it.
This condition will eliminate the difficulties and
possible discrepancies caused by different values
of MPC for the waters of particular appointment
and soils different on a typology and properties.

4. Establishing of chronic toxic effects on
D. magna and/or Ceriodaphnia affinis. The
procedure is not mandatory and can be used
to distinguish the close sensitivity of the two
species of lower crustaceans or for immediate
assessment of chronic toxic effect of the studied
substance if it is included in research problems.

This algorithm is approved on several sub-
stances with obtaining sensitivity ranges that
allows choosing the optimal hioassay methods.
The use of such approach before large-scale
monitoring researches will allow you to save
funds without decrease in objectivity and reli-
ability of the obtained decisions.

The second block of the scheme includes
standardization of cultivation conditions for
the test-organisms. Due to its specific features
each test-culture requires the development of the
reference habitat conditions allowing to support
its health for a long time. The health of test-
organisms’ culture is understood as its ability
to exist for along time as model population with
a stable life expectancy of individuals and pres-
ervation of self-reproduction ability, provided
that the optimal abiotic and biotic factors of its
existence are created. To consider the problem
of standardization of cultivation conditions for
test-organisms and their health monitoring
synchronized groups of D. magna were selected
from the entire list of laboratory cultures as an
experimental model, with the help of which the
basic bioassay was previously proposed.

Despite the centuries-old history of cul-
tivation, the conditions of keeping of these
crustaceans and carrying out experiments are
not unified. In particular, the following rec-
ommendations on D. magna planting density
occur in official bioassay protocols of different
countries: 10 individuals per 1 liter of cultivated
water [15], 20 individuals per 1.6 liter [16],
20-25 individuals per liter of water [17, 18].
At the same time, according to environmental
laws, itis known [19] that mortality and fertility
(two main test functions of D. magna) as well as
biomass accumulation, food behavior and some
other parameters depend on population density.

The study of the influence of D. magna
model population density on fertility and natural
mortality, as well as the influence of cultiva-
tion temperature on these characteristics were
described in detail in our work [20]. We submit
the main recommendations on standardization
of cultivation conditions and health monitoring
of D. magna as the basic test-organism.

1. Life expectancy and reproduction ability
are universal health criteria for many animals.
For amore operational assessment of the state of
D. magna culture, used in chronic experiments,
we propose to observe “the day of the appear-
ance of the first juveniles” index in each new
synchronized D. magna culture. The deviation of
this index from the average value of more than
o days will indicate reproduction problems with
test culture and a decrease of the fertility test-
function validity.

2. The suitability of D. magna culture to
the bioassay needs to be determined not only
by sensitivity to a model toxicant, as this test
estimates adequacy of the acute effects. When
carrying oul chronic experiments, it is proposed
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Table
List of test functions used for the comprehensive assessment of the toxicity of aquatic environments
HJjQH Test-functions Method of evaluation Special devices Exposition
1 Mortality Visual No 96 hours
2 Motor activity Visual No 3-96 hours
3 Trophic activity Instrument method Spectrophotometer o days
Delay / stimulation of forma- Visual + S }
4 tion of brood chambers microscopic method Microscope 5—10 days
) Reducing linear dimensions Microscopic method MICI).OSCOpe with 10 and 25 days
micrometer
6 Body pigmentation Visual No 25 days
7 | Delayinthe haiching of the Visual No 7-12 days
first offspring
. . . Visual + Microscope with
8 «Quality» of the juveniles microscopic method micrometer 25 days
9 Fertility 25 days
The proportion of abortive eggs
10 | from the number of the juve- Whole life cycle
niles
11 | Average lifetime of individuals Whole life cycle
Mortality in the generations Visual No
12
of F, and F, . .
P . 25 days of life of
. Fertility in the generations A
13 individuals
of F, and F.
. o F,and F,
Abortive eggs in generalions - ‘
14 ; :
F,and F,

to monitor the daily increase of mortality index
in a specially created group of crustaceans once
a year. This parameter is stable and equal to 1.1
with a variation of less than 10%. Significant
deviations from this parameter will indicate the
health problems of culture.

3. The optimal density of D. magna in the
habitat should be 25 individuals per 1 liter.
Low planting density leads to high fertility,
which deplete the culture. The effect is similar
to cultivation in warm conditions (25 °C) which
reduces the life expectancy of crustaceans. High
planting density causes a developmental delay
of individuals even in conditions of optimum
temperature and sufficient nutrition.

The proposed standard parameters of cul-
tivation conditions and the state of the test-
organism . magna can be adapted for other
cultures, using the leading principle: regular
monitoring of vital parameters throughout the
life cycle of organisms.

An important section of the assessment and
optimization of bioassay approaches and methods
is the third block of the proposed scheme, in-
cluding the determination of the spectrum of
test functions of an organism. According to
[5], “experiments of 2—3 days duration seldom

adequately characterize biological and ecological
threat of specific pollution”. Therefore, it is im-
portant to propose for users of bioassay methods
convenientl bioassay complexes for assessment
both the test-functions of early diagnosis and
delayed effects.

To solve this problem, 14 test functions of
D. magna, manifested at different times of the
experiment, depending on the toxicity of ac-
tive substances, were combined into a uniform
system. First of all, relatively easily diagnosed
reactions of D. magna were chosen, which begin
to appear from the first days of the experiment
on sublethal doses of toxicants, that is, meet the
criteria of accessibility, expressiveness and sen-
sitivity (Table). Test functions based on changes
in biochemical parameters of crustaceans, on
the contrary, were not used because of the high
laboriousness and the need for higher qualifica-
tion of performers, as well as additional costs for
materials and reagents.

The proposed list from 14 test-functions is
available to accounting for most of employees
of bioassay laboratories. The algorithms for
determining most of these test functions are
well-known or understandable, based on their
name, and are also described in certified or
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research techniques. We proposed and tested
the modification of visual accounting of motor
activity in [21].

Effects are diagnosed by test functions,
sequentially manifested during the experi-
ment, the developed scale reflects the time
of manifestation of test-functions (Fig. 3).
Depending on the established effects, the tox-
icity of the sample can be estimated not only
qualitatively, but also quantitatively on many
indexes as well as ranked by the intensity of
their manifestation.

Bioassay according to this scheme during
the whole life cycle of the conditional D. magna
first generation and 25 days of life of the crus-
taceans’ second and third generations allows
tracing three main effects depending on contact
duration of the tested aquatic environment and
an organism according to S.A. Kutsenko's clas-
sification [22]:

— lethal effects manifested in acute intoxica-
tion which develops as a result of the action of
substances for a limited period of time (typically
up to several days);

— sublethal effects, manifested in subacute
intoxication, which develops as a result of con-
tinuous action of the toxicant(s) for up to several
tens of days;

— chronic and delayed effects, manifested in
chronic intoxication, which develops as a result
of the prolonged exposure to the toxicant(s).

Such approach will allow characterizing in
details the investigated aquatic environments,
new substances and materials, to predict their
ecotoxicological effects in entrance into envi-
ronment.

The presented three blocks of the considered
scheme at consecutive joint realization will allow
estimating and optimizing approaches and meth-
ods chosen for environmental research bioassay,
as well as developing the most rational plan of
environmental research or regular monitoring
using ecotoxicological methods.

Conclusion

The basic development tendencies of group
of bioassay methods are analyzed in this work.
The scheme of assessment and optimization of
bioassay approaches and methods, including
three blocks of actions which differ in their ap-
plication availability is developed on this basis.

The proposed algorithm for setting the
bioassay sensitivity allows comparing not only
different test organisms but also specific bio-
assay methods. As a result, the researcher is
not required to select test functions of sensitive
species and to determine the exposure and other
parameters of the experience in the further. This
action is directed to assessment of bioassay
methods in the context of specific tasks of the
planned or carried out researches.

Acute
intoxication

Death within 1-3 hours of experience => SDM>100
Death within 24 hours of experience => SDM>50
Death within 96 hours of experience => SDM>2

Lethal
effects

Changes in motor activity
Change in trophic activity

Linear sizes of individuals

Delay in maturation of individuals

10 )

Pigmentation disorder
Subacute

Delay of the first appearance of juveniles

15 Sublethal

intoxication

"Quality" of newborn daphnias

N\

Change in ferfility
Abortive eggs

20 effects

25

Dynamics of death of adult daphnias
Average lifetime of individuals

D;;ys

Death of individuals F2
Chronic

intoxication Abortive eggs F2 and F3

— Change in fertility F2 and Fs3

~—

Deferred
and
) chronic effects

Fig. 3. System for sequential assessment of test-functions spectrum of D. magna
(SDM - safe dilution multiplicity)
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Further exact standardization of test organ-
isms’ cultivation conditions allows to set high
quality criteria of test-cultures. The example of
D. magna shows a list of regulated cultivation
parameters and health monitoring of test-cul-
ture. The signs recommended for assessment of
D. magna laboratory culture help to separate sea-
sonal fluctuations of test organisms’ condition
from systematic deterioration in their health.
The proposed standardization parameters of
cultivation and health monitoring of test-culture
can be adapted for the majority of other test-
organisms.

As optimization of bioassay approaches
profound studying of various responses of basic
test-organism, but not increase in “the battery
of bioassays” is proposed. At such approach both
test-functions of early diagnostics, and delayed
effects are estimated. The implementation of
such approach is approved on the example of
D. magna — a test-organism, basic in a number of
parameters. The system of a sequential estima-
tion of D. magna test-functions spectrum is de-
veloped. [ts advantagesinclude the possibility of
widespread introduction into bioassay practice,
ranging the degree of toxicity of the tested en-
vironments, assessment of the lethal, sublethal,
chronic and delayed effects of the tested aquatic
environments and substances.

Thus, the bioassay methodology continues
to develop. Many modern developments compli-
cate the algorithms of actions for the research-
ers. This is not always justified, and also it does
not allow carrying out mass introduction of
advanced designs. The proposed flowchart of
assessment and optimization of bioassay ap-
proaches and methods is directed to the choice
of the mostinformative methods for reduction of
researcher’s operating time, quality control
of the used test-cultures for obtaining reli-
able results and is focused on the use of basic
test-organisms with the most accessible test-
functions.
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The article explains the necessity of using natural gas (NG) for motor vehicle diesel engines, which makes it possible
to reduce their environmental threat and to save motor oil fuel. The composition of the NG used and its physic-chemical
properties are presented in the article. In order to determine and to optimize the amount of the NG supplied for motor
diesel engines, the authors of the article have tested them on the electro-brake testing bench SAK-N670, which has a
balanced pendulum and the weighing machine “Rapido”. At the same time, the toxicity level of the exhaust gases (EG)
was determined using an automatic gas analysis system “ASGA-T”, and the smoke intensity of the exhaust gas was
estimated using an optical-electric reflectometer “Bosch EFAW-68A”. It has been experimentally established that for
the NG using in the tested motor vehicles diesel engines, it is necessary to maintain the following ratio of components:
gas should be 80%, diesel fuel filling should be 20%. When converting diesel engine 4F 11.0/2.5 installed on trucks
and tractors of urban public utilities to NG, and while the simultaneous use of exhaust gas recirculation (EGR) initat a
rate of 20% (EGR is applied to eliminate the increased nitrogen oxides as a result of using NG), the content of nitrogen
oxides (NO ) in EG is reduced by 30.0-30.1%, carbon soot is reduced by 82.0-88.7%; carbon dioxide (CO,) is decreased
by 31.6-35. 16%. When convertlng a diesel engine 4FC 11.0/12.5 installed on city passenger buses to N(; in the EG a
decrease in NO_content by 5.5-35.1% occurs; carbon soot decreases by 88.2-92.0%; carbon monoxide (CO) decreases
by up to 21.6%. “The conversion of these motor diesel engines to work on NG, in addition to improving the environmental
performance of their EG indicators, also helps to save oil motor fuel in the amount of 80%.

Keywords: natural gas, exhaust gases, diesel, ecology of city.
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CHU:KReHnEe IKOJOTIYECKON OITACHOCTH aBTOMOOWIEN
KOHBepTalyeil Ha NPUPOHBIN ra3
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ObocHOBaHA HEOOXOMMOCTh MCIT0/Ib30BaHMs Tpupoproro rasa (I117) mist guseneit aBTOTpaHCIIOPTHBIX CPEJICTB, Y4TO
I03BOJISIET YMEHBIIUTh UX HKOJOIMMYECKYIO OITACHOCTh U CAKOHOMUTH MOTOpHOE HedrsiHoe TotnBo. [pegcerasnen cocras
ncrosb3yemoro 11" ero prusnro-xumuveckue coiictsa. B iiensx pazpaboTiku, ompejieseHust 1 OTITHMI3ATN I KOJTHYeCTBA
noprasaemoro [T st aBrorpanciopTHBIX in3eseil MPOBeJIeHbl NX UCIIBITAHIS Ha 31eKTpoTopMo3HoM creHe SAK—-N670
¢ GaaHCUPHOI MASATHITKOBOI MallnHOI 1 BecoBbIM MexaHuzMoM «Rapido». [Ipu s10M ToKCHYHOCTH OTPAbOTABIINX ra30B
(OI') onrpeprenisinach mpu MOMOIIM aBTOMaTHUECKOT crcteMbl razoBoro anannza «ACIA—=T», a gpimuocts Ol onennBaiach
¢ MOMOIIBIO OTITHKO-3/IeKTpueckoro peduierromepa «Bosch EFAW—-68A». JkcriepiuMeHTalIbHO YCTAHOBIEHO, UTO JIJIsT
npumenenus [1I' B ncemeryeMbix aBTOTPaHCIOPTHBIX JIN3EJAX HEOOXO[MMO MOJJIePKIBATH CJIe/IyIoIee COOTHOIIeHIe
rKoMmroreHToB: raz — 80%, sananbuas noprus ausenabroro rormusa (JIT) — 20%. TTpu kousepramun wa T quzens 44
11,0/12,5, yeranaBanBaeMoro Ha rpy30Bbie aBTOMOOUII 1 TPAKTOPBI TOPOJCKUX KOMMYHA/IbHBIX CITY/KO, 11 OJlTHOBPEMEHHOTO
MpPUMEHEeHTs B HEM permpryasmun orpadorasmux razos (POIY) B pasmepe 20% (POI" mpumernena s THKBUAAIT
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Bo3pociInX B pesyibrare npumerenns [1I" okcuos asora) nponcxoput cuusenne copepsanus s OI' okenpos azora (NO,)
na 30,0-30,1%, caxu — ma 82,0-88,7%; nuorcuna yriepoga (CO,) — ma 31,6—-35,6%. ITpn konsepranun wa I1T" guzens
4YUH 11,0/12,5, yeranasimBaeMoro Ha ropojicKkne MaCCasRMPCKITe aBTOOYCH, TPOMCXONT crirene cogepskans s O NO,
019,59 110 35,1%, cansu — na 88,2-92,0%; monoorcupa yriepona (CO) — 1o 21,6%. TTepeso yKkazaHHbIX aBTOTPAHCIOPTHBIX
nuaeneii st paborel Ha [T, kpome yoryurienust skosornyeckux mokaszareseii nx O, mo3Bosisier Takske SKOHOMUTH HePTIHOE

MoTOpHOE TOIIBO B pasmepe 80%.

Karuessie crosa: HpHpOHIILIfI Ta3, BLIXJIOTTHDBIE Ta3bl, TN3eJIbHOe TOILJINBO, 9KOJIOTUA TOPO/a.

Currently, most of the world’s population
lives in cities with overloading of urban areas. It
isessential thatit results in problems concerning
the deterioration of people’s living conditions,
the growth of diseases, a drop in labor produc-
tivity, a decrease in life expectancy, pollution of
the environment, and climatic changes. So, as a
result of urbanization, there is considerable pres-
sure on the lithosphere, which leads to a change
in the relief, karst voids formation, violation of
river basins, desertification of areas that become
unsuitable for the life of plants, animals and
people. Intensive destruction of flora and fauna
takes place, their diversity decreases, the number
of natural and recreational zones, green planta-
tions also decreases, and the so-called “urban
nature” arises [1-4].

Rivers and lakes are polluted with industrial
and domestic waste water. All this leads to a
reduction of waler areas, extinclion of aqualic
plants and animals. Also, all the planet’s water
resources (groundwaler, intracontinental hydro
systems, etc.) are being contaminated. One of the
consequences is a shortage of drinking water,
which, among other things, causes the death
of thousands of people on the planet [5-8]. Air
pollution is one of the first environmental prob-
lems that have been discovered by the mankind.
The atmosphere is polluted with the car exhaust
gases, industrial emissions. Cars overflow urban
and suburban transport routes. All this leads
to dusty atmosphere, acid rains. Subsequently,
dirty air causes diseases of people and animals.
As forests are being cut down intensively, the
number of plants that absorb carbon dioxide
reduces. Household garbage is another source of
soil, water and air pollution. Different materials
are decomposed for a long time. The disintegra-
tion of certain substances requires from 200 to
900 years. And while the process of their refining
is underway, harmful components are released
and they cause numerous diseases. Also, noise,
radioactive pollution, and the problems of a city
municipal utilities functioning are relevant
[9-12].

It seems that this list can be continued end-
lessly, therefore in the article we will define one
of the most critical environmental problems for

cities. So, according to the Health Ministry of the
Russian Federation in large industrial centers of
Russia, atmospheric air pollution is caused by
toxic emissions of motor vehicles in the 70-80%
of cases. Of course, in Russia there is the relevant
environmental legislation and regulations for
reducing the toxic components in the exhaust
gases of vehicles and internal combustion en-
gines, and Russia has international obligations
in the field of environmental protection, adopted
during the signing of the international agree-
ments in the field of environmental protection
to reduce harmful emissions, but in order to
improve the ecological situation in the Russian
cities, it is necessary to convert the vehicles for
working on natural gasin a large scale [13—15].

So, according to the Order of the Russian Gov-
ernment No. 767, adopted on May 13, 2013, “On
the expansion of using natural gas as a motor fuel”,
the Ministry of Industry and Trade, the Ministry of
Regional Development, the Ministry of Transport
and the Ministry of Energy of Russia are tasked to
develop and submit to the Russian Government a
set of measures concerning the creation of condi-
tions for bringing the level of natural gas (NG)
using as motor fuel for public road transport and
transport of municipal road services by 2020 in the
subjects of the Russian Federation [16]:

a) in the cities with the population of more
than 1 million people this level should be in-
creased up to 50% of the total number of equip-
ment units;

b) in the cities with the population over 300
thousand people it should be increased up to 30%
of the total number of equipment units;

¢) in the cities and settlements with the
population of more than 100 thousand people it
should be increased up to 10% of the total num-
ber of equipment units.

In addition, on April 18, 2018, the President
of the Russian Federation V.V. Putin in Novo-
Ogarevo held a meeting with the Government
members. During the discussion he has deter-
mined the unconditional priority of natural gas
motor fuel over other fuel types [17].

Therefore, we believe that the NG usage
for improving the environmental performance
of automobile transport is more than relevant.
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The purpose of this work is the rationale
of NG using in diesel engines to improve their
environmental performance and to save oil mo-
tor fuel.

Objects and methods of research

In the Vyatka State Agricultural Academy
on the basis of the Department of Heat Engines,
Vehicles and Tractors, we have carried out the
research of diesel engines in order to convert
them to work on NG [18, 19]. The experimental
setup consisted of the tested diesel engine, the
electro-brake testing bench SAK-N670, which
has a balanced pendulum and the weighing ma-
chine “Rapido” (Fig. 1b), and other measuring
equipment.

The toxicity level of the exhaust gases was
determined using an automatic gas analysis
system “ASGA-T” in accordance with the Rus-
sian State Standards GOST R 41.49-2003 and
the GOST 17.2.2.05-97. When determining the

smoke intensity, a filtration method was used.
The blackening of the filter was estimated by
the degree of its optical reflection in comparison
with the pure filter and was measured with the
help of the optical-electric reflectometer “Bosch”
EFAW-68A. Sampling for determining the
smoke intensity of exhaust gases was carried
out taking into account the requirements of the
GOST R 41.24-2003 and the GOST 17.2.2.02-
98. During the bench tests, summer diesel fuel
(GOST 305-2013) and compressed natural gas
of the “Yamburg” deposit from the “Yamburg-
Tula” gas pipeline have been used (Table 1) [18].
The used gas was in cylinders in accordance with
the GOST 27577-2000 (Table 2) [20].

When converting diesel engines to work on
NG, their operation was implemented according
to the following scheme. The natural gas cylinder
was fed into the diesel through the intake system
together with the air in the form of a homoge-
neous mixture that was compressed, and at the
end of the compression a primer portion of diesel

Fig. 1. Control panel for brake testing bench SAK-NG670 (a)
and experimental diesel 4FC 11.0/12.5 (b)

Table 1

The composition of natural gas used in the bench tests
(Yamburg deposit, “Yamburg — Tula” gas pipeline) [18]

Substance Content, %
Methane 98.27
Ethane 0.62
Propane 0.18
Butane 0.05
Pentane 0.01
Nitrogen 0.81
Oxygen 0.01

Carbon dioxide 0.05
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Table 2
Physical and chemical indicators of natural gas in accordance
with the State Standard GOST 27577-2000 [20]

The Name of the indicator Value
The low heat value, bulk, kJ /m?, no less 31800
Concentration of water vapors, mg/m?, no more 9.0
The volume fraction of oxygen, %, no more 1,0
The total volume fraction of non-combustible components, %, no more 7.0
Weight of mechanical impurities in 1 m?3, mg, no more 1.0
The concentration of mercaptan sulfur, g/m? no more 0.036
The concentration of hydrogen sulfide, g/m?, no more 0.02
Calculated octane number (motor method), no less 105
Relative density to air 0.55-0.70

fuel was injected into this high-temperature mix-
ture, and the resulting heterogeneous mixture
self-ignited. Thus, when using natural gas with
a primer portion of diesel fuel, an oil diesel fuel
replacement, equal to 80%, has been achieved.

Results and discussion

Natural gas, the main component of which is
methane (CH,), has long found its niche of being
used as a motor fuel in motor vehicles, because as
motor fuel it has undeniable environmental ad-
vantages compared to traditional petroleum fuels.

Figures 2 and 3 (see color insert) show
the results of studies of the high-speed and load
bearing characteristics of the environmental
compatibility of the EG of the diesel engine 4F
11.0/12.5, installed on trucks and tractors of
urban public services and which uses NG.

Analyzing the graphs of the toxic compo-
nents content when working on NG including the
exhaust gas recirculation (EGR) depending on
the change in the engine speed (Fig.3), it can be
noted that the pattern of the curves corresponds
to the diesel process, with only their numerical
values being changed. Thus, the NG using in
the range of the engine speed change from 1400
to 2400 min' leads to the decrease in the content
of carbon soot in the EG by 83.6-88.7%:; to the
decrease of CO by 20.8-65.5%:; to the decrease of
CO, by 47.0-49.4%. But it results in the growth
ofNO by 23.5-25.9% and C N_ by 75.0-85.3%.
The EGR has been used to eliminate the increased
nitrogen oxides as a result of using the NG. Thus,
when working on gas-diesel fuel with 10% EGR,
the NO_content closely corresponds to the diesel
fuel, and the simultaneous use of NG and EGR at
arate of 20% leads to a decrease in the NO_con-
tent in the exhaust gases by 30.0-30.1%, carbon
soot — by 82.0-88.7%; CO — by up to 51.7%; CO, —
by 31.6-35.6%.

The analysis of the load bearing character-
istics (Fig. 3) shows that the NG using in the
diesel engine 4 F 11.0/12.5 leads to an increase in
the content of NO_and C H_in the exhaust gases.
The EGR using reduces the NO_ content in the
exhaust gases in the entire load range. Thus,
when working on NG with the EGR 40%, in the
range of load changes from 0.13 to 0.26 MPa, the
NO_decreases by up to 55.0%, and when working
on NG with the EGR 20% at the nominal mode
(p,=0.64 MPa), the content of NO_in the EG is
lower by 31.8% compared to the diesel fuel. The
use of the EGR 10% reduces the C N_to 9.9%
in relation to the work on NG without EGR.
It should be noted that a significant increase
in C_H_at high loads is due to the incomplete
combustion of fuel in conditions of the lack of
oxidizer with the increase in the degree of EGR.

When working on NG, the concentration of
carbon soot and CO, in the EG is significantly
reduced. So, for example in the nominal mode,
the use of NG with the EGR 20% reduces the
carbon soot by 81.0% in EG and it reduces CO,
by 35.8%. The content of CO in the EG when
working on NG including the EGR increases at
small and medium loads, and with an increase in
the load over the nominal one, a decrease occurs.
So, in the nominal mode of operation for NG with
the EGR of 20%, this decrease is 14.3%.

Figures 4 and 5 (see color insert) show the
results of studies of the speed and load bearing
characteristics of the environmental compatibil-
ity of the diesel engine 4FC11.0/12.5 of the pas-
senger bus “PAZ”. This engine operates on NG.

Analyzing the changes in the exhaust gases
toxicity level according to the rotational speed,
it can be noted that when working on NG the
NO_ content in the EG is lower than when
workmg on diesel fuel in the entire range of
rotational speeds. Thus, the NG using in the
range of rotational speed change from 1200 to
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2400 min' leads to the decrease in the content
of carbon soot by 88.2-92.0% in the EG; to
the decrease in NO_by 5.5-35.1% and to the
decrease of CO by up to 21.6% at speed of more
than 2100 min!. But at this time the growth of
C.H_ by 95.0-98.3% and the growth of CO by
up to 5.0% at a rotation frequency of less than
2000 min! takes place.

The study of the load-bearing environmen-
tal characteristics of the working process of the
transport diesel engine 4FC 11.0/12.5 operat-
ing on NG (Fig. 5) shows that the NG using in
this diesel engine reduces the content of carbon
soot and NO_in the EG in the entire range of
load variation, and it also reduces CO when the
average effective pressure (p ) is less than 0.7
MPa. However, in this case, the growth of total
hydrocarbons CYHy in the entire investigated
load interval has been noted. So, at the nominal
operating mode (p, = 0.84 MPa), the use of NG
leads to a decrease in the carbon soot in the EG
of diesel engine by 91.7%, in NO_by 8% and in
CO by 19.0%. ‘

Conclusion

The authors of the article have given a prom-
ising solution for improving the environmental
performance of diesel engines by converting
them for operating on NG.

When converting diesel engine 4F 11.0/2.5
installed on trucks and tractors of urban public
utilities to NG, and while the simultaneous use of
EGR at arate of 20%, the content of nitrogen ox-
ides (NO_) in the EG is reduced by 30.0-30.1%;
carbon soot is reduced by 82.0-88.7%; carbon
dioxide (CO,) is decreased by 31.6-35.6%.

When converting a diesel engine 4FC
11.0/12.5 installed on city passenger buses to
NG, a decrease in NO_content in the EG by
9.0-39.1% occurs, carbon soot decreases by
88.2-92.0%; carbon monoxide (CO) decreases
by up to 21.6%.

The conversion of these motor diesel engines
towork on NG, in addition to improving the en-
vironmental performance of their EG indicators,

also helps to save oil motor fuel in the amount
of 80%.
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Bansaname BoeHHBIX [IeiicTBUIT HA cojlepsRaHNe HEKOTOPBIX METALIOB
B nouse Cayp-Mormisl, [lonbace

© 2018. A. C. Anxemacosal, 1. x. H., mpoeccop, 3aB. kKadenpoii,
10. 1. IlenbkoBa!, bakanasp, A. C. IluBoBaposa', marucrp,

P. B. Ocranenxo?, HauaabHUK OTE]IA,

JloHenKuit HAIMOHATBHBII YHUBEPCHUTET,

83001, Ykpaumna, r. [lonenx, yi. Yausepcurerckas, 24,
2Jlonenkmii Boranmyeckuii caj,
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C Mcnonmb3oBanneM CTanlapTHBIX METO/IOB ITPOBEIeHa OIeHKA CPABHUTEILHOTO COJIePKAHNA BATOBBIX 1 TTOJBIKHBIX
dopm 11 rokenunbix merasios (Cd, Pb, Sr, Mo, Zn, Cu, Ni, Co, Ga, Mn, TI) B mousax BOpOHOK OT apTH/LIepUiCKIX 00CTPETIOB
Ha kyprane Cayp-Mornia ([lon6ace, Yrpanna) u ouse ropojickoro razona r. JloHerka. YcraHOBI€HO, YTO KOHIIEHTPATIMS
MPAKRTUYECKHU BCEX MCCIeoBAHNbBIX MeTasioB me mnpesbimiaer 1[I 1160 gormosoro yposiist, 3a nckiaiouernmem kaamusi (ripe-
sorenue [JIK B 1,5-2 pasa B aiyx npobax) un kobasbsra (Ha yposte [IJIH B optHoil 1ipoGe). YpoBeHb BATOBBIX U TTO/[BUK-
ubix popm Zn, Cu, Mn, Pb, Ni, Cd B mouBax Boponox B 2—7 pas HusKe, 4eM B TeXHOTEHHO 3arPA3HEHHOM FOPOJCKOM Ta30He.
Cymmapnblii HoKaszarens 3arpsAsHenns Z 3HaunTeIbHO HIyKe KaTeropun «gomycerumas». [lokazatess crenen mojBIzKHOCTH
HCCNC0BAHHBIX METANIIOB S CBUACTEILCTBYCT 00 X He3HAUNTeILHOI II0JIBUZKHOCTH, 38 HCKIIOYCHIeM KICI0TOPACTBOPUMBIX
dopm ceuHIA. [oydeHHbIe pesyIbTaThl CBUAETEIBCTBYIOT O HEOOXOINMOCTH JIAJILHEIIIEro CHeTeMaTn4eCKOTO MOHUTOPIHTA
mo4B MecT 60eBbIX sleficTBuil B [lonbacce, a Takike ompoBepraioT ruroTesy o BAMAHNN COlePKAHNA TOKCHUHBIX METAII/IOB B
1ouBe Ha HAOJII0JlaeMOe N3MEHeH e COCTaBa 1 CTPYKTY Pl PACTUTETIBHOTO TOKPOBa JaH madTHOTO mapKa « [loHekii kpsix».

Kaouesvle cioga: Tokcnunbie MeTalyibl, BATOBOE CojlepsRane, MOJABUKHbBIe OPMBI, MOYBLI, BOPOHKN OT
apTuLIepuiickuX 006CTPesIoB, 1104YBa FOPOICKOr0 ra30Ha.

Military activity influence on some metals content
in the Saur-Mogila soil, Donbas
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Soil samples were collected from funnels after artillery shelling (summer 2014) on burial mound Saur-Mogila
(Donbas, Ukraine) as well as from urban garden soil near motorway in the Donetsk central district in order to determine
the concentration of 11 toxic metals total content, acid-soluble forms and mobile forms. The concentrations of toxic met-
als Cd, Pb, Sr, Mo, Zn, Cu, Ni, Co, Ga, Mn, Tl were compared with maximum permitted concentration and background
level. The results quality was controlled by standard addition method. The mean concentrations of Cd (2 samples) and
Co (one sample) exceeded the guidelines while the other metals did not exceed. The level of Zn, Cu, Mn, Pb, Ni, Cd total
and mobile forms in funnels soils was 2—7 times lower than in polluted urban garden soil. The sources of toxic metals in
Donetsk garden soil may be from traffic and industrial emission. The total pollution index (Z,) is much lower than the
“permissible” category. The index of metals mobility (S, ) indicates their insignificant mobility with the exception of lead
acid-soluble forms. The obtained results testify to the need for further systematic monitoring of the soils of battlefield in
Donbas. These results refuted the hypothesis as for soil toxic metals content influence on observable state of vegetation
in “Donetskiy Kryazh” landscape park near Saur-Mogila burial mound.

Keywords: toxic metals, total content, mobile forms, soils, funnels from artillery shelling, urban lawn soil.
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nobanbHoe 1 ToKaIbHOE 3arpsi3HeH e TI0YB
TOKCUYHBIMU METAJIJIAME TIO-TIPEsKHEMY OCTAETCSI
AKRTYAJLHON 3a/iaueil XUMIYeCKOTO MOHUTOPUHTA
BCJIEJICTBIE BBICOKON TOKCHUYHOCTU COeJIMHe-
HUIT METAJIIIOB, CIIOCOOHOCTU K aKKYMYJSIUN 1
BRJITOYEHITO B TPOPUUCCKITE TICTIH, YCTOMINBOCTI
[1-7]. Kak nmpaBuio, B iouBe OIEHNBAIOT YPOBEHb
sarpsisnerust coeuaerusimu Cd, Pb, Zn, Ni, Cr,
Cu, As, Mn, Al, V, Fe u up. B pesysibrare Texto-
TeHIOoN aeATeabHocTn dejgosera. Kié oomnimmit
RpYyITHOMACIITaOHBII 1 IOJMTOBPEeMEeHHbII yiiepo
TIJIOIOPOJIHBIM 3eMJISIM HAHOCSAT WHTEHCHBHBIE BO-
eHHbBIE JIENCTBIS, KOTOPbIE BEJIYTCS B HACTOSIIIEE
Bpemsi B [lonGacce. 3Bectnbl nanubie Mesxy-
napojiHoit biaarorsopurennroit Opranusannn
«Irosorus-IIpaso-Yemoser» 06 HROTOTTUCCKIX
MOCTECTBUAX WHTCHCUBHBIX aPTUIICPUTCKIX
00cTpesioB B paiioHe 3aroBeiHbIX Tepputopuii [lo-
nerroit u Jlyranckoit obmacreii st armocdephl,
rupipocepnl (Cereperuii [lonerr), aurocdepst,
ouorsl 8, 9].

Tar, B pe3ysibrare mepBUYHBIX HAOTIOMEHIT
Ha TEPPUTOPUN PecTTyOINKAHCROTO JaH/madr-
HOTO TapKa «/lonenkmii Rpssx» (0ko10 80 KM OT
roponia [lonernka), rje nerom 2014 . mpoxoaunn
0CODEHHO MHTEHCUBHBIE DOEBbIE JIEHCTBUS, OT-
MEUEHO YCUJIeHIe MO3aNYHOCTI PACTUTETILHOCTI
npupoanoit gaopsl [lonenkoii secocrenu, m3-

MeHeHIe COOTHOIIEeHS DJIeMeHTOB CTPYKTYPBI B
0JIb3Y COPHO-PY/ePaJTbHBIX PACTeHIIT MECTHOT
(brophI 1 yBENMUEHVIE YNCACHHOCTH TIOTTYJIATIIT
NHBA3UBHbBIX BUJI0OB B MEeCTaX HpOBe,/IeHI/IE[ 6OGBBIX
e CTBUIA.

[lesbi0 fanHOIl pabOTHI SABIATOCH OTIPefieie-
HIe BATOBOTO COMEPIRATISA, & TAKIKE COMePRATISA
RUCJIOTOPACTBOPUMBIX U MOJIBIKHBIX (hopM He-
ROTOPBIX TokcmaHbIX MeTasnos (Cd, Ph, Sr, Mo,
7Zn, Cu, Ni, Co, Ga, Mn, Tl) B mouBax kyprana
Cayp-Morumaa Ha TeppuUTOPUH 3aMOBEIHIKA I
Ha OCHOBAHMN DTUX JAHHBLIX BLIABJICHIE 3aBU-
CUMOCTH COCTaBa M CTPYKTYPBI PACTUTETHLHOTO
MMOKPOBA OT YPOBHS 3arpsi3HEHNST, XapaKrepa 1o-
BPEKJICEHUIT PACTUTETLHOCTH 1 TIPOTiecca 3apac-
TAHUA BOPOHOK, OKOTIOB, OMMHAMKEN 1 IPYTHX
coopyskenuit B paitorne Cayp-Morunr.

N3 uccaenosannbix merassios Cd, Pb, Zn, Tl
ormocsres k 1 wracey omacmoctn, Co, Ni, Mo, Cu —
Ko 2-my ®yaccy u Mn, Sr, Ga — K 3-my Kiaccy.

O0BbeKTHI 1 MEeTOJbI

[Ipo6sr moussl B paitone kyprana Cayp-
Morunsl orbupanuch B nione—muione 2017 1. B
coorBercTBI ¢ peromenanusamu [10] us ocras-
IMUXCs B pe3yJsbraTe pa3pbiBOB CHAPSIIOB BOPO-
HOK €O cJeyformumMn koopaunaramu (tads. 1).

Tadauma 1 / Table 1

Roopmmaater Touer orbopa o6pastos mous / Soils sampling coordinates

Ne ripo6er /Sample No

Koopmaurarer mecra or6opa mpob /Coordinates of sampling territories

Boponka No 691 /Crater No 691

47°5544,8"C/N, 38°43°47,7"B/E

Boponka No 692 / Crater Ne 692

47°55°46,5"C/N, 38°43°48,6 "B/E

Boporra Ne 693 / Crater Ne 693

47°55°46,6"C/N, 38°43"48,6"B/E

. Ilenareeeka

° MakeeBka XapubI3ck LLlaxTepck :
CHexHoe
3 JoHeuk LA 3yrpac Topes _
' Cayp-Moruna
- WnoBanck
MocnuHo BnaroparHoe
[ H20 |
EneHoBka . =
KyW6biu
Hos. Cser AMBpOCHEBKa Yy
Aokyvaesck Crapo6elweeo Py
‘ YcneHka
muKoe
ABuno:YcneH
KanbMuycckoe J_J
10 KM

Puec. Rapra-cxema pacrionoskenust Cayp-Morumnt / Fig. Geographic position of Saur-Mogila
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B kavecrBe 06pasiia TeXHOTeHHO 3arpsA3HEH -
HOIT TOYBBI OBLJI IONOTHUTETHHO 0TOOpaH 00pasery
MTOYBBI TOPOJICKOTO TA30HA B I@HTPAIHHOM paiio-
me ropopia [lonerka). [lpn moproroBke Kk anaansy
1POOBI CCHITIAJINCH HA TIOJINATHIIEHOBYIO TJIEHKY,
TIATEJILHO [IePeMeINBAINCh, KBAPTOBATNCH 3—4
pasa. [IpoOy BhIcyIIIBaIU [10 BO3/LYIIIHO-CYXOTO
COCTOSTHUSI, TIPOCENBAJIN YePe3 CUTO ¢ Pa3MepoM
sueek 0,4 Mmm, nctupann B papdopoBoii crymke.
Macca mpo0bi cocrasJsiia okoJio 1 Kkr.

Papnanumonnyio 6e3omacHocTh pod KOH-
TPOJIMPOBAJIN ¢ MCITOJIb30BAHIEM J03MMeTpa
«TEPPA-I1». Uctionn3oBanu yHUGUITMPOBAH-
HbIE METOJ[bl XUMIYECKOT0 3BJ/IeUeH s MeTaJlJIOB
u3 nous [11]. Banosoe copepskanme ananmuton
OTIpeJleJisiIN TOCJe DKCTPAKIUN CMEeChi0 KOH-
IEHTPUPOBAHHOI a30THOT Kca0Thl 1 30%-HOTO
meporenna Bogopona (1:1). Kuemoropacrsopu-
mbie hopmbl uzsnerann 1 M pacrBopom azorHoit
KUCJIOThI. B yeaoBusix TeXHOreHHOTO 3arpsi3-
HEHWST a30THAsT KICJI0Ta PACTBOPSAET OKCHUJIBI 1
CyabGUAB TSKEIBIX METANIOB, SBJSIONITECS
OCHOBHBIMI KOMIIOHEHTaM1 BBIOPOCOB MeTaji-
JYPIUYeCKUX TPeAINPUATHIT, HAXOMANNXCSA B
gyepre ropoja. Ilo sroit npuumne 1 M pacrsop
HNO, npumensior iis JuarnocTuKI CTeIleHu
3arpsi3HeHUs MOYB TsyRETbIME MeTasiamu [11].

[MopeuskHBIe POPMBI MeTAIOB BRCTPATH -
poBaJim aleTaTHO-aMMOHUITHBIM OydepHbIM
pactBopom ¢ pH = 4,8. B atom ciryuae B pactBop
MePexo/sAT MeTaJllibl, y/lepsKuBaeMble MOYBEH-
HBIMU KOMITOHEHTAMU C TIOMOII[HI0 KOBAJTEHTHBIX
NJIN ROOPAMHATTMOHHBIX cBsI3en Ha TTOBEpPXHOCTAX
OKCHUIOB, KapOoHaToB, (hocdaron.

Cojiepskarme TOKCHYHBIX METAJJIOB B CO-
OTBETCTBYIOTINX BBITSKKAX TTOYB OTIPeesis-
JU ATOMHO-a0COPOIMOHHBIM 1 MJIaMEeHHO-
doromerpnueckum meropamu |12, 13]. Anamnu-
THYeCKIe M3MepeHNs MPOBOJIMIN Ha aTOMHO-
abcopoimonnom crexrpodoromerpe Carypu-3
C UCIOJIb30OBAHNEM IIJTaMEHU alleTHJIeH-BO3IYX
n rpadguroBoro arommsaropa cepun «I'padur»
(OKBA, Cesepogmomenk, Yrpania). Crpomimit
OTIPEJIEJISIIN B PERIME «OMUCCHSI».

[IpaBuibHOCTH PE3yABTaTOB KOHTPOJNPOBA-
JIN CTAHIAPTHHIM METOJOM «BBeIeHO-HANUIeHO».
[Tpn onpepenennu BaIoBOTO CoiepsKaHms Taji-
JIUS U TQJUIAST B TIOYBAX [T YCTPAHEHUST TOMeX
MCIOJIB30BAMN XUMUYCCKII MOgnuKarop —
KOJLUIOUJHBII Imajiafuii, BOCCTAHOBJICHHDBIN 1
crabunnsnpoBaHHblil Tnepnaom [14], a npn
miaMeHHo-(OTOMeTPUYeCKOM OIpe/eeHnn
CTPOHIMS MCIIOAb30BAIN CIIEKTPOXUMUYECKIUIL
oydep cepHORMCIBIN S-OKCUXUHOIIH.

Cratucrunueckyio o6padoTRy pe3ysibraTos
U3MEepeHU il MPOBOINIIN ¢ IOBEPUTETbHOI Bepo-

saraocthio P = 0,95 [15]. Bocrpoussogumocts
pesyJIbTaToB XapaKTepu30oBaJi ¢ MOMOIIbIO J10-
BepUTEIHHOTO MHTepBaJa:

l, S

)
7
e S — crammgaprioe oTKIOHeHUWe, T —
cpejiHee I N pe3yabratoB, ¢ — Ko UImeHT
CroiomenTa.
CymmapHbIii Hokasaresh sarpsasuenus (7,)
paccunTuiBasu o [11]:

T+

< C
Z, = ZKQ —(n-1),K, =C—
i=1
rie [, — kooppunment KonenTpUpoBaHu
XUMUYECKOTO DJIeMeHTa B TIOYBe; 1 — YNCJI0 YU -
ThIBAEMBIX DJieMeHTOB; ' — coptepsRanme dJieMeHTa
B 11pobe, mr/kr; € — goHOBas KOHIEHTpaIMs
DJIEMEHTA, MT/KT.
CrenieHn HOIBUKHOCTI HCCTCYeMbIX MeTaJl-
noB S (B %) onenmBanu 1o [16]:

’
don

M
= C( )nnd{; 100% ,
C(M)Sll.ln[f
rpe G(M) . G(M) — cpefiHee coyiep-

BaJIOB

JRAHME NCCJelyeMbIX METAJIIOB B IMOJBUKHON 1
BaJIOBOTI hopMax cOOTBETCTBEHHO, MT'/KT.

Pesyabsrarel n ux odcyskinenne

CoBpemeHHbBIe BOGHHbBIE [IETICTBUSI SABJISIOT-
¢S IPWYIHON THOIN JOeH W CO3MANHBIX MM
MaTepuasbHBIX MEeHHOCTel, HAHOCAT yIiepo
MPUPOHOIN cpejie, B 4aCTHOCTH, Pa3pymiaioT
MOYBEHHO-PACTUTEHHBI TOKPOB. CHAPS/BI BbI-
BOPAUYMBATOT THICAUYN KYOOMETPOB TPYHTA, B 10U -
BY IMOMAJIAIOT OCKOJKN CHAPSOB, XUMUYECKUE
NpolyKThl B3pbIBOB. CoobIIaeTess 0 3HAUNTEb-
HOM 3arpsi3HEHIY TI0YB B HACEJEHHBIX TTYHKTaX
[Teckn, Munepannnoe, Kpemener, Becénoe, B
Jlorernkom aspomnopry coepuaenusvn Cu, Mn,
Fe, Pb, Cd, Cr, Sn, Ga, Ni, Ti, Zr, Co, Sr, Zn [9].

O6paster mousnl kyprama Cayp-Mormmaa
CTaJIN IOCTYIIHBI CpaBHUTETHLHO HemaBHo. [Ipe-
JKIe BCETO, CJIeyeT OTMeTUTh, YTO N3MepPeHHoe
3HaYeHMe MOTTHOCTH AKBUBAJICHTHOW JI03BI JIJIS
BeexX Mpob He MPEeBBITIAI0 PeruoHaATbHOT0 (DOHO-
Boro 3Havenus (12—15 mxP/uac).

O600MEéHHbIe PE3YIBTATHI UCCTOOBAH IS
COJlepsKaHUs BAJIOBBIX, KICJIOTOPACTBOPUMBIX 1
MOJBUKHBIX (DOPM HEKOTOPBIX TOKCHMYHBLIX Me-
TAJJIOB B TI0YBAX U3 apTUJLIEPUIICKIX BOPOHOR
B paiione ryprana Cayp-Morusa npepicraBieHbl
B TabsmMIax 2—4.

[Toryuennbie cojiepskaius BaTOBBIX (OpM
CPaBHUBAJIN C ITPEJIEJIBHO [IOTTYCTUMBIMU KOHIEH-
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rpanusmu (ITJ1K), ¢ ponosbiMu cofepsranusimm
(wmapramn) [11,17, 18], a rarkke ¢ XUMIYECKIM
€OCTaBOM 30HAJILHOT MOUYBHI €CTECTBEHHOTO CJIO-
sgenus [19].

N3 ganapix tTabanisl 2 BUHO, 4TO BATOBOE
cojiepyRatme MPaKTHUCCKI BCEX UCCTe/0BAHHBIX
METAJJIOB B IOYBAX, M3BJIEKAEMbIX 9KCTPATeHTOM
KOHIIEHTPUPOBAHHOI a30THON KMCJIOTOI B cMecH
C TIEPOKCHIOM BOJIOPOIA, HE IIPEBBITIACT ITPEIeh-
HO JIOIYCTUMYI0 HOPMY Win (DOHOBBII YPOBEHD
KOHI[eHTPAI[II.

[Tpu takoii sKCTPaKIUY B PACTBOP, BEPOSITHO,
TTePeXOJIAT METAIIDI, CBA3ZAHHBIC ¢ OPTAHITICCKIM
BerecTBoM 1mouswl [17].

Ormeueno nipeBbitiernne GOHOBOTO YPOBHS
rajgmus B 1,5-2 pasa B iByX mpodax (mouna mu3
BOPOHOK 1 TOpoficKoii razon) n Ha yposue [1JIK
HaXOJIUTCA COfiepsRanie Kodaabra B OJlHOI Tpode
(1IouBa TOPOJICKOTO Ta30HA).

Banosoe copiepskanne npakTuuecKkn Bcex
merannos B mouse Cayp-Morunsl nuske, yem B
30HATLHON TOYBE €CTECTBEHHOTO CJIOKEHWS, 34
MCRITOYEHIEM CTPOHTINSA. ITO 00YCIOBICHO, BO-
mepBuIX, TeM, uto 6osee 95% nous [lomerkoit
0077aCTI OTHOCUTCS K TeXHOTCHHIO M3MCHEHHBIM,
[TouBbl, cBOOOJHBIE OT AHTPOIOTEHHBIX 3aTPsI3-
HEeHUI, COXPAHWINCH JUTITH B 3aMTOBEIHUKAX 1
APYTUX OXPAHAEMbIX TEPPUTOPUSX, YAATEHHBIX
OT WHYCTPUATLHBIX 1eHTPOB. Bo-BTOpHIX, OT-
MeUYEHHBIH (DAKT MOKET OBITH CBSA3AH ¢ HETIOJHO-
TOI HepeBeieHnsT ONpeeNsieMbIX DJIEMEHTOB B
BBITSZKRKY 110 Metoinke [11].

Comepskanue Zn, Cu, Mn, Pb, Ni, Cd B
TeXHOTeHHO 3arpA3HEHHON 1M0YBe IrOPOJCKOTO
raszoHa BJ0JIb OKMBJIEHHOI aBTOMOOMILHON Ma-
TUCTPAJI BBITITE, 4eM B TIOYBAX, OTOOPANHBIX 13
APTUJLICPUICKIX BOPOHOK. Tak, ROHIeHTpaTms
CTPOHTINA, HUKEISA, Mapramia, MeJn BeIIe — B
2—3 pasa, KajMusi — B 3—4 pasa 110 cpaBHEeHUIO
¢ nouBoii Cayp-Moruubs. Hauboapmiee mpe-
BBITIIEHIEe OTMEUYEHO JITsT TinHKa (B 7 pas), uro,
MO-BUAUMOMY, 00bACHACTCS JTETKOCTHIO €0
B3aUMOJIETICTBUS ¢ TTOUBEHHBIMU KOMITOHEHTA-
MU, CTIOCOOHOCTHIO AKKYMYJIUPOBATHCA B TOUYBE
BCJICICTBIE COPOTIMOHHBIX N MUKPOOMOTOTHUE-
ckux mporeccos [21]. OcHOBHBIMU NCTOUHUKAM I
OMUCCHT TOKCHUHBIX METAJIJIOB B ATOM CJIyvae,
TTO-BUINMOMY, SABJIAIOTCS TTPOMBITILICHITHIC TIPET -
MIPUSATHSA, PACITONOKEHIBIC B UePTe TOPOJIA, TaXT-
HBIe TEPPUKOHBI M ABTOMOOMALHBIT TPAHCIIOPT.

B niesiom moryuenubie fannbie He MOJTBEPIR-
MAIOT ¢/leJIaHHbIe paHee BBIBOJIBI O BHICOKIX KOH-
MEeHTPATMAX TOKCHYHBIX METAJIJIOB B TIOUBAX Ha
MecTax HHTEHCUBHBIX BOGHHBIX JIEHCTBI.

Paznuuus B cofiepRanmusaX TORCUUHBIX Me-
TAJIJIOB B TTOYBE TOPOJICKOTO Ta30HA U BOPOHOK

mocJie 00CTPeI0B MOFKeT OBITH CBA3AHO HE TOJIHKO
¢ TeXHOTEHHBIM 3arpsA3HEHUEM TPULOPOKHOI
MOYBBI, HO TAKKE W ¢ PA3JINMUHBIM TUTIOM TTOYB B
MecTax orbopa mpoo.

Ha ocroBanum fanabix Tabauibl 2 [is mpej-
BAPUTEIHLHON OTEHKN KAauecTBA MCCICYeMBIX
TOUB JIIA KayKION W3 HUX OBII PACCUNTAH CyM-
MapHBIil OKasaTe/b 3arpsasienus 7 . Beqnunna
7., 3HQYUTEJHHO HUKe JOIYCTHMON KaTeropun
MOUBHI IO crerienn 3arpsisrenus (Menee 16,0) mo
OpPUEHTHPOBOYHOIT OIEHOYHOI ITKAJIe OLIACHOCTH,
TaKne MOYBBl MOYKHO MCIIOTH30BATH O] JTIOObIe
KYJBTYPbI M X XUMUYECKUIl COCTaB He JOJKeH
BJIMATH HA COCTOSIHIE PACTUTETLHOTO TTOKPOBA.

[Tpu ompesiesiennn KMCIOTOPACTBOPUMBIX
(opm MeTasTOB B KauecTBe dKCTpPAreHTa MC-
noab3oBanm pactsop 1 M azorHoit Kucaors
(Tabs. 3). ITOT pacTBOP OKABHIBAET BO3ICHCTRIE
Ha BCe ITOYBEHHbIEe KOMIIOHEHTHI, CHOCO6HLI€
B3aMMOJ[eHCTBOBATE ¢ TOKCHYHBIMI METaJLITaAMII.
CrrocobHoCTh TOKCITIHEBIX METAILIOB TePeXONTh B
A30THORMCITYIO BBITSIZKKY OTIPEIeISIeTcsI, TIPesKIe
BCETO, NX pacipe/ieIeHneM MLy TOUBeHHbIMI
KOMIIOHEHTAMM, TO €CTh pasHble dJIeMeHThI M0-
MaJIaloT B Heé 13 cOCTaBa PasHbIX COSIUHEeHNI.

JKCTPaAreHT areTaTHO-aMMOHUITHBIT Oydep-
HbIIT pacTBop ¢ pH 4,8 mpuHsAT arpoxumMmnveckoit
CITYsROOT J1J151 M3BJIEUEH ST TOCTYITHBIX PACTEHUSIM
MUKPODJIEMEHTOB U CTYKUT [T OTEHKI o0ectie-
YeHHOCTH OB ATIME diemerntamn. Cofepsranie
MOJIBUKHBIX (DOPM HCCIEyeMbIX METAIOB, &
TakyKe (OHOBOE U JIOIYCTUMOE UX COJlepsRaHiie
rnpejcraBieno B radaute 4. Bujro, uro conepska-
Hie 9Tux GOpM B OCHOBHOM MPOTIOPIHOHATBHO
HIKe, YeM KUCJI0TOPACTBOPUMBIX JOpM MeTal-
noB. Hu jiist oiHOTO 13 MeCTeoBaHHBIX METAIIOB
HalijlenHoe cojepskanme He MpeBbiiiaeT Hop-
MartuBHbBIe TTOKaszartesu. [|7s psja snemMeHToB —
Co, Mo, Ga — copiepskanue MOABMMKHBIX (DOPM
HIZKE TTpejiea 00HAPYIKeH WS TTPSAMOTO DJIeKTPO-
TePMUICCKOTO AaTOMHO-abCOPOITMOHHOTO METOJIA.
O6paraer ma cedst BHIMaHE HU3KOE COflepsKa-
e MOJNOmera, OHOT0 N3 BAKHLIX MUKPOIIIe-
MEHTOB, 00CCTIeUMBATOINX TIIOTOPOJINE TOUB.

Bonee uérroe mpejicraBiernne o MUTpaum
MCCTeMYeMBIX METAIIOB W UX COeTMHEH T TaeT
crenenb ux noasuKHocTu S . Homyuyennsie gan-
Hble 00001Ie Bl B TAOIMILE O.

Jlarmbie TabanIBl O CBULETEIHCTBYIOT, YTO
CTereHb MOJIBUMKHOCTI METAJIJIOB B UCCIELYeMbIX
MOUBAX HE3HAUNTETHHA; METAJIJIBI, TI0-BUIIMOMY,
HAXOJATCSA B MOYBE B OCHOBHOM B aicopOMpo-
BaHHON dopMe MM B OCTATOUHOI (Pparium,
KOTOPAsT COMEPIKNT MOHBI TAKETBIX METAJTOB,
MTPOYHO 3aKPeINICHHBIe PeIéTRaM MITHepPaJIoB
nousbl. OOpaiaer Ha cebsi BHUMaHUE BHICOKas

37

Teopernyeckas u npuraagnas sroxorns Ne3, 2018




MOHUTOPITHT AHTPOIIOTEHHO HAPYIIEHHBIX TEPPUTOPHIT

38

Tadauma 5 / Table 5

Cremnenb IOIBIZKHOCTI TOKCHYHBIX MeTa/10B B touse Cayp-Moruast S %
Toxic metals mobility degree in Saur-Mogila soil S , %

@opwmer merasnos / Metal forms Cu|Zn |Mn| Pb| Co| Ni |Cd| Mo| Sr | Ga
Rucroropacrsopumnie / Acid-soluble 36 | 16 | 26 | 70 | 17 | 38 | 17 | 24 | 22 | 15
[Mopsuskubie / Mobile 4 ) 10 | 10 | - 6 6 - 4 -

crenenn nopsuzknoct csumia — 70%, uro mosker
IIPUBOJIUTH K 3aTPSI3HEHIIO COTIPEJleIbHBIX CPej]
COeJINHEHUSIMU CBUHTIA, & TAK:KE K YBeJINUeHUTO
apeaJia 3arpsi3HeHU S TOYBEHHOTO ITPOQUIIs.

3araoueHue

B pesyabrare rnpopeiéHHbIX UCCIeOBAHMI
BasoBoro cofepyranus 11 TOKCUIHBIX METAJITIOR,
NX KNCJTOTOPACTBOPNUMBIX 1 MOJBIRHBIX (DOPM B
MOYBaX Ha MecTax 00pa3oBaHMs aPTUIIEPUITCKIX
BopoHok Kyprana Cayp-Mornna pecrrybanran-
cRoro JauaIma@THoTo mapka «/loHenkmii Kpssr»
paccynTaH CyMMapHBI ITOKa3aresib 3arpsi3HeH s
(Z,) w crenenb NOABUKHOCTH MeTaJIOB S , Ha
OCHOBAHUU Y€T0 OMPOBEPTHYTO ITPEIIIOI0KeH e
O BJUSIHUY TOKCUYHBIX METAJIJIOB HA U3MEeHeH e
pacTuTeNbHOrO OKPOBA 3armoBeHol JloHerKoii
necocreriu. Y cranonsieno rpesbitienne [1J[K mwin
(oHOBOTO YPOBHS TOTBKO JIJisi BAJIOBBIX (hOpPM
kagmus n kobanpra. Comepsranne Kucjaoropa-
CTBOPUMBIX 1 ToaBWKHBIX ¢opm Pb, Sr, Mo,
Zn, Cu, Ni, Ga, Mn, Tl naxogurcsa B mpegeaax
nx onoBoro cofepskanns. Cremnednb MOBIIK-
HOCTH TOKCUYHBIX METAJI0B cocrasisier 0—40%,
3a MCRJIIOYEHIeM KUCJI0TOPACTBOPUMBIX (DOpM
ceunia (70%). llonydennbie JaHHbie MOKHO
paciieHnBaTh Kak IHpejBapuTe/bHbie B CBA3M C
HEJI0CTATOYHON CTATUCTUYECKON BBHIOOPKOI 1
HEBO3MOYKHOCTBIO MTOJTHOTEHHOTO CHCTeMaTnye-
CKOTO MOHUTOPUHTA TIOYB B MECTaX MHTEHCHBHBIX
0oeBbIX fleiicTBIil. KpoMe TOro, KoJimuecTBo moji-
BIZKHBIX (DOPM METAJITIOB [IMHAMITYHO BO BpeMeH !
7 B TTPOCTPAHCTBE, YTO OOYCIOBICHO HATNUNEM
MOYBEHHBIX MUKPOOPTAHN3MOB, crelndIKOI
IPAHYJIOMETPUYECKOTO I MUHEPATOTNIeCKOTO
COCTaBa, YypOBHEM I'yMYCHPOBAHHOCTH, peaKInei
CPeibl 1 T. JI.

Paboma ewvitnoanena npu gunarncogoii nod-
depocke MOH /loneyroit Hapodnoit Pecnyboauku ¢
pamrax 2ocorodicemmnoit memovt Nel7-166/13 I'OY
BIIO «/[oneykuii HAyUOHALbHBLIL YHUBEPCUIEM Y.
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CpaBHuUTEJIbHBIN AHAJIN3 KAYECTBA apTe3NaHCKUX BOJ|
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B crarbe paccmarpusaercs npobaema copepskanus rokcndnbix snemenTon: kajgmus (Cd), esunma (Pb) u mbribska
(As) B apresuanckux ckpazkuuax cr. Yepsaennas (Illenkosckoro paiiona), cr. Haypekas (Haypcekoro paiiona),
cr. [lerpontasnosekas (I'posuencroro paitona) Yeuernckoii PecrryGamgn n nx Biausinme na 3oposbe Hacesenus. [Ipucyrersme
TSREITBIX METAJIJIOB B APTe3MAHCKIX CKBAKIHAX UCCIIYEMbIX HCTOYHIUKOB MOJKHO OObACHUTH PeOJTOTHYeCKIM CTPOCHHEeM
reppurtopun Yeuernckoit PeciiyGinku, KoTopast HAXOUTCS Ha TIOPOJIAX FOPCKOTO U 1aJIE0reHOBOTO 1epuojios. MceenepoBanust
nokazasn npeswimienne [T/ K rakoro morentmanibio omacoro sieMenTa, Kak KajMuii: B Bojie cranniisbl Yeppiennas — B d;
cr. Hayperast — B 7; cr. [lerponasmnosekas — B9 pas. B Bojie Bcex ckBaskun cojiepsranue cpuniia npespimaer snaverne [
B 4—9 pas. Tawsxe B oTux Bojlax copiepsranue Moimbsaka npesbimaer [IJIK: B Bose cr. Yepsiennas — B 4,8; cr. Hayperast —
B 1,9; cr. llerpommasnosekas — B 6,2 pasa. Bee obnapyskentibie seMenTsl 06Jaa10T KYMYJIATHBHBIM U TOKCHIECKITM
JeiicTBUeM 1 ABJIAIOTCS KaHieporeHasiMu. Ha ocHOBe MHOroJIeTHET0 M3YUeHUS 3[0POBbs HACEJICHUS HA TePPUTOPUN
Yeuenckoii Peciiybinkn orMedaercst TeHEHINS pocTa OHK03a00/IeBAEMOCTH CPel HAaCeeHISI.

Kaiouegovie ciosa: apre3nanckasi Bojia, TAKGIbIe METAJIbI, CBUHEI, RAJMU, MBIIILIK, TPEACIbHO TOMYCTIHMAs
KOHIIEHTPAINsI, OHK03a00IeBaHMS.
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Water quality is an essential part of a human life. The availability of high-quality drinking water is one of the main
issues in Russia. One of the most important directions of economic and social development of the Chechen Republic
is to provide the population with clean drinking water. The paper presents the results of research of drinking water
quality in artesian wells in the Chechen Republic. Artesian well water in stanitsa of Chervlyonnaya in Shelkovskoy
District, stanitsa of Naurskaya in Naursky District and stanitsa of Petropavlovskaya in Groznensky District of the
Chechen Republic contains heavy metals, such as cadmium (Cd), lead (Pb) and arsenic (As). The presence of heavy
metals in the above-mentioned artesian wells can be attributed to the geological structure of the territory of the Chechen
Republic situated on the rocks of Jurassic and Paleogene age. As confirmed by measurements, samples of water were
found to have cadmium levels above the maximum permissible concentration (water taken from wells in stanitsa of
Chervlyonnaya — 5 times, stanitsa of Naurskaya — 7 times and stanitsa of Petropavlovskaya — 9 times). The content
of lead in all the samples exceeded the MPC by 4-5 times. The samples also contained arsenic al levels that exceeded
the maximum permissible concentration by 4.8 times in stanitsa of Chervlyonnaya, by 1.5 times in stanitsa of Naur-
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skaya and by 6.2 times in stanitsa of Petropavlovskaya. Arsenic, lead and cadmium are toxic elements and long-term
exposure to them is known to cause cancer. Multi-year studies of public health in the Chechen Republic show increase

of cancer rates among the population.

Keywords: artesian water, heavy metals, lead, cadmium, arsenic, maximum permissible concentration, oncologic

diseases.

B Poccum ogmmoii m3 oCHOBHBIX U JjO0CTa-
TOYHO OCTPBIX MPOOJIEM SIBJISETCS JOCTYHHOCTD
IUIST HACEJICHUsT KAYeCTBeHHON TNTHEBOI BOJIBI.
Yeuencras Pecnybinka B OCHOBHOM He WC-
HBITHIBAET HEOCTATKA B BOMHBIX pecypcax: Kak
MOBEPXHOCTHBIX, TaK 1 Top3eMubix. Ha reppu-
tropun Yeuenckoii PecryGyimKky BoIsiBI€HBI 3HA-
YUTe/bHbIe PECYPCHI IMOI3€MHBIX BOJI, KOTOPbhIe
XapaKkTepu3yoTcs pa3HooOpasueM 110 CBOUM
(pUBMKO-XUMIYECKNM TIapaMeTpaM — TpecHble,
MUHepaJbHble U TepMajbHble. 3aMachl ATUX
BUJIOB BOJIbI 3HAYMTEILHBI 110 00HEMAM U MOTYT
npakTuyeckn 6e3 orpaHmvYeHnit 06ecnednTh
BO3MOJKHBIN ciipoc. 'eostoro-rusgposornyeckue
1 CTPYKTYPHO-TEKTOHIYECKIEe 0COOCHHOCTH Tep-
puropun Yeuerncroit Pecriybimkm o0ycaoBieHbl
MEeCTOTIOIOKeHIeM [TaHHO TePPUTOPHUH B IOFKHOT
yactn Bocrouno-IIpenkasrkasckoro apresnan-
CKROTO OacceiiHa, HA CTBIKe TOPHO-CKJIAMYATON
obactu 6osibioro Kaskaza un [Ipegrasrkascroro
1epeoBoro mporuoa.

OnHuM 13 TIABHBIX UCTOYHUKOB BOJI000EC-
neuernus: Hacenenuss Yeuencroit PecnyOonunku
SIBJISTIOTCST aPTe3NAaHCKIE BOJbL. JTO TO3eMHbBIe
BOJIBI, KOTOPBIE OTJIYATOTCS CTIEKTPOM COfleprKa-
MIXCA B HUX MAKPO- 1 MUKPOdieMeHToB. OHaKo
He BCerjia apre3naHcKue BOJbI COOTBETCTBYIOT
HOPMATHUBHBIM TPeOOBAHMAM 1 06€30TaCHbI 10
napaMerpamM MUKpPOOMOJOTHYECKIX U TOKCUKO-
Jormvyecknx nokasaresuei [1-5].

YnenabHbIl BeC TOJ36MHBIX BOJOMCTOYHI-
KOB, He OTBeYAINX TPeOOBAHUAM 3aKOHO/IA-
TeJbCTBA, M3-32 OTCYTCTBUS 30H CAHUTAPHOI
oxpanbl Ha repputopun Yeuernckoit Pecrrybnmkn
cocrasiisier 08% 10 aHHBIM TOCYAAPCTBEHHOTO
MORJIa/Ia 0 COCTOSIHUN U OXpPaHe OKPY:KaIoIeil
cpenpl Yeuencroit Pecrrybmmim.

3adacTyio MCIOAb30BaHMe apTe3nanCcKux
BOJI JIJIsl MUTHEBOTO CHAOKEHNs OTpaHUYeHo
HPUCYTCTBUEM B HUX TOKCHYHBIX DJIEMEHTOB:
KaJIM¥s1, CBUHIIA, MM, MBIIbAKA, MOJIOIeHA
B ROHIeHTparusax, mpeswimatoninx [TJIR [1-7].

Ogtroit m3 ipodJIeM JIJIst 9TUX TOJ3eMHBIX BOJL
SIBJISIETCST 3arPsI3HEH e MbITIThKOM. JTa 1pobJie-
Ma MMeeT MeCTO U B COCeJIHUX pecirydanKax, Ha-
npumep, B paiionax Pecrrydnurnm [larecramn [ 1, 5].

B Ceepo-Rasraszckom peqepaibaom okpy-
re MOJI3eMHbBIE BOJIbI C IMOBBIIIIEHHBIM COJleP-
JRAHMEM MBIbAKA JTUTeJTHHO MCIIOIb3YIOTCS

HacCeJeHUeM, TTPOKUBAIONIM HA TEPPUTOPUN
Tepcro-KymcKkoro apresmanckoro dacceiina
[1-7]. Bo muorux paborax orMeueHbl BHICOKME
KOHIIGHTPAIINN MBIIIbIKA B apTe3NaHCKOI BOJe
3HAYNTEIHLHOTO YMCAA HACENEHHBIX MTYHKTOB U
cocentaeti Pecriybnukn [larecran [2-7].

Cornacro knaccudurarnuu Mexaynapoy-
HOTO areHTcTBa 10 M3ydenunto paxa (MAUP),
MBIITbAK OTHOCUTCS 110 OTIACHOCTU K TePBOI
rpyiiie 1 00JajaeT KaHieporeHHbiM 3(PpderTom
JUISE 4esioBeKa. YUUThIBAs HTO, MOYKHO TPEJIIo-
JIOKUTH, 9TO JVINTETHHOE MCIO0JIH30BAHNE BOIIbI
MOSKeT ITPUBECTH K MHTOKCUKAIIMI OPraHn3Ma 1
MOBBITIIEHNIO PUCKA BO3HUKHOBEHST OHKOJIOTH -
qecKIX 3a00JeBaAHMIT ¢ PA3TMYHBIMI TeHIePHbI-
mu ocobernoctsivu [1].

Bouto yeranosieno, 4ro faske npucyTceTBie
CJIEJIOB MBITITHSTKA B BOJIe BHI3bIBAET XPOHNYECKIE
oTpaBJieHus1, B ¢Bs3M ¢ ueM BecemupHas opranu-
sarus anpasooxpanenns B 2006 r. canzuna [1J1R
As ¢ 0,05 mr/n 1o 0,01 mr/a [1, 8].

Ilenbio paborhl siBuIach OleHKa KadyecTna
MCTOTb3YEMbIX JIJIsI MUTHheBBIX IeJeil MCTou-
HITKOB BOJIBI apTe3MAaHCKNX CKBAKIH CTAHUIHI
Yepaaennas ([lenroBeckoro paiiona), cranuibl
Haypcras (Haypceroro paitona), cranui [le-
tponasiaoBckas (I'posnencroro paitona) Ye-
yeHcKoi PecryOsimkn, rige HaMmu 1mpoBOANINCH
MCCTIOBAHA COCTOSTHIST OHKO3a001eBaeMOCTI
HaceJeHus.

O0BbeKTBI 1 METOJbI HCCJIE{0BAH IS

Hamu Obiim mpoBejieHbl MOHUTOPUHTOBBIE
padoThl MO oTpeeleHNI0 KauyecTBa BOJBI 13
apre3anancKNUX CKBAYKUH, OTTNYAIONNXCSA Pac-
MOJIOFKEHTTeM.

O6BeRTOM MeCTeoBAHMIT TTOCTYRIIN TTPO-
OBl BOJIBI M3 apTe3MaHCKNX CKBAKIH CTAHUIHI
Yepauennas ([lenkoBeckoro paiiona), cranuibl
Haypcras (Haypcekoro paitona), cranuis le-
TponanyioBckas (I'po3HeHcKoro paiiona).

Jlnst ucenemoBanmii 61U BHIOPAHBI paiio-
Hbl pecrnyOJuKM, rje 1Mo mnpeaBapuTesbHbIM
UCCAEIOBAHUAM YPOBEHD 110 CPEHETr00BbIM
[IOKA3aTe/sIM OHKOJIOTHYeCKOIl 3a00s1eBaeMOCTI
OTHOCUTETHLHO BHICOKUI [4].

Jlist ananmsa ObLIN B3SATHI 110 TPU MPOOHI €
KasKJI0T0 HACeJEHHOTO MyHKTAa. AHAIN3 BOJBI

Al
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NpoBOAUIN B JabopaTopun (PuamKko-XuMmiec-
kux nccaenoBaunii Uneruryra reosorun JIHI
PAH.

Or6op 1Tpob OCYIIECTBIANCS B COOTBETCTRUT
¢ 'OCT P 51593-2000 «Boma nurbenas. Or6op
mpod». XUMUUeCKUH anajins mpod BOILI TPOBO-
auncs obmenpuuATLIME MeromaMu. Meromowm
RanmuJIsspHOTO daeKTpodopesa nHa npubdbope
«Ramess-105M» onpepiesisijin KOHIIEHTPAIT He-
OPraHmyecKNX aHMOHOB 1 KATHOHOB — XJOPUJIOB,
CyJIb(ATOB, HATPWST, MATHUS 1 KaJILIHS.

Cucnorb3oBaHeM aTOMHO-a0COPOITHOHHOTO
CIIEKTPOMETPA € AJEKTPOTEPMUYECKOI aTOMI3a-
nueit «MI'A-915M]l» onpenenssnu KOHIEH-
TPAIMM MBITITbAKA 1 TsRENBIX Metamaon (TM):
RaJIMUS, MeJIN, IINHKA, CBUHTIA, yKeIe3a.

Necenenosanus npoBoaguan mo odiein n
KapOOHATHOI KECTKOCTH, IO AHUOHHOMY U
KaTHOHHOMY COCTaBY ¥ COJ[€PKAHUI0 00IIero
JKeJIe3a, a TakyKke 110 KOHIeHTPAI[MN MBITIThsIKa
n TM: robaswra (Co), menu (Cu), ceunma (Pb),

rajgmus (Cd), nunka (7Zn). Bee nepeunciennbie
oKasaTesinm 1 5JIeMeHThl BXOJISIT B TlepeyeHb I'i-
rmeHnYecKX TpeboBaHIIl K KA4ecTBY NUThEBOT
BOJIbI I IMEIOT BaJKHOE PeIrMOHAILHOe 3HAUCH e,

Pesyabrarel n ux odcyskiuenne

[TpoBeémbie necaeoBaHMIA MO3BOJIIIN TT0-
JIYUUTH O6T)QKTT/[BHBTG MTaHHBIEe O KayeCcTBEe BOJBI
apresmaHCKUX CKBAYKUH HACETEHHDBIX ITYHKTOB
Yeuencroit Pecirybaniu.

Amasmaupys mosrydeHHbie pesyIbraThl, MOsK-
HO OTMETHTh, YTO BOJIa XapaKTepruayercs 60TaThiM
pasnoobpaszuem MukposaemenTon. Copepsramnne
BCEX XUMUUYECKUX DJIEMEHTOB, KOTOpPhIe OTHO-
CATCSI K MIUKPO3JeMeHTaM, He0OXO[MUMbIM JIJIs
HOPMAJIBHOW JKU3HECATEHHOCTH OPranu3Ma 1
YUIACTBYIONNM B OOMEHHBIX TTPOIeccax B opra-
nuame, naxojurcs B npegenax [IJIK (raba. 1).

WecenepoBanmst oTobpanHHbIX P00 BOJBI HA
0011y10 JKECTKOCTH MMOKasanu, uto Bopa cr. Iler-

Tadomuma 1 / Table 1

Copepsranie XuMIHIECKNUX BEIECTB B IIPOOAX BOJIBI APTE3NAHCKIX CKBAYKITH
The content of chemical substances in water samples from artesian wells

Copepsranue / Content
meﬁ(OBCRPH p~H Haypcruii p-u I'posuenckuii p-u AR
N KoMmmomenTs! CTS'he?ﬁiggﬁgaH cr. Hayperas cr. lleTponasioBckast (mr/m)
. Components District y Naursky District | Groznensky District MPC
o stanitsa of stanitsa of (mg/L)
stanitsa of Naurskaya Petropavlovskaya
Chervlyonnaya
1 |Na*, mr/n/mg/L 169+12 50,1+1,2 34,1+1,9 -
2 |K*, wr/a/mg/L 4.9+1,6 2.9+1,1 4413 -
3 Mg, mr/a/mg/LL 1,020,2 201+1,3 34,1422 -
4 |Ca®*, mr/n/mg/L 8,8+1,0 50+6 89+10 -
5 |Fe, mr/n/mg/L 0,012+0,001 0,049+0,012 0,100+0,030 0,3
6 |Co*, mr/n/mg/L 0,013+0,002 0,009+0,003 0,009+0,001 1,0
7 |Zn*, mr/n/mg/L 0,001+0,001 0,002+0,001 0,003+0,001 9,0
8 S, mr/n/mg/L 0,300, 11 0,40+0,12 0,63+0,11 7,0
9 |F, mr/a/mg/L 0,3+0,05 0,1+0,07 0,2+0,05 1,5
10 |CI, wr/ar/meg /L 3812 2712 6913 350
11 |NO, mr/a/mg/L 0,07+0,01 0,06+0,01 0,12+0,09 45
12 |SO*, mr/a/mg/L 131+14 137+30 123+28 200
13 [HCO,, wr/n/mg/L 323+14 234+15 234+44 -
14 [ Munepaausarus, Mr/a 789+56 509+59 630+230 1000
Mineralization, mg/L
15 |iécrwocts, mr-axn/n 1,740,1 4,7+1,6 7.8+1,3 7.0
Hardness, mg-eq/L
16 |pH, ex. pH / units of pH 7,4 7,3 7,1 6-9
17 |Pb, mr/n/mg/L 0,050+0,001 0,040+0,001 0,050+0,001 0,01
18 |Cd, mr/n/mg/L 0,0050+0,0001 0,0070+0,0001 0,0090+0,0002 0,001
19 |As, mr/n/mg/L 0,048+0,001 0,015+0,002 0,062+0,003 0,01

Hpunewanue: + cmandapmiuoe omrionene.

Note: + standard deviation.
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Puc. 1. Copep:ranue csunia B nipodax sojpi: 1 — [enronckoii p-u er. Yeppaéunas,
2 — Haypermuii p-u cr. Haypceras; 3 — I'posuenciuii p-u cr. [lerponasnoseras; 4 — [TJIH.
Fig. 1. Lead content in water samples: 1 — Chervlyonnaya st. of Shelkovskoy Distr.;
2 — Naurskaya st. of Naursky Distr.; 3 — Petropavlovskaya st. of Groznensky Distr.; 4 — MPC

pomnasnosckas ['posHeHckoro paitoHa Xapakre-
pU3yeTcsi BbICOKOII KECTKOCTbIO. JTO YXYJIIliaer
OpTaHoJenTuYecKe CBOWCTBA BOMBI, MPHU/aBas
eil TOPHKOBATBLIN MPUBKYC, M OKa3bIBAeT OTPN-
raresqbHOe eficTBIe HAa OPraHbl MNIIEeBAPEHNS;
TaKsKe MOKeT BHI3BATH PA3MUHbBIe MOUCKAMEHHEIe
sabosesanusa. Cornacno ganubsiM «O cocrosnun
CAHNTaPHO-DINAEMUOTOTITIeCKOTO OJIaTOTIOTY ISt
nacenenust B Yeuencroit Pecriyonmke B 2015 roy»
CPeHMIT YPOBEHB pecIryOJIMKaHCKIX TOKa3aTeseit

110 3200JIeBAeMOCTI MOYETIONIOBOT CHCTEeMbI ITPEBHI-
maercst mo Hayperomy paitony B 1,8 pas.

Takum 06pazom, Boja 13 JJAHHOTO HCTOUHMKA
HEeINPUTOHA IS YITOTPeOJeH IS B TATIEBBIX T1e-
71X 6e3 mpeBapuTeILHoN ouneTK. Kak Buio
m3 Tabautpl 1, 0 MOAYUCHHBIM pe3yabraTam
rupeswimenne IJIK mabaogaercsa mo comepsxa-
HITO CBUHILA, KAJMUST U MBIITbSIKA.

[To mosryueHHbIM pe3yabraTaM BUIHO, YTO B
1poOax BOJBI M3 BCEX MCCACOBAHHBIX CKBAMKITH
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Pue. 2. Copepsranue ragmus B mpodax sojn: 1 — [lenrkoscekoii p-u cr. Yepsiaéunas;
2 — Haypcruii p-u cr. Hayperas; 3 — I'posnencruii p-u cr. [lerponasnoscrast; 4 — [TJ1K.
Fig. 2. Cadmium content: 1 — Chervlyonnaya st. of Shelkovskoy Distr.;
2 — Naurskaya st. of Naursky Distr.; 3 — Petropavlovskaya st. of Groznensky Distr.; 4 — MPC
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oOHapy;KeHO ITPeBLITIeHIe COJlePRAHS CBUHIIA
n Ragmus (puc. 1, 2). Hagwmame sTux sjemeHToB B
BOJIE, JlasKke B He3HAUNTeTbHBIX KOHIIeHTPAIHAX,
MOTEHINATbLHO OTIACHO ISl 3[I0POBbBSI.

OcHoBuble ncrouHukn nocrymaenus TM B
MpecHbie BOJOEMbI — 3TO TIPUPOJIHBIE: BHIBETPI-
BaHUe MOPHBIX TTOPOJ], MUHEPAJIOB, DPO3UITHBIE
MPOIIECCHl 1 BYJTKAHMYECKAS [IeSATeThbHOCTD.

EcrectBeHHBIMI HCTOUHUKAMI TOCTYTLICHIIST
CBIUHIA B TTOBEPXHOCTHBIE BOJIBI ABIATOTCS TTPO-
IEeCCHI PACTBOPEHNS DHIOTeHHBIX 1 9K30TeHHBIX
MUHepaaoB (TaJeHNT, ePyCceuT 1 T. . ).

TeXHOTEHHBIM MCTOYHUKOM SIBJISIETCS aBTO-
TPAHCIIOPT, TaK KaK MMEeHHO BOJM3M aBTOMAru-
cTpaJsieii HabJIOIAIOTCS BHICOKIE KOHIIEHTPATINT
KaJIMUs 1 CBUHIIA. B Heané koM mpoIiiom coeu-
HEeHUsI CBIHIIA BXOJIUJIN B COCTAB JIM3€JIbHOIO TO-
T BA, aBTOOEH3MHA B KAYECTBE AaHTU/IETOHATOPOB.

Jlpyriie TexHOTeHHbIE HCTOUHUKY, TAKME KaK
no0bIvYa 1 mepepadboTKa MOJe3HbIX NCKOTTAaeMbIX
MbI UCKJIIOUaeM, TaK KaK Ha TePPUTOPUN DTUX
paiionos Yeuenckoii Pecriyosmku rakie padoTw
He TTPOBOJIATCA.

Bo Bcex mcenemoBaHHBIX MpoOAX BOJBI
apre3aMaHCKIX CKBaKIH COJlePsRaHIe MBITIIhSI-
Ka TIPeBBITIAIO0 JOMYCTUMYIO KOHIEHTPAINIO,
YCTAHOBJIEHHYI0 HOPMaTUBHBIMU JJOKYMEHTaM1
(FrOCT 2874-82, CaulluH 2.1.4.1074-01), B
1,5-6,2 paza (puc. 3).

[Tpn paurenbHOM TONAAHUN COSJIMHEH NI
MBIIThsIKA B OpraHn3Me Ha4MHAOTCS HeoOpaTi-

Mble Tiporiecchbl. Opranuam HaYnHAET CTPAATh OT
aHEeMUU; POUCXOJUT UCXYIAHNUE, HIeTYITeHne
KOsKM, 00paszoBaHme S3B; MBITIILI PYK W HOT
MOCTETIEHHO aTPOMUPYIOTCA, BOZHUKAIOT 37T0KA-
yecTBeHHBIC n3MeHeHusA. TorcmuecKoe gencTrme
MBITITHSKA 00YCIOBIEHO OJIORMPOBAHIEM CYJIb(]-
TUIPUABHBIX TPYIIT U APYTUX OMOJOTHUECKH
AKTUBHBLIX BeriectB. BosmeinictBume As moker
BBI3BATEL PAK JIETKUX, KOKI, TIEUCH, JKeTYIKA, a
TaKsKe HepBHbIe 1 fApyrue Hapymenus [10—-16].

B rauecTBe IpUUMHBI TOCTYTIICH S MBITTTHSI-
Ka B IMOJI3eMHBIE BOJIBI PACCMATPUBACTCS KOM-
MJIEKC YCJTOBUI: TEOXUMUYECKIe 0COOEHHOCTH,
HaJIMY e MOHOB MBITIThIKA, 00PasyIoInX pacTBo-
pUMBIe KOMTLIEKCHI ¢ METaJJIaMi B COCTaBe TOp-
HBIX TOPOJT 1 anTpororennbie hakropni [9]. P
MCCTIeOBATECH TTPEITIONATATOT, YTO BCJICCTRIC
3HAUUTEJLHOI MOJABUKHOCTI COJIeN MBITITbsSIKA
TP BHICOKMX TEMTIEPATYPAX dTOT DIIEMEeHT MUATPI -
pyet B cocTaBe IOBEHUJbHBIX BOJ| K IIOBEPXHOCTU
3eMJI1 13 MarMaTnueckux ouaron [9].

Copiepsrafnie MBIITLAKA B MATHEBO BOJIE
TAKKe OTPE/e/isieTcst MPUPOION 3ameraionnx
nopoji. B HeroTopwIX Treosiornuecknx opmariusax
3ajeraeT apceHoONMupPUT, KOTOPBIN SABIAETCS WMC-
TOYHWKOM MBITIIbSIKA B TPECHBIX BOJIAX U TTPUBO-
JIUT K YBEJIMUEHUIO €10 KOHIEHTPAT[IH B JAHHOM
permnome.

HOCTyHJIeHI/Ie TAaKNX TOKCUYHBIX 3JIEMEHTOB,
KaK CBUHEI, KQJIMWUHT 1 MBITITHAK B OPTaHN3M JAKe
B HUYTOKRHO MaJIbIX ROJIMYECTBAX ITPUBOANT K TA-
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Puec. 3. Comepsranme murmbsika B mpobax Bojel: 1 — Ilenrkosekoii p-u cr. Uepsraéunas;
2 — Haypcruii p-u cr. Hayperas; 3 — I'posnencruii p-u cr. [lerponasiosckas; 4 — [TJ1K.
Fig. 3. Arsenic content: 1 — Chervlyonnaya st. of Shelkovskoy Distr.;
2 — Naurskaya st. of Naursky Distr.; 3 — Petropavlovskaya st. of Groznensky Distr.; 4 — MPC
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Ta6amma 2 / Table 2
Crpykrypa cmeprHocTn Hacenenust B Yeuencroii Pecirybnnke
Mortality Structure of the Chechen Republic Population

o cxent Poceniicras Yeuencras

No é)auses of deaI;h Dejeparius Pecriybnnka
Russian Federation Chechen Republic
{ Bgne3ﬁm cncTeMbl KPOBOOOpaIIeH s 58% 57%
Diseases of the circulatory system

2 Hosooopasosanus / Neoplasms 14% 12%

FREITBIM ITATOJIOTHYECKIM SIBJIEHUSIM B OpraHu3Me.
A niocrostanoe yrorpedeHne BoJbl, CofiepsRareit
yKazaHHble DKOTOKCUKAHTHI, OKa3biBaeT He-
OJIaTOTIPUATHOE BO3JIEIICTRIIE HA 3JI0POBLE BCETO
Hacenenus |4, 8, 9].

CBuHer, KajMuil 1 MBIIbLAK 00Ja/af0T
KYMYJISITUBHBIM U TOKCUYECKUM JleCTBIEM 1
SIBJISIIOTCST KAHI[@POTeHHbIMM.

OnHaKko apryMeHTHPOBAHHBIM CUUTAETCS 1
TOT (haKT, UTO OHUM U3 BaKHEHIINX (DAKTOPOB,
OKa3bIBAIOIINX BJANSHIE HA 3[[0POBHE HACETCHIS,
SIBJISIETCS KAYEeCTBO YIOTPeOJIsseMoil MUTheBOit
BOJIBI I IPUYWHHO-CEJICTBEHHAS CBS3H BOJHOTO
(arropa [4, 8—16].

Mur cunraem, 4T0 BOJA M3 NPUBEIEHHBIX
MCTOUHNUKOB HETIPUTOHA I TUThsA 0e3 1mpej-
BapUTeIbHON OUMCTKN.

Takum oGpazoMm, MPOBeEHHBIMU UCCIIE]0-
BaHUAME OBLTIO YCTAHOBIEHO, YTO UCIIOTb3yeMast
HaceJeHUeM TIPeJICTaBIeHHBIX Bbillle PAIOHOB
Yeuerckoit Pecrrybamkm muTheBas BOJa, MOCTaB-
JsieMasi U3 YKa3aHHbIX BOJHbBIX MCTOUHUKOB 1
CKBJKITH, SIBJISIETCST OJTHUM 13 BO3BMOKHBIX ITyTel
MOCTYTICHTSI TOKCUYHBIX DJIEMEHTOB, T. €. MOsKeT
CITYKUTDH (DPAKTOPOM PHCKA.

[Mpuunnoit namuuust TM B Bope sTux paiio-
HaX cuMTaeM MPUPOHBII arTOP.

B crpykrype cmeprHOCTH HacedeHUs B
Yeuencroii Peciybnuke (UYP) m Poceniickoii
Oepeparuu (PD) B 11e710M (B poTieHTHOM OT-
HOIIIEHNIT) BBISABJISETCS CXOJCTBO: BeLYIIUMU
NpuYnHAMKU cMepTHOCTU Hacegenus u B UP,
u B PO B 1em0M, ABAAIOTCS OOJIE3HI CHCTEMEL
KpOBOOOpAIeHNUsI 1 3JI0KaYeCTBeHHBIE HOBOOO-
paszoBanus (rabu. 2).

B kavecrse mpuMepa HaMu OBLITH paccMoTpe-
HBI Te 3Ke PAOHBI PeCTTyOINKN, TTe CYTeCTBYIOT
mpodaeMbl ¢ KAYeCTBOM BOJIbl. Y UUTHIBAIN TIPU
HTOM, UTO HEKOTOPbHIE aBTOPHI CBA3BIBAIOT POCT
3JIOKAUECTBEHHBIX HOBOOOPA3OBAHMIT cpefiu Ha-
CeJIeHUS ¢ KA4eCTBOM NTNTHLeBO Bojibl [2, 7].

AHanmmsupysi CUTyaruio B 9TUX paiioHax, nx
MOKHO OXapaKkTepu30BaTh KaK pailoHbI ¢ pa3Hbl-
MU [IOKa3arejsaMu o01eil OHK03a00/1eBaeMOCTH:
[HenroBeroit paiion (47,49 ciywaes ma 100 toic.
nacenenus); 'posuencruii paiton (64,24 ciyua-

eB #a 100 toic. macenenus) n Hayperuii paiion
(83,41 cayuaes na 100 Toic. Hacenenus).

N3 npepcraBienHbIX pailoHoB Hanbosee
BBICOKHII YPOBeHb 0011eil 0HK03a001eBaeMOCTI
xapakrepen st Hayperoro paiiona.

Bepymuvn nokanuszanmusamMm B CTPYKType
orKo3aboseBaeMocTr Hacesjerns ['posnerHcroro
CeNbCKOTO pailoHa ABIAIOTCA Tpaxes, OPOHXMH,
nerkne (17,42%); woma (14,23%); Mmomounas
seresa (12,89%); nonosas cucrema (10,52%);
rerynok (8,61%).

Begymunvn mokanmszanmamMm B CTPYKType
onrozaboneBaemoctn Hacenenns [llerkoBeroro
paitona sisystiorest Koska (19,59%); momounas
smeqesa (17,18%); nonosas cucrema (15,12%);
OHKOJIOTHST TIPSAMOIl KUIITKI, PEKTOCUTMOMIIHOTO
coefpunenusi, anyca (6,19%) u rpaxes, 6pouxu,
nerkue (4,81%).

Bepymmumn mokannsanusamMu B CTPYKTYPe OF-
rozaboseBaemoctn Hacenenus Hayperoro paiio-
Ha ABJAOTCA Tpaxes, Gpouxu, jgerkue (8,44%);
rkoska (15,61%); momounas skenesa (16,46%);
nosiosas cucrema (15,82%) n swenynok (7,32%).

Takum obpaszom, oHKOJOTHMYecKass 3a00-
JIeBaeMOCTh M CMEePTHOCTL — OJfHA M3 Hamdosee
MOKA3aTeJIbHBIX MEANIUHCKUX TeHCHIINIT He-
Gmaromonayuns B jannom pernomre. Oganm u3s
MPUYNH PA3BUTH HTOTO 3200 BAHUS SABJIACTCS
MOTIaJ[aHIe B OPraH3M KaHI[ePOTeHHbIX BEIeCTR
" TOKCUYHBIX DJIIEMEHTOB, KOTOPHIe OKA3bIBAIOT
RAHIEePOTeHHOe BO3MENCTBIE HA OPraHu3M,
Hanbosee OMmacHbIMI 13 HIX SABJIATOTCSA CBITHEIT,
KaJIMUI1 1 MBIITILAK,

Wexoms n3 BBITIE CKA3ammoTo, BUAHA 3a-
BUCHMOCTH MEKITY PAKOBLIMU 3a00ICBAHUAMI B
MCCJIeIOBAHHBIX 3-X pailoHax U dKOJOTUYECKOI
00CTaHOBKOII B 9TUX paiioHax, T. e. ¢ Ka4ecTBOM
UTHEBOW BOJIbI.

3axioueHue

B pesysibrate npoBeiéHHBIX HAMU NCCJEI0-
BaHUIT BOJI apTe3naHCKUX CKBaRUH YeueHCKOI
Pectrybnmkm OB1I0 BBIABICHO, YTO OCHOBHBIMMI
DJIeMEeHTaMU 3aTPA3HeHNs B DTUX BOJAX SABJIS-
I0TCS COCJIMHEHIST CBUHIIA, KM U MBIITHAKA,
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ROTOPBIEe 00JIa/IaI0T KYMYJIATUBHBIM 1 TOKCHYe-
CKUM JCIICTBLIEM.

JlmurenbHoe BozfielicTBIIe HEOPTaHMUECKOTO
MBIIIbAKA TIPU TINThe 3arpA3HEHHON BOJIBI, 110-
TpebJieHn N TN, TPUTOTOBJIEHHOI ¢ UCIOJIb-
30BaHMEM TaKOii BOJbI MJIM TIPU 1TOTPeOIeHNnN B
TIATITY CeJbCKOX03AMCTBEHHBIX KYJIBTYP, OpoIiiae-
MBIX BOJION € BLICOKMM COfIePsRAHIEM MBITITLAKA,
MOKeT TPUBONTEL K XPOHMYECROMY OTPaBIEHIIO
TUM XUMHUYECRIM DIIeMEHTOM.

AHaynsupysi BHICORUI IPOTIEHT OHKO03a00J1e-
BaeMOCTH B MCCIEIOBAHHBIX palloHAX 1 BHICOKM
YPOBeHb COJIepKaHUs MOTeHINATIBHO OTTACHBIX
IJIsl 30POBHS YeJOBEKA HJIEeMEeHTOB: KaJIMuUs,
CBUHIIA 1 MBINIbKA B MUTheBOI BOJIe JIAHHOTO
paiioHa, Mbl IPHUIIIN K BBIBOJY, YTO OJJHUM W3
dakrTopoB pocra OHKO3a0O0JEBAHUIT SIBJASETCS
KauyecTBO MUTheBON BOJIHI.

Ormedvast, 9To BOjIa, B KOTOPOI 0OOHAPYIKEIO
MOBBIMIEHHOE COJlepPRaHne TOKCHYHBIX Dlie-
MEHTOB, MOYKET CIYKUTH PAKTOPOM PUCKA, MBI
pPeROMeHJIyeM BOMY M3 YRa3aHHBIX MCTOUHNKOB
MCTI0JIB30BATH JIISI MTUTHEBBIX HYHKJT TOJTBKO ITOCTe
pe/iBapuTe I hbHOI OUNCTRA.
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PasBurne miaHKTOHHBIX COO0IIECTB
B YCJIOBHSIX aHTPOIOTE€HHOI THPOTePMAJIN
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CranaprHeIMI THAPOOHOJONTIeCKIMI MeTOJAMI M3yUYeHa ITaHKToOHHast (opa u hayHa repMasibHOIl 30HBI BOTOEMA-
oxsiauresisi Xapanoperoii I'PIC (3abaiikanberuit kpaii). B cocrase gurornankrona ormedeno 40 TakcoHOB BOOPOCIIC,
B cocTaBe 300TIAHKTOHA — 25 BUJ0B Gecrio3BoHOYHBIX. B anbromenose gomnunposanun Chlorophyta, Bacillariophyta n
Crysophyta, cocrasisis 80% or o61iero unesa rakconos. B 3oomnankrorenose 40% or o61ero uncsia BU0B HPUXOAUIOCH HA
noaio Rotifera. ITokaszaro, uto cocras loMUHIPYIONIETro KOMIIICKCA HOCUT Ce30HH b XapaKkrep. OnpepesieHbl KoJImuecTBeHHbIe
xapaxrepuctuin QGuro- u 300ankrona. Ha mpumepe HeROTOPLIX THPOOGHOHTOB (BOKOPOCIIECI 1 HECTIO3BOHOUHBIX) OTMEUEHO,
Y10 OCHOBHON PeaKIiieil Ha YBeJNYeHIe TePMaTbHOI HATPY3KI sIBJISICTCS CMelleH e 1 yTHeHne CPOKoB 1x passurus. [[is
a6l1OTl’1‘IQC|(I/1X IlapaM(}TpOB O11 peuechHa O6p3THHH KOppCJIH A TeM II(‘,pa’Typhl lIOBC‘pXHOCTHOI‘O n IlpHII,OH HOTO CJIOéB BOJIbI
C TIPO3PAYHOCTBIO U CofepsKanmeM HuTpaToB. [ljist GuormaecKnx XxapakrepucTiK MIAHKTOHA CTATHCTHICCKH BBISBICHO, YTO
OCHOBHBIMI (hAKTOPAMU, BJUSAIONIMI HA PA3BUTIE OPTaHI3MOB TOJIIIN BOJIbI AHTPOIIOTCHHOT MMIPOTePMAJIN BOJIOX PAHIJINIIA,
ABJAIOTCA TEM llepaTypa, KATNOHHDbI lui 1N AHNOHHDBI l;’l COCTaB BOJI, a TAKKe COILOp}KaH e B3BEIIeHHbIX BeIlleCTB.

Kuwouesosre crosa: Guroniankron, 300IIaHKTOH, YNCJCHHOCTh, OIOMACCa, AHTPOIIOTCHHAS THIPOTePMAah, METOI
IJIABHBIX KOMIIOHEHT, BOJ0éM-oXaanTe/nb Xapanopekoit ['POC.

Development of plankton communities
in the anthropogenic hydrothermal conditions
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An electric power plant induced increase in water temperature substantially affects aqueous medium. Any hydraulic
facility zones to be artificially heated and used by power plants may be considered as peculiar “anthropogenic hydrothermal
systems”. Interrelation properties of specific abiotic and biotic parameters of such extreme ecosystems shall be studied at large
for understanding hydraulic facility ecosystem biological efficiency and trophic status alteration factors. This paper applies
to analysis of relations between hydrothermal zone environment factors and basic characteristics of the plankton population
in the Kharanorskaya State District Power Station (Trans-Baikal Territory) cooling reservoir. The population of planktonic
animals and plants were studied at a thermal zone of the cooling reservoir by using standard hydrobiologic methods for the
period of February to October, 2013. Hydrochemical samples were processed at the industrial sanitary laboratory of INTER
RAO-Electroenergy JSC, Kharanorskaya SDPS branch using common techniques. [t was found that phytoplankton contained
40 taxonomic groups of algae and 25 invertebrate species of animal plankton. Chlorophyta, Bacillariophyta and Crysophyta
dominated in algocenosis amounted to 80% of the total taxonomic groups. As for Rotifera, it dominated in animal plankton
cenosis amounted to 40% of the total species. It is demonstrated that the dominated complex varies seasonally. Quantity of
phytoplankton and animal plankton has been specified. The algal species diversity has drastically reduced and quality of inver-
tebrate animals has fallen down within the period when water was maximally warmed up since temperature values jumped up
and oxygen content come down. With some aquatic organisms (i.e. algae and invertebrate animals) taken as an example, it was
found that the offset and extension of organism growth periods induce a primary reaction to particular thermal load increase
factors. Inverse temperature correlation was identified at surface and natural water layers to have specific abiotic parameters
in relation to clear water and nitrate levels in water. As provided by biotic plankton sampling statistical data, it was found that
temperature, cation and anion water composition, as well as suspended solid concentration are the main factors that affect
growth of organisms in the anthropogenic water reservoir of the hydraulic facilities.

Keywords: phytoplankton, zooplankton, abundance, biomass, anthropogenic hydrothermal, principal component
analysis, cooling reservoir of Kharanorskaya electric power station.
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Bausuue smerrpocraniunii pa3inaHoro
TUIIA HA TUAPOU3NYecKIe, IUIPOXUMITYECKIe
nmapaMeTphbl, a TakKe OMOJTOTHYECKNT perruM
BOJOXPAHUJINII, HA KOTOPBIX OHI PACIIOJIOKEHbI,
muoroctoporre [1-17]. Haubonee 3amernnim
N3MEeHEeHNeM BOJHOIl CpeJibl B pe3yJibrare BO3-
neicTBUs padOTHl AMEKTPOCTAHINN SBJISETCS
yBeJudeHue remieparypbl Boubl. V3yuenue
YUYACTKOB, HEMOCPEICTBEHHO MCITBITHIBATOTINX
BJUSIHIE ¢cOpoca TOMOTPETHIX BOJ, MO3BOJIIO
BBIJIEJIUTH HECKOJIBKO 30H, TPAHUIIBI KOTOPBIX
TaK;Ke B OCHOBHOM OIPEJIeNISIIINCH 110 TPAJIHeHTY
temreparypol [3]. Takue yuactku mMos;kHO pac-
CMaTPUBaTh B Ka4ecTBE CBOCOOPA3HBIX «THJPO-
TepMadieii». [laHHBINT TepMUH OBLI ITPeJI0KeH
B pabore [18] st ob03HaUeHUSsT HIOTOTIOB, BO3-
HUKAIONINX BOKPYT HOABOJHBIX rujiporepm. Bo
MHOTOM aHAJIOTHYHbIE YCJA0BISI (DOPMUPYIOTCS 11 B
KOHTHHEHTAJIbHBIX BOJOEMAX HA yUacTRax copoca
MOJIOTPETHIX BOJ[ C HHEPreTHUeCKNX 00beKTOB,
npesxne Beero TAC. Itm yuacTru ruppocdepor
MOKHO paccMarpuBaTh Kak ¢BOOOPa3HyIO aH-
TpororeHuyio rugporepmalsb [2]. [log repmunom
«QHTPOTIOTeHHAs THAPOTePMaTb» TTOHNMAIOT
M000IT MCKYCCTBEHHO TIO/I0OTPEBAEMbIIl YU4acTOK
BOJIHOTO 00'bEKTA, NCIOJIb3yeMblil dHepreTnye-
CKUMU CTAaHIUAMEU. B TaRuUX crernuduieckux
HKOCHCTeMaX OCHOBHBIM aHTPOTIOTeHHBIM (DAKTO-
POM BBICTYIIaeT TeMIieparypa coOpoCHbIX BOJI. ITOT
AK30TEHHBIIT TTapaMeTp sIBJISeTCS CTPYKTYPUPYIO-
UM, TaK KaK 00yCJIOBINBACT CE30HHYIO CMEHY
BU/IOB U X IIPOCTPAHCTBEHHOE paciipefie/ieHie,
OTIPeJIeIsIsi CKOPOCTh TTPOTEKAHWS sKN3HEeHHBIX

/: EHC i j“’.’ ;

Bonoxpanuuie-
OXJIaIUTENb
\ .
| Lientp
\ Y Bonocopoc
'%,:9 s P <o )
6179_11 = &

MPOTECcCOB IUAPOOMOHTOB, a TaKKe Xapakrrep
BO3JIENCTBUS IPYrUX (DAKTOPOB cpejibl [2].
[lens manmoit padoThl — aHaNN3 B3AUMOC-
BsI3M Mey harkrTopamMu cpejbl TUApoTepMah-
HOT 30HBI M OCHOBHBIMU XapaKTepUCTUKAMUI
IJIAHKTOHA BOJIOEMa-OXJIajinTe st XapaHopcKoii

'pPacC.
Marepuasinl 1 METO/bI MCCIETOBAHMS

Bopoém-oxnapurens Xapanopceroii 'PIC —
Xapanopcroe Boffoxpanuyuine (jfanee X B) pac-
MoJI0sKeH Ha ore 3abalikaabekoro kpas B OHOH-
ApryHckom crentHoM paitoHe. Bomoxpanunniie
oOpasoBajioch B pe3yJsbraTe 3aTOTJIEHUs Tep-
putopun Bojlamu pexu OHOH B MecTe BIIaJleHUs
B Heé pexu Typru u noiimeHHbIX 03€p 3eséHoe,
Banaronarnoe n Yaan-Xaja. 91o BOJLOEM HaINB-
HOTO TuMa. B cucremy BogoXpaHUININa BXOJISAT:
MPeHasKHBI Kanas, BOT03ab0PHBIA Kamal, BO-
MOCOPOCHOIT KaHas (aHTPOTOTeHHAsT TUIPOTEP-
MaJib) 1 BOJOTMOABOANINI KaHal. SanoJHeHne
W TOATUTKA BOJOXPAHUINIA TTPOUCXO/UT 34
cuér mogaunm Bojbl 3 pexn Onon [5]. OcHoBHbBIE
TUIPOJIOTMYECKIEe XapaKTePUCTUKI BOOXPAHM -
JINIIA puBeieHbl HA pucyHke 1.

AnTpornorennas rugporepmannb X B mpep-
cTaBjeHa BOJMOCOPOCHBIM KaHaJIOM (HA Kapre
BOIOCOPOC), B KOTOPHIT cOpachiBaeTCs HArpeTas
Ha MUPOCTAHINN IIUPRYIATIMOHHAs Bofia. Ranai
OTKPBITHI, FKeTe300eTONHLIN, ¢ IBYMS BLITTyCKA -
MU: OINH — B BOJOXPAHUJINIIE, IPYTOI B PERY
Typra. Opranamu peIO0OXpaHbl BBITTYCK TETLION

XapakTepucruka, ej. u3MepeHust Bemmunna
Characteristics, unit Value
Roopaumarsr Bogoéma 90°51°14” N,
Reservoir coordinates 115°40°37" E
O0bEM, MITH KM? 5.6
Volume, million km? ’
ITnomans, kv i
Area, km? ’
Cpepiisist roryOuma, m 38
Average depth, m ’
Maxcnmanbaas rayounna, M 5.6
Maximum depth, m
[Tpospaunocts, m 0.6-1.8
Transparency, m
Munepasnusarust, M1/ 340
Mineralization, mg/L :

Puc. 1. Kapra-cxema n xapakTepucTuira ruj[poaornyecKix mapamMmerpoB XapanopeKoro BOLOXpaHuania [J|
Fig. 1. Map-scheme and hydrological characteristics of the Kharanor reservoir [5]
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all

Tadauna 1 / Table 1

FI/IHpOCbI/IBI/I‘Ie(}KHe N TUAPOXUMHMNYECKNE TTOKRa3aTeJin BOJ 1 3HaUYeHne KOJINMYeCTBeHHBIX XapaKTePUCTUR TIJIAHKTOHA aHTpoHOI‘eHHOIUI TuaporepmMatn XB

B (peBpane-ortsaope 2013 r. / Hydrophysical and hydrochemical data of water and quantitative characteristics of plankton in anthropogenic hydrothermal of

the Kharanor Reservoir. (February-October, 2013)
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Bojibl B p. Typra 3ampenién u B HacTosiiee BpeMsi
3aKpHIT [D].

WeenepoBanms rujipou3miyecKnx napame-
TPOB M XapaKTePUCTUK TITAHKTOHHBIX OPraHm3-
MOB (hpuTO-, BOOTIJIAHKTOH) B BOJOCOPOCHOM Ka-
HaJie mMpoBOMINCH ¢ (peBpaJis mo oKkTaopn 2013 1.
3a (poHOBHII yuacToK Oblia BIOpaHa OGeperopast
nacocuas crannus (BHC). Beero 3a nepuop nc-
CIAeMOBAHMA OLITO OTOOPAHO DD MIAHKTOMHLIX
npod (40 — ¢puronmankronubIX, 15 — 3001IaH-
KTOHHBIX).

O6padoTka THAPOXUMUYECKNX TIPOO TTPOBO-
[MJIach B IIPOMBIITIEHHO-CAHUTAPHOT Jabopa-
ropun OAO «MHTEP PAO-snerrporeneparmsi»
dunnan «Xapauopckas I'PIC» no obmenpu-
HATBIM MeTogukam [19]. OuronnankroHHbIE
npoObl OTOMpPANN ¢ MOBEPXHOCTHOTO U IIPU-
JIOHHOTO TOPMU3OHTORB, & TAKIKE HA IIIyOMHE TIPO-
3paunoctu, npu momotu dbaromerpa I[laranaca.
Ot16op 11pod 3001IAHKTOHA [TPOBOJMJIM TOTATBHO
cetvio [lskenn cpepneil Mojenn ¢ KOHYCOM n3
RarporoBoro cura guamerpom siuen 0,064 M.
Marepuan ¢urcnpoBann 4%-HbIM pacTBOPOM
dopmanuna. GurorniaHKTOHHbBIE TTPOOBI, OTO-
OpaHHbBIe JIJIs ONpejieJeHnsI Ka4YeCTBEHHOTO
cocTaBa BOJlOPOCIIeli, PUKRCHpPOBaAIN PacTBOPOM
Jltoronst ¢ xpomonoii kucyoroii [20]. [lopgroroBry
(bUTOIIAHKTOHHBIX ITPOO MTPOBOIAIN OCAI0OYHBIM
MetojoM. Yacth mosyueHHON TPOOHI 00HEMOM
0,1 M mpocmarpuBanu o merony l'ensena c
moMoTILIo cuérioit mractunsl [21]. Bnomacey
(UTOTIIIAHKTOHA OTIPEJIe SN 110 00HEMY OT/IeJb-
HBIX RIETOK T KOJOHWI BOJIOPOCIEH, TTPI 9TOM
YleJbHBII BeC TPUHUMAIN PABHBIM eJNHUIe
[20]. Soomnankron obpabdbarbiBaju COrIACHO
CTAHIAPTHBIM M[POOMOJOTHYECKIM METOINKAM
[21]. [lanubie mo 6GuoMacce 300TIAHKTOHA TM10-
JydaJin IyTéM OTTpefiesieH st MHIBU/YaJTbHOTO
Beca OpraHm3MoB ¢ yuéToM nx pazmepa [22, 23].
Crarncruyecknii aHaana Marepuaja MmpoBefieH
¢ mernosib3opanmem mporpammbl X LStat (2017).

U3meneHnst HEKOTOPHIX THIPOJIOTUIECKIX 1
MUPOXUMUYECKUX TTapaMeTpoB BOTOCOPOCHOTO
RaHaJia npuBeseHbl B radauie 1.

Pesyabrarel n 00cy:kaeHme

[Tpu nccnemoBanm aHTPOIIOTEHHOI THIPO-
repmasin XB ocoboe BHIMaHe yIeIAI0Ch TeM-
neparype BOJIbI 11 €€ BIUAHUIO Ha J[pyTrue abuoru-
geckue (parTopbl. CrerieHb MPOTPeBa TOJIILH BOJIbI
Ha JJAHHOM YYacTKe B Pa3Hble Ce30HbI TO/[a ObLIa
HeojinHaKoBa. BecHoll cpejiHsis Temiieparypa
B BOJ10COPOCHOTI 30He Obisia Bhilie Ha 3— °C, uem
B (POHOBOM y4acTKe, IeTOM pas3HuIla TeMIIepaTyp
cocranisia 2—6 °C, ocenbio — 6-7 °C (puc. 2).
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Puc. 2. Uzmenenue cpepieii TeMmiepaTypbl TOJIIN BOJIbI
B aHTPOIIOreHHOM rujiporepmasin u gorosBom yuactre XB 8 2013 1.
Fig. 2. Change in the average of water in the anthropogenic
hydrothermal and fond section of the Kharanor Reservoir in 2013

Ormeuerna obparHast KOPPEJAIN TeMITepaTypbl
MOBEPXHOCTHOTO U HPULOHHOTO CJOEB BOJIbI
¢ npospaunocthio (r = -0,965, p = 0,008 —
st TeMiepaTypbl nmopepxuoctun u r = -0,949,
p = 0,014 — st Temmieparyphl iHa), a TAKIKE ¢ CO-
nepskanmem murparos (r = -0,947, p = 0,015;
r=-0,918, p=0,028), uro, BeposiTHO, MOKHO 00'B-
SICHUTH BHICOKIM KOJTMYCCTBOM CECTOHA B TOJTIIC
BOJIBI [2]. JIpyriX 3HAUMMBIX KOPPEATNIT MEKITY
TeMIIepaTypoil 1 abnOTHYeCKUMU ITapaMerpamMn
CpeJibl THPOTEepMaIbHOT 30HBI X B He BBIsABICHO.

3a rmepmoj| MccJIeloBaHNs B COCTaBe TIAHK-
ToHA TepMaabHOil 30HbI X B 66110 BhIsSIBNICHO 40
BUJIOB, Pa3HOBUIHOCTEH 1 (DOPM IJIAHKTOHHBIX
Bojfopocseii n 25 TaKCOHOB GECTTO3BOHOUYHBIX.
B cucrematrnueckom ortHOmIeHUN B PUTOILIAH-
KTOHE JIOMUHWPOBAIN 3€JTEHBIC, IMATOMOBBIC 1
sosotucthie Bopopocyan (80% or obiiero uncia
TAKCOHORB), B B300TITAHKTONE — KOJOBPATKIH
(6oaee 40%). B mmankrone npeoGiajanm mi-
POKO pacmpocTpaHEHIBIe OPTAaHM3MBI, KOTOPBIe
cocrasaann Hemuornum ooxee 70% ot obmero
YUCa OTMEUYCHHBIX TAKCOHOB, HA JIOJIO TOJap-
KTOB M HaJeapKkToB HPUXoanaoch okoro 30%.
[To ornomennio K TemmeparypHomy (akropy
OOJIBITMHCTBO OTMEUYEHHBIX OPraHu3MOB SIBJIsI-
10TCST 0OUTATENAMI TITPOKOTO TEMITePaTypHOTO
auaazoHa.

Rax ormeuaer psyg ncenenonareneii [1, 4, 6,
13-17], peakiusa ma yBeJwdenme TeMIepary-
PBI CpeJibl TPOSIBIsIeTCs Y (DUTOMJIAHKTOHA — B
YIJIMHEHNUN CPOKOB Bereranum n yBejJamnvyeHunn

ouomacchl, y 6eClo3BOHOYHBIX — B Y/JIMHEHUN
CPOKOB aKTHBHON ;KU3HEIEATEIbHOCTH, yYBe-
JMYeHN KOJMYecTBA TeHepaluii n rmepexomuy
K anmuraun. B XB cocras pomMmuuupyormero
KOMILJIEKCA HOCUJI ce30HHbBII XaparTep [o]. [lus
MO HOTO TTAHKTOHA OBLITO XapakTepHo bosee
paHHee 1 001IbHOE pa3BuTHe Xpr30QUTOBOIT BO-
nopocau Chrysococcus cystophorus Skuja u maj-
meospactubix craguu Cyclops vicinus Uljanin
(73-83% ot ob111eli YneJIeHHOCTH PACTHTEILHOTO
n 3KUBOTHOrO 1iankrona). llo cpaBHenuio ¢
BojloéMamu 6e3 TepMadbHON HArPY3KH, IMpe-
JRIEBPEMEHHO aKTUBU3MPOBAIN CBOE pasBuTHE
HpeJcTaBuTe I JeTHeTo miaanKkrona [6]. Yike B
MIOHEe OCHOBHBIMU KOMITOHEHTaMI CO00IIecTBa
B PUTOMIAHKTOHE SBJAINCH IIHaHOOAKTEepUN
(Aphanizomenon flos-aqua Ralfs ex Bornet &
Flahault, sunsr pona Oscillatoria Vaucher ex
Gomont), senéunbie (Bupbl poma Pediastrum
Meyen, Scenedesmus Meyen, Monoraphidium
Komarkova-Legnerova) n jmaroMmoBbie BOJIO-
pocau (Synedra acus var. radians (Kiitzing)
Hustedt, Bupnl poja Aulacoseira Thwaites),
cocTaBlsBIIMe B COBOKYIHOCTH 95% 0T 0b1eit
YUCJEHHOCTH. B 300MIaHKTOHE B HTOT Mepuojy
0o0uIBbHO pa3BuBainch KojaoBpaTka Kellikotlia
longispina (Kellicott) (86% ot o0imeit uncien-
HOCTH) U TIPeJICTaBUTe I BECTOHOTUX pakooOpas-
HBIX, Ha JI0JTI0 KOTOPIX npuxopuioch 6oaee 70%
ot obtelt 6momaccehl. B mepron MakcmManbHoTo
MPOTrpeBa BOJI ITPOMCXOJIIIO Pe3KOe COKpaIieHne
BHJIOBOTO Pa3zHo00pasusi ajibrocoodIecTs u mo-
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HIZKEeHIe YICIeHHOCTIH OeCIIO3BOHOYHBIX, UTO, 10
BCel BEPOATHOCTH, 0OYCJIOBACHO MAKCUMAJIbHbI-
MU 3HAYEHUSMU TeMIIepaTypHOTO MMOKa3aTess n
HUBKUMI 3HAYEHUSIMU COJlePRaHms KUCI0OPOTa
B atoT niepuon. Cpean pororpodoB B Macce Be-
reruposasa nuanobakrepust A. flos-aqua (92%
OT 00111e Tl YMCIeHHOCTH), 8 Y 0eCITO3BOHOUHBIX —
Mesikne (PopMbI 300IIJTAHKTEPOB: IOBEHUIbHBIE
cragun Thermocyclops crassus (Fischer) (54%
o uncaernnoct n d8% 1o Gumomacce) m MOJOJh
Bosmina longirostris (O.F. Miller) (43 u 40%
coorBercTBeHHO). G OCeHHUM TOHUKEHITeM TeM-
mepaTypbl BOJbI B PUTOMIAHKTOHE TPOILOJKIIN
CBOE pasBuTHe IHaHen, nMeIe 6oaee Bbico-
KWI TeMIIepaTypHBIN ONTUMYM B BOJIoéMax yMe-
PEHHBIX ITNPOT, OHAKO UX YHCJIeHHOCTh CHUKA-
nach 110 90% ot ob1iero konmdecTsa Gororpodos.
Bospocaa gons senénnix Bogopocieit (10 35%).
B 3oomnnankroterose mpeBanpoBaii mMoJ0BO3-
pessie ocobu B. longirostris, hopmupyiorie 60%
Beell uncsennoctn u 67% Beeit GmomMacesl.

Wamenenne 4ncJeHHOCTH 1 OMOMACCHI BO-
NOpOceii n 6ecIO3BOHOYHBIX TIAHKTOHA BOJIO-
copocuoro kanana XB B 2013 r. npuseseno B
rabauie 2.

Jlist onipepieneniust BiausiHust hakTOPOB BHETII-
Hell cpe/ibl Ha BapuabeJbHOCTH MOKa3areseil

pPa3BUTHS MJAHKTOHA OB MCIOJH30BAH METO]|
raapabix KomnoHnenT (Principal Component
Analysis, PCA). Ananns mo3BoJm BRIABATE JIBa
OCHOBHBIX (DAKTOPA, COUETAIONINX Pl OTIpesie-
JSTOTNX THIPOXUMITUECKIX 1 THAPOPU3TICCKITX
napamerpos. Maxrop 1, Ha ROTOPBITT TPUXOANTCS
39,76% obrieit pucnepenn, XapaKkrepusyercs
TECHOU IMOJIOKUTEJILHOI CBA3BIO C TeMIIepaTypoil
BOJIBI (ITOBEPXHOCTD, JIHO), M TECHOI OTPUIIATeh-
HOW CBSA3HIO € COepsKaHMeM KUCJIOPOojia, HMl-
TPATHOIO U HUTPUTHOTO azora, hocdaros u 1npo-
3paunocthio. MDarrop 2, Ha KOTOPBIT TPUXOUTCS
25,92% obiieit ucepenin, ImposBJIsieT BHICOKYIO
MOJIOKUTENLHYIO CBA3H ¢ COJlePRaHNeM KpeM-
nust, ACITABamu, n orpunare bHyio ¢BA3b —
¢ cofiepsRanTeM XJTOPHU0B, MATHIS 1 KECTKOCTHIO
BOJIbI. Roppesnstis 0cHOBHBIX TAKCOHOMIYECKIX
rpyni GuTo- 1 300TIAHKTOHA ¢ BHISABIEHHBIMI
abmoTmuecKMMN (parTOpaMu mpejicTaBIeHa Ha
pucyHke 2.

AHanus KoppessiimoOHHbIX CBs3eil RoJmye-
CTBEHHBIX MTOKasaTeseil uro- n 300MJIaHKTOHA ¢
abMOTHYECKIMI [TOKA3ATeJISIMU CPEJibl, II0Ka3aJl,
4TO OCHOBHBIMU (DaKTOpPaMU aHTPOIOTEHHOI
rujiporepmanu X B, BAusionmuMu Ha pa3BuTue
OPraHu3MOB TOJIIN BOJbI, SIBJSIOTCS TeMIIepaTy-
pa, RaTMOHHBIN T aHMOHHBIN cOCTaB BOJT, a TAKIKe

Ta6auna 2 / Table 2

Roppensimonnbie cBsizu nokaszaresneil Yuro- 1 300MIAHKTOHA ¢ A0MOTHYECKIME [TOKA3aTeJISIMU CPeJibl
B @aHTPOIOreHHO rujiporepmasin Xapanoperoro sogoxpanuiuiina 'PIC (p < 0,05)
Correlation coefficient between biological and environmental variables of the anthropogenic hydrothermal
of the thermal station cooling pond Kharanorskaya reservoir (p < 0.09)

[Torazarennb Roadpurment roppesistiiinm [Torazarenn Roadpunment koppensiiun
Variables Correlation coefficient Variables Correlation coefficient
T -Ng. 0,911 Cu* =N 0,995
T -B, 0,971 Cu* —n 0,971
T -n_, 0,896 Ca?r — N, 0,948
T,-N., /B, 0,922 /0,881 Ca* —mn 0,935
T,-B, 0,946 Ca* =N 0,966
T,-N.. 0,944 Mg* —n 0,913
T, - Ng. 0,886 NO, - B, -0,943
H-N, 0,957 NO, - N -0,986
H-n . 0,921 NO, —n . -0,919
TR-n -0,940 Gl =N . -0,953
TR-B, -0.995 Cl=ng -0,953
SS-N_../B.. 0,982 / 0,982 SO* —n, -0,893
SS =N e/ B e 0,996 / 0,998 SO —n . -0,979
Col. =N ../ B ... 0,952 /0,981 PO, — B, -0,909
O0,-n_, -0,979 PO,* —n e -0,891
0,-N_., -0,892 pH-n 0,987
ASPAV -N 0,998 ASPAV —n 0,998
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cojlepskane B3BEIeHHBIX BerecTs (Tabmn. 2).
[Tepeunciennbie mapamMmeTpbl 00yCJIOBINBAIOT
opMupoBanme cocTaBa M KOJINYECTBEHHBIX
XapaKTepPUCTUR PACTUTETbHBIX U JRUBOTHBIX OP-
raHM3MOB TOJIIIY BOJIbI.

3araoueHue

Taxmm 06paszom, cOTIACHO TOMYUCHHBIM
pesyabratam, paopa n payHa IIaHKTOHA AHTPO-
MOTeHHOI THUpoTepMan GopMUpPyeTcs npenmy-
MECTBEHHO TOBCEMECTHO BCTPEUatonMucs ado-
PUTEHHBIMY BUIAMY ¢ ITUPOKUM TEMIIEPATYPHBIM
nuanazonom. Hak u B ojlorpeBaemMbIx yuacTrax
IPYruX BOJLOEMOB, OCHOBHOII peakiiueil rujpo-
OMOHTOB Ha yBeJMYEHUEe TeMIIepaTypbl CpeJibl
SIBJISIETCS] YIJINHEH e TTePUOJI0B U CJIBUT CPOKOB
pasBuTud paCTeHI/IfI 1 JKUBOTHBIX TOJIIIN BOJIBI.
B niepuop MakcumMaibHOIO ITPOrpeBa 0TMe4Yaercst
CHUKEHUE BUJ0OBOTO pPa3zHooOpas3usi u KoJuue-
CTBEHHOI'0 Pa3BUTHsI BOJOPOCTei n 6ecio3Bo-
HOUYHBIX. AHATN3 KOPPEJATHOHHBIX CBA3CH 1
BapnabeTbHOCTH MTOKa3aTesJ el KoJMuecTBeHHbIX
XaparrepucTur GuTo- u 300IJIAHKTOHA ¢ ab1no-
TUYECKUMU TIOKA3ATEISIMA CPEeJibl TOKA3aJ, 4TO
OCHOBHBIMU paKTOPaMU, 0OYCIOBIUBAIOIIUM I
pas3BuTHe 3TUX TPYII OPraHU3MOB, SIBISIOTCS
TeMIiepaTypa, MOHHBII COCTaB BOJI 1 CO/lepsRAHIE
B3BeEIIIeHHbIX BeEIIleCTB.
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Murpanus nmoan0TaHTOB U 3arpsA3HeHNe N0/I3€MHbIX BOJ|
1pH I00bIYE jKeJIe3HbIX PY/L

© 2018. 10. A. Badymkuna, acnupanr, H. H. Hazapenko, 1. 6. 1., npogeccop,
Osk10-Ypanbeknii rocylapeTBeHHBIT TYMAHUTAPHO-TIEIArOMMYeCKI Il YHUBEPCHUTET,
454080, Poccus, 1. Yensounck, np. Jlennna, 69,

e-mail: yulianna0891@mail.ru, nnazarenko@hotmail.com

B crartne pacemorpena mpobiemMa MUTpAum XUMIIECKIX MOJTIOTAHTOB BOJHOI CPEIBI U 3aTPA3HEHIE MO3EMHBIX
BOJI TIpu frobbrue skese3nnix pyj Ha npumepe AO «Coronosero-Capbaiickoe ToprHo-ob60raTuTeabHoe Mpon3BoJCTBEHHOe
ooweannenne» (Rasaxcran). IlpoananusupoBanbl mpoObl MO3eMHBIX BOJI, otobpaHHbie B mepuop 2012—-2016 rr., mo
caegytomuM moraszaresasm: pH, cogepskanme cyxoro ocrarika 1 B3BEITEHHBIX BEIECTB, COMCP/KAMIEC MOHOB KaTBITHS,
Marmuus, cyiabdar-, xaopuj-, pocdar-, rugporapbonar-, HUTPAT-, HUTPUT-NOHOB, A30Ta AMMOHUITHOTO, Kkesie3a 001ero,
HeTeIPOYKTOB, COeJINHEH I aIIOMUHIS, CBUHIIA, IIITHKA, HUKeJIs1, Kobaabra, Mmapraniia u 6opa. [losryueHHbie pesyibraThl
CBUICTEILCTBYIOT, UTO BEJNINHEBI KOHIEHTPATINN ¢yab(aToB, XIOPUI0B, HUTPATOB, HUTPUTOB, a30Ta aMMOHUITHOTO,
COeIMHEHT Gopa, Maprani@a, cofepsKaHme CyXoro OCTaTKa B MO3eMHBIX BOJAX HEIOCPEJCTBEHHO B paiione To0LIam
MPEBBIIAIOT UX TIPEJIeJIbHO oTycTiMble 3HaveHust. [Ipu a1oM 3a nipepestaMn caHnTapHO-3aMUTHON 30HBI TPETIPUATHS
MPEBBITICH TS KOHTICHTPAIINI 3aTPA3HAIONINX BEIECTB He 00HAPYIKEHO, UTO CBUIETETBCTBYET O HE3HAUNTEIHHOT MITPATIITI
MOJITIOTAHTOB 3a MPEIEJIbI CAHNTAPHO-3AMUTHON 30HBI TPEIITTPUSITHS.

Karouesore caosa: MuUrpanmua XuMmn4eCcrnx SHFI)HSHHTQ.HQI}’I, I‘()I)HOH()()HB&R)H_[(—)Q npeplpugaTrue, srejaesdasd pyja,
TexXHorenHnoe sarpastnenue, 1mojiseMmubie BOJbI.

Migration of pollutants and contamination
of groundwater when mining iron ore
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South Ural State Humanitarian Pedagogical University,
69, Lenina Prospect, Chelyabinsk, Russia, 454080,
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The article considers the problem of migration of chemical pollutants into the aquatic environment of iron ore mining
area on the example of JSC “Sokolovsko-Sarbaiskoye Ore-dressing Production Association” (Kazakhstan). The materi-
als of the study where samples of groundwater selected at the plant for the extraction of magnetite ore, on the border of
the sanitary protection zone and beyond. Sampling of water was carried out in accordance with Russian State Standard
GOST 31861-2012 in the period 2012—-2016 years.

Analysis of samples was carried out by an accredited laboratory on such factors as pH, dry matter, suspended mat-
ter, calcium, magnesium, sulfates, chlorides, phosphates, bicarbonates, nitrates, nitrites, ammonia nitrogen, total iron,
oil, aluminum, lead, zinc, nickel, cobalt, manganese and boron.

The results shows that the magnitude of the concentration of sulfates, chlorides, nitrates, dryness, nitrites, ammonia
nitrogen, boron, manganese in underground water directly in the production area exceed their maximum permissible values.

The critical points of impurities were identified such as a lower sump of quarry, upper sump pit and drainage ditch
with the highest rates of sulfates, chlorides, nitrates, dryness, nitrites, ammonia nitrogen, boron, calcium, magnesium
and bicarbonates.

The main trends of groundwater pollution in the area of the location of the iron ore mining enterprise are revealed.
For the vast majority of pollutants, sharp annual fluctuations of indicators are not observed, the level of pollution is stable,
and there is no tendency to reduce the level of groundwater pollution.

At the same time, no excess of pollutants was detected outside the sanitary protection zone of the enterprise. This
indicates that migration of pollutants beyond the sanitary protection zone of the enterprise is not observed.

Keywords: migration of chemical pollutants, mining enterprise, iron ore, technogenic pollution, groundwater.
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JloGbrua pyAHBIX TMOJE3HBIX HCKOTAeMbIX
SIBJISIETCSI [IABHETl 4eI0BeYeCKOil [IesATeTbHOCThIO,
CBSI3AHHON ¢ TIPOMBIIIJIEHHBIM Pa3BUTHEM U
uHycTpuainsamnuein yejopeuecrsa. [Ipu srom
rOPHOJIO0BIBAIOIIAS JIeSTEIbHOCTh TAKIKE TPUBO-
AT K OYEBU/HBIM HETAaTHBHBIM HKOJTOTMYECKIM
MOCJIEJICTBISIM, TAKIM, KaK 3arpsi3HeHne BOJIb,
MOYBBI, aTMOCHEPHOTO BO3JyXa U U3MEHEHUe
nanamadros [1]. TIpsveie sroTOTHYECKTE TTO-
CIEJCTBUS TOOBIYN JKEJIe3HBIX PY/| JIOCTATOUHO
MOPpOOHO MCCTCLOBAHBI CHEIUAJINCTAMN-
sroJioramu [2—6].

Jlo6pIBatomast IpOMBIIIIEHHOCTH OKa3bhiBaeT
BO3JIIICTBIE HA OKPYIKAIOIYIO CPeJLY He TOJTbKO
HEIOCPeJICTBEHHO B MecTe I00bIUN PYII, HO MOKeT
OKa3bIBaTh BINSHUE IATEKO 32 NX IIpeieIaMu 3a
CUET JIBUIKEHUSI BO3YIITHBIX MACC, ITOBEPXHOCT-
HBIX ¥ MOJI3€MHBIX CTOKOB, MIOCTOSHHBIX U Bpe-
MEHHBIX BOIOTOKOB. JTO BO3JEICTBUE CBS3AHO,
MpesKie BCEro, ¢ MUrparueil XuMnaeckux moJ-
JIOTAHTOB, BHIOPACHIBAEMBIX 1 cOPACHIBAEMBIX B
OKPY’RAIOIILYIO CPeJTy I I00bIYe pyil.

Hannune kauecTBeHHO BOBI HEOOXONMO
VTS SKUBHY, COIMATBHO-DKOHOMIYECKOTO 0J1aro-
nosryunst u 6esonacuoctn nacesennsi. Bogy nace-
JieHne 0OBIYHO MOJy4aeT 13 JIBYX OCHOBHBIX 1TPH-
POJTHBIX HCTOYHNKOB: TIOBEPXHOCTHBIX BOJI, TAKIX
KaK IpecHble BOIOEMbI, DK, PYUbH 1 ITOJ[36MHbIX
BOJl, TAKNX KaK CKBa)KMHHAs BOJIA 1 KOJIOJIe3Has
Bomta [7, 8]. NopromoOBIBaTOTIAS EATETLHOCTD
OTPUIIATETHLHO BANSIET HA KAYeCTBO BOJIbI 38 CUET
3HAYMTEIBHBIX COPOCOB 3arPsI3HSIONNX BEIECTR
B BUJIe CTOYHBIX 1 JIpeHaKHbIX BojL [9].

3arpAasHéHuble BOMABI YIPOIKAIOT CYyIIe-
CTBOBAHUIO OMOTUYECKOIT TEJOCTHOCTH U, CJe-
OBATEJHHO, MPETATCTBYIOT €CTECTBEHHOMY
QYHRIMOHUPOBAHUIO TPUPOHBIX DKOCUCTEM.
C apyroii ¢cTopoHbI, unrcTas Boja HEOOXO[Ma
J171s1 OBITOBBIX U IIPOMBITIIIEHHBIX HY3K/] 113-3a €6
MHOTOUYNCJTEHHBIX (DUBNUECKIX U XUMUUYECKUX
KaK KOJMYEeCTBEHHBIX, TAK U KauyeCTBEHHBIX
XapakrepucTuk. B ¢Bsi3u ¢ 3TuUM, OJ{HUM U3
BQYKHEMIINX aCIIEKTOB OIMEHKHN 9KOJOTHYECKOT0
COCTOSTHUSI TePPUTOPUH SIBJISICTCS OIpejiesieHne
CTeTeHN BO3EHCTBUSI MPEIPUSITUS 110 J0ObIYe
JKEJIe3HBIX PY/I Ha KAYeCTBO BOJIBI B OJIMKAMIITIIX
NCTOYHMKAX BOMOCHAOKCHS.

[ToBepxHocTHBIE BO/IBI DOJICE YA3BUMBI K 3a-
IPA3HEHWIO M3-32 MX JETKOU JOCTYIHOCTH JIJIsT
copoca crounbix Box [10, 11]. Ilpodpurarkrukra
n 6opwba ¢ 3arpsisHEHNEM ITOBEPXHOCTHBIX BOJT
JIOJIKHBI OCHOBBIBATHCA HA TOCTOBEPHON MH-
opmaruu o KauectTse BOJbI 1 UeHTU(DUKRAIIT
MCTOUHMKOB 3arpsAsHsAonux serects [12, 13].
Ornenra ske 3arpsi3HEHUS MOI3eMHbIX BOJT — DoJiee
CJIOFKHOE U He BCerjia JI0CTYIHOe MepOoTpusiTie.

Tak, mojgzemMHubie BOJbI MHOUIBTPYIOTCH U M-
IPUPYIOT Yepes3 MOpOBbie IPOCTPAHCTBA BHYTPU
MOYBO-TPYHTOB U TOPHBIX MOPOJ U B IIPOTIECCe
MUTpaIuy pearnpyror ¢ MuHepajiami, 0opasyio-
UM [TI0YBO-TPYHTHI 1 1iopofibl [14]. RauectBo
IPYHTOBBIX BOJ| B JTI0OOT MECTHOCTH 3aBUCHUT OT
XUMUYECKOTO COCTaBA BOJOHOCHOTO MOPUBOHTA,
yepes KOTOPBI OH MUTPUPYET B COOTBETCTBUM
¢ TUPOJOTUYECKUM IIKJIOM M HalpaBJeHNeM
norora [195, 16]. Heocriopum dart Bausams
KauyecTBa MOBEPXHOCTHBIX BOJI HA IMOJ3€MHbBIE
Bojibl. Takum oGpaszom, B pesyJibrate HellpepbiB-
HOTO KPYrOBOPOTA B HKOCHCTEMAX TTPOUCXOUT
MUTPAIHS 3arPA3HAIONINX BEIECTB B IIO/[36MHbIe
BOJibl. BoisiB/ieHne 3arpsasHeH s MOI3eMHBIX
BOJI B paiioHe rOpHOL0ObIBAIOINX TP/ PUATIIT
CeBepuoro Haszaxcrana siBisiercsi akTyaibHOI
3ajlaveli, permenne KOTOPOU MO3BOJINUT TPOCTIe-
AUTH y4acTue AeATeJbHOCTU IMpeAlnpuATud 1o
TOOBIUe FKETC3HBIX PYIL B MUTPATINI XUMITICCKITX
MOJITIOTAHTOB.

[{enbio HacTosiieii padoThI SABJISIETCS U3yUe-
HUe 3aTrpPsI3HEHUs] TI0JI3eMHBIX BOJI, BbIsIBJIeHUE
IUHAMUKI 3TOTO 3arpsisHEHWsT U UCCJe[0Ba-
HIIe MUTPAIUU XUMUYECKUX TOJJIIOTAHTOB B
paiioHe pacnososkenuss KypmyHRYJIbCKOT
MPOMBIIIIJIEHHOI TJIOTAKN aKI[HOHEPHOTO
obmecrBa «CoronoBcro-Capbaiickoe ropHo-
oboraTuTesbHOE IPOU3BOJICTBEHHOE 00bejiHe-
uue» (pamee AO «CCI'TIO»).

OO0 BeKTBI 1 MeTOIbI

O0DBeKTaM’ MCCIeTOBANNS SIBISIOTCS O~
3eMHBIe BOJIBI B palione pactonokenns Ryp:xymH-
KYJBCKOTO MECTOPOJKIEHNST MAaTHETUTOBBIX PY/I
AO «CCI'T1O», roropoe naxoauress B Tapanon-
ckoM paitone Hocranaiickoii obiactu n mpejicTas-
JIEHO KapbepoM 110 00bIue MarHeTUTOBBIX PYII 1
oTBaJaMM BMeIIANIX mopoj. bamskaiitmumn
HACeJEHHBIMU ITYHKTAMU SIBJISIIOTCS MOCEJITOR
Oxrsiopwernii (10 kM), mocénor HoBounbuHoOB-
Ka (12 ®m) u ropox Jlucakoser (12 km). IKe-
ryatarus MecToposkjenns nadanach B 1983 1.
B mepnon ¢ 2001 mo 2003 rr. ero pazpaborka
ObLiia nprocranoBiaena, a ¢ 2004 r. mo Hacrosiee
BpeMsi MeCTOPOJKIeH e BHOBb pa3pabaTbiBaeTcs.
lopubie paboTHl BeyTesi OTKPBITBIM CITOCOOOM
(kapwep) [17].

Mecroposkenue mpuypoueHo K 1eHTpash-
HOIl YacTH IIaBHOM KeJIe30py/HOIT TToJ1och Typ-
ralicKoro yKeJe30pyaHOTro paloHa, B BOCTOUHOM
Kpbllle OHOMMEHHON CUHKJINHAIN N XapaKre-
PUBYETCA CTOYKHBIM TEKTOHITYECKIM CTPOCHUEM.
[Toponsr nmkIero kapboma 06pasyoT KpymHyio
(brercypHYIO CRIAJKY U MOBCEMECTHO Tepe-
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YcnosHble 0003Ha4YeHHA

57 - OTBAIB BCKPLILHBIX NOPOA
~~ - CAaHHTapPHO-3aLHTHAA 30Ha
@ - TouKa 0T60pa Npo6 NOA3EMHBIX BOJ

Conventions
*_ dumps of overburden

~ - Sanitary protection zone
@ - groundwater sampling point

Pue. 1. Kapra — cxema pacmooskenist Touer ot6opa mpod B paiione necaenoBamms
Fig. 1. Map — layout of the location of sampling points in the study area

KPBITBI PBIXJIBIME OTJIOFKEHUSIME MOTITHOCTHIO OT
20 o 60 m. Mecroposkierne Xxapakrepusyercs
OJIOKOBBIM CTpOEHMEeM, 00yCIOBJICHHBIM pas3-
BUTHEM KPYIHBIX TERTOHUYECKNX HaPYIIeHWI.
Berpeitirabie mopojibl pejicTaBaeHbl TINHAMMY,
MecKaMI1, OITOKAMI 1 CKaJIbHBIMU BYJTKAHOT€HHO-
0CaJIOYHbIMU 00PA30BAHUMYI HUMKHETO ajieo-
3051, CPe KOTOPHIX BBIJIESIOTCS aH/e3UTOBbIE
nopdupuThHl, B pazJindHONl cTerneHn — MeTa-
COMATHYECKN N3MEHEHHbIe I MPAMOPU30BAHHbBIE
uspectusiku [18].

DaxropamMu, ONPeAENSIONUMI BHIOPOCH
n cOPOCHI 3aTPA3HAIONNX BEIecTB, SBJISIOTCS
BCKPBIIITHBIC, T00BIYHbIE, OYPOBbIe U B3PLIBHBIE
paboThI, a TaKyKe TPAHCIOPTHHIE W PEeMOHTHLIE
paboThl, 006CTy;RUBAHIE 1 DKCILTyaTaI[s TPAHC-
MOPTHBIX CPEJICTB, OTPY30YHO-PAZTPY30UHbIE
paboThl, IPOOUIBHBIIT KOMIIJIEKC U JIPYTHe BCIO-
MoTareTLHBIe TPon3BoacTRA mpeanpuatus [19].

O16op 11pob 10136 MHBIX BOJ 1IPOBOJUJIN B
nepuop 2012-2016 rr. mo 'OCT 31861-2012
[20]. Yuactrm orbopa mpod: Ne 103 — Bepxmmit
symig wapwepa, No 104 — mwruanit 3ymndg
Kapbepa, Noe 106 — BomooTBOAHAs KaHaBa,
Noe 5 — BojosabopHas CKBajKuUHA 3a IpaHuiei
CAHUTAPHO-3AIUTHOI 30HBI (puc. 1).

B npob6ax mop3eMHBIX BOJ OTIpeeisin
caenytotue nmorasarenn: pH, cyxoii ocrarox,
B3BeIlleHHbIe BEIecTBa, COflepRaHme KaTnoHOB
KaJbIUsi U Maruus, cyiab@aToB, XJA0PUIOB,
dpocparon, rugpokapboHATOB, HUTPATOB,

HUTPUTOB, a30Ta AMMOHUITHOTO, 3KeJie3a 00111ero,
HepTenpoyKToB, 60pa, ATIOMUHIS U TAKETBIX
MeTasIoB (CBUHEI, IUHK, HUKeJIb, KOOAJbT,
Mapraneil). Ananaus npod BuITIONHsIN Ha Hase
akkpepuroBanuoi gaboparopun «CesKas-
I'PA ILtioc» 1o yTBepsKAGHHLIM CTAHIAPTHLIM
Meropaunkam. /s mosyueHHBIX HOKazaTeaei
BBITIOJIHEHA OIeHKA 0A30BBIX CTATHCTUYCCKIX
XapaKkTepucTuK U IMPOBeIEH AUCIIePCUOHHBI
aHa u3 rMmorasarenaeil mo Toukam orbopa mpod n
no ropam [21]. Bee pacuérhbl BBITIOTHSIN B TAKETE
Microsoft Excel.

Pesyabrarel n o6cys;rienne

JlucriepcronHbIil aHAJIN3 [TIOKa3arejeil 3a-
IPA3HEHWS MO3eMHBIX BOJ| BBISBILT OTCYTCTBIE
CTATUCTUYECKN 3HAYNMBIX PAa3IUUM MeK/Y
FOJLOBBIMM BEJIMUUHAMY JIJSI O aBJASAIONET0
OOJBIITMHCTBA 3arpsA3HUTENICH, UTO CBUIETEbh-
CTBYeT 00 OTCYTCTBIY 3HAUYNTEIHHBIX KOJTeOaHIT
(pusbTpamnuyu BpeiHbIX BEIECTB ¢ IOBEPXHOCTH,
a TaKkyKe UX MUTPAIUN ¢ 00bEeKTOB TIPeJIpusi-
tusi. Takum o6pa3om, ypoBeHb THOCTYIJICHUS
zarpsiauuTesieil B paitone KypRyHRYJIbCKOTO
MEeCTOPOKIeHMsT cTabuieH 6e3 3HAYNTeTbHBIX
TOMOBLIX KOJeOAHIiA.

[Tpu aroM pucTiepenOHHBI AHAIN3 BeJTUYNH
3arpsA3HUTENeN Mo TOYKaM 0oTOopa ToKas3as cra-
TUCTUYECKN 3HAYMMOE PA3JINUIe 110 TAKUM ITOKa -
3aTesIsIM, RaK cojiepsRaHme cyJibdaros, XJI0PUJIOB,
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Ta6auma 1 / Table 1

YepepnéHuble MoKasaTesn 3arpsA3auTesiell B Moj[3eMHLIX BOfax paiiona Hyp:RyHKRYILCKOTO Kaphepa
AO «CCT'TIO» 3a 2012—2016 rr. / Average values of pollutants in groundwater in the Kurzunkulsky
quarry of JSC «SSGPO» for 2012-2016

CpepHsiss KOHIIEH- Yaacrru orbopa mpob / Sampling sites

TpamnunsAa BemnecTs n

nonoB Mr/a / Aver- K, mr/a
age concentration of | Nz 103 Ne 104 Ne 106 Ne H Ne 6H MPC, mg/L
substances and ions

mg/L

SO.= 1280+310 | 1280+130 | 980+160 85+13 48+14 500
Cl- 900+60 1240+50 890+40 141+26 1370+39 350
NO, 106+38 520+90 92+31 4,0+£2,0 0,24+0,10 45
Cyxoit ocrarox 3450570 | 4760+250 | 3020+310 | 522420 2370+70 1500
Dry residue
NO, 0,48+0,11 | 11,5%£2,3 | 0,42+0,13 | 0,052+0,020 | 0,019+0,010 3,3
N-NH,* 0,31+0,20 52+25 0,24+0,10 0,42+0,30 1,53+0,30 2
B 0,66+0,10 | 1,61+0,20 | 0,49+0,10 0,18+0,03 0,56+0,10 0,5
Ca®* 224+40 337+35 212427 30+5 T1+4 -
Mg?* 152+32 67+6 136+16 20+2,0 91+6 —
HCO, 73+17 98+3,0 84+19 155+20 28+5 -

IHpumewanue: * — qcupnvin svidenenvt nokasamenn, npesvtwarowue IJ[K; — npouepr (—) osnawaem omcymcemeue

ycmanosaernnvlx HJ[K.

Note: indicators that exceed the MPC are bolded; — a dash (=) indicates the absence of the established MPC.

HUTPATOB, CYXOTr0 OCTATKA, HUTPUTOB, a30Ta aM-
MOHMITHOTO, 6Opa, KaJIbIlWs1, MArHUsI, THPOKAp-
oonaron. Takum obpazom, st KypskyHKYIBCKO-
IO PY/IOYIIPABJIEH IS OTIPEIeISIOTCS KPUTHUECKIe
TOUKU 3arpsI3HEH NS TO/[36MHBIX BOJI, TPEOYIOTIIe
Haunboiee CephE3HBIX MEPOTIPUSATHIL TTO TTPeOT-
BPAIEHNIO MUTPATIH XUMUYECKIX TOJLTIOTAHTOB
B 1noji3eMHbie Bojbl. Hanmenbiiiee copeprannme
OOJNBIINHCTBA TTOKa3aTeseil 3arpsa3HaI0NIX
Berects (taba. 1) ormeuaercs B Touke No D, 3a-
tem — Ne 6H; nabsioaercst yBejuueHme moKa-
sareseit B mpobax Ne 106, 103 m 104. Iro MmozkTO
00BSICHUTh HAXOKJEHNEM MCCIe/[yeMbIX y4acT-
roB — nipoba Ne 104 (nwsxnuii 3ymni kapbepa)
ARKYMYJIPYeT GOJIBIITIHCTBO TOJTIOTAHTOB KaK
HIUGKHSST TOYKA TIOJI3€MHOTO 1 TIOBEPXHOCTHOTO
CTOKA B aHAJIM3UPYEMOIl cucTeMe MecT 0Thopa
npo6. Touka No 103 pacrnonoskeHa Boiliie 1 Ha-
OJTI0/IaeTCsT yMEHbIIIeHNe XUMIYeCKIX BeIecTB 3a
CY6T OTTOKA YACTH MOJIJTIOTAHTOB € I1O/I3€MHbIMU
Bomamu. Hamswicrmas toura — mpoda Ne 106 — xa-
PaKTePHUBYETCSt CAMBIM BBICOKIM YPOBHEM OTTOKA
rnoji3eMHbIX Boji. Takum obpasom, 4éTko HabJI0-
TlaeTcs MUTPAINA 3arPA3HATONNX BetecTs (3B)
¢ BEPXHIX BOJJOHOCHBIX FOPH30HTOB B HIKHIE C
uX HaKoIIeHneM B rocsaeHux. [lpu aTom B ipo-
Oe, pacIoJOKeHHOIT 3a MpeesaMi CaHNTapHO-
3QIMUTHON 30HBI IPEANPUATUS, TPEBBITTEHUS
3B He oOHapy:ReHO. ITO CBUIETENHLCTBYET O
TOM, Y4TO MUTPAIUN HOJIIOTAHTOB 3a TIPeJesbl

canurapro-zarmuTHoi 30ubl (C33) mpeanpusTis
He HaOJTI0/[aeTCs 1 JJIS TIOJI3eMHBIX BOJ| 30HA BbI-
MOJIHSET CBOM DKOJormuecKkne pyurimn oydepa
3arps3HAIONINX BEIeCTB.

CpaBHeHMe ycpeHEHHBIX 11O TojlaM I0-
KazareJjiell 3arpsA3HAIONINX TO/I3eMHBIe BOJbI
Berects (Tadu. 1) ¢ uX npeesbHO OMYyCTUMbIMUI
routenTpamuamn (IJIK) [22] pnsa o6bextoB
X035 ICTBEHHO-TTUTHEBOTO BOMOCHAOMKEeHUS 1
MECT KYJbTYPHO-OBITOBOTO BOOIOIb30BAHNS
BBISIBIJIO KPUTHYECKIUE TTPEBhITIeHIe KOO e-
CKUX HOPMATUBOB JIJisl HEKOTOPBIX XUMUYECKIX
AJIEMEHTOB U coe/inHeHunil. Pe3yabrarsl Xxummdye-
CKOTO aHan3a MoKa3aan, 4To MOUTH JIJIsT BCEeX
npob wabmomaercss mpesbimienune vopm [TJ1H
cyibdaros B 2—2,6 pas, xjopunos — B 2,5-3,9
pas, 6oparos — B 1,3—3,2 pasa, cyxoro ocratka —
B 2,0-3,2 pasa. [lantoe 3arpsi3Henne moj3eMHbIX
BOJi Hambosiee BEPOSTHO CBSIBAHHO C BBICOKOI
MuHepasinzaiueil copacbiBaeMbIiX B Kapbep ¢
JIPEHAKOM TPYHTOBBIX BOJI.

Jlist murparos npesbinienne [IJIK B mop-
3eMHBIX BOJlax KoJsebJiercst B rpejenax or 2,0 1o
11,6 pas, B pooe Ne 104 HUTPUTHI TIPEBHITITAIOT
HOPMATHB B 3, pasa, a30T aMMOHUIHBI — B 26,1
pasa. [lpesbinienne copepsRanmss 3THX MOHOB
B MCCJIEMYeMBIX 00pasiax MmpeinoJ0KnTe bHO
CBSABAHHO ¢ B3PBIBHBIMU paboTtaMiu ¢ IpuMere-
HIEeM TPOMBINIJIEHHBIX B3PbIBUATHIX BEIECTB
(TTOPAIMUT, TPAHIMUT, UTHAHUT U JIP.) HA OCHOBE
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AMMUAYHOI CeJTUTPHI, YTO MPUBOJUT K MOTA-
JAHUI0 B TPYHTOBBIE BOJIBI COEIMHEHUIT a30Ta,
MPUBOJIS K UX 3arpsisHeHmio [23].

Wcrmouenne cocraniisier mpoda moji3eMHbIX
Bo1 32 npesienamu C33 mpeiipusitusi, 4To yKasbl-
BaeT Ha OTCYTCTBIE MUTPAIIY 3arPA3HUTENICI ¢
MOJ3eMHBIMI BoflaMul 1 Ha Oydepuyio pob C33,
MpeloTBPAINAIoIeil HeTaTuBHOEe BO3/CCTBIE
M30BITOUHBIX KOHIEHTPATMI MOJTIOTAHTOB B
paiiore qefcTBUSA MPEeTPUATAA.

Jloist copepsranmst amOMIUHUST JIMCIIEPCUOH-
HBIIT aHATN3 TTOKA3aJ CTATUCTHYECKI 3HAUYNMOe
pasaunuie mokasareseii mo rogam. Hamu pacemo-
TpeHa imHaMIKa aToro mokasaress 3a 2012-2016
rr. (puc. 2). Habmofaerest miaBHBIN POCT KOH-
IEeHTPAINN AJTIOMUHUSA B IMO3EMHBIX BOJIaX C
2012 no 2014 rr., peakoe nosbitienne B 2015 1.
n He3HaunresbHoe cumkenne B 2016 r. Takas
AMHAMUKA COJepyRaHus aqloMuHus Tpedyer

pornogauTeaALHOro nzydenus. [pu coxpamennn
AMHAMHUKN B TPYHTOBBIX BOJIAX B IEPCIEKTUBE
MpeBbIIIIeHNe HKOJOINYeCKIX HOPMAaTNBOB He
MPOU30UAET, T. K. KOHIEHTPALUA aJIOMUHU S
mmke []1K.

JlncniepcmonubIll aHain3 Mmokasaresnei mo
COJIepsKAHMI0 MapraHiia, yKejaesa, CBUHILA, I[IH-
Ka, HUKeJsI, KoOaabTa, B3BEIeHHbIX BEIeCTB,
pocdaron, nedrenponyrros u pH yrazniBaer Ha
OTCYTCTBYE CTATHCTUYCCKI 3HAYNMbBIX PA3JIMUIil
MEJKILY TOUKaMu 0TOopa 1npod 1 ToOBbIMI BeJI-
YUHAMY, & CPeJIHSAS KOHTIeHTPATINS 3arPA3HAI0-
IIIX BEIeCTB HAXOMATCS HIYKe YCTaHOBICHHBIX
ITJIK, kpome mapraunmna (rada. 2). Cpenusis
KoHIleHTparus Mapranra npesbimaer [1J1H B
9,9 paza. Boicokas KoHTeHTpAIMsA Maprama,
BeposiTHee BCero, CBsizaHa ¢ cyabQuaHON MITHe-
panusareil 1 MarHeTUTOBBIMY PylaMi, KOTOPbIe
B IIpoTecce ORUCTeHUs 00pas3yioT BOIOPACTBO-

0,08
= 0,06
T o
g 2 0,04
0,02 M
0
2012 2013 2014 2015 2016
roji/year

Puec. 2. [lunamnka copepsranns aJlfoOMUHIS B TIOJ[38MHBIX BOJAX
Fig. 2. Dynamics of aluminum content in groundwater

Tadmuma 2 / Table 2

YcepenHéHHBIe TTORA3ATENN 3arpsi3HUTe el B O36MHbIX BOJIaX paiioHa
Rypsynrysnbseroro kapsepa AO «CCI'TIO» / Average values
of pollutants in groundwater in the Kurzunkulsky quarry of JSC «SSGPO»

HasBanue BerecTs u noHOB Cpejiisist KOHIIeHTPATIS IR, mr/a
Name of substances and ions Average concentration MPC, mg/L
Mn?* 0,55+0,16 0,1
Fe?* 0,26+0,07 0,3
Ph* 0,0020£0,0005 0,03
Im?* 0,0055+0,0020 1
Ni% 0,074+0,020 0,1
Co** 0,009+0,002 0,1
Bsgemennsie Berecrtsa / Suspended substances 66,3+19,4 -
PO, * 0,030+0,020 3,9
pH 6,8+0,1 -

Ilpunewanue: * — gcupnoim svidenensvt nokasament, npesviuatowue I1JIK; — npowepr (=) osnawaem omcymcemeue

yemanosaennwvix HJ[K.

Note: indicators thal exceed the MPC are bolded; — a dash (—) indicates the absence of the established MPC.
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pumbie (mojBuUKHBIE) (POpMBI. YcepeaHénnoe
snavenne pH = 6,8 equnui csumeresbecTByer
0 TOM, YTO BOJIa SIBJIsIETCS HeUTPalbHOI.

3arioueHue

Jlns momsemMunix Bom B paitore Kypskym-
ryaneroro kapbepa AO «CCI'IO» mabmomaercs
sarpsisienne (c npesbimernem [IJIK) o comep-
JKAHMIO CYTh(ATOB, XJTOPUIOB, CYXOT0 OCTaTKA,
HUTPATOB, HUTPUTOB, a30Ta AMMOHHITHOTO, COCTH-
HeHWI Maprania u 6opa.

Tl Rypskynrymseroro kapbepa AO «CCI'TIO»
BBISIBJICHBI TOUKM KPUTUYECKOTO 3arPsA3HEHUS,
TaKknme KaK HUKHUI 1 BepXHUI 3ymIid) Kapbepa
1 BOJIOOTBOJIHAsI KaHABa ¢ HanmboJee BHICOKMMU
3HAYEHUSIMU 110 COJiepsKaHuio cyabdaros, Xjio0-
PUAOB, HUTPATOB, CYXOTO OCTAaTKa, HUTPUTOB,
a30Ta aMMOHUITHOTO, COeIMHEH ST 00Pa, KaJIbIHs,
Mar"us u rufipokapOooHaToB. 3/1ech He0OXOIMMO
MPOBOUTH MEPOTIPUSATHS 110 CHIYREHUTO 3arPsi3-
HEHWS B IEPBYIO 0Uepe/ib.

BoisiBieHbl OCHOBHBIC TEHCHIIUE 3aTPs3-
HEHWS TOI3eMHbBIX BOJI B pailoHe PacioozKeH s
MPefIPUATHs 10 K00bIYe jKeae3HbIX pym. [lis
MOABIAIONIEr0 OOJTBITNHCTBA 3arpsA3HUTeN el
pe3KMX TOOBBLIX KOJeOaHmil morasaresueil He
OTMeuaeTcsi, ypoBeHb 3aTPsI3HeH s CTAOMTbHBII,
TEHJIEHI[MI K YMEHbIIeH U0 YPOBHSI 3arPsi3HeHI S
MOJI3eMHBIX BOJ| He HADJIIO/laeTcH.

[TpoBenénnbie nccaeoBaHms MOKA3bIBa-
10T, 4YTO HA TOPHOMOOBIBAIOIIEM TIPEIPUsITHN
GopmMupyercsi 30Ha TeXHOT@HHOTO 3arpsi3He-
nust. OpHaro B 1pode, Koropast ordupasach 3a
npejiesiaMu CaHUTapHO-3aIUTHON 30HBI MTPE]I-
MPUATHS, TIPEBBITTIEH NS 3arPA3HATONNX BEIeCTB
e 00HapPyKeHo. ITO CBULETETHLCTBYET O TOM, Y4TO
MUTPALUN XUMUYECKUX ITOJITIOTAHTOR 34 TIpejie-
JIBI CAHUTAPHO-3ANUTHON 30HBI TTPEJIITPUSATHS
He MPOUCXO/UT, U CAHUTAPHO-3AIMUTHAS 30HA
BBITIOJIHSIET cBOM OydepHbie (PyHKIUM J1JIs1 110]1-
3eMHBIX BOJI.
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The article is devoted to studying mechanisms of synanthropization and ecological segregation of birds in an-
thropogenic landscapes. The paper presents data on the adaptability of the anthropogenic specifics of nesting behavior
of the spotted flycatcher, a conditional-synanthropic bird species. This species is generally liable synanthropization,
however, it does not occur in the most urbanized parts of the cities, preferring moderately modified habitats. It is shown
that anthropogenic landscape contributes to the formation of new forms of birds’ behavior, which are a response to the
environment. But not all of these forms are adaptive and some are peculiar ecological traps. Such peculiarities of behavior
do not increase, but even decrease the reproductive success of birds, which is not always easy to establish, because as a
whole the results of the synanthropic population breeding may be higher than in the wild, due to different intensity of
the influence of the limiting factors of the environment.

Data on the analysis of nesting and reproductive success of wild and synanthropic populations are presented.

[tis pointed out that the spotted flycatcher has specific main reproductive parameters in the anthropogenic landscape,
which is the result of the reaction of birds to the features of synanthropic ecosystems and the unequal effect of the same
environmental factors on them in natural and anthropogenic biocenoses. It manifests itself primarily in changing the
time of the reproductive period and the widespread use of anthropogenic bases for nests fastening. There is also a higher
reproductive success in the anthropogenic landscape, which we associate with more favorable microclimate and the ratio
of specialized and non-specialized predators (prevalence of the latter), different than in nature.

Keywords: adaptation, birds’ segregation, ecosysems, nesting, ecology, spotted flycatcher, population.
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Crarbs MOCBsIEHA NCCIEOBAHNIO MEXaHN3MOB CHHAHTPONN3ANNN N DKOJOTHUYECKON cerperanun MTHI[ B
aHTpororeHHbIX anjmadrax. B pabore npejcraBieHbl faHHble 00 QAN THBHOCTH AHTPOIIOTEHHOI CHIeuUKN THe310BOT0
MOBEJIEHNSA Yy Cepoil MyXOJOBKH, YCJTOBHO-CUHAHTPOITHOTO BUJA IITUI]. ITOT BUJ OBCEMECTHO MPOSABIAET CKIOHHOCTH K
CUHAHTPOIMN3AINN, OJIHAKO B Ha1tbosiee ypOaHM3NPOBAHHBIX YACTSAX TOPOJIOB PAKTHUYECKI HE BCTPEUYAETCS, MPeJIounTas
yMepeHHO 1peobopaszoBaHHbie MectoobnTanusi. [lokazano, 4to aHTpororeHHbLl JaHa@T criocodeTByeT GOPMUPOBAHUIO Y
HTHIL HOBBIX DOPM HOBEJIEHIIS, KOTOPBIE ABJSAIOTCS OTBETOM Ha 0COOEHHOCTH CPeJibl, OJIHAKO He BCe 13 9TNX (DOPM ajIan THBHbI,
HEROTOPbIE TPEJICTABISIOT cO00TT cBOe0OpasHbIe HROJOIIYeCKIe JOBYITKI. Takie 0COOEHHOCTH TTOBE/IeHIISI He TIOBBITIAOT,
a laske CHIZKATIOT PeIPOLYKTHBHLII IOTEHIIHA ITUI], YTO He BCEIia MPOCTO YCTAHOBHUTD, IIOCKOILKY B I[€JIOM Pe3yIbraThl
Pa3MHOKEHNA CHHAHTPOMHOM MO IAIINN MOTYT OKa3aThCs BBITIIE, UeM Y INKOIT, 38 CI6T MHON NHTEHCHBHOCTH BO3ACHCTBIS
JUMUTHPYIONNX (DAKTOPOB Cpejibl.

[TpesicraBienbl jaHHbIe aHAAN3a 0COOEHHOCTEIl THE3OBAHUS 1 PEIIPOJIYKTUBHOIO yCIeXa JAINKUX 1 CHHAHTPOITHbIX
nonyssuit. OrmMevaercs, 4To y cepoit MyXoJ0BKI B AHTPOIIOreHHOM Jan/madre cyiecrsyer cierndnka BceX 0CHOBHBIX
PErpOJIYKTHBHBIX ITOKazaTeseil, KoTopast nmpejcrasisier coboil pesyabrar peakiiun NTHIL HA 0COOeHHOCTI CHHAHTPOITHbBIX
HKOCHUCTEM U HePAaBHO3HAYHOTO BO3JENCTBUA HAa HUX OJHUX U TeX ke aKTOPOB CPeJbl B YCJIOBHUAX IIPUPOAHBIX I
AHTPOTIONeHHBIX OnoIeHo308. OHa NMposBIAETCs B MEPBYIO OYepejib B UBMEHEHUN CPOKOB PEIPOJYRTHBHOIO 1epPUOJIa,
a TaKkyKe MIMPOKOM MCITOJIBL30BAHNN aHTPOTOTEHHBIX OCHOBAHMIT /s 3aKkperenns ruésn. Ormeden raxkke 6Gosee
BBICOKIIT PEIIPOJYKTUBHBIIT YCIIeX B aHTPOIIOTeHHOM JiaH/madre, 4To Mbl CBsI3bIBaeM ¢ 0ojiee OJaropusTHBIM JIIsI [T
MUKPOKINMATOM, I MHBIM, €M B TPIPOJIE, COOTHOIICHIEM CIeINANN3NPOBAHHBIX I HECTIEI[NAIN3NPOBAHHLIX XUIHIKOB

(rpeobajilaHneM MoCTeiHIX).

Karouesote crosa: ajlarrannsa, cerperamnua 1mTnri, 61/101_[91103, THe3[0oBanmne, DKOJOTHA, cepasd MyXOJIOBKA, IMOITYIATNA.

The questions of birds’ synantropization are
of greal theoretical and practical signiticance,
since birds are one of the most important com-
ponents of urban biocenoses [1]. In anthropo-
genic habitats, birds usually have differences in
the ecology of nesting from natural populations
of the same species [1, 2, 3—6], which are usu-
ally regarded as evidence of synanthropization
[7, 8]. Some of them are highly effective adap-
tations to habitat in anthropogenic landscape
and human presence, others are non-adaptive
reactions to certain features of anthropogenic
landscape. The question of the adaptability and
interconnection of these features often remains
open, since even non-adaptive forms of nesting
behavior can be accompanied by some increase
in reproductive success due to unrelated factors.
The reverse situation is equally common.

It is believed that the degree of nest security
is of primary importance for birds in anthropo-
genic landscapes. One of the manifestations of
this change is an increase in the height of the

nestlocation as the gradient of synanthropization
[9, 10]. Reproduction of openly-nesting birds in
citiesisinefficient due to the destruction of nests
by humans and unspecialized predators [8,9, 11].

All changes of those species nesting charac-
terized by its anthropogenic specificity include
peculiarities of nest placement, the time change
of the reproductive period and the specific be-
havior in nesting time (primarily providing
birds’ spacing and protection from predators
and humans). At the same time, anthropogenic
changes in nesting behavior can be adaptive,
neutral, or non-adaptive.

Purpose the aim of our work was to study
the adaptability of anthropogenic specificity
of nesting behavior of the spotted flycatcher
(Muscicapa striata), having a broad norm of
reaction for this aspect of biology.

The tasks of the work included comparative
analysis of nesting and reproductive success
and identification of nesting specifics of urban
populations and their adaptability.
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Material and methods

In 2000—-2017 we investigated the specifics
of the reproductive biology of the spotted fly-
catcher in natural and anthropogenic stations
of Ryazan Oblast.

Studying the nest biology of flycatchers
was carried oul according to generally accepted
methods [12]. Taking into account the height
and type of nest location, the number of eggs in
full egg deposition, reproductive success (% of
abandoned nests of the number of eggs), the
availability of nests for humans, and the causes
of complete or partial death of nestlings in nests.
The indicator of the nests’ visibility was esti-
mated according to the author’s method, based
on taking into account the method of their detec-
tion by researchers and the possibility of finding
these nests by several “ordinary” people, i. e.
nonspecialists in the field of ornithology, with
their target search [13]. 161 nests were detected
and examined.

All the received data were nominally subdi-
vided into materials on natural biotopes (remote
and suburban forests, and a forest park or a
large suburban forest area) and anthropogenic
stations (small intraurban parks and forest
plantations, dacha communities and residential
landscape). Materials for each group of stations
were processed separately.

Results and discussion

The spotted flycatcher is distinguished by
extreme flexibility of nesting. It can live both
on trees and on human buildings, relatively
in the open orin various niches of the substrate
[4, 9, 10, 14]. All these bases nestls are at dif-
ferent height and provide unequal opportuni-
ties for camouflage. The population dynamics
of the species under study is characteristic of
birds with a relatively low potential for synan-
tropization. For example, the number of spotted
flycatchers in cities of the Republic of Poland
in the past 25 years is constantly decreasing.

The same is true for most of Europe as a whole
[15]. In our opinion, this may be due to the
imperfection of adaptation of the species to the
conditions of the anthropogenic landscape,
when at low degree of its transformation there
is some increase in reproductive success and in
a case with high degree the conditions become
unfavorable.

Nests masking and nesting height

One of the displays of changing the nest-
ing stereotype in the anthropogenic landscape
is an increase in the neight of the nest as far
as the gradient of synantropization. Its effect
on nesting in the anthropogenic landscape is
highly contradictory. In our opinion, the di-
rection of this influence is determined by two
main factors:

1. If nests go out as the altitude of their loca-
tion increases from the neight interval of easy
accessibility for humans.

2. If the growth of nesting neight is accom-
panied by deterioration of nest masking.

According to the first of these factors, three
options are possible. In the first case, nests in
natural habitats are easily accessible to humans
in height (i.e., it is possible to reach the nest by
hand while standing on the ground; for a man
of average height, this is about 2.2 m, maxi-
mum 2.5 m), and they become inaccessible in
anthropogenic landscapes. In the second case
nests are located much higher than the height
easily accessible to humans both in natural and
anthropogenic landscapes. The third case is
characlerized by nests below 2.5 m in both types
of stations and although the nesting height in
anthropogenic landscapes also increases, but it
isnot enough to make nests hard to reach. Obvi-
ously, only the first option can be adaptive (we
mean adaptation to the anthropogenic press).

In terms of accessibility for humans, we
divided all the nests into four categories [13].
Table 1 presents the data on the average altitude
of nests of the spotted flycatcher in natural and
anthropogenic landscapes, the degree of nests

Table 1

Nesting height of the spotted flycatcher in natural and anthropogenic stations

Parameters

Anthropogenic landscape| Natural stations

Nesting altitude, m

3.00+1.91!
(0.4-8.5)

2.90+1.44
(0.6-7.5)

Ratio of light-, medium-, hard-to-reach
and inaccessible to human nests, %

48.65/10.81/
29.73/10.81

46.55/30.17/
7.76/15.52

Reproductive success, %

68.0 63.8

Note:' — The + sign indicates the expected variation in the values of the measured parameler.
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Table 2

Features of reproductive success in easily discernible and disguised nests of the spotted flycatcher
in natural and anthropogenic stations

Natural stations Anthropogenic stations
Parameters
Easily discernible nests | Other nests | Easily discernible nests | Other nests
Fraction, % 25.2 74.8 12.8 87.2
Heioht. m 2.6+1.0 3.0£1.6 3.3£2.0 3.0£1.9
g, (1.2-5.0) (0.6-7.5) (1.7-8.5) (0.4-6.5)

Reproductive success, % 481 68.7 99.6 70.8
Reproductive successin 88.6 5.8 71.8 946
unravaged nests, %
Clutch of eggs size, specimen 4.01.1 4.0£1.1 4.7£0.7 4.8£0.6
Fraction of ravaged nests, % 46.7 21.3 60.0 20.6

availability and reproductive success (abstract-
ing in this case from the fact that changes of the
latter may be a consequence of other factors).

The second factor is the connection between
nesting neight and degree of masking that can
be illustrated by the ratio of easily visible and
other nests, the nature of the connection between
visibility and availability of nests and the dif-
ference of reproductive success in easily visible
and other nests.

We consider nests’ visibility as a “relatively
subjective” parameter. As visibility of nests for
different people can be opposite, we believe it
is correct to assess the visibility of nests not
mechanically, due to the presence of obstacles
between the nest and the observer, but on the
basis of the possibilities and methods of their
detection by the man [13].

A comparative analysis of data on natural
and anthropogenic habitats showed that in the
first one the distribution of nests by categories of
visibility and accessibility for a person had more
often some link with parameters of reproductive
success than in the second one (Table 2).

The dynamics of the same parameter, for
example, reproductive success depending on the
neight of the nest, in natural and residential set-
tings can vary right up to the opposite.

As the anthropogenic impact pressure
increases, the proportion of well camouflaged
nests increases (by almost 13%). In this case,
it seems that camouflage is different from that
in nature. If in natural habitats the average
neight of easily visible nests is lower than well
camouflaged, then in the anthropogenic land-
scape the inverse ratio of altitudes is observed.
Thus, less visibility for a person is achieved not
by increasing the height of their location, but
by camouflage peculiarities. In both natural and
anthropogenic landscapes, the most noticeable

nests are primarily ruined. Among unravaged
nests in anthropogenic habitats, reproductive
success is also higherin well-camouflaged ones,
perhaps because of their better protection not
only from predators, but also from climatic fac-
tors. In natural forests, these parameters are al-
most identical, with a slight advantage of easily
visible nests. Probably, the specific character of
the urban microclimate proves to be sufficient
for shifting the selection from an open location
(in our opinion, it provides better ventilation
and drying out after rains) to a more closed
one. The pressure of predators in both types of
stations is aimed at selecting the most disguised
nests. In general, reproductive success, that is
more obvious with visible nests, increases in
both categories of nests when transferring from
natural stations to anthropogenic ones.

It is obvious that in nature birds are able to
take into account the relative intensity of differ-
ent threatening factors for their offspring. And
as to confront each of them a specific method
of nesting is necessary, birds try to choose the
best placement of the nest. Therefore, in general,
those nesting methods, which are accompanied
by an increased risk of death of the offspring,
are less common, although there is a possibility
of individual success in such nests. Polymor-
phism of the population in general is probably
maintained by the ratios of various risk factors
in different habitats and even at different areas
of the same structure habitats. In the anthropo-
genic landscape birds' ability to assess the risk
of each type of nesting is much smaller, so this
ratio is more like random.

Duration of the reproductive period

In regard to the causes of this phenomenon,
researchers have no common opinion. It is well
known that the urban climats is warmer than
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Fig. Dynamics of reproductive period of the spotted flycatcher in natural and anthropogenic stations

Table 3

Dynamics of the success of reproduction (juvenile from laid eggs, %)
of the spotted flycatcher depending on the time of egg laying (2010-2017)

Egg laying time Natural stations Anthropogenic stations
2 first five-day periods 100.0 84.8
Nests with laying, started during the
. . 97.8 65.2
period of mass egg laying
3 last five-day periods 18.8 28.6

that of zonal landscapes. At the same time,
there are data that an increase in average tem-
peratures of only 1-2 degrees is accompanied
by significant rearrangements in the popula-
tion structure of the fauna, not to mention
phenology. It was noted that on non-urbanized
territories the date of various phenological
phenomena, including those related to birds,
over the last century (warming by different
estimates and for different regions by 0.5-2.0
degrees) shifted by 2—17 days [16]. Taking into
account that the temperature in Ryazan’s resi-
dential areas may be 2—5 degrees higher than
thatin the suburbs, depending on the strength
of the wind, it is obvious that the climate of
urban areas is close to the characteristic one
for zonal landscapes in the more southern re-
gions. Therefore, an earlier start of nesting in
cities can be explained by a climatic factor. It
can also contribute to the features of resource
availability, artificial lighting, “heated” shel-
ters for overnight stops and nesting, as well as
the presence of microclimatic mosaic (warming
and protection from the wind of the wall space
of buildings of the southern exposition).

Figure presents the start time of the spotted
flycatcher’s laying in natural and anthropogenic
landscapes. Beginning of egg laying in synan-
thropic populations is two five-day periods ear-
lier than in natural ones, and lasts also for two
five-day periods longer. The peak of laying falls
on the fourth five-day period of May, then, after
some decline in the fifth five-day period, on the
sixth five-day period of this month. Probably,
the second peak is associated with additional
laying instead of the dead. In nature the peak of
egg laying falls on the last five days of May (more
than 55% of nests). Thus, in a case of one normal
laying a season (two successful reproductial
cycles were observed only once), the reproduc-
tive period in anthropogenic stations turns out
to be substantially longer (two decades more),
and the time of the laying start is more uniform.
This cannot be explained by a large number of
repealed laying instead of dead nests, since the
loss of nests in the anthropogenic landscape is
like thatin the natural landscape. On the other
hand, the uniform distribution of nests by repro-
duction time is more favorable for the population
in terms of avoiding dangerous weather factors,
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which can largely determine the reproductive
success of spotted flycatchers [14, 17].

Analysis of the data obtained reveals two
main regularities:

1. The duration of the reproductive period
of the spotted flycatcher in the anthropogenic
habitats is greater than in the natural ones. This
is due to the earlier beginning of reproduction
and its late finish.

A longer breeding period in anthropogenic
habitats is determined by the more frequent dev-
astation of nests, and, accordingly, by numerous
attempts of re-nesting [2, 9]. In our opinion, this
is not so at least in regard to Ryazan. In small
parks and residential landscapes, reproductive
success was close to that in suburban forests and
large marginal parks, and it was significantly
higherin undamaged nests. Therefore, repeated
laying is more common in the latter, i.e. the in-
verse of the regularity described in the literature
is observed. However, even so, the duration of the
reproductive period in anthropogenic habitats
is longer.

2. Besides the differences in time of the
beginning and end of nesting in natural and an-
thropogenic habitats, the frequency distribution
within this interval reveals some marked specif-
ics. The diagram of the beginning of the laying
in the man-made habitatls is more gentle, which
reflects a more even distribution of the started
laying for five-day periods. The specifics of the
dynamics of the beginning of nesting (as well
as the distribution of clutches in the number of
eggs, nests altitude, etc.) in anthropogenic habi-
tats may be associated with a different quality of
individuals in the population of nesting birds [9].
In our opinion, the specifics of the anthropogenic
stations themselves is of paramountimportance.
Mutual differences of small parks, wastelands
and different types of residential landscapes are
much more significant than those for natural
stations. Therefore, the parameters of nesting
biology at each site are also different, and when
data are combined for all anthropogenic habitats,
the impression is generally very variable. The
analysis of the data for each micro tract sepa-
rately is extremely difficult because of the small
number of nesting individuals.

The question arises whether the change in
the timing of reproduction should be considered
the adaptation of birds to the anthropogenic
landscape. From previous publications it is
known that the contribution of early broods to
the reproduction of the population is much high-
er than the late ones. Besides, adult birds with
a longer reproductive cycle are characterized

by increased mortality in the post-reproductive
period [6, 18-21]. Therefore, the prolongation
of the reproductive period towards its end prob-
ably does not contribute to the reproductive
success of the population as a whole. This is
especially important for such birds as the spotted
flycatcher, which is characterized by complex
forage behavior, which can only be mastered by
the young ones for a long time, during which
they stay close to their parents [3]. According
to our observations, the share of ovules and dead
embryosislargein late nests [13]. Non-hatching
of chicks from half or more eggsin late laying is
quite common for all species studied by us. The
reproductive success of the spotted flycatcher in
nests, where egg laying began during the last
three five-day periods (n = 7), was only 25.9%,
while on average 64.5%. Early clutches (n=9),
postponed in the first two five-day periods of the
reproductive period, were 100% successful.

In natural habitats, the reproductive suc-
cess naturally decreases from the beginning to
the end of the reproductive period. Within the
city the dynamics of birds’ reproductive success
depending on the start of layingis similar to the
natural one.

Conclusions

The obtained data show that the spotted
flycatcher in the anthropogenic landscape has
specific main reproductive parameters, which is
the result of the reaction of birds to the peculiari-
ties of synanthropic ecosystems and the unequal
impactl of the same environmental factors on
them in natural and anthropogenic ecosystems.
A similar phenomenon was previously found in
all birds studied in this respect, even having no
associations with elements of the anthropogenic
landscape. In the case of the spotted flycatcher,
thisis manifested primarily in the change in the
timing of the reproductive period, as well as in
the widespread use of anthropogenic bases to
fasten nests. There is also a higher reproductive
success in the anthropogenic landscape, which
we associate with a microclimate more favorable
for birds, and the ratio of specialized and non-
specialized predators (prevalence of the latter),
different than in nature.
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JKoJIoTHs U cTpyRTypa nenononyssiiuii Goodyera repens (L.) R. Br.
(Orchidaceae) na Cesepuom Ypaie
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[Tpusenensl cBeienmst 00 HKOIOTHM, (PUTOIEHOTUYECKON ITPUYPOYEHHOCTH 11 CTPYKTYPE IeHOOIYJISIIIIT ITPeIcTaBUTe s
cemeiicrBa Opxupiabie Goodyera repens (1..) R. Br. nareppuropun Ceseproro Ypasa. [lanHbiii Buj Berpedaercst B coodIecTBax
BCeX JIECHBIX (DOPMAIil, pacipoCcTPaHEHHBIX B palioHe NCCae/OBAHIISA, HO Yallle mponspacraer B PUTOIEH03aX acCOnarim
Piceetum myrtilloso-hylocomiosum. 1pepiiounraer 5KOTOIIBI CO CPejiHe BIAKHBIMU, CJIA00RMUCIBIMI, Oe/THBIMI TOYBAMI,
pacrer 1o IOJI0TOM Jieca B yeJa0BUAX rnojayrenin. O6pasyer HeOo bIe HOTHOUIEHHbIE TIeHOTION YIS, YICIeHHOCThIO
1o 500 moberos. CpepHiii OHTOTeHETHYECKNIT CIIEKTP BCeX M3YUYEHHBIX TEHOMOMYIANNI BIUla Ha JAHHOI TeppuTopun
(8,7:39,8:37,7:13,8 (j:im:v:g)) coorBercrryer 6azoBomy criekrpy (. repens. MoyKHO 3aRIOUNTE, 4TO BUJ] JJOCTATOYHO XOPOTITO
ajlanrtupoBat K yeaosusim CeBepHoro Ypasa, rjie cocpeoToueHbl 60/bIIIe MaCCHBbl MATOHAPYIIEHHBIX JIECOB 1T HMEeTCsI
MHOJKECTBO TOJIXOJISIINX JI/ISE BUJIA MeCT PON3pacTaHus.

Kuouessie crosa: Goodyera repens (1..) R. Br., opxujnbie, crpyrrypa menomnonyssiuii, CeBepHbiii Ypai.

Ecology and structure of Goodyera repens (L.) R. Br. (Orchidaceae)
coenopopulations in the Northern Urals

© 2018. 1. A. Kirillova grcip: 0000-0001-7774-77095
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e-mail: kirillova_orchid@mail.ru, degteva@ib.komisc.ru,
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Data on ecology, phytocoenological preferences and population structure of the species Goodyera repens (L..)
R. Br. of Orchidacea family in the Northern Urals are considered. Investigations were carried out during 2000-2016
in the three protected areas: Pechoro-Ilychsky reserve, Un’insky complex sanctuary and Yugyd Va national park.
23 coenopopulations were studied. 72 releves with G. repens were used to study phytocoenotical preferences and eco-
logical parameters of the species. The species has wide phytocoenotical range establishing various forest formations
and forest types — green moss, herb and sphagnum, being more often in the communities of association Piceetum
myrtilloso-hylocomiosum. The species establishes mainly ecotopes with medium humidity and weakly acid poor soils,
and refers to the semi-shadow group of plants according to Ellenberg’s scale. The studied coenopopulations are small
and full up to 500 individual shoots. Spatial structure of G. repens coenopopulations was determined by occurrence of
well-developed isolated clusters resulted from prevailing vegetative reproduction of the model species. In the Komi
Republic, such clusters ranging from 1 to 3—6 m? size consist of several tens or hundreds of individual plants with
an average density from 9 to 224 shoots per m2 All the coenopopulations under study were full and their ontogenetic
spectra were similar with the prevalence of immature or adult vegetative shoots. Average ontogenetic spectrum of all
the coenopopulations under study was as follows: juvenile shoots — 8.7%, immature — 39.8%, adult vegetative — 37.7%,
generative — 13.8%. It corresponds to the basic spectrum of the species that is the evidence of the stable population’s
state. We suggest that G. repens is well adapted to the Northern Urals where there are many suitable ecotopes in the
large arrays of intact forests.

Keywords: Goodyera repens (1..) R. Br., orchids, coenopopulation structure, the Northern Urals.
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Coxpanenne 6MOJOTNYECKOTO pazHoodOpa-
3Us — BayKkHelimas npobjeMa coBpeMeHHOCTI
[1]. Opma 13 eé acreKToB — OXpaHa OTIeTbHBIX
BUJIOB 1 TpyI pacrenuii. OpXumHbie, B CBS3M €
0COOEHHOCTAMU UX OMOJIOTUM, TAKMMU KaK M-
KOCUMOMOTPOMU3M, BHICOKAs CIleInain3aiisl
OTbIJIeHUS, caabas KOHKYPEHTOCITOCOOHOCTD,
CTeHOTOIHOCTh, HU3KAsI peaan3arius ceMsH
[2—-3] — opwH U3 caMBIX PEJIKIX KOMITOHEHTOB
daopsl. [11st yeremnoro coxpane st pupoHbIX
HOTLYJISIIII OTHX YS3BUMBIX PACTEHUIT B YCJIOBU-
AX YCUJIMBAIOTIEcs aHTPOTIOreHHOI TpaHcdop-
Maruu Jauaa@ToB He0OXO UMbl BCECTOPOHHNIE
MCCIeI0BaHIs X OMOJOTUN 1 KOJIOTU.

O0BeKTOM HAIero MccJaeoBaHnsg craja
Goodyera repens (L.) R. Br. (rynaitepa monsy-
4yasi) — MHOTOJIETHEee BeUHO36eJIEHOE 110JI3YUeKOP-
HeBUTITHOE pacTenmne [4]. 9ro romapKTmaecKmit
OopeaNbHBIN BUJ|, pacipocTpanerHne KOTOPOTo
CBSI3AHO ¢ apeajnaMu XBOWHBIX [9]. Tunuunoe
pacrenne-6produ, cymecTBoBanme KOTOPOro B
3HAUNTEJNbHOI CTeIeHN 3aBUCUT OT TPUCYTCTBUS
B JIECHBIX HKOCUCTEMAX HAIIOYBEHHOTO MTOKPOBA
13 3eJIEHBIX MXOB. Buj mMeer mupormii apead,
HO B CBsI3M ¢ HApYyIIeHUeM eCTeCTBeHHBIX Me-
CTOOOMTAHMIT CTAHOBUTCS PEJIKUM B OT/IeJbHBIX
ero yactsax [3]. [lanusie o 6uosorum sToro Buga
(pparmenrapunt [4, 6—10], a s ceBepo-BocTOKA
Egrponeiickoii uactu Poccun orcyrerBytoT.

[lexnio paboThl cramo n3ydenne 0coOeH-
HOCTel HKOJI0TUN, (PUTOIEHOTHYECKOIT TIPUYPO-
YeHHOCTHU 1 CTPYKTYPbI momyJisiiuii (. repens Ha
Ceseprom Ypase B ipefenax Pecrrybnnin Romu.

MaTepI/IaJ[I)I n METOo/Abl

Nceneposanus nposopgunu ¢ 2006 mo
2016 rr. B rpanunimax Tpéx ocobo oXpaHseMbIX
npupogabix reppuropuii (OOIIT) Pecrybmmrn
Romu — [Tewopo-Unbruckoro rocyiapcTBeHHOTO
HpUpoHOro 6uocdepHOro 3aloBeIHNKA, KOM-
MJIEKCHOTO 3aKa3HMKA PerMOHAIbHOTO 3HAYEH ST
«YHBUHCKUIT», BXOJIAIET0 B coctaB OydepHoii
30HBI 3aMOBEJJHNKA, U HAIMOHAJBHOTO MapKa
«lOrwij Ba». Beero nayueno 23 1meHomnonyis-
nun (IIT) G. repens (puc. 1). Jlas rasmmoit ua
HIUX BBHITTOJTHEHO MO/IPoOHOe TeoboTaHNIecKOe
ommcaHme pacTUTeTLHOTO cOO0IecTBa ¢ MpHn-
Meneruem obmenpuHATLIX MeTopuk [11]. [Tpn
aHainze GUTOIEHOTHYECKON PUYyPOYEHHOCTH
1 DKOJIOTNYECKO aMIITUTY/bl BUa B paiioHe
MCCIeloBaHNI TAKKe NCITONb30Baam 49 reobora-
HUYECKUX onucanmii ¢ (. repens, BbIIIOJTHEHHBIX B
pasunie roxst C.B. Jlérresoit m FO.A. JlyGpoBecknm
u xpausiiuxcs B purorenapun Mucruryra 6uo-
aorun Romu HIT ¥YpO PAH. Knaccuduranumio

pacTUTeIbHOCTI MTPOBOIMIIN ¢ TIO3UIII 9KOJIOTO-
(uToreHOTYECKOTO MOIX0/la ¢ YTOUHEHUSIMUI
[12]. OTHOIMeHMe BUia K BLYIUM 9ROJIOTHYE-
CcKRUM haKTOpPaM OIEeHUBAJIH TTPH ITOMOIIU HKOJIO-
ruvecknx mran ', dnmenbepra [13].

[Tpu o6emeosarmum L1 G. repens ncmonnzo-
Basin obmenpunsteie Merogukn |14]. Cuéruoit
eIMHNTIeI ObLT TPUHAT napiuaabubiii mooder. [Tpu
n3ydeHun MoppomMeTpuaecknx ocobeHHOCTel
pacTenuii YYNTHIBAIN X BBICOTY, VINHY COIIBe-
THSL, YICI0 U PA3MePhI JINCTHheB, YICII0 IBETKOB. B
rasioit [T mpoananusmposans mo 30 moderos
pPa3HBIX OHTOT@HETHMYECKNX COCTOSTHNUII, B MAJIO-
uncaenubx {11 Bimonusam npomeps y Beex
noberos. /lanubie 06paboTaHbl BapuammoHHO-
CTAaTUCTUYECKIMI METOJIAMHE C NCIIOTh30BaAHNEM
nakera Microsoft Office Excel 2010, cratucrn-
YeCKIe PacUeThl BHITOJHEHBI ¢ ITOMOIIBIO CPeibl
R (Bep. 3.3.2). B rexcre n rabaniiax npuBeeHbl
cpemHee apudMeTHIeCKOe £ CTaHIaPTHOE OTKIO-
HEeHIe, a TakyKe TPAHNITHl MUHIMATbHOTO 1 MaK-
CUMAJILHOTO 3HAYeH N N3YUYeHHBIX TapaMeTpoB.
[TpoBepry Ha HOPpMAJILHOCTH pacipejieTeHs
BBIOOPOK 3HAUEHNIT MOPHOMETPIIECKIX Tapame-
TPOB pacTeHmii TPOBOAMIN ¢ IToMoTbio W-Tecra
[MManupo-Yuinra. [lockoibKy B pesyJibraTe 1mpo-
BEPKNI Y HEROTOPHIX BHIOOPOK OBLIN BBISIBJIEHBI
OTRJIOHEHUsI OT HOPMAJbHOTO paciipeieseHns,
JUISL UX CPAaBHEHUsI UCIIOJIb30BAJIM J[BE IPYIIIIbI

N65°

N65°

N63°

N63°

E55° E60°

@ - Vayuennsbie ueHononynsaumu (studied cenopopulations)
| - HaumonansHsiin napx “HOrein 8a” (Yugyd va national park)
Il - Nevopo-#t 2 (P

NI - 3aka3mmk “YHbumcxmin® (Un'insky complex reserve)

llychsky reserve)

Pue. 1. Paiton uccnenosannii /
Fig. 1. Research area
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MeTosioB: apamerpudeckue (t-kpurepuii Croio-
MeHTa JIJisi BBIOOPOK ¢ HOPMAJILHBIM paciipesie-
nenmem) un Hernapamerpuueckue (U-wpurepnii
Mamnna- Yurun ijig TaHHbIX ¢ OTKJIOHeHUAMEI OT
HOPMaJIbHOTO paclipefiesieHust).

Pesyabrarel n o6cys;rnenne

Jrogorua u puronmeHoxorusn. (. repens
orMeueHa B coobirectBax 26 pacTuresbHBIX
accoruaruii Beex 06e3 MCRII0UeH s JIeCHBIX (pop-
Marmii, pactpocrpanénabix Ha GeBepHOM Ypase
(rabs. 1). Yarme Bcero Buj 0611 3aUKCUPOBAH B
€000IIecTBAX EHTPAIBHOT JIJIs1 TIOJI30HBI CPe/i-
Hell Taiiru accornuaruu Piceetum myrtilloso-
hylocomiosum (tab6xa. 1). 910 cormacyercs ¢
HPEJICTABACHUSIMI O TOM, YTO B YCJIOBHSIX CeBepa
OopeasibHOIT 30HBI BUJ[ TATOTEET K TEMHOXBOII -
HBIM JecaMm 3eérmomorntioro tuma [d, 13]. [1arn
onucanuii ¢ G. repens npu KaaccuPuraum
oTHeceHbI R accoruariun Betuletum myrtilloso-
hylocomiosum. N3sectio [12], uro Bogopas-
HeJibHbIe DePe3HAKN YePHUYHO-3eTEHOMOTITHBIE
B paiioHe MceaeloBaHUN SABISAIOTCA OJHUM 13
HTATIOB JeMYTAIMOHHBIX CYKRIECCUT JIECHOTO
MOKPOBa 1 Pa3BUBAIOTCS HA MECTe eJbHIKOB
YePHUYHO-3eJIEHOMOIITHBIX MOCJTIe PyOOK U T0-
sapoB. [IpuHamieskanine K fJaHHOMY CUHTaKCO-
HY (UTOIEHO3bI, ONKMCAHNS KOTOPHIX UMEIOTCS
B HallleM paciopsiskeHnun, chopMupoBaninch
B [Tewopo-Mabiackom 3amoBeHuKe Ha Tapsax
TEMHOXBOIHBIX JiecoB. B atom KpyiHoMm pesep-
BaTe MOJICAbHBIN B/ OTMEUEH U O/ MOJOTOM
OCUHHUROB 3eJIGHOMOIITHBIX TTHPOTEHHOTO TTPO-
uexosrpenust (tadsu. 1). Takum odbpasom, B ycsio-
BUAX MAJOHAPYIIEHHbBIX JTOCHBIX TEPPUTOPUIT
(. repens NIPOSIBIIAAET YCTOMYNBOCTH BO BPEMEHH 1
COXPAHsIETCsI B TPABSIHO-KYCTaPHIYKOBOM sIpyce
Ha Pa3HBIX ATArax JMHAMIYeCKIX CMeH JIeCHOTO
nmokposa. B 1o ske Bpems mokasaHo, 4To 1pu nH-
TEHCHBHOM aHTPOIIOIeHHOM BO3JielicTBum (pyoRu
U T. 1I.) 3HAYEHUs MOKa3arejeil MPOeKTUBHOTO
MOKPBITUST I BCTPEYAGMOCTH BUA CHIKATOTCS
[4, 15].

B nesnom, anamusupys GUTOTEHOTHUECKTI
CIIEKTP BUJIA, MOKHO 3aKIIOUUTH, YTO, HECMOTPS
Ha YETRYIO ITPIYPOUEHHOCTD K eJIbHIKAM 11 Hepes-
HAKAM YepHUYHO-36JI6HOMOTITHBIM, (. repens 00-
JIAJIAeT IOCTATOUHO MTUPOKOT (DUTOTIEHOTHYECROT
aMIJIUTY/I01, OXBATHIBAIOIIEH PazHooOpasHbie
JecHbie (DOPMATINI 1 TUTTHI HACAK@H T, BRITIO-
vyas 3eJeHOMOIIHbIe, TpaBsiHbie U cParHoBbIe
neca. Takum o6pa3om, ¢ TOUKM 3peHUsT «ITPUH-
una 6MoJOTHYECKOTO Pa3Ho0Opasusi», BUJL B
HACTOsITIee BPeMsi 9BOJIONMOHHO YCTOUYNB 1
coxpaunsier mys [T B pagubix mo ¢cBOUM 9ROJIO-

IMYEeCKIM XapaKTepUCTIHKaM MeCTOOONTAHMSX.

Jloist yrouHe s mapamMeTpoB 9KOJIOTNYEeCKO-
rO TIPOCTPAHCTBA BU/A MbI TIPOAHATN3NPOBATN
uMeoIecs reoboTaHnyeckne JaHHbie ¢ UC-
10JIb30BaHMEM dKoJornyeckux imkasia. llo or-
HOTIEHNO K YBJIayKHEHUIO (7. repens OTHOCUTCS K
rpyiie Me30(uToOB (cpejiHee 3HaYeHIe Hasia mo
mrase dmrenbepra 2,9+0,4), uro cormacyeres ¢
MAHHBIMU IPYTUX HccsiegoBatesneii [3, 6]. Munn-
MaJibHbie 3Hauenus (J,1) mo mrrase yBaaskHeH s
OTMeUYeHbl B eJbHUKAX 3eJIeHOMOITHBIX, MaK-
cumanbhbie (7,2) — B Oepesnsikax ¢harHOBBIX.
[To mrame yBrnamuenus y ncciepoBanubix {11
G. repens HaOMOJIAETCS HANMEHbBITASI NBMEHUYNBOCTh
(MuHUMATLHBIT KOdduImenT Bapuarm 7%).

[To oTHOMIEHUIO K HOTATCTBY ITOYBbI DJIEMEH-
TaMU MUHEPaabHOTO utanus (. repens siBasiercst
mesooaurorpopom (3,1+0,4), ornasas npesro-
YTeHWe M0YBAM ¢ HU3KUM COJlepKaHeM a3ora.
[Tpu sTOM HaMMeHbIITIT yPOBEHEL OOTATCTBA TTOYB
OBII paccuYmTaH JI/Isi COCHAKOB 3€JI@HOMOTITHBIX
(2,2), HambONBITIT — JIIST eJIOBBIX TPABAHBIX JIe-
coB (4,0). amenunBoCTH OMOTHYCCKIX YCJTOBUIA
o Imraje borarcrTBa MovB OblIa cpejiHeil (Ko-
sppunment sapunanuu 13%). Takum obpasom,
HAIIN JJAHHBIe TOJITBePKAI0T MHEHE O TOM, YTO
MOJIeJIbHBIN BUJI MTpeiriouyntaer OeiHbie MOYBbI
[8, 16]. Onraro 1o cux 1mop He ACHO, OKa3hIBACT
JU yBeJMUYEeHNEe KOHIEHTPAIUY MUTATeJIbHbIX
BelllecTB B TI0YBe MPsMOe HeraTuBHOe BO3Jieli-
cTBUe Ha pactpocrpanenue (. repens, 16O 310
Bausinue Kocsenunoe. llocnennee Bo3moskHo
qepe3 KOHKYPEHIHIO ¢ IPYTUME BUJAAMU WJIN
ABIACTCS CIAeICTBIEM M3MeHeHNs aKTUBHOCTN
rpudOB-CUMOMOHTOB, ROTOpPbHIe O0Jiee MHTEHCUB-
HO BCTYTIAIOT B CBSA3b C PACTEHUMN HA OEIHBIX
nousax [17].

Ha mkane kucaornocrn nmous (. repens 3a-
Humaer rosuiuio cydarupopuia (3,0£0,7), na
M3yYEHHOI TepPUTOPUN BCTPEUAJICS B OCHOBHOM
Ha caaborucabix nousax. [Ipuypouennocts Busia
K CJIa0OKMCIBIM [TOUBAM OTMEYeHA U J[PYruMu
nccaempoBarensamn [3, 8]. Creyer moguaepruyTh,
YTO 10 TapaMeTpy KIUCJIOTHOCTI OTMeYeHa MaKCI -
MaJIbHasi UBME@HUYMBOCTD YCJIOBII MECTOOOMTaH I
suza (koappurment sapuarun 20% ). Haubosree
RUCJbIe TOYBBI (2,4) OTMEUeHbBI B €TbHUKAX 3€-
JeHOMOTITHBIX, MARCUMAJIBHBIT 0T 10 TITKaJe
(5,2) m HAMMEHee KUCIIbIe TOYBBI — B TIXTAPHU -
KaxX KICJANYHO-36JIeHOMOIITHBIX.

[To ornomennio ¥ gaxkropy ocBENEHHOCTH
G. repens, obuTaIoONasa MO MOJTOTOM JIECOB,
nposipuiia cebsi KAk pacTeHue MoJyTeHeBol
rpynns (5,0+£0,6). Koagpduimenr Bapuarun
YCTOBUI MECTOOOUTATIIH BUIA TTO MO TITKRAJe
cocrasmit 12%, 4o cBUETEILCTBYET O CpejHei
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Ta6auma 1 / Table 1
[Tpuypouennocts Goodyera repens K pa3indHbIM CHHTAKCOHAM JIeCHOI pactuteabHocT CeBepHOro Ypasa
Goodyera repens in different associations of forests in the Northern Urals

72

Rnace ®opmarus | Tun nacasknenust Acconuarus N | Ne nenononyssinun
dopmarmit Formation Type of forest Association Coenopopulation No
Class of formations
Menronncrsen- OcuHHUKH Senenomorinsiii | Populetum tremulae | 1 9
HbIE JIeca Aspen forests green moss gymnocarpioso-
Deciduous for- hylocomiosum
ests Populetum tremulae | 1 -
vaccinioso-
hylocomiosum
Populetum tremulae | 1 17
myrtilloso-
hylocomiosum
Tpassnoi Populetum tremulae | 3 -
herb gymnocarpiosum
Bepesusaxn | 3enenomorrusiii | Betuletum myrtilloso- | 5 18
Birch forests green moss hylocomiosum
Betuletum vaccinioso- | 2 )
ruboso saxalilis-hylo-
comiosum
Coarnosnrii Betuletum globulari 1 12
sphagnum caricoso-equisetoso
sylvatici-sphagnosum
CBerioXBOIHBIC CocHsikm Sesienomorntaeiil | Pinetum vaccinioso- 1 -
neca Pine forest green moss hylocomiosum
Light coniferous Pinetum myrtilloso- 1 -
hylocomiosum
JlucrBenHmu- Tpassiroi Laricetum aconitosum | 1 13
HURUI herb
Larch forests
Temuoxsoiinbie Enbnukn Sesenomomtaniii | Piceetum myrtilloso- | 25 2-4,0,8, 10, 11,
neca Spruce (Picea) green moss hylocomiosum 14-16, 21
Dark coniferous forests Piceetum ruboso saxa- | 2 7
tilis-hylocomiosum
Piceetum gymnocar- | 4 1
pioso-hylocomiosum
Piceetum oxalidoso- | 2 22
hylocomiosum
Piceetum 1 19
calamagrostidoso-
hylocomiosum
Tpassinoii Piceetum 2 -
herb gymnocarpiosum
Piceetum 1 -
dryopteridosum
Jlonromomraniit | Piceetum myrtilloso- | 2 -
polytrichum polytrichosum
Cdarnosbrii Piceetum myrtilloso- | 4 -
sphagnum sphagnosum
Piceetum equisetoso- | 3 20
sphagnosum
Piceetum myrtilloso- | 2 -
caricoso-sphagnosum
[Muxrapuuru | 3erenomonineiii | Abietelum myrtilloso- | 1 23
Spruce (Abies) green moss hylocomiosum
forests Abietetum oxalidoso- | 1 -
hylocomiosum
Abietetum gymnocar- | 1 -
pioso-hylocomiosum
TpassiHoii Abietetum dryopterido-| 1 -
herb sum expansae
Reppaun 3enernomorniubiii | Cembretum myrtilloso- | 2 -
Siberian pine green moss hylocomiosum
forests

HpLL.MGlL(lHLLC.' N — koauwecmeo onucanuil. HpOlLCpH osHawaem omcymcemeue OannbLx.

Note: N — number of releves;

« 3

no data.
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Ta6amma 2 / Table 2

Mopdgomerpuueckie pusHaKku reHeparuBHbiX 1o6eros Goodyera repens na CepepHom Ypase
Morphometric parameters of Goodyera repens generative individuals in the Northern Urals

SarkasHuk . Harmmonanbmoiit
«YHBUHCKUIT» Heaopo-Mibracinii napk «tOreij Bay
3aIOBEHUK
o (I 2-7) (11T 1, 8-20) (T 21-23) VpoBeHb 3HAUMMOCTI
P PT/ISH&K Un'inskv com- Yuevd va Level of significance
arameters Y Pechoro-Ilychsky ugy
plex sanctuary reserve (CP 1, 8-20) national park
(CP 2-7) i ’ (CP 21-23)

1 2 3 1-2 | 2-3 | 1-3
Bricora pacrenust, cm 20,71+3,42 20,0+3,49 19,34+2,86 - - *k
Plant height, cm (8,8-29,5) (10,0-30,0) (12,0-27,0)
JlmmHa conBeTws, cM 9,13+1,16 9,12+1,36 4,63+1,31 - * *
Length of inflores- (1,5-8,9) (2,0-9,4) (2,3-8,0)
cence, cm
Yuemo mueThes, mIT. 2,91+0,90 3,14+0,86 2,93+0,77 ok - -
Number of leaves, pcs. (1-8) (1-7) (2-5)
JlmmHa HIKHETO 3,0+0,60 3,34+0,72 2,51+0,49 ** ** *®
JIMCTA, CM (1,6-4,6) (1,5-5,8) (1,5-4,0)
Length of the lower
leaf, cm
[Mupuna nuskHero 1,28+0,20 1,22+0,24 1,17+0,15 H - ol
Jlera, ¢M (0,8-1,9) (0,3-2,1) (0,8-1,4)
Width of the lower
leaf, cm
Jlnnma BToporo 2,69+0,08 3,05+0,74 2,17+0,54 ok ok Hk
Jiera, ¢M (1,4—4,4) (1,5-5,2) (1,2-4,%)
Length of the sec-
ond leaf, cm
[Hupura BrOporo 1,30+0,21 1,20+0,24 1,15+0,17 ** - H*
JMCTa, CM (0,8-1,9) (0,7-2,0) (0,8-1,9)
Width of the sec-
ond leaf, cm
Yueno 1{BETKOB, TIIT. 17,18+5,36 15,60+4,38 13,86+4,68 *% *k **
Number of flowers, pes. (2-33) (4-30) (4-25)

Ipumewanue: «—» — pazaunus ne docmosepnwvt; * —p < 0,05; ¥* —p < 0,01.

Note: “—

uamenuuBoctu gaxropa. [Ipu srom yeaosus
HaubosbIero 3areHenust (4,0) oTMedeHbI B ITNX-
TapHUKAX TPaBsAHOTO TUTIA, Tl PA3BUT T'YCTOI
MOKPOB M3 MAalOPOTHNKOB, & MAKCUMaJIbHBIT
ypoBeHb ocBetnénnoctu (6,4) BuisiBien s [[11
eJILHUKOB YePHUYHO-36JIeHOMOITTHBIX.
Mopdoaorus. Nccneposanne mopdome-
TPUYECKUX [IAPAMETPOB reHepaTuBHbIX 1100eroB
G. repens na CeBepHoM YpaJie oKasajio, uTo nx
CPeMHsIsI BBICOTA HA MOJITBLHOI TePPUTOPUH CO-
crasisier 20,1+3,4 (8,8-30,0) cm. Ha wasmyprii
nober mpuxoantes 3,0+£0,9 (or 2 mo 8) nucra,
3,2£0,7 (1,5-5,8) cm paunon n 1,2£0,2 (0,7—
2,0) cm mmpunoit, u 16£4,7 (2—33) 1nperkos.
Jlnuna conperust — 5,1+1,3 (1,5-9,4) cm. Ha

"— the differences are not significant; * —p < 0.05; ** —p < 0.01.

Os¢om Ypase [6] reneparuBubie mobern Bua
4yTh MeHbINEN JnHbL (B cpepHem 17,8 e¢m), HO
¢ Oonee KPYIHBIMU JIUCTHAME (B cpefiHeM 4,3 M
maHOoi 1 1,4 ¢cM MupuHOit) 1 60JbIITIM KOJIIYe-
CTBOM T[BETKOB B corerun (B cpeprem 20 mit.).
B Mypwmanckoii oonactu u Llenrpanbaoit Hryrin
[18] reneparuBubie nobern (. repens mejbue.
B Mypmanckoii obsiactin BbicOTa MX COCTaBJIsIET
16,6 cwm, ma mober MPUXOANTCA B CpeIHeM 3 -
cra 2,6 cm pomnoii n 1,1 em mupuHoii, HO 3/1€Ch
OTMEUYeHO MAKCHMAaJIbHOE KOJNYECTBO IIBETKOB —
22 mr. CaMble MaJIeHbKIE PACTEeHUST OTMEUYEeHbI
B Henrpanbuoii Axyruu, uro 00ycaoBieHo pes-
KO KOHTUHEHTAJbHBIM KJINMATOM U Oe/[HbIMI
Mep3JI0THO-TaéKHBIMU TTOYBAMHY JITAHHOTO Perno-
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T4

na [18]. Masio uamensiercs 1o apeayy BUja TaKkoii
MPU3HAK, KAK YNCJIO0 JICTheB, B PA3BHBIX TOUKAX
apeaJjia Ha pacTeHe B CpeJlHeM ITPUXONTCS 3—4
JucTa.

WNamensitoress pazMepbl reHepaTUBHBIX 110-
OeroB BUjia U HA M3YYEHHON HAMU TEPPUTOPUN.
[Torazano (tab. 2), 4ro Mpu MPOJBUIKEHIN HA
CeBep YMEHbBIAITCS YNCI0 IIBETKOB B COI[BETHN
n mupnHa ancThen. CamMbie MeJKIe pacTeHst OT-
Meuenbl B 6osiee cesepubix IIIT — ¢ reppuropun
HarmoHa bHoTo mapra «lOrei Bar.

B memom wamo orMeTnth, uTo Mopdome-
TPUYeCKIe MmapamMeTpbl TeHepaTuBHBIX M00EroB
G. repens ciiabo BapbuPYIOT 110 apeasry Bujia u 1o
TeppuTopun paitoHa mcciaenoBanmii. BepositHo,
HTO CBSBAHO C JIPEBHOCTLIO ITOTO TaKkcoHa [d],
a TaKkKe ero MNpuypouYeHHOCThIO K JIECHBIM CO-
o01IecTBaM.

Mopdomerprnueckne npusHakm moderon
G. repens pasiM4YHBIX OHTOM@HETHYCCKUX CO-
CTOSTHUI BUJla HA M3YYEHHOI Tepputopnum (Ha
npumepe [lewopo-Unbracroro 3amoBegnnka)
[IPUBeCHLI B TadpmLe 3.

Crpykrypa nenonomyaanmii. Yncaennocts
[IIT G. repens B necax Ceseproro ¥Ypasa cocras-
JsIeT OT HeCKOJBKUX JIeCATKOB 10 HECKOTbRIX
coren noberon (rtabu. 4). Hambonee kpynuas
[1IT macunrsiBaer ceoimie 000 pacrennii, camas
masienbras — 28. [lna HOuoro Ypasa Obiin
onucanbl [[IT cxonnoii uncaennoctu — or 40
mo 500 moberos [6]. B Mypwmanckoit obma-
cru IIIT Bupa macuureiBaior 30-350 moberos

[19], B TBepcroit obnactu — 90-10378 [20].
[TpocrpancrBennas crpyrrypa LI G. repens
OTTpeieJisieTcs HaTn4neM XOPOITo BbIpayKeHHbIX
000C00JeHHBIX CKOIJIeHUI, YTO 00bACHACTCSH
MPenMYIeCTBEHHO BereTaTuBHBIM CII0COOOM
Bo30OHOBIeHIs 3ToT0 Bujpa. B Pecnybnn-
ke KoMmu Takme CKOMJEHUs, MJIOMALIO OT
1 1o 3—6 M2, COCTOAT N3 HECKOIBKNIX JCCATKOB
WM COTeH PacTeHWH cO CpefHeil TMIOTHOCTHIO
pasmerrens ot 9 mo 224 noberos ma 1 m2.

Bce usyuennnie namu I[II Bupa na Tep-
puropun CeBepHoro Ypaja MOJHOUJIEHHDBIE,
UX OHTOT@HETHYECKHMEe CIEeKTPBI 0CTATOYHO
CXOJ[HbBIE, ¢ TIpeobaaiaHneM UMMATYPHbBIX UJIN
B3POCJBIX BEreTaTnuBHBIX 1moberon (tadmn. 4).
Iro xaparrepuo nysi [T G. repens n B npyrux
JacTAX apeana |4, 7] n ompepensercs OMOI0THM-
qecknMu ocodbermocTavu Buja. [lo mamnmsiv [4],
B I1IT sToro Buia BereraTnBHOE pa3zMHOMKEHIE
Habiomaercs y 70% B3pOCABIX BereTaTnBHBIX
W TeHEePATHBHBIX 0C00eH W COTPOBOIKIAETCS
OMOJIOYKeHIEeM B OCHOBHOM [0 MMMAaTypPHOTO
OHTOTeHeTn4YecKoro cocrosinust. Ha reppuropun
CeBepHoro ¥Ypasa MeHsIeTcst COOTHOIIeHE M-
MaTyPHBIX 1 B3POCJIBIX BEreTaTHBHLIX T0OETOB B
OHTOTeHEeTHYeCKIX CIIeKTPax: 110 HallpaBJIeHN IO
K CeBepy YBeJMumBaeTCst J0JisI BereTaTuBHBIX
M0OGeTOB 1 yMEHBIIAeTCs YMCJI0 MMMATYPHBIX
ocobent (pue. 2). Hammernee nipepcraBiennl B
ITIT roBenmabubie pactenus. Jloms mBerymmx
pacrennii B oocaegopanubix I[IT rarxske ne-
BeJIMKA.

Tadauma 3 / Table 3

Mopdgomerpuaeckire xapakTepueTHKN OHTOTEHETHICCKIX COCTOAHNMIT TTo6eroB Goodyera repens B lleqopo-
Nisrackowm 3amoseanre / Morphometric parameters of Goodyera repens individuals of different ontoge-
netic stages in Pechoro-Ilychsky reserve

OHTOreHeTHUeCROE COCTOSIHIE
[Tpusnak Ontogenetic stage
Parameters I0BEHILITHHO HMMaTypHOe B3POCJIOE BEreTaTHBHOe reHepaTuBHOe
juvenile immature vegetative mature generative
;\I{JLII‘E 2.10£0,64 (1-3) | 2,8040,44 (2-3) |  3,80+0,72 (3-6) 3,10£0,85 (2-8)
’E}E;ﬁ 1,00+0,34 (0,5-1,4) | 1,80+0,29 (1,4-2,2) | 2,50+0,53 (1,4-3,8) | 3,20+0,71 (1,5-5,8)
HI1JT, em = .
WAL em | 040009 (0.3-0,5) | 0,60<0,13 (0,4-0,8) | 0,90+0,19 (0,7-1,2) | 1,200,23 (0,8-2,1)
A2IL ey g S 1.9) | 1,6 2.1) | 2,30£0,6: 2 (1,4-5.2
2L, em ,00+0,44 (0,6-1,9) | 1,60+0,47 (0,0-2,1) | 2,30+0,63 (0,5-4,0) | 3,00+0,72 (1,4-5,2)
wgfx 0,30£0,07 (0,3-0,5) | 0,700,11 (0,5-0,8) | 0,90+0,15 (0,7-1,2) | 1,20£0,23 (0,7-2,0)

Hpumewanue: YJI — vucro auemoes, 11 — dauna nepsozo (nuacnezo) aucma, 11/ — wupuna nepsozo aucma, J[2J1 —
Odauna emopozo cnudy aucma, HI2J — wupuna emopozo aucma.
Note: NL — number of leaves, L1L — length of the first (lower) leaf, WI1L — width of the lower leaf, L2L — length of the

second leaf, W2L — width of the second leaf.
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Ta6amma 4 / Table 4
Xaparrepuctuka nenononyusiuii (L[IT) Gooodyera repens na Ceseprom Ypase
Characteristics of Gooodyera repens coenopopulation in the Northern Urals

% LIl teemnoons LU, noGeron Ontogenetic spectram of coanopopulaion, %
No CP Number of individuals of coenopopulation i m . o :
1 ~ 200 6,4 90,8 33,2 9,6
2 150 9,3 40,0 46,0 4,7
3 37 10,8 37,8 40,5 10,8
4 150 7,1 27,5 244 11,0
b) 140 12,9 46,8 25,2 15,1
6 240 12,7 46,0 33,3 8,0
7 110 1,9 32,0 43,7 22,3
8 250 6,9 48,8 37,1 7,3
9 360 3,8 38,1 41,0 17,1
10 > 100 6,0 26,8 18,4 18,9
11 250 6,7 49,2 23,3 24,8
12 220 11,6 24,5 26,3 7,6
13 ~ 100 4,1 36,1 32,0 27,8
14 > 500 9,7 27,0 27,8 39,9
15 ~ 300 6,5 29,3 42,3 22,0
16 ~ 400 7,1 21,4 25,0 16,4
17 140 10,2 26,3 21,8 11,7
18 140 15,8 26,3 48,1 9,8
19 ~ 100 7,7 23,1 49,2 20,0
20 ~ 100 18,0 48,0 24,0 10,0
21 350 11,4 31,7 49,1 7,7
22 ~ 200 12,9 46,0 35,6 2,9
23 ~ 200 2,1 30,1 62,8 1,9

60

Oj Bim Zv Hg

Puc. 2. Ycpeguéranbie oHTOreHeTnIecKne creKrpsl mexononysmuii Goodyera repens ¢ reppuropun CeBepHoro
Vpaina (#a rpaguente or — cesep). [lo ropuzonraiu: 1 — 3akasuuk « Yubutckuii», 2 — Ieaopo-Vnbrackuit
3aM0BEIHUK, 3 — HAIMOHATLHBIH apk « FOrbig Bay; 110 BepTukaim — 0Jist 0cobeil pa3HbIX OHTOTCHETHYECKUX
coctosamit (B %): j — I0BeHMIBHOTO, iM — MMMAaTYPHOTO, V — B3POCIOTO BETETATHBHOTO, g — TeHePATHBHOTO
Fig. 2. Averaged ontogenetic spectra of Goodyera repens coenopopulations in the Northern Urals. Horizontally:

1 — Un’insky complex sanctuary; 2 — Pechoro-Ilychsky reserve; 3 —Yugyd va national park; vertically: portion of
individuals of different ontogenetic stages, %: j — juvenile, im — immature, v — vegetative mature, g — generative
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Cpemnuii OHTOTeHETUYECKUI CIIEKTP BCeX
nzyuenubix {11 G. repens na Cesepnom Ypaie
OKazaJIcs CJAEMYIONIM: I0BeHIITbHbBIE TT00eTn —
8,7%, ummarypubie — 39,8%, B3pocibie Berera-
tusHbie — 37,7%), reneparususie — 13,8%. On
COOTBETCTBYET DA30BOMY CIIEKTPY TOTO BUJIA
(15:38:35:12) [3]. 910 cBUETENIHCTBYET O TOM,
YTO YCJOBUS JIJIsi IPOU3PACTAHUS BUIA B Jlecax
CeepHoro ¥YpaJja OogaromnpusiTHbie,

3arjaueHue

Ucenenosanus Goodyera repens (1..) R. Br.
na CeBepHoM Ypajsie 1moxasaiu, 4To Buj odJa-
Jlaer JIOCTaTOYHO TUPORON (PUTOIEHOTHYECKOTT
aMTIJTUTYOT, OXBATBHIBAIOIIEH PasnoodpasHbie
secHbie GOPMATINN U TUTTHI HACAIRIICH I, BRITTOUAsT
3eJIeHOMOTIITHBIE, TPAaBAHBIC T cPAaTHOBBIC Jeca.
[IpemmounTaer PKOTOMBI CO Cpejiie BIAFKHLIMM,
cnabokrucsbivu, 6efiHbiMu mouBamu. [Ipouspacras
TIO]T TIOJTOTOM JTeCa, OTHOCHUTCST K PACTEHUSIM TTOJTY -
tTereBoil rpyuibl. Ha obcienosarmoii reppuropun
oOpaszyer HeGOJIbIINe MOJTHOYJICHHBIC [IeHOTIOIY-
nsun, yncaerrocthio /1o 900 mobderos, ¢ ipeodsia-
[aHneM NMMaTypPHBIX 1 B3POCIBIX BereTaTiuBHbIX
o6eros. CpeiHuii OHTOreHeTHYeCKIIT CITeKTP BCeX
M3YUEHHBIX TEHOTOMYJIATNIT BUIa OTpayKaer mx
yeroitunBoe cocrostine. MoyKHO 3aKII0OUNTD, YTO
BUJI IOCTATOYHO XOPOIIIO aanTupoBaH K yCJI0-
Busam CeBeproro Ypasa, rie mMeioTcs OOTbIe
MacCHBBI MAJIOHAPYIIIEHHBIX JIECOB ¢ MHOKRECTBOM
TMTOXOMATINX JJTST BIA MCCT TPOM3PACTAHIS.

Paboma evtnoanena npu noddepocre Komnaerc-
HOUL npozpammot PyndamenmatbHbLY uccaedo8anuil
Ypaavckoeo omadeaenus Poccuiickoit akademuu
nayr, npoekm Ne AAAA-A17-117112270073-0 « Pas-
HO0Opasue 0CHOBHBLL KOMNOHEHINO0E IKOCUCINEM 8
WUPOMHOM U BLLCOMHOM 2Paduenmax 3anadnozo
marpockaona Ceseproeo u llpunoasapnozo Ypasa».
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Specious content and quantity characteristics of microorganiams which lead to soil “blooming” in natural, anthro-
pogenic, and urbanized ecosystems are shown in the article. In natural ecosystems algae and cyanobacteria communities
develop in gradual succession stages, from unicellular green algae and Xanthophyta, filamentous green algae and non-
heterocyst cyanobacteria to heterocyst cyanobacteria. Agricultural soil “blooming” has some peculiarities, irrespective
of the place, season, soil type, dominating groupings. Among the “blooming” dominants cyanobacteria and green algae
of the geni Cylindrospermum, Nostoc, Anabaena, Klebsormidium etc prevail. In agro-coenoses there is a direct connection
between doses and terms of fertilizer treatment and the stage of development of the surface growth. Urban soils suffer
from more intensive and diverse impact, as compared with agricultural and natural ecosystems soils. The specious content
of phototrphs shows that in late summer surface biofilms represent many-species communities with different species of
cyanobacteria and diatoms dominating. Cell density in “blooming” films is very high, it varies from 18 to 47 million cells
per em?. Various city pollutants provide diversity of phototrophic groups.

Keywords: soil “blooming”, soil algae, cyanobacteria, micromycetes, bioindication.
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HpOBeJLeHO n3yuenne B1J10BOIo cocraBa M KOJIMYECTBEHHbIX XapaKTepPUCTUK OPprannsmMosB, (I)OpM NPYIOINX «IBeTeHmne»
[OYBBI B PUPOJIHBIX, ATPOTEHHBIX 1 YPOAHUBNPOBAHHBIX AKOCHCTEMAX. B IPUPOJHBIX HKOCHCTEMAX Pa3BUTHE COOOIECTB
BOJLOpOCIIelt 1 IiaHobaKkTepuil TPOXONT MOCJIeI0BATe/IbHbIe CYKIECCHOHHbBIE CTAN OT OJ{HORIETOYHBIX 3eJI8HbBIX I FKEITO-
3eJEHBIX BOJIOPOCIIeiT, HUTUYATBHIX 3€JIEHBIX BOJOPOCell 1 6e3reTeporiCTHBHIX IIMaH00AKTepNil 1 3aKAHYNBAETCS PA3BUTHEM
reTepoIUCTHRIX Inano0aKTepuii. «[|BeTeHe» NaxoTHBIX MIOUB MMeeT psji 0COOEHHOCTeIl, He3aBIHCHMO OT MecTa BO3HIKHO-
BEHUS, Ce30Ha, TUIIA TOYBBI, IOMUHUPYIONUX TPYInpoBoK. Cpeay JoOMITHAHTOB «I[BeTeH s » HanboJiee 4acTo BCTPealoTcst
nuanobakrepun u seséunie Bogopocsu p.p. Cylindrospermum, Nostoc, Anabaena, Klebsormidium n np. B arporenosax mpo-
CJIESRIBAETCS YETKAS CBSI3b MEJKILY 03aMU 1 CPOKAMIT BHOCHMBIX YIOOPeHMIT 1 YPOBHEM Pa3BUTHSI HA3eMHBIX Pa3pacTaHuii.
loposckne 1mouBbI ojiBepraioTes 6ojee NHTeHCHBHBIM 1 PAZHOOOPA3HBIM HAPY3KaM, UeM Ce/TbCKOX03AICTBEHHbBIE 1 TOYBbI
mpupopHbIX sRocucreM. Onpeseneniie BujoBoro cocrasa GororpodoB MOKa3aio, YTo B KOHILE JieTa Ha3zeMHble OMOILIEHKN
HIPEJICTABISIIOT c000il MHOTOBHU/0OBbIE COOOIIECTBA ¢ IOMUHIPOBAHIEM PA3INYHBIX BUJIOB IIMAHOOAKTEPUIl 1 IHMATOMOBBIX
Bojtopocieii. II1oTHOCTb RIIeTOR B IJIEHKAX «IIBeTeHNsI» Ype3BbluaiiHO BeJIMKa 1 KoJIeOJIeTest B pa3HbIX 30HAX ropojia ot 18 110
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A certain form of microorganisms (MO) in
the form of “biofilms” (BF) has been paid special
attention to lately. BF are classified as spatially
and metabolically structured MO communities
which are included into an extracellular poly-
meric matrix and they are placed on the border-
line of phase division [1, 2].

BF research has shown that the so-called
“quorum sensing” is characteristic of natural
populations, it provides bacteria intercellular
communication by means of chemical signals
[3]. MO collective behavioris provided by chemi-
cal specialization both with a direct regulative in-
fluence, with definite concentration dependence,
and with an indirect mediated signal through the
genetic apparatus. BF requires inter-population
interrelations both on the physical and chemical
levels [4]. Interrelation between prokaryotic and
eukaryotic organisms is possible here. The struc-
ture of such BF includes intercellular matrix
which is an integration componentin providing
survival and normal functioning of the popula-
tions represented by polymorphic many-celled
systems [5]. The research has shown that one of
advantages of multi-specious biofilms consists
in the fact that protection effect increases for all
the partners in them [6-8].

Long-term natural BF include many-spe-
cious BF which cause “soil blooming”. There
are detail descriptions of soil-surface BF and
crusts on the soil surface in different parts of
the world: in the USA [9, 10], Europe [11-14],
Africa [15,16], Asia [17, 18]. Some researchers
analyze the samples of cyanobacterial crusts
from 5 continents, they do not only determine the
cyanobacterial components, but also analyze the
strategy of their survival [19]. It is highlighted
that cyanobacteria (CB) which dominate in such
BF are high-caloric and they contain proteins
and carbohydrates of high quality. Thus their
high nutritive value and turnover rate can quite
well support secondary producers BF-eaters.

In arid and semi-arid zones algae microbe
crusts play a very important role in original soil
formation [20] and in the process of binding
soil aggregates [21]. Studying soil structure
sustainability with CB-crusts by means of quick
humifying we have stated that in such soils ag-
gregates are more sustainable, as compared with
those lacking crust.

Soil phototrophic microbe complex is repre-
sented by algae and CB that inhabit both deep
and surface layers of soil. Photosynthesis is the
main differential feature of terrestrial surface
phototrophic microbe communities (PMC) dis-
tinguishing them from all other microbe com-

munities. Thus there are ecological niches dis-
tinguished according to the quantity and quality
of light. The phenomenon of mass algae and CB
reproduction on terrestrial surface is called soil
“blooming”. The role played by this phenomenon
in different climatic zones has been numerously
considered [22].

“Blooming” is caused not only by a complex
of favourable ecological conditions that stimulate
mass reproduction. There is also a critical cell
number (soil clots), the so-called ‘invasion outlets’
through which cell migration takes place from
down to the surface that is free of higher plants.

Places of mass phototroph reproduction
become the centres of high bio-activity due to
the fact that 1-89% photosynthesis by-products
are excreted into the environment in the form
of exometabolites. As a result, a special zone of
high organic substances concentration is formed
around cells and cell complexes.

Phototroph cells, as well as their excreta,
serve as a food substrate for other organisms
and they have a bio-chemical influence on these
organisms. As a result, there appears a net of
trophic and allelopathic relations with sapro-
trophs and biotrophs. In certain cases there can
appear a morphologically united system of PMC
that can function as multicellular organisms
(cyanobacterial mats). This system associ-
ates cyanobacteria, algae and different groups
of heterotrophic bacteria. PMC texture is not
constant. The character of relations between
different phototroph groups changes according
to density, age, physiological state and ecologi-
cal conditions.

The analysis of works in Algology shows
that soil “blooming” has some characteristic
features that are not dependent on the place of
origin, season, soil type and dominations groups
[22, 23].

1. Mass reproduction on the surface is
characteristic of few species: the structure of
the surface communities described is formed by
phototrophic microorganisms that account for
from 9 to 27.

2. The number of species forming the sur-
face algocoenoses is far less than the species
pool in soil. Due to the impact of ecological
and anthropogenic factors only from 10 to 50%
of deep layers species are able to vegetate and
propagate on the terrestrial surface. There is a
general ecological rule on PMC level: floristic
capacity of ecotops is always higher than that of
phytocoenoses formed in these ecotops.

3. Different species play different roles in
“blooming”. There are phototroph populations
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Table 1

Structure of surface phototrophic microbe communities (%) at brining in increasing dozes
of Nitrogen in conditions of 11-year experimental field

Common Algae Cyanobacteria
Variant | Nitrogen, unicellular . . .
o thread green diatom unheterocystic | heterocystic
0 green

NO 0.125 18.8 14.8 3.7 96.5 6.2
N60 0.127 32.2 35.2 4.2 24.7 3.7
N120 0.129 28.9 62.4 2.0 6.7 0
N180 0.131 18.8 78.8 2.4 0 0

that are capable of growing in geometric progres-
sion, what causes this population’s domination
in the community. Among the dominants the
most common are thread forms — cyanoabcte-
ria and green algae: genera Cylindrospermum,
Nostoc, Anabaena, Phormidium, Oscillatoria,
Klebsormidium etc.

The aim of this work is to compare the spe-
cific features of soil “blooming” phototroph com-
plexes in agricultural and urbanized territories
and to find the possibility of using the indices of
alga-cenoses organization for the purpose of soil
state bio-diagnostics.

The research has been carried out in Kirov
region that is situated in the North-East of
the European part of Russia. In the samples of
“blooming” soil the phototrophs’ species con-
tent was determined (direct microscoping, cup
cultures with fouling glass, water cultures) [24].
Using the method of direct microscoping we cal-
culated the quantity and biomass of phototrophs’
cells and the length of fungi mycelium [25].

Plough soil “blooming”. Season succes-
sions in PMS plough lands are characterized by
group change that is determined by the season
dynamics of biogenic elements in soil, mainly by
Nitrogen dynamics, which is determined by bio-
genic elements extraction from soil by a higher
plant. The regular yearly change of groups is as
follows: unicellular green and yellow-green algae
(end spring) — thread green algae (end spring —
beginning of summer) — non-heterocystic

cyanobacteria (beginning summer — midsum-
mer) — heterocystic cyanobacteria (end summer
— autumn). Together with season succession
there takes place full realization of soil species
potential.

The order of season successions is broken
in case that certain biogenic elements support
competitiveness of some group. So, growing
Nitrogen concentrations from 60 to 180 kg /hect-
are, at their long-term application in the same
soil, cause development of PMC with different
structure characteristics (Table 1).

Autogenic succession content consists not
only in change of composition and quantity of
phototrophs that constitute this PMC, but also
in change of character of relations between the
partners. At first species and groups develop
independently. Then, as a result of propagation,
physical proximity of individuals takes place
and this causes connected development of the
population. The more the number of physical
and metabolic contacts grows, the more com-
petition increases, so that ecological niches
differentiation takes place and phototroph
groups get distributed according to geometric
series pattern. Certainly the end succession
stage is connected with sudden share growth
of the leading group, which causes decrease
of specious diversity and lessens community
sustainability (Table 2).

PMC is also much dependent on soil bio-
trophs — Protozoa, ticks, nematodes, Enchytrae-

Table 2

Stages of algae-cyanobacterial soil “blooming” succession

Stages

Relations character between the partners

Evaluation criteria

I Connected populations development:

green algae — Cyanobacleria

non-heterocystic — heterocystic Cyanobacteria;

Coefficient of associability r, :
r,=0.670-0.782
r,=0.542-0.680

II Competition increase, ecological niches differentiation | Model of community structure geo-
metric distribution. Degree of niche
takeover K =65%

11 Strengthening of the leading dominant’s role, decrease | Shennon index change (D):

of species diversity, decrease of community stability

0.1795-0.0205-0.0164—0.0046
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Table :
Changes in thread green algae quantity under the influence of Nitrogen fertilizers in stationary cond?tli)o‘lelts3
Nitrogen dozes, kg/hectare of active substance 0 60 120 180
Number of cells, thousand /sm? 60 117 292 731
Table 4
Influence of different fertilizers on biomass (mg/cm?) of surface phototrophic community
Variant Without fertilizers Manure Peat + Manure
Biomass 0.246 0.550 1.114
Table 5
Influence of increasing Nitrogen dozes on phototrophic population structure (%) in surface growths
Variant Algae ; Cyanobacteria
green diatom
NO 44.9 3.1 92.0
N50 65.7 7.6 26.7
N100 64.8 7.9 27.3
N150 78.8 8.8 12.4
N200 81.6 6.5 3.9
N250 84.0 16.0 0

idae, earth warms [25]. Selectivity in consuming
and digesting phototrophs by invertebrates
causes elimination of some species and stimu-
lates propagation of other species that are not
ealen out or stay viable in excrements. Due (o
animal migration there appear new “blooming”
centres with phototrophs species combinations
different from a parent PMC.

The next factor influencing PMC organiza-
tion is combination and dynamics of biogenic
elements in soil [25].

Thus the following control mechanisms
represent the survival triad of rather ephemeral
PMC communities:

1) physico-chemical regulation through
biogenic elements circulation;

2) self-regulation through phototroph inter-
relations;

3) “pasture” regulation through eating out
phototrophs by invertebrates.

Phototrophs’ ecological properties were
formed in conditions of their different supply
with mineral elements. As a result, there ap-
peared species that require Nitrogen and ash
elements. Input of extra amount of biogenic
elements violates balanced development of PMC
that appeared in soil in conditions of nutrients
lack. Trophic preferences of phototrophs differ-
ent groups cause leadership of different groups
under the influence of different fertilizers. Fluc-
tuations of cell quantity (Table 3) and biomass
(Table 4) mark original PMC changes.

Growth of concentration of accessible Ni-
trogen forms in soil lessens cyanobacteria com-

petitiveness. And in normal season succession
conditions cyanobacteria are characterized by
absolute dominating in “blooming” films in tem-
perate zonein the end of summer and in autumn.
The longer the fertilizers are used, the more
stable the changes in phototrophic organisms
cenopopulations are: the share of cyanobacteria
shrinks, the share of green algae quickly grows.

Finally there takes place a cardinal change
of PMC structure with the loss of some definite
ecologically important groups (Table 5).

Floristic PMC degradation can reach ex-
treme limits if mineral fertilizers have been used
differentiatedly for many years. The 30-year-old
experimental field shows this degradation the
most acutely. In conditions of one-side input of
mineral nitrogen fertilizers surface communities
have completely degenerated to a phototroph
complex on the level of 3-species unicellular
algae.

Thus working in experimental fields for
many years shows that using mineral fertilizers
in the same soil continuously for a long time
leads to development of PMC with different
structural characteristics. Structural-group
analysis of soil “blooming” communities shows
that in agro-systems there appear transformed
communities connected with dominating posi-
tions of groups with contrast biological proper-
ties that depend on the system agro-methods.
So soil biological well-being can be estimated
with the use of indicator scale of phototroph
group analysis. Absence of cyanobacteria in soil
in the end of the vegetation season shows that
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soil state is in crisis. PMC unification at unicel-
lular green algae level indicates that the soil is
toxic which causes disastrous decrease of higher
plants’ yield.

Agrogenic influence changes the character
of “blooming” so much that evolution of surface
PMC takes place with edaphogenic changes of
phototrophs groups’ spectler, as well as of soil
fertility closely connected with the dynamics of
biogenic elements. As a result, the character of
adaptation strategies and population criteria of
transformed phototrophic communities allow
using soil “blooming” for the purpose of soil state
diagnostics, ranging from biological well-being
to ecological catastrophe.

City soil “blooming”. City soils are influ-
enced much stronger and more variously as
compared with agricultural soils and natural
ecosystems soils. At the same time their ecologi-
cal function is as important as that of other soils.
City soils absorb, convert and neutralize different
wastes and contaminants. But soil saturation
with contaminants has a certain limit that allows
soil functioning. Exceeding this limit causes soil
pathology [26].

Different pollutants such as heavy metals,
organic waste, synthetic compounds, salts,
plastics, ete. get into city soils from different
sources. Their degree of toxicity varies wide-
rangingly depending on their chemical struc-
ture, amount and quality of humus, aeration,
acid regime, contaminants’ microbe decomposi-
tion speed, etc. Thus microbiota life in city soils
isdistinguished by a big chance of stress situa-
tions and broad range of pollutants. So that it is
not possible to find out how microphototrophs’
development depends on a certain pollutant.
Nevertheless, well-distinguished “blooming”
spots in different city zones catch an eye of the
observer.

Types of zoning city soils and districts vary.
According the classification [27], according to
morphological soil profile structure, the fol-
lowing groups of city soils are distinguished:
natural undamaged (forest-parks and forests);
natural damaged (the undamaged part of natu-
ral soil profile and anthropogenically damaged

surface levels); artificial — urbanozems (tech-
nogenic soils).

The following city areas are distinguished
according to their function: industrial (where
different industrial objects are situated); resi-
dential (where houses, offices, cultural, edu-
cational establishments, etc. are situated) and
park (green area around a city used for mass
recreation, sport, etc.). Within cities parks
form a recreation area. Functional city areas
are crossed by a system of transport ways [28].

Interest to microbiological monitoring
of city areas has increased lately [29, 30]. In
particular, there takes place a drastic increase
of pathogenic organisms causing opportunistic
infections of bacterial and fungi micro-flora.
There are separate investigations of city soils
algoflora diversity [31] and special microbe
groups such as biofilms of Nostoc commune | 32].
Still “blooming” films cenoses of city soils have
not been investigated yel.

This work deals with soil “blooming” of
definite areas of the city of Kirov. Kirov is a
big industrial city with population of 500 000
people. It has a developed infrastructure that
includes all the above-mentioned areas. Natural
soil surface of the territories near Kirov consists
mainly of sod-podzol loam and sand loam soils.

Phototroph species investigation showed
thatin the end of summer (the time of the most
intensive soil “blooming”) surface bio-films
can be represented by poly-species communi-
ties where different species of CB and diatom
algae predominate (Table 6). The communities
with the most diverse set of species develop in
urbanozems (sawdust with sand) around HPP
and in the park area (29 and 24 species accord-
ingly), the communities with the least diverse
set of species develop in the yards of houses
(residential area) and along the roads (12 and
13 species accordingly).

There are definite dominants of the com-
munities in “blooming” films of different areas
(Table 7). It is evident, that non-heterocystic
CB prevail in all the areas, with the exception
of the industrial one, in naturally damaged and
non-damaged soils. Nitrogen-fixing heterocyst

Table 6

The number of phototrophic species in city soil “blooming” fields

Investigation area Cyanophyta Bacillariophyta Chlorophyta Total sum of species
Industrial 19 2 8 29
Residential ) ) 2 12
Park 15 7 2 24
Transport 9 3 1 13
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“Blooming” films dominants

Table 7

Investigation area Dominant species

Industrial Nostoc muscorum, N. paludosum, Trichromus variabilis, Phormidium autumnale,
Nitzschia palea

Residential Phormidium uncinatum, Ph. aerugineo-coeruleum, Ph. autumnale, Ph. boryanum,
Nitzschia palea, Hantzshia amphyoxys.

Park Phormidium formosum, Ph. breve, Trichromus variabilis, Leptolyngbya augustissima,
Nitzschia palea.

Transport Phormidium aerugineo-coeruleum, Ph. ambiguum, Ph. boryanum, Hantzschia
amphioxys, Luticola mutica v. multica.

Table 8
Algea and cyanobacteria cell number indices in “blooming” soils in different city areas
(thousand/cm?)
Investigation area Green algae Diatoms Cyarilobacterla ; All
non-heterocystic heterocystic
Industrial 1265+40 915+20 9850+£150 186001000 26300
Residential 44642 2050+57 17978+781 0 20474
Park 0 940+30 10660+500 7070213 18270
Transport 200+£10 61020 43360+900 3500+210 46860
Table 9
Phototrophs’ population structure in “blooming” soils (%)
L Phototrophs Cyanobacteria
Investigation area . . .
algae cyanobacteria non-heterocystic heterocystic
Industrial 6.8 93.2 23.9 76.1
Residential 12.2 87.8 100 0
Park 2.9 97.1 60.1 39.9
Transport 1.7 98.3 92.5 7.5
Table 10
Micromycets populations’ features in conditions of city soil “blooming”
. ) . Population structure, %
o At . . 2 J
Investigation area Mycelium length, m/cm colourless coloured
Industrial 14.4£2.1 31.7 68.3
Residential 26.6+3.0 27.9 421
Park 21.842.2 44.0 96.0
Transport 34.8+1.6 23.6 76.4

CD predominate only in urbanozems (sawdust
with sand) (Table 7).

Qualitative parameters of surface cyano-
bacteria growths show that “blooming” fields
density is very big and that it varies in different
city areas from 18 to 47 million/cm? (Table 8).

Different phototrophs’ groups participate
in forming surface growths’ structure differ-
ently (Table 9). The fact of non-heterocystic
CB dominating is the most conspicuous (from
60 to 100% in CB populations’ structure) in
all the cases with soil, with the exception of
urbanozem. In urbanozem there are different
conditions of phototrophic development and
sawdust with sand forming the substrate around

HPP probably do not accumulate as many pol-
lutants as soils, and it is these pollutants that
drive out nitrogen-fixing CB species form sur-
face communities.

Apart from phototrophs, micromycets
are also a constant significant component of
bio-films. They have forms with colourless
and coloured (melanized) mycelium. Fungi
mycelium length in “blooming” films and their
population structure vary wide-rangeingly
(table 10).

Prevailing of micromycets with melanized
mycelium shows that the ecological state of the
places under analysis is problematic. It is known
that fungi melanin synthesis is caused not only
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Table 11
Quantitative indices of city soil “blooming” biofilms
Biomass mg/cm? Population structure, % CB thread
Investigation area length N
phototrophs fungi all phototrophs fungi mycelium,
m/cm?
Industrial 4.165 0.143 4.308 96.7 3.3 110.2
Residential 3.749 0.210 3.959 94.7 2.3 80.5
Park 2.594 0.085 2.679 96.8 3.2 75.0
Transport 4.692 0.136 4.828 97.2 2.8 48.9

by the excessive insolation but also by adaptation
to pollutants’ accumulation in the environment
[30, 33]. Thus the results presented in Table 10
show that a considerably high contamination
level is characteristic of the industrial area
(68.3% fungi with coloured myceliem in the
population structure) and of the transport area
(76.4% melanized mycromycets).

Phototrophs’ reaction is discrepant. Al-
though CB, but not algae, prevail in all city eco-
topsin “blooming” films (in phototrophs’ popu-
lation structure CB account for 87.8-98.3%), the
level of CB development, as well as the share of
their heterocystic and non-heterocystic forms
differ in different areas very much (Table 11).
Thus in transport and residential area soils
non-heterocystic CB absolutely predominate
(92.5 and 100%, accordingly). In park area non-
heterocystic and heterocystic CB are represented
almost in equal measures (60.1% — non-het-
erocystic, 39.9% — heterocystic CB). But in the
industrial area in the substrate consisting of saw-
dust and sand nitrogen-fixing heterocystic CB
account for 76.1% of the population structure,
and non-heterocystic ones — for 23.9%. Prob-
ably, a long-term influence of city pollutants,
which get also into park and residential areas
with air, contributes to prevailing of CB popu-
lations with non-heterocystic forms, and high
sensitivity of nitrogen-fixing cyanobacteria’s
nitrogenase enzyme can block their propagation.
At the same time anazotic urbanozem is being
occasionally renewed near HPP so that there is
not enough time for it to absorb and accumulate
pollutants enough to oppress nitrogen-fixing CB
development.

On the whole, soil or substrate “blooming” in
urbanized territories can be considered as a posi-
tive fact. Firstly, mass phototrophs propagation
causes quick soil saturation with labile organic
substance quickly renewed due to the high speed
of algobiomass circulation. Secondly, presence
of thread CB and fungi mycelium in biofilms
makes the substrate stronger due to its anti-
erosion functions. The total length of threads

and mycelium can reach scores of meters per
1 cm?of the surface (Table 11).

Thus it seems thatitis not possible to judge
on the city soil state by phototrophs’ growth
peculiarities in “blooming” films. Neverthe-
less mycromycetes populations, in particular,
melanized forms prevailing in the structure,
can serve as a reliable criterion that indicates
a high degree of contamination. At the same
time “blooming” analysis of urbanized soils
shows that certain species of non-heterocystic
Cyanobacteria thal can serve as bioagents-
remediators in the future prove to be the most
resistant to city pollutants. Microphototrop
species which participate in soil “blooming” are
show in pic. Of them only in natural biofilms of
the suburban zone of the city we found Fischer-
ella muscicola and Scytonema ocellatum.

Conclusion

The analysis of the data on plough and city
soils “blooming” shows that there are features
of similarity (the indices of phototrophs’ cell
number, biomass, species potential realization)
as well as specific features consisting in the
fact that diversity of city pollutants varies the
development of phototrophic groups, and in ag-
rocoenoses there is a close connection between
the dozes and input time of fertilizers and the
development level of surface growths.

The work was carried out within the framework
of the stale task of the Institute of Biology of the Komi
Scientific Center of the Ural Branch of the Russian
Academy of Sciences on the topic “Assessment and
Jorecast of a delayed man-caused impact on natural
and lransformed ecosystems of the southern laiga
subzone ” No. 0414-2018-0003.
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Buoperpajgamus pacture/bHbIX OTXO0B U OJTy4YE€HUE ILIOIOBBIX Tl
1P KYJIbTHBHPOBAHUN €;K0BUKa rpedenuaroro (Hericium erinaceus)
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Paspaborka TexXHOIOrIT GUOerpajIaliy PACTHTETHHBIX OTXOJOB B TIEJIAX MOTYYCHIST HOBBIX TTOJIE3HBIX MPOYKTOB CIIOCOOHA
HE TOJILKO YMEeHBIIUTD 3arPA3HEHNE OKPYKAIOLIRl CPejibl, HO 1 00eCeunTh ChipheByo asy ouorexuosoruu. B padore ugyuasu
BO3MOKHOCTE TIPUMEeHeH s 6a3uuaibHoro Keusnorpoduoro rpuba Hericium erinaceus B kauectse JeCTpyKTOpa pacTUTeI bHBIX
OTXOJIOB ¢ OJJHOBPEMEHHBIM TIOTYYeHIeM X03AMCTBeHHO IeHHOT BTOPUYHON MPoAyKIni. B kauectse nurarebHOTO cyGeTpara
JUISL TTOJTY Y@ H ST TIOJLOBBIX TeJl rpufa UCIOIb30BAII CMECH COJIOMbL, IyOOBBIX OIIUJIOK U 36PHA OBCA B PA3IUYHbIX COOTHOIICHUSIX.
ITponyKTHBHOCTH CHIPOTO YIIOTHEHHOIO CYBCTpaTa pacCUnThIBAIN KaK OTHOIICHNE MACCHI ILIIOJI0BLIX TeJl PPUOOB, MOIyYaeMbIX
€ OJIHOTO COCYJIA, K MCXOjIHOIT Macce cyGerpara. O6 MHTEHCHBHOCTI PasIozKeHNsT cyGeTpaTa Cy/iim Mo YOl ero 611oMacehl 3a
nepuojt Kyasrusuposanus rpuda. [lokazano, 4ro jist 10CTHRE s BLICOKOI CTerieHn GUojierpajiaiiuit [eJUI0I030- i JIUTHIH-
COJIePYKAIITIX OTXOJIOB 1 [OJYUEHHsI MAKCHMAILHOIO YPOsKas TPUOOB B COCTAB IIUTATEILHOTO CybeTpara HeoOXO[NMO BRIOYAT
JIEPROTUJIPOJII3YEMblil 36DHOBOIT KOMIIOHEHT B KosimuecTBe He MeHee 30 00. %. VI3aMeHsist KOHIIeHTpAINio 36pHA, MOYKHO pery-
JIPOBATH CKOPOCTHL POCTA MULJIUST, BLIXOJL IIOJIOBBIX TeJI rpufa i crelieHb Guopierpajanuu cyoerpara.

Karouesste crosa: Hericium erinaceus, TUTHOLEILTIONO3HBIE OTXO/IbL, HCKYCCTBEHHOE KYJILTHBIPOBAHIE, ITNTATETbHbII
cybeTparT, yposkail miaofloBbIX TeJ, IJI000TAaua cybeTpara, cTereHb PasiosKeH s,

Biodegradation of vegetable waste and obtaining fruit bodies
in cultivation of Hericium erinaceus
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Development of technologies for biodegradation of plant wastes in order to obtain new useful products can not only
reduce pollution of the environment, but also provide a raw material base for hiotechnology. The possibility of using the
basilial xylotrophic fungus Hericium erinaceus as a destructor of plant wastes with simultaneous production of economically
valuable secondary products was studied. As a nutrient substrate for the production of fruiting bodies of the fungus, mixtures
of straw, oak sawdust and oat grain were used in various proportions. The productivity of the raw compacted substrate was
calculated as the ratio of the mass of fruiting bodies of fungi obtained from one vessel to the initial mass of the substrate.
The intensity of decomposition of the substrate was judged by the decrease in its biomass during the period of cultivation of
the fungus. Itis shown that in order to achieve a high degree of biodegradation of cellulose and lignin-containing waste and
to obtain the maximum harvest of fungi, it is necessary to include a readily hydrolysable grain component in an amount of
not less than 30% by volume in the nutrient substrate. By varying the concentration of the grain, it is possible to regulate
the growth rate of the mycelium, the yield of the fruiting bodies and the degree of biodegradation of the substrate.

Keywords: Hericium erinaceus, lignocellulosic waste, artificial cultivation, nutrient substrate, yield of fruit bodies,
productivity of substrate, degree of decomposition.
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Buokonsepcus pacturenbHbIX OTXO00B
CeJILCKOTO XO03AMCTBA U JIECHOU ITPOMBIIIICH-
HOCTH TIPEJICTABISAET COOOT OJIHY 13 BayKHEHIITIX
npobaeM OXpaHbl OKPY/RAIOILEI Cpebl, 4YeM
u omnpejessieTcsi HeocJaabeBawolnii NHTepec K
OpraHu3MaM-JecTPYKTOpaM IeJIi003bl 1 JINT-
HITHA — HamboJiee TPy HOPasiaraeMbiM KOMIIO-
HeHTaM pacTutejbHbIX ocrarkoB. [lepepaborka
IeJIJTI0JI030COIe PIRATIINX OTXO/[0B OUoIoTHYe-
CKUMU CIIOCO0AMU ¢ TTOJTydeHIeM TTPaKTHYeCKN
MOJIE3HBIX MPOJYKTOB MO3BOJISIET HE TOJHKO
CYIIECTBEHHO YMEHBIINTDL 3arpszHeHne OKpy-
FRATOIIEN CPeJIbl, HO 1 PACIITIPUTH CHIPHEBYIO Oasy
OMOTEXHOJIOTUH 110 IPOUBBOJICTRY OMOJIOTHYUCCKN
ARTUBHBIX TOOABOK, TUIIEBBIX MTPOTYKTOB 1 KOP-
moB |1, 2]. [lomobmbie pa3padboTK HEBO3MOIKHBI
03 1101 CKA HOBBIX IIITAMMOB-/IECTPYKTOPOB 11€J1-
JIIOJIO3bI M JINTHITHA, 00J1a/JaI0ITIX COOTBETCTBYI0-
UM MeTadOTNIeCKITM TOTeHITHAIOM.

C aroil TouKM 3peHnst 0coObINl MHTEPEC Bhi-
3bIBAIOT BBICIIINE 6asmma.m)nme T‘pT/I6BT, KOTOpbIe
ABJISIOTCA CYIECTBEHHOI YacThI0 HA3eMHbBIX DKO-
CUCTeM 1 BayKHBIM 3BEHOM KPYTOBOPOTA YI/Iepojia
B IIpUpojie. YUacTBys B KOHBEHEePHOM pasioske-
HUW PACTUTETLHOTO OT1ajia, DasunaabHbie IPuobI
NPOYIUPYIOT MUPOKMIA CIIEKTP BHEKJIETOUHBIX
(hepMeHTOB THIPONUTHYECKOTO 1 OKCHUITOPETYK-
Ta3HOTO MPOMUIIS, YTO MO3BOJSET UM YTUIN3U-
poBaTh OOJIBIION KPYT Pa3jiMuHbIX CyOCTPATOB.
Cpenn Becero pasmnoodpasus 0a3MAMOMUIICTOR
CJIEJLYeT BBIIeJINTh [IPEeBOPA3PYIIATOTIIe U KCH-
n0TpodHbIE TPUOBI — CPABHUTEHHO HEOOJIBITYIO
110 TAKCOHOMIYECKOMY Pa3Ho00pas3mio dKOIOTH-
4eCcKYIO I'pyiiy rpubos, croco0HYIO0 K MOJHOM
AeCTPYKIMI JIUTHOLe110103 [3]. Muorue Bujbl
KCmIOTPpOPHBIX TPUOOB M3BECTHBI TaKKe Kak
MPOYIEHTHI MMUIEBOTO Geska 1 6uoJOTHYecKn
AKTUBHBIX BeIecTs |4, 9].

OnHNM M3 MHTEPeCHBIX TpejcTaBuTe el
arapuKOM/HbIX KCUJIOTPO(PHBIX TPUOOB SBJISIETCS
eskoBuK Tpebenuarniit (Hericium erinaceus) —
TPYTOBHE, OTHOCATINICA K Topsary Russulaceae.
I'pu6 Berpeuaeres 8 Espome, Asun, Amepnke, mo
MMOBCEMECTHO SIBJISIOTCS] PeJIKUM BHU/IOM, 3aHECEH
B Kpacnyito knury Poccuitckoit Memeparium n
Hyskpaercst B oxpane [0, 7]. ExxoBur ornocst
K CheJOOHBIM 1 JICKAPCTBEHHBIM Tpubam, ero
MIUPOKO MPUMEHSIOT B HAPOJHON Meuiinme
crpan [/lanbaero Bocrora. B mociennue Tojbl
B COCTaBE IJIOJOBBIX TeJl U KYJABTUBUPYEMOTO
mutiesnust H. erinaceus 6b11m 0OHAPYsKEHbI MeTA-
60JINTHI, CTIOCOOHBIE OKA3bIBATHL HEIlPOTpodHOE,
IUTIOJUITUIEMUYecKOoe, UMMYHOMOJLY/IUPYIOliee
N IMUTOTORCYECKOe (B OTHOIIIEeHNN OITyXO0JieBbIX
KJIETOK) JlelicTBIIe HA opranu3M yesnoBera [7—11].
B c¢Bsisu ¢ atum npepcraBisier nHTEpEC n3yue-

HITe BOBMORHOCTH TipuMenenus H. erinaceus B
RayvecTBe JIECTPYKTOPA PACTUTEHLHBIX OTXO/[0B
¢ OJJHOBPEMEHHBIM MOJyYeHneM XO3SCTBeHHO
[IeHHOI BTOPUYHON NTPOJLYKI[U.

Meroanueckie 0CHOBBI KYJILTHBUPOBAHMS
rpubOB MOTYT Pas3JM4aThCsi B 3aBUCUMOCTU OT
PermoHaILHBIX 0COOCHHOCTEH CelhCKOX03I-
CTBEHHOTO TTPON3BOJICTBA W JIECHOT TTPOMBITTIIIEH-
nocr. Habop mocTymHBIX JIIsI BRIpATIUBAH NS
rpuba cydberpaTtoB (OH Ke — COCTAB PACTUTENb-
HBIX OTXO/IOB) M3MEHAETCS B 3aBUCUMOCTH OT
ROHKPETHOUW MPUPOHO-PACTUTETLHON 30HbI 1
MOYBEHHO-KJIMMaTHIecKuX ycsaopuii [12].

B nannoii pabore omeHnBaIm MepCreKT-
Bbl TIOJIYyUeHUST YPOsKas IJIOTOBBIX TeJ rpuda
H. erinaceus B niporecce yruansamum oTxo-
OB CeJbLCKOXO03AMCTBEHHOTO TPOU3BOJICTBA 1
JIeCHON MTPOMBITIIIEHHOCT B TO/I30HEe T05KHOT
raiirn CeBepo-Bocroka EBporneiickoii yacru
Poccunn.

OO0 bEeKTBI 1 METOJIbI

B rauectBe 00beKTa MCCTEIOBAHIIS CIIYRIIIA
mMutesnanbHas Kyabrypa H. erinaceus, npej-
BapuTeIbHO M30JMPOBAHHAS U3 TIIIOIOBOTO Tejia
rpuba, BBIPOCIIIEro HA CTBOJIE TIOBAJEHHOTO Ty0a
B rpaboBO-KUCANYHOI yOpaBe HA TepPUTOPUN
Hammonanbuoro napra «benoseskckas myras»
(52°29'-52°57" c. mr.; 23°21'-24°21" 8. 1., Bena-
pych).

[TpupopHbIil 30T OBLT TTOJIyYeH METOOM
RYJBTYPHI TRaHU Ha cycyao-arape (4B). [lpu
KYJBTUBUPOBAHNN TITAMM XapaKTepu30BaIcs
XOPOITeil ¢mocoOHOCTHIO K TI0000pa3oBaHMIO:
o nmepudepun Konouunii uepes 18—20 cyrok po-
CTa HAYMHAJIN TOSIBJISATLCS IPUMOPINN, & 3aTeM
bopmupoBanuch HEOOIbINE TITOOBBIE TeJa
6asumombl. [ Tp MuKpocKompoBaHuM MUTIEIUS
HaOMTO/lA/IN XapakTepHbIe s 0A3UANMHUICTOR
cTpyRTypol [13]: mpssxkm, OGaacTOROHUANN,
apTPOKOHUANN — parMeHThl KOHUAMATIbHBIX
riud), paciioioKeHHbIe TeToYKaM U, XJTaMU[0CIT0-
pBbl — WHTEePKAISPHBIE, TOJCTOCTEHHBbIe KIeTKH,
pacrosoKkenHble Ha Hexn@@epenmpoBanHbIX
rugax (puc. 1,cM. 1[B. BRIAIKY).

CrepuJIbHBIT TTOCEBHOW MWUIEJNIT KO-
BIUKA BBHIPAIUBAIN B aBTOKJIAaBUPOBAHHBIX
crekygobankax, oobémom 0,29 J1, 3al10JHEHHBIX
pacriapeHHbIM 36pPHOM OBCA, TTOKPBITHIX JIBYMSI
CoAMU THIeBol amomuaneBoit goabru. [Tpn
MMOBEPXHOCTHOI MHORYJISAIINN 3apacTaHue 3epHa
rpubHuIeit va rayouny 6ankun — 10 cm — mpo-
nexonuao Ha 15-e cyTKu BuIpaniuBaHUs MPH
romuaTHOI Temieparype (20£2°C) nna 20-e npn
BeipamuBanun npu 28 °C B Tepmocrare.

87

Teopernyeckas u npuraagnas sroxorns Ne3, 2018




ATPOIROJIOTUA

88

B kauecrtBe murarenbHoro cyberpara s
MOJIYUCeHUsI TJIOOBLIX TeJl Tpuda MCeIoab30BaIn
CMecH COJIOMbI, IyDOBBIX OIMJIOK U 36PHA 0BCA B
pasauanbix coorromenusax: 1) ommikm 50 06.%:
cosoma 90 06.%; 2) onmaku 50 06.%: 3epHo
10 06.%: comoma 40 06.%; 3) onunru 20 06.%:
sepuo 20 006.%: comoma 60 00.%; 4) onmnkm
10 06.%: 3epro 30 06.%: conoma 60 06.%.

OmBITE BaKIaBIBAIN B CTEKJIO0AHKAX, 00h-
émom 0,5 1. MacoBry cyberpara Mo BapuamTaMm
MPOBOJMJIN HA TIOMA0YHBIX Becax (TOYHOCTH
yuéra 10 r), yuér yposkass rpuboB — Ha Becax
BJITK-500 (rounocts yuéra 0,1 r). Macca cbi-
POro muTaTeJbHOTO cyberpaTa, mpu A0CTaTOuHO
mwioTHoll nabuske, cocrasisiia 170 r nwa 1 cre-
Kk106auKy. [loBTOpHOCTH BAapHAHTOB B OTBITAX
D-TH KpaTHas.

Jlng monyuenmsa B GamKaX MUTATETbHBIX
cybeTpaToB, ¢cBOOOAHBIX OT KOHTAMUHAI[UY 10~
cTopoHHEe MUKPO(IOPOTT, TPOBOAUIN CTEPUITHT -
3anuio myrém aBrorygasupoBanus (0,5 gac mpu
usopitourom gasaennn 1,0 arm.). B crepuiababix
YCJAOBUSAX cyOCTPAT MHOKYJINPOBAIN 36PHOBBIM
MOCeBHBIM MUIeJeM B KoJndecTse 0% or
Macchl cyocTpara. 3apaiuBanune cyberpara u
IJIOJOHOIIIeHNEe TPOUCXOMUIO IPU KOMHATHO
remmeparype (20+2 °C). Ha 7-e, 14-e, 20-e n
30-¢ cyT KyJILTUBUPOBAHUSA OIMEHUBAJIN TIJIOT-
HOCTH 0OOpacTanus cydcTpaTa MUTEINEM 110 6-Ti
bannbHoOl mKrane: 0 — Munenunii Ha cybcerpare
orcyreTByer; | — Muiennit ouenn peaKuil,
TJT0X0 Pas3JINUYMMbI HEBOOPYKEHHBIM TTIa30M;
2 — MUIeJHil pefkuii, MPOCBEUNBAIOIIIIICS,
XOPOIIIO BUIEH cyOCTpar; 3 — MULeJIUI cpejiHei
IJIOTHOCTH, cyOCTpar pasandamum; 4 — MUIETHi
MJIOTHBI, cybeTparT esie-esie pasandaum; o — M-
neJuil mIoTHBIN, cyberpar He pasaunuum [12].
Ha 48-e, 68-e 1 83-u cyT KyJIbTUBUPOBAHNS CO-
O pasIn IJI0J0OBHIE TeJIa e3ROBUKA 1 OTIPeJIeJI s
X BIJKHYIO U CyXYI0 G1momaccy.

OO0 MHTEeHCUBHOCTI Pa3JIoKeHIA cybeTpa-
Ta rpuboM cyuan 1Mo yoblin cyxoii 6umomac-
chbl cybeTpaTa 3a Mepuoj KyJIbTUBUPOBAHMS
rpuba.

[Tpoxyrrusrocts (11, %) wan mrogoormaay
cBIpOTO (BIasKHOCTL — 76+1%) yImoTHEHHOTO
cyOcTpaTa paccunThIBAIN KaK OTHOIIEHIE MaCChl
MJIOJIOBBIX TeJl TPUOOB, TOJYYaeMbIX ¢ OHOTO
cOCyJla B OTHEJNbHBIX BOJHAX WKW CyMMapHO, K
MCXOMHOI Macce cybeTpara, Bl pajKeHHOe B I1PO-
IeHTax:

IT, % = M nmogoBbix Test : M BiaazkHOrO cy6-
crpara B 6anke — 100% [14]. Crarucrnueckyio
006pabOTRY Pe3yILTaTOB TTPOBOJIIIN CTAHTAPTHHI-
MU MEeTOlaMU ¢ MCI0JIb30BAHNEM BCTPOEHHOTIO
narera rnporpamm EXCEL.

Pesyxbrarel n ux oocy:kaenme

B npupope esxoBuK rpebeHuaThil pacTéT Ha
JipeBecHe JUCTBEHHBIX TTOPOJI, & TIPU MCKYC-
CTBEHHOM KYJIBTHUBUPOBAHIE — HA CMECH OITIJIOK,
conoMbl, ypasknoro 3epua. OCHOBHOI KOMIIO-
HenT cyoerpara (oxomo 70%) — murarenbHbIe
HEJLTIOI030CO e PIRATIIE CeJTbCKOX03SCTBEHHBIO
orxobl [12]. B nepsbie nBe Hepenn MHTEHCUB-
HOTO KYJBTUBUPOBAHUS €JKOBIKA B CTEPUIBHBIX
YCJIOBUSX CKOPOCTh KOJOHU3AINU cyOcTpara
OblIa HUBKOW (puc. 2, M. BETHYIO BRJIAJRY).
R 7-m cyT coabbiit pocT MUTe s OTMedaJics
TOJLKO B BAPUAHTE ¢ BKJIIOYCHIEM B COCTaB IT1-
raresbHOro cyberpara 30% osesHoro 3epHa. B
aToM Bapuante Ha 14 cyT u Bo Bce nmoceyorine
CPOKM HAOJIOEHUSsT OTMeYaIn MAaKCHUMaTbHYIO
MJIOTHOCTH MUTIEJINS, 8 MUHUMAJIbHYIO — Ha cy0-
cTpare, COCTOSAIIEM TOJIHKO 13 OMUIOK I COJTOMBI.
Bapuanre ¢ jobaBienem B nuraTeabHbli cy0-
crpar 3epHa B koandectse 10 u 20% pasiamuanuch
MesRLy co00ii cauajia HeanaunTenabno. Haunnas
¢ 14 cyr, 6ombIiieli MIOTHOCTHIO MUTIEJTUATBHOTO
obpacranust OTIYaNcs cyoeTpar, coepsRaimi
B cocrase 20% oscsanoro 3epua. [lomnas koso-
Huzanus cyoerpara mutesnunem (6 6amnon) 3a-
Bepmimiach K 30 cyT KyJIbTUBUPOBaHMS Tpuda
B Bapuanre ¢ 30%-HbIM cojepskanmemM 3epHa,
TOTJla KaK MJIOTHOCTH obpacranmsa cybcrpara
B BapmanTe 6e3 odaBIeHsA 3epHa, K STOMY Bpe-
MeHU, BCE e1nié He mpeBbiinaa 3-x oasion. Takum
00pasom, Jijisi HHTeHCHBHOTO KYJIBTUBUPOBAHUS
TepPUINs HeOOXOMMbIM KOMITOHEHTOM ITHTATe T h-
HOW cMecH, HAPAAY ¢ COJTOMON T JIPeBECHLIMNT
ONUJIKAMU, SIBJISCTCS JTeTKOTHIAPOJIN3YEeM bl
cyberpar — 3epro (30 06.%).

Ha 36 cyr nocne nnorymasinun cyberpara
OBIJIO OTMEYEHO TOSABICHIEe 3a4aTOUYHBIX MTPH-
Mopjuen, a emié yepes 9—12 cyr 3aseprinioch
(opMuUpoBaHUe TEXHUYECKH 3PEJIbIX ILIOJ[OBBIX
Tesi 6eJIoro 1BeTa, NHOITA ¢ KPeMOBBIM UJIM PO-
30BBIM OoTTeHKOM. IL1omosoie Tenta H. erinaceus
MePBOIT «BOJTHBI» — HEyKHbBIE, OKPYTIION (GOPMBI,
MaKCUMaJIbHbIIL firaMerp 0—6 ¢M, Macca OlHOTO
713 TITIOTOBOTO Tedt JocTurasa B omnite 16,98 1. Bro-
PyIo BOJIHY ITof0HOIIeHus1 Habaonann yepes 20,
Tperbio — depes 15 cyrok. Beero 6b110 ormMedeno
TPY BOJTHBI TJIOJIOHOITIEH S,

Rax caemyer usz rabnuint 1, nanbosee Bbi-
COKNIl CyMMapHBII YpOsKail IJOJOBBIX TeJl
(38,40+£2,07 r) momyuen Ha cybcrpare, cOCTOs-
mem 13 10% ny6oBeix onmiaor, 30% oscstrHoro
sepua 1 60% oBcstHoIT coombl. Ha cyGerpare u3
OTIMITOK T COJIOMBI, 03 ModaBIeHIA 3epHa, YPo-
JRall TJIOJIOBBIX TeJT oKasancs B 6,2 paza HUKe,
T. €. ObLI caMbIM HUBKUM B onibiTe (6,20+0,51 1).
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Tadauna 1 / Table 1
CpaBHurenbHast HIPOJYKTUBHOCTD H. erinacews mpu NHTEHCUBHOM KYJIBTUBUPOBAHUN HA TTNTATEHHBIX
cyberparax pasaununoro cocrasa / Comparative productivity of H. erinaceus with intensive cultivation on

nutrient substrates of different composition

Vposxaii rpuboB 1o Bapuanram cyberpara (KOJMIecTBO 3epHa B cOCTaBe
Homep BOJIHBI I/I0IOHOIICHIS: CYT cmectt, 00. %) / Harvesting of mushrooms according to the variants of the
Fruit wave number: day substrate (amount of grain in the mixture, vol.%)
0 10 20 30
2,40+0,53 4,50+1,10 4,30+0,90 15,20+1,19
1-s1:/1-st 48
0,30+0,07 0,50+0,11 0,50+0,10 1,90+0,18
2,50+0,57 5,60+1,12 9,10+0,86 15,60+1,34
2-51/2-nd: 68
0,30+0,04 0,60+0,11 1,00+0,12 1,50+0,39
1,40+0,43 3,10+0,77 3,90+1,00 7,00+3,68
3-51/3-th: 83
0,17+0,05 0,350+0,086 0,62+0,11 0,84+0,41
CyMMHpHO 6,20i0,51 13,20i0,99 17,30i0,92 38,40t2,07
Totally 0,70+0,05 1,50£0,11 1,900,11 4,20+0,29
Hpumenwanue: 6 wuciumene — colpas Macca, 8 SHAMCHAMENLE — CYLAL MACCA, 2.
Note: in the numerator — the raw mass, in the denominator — dry mass, g.
g X2
° § BONHA
E S 15 NNOAOHOWEHUA
g "§ fruiting wave
I a
S |
£g \ l
23 s /¥ A
<> /3R
0 & & / 2-a
0 e
10 20 1-a
30
AonA 3epHa B cybcTparte
share of grain in the substrate, vol.%

Pue. 3. [Liogoorgaua ceiporo cyoerpara (%) ¢ pasanunbiM HACBIIIEHITEM
36pHOM OBca Npu Beipaiusanuu H. erinaceus
Fig. 3. Fruit yield of a raw substrate (%) with different grain saturation
of oats during the growth of I. erinaceus

[Tpu nobaBienun B cocraB nmuTaTeJbHON CMe-
cn 10 06.% sepHa u yBeJMYeHUM €ro JOJIN 10
30 06.% yposkaiimocts BodpacTasa, 0co0eHHO
3HAYMTEILIO B TTocaeaneM sapuanTe. CyberpaTs,
copepsxamiue 10 1 20 06.% 3eprosoii fobaBKu, 110
BBIXOJY TLIOMOBBIX Tl MeFKIY CODOI CYIecTBeH-
HO He pa3indajinch. ¥ PosKaiiHoCTh rpuba B HTHX
BapuaHTax ObljIa B 4 pasa HUyKe, YeM B BapuaHTe
¢ nodassiernuem 30 06.% sepua, Ho B 2 pasa BbIIIIe,
yeM Ha cydcTpaTe, COCTOAIEM TOTbLKO M3 OMIIOK
1 COJIOMBI, 03 BBeJeHUs JIeTKOTHPOIN3yeMOil
«3aTpaBKM» B BUJIE OBCSTHOTO 3epPHA.

Bropasi Bonna nioponotnennst rpuba xa-
paKTepu3oBasiach 1Mo CPAaBHEHUIO ¢ TIePBOI Hosee
BBICOKUM BBIXOIOM OMOMACCHI MJIOOBBIX TeJ.
YposkaiiHocTh yBeJnYnBaiach BO BCeX Bapu-
aHTax, Ho HamboJee 3HAUNTETLHO (DOoJiee yeM
B 2 paza) — B Bapuante ¢ jodasiernnem 20 00.%
3epua (9,10+£0,86 ).

Yposkaii MI0JOBBIX TeJl TPeTbeil BOJHBI
IIJIOJIOHOTIIEHU Sl TePUILHS YCTYIIAJ TIePBBIM [BYM
BosrHam B 1,2—2,0 pasa, B 3aBUCUMOCTH OT COCTaBa
nuraresbHOro cybcrpara. OcobeHHO 3HAUNTE I h-
HO, 110 CPABHEHUTO C YPOJKaeM MepBOii BOJHBI,

89
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CHUBUJICS BBIXO/ TJIOIOBBIX TeJI Tpuba B BapuaHTe
¢ 30 00.% sepHa.

AHanusupyst moJydeHHbIe JTaHHbIe 110 BbI-
palBaHIIO IJIOIOBLIX TeJt H. erinaceus na nura-
TeJIbHBIX CyOCTpaTax ¢ pa3inyHbIM COjlepRaHIeM
3epHa, MOJKHO 3aRJIOUHITh, 4TO HAJIMYNE B COCTABE
cybcTpara JerKoTupon3yeMoil «3aTpaBRu» —
obsi3aTenbHoe yeaoBue d(PEPeRTUBHON KOJOHM-
3ary 1 (POPMUPOBAHUS TIITOOBHIX TeJ TPubdAa.

Basknpim 1mokasaresieM 1npu WHTEHCHBHOM
KYJBTUBUPOBAHUI IPUOOB SIBJSIETCS TTPOJTYKTHB-
Hocth (11%) wnm naopoornava chiporo (Biask-
Hocth 77+1%) ynnoruénnoro cyberpara. Irtor
nmoKasaTesb (JI7Isi OTHEJNbHBIX «BOJTH» IJIOIOHO-
IMeHNsI 1 CyMMapHBIi) puBeEH Ha PUCYHKe 3.

Rax coemyer u3 lanHbIX puCcyHKa 3, MJI0/10-
orjlaua cyobcrpaTa B Kask/0ll 13 BOJIH IIJIOOHO-
MMeHNsT U3BMEHSJINCh B 3aBUCHMOCTH OT COCTaBa
MUTATeJILHOI cMecH, Bo3pactas mpormopIiuo-
HaJIbHO Jloe 3epHa B cyberpare or 0,8—1,5% B
Bapuanre 6e3 3epHOBOI HobaBkuM 10 4,4—9,1%
B Bapuantre ¢ gobasaernuem 30 06.% sepna osca.
B mporiecce rysasruBupoBanus rpuda, mo mepe
CHUZKEeHWsI KOHI[eHTpAInu B cybcTpare Jerko-
TUPOJIN3YEMOT0 KOMITOHEHTA, Pa3JINYnsi MEFKILY
BapuaHTaMU 110 HTOMY [OKa3aTeN0 CrIaKuBa-
nauck. Tak, pasnmuns MesRILY ABYMsI KpaitHuMu
BapuaHTaMU B I€PUOJL 3-1 BOJIHBI TIOIOHONTEH ST
He TMPeBBITIAIN 0,d pas, Torna Kak Bo Bpems 1-ii
BOJIHBI OHT COCTABISIN 6,4 pasa.

[Tpu McKyccTBEHHOM RYJIBTUBUPOBAHUN
BCe HEOOXOJIMMBIe JIJIsI POCTA BEIecTBA eKOBUK
W3BJIEKAET N3 cyOCTPaTOB 3a CUET MX (pepMeHTa-
TUBHOTO PA3JIOKEHUsT KOMILIEKCOM I1eJLTI0Na3.
Yacrb yriepopa, HoJaydaemMoro npu jaerpajiarim
cyberpara, pacxoyercst Ha CuHTe3 TpubHOT 610-
MAacChl, & IPyras 4actb, B MpoIlecce JbIXaHus,
BBIJIEJISIETCST B BUjle yrierucaoro raza [15]. B
pesyJibraTe 3THX MPOTeccoB Hrmomacca cyocrpara
ymenbinaercs. Takum obpasom, 1o youLim 610-

Macchl cybeTpara MOKHO CY/UTH O CTeTIeHN ero
paznoskenus. [19]

B mporecce KyabruBupoBaHus rpuda Ha
cMecn }IY6OBBIX OIIMJIOK 1M COJIOMbBI B paBHbIX
cootHoteHnax (Bap. 1) macca mexoguoro cy6-
cTpara cunaniach Beero na 17,3 1, 1. e. cremenn
pasnoskenmns cocramaa 10% (rabdu. 2).

Bapuanrel 2 n 3, ¢ jodaBieHneM 0BCSTHOTO
sepua B Kosmuectse 10 1 20 06.% coorBercrBer-
HO, 110 YObLIM OuroMacchl cybcTpara u crereHn
ero pasJioKeHMsT MesKILy cODOT 3HAUYMMO He pas-
JMYAINCh, peBbicuB Bapuant 1 Bcero ma 6-7%.
HawubGosnbimeii gerpagarnm 3a mepuoy HabIofe-
HI IOIBEPrCst cy0eTpaT B BApuanTe 4, KOTOPbIi
coepskan 10 06.% ny6osuix onminok, 30 06.%
osesiroro 3epua n 60 06.% comombr. Macca ue-
XOJIHOTO cyOcTpaTa CHU3UIACh B ATOM BapuaHTe
ma 01,71, a crenens pa3TosKeHNA PACTUTETHHBIX
orxo0B cocrasuaa 34%.

[TonyueHHbie pes3yJibrarTbl IOKA3bIBAIOT, YTO
Mpu KYJbTHBUPOBAHNET KCUIOTPOPHOTO Tpuba
H. erinaceus, 1iist TOCTHREHUST BBICOKOM CTOITOH I
Ouojerpafanum mMeJJioJ030- U JUTHUHCOIEP-
FKAIMIX OTXO/IOB U TIOJYYCHWS MAaKCUMAaTIbHOTO
YPOJKast IJIOJOBHIX TeJI B COCTAB MUTATEJHHOTO
cyberpara He0OXOUMO BKJIIOYATH JIETKOTHPO-
JIU3YeMblii 36PHOBOIl KOMITOHEHT B KOJTMYECTBE He
menee 30 06.%. Mamensist kKonmenTpaimio 3epHa,
MOKHO PeryJnpoBaTh CKOPOCTh POCTA MULIE S,
BbBIXO/] 6I/IOMElCCbI IIJIOJIOBBIX TeJI 1 CTelleHb 6I/IO-
nerpajanuu cyocrpara. BeposiTHO, 3epHOBOII
ROMIIOHEHT cybeTpara CayRAT creruduiecKoil
3aTPaBKOIl, KOTOpas 3amycKaer y rpuba cuHTes
(bepMeHTATHBHOTO KOMILIIEKCA TeJIITI0a3.

3araoueHue
B nporecce rynsrusuposanus rpuba /. eri-

naceus MOHO pellinTb He TOJIbKO BOIIPOC 110~
JIydeHUud NUIeBoro npoaAyKkTa B Buje 1Ja0J0BbIX

Tadauna 2 / Table 2

Crernenb Guosierpajanuy cyocTpaToB B pesysbrate RyJabruBupoBanus . erinaceus

The degree of biodegradation of substrates

resulting from the cultivation of H. erinaceus

Bapunanr Macca cyberpara mociie

Variant RYJIBTUBUPOBAHUSA Tprda, 1
Mass of the substrate after
cultivation of the fungus, g

Crenenn pasnozkenns cyoerpara, %
Degree of decomposition
of the substrate,%

Yoo cybeTpara, T
Loss of substrate, g

1 153,0+2,6 17,3 10
2 142,0+4,2 28,2 16
3 140,0+5,2 29,3 17
4 118,0+3,0 01,7 34

leI/.M(flL(I/HLL(‘,'.' 0003HAUeHIL sapuarmos kak Ha PucyHre 1.

Note: the designations of the options are as in Figure 1.
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TeJl 1 OMOJIOTUYECKU aKTUBHBIX cyOCTaHI[MIA,
HO U TARYIO aKTYaJAbHYIO 1POOAeMY, KaKk yTH-
JIU3AIUS EeJJTI0J030- U JUTHUHCO/ePRATIIX
OTXOMIOB CEJIBLCKOTO X035 MUCTBA U JIECHO TTPO-
MbITIIeHHOCTH. brarogaps oborarmennio
MaJIOIEHHBIX TPYOBIX PACTUTETbHBIX OTXO0B
rpubOHBIM GeaKOM, oTpaboTamubLIil cydbeTpar
MOZKET CTaTh X0POIIeil KOPMOBOI JI00aBKOT JIJ1s1
CeJTBCKOXOSHﬁCTBeHHBTX FKUBOTHBIX 11 IITUILHI, &
TaKsKe MepCcleKTUBHON cybcraniiuedi st 000-
ramieHns MOYBbl OPraHUYECKUM BEIeCTBOM.
Tarum 06paszom, NCKYcCTBEHHOE BhIpATUBaHIE
€KOBUKA rpedeHYaTOr0 MOYKET BHECTH BRI/ B
pettierne NpodaeMbl OTXOI0B CEJILCKOTO X031 -
CTBA U JIECHOU MTPOMBITIIJIEHHOCTH ¢ OJITHOBpe-
MEHHDBIM TOJIyueHUeM XO03SHCTBeHHO I[eHHOU

MPONYKIIUN.

Botnoaneno ¢ pamrax Ipoepammovr OHU 20cy-
dapcmeennvix akademuil nayk na 2013-2020 ze. no
meme Ne 0767-2018-0012 «M3yuumos nomenyuan
ROAUPYHEYUOHAABHO20 JCTLCMBUSL MUY CAUALLHBLL
MUEDOOP2AHUIMO8 8 PELUOHAALHBLY MUNAX NOUE ¢
ueablo co30anus HOBbLLX RPERAPAMO8 04 nosbLULE-
HUA adanmuéiocmu U IK0L02U1ecKkoll beonacnocmu
pacmenuegodcmea u 3auuimst Okpyxcaiouyeii cpedst
0Mm 3a2psA3HeHUL».
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M COPOIMONHOI AKTHBHOCTLIO, TI0 TEXHUYECKNM XapaKTepucTHKaM, mapaMmerpaM MmopucToil cTpyKTYphl He YeTymaior
arTUBHOMY yriio Mapkn Al'-3, muporo ncnonb3yeMomy Jist O4NCTRI ¢TOUHBIX BOJ. Oc06eHHOCTRLIO YITIePOHBIX COPOEHTOR
U3 JTUTHOCYTH(OHATOB SIBJSETCS MOBBIIIIEHHAS aHHOHOOOMeHHast c1iocoOHOCTh. OG0CHOBaHA BO3MOKHOCTh HCITOJNb30BAH NS
cOpOEHTOB JIJIsI OUNCTKI CTOYHLIX BOJI, cojepsRamux omxpomar - monbl. Crarnueckas copbrmonnas émrocts mo Cr(VI)
cocrasmia 49,0 mr/T.

Karouesoie crosa: muriocynbHoHaThl, YIIePOAHLIe COPOCHTHI, MOPMCTAs CTPYRTYPA, COPOIMOTHAST AKTHBHOCTD,
nonoobMenHast 6MKROCTh, notbl xpoma Cr(VI).

Method for processing lignin-containing wastes from the paper industry
to produce sorbents for wastewater treatment

© 2018. Y. 1. Vaysman, I. S. Glushankova ORCID: 0000-0003-3376-80009
E. S. Shirinkina ORCID: 0000-0002-0244-41109 S.F. DaVletOVﬁ,

Perm National Research Polytechnic University,

29 Komsomolskiy Prospect, Perm, Perm Region, Russia, 614990,
e-mail: irina_chem@mail.ru, tatarkus@yandex.ru

Pulp and paper mill requires large amount of resources and energy. Technological processes of pulp and paper
mill are associated with high water consumption (10-20 m? per ton of final product) and high consumption of wood
raw materials and electricity (1080—-1100 kg of raw materials and 300-350 kWh of electricity per ton of final product).

The most environmentally hazardous objects in pulp and paper mills are cellulose production, which is followed by
the formation of liquid waste — waste liquors containing lignosulfonates, the treatment of lignosulfonates is a compli-
cated technological problem. Lignosulfonates are practically not subjected to biological degradation and the extraction
of liquor together with industrial wastewater into biological treatment facilities leads to a significant reduction in the
efficiency of water purification and increase contamination of hydrosphere objects. Despite the possibility of using liquid
lignosulfonates as surfactants, reagents for the preparation of drilling muds, a binder in the production of wood chip-
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boards, fiberboards, the scale of their use is limited due to the volatility of the composition and structure of the waste. The
disposal of waste at landfill sites leads to long negalive impacts on environmental objects, incineration of waste will be
followed by emissions of toxic substances and it would be necessary to use expensive waste gas purification technologies.

One of the directions of lignosulfonates treatment is their thermal destruction with the production of carbon sor-
bents, which allows not only treating waste, but also obtaining cheap sorption materials for wastewater and gas emissions
treatment.

The paper presents the results of thermochemical pyrolysis process researches of lignosulfonates formed during the
production of cellulose from birch chips, the results of obtaining carbon sorbents, determining the main factors affecting
the yield of the sorbent, its physicochemical and sorption properties: the pyrolysis temperature, the processing time, the
ratio of lignosulfonate: hydroxide potassium. Determination of the sorbents porous structure parameters and the specific
surface was carried out on the basis of an analysis of nitrogen adsorption isotherms at a temperature of 77 K (-196 °C)
obtained from the Quantum Hydrocarbon Analyzer NOVA 1200e and calculated using the metod BET (Brunauer, Em-
mett and Teller) of the polymolecular adsorption theory and the Dubinin-Radushkevich equation of micropores volume

theory filling.

The obtained samples of sorbents has a high specific surface (720—1080 m?/g) and hight sorption activity and
according to technical characteristics, the parameters of the porous structure are equal to active carbon of AG-3 grade

widely used for wastewater treatment.

A feature of carbon sorbents from lignosulfonates is an increased anion exchange capacity. The possibility of using
sorbents for wastewater treatment containing bichromate ions is researched. The static sorption capacity for Cr(VI) was
49.0 mg/g. The developed method allows not only to treat waste, but also to obtain efficient sorbents for ecological purpose.

Keywords: lignosulfonates, carbon sorbents, porous structure, sorption activity, ion-exchange capacity, chro-

mium ions.

[TpenmpusiTus 1meI0a03H0-0yMasKHOI TPO-
mbimnennoctu (IBIT) asasiorest pecypco- n
HHEProOEMKIMU TPOUBBOJICTBEHHBIMU OO'bEKTAMU.
TexHosornvyeckue mpoIecchl CBsI3aHbI ¢ BHICO-
kM Boptoriorpedbaerem (10-20 m* va 1 Tonny
rOTOBO¥ MPOJYRIINN), PACXOMOM J[PEBECHOTO
coipbs u snerTposreprun (1080—1100 kr cwipbs
1 300—-350 kBr asiekrposneprun Ha 1 ToHHY 11pO-
YK ).

Haunbonee pkomornuecku omacubiM 00beK-
TOM Ha HEeJTI0I03HO-0YMaKHbIX [TPEJIPUATUSIX
SBJISIETCS TTPOUBBOJICTBO TEJITI0JI03bI, COITPOBO-
JKIatoIeecs: 0opazoBaHmeM SRUIKIX OTXOJ0B —
0TpaboTaHHBIX BAPOUYHBIX 1116T0K0B. B pe3yibrare
00pabOTKY TIETIBI JIPeBECITHBI BAPOUHBIM PACTBO-
POM, COJlepsRAIIUM COJIN CePHUCTOI WU CePHOTT
KUCJIOT, IPOUCXO/UT OTeJeHIe [eJIJTI0JI03bl OT
JUTHUHA, KOTOPHIN B BUJE JUTHOCYIH(HOHATOB
epexouT B otpadborantble MeoKa. J[nraocynn-
douarsr (JIC) mpepcrabisitor coboii BHICOKOMO-
neryassipabie coepuuennst (2000—10000 r/mounb)
CJIOKHOTO XUMUYecKoro cocraBa. Markpomode-
KYJIbl TUTHOCYAbPOHATOB COCTOAT U3 PeHUI-
MPOMAHOBBIX 3BEHBEB, COCMHEHHBIX MEK/Y
coboii B TpéxmepHyto ctpyrrypy [1]. Jluraun n
JUTHOCYTh(OHATHI TTPAKTHYECKN He IojBepra-
0TCs OMOJIOTUYECKOI JIeCTPYKITNN 1 OTBeJleHme
MEJI0Ka COBMECTHO C IPOM3BONCTBEHHBIMU
CTOYHBIMI BOIAMU HA ONOJIOTUYECKIe OUNCTHBIe
COOPYJKEHMUS TPUBOIUT K HAPYIIEHUIO NX pado-
TBI, 3HAYUTENHHOMY CHUKEHNTO d(PPEKRTUBHOCTH
OYNCTKU CTOYHBIX BOJI, 3aTPSIBHEHNIO 0O'bEKTOB
rugpocdepsl.

Ha 6omnbmimncerse npegnpusituii L BIT memno-
Ka IIO/[BEPraoT yIapuBaHIIO C TOJIyYeHIeM K IU/1-

KuX TexHmuyeckux jguruocyiabdonaros (HRJIC)
AN CyHIKe ¢ IOJy4eHreM OPOITKOOOpasHbIX
aurnocyibdonaros (ILJIC). Jlurnocynbdonars
00J1aIal0T CBOTICTBAMM TIOBEPXHOCTHO-aKTUBHBIX
BEIIeCTB U U3BECTHO UX IIPUMEHEeHIE B KauecTBe
CBA3YIONEro Marepuasa s GOPMOBOYHBIX U
CTEPyRIEBHIX cMeceil B TNTeIHOM TPON3BOJICTRE;
nenoobpasoBaresieil Ipu KUCJIOTHOM TPaBIEHUN
MeTaJIJIOB; PeareHToB JJisi IPUTOTOBIeHUs OY-
POBBIX PACTBOPOB; CBA3YIONEr0 KOMIIOHEHTA B
HPOU3BBOJICTBE JIPEBECHO-CTPYKEUHBIX, JIPEBEC-
HOBOJIOKHUCTBIX TIUT U harepwl [2-7].

Crieryer oTMETHTE, 4TO MACIITAObI HCITOJIH30-
BaHUS INTHOCYTH(DOHATOB OIPAHUYEHbI, YTO CBSI-
3aHO C HETIOCTOSTHCTBOM X COCTABA 1 CTPYKTYPhI.
06mém obpasyomuxcs JIC wacro mpeswiTmaer
CIIPOC, 1 MX pa3MellleHre B OKPYyKalolei cpeje
Ha TOJIMTOHAX TPOMBIIIIEHHBIX OTXO0B IIPUBO-
AT K JVIATeJIbHBIM HeTaTHBHBIM BO3/IeHCTBISAM
Ha 00beKTHI OKpYsRalieil cpenbl. Habmonaro-
eecst B 1ocJieflHee BpeMsi yBesndenne oobéma
npousBojictBa Gymarn u Kaprona B Poccun co-
poBosKaaeTcs n pocrom 00béMoB JIC, mosromy
paciiupenne obaacreil X MCHOIb30BAHUS,
pa3paboTka HOBLIX dPPEKTUBHBIX TEXHOJIOTHI
nepepaborku JIC siBrsiercst akTyaabHOI 3aj1a4ei.

Anann3 HayuyHO-TeXHUYecKoii mHdopMaIum
MOKA3aJ1, YT0 OJIHUM 13 HATIpaBJIeH Uil epepador-
KU 1 yTUJIU3AINT JIUTHIUHA 1 JINTHOCYJIbOHATOB
ABJSIETCS WX TepMUYecKasi MeCTPYKIHA ¢ 10-
JY4eHIeM YIJIepOIHbIX COPOHTOB — aKTUBHBIX
yraeir (AY).

AY upepcraBisgior codoil pazHOBUIHOCTH
MUKPOKPUCTAIIINYECKOTO YITIepojia, COlepsRaT
no 2/3 amopdHoro yriaepoga u rpauToBbie
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KPUCTAJTUTDI, COCTOSIINE U3 MJI0CKOCTel, 00-
pa3oBaHHBIX KOHIEHCUPOBAHHBIMI apOMaTu-
YeCKIMY KOJIBIAMI, HO TUITMYHAS J1Jisi rpadura
OpMEeHTAINS OTeJbHBIX IIJIOCKOCTEl HapyIIeHa,
4acTh CJI0EB OECIOPSAOUHO CIABUHYTA OTHOCH-
TesibHO pYT Apyra. Heoproponnas macca, co-
CTOAIIAA N3 KPUCTAJLIUTOB rpadura n amopdHoro
yriaepojia, 00ycJa0BANBaET HEOOBIYHYIO TIOPUCTYTO
cTpykRTypy AY, pecTaBisiioniyio COBOKYITHOCTh
Mukpo- (pazmep 0,6—1,7 um), meso- (1,7-50 rwm)
u Makporop (6onee 50 um). AY copepsur u re-
TEPOATOMBI, HAIIPUMep, KNCJTOPOJI, a30T, & TAKIKe
MOBEPXHOCTHBIE KUCIOPOcOepsKatime QyHK-
IUOHAJIbHBIE TPYIIIIbI (KapOOKCUIbHbBIE, (DeHOb-
ubie u 7p.) [8]. Ipu nuposmnse n kapbornsamnn
YIJIEBOJIOPOJICO/IE PIKRAIIIETO ChIPbs, 001a/[al0ITeT0
apoMaTnvecKoll CTpyKTypoii, popmupyercs yrie-
POHBITT TPaUTOBBIN KapKac, Mocaeyonas
ARTUBAIMSA TAPOM WM XUMHYECKUMU peareH-
ramu (pocopHas RucaoTa, XJAOPUJL UHKA, TH-
MPOKCH/L KU NN HATPUs, KapOoHAT HATPUS 11
p.) 03BOJIsIeT ¢chOPMUPOBATH MITKPOTIOPUCTYTO
CTPYKTYpPY copbeHTa.

Brarogaps yHuRaIbHOW TOPHCTOT CTPYK-
Type n GUBUKO-XUMUUYECKUM cBolicTBaM, AY
HAXOJAT NIUPOKOE IPpUMeHeHNe B TeXHOJI0rnye-
CRUX ITPOIleccax 3aIuThl OKPYsKRAIOIIel cpeJibl OT
MPOMBIIIIJIEHHbIX 3arpsisHennii. be3 ncronb3oba-
HUST YIJIEPOJHBIX COPOEHTOB 4aCcTO HEBO3MOKHO
00ecIeunTh OUNCTKY CTOUYHBIX BOJI OT TORCUYHBIX
OpraHmYecKux MpuMeceil 0 HOpMaTuBHBIX Tpe-
OGoBaHMIl K cOOPY OUHMITIEHHOT BOJILI B TTPUPOJIHBIE
BOJIOEMBI.

OCHOBHBIM HCTOYHUKOM CBHIPHS JIJIST OJTY-
yenust AY ABISIOTCS KaMEHHbBIe 1 Oypble Y —
HEBO300HOBJsIEMbIe PeCypehl 1 HanboIee HKO-
HOMUYECKH T[eJIec000pasto ncrnob30BaHme st
ATUX TleJIeil MHOTOTOHHARHBIX YIJIePOJICOIe prKa-
IMUX OTXOJIOB: JIUTHWHA W JUTHOCYJIH(OHATOR,
MOTUMEPHBIX 0TXO/I0B 1 7ip. [9—20].

Hawubosee uccepoBanbl criocodbl mosyye-
HUs u nmpuMeHenuss AY u3 rujpoans3HOTO JINUr-
HITHA — OTXOJa M'M/{POJIN3HOT TPOMBIIITIEHHOCT]
[10—18]. Ilpomecc n3roroBiaernust copbeHra
COCTOUT M3 CTAJNN TNPOJTN3A BHICYMIEHHHOTO
auranna mpu remeparype 450—500 °C u akru-
BAIMU MOJY4eHHOTO KapboHmM3ara mapoM Ipu
800-900 °C wyim B ipucyTCTBUN peareHToB (Xu-
MuYecKast akTUBaIns).

B nacrosiiiee BpeMsi JIJIs TOJTy4eHUsT BbI-
COKOKAYeCTBEHHBIX MUKPOIMOPUCTHIX AY nc-
MOJIL3YIOTCA METO/Ibl XUMUUYECKON aKTUBAIIN.
Nasectunl cmocoObl narorosaerns AY tepmo-
00paboTKOI AUTHUHA, MOAUMUITTPOBAHHOTO
H,PO,, npu remneparypax kapbonusarun (300—
600 °C) [12]. ¥YnenbHas MOBePXHOCTDL TTOJY-

YeHHbIX 00pasios cocrasisaa 650-700 m>/r,
00bEM MUKPO- 11 ME30TIOP B 3aBUCUMOCTH OT YCJIO-
BUIT TosyueHus namensics B mpesenax or 0,06
u 0,45 cm? /1. YeranoBieHa crocoOHOCTh CoOpHeH-
TOB K M3BJIEYEHNIO U3 BOJHBIX PACTBOPOB Kpa-
curesieil, MOHOB TAMKEIBIX METAIOB, (DEHOIOB.
B paborax [13—17] moraszama BOBMOMKHOCTD T0-
ayderust AY Ha OCHOBe MHJIPOJUBHOTO JINTHIHA
MeTO/OM KapOOHM3ATNN 1 TOCIeYIONe akTi-
Baruu kapbonarom Kanus [14], rugporcumom
rasiust [15, 16] u rugporcumom narpus [17].

Neenenosan cmocod nosxyuerust AY myrém
KapboHmzanuu meéaoka, oopasyonerocs mpu
cyJib(PaTHON BapKe 1EeJJII0JI03bl U3 TIebl XBOTi-
ubIx mopog, npu 600 °C B npucyrecrsun RKOH nan
NaOH u mocneyionieii maporasoBoit akTUBAT{AT
npu remmeparype 900 °C [18-20].

[lenn macrosmmed paborel — paszpaborTka
crocoda yTuim3ainm TepMoXuMIdecKoil epepa-
OOTKM JRUNKUX JIMTHUHOCYTbHOHATOB, 00pasyio-
MUXCSA TPU CYJIBMOUTHON BapKe et bl 0epéssl, ¢
MOJIy4eHneM HeoporuxX n 3(PEeRTUBHBIX yTie-
POHBIX COPOEHTOB JIJIsI OUMCTKI CTOYHBIX BOJI.

Unes paspabarbiBaeMoro criocoda mosyue-
HIS yriepopHoro copoenra s sruakux J1C B 3a-
RJTI0UAETCs B TePMOXUMUUCCKOM TTUPOINBE ChIPhsT
B IIPUCYTCTBUM MUpoKcna Kasus. [Tpu remie-
parypax 600-800 °C B mpucyTcTBUT THIPOKCHTIA
KaJinsi 1 1IapOB BOJIbI IPOTEKAIOT IIPOIECChI Kap-
oonmzarnuu JIC u ux akrusarnuu. B mpucyrcrun
IUIPOKCHUIA KAJTUsA POUCXOMUT paciierieHne
ceszeit C-C, rereponurgos JIC, comepsraimnx
cssian C-O, m popMupoBanme yriepojHoro Kap-
raca. [Ipu remmneparypax poiiie 500 °C Bo3MO3KHO
MPOTeKAHE OKICINTEIbHO-BOCCTAHOBUTETHHBIX
pearinii THAPOKCHUIA KaJnsa ¢ 00pasyionmmMcst
yIJIepogoM ¢ oOpasoBanmeM KaJust, KOTOPbIil
WHTEPRATMPYETCSA B KapKac yrJiepojHoTo cKe-
JIeTa, 4To obJerdaeT mporece pasjie/ieHins CI0EB
B hopMuUpYIOMUXCSA KpUcTaAanTax rpadura un
obpaszosamme murpotnop [20].

O0BbeKTBI 1 MEeTOBI MCCICOBAHS

B pabore B KauecTBe nperypcopa s 10-
ayderns yraepoaabix copbenton (Y CG) Obrmm nc-
M0JIb30BAHBI yHIAPEHHbIe 0TPaboTaHHbIe TIET0KA,
00pasyIonmecs pu MOJYIeHNN Me/TI0J03bI 13
menbl 6epésbl, XapaKTepueTnKa KOTOPBIX TTPejl-
crasjiena B Tadsauie 1.

[Tosryuenue yriaepoanbix cop6eHTOB B TIPU-
CYTCTBUM TUAPOKCHUIA KAJTUA OCYIIECTRIAIN
cleyomnumM ob6pazom: 00pPasIbl yITapeHHbIX
ménokos (FHJIC) cmemmBanm B onipeieénmom
COOTHOTIEHUN ¢ MOPOTTKOOOPAZHBIM THIPOK-
CUIOM KaJWs W MOABEPrajan IPanyInpoBaHIIO
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Ta6auma 1 / Table 1

CroiicTBa necaeyeMoro o6pasia ynapeHHoro oTpaboTaHHoro méIoKa
Properties of the tested sample of evaporated spent lye

Bremmmmii sy, wser / Appearance, color Bstzrast srupkocTsh KapaMesabHOTO TIBeTa
’ ’ Viscous liquid of caramel color

Baasguwocers, % / Humidity, % 45+)H
Maccosas JLOIIS CYXTIX BEIects, % 50.342.5
Mass fraction of dry substances, %
MaccoBast o151 3061 K Macce CyXux Berniects, % 20 1£1.0
Mass fraction of ash to the mass of solids, % Y
RowutierTpariust MOHOB BOOPOIIA PacTBOPA
nuraocynb@onaros, pH / The concentration 6,10+0,06
of hydrogen ions of a solution of lignosulfonates, pH
MaccoBast osis1 peyIupyonnx BeIecTs K Macce
cyxux Bemiects, % / Mass fraction of reducing 9,60,
substances to the mass of solids, %
[Lrornocts, kr/m* (temneparypa 20 °C) -

. A 1277+26
Density, kg/m? (temperature 20 °C)

METOJIOM DKCTPY3UN B IIHEKOBOM TPaHYJISTOPE,
3areM Mojcyienube 1o Brazknoctn 25—30%
IpaHyJIbl ITMPOTI30BATH B 1AO0PATOPHOII ITeun My-
esibroro Tnna (ckopocts Harpesa 10 °C/mun) nipn
remmieparype 600 1 800 °C B reuenne 60 mun. ITo-
JydeHHbIe 00Pa3Ihl COPOEHTOB TIPOMBIBAINCH 10
HeirpajibHoil pH 1poMbIBHOI BOJbI 1 BBICYIIIN-
Baguck npu remieparype 105 °C o nmocrostnnoii
Maccehl. MeemenoBanoch BausiHme TeMIepaTyphbl
" Jl03Bl peareHTa Ha copOIMOHHBIE CBOICTBA
MOJTYUYeHHBIX 00pa3IloB YIIePOHBIX COPOEHTOR.

AHan3 MOPUCTOl CTPYKTYPBI TTOJNYUEHHBIX
00pasIoB yIJIepojIHbIX COPOEHTOB, XapaKkTepi-
CTHYECKYIO SHEPIHIO a/IcOPOIINN 1 pazMep 1oJry-
MUPUHBI IEJIN TeJeBUIHBIX MIKPOTIOP TTPOBO-
JIUJICS TI0 CTAHIAPTHBIM METOJIITKAM, IPUHSATHIM B
ajgicopormonHoii rexuuke. [lapamerpsr nopucroit
CTPYKTYPBI AY 1 yJeJIbHYI0 ITOBEPXHOCTH 00Pa3IoB
OTTPEJIETISIIIN HA OCHOBE aHAJIN3a M30TepM aJIcopo-
nnn azora mmpu remmeparype 77 K (-196 °C), moary-
JeHHBIM Ha aHaauszarope copoiuu razos NOVA
1200e pupmbr Quantachrome, n paccunrbianin
no ypasuenuio bIT (Bpynaysp, Ommer u Ten-
Jiep) Teopuu MOJMMOTEKYJISPHOI afcopoIum u
ypasueruio Jlybununa-Pagynikesuua reopun
00'bEMHOTO 3aTIOJIHEHWSI MUKPOTIOP.

Texuuueckue 1 copOIMOHHBIE XapakTepi-
CTUKMU TOJy4aeMbIX YIJIePOIHbIX acOPOEHTOB
OTIpEeJIeJIIIN 10 CJAENYIONUM HapaMmeTrpam:
agcopormonnas akrusuocth o moxy (IFOCT
6217-74 «Yroab akTUBHBLI J|peBeCHbI 1pobJie-
HBIIT»); aIcOPOIMOHHAs aKTUBHOCTH 10 KPacu-
resrio MetuyeroBomy roaybomy ('OCT 4453-74
«¥YTONb aRTUBHBIN OCBETISIONINI JpeBeCHBII
MOPOTITKOOOPABHBIIT»); HACHITHAS TIJTOTHOCTH;
MaccoBast J10JIsT 30J1bI; MeXaHNYecKast TPOYHOCTh
Ha ucTUpaHue.

AcopOTIMOHHAs AaKTHBHOCTH 110 MOJTY XapaK-
Tepu3yer crocoOHOCTL COPOEHTA K M3BJIEUEHUTO
HIBKOMOJIERYJISIPHBIX U apOMaTHYeCKNX opra-
HUYECKUX cOeJIMHeHNN (OeH30.1, TOIy0, (heHos
WJIp.), a acopOImoHHass AKTUBHOCTD 11O METIJIe-
HOBOMY roJTy0OMY — K U3BJICUCHUIO KPACUTeIel,
ACCOMMMPOBAHHBIX OPTAHMYCCKIX COCJIMHEHMII,
HapuMep, PAacTBOPEHHLIX U HMYJIHITPOBAHHBIX
HeTernpoyKToB.

Jlns xapakTepucTukm MOHOOOMEHHBIX
CBOTICTB 00PA3IOB YIIEPOAHBIX COPOCHTOB 13
nurnocynb@onaros (YCJ) onpepensin no-
HOOOMEHHYI0 6MKOCTL 00pa3MmoB M0 KUCAOTe 1
méoun. [lisa sroro maseckn obpasmon Y CJl
oopabarsiBasu 0,1 H pacrBopaMu HiEJa04M
(NaOH) n kucmorer (HCI) B Teuenme 24 gacos.
Jlnst cpaBHEH ST CBOMCTB ITOJy4aeMbIX COPOCHTOB
¢ M3BECTHBIME HPOMBIIITICHHBIMU MapKaMu AY
necsgefoBat obpaser rpanyJaupoBanioro AY
mMapin Al'-3, KOTOPBIT MOTYYa0T N3 KAMEHHOTO
YIJISI METOJIOM €0 KapOOHU3AIIIH CO CBA3YIOIIIM
W akTUBAINY KapOOHM3aTa MapoM Ipu TeMiepa-

Type 800 °C.
Pesyabsrarel n ux odcyskinenne

Pesynbrarsl ncciemoBatust BAUSTHUS TeMITE-
parypsl iuposimaa rpanya u coornorrenus JIC:
KROH na copbumonmbie cBOMCTBA ITOJIYYEeHHBIX
00pasIoB yIJIePOLHBIX COPOCHTOB TIPEICTABICHbI
B Tabanme 2.

[Tpu repmuueckoii recrpyriun rpamy sHRJ1C
npu remieparype 600-800 °C mpoucxoput Kap-
Ooonm3anus 00Opas3oB U WX AKTUBAINS THIPOK-
CUJIOM RaJIsI 1 BOJISIHBIM I1aPOM, 00Pa3yIOIIIMCs
pu MCIapeHnn Bjaru B peakrope, n opmupy-
ercst Mukporopucras crpykrypa ¥ CG. Yeramnon-
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JIEHO, U4TO TPOBEJIeHIe MPOIecca MIUPoJn3a mpn
remreparype 800 °C B IpucyTeTBUM THAPOKCH/IA
KaJInsi TI03BOJISIT MOJIYYUTh COPOITMOHHOAKTI B-
HBII YTJIePOJIHBIN MaTepuall.

Ha ocHoBaHum 1ojiyueHHbIX pe3yJibraToB
oTipejiesieHbl YCJOBUS TIPOBEIEHMs Mpolecca:
remmeparypa obpaborkm 800 °C, coormotene
RJIIC: KOH = 10:1. IIpu srom crernenb obrapa

cocrasisier 6%, akrusrocts 1o moxy 1080 mr/T,
110 METUJIGHOBOMY TOJIyOOMY — 225 mr/T.

Jlns oopasmos YCJI-4 u YCJI-6 Oniin
OTIpeJIeTIeHBI TAPAMETPHI TOPUCTOH CTPYKTYPHI,
KaTMOHO- 1 AHMOHOOOMEeHHAS GMKOCTH, & TAKIKE
TeXHUUYECKNE XapaKTePUCTUKNA — 30JbHOCTDH
7 MexXamwmdecKas TPOYHOCTL Ha MCTHpPAHIe

(rabu. 3).

Tadauma 2 / Table 2

Bausinue remreparypsi miporiecca u 1036 ROH B 1ipekypcope Ha copOIimoHHY10 aKTHBHOCTH 00Pa3IoB YIJIePOJHBIX
copbentos / Effect of process temperature and KOH dose in precursor on sorption activity of carbon sorbents

CopOimonnas Copbrumonnas
Obpaser i
OO LI CoorHoteHne AKTHBHOCTH 110 ARTUBHOCTh pH BomHoI Crernenn
yc'o geﬁTOB AIIC: KOH | merunenoBomy rosiybomy, | 1O UOY, MT/T BBITSKKI obrapa, %
/Spanll lo LLS:KOH mr/r Sorption pH of aqueous | Degree of
P ratio Sorption activity by activity by extract burn, %
Carbonsor-bent L
methylene blue, mg/g iodine, mg/g
T =600 °C
YCJI-1 / CSL-1 10:1 32,5%1,0 908£15 10,9+0,1 69+4
YCJI-2/ CSLL-2 20:1 12,50+0,37 381+12 11,2+0,1 T6+4
YCJI-3/ CSL-3 10:5 70,0+2 1 008+15 11,4+0,1 68+4
T =800 °C
VCJI-4/ CSL-4 10:1 2558 1079+30 10,8+0,1 T1+4
YCJI-5/ CSL-5 20:1 120,0+3,6 630+18 11,1+£0,1 60+3
YCJI-6/ CSL-6 0 80,024 720+21 10,2+0,1 79+4
Hpumewanue: YCJI — yeaepodnsiii copbenm us auenocyibghonamos.
Note: CSL — carbon sorbent lignosulfonate.
Tadanma 3 / Table 3

[Tapamerpnr TOPUCTON CTPYKTYPHI M TeXHUYECKIE XapaKTepPUCTHKI 00Pas3I[oB YIJIepOLHbIX COPOCHTOB
u3 aurnocyab@onatos / Parameters of porous structure and technical characteristics of samples
of carbon sorbents from lignosulfonates

“ /Ind VCJII-4 YCJI-6 Al-3
orasaresb / Index USL-4 USL-4 AG-3
Vaenbuas nosepxuocts 1o BT, m?/r . o0 ¢ e
Unit surface area according to BET, m?/g 6718 138,2 672
2
y,[[(?JILHaH OBEPXHOCTD MI/II—(p(;HOp, m%/T 775.5 189.1 584.0
Unit surface of micropores, m?/g
H.pegeanbIH 00béM dnc9p6uL10HHOr0 %HpochdHCTBd, cm? /T 0.33 0.19 0.32
Limit volume of adsorption space, cm®/g
Cymmapubiit 00b6M 110p 110 BaaroéMKocTu, cM* /1 .
. - . 3 0,86 1,1 0,75
Total volume of pores by moisture capacity, cm?®/g
O6wém murpotiop, cm®/r /Volume of micropores, cm?/g 0,28 0,12 0,27
06b6m mesonop, cm?/r / Volume of mesopores, cm?/g 0,05 0,07 0,04
Pasmep mukporop, (IoJayIinpuHa me/eBUiHO ITOPbI ), HM
Size of micropores, (half-width of the slit-shaped pore), nm 0,81 0,916 0,70
Paszmep mesornop, v / Size of mesopores, nm 18,03 18,27 17,2
Jueprus agcopormn, k3 /Mons / Energy of adsorption, kJ/mol 16,08 14,19 16,8
90p6gHOHHaH EMKOCTD 110 KHC10Te, MI-3KB./T 37404 1740.2 | 0.40+0.04
Sorption capacity by acid, mg-eqv./g
Cop6quonnaa éMRoCTb 110 mEnoun, MI-9KB. /T 0.3040,03 | 0,40+0.04 | 0.68+0.07
Sorption capacity in alkali, mg-eqv./g
3oabnoctb, % / Ash content, % 16,0+1,6 | 11,7+1,2 14,2+0,2
Bopopacrsopumas 3oma, % / Water solubleash, % 6,0+0,6 2,9+0,3 4,2+0,4
Mexannueckas npounoctnb, % / Mechanical strength, % 70+7 82+8 80+8
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Kak Bupno us npejcraBieHHbIX JaHHbIX,
MpoBejeHne TePMOXUMHUYECKOTO ITHPOJN3a
FRUJIKIX JTUTHOCYTIH(MOHATOB TTO3BOJIIIO B OJ(HY
CTaJinI0 MOJYUYUTH yrJepoHble COp6eHTbI 110
CBOUMM I10KA3aTeJsIM COMOCTaBUMBIMU C T1PO-
MBITTITeHHOT Mapkoit AY —Al'-3, moryuaemoii mo
TPAUITIMONHON cXeMe KapOonm3arimen Tpamyir ¢
MoCJIeIyIoNell akTuBaI[meil.

Yeranosaeno, uro YCJI B oramume or AY
mapru Al'-3 00s1a7a10T BLICOKOI aHIMOHOO0MeH-
HOTI criocobHoCThI0. VcemenoBana BO3MOYKHOCTD
NCImoab3oBaHms moayueHnnix oopasios Y CGJ1-4
n YCJI-6 st usBievennss u3 BOAHBIX PacTBO-
POB IMXPOMAT-MOHOB, OIIPefie/ieHa cTaTHdecKast
émroctb 06pasiios o Cr(VI) u3 pacrBopa, comep-
sarero 65 Mr/JI IUXPOMAT-NOHOB B ITepecyére
na Cr(VI). Crarnueckas émrocts mo Cr(VI) co-
crasuna 49,2 mr/r (2,9 Mr-3KB./T) 1jist obpasiia
YCJI-4 1 32,4 mr/r (1,9 mr-sks. /1) s obpasiia
YCJI-6.

3arjaoueHue

[TpoBenérnbie necaeoBaHms MO3BOTMIN
paspadorarh ¢ocod yTuIM3anun yrnapeHHbIX
0oTpabOTaHHBIX MENOKOB (JKUJKUX JTIUTHOCYJIb-
(poraro), oOpasyomUXcsa NP MOJTYUEHU N
IeJITI0JI03bI CYJIbPUTHOT BAPKOTI ITe1bl 6epesbl,
C IOJIyYeHUeM yIJIepPO/IHOTO COPOeHTA 110 TeXHI -
YeCKUM XapaKTepUCTURAM, He YCTYIAIOTIIM ITPo-
MBITTIICHHBIM oOpasmam AY, mpeaHasnaqennbiM
JUISL OYMCTRI CTOUHBIX BOJI.

OcobeHHOCTHIO YIIIePOAHBIX COPOEHTOR
U3 JUTHOCYJIHL(MOHATOR ABIAETCA WX BHICOKAS
AHMOHOOOMEHHAs CITIOCOOHOCTH, YTO MMO3BOJISIET
WCITOTB30BATH UX HE TOJTLKO JIJIST OUNCTKYI BOJBI OT
OpraHMyecKuX COCMHEHNT, HO 1 B KAUeCTRE MO-
HOOOMEHHOTO MaTepuasia JIfist U3BJICUEHUS BbICO-
KOTOKCUYHBIX HEOPTaHMYECKIX NOHOB, HATIPIIMeD,
xpoma(VI). Pagpaboramiblii criocod mepepadboTRin
YIHapeHHBIX [ETOKOB II03BOJISIET HE TOJILKO YT/ -
3UPOBATh OTXOIbI, HO 1 TOJYUYUTH d(PPHeRTUBHBIE
COpPOEHTBI, KOTOPBIE MOTYT ObITh MCIIOTH30BAHBI
JUIST PEIIieH st HROJOTHYCCKIX TTPo0IeM.
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MopudunnpoBanipie cOpOEHTHI HA OCHOBE ILIAMAa
COJTIOBOTO MTPOU3BOJICTBA JIJI N3BJIEYCHUS NOHOB TSKEIBIX METAIOB
73 BOJIHBIX PACTBOPOB 1 CTOYHBIX BOJT

© 2018. . C. I'mymankosa, 11. T. H., Ipodeccop,

E. B. Raaunnna, k. 1. 1., nonenr, E. H. Jlemuna, crynenr,

[Tepmcermit HATMOHANIBHBIN UCCAEIOBATEIBCKII TTOJUTEXHIYECKN I YHUBEPCHUTET,
614990, Poccus, [Tepmceruii kpaii, 1. [lepmb, Komcomonbekuii mpocrerr, 29,
e-mail: irina_chem@mail.ru, kalininaelenal@rambler.ru,
ekaterina-demina00@mail.ru

OuncTRa TPOMBIIIIEHHBIX I TTOBEPXHOCTHLIX CTOYHBIX BOJ OT HOHOB TsRETBIX Metamios (MTM) mo nopmMatnBHbIX
TpeGoBaHUIl K ¢OPOCY OUMINEHHBIX CTOYHBIX BOJ[ B PUPOJIHBIE BOJOEMbBI SIBJISIETCS] OJ{HOI 13 CJOMKHBIX HKOJOIMYECKIX
M TeXHOIOTIIeCKIX pobmem. [{yist rryGoroit ourerkn croumnnix Bog ot U'TM nanbornee mepeneRTHBHO MCTOTH30BAT e IETTEBHIX
cOpOEHTOB, TOJIYYEHHBIX 13 OTXO/IOB MPOM3BOACTBA. OTHIM I3 MHOTOTOHHAKHBIX OTXO[0B TeXHOJOTHH HEOPTaHMIeCKIX
BEIECTB sSABJIAETCS HIIaM, 00Pa3yoIUiics P MOJYYeHUN KaJlbIMHUPOBAHHOI cojibl aMMuadHbiM Metojiom CoJibBe.
B macrosiee BpeMs TIIaMbl CRAATPYIOTCS B IMTIAMOHAKOTHTETSAX T ABISIOTCS JINTETHIBIM MCTOUHNKOM 3aTPA3HeHTIS
00beKTOB OKRpYsRaToIeii cpesbl. Hayumbie pa3paboTRi 10 YTUANBATII MITAMOB ¢ TIOIYIeHIeM CTPOUTETHHBIX MATEPHAIOB
" JIp. He HAILIN HIHPOKOTO MPAKTHYECKOTO MCIIOTb30BAHUS, YTO CBA3AHO ¢ HEOJHOPOJHOCTHIO IPAHYIOMETPUUYECKOTO
7 XIMITIECKOTO COCTaBA OTXOOB.

[TpoBenémubtii pertrerroaszoBhIil AHATN3 U NCCASTOBAHIS PU3NKO-XIMIUECKIX U XUMIYECKIX CBOMCTB 06pasIoB
OTXOJIOB [TOKA3aJ, YTO €r0 OCHOBHBIMI KOMIIOHEHTAMI sIBJISIIOTCS KapOoHAT KaabInsl (KaJAbIUT) W TUAPOKCHU]] KaTbILIs
(mopraanmur). VsBecTio, aro npupopibiil Kapoonar Kaabiius (M3BeCTHsK, JoaoMut) criocoben K nzsaedenmio UTM u3
BOJIHBIX PACTBOPOB ¢ 0Opa3oBaHueM MeHee PAacTBOPUMBIX OCHOBHBIX coJjieil, kapbonaTtos, u rugporcorapdonaros TM.
YeraHoByieHo, 4To 00pasiibl HIIaMa 06/1a/[al0T BEICOKOI COPOIMOHHON aRTHBHOCTHIO 11pu u3pjaedenun nonos men (1)
7 TMIHKA W3 HU3KO KOHIEeHTPUPOBAHHBIX PACTBOPOB (COPOMMONHAS éMKOCTL M3 pacTBOpoB ¢ Rommentparmeii UTM
50 mr/nm? o mowam Meju cocrasister 30,0 Mr/r, copbimontas MKOCTh 110 moHaM nuaka — 40 mr/r). Jlasa nowimen s
HKCILTYATAIIMOHHBIX CBOIICTB 00pasIoB 1jlaMa pazpaboran crocod ero MojduKaInm ¢ HoJayYeHneM rpaHyJinpoBaHHOTO
copbenTa, 3aRIOYATOIIICS B 06PabOTKe OTXO/A CITITRATOM HATPHS. VccaeoBamo BImsHme T35 CITNKATA HATPUS B COCTABE
copOEeHTa Ha MEXaHMYECKYIO TPOYHOCTD 1 COPOIIMOHHBIE CBOCTBA OMIYIeHHBIX 00PA3IOB. ¥ CTAHOBICHO, 4T0 BBefeHne 8,6%
Si0, B ITaM TPHBOJAT K ITOBHIIIEHITI0 MeXaHIIecKoil mpouHocTi Ha netnpanne ¢ 50 10 80%), 11 He okaz3bIBALT 3HAUNTEIHHOTO
BIIWSTHTS Ha COPOIIMONTYI0 AKTHBHOCTL MaTeprasia. BhIsBIensl KIieTmaeckne n coOpoImOTHbIe 3aKOHOMEPHOCTI M3 BICYeH ST
nonos meu (11) n mmnka na mopuduiupoBanubix copbenrax. Ha ocnoBannn anannsa moaydeHHbIX H30TePM acopoOIn
oTIpejieIeHbl KOHCTAHTEI aICOPOIIMOHHOT0 PABHOBECHS I MAKCHMaIbHbIe Bemanubl agcopormm (A (Cu**) = 50,8 mMr/T;
A (Zn*) = 97,1 mr/r). lonxyuennbie copOImoOnTBIe MaTePUaIbl MOKHO PEKOMEHIOBATE JIISI OUNCTKI MOBEPXHOCTHBIX

max

u crounbix Boj, ot NTM.

Kawuesvte caosa: momnr TAIKEILIX METAIOB, MITAM COTOBOTO TPOM3BOMCTBA, KapOOHAT KAMLIIA, COPOCHTHI,
copOIoHHasi EMKOCTb.

Modified sorbents based on soda production sludge for extracting ions
of heavy metals from aqueous solutions waste water
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The purification of industrial and surface wastewater from heavy metal ions (HMI) to requirements for the discharge
of treated wastewater into natural waters is one of the most complicated environmental and technological problems. For
the deep purification of waste water from the HMI, the use of cheap sorbents obtained from production waste is the most
promising. One of the many-tonnage wastes of technology of inorganic substances is the sludge formed in the production
of soda by the ammonia Solvay’s method. Currently, sludge is stored in sludge accumulators and is a long-term source
of pollution of environmental objects. Scientific developments in the utilization of slimes with the production of building
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materials, etc., have not found wide practical use, which is due to the heterogeneity of the granulometric and chemical
composition of the waste. Carried out X-ray phase analysis and studies of the physicochemical and chemical properties
of waste samples showed that its main components are calcium carbonate (calcite) and calcium hydroxide (portlandite).
It is known that the natural mineral limestone efficiently extracts HMI from aqueous solutions with the formation of
less soluble basic salts, carbonates, and hydroxy carbonates of HM. It has been established that sludge samples have
high sorption activity when copper(11) and zinc ions are extracted from low concentrated solutions (sorption capacity for
copper ions is 35.0 mg/g, sorption capacity for zinc ions is 40 mg/g). To increase the operational properties, a method
has been developed for the production of a modified granular sorbent based on the sludge of soda production, consisting
in treating with sodium silicate. The effect of a dose of sodium silicate in the sorbent composition on the mechanical
strength and sorption properties of the obtained samples was studied. It has been established that the introduction of 8,6%
Si0, into the sludge leads to an increase in the mechanical strength by 50-80%, and does not have a significant effect
on the sorption activity of the material. The kinetic and sorption regularities of extraction of copper(Il) ions and zinc on
modified sorbents are revealed. Based on the analysis of the adsorption isotherms obtained, the adsorption equilibrium
constants and maximum adsorption values (Amax (Cu*") = 50.8 mg/g; Amax (Zn*) = 97.1 mg/g) were determined.

Obtained sorption materials can be recommended for wastewater treatment from HMI.

Keywords: heavy metals ions, soda production sludge, calcium carbonate, sorbents, sorption capacity.

OumeTka MPOMBINITIEHHBIX W TTOBEPXHOCT-
HBIX CTOYHBIX BOJl OT MOHOB TSKEIBIX METAJLIOB
(MUTM) mo HopmatnBHBIX TpeOOBaHMIT K cOpocy
OYUIIEHHBIX CTOYHBIX BOJL B IPUPOJIHBIE BOLOEMbI
SIBJISIETCSI OJHON M3 CJAOJRHBIX DKOJOINYECKUX
u TexHosiornyeckux mpodaem. [las atux nenei
B HACTOSIIIee BPeMsI MCIOJb3YIOTCS MeTO/ bl
nomroro obmena [1-6], agcopormm [7-9], mem-
OpanmHble (HAHOPUIABTPATIIS 1 00PATHBIT 0CMOC)
1 BJeKTpoXuMUYecKkue mpoueccor [1, 4].

Rasxnplii 13 epevyncaenHbIX MeTOA0B 00-
JTaaeTr psAROM TPeNMMYyIecTB W HeJJOCTaTKOB.
Tark memOpaHHbIe U 2TEKTPOXUMUYECKITE METO-
Jibl OYNCTKU CTOYHBIX BOJI 1[€J1€C000pa3Ho nc-
MOJIb30BaTh Il JIOKAJBHOW OYMCTKU CTOUHBIX
Bojt Hebosbioro oonéma. [lpu ncnornzosannn
MeMOpaHHBIX TEXHOJOTUIT BO3HUKAET 11podiemMa
YTUJIM3ATUI KOHIIEHTPATOB.

C y4étomM NpUHIMIIOB YCTOWYMBOTO pas-
BUTHUS, UPRYJIAPHON DKOHOMUKHN (DROHOMU KN
3aMKHYTOTO MUKJIA), & TAKKe YTBEPRIEHHOM
[Tpasurenrscrsom PM «Crpaterueii paspurns
MPOMBIIIIIEHHOCTH 110 00paboTKe, yTUAN3 AN
n 00e3BPeRMBAHNIO OTXOJ[0OB MTPON3BOJCTBA N
moTpedIeHNs» [T TITYOOKOT OUMCTRI CTOUHBIX
Bost ot U'TM naubosee mepereKTHBHO UCITOb-
30BaHMe JIENIEBLIX MPUPOIHBIX MaTepuaaonB n
cOpOeHTOB, MOJYYEHHBIX U3 OTXOJ0B IPOU3-
BOJICTBA.

B nacrosinee Bpems ar1oii pobiaeme yyesser-
¢s1 3HAYUTENbHOE BHUMaHUe, 1 0030p HAYYHO-
TeXHUYECKOIT MHPOPMAINN TTOKA3AJ, YTO JIJis
OUYNCTKI BOJBI OT TsRépIX MetasnoB (TM) me-
MOJIB3YIOTCA:

— TPUPOJAHBIE MaTepuaabl (IpeBecHBIH
YT0JTh, QHTPATINTOBAST KPOIIKA, APOOTEHBIT Ke-
pam3uT, Mo UITNPOBAHHBIE TITMHBI, TIEOJTUTHI,
M3BECTHSIKY, TOJTOMUTHL 1 Jp.) [9-14];

— aKTHBHBIE YIJIM, TTOJYyYeHHbIe TePMU-
YeCcKOU JecTPYKIUeld MOJuMepPHBIX OTXO/I0B,

CKOPJIYIIBI OPEXOB, PUCOBOI IIEJYXHU, OTXO0B
cesbeKoTo Xoasiictsa u fp. [1, 2, 9];

— MIJTAKW, TJTaMbI BOIOTTOATOTOBKM, (hoco-
rurc u ap. [19].

Jlnst moppunmpoBanust OTXOLOB IPUMEH -
TOTCS METOITHI KUCJTOTHOM 1 ITeJT0UHOT 00paboTRN,
a TaKyKe MCITOMB3YIOTCSA CBABYIONTIE KOMITOMEH-
ThI, THPOdOOUBUPYIOTITE TOOABKH ¢ TETbIO T10-
JIy4eHUs TPaHyJIUPOBAHHBIX KOMITO3UITMOHHbBIX
MaTepuasoB.

OnHuM 13 MHOTOTOHHAKHBIX OTXOJIOB TeX-
HOJIOTHY HEOPTAaHMYECKUX BEIEeCTB sIBJISCTCS
mIaM, 00pasyIonuiicss pu MOJTYUYeHUN Kallb-
MUHUPOBAHHON COJbI aMMUAYHBIM METOOM
Conbge. Taxk, B Ilepmckom kpae B 1. Bepesnn-
KU B TIIJTAMOHAKOMUTEAX CRAANPOBATHO Hojiee
90 MJIH T OTXO/I0B, OCHOBHBIM KOMITOHCHTOM KO-
TOPBIX ABJIACTCA KapOOHAT KATLITIA.

Hecmotps ma nmerommecst mayumnnie paspa-
OOTKU IO YTUAW3AINN U mepepaboTre IMIIaMoB
¢ mosydernem acdaabToOETOHOB, CTEHOBBIX
U JIPeBECHO-TIeMEeHTHHIX MaTepuaaoB, CHUJIN-
KaTHOTO KUpInYa, OHW HEe HAILIN HIHPOKOTO
MPAKTUIECKOTO MCITOJB30BAHUSA, YTO CBSI3aHO
¢ HEOHOPOAHOCTLIO TPAHYJIOMETPHUCCKOTO 1
XUMUYECKOTO COCTaBa MIJIAMOB, 3aBUCAIIX OT
MPOIOJIKUTETTHLHOCTH JIeTIOHUPOBAHIS OTXOJIOB,
M3MEHEHU TeXHOJIOTMUCCKIX TaPaMeTPOB, K-
Martndecknx axropos u ap. [16].

Pacmmperme obmacreir memob30BaHA OT-
XOJTIOB T ACCOPTIMEHTA TTPOYKTOB Ha NX OCHOBE
ABIACTCS ARTYATLHON DROJOTTICCKON T TEXHO-
JIOTUYECKOI 3ajlaueil.

Ananma HayuyHo-TeXHm9IecKON nuHgopMarnm
MOKa3aJi, 4To MPUPOHBIC MaTePUAJIbl HA OCHOBE
KapboHaTa KaabIns (M3BECTHSAK, IOJOMUT, KaJTh-
nuT, MpamMop) crocobubl K rornorniennio NTM
[14, 15, 17].

[lesb10 HACTOATIETO MCCTEIOBAHIS ABIISIACH
pazpadorra crocoda MmoTyueHuss MOIIEUITITPO-
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Puc. 1. PenrrenorpamMmma o0Opasiia miaMma comoBOTO MPON3BOJCTBA
Fig. 1. X-ray diffraction sample of soda sludge

Taommma 1 / Table 1

Rosnmuecrsennoe coorHolerne Kpucraainiecknx @as B odpasiie 1mjiamMa cojoBoro mponsBojicTBa
The quantitative ratio of the crystal phases in a sample of soda production sludge

Maccosoe coornotenmne ¢gas, %
Daza Mass ratio of phases,%
Phase [ICII MC-1
Sample soda sludge | Modified sorbent

CaCO, (munepan «Calcite», npocrpan-crsentas rpyiiia
R-3c¢, rpuronanbras kpucraminyeckas crpyrrypa) / Mineral 84,8 87,3
«Calcite», space group R-3c, trigonal crystal structure
Ca(OH), (munepan «Portlandite», mpocrpancrsennas rpymnma
P-3m1, rpuronanbuas Kpucraainueckas crpykrypa) /Mineral 15,2 12,7
«Portlandite», space group P-3m1, trigonal crystal structure

BAHHOTO TPAHYJIMPOBAHHOTO COPOEHTA HA OCHOBE
OTXOJIOB COJLOBOTO IIPOU3BOJICTBA JIJIsI N3BJICUCH ST
N'TM 13 BOAHBIX pACTBOPOB 1 CTOYHBIX BOJI.

OO0 BEeKTBI 1 METOIbI NCCHEOBAHMS

Jlns srenepuMeHTATBHBIX UCCTEOBAHUIN
ObLI 0TOOpaHbI 0Opa3Ibl IIJTAMa COJ0OBOTO I1PO-
uzsosiersa (IHICI) marunermero cpoka criaamm-
poBaHUA, 4YaCTUUYHO OTMBLITOI'O aTMOCd)eprIMI/I
0CAJIKAMIT OT BOJIOPACTBOPMUMBIX COJICH, PABMEPOM
rpanya 0,25-0,50 mm. ITo cranmaprabivM MeTo -
KaM OBIIN MCCTeOBANLI XUMIUCCKITH 1 PerHTTe-
Ho(azoBbIil coctaB 00pa3moOB OTXOMA, a TaKKe
MPOBEIEH aHAJI3 BOJHBIX BLITSAKEK MITaMa (co-
ornorenue maam : soga — 1:10) mo cremyronum
nokazaressiM: pH BojiHOI BBITSZRKY, cojlepsRanme
XJa0puj-, cyiabdar-, kKapboHAT-MOHOB, NOHOB
RaJBIUA U Maruus, cyxoi ocrator. Onpejenén
rJace omnacuocrtu orxopa. I[lo wknaccuduraropy
MIIP obpa3siibl OTHOCATCS K D RIACCY OIIACHOCTH.

YcepenHénnslil cocTaB maMa (B mepecué-
re Ha cyxoii): CaCO, — 58,0%; MgCO, — 14%;
Ca(OH), - 12,0%; CaC1, — 4,0%; SiO, — 4,5%,
ALO, - 3,2%; CaSO, - 4,3%. 3uauenue pH Bo-
IHOI BBITSIKKHY IIIAMA COCTABILIO 8,2,

Uccreposanme asoBoro cocraBa odpasiia
HICIT mpoBogmioch ¢ NCMOTB30BAHNEM PEHTIe-
noBckoro audparromerpa X RD-7000 simonckoii
upmbl «Shimadzu» ¢ nporpaMmmMHbIM 06eciieve-
nnem «XRD 6000/7000 Ver. 5.21». Onpenenenne
(aszoBoro cocraBa anajiuzupyemoro obpasia
MPOBOJINJIOCH ¢ MCIOJNb30BaHNEM 0a3bl JAHHBIX
«ICDD PDF-4+, 2016». Pearresorpamma 06-
pasua IICII npexpcrasiena na pucysnre 1.

HawnbGosiee mareHCMBHBIC MK HA PEHTTEHO-
rpamme 00pasiia ABJIAIOTCS XapaKTepPUCTHIeCK-
mu s eaepytomux semects: CaCO, (Munepai
«Calcite», TpuronanbHas KpucTaJJindecKast
crpykrypa, d = 3,031 A) u Ca(OH), (munepau
«Portlandite», TpuronanbHas Kpucrajimdeckas
crpykrypa). RonnuecrBennoe cooTHomeHme
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OCHOBHBIX (Da3 B 1ipobe pesicrasieno B radauie 1.

Jlsist BO3MOKHOCTN MCITOIB30BaHMS 00pa3-
OB IIJTaMa B KaYecTBe 3arpy3KN COPOITMOHHBIX
(pUIBTPOB MM Kaccet, MOBBINIEHIsT MeXaHuye-
CKOIl TIPOYHOCTH YACTUII IIJIaMa U T10Jy4eHUs
IPaHyINpPOBAHHBIX COPOEHTOB MCXO/HBII MJIAM
MonUIMpPoBaIn BBeIeHNEeM B HEro CBs3YIO-
ero KOMIIOHEHTAa — pacTBOpa sKUKOTO CTERIIA
(KOHTIEHTpAIWs CUJTNKATA HATPWUSA B TIepecuére
na Si0, 28%). O6paboraHHbIe AKIIKIM CTEKTOM
00pasIbl TPAHYANPOBATN METOOM DKCTPY3UN 1
BBICYTITBAJIN HA BO3JTyXe.

Ha Boicymennnix npu 105 °C obpasiax
HICIT n mogmuImpoBaHHBIX TPAHYINPOBAHHBIX
o0Opa3srax B CTaTUYeCKUX YCJIOBUSAX ITPU Tepe-
MeInBaHUN NCCIe[0BaIach acopOIus NOHOB
mepn (1) m nuaKka M3 MOIETLHBIX PACTBOPOB,
copepsramux d0—-500 mr/am?® noHOB, HAa OCHO-
BAHUM TTOJTYYEHHBIX JAHHBIX CTPOUIN N30TePMbI
ajicopOiyn. [1Jist onpesiesieHst KOHCTaHT a/1cOPOo-
IIMOHHOTO PABHOBECHUS MOJYIEHHbBIE M30TePMbl
OBLTN TIpeJICTaBACHbBI B RKOOPJNHATAX YPABHEHIT
Opeiinpnauxa u Jlenrmiopa [17, 18].

B e¢Basu ¢ tem, uro nzsaeuvenme VI'TM ma 06-
pasIiax mIaMoB IPOTeKaeT B pe3yJsbraTe CJI0sK-
HOTO TeTeporeHHOTO ¢ Y3nOHHOTO TTpoIecea,
MCCIe0BaIach 3aBUCUMOCTh COPOIIMOHHON éM-
KOCTH cOpOeHTa OT BpeMeH! KOHTAKTa.

Jlunamuueckue ucibiTanms 06pasoB mpo-
BOJUMJIM B COPOIMOHHBIX KOJOHKAX JINAMETPOM
12 mwm ¢ BuIcoTOT carost copoenta ot 100 mo 500 M.
AHanu3upyeMblii pacTBOp MPOIYCKAIN Yepes
CJIOI COPOEHTA CO CKOPOCTHIO 2 M /4 JI0 TTOJTHOTO
MPOCKOKA M3BJIERaeMOTro nmoHa B UIABTpAT.

[To momyyeHHBIM TAHHBIM CTPOMJIN BHIXOIHBIE
KpUBbBIE COPOINNT 1 OTIPeJIeJIsIIIN INHAMITYEeCRY IO
éMKOCTB copOeHTa.

Pesyabrarel nccsieioBanmii u 00Cy;RIeHUs1

Anann3 HayuYHO-TeXHIYeCKoil mHdOopMaInn
MOKA3aJI, YTO Ha KapOOHATCOIePIRATINX MIHEePa-
Jnax (M3BECTHSK, OJTOMUT) BO3MOKHBI acopo-
st I'TM B Buje MajiopacTBOPUMBIX OCHOBHBIX
coJeli, rereporeHHOoe 3aMeleHe NOHOB KaTbIIs
na UTM ¢ obpazoBanmem MeHee pacTBOPUMBIX
rapobonaron, uin rujporcorapodonaron TM [14].

B npucyrerBum ruppokenia Kaabius, co-
nepskanierocs B IIICIT, BoamoskHO Tarske obpa-
30BaHUe MAJOPACTBOPUMBIX TUAPOKCHI0B. Teo-
perTnvyecKku BO3MOKHOCTh IPOTEKAHMS TOJ00HbIX
MPOIECCOB OTIpeJielisieTcsi Ha OCHOBE JIAHHBIX O
BesinunHe [P — nipoussejieHust pactBOpUMOCTH
mMasiopactBopumoro coefuuenusi. [19]. Tlpose-
TEH TePMOAMHAMIYCCKIN aHaJ N3 BO3MOKHBIX
mporeccoB 00pa3oBaHMA MaJTOPACTBOPUMBIX
coepuuenuint TM B npucyrcrBuu Kapbonara u
THIPOKCH/IA RAJIBITNS 1 PACCUMTAHBI OCTATOUHBIE
routenrpanuu 'TM B BogHoM pacrBope. Pe-
3YJbTaThl PACYETOB ITPeJICTaBIeHbI B TadmIe 2.

[TpoBeniénnbIil aHaTI3 1 cpaBHEHNE OCTATOY-
HBIX PACUETHBIX KOHTIEHTPAIINIT B BOJIE C H,Z[Hpmﬁm
CBUJIETEJILCTBYET O TOM, YTO MCIIOJIb30BaHMeE
IaMa MoKeT 00eCIednTh OUMCTKY CTOUHBIX BOJ|
or nonon skeneza(I1T) u sweneza(I1), memu (11),
[UHKA [10 TpedoBaHmil K cOpocy B BOJOEM phiOO-
X03ACTBeHHOTO HazHaueHns1. Creyer oTMeTuTh,
yro dosbinacTBo UTM BeaencrBue rumposinsa

Tadnauma 2 / Table 2

Pacuérnas pactBOpIMOCTE THAPOKCUIOB 1 KAPOOHATORB TSKEIBIX METATIOB
Estimated solubility of hydroxides and carbonates of heavy metals

UTM PacrBopumocts I{é);:li;z;:ziﬂ PacrBopumocts 1(0(1){(:;1;?;;2;5
. TP MeCO, MeCO,, 3 Me(OH) , P
118 1 SPC MeCO, MOJIb/ iM? Mr/.mw }_[P‘Me(OH)" MOJIb/ M? MF/.I[M
heavy 3 Solubility Remdua.l SPC Me(OH) Solubility Re51dua.1
metals mol/dm*‘" concentration, mol/dm*‘" concentration,
mg/dm? mg/dm?
Ca** | 3,8 - 107 6,16 - 107 2,46 92,0106 1,11-102 44,4
Fe?* | 3,5 - 10! 2,9- 10 0,33 8,0- 101 1,4 - 107 7,8-10"
Fe - - - 6,310 2,5 1013 1,39 - 103
Cu* | 2,5 - 101 1,58 - 107 1,0 2,2-10% 1,75 - 107 0,01
Mn?* | 1,8 - 10" 4,24+ 10° 0,23 4,010 2,13 - 107 0,10
Pbh> | 75 10" 2,74 107 0,57 3,210 4,34+ 10° 0,9
Zn* | 1,45-101 3,810 0,25 1,2-1017 1,44 - 10 0,0093
Cd>* 1,0-10" 1-10° 0,112 2,2-10" 1,75-107 1,96
Co** | 1,05-1071° 1-107 0,59 1,6 -10P 7,3-10°6 0,436

Ilpumewarue: [IP — npoussedenue pacmeopumocmu MaLopacmeopumozo coeOuHeHUs.
Note: SPC — solubility product constant of a slightly soluble compound.
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Tadomuma 3 / Table 3

XaparTepucTHKE MOJYYeHHBIX TPAHYJIHPOBAHHBIX 00PA3I0B
Characteristics of the obtained granular samples

Jons okeua kpemuus SiO, B o6pasue, %
The fraction of silicon oxide SiO, in the sample, %
[Torazarenn 0 36 138 184
Index (ITICTT) (MC-1) | (MC-2) (MC-3)
sample soda sludge MS-1 MS-2 MS-3
Copb6umonnas émrocts mo Cu*', mr/r 30.143.0 988429 | 96.6+2.6 O 6494
Sorption capacity according to Cu**, mg/g T o T T
CopOuponnas éMKocTh 110 Zn*", Mr/r 350435 311431 99 0£2 9 97 042 8
Sorption capacity according to Zn**,mg/g T T T T
Mexanuveckas mpouHocTsb, %
Mechanical strength, % <20 80+4 8o+4 90+4

00paszyioT MaJsopacTBOPUMbIe OCHOBHBIC COJIN,
rupiporkcokapbonarsl TM, marnpumep, coepimme-
nus tuna CuCO, - Cu(OH),, kotopbie xapakre-
pusyiorcs 60jiee HU3KOI PACTBOPUMOCTRLIO B BOJIE
(pactsopumocts CuCO, - Cu(OH), cocrasnser
1,2« 10® Moy /iM?, pacTBOPUMOCTH OCHOBHBIX
rkapbonaros cunta — 2,2 - 10 mosn/mm?).

B pabore ncememoBanach agcopomms momos
mejn (I1) m nuara Ha obpasmax HICII u momu-
punmposannbix copoenrax. Copormonnas ém-
rocth BeicymeHHbiX mpu 105 °C obpasios [HCIT
orrpesiesisiIach npu u3saedennu nonos e (11)
W IMHKA 13 MOJIeTLHBIX PACTBOPOB ¢ KOHIEHTpPA-
imeit 50 mr/av® u cocrauiia o nonam meju (11)
39,0 mr/t, o mouawm 1maKa — 40,0 MT/T.

[Tpu nosryuennn MmopnuimpoBaHHBIX COP-
oenros na ocuose HICII uceaemosaiu Biusinme
O3B JKUAKOTO CTeKTA B TepecuérTe Ha OKCHI
KPeMHISA Ha MeXaHMIecKYI0 TPOYHOCTL 1 cOPO-
MIIOMHYIO AKTUBHOCTL TOJYICHHBIX 00pasion
mo oTHOoTeHW0 K wonam menn (I1) n nuaka
(rabi. 3).

Yeranosyeno, uto ontumanbuas goas Si0,
B oOpasnax jgoskna cocrasasarh S,6—14,0%,
Mpu HTOM MeXaHWdecKass MPOYHOCTh 00pasIoB
yBesnmunsaercs na 30—-35%. Beegenne csasyio-
Mero KOMIIOHEHTA He OKA3bIBACT 3HAUNTEIHHOTO
BIISHYS HA COPOIMOHHYIO AaKTHBHOCTH MaTepua-
na. [TpoBenémmblit perntrernodasoBbIil aHATN3 00-
pasma MC-1 morasag, aro mpu odpadorre [HCII
FRUITKIM CTERJIOM He TIPOn30Iiio (hopMupoBaHme
HOBBIX Kpucrajamieckux ¢gasz (tabda. 1), . e.
FKUJIKOE CTERJIO SIBJISIeTCs aMOP@HBIM CBA3YIO-
UM 11 He 00pas3yeT MPOYHbIX KPUCTATNYeCKIX
COeIMHEeHNIT ¢ KOMITIOHeHTaMU IIJIamMa, 4eMm,
MO-BUNMOMY, 1 OOBACHSETCS He3HAYNTEIHHOe
BJMSIHIIE CBABYIOIET0 HA COPOIMOHHYI0 MKOCTh
MOIUMUIIPOBAHHBIX 0OPA3IOB.

Brepenne ¢BsA3yiomnero ve TobK0 O3BOJIIO
MOJIYYUTh TPAHYJIUPOBAHHBIN MaTepuas, HO 1
3HAYNTETHHO MOBBICUTDH €70 XUMIUECKYIO YCTOT -

quBocTh. [IpoBefiénnbie sRCTIIEPUMEHTHI TOKAa3a-
JIU, 4TO TOJydeHHbIe MOANMUIMPOBaHHbBIE 00-
PasIbl yCTOMUNBHI B ciabormcabix cpejiax (pH =
2—4). Ilpu pH = 3 arcTparims MOHOB KaTbITHS 13
00pasIoB copOEHTOB CHU3MIACH 110 CPABHEHUIO
¢ oopastamu HICII 6onee uem B 40 pas.

N3snevenne nonos TM na mopmdunmponan-
HBIX 00pa31ax IPOTEKAEeT B pe3yJibraTe CJI0KHOTO
rereporeHHOTO MU PYy3NOHHOTO MTPOIEcea, YTo
OKa3bIBAeT 3HAUMTETLHOE BJIUSHIE HA CKOPOCTh
agcopbinu. B xojie npoBefeHus nccaeoBaHmit
naydaaach KMHETUKA IPOIEcca M3BJICUEHUs
nonos mepan(Il) m nuura nma obpasme MC-1.
[Tonydenuble 3aBUCUMOCTI a1CcOPOIMOHHONI
émroctu 1o U'TM or Bpemenu mpejcraBietbl Ha
pucynke 2a.

Bpewms focruskeHus acopOInoHHOTO PABHO-
BeCcHsi PN U3BIEYEeHIN MOHOB MeJ[! COCTABJIsIEeT
6 vacos (puc. 2a), Tpu N3BJIEYEHNN NOHOB I[NH-
Ka — Oosee 15 wacos, 4TO CBUIETETHLCTBYET KAK
0 CJOMKHOCTU U JIJIUTEIbHOCTU MPOTEKAIONINX
MPOIECCOB, CBA3AHHBIX ¢ (DOPMUPOBAHUEM HO-
BBIX KPUCTANIMYECKIUX (Da3, Tak 1 pasjindaHoM
MexaHu3Me ajcopoIm NOHOB MeJi 1 IMHKa Ha
MOAUPUITTPOBAHHOM copOeHTe.

YeraHopieHa JuHeiiHass 3aBUCHUMOCTD [gA
OT BPeMeHW KOHTAKTa 1PN M3BIEYEHUN HOHOB
menu (1) (pue. 2b), 1. e. ckopocTsb agcopbum
MOHOB M€/ MOKeT ObITH OIMCAHA KITHETHYECKUM
ypaBHeHUeM TepBoro nopsjka. Ha ocnoannn
HKCIIEPUMEHTAIbHBIX JIAHHBIX paccunTaHa KOH-
cranta ckopoeru apcoporun — K, = 0,25 1/q.

[Toryuennbie na odopasie MC-1 uzorepmnr
agicoporum nonos mejiu (1) u muaka 6b1TM TIe]T-
craBJieHbl B KooppnHarax ypasHeruit Dpeiinjim-

K, C
1+K,-C
U paccYmTaHbl OCHOBHBIE KOHCTAHTHI, MO3BO-
JSTTOTIME OTIPeJIeTUTh BeJIMYNHY ajicOpOIIN 1pn
pasanuHbIX paBHOBecHbIX Koienrpamusax MTM
B PacTBOpe, & TAKKe MAKCHUMAJIbHYIO BeJIMUNHY

xa (A=K, (") nJlenrmiopa (4= 4, -
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Puc. 2. Kunernueckue kpusbie ajcopoimuu nonos meju (1) u nunka na odpazie MC-1:
a) KUHeTnYecKast KpuBast; b) Kunernyeckast KPUBast M3BJACYEHIST HOHOB MEJIH, TIOCTPOCHHAS

B KOOp/IMHATAX YPaBHEHUA [1ePBOTO MOPAKA

Fig. 2. Kinetic curves of adsorption of copper(II) ions on the MS-1 sample:
a) kinetic curve; b) kinetic curve constructed in the coordinates of the first-order equation
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Puc. 3 Vzorepmbl aficopOiiim MOHOB MeJii U IUHKA TTPeJiCTaBIeHHbIe
B Koopanuarax ypasuenus Jlenrmiopa (a) u @peirpanxa (b)
Fig. 3. Isotherms of adsorption of copper and zinc ions are represented
in the coordinates of the equation of Langmuir (a) and Freindlich (b)
Tadmuma 4 / Table 4

HOCTOHHHBTC B ypaBHEHUAX q)pCf/’[H}IJTVIXH n JIeHeropa IIpn n3BJIeUeHnn MOHOB MeIn 1 IMNHKa
Ha obpasie MC-1 / Constants in the Freundlich and Langmuir equations in the extraction

of copper and zinc ions on a sample of MS-1

[Tocrostrabie B ypasuennn Opeiinmnxa

[Tocrostrabie B ypaBuennn Jlenrmiopa

ITIII\\/[/[ Constants in the Freindlich equation Constants in the Langmuir equation
K, n K,

Zn 1,7 0,58 97,1 0,051

Cu 3,1 0,49 20,8 0,023

[Ipumewanue: A, — makcumarvnas seauduna adcopbyuu, me/2, K, —koncmanma adcopyoniozo pagnosecus.

Note: A

max

— the maximum value of adsorption, mg/g, K, —the adsorption equilibrium constant.

105

Teopernyeckas u npuraagnas sroxorns Ne3, 2018




IROJOTNSAINA ITPON3BOICTBA

106

EER QST

a N

¥

Puc. 4. Qunbrpyomime KacceTbl sl O4MCTKI TOBEPXHOCTHBIX BOJI
Fig. 4. Filter cassettes for surface water treatment

ancopoiuu TM. Pesynbrarsl mpepcraBieHbl Ha
pucyHKe 3 u B TadsuIe 4.

[Tporiecc m3BneveHnsi MOHOB MeJI HA MO-
nudunuposannom copbenre MC-1 ¢ BbicOKOIT
CTEIeHbIO JIOCTOBEPHOCTU AIPOKCUMUPYETCS
(roappurment koppessiiun -0,90) ypapHeHnu-
em Jlenrmiopa, KOTopoe OMUCHIBAET MPOTECCHI
MOHOMOJICKYJISIPHOT aficopOInm Ha dHEPreTH-
YeCKN OJJHOPOHON MOBEPXHOCTH, a TaKKe (Pu-
3UYECKYIO a[icOPOIIIO B MUKPOTIOPAX AKTUBHBIX
yraeit [17].

[Tormomenne nonos munka na MC-1 ¢ BoI-
COKIM KOD(PEPUIMEHTOM KOPPEIAIIN OMICHIBA-
ercs oMIupudeckum ypasaenuem Opeitajinxa,
KOTOpPOe 4acTO MCIOJIb3YIOT JIJIs ONMCAHMS ajl-
COpOIMI BEIeCTB 13 PpACTBOPOB HA 'eTePOreHHOI
noepxHoctu. [losydeHubie pe3yabraTbl TaKKe
CBUIETEJbCTBYIOT O PA3JUYHBIX MeXaHU3MaXx
agcopbinu noros mesu (I1) u muuaka Ha Uccae-
TyeMoM copOerTe.

CoracHo laHHbBIM, TTPEJICTaBIeHHBIM B pabo-
te [14], Ha mu3BecTHAKE HOHDLI MeIII COPOUPYIOTCSI
¢ obpa3oBaHmeM MaJopacTBOPUMOTO THAPOKCO-
cyabdara Meiin — MO3HAKNTA, KPUCTATIIITIeCKast
CTPYKTYpa KOTOPOTO TO00Ha KaJIbIUTy (MOHO-
RJAMHHAS CUHTOHUSA ).

WNoHbl MUHKA MOTJIONAI0TCS TTPUPOTHBIM
M3BECTHAKOM ¢ 00pa3oBaHMeM THPOKCOKAPOO-
Hara nuHKa [14], Kpucraanuyeckoe cTpoeHue
KOTOpPOTO oTBevaer TpI/II‘OH&JIbHOﬁ CUHTOHUMN,
OTJIMYATOIIETCS OT CHHTOHNN KAJTBI[NTA W TOPT-
JAHNTA, YeM I MOKET OBITH OOBACHEHO PAa3IImIme

B KMHETHKe a[copOInu HTUX NOHOB U B THTIE N30~
TepM ajcopoInn.

Creryer oT™MeTHThb, 4TO B OTJIMYME OT MPHU-
POJIHBIX U3BECTHSIKOB, COMEP/RAIUX B OCHOBHOM
rapoonar ranbius, HICIT u mopudunuposan-
HBle COPOEHTHI comepsRaT KapboHaT Marnms,
rugporeny Kanpus (mo 15%), mpucyrersue
KOTOPBIX TAKsKe BJIMSCT HA MeXaHI3M ajicopOInm
nonoB TM.

Ha rpamynmposanmnom ob6pasme MC-1
OBLIN TIPOBEJIeHBl IMHAMUYECKNEe UCITbITAHUS
1o uzpaedennto nounos menu(I1) s pacrsopon
cyabpara mequ ¢ kourenrparueit o0 Mr/i npn
CKOPOCTH MMOTOKA 2 M/4ac. YcraHoBIeHa BbICO-
Kas 3(PPOeKRTUBHOCTH OYMCTKI MOJIETTLHOTO pac-
tBopa. OcraTouHast KOHIIEHTPAIIUs NOHOB MeJi
B punbrpare cocranssina menee 0,01 mr/m. 1 v
copbenra criocober morotnth 120—150 Mr mowos
mepu (I1). OcobenHoCTHIO COPOITMOHHON OUNCTRI
pacrBopoB or U'TM na nosryuenubix obpasiax
SBJISIOTCSA 3HAYNTETLHOE TTPEBBITITeH e BeJTMYNHBI
AMHAMUYECKOI 6MKOCTH copOenTa B cpaBHeH N
co crarnveckoii. Cieryer orMeTuTh, 410 B Puib-
TPAT BHIJIEJAIOTCS MOHbBI KaJIbIIUS B KOJIMYECTBE
HEIKBUBAJICHTHOM COPOMPYEMBIM MOHAM Me/H,
4TO TAKKE TOJITBePIKIaeT MeXaHn3M ajcoponn
nonoB menu (1) B pesynbrare dopmupoBanms
HOBBIX KPUCTAJINYECKNX (a3 OCHOBHBIX COJIeil
meju (1) Ha noBepxHOCTH M BHYTPU rpaHy, a
TaAKKe YaCTUYHOM 3aMEIeHNN MOHOB KaJbIHs
Ha MOHBI MeJii ¢ 00pa3oBaHUEM TUIPORCOKAP-
fomara MeJii.
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[TpoBeférmbie nccaeoBanis MOKA3AIIM, UTO
MOJIYYeHHBIE COPOIMOHHBIE MATePUATIBI C YIETOM
KUHETHYECKNX 0COOCHHOCTEeH 1eecoodpasHo
NCITOJIB30BAaTh B KaCCeTHBbIX d)I/IJIpraX JIA
OYMNCTRU HOBerHOCTHbIX JUBHEBbLIX 1 CTOUYHBIX
BOJ| (puc. 4).

BriBobi

[TpoBepénnprii xuMmaecknii n pearrenodaso-
BBIIT aHAIN3 00PA3IOB MIJTAMa COJLOBOTO TIPOUBBOJI-
CTBA TIORABAJT, UTO €10 OCHOBHBIMU KOMITOHEHTAM I
SABJSIOTCS KapOOHAT KAMbIA (KPUCTATNYeCKAs
(bopma «RaNbIUT») U THPOKCUJL RAJTbINs (Kpu-
crasmmyeckas opma «Portlandite»). Tepmosn-
HaMUYECKIIT aHAJIN3 TEOPETHYECKN BO3MOMKHBIX
[IPOIECCOB, IipoTeRatouX rpu ussjieuernuu NTM
Ha o0Opasiiax IjiaMa COA0BOr0O MTPON3BOJCTBA 1
MOJI(PUTIIPOBAHHBIX COPOEHTAX, ¢ 00Pa30BaAHIIEM
MaJIOPACTBOPUMBIX COC[IMHEHUIT — KapbOHATOB,
rUAPOKCUA0B 1 rugporcorapbonaros TM ro-
3BOJIUJI OTIPEJIENIATD, YTO PACUETHBIE OCTATOUHBIE
ROHIEHTPATNI NOHOB MeJin, TTnHKa u siesresa (11,
[11) sHauMTeTLHO HUFKE TIPEJIETHHO JIOTTYCTHMBIX
ROHIIEHTPATNI, YCTAHOBJICHHBIX JIIS BOJOGMOB
PBHIOOXO3ANCTBEHHOTO HABHAYEHUST. Y CTAHOBJICHO,
4TO COPOIMOHHBIC EMKOCTH 0OPA3IOB MIJTaMa mpu
usBiedennn nonos menu (1) n nuuka n3 Hu3KO
KOHIIEHTPUPOBAHHBIX pacTBopoB (D0 mr/m) no-
CTATOUHbI JIJIsT MCTIOJIH30BAHUS TI1JIaMa B KAYeCTBe
cOpOEeHTOR.

YeranoBaeHbl yeJI0BUs MognpUKaAIum 00-
PasIoB MIJIaMa COI0BOTO TTPON3BOJICTRA C IEThIO
MOBBIMEHN A DKCTIYATAaTMOHHBIX CBOUCTB 1
MOJIYdeHUST MeXaHUYeCKN TTPOYHBIX W I'PAHYy-
IUpoBaHHbBIX copOenToB. [lpu nernonn3oBannn
B KauecTBe CBABYIONET0 KOMIIOHEHTA JKUKOTO
creraa (maccoBas nosist 8—10%) mosydeHnbt
rpaHyJupoBaHHbIe cOPOEHTHI, 00Ialat0NIe
BBICOKOI MexaHmdeckoil npounocrbio (80% u
Oosee) m COPOIMOHHON AKTUBHOCTHIO TT0 OTHO-
menuto Kk UTM.

YcraHoBieHbl KWHETHYECKNEe U COPOIMOH-
HbIE 3AKOHOMEPHOCTHU M3BJIEUCHUSI MOHOB MeJn
" IHKA HA MOJM(PUITIMTPOBAHHBIX COPOEHTAX.

[Tonydenunbie copOIMOHHBIE MaTePUATbI
MOYKHO PEKOMEHIOBATH JIJIsl NCIIOJIb30BAHWS B
COOPYIREHUSX OUMCTKI MTOBEPXHOCTHBIX W CTOY-
uoix Boj ot MTM.

HUccaedosanue svinoaneno npu unamncosoil
noddepucee PODU 6 pamkax nayunozo npoekma
Ne 17-45-590169 «Iloryuenue moduguyuposanvrx
copoenmog 0.4 OHUCMEU RPUPOOHBLL U CINOUHBLY 600
npu nepepadomre uwiamo8 codoeozo npou3godcmea
npednpusmuit Ilepmcrozo kpas».
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Ilonryuyenue s3K0I0THUECKI 0€30MIACHBIX CTPOUTETLHBIX MATEPUATOB
HA OCHOBE 0TPA0OTAHHOTO (POPMOBOUYHOIO IMECKA CTAJICIUTEIHOTO
MPON3BOJICTBA

© 2018. 5. . Baiicman', n. mep. u., mpodeccop,

K. T. IIyrun'?2, x. 1. 0., npogeccop, J1. B. Pynakosa', x. 1. H., npodecco
9 9 9 9 9 9
N. C. 'nymanxosa', x. 1. ., npogeccop, K. 10. Tioproxanos', acnupant
9 9 9 9 9
lepMeKnii HAMOHATLHBII HCCICMOBATEILCKII IIOJTUTeXHIUCCKII YHUBEPCHUTET,
614990, Poccus, . [lepmn, Romcomonberuii mpoctexr, 29,
2[lepMcKuil rocymapeTBeHHbIT arpapHO-TeXHOJOTUYeCKI Il YHIBEPCUTET
nMm. akagemuka [[.H. [Tpasaumuanrosa,
614990, Poccus, r. [lepmb, yi. [lerponasnosckas, 23,
e-mail: 123zzz@rambler.ru

OG'bel{'l‘OM nceeJe/loBannd BbICTYIIAJ 0'|‘pa60'1‘aH HBIT (i)OpMOBO‘I HBIIT 1TeCOK OJIHOTO N3 TUIIMYHBIX CTaJieJinTe MHBIX
npeanpusitiii. OmeHKa SMUCCHN 3aTPA3HAIONINX BEIeCTB 13 cocTaBa 0TpaboTaHHOro (POPMOBOYHOIO IMecKa rmokasasa
X HUBKYIO OMUCCHOHHYIO M OMOJOTTIECKYI0 aKTHBHOCTD, 9TO TTO3BOJIIO Pa3paboTaTh TeXHOJOTHIO eT0 YTUIM3ATIT ¢
[noJryyeHmeM oROJIOTrn4ecKu 6930]|3CHO|'O CTPOUTEJILHOTO MaTepuaJia. HpOBe}LéH HbIe NCCJe/lOBaHIA CI)HSI/[ KRO-MeXaHNn4YeCKnx
CBOITCTB 0TPabOTAaHHOTO POPMOBOUHOTO MTECKA TTOKABAII, YTO OH TIPUTO/IEH JIJIsI HCTIOJIB30BAHIS B KAYeCTBe MUHEPATbHOTO
3AMOJTHUTENs PN TPON3BoficTBe acdanbroderonubix cMeceii. VccmemoBanus o6pasios acdanbroberona B cocrase,
KOTOPOTO B KAYECTBE MEJIKOTO MUHEPAJIbHOTO 3a110JIHUTEIsI HCITOJb30BaH 0TpaboTaHHbIiT JOPMOBOUHBII IIECOK, TOKA3AJIN,
410 oH yposiaersopsier tpeboBanusm 'OCT 9128-2013. dusnko-mexannvyeckne mokasaresn ac@aabrobeTOHHON cMecn
coorBercTBYIOT acanbroberony tuna b I mapru. [lpemmaraemast rexnonorns yruimnsaninn BO3MOKHA 0e3 3HAYNTeIHHBIX
KaIlNTaJbHBIX BJIOKEHUIT Ha 6OJI BIUHCTBE CTAJCJIUTCHHBIX I pernpuATun . Pea.}l n3anusa JjaH HOI TeXHOJIOTUI TTO3BOJIUT
CHUBWTH TEXHOTEHHYIO0 HATPY3KY HA OKPY/KAIOIIYIO CPEIy B MeCTax pasMereHust cTaaenTeNHbIX pPeJipusiTHii.

Karouesote ciosa: HopMOBOUHBIIT 1IECOK, YTUIN3AINS, ac(DATBTOOETOH, OTXO/[BI TPONBBOJICTBA, CTPOUTEIbHBIE MATEePHATIbI.

Production of environmentally safe building materials
on the basis of the waste foundry sand

© 2018. Ya. L. Vaisman', K. G. Pugin'? orcip: 0000-0002-1768-81775
L. V. Rudakova', I. S. Glushankova' orcip: 0000-0003-3376-80005
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'"Perm National Research Polytechnic University (PNRPU),
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2Perm State Agro-Technological University named after
Academician D. N. Pryanishnikov,

23, Petropavlovskaya St., Perm, Russia, 614990,

e-mail: 123zzz@rambler.ru

The object of the research was the waste foundry sand of one of the typical steelmaking enterprises. Estimation of pol-
lutant emissions from the composition of waste foundry sand has shown their low emission and biological activity, which al-
lowed to develop a technology forits utilization with obtaining environmentally safe construction material. The granulometric
composition of the waste foundry sand was determined with an average grain size of 0.38 mm. Based on the results of the
analysis of buffer extracts, the content of heavy metals in the samples of waste foundry sand in mobile form was determined.
Heavy metals (lead, zinc, chromium, nickel, manganese), as well as phenol and formaldehyde, were chosen as the indicators.
Samples of waste foundry sand contain formaldehyde in mobile form exceeding the limits for soil. It has been proposed to use
formaldehyde-containing sand in a dense and hydrophobic structure, such as asphalt concrete, to reduce the formaldehyde
emission. Investigations of the physical and mechanical properties of waste foundry sand showed that it is suitable for use as
a mineral aggregate in the production of asphalt concrete mixtures. The conducted studies of asphalt concrete samples in the
composition, which as a fine mineral filler used waste foundry sand, showed that it meets the requirements of Russian stan-
dard GOST 9128-2013. Physico-mechanical characteristics of the asphalt-concrete mixture correspond to asphalt concrete of
B type I grade. The proposed recycling technology is possible without significant capital investment in most steel mills. The
implementation of this technology will reduce the industrial impact on the environment in the locations of the steel plant.

Keywords: sand waste, recycling, asphalt, industrial waste, construction materials.
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B nacrosimee Bpemsi B Poccun n pazBuThix B
MPOMBITIIEHHOM OTHOTIIEHUY CTPAHAX Y/eJIsIeTCs
MOBBITIIEHHOE BHUMaHNe pazpaboTke MeTOIOB
" TeXHOJIOTUI, TTO3BOJSAOININX HCIOAb30BAThH
pPecypCHBIIl MOTeHI[NAT OTXOI0B TIPOM3BOJICTBA
JUISI TIOJTY Y€ H ST PA3JIMYHbIX [[eJIeBBIX ITPOJIYKTOB,
B TOM 4HCJie CTPOUTENbHbIX Marepuaion. Bue-
IpeHme TAKNX TeXHOJOTHUH TaéT BO3ZMOKHOCTD
HaPSITY ¢ 9KOHOMIYECKIMU BBITOAM U JIOCTUTATh
MOJIOFRUTENIBHBIX DKOJIOTHYCCKUX 1 COT[MATBHBIX
aperToB, KOTOPHIE TPOABIAATIOTCS B YMEHbBIITe-
HIT 00bEMOB HEYTUIN3MPYEMBIX OTXO/0B ITPO-
M3BOJICTBA, CHUKEHNN TeXHOT@HHOI HArpy3Kn
Ha 00'beRTHI OKPY RATOIIEIl cpefibl opMuUpyemMoit
HEYTUJIN3NPYeMbIMI OTXO/IAMI, CO3[aHM I OJ1aro-
HMPUATHOI CPeJibl JIJIsl IPOKNUBAHNS HACEJTeH s
[1-4].

B psime orpaciieii ipoMBIIIIEHHOTO TIPON3-
BOJICTBA, B YACTHOCTH, B YEPHON MeTaJIypTui,
B pe3yJibrare HeJ0CTATOYHOTO MCIOIb30BAHUS
PecypecHOTO TIOTEHITHAA ChIPhS 1 MOJYyIaeMbIX
MOOOYHBIX TTPOJYKTOB 00pasyeTcsi 3HaYNTe N b-
Hoe KOJIMYeCTBO OTXOIOB, ROTOPHIE TT0 CBOUM
(pMBMKO-MeXaHMIeCKNM CBOICTBAM He YCTYHAIOT,
a B psjie ciydaeB IMPeBOCXOJAT PUPOJHOE M-
HepajabHOE CHIPHE, MUPOKO NCIOIB3YeMOe s
MOJIYYeHUST PsI/Ia CTPOUTETbHBIX MaTepuasioB ¢
MOBBIINIEHHBIMU TTOTPEOUTEbCKIMI CBOICTBA-
mu. B Hacrosiiiee BpeMsi n3BeCTeH psiji perieH it
MCI0Jb30BAHUS KPYITHOTOHHAMKHBIX OTXOIO0B
YEPHON METAJTYPTUT B3AMEH TEPBUYHOTO ChIPbS
MpU TPOUBBOJICTBE CTPOUTENHHBIX MaTepPUaIon
OCHOBAHHBIN HA POJICTBE CBOMCTB ¢ MUHEPAJb-
HBIMU WHEPTHBIMK MaTepuajgamu [d—7].

BMmecre ¢ Tem, 3naunTtenbmoe KOANIECTBO
OTXOJIOB YEPHOIT MEeTAJTYPTHH He BOBJIERAETCS B
pPecypCHBIT IINKIT, & B BUJIe HeYTHIM3MPOBAHHBIX
OCTaTKOB OTXOJIOB Pa3MeIiaeTcs B OKPYsKalomiei
cperie, GOPMUPYST TEXHOTEHHYTO 9KOJOTUIECKY IO
Harpysky [8—11].

OpHuM 13 TAaKUX KPYIMHOTOHHAMKHBIX OTXO-
JIOB, KOTOPBIIl B HACTOsIII[ee BPeMsi He HaXO[UT
JIOJI3RHOTO MCITOJIb30BAHMS, & JIETIOHUPYeTCs: Ha
MOJITOHAX [TPOMBIITITIEHHBIX OTXO/[OB, SABJISETCS
orpaboranubiii popmoBounbiii mecok (ODII).
ODII apasiercss OTXOMOM CTATEIUTEHHOTO TPO-
M3BOJICTBA, 00PA3YIOIErocs B mporiecce TOJy-
YeHNs OTIIMBOK M3 CTATN B TNTHeBbIe TlecuaHble
opmbl. B RavecTBe MeX0HOTO MaTepuasia st
M3TOTOBJIEHUS JNTHeBBIX (DOPM MCITOJIH3YeTCs
KBapresbiii mecok. Oonémb1 o6pazoBanms ODII B
CPeJIHeM COCTaBJISIIOT OKOJIO0 OJIHOT TOHHBI HA TOH -
Hy rotoBeIxX oTiBOK. B Poccuiickoit Mepeparnn
(P®) nacunrsiBaercst okosio 1100 geiicTByionux
npennpustuii, koropeie B 2016 r. npoussesn
3,8 MJTH TOHH OTJINBOK. JTO OTIpeJieisieT aKTyalb-

HocTh pertennst 3ajgaun o yrunusanun OO
nast 6osbioro yncnaa npeanpustuii Pocenm.
XUMUueckuii coctaB n (PUBNKO-MeXaHNYecKne
cpoiictBa ODII mocrosiHHbI 1 HEM3MEHHBI TIPU
[IOJITOCPOYHOM (DYHKITMOHUPOBAHU M TIPEJIIPUS-
TH5I, 4TO 0OYCJOBIEHO BHICOKMME TPeOOBAH MM
K TeXHOJIOTUSIM MOJYYeHUsI OTIMBOK BBICOKOTO
KavuecTBa 1 sIBJISIOTCS TTOJI0KNTETbHBIM MOMEHTOM
nipu pazpaborie rexuonorun yruanzamun ODII.

Nasecren psiji 3apy0esKHBIX HAYUHBIX UCCTIe-
MOBAHWIA, MOCBAIIEHHBIX BOIPOCAM YTUJIN3AT[A T
O®II. o manmbiM accormarin anrenmuKros M-
muanbl (The Indiana cast metals association IN-
CMA USA), eskeroptno B mirare Mugnana CIITA
Ha MPeAITPUATAAX, 3aHATHIX JUTHEM METaJIOB,
obpasyercst 0ko0 450 THIC. TOHH 0TPabOTAHHOI
(popmoBOUHON cMecH, DOIBITAS YaCTh KOTOPOIl
UCIIOJIB3YETCS B KaUuecTBe MHEPTHOTO MITHEe PaJih-
HOTO 3aTIOJIHUTEJISI B CTPOUTeIHLHOI oTpacsu. P
nayunbix earpos CIHA, Munuu, EBpocoioza
npepmaraior ncrnonabzopanne ODIl B kauecTBe
MUHEPATLHOTO 3aTTOJTHUTEJIST B TIeMEeHTO0eTOHAX,
CTPOUTENIBHBIX PACTBOPAX, TIPH MPOUBBOJICTRE
RUPITUYEN U TPOTYapHON TITUTKY, [T YRperie-
HUS CIa0BIX TPYHTOB TIPU IOPORHOM CTPOUTE -
CTBe, BbIDAaBHUBaHUs pesibedpa MEeCTHOCTH 1 JIp.
[12—-18]. OgHako MmMpoKoro pacipocTpaHeH s B
P® nannbie TeXxHOTOIMN He MOJYYUIN, TAK KaK
ODII otHOCHTCS K YeTBEPTOMY RIACCY OTTACHOCTH
n3-3a HAJTMYKS B CBOEM cocTaBe 0CTaTKOB hypa-
HOBBIX ((PpeHoIPOPMANBAETUHBIX) CMOJ 1 I
€ro MCI0JAb30BAHIS B3AMEH ITPUPOIHOTO ChIPbs
PN MTPOUBBOJICTBE CTPOUTETHHBIX MaTepPUaIOB
Tpedyercst 000CHOBaH e DKOJOTIUeCKOTT Oe3oriac-
HOCTH WX IPUMEHEeHUS.

[lennio nannoit paboTsl ObITIa pazpadoTra
TEeXHOJIOTHY TOJIYUEHIS DROJOIMUecK 6e3011ac-
HOTO cTponTe/bHOro MaTepuasna Ha ocnose OMI1
CTAJIeJINTEITHOTO TIPON3BOJICTRA.

O0BbeKTHI 1 MEeTOJBbI NCCICOBAHIS

Ob6BeKTOM MCCaeOBATMA BLICTYIIATA OT-
paborannast opMoBOUHAS cMeCh OJJHOTO U3
TUINYHBIX CTATCTUTeHHBIX PEMPUATHI, pac-
nososkennoro B [IpuBomkckom degepanbiom
okpyre. OcHoBY (POPMOBOUHOT CMECH COCTABJISICT
HpUpoiHbIil KBapuesklii necok mapku 1K 0,03
co cpeaum pasmepom 3epra 0,38 MM, MaccoBoit
mposieii guokcupa kpemuus 99,6% u cBsasyio-
it kKommowuent. [Tpu n3roroBieHnn auTheBOM
(opMbI B KauecTBe CBS3YIOINIEr0 UCIOJIb3YeTCs
(penondopmanpaerugnas cmora Anbspadonm-07,
HOpMa pacxofia KoTopoit cocrasisger 126 wr ma
1 ronny oruBOK, U orBepruTeNb Anbdadon/,
HOpMa pacxojia Kotoporo pasHa 31,6 krua 1 Ton-
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Ta6auma 1 / Table 1

Yepepuéunptit xumnueckuit cocras ODIL (%)
Averaged chemical composition of WES (%)

HanwmenoBamnue nopMarnBuoro [Tomyvuennbie 3navernus mpu
Hanwmenosamnue mokasaress MOKYMEHTA HAa METOJ| MCITBITAHUIT MCIBITAHISX
Indicator name Name of the normative document for | The values obtained during
the test method the tests
Oxenp kpemuus [TH]L ® 16.1.42-04 9349
Silicon oxide ERD F 16.1.42-04 B
OHCH;F ATOMITHISA [TH][] ® 16.1.4‘2—04 0,200.02
Aluminium oxide ERD F 16.1.42-04
Oxcmp sxesresa [TH]1 ® 16.1.42-04
Oxide of iron ERD F 16.1.42-04 0,80+0,04
Oxcujy Mmaprania IMTH D 16.1:2.3:3.11-98
Manganese oxide ERD F 16.1:2.3:3.11-98 0,060+0,003
Oxcng marans I[MTHJ ® 16.1:2.3:3.11-98 .
Magnesium oxide ERDF 16.1:2.3:5.11-98 0,020+0,001
QRCI/.II[ RaIbILIs [MTH1D 1()).1:‘2..‘3:13.1 1-98 1.500,08
Calcium oxide ERD F 16.1:2.3:3.11-98
Orcujy Turana I[MH D 16.1:2.3:3.11-98 .
Titanium oxide ERD F 16.1:2.3:3.11-98 1,20+0,06
Denondopmanbierunas cMoaa I[THJ ® 16.1:2.3:3.45-05 3.60040.018
Phenol-formaldehyde resin ERD F 16.1:2.3:3.45-05 T
Ta6amma 2 / Table 2
Ipanynomerpuueckuii cocra ODIT
Granulometric composition of WFS
Copepsranme THLLTEBUHLIX 9acTHIl, % 1,0+0,1
Content of dust particles, %
Momyss kpymaoctn / Grain size distribution 1,25
I'pamynomerpuueckuii cocras
Granulometric composition
Paswep orsepetuii cut, it oq |5 yg 15 o5l 195] 063 | 0,315 0,16 0,05
Size of sieve holes, mm
; o
Moamstii ocratox, % 0,00,0/0,000 00 0,0 |1,3:0,1|255=0,1 | 98,2+0,1 | 99,0+0,1
Full residue %

ny ouBoK. [Tpu 3anuBre Meranna GopMOBOU-
Hasi CMeCh T0JIBePTaeTcsi BO3[IeCTBIIO BhICOKOT
remrmeparypbi (10 1600 °C).

Jlist onpesiesienust BO3MOYKHOCTH MCIIOJb-
sosaunsa OMII 6Lt onpefenén yepennéHHLIN
XUMUYECKUIT cOCTaB OTXOJa MO0 OCHOBHBIM
KOMIIOHEHTaM ¥ KJIACC OTMAaCHOCTU PACYETHHIM
METO/IOM COIJIACHO METOJIMKE YTBeP:;K/AEHHOI B
CI12.1.7.1386-03. Copiepsrkanne HOHOB METAJITIOR
B OTXOJIe (3KeJsie3a, MapraHiia, THTaHa) ommpejess-
JIT METOJIOM aTOMHO-a0COPOIMOHHON CIIeKTPO-
croru (AAC), okeuy KpeMHIST — rpaBUMeTpH -
YeCKUM MeTOJIOM, cojiepsranne ernomrdopmann-
[IerU/IHOT CMOJIBI OTIPeIesIsin (DOTOMETPUYECKUM
merorom ma HOK-3. lloryuennnie mannbie
mnpegcrasiaensl B Tadsuie 1. Iposenénnnie nc-
caeposanus nmokasanuu, uro OMII ornocures k
YeTBEPTOMY KJIACCY OMACHOCTH 10 CTeTeH! He-
raTMBHOTO BO3JEHCTBIS HA OKPYIKAIOIYTO CPejLy,

4TO [T03BOJISIET PACCMATPUBATH €10 KaK ChIPhE s
IoJIy4YeH! A CTpOUTE/JIbHBIX MaTepruaJioB.

I'panymnomerpuueckuii cocras ODII ornpese-
assm o meroguke 'OCT 12536-2014 ¢ uciosn-
30BaHNEM CTAHAAPTHOTO HAOOpa J1ad0paTOPHbBIX
CUT. HOJqueHHBIe JaHHbIEe TIpeJCcTaBJeHbl B
rabanie 2.

AHain3 IaHHBIX 110 TPAHYIOMETPIUYECKOMY
cocraBy ODII norasai, 4to 1Mo MOJYJII0 KpPyIi-
HOCTH OH COOTBETCTBYET OUeHb MEJTKOMY MEeCKY.
CojrepskaHue bLIEBUHBIX 1 TTIMHUCTBIX YaCTHI]
cocrasisier 1,0%, aro coorsercrByer TpeboBanm-
am I'OCT 8736-2014 nuia ouenb MeJIKOro mecKa
IT kiacca (we 6osee 5,0%).

O®II, ucrionb3yembiii B kauectse (hOpM JIJIst
JUThsI, MOKET COJePRaTh TAKEIbIe MeTaJJIbl
(TM), morstonmaembie GOPMOT TPH JTUTHE, & TAK-
JKe MOJKET COJIepPsKaTh MPOJYKTHI PasiOKeHM s
CBSABYIOIIIX KOMITOHEHTOB — (peHo 1 hopMasb-
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neruj. [Ipm srom ocroBHast wacte TM copnep-
swutes B ODII B Busie cuJMKaToB, NpaKTUUYECKN
HepPacTBOPUMBIX B BOJle M CHJIbHBIX KUCJIOTAX,
[ipyrasi 4acTh — B Bujie KapOOHATOB U CyIb(aTos,
KOTOpbIe MOTYT T1OJIBEPTaThCsI MEJIIEHHOMY pac-
TBOPEHMWIO B BOJIE M KUCJBIX Cpejiax.

O™ 13 OCHOBHBIX KPUTEPIEB BO3MOFKITO-
CTH UCITOJIb30BAHNUS OTXO/0B B KAYeCTBE ChIPbs
Mpu MOJTYIeHUU CTPOUTETHHBIX MAaTePHATIOB
sSIBJIsSIETCsT 0@3011aCHOCTD [IJIs1 00'beKTOB OKPY>KAI0-
1eil cpejibl 1 3Jl0POBbs desioBeka. B aroiil cBszn
IJIsT OTIpeJlesIeH sl HaTPpaBJIeHU s YTHIN3AI ¢
OTXOJIOB B TIEPBYIO OUePe/ib HEOOXOMMO OTIeHUTh
popMupyeMyIo uMu dMHUCCUIO 3arpsA3HAIONINX
BeIIeCTB.

UccrepoBanus sMuccnii 3arpsa3Hsionnx
BeIecTB B BOJHbIE CpPe/bl IPOBOIUIN B CO-
orsercTBUM ¢ TpeboBanusmMu MY 2.1.674-97
«Canmnrapiuo-rurnennyecKkas ormerKa ¢rpoiiMa-
TepUaJIoB ¢ p00aBIeHMEM ITPOMOTXOm0B». [ls
OTIEHKU AMUCCHI OBIIN MTOJITOTOBICHbI BOJ[HbBIE 1
OydepHble (ameraTHO-aMMUAYHBIE ) BRITSKKI 13
obpasuos ODII pu coornomenn odbpaserr: pac-
tBop pasHoM 1:10, RoHTpOTMpPOBAIIT TIPOTIECC TTO
COJIEPIKAHNTO B BBITSKKAX CJEAYIONINX KOMITO-
HEHTOB: MIOHOB CBUHIIA, IMHKA, XpoMa (00111er0),
HIKeJIs 1 Maprania; perosra n opMaiberna,
Kak HanboJiee ONaCHbIX 1 TPUCYTCTBYIONNX B CO-
crase ODII. ITpu ananuse mosydeHHbIX JJAHHBIX
npoBopyin cpaBruenme co snavermsamu ]| Katnx
TM nJ1s1 Bojibl BOJIOEMOB PbIOOX0351TICTBEHHOTO
naznavenus u ¢ [IJIK B mouse (ITJIK pus TM
MOJIBIRHBIX (hopMm).

Namepenne cogepsranust TM B ipobax mpo-
BOJIUJTN METOJIOM MaCC-CIIeRTPOMETPUN ¢ WHJLYK-
TUBHO CBA3AHHO IJIA3MOI ¢ TPUMEHEeHeM Mace-
criektpomerpa Agilent-7500cx (mmpousBoycTBO
Agilent Technologies Inc, CHIA).

Omnpepenierne (hopmMasibernia B BOJHbIX pac-
TBOPAX IMPOBOJIIIN METOJIOM $KUIKOCTHOI XpoMa-
torpadun Ha XpomaTorpade ¢ TMOHO-MATPIUYHBIM
nerexropom (ripomsBosictBo Agilent Technologies
Inc, CIITA). Anasiua npoBouin B COOTBETCTBUN C
[TH]T ® 14.2:4.227-2006 «Metopnka namepenii
MacCOBBIX KOHIEHTPATIII a/Tb/IeTH/I0B B TUTHEBHIX
1 TIPUPOJIHBIX BOJIAX METOJIOM BHICOKOA(pPeRTHB-
HOTI SKUJIKOCTHOI XpoMarorpaui».

Usmepennsi MaccoBOil KOHIEHTPAI[UH
(deHoMA IPOBOJMIIM METOJIOM Ia30BOIl XpoMa-
torpadpun na xpomarorpade Kpucramr 5000.2
(npoussosicteo 3AO CHB Xpomarar, Poccus)
B coorsercrBuu ¢ [THJl @ 14.1:2:4.225-06
«Metoka BBITIOTHEHUSI N3MEPEeHNIT MacCOBOI
KOHIeHTpanun eHonaa n GeHoampon3BoIHbIX
B 11P0OAX MUTHEBbIX, TPUPOHBIX I CTOYHBIX BOJ
razoxpomMarorpauueckuM MeTo0M».

AHajin3 moJydeHHBIX TaHHBIX MTPOBOJIIIN
B cpaBHennn co snavenuamu [TJJK srux TM
IJIs1 BOJIbI BOJOEMOB PBhIOOX03SIICTBEHHOTO Ha-
snavennst, u ¢ IIJIR B mouse (ITJIR pna TM
HOJIBUKHBIX (DOPM).

Pesyabrarsl u 0b6cyskienne

Pesynwrarthl omnpejienerHnst KOHIEHTPAT[UT
AaHaJIN3NpPyeMbIX BellleCTB B BOHHOﬁ BBITAMKE 3
O®II npescrasienst B Tadsuie 3.

Rar Bugrmo m3 mpemcTaBaeHHBIX aHHbBIX,
comepsxkanne TM B BOIHBIX BRITAKKAX 00pas-
OB OTX0/1a 3HAUMTEJbHO HUzKe 3HaueHui [TJ1TK
BOJ0EMOB PHIOOXO03ANCTBEHHOTO Ha3HaATeHS,
9TO CBUAETETHCTBYET O HU3KOI MUTPATTMOHHOMN
1 OMOTOTUYECKON aKTUBHOCTH 3arpsA3HsIONIIX
ROMTIOHEHTOR, BXoisAux B coctraB ODII.

B Bopubix soitszrkax ODII comepsmures
(bopmasbieru, B KOJIMUECTBAX 3HAUUTETLHO [TPe-

Tabmuna 3 / Table 3

Rownmenrparus semmects B Bonoit seitssrke OMI mpu pH = 7, mr/mwm?
Concentration of substances in the aqueous extract of WES at pH =7, mg/dm?

112

. IR mist Bogoémon
Orpaboranublii .
. PHI6OX03ATCTBEHHOTO
Rommonent / Component (hOPMOBOUHBII TTECOK [
Waste foundry sand MPC for fish reservoirs
Caurery / Plumbum 0,0013+0,0003 0,03
[lunk / Zine 0,0030=0,0006 0.1
Xpowm / Chromium 0,0052+0,0009 0,05
Hwurenn / Nickel 0,0027+0,0005 0,01
Mapraner, / Manganese 0,0085+0,0016 0,1
®opmanbaerns; / Formaldehyde 3,8+0,9 0,25
®enoa / Phenol 0,0020+0,0010 0,001

Ipumevarnue: jacuprvim wpugmom svidesersvt 3nauverus, npesviuiaroujie HJIK.

Note: values in bold are higher than MPC.
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Tadomuma 4 / Table 4

Copepsraniie TSRETBIX METAILTOB B TTOBIIRHOM (popme B o6pasmax ODII npu pH= 4,8, mr/Kr
The content of heavy metals in mobile form in samples of WES at pH = 4.8, mg/kg

OrpaboranHubiii HOPpMOBOUHBII TTECOK [TJIK nouse
Rowmuonenr / Component ! Waste f(f))uﬁdry sand MﬂPC in soil
Ceuwert / Plumbum 0,086+0,018 6
Llnnk / Zine 0,760+0,014 23
Xpowm / Chromium 0,17+0,03 6
Hurens / Nickel 0,094+0,016 4
Mapraner; / Manganese 0,70+0,013 60-80
®opwmanbierus; / Formaldehyde 38+9 7
®enon / Phenol 0,020+0,010 He yeranonena
notassigned

Hpunewarnue: ycuproin wpugmom svidesensvt snawenus, npesviuarowyue IJK.

Note: values in bold are higher than MPC.

Tadauma 5 / Table 5

Du3nKo-MexammIecKne XapakTepIueTnRI 06pasIoB achanbroberora
Physical and mechanical properties of asphalt concrete samples

Tpedosanue 'OCT ODIT ODIT
[Torazaresnn 9128-2013 ¢ burymom 9,3% | ¢ Gurymom 3,6%
Indicator The requirement of WES with WES with
GOST 9128-2013 | bitumen 5.3% bitumen 5.6%
CpepHsis IoTHoCTh, T/M? He yeranoByena . .
Average density, t/m? not assigned 2,4420,01 2,4320,01
[Topucroers munepanbuoin vactu, % B - [
Porosity of the mineral part, % 14-19 15,02+0,02 15,7520,02
0,
Ocrarounas nopuerocte, % 2,5-5,0 2,79+0,01 2,80+0,01
Residual porosity, %
[Tpepen mpounoctn nipu csratun, MIla
Compressivestrength, MPa:
20 °C, me menee / 20 °C, not less than 2,9 3,61+0,01 3,48+0,01
90 °C, me menee / 50 °C, not less than 1,2 1,69+0,01 1,50+0,01
0 °C, me 6omee / 0 °C, not more than 11,0 8,37+0,01 7,18+0,01
BonocroiikocTn, He MerHee
Water resistance, not less than 0,90 1,00+0,01 1,00+0,01

seimatomux [TJIR (15 [TJ1K), n penox (2 [T]IK),
4TO HEOOXOIMMO YUUThIBATh IpU pa3padoTKe
TeXHOJIOTHII ero yTuIn3ariuin.

Ha ocnoBanum pesysabraroB ananusa Oydep-
HBIX BBITSIFKEK OBLIO OIPEeeHo cojlepsRanme
TM B obpasiax oTxom0B B MOABUKHON (hopme.
[Tosryuenmbie pe3yabTaThl PejICTaBIeHb B TaOTI-
e 4. B pannoi rabnuie npusenenst [IJITKTM B
TMOJIBIRHON (hopMe JIJTsT ePHOBO-TIO/I30JNCTHIX
7 CYTJIMHUCTHIX TTOYB B COOTBETCTBUY C TUTTe-
nudeckumu nopmarusamu I'H 2.1.7.2041-06
«ITpepensro porrycrumbie koutientparun (J1H)
XUMUYECKIX BEITeCTB B TOUBE».

O6pasiet ODII copepskat popmasbrerns B
KOHIEHTPAIUAX 3HAYUTE]THHO MPeBBIIANIX
nopmarus (9,4 [1J[K), uro HeoOXxouMo yunThi-
BaTh 1pu pazpadboTKe TeXHOJIOIMHU ero yTuin3a-

nun. [lns penona TJIK B mouse B nacrosiiee
BpeMsi He yCTaHOBJIEHA.

IMUCCMOHHYIO aKTUBHOCTH (perosia n op-
maabgernga us OMIl moxcHo cHU3UTEL 3a cuéT
pasmetenust ODII B ruppododHOIT UAM ITOTHOI
cpejie, B KauecTBe KOTOPOI MOKeT BBICTYIATh
caMa CTPYKTypa CTPOUTEJHLHOTO Marepuaia
(mampumep, acdanabroberona), B KOTOpoil oH
HCIIONb3YeTCs KaK OfMH 1u3 KoMmionenTon [19,
20]. Ha ocrnoBe ananmsa (pu3nko-MexaHmuecKux
n xumndecknx cpoiicts ODII u BozMoKHOCTH
CHUKEHUsS DMUCCUOHHO aKTUBHOCTI 3arpsi3-
ustonux Berects n3 OPII npu ero pazmerniennn
B rujipodobHOIl 1 Gosiee MJIOTHON cpefie, ObLIO
obocuoBano ucnosbzopanne ODII B cocrase
acpanvroderona. [lpm srom cnmkenue smme-
CHOHHOI aKTUBHOCTH 3aTPSI3HSAONINX BEIeCTB,

113

Teopernyeckas u npuraagnas sroxorns Ne3, 2018




IROJIOTNSAINA ITPON3BOICTBA

114

conepskaruxcs 8 ODII, gocruraercs 3a cuér ero
pasmerienus B rusipodoOHOii cpeje, KoTopas 00-
pasyercs mpu NCIoab30BaHNT OUTYMa B COCTaBE
acdannroderona.

[TpoBenénnbie nccaemoBanus MoKasanu,
4TO 110 CBOUM (PUBMKO-MEXaHUYeCKIM U TPaHy-
nomerpudeckum nokasaresnsim ODII nmpuropen
JUISI MCTIOJb30BAHIST B KA4ecTBe MIUHEPATbHOTO
3aTOJTHATEJIST TIPU TTPON3BOJICTBE acdanrbrode-
TOHHBIX CMecell.

Bout Beimosinen mogbop cocraBos acdanibro-
oeronnoii cmecu B coorBerctBum ¢ 'OCT 8267-
93, T'OCT 9128-2013, TOCT P 52129-2003,
IOCT 22245-90 npu 12% copepskanun ODII B
MUHePaJTbHON YacT ac(hanbrobeToHHOT cMecH.
[Tposepéunbie mabopatopHbie NCCACTOBAHIS TTO-
3BOJIMJIN OTIPEJIeJIUTh ONITHUMAaJIbHOE COJlepsRaHme
ouTyma B coctaBe acdanrbroOeTOHHON CMecH TTPn
nenosanzosannum ODII, koropoe cocrapaser oT
9,3 110 5,7% cBepx 100% munepaabHOIl YacTH.

[Tonyuennnie o6pasipl acaabroberona, B
COCTaB KOTOPOTO B KAYECTBE MEJIKOTO 3aMOJIHI-
resist ucrnonabzosan O@IL, porim nenbITanms
na coorsercrBue Tpedbopanusa I'OCT 9128-
2013, koropshlii yeranapiauBaer TpedbOBaHUA K
n3T0TOBJACHNIO acdaabrobeTOHHBIX CMeceil 1
acdanapbroberona, ¢ mpuMeHeHNeM OUTYMHBIX
BSURYIUX W TIoJimMepacaabroderona ms aTux
cmeceii. Menwirannsa acganbrodeToHHBIX 00-
pastos, B coctaB Kotopbix Bxommt ODII, ontan
MTPOBEICHBI B AKKPEINTOBATHOT JTab0PaTOPHT IO
MCIBITAHNTO JOPOKHBIX MaTtepuanon llepmeroro
HAIMOHATHLHOTO MCCTe0BATEIBCKOTO MOJIUTeX-
Hiaeckoro yunsepcurera. OcuoBmbie Gu3nko-
MexaHndYecKue rmokasarean ac@aibrodeToHHbIX
00pasIoB MpejicTaBIeHbl B TabInIE .

3arioueHue

[TpoBenénnbie nccaemoBanus achaabrobe-
TOHA, B COCTaBe KOTOPOT'O B KA4eCTBE MEJKOTO
MUHepPaILHOTO 3anosranTess nernonbzopan ODI,
MOKAa3aJiy, 4TO OH Y/IOBJIETBOPSIeT TpeOOBAHUAM
FOCT 9128-2013. ®usukro-mexanuyeckme moKa-
3aresin acarbToOTOHHON CMEC COOTBETCTBYIOT
acdansrooerony Tumna b I mapru. 9ro mosBosser
¢/leJIaTh BHIBOJL O BOBMOKHOCTH WCIIOJIH30BAHUS
rexnosorun yruanzanun ODII pias nponssoji-
cTBa acdaabrobeTona ¢ 3aMerieHneM YacT pu-
POJIHBIX MUHEPATbHBIX ChIPhEBBIX KOMIIOHEHTOB
OTXOJIAMU CTAJIeJINTEIHOTO TPON3BOJICTBA.

ODII crasennreitHOTO TPON3BOJICTBA XapaK-
Tepusyercsi 00JbIINM 00bEMOM 00Opa3oBaHUs,
OTHOPOJTHOM CTPYKTYPOIl, TOCTOSTHCTBOM XUMM-
YeCKUX 1 (PUBUKO-MEeXaHMYeCKNUX CBOWCTB, 4TO
YKa3blBaeT HA BO3MOYKHOCTH MCIOJIb30BAHMS

mpejyiaraeMoil TeXHOJTOTHN 0e3 3HaUYNTeTbHBIX
KanmTaJIbHBIX BJIOKEHNIT Ha OOJTBITNHCTBE CTa-
JEeINTeNHBIX TPeJITPUATHIH.
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This research was aimed at studying of population and biological aspects of cattle retroviruses’ expansion, such as
breed and age of animals, form of head ownership, retroviruses biology. Bovine leukemia virus (BLV) and bovine immuno-
deficiency virus (BIV) are retroviruses which cause chronic incurable diseases of cattle. These agents have a phylogenetic
relationship with similar pathogens in humans. There is a possible danger of viral entry to humans through the consump-
tion of infected foodstuffs. 773 blood samples from Black-and-White, Holstein, Simmental, Kazakh White-headed and
crossbred cattle of different districts of the Saratov region were analyzed by polymerase chain reaction (PCR). Studies
reveal that bovine immunodeficiency and bovine leukemia viruses are spread widely in cattle of the Saratov region: 30.5%
and 39.8% on average, respectively. The infection rate varies considerably depending on age-sex group affiliation and
cattle ownership. BIV and BLV infection rates increase with the animals age, especially among farm herd. Significant
epizootic feature of retroviral infections in cattle in the Saratov region is a high level of retroviral coinfection — 25.2%
on average. The clinical complications of BIV infection, confirmed by laboratory studies, were most frequently recorded
in cattle aged 5—10 years. For analysis of diagnostic accuracy of serological and molecular genetic methods for enzootic
bovine leucosis diagnosis, 271 cattle blood samples were studied by PCR and AGIDT (agar gel immunodiffusion test) in
parallel. The comparative analysis shows that diagnostic efficiency of AGIDT in comparison to PCR is 30.8%. Taking into
account the retroviruses bhiological features, the PCR assay can be recommend as a screening method for BLV-infection
revealing, especially when the imported cattle are quarantined at the place of keeping. In herds with high BLV-infection
level, cattle should be tested for BIV presence to stop the cattle retroviruses’ expansion.

Keywords: polymerase chain reaction, agar gel immunodiffusion test, retroviruses, enzootic bovine leucosis, bovine
immunodeficiency, expansion, diagnostics.
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[lenbo HaCTOANMMUX MCCTEOBAHIIT ABUIOCH BHISIBJCHUE MOMNYJIANNOHHBIX U OMOJOTUYECKUX HPEAIOCHIIOR
pacipocTpaHeHsi peTpOBUPYCHBIX WH(MERIMIT cpejiii KPYITHOTO poratoro ckora. Ocoboe BHUMaHUE YeISA0Ch TaKUM
acleKkTaM Kak Mopojia M BO3PACT KUBOTHBIX, hopMa Brajenns, 6noJornyeckne ocobeHHoCTn perpoBupycoB. Bovine
leukemia virus (BLV) u bovine immunodeficiency virus (BIV) sBnsiorest peTpoBUpycaMu, BHI3BIBAIOIIIIMI XPOHIUECKIIE
HeusjednMble 3a00JeBaHs KPYITHOTO poratoro ckota. [lantuble BO30YinTesin uMetor (PraoreHeTn4ecKyo CBsi3b ¢ MOf0OHbIMI
narorenamu yesgoseka. CyIecTsyer BeposTHOCTD ITepeiaun BUPYCcOB OT s KUBOTHBIX YeJTOBEKY Yepe3 KOHTAMUHIPOBAHHbIE
npoayKTel urtanust. Merogom momummepastoit tennoii peaknun (ITIP) 6biin ucenegoBansl 773 npobsl kposu Yepro-
necrporo, losmruackoro 1 CiMMeHTaTbCKOTO CKOTa, KOPOB 1opojibl Hazaxcrast GesiorooBast n 6€CIopojiHbIX FKUBOTHBIX
u3 pazanunnix paitornos Caparosckoii obmnactu. Vceaemosanus morasasu, uro BLV i BIV muporo pacripoctpanenst cpen
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Kpymuoro poraroro ckora Caparosekoii obmacti: 30,5 1 39,8% B cpepieM, COOTBETCTBEHHO. Y POBEHb MHMUIHPOBAHHOCTH
3HAUNTE]bHO BAPBUPYET B 3aBUCHMOCTH OT TIOJOBO3PACTHOT rpyiibl 1 Gopmbl Biaajenus ckora. Crenens BIV u BLV-
nHPUINPOBAHNS YBEJINYNBACTCS ¢ BO3PACTOM JKUBOTHBIX, ocobenHo cpenn gepmepckoro ckora. Hemamosasmnoii
0c00EHHOCTBLIO PETPOBUPYCHBIX MHMEKIII KPynHOTOo poratoro ckota B CapaToBcKoii 061acTh sIBJASIETCSI BBICOKII YPOBEHD
perposupycuoit kKonnderiuu — B cpegnem 25,2%. Knnnuaeckne nposiginenust BIV-uuderium, moaTBepKIeHHO
Nab0PATOPHBIMI NCCIEIOBAHUAMI, HAaNboJIee 4acTo PerncTpupoBATICH cpefii ckoTa B Bogpacte d—10 ner. [lyia Buisicnenus
ANArHOCTHYECKO IIeHHOCTH CePOJIOTHYECKOTO 1 MOJIERYJISPHO-TeHEeTHYeCKOTO METO/[0B UATHOCTUKI DH300THYeCKOTO
Jeiikosa KpyImHoTo poraroro ckora, 271 npoba kposu Oblia ncenaeopana napaiienbno merogamu [P u PUJL (peakuus
nvmyropuddysnn). CpaBHUTETLHBIT a3 TTORA3aT, 9To Auarmoctmdeckas sgderrnsuocrs PUJI ornocurennio [T P
cocrasisier 30,8%. YuureiBas Guonornueckue ocobeHHocTn perpoBupycon, [TIIP-ananns Mosker ObITh pEKOMEH/IOBAH B
KauecTBe CKPUHIHTOBOTO MeTojia BhisiBieHnst BLV-un@erInm, 0cobeHHO PN KapaHTHHIUPOBAHUN BBO3UMOTO 13-3a TPDAHUILbI
crora. B crajax ¢ Boicoknm yposuem BLV-unermmm, KpymHbIil poratoiii CKOT Heo0X0nMOo nccaenosarh na nasmname BIV,

4TOOBI OCTAHOBUTH DKCITAHCHIO PETPOBMPYCOB KPYITHOTO POraToro CKOTa.

Kaouesvie crosa: nonnvepasHast 1ernHas peakius, peakius nMMyHou( ysnn, perpoBUpychl, SH300THYECKIUIT
JeIIK03 KPYITHOTO POTATOTO CKOTA, MMMYHOe(UINT KPYITHOTO POTaToOTO CKOTA, pacirpocTpanenne, TUarHoCTHKA.

According to the International Committee
on Taxonomy of Viruses (ICTV) database,
currently 96 families of viruses are described
and the Retroviridae family is one of particu-
lar importance among them. This is due not
only to the unique biological properties and
structure, but also to the fact that retroviruses
cause chronic incurable diseases, which tend
to widespread, such as enzootic bovine leucosis
and bovine immunodeficiency. The causative
agents of these diseases, bovine immunodefi-
ciency virus (BIV) and bovine leukemia virus
(BLV) were isolated in 1969. These agents have
a phylogenetic relationship with similar patho-
gens in humans: human immunodeficiency virus
(HIV) and human T-lymphotropic virus (HTLYV)
and a high degree of genetic homology between
them [1]. Under experimental conditions sheep,
rabbits, pigs and monkeys turned to be sus-
ceptible to the leukemia virus [2]. It is known
that retroviruses are capable of overcoming the
interspecific barrier, including the transition
from animals to humans [3]. Although the
pathogenicity of BLV to humans is not proven,
it is considered as a breast cancer risk factor,
other researchers have a different opinion [4].
BIVand BLV are revealed in the milk and meat
of sick and infected animals, accordingly there
is a possible danger of viral entry to humans
through the consumption of infected foodstuffs.
Moreover, it was found that the infected animals
milk contains the hazardous to human health
metabolites [9].

BIV and BLV, similarly HIV and HTLV,
infect the immune system cells (lymphocytes,
monocytes and macrophages), which is de-
signed to fight them and ensure the organism
homeostasis. The viruses turn the lymphocytes
into the “viral particles cloning factories”. As
aresult, the adaptive capacity of the organism,
specific and non-specific resistance are sharply

lowered, which inevitably leads to the develop-
ment of the pathological process [6].

Enzootic bovine leucosis is one of the most
pressing and urgent problems of livestock
husbandry. The cattle stock with hematologi-
cal malignancies is rather high, especially in
countries with highly developed dairy cattle. It
leads to significant economic loss in connectlion
with reducing quantity and quality of products,
cattle death rates or emergency slaughter of
animals, receiving less young stock, loss of
the breeding value and limited sales of cattle,
additional costs for anti-epizootic preventive
measures, animals’ treatment and milk pas-
teurization [7].

According to the researchers’ data, these
infections are widespread. BLV registered in
Japan from 28.6 to 68.1% in different regions,
in South America from 34 to 50%, in Canada
up to 89%, in USA up to 83.9%, in Brazil to
50%, in Korea from 50 to 86.8%, in Turkey
and Iran 48.3% and 64.7%, respectively [8], in
Chile 29.1%, in Peru and Paraguay 42.3% and
over 50% of samples, respectively, In Bolivia
30% [9], in Argentina from 32.8 to 84% (up to
90.9% by some accounts) [8, 9], in Philippine
4.9-23.1% [10], as well in Bulgaria, Croatia,
Estonia, Latvia, Poland, Romania, Ukraine,
New [8], Lithuania [11]. Enzootic bovine leu-
cosis is spread in many regions of the Russian
Federation [12, 13]. According to the data of the
information-analytical center of the Rosselk-
hoznadzor of the Russian Federation, enzootic
bovine leucosis is the disease with a subclinical
case. Al the present time are 138 affected with
leukemia points in Russia. Moreover, it was
revealed 31256 suffering from leukemia cattle
heads in 2017. This is the highest rate in the
nosological profile of cattle infectious diseases.

Bovine immunodeficiency virus is recorded
in Australia (15.9%) [14], in the USA (21—
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30%) [15], in South Korea (33%) [16], in
Brazil (11.7%) [17], in Zambia (11.4%) [18],
in Turkey (12.3%) [19], in Germany (6.6%),
in Japan (7.5%), in Italy (2.5-5.1%), in India
(24%), as well as in French and Louisiana [1].
On the Russian Federation, such studies are
sporadic. According to some data, infection with
bovine immunodeficiency virus in the Moscow
region constitutes from 11 to 67%, and in the
Stavropol region this figure is 11-33% among
the examined cattle [20, 21].

There are a number of serological tests
that determine viral structural proteins and
glycoproteins. In Russia, according to the
officially approved rules, anti-epizootic mea-
sures against bovine leucosis are based on the
identification and removal of infected with BLV
animals, basing on the data of agar gel im-
munodiffusion test (AGIDT) and hematologic
studies. AGIDT is prescribed for international
animals’ trade, in spite of its relatively low
sensitivity [22]. For the diagnosis of BIV there
are no certified sets and approved instructions.
There is an opinion that polymerase chain re-
action has higher test-sensitivity, specificity
and informative value than other methods for
viruses detecting [12].

Saratov region is an important agricultural
area with developed dairy cattle. According to
official statistics, the enzootic bovine leucosis
infection rate is 9.5%, and there are 9 epizootic
focuses of leukemia in the Saratov region in
2017. Thus, the problem of cattle retrovirus
infection is very relevant at the moment and
requires a specific attention. The purpose of
the research was studding of epizootic situation
of retroviral infection in cattle of the Saratov
region and comparative analysis of standard
serological method (AGIDT) and contemporary
molecular genetic method (PCR) for enzootic
bovine leucosis diagnosis.

Material and methods

Cattle from 5 dairy farms and 299 cows
in private ownership were tested over a five-
year period using AGIDT and PCR. A total,
for analyzing the epizootic situation of retro-
virus infection in cattle, 773 blood samples
from Black-and-White, Holstein, Simmental,
Kazakh White-headed and crossbred cattle of
different districts of the Saratov region were
analyzed (Table 1). FEEVT “Krasnokutsky
Veterinary College” is a structural subdivision
of the Saratov State Vavilov Agrarian Univer-
sity. All the tested samples were divided into

4 groups: | group samples were getting from
3-6 months’ calves; Il group samples were
obtained from 7 18 months” youngstock; Il
group samples — from 1.5-5 years old cattle
and IV group samples — from older 5 years old
animals (Table 2). BLV provirus carriers were
considered the animals, which confirmed their
positive status in PCR twice for 2 weeks.

For comparative analysis of diagnostic
accuracy of serological and molecular genetic
methods for enzootic bovine leucosis diagnosis,
271 cattle blood samples from disadvantaged
by leukemia “Yagodnopolyanskoe” LTD. of
Tatishchev district were studied by standard
serological method (AGIDT) and contemporary
molecular genetic method (PCR) in parallel. All
AGIDT positive samples used for the compara-
tive analysis were confirmed by PCR.

Molecular genetic method. DNA extraction
and purification was performed using the kit of
DNA-Sorb-B (Amplisens, Russia) according to
the manufacturer’s instructions.

The blood samples were analyzed by PCR
method. For amplification of BLV and BIV pro-
viruses DNA, the amplifier T 100 (“Bio-Rad”,
USA) was used.

In the study of enzootic bovine leucosis,
to identify provirus DNA, the “LEUKOS” kit
(InterLabService, Russia) was used according
to the kit instruction.

BlVinfection in cattle was determined us-
ing the PCR mix and buffer solution (“Lytech”
LTD., Russia) with the adding of the primers to
the BIV gag gene (synthesized by JSC “Syntol”,
Russia). The structure of the oligonucleotide
primersis: the forward primer (5’-GTCTTCCCA-
CATCCGTAACATCTCCT-3") and the reverse
primer (5’-CCCCAGGTCCCATCAACATTCAT-
CAG-3"). Samples were initially denatured at
95 °C for 2 min, then amplified by using 45 cy-
clesof 95 °Cfor 20 s, 38 °C for 20 s, and 72 °C for
40 s. A final extension of 1 min at 72 °C was
added at the end of the program to ensure com-
plete amplification of the target region.

Detection of the amplification products was
performed by method of gel electrophoresis in a
2% agarose gel with 0.5 mkg/L ethidium bro-
mide under standard conditions accompanied
by the photographic recording of results using
BioRad ChemiDoc MP equipment (“Bio-Rad”,
USA).

Serological method. For comparative
analysis the statistical data of “Tatishchev
regional veterinary laboratory” LTD. (Saratov
region) were used. Sera were tested for anti-p24
anlibody in AGIDT.
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Results and Discussion

BIV infection in cattle. The test results
revealed that presence of BIV provirus in cattle
varies widely (Table 3). From 79 the I group
animals’ blood samples, 8 (10.1%) showed posi-
tive results, in private ownership only 7.7%, 3
out of 39 calves, were BIV-positive while in
farm herds infection rate was 12.5% (5/40).
Of 139 young stock’ blood samples (II group),
24 (17,3%) were positive and infection rate in

private ownership cattle was less again — 12.8%
(6/47), than in farm herds - 22.5% (18/80). In
ITT group animals’ blood samples BIV carriers
were revealed in 15.4% (39 samples out of 254).
Only 12 examined animals (11.8%) of this group
in private ownership showed positive results.
The infection rate in local herd at the age of
1.5-5 years was averaged 15.4% (39/245) and
varied from 9.4% (8/85) of “Yagodnopolyans-
koe” LTD to 17.7% (2/12) of “Ozernoe” LTD
and 25.0% (5/20) of FEEVT “Krasnokutsky

Table 1
Tested cattle head
The Saratov region . Number of | Cattle age, | Cattle \
district Ownership cattle heads yars gender Cattle breed
Tatishchev district Yag‘)d““LI%yanSkO" 271 0.6-10 | F/M | Black-and-White
Krasnokutsky FEEVT#* “Krasnokutsky 40 48 P Kazakh White-
district Veterinary College” headed
Atkarsky district “Ozernoe” LTD 32 4-8 RKazakh White-
headed
A 6 rf
17 from locale 06 Black-and-White
cattle
15 from 0-6 F
Mar.kso.vsky “Trudovoe” LTD Slovakia and Holstein
district Estonia
72 from Canada 4-7 F .
Holstein
Penza district EPF** “Zarya” 27 1-3 F Simmental
Simmental,
Dukhovnitsky . . . . Black-and-White
district Private ownership 299 0.3-10 F/M and crosshred
cattle
Total 773 X X X

Note: M — masculine, F — feminine, ¥ — Federal Educational Establishment of Vocational Training, ** — Experimental

Production Farm.

Table 2
Blood simples number
. Calttle age group
Ownership 3—6 months 7—18 months 1.5-3 years > ) years
“Yagodnopolyanskoe” Ltd 40 80 89 66
FEEVT “Krasnok:ltsky 3 B 20 20
Veterinary College

“Ozernoe” LLTD - - 12 20
“Trudovoe” LTD:

Locale cattle - - - 17
European cattle - - - 15
Canadian cattle - - 20 92
EPF “Zarya” - 12 15 -
Private ownership 39 47 102 111
Totale 79 139 254 301

Note: “—=7 — studies have not been conducted.
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Table 3
The incidence of viral immunodeficiency in cattle
Calttle age groups
Ownership 3—6 months (I) | 7-18 months (IT) | 1.5-5 years (II1) | > 5 years (IV)
BIV+, No/% BIV+, No/% BIV+, No/% BIV+, No/%
“Yagodnopolyanskoe” Litd. 9/12.5 18/22.5 8/9.4 38/57.6
FEEVT “Krasnokutsk - -
Veterinary College” ' a a 5/25.0 13/65.0
“Ozernoe” LTD - - 2/16.7 12/60.0
“Trudovoe” LTD:
Locale cattle B B B 6/35.3
European cattle — — — 8/953.3
Canadian cattle - - 14/70.0 38/73.1
EPF “Zarya” — — — —
Private ownership 3/1.7 6/12.8 12/11.8 48/43.2
Totale 8/10.1 24/17.3 39/15.4 163/54.1
Note: “—7 — studies have not been conducted.

Veterinary College”. The most commonly BIV-
infected animals occurred among imported from
Canada cattle — 70.0% (14/20). The prevalence
of BIV-provirus in IV cattle group was 54.1%
(163/301) and oscillated between 35.5% (6/17)
in local cattle of satisfactory by leukemia farm
and 73.1% (38/52) in imported from Canada
cattle. In cattle of disadvantaged by leukemia
farms, infection rate was within the order of 60
percent. Less infected animals were detected
among private ownership cattle — 43.2% or
48 out of 111 tested animals. All the 27 blood
samples of EPF “Zarya” were negative. Our
research results correlate with the St Cyr Coats
et al (1994) data, which revealed that the BI'V-
positive cattle are mainly recorded among adult
animals: 29% of cases among cattle of 3-4 years
and 70% among cattle of 7-10 years.

Other researchers’ studies correlate with
our data. In Canada, the highest retrovirus
infection rate was achieved in farm herds (up
to 89%) and in private ownership animals it
was 20.8-37.4%, as well as in Argentina indi-
vidual and herd prevalence levels was scale up
to 32.8% and 84%, respectively, and in Japan
it was 28.6% and 68.1% at the individual and
herd levels, respectively. In Iran retrovirus
infection prevalence rate in herds constituted
64.7%, while in private ownership cattle it was
from 17 to 24.6% [8]. It may be due to closer
contact between farmers’ cattle, the possibility
of iatrogenic spread of infection when carry-
ing out therapeutic and diagnostic activities,
predisposition to disease of highly productive
animals and other factors determined by the
peculiarities of the acquisition, feeding and
housing of animals.

Clinical manifestations of an immunode-
ficiency state were observed in 29.7% of the
examined animals. The most commonly BIV-
infected animals had evidence of mastitis, me-
tritis, placenta retention, respiratory syndromes
and gastrointestinal tract dysfunction, as well as
regional lymphadenitis. It should be noted that
in most cases there was a combined develop-
ment of symptoms, and clinical manifestations
were recurrent. According to [23] data, there
is enough experimental evidence that BIV can
cause the immune system dysfunction in ani-
mals, which makes them vulnerable to secondary
infections. It is explained by the diversity and
not the specificity of the BIV infection clinical
manifestation [1].

BLVinfection in cattle. Results of cattle blood
PCR testing have been summarized in Table 4.
The incidence of enzootic bovine leucosis among
cattle of the Saratov region is sufficiently high.
According to results of IV group animals’ blood
testing, PCR analysis allows to identify the BLV
carrier state in 2 samples out of 17 (11.8%), even
when the AGIDT negative cattle have not shown
the antibodies presence. Among the imported
from America (Canada) and Europe (Slovakia
and Estonia) cattle only a few respondents have
been positively to AGIDT, when conducting
research into a period of quarantine (within
1%), most of the animals were latent carriers of
infection. However, in accordance with the results
of PCR studies the imported cattle of this group,
BLV infection was reviled 33.3% (5 samples
out of 15 in European cattle) and 26.9% (14
samples out of 52 in Canadian cattle). In cattle of
disadvantaged by leukemia farms, BLV-infection
rate was within the order of 70.0 75.0%, while
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among in private ownership cattle BLV provirus
was identified in 42 samples out of 111 (37.8%).
It can be explained by higher resistance of the
cattle, due to both genetic factors and favorable
conditions of livestock feeding, maintenance and
operation. The infection rate of I11 group animals
was slightly below. BLV carriers were detected in
9 out of 25 Canadian cows (25.0%) and 27 out of
102 in local private ownership cattle (26.5%).
The BLV prevalence of disadvantaged by leukemia
herds varies between 40.0% (6/15) in cattle
of EPF “Zarya” and 66.7% (8/12) in cattle of
“Ozernoe” LTD. In cattle of “Yagodnopolyanskoe”
LTD 38 samples out of 85 (44.7%) and 65.0%
tested samples (13/20) of FEEVT “Krasnokutsky
Veterinary College” were positive. The infection
rate in herd of 7-18 months varied from 50.0%
(40/80) in “Yagodnopolyanskoe” LTD to 33.3%
(4/12) in EPF “Zarya”. From 47 of private
ownership animals of this group, 8 (17.0%)
showed positive results. In I group only 10.3%,
4 out of 39 calves, were BLV-positive while in
farm herds infection rate was 32.5% (13/40).
Thus, according to our data, the most commonly
BLV-infected animals occurred among cattle aged
9—10years —47.2% (142/301). The BLV-infected
animals among cattle at the age of 1.5-5 years and
7-18 months were revealed in 38.2% (97/254)
and 37.4% (52/139) of cases, respectively. The
least infected were calves aged 3-6 months —
21.5% (17/79).

Our research results reveal that enzootic
bovine leucosis is widespread among the farms
livestock of the Saratov region, and BLV serop-
revalence ralesin cattle are generally lower than
PCR analysis data. A number of researchers are

also noted the discrepancy between the results
of AGIDT and PCR analysis [12].

Retrovirus coinfection in cattle. As it
follows from the data of Table 5, coinfection
with both retroviruses were detected in 10.0%
of 3 6 months’ herd calves (4/40) and in only
9.1% (2/39) of private ownership calves, on
the average it was 7.6% (6/79). Among the
IT group cattle coinfection was identified in
21.5% (17/80) and 10.6% (5/47) of cases in
herd and private ownership, respectively, and
on the average it was 15.8% (22/139). In 111
group animals’ blood samples BLV-BIV carriers
were revealed in 11.4% (28 samples out of 254).
Eleven examined animals out of 102 (10.8%)
of this group, in private ownership, showed
positive results. And the infection rate in local
herd of I1T group varied from 9.4% (8/85) in
“Yagodnopolyanskoe” LTD to 20.0% (4/20) in
FEEVT “Krasnokutsky Veterinary College” as
well as in Canadian cattle. In “Ozernoe” LTD
it was 16.6% (2/12). The most commonly
BLV-BIV coinfected animals occurred among
IV group of cattle — 40.5% (122/301). The
prevalence both of BLV and BIV proviruses in
cattle of disadvantaged by leukemia farms was
65.0, 57.6 and 50% in FEEVT “Krasnokutsky
Veterinary College” (13/20), in “Yagodnop-
olyanskoe” LLTD (38/66) and in “Ozernoe”
LTD (10/20), respectively. In imported from
Canada and Europa cattle it was 25.0% (13/52)
and 26.7% (4/15), respectively. In local cattle
of satisfactory by leukemia farm the infection
rate was 11.8% (2/17). Forty-two out of 111
samples (37.8) of cattle in private ownership
showed both BIVand BLV proviruses presence.

Table 4

The incidence of enzootic bovine leucosis in cattle

Cattle age groups
Ownership 3—6 months (I) | 7-18 months (II) | 1.5-5years (III) | > 5 years (IV)
BLV+, No/% BLV+, No/% BILV+, No/% BLV+, No/%
“Yagodnopolyanskoe” Ltd. 13/32.5 40/50.0 38/44.7 90/75.8
FEEVT “Krasnokutsk -
Veterinary College” Y B B 13/65.0 15/75.0
“Ozernoe” LTD — — 8/66.7 14/70.0
“Trudovoe” LTD:
Locale cattle - - B 2/11.8
European cattle - - - 5/33.3
Canadian cattle - - 9/25.0 14/26.9
EPF “Zarya” - 4/33.3 6,/40.0 -
Private ownership 4/10.3 §/17.0 27/26.5 42/37.8
Totale 17/21.5 92/37.4 97/38.2 142/47.2

Note: “=7 — studies have nol been conducted.
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Table 5
The incidence of retrovirus coinfection in cattle
Cattle age groups
Ownership 3]36L$2%‘3}$+(1) 7—18 months (IT) 15]375\7}73;?](511) >B5L§\rlef]rgsI$:7)
No/% * | BLV+BIV+, No/% No/% ’ No/% ’
“Yagodnopolyanskoe” Litd. 4/10.0 17/21.3 8/9.4 38/57.6
FEEVT “Krasnokutsk
Veterinary College” ' a a 4/20.0 13/65.0
“Ozernoe” LTD - - 2/16.6 10/50.0
“Trudovoe” LTD:
Locale cattle - - - 2/11.8
European cattle - - - 4/26.7
Canadian cattle — — 4/20.0 153/25.0
EPF “Zarya” — — — —
Private ownership 2/5.1 9/10.6 11/10.8 42/37.8
Totale 6/7.6 22/15.8 28/11.4 122/40.5
Note: “—=7 — studies have not been conducted.
Table 6
The diagnostic accuracy of AGIDT and PCR
Tested AGIDT PCR
Groups of animals samples, Positive samples Positive samples
No No % No %
Calves aged 6-8 months (T) 40 2 9.0 13 32.5
Heifers aged 9-12 months (II) 40 6 15.0 19 47.5
Heifers aged 13—18 months (I1T) 40 7 17.5 21 92.5
Heifers in milk (IV) 40 9 22.5 14 35.0
Cow aged 3-5 years (V) 40 8 20.0 23 27.5
Cow aged 6-10 years (VI) 63 " 17.5 20 79.4
Yearling bulls (VII) ) - 0.0 1 20.0
Stud bulls (VIII) 3 - 0.0 - 0.0
Totale 271 43 16 141 92

Note: “—7 — studies have not been conducted.

Our data are comparable with the results of
both domestic and foreign researchers, which
showed, that in Stavropol region coinfection was
recorded in 33.1% of the retroviruses infected
cattle [21], and in England in 43% of cases bovine
immunodeficiency was associated with bovine
leukemia [15]. In our opinion, a high level of
retroviral coinfection indicates that the immu-
nodeficiency virus can occur resulting in trans-
placental animals, weakens the immune system
and promotes infection of cattle leukemia virus.

The diagnostic accuracy of AGIDT and PCR
for enzootic bovine leucosis diagnosis. A further
stage of our research was to compare the effective-
ness of the classical serological method (AGIDT)
and modern molecular genetic methods (PCR)
for detection of bovine leukemia virus. For this
purpose, 271 blood samples of cattle blood were

studied simultaneously using AGIDT and PCR
methods. To identify charactleristic trends, blood
samples were obtained from animals of different
ageand gender groups (Table 6). Itis known that
cloistral antibodies are founded in the calves’
blood, moreover there is a report, that the use
of same brand of BLV antibody-positive colos-
trum replacers may also lead to false-positive
serological diagnostics [24]. Consequently, for
the comparative analysis, we used samples from
animals older than 6 months. Serological and
PCR tests results, when considered in all tested
cattle (n = 271), indicated that positive results
(presence of antileukemic antibodies) were
observed in 16% of samples using AGIDT with
the blood serum of cattle, and the presence of
provirus DNA was detected in 52% of animals by
PCR. For comparative analysis, only confirmed
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by AGIDT in the PCR the results were used. The
PCR test results were significantly different from
serological test results, but in different groups
it was expressed to varying degrees. The results
of AGIDT with 40 sera of I group calves showed
the antibodies presence in 2 samples (5.0%),
while PCR analysis reviled the provirus pres-
encein 13 samples (32.5%). Similar results were
recorded in VI animals’ group: the proportion of
revealed by PCR positive animals increased to
90 out of 63 (79.4%), when by AGIDT method
it only was 11 out of 63 (17.5%). Our data cor-
relates with Jacobs et al. results, which show
the higher efficacy of PCR for early diagnosis
of enzootic leucosis in calves and detection of
BLV-infection in cows older than 8 years [25].
It can be caused by lack diagnostic antibodies
titers in both young and old cattle [22], as well
as a high level of retrovirus coinfection [1].
The BLV-antibodies prevalence, determining
with AGIDT, in I1, TIT and V groups of animals
oscillated between 15.0% (6/40), 17.5% (7/40)
and 20.0% (8/40), respectively. The PCR study
allowed to identify in these groups an additional
13, 14 and 15 animals, which increased the
positive samples number to 47.5%, 52.5% and
97.5%, respectively. In IV animals’ group the
diagnostic results were the most comparable:
seroprevalence level was 22.5% (9/40) and
provirus carriage was 35.0% (14/40). Among
bulls only 1out of 5 stud bulls showed a PCR
positive result (20.0%). There were no seroposi-
tive bulls among animals of VII and VIII groups.
Our results show that it is essential to conduct a
screening study among the calves and old cattle
using both PCR and AGIDT. It allows to identify
as early stages of BLV-infection in cattle, and
animals with reduced immune reactivity. In
all, PCR studies allowed to identify 36% more
infected animals than AGIDT. Parallel studies
revealed an additional 70 infected cattle heads.
Thus, PCR diagnostic efficacy is 1.63 times
higher than that of AGIDT.

Conclusions

Thus, our findings revealed a high preva-
lence of retroviral infections among cattle in the
Saratov region, especially in farm herds. The
BIV and BLV infection rates increase with the
animals age 5.5 and 2.2 times, respectively. BIV
and BLVare revealed in farmers” animals 1.5 and
1.7 times, respectively, frequently than in private
ownership cattle. Significant epizootic feature
of retroviral infections in cattle in the Saratov
region is a high level of retroviral coinfection.

An important role in the spread of retroviral
infections belongs to imported livestock. Despite
the lack of specific clinical signs, it is possible to
ascertain the presence of signs of reducing the
overall resistance in BIV-infected cattle. The fre-
quency of development of clinical complications
of BIV infection correlates with increasing age
of the animals. Diagnostic efficiency of AGIDT
in comparison to PCR is 30.8%. Our studies
data allows us to recommend the PCR assay as
a method of screening studies for BLV-infection
diagnosis along with AGRIT, especially when
the imported cattle are quarantined at the place
of keeping. It is not desirable to be limited to only
one method of diagnosis.
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A. A. LINPOKUX, 10. A. 3JIOBUHA, WU. I. LUUPOKUNX
BUOAErPAAALINS PACTUTENIbHBIX OTXOA40B U NONYYEHUE NMNOAOBbIX TEN
NPU KYJIb.TUBUPOBAHUU EXKXOBUKA TrPEBEHYATOrO (HERICIUM ERINACEUS), C. 86

Puc. 1. HaOntogaembie B MUIie T MUKpOCKonmueckme cTpyrTypol Hericium erinaceum: 1 — npsisen (I1p),
nommmnopossie cerntel ([lne); 2 — 6macrocmopst (Be); 3 — xmamupocmopsr (Xic); 4 — aprpocmopst (Apc)
Fig. 1. Microscopic structures of Hericium erinaceum observed in the mycelium: 1 — buckles (Ilp), dolipore
septa ([lmc); 2 — blastospores (Bc); 3 — chlamydospores (Xic); 4 — arthrospores (Apc)
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Pue. 2. [Ilunavuka xononusamuu cyberpara mutiesnuem H. erinaceus. Bapuanter: 1) ommnkn 50 06.%:
cooma 20 06.%; 2) ormarm 50 06.%:3epro 10 06.%:comoma 40 06.%; 3) onmaru 20 06.%:3epmo 20
006.%:conoma 60 06.%; 4) onmaku 10 06.%: 3epro 30 06.%: conoma 60 06.%

Fig. 2. Dynamics of colonization of the substrate by the mycelium of H. erinaceus. Variants: 1) sawdust
90% vol.: straw 50% vol.; 2) sawdust 50 vol.%: grain 10 vol.%: straw 40 vol.%; 3) sawdust 20% by volume:
grain 20% by volume: straw 60% by volume; 4) sawdust 10 vol.%: grain 30 vol.%: straw 60 vol.%
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Penensus na monorpaguio A. A. Illlupornx
«Murcomunerst 3annosegHuka “Hyprym” »
(Rupos: 000 «Tunorpapus «Crapas Barka», 2018. 95 c.)

Jra KHITA 3aIyMaHa aBTOPOM KaK PyKOBOJI-
CTBO 110 HabJOeHNI0, cO0PY 1 Tepbapusarun
MUKCOMUIIETORB JIJIsi OMOJOTOB, N3YYaIOIINX ATY
MHTEPEeCHYIO 1 YBJIeKaTeIbHYIO, HO MaJIOU3BeCcT-
Hyto rpyiy opranu3mos. Ho okazanach upe3Bbi-
YAl HO MHTEPECHO JII0OOMY YNTATe 10, B3SABIIEMY
eé B pyku. I oMy HECKOJIbKO IIPUYMH: JErKNii,
CBOOOHBIN 1 yBIEKATETbHBIN CTHIL TTOBECTBO-
BaHUsA, TUIYOOKasi SPYANINA aBTOpa, codeTanme
MOCTYITHOCTH M3JI0REHNS ¢ HAYYHON TOKa3y-
€MOCTBIO BBIJIBUTAEMBIX MTOJIOKEHNIT 1T, HAKOHEIT,
BeJmRoenHbie ororpadun, BEITOJHEHHBIE Ha
BBICOYATITIIEM XY/I03KECTBEHHOM YPOBHE, KOTOPbIe
MOTYT YKPacuTh J1t0060e najiatue.

ABrop MoHOrpadum, TIOKTOp OUOJTOTHIECKIX
nayw, mpogeccop Anexcarnnp Amaronnesny [ln-
POKUX OTHOCHUTCSI K YHCJY TeX HUCCJe0oBaTe e,
YbI HAYYHBIE MHTEPECHl MUPOKI U MHOTOTPAH-
uol. brecramuit Mmukpobmomor, aBTop O6osee
200 HayuHbIX padoT, BKJIIOYasi HECKOJIbKO MOHO-
rpadnii, 3HAYNTENHHYIO 9acTh CBOETO BPeMeHM
TTOCBSIIIALT XyI0sRecTBeHHOM pororpacdum, cras
OHWUM W3 M3BECTHENIINX MacTepoB B 00JacTn
CBEMOK TITHUIT, MIEKOTTUTAIONIIX, TPNOOB, pacre-
HIT, HA KOTOPBIX (DUKCUPYIOTCS YINBUTEIbHBIE
MOMEHTHI 3KU3HU TPUPObl. B nocnepume roybt
Hayuublie mHTepechl A. A. [llupoknx rouIeH-
TPUPYIOTCST OKOJIO YHUKAIBHOM TPYIITIHI OPTaH 13-
MOB, IIPAKTHYeCKN He n3ydeHHbIX B KupoBckoit
00J1acT, K KOTOPOH OTHOCSTCS MUKCOMUIIETHI.
A B MUpPOBOII HAYKe B HACTOSIIIEE BPEMsT MMEHHO
MUKCOMUTIETHI NCIIOJB3YIOTCS KaK MOJieJbHbIe
00BEKTHI B TEHETHUECKIX, OMOXIMIYECKUX, INTO-
JOTIIeCKIX 1 PU3MOTOTHYECKIX NCCAeIOBAHMSX.

Mownorpadus, npannas ['ocygapeTBeHHBIM
MPUPOJIHBIM 3artoBelHITKOM « Hypryri», BRiova-
eT IJIaBbI, TO3BOJISAIONINE OJIM3KO TO3HAKOMUTHCS
¢ MopdoJiorieit MUKCOMUIIETOB, X PacIpocTpa-
HEHUeM 1 KoJioTneil. ABTOp 1aéT peRoMeH [arnm
110 ¢O0PY MUKCOMUIIETOB B IPUPOIE, NX KYJIBTH-
BUPOBAHNIO, MUKPOCKOTINYECKOMY HCCJIe/l0Ba-
HITIO, & TAKJKe TpeJicTaBiIser Makpodororpadun
MHUKCOMUIETOB. 3aBepiiaercs Monorpadusa
AHHOTHPOBAHHBIM aTJIacOM MUKCOMUIIETOB 3a-
nopepanka « Hypryins, Briaovaomium 29 Buos.

JlocronrcTBa, TO3BOJSIONIIE OTIEHUTH KHUTY
«Mukcomunersr 3anosennka “Hyprym”» kak
BBIIAIONINIICA BRJIA B OMOJOTMYECKYIO HAYKY,
3aKJITOYAIOTCS, HA MOl B3IJISAJI, B CJAEIYIONEM:

1. MMupokroe ucmoab3oBaHme MHOCTPAH-
HBIX U OTEUECTBEHHBIX JTUTEPATYPHBIX UCTOU-
HUKOB aéT BO3MOYKHOCTL aBTOPY ¢ TO3WIHI
COBPEMEHHBIX 3HAHUIT 0XapaKkTepn30BaTh MECTO
MIKCOMUTICTOB B CHCTEME OPTAaHNUECKOTO MIPa
Kak OPramm3MoB, 00JafafoNnx ABOMCTBEHHOMN
TPUPOTOT, HECYIITIX YePTHI KITBOTHHIX 1 TPIOOB.
B s1oii cucreme MUKCOMUIIETHI OTHOCST K CY0/10-
meny Amorphea, apctsy Amoebozoa, ocroBHoii
0CODEHHOCTHIO KOTOPDIX SBJISICTCS HATMIIE [171a3-
MOJIMST, TIPeJICTABJISAIONEro coboii CJAUBUCTYIO,
CIIONTHYIO WK CeTdyaTyio Maccy, CIocoOHyio
K CaMOCTOSITeTLHOMY TIePe/IBUKEHITO.

2. I'mybokuii ananns B3aMMOOTHOIIIEHU
MUKCOMUTIETOB JIPYT ¢ JIPYTOM, a TaKyKe C JIPy-
TUMU TIPEICTABUTETAMI OMOTHI — DAKTePUSAMU,
rpubamu, waernncronornmun. [IpuMepsr mogobHbIx
OTHOTITEHTH TTPOMILTIOCTPUPOBATHI aBTOPCKITMIT
(pororpadusiMu n mpUBeIeHBI HA BRIAJKE TAHHO-
ro HOMepa ;kypHasa. B uactnoctu, u3 IByX BUi0B
mukcomuiiero A. A. Hluporux uzonuponad
12 mrammos O6axrepuii, 70% KOTOPBIX OTHOCH-
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JUCH K TpamMoTpuiiaresbHbiM Oakrepusim. [Ipn
ATOM 1ATh 13 12 mraMmMoB 06181811 POCTCTUMY -
JUPYIOIUM IeficTBIeM Ha TPOPOCTKY SUYMEHs
Oiaromaps crocoOHOCTH K cuHTe3y hUTOrop-
MOHOB ayKCUHOBON 1ipupojbl. VI XoTst actexTb
B3aMMOOTHOIIEHNTT MUKCOMUIIETOB 1 OaKTepUil
MOYTH He N3YUYeHbI, NCXOJIs 13 Pe3YJIbTaTOB CBOMX
srcrepumentoB A. A. Ilupoxkux mpemnonaraer
BO3BMOKHOCTH TOTO, YTO MUKCOMUIIETHI OKAKYT-
cst crenuduUecKuM MCTOUHNKOM JIJTIsI TIOMCKA
1 M30JISIIAN TIEHHBIX B OMOTEXHOJOTHYECKOM OTHO-
MIeHN N TITAaMMOB MIUKpooprann3moB. [1pu xapak-
TEPUCTHKE B3aMMOOTHOIIIEHUI MeKIYy rpudaMmu
U MUKCOMUIIETAMY YKa3bIBAETCS Ha JIBONCTBEH-
HOCTh 9TUX cBsizeil. C OHON CTOPOHBI, cTaphie
IJIOJIOBBIE TeJia BBICIINX Oa3uuaaibHbIX TPH-
0OB ABIATOTCA CyOCTPATOM JIJIsT MHOTUX BUJIOB
mukcomuiero. G Ipyroii cTOpOHBI, TJI0/I0OBbIE
TeJia MIUKCOMUIIETOB CaMU SIBJISIIOTCS XOPOITUM
cybeTpaToM, KOTOPBINT MOTYT KOJOHU3UPOBATH
pasjimvHbie TPUOBI, OYeHH YaCTO MPH HTOM Ha-
OJTI0fIaeTCs OTIPEJIENIEHHOE BUIOBOE TIPEeJIIIOUYTeHIIe.

3. JleranmbHbie HHCTPYRIUE 110 ¢OOPY MUK-
COMUIIETOB B ITPUPOJIe, NX repbapusarinii i KyJjib-
TUBUPOBAHNIO.

4. U, roneuno, 0codyIo MEeHHOCTH TIPe/-
cTaBJsgeT aHHOTUPOBAHHBII aTjac MUKCOMI-
1eToB 3amnopegHuRa «Hypryu, 1js Koroporo
Bce 00pastbl pororpadupoBannch B MOTEBBIX
YCJOBUSAX U OCTABJSIINCH B 1A0OPATOPUIO JIJIsT
npeHTH@UKATNN 1 COCTaBICHUsI repdapus.

A. A. llupokux B cBOel KHUI'e HACTOJIbLKO
YBJIEKATEJIHHO PAacCKas3biBaeT 00 YANBUTEIHHOM
MUpe MUKCOMUTIETORB, O TIePCITEKTHRBAX X M3yue-
HUS, CBOUMY MaKpodoTorpausaMu loKa3biBaeT
OecroHeYHOe pazHooOpasue u KPacoTy dTUX
OpPraHm3MoOB, 4TO sl HE COMHEBAIOCh B OOJIBITIOM
ycrexu 9Toil KHUTH y 0JIarojlapHbIX duTaTesei
u nmovynTareseil rasanra Ajsexkcanupa AHaTosbe-
BUYa Kak yuénoro u gororpada.

JI. U. /lompauesa, 0. 6. 1., npogeccop
Bamcrkolii eocydapcmeennoii
CeAbCKOX035LCMBEHHOU akademul

OKPY RATIOIIEN CpeJibl.

OKPYsRATIOIIEN CpeJibl.
* XUMUS 1 9KOJOTHUS TIOUB.

n na CD-nuckax.

Ysaskaembie Kosiern!

[Tpurnamaem Bac npunsth yuactue B padore X VI Beepoccuiickoit HaydyHO-TIpaKTHYeCKOT
ROH(MepeHI NN ¢ MeRIYHAPOIHbIM yuacTueM « BuoinaraiocTuKa COCTOSIHUS [IPUPOJIHBIX 1
MPUPOJIHO-TEXHOTEHHBIX CHCTEM», KOTOpasi Oyzier mpoxoauth B . Kupose 3—9 nexabpsi 2018 r.

Rondepennuio opranuzyer u npoBoaut Barckuii rocymapeTBeHHbIT YHUBEPCUTET
cosmectro ¢ Mucruryrom ouosornn Komu mayunoro mearpa ¥Ypaiabekoro ormesnenns PAH.

Temamuka u ocnosnvte nanpasienus pavomot Kongepenyuu:

* Buosornueckuii MOHUTOPUHT IPUPOLHBIX U TEXHOT@HHBIX CUCTEM.
* Meropbl 6MOAMArHOCTUKI B OLCHKE KauecTBa OKPYKaIOLel ¢cpejibl.
* JKOJIOIUsl PaCTeHUIl U JKUBOTHBLIX U X 3HAYCHIE B OLI@HKE COCTOSIHU S

* IKoJIOTHS MHURPOOPrannsMoOB 1 NX 3HaYeHNEe B OIlCHRKRE COCTOAHM A

° SI[OpOBbe YeJIOBEKa KaK MHANMKATOP COCTOAHUSA Oprmanmef/i cpeabl.

Rorrpoeituio Rondepeniiun 6ymyT ory0/imKoBaHb OKIAJIbl ABTOPOB B BUjie COOPHIKA cTaTeit

Coopuurk crareii Kondepeniun Oyzier Briatoder B Poccniickuii mHIEKC HAyYHOTO IUTH POBAHIS
(PUHIL) n pasmernién B 6ase anexrporHoii oudanorekn www.elibrary.ru. Coopuury crareii
Roudepenmu 6yper npucsoen ISBN (perucrpaius 8 @IV HTL[ « Uudopmperucrp»).

Ronrakrabie ajgpeca u resieoHbI:
610002, r. Kupos, yu. Jlenumna, 113, naboparopus OMOMOHUTOPUHTA
WNucruryra 6uonornu Komu HIL YpO PAH u Barl'V
Tenedon/pare (8332) 37-02-77, e-mail: ecolab2@gmail.com
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K roébunetro
UpuHbi
[eHHaabeBHbI
LLinpokux

Romnextus pearomnernu skypuasia «Teopernueckast M MpURIaHAS dKOJOTHSI» W KOJJICKTHB
saboparopun buomonnropunra Mucruryra ouosornn Komu nayunoro menrpa ¥ pajibcKoro OTae e Hu s
Poccniickoit akagemun nayk cepaedrno nmosapasisger Mpuny lennagnesuy Hnpornx ¢ I06mreem!

C momenta ocnoBanms skypuana Upunna lNemnagbesna siasgercs 6ecCMEHHBIM 3aMeCTUTETIEM
PJIABHOTO pejlakTopa srypHasia « Teopernueckast u puKIaIHAS SKOJIOTUST», COBMEIast 3T 0032 HHOCTH
¢ 3amefioBanmeM jaboparopueii 6GuoTexHoJOrNN pactenunii 1 Mukpoopranuamon DeepanbHoro
arpapHoro nHayunoro neurpa Cesepo-Bocroka nm. H. B. Pygauinkoro. . I'. Illupokux BHecna
0O0JIBITION BRJIAJL B CTAHOBJIEHIE JKYPHAJIA, TTYOJIMKYIOIIero pe3yabTaThl aKTya bHbIX NCCTe0BaAHMI
OTeYeCTBEHHBIX U 3apyOesKHBbIX YUEHBIX B pasandyHbix cepax sxonorun. biaaropaps eé ydacrtuio
JRYPHAJI BOIIIES B IepevyeHb ufanunii, peromenryeMbix BAKR, 1 B MesryHapOIHYI0 HAYKOMETPUYECKYTO
0asy maHHbIX Scopus.

Ha nporsiskennn muornx et Upnna I'ennanbeBHa sBIsSETCS BELYITIMM HAYYHBIM COTPYIHIKOM
WNucruryra 6uonornn Komu nayunoro menrpa Ypasibekoro oraenernss PAH. Mbr nenum Upuny
lennajbeBHY KaK AaKTUBHOTO YYEHOTO 1 ITyOoKOTO necaefoatesns. Hayunbie joctuskenust 1 paboThi
B obsacTn mousernnoit Murpodmosorun U. I'. [Hlmpokmx mupoko n3BecTHsl Bo Beém mupe. Oma crama
KPYITHEHITNM YIEHBIM B ¢TpaHe 10 M3YYeHWI0 TAKOIl MHTePecHON IPYTIThl MUKPOOPTAaHN3MOB, KaK
AKTHHOOAKTe P,

WNpuny lennajibeBHY MbI 3HAEM HE TOJBKO KaK TAJTAHTINBOTO YUYEHOTO, IPERPACHOTO TIejlarora,
HO U SKEHIUHY ¢ OTPOMHBIM JUUYHBIM 00assHIEM, BHICOKOMHTEJIUTEHTHOTO W DPYAMPOBAHHOTO
yesoBera. Ké omnmunrenbabie KauyecTBa — 3TO TAKTUUYHOCTH, BHUMAHUE K JITOJSIM, TOBBIITIEHHOE
YYBCTBO OTBETCTBEHHOCTHU 32 JIIOOOE JIEJI0, MOCTOSHHAS FTOTOBHOCTH TTIOMOTaTh KOJIJIeraM, YaeHnKam
1 COTPYIHUKAM U B TO 3Ke BpeMsi Bbicovaliiias Tped0BaTesibHOCTD K cebe, K pes3ysibrataM cBoeil paboThl.

Croii TBopueckuit morenruan Mpuna lennajgbeBHa mepemaér n ¢cBOUM acrupaHTam, KOTOpbIe
YCITEITHO 3aIUTUIN KaHUIATCKIE [IUCCePTAILIN 1 TPOJIOJIFKAIOT HayYHbIe UCCJIeIOBAHMS, CBSI3aHHbIE
C aKTyaJTbHBIMU TIPOOJIEMaMIT HKOJOTUN 1 ONOTEeXHOJIOI .

3a rojpl paboThl B pefrossiernn skypHana Mpuna lennajgbeBHa craia HesaMeHUMbIM YJI€HOM
KOJIJIEKTUBA PEJIKOJIJIeTN I, NHUIMATOPOM HOBBIX WJI€il, OHA IIe[PO JeJUTCS CBOMMU 3HAHUAMU
1 ONBITOM ¢ Kojuieramu. Takoe coueranue spymauiinm, Tajianta, JyIneBHO MeipoCcT — UCTUHHBIE
YepThl HACTOSIIIETO PYCCKOTO YUEHOTO.

Ocoboe BocxuimeHne i ropiocTh PeIKOJIIernil Bhi3biBAeT TBOPUECKUIT I CeMEeNHBII COM03 JIBYX
BEJTMKOJETHBIX YUeHBIX-MIUKpoOmosoroB Mpunsr lNennanbeBubl n Anercanjpa AnaronbeBuua
[MMuporux.

Mui uckpenne skeaaem Mpune l'ennagbeBHe KPEIIKOTO 3[[0POBbSL, JJOJITUX JIeT sKIU3HU, TBOPUCCKIX
YCIIEX0B, OOJILINTONO YeJOBEUECKOTO CUACThS 1 OJraromoaydns!

Fnasusrit peakrop T. fI. Ammxmuna
" PeJIROJIIIEr U SRy pHAIa
«Teopernyeckast u NpuRIaJHAS YKOJTOTUS»
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